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ADC  antibody-drug conjugate 

BAIB  bis(acetoxy)iodobenzene 

BODIPY boron-dipyrromethene 

bp  base pair 

CoA  coenzyme A 

COSY  correlation spectroscopy 

CDTA  cyclohexanediamine-N,N,N’,N’-tetraacetic acid monohydrate 

DDBJ  DNA data bank of Japan 

DDQ  2,3-dichloro-5,6-dicyano-p-benzoquinone 

DGGE  denaturing gradient gel electrophoresis 

DMAP  N,N-dimethyl-4-aminopyridine 

DMF  N,N-dimethylformamide 

DMSA  dimercaptosuccinic acid 

DNA  deoxyribonucleic acid 

dNTPs  deoxynucleotide triphosphates 

dsDNA  double-stranded�deoxyribonucleic acid 

E.COSY exclusive correlation spectroscopy 

EDTA  ethylenediamine-N,N,N’,N’-tetraacetic acid 

EMBL  european molecular biology laboratory 

ER  endoplasmic reticulum 

Et2O  diethyl ether 

EtOAc  ethyl acetate 

EtOH  ethanol 

FDA  food and drug administration 

FDLA  Nα-(5-fluoro-2,4-dinitrophenyl)-L-leucinamide 

gDNA  genomic deoxyribonucleic acid 

HMBC  heteronuclear multiple bond coherence 

HMQC  heteronuclear multiple quantum correlation 

HPLC  high performance liquid chromatography 

IC50  50% inhibitory concentration 
iPrMgBr  isopropylmagnesium bromide 
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ITS  internal transcribed spacer 

Leu  leucine 

Me  methyl 

MeCN  acetonitrile 

MeMgBr methylmagnesium bromide 

MeOH  methanol 

ML  maximum likelihood 

MOM  methoxymethyl 

MTT  3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide 

NMR  nuclear magnetic resonance 

NOESY  nuclear Overhauser effect spectroscopy 

NRPS  nonribosomal peptide synthetase 

ODS  octadecylsilane 

PCR  polymerase chain reaction 

PKS  polyketide synthetase 

PLC  preparative layer chromatography 

PMB  p-methoxybenzyl 

rDNA  ribosomal deoxyribonucleic acid 

ROESY  rotating frame nuclear Overhauser effect spectroscopyrRNA

  ribosomal ribonucleic acid 

TBAF  tetrabutylammonium fluoride 

TBDPS  tert-butyldiphenylchlorosilane 

t-BuLi  tert-butyllithium 

TEMPO  2,2,6,6-tetramethylpiperidine 1-oxyl 

THF  tetrahydrofuran 

TOCSY  total correlation spectroscopy 
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Ǹ 1 Ɵ� Ɨʿ 
hU|~at�U@ŖǘɖǅćĩķǂSĲ!ĜÐǅɬ:�l�hU|~at�
U%ĩķǂɌSÑȺ-4?@ 25 $M 26 ¸Ɉǔ;ƺȝ,P9 l 1�ȉôƢ:@
23.3 ¸Ɉǔ>ǷèȐ?Ŗǘ%òǤ (Great Oxygenation Event) -4+;%ȈMP
9 l% 2�+P@ĩķǂSĲ!hU|~at�U>LlJ?;ı"MP9 l�
ğŋ�hU|~at�U@ 1 T?ʑSİǂ/lb<ǰʝ=Ɓ%ǭŋ-9#N�
ůǕÉ:@ÈƻKȀƻ�¹Ǒ�Łɕ�ɂĀ�Ķµɭ�úU�]�; 64ʝ3=
Üù>ǅª-9 l�F4�hU|~at�U@įƂ˅ÖǁKŐŇ、Öǁ�įā
Öǁ�įƵāÖǁ�į���UÖǁ=<ǰʝ=ǅɬÖǁSŮ/ɅūǶżŔɬSǅ
Ŕ/l+;:JȈMP9 l 3, 4�hU|~at�U?ǅŔ/lɅūǶżŔɬ?
!5Ƕɡȟ=×;-9 dolastatin 10 %�GMPl�Dolastatin 10 @įƂ˅ÖǁS
Ů/��qw:�N�1987 Ɉ> Pettit M>L69ÈʞɃǱȶɬpsx�^W
Dolabella auricularia $MǾʪɹĸ,P4 5�ȷ¼ķɬ@ 2001 Ɉ>ÈʞhU|~
at�U Symploca sp. LNǾʪ,P 6�dolastatin 10 ?Ƶ?ǅŔŻ@hU|~a
t�U:�l;ı"MP9 l�Dolastatin 10 @Ň、ĻÏp��aŷq�4��
�?ƌķSǚÍ/l+;>LN�G2/M å># 9Ň、ƆåSȜŞ,Nl+;%
ȈMP9#N 7,8�+P>LNƂ˅Ň、?ǤƭSʣ"l;ı"MP9 l�ʶƜ
ŤĚ?đÂ�dolastatin 10 ůǱ@ Phase II :Êɖ%ŞF69-F64%�2?į
ǱʕɬɪķǱ (ADC);-9Ÿʠ¼,P4��i_����Ƃ?Ň、ɡʌ>ǭŋ
/lp��aŷ CD30 Sɠȟ;-4įǱ>�dolastatin 10 ?ʸ³Ǳ:�l
monomethyl auristatin E Sđķ,N4 ADC :�l brentuximab vedotin %�i_
����Ƃ?Ŭʲʕ;-9Ėõ%ƷIMP�U��]ưɤ¨ʕÿ (FDA) >ɇÀ
,P4 9 (Figure 1-1)� 

hU|~at�U?ǅŔ/lɅūǶżŔɬ%ɩĮ ǅɬÖǁSŮ/ʡ­?«
T;-9�2?ǰʝ=¼Ôİǥ%�GMPl�hU|~at�U?ǅŔ/lɅ
ūǶżŔɬ?ǰ(@��qwK����qw���cqw:�N�2?b;T
<%ɝ��n4�ć��qwķǂĴǘ (NRPS) ;��cqwķǂĴǘ (PKS) 

ðB2PM%ɪķ-4Ĵǘ (NRPS/PKS) >L69ǅķǂ,P9 l 4,10�+P
MɅūǶżŔɬ?İǥǰʝǁ@hU|~at�Uȼʘ?ƇƫĴǘ;ǅķǂ§ȧ
Ś? gene shuffling >LlJ?:�l+;% Calteau M>L69Ǎʊ,P9 l
11�ğŋF:>ʝ3=İǥSũThU|~at�Uʙ（?ȢǕɬ%2?ǅķǂ
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§ȧŚ;;J>ʊM$;=69 l(Figure 1-2)�Jamaicamide B >âFPlʂȃ
U�_�@ǅķǂĴǘ>ȸɆ,P4ʂȃU�c�%ɥ。ˀ¼Ĵǘ:�l JamB

>LNU�_�CɳÛ,Pl+;:ǅķǂ,Pl 12�F4�apratoxin A >âF
Pl t-�q�ã@�Ulq�-CoA % S-adenosyl-L-methionine (SAM)>LN�q
�¼,Pl+;:ǅķǂ,Pl;ı"MP9 l 13�Curacin A >âFPlha
�����@�ER w�W�>LNǅǂ,P4Z|�4v%óÐȊÛ-�µǘ
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Figure 1-1. Dolastatin 10 ;2?ʚȸǱ 
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ĜŚ%ǽʪ/l+;:ǅķǂ,Pl 14�Ÿŉ>・ĖõŴ:JÈʞhU|~at
�U$MʂȃU�_�Sʘ/l kurahyne15K jahanyne16�t-�q�ãSʘ/l
janadolide17�ha�����Sʘ/l hoshinolactam18%Ǿʪ,P9 l(Figure 

1-3)�+PM?ȢǕɬ@2?ǅɬÖǁJüʄƴ(�kurahyne @�vŚñˇ%T
Ň、ʙ（? HeLa Ň、>ǲ-9U�v4hjSʚȸ/l+;ðBƚ、Ǳ>ǭŋ
/l Ca2+���SǚÍ-�ƚ、Ǳjv�jSʚȸ/l+;%ʊM$>,P9 
l 15�F4�janadolide ; hoshinolactam @�vǄƥŇ、:�l MRC-5 >ǲ/l
ȽǁSŮ,0>įv��|n4�ÖǁSʘ/l 17, 18� 

 

ĂɈ@§ȧŚĭÔ?ɭʒ%ɖȣ-�ɞǅɬ>ǅķǂ§ȧŚSȸɆ-9ȢǕɬS
ķǂ/lìƐ%Òʬ,P9&9 l 19,20�,M>�ȼȝ?ƇƫĴǘSĎǮJ-(
@ǝɆ-4Nǅķǂ§ȧŚ?w�W�SɳÛ-4N/l+;:ɝȢǕć?ʚȸ
ǱSķǂ/l (e��xv�U�ǅķǂ)ĖõJĲRP9&9 l 21-23�Ÿŉ>�
+?L!=ìƐ@�ɜÓȟÝǾ=İǥÇɳ>LlǷéʍ�W���4ōǂ>J
¶ʠ,P9#N�ǛʕĖõ>々ʬ69 l 24-27�ğŋ?ìƐ:@ɪő=İǥÇɳ
SĲ!+;@ĽɄ:�l%�ƙ（ȟ>@ɾG?¼ķɬS£?FF>ǅķǂ:&
l+;%åǴ,P9 l�+?4I>@ʝ3=Ɓʸ?ǅķǂ§ȧŚƦɹ?ȍǉ
%ɟƹ:�N�hU|~at�U?ǅŔ/lȼ¤=ƇƫĴǘSƅƉ/l+;%
ɟʡ:�l�+?4I�hU|~at�U$Mǯ>×SĘ= İǥ?ȢǕɬSɖ
Ę-�2?ǅķǂ§ȧŚSʊM$>/l+;@ƌʡ=£ʄSũT� 

�Ƣ?ʩʙ:・Ėõ@hU|~at�U$Mȼ¤=Öǁ;İǥSũTȢǕɬ
?ǾʪSʎȟ;-4� 
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Ǹ 2 Ɵ� ŠƩhU|~at�Uȷȝɺɻ?Òʬ 
Ǹ 1 ǌ� ɏĊ 
hU|~at�U@�ĩķǂƮǘ;-9�VehUy�K�VeZ�v��S
ũ5�ŖǘɖǅćĩķǂSĲ!4I>ʧǣ;JĢAPl�F4�+?L!=ȼȕ
$M�ǔ@Ƭɬ?«Ɓ;-9ɇų,P9&4�-$-=%M 1977 Ɉ>ĲRP4
ƠŇ=ɞŇİǥ?Þŏ>L69ƵǄŇā>ǫ/lǅɬ:�l+;%ʊM$;=
64 28�+?L!=ɏĊ$M�hU|~at�U?ɭʸ@ĹŉŇāʉʈéʔ;Ĺ
ŉ ǣʸ1āʸ1Ƭɬʉʈéʔ?ʰɺSȠʠ/l+;%:&l%�Ÿŉ>@<5
M$ɴɺ?ʉʈéʔSʠ 9ʅêňƁ?ɹĸ%=,P9 l�+PMɅT?ʉ
ʈéʔ@2?ɀʜ%Ƿ&(¤=69#N�ĹŉŇāʉʈéʔ:@ɑʢ×?ɷǭ
;ǅɬ?¼Ôȟ1§ȧÔȟ=ȼȕ%ƌţ,Pl?>ǲ-�ĹŉƬɬʉʈéʔ:@
ɠ・?ɷǭ;Ĉǵȟȼȕ%ƌţ,Pl�ğŋF:>êň,P9 lhU|~a
t�U?Ƿɨɭ@�Ƭɬ;-9ɇų,P9 4Ūå>ɹĸ,P4�2?4I�b
;T<?hU|~at�U@ĹŉƬɬʉʈéʔ>ǨN�Ĉǵȟȼȕ>LNɭʸ
,P9 l�+?L!=ɏĊ$M�ğŋɹĸ,P9 lhU|~at�UƁ?Ƿ
ɨɭ@�ɠ・;-9?jcrq%ŗ,P9 l?G:ɑʢ×%ɷǭ,P9#M
0�§ȧŚƦɹ>LlɭŚċȲÔȟĖõJĲRP9 = �ĂɈ?ɭŚɭʸÔ?
ɖȣ>LN�«ɨ?ɭʸą?ǾċȲǁ%ɇIMP4%Ƿɨɭ?hU|~at�
U@ǰċȲ:�l+;%ɘʊ-�Ƌ（?Ĉǵ>Llɭʸ;Ÿŉ?ċȲáĆ%¤
=l+;%ʊM$;=64 29, 30�+?4I�ğŋ:@hU|~at�U?ɭʸ;
ċȲáĆSʊÒ>/l4I�ĈǵÔ;ċȲÅǈSǙGķRN4ŃɭʸSĲ �ǃ
ʩ%ƷIMP9 l 31�hU|~at�U?Ńɭʸ>@ɑʢ×Sʠ 4ĈǵÞ
ŏ;ċȲÅǈ%ɟʡ;=l�-$-=%M�ƢƑ?L!>ǰ(?êňƁ:ɑʢ×
?ɷǭ%,P9 = 4I�ŃɭʸSĲ!ŉ>ʐǹ;=69 l�+?4Iğŋ
?hU|~at�U?ɭʸ@ľʦ-9 lƩǵ:�l� 

hU|~at�U@ɭʸ%ľʦ-9 l+;>¿"9�ċȲÅǈ:Į(ʨʠ,
Pl 16S rRNA §ȧŚ@�«ɚȟ>ǫSɘɲ/lȞȫ?ɭÅɌ-$= 4I�Ǆ
Ò=Ɓȷȝ>@ĈǵÞŏ;ċȲÅǈSǙGķRNlɟʡ%�l�・Ėõ:ǅɬ
Öǁɬŷ?ǿŎĞ;-9ʠ 9 lÈʞhU|~at�U@�2?ǰ(%ɑʢ
ĽɄ:�l4I�ƁȷȝSĲ!4I>@Üùg���$MĈǵƦɹ;§ȧƦɹ
?ʰɺSȺlɟʡ%�l�ğŋ�Üùg���$M§ȧƦɹSſȺ/lɺɻ;-
9@�a�4y�b;ɳǁŊɊȫīɐd�ȩè±ȶɻ (DGGE) %«ɚȟ:�l�
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+PM?ɺɻ@�Üùg���$MȺMP4 DNA ȑƏɬS PCR Ǥɩ-4?5
> PCR ŔɬSɭʪ1ǆǇ-9Åǈ/lJ?:�l�+?4I�Üùg���Ȑ
>ǭŋ/lǅɬǡ?ʩÅ>@ʘʠ:�l%�Üùg���Ȑ>ǭŋ/lȼȝ?
hU|~at�U?ƁȷȝC?Ƞʠ>@ʐǹ%�l��Ƣ?ʩʙ$M�ǅɬÖǁ
ɬŷ?ǅŔŻ:�lÈʞhU|~at�U?ǄÒ=ƁȷȝSĲ!4I>Ʋ4=
ȷȝɺɻSÒʬ/l+;;-4� 
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Ǹ 2 ǌ� ȷȝɺɻ?Òʬ 
・Ėõ:ǲơ;/lÈʞhU|~at�U@�Ň、%«ʻ>ʼ=64ŠƩ?Ň
、Ĉǵ (ŠƩǱ) SŮ-9#N�ɪƽ?Š
ƩǱ%Ĥ >）FN�69e�y4SĈ
ǂ-9 l�ŠƩǱ?ɡʌ@ǰȱʸ:İǂ
,P4ˈ>ɫRP9#N�ǰƽ?~at�
UKǯ?hU|~at�U%ɦȏ-9 
l+;%ǰ  (Figure 2-1)�+?4I�g�
��Ȑ>―ǐ/lhU|~at�UƁ?
Ǿ«=ŠƩǱSęɞý»:ɭʪ-9ɍņ
/l+;:Ǘ DNA ȑƏɬSōǂ-�+P
St���4v;-9Țƥ? PCR ɻSĲ
! (single filament PCR) +;: 16S rRNA

§ȧŚSȺl+;;-4� 

Single filament PCR @�»?ɺɻ:Ĳ64�ŠƩǱSˈ$MſNƘ(4I>
0.1% (w/v) N-�X�W�g�eh�xv�X��ÉʌÖǁŊ�Èƻʟ²:ƕʩ-�
ęɞý»:��rvǒƨɻ 32 >LNǾ«ŠƩǱSǾʪ-4�Ǿʪ-4Ǿ«ŠƩ
ǱSęɞý»:ɍņ-�DNA ǗȑƏɬSōǂ-4�ȺMP4 DNA ǗȑƏɬS
t���4v;-9 PCRSĲ �ȺMP4 16S rDNAɐʻ?ċȲÅǈSĲ64�
,M>�ĈǵÞŏ>LlđÂSǙGķRNl+;:ÈʞhU|~at�U?Ɓ
ȷȝSĲ64� 

 

  

Fig.2-1.� Üùg���Ȑ?Èʞ
hU|~at�U�

50 µm 
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Ǹ 3 Ɵ Kanamienamide ?İǥ;ǅɬÖǁ 
Ǹ�ǌ� ÈʞhU|~at�U?ŅƉ;Ǿʪ 
ŅƉ@ 2014 Ɉ 6 Ē>űŧȭėȻɉȭ?ăĘŌ>9Ĳ64 (Figure 3-1)�ÙȖ?
Ūàǳ>ȖàǳSȪɸ:¥ȶ-=%Mȷ«=ȼȕSũTe�y4SɪƽŅƉ-
4� 

 

 

 
ŅƉ-4ÈʞhU|~at�U (sample no. 1406-23) @ʺȬ-9ĖõŴ>ũ5
ç64�Ɓȷȝ>ʠ lÈʞhU|~at�Ug���@�ŅƉŪ> RNAlater® 

(Qiagen, Germany) :ģȝ-4�ģȝ-4g���@Ŵ¹:ĖõŴ>ũ5çN�-

30 ˚C :ɷǭ-4� 

ɷǭ-4ģȝg���Sʠ 9 single filament PCR SĲ64�ȺMP4 16S 

rDNA @ńʏ(ML)ɻ;�WkɻSʠ 9ċȲÅǈSĲ64�ċȲÅǈ?đÂ�È
ʞhU|~at�U 1406-23 @ Moorea ǫ;;J>a�4wSĈǂ-4 �Figure 

3-2��Ň、@ɩ 31.2 ± 1.9 µm�Ș, 5.5 ± 1.3 µm :�N(Figure3-3 A)�e�y4@
ǊG%$64ĺƮ?Ȍˆ?ǠƩ?�rv:Ɔɵ?g�f>ɦȏ-9 4 

(Figure3-3 B)�F4�e�y4@tr�XZ�?Ǡ;-9ʨʠ,P9 4�ċȲ
Åǈ;Ĉǵȟȼȕ?đÂ$M�ŅƉ-4ÈʞhU|~at�U1406-23@Moorea 

bouillonii ;ȷȝ-4� 

Figure 3-1. ÈʞhU|~at�U?ŅƉ (sample no. 1406-23) 
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 Figure 3-2. ML ɻ>LN 16S rDNA $Mōǂ-4ċȲƄ�UXvb�4�>
@ Gloeobacter violaceus PCC 7421 Sʠ 4�Node >Ů-4ƽȇ@�4vj
v�r�ȇ (70%�»@Ů-9 = ) ;ťĥÒʬ (0.9 �»@Ů-9 =
 ) : ML/Bayes ɻ>LNŕƏ-4� 
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Figure 3-3. Moorea bouillonii 1406-23 ?ĈǵŹƵ: (A) ĩÔęɞý>LlÞ
ŏ�(B) ŅƉŪ?e�y4?ȼȕ 
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Ǹ�ǌ� Kanamienamide ?Ǿʪ 
ŅƉ-4 Moorea bouillonii 1.0 kg (ŵƌʴ) S MeOH >LlȑƏ;˄Ãĥ�˄²
Sĝ�»:Ɋƍ-4(Figure 3-4)�ȺMP4 MeOH ȑƏɬS EtOAc ;ƻ:ɭɐ-
4�EtOAc ǜSĝ�Ɋƍ-�90% MeOH ƻʟ²;�_g�>9ɭɐ-4�HeLa

Ň、 (�vŚñˇ%TŇ、) >ǲ/lǤƭǚÍÖǁSŜɠ>-9�ȺMP4 90% 

MeOH ƻʟ²ǜS ODS h�]d�]��a��vb��V4; HPLC >L69
ǆǇ-4�2?đÂ�HeLa Ň、>ǲ-9ǤƭǚÍÖǁSŮ/ kanamienamide (1) 

9.2 mg SʆƮーƩɬ;-9Ⱥ4� 

 

 
  Figure 3-4. Kanamienamide (1)?ɭʪǆǇ 
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Ǹ 3 ǌ� Kanamienamide ?ɰʌİǥ 
ĶɭÅɌŷʴj�av�?đÂ$M kanamienamide ?ɭŚŲS C28H48N2O5;ď
ȝ-4 (m/z 493.3622, calcd for C28H49N2O5 [M+H]+ 493.3641)�1H NMR j�av
�>LN kanamienamide (1)@ȁǘ>đķ-4Ǹ«ö�q�% 1 T (δH 1.32) ;Ǹ
Ʌö�q�% 4 T (δH 1.04, 0.91, 0.76, 0.74)�Ȏǘ>đķ-4�q�% 2 T (δH 

3.02, 2.81)�Ŗǘ>đķ-4�q�% 1 T (δH 3.14) ǭŋ/l+;%Ů,P4�,
M>�U�|Ŗ? α ?�q�ƻǘ (δH 4.40) ;\��V� (δH 5.92, 5.21, 4.88) 

>ǡȮ/lhbx�%Þǩ,P4 (Figure 3-5)� 

 
 
 Kanamienamide (1)?ɨɭİǥ@ 1D NMR; 2D NMR>L69ďȝ-4 (Figure 

3-6)�COSY j�av�>LNȺMP4ǡá>LN C’2 $M C’6 F:?ȁǘ5ȁ
ǘđķ%Òɇ,P [H-2′ (δH 4.40)−H-3a′ and b′ (δH 1.90 and 1.67)−H-4′ (δH 1.36)−H-

5′ and 6′ (δH 0.74 and 0.76)]�HMBC >9Òɇ,P4 2 T?ǡá [H-7′ (δH 2.81)/ C2′ 

(δC 58.4) and H-2′ (δH 4.40)/C1′ (δC 172.7) ] ;ǙGķRNl+;: N-Me-Leu ?ǭ
ŋ%ʊM$;=64�J!«ɺ? N-Me ƻǘ (H-20, δH 3.02) $M�U�w]�
�y� (C13, δC 166.6) ;\��V�ȁǘ (C12, δC 131.0) >ǲ-9 HMBC ǡá
%ĘMP�N-Me Zx�w?ǭŋ%ʊM$;=64�,M>�COSY ?ǡá>L
NǸ«ö�q�%țŭƤ?�q�� (δH 3.12) >đķ/l+;%ɘʊ-�HMBC

>Llǡá [H-17 (δH 1.32)/C15 (δC 174.7), H-21 (δH 3.14)/C15 (δC 174.7), and H-14 

(δH 5.21)/C15 (δC 174.7)] $M�q�Z|4�Z4t�?ǭŋ%ʊM$;=64�
,M=l 1H NMR�13C NMR�COSY�HMQC�HMBC j�av�?ǡá>LN
N-Me-Leu � 7-hydroxy-2,4-dimethyl-12-(methylamino)-dodec-11-enoic acid � 3-

methoxy-2-pentenoic acid ? 3 T?ɨɭİǥ>LNİǂ,Pl+;%ɘʊ-4�
C11-C12 ; C14-C15 ? 2 T?\��V�@ NOESY ?ǡá (H-11/H-12, H-14/H-

21) >LN2PPP Z Ǳ; E Ǳ:�l;ďȝ-4�H-11/H-12 ?đķȝƽ (7.5 

Hz) >L69JC11-C12à?\��V�%ZǱ:�l+;%ŝũ,P4�=#�

Figure 3-5. Kanamienamide (1)? 1H NMR 
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H-12 @ɝƥ>��4w=hbx�;-9Þǩ,P4�C125C13  à>ǭŋ/
lU�wđķ?Æȥ%ǀĠ,P9 l+;>ʙ（/l;ı"MPl� 

2PPP?ɨɭİǥ?ʼđ@ HMBC ; NOESY >L69ďȝ-4 (Figure 3-6 

and Table 3-1)�3 T? HMBC >Llǡá (H-7′/C1�H-18/C1�H-7/C1′) $M 11 ¬
Üİǥ%ďȝ,P4�H-7  ?¼Ôh�v�d 4.96�$MJ�C7 >đķ/lŖǘ
ĜŚ%Uh�¼,P9 l+;%ƺȝ,P�11 ¬ÜİǥSŝũ-4�,M> 2

T? HMBC >Llǡá (H-20/C-12�H-20/C-13) ; NOESY >Llǡá (H-12/H-

14) $M�kanamienamide (1)?ɰʌİǥS Figure 3-6 >Ů/ȚN>ďȝ-4� 

 

 
  

O

N O

O
N

O

O

COSY
HMBC
NOESY

1'

1

7

18 19

11

13

17

20 21

5'

7'

Figure 3-6. Kanamienamide (1)?ɰʌİǥ 
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position δC
a δH

b (J in Hz) COSY HMBC 
(H®C)  

selected 
NOESY 

1’ 172.7, C     

2’ 58.4, CH 4.40, dd (4.2, 11.6) 3a, 3b 1’, 3’, 7’ 2 

3a’ 38.5, CH2 1.90, ddd (4.2, 10.9, 14.8) 2’, 3b’, 4’   

3b’  1.67, ddd (3.6, 11.6, 14.8) 2’, 3a’, 4’ 2’, 5’  

4’ 24.7, CH 1.36, m 3a’, 3b’, 5’, 6’   

5’ 20.8, CH3 0.74, d (6.9) 4’ 3’, 4’, 6’  

6’ 23.3, CH3 0.76, d (7.1) 4’ 3’, 4’, 5’  

7’ 28.7, CH3 2.81, s  2’, 1   

1 177.8, C     

2 33.7, CH 2.60, dqd (3.1, 6.8, 11.6) 3a, 3b, 18  2’, 5a 

3a 43.6, CH2 2.03, ddd (1.9, 11.6, 13.2) 2, 3b, 4 2, 4, 18, 19 18, 19 

3b  0.94, ddd (3.1, 11.1, 13.2) 2, 3a, 4 1, 19  

4 34.6, CH 1.36, m 3a, 3b, 5a, 5b, 

19 

 6b 

5a 30.8, CH2 0.99, dddd (1.4, 2.1, 9.0, 14.5) 4, 5b, 6a, 6b 6, 7 2, 7 

5b  0.80, dddd (1.0, 9.5, 10.4, 14.5) 4, 5a, 6a, 6b 6, 7  

6a 31.8, CH2 1.49, dddd (1.4, 5.2, 9.5, 14.6) 5a, 5b, 6b, 7 4 8b 

6b  1.13, dddd (1.0, 9.0, 10.8, 14.6) 5a, 5b, 6a, 7 5, 7 4 

7 76.8, CH 4.96, dddd (5.2, 6.9, 10.8, 12.0) 6a, 6b, 8a, 8b 1’ 5a 

8a 35.4, CH2 1.39, m 7, 8a, 9   

8b  1.24, m 7, 8b, 9  6a 

9 25.0, CH2 1.20, m 8a, 8b, 10   

10 27.1, CH2 1.87, m 9, 11   

11 125.9, CH 4.88, td (7.5, 7.5) 10, 12 9, 10, 12 12 

12 131.0, CH 5.92, m 11  11, 14 

13 166.6, C     

14 91.4, CH 5.21, s  15, 16 12, 21 

15 174.7, C     

16 25.9, CH2 3.12, q (7.6) 17 14, 15, 17  

17 12.6, CH3 1.32, t (7.6) 16 15, 16   

18 19.1, CH3 1.04, d (6.8) 2 1, 2, 3 3a 

19 22.6, CH3 0.91, d (6.6) 4 3, 4, 5 3a 

20 34.9, CH3 3.02, s  12, 13  

21 54.5, CH3 3.14, s  15 14 

Table3-1. Kanamienamide (1)? NMR j�av�u4p (ʟɒ2C6D6) 
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Ǹ 4 ǌ Kanamienamide ?ǎǲʬǱɐȊ 
Kanamienamide (1)?ǡǲʬǱɐȊ@

NOESY ;đķȝƽSÅǈ/l+;:
ďȝ-4 (Figure 3-7)� 1H-1H đķȝƽ
@ 1H NMR�J-resolved�E.COSY j�a
v�Åǈ>L69ďȝ-4�Þǩ,P
4 NOESY ǡá (H-2′/H-2�H-2/H-5a�
H- 5a/H-7) >LN 4 T?��v� (H-

2′�H-2�H-5a�H-7) %ȷ.ɺĬ>ɐȊ
��ɐȊ�-9 l+;%ʊM$;=
64�Ƿ&=đķȝƽ (JH6b−H7 = 10.8 

Hz�JH7−H8b = 12.0 Hz) ; NOESY ?ǡ
á (H-6a/H-8a) $M H-6b ; H-7�H-7

; H-8b %2PPP anti ?Ĭ&> Ȋ
/l+;%ʊM$;=64�F4�4

T?đķȝƽ  (JH5a−H6a = 1.4 Hz�
JH5a−H6b = 9.0 Hz�JH5b−H6a = 9.5 Hz�
JH5b−H6b = 1.0 Hz) ; NOESY ǡá (H-

4/H-6b�H-5a/H-7�H-5b/H-6a) $M H-

5b ; H-6a %h�����x4:�l;ďȝ-4�Ƿ&=đķȝƽ (JH2−H3a = 11.6 

Hz�JH3b−H4 = 11.1 Hz�JH4−H5b = 10.4 Hz) ; NOESY ǡá (H-2/H-5a�H-3a/H-18�
H-3a/H-19) >LN H-5a/Me-4�H-5b/H-4�H-4/H-3b %Ĥ >ə/lĬ&> Ȋ/
l+;%ʊM$;=64�+PM?u4p$M H-2�H-3a�H-5a�H-6b�H-7 %
U_h��> Ȋ/l+;%ʊM$;=64��Ƣ?ÅǈđÂ$M
kanamienamide (1)?ǡǲʬǱɐȊS 2’S*,3R*,4S*,7S*:�l;ďȝ-4 (Figure 

3-7)� 

Kanamienamide (1)?ǎǲʬǱɐȊSďȝ/l4I>N-Me-Leuŗã?ʬǱ¼Ô
Sďȝ-4�Kanamienamide (1)S6 M HClȐ�60 ˚C:3Ūà˃˂/l+;:Ŗ¿
ƻɭÅɬSȗǇ-4�Ŗ¿ƻɭÅɬSïǡHPLC>9ǆǇ-�N-Me-LeuSȺ
4�_��]��Sʠ 9kanamienamide (1)ʙ（?N-Me-LeuSɠɤ;2?ɷũ
ŪàSɜÓ-4�2?đÂ�kanamienamide (1)ʙ（?N-Me-Leu@LǱ?ɠɤ;
«ȋSŮ-4 (tR: 19.6 min) %DǱ?J?;@«ȋ-=$64 (tR: 11.4 min) 

Figure 3-7. (A) Kanamienamide (1)?ǡ
ǲʬǱɐȊ�(B) C5-C6 ɨɭ?
NOESY j�av�?ǡá#LBđķ
ȝƽ�(C) C4-C7 ɨɭ? NOESY j�
av�?ǡá#LBđķȝƽ� 
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(Figure 3-8)�+?+;$Mkanamienamide (1)Ȑ?N-Me-Leu@LǱ:�l;ďȝ-
4��Ƣ?đÂ$Mkanamienamide (1)?ǎǲʬǱɐȊSFigure 3-9>Ů/ȚN>
ďȝ-4� 

 

 

 

  

Figure 3-8. Kanamienamide (1)ʙ（Leu?_��]��ɭǈ 
(A) N-Me-D-Leu?ɠɤ�(B) N-Me-L-Leu?ɠɤ�(C) Kanamienamide (1) ʙ（
?N-Me-Leu�(D) N-Me-L-Leu;kanamienamide (1) ʙ（?N-Me-Leu;?øȒ
Ɇ 

Figure 3-9. Kanamienamide (1)?ǎǲʬǱɐȊ 
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Ǹ5ǌ� Kanamienamide?ǅɬÖǁ 

Kanamienamide (1)?HeLaŇ、>ǲ/lǤƭǚÍÖǁSMTT33UrlW>LN
ɢ¾-4�2?đÂ�kanamienamide (1)@HeLaŇ、>ǲ-9IC50 2.5 µM (50%Ǥ
ƭǚÍɊȫ):ǤƭǚÍSŮ-4�ū>�kanamienamide (1)?ŐŇ、ÖǁSv�
����4UrlW>LNɢ¾-4 (Figure 3-10 A)�2?đÂ�kanamienamide 

(1)?Ɋȫ¡ǭȟ>HeLaŇ、?Ň、ş%ʚȸ,P4�F4�kanamienamide (1)?
ʚȸ/lŇ、ş@�Ň、：?blebbing;Ň、?ƅƍSɗ!+;% ǡŀęɞý
>LlÞŏ:Òɇ,P4�Kanamienamide (1) %ʚȸ/lŇ、ş>Òɇ,P4
Ĉǵɳ¼@U�v4hj?ȼȕ34;«ȋ-4 (Figure 3-10 B)�ū>�U�v4
hj?ǚÍŊ;-9ȈMPlZ-VAD-FMK (caspaseǚÍŊ) ;kanamienamide (1) 

;?ɯʠƕʩ>LlŇ、ş>ǲ/l°þSɢ¾-4 (Figure 3-10A)�2?đ
Â�țɊȫ (10 µM)?kanamienamide (1) ƕʩ:@Z-VAD-FMK?ɯʠƕʩ>L
lŇ、ş?ǚÍ%Òɇ,P4%�ĶɊȫ (30 µM) ?kanamienamide (1) ƕʩ:
@Z-VAD-FMKɯʠƕʩ:Ň、ş%ǚÍ,P= +;%ʊM$;=64 (Figure 

3-10 A)�+?ʇƓ-4đÂ$Mkanamienamide (1)?ʚȸ/lŇ、ş@�ɪƽ?
Čʽ%ǭŋ/l$caspase>LM= Čʽ:�l+;%ŮĿ,P4�-$-=%
M�ȮĖõŴ?ƚȭM%kanamienamide (1)?ǖķǂSǼǂ-�ķǂɤ?ÖǁŤ
ĚSĲ64;+Q�ƢƑ?L!=Öǁ@ĘMP0HeLaŇ、>ǲ-9IC50 32 µM

:?ǤƭǚÍ�{a�4hjʝ?Ň、şSʚȸ-4;ɹĸ-435�+?ɹĸ>
LNȢǕɤ?kanamienamide (1)Ȑ>@Öǁ?ú ½M$?ǅɬÖǁɬŷ%Āɞ
ʴe�p�-9#N�2?°þ:・（;@¤=lđÂ%ȺMP4+;%ʊM$
;=64�=#�ReddyM%kanamienamide?Ɩ?ǖķǂSǼǂ-9#N36�Ȯ
ĖõŴ?ǖķǂ@2×ʎ?ɹĸ:�l� 



� �
� �

17 

 

 

  

Figure 3-10. ǾʪŪ>Òɇ,P4Kanamienamide (1)?HeLaŇ、>ǲ/lŇ、ş: 

(A) v�����4ƮǘɎƘŸĚ>Llɢ¾�ɔ@ǾȾƕʩ�ĺ@50 µM?Z-

VAD-FMKSɯʠ� (B) Kanamienamide (1) 30 µMƕʩ>LNʚȸ,P4Ň、ş� 
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Ǹ6ǌ� Kanamienamideǅķǂ§ȧŚſȺ?ŤG 

Kanamienamide (1) ?ǅķǂ§ȧŚSʊM$>/l4I>ǅŔhU|~at�
UM. bouillonii?d|�ÅȿSĲ64�d|�ÅȿSĲ!4I>@Ɣȫ?Ķ 
gDNA%«ȝʴɟʡ;=l�+?4I�«ɚȟ>@Ǿā¼,P4ƔƼɑʢ×S
Ƿʴɑʢ-9ȺMP4gDNASʠ 9d|�ÅȿSĲ!�-$-=%MǅɬÖ
ǁɬŷ?ǾʪĞ;,PlÈʞhU|~at�U@�ɑʢ×SÒʬ/l+;%Ľ
Ʉ:�lƤķ%ǰ(�kanamienamide (1) ǅŔhU|~at�UJȷʝ>ɑʢ×
SÒʬ/l+;%:&=$64�+?4I�Üùg���$MĶƔȫ?gDNA

SȺlɟʡ%�64�ĂɈ�ǖd|�ǤɩSĲ!+;:1Ň、$MĶƔȫ?
gDNASȗǇ-4ɹĸ×%Ǥ"9&9 l13,36�・Ėõ:@+?ɺɻS
kanamienamide (1) ǅŔhU|~at�U>Ƞʠ/l+;:d|�Åȿ>ɟʡ=
ʴ?gDNASȗǇ/l+;;-4�ʋā-4ŒTĐj�Ww^�j;ʋāÈƻ
Sʠ 9��rvǒƨɻ32>LN�Ǿ«=ŠƩǱSɭʪ-4(Figure 3-11 A)�ɭ
ʪ-4ŠƩǱSʋāƪʯƻ>Ƴ-4;+Q�Ƴȴ�>LNŇ、：%ɍņ,P4
(Figure 3-11 B) 4I�+PSǗDNAȑƏɬ;-9ǖd|�Ǥɩ?ȓć;-4� 

 

ǖd|�Ǥɩ@REPLI-g UltraFast Mini Kit (Qiagen, Germany) >LNĲ64�ǖ
d|�Ǥɩ>LNȺMP4gDNA?Ɣȫ@�ȩè±ȶ;16S rDNA?�y~4g
���W�4>LlPCR;h4c�jSʠ 9ɢ¾-4�ȩè±ȶ?đÂ$M
gDNA@ž>10 kbpȞȫ?łȘ:Ǥɩ,P9 l+;%Òɇ,P4 (Figure 3-

12)�F4�h4c�j>LNȺMP4ɐʻ@Ǿ«:kanamienamide (1)ǅŔhU
|~at�U:�lM. bouillonii;«ȋ-44I�Ɣȫ>ʐǹ= +;%Òɇ,
P4�ǖd|�ǤɩŔɬ@QuantiFluor® ONE dsDNA System (Promega, USA) >
LNȝʴ-4�2?đÂ�ȺMP4ǤɩŔɬ@1.6 µg:�64�ʎȟ?gDNAʴ
:�l5 µg>ʃ4=$644I�,M>ɪƽÆǤɩSĲ �ȺMP4ǤɩŔɬ
SķRN9ūƿǶh4aZ�g4PacBio RS II>Lld|�ÅȿSĲ64�

Figure 3-11. kanamienamide 
(1)ǅŔhU|~at�U:  
(A) ęɞý»:Ǿʪ-4Š
ƩǱ�(B) Ň、：?ɍņ 
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PacBio RS II>Lld|�Åȿ;Ul��
�@TAKARA BIOź>¢ǻ-4�ȺMP
4w��vd|�@Ǣµãɐʻƽ16.5 

Mbp:�64�Ă³=hU|~at�U
Ɓ$Mƺȝ,Pld|�gWk@ʔ8 Mbp

:�l4I�ʎȟ?hU|~at�U�
Ì?d|�%e�p�-9 4ÀɌǁ%
ŮĿ,P4�d|�ÅǈSĲ64;+Q2

Ɓʸ?L(Ŧ4e�tVb>LNİǂ,
P9 44I�1). Ɓɀɳ¤>LNǅ.42

Ɓʸ?d|�%e�p�-9 4�J-(
@ 2). d|�ÅȿŪ?�j�4uV�b>
LNUl���%ǄÒ>Ĳ"02Ɓʸ?e�tVb%ǅǂ,P4�; 642T
?ÀɌǁ%ŮĿ,P4�+PM?ʐǹSÅď/l4I>@ 1). LNǤɩĪʫ?
L ǖd|�ǤɩkitSʠ l+;:Ǿ«a�4� (Ǿ«ŠƩǱ) $MgDNASȗ
Ǉ/l�J-(@ 2). MiSeq=<?¤=lūƿǶh4c�g4>Lld|�Å
ȿSĲ ȺMP4ɐʻSļÆȺMP4ɐʻ;ǙGķRN9Ul���ǆȫSĶ
Il�; 642T?ɺɻ%ɾFPl�ǖd|�Åǈ>@ŢM=$64J?
?�ȺMP4w��vd|�@ǅķǂ§ȧŚa�jp4SǿŎ/l?>Ɗɭ=
łȘ:�64?:�kanamienamide (1) ǅķǂ§ȧŚa�jp4SǿŎ/l+;
;-4�Kanamienamide (1) ǅķǂ§ȧŚa�jp4@N-Me-LeuSķǂ/l
NRPS%1T;ɪƽ?PKS$Mİǂ,P9 l;ı"MPl4I�+?ȼȕ>«
ȋ/lJ?SǿŎ-4�w��vd|�Ȑ>ɪƽ?ǅķǂ§ȧŚa�jp4;
ȅɴȟ=ǅķǂ§ȧŚa�jp4%Òɇ,P4%�kanamienamide (1) ʙ（;ś
RPlJ?@Òɇ,P=$64�ǅķǂ§ȧŚa�jp4ǿŎ?ǂɛ@w��
vd|�?ŷ>Ƿ&(¡ǭ/l�d|�Åȿ:@ž>MiSeq�HiSeq�PacBio�
MinIOn; 64h4c�g4%ʠ MPl�+PM?h4c�g4?Ȑ:J
PacBio;MinIOn@Șł?ɐʻ%ȺMPlʨȦ%�lJ??�ȺMPlɐʻ?ǆ
ȫ@2Pb<Ķ(= �+P>ǲ-9MiSeq;HiSeq@ȺMPlɐʻ@Ȃ J?
?ǆȫ%Ķ ; 64ȼȕSũT�+?4IMiSeqJ-(@HiSeq>LNd|�
?ŃÅȿSĲ ļÆȺMP4w��vd|�?ǆȫSĬƢ,Nlɟʡ%�l� 

  

Figure 3-12. ǖd|�ǤɩŔɬ
?ȩè±ȶŹƵ (Î�4�@
Ⱦʬ>ǤɩSĲ64J?SU
��W-4) 
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Ǹ7ǌ� ıŏ 

Kanamienamide (1) @ N-Me Zx�w;Z|4�Z4t�%ʷǋ-4ȼȕȟ=
ɨɭİǥSũT�+?L!=ɨɭİǥ@ȢǕɬ># 9×%=(Ɩ?ɹĸ;=
l� 

ğŋF:>barbamide38Kjamaicamide A39=<�q�Z|4�Z4t�Sâe
ʝ3=ȢǕɬ%ÈʞhU|~at�ULNǾʪ,P9 l (Figure 3-13)�

Barbamide;jamaicamide A?�q�Z|4�Z4t�Sǅǂ/lǅķǂČʽ
@�β-cvq\Zjt�?Z|4�ćĤɳ¤ǁǱ%�q�v��j�Y�4m
>LN�q�¼,Pl+;:Ǎʊ,P9 l39,40�Kanamienamide (1) @
barbamide�jamaicamide A;ȷ.(ÈʞhU|~at�UMooreaǫʙ（?
NRPS/PKSǅǂɬ:�N�kanamienamide (1) >âFPl�q�Z|4�Z4t
�Jȷʝ?Čʽ:ķǂ,Pl;ı"MPl�F4�Zx�w?ǅķǂČʽ@�
�qw?microcystin LR41,42;��qi�za�\hw?pacidamycinʸ43>9ɹ
ĸ,P9 l(Figure 3-14)�Microcystin LR>#)lZx�wİǥ@l��?ǧ

ł%ǽƻ,Pl+;>LNĈǂ,Pl44�Pacidamycinʸ>#)lZx�wİǥ
@X�i�?Ŗ¼;ǽƻ�U�|ãȥ¥ə¶�\��V�?¤ǁ¼���qw
;?ƍķ>L69Ĉǂ,Pl;ƺǩ,P9 l45�-$-=%M�+PM?ǅ

Figure 3-13. �q�Z|4�Z4t�İǥSâeȢǕɬ 

Figure 3-14. Zx�wİǥSâeȢǕɬ 



� �
� �

21 

ķǂČʽ:ǅǂ,PlZx�wİǥ@kanamienamide (1) >#)lZx�wİǥ
;@ʙ（%¤=l�F4�hU|~at�ULN (T$?Zx�wâʘ��
cqw%ɹĸ,P9 l%46-48 (Figure 3-15)�2?ǅķǂČʽ@ʊM$;=69

 = �üʄƴ +;>ǯ?ǅɬƁ>ɜaɜÓȟǰ(?Zx�wâʘ��cq
w%M. bouillonii$MǾʪ,P9 l�+?+;@M. bouillonii%Zx�wSķ
ǂ/lĴǘSɪƽɷʘ-9 l+;Sŝũ-�M. bouillonii@��cqw>#)
lN-MeZx�w?ǅķǂæİSÅʊ/l?>Ƞ-4ǅɬƁ:�l;ı"MP
l�Kanamienamide (1) ǅŔhU|~at�U?d|�ÅȿSĲ �
kanamienamide (1) ǅķǂ§ȧŚa�jp4?ǿŎSĲ64%ʎȟ?ǅķǂ§ȧ
Śa�jp4?ɖĘ>@ŢM=$64�ĂɈ�kanamienamide (1) ǅŔhU|~
at�U;ȷƁ:�lM. bouillonii ��
�� 	�×?w��vd|�%ɹĸ,P9
 l�	�・Ėõ:ȺMP4Üùg���ʙ（?w��vd|�;M. bouillonii 

��
�� 	�×ʙ（?w��vd|�?ŷS
���-����>F;I4�Ǣµãɐʻƽ 

>¦ @�l%2?ǯ?ĵʎ>�FN¦ @=(�・Ėõ:Ĳ64ǖd|�Ǥ
ɩ>Lld|�Åȿ%Ɗɭ>ʘĪ:�l+;SŮ-4�ğŋ�ÈʞhU|~a
t�U$MǾʪ,PlǅɬÖǁɬŷ?ǅķǂĖõ@�FNƷT: = �+P
@ǰ(?ǅɬÖǁɬŷSǅŔ/lÈʞhU|~at�U?ɑʢ%ĽɄ:�l+

 M. bouillonii PNG5-19841 M. bouillonii 1406-23 

Ǣe�tVbƽ 339 547 
Ǣµãɐʻƽ 8,319,104 16,522,888 
e�tVbN50 43,237 57,386 

Figure 3-15. Zx�wİǥSâehU|~at�Uʙ（ȢǕɬ 

Table3-2. w��vd|�?ɜÓ 
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;%Ĝ­:�l�ļÆd|�Åȿ>ʠ 4ƀɻ@ɑʢ×?ÒʬSɟʡ;-= 
4I�ÈʞhU|~at�U?ǅķǂĖõ?ɖȣ>ĳĕ:&lJ?;ı"l� 

 

 

 

  



� �
� �

23 

Ǹ4Ɵ� Minnamide A?İǥ;ǅɬÖǁ 
Ǹ1ǌ� ÈʞhU|~at�U?ŅƉ;Ǿʪ 
ŅƉ@ 2013 Ɉ 12 Ē>·Ɂėƻɋȭ>9ʮôǷÔ?ƹȨƝ«ʾûƃ>LNĲR
P4(Figure 4-1)�ŅƉ-4ÈʞhU|~at�U (sample no. 1504-41) @ʺȬ-
9ɷǭ-4�F4�ÈʞhU|~at�U@Ɓȷȝ>ʠ l4I>«ɨÅȬ-4
J?S RNAlater® (Qiagen, Germany) :ģȝ-�-30 ˚C >9ɷǭ-4� 

 

ɷǭ-4ģȝg���Sʠ 9 single filament PCR SĲ64�ȺMP4 16S 

rDNA ; 16S-23S ITS ʵ©@ńʏ (ML) ɻ;�WkɻSʠ 9ċȲÅǈSĲ6
4�ċȲÅǈ?đÂ�ÈʞhU|~at�U 1504-41 @ Okeania ǫ;;J>a�
4wSĈǂ-4�Figure 4-2��ÈʞhU|~at�U 1504-41 (Figure 4-3);
Okeania ǫ?ĈǵȟȼȕS Table 4-1 >F;I4�ÈʞhU|~at�U 1504-

41 ?Ĉǵ@ Okeania hirsuta ;L(«ȋ-4�+PM?đÂ$MŅƉ-4Èʞh
U|~at�U 1406-23 @ Okeania hirsuta ;ȷȝ-4� 

 

 

Figure 4-1. hU|~at�U?ŅƉ (sample no. 1504-41) 
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Figure 4-2. ML ɻ>LN 16S -23S ITS ʵ©$Mōǂ-4ċȲƄ�UXvb�
4�>@ Moorea producens 3L ; M. bouillonii PNG5-198 Sʠ 4�Node >
@ ML/Bayes ɻ>LNŕƏ-4�4vjv�r�ȇ (70%�»@Ů-9 =
 ) ;ťĥÒʬ (0.9 �»@Ů-9 = ) SŮ-4� 
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Caracteristics 
Okeania 
comitata 

Okeania 
erythroflocculosa 

Okeania 
lorea 

Okeania 
plumata 

Okeania 
hirsuta 

1504-41 
(this 

study) 

Color Black Dark-red 
Copper-
brown 

Black 
Black to 

dark-
brown 

Dark-
brown 

Filament width 
(µm) 

11-13 32-42 14-16 20-25 25-47 38.2 ± 2.8 

Cell widh (µm) 10-12 32-35 13-15 20-23 24-45 30.4 ± 1.7 

Cell length (µm) 1.5-2.5 2-3 1.5-2.5 1.5-2 2-3 4.1 ± 1.0 

Table 4-1. ŅƉ-4hU|~at�U 1504-41 ; Okeania ǫ 50?ĈǵɜÓ 

Figure 4-3. Okeania hirsuta1504-41 ?ĩÔęɞý>LlĈǵŹƵ 
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Ǹ 2 ǌ� Minnamide A ?Ǿʪ 
ŅƉ-4 Okeania hirsuta 1.75 kg  (ŵƌʴ) S MeOH >LlȑƏ;˄Ãĥ�˄
²Sĝ�»:Ɋƍ-4�ȺMP4 MeOH ȑƏɬS EtOAc ;ƻ:ɭɐ-4�EtOAc

ǜSĝ�Ɋƍ-�90% MeOH ƻʟ²;�_g�>9ɭɐ-4�HeLa Ň、 (�v
Śñˇ%TŇ、) >ǲ/lǤƭǚÍÖǁSŜɠ>-9�ȺMP4 90% MeOH ƻ
ʟ²ǜS ODS h�]d�]��a��vb��V4; HPLC >L69ǆǇ-
4�2?đÂ�HeLa Ň、>ǲ-9ǤƭǚÍÖǁSŮ/ minnamide A (2) 188.2 mg

SʆƮーƩɬ;-9Ⱥ4 (Figure 4-4) 

 

  

Figure 4-4. Minnamide A (2) ?ǆǇɭʪ 
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Ǹ 3 ǌ� Minnamide A ?ɰʌİǥ 
ĶɭÅɌŷʴj�av�?đÂ$M minnamide A (2) ?ɭŚŲS C74H132N10O18

;ďȝ-4 (m/z , calcd for C74H132N10O18Na [M+Na]+ 1471.9619)�1H NMR (Figure 

4-5)�13C NMR�COSY�HMBC�HMQC j�av�$M 10 ?]��y�ã (δC 

176-170) (Table 4-2)�U�|Ŗ? α-ƻǘ;ı"MPlhbx�% 8 T (δH/δC 

5.64/56.7�5.58/59.0�5.41/51.8�5.28/61.4�5.28/49.1�5.27/48.9�5.21/56.0�5.15/62.4)�
4 T? N-�q�ã (δH/δC 3.34/30.9�3.33/31.1�3.32/30.7�3.25/31.1)�1 T? O-�
q�ã (δH/δC 3.69/55.2)�4T?\_h�q�(δH/δC 4.57/66.8�4.19/66.4�4.12/66.4�
3.98/68.4)�2 T?Ǹ«ö�q�ã (δH /δC 0.92/14.6�0.85/23.2)�12 ġ?ǸɅö�
q�ã (δH /δC  1.14/19.6�1.12/19.6�1.08/20.7�1.05/20.1�1.00/19.7�0.98/18.6�
0.97/22.1�0.94/22.0�0.85/23.2�0.81/14.9�0.80/19.0�0.78/23.3) ?ǭŋ%Òɇ,
P4�COSY�TOCSY�HMQC�HMBC j�av�SƠŇ>Ĕȳ/l+;>LN
N-methylglutamine (N-Me-Gln)�2 T? N-methylvaline (N-Me-Val)�2 T? serine 

(Ser) � 2 T ? leucine (Leu) � N-methylisoleucine (N-Me-Ile) � 2-amino-3-(4-

methoxyphenyl)propan-1-ol (AMP) � 3,7,11,15-tetrahydroxy-5,9,13-

trimethyloctadecanoic acid (Fatty acid) ?ɨɭİǥ%ʊM$;=64� 

 

Minnamide A (2)?ɰʌİǥ@ HMBC ; ROESY >LNďȝ-4 (Figure 4-6�
Table 3-2)�HMBC?ǡá [NH (AMP)/C1 (Gln)�N-Me (N-Me-Gln)/C1 (N-Me-Val1)�
N-Me (N-Me-Val1)/C1 (Ser1)�NH (Ser1)/C1 (N-Me-Val2)�NMe (N-Me-Val2)/C1 

(Leu1)�NH (Leu1)/C1 (Ser2)�NH (Ser2)/C1 (N-Me-Ile)�N-Me (N-Me-Ile)/C1 (Leu2)�

Figure 4-5. Minnamide A (2) ? 1H NMR (400 MHz, C5D5N) 
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NH (Leu2)/C1 (Fatty acid)] ; ROESY ?ǡá [NH (AMP)/H-2 (N-Me-Gln)�N-Me 

(N-Me-Val2)/H-2 (Leu2)�NH (Ser2)/H-2 (N-Me-Ile)] $M minnamide A (2)?ɰʌİ
ǥS Figure 4-5 >Ů-4ȚN>ďȝ-4� 

  

  

O

OH OH OH OH HN N

O

HN

O OH

OHN

O

N
O

H
N

OH

N

O
N

O

H2N O

N
H

OOHMeO

COSY/TOCSY HMBC ROESY

N-Me-L-Gln
N-Me-L-Val1

L-Ser1
N-Me-L-Val2

D-Leu1

N-Me-D-allo-Ile

D-Ser2

Fatty acid

1

5

2 1
2 1

2 1
2 1

2
1

2
1

21
2

1

2

1

3

L-Leu2

(S)-AMP

Figure 4-6. Minnamide A (2) ?ɰʌİǥ 
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residue positio
n 

δC
a, type δH

b, mult (J in Hz) COSY selected 
TOCSYc 

selected 
HMBCd 
(H->C) 

selected 
ROESY 

AMP 1 62.8, CH2 3.88, m 2, OH    

 2 53.2, CH 4.59, m 1, 3a, 3b, 12-
NH 

   

 3a 36.9, CH2 3.13, dd (6.7, 13.7) 2, 3b  4, 5/9  

 3b  3.00, dd (7.4, 13.7)  2, 3a  4, 5/9  

 4 131.3, C      

 5/9 130.5, CH 7.32, d (8.3) 6/8  4  

 6/8 114.3, CH 6.95, d (8.3) 5/9  7  

 7 158.7, C      

 10 55.2, CH3 3.69, s   7  

 OH  6.61, d (5.0)  1    

 NH  7.86, d (8.5)   2  1 (N-Me-
Gln) 

2 (N-
Me-Gln) 

        

N-Me-
Gln 

1 170.6, C      

 2 56.7, CH 5.64, m 3a, 3b  1  

 3a 24.7, CH2 2.58, m 2, 3b, 4a, 4b    

 3b  2.41, m 2, 3a, 4a, 4b    

 4a 32.3, CH2 2.46, m 3a, 3b, 4b    

 4b  2.60, m 3a, 3b, 4a    

 5 175.1, C      

 NMe 31.1, CH3 3.25, s   2, 1 (N-
Me-Val1) 

 

 NH2  7.95, m  NH2  5  

 NH2  7.65, m NH2  5  

        

N-Me-
Val1 

1 171.7, C      

 2 59.0, CH 5.58, d (10.8) 3  1  

 3 27.5, CH 2.54, m 2, 4, 5    

 4 20.1, CH3 1.05, d (6.7) 3    

 5 18.6, CH3 0.98, d (6.8)  3    

 NMe 30.7, CH3 3.32,    2, 1 (Ser1)  

Table4-2. Minnamide A (2) NMR j�av�u4p (ʟɒ: C5D5N) 
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Ser1 1 172.7, C      

 2 51.8, CH 5.41, m 3a, 3b, NH  1  

 3a 62.9, CH2 4.24, m 2, 3b, OH    

 3b  4.10, m 2, 3a, OH    

 OH  6.73, t (4.9) 3a, 3b    

 NH  8.95, d (8.1)  2  1 (N-Me-
Val2) 

 

        

N-Me-
Val2 

1 170.4, C      

 2 62.4, CH 5.15, d (11.0) 3  1  

 3 27.1, CH 2.41, m 2, 4, 5    

 4 19.7, CH3 1.00, d (6.1)  3    

 5 19.0, CH3 0.80, d (6.4) 3    

 NMe 30.9, CH3 3.34, s   2, 1 
(Leu1) 

2 (Leu1) 

        

Leu1 1 174.5, C      

 2 48.9, CH 5.27, m 3a, 3b, NH    

 3a 41.6, CH2 1.72, m 2, 3b, 4    

 3b  1.62, m 2, 3a, 4    

 4 25.0, CH 1.87, m 3a, 3b, 5, 6    

 5 22.0, CH3 0.94, d (6.3) 4    

 6 23.3, CH3 0.78, d (6.7)  4    

 NH  9.42, d (7.6) 2  1 (Ser2)  

        

Ser2 1 171.6, C      

 2 56.0, CH 5.21, m 3, NH  1  

 3 62.9, CH2 4.22, m 2, OH    

 OH  6.35, d (6.1) 3    

 NH  8.35, d (8.1) 2  1 (N-Me-
Ile) 

2 (N-
Me-Ile) 

        

N-Me-
Ile 

1 170.6, C      

 2 61.4, CH 5.28, d (10.8) 3  1  

 3 32.9, CH 2.27, m  2, 4a, 6    

 4a 26.5, CH2 1.78, m 3, 4b, 5    
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 4b  1.10, m 4a,     

 5 11.6, CH3 0.87, d (7.4) 4a    

 6 14.9, CH3 0.81, d (6.6) 3    

 NMe 31.1, CH3 3.33, s   2, 1 
(Leu2) 

 

        

Leu2 1 175.1, C      

 2 49.1, CH 5.28, m  3a, 3b, NH  1  

 3a 41.4, CH2 1.81, m 2, 3b, 4    

 3b  1.69, m 2, 3a, 4    

 4 25.2, CH 1.89, m 3a, 3b, 5, 6    

 5 22.1, CH3 0.97, d (6.7) 4    

 6 23.2, CH3 0.85, d (6.7) 4    

 NH  9.15, d (7.6) 2  1 (Fatty 
acid) 

 

        

Fatty 
acid 

1 173.1, C      

 2 44.6, CH 2.68, m 3  1  

 3 66.8, CH 4.57, m 2, 4a, 4b, 3-
OH 

5, 19   

 4a 46.5, CH2 1.72, m 3, 4b    

 4b  1.59, m 3, 4a, 5    

 5 26.7, CH 2.41, m 4b, 6b, 19 3, 7   

 6a 46.1, CH2 1.87, m 6b, 7    

 6b  1.26, m 5, 6a    

 7 66.4, CH 4.12, m 6b, 8a, 8b, 7-
OH 

5, 9, 19, 20   

 8a 46.9, CH2 1.76, m 7, 8b, 9    

 8b  1.35, m 7, 8a, 9    

 9 26.6, CH 2.60, m 8a, 8b, 10b, 
20 

7, 11   

 10a 48.0, CH2 1.80, m 10b, 11    

 10b  1.43, m 9, 10a, 11    

 11 66.4, CH 4.19, m 10a, 10b, 
12a, 12b, 11-
OH 

9, 13, 20, 21   

 12a 48.0, CH2 1.80, m 11, 12b, 13    

 12b  1.43, m 11, 12a, 13    
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 13 26.6, CH 2.62, m 12a, 12b, 
14b, 21 

11, 15, 18, 
21 

  

 14a 46.9, CH2 1.76, m 14b, 15    

 14b  1.38, m 13, 14a, 15    

 15 68.4, CH 3.98, m 14a, 14b, 
16a, 16b, 15-
OH 

   

 16a 41.4, CH2 1.64, m 15, 16b    

 16b  1.54, m 15, 16a    

 17a 19.6, CH2 1.65, m 17b, 18    

 17b  1.53, m 17a, 18    

 18 14.6, CH3 0.92, t (6.7) 17a, 17b 13 16, 17  

 19 20.7, CH3 1.08, d (6.7) 5 3, 7   

 20 19.6, CH3 1.12, d (6.3) 9 7, 11   

 21 19.6, CH3 1.14, d (6.3) 13 11, 13   

 3-OH  5.98, d (4.5) 3    

 7-OH  5.61, m 7    

 11-OH  5.65, m 11    

 15-OH  5.64, m 15    

aMeasured at 100 MHz. bMeasured at 400 MHz. cMixing time = 10 ms or 50 ms. dJCH = 8 Hz. 
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Ǹ 4 ǌ� Minnamide A ?ǎǲʬǱɐȊ 
Ǹ 1 ĵ� ȢǕɬSʠ 4ǎǲʬǱɐȊ?ďȝ 
Minnamide A (2) İǂU�|Ŗ?ǎǲʬǱɐȊSďȝ/l4I>_��]��

HPLC ɭǈ; Marfey ɻ 51>LlɭǈSĲ64 (Ǹ 6 Ɵ)�ƖI> Minnamide A (2) 

S 6M HCl Ȑ: 110 ˚C�24 Ūà˃˂/l+;:Ŗ¿ƻɭÅɬSȗǇ-4�ȺM
P4Ŗ¿ƻɭÅɬ@ïǡ HPLC >LNǆǇ-�ÎİǂU�|Ŗ; AMP SȺ4�
N-Me-Gln @Ŗ¿ƻɭÅ>LN N-methylgulutamic acid (N-Me-Glu) ;-9ȺMP
4�ȺMP4U�|Ŗ?!5 N-Me-Glu�N-Me-Val�Leu >T 9_��]��
HPLC Sʠ 9ɠɤ;?ɷũŪàSɜÓ-4�2?đÂ�N-Me-Glu @ L Ǳ�N-

Me-Val @ L Ǳ:�l+;%ʊM$;=64�F4�Leu @ L Ǳ; D Ǳ?ľķɬ 

(1 : 1) ;-9ĔƏ,P44I�Minnamide A (2) Sİǂ/l Leu1 ; Leu2 @<5
M$ɴɺ% L Ǳ:J!ɴɺ% D Ǳ:�l;ı"MP4�,M>�Marfey ɻ?đ
Â$M AMP @ S Ǳ:�l+;%ʊM$;=N�Ser @ L Ǳ; D Ǳ?ľķɬ (1 : 

1) ĔƏ,P44I�Minnamide A (2) Sİǂ/l Ser1 ; Ser2 @<5M$ɴɺ%
L Ǳ:J!ɴɺ% D Ǳ:�l;ı"MP4�N-Me-Ile >T 9@�ïǡ HPLC >
9N-Me-L-Ile;N-Me-D-allo-Ile;2?ɷũŪàSɜÓ-4�2?đÂ�minnamide 

A (2) ʙ（? N-Me-Ile ?ɷũŪà@�N-Me-D-allo-Ile ɠɤ?J?;«ȋ-44
I�N-Me-allo-Ile :�l+;%ɘʊ-4�,M> N-Me-Ile % D-allo Ǳ:�l?
$ L-allo Ǳ:�l?$Sďȝ/l4I�ɠɤ; minnamide A (2) ʙ（? N-Me-

allo-Ile S Marfey Ťʕ>LN FDLA [Nα- (5-fluoro-2,4-dinitrophenyl)-leucinamide] 

ǱCʚȸ-4�ɠɤ? N-Me-D-allo-Ile-L-FDLA ; N-Me-D-allo-Ile-D-FDLA S�
minnamide A (2) ʙ（? N-Me-allo-Ile-L-FDLA ;ïǡ HPLC :ɜÓ-4;+Q N-

Me-D-allo-Ile-L-FDLA ;«ȋ-4�+?+;$M�allo-Ile @ allo-D Ǳ:�l;ď
ȝ-4��Ƣ?đÂLN minnamide A (2) >âFPl Ser ; Leu SƘ(İǂU�
|Ŗ; AMP ?ǎǲʬǱɐȊSďȝ-4� 

ū>�minnamide A (2) Sİǂ/l Leu ; Ser ? L Ǳ; D Ǳ? ȊSʊM$>/
l4I>�minnamide A (2) SŴ¹»:¤=l 2 T?µŖɊȫ>LNŖ¿ƻɭÅ
-4 (Scheme 4-1)�ºK$=Ƨē:Ŗ¿ƻɭÅSĲ64đÂ�minnamide A (2) ?
ɨɭŖ¿ƻɭÅɬ 3 ; 4 S2PPPȺ4�ɨɭŖ¿ƻɭÅɬ 3 S 6M HCl�110 

˚C�24 Ūà?Ƨē:Øǖ>Ŗ¿ƻɭÅ-�ïǡ HPLC >LlǆǇ: Ser2 SȺ4�
Ser2 >ǲ-9 Marfey ɻSȠʠ-4;+Q D Ǳ:�l+;%ɘʊ-4�F4�ɨ
ɭ¿ƻɭÅɬ 4 >T 9Jȷʝ?ǞōSĲ �ȺMP4 Leu2 >ǲ-9_��]
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�� HPLC ɭǈS-4;+Q L Ǳ?ɠɤ;«ȋ-4�-4%69�Ser1, Leu1 @
2PPP L Ǳ�D Ǳ:�l+;%ɭ$64�+PM?đÂLN minnamide A (2) 

>âFPlU�|Ŗ?ǎǲʬǱɐȊS Figure 4-7 >Ů/ȚN>ďȝ-4� 

�  

Fatty acid ɨ >âFPl 4 T?ƻŖã?ǎǲʬǱɐȊ@Çʳ Mosher ɻ 52>L
Nďȝ-4�@.I>ɨɭŖ¿ƻɭÅɬ 6 >ǲ-9Ãƣʴ?(R)-α-methoxy-α-

trifluoromethylphenylacetic acid (MTPA) chloride J-(@(S)-MTPA chloride Sōʠ
,N�MTPA Zjt� 7 ; 8 SȗǇ-4 (Scheme4-2)�ȺMP4 MTPA Zjt
�?¼Ôh�vSɜÓ-4;+Q�¼Ôh�v?ŀ�Ddȇ�>ǰƽ?¤ƥȇ%
Òɇ,P44IƻŖã?ǎǲʬǱɐȊďȝ>@ŢM=$64(Figure 4-8)� 

Figure 4-7. Minnamide A (2) ?ǎǲʬǱɐȊ 

Scheme 4-1. Minnamide A (2) ?ɨɭ¿ƻɭÅ 
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� �  

�  

Figure 4-8. MTPA Zjt� 7 ; 8 >ǲ/lÇʳ�rh�4ɻ?Ƞ¶ 

2+:�ɨɭŖ¿ƻɭÅɬ 4 >ǲ-9 0.4 mol ȯʴ? (R)-MTPA chloride J-
(@ (S)-MTPA chloride Sōʠ,Nl+;: 8 Ɓʸ?�| MTPA Zjt� 9a-

12b SȺ4  (Scheme 4-3)�ȺMP4 MTPA Zjt�?¼Ôh�vSɜÓ-4đ
Â� C3�C7�C11�C15 ?Ɔɵ># 9 Δδ (δS-δR) ȇ?Ǆɧ%ɭ$P44I�
Fatty acid ɨ >âFPl 4 T?ƻŖã?ǎǲʬǱɐȊ@ 3S�7R�11R�15R :
�l;ďȝ-4 (Figure 4-9)� 
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Scheme 4-2. MTPA Zjt� 8 ; 9 ?ōǂ 
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H
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Scheme 4-3. šɿŖɨ ? MTPA Zjt�¼ 



� �
� �

37 

 

OH OH O OH

O

HN OMe

O
2.04

4.14
1.21
1.44

1.01

5.56

(R)-MTPA
0.88

2.011.72
0.90

0.91

1.25
1.91

1.32
1.66

1.04
1.42

3.57 3.67

1.30
1.42

1.96

1H NMR chemical shifts of 10b

OH O OH OH

O

HN OMe

O
4.14 2.06

0.90

3.66 1.951.51
1.21

1.02
1.52

0.88

1.25
1.37

3.48

0.86 0.97

5.56

(R)-MTPA

2.001.46
1.76

1.37
1.66

1.01
1.46

1.761.28 1.04
1.54

6.01
4.80

0.84

0.801.31 1.54

OH OH OH O

O

HN OMe

O
2.07
2.31

5.76

(R)-MTPA
0.90

1.923.75
1.64
1.67

1.12
1.59

1.22
1.47

3.79

0.960.92

0.92
3.58 2.03

5.64
4.75

1.32
1.53

0.88

0.821.56

O OH OH OH

O

HN OMe

O

(R)-MTPA

2.154.212.01

0.95

2.00 3.753.731.92

0.95 0.96

5.370.76

1.15

1.40
1.48

1.18
1.70

OH O OH OH

O

HN OMe

O
4.152.101.98

0.90

1.21
1.51

0.89

1.27
1.35

3.625.56

0.890.92

3.52

(S)-MTPA

1.781.98 1.02
1.48

0.98
1.48

1.44
1.73

1.44
1.74

1.02
1.53

1.29

6.15
4.81

1.33
1.53

0.85

0.811.55

OH OH O OH

O

HN OMe

O
1.99

4.09

0.87

5.54

(S)-MTPA
0.96

3.733.58

0.92

0.91

1.32
1.43

1.771.97 1.99
1.29
1.83

1.18
1.35

1.46
1.74

1.09
1.52

1.14
1.48

1.12
1.44

1.32

6.02
4.78

1.32
1.51

1.54

0.85

0.81

OH OH OH O

O

HN OMe

O

(S)-MTPA

2.17
2.27

5.77

0.86

1.41
1.54

1.55
3.72

0.960.94

3.703.58 2.002.00 1.78
1.06
1.49

1.11
1.45

0.90

1.29
1.40

5.92
4.83

1.57

0.88

0.84

O OH OH OH

O

HN OMe

O

(S)-MTPA

2.13
2.19

4.22
1.24
1.55

0.950.95

0.81

1.27
1.625.33

1.12
1.63

1.41
1.56

3.68 3.782.02 2.02

OH OH O OH

O

HN OMe

O
-0.05

-0.05

-0.14
MTPA

+0.08

+0.06 -0.24+0.27
+0.04
-0.08

-0.03
-0.09

+0.14
+0.08

+0.10
+0.06

OH O OH OH

O

HN OMe

O
-0.04

-0.08+0.06

+0.04

MTPA

-0.22+0.22
-0.02
-0.06

-0.02
-0.03

+0.07
+0.08

+0.01
+0.07

OH OH OH O

O

HN OMe

O

MTPA

+0.10
-0.04

-0.04

+0.09
+0.01

-0.09
-0.12

-0.03 -0.14
-0.06
-0.10

-0.11
-0.02

+0.28
+0.08

+0.01

0.00

+0.02

O OH OH OH

O

HN OMe

O

MTPA
-0.08

+0.05

+0.12
-0.30

-0.06
-0.07

+0.01
+0.08

-0.05

1H NMR chemical shifts of 10a

Δδ (δS-δR)

1H NMR chemical shifts of 11b1H NMR chemical shifts of 11a

Δδ (δS-δR)

1H NMR chemical shifts of 9b1H NMR chemical shifts of 9a

Δδ (δS-δR)

1H NMR chemical shifts of 12b1H NMR chemical shifts of 12a

Δδ (δS-δR)

0.87

2.01

6.40
4.81

1.53
1.38

1.60

0.86

0.82

5.96
4.79

0.85

0.81
1.31
1.52 1.55

1.23
1.53

6.26
4.81

0.86

0.81
1.51
1.35 1.59

Figure 4-9. šɿŖɨ ?ƻŖã>ǲ/lÇʳ Mosher ɻ?Ƞʠ 
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T'>�ɨɭŖ¿ƻɭÅ>LNȺMP4ÜƩZ4t� 5 (Scheme 4-1) Sʠ 9
šɿŖɨ >âFPl C5  ?ǎǲʬǱɐȊSďȝ-4�ÜƩZ4t� 5 @]�
�y�ã? β  ?ƻŖã%ǽƻ-�®&Ǭ(\_h�Wc�ɦ¿>LNǅǂ,
P4J?;śRPl�ÜƩZ4t� 5 ?ʬǱ¼ÔS NOESY ?ǡá;đķȝƽ
>LNďȝ-4�ȺMP4 NOESY ?ǡá (H-3/H-19�H-19/H-6b�H-4a/H-7) 

�Figure 4-10�>LNZ4t�Ü>ǭŋ/l 3 T?ƻǘ (H-3�H-19�H-6b) ; 2

T?ƻǘ (H-4a�H-7) %2PPPȷ.ʌ>ɐȊ/l+;%Ů,P4�F4�đ
ķȝƽ (JH5-H6a = 11.0 Hz�JH4a-H5 = 3.0 Hz) ; NOESY ?ǡá (H-4a�H-7) >LN
H-5 ; H-6a @h�����x4?áĆ>�l+;%ɘʊ-4�+PM?đÂ>
LNÜƩZ4t� 5 ? 6 ¬Ü?e��[�4h��%sWjv�4v:�l+
;%ʊM$;=N�ǡǲʬǱɐȊS Figure 4-9 >Ů/ȚN>ďȝ-4�ÜƩZ4
t� 5 ?ǡǲʬǱɐȊ;Ǐ>ďȝ-4 fatty acid ? C7  ?ǎǲʬǱɐȊ>ã8
&�fatty acid ? C5  ?ǎǲʬǱɐȊS S ;ďȝ-4� 

�  

ŗl C13  ?ǎǲʬǱɐȊSďȝ/l4I>ɨɭŖ¿ƻɭÅɬ 4 ?�|�h
�¼SĲ64 (Scheme 4-4)�ə¶ľķɬȐ>@ɪƽ?ǅǂɬ%Òɇ,P4%�
ɥ�ȝ=4I>��|�h�Ǳ 13 ?G% PLC >9ɭʪÀɌ:�64��|�
h�Ǳ 13 @ůɖȟ>Ü¼-ÜƩZ4t� 14 %ȺMP4�ÜƩZ4t� 14 ?
ʬǱ¼Ô@ NOESY ?ǡá;đķȝƽ>LNďȝ-4�Ƿ&=ȇ?đķȝƽ 

(JH11-H12b = 12.1 Hz�JH12b-H13 = 12.1 Hz�JH13-H14b =12.3 Hz) ; NOESY ?ǡá (H-

11/H-13�H-12b/H-14b) >LN H-11 ; H-12b�H-13�H-14b @U_h��> 
Ȋ/l+;%Ů,P4�+PM?đÂ$MÜƩZ4t� 14 ?ʬǱɐȊS Figure 

4-11 >Ů/ȚN>ďȝ-4�ÜƩZ4t� 14 ?ǅǂ@ C15 ?ʬǱɐȊəȥS
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H Me
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19 19

Figure 4-10. ÜƩZ4t� 5 >#)lZ4t�Üɨ ?ǡǲʬǱɐȊ 
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ɗ!+;$M�fatty acid ? C11 ?ǎǲʬǱɐȊS S ;ďȝ-4� 

 
 

 

 

 
ŗ,P4ʅďȝ?ǎǲʬǱɐȊ C9 @¼Ôķǂ>LNďȝ/l+;;-4� 
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Scheme 4-4. ɨɭŖ¿ƻɭÅɬ 4 ?�h�¼;ÜƩZ4t�¼ 

Figure 4-11. ÜƩZ4t� 14 >#)lZ4t�Üɨ ?ǡǲʬǱɐȊ 
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Ǹ 2 ĵ� ķǂ>LlǎǲʬǱɐȊ?ďȝ 
 Fatty acid Ȑ? C9 ?ǎǲʬǱɐȊSďȝ/l4I>�ɨɭŖ¿ƻɭÅɬ 4 S

MOM Z4t� 15 C;ʚȸ- (Scheme 4-5)�2?ÀɌ= 2 T?ʬǱ¤ǁǱ (9R)-�  

15 ; (9S)-15 Sķǂ-�NMR u4pSɜÓ/l+;;-4� 

ïķǂÅǈS Scheme 4-6 >Ů/�2 T?ʬǱ¤ǁǱ (9R)-15 ; (9S)-�15 @�
WeinrebU�w 16a; 16b$Mƈ¼ɬ 17;?]r���bə¶>LN2PPP
ķǂ/l+;;-4�ƈ¼ɬ 17 @ (R)-�h�Zjt�$M 5 ȆË:ʚȸ,Pl
äȈ?U�u�w 18 LNȗǇ:&l 45-47�Weinreb U�w 16a ; 16b @U�u
�w 19 LNȺMPl�U�u�w 19 @ L-Uj��`�ŖLN 6 ȆË:ķǂ,
PläȈ? α,β-ɥ。ˀ�av� 20 LNʚȸ/l+;;-4 48� 

 

ƈ¼ɬ 17 ?ķǂ (Scheme4-7) 

äȈ?ɺɻ 53-55 :ȗǇ-4U�u�w 18 >ǲ-9 Brown ?U��¼ 56 SĲ!
+;:ʬǱǓǺȟ>U�e4� 21 SȺ4�U�e4� 21 ?ƻŖãS PMB :ɷ
Ĩ-�\��V�?ǋƯßě;��i�ã?ǓǺȟƘ÷S H2/RaneyNi W-2 >L
NĲ �U�e4� 23 SȺ4�U�e4� 23 @ p-toluenesulfonyl chloride >L

O
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MOM

O
MOMMOM

HN
MOM OMe
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O
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OTBDPS

OO

NMeO

MOM

O

O
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19

Scheme 4-5. ɨɭŖ¿ƻɭÅɬ 4 ?ʚȸə¶ 

Scheme 4-6. (9R)-15 ; (9S)-15 ?ïķǂÅǈ 
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NÖǁ¼-�LiBr ;ə¶,Nl+;:ƈ¼ɬ 17 Sķǂ-4� 

 
Weinreb U�w 16a ?ķǂ (Scheme 4-8)  

 
äȈ?ɺɻ 57 :ȗǇ-4 α,β-ɥ。ˀ�av� 20 >ǲ-�`���ŤʕSōʠ
,Nl+;:ʬǱǓǺȟ>�av� 24 Sķǂ-4��av� 24 :Ʋ4>Ĉǂ
-4�q�ã?ʬǱɐȊ@đķȝƽ; NOESY ?ǡá>LNďȝ-4 (Figure 4-

12)��av� 24 @ N,O-dimethyl hydroxylamine hydrochloride ; iPrMgBr >LN
ÊÜ-�®&Ǭ( MOM ɷĨ>LN Weinreb U�w 25 SȺ4�Weinreb U�w
25 @ LAH ßě>LNU�u�w 19 ;-�Brown ?U��¼ 56>LN��U�
�U�e4� 26 (iUjt�\�4ɜ 7.4:1) SȺ4�ȺMP4��U��U�
e4� 26 >Çʳ Mosher ɻ 52 SȠʠ/l+;:Ʋ4>Ĉǂ-4ƻŖã?ʬǱɐ
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Scheme 4-7. ƈ¼ɬ 17 ?ķǂ 

Scheme 4-8. Weinreb U�w 16a ?ķǂ 
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ȊSďȝ-4 (Figure 4-13)� 

 

��U��U�e4�26@ acryloyl chloride>LNUh�¼-�Ǹ«ƿǶGrubbs

Ưɒ>LNɱÜ�plhjSĲ α,β-ɥ。ˀ�av� 28 SȺ4�α,β-ɥ。ˀ�
av� 28 >ǲ-�`���ŤʕSōʠ,Nl+;:ʬǱǓǺȟ>�av� 29
Sķǂ-4��av� 29 :Ʋ4>Ĉǂ-4�q�ã?ʬǱɐȊ@đķȝƽ;
NOESY ?ǡá>LNďȝ-4  (Figure 4-14)��av� 29 @ N,O-dimethyl 

hydroxylamine hydrochloride ; iPrMgBr >LNÊÜ-�®&Ǭ( MOM ɷĨ>L
N Weinreb U�w 16a SȺ4� 
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Figure 4-13. ��U��U�e4� 26 ?ƻŖã?ʬǱɐȊ?ďȝ 

Figure 4-12. �av� 24 >#)l�q�ã?ǎǲʬǱɐȊ 
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Weinreb U�w 16b ?ķǂ (Scheme 4-9)  

�
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Figure 4-14. �av� 29 >#)l�q�ã?ǎǲʬǱɐȊ 

Scheme 4-9. Weinreb U�w 16b ?ķǂ 
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?¤ǁǱ;-9ȺMP4�ȺMP4U�w 31 >Çʳ Mosher ɻ 52SȠʠ/l+
;:Ʋ4>Ĉǂ-4ƻŖã?ʬǱɐȊSďȝ-4 (Figure 4-15)� 

 

U�w 31 S� Weinreb U�w 32 CɳÛ-�MeMgBr Sōʠ,Nl+;: β-�w
�_hcv� 33 SȺ4�β-�w�_hcv� 33 ?���Ulq�¼SĲ �
Michaelis-Arvuzov ə¶SĲ!+;:�j��ŖZjt� 35 SȺ4��j��Ŗ
Zjt� 35 >ǲ-9ɭŚɀ Horner-Wadsworth-Emmons ə¶SĲ!+;: α,β-ɥ
。ˀ�av� 36 SȺ4�α,β-ɥ。ˀ�av� 36 >ǲ-9ƻǘȤ¿SĲ!+;:
ʬǱǓǺȟ>�av� 37 SȺ4��av� 37 :Ʋ4>Ĉǂ-4�q�ã?ʬ
Ǳ¼Ô@đķȝƽ; NOESY ?ǡá>LNďȝ-4 (Figure 4-16)��av� 37
@ N,O-dimethyl hydroxylamine hydrochloride ; iPrMgBr >LNÊÜ-�®&Ǭ(
MOM ɷĨ>LN Weinreb U�w 16b SȺ4� 
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Figure 4-16. �av� 29 >#)l�q�ã?ǎǲʬǱɐȊ 



� �
� �

45 

ʎȟɬ (9R)-15 ; (9S)-15 ?ķǂ (Scheme 4-10) 

ƈ¼ɬ 22S t-BuLi:ƕʩ-WeinrebU�w 16a;ə¶,Nl+;:cv� 38
SȺ4�cv� 38 S LiBH4:ßě/l+;: 2 T?iUjt�\�439a ; 39b

SȺ4�2 T?iUjt�\�439a ; 39b @ HPLC >LNɭʪ-4�ȺMP4
U�e4� 39a ; 39b ?ʬǱɐȊ@�Çʳ Mosher ɻ 52SȠʠ/l+;:ďȝ-
4 (Figure 4-17)�U�e4� 39a ? PMB ãSƘ÷-�MOM ɷĨSĲ!+;:
MOM ɷĨǱ 40 SȺ4�MOM ɷĨǱ 40 ? TBDPS ãSƘ÷/l+;:U�e
4� 42 C;ɳÛ-4�U�e4� 42 >ǲ-9 TEMPO Ŗ¼SĲ �ȺMP4Ǘ
]���Ŗ; L-Leu-OMe·HClSƍķ/l+;:ʎȟ;/l (9R)-15Sķǂ-4�
J!«ɺ?ʬǱ¤ǁǱ:�l (9S)-15 @ 16b SĜʱ;-9ȷʝ?ə¶>LNķ
ǂ-4�U�e4� 44a ; 44b ?ʬǱɐȊ@Çʳ Mosher ɻ 52 >9ďȝ-4 

(Figure 4-18)� 
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Scheme 4-10. ʎȟɬ (9R)-15 ; (9S)-15 ?ķǂ 
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ķǂ-4 (9R)-15 ;(9S)-15 ? 1H NMR j�av�SȢǕɬʙ（? 15 ;ɜÓ-
4đÂ�(9S)-15 ;«ȋ-�(9R)-15 ;@«ȋ-=$64 (Figure 4-19)�+?4I�
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Figure 4-17. U�e4� 39a ; 39b ?ƻŖã?ʬǱɐȊ?ďȝ 

Figure 4-18. U�e4� 44a ; 44b ?ƻŖã?ʬǱɐȊ?ďȝ 
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fatty acid ? C9  ?ǎǲʬǱɐȊS S ;ďȝ-4� 
�Ƣ?đÂLN minnamide A (2) ?ǎǲʬǱɐȊS�»>Ů/ȚN>ďȝ-4�

 
Figure4-19. ȢǕʙ（ɤ;ķǂɤ? 1H NMR ?ɜÓ 
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Ǹ 5 ǌ� Minnamide A ?ǅɬÖǁ 
Minnamide A (2) ? HeLa Ň、>ǲ/lǤƭǚÍÖǁS MTT UrlW 33>LN
ɢ¾-4�2?đÂ�minnamide A (2) ? 50%ǤƭǚÍɊȫ(IC50) @ 0.17 µM :
�64�F4�HeLa Ň、SĶɊȫ (2 µM) ? minnamide A (2) :ƕʩ/l+;:
Ň、ş%ǘǟ(ʚȸ,Pl+;%Òɇ,P4 (Figure 4-20)�+?Ū>ʚȸ,P4
Ň、ş?Ĉǵȟȼȕ@{a�4hj;ʸŦ-9 4 34 (Figure 4-20F)�

ū>ǚÍŊ;=NȺlƁ3?ɬŷSȤ¿-9 minnamide A (2) ?ʚȸ/lŇ、ş
C?°þSɢ¾-4 (Figure 4-21)�2?đÂ�minnamide A (2) ?ʚȸ/lŇ、
ş@�įŖ¼Ŋ (α-tocopherol: Toc�coenzyme Q10: CoQ10�N-acethyl-L-cysteine: NAC�
thiourea: TU) ;ȹ_�4p4 (bathocuproinedisulfonic acid: BCPS�ammonium 

tetrathiomolybdate: TTM)�ȡ_�4p4  (deferoxamine: DFOM)�ăǫ_�4p4 

(EDTA�CDTA�DMSA) >LNǚÍ,Pl+;%ʊM$;=64�+PM?đ
Â@ minnamide A (2) ?ʚȸ/lŇ、ş>ÖǁŖǘƁ (ROS) ;ɪƽƁʸ?ăǫ
W\�%áʛ/l+;SŮ-4� 

  

Figure 4-20. 2 µM ? minnamide A >LNʚȸ,P4 HeLa Ň、?Ň、ş 
(A-E) Minnamide A ƕʩ>#)lÎŪàČÃĥ? HeLa Ň、�(F) Minnamide 
A >LNʚȸ,P4Ň、ş 
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Minnamide A (2) ?ʚȸ/lŇ、ş>ǲ/lăǫW\�?ȼ¤ǁSȗal4I
>�Ɓ3?ăǫW\�S minnamide A ;ɯʠƕʩ/l+;:ɢ¾-4(Figure 4-

22)�2?đÂ�ȹW\�;��^�W\�@�ęȔ> minnamide A (2) ?ʚȸ/
lŇ、şSǦƷ-4�F4�ȡW\���´W\��a��W\��´W\�@
Ž =%MJŇ、şSǦƷ-4�+P>ǲ-9�b{hX�W\��e~�vW
\�>T 9@ minnamide A (2)?ʚȸ/lŇ、şSǦƷ-=$64�ǅǱɀ:
?Ŗ¼ßě>áʛ/l�l��Ŗµ@ minnamide A (2)?ʚȸ/lŇ、şSǦƷ
-=$64 (Figure 4-22)� 

ğŋF:>� (T$?Ň、ş># 9ăǫW\�?áʛ>LN�Ň、ɀ?
lipid ROS�Reactive Oxygen Species�%Ǥ¿/l+;%ɹĸ,P9 l 59-61�+?
4I�minnamide A (2) ?ʚȸ/lŇ、ş:JăǫW\�; lipid ROS %áʼ-9
 l;ı"�Ň、ɀ? lipid ROS Sčĩ��4� C11-BODIPY >LNȝʴ-4 

(Figure 4-23)�2?đÂ�HeLa Ň、ɀ? lipid ROS @ minnamide A (2) ?Ɋȫ¡ǭ
ȟ>Ǥ¿-4�+?+;$M minnamide A (2) % HeLa Ň、>ǲ-9 lipid ROS ?
ȍǉSʚȸ/l+;%ʊM$;=64�F4�minnamide A (2) >Ll lipid ROS

?Ǥ¿@�įŖ¼Ŋ:�l α-tocopherol >LNʣǀ,P4�ȹ_�4p4:�l
BCPS Jȷʝ> minnamide A (2) >Ll lipid ROS ?Ǥ¿Sʣ"4�+PM?đÂ
$M�ƠŇ=æİ@ɥʊ:�l%�ȹW\�%Ň、ɀ? lipid ROS ȍǉ>áʛ-
9 l+;%ʊM$;=64�ăǫW\�; lipid ROS ?ȍǉ>á/lƠŇ@ 6

ǌ>9ıŏSĲ!� 

 

Figure 4-21. ǚÍŊ>Llǔ
ƕʩSĲ64 HeLa Ň、>ǲ
-9 2 µM ? minnamide A 
ƕʩ>#)lŇ、ǅǭʫ (Z
�4~4@ɠƒħŀSŮ/) 
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Figure 4-22. ăǫµF4@�l��Ŗµ>LlǔƕʩSĲ64 HeLa Ň、>
ǲ-9 0.9 µM ? minnamide A (2) Sƕʩ-4ŉ?Ň、ǅǭʫ�Z�4~4
@ɠƒħŀSŮ/ 
*p < 0.05 
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Ǹ 6 ǌ� ıŏ 
Minnamide A (2) @ÈʞhU|~at�U O. hirsuta LNǾʪ,P4łƩ���
�qw:�l�Minnamide A (2) >âFPl fatty acid ɨ @ƻŖã; β-branch ć
?�q�ã>Llȼȕȟ=ĄNɶ-İǥSũT���cqw?ǅķǂ># 9�
β-branch @ 1). β-cv�$Mßě;ǽƻ>LNǅǂ,P4 α,β-ɥ。ˀ]��y�
>ǲ/l�Wc�ɦ¿ (Figure 4-24A)�2). β-cv�>ǲ/lU�w4�ə¶ 

(Figure 4-24B)? 2 Ɓʸ?ǅķǂČʽ>LNĈǂ,Pl+;%ɹĸ,P9 l 62�
Apratoxin A63 (Figure 4-25) @ β-branch ć?�q�ãSâeÈʞhU|~at�
Uʙ（? NRPS/PKS ¼ķɬ:�N�2? β-branch ć?�q�ã@U�w4�ə
¶;®&Ǭ(ǽƻ;ǽȁŖ�Ʌƌđķ?ßě>LNĈǂ,Pl;ı"MP9 
l 13�+?4I�minnamide A (2) ? β-branch ć?�q�ãJȷʝ?ǅķǂČʽ
:ķǂ,P9 l;ƺǩ,Pl�-$-=%M�minnamide A (2) ?ũTȼȕȟ
=ĄNɶ-İǥ@ǯ?ȢǕɬ># 9×%=(�2?ǅķǂæİ@üʄ%ũ4
Pl� 
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Minnamide A (2) %ʚȸ/l HeLa Ň、?Ň、ş@�ȹW\�%áʛ/l lipid 

ROS ?ȍǉ>LN®&ë+,Pl;ƺǩ,Pl�ăǫW\�%áʛ/l lipid 

ROS ?ȍǉ>LNʚȸ,PlŇ、ş@�ğŋF:> (T$ɹĸ×%�l 59-

61�2?Ȑ:JĖõ%ƷT: l?% ferroptosis61;ĢAPlŇ、ş:�N�ȡ
W\�%áʛ/l lipid ROS ?ȍǉ>LNŇ、ş%ʚȸ,Pl+;%ʊM$;
=69 l�+?4I�ferroptosis @ȡW\�>ȏʎ-4į%TŊ?ǛʕĖõ
K�U�s}W�4=<?ȡW\�;ÖǁŖǘ%áʛ/lƶČɣ?ǅʩÔȟĖ
õ>ʨʠ,P9 l�Ferroptosis @ 1). įŖ¼Ŋ#LBȡ_�4p4>LNǚ
Í,P�2). lipid ROS ?ȍǉSǦƷ-�3). lipid ROS ?ȍǉ%įŖ¼Ŋ;ȡ_�
4p4>LNʣǀ,Pl�; 64 3 Ȧ># 9 minnamide A (2) ?ʚȸ/l
Ň、ş;L(ʸŦ-9 l�F4�Ferroptosis @ƠŇ=ōʠæƗ%ȈMP9#
N (Figure 4-26)�ǅǱɀ?Ŗ¼jv�j>ǲ/l¶Ȱæİ%ɍȄ/l+;>L
N®&ë+,Pl+;%ʊM$;,P9 l�Ferroptosis ?Ɩå?ȆË@ǅǱ
ɀ>ǭŋ/lįŖ¼Ĵǘ:�lb�pq\���\_hp4m 4 (GPx4) ?ȵ
&%ț»/l+;:®&ë+,Pl�Ferroptosis ?ʚȸŊ;-9ʘʈ= erastin

@ system xc
-;ĢAPlhjq�1b�p��U�q�4p4SǚÍ/l 53�2

?đÂ�Ň、ɀ?hjq�ðBhjtW�%ĝƛ-�hjtW�$Mʚȸ,P
lb�pq\�%ĝƛ/l�ǅǱɀ: GPx4 % ROS Sßě/l4I>@b�p
q\�%ɟʡ;=l4I�đÂ;-9 GPx4 ?ȵ&%ț»/l�F4�ǯ?
ferroptosis ?ʚȸŊ:�l RSL3 @ GPx4 ?ȵ&SșǋǚÍ/l 64�2+C Fe2+

SÄ-9 ROS %ɖǅ/l;�GPx4 >Llßě%Ǆƥ>ȵ$= 4IŇ、ɀ>
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2PPP?¼ķɬ>âFPl β-branch ć?�q�ãSǊ:Ů-4 
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ROS %ȍǉ-�Ň、@ş> 4l�Minnamide A (2)?ʚȸ/lŇ、ş@ǰ(?
Ȧ:ʸŦ-9 l4I ferroptosis ;ʸŦ-4ōʠæƗSũT;ƺǩ,Pl�
Ferroptosis :ɖǅ/l lipid ROS %ȡ¡ǭȟ:�l?>ǲ-�minnamide A (2) 

?ʚȸ/l lipid ROS ?Ƣƞ@ȹ_�4p4>LNØǖ>ʣ"MPl+;%・
Ėõ:Òɇ,P4�2 T?Ň、ş># 9�lipid ROS >áʛ/lăǫW\�?
Ɓʸ%¤=l; !Ȧ@�üʄƴ �-$-=%M�・Ėõ:ʠ 4Řʠ-4
ɑʢŇ、; ferroptosis Ėõ:L(Řʠ,PlɑʢŇ、@2?ċʻ%+;=l4
I�áʛ/lăǫW\�?¦ %ōʠæƗ>LlJ?=?$Ň、ċʻ?ȼȕ>
LlJ?=?$@ȝ$:@= �ļĥ@ȷ.ɑʢŇ、Sʠ 4ƠŇ=ɜÓŸĚ
%ɾFPl�

 

Ň、ɀ?ȹW\�ɊȫƢƞ%Òɇ,Pl%TŇ、 65;ȹW\�>LNʚȸ,P
l ROS ?ǅŔ%áʛ/lƶČɳǁŶÚ 59,60,66 %ğŋF:> (T$ɹĸ,P9
 l�Minnamide A (2) ?ʚȸ/lŇ、ş?ƠŇ=ōʠæƗSÅʊ/l+;:�
ȹW\�>ȏʎ-4į%TŊ?ÊɖKƶČɳǁŶÚ?�]yk�Åʊ>ĳĕ:
&l+;SåǴ/l� 

 

Figure 4-26. Ferroptosis ?ōʠæƗ 
Ferroptosis ?ʚȸŊ;Ň、ɀ:®&ë+,Plɳ¼>T 9ǊŨ:Ů/ 
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Ǹ 5 Ɵ� ǢÕ 
・Ėõ:ǅɬÖǁɬŷSǅŔ/lÈʞhU|~at�U?Ɓȷȝɺɻ(single 

filament PCR)SÒʬ-4�・ƀɻ@ɑʢ×SÒʬ/lɟʡ%=(�ĈǵÞŏ;ċ
ȲÅǈSǙGķRN9îʿ:&l4IƸǪ$TǄÒ=ƁȷȝSÀɌ;/l� 

・Ėõ:ÈʞhU|~at�UM. bouilloniiLNkanamienamide (1) SO. hirsuta 

LN Minnamide A (2) S2PPPǾʪ-4� 

 
Kanamienamide (1) @ N-Me-Zx�w>ʷǋ-4Z|4�Z4t�İǥSʘ/
lZx�w:�N�+?ɨɭİǥSũTȢǕɬ@Ɩ?ɹĸ×;=l�
Kanamienamide (1) ?JTZ|4�Z4t�İǥ@�Ă³=ÈʞhU|~at�
U:?ɹĸ× 39,40>LNǅķǂċʽ%ƺǩ:&l�«ɺ�N-Me-Zx�wİǥ?
ǅķǂČʽ@ (T$?ǅɬƁ># 9ɹĸ 44,45 ,P9 l%�kanamienamide 

(1)?ʘ/l N-Me-Zx�w;@İǥȟȼȕ%¤=l�+?4I�kanamienamide 

(1) ? N-Me-Zx�wİǥ@�äȈ?ǅķǂČʽ;@¤=lČʽ:Ĉǂ,Pl;
ı"MPl�Kanamienamide (1) ǅŔhU|~at�U?d|�ÅǈSȚ.9Ʋ
4=ǅķǂĴǘ?ɖĘ%åǴ,Pl� 

Minnamide A (2) @ƻŖã; β-branch ć�q�ã?ĄNɶ-İǥ$M=lšɿ
ŖSʘ/lșł����qw:�N�+?ĄNɶ-İǥ@ȢǕɬ:Ɩ?ɹĸ×
;=l�Minnamide A (2) @ HeLa Ň、?ǤƭSǚÍ-�2? 509ǤƭǚÍɊȫ
IC50 @ 0.17 µM :�64�F4�minnamide A (2) @ HeLa Ň、>ǲ-9{a�
4hjʝ?Ň、şSʚȸ-4�,M>�Minnamide A (2) ?ʚȸ/lŇ、ş>T
 9 1). įŖ¼Ŋ#LBăǫW\�?_�4p4>LlǚÍ�2). Minnamide A 

(2)?Ɋȫ¡ǭȟ= lipid ROS ?Ǥ¿�3). įŖ¼Ŋ α-tocopherol J-(@ȹ_�
4p4BCPS >Ll lipid ROS ?Ǥ¿ʣǀ�%Òɇ,P4�+PM?ťŸ$M�
minnamide A (2) ?ʚȸ/lŇ、ş@ȹW\�>Ll lipid ROS ?Ǥ¿>Ll;
ƺȝ,Pl�Minnamide A (2) ?ʚȸ/lŇ、ş?ōʠæƗSʊM$>/l+;
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>L69�ȹW\�?áRlį%TŊ?ÊɖKƶČɳǁŶÚ?�]yk�Åʊ
C?ĳĕ%åǴ,Pl� 
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Ǹ 6 Ɵ ŸĚɺɻ 
 Ǹ 1 ĵ� «ɚǞō 

General 

Chemicals and solvents were best grade available and used as received from 

commercial sources. All NMR spectral data were recorded of a JEOL JNM-ECX-400 

spectrometer or JNM-A400 for 1H (400 MHz) and 13C (100 MHz). 1H NMR chemical 

shifts (referenced to residual C5HD4N observed at δH 8.71, CHD2OD observed at δH 

3.31, CHCl3 observed at δH 7.26 and C6HD5 observed at δH 7.16) were assigned using a 

combination of data from COSY, TOCSY and HMQC experiments. Similarly, 13C NMR 

chemical shifts (referenced to residual C5D5N observed at δC 149.9, CD3OD observed at 

δC 49.00 and CDCl3 observed at δH 77.16 and C6D6 observed at δC 128.06) were 

assigned based on HMBC and HMQC experiments. ESI mass spectra were obtained on 

an LCT premier EX spectrometer (Waters). Optical rotations were measured with a 

JASCO DIP-1000 polarimeter. IR spectra were recorded on a JASCO RT/IR-4200 

instrument. Chromatographic analyses were performed using an HPLC system 

consisting of a pump (model PU-2080, Jasco) and a UV detector (model UV-2075 or 

MD-2010, Jasco). Semipreparative HPLC was performed on a Cosmosil series (Nacalai 

Tesque, Japan). Reactions were monitored by thin-layer chromatography (TLC), and 

spots were visualized with UV detection (254 nm) or through staining with 

phosphomolybdic acid solution or KMnO4/K2CO3. TLC analysis was conducted on E. 

Merck precoated silica gel 60 F254. Chromatographic purification of products was 

performed using Silica Gel 60, spherical, neutral (Nacalai Tesque, Japan). Organic 

reagents for nonaqueous reaction were distilled from the following drying agents: Et2O 

(Na-benzophenone), EtOH (calcium hydride) and pyridine (calcium hydride). 

Anhydrous THF, CH2Cl2 and DMF were used as obtained from commercial supplies. 

All moisture sensitive reactions were performed with standard syringe in septa 

techniques and starting materials were azeotropically dried with toluene before use. 

Commercially available reagents were used without further purification unless 

otherwise noted. 
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Culturing conditions of HeLa cells 

HeLa cells were cultured at 37 ˚C with 5% CO2 in Dulbecco’s modified Eagle’s 

medium (Nissui) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 

100 units/mL penicillin, 100 µg/mL streptomycin, 0.25 µg/mL amphotericin, 300 

µg/mL L-glutamine and 2.25 mg/mL NaHCO3. 

 

Evaluation of inhibitory activity against HeLa cells 

HeLa cells were seeded at 4 × 103 cells/well in 96-wells plates (Iwaki, Japan) and 

cultured for 12 h. Then, several concentrations of compounds were added and the cells 

were incubated for 72 h. Cell proliferation was measured by the MTT assay33. 
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Ǹ 2 ĵ� Kanamienamide ?İǥ;ǅɬÖǁ 

 

Collection of marine cyanobacteria  

The marine cyanobacterum Moorea bouillonii was collected at shore of Kanami in 

Tokunosima island, Kagoshima Prefecture, Japan, in June 2014. Collected sample was 

stored at -30 ˚C and small pieces of collected marine cyanobacteria were preserved for 

genetic analysis in RNAlater® (Qiagen, Hilden, Germany). 

 

16S rDNA sequence analysis.  

To remove the cyanobacterial sheaths, the cyanobacterial sample was treated with 0.1% 

(w/v) sarkosyl solution before isolation of single filament. The single filament of marine 

cyanobacteria was isolated by pipette-washing method32 under light microscope. The 

isolated single filament was crushed with pipette on slide glass under light microscope 

and dissolved in 10 µl of sterilized water. The sterilized water containing the broken 

filament was used as DNA template for the PCR amplification. The 16S rRNA genes 

were PCR amplified using the primer set CYA 106F67, a cyanobacterial specific primer, 

and 16S1541R68, a universal primer. The PCR reaction contained 10 µL of DNA template, 
0.5 µL of KOD-Multi & Epi- (TOYOBO, Osaka, Japan), 12.5 µL of 28 PCR buffer for 

KOD-Multi & Epi- (TOYOBO, Osaka, Japan), 1.0 µL of each primer (10 pM). The PCR 

reaction was carried out with a T100TM Thermal Cycler (Bio-Rad, Hercules, CA) as 

follows: one cycle of 10 min at 94˚C; 40 cycles of 10s at 98˚C, 10s at 60˚C, and 1 min at 

68 ˚C; and a final elongation step of 7 min at 68 °C. PCR products were analyzed on 

agarose gel (1%) in TBE buffer, visualized by ethidium bromide staining, and purified by 

a PCR Advanced PCR clean up system (VIOGENE, New Taipei City, Taiwan). 

Sequences were determined with CYA 106F and 16S 1541R primers by a commercial 

firm (Macrogen Japan Corp., Kyoto, Japan). These sequences are available in the DDBJ/ 

EMBL/GenBank databases under accession number LC172270.  

 

Phylogenetic analysis  

The nucleotide sequence of 16S rRNA gene obtained in this study was used for 

phylogenetic analysis with the sequences of related cyanobacterial 16S rRNA gene that 

has been previously. All sequences were aligned by SINA web service (version 1.2.11)69 
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with default settings. The poorly aligned positions and divergent regions were removed 

by Gblocks Server (version 0.91b)70,71, implementing the options for a less stringent 

selection, including the ‘Allow smaller final blocks’, ‘Allow gap positions within the final 

blocks’ and ‘Allow less strict flanking positions’ options. The obtained 1201 nucleotide 

positions have been used for phylogenetic analysis. JModeltest (version 2.1.7)72,73 with 

default settings was used to select the best model of DNA substitution for the Maximum 

Likelihood (ML) analysis and Bayesian analysis according to the Akaike information 

criterion (AIC). The ML analysis was conducted by PhyML (version 20131016)73, using 

the GTR+I+G model with a gamma shape parameter of 0.5610, a proportion of invariant 

sites of 0.5820 and nucleotide frequencies of F(A) = 0.2416, F(C) = 0.2341, F(G) = 

0.3189, F(T) = 0.2054. Bootstrap resampling was performed on 1,000 replicates. The ML 

tree was visualized with Njplot (version 2.3)74. The Bayesian analysis was conducted by 

MrBayes (version 3.2.5)75 using the GTR+I+G model. The Markov chain Monte Carlo 

process was set at 2 chains, and 1,000,000 generations were conducted. Sampling 

frequency was assigned at every 500 generations. After analysis, the first 100,000 trees 

were deleted as burn-in, and the consensus tree was constructed. The Bayesian tree was 

visualized with FigTree (version 1.4.0, http://tree.bio.ed.ac.uk/software/figtree).  

 

Morphological characterization  

Morphological observation was performed using a phase contrast microscopy ECLIPSE 

Ti-S (Nicon, Tokyo, Japan). The mean cell size and standard deviation of 30 cells were 

measured.  

 

Extraction and isolation 

Stored sample was thawed and the cyanobacterium sample (1000 g, wet weight) was 

extracted two times with 3L MeOH for one week. The extracts were combined, filtered, 

concentrated and partitioned between ethyl acetate (3 × 0.3 L) and water (0.3 L). The 

material obtained from the organic layer was partitioned 90% aqueous methanol (0.3 L) 

and hexane (3 × 0.3 L). The 90% aqueous methanol layer (1.1 g) was fractionated by 

flash column chromatography on ODS (12 g) using a solvent gradient: 40, 60, 80, 100% 

methanol and CHCl3/MeOH (1:1). The 80% methanol fraction (305 mg) was subjected 

to HPLC [Cosmosil 5C18AR-II (ϕ20 × 250 mm); flow rate 5 mL/min; detection, UV 215 
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nm; solvent 80% MeOH] in ten batches to give a fraction that contained kanamienamide 

(40 mg, tR = 47.2 min). This fraction was further separated by HPLC [Cosmosil 5C18AR-

II (ϕ20 × 250 mm); flow rate 5 mL/min; detection, UV 215 nm; solvent 75% MeOH; 

room temperature] to give kanamienamide (1) (9.2 mg, tR = 52.1 min, total yield 

0.00092% based on wet weight). 

kanamienamide (1): colorless oil; [α]26.8
D -47 (c 0.15, CHCl3); IR (film) 2954, 2931, 2868, 

1716, 1646, 1610, 1457 cm-1; 1H NMR, 13C NMR, COSY, HMBC and NOESY data, see 

Table S1; HRESIMS m/z 493.3622 [M+H]+ (calcd for C28H49N2O5, 493.3641). 

 

Acid hydrolysis of 1 

To a solution of kanamienamide (1) (0.5 mg, 1.0 µmol) in 1,4-dioxane (50 µl) was added 

12M HCl (50 µL). After the reaction was stirred at 60 ˚C for 3 h, the reaction mixture 

was evaporated to dryness. N-Me-Leu was isolated from this acid hydrolysate by using 

HPLC. [Conditions for HPLC separation: column, Cosmosil 5C18-PAQ (ϕ4.6 × 250 mm); 

flow rate, 1.0 mL/min; detection at 215 nm; solvent H2O; room temperature. Retention 

time of the component: N-Me-Leu (tR = 6.1 min)] 

 

Chiral-phase HPLC analysis of amino acid components, N-Me-Leu 

The fraction contained N-Me-Leu was dissolved in H2O and analyzed by chiral HPLC, 

and the retention time was compared to those of authentic standards. 

[DAICEL CHIRALPAK (MA+) (ϕ4.6 × 50 mm); flow rate, 1.0 mL/min; detection at 254 

nm; solvent 2.0 mM CuSO4; room temperature] The retention time of N-Me-Leu in the 

hydrolysate matched that of N-Me-L-Leu (tR = 11.4 min), but not N-Me-D-Leu (tR = 19.6 

min).  

 

Trypan blue dye exclusion assay 

Cell viability and effect of Z-VAD-FMK were estimated by the trypan blue dye exclusion 

assay as described previously16. 

 

Whole genome amplification 

Freshly collecting sample was used for whole genome amplification. Single filament of 
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marine cyanobacteria was isolated by pipette-washing method32 under light microscope. 

The isolated single filament was crushed with pipette on slide glass under light 

microscope and dissolved in 1.5 µl of sterilized TE buffer. The TE buffer containing the 

broken filament was used as DNA template for the whole genome amplification. Whole 

genome amplification was performed using REPLI-g UltraFast Mini Kit (Qiagen, 

Germany). Amplified gDNA were analyzed on agarose gel (1%) in TBE buffer, visualized 

by ethidium bromide staining. Amplified gDNA were quantified by QuantiFluor® ONE 

dsDNA System (Promega, USA).  
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1 3 �� Minnamide 3
�0��2�� 

 

Collection of cyanobacteria 

The marine cyanobacterium Okeania hirsuta (sample no. 1504-41) was collected at shore 

of Minna island in Okinawa Prefecture, Japan, in December 2013. Collected sample was 

stored at -30 ˚C and small pieces of collected marine cyanobacteria were preserved for 

genetic analysis in RNAlater® (Qiagen, Hilden, Germany). 

 

16S rDNA sequence analysis 

Small pieces of collected marine cyanobacteria were preserved for genetic analysis in 

RNAlater® (Qiagen, Hilden, Germany). Single filament PCR was performed as described 

above, with slight change. In brief, to remove the cyanobacterial sheaths, the 

cyanobacterial sample was vortexed before isolation of single filament. The single 

filament was isolated by pipette-washing method32 under light microscope. The isolated 

single filament was crushed using pipette on slide glass under light microscope and 

dissolved in 5 µL of sterilized water. The sterilized water containing the broken filament 

was used as DNA template for the PCR amplification. The 16S rRNA genes and 16S-23S 

ITS regions were amplified using the primer set CYA10667 and 23S30R76. The PCR 

reaction contained 5 µL of the DNA template, 0.5 µL of KOD FX Neo (TOYOBO, Osaka, 

Japan), 12.5 µL of 2× PCR buffer, 5 µL of dNTPs and 1.0 µL of each primers (10 pM). 

The PCR reaction was carried out with a T100TM Thermal Cycler (Bio-Rad, Hercules, 

CA) as follows: one cycle of 10 min at 94 ˚C; 35 cycles of 1 min at 94 ˚C, 1 min at 57 ˚C, 

1 min at 72 ˚C; and a final elongation step of 7 min at 72 ˚C. PCR products were analyzed 

on agarose gel (1%) in TBE buffer, visualized by ethidium bromide staining, and purified 

by a PCR Advanced PCR clean up system (VIOGENE, New Taipei City, Taiwan). 

Sequences were determined with CYA106F67, 16S1541R68 and 23S30R76 primers by 

commercial firm (Macrogen Japan Corp., Kyoto, Japan). These sequences are available 

in DDBJ/EMBL/GenBank databases under accession number LC437089. 
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Morphological characterization 

Morphological observation was performed using a phase contrast microscopy ECLIPSE 

Ti-S (Nicon, Tokyo, Japan). The mean cell size and standard deviation of 30 cells were 

measured. The morphological characteristics were summarized in Table 4-1. 

 

Extraction and isolation 

The marine cyanobacterium Okeania hirsuta (sample no. 1504-41) was collected at shore 

of Minna island in Okinawa Prefecture, Japan, in December 2013. Collected sample was 

stored at -30 ˚C. After thawing, the cyanobacterium sample (1.75 kg, wet weight) was 

extracted two times with 3L MeOH for one week. The extracts were combined, filtered, 

concentrated and partitioned between EtOAc (3 × 0.3 L) and water (0.3 L). The organic 

layer was concentrated and partitioned 90% aqueous MeOH (0.3 L) and hexane (3 × 0.3 

L). The 90% aqueous MeOH layer (1.2 g) was fractionated by flash column 

chromatography on ODS (12 g) using a solvent gradient: 40, 60, 80, 100% aqueous 

MeOH and CHCl3/MeOH (1:1). The 80% aqueous MeOH fraction (944.8 mg) was 

subjected to HPLC [Cosmosil 5C18MS-II (f20 × 250 mm); flow rate 5mL/min; detection, 
UV215 nm; solvent 65% aqueous MeCN] to give a fraction that contained Minnamide A 

(1) (tR = 43.4 min). This fraction was further separated by HPLC [Cosmosil 5PE-MS (f20 
× 250 mm); flow rate 5 mL/min; detection, UV 215 nm; solvent 55% aqueous MeCN; 

room temperature] to give minnamide A (2) (188.2 mg, tR = 34.3 min, total yield 0,01% 

based on wet weight). 

Minnamide A (2): colorless oil; HRESIMS m/z 1471.9594 [M+Na]+ (calcd for 

C74H132N10O18Na, 1471.9619); [α]23.0
D -72 (c 1.0, CHCl3); IR (film)  3306, 2959, 1632, 

1512, 1412, 1246, 1049, 755 cm-1; 1H NMR, 13C NMR, COSY, TOCSY, HMBC and 

ROESY data, see Table 4-2. 

 

Acid hydrolysis of 2 

Minnamide A (2) (0.2 mg) was dissolved in 6 M aqueous HCl (700 µL) in a sealed tube. 

The solution was stirred at 110 ˚C for 24 h. The reaction mixture was evaporated to 

dryness. The crude product was purified by HPLC. The retention times of components 

were as follows: AMP (tR = 4.4 min) [Conditions for HPLC separation: column, Cosmosil 

5C18-PAQ (f4.6 × 250 mm); flow rate 1.0 mL/min; detection at 215 nm; solvent 40% 
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MeOH] and N-Me-Glu (tR = 3.8 min), N-Me-Val (tR = 5.5 min), Ser (tR = 3.0 min), Leu 

(tR = 11.2 min) [Conditions for HPLC separation: column, Cosmosil 5C18-PAQ (f4.6 × 
250 mm); flow rate 1.0 mL/min; detection at 215 nm; solvent H2O with 0.1% TFA] and 

N-Me-Ile (tR = 5.1 min) [Conditions for HPLC separation: column, Cosmosil 5C18-PAQ 

(f4.6 × 250 mm); flow rate 1.0 mL/min; detection at 215 nm; solvent H2O].  

Partial hydrolysis of 2  

 

Minnamide A (2) (1.9 mg, 1.3 µmol) was dissolved in 1,4-dioxane (190 µL) and 9 M 

aqueous HCl (10 µL). The solution was stirred at room temperature for 26 h. The reaction 

mixture was evaporated to dryness. The residue was purified by HPLC [Cosmosil 

5C18MS-II (f20 × 250 mm); flow rate 5 mL/min; detection, UV215 nm; solvent 85% 

MeOH with 0.1% TFA; tR = 38.8 min] to give 3 (0.2 mg, 0.2 µmol). 3: 1H NMR (CD3OD, 

400 MHz): δH 4.53-4.40 (m, 2H), 4.09 (m, 1H), 3.86-3.71 (m, 4H), 3.65 (m, 1H), 3.09 (s, 

3H), 2.44-2.25 (m, 2H), 2.08 (m, 1H), 2.01-1.82 (m, 3H), 1.81-1.68 (m, 2H), 1.68-1.58 

(m, 2H), 1.58-1.27 (m, 14H), 1.26-1.06 (m, 6H), 1.02-0.89 (m, 27H), 0.82 (d, J = 6.7 Hz, 

3H); HRESIMS m/z 831.6045 [M+H]+ (calcd for C43H83N4O11, 831.6058). 

 
Minnamide A (2) (9.2 mg, 6.3 µmol) was dissolved in 1,4-dioxane (400 µL) and 12 M 

aqueous HCl (800 µL). The solution was stirred at room temperature for 4 days. The 

reaction mixture was diluted with H2O (5 mL). The diluted mixture was applied to ODS-

silica gel column then washed repeatedly with H2O until filtrate became neutral, then 

eluted with MeOH. The MeOH eluent was concentrated under reduced pressure. The 

crude product was used without purification in the next step. 

The crude product was dissolved in MeOH (600 µL) and toluene (600 µL). To the solution 

was added a 0.6 M solution of trimethylsilyldiazomethane in hexane (200 µL, 120 µmol) 

and stirred at room temperature for 45 min. The reaction mixture was evaporated to 
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dryness. The residue was purified by HPLC to give 4 (1.0 mg, 1.9 µmol) [Cosmosil 

5C18MS-II (f20 × 250 mm); flow rate 5 mL/min; detection, UV215 nm; solvent 80% 

MeOH; tR = 30.1 min] and 5 (0.1 mg, 0.2 µmol) [Cosmosil 5C18MS-II (f20 × 250 mm); 

flow rate 5 mL/min; detection, UV215 nm; solvent 85% MeOH; tR = 45.4 min]. 

4: 1H NMR (CD3 OD, 400 MHz): δH 4.47 (dd, J = 9.0, 6.1 Hz, 1H), 4.09 (m, 1H), 3.84-

3.72 (m, 2H), 3.71 (s, 3H), 3.66 (m, 1H), 2.36 (d, J = 6.5 Hz, 2H), 2.04-1.82 (m, 3H), 

1.68 (m, 1H), 1.64-1.50 (m, 3H), 1.50-1.27 (m, 10H), 1.25-1.15 (m, 4H), 1.09 (m, 1H), 

0.96 (d, J = 7.2 Hz, 3H), 0.96 (d, J = 7.2 Hz, 3H), 0.95 (t, J = 7.2 Hz, 3H), 0.94 (d, J = 

7.2 Hz, 3H), 0.93 (d, J = 6.5 Hz, 3H), 0.92 (d, J = 6.5 Hz, 3H); HRESIMS m/z  518.4058 

[M+H]+ (calcd for C28H56NO7, 518.4057). 

5: 1H NMR (C6D6, 400 MHz): δH 7.50 (d, J = 8.3 Hz, 1H, NH), 4.93 (m, 1H, H2’), 4.55 

(br s, 1H, OH), 4.41 (dddd, J = 9.3, 8.7, 4.7, 2.5 Hz, 1H, H3), 4.09 (m, 1H, H7), 3.63 (m, 

1H, H15), 3.38 (m, 1H, H11), 3.29 (s, 3H, H6’), 2.60 (dd, J = 15.5, 2.5 Hz, 1H, H2a), 

2.43 (dd, J = 15.5, 9.3 Hz, 1H, H2b), 2.26 (m, 1H, H13), 1.86 (ddd, J = 13.1, 8.7, 3.0 Hz, 

1H, H4a), 1.85 (ddd, J = 14.6, 12.1, 2.8 Hz, 1H, H6b), 1.72 (ddddq, J = 11.0, 10.2, 3.0, 

2.8, 7.0 Hz, 1H, H5), 1.71 (m, 1H, H4’), 1.60 (m, 2H, H3’), 1.51 (m, 1H, H9), 1.47 (m, 

1H, H12a), 1.47 (m, 1H, H17a), 1.45 (ddd, J = 13.1, 10.2, 4.7 Hz, 1H, H4b), 1.33 (m, 1H, 

H17b), 1.32 (m, 1H, H16a), 1.27 (m, 1H, H8a), 1.27 (m, 1H, H4a), 1.27 (m, 1H, H16b), 

1.24 (m, 1H, H10a), 1.14 (m, 1H, H8b), 1.06 (m, 1H, 14b), 0.99 (m, 1H, H12b), 0.92 (d, 

J = 6.6 Hz, 3H, H19), 0.91 (d, J = 6.6 Hz, 3H, H5’), 0.90 (t, J = 7.0 Hz, 3H, H18), 0.89 

(d, J = 6.1 Hz, 3H, H21), 0.87 (d, J = 6.1 Hz, 3H, H6’), 0.80 (d, J = 6.3 Hz, 3H, H20), 

0.79 (m, 1H, H10b), 0.70 (ddd, J = 14.6, 11.0, 3.8 Hz, 1H, H6a); HRESIMS m/z 500.3941 

[M+H]+ (calcd for C28H54NO6, 500.3951). 

 

HPLC analysis of amino acid components 

A fraction that contained N-Me-Ile was dissolved in H2O (50 µL) and analyzed by HPLC, 

and the retention times were compared to those of authentic standards. The retention time 

of N-Me-Ile in the hydrolysate matched the retention time of N-Me-allo-Ile (tR = 7.4 min), 

but not N-Me-Ile (tR = 8.2 min) [Conditions for HPLC separation: column, Cosmosil PBr 

(f4.6 × 250 mm); flow rate 1.0 mL/min; detection at 215 nm; solvent 5% MeCN with 
0.1% TFA] 
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Chiral-phase HPLC analysis 

Each fraction that contained amino acids except for Ser and N-Me-allo-Ile were dissolved 

in H2O (50 µL) and analyzed by chiral-phase HPLC, and the retention times were 

compared to those of authentic standards. 
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Glu: column, DAICEL CHIRALPAK (MA+) (f 4.6 × 50 mm); flow rate 1.0 mL/min; 

detection at 254 nm; solvent 2.0 mM aqueous CuSO4. tR: N-Me-D-Glu (13.6 min), N-Me-

L-Glu (15.4 min) 

 
N-Me-Val: column, DAICEL CHIRALPAK (MA+) (f 4.6 × 50 mm); flow rate 1.0 

mL/min; detection at 254 nm; solvent 2.0 mM aqueous CuSO4. tR: N-Me-D-Val (3.1 min), 

N-Me-L-Val (4.7 min) 
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Leu: column, DAICEL CHIRALPAK (MA+) (f 4.6 × 50 mm); flow rate 1.0 mL/min; 

detection at 254 nm; solvent 2.0 mM aqueous CuSO4. tR: D-Leu (9.1 min), L-Leu (10.4 

min) 

 

 

Marfey’s Analysis 

The fractions containing AMP, Ser or N-Me-allo-Ile were dissolved in H2O (50 µL). 

Marfey’s reagent (0.1% 1-fluoro-2,4-dinirtophenyl-5-L-leucinamide) solution in acetone 

(100 µL) and 50 µL of 1 M aqueous NaHCO3 were added to the solution. The mixture 

was warmed to 80 ˚C for 3 min, then cooled to room temperature. The reaction was 

quenched with 6 M aqueous HCl (6 µL) and the mixture was concentrated under reduced 
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pressure. The residue was resuspended in 50% aqueous MeCN and the solution was 

analyzed by reversed-phase HPLC.  

The retention time of the derivatized AMP in the hydrolysate of 1 matched that of the 

Marfey’s derivative of the (S)-AMP authentic sample (tR = 5.2 min), but not Marfey’s 

derivative of the (R)-AMP authentic sample (tR = 4.6 min) [Conditions for HPLC 

separation: column, Cosmosil Cholester (f4.6 × 250 mm); flow rate 1.0 mL/min; 
detection at 340 nm; solvent 70% MeCN with 0.1% TFA]. 

The retention time of the derivatized Ser in the hydrolysate of 1 matched that of the 

Marfey’s derivative of the D-Ser authentic sample (tR = 18.1 min) and Marfey’s derivative 

of the L-Ser authentic sample (tR = 16.4 min) [Conditions for HPLC separation: column, 

Cosmosil PBr (f4.6 × 250 mm); flow rate 1.0 mL/min; detection at 340 nm; solvent 40% 
MeCN with 0.1% TFA] (D/L = 42:58). 

The retention time of the derivatized Ser in the hydrolysate of S25 matched that of the 

Marfey’s derivative of the D-Ser authentic sample (tR = 18.1 min), but not Marfey’s 

derivative of the L-Ser authentic sample (tR = 16.4 min) [Conditions for HPLC separation: 

column, Cosmosil PBr (f4.6 × 250 mm); flow rate 1.0 mL/min; detection at 340 nm; 
solvent 40% MeCN with 0.1% TFA]. 

The retention time of the derivatized N-Me-allo-Ile in the hydrolysate of 1 matched that 

of the Marfey’s derivative of the D-allo-Ile-L-FDLA authentic sample (tR = 10.8 min), but 

not Marfey’s derivative of the D-allo-Ile-D-FDLA authentic sample (tR = 7.1 min) 

[Conditions for HPLC separation: column, Cosmosil 5C18MS-II (f4.6 × 250 mm); flow 
rate 1.0 mL/min; detection at 340 nm; solvent 80% MeOH with 0.1% TFA]. 
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AMP: column, Cosmosil Cholester; (f4.6 × 250 mm); flow rate 1.0 mL/min; detection at 

340 nm; solvent 70% MeCN with 0.1% TFA.  tR: (R)-AMP-L-FDLA (5.2 min), (S)-

AMP-L-FDLA (4.6 min) 

Ser: column, Cosmosil PBr (f4.6 × 250 mm); flow rate 1.0 mL/min; detection at 340 nm; 
solvent 40% MeCN with 0.1% TFA.  tR: L-Ser-L-FDLA (16.4 min), D-Ser-L-FDLA 

(18.1 min) 
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N-Me-allo-Ile: column, Cosmosil 5C18MS-II (f4.6 × 250 mm); flow rate 1.0 mL/min; 

detection at 340 nm; solvent 80% MeCN with 0.1% TFA.  tR: N-Me-L-allo-Ile-D-FDLA 

(7.1 min), N-Me-L-allo-Ile-L-FDLA (10.8 min) 

 

 

Preparation of MTPA esters and determination of the absolute configuration of 

hydroxy groups in fatty acid of 2 

 

To a solution of 4 (7.7 mg, 11 µmol) and 4-(dimethylamino)pyridine (1.0 mg, 8.2 µmol) 

in dry pyridine (70 µL) was added (R)-MTPACl (1.0 µL, 5.3 µmol) at room temperature 

and the mixture was stirred for 2 h. The reaction was diluted with EtOH (20 mL) and 

washed with 1 M HCl aq. (3 × 3 mL) and brine. The organic layer was dried over Na2SO4, 

filtered and concentrated under reduced pressure. The residue was purified by HPLC to 

give 9a (0.3 mg, 0.4 µmol, tR = 34.3 min), 10a (0.3 mg, 0.4 µmol, tR = 32.5 min), 11a 

(0.2 mg, 0.3 µmol, tR = 26.4 min) and 12a (0.4 mg, 0.5 µmol, tR = 42.9 min). Starting 

material 4 (6.5 mg, 9.4 µmol, tR = 19.6 min) was recovered. [Cosmosil 5C18MS-II (f20 
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× 250 mm); flow rate 5 mL/min; detection, UV215 nm; solvent 85% MeOH]. 

9a: 1H NMR (C6D6 , 400 MHz): δH 7.79 (d, J = 7.9 Hz, 2H), 7.30-7.00 (m, 3H, overlapped 

with solvent signal), 6.92 (m, 1H, NH), 5.77 (m, 1H, H3), 4.83 (m, 1H, H2’), 3.72 (m, 

1H, H7), 3.70 (m, 1H, H11), 3.58 (m, 1H, H15), 3.56 (s, 3H), 3.26 (s, 3H) , 2.27 (dd, J = 

14.4, 7.6 Hz, 1H, H2), 2.17 (dd, J = 14.4, 5.2 Hz, 1H, H2), 2.00 (m, 1H, H13), 1.78 (m, 

1H, H5), 1.66-1.00 (m, 7H), 1.57 (m, 2H, H4’), 1.55 (m, 1H, H4), 1.54 (m, 1H, H3’a), 

1.49 (m, 1H, H6a), 1.45 (m, 1H, H8a), 1.41 (m, 1H, H3’b), 1.40 (m, 1H, H17a), 1.29 (m, 

1H, H17b), 1.11 (m, 1H, H8b), 1.06 (m, 1H, H6b), 0.96 (d, J = 6.3 Hz, 3H, H20), 0.94 (d, 

J = 7.0 Hz, 3H, H21), 0.90 (t, J = 7.4 Hz, 3H, H18), 0.88 (d, J = 7.2 Hz, 3H, 5H’), 0.86 

(d, J = , 3H, H19), 0.84 (d, J = 6.3 Hz, 3H, 6H’); HRESIMS m/z 734.4476 [M+H]+ (calcd 

for C38H63F3NO9, 734.4455). 

10a: 1H NMR (C6D6 , 400 MHz): δH 7.81 (d, J = 7.9 Hz, 2H), 7.30-7.00 (m, 3H, 

overlapped with solvent signal), 6.02 (d, J = 7.4 Hz, 1H, NH), 5.54 (m, 1H, H7), 4.78 (m, 

1H, H2’), 4.09 (m, 1H, H3), 3.73 (m, 1H, H11), 3.58 (m, 1H, H15), 3.56 (s, 3H), 3.29 (s, 

3H), 1.99 (m, 2H, H2), 1.99 (m, 1H, H9), 1.97 (m, 1H, H13), 1.83 (m, 1H, H6a), 1.74 (m, 

1H, H8a), 1.77 (m, 1H, H5), 1.54 (m, 1H, H4’), 1.52 (m, 1H, H12a), 1.51 (m, 1H, H3’a), 

1.48 (m, 1H, H10a), 1.46 (m, 1H, H8b), 1.44 (m, 1H, H14a), 1.43 (m, 1H, H17a), 1.35 

(m, 1H, H4a), 1.32 (m, 1H, H3’b), 1.32 (m, 2H, H16),1.32 (m, 1H, H17b), 1.29 (m, 1H, 

H6b), 1.18 (m, 1H, H4b), 1.14 (m, 1H, H10b), 1.12 (m, 1H, H14b), 1.09 (m, 1H, H12b), 

0.96 (d, J = 6.5 Hz, 3H, H20), 0.92 (d, J = 6.3 Hz, 3H, H21), 0.91 (t, J = 7.0 Hz, 3H, 

H18), 0.87 (d, J = 6.1 Hz, 3H, H19), 0.85 (d, J = 6.5 Hz, 3H, H5’), 0.81 (d, J = 6.3 Hz, 

3H, H6’); HRESIMS m/z 734.4444 [M+H]+ (calcd for C38H63F3NO9, 734.4455). 

11a: 1H NMR (C6D6 , 400 MHz): δH 7.80 (d, J = 7.9 Hz, 2H), 7.30-7.00 (m, 3H, 

overlapped with solvent signal), 6.15 (d, J = 8.3 Hz, 1H, NH), 5.56 (m, 1H, H11), 4.81 

(m, 1H, 2’), 4.15 (m, 1H, H3), 3.62 (m, 1H, H7), 3.56, (s, 3H), 3.52 (m, 1H, H15), 3.27 

(s, 3H), 2.10 (m, 2H, H2), 1.98 (m, 1H, H5), 1.98 (m, 1H, H13), 1.78 (m, 1H, H9), 1.74 

(m, 1H, H12a), 1.73 (m, 1H, H10a), 1.55 (m, 1H, H4’), 1.53 (m, 1H, H3’a), 1.53 (m, 1H, 

H14a), 1.51 (m, 1H, H4a), 1.48 (m, 1H, H6a), 1.48 (m, 1H, H8a), 1.44 (m, 1H, H10b), 

1.44 (m, 1H, H12b), 1.35 (m, 1H, H17a), 1.33 (m, 1H, H3’b), 1.29 (m, 2H, H16), 1.27 

(m, 1H, H17b), 1.21 (m, 1H, H4b), 1.02 (m, 1H, H8b), 1.02 (m, 1H, H14b), 0.98 (m, 1H, 

H6b), 0.92 (d, J = 6.7 Hz,3H, H21), 0.90 (d, J = 6.3 Hz, 3H, H19), 0.89 (t, J = 7.2 Hz, 

3H, H18), 0.89 (d, J = 6.7 Hz, 3H, H20), 0.85 (d, J = 6.1 Hz, 3H, H5’), 0.81 (d, J = 6.3 
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Hz, 3H, H6’); HRESIMS m/z 734.4450 [M+H]+ (calcd for C38H63F3NO9, 734.4455). 

12a: 1H NMR (C6D6 , 400 MHz): δH 7.77 (d, J = 7.4 Hz, 2H), 7.30-7.00 (m, 3H, 

overlapped with solvent signal), 6.40 (m, 1H, NH), 5.33 (m, 1H, H15), 4.81 (m, 1H, H2’), 

4.22 (m, 1H, H3), 3.78 (m, 1H, H7), 3.68 (m, 1H, H11), 3.49 (s, 3H), 3.30 (s, 3H), 2.13 

(m, 1H, H2a), 2.19 (m, 1H, H2b), 2.02 (m, 1H, H5), 2.02 (m, 1H, H9), 1.63 (m, 1H, H14a), 

1.61 (m, 1H), 1.60 (m, 1H, H4’), 1.56 (m, 1H, H16a), 1.55 (m, 1H, H4a), 1.53 (m, 1H, 

H3’a), 1.51 (m, 1H), 1.43 (m, 1H), 1.41 (m, 1H, H16b), 1.38 (m, 1H, H3’), 1.35 (m, 1H), 

1.27 (m, 2H, H17), 1.24 (m, 1H, H4b), 1.18, (m, 1H), 1.12 (m, 1H, H14b), 1.10 (m, 1H), 

1.09 (m, 1H), 1.07 (m, 1H), 0.95 (d, J = , 3H, H19), 0.95 (d, J = , 3H, H20), 0.87 (d, J = , 

3H, H21), 0.86 (d, J = , 3H, H5’), 0.82 (d, J =, 3H, H6’), 0.81 (t, J = , 3H, H18); HRESIMS 

m/z 734.4449 [M+H]+ (calcd for C38H63F3NO9, 734.4455). 

To a solution of 4 (8.2 mg, 12 µmol) and 4-(dimethylamino)pyridine (0.7 mg, 5.8 µmol) 

in dry pyridine (40 µL) was added (S)-MTPACl (1.0 µL, 5.3 µmol) at room temperature 

and the mixture was stirred for 4.5 h. The reaction was diluted with EtOH (20 mL) and 

washed with 1 M HCl aq. (3 × 3 mL) and brine. The organic layer was dried over Na2SO4, 

filtered and concentrated under reduced pressure. The residue was purified by HPLC to 

give 9b (0.3 mg, 0.4 µmol, tR = 39.6 min), 10b (0.3 mg, 0.4 µmol, tR = 35.9 min), 11b 

(0.2 mg, 0.3 µmol, tR = 37.4 min) and 12b (0.4 mg, 0.5 µmol, tR = 50.7 min). Starting 

material 4 (6.5 mg, 9.4 µmol, tR = 20.8 min) was recovered. [Cosmosil 5C18MS-II (f20 

× 250 mm); flow rate 5 mL/min; detection, UV215 nm; solvent 85% MeOH]. 

9b: 1H NMR (C6D6 , 400 MHz): δH 7.73 (d, J = 7.6 Hz, 2H), 7.30-7.00 (m, 3H, overlapped 

with solvent signal), 5.76 (m, 1H, H3), 5.64 (m, 1H, NH), 4.75 (m, 1H, H2’), 3.79, (m, 

1H, H11), 3.75 (m, 1H, H7), 3.58 (m, 1H, H15), 3.50 (s, 3H), 3.27 (s, 3H), 2.30 (dd, J = 

15.3, 6.3 Hz, 1H), 2.07 (dd, J = 15.3, 5.8 Hz), 2.03 (m, 1H, H9), 2.01, (m, 1H, H13), 1.92 

(m, 1H, H5), 1.70-1.06 (10H), 1.67 (m, 1H, H4a), 1.64 (m, 1H, H4b), 1.59 (m, 1H, H6a), 

1.56 (m, 1H, H4’), 1.53 (m, 1H, H3’a), 1.47 (m, 1H, H8a), 1.32 (m, 1H, H3’b), (m, 1H, 

H8b), 1.12 (m, 1H, H6b), 0.96 (d, J = 7.0 Hz, 3H, H20), 0.92 (t, J = 7.4 Hz, 3H, H18), 

0.92 (d, J = 7.2 Hz, 3H, H21), 0.90 (d, J = 7.4 Hz, 3H, H19), 0.88 (d, J = 6.3 Hz, 3H, 

H5’), 0.82 (d, J = 6.3 Hz, 3H, H6’); HRESIMS m/z 734.4474 [M+H]+ (calcd for 

C38H63F3NO9, 734.4455). 

10b: 1H NMR (C6D6 , 400 MHz): δH 7.81 (d, J = 7.9 Hz, 2H), 7.30-7.00 (m, 3H, 

overlapped with solvent signal), 5.96 (d, J = 9.4 Hz, 1H, NH), 5.56 (m, 1H, H7), 4.79 (m, 
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1H, H2’), 4.14 (m, 1H, H3), 3.67 (m, 1H, H11), 3.59 (s, 3H), 3.57 (m, 1H, H15), 3.28 (s, 

3H), 2.04 (m, 2H, H2), 2.01 (m, 1H, H5), 1.96 (m, 1H, H13), 1.91 (m, 1H, H6a), 1.72 (m, 

1H, H9), 1.66 (m, 1H, H8a) , 1.56-1.17 (m, 5H), 1.55 (m, 1H, H4’), 1.52 (m, 1H, H3’a), 

1.44 (m, 1H, H4a), 1.42 (m, 1H, H10a), 1.42 (m, 1H, H17a), 1.32 (m, 1H, H8b), 1.31 (m, 

1H, H3’b), 1.30 (m, 1H, H17b), 1.25 (m, 1H, H6b), 1.21 (m, 1H, H4b), 1.16-1.04 (m, 

1H), 1.04 (m, 1H, H10b), 1.01 (d, J = 6.5 Hz, 3H, H19), 0.91 (d, J = 7.0 Hz, 3H, H21), 

0.90 (t, J = 7.0 Hz, 3H, H18), 0.88 (d, J = 6.3 Hz, 3H, H20), 0.85 (d, J = 6.1 Hz, 3H, H5’), 

0.81 (d, J = 6.3 Hz, 3H, H6’); HRESIMS m/z 734.4437 [M+H]+ (calcd for C38H63F3NO9, 

734.4455). 

11b: 1H NMR (C6D6 , 400 MHz): δH 7.80 (d, J = 7.9 Hz, 2H), 7.30-7.00 (m, 3H, 

overlapped with solvent signal), 6.01 (d, J = 9.6 Hz, 1H, NH), 5.56 (m, 1H, H11), 4.80 

(m, 1H, H2’), 4.14 (m, 1H, H3), 3.66 (m, 1H, H7), 3.56 (s, 3H), 3.48 (m, 1H, H15), 3.26 

(s, 3H), 2.06 (m, 2H, H2), 2.00 (m, 1H, H9), 1.95 (m, 1H, H5), 1.76 (m, 1H, H10a), 1.76 

(m, 1H, H13), 1.66 (m, 1H, H12a), 1.54 (m, 1H, H4’), 1.54 (m, 1H, H8a), 1.52 (m, 1H, 

H6a), 1.51 (m, 1H, H4a), 1.46 (m, 1H, H10b), 1.46 (m, 1H, H14a), 1.37 (m, 1H, H12b), 

1.37 (m, 1H, H17a), 1.31 (m, 2H, H3’), 1.28 (m, 2H, H16), 1.25 (m, 1H, H17b), 1.21 (m, 

1H, H4b), 1.04 (m, 1H, H8b), 1.02 (m, 1H, H6b), 1.01 (m, 1H, H14b), 0.97 (d, J = 6.5 

Hz, 3H, H20), 0.90 (d, J = 6.7 Hz, 3H, H19), 0.88 (t, J = 7.0 Hz, 3H, H18), 0.86 (d, J = 

5.6 Hz, 3H, H21), 0.84 (d, J = 6.1 Hz, 3H, H5’), 0.80 (d, J = 5.8 Hz, 3H, H6’); HRESIMS 

m/z 734.4436 [M+H]+ (calcd for C38H63F3NO9, 734.4455). 

12b: 1H NMR (C6D6 , 400 MHz): δH 7.78 (d, J = 7.6 Hz, 2H), 7.30-7.00 (m, 3H, 

overlapped with solvent signal), 6.26 (m, 1H, NH), 5.37 (m, 1H, H15), 4.82 (ddd, J = 9.9, 

8.5, 5.2 Hz, 1H), 4.21 (m, 1H, H3), 3.75 (m, 1H, H11), 3.73 (m, 1H, H7), 3.56 (s, 3H), 

3.28 (s, 3H), 2.15 (m, 2H, H2), 2.01 (m, 1H, H5), 2.00 (m, 1H, H9), 1.92 (m, 1H, H13), 

1.70 (m, 1H, H14a), 1.64-1.25 (4H), 1.59 (m, 1H, H4’), 1.53 (m, 1H, H4a), 1.51 (m, 1H, 

H3’), 1.48 (m, 1H, H16a), 1.40 (m, 1H, H16b), 1.35 (m, 1H, H3’b), 1.25-1.04 (4H), 1.23 

(m, 1H, H4b), 1.18 (m, 1H, H14b), 1.15 (m, 2H, H17), 0.96 (d, J = 6.3 Hz, 3H, H20), 

0.95 (d, J = 6.3 Hz,3H, H19), 0.95 (d, J = 6.3 Hz, 3H, H21), 0.86 (d, J = 6.3 Hz, 3H, H5’), 

0.81 (d, J = 6.3 Hz, 3H, H6’), 0.76 (t, J = 7.3 Hz, 3H, H18); HRESIMS m/z 734.4438 

[M+H]+ (calcd for C38H63F3NO9, 734.4455). 
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Synthesis of cyclic ether 14 

 
To a solution of 4 (3.2 mg, 6.2 µmol) and Et3N (0.86 µL, 6.2 µmol) in dry CH2Cl2 (200 

µL) was added methanesulfonyl chloride (0.49 µL, 6.2 µmol) at room temperature and 

the mixture was stirred for 30 min. The reaction mixture was directly purified by PLC 

(2:2:10:10:1 hexane/benzene/EtOAc/Et2O/MeOH) to give 13 (0.7 mg, 1.2 µmol, 19%) as 

a colorless oil. The mesylate 13 was spontaneously cyclized at room temperature to give 

ether 14. 

13: 1H NMR (C6D6 , 400 MHz): δH 6.21 (d, J = 8.8 Hz, 1H, NH), 4.87 (m, 1H, H15), 4.84 

(m, 1H, H2’), 4.21 (m, 1H, H3), 3.78 (m, 1H, H7), 3.76 (m, 1H, H11), 3.29 (s, 3H), 2.35 

(s, 3H), 2.15 (m, 2H, H2), 2.03 (m, 1H, H5), 2.01 (m, 2H, H-9 and H-13), 1.72 (m, 1H, 

H14b), 1.70 (m, 1H), 1.64-1.46 (m, 3H), 1.58 (m, 1H, H4’), 1.55 (m, 1H, H4a), 1.54 (m, 

1H, H3a’), 1.43-1.03 (m, 6H), 1.36 (m, 1H, H3’b), 1.29 (m, 2H, H17), 1.24 (m, 1H, H4b), 

1.19 (m, 1H, H14b), 0.97 (d, J = 6.5 Hz, 3H, H21), 0.96 (d, J = 6.3 Hz, 3H, H20), 0.95 

(d, J = 6.3 Hz, 3H, H19), 0.86 (d, J = 6.3 Hz, 3H, H5’), 0.82 (d, J = 6.1 Hz, 3H, H6’), 

0.81 (t, J = 7.2 Hz, 3H, H18); HRESIMS m/z 596.3832 [M+H]+ (calcd for C29H58NO9S, 

596.3832). 

14: 1H NMR (CD3OD , 400 MHz): δH 4.47 (dd, J = 8.9, 6.2 Hz, 1H, H2’), 4.09 (m, 1H, 

H3), 3.89 (m, 1H, H15), 3.76 (m, 1H, H7), 3.71 (s, 3H, H7’), 3.68 (m, 1H, H11), 2.36 (d, 

J = 6.3 Hz, 2H, H2), 1.90 (m, 1H, H16a), 1.68 (m, 1H, H4’), 1.61 (m, 1H, H3’a), 1.60 (m, 

1H, H12a), 1.57 (m, 1H, 3’b), 1.53 (m, 1H, H6a), 1.52 (m, 1H, H14a), 1.44 (m, 1H, H10a), 

1.42 (m, 1H, H17a), 1.41 (m, 1H, H4a), 1.41 (m, 1H, H8a), 1.34 (m, 1H, H4b), 1.34 (m, 

1H, H17b), 1.32 (m, 1H, H16b), 1.30 (ddd, J = 13.7, 12.3, 6.0 Hz, , 1H, H14b), 1.14 (ddd, 

J = 13.5, 9.2, 4.4 Hz, 1H, H8b), 1.14 (ddd, J = 13.5, 9.2, 3.6 Hz, 1H, H10b), 1.08 (ddd, J 

= 13.2, 9.9, 2.9 Hz, 1H, H6b), 0.96 (d, J = 6.5 Hz, 3H, H5’), 0.95 (d, J = 6.7 Hz, 3H, 

H19), 0.95 (t, J = 7.4 Hz, 3H, H18), 0.92 (d, J = 6,5 Hz, 3H, H6’), 0.92 (d, J = 6.5 Hz, 

3H, H20), 0.90 (d, J = 6.5 Hz, 3H, H21), 0.79 (ddd, J = 12.1, 12.1, 12.1 Hz, 1H, H12b); 

HRESIMS m/z 500.3952 [M+H]+ (calcd for C28H54NO6, 500.3951). 
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Preparation of MOM ether derived from 4 

 
To a solution of 4 (0.2 mg, 0.4 µmol) and N,N-diisopropylethylamine (150 µL, 870 µmol) 

in dry CH2Cl2 (300 µL) was added chloromethyl methyl ether (60 µL, 756 µmol) at 0 ˚C. 

The mixture was warmed to room temperature and stirred for h. The reaction was diluted 

with EtOAc (10 mL) and washed with 1 M HCl aq. (3 × 3 mL) and brine. The organic 

layer was dried over Na2SO4, filtered and concentrated under reduced pressure. The 

residue was purified by HPLC to give 15 (0.2 mg, 0.3 µmol, tR = 49.3 min). [Cosmosil 

5C18MS-II (f20 × 250 mm); flow rate 5 mL/min; detection, UV215 nm; solvent 85% 
MeOH]. 

15: 1H NMR (CD3OD , 400 MHz): δH 4.75-4.55 (m, 8H), 4.46 (dd, J = 8.9, 6.2 Hz, 1H), 

4.06 (m, 1H), 3.81-3.67 (m, 2H), 3.70 (s, 3H), 3.64 (m, 1H), 3.363 (s, 6H), 3.361 (s, 3H), 

3.35 (s, 3H), 2.51 (dd, J = 13.9, 6.7 Hz, 1H), 2.38 (dd, J = 13.9, 5.8 Hz, 1H), 1.87-1.71 

(m, 3H), 1.71-1.44 (m, 12H), 1.45-1.32 (m, 4H), 1.31-1.13 (m, 5H), 1.04-0.86 (m, 18H); 

HRESIMS m/z 694.5087 [M+H]+ (calcd for C36H72NO11, 694.5105). 

 

Synthesis of (9R)-15 and (9S)-15 

(4R,6S)-7-(Benzyloxy)-6-methylhept-1-en-4-ol (21) 

 
AllylMgBr (1.0 M solution in Et2O, 5.1 mL, 5.1 mmol) was added to solution of (+)-B-

methoxydiisopinocampheylborane (1.98 g, 6.3 mmol) in dry Et2O (6.0 mL) under argon 

cooled at -78 ˚C and the mixture was stirred for 5 min. The solution was warmed to room 

temperature, stirred for additional 1h, and cooled – 78 ̊ C again. To the solution was added 

18 (491.6 mg, 2.6 mmol) in dry Et20 (2.0 mL) by cannula (washed with 2 × 2.0 mL of 

Et2O) and stirred at – 78 ˚C for 11.5 h. To the reaction mixture were added 1 M NaOH 

aq. (12 mL) and 30% H2O2 (12 mL), and the mixture was warmed to room temperature 

and stirred for 9 h. The layers were separated and the aqueous layer was extracted with 

Et2O (3 × 15 mL). The combined organic layers were washed with brine, dried over 

Na2SO4, filtered, and concentrated under reduced pressure. Isopinocampheol was 
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distilled under reduced pressure (30.0 torr) at room temperature. The residue was purified 

by chromatography on silica gel (4:1 hexane/EtOAc) to give 21 (427.9 mg, 1.83 mmol, 

71 %, diastereomer ratio > 20:1) as a colorless oil. 1H NMR and 13C NMR spectra were 

identical to known enantiomer.77 

 
1H NMR (CDCl3, 400 MHz): δH 7.42-7.25 (m, 5H), 5.85 (m, 1H), 5.17-5.04 (m, 2H), 

4.53 (s, 2H), 3.73 (m, 1H), 3.38 (dd, J = 9.2, 5.2 Hz, 1H), 3.30 (dd, J = 9.2, 7.6 Hz, 1H), 

2.94 (br s, 1H, OH), 2.31-2.15 (m, 2H), 2.00 (m, 1H), 1.49 (ddd, J = 14.2, 9.4, 6.3, 1H), 

1.41 (ddd, J = 14.2, 6.6, 2.9 Hz, 1H), 0.94 (d, J = 7.0 Hz, 3H); 13C NMR (CDCl3, 100 

MHz): δC 138.1, 135.3, 128.5, 127.8, 127.8, 117.6, 76.6, 73.2, 69.5, 42.8, 42.7, 31.7, 18.0; 

HRESIMS m/z 257.1512 [M+Na]+ (calcd for C15H22O2Na, 257.1518); [α]25.9
D -12.0 (c 

2.00, CHCl3); IR (film) 3430, 2929, 1454, 1363, 1095, 913, 735, 697 cm-1. 

 

(4R,6S)-7-(Benzyloxy)-4-(4-methoxybenzyloxy)-6-methylhept-1-ene (22) 

 

To a stirred suspension of NaH (60% in paraffin liquid, 64.8 mg, 1.62 mmol) in DMF 

(1.0 mL) was added a solution of 21 (228.1 mg, 0.97 mmol) in DMF (2 mL) by cannula 

under nitrogen at 0 ˚C and the mixture was stirred for 15 min. To the mixture was added 

4-methoxybenzyl chloride (0.2 mL, 1.46 mmol) and warmed to room temperature. After 

additional 16 h, the reaction was quenched with H2O (2 mL) and layers were separated. 

The aqueous layer was extracted with EtOAc (3 × 5 mL). The combined organic layers 

were washed with brine, dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residue was purified by chromatography on silica gel (15:1 hexane/EtOAc) 

to give 22 (298.0 mg, 0.84 mmol, 86 %) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.38-7.18 (m, 7H), 6.88 (d, J = 8.8 Hz, 2H), 5.83 (dddd, 

J = 17.1, 10.1, 7.0, 7.0 Hz, 1H), 5.08 (d, J = 17.1 Hz, 1H), 5.06 (d, J = 10.1 Hz, 1H), 4.54 

(d, J = 11.2 Hz, 1H), 4.48 (s, 2H), 4.37 (d, J = 11.2 Hz, 1H), 3.80 (s, 3H), 3.54 (m, 1H), 

3.34 (dd, J = 9.0, 5.6 Hz, 1H), 3.22 (dd, J = 9.0, 7.0 Hz, 1H), 2.41-2.25 (m, 2H), 2.02 (m, 

1H), 1.65 (ddd, J = 14.4, 9.7, 4.7 Hz, 1H), 1.23 (ddd, J = 14.4, 9.4, 4.0 Hz, 1H), 0.90 (d, 
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J = 6.8 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 159.2, 138.9, 135.0, 131.0, 129.5, 128.4, 

127.6, 127.5, 117.2, 113.8, 76.4, 75.9, 73.0, 70.5, 55.4, 38.8, 38.5, 30.1, 17.2; HRESIMS 

m/z 355.2263 [M+H]+ (calcd for C23H31O3, 355.2273); [α]29.0
D -22.2 (c 1.00, CHCl3); IR 

(film) 2854, 1511, 1246, 1089, 916, 819, 739, 697 cm-1. 

 

(2S,4R)-4-(4-Methoxybenzyloxy)-2-methylheptan-1-ol (23) 

 

To a stirred suspension of Raney Ni-W2 (in dry EtOH, 12.0 g prepared according to ref 

78) in dry EtOH (70 mL) was added a solution of 22 (922 mg, 2.6 mmol) in dry EtOH (8 

mL) by cannula (washed with 2 × 3.5 mL of dry EtOH) under argon. The reaction mixture 

was degassed, charged with hydrogen 3 times, and stirred vigorously at room temperature 

under a hydrogen atmosphere for 14 h. The reaction mixture was filtered and washed with 

EtOH, and the filtrate and washing were concentrated. The residual oil was purified by 

chromatography on silica gel (1:4:1 hexane/benzene/Et2O) to give 23 (443 mg, 1.7 mmol, 

64%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.26 (br d, J = 8.8 Hz, 2H), 6.87 (br d, J = 8.8 Hz, 2H), 

4.53 (d, J = 10.8 Hz, 1H), 4.35 (d, J = 10.8 Hz, 1H), 3.80 (s, 3H), 3.48 (dd, J = 10.8, 5.4 

Hz, 1H), 3.47 (m, 1H), 3.40 (dd, J = 10.8, 6.1 Hz, 1H), 1.80 (m, 1H), 1.66-1.55 (m, 2H), 

1.50 (m, 1H), 1.44-1.34 (m, 2H), 1.32 (ddd, J = 16.8, 6.7, 3.1 Hz, 1H), 0.93 (t, J = 7.3 Hz, 

3H), 0.90 (d, J = 6.7 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 159.3, 130.6, 29.7, 113.9, 

77.4, 70.3, 68.6, 55.4, 39.0, 36.2, 33.7, 18.3, 17.7, 14.5; HRESIMS m/z 267.1956 [M+H]+ 

(calcd for C16H27O3, 267.1960); [α]26.3
D -40.0 (c 1.00, CHCl3); IR (film) 3422, 2931, 1512, 

1247, 1035, 819 cm-1. 
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(2S,4R)-1-Bromo-4-(4-methoxybenzyloxy)-2-methylheptane (17) 

 

To a solution of 23 (212.5 mg, 0.80 mmol), Et3N (320 µL, 2.3 mmol) and DMAP (9.3 mg, 

76.1µmol) in dry CH2Cl2 (1.6 mL) was added p-toluenesulfonyl chloride (301.7 mg, 1.58 

mmol) at 0˚C under nitrogen. The mixture was stirred at 0 ˚C for 20 min and the cooling 

bass was removed. After additional 3 h, the reaction was quenched with H2O (5 mL) and 

layers were separated. The aqueous layer was extracted with EtOAc (3 × 5 mL). The 

combined organic layers were washed with saturated aqueous NH4Cl and brine, dried 

over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified 

by chromatography on silica gel (5:1 hexane/EtOAc) to give crude product. The crude 

product was used without further purification in the next step. 

 

LiBr (699.1 mg, 8.05 mmol) was added to a solution of the crude product in dry DMF 

(8.0 mL) at room temperature under nitrogen. The mixture was warmed to 50 ˚C and 

stirred for 3 h. The reaction was cooled to 0 ˚C and quenched with saturated aqueous 

NH4Cl (5 mL) and H2O (5 mL). The layers were separated and the aqueous layer was 

extracted with EtOAc (3 × 5 mL). The combined organic layers were washed with brine, 

dried over Na2SO4, filtered and concentrated under reduced pressure. The residue was 

purified by chromatography on silica gel (20:1 hexane/EtOAc) to give 17 (216.9 mg, 0.66 

mmol, 83% in 2 steps) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.26 (br d, J = 8.5 Hz, 2H), 6.88 (br d, J = 8.5 Hz, 2H), 

4.50 (d, J = 11.0 Hz, 1H), 4.36 (d, J = 11.0 Hz, 1H), 3.80 (s, 3H), 3.44 (m, 1H), 3.43 (dd, 

J = 9.9, 4.5 Hz, 1H), 3.33 (dd, J = 9.9, 6.1 Hz, 1H), 2.04 (m, 1H), 1.69 (ddd, J = 14.1, 9.0, 

4.7 Hz, 1H), 1.59 (m, 1H), 1.47 (m, 1H), 1.41-1.34 (m, 2H), 1.32 (ddd, J = 14.1, 8.8, 3.8 

Hz, 1H), 0.97 (d, J = 6.7 Hz, 3H), 0.92 (t, J = 7.2 Hz, 3H); 13C NMR (CDCl3, 100 MHz): 

δC 159.2, 131.0, 129.5, 113.9, 76.1, 70.4, 55.4, 42.8, 39.9, 36.4, 31.8, 18.7, 18.6, 14.5; 

HRESIMS m/z 351.0935 [M+Na]+ (calcd for C16H25
79BrO2Na, 351.0936); [α]24.9

D -20.2 

(c 1.00, CHCl3); IR (film) 2957, 1613, 1512, 1463, 1248, 1037, 820 cm-1. 

 



� �
� �

���

(4R,6S)-6-[2-(tert-Butyldiphenylsiloxy)etyl]-4-methyltetrahydro-2H-pyran-2-one 

(24) 

 
A 3.1 M solution in Et2O of methyllithium (14.3 mL, 44 mmol) was added to a suspension 

of CuI (4.23 g, 22 mmol) in dry Et2O (80 mL) under nitrogen at 0 ˚C, and the mixture 

was stirred at 0 ˚C for 25 min. To the mixture a solution of 20 (4.25 g, 11 mmol) in Et2O 

(8 mL) was slowly added by cannula (wash with 3 × 4 mL of Et2O) at -78 ̊ C. The resultant 

mixture was stirred -78 ̊ C for 15 min and warm to 0 ̊ C. After additional 25 min, saturated 

NH4Cl aq. was added and the mixture was stirred until precipitate was dissolved. The 

layers were separated and the aqueous layer was extracted by Et2O (3 × 100 mL). The 

combined organic layer was washed with brine and dried over Na2SO4, filtered and 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel (7:1 hexane/EtOAc) to give 24 (3.99 g, 10.0 mmol, 90%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.67-7.61 (m, 4H), 7.46-7.35 (m, 6H), 4.65 (m, 1H), 

3.87 (ddd, J = 10.6, 8.1, 4.9 Hz, 1H), 3.77 (ddd, J = 10.6, 3.7, 3.7 Hz, 1H), 2.55 (m, 1H), 

2.21-2.09 (m, 2H), 1.95 (m, 1H), 1.83-1.72 (m, 2H), 1.59 (m, 1H), 1.08 (d, J = 6.5 Hz, 

3H), 1.04 (s, 9H); 13C NMR (CDCl3, 100 MHz): δC 172.5, 135.6, 133.7, 133.6, 129.9, 

127.8, 74.3, 59.9, 38.4, 37.6, 35.2, 27.0, 23.9, 21.6, 19.3; HRESIMS m/z 419.2008 

[M+H]+ (calcd for C24H33O3Si, 419.2018); [α]28.9
D +45.7 (c 1.00, CHCl3); IR (film) 2956, 

1739,1427, 1232, 1110, 822, 702, 612 cm-1. 
1H NMR (C6D6, 400 MHz): δH 7.82-7.72 (m, 4H), 7.32-7.19 (m, 6H), 4.29 (dddd, J = 8.8, 

8.1, 4.5, 4.3 Hz, 1H, H6), 3.81 (ddd, J = 10.3, 8.1, 5.2 Hz, 1H, H2’a), 3.67 (ddd, J = 10.3, 

5.8, 5.2 Hz, 1H, H2’b), 2.17 (dd, J = 16.3, 5.7 Hz, 1H, H3a), 1.66 (dddd, J = 12.9, 8.2, 

5.2, 4.5 Hz, 1H, H1’a), 1.65 (dd, J = 16.3, 9.4 Hz, 1H, H3b), 1.48 (dddd, J = 4.5, 5.2, 8.2, 

12.9 Hz, 1H, H1’b), 1.46 (ddddq, J = 9.4, 7.0, 6.1, 5.7, 7.0 Hz, 1H, H4), 1.16 (ddd, J = 

13.9, 8.8, 7.0 Hz, 1H, H5a), 1.16 (s, 9H), 0.91 (ddd, J = 13.9, 6.1, 4.3 Hz, 1H, H5b), 0.51 

(d, J = 7.0 Hz, 3H, H7). 
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(3R,5S)-7-(tert-Butyldiphenylsiloxy)-N-methoxy-5-(methoxymethoxy)-N,3-

dimethylheptanamide (25) 

 

A 2.0 M solution of i-PrMgCl in THF (19 mL, 38 mmol) was added to a suspension of 

24 (3.99 g, 10.1 mmol) and N,O-dimethylhydroxylamine hydrochloride (1.99 g, 20.0 

mmol) in dry THF (42 mL) under nitrogen at -19 ˚C and the mixture was stirred for 1 h. 

The reaction was quenched with saturated NH4Cl aq. and the layers were separated. The 

aqueous layer was extracted by EtOAc (3 × 50 mL). The combined organic layers were 

washed with brine and dried over Na2SO4, filtered and concentrated under reduced 

pressure.  The crude product was used without purification in the next step. 

N,N-Diisopropylethylamine (3.8 mL, 22 mmol) was added to a solution of the crude 

product (5.00 g) in dry CH2Cl2 (10 mL) under nitrogen at 0 ˚C. To the mixture was added 

chloromethyl methyl ether (1.6 mL, 20 mmol) and the mixture was stirred at 0 ˚C for 1h, 

and warmed to room temperature. After additional 4 h, the mixture was diluted by EtOAc 

(20 mL) and washed with 1 M HCl aq. (3 × 20 mL), saturated NaHCO3 aq. (20 mL) and 

brine. The organic layer was dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residue was purified by chromatography on silica gel (5:1 to 2:1 

hexane/EtOAc) to give 25 (4.96 g, 9.9 mmol, 98% in 2 steps) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.69-7.63 (m, 4H), 7.45-7.34 (m, 6H), 4.62 (d, J = 6.8 

Hz, 1H), 4.59 (d, J = 6.8 Hz, 1H), 3.86 (m, 1H), 3.81-3.70 (m, 2H), 3.65 (s, 3H), 3.31 (s, 

3H), 3.18 (s, 3H), 2.45 (dd, J = 14.7, 4.9 Hz, 1H), 2.28 (m, 1H), 2.17 (m, 1H), 1.82 (m, 

1H), 1.68 (m, 1H), 1.56-1.41 (m, 2H), 1.04 (s, 9H), 0.97 (d, J = 6.4 Hz, 3H); 13C NMR 

(CDCl3, 100 MHz): δC 173.9, 135.7, 133.98, 133.94, 129.7, 127.8, 95.8, 73.0, 61.3, 60.5, 

55.7, 42.4, 39.1, 37.6, 32.2, 27.0, 26.6, 20.4, 19.3; HRESIMS m/z 524.2800 [M+Na]+ 

(calcd for C28H43NO5SiNa, 524.2808); [α]28.8
D +0.2 (c 1.00, CHCl3); IR (film) 2932, 1664, 

1427, 1110, 1036, 703 cm-1. 
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(3R,5S)-7-(tert-Butyldiphenylsiloxy)-5-(methoxymethoxy)-3-methylheptanal (19) 

 
A 2.0 M solution of lithium aluminum hydride in THF (4.4 mL, 8.8 mmol) was added to 

solution of 25 (4.40 g, 8.8 mmol) in THF (88 mL) under nitrogen cooled at 0 ˚C and the 

mixture was stirred at 0 ˚C for 2 h. The reaction was quenched with saturated Rochelle’s 

salt aq. (150 mL) and warmed to room temperature. The mixture was stirred for 2 h and 

the layers were separated. The aqueous layer was extracted by EtOAc (3 × 150 mL). The 

combined organic layers were washed with brine, dried over Na2SO4, filtered, and 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel (10:1 hexane/EtOAc) to give 19 (3.73 g, 8.4 mmol, 96%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 9.73 (t, J = 1.5 Hz, 1H), 7.68-7.63 (m, 4H), 7.46-7.35 

(m, 6H), 4.62 (d, J = 6.8 Hz, 1H), 4.56 (d, J = 6.8 Hz, 1H), 3.83 (dt, J = 12.2, 6.3 Hz, 1H), 

3.81-3.69 (m, 2H), 3.31 (s, 3H), 2.50 (ddd, J = 19.5, 7.8, 1.5 Hz, 1H), 2.25-2.14 (m, 2H), 

1.80-1.65 (m, 2H), 1.53 (dt, J =13.7, 6.8 Hz, 1H), 1.42 (dt, J =13.7, 6.4 Hz, 1H), 1.05 (s, 

9H), 0.97 (d, J = 6.3 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 202.8, 135.7, 133.9, 129.8, 

127.8, 95.8, 72.9, 60.4, 55.8, 50.8, 42.1, 37.6, 27.0, 24.8, 20.6, 19.3; HRESIMS m/z 

465.2428 [M+Na]+ (calcd for C26H38O4SiNa, 465.2437); [α]22.9
D -2.2 (c 1.00, CHCl3); IR 

(film) 2932, 2857, 1725, 1428, 1110, 1037, 702 cm-1. 

 

(4R,6S,8S)-10-(tert-Butyldiphenylsioxy)-8-(methoxymethoxy)-6-methyldec-1-en-4-
ol (26) 

 
AllylMgBr (1.0 M solution in Et2O, 1.8 mL, 1.8 mmol) was added to solution of (+)-B-

Methoxydiisopinocampheylborane (1.34 g, 4.2 mmol) in dry toluene (3.0 mL) under 

argon at -78 ˚C and the mixture was stirred for 20 min. The solution was warmed to room 

temperature, stirred for additional 55 min, and cooled – 78 ˚C again. To the solution was 

added 19 (398 mg, 0.90 mmol) in dry toluene (1.0 mL) by cannula (washed with 3 × 0.3 

mL of toluene) and stirred at – 78 ˚C for 18 h. To the reaction mixture were added 1 M 

NaOH aq. (4 mL) and 30% H2O2 (6 mL), and the mixture was warmed to room 
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temperature and stirred for 3 h. The layers were separated and the aqueous layer was 

extracted with Et2O (3 × 10 mL). The combined organic layers were washed with brine, 

dried over Na2SO4, filtered, and concentrated under reduced pressure. The residue was 

purified by chromatography on silica gel (15:1 to 10:1 hexane/EtOAc) to give 26 (402 

mg, 0.83 mmol, 92%, diastereomer ratio = 7.4:1) as a colorless oil. The product mixture 

was used without further purification in the next step because separation of the 

diastereomer was difficult.  

 
1H NMR (CDCl3, 400 MHz): δH 7.69-7.63 (m, 4H), 7.45-7.34 (m, 6H), 5.82 (m, 1H), 

5.12 (br d, J = 15.1 Hz, 1H), 5.12 (br d, J = 12.2 Hz, 1H), 4.62 (d, J = 6.8 Hz, 1H), 4.60 

(d, J = 6.8 Hz, 1H), 3.87 (br quint, J = 6.3 Hz, 1H), 3.80-3.69 (m, 3H), 3.32 (s, 3H), 2.28-

2.12 (m, 2H), 1.82 (m, 1H), 1.78-1.64 (m, 2H), 1.54-1.37 (m, 2H), 1.38-1.11 (m, 2H), 

1.05 (s, 9H), 0.93 (d, J = 6.3 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 135.7, 135.1, 

134.0, 129.7, 127.8, 118.0, 96.3, 73.7, 68.5, 60.6, 55.7, 44.2, 43.3, 43.1, 38.1, 27.0, 26.0, 

20.1, 19.3; HRESIMS m/z 507.2896 [M+Na]+ (calcd for C29H44O4SiNa, 507.2907); 

[α]28.6
D -13.3 (c 1.00, CHCl3); IR (film) 3473, 2930, 1427, 1110, 1036, 916, 823, 737, 701, 

610 cm-1 . 

 

(4R,6R,8S)-10-(tert-Butyldiphenylsiloxy)-8-(methoxymethoxy)-6-methyldec-1-en-4-
yl acrylate (27) 

 
Freshly distilled acryloyl chloride (0.2 mL, 2.46 mmol) was added to the solution of 26 
(613.0 mg, 1.26 mmol) and N,N-diisopropylethylamine (0.6 mL, 3.48 mmol) in dry 

CH2Cl2 (3.0 mL) under nitrogen at -20 ˚C. The solution was warmed to 0 ˚C and stirred 

for 1.5 h. The reaction was quenched with H2O and the layers were separated. The 

aqueous layer was extracted with CH2Cl2 (10 mL). The combined organic layers were 

washed with 1 M HCl and brine, dried over Na2SO4, filtered and concentrated under 

reduced pressure. The residue was purified by chromatography on silica gel (10:1 

hexane/EtOAc) to give 27 (706.9 mg, 1.31 mmol, quant.) as a colorless oil. 
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1H NMR (CDCl3, 400 MHz): δH 7.69-7.62 (m, 4H), 7.45-7.34 (m, 6H), 6.38 (dd, J = 17.3, 

1.4 Hz, 1H), 6.08 (dd, J = 17.3, 10.6 Hz, 1H), 5.79 (dd, J = 10.6, 1.4 Hz, 1H), 5.75 (ddt, 

J = 17.1, 10.1, 7.2 Hz, 1H), 5.14 (m, 1H), 5.06 (br d, J = 17.1 Hz, 1H), 5.05 (br d, J = 

10.1 Hz, 1H), 4.60 (d, J = 6.7 Hz, 1H), 4.58 (d, J = 6.7 Hz, 1H), 3.83 (dt, J = 12.6, 6.3 

Hz, 1H), 3.78-3.70 (m, 2H), 3.30 (s, 3H), 2.33 (br t, J = 7.2 Hz, 2H), 1.76 (ddd, J = 14.1, 

10.3, 3.8 Hz, 1H), 1.74-1.67 (m, 2H), 1.62 (m, 1H), 1.47 (m, 1H), 1.35 (m, 1H), 1.25 (ddd, 

J = 14.1, 10.1, 2.9 Hz, 1H), 1.05 (s, 9H), 0.91 (d, J = 6.5 Hz, 3H); 13C NMR (CDCl3, 100 

MHz): δC 166.0, 135.7, 134.0, 133.7, 130.6, 129.7, 128.9, 127.8, 118.0, 95.9, 73.1, 71.4, 

60.6, 55.7, 43.2, 41.0, 39.8, 37.8, 27.0, 26.0, 19.9, 19.3; HRESIMS m/z 561.3001 

[M+Na]+ (calcd for C32H46O5Si, 561.3012); [α]26.3
D +12.8 (c 1.00, CHCl3); IR (film) 2930, 

1722, 1404, 1269, 1193, 1269, 1193, 1110, 1040, 916, 736, 701 cm-1. 

 

(S)-6-[(2R,4S)-6-(tert-Butyldiphenylsiloxy)-4-(methoxymethoxy)-2-methylhexyl]-
5,6-dihydro-2H-pyran-2-one (28) 

 
Grubbs I catalyst (96.9 mg, 0.12 mmol) was added to solution of 27 (2.09 g, 3.9 mmol) 

in dry CH2Cl2 (130 mL) under nitrogen and the mixture was refluxed for 10 h. The 

mixture was concentrated under reduced pressure. The residue was purified by 

chromatography on silica gel (4:1 to 1:1 hexane/EtOAc) to give 28 (1.90 g, 3.7 mmol, 

95%) as a pale black oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.69-7.63 (m, 4H), 7.45-7.35 (m, 6H), 6.86 (dt, J = 9.8, 

3.9 Hz, 1H), 6.02 (dt, J = 9.8, 2.0 Hz, 1H), 4.63 (d, J = 6.8 Hz, 1H), 4.59 (d, J = 6.8 Hz, 

1H), 4.52 (m, 1H), 3.86 (qd, J = 6.8, 4.8 Hz, 1H), 3.81-3.69 (m, 2H), 3.32 (s, 3H), 2.32-

2.26 (m, 2H), 2.02-1.87 (m, 2H), 1.77 (m, 1H), 1.67 (m, 1H), 1.49 (m, 1H), 1.38 (dt, J = 

13.7, 6.8 Hz, 1H), 1.29 (ddd, J = 13.7, 9.8, 2.9 Hz, 1H), 1.05 (s, 9H), 0.95 (d, J = 6.8 Hz, 

3H); 13C NMR (CDCl3, 100 MHz): δC 164.6, 145.1, 135.7, 133.9, 129.7, 127.8 121.6, 

95.9, 75.6, 72.9, 60.5, 55.8, 43.0, 42.5, 37.6, 30.3, 27.0, 25.3, 19.5, 19.3; HRESIMS m/z 

533.3692 [M+Na]+ (calcd for C30H42O5SiNa, 533.2699); [α]26.3
D +33.1 (c 1.00, CHCl3); 

IR (film) 2930, 1721, 1427, 1245, 1106, 1035, 821, 701 cm-1. 
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(4S,6S)-6-[(2R,4S)-6-((tert-Butyldiphenylsiloxy)-4-(methoxymethoxy)-2-

methylhexyl)-4-methyltetrahydro-2H-pyran-2-one (29) 

 
A 3.1 M solution of methyllithium in Et2O (4.8 mL, 15 mmol) was added to a suspension 

of CuI (1.41 g, 7.4 mmol) in dry Et2O (30 mL) under nitrogen at 0 ˚C, and the mixture 

was stirred at 0 ˚C for 25 min and cooled to -78 ˚C. A solution of 28 (1.90 g, 3.7 mmol) 

in Et2O (4 mL) was slowly added by cannula (wash with 2 × 2 mL of Et2O) and the 

mixture was stirred at -78 ˚C for 1 h. The reaction was quenched with saturated NH4Cl 

aq. (100 mL), and the mixture was warmed to room temperature and stirred until 

precipitate was dissolved. The layers were separated and the aqueous layer was extracted 

by Et2O (3 × 100 mL). The combined organic layer was dried over Na2SO4, filtered and 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel (4:1 to 3:1 hexane/EtOAc) to give 29 (1.81 g, 3.4 mmol, 92%) as a colorless oil. 

 
1H NMR (C6D6, 400 MHz): δH 7.85-7.74 (m, 4H), 7.31-7.21 (m, 6H), 4.67 (d, J = 7.0 Hz, 

1H), 4.62 (d, J = 7.0 Hz, 1H), 4.09 (m, 1H, H6), 3.98 (tt, J = 6.1, 6.1 Hz, 1H, H4’), 3.91 

(dt, J = 10.1, 7.0 Hz, 1H, H6’a), 3.83 (dt, J = 10.1, 6.1 Hz, 1H, H6’b), 3.28 (s, 3H), 2.21 

(dd, J = 15.9, 5.6 Hz, 1H, H3a), 2.03 (m, 1H, H2’), 1.79 (m, 2H, H5’), 1.71 (ddd, J = 13.7, 

9.9, 4.3 Hz, 1H, H1’a), 1.67 (dd, J = 15.9, 9.4 Hz, 1H, H3b), 1.55 (m, 1H, H3’a), 1.55 (m, 

1H, H4), 1.34 (dt, J = 13.5, 6.7 Hz, 1H, H3’b), 1.19 (ddd, J = 14.1, 9.4, 7.1 Hz, 1H, H5a), 

1.20 (s, 9H), 0.91 (ddd, J = 14.1, 6.2, 4.3 Hz, 1H, H5b), 0.88 (d, J = 6.7 Hz, 1H, H7’), 

0.84 (ddd, J = 13.7, 9.7, 3.4 Hz, 1H, H1’b), 0.54 (d, J = 6.7 Hz, 3H, H7); 13C NMR (C6D6, 

100 MHz): δC 170.5, 136.1, 136.0, 134.3, 134.3, 130.0, 128.6, 96.0, 73.9, 72.9, 61.0, 55.6, 

43.5, 43.2, 38.1, 37.6, 35.9, 27.2, 25.8, 24.0, 21.2, 19.9, 19.5; HRESIMS m/z 549.3010 

[M+H]+ (calcd for C31H46O5SiNa, 549.3012); [α]26.2
D -20.4 (c 1.00, CHCl3); IR (film) 

2952, 1736, 1427, 1109, 1035, 701 cm-1. 
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(3S,5S,7S,9S)-11-(tert-Butyldiphenylsiloxy)-N-methoxy-5,9-bis(methoxymethoxy)-

N,3,7-trimethylundecanamide (16a) 

 
A 2.0 M solution of i-PrMgCl in THF (6.8 mL, 13.6 mmol) was added to a suspension of 

29 (1.81 g, 3.4 mmol) and N,O-dimethylhydroxylamine hydrochloride (672 mg, 6.9 

mmol) in dry THF (7.0 mL) under nitrogen at -16 ˚C and stirred for 1 h. The reaction was 

quenched with saturated NH4Cl aq. and the layers were separated. The aqueous layer was 

extracted by EtOAc (3 × 20 mL). The combined organic layers were washed with brine 

and dried over Na2SO4, filtered and concentrated under reduced pressure.  The crude 

product was used in the next step without purification. 

N,N-Diisopropylethylamine (1.5 mL, 8.7 mmol) was added to a solution of the crude 

product in dry CH2Cl2 (3.5 mL) under nitrogen at -5 ˚C. To the mixture was added 

chloromethyl methyl ether (0.56 mL, 7.1 mmol) and the mixture was stirred for 10 min 

at that temperature and warm to room temperature. After additional 12 h, the mixture was 

diluted by EtOAc (5 mL) and washed with 1 M HCl aq. (3 × 10 mL), saturated NaHCO3 

aq. (10 mL) and brine. The organic layer was dried over Na2SO4, filtered and concentrated 

under reduced pressure. The residue was purified by chromatography on silica gel (3:1 to 

2:1 hexane/EtOAc) to give 16a (1.96 g, 3.1 mmol, 90% in 2 steps) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.70-7.61 (m, 4H), 7.46-7.33 (m, 6H), 4.67 (d, J = 6.8 

Hz, 1H), 4.64-4.55 (m, 3H), 3.83 (d, J = 10.2 Hz, 1H), 3.80-3.72 (m, 2H), 3.67 (m, 1H), 

3.66 (s, 3H), 3.36 (s, 3H), 3.30 (s, 3H), 3.17 (s, 3H), 2.41 (dd, J = 15.4, 5.1 Hz, 1H), 2.28 

(dd, J = 15.4, 8.0 Hz, 1H), 2.11 (m, 1H), 1.86-1.70 (m, 2H), 1.64 (m, 1H), 1.56-1.31 (m, 

5H), 1.26 (m, 1H), 1.04 (s, 9H), 0.95 (d, J = 6.3 Hz, 3H), 0.92 (d, J = 6.3 Hz, 3H);  13C 

NMR (CDCl3, 100 MHz): δC 173.8, 135.7, 134.0, 129.7, 127.7, 95.9, 95.4, 73.5, 73.1, 

61.3, 60.6, 55.8, 55.6, 43.5, 42.7, 42.6, 39.5, 37.8, 32.2, 27.0, 26.7, 26.0, 20.1, 19.6, 19.3; 

HRESIMS m/z 654.3797 [M+Na]+ (calcd for C35H57NO7Si, 654.3802); [α]25.7
D -7.3 (c 

1.00, CHCl3); IR (film) 2932, 1666, 1428, 1109, 1095, 1038, 702 cm-1. 
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(3S,5S,7S)-9-(tert-Butyldiphenylsiloxy)-3-hydroxy-1-[(S)-4-isopropyl-2-

thioxothiazolidin-3-yl]-7-(methoxymethoxy)-5-methylnonan-1-one (31) 

 
To a solution of 20 (822.2 mg, 4.04 mmol) in dry CH2Cl2 (28 mL) cooled at 0 ˚C under 

nitrogen was added TiCl4 (520 µL, 4.68 mmol), and the mixture was stirred for 10 min. 

The mixture was cooled to -78˚C, and N,N-diisopropylethylamine (900 µL, 5.22 mmol) 

was added. The mixture was stirred at -78 ˚C for 2 h, and then a solution of aldehyde 19 

(1.22 g, 2.76 mmol) in dry CH2Cl2 (3 mL) was added by cannula (wash with 2 × 1.5 mL 

of CH2Cl2). After the resulting mixture was stirred at -78 ˚C for 2 h, the reaction was 

quenched with H2O (10 mL) and the layers were separated. The aqueous layer was 

extracted with EtOAc (2 × 20 mL). The combined organic layers were washed with brine, 

dried over Na2SO4, filtered and concentrated under reduced pressure. The residue was 

purified by chromatography on silica gel (4:1 to 2:1 to 1:1 hexan/EtOAc) to give 31 (1.38 

g, 2.13 mmol, 79%) as a yellow oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.70-7.62 (m, 4H), 7.46-7.34 (m, 6H), 5.16 (dt, J = 0.9, 

6.7 Hz, 1H), 4.62 (d, J = 6.7 Hz, 1H), 4.60 (d, J = 6.7 Hz, 1H), 4.24 (tt, J = 9.7, 2.5 Hz, 

1H), 3.86 (m, 1H), 3.80-3.70 (m , 2H), 3.60-3.47 (m, 2H), 3.31 (s, 3H), 3.17 (dd, J = 17.5, 

9.2 Hz, 1H), 3.03 (dd, J = 11.4, 0.9 Hz, 1H), 2.37 (m, 1H), 1.88 (m, 1H), 1.83-1.43 (m, 

4H), 1.36 (m, 1H), 1.15 (ddd, J = 13.0, 9.4, 2.7 Hz, 1H), 1.07 (d, J = 6.7 Hz, 3H), 1.05 (s, 

9H), 0.99 (d, J = 7.0 Hz, 3H), 0.95 (d, J = 6.5 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 

173.3, 135.7, 134.0, 129.7, 127.8, 95.9, 73.5, 71.5, 66.1, 60.6, 55.7, 51.0, 45.9, 44.1, 42.1, 

37.6, 31.0, 30.7, 27.0, 26.3, 21.0, 19.3, 19.2, 18.0; HRESIMS m/z 668.2858 [M+Na]+ 

(calcd for C34H51NO5S2SiNa, 668.2876); [α]26.5
D -70.0 (c 1.00, CHCl3); IR  (film) 3464, 

2931, 1686, 1471, 1362, 1110, 1038, 703 cm-1. 
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(3S,5S,7S)-9-(tert-Butyldiphenylsiloxy)-3-hydroxy-N-methoxy-7-

(methoxymethoxy)-N,5-dimethylnonanamide (32) 

 

Imidazole (752.5 mg, 11.1 mmol) was added to a solution of 31 (1.38 g, 2.13 mmol) and 

N,O-dimethylhydroxylamine hydrochloride (643.6 mg, 6.60 mmol) in dry CH2Cl2 (10 

mL) at room temperature and the mixture was stirred for18 h. The reaction was quenched 

with saturated aqueous NH4Cl (10 mL) and the layers were separated. The aqueous layer 

was extracted with EtOAc (2 × 20 mL). The combined organic layers were washed with 

brine, dried over Na2SO4, filtered and concentrated under reduced pressure. The residue 

was purified by chromatography on silica gel (3:1 to 1:2 hexane/EtOAc) to give 32 (1.02 

g, 1.87 mmol, 88%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.74-7.62 (m, 4H), 7.35-7.44 (m, 6H), 4.60 (s, 2H), 4.12 

(m, 1H), 3.86 (m, 1H), 3.74-3.81 (m, 2H), 3.67 (s, 3H), 3.30 (s, 3H), 3.20 (s, 3H), 2.65 

(br d, J = 16.8 Hz, 1H), 2.42 (dd, J = 16.8, 9.6 Hz, 1H), 1.72-1.90 (m, 2H), 1.66 (m, 1H), 

1.35-1.55 (m, 4H), 1.04 (s, 9H), 0.95 (d, J = 6.7 Hz, 3H); 13C NMR (CDCl3, 100 MHz): 

δC 174.0, 135.7, 134.0, 134.0, 129.7, 127.7, 95.8, 73.4, 66.0, 61.3, 60.5, 55.6, 44.3, 42.2, 

38.6, 37.7, 32.0, 27.0, 26.4, 20.8, 19.3; HRESIMS m/z 568.3065 [M+Na]+ (calcd for 

C30H47NO6SiNa, 568.3070; [α]28.9
D -5.9 (c 0.93, CHCl3); IR (film) 3467, 2932, 1647, 

1472, 1387, 1110, 1037, 703 cm-1. 
 

(4S,6S,8S)-10-(tert-Butyldiphenylsiloxy)-4-hydroxy-8-(methoxymethoxy)-6-
methyldecan-2-one (33) 

 
A 3 M solution in Et2O of MeMgBr (3.8 mL, 11.4 mmol) was added to a solution of 32 

(1.02 g, 1.87 mmol) in dry Et2O (10 mL) cooled at 0 ˚C under nitrogen. The mixture was 

warmed to room temperature and stirred for 1 h. The reaction was quenched with 

saturated aqueous NH4Cl (20 mL) at 0 ˚C and the layers were separated. The aqueous 

layer was extracted with EtOAc (2 × 20 mL). The combined organic layers were washed 
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with brine, dried over Na2SO4, filtered and concentrated under reduced pressure. The 

residue was purified by chromatography on silica gel (3:1 hexane/EtOAc) to give 33 

(880.1 mg, 1.76 mmol, 94%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.64-7.68 (m, 4H), 7.36-7.44 (m, 6H), 4.61 (d, J = 6.7 

Hz, 1H), 4.59 (d, J = 6.7 Hz, 1H), 4.13 (m, 1H), 3.85 (m, 1H), 3.77 (m, 2H), 3.30 (s, 3H), 

3.04 (br s, 1H), 2.60 (dd, J = 17.6, 2.8 Hz, 1H), 2.50 (dd, J = 17.6, 8.9 Hz, 1H), 2.17 (s, 

3H), 1.79 (m, 1H), 1.60-1.74 (m, 2H), 1.49 (m, 1H), 1.24-1.43 (m, 3H), 1.05 (s, 9H), 0.94 

(d, J = 6.7 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 210.0, 135.7, 134.0, 129.7, 127.8, 

95.9, 73.5, 65.6, 60.5, 55.7, 50.3, 44.2, 42.1, 37.6, 30.9, 27.0, 26.3, 21.0, 19.3; HRESIMS 

m/z 523.2847 [M+Na]+ (calcd for C29H44O5SiNa, 523.2856); [α]28.9
D -6.0 (c 1.00, CHCl3); 

IR (film) 3469, 2930, 1712, 1428, 1110, 1037, 703 cm-1. 

 

(4S,6R,8S)-10-(tert-Butyldiphenylsiloxy)-8-(methoxymethoxy)-6-methyl-2-

oxodecan-4-yl 2-bromoacetate (34) 

 
Bromoacetyl bromide (400 µL, 4.52 mmol) was added to a solution of 33 (880.1 mg, 1.76 

mmol) and pyridine (420 µL, 5.21 mmol) in dry CH2Cl2 (5 mL) cooled at 0 ˚C under 

nitrogen. The mixture was warmed to room temperature and stirred for 1 h. The reaction 

was quenched with H2O (10 mL) and the layers were separated. The aqueous layer was 

extracted with EtOAc (2 × 10 mL). The combined organic layers were washed with 1 M 

aqueous HCl, saturated aqueous NaHCO3 and brine, and dried over Na2SO4, filtered and 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel (5:1 hexane/EtOAc) to give 34 (903.4 mg, 1.45 mmol, 83%) as a yellow oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.64-7.67 (m, 4H), 7.36-7.44 (m, 6H), 5.37 (m, 1H), 4.61 

(d, J = 7.0 Hz, 1H), 4.58 (d, J = 7.0 Hz, 1H), 3.82 (m, 1H), 3.70-3.79 (m, 2H), 3.74 (s, 

2H), 3.31 (s, 3H), 2.74 (dd, J = 16.6, 7.4 Hz, 1H), 2.65 (dd, J = 16.6, 5.0 Hz, 1H), 2.16 

(s, 3H), 1.50-1.77 (m, 6H), 1.43 (m, 1H), 1.05 (s, 9H), 0.96 (d, J = 6.1 Hz, 3H); 13C NMR 

(CDCl3, 100 MHz): δC 205.2, 166.7, 135.7, 133.9, 129.8, 127.8, 96.0, 73.2, 71.1, 60.5, 
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55.7, 47.7, 42.2, 41.4, 37.7, 30.7, 27.0, 26.6, 26.0, 20.3, 19.3; HRESIMS m/z 643.2065 

[M+Na]+ (calcd for C31H45
79BrO6SiNa, 643.2066); [α]29.7

D -3.0 (c 1.20, CHCl3); IR (film) 

2929, 1736, 1428, 1278, 1110, 1037, 703 cm-1. 

 

(4S,6R,8S)-10-(tert-Butyldiphenylsiloxy)-8-(methoxymethoxy)-6-methyl-2-
oxodecan-4-yl 2-(diethoxyphosphoryl)acetate (35) 

 
Triethyl phosphite (1.0 mL, 5.6 mmol) was added to 34 (903.4 mg, 1.45 mmol) at room 

temperature under nitrogen. The mixture was warmed to 70 ˚C and stirred for 4 h. The 

resulting mixture was directly purified by short chromatography on ODS gel (50% 

aqueous MeOH to MeOH), followed by chromatography on silica gel (5:1 to 2:1 to 1:2 

hexane/EtOAc to EtOAc) to give 35 (896.2 mg, 1.32 mmol, 91%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.63-7.67 (m, 4H), 7.36-7.44 (m, 6H), 5.36 (m, 1H), 4.58 

(s, 2H), 4.16 (q, J = 7.1 Hz, 2H), 4.14 (q, J = 7.1 Hz, 2H), 3.70-3.84 (m, 3H), 3.29 (s, 3H), 

2.901 (d, J = 21.5 Hz, 1H), 2.895 (d, J = 21.5 Hz, 1H), 2.74 (dd, J = 16.6, 7.2 Hz, 1H), 

2.61 (dd, J = 16.6, 5.2 Hz, 1H), 2.16 (s, 3H), 1.69-1.78 (m, 2H), 1.48-1.67 (m, 3H), 1.43-

1.46 (m, 2H), 1.33 (t, J = 7.1 Hz, 6H), 1.04 (s, 9H), 0.95 (d, J = 5.8 Hz, 3H); 13C NMR 

(CDCl3, 100 MHz): δC 205.4, 165.2 (d, JCP = 5.6 Hz), 135.7, 133.9, 129.8, 127.8, 96.0, 

73.3, 70.5, 62.9, 62.8, 62.7, 60.5, 55.7, 47.8, 42.3, 41.6, 37.7, 34.5 (d, JCP = 133.4 Hz), 

30.6, 27.0, 26.7, 20.2, 19.3, 16.5 (d, JCP = 6.6 Hz); HRESIMS m/z 701.3256 [M+Na]+ 

(calcd for C35H55O9PSiNa, 701.3251); [α]28.3
D -37.7 (c 0.40, CHCl3); IR (film) 2929, 1736, 

1268, 1110, 1031, 703 cm-1. 
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(S)-6-[(2R,4S)-6-(tert-Butyldiphenylsiloxy)-4-(methoxymethoxy)-2-methylhexyl]-4-

methyl-5,6-dihydro-2H-pyran-2-one (36) 

 
NaH (60% in paraffin liquid, 63.0 mg, 1.58 mmol) was slowly added to a solution of 35 

(896.2 mg, 1.32 mmol) in dry THF (53 mL) cooled at 0 ˚C under nitrogen. The mixture 

was warmed to room temperature and stirred for 7.5 h. The reaction was carefully 

quenched with saturated aqueous NH4Cl (100 mL) at 0 ˚C and the layers were separated. 

The aqueous layer was extracted with EtOAc (2 × 50 mL). The combined organic layers 

were washed with saturated aqueous NaHCO3 and brine, dried over Na2SO4, filtered and 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel (5:1 to 2:1 hexane/EtOAc) to give 36 (621.7 mg, 1.18 mmol, 90%) as a 

yellowish oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.64-7.68 (m, 4H), 7.36-7.44 (m, 6H), 5.80 (s, 1H), 4.61 

(d, J = 7.0 Hz, 1H), 4.58 (d, J = 7.0 Hz, 1H), 4.45 (m, 1H), 3.85 (m, 1H), 3.70-3.80 (m, 

2H), 3.30 (s, 3H), 2.26 (dd, J = 17.6, 11.9 Hz, 1H), 2.17 (dd, J = 17.6, 4.2 Hz, 1H), 1.97 

(s, 3H), 1.73-1.84 (m, 2H), 1.58-1.71 (m, 3H), 1.46 (t, J = 6.6 Hz, 2H), 1.04 (s, 9H), 0.96 

(d, J = 6.5 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 165.4, 157.0, 135.7, 133.9, 133.9, 

129.8, 127.8, 116.7, 96.0, 75.8, 73.4, 60.5, 55.7, 42.4, 37.7, 35.0, 29.9, 27.0, 26.3, 23.1, 

20.5, 19.3; HRESIMS m/z 547.2860 [M+Na]+ (calcd for  C31H44O5SiNa, 547.2856); 

[α]28.2
D -146.7 (c 0.19, CHCl3); IR (film) 2928, 1723, 1428, 1247, 1110, 1037, 703 cm-1. 

 

(4R,6S)-6-[(2R,4S)-6-(tert-Butyldiphenylsiloxy)-4-(methoxymethoxy)-2-
methylhexyl]-4-methyltetrahydro-2H-pyran-2-one (37) 

 
To a solution of 36 (591.4 mg, 1.13 mmol) in EtOH was added 5 % Pd/C (59.7 mg) under 

nitrogen. The reaction mixture was degassed, charged with hydrogen 3 times, and stirred 

vigorously at room temperature under a hydrogen atmosphere for17 h. The reaction 
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mixture was filtered and washed with MeOH, and the filtrate and washings were 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel (10:1 to 5:1 hexane/EtOAc) to give 37 (369.0 mg, 0.70 mmol, 62%) as a 

colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.70-7.60 (m, 4H), 7.49-7.34 (m, 6H), 4.61 (d, J = 6.7 

Hz, 1H), 4.59 (d, J = 6.7 Hz, 1H), 4.34 (m, 1H), 3.85 (m, 1H), 3.80-3.68 (m, 2H), 3.31 (s, 

3H), 2.67 (m, 1H), 2.09-1.95 (m, 2H), 1.90 (m, 1H), 1.84-1.71 (m, 2H), 1.69-1.53 (m, 

3H), 1.45 (t, J = 6.8 Hz, 2H), 1.14 (m, 1H), 1.05 (s, 9H), 1.02 (d, J = 6.1 Hz, 3H), 0.95 

(d, J = 6.7 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 171.6, 135.7, 134.0, 133.9, 129.8, 

127.8, 96.0, 79.1, 73.3, 60.5, 55.7, 43.8, 42.4, 38.2, 37.7, 37.4, 29.9, 27.0, 26.9, 26.2, 21.9, 

20.4, 19.3; HRESIMS m/z 549.3000 [M+H]+ (calcd for C31H46O5SiNa, 549.3012); 

[α]29.5
D +64.8 (c 0.27, CHCl3); IR (film) 2929, 1736, 1428, 1239, 1110, 1037, 822, 702  

cm-1. 
1H NMR (C6D6, 400 MHz): δH 7.89-7.75 (m, 4H), 7.33-7.22 (m, 6H), 4.63 (d, J = 6.7 Hz, 

1H), 4.58 (d, J = 6.7 Hz, 1H), 3.97 (m, 2H, H6’), 3.91 (m, 1H, H4’), 3.88 (m, 1H, H6) 

3.20 (s, 3H), 2.27 (ddd, J = 17.4, 5.8, 1.9 Hz, 1H), 1.87 (m, 1H, H3’a), 1.82 (m, 1H, H2’), 

(m, 1H, H3’b), 1.58 (dd, J = 17.4, 10.5 Hz, 1H), 1.48 (m, 2H, H5’), 1.42 (dt, J = 13.9, 6.7 

Hz, 1H, H1’a), 1.29 (ddd, J = 13.9, 6., 5.6 Hz, 1H, H1’b), 1.23 (m, 1H, H4), 1.20 (m, 1H, 

H5a), 1.20 (s, 9H), 0.90 (d, J = 6.7 Hz, 3H, H7’), 0.58 (ddd, J = 13.1, 13.1, 13.1 Hz,  1H, 

H5b), 0.48 (d, J = 6.5 Hz, 3H, H7).  

 

(3R,5S,7S,9S)-11-(tert-Butyldiphenylsiloxy)-N-methoxy-5,9-bis(methoxymethoxy)-

N,3,7-trimethylundecanamide (16b) 

 
A 2.0 M solution of i-PrMgCl in THF (1.2 mL, 2.4 mmol) was added to a suspension of 

37 (369.0 mg, 700.5 µmol) and N,O-dimethylhydroxylamine hydrochloride (136.8 mg, 

1.4 mmol) in dry THF (3.0 mL) under nitrogen cooled at -18 ˚C and stirred for 15 min. 

The reaction was quenched with saturated NH4Cl aq. (10 mL) and the layers were 

separated. The aqueous layer was extracted by EtOAc (2 × 10 mL). The combined organic 
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layers were washed with brine and dried over Na2SO4, filtered and concentrated under 

reduced pressure.  The crude product was used in the next step without purification. 

To a solution of the crude product in dry CH2Cl2 (1.5 mL) under nitrogen cooled at 0 ˚C 

were added N,N-Diisopropylethylamine (430 µL, 2.5 mmol) and chloromethyl methyl 

ether (120 µL, 1.5 mmol) successively, and the mixture was warmed to room temperature 

and stirred for 12 h. The mixture was diluted by EtOAc (5 mL) and washed with 1 M HCl 

aq. (2 × 10 mL), saturated NaHCO3 aq. (10 mL) and brine. The organic layer was dried 

over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified 

by chromatography on silica gel (3:1 to 2:1 to 1:1 hexane/EtOAc) to give 16b (305.8 mg, 

483.9 µmol, 69% in 2 steps) as a colorless oil. 

 
1H NMR (CD3Cl, 400 MHz): δH 7.71-7.61 (m, 4H), 7.48-7.32 (m, 6H), , 4.65 (d, J = 7.3 

Hz, 1H), 4.63 (d, J = 7.8 Hz, 1H), , 4.60 (d, J = 7.3 Hz, 1H), 4.59 (d, J = 7.8 Hz, 1H), 

3.84 (m, 1H), 3.80-3.72 (m, 2H), 3.70 (m, 1H), 3.67 (s, 3H), 3.37 (s, 3H), 3.30 (s, 3H), 

3.18 (s, 3H), 2.38 (dd, J = 14.6, 5.4 Hz, 1H), 2.34-2.12 (m, 2H), 1.78 (m, 1H), 1.73-1.53 

(m, 4H), 1.51-1.34 (m, 2H), 1.34-1.16 (m, 2H), 1.04 (s, 9H), 0.97 (d, J = 6.3 Hz, 3H), 

0.93 (d, J = 6.8 Hz, 3H); 13C NMR (CDCl3, 100 MHz): 173.8, 135.7, 134.0, 129.7, 127.8, 

95.8, 95.4, 73.4, 73.1, 61.3, 60.6, 55.8, 55.7, 43.3, 43.1, 43.0, 39.5, 37.7, 32.2, 27.0, 26.7, 

26.2, 20.5, 19.9, 19.3; HRESIMS m/z 654.3813 [M+Na]+ (calcd for C35H57NO7Si, 

654.3802); [α]27.5
D +1.8 (c 0.98, CHCl3); IR (film) 2932, 1665, 1428, 1095, 1039, 703 

cm-1.  

 

(4R,6S,10S,12S,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-methoxybenzyloxy)-

12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-one (38) 

 

To a solution of bromide 17 (138 mg, 0.42 mmol) in dry Et2O (2.2 mL) under nitrogen 

cooled at -78 ˚C was added t-BuLi (1.62 M in pentane, 0.52 mL, 0.84 mmol) and the 

mixture was stirred -78 ˚C for 20 min. The mixture was warmed to 0 ˚C, stirred for 15 

min and cooled to -78 ˚C again. A solution of amide 16a (139 mg, 0.22 mmol) in dry 

Et2O (0.5 mL) was added to the mixture by cannula (washed with 2 × 0.5 mL of Et2O) 
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and the mixture was stirred -78 ˚C for 30 min. The reaction was quenched with saturated 

NH4Cl aq. (2 mL) and the layers were separated. The aqueous layer was extracted with 

EtOAc (3 × 5 mL). The combined organic layers were washed with brine, dried over 

Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by 

chromatography on silica (5:1 to 1:1 hexane/EtOAc) to give 38 (90.7 mg, 0.11 mmol, 

50%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.69-7.63 (m, 4H), 7.45-7.34 (m, 6H), 7.26 (br d, J = 8.5 

Hz, 2H), 6.86 (br d, J = 8.5 Hz, 2H), 4.65 (d, J = 7.0 Hz, 1H), 4.62-4.58 (m, 2H), 4.57 (d, 

J = 7.0 Hz, 1H), 4.48 (d, J = 11.0 Hz, 1H), 4.36 (d, J = 11.0 Hz, 1H), 3.84 (m, 1H), 3.81-

3.70 (m, 2H), 3.79 (s, 3H), 3.70 (m, 1H), 3.42 (m, 1H), 3.35 (s, 3H), 3.30 (s, 3H), 2.41-

2.30 (m, 2H), 2.25-2.14 (m, 3H), 2.09 (m, 1H), 1.85-1.70 (m, 2H), 1.64 (m, 1H), 1.60-

1.41 (m, 6H), 1.42-1.28 (m, 4H), 1.28-1.18 (m, 2H), 1.04 (s, 9H), 0.92 (d, J =7.2 Hz, 3H), 

0.91 (t, J = 7.4 Hz, 3H), 0.87 (d, J = 6.5 Hz, 3H), 0.85 (d, J = 6.3 Hz, 3H); 13C NMR 

(CDCl3, 100 MHz): δC 210.2, 159.2, 135.7, 134.0, 131.2, 129.7, 129.5, 127.8, 113.9, 95.9, 

95.4, 76.4, 73.4, 73.1, 70.3, 60.6, 55.8, 55.7, 55.4, 51.7, 50.8, 43.4, 42.7, 42.4, 41.9, 37.8, 

36.5, 27.0, 26.2, 26.0, 25.8, 20.0, 19.6, 19.3, 18.6, 14.5; HRESIMS m/z 821.5398 [M+H]+ 

(calcd for C49H77O8Si, 821.5388); [α]28.3
D -10.7 (c 1.04, CHCl3); IR (film) 2955, 1710, 

1513, 1463, 1247, 1091, 1038, 916, 823, 702 cm-1. 
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(4R,6R,8R,10R,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-

methoxybenzyloxy)-12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-ol 
(39a) and (4R,6R,8S,10R,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-

methoxybenzyloxy)-12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-ol 
(39b) 

 

A 4 M solution in THF of LiBH4 (60 µL, 240 µmol) was added to a solution of 38 (32.3 

mg, 39 µmol) in dry THF (200 µL) at -78˚C under nitrogen and the mixture was warmed 

to room temperature. The mixture was stirred at same temperature for 1 h. The reaction 

was quenched with saturated aqueous Rochelle’s salt (5 mL). The layers were separated 

and the aqueous layer was extracted with EtOAc (3 × 5 mL). The combined organic layers 

were washed with brine, dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residue was purified by PLC (2:1 hexane/EtOAc) to give 39a (8.8 mg, 11 

µmol, 28%) and 39b (10.2 mg, 12.4 µmol, 32%) as a colorless oil. 

39a: 1H NMR (CDCl3, 400 MHz): δH   7.64-7.68 (m, 4H), 7.31-7.44 (m, 6H), 7.26 (d, 

J = 8.5 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 4.67 (d, J = 7.0 Hz, 1H), 4.62 (d, J = 6.7 Hz, 

1H), 4.59 (d, J = 6.7 Hz, 1H), 4.58 (d, J = 7.0 Hz, 1H), 4.48 (d, J = 11.2 Hz, 1H), 4.37 (d, 

J = 11.0 Hz, 1H), 3.85 (m, 1H), 3.79 (s, 3H), 3.66-3.77 (m, 4H), 3.46 (m, 1H), 3.36 (s, 

3H), 3.30 (s, 3H), 1.73-1.86 (m, 3H), 1.44-1.71 (m, 8H), 1.31-1.42 (m, 7H), 1.14-1.27 (m, 

3H), 1.04 (s, 9H), 0.93 (d, J = 6.7 Hz, 3H), 0.914 (t, J = 7.2, 3H), 0.912 (d, J = 6.7 Hz, 

3H), 0.88 (d, J = 6.5 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 159.2, 135.7, 134.0, 131.3, 

129.7, 129.5, 127.8, 113.9, 95.9, 95.4, 73.8, 73.1, 70.5, 67.4, 60.6, 55.7, 55.7, 55.4, 46.7, 

46.1, 43.4, 42.9, 42.6, 42.2, 37.8, 36.6, 27.0, 26.3, 26.2, 26.0, 21.0, 19.8, 19.6, 19.3, 18.6, 

14.5; HRESIMS m/z 823.5535 [M+H]+ (calcd for C49H79O8Si, 823.5544); [α]27.4
D +18.4 

(c 0.50, CHCl3); IR (film) 3447, 2930, 1512, 1247, 1091, 1037, 823, 703 cm-1. 
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39b: 1H NMR (CDCl3, 400 MHz): δH  7.64-7.67 (m, 4H), 7.34-7.43 (m, 6H), 7.25 (d, J 

= 8.5 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 4.67 (d, J = 7.0 Hz, 1H), 4.62 (d, J = 7.0 Hz), 

4.59 (d, J = 7.0 Hz), 4.58 (d, J = 7.0 Hz), 4.50 (d, J = 11.0 Hz, 1H), 4.36 (d, J = 11.0 Hz, 

1H), 3.84 (m, 1H), 3.78 (s, 3H), 3.73-3.77 (m, 4H), 3.69 (m, 1H), 3.44 (m, 1H), 3.35 (s, 

3H), 3.30 (s, 3H), 2.03 (br s, 1H, OH), 1.75-1.83 (m, 4H), 1.53-1.69 (m, 5H), 1.31-1.52 

(m, 8H), 1.08-1.29 (m, 4H), 1.04 (s, 9H), 0.92 (d, J = 6.7 Hz, 3H), 0.92 (t, J = 7.0 Hz, 

3H), 0.90 (d, J = 6.5 Hz, 3H), 0.87 (d, J = 6.5 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 

159.2, 135.7, 134.0, 131.1, 129.7, 129.6, 127.8, 113.9, 95.8, 74.1, 73.1, 70.5, 66.9, 60.6, 

55.7, 55.7, 55.4, 46.6, 45.5, 43.8, 43.5, 43.1, 41.4, 37.8, 36.6, 27.0, 26.4, 26.0, 26.0, 20.9, 

19.8, 19.7, 19.3, 18.6, 14.5; HRESIMS m/z 823.5541 [M+H]+ (calcd for C49H79O8Si, 

823.5544); [α]27.9
D -6.0 (c 0.50, CHCl3); IR (film) 3452, 2930, 1513, 1247, 1092, 1038, 

821, 702 cm-1. 

 

(4R,6S,8R,10R,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-12,16-
bis(methoxymethoxy)-6,10,14-trimethyloctadecane-4,8-diol (40) 

 

To a solution of 39a (26.4 mg, 32.1 µmol) in CH2Cl2 (200 µL) was added pH 7 phosphate 

buffer solution (50 µL) under nitrogen. To the mixture was added DDQ (14.3 mg, 63 

µmol) at 0 ˚C and the mixture was stirred for1.5 h. The reaction was quenched with 

saturated aqueous NaHCO3 (5 mL) and the layers were separated. The aqueous layer was 

extracted with EtOAc (3 × 5 mL). The combined organic layers were washed with brine, 

dried over Na2SO4, filtered and concentrated under reduced pressure. The residue was 

purified by chromatography on silica gel (1:1 hexane/EtOAc) to give 40 (14.2 mg, 20.2 

µmol, 63%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.71-7.61 (m, 4H), 7.47-7.32 (m, 7H), 4.67 (d, J = 7.0 

Hz, 1H), 4.62 (d, J = 7.0 Hz, 1H), 4.59 (d, J = 7.0 Hz, 1H), 4.58 (d, J = 7.0 Hz, 1H), 3.86 

(m, 1H), 3.83-3.64 (m, 5H), 3.36 (s, 3H), 3.30 (s, 3H), 1.91 (m, 1H), 1.85-1.73 (m, 2H), 

1.73-1.58 (m, 4H), 1.58-1.31 (m, 11H), 1.29-1.17 (m, 3H), 1.04 (s, 9H), 0.98-0.88 (m, 

12H); 13C NMR (CDCl3, 100 MHz): δC 135.7, 134.0, 129.7, 127.8, 95.9, 95.4, 73.9, 73.1, 
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69.8, 67.7, 60.6, 55.8, 55.7, 46.6, 46.2, 45.9, 43.4, 42.6, 42.2, 40.7, 37.8, 27.0, 26.5, 26.2, 

26.0, 21.2, 19.7, 19.6, 19.3, 19.0, 14.3; HRESIMS m/z 703.4968 [M+H]+ (calcd for 

C41H71O7Si, 703.4969); [α]27.2
D -5.9 (c 0.25, CHCl3); IR (film) 3307, 2929, 1428, 1039, 

700 cm-1. 

 

(3S,5S,7R,9R,11R,13S,15R)-1-(tert-Butyldiphenylsiloxy)-3,7,11,15-

tetrakis(methoxymethoxy)-5,9,13-trimethyloctadecan (41) 

 

N,N-Diisopropylethylamine (90 µL, 522 µmol) was added to a solution of the 40 (7.3 mg, 

10.4 µmol) in dry CH2Cl2 (300 µL) under nitrogen at 0 ˚C. To the mixture was added 

chloromethyl methyl ether (30 µL, 378 µmol) and the mixture was stirred at 0 ˚C for 35 

min, and warmed to room temperature. After additional 3.5 h, the reaction was quenched 

with 1M aqueous HCl (5 mL) and the layers were separated. The aqueous layer was 

extracted with CH2Cl2 (3 × 5 mL). The combined organic layers were washed with 1M 

aqueous HCl, saturated aqueous NaHCO3 and brine and dried over Na2SO4, filtered and 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel (5:1 to 5:2 hexane/ EtOAc) to give 41 (6.5 mg, 8.2 µmol, 79%) as a colorless 

oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.69-7.62 (m, 4H), 7.45-7.33 (m, 6H), 4.72-4.64 (m, 3H), 

4.64-4.55 (m, 5H), 3.85 (m, 1H), 3.81-3.72 (m, 2H), 3.72-3.58 (m, 3H), 3.366 (s, 3H), 

3.358 (s, 6H), 3.30 (s, 3H), 1.92-1.70 (m, 3H), 1.65 (m, 1H), 1.53-1.27 (m, 13H), 1.28-

1.13 (m, 4H), 1.04 (s, 9H), 0.92 (d, J = 6.5 Hz, 6H), 0.91 (t, J = 7.4, 3H), 0.89 (d, J = 6.3 

Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 135.7, 134.0, 129.7, 127.8, 95.9, 95.5, 75.3, 

73.8, 73.6, 73.1, 60.6, 55.7, 55.7, 43.4, 43.3, 43.1, 43.1, 42.9, 37.8, 37.3, 27.0, 26.4, 26.0, 

25.8, 19.9, 19.5, 19.3, 18.5, 14.4; HRESIMS m/z 813.5305 [M+Na]+ (calcd for  

C45H78O9SiNa, 813.5313); [α]29.5
D +1.8 (c 0.10, CHCl3); IR (film) 2918, 1461, 1378, 1125, 

1074, 703 cm-1. 
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(3S,5S,7R,9R,11R,13S,15R)-3,7,11,15-Tetrakis(methoxymethoxy)-5,9,13-

trimethyloctadecan-1-ol (42) 

 

A 1 M solution in THF of TBAF (40 µL, 40 µmol) was added to a solution of 41 (16.3 

mg, 20.2 µmol) in dry THF (290 µL) and the mixture was stirred at room temperature for 

5 h. The reaction was quenched with H2O (5 mL) and the aqueous layer was extracted 

EtOAc (3 × 5 mL). The combined organic layers were washed with brine, dried over 

Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by 

chromatography on silica gel (20:10:1 hexane/EtOAc/MeOH) to give 42 (10.7 mg, 19.4 

µmol, 96%) as a colorless oil. 

 
1H NMR (CD3OD, 400 MHz): δH 4.72-4.63 (m, 5H), 4.63-4.55 (m, 3H), 3.79 (m, 1H), 

3.76-3.69 (m, 2H), 3.69-3.60 (m, 3H), 3.38 (s, 3H), 3.37 (s, 6H), 3.36 (s, 3H), 1.93-1.32 

(m, 18H), 1.32-1.17 (m, 3H), 0.95 (d, J = 6.5 Hz, 3H), 0.95 (d, J = 6.5 Hz, 3H), 0.93 (t, J 

= 7.4 Hz, 3H), 0.92 (d, J = 6.5 Hz, 3H); 13C NMR (CD3OD, 100 MHz): δC 96.8, 96.5, 

96.4, 96.4, 76.6, 75.1, 75.0, 74.9, 74.6, 59.5, 56.1, 56.0, 56.0, 44.4, 44.3, 44.2, 44.2, 44.0, 

43.7, 38.8, 38.3, 27.6, 27.0, 26.9, 20.6, 20.3, 20.1, 19.4, 14.6; HRESIMS m/z 575.4130 

[M+Na]+ (calcd for C29H60O9Na, 575.4135); [α]26.2
D +17.1 (c 0.70, CHCl3); IR (film) 

3491, 2930, 1463, 1377, 1147, 1096, 1039, 916 cm-1. 

 

Methyl [(3S,5S,7R,9R,11R,13S,15R)-3,7,11,15-tetrakis(methoxymethoxy)-5,9,13-

trimethyloctadecanoyl]leucinate [(9R)-15] 

  
To a solution of 42 (2.1 mg, 3.8 µmol) in CH3CN (200 µL) and H2O (50 µL) was added 

BAIB (20.3 mg, 63.0 µmol), followed by TEMPO (3.3 mg, 21.1 µmol) at room 

temperature and the mixture was stirred for 2.5 h. The reaction was quenched with 

saturated aqueous Na2S2O3, (2 mL) followed by 1 M aqueous HCl (2 mL) and the layers 
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were separated. The aqueous layer was extracted with EtOAc (3 × 5 mL). The combined 

organic layers were washed with 1 M aqueous HCl, dried over Na2SO4, filtered and 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel (5:1 hexane/EtOAc to 5:1 CHCl3/MeOH) to give crude carboxylic acid, which 

was used in the next step without further purification. 

To a solution of the crude carboxylic acid and L-Leu-OMe·HCl (3.3 mg, 18.2 µmol) in 

dry DMF (300 µL) were added HOAt (5.2 mg, 38.2 µmol), N,N-diisopropylethylamine 

(20 µL, 116 µmol), and HATU (20.3 mg, 53.4 µmol) at 0 ̊ C, and the mixture was warmed 

to room temperature and stirred for 11 h. The reaction was quenched with 1 M aqueous 

HCl (5 mL) and the layers were separated. The aqueous layer was extracted with EtOAc 

(3 × 5 mL). The combined organic layers were washed with saturated aqueous NaHCO3 

and brine and dried over Na2SO4, filtered and concentrated under reduced pressure. The 

residue was purified with PLC (10:10:1 hexane/EtOAc/MeOH), followed by HPLC 

[Cosmosil 5C18MS-II (f20 × 250 mm); flow rate 5 mL/min; detection, UV215 nm; 
solvent 85% MeOH; tR = 66.3 min] to give (9R)-15 (1.7 mg, 2.4 µmol, 63% in 2 steps) 

as a colorless oil. 

 
1H NMR (CD3OD, 400 MHz): δH 4.70-4.58 (m, 8H), 4.46 (dd, J = 9.0, 6.0 Hz, 1H), 4.06 

(m, 1H), 3.76-3.68 (m, 2H), 3.70 (s, 3H), 3.65 (m, 1H), 3.37 (s, 3H), 3.364 (s, 3H), 3.361 

(s, 3H), 3.355 (s, 3H), 2.52 (dd, J = 13.9, 6.6 Hz, 1H), 2.37 (dd, J = 13.9, 6.0 Hz, 1H), 

1.92-1.77 (m, 2H), 1.75-1.56 (m, 5H), 1.55-1.33 (m, 11H), 1.33-1.14 (m, 4H), 1.00-0.87 

(m, 18H); 13C NMR (CD3OD, 100 MHz): δC 174.6, 173.6, 97.0, 96.4, 96.4, 96.4, 76.6, 

75.1, 75.0, 74.5, 56.1, 56.1, 55.9, 52.6, 52.1, 44.6, 44.3, 44.2, 44.2, 44.0, 43.2, 42.9, 41.4, 

38.3, 27.6, 26.9, 26.9, 26.0, 23.3, 21.8, 20.5, 20.4, 20.0, 19.4, 14.6; HRESIMS m/z 

694.5086 [M+H]+ (calcd for C36H72NO11, 694.5105); [α]26.1
D -6.8 (c 0.10, CHCl3); IR 

(film) 3322, 2929, 1746, 1653, 1538, 1464, 1374, 1147, 1096, 1039, 916 cm-1. 
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(4R,6S,10R,12S,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-methoxybenzyloxy)-

12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-one (43) 

 

To a solution of bromide 17 (211 mg, 0.64 mmol) in dry Et2O (3.6 mL) under nitrogen 

cooled at -78 ˚C was added t-BuLi (1.62 M in pentane, 0.8 mL, 1.30 mmol) and the 

mixture was stirred at -78 ˚C for 10 min. The mixture was warmed to 0 ˚C, stirred for 20 

min and cooled to -78 ˚C again. A solution of amide 16b (101.3 mg, 0.16 mmol) in dry 

Et2O (2.0 mL) was added to the mixture by cannula and the mixture was stirred at -78 ˚C 

for 30 min. The reaction was quenched with saturated NH4Cl aq. (10 mL) and the layers 

were separated. The aqueous layer was extracted with EtOAc (3 × 10 mL). The combined 

organic layers were washed with brine, dried over Na2SO4, filtered and concentrated 

under reduced pressure. The residue was purified by chromatography on silica (5:1 to 1:1 

hexane/EtOAc) to give 43 (105.0 mg, 0.13 mmol, 80%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.66 (m, 4H), 7.48-7.33 (m, 6H), 7.27 (d, J = 8.3 Hz, 

2H, 2H), 6.87 (d, J = 8.3 Hz, 2H), 4.68-4.56 (m, 4H), 4.48 (d, J = 11.2 Hz, 1H), 4.37 (d, 

J = 11.2 Hz, 1H), 3.84 (m, 1H), 3.79 (s, 3H), 3.81-3.70 (m, 2H), 3.65 (m, 1H), 3.43 (m, 

1H), 3.65 (s, 3H), 3.30 (s, 3H), 2.45-2.27 (m, 2H), 2.27-2.08 (m, 4H), 1.79 (m, 1H), 1.72-

1.31 (m, 11H), 1.29-1.14 (m, 3H), 1.05 (s, 9H), 0.92 (d, J = 6.4 Hz, 3H), 0.91 (t, J = 6.6 

Hz, 3H), 0.91 (d, J = 6.9 Hz, 3H), 0.87 (d, J = 5.9 Hz, 3H); 13C NMR (CDCl3, 100 MHz): 

δC 210.3, 159.2, 135.7, 134.0, 131.2, 129.7, 129.5, 127.8, 113.9, 95.8, 95.5, 76.4, 73.4, 

73.1, 70.3, 60.6, 55.8, 55.7, 55.4, 51.5, 51.0, 43.4, 43.1, 42.9, 41.8, 37.7, 36.5, 27.0, 26.3, 

26.2, 26.0, 20.3, 20.1, 20.0, 19.3, 18.6, 14.5; HRESIMS m/z 843.5227 [M+H]+ (calcd for 

C49H76O8SiNa, 843.5207); [α]26.0
D +2.3 (c 0.14, CHCl3); IR (film) 2929, 1712, 1513, 1462, 

1247, 1092, 1038, 916, 821, 701 cm-1. 
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(4R,6R,8R,10S,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-

methoxybenzyloxy)-12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-ol 
(44a) and (4R,6R,8S,10S,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-4-(4-

methoxybenzyloxy)-12,16-bis(methoxymethoxy)-6,10,14-trimethyloctadecan-8-ol 
(44b) 

 

A 4 M solution of LiBH4 in THF (60 µL, 240 µmol) was added to a solution of 43 (28.6 

mg, 34.8 µmol) in dry THF (200 µL) cooled at -78˚C under nitrogen. A cooling bass was 

removed and the mixture was stirred at room temperature for 2.5 h. The reaction was 

quenched with saturated aqueous Rochelle’s salt (5 mL). The layers were separated and 

the aqueous layer was extracted with EtOAc (3 × 5 mL). The combined organic layers 

were washed with brine, dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residue was purified by HPLC [Cosmosil 5C18MS-II (f20 × 250 mm); flow 
rate 5 mL/min; detection, UV215 nm; solvent 95% MeOH] to give 44a (8.9 mg, 11 µmol, 

31%, tR = 64.7 min) as a colorless oil and 44b (10.5 mg, 12.7 µmol, 37%, tR = 68.9 min) 

as a colorless oil, respectively. 

 

44a: 1H NMR (CDCl3, 400 MHz): δH 7.70-7.61 (m, 4H), 7.45-7.32 (m, 6H), 7.26 (d, J = 

8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 4.66-4.54 (m, 4H), 4.48 (d, J = 10.7 Hz, 1H), 4.37 

(d, J = 10.7 Hz, 1H), 3.84 (m, 1H), 3.79 (s, 3H), 3.78-3.72 (m, 3H), 3.69 (m, 1H), 3.46 

(m, 1H), 3.36 (s, 3H), 3.30 (s, 3H), 1.92-1.73 (m, 3H), 1.73-1.50 (m, 7H), 1.48-1.30 (m, 

6H), 1.30-1.07 (m, 5H), 1.04 (s, 9H), 0.93 (d, J = 5.9 Hz, 3H), 0.92 (t, J = 7.3 Hz, 3H), 

0.91 (d, J = 5.4 Hz, 3H), 0.89 (d, J = 6.4 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δC 159.2, 

135.7, 134.0, 131.3, 129.7, 129.5, 127.8, 113.9, 95.8, 95.5, 73.7, 73.1, 70.5, 67.6, 60.6, 

55.8, 55.7, 55.4, 46.7, 46.3, 43.9, 43.3, 43.1, 42.8, 37.7, 36.6, 27.0, 26.4, 26.2, 20.1, 20.0, 

19.9, 19.3, 18.6, 14.5; HRESIMS m/z 823.5528 [M+H]+ (calcd for C49H79O8Si, 
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823.5544); [α]26.0
D -18.6 (c 0.38, CHCl3); IR (film) 3456, 2929, 1513, 1247, 1110, 1038, 

822, 702 cm-1. 

 

44b: 1H NMR (CDCl3, 400 MHz): δH 7.69-7.63 (m, 4H), 7.45-7.34 (m, 6H), 7.26 (d, J = 

8.5 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 4.63 (s, 2H), 4.61 (d, J = 6.7 Hz, 2H), 4.59 (d, J = 

6.7 Hz, 1H), 4.51 (d, J = 11.2 Hz, 1H), 4.37 (d, J = 11.2 Hz, 1H), 3.89-3.72 (m, 4H), 3.88 

(s, 3H), 3.69 (m, 1H), 3.44 (m, 1H), 3.35 (s, 3H), 3.30 (s, 4H), 1.98-1.72 (m, 5H), 1.70-

1.54 (m, 5H), 1.52-1.23 (m, 9H), 1.22-1.07 (m, 2H), 1.04 (s, 9H), 0.93 (d, J = 6.1 Hz, 

3H), 0.92 (t, J = 7.2 Hz, 3H), 0.92 (d, J = 6.5 Hz, 3H), 0.89 (d, J = 6.5 Hz, 3H); 13C NMR 

(CDCl3, 100 MHz): δC 159.2, 135.7, 134.0, 131.0, 129.7, 129.6, 127.8, 113.9, 95.8, 95.6, 

74.3, 73.1, 70.6, 66.7, 60.6, 55.8, 55.7, 55.4, 45.7, 43.6, 43.0, 42.6, 41.2, 37.7, 36.5, 27.0, 

26.4, 26.3, 21.1, 20.1, 19.3, 18.6, 14.5; HRESIMS m/z 823.5553 [M+H]+ (calcd for 

C49H79O8Si, 823.5544); [α]28.0
D -41.1 (c 0.45, CHCl3); IR (film) 3446, 2929, 1512, 1247, 

1108, 1038, 819, 701 cm-1. 

 

(4R,6S,8R,10S,12R,14S,16S)-18-(tert-Butyldiphenylsiloxy)-12,16-
bis(methoxymethoxy)-6,10,14-trimethyloctadecane-4,8-diol (45) 

 

To a solution of 44a (31.2 mg, 37.9 µmol) in CH2Cl2 (200 µL) was added pH 7 phosphate 

buffer solution (60 µL) under nitrogen. To the mixture was added DDQ (14.5 mg, 63.9 

µmol) at 0 ˚C and the mixture was stirred for 15 min. The reaction was quenched with 

saturated aqueous NaHCO3 (5 mL) and the layers were separated. The aqueous layer was 

extracted with EtOAc (3 × 5 mL). The combined organic layers were washed with brine, 

dried over Na2SO4, filtered and concentrated under reduced pressure. The residue was 

purified by chromatography on silica gel (2:1 to 1:1 to 1:2 hexane/EtOAc) to give 45 

(25.0 mg, 35.6 µmol, 94%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.71-7.56 (m, 4H), 7.48-7.31 (m, 6H), 4.67 (d, J = 7.0 

Hz, 1H), 4.62 (d, J = 7.0 Hz, 1H), 4.59 (d, J = 7.0 Hz, 1H), 4.58 (d, J = 7.0 Hz), 3.86 (m, 

1H), 3.83-3.63 (m, 5H), 3.36 (s, 3H), 3.30 (s, 3H), 1.89 (m, 1H), 1.83-1.72 (m, 2H), 1.72-
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1.58 (m, 4H), 1.58-1.30 (m, 11H), 1.29-1.17 (m, 3H), 1.04 (s, 9H), 0.93 (d, J  = 6.5 Hz, 

6H), 0.92 (d, J = 6.5 Hz, 3H), 0.92 (t, J = 7.2 Hz, 3H) ; 13C NMR (CDCl3, 100 MHz): δC 

135.7, 134.0, 129.7, 127.8, 95.9, 95.4, 73.9, 73.1, 69.8, 67.7, 60.6, 55.8, 55.7, 46.6, 46.2, 

45.9, 43.4, 42.6, 42.2, 40.7, 37.8, 27.0, 26.5, 26.2, 26.0, 21.2, 19.7, 19.6, 19.3, 19.0, 14.3; 

HRESIMS m/z 703.4962 [M+H]+ (calcd for C41H71O7Si, 703.4969); [α]23.7
D +0.1 (c 0.19, 

CHCl3); IR (film) 3316, 2930, 1428, 1039, 701 cm-1. 

 

(3S,5S,7R,9S,11R,13S,15R)-1-(tert-Butyldiphenylsiloxy)-3,7,11,15-
tetrakis(methoxymethoxy)-5,9,13-trimethyloctadecan (46) 

 

To a solution of the 45 (22.5 mg, 32.0 µmol) in dry CH2Cl2 (300 µL) under nitrogen at 0 

˚C were added N,N-Diisopropylethylamine (90 µL, 522 µmol) and chloromethyl methyl 

ether (30 µL, 378 µmol) successively, and the mixture was stirred at 0 ˚C for 5 min and 

warmed to room temperature. After additional 3 h, the reaction was quenched with 1M 

aqueous HCl (5 mL) and the layers were separated. The aqueous layer was extracted with 

CH2Cl2 (3 × 5 mL). The combined organic layers were washed with saturated aqueous 

NaHCO3 and brine and dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residue was purified by chromatography on silica gel (5:1 to 5:2 hexane/ 

EtOAc) to give 46 (23.3 mg, 29.4 µmol, 92%) as a colorless oil. 

 
1H NMR (CDCl3, 400 MHz): δH 7.71-7.59 (m, 4H), 7.47-7.31 (m, 6H), 4.72-4.62 (m, 3H), 

4.62-4.53 (m, 5H), 3.85 (m, 1H), 3.81-3.72 (m, 2H), 3.72-3.56 (m, 3H), 3.36 (s, 3H), 3.36 

(s, 6H), 3.30 (s, 3H), 1.82 (m, 4H), 1.65 (m, 2H), 1.55-1.28 (m, 12H), 1.28-1.15 (m, 3H), 

1.04 (s, 9H), 0.92 (d, J = 6.5 Hz, 6H), 0.91 (t, J = 7.4 Hz, 3H), 0.88 (d, J = 5.8 Hz, 3H); 
13C NMR (CDCl3, 100 MHz): δC 135.7, 134.0, 129.7, 127.8, 95.9, 95.5, 75.3, 73.8, 73.6, 

73.1, 60.6, 55.7, 55.7, 43.4, 43.3, 43.1, 43.1, 42.9, 37.8, 37.3, 27.0, 26.4, 26.0, 25.8, 19.9, 

19.5, 19.3, 18.5, 14.4; HRESIMS m/z 813.5324 [M+Na]+ (calcd for  C45H78O9SiNa, 

813.5313); [α]26.0
D +3.4 (c 0.20, CHCl3); IR (film) 2930, 1460, 1378, 1143, 1095, 1039,, 

703 cm-1. 
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(3S,5S,7R,9S,11R,13S,15R)-3,7,11,15-Tetrakis(methoxymethoxy)-5,9,13-

trimethyloctadecan-1-ol (47) 

 

A 1 M solution in THF of TBAF (50 µL, 50 µmol) was added to a solution of 46 (21.4 

mg, 27.0 µmol) in dry THF (300 µL), and the mixture was stirred at room temperature 

for 4.5 h. The reaction was quenched with H2O (5 mL) and the aqueous layer was 

extracted EtOAc (3 × 5 mL). The combined organic layers were washed with brine, dried 

over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified 

by chromatography on silica gel (20:10:1 hexane/EtOAc/MeOH) to give 47 (14.6 mg, 

26.1 µmol, 97%) as a colorless oil. 

 
1H NMR (CD3OD, 400 MHz): δH 4.80-4.64 (m, 8H), 3.88 (m, 1H), 3.85-3.78 (m, 2H), 

3.78-3.68 (m, 3H), 3.46 (s, 3H), 3.45 (s, 6H), 3.45 (s, 3H), 1.99-1.81 (m, 3H), 1.81-1.40 

(m, 13H), 1.40-1.23 (m, 5H), 1.06 (d, J = 5.8 Hz, 3H), 1.05 (d, J = 6.3 Hz, 3H), 1.04 (d, 

J = 6.1 Hz, 3H), 1.01 (t, J = 7.2 Hz, 3H); 13C NMR (CD3OD, 100 MHz): δC 96.8, 96.5, 

96.4, 76.6, 74.9, 74.8, 74.6, 59.5, 56.1, 56.0, 44.6, 44.4, 44.3, 44.2, 43.7, 38.7, 38.4, 27.2, 

27.1, 27.0, 20.7, 20.7, 20.4, 19.4, 14.6; HRESIMS m/z 575.4120 [M+Na]+ (calcd for 

C29H60O9Na, 575.4135); [α]26.2
D +16.7 (c 0.50, CHCl3); IR (film) 3494, 2931, 1464, 1378, 

1212, 1145, 1096, 1040, 916 cm-1. 

 

Methyl [(3S,5S,7R,9S,11R,13S,15R)-3,7,11,15-tetrakis(methoxymethoxy)-5,9,13-

trimethyloctadecanoyl]leucinate [(9S)-15] 

 
To a solution of 47 (5.0 mg, 9.0 µmol) in CH3CN (200 µL) and H2O (50 µL) were added 

TEMPO (2.4 mg, 15.4 µmol) and BAIB (22.2 mg, 68.9 µmol) at room temperature, and 

the mixture was stirred for 2.0 h. The reaction was quenched with saturad aqueous 

Na2S2O3 (2 mL), followed by 1 M aqueous HCl (2 mL) and the layers were separated. 
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The aqueous layer was extracted with EtOAc (3 × 5 mL). The combined organic layers 

were dried over Na2SO4, filtered and concentrated under reduced pressure. The residue 

was purified by chromatography on silica gel (5:1 hexane/EtOAc to 5:1 CHCl3/MeOH) 

to give crude product as a CHCl3/MeOH layer. The crude product was concentrated under 

reduced pressure and used in the next step without further purification. 

To a solution of the crude product and L-Leu-OMe·HCl (3.7 mg, 20 µmol) in dry DMF 

(300 µL) were added HOAt (6.0 mg, 44 µmol), N,N-diisopropylethylamine (30 µL, 174 

µmol), and HATU (22.2 mg, 58.4 µmol) successively at 0 ˚C, and the mixture was 

warmed to room temperature and stirred for 8 h. The reaction was quenched with 1 M 

aqueous HCl (5 mL) and the layers were separated. The aqueous layer was extracted with 

EtOAc (3 × 5 mL). The combined organic layers were washed with 1 M aqueous HCl, 

saturated aqueous NaHCO3 and brine and dried over Na2SO4, filtered and concentrated 

under reduced pressure. The residue was purified with PLC (10:10:1 

hexane/EtOAc/MeOH), followed by HPLC [Cosmosil 5C18MS-II (f20 × 250 mm); flow 
rate 5 mL/min; detection, UV215 nm; solvent 85% MeOH; tR = 55.7 min] to give (9S)-

15 (4.1 mg, 5.9 µmol, 65% in 2 steps) as a colorless oil. 

 
1H NMR (CD3OD, 400 MHz): δH 4.76-4.61 (m, 8H), 4.51 (dd, J = 8.9, 6.2 Hz, 1H), 4.11 

(m, 1H), 3.83-3.76 (m, 2H), 3.75 (s, 3H), 3.69 (m, 1H), 3.413 (s, 6H), 3.411 (s, 3H), 3.40 

(s, 3H), 2.56 (dd, J = 14.0, 7.0 Hz, 1H), 2.43 (dd, J = 14.0, 5.9 Hz, 1H), 1.94-1.78 (m, 

3H), 1.78-1.50 (m, 12H), 1.50-1.37 (m, 4H), 1.37-1.18 (m, 5H), 1.07-0.95 (m, 18H); 13C 

NMR (CD3OD, 100 MHz): δC 174.6, 173.6, 97.0, 96.5, 96.4, 76.6, 74.9, 74.8, 74.6, 56.1, 

56.0, 52.6, 52.1, 44.7, 44.6, 44.4, 44.3, 43.9, 43.7, 42.9, 41.4, 38.4, 27.2, 27.0, 26.0, 23.3, 

21.8, 20.9, 20.8, 20.4, 19.4, 14.6; HRESIMS m/z 694.5087 [M+H]+ (calcd for C36H72NO11, 

694.5105); [α]25.9
D -10.8 (c 0.32, CHCl3); IR (film) 3313, 2931, 1747, 1654, 1535, 1439, 

1376, 1148, 1096, 1039, 916 cm-1. 
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Evaluation of inhibitors for minnamide A induced cell death 

HeLa cells were seeded at 4 × 103 cells/well in 96-well plates (Iwaki, Japan) and cultured 

for 12 h. Then various concentrations of inhibitors in 2 µL of MeOH or H2O were added 

to each well. After additional 12 h, a 200 µM solution of minnamide A in MeOH (2 µL, 

final concentration of 2 µM) was added to each well and the cells were incubated for 4 h. 

Then the culture media were replaced with fresh media. Cell viability was measured by 

MTT assay.33 The assays were performed in triplicate, and the experiments were repeated 

three times. Data are presented as mean ± standard error (SE). 

 

Evaluation of metal ions for minnamide A induced cell death 

HeLa cells were seeded at 2 × 103 cells/well in 96-well plates (Iwaki, Japan) and cultured 

for 12 h. Then various concentrations of metal salts in 2 µL of H2O were added to each 

well. After additional 12 h, a 90 µM solution of minnamide A in MeOH (2 µL, final 

concentration of 0.9 µM) or 2 µL of MeOH without minnamide A (as a control) was 

added to each well and the cells were incubated for 48 h. Then the culture media were 

replaced with fresh media. Cell viability was measured by MTT assay.33 The assays were 

performed in triplicate, and the experiments were repeated three times. Data are presented 

as mean ± SE. Statistical comparisons between experimental groups were analyzed by 

Welch two sample t test. Statistical analyses were performed by R software (version 3.3.3, 

https://www.r-project.org). 

 

Analysis of reactive oxygen species production 

HeLa cells were seeded at 20 × 104 cells/well in 6-well plates (Iwaki, Japan) and cultured 

for 12 h. The media were replaced with 3 mL of fresh media with or without inhibitors. 

After 12 h, The media were removed and each wells were washed with PBS (-) (2 × 1.0 

mL). Then the cells were trypsinized with 0.05%-Trypsin/0.53 mM-EDTA solution 

(Nacalai Tesque, Japan). The trypsinized cells were transferred to microtubes and 

centrifuged at 1,500 g for 2 min under room temperature. The supernatants were removed 

and the pellets were suspended with 1 mL of Hanks Balanced Salt Solution (HBSS, 

Gibco) by pipetting gently. A 2 mM of solution in DMSO of C11-BODIPY (1 µL) to the 

suspensions (final concentration of 2 µM) and the suspensions were vortexed for 1 s. The 

suspensions were incubated for 10 min at 37 ˚C in a tissue culture incubator under dark 
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condition. The suspensions were centrifuged at 1,500 g for 1 min under room temperature, 

removed supernatants and resuspended in 1 mL of fresh HBSS under dark conditions. 

The centrifuging, removing supernatants and resuspension were again with same 

conditions. The suspensions were centrifuged at 1,500 g for 1 min under room 

temperature, removed supernatants and resuspended in 430 µL of fresh HBSS under dark 

conditions. A 400 µL of the cell suspension were used for fluorescence measurements. 

Fluorescence measurements were carried out at room temperature using a FP-8300 

spectrofluorometer (JASCO, Japan). To the stirred suspensions were added 1 µL of 

minnamide A in MeOH and fluorescence of C11-BODIPY was measured by 

simultaneous acquisition of the green (ex/em 485/520 nm) and red signals (ex/em 

581/595 nm). The experiment of control groups was performed by same methods 

described above without inhibitors and minnamide A. These experiments were performed 

three times, independently. Data are presented as mean ± SE. 
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