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1.1. ñûRZyC]1) 
� ŉ��lwsz6ůſƃħāā£(�ƌ�;:Ĩ(�RZyC]*ŉŇØ~

Ħ4#ǁƏ'¯¼ŁŻ$
:��)�$5Gw[av]%hg@QEav]*�

¹��8û·ŸÎñƊ%�#ř8;:ñûRZyC]Ż(�Ź�:��;8G

w[av]%hg@QEav]*�BCň�\uzRŸň��CDň�PRŸň
��łŏ'ŸňĨï>%:�­
#�RZyC]ǘģ~) C14�(d]yHP
Ê�C17�(uJ\zň>ě�#�:�%�ĉ�8;:� 
� ����;8ñûRZyC])£Ǖ%łú("�#Ƭ/: (Figure 1.1)� 
�£Ǖ	 
I. C3�(βƼ¾)ū>ě��ÓĿŁ)AKvNz*M_z%Â-� 

 �ǛDAbCz(ÓĿŁ)�DAbM_z(AKvNz) 
II. C17�)uJ\zň�hZav]$
;+Gw[av]�α-fyz$
;+
hg@QEav]%�#£Ǖ�;:� 

�łú	 
III. RZyC]) ABň�PRŸň$
;+ UÖÉ)Ţ�ħư>ě��ABň�
\uzRŸň$
;+êǒħư>ě�:� 

IV. Ǚí(ƿ¯�;�RZyC]ǘģ~)βǒ�*Òč)d]yHPÊ)×È
(79Ɠįþ$
9�αǒ�*ļŭǘģ)ôǓ(79Őįþ%�#)þƧ>

ě�:��ǛDAbM_z 
V. ñûRZyC])�(*�ū� 2��3�)d]yHPÊ%Ų¼��ÓĿŁ
6ū� 2" 3"Ʊ'!�Òū5×È�:��Ǜ2’’-FHUmwDRGvz�
QI\HPz 
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Figure 1.1.  Category and characteristic of cardiotonic steroids 
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1.2. Gw[av] 
� ñûRZyC]$
:Gw[av]*�ƃƦƮWzcJƧ$
:

Na+/K+-ATPase)�t_Y\(á�ƹĆœ(Ų¼�:�%(79�Na+/K+-ATPase
)ǉß�Ŋ>Ŝ���)�4�Na+/K+-ATPase)�t_Y\.)Ų¼>���ą
Ƃőĵþ�čÒ�ËÀ�;�Gw[av])ªƊŚš�ƫëŔ?(Ƌ=;#�

:2)��
+�1-13)6DAbCz(1-2)4)*Ǚ�ąƂőĵþ>ě�#�: (Figure 1.2)�
���ņėĽ)ÆǔĽ%�#�1-2*Ǚ�ąƂőĵþ>Ŝ�#�:�½ė(ñ�
ûĮþ>ě�#�:(1-2, MTD value: 5 mg/kg)�Kiss8* 1-2%½Şí)ûĮþ>
ě�: 2’’-FHUmwDRGvz(1-3, MTD value: 10 mg/kg)�8 19�)Aw[d
]>ƺ��� UNBS1450(1-4, MTD value: 120 mg/kg)>°¼ā��5)��)ŲĢ�

1-4*Ǚ�ąƂőĵþ>�ć�'�8 1-3795ð�ûĮþ>Ŝ�%ËÀ�#�
:��)�4ñûRZyC]>Ŋ��ªƊŚš$*�ûĮþ)ƪĹ%ąƂőĵ

þ)¾~>ƒǂ(�;�ñûRZyC])ŵźœ'ħưĵþŗǈŚš�İ48

;#�:��~)Ňŋ(79��æǕŷ�¼ā>ƒǂ(�;�Gw[av])

ų}œ{·ğœ'¯Ø¼āĳ)śŢ*�ªƊ¯Ø~Ħ4#ǁƏ'Ɵǔ%ƕ
:� 
� łŏ'ŸňĨï%Ǚí(ƿ¯�;�Gw[av])�¼ā$*�Ĕ×)RZ

yC]ǘģ(á�¯Ø{�Ź{Ţ�ƹĆœ(ƿŭÛƀÊ>â��:¼āĂō�

}Ɔœ$
:������)Ēĳơ$*ĦþÛƀÊ)â�Ēĳ�ǊÜ�;#�

1���)�4�Ǚí(ƿŭÛƀÊ¯�;�Gw[av]>ěĪ¼ā¯Øœ(

¼ā�:�%*�Ħ4#ÇǏ$
:�1��DAbCz'&*Òč)ĦþÛƀ

Ê>ě�#�:�%�8�¯ØƹĆœ(}ƻ)ÛƀÊ6ŸňĨï>¨ù�:�

%*ÇǏ$
:�4�ņÈ)ħưĵþŗǈŚš* Kiss 8)ËÀ)7�(ÓĿŁ
�8Ɲâ¯�;�5)(Ǌ8;#�:��)�4łŏ'Ÿňħư%Ǚí(ƿ¯

�;�RZyC]ǘģ>ų}œ(ħŨ�:�%*�ąƂőĵþ6ûĮþ)Æǔ

Ľ>ƔĲ�:�4)�®Ņœ'ħưĵþŗǈŚš>ºƀ%�:� 
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Figure 1.2.  Structure of selected highly oxygenated steroids 
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1.3. �)Kw|i(7:Gw[av])�¼āŚš 
1.3.1. Jung 8(7:DAbCz ABňƻ)¼ā 
� Jung8*�2003ë(DAbCz ABňƻ)¼ā>ËÀ�� (Scheme 1.1)6)�Ğ

¼ā$*�PR[Gvz)ħưœłþ>§Ŋ��ƿŭÛƀÊ)Ţ�ƹĆœ'â

�%�ŹƹĆœ'EnHP])ǆň(7!# 1,3,5-syn-\vF|wħư>ě�:
1-9a> 9æŞ�Ŷ·Ņ 7.7%$¼ā�#�:���$* Jung8)DAbCz AB
ňƻ)¼ā(��:Ɯů'¼āűƩ("�#*Ƭ/'����=9(õ8�Ŋ

��Fw\ERZw(7:�ƣ)�ŹƹĆþ("�#ƕµ�:�õ8*DAb

Cz ABňƻ)¼ā)�$�Fw\ERZw)ÙÜþ("�#ÝǗŲĢ%ƖŦ¯
Ø) 2 ")ƒĽ�8Ƣơ�#�:��~)ŲĢ*�DAbM_z>Fw\ER
Zw%�#�ƣ��ǌ(Ž
8;: 1,5,19-syn-\vF|wħư 1-10b %
1,3,5-syn-\vF|wħư 1-10a)ÙÜþ>�ÿ$�:ǁƏ'řƐ$
:� 
  Jung8*�rXwe_wL\z 1-5 %β-L\ERZw 1-6 %) Robinsonň¯
(7!# ABň)ļŭǘģ>ě�:Eaz 1-7>¼ā����)÷�7æŞ)Û
ƀÊÐċ>ű#Z\uF|w 1-8>¼ā���1-8>Fw\ERZw¯)Ġ�(

��%�1,3,5-syn-\vF|wħư>ě�: 1-9a)2�ø8;��1-9b$*'��
1-9a��ŹƹĆœ(ø8;�Ňŋ%�#�õ8* 1-9a)ħư�ŀ«Øœ(Ě5
ÙÜ$
:�4�%Ž
����$ƯíơČƼ)��Fw\ERZw%�#

1,5,19�d]yHPÊ)�ƣ>ƛ2���1,3,5-syn-\vF|wħư�Ǒé(ÙÜ
$
:�4�1-9b�8 1-9a.)ŏþ¯(79 1-9b>ƇÔ'·Ņ(#¼ā�:�
%*ÇǏ$
!��1��£Õ«ÌƖŦ(MMFF)>Ŋ�� 1-9a % 1-9b )ĚÙÜ

E`wI|>ƖŦ��%�<�1-9a* 1-9b795 3.77 kcal/molÙÜ'ħư$

:�%�ŜÅ�;�� 
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Scheme 1.1.  Synthesis of AB-ring 1-9a of ouabain by Jung and Piizzi. 

 
 

1.3.2. Deslongchamps8(7:DAbCz)�¼ā 
� 2008ë( Deslongchamps8*DAbCz(1-2))¥)�¼ā>ƴā��7)�õ8

)¼āĂō*�Michael�­�7,Aw]|w¶ý>Ŋ��Ţ�ƹĆœ'RZy
C]ǘģħŨ>Êŕ%�#�:�1�õ8�ǆŒ��·ğœ'RZyC]ǘģ

ħŨĳ("�#ƞĕ�:� 
� 1988ë( Deslongchamps8*�Michael�­�7,Ţ�ƹĆœ'Aw]|w¶
ý)7:RZyC]ǘģħŨĳ>ËÀ�� (Scheme 1.2)8)��;�;ƠƎ�� A
ň 1-11% Dň 1-12(á�ļƿTPDq>�Ŋ���Wz[qÉ)Michael�­
(79PRŸň�� ABň>ě�:�Ǉ� Int-1-1 >ű�÷�Ţ�ƹĆœAw]
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Scheme 1.2.  Construction of steroidal skeleton –1– 
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� ÷)ĥƗ�8�\vL\zħư>ě�:Aw]|w¶ý$*Ţ�ƹĆþ{·

Ņ{ ņþ)Ľ(Æǔ�
!��410)�DAbCz)�¼ā$*Aw]|w¶ý

)¶ýĽ> 2Ľ%�� 1-17 >Ŋ�#�: (Scheme 1.4)��'= �2-PJyj
HTz 1-Fz�8ƾŭ£©>¿3 7 æŞ)Ðċ¶ý>ű#ƠƎ��Huw' A
ň 1-15% Hajos-ParrishL\z�8 14æŞ��#ƠƎ��Huw' Dň 1-16>
GYivzKguKrz\%�#ƙÜ���Aň 1-15% Dň 1-16>Wz[qÉ

)Michael�­¶ý>Ǆ%�: 4æŞ)Ðċ¶ý(79ƱŲ��÷�1-17�8Ţ
�ƹĆœ'Aw]|w¶ý(79ăĜ)Ţ�¯Ø>ě�:RZyC]ǘģ 1-18
>¼ā���ī�$RZyC]ǘģ 1-18 �8ǚƈ$Ŝ�� 5Gă(1,3,5,7,17�)
)Ţ�ƹĆœ'ÛƀÊÐċ%hZav]â�>¿3 22 æŞ)Ðċ¶ý>ű#�
ŶæŞč 48 (#DAbM_z(1-10)>¼ā����)÷�¼ā��DAbM_
z(1-10)�8 C1��C11����# C19�d]yHPÊ>�ƣ��1-20 .%Ɲ
â���1-20%¦ƭ¼ā��uqa|R�ƣ� 1-21%)KvNPw¯%Ɓ�ƣ
>ű#�DAbCz(1-2))�¼ā>ƴā��� 
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Scheme 1.4.  Convergent total synthesis of ouabagenin (1-10) 
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1.3.3. Baran8(7:DAbCz)�¼ā 
� Baran8*�2013ë(DAbM_z(1-10))�¼ā>ËÀ�� (Scheme 1.5)11)�

Ğ¼ā)łú*�ƿ¯í��"ŏ':ŸňĨï>ć"RZyC]�8Ţ�ƹĆ

œ'ƿ¯{ƺ�¶ý(79DAbM_z(1-10))�ǘģ%ƿŭÛƀÊ)â�>ƴ
ā�#�:Ľ$
:�1��RZyC]ǘģ>ě�:A]xaRZyz(1-23)>
²Đ%�#�:�4�RZyC]ǘģħŨ)æŞč>Ř��%�ºƀ%':�

�;(79�=�� 20 æŞ(#DAbM_z(1-10))¼ā>ƴā�#�:�1
�łť�/�Ľ%�#�A]xaRZyz(1-23)�8DAbM_z(1-10)>¼ā
�:�4(*¼Ɩ 7 Gă)Ţ�ƹĆœ'ƿ¯{ƺ�>Ƌ�üƏ�
9�Ğ¼ā
Ăō*Ƴ³(�>Ɛ'�ǏĖí)Ǚ�5)%'!#�:���$* Baran8)D
AbM_z(1-10))�¼ā(��:Ɯů'�¼āűƩ("�#*Ƭ/'���ł
(ƄÁķ��ƣÊ)ƹĆ% C17�Ţ�¯Ø)ħŨĳ(ǈ�#Ƭ/:� 
� A]xaRZyz(1-23)�8 8æŞ)Ðċ¶ý>ű#�\vF|w 1-24>¼ā
���C1��C19�)d]yHPÊ>AT\_]%�#�ƣ��1-25%��÷�
įŭ¯\vEXwlDŭvXDq>Ŋ�� C3 �L\z)ƺ�%½ė(ŉ��
C3 �d]yHPÊ% C5 �)d]yHPÊ>EXwmyzƿERZw%�#�
ƣ���C3 �% C5 �)d]yHPÊ>�(�ƣ¢ġ��%*�lDŭ²Õ)
sp2þ(79ǐ$Ŝ���Äň�ƅÉ)Ţ�Ƽî>%9�AT\_])rXwÊ

% H4eq)įŭ%)Ţ�œôǓ>Ěã¯���4�%Ċà�;:�­
#lDŭ

²Õƫ�)Ţ�œƷƉ(79�myzƿERZw)ÙÜþ�Î­���4�¼

āƭ�)æŞ(#myzƿERZw)­į£Ɣ�Æǔ%'8'�!�%Ċà�

;:��)7�'Ňŋ(79�Ğ¼ā*Ţ�œ(ƷƉ�;�d]yHPÊ(á

�:myzƿERZw%�#)�ƣ)ěŊþ>Ŝ��}�$
:%ƕ
:� 
� ī( 1-27(á� BartonÍÊ 1-28>Ŋ��C17�)Ţ�¯Ø>ħŨ���Ğ¶
ý$*�1-27 (á�ÞĺĠ�� 1-28 >�Ŋ��:%�Ĝ1'�αƼ¾)hZa
v]>�ŉāŁ%�#�
�(dr = 1 : 1.3)�}Ē�100 ºC(­ŀ��ŃĀ(# 1-28
>­
 10 £Ǉ¶ý��:%Ĝ2)βƼ¾)hZav]>�ŉāŁ%�#�
�
(dr = 3 : 1)��;(79Ţ�ƹĆœ'hZav]â�(ā¬���Ě÷(ƿ¡Ň
(7:Ɓ�ƣ>Ƌ��ŶæŞč 20(#DAbM_z (1-10))�¼ā>ƴā��� 
  



Ť 1ţ� ìơ 

 12 

Scheme 1.5.  Total synthesis of ouabagenin from adrenosterone 
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1.4. òŚšÞ)�;1$)¼āŚš 
1.4.1. ũƤ(7:DAbCz)RZyC]ǘģħŨĳ)ǆŒ 
� òŚšÞ$* 2010ë(ũƤ�DAbCz)RZyC]ǘģħŨĳ>śŢ�� 
(Scheme 1.6)12)�hysATW|w 1-30>Ǚí(ƿŭÛƀÊ¯�� ABň 1-29(
�Ŋ���%�<�£ÕǇ$)ATW|wGYivzK�ƲƋ��GYivz

K� 1-31>�
�13)�Ŵ� 1-31)uQGwň¯(79 C9-C11)ļŭ−ļŭŲ¼
>óā��C11’, C11�)QARZxFo|ĸ¼Ł%�# 1-32>ø�(dr = 3 : 1, + 
minors)14)�ä�uQGwň¯(��: C9�)Ţ�ƹĆþ("�#*�C19�)
ļŭǅ� B ň(á�#AHPAw(�Ź�#�:�4��ǁŲ¼(á�:uQ
Gw�­)ǒƹĆþ�βǒ%ƑÜ�;#�:�4$
:%Ċà�;:�ī�$

1-32)ATXwÊ>ǋ³��ŉ��Ť�Ŭd]yHPÊ> Dess-MartinƛƊ(7
9ƿ¯�\vL\z 1-33.%Ðċ����;( KN(TMS)2>�Ŋ��:%�Ź�

Ţ�ƹĆœAw]|w¶ý(79 C8-C14 )ļŭ−ļŭŲ¼�óā�;�DAb
Cz)RZyC]ǘģ>ě�: 1-34a>��œ(�
�� 
Scheme 1.6.  Construction of steroidal skeleton of ouabain (1-2) 
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1.4.2. Aw]|w¶ý(7:RZyC]ǘģ)Ţ�¨ù¼ā15) 
� òŚšÞ$*ų}œ'Gw[av])¼ā(¾��Aw]|w¶ý(7:R

ZyC]ǘģ)Ţ�ƹĆþ>ĕ8�%���ä�Ţ�ƹĆþŒņ)rG_Sq

("�#Ú�(*ŇƔ$�#�'��ÝǗŲĢ%�#�4ş)ÊƧ(á�#Ƌ!
�Aw]|w¶ý(79ø8;��ŉāŁ>��(Ŝ���'= �ABň)Ÿ
ňĨï%fuzňƻ)çŏ�µ0�Aw]|w¶ý)ƹĆþ* AB ň�\uz
RŸň��"Ea|wE|Zwħư>ě�: 1-41 )2ŏ':�%�£�!��
�;�Ñ) 1-35a�1-37���# 1-39�8*Gw[av])ě�:RZyC]ǘ
ģ>�
��­
#ũƤ)¼ā�� 1-33 (1.4.1ŧ)*�1-35a�8)Aw]|w¶

ý%½})Ţ�ƹĆþ>Ŝ���%�8�ABň~)ŹċÊ��
:Aw]|w
¶ý)Ţ�ƹĆþ*ã��%�ÿ�;:� 
Scheme 1.7.  Empirical prediction of aldol reaction 
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1.4.3. ¼ā��RZyC]�Ǉ��8)ÛƀÊÐċ 
� ťž*�ĞØ�ÏƟŞ(��# 19-d]yHPOwrz\M_z(1-51))�¼
ā(¾�Śš>Ƌ!� (Scheme 1.8)16)��'= ũƤ)Ēĳ(���èƥ)¯¼

Ł�8 3æŞ(#ƠƎ��ABňguKrz\ 1-43%DňguKrz\ 1-30>
Ŋ�#RZyC]ǘģħŨ>Ƌ!��1�ATW|wGYivzK¶ý(79

1-44a-d >¼ā��÷�uQGwň¯¶ý(���%$ C9 �)Ţ�¯Ø)ħŨ
��C11�% C11’�(ǈ�: 4ş)QARZxFo|ĸ¼Ł 1-45a-d>ø��ī
�$ATXwÊ)ǋ³%ŉ��d]yHPÊ)ƿ¯(79\vL\z 1-35a-d
%��÷�GuqJyo\KugB|(7:ŪƎ>Ƌ��4ş)QARZxFo
|)��8 1-35a>±ǎ����;>Aw]|w¶ý)Ġ�(���%$�ƨ$
Ŝ�� C8��C14��C17�)�ď�û>}ĉ(ħŨ��ăĜ)Ţ�¯Ø>ě
�: 1-36)¼ā(ā¬��� 
� ¼ā��RZyC]�Ǉ� 1-36�8 19-d]yHPOwrz\M_z(1-51)>
¼ā�:(*�C3, C7, C11, C17�)ƿ¯í)ƠƎ%hZav]â��üƏ%'
:�Ğ¼ā$*�;8)��C7 �ƿŭ²Õ)ǋ³% C3 �.)Ţ�ƹĆœ'd
]yHPÊ)â�(ā¬���Ɯů>��(Ƭ/:� 
� RZyC]�Ǉ� 1-36 ) C7 �L\z)2>�ŹƹĆœ(ƺ����)÷ŉ
��d]yHPÊ)HOzZ|\¯%uQGwœƁƿŭ¯>ű# 1-46 >ø��

Ŵ�#CUiyk_wÊ>FVzƿ¯(���rXwL\z%��÷�\vg

wFyƳƽƿ>Ŋ�� Baeyer-Villigerƿ¯(7!#ATZ|\.%Ðċ��1-47
>ø��1-47(á��Í¯ǃ(III)�įÃŁ>�Ŋ���%�<rXwATW|w
)ƁrWa|w¯�ƲƋ��1-48 >ø��1-48 >FVzƿ¯(����ǁŲ¼
>ƿ¯ǆƍ�� Int-1-3%��Ŵ�#Azs_AįĻĶ>­
:�%$�lwp
wÊ>ǋ³����)ŲĢ�ŉ��d]yHPÊ%L\z�£Õ�$¶ý��

jpATW|w 1-49>�
��Ě÷(ƿþĠ���1-49>rXwATW|w.
%Ðċ� 1-50>ø�� 
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Scheme 1.8.  Synthetic study toward 19-hydroxysarmentogenin (1-1) 

 

1. O3; PPh3
2. H2O2•urea
    (CF3CO)2O
     Na2HPO4

H

H

O

OH

MeO
O

H

H

H

O

AcO
OH

MeO
O

H

H

H

O

AcO
OH

O

H
O3, MeOH

; SMe2

p-TsOH•H2O
HC(OMe)3, MeOH

quant.

1. NaBH4, THF
2. NaH, CS2; MeI
3. AIBN, Ph3SnH

   66% (3 steps)

H

H
O

O

OH

MeO
O

H

H

H

H

FeCl3•6H2O
CH2Cl2/acetone

29% (3 steps)

OH

O
O

H

H

HHO

HOHO

1-481-47

1-461-36

19-hydroxysarmentogenin (1-51)

H

H
AcO

OH

O

H
O

OH

H

H
AcO

OH

O

H NH4OH
 

66%

O O
HO

Int-1-3 1-49

H

H
AcO

OH

O

H
O

OMe

1-50

11'

7

11

11 17

17

3

11

73

dr = 1 : 1 : 1 : 0.3dr = 2 : 3 : 6 : 9OH

OH

OH

O

OMe

Br
AcO

OAc

1. K2CO3
    MeOH
2. Dess Martin ox.
    NaHCO3

   23% (4 steps)

1-44a-d

1-35a

KN(TMS)2
−78 to 0 ºC

79%

OAc

AcO

MeO

Br

Br

n-Bu3SnH
BEt3, O2

H

H
O

O

OMe

H

H
O

O

OMe O

O

OAc

OAc

PhNMe2
1-30

1-45a-d

aldol cyclization

acetal coupling radical cyclization
1-43

(prepared in 3 steps)

A B

D

13
14

8



Ť 1ţ� ìơ 

 17 

1.5. Gw[av])ų}œ¼āƖŌ%�)Ŗœ 
� Gw[av])ų}œ'¼āĂō>��(Ŝ� (Scheme 1.9)��'= ½})
¼āĄĳ(79Gw[av]Ǖ>¼ā�:�4�ƨ�ǐ�Ů$Ŝ��ƻ£ħư

>ƱŲ�:·ğœ¼āĳ)śŢ>ŖĈ����;8ƻ£ħư)��ǐ$Ŝ�� D
ň 1-30%Ů$Ŝ��hZav] 1-56*�Ʈ)guKrz\>Ŋ��ƿ¯í)ŏ
': ABň 1-52 *ĩœ£Õ(¼=�#¤9ę
:�%$Ŗœ)Gw[av]>

�9£�:�%%����;1$(ťž*�ĩœ£Õ%�#ƙÜ�� 19-d]y
HPOwrz\M_z)�¼ā (Ť 2ţ)%DAbM_z)�¼ā (Ť 3ţ)(¸
9Ű?�� 
Scheme 1.9.  Synthetic strategy of cardenolides 
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� 1-55�8ÓĿŁ 1-57.)¼āĳ>śŢ�:�%$
:��'= �ĞRZy
C]ǘģħŨĳ(79¼ā�;� 1-55(á��C7��C11��C17�)®Ņœ
'ÛƀÊÐċ¶ý>śŢ$�;+�Ğ¼āĳ)ıŊþ>Ýƚ$�:�ä��;

("�#* 19-d]yHPOwrz\M_z)�¼ā(Ť 2 ţ)%DAbM_z)
�¼ā(Ť 3ţ)(#Ƭ/:� 
� ų}œ'Gw[av])¼āĳ>śŢ�:§Ľ%�#��æǕŷ�¼ā.)

åǆ)ºƀþ�ĉ�8;:�ĞĒĳơ>Ŋ�;+�ABňƻ)PR%\uzRŸ
ňĨï)ƹĆ(­
#�ABňƻ(��:Ĩ�'ħư�ǖ�ºƀ%':��;(
79�ū� 2��3�(#Ų¼�� 2’’-FHUmwDRGvz6 UNBS1450)ħ
ưǕŷ�5½})¼āĄĳ(79�¼ā�ºƀ%':� 
� �)�(5DAbM_z)hZav]ƻ�>α-fyz.%Ðċ�;+�hg
@QEav]Ǖ$
:hvFgBvz A(1-58)�¼ā$�: (Figure 1.3)�1�D
AbM_z)E^zXFo|(ent-1-10)>¼ā�;+�DAbM_z(1-10)%Ǒé
(Ǖ���đ�'ļŭǘģ>¼ā$�: 17 )�1��DAbCz (1-2)%
Na+/K+-ATPase )�ŲĘħư(��#�'ĵþŒņƻ��hZav]$
9 1)�

�" 1-2 % ent-1-2 )Ţ�œ'£Õħư�Ǖ��#�:�%�8�ent-1-10 �8
ent-1-2 >¼ā�;+DAbCz(1-2)%½Ĩ)ąƂőĵþ>ć"�%�ĝö$�
:� 
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Figure 1.3.  Approach for SAR study 
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2.1. ½ĊċŦ 
� DtW]sYǲ'ƌ{ū%½Ċň'ųŻ<Ŭē��19-`YvEMLtoxX
J[x(2-1)<ĩ¥'Ľū¤Û$�"ưá���19-`YvEMLtoxXJ[x
(2-1)'¹İū%½ĊċŦ<�}&Ŵ� (Scheme 2.1)�2-1(�2-3a' C17�IX
x<ƿĔ�7$��dV]sYé�$OVv@YǴĶ|'àƖÍÕė&5 "

½Ċ#�8$�Ĉ���į½Ċ'ǝƦ�ǣ�#
8 2-3a 'OVv@YǴĶ(�
ABŠ 2-5$ DŠ 2-6'>PSztDUesxH&58ǌƊ�rNDtŠ±�5
*>tYzt¸ą&58 C ŠĻƂ<Ɖ"�¹İū&ĻƂ�8ƭť<Ż"��į
½Ċ' ABŠcrHoxX(òƼ'(–)-hst>tW`Y�6 9ðŷ&"Ƶéº
Ɩ% 2-5<ưá��1)� 
Scheme 2.1.  Synthetic plan of 19-hydroxysarmentogenin (2-1) 
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2.2. OVv@YǴĶĻƂ&��8ÄǱŕ 
� 1.4Ɓ#Ǉ,�5�&�ýŲŹã#(>PSztDUesxH¸ą$¤Û r
NDtŠ±¸ą&58XsIXx(2-4, 2-8a)'½Ċň$>tYzt¸ą&58Ż
�ǕĐū%OVv@YǴĶ'ĻƂň(2-3a or 2-9) �ųŻ�9"�8 (Scheme 
2.2)�žƕ(�įÝ�ÔƸŷ&��"Ert% ABŠ 2-7�6XsIXx 2-8a<
½Ċ��2)���"Ż�ǕĐū%>tYzt¸ą<ơ��84%'¹ŝ&" 2-9 '
½Ċ&Ċ®�������į½Ċ#(>tYzt¸ą'Ż�ǕĐć<¨ă�8

�1�C11�$C11’�'Ż�±Ý<ǵö&¨ă�%�9)%6%�3)��'ƊĴ�

rNDtŠ±&��8N>OVuCǕĐć'¨ă�ÈǪ#
8�1�ŞË C11, 
11’�'Ż�±Ý&Ǥ�8 4Ÿ'Ũć� 2-8a-d'��6 2-8a<�¹ŝ&"Ă"�
8�{ġ�Ǭĭ( C11�$ C11’�&�ǝƊ½<é��8�$# 4Ÿ'N>OV
uClzō½ř<³{'±½ř+$¹İ���4)���"�ƍ�>tYzt¸ą

&57�½Ċ�� 2-4 �6Ż�ǕĐū& 2-3a � 44%'¹ŝ#Ă698�$<Ƨ
£����Ǭĭ'ųŻ��½ĊƉǀ(�>tYzt¸ą'¹ŝ&ƸǱ<ł�2

''�rNDt¸ą#šĊ�� C11�$ C11’�'N>OVuClz<�,">
tYzt¸ą'Íƽ+$é�8$��ŕ#OVv@YǴĶĻƂ��6&°ŝ±

�9"�8$Ƭ
8���#Ǭĭ'ųŻ�� 2-3a '½Ċň<Ţ� 19-`YvE
MLtoxXJ[x(2-1)'½Ċ<ơ��$$��� 
Scheme 2.2.  Problems to be solved in the construction of steroidal skeleton 

 

OH

OH OH

H

O

OH

OH

H

H

O
O

O

OOMe
radical cyclization
(dr = 1 : 1 : 1 : 0.3)

2-8a (desired)
27% (from 2-7)

2-9

OH

OHTBSO
OHTBSO

H

O

OHTBSO
OH

H

H

O
O

O

O

2-4
37% (from 2-5)

2-3a

My work in the Master Thesis

Mr. Aoki's work

2-7

2-5

OMe
H

11

11'

11

11'

× yield

× diasteroselectivity

KN(TMS)2
THF, 0 ºC

84%

KN(TMS)2
THF, reflux

44%

radical cyclization



Ž 2ż� 19-`YvEMLtoxXJ[x'�½Ċ 

 26 

2.3. OVv@YǴĶĻƂ'¹ŝěÅ 
2.3.1. XsIXx 2-4'×Ǟ½Ċň'ųŻ 
� XsIXx 2-4'×Ǟ½Ċ<ơ � (Scheme 2.3)�a[tBzVt 2-6<ƘƇ
¢ş�"dvp>PSzt Int-2-1 +$Õė��ā�N,N-NoTt>[sxÜË
}�ABŠ 2-5 <�Ţ��8�$#ō½>PSztþĊ<Ǎơ���4Ÿ'N>
OVuClzō½ř$�" 2-11<Ă�5)�Ŀ& (TMS)3SiH$ Et3B<�Ţ��"
2-11 ' C11�&rNDt<Ūš���6)�š��rNDt(�C9-Cuc?x&
Ǥ�"ǵŻ�ǕĐū&�¯� 2-12 <�
���9( C9�#'ŔƇ-ŔƇƊ½þ
Ċ&��"�B ŠB]x'�ǂǏ$ĩ2Ī§%ǂǏŭ��Ţ�Ă698 Int-2-2
'Ǚ÷<ƉŤ��rNDt��Ǯ�6Š±���1�$Ɣç���/�į¸ą

#(��őı�}�C11�&rNDt<š���8�$#Ǘ��7)'šĊ<Ď¨

�8�$&Ċ®����'ā 2-12 'oTt>PSzt<Ǜćı�}B]ztB
zVt+$Õė�" 2-13’<½Ċ����'ǧ�{ǘ TBSÍ�ǥ¶�9�±½ř
�ƨŒ�9��1�¡ö TBSOTf<Ţ�"`YvEMÍ' TBS�ƻ<ơ��ǵ
¹ŝ&" 2-13<Ă��ì�į½Ċ#( ABŠ 2-5 (4.6 g)$ DŠ 2-6 (8.4 g)�6Š
±� 2-13< 5.3 g½Ċ�8�$&Ċ®�"�8�ƍ�" 2-13' AcÍ'ǥ¶$š
��`YvEMÍ'Ǜ±&57XsIXx 2-4+$é��� 
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Scheme 2.3.  A large scale synthesis of triketone 2-4 
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2.3.2 Ż�ǕĐū>tYzt¸ą&58OVv@YǴĶĻƂ 
� Ż�ǕĐū>tYzt¸ą'ǕĐćŪŞ'ƦÇ<ĹƱ�8�1�>tYzt

¸ą'ĹƮ<ơ ��ĩ¥&ýŲŹã&"ǢŪ�9�>tYzt¸ą'ĺƦ<

Ŵ� (Scheme 2.4)8)�XsIXx 2-4&è�ÐÍ<�Ţ��8$�8�'ƗevX
x±$ƍ�¤Û Š±&58 6 ÂŠþĊ�����OVv@YǴĶ�ĻƂ�9
8�/�į¸ą#(�8�&š��B]rzX&è��14�2��( 17�'I
Xx�¸ą�8�1�OVv@YǴĶ<Ī�8 8Ÿǲ'Ũć�(2-3a-h)<�
8
ºƖć�
8��'�1ī0'Ż�±Ý<Ī�8±½ř 2-3a <��ū&Ă8&
(èŵĻǋ<Ī�8 D Šǘ<>tYzt¸ą&57ǕĐū&ǭèŵ±��Ż�
ǕĐū&OVv@YǴĶ<ĻƂ�%�9)%6%�� 
Scheme 2.4.  Aldol reaction: potentially generating structures 
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2.3.3 >tYzt¸ą'ĹƮ 
� Ǭĭ(�į>tYzt¸ą'Ż�ǕĐćŪŞ&ǊöƺĚǙ$Ř­ÝĚǙ�Ǥ

��"�8$Ǉ,"�8��%;�ǊöƺĚǙ&58ı�}#( 2-3b��šĊ
ř$%7�Ř­ÝĚǙ&58¸ąı�}#(ī0' 2-3a ��šĊř#
8$Ɗ
ƺ��������ÄǱŕ$�"Ř­ÝĚǙ'ı�}#( 2-3a/�( 2-3b'ǎ
«¸ą�Ǎơ��¹ŝ5�ī0'šĊř 2-3a +$¹İ��8�$�ÈǪ#
 
����#ī/%�ǎ«¸ą<Ď
��! 2-3a$ 2-3bǣ'õƢ¸ą<ĊŻ���
2-3a&¹İ�8¸ąı�'ųŻ�ī/98� 
� �|'ÄǱŕ<ǁ/
�Ż�ǕĐū>tYzt¸ą'ĹƮ<ơ � (Table 
2.1)�THFǗŋ}&��"ƫÚǞ' KN(TMS)2<ÐÍ$�"Ţ��Ï½�šĊř

2-3a $ 2-3b 'N>OVuClzń� 6:1 '¬½&"ī0'Ż�±Ý<Ī�8
2-3a <��ū&�
� (entry 1)�¸ąőö<ãő+$ÕĨ��Č�N>OVu
Clzń� 1:1/#�}�� (entry 2)�Ŀ& KN(TMS)2< 1ýǞ�|Ţ��$�
:�OVv@YǴĶ<Ă8�$(£Ĳ%� � (entry 3)��'ƊĴ$ entry 1$
'ńǅ&57�ƫÚǞ' KN(TMS)2<Ţ�8�$#ī/%�ǎ«¸ą<Ď¨#�

8�$�¤� ��ì�58%&"Ă69�¤ǩÈǪ% 2!'±½ř'Ļǋ<Ňá
�8�$(ÈǪ#
 ��ƍ�"�DAxSzDTCx<DsAn�6sTA

n&ÕĨ��$�:�entry 1&ń,¹ŝ��}�� (entry 4)��9(�2-15'
šĊ&582'#
8$Ɣ
��LiN(TMS)2 < 1 ýǞ�|Ţ��$�:�2-15
&¯
 2-16 'šĊ2ųƴ�9� (entry 5)�KN(TMS)2572û�ÐÍ<Ţ��

$�:�entry 1&ń, 2-3a$ 2-3b'½ƭ¹ŝ(ƛ�ƊĴ<Ŵ����Ż�ǕĐ
ć(�}�� (entries 6-7)��|'ƊĴ�6�THF Ǘŋ}���"ƫÚǞ'
KN(TMS)2<Ţ�8¸ąı�<į>tYzt¸ą'ĩǒı�$��� 
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Table 2.1.  Screening of conditions for the Aldol reaction 

 

 

   
 

2.3.4 >tYzt¸ą'ĹƮƊĴ'Ɣç 
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Ċń�×��Õ±����9(�į>tYzt¸ą'Ż�ǕĐćŪŞ&Ǌöƺ

ĚǙ$Ř­ÝĚǙ' 2!'ƦÇ�×��Ǥ; "�8�1#
8$Ɣ
6989)�

�%;� Table 2.1' entry 1$ entries 3-5'¸ąı�#( 2-3a$ 2-3bǣ&õƢ
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�ÜË�%��1�2-3a$ 2-3b'šĊń&Ǒ��š��$Ɣ
�� 
  2-3a$ 2-3bǣ'õƢ'ĪŖ&!�"ĹƱâǳ<ơ � (Scheme 2.5)�/�³
ǩ�� 2-3b< entry 1$¾{'¸ąı�&���$�:�2-3a+'Õė�ųƴ�
9��{ġ�2-3b< entry 6$¾{'¸ąı�&���$�:�Ũć±(Ǎơ�
�Íƽ#
8 2-3b'µĞÆ¹<Ă8'0#
 ���|'ƊĴ<Í& Table 2.1
'šĊń(2-3a : 2-3b)&!�"Ɣ
8$�2-3a$ 2-3bǣ&õƢ<ĊŻ��8�1
&(¸ąŘ&¯
�KN(TMS)2$¾ŷö�2��(�9�|'ü�ÐÍ�ĄƦ#


8$Ƭ
8�/� 2-3b �6 2-3a +'Ũć±�Ǎơ���$�6�2-3a ( 8
Ÿǲ'OVv@YǴĶ'�#ĩ2Ř­Ýū&Þá%šĊř#
8$Ėç��10)� 
Scheme 2.5.  Mechanistic Study on the intramolecular aldol reaction:  
            isomerization of 2-3b to 2-3a 

 
 

� Ǭĭ(Ř­ÝĚǙ'ı�}�ÐÍ< 1 ýǞŢ�>tYzt¸ą'ĹƮ<ơ 
������'ƊĴ�ǎ«¸ą�Ǎơ��¹ŝ5�ī0'šĊř 2-3a +$¹İ
��8�$(ÈǪ#
 �$ÎÁ�"�8��9(�Table 2.1' entry 3$ entry 
5'ƊĴ&ǲ��8���#��'ǎ«¸ą&!�"Ɣç���/� entries 4-5
#(�2-15 'šĊ�ųƴ�9���9( LiN(TMS)2&58 8 �'ƗevXx±
$ƍ�`YvEMÍ' E1cBƗǩ�Ǎơ��šĊ��$Ɣ
��{ġ�ÐÍ$�
" KN(TMS)2<Ţ��Ï½&( 2-15 'šĊ(ųƴ�9%� ���9(`Yv
EMÍ' E1cBƗǩ'ŃǦ#�sTAn@Cx�t@OǛ$�"�Ţ��'&è
��DsAn@Cx#(t@OǛ$�"�Ţ�%� ��4
&�`YvEM

Í'Ɨǩ'ǎŷ<~Þá±��entries 1-3#( 2-15'šĊ�Ď¨�9�$Ėç�
�� 
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� ƍ�" Table 2.1' entry 5&��"�šĊř 2-16�Ă69�şŤ&!�"Ɣ
ç�� (Scheme 2.6)�šĊř 2-16<�
8½ĊƉǀ$�"�2-3a (or 2-3b)�6ů
´#Ŵ�5�&uXv>tYzt¸ą�Ǎơ�9)��ǣ� Int-2-4�Ă698�
š�� Int-2-4 (ĩ2Ǜćö'ǵ� C8 �'evXx<ú�ď��$#�57Þ
á%B]rzX Int-2-5�šĊ��ā�ŐŠ>tYzt¸ą&57 2-16�šĊ�
�$Ɣ
��/� 2-16 'Ż�Ļǋ(�Ǜ¢ş&57 TBS Í<ǥ¶�" 2-17 +
$Õė��ā�2-17 ' X ƏƊħĻǋƪĳ&57Ňá��11)�Ǜ¢ş&58 2-17
'Ũć±'ĪŖ&!�"(�2-17' C3�`YvEMÍ<¡ö TBS�ƻ��ǧ�
¡ö 2-16 �Ă69��$�6�Ǜ&58Ż�±Ý'Ũć±(Ǎơ�"�%�$
Ɗƺ����¯
" entry 3&" 58%'¹ŝ#Ă69�ĮŰ±½ř2 1H NMRƪ
ĳ&57 Scheme 2.6&"Ŵ�� 2-3a �6 Int-2-4 +'uXv>tYzt¸ą�
Ǎơ��šĊř#
8$�Ĉ�9812)�5 "�entries 3,5 #( 1.2 ýǞ'
LiN(TMS)2�/�( KN(TMS)2<¯
"�8�$�6��'ǎ«¸ą<Ď¨�8

�1&(Ţ�8üÐÍ'ýǞ<Ď
8ĄƦ�
8$Ɣ
�� 
Scheme 2.6.  Proposed mechanism for generating compound 2-16 
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2.3.5 Ż�ǕĐū>tYzt¸ą&58OVv@Y 2-3a'½Ċ 
� 2.3.4Ɓ#'Ɣç<Í&�KN(TMS)2'ƫÚǞ< 10mol%$��THFǗŋ}�2-4
< 3 Ħǣ¸ą�����'ƊĴ�¹ŝ 100%��!N>OVuClzń< 8.6:1
'¬½/#¿|��8�$&Ċ®�� (Scheme 2.7)�/� 2-3a$ 2-3b(Drn
GvlXHrc?z&58¤ǩ�ÈǪ#
8�1�¡Ɗħň&58¤ǩ<ơ��

2-3a < 66%'³ǩ¹ŝ&"Ă��ì�2-3a2)$ 2-3b6)'Ż�Ļǋ( XƏƊħĻǋ
ƪĳ�5* NMRƪĳ&57Ňá�� (Figure 2.1)�ƪĳ'ƊĴ�šĊř 2-3a'
Ż�Ǚ÷( A Š�ĸÛÌ�B Š�ƚÌ$ŚŨ%Ǚ÷<Ī�"�8�$�¤� 
�� 
Scheme 2.7.  Optimized reaction conditions on the intramolecular aldol reaction 
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Figure 2.1.  Structure detamination of 2-3a and 2-3b 
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2.4. Ż�ǕĐū>tYzt¸ą'Ɣç  
� šĊ�� 2-3a$ 2-3b(�Ɣ
69�8 8Ÿ'OVv@YǴĶ' �Ř­Ýū
&Þá%šĊř#
8$Ɣ
698���#�į¸ą'ǕĐć<±½ř'Ř­

ÝūÞáć&!�"ŉŬ��Ż�ǕĐū%>tYzt¸ą'ǕĐćŪŞ'ƦÇ

&!�"Ėç��� 
� ĩ¥&�8 Ÿ'  6 !'±½ř 2-3c-h �šĊř$�"Ă69%� �şŤ&
!�"Ɣç�� (Scheme 2.8)�BCŠ�XrxOƑŠ�"�8 2-3c$ 2-3d(�5
ÂŠ$ 6ÂŠ'XrxOƑŠ&58ŠŁ0�ÜË�8$Ɣ
698�{ġ�BC
Š�MOƑŠ�"�8 2-3e-h'Ļǋ(�R12��( R3$brx$'Ż�Ǩä�

ÜË�8$Ɣ
698��96'ƦÇ&57�2-3a$ 2-3b&ń,Ř­Ýū&~
Þá#
8$Ĉá�98 2-3c-h(įı�}#(Ă69%� �$Ɣç���  
Scheme 2.8.  Explanation of stereoselective aldol reaction –1– 
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� ƍ�"�2-3a � 2-3b 572��ū&šĊ��şŤ<Ɣç���/� 2-3a $
2-3b'Ż�Ǚ÷&!�"Ɣç�� (Figure 2.2)�±½ř 2-3a$ 2-3a’'Ż�Ǚ÷
<ń,�$��±½ř 2-3a' AŠ�ĸÛÌ�BŠ�ƚÌ<$8Ż�Ǚ÷(�ƾ
#Ŵ��`YvEMÍ$IXx$'¤Û ŅƇƊ½&57Þá±�9"�8$

Ɣ
��ƍ�"±½ř 2-3b $ 2-3b’'Ż�Ǚ÷<ń,�$��±½ř 2-3b ' A
Š$ B Š��&@OÌ<$8Ż�Ǚ÷(�Ǭ#Ŵ��`YvEMÍ$IXx'
¤Û ŅƇƊ½&57Þá±�9"�8$Ɣ
��5 "ĩÞáǙ÷(��'

¤Û ŅƇƊ½&57�±½ř 2-3a$ 2-3b'Ǚ÷#
8$Ɣ
��ì��96
'Ż�Ǚ÷( XƏƊħĻǋƪĳ�5* NMRƪĳ�6ĚĒ�98� 
Figure 2.2.  Explanation of stereoselective aldol reaction –2– 
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� Ŀ&Ă69�šĊř 2-3a$ 2-3b'šĊń&!�"Ɣç�� (Figure 2.3)13)��

�#(�±½ř 2-3a$ 2-3b'ŅƇƊ½(Ǝ)'þù&!�"ŉŬ���9�9'
XƏƊħĻǋƪĳ'É�6�ŅƇƊ½<þĊ�8ƒėÍ'�ǮƩ(C8-C7-O7-H14)
<ņ1���'ƊĴ�±½ř 2-3a (C8-C7-O7-H14, φ = 0.70)#(ƾ#Ŵ��ŅƇ
µÛ$Dtj[tǛƇ'ǭ�ĪǫÛè$�¾{õǮ|&ÜË�8'&è��±

½ř 2-3b (C8-C7-O7-H14, φ = –23.76)#(�'¤Û ŅƇƊ½�¾{õǮ|�6
Ö9��ƒ&ÜË�"�8��'�1�57üÊ%¤Û ŅƇƊ½<þĊ£Ĳ

8±½ř 2-3a��šĊř$�"Ă69�$Ɣ
�� 
Figure 2.3.  Explanation of stereoselective aldol reaction –3– 
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2.5. 19-`YvEMLtoxXJ[x'½Ċƭť –Plan 1– 
� ½Ċ��OVv@YǴĶ 2-3a �6 19-`YvEMLtoxXJ[x(2-1)'½
Ċ<ǐĊ�8&(�C11�+'Ż�ǕĐū%`YvEMÍ'é��C17�+'Ż
�ǕĐū%dV]sYé����" C7�ǛƇµÛ'ǥ¶�ĄƦ$%8 (Scheme 
2.9)���# Overman6'A>^@x'½ĊŲŹ#Ă69�ŰƧ14)<Í&�½Ċ

'ĩā& 2-18 ' C11 �IXx<Ǘ���19-`YvEMLtoxXJ[x(2-1)
<½Ċ�8�$$��(2-18�2-1) (Scheme 2.10)��9&57�½Ċ'ƸǱ< 3
!�6 2!+$Ƌ ��Ŀ& 2-3a &è��C17�+dV]sY<é��8%6
)�C7 �IXx$ C17 �IXx<²¦�8ĄƦć�š�8���#ĩ¥& C7
�IXx'ǛƇµÛ<ǥ¶�8�$#��'ÄǱ<Æǖ�8�$$��(2-19�
2-3a)�2-18( 2-19' C17�IXx<ƿĔ�7$��Ż�ǕĐǕĐū%dV]s
Yé�&57Ă6982'$��(2-18�2-19)� 
Scheme 2.9.  Synthetic plan 1 
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Scheme 2.10.  Degradation studies from ouabain by Overman 
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2.6. OVv@YǴĶ|'àƖÍÕė 
2.6.1. C7�IXx'ƗǛƇ± 
� 1.4.3 Ɓ#Ŵ��½Ċčň&���C7 �'Ǘ�ūƗǛƇ±<ơ � (Scheme 
2.11)�į¸ą#(�C17�IXxÜË}�C7�IXx'ǛƇµÛ<�ƒǕĐū
&ǥ¶�%�9)%6%����#VXr`YvcrxœÚ��ŅƇ±iAƇ

ZXsAn<¯
8�$#�ƒǕĐū%Ǘ�<ơ��2 : 1'šĊń&" 2-22α
$ 2-22β<Ă���'Ǘ�� C7�IXx&è��ƒǕĐū&Ǎơ���$(�
āǇ�8rNDtūƗǛƇ±ā�1.4.3Ɓ#Ŵ���ǉ�ǣ� 1-48+$Ƶé�8
�$#Ňá���/� C17�IXx� C7�IXx572¸ąć���şŤ(�
C13 �' 4 ƒėŔƇ'Ż�ūÿǯ&57�Ǘ�©'ĕǆ�ũÖ�9��1�$
Ɣ
��Ŀ&½Ċ�� 2-22α$ 2-22β<DrnGvlXHrc?z&"¤ǩ��
š��`YvEMÍ<�9�9ELxVzX+$Õė���į¸ą#(�αǙ¿

'>tKzt� ABŠ' concaveǮ&�ƒ�8�1�¸ąć��}�"�8��
�#Ņ'Ŏ¯&57ƗevXx±<�Ǎ��15)�2-23α< 71%'¹ŝ#Ă��{
ġ�βǙ¿'>tKzt&è�Ņ<Ŏ¯�8$Íƽ'ĘÓ�ųƴ�9����#�

2-22β�6(ŖŅı�&"¸ą<Ǎơ���2-23β< 68%'¹ŝ#Ă��ƍ�"
ƹƥ�� 2-23α$ 2-23β<ō½��rNDtūƗ`YvEM±<ơ��ǵ¹ŝ&
" 2-24+$Õė��� 
Scheme 2.11.  Regioselective deoxygenation at C7-ketone 
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2.6.2. C11�IXxſ��'ƹƥ 
� 1.4.3 Ɓ#Ŵ��½Ċčň&���C11 �+'ǛƇµÛ'é�<ơ � 
(Scheme 2.12)�/� 2-24 �6 2ðŷ'Õė¸ą<Ɖ"�TBSÍ< AcÍ+$Õ
ė���½Ċ���ǣ� 2-25 ' 1H NMR(�1.4.3Ɓ' 1-48 $¾{#
 ��
�|'ƊĴ�6�2.6.1 Ɓ&"Ŵ��IXx'Ǘ�( C7 �IXxǕĐū&Ǎơ
���$<ųƴ��16)�ƍ�" 2-25 <CRxǛ±&����ǝƊ½<Ǜ±ǢƤ
�� C11 �&IXx<ĻƂ����'āwxkUX&">xp[>ŅœŌ<¯

�C11’�'itmtÍ<ǥ¶��$�:�š��`YvEMÍ$IXx�¤
Û #¸ą�fm>PSzt 2-26 <�
����#�Ă69�fm>PSzt
<oTt>PSzt+$Õė��C11 �IXx'�ƒǕĐū%�ƻ<ơ ��
ƍ�">PTtÍ'ǥ¶&57 2-27$��ā�š��`YvEMÍ<¡ö TBS
�ƻ��2-19<Ă�� 
Scheme 2.12.  Oxidation of C11-olefin to generate ketone equivalent 

 
 

2.6.3. C17�+'dV]sYé� 
� žƕ(įÝ�ÔƸŷ&��"�2-19 &èą�8pWt±½ř Model-1 <Ţ�
dV]sY'é�ň<ĹƮ����'ǧ�a[tXscuzX±$ StilleDUe
sxH&��8¸ąı�<ĩǒ±�8�$#�2 ðŷ 54%'¹ŝ&" Model-3
�Ă698�$<ÎÁ�� (Scheme 2.13)� 
 

H

H
RO

OH

O

H
O

OMe

H

H
AcO

OH

O

H
O

OH

TBSOTf
2,6-lutidine

CH2Cl2, –78 ºC
90%

H

H

O
H

OH

O

TBSO

1. 1M HCl, THF
2. Ac2O, NEt3
    DMAP, CH2Cl2

   95% (2 steps)
H

H

O
H

OH

O

AcO

O3, MeOH, –78 ºC;
SMe2; NH4OH

84%

1. HC(OMe)3
    p-TsOH, MeOH
2. K2CO3, MeOH

    88% (2 steps)

2-24 2-25
(common intermediate)

2-26 2-27: R = H

2-19: R = TBS

11

7

11

11'



Ž 2ż� 19-`YvEMLtoxXJ[x'�½Ċ 

 42 

Scheme 2.13.  Stille coupling between vinyl triflate Model-2 and 2-2 

 

 

� ��# Scheme 2.13'¸ąı�<·Ɣ&��/� 2-19 'a[tXscuzX
±<ơ � (Table 2.2)�pWtÍƽ&"ĩǒ±��¸ąı�< 2-19&ǒŢ��
$�:�¸ą(ßƊ��µĞÆ¹<Ă8ƊĴ$% � (entry 1)�¯
" C14�
`YvEMÍ'XscuzX±'ā�Ɨǩ¸ą�Ǎơ��NB]x 2-29 'šĊ
2ųƴ�9����#¹ŝ¿|<Ŭū$�" CominsƲƟ<Ţ�a[tXscu
zX±<ơ ����¹ŝ&"NB]x 2-29<�
8'0#
 � (entry 2)� 
Table 2.2.  Chemoselective transformation for a coupling fragment 

 

 

 

� �¹ŝ#(
8� 2-28<ƹƥ#���1�2-28�6dV]sY'é�$ C14
�`YvEMÍ' TMS�ƻ<ơ � (Scheme 2.14)�/�½Ċ�� 2-28$ 2-217)

<Ţ�� StilleDUesxH18)&58dV]sYé�<ơ��2-30<Ă��ƍ�
" CD Š' concave Ǯ��6ŅƇŎ¯&58Ǘ�<ơ��1�convex Ǯ&
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C14 �`YvEMÍ<ïǵ� TMS Í&"�ƻ�8�$$����%;� 2-30
<TMSOTf&"¢ş�8�$#`YvEMÍ'TMS�ƻ$MvEMcrxþĊ
<ơ� 2-31 $��ā�ƞîDrnGvlXHrc?z&58ƃšĊř'Ƅƥ<
Ʋ0���'ƊĴ��Ñ©#
8MsDJt'Ǜć&57MvEMcrxŠ'

TMS Í�ǥ¶�9�α�$γ�#�9�9evXx±�9� 2-32 $ 2-33 �Ă6
9��/� 2-32(ǛćMsDJt&đĒ��8�$# 2-33+$Ũć±�8�$
�¤� � (Figure 2.4)� 
Scheme 2.14.  Introduction of butenolide at C17-position and TMS protection 

 

 
Figure 2.4.  Isomerization from 2-32 to 2-33 on SiO2 
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2.6.4. C17-Cuc?x�5* C11�IXx'Ż�ǕĐūǗ� 
� C17-Cuc?x$ C11 �IXx'Ż�ǕĐū%Ǘ�<Ʋ0� (Scheme 2.15)�
ĩ¥&ŅƇŎ¯&58 C17-Cuc?x'Ǘ�<ơ ���'ƊĴ�2 : 1'N>
OVuClzō½ř$�" 2-34<Ă��į¸ą#(�CDŠ' convexǮ�&

8 C14� TMSBzVt$'Ż�Ǩä&57�concaveǮ��6'ŅƇŎ¯��
�ū&Ǎơ�8$ĬĀ��������Ĉ&¸�Ǘ�'ǕĐć�ǭô&�� 

����#¤Û­Ïƭƀ(MMFF)<Ţ�" 2-33'ĩÞáǙ÷<ƭƀ��$�:�
C Š(ƚÌ'Ǚ÷<Ī�"�8�$�ŴÃ�9� (Figure 2.5)19)��%;��C
Š�ƚÌǙ÷<$8�$# DŠ( CŠ'ę>EM>tġ¿+$Ǚ¿�8��'
ƊĴ�C Š�ĸÛÌ'Ż�Ǚ÷<$8Ï½&ń,ƚÌ'Ż�Ǚ÷#(�concave
Ǯ�'Ż�ūǓƝ°Ĵ�Ò¯��convex�concave�&¾ŷö'ǓƝźǣ�þĊ
�9�Ǘ�'N>OVuCǕĐć� 2 : 1#Ǎơ��$Ɣ
��ŅƇŎ¯&5 
"Ă69� 2 !'N>OVuClz'Ż�Ļǋ<Ňá�8�$�ÈǪ#
 �
�1�ō½ř'//Ɨ�ƻ$ C11�IXx'Ǘ�<ơ ��/� 2-34<Ǜ¢ş
�8�$#�MstÍ'ǥ¶$oTt>PSzt�6fm>PSzt+'Õė

<ơ ���'ā 2-35 &è�"Xs@QdTt>tm[An<�Ţ���$�
:�¤ǩÈǪ% 5Ÿ'±½ř�ųƴ�9�� 
� įƁ#Ǉ,� Plan 1'½Ċ#(�ŅƇŎ¯&58 C17-Cuc?x'Ǘ�'Ǖ
Đć�����!dV]sYÜË}�C11 �IXx<Ż�ǕĐū&Ǘ��8�
$(ÈǪ#
8$Ɗƺ����5 "�Plan 1'½ĊƉǀ<ğĆ��� 
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Scheme 2.15.  Stereoselective reduction of C17-olfin and C11-kentone 

 
 
Figure 2.5.  The most stable conformation of 2-33, calculated by MMFF 
           (Macro Model ver 10.4) 
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2.7. 19-`YvEMLtoxXJ[x'½Ċƭť –Plan 2– 
� Plan 1'ƊĴ<Í&�Ġ�% 19-`YvEMLtoxXJ[x(2-1)'½Ċƭť
<Żķ�� (Scheme 2.16)�Plan 1'½Ċ#( C17-Cuc?x'Ǘ�$dV]s
YÜË}#' C11 �IXx'Ǘ�'ǕĐć�ÄǱ$% ��Ś&�dV]sY
ÜË}�±ÝyŻ�ǕĐū& C11�IXx<Ǘ��8�$(ÈǪ#
8$Ɣ
�
�& C11�IXx<Ż�ǕĐū&Ǘ��8�$$����%;��19-`YvE
MLtoxXJ[x(2-1)(�2-36 &è�8Ż�ǕĐū%dV]sYé�&57
½Ċ�8�$$���Ŀ& 2-36(�2-37' C11�IXx<Ż�ǕĐū&Ǘ���
½Ċ�8�$$���2-37( 2-26�6½Ċ#�8$�Ĉ��� 
Scheme 2.16.  Synthetic plan 2 
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2.8. Ż�ǕĐū%`YvEMÍ'é� 
2.8.1. �ǣ� 2-37$ 2-38'½Ċ 
� C7 �IXx'Ż�ǕĐū%Ǘ�'�1�ļ	%�ǣ�'½Ċ<ơ � 
(Scheme 2. 17)�/� 2-26' C17�IXx<qA±a[t+$Õė�20)�2-38$
���ƍ�" 2-38 'fm>PSzt<ǢŠ���C19�`YvEMÍ<ǕĐū
& TBS�MOM�THP���"N@QevbtMrx&57�ƻ��2-37-TBS�
2-37-MOM�2-37-THP�2-37-SiH(i-Pr)2<Ă�� 
Scheme 2.17.  Preparation of substrates 
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2.8.2. Ż�ǕĐūǗ� 
� fm>PSzt 2-38 &è�8Ż�ǕĐū%Ǘ�<ĹƮ�� (Table 2.3)�2-38
&è��ÂŠǔŶśĉ<$8`YsYǗ�©<Ţ����ī/%�β->tKzt
2-39b<�
8��2��(¸ą�Ǎơ�%�'0#
 � (entries 1-3)21)���

#57ü­%`YsYǗ�©3Ǚ�Ɩ'ǵ� Zn(BH4)2<Ţ������62ī

/%�β->tKzt 2-39b�2-40b<�
8'0#
 � (entries 4-6)22)� 
Table 2.3.  Stereoselective reduction of hemi-acetal 2-38 
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/� 2-39b' C3�$ C19�<>PTt±��2-41+$Õė����'ā�2-41
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2-40a (desired)

HOHO

2-39b: 65%

entry

4

5

1

2 no reaction

mainly 2-40b

 no reaction

reagents solvent

SmI2
PhCHO

DIBAL-H mainly 2-39b

Al(i-PrOH)33

mainly 2-40b

THF

CH2Cl2

THF

i-PrOH

Et2O

toluene

6

temp., time

rt, 15 min

0 ºC to rt, 18 h

–78 ºC, 30 min

–10 ºC to rt, 19 h

reflux, 24 h

0 ºC, 2 h

Al(i-Bu)3

NaBH4

Zn(BH4)2

Results



Ž 2ż� 19-`YvEMLtoxXJ[x'�½Ċ 

 49 

é��$#Ňá��� 
Scheme 2.18.  Determination of generated alcohol from C11-ketone 

 

 
� Ŀ&�ø¸ą&57 C11 �`YvEMÍ'Ż�¸ǃ<Ʋ0� (Scheme 2.19)�
ī/%�β->tKzt 2-41<�ø¸ą'ı�&�����ī0'αǙ¿'gxR
@tBOVt 2-42 <Ă8�$(#�%� ���9(�š��`YvEMÍǆ
�&ÜË�8 C18�3 C19�ƒėÍ$'Ż�Ǩä'ÿǯ&58�1$Ɣ
��
�|'�$�6�β->tKzt<α-gxR@tBOVt+$Õė�8�$(ÈǪ
#
8$Ɣ
�� 
Scheme 2.19.  Inversion of β-alcohol by Mitsunobu reaction 

 
 
 
 
  

H

H
HO

OH

I

HHO
HO

H

Hb
AcO

OH

I

HAcO
HO

Ac2O,pyridine

>63%

Ha

nOe: 3.0%

1111

3 3

2-39b (undesired) 2-41

19
19

H

H
AcO

OH

I

HAcO
HO H

4-nitrobenzoic acid
PPh3, DEAD

THF/PhMe = 1/1
reflux, 5 h

H

H
AcO

OH

I

HAcO
H OO

NO2

2-42 (desired)

not obtained

2-41

18

11
19
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2.8.3. Ż�ǕĐūǗ� 
� �ø¸ą&58 C11 �`YvEMÍ'Ż�±Ý'¸ǃ(ÈǪ#
 ��1�
IXx 2-37&è�8Ż�ǕĐū%Ǘ�<�6&ĹƮ�� (Table 2.4)�Ž{Ɔ>
tKzt< TBSÍ&"�ƻ�� 2-37-TBS&è�">ErtyErt%Ǘ�©<
�Ţ���$�:�¸ą�Ǎơ�%��Íƽ'ĘÓ�ųƴ�98�2��(ī

/%�β->tKzt 2-43b <�
8'0#
 � (entries 1-3)23)���#Ǘ�©

$Ǚ�#�8MOM3THP&"`YvEMÍ<�ƻ�IXx'Ǘ�<ơ ���
ī0'α->tKzt 2-43a<Ă8�$(#�%� � (entries 4-8)�Ŀ&¤Ûǣ
¸ą#(%��MstÍ|'ŅƇ<Ǘ�©$��¤Û ¸ą<Ʋ0�24)�cU±

ř@Cx<Ţ�¤Û `YsYǗ�<Ʋ0��ī0'šĊř<Ă8�$(#�

%� � (entry 9)���#t@OǛ<Ţ��`YsYǗ�<ơ � (entries 
10-12)�����t@OǛ&58IXx'Ŋć±572MstÍ'Ɨ�ƻ���
��2-383 2-44<�
��ì�2-44(fm>PSzt 2-38�6t@OǛ'ÿǯ
&57`YvEMÍ�Ɨǩ��š��CEQ[AnDTCx&è�8`YsY

Ǘ��Ǎơ��šĊ��$Ɣ
�� 
� C11 �&š��α->tKzt$β->tKzt'¸ąć'Ǒ�<§Ţ��
2-43b-TBS, 2-43b-MOM, 2-43b-THP'ĻǋŇá<ơ ��/�Ģ&Ă69"�
8ŰƧ$�"�Scheme 2.18&Ŵ��5�&β->tKzt 2-39b(�ŖŅǚǛy
bsNxı�#( C11�`YvEMÍ'>PTt±(Ǎơ�%� (Scheme 2.18)�
{ġ�α->tKzt�šĊ��Ï½(�¾{'¸ąı�}&">PTt±�Ǎ
ơ�8 (Scheme 2.21)��|'ŰƧ<Í&�|Ư$¾{'¸ąı�}&��"
2-43b-TBS, 2-43b-MOM, 2-43b-THP'>PTt±�Ǎơ�%� ��$�6�
C11�`YvEMÍ(ī/%�βǙƒ#
8$Ňá��� 
� 2.8.2Ɓ�2.8.3Ɓ</$18$�fm>PSzt 2-38 3IXx 2-37 &è�8
`YsYǗ�#(�ī/%�β->tKzt<�
���'Ż�ǕĐć(ǶƜ#Ŵ
��ƒėÍ'Ż�Ǩä&57�̀ YsY�IXx&è�αǮ��6¸ą���1

�$Ėç�� (Figure 2.6)� 
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Table 2.4.  Stereoselective reduction of ketone 2-37 

 

 
 
  

conditions

H

H
AcO

OH

I

HXO O

H

H
HO

OH

I

HXO
HO

H

H
HO

OH

I

HXO
HO

H

H
AcO

OH

I

H
O
HO

H

H
AcO

OH

I

H
O

H

2-37

2-43b (undesired)

2-43a (desired)

2-38

2-4411

entry results

1

no reaction

messy

reagents

BH3•THF
(R)-n-Bu-CBS

X

BH3•THF
(S)-Me-CBS3

mainly 2-38

TBS

TBS

SiH(i-Pr)2 mainly 2-38

SiH(i-Pr)2

SiH(i-Pr)2 mainly 2-44

2

11

SiH(i-Pr)2 messy

solvent, tepm

THF, reflux

THF, reflux

CH2Cl2, –78 ºC

CH2Cl2, –100 ºC

CH2Cl2, reflux

CH2Cl2, –20 ºC

SnCl4

BF3•Et2O

ZnCl2

mainly 2-43b-TBSDIBAL-H

10

9

12

TBS CH2Cl2, –78 ºC

4

5

MOM

MOM mainly 2-43b-MOM

mainly 2-43b-MOM

DIBAL-H

Al(i-Bu)3 CH2Cl2, rt

CH2Cl2, –78 ºC

6 tolene, 0 ºC

tolene, 0 ºC7

8

mainly 2-43b-THP

mainly 2-43b-THP

mainly 2-43b-THPDIBAL-H

(R)-THP

(S)-THP

(R,S)-THP

Al(i-Bu)3

Al(i-Bu)3

CH2Cl2, –78 ºC

TBAF
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Figure 2.6.  Rationale of stereoselective reduction at C11-ketone  

 
 

2.8.4. {ǫÛǗ�©<Ţ�� C11�IXx'Ż�ǕĐū%Ǘ� 
� IXx&è�8¤Ûǣy¤Û `YsYǗ��ÈǪ#
 ��1�IXx'

{ǫÛǗ�<ơ��$$��Íƽ'ƹƥ<ơ � (Scheme 2.20)�/� 2-25 '
C17 �IXx<Šś>PSzt$�"�ƻ����'ā�CRxǛ±&57�
ǝƊ½<Ǜ±ǢƤ�� Int-2-6$��wxkUX&">xp[>ŅœŌ$ŔǛD
sAn<ǰĿ¯
8�$#�itmtÍ$>PTtÍ<ǥ¶��2-46 <Ă��
2-46 &è�" TBSOTf <�Ţ���ISztÜË}�ǕĐū%`YvEMÍ'
TBS�ƻ<ơ ���%;��–78 ºC&"¸ą��8�$# 2-47<½Ċ��0 ºC
/#¸ąœŌ<ģő�8�$#Ž{Ɔ`YvEMÍ'�ƻ<ơ��2-48 <½Ċ
��� 
  

AcO

O H

IXO O

H

H
X: H, metal, TBS, MOM, THP

2-37 or 2-38
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Scheme 2.20.  Preparation of substrate 2-47 and 2-48 

 

 

� ƹƥ�� 2-47 &è��ǟísTAn<Ţ��IXx'{ǫÛǗ�<ơ � 
(Scheme 2.21)��'ƊĴ�¤ǩÈǪ%N>OVuClzō½ř$�" 2-49<Ă
��IXx'{ǫÛǗ�&58Ż�ǕĐć<Ňá�8�1�`YvEMÍ'>

PTt±<ơ ���'ƊĴ�2-50$ 2-51� 7 : 5'¬½&"Ă69��5 "�
2-49'�šĊř(ī/%�β->tKzt#
8$Ėç���βǙ¿'`YvEM
Í<�šĊř$�"�
�µÇ(�ǆ�'>tKEMY$sTAn&58Ǚ�

&5 "Þá±�9� Int-2-7'�ǣ�<ƉŤ���1�$Ɣ
�� 
  

H

H

O

AcO
OH

O

H
(CH2OH)2

toluene, reflux

NH4OH;
K2CO3

83%

NO2

SO3H·Py.

H

H
HO

OH

H
O

O
O

OH

H

H

O

AcO
OH

H
O

O

H

H
AcO

OH

HO O
HO

O
O

O3, MeOH;
SMe2

54%

TBSOTf
NEt3, CH2Cl2
–78 to 0 ºC

42%

H

H
TBSO

OH

H
O

O
TBSO O

H

H
TBSO

OH

H
O

O

TBSOTf
NEt3, CH2Cl2

–78 ºC

62%

O
OH

2-48 2-47

2-25 2-45

Int-2-6 2-46

17
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Scheme 2.21.  Stereoselective reduction of hemi-acetal by lithium 

 

� Ž{Ɔ`YvEMÍ< TBS�ƻ�� 2-48&è�"��$¾ļ&ǟísTAn
<Ţ��{ǫÛǗ�<ơ � (Scheme 2.22)��'ƊĴ�Čī'α->tKzt 2-52
<³{'šĊř$�"Ă���9(�IXx'{ǫÛǗ�&5 "š��sT

An>tKEMY�Ż�ūÿǯ'ë%�BG>Xs>t&Ǚ¿���ǣ�

Int-2-8<ƉŤ���1�$Ɣ
��/� 2-52'Ż�±Ý( C9�ŅƇµÛ$ C11
�ŅƇµÛ$' 1H-1HDUesxHáĜ�6Ňá���ƍ�" 2-52 <Ǜ¢ş�
8�$#Šś>PSzt<ǥ¶��2-53<Ă�� 
Scheme 2.22.  Stereoselective reduction of ketone by lithium 

 

H

H
TBSO

OH

H
O

O
O

OH
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H
TBSO

OH
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O
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AcO
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41%

H

H
TBSO
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O

O
HOHO
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2-50 : 2-51 = 7 : 5
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H
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O
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+
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2-492-47
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O
O

Li

O
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X
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Int-2-7 X: H or Li
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H
TBSO
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O
TBSO O

2-48

Li/NH3/THF
–78 ºC

85%

2-52
(JH9H11 = 11.4 Hz)

2-53
H

H
TBSO

OH

HTBSO
HO

O
p-TsOH

THF/H2O

78%

TBSO

O O
O

X

Int-2-8

X: H or Li

TBSO
O
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TBSO

O O
O

H

TBSO
O

H

H
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9
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2.9. űðŷ± 
� 2.8.4Ɓ&"ųŻ��½ĊƉǀ#( C11�+'Ż�ǕĐū%`YvEMÍ'é
�'�1�2-24�6 2-48<ƉŤ��2-53+$Õė�"�8 (Scheme 2.23)��9
6Õė¸ą& 7ðŷ<Ʀ�"�8�%µÇ(�C3�$ C19�'`YvEMÍ�
5* C17 �IXx&è�"�9�9Ũ%8�ƻÍ(Ac, acetal)<Ţ�"�8�1
#
8���#�2-54 ' C17�IXx<MstB]ztBzVt$�"�ƻ�
�śĉ#�C11 �IXx<Ż�ǕĐū&Ǘ�£Ĳ9)�½Ċðŷ< 3 ðŷ'ű
Ƒ#�8��|'şŤ&57�2-24�6 2-54<ƉŤ��2-53+$Õė�8űð
ŷ±'ĹƮ<ơ��$$��� 
Scheme 2.23.  Synthetic process from 2-24 to 2-53 

 
 

2.9.1. MstB]ztBzVt 2-54'½Ċ 
� B]ztBzVt 2-24�6MstB]ztBzVt 2-54<½Ċ���/�B
]ztBzVt 2-24 <CRxǛ±'ı�&���$#�2-55 +$Õė�� 
(Scheme 2.24)�ƍ�" C17 �IXx'�ƻ$Ž{Ɔ`YvEMÍ'�ƻ<ĹƮ
�� (Table 2.5)�ì�į¸ą#( C17�IXx'MstB]ztBzVt±�
Ž{Ɔ`YvEMÍ' TBS �ƻ572���"Ǎơ�8�/�ÐÍ$�"
LiN(TMS)2<Ţ�8$ī/%�Mst>PSzt 2-56'0�Ă69� (entry 1)�

H

H

O
H

OH

O

TBSO

2-24

H

H

H

OH
TBSO

2-48
(common intermediate)

H

H

H

OH

OTBS

TBSO

2-54

O
O

TBSO
O

H

H

H

OH

O

TBSO

2-53

TBSO
HO

TBSO O
66% (2 steps)18% (5 steps)

17
1119

3

17
1119

3

2 steps 2 steps
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NEt3 <Ŏ¯��$�:�¾ŷö'ńŝ&" 2-54 $ 2-56 'šĊ�ųƴ�9� 
(entry 2)���# TBSOTf$ NEt3<–60 ºC&"�Ţ��8�$#�C17�IXx
<ǕĐū&MstB]ztBzVt+$Õė#�8�$<Ƨ£�� (entry 3)�
�'ā�LiN(TMS)2<¯
8�$#fm>PSzt'ǢŠ<��

25)�2-54<ƛÙ
%¹ŝ#Ă�� 
Scheme 2.24.  Synthesis of hemi-acetal 2-55 

 
 
Table 2.5.  Selective TBS-protection 

 

 
 

2.9.2. α->tKzt 2-53'½Ċ 
� MstB]ztBzVt 2-54 �6 2-53 +'Õė<ơ � (Scheme 2.25)�½
Ċ��MstB]ztBzVt 2-54 <�ŷ$¾ļ& Birch Ǘ�'ı�&���
$�:�Ż�ǕĐū%{ǫÛǗ��Ǎơ��ī0'α->tKzt<³{'šĊ

H

H

O
H

OH

O

TBSO

O3, MeOH, -78 ºC
; SMe, –78 ºC to rt

; NH4OH

75%

H

H

H

OH

O

TBSO

O
OH

2-24 2-55

H

H

H

OH

OTBS

TBSO

TBSO
O

H

H

H

OH

O

TBSO

O
OH

H

H

H O

OTBS

TBSO

O
OH

2-55 2-54 2-56

17
conditions

CH2Cl2

entry resultsreagent time, temp.

1 TBSOTf (6)
LiN(TMS)2 (7) 2-56: 53%1 h, –78 ºC to rt

2
a. TBSOTf (10)
    NEt3 (20)
b. LiN(TMS)2 (3)

a. 15 min, –78 ºC
b. 1.5 h, –78 ºC to rt

2-54: 45%
2-56: 36%

3
a. TBSOTf (10)
    NEt3 (20)
b. LiN(TMS)2 (3)

a. 30 min, –60 ºC
b. 1 h, –78 ºC to rt 2-54: 83%
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ř$�"�
��Ŀ& 2!' TBSBzVtÜË}�TBSMstB]ztBzV
t'0<±ÝǕĐū&ǥ¶��2-53<ƛÙ%¹ŝ#½Ċ��� 
� �9&57�3ðŷ'űðŷ±&Ċ®����'ƊĴ�2-24 �6 2-53 +'Õ
ė&¹ŝ 12% (7ðŷ)#
 �$�:<¹ŝ 55% (4ðŷ)+$ěÅ�8�$&Ċ
®��� 
Scheme 2.25.  Stereoselective reduction at C11-ketone 

 
 
  

1. Li, NH3
    THF, –78 ºC
2. TBAF, THF
    –78 ºC

89% (2 steps)

H

H

H

OH

O

TBSO

TBSO
HO

H

H

H

OH

OTBS

TBSO

TBSO
O

2-54 2-53
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2.10. 19-`YvEMLtoxXJ[x'�½Ċ 
� C11 �+'Ż�ǕĐū%`YvEMÍ'é�&Ċ®���1�Ŀ& C17 �+
'Ż�ǕĐū%dV]sY'é�$Ɨ�ƻ&57�19-`YvEMLtoxXJ
[x(2-1)'½Ċ<ơ ��/�½Ċ�� 2-1'Ż�Ļǋ�Ŭūř$¾{#
8�
$<Ÿ	'ġň<Ţ�ųƴ��� 
 

2.10.1. C17-Cuc?x'Ż�ǕĐū%Ǘ� 
� C17-Cuc?x'Ż�ǕĐū%Ǘ�<ơ � (Scheme 2.26)�IXx 2-53<q
A±a[t 2-57+$Õė��ā�2-57$ 2-2<Ð±ǠÜË}�StilleDUesx
H'ı�&���$# C17�&dV]sY<é����ƍ�" 2-58&è�ŅƇ
Ŏ¯<ơ �$�:�CD Š' convex Ǯ��6'Ǘ�����"Ǎơ��ī/
%� 17-epi-2-59<�šĊř$�"�
��2-59$ 17-epi-2-59(DrnGvlX
Hrc?z&58¤ǩ�ÈǪ#
 ��1�ō½ř'//Ǜ¢ş��$�:�

dV]sY�α-Ǚ¿' 17-epi-2-1<�šĊř$�"Ă���96'ƊĴ�6ŅƇ
Ŏ¯&58Ǘ�'ǕĐć<¸ǃ��8�1�convex Ǯ&
8`YvEMÍ<ï
ǵ� TMSÍ&"�ƻ�8�$$��� 
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Scheme 2.26.  Stereoselective hydrogenation of C17-olefin 

 

 

2.10.2. C17-Cuc?x'Ż�ǕĐū%Ǘ� 
� 2-58�6 19-`YvEMLtoxXJ[x(2-1)<½Ċ�� (Scheme 2.27)�CD
Š' concaveǮ�6'Ǘ�<Ǎơ��8�1�C14�`YvEMÍ' TMS�ƻ
<ơ ��/��2-58 & TMSOTf<�Ţ��8�$# 2!'`YvEMÍ'�
ƻ$MvEMcrxþĊ<ơ��Int-2-9<Ă��ƍ�" 2.6.3Ɓ&"Ă69�Ű
Ƨ<Í&�ƃšĊř<ǛćMsDJt&đĒ��MvEMcrx|' TMSÍ'
ǥ¶$Ũć±<���$#�ǕĐū&dV]sY+$Õė����'ā�½Ċ
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OH
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OH
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CuCl, DMSO, 60 ºC
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O
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O
O
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H

H

OH
TBSO

TBSO
HOPd/C, H2

AcOEt

O
O

H

H

H
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HO
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O
O

17-epi-2-1

3M HCl, MeOH

78% (2 steps)
2-1 : 17-epi-2-1 = 16:1

17

H

H

H

OH
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TBSO
HO

O
O

+

H

H

H

OH
HO

HO
HO

O
O

19-hydroxysarmentogenin (2-1)

17 +

2-53
2-57

2-2

17-epi-2-59 (major)2-59 (minor)2-58

1717

11 17
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�� 2-60<ŅƇŎ¯'ı�&���$�:�Ǘ�(Ż�ū&ïǵ� C14� TMS
BzVt'ǈġ¿�6Ǎơ���Ǚ¿'dV]sY<��ū&�
�(dr = 6 : 
1)26)�ĩā& 2-61 <Ǜ#¢ş�8�$#�,"'MstÍ<ǥ¶��19-`Yv
EMLtoxXJ[x(2-1)'�½Ċ<ǐĊ��� 
Scheme 2.27.  Total synthesis of 19-hydroxysarmentogenin (2-1) 
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H
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H
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H
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2-58 Int-2-9
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2.10.3. 19-`YvEMLtoxXJ[x(2-1)'ĻǋŇá 
� Øŗř#
8 19-`YvEMLtoxXJ[xǙƅ� (2-62)'¼ŸOhGX
tWzS(Ģ&ÎÁ�9"�827)�����>HsKx#
8 19-`YvEML
toxXJ[x (2-1)28)'OhGXtWzS'Ƴƈ%ÎÁ(%�9"�%���

�#�}' 2!'čň<Ţ��½Ċ�� 19-`YvEMLtoxXJ[x(2-1)'
Ż�Ļǋ'ųƴ<ơ �� 
�� Ƶé�' XƏƊħĻǋƪĳ&58 C17��Ö'Ż�±Ý'ųƴ 
�� 2-1$ 2-62' NMRƪĳ&58 C17�'Ż�±Ý'ųƴ 
 

�� Ƶé�' XƏƊħĻǋƪĳ&58 C17��Ö'Ż�±Ý'ųƴ 
� 19-`YvEMLtoxXJ[x(2-1)(>ptc=O'þĉ<Ī�"�8�1�
½Ċ�� 2-1' XƏƊħĻǋƪĳ<ơ��$(#�%� ����# 2-1�6Ɗ
ħć'ǵ�Ƶé�+$Õė���'Ƶé�' X ƏƊħĻǋƪĳ<ơ��$$�
��ì�Ƶé±'ı�&"Bb±'ºƖć�
8 C17 �'Ż�±Ý(��'č
ň&57Ňá�8�$$���#( C17 ��Ö'�,"'Ż�±Ý'ųƴ<ơ
 �� 
� 19-`YvEMLtoxXJ[x(2-1)�6Ƶé�� 2-63<Ţ��XƏƊħĻǋ
ƪĳ<ơ � (Scheme 2.28)��%;� 2-1 &è��4-dvpgxR@tGvs
Y<�Ţ��8$ 19 �'`YvEMÍ'0��ƒǕĐū&gxR@t±�9�
2-63 <�
��2-63 (ǵ�Ɗħć<Ī�"���1�¡Ɗħň29)&57Ɗħ±

���XƏƊħĻǋƪĳ<ơ ���'ƊĴ�2-63 'Ż�Ļǋ( C17�'Ż�
±Ý2À1 19-`YvEMLtoxXJ[x(2-1)'Ż�±Ý${ƙ�"�8�
$<ųƴ��� 
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Scheme 2.28.  Structure determination by X-ray crystallographic structure 

 
 

�� 2-1$ 2-62' NMRƪĳ&58 C17�'Ż�±Ý'ųƴ 
� �'ġň#(�2-1'gxR@t±'ðŷ&��8 C17�Ż�±Ý'Bb±'
ĪŖ<ųƴ#�%����#�Øŗř#
8 19-`YvEMLtoxXJ[xǙ
ƅ�(2-62)' 13C NMR'ImDtMcX$½Ċ�� 2-1�/�( 17-epi-2-1 $'
13C-NMR'ImDtMcX'ñ<ńǅ�8�$# C17�'Ż�±Ý<Ňá�8
�$$�� (Table 2.6)�Øŗř 2-62 ' C3�&ƅǡ�Ɗ½�"�8�$�6�
Ż�Ǚ÷'Õ±$ǫÛūÿǯ�ë%�$Ɣ
698C10��6C23�/#' 13C 
NMR'ImDtMcX'ńǅ<ơ ��ImDtMcX'ñ<ƐǄ���"D
tW]sY'óíŧ»<ľǄ&$ �Hrc<�Ċ����'ƊĴ�17-epi-2-1
' 13C NMR'ImDtMcX'�(�Øŗř#
8 2-62'�9$×��Ũ% 
"���{ġ�2-1 ' 13C NMR'ImDtMcX'�(�2-62 '�9$-.¾
��<Ŵ����|'ƊĴ�6�2-1(ī0'�Ǚ¿'dV]sY<Ī�"�7�
17-epi-2-1(ī/%�αǙ¿'dV]sY<Ī�"�8$Ɗƺ���� 
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Table 2.6.  Comparison of 13C NMR data of 19-hydroxysarmentogenin-3β-O-β-6- 
deoxyguloside (2-62), 19-hydroxysarmentogenin (2-1), and 17-epi-2-1 

 

 
Difference of 13C NMR chemical shift 

 

H

H

H

OH
HO

HO
HO

O

O

19-hydroxysarmentogenin (2-1)
H

H

H

OH
HO

HO
HO

O

O

17-epi-2-1

OH

O

O

HO

H
O

H

H

HO

8

7

11

5

12

2
3

1

6

13

14

10
159

16

21

23

19

22

17

18 20

4

O

HO
HO

HO

H

19-hydroxysarmentogenin-
3β-O-β-6-deoxyguloside (2-62)

Carbon Number (A) 2-62 (B) 2-1 (C) 17-epi-2-1 Δ (A – B) Δ (A – C)
10 41.1 41.6 41.6 -0.5 -0.5
11 69.0 69.1 69.1 -0.1 -0.1
12 50.6 50.5 42.7 0.1 7.9
13 51.1 51.1 50.6 0.0 0.5
14 85.8 85.9 86.6 -0.1 -0.8
15 33.5 33.5 31.8 0.0 1.7
16 27.9 27.9 25.4 0.0 2.5
17 51.8 51.9 50.0 -0.1 1.8
18 17.6 17.6 19.8 0.0 -2.2
19 66.7 67.0 66.9 -0.3 -0.2
20 177.1 177.1 174.5 0.0 2.6
21 75.3 75.3 75.6 0.0 -0.3
22 118.0 118.0 117.0 0.0 1.0
23 177.7 177.7 176.7 0.0 1.0

13C NMR (CD3OD) δ

-4.0  

-2.0  

0.0  

2.0  

4.0  

6.0  

8.0  

10.0  

10! 11! 12! 13! 14! 15! 16! 17! 18! 19! 20! 21! 22! 23!

Δ
δ/
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m
�

Carbon Number�

Δ(A - B) 

Δ(A – C) 
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2.11. ·ƔĝŜ$ŉǜ 
 
1) a) Tiefenbacher, K.; Mulzer, J. Angew. Chem., Int. Ed. 2008, 47, 6199. b) Kasuya, S. 

Ph.D. Thesis, The University of Tokyo, 2010. c) Aoki, N. Master Thesis, The 

University of Tokyo, 2012. 
2) Mukai, K. Master Thesis, The University of Tokyo, 2011. 

3)XsIXx 2-8a�6(Čī' 2-9a<�
8�{ġ�2-8b3 2Ÿǲ'N>OV

uClzō½ř 2-8c-d�6(ī/%� BCŠ�MOƑŠ�� 2-9b3 2-9c<�


8�$�Ģ&¤� "�8� 

Scheme 2.29.  C-ring formation from each triketone 2-8a-d 

 
4) Aoki, N. Master Thesis, The University of Tokyo, 2012. 

5) (a) Ueno, Y.; Chino, K.; Watanabe, M.; Moriya, O.; Okawara, M. J. Am. Chem. Soc. 

1982, 104, 5564; (b) Stork, G.; Mook, R. Jr.; Biller, S. A.; Rychnovsky, S. D. J. Am. 

Chem. Soc. 1983, 105, 3741; for a review, see: (c) Salom-Roig, X. J.; Denes, F.; Renaud, 

P. Synthesis 2004, 1903. 
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6) (a) Nozaki, K.; Oshima, K.; Utimoto, K. J. Am. Chem. Soc. 1987, 109, 2547; for a 

review, see: (b) Ollivier, C.; Renaud, P. Chem. Rev. 2001, 101, 3415. 

7) Ǘ�� 2-64'Ļǋ<Ŵ� (Figure 2.7)� 

Figure 2.7.  Structure of noncyclized products 

 
8) OVv@YǴĶ|#'ŀù%ŔƇŧ»'ƣƯ(�2-3a, c, e, g#
8 (Figure 

2.8)����%�6į>tYzt¸ą#(�ƾ$Ǭ' 2!'IXx�ÜË�8�

��#��96¸ąŕ'Ǒ�<Ĥų±�8�1�ƾ#Ŵ��IXx'ŔƇ< C14�

Ǭ#Ŵ��IXx'ŔƇ< C17$�"{Ħū&áƓ��� 

Figure 2.8.  Definition of numbering 

 
9) Ǭĭ(¸ąĦǣ<Õ±���Ř­ÝĚǙ$ǊöƺĚǙ'Ǒ�&!�"Ɣç�

"�8 (Scheme 2.30)��%;��¸ąĦǣ� 10¤ǣ#(ǊöƺĚǙ'šĊř 

Scheme 2.30.  Construction of steroidal skeletons by stereoselective aldol reaction 
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2-3b�����2Ħǣ#(Ř­ÝĚǙ'šĊř 2-3a����"šĊ�8�[Aoki, 

N. Master Thesis, The University of Tokyo, 2012.] 

10) Table 2.1#'�%ªšĊř$�"�ĻǋĮŇá±½ř 2-3-unknown�Ĝ%'

¬½#šĊ�8�NMRƪĳ&57�2-3-unknown(OVv@YǴĶ<�Ē�"

�8�$(¤� ����'Ż�Ļǋ<Ňá�8�$(ÈǪ#
 �� 

� /�Ƅƥǎŷ&��"�2-3-unknown 'šĊǞ&Õ±�š���1�

2-3-unknown'Þáć&!�"ƹĵ�� (Scheme 2.31)�ĩ¥& TBSÍ'ǥ¶<

Ŭū$�"�2-3-unknown &è� TBAF <�Ţ���$�:�Ɨ�ƻ(Ǎơ�

���;7&ī0'šĊř#
8 2-3a�Ă69����# 2-3-unknown<Ǜ¢

ş��TBSÍ'ǥ¶<ơ ��/�šĊ�� 2-65-unknown(�TBSOTf<Ţ�

" 2-3-unknown+$Õė�8�$�ºƖ#
8�½Ċ�� 2-65-unknown(�2-3a

' TBSÍ<ǥ¶� 2-65a7)+$Õė��±½ř$(Ũ%8OVv@YǴĶ<Ī�

"����|'ƊĴ�6�2-3-unknown 'OVv@YǴĶ(Ǜćı�}#(Þ

á#
8��ÐÍćı�}#( 2-3a+$Ũć±�8�$�¤� �� 

Scheme 2.31.  Attempted structure determination of unknown product 2-3-unknown 
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� Ŀ&��ćı�}#'Þáć!�"ƹĵ����'ƊĴ�50 ºC'ǝoS]z

tœÚ�#( 2-65-unknown ( 2-65a +$åĥ&Ũć±�8�$�¤� � 

(Scheme 2.32)� 

Scheme 2.32.  Stability of synthesized 2-65-unknown 

 
11) XƏƊħĻǋƪĳÉ(�Ơţƶ�š6'Htze&57ǢŪ�9�ƊħOk

xNň&57Ă��[Inokuma, Y.; Yoshioka, S.; Ariyoshi, J.; Arai, T.; Hitora, Y.; 

Takada, K.; Matsunaga, S.; Rissanen, K.; Fujita, M. Nature 2013, 495, 461.] 

12) 2Ÿǲ'ĮŰ±½ř(unknown)' C18�oTtÍ' 1H-1HDUesxH'_

Szx( doublet#
8��9(�Scheme 2.33&Ŵ�� 2-3a�6 Int-2-5+$u

Xv>tYzt¸ą���Ï½&2¾ļ'DUesxH_Szx�š�8�1�

2Ÿǲ'ĮŰ±½ř(unknown)2uXv>tYzt¸ą&5 "šĊ��±½ř

#
8$Ėç��� 

Scheme 2.33.  Hypothesis for structure determination of unknown 

 
 

13)  C7�IXx��
8 2-3a'Ż�Ǚ÷+'ÿǯ&!�"Ŵ�� (Figure 2.9)�

C7�'ƗǛƇ±&5 "Ă69� 2-24' ABŠ(��&ĸÛÌ'Ż�Ǚ÷<Ī

�"�8��9&è��2-3a (~Þá%ĸÛyƚÌ'Ż�Ǚ÷<Ī�"���
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�|'ƊĴ�6�ŅƇƊ½&57š��Þá±B\tFz'æ�( ABŠ'ŚŨ

%Ǚ÷&Ʀ�8~Þá±B\tFz'æ�572×���$<Ŵ�"�8� 

Figure 2.9.  Explanation of stable conformation of 2-3a and 2-24 

 
14) Overman, L. E.; Rucker, P. V. Heterocycles 2000, 52, 1297. 

15)  Prashad, M.; Har, D.; Hu, B.; Kim, H.-Y.; Repic, O.; Blacklock, T. J. Org. Lett., 

2003, 5, 125. 

16) 2-25�6' 2ðŷ'Õė¸ą(CRxǛ±yoTt>PSzt±&!�"(

1.4.3Ɓ'�ÔƸŷ' å$¾{#
8� 

17) Hollingworth, G. J.; Perkins, G.; Sweeney, J. B. J. Chem. Soc. Perkin Trans. 1 1996, 

1913. 

18) a) Liu, Z.; Meinwald, J. J. Org. Chem. 1996, 61, 6693. b) Han, X.; Stoltz, B. M.; 

Corey, E. J. J. Am. Chem. Soc. 1999, 121, 7600. c) Czako, B.; Kurti, L.; Mammoto, A.; 

Ingber, D.E.; Corey, E. J. J. Am. Chem. Soc. 2009, 131, 9014.; for a review on the Stille 

coupling, see: d) Farina, V.; Krishnamurthy, V.; Scott, W. J. Org. React. 1997, 50, 1. 

19) ­Ï$�"MMFF�B\tFzĩê±ň$�" PRCG�Ǚ÷Ūšň$�"

MCMM�Ǚ÷ŪšÆĜ< 1000Æ$��Ůź�#'ĩÞáǙ÷<ņ1�� 

a) MacroModel version 10.4; Schrödinger LLC.  

b) Mohamadi, F.; Richards, N. G. J.; Guida, W. C.; Liskamp, R.; Lipton, M.; Caufield, 
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C.; Chang, G.; Hendrickson, T.; Still, W. C. J. Comput. Chem. 1990, 11, 440. 

20) Barton, D. H. R.; O’Brien, R. E.; Sternhell, S. J. Chem. Soc. 1962, 470. 

21) a) Evans, D. A.; Hoveyda, A. H. J. Am. Chem. Soc. 1990, 112, 6447. b) Kartika, R.; 

Gruffi, T. R.; Taylor, R. E. Org. Lett. 2008, 10, 5047. c) Guinchard, X.; Roulland, E. 

Org. Lett. 2009, 11, 4700. 

22)  Nakata, T.; Tani, Y.; Hatozaki, M.; Oishi, T. Chem. Pharm. Bull. 1984, 32, 1411. 

23)  Corey, E. J.; Helal, C. J. Angew. Chem. Int. Ed. 1998, 37, 1986. 

24) Anwar, S.; Davis, A. P. Tetrahedron 1988, 44, 3761. 

25)  pWtÍƽ&"Ă69�ŰƧ<·Ɣ&�LiN(TMS)2 'Ŏ¯<ơ � (Table 

2.7)�2-46�6 2-48<½Ċ�8ǧ�2-66'šĊ�ÄǱ$% � (entry 1)��9

(�TBSOTf 't@OǛć&5 "`YvEMÍ'Ɨǩ�ÄǱ#
8$Ɣ
�

LiN(TMS)2<Ŏ¯��$�:�fm>PSzt'ǢŠ�����2-66'šĊ<Ď

¨#�� (entry 2)��|'ƊĴ<Í&�Table 2.7#( LiN(TMS)2<¯
"�8� 

Table 2.7.  Effect of LiN(TMS)2 for protecting the primary alcohol by TBS group. 

 

 

26)  2-33'Ż�Ǚ÷(�CŠ�ƚÌ'Ǚ÷<$8�1 CDŠ&è�"�concave

Ǯ�'Ż�¸Ū�Ò×��ŅƇŎ¯'ǕĐć���$ƷĤ�� (Figure 2.5)�{

ġ�2-60'Ż�Ǚ÷(�1H-1HDUesxHáĜ'��6 CŠ(ĸÛÌ&ǆ�Ǚ
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2-46 2-48 2-66

H

1H-NMR:
δ = 5.1 ppm
J = 2.3 Hz

entry results (ratio)reagents temp., time

1

2

TBSOTf, NEt3 –78 to 0 ºC, 17 h 2-48 + 2-66: 70%
(2-48 : 2-66 = 1 : 1)

a. TBSOTf, NEt3
b. LiN(TMS)2

a. –78 to –40 ºC, 5 min
b. –78 to –40 ºC, 13 h (2-48 : 2-66 = 4 : 1)
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÷<$8$Ɣ
� (Figure 2.10)��'�1 2-33'Ǚ÷&ń," CDŠ' convex

Ǯ�&
8 TMS Í'ǓƝ°Ĵ�Ò¯&���concave Ǯ�'ǓƝ°Ĵ�ŏë�

�$Ɣ
���9&57�6 : 1'ǕĐć&"ī0'βǙ¿'dV]sY<��ū

&�
�$Ėç��� 

Figure 2.10.  Rational of stereoselective hydrogenation on Pd/C –2– 

 
27) Ankli, A.; Heilmann, J.; Heinrich, M.; Sticher, O. Phytochemistry 2000, 54, 531. 

28) Kopp, B.; Kubelka, W. Planta Med. 1982, 45, 195. 

29) fELx/NGvvoSx'ō½œŌ�6¡Ɗħ<ơ �� 
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3.1. @=`J]w(ÀćƑŕ 
� DtY_s[Ǉ(źzŚÀćĸ;Ťū�7�1�19-a[vEMLtpwZJ
]w(2-1)$Áz(Àćĉĸ;œ
�@=`J]w(3-1)(�Àć;śč�� 
(Scheme 3.1)��&:��3-1)Àć��OXv?[Ǌĩ'ê��C7�(ƃƲŶ
´(3-5a�3-4)�C11 �,(ū�ƭċŚ&a[vEMÑ(ë�(3-4�3-3)���"
C17 �,(ū�ƭċŚ&eX_s[(ë�(3-3�3-1)'4 "Àć�7�$$�
��ģÀć(ƴƌ�Ƹ�#	7 3-5a(OXv?[Ǌĩ)�ABő 3-7$ Dő 3-8
(=QUytDWfswH'47ƦŸ�rNDtő´
4+=t[yt¼ā'

47 CőĮŰ;ŷ"�½ĤŚ'ĮŰ�7Ƒŕ;ū"��ABő 3-7)�ěš(ĉ

ĸ1);œ
�áĺă&óƜ( 3-9�5 18ñŨ'"Ɩë�7�$$��� 
Scheme 3.1.  Synthetic plan of ouabagenin (3-1) 
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3.2. OXv?[ǊĩĮŰ(½ŎĕÉ 
3.2.1. OXv?[ǊĩĮŰ'
�7ÈǆŅ 
� Ů 1 Ŭ�1.4.1 ů'"ě'ƣ-��úŢŪç(OXv?[ǊĩĮŰ(ĉĸ)ű
ƛ'4 "¦1"Ťū�8� (Scheme 3.2)��&:��3-7�5=QUytDW
fswH$rNDtő´;ŷ"�ġ0(ū�´á;ğ�7N=OXuCmy3-6a
;��Ś'Àć���ı
#=t[yt¼ā'46�ZsIZw 3-6a �5ū�

ƭċŚ'OXv?[Ǌĩ 3-5a ;Àć�7�$'ć°�����#ĝ&7OXv
?[ǊĩĮŰ(²Ŏ´;śč��2!(ÀćĈŖ;ƫœ�� (Path A, Path B)�
Path A#)�rNDt¼ā'4 "þ587 4ũ(N=OXuCmy(¡�1ũ
��=t[yt¼ā'œ
7�$�#�&
Ņ;�Ġ�7�1�C11, C11’�Ƹ
'�ƴŸÀ;ë��7�$# 4ũ(N=OXuCmyĽÀŊ; 3-10 ,$½Ĥ�
��ý�=t[yt¼ā;ƈ�Ěĸ#	7�2�zĚ( PathB #)�C11 �$
C11’�(N=OXuCƭċă;ĝ'Â{��7�$#�ZsIZw 3-6a (½Ŏ
Â{;śč��$$���/� 2.3.3ů#þ�=t[yt¼ā(šƍ;Ñ'�3-5a
/�) 3-11(½Ŏ(Â{;śč��� 
Scheme 3.2.  Problems have to be solved in the construction of steroidal skeleton 
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3.2.2. OXv?[ǊĩĮŰ'
�7½ŎĕÉ –Path A– 
� ģOXv?[ǊĩĮŰ'

"�űƛ) ABő 3-7$ Dő 3-8(ĽÀ=QUy
tDWfswH¼ā'46�3-12a-d;Àć����(ý�C9�'ƹ�"ū�ƭ
ċŚ&rNDtő´¼ā;Ƨƈ���C11 �
4+ C11’�'ƹ�7N=OXu
CmyĽÀŊ 3-13a-d ;þ�ý�4ũ(N=OXuCmy(��5 3-13a (0;
Ż�=t[yt¼ā'œ
"
7� 
Scheme 3.3.  Preliminary study by Dr. Kasuya 

 
 

� ��#=t[yt¼ā'©œ#�&
 3-13b-d;œ
�C11-C11’Ƹ,(�ƴŸ
À(ë�;Ɣ0� (Path A)�/��3-]ZvhwRwOtjwƲcsNwÔ;œ

�$�9�¼ā)Ƨƈ�� 3-14;ŘƠƵ~�� (reagent A)�ı'46ù¯&
Ʋ$�"ZsGvvƱƲ;�œ���$�9�3-14; 5.9%(�½Ŏ'"þ7Ÿ
ħ$& � (reagent B)��½Ŏ'" 3-14;~��ƌË$�"�ZsGvvƱƲ
(Ʋ'4 "CtZBOXtÑ�ƻº�8��1�$ƀ���4 "��-"

(N=OXuCmyĽÀŊ;ǋ½Ŏ'" 3-14 ,$½Ĥ��7�$)Ìƿ#	7
$ƀ��Path A(Àćŷơ;ęĂ��� 
Scheme 3.4.  Path A: introduction of C11, C11’-olefin 
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3.2.3. rNDtő´'
�7½ŎĕÉ –Path B– 
� 3-13a (½ŎÂ{(�1rNDtő´'
�7¼āĥ�(īƒ;ƈ � (Path 
B)�űƛ(ƈ �rNDtő´��½Ŏ$& �¹Ë(z!$�"�Ʈ�� 3-15

(Œć�Ď�587���#rNDtő´'
�7¼āĥ�(Ğƫ´;ƈ
�

Ʈ�� 3-15(Œć;Ċ��3-13a(½ŎĕÉ;śč�� (Table 3.1)�5úƵ(Z
sBVtkrw$ĵŶ´ZseVtOP;œ
�ÓÀ�Ʈ�(0�Ƨƈ��

3-15 (Œć�Ťƕ�8� (entry 1)���#�¼āų�(Ʈ�«(Ń÷;Ċ�7
śŚ#MswNlwf;œ
ĵŶ´ZseVtOP;ł|�7�$$�� 
(entries 2-3)�/��ZsBVtkrwàÏ|�MswNlwf;œ
" 3 úƵ
(ĵŶ´ZseVtOP;±�7�$#�3-15(Œć;Ċ��47%( NMR½Ŏ
'"ġ0(ū�´á;ğ�7 3-13a;þ� (entry 2)��(ý��5'¼āĥ�(
Ğƫ´;ƈ �Ÿħ�50 ºC(¼āŁļ'ìƨ­Ƶ(ĵŶ´ZseVtOP;±
�7�$#�3-13a ;ƆÛ&½Ŏ'"~�7ĥ�;ƍ¤�� (entry 3)2)�Ż
"

ĵŶ´ZseVtOP46ĵŶ�~Ƃ(�
ZsOZspVtMstMrw;

œ
�$�9�¼ā)Ƨƈ�&� � (entry 4)�/�rNDtƷÝ«$�"
AIBN;œ
�ǋŀĥ�|�¼ā;ƈ �$�9�ĮƥĢķå(¬ŒćŊ�ØĖ
Ťƕ�8� (entry 5)��{(Ÿħ�5�entry 3(¼āĥ�;ģrNDt¼ā(
Ğƫĥ�$��� 
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Table 3.1.  Optimization of the reaction conditions of radical cyclization 

 

 

 

3.2.4. ū�ƭċŚ=QUytDWfswH$rNDtő´ –Path B– 
� =QUytDWfswH¼ā$Ż�rNDt¼ā'4 "þ587N=OX

uCmy3-13a’(ƭċăÂ{;śč��īƒ;ƈ ��ģ=QUytDWfsw
H¼ā#)�C11 ��C11’�Ƹ( 4 ũǇ(N=OXuCmyĽÀŊ�Œ�7�
�����85N=OXuCmyĽÀŊ;DroGvmZHrd>y'46¥

ƾ�7�$)Ìƿ#	7��(�1��8�8(DWfswH� 3-12a’, 3-12b’, 
3-12c’, 3-12d’�rNDtő´�;%(4�&ĴŎ#~�7�(§ę)#�&
�

�{(�$�5�3-13a’-d’;ĽÀŊ(Ōą'"rNDtő´;Ƨƈ�� 3-13a’-d’
(ŒćĴ(×´'!
"ƘĨ�� (Table 3.2)3)�î�rNDtő´(ĥ�) Table 

O

O

OMe

Br

OAc

AcO

O O

O

11

3-12a-d
(4.7 : 2.0 : 1 : 1)

conditions

O

O

O O

OMe

O H

OAc

OAc
9

11
11'

3-13a

O

O

OMe

H

OAc

AcO

O O

O

11

3-15

entry resultsreagent time, temp.toluene (X mM)

BE3 (5 eq.), O2
n-Bu3SnH (3 eq.)

BEt3 (4 eq.), O2
n-Bu3SnH (1.5 eq.)

BEt3 (5 eq.), O2
(TMS)3SiH (2 eq.)

AIBN (0.5 eq.)
n-Bu3SnH (1.5 eq.)

10 mM

BE3 (5 eq.), O2
n-Bu3SnH (5 eq.) 10 mM rt 3-13a: 28%1a)b)

2c)

3c)

4

5

a) Dr. Kasuya's result.
b) non-cyclized product 3-15 was observed.
c) n-Bu3SnH in O2 bubbled toluene was dropwise added.
d) Yield was determined by 1H-NMR using p-xylene as an internal.

rt 3-13a: 47%d)

20 mM 50 ºC 3-13a: 46%d)

20 mM –78 ºC to rt no reaction

10 mM reflux messy
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3.1( entry 2(ĥ�;œ
��/�űƛ(¼āĥ�#)�ġ0(rNDtő´�
3-13a;�ŒćŊ$�"~�� (entry 1)4)��5&7ƭċă(Â{;śŚ$�"�

46ðǋ
ÔÑ#	7N?Sfvct=]sw;œ
���3-12a-d(N=OX

uCƭċă'.$<%×´)Œ�&� � (entry 2)�ı' DőƯ(ByXtĮ
ƥ;46ðǋ
2(,$×´��� (entry 3)��(Ÿħ�DWfswH�
3-12a’-d’(ƭċă'×´�ƍ58����#�8;Ż�rNDtő´(ĥ�'�

��$�9�entry1'Ĵ- 3-13a’(ĴŎ��|�7Ÿħ$& ���{(īƒ�
5�entry 1(ĥ�;ģ=QUytDWfswH¼ā(Ğƫĥ�$��� 
Table 3.2.  Path B: stereoselective acetal-coupling and radical cyclization 

 

 

 

� Table 3.1, 3.2'"Ğƫ´��ĥ�;ƫœ��ZsIZw 3-6a(Àć;ƈ � 
(Scheme 3.5)�/��óƜ(´ÀŊ 3-9�5 18ñŨ��"ƘƋ��Ert& AB
ő 3-7$pS�#	7 Dő 3-8;œ
�ĽÀ=QUytûć'47DWfswH

;Ƨƈ���DWfswH� 3-12a-d;N=OXuCĽÀŊ$�"þ��Ż
"
ZsBVtkrwàÏ|�MswNlwf;œ
"ĵŶ´ZseVtOP;±

�7�$#�¥ß¡rNDtő´¼ā;Ƨƈ���ő´� 3-13a-d;þ��Ż


"=QVtÑ;ƻº��Œ��a[vEMÑ;YOmyVwƔƇ'46Ʋ´�

�� �(ý�3-6a-d(N=OXuCmyĽÀŊ;DroGvmZHrd>y'

O

OH

O O

OA
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B

AcO

OAc
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3-8'

3-7

Br2, base
CH2Cl2

-78 °C to rt

O
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O O
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11

3-12a-d'

BEt3, O2
n-Bu3SnH
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O

O

O O
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O H

OAc

OAc
9

11
11'

3-13a-d'

1

2

3

PhNMe2

PhNi-Pr2

PhNMe2

4.7 : 2.0 : 1 : 1

4.5 : 2.1 : 1 : 1

2.3 : 2.3 : 1 : 1

Me

Me

Cy

5.6 : 3.4 : 1.3 : 1, 50%

n/a

5.5 : 4.8 : 1.3 : 1, 44%

entry R base 3-12a-d'
(diastereomer ratio)

3-13a-d'
(diastereomer ratio, % of 3-13a')
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46¥ƾ��·z(ŒćŊ$�"�ġ0(ū�´á;ğ�7ZsIZw 3-6a ;
þ�� 
Scheme 3.5.  Synthesis of triketone 3-6a under optimized reaction conditions 

 

 

3.2.5. =t[yt¼ā'47@=`J]w(OXv?[ǊĩĮŰ –Path B– 
� ģ=t[yt¼ā(ĭƌ'!
")�ě' 2.3.2ů#ƣ-�(#���#) 19-
a[vEMLtpwZJ]w (Ů 2 Ŭ)$(=t[yt¼ā(ƪ
'!
"ƣ-
7 (Scheme 3.6)�19-a[vEMLtpwZJ]w(Àć�Ƹ� 2-4 �5(=t

[yt¼ā#)�ABő�ŋŗ&ưø;$7�$#ĵŶŸÀ;ûć��ŉ¯áŚ
'âå&ŒćŊ 2-3a;~��$ƀé���zĚ�@=`J]w(Àć�Ƹ� 3-6a
�5(=t[yt¼ā#)ż#ť�� A őƯ(CtZBOXtĮƥ(üǄ'4
6 ABő(ū�ưø�Îå�8�Ÿħ$�" 2-3a (į&ĵŶŸÀ;ûć#�&

$ƀ�587��5' 2-4 (Įƥ'ê��3-6a ) C11’�'=QUytĮƥ;
ğ���! C11�(ńŶ) sp3ńŶ#	7��(�1�2-4 (=t[yt¼ā$

Ĵ-" 3-6a (=t[yt¼ā#)¼ā(ƬŧŌą�
4+ŒćŊ(âåă'ƪ

�Œ�7$ƀ�587��{(�$;ƀĆ��ģ=t[yt¼ā'
�7¼
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3-8 (5 eq.)
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Int-3-1
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D

BEt3, O2
n-Bu3SnH

toluene, 50 ºC

dr = 5.6 : 3.4 : 1 : 1

Table 3.1
–entry 3–
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O O

O

OMe

H
O

OAc

OAc

1. K2CO3, MeOH
2. Dess-Martin ox.

3-13a-d 3-6a (desired)

44% (3 steps)

11 11
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āĥ�(Ğƫ´;ƈ �� 
� î�ģ=t[yt¼ā'

"Œć�7¿Ƃă�	7 8 ũǇ(OXv?[Ǌ
ĩ (3-5a-h)!
") Scheme 3.6(|ĳ'Íť��� 
Scheme 3.6.  Aldol reaction: potentially generating structures 
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� =t[yt¼ā(ƭċă$½Ŏ(Â{;śč��īƒ;
�& � (Table 
3.3)�ě'űƛ�ū�ƭċŚ&=t[yt¼ā'46�3-5a���Ś'þ587
$ÒÄ�� (entry 0)�2.3.3ů(¼āĥ�;»ƀ'�KN(TMS)2(úƵ;ƐÞƵ$

��=t[yt¼ā;ƈ � (entry 1)��(Ÿħ�entry 0$ÁŨ÷(ƭċă#
	 ���ƆÛ&½Ŏ'" 3-5a ;~���Ż
"¼āŀ÷'47ƭċă(×´
;Ƙ-7�1�THF ƮĻ|'

"ƐÞƵ( KN(TMS)2;�œ���$�9�

ŒćŊ 3-5a$ 3-5b(N=OXuCmyĴ� 5:1(®À'"ġ0(ū�´á;ğ
�7 3-5a;��Ś'~�� (entry 2)�ı'œ
7ÔÑ; KN(TMS)2�5 Cs2CO3

,$×ĝ��$�9�ŒćŊ 3-5a $ 3-5b (ÀƑ½Ŏ)Ɔ
Ÿħ;ť����
ƭċă) entry 2'Ĵ-�|�� (entry 3)��{(Ÿħ�5�entry 2�ģ¼ā(
Ğƫĥ�#	7$§ę��� 
Table 3.3.  Screening of conditions for the aldol reaction 

 

 
3.2.6. =t[yt¼ā(īƒŸħ(ƀé –Path B– 
� ģ=t[yt¼ā(ƭċăřŏ'
�7Ƥ÷ƙĔư$ŉ¯áĔư$(ƹƦă

'!
"ƘĨ�7�1�3-5a$ 3-5bƸ(õƉ(ğņ'!
"īƓæǉ;ƈ � 
(Scheme 3.7)�·ƾŲƋ�� 3-5b; Table 3.3( entry 2$Áz(¼āĥ�'��
�$�9�3-5a ).$<%Œć���3-5b (ĒÖ$a[vEMÑ� E1cB ƃƾ
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O

H
O

O

O

O

O8
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14

3-5a (desired)
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O

O

O

OH

O

H 17
14

O O

OMe OMe
H
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O

H
O

O

O

OH

O

H 17
14

O

OMe
H

conditions

THF 8 8
+

recovery
entry base (eq.) temp ratio

(3-5a : 3-5b)
3-5a (desired)

isolated yield
3-6a

KN(TMS)2 (0.3 eq.)

Cs2CO3 (3.0 eq.)

1

3

rt

reflux

4 : 1

2 : 1

62%

60%

23%

9.1%

KN(TMS)2 (0.3 eq.)2 reflux 5 : 1 65% 0%

KN(TMS)2 (1.0 eq.)0a) rt 4 : 1 39% 0%

a) Dr. Kasuya's result
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�� 3-16 ;~�7(0#	 ���(Ÿħ(ƏƳ$�"�2 !(�Ɨ�ƀ�5
87� 
�� 3-5a $ 3-5b Ƹ(õƉ)àÏ�7��3-5b � 3-5a 462ŉ¯áŚ'âå#

	7�1�3-5a ).$<%Œć�&� �$ƀ�587�����3-5a $
3-5bƸ(õƉ;�å�7$�Table 3.3'" 3-5a��ŒćŊ$�"þ587
Ņ'şŞ�Œ�7� 

�� 3-5b�5(uZv=t[yt¼ā�Ƨƈ�&
�1�3-5a$ 3-5bƸ(õƉ
)àÏ�&
$ƏƳ#�7���# 2-3b�5)uZv=t[yt¼ā�Ƨ
ƈ�7('ê��3-5b �5)uZv=t[yt¼ā�Ƨƈ�&
ŐŔ'!


"ƀé�� (Scheme 3.8)�2-3b$ 3-5b(ū�ưø;Ĵ-7$��Ɓ(ư
ø)ǂô'Ǉ��"
7�±�" 3-5b#)uZv=t[yt¼ā462�
3-16 ;~�7¼ā����"Ƨƈ�"
7$ƀ�587��8)uZv=

t[yt¼ā�Ƨƈ�7Ƽ(ĺă´B^tFy(ò'ƪ
�Œ�"
7$

�1�$Đé����&:��2-3b�5 Int-2-3,$uZv=t[yt¼ā
�Ƨƈ�7ÓÀ)��(ƬŧŌą 2-TS( Bő)ƅÐ(ưø;ğ�"
7$
ƀ�587�zĚ�3-5b�5 Int-3-2,$uZv=t[yt¼ā�Ƨƈ�7
ÓÀ)�CtZBOXtĮƥ'4 " ABő(ưø�Îå´�8"
7�1�
ƬŧŌą#( 3-TS(Bő)¶ĪßÐ(ưø;ğ�"
7$ƀ�587�î�
MGvgELw#)¶ĪßÐưø(Ě�ƅÐưø462 18 kJ/mol}âå#
	7�$ƀĆ�7$�uZv=t[yt¼ā;Ƨƈ��7�1'Āƌ&ĺ

ă´B^tFy(�)�2-TS462 3-TS(Ě�Ù�
$�Ą�87�4 

"�Scheme 3.7#) 3-5b �5 3-TS;ŷŔ�7uZv=t[yt¼ā(ŷ
ơ462�3-163�(¬ŒćŊ;~�7¼āŷơ�����$Đé��� 

� �{(ƀé�5�ƏƳ�#)şŞ�Œ�7�1�ƏƳ�(�Ɨ�Üú#	7

$ƀ����8'46�ģ=t[yt¼ā(ƭċă)Ƥ÷ƙĔư'472(#

	7$Đé��5)� 
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Scheme 3.7.  Mechanistic study on the intramolecular aldol reaction: 
            isomerization of 3-5b to 3-5a 

 

 

Scheme 3.8.  Comprison of retro-aldol reaction between 2-3b and 3-5b 
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ÁŨ÷(½Ŏ'" 3-5a�þ58���(ŐŔ)�entry 2(¼āĥ�#) 3-5b�
¼āų�'"ĒÖ���$#�ƍ��(ƭċă�Â{���1#	7$ƀ���

�(�1�entry 2#(¹ĘÊ½(ğņ$ 3-5b(ĒÖƵ;ƀĆ'�87$ 3-5a$

3-5b(ŒćĴ) 2 : 1Ũ÷#	7$�Ą�87��{(�$;ƀĆ�7$�¼ā
ŀ÷;çŀ,$|��ÓÀ#)�3-5a $ 3-5b (ŒćĴ� 4 : 1#	7�$�5
entry 2$ entry 3'Ĵ-"ū�ƭċă)æƝÂ{��Ƥ÷ƙĔư(|�¼ā�Ƨ
ƈ��$Đé�� (entry 1)� 
 

3.2.7. =t[yt¼ā(īƒŸħ(ƀé –Path B– 
� Ƥ÷ƙĔư(ƎŅ�5ū�ƭċăřŏ(ƌË'!
"ƀé���ģ=t[y

t¼ā#)�BCő�ZrwOžő��ŒćŊ(0�þ587���#�/� 8
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�7ū�ƭċă'!
"ƀé�� (Scheme 3.9)�ƃfvZw´'4 "Œ
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Scheme 3.9.  Plausible mechanism of stereoselective aldol reaction –1– 
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� ı
#�BCő�ZrwOžő$&7 4ũ(´ÀŊ(ƭċă'!
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Scheme 3.10.  Plausible mechanism of stereoselective aldol reaction –2– 
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3.3. C7�ƲŶ¹ß(ƻº 
� Àć��OXv?[�Ƹ� 3-5a �5 C7 �ƲŶ¹ß(ƻº;īƒ���
(Scheme 3.11)�2.6.1 ů#(ELwXyZ;œ
�rNDtŚƃƲŶ´(ĥ�'
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Scheme 3.11.  Attempt of deoxygenation of C7-ketone 
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� �(īƒŸħ�5�Çzġ0(ŒćŊ;~��rNDtŚƃƲŶ´'ŇŅ;
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Scheme 3.12.  Radical mediated deoxygenation of thiocarbamate 3-26αβ  
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�|'"ƈ "
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Scheme 3.13.  Rationale of successful introduction of thiocarbamate 
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3.4. @=`J]w(�Àć 
3.4.1. C11�,(a[vEMÑ(ë�$ C17�,(eX_s[ë� 
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Scheme 3.14.  Stereoselective introduction of α-alcohol and butenolide 
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3.4.2. � ¬ŒćŊ 3-33(ŒćİĮ(ƀé 
� ¬ŒćŊ 3-33 (ŒćİĮ'!
"�ŉ¯áĔư(ƎŅ�5ƀé�� (Scheme 
3.15)�3-33 � 3-35 �5( Pd (�±xƃƾ'47ŗă´'4 "Œć�7$�
å�8*�Pd)ū�Ś¼ř(Ù�& C20�(ńŶ'�±��Int-3-6;~�&�
8*&5��}©#	7�/�ū�ŚƌË'±�"�Pd( C20�(ńŶ¹ß,
(�±)ǀßŚ'2}©#	7�$� Spencer5(ÒÄ�5Đé�8713)��8

5(ŐŔ'46�3-35 �5 Pd (�±46Œć�7�Ƹ�) Int-3-7 #	7$ƀ
�587�1�¼āų�'" 3-35�5 3-33,(�ƴŸÀ(ŗă´)Ƨƈ�&

$ƀ����{(ƀé�5�Ƥ÷ƙĔư'46 3-33�Œć��$ƀ��14)� 
Scheme 3.15.  Isomerization of olefin under thermodynamic conditions 
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Scheme 3.16.  Rationale of reaction mechanism of direct 1,4-hydrogenation 
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Scheme 3.17.  Rationale of reaction mechanism with Pd(0) 
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� ��#�¬ŒćŊ 3-33 �·z(ŒćŊ$�"þ58"
7�$�5�Œ��
�ƴŸÀ( E, Z;ķå�8*�/�)�(%�5(¼āİĮ'"Œć����
Đé#�7�����ŏĜŅ

"�ƴŸÀ(ö�ŗă;ķå#�"
&
�

1�%�5(¼āİĮ'"ĵŶľ±�Ƨƈ���(§ę)#�"
&
� 
 

3.4.4. � MstÑ$CtZBOXtÑ(ƃ�ƚ'47@=`J]w(Àć 
� 3 !(a[vEMÑ;CtZBOXt$�"�ƚ�� 3-37 ;œ
�CtZB
OXtÑ(ƻº;īƒ�� (Scheme 3.18)�/�ěš(Ěĸ15)'�
�ÚňŊ#

	7@=`?w(3-36)(±ĵ¥Ə;Ƨƈ���@=`J]w(3-1)$����(ý�
3-1;CtZBOXt´(ĥ�'��$�ŒćŊ$�" 3-37;~��16)�ı'C

tZBOXtÑ(ƻº;īƒ����(Ÿħ�çŀĥ�|�ÔƲ(3 M)$pU_
yt(ĽÀŁļ�'" 15ĜƸēČ�7�$#�C17�(Bc´3a[vEMÑ
(ƃƾ;���$&��ƃ�ƚ�Ƨƈ�7�$;ƍ¤���/�ƃ�ƚ(Ƽ�

Ã/8"
�}ŴŊ X2@=`J]w(3-1),$½Ĥ���$�5�}ŴŊ X)
CtZBOXt(Įƥŗă�#	7$Đé��� 
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Scheme 3.18.  Search for the suitable conditions of deprotection of ouabagenin (3-1) 
prepared by ouabain (3-36) 
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� �(īƒŸħ;Ñ'�3-34 $ 3-35 (ƃ�ƚ;ƈ � (Scheme 3.19)�3-34 $
3-35 ;ÔƲ(3M)#£Ő�7�$#MstÑ$CtZBOXtÑ;ƻº��@=
`J]w (3-1)(�Àć;Ʃć��(InertSIL ODS-3, 20mm × 250mm, 15 mL/min, 
H2O/MeOH = 80/20 to 75/25, tR = 23.9 min(17-epi-3-1), tR = 33.5 min(3-1), Figure 

3.1)17)�/�Àć��@=`J]w(3-1)( 1H NMR�13C NMR)�@=`?w(3-36)
�5ƘƋ��@=`J]w(3-1)(�85$zƄ�"
7�$;Ťƕ��� 
Scheme 3.19.  Total synthesis of ouabagenin (3-1) 

 

Figure 3.1.  HPLC chart of ouabagenin (3-1) and 17-epi-3-1 
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プロジェクト名 Mukai 
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3.5. »ƀėō$ĹƳ 
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Õ±��� 

3) 19-a[vEMLtpwZJ]w(2-1)(Àć'

"�DőƯ( cis, trans(ö

�ŗă)=QUytDWfswH'46Œ�7DWfswH�(ŒćĴ'üǄ

;~�&
�$�¥� "
7�[Mukai, K. Master Thesis, The University of Tokyo, 

2011.] 

4) rNDtő´'4 "Œć�7N=OXuCmyĽÀŊ(ĴŎ� 1-45a-d$

3-13a-d#)�Ù��ŗ& "
7��8) ABő(âåưø�ŗ&7�1'�

ĴŎ'×´�Œ��$ƀ�� (Scheme 3.20)��&:��1-43(a[vEMpV

tÑ)?Sfvi]tÑ(üǄ'46�Bő'ê�BG=Zs=t'ưÂ�"


7�zĚ�3-7(a[vEMpVtÑ)Bő'ê�=EM=t'ưÂ�"
7� 

Scheme 3.20.  Rationale of different selectivity of radical cyclization 
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Scheme 3.21.  Regioselective addition of Pd/C 
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16) @=`J]w(3-1)�5 3-37�ƭċŚ'þ58���8)�3-38$ 3-39(Į

ƥ�}âå#	7�1�$ƀ�587�3-38�}âåă&ƌË$�"�AőƯ

( 1,3N=EM=tŝ��œ�ƀ�587�3-39) AőƯ�ƅÐ(ū�ưø;

$7Āƌ�	7�1�3-37'Ĵ-"}âå#	7$Đé��� 

17) 17-epi-3-1( C17�(ū�´á)�17-epi-2-1$ 2-1, 3-1, 17-epi-3-1$( 1H 

NMR(ĴƢ'46ķå��� 

Figure 3.2.  Comparison of 1H NMR data of 19-hydroxysarmentogenin (2-1), 

17-epi-2-1, ouabagenin (3-1), and 17-epi-3-1 in CD3OD. 
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� �d��¬­Õ�f�8^IM]Kē��- 19-PK`9?>^ZaJ<La
�}�¬ (á 2à)�41N<La�}�¬ (á 3à)0ă¬���½�¬� �6
��āç��g¶i©�ÃâÈ��ĕ£��ë���.� ABÒ�DÒ�*"S
HM]K0Ô��8^IM]K��¾Ø�¬È0Úß���k�č×��¸È

 �j ēés���Ä��8^IM]K��¬�ªÔ�ë�dí«�ĕ�¯

È��-�of���öä����ü$-� 
 

4.1. AH`3KĔÁÃâ�ºĄ� – 19-PK`9?>^ZaJ<La(4-1) – 
� 19-PK`9?>^ZaJ<La�AH`3KĔÁÃâ�ºĄ�0ð�����
Ð�%��9\^� ABÒ 4-5 �ZCs��- DÒ 4-3 	+ 7 Ü��Ï 50%
�� 4-90�¬��� 
� ¢ú���Í 4-4	+ 9 Ü��÷ò�� ABÒ 4-5���Ä� 4-2	+ 5 
Ü��÷ò�� D Ò 4-3 0Ô��AH`3KĔÁ0Ãâ���%�1BEc^
8GT]a:�ª�*, ABÒ 4-5� DÒ 4-30āæ��ç�\@8^Ò��ª
�*, C9q�ßs��0Ãâ�����¦�C11-C11’7_R2a0�|�-�
�� 4 Ý�@1AH_7WcÉ�Í 4-6a-d 0�d�Ó¬Í 4-7 #��¾���
��¦ 2 Ü��³�ª0å��J];Ja 4-80�¬���Å����¬��
J];Ja 4-80Ì��´ĉ�¿pf�ó�ċ�KN(TMS)20tÔ��-����

¼&�AH`3KĔÁ0»�- 4-90ĕ�ÏbĕßsĆ°Ø��¬��(dr = 8.6 : 
1)� 
� ½AH`3KĔÁÃâÈ�Î¨ �¤��«¿pf��1BEc^8GT]

a:�ª�i«¿pf��\@8^Ò��ª0Ô�-�'�ĕ£��ë���

.��û����(ĄÔ�ë��-Ë�ô�-������ÛÃĀ0»�- D
ÒĈ01^Kc^�ª�*,Ć°Ø�đ�Û��-����d²� 3 ��āç
��g¶i©0Ãâ���-Ë
²
+.-� 
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Scheme 4.1.  Optimization of convergent steroidal skeleton of 4-9 
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4.2. 19-PK`9?>^ZaJ<La(4-1)�}�¬ 
� �¬��AH`3KiĎs 4-9	+ 19-PK`9?>^ZaJ<La(4-1)�}
�¬0ð��� (Scheme 4.2)�4-9� C7q;Ja0qêĆ°Ø�ćz�����
¦�Ó��PK`9?�09>aHcJ#��³��¦�\@8^ØìĊã�

0Ăð���4-110�¬���ç�� 4-1107DaĊ��m��6Mc^6c
H^0Ċ�čñ���¦���«¿pf�4-12�V^X^�0ď�� 4-13��

����¦�C17 q;Ja0 TBS 6Mc^6cH^#��³��LiN(TMS)20

tÔ��-���UX1BEc^�čÒ0u��4-14 0§��ç���4-14 �
C11 q;Ja�ßsĆ°Øćz�*-PK`9?���|0Âõ�����æ
À�PK]Kćz�0Ô�-�ßsĐ�����αĒ	+ćz
Ăð��11S-OH
�1^=c^0h�������Birchćz� Ì��´ĉ�Ó¬Í��-®¼
� 11R-OH �1^=c^0h�����¦�TBS ��ď���*"Ó��;J
a�[4�QL^#��³�*���4-16 0§��4-16 � 4-17 �� Stille8G
T]a: ���Č�*"O\@4Yó���fĂð��4-18 0h���4-18
0 TMSOTf�~Ñ� 4-19���¦�?`9?R\aÒ� TMS��&0ď���
4-20����4-20�ÇãÊ� ßsØ��ĕ� C14q TMS6cH^�ý¸�	
+Ăð��βĉê�SHM]K0y{Ø�h��(dr = 6 : 1)�º¦��$��?
]^�0ď���è Üµ 33 �� 19-PK`9?>^ZaJ<La(4-1)�}�
¬0ă¬��� 
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Scheme 4.2.  Total synthesis of 19-hydroxysarmentogenin (4-1) 
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4.3. AH`3KĔÁÃâ�ºĄ� – 41N<La(4-21) – 
� � 41N<La��¾Ø�AH`3KĔÁÃâ�ºĄ�0ð�����Ð�

%��9\^� ABÒ 4-23 �ZCs��- DÒ 4-3 	+ 5 Ü�29%��Ï�
� 4-27��¬0ă¬���-� 
� ¢ú���Í 4-22	+ 18 Ü��÷ò�� ABÒ 4-23��DÒ 4-30Ô��
¾Ø�AH`3KĔÁ0Ãâ���%�1BEc^8GT]a:�*, AB Ò
4-23�DÒ 4-30āæ��¦�\@8^�ª�*-C9qg¶i©�Ãâ0å��
4-25a-d0 C11q� C11’q�@1AH_7WcÉ�Í���§����¦1BF
^��ď��Ó��PK`9?��Ċ��*,�4-26a0 3 Ü�44%��Ï�
�¬�����½�ª� ¼&�ßs��0»�- 4-25a
y{Ø�§+.��
'�4-26a0î���Ï��§��-�Å��J];Ja 4-26a0ÿ£ø´ĉ�
¿pf�ó�ċ� KN(TMS)20tÔ��-����¼&�AH`3KĔÁ0»�

- 4-270y{Ø��¬��(dr = 5 : 1)� 
Scheme 4.3.  Optimization of convergent steroidal skeleton of 4-27 
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4.4. 41N<La(4-21)�}�¬ 
� 19-PK`9?>^ZaJ<La(4-1)�41N<La(4-21)�ÃĀØ¡Ö �A
ÒĈ� C1 q� C5 q�Ċ�£�&��-���� 19-PK`9?>^ZaJ<
La�}�¬��Úß���¬­Õ0ĄÔ��4-27	+41N<La(4-21)�}
�¬0ð��� (Scheme 4.4)�º�� C7 qĊã��0ď��-�'�qêĆ°
Ø� C7q;Ja0ćz��4-28����Ó�� 4-28�PK`9?� 4-10�

PK`9?��Æ$��ª«
r	������9>aHcJ��n/,�3

C?1aĊR5L^0Ô��F78cNZ3J�0ð��4-29 #��³���
��¦�\@8^ØìĊã�0Ăð���4-30 0î���Ï�§��Å� C11
q#�PK`9?���|0ð���4-30 �ZF^1BEc^0Ċ«¿pf�
6Mc^6cH^#��³�� 4-31 0�¬�����¦�7DaĊ��*-6
Mc^6cH^�čñ�TBSOTf0Ô����Ć°Ø�;Ja�PK`9?��
vù�*, 4-32����4-320 Birchćz�¿p�m���� C11q;Ja�
ßsĆ°Ø�ćz0Ăð���ç� 2 Ü��³�ª�*, 4-33 0§��º¦
�C17q#�ßsĆ°Ø�SHM]K��|�ìvù�*,41N<La(4-21)
0�¬���4-330Stille8GT]a:�¿p�m����SHM]K0�|��
��¦ C14 qPK`9?�� TMS vù�*,�convex Ēx0ąï���4-35
�qêbßsĆ°Ø�ÇãÊ� �CD Ò� concave Ēx	+Ăð��βĉê�
SHM]K0y{Ø�h�� (dr = 6 : 1)�º¦��$��?]^��7^J6^
H^�0ď���è Üµ 41��41N<La(4-21)�}�¬0ă¬��� 
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Scheme 4.4.  Total synthesis of ouabagenin (4-21) 
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4.5. è± 
� ½ÙÞ0è±�-�¥ÙÞ���·��č×��AH`3KĔÁÃâÈ0Ô

� 19-PK`9?>^ZaJ<La�41N<La�}�¬0ă¬���½�¬
� �ABÒ� DÒ�1BEc^8GT]a:�ª	+ 19 Ü��³�ª0þ
��AH`3KĔÁ� 6w�āç��g¶i©0Ãâ��19-PK`9?>^Z
aJ<La�}�¬0ă¬���%�½¯È �41N<La�}�¬�(Ą

Ô�ë��,�ABÒ� DÒ�1BEc^8GT]a:�ª	+�Ä��¬¯È
0Ô��/�	 18 Ü����}�¬0ă¬���oe�æÀ	+�k�ºĄ
���AH`3KĔÁÃâÈ�·��č×���ë��³�ª0Ô�.!�l

�8^IM]K(�Ä��¬¯È0Ô�-����¹�}�¬0ă¬��-�

���'½AH`3K�¬È �8^IM]Kē)l�j ēés�¬�ĄÔ

�ë�dí«�ĕ�¯È��-�ô�-� 
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General: All reactions sensitive to air or moisture were carried out under argon 
atmosphere in dry solvents under anhydrous conditions, unless otherwise noted.  THF, 

CH2Cl2, DMF and Et2O were purified by Glass Contour solvent dispensing system 

(Nikko Hansen & Co., Ltd., Osaka, Japan).  All other reagents were used as supplied.  
Analytical thin-layer chromatography (TLC) was performed using E. Merck Silica gel 

60 F254 pre-coated plates.  Flash chromatography was performed using 40-50 µm 

Silica-gel 60N (Kanto Chemical Co., Inc.) or 32-53 µm Silica-gel BW-300 (Fuji Silysia 
Chemical Ltd.).  Melting points were measured on Yanaco MP-J3 micro melting point 
apparatus, and are uncorrected.  Optical rotations were measured on JASCO DIP-1000 

Digital Polarimeter at room temperature using the sodium D line.  Infrared (IR) spectra 
were recorded on JASCO FT/IR-4100 spectrometer.  1H and 13C NMR spectra were 
recorded on JEOL JNM-ECX-500, JNM-ECA-500, or JNM-ECS-400 spectrometer.  
Chemical shifts were reported in ppm on the δ scale relative to CHCl3 (δ = 7.26 for 1H 
NMR), CDCl3 (δ = 77.0 for 13C NMR), C6D5H (δ = 7.16 for 1H NMR), C6D6 (δ = 128.0 

for 13C NMR), CD2HOD (δ = 3.31 for 1H NMR) and CD3OD (δ = 49.0 for 13C NMR), 
DMSO-d5 (δ = 2.5 for 1H NMR) and DMSO-d6 (δ = 39.52 for 13C NMR) as internal 
references.  Signal patterns are indicated as s, singlet; d, doublet; t, triplet; q, quartet; 
m, multiplet; br, broaden peak.  The numbering of compounds corresponds to that of 

natural product.  High resolution mass spectra were measured on BRUKER 

DALTONICS microTOF II or JEOL JMS-T100LP instrument.   
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Procedures  
Total synthesis of 19-hydroxysarmentogenin (2-1) 

AcO

OAc
MeO

TBSO H O

OH

Br2
CH2Cl2
-78 °C

TBSO H O

O

AcO

OAcOMe

Br
AcO

OAc
MeO

Br

Br

H

H
O

O

TBSO

MeO OAc

OAc

Et3B, TMS3SiH
toluene, -65 °C

H

H
O

O

RO

OAc

OAc

SO3H·Py.

NO2, toluene

100 °C

H

H
O

O

TBSO

OAc

OAc

TBSOTf, lutidine
CH2Cl2, 0 °C

65% (4 steps)

PhNMe2
-78 °C to rt

2-6 Int-1-1

2-5

2-12

2-11

2-13' (R = H or TBS)

2-13  

Compound 2-13.  A solution of 2-6 (8.39 g, 31.0 mmol) in CH2Cl2 (50 mL) was 
added to a solution of Br2 (1.5 mL, 30 mmol) in CH2Cl2 (50 mL) at -78℃.  The 
reaction mixture was stirred at -78℃ for 30 min, and then a solution of AB-ring 2-5 
(4.59 g, 14.8 mmol) and N,N-dimethyl aniline (7.5 mL, 59 mmol) in CH2Cl2 (50 mL) 
was added.  The reaction mixture was warmed to room temperature, stirred for 24 h, 
and quenched with saturate aqueous NaHCO3 (150 mL).  The resultant mixture was 
extracted with CH2Cl2 (200 mL x3), and the combined organic layers were washed with 
brine (200 mL), dried over Na2SO4, and concentrated.  The residue was purified by 
flash column chromatography (silica gel 300 g hexane/Et2O 1:0 to 2:1) to afford 2-11 
(9.48 g, 14.4 mmol) as diastereomixture, which was used for the next reaction without 
further purification. 
Et3B (1.0 M in hexane, 30 mL, 30 mmol) was added to a solution of the above 2-11 
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(9.48 g, 14.4 mmol) and (TMS)3SiH (9.1 mL, 30 mmol) in toluene (490 mL) at -65℃.  
The reaction mixture was stirred at -65℃ for 30 min, and then O2 was bubbled into the 
stirred reaction mixture for 2 min via a syringe.  After additional (TMS)3SiH (9.1 mL, 
30 mmol) and Et3B (1.0 M in hexane, 14 mL, 14 mmol) were added, the reaction 
mixture was stirred -65 ºC for 30 min under O2 atmosphere.  The reaction mixture was 
directly subjected to flash column chromatography (silica gel 50 g, hexane/EtOAc 1:0 
to 0:1) to afford 2-12 as diastereomixture, which was used for the next reaction without 
further purification.   
Pyridineum-3-nitrobenzenesulfonate (2.51 g, 8.87 mmol) was added to a solution of the 
above crude 2-12 in toluene (490 mL) at room temperature.  The reaction mixture was 
stirred at reflux temperature for 6 h, cooled to room temperature, and quenched with 
saturated aqueous NaHCO3 (300 mL).  After toluene was removed in vacuo, H2O (200 
mL) was added to the residue.  The resultant mixture was extracted with a 2:1 mixture 
of CHCl3 and EtOH (300 mL x3), and the combined organic layers were washed with 
brine (200 mL), dried over Na2SO4, and concentrated to afford crude 2-13’, mixture of 
alcohol and TMS ether, which was used for the next reaction without further 
purification.  
TBSOTf (6.8 mL, 30 mmol) was added to a mixture of the above crude mixture of 
2-13’ which was dried by azeotropic removal of residual water with toluene, and 
2,6-lutidine (6.9 mL, 59 mmol) in CH2Cl2 (150 mL) at -78℃.  The reaction mixture 
was stirred at -78 °C for 1 h, and quenched with saturated aqueous NaHCO3 (300 mL).  
The resultant mixture was extracted with CH2Cl2 (300 mL x3), and the combined 
organic layers were dried over Na2SO4, and concentrated.  The residual 2,6-lutidine 
was azeotropically removed with toluene.  The resultant residue was purified by flash 
column chromatography (silica gel 250 g, hexane/EtOAc 1:0 to 5:1) to afford 2-13 (5.29 

g, 9.64 mmol) in 65% yield over 4 steps: white solid; m.p. 150℃; [α]D
19 = -2.2 (c 1.7, 

CHCl3); IR (film) 2929, 1725, 1656, 1376, 1232, 1071 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 0.007 (3H, s, CH3 of TBS), 0.014 (3H, CH3 of TBS), 0.82 (3H, s, H18), 0.86 
(9H, t-Bu of TBS), 1.22-1.33 (2H, m, H1a and 2a), 1.42-1.55 (3H, m, H1b, 2b, and 4a), 
1.69 (1H, d, J = 14.6, H12a), 1.70-1.86 (4H, m, H4b, 5, 15a and 16a), 1.97 (1H, m, 
H8a), 1.95-2.23 (4H, m. H6a, 9, 15b and 16b), 2.07 (3H, s, Ac), 2.16 (3H, s, Ac), 2.46 
(1H, d, J = 14.6 Hz, H12b), 2.53 (1H, dd, J = 14.1, 5.5 Hz H8b), 2.60 (1H, dd, J = 13.2, 
2.8 Hz, H6b), 3.62 (1H, d, J = 10.5 Hz, H19a) 3.99 (1H, m, H3), 4.21 (1H, d, J = 10.5 
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Hz, H19b), 4.76 (1H, d, J = 4.6 Hz, H14 or H17), 4.88 (1H, d, J = 4.6 Hz, H14 or H17), 

6.05 (1H, s, CH=C); 13C NMR (100 MHz, CDCl3) δ -4.9, 18.0, 21.2, 21.5, 22.5, 25.5, 
25.8, 28.7, 29.29, 29.34 31.0, 33.6, 34.3, 34.6, 36.3, 43.8, 45.0, 48.4, 66.1, 69.6, 80.8, 
83.2, 111.4, 140.2, 170.7, 170.8, 209.9; HRMS (ESI) calcd for C30H48O7SiNa [M+Na]+ 
571.3062, found 571.3079. 
 

H

H
O

O

TBSO

OAc

OAc

K2CO3, MeOH

H

H
O

O

TBSO

OH

OH

H

H
O

O

TBSO

O

O

Dess-Martin reagent
NaHCO3, CH2Cl2

86% (2 steps)

2-13 2-14

2-4  
Triketone 2-4.  A solution of 2-13 (1.21 g, 2.20 mmol) and K2CO3 (913 mg, 6.61 
mmol) in MeOH (44 mL) was stirred at room temperature for 14 h, and quenched with 
saturated aqueous NH4Cl (50 mL).  After MeOH was removed in vacuo, the resultant 
mixture was extracted with a 2:1 mixture of CHCl3 and EtOH (100 mL x3).  The 
combined organic layers were washed with brine (100 mL), dried over Na2SO4, and 
concentrated.  The residue was roughly purified by flash column chromatography 
(silica gel 25 g, EtOAc only) to afford crude diol 2-14. 
Dess-Martin periodinane (5.16 g, 12.2 mmol) and NaHCO3 (2.04 g, 24.3 mmol) was 
successively added to a solution of the above crude 2-14 in CH2Cl2 (100 mL) at room 
temperature.  The reaction mixture was stirred at room temperature for 4 h, and was 
quenched with a mixture of saturated aqueous Na2S2O3 (50 mL) and saturated aqueous 
NaHCO3 (50 mL).  The resultant solution was extracted with CH2Cl2 (100 mL x3), and 
the combined organic layers were washed with brine (100 mL), dried over Na2SO4, and 
concentrated.  The residue was purified by flash column chromatography (silica gel 50 
g, hexane/EtOAc 1:0 to 2:1) to afford triketone 2-4 (874 mg, 1.90 mmol) in 86% yield 

over 2 steps: colorless crystal: m.p. 121-122 ℃; [α]D
18 = 27 (c 1.9, CHCl3); IR (film) 
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2929, 2856, 1721, 1252, 1153, 1068 cm-1; 1H NMR (400 MHz, C6D6) δ -0.02 (3H, s, 
CH3 of TBS), 0.01 (3H, s, CH3 of TBS), 0.81 (3H, s, H18), 0.95 (9H, t-Bu of TBS), 1.21 
(1H, tt, J = 13.8, 3.2 Hz, H2a), 1.31 (1H, dt, J = 13.8, 4.1 Hz, H2b), 1.37-1.43 (1H, m, 
H4a), 1.51-1.63 (1H, m, H4b), 1.73-1.85 (2H, m, H6a and 8a), 1.90-2.07 (10H, m, H1ab, 
5, 6b, 12ab, 15ab and 16ab), 2.32 (1H, dd, J = 11.0, 5.5 Hz, H8b), 2.56 (1H, ddd, J = 
15,1, 5.5, 1.4 Hz, H9), 3.23 (1H, dd, J = 11.0, 1.4 Hz, H19a), 3.63 (1H, m, H3), 3.72 

(1H, d, J = 11.0, H19b), 6.14 (1H, s, CH=C); 13C NMR (100 MHz, C6D6) δ -4.8, 18.2, 
20.0, 26.0, 26.1, 29.1, 33.7, 34.2, 34.3, 35.1, 35.4, 36.6, 36.7, 43.4, 43.6, 57.4, 66.6, 
69.7, 111.0, 142.2, 207.2, 215.4, 215.6; HRMS (ESI) calcd for C26H40O5SiNa [M+Na]+ 
483.2537, found 483.2544. 
 

H

H
O

O

TBSO

O

O

KN(TMS)2 (0.1 eq.)
THF, reflux

100% 
(2-3a : 2-3b = 8.6:1)

H

H
O

O

TBSO
OH

O
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H

H
O

O

TBSO
OH

O

H
+

2-4 2-3a 2-3b  
Compound 2-3ab.  KN(TMS)2 solution (0.73 M in toluene) was prepared from KH 
and HN(TMS)2 according to the literature.Si  The concentration of the KN(TMS)2 

solution was determined by the Ireland’s titration method.Sii  
Triketone 2-4 (1.29 g, 2.80 mmol) was dissolved in THF (28 mL), and the solution was 
warmed to reflux temperature.  Then the freshly prepared KN(TMS)2 solution (0.73 M 
in toluene, 0.38 mL, 0.28 mmol) was added to the solution at the same temperature.  
The reaction mixture was stirred for 3 h, cooled to room temperature, and then 
quenched with saturated aqueous NH4Cl (30 mL).  The resulting mixture was extracted 
with EtOAc (50 mL x3), and the combined organic layers were dried over Na2SO4 and 
concentrated.  The residue was purified by flash column chromatography (silica gel 25 
g, hexane/EtOAc 1:0 to 3:1) to afford 2-3ab (1.29 g 2.80 mmol, a 8.6:1 
diastereomixture of 2-3a and 2-3b).  Pure 2-3a (851 mg, 1.85 mmol) was obtained by 
recrystallization from hexane in 66% yield.  2-3a: white crystal: m.p. 135-137℃; 

[α]D
25 = -7.7 (c 1.5, CHCl3); IR (film) 3491, 2927, 2854, 1736, 1697, 1469, 1260 cm-1; 

1H NMR (500 MHz, C6D6) 0.07 (3H, s, CH3 of TBS), 0.08 (3H, s, CH3 of TBS), 
0.85-1.00 (2H, m), 0.99 (9H, t-Bu of TBS), 1.24 (3H, s, H18) 1.18-1.30 (3H, m), 
1.31-1.40 (1H, m), 1.39 (1H, d, J = 13.8 Hz, H12a), 1.49-1.52 (1H, m), 1.51 (1H, d, J = 
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13.8 Hz, H12b), 1.68 (1H, ddd, J = 13.8, 9.8, 9.8 Hz, H15a), 1.73 (1H, dd, J = 17.2, 2.9 
Hz, H6a), 1.84 (1H, ddd, J = 13.8, 4.0 Hz), 1.90 (1H, dd, J = 17.2, 13.7 Hz, H6b), 1.97 
(1H, dd, J = 13.8, 9.8 Hz, H15b), 2.08 (1H, d, J = 13.8 Hz, H8), 2.14 (1H, ddd, J = 18.9, 
9.8, 1.2 Hz, H16a), 2.47 (1H, ddd, J = 18.9, 9.8, 9.8 Hz, H16b), 2.84 (1H, d, J = 11.5 
Hz, H19a), 3.43 (1H, tt, J = 10.3, 4.0 Hz, H3), 3.72 (1H, d, J = 11.5, H19b), 3.94 (1H, s, 

OH), 6.05 (1H, s, OCH=CH); 13C NMR (125 MHz, C6D6) δ -4.5, -4.4, 12.7, 18.3, 26.1, 
28.1, 28.2, 31.2, 32.5, 32.9, 34.0, 35.5, 37.1, 40.3, 43.1, 52.2, 54.3, 67.5, 68.0, 80.2, 
108.7, 140.1, 214.4, 217.0: HRMS (ESI) calcd for C26H40O5SiNa [M+Na]+ 483.2537, 
found 483.2542.  For a characterization of 2-3b, a small amount of the 
diastereomixture was purified by preparative-TLC (hexane/EtOAc 4:1 developed three 

times). 2-3b: white crystal: m.p. 138-139℃; [α]D
25 = -44 (c 0.84, CHCl3); IR (film) 

3507, 2927, 2855, 1742, 1700, 1676, 1471, 1387, 1258, 1065 cm-1; 1H NMR (500 MHz, 

CDCl3) δ 0.01 (3H, s, CH3 of TBS), 0.02 (3H, s, CH3 of TBS), 0.87 (9H, s, t-Bu of TBS), 
1.03 (3H, s, H18), 1.35 (1H, ddd, J = 13.2, 13.2, 2.3 Hz, H4a), 1.46-1.54 (3H, m, H2ab 
and 4b), 1.66-1.74 (2H, m, H1ab), 1.92 (1H, d, J = 14.3 Hz, H12a), 1.95 (1H, dd, J = 
12.6, 3.5 Hz, H6a), 2.03-2.22 (3H, H16ab and 15a), 2.32 (1H, dddd, J = 13.2, 5.7, 5.7, 
3.5 Hz, H5), 2.40 (1H, d, J = 12.0 Hz, H8), 2.47 (1H, d, J = 14.3 Hz, H12b), 2.51 (1H, 
ddd, J = 17.8, 8.6, 1.8 Hz, H15b), 2.56 (1H, d, J = 12.0 Hz, H9), 2.69 (1H, dd, J = 12.6, 
5.7 Hz, H6b), 3.58 (1H, d, J = 10.9 Hz, H19a), 3.98 (1H, tt, J = 2.3 Hz, H3), 4.06 (1H, s, 
OH), 4.12 (1H, d, J = 10.9 Hz, H19b), 6.13 (1H, s, OCH=C); 13C NMR (125 MHz, 

CDCl3) δ -4.94, -4.90, 18.0, 19.2, 24.8, 25.8, 28.2, 30.7, 33.4, 33.7, 34.7, 36.0, 36.3, 
37.5, 45.4, 56.1, 57.9, 65.9, 70.8, 78.3, 112.3, 135.6, 213.7, 217.0; HRMS (ESI) calcd 
for C26H40O5SiNa [M+Na]+ 483.2537, found 483.2550. 
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TBSO H
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OH

O
H

OH

O

TBSO

NaBH4, THF

H

H
OH

O
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OH

O

TBSO

+

2-3a 2-22α(48%) 2-22β(26%)  
Compound 2-22αβ .  NaBH4 (362 mg, 9.58 mmol) was added to a solution of 2-3a 
(551 mg, 1.20 mmol) in THF (40 mL) at room temperature.  The reaction mixture was 
stirred at room temperature for 7 h, cooled to 0 ºC, and then poured into a mixture of 
1M HCl (100 mL) and CH2Cl2 (100 mL).  The resulting mixture was extracted with 
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CH2Cl2 (100 mL x3), and the combined organic layers were washed with saturated 
aqueous NaHCO3 (100 mL), dried over Na2SO4, and concentrated.  The residue was 
dissolved in MeOH (100 mL), and KOH (200 mg) was added to the solution for 
hydrolysis of the corresponding borate complex.  The solution was concentrated to 
remove trimethyl borate azeotropically.  The residue was again dissolved in MeOH 
(100 mL), and the solution was concentrated (the procedure was repeated four times).  
The residue was dissolved in a mixture of CH2Cl2 (100 mL) and H2O (20 mL), and the 
solution was neutralized with AcOH (1 mL).  Then NaHCO3 was added to the 
resultant mixture to quench excess AcOH.  After brine (20 mL) was added to the 
mixture, the organic layer was separated.  Then aqueous layer was extracted with 
CH2Cl2 (100 mL x2), and the combined organic layers were dried over Na2SO4, and 
concentrated.  The residue was purified by flash column chromatography (silica gel 50 

g, hexane/EtOAc 1:0 to 1:1) to afford 2-22α  (266 mg, 0.575 mmol) and 2-22β  (141 mg, 
0.306 mmol) in 48% and 26% yields, respectively.  2-22α: white crystal: m.p. 
210-212 ℃; [α]D

24 = -60 (c 0.84, CHCl3); IR (film) 3485, 2927, 2856, 1728, 1668, 1462, 
1254, 1062 cm-1; 1H NMR (500 MHz, CD3OD) δ 0.06 (6H, s, CH3 of TBS), 0.91 (9H, s, 
t-Bu of TBS), 0.95 (3H, s, H18), 1.44-1.72 (6H, m), 1.51 (1H, d, J = 13.7 Hz, H12a), 
1.71 (1H, dd, J = 12.6, 3.5 Hz, H8), 1.75-1.82 (2H, m), 2.07 (1H, d, J = 13.7 Hz, H12b), 
2.24 (1H, d, J = 12.6 Hz, H9), 2.31-2.55 (5H, m), 3.38 (1H, d, J = 10.3 Hz, H19a), 3.95 
(1H, d, J = 10.3 Hz, H19b), 4.03 (1H, m, H3), 4.30 (1H, ddd, J = 3.5, 3.5, 3.5 Hz, H7), 

6.10 (1H, s, OCH=C); 13C NMR (125 MHz, CD3OD) δ –4.6, 13.5, 19.0, 26.4, 27.3, 30.0, 
30.4, 31.1, 34.1, 34.5, 35.3, 36.6, 37.6, 39.3, 50.3, 57.7, 66.1, 68.4, 72.6, 83.1, 112.9, 
138.6, 224.4; HRMS (ESI) calcd for C26H42O5SiNa [M+Na]+ 485.2694, found 485.2704.  

2-22β: white solid: m.p. 166-168 ºC; [α]D
24 = -54 (c 0.90, CHCl3); IR (film) 3414, 2930, 

2889, 2856, 1734, 1672, 1463, 1254, 1066 cm-1; 1H NMR (400 MHz, CDCl3) δ 0.03 
(6H, s, CH3 of TBS), 0.88 (9H, s, t-Bu of TBS), 1.04 (3H, s, H18), 1.46-1.60 (4H, m), 
1.61-1.82 (5H, m), 1.64 (1H, d, J = 13.7 Hz, H12a), 1.79 (1H, dd, J = 11.9, 10.1 Hz, 
H8), 1.89 (1H, d, J = 13.7 Hz, H12b), 1.96 (1H, dddd, J = 10.1, 5.1, 5.1, 5.1 Hz, H5), 
2.06 (1H, ddd, J = 13.3, 9.2, 1.8 Hz, H15a), 2.28 (1H, ddd, J = 13.3, 9.6, 9.6 Hz, H15b), 
2.46 (1H, ddd, J = 19.7, 9.6, 1.8 Hz, H16a), 2.56 (1H, ddd, J = 19.7, 9.6, 9.2 Hz, H16b), 
3.62 (1H, d, J = 10.5 Hz, H19a), 3.91 (1H, d, J = 10.5 Hz, H19b), 3.92-3.98 (1H, m, 
H3), 4.15 (1H, ddd, J = 10.1, 8.7, 5.0 Hz, H7), 6.14 (1H, s, OCH=C); 13C NMR (125 

MHz, CD3OD) δ -4.7, -4.6, 13.9, 19.0, 26.4, 27.1, 29.2, 30.2, 32.4, 34.3, 34.8, 37.4, 
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37.8, 38.0, 38.2, 51.3, 56.5, 68.3, 68.7, 71.9, 84.1, 111.4, 138.7, 223.9; HRMS (ESI) 
calcd for C26H42O5SiNa [M+Na]+ 485.2694, found 485.2693. 
 

NaH, THF;
CS2; H2O; 

MeI, –40 ºC

71%
H

H
O

O
H

OH

O

2-23α

TBSO

S SMeH

H
OH

O
H

OH

O

TBSO

2-22α  
Xanthate 2-23α .  NaH (50-72% purity, 550 mg, >12 mmol) was added to a solution 
of 2-22α  (267 mg, 0.575 mmol) in THF (58 mL) at room temperature.  The reaction 
mixture was stirred at room temperature for 3 h, and CS2 (690 µL, 12 mmol) was added.  
After 10 min, H2O (100 µL, 5.6 mmol) was added to the mixture.  The reaction 
mixture was stirred at room temperature for 3 h, and cooled to -78 ºC.  Then MeI (1.4 
mL, 23 mmol) was introduced to the reaction mixture.  The reaction mixture was 
stirred at -40 ºC for 1 h, and quenched with saturated aqueous NH4Cl (20 mL) at -78 ºC.  
After the resultant mixture was warmed to room temperature, H2O (20 mL) was added 
to the mixture.  The resultant solution was extracted with EtOAc (50 mL x3).  The 
combined organic layers were washed with brine (50 mL), dried over Na2SO4, and 
concentrated.  The residue was purified by flash column chromatography (silica gel 25 

g, hexane/acetone 1:0 to 12:1) to afford xanthate 2-23α  (225 mg, 0.407 mmol) in 71% 
yield: white solid: m.p. 129-130 ℃; [α]D

26 = 3.3 (c 0.70, CHCl3); IR (film) 3487, 2928, 
2886, 2856, 1734, 1669, 1210, 1060 cm-1; 1H NMR (500 MHz, C6D6) δ 0.00 (3H, s, CH3 

of TBS), 0.02 (3H, s, CH3 of TBS), 0.96 (9H, s, t-Bu of TBS), 1.05 (3H, s, H18), 1.23 
(1H, s, OH), 1.34 (1H, ddd, J = 16.0, 5.7, 3.4 Hz), 1.46 (1H, d, J = 13.8 Hz, H12a), 
1.47-1.57 (4H, m), 1.66 (1H, d, J = 13.8 Hz, H12b), 1.76-1.96 (5H, m), 2.08-2.34 (4H, 
m), 2.10 (1H, d, J = 12.6 Hz, H9), 2.17 (3H, s, SCH3), 3.34 (1H, d, J = 10.9 Hz, H19a), 
3.65 (1H, d, J = 10.9 Hz, H19b), 4.00 (1H, m, H3), 5.97 (1H, s, OCH=C), 6.10 (1H, dd, 

J = 3.5, 2.3 Hz, H7); 13C NMR (125 MHz, C6D6) δ -4.72, -4.68, 13.0, 18.3, 19.1, 26.1, 
26.2, 29.06, 29.13, 29.6, 31.2, 33.2, 33.5, 33.9, 36.5, 38.0, 49.1, 56.1, 66.9, 71.6, 78.0, 
81.0, 110.6, 138.2, 215.2, 217.4; HRMS (ESI) calcd for C28H44O5S2SiNa [M+Na]+ 
575.2292, found 575.2297. 
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2-22β  
Xanthate 2-23β .  NaH (50-72% purity, 290 mg, >6.1 mmol) was added to a solution 
of 2-22β  (141 mg, 0.305 mmol) in THF (31 mL) at room temperature.  The reaction 
mixture was stirred at room temperature for 3 h, and CS2 (370 µL, 6.1 mmol) was added.  
The resultant solution was stirred at room temperature for 3 h, and cooled to -78 ºC.  

Then MeI (760 µL, 12 mmol) was introduced to the reaction mixture.  The reaction 
mixture was stirred at -50 ºC for 30 min, and quenched with saturated aqueous NH4Cl 
(20 mL) at -78 ºC.  After the resultant mixture was warmed to room temperature, H2O 
(20 mL) was added to the mixture.  The resultant solution was extracted with EtOAc 
(50 mL x3).  The combined organic layers were washed with brine (50 mL), dried over 
Na2SO4, and concentrated.  The residue was purified by flash column chromatography 
(silica gel 15 g, hexane/acetone 1:0 to 12:1 and then hexane/EtOAc 2:1) to afford 

xanthate 2-23β  (116 mg, 0.210 mmol) in 68% yield and recovered 2-22β  (28 mg, 51 
µmol) in 20% yield.  2-23β: white solid: m.p. 178-180 ℃; [α]D

23 = -68 (c 0.22, 
CHCl3); IR (film) 3593, 3512, 2930, 2857, 1738, 1674, 1463, 1217, 1100 cm-1; 1H NMR 

(400 MHz, C6D6) δ  0.04 (3H, s, CH3 of TBS), 0.06 (3H, s, CH3 of TBS), 0.98 (9H, s, 
t-Bu of TBS), 1.11 (1H, d, J = 12.8 Hz, H9), 1.15 (3H, s, H18), 1.36-1.61 (9H, m), 
1.68-1.89 (4H, m), 1.94 (1H, dd, J = 12.8, 9.6 Hz, H8), 1.99 (1H, s, OH), 2.11 (3H, s, 
SCH3), 2.11 (1H, ddd, J = 19.7, 9.2, 1.8 Hz, H16a), 2.38 (1H, ddd, J = 19.7, 9.6, 9.6 Hz, 
H16b), 3.18 (1H, d, J = 11.0 Hz, H19a), 3.59-3.67 (2H, m, H3 and 19b), 6.01 (1H, s, 

OCH=C), 6.13 (1H, ddd, J = 10.1, 5.4, 5.4 Hz, H7); 13C NMR (100 MHz, C6D6) δ -4.5, 
-4.4, 13.4, 18.3, 19.1, 26.1, 27.3, 29.0, 30.7, 31.3, 32.9, 33.2, 34.3, 36.1, 37.2, 39.5, 46.9, 
55.2, 67.5, 68.7, 81.5, 81.8, 108.5, 139.6, 215.8, 217.5; HRMS (ESI) calcd for 
C28H44O5S2SiNa [M+Na]+ 575.2292, found 575.2288. 
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2-24  
Compound 2-24.  A solution of a 1:2 mixture of 2-23α  and 2-23β  (341 mg, 0.616 
mmol), AIBN (10 mg, 61 µmol), and Ph3SnH (571 mg, 1.63 mmol) in benzene (12 mL) 
was degassed by the freeze-thaw procedure (x3).  The solution was stirred at reflux 
temperature for 1 h, cooled to room temperature, and then directly passed through a 
column (10% (w/w) KF contained silica gel 25 g, hexane/EtOAc 1:0 to 2:1) to afford 
compound 2-24 (269 mg, 0.602 mmol) in 98% yield: white solid: m.p. 137-139 ℃; 

[α]D
24 = -67 (c 1.0, CHCl3); IR (film) 3492, 2930, 2883, 2856, 1733, 1671, 1462, 1255, 

1062 cm-1; 1H NMR (500 MHz, CD3OD) δ 0.07 (6H, s, CH3 of TBS), 0.92 (9H, s, t-Bu 

of TBS), 0.97 (3H, s, H18), 1.35-1.93 (14H, m), 1.56 (1H, d, J = 13.2 Hz, H12a), 2.01 
(1H, d, J = 13.2 Hz, H12b), 2.33-2.50 (3H, m), 3.38 (1H, d, J = 10.3 Hz, H19a), 
4.07-4.12 (1H, m, H3), 4.09 (1H, d, J = 10.3 Hz, H19b), 6.06 (1H, s, OCH=C); 13C 

NMR (125 MHz, CD3OD) δ -4.6, 14.1, 19.0, 20.1, 26.4, 27.1, 27.6, 28.5, 29.8, 31.8, 
34.6, 34.8, 36.7, 37.5 (x2), 47.6, 56.9, 68.4, 72.8, 83.1, 112.4, 137.8, 224.3; HRMS 
(ESI) calcd for C26H42O4SiNa [M+Na]+ 469.2745, found 469.2733. 
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OH
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O3, MeOH, -78 ºC
; SMe, –78 ºC to rt
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75%
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2-24 2-55  
Acetal 2-55.  Ozone was bubbled into a solution of compound 2-24 (269 mg, 0.602 
mmol) in MeOH (12 mL) at -78 ºC for 30 sec.  Excess ozone was removed by 
bubbling of O2 for 2 min, and then Me2S (3 mL) was added to the solution.  The 
resultant solution was warmed to room temperature, and stirred for 1 h.  Then aqueous 
NH3 (28%, 3 mL) was added, and the reaction mixture was stirred at room temperature 
for 5 h.  The solution was concentrated, and the residue was purified by flash column 
chromatography (silica gel 20 g, hexane/EtOAc 1:0 to 1:1) to afford acetal 2-55 (202 
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mg 0.448 mmol) in 75% yield: white solid: m.p. 206-208℃; [α]D
22 = -9.5 (c 1.2, 

CHCl3); IR (film) 3457, 3378, 2927, 2856, 1715, 1275, 1254, 1094 cm-1; 1H NMR (500 

MHz, CD3OD) δ 0.06 (6H, s, CH3 of TBS), 0.89 (9H, s, t-Bu of TBS), 1.03 (3H, s, H18), 
1.10-1.21 (1H, m), 1.34-1.54 (3H, m), 1.48 (1H, d, J = 12.6 Hz, H9), 1.61-1.76 (4H, m), 
1.64 (1H, d, J = 14.9 Hz, H12a), 1.74 (1H, d, J = 14.9 Hz, H12b), 1.83 (1H, ddd, J = 
13.8, 9.8, 2.3 Hz, H15a), 1.89-2.01 (3H, m), 2.12 (1H, ddd, J = 13.8, 9.8, 9.7 Hz, H15b), 
2.28-2.34 (1H, m), 2.33 (1H, ddd, J = 19.5, 9.8, 9.8 Hz, H16a), 2.43 (1H, ddd, J = 19.5, 
9.7, 2.3 Hz, H16b), 3.70 (1H, dddd, J = 11.5, 11.5, 4.0, 4.0 Hz, H3), 3.76 (1H, d, J = 8.6 

Hz, H19a), 4.02 (1H, d, J = 8.6 Hz, H19b); 13C NMR (125 MHz, CD3OD) δ -4.5, -4.4, 
14.8, 19.0, 21.5, 25.1, 26.4, 26.6, 33.9, 34.1, 34.7, 35.9, 38.4, 40.7, 41.5, 45.8, 54.9, 
57.0, 68.8, 79.2, 82.3, 104.4, 222.9; HRMS (ESI) calcd for C25H42O5SiNa [M+Na]+ 
473.2694, found 473.2683. 
 

H
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H
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LiN(TMS)2, CH2Cl2
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83%
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2-55 2-54  
TBS-enol ether 2-54.  TBSOTf (1.0 mL, 4.4 mmol) was added to a solution of acetal 
2-55 (202 mg, 0.448 mmol) and Et3N (1.3 mL, 9.3 mmol) in CH2Cl2 (30 mL) at -78 ºC.  
The reaction mixture was stirred at –60 ºC for 30 min, and cooled to –78 ºC.  After 
LiN(TMS)2 solution (1M in THF, 1.3 mL, 1.3 mmol) was added to the reaction mixture, 
the cooled bath was removed, and then the solution was warmed to room temperature.  
The reaction mixture was stirred at room temperature for 1 h, and quenched with 
saturated aqueous NH4Cl (30 mL).  The resultant solution was extracted with CH2Cl2 
(40 mL x3), and the combined organic layers were washed with brine (50 mL), dried 
over Na2SO4, and concentrated.  The residue was purified by short column 
chromatography (silica gel 10 g, hexane/EtOAc 1:0) to afford TBS-enol ether 2-54 with 
impurity.  The obtained 2-54 was further purified by flash column chromatography 
(silica gel 40 g, hexane/EtOAc 1:0 to 20:1) to afford TBS-enol ether 2-54 (253 mg, 

0.373 mmol) in 83% yield: white solid: m.p. 177-179 ℃; [α]D
22 = -59 (c 1.1, CHCl3); 

IR (film) 3482, 2928, 2856, 1693, 1656, 1471, 1253, 1088, 1060 cm-1; 1H NMR (500 

MHz, C6D6) δ 0.03 (3H, s, CH3 of TBS), 0.04 (3H, s, CH3 of TBS), 0.05 (3H, s, CH3 of 
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TBS), 0.06 (3H, s, CH3 of TBS), 0.16 (3H, s, CH3 of TBS), 0.24 (3H, s, CH3 of TBS), 
0.94 (9H, s, t-Bu of TBS), 1.00 (18H, s, t-Bu of TBS), 1.16-1.37 (3H, m), 1.18 (3H, s, 
H18), 1.56-1.67 (2H, m), 1.70-1.90 (4H, m), 2.07 (1H, dd, J = 16.6, 2.3 Hz, H15a), 
2.10-2.16 (1H, m, H5), 2.27 (1H, d, J = 12.6 Hz, H9), 2.38 (1H, ddd, J = 12.6, 12.6, 3.5 
Hz, H8), 2.40-2.46 (1H, m), 2.52 (1H, d, J = 12.6 Hz, H12a), 2.71 (1H, dd, J = 16.6, 1.8 
Hz, H15b), 2.79 (1H, d, J = 12.6 Hz, H12b), 3.43 (1H, d, J = 10.3 Hz, H19a), 3.89 (1H, 
m, H3), 4.15 (1H, d, J = 10.3 Hz, 19b), 4.43 (1H, dd, J = 2.3, 1.8 Hz, H16); 13C NMR 

(125 MHz, C6D6) δ -5.4, -4.9, -4.7, -4.6, -4.4, 18.35, 18.43, 18.6, 20.2, 20.4, 25.6, 25.9, 
26.1, 26.2, 27.1, 29.2, 31.5, 35.2, 38.4, 42.4, 44.0, 46.2, 49.5, 53.7, 67.5, 69.3, 80.0, 
96.4, 156.4, 210.4; HRMS (ESI) calcd for C37H70O5Si3Na [M+Na]+ 701.4423, found 
701.4429. 
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2-54 2-S1  
Diol 2-S1.  A Schlenk tube equipped with a dry-ice condenser was charged with liquid 
NH3 (ca. 6 mL), and then Li metal (34 mg, 4.9 mmol) was added under Ar atmosphere.  
The blue solution was stirred at -78 ºC for 30 min, and then a solution of 2-54 (52 mg, 

77 µmol) in THF (1.2 mL) was added.  The reaction mixture was stirred at -78 ºC for 
30 min, quenched with saturated aqueous NH4Cl (6 mL).  The resultant mixture was 
extracted with EtOAc (6 mL x3), and the combined layers were washed with brine (6 
mL), dried over Na2SO4 and concentrated.  The residue was purified by flash column 
chromatography (silica gel 20 g, hexane/EtOAc 1:0 to 20:1) to afford diol 2-S1 (50 mg, 

73 µmol) in 95% yield: white solid: m.p. 174-176 ℃; [α]D
25 = -22 (c 1.3, CHCl3); IR 

(film) 3466, 2930, 2888, 2858, 1637, 1468, 1255, 1074, 1053 cm-1; 1H NMR (500 MHz, 

C6D6) δ 0.05 (3H, s, CH3 of TBS), 0.07 (3H, s, CH3 of TBS), 0.09 (3H, s, CH3 of TBS), 
0.10 (3H, s, CH3 of TBS), 0.13 (3H, s, CH3 of TBS), 0.16 (3H, s, CH3 of TBS), 0.96 (9H, 
s, t-Bu of TBS), 0.97 (9H, s, t-Bu of TBS), 1.02 (9H, s, t-Bu of TBS), 1.19-1.38 (3H, m), 
1.24 (3H, s, H18), 1.42 (1H, s, OH), 1.58-1.72 (2H, m), 1.62 (1H, dd, J = 13.7, 11.5 Hz, 
H12a), 1.73-1.88 (4H, m), 1.94 (1H, ddd, J = 14.3, 14.3, 3.5 Hz), 1.97-2.04 (1H, m), 
2.09 (1H, dd, J = 15.5, 2.9 Hz, H15a), 2.10-2.17 (1H, m), 2.14 (1H, dd, J = 13.7, 4.0 Hz, 
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H12b), 2.52-2.59 (1H, m), 2.64 (1H, d, J = 4.0 Hz, OH), 2.66 (1H, dd, J = 15.5, 1.2 Hz, 
H15b), 3.51 (1H, d, J = 10.3 Hz, H19a), 3.89-3.97 (1H, m, H11), 4.00 (1H, brs, H3), 
4.12 (1H, d, J = 10.3 Hz, H19b), 4.40 (1H, dd, J = 2.9, 1.2 Hz, H16); 13C NMR (125 

MHz, C6D6) δ –5.5 (x2), –5.0, –4.6 (x2), –4.5, 16.4, 18.3, 18.45, 18.54, 20.1, 25.8, 
26.15, 26.19, 27.1, 27.5, 29.4, 34.0, 35.6, 37.1, 40.7, 40.8, 42.4, 46.9, 50.9, 67.6, 69.2, 
69.7, 82.2, 94.1, 161.5;  HRMS (ESI) calcd for C37H72O5Si3Na [M+Na]+ 703.4580, 
found 703.4579. 
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2-S1 2-53  
Ketone 2-53.  TBAF (0.18 mL, 0.18 mmol) was added to a solution of diol 2-S1 (118 
mg, 0.174 mmol) in THF (9 mL) at -78 ºC.  The reaction mixture was stirred at -78 ºC 
for 5 min, and quenched with saturated aqueous NH4Cl (8 mL).  The resultant solution 
was extracted with EtOAc (8 mL x3), and the combined organic layers were washed 
with brine (8 mL), dried over Na2SO4, and concentrated.  The residue was purified by 
flash column chromatography (silica gel 10 g, hexane/EtOAc 1:0 to 1:1) to afford 

ketone 2-53 (92 mg, 0.16 mmol) in 94% yield: white solid: m.p. 207-209 ℃; [α]D
21 = 

-7.4 (c 1.2, CHCl3); IR (film) 3487, 2930, 2858, 1731, 1470, 1254, 1072 cm-1; 1H NMR 

(500 MHz, CDCl3) δ 0.02 (3H, s, CH3 of TBS), 0.03 (3H, s, CH3 of TBS), 0.095 (3H, s, 
CH3 of TBS), 0.102 (3H, s, CH3 of TBS), 0.88 (9H, s, t-Bu of TBS), 0.91 (9H, s, t-Bu of 
TBS), 1.11 (3H, s, H18), 1.18-1.39 (3H, m), 1.32 (1H, s, OH), 1.41 (1H, dd, J = 13.8, 
12.0 Hz, H12a), 1.47-1.53 (1H, m), 1.53 (1H, dd, J = 13.8, 3.4 Hz, H12b), 1.56-1.89 
(9H, m), 2.10-2.20 (1H, m), 2.27 (1H, ddd, J = 13.8, 10.3, 9.2 Hz, H15a), 2.40 (1H, dd, 
J = 20.0, 9.2 Hz, H16a), 2.46 (1H, ddd, J = 20.0, 10.3, 2.3 Hz, H16b), 3.04 (1H, d, J = 
4.0 Hz, OH), 3.33 (1H, d, J = 10.3 Hz, H19a), 3.91 (1H, m, H11), 4.03 (1H, m, H3), 

4.12 (1H, d, J = 10.3 Hz, H19b); 13C NMR (125 MHz, CDCl3) δ –5.7, –5.6, –4.9, –4.8, 
14.3, 18.1, 18.3, 18.9, 25.8, 25.9, 26.6, 27.4, 27.5, 28.8, 32.9, 34.1, 35.3, 40.3, 40.4, 
41.2, 41.9, 53.8, 66.6, 69.5, 69.9, 82.2, 220.0; HRMS (ESI) calcd for C31H58O5Si2Na 
[M+Na]+ 589.3715, found 589.3717. 
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; I2, THF

91%

2-53 2-57  
Vinyl iodide 2-57.  NH2NH2·H2O (42 µL, 0.86 mmol) and Et3N (120 µL, 0.86 mmol) 
were successively added to a solution of ketone 2-53 (24 mg, 42 µmol) in EtOH (4.3 
mL).  The reaction mixture was stirred at 50 ºC for 6 h, cooled to room temperature, 

and concentrated.  Then a solution of I2 (22 mg, 87 µmol) in THF (1 mL) was added to 
a solution of the residue and Et3N (120 µL, 0.86 mmol) in THF (5.0 mL) at room 
temperature.  The mixture was stirred at room temperature for 30 min, and quenched 
with a mixture of saturated aqueous Na2S2O3 (2.5 mL) and saturated aqueous NaHCO3 
(2.5 mL).  The resultant mixture was extracted with EtOAc (5 mL x3), and the 
combined organic layers were washed with brine (5 mL), dried over Na2SO4 and 
concentrated.  The residue was purified by flash column chromatography (silica gel 10 
g, hexane/EtOAc 1:0 to 30:1 and then CH2Cl2) to afford vinyl iodide 2-57 (26 mg, 38 

µmol) in 90% yield: oil; [α]D
25 = -12 (c 1.2, CHCl3); IR (film) 3451, 2930, 2857, 1464, 

1254, 1054 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.01 (3H, s, CH3 of TBS), 0.02 (3H, s, 
CH3 of TBS), 0.099 (3H, s, CH3 of TBS), 0.105 (3H, s, CH3 of TBS), 0.88 (9H, s, t-Bu of 
TBS), 0.92 (9H, s, t-Bu of TBS), 1.12 (3H, s, H18), 1.14-1.28 (3H, m), 1.18 (1H, dd, J = 
13.2, 12.0 Hz, H12a), 1.46-1.86 (9H, m), 1.90 (1H, dd, J = 13.2, 2.9 Hz, H12b), 
2.16-2.22 (1H, m), 2.26 (1H, dd, J = 17.2, 3.5 Hz, H15a), 2.65 (1H, dd, J = 17.2, 2.3 Hz, 
H15b), 3.28 (1H, d, J = 10.3 Hz, H19a), 3.29 (1H, d, J = 4.0 Hz, OH), 3.77 (1H, dddd, J 
= 12.0, 9.2, 4.0, 2.9 Hz, H11), 4.03 (1H, m. H3), 4.19 (1H, d, J = 10.3 Hz, H19b), 6.12 

(1H, dd, J = 3.5, 2.3 Hz, H16); 13C NMR (125 MHz, CDCl3) δ -5.7, -5.6, -4.9, -4.8, 18.1, 
18.3, 19.6, 20.2, 25.8, 25.9, 26.6, 27.3, 28.8, 34.3, 35.2, 40.2, 40.8, 41.9, 43.1, 46.0, 
55.2, 66.6, 68.9, 70.1, 82.0, 110.2, 133.7; HRMS (ESI) calcd for C31H57IO4Si2Na 
[M+Na]+ 699.2732, found 699.2726. 
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TBSO
HOPd(PPh3)4, LiCl

CuCl, DMSO, 60 ºC

89%

O
OO

O

n-Bu3Sn 2-2

2-57 2-58  

Butenolide 2-58.  A Schlenk tube was charged with Pd(PPh3)4 (7.9 mg, 6.8 µmol), 
LiCl (dried by a heat gun for 5 min in vacuo, 28 mg, 0.66 mmol), and CuCl (47 mg, 
0.47 mmol) in glove box filled with Ar.  The solution of vinyl iodide 2-57 (23 mg, 34 

µmol) in DMSO (1.7 mL), and butenolide 2-2 (38 mg, 0.10 mmol) in DMSO (1.7 mL) 
were added to the tube, and the mixture was degassed by the freeze-thaw procedure (x3).  
The reaction mixture was stirred at 60 ºC for 1 h, cooled to room temperature, and 
quenched with phosphate buffer (pH 7, 5 mL).  The resultant mixture was extracted 
with EtOAc (5 mL x3), and the combined organic layers were washed with brine (5 
mL), dried over Na2SO4.  The solution was filtered through a column (10% (w/w) KF 
contained silica gel, 10 g) with EtOAc.  The filtrate was concentrated, and the residue 
was further purified by flash column chromatography (silica gel 10 g, hexane/EtOAc 

1:0 to 2:1) to afford butenolide 2-58 (19 mg 30 µmol) in 89% yield: white solid: m.p. 
232-234 ℃; [α]D

25 = 35 (c 0.99, CHCl3); IR (film) 3470, 2932, 2859, 1746, 1623, 1466, 
1254, 1152, 1049 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.017 (3H, s, CH3 of TBS), 0.023 
(3H, s, CH3 of TBS), 0.11 (3H, s, CH3 of TBS), 0.12 (3H, s, CH3 of TBS), 0.88 (9H, s, 
t-Bu of TBS), 0.93 (9H, s, t-Bu of TBS), 1.17-1.37 (2H, m), 1.21 (1H, br dd, J = 13.2, 
13.2 Hz, H12a), 1.25 (1H, s, OH), 1.34 (3H, s, H18), 1.46-1.88 (11H, m), 2.12 (1H, dd, 
J = 13.8, 3.4 Hz, H12eq), 2.18-2.23 (1H, m), 2.40 (1H, dd, J = 18.9, 3.5 Hz, H15a), 2.80 
(1H, dd, J = 18.9, 1.2 Hz, H15b), 3.28 (1H, d, J = 10.3 Hz, H19a), 3.45 (1H, d, J = 4.0 
Hz, OH), 3.82 (1H, m, H11), 4.04 (1H, m, H3), 4.23 (1H, d, J = 10.3 Hz, H19b), 4.91 
(1H, d, J = 16.1 Hz, H21a), 5.01 (1H, d, J = 16.1 Hz, H21b), 5.98 (1H, s, H22), 6.11 

(1H, dd, J = 3.5, 1.2 Hz, H16); 13C NMR (125 MHz, CDCl3) δ -5.74, -5.61, -4.88, -4.84, 
18.0, 18.1, 18.3, 20.3, 25.8, 25.9, 26.6, 27.3, 28.8, 34.3, 35.2, 40.1, 40.3, 40.9, 41.8, 
47.0, 52.6, 66.5, 68.8, 70.3, 71.6, 85.2, 112.7, 131.9, 143.4, 158.0, 174.2; HRMS (ESI) 
calcd for C35H60O6Si2Na [M+Na]+ 655.3821, found 655.3823. 



� 5�� �	� 

 127 

H

H

H

OH
TBSO

TBSO
HO

Pd/C, H2
AcOEt

O
O

H

H

H

OH
TBSO

TBSO
HO

O
O

H

H

H

OH
HO

HO
HO

O
O

3M HCl, MeOH

78% (2 steps)
2-1 : 17-epi-2-1 = 1 : 16

17

H

H

H

OH
TBSO

TBSO
HO

O
O

+

H

H

H

OH
HO

HO
HO

O
O

17 +

2-58 2-59 (minor) 17-epi-2-59 (major)

17-epi-2-119-hydroxysarmentogenin (2-1)  
17-epi-19-hydroxysarmentogenin (17-epi-2-1).  A suspension of compound 

butenolide 2-58 (17 mg, 27 µmol) and Pd/C (5 wt%, 17 mg, 7.8 µmol) in EtOAc (2.6 
mL) was exposed under H2 atmosphere.  The reaction mixture was stirred at room 
temperature for 5 min, and filtered through a pad of Celite with EtOAc.  The filtrate 
was concentrated, and the residue was filtered through a pad of silica gel (0.5 g) to 
afford crude a 1:13 inseparable mixture of 2-59 and its diastereomer 17-epi-2-59 at the 
C17 position: HRMS (ESI) calcd for C35H62O6Si2Na [M+Na]+ 657.3977, found 
657.3976. 
A solution of the above crude mixture in MeOH (2.1 mL) and aqueous HCl (3.0 M, 0.5 
mL) was stirred at room temperature for 1 h, and saturated aqueous NaHCO3 (4 mL) 
was added.  After NaCl (1.6 g) was added to the resultant mixture, the mixture was 
extracted with a 2:1 mixture of CHCl3 and EtOH (3 mL x5), and the combined organic 
layers were washed with brine (5 mL), dried over Na2SO4 and concentrated.  The 
residue was purified by flash column chromatography (silica gel 5 g, CH2Cl2/MeOH 1:0 
to 10:1) to afford a 1:16 inseparable mixture of 19-hydroxysarmentogenin (2-1) and 

17-epi-19-hydroxysarmentogenin (17-epi-2-1) (8.4 mg, 21 µmol) in 78% yield over 2 
steps.  Characterization data of 17-epi-19-hydroxysarmentogenin (17-epi-2-1) was 

collected by using the mixture: amorphous; 1H NMR (500 MHz, CD3OD) δ 1.08 (3H, s, 
H18), 1.19-1.40 (5H, m), 1.51-1.58 (1H, m), 1.66 (1H, ddd, J = 14.3, 9.7, 4.3 Hz), 
1.72-1.86 (6H, m), 1.88-1.97 (2H, m), 2.01-2.11 (2H, m), 2.18-2.30 (2H, m), 3.13 (1H, 
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dd, J = 9.7, 9.7 Hz, H17), 3.74-3.81 (1H, m, H11), 3.77 (2H, s, H19), 4.03 (1H, brs, H3), 
4.85 (1H, dd, J = 18.4, 1.7 Hz, H21a), 4.97 (1H, dd, J = 18.4, 2.3 Hz, H21b), 5.97 (1H, 

dd, J = 2.3, 1.7 Hz, H22); 13C NMR (125 MHz, CD3OD) δ 19.8, 21.9, 25.4, 27.3, 27.6, 
29.2, 31.8, 32.4, 35.0, 41.3, 41.6, 42.7, 43.1, 50.0, 50.6, 66.9, 67.6, 69.1, 75.6, 86.6, 
117.0, 174.5, 176.7; HRMS (ESI) calcd for C23H34O6Na [M+Na]+ 429.2248, found 
429.2253. 
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81%

2-58 Int-2-9

2-60  

Compound 2-60.  TMSOTf (34 µL, 0.19 mmol) was added to a solution of butenolide 
2-58 (20 mg, 32 µmol) and 2,6-lutidine (43 µL, 0.37 mmol) in CH2Cl2 (6.2 mL) at -78 
ºC.  The reaction mixture was stirred at room temperature for 30 min, and quenched 
with saturated aqueous NaHCO3 (6 mL).  The resultant mixture was extracted with 
EtOAc (6 mL x3), and the combined organic layers were washed with brine (6 mL), 
dried over Na2SO4 and concentrated to give the crude siloxyfuran Int-2-9.  The 
residual 2,6-lutidine was azeotropically removed with toluene. 

Silica gel (15 g, Merck 40-63 µm Silica-gel 60) was added to a solution of the above 
crude siloxyfuran Int-2-9 in EtOAc (30 mL).   Then the solvent was removed in 
vacuo.  The silica gel stood at room temperature for 7 h, and passed through a cotton 
pad with EtOAc.  The filtrate was concentrated, and the residue was purified by flash 
column chromatography (silica gel 10 g, hexane/EtOAc 1:0 to 15:1) to afford 2-60 (20 

mg, 26 µmol) in 81% yield: oil; [α]D
19 = 28 (c 0.99, MeOH); IR (film) 2950, 2859, 1784, 
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1753, 1253, 1084 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.00 (9H, s, CH3 of TMS), 0.01 
(6H, s, CH3 of TBS), 0.03 (9H, s, CH3 of TMS), 0.06 (3H, s, CH3 of TBS), 0.07 (3H, s, 
CH3 of TBS), 0.88 (9H, s, t-Bu of TBS), 0.91 (9H, s, t-Bu of TBS), 1.10-1.26 (3H, m), 
1.18 (3H, s, H18), 1.34-1.41 (2H, m), 1.57 (1H, dddd, J = 13.7, 13.7, 3.5, 2.9 Hz), 
1.70-1.88 (8H, m), 2.12-2.17 (1H, m, H5), 2.43 (1H, dd, J = 18.9, 3.5 Hz, H15a), 2.85 
(1H, dd, J = 18.9, 1.2 Hz, H15b), 3.53 (1H, d, J = 9.8 Hz, H19a), 3.74 (1H, d, J = 9.8 
Hz, H19b), 3.89 (1H, m, H11), 4.00 (1H, m, H3), 4.90 (1H, dd, J = 16.1, 1.7 Hz, H21a), 
5.01 (1H, dd, J = 16.1, 1.8 Hz, H21b), 5.94 (1H, dd, J = 1.8, 1.7 Hz, H22), 6.06 (1H, dd, 

J = 3.5, 1.2 Hz, H16); 13C NMR (125 MHz, CDCl3) δ -5.51, -5.49, -4.89, -4.87, 0.8, 2.6, 
18.1, 18.2, 19.7, 21.6, 25.3, 25.86, 25.93, 26.7, 29.3, 31.0, 35.0, 39.6, 40.2, 40.3, 42.8, 
46.2, 52.8, 67.12, 67.15, 67.6, 71.6, 88.7, 111.8, 133.3, 143.3, 158.4, 174.5; HRMS 
(ESI) calcd for C41H76O6Si4Na [M+Na]+ 799.4611, found 799.4613. 
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2-60 2-61 (73%) 17-epi-2-61 (13%)  

Compound 2-61 and 17-epi-2-61.  A suspension of compound 2-60 (33 mg, 42 µmol) 
and Pd/C (5 wt%, 33 mg, 15 µmol) in EtOAc (4.2 mL) was exposed under H2 
atmosphere.  The reaction mixture was stirred at room temperature for 10 min, and 
filtered through a pad of Celite with EtOAc.  The filtrate was and concentrated, and the 
residue was purified by flash column chromatography (silica gel 7.5 g, hexane/EtOAc 

1:0 to 15:1) to afford 2-61 (24 mg, 31 µmol) and 17-epi-2-61 (4.2 mg, 5.4 µmol) in 74% 
and 13% yields, respectively.  2-61: oil; [α]D

26 = 11 (c 1.0, MeOH); IR (film) 2952, 
2858, 1781, 1753, 1467, 1253, 1067, 836, 773 cm-1; 1H NMR (500 MHz, C6D6) 

δ 0.10-0.15 (30H, m, CH3 of TBS × 2 and CH3 of TMS × 2), 0.68 (3H, s, H18), 1.02 (9H, 
s, t-Bu of TBS), 1.04 (9H, s, t-Bu of TBS), 1.15-1.38 (4H, m), 1.49 (1H, dd, J = 14.3, 
4.0 Hz), 1.51-1.61 (3H, m), 1.66 (1H, br d, J = 13.7 Hz), 1.72-1.92 (7H, m), 2.10 (1H, 
ddd, J = 13.7, 3.5, 2.9 Hz), 2.17 (1H, ddd, J = 13.7, 13.7, 3.4 Hz), 2.36-2.44 (2H, m), 
3.79 (1H, d, J = 9.8 Hz, H19a), 3.86 (1H, d, J = 9.8 Hz, H19b), 4.06-4.12 (2H, m, H3 
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and 11), 4.20-4.30 (2H, m, H21ab), 5.74 (1H, brs, H22); 13C NMR (125 MHz, C6D6) 

δ -5.4, -5.2, -4.60, -4.56, 1.1, 3.0, 18.4, 18.7, 20.1, 23.7, 26.2, 26.3 (x2), 27.1, 27.2, 30.1, 
31.1, 33.9, 35.5, 40.3, 41.4, 43.6, 49.85, 49.94, 50.0, 67.7, 67.8, 68.6, 73.2, 90.8, 117.7, 
171.4, 173.1; HRMS (ESI) calcd for C41H78O6Si4Na [M+Na]+ 801.4768, found 801.4761.  

17-epi-2-61: 1H NMR (500 MHz, C6D6) δ 0.07 (9H, s, CH3 of TMS), 0.11 (3H, s, CH3 of 
TBS), 0.129 (9H, s, CH3 of TMS), 0.132 (3H, s, CH3 of TBS), 0.137 (3H, s, CH3 of 
TBS), 0.144 (3H, s, CH3 of TBS), 0.84 (3H, s, H18), 1.03 (9H, s, t-Bu of TBS), 1.05 (9H, 
s, t-Bu of TBS), 1.19-1.36 (5H, m), 1.40-1.47 (1H, m), 1.51-1.61 (2H, m), 1.68-1.76 
(1H, m), 1.78-2.07 (7H, m), 2.18 (1H, ddd, J = 13.2, 12.6, 2.9 Hz), 2.23 (1H, ddd, J = 
13.2, 4.0, 4.0 Hz), 2.50-2.60 (2H, m), 3.69 (1H, d, J = 9.7 Hz, H19), 3.91 (1H, ddd, J = 
10.9, 10.9, 4.6 Hz, H11), 4.00 (1H, d, J = 17.7 Hz, H21a), 4.08 (1H, d, J = 9.7 Hz, H19), 
4.15 (1H, brs, H3), 4.21 (1H, d, J = 17.7 Hz, H21b), 5.63 (1H, brs, H22); 13C NMR (125 

MHz, C6D6) δ -5.30, -5.25, -4.6, -4.5, 1.0, 2.7, 18.5, 18.6, 20.1, 22.4, 24.6, 26.2, 26.3, 
26.9, 27.1, 30.1, 30.9, 31.4, 35.7, 40.8, 41.0, 42.4, 42.6, 48.9, 50.0, 67.3, 67.9, 69.1, 
73.1, 90.6, 117.4, 169.3, 172.6; HRMS (ESI) calcd for C41H78O6Si4Na [M+Na]+ 
801.4768, found 801.4758. 
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2-61 2-1  
19-hydroxysarmentogenin (2-1).  A solution of 2-61 (21 mg, 27 µmol) in MeOH (6.0 
mL) and aqueous HCl (3.0 M, 0.5 mL) was stirred at room temperature for 1 h, and 
saturated aqueous NaHCO3 (4 mL) was added.  The resultant mixture was extracted 
with a 2:1 mixture of CHCl3 and EtOH (4 mL x5), and the combined organic layers 
were dried over Na2SO4 and concentrated.  The residue was purified by flash column 
chromatography (silica gel 5 g, CH2Cl2/MeOH 1:0 to 10:1) to afford 

19-hydroxysarmentogenin (2-1) (8.9 mg 22 µmol) in 81% yield: amorphous; [α]D
25 = 17 

(c 0.45, MeOH); IR (film) 3395, 2930, 1735, 1621, 1449, 1268, 1030 cm-1; 1H NMR 

(500 MHz, CD3OD) δ 0.92 (3H, s, H18), 1.20-1.39 (3H, m, H4a, 6a and 7a), 1.50-1.58 
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(1H, m, H2a), 1.53 (1H, dd, J = 13.2, 10.5 Hz, H12a), 1.67 (1H, dd, J = 13.2, 4.0 Hz, 
H12b), 1.69-1.96 (9H, m, H1a, 2b, 4b, 6b, 7b, 8, 9, 15a and 16a), 2.07 (1H, m, H5), 
2.15-2.26 (3H, m, H1b, 15b and 16b), 2.90 (1H, dd, J = 9.2, 5.2 Hz, H17), 3.74 (1H, d, 
J = 12.0 Hz, H19a), 3.77 (1H, d, J = 12.0 Hz, H19b), 3.85 (1H, ddd, J = 10.9, 3.5 Hz, 
H11), 4.03 (1H, m, H3), 4.91 (1H, dd, J = 18.3, 1.2 Hz, H21a), 5.02 (1H, dd, J = 18.3, 

1.8 Hz, H21b), 5.91 (1H, br s, H22); 13C NMR (125 MHz, CD3OD) δ 17.6, 22.3, 27.1, 
27.7, 27.9, 29.1, 32.3, 33.5, 35.0, 41.6 (x2), 42.8, 50.5, 51.1, 51.8, 66.9, 67.6, 69.1, 75.3, 
85.9, 118.0, 177.1, 177.7; HRMS (ESI) calcd for C23H34O6Na [M+Na]+ 429.2248, found 
429.2254. 
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p-BrBzCl, Et3N

CH2Cl2

65%

2-1 2-63  

p-Bromo benzoate 2-63.  To a solution of 19-hydroxysarmentogenin (2-1) (2.1 mg, 

5.2 µmol) and DMAP (2.5 mg, 20 µmol) in CH2Cl2 (2.6 mL) was added p-BrBzCl (3.7 
mg, 17 µmol) at room temperature.  After the reaction mixture was stirred for 2 h, 
additional DMAP (2.5 mg, 20 µmol) and p-BrBzCl (3.7 mg, 17 µmol) were added to 
the mixture.  The reaction solution was stirred for 1 h, and then quenched with H2O (2 
mL).  The resultant mixture was extracted with CH2Cl2 (2 mL x3), and the combined 
organic layers were washed with brine (2 mL), dried over Na2SO4, and concentrated.  
The residue was purified by flash column chromatography (silica gel 1.5 g, 

Hexane/EtOAc 1:0 to EtOAc only) to afford p-bromo benzoate 2-63 (2.0 mg 3.4 µmol) 
in 65% yield.  p-Bromo benzoate 2-63 was recrystallized from hexane/CH2Cl2 for the 

X-ray crystallographic analysis. 1H NMR (500 MHz, CDCl3) δ 0.90 (3H, s, H18), 
1.15-2.00 (15H, m), 2.18-2.25 (3H, m), 2.40-2.45 (1H, m, H5), 2.84 (1H, dd, J = 9.2, 
5.7, H17), 3.93 (1H, ddd, J = 10.3, 10.3, 4.6 Hz, H11), 4.17 (1H, brs, H3), 4.51 (2H, s, 
H19), 4.79 (1H, dd, J = 18.3, 1.8 Hz, H21a), 4.95 (1H, dd, J = 18.3, 1.8 Hz, H21b), 5.89 
(1H, dd, J = 1.8, 1.7 Hz, H22), 7.60 (2H, d, J = 9.2 Hz, aromatic), 7.92 (2H, d, J = 9.2 
Hz, aromatic); HRMS (ESI) calcd for C31H41BrO8Na [M+MeOH+Na]+ 643.1877, found 
643.1863. 
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Total synthesis of ouabagenin (3-1) 
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27% (4 steps)
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11

 

Triketone 3-6a.  To a solution of Br2 (0.12 mL, 2.3 mmol) in CH2Cl2 (1.5 mL) was 
dropwisely added enol ether 3-8 (700 mg, 2.6 mmol) in CH2Cl2 (12 mL) at –78 ºC over 
20 min.  After the mixed solution became colorless, the solution of enone 3-7 (270 mg, 
1.2 mmol) and N,N-dimethylaniline (0.85 mL, 4.6 mmol) in CH2Cl2 (12 mL) was 
dropwisely added to the mixture at –78 ºC over 30 min.  After being stirred for 14 h at 
room temperature, the reaction mixture was quenched by saturated aqueous NaHCO3 
solution (12 mL).  Then the resultant mixture was extracted with CH2Cl2 (15 mL × 4).  
The combined organic layers were washed with brine (15 mL), dried over Na2SO4, and 
concentrated.  The residue was purified by flash column chromatography (silica gel 
SiO2 50 g, hexane/EtOAc 1:0-1:2) to give crude α-bromoacetal 3-12a-d (660 mg) as 



� 5�� �	� 

 133 

four diastereomers. 

To a solution of crude α-bromoacetal 3-12a-d (660 mg) and n-Bu3SnH (30 µL, 0.11 
mmol) in toluene (71 mL) was degassed by freeze-thaw cycles (× 3), and the flask was 
charged with argon gas.  Then after a solution of 1.0 mol/L BEt3 in hexane (2.2 mL, 
2.2 mmol) was added into the reaction mixture, n-Bu3SnH (0.42 mL, 1.6 mmol) in O2 
bubbled toluene (4 mL) was slowly added by syringe pump over 1 h at 50 ºC.  Then 
the reaction mixture was directly subjected to the flash column chromatography (10 
wt% KF contained silica gel 50 g, hexane/EtOAc 10:1 to 0:1).  The roughly purified 
residue was purified with the flash column chromatography (10 wt% KF contained 
silica gel 50 g, hexane/EtOAc 10:1 to 0:1) to give radical cyclized product 3-13a-d (450 
mg) as three isomers. 
To a solution of radical cyclized product 3-13a-d (450 mg) in MeOH (18 mL) was 
added K2CO3 (610 mg, 4.4 mmol) at room temperature.  After being stirred for 2 h, the 
reaction mixture was quenched by saturated NH4Cl (20 mL).  The resultant mixture 
was extracted with a 2:1 mixture of CHCl3 and EtOH (20 mL × 3), and the combined 
organic layers were concentrated.  The residue was purified with short pad column 
(silica gel 5 g, EtOAc).  The roughly purified residue was then purified with the flash 
column chromatography (silica gel, hexane/acetone 1:0 to 1:1) to give a diasteromer 
diol 3-S1 (200 mg), which contains unknown impurity. 
Diol 3-S1 (200 mg) was divided into two portions (150 mg and 50 mg).  To a solution 
of diol 3-S1 (150 mg, <0.36 mmol) and NaHCO3 (360 mg, 4.3 mmol) in CH2Cl2 (36 
mL) was added Dess-Martin periodinane (920 mg, 2.2 mmol) at room temperature.  
After being stirred for 2 h, the reaction mixture was quenched by the mixture of 
saturated aqueous Na2S2O3 (20 mL) and saturated aqueous Na2CO3 (20 mL).  The 
resultant mixture was extracted with CH2Cl2 (40 mL × 3), and the combined organic 
layers were washed with brine (20 mL), dried over Na2SO4, and concentrated to give 
residue A.  In the same way that diol 3-S1 (49 mg, <0.12 mmol) followed the above 
procedure to give the residue B.  After both the residue A and B were mixed, the 
combined residue was purified by the flash column chromatography (silica gel 20 g, 
hexane/ EtOAc 1:0 to 1:2) to give triketone 3-6a (130 mg, 0.31 mmol) in 27% yield 

over 4 steps: white crystal: m.p. 196-200�; [�]D
24 = -26 (c 1.4, CHCl3); IR (film) 2966, 

2933, 1721, 1449, 1293, 1146, 1078, 993, 732 cm-1; 1H NMR (400 MHz, CDCl3) 1.09 
(3H, s, H18), 1.36 (1H, dd, J = 14.6, 2.8 Hz, H12), 1.64-1.76 (2H, m, H4, H11), 1.85 
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(1H, dd, J = 14.2, 1.8 Hz, H2), 1.98 (1H, td, J = 8.7, 3.7 Hz, H9), 2.03 (1H, dd, J = 14.2, 
11.9 Hz, H12), 2.18 (1H, ddd, J = 13.7, 3.6, 2.3 Hz, H4), 2.26 (1H, d, J = 15.1 Hz, H6), 
2.51 (1H, d, J = 8.7 Hz, H8), 2.53-2.82 (5H, m, H2, 4H of H15 and H16), 2.71 (1H, d, J 
= 15.1 Hz, H6), 3.15 (3H, s, OCH3), 4.10 (1H, d, J = 12.8 Hz, H19), 4.176 (1H, d, J = 
8.7 Hz, -CHOCH3), 4.180 (1H, d, J = 12.8 Hz, H19), 4.24-4.29 (1H, m, H3), 4.40-4.45 
(1H, m, H1), 5.61 (1H, s, orthoester); 13C NMR (100 MHz, CDCl3) δ 25.1, 28.4, 33.0, 
33.6, 34.3, 34.7, 35.4, 37.0, 39.0, 41.5, 49.1, 53.5, 55.6, 62.4, 65.9, 70.1, 73.3, 101.5, 
105.6, 205.2, 213.7, 216.2: HRMS (ESI) calcd for C22H28O8Na+ [M+Na]+ 443.1676, 
found 443.1683. 
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3-6a 3-5a

65%

3-5b

8.4%  
Steroid 3-5a.  KN(TMS)2 solution (0.67 M in toluene) was prepared from KH and 
HN(TMS)2 according to the literature. Si  The concentration of the KN(TMS)2 solution 
was determined by the Ireland’s titration method.Sii 

Triketone 3-6a (83 mg, 0.20 mmol) was dissolved in THF (4 mL), and the solution was 
warmed to reflux temperature.  Then the freshly prepared KN(TMS)2 solution (0.67 M 
in toluene, 89 µL, 0.059 mmol) was added to the solution at the same temperature.  
After the reaction mixture was stirred for 1 h, the mixture was cooled to room 
temperature, and then quenched by saturated aqueous NH4Cl (4 mL).  The resultant 
mixture was extracted with a 2:1 mixture of CHCl3 and EtOH (4 mL × 5), and the 
combined organic layers were washed with brine (2 mL), dried over Na2SO4 and 
concentrated.  The residue, included a 5:1 diastereomixture of 3-5a and 3-5b, was 
purified by flash column chromatography (silica gel 15 g, hexane/THF 1:0 to 1:1) to 
afford steroid 3-5a (54 mg, 0.13 mmol) in 65% yield and steroid 3-5b (7.0 mg, 17 

µmol) in 8.4% yield respectively.  3-5a: white crystal: m.p. 271-273�; [�]D
25 = -0.48 

(c 1.1, CHCl3); IR (film) 3525, 2949, 1736, 1704, 1446, 1379, 1152, 993, 976, 735 cm-1; 
1H NMR (400 MHz, CDCl3) 1.14 (3H, s, H18), 1.16 (1H, dd, J = 15.6, 5.9 Hz, H12ax), 
1.66 (1H, d, J = 13.7 Hz, H4ax), 1.72-1.79 (1H, m, H2ax), 1.79 (1H, d, J = 15.6 Hz, 
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H12eq), 1.81-1.87 (1H, m, H11), 2.05-2.16 (2H, m, H9 and 1H of H15 or H16), 2.20 
(1H, ddd, J = 12.8, 3.7, 2.7 Hz, H4eq), 2.28 (1H, ddd, J = 14.2, 9.6, 1.4 Hz, H15 or H16), 
2.34 (1H, d, J = 13.7 Hz, H6), 2.42 (1H, ddd, J = 19.2, 9.6, 1.4 Hz, H15 or H16), 2.55 
(1H, ddd, J = 19.2, 10.1, 9.6 Hz, H15 or H16), 2.70 (1H, dddd, J = 13.7, 3.6, 2.8, 2.7 Hz, 
H2eq), 2.80 (1H, d, J = 13.7 Hz, H6), 3.19 (1H, d, J = 12.4 Hz, H8), 3.52 (3H, s, OCH3), 
3.54 (1H, s, OH), 4.13 (1H, d, J = 12.4 Hz, H19), 4.27-4.31 (1H, m, H3), 4.73-4.77 (1H, 
m, H1), 4.81 (1H, dd, J = 12.4, 1.8 Hz, H19), 4.83 (1H, d, J = 9.1 Hz, OCHOCH3), 5.69 
(1H, s, orthoformate); 13C NMR (100 MHz, CDCl3) δ 16.7, 27.56, 27.61, 31.1, 32.8, 
35.2, 35.3, 39.7, 40.7, 50.8, 51.0, 51.9, 56.8, 63.2, 65.8, 68.7, 73.5, 79.7, 101.9, 105.8, 
207.8, 218.4: HRMS (ESI) calcd for C22H28O8Na+ [M+Na]+ 443.1676, found 443.1681.  

3-5b: amorphous; [�]D
25 = -24 (c 0.83, CHCl3); IR (film) 3511, 2965, 2932, 1737, 1702, 

1149, 1074, 1056, 994, 971 cm-1; 1H NMR (400 MHz, CDCl3) 1.00 (3H, s, H18), 1.31 
(1H, dd, J = 15.1, 6.4 Hz, H12), 1.62-1.79 (3H, m, H1, H4, H11), 2.08-2.37 (5H, m, H4, 
H9, 3H of H15 and H16), 2.31 (1H, d, J = 12.4 Hz, H6), 2.34 (1H, dd, J = 15.1, 1.8 Hz, 
H12), 2.54-2.68 (2H, m, H1, 1H of H15 or H16), 2.79 (1H, d, J = 12.4 Hz, H8), 2.86 
(1H, d, J = 12.4 Hz, H6), 3.51 (3H, s, OCH3), 3.73 (1H, s, -OH), 4.02 (1H, d, J = 12.8 
Hz, H19), 4.18 (1H, d, J = 8.7 Hz, -CHCOCH3), 4.24-4.28 (1H, m, H3), 4.69 (1H, dd, J 
= 12.8, 1.4 Hz, H19), 4.69-4.73 (1H, m, H1), 5.66 (1H, s, orthoester); 13C NMR (100 
MHz, CDCl3) δ 20.3, 27.6, 28.2, 30.9, 34.4, 34.5, 34.7, 36.7, 41.1, 51.3, 51.5, 52.7, 56.8, 
62.8, 66.1, 69.1, 74.3, 77.1, 101.0, 105.9, 208.6, 218.2: HRMS (ESI) calcd for 
C22H28O8Na+ [M+Na]+ 443.1676, found 443.1679. 
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NaBH4, THF

α : β = 5 : 2

NaH, PhN=C=S
H2O, THF

1st: 0 ºC, 2nd: rt

AIBN, (TMS)3SiH
benzene

39% from 3-5a

3-5a 3-17αβ

3-26αβ 3-4  

Compound 3-4.  To a solution of steroid 3-5a in THF (20 mL) was added NaBH4 (12 
mg, 0.13 mmol) at room temperature.  After being stirred for 1 hour, the reaction 
mixture was poured into a solution of 1M HCl (15 mL) and CH2Cl2 (15 mL).  The 
resultant mixture was extracted with CH2Cl2 (15 mL × 4).  The combined organic 
layers were washed with brine (15 mL × 1), dried over Na2SO4, and concentrated.  The 
residue was purified by flash column chromatography (silica gel 25 g, hexane/acetone 

1:0 to 1:2) to afford 3-17αβ  (55 mg). 
To a solution of alcohol 3-17αβ  (55 mg, 0.13 mmol) in THF (13 mL) was added NaH 
(63 mg, 2.6 mmol) and PhN=C=S (630 µL, 5.3 mmol) at 0 ºC.  After being stirred for 
2 h, H2O (1 µL, 0.056 mmol) was added, and then the reaction mixture was stirred for 
further 2 h.  The reaction mixture was quenched by saturated aqueous NH4Cl (10 mL) 
at 0 ºC.  After the resulting mixture was extracted with CH2Cl2 (15 mL × 4), the 
combined organic layers were washed with brine (15 mL), dried over Na2SO4, and 
concentrated.  The residue was purified by flash column chromatography (silica gel 25 
g, hexane/EtOAc 1:0 to 1:2, and then hexane/acetone 1:1) to afford thiocarbamate 

3-26αβ  and alcohol 3-17α  (23 mg). 
To a solution of alcohol 3-17α  (23 mg, 0.54 mmol) and H2O (1 µL, 0.056 mmol) in 
THF (5 mL) was added NaH (26 mg, 1.1 mmol) and PhN=C=S (260µL, 2.2 mmol) at 
room temperature.  After being stirred for 1 h, the reaction mixture was quenched by 
saturated aqueous NH4Cl (6 mL) at 0 ºC.  The resultant mixture was extracted with 
CH2Cl2 (5 mL × 4), and then the combined organic layers were washed with brine (5 
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mL × 1), dried over Na2SO4, and concentrated. The residue was purified by flash 

column chromatography (silica gel 25 g, hexane/EtOAc 1:0 to 1:1) to afford 3-26α: The 
total amount of synthesized 3-26αβ  was 97 mg. 
To a solution of thiocarbamate 3-26αβ  (97 mg, 0.13 mmol), AIBN (11 mg), and 
(TMS)3SiH in benzene (13 mL) was degassed by freeze-thaw procedure (× 3).  The 
solution was stirred at reflux temperature for 1 h.  The solution was directly purified 
by flash column chromatography (20 g, hexane/EtOAc 1:0 to 1:2) to afford compound 

3-4 (33 mg, 0.081 mmol) in 39% from steroid 3-5a: white solid: m.p: 260-266 ºC; [α]D
22 

= 14 (c 0.60, CHCl3); IR (film) 3487, 2948, 1731, 1451, 1149, 1069, 1053 cm-1; 1H 

NMR (400 MHz, CDCl3) δ 1.15 (3H, s, H18), 1.14-1.20 (1H, m, H12), 1.38-1.54 (2H, 
m), 1.67-1.90 (5H, m), 1.80 (1H, dd, J = 15.5, 1.7 Hz, H12), 2.02-2.08 (2H, m, H4 and 
H7), 2.14 (1H, ddd, J = 13.7, 10.3, 10.3 Hz, H15 or H16), 2.26 (1H, d, J = 13.8 Hz, H4), 
2.35 (1H, ddd, J = 12.6, 12.6, 4.6 Hz, H8), 2.42-2.48 (2H, m, H15 or H16), 2.61-2.68 
(1H, m, H2), 3.49 (3H, s, OCH3), 4.04 (1H, d, J = 12.0 Hz, H19), 4.29-4.33 (1H, m, H3), 
4.64 (1H, dd, J = 12.0, 1.8 Hz, H19), 4.67-4.69 (1H, m, H1), 4.76 (1H, d, J = 9.8 Hz, 

OCHOCH3), 5.67 (1H, s, orthoformate); 13C NMR (100 MHz, CDCl3) δ 16.9, 19.3, 26.4, 
28.0, 31.8, 32.0, 33.0, 34.4, 35.3, 37.4, 39.0, 40.9, 52.4, 56.6, 63.4, 66.4, 68.8, 73.6, 
82.1, 102.0, 105.8, 219.7; HRMS (ESI) calcd for C22H30O7Na [M+Na]+ 429.1884, found 
429.1892. 
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3-4 3-27  

Enol ether 3-27.  The solution of compound 3-4 (33 mg, 0.081 mmol) and 
pyridium-3-nitrobenzenesulfonate (46 mg, 0.16 mmol) in toluene (8 mL) was stirred at 
reflux temperature for 30 min.  After the reaction mixture was cooled to room 
temperature, the mixture was quenched by saturated aqueous NaHCO3 (8 mL).  The 
resultant mixture was extracted by CH2Cl2 (8 mL × 4), and then the combined organic 
layers were washed with brine (4 mL × 1), dried over Na2SO4, and concentrated. The 
residue was purified by flash column chromatography (silica gel 10 g, hexane/EtOAc 
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1:0 to 1:2) to afford enol ether 3-27 (25 mg, 0.067 mmol) in 81% yield: white crystal: 

m.p: >300 ºC; [α]D
23 = -79 (c 1.00, CHCl3); IR (film) 3486, 2950, 1731, 1670, 1448, 

1269, 1149 cm-1; 1H NMR (400 MHz, CDCl3) δ 1.02 (3H, s, H18), 1.40-1.56 (2H, m), 
1.64-1.76 (3H, m), 1.69 (1H, d, J = 13.8 Hz, H12), 1.88 (1H, d, J = 13.8 Hz, H12), 
1.88-2.02 (3H, m), 2.13 (1H, ddd, J = 13.7, 3.6, 2.7 Hz, H4), 2.15-2.26 (1H, m, H15 or 
H16), 2.25 (1H, d, J = 13.7 Hz, H4), 2.47-2.52 (2H, m, H15 or H16), 2.63-2.71 (1H, m, 
H2), 4.14 (1H, d, J = 10.5 Hz, H19), 4.20-4.24 (1H, m, H1), 4.30-4.36 (1H, m, H3), 
4.75 (1H, dd, J = 10.5, 1.8 Hz, H19), 5.70 (1H, s, orthoformate), 6.16 (1H, s, 

OCHOMe); 13C NMR (100 MHz, CDCl3) δ 13.5, 19.0, 26.8, 28.4, 32.1, 33.6, 35.0, 36.4, 
37.2, 39.0, 47.5, 55.3, 63.9, 66.4, 68.5, 73.2, 81.8, 106.0, 109.5, 138.1, 219.9; HRMS 
(ESI) calcd for C21H26O6Na [M+Na]+ 397.1622, found 397.1624. 
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3-28

O3, MeOH, -78 ºC;
SMe2, -78 ºC to rt;

NH4OH

TBSOTf
NEt3, MeCN

68% (2 steps)

 
TBS-enol ether 3-28.  Ozone was bubbled into a solution of compound 3-27 (25 mg, 
0.067 mmol) in MeOH (30 mL) at -78 ºC for 10 sec.  After the solution was stirred at 
same temperature for 5 min, Me2S (3 mL) was added to the solution.  The resultant 
solution was warmed to room temperature, and stirred for 30 min.  Then aqueous NH3 
(28%, 3 mL) was added to the solution, and the reaction mixture was stirred at room 
temperature for 1 h.  The solution was concentrated, and the residue was purified by 
flash column chromatography (silica gel 10 g, hexane/EtOAc 1:0 to 1:2) to afford acetal 
3-S2 (26 mg). 

TBSOTf (75 µL, 0.33 mmol) was added to a solution of acetal 3-S2 (26 mg) and Et3N 
(91 µL, 0.65 mmol) in MeCN (6.5 mL) at -35 ºC.  The mixture was stirred at same 
temperature for 10 min, and then at 0 ºC for 20 min, respectively.  After the reaction 
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mixture was quenched by saturated aqueous NaHCO3 (6 mL), the resultant solution was 
extracted with EtOAc (6 mL × 3).  The combined organic layers were washed with 
brine (6 mL × 1), dried over Na2SO4, and concentrated.  The residue was purified by 
column chromatography (silica gel 10 g, hexane/EtOAc 1:0 to 3:1) to afford TBS-enol 
ether 3-28 (27 mg, 0.044 mmol) in 68% yield over 2 steps: white solid: m.p: 175-180 

ºC; [α]D
25 = -53 (c 0.63, CHCl3); IR (film) 3491, 2954, 2933, 2890, 2858, 1712, 1658, 

1467, 1254, 1165, 1137, 1087, 997, 841 cm-1; 1H NMR (500 MHz, C6D6) δ 0.12 (3H, s, 
CH3 of TBS), 0.135 (3H, s, CH3 of TBS), 0.139 (3H, s, CH3 of TBS), 0.20 (3H, s, CH3 
of TBS), 0.95 (9H, s, t-Bu of TBS), 0.99 (9H, s, t-Bu of TBS), 1.12-1.22 (1H, m), 1.16 
(3H, s, H18), 1.25-1.31 (1H, m), 1.68-1.92 (6H, m), 2.03 (1H, dd, J = 17.2, 2.3 Hz, 
H15), 2.44 (1H, ddd, J = 13.2, 13.2, 4.6 Hz, H8), 2.50 (1H, dd, J = 17.2, 2.3 Hz, H15), 
2.57 (1H, d, J = 13.2 Hz, H12), 2.59-2.65 (1H, m, H2), 2.91 (1H, d, J = 13.2 Hz, H12), 
3.90-3.94 (1H, m, H3), 4.22 (1H, d, J = 10.3 Hz, H19), 4.38 (1H, dd, J = 2.3, 2.3 Hz, 
H16), 4.78 (1H, d, J = 10.3 Hz, H19), 4.82-4.86 (1H, m, H1), 5.87 (1H, s, 

orthoformate); 13C NMR (125 MHz, C6D6) δ -5.6, -5.5, -5.1, -4.6, 18.3, 18.6, 19.8, 20.8, 
25.8, 26.0, 28.9, 32.1, 35.2, 38.6, 41.2, 47.8, 47.9, 48.5, 52.9, 61.4, 67.1, 68.9, 74.4, 
79.6, 95.9, 106.3, 155.9, 208.0; HRMS (ESI) calcd for C32H54O7Si2Na [M+Na]+ 
629.3300, found 629.3298. 
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Diol 3-29.  A Schlenk tube equipped with a dry-ice condenser was charged with liquid 
NH3 (ca. 10 mL), and then Li metal (51 mg, 7.3 mmol) was added under Ar atmosphere.  
The blue solution was stirred -78 ºC for 1 h, and then a solution of TBS-enol ether 3-28 
(27 mg, 0.044 mmol) in THF (3 mL) was added to the blue solution.  The reaction 
mixture was stirred at -78 ºC for 30 min, quenched with saturated aqueous NH4Cl (7 
mL).  The resultant mixture was extracted with EtOAc (10 mL × 3), and the combined 
layers were washed with brine (5 mL), dried over Na2SO4, and concentrated.  The 
residue was purified by flash column chromatography (silica gel 5 g, hexane/EtOAc 1:0 

to 3:1) to afford diol 3-29 (26 mg, 0.042 mmol) in 96% yield: foam; [α]D
27 = -26 (c 0.87, 
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CHCl3); IR (film) 3495, 2933, 2890, 2857, 1637, 1467, 1255, 1004, 839 cm-1; 1H NMR 

(500 MHz, C6D6) δ 0.128 (3H, s, CH3 of TBS), 0.133 (6H, s, CH3 of TBS), 0.16 (3H, s, 
CH3 of TBS), 0.951 (9H, s, t-Bu of TBS), 0.955 (9H, s, t-Bu of TBS), 1.14 (1H, dddd, J 
= 13.2, 13.2, 13.2, 4.6 Hz, H7), 1.22 (3H, s, H18), 1.25-1.30 (1H, m), 1.38-1.55 (4H, m), 
1.77 (1H, dd, J = 13.7, 1.2 Hz, H2), 1.82-1.99 (4H, m), 1.95 (1H, dd, J = 15.5, 2.9 Hz, 
H15), 2.23 (1H, dd, J = 13.2, 3.4 Hz, H12), 2.54-2.62 (1H, m, H2), 2.82 (1H, d, J = 4.6 
Hz, OH), 4.02-4.10 (2H, m, H3 and H11), 4.16 (1H, d, J = 9.7 Hz, H19), 4.37 (1H, dd, J 
= 2.9, 1.8 Hz, H16), 4.73 (1H, d, J = 9.7 Hz, H19), 5.14-5.16 (1H, m, H1), 5.90 (1H, s, 

orthoformate); 13C NMR (125 MHz, C6D6) δ -5.7, -5.5, -5.1, -4.6, 15.8, 18.2, 18.5, 20.1, 
25.7, 26.0, 28.9, 32.2, 35.0, 36.7, 39.8, 45.5, 46.97, 47.01, 51.1, 61.3, 66.9, 69.3, 70.6, 
74.2, 81.9, 93.5, 106.0, 161.6; HRMS (ESI) calcd for C32H56O7Si2Na [M+Na]+ 631.3457, 
found 631.3457. 
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Ketone 3-S3.  TBAF (84 µL, 0.084 mmol) was added to a solution of diol 3-29 (34 mg, 
0.056 mmol) in THF (6 mL) at –78 ºC.  The reaction mixture was stirred at –78 ºC for 
10 min, and quenched by saturated aqueous NH4Cl (5 mL).  The resultant solution was 
extracted with CH2Cl2 (5 mL × 3), and then the combined organic layers were washed 
with brine (4 mL × 1), dried over Na2SO4, and concentrated.  The residue was purified 
by flash column chromatography (silica gel 5 g, hexane/EtOAc 1:0 to 1:2) to afford 
ketone 3-S3 (27 mg, 0.055 mmol) in 99% yield: colorless crystal: m.p: 184-188 ºC; 

[α]D
24 = -3.9 (c 1.37, CHCl3); IR (film) 3482, 2951, 2932, 2856, 1732, 1469, 1379, 1256, 

1154, 1076, 1005, 976, 836 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.13 (3H, s, CH3 of 
TBS), 0.15 (3H, s, CH3 of TBS), 0.92 (9H, s, t-Bu of TBS), 1.12 (3H, s, H18), 1.34 (1H, 
dd, J = 13.2, 12.6 Hz, H12), 1.35-1.52 (3H, m), 1.54 (1H, dd, J = 13.2, 3.5 Hz, H12), 
1.72 (1H, dd, J = 11.5, 10.9 Hz, H9), 1.87-1.97 (3H, m), 2.00-2.06 (2H, m, H2 and H4), 
2.19 (1H, ddd, J = 13.8, 10.3, 9.8 Hz, H15 or H16), 2.26 (1H, d, J = 13.7 Hz, H4), 
2.37-2.46 (1H, m, H15 or H16), 2.48 (1H, ddd, J = 19.5, 10.3, 2.3 Hz, H15 or H16), 
2.58-2.65 (1H, m, H2), 2.69 (1H, brs, OH), 4.04-4.12 (1H, m, H11), 4.10 (1H, d, J = 
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10.3 Hz, H19), 4.30-4.34 (1H, m, H3), 4.53 (1H, d, J = 10.3 Hz, H19), 4.82-4.86 (1H, m, 

H1), 5.64 (1H, s, orthoformate); 13C NMR (125 MHz, CDCl3) δ -5.9, -5.5, 14.1, 18.3, 
19.0, 25.9, 27.3, 28.5, 31.6, 32.8, 34.8, 40.3, 40.5, 45.1, 46.3, 53.9, 60.7, 66.6, 69.1, 
70.1, 73.9, 81.7, 105.4, 218.9; HRMS (ESI) calcd for C26H42O7SiNa [M+Na]+ 517.2592, 
found 517.2593. 
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Vinyl iodide 3-30.  N2H4�H2O (52 µL, 1.1 mmol) and Et3N (150 µL, 1.1 mmol) were 
successively added to a solution of ketone 3-S3 (27 mg, 0.054 mmol) in EtOH (5 mL).  
The reaction mixture was stirred at 50 ºC for 7 h, cooled to room temperature, and 

concentrated.  Then the residue and Et3N (150 µL, 1.1 mmol) were dissolved in THF 
(5 mL).  To the solution was added a mixture of I2 (41 mg, 0.16 mmol) in THF (1 mL).  
After the solution was stirred at room temperature for 30 min, the solution was 
quenched by the mixture of saturated aqueous Na2S2O3 (2 mL) and saturated aqueous 
NaHCO3 (2 mL).  The resultant mixture was extracted with CH2Cl2 (5 mL × 4), and 
then the combined organic layers were washed with brine (5 mL × 1), dried over 
Na2SO4, and concentrated.  The residue was purified by flash column chromatography 
(silica gel 5 g, hexane/EtOAc 1:0 to 2:1) to afford vinyl iodine 3-30 (29 mg, 0.048 

mmol) in 89% yield: white solid: m.p: 233-237 ºC; [α]D
23 = -13 (c 1.46, CHCl3); IR 

(film) 3467, 2953, 2930, 2885, 2856, 1461, 1365, 1254, 1146, 1014 cm-1; 1H NMR (500 

MHz, CDCl3) δ 0.14 (3H, s, CH3 of TBS), 0.16 (3H, s, CH3 of TBS), 0.93 (9H, s, t-Bu 
of TBS), 1.09 (1H, dd, J = 13.2, 12.6 Hz, H12), 1.13 (3H, s, H18), 1.25-1.37 (2H, m), 
1.47-1.61 (2H, m), 1.70-1.75 (1H, brs, OH), 1.90-2.07 (5H, m), 2.24 (1H, d, J = 13.8 
Hz), 2.31 (1H, dd, J = 16.6, 2.9 Hz, H15), 2.58 (1H, dd, J = 16.6, 1.7 Hz, H15), 
2.59-2.65 (1H, m, H2), 3.04 (1H, d, J = 4.0 Hz, OH), 3.86-3.94 (1H, m, H11), 4.11 (1H, 
d, J = 10.3 Hz, H19), 4.29-4.33 (1H, m, H3), 4.53 (1H, d, J = 10.3 Hz, H19), 4.83-4.87 
(1H, m, H1), 5.64 (1H, s, orthoformate), 6.14 (1H, dd, J = 2.9, 1.7 Hz, H16); 13C NMR 

(125 MHz, CDCl3) δ -5.9, -5.5, 18.3, 19.3, 20.4, 25.9, 28.5, 31.6, 34.8, 39.8, 42.9, 45.0, 
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46.1, 46.6, 55.4, 60.7, 66.6, 68.7, 70.1, 74.0, 81.7, 105.4, 109.9, 133.4; HRMS (ESI) 
calcd for C26H41O6SiINa [M+Na]+ 627.1609, found 627.1613. 
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Butenolide 3-31.  A Schlenk tube was charged with Pd(PPh3)4 (28 mg, 0.024 mmol), 
LiCl (dried by a heat gun for 5 min in vacuo, 18 mg, 0.42 mmol), and CuCl (35 mg, 
0.35 mmol) in glove box filled with Ar.  The solution of vinyl iodide 3-30 (29 mg, 
0.048 mmol) in DMSO (3 mL), and butenolide 3-2 (54 mg, 0.15 mmol) in DMSO (1.8 
mL) were added to the Schlenk tube.  The mixture was degassed by the freeze-thaw 
procedure (× 3), and stirred at 60 ºC for 1 h, cooled to room temperature, and quenched 
by phosphate buffer (pH 7, 5 mL).  The resultant mixture was extracted with CH2Cl2 (5 
mL × 5), and the combined organic layers were washed with brine (5 mL), and dried 
over Na2SO4.  The solution was filtered through a pad of 10% (w/w) KF contained 
silica gel (5 g).  The filtrate was concentrated at 60 ºC in vacuo, and then the residue 
was further purified by flash column chromatography (silica gel 5 g, hexane/EtOAc 1:0 
to 0:1) to afford butenolide 3-31 (23 mg), which contains 11 mol% of 
triphenylphosphine oxide.  Therefore, the amounts and yield of butenolide 3-31 (20 
mg, 0.036 mmol, 75% yield) were calculated after NMR analysis: white solid: m.p: 

258-263 ºC; [α]D
26 = 17 (c 0.10, CHCl3); IR (film) 3484, 2931, 2883, 2855, 1744, 1621, 

1157, 839 cm-1; 1H NMR (500 MHz, CDCl3) δ 0.15 (3H, s, CH3 of TBS), 0.18 (3H, s, 
CH3 of TBS), 0.95 (9H, s, t-Bu of TBS), 1.27 (1H, dd, J = 13.2, 12.6 Hz, H12), 
1.32-1.38 (2H, m), 1.36 (3H, s, H18), 1.49-1.58 (1H, m), 1.61 (1H, dd, J = 10.9, 10.9 
Hz, H9), 1.92-2.08 (4H, m), 2.16 (1H, dd, J = 13.2, 3.5 Hz, H12), 2.25 (1H, d, J = 13.2 
Hz), 2.46 (1H, dd, J = 18.3, 3.5 Hz, H15), 2.60-2.67 (1H, m, H2), 2.74 (1H, d, J = 18.3 
Hz, H15), 3.12 (1H, d, J = 4.6 Hz, OH), 3.96 (1H, dddd, J = 12.6, 10.9, 4.6, 3.5 Hz, 
H11), 4.12 (1H, d, J = 10.3 Hz, H19), 4.30-4.34 (1H, m, H3), 4.56 (1H, d, J = 10.3 Hz, 
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H19), 4.82-4.86 (1H, m, H1), 4.92 (1H, dd, J = 16.6, 1.7 Hz, H21), 5.00 (1H, dd, J = 
16.6, 1.7 Hz, H21), 5.65 (1H, s, orthoformate), 6.01 (1H, s, H22), 6.11 (1H, m, H16); 
13C NMR (125 MHz, CDCl3) δ -5.9, -5.5, 17.8, 18.4, 20.5, 25.9, 28.5, 31.6, 34.8, 39.3, 
40.7, 45.0, 46.5, 47.0, 52.9, 60.8, 66.6, 68.5, 70.1, 71.5, 73.9, 84.8, 105.4, 113.2, 131.3, 
143.4, 157.5, 173.9; HRMS (ESI) calcd for C30H44O8SiNa [M+Na]+ 583.2698, found 
583.2697. 
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Compound 3-32.  TMSOTf (36 µL, 0.19 mmol) was added to a solution of butenolide 
3-31 (21 mg, calc. 19 mg, 0.034 mmol) and 2,6-lutidine (47 µL, 0.40 mmol) in CH2Cl2 
at -78 ºC.  Then the solution was allowed to warm at room temperature and stirred for 
20 min.  After the reaction mixture was quenched by saturated aqueous NaHCO3 (3 
mL), the resultant solution was extracted with CH2Cl2 (3 mL × 3).  The combined 
organic layers were washed with brine (3 mL × 1), dried over Na2SO4, and concentrated 
to give the crude siloxyfuran 3-S4. 

Silica gel (10 g, Merck 40-63 µm Silica-gel 60) was added to the above crude 
siloxyfuran 3-S4 in CH2Cl2 (20 mL).  The solvent was then removed in vacuo.  The 
silica gel stood at room temperature for 10 h, and passed through a cotton pad with Et2O.  
The filtrate was concentrated, and the residue was purified by flash column 
chromatography (silica gel 3 g, hexane/Et2O = 1:0 to 1:1) to afford crude 3-32.  Again, 
crude 3-32 was further purified by flash column chromatography (silica gel 1.5g, 
CH2Cl2/EtO2 1:0 to 4:1) to afford compound 3-32 (13 mg, 0.026 mmol) in 74% yield: 

white solid: m.p: 186-189 ºC; [α]D
26 = 23 (c 0.90, CHCl3); IR (film) 2953, 2930, 2856, 

1784, 1752, 1623, 1252, 1156, 1081, 839 cm-1; 1H NMR (500 MHz, C6D6) δ -0.06 (9H, 
s, CH3 of TMS), 0.08 (9H, s, CH3 of TMS), 0.18 (3H, s, CH3 of TBS), 0.21 (3H, s, CH3 
of TBS), 0.95-1.09 (2H, m, H7 and H12), 1.02 (9H, s, t-Bu of TBS), 1.10 (3H, s, H18), 
1.37-1.42 (1H, m), 1.48 (1H, dd, J = 10.0, 9.5 Hz, H9), 1.85 (1H, d, J = 14.0 Hz, H2), 
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1.86-1.92 (1H, m), 1.98 (1H, ddd, J = 14.0, 3.0, 3.0 Hz), 2.00-2.10 (4H, m), 2.15 (1H, d, 
J = 18.0 Hz, H15), 2.51-2.57 (1H, m, H2), 2.59 (1H, dd, J = 12.5, 4.5 Hz, H8), 
4.11-4.15 (1H, m, H3), 4.27 (1H, ddd, J = 11.0, 10.0, 4.0 Hz, H11), 4.33 (2H, s, H21), 
4.45 (1H, d, J = 11.5 Hz, H19), 4.80 (1H, d, J = 11.5 Hz, H19), 4.88-4.90 (1H, m, H1), 
5.23 (1H, s, H16), 5.91 (1H, s, H22), 5.92 (1H, s, orthoformate); 13C NMR (125 MHz, 

C6D6) δ -5.5, -4.9, 1.1, 2.7, 18.2, 18.7, 21.9, 26.4, 29.4, 33.0, 35.4, 38.7, 39.7, 45.1, 47.4, 
48.6, 53.5, 63.9, 67.1, 68.6, 70.9, 72.0, 74.8, 89.0, 106.1, 113.0, 131.4, 144.4, 157.4, 
173.1; HRMS (ESI) calcd for C36H60O8Si3Na [M+Na]+ 727.3488, found 727.3482. 
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ouabagenin (3-1).  A suspension of compound 3-32 (18 mg, 0.026 mmol) and Pd/C (5 

wt%, 18 mg, 8.5 µmol) in EtOAc (3 mL) was exposed under H2 atmosphere.  The 
reaction mixture was stirred at room temperature for 1 h, and filtered through a pad of 
Celite with Et2O.  The Filtrate was concentrated, and the residue was purified by flash 
column chromatography (silica gel 8 g, hexane/EtO2 1:0 to 2:1, and then EtOAc) to 
afford a 5:1 inseparable mixture of compound 3-35 and compound 17-epi-3-35 (total: 
13.4 mg) and compound 3-34 (1.8 mg). 
The mixture of compound 3-35 and 17-epi-3-35 (13 mg) was dissolved in MeOH (1 
mL).  Nine-tenths of the solution (0.9 mL) was used for the next deprotection.  In the 
same way, the solution (0.9 mL) which contains nine-tenths of compound 3-34 (1.8 mg) 
was prepared. 
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A solution of the above mixture of 3-35 and 17-epi-3-35 (12 mg) in MeOH (0.9 mL), 
3-34 (1.6 mg) in MeOH (0.9 mL), aqueous HCl (3.0 M, 1.0 mL), and MeOH (1.2 mL) 
was stirred at room temperature for 15 h.  After the solution was quenched by 
saturated aqueous NaHCO3 (2 mL), 1M HCl was added to the resultant solution untill 
pH was 6.  The solution was extracted with a 2:1 mixture of CHCl3 and EtOH (4 mL × 
6), and then the combined organic layers were dried over Na2SO4, filtered through a pad 
of silica gel (0.5 g) with MeOH, and concentrated.  The residue was purified by flash 
column chromatography (silica gel 1g, CH2Cl2/MeOH = 3:1), and followed by HPLC 
purification (Inertsil ODS-3, MeOH/H2O 20:80 to 25:75) to afford ouabagenin (3-1) 
(5.5 mg, 0.013 mmol) in 55% yield over 2 steps and 17-epi-ouabagenin (17-epi-3-1) 

(1.23 mg, 2.80 µmol) in 12% yield over 2 steps.  compound 3-34: 1H NMR (400 MHz, 
C6D6) δ 0.03 (9H, s, CH3 of TMS), 0.14 (3H, s, CH3 of TBS), 0.16 (3H, s, CH3 of TBS), 
0.63 (3H, s, H18), 0.89-1.14 (2H, m), 0.99 (9H, s, t-Bu of TBS), 1.20-1.71 (9H, m), 
1.85-1.97 (3H, m), 1.98 (1H, dd, J = 7.8, 7.8 Hz, H17), 2.62-2.70 (1H, m), 4.07-4.18 
(2H, m, H3, H11), 4.12 (1H, dd, J = 17.4, 1.8 Hz, H21), 4.17 (1H, d, J = 10.1 Hz, H19), 
4.20 (1H, dd, J = 17.4, 1.8 Hz, H21), 4.79 (1H, d, J = 10.1 Hz, H19), 5.09-5.13 (1H, m, 
H1), 5.71 (1H, s, H22), 5.92 (1H, s, orthoformate); 13C NMR (125 MHz, C6D6) 

δ -5.9, -5.5, 2.8, 18.5, 19.5, 22.4, 26.1, 27.1, 29.0, 32.3, 34.2, 35.2, 40.0, 
 45.6, 46.9, 49.8, 50.2, 50.7, 61.4, 66.9, 68.5, 70.5, 73.2, 74.0, 90.7, 106.1, 117.9, 171.4,

 173.0; HRMS (ESI) calcd for C33H54O8Si2Na+ [M+Na]+ 657.3249, found 657.3250.  
ouabagenin (3-1): 1H NMR (400 MHz, CD3OD) δ 0.95 (3H, s, H18), 1.24-1.39 (1H, m), 
1.43-1.64 (4H, m), 1.66-1.81 (3H, m), 1.82-2.24 (7H, m), 2.92 (1H, dd, J = 8.7, 5.5 Hz, 
H17), 3.99-4.11 (1H, brs), 4.18 (1H, d, J = 11.9 Hz, H19), 4.22-4.32 (1H, brs), 4.37 (1H, 
d, J = 11.9 Hz, H19), 4.91 (1H, dd, J = 18.8, 1.4 Hz, H21), 5.02 (1H, dd, J = 18.8, 1.4 
Hz, H21), 5.91 (1H, dd, J = 1.4, 1.4 Hz, H22); 13C NMR (125 MHz, DMSO-d6 : CDCl3 

= 2 :1) δ 16.9, 22.6, 26.0, 32.3, 35.1, 47.1, 48.3, 49.0, 49.7, 60.5, 65.3, 66.1, 72.9, 74.9,  

83.4, 116.3, 173.5, 175.0; HRMS (ESI) calcd for C23H34O8Na [M+Na]+ 461.2146, found 
461.2140.  17-epi-ouabagenin (17-epi-3-1): 1H NMR (400 MHz, CD3OD) δ 1.10 (3H, 
s, H18), 1.24-1.38 (3H, m), 1.45-1.80 (5H, m), 1.81-2.21 (8H, m), 3.14 (1H, dd, J = 
10.1, 9.2 Hz, H17), 3.95-4.27 (2H, m), 4.19 (1H, d, J = 11.9 Hz, H19), 4.37 (1H, d, J = 
11.9 Hz, H19), 4.83 (1H, dd, J = 18.3, 1.0 Hz, H21), 4.97 (1H, dd, J = 18.3, 1.8 Hz, 

H21), 5.95-5.98 (1H, m, H22); HRMS (ESI) calcd for C23H34O8Na [M+Na]+ 461.2146, 
found 461.2147. 
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PW1         6.50 usec
DEADT         0.00 usec
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SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
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ADBIT           16
RGAIN           26
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
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IRSET         9.16 KHz
IRFIN         7.60 Hz
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PW1         3.23 usec
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OBNUC 1H
OFR       495.13 MHz
OBSET         4.38 KHz
OBFIN         9.64 Hz
PW1         6.00 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7429.31 Hz
FLT        38000 Hz
DELAY        13.16 usec
ACQTM       1.7642 sec
PD      10.0000 sec
ADBIT           16
RGAIN           36
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-steroidal-structure-of-toosendaninA.als
SF
LKSET       748.40 KHz
LKFIN         98.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-steroidal-structure-of-toosendanin

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-steroidal-structure-of-toosendanin\KMU-8-steroidal-structure-of-toosendaninA.als

1.
00 1.
07

1.
01

1.
00

1.
00

1.
00

4.
05

1.
03

3.
16

2.
00

2.
03

3.
03

1.
06

2.
97

9.
14

6.
07

7.
26

00
6.

13
01

4.
13

24
4.

11
07

4.
06

03
3.

98
25

3.
97

68
3.

58
98

3.
58

75
3.

56
81

3.
56

58
2.

71
29

2.
70

15
2.

68
66

2.
67

63
2.

57
10

2.
54

92
2.

53
89

2.
52

52
2.

52
17

2.
50

34
2.

48
51

2.
47

94
2.

45
08

2.
41

18
2.

38
78

2.
34

77
2.

33
97

2.
32

94
2.

32
25

2.
31

45
2.

30
42

2.
29

62
2.

20
58

2.
20

23
2.

18
17

2.
17

49
2.

16
57

2.
15

54
2.

14
40

2.
13

48
2.

12
56

2.
11

76
2.

10
62

2.
10

27
2.

09
70

2.
08

10
2.

06
04

2.
03

98
2.

03
63

1.
96

88
1.

96
19

1.
94

36
1.

93
56

1.
92

99
1.

90
24

1.
71

92
1.

71
47

1.
71

12
1.

70
44

1.
69

41
1.

68
49

1.
61

96
1.

52
92

1.
52

00
1.

51
20

1.
50

06
1.

49
37

1.
48

46
1.

47
08

1.
46

51
1.

37
92

1.
37

47
1.

35
06

1.
32

66
1.

32
20

1.
02

78
0.

86
52

0.
01

92
0.

01
01

PPM

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

DATIM 2012-10-19 22:34:46
MENUF
OBNUC 13C
OFR       124.51 MHz
OBSET         3.45 KHz
OBFIN         6.00 Hz
PW1         3.70 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          256
DUMMY            4
FREQU     31249.52 Hz
FLT       157000 Hz
DELAY        20.80 usec
ACQTM       0.8389 sec
PD       7.0000 sec
ADBIT           16
RGAIN           36
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-steroidal-structure-of-toosendaninCA.als
SF
LKSET       748.40 KHz
LKFIN         98.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-steroidal-structure-of-toosendaninC

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-steroidal-structure-of-toosendanin\KMU-8-steroidal-structure-of-toosendaninCA.als
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DATIM 2012-11-06 21:22:52
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.23 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          256
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-8-840-shitaCA-eca.als
SF
LKSET        70.00 KHz
LKFIN         36.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-840-shitaC-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-840-Shita\KMU-8-840-shitaCA-eca.als
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DATIM 2012-11-07 19:20:26
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.50 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD       2.0000 sec
ADBIT           16
RGAIN           34
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW          118 usec
IRATN            4
DFILE KMU-8-840-shitaA-eca.als
SF
LKSET        70.00 KHz
LKFIN         36.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-840-shita
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DATIM 2012-11-06 11:52:39
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.23 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          512
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-8-840-UeCA-methanol-eca.als
SF
LKSET        70.00 KHz
LKFIN         36.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-840-UeC-methanol-eca
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DATIM 04-11-2012 17:37:49
MENUF
OBNUC 1H
OFR       395.88 MHz
OBSET         6.28 KHz
OBFIN         0.87 Hz
PW1         6.38 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        16384
SPO        16384
TIMES            8
DUMMY            1
FREQU      7422.80 Hz
FLT        30000 Hz
DELAY        16.68 usec
ACQTM       2.2073 sec
PD       2.0000 sec
ADBIT           16
RGAIN           40
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          147 usec
IRATN           79
DFILE KMU-8-840-Ue-50degreeA-chloroform-1.als
SF
LKSET        13.20 KHz
LKFIN         75.7 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-840-Ue-50degree

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-840-Ue-methanol\KMU-8-840-Ue-50degreeA-chloroform-1.als
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DATIM 12-11-2012 14:14:42
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.50 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           36
BF         0.01 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN           79
DFILE KMU-8-849-1A-eca.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-849-1-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-849-1\KMU-8-849-1A-eca.als
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DATIM 12-11-2012 15:23:31
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.23 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          512
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN           79
DFILE KMU-8-849-1CA-eca.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-849-1C-eca
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DATIM 14-11-2012 22:33:27
MENUF
OBNUC 1H
OFR       395.88 MHz
OBSET         6.28 KHz
OBFIN         0.87 Hz
PW1         6.38 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        16384
SPO        16384
TIMES            8
DUMMY            1
FREQU      7422.80 Hz
FLT        30000 Hz
DELAY        16.68 usec
ACQTM       2.2073 sec
PD      10.0000 sec
ADBIT           16
RGAIN           40
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-8-848-4A-ecs-3.als
SF
LKSET        13.20 KHz
LKFIN         69.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-848-4-ecs

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-848-4A-ecs-3.als
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DATIM 15-11-2012 08:53:09
MENUF
OBNUC 13C
OFR        99.55 MHz
OBSET         5.13 KHz
OBFIN         0.98 Hz
PW1         3.25 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         4608
DUMMY            4
FREQU     24999.62 Hz
FLT       125000 Hz
DELAY        20.50 usec
ACQTM       1.0486 sec
PD       7.0000 sec
ADBIT           16
RGAIN           58
BF         1.00 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-8-848-4CA-ecs-1.als
SF
LKSET        13.20 KHz
LKFIN         69.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-848-4C-ecs

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-848-4CA-ecs-1.als
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DATIM 2012-11-07 14:57:34
MENUF
OBNUC 1H
OFR       495.13 MHz
OBSET         4.38 KHz
OBFIN         9.64 Hz
PW1         6.00 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7429.31 Hz
FLT        38000 Hz
DELAY        13.16 usec
ACQTM       1.7642 sec
PD      10.0000 sec
ADBIT           16
RGAIN           26
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW          118 usec
IRATN            8
DFILE KMU-8-812-1recrystalizedA-methanol.als
SF
LKSET       748.10 KHz
LKFIN         98.0 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-812-1recrystalized-methanol

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-812-1recrystalized-methanol\KMU-8-812-1recrystalizedA-methanol.als

1.
00

1.
96

0.
97

3.
10

1.
03

4.
26

4.
85

2.
37

4.
83

2.
88

9.
64

6.
14

6.
05

98
4.

84
74

4.
10

45
4.

09
76

4.
09

30
4.

08
39

3.
39

36
3.

37
30

3.
31

69
3.

31
34

3.
31

00
3.

30
66

3.
30

31
2.

46
97

2.
46

63
2.

45
26

2.
45

03
2.

43
77

2.
42

05
2.

41
71

2.
40

56
2.

39
76

2.
38

50
2.

37
70

2.
37

01
2.

36
56

2.
35

64
2.

33
92

2.
33

69
2.

02
78

2.
00

15
1.

90
76

1.
89

62
1.

88
47

1.
87

44
1.

87
10

1.
86

30
1.

85
84

1.
85

04
1.

84
47

1.
83

78
1.

82
06

1.
81

38
1.

78
97

1.
78

17
1.

76
57

1.
75

77
1.

74
97

1.
73

82
1.

73
13

1.
72

33
1.

71
65

1.
69

24
1.

68
44

1.
67

98
1.

67
18

1.
66

49
1.

63
75

1.
62

26
1.

61
80

1.
60

43
1.

59
63

1.
59

17
1.

58
25

1.
57

68
1.

56
99

1.
56

42
1.

55
85

1.
54

25
1.

50
24

1.
49

78
1.

49
44

1.
48

98
1.

48
52

1.
47

95
1.

47
61

1.
47

15
1.

46
69

1.
45

54
1.

44
51

1.
43

14
1.

42
57

1.
41

77
1.

40
62

1.
40

05
1.

39
25

1.
38

79
1.

38
33

1.
37

99
1.

29
29

0.
96

89
0.

91
74

0.
06

80

PPM

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

DATIM 2012-11-07 15:15:38
MENUF
OBNUC 13C
OFR       124.51 MHz
OBSET         3.45 KHz
OBFIN         6.00 Hz
PW1         3.70 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          128
DUMMY            4
FREQU     31249.52 Hz
FLT       157000 Hz
DELAY        20.80 usec
ACQTM       0.8389 sec
PD       7.0000 sec
ADBIT           16
RGAIN           50
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-812-1CrecrystalizedA-methanol.als
SF
LKSET       748.10 KHz
LKFIN         98.0 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-812-1Crecrystalized-methanol

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-812-1recrystalized-methanol\KMU-8-812-1CrecrystalizedA-methanol.als
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DATIM 2012-11-04 00:20:43
MENUF
OBNUC 1H
OFR       495.13 MHz
OBSET         4.38 KHz
OBFIN         9.64 Hz
PW1         6.00 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7429.31 Hz
FLT        38000 Hz
DELAY        13.16 usec
ACQTM       1.7642 sec
PD      10.0000 sec
ADBIT           16
RGAIN           36
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-823-1A-ecx.als
SF
LKSET       748.10 KHz
LKFIN         98.0 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-823-1-ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-823-1A-ecx.als
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DATIM 2012-11-04 00:54:47
MENUF
OBNUC 13C
OFR       124.51 MHz
OBSET         3.45 KHz
OBFIN         6.00 Hz
PW1         3.70 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          256
DUMMY            4
FREQU     31249.52 Hz
FLT       157000 Hz
DELAY        20.80 usec
ACQTM       0.8389 sec
PD       7.0000 sec
ADBIT           16
RGAIN           36
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-823-1CA-ecx.als
SF
LKSET       748.10 KHz
LKFIN         98.0 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-823-1C-ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-823-1CA-ecx.als
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DATIM 07-11-2012 01:00:39
MENUF
OBNUC 1H
OFR       495.13 MHz
OBSET         4.38 KHz
OBFIN         9.64 Hz
PW1         6.00 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7429.31 Hz
FLT        38000 Hz
DELAY        13.16 usec
ACQTM       1.7642 sec
PD      10.0000 sec
ADBIT           16
RGAIN           30
BF         0.01 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN           79
DFILE KMU-8-847-1A.als
SF
LKSET       748.40 KHz
LKFIN         90.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-847-1-ecx
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DATIM 2012-11-05 22:12:19
MENUF
OBNUC 13C
OFR       124.51 MHz
OBSET         3.45 KHz
OBFIN         6.00 Hz
PW1         3.70 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          163
DUMMY            4
FREQU     31249.52 Hz
FLT       157000 Hz
DELAY        20.80 usec
ACQTM       0.8389 sec
PD       7.0000 sec
ADBIT           16
RGAIN           48
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-847-1CA.als
SF
LKSET       748.40 KHz
LKFIN         90.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-847-1C
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DATIM 2013-01-23 10:35:49
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.50 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           34
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW          118 usec
IRATN            4
DFILE KMU-8-885-1Aeca.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-885-1eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-885-1eca\KMU-8-885-1Aeca.als
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DATIM 2013-01-23 11:11:09
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.23 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          256
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-8-885-1CAeca.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-885-1Ceca
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DATIM 05-12-2012 09:58:56
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.50 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           34
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW          118 usec
IRATN           79
DFILE KMU-8-857-2Aeca-chloroform.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-857-2eca-chloroform

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-857-2Aeca-chloroform.als
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DATIM 05-12-2012 10:48:28
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.23 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          256
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD      10.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN           79
DFILE KMU-8-857-2CAeca-chloroform.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-857-2Ceca-chloroform
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DATIM 05-12-2012 22:00:41
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.50 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           34
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW          118 usec
IRATN           79
DFILE KMU-8-866-1Aeca-chloroform.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-866-1eca-chloroform

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-866-1Aeca-chloroform.als
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DATIM 05-12-2012 23:35:44
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.23 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          512
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD      10.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN           79
DFILE KMU-8-866-1CAeca-chloroform.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-866-1Ceca-chloroform

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-866-1CAeca-chloroform.als
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DATIM 09-12-2012 21:41:29
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.50 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           36
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN           79
DFILE KMU-8-868-1Aeca.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-868-1eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-868-1Aeca.als
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DATIM 09-12-2012 23:16:32
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.23 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          512
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD      10.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN           79
DFILE KMU-8-868-1CAeca.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-868-1Ceca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-868-1CAeca.als
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DATIM 2012-12-15 10:08:19
MENUF
OBNUC 1H
OFR       495.13 MHz
OBSET         4.38 KHz
OBFIN         9.64 Hz
PW1         6.00 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7429.31 Hz
FLT        38000 Hz
DELAY        13.16 usec
ACQTM       1.7642 sec
PD      10.0000 sec
ADBIT           16
RGAIN           34
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-872-1A-ecx.als
SF
LKSET       748.40 KHz
LKFIN         98.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-872-1-ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-872-1\KMU-8-872-1A-ecx.als
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DATIM 2012-12-15 09:01:06
MENUF
OBNUC 13C
OFR       124.51 MHz
OBSET         3.45 KHz
OBFIN         6.00 Hz
PW1         3.70 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         1024
DUMMY            4
FREQU     31249.52 Hz
FLT       157000 Hz
DELAY        20.80 usec
ACQTM       0.8389 sec
PD       8.0000 sec
ADBIT           16
RGAIN           50
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-872-1CA-ecx.als
SF
LKSET       748.40 KHz
LKFIN         98.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-872-1C-ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-872-1\KMU-8-872-1CA-ecx.als
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DATIM 2012-12-15 16:46:05
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.50 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           34
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-8-873-1Aeca.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-873-1eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-873-1\KMU-8-873-1Aeca.als
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DATIM 2012-12-15 18:04:08
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.23 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          512
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       8.0000 sec
ADBIT           16
RGAIN           58
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-8-873-1CAeca.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-873-1Ceca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\For article\KMU-8-873-1\KMU-8-873-1CAeca.als
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DATIM 2013-01-16 22:32:42
MENUF
OBNUC 1H
OFR       495.13 MHz
OBSET         4.38 KHz
OBFIN         9.64 Hz
PW1         6.00 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7429.31 Hz
FLT        38000 Hz
DELAY        13.16 usec
ACQTM       1.7642 sec
PD      10.0000 sec
ADBIT           16
RGAIN           50
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-873-2Aecx.als
SF
LKSET       748.40 KHz
LKFIN         90.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-873-2ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\KMU-8-873-2Aecx.als
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DATIM 2013-01-17 09:44:53
MENUF
OBNUC 13C
OFR       124.51 MHz
OBSET         3.45 KHz
OBFIN         6.00 Hz
PW1         3.70 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         5120
DUMMY            4
FREQU     31249.52 Hz
FLT       157000 Hz
DELAY        20.80 usec
ACQTM       0.8389 sec
PD       7.0000 sec
ADBIT           16
RGAIN           50
BF         2.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-873-2CAecx.als
SF
LKSET       748.40 KHz
LKFIN         90.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-873-2Cecx

\\ECA\SharedDocs\data\Ken Mukai\KMU-8-873-2CAecx.als
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DATIM 19-12-2012 00:26:14
MENUF
OBNUC 1H
OFR       495.13 MHz
OBSET         4.38 KHz
OBFIN         9.64 Hz
PW1         6.00 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7429.31 Hz
FLT        38000 Hz
DELAY        13.16 usec
ACQTM       1.7642 sec
PD      10.0000 sec
ADBIT           16
RGAIN           40
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN           79
DFILE KMU-8-874-1Aecx-nospin1.als
SF
LKSET       748.10 KHz
LKFIN         98.0 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-874-1ecx-nospin1

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-874-1Aecx-nospin1.als
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DATIM 19-12-2012 05:29:25
MENUF
OBNUC 13C
OFR       124.51 MHz
OBSET         3.45 KHz
OBFIN         6.00 Hz
PW1         3.70 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         2048
DUMMY            4
FREQU     31249.52 Hz
FLT       157000 Hz
DELAY        20.80 usec
ACQTM       0.8389 sec
PD       8.0000 sec
ADBIT           16
RGAIN           50
BF         5.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN           79
DFILE KMU-8-874-1CA-ecx.als
SF
LKSET       748.10 KHz
LKFIN         98.0 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-874-1C-ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\2012-Dec-31\KMU-8-874-1CA-ecx.als
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DATIM 04-02-2013 02:21:30
MENUF
OBNUC 1H
OFR       495.13 MHz
OBSET         4.38 KHz
OBFIN         9.64 Hz
PW1         6.00 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7429.31 Hz
FLT        38000 Hz
DELAY        13.16 usec
ACQTM       1.7642 sec
PD      10.0000 sec
ADBIT           16
RGAIN           50
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW          118 usec
IRATN           79
DFILE KMU-8-893-1A.als
SF
LKSET       748.10 KHz
LKFIN         98.0 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-893-1

\\ECA\SharedDocs\data\Ken Mukai\KMU-8-893-1\KMU-8-893-1A.als
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DATIM 2013-02-04 08:41:05
MENUF
OBNUC 13C
OFR       124.51 MHz
OBSET         3.45 KHz
OBFIN         6.00 Hz
PW1         3.70 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         2048
DUMMY            4
FREQU     31249.52 Hz
FLT       157000 Hz
DELAY        20.80 usec
ACQTM       0.8389 sec
PD      10.0000 sec
ADBIT           16
RGAIN           46
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            8
DFILE KMU-8-893-1CA.als
SF
LKSET       748.10 KHz
LKFIN         98.0 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-893-1C
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DATIM 05-09-2012 21:28:59
MENUF
OBNUC 1H
OFR       495.13 MHz
OBSET         4.38 KHz
OBFIN         9.64 Hz
PW1         6.00 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        16384
SPO        16384
TIMES           32
DUMMY            1
FREQU      9286.78 Hz
FLT        38000 Hz
DELAY        13.16 usec
ACQTM       1.7642 sec
PD       2.0000 sec
ADBIT           16
RGAIN           54
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW          142 usec
IRATN           79
DFILE KMU-8-816-1ecxA.als
SF
LKSET       748.40 KHz
LKFIN         98.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-8-816-1ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\KMU-8-816-1ecxA.als
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DATIM 19-01-2014 20:30:37
MENUF
OBNUC 1H
OFR       395.88 MHz
OBSET         6.28 KHz
OBFIN         0.87 Hz
PW1         6.44 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES           16
DUMMY            1
FREQU      5938.15 Hz
FLT        30000 Hz
DELAY        16.68 usec
ACQTM       2.2073 sec
PD      10.0000 sec
ADBIT           16
RGAIN           30
BF         0.01 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-10-74-1-1A.als
SF
LKSET        13.20 KHz
LKFIN         75.7 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-74-1
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DATIM 20-01-2014 07:28:39
MENUF
OBNUC 13C
OFR        99.55 MHz
OBSET         5.13 KHz
OBFIN         0.98 Hz
PW1         3.03 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         1024
DUMMY            4
FREQU     24999.62 Hz
FLT       125000 Hz
DELAY        20.50 usec
ACQTM       1.0486 sec
PD       8.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-10-74-1CA-1.als
SF
LKSET        13.20 KHz
LKFIN         75.7 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-74-1C
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DATIM 06-02-2014 21:22:50
MENUF
OBNUC 1H
OFR       395.88 MHz
OBSET         6.28 KHz
OBFIN         0.87 Hz
PW1         6.44 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      5938.15 Hz
FLT        30000 Hz
DELAY        16.68 usec
ACQTM       2.2073 sec
PD       2.0000 sec
ADBIT           16
RGAIN           32
BF         0.01 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-10-76-frac12-1A.als
SF
LKSET        13.20 KHz
LKFIN         75.7 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-76-frac12

\\ECA\SharedDocs\data\Ken Mukai\KMU-10-76-frac12-1A.als
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DATIM 06-02-2014 22:33:04
MENUF
OBNUC 13C
OFR        99.55 MHz
OBSET         5.13 KHz
OBFIN         0.98 Hz
PW1         3.03 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          512
DUMMY            4
FREQU     24999.62 Hz
FLT       125000 Hz
DELAY        20.50 usec
ACQTM       1.0486 sec
PD       7.0000 sec
ADBIT           16
RGAIN           58
BF         1.00 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-10-76-frac12-Carbon-eca-1A.als
SF
LKSET        13.20 KHz
LKFIN         75.7 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-76-frac12-Carbon-eca
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DATIM 03-02-2014 06:49:11
MENUF
OBNUC 13C
OFR        99.55 MHz
OBSET         5.13 KHz
OBFIN         0.98 Hz
PW1         3.03 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         1024
DUMMY            4
FREQU     24999.62 Hz
FLT       125000 Hz
DELAY        20.50 usec
ACQTM       1.0486 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-10-76-frac7-10Carbon-1A.als
SF
LKSET        13.20 KHz
LKFIN         75.7 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-76-frac7-10Carbon
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DATIM 02-02-2014 21:46:02
MENUF
OBNUC 1H
OFR       395.88 MHz
OBSET         6.28 KHz
OBFIN         0.87 Hz
PW1         6.44 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      5938.15 Hz
FLT        30000 Hz
DELAY        16.68 usec
ACQTM       2.2073 sec
PD      10.0000 sec
ADBIT           16
RGAIN           34
BF         0.01 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          147 usec
IRATN           79
DFILE KMU-10-76-frac7-10-2A.als
SF
LKSET        13.20 KHz
LKFIN         75.7 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-76-frac7-10
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DATIM 2014-04-07 20:50:08
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.60 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES           16
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           36
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-10-95-1A-eca.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-95-1-eca
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DATIM 2014-04-07 23:57:51
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.08 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES          512
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-10-95-1CA-eca.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-95-1C-eca
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DATIM 11-04-2014 21:05:14
MENUF
OBNUC 1H
OFR       395.88 MHz
OBSET         6.28 KHz
OBFIN         0.87 Hz
PW1         6.44 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES           16
DUMMY            1
FREQU      5938.15 Hz
FLT        30000 Hz
DELAY        16.68 usec
ACQTM       2.2073 sec
PD      10.0000 sec
ADBIT           16
RGAIN           34
BF         0.10 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-10-96-1A-ecs-2.als
SF
LKSET        13.20 KHz
LKFIN         75.7 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-96-1-ecs

\\ECA\SharedDocs\data\Ken Mukai\KMU-10-96-1\KMU-10-96-1A-ecs-2.als
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DATIM 12-04-2014 07:26:57
MENUF
OBNUC 13C
OFR        99.55 MHz
OBSET         5.13 KHz
OBFIN         0.98 Hz
PW1         3.03 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         1024
DUMMY            4
FREQU     24999.62 Hz
FLT       125000 Hz
DELAY        20.50 usec
ACQTM       1.0486 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-10-96-1CA-ecs-1.als
SF
LKSET        13.20 KHz
LKFIN         75.7 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-96-1C-ecs
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DATIM 2014-04-12 02:05:25
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.60 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           36
BF         0.01 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-10-100-1A-eca.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-99-1-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-10-100-1\KMU-10-100-1A-eca.als
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DATIM 2014-04-12 12:35:01
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.08 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         2048
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-10-100-1CA-eca.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-10-99-1C-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-10-100-1\KMU-10-100-1CA-eca.als
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DATIM 2014-04-13 01:50:22
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.60 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           36
BF         0.01 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-11-2-1A.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-2-1

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-2-1\KMU-11-2-1A.als
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DATIM 2014-04-13 12:22:58
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.08 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         2048
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           58
BF         1.00 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-11-2-1CA.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-2-1C

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-2-1\KMU-11-2-1CA.als

16
1.

56
84

12
8.

29
61

12
8.

20
06

12
8.

10
51

12
8.

00
00

12
7.

90
45

12
7.

79
94

10
6.

01
91

 9
3.

51
46

 8
1.

92
71

 7
4.

22
76

 7
0.

61
67

 6
9.

34
61

 6
6.

89
11

 6
1.

32
18

 5
1.

08
13

 4
7.

01
18

 4
6.

97
36

 4
5.

51
20

 3
9.

75
17

 3
6.

74
26

 3
5.

02
31

 3
2.

17
64

 2
8.

85
20

 2
6.

04
35

 2
5.

71
87

 2
0.

06
35

 1
8.

48
73

 1
8.

19
12

 1
5.

75
52

 -4
.5

82
6

 -5
.0

88
9

 -5
.4

80
5

 -5
.7

48
0

O

H

O

O OH

OTBS

H
TBSO

HO

3-29

O

H

O

O OH

OTBS

H
TBSO

HO

3-29



PPM

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

DATIM 2014-04-16 00:53:26
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.60 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           34
BF         0.12 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-11-5-1A-eca.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-5-1-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-5-1-eca\KMU-11-5-1A-eca.als
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DATIM 2014-04-16 10:04:39
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.08 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         1024
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-11-5-1CA-eca.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-5-1C-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-5-1-eca\KMU-11-5-1CA-eca.als
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DATIM 2014-04-17 01:46:22
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.08 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         1024
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           56
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-11-6-1CA-eca.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-6-1C-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-6-1-eca\KMU-11-6-1CA-eca.als
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DATIM 17-04-2014 15:04:11
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.60 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES           16
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           40
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW          118 usec
IRATN           79
DFILE KMU-11-6-1-ecaA-for-data.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-6-1-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-6-1-eca\KMU-11-6-1-ecaA-for-data.als
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DATIM 2014-04-20 13:15:54
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.08 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         5120
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-11-8-1CA-eca.als
SF
LKSET        70.30 KHz
LKFIN         32.5 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-8-1C-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-8-1\KMU-11-8-1CA-eca.als
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DATIM 25-04-2014 10:53:30
MENUF
OBNUC 1H
OFR       495.13 MHz
OBSET         4.38 KHz
OBFIN         9.64 Hz
PW1         6.00 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        16384
SPO        16384
TIMES           32
DUMMY            1
FREQU      9286.78 Hz
FLT        38000 Hz
DELAY        13.16 usec
ACQTM       1.7642 sec
PD      10.0000 sec
ADBIT           16
RGAIN           58
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN           79
DFILE KMU-11-8-1H-ECX.2
SF
LKSET       748.40 KHz
LKFIN         98.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-8-1H-ECX

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-8-1\KMU-11-8-1H-ECX.2
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DATIM 2014-05-17 03:33:28
MENUF
OBNUC 1H
OFR       490.15 MHz
OBSET         9.16 KHz
OBFIN         7.60 Hz
PW1         6.60 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES            8
DUMMY            1
FREQU      7352.83 Hz
FLT        37000 Hz
DELAY        13.52 usec
ACQTM       1.7826 sec
PD      10.0000 sec
ADBIT           16
RGAIN           36
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-11-37-1A-eca.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-37-1-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-37-1\KMU-11-37-1A-eca.als
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DATIM 2014-05-17 08:05:44
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.08 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        26214
SPO        26214
TIMES         2048
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           60
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-11-37-1CA-eca.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-37-1C-eca

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-37-1\KMU-11-37-1CA-eca.als
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DATIM 2014-05-21 18:14:09
MENUF
OBNUC 13C
OFR       123.26 MHz
OBSET         2.31 KHz
OBFIN         6.71 Hz
PW1         3.08 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT       104856
SPO       104856
TIMES         8385
DUMMY            4
FREQU     30863.73 Hz
FLT       155000 Hz
DELAY        21.06 usec
ACQTM       0.8493 sec
PD       7.0000 sec
ADBIT           16
RGAIN           58
BF         1.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       490.15 MHz
IRSET         9.16 KHz
IRFIN         7.60 Hz
IRRPW           92 usec
IRATN            4
DFILE KMU-11-38-frac35-38-carbonA.als
SF
LKSET        70.30 KHz
LKFIN         29.2 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-38-frac35-38-carbon

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-38-frac35-38\KMU-11-38-frac35-38-carbonA.als
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DATIM 24-05-2014 12:17:25
MENUF
OBNUC 1H
OFR       395.88 MHz
OBSET         6.28 KHz
OBFIN         0.87 Hz
PW1         6.44 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES           32
DUMMY            1
FREQU      5938.15 Hz
FLT        30000 Hz
DELAY        16.68 usec
ACQTM       2.2073 sec
PD      10.0000 sec
ADBIT           16
RGAIN           46
BF         0.01 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-11-38-frac35-38-ecsA.als
SF
LKSET        13.20 KHz
LKFIN         69.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-38-frac35-38-ecs

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\KMU-11-38-frac35-38-ecsA.als
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DATIM 26-06-2014 10:05:07
MENUF
OBNUC 1H
OFR       395.88 MHz
OBSET         6.21 KHz
OBFIN         3.80 Hz
PW1         6.44 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES           16
DUMMY            1
FREQU      5938.15 Hz
FLT        30000 Hz
DELAY        16.68 usec
ACQTM       2.2073 sec
PD      10.0000 sec
ADBIT           16
RGAIN           46
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          147 usec
IRATN           79
DFILE KMU-11-56-HPLC-ouabageninA.als
SF
LKSET        13.00 KHz
LKFIN         35.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-56-HPLC-ouabagenin

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\KMU-11-56-HPLC-ouabageninA.als
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DATIM 2014-08-31 23:12:23
MENUF
OBNUC 13C
OFR       124.51 MHz
OBSET         3.45 KHz
OBFIN         6.00 Hz
PW1         3.70 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        52428
SPO        52428
TIMES        10054
DUMMY            4
FREQU     31249.52 Hz
FLT       157000 Hz
DELAY        20.80 usec
ACQTM       0.8389 sec
PD       7.0000 sec
ADBIT           16
RGAIN           24
BF         3.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            6
DFILE KMU-11-56-ouabagenin-DMSO-Carbon-ecxA.als
SF
LKSET       748.10 KHz
LKFIN         36.4 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-56-ouabagenin-DMSO-Carbon-ecx

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-56-ouabagenin-DMSO-CDCl3\KMU-11-56-ouabagenin-DMSO-Carbon-ecxA.als
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DATIM 28-08-2014 14:38:47
MENUF
OBNUC 1H
OFR       395.88 MHz
OBSET         6.21 KHz
OBFIN         0.51 Hz
PW1         6.44 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        16384
SPO        16384
TIMES            8
DUMMY            1
FREQU      7422.80 Hz
FLT        30000 Hz
DELAY        16.68 usec
ACQTM       2.2073 sec
PD      10.0000 sec
ADBIT           16
RGAIN           50
BF         0.01 Hz
T1         0.00
T2         0.00
T3       100.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          115 usec
IRATN           79
DFILE KMU-11-56-minor-product-dant-H2O-A.als
SF
LKSET        13.00 KHz
LKFIN         35.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

KMU-11-56-minor-product-dant-H2O

C:\Documents and Settings\PC-USER\My Documents\Data\Ken Mukai\(NMR-ecx-eca)ouabagenin\KMU-11-56-minor-product-dant-H2O\KMU-11-56-minor-product-dant-H2O-A.als

0.
16 1.

00 1.
09

1.
09

0.
83

2.
64

1.
14

5.
69

2.
43

5.
00

3.
35

3.
00

8.
55

25

5.
96

85
5.

96
50

4.
99

23
4.

98
77

4.
94

65
4.

94
19

4.
87

44
4.

87
10

4.
85

95
4.

84
81

4.
82

86
4.

82
40

4.
39

03
4.

35
94

4.
20

95
4.

17
97

4.
02

64
3.

31
80

3.
31

46
3.

31
00

3.
30

66
3.

30
20

3.
16

47
3.

13
95

3.
11

66
2.

15
64

2.
14

04
2.

11
07

2.
07

63
2.

06
49

2.
04

09
1.

92
53

1.
88

98
1.

75
59

1.
69

07
1.

67
92

1.
66

55
1.

65
40

1.
64

37
1.

62
89

1.
57

05
1.

52
47

1.
49

96
1.

49
61

1.
46

98
1.

35
76

1.
33

70
1.

32
33

1.
30

61
1.

27
87

1.
24

55
1.

10
47

OH

H
HO

HO

OH

H
HO
HO

O

O

17-epi-ouabagenin (3-1)



PPM

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

DATIM 2014-08-31 23:12:23
MENUF
OBNUC 13C
OFR       124.51 MHz
OBSET         3.45 KHz
OBFIN         6.00 Hz
PW1         3.70 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        52428
SPO        52428
TIMES        10054
DUMMY            4
FREQU     31249.52 Hz
FLT       157000 Hz
DELAY        20.80 usec
ACQTM       0.8389 sec
PD       7.0000 sec
ADBIT           16
RGAIN           24
BF         3.00 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse_dec
EXPCM
IRNUC 1H
IFR       495.13 MHz
IRSET         4.38 KHz
IRFIN         9.64 Hz
IRRPW           92 usec
IRATN            6
DFILE KMU-11-56-ouabagenin-DMSO-Carbon-ecxA.als
SF
LKSET       748.10 KHz
LKFIN         36.4 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF

PPM
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DATIM 26-06-2014 10:05:07
MENUF
OBNUC 1H
OFR       395.88 MHz
OBSET         6.21 KHz
OBFIN         3.80 Hz
PW1         6.44 usec
DEADT         0.00 usec
PREDL      0.00000 msec
IWT       1.0000 sec
POINT        13107
SPO        13107
TIMES           16
DUMMY            1
FREQU      5938.15 Hz
FLT        30000 Hz
DELAY        16.68 usec
ACQTM       2.2073 sec
PD      10.0000 sec
ADBIT           16
RGAIN           46
BF         0.01 Hz
T1         0.00
T2         0.00
T3        90.00
T4       100.00
EXMOD single_pulse.ex2
EXPCM
IRNUC 1H
IFR       395.88 MHz
IRSET         6.28 KHz
IRFIN         0.87 Hz
IRRPW          147 usec
IRATN           79
DFILE KMU-11-56-HPLC-ouabageninA(Comparison).als
SF
LKSET        13.00 KHz
LKFIN         35.6 Hz
LKLEV            0
LGAIN            0
LKPHS            0
LKSIG            0
CSPED            0 Hz
FILDC
FILDF
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checkCIF/PLATON report 

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.        CIF dictionary        Interpreting this report

Datablock: I 

Bond precision: C-C = 0.0189 A Wavelength=0.71073

Cell: a=35.250(4) b=14.9822(16) c=30.109(3)
alpha=90 beta=101.589(2) gamma=90

Temperature: 90 K

Calculated Reported
Volume 15577(3) 15577(3)
Space group C 2 C2 
Hall group C 2y ? 

Moiety formula
2(C72 H48 I12 N24 Zn6),
2(C13 H20 O2.50 Si0.50)

C72 H48 I12 N24 Zn6
0.5(C26 H40 O5 Si)

Sum formula
C170 H136 I24 N48 O5 Si 
Zn12

C85 H68 I12 N24 O2.50
Si0.50 Zn6

Mr 6789.64 3394.70
Dx,g cm-3 1.448 1.448
Z 2 4
Mu (mm-1) 3.329 3.329
F000 6356.0 6356.0
F000’ 6342.08
h,k,lmax 41,17,35 41,17,35
Nref 27431[ 14291] 27428 
Tmin,Tmax 0.887,0.905 0.825,0.907
Tmin’ 0.819

Correction method= EMPIRICAL

Data completeness= 1.92/1.00 Theta(max)= 25.000

R(reflections)= 0.0571( 15227) wR2(reflections)= 0.1642( 27428)

S = 0.997 Npar= 1388

http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkreport.html


The following ALERTS were generated. Each ALERT has the format
       test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

 Alert level B
PLAT213_ALERT_2_B Atom N11             has ADP max/min Ratio .....        4.7 oblate
PLAT213_ALERT_2_B Atom C6              has ADP max/min Ratio .....        4.2 prolat
PLAT215_ALERT_3_B Disordered C22A      has ADP max/min Ratio .....        4.8       
PLAT415_ALERT_2_B Short Inter D-H..H-X       H5A    ..  H59     ..       1.91 Ang.  

 Alert level C
CRYSC01_ALERT_1_C The word below has not been recognised as a standard
            identifier.
            rod
CRYSC01_ALERT_1_C No recognised colour has been given for crystal colour.
PLAT111_ALERT_2_C ADDSYM Detects (Pseudo) Centre of Symmetry .....         92 %Fit  
PLAT113_ALERT_2_C ADDSYM Suggests Possible Pseudo/New Space group.       C2/c Check 
PLAT125_ALERT_4_C No ’_symmetry_space_group_name_Hall’ Given .....     Please Do ! 
PLAT213_ALERT_2_C Atom I3              has ADP max/min Ratio .....        3.3 prolat
PLAT213_ALERT_2_C Atom I4              has ADP max/min Ratio .....        3.1 prolat
PLAT213_ALERT_2_C Atom I6              has ADP max/min Ratio .....        3.3 prolat
PLAT213_ALERT_2_C Atom Zn2             has ADP max/min Ratio .....        3.3 prolat
PLAT213_ALERT_2_C Atom N8              has ADP max/min Ratio .....        3.7 oblate
PLAT213_ALERT_2_C Atom C3              has ADP max/min Ratio .....        3.1 oblate
PLAT213_ALERT_2_C Atom C14             has ADP max/min Ratio .....        3.4 prolat
PLAT213_ALERT_2_C Atom C27             has ADP max/min Ratio .....        3.2 prolat
PLAT213_ALERT_2_C Atom C28             has ADP max/min Ratio .....        3.5 prolat
PLAT213_ALERT_2_C Atom C29             has ADP max/min Ratio .....        3.1 oblate
PLAT215_ALERT_3_C Disordered C23A      has ADP max/min Ratio .....        3.3       
PLAT215_ALERT_3_C Disordered C35B      has ADP max/min Ratio .....        3.4       
PLAT234_ALERT_4_C Large Hirshfeld Difference C65    --  C66     ..       0.16 Ang.  
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        Zn2 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        Zn5 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        Zn6 Check 
PLAT250_ALERT_2_C Large U3/U1 Ratio for Average U(i,j) Tensor ....        2.6 Note  
PLAT342_ALERT_3_C Low Bond Precision on  C-C Bonds ...............     0.0189 Ang.  
PLAT368_ALERT_2_C Short  C(sp2)-C(sp2) Bond  C28    -   C29    ...       1.22 Ang.  
PLAT369_ALERT_2_C Long   C(sp2)-C(sp2) Bond  C3     -   C6     ...       1.54 Ang.  
PLAT369_ALERT_2_C Long   C(sp2)-C(sp2) Bond  C7     -   C16    ...       1.54 Ang.  
PLAT369_ALERT_2_C Long   C(sp2)-C(sp2) Bond  C8     -   C11    ...       1.54 Ang.  
PLAT369_ALERT_2_C Long   C(sp2)-C(sp2) Bond  C21    -   C24    ...       1.54 Ang.  
PLAT369_ALERT_2_C Long   C(sp2)-C(sp2) Bond  C25    -   C29    ...       1.55 Ang.  
PLAT369_ALERT_2_C Long   C(sp2)-C(sp2) Bond  C26    -   C34    ...       1.53 Ang.  
PLAT413_ALERT_2_C Short Inter XH3 .. XHn     H41    ..  H93     ..       2.08 Ang.  

 Alert level G
FORMU01_ALERT_1_G  There is a discrepancy between the atom counts in the
            _chemical_formula_sum and _chemical_formula_moiety. This is
            usually due to the moiety formula being in the wrong format.
            Atom count from _chemical_formula_sum:   C85 H68 I12 N24 O2.5 Si0.5
            Atom count from _chemical_formula_moiety:C98 H88 I12 N24 O5 Si1 Zn60
PLAT002_ALERT_2_G Number of Distance or Angle Restraints on AtSite        121 Note  
PLAT003_ALERT_2_G Number of Uiso or Uij Restrained non-H Atoms ...        136 Report
PLAT004_ALERT_5_G Polymeric Structure Found with Dimension .......          3 Info  
PLAT005_ALERT_5_G No _iucr_refine_instructions_details  in the CIF     Please Do ! 
PLAT007_ALERT_5_G Number of Unrefined Donor-H Atoms ..............          1 Report
PLAT033_ALERT_4_G Flack x Value Deviates > 2*sigma from Zero .....      0.300       
PLAT042_ALERT_1_G Calc. and Reported MoietyFormula Strings  Differ     Please Check

http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT215.html
http://journals.iucr.org/services/cif/checking/PLAT415.html
http://journals.iucr.org/services/cif/checking/CRYSC_01.html
http://journals.iucr.org/services/cif/checking/CRYSC_01.html
http://journals.iucr.org/services/cif/checking/PLAT111.html
http://journals.iucr.org/services/cif/checking/PLAT113.html
http://journals.iucr.org/services/cif/checking/PLAT125.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT215.html
http://journals.iucr.org/services/cif/checking/PLAT215.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT250.html
http://journals.iucr.org/services/cif/checking/PLAT342.html
http://journals.iucr.org/services/cif/checking/PLAT368.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT369.html
http://journals.iucr.org/services/cif/checking/PLAT413.html
http://journals.iucr.org/services/cif/checking/FORMU_01.html
http://journals.iucr.org/services/cif/checking/PLAT002.html
http://journals.iucr.org/services/cif/checking/PLAT003.html
http://journals.iucr.org/services/cif/checking/PLAT004.html
http://journals.iucr.org/services/cif/checking/PLAT005.html
http://journals.iucr.org/services/cif/checking/PLAT007.html
http://journals.iucr.org/services/cif/checking/PLAT033.html
http://journals.iucr.org/services/cif/checking/PLAT042.html


PLAT045_ALERT_1_G Calculated and Reported Z Differ by ............       0.50 Ratio 
PLAT112_ALERT_2_G ADDSYM Detects Additional (Pseudo) Symm. Elem...          c Check 
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I3     --  Zn2     ..        8.7 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I5     --  Zn3     ..        8.5 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I6     --  Zn3     ..        5.5 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I9     --  Zn5     ..        9.0 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I10    --  Zn5     ..       13.3 su    
PLAT301_ALERT_3_G Main Residue  Disorder ............ Percentage =          9 Note  
PLAT432_ALERT_2_G Short Inter X...Y Contact  I4     ..  C20A    ..       3.41 Ang.  
PLAT432_ALERT_2_G Short Inter X...Y Contact  C22B   ..  C27     ..       3.19 Ang.  
PLAT606_ALERT_4_G VERY LARGE Solvent Accessible VOID(S) in Structure        ! Info 
PLAT779_ALERT_4_G Suspect or Irrelevant (Bond) Angle in CIF .... #         87 Check 
              C23B -N7   -C23A    1.555   1.555   1.555             30.50 Deg.  
PLAT779_ALERT_4_G Suspect or Irrelevant (Bond) Angle in CIF .... #         88 Check 
              C19A -N7   -C19B    1.555   1.555   1.555             31.80 Deg.  
PLAT779_ALERT_4_G Suspect or Irrelevant (Bond) Angle in CIF .... #        107 Check 
              C22B -C21  -C22A    1.555   1.555   1.555             29.70 Deg.  
PLAT779_ALERT_4_G Suspect or Irrelevant (Bond) Angle in CIF .... #        112 Check 
              C20B -C21  -C20A    1.555   1.555   1.555             30.70 Deg.  
PLAT779_ALERT_4_G Suspect or Irrelevant (Bond) Angle in CIF .... #        159 Check 
              C32A -N12  -C32B    1.555   1.555   1.555             26.40 Deg.  
PLAT779_ALERT_4_G Suspect or Irrelevant (Bond) Angle in CIF .... #        164 Check 
              C36B -N12  -C36A    1.555   1.555   1.555             30.10 Deg.  
PLAT779_ALERT_4_G Suspect or Irrelevant (Bond) Angle in CIF .... #        183 Check 
              C33A -C34  -C33B    1.555   1.555   1.555             26.10 Deg.  
PLAT779_ALERT_4_G Suspect or Irrelevant (Bond) Angle in CIF .... #        184 Check 
              C35B -C34  -C35A    1.555   1.555   1.555             30.70 Deg.  
PLAT791_ALERT_4_G The Model has Chirality at C75     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C77     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C80     .............          R Verify
PLAT791_ALERT_4_G The Model has Chirality at C81     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C82     .............          R Verify
PLAT791_ALERT_4_G The Model has Chirality at C85     .............          R Verify
PLAT791_ALERT_4_G The Model has Chirality at C86     .............          R Verify
PLAT860_ALERT_3_G Number of Least-Squares Restraints .............       1319 Note  
PLAT869_ALERT_4_G ALERTS Related to the use of SQUEEZE Suppressed           ! Info 
PLAT899_ALERT_4_G SHELXL97   is Deprecated and Succeeded by SHELXL       2014 Note  

   0 ALERT level A = Most likely a serious problem - resolve or explain
   4 ALERT level B = A potentially serious problem, consider carefully
  31 ALERT level C = Check. Ensure it is not caused by an omission or oversight
  37 ALERT level G = General information/check it is not something unexpected

   5 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
  37 ALERT type 2 Indicator that the structure model may be wrong or deficient
   6 ALERT type 3 Indicator that the structure quality may be low
  21 ALERT type 4 Improvement, methodology, query or suggestion
   3 ALERT type 5 Informative message, check

checkCIF publication errors

 Alert level A
PUBL004_ALERT_1_A  The contact author’s name and address are missing,
            _publ_contact_author_name and _publ_contact_author_address.
PUBL005_ALERT_1_A  _publ_contact_author_email, _publ_contact_author_fax and
            _publ_contact_author_phone are all missing.
            At least one of these should be present.

http://journals.iucr.org/services/cif/checking/PLAT045.html
http://journals.iucr.org/services/cif/checking/PLAT112.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT301.html
http://journals.iucr.org/services/cif/checking/PLAT432.html
http://journals.iucr.org/services/cif/checking/PLAT432.html
http://journals.iucr.org/services/cif/checking/PLAT606.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT779.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT860.html
http://journals.iucr.org/services/cif/checking/PLAT869.html
http://journals.iucr.org/services/cif/checking/PLAT899.html
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_004
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_005


PUBL006_ALERT_1_A  _publ_requested_journal is missing
            e.g. ’Acta Crystallographica Section C’
PUBL008_ALERT_1_A  _publ_section_title is missing. Title of paper.
PUBL009_ALERT_1_A  _publ_author_name is missing. List of author(s) name(s).
PUBL010_ALERT_1_A  _publ_author_address is missing. Author(s) address(es).
PUBL012_ALERT_1_A  _publ_section_abstract is missing.
            Abstract of paper in English.

 Alert level G
PUBL017_ALERT_1_G The _publ_section_references section is missing or
            empty.

   7 ALERT level A = Data missing that is essential or data in wrong format
   1 ALERT level G = General alerts. Data that may be required is missing

Publication of your CIF 

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious
problems it may be necessary to carry out additional measurements or structure refinements.
However, the nature of your study may justify the reported deviations from journal submission
requirements and the more serious of these should be commented upon in the discussion or
experimental section of a paper or in the "special_details" fields of the CIF. checkCIF was
carefully designed to identify outliers and unusual parameters, but every test has its limitations and
alerts that are not important in a particular case may appear. Conversely, the absence of alerts does
not guarantee there are no aspects of the results needing attention. It is up to the individual to
critically assess their own results and, if necessary, seek expert advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this
CIF for publication in a journal, you should additionally insert an explanation in your CIF using
the Validation Reply Form (VRF) below. This will allow your explanation to be considered as part
of the review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form
_vrf_PUBL004_GLOBAL
;
PROBLEM: The contact author’s name and address are missing,
RESPONSE: ...
;
_vrf_PUBL005_GLOBAL
;
PROBLEM: _publ_contact_author_email, _publ_contact_author_fax and
RESPONSE: ...
;
_vrf_PUBL006_GLOBAL
;
PROBLEM: _publ_requested_journal is missing
RESPONSE: ...

http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_006
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_008
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_009
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_010
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_012
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_017


;
_vrf_PUBL008_GLOBAL
;
PROBLEM: _publ_section_title is missing. Title of paper.
RESPONSE: ...
;
_vrf_PUBL009_GLOBAL
;
PROBLEM: _publ_author_name is missing. List of author(s) name(s).
RESPONSE: ...
;
_vrf_PUBL010_GLOBAL
;
PROBLEM: _publ_author_address is missing. Author(s) address(es).
RESPONSE: ...
;
_vrf_PUBL012_GLOBAL
;
PROBLEM: _publ_section_abstract is missing.
RESPONSE: ...
;
# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you
should upload your CIF via the web. If your CIF is to form part of a submission to another IUCr
journal, you will be asked, either during electronic submission or by the Co-editor handling your
paper, to upload your CIF via our web site.

PLATON version of 20/08/2014; check.def file version of 18/08/2014 

http://journals.iucr.org/services/submit.html
http://journals.iucr.org/services/submit.html


Datablock I - ellipsoid plot



checkCIF/PLATON report 

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.        CIF dictionary        Interpreting this report

Datablock: I 

Bond precision: C-C = 0.0111 A Wavelength=0.71073

Cell: a=35.189(3) b=14.8898(13) c=30.520(3)
alpha=90 beta=102.051(1) gamma=90

Temperature: 90 K

Calculated Reported
Volume 15639(2) 15639(2)
Space group C 2 C2 
Hall group C 2y ? 

Moiety formula
2(C72 H48 I12 N24 Zn6),
2(C10 H13 O2.50)

C72 H48 I12 N24 Zn6
0.5(C20 H26 O5)

Sum formula C164 H122 I24 N48 O5 Zn12 C82 H61 I12 N24 O2.50 Zn6
Mr 6675.38 3337.57
Dx,g cm-3 1.418 1.418
Z 2 4
Mu (mm-1) 3.311 3.311
F000 6228.0 6228.0
F000’ 6213.91
h,k,lmax 43,18,38 43,18,38
Nref 31893[ 16586] 31800 
Tmin,Tmax 0.820,0.876 0.692,0.879
Tmin’ 0.672

Correction method= EMPIRICAL

Data completeness= 1.92/1.00 Theta(max)= 26.340

R(reflections)= 0.0492( 26088) wR2(reflections)= 0.1576( 31800)

S = 1.159 Npar= 1252

The following ALERTS were generated. Each ALERT has the format
       test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkreport.html


 Alert level B
PLAT111_ALERT_2_B ADDSYM Detects (Pseudo) Centre of Symmetry .....        100 %Fit  
PLAT213_ALERT_2_B Atom C22             has ADP max/min Ratio .....        4.4 prolat
PLAT213_ALERT_2_B Atom C23             has ADP max/min Ratio .....        4.2 prolat
PLAT213_ALERT_2_B Atom C58             has ADP max/min Ratio .....        4.1 prolat
PLAT420_ALERT_2_B D-H Without Acceptor      *O5     -  *H97    ...     Please Check 

 Alert level C
DIFMX01_ALERT_2_C  The maximum difference density is > 0.1*ZMAX*0.75
            _refine_diff_density_max given =      3.981
            Test value =      3.975
DIFMX02_ALERT_1_C  The maximum difference density is > 0.1*ZMAX*0.75
            The relevant atom site should be identified.
PLAT094_ALERT_2_C Ratio of Maximum / Minimum Residual Density ....       2.07 Report
PLAT125_ALERT_4_C No ’_symmetry_space_group_name_Hall’ Given .....     Please Do ! 
PLAT213_ALERT_2_C Atom I5              has ADP max/min Ratio .....        3.1 prolat
PLAT213_ALERT_2_C Atom N11             has ADP max/min Ratio .....        3.5 prolat
PLAT213_ALERT_2_C Atom C9              has ADP max/min Ratio .....        3.6 prolat
PLAT213_ALERT_2_C Atom C20             has ADP max/min Ratio .....        4.0 prolat
PLAT213_ALERT_2_C Atom C30             has ADP max/min Ratio .....        3.4 prolat
PLAT213_ALERT_2_C Atom C31             has ADP max/min Ratio .....        3.4 prolat
PLAT215_ALERT_3_C Disordered O4        has ADP max/min Ratio .....        3.8       
PLAT215_ALERT_3_C Disordered C75       has ADP max/min Ratio .....        3.3       
PLAT220_ALERT_2_C Large Non-Solvent  C     Ueq(max)/Ueq(min) Range        3.1 Ratio 
PLAT230_ALERT_2_C Hirshfeld Test Diff for    N16    --  C44     ..        6.4 su    
PLAT234_ALERT_4_C Large Hirshfeld Difference N13    --  C41     ..       0.16 Ang.  
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C23 Check 
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C49 Check 
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C53 Check 
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C64 Check 
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C69 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        Zn1 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        Zn3 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....         N5 Check 
PLAT250_ALERT_2_C Large U3/U1 Ratio for Average U(i,j) Tensor ....        2.3 Note  
PLAT342_ALERT_3_C Low Bond Precision on  C-C Bonds ...............     0.0111 Ang.  
PLAT411_ALERT_2_C Short Inter H...H Contact  H9     ..  H96     ..       2.05 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H5     ..  I1      ..       3.07 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H9     ..  I12     ..       3.13 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H14    ..  I4      ..       3.16 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H19    ..  I7      ..       3.19 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H23    ..  I5      ..       3.27 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H30    ..  I8      ..       3.19 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H31    ..  I5      ..       3.13 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H41    ..  I6      ..       3.10 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H45    ..  I8      ..       3.07 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H50    ..  I9      ..       3.20 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H54    ..  I10     ..       3.16 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H55    ..  I11     ..       3.14 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H56    ..  I12     ..       3.28 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H58    ..  I2      ..       3.27 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H59    ..  I2      ..       3.21 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H63    ..  I10     ..       3.19 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H66    ..  I12     ..       3.29 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H67    ..  I2      ..       3.11 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H81    ..  I8      ..       3.22 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H89    ..  I2      ..       3.10 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H96    ..  I12     ..       3.31 Ang.  
PLAT480_ALERT_4_C Long H...A H-Bond Reported H97    ..  I3      ..       3.24 Ang.  
PLAT481_ALERT_4_C Long D...A H-Bond Reported O5     ..  I3      ..       4.03 Ang.  

http://journals.iucr.org/services/cif/checking/PLAT111.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT420.html
http://journals.iucr.org/services/cif/checking/DIFMX_01.html
http://journals.iucr.org/services/cif/checking/DIFMX_02.html
http://journals.iucr.org/services/cif/checking/PLAT094.html
http://journals.iucr.org/services/cif/checking/PLAT125.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT215.html
http://journals.iucr.org/services/cif/checking/PLAT215.html
http://journals.iucr.org/services/cif/checking/PLAT220.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT234.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT241.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT242.html
http://journals.iucr.org/services/cif/checking/PLAT250.html
http://journals.iucr.org/services/cif/checking/PLAT342.html
http://journals.iucr.org/services/cif/checking/PLAT411.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT480.html
http://journals.iucr.org/services/cif/checking/PLAT481.html


 Alert level G
FORMU01_ALERT_1_G  There is a discrepancy between the atom counts in the
            _chemical_formula_sum and _chemical_formula_moiety. This is
            usually due to the moiety formula being in the wrong format.
            Atom count from _chemical_formula_sum:   C82 H61 I12 N24 O2.5 Zn6
            Atom count from _chemical_formula_moiety:C92 H74 I12 N24 O5 Zn60.5
PLAT002_ALERT_2_G Number of Distance or Angle Restraints on AtSite         97 Note  
PLAT003_ALERT_2_G Number of Uiso or Uij Restrained non-H Atoms ...         48 Report
PLAT004_ALERT_5_G Polymeric Structure Found with Dimension .......          3 Info  
PLAT005_ALERT_5_G No _iucr_refine_instructions_details  in the CIF     Please Do ! 
PLAT007_ALERT_5_G Number of Unrefined Donor-H Atoms ..............          2 Report
PLAT033_ALERT_4_G Flack x Value Deviates > 2*sigma from Zero .....      0.064       
PLAT042_ALERT_1_G Calc. and Reported MoietyFormula Strings  Differ     Please Check
PLAT045_ALERT_1_G Calculated and Reported Z Differ by ............       0.50 Ratio 
PLAT112_ALERT_2_G ADDSYM Detects Additional (Pseudo) Symm. Elem...          c Check 
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I1     --  Zn1     ..        6.2 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I8     --  Zn4     ..        6.8 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I9     --  Zn5     ..        6.5 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I10    --  Zn5     ..        7.3 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I12    --  Zn6     ..        7.8 su    
PLAT301_ALERT_3_G Main Residue  Disorder ............ Percentage =          2 Note  
PLAT432_ALERT_2_G Short Inter X...Y Contact  I12    ..  C62     ..       3.46 Ang.  
PLAT606_ALERT_4_G VERY LARGE Solvent Accessible VOID(S) in Structure        ! Info 
PLAT791_ALERT_4_G The Model has Chirality at C75     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C77     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C80     .............          R Verify
PLAT791_ALERT_4_G The Model has Chirality at C81     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C82     .............          R Verify
PLAT791_ALERT_4_G The Model has Chirality at C85     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C86     .............          S Verify
PLAT860_ALERT_3_G Number of Least-Squares Restraints .............        400 Note  
PLAT869_ALERT_4_G ALERTS Related to the use of SQUEEZE Suppressed           ! Info 
PLAT899_ALERT_4_G SHELXL97   is Deprecated and Succeeded by SHELXL       2014 Note  

   0 ALERT level A = Most likely a serious problem - resolve or explain
   5 ALERT level B = A potentially serious problem, consider carefully
  49 ALERT level C = Check. Ensure it is not caused by an omission or oversight
  28 ALERT level G = General information/check it is not something unexpected

   4 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
  34 ALERT type 2 Indicator that the structure model may be wrong or deficient
   5 ALERT type 3 Indicator that the structure quality may be low
  36 ALERT type 4 Improvement, methodology, query or suggestion
   3 ALERT type 5 Informative message, check

checkCIF publication errors

 Alert level A
PUBL004_ALERT_1_A  The contact author’s name and address are missing,
            _publ_contact_author_name and _publ_contact_author_address.
PUBL005_ALERT_1_A  _publ_contact_author_email, _publ_contact_author_fax and
            _publ_contact_author_phone are all missing.
            At least one of these should be present.
PUBL006_ALERT_1_A  _publ_requested_journal is missing
            e.g. ’Acta Crystallographica Section C’
PUBL008_ALERT_1_A  _publ_section_title is missing. Title of paper.
PUBL009_ALERT_1_A  _publ_author_name is missing. List of author(s) name(s).

http://journals.iucr.org/services/cif/checking/FORMU_01.html
http://journals.iucr.org/services/cif/checking/PLAT002.html
http://journals.iucr.org/services/cif/checking/PLAT003.html
http://journals.iucr.org/services/cif/checking/PLAT004.html
http://journals.iucr.org/services/cif/checking/PLAT005.html
http://journals.iucr.org/services/cif/checking/PLAT007.html
http://journals.iucr.org/services/cif/checking/PLAT033.html
http://journals.iucr.org/services/cif/checking/PLAT042.html
http://journals.iucr.org/services/cif/checking/PLAT045.html
http://journals.iucr.org/services/cif/checking/PLAT112.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT301.html
http://journals.iucr.org/services/cif/checking/PLAT432.html
http://journals.iucr.org/services/cif/checking/PLAT606.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT791.html
http://journals.iucr.org/services/cif/checking/PLAT860.html
http://journals.iucr.org/services/cif/checking/PLAT869.html
http://journals.iucr.org/services/cif/checking/PLAT899.html
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_004
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_005
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_006
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_008
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_009


PUBL010_ALERT_1_A  _publ_author_address is missing. Author(s) address(es).
PUBL012_ALERT_1_A  _publ_section_abstract is missing.
            Abstract of paper in English.

 Alert level G
PUBL017_ALERT_1_G The _publ_section_references section is missing or
            empty.

   7 ALERT level A = Data missing that is essential or data in wrong format
   1 ALERT level G = General alerts. Data that may be required is missing

Publication of your CIF 

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious
problems it may be necessary to carry out additional measurements or structure refinements.
However, the nature of your study may justify the reported deviations from journal submission
requirements and the more serious of these should be commented upon in the discussion or
experimental section of a paper or in the "special_details" fields of the CIF. checkCIF was
carefully designed to identify outliers and unusual parameters, but every test has its limitations and
alerts that are not important in a particular case may appear. Conversely, the absence of alerts does
not guarantee there are no aspects of the results needing attention. It is up to the individual to
critically assess their own results and, if necessary, seek expert advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this
CIF for publication in a journal, you should additionally insert an explanation in your CIF using
the Validation Reply Form (VRF) below. This will allow your explanation to be considered as part
of the review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form
_vrf_PUBL004_GLOBAL
;
PROBLEM: The contact author’s name and address are missing,
RESPONSE: ...
;
_vrf_PUBL005_GLOBAL
;
PROBLEM: _publ_contact_author_email, _publ_contact_author_fax and
RESPONSE: ...
;
_vrf_PUBL006_GLOBAL
;
PROBLEM: _publ_requested_journal is missing
RESPONSE: ...
;
_vrf_PUBL008_GLOBAL
;
PROBLEM: _publ_section_title is missing. Title of paper.

http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_010
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_012
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_017


RESPONSE: ...
;
_vrf_PUBL009_GLOBAL
;
PROBLEM: _publ_author_name is missing. List of author(s) name(s).
RESPONSE: ...
;
_vrf_PUBL010_GLOBAL
;
PROBLEM: _publ_author_address is missing. Author(s) address(es).
RESPONSE: ...
;
_vrf_PUBL012_GLOBAL
;
PROBLEM: _publ_section_abstract is missing.
RESPONSE: ...
;
# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you
should upload your CIF via the web. If your CIF is to form part of a submission to another IUCr
journal, you will be asked, either during electronic submission or by the Co-editor handling your
paper, to upload your CIF via our web site.

PLATON version of 20/08/2014; check.def file version of 18/08/2014 

http://journals.iucr.org/services/submit.html
http://journals.iucr.org/services/submit.html


Datablock I - ellipsoid plot



checkCIF/PLATON report 

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.        CIF dictionary        Interpreting this report

Datablock: I 

Bond precision: C-C = 0.0132 A Wavelength=0.71073

Cell: a=34.622(5) b=14.781(2) c=31.300(4)
alpha=90 beta=101.158(2) gamma=90

Temperature: 90 K

Calculated Reported
Volume 15715(4) 15715(4)
Space group C 2 C2 
Hall group C 2y ? 

Moiety formula
2(C72 H47 I12 N24 Zn6),
2(C10 H13 O2.50)

C72 H48 I12 N24 O2.50 Zn6
0.5(C20 H26 O5)

Sum formula C164 H120 I24 N48 O5 Zn12 C82 H61 I12 N24 O2.50 Zn6
Mr 6673.37 3323.46
Dx,g cm-3 1.410 1.405
Z 2 4
Mu (mm-1) 3.295 3.295
F000 6224.0 6172.0
F000’ 6209.91
h,k,lmax 43,18,39 43,18,38
Nref 32137[ 16719] 31879 
Tmin,Tmax 0.854,0.877 0.655,0.879
Tmin’ 0.630

Correction method= EMPIRICAL

Data completeness= 1.91/0.99 Theta(max)= 26.350

R(reflections)= 0.0630( 22898) wR2(reflections)= 0.1912( 31879)

S = 1.092 Npar= 1252

The following ALERTS were generated. Each ALERT has the format
       test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkreport.html


 Alert level B
PLAT111_ALERT_2_B ADDSYM Detects (Pseudo) Centre of Symmetry .....        100 %Fit  
PLAT113_ALERT_2_B ADDSYM Suggests Possible Pseudo/New Space group.       C2/c Check 
PLAT213_ALERT_2_B Atom C20             has ADP max/min Ratio .....        4.5 prolat
PLAT213_ALERT_2_B Atom C45             has ADP max/min Ratio .....        4.2 prolat
PLAT420_ALERT_2_B D-H Without Acceptor      *O1     -  *H73    ...     Please Check 

 Alert level C
CHEMW01_ALERT_1_C  The difference between the given and expected weight for
            compound is greater 1 mass unit. Check that all hydrogen
            atoms have been taken into account.
PLAT041_ALERT_1_C Calc. and Reported SumFormula    Strings  Differ     Please Check
PLAT068_ALERT_1_C Reported F000 Differs from Calcd (or Missing)...     Please Check
PLAT125_ALERT_4_C No ’_symmetry_space_group_name_Hall’ Given .....     Please Do ! 
PLAT213_ALERT_2_C Atom I4              has ADP max/min Ratio .....        3.5 prolat
PLAT213_ALERT_2_C Atom N13             has ADP max/min Ratio .....        3.2 oblate
PLAT213_ALERT_2_C Atom N20             has ADP max/min Ratio .....        3.5 oblate
PLAT213_ALERT_2_C Atom C28             has ADP max/min Ratio .....        3.5 prolat
PLAT213_ALERT_2_C Atom C31             has ADP max/min Ratio .....        3.1 prolat
PLAT213_ALERT_2_C Atom C35             has ADP max/min Ratio .....        3.3 oblate
PLAT220_ALERT_2_C Large Non-Solvent  C     Ueq(max)/Ueq(min) Range        3.5 Ratio 
PLAT220_ALERT_2_C Large Non-Solvent  I     Ueq(max)/Ueq(min) Range        3.1 Ratio 
PLAT230_ALERT_2_C Hirshfeld Test Diff for    N1     --  C5      ..        6.3 su    
PLAT230_ALERT_2_C Hirshfeld Test Diff for    N2     --  C6      ..        5.1 su    
PLAT230_ALERT_2_C Hirshfeld Test Diff for    N13    --  C41     ..        5.8 su    
PLAT234_ALERT_4_C Large Hirshfeld Difference N5     --  C9      ..       0.21 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference N6     --  C18     ..       0.20 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference N8     --  C24     ..       0.18 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference N13    --  C37     ..       0.17 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference N14    --  C42     ..       0.17 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference N18    --  C54     ..       0.18 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference N19    --  C55     ..       0.18 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference N22    --  C60     ..       0.18 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference N23    --  C63     ..       0.16 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference N23    --  C67     ..       0.17 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference C3     --  C6      ..       0.18 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference C9     --  C10     ..       0.21 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference C16    --  C17     ..       0.18 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference C32    --  C33     ..       0.18 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference C37    --  C38     ..       0.17 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference C64    --  C65     ..       0.21 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference C66    --  C67     ..       0.19 Ang.  
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....         C9 Check 
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C18 Check 
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C28 Check 
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C38 Check 
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C46 Check 
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C64 Check 
PLAT241_ALERT_2_C High      Ueq as Compared to Neighbors for .....        C68 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        Zn1 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        Zn2 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        Zn3 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        Zn4 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        Zn6 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....         N5 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....         N6 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        N24 Check 
PLAT242_ALERT_2_C Low       Ueq as Compared to Neighbors for .....        C65 Check 
PLAT250_ALERT_2_C Large U3/U1 Ratio for Average U(i,j) Tensor ....        2.3 Note  
PLAT342_ALERT_3_C Low Bond Precision on  C-C Bonds ...............     0.0132 Ang.  

http://journals.iucr.org/services/cif/checking/PLAT111.html
http://journals.iucr.org/services/cif/checking/PLAT113.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT213.html
http://journals.iucr.org/services/cif/checking/PLAT420.html
http://journals.iucr.org/services/cif/checking/CHEMW_01.html
http://journals.iucr.org/services/cif/checking/PLAT041.html
http://journals.iucr.org/services/cif/checking/PLAT068.html
http://journals.iucr.org/services/cif/checking/PLAT125.html
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http://journals.iucr.org/services/cif/checking/PLAT220.html
http://journals.iucr.org/services/cif/checking/PLAT220.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
http://journals.iucr.org/services/cif/checking/PLAT230.html
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http://journals.iucr.org/services/cif/checking/PLAT342.html


PLAT761_ALERT_1_C CIF Contains no X-H Bonds ......................     Please Check
PLAT762_ALERT_1_C CIF Contains no X-Y-H or H-Y-H Angles ..........     Please Check
PLAT790_ALERT_4_C Centre of Gravity not Within Unit Cell: Resd.  #          1 Note  
              C72 H47 I12 N24 Zn6                                               

 Alert level G
FORMU01_ALERT_1_G  There is a discrepancy between the atom counts in the
            _chemical_formula_sum and _chemical_formula_moiety. This is
            usually due to the moiety formula being in the wrong format.
            Atom count from _chemical_formula_sum:   C82 H61 I12 N24 O2.5 Zn6
            Atom count from _chemical_formula_moiety:C92 H74 I12 N24 O7.5 Zn60.5
FORMU01_ALERT_2_G  There is a discrepancy between the atom counts in the
            _chemical_formula_sum and the formula from the _atom_site* data.
            Atom count from _chemical_formula_sum:C82 H61 I12 N24 O2.5 Zn6
            Atom count from the _atom_site data:  C82 H60 I12 N24 O2.5 Zn6
CELLZ01_ALERT_1_G Difference between formula and atom_site contents detected.
CELLZ01_ALERT_1_G WARNING: H atoms missing from atom site list. Is this intentional?
           From the CIF: _cell_formula_units_Z    4
           From the CIF: _chemical_formula_sum  C82 H61 I12 N24 O2.50 Zn6
           TEST: Compare cell contents of formula and atom_site data

           atom    Z*formula  cif sites diff
           C        328.00    328.00    0.00
           H        244.00    240.00    4.00
           I         48.00     48.00    0.00
           N         96.00     96.00    0.00
           O         10.00     10.00    0.00
           Zn        24.00     24.00    0.00
PLAT002_ALERT_2_G Number of Distance or Angle Restraints on AtSite        105 Note  
PLAT003_ALERT_2_G Number of Uiso or Uij Restrained non-H Atoms ...         38 Report
PLAT004_ALERT_5_G Polymeric Structure Found with Dimension .......          3 Info  
PLAT005_ALERT_5_G No _iucr_refine_instructions_details  in the CIF     Please Do ! 
PLAT007_ALERT_5_G Number of Unrefined Donor-H Atoms ..............          2 Report
PLAT033_ALERT_4_G Flack x Value Deviates > 2*sigma from Zero .....      0.050       
PLAT042_ALERT_1_G Calc. and Reported MoietyFormula Strings  Differ     Please Check
PLAT045_ALERT_1_G Calculated and Reported Z Differ by ............       0.50 Ratio 
PLAT072_ALERT_2_G SHELXL First  Parameter in WGHT Unusually Large.       0.12 Report
PLAT112_ALERT_2_G ADDSYM Detects Additional (Pseudo) Symm. Elem...          c Check 
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I1     --  Zn1     ..        7.1 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I2     --  Zn1     ..        5.7 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I4     --  Zn2     ..        6.2 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I5     --  Zn3     ..        6.5 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I7     --  Zn4     ..       11.1 su    
PLAT232_ALERT_2_G Hirshfeld Test Diff (M-X)  I11    --  Zn6     ..        8.9 su    
PLAT301_ALERT_3_G Main Residue  Disorder ............ Percentage =          2 Note  
PLAT343_ALERT_2_G Unusual sp?      Angle Range in Main Residue for        C38    Che
PLAT432_ALERT_2_G Short Inter X...Y Contact  I10    ..  C60     ..       3.47 Ang.  
PLAT432_ALERT_2_G Short Inter X...Y Contact  O2     ..  C26     ..       2.66 Ang.  
PLAT606_ALERT_4_G VERY LARGE Solvent Accessible VOID(S) in Structure        ! Info 
PLAT791_ALERT_4_G The Model has Chirality at C75     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C77     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C80     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C81     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C82     .............          R Verify
PLAT791_ALERT_4_G The Model has Chirality at C85     .............          S Verify
PLAT791_ALERT_4_G The Model has Chirality at C86     .............          R Verify
PLAT860_ALERT_3_G Number of Least-Squares Restraints .............        343 Note  
PLAT869_ALERT_4_G ALERTS Related to the use of SQUEEZE Suppressed           ! Info 
PLAT899_ALERT_4_G SHELXL97   is Deprecated and Succeeded by SHELXL       2014 Note  

http://journals.iucr.org/services/cif/checking/PLAT761.html
http://journals.iucr.org/services/cif/checking/PLAT762.html
http://journals.iucr.org/services/cif/checking/PLAT790.html
http://journals.iucr.org/services/cif/checking/FORMU_01.html
http://journals.iucr.org/services/cif/checking/FORMU_01.html
http://journals.iucr.org/services/cif/checking/CELLZ_01.html
http://journals.iucr.org/services/cif/checking/CELLZ_01.html
http://journals.iucr.org/services/cif/checking/PLAT002.html
http://journals.iucr.org/services/cif/checking/PLAT003.html
http://journals.iucr.org/services/cif/checking/PLAT004.html
http://journals.iucr.org/services/cif/checking/PLAT005.html
http://journals.iucr.org/services/cif/checking/PLAT007.html
http://journals.iucr.org/services/cif/checking/PLAT033.html
http://journals.iucr.org/services/cif/checking/PLAT042.html
http://journals.iucr.org/services/cif/checking/PLAT045.html
http://journals.iucr.org/services/cif/checking/PLAT072.html
http://journals.iucr.org/services/cif/checking/PLAT112.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT232.html
http://journals.iucr.org/services/cif/checking/PLAT301.html
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http://journals.iucr.org/services/cif/checking/PLAT432.html
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http://journals.iucr.org/services/cif/checking/PLAT899.html


   0 ALERT level A = Most likely a serious problem - resolve or explain
   5 ALERT level B = A potentially serious problem, consider carefully
  53 ALERT level C = Check. Ensure it is not caused by an omission or oversight
  35 ALERT level G = General information/check it is not something unexpected

  10 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
  47 ALERT type 2 Indicator that the structure model may be wrong or deficient
   3 ALERT type 3 Indicator that the structure quality may be low
  30 ALERT type 4 Improvement, methodology, query or suggestion
   3 ALERT type 5 Informative message, check

checkCIF publication errors

 Alert level A
PUBL004_ALERT_1_A  The contact author’s name and address are missing,
            _publ_contact_author_name and _publ_contact_author_address.
PUBL005_ALERT_1_A  _publ_contact_author_email, _publ_contact_author_fax and
            _publ_contact_author_phone are all missing.
            At least one of these should be present.
PUBL006_ALERT_1_A  _publ_requested_journal is missing
            e.g. ’Acta Crystallographica Section C’
PUBL008_ALERT_1_A  _publ_section_title is missing. Title of paper.
PUBL009_ALERT_1_A  _publ_author_name is missing. List of author(s) name(s).
PUBL010_ALERT_1_A  _publ_author_address is missing. Author(s) address(es).
PUBL012_ALERT_1_A  _publ_section_abstract is missing.
            Abstract of paper in English.

 Alert level G
PUBL017_ALERT_1_G The _publ_section_references section is missing or
            empty.

   7 ALERT level A = Data missing that is essential or data in wrong format
   1 ALERT level G = General alerts. Data that may be required is missing

http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_004
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_005
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_006
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_008
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_009
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_010
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_012
http://journals.iucr.org/services/cif/checking/prefilter.html#PUBL_017


Publication of your CIF 

You should attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious
problems it may be necessary to carry out additional measurements or structure refinements.
However, the nature of your study may justify the reported deviations from journal submission
requirements and the more serious of these should be commented upon in the discussion or
experimental section of a paper or in the "special_details" fields of the CIF. checkCIF was
carefully designed to identify outliers and unusual parameters, but every test has its limitations and
alerts that are not important in a particular case may appear. Conversely, the absence of alerts does
not guarantee there are no aspects of the results needing attention. It is up to the individual to
critically assess their own results and, if necessary, seek expert advice.

If level A alerts remain, which you believe to be justified deviations, and you intend to submit this
CIF for publication in a journal, you should additionally insert an explanation in your CIF using
the Validation Reply Form (VRF) below. This will allow your explanation to be considered as part
of the review process.

Validation response form

Please find below a validation response form (VRF) that can be filled in and pasted into your CIF.

# start Validation Reply Form
_vrf_PUBL004_GLOBAL
;
PROBLEM: The contact author’s name and address are missing,
RESPONSE: ...
;
_vrf_PUBL005_GLOBAL
;
PROBLEM: _publ_contact_author_email, _publ_contact_author_fax and
RESPONSE: ...
;
_vrf_PUBL006_GLOBAL
;
PROBLEM: _publ_requested_journal is missing
RESPONSE: ...
;
_vrf_PUBL008_GLOBAL
;
PROBLEM: _publ_section_title is missing. Title of paper.
RESPONSE: ...
;
_vrf_PUBL009_GLOBAL
;
PROBLEM: _publ_author_name is missing. List of author(s) name(s).
RESPONSE: ...
;
_vrf_PUBL010_GLOBAL
;
PROBLEM: _publ_author_address is missing. Author(s) address(es).
RESPONSE: ...
;
_vrf_PUBL012_GLOBAL
;



PROBLEM: _publ_section_abstract is missing.
RESPONSE: ...
;
# end Validation Reply Form

If you wish to submit your CIF for publication in Acta Crystallographica Section C or E, you
should upload your CIF via the web. If your CIF is to form part of a submission to another IUCr
journal, you will be asked, either during electronic submission or by the Co-editor handling your
paper, to upload your CIF via our web site.

PLATON version of 20/08/2014; check.def file version of 18/08/2014 

Datablock I - ellipsoid plot

http://journals.iucr.org/services/submit.html
http://journals.iucr.org/services/submit.html


checkCIF/PLATON report 

You have not supplied any structure factors. As a result the full set of tests cannot be run.

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE
FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found.        CIF dictionary        Interpreting this report

Datablock: I 

Bond precision: C-C = 0.0105 A Wavelength=0.71073

Cell: a=18.622(3) b=14.558(2) c=13.376(2)
alpha=90 beta=124.061(2) gamma=90

Temperature: 93 K

Calculated Reported
Volume 3004.1(8) 3004.1(8)
Space group C 2 C2 
Hall group C 2y ? 
Moiety formula C30 H37 Br O7, C H2 Cl2 ?
Sum formula C31 H39 Br Cl2 O7 C31 H39 Br Cl2 O7
Mr 674.42 674.43
Dx,g cm-3 1.491 1.491
Z 4 4
Mu (mm-1) 1.593 1.593
F000 1400.0 1400.0
F000’ 1400.63
h,k,lmax 22,17,16 22,17,16
Nref 5510[ 2873] 5227 
Tmin,Tmax 0.826,0.938 0.785,0.939
Tmin’ 0.775

Correction method= MULTI-SCAN

Data completeness= 1.82/0.95 Theta(max)= 25.350

R(reflections)= 0.0613( 3948) wR2(reflections)= 0.1495( 5227)

S = 1.041 Npar= 398

The following ALERTS were generated. Each ALERT has the format
       test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

http://www.iucr.org/iucr-top/cif/cif_core/definitions/index.html
http://journals.iucr.org/services/cif/checking/checkreport.html


 Alert level B
PLAT035_ALERT_1_B No _chemical_absolute_configuration info given .     Please Do ! 
PLAT420_ALERT_2_B D-H Without Acceptor       O3     -   H3A    ...     Please Check 
PLAT420_ALERT_2_B D-H Without Acceptor       O4     -   H4A    ...     Please Check 

 Alert level C
PLAT048_ALERT_1_C MoietyFormula Not Given ........................     Please Do ! 
PLAT090_ALERT_3_C Poor Data / Parameter Ratio (Zmax > 18) ........       7.22 Note  
PLAT125_ALERT_4_C No ’_symmetry_space_group_name_Hall’ Given .....     Please Do ! 
PLAT213_ALERT_2_C Atom C10             has ADP max/min Ratio .....        3.2 prolat
PLAT213_ALERT_2_C Atom C18             has ADP max/min Ratio .....        3.2 prolat
PLAT213_ALERT_2_C Atom C34             has ADP max/min Ratio .....        3.1 prolat
PLAT213_ALERT_2_C Atom C36             has ADP max/min Ratio .....        3.4 prolat
PLAT234_ALERT_4_C Large Hirshfeld Difference C10    --  C36     ..       0.18 Ang.  
PLAT234_ALERT_4_C Large Hirshfeld Difference C34    --  C40     ..       0.16 Ang.  
PLAT250_ALERT_2_C Large U3/U1 Ratio for Average U(i,j) Tensor ....        3.6 Note  
PLAT341_ALERT_3_C Low Bond Precision on  C-C Bonds ...............     0.0105 Ang.  
PLAT414_ALERT_2_C Short Intra D-H..H-X       H3A    ..  H5A     ..       1.94 Ang.  

 Alert level G
PLAT002_ALERT_2_G Number of Distance or Angle Restraints on AtSite          6 Note  
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A Convergent Total Synthesis of 19-Hydroxysarmentogenin**
Ken Mukai, Daisuke Urabe, Satoshi Kasuya, Naoto Aoki, and Masayuki Inoue*

Crossopetalum gaumeri (Loes.), a medical plant among the
Yucatec Mayan community, contains various highly cytotoxic
natural products, including 19-hydroxysarmentogenin-3b-O-
b-6-deoxyguloside (Figure 1).[1] This compound belongs to
a family of cardenolides and bufadienolides, which are

typified by ouabain[2] and bryophilin C.[3,4] Cardenolides and
bufadienolides have been used for hundreds of years in both
Western and Eastern medicine, and share the capacity to slow
the heart rate and to increase the force of contraction of heart
muscle tissue.[5] The positive inotropic activity is attributed to
a high affinity inhibitory interaction with the extracellular
surface of the membrane-bound sodium pump (Na+/K+-
ATPase) responsible for Na+/K+ exchange. In addition to
their cardiac activity, these molecules exhibit strong cytotoxic
activity against various cultured human cancer cells.[5]

Accordingly, their potential use in oncology has been inves-
tigated. Furthermore, cardenolides and bufadienolides have
been identified in mammalian tissues and plasma, and thus
these compounds are also considered as endogenous factors
to regulate physiological phenomena.[6]

Cardenolides and bufadienolides share a characteristic
steroid-like framework that is distinct from conventional
androstane/pregnane-type steroids in that they have cis A/B
and C/D ring junctions, a tertiary 14b-hydroxyl group, and
a 17b-unsaturated lactone. The unusual structural features
render these natural products formidable targets for total
synthesis. Numerous laboratories have reported synthetic
studies on these natural products,[7,8] which has culminated in
the successful total syntheses of ouabain by the Deslong-
champs group and ouabagenin, its aglycon, by Baran.[9]

We became interested in devising a unified convergent
strategy that would be applicable to the various biologically
important cardenolide/bufadienolide structures alike. To
establish such a strategy, we selected 19-hydroxysarmentoge-

nin (1, Scheme 1), an aglycon of 19-hydroxysarmentogenin-
3b-O-b-6-deoxyguloside, as the initial target. Herein, we
report the total synthesis of 1 through the coupling of three
readily available fragments.

The structural differences among the cardenolides and
bufadienolides mainly arise from the substitutions at C1, C3,
and C5 of the A ring, and the unsaturated lactone at C17,
whereas the structures from C6 to C19 are conserved
(Figure 1). Recognition of these varied and common motifs
allowed us to retrosynthetically divide these molecules into
two-variable (color-coded in cyan and purple) and one-
consensus substructures (color-coded in pink). As shown in
Scheme 1, the three simple fragments, chiral AB ring 7 (cyan),
meso-D ring 6 (pink), and butenolide 2 (purple), were

Figure 1. Structures of cardenolides and bufadienolides.

Scheme 1. Synthetic plan for 19-hydroxysarmentogenin (1).
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specifically designed for 1, and were to be assembled into the
entire structure in a convergent fashion. It was envisioned
that other cardenolides and bufadienolides would be obtained
by use of structural variants of 7 and 2 with the same 6.

This convergent strategy required the correct introduction
of six stereocenters (C8, 9, 11, 13, 14, 17) in the transformation
from 7 into 1 (Scheme 1). Stereoselective construction of the
C ring through formation of the two C!C bonds from chiral 7
and meso-6 was especially challenging and was expected to
require two key intramolecular reactions: 1) radical cycliza-
tion of bromide 5, which was prepared by acetal tethering of 7
and 6, would install the C9-stereocenter of 4, and 2) the aldol
reaction of 4 would simultaneously control the stereochem-
istry at C8, C13, and C14 of 3a. Stereoselective attachment of
butenolide 2 to 3a would then lead to the target structure, 1.

AB ring 7 was prepared in nine steps from (S)-peril-
laldehyde 8 (Scheme 2A). Diels–Alder reaction between 8

and the Rawal diene 9,[10] followed by acidic treatment,
resulted in stereoselective formation of cis-fused enone 10
with the requisite C5 and C10 stereocenters.[11] The two
carbonyl groups of 10 were reduced with LiAlH4 to give the
corresponding hydroxy groups, and chemoselective oxidation

of the C7 allylic alcohol afforded 11. After acetylation of the
primary alcohol of 11, the C3 isopropenyl group was
oxidatively converted into the methyl ketone of 12. A
Bayer–Villiger reaction of 12 using meta-chloroperoxyben-
zoic acid stereoselectively introduced the C3 acetoxy func-
tional group. Next, the two acetyl groups of 13 were removed
by methanolysis to provide the diol, the treatment of which
with tert-butyldimethylsilyl trifluoromethanesulfonate
(TBSOTf) and 2,6-lutidine gave rise to bis(TBS) ether 14.
Finally, the internal acetal of 14 was transformed into the
corresponding keto alcohol of the requisite fragment 7 by the
action of pyridinium para-toluenesulfonate (PPTS) in meth-
anol.

Because of its meso symmetry, D ring 19 was readily
synthesized through six functional group manipulations from
the known meso diketone 15[12] (Scheme 2B). Stereoselective
diisobutylaluminum hydride reduction of 15 and subsequent
TBS protection of the resultant hydroxy groups afforded 16.
Ozonolysis of 16 produced aldehyde 17, which was subjected
to the Horner–Wittig reaction with A to provide enol ether
18. A two-step manipulation of the protecting group con-
verted TBS-protected 18 into acetyl-protected 6.

Pentacycle 3a was obtained from the prepared AB and
D ring fragments 7 and 6 in only seven steps involving two
cyclizations (Scheme 3). Before the first radical cyclization,
the acetal tether of 5 was formed. Enol ether 6 was treated
with bromine to give dibromide 19. The bromine atom of 19
adjacent to the methoxy group was highly reactive towards
nucleophiles, and thus was replaced in situ by the C19 oxygen
of 7 in the presence of dimethyl aniline to furnish acetal 5.[13]

The remaining C11 bromine atom of 5 was then homolytically
cleaved by treatment with (TMS)3SiH (TMS = trimethylsilyl)
and Et3B,[14] and the resultant C11 carbon radical 20 reacted
with the C8=C9 bond from the top face of the molecule owing
to the constraint of the acetal linkage. As a result, the C9!C11
bond was formed in the desired fashion, leading to the fused
tricycle 21.

Having successfully installed the C9 stereocenter, the
substrate of the second cyclization was synthesized from 21.
The diastereomers 21 at the acetal and C11 positions were
merged into the single isomer 22 by acid-induced vinyl ether
formation,[15] thus generating 22 after reprotection of the
partially desilylated C3 hydroxy group. Deacetylation of 22
and oxidation of the liberated hydroxy groups with Dess–
Martin reagent[16] provided triketone 4, the substrate for the
crucial aldol reaction. Cyclization of the C ring required
chemoselective C8 enolate formation and subsequent regio-
and stereoselective attack on the C14 ketone in the presence
of the C17 ketone for the correct installation of the C8, C13
and C14 stereocenters. To realize these selectivities, we
screened the reagents and conditions, and found that a cata-
lytic amount of KN(TMS)2 (10 mol%) in refluxing THF
induced C8!C14 bond formation to deliver the desired 3a as
the major product (3 a/3b = 8.6:1) in a quantitative combined
yield. Treatment of the isolated minor isomer 3b with
KN(TMS)2 led to 3a, thus indicating the thermodynamically
controlled nature of the present aldol reaction. X-ray
crystallographic analysis of 3a established its characteristic
three-dimensional structure. Interestingly, the B ring of 3a

Scheme 2. Reagents and conditions: a) toluene, reflux; HCl (1m),
THF, RT, 78%; b) LiAlH4, Et2O, !78 8C to RT; c) MnO2, CH2Cl2, RT,
66% (2 steps); d) Ac2O, Et3N, CH2Cl2, RT, 99%; e) OsO4, NaIO4, 2,6-
lutidine, H2O, dioxane, RT, 94%; f) m-CPBA, CH2Cl2, RT, 67%;
g) K2CO3, MeOH, RT, 92%; h) TBSOTf, 2,6-lutidine, CH2Cl2, RT;
i) PPTS, H2O, MeOH, 0 8C, 99% (2 steps); j) DIBAL-H, CH2Cl2, !78 8C,
63%; k) TBSOTf, 2,6-lutidine, CH2Cl2, RT, 96%; l) O3, CH2Cl2, !78 8C;
Ph3P, RT, 80 %; m) A, LDA, THF, RT, 71% (E/Z =1:1.2); n) TBAF, THF,
60 8C; o) Ac2O, pyridine, DMAP, RT, 84% (2 steps). DIBAL-H= diiso-
butylaluminum hydride, DMAP=N,N-dimethyl-4-amino pyridine,
LDA = lithium diisopropylamide, m-CPBA =meta-chloroperoxybenzoic
acid, PPTS = pyridinium p-toluenesulfonate, TBAF = tetra-n-butylammo-
nium fluoride, TBS = tert-butyldimethylsilyl.
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adopts the boat conformation in the X-ray and NMR
structures, whereas the NMR data indicated the chair
conformation of the B ring of 3b (Figure 2).

The aldol reaction generated only one major product, 3a,
out of the eight diastereomers (3a–h) possible under the
thermodynamic conditions (Figure 2).[17] The cis-fused BC
rings of diastereomers 3e–h cause an unfavorable steric
interaction between the C ring and the enol ether ring, and
the trans-fused 6/5 ring system of 3c or 3d is more strained
than its cis counterpart in 3 a or 3b.[18] Thus, 3a and 3 b are
preferred over the other six diastereomers 3c–h. Although
compounds 3a and 3b would both be stabilized by hydrogen
bonding, the lone pair of the C7 carbonyl group is more
properly oriented toward the proton of the proximal hydroxy
group in 3 a than in 3 b, and this factor is attributed to the
selective formation of 3 a over 3 b.

Our total synthesis of 1 was completed from pentacycle 3a
through a 12-step sequence including attachment of the
butenolide moiety (Scheme 4). The C7 ketone of 3a was first
chemoselectively reduced using NaBH4 in the presence of the
C17 ketone to produce 23. Treatment of alcohol 23 with NaH,
CS2, and MeI led to the corresponding xanthate 24, which
underwent deoxygenation by the action of Ph3SnH and 2,2’-
azobisisobutyronitrile to provide 25.[19] Ozonolysis of the vinyl
ether of 25 liberated the C11 oxygen functional group as the
ketone, giving rise to 26, which was deformylated with
NH4OH to afford hemiacetal 27. When 27 was subjected to
the reagent mixture of TBSOTf, Et3N, and LiN(TMS)2,

[20] the
C19 primary alcohol and the C17 ketone were protected to
give 28. The remaining C11 ketone of 28 in turn underwent
a stereoselective Birch reduction, and the TBS-enol ether was
selectively desilylated with tetra-n-butylammonium fluoride
in the presence of the other two TBS ethers to regenerate the
C17 ketone of 29. Ketone 29 was then transformed into vinyl
iodide 30 using hydrazine and iodine.[21] Stille coupling[22] of
iodide 30 and stannane 2[23] using Pd(PPh3)4, LiCl, and
CuCl[24] introduced the butenolide onto the steroid structure
to furnish the adduct 31.

The last requisite stereoselective transformation was
hydrogenation of the C16=C17 bond to obtain the b-oriented
butenolide. However, hydrogen in the presence of Pd/C
added from the convex b-face of the cis-fused CD ring
structure of 31, resulting in the formation of 17-epi-19-
hydroxysarmentogenin 32 after deprotection. Thus, to invert
the face selectivity of the hydrogenation, the convex face of
the CD ring was sterically shielded by the introduction of
a bulky TMS group at the C14 tertiary alcohol to generate 33.
Hydrogenation of 33 under the same conditions indeed
proceeded from the a face to give rise to the desired
compound in high selectivity (d.r. = 6:1). Finally, the four
silyl groups were removed under acidic conditions to deliver
19-hydroxysarmentogenin (1). The stereostructure of 1 was
unambiguously confirmed by X-ray crystallographic analysis
of the corresponding C19-p-bromobenzoate 34.

In summary, the total synthesis of 19-hydroxysarmento-
genin (1) was accomplished in a convergent fashion using
three simple fragments: AB ring 7, D ring 6, and butenolide 2.
Salient methods employed in our successful synthesis include:
1) radical cyclization to install the C9 stereocenter of 21,
2) intramolecular aldol reaction to form thermodynamically
stable 3a out of eight possible stereoisomers, and 3) stereo-
selective hydrogenation of 33 by controlling the steric bias of

Scheme 3. Reagents and conditions; a) 6 (2 equiv), Br2, CH2Cl2,
!78 8C; 7 (1 equiv), PhNMe2, !78 8C to RT; b) Et3B, (TMS)3SiH, O2,
toluene, !65 8C; c) B, toluene, reflux; d) TBSOTf, 2,6-lutidine, CH2Cl2,
!78 8C, 65 % (4 steps from 7); e) K2CO3, MeOH, RT; f) Dess–Martin
periodinane, NaHCO3, CH2Cl2, RT, 86 % (2 steps); g) KN(TMS)2

(10 mol%), THF, reflux, 100% (3a/3b = 8.6:1); h) KN(TMS)2

(30 mol%), THF, reflux, 66 % (3a/3b = 12:1). TMS= trimethylsilyl.

Figure 2. Eight isomers potentially generated by the aldol reaction of
4.
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the substrate. Overall, the polycyclic architecture of 1 with
nine stereocenters was efficiently constructed from (S)-peril-
laldehyde 8 with one chiral center in 28 steps. Application of
this convergent strategy to other cardenolides and bufadie-
nolides by changing the fragment structures is currently
underway in our laboratory.
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