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Ac acetyl 

AcOH acetic acid 

Ala alanine 

Asp aspartic acid 

aq. aqueous 

Bn benzyl 

Boc tert-butoxycarbonyl 
tBu tert-butyl 

Cbz benzyloxycarbonyl 

DABCO 1,4-diazabicyclo[2,2,2]octane 

DACH diaminocyclohexyl 

DAST N,N-diethylaminosulfur trifluoride 

dba dibenzylideneacetone 

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene 

1,2-DCE 1,2-dichloroethane 

DIPEA N,N-diisopropylethylamine 

DMAP 4-dimethylaminopyridine 

DMEAD di-2-methoxyethyl azodicarboxylate 

DMF N,N-dimethylformamide 

DMSO dimethyl sulfoxide 

ED50 effective dose 50 

EDCI 1-ethyl-3-(dimethylaminopropyl)-carbodiimide hydrochloride 

ESI electrospray ionization 

Glc glucosamine 

Glu glutamic acid 

His histidine 

HMBC heteronuclear multiple bond coherence 

IC50 half maximal inhibitory concentration 

LTA L-threonine:uridine-5'-aldehyde transaldolase 

Lys lysine 

Me methyl 

MIC minimum inihibitory concentration 

MOM methoxymethyl 

MraY phosho-N-acetylmuramyl-pentapeptide translocase 

MRSA methicillin-resistant Staphylococcus aureus 
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MS molecular sieve 

Mur muramic acid 

NADPH nicotinamide adenine dinucleotide phosphate 

NMO 4-methylmorpholine N-oxide 

NMR nuclear magnetic resonance 

NOE nuclear Overhauser effect 

Ns 2-nitrobenzenesulfonyl 

PDB protein data bank 

Pg protecting group 

Ph phenyl 

Phe phenylalanine 

Pic picoline 

ROE rotating frame nuclear Overhauser effect 

SHMT serine hydroxymethyltransferase 

TBS tert-butyldimetylsilyl 

TFA trifluoroacetic acid 

THF tetrahydrofuran 

TLC thin-layer chromatography 

TMS trimethylsilyl 

Ts p-toluenesulfonyl 

UDP uridine 5'-diphosphate 

UMP uridine 5'-monophosphate 

UTP uridine 5'-triphosphate 
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� ŒˊYǹ̷gƉő̧eɮp`ɯȸ�̩r{̧ƱɯȸőgɞúfyYȦwdƉő̧gĊ˚gĹty”
`b{ZFlemingyg1920ˊɲe·¨�ÅÉ�˚Ūp`Ñ̷YƉő̧h‘wonder drugs’bp`Ȭmgǚ͇
xkadiYˏ̧vʸ˷̧bp`uǀ̲o”`hw1)Zu”bʹǘeYƉő̧gǀ̲͉vǀ̲r{įĢ
gʠȻadk”iYƮőģƱɯȸ�đʼr{ûˍȸgƖid{Ĩūȸe^b`uŞƛo”`bwZ
pfpYm”qa̰?dƉő̧gĊ˚o”{bbue̘ʊȈeǀ̲o”`ezY̧Ʊɯȸőgɞú�
ähĴmp`b{Z·¨�ÅÉg˚Ūo”w̦20ˊźeh·¨�ÅÉɯȸőgǿŲp`ezY˩ʟ˸
ǅv̧ƱgŚʳexysYɬigƉő̧eɮp`Ʈőhɯȸ�đʼp`hw (Figure 0-1a)Z͎diY̧
Ʊɯȸđʼg¾�¨�½bp`YƉő̧˯ĖȸöƔɔÛʧǅgđʼYƉő̧ƴ̲ʦgÛʧʟ̀öY̧
Ʊˑǿ・˗ǣg˚Ųdcex{Ɖő̧gőɭˀƴ̲ʦmgʴɸɖčgaly”{2)Zm”ygɬ̰dÛ
ʧʟ̀öbYŐt`ɾbȶɲǘĢex{ɞȟˍex]`YƮőhȦĲɯȸİƌ�đʼp`hwZʽe
1960ˊɲfyḩƱɯȸőgɞúgŬʏed]`ezY·¨�ÅÉɯȸő�˩ʟbpw¾ �ÅÉg
1960ˊeĊ˚o”wgƮőhʹǘįeɯȸ�đʼpwZqwY¾ �ÅÉɯȸőeɮp`²Æ�È�
«ÈÉŚƉő̧uĊ˚o”wgƔɔ̀Øex{ɯȸ�đʼo”{dcbwyn]mg̰ɛ�ʛp`b
{Z 

 

(a)                                          (b) 

 

 

Figure 0-1. (a) Ɖő̧Ċ˚b̧ƱɯȸőǿŲgいǁ1), (b) ˽ƜFDAexzȎˈo”w5ˊ̐gƉő̧ȵ4) 

 

� mg̡ɵ�ȧƚöp`b{ghYȦĲƉő̧gĊ˚ȵgȌdbmbaa{Z1980ˊɲfyƉő̧Ċ
˚gƒ~”didzY‘Discovery Void’bŶi”{Ȧwdƴ̲İȈ�̩r{ȦĲƉő̧gĊ˚o”dbį
ĢgȼT`b{3)Zqw�¾Å�ȢˬÜ̧ˬŎhY1983ˊfy1987ˊe16ŵgȦĲƉő̧�Ȏˈp`b
{gYugȵhˊ?Ű]`ezY2008ˊfy2012ˊeh~sf2ŵgrx]w (Figure 0-1b) 4)ZȘǆo
”{Ɖő̧gȵgŰȌp`b{ŲȜhYȾ̧ħ･gƉő̧Ċ˚eȒŐʟaa{mbgůãgà^ed
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]`b{Z°¡�²�@»bŶi”{ĿɳȾ̧ħ･gƉő̧®�´Ä�É�Ǜpw (Table 0-1)4)Zm”
ex{b1998ˊfyȦwe®�´Ä�Éeʘúo”wĊ˚ſ̄ˬvphase 2upih3eÓʆr{ug
�YcgȾ̧ĂǦuob�c̩p`bdbmbg~f{ZmgmbhƞźȘǆo”{̭ʜgƉő̧ȵ
uȌdbmb�Ǜp`ezYěɊȔÜ͇eb]`ĨİʟȜŊaa{Z 

 

Table 0-1. Antibacterial pipeline, Big pharma4) 

 
 

� Ⱦ̧ĂǦgƉő̧Ċ˚eɮp`ȒŐʟd̺̪bp`YǱëȸgʚbmbga{ZFigure 0-2hƉő̧
Ċ˚gĎ²�@�eff{ǘĢbugȹƁ̾ (%)�Ǜp`b{5)ZÅ@¦öƙ˷gƫʠögu]bu˂
piǘĢgff{ʃċaazYmgʃċgȹƁ̾hug´È���¥eɮr{ȬʟǒűYǒœgĲ̞
eɳhiƥço”{Zà˞eȦ̧gĊ˚ehɬɳdǘĢb˙ɳdś˥g˧̳aa{gYƉő̧h̔ȸ
ǢĚeˤ“ʮ̮įĢgɾbmbYexkɯȸő�˚ȼotdbxceʮ̮ehȷŴga{mbdcf
yYȼĖǵĜ˫ǚ̧͇dceˤ“`ǱëȸhʚbZugwtȾ̧ħ･gŋ̕hYěɊȔǚ̧͇fyx
zǱëȸgƖb˸̣mbÙ]`b{Z 

 

Figure 0-2. Ⱦ̧ĂǦgƉő̧Ċ˚eeb`̭əo”{ʃċnbgĊ˚ˊţexkȹƁ̾5) 

 

� pfpYmgqq̧Ʊɯȸőeɮp`øuɮƵ�Ǭydk”iugĨūȸhƖid{à̊aa{Z
��Å�greview on antimicrobial resistancehY2014ˊeȶĈgǫdǌã˿e˸kwǌǧȵ�̈ƛp`b
{ (Figure 0-3)6)Zugʌa̧Ʊɯȸőex{ǌǧȵhŲƲ̦70̓Ȭbo”`b{gY2050ˊehug
ǌǧȵh̦1000̓ȬbŲƲgĦe˻lǌãed{b̭əo”`b{Z̧Ʊɯȸőeɮr{̩ƂdɮƵ
hYǹ̷bhØd{˩ʟ�Ǘ^Ɖő̧Ċ˚aazYugũĻĊ˚g˧̳ȸe^b`ǬzȘly”`b
{Z˄̏ahY2014ˊ5ţe˄̏öĔ͇̋ĔĂ�ȆtbpwěɊȔģえ6ʁɭex{AȦĲƉő̧gĊ
˚eƄkw6ĔĂʝųB�˚˪p`ezYƉ̧Ʊɯȸőǚ̧͇g˧̳ȸ�ɕd`b{ZugʌaYƒȺ 
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0
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Figure 0-3. ȶĈgǫ̳dǌãb̧Ʊɯȸőex{ǌǧȵgˤē6) 

 

vħ･YɳĔdcgũĻİģeɮp`9ɗ̧�É�@��½ƌə:eĪ_iŅ͊ɭȷ�ʝÐp`b{-�Z�
� m”ygmbfyĖ˚dƉő̧Ċ˚gįɰo”`ezYʽeǱëȸeƥço”dbɳĔdcgũĻİ
ģeeb`ʠpwũĻĀɵaa{ZǤưeȦĲƉő̧Å@¦e^b`gũĻ̈ƛgbi^uƒ~”`
b{Z2014ˊehMRSA�ĥsà˲g�Ä½̴ȸőeɮp`ƉőĖȸ (MIC 1-4 µg/mL) �̩r{ʢɐ
˷Ä���É EgʯŁɳĔgģȱY˭̏yex]`ɻ̼o”w.�ZÄ���É� EhĞȜÅº·´ ¦a
azYugƴ̲İȈbp`Yʩǅʧɸɭbp`İˍr{¾§�«ÉbɛŹƴ̲r{mbY¾§�«É
�ĥsÅº�@½�ɍɶʟeːąr{mbfyƮőƮ̌̑ʌg¾§�«ÉbɛŹƴ̲pƮ̌̑�ːą
r{mbg̈ƛo”`b{Zmgƴ̲İȈhĮɨgƉő̧eh̘bȆt`g͎aazYƮőěɊpw
»���̲bwく˅ʸ˷¿¤Æeeb`ų”wǚ͇Ƃýbʚbʾȸ�ǛpwmbfyYɬƱɯȸó
Ƞ³¦�ĺőgȦpbǚ̧͇bp`gò̲gįɰo”`b{Zqw2015ˊeɯȸőgǿŲpeibȦ
Ĳƴ̲İȈ�̩r{ʢɐ˷£���­� ÉgY«@��@��ÉɳĔgKimyex]`β�´È£�­
�£Å�̟eɦr{Eleftheria terraefyɻ̼o”w��ZLingyhiChipbxi”{ɝʆ�ǀbYȬƆʟd
Ğņah˔̵g˂pbʭȚʌgƮő�ɞȟot{mbamgȦĲʢɐ˷�˚ŪpwZ­É�»��É
ɯȸő�ĥs�Ä½̴ȸőeɮp`Ň͊dƉőĖȸ�Ǜp� (MIC 0.03-0.5 Íg/mL)Y·´ ¦�Å�É
ɏŔɭaa{Å±¦IIexk���ƾɏŔɭaa{Å±¦IIIeŢƙr{mbaƮ̌˾ƙȹ�ɖčr{Z
mgƴ̲İȈhŶɨȸgƖbƮ̌˾ƌȹ˸ǅeーɂŢƙr{ugaazY30ˊĢɯȸőgǿŲpd
f]w­É�»��Ébƴ̲İȈgǔ`b{mbfyY£���­� ÉɯȸőuǿŲp_ybbį
ɰo”`b{ZǤưeKimyhóȠ³¦�ĺő�sub-MICˌʬa27˄Ģ£���­� Ée˘おotw
gɯȸőgǿŲpdf]wb̈ƛp`b{Z�
� Ɖő̧�Ċ˚r{ȘaƮőegrɍɶʾȸ�̩r{mbg̺əaazYǼǫaa{ȬĢgǗwsƮő
grg̩r{ƮőƮ̌˾gƙȹ�ɖčr{mbh˳ƴ̲gǿ_yį”wɗ̧˩ʟaa{ZƮ̌˾g
ǫ̳ȹ˸aa{·´ ¦�Å�ÉhY�Å�Éƨ (ʲƨ) gɾƨg·´ ¦ƨex]`þŉo”{mb
aƌʈo”`b{Zmg·´ ¦�Å�Égȼƙȹś͔hɳhi2^e˸ky”`ezYƮ̌ǣś͔10)

bƮ̌̑ś͔11), 12)ga{Z 

�  
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Figure 0-4. ·´ ¦�Å�Éȼƙȹeek{Ʈ̌ǣś͔ 

�  

� Ʈ̌ǣś͔ahUDP-N-�� Æ½Ä¼Æ·É�·´ ¦gȼƙȹgƒ~”{ (Figure 0-4)Zqs
UDP-N-�� Æ���¼É*gMurAex]`¸�¸�«@Æ±Æ°Éƾ�˰úo”{ZǙeMurBex
]`ġŮo”UDP-N-�� Æ½Ä¼Éƾbd]wźYMurCYDYEYFex]`L-AlaYD-GluYL-

Lys**YD-AlaYD-Ala�ȄǙǽƙr{mbaYUDP-N-�� Æ½Ä¼Éƾgȼƙȹo”{Zƙȹo”w
UDP-N-�� Æ½Ä¼ÉƾhugźƮ̌̑ś͔ (Å±¦���Æ) a·´ ¦�Å�Émb̀ĝo”
{Z 

� Å±¦���ÆhƮőƮ̌̑ȘgƔɔMraY (¥ÄÉ�È�@� I) ex]`UDP-N-�� Æ½Ä¼
Æ·É�·´ ¦fyÅÉǏǣ�É¤�´Ç¨ÆÅÉƾ (C55-P) mg¸�¸-N-�� Æ½Ä¼Æ·É
�·´ ¦gʥÙ�ȡ˕r{mbaǃq{ (Figure 0-5)Zmgȼȹo”w�É¤�´Ç¨Æ±È¸�¸
ÅÆ-N-�� Æ½Ä¼Æ·É�·´ ¦hÅ±¦IbŶi”YMurGex]`N-�� Æ�Æ��¼É
gʥÙo”Å±¦IIgŘȹo”{ZÅ±¦IIhMurJ***ex]`Ʈ̌̑gČɡeʥÙo”Y�Å��Æ¥
ÄÉ�²�Ä@�ex]`N-�� Æ�Æ��¼É (GlcNAc) bN-�� Æ½Ä¼Éƾ (MurNAc) g
žŹeÌ(1C4)Ţƙr{mbaʔbʲƨ�Řȹr{Zoye·É�·´ ¦g¥ÄÉ�·´ �@�e
x]`·´ ¦Ģaþŉo”{mba̟̠Ȝƌɟ�Řȹp·´ ¦�Å�Ébd{ZmgÅ±¦��
�ÆgȘ́eÓʆr{ƔɔMraYhɬigƮőĢaƖʬêɨo”`ezYugŠɪhƮőeb]`ʇ
ǌʟaa{ZqwYǹ̷gƉő̧aMraYɖč�ƴ̲İȈbr{ugh̘bmbfyYƉ̧Ʊɯȸő̧
g˩ʟbp`̗͊ʟaa{Z 

 

��������������������������������������������������������
��UDP-N-�� Æ�Æ��¼ÉhƮ̌ˀeeb`YȼƙȹƔɔ GlmS, M, U exz²Æ�¥@�-6-ÅÉ
ƾb UTP fyȼƙȹo”{ -�Z�
��ɬig�Ä½̴ȸőah L-LysY�Ä½æȸővげőah meso-��¼«±¾ÅÉƾgŢƙr{bo
”{gɫg�¼«ƾg̲by”{șƙua{ -�Z�
���ŒˊYÅ±¦ II g²Å¡®@�bp` MurJ gȦwëƛo”Yug X ɌŢȐƌɟgăf”w 13), 14)�
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Figure 0-5. Å±¦���Æ 

 

� mgMraYgĪǣaa{UDP-N-�� Æ½Ä¼Æ·É�·´ ¦h�ÅÉƾ˲Ó�̩r{mbfyY
Īǣ�ugqq̝̇pwɖčƱahƮőƮ̌̑ʷāȸgʚbbbc̡ɵga{15)ZɖčƱgŢƙr{
MraYgȡ˕Ėȸ˲ÓhƮ̌ǣɡeÓʆp`ezYŢƙ˲Óeʴɸr{ehɓȱȸgƮőƮ̌̑�ʷā
r{˧̳ga{ZumaMraY�ɖčr{öƙ˷bp`©�Ç��¦Śʢɐ˷gʎ̠o”`b{Z©�
Ç��¦Śʢɐ˷hƖbMraYɖčĖȸ�ǗydgyYƮőƮ̌̑�ʷār{ugg̈ƛo”`ezY
ugà˲�Ǜr*  (Figure 0-6)ZŸǸ̸yex]`̉ɌőStreptomyces sp. MK730-62F2fy2003ˊeɻ̼
o”w�´Ä�»��É� BhYin vitroǤŭeeb`ɬƱɯȸĘ�ĥsŢĐőeɮp`ƉőĖȸ (MIC 

3.13 µg/mL) �Ǜr16)Zqw˒ŢĐěɊ»���̲bwin vivoǤŭeeb`ǚ͇Ƃý�ǛpYʾȸ�Ǜ
odbmbfyȦĲƉőƱg̩̲dÅ@¦öƙ˷bp`ʎ̠o”`b{Zmg�´Ä�»��Éあb
ʹ̰gƌɟʟʽʐ�̩r{ʢɐ˷bp`YÅº�¦»��Éあg̈ƛo”`b{17)Zm”yÅº�¦»
��ÉあhŇ͊dMraYɖčĖȸ (IC50 0.03 µg/mL for MraY) �̩r{mbfy18)Y�´Ä�»��Éあ
uʹ̰eMraY�ɖčr{mbaƉőĖȸ�ǛrbƑdy”`b{ZpfpÅº�¦»��ÉあhMraY

��������������������������������������������������������
�ɫg MraY ɖčƱbp`�¼«Å¹@��̩odb©�Ç��¦Śʢɐ˷vφX-174 lysis protein E g̈
ƛo”`b{ 12)�
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ɖčĖȸ�Ǜreuģ~ysƉőĖȸ�ǛodbZm”hÅº�¦»��Éあg�¼«Å¹@�gȪ
ȱȸgƖb̓ƾĪaǳȞo”`ezYƮőƮ̌̑ʷāȸgȷŴo”`b{wtbƑdy”`b{ZǤ
ưe̓ƾĪ�̩odbÅº�¦»��Éあüƛo”`ezYMycobacteriumɦeɮp`ƉőĖȸ�Ǜ
rmbgĒfty”`b{19)Zà̊Y̿ɭöĔgšʜo”`bdbgÅº�¦»��Éあîɭg2'Óȱ
ƾĪ̓ƾöɭaa{A-90289 A, BgȦwe2011ˊeɻ̼o”w20)ZA-90289 AhƖbMraYɖčĖȸ (IC50 

36.5 ng/mL for MraY) �ǛrbʹǘeóȠ³¦�ĺődceɮp`ƉőĖȸ�ǛrmbgĒˈo”`b
{ (MIC 4-16 µg/mL)*Z½Ä�»��ÉあhMcDonaldyex]`2002ˊeɻ̼Ÿƛo”w21)Zɡƨg
ƌɟex]`in vitroǑŭagĖȸgØdzYugʌa½Ä�»��É A1hMraYeɮp`Ň͊dɖč
Ėȸ (IC50 0.027 µg/mL for MraY) bóȠ³¦�ĺő (MIC 2-16 µg/mL) exkæȸƮő (MIC 8->64 

µg/mL) eɮp`ƉőĖȸ�ǛrbńeYóȠ³¦�ĺőěɊ»��eɮr{in vivoǑŭeeb`uǚ
͇Ƃý�Ǜrmbg̈ƛo”`b{ (ED50 1.1 mg/kg)**Zm”y©�Ç��¦Śʢɐ˷h�Å�Éex
k�¼«Å¹@��ńʙƌɟbp`Ǘ^à̊aY�Å�Égʲ˲5'Ófyh���®«ÉĞvǏ̱ȸg
ɡƨY·´ ¦ƨdcɬ̰dƌɟgŪy”{Z 

�

 
Figure 0-6. MraYɖčƴ̲�Ǜr©�Ç��¦Śʢɐ˷ 

 

��������������������������������������������������������
�̓ƾö˲Óex{Ʈ̌̑ʷāȸgÚbe^b`˨ǧgʅ{Ŵz̛yfahdbgY̓ƾĪhƉőĖȸ
e˧ȭahdbZ�
��� �Ä½æȸőhƮőƮ̌˾gČɡeƃbČ̑�Ǘ]`b{wtYà˞e�Ä½̴ȸőeˤ“YƉő
̧g̑ʷāȸgʚb 22)Z「ũĻǡb��«�Ⱦ̧ĘǞĂǦbgńʹũĻeeb`Y½Ä�»��É̬
ʺɭe� �¨¡�d��¨�«Ī�ɡƨeʺˆr{mba�Ä½æȸőgʌaȗʷāȸgʚb͋
ˎőeɮp`YƉőĖȸ�Ǜrmb�Ūǿp`b{ 23)Z�

IC50 36.5 ng/mL for MraY
antibacterial activity against Gram-positive bacteria
(MIC 4-16 µg/mL)

O N
NH

O

O

HO OSO3H

ON

N

O

NH2HO

HO

O

O

HO2C
OOO

OO
A-90289 A

O

MeO
OMe

OMe

2

IC50 0.03 µg/mL for MraY

O N
NH

O

O

HO OH

ON

N

O

NH2HO

HO3SO

O

O

HO2C
OOHO

OO
liposidomycin C

O N
NH

O

O

HO OH

OH
N

HO2C

O

NH2HO

MeO
H
N

O

IC50 0.027 µg/mL for MraY
antibacterial activity against Staphylococcus sp. (MIC 4.0 µg/mL)
and Gram-nagative bacteria (MIC 8->64 µg/mL)

muraymycin A1

N
H

O

N
H

NH

NH

H
N

H
N

O
HO

O O

ON
11

OH
H2N

NH

2

antibacterial activity against M. tuberculosis
(MIC 3.13-12.5 µg/mL)

O N
NH

O

O

HO OH

ON

N

O

NH2HO

HO

O

O

HO2C
OOO

OO
caprazamycin B

O

MeO
OMe

OMe



�



�
�

 
Figure 0-7. SHMT-like transaldolase ex{Ɣɔ˝ò 

 

� LanenyhmgxcdMraYɖčĖȸ�ǛrȦwd©�Ç��¦Śʢɐ˷�ʼ{wtYńʙƌɟaa{
(5'S,6'S)-�Å�Æ�Å�Éƌɟeʋ̠pw (Figure 0-7)Zˣyhmg(5'S,6'S)-�Å�Æ�Å�Éƌɟgȼ
ƙȹƔɔbp`L-Thr:�Å�É-5'-�Æ¤¯¦¥ÄÉ��Æ¦Ä@� (LTA) gģ̮p`b{mb�̛y
fep`b{24)ZLTAh�ÅÉ¯¦È��¾ Æ¥ÄÉ�²�Ä@� (SHMT)* exiǔwİˍ�Ǘ]
`ezY�Å�É-5'-�Æ¤¯¦eɮp`L-ThrfyȼT{�Å�É��Æ¦@Æ˝òex]`˰úo
tY(5'S,6'S)-�Å�Æ�Å�É�ƙȹr{ (Figure 0-7)ZˣyhYLTAgcyƖʬêɨo”`b{�¼
«ƾ˓͐�ăɁpYug�¼«ƾ˓͐��@¦r{�«½˓͐�̹̲pwZrd~yYm”y�«½
˓͐�̩r{őĘ�YPCR̋ex]`̉ɌőÄ�³ÄÅ@���Å@¨É�r{mbaȦweŪǿxp
wZmcp`ʼy”wƮőĘSphaerisporangium sp. SANK60911�˔̵r{mbaY̍rcez(5'S,6'S)-

�Å�Æ�Å�Éƌɟ�̩r{ȦĲ©�Ç��¦Śʢɐ˷�²��Å¼�ÉA-D�ɻ̼p`b{ 

(Figure 0-8)25)Zm”y�²��Å¼�Éあgcy�²��Å¼�É Ae^b`ƌɟšʜexkȼ˷Ė
ȸǑŭ�ƒ]`ezYŇ͊dMraYɖčĖȸ�̩p (IC50 13.5 ng/mL for MraY)Y�Ä½̴ȸőeɮp`
ƉőĖȸ�Ǜrmbg̛yfed]`b{ (MIC 1-16 µg/mL)Zƌɟʟʽʐbp`Y�Å�Ég3'Óg̓
ƾöo”Y±·Å�ÉĞg4'''Óe˸Ĭpw��ÆɡƨgŢƙp`b{ZoyeD-Å¹@�b±·Å�
ÉĞ�ĥsƖʬeþŉo”wöĔƌɟhYMraYɖčƴ̲�̩r{©�Ç��¦Śʢɐ˷eeb`ʗp
iYƙȹöĔʟeuŋ̕ȧbZdȅが˹ahɆ̛gʫƙȘYmgþŉĞgƫuɳhbĞ�11âĞb
p`˪ĳr{Zoye˨ǧhmg�²��Å¼�ÉƝďgþŉĞeʋ̠pwZ�¼«Å¹@�fy6'Ó
e。ɔƨgȣkYĞ�Řȹp`b{xkadioyeþŉo”`b{mbfyYug˓ƩhŇiŷʜ
o”`b{Z 

 

 
Figure 0-8. �²��Å¼�É A 

��������������������������������������������������������
��SHMTs h N5,N10-methylene tetrahydrofolate �à。ɔłĽűbpYpyridoxal-5'-phosphate ��²���@
bp`�Å�Éfy�ÅÉmgûķʟ̀ĝ�ȡ˕r{ZLanen yh MraY ɖčƴ̲�Ǜr©�Ç��¦
Śʢɐ˷gȼƙȹÛʧǅ�ăɁpYńʙp` SHMT ̰Ɣɔ��@¦r{ open reading frame ga{mb
eʋ̠pwZ�
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� mg�¼«Å¹@�˲ÓgƌɟĖȸɛģũĻ�Diniyhƒ]`ezYÅº�¦»��Éあgɻȃö̬
ʺɭbp`O-β-D-Å¹²Ä«�Æ�Å�É�ƙȹpYugMraYɖčĖȸ�ɣʜpw26a, b)Z�¼«Å¹
@�˲g�¼«Ī�ȱƾĪeʆĝpwöƙ˷2vY3'ÓgȱƾĪ�Šɪpwöƙ˷3gMraYɖčĖȸh
öƙ˷1eˤ“`ɳ˴eŰǪp`ezY�¼«Å¹@�˲ÓgMraYɖčĖȸeǻ̳aa{mbg̛yf
ed]`b{ZugwtY�¼«Å¹@�˲Óg˓Ʃ�ŷʜr{mbhMraYɖčĖȸeɳhdèŌ�
̮d{mbgȰɣo”{Zuma˨ǧhY�²��Å¼�ÉƝďgugþŉĞƌɟex]`˓Ʃ�ŷ
ʜo”{mbaYʢɐ˷ƝďaazdgyȦĲƉő̧g˓ƩȷŻŗÅ@¦ed{bƑdw*Z˓Ʃ�ŷ
ʜpugŢƙˍ�̂Ǘr{mbgah”iYʢɐ˷ɗ̧eeb`̡ɵʦgà^aa{˶ƹdƝď�x
zɻȃöah{27)Zoye�²��Å¼�Éあg̩r{ŐȸęˍĪ�ŰyrmbaYug̑ʷāȸ�x
zƄȘot”iYugƉőĖȸ�ɞɳah{bƑdy”Yxz̩̲dɗ̧Å@¦bp`˚ʣah{Z
pfpYɻ̼が˹eeb`�²��Å¼�É��Ɲďg±·Å�ÉĞ3''', 4''', 5'''Ógɛɮexkɇɮ̿
ɭ˓ʆgšʜo”`eysYm”qaeƙȹũĻg̈ƛuo”`bdbZuma˨ǧhYʢɐ˷g̿
ɭöĔgšʜexk�²��Å¼�ÉƝď�̲bwȦĲƉő̧Å@¦gđʼ�̠ǊpYƙȹũĻ�ƒ
cmbbpwZ 

 

 
Figure 0-9. Åº�¦»��É̬ʺɭ�̲bw�¼«Å¹@�˲ÓgƌɟĖȸɛģ 
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��������������������������������������������������������
�� ˓ƩȷŻhɗ̧öĔeeb`xi̲by”{ǭ̋aa{ (.�Zöƙ˷g̱êʌagƫÏʜ˓Ʃh˩ʟ
ƔɔbŢƙr{ǘgĖȸ˓ƩbØd{șƙga{Zöƙ˷gƫÏʜ˓Ʃ�ayfTtĖȸ˓Ʃmb˓
ƩȷŻr{mbaY˩ʟƔɔmgŢƙǜ̪�ªÆ�@�  ΔG = ΔH-TΔS) eek{�É¥È±@ƕeī̮
pYugŢƙˍ�ɞɳot{Z�
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̏が�
ɴ1ȕ� ˩ʟ��ƝďgɄʜexkMacromodel�̲bw˩ʟ��Ɲďg˓Ʃ、ƶ�
�
ɴ1Ʌ� ˩ʟ��ƝďgɄʜ�
�
� �²��Å¼�É Agƌɟeeb`šʜo”`bdb˯ɀʦgȵhY��Æɡƨ�ĥt{b9^ɨƲ
r{Z「ũĻǡg˺̣hYʢɐ˷�´Ä�»��É Bg˶ƹd��Æɡƨ�ɻȃd®Æ¼ Éƾmb
ʆhĝdw̬ʺɭ®Æ¼¥�Æ�´Ä�@Æ�ƙȹpYugƉőĖȸgʢɐ˷b̀~ydbmb�Ū
ǿp`b{� (Figure 1-1)29)Zugwt��Æɡƨg̿ɭöĔhȼ˷ĖȸeɳhdèŌ�ĸpodbbȰ
ɣpwZ�
�

�
Figure 1-1.�´Ä�»��É� Bexk®Æ¼¥�Æ�´Ä�@Æ�
�
qwYʹ̰e̓ƾĪ�̩r{©�Ç��¦Śʢɐ˷Åº�¦»��Éあeeb`Yug2''Óeek{ȱ
ƾĪg̓ƾög̩̘hMraYɖčĖȸeɳhièŌpdbmbg̈ƛo”`b{ (Figure 1-2)19)Z�
�

�
Figure 1-2. Åº�¦»��Éあeek{̓ƾĪgMraYɖčĖȸeɮr{èŌ�
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� m”yfyĖȸeǻ̳bƑdy”{²�@»�²��bp`Y��Æɡƨexk̓ƾĪ�ȉbw��
Ɲďg̿ɭöĔe^b`ƑƸr{mbbpwZ�²��Å¼�É��Ɲďeeb`̖šʜg˯ɀʦh3

^ɨƲr{mbfyYƑdc{̿ɭØȸɭhɑ.ǮあɨƲr{ (Figure 1-3)ZpfpYm”y8Ǯあɑ`
�̶̟ʟeƙȹr{mbhɬɳdか͊g˧̳bd{wtYƙȹ˩ʟöƙ˷�qsYcore Abcore Bg2^
eƐ{mbbpw� (Figure 1-4)Zmgcore Abcore Bh±·Å�ÉĞg̿ɭöĔgɑiķaazY3'''Ó�
¼«Īb4'''ÓȱƾĪg3N"K2˓ʆY��@Ægcis˓ʆaa{Zmg2Ǯg��ƌɟ�Ʉʜpw̺̪e^b
`ɴ(ɅaȀ“{Z�
�

�

Figure 1-3. �²��Å¼�Éあ��ƝďgƑdc{8Ǯあg̿ɭØȸɭ�
�
�
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Figure 1-4.� ˩ʟöƙ˷core Aexkcore B�
�
�
� �
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ɴ2Ʌ� ˩ʟ��Ɲďg˓Ʃ、ƶ�
�
� qs�¼«Å¹@�b±·Å�ÉĞ�^dM3'''Ó�¼«Īeʋ̠pwZmg3'''Ó�¼«ĪhþŉĞg
ʌðeÓʆr{11âĞeĥq”`b{mbfyYmg̿ɭöĔex]`þŉĞɑɭgŘg̀~{mb
g̭əo”{Zugwt3'''Óg̿ɭöĔgØd”iYcyyfgʢɐ˷bŒbŘ�b{b̭əpwZ
qwɳhiŘg̀~{mba�9;Ǥŭfyʢɐ˷gNMR À@¥bˤēah{mbgįɰah{Z1

^g˯ɀʦg̿ɭgØd{xkahY1H NMRv
3C NMRg�¼�Æ�²¥eɳhièŌpdbbǉ~
”{gY�²��Å¼�É��Ɲďeeb`hug3ǙŮʟdŕĢ˓ʆeÚbgȼT{mbaYɳhd
�¼�Æ�²¥g̀ögŪy”{bƑdwZʢɐ˷gcore Abcore BgcyyfbŒpbmbg˸f”
iYʢɐ˷gƌɟhƑdy”{8Ǯg̿ɭØȸɭfy4ǮeƐ{mbgah{Z�
�

�
Figure 1-5. Calculated global energy-minimum conformers of 12 and 13; Macro-Model program was used for 

conformational search. Conformational searching was carried out using MCMM method, followed by PRCG 

minimization with OPLS 2005 force field. 

�
� mg÷Ɇ�Ēft{wtYMacroModel�̲bw˓Ʃ、ƶex]`Ycore Aexkcore Be´È±ÈÉ
ƾgŢƙpw12b13gƫÏʜ˓Ʃ�ʼw� (Figure 1-5)Zm”y�ˤēr{b�Å�Ég˓ƩhopʹT
xg�¼«Å¹@�Y±·Å�Égɛɮ˓ʆgɳhiØd{mbgǛƤo”wZrd~yY12ah�
¼«Å¹@�g�Å�Égǎ̜ñɡeÓʆp`b{geɮpY13ah�¼«Å¹@�g�Å�Égǭ
ɏɡeÓʆr{˓Ʃbd]`bwZqw±·Å�ÉĞhYcyyu×ǅŗ˓Ʃ�Ǭ]`b{uggY
˓ƩgØdzY12ah3'''Ó�¼«Īg��¥Å�ÆÓeÓʆr{geɮp`Y13ah����ÆÓe
ÓʆpYu”e˛b��Æɡƨg˓Ƅr{ƄhgØd]`bwZmgmbfyƫÏʜ˓Ʃahcore AY
core Bg˓ƩhɳhiØdzY÷Ɇ�ǋǗr{ŝƽŢýbd]wZ�
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Figure 1-6.�´Ä�@ÆgƫÏʜ˓Ʃexkɴ(Ïʜ˓Ʃ30)�

 

� 「ũĻǡgÒÝhY9N" ɖčĖȸ�Ǜrʢɐ˷�´Ä�»��Ég��Ɲďaa{�´Ä�@Æg
˓Ʃ�ăɁpY�´Ä�@Æeĥq”{)^gƌɟaa{�Å�ÉY�¼«Å¹@�Y���®«ÉĞ
g)ǙŮ˓ʆg9N" ɖčĖȸe̮d{èŌe^b`ƑƸp`b{� (Figure 1-6) 30)Z�´Ä�@Æg˓Ʃ
ŝƽ�ƒcmbaYƫÏʜ˓Ʃbɴ(Ïʜ˓Ʃ�ʼwbm}YƫÏʜ˓Ʃh�¼«Å¹@�g�Å�É
gǎ̜ǭɏeÓʆpw˓Ʃ�b]`ezYɴ(Ïʜ˓Ʃh�¼«Å¹@�g�Å�Égǎ̜ñɡeÓʆ
p`b{mbg~f]wZqwYD2Oʌeek{�´Ä�@ÆgROEɛģfyȰɣo”wƺǙŮ˓ʆ
hYƫÏʜ˓Ʃbxiǔwugx]wZoyeY�´Ä�»��Égɻȃö̬ʺɭ14-16�Ʉŝp`e
zYu”yƫÏʜ˓Ʃh�´Ä�@ÆgƫÏʜ˓Ʃexiǔwclass Ib�´Ä�@ÆgƫÏʜ˓Ʃbh
Ød{class IIe˸ky”w (Figure 1-7)Zm”y̬ʺɭgcyYƫÏʜ˓Ʃgclass Iaa{̬ʺɭ14

gYƫu͈b9N" ɖčĖȸ�ǛpYƫÏʜ˓Ʃgclass II�b{̬ʺɭ15Y16hu”xzuǪbɖčĖ
ȸ�Ǜpwmb�̈ƛp`b{Z 

�

�
Figure 1-7. �´Ä�»��Éɻȃö̬ʺɭ14-16 

 

� mgmbfyYƖb9N" ɖčĖȸg˚Ųehclass I�!�������"���������	�


�	�
�öƙ˷13gƫÏʜ˓Ʃhclass IaazYöƙ˷12gƫÏʜ˓Ʃgclass II�a{mbfyY
ALNC�2hcore AxzuƖb9N" ɖčĖȸ�ǛrbƑdy”{Z�
� öƙ˷12Y13�˓Ʃ、ƶeeb`ʼy”w˓ƩgcyYƫÏʜ˓Ʃfy10 kJ/molÑˀgug��±·
Å�ÉĞ˲Ógu”v”aǻfa~tw (Figure 1-8)�ugŢýYöƙ˷12Y13bueþŉĞ˲Óg˓Ʃ
hob�c̀~ysƗーaazYþŉĞŘȹźg˓Ʃgǜ̪ʬhʚbmbg~f]wZ̩İƙȹöĔʟ
dǐʦfyhYĞöeʠpw˓ƩgŴy”YmgþŉĞƌɟgƌʈgƙȹeek{Āɵgà^bd{m
bg̭əo”wZ 

10.005relative energy (kJ/mol)0

uridine

aminoribose

aminoribose

diazepanone ring

diazepanone ring

O N
NH

O

O

HO OH

ON

N

O

NH2HO

HO

O

HO

HO2C

caprazol

uridine

aminoribose

diazepanone ring

uridine

global-mnimumconformer second-minimum conformer

O N
NH

O

O

HO OH

OH2N

O

NH2

O

H
N

HO

HO

O N
NH

O

O

HO OH

ONH

O

NH2

HO2C

HO

HOO

O N
NH

O

O

HO OH

ONH

O

NH2

HO2C

HO

HOO

N
H

14
conformation: class I
IC50 for MraY 18 µM

15
conformation: class II
IC50 for MraY 63 µM

16
conformation: class II
IC50 for MraY 36 µM



�


.�
�

 

Figure 1-8. Conformational analysis of 12 and 13; >10kJ/mol energy-minimum from global minimum conformers 

were calculated. Macro-Model program was used for conformational search.Conformational searching was carried 

out using MCMM method, followed by PRCG minimization with OPLS 2005 force field. 

 

� qwY4'''ÓȱƾĪexk5'''ÓȱƾĪg̿ɭöĔe^b`hƙȹg̯ÖofyY)'''Ó�¼«Īb4'''Óȱ
ƾĪ�3N"K2˓ʆeY*'''ÓȱƾĪb5'''ÓȱƾĪ�A*2˓ʆbpwZ 

� mgxcep`Ʉʜpw˩ʟöƙ˷core AYcore B�ƙȹpYƺǙŮ˓Ʃexkȼ˷ĖȸgÚb�ăɁ
r{mbaʢɐ˷g̿ɭöĔgȰʜjb`h͈ƅdȼ˷Ėȸ�Ǜr̿ɭØȸɭ�ʼ{mb�̠ʟbpY
ƙȹũĻ�ƒcmbbpwZ 

� �

uridineaminoribose

piperidine
piperidine

aminoribose

uridine
12 13
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ɴ1Ʌ� ķƙȹăɁ 

 

� ̏ƙȹeeb`ɬʆĝ±·Å�ÉĞgƌʈgà^gĀɵbd{Zm”qa̰?d±·Å�ÉĞgƙ
ȹ̋g̈ƛo”`ezYugà˲�Figure 2-1eǛr31a, b, c)Z�¼«ĪgSN2˝òex{Ğö32)Y»��
Æǯ̯ɭeɮr{˸ǅˀ�¼«Īg1,4-˰ú33)Y˼Ğ¾����˝ò34)YÆ��ƾ�̲bwaza-Diels˝
ò35)Y±Å�¨�½� �Éeɮr{ġŮ36)YġŮʟ�¼«ö37)YÄ��Æ˝òex{Ğö」38)gal
y”{Zƙȹr{˩ʟöƙ˷core AYcore BhYƾexkïĪeǪbęˍĪ�̩p`b{gbʹǘeY
±·Å�ÉĞe̿ɭɍɶʟe˯ɀʦ�ʺˆr{˧̳ga{wtYʠ̲ûˍd˝òțŤgŴy”{Zu
ma˨ǧhayfTt±·Å�ÉĞɏŔɭe˯ɀʦ�ʺˆahYf^ôきdțŤaȫƒr{ġŮʟ�
¼«ö˝ògʠp`b{bƑdY̏ƙȹe̲b{mbbpwZ�  

 

 
Figure 2-1. ±·Å�ÉĞgƙȹ͎ 

 

 CardonayhYD-»É«@�fyƙȹpw�Æ¤¯¦32bàʆĝ�¼É�̲b`YġŮʟ�¼«öex
{±·Å�ÉĞƙȹ�̈ƛp`b{ (Scheme 2-1)39)Z�¼ÉgʆĝĪex]`ɳhiǱ̾gØdzY¶
É�ÆĪgƫu͈bǱ̾�ǛpwZqwțŤŧʶgŢýY̘ȱMeOHʌYAcOHexkMS3A�ʤúr
{mbaǱ̾gƄȘp`ezY̘ȱMeOHYAcOH�̲bdbșƙY��«Ī�̩r{˳ȼȹ˷gʼy
”{mb�̈ƛp`b{ZpfpY�Æ¤¯¦gËÓgØȸöpw˳ȼȹ˷hʼy”wbbc̈ƛh
o”`bdbZ 
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Scheme 2-1. 

 
 

� Cardonayg̲bw�Æ¤¯¦32h��´È±Å¤ÉĪex]`˓Ʃ�ŷʜo”`b{gYCrichyh
ȱƾĪ�ɑ`BnâŽpwĞȜ���@Æ35�̲b`±·Å�ÉĞ�ƙȹp`b{ (Shceme 2-2)40)Z
Crichyh��È·É£É34eɮp`�Ç²�ÉgƾöʟĊ͒�ƒcmba��Æ¤¯¦bpwgYĞ
Ȝ���@Æ35gŘ�b]`b{bp`b{ZqwYĞȜ���@Æ35eɮp`¯¦È��¶É�Æ
�¼É�̲b`ġŮʟ�¼«ö�ƒ]wŢýY�¼ÉbġŮƱ�ʹǘeúd{method AxzuYɈe
�¼É�úd����½epwźeġŮƱ�úd{method Bg͈bǱ̾�̮d{b̈ƛp`b{ZĞ
Ȝ���@Æ35�̲b`u�Æ¤¯¦ËÓgØȸög̡ɵbd]`bdbmbfyYȱƾĪg̿ɭ�
ŷʜpdi`uġŮʟ�¼«ögțŤdyiØȸöhpdbbƑdwZ 

 

Scheme 2-2. 

 
 

� Șĳ�Ƒ̈́pwȘaY˨ǧgķƙȹăɁ�ÑõeǛr (Scheme 2-3)Z11âĞŘȹh±·Å�Éɭ38f
yƙȹǴ→eƒcmbbpY±·Å�ÉĞ�ƌʈpwźeD-Å¹@�gɴ1ļȱƾĪb±·Å�ÉĞg
�¼«Ī�ɤgfzeƙȹr{mbbpwZ±·Å�ÉĞgƌʈhY��Æ¤¯¦39b�Å�ÉÂ¨
¡¥40fyġŮʟ�¼«öex]`ƒcZqw��Æ¤¯¦39h�¼«��È·É£É41fy�Ç²
�ÉgƾöĊ͒ex]`ʼ{mbbpwZ�¼«��È·É£É41hÄ�¼ɭg��È·É£É42f
y˯ɀ�ÅÆÓ�Æ�Æö˝ò�̲b`Y̿ɭɍɶʟe�¼«Ī�ʺˆpYƙȹr{mbbpwZ 
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Scheme 2-3. 
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� qs�Å�ÉÂ¨¡¥�ƙȹr{mbbpwZ�Å�ÉÂ¨¡¥eh5'-O-β-Å¹²Ä«�Æƌɟg
ĥq”{Z5'-O-β-Å¹²Ä«�ÆƌɟgŘȹeeb`YβɍɶʟÅ¹�Æö˝ò�ƒcmbbpwgY
2Ó��ÆĪg͌ɂĪģ̮�̲bw˝òțŤahYugɹ̂Žeeb`à˞eïĪȸțŤg˧̳ed{ 

(Scheme 2-4)Z 

 

Scheme 2-4.  

 
 

� 「ũĻǡg˺̣hYʢɐ˷�´Ä�»��ÉあğƝďaa{�´Ä�@Ægƙȹeeb`Yug
ïĪȸțŤõag˯Ïʜȸ�ŦˋpYƾȸțŤõaȉľûˍd·É Å¤É���@Æex{βɍɶʟ
Å¹�Æö˝ò�ȦweĊ˚pw41)*Zʲł̮ɭaa{D-Å¹@�g2exk3Ó�·É Å¤ÉĪâ
ŽpYÅ¹�Æö˝ò�ƒcmbaYug̿ɭȗčfyƖbβɍɶȸaÅ¹�Æöɭgʼy”{Zmg
˝ò�̲b`Y�Å�Éfyƙȹpwʲǯ̯ɭ47bY5Ó���¦öpɹ̼Īe²¡ɔ�̩r{ʲł̮
ɭ48�YʚôõYBF3;Et2O�ĖȸöƱbpwôきdțŤa˝òot{mbaöƙ˷49gʼy”{mb
g̈ƛo”`b{(Scheme 2-5)29)Z 

 

Scheme 2-5. 

 
 

� �²��Å¼�É��Ɲďgƙȹeeb`uYïĪȸțŤõag�¼«Å¹@�gβɹ̼gŦˋo”
wwtY˨ǧuqw·É Å¤ÉÅ¹@��ʲł̮ɭbp`̲b{mbbpw (Scheme 2-6)**Z 

 

 

��������������������������������������������������������
�� �´Ä�»��É� A gƙȹgʉ̏yexz *(�Y�´Ä�»��É B gƙȹgǥƳyex]`ɸȹo
”`b{g *)"��#�Y·É Å¤ÉÅ¹@�ex{βɍɶʟÅ¹�Æö�̲b`b{Z�
��ɴ 3 ȕe`ȖȀr{gþŉĞ�Řȹpwźg�²��Å¼�É��ƝďhïĪȸțŤöeeb`Ïʜ
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Scheme 2-6.  

 

 

� ̏ƙȹahD-Å¹@�5ÓgȱƾĪaa{˧̳ga{wtY¶É��ÆĪâŽpw54�ʲł̮ɭb
r{mbbpwZD-Å¹@�g2, 3Ó�·É Å¤ÉĪâŽpw52eɮp`Y¶É��Æ�ÈÅ¦�
ƴ̲otY5Óɍɶʟe¶É��ÆöpwgyeN,N-diethylaminosulfur trifluoride (DAST) aȅ̺r{m
ba54�ʼwZde54hźȅ̺e˸êgr�ƒbYʽeȽȾ�ƒ~sǙg˝òe̲bw (Scheme 2-

7)Z 

 

Scheme 2-7. 
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Scheme 2-8. 
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 ^_b`YScheme 2-5bʹ̰g�Å�É̬ʺɭ47eɮp`54�ʲł̮ɭbp`YCH2Cl2ʌYMS4Aɨ
ƲõYBF3·Et2O�ĖȸöƱbp`̲b`Y-30 °Ca˝ò�ƒ]wbm}Yöƙ˷57�ʼwgǱ̾23%e
bcqzYů͆�ĄǱr{Ţýbd]w (Scheme 2-8)Zuma˝òôʬ�0 °Cqaȏôpwbm}Yö
ƙ˷57gǱ̾hƄȘpYǱ̾56%bd]wgYËɭ�ĥs˶ƹdƢƙ˷�˳ȼȹ˷bp`ʼwZʲł̮
ɭaa{²Ä«@�g2, 3Ó���@ÆâŽp`b{wtY1Óexk4Ógĵaxial˓Ƅbd]`b{
bƑdy”{Zugwt5Ó¶É��ÆĪex{͌ɂĪģ̮gȼTvrid]`ezYʌĢɭ59�b{
mbaY̍rgβ̜fygĹĐ˰úgȫƒp_ybbȰɣpw*ZumaYń̥ex]`ʌĢɭ� �É
�Ïʜöpdb�� ÆĪâŽpw56�ʲł̮ɭbp`˝ò�ƒcmbbpwZöƙ˷54bʹ̰e
56�ƙȹpYβɍɶʟÅ¹�Æö�ƒ]wbm}Y̍rgöƙ˷58�Ǳ̾81%aʼwZ 

  

��������������������������������������������������������
�� ģơyh�ÅÆöo”w ¼�Ég 1'ÓgØȸö� 5'Óg͌ɂĪģ̮ex]`ƒ]`b{� �
(Scheme 2-9)46Z�
Scheme 2-9. 
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� Ǚe��È·É£ÉÂ¨¡¥gƙȹ�ƒ]wZ˯ɀ�ÅÆÓ�Æ�Æö˝òhTrostyex]`1973

ˊeȆt`̈ƛo”`ez44)Yさ>Trost˝ò45a, b)eeb`Y˯ɀ˓Óǅ�̲b{mba̿ɭɍɶʟeĹ
ĐƱ�ʺˆr{˝òaa{Zugȡ˕���Æ�Ǜr (Figure 2-2)Z˯ɀ˓Óǅg˓ÓpwPdȡ˕hY
�ÅÆöƙ˷g˃ǻŢƙe˓ÓpYɹ̼Īg̼”{bbue� �ÉȸÎ-�ÅÆƷɭ�Řȹr{ZĹ
ĐƱgmg� �ÉȸÎ-�ÅÆƷɭg�ÅÆ。ɔeĹĐƊşr{gY˯ɀ˓Óǅex]`ug̿ɭɍ
ɶȸgȷŻo”YƀĔĖȸd�ÅÆöƙ˷�ȼȹ˷bp`̮d{ZugźYPdȡ˕hȼȹ˷fy̼
”Yƪkȡ˕���Æeˆ{Z 

 

 

Figure 2-2. ˯ɀ�ÅÆÓ�Æ�Æögȡ˕���Æ 

 

� qwYTrostyex]`ʿǜeĊ˚o”wTrost ligandbŶi”{C2ɮȓd�ÄÆ˃Ʃ˓ÓǅhYug
˝ò¿¤Æexk̿ɭɍɶȸe^b`ȖƮeƑƸo”YƖ�§É �ɍɶʟe˝ògȫƒr{mbg
̈ƛo”`b{ (Figure 2-3)47)Zoye˝òțŤuôきaazYĪǣg�ÅÆöƙ˷bp`Y。ƾ�Å
Æ��£Æ�̲bwșƙehʌȸțŤa˝ògȫƒr{wt48)Y˯ɀ�ÅÆÓ�Æ�Æö˝òhʢɐ˷
vȼ̺Ėȸ˷ǣgƙȹeuɬiǀ̲o”`hw49)Z 

 
Figure 2-3. Trost ligand 

 

� ˨ǧhmg˯ɀ�ÅÆÓ�Æ�Æö�̲b`Y��È·É£ÉÂ¨¡¥�ƙȹr{mbbpwZĪ
ǣbd{�ÅÆöƙ˷hYĮʅöƙ˷aa{Ä�¼ɭg��È·É£É63�̲b{mbbp50a, b)YĮʅ
öƙ˷aa{��È·É£É¥Å�@Æ6051a, b)fyĮʅ̋�ƻƑeƙȹpw52) (Scheme 2-10)ZĹĐƱ
eh�¼ÉȘa2Ą̠g˯ɀ�ÅÆÓ�Æ�ÆögĴmydbxceYNsĪexkCbzĪâŽpw�
¼É�̲b{mbbpwZȡ˕ePd2(dba)3;CHCl3Y˯ɀ˓Óǅe(R,R)-DACH-phenyl Trost ligand (L1) �
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̲b`Y˯ɀ�ÅÆÓ�Æ�Æö�ƒ]wbm}ʌʞʬgǱ̾ebcqzY39%gǱ̾a64�ʼwZd
eYeegƽǿexkɇɮ̿ɭ˓ʆgšʜhɋƀʬfyƒ]`ezYʼy”w64g̿ɭöĔhTrostyg
ʝȊp`b{̿ɭɍɶȸbàʇpw*Z 

Scheme 2-10. 

 
� BlechertyhʹT��È·É£É63�ĪǣbpYĹĐƱe�ÅÆ«�Æ�¼¦�̲b`Y˯ɀ�ÅÆ
Ó�Æ�Æö�ƒ]`ezY95%Ǳ̾Y>99% eea̠ʟ˷g67gʼy”{mb�̈ƛp`b{ (Scheme 

2-12)50b)Z 

Scheme 2-12. 

 
 

� à̊YTrostyu��È·É£É63�Īǣbp`Y˯ɀ�ÅÆÓ�Æ�Æö�ƒ]`b{ (Scheme 2-

13)ZpfpdgyY²�Æ�¼¦�Å�½�ĹĐƱbp`̲b{bY62%gǱ̾apf̠ʟ˷68gʼ
y”dbmb�̈ƛp`ezYBlechertybgǱ̾gƦ�ĹĐƱex{ugbȀ“`b{50a)Zm”yf
yYƞĄY˨ǧgƒ]w˯ɀ�ÅÆÓ�Æ�ÆögʌʞʬgǱ̾ebcq]wguYĹĐƱg˝òȸ
ex{ugbƑd`b{Z 

 

��������������������������������������������������������
�� ˿ʪƙȹpw 64 fy 66 mbʺhY˹ŨĮʅgɻàg�§É �»@ɭbɋƀʬ�ˤēpwbm}Y
72% ee aazYɇɮ̿ɭ˓ʆgķaa{mbg~f]w� (Scheme 2-11)Zqw̏˹ʌa±·Å�ÉĞƙ
ȹe̲bw 64 gɋƀʬh[α]D

21 –84.7 (c 1.02, CHCl3)aa]wmbfy̦ 80% ee b˪ĳpwZ�
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Scheme 2-13. 

 
 

� ʌʞʬgǱ̾dgyYƀĔĖȸd�¼«��È·É£É64gʼy”wmbfyYƙȹ�ȫt{mb
bpYöƙ˷64gNsĪ� �@Æex]`ȉľpYƾȸțŤex]`��´È±Å¤ÉĪ�ȉľYȼ
Tw��@Æ�TBSĪâŽr{mbex]`69�ʼw (Scheme 2-14)Zöƙ˷69g�Ç²�Ég��
@Æö�YqsNMO�ƾöƱbpw��¼�½ƾöex]`ǑrwgY˝òhȫƒpdf]wZ�Ç
²�ÉgȘõg̜eCbzĪexkTBSĪga{wtY̿ɭȗčexzȫƒpdf]wbƑdy”{Z˵
Ƽyh��£�§��É 743gɑƙȹeeb`ʹ̰e˃ǻŢƙ˰Œg̿ɭȗčexzȫƒp_yb�
�¼�½ƾö�ƒ]`ezY��¼�½g˓Óǅbp`�©�Å�É�ʤúp`b{53)ZqwYさyh
��¼�½ƾöeek{̽ɥʃċg��¾@¥��£Ægúȱ˸ăaazY�¼«Ī�̩r{˓Óǅ
ex]`úȱ˸ăgúɥo”{b̈ƛp`b{54)Zm”y�ƻƑeöƙ˷69eɮp`YDABCO�˓Ó
ǅbpw��¼�½ƾö�ƒ]wbm}˝òhìėeȫƒpY��@Æɭ70�ʼwZʼy”w��@
Æɭ70�āÃ�ɔƾ§¥Å�½ex]`ƾöĊ͒�ƒcmba��Æ¤¯¦71bpwZ��Æ¤¯¦
71h�Æ¤¯¦gËÓe˯ɀʦ�̩r{wtYȽȾɚƴ�ƒ~sɧi±·Å�ÉĞƙȹe̲bwZ 

 

Scheme 2-14. 
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� �Å�ÉÂ¨¡¥58b��Æ¤¯¦71�ƙȹahwmbfyġŮʟ�¼«öex{±·Å�ÉĞƌ
ʈ�ƒ]w (Scheme 2-15)Zöƙ˷58gCbzĪ�ɂȡȱɔġŮex]`ȉľpY��Æ¤¯¦71bġŮ
Ʊbp`NaBH(OAc)3exkNaBH3CN�̲b`˝ò�ƒ]wbm}Y±·Å�Éɭ72�ʚǱ̾dgyʼ
{mbgahw (entry 1)ZqwYġŮƱ�±�ÅÉ¹ÄÉ (pic-BH3) èƋpY̱˕bp`MeOHup
ih1,2-DCE�̲bwșƙehY1,2-DCEeeb`Ǳ̾gƄȘgŪy”w (entry 2, 3)*ZMeOH�̱˕b
p`̲bwșƙehY���@ÆŘȹg�¼ÉŘȹbŃƙpwwtYǱ̾gʚid]wbƑdy”
{Z 

 

Scheme 2-15. 

 
 

oye˸ǅĢag˝ògŃƙr{ûˍȸ�ƑdYĪǣ58gˌʬ�ʚipY��Æ¤¯¦g」͉�Űy
rbbueYŚʌaȼT{ȱ�ȉiwtMS4A�ʤúpwgYǱ̾h̀~ydf]w (entry 4)Zà̊Y
��Æ¤¯¦71g」͉�ɞvpYĪǣ58gˌʬ�Ɩipwbm}Y�¼ÉŘȹgɠȫo”YǱ̾gƄ
ȘpwmbfymgțŤ�ƫʠbpw (entry 5)Z 

� ʼy”w±·Å�Éɭ72gɛɮ̿ɭ˓ʆe^b`hY1H NMRexkNOEɛģfyšʜpw (Figure 

2-4)Z±·Å�Éɭ72g6'''Óg����ÆÓ´È¥ÉfyY2'''Óg´È¥Éexk4'''ÓgTBSĪeNOE

ɛģgŪy”wwtY±·Å�ÉĞh×ǅŗ˓Ʃ�Ǭ]`b{mbg~f]wZqw6'''Óg����
ÆÓ´È¥Éb5'''Óg´È¥ÉgJʄg10.3 Hzaa]wmbfyYm”yh�É ·Å´Ä§@eÓʆ

��������������������������������������������������������
�� ±�ÅÉ¹ÄÉhȱYMeOH ̱˕exk neat țŤaġŮʟ�¼«ö�ƒcmbgahY˴ƈbĪǣ
eɮp`̩Ƃaa{ ���Z�

O N
NH
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O N
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O
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CbzHN

O
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1) H2
    Pd black
    MeOH

CHO

CHO

TBSO

TBSO

NHCbz2)

see table

table

reagents solvent (M) temperature yield (%)

dialdehyde 71 (1.1 eq)
NaBH(OAc)3, AcOH, MS4A

then
NaBH3CN

1,2-DCE (0.03) rt→60 °C 26

dialdehyde 71 (1.5 eq)
pic-BH3, AcOH, MS4A 1,2-DCE (0.04) rt 44

dialdehyde 71 (3 eq)
pic-BH3, AcOH 1,2-DCE (0.2) rt 47

dialdehyde 71 (3 eq)
pic-BH3, AcOH 1,2-DCE (0.1) rt 44

dialdehyde 71 (3 eq)
pic-BH3, AcOH MeOH (0.1) rt 25

entry

1

2

3

4

5

58

71

72
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p`b{ZoyeY3'''Ó´È¥Éb2'''Óg´È¥Éeeb`b°�§Æ�¡´ÅÉ�gŪy”df]
wmbfyY3'''Ó´È¥Éh��¥Å�ÆÓeÓʆp`b{b˜ʂpwZm”yfyY±·Å�ÉĞ
g˯ɀʦgġŮʟ�¼«ögțŤaØȸötsYFigure 2-4eǛpw̍rg̿ɭgöƙ˷�̮dwmb
�ĒˈpwZ 

 

 

Figure 2-4. ±·Å�Éɭ72gNOEǤŭ 

 

� ±·Å�Éɭ72�ʼwmbfy11âĞgƌʈ�ƒcmbbpwZɂȡȱɔġŮexz72gCbzĪ�ȉ
ľpYȼTw�¼«Ī�NsĪâŽr{mba73�ʼw (Scheme 2-16)ZǙe73gAcĪgȉľ�ƒ]w
gYïĪȸțŤagÅ¹@�gÌɹ̼�ŦˋpYʌȸțŤaa{3ùgSm�̲bwú̱˕˸ăexzY
ĞöɏŔɭ74�ʼw56)ZĞöɏŔɭ74eɮp`YDMEADYPPh3�̲b`ƀí˝òex{Ğö�Ǒrw
gY˝òhȫƒtsYů͆�ĄǱr{grx]wZqwY̿ɭȗčgȌdbPhOPPh2bDMEAD�̲b
wțŤuƒ]wgY˝òhȫƒpdf]w57)Z 

 � uma˝òŘǞ�̀dYġŮʟ�¼«öex{Ğö�Ǒr{mbbpw (Scheme 2-17)Zöƙ˷72

fy3ùgSmex]`AcĪ�ȉľpY76�ʼwZǙeDess-Martinƾöex]`76gȱƾĪ��Æ¤¯
¦mbƾöpYɂȡȱɔġŮex]`CbzĪ�ȉľr{mba77bpwźYugqq±�ÅÉ¹ÄÉ�
̲bwġŮʟ�¼«ö�ƒ]wgY˶ƹdƢƙ˷�̮d{graĞöɭhʼy”df]wZqwTBSĪ
g̿ɭȗčex]`˝ògȫƒpdf]wbƑdYHF;Py�̲b{mbaYŚʌeeb`TBS�ȉľp
dgyġŮʟ�¼«öex{Ğö�ǑrwgYmyyu˶ƹdƢƙ˷�̮dwZuma±·Å�ÉĞ
ƌʈźahöƙ˷74v77g˓ƩgȷŴo”YĞöeʠpw˓ƩgǬ”dbbƑdYȦwdƙȹś͔�
ƑÐr{mbbpwZ 
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Sheme 2-16. 

 

 

Scheme 2-17. 
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ɴ1Ʌ� ķƙȹăɁ 

 

� ̩İƙȹöĔeeb`YɳhdĞ�ƌʈpwźeĞƌɟeĥq”{xzȋodĞ�ƌʈr{ǭ̋h
pipiŪy”{ǭ̋aa{*Z͎bp`˵Ƽyex]`ɸȹo”w°É³Ä� Égɑƙȹ�Ǜr 

(Scheme 3-1)58)Zöƙ˷80g«�Æ�¼¦fy�º��¦gĊĞ˝òe˛cĞöex]`Yqs11âĞ
�ŘȹpYöƙ˷81�ƙȹp`b{ZugźYęˍĪ̀ĝ�ƒ]`ʼwöƙ˷82buc1^gÂ¨¡¥
aa{83g�¡´ÅÉ�ex]`ʼwöƙ˷84fyYöƙ˷85bpY�¼«Īg¥�Ä@¥eɮr{
ĹĐʆĝex]`6âĞ�ƌʈpY°É³Ä� Égɑƙȹ�ɸȹp`b{ZmgxceʃċʟeĞƝ
ď�ƌʈr{mba�É¦@ÆĞ�ĥs˶ƹdþŉĞ�ƌʈp`b{Z 

Scheme 3-1. 

 

��������������������������������������������������������
�� ɫeu Danishefsky ex{�É¦Å�»��Égɑƙȹ� (Scheme 3-2)59)v Nicolaou ex{�Æ£È°
Égɑƙȹ (Scheme 3-3)60)galy”{Z�
Scheme 3-2. � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Scheme 3-3.�

� � � � � � � � � � � �
�
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� uma�²��Å¼�É��Ɲďeeb`uY±·Å�ÉĞ�ƌʈr{ɏeYÅ¹@�b�Å�É
g6'Ó�¼«Ī�^dMĞ�Řȹr{mbbpwZɈgƙȹ̋bØdzY±·Å�ÉĞbÅ¹@�Ğg
Ğʹǂ�Ţƙot{xzu˓ƩgǺˁedzYĞögȫƒr{bƑdwZȦwdķƙȹăɁ�Ǜr 

(Scheme 3-4)Z��Ɲďeek{þŉĞƌʈ���Æ¤¯¦91fyえɧġŮʟ�¼«öex]`ƒcm
baY11âĞexk6âĞ�àŀeƌʈr{mbbpwZȆtg11âĞupih13âĞŘȹhYĞöɏ
Ŕɭg˓ƩgǺˁaazf^˸ǅˀ˝òaa{wtY˝ògȫƒpvrbbƑdwZqw2Ą̠gĞö
u6âĞŘȹdgaȫƒpvrbbƑdy”{ZoyeY1Ɔʞa2^gĞ�ƌʈah{wtƂ̾ʟaa
{bbueY˝òʦaa{�Æ¤¯¦g2^ɨƲr{mbaY1Ą̠gġŮʟ�¼«ög˝òȸgȘg
{bįɰpwZɈe11âĞ�ŘȹpʌĢɭ89�̮d{ś͔AYupih13âĞ�ŘȹpʌĢɭ90�̮d
{ś͔Bga{gYcyyaȫƒp`uʹàgȼȹ˷37�̮d{ZĞöɏŔɭaa{��Æ¤¯¦91h
��È·É£Éɭ92fyY�Ç²�ÉgƾöĊ͒exzƙȹr{mbbpwZ 

 

Scheme 3-4. 
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 qsえɧĞö˝ògȫƒr{f�Y¿¤ÆĪǣ�̲b`ŧʶr{mbbpwZL-�Ç�¨Éfyƙȹ
pwĮʅöƙ˷93g��¦Ī�StaudingerġŮexz�¼«Īmb̀ĝpYNsĪâŽr{mbex
zY94�ʼw (Scheme 3-5)* 61)ZǙeĮʅöƙ˷aazYɻàg�§É �»@aa{61�̲b`ƀí
˝ò�ƒcmba95�ʜ͉ʟeʼw62a, b)ZNsĪgȉľ**bȼTw�¼«ĪgBoĉŽ�ƒb96bpwź
eY��¼�½ƾöexz��@Æɭ97bpw***Z 

 

Scheme 3-5. 

 

 

��������������������������������������������������������
��PPh3 ex]`�Æ¸¨Æ�ÈÅ¦gġŮo”{mbg̈ƛo”`b{wtYStaudinger ġŮźeƿ]
w PPh3 ��Å��Æ�Ä½�È»¥�Ä²�@exzȉb`b{� (Scheme 3-6)63)Z�
Scheme 3-6. 

�
�
���Ns ĪgȉľgưeïĪbp` DBU �̲bwșƙehÅ¹@�gβɹ̼gŪy”wZ(Scheme 3-7)Z�
Scheme 3-7. 

�
�
���� mg��@Æöeeb`u K2OsO4;2H2O b NMO �̲bwțŤaǮ?̱˕�ŧʶpwgY˝òhȫ
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� ��@Æɭ97eɮp`āÃ�ɔƾ§¥Å�½ex{ƾöĊ͒�ƒ]wbm}Y1H NMRa�Æ¤¯¦
g±@�gŪy”df]wmbfyȱ1˸ǅg��Æ¤¯¦b˝òpwĞȜ���@Æ103bp`ɨƲ
p`b{bƑdw (Scheme 3-8)Zoye103�ɂȡȱɔġŮex]`CbzĪ�ȉľr{bY1H NMRex
kTLCfy˶ƹdƢƙ˷bd]wZESI-MSex{ǣ͉˸Ɂ�ƒ]wbm}ug˸ǅ͉fyYĞȜ��
�@Æ104exk�¼§@Æ105, 106gƢƙ˷ed]wmbg~fzYĞö˝ògȫƒgįɰahwZ 

 

Scheme 3-8. 

 
 

Scheme 3-9. 
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O
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MeOH (0.05) rt

50 °CPic-BH3, AcOH, MS3A MeOH (0.05)

32
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table
reagents solvent (M) temperature yield (%)a

HMBC 1H→13C (CDCl3)

entry

1

2

3

4

5

104 107

aYield was calculated over 4 steps from 96
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m”ygƢƙ˷�ugqq̲b`YġŮʟ�¼«öex{えɧĞö˝ò�ƒ]w (Scheme 3-9)Zde
Ǳ̾h96g��@Æöfy4ƆʞgǱ̾aǛp`b{ZġŮƱbp`Pic-BH3�̲b`��ÈÈ¾�É̱
˕Y40 °Ca˝ò�ƒ]wbm}YʚǱ̾dgyĞöɭ107gʼy”w (entry 1)ZqwYĞöɭ107�̲
b`NMRǤŭ�ƒ]wbm}Y̤áaǛpwHMBCɛģgŪy”wmbfyYĞöɭ107h̍rʙzĞ
öpwmb�ĒˈpwZqwYĞȜ���@Æg˸ă�ɒbYMeOH̱˕�̲b`˝ò�ƒ]wbm}
Ǳ̾hƄȘpw (entry 2)ZpfpY˝òŚʌaȼT{ȱ˸ǅ�̃ɢr{wtYMS3A�ʤúpwgǱ̾
èöhdiǡôah˝òɥʬgʚõgŪy”wgrx]w (entries 3, 4)Zuma˸ǅĢ˝ògŃƙe
xzǱ̾gʚõp`b{bƑdY0.01 MeĪǣˌʬ�ĭǩp`˝ò�ƒ]wbm}Ǳ̾gƄȘpYmg
țŤ�ƫʠțŤbpw (entry 5)Z 

� Ğöɭ107gʼy”wmbfyɹ̂Žgŧʶ�ƒcmbbpY¾ Æ��£Æg�Æ¹Éƾmg̀ĝ
�ǑrwZïĪȸțŤbp`LiOHYBa(OH)2;8H2OYKOTMSYKOH�Ǒ̧bp`̲b`˝ò�ƒ]w
gYúȱ˸ăhȫƒtsYŦˋo”wÌɹ̼uemydf]w (Scheme 3-10, entries 1-4)Zöƙ˷107g
1H NMRgJʄfy2Ó´È¥Éb3Ó´È¥Ég�É ·Å´Ä§@g˓Ʃed]`ezY2Ó´È¥É
bÅ¹@�h�@�Á˓ƩeÓʆp`b{mbg~f]wZĞöpwmbexz˓Ʃgŷʜo”YÌ
ɹ̼e˧̳d�É ·Å´Ä§@˓Ʃ�b”dbwtYïĪȸțŤau˸ăpdbugbƑƸpwZ
ǙeNicolauyex]`̈ƛo”`b{Me3SnOH�̲bwțŤuǑrwgYm”u˝òhȫƒpdf]
w (entry 5)64)Zm”ygțŤa˝ògȫƒpdb̺̪bp`Y̿ɭȗčgwt˝òʦg�Æ¹¨ÆĪe
Ǒ̧gŒ_kdbwtbȰɣpwZuma¾ Æ��£ÆgČɡfygSN2˝òex{ɹ¾ Æö�Ǒ
r{mbbpYÒʵyex]`̈ƛo”`b{Ph3SiSH�̲bwțŤ�Ǒrwbm}65)Yʜ͉ʟe˝ò
hȫƒpwZƫźe80% TFAȱ̱êex]`Y�Æ¹Éƾɭ108gɑ`ĝŽĪ�ȉľr{mbaYɹ
̂Žɭ109�ʼwZm”ex]`þŉĞgƌʈexkɹ̂ŽțŤgĒ̿ahwgaǤưg�²��Å¼
�É��Ɲďgƙȹ�ƒcmbbpwZ 

 

Scheme 3-10. 

 
  

table
reagents solvent temperature yield

Me3SnOH

Ba(OH)2·8H2O
LiOH

KOTMS
KOH

Ph3SiSH, Cs2CO3                                                
   2,6-di-tBu-p-cresol

1,2-DCE reflux no reaction

no reaction
no reaction

no reaction
no reaction

DMF 90 °C quant.

THF/H2O
THF/H2O

THF/H2O
THF

rt
0 °C

rt→reflux
rt→reflux

ON

HO2C

O
BocN

O

O
O

O

see tableON

MeO2C

O
BocN

O

O
O

O

entry

1
2
3
4
5

6

2 3

J2,3 = 10.5 Hz (CDCl3, 50 °C)

ON

HO2C

O
HN

HO

HO
OH

OH

80% aq. TFA

63%

107 108 109



�

),�
�

ɴ3Ʌ� ˯ɀ�ÅÆÓ�Æ�Æöex{̿ɭØȸɭgƙȹexk (3'''R, 4'''S, 5'''R)-�²��Å¼�É��
Ɲď (core A) gƙȹ 

 

� Ɉg¿¤ÆĪǣahƀí˝òex]`±·Å�ÉĞbd{��È·É£¨ÆĪ�ʺˆpwZxzƂ
̾ʟeɬ̰d̿ɭØȸɭ�ʼ{“iY��È·É£¨ÆĪ�˯ɀ�ÅÆÓ�Æ�Æö˝òex]`ʺ
ˆr{mbbpw (Scheme 3-11)Zöƙ˷110eɮp`Ä�¼ɭg��È·É£É42�Y˯ɀ�ÅÆÓ
�Æ�Æö˝ò�̲b`ʺˆr{Z˯ɀ˓Óǅg̿ɭ�̀d{mba1^g��È·É£Éfy2Ǯg
̿ɭØȸɭ�Ƃ̾ʟeƙȹahYoye��È·É£É42g̿ɭ�̀d{mba̶̟ʟe̿ɭØȸɭ
�ʼ{mbgah{Z 

 

Scheme 3-11. 

 

 

 

Scheme 3-12.
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� qsYĹĐƱaa{113gƙȹ�ƒcmbbpY�Ä�ÆgN-3ÓhŇbĹĐȸ�ǗyY˯ɀ�ÅÆ
Ó�Æ�Æöa˝òr{ûˍȸga]wmbfyBocĪex{̂Ž�ƒ]wZĮʅöƙ˷111fy29)Y
�Ä�ÆN-3ÓgBocĪaĝŽ�Boc2O, DMAPgțŤaǑrwbm}YʚŐȸg˳ȼȹ˷gTLCex
zŪy”wZeuyi6'ÓgCbzĪâŽo”w�¼«Īg˝òpwbƑdYBoc2Og」͉�ȷŴr{
mba112�ʼwZɧb`StaudingerġŮYȼTw�¼«ĪgNsĪaĝŽexz113�ʼw (Scheme 3-

12)Zɧb`Y˯ɀ�ÅÆÓ�Æ�Æögŧʶ�ƒcmbbpwgYɴ2ȕ (Scheme 2-10) eeb`Ä�
¼ɭg��È·É£É63�̲bwșƙeʌʞʬgǱ̾ebcq]wmbfyY̏˝òe^b`ƑƸ�
ƒcmbbpwZ 

� TrostyhTrost ligandg˓ÓpwÎ-�ÅÆʌĢɭI�IIgxce̞Ǟʟe˪pw˝ò¿¤Æ�ʝȊp`
b{ (Figure 3-1)47)Zmg¿¤Æah�ÅÆÓ̒ɿg。ɔ1ÓɡhYÅÉůǅeŢƙpwPhĪg˾bd{
mbaƬg”`ezYucà̊g。ɔ3ÓɡhPhĪgǗyȘg{mba̿ɭȗčgȋobZugwtY
ɹ̼ĪexkĹĐƱh̿ɭȗčgȋob。ɔ3Óɡfy˝òr{Z 

 

 
Figure 3-1. Pd-Trost ligand Ʒɭg̞Ǟȯ 

 

� mg˯ɀ˓Óǅg̿ɭȗčgY˝òg̿ɭɍɶȸeģ̮r{ʌĢɭh2^azYɹ̼Īgɹ̼r{ʌ
Ģɭ (A) bĹĐǮg˝òr{ʌĢɭ (B) gɨƲr{ (Figure 3-2)ZcyygʌĢɭau̿ɭȗčgȋ
ob。ɔ3Óɡfy˝òpvriY。ɔ1Óɡfyh˝òp_ybbo”`b{ZmgmbfyY
Scheme 2-10eeb`Ǳ̾gʚid]wghYĹĐƱg̡ɵxkahdbbƑdwZrd~yYÄ�¼
ɭg��È·É£É�̲bwwtY˯ɀ˓Óǅb»¡ g̿ɭ�Ǘ^��È·É£Égrg˝òpY
¼�»¡ bd{̿ɭg��È·É£ÉgʌĢɭAeeb`˝òp_yiYÎ-�ÅÆʌĢɭ�Řȹp
df]wbȰɣpw (Figure 3-3)Z 

 

 
Figure 3-2. Trostyex]`ʝȊo”`b{Pd-ligand complexg̞Ǟȯ 
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Figure 3-3. rac-63bPd-Trost ligand gʌĢɭ Aeek{̞Ǟȯ 

 

ǤưeYƞĄ̲bw̿ɭg(R,R)g˯ɀ˓ÓǅL1bY»¡ g̿ɭ�̩r{ɻàg�§É �»@ɭ63

�Įʅ̋ex]`ƙȹp52)Y˯ɀ�ÅÆÓ�Æ�Æö�ƒ]wbm}Y˝òhʜ͉ʟeȫƒpw 

(Scheme 3-13)Z 

Scheme 3-13. 

 

Scheme 3-14. 
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� m”ygmbfyYöƙ˷113�ĹĐƱbp`˯ɀ�ÅÆÓ�Æ�Æö�ƒcưeYÄ�¼ɭg��
È·É£É63�113eɮp`2.3」͉̲b{mbbpwZȡ˕bp`Pd2(dba)3Y˯ɀ˓Óǅbp`DACH-

phenyl Trost ligandg̿ͅɭL1exkL2�̲b`u”v”˝ò�ƒ]wbm}Y114exk115�ʼwZ
˯ɀ˓ÓǅL1�̲bwșƙehYöƙ˷114gǱ̾h56%bʌʞʬebcqzů͆�ĄǱpwgYL2�
̲bwșƙehɥvfe˝òhȫƒpY97%gǱ̾a115�ʼwZmgǱ̾gÚbhʌĢɭB (Figure 3-

2) eek{ĹĐƱ113b˯ɀ˓ÓǅL1g¼�»¡ ex{ugbȰɣpwZȖƮdɎÙȜɱeek{
̿ɭ˓Ʃh˯̛xgYÎ-�ÅÆʌĢɭeɮr{ĹĐƱg˰úhY̿ɭɍɶȸ�št{ʃċgà^aa
{wtYug̿ɭȗčhǱ̾eɳhièŌr{bƑdy”{Z̏ǭ̋exz˯ɀ˓Óǅg̿ɭ�̀Ƌ
r{mbaY1^gĹĐǮfy3^g˯ɀʌȥgķgug�YƂ̾ʟeʼ{mbgahwZ 

� ɧb`Y˯ɀ�ÅÆÓ�Æ�Æöaʼy”w114gBocĪ�Ȯƾexzȉľp116�ʼw (Scheme 3-

15)ZqwYɻàg�§É �»@ɭaa{��È·É£É61�ƙȹp52)YĹĐƱ113�̲b`ƀí˝ò
�ƒcmbexzY˿ʪ114�ƙȹpYugqqȮƾex]`BocĪ�ȉľr{mba116�ʼwZƀí
˝òexzƙȹpw116b˯ɀ�ÅÆÓ�Æ�Æöex]`ʼw116g1H NMRgàʇpwmbfyY˯
ɀ�ÅÆÓ�Æ�Æöaƙȹpw116g̿ɭöĔgȻpbmb�ĒˈpwZdeYmg˯ɀ˓Óǅg̿
ɭɍɶȸhTrostyg̈ƛp`b{ugbàʇp`b{47)Z 

 

Scheme 3-15. 

 
 

� ˯ɀ�ÅÆÓ�Æ�Æöex]`Y˩ʟöƙ˷core Abcore BgɏŔɭbd{114b115gʼy”wgY
oyȅǭ̋g̩̲ȸ�Ɩt{wtY��È·É£Ég̿ɭöĔ�̀d`u˝ògȫƒr{fgŧʶ�
ƒ]wZÄ�¼ɭg��È·É£É61�¾ Æ�@¹ª@¥öpw117bYĹĐƱ113�̲b`Y˯ɀ˓
ÓǅL2ex{˯ɀ�ÅÆÓ�Æ�Æö�ƒ]wbm}Y˝òhȫƒpdf]w (Scheme 3-16)Zmg̺ 
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Scheme 3-16. 

 
 

̪bp`YPdbgÎ-�ÅÆʌĢɭAgŘȹo”{gYĹĐƱgconcave̜fyɂŒr{wt��´È±Å
¤ÉĪbg̿ɭȗčexz˝òpdbbƑdwZumaǽĞƌɟ�bydbÎ-�ÅÆʌĢɭB�̲b{
mb�Ƒdw (Scheme 3-17)ZmgÎ-�ÅÆʌĢɭBhĞȜ�@¹ª@¥119fyȼȹahY119hɈoc
g¾ Æ�@¹ª@¥ɭ117g��´È±Å¤ÉĪ�ȉľr{mbexzY1ƆʞaƙȹpwZ 

 

Scheme 3-17. 

 
 

� ĞȜ�@¹ª@¥119�̲b`YTHF̱˕ʌYĹĐƱ113bg˯ɀ�ÅÆÓ�Æ�Æö�ƒ]wbm}
˝òhȫƒpY��È·É£Égɛɮ̿ɭ˓ʆgɑ`cisg120�ʼw (entry 1)Zqw̱˕gŧʶ�ƒbY
CH2Cl2YMeCN�̲bwșƙehYǱ̾hTHF�̲bwșƙxzuʚbŢýbd]w (entries 2, 3)Zum
a̱˕e1,4-dioxane�̲bwbm}YごfdgyǱ̾gƄȘpwmbfyYmgțŤ�ƫʠbpw (entry 

4)Z 
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Scheme 3-18. 

 

 

� ǙeƫuǱ̾g͈f]wțŤa (Shcme 3-17, entry 4)Y˯ ɀ˓ÓǅL1�̲b`˝ò�ƒ]wbm}Yö
ƙ˷121�ʼw (Scheme 3-18)Zm”yŧʶgŢý�qbt`Ǜpw (Scheme 3-19)ZʹàgĹĐƱ113f
yY1^g��È·É£Éeɮp`˯ɀ˓Óǅg̿ɭ�̀d{mbaY2Ǯg̿ɭØȸɭ�ƙȹah{Z
qwY��È·É£Ég̿ɭ�̀Ƌp`u˝òhȫƒpYŝ4Ǯg̿ɭØȸɭ�Ƃ̾ʟeƙȹpwZĪǣ
b˯ɀ˓Óǅg̿ɭöĔg»¡ Y¼�»¡ fyYǱ̾eģp`Āɵhƿ{uggYɬ̰d̿ɭØȸ
ɭŖgƙȹeeb`̏ǭ̋g̩̲aa{mbgǛo”wZ 

 

Scheme 3-19. 
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 Ǚe˩ʟöƙ˷core Agƙȹ�ƒcwtYɏŔɭbd{116�̲b`ƙȹ�ƒ]wZ¿¤ÆĪǣbʹ̰
eNsĪgȉľexkBocĪaĝŽ�ƒbYöƙ˷122�ʼw (Scheme 3-20)Z^_b`��¼�½ƾö
ex{��@Æö�ƒ]wZqs¿¤ÆĪǣbʹ̰eʤúƱeDABCO�̲b`˝ò�ƒ]wg˝òe
ʔǘĢ�̳pYů͆gȒǠpdf]wZumaxz˝òɥʬ�úɥr{�©�Å�É�̲b`˝ò�
ƒcmbaů͆hȒǠpwZpfpYTLCex{ăɁfy�Ä�Æg�Ç²�Ég��@Æöo”wb
ǉ~”{uguà˲Ūy”wmbfyY¿¤ÆĪǣxzuǱ̾gʚõpwbƑdy”{Zugqqā
Ã�ɔƾ§¥Å�½ex{ƾöĊ͒�ƒbYĞȜ���@Æ123bpYɂȡȱɔġŮex{CbzĪgȉ
ľb±�ÅÉ¹ÄÉex{えɧġŮʟ�¼«öexzえɧĞö�ƒcmbaY4ƆʞǱ̾27%aĞöɭ
124�ʼwZde̱˕ehĪǣg̱ăʬg̡ɵfyTHFbMeOHgƢƙ̱˕bpwZɧb`¥Å²�¨
Æ�ÄÉ �@Æex{¾ Æ��£Ægȉľ�ƒbY�Æ¹Éƾ125�ʼwZugź125gBocĪex
k���@ÆĪ�80% TFAȱ̱êex]`ȉľr{mbaY�²��Å¼�É��ƝďgƑdc{̿
ɭØȸɭgà^aa{(3'''R, 4'''S, 5'''R)-�²��Å¼�É��Ɲď (core A) gƙȹ�ɸȹpwZ 

 

Scheme 3-20. 

 
� �

O N
NH

O

O

O O

O

MeO2C

O

NNs

CbzHN

O
O

OO 1) 4-tBu-benzenethiol
    K2CO3  
    MeCN
2) Boc2O, Et3N
    THF
    82% over 2 steps

O N
NH

O

O

O O

O

MeO2C

O

NBoc

CbzHN

O
O

OO

1) K2OsO4⋅2H2O, K3[Fe(CN)6]
    quinuclidine, MeSO2NH2
    K2CO3, NaHCO3
    tBuOH/THF/H2O
2) NaIO4. THF
    phosphate buffer
    (pH 7.2) O N

NH

O

O

O O

O

MeO2C

O

NBoc

CbzHN

O
O

3) H2 gas, Pd black
    THF
4) Pic−BH3, AcOH
    THF/MeOH 
    50 °C

O N
NH

O

O

ON

MeO2C

O
BocN

O

O

O
O

O O

27% over 4 steps

O

OO

HO
OH

116 122

123 124

O N
NH

O

O

ON

HO2C

O
HN OH

OH

HO OH

Ph3SiSH, Cs2CO3
2,6-di-tBu-p-cresol
DMF, 90 °C

HO

HOO N
NH

O

O

ON

HO2C

O
BocN

O

O

O
O

O O

80% aq. TFA

63% 79%

5
core A

125



�

*)�
�

ɴ4ȕ� ®Æ¼¥�Æö��ƝďgƙȹexkMraYɖčĖȸgɣʜ 
 

ɴ1Ʌ� ®Æ¼¥�Æö��Ɲďb˩ʟ�É®�MraYgGlideex{¦¡�É���¤� 

 

� ɴ3ȕeeb`�²��Å¼�É��Ɲďgƙȹś͔�Ē̿pYugɏŔɭbd{4Ǯg̿ɭØȸɭ
gƙȹ�ƒ]wZm”ygcore AYcore B�ĥs4Ǯg��Ɲď�ƙȹr{mbaYʢɐ˷g̿ɭöĔ�
Ȱɣr{mbuah{gYɴ1ȕaȀ“wxcecore AYcore Bg3ǙŮʟdŘgØd{dyiY˩ʟƔ
ɔbd{MraYgɖčĖȸeu̩ÕdƦgǿ{bƑdy”{Zumacore Aexkcore BgMraYɖčĖ
ȸfyYʢɐ˷g̿ɭ�Ȱɣr{mbbpwZ 

 qsY˩ʟƔɔMraYe^b`Ȁ“{ZŒˊYLeeyex]`々ƖˉȸȨȸƮő (Aquifex aeolicus) ̷̪
MraYgXɌŢȐƌɟăɁg̈ƛo”`ezYugȖƮdƌɟg̛yfbd]w (Figure 4-1)66)ZMraYh
˃͉ɭ�Řȹp`ezYugƌɟh10ŵg̑ĠʙŗµÅ¡�� (TM) bĈ̜µÅ¡��Y·Å´Ä�
½-Ì-µ�±ÉY·Å´Ä�½µÅ¡��aƌȹo”YN-, C-̒ɿńe·Å´Ä�½ɡeÓʆp`b{ 

(Figures 4-1)ZdeYFigure 4-1ahğɻgwtYɻ͉ɭgȯ�Ǜp`b{Zm”hBouhssyex]`ʝ
Ȋo”wMraYg2ǙŮƌɟ¿¤Æbàʇp`b{67)ZqwY9ˡ̠gTM (TM9) h˃^g²Ä�¾É¥
TM9a, TM9be˸f”YTM9bh̑ˀaɳhiŏg]`b{ZMraYg�¼«ƾ˓͐gcyYBouhssye
x]`ƒ~”wʦ̀ØǤŭexzŪǿo”wYMraYgƔɔ˝òeǻ̳bƑdy”{14ŵg�¼«ƾƿ
ĪgƮ̌ǣɡgipreǶq]`b{68)Zm”y�¼«ƾƿĪhƮőĢaƖʬêɨo”`ezYmg
iprgYMraYgĖȸ˲ÓxbȰɣo”`b{Z 

 

 
Figure 4-1. Ʈ̌̑ˀeek{MraYgƌɟ (PDB: 4J72) 
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 qwYLeeyhmgĖȸ˲ÓeÓʆr{�¼«ƾgʌauY3^g��®Ä�ÉƾƿĪ (Asp117, Asp118, 

Asp265) exk¯� �ÉƿĪ (His324)gYʦ̀ØǤŭex]`�Ä¨ÉèØot{bMraYgƔɔĖ
ȸgȒǠr{mbfyYugİˍe˧ȭaa{mb�Ǜp`b{66)ZdeYMraYgɦr{polyprenyl-

phosphate N-acetyl hexosamine 1-phosphate transferase (PNPT) ²�¼Å@eeb`Ym”y�¼«ƾƿĪ
(Asp117, Asp118, Asp265YHis324) hƖʬêɨo”`b{Z 

 BouhssyhugƔɔ˝ò¿¤Æe^b`ƑƸp`ezYMraYgAsp117�Alamb̀ØotwưeYpH

�ïĪȸèöot`bimbaugƔɔĖȸgȘȏpwmbfyYAsp117gMraYgĪǣaa{�É
¤�´Ç¨ÆÅÉƾgɹ´È¥Éö�ƒcmbaYuc1^gĪǣaa{UDP-N-�� Æ½Ä¼Æ·É
�·´ ¦eーɂ˰úr{˝ò¿¤Æ�ʝȊp`b{Z(Figure 4-2)68)Z 

 

 

Figure 4-2. MraYgƔɔ˝ò¿¤Æ 

 

� Asp117YAsp265gÓʆr{ȡ˕Ėȸ˲ÓfyhYɓȱȸg�¼«ƾgǶq]wʔbɓȱȸgƏgȣk
`ezYɃ”ŏg]wTM9bgǲz�ķUǕŗeÔ�ab{ZMraYgĪǣaa{�É¤�´Ç¨ÆÅÉ
ƾhƮ̌̑xzuʔiYmgƏeʔbǏ̱ȸg�Æ�ÆƨgŢƙr{bƑdy”{ (Figure 4-3)Z 

  

Figure 4-3. apo MraYexkĪǣ�É¤�´Ç¨ÆÅÉƾ (PDB: 4J72) 
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� qwY「ũĻǡbLeeybgńʹũĻex]`ʢɐ˷½Ä�»��É D2 (Figure 4-6a, IC50 for MraY 

0.01 µM)69)b々ƖˉȸȨȸƮő (aquifex aeolicus) ̷̪MraYgńŢȐƌɟgȆt`ăf”`ezYug
ȖƮdɖč̰Ǟg̛yfbd]w70)Z½Ä�»��É D2gMraYgĖȸ˲ÓeŢƙp`ezYu”e
˛bYMraYgĖȸ˲Óǲ́gƌɟhɳhìöp`b{ZŢƙ˲Óǲ́gÆ@´gɳhiĖȸö˲Ó
fy̼”{mbaYŢƙº�¡¥ǲ́gŕĢgƈg{bbueY�Ä�Æexk�¼«Å¹@��ˈ
ǟr{�¼«ƾƿĪgǶq{mbaŢƙ˲Ó�Řȹr{Z 

 

 
Figure 4-4. (a) ½Ä�»��ÉD2bMraYgǻ̳dɛŹƴ̲Y(b) UDP-N-�� Æ½Ä¼Æ·É�·´ 
¦ 

 

� oyeY½Ä�»��É D2bMraYgŢƙeǻ̳d�¼«ƾƿĪgʦ̀ØǤŭexzĒfty”`
b{ZMraYg�¼«ƾ˓͐gcyY½Ä�»��É D2g�Ä�ÆbÎ-ÎɛŹƴ̲�r{Phe262�Ala

eYqw�¼«Å¹@��ˈǟr{Asp193�AsnèØot{bugɖčĖȸhopȒǠpwmbf
yYAsp193YPhe262gugˈǟe˧ȭaa{mbg~f]w (Figure 4-4a)ZqwYPhe262�TrpèØ
ot{b½Ä�»��É D2gɖčĖȸhƿ]wmbfyYMraYg½Ä�»��É D2eɮr{ˈǟe
hY�Ä�ÆbgÎ-ÎɛŹƴ̲gǻ̳aa{mbgǛo”wZoye½Ä�»��É D2g·´ ¦
ƨg̒ɿ�Æ¹Éƾ�ˈǟp`b{Gln305�̀Øot`uɳhiɖčĖȸgŰǪp`ezY½Ä�»
��É D2·´ ¦ƨuqwugɖčĖȸeī̮p`b{Zm”yMraYg½Ä�»��É D2gˈǟe
hYMraYgƔɔ˝òeǻ̳bǛƤo”w�¼«ƾƿĪ (Asp117, Asp118, Asp265YHis324) hģ~]`bd
f]wZmg½Ä�»��ÉD2hugƌɟʟʽʐfyMraYgĪǣaa{UDP-N-�� Æ½Ä¼Æ·
É�·´ ¦g¼¼¡�aa{bƑdy”`hw (Figure 4-4b)ZpfpY½Ä�»��É D2bUDP-

N-�� Æ½Ä¼Æ·É�·´ ¦hMraYgʹ̰g˲ÓeŢƙr{uggY�¼«ƾʦ̀ØǤŭex
]`YugŢƙ̰ǞhØd{mbgĒfty”`b{Z 

� MraYɖčĖȸ�̩r{ʢɐ˷Åº�¦»��Éあ (Figure 0-6) hMraYgƔɔ˝òeek{ŃƙǤŭ
eeb`YʔƨgÅÉǏǣbŃƙpYUDP-N-�� Æ½Ä¼Æ·É�·´ ¦b˦Ńƙaa{mbg

O N
NH

O

O

HO OH

OH
N

HO2C

O

NH2HO

HO
H
N

O

IC50 0.001 µg/mL for MraY
muraymycin D2

N
H

O

N
H

NH

NH

H
N

H
N

O
HO

O

D193

Q305

O N
NH

O

O

HO OH

OP
O

O O
P
O

O O

O

OH

O

ON

HO

UDP-MurNAc-pentapeptide
(UDP-Mur-NAc-L-Ala-D-Glu-m-Dap-D-Ala-D-Ala)

(a)

(b)

HN
H

O

HO2C

H
N ON

H

O

CO2H

H2N

O

H
NHO2C

F262



�

*,�
�

Buggyex]`̈ƛo”`b{71)ZÅº�¦»��ÉあhʔƨgǏ̱ȸɡƨ�̩p`ezYugƌɟ
ʟʽʐfyǏ̱ȸɡƨgɓȱȸgƏeŢƙr{bƑdy”{Zʹ̰eʔƨgǏ̱ȸɡƨ�Ǘ^ʢɐ˷
�²��Å¼�É AuYmgɓȱȸgƏeŢƙr{mbaYugɖčĖȸ�ƄȘot{bȰɣo”
{Zpfp�²��Å¼�ÉAg��Æɡƨh̿ɭöĔg̖šʜg˯ɀʦg6^azYugƙȹh̯Ö
adbZumaɴ1ȕ (Figure 1-1) aȀ“wxceʢɐ˷�´Ä�»��ÉあgǏ̱ȸɡƨ�®Æ¼ 
ÉƾèƋpw®Æ¼¥�Æ�´Ä�@Ægʢɐ˷bʹ̰gƉőĖȸ�ǛrmbfyY˨ǧuqw®
Æ¼ Éƾ�̩r{core A 126exkcore B 127�ƙȹpYugɖčĖȸ�ʒ“{mbbpw (Figure 4-

5)Z 

 

 

Figure 4-5. palmitoyl core Abpalmitoyl core B 

 

� qscore Aexkcore Bg̿ɭöĔgÚbgYMraYɖčĖȸecgxcdèŌ�̮d{fʅŪ�ʼ{
wtY�ÁÇ@¤�É�@Ǧex]`Ċ˚o”w¦¡�É�´È�Ä½Glide�̲b`Y¦¡�É��
�¤��ƒcmbbpwZGlidehÅ�É¦gŢƙ�ªÆ�@�ƫȋör{xcÅ�É¦�˓Ʃ̀öo
t{bbueYugŢƙȪきȸ�ɓȱȸɛŹƴ̲YȱɔŢƙY˸ǅĢ͊YȿʩɛŹƴ̲dcg���
ģȵfy¦¡�É�����ƽǿr{72)Zqw¦¡�É����hŢƙǜ̪�ªÆ�@ÊG�Ǜp`e
zY˱eɳhboc͈bŢƙȪきȸ�ǛrZ¦¡�É�eǀ̲r{MraYgƌɟ¤@�h½Ä�»��
É D2bgńŢȐƌɟ�̲b{mbbpw (PDB: 5CKR)ZdeYmgMraYh々ƖˉȸȨȸƮő 

(aquifex aeolicus) ̷̪aa{wtY¦¡�É���¤�ehɳʑőgMraY˓͐�̲b`¸¿È�@¿
¤ÅÉ��ƒ]wug�̲bwZqwYŝƽ�ğ̀ör{wte®Æ¼ ÉƾahdiY´È®Éƾ
�Ţƙpwcore A 12exkcore B 13�̲b`¦¡�É��ƒ]wZ¦¡�É�gŢýY12b13g
docking scorehu”v”–7.711b–8.722aazY13g12xzu͈bʄ�Ǜpw (Figure 4-6)ZqwYMraY

bgńŢȐƌɟʌg½Ä�»��ÉD2b12exk13�ǻfƙ~twbm}Ycyyu½Ä�»��É
b�Å�Éexk�¼«Å¹@�gÓʆg͈bàʇ�ǛpwmbfyY�²��Å¼�Éh½Ä�»
��Ég˓ƩȷŻŗöƙ˷bƑdy”{ (Figure 4-7)Z 
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Figure 4-6. öƙ˷12böƙ˷13gMraYbg¦¡�É���¤� 

 

 

Figure 4-7. ½Ä�»��É D2 (ȱȠ)böƙ˷12exköƙ˷13 (ćȠ)gǻfƙ~t 
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Figure 4-8. 12 (ćȠ)b13 (͋Ƞ) gǻfƙ~t 

 

� oye12b13�ǻfƙ~twbm}Y�Å�É˲Óh͈bàʇ�ǛpwgYÅ¹@�b±·Å�ÉĞ
g˓ƩgØd]`bw (Figure 4-8)Zm”exzɓȱȸɛŹƴ̲r{bƑdy”{��Æɡƨg˓Ƅg
Ød{Zqwcore AahÅ¹@�g˓ƩgɳhiwgrO4'-endoŗ�b]`ezYŢƙr{ưe�É¥È
±@È�gȼT{bƑdy”{Zm”y¦¡�É����b˓ƩgÚbfypalmitoyl core Abpalmitoyl 

core BgɖčĖȸe̩ÕdƦgǿ{bƑdYǤưe®Æ¼¥�Æö��Ɲďgƙȹexkɖčɣʜ�ƒ
cmbbpwZ 
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ɴ2Ʌ� ®Æ¼¥�Æö��Ɲďgƙȹ 

 

� ®Æ¼¥�Æö��Ɲďgƙȹeeb`Y±·Å�ÉĞg4'''ÓȱƾĪ�ɍɶʟe®Æ¼¥�Æör{
˧̳ga{Zɴ3ȕeek{��Ɲďgƙȹeeb`hY4'''Óexk5'''ÓgȱƾĪ���´È±Å¤É
Īex]`̂ŽpwwtYɍɶʟe®Æ¼¥�Æör{mbhƟ˂aa{ZumâŽĪ�̀Ƌr{m
bbpwZ®Æ¼¥�Æö��ƝďgķƙȹăɁ�Ǜr (Scheme 4-1)Z®Æ¼¥�ÆöhĞöźeɍɶ
ʟd��Æöex]`ƒcmbbpYĞöhɈbʹ̰eえɧġŮʟ�¼«öex]`129fy11âĞY6

âĞ�ʹǘeƌʈr{ZĞöɏŔɭ129h��È·É£Éɭ92fyƙȹr{mbbpY��È·É£É
g�ÅÆÓȱƾĪ�ɍɶʟêŽr{mbbpwZ��È·É£Éɭ92hɈbʹ̰e˯ɀ�ÅÆÓ�Æ
�Æöex]`öƙ˷110bÄ�¼ɭg��È·É£É42fy̿ɭɍɶʟeƙȹr{Z 

 

Shcme 4-1. 

 
 

� qspalmitoyl core B 127gƙȹ�ƒ]wZɈoc̲bwÄ�¼ɭg��È·É£É63�ƾȸțŤõY
��´È±Å¤ÉĪ�ȉľpY��È·É£É130�ʼw (Scheme 4-2)Zöƙ˷113bÄ�¼ɭg��È
·É£É130�Īǣbp`Y˯ɀ˓Óǅe(S,S)g̿ɭg˯ɀ˓ÓǅL2�̲b`˯ɀ�ÅÆÓ�Æ�Æö
�ƒbYöƙ˷131�ʼwZugźYöƙ˷131g�ÅÆÓȱƾĪ�MOMClYDIPEA�̲b`ɍɶʟê
Žr{mba132�ʼw (Scheme 4-3)Z˳ ȼȹ˷bp`132g2'''ÓgMOMöo”wuggʼy”wwtY
1,2-��@Ægɍɶʟ̂Že̲by”{nBu2SnOv��ÅÆ¹ÈÉƾ73)Yqw̱˕gŧʶ�ƒ]wgYɍ
ɶȸgƄȘhŪy”df]wZɧb`Yöƙ˷132g�Ä�ÆN-3ÓgBocĪgȉľYNsĪgȉľbȼT
w�¼«Ī�BocĪâŽpY133�ʼwZugźeY133eɮp`��¼�½ƾöex{��@Æö�
ƒ]wZ�Ä�Æg�Ç²�Égƾö�ŦˋpYʤúƱe�©�Å�ÉahdiDABCO�̲bwgYɈ
bØdz��´È±Å¤ÉĪex{̿ɭȗčgdid]wwtYìėe˝òhȫƒpwZugźYāÃ
�ɔƾ§¥Å�½ex{��Æ¤¯¦öYɂȡȱɔġŮex{CbzĪgȉľbえɧġŮʟ�¼«ö�ƒ
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]wZえɧġŮʟ�¼«öeeb`̱˕eMeOH�̲bwưehYŐt`ʚǱ̾a̠ʟ˷134gʼy”w
gY1,2-DCE�̲b{mba̖xʚǱ̾aha{gǱ̾gƄȘgŪy”wZ 

 

Scheme 4-2. 

 

 

Scheme 4-3. 
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� Ğöɭ134g±·Å�ÉĞeek{̿ɭh1H NMRexkROEɛģfyšʜpw (Figure 4-9)ZROEɛ
ģfy±·Å�ÉĞh×ǅŗ˓Ʃ�b]`b{gg~fzY5'''Óg´È¥Éh6'''Óg����ÆÓ´
È¥ÉbJʄg10.4 Hza�¡´ÅÉ�p`b{mbfy����ÆÓeÓʆp`b{ZqwY3'''Óh2'''

Ób�¡´ÅÉ�p`bdbmbfy��¥Å�ÆÓeÓʆp`b{b˜ʂpYえɧġŮʟ�¼«ö
ex]`Y�Æ¤¯¦gËÓgØȸöp`bdbmb�ĒˈpwZ 

 

 
Figure 4-9. öƙ˷134gROEɛģexk1H NMRg�¡´ÅÉ�ʜȵ 

�  

Scheme 4-4. 

 

� Ğöɭ134eɮp`Ph3SiSH�̲bwɹ¾ ÆöźYɧb`®Æ¼¥�Æö�ƒ]wgY�Æ¹Éƾ
g̱˕bp`ǀ̲pw1,2-DCEeĹĐƊşpwbƑdy”{136gʼy”wgrx]w (Scheme 4-4)Z
qwYɹ¾ ÆɭgŐȸgƖiźȅ̺gˠƹx]wwtYɹ¾ Æöɏe®Æ¼¥�Æö�ƒcmb
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bpwZpfpYĞöɭ134eɮpY®Æ¼¥�Æ�ÈÅ¦�ƴ̲ot{b�Ä�ÆN-3Óg®Æ¼¥
�Æöo”w137gʼy”wZumaYöƙ˷137eɮp`MeOH̱˕ʌYDMAP�ƴ̲otwbm}Y
®Æ¼¥�ÆĪgȉľo”{mbg~f]wZ 

� m”yfyY1,2-DCEʌYEDCIYDMAPgțŤa˝ò�ƒ]wbm}YĞöɭ134gȱƾĪɍɶʟe
®Æ¼¥�ÆögȫƒpYöƙ˷138�ʼw (Scheme 4-5)Zɧb`138g¾ Æ��£Ægȉľ�
Ph3SiSH�̲b`ƒ]wbm}Y̍rg�Æ¹Éƾɭ139gʼy”wZƫźe80% TFAȱ̱êex]`
ɑ`ĝŽĪ�ȉľpYpalmitoyl core B 127�ʼwZ 

Scheme 4-5. 

 
 Ǚepalmitoyl core Agƙȹ�ƒ]wZĹĐƱe134�Y˯ɀ˓ÓǅeL1�̲b`YÄ�¼ɭ130bg˯
ɀ�ÅÆÓ�Æ�Æö�ƒ]wbm}Y140b131g���£Ç�Ƣƙ˷bd]w (Scheme 4-6, entry 

1)Z˯ɀ˓ÓǅL1hɴ3ȕ (Shceme 3-14) eeb`uYĹĐƱ113bg̿ɭöĔg¼�»¡ ex{Ǳ
̾gʚõgŪy”wmbfyYƞĄg˝òau̿ɭöĔg¼�»¡ gwtY���£Ç�Ƣƙ˷e
d]wbƑdy”{Zuma˝òțŤgŧʶ�ƒcmbbpYqs0 ºCa˝ò�ƒ]wbm}Yȼȹ˷
gǱ̾exk���£Ç�ˤhǡôxzuʚbŢýbd]w (entry 2)Zqw̱˕�DMFèƋr{
bYȼȹ˷g���£Ç�ˤhʚõp (entry 3)Y˓Óǅ�xzȴƖbnaphtylĪ�̩r{L3m̀Ƌp`
˝ò�ƒcbY˝òhopȫƒpdf]w (entry 4)Zuma˝òôʬ�Șl{mbaYĹĐƱ113g˓
Ʃ�̀öotY˯ɀÎ-�ÅÆƷɭmg113gĹĐƊş�ȫƒpvrir{mb�ƑdY˝òôʬ�50 

ºCqaȘl{bȼȹ˷g���£Ç�ˤhƄȘpw (entry 5)ZoyeYúˉġ́țŤõa˝ò�ƒc
bƫu͈b���£Ç�ˤbdzYǱ̾61%a140b131g���£Ç�ˤg6:1g���£Ç�Ƣƙ˷
bd]w (entry 6)Zdemg���£Ç�Ƣƙ˷h�Å��Æ�Ä½�È»¥�Ä²�@ex]`
>11:1qa˸̼ûˍx]wZ 

� öƙ˷140eɮp`Y�ÅÆÓȱƾĪgɍɶʟMOMö�ƒbYʼy”w141g�Ä�ÆN-3ÓgBocĪ
gȉľYNsĪgȉľbȼTw�¼«Ī�BocĪâŽpY142�ʼw (Scheme 4-7)Zugźe142g��
¼�½ƾöex{��@ÆöYāÃ�ɔƾ§¥Å�½ex{��@ÆgƾöĊ͒YɂȡȱɔġŮex
{CbzĪgȉľbえɧġŮʟ�¼«ö�ƒcmbaĞöɭ143�4ƆʞǱ̾34%aʼwZ 
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Scheme 4-6. 

 
Scheme 4-7. 
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� Ğöɭ143gȱƾĪeɮp`Y®Æ¼ ÉƾYEDCIYDMAP�̲b`®Æ¼¥�Æö�ƒbY144�
ʼw (Scheme 4-8)Zƫźe145eɮp`YPh3SiSHex{ɹ¾ Æöb80% TFAȱ̱êex{ɑ`ĝŽ
Īgȉľ�ƒbYpalmitoyl core A 126�ʼwZ 

 

Scheme 4-8. 

 

 

Scheme 4-9. 
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bǉ~”{1'''Óg̿ɭexysY˝ògȫƒr{mb�ŪǿpwZmgmbfyYɴ3ȕ (scheme 3-19) 

a˯ɀ�ÅÆÓ�Æ�Æöex]`ƙȹpwöƙ˷121exk120fyYʹ̰eMOMö�ƒcmbaö
ƙ˷146Y147�ƙȹah{bƑdy”{ (Scheme 4-9)ZoyeYm”y141Y132Y146Y147g2'''Óg
̿ɭ�˝ʥr{mba148-151�ƙȹah”iYʹ̰gえɧĞö˝òex]`�²��Å¼�É��Ɲ
ďgƑdc{ɑ8Ǯg̿ɭØȸɭ�̶̟ʟeƙȹr{mbgûˍaa{bƑd`b{Z 
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ɴ3Ʌ� ®Æ¼¥�Æö��ƝďgMraYɖčĖȸgɣʜ 

 

� ʼy”wpalmitoyl core A 126exkcore B 127gɖčĖȸgɣʜ�ƒ]wZMraYɖčĖȸgɣʜe
hYŜƀȠɔaa{DansylĪ�LysƿĪe̩r{UDP-N-�� Æ½Ä¼Æ·É�·´ ¦�̲bwŜƀ
�¡���ƒ]w74)ZMraYex]`UMP-N-�� Æ·É�·´ ¦g̑Ǐǣaa{�É¤�´Ç¨Æ
ÅÉƾmbʥÓo”{b�É�ÆĪex{535 nmagŜƀgɞɳr{Zà̊YMraYɖčƱgƔɔ˝ò
�ɖčr{bugŜƀŇʬhʚõpYɖč̾�ƽǿah{ZqsY�É¥È@Æbp`ǆ˟g¢¨�
»��Éあ�̲b{mbbpwZ¢¨�»��ÉあhStreptomyces lysosuperficusfyɻ̼o”w©�Ç
��¦Śʢɐ˷aazY�Ä½̴ȸőeɮp`ƉőĖȸ�Ǜrbbue75)YMraYɖčĖȸ�Ǜrmb
g̈ƛo”`b{ (IC50 for MraY 2 µM from E. coli.)71)ZǤưeɖčĖȸ�ɣʜpwbm}YIC50ʄh100 

nMfy6.25 µMbdz˹Ũʄb̙Ȃpdf]w (Figure 4-10)Z 

 

Figure 4-10. ¢¨�»��ÉあgMraYɖčĖȸ (�É¥È@Æ) 

 
Figure 4-11. Palmitoyl core AYpalmitoyl core BgMraYɖčĖȸ 
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� Palmitoyl core Aexkcore BgMraYɖčĖȸ�ʹțŤaɣʜpwbm}Ypalmitoyl core AhugIC50

ʄg>10 nMaa]wgeɮpYpalmitoyl core BgIC50ʄg0.1-1 nMbpMgˌʬÞaa{mbgǛo”Y
±·Å�ÉĞg̿ɭgÚbex]`ĖȸgɳhiØd{mbg~f]w (Figure 4-11)Zɻ̼が˹eeb
`̈ƛo”`b{ʢɐ˷�²��Å¼�É AgMraYɖčĖȸbˤēr{bY�²��Å¼�É Ag
MraYgɖčĖȸhIC50 13.8 nM aazYpalmitoyl core Ahʢɐ˷eŒbɖčĖȸ�Ǜp`b{Zà̊
aYpalmitoyl core Bhʢɐ˷gĖȸ�ɳhiȘĄ]`bwZ 

 

 
Figure 4-12. ½Ä�»��É D2bMraYgńŢȐƌɟ (PDB: 5CKR) 70) 

 

 �²��Å¼�É Ab®Æ¼¥�Æö��Ɲďgƌɟ�ˤēr{bYɳhiØd{ghug3'Óȱƾ
Ī�ǳȞp`b{̓ƾĪaa{ZpfpYLeeyex]`̈ƛo”`b{½Ä�»��ÉD2bMraYg
ńŢȐƌɟahY�Å�Ég3'ÓȱƾĪẖ˕ɂȡ̜eÓʆpYMraYbgŢƙeģ̮p`bdb 

(Figure 4-12)70)ZmgmbfyY�²��Å¼�ÉAbpalmitoyl core AYpalmitoyl core BgMraYɖčĖȸ
�ーɂˤēr{bYcore Ag̩r{±·Å�ÉĞg̿ɭöĔg�²��Å¼�É AbŒbbȰɣo”
{Z 

� qwYNMR�·�¥Æeek{�²��Å¼�ÉAbgˤē�ƒcwtYpalmitoyl core AYpalmitoyl 

core Bg1H-NMR�Yɣʜ̱˕eDMSO-d6�̲b`ɣʜpwZPalmitoyl core AYpalmitoyl core Bh
DMSO-d6�̲bwșƙY±@�g³È@¦exkĄʥØȸɭgɨƲex]`YăɁƟ˂aa]wZm
gmbfyYŲʃċah�²��Å¼�É Ag̿ɭöĔe^b`YoyeȖpiƑƸr{mbhah
dbZƞźYɫg̿ɭgØd{®Æ¼¥�Æö��Ɲď�ƙȹpYugMraYɖčĖȸ�ˤēp`bi
mbaY�²��Å¼�É Ag̿ɭöĔe^b`YƑƸp`bi̭ʜaa{Z 

� qwYƙȹpwpalmitoyl core Abpalmitoyl core BgɖčĖȸg̨うhGlide�̲bwMraYbg¦¡�
É����g̨う (core B –8.722 > core A –7.711, Figure 4-6) bɛģp`bwZumaYɫg̿ɭØȸɭ
e^b`uYʹ̰eGlideex{¦¡�É��ƒ]w (Figure 4-13)ZugŢýYöƙ˷152gƫu͈b¦
¡�É����–9.281�ǛpwZmgmbfyYöƙ˷152hƞĄƙȹpwpalmitoyl core Bxzu͈b
MraYɖčĖȸ�ǛrbƑdy”YȦĲƉő̧Å@¦bp`g�²��Å¼�É��Ɲďgoyd{̩
̲ȸgįɰah{Z 
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Figure 4-13. �²��Å¼�É��Ɲďeek{̿ɭØȸɭgMraYeɮr{¦¡�É���� 
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1.� ˯ɀ�ÅÆÓ�Æ�Æö˝ò�̲b`Y�²��Å¼�É��Ɲďeeb`Ƒdc{ 8 ^g̿ɭØȸ
ɭgcyY4 ǮgʌĢɭgƙȹ�ƒcbbueYえɧġŮʟ�¼«ö˝òex]` 11 âĞY6 âĞgえ
ɧĞö�ƒcmba�²��Å¼�É��Ɲďg 1 Ǯg̿ɭØȸɭgƙȹ�ƒ]wZ�
 

 

 
 

2. �²��Å¼�É��Ɲď�̲bwpalmitoyl core Aexkpalmitoyl core B�ƙȹpYugMraYɖč
Ėȸ�ɣʜr{mbaYMraYɖčƴ̲�̩r{ȦĲƉő̧Å@¦bp`Y�²��Å¼�É��Ɲď
g̩̲aa{mb�ǛpwZ 
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� NMR �·�¥ÆhYJEOL JNM-ECA-500YJEOL JNM-ECS-400YJEOL JNM-ECX-400P �·�¥È¾@
�@�̲b`ɣʜpwZ1H NMR exk 13C NMR göĔ�²¥hY£¥Ä¾ Æ�ÄÉ�ˀ˲˩ȁbp
wbhg δʄ� ppm aY�±ÉŢƙʜȵ J ʄ� Hz a˪ǛpwZ 

��§ÆgɬǻʬhYs: singletYd: doubletYt: tripletYq: quartetYquint: quintetYm: multipletYbr: broad, o: 

overlapping signals g̀Ƙ�̲b`ǛpwZqwY��§Æʧɸh 1H-1H COSY �·�¥ÆeĪ_b`ƒ
]wZ 

�  

� ǣ͉˸ɁhYThermo Scientific ExactiveYWaters MICRO MASS LCT-premier �̲b`ɣʜpwZ 

 

� HPLC hÑõg��£½�̲bwZJASCO PU-2089 Plus (pump), UV-2075 Plus (detector), ChromNAV 

Control Center (system controller)Y�Ä½bp` J’sphere ODS-M80YʣĊ̱˕bp`ǆ˟gƖɥêɭ�È
»¥�Ä²�@̲ MeOH �̲bwZ 

 

� ˝ò̱˕bp`̲bw��ÈÈ¾�ÉY1,2-��ÈÈ��ÉY��¥¨¥ÅÆhŸƾö˃ÅÉxzȝ
͂pwug�̲bwZȱhɹ��Éȱ� Millipore Milla-Q Advantage A10� 々ȃȲȾɟɝʆaȽȾpwu
g�̲bwZugɫgǑ̧exḵ˕e^b`hʽeĳƯgdbŴzǆ˟gug�̲bwZ 

 

� TLC h Merck silica gel 60 F254 �̲bwZȄɛ�Å��Æ�Ä½�È»¥�Ä²�@hYǷʡƱbp`
Merck silica gel 60 (0.063-0.200)YKanto Chemical Silica Gel 60N (spherical, neutral, 63-210 µm) �̲bwZ²
Ä¡�Á�Å��Æ�Ä½�È»¥�Ä²�@ehǷʡƱbp` Kanto Chemical Silica Gel 60N (spherical, 

neutral, 40-50 µm) �̲bwZZ¬�²Ä¡�Á�Å��Æ�Ä½�È»¥�Ä²�@ehǷʡƱbp`
Fuji Silysia silica gel PSQ 60B (spherical, neutral, 60 µm) �̲bwZ 

 

�Ä�¥こāeh nacalai tesque Celite 545 �̲bwZ 
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NKY12-41 

5-O-Benzoyl-2,3-O-(3-pentylidene)-D-ribo-pentofuranose (53) 

 A solution of 52 (500 mg, 2.29 mmol) and pyridine (1.8 mL) in CH2Cl2 (20 mL) was treated 

with BzCl (293 µL, 2.52 mmol) at 0 °C, and the mixture was allowed to room temperature and 

stirred for 24 hours. An additional portion of BzCl (79.8 µL, 687 µmol) was added to the 

reaction mixture, and stirred for 20 minutes. The reaction mixture was quenched by addition 

of H2O, and extracted with AcOEt. The organic phase was washed with 1M aq. HCl, H2O, brine and dried (Na2SO4), 

filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (5-

20% AcOEt/hexane) to afford 53 (463 mg, 1.44 mmol, 63%) as a colorless oil. 
1H NMR (CDCl3, 400 MHz, a 2:1 mixture of the anomers) δ 8.07 (d, 1.4H, Ph, J = 8.7 Hz), 7.99 (d, 0.6 Hz, Ph, J = 

7.3 Hz), 7.62-7.56 (m, 1H, Ph), 7.48-7.44 (m, 2H, Ph), 5.52 (d, 0.8H, H-1, J1,2 = 1.8 Hz), 5.49 (d, 0.2H, H-1, J1,2 = 

3.6 Hz), 4.81 (d, 0.6H, H-3, J3,4 = 6.0 Hz), 4.77 (d, 0.4H, H-3, J3,4 = 5.9 Hz), 4.72-4.54 (m, 2.3H, H-2, H-4, H-4, H-

5, H-5), 4.45 (br s, 0.6H, H-2), 4.41-4.32 (m, 1H, H-5, H-5), 4.08-4.05 (m, 0.4H, OH-1), 3.21-3.06 (m, 0.6H, OH-

1), 1.86-1.57 (m, 4H, CH2CH3×2), 1.02-0.87 (m, 6H, CH2CH3×2);  
13C NMR (CDCl3, 100 MHz, a mixture of the anomers) δ 166.7, 166.2, 133.6, 133.4, 129.9, 129.8, 129.7, 128.7, 

128.6, 118.4, 117.1, 103.5, 98.1, 86.4, 85.3, 82.3, 81.8, 79.5, 78.9, 66.1, 65.9, 29.6, 29.0, 29.0, 28.8, 8.61, 8.55, 8.00, 

7.52;  

ESIMS-LR m/z 345 [(M + Na)+]; ESIMS-HR calcd for C17H22O6Na 345.1309, found 345.1310. 

 

NKY12-72, NKY12-73 

Methyl 5-O-[5-O-benzoyl-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl]-6-benzyloxycarbonylamino-6-

deoxy-2,3-O-isopropylidene-1-(uracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (57) 

 A solution of 53 (47.1 mg, 146 µmol) in CH2Cl2 (1.5 mL) was treated with 

diethylaminotrifluoride (38.6 µL, 292 µmol) at 0 °C for 10 min. The reaction was 

quenched by addition of sat. aq. NaHCO3, and extracted with AcOEt. The organic phase 

was washed with brine, dried (Na2SO4), filtered, and concentrated in vacuo to afford the 

crude fluoride 54. A solution of the crude fluoride 54 and 47 (49.2 mg, 97.3 µmol), 

MS4A (100 mg) in CH2Cl2 (1 mL) was treated with BF3;Et2O (9.2 µL, 73 µmol) at 0 °C 

for 1 hour. The additional portion of BF3;Et2O (9.2 µL, 73 µmol) was added to the 

reaction mixture at 0 °C, and stirred for 12 hours. Et3N (68 µL, 0.49 mmol) was added to the reaction mixture and 

filtered through a Celite pad. The solution was partitioned between AcOEt and saturated aqueous NaHCO3, and the 

organic phase was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was 

purified by high-flash silica gel column chromatography (30-100% AcOEt/hexane) to afford 57 (44.4 mg, 54.8 

µmol, 56%) as a white foam, and 47 (4.1 mg, 8.1 µmol, 8%) as a white foam. 
1H NMR (CDCl3, 500 MHz) δ 8.63 (br s, 1H, NH-3), 8.07 (d, 2H, Ph, J = 7.5 Hz), 7.54 (m, 9H, Ph, H-6), 5.72 (d, 

1H, H-5, J5,6 = 8.1 Hz), 5.66 (d, 1H, H-1', J1',2' = 2.3 Hz), 5.59 (d, 1H, NH-6', JNH-6',6' = 9.8 Hz), 5.21 (s, 1H, H-1''), 

5.12 (d, 1H, benzyl, J = 12.6 Hz), 4.96 (d, 1H, benzyl, J = 12.6 Hz), 4.82 (dd, 1H, J2',3' = 6.9, J2',1' =2.3 Hz), 4.71-

4.65 (m, 3H, H-6', H-2'', H-3''), 4.52 (t, 1H, H-4'', J4'',5'' = J4'',5'' = 5.8 Hz), 4.48 (d, 1H, H-5', J5',4' = 7.5 Hz), 4.37 (dd, 

1H, H-5'', J5'',5'' = 11.8, J5'',4'' = 5.5 Hz), 4.27 (dd, 1H, H-5'', J5'',5'' = 11.8, J5'',4'' = 6.1 Hz), 4.19 (dd, 1H, H-4', J4',5' =7.5, 

J4',3' = 4.0 Hz), 3.70 (s, 3H, OMe), 1.64 (q, 2H, CH2CH3, J = 7.7 Hz), 1.52 (q, 2H, CH2CH3, J = 7.5 Hz), 1.48 (s, 3H, 
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acetonide), 1.30 (s, 3H, acetonide), 0.87-0.81 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 170.4, 166.1, 163.3, 156.3, 150.1, 142.3, 136.4, 133.4, 129.9, 129.7, 128.6, 128.2, 

117.2, 115.1, 112.2, 102.9, 93.6, 86.3, 85.8, 85.0, 83.8, 82.0, 80.7, 79.2, 67.1, 65.0, 54.5, 53.0, 29.5, 29.0, 27.2, 25.5, 

8.51, 7.48; 

ESIMS-LR m/z 811 [(M + H)+]; ESIMS-HR calcd for C40H48N3O15 810.3080, found 810.3084; 

[α]D
17 –5.78 (c 0.92, CHCl3). 

 

NKY12-76 

5-O-Acetyl-2,3-O-(3-pentylidene)-D-ribo-pentofuranose (55) 

 A solution of 52 (500 mg, 2.29 mmol) and pyridine (1.8 mL) in CH2Cl2 (20 mL) was treated 

with AcCl (179 µL, 2.52 mmol) at 0 °C, and the mixture was allowed to warm to room 

temperature and stirred for 30 min. Additional portion of AcCl (37 µL, 0.52 mmol) was added 

to the reaction mixture, and stirred for 5 min. The reaction mixture was quenched by addition 

of H2O, and extracted with AcOEt. The organic phase was washed with 1M aq. HCl, H2O, brine and dried (Na2SO4), 

filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (10-

30% AcOEt/hexane) to afford 55 (302 mg, 1.16 mmol, 51%) as a colorless oil. 
1H NMR (CDCl3, 400 MHz) δ 5.48 (d, 1H, H-1, J = 2.7 Hz), 4.71 (d, 1H, H-2, J2,3 = 6.3 Hz), 4.65 (d, 1H, H-3, J3,2 

= 6.3 Hz), 4.25-4.32 (m, 2H, H-4, H-5), 4.11 (dd, 1H, H-5, J = 11.1, J = 5.7 Hz), 3.04 (br s, 1H, OH-1), 2.11 (s, 3H, 

OAc), 1.71 (q, 2H, CH2CH3, J = 7.4 Hz), 1.59 (q, 2H, CH2CH3, J = 7.4 Hz), 0.92 (t, 3H, CH2CH3, J = 7.5 Hz), 0.89 

(t, 3H, CH2CH3, J = 7.5 Hz). This is a known compound. 

 

NKY12-81, NKY12-82 

Methyl 5-O-[5-O-acetyl-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl]-6-benzyloxycarbonylamino-6-

deoxy-2,3-O-isopropylidene-1-(uracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (58) 

 A solution of 55 (65.0 mg, 250 µmol) in CH2Cl2 (3 mL) was treated with 

diethylaminotrifluoride (66.1 µL, 500 µmol) at 0 °C for 10 min. The reaction was 

quenched by addition of sat. aq. NaHCO3, and extracted with AcOEt. The organic phase 

was washed with brine, dried (Na2SO4), filtered, and concentrated in vacuo to afford a 

crude fluoride 56. A solution of the crude fluoride 56 and 47 (84.4 mg, 167 µmol), MS4A 

(200 mg) in CH2Cl2 (2 mL) was treated with BF3;Et2O (9.2 µL, 73 µmol) three times at 

each hour at 0 °C. The reaction mixture was stirred for totally 8 hours. Et3N (116 µL, 

835 µmol) was added to the reaction mixture and filtered through Celite pad. The solution was partitioned between 

AcOEt and saturated aqueous NaHCO3, and the organic phase was washed with brine and dried (Na2SO4), filtered, 

and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (30-100% 

AcOEt/hexane) to afford 58 (101 mg, 135 µmol, 81%) as a white foam. 
1H NMR (CDCl3, 500 MHz) δ 8.41 (br s, 1H, NH-3), 7.37-7.30 (m, 6H, Ph, H-6), 5.73-5.66 (m, 3H, NH-6', H-5, 

H-1'), 5.21 (d, 1H, benzyl, J = 12.1 Hz), 5.16 (s, H-1, H-1''), 5.07 (d, 1H, benzyl, J = 12.0 Hz), 4.83-4.79 (m, 2H, 

H-2', H-3'), 4.67 (d, 1H, H-6', J6',NH-6' = 9.7 Hz), 4.60 (d, 1H, H-2'', J2'',3'' = 5.8 Hz), 4.56 (d, 1H, H-3'', J3'',2'' = 5.7 Hz), 

4.47 (d, 1H, H-5', J5',4' = 7.4 Hz), 4.36 (t, 1H, H-4'', J4'',5'' = J4'',5'' = 5.8 Hz), 4.22 (dd, 1H, H-4', J4',5' = 7.5, J4',3' = 4 Hz), 

4.12 (dd, 1H, H-5'', J5'',5'' = 12.0, J5'',4'' = 6.1 Hz), 3.99 (dd, 1H, H-5'', J5'',5'' = 11.5, J5'',4'' = 6.3 Hz), 3.77 (s, 3H, OMe), 
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2.06 (s, 3H, OAc), 1.65-1.60 (m, 2H, CH2CH3), 1.54-1.50 (m, 5H, acetonide, CH2CH3), 1.30 (s, 3H, acetonide), 

0.86-0.81 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 170.7, 170.4, 163.4, 156.4, 150.1, 142.3, 136.3, 128.6, 128.3, 128.3, 117.1, 115.1, 

102.8, 93.4, 86.2, 85.8, 84.8, 83.6, 81.8, 80.6, 78.9, 67.3, 64.4, 54.5, 53.0, 29.5, 28.9, 27.2, 25.4, 20.9, 8.45, 7.41; 

ESIMS-LR m/z 748 [(M + Na)+]; ESIMS-HR calcd for C35H46N3O15 748.2923, found 748.2930; 

[α]D
18 –7.34 (c 1.03, CHCl3). 

 

NKY 16- 

rac-(1S,2S,3R)-2,3-O-Isopropylidene-4-cyclopenten-1-ol (61) 

 A solution of 60 (193 mg, 1.66 mmol) and 2,2-dimethoxypropane (1.02 mL, 8.30 mmol) in acetone 

(16 mL) was treated with pyridinium p-toluenesulfonate (20.9 mg, 83.0 µmol) at room temperature 

for 16 hours. The reaction was quenched by addition of Et3N (46 µL, 0.33 mmol), and concentrated 

in vacuo. The residue was purified by silica gel column chromatography (20% AcOEt/hexane) to 

afford rac-61 (216 mg, 1.38 mmol, 83%) as a colorless oil. 
1H NMR (CDCl3, 400 MHz) δ 5.89 (s, 2H, H-4, H-5), 5.02 (d, H-3, J3,2 = 5.0 Hz), 4.75 (t, 1H, H-2, J2,1 = J2,3 = 5.7 

Hz), 4.56 (dd, 1H, H-1, J1,OH-1 = 10.0, J1,2 = 5.4 Hz), 2.71 (d, 1H, OH-1, JOH-1, 1 = 10.0 Hz), 1.44 (s, 3H, CCH3), 1.40 

(s, 3H, CCH3). This is a known compound. 
 

NKY10-77 

rac-(1R,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl p-nitrobenzoate (62) 

 A solution of rac-61 (891 mg, 5.70 mmol), p-nitrobenzoic acid (1.91 g, 11.4 mmol) and 

PPh3 (2.24 g, 8.55 mmol) in THF (50 mL) was treated with DMEAD (2.0 g, 8.55 mmol) 

at room temperature for 12 hours. The reaction mixture was concentrated in vacuo. The 

residue was purified by silica gel column chromatography (10% AcOEt/hexane) to afford 

rac-62 (1.60 g, 5.24 mmol, 92%) as a white solid. 
1H NMR (CDCl3, 400 MHz) δ 8.31-8.28 (m, 2H, aromatic), 8.22-8.18 (m, 2H, aromatic), 

6.23 (d, 1H, H-4, J4,5 = 5.9 Hz), 6.03 (dd, 1H, H-5, J5,4 = 5.5, J = 2.3 Hz), 5.87 (s, 1H, H-1), 5.35 (d, 1H, H-3, J3,2 = 

5.5 Hz), 4.76 (d, 1H, H-2, J2,3 = 5.9 Hz), 1.47 (s, 3H, CCH3), 1.39 (s, 3H, CCH3). This is a known compound. 

 

NKY10-79, 10-80 

rac-(1R,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl methyl carbonate (63) 

 A solution of rac-62 (1.60 g, 5.24 mmol) in MeOH (50 mL) and H2O (10 mL) was treated with 

NaOH (1.30 g, 31.4 mmol) at room temperature for 20 min. The reaction mixture was 

concentrated in vacuo. The residue was diluted with brine and extracted with Ether, and the 

organic phase was dried (Na2SO4), filtered, and concentrated in vacuo to afford a crude alcohol. 

A solution of the crude alcohol in CH2Cl2 (50 mL) and pyridine (5 mL) was treated with 

ClCO2Me (1.6 mL, 21 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 18 hours. Additional 

portion of ClCO2Me (2.4 mL, 31 mmol) and pyridine (5 mL) was added to the reaction mixture, and stirred for 10 

min. The reaction was quenched by addition of H2O, and extracted with AcOEt. The organic phase was washed 

with 1M aq. HCl, H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by 
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silica gel column chromatography (10% AcOEt/hexane) to afford rac-63 (1.09 g, 5.09 mmol, 97% over 2 steps) as 

a colorless oil. 
1H NMR (CDCl3, 500 MHz) δ 6.16 (d, 1H, H-4, J4,5 = 5.7 Hz), 5.93 (dt, 1H, H-5, J5,4 = 5.8, J = 1.2 Hz), 5.52 (s, 1H, 

H-1), 5.27 (d, 1H, H-3, J3,2 = 5.7 Hz), 4.65 (d, 1H, H-2, J2,3 = 5.8 Hz), 3.81 (s, 3H, Me), 1.42 (s, 3H, CCH3), 1.35 

(s, 3H, CCH3). This is a known compound.  

 

NKY13-65 

N-Benzyloxycarbonyl-N-[(1R,2R,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-2-nitrobenzenesulfonamide 

(64) 

 Compound rac-63 (50.0 mg, 233 µmol), NsNHCbz (86.1 mg, 256 µmol) and Et3N (97.4 µL, 

699 µmol) were dissolved in THF (2 mL). Ligand L1 (25.8 mg, 37.3 µmol) and 

[Pd2(dba)3]·CHCl3 (9.6 mg, 9.3 µmol) were dissolved in THF (2 mL) and stirred for 15 minutes, 

then this solution was slowly added to the mixture at 0 °C. The mixture was stirred for 17 hours 

at room temperature. The reaction mixuture was partitioned between AcOEt and 1M aq. HCl. The organic phase 

was washed with H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by 

flash silica gel column chromatography (20-30% AcOEt/hexane) to afford 64 (42.6 mg, 89.8 µmol, 39%) as a white 

solid. 
1H NMR (CDCl3, 400 MHz) δ 8.03 (dd, 1H, Ns, J = 8.2, J = 1.4 Hz), 7.77 (dd, 1H, Ns, J = 8.2, J = 1.2 Hz), 7.67 (td, 

1H, Ns, J = 7.8, J = 1.4 Hz), 7.41-7.34 (m, 4H, Ns, Ph), 7.24-7.22 (m, 2H, Ph), 5.99 (dt, 1H, H-4, J4,5 = 5.5, J4,1 = 

J4,3 =1.8 Hz), 5.87 (dd, 1H, H-5, J5,4 = 6.0, J5,1 = 2.7 Hz), 5.45 (s, 1H, H-1), 5.12 (d, H-3, J3,2 = 6.0 Hz), 5.07 (d, 1H, 

benzyl, J = 11.4 Hz), 5.03 (d, 1H, benzyl, J = 11.5 Hz), 4.83 (d, 1H, H-2, J3,2 = 6.0 Hz), 1.44 (s, 3H, CCH3), 1.34 (s, 

3H, CCH3); 
13C NMR (CDCl3, 100 MHz) δ 151.3, 147.9, 136.5, 134.5, 134.4, 133.5, 133.1, 131.9, 130.1, 129.4, 129.4, 128.9, 

124.7, 111.7, 85.5, 83.7, 70.0, 69.9, 27.5, 25.8; 

ESIMS-LR m/z 497 [(M + Na)+]; ESIMS-HR calcd for C22H22N2O8NaS 497.0989, found 497.1011; 

[α]D
21 –84.7 (c 1.02, CHCl3). 

 

NKY12-56 

N-[(1R,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl]-benzyloxycarbamate (65) 

 A mixture of 64 (85.1 mg, 179 µmol) and K2CO3 (49.5 mg, 358 µmol) in MeCN-DMF (1:1, 4 

mL) was treated with 4-tBu-benzenethiol (92.6 µL, 537 µmol) at room temperature and stirred for 

16 hours. The reaction mixture was partitioned between AcOEt and sat. aq. NH4Cl, and the organic 

phase was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue 

was purified by high-flash silica gel column chromatography (10-30% AcOEt/hexane) to afford 65 (43.8 mg, 151 

µmol, 84%) as a white solid. 
1H NMR (CDCl3, 400 MHz) δ 7.35-7.29 (m, 5H, Ph), 6.00 (d, 1H, H-4, J4,5 = 5.5 Hz), 5.76 (d, 1H, H-5, J5,4 = 4.1 

Hz), 5.23 (br s, 1H, H-3), 5.11 (br s, 2H, benzyl), 4.77 (br s, 1H, NH-1), 4.67 (d, 1H, H-1, J = 7.3 Hz), 4.52 (d, 1H, 

H-2, J2,3 = 5.0 Hz), 1.41 (s, 3H, acetonide), 1.34 (s, 3H, acetonide); 
13C NMR (CDCl3, 100 MHz) δ 155.7, 136.4, 135.7, 132.2, 128.7, 128.4, 111.7, 84.8, 84.4, 67.1, 62.8, 27.5, 25.8; 

ESIMS-LR m/z 312 [(M + Na)+]; ESIMS-HR calcd for C16H20NO4 290.1387, found 290.1391; 
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[α]D
22 –114.4 (c 0.81, CH3Cl). (ca. 80% ee) 

 

NKY12-65, 12-68 

N-[(1R,2R,3R)-2,3-Di-O-(tert-Butyldimethylsilyl)-4-cyclopentenyl]-benzyloxycarbamate (69) 

 A solution of 65 (30.0 mg, 104 µmol) in AcOH (1.6 mL) and H2O (0.4 mL) was heated at 

60 °C for 4 hours. The reaction mixture was concentrated in vacuo to afford a crude diol. A 

solution of crude diol and imidazole (28.3 mg, 416 µmol) in DMF (1 mL) was treated with 

TBSCl (34.5 mg, 229 µmol) at room temperature for 2 hours. MeOH was added to the reaction mixture, and 

partitioned between AcOEt and 1M aq. HCl. The organic phase was washed with H2O, brine and dried (Na2SO4), 

filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (3-

10% AcOEt/hexane) to afford 69 (41.1 mg, 86.0 µmol, 83% over 2 steps) as a white solid. 
1H NMR (CDCl3, 400 MHz) δ 7.36-7.31 (m, 5H Ph), 5.90 (d, 1H, H-4, J4,5 = 6.0 Hz), 5.84 (d, 1H, H-5, J5,4 = 6.0 

Hz), 5.10 (br s, 1H, benzyl), 4.67 (m, 2H, NH-1, H-1), 4.46 (dd, 1H, H-3, J3,2 = 5.0, J3,4 = 2.3 Hz), 3.86 (t, 1H, H-2, 

J2,1 = J2,1 = 5.1 Hz), 0.89 (s, 9H, tBu), 0.88 (s, 9H, tBu), 0.06-0.05 (m, 12H, Me×4); 
13C NMR (CDCl3, 100 MHz) δ 155.9, 136.6, 135.0, 134.1, 128.6, 128.4, 128.3, 78.9, 74.5, 66.8, 61.3, 26.0, 26.0, 

18.4, 0.14, –4.05, –4.24, –4.75; 

ESIMS-LR m/z 500 [(M + Na)+]; ESIMS-HR calcd for C25H43NNaO4Si 500.2623, found 500.2624; 

[α]21
D –152.6 (c 0.98, CH3Cl). (ca. 80% ee) 

 

NKY13-8 

N-[(1R,2R,3R)-2,3-di-O-(tert-Butyldimethylsilyl)-4,5-dihydroxycyclopentenyl]-benzyloxycarbamate (70) 

 A solution of compound 69 (743 mg, 1.56 mmol), K3[Fe(CN)6] (1.54 g, 4.68 mmol), K2CO3 

(647 mg, 4.68 mmol), NaHCO3 (393 mg, 4.68 mmol), DABCO (175 mg, 1.56 mmol) and 

MeSO2NH2 (148 mg, 1.56 mmol) in tBuOH-H2O (2:1, 24 mL) was treated with K2OsO4·2H2O 

(57.5 mg, 156 µmol) at room temperature for 24 hours. After sat. aq. Na2S2O3 was added, the 

mixture was extracted with AcOEt. The organic phase was washed with brine and dried (Na2SO4), filtered, and 

concentrated in vacuo. The residue was purified by silica gel column chromatography (10-50% AcOEt/hexane) to 

afford 70 (638 mg, 1.25 mmol, 80%) as a white solid. 
1H NMR (DMSO-d6, 500 MHz) δ 7.37-7.30 (m, 5H, Ph), 6.69 (d, 1H, NH, JNH,1 = 9.8 Hz), 5.05 (d, 1H, benzyl, J = 

12.6 Hz), 4.98 (d, 1H, benzyl, J = 12.6 Hz), 4.75 (d, 1H, OH-4, JOH-4,4 = 5.2 Hz), 4.57 (d, 1H, OH-5, JOH-5,5 = 7.5 

Hz), 3.98 (q, 1H, H-5, J5,1 = J5,4 = J5,OH-5 = 6.9 Hz), 3.95 (dd, 1H, H-2, J2,1 = 6.3 Hz, J2,3 = 4.6 Hz), 3.80 (q, 1H, H-

1, J1,2 = J1,5 = J1,NH =7.9 Hz), 3.75 (t, 1H, H-3, J3,2 = J3,4 = 4.1 Hz), 3.68 (dd, 1H, H-4, J4,5 = 8.6, J4,3 = 5.2 Hz), 0.87 

(s, 9H, tBu), 0.83 (s, 9H, tBu), 0.07 (s, 3H, Me), 0.05 (s, 3H, Me), 0.01 (s, 3H, Me); 
13C NMR (CDCl3, 100 MHz) δ 156.0, 137.3, 128.3, 127.7, 127.6, 76.7, 76.1, 74.7, 67.3, 65.1, 57.3, 25.8, 17.9, 17.8, 

–4.55, –4.64, –4.78; 

ESIMS-LR m/z 512 [(M + H)+]; ESIMS-HR calcd for C25H46O6NSi2 512.2858, found 512.2882; 

[α]D
17 –17.5 (c 1.0, CHCl3). (80% ee) 
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NKY13-69,NKY13-70,NKY13-71 

Methyl 5-O-[5-O-acetyl-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-

[(3R,4S,5R)-3-benzyloxycarbonylamino-4,5-di-O-(tert-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-β-D-

glycelo-L-talo-heptofuranuronate (72) 

 A solution of the compound 70 (253 mg, 494 µmol) in THF-phosphate buffer 

(1:1, pH 7.2, 10 mL) was treated with NaIO4 (211 mg, 988 µmol) at room 

temperature for 2 hours. After sat. aq. Na2S2O3 was added, the mixture was 

extracted with AcOEt. The organic phase was washed with brine and dried 

(Na2SO4), filtered, and concentrated in vacuo to afford a crude dialdehyde 71. A 

mixture of compound 58 (123 mg, 165 µmol) and Pd black (120 mg) in MeOH 

was vigorously stirred under H2 atmosphere at room temperature for 30 min. The 

catalyst was filtered off through a Celite pad, and the filtrate was concentrated in vacuo to afford a crude amine. 

The mixture of the crude amine and the crude dialdehyde 71 in 1,2-DCE (800 µL) was treated with AcOH (28 µL) 

and pic-BH3 (35.3 mg, 330 µmol) at room temperature for 90 hours. The reaction mixture was partitioned between 

AcOEt and 1M aq. HCl. The organic phase was washed with sat. aq. NaHCO3 and brine, dried (Na2SO4), filtered, 

and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (20-70% 

AcOEt/hexane) to afford 72 (85.2 mg, 78.1 µmol, 47% over 2 steps) as a white solid. 
1H NMR (CDCl3, 500 MHz) δ 8.25 (br s, 1H, NH-3), 7.34-7.28 (m, 6H, Ph, H-6), 6.13 (d, NH-3''', JNH-3''',3''' = 8.6 

Hz), 5.70 (dd, 1H, H-5, J5,6 = 8.0, J5,NH-3 = 1.7 Hz), 5.49 (s, 1H, H-1'), 5.11 (s, 2H, benzyl), 5.04-5.03 (m, 2H, H-2', 

H-1''), 4.81 (dd, 1H, H-3', J3',2' = 6.6, J3',4' = 3.8 Hz), 4.60 (d, 1H, H-2'', J2'',3'' = 6.3 Hz), 4.50 (d, 1H, H-3'', J3'',2'' = 6.3 

Hz), 4.42 (dd, 1H, H-4', J4',5' = 6.9, J4',3' = 2.9 Hz), 4.31-4.28 (m, 2H, H-5', H-4''), 4.00 (dd, 1H, H-5'', J5'',5'' = 11.5, 

J5'',4'' = 7.5 Hz), 3.81-3.73 (m, 6H, OMe, H-3''', H-4''', H-5'''), 3.56 (d, 1H, H-6', J6',5' = 5.7 Hz), 3.27 (d, 1H, H-2''', 

J2''',2''' = 10.9 Hz), 2.97 (t, 1H, H-6''', J6''',5''' = J6''',6''' = 10.3 Hz), 2.67 (d, 1H, H-2''', J2''',2''' = 11.2 Hz), 2.35 (br s, 1H, H-

6'''), 2.06 (s, 3H, OAc), 1.61 (m, 2H, CH2CH3), 1.48 (q, 2H, CH2CH3, J = 7.5 Hz), 1.41 (s, 3H, CCH3), 1.26 (s, 3H, 

CCH3), 0.92 (s, 9H, tBu), 0.87 (s, 9H, tBu), 0.89-0.79 (m, 6H, CH2CH3×2), 0.14 (s, 3H, SiMe), 0.09 (s, 3H, SiMe), 

0.03 (s, 3H, SiMe), 0.02 (s, 3H, SiMe);  
13C NMR (CHCl3, 100 MHz) δ 170.5, 169.5, 163.2, 156.1, 150.2, 143.1, 136.8, 128.6, 128.4, 128.2, 116.9, 114.6, 

112.3, 102.8, 95.7, 89.7, 86.4, 84.3, 84.2, 82.0, 81.8, 80.7, 80.7, 70.6, 68.3, 68.1, 66.6, 64.5, 54.6, 52.4, 51.6, 45.6, 

29.8, 29.6, 28.9, 26.6, 26.2, 25.9, 24.9, 20.9, 18.4, 18.2, 8.56, 7.46, –4.44, –4.57, –4.68; 

ESIMS-LR m/z 1092 [(M + H)+]; ESIMS-HR calcd for C52H83O17N4Si2 1091.5286, found 1091.5333; 

[α]D
19 +3.66 (c 1.10, CHCl3). 
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NKY16-79, NKY16-80 

Methyl 5-O-[5-O-acetyl-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-

[(3R,4S,5R)-3-(2-nitrobenzenesulfonylamino)-4,5-di-O-(tert-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-

β-D-glycelo-L-talo-heptofuranuronate (73) 

 A mixture of compound 72 (33.3 mg, 30.5 µmol) and Pd black (30 mg) in MeOH 

(1 mL) was vigorously stirred under H2 atmosphere at room temperature for 2 

hours. The catalyst was filtered off through a Celite pad, and the filtrate was 

concentrated in vacuo to afford a crude amine. A solution of the crude amine and 

Et3N (12.8 µL, 91.5 µmol) in CH2Cl2 was treated with NsCl (10.1 mg, 45.8 µmol) 

at room temperature for 14 hours. The reaction mixture was partitioned between 

AcOEt and sat. aq. NaHCO3, and the organic phase was washed with H2O and 

brine, dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by preparative TLC (5% 

MeOH/CHCl3) to afford 73 (9.2 mg, 8.1 µmol, 27% over 2 steps) as a white solid.  
1H NMR (CDCl3, 500 MHz) δ 8.39 (s, 1H, NH-3), 8.16-8.15 (m, 1H, Ns), 7.81-7.80 (m, 1H, Ns), 7.74-7.72 (m, 2H, 

Ns), 7.39 (d, 1H, H-6, J6,5 = 8.0 Hz), 6.39 (d, 1H, NH-3''', JNH-3''', 3''' = 8.6 Hz), 5.72 (dd, 1H, H-5, J5,6 = 8.0, J5,NH-3 

=2.3 Hz), 5.61 (d, 1H, H-1', J1',2' = 2.3 Hz), 5.11 (dd, 1H, H-2', J2',3' = 6.9, J2',1' =2.3 Hz), 5.07 (s, 1H, H-1''), 4.83 

(dd, 1H, H-3', J3',2' = 6.9, J3',2' = 3.5 Hz), 4.62 (d, 1H, H-2'', J2'',3'' = 6.3 Hz), 4.55-4.52 (m, 2H, H-4', H-3''), 4.34 (t, 

1H, H-4'', J4'',5'' = J4'',5'' = 6.9 Hz), 4.29 (t, 1H, H-5', J5',4' = J5',6' = 6.3 Hz), 4.01-3.91 (m, 3H, H-5''×2, H-5'''), 3.71 (s, 

3H, OMe), 3.60 (br s, 1H, H-4'''), 3.56 (d, 1H, H-6', J6',5' = 5.7 Hz), 3.38 (d, 1H, H-3''', J = 5.7 Hz), 3.24 (d, 1H, H-

2''', J2''',2''' = 11.5 Hz), 2.96 (t, 1H, H-6''', J6''',5''' = J6''',6''' = 10.3 Hz), 2.69 (d, 1H, H-2''', J2''',2''' = 12.1 Hz), 2.35 (dd, 1H, 

H-6''', J6''',6''' = 10.3, J6''',5''' =4.6 Hz), 2.07 (s, 3H, OAc), 1.63 (s, 3H, CCH3), 1.63-1.58 (m, 2H, CH2CH3), 1.53 (q, 2H, 

CH2CH3, J = 7.5 Hz), 1.39 (s, 3H, CCH3), 0.87-0.83 (m, 24H, tBu×2, CH2CH3×2), –0.01 (s, 3H, SiMe), –0.03 (s, 

6H, SiMe), –0.06 (s, 3H, SiMe); 
13C NMR (CDCl3, 125 MHz) δ 170.6, 169.5, 162.8, 150.2, 148.1, 143.4, 134.6, 133.6, 132.7, 131.4, 125.2, 117.0, 

115.1, 112.3, 102.8, 96.0, 89.0, 86.3, 84.2, 84.0, 81.9, 81.0, 70.9, 68.0, 67.7, 64.6, 55.1, 54.7, 51.7, 46.2, 29.8, 29.7, 

29.1, 26.8, 26.0, 25.9, 25.1, 21.0, 18.2, 18.2, 8.62, 7.56, 0.15, –4.49, –4.63, –4.81; 

ESIMS-LR m/z 1143 [(M + H)+]; ESIMS-HR calcd for C50H80N5 O19SSi 1142.4701, found 1142.4690; 

[α]D
20 +25.1 (c 0.92, CHCl3). 

 

NKY13-40 

Methyl 5-O-[2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-[(3R,4S,5R)-3-

(2-nitrobenzenesulfonylamino)-4,5-di-O-(tert-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-β-D-glycelo-L-

talo-heptofuranuronate (74) 

A mixture of metallic Sm (1.5 mg, 10.1 µmol) and I2 (2.6 mg, 10.1 µmol) in 

MeOH (0.5 mL) was stirred at room temperature for 5 minutes. Compound 73 

(11.5 mg, 10.1 µmol) was added to the mixture and stirred at room temperature 

for 22 hours. The reaction mixture was partitioned between AcOEt and 1M aq. 

HCl, and the organic phase was washed with H2O and brine, dried (Na2SO4), 

filtered, and concentrated in vacuo. The residue was purified by high-flash silica 

gel column chromatography (20-70% AcOEt/hexane) to afford 74 (8.8 mg, 8.0 
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µmol, 79%) as a white solid. 
1H NMR (CDCl3, 400 MHz) δ 8.50 (s, 1H, NH-3), 8.16-8.14 (m, 1H, Ns), 7.79-7.71 (m, 3H, Ns), 7.31 (d, 1H, H-6, 

J6,5 = 7.8 Hz), 6.66 (d, 1H, NH-3''', JNH-3''', 3''' = 8.2 Hz), 5.73 (dd, 1H, H-5, J5,6 = 8.2, J5,NH-3 = 2.3 Hz), 5.59 (d, 1H, 

H-1', J1',2' = 1.8 Hz), 5.11 (br s, 2H, H-2', H-1''), 4.81 (dd, 1H, H-3', J3',2' = 6.7, J3',4' = 3.5 Hz), 4.63 (d, 1H, H-2'', 

J2'',3'' = 6.0 Hz), 4.57 (d, 1H, H-3'', J3'',2'' = 6.0 Hz), 4.49 (dd, 1H, H-4', J4',5' =7.6, J4',3' = 3.5 Hz), 4.40 (br s, 1H, H-

4''), 4.28 (t, 1H, H-5', J5',4' = J5',6' =6.9 Hz), 3.96 (ddd, 1H, H-5''', J5''',6''' = 10.4, J5''',6''' = 4.6, J5''',4''' = 2.4 Hz), 3.72 (s, 

3H, OMe), 3.70 (t, 1H, H-5'', J = 3.6 Hz), 3.66 (s, 1H, H-4'''), 3.55-3.47 (m, 2H, H-6', H-5''), 3.35 (br d, 1H, H-3''', 

J = 4.1 Hz), 3.20 (d, 1H, H-2''', J2''',2''' = 11.4 Hz), 3.03 (dd, 1H, OH-5'', J = 9.2, J = 4.6 Hz), 2.86 (t, 1H, H-6''', J6''',5''' 

= J6''',6''' = 10.5 Hz), 2.74 (d, 1H, H-2''', J2''',2''' = 12.4 Hz), 2.38 (dd, 1H, H-6''', J6''',6''' = 10.3, J6''',5''' = 4.8 Hz), 1.63-1.60 

(m, 5H, CCH3, CH2CH3), 1.52 (q, 2H, CH2CH3, J = 7.5 Hz), 1.38 (s, 3H, CCH3), 0.85-0.81 (m, 24H, tBu×2, 

CH2CH3×2), 0.02 (s, 3H, SiMe), –0.02 (s, 6H, SiMe×2), –0.03 (s, 3H, SiMe); 
13C NMR (CDCl3, 100 MHz) δ 170.3, 162.8, 150.1, 148.2, 143.4, 143.3, 133.7, 132.5, 131.5, 125.1, 116.7, 115.1, 

113.4, 102.8, 96.4, 89.1, 88.9, 87.0, 84.2, 82.0, 81.1, 70.9, 68.5, 67.6, 63.7, 54.8, 54.6, 51.9, 46.3, 29.9, 29.7, 29.1, 

26.8, 26.1, 25.9, 25.1, 18.3, 18.2, 8.58, 7.57, 0.14. –4.43, –4.65, –4.81; 

ESIMS-LR m/z 1101 [(M + H)+]; ESIMS-HR calcd for C48H78N5O18SSi2 1100.4596, found 1100.4637; 

[α]D
19 +16.6 (c 0.76, CHCl3). 

 

NKY13-9 

Methyl 5-O-[2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-[(3R,4S,5R)-3-

benzyloxycarbonylamino-4,5-di-O-(tert-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-β-D-glycelo-L-talo-

heptofuranuronate (76) 

 A mixture of metallic Sm (4.0 mg, 26.5 µmol) and I2 (3.4 mg, 26.5 µmol) in 

MeOH (1 mL) was stirred at room temperature for 5 minutes. Compound 72 (28.9 

mg, 26.5 µmol) was added to the mixture and stirred at room temperature for 24 

hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCl, and 

the organic phase was washed with H2O and brine, dried (Na2SO4), filtered, and 

concentrated in vacuo. The residue was purified by high-flash silica gel column 

chromatography (10-50% AcOEt/hexane) to afford 76 (25.7 mg, 24.5 µmol, 

92%) as a white solid. 

1H NMR (CDCl3, 500 MHz) δ 8.87 (s, 1H, NH-3), 7.33-7.25 (m, 6H, Ph, H-6), 6.40 (d, NH-3''', JNH-3''',3''' = 7.5 Hz), 

5.72 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.54 (s, 1H, H-1'), 5.15-5.02 (m, 4H, benzyl, H-2', H-1''), 4.80 (br d, 1H, H-3', J =  

3.5 Hz), 4.62 (d, 1H, H-2'', J2'',3'' = 5.8 Hz), 4.59 (d, 1H, H-3'', J2'',3'' = 5.8 Hz), 4.31-4.25 (m, 3H, H-4', H-5', H-4''), 

3.88 (s, 1H, H-4'''), 3.83 (br d, 1H, H-5''', J5''',6''' = 7.5 Hz), 3.73 (s, 4H, OMe, H-3'''), 3.66 (d, 1H, H-5'', J5'',5'' = 12.0 

Hz), 3.51 (d, 1H, H-6', J6',5' = 6.3 Hz), 3.42 (br s, 1H, H-5''), 3.28 (br s, 1H, OH-5''), 3.16 (d, 1H, H-2''', J2''', 2''' = 12.1 

Hz), 2.87 (t, 1H, H-6''', J6''',5''' = J6''',6''' = 10.1 Hz), 2.71 (d, 1H, H-2''', J2''',2''' = 12.1 Hz), 2.36 (br s, 1H, H-6'''), 1.61-

1.55 (m, 2H, CH2CH3), 1.50 (q, 2H, CH2CH3, J = 7.3 Hz), 1.44 (s, 3H, CCH3), 1.29 (s, 3H, CCH3), 0.90 (s, 9H, 
tBu), 0.87 (s, 9H, tBu), 0.90-0.79 (m, 6H, CH2CH3×2), 0.14 (s, 3H, SiMe), 0.09 (s, 3H, SiMe), 0.04-0.04 (m, 6H, 

SiMe×2); 
13C NMR (CDCl3, 100 MHz) δ 169.9, 163.0, 156.2, 150.1, 142.9, 136.8, 128.6, 128.2, 128.1, 116.6, 114.7, 113.3, 

102.8, 95.5, 89.3, 88.8, 87.0, 84.6, 82.0, 81.6, 80.5, 70.3, 68.6, 68.1, 66.5, 63.4, 54.5, 52.3, 51.8, 45.5, 29.8, 29.0, 
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26.8, 26.2, 25.9, 25.0, 18.4, 18.2, 8.57, 7.51, –4.45, –4.56, –4.70; 

ESIMS-LR m/z 1050 [(M + H)+]; ESIMS-HR calcd for C50H81O16N4Si2 1049.5181, found 1049.5179; 

[α]D
22 +0.55 (c 1.20, CHCl3). 

 

NKY7-8 

Methyl (2S,3R)-3-O-[5-deoxy-5-(2-nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pento-

furanosyl]-2-benzyloxycarbonylamino-3-hydroxybutanoate (94) 

 A solution of 93 (2.78 g, 5.64 mmol) in benzene-THF (1:1, 50 mL) was treated with PPh3 

(4.43 g, 16.9 mmol) and H2O (5 mL), and the resulting mixture was heated at 50 °C for 8 

hours. The reaction mixture was partitioned between AcOEt and brine. The organic phase 

was dried (Na2SO4), filtered, and concentrated in vacuo. The residue was roughly purified for 

excluding PPh3 by silica gel column chromatography (1-5% MeOH/CHCl3), and the fractions 

containing amine were collected and concentrated in vacuo. A solution of the amine and Et3N 

(1.57 mL, 11.3mmol) in CH2Cl2 (60 mL) was treated with NsCl (1.62 g, 7.33 mmol) at 0 °C, then warmed to room 

temperature and stirred for 7 hours. The reaction mixture was quenched with sat. aq. NaHCO3 and extracted with 

AcOEt. The organic phase was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. The 

residue was purified by high-flash silica gel column chromatography (30-50% AcOEt/hexane) to afford 94 (2.92 g, 

4.48 mmol, 79% over 2 steps) as a yellow foam. 
1H NMR (CDCl3, 400 MHz) δ 8.17-8.15 (m, 1H, Ns), 7.79-7.77 (m, 1H, Ns), 7.68-7.66 (m, 2H, Ns), 7.38-7.30 (m, 

5H, Ph), 6.13 (t, 1H, NH-5', JNH-5',5' = 6.4 Hz), 5.52 (d, 1H, NH-2, JNH-2,2 = 9.2 Hz), 5.12 (m, 3H, H-1', benzyl), 4.62 

(m, 2H, H-2', H-3'), 4.40 (dd, 1H, H-2, J2,NH-2 = 9.4, J2,3 = 2.1 Hz), 4.35-4.31 (m, 1H, H-3), 4.25 (t, 1H, H-4', J4',5' = 

6.0 Hz), 3.70 (s, 3H, OMe), 3.28-3.21 (m, 1H, H-5'), 3.15-3.08 (m, 1H, H-5'), 1.64 (q, 2H, CH2CH3, J = 7.6 Hz), 

1.57 (q, 2H, CH2CH3, J = 7.5 Hz), 1.27 (d, 3H, Me-4, JMe-4,3 = 6.4 Hz), 0.84 (t, 3H, CH2CH3, J = 7.6 Hz), 0.84 (t, 

3H, CH2CH3, J = 7.6 Hz); 
13C NMR (CDCl3, 100 MHz) δ 171.5, 156.7, 148.1, 136.3, 134.5, 133.6, 132.9, 130.9, 128.7, 128.4, 128.2, 125.4, 

117.2, 107.8, 86.3, 86.2, 82.2, 74.0, 67.4, 58.7, 52.9, 46.5, 29.4, 28.9, 16.6, 8.53, 7.50; 

ESIMS-LR m/z 674 [(M + Na)+]; ESIMS-HR calcd for C29H37O12N3NaS 674.1990, found 674.1992; 

[α]D
25 +3.85 (c 0.77, CHCl3). 

 

NKY7-34 

Methyl (2S,3R)-3-O-{5-deoxy-N-[(1R,2S,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-

nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-2-benzyloxycarbonylamino-3-

hydroxybutanoate (95) 

 A mixture of 94 (299 mg, 459 µmol), 61 (93.2 mg, 597 µmol) and PPh3 (181 mg, 689 

µmol) in THF (5 mL) was treated with DMEAD (161 mg, 689 µmol) at 50 °C for 1 

hours. The reaction mixture was cooled to room temperature, then partitioned between 

AcOEt and H2O. The organic phase was washed with brine, dried (Na2SO4), filtered, 

and concentrated in vacuo. The residue was purified by high-flash silica gel column 

chromatography (20-40% AcOEt/hexane) to afford 95 (377 mg, 477 µmol, quant.) as a 

white foam. 
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1H NMR (CDCl3, 400 MHz) δ 8.09 (d, 1H, Ns, J = 7.8 Hz), 7.63 (d, 1H, Ns, J = 8.0 Hz), 7.52 (td, 1H, Ns, J = 8.1, 

J = 1.4 Hz), 7.40 (m, 5H, Ph), 6.04 (dt, 1H, H-4'', J4'',5'' = 5.5, J4'',3'' = 1.8 Hz,), 5.75 (d, 1H, NH-2, JNH-2,2 = 9.6 Hz), 

5.72 (dd, 1H, H-5'', J5'',4'' = 6.0, J5'',1'' = 2.3Hz), 5.34 (d, 1H, H-3'', J3'',2'' = 5.5 Hz), 5.10 (d, 2H, benzyl, J = 3.2 Hz),  

5.04 (s, 1H, H-1'), 5.00 (d, 1H, H-2', J2',3' = 6.0 Hz), 4.92 (br s, 1H, H-1''), 4.61 (d, 1H, H-3', J3',2' = 6.0 Hz), 4.36-

4.30 (m, 3H, H-2, H-3, H-2''), 4.13 (dd, 1H, H-4', J4',5' = 11.0, J4',5' = 3.2 Hz), 3.71-3.58 (m, 4H, H-5'a, OMe), 2.66 

(dd, 1H, H-5'), 1.66 (q, 2H, CH2CH3, J = 7.7 Hz), 1.54 (q, 2H, CH2CH3, J = 7.5 Hz), 1.36 (s, 3H, CCH3), 1.28 (d, 

3H, Me-4, JMe-4,3 = 6.4 Hz), 1.19 (s, 3H, CCH3), 0.90-0.83 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 171.2, 156.9, 148.3, 137.2, 136.5, 133.8, 132.9, 131.8, 131.6, 131.0, 128.7, 128.3, 

128.1, 123.9, 116.7, 111.4, 108.8, 86.0, 85.5, 84.5, 82.1, 81.9, 75.0, 71.2, 67.1, 58.8, 58.8, 52.5, 49.1, 29.3, 28.9, 

27.2, 25.5, 17.5, 8.58, 7.55; 

ESIMS-LR m/z 812 [(M + Na)+]; ESIMS-HR calcd for C37H47O14N3NaS 812.2671, found 812.2679; 

[α]26
D +32.7 (c 1.02, CHCl3). 

 

NKY8-81, 8-82 

Methyl (2S,3R)-3-O-{5-tert-butoxycarbonylamino-5-deoxy-N-[(1R,2S,3R)-2,3-O-isopropylidene-4-

cyclopentenyl]-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-2-benzyloxycarbonylamino-3-

hydroxybutanoate (96) 

 A mixture of 95 (520 mg, 658 µmol) and K2CO3 (118 mg, 855 µmol) in MeCN (7 mL) 

was treated with 4-tBu-benzenethiol (170 µL, 987 µmol) at 0 °C and stirred for 10 hours 

at room temperature. The reaction mixture was added 4-tBu-benzenethiol (170 µL, 987 

µmol) and K2CO3 (118 mg, 855 µmol) and stirred for 24 hours. The reaction mixture 

was partitioned between AcOEt and 1M aq. HCl. The organic phase was washed with 

sat. aq. NaHCO3, brine, dried (Na2SO4), filtered, and concentrated in vacuo to afford a 

crude amine. A solution of the crude amine and Et3N (184 µL, 1.32 mmol) in THF (7 mL) was treated with Boc2O 

(303 µL, 1.32 mmol) at room temperature and stirred for 20 hours. The reaction mixture was partitioned between 

AcOEt and H2O, and the organic phase was washed with brine and dried (Na2SO4), filtered, and concentrated in 

vacuo. The residue was purified by high-flash silica gel column chromatography (20-40% AcOEt/hexane) to afford 

96 (375 mg, 532 µmol, 81% over 2 steps) as a white foam. 
1H NMR (CDCl3, 400 MHz) δ 7.38-7.31 (m, 5H, Ph), 6.01 (br s, 1H, H-4'''), 5.76 (d, 1H, H-5'', J = 3.7 Hz), 5.32 (br 

s, 1H, H-3''), 5.13-5.10 (m, 3H, H-1', benzyl), 4.80 (d, 1H, H-2', J2',3' = 6.4 Hz), 4.70 (br s, 1H, H-1''), 4.57 (br s, 1H, 

H-3'), 4.52 (d, 1H, H-2'', J2'',3'' = 6.0 Hz), 4.37-4.35 (m, 2H, H-2, H-3), 4.13 (dd, 1H, H-4', J = 10.8, J4',5' = 3.9 Hz), 

3.70 (s, 3H, OMe), 3.44 (br s, 1H, H-5'), 2.71 (dd, 1H, H-5', J5',5' = 14.6, J5',4' = 4.1 Hz), 1.67 (q, 2H, CH2CH3, J = 

7.5 Hz), 1.54 (q, 2H, CH2CH3, J = 7.6 Hz), 1.46 (s, 9H, tBu), 1.41 (s, 3H, CCH3), 1.34 (s, 3H, CCH3), 1.24 (d, 3H, 

H-4, J4,3 = 6.4 Hz), 0.91-0.83 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 170.9, 156.7, 136.3, 128.7, 128.3, 128.2, 116.7, 111.3, 105.5, 86.3, 84.8, 84.5, 82.4, 

81.0, 71.6, 70.2, 67.3, 58.8, 52.5, 49.0, 29.5, 29.1, 28.4, 27.4, 25.7, 15.6, 8.45; 

ESIMS-LR m/z 728 [(M + Na)+]; ESIMS-HR calcd for C36H53N2O12 705.3593, found 705.3589; 

[α]D
17 –71.9 (c 0.95, CHCl3). 
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NKY8-100 

Compound 107 

 A solution of compound 96 (30.7 mg, 43.6 µmol), K3[Fe(CN)6] (43.2 mg, 131 µmol), 

K2CO3 (18.1 mg, 131 µmol), NaHCO3 (11.0 mg, 131 µmol), DABCO (4.9 mg, 43.6 

µmol) and MeSO2NH2 (4.1 mg, 43.6 µmol) in tBuOH-H2O (1:1, 0.8 mL) was treated 

with K2OsO4·2H2O (1.6 mg, 4.4 µmol) at room temperature for 27 hours. After sat. aq. 

Na2S2O3 was added, the mixture was extracted with AcOEt. The organic phase was 

washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue 

was purified by short silica gel column chromatography (30-50% AcOEt/hexane), and the fractions containing diol 

were collected and concentrated in vacuo. A solution of the diol in THF-phosphate buffer (2:1, pH 7.2, 1.2 mL) was 

treated with NaIO4 (21.8 mg, 102 µmol) at room temperature for 2 hours. After sat. aq. Na2S2O3 was added, the 

mixture was extracted with AcOEt. The organic phase was washed with brine and dried (Na2SO4), filtered, and 

concentrated in vacuo. A mixture of the residue and Pd black (3.0 mg) in MeOH (1 mL) was vigorously stirred 

under H2 atmosphere at room temperature for 4 hours. The catalyst was filtered off through Celite pad, and the 

filtrate was concentrated in vacuo. The residue in MeOH (4 mL) was treated with AcOH (24 µL) and Pic-BH3 (8.7 

mg, 81.2 µmol) at room temperature. The resulting mixture was heated at 50 °C for 20 hour. Pic-BH3 (4.4 mg, 41.1 

µmol) was added to the reaction mixture and the solution was stirred at 50 °C for 3 hours. The reaction mixture was 

partitioned between AcOEt and 1M aq. HCl. The organic phase was washed with sat. aq. NaHCO3 and brine, dried 

(Na2SO4), filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (10-

20% AcOEt/hexane) to afford 107 (11.0 mg, 19.3 µmol, 44% over 4 steps) as a white solid. 
1H NMR (CDCl3, 400 MHz, 50 °C) δ 5.18 (s, 1H, H-1'), 4.65-4.50 (m, 5H, H-2', H-3', H-4', H-5', H-3''), 4.16-4.11 

(m, 2H, H-3, H-5''), 3.87 (d, 1H, H-4'', J4'',5'' = 4.6 Hz), 3.69 (s, 3H, OMe), 3.42-3.31 (m, 2H, H-5', H-2''), 3.12 (d, 

1H, H-2, J2,3 = 10.5 Hz), 2.78 (m, 1H, H-6'''), 2.62 (dd, 1H, H-2'', J2'',2'' = 13.3, J2'',3'' = 4.6 Hz), 2.15 (br s, 1H, H-6''), 

1.69 (q, 2H, CH2CH3, J = 7.5 Hz), 1.57-1.44 (m, 14H, CH2CH3, tBu, CCH3), 1.32 (s, 3H, CCH3), 1.11 (d, 3H, H-4, 

J4,3 = 5.9 Hz), 0.92 (t, 3H, CH2CH3, J = 7.3 Hz), 0.86 (t, 3H, CH2CH3, J = 7.6 Hz); 
13C NMR (CDCl3, 100 MHz, a mixture of rotamers) δ 169.2, 169.1, 155.7, 155.5, 116.8, 116.6, 108.0, 107.8, 107.5, 

107.0, 87.6, 87.3, 85.4, 83.1, 83.1, 80.5, 80.4, 76.5, 72.3, 72.2, 71.6, 71.5, 68.9, 54.9, 54.6, 51.2, 50.6, 49.8, 49.1, 

48.6, 45.4, 45.0, 29.9, 29.8, 29.7, 29.4, 28.8, 28.5, 28.4, 28.3, 26.6, 26.3, 17.4, 8.56, 8.42, 7.58, 7.37; 

ESIMS-LR m/z 593 [(M + H)+]; ESIMS-HR calcd for C28H46O10N2Na 593.3045, found 593.3059; 

[α]D
26 +31.5 (c 0.65, CHCl3). 

 

NKY9-37 

Compound 108 

 To a solution of compound 107 (11.0 mg, 19.3 µmol), 2,6-di-tBu-p-cresol (0.9 mg, 4.08 

µmol) and Ph3SiSH (16.9 mg, 57.9 µmol) in DMF (1 mL) was added Cs2CO3 (18.9 mg, 

57.9 µmol) and the mixture was stirred at 90 °C for 12 hours. Ph3SiSH (16.9 mg, 57.9 

µmol) and Cs2CO3 (18.9 mg, 57.9 µmol) were added to the reaction mixture, and the 

solution was stirred at 90 °C for 24 hours. After cooling down to room temperature, the 

reaction mixuture was partitioned between AcOEt and 1 M aq. HCl. The organic phase 

was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by silica 
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gel column chromatography (1-10% MeOH/CHCl3) to afford 108 (10.9 mg, 19.6 µmol, quant.) as a white solid. 
1H NMR (CDCl3, 400 MHz, a mixture of rotamers) δ 5.20 (s, 1H, H-1'), 4.66-4.49 (m, 5H, H-2', H-3', H-4', H-5', 

H-3''), 4.23-4.10 (m, 2H, H-3, H-5''), 3.88 (d, 1H, H-4'', J4'',5'' = 4.6 Hz), 3.45-3.29 (m, 2H, H-5', H-2''), 3.13 (t, 1H, 

H-2, J2,3 = 11.0 Hz), 2.80 (dd, 1H, H-6'', J6'',6'' = 10.1, J6'',6'' = 7.4 Hz), 2.67 (td, 1H, H-2'', J2'',2'' = 13.4, J2'',3'' = 5.3 Hz), 

2.30-2.19 (m, 1H, H-6''), 1.71-1.65 (m, 2H, CH2CH3), 1.60-1.45 (m, 14H, CH2CH3, CCH3, tBu), 1.33-1.32 (m, 3H, 

CCH3), 1.18 (d, 3H, H-4, J4,3 = 5.5 Hz), 0.94-0.84 (m, 6H, CH2CH3); 
13C NMR (CDCl3, 100 MHz, a mixture of rotamers) δ 172.2, 172.2, 155.7, 155.6, 116.9, 116.6, 108.2, 107.9, 107.5, 

107.0, 87.6, 87.2, 85.5, 85.4, 83.1, 83.1, 80.7, 80.6, 72.0, 71.9, 71.6, 71.5, 68.6, 54.8, 54.5, 50.6, 49.8, 49.2, 48.7, 

45.3, 44.9, 29.9, 29.7, 29.4, 28.8, 28.6, 28.4, 28.3, 26.6, 26.3, 17.5, 8.59, 8.45, 7.61, 7.39; 

ESIMS-LR m/z 555 [(M – H)–]; ESIMS-HR calcd for C27H43O10N2 555.2923, found 555.2926; 

[α]D
20 +31.5 (c 1.09, CHCl3). 

 

NKY9-43 

Compound 109 

 Compound 108 (10.9 mg, 19.6 µmol) was treated with aq. 80% TFA (1 mL) at room 

temperature for 24 hours. The mixture was concentrated in vacuo, the residue was purified 

by C18 reverse phase column chromatography (100% H2O, 0.1% TFA), and the fractions 

containing compound 109 were collected and concentrated in vacuo. The residue was 

partitioned between AcOEt and H2O. The aquious phase was concentrated in vacuo to 

afford 109 (7.1 mg, 12.3 µmol, 63%) as a white solid. 
1H NMR (D2O, 500 MHz) δ 5.09 (s, 1H, H-1'), 4.45 (dd, 1H, H-3', J = 8.9, 4.3 Hz), 4.13-4.04 (m, 5H, H-3, H-2', 

H-4', H-4'', H-5''), 3.64 (d, 1H, H-5', J5', 5' = 14.9 Hz), 3.42 (d, 1H, H-2, J2, 3 = 10.3 Hz), 3.37-3.32 (m, 2H, H-2'', H-

3''), 3.14 (d, 1H, H-2'', J2'',3'' =11.5 Hz), 3.07-2.97 (m, 3H, H-5', H-6''×2), 1.23 (d, 3H, H-4, J4,3 = 5.7 Hz); 
13C NMR (D2O, 1% CD3OD, 100 MHz) δ 164.0, 104.3, 82.0, 75.4, 70.1, 69.5, 68.4, 64.7, 60.6, 53.4, 50.0, 49.8, 

46.0, 16.8; 

ESIMS-LR m/z 349 [(M + H)+]; ESIMS-HR calcd for C14H25O8N2 349.1605, found 349.1610 

[α]D
16 –18.3 (c 0.71, DMSO). 

 

NKY8-36, 8-37, 8-39 

Methyl 5-O-[5-deoxy-5-(2-nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl]-6-

benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-

talo-heptofuranuronate (113) 

 A mixture of 111 (200 mg, 274 µmol), DMAP (16.7 mg, 137 µmol) and MS4A (300 

mg) in THF (3 mL) was treated with Boc2O (62.9 µL, 274 mmol) at room 

temperature, and stirred for 1 hour. An Additional portion of Boc2O (12.6 µL, 54.8 

µmol) was added to the reaction mixture, and stirred for 20 minutes. The reaction 

was quenched with MeOH, then filtered through a Celite pad. The solution was 

partitioned between AcOEt and sat. aq. NH4Cl. The organic phase was washed with 

H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was 

dissolved in benzene-THF (1:1, 4 mL) and added PPh3 (144 mg, 548 µmol) and H2O (1 mL) at room temperature. 
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The resulting mixture was heated at 45 °C for 16 hours. The reaction mixture was partitioned between AcOEt and 

1M aq. HCl. The organic phase was washed with H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. 

The residue was roughly purified for excluding PPh3 by silica gel column chromatography (1-20% MeOH/CHCl3), 

and the fractions containing the amine were collected and concentrated in vacuo. A solution of the amine and Et3N 

(198 µL, 1.42 mmol) in THF (3 mL) was treated with NsCl (39.4 mg, 178 µmol) at 0 °C. After stirring for 20 

minutes at roose was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was 

purified m temperature, the reaction mixture was partitioned between AcOEt and sat. aq. NaHCO3. The organic 

phaby high-flash silica gel column chromatography (40-70% AcOEt/hexane) to afford 113 (158 mg, 160 µmol, 58% 

over 3 steps) as a white foam. 
1H NMR (CDCl3, 400 MHz) δ 8.10 (dd, 1H, Ns), 7.70-7.59 (m, 3H, Ns), 7.37-7.30 (m, 5H, Ph), 7.27-7.25 (m, 1H, 

H-6), 6.27 (t, 1H, NH-5'', JNH-5'',5'' = 6.7 Hz), 5.77 (d, 1H, NH-6', JNH-6',6' = 9.6 Hz), 5.73 (d, 1H, H-5, J5,6 = 8.2 Hz), 

5.54 (d, 1H, H-1', J1',2' = 1.8 Hz), 5.19-5.07 (m, 2H, benzyl), 5.04 (s, 1H, H-1''), 5.00 (dd, 1H, H-2', J2',3' = 6.6, J2',1' 

= 1.6 Hz), 4.83 (dd, 1H, H-3', J3',2' = 6.4, J3',4' = 4.6 Hz), 4.70 (dd, 1H, H-6', J6',NH-6' = 10.1, J6',5' = 1.8 Hz), 4.67 (m, 

2H, H-2'', H-3''), 4.42 (dd, 1H, H-5', J5',4' = 8.2, J5',6' = 1.8 Hz), 4.29-4.24 (m, 2H, H-4', H-4''), 3.76 (s, 3H, OMe), 

3.24-3.19 (m, 2H, H-5''×2), 1.60 (s, 9H, tBu), 1.60-1.47 (m, 4H, CH2CH3×2), 1.48 (s, 3H, CCH3), 1.31 (s, 3H, 

CCH3), 0.81-0.77 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 171.5, 160.2, 156.3, 148.6, 148.0, 147.4, 142.2, 136.4, 134.2, 133.5, 132.7, 130.7, 

128.6, 128.3, 128.1, 125.1, 117.0, 115.0, 113.0, 102.5, 95.7, 87.3, 87.2, 86.7, 86.3, 84.4, 82.1, 81.0, 80.2, 67.3, 55.1, 

53.2, 46.1, 29.3, 28.9, 27.5, 27.1, 25.4, 8.54, 7.54; 

ESIMS-LR m/z 1012 [(M + Na)+]; ESIMS-HR calcd for C44H55N5O19NaS 1012.3104, found 1012.3104; 

[α]D
15 +56.7 (c 0.76, CHCl3). 

 

NKY10-78 

Methyl 5-O-{5-deoxy-N-[(1R,2S,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-nitrobenzene-

sulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (114) 

 Compound 113 (40.0 mg, 40.4 µmol), rac-63 (19.9 mg, 92.9 µmol) and Et3N 

(16.9 µL, 121 µmol) were dissolved in THF (0.5 mL). Ligand L1 (4.5 mg, 6.5 

µmol) and Pd2(dba)3·CHCl3 (1.7 mg, 1.6 µmol) were dissolved in THF (0.5 

mL) and stirred for 30 minutes, then this solution was slowly added to the 

mixture at 0 °C. The mixture was stirred for 6 hours at room temperature. The 

reaction mixuture was partitioned between AcOEt and sat. aq. NH4Cl. The 

organic phase was washed with H2O, brine and dried (Na2SO4), filtered, and 

concentrated in vacuo. The residue was purified by flash silica gel column 

chromatography (20-30% acetone/hexane) to afford 114 (25.6 mg, 22.7 µmol, 56%) as a white foam and 113 (13.3 

mg, 13.4 µmol, 33%) as a white foam. 
1H NMR (CDCl3, 400 MHz) δ 8.10 (d, 1H, Ns, J = 8.2 Hz), 7.62 (td, 1H, Ns, J = 7.8, 1.3 Hz), 7.46 (td, 1H, Ns, J = 

7.8, J = 0.9 Hz), 7.35-7.34 (m, 6H, H-6, Ph), 6.96 (d, 1H, Ns, J = 8.2 Hz), 6.05-6.03 (m, 2H, H-4''', NH-6'), 5.78-

5.76 (m, 2H, H-5, H-5'''), 5.59 (d, 1H, H-1', J1',2' =2.3 Hz), 5.38 (d, 1H, H-3''', J3''',2''' = 5.0 Hz), 5.14-5.01 (m, 3H, H-

2'', benzyl), 4.96-4.94 (m, 2H, H-1'', H-1'''), 4.90 (dd, 1H, H-2', J2',3' = 6.7, J2',1' = 2.2 Hz), 4.67-4.65 (m, 2H, H-6', 
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H-3''), 4.45 (dd, 1H, H-5', J5',4' = 7.6, J5',6' = 1.6 Hz), 4.26 (dd, 1H, H-4', J4',5' = 7.6, J4',3' = 4.4 Hz), 4.16 (d, 1H, H-2''', 

J2''',3''' = 6.0 Hz), 4.08 (dd, 1H, H-4'', J4'',5'' = 11.2, J4'',5'' = 3.0 Hz), 3.70 (s, 3H, OMe), 3.64 (dd, 1H, H-5'', J5'',5'' = 15.6, 

J5'',4'' = 11.5 Hz), 2.62 (dd, 1H, H-5'', J5'',5'' = 17.0, J5'',4'' = 3.2 Hz), 1.66-1.48 (m, 16H, tBu, CH2CH3×2, CCH3), 1.35 

(s, 3H, CCH3), 1.33 (s, 3H, CCH3), 1.16 (s, 3H, CCH3), 0.81 (t, 6H, CH2CH3×2, J = 7.1 Hz); 
13C NMR (CDCl3, 100 MHz) δ 170.8, 160.3, 156.7, 148.6, 148.0, 147.5, 141.5, 137.2, 136.6, 133.8, 132.6, 132.5, 

131.6, 131.4, 128.7, 128.3, 128.1, 123.7, 116.6, 115.1, 113.4, 111.4, 102.5, 94.5, 87.2, 87.1, 85.8, 85.3, 84.5, 84.3, 

81.7, 81.5, 80.6, 80.4, 70.9, 67.1, 55.4, 52.8, 48.2, 29.2, 28.9, 27.6, 27.3, 27.2, 25.5, 25.5, 8.66, 7.63; 

ESIMS-LR m/z 1151 [(M + Na)+]; ESIMS-HR calcd for C52H65N5O21NaS 1150.3785, found 1150.3770; 

[α]D
23 +69.4 (c 0.85, CHCl3). 

 

NKY10-81 

Methyl 5-O-{5-deoxy-N-[(1S,2R,3S)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-

nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-

deoxy-2,3-O-isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (115) 

 Compound 113 (60.0 mg, 60.6 µmol), carbonate rac-63 (29.8 mg, 139 µmol) 

and Et3N (25.4 µL, 182 µmol) were dissolved in THF (0.5 mL). Ligand L2 (6.7 

mg, 9.7 µmol) and Pd2(dba)3·CHCl3 (2.5 mg, 2.4 µmol) were dissolved in THF 

(0.5 mL) and stirred for 30 minutes, after which this solution was slowly added 

to the mixture at 0 °C. The mixture was stirred for 1 hour at room temperature. 

The reaction mixuture was partitioned between AcOEt and sat. aq. NH4Cl. The 

organic phase was washed with H2O, brine and dried (Na2SO4), filtered, and 

concentrated in vacuo. The residue was purified by silica gel column 

chromatography (20-30% acetone/hexane) to afford 115 (66.3 mg, 58.8 µmol, 97%) as a white foam. 
1H NMR (CDCl3, 400 MHz) δ 8.07 (dd, 1H, Ns, J = 7.8, J = 1.4 Hz), 7.66-7.56 (m, 2H, Ns), 7.34-7.31 (m, 7H, H-

6, Ns, Ph), 6.09 (d, 1H, H-4''', J4''',5''' = 6.0 Hz), 5.79 (d, 1H, NH-6', JNH-6',6' = 10.1 Hz), 5.76 (d, 1H, H-5, J5,6 = 8.2 

Hz), 5.59 (br s, 2H, H-1', H-5'''), 5.22 (d, 1H, H-3''', J = 6.0 Hz), 5.16-5.01 (m, 3H, H-1'', benzyl), 4.91-4.87 (m, 2H, 

H-2', H-2''), 4.80-4.77 (m, 2H, H-3', H-1'''), 4.66-4.64 (m, 3H, H-6', H-3'', H-2'''), 4.44 (d, 1H, H-5', J5',4' = 9.2 Hz), 

4.25-4.22 (m, 1H, H-4'), 3.91 (dd, 1H, H-4'', J4'',5'' = 11.7, J4'',5'' = 3.9 Hz), 3.71 (s, 3H, OMe), 3.44 (dd, 1H, H-5'', 

J5'',5'' = 15.1, J5'',4'' = 11.5 Hz), 3.07 (dd, 1H, H-5'', J5'',5'' = 15.1, J5'',4'' = 4..6 Hz), 1.60 (s, 9H, tBu), 1.60-1.49 (m, 4H, 

CH2CH3×2), 1.40 (s, 3H, CCH3), 1.32 (s, 3H, CCH3), 0.83-0.79 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 170.5, 160.3, 156.5, 148.6, 148.1, 147.5, 141.5, 137.8, 136.5, 133.9, 132.9, 132.0, 

131.5, 129.7, 128.6, 128.3, 128.3, 124.3, 117.0, 115.1, 112.6, 111.9, 102.6, 94.5, 87.2, 87.0, 85.9, 84.8, 84.5, 84.2, 

83.9, 81.1, 80.7, 79.9, 70.4, 67.2, 55.1, 52.9, 48.3, 29.4, 29.0, 27.6, 27.2, 27.2, 25.5, 25.4, 8.62, 7.63; 

ESIMS-LR m/z 1150 [(M + Na)+]; ESIMS-HR calcd for C52H65N5O21NaS 1150.3785, found 1150.3779; 

[α]23
D +81.4 (c 0.88, CHCl3). 
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NKY10-84,  

Methyl 5-O-{5-deoxy-N-[(1R,2S,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-nitrobenzene-

sulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(uracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (116) 

 A solution of 114 (25.6 mg, 22.7 µmol) in MeOH (1 mL) was treated with AcOH 

(100 µL) at 60 °C and stirred for 10 hours. The reaction mixture was partitioned 

between AcOEt and sat. aq. NaHCO3. The organic phase was washed with brine 

and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified 

by silica gel column chromatography (60-70% AcOEt/hexane) to afford 116 (18.1 

mg, 17.6 µmol, 78%) as a white solid. 

1H NMR (CDCl3, 400 MHz) δ 8.83 (s, 1H, NH-3), 8.10 (d, 1H, Ns, J = 7.8 Hz), 

7.62 (t, 1H, Ns, J = 7.8 Hz), 7.44 (t, 1H, Ns, J = 7.8 Hz), 7.35-7.33 (m, 6H, H-6, 

Ph), 6.91 (d, 1H, Ns, J = 7.8 Hz), 6.06-6.03 (m, 2H, NH-6', H-4'''), 5.79 (d, 1H, H-5''', J = 3.2 Hz), 5.74 (dd, 1H, H-

5, J5,6 = 8.2, J5,NH-3 = 1.8 Hz), 5.59 (d, 1H, H-1', J = 1.8 Hz), 5.37 (d, 1H, H-3''', J3''',2''' = 5.0 Hz), 5.13 (m, 6H, H-2', 

H-2'', H-1'', H-1''', benzyl), 4.82 (t, 1H, H-3', J3',2' = J3',4' = 5.5 Hz), 4.68 (d, 1H, H-3'', J3'',2'' = 5.5 Hz), 4.64 (d, 1H, H-

6', J6',NH-6' = 10.0 Hz), 4.42 (d, 1H, H-5', J5',4' = 8.2 Hz), 4.26 (dd, 1H, H-4', J4',5' = 8.0, J4',3' = 4.4 Hz), 4.14 (d, 1H, H-

2''', J2''',3''' = 6.0 Hz), 4.07 (dd, 1H, H-4'', J4'',5'' = 11.4, J4'',5'' = 3.2 Hz), 3.71 (s, 3H, OMe), 3.64 (dd, 1H, H-5'', J5'',5'' = 

15.4, J5'',4'' = 11.7 Hz), 2.58 (dd, 1H, J5'',5'' = 15.6, J5'',4'' = 3.2 Hz), 1.59-1.16 (m ,16H, tBu, CCH3, CH2CH3×2), 0.80 

(t, 6H, CH2CH3×2, J = 7.4 Hz); 
13C NMR (CDCl3, 100 MHz) δ 170.8, 163.2, 156.7, 150.1, 148.0, 143.0, 137.3, 136.6, 133.8, 132.6, 132.4, 131.5, 

131.4, 128.7, 128.3, 128.1, 123.7, 116.4, 115.1, 113.3, 111.4, 102.7, 94.9, 86.6, 85.8, 85.3, 84.5, 84.1, 81.6, 81.5, 

81.0, 80.7, 70.9, 67.1, 55.2, 52.8, 48.2, 29.4, 28.8, 27.3, 27.2, 25.5, 8.66, 7.46; 

ESIMS-LR m/z 1050 [(M + Na)+]; ESIMS-HR calcd for C47H57N5O19NaS 1050.3261, found 1050.3253; 

[α]20
D +78.9 (c 1.12, CHCl3). 

 

Prepared by Mitsunobu reaction (NKY9-48, 9-49) 

To a solution of 113 (393 mg, 393 µmol), 61 (124 mg, 794 µmol) and PhOPPh2 (221 mg, 794 µmol) in THF (4 mL) 

was added a solution of DMEAD (186 mg, 794 µmol) in THF (1 mL) at 50 °C, and the reaction mixture was stirred 

for 1 hour. The mixuture was partitioned between AcOEt and H2O, and. the organic phase was washed with brine 

and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was dissolved with MeOH (4 mL) and AcOH 

(0.4 mL), then heated at 60 °C for 46 hours. After cooling to room temperature, the mixture was partitioned between 

AcOEt and sat. aq. NaHCO3, and. the organic phase was washed with brine and dried (Na2SO4), filtered, and 

concentrated in vacuo. The residue was high-flash silica gel column chromatography (20-50% acetone/hexane) to 

afford 116 (236 mg, 230 µmol, 58% over 2 steps) as a white foam. 
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NKY 12-7 

rac-(1S,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl methyl carbonate (117) 

 A solution of compound rac-61 (1.37 g, 8.77 mmol) in pyridine (4.3 mL) and CH2Cl2 (40 mL) 

was treated with ClCO2Me (2.49 g, 26.3 mmol) at 0 °C for 2 hours. The reaction was quenched 

with H2O, and the resulting mixture was partitioned between AcOEt and 1M aq. HCl. The organic 

phase was washed H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo to afford 

117 (1.58 g, 7.38 mmol, 84%) as a colorless oil. This copound was used to the next reaction without further 

purification. 
1H NMR (CDCl3, 400 MHz) δ 6.10 (dt, 1H, H-4, J4,5 = 6.0 Hz, J4,1 = 1.8 Hz), 5.91 (dd, 1H, H-5, J5,4 = 6.0 Hz, J5,1 

= 1.8 Hz), 5.30 (dt, 1H, H-1, J1,2 = 5.5 Hz, J1,4 = J1,5 = 1.6 Hz), 5.03 (dd, 1H, H-3, J3,2 = 5.8 Hz, J3,4 = 1.6 Hz), 4.92 

(dd, 1H, H-2, J2,1 = J2,3 = 5.5 Hz), 3.83 (s, 3H, OMe), 1.40 (s, 3H, CCH3), 1.38 (s, 3H, CCH3).  
13C NMR (CDCl3, 100 MHz) δ 155.3, 135.4, 131.5, 113.2, 83.4, 78.7, 76.8, 55.0, 27.5, 26.9; 

ESIMS-LR m/z 237 [(M + Na)+]; ESIMS-HR calcd for C10H14O5Na 237.0733, found 237.0729; 

 

NKY 12-9 

rac-Cyclic carbonate (119) 

 A solution of compound rac-117 (1.58 g, 7.38 mmol) in CH2Cl2 (60 mL) and H2O (5 mL) was 

treated with TFA (10 mL) at room temperature for 4 hours. The reaction was quenched with 

NaHCO3, and the resulting mixture was extracted with AcOEt. The organic phase was dried 

(Na2SO4), filtered, and concentrated in vacuo. The residue was purified by silica gel column 

chromatography (30-50% AcOEt/hexane) to afford rac-119 (833 mg, 5.86 mmol, 79%) as a colorless oil.  
1H NMR (CDCl3, 400 MHz) δ 6.25 (d, 1H, H-4, J4,5 = 6.0 Hz), 6.03 (dt, 1H H-5, J5,4 = 6.0 Hz, J = 1.6 Hz), 5.41 (d, 

1H, H-1, J1,2 = 6.4 Hz), 5.15 (t, 1H, H-2, J2,1 = 6.0 Hz, J2,3 = 6.0 Hz), 4.90 (dd, 1H, H-3, J3,OH-3 = 11.0 Hz, J3,2 = 5.5 

Hz), 2.49 (d, 1H, OH-3, JOH-3,3 = 11.0 Hz,); 
13C NMR (CDCl3, 100 MHz) δ 154.1, 140.0, 128.7, 82.4, 75.4; 

ESIMS-LR m/z 143 [(M + Na)+]; ESIMS-HR calcd for C6H7O4 143.0339, found 143.0343. 

 

NKY11-24 

Methyl 5-O-{5-deoxy-N-[(1S,2S,3R)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-

O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-

tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (120) 

 Compound 113 (30.0 mg, 30.3 µmol), carbonate rac-119 (9.9 mg, 69.7 µmol) 

and Et3N (12.7 µL, 90.9 µmol) were dissolved in 1,4-dioxane (0.5 mL). Ligand 

L2 (3.4 mg, 4.9 µmol) and Pd2(dba)3·CHCl3 (1.3 mg, 1.21 µmol) were 

dissolved in 1,4-dioxane (0.5 mL) and stirred for 30 minutes, then this solution 

was slowly added to the mixture at room temperature. The mixture was stirred 

for 9 hours at room temperature. The reaction mixuture was partitioned 

between AcOEt and sat. aq. NH4Cl. The organic phase was washed with H2O, 

brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was 

purified by flash silica gel column chromatography (66-100% AcOEt/hexane) to afford 120 (17.0 mg, 15.6 µmol, 
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49%) as a white solid. 
1H NMR (CDCl3, 400 MHz) δ 8.12 (d, 1H, Ns, J = 7.3 Hz), 7.95-7.76 (m, 4H, Ns, H-6), 7.35-7.29 (m, 5H, Ph), 

7.17 (d, 1H, NH-6', JNH-6',6' = 9.1 Hz), 5.90 (dt, 1H, H-4''', J4''',5''' = 6.0 Hz, J = 1.8 Hz), 5.85-5.83, (m, 2H, H-5, H-1') 

5.49 (d,1H, H-5''', J5''',4''' = 6.0 Hz), 5.22 (d, 1H, OH-3''', JOH-3''',3''' = 5.0 Hz), 5.12-5.08 (m, 4H, benzyl, H-2', H-2''), 

4.90 (s, 1H, H-1''), 4.85 (d, 1H, OH-2''', JOH-2''',2''' = 5.5 Hz), 4.77 (dd, 1H, H-3', J = 6.4 Hz, J = 4.6 Hz), 4.69 (d, 1H, 

H-1''', J1''',2''' = 6.9 Hz), 4.56 (d, 1H, H-3'', J3'',2'' = 5.9 Hz), 4.43-4.34 (m, 3H, H-5', H-6', H-4''), 4.23 (br s, 1H, H-3'''), 

4.15-4.09 (m, 2H, H-4', H-2'''), 3.56 (s, 3H, OMe), 3.34 (o, 1H, H-5''), 2.99 (dd, 1H, H-5'', J5'',5'' = 15.1 Hz J5''b,4'' = 

4.6 Hz), 1.51 (s, 9H, tBu), 1.42-1.34 (m, 7H, acetonide, CH2CH3�2), 1.27 (s, 3H, acetonide), 0.71 (t, 3H, CH2CH3, 

J = 7.6 Hz), 0.65 (t, 3H, CH2CH3, J = 7.6 Hz); 
13C NMR (DMSO-d6, 100 MHz) δ 170.1, 160.0, 156.3, 148.2, 147.8, 147.5, 143.9, 136.8, 136.6, 134.6, 132.2, 131.2, 

130.2, 129.6, 128.3, 127.8, 127.5, 124.0, 114.8, 113.5, 111.4, 101.1, 93.1, 86.8, 86.2, 85.6, 84.7, 83.7, 83.7, 81.0, 

80.8, 79.2, 78.5, 71.9, 70.7, 65.7, 64.1, 54.9, 52.3, 47.7, 29.0, 28.4, 27.0, 27.0, 25.1, 8.35, 7.26; 

ESIMS-LR m/z 1088 [(M + H)+]; ESIMS-HR calcd for C49H62N5O21S 1088.3653, found 1088.3621; 

[α]D
21 +60.2 (c 0.95, CHCl3). 

 

NKY11-51 

Methyl 5-O-{5-deoxy-N-[(1R,2R,3S)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-

O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-

tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (121) 

 Compound 113 (300 mg, 303 µmol), carbonate rac-119 (99.1 mg, 697 µmol) 

and Et3N (127 µL, 909 µmol) were dissolved in 1,4-dioxane (3 mL). Ligand 

L1 (34 mg, 48.5 µmol) and Pd2(dba)3·CHCl3 (13 mg, 12.1 µmol) were 

dissolved in 1,4-dioxane (3 mL) and stirred for 30 minutes, then this solution 

was slowly added to the mixture at room temperature. The mixture was stirred 

for 12 hours at room temperature. The reaction mixuture was partitioned 

between AcOEt and sat. aq. NH4Cl. The organic phase was washed with H2O, 

brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was 

purified by flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 121 (187 mg, 172 µmol, 

57%) as a white foam and 113 (49 mg, 49.5 µmol, 16%) as a white foam. 
1H NMR (DMSO-d6,, 400 MHz) δ 8.11 (d, 1H, Ns, J = 8.2 Hz), 7.93 (d, H-6, J6,5 = 8.2 Hz), 7.86 (dd, 1H, Ns, J = 

8.0 Hz, J = 1.2 Hz), 7.79 (t, 1H, Ns, J = 7.1 Hz), 7.72 (t, 1H, Ns, J = 7.8 Hz), 7.36-7.31 (m, Ph, 5H), 7.15 (d, 1H, 

NH-6', JNH-6',6' = 9.2 Hz), 6.03-6.02 (m, 1H, H-4'''), 5.85 (s, 1H, H-1'), 5.83 (d, 1H, H-5, J5,6 = 8.2 Hz), 5.69 (d, 1H, 

H-5''', J5''',4''' = 6.4 Hz), 5.13-5.01 (m, 4H, benzyl, H-2', OH-3'''), 4.91 (s, 1H, H-1''), 4.79-4.76 (m, 2H, H-3', H-2''), 

4.64 (d, 1H, H-1''', J1''',2''' = 6.0 Hz), 4.58-4.54 (m, 2H, H-3'', OH-2''', 4.43-4.40 (m, H-5', H-6', H-4''), 4.30 (t, 1H, H-

3''', J3''',2''' = 6.0 Hz), 4.17-4.12 (m, 2H, H-4', H-2'''), 3.59 (s, 3H, OMe), 3.33 (o, 1H, H-5''), 3.13 (dd, 1H,H-5'', J5'', 5'' 

= 15.6 Hz, J5'',4'' = 3.2Hz), 1.50 (s, 9H, tBu), 1.42-1.37 (m, 7H, acetonide, CH2CH3�2), 1.26 (s, 3H, acetonide), 0.73 

(t, 3H, CH2CH3, J = 7.6 Hz), 0.64 (t, 3H, CH2CH3, J = 7.6 Hz); 
13C NMR (DMSO-d6, 125 MHz) δ 170.3, 160.0, 156.2, 148.2, 147.8, 147.5, 143.8, 137.3, 136.9, 134.3, 132.3, 131.9, 

130.0, 128.3, 127.8, 127.6, 124.0, 115.1, 113.4, 111.5, 101.1, 93.1, 86.7, 86.2, 85.3, 83.9, 83.7, 81.6, 80.7, 79.2, 

79.0, 72.2, 70.7, 65.7, 64.3, 55.0, 52.4, 47.6, 29.0,28.5, 27.0, 26.9, 25.2, 8.36, 7.25; 
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ESIMS-LR m/z 1088 [(M + H)+]; ESIMS-HR calcd for C49H62N5O21S 1088.3653, found 1088.3621; 

[α]D
18 +4.85 (c 0.61, CHCl3). 

 

NKY9-52, 9-54 

Methyl 5-O-{5-tert-butoxycarbonyl-5-deoxy-N-[(1R,2S,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-2,3-O-(3-

pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(uracil-

1-yl)-β-D-glycelo-L-talo-heptofuranuronate (122) 

 A mixture of 116 (236 mg, 230 µmol) and K2CO3 (41.3 mg, 299 µmol) in MeCN 

(3 mL) was treated with 4-tBu-benzenethiol (59.5 µL, 345 µmol) at room 

temperature and stirred for 16 hours. The reaction mixture was added 4-tBu-

benzenethiol (29.8 µL, 173 µmol) and K2CO3 (20.7 mg, 150 µmol) and stirred for 

20 hours. The reaction mixture was partitioned between AcOEt and sat. aq. 

NH4Cl, and the organic phase was washed with brine and dried (Na2SO4), filtered, 

and concentrated in vacuo to afford a crude amine. A solution of the crude amine 

and Et3N (192 µL, 1.38 mmol) in THF (3 mL) was treated with Boc2O (476 µL, 

2.07 mmol) at room temperature and stirred for 30 hours. The reaction mixture was partitioned between AcOEt and 

1M aq. HCl, and the organic phase was washed with H2O, brine and dried (Na2SO4), filtered, and concentrated in 

vacuo. The residue was purified by high-flash silica gel column chromatography (40-70% AcOEt/hexane) to afford 

122 (177 mg, 188 µmol, 82% over 2 steps) as a white foam. 
1H NMR (CD3OD, 400 MHz) δ 7.66 (d, 1H, H-6, J6,5 = 8.2 Hz), 7.39-7.28 (m, 5H, phenyl), 5.99 (d, 1H, H-4''', J4''',5''' 

= 6.0 Hz), 5.79 (br s, 1H, H-5'''), 5.70 (d, 1H, H-1', J1',2' = 1.8 Hz), 5.66 (d, 1H, H-5, J5,6 = 8.2 Hz), 5.35 (d, 1H, H-

3''', J3''',2''' = 3.6 Hz), 5.18 (d, 1H, benzyl, J = 12.8 Hz), 5.11-5.08 (m, 2H, H-2', benzyl), 5.05 (s, 1H, H-1''), 4.86-4.84 

(m, 1H, H-3'), 4.72-4.67 (m, 3H, H-2'', H-3'', H-1'''), 4.57 (d, 1H, H-6', J6',5' = 2.3 Hz), 4.52-4.48 (m, 2H, H-5', H-

2'''), 4.21 (dd, 1H, H-4', J = 9.0, J = 4.4 Hz), 4.03 (dd, 1H, H-4'', J = 11.0, 4.1 Hz), 3.75 (s, 3H, OMe), 3.48 (br s, 

1H, H-5''), 2.74 (d, 1H, H-5'', J = 13.6 Hz), 1.62-1.45 (m, 16H, tBu, CH2CH3×2, CCH3), 1.37 (s, 3H, CCH3), 1.32 

(s, 6H, CCH3×2), 0.83-0.78 (m, 6H, CH2CH3×2); 
13C NMR (CD3OD, 100 MHz) δ 172.1, 166.3, 158.7, 152.0, 145.7, 138.1, 129.5, 129.1, 129.0, 128.8, 117.5, 115.5, 

113.1, 112.4, 102.9, 96.5, 88.7, 87.3, 86.1, 85.7, 83.4, 82.9, 82.4, 81.1, 71.6, 67.9, 56.4, 53.3, 30.6, 30.0, 28.6, 27.6, 

27.5, 25.7, 25.6, 8.74, 7.74; 

ESIMS-LR m/z 965 [(M + Na)+]; ESIMS-HR calcd for C46H62O17N4Na 965.4002, found 965.4000; 

[α]D
18 –49.9 (c 1.07, CHCl3). 
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NKY11-33,11-36,11-37, 11-38 

Compound 124 

 A solution of compound 122 (53.6 mg, 56.8 µmol), K3[Fe(CN)6] (112 mg, 341 

µmol), K2CO3 (23.5 mg, 170 µmol), NaHCO3 (14.3 mg, 170 µmol), quinuclidine 

(6.3 mg, 56.8 µmol) and MeSO2NH2 (5.4 mg, 56.8 µmol) in tBuOH-THF-H2O 

(1:1:1, 1.5 mL) was treated with K2OsO4·2H2O (6.3 mg, 17.0 µmol) at room 

temperature for 16 hours. After sat. aq. Na2S2O3 was added, the mixture was 

extracted with AcOEt. The organic phase was washed with brine and dried 

(Na2SO4), filtered, and concentrated in vacuo. The residue was purified by short 

silica gel column chromatography (100 % AcOEt), and the fractions containing the diol were collected and 

concentrated in vacuo. A solution of the diol in THF-phosphate buffer (2:1, pH 7.2, 1.2 mL) was treated with NaIO4 

(30.4 mg, 142 µmol) at room temperature for 2 hours. After sat. aq. Na2S2O3 was added, the mixture was extracted 

with AcOEt. The organic phase was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. The 

residue was purified by short silicagel column chromatography (50%-100 % AcOEt/hexane), and the fractions 

containing dialdehyde were collected and concentrated in vacuo. A mixture of the dialdehyde and Pd black (6.0 mg) 

in THF (1 mL) was vigorously stirred under H2 atmosphere at room temperature for 1 hour. The catalyst was filtered 

off through a Celite pad, and the filtrate was concentrated in vacuo. The residue in THF-MeOH (1:1, 6 mL) was 

treated with AcOH (97 µL) and pic-BH3 (24.3 mg, 227 µmol) at room temperature. The resulting mixture was 

heated at 50 °C for 1 hour. The reaction mixture was partitioned between AcOEt and 1M aq. HCl. The organic phase 

was washed with sat. aq. NaHCO3 and brine, dried (Na2SO4), filtered, and concentrated in vacuo. The residue was 

purified by silica gel column chromatography (40-50% AcOEt/hexane) to afford 124 (12.5 mg, 15.5 µmol, 27% 

over 4 steps) as a white solid. 
1H NMR (CDCl3, 500 MHz, a mixture of rotamars) δ 8.17 (s, 1H, NH-3), 7.29 (d, 1H, H-6, J6,5 = 8.0 Hz), 5.74 (d, 

1H, H-5, J5,6 = 8.1 Hz), 5.69 (s, 1H, H-1'), 5.32 (d, 1H, H-1'', J = 8.0 Hz), 4.86-4.84 (m, 2H, H-2', H-3'), 4.64-4.36 

(m, 6H, H-5', H-2'', H-3'', H-4'', H-5'', H-3'''), 4.18 (br s, 1H, H-5'''), 3.95 (dt, 1H, H-4', J = 14.9, J = 4.3 Hz), 3.87 

(s, 1H, H-4'''), 3.66 (d, 3H, OMe, J = 6.3 Hz), 3.47-3.33 (m, 3H, H-6', H-5'', H-2'''), 2.78 (t, 1H, H-6''', J6''',6''' = J6''',5''' 

= 8.9 Hz), 2.50 (td, 1H, H-2''', J = 13.8, J = 5.8 Hz), 2.17 (dt, 1H, H-6''', J = 32.1, J = 10.9 Hz), 1.69-1.25 (m, 25H, 

CH2CH3×2, CCH3×4, tBu), 0.92-0.84 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 100 MHz) δ 168.0, 167.9, 162.4, 155.5, 155.3, 149.6, 141.7, 117.2, 116.8, 115.4, 110.2, 109.6, 

108.2, 107.9, 102.8, 91.7, 91.6, 88.0, 87.7, 85.6, 85.5, 85.5, 83.9, 82.7, 80.7, 80.6, 79.5, 79.3, 71.6, 71.5, 71.4, 67.9, 

67.7, 55.0, 54.7, 51.4, 50.5, 49.7, 49.2, 48.7, 45.7, 45.3, 30.1, 29.9, 29.8, 29.6, 29.5, 29.0, 28.6, 28.5, 28.3, 27.6, 

26.7, 26.3, 25.8, 8.55, 8.40, 7.65, 7.41; 

ESIMS-LR m/z 807 [(M – Na)–]; ESIMS-HR calcd for C38H55O15N4 807.3669, found 807.3681; 

[α]D
19 +25.5 (c 0.47, CHCl3). 
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NKY9-42 

Compound 125 

 To the solution of compound 124 (5.5 mg, 6.8 µmol), 2,6-di-tBu-p-cresol (0.3 mg, 

1.36 µmol) and Ph3SiSH (11.9 mg, 40.8 µmol) in DMF (400 µL) was added 

Cs2CO3 (13.3 mg, 40.8 µmol) and the mixture was stirred at 90 °C for 26 hours. 

After cooling down to room temperature, the reaction mixuture was partitioned 

between AcOEt and 0.3 M aq. HCl. The organic phase was washed with brine and 

dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by 

silica gel column chromatography (1-5% MeOH/CHCl3) to afford 125 (3.4 mg, 

4.28 µmol, 63%) as a white solid. 
1H NMR (CDCl3, 500 MHz, a mixture of rotamers) δ 9.62 (br s, 1H, NH-3), 7.24 (d, 1H, H-6, J6,5 = 9.2 Hz), 5.76 

(br s, 1H, H-5), 5.66 (s, 1H, H-1'), 5.25 (s, 1H, H-1''), 4.95 (br d, 1H, H-3', J3',2' = 5.7), 4.89 (br s, 1H, H-2'), 4.68-

4.35 (m, 6H, H-5', H-2'', H-3'', H-4'', H-5'', H-3'''), 4.22-4.14 (m, 2H, H-4', H-5'''), 3.88 (br s, 1H, H-4'''), 3.48-3.33 

(m, 3H, H-6', H-5'', H-2'''), 2.80-2.77 (m, 1H, H-6'''), 2.58 (br s, 1H, H-2''), 2.29-2.21 (m, 1H, H-6'''), 1.70-1.67 (m, 

2H, CH2CH3), 1.61-1.25 (m, 23H, CH2CH3, CCH3×4, tBu), 0.93-0.84 (m, 6H, CH2CH3×2); 
13C NMR (CDCl3, 125 MHz) δ 170.3, 164.1, 164.1, 155.6, 155.4, 150.0, 149.9, 142.6, 117.0, 116.6, 115.6, 115.6, 

109.4, 108.9, 108.2, 108.0, 102.8, 91.6, 87.8, 87.5, 85.3, 85.2, 83.9, 83.8, 82.8, 82.7, 82.6, 82.5, 80.7, 80.6, 79.3, 

79.2, 71.6, 71.6, 71.4, 66.4, 66.1, 54.7, 50.7, 49.9, 49.2, 48.8, 45.6, 45.3, 30.0, 29.8, 29.7, 29.5, 28.9, 28.6, 28.4, 

28.3, 27.6, 26.6, 26.2, 25.8, 22.8, 8.55, 8.40, 7.64, 7.43;  

ESIMS-LR m/z 793 [(M – H)–]; ESIMS-HR calcd for C37H53O15N4 793.3513, found 793.3529; 

[α]D
23 +28.6 (c 0.23, CHCl3). 

 

NKY11-99 

Compound 5 

 Compound 125 (6.1 mg, 7.7 µmol) was treated with aq. 80% TFA (1 mL) at room 

temperature for 48 hours. The mixture was concentrated in vacuo, and then the 

residue was partitioned between AcOEt and H2O. The aquious phase was 

concentrated in vacuo to afford 5 (4.7mg, 6.1 µmol, 79%) as a white solid. 
1H NMR (CD3OD, 0.5% TFA, 500 MHz) δ 7.82 (d, 1H, H-6, J6,5 = 8.1 Hz), 5.67 (d, 

1H, H-5, J5,6 = 8.0 Hz), 5.65 (s, 1H, H-1'), 5.20 (s, 1H, H-1''), 4.37 (dd, 1H, H-3'', 

J3'',2'' = 6.9 Hz, J3'',4'' = 3.1 Hz), 4.31 (d, 1H, H-5', J5',6' = 10.3 Hz), 4.15-4.13 (m, 3H, H-2', H-4', H-2''), 4.07 (br s, 1H, 

H-4'''), 4.04 (d, 1H, H-4'', J4'',3'' = 4.0 Hz), 3.99 (d, 1H, H-3', J = 8.0 Hz), 3.96 (br s, 1H, H-5'''), 3.87 (br s, 1H, H-5''), 

3.75 (d, 1H, H-6', J6',5' = 10.3 Hz), 3.44-3.36 (m, 3H, H-5'', H-2''', H-3'''), 2.84-2.81 (m, H-2''', H-6'''�2). 
13C NMR (CD3OD, 0.5% TFA, 125 MHz) δ 170.4, 158.7, 151.8, 142.0, 109.4, 102.1, 92.7, 83.0, 80.2, 75.7, 75.4, 

72.8, 70.9, 70.0, 68.2, 67.9 65.9, 63.1, 55.8, 51.1, 42.3. 

ESIMS-LR m/z 547 [(M + H)+]; ESIMS-HR calcd for C21H31N4O13 547.1882, found 547.19023; 

[α]D
20 –1.51 (c 0.59, MeOH). 
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NKY15-73 

rac-(1R,2R,3R)-2,3-dihydoxy-4-cyclopentenyl methyl carbonate (130) 

 A solution of rac-63 (892 mg, 4.16 mmol) in AcOH (40 mL) and H2O (10 mL) was heated at 

60 °C for 28 hours. The reaction mixture was concentrated in vacuo. The residue was purified 

by high-flash silica gel column chromatography (10-60% AcOEt/hexane) to afford rac-130 

(561 mg, 3.22 mmol, 77%) as a pale yellow oil. 
1H NMR (CDCl3, 500 MHz) δ 6.16 (ddd, 1H, H-4, J4,5 = 6.1, J4,3 = 2.3, J = 1.2 Hz), 6.01 (dd, 1H, H-5, J5,4 = 5.7, J 

= 1.7 Hz), 5.45 (dd, 1H, H-1, J1,2 = 3.5, J1,5 = 1.7 Hz), 4.74 (dt, 1H, H-3, J3,2 = 5.7 Hz, J3,4 = 2.0 Hz), 4.14 (dd, 1H, 

H-2, J2,3 = 5.8, J2,1 = 3.5 Hz), 3.83 (s, 3H, Me), 3.66 (br s, 1H, OH), 2.85 (br s, 1H, OH); 
13C NMR (CDCl3, 100 MHz) δ 156.6, 136.9, 132.6, 87.9, 76.1, 73.8, 55.3; 

ESIMS-LR m/z 197 [(M + Na)+]; ESIMS-HR calcd for C7H11O5 175.0601, found 175.0602. 

 

NKY15-35 

Methyl 5-O-{5-deoxy-N-[(1S,2R,3S)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-

O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-

(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (131) 

 Compound 113 (279 mg, 282 µmol), carbonate rac-130 (98.2 mg, 564 µmol) 

and Et3N (118 µL, 846 µmol) were dissolved in THF (3 mL). Ligand L2 (31.2 

mg, 45.1 µmol) and Pd2(dba)3·CHCl3 (11.7 mg, 11.3 µmol) were dissolved in 

THF (3 mL) and stirred for 30 minutes, then this solution was slowly added 

three times at each 30 min to the mixture at room temperature. The mixture 

was stirred for totally 16 hours. The reaction mixuture was partitioned between 

AcOEt and sat. aq. NaHCO3. The organic phase was washed with brine and 

dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified 

by high-flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 131 (225 mg, 207 µmol, 73%) 

as a white foam. 
1H NMR (DMSO-d6, 500 MHz) δ 8.21 (d, 1H, Ns, J = 7.5 Hz), 7.93 (d, 1H, H-6, J6,5 = 8.0 Hz), 7.89 (d, 1H, Ns, J = 

6.9 Hz), 7.81 (t, 1H, Ns, J = 7.5 Hz), 7.71 (t, 1H, Ns, J = 6.9 Hz), 7.39-7.31 (m, 6H, Ph, NH-6'), 6.01 (dt, 1H, H-4''', 

J4''',5''' = 6.3, J = 2.3 Hz), 5.86 (d, 1H, H-1', J1',2' = 1.7 Hz), 5.84 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.36 (d, 1H, H-5''', J5''',4''' 

=7.5 Hz), 5.13-5.05 (m, 3H, benzyl, H-2'), 5.02 (d, 1H, OH-2''', JOH-2''',2''' = 7.5 Hz), 4.80 (s, 1H, H-1''), 4.93 (d, 1H, 

OH-2''', JOH-3''',3''' = 5.8 Hz), 4.80-4.78 (m, 2H, H-3', H-2''), 4.74 (d, 1H, H-1''', J1''',2''' = 5.2 Hz), 4.62 (d, 1H, H-3''), 

4.42 (d, 1H, H-5', J5',4' = 8.6 Hz), 4.38 (d, 1H, H-6', J6',NH-6 = 9.2 Hz), 4.32 (br s, 1H, H-3'''), 4.18 (dd, 1H, H-4', J4',5' 

= 8.9, J4',3' = 4.3 Hz), 4.08 (dd, 1H, H-4'', J4'',5'' = 10.3 Hz, J4'',5'' = 2.3 Hz), 3.80 (q, 1H, H-2''', J2''',2'''-OH = J2''',1''' = J2''',3''' 

= 6.3 Hz), 3.52 (s, 3H, CO2Me)3.46 (dd, 1H, H-5'', J5'',5'' = 16.4, J5'',4'' = 11.8 Hz), 2.79 (dd, 1H, H-5'', J5'',5'' = 15.8, 

J5'',4'' = 2.6 Hz), 1.50 (s, 9H, tBu), 1.46-1.36 (m, 7H, acetonide, CH2CH3�2), 1.27 (s, 3H, acetonide), 0.71 (t, 3H, 

CH2CH3, J = 7.4 Hz), 0.67 (t, 3H, CH2CH3, J = 7.4 Hz); 
13C NMR (DMSO-d6, 125 MHz) δ 170.1, 159.9, 156.3, 148.2, 147.7, 147.5, 143.9, 137.0, 136.9, 134.6, 132.4, 131.7, 

131.5, 130.0, 128.4, 127.9, 127.7, 124.1, 115.3, 113.4, 110.6, 101.1, 93.3, 86.9, 86.2, 85.3, 83.6, 81.7, 80.8, 78.4, 

73.8, 71.6, 69.3, 65.7, 54.9, 52.2, 47.5, 29.0, 28.4, 26.9, 25.2, 8.26, 7.19; 

ESIMS-LR m/z 1110 [(M + Na)+]; ESIMS-HR calcd for C49H62N5O21S 1088.3653, found 1088.3689; 
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[α]D
19 +86.2 (c 0.92, CHCl3). 

 

NKY15-10 

Methyl 5-O-{5-deoxy-N-[(1S,2R,3S)-2-hydroxy-3-methoxymethyloxy-4-cyclopentenyl]-5-(2-nitrobenzene-

sulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (132) 

 A solution of 131 (181 mg, 166 µmol) and DIPEA (116 µL, 664 µmol) in 

CH2Cl2 (2 mL) was treated with MOMCl (25.2 µL, 332 µmol) at room 

temperature and stirred for 18 hours. The reaction mixture was added 

MOMCl (12.5 µL, 165 µmol) and stirred for 24 hours. The mixture was 

partitioned between AcOEt and sat. aq. NaHCO3. The organic phase was 

washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. 

The residue was purified by high-flash silica gel column chromatography 

(40-100% AcOEt/hexane) to afford 132 (121 mg, 107 µmol, 64%) as a 

white foam. 
1H NMR (DMSO-d6, 500 MHz) δ 8.25 (d, 1H, Ns, J = 7.5 Hz), 7.93 (d, 1H, H-6, J6,5 = 8.0 Hz), 7.89 (d, 1H, Ns, J = 

8.0 Hz), 7.81 (t, 1H, Ns, J = 7.7 Hz), 7.69 (t, 1H, Ns, J = 7.7 Hz), 7.42 (d, 1H, NH-6', JNH-6',6' = 9.2 Hz),  7.37-7.31 

(m, 5H, Ph), 6.07-6.05 (m, 1H, H-4'''), 5.86 (d, 1H, H-1', J1',2' = 1.7 Hz), 5.84 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.37 (d, 1H, 

H-5''', J5''',4''' = 7.5 Hz), 5.31 (d, 1H, OH-2''', JOH-2''',2''' = 8.0 Hz), 5.14-5.06 (m, 3H, benzyl, H-2'), 4.97 (s, 1H, H-1''), 

4.83 (d, 1H, H-2'', J2'',3'' = 6.3 Hz), 4.79 (t, 1H, H-3', 5.5 Hz), 4.75 (d, 1H, H-1''', J1''',2''' = 6.3 Hz), 4.67 (d, 1H, 

OCH2OMe, J = 6.9 Hz), 4.64 (d, 1H, H-3'', J3'',2'' = 5.7 Hz), 4.60 (d, 1H, OCH2OMe, J = 6.3 Hz), 4.42 (d, 1H, H-5', 

J5',4' = 9.2 Hz), 4.38 (d, 1H, H-6', J6',NH-6 = 9.2 Hz), 4.29 (dd, 1H, H-3''', J3''',2''' = 5.5, J3''',4''' = 2.6 Hz), 4.18 (dd, 1H, H-

4', J4',5' = 8.6, J4',3' = 4.6 Hz), 4.11 (d, 1H, H-4'', J4'',5'' = 10.7, J4'',5'' = 2.6 Hz), 3.89 (q, 1H, H-2''', J2''',1''' = J 2''',3''' = J2''',OH-

2''' = 6.7 Hz), 3.56-3.46 (m, 1H, H-5''), 3.52 (s, 3H, CO2Me), 3.23 (s, 3H, OCH2OMe), 2.75 (d, 1H, H-5'', J5'',5'' = 13.2 

Hz),1.50 (s, 9H, tBu), 1.47-1.37 (m, 7H, acetonide, CH2CH3�2), 1.27 (s, 3H, acetonide), 0.72 (t, 3H, CH2CH3, J = 

7.5 Hz), 0.67 (t, 3H, CH2CH3, J = 7.4 Hz); 
13C NMR (DMSO-d6, 125 MHz) δ 170.1, 160.0, 156.3, 148.2, 147.7, 147.5, 143.9, 136.9, 134.7, 134.4, 133.4, 132.4, 

131.6, 130.2, 128.4, 127.9, 127.8, 124.0, 115.2, 113.4, 110.6, 101.1, 95.5, 93.2, 86.8, 86.2, 85.6, 85.4, 83.6, 81.8, 

80.8, 79.2, 78.5, 77.2, 73.8, 68.3, 65.7, 55.0, 54.7, 52.2, 47.5, 29.0, 28.4, 27.0, 25.2, 8.26, 7.18; 

ESIMS-LR m/z 1155 [(M + Na)+]; ESIMS-HR calcd for C51H65O22N5S 1132.3915, found 1132.3944; 

[α]D
18 +80.3 (c 0.64, CHCl3). 

 

 

 

 

 

 

 

 

 

O N
NBoc

O

O

O O

O

MeO2C

O

NNs

CbzHN

O
O

OHMOMO



�

.*�
�

NKY15-16, 15-18, 15-21 

Methyl 5-O-{5-tert-butoxycarbonyl-5-deoxy-N-[(1S,2R,3S)-2-hydroxy-3-methoxymethyloxy-4-

cyclopentenyl]-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (133) 

 A solution of 132 (121 mg, 111 µmol) in MeOH (2 mL) was treated with 

AcOH (0.2 mL) at 60 °C and stirred for 40 hours. The reaction mixture was 

partitioned between AcOEt and sat. aq. NaHCO3. The organic phase was 

washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. 

A mixture of the residue and K2CO3 (30.7 mg, 222 µmol) in MeCN (2 mL) 

was treated with 4-tBu-benzenethiol (57.5 µL, 333 µmol) at room 

temperature and stirred for 24 hours. The reaction mixture was partitioned 

between AcOEt and sat. aq. NH4Cl, and the organic phase was washed with 

brine and dried (Na2SO4), filtered, and concentrated in vacuo to afford a crude amine. A mixture of the crude amine 

and Et3N (46.4 µL, 333 µmol) in THF (2 mL) was treated with Boc2O (156 µL, 666 µmol) at room temperature and 

stirred for 24 hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCl, and the organic phase 

was washed with H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by 

high-flash silica gel column chromatography (40-100% AcOEt/hexane) to afford 133 (79.7 mg, 84.2 µmol, 76% 

over 3 steps) as a white foam. 
1H NMR (DMSO-d6, 500 MHz) δ 11.4(br s, 1H, NH-3), 7.77 (d, 1H, H-6, J6,5 = 8.0 Hz), 7.36-7.32 (m, 5H, Ph), 

5.93 (br s, 1H, H-4'''), 5.79 (s, 1H, H-1'), 5.77 (br s, 1H, H-5'''), 5.63 (d, 1H, H-5, J5,6 = 6.3 Hz), 5.14-5.01 (m, 4H, 

benzyl, H-2', H-1''), 4.92 (d, 1H, H-1''', J1''',2''' = 6.9 Hz), 4.83 (d, 1H, H-2'', J2'',3'' = 5.7 Hz), 4.78 (t, 1H, H-3', J3',2' = 

J3',4' = 5.7 Hz), 4.68-4.60 (m, 3H, OCH2OMe, H-3''), 4.41 (d, 1H, H-6', J6',5' = 9.2 Hz), 4.37 (d, 1H, H-5', J5',4' = 8.6 

Hz), 4.29 (br s, 1H, H-3'''), 4.13-4.11 (m, 2H, H-4', H-4''), 4.05 (br s, 1H, H-2'''), 3.63 (s, 3H, CO2Me), 3.24 (s, 4H, 

OCH2OMe, H-5''), 2.85 (d, 1H, H-5'', J5'',5'' = 9.8 Hz), 1.48-1.38 (m, 16H, CH2CH3×2, acetonide, tBu), 1.26 (s, 3H, 

acetonide), 0.74 (t, 3H, CH2CH3, J = 7.2 Hz), 0.70 (t, 3H, CH2CH3, J = 7.2 Hz); 
13C NMR (DMSO-d6, 125 MHz) δ 170.2, 163.3, 156.2, 150.5, 143.4, 136.9,128.3, 127.8, 127.6, 127.1, 115.1, 113.3, 

110.2, 101.9, 95.4, 92.6, 86.4, 85.4, 83.5, 81.8, 81.0, 79.5, 79.2, 78.1, 77.9, 65.7, 55.0, 54.6, 52.3, 29.2, 28.5, 27.9, 

26.9, 25.3, 8.22, 7.15 

ESIMS-LR m/z 948 [(M + H)+]; ESIMS-HR calcd for C45H63O18N4 947.4132, found 947.4135; 

[α]D
20 +53.5 (c 0.55, CHCl3). 

 

NKY15-56, 15-60, 15-61, 15-62 

Compound 134 

 A solution of compound 133 (149 mg, 157 µmol), K3[Fe(CN)6] (155 mg, 471 

µmol), K2CO3 (65.1 mg, 471 µmol), NaHCO3 (39.6 mg, 471 µmol), DABCO 

(17.6 mg, 157 µmol) and MeSO2NH2 (14.9 mg, 157 µmol) in tBuOH-H2O (1:1, 

4 mL) was treated with K2OsO4·2H2O (5.8 mg, 15.7 µmol) at room temperature 

for 24 hours. After sat. aq. Na2S2O3 was added, the mixture was extracted with 

AcOEt. The organic phase was washed with brine and dried (Na2SO4), filtered, 

and concentrated in vacuo. The residue was purified by short silica gel column 
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chromatography (100 % AcOEt), and the fractions containing a diol were collected and concentrated in vacuo. A 

solution of the diol in THF-phosphate buffer (1:1, pH 7.2, 4 mL) was treated with NaIO4 (84.1 mg, 393 µmol) at 

room temperature for 1 hours. After sat. aq. Na2S2O3 was added, the mixture was extracted with AcOEt. The organic 

phase was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. A mixture of the residue and 

Pd black (80.0 mg) in MeOH (3 mL) was vigorously stirred under H2 atmosphere at room temperature for 1 hour. 

The catalyst was filtered off through a Celite pad, and the filtrate was concentrated in vacuo. The residue in 1,2-

dichloroethane (16 mL) was treated with AcOH (90 µL) and pic-BH3 (33.6 mg, 314 µmol) at room temperature. 

The resulting mixture was heated at 50 °C for 6 hours. The reaction mixture was added Pic-BH3 (16.8 mg, 157 

µmol) and stirred for 10 hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCl. The organic 

phase was washed with sat. aq. NaHCO3 and brine, dried (Na2SO4), filtered, and concentrated in vacuo. The residue 

was purified by high-flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 134 (25.0 mg, 

30.8 µmol, 20% over 4 steps) as a white solid. 
1H NMR (DMSO-d6, 500 MHz, 60 °C) δ 11.2 (br s, 1H, NH-3), 7.59 (d, 1H, H-6, J6,5 = 7.9 Hz), 5.89 (d, 1H, H-1', 

J1',2' = 2.8 Hz), 5.76 (d, 1H, H-5, J5,6 = 7.6 Hz), 5.35 (s, 1H, H-1''), 4.91 (dd, 1H, H-2', J2',3' = 6.0, J2',1' = 2.8 Hz), 

4.80 (dd, 1H, H-3', J3',2' = 6.0, J3',4' = 3.2 Hz), 4.66 (d, 1H, H-2'', J2'',3'' = 5.7 Hz), 4.60-4.56 (m, 3H, OCH2OMe, H-

3''), 4.49 (d, 1H, OH-4''', JOH-4''',4''' = 3.8 Hz), 4.28-4.24 (m, 3H, H-4', H-5', H-4''), 4.17 (ddd, 1H, H-5''', J5''',6''' = 10.4, 

J5''',6''' = 5.0, J5''',4''' = 2.8 Hz), 4.07 (br s, 1H, H-4'''), 3.68 (s, 3H, CO2Me), 3.59 (br s, 2H, H-5'', H-3'''), 3.41 (d, 1H, 

H-5'', J5'', 5'' = 13.9 Hz), 3.26 (s, 3H, OCO2Me), 3.26-3.22 (m, 1H, H-2'''), 3.19 (d, 1H, H-6', J6',5' = 10.1 Hz), 2.74 

(dd, 1H, H-6''', J6''',6''' = 9.8, J6''',5''' = 5.0 Hz), 2.58 (d, 1H, H-2''', J2''',2''' = 13.2 Hz), 2.16 (t, 1H, H-6''', J6''',6''' = J6''',5''' = 

10.4 Hz), 1.62 (q, 2H, CH2CH3, J = 7.4 Hz), 1.58-1.53 (m, 2H, CH2CH3), 1.50 (s, 3H, CCH3), 1.44 (s, 9H, tBu), 

1.34 (s, 3H, CCH3), 0.84 (t, 3H, CH2CH3, J = 7.1 Hz), 0.83 (t, 3H, CH2CH3, J = 7.3 Hz);  
13C NMR (DMSO-d6, 100 MHz) δ 169.0, 163.2, 150.4, 140.4, 115.5, 112.9, 110.3, 102.0, 94.7, 94.3, 90.1, 84.9, 

84.5, 83.3, 80.2, 79.2, 79.0, 71.1, 66.9, 56.8, 54.9, 51.2, 48.9, 44.1, 29.0, 28.8, 28.0, 28.0, 27.3, 25.4, 8.55, 8.44, 

7.31; 

ESIMS-LR m/z 814 [(M + H)+]; ESIMS-HR calcd for C37H57O16N4 813.3764, found 813.3774; 

[α]D
19 –32.6 (c 0.64, CHCl3). 

 

NKY16-53 

Compound 138 

 A solution of 134 (11.4 mg, 14.0 µmol), palmitic acid (10.8 mg, 14.0 µmol) 

and DMAP (1.6 mg, 14.0 µmol) in 1,2-DCE (400 µL) was treated with EDCI 

(10.7 mg, 56.0 µmol) at room temperature and stirred for 24 hours. Palmitic 

acid (5.4 mg, 21 µmol) and EDCI (10.7 mg, 56.0 µmol) was added to the 

reaction mixture and stirred for 72 hours. After MeOH was added,  the 

reaction mixture was partitioned between AcOEt and 1M aq. HCl. The organic 

phase was washed with sat. aq. NaHCO3, brine and dried (Na2SO4), filtered, 

and concentrated in vacuo. The residue was purified by silica gel column chromatography (30-50% AcOEt/hexane) 

to afford 138 (11.5 mg, 10.9 µmol, 78%) as a white solid.  
1H NMR (DMSO-d6, 500 MHz, 60 °C) δ 11.2 (br s, 1H, NH-3), 7.59 (d, 1H, H-6, J6,5 = 8.0 Hz), 5.89 (s, 1H, H-1'), 

5.76 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.49 (s, 1H, H-4'''), 5.37 (s, 1H, H-1''), 4.93 (dd, 1H, H-2', J2',3' = 6.3 Hz, J2',1' = 3.5 
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Hz), 4.80 (dd, 1H, H-3', J3',2' = 5.8, J3',4' = 2.9 Hz), 4.68 (d, 1H, H-2'', J2'',3'' = 5.2 Hz), 4.60 (d, 1H, H-3'', J3'',2'' = 5.2 

Hz), 4.54 (d, 1H, OCH2OMe, J = 6.3 Hz), 4.48 (d, 1H, OCH2OMe, J = 6.3 Hz), 4.38 (br s, 1H ,H-5'''), 4.34 (d, 1H, 

H-5', J5',6' = 9.8 Hz), 4.27-4.25 (m, 2H, H-4', H-4''), 3.70 (s, 3H, CO2Me), 3.60-3.54 (m, 2H, H-5'', H-3'''), 3.46 (d, 

1H, H-5'', J5'',5'' = 14.9 Hz), 3.28 (d, 1H, H-6', J6',5' = 9.7 Hz), 3.23 (s, 3H, OCH2OMe), 3.13 (o, 1H, H-2'''), 2.88-2.87 

(m, 1H, H-6'''), 2.80 (d, 1H, H-2''', J2''',2''' = 13.8 Hz), 2.30 (t, 2H, palmitoyl, J = 6.9 Hz), 2.07 (t, 1H, H-6''', J6''',2''' = 

J6''',6''' = 10.3 Hz), 1.62 (q, 2H, CH2CH3, J = 7.3 Hz), 1.57-1.50 (m, 7H, CH2CH3, CCH3, palmitoyl), 1.44 (s, 9H, 
tBu), 1.34 (s, 3H, CCH3), 1.25 (s, 24H, palmitoyl), 0.87-0.82 (m, 9H, CH2CH3×2, palmitoyl); 
13C NMR (DMSO-d6, 100 MHz, a mixture of rotamers) δ 171.2, 168.9, 163.2, 155.2, 154.8, 150.4, 140.6, 140.4, 

115.6, 115.5, 113.0, 110.7, 102.0, 94.0, 93.9, 90.0, 89.4, 84.8, 84.7, 83.3, 83.2, 80.1, 80.0, 76.2, 76.1, 68.0, 67.9, 

66.7, 54.8, 54.4, 51.1, 49.6, 48.9, 45.0, 33.8, 31.3, 29.0, 28.9, 28.8, 28.4, 28.3, 28.2, 27.9, 27.8, 27.3, 25.5, 24.7, 

22.1, 14.0, 8.57, 8.47, 7.30; 

ESIMS-LR m/z 1052 [(M + H)+]; ESIMS-HR calcd for C53H87N4O17 1051.6061, found 1051.6068; 

[α]D
17 –28.7 (c 0.69, CHCl3). 

 

NKY16-69 

Compound 139 

 To the mixture of compound 138 (12.5 mg, 11.9 µmol), 2,6-di-tBu-p-cresol 

(1.3 mg, 5.9 µmol) and Cs2CO3 (11.6 mg, 35.7 µmol) in DMF (200 µL) was 

added Ph3SiSH (10.4 mg, 35.7 µmol) and the mixture was stirred at 90 °C for 

20 hours. After cooling down to room temperature, the reaction mixuture was 

partitioned between AcOEt and sat. aq. NH4Cl. The organic phase was washed 

with H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The 

residue was purified by silica gel column chromatography (1-5% 

MeOH/CHCl3) to afford 139 (10.9 mg, 10.5 µmol, 88%) as a white solid. 
1H NMR (DMSO-d6, 500 MHz, 60 °C) δ 11.2 (br s, 1H, NH-3), 7.61 (d, 1H, H-6, J6,5 = 8.1 Hz), 5.90 (s, 1H, H-1'), 

5.76 (d, 1H, H-5, J5,6 = 6.3 Hz), 5.49 (br s, 1H, H-4'''), 5.35 (s, 1H, H-1''), 4.92-4.90 (m, 1H, H-2'), 4.80 (dd, 1H, H-

3', J3',2' = 6.3, J3',4' = 3.2 Hz), 4.68 (d, 1H, H-2'', J2'',3'' = 4.6 Hz), 4.58 (d, 1H, H-3'', J3'',2'' = 5.2 Hz), 4.54 (d, 1H, 

OCH2OMe, J = 6.3 Hz), 4.48 (d, 1H, OCH2OMe, J = 6.3 Hz), 4.38 (br s, 1H, H-4', H-5'''), 4.26 (d, 1H, H-4'', J4'',5'' 

= 8.0 Hz), 4.21 (d, 1H, H-5', J5',6' = 9.8 Hz), 3.59 (br s, 2H, H-5'', H-3'''), 3.45 (d, 1H, H-5'', J5'',5'' = 14.9 Hz), 3.31-

3.23 (m, 1H, H-2'''), 3.23 (s, 1H, OCH2OMe), 3.14-3.12 (m, 1H, H-6'), 2.87 (dd, 1H, H-6''', J6''',6''' = 9.8, J6''',5''' = 5.2 

Hz), 2.74 (d, 1H, H-2''', J2''',2''' = 12.6 Hz), 2.89 (t, 3H, palmitoyl, J= 6.9 Hz), 2.20 (t, 1H, H-6''', J6''',6''' = 10.0 Hz), 

1.62 (q, 2H, CH2CH3, J =7.5 Hz), 1.56-1.53 (m, 4H, CH2CH3, palmitoyl), 1.50 (s, 3H, CCH3), 1.44 (s, 9H, tBu), 

1.34 (s, 3H, CCH3), 1.25 (s, 24H, palmitoyl), 0.88-0.84 (m, 9H, CH2CH3×2, palmitoyl); 
13C NMR (DMSO-d6, 100 MHz, a mixture of rotamers) δ 171.3, 169.8, 163.2, 155.2, 150.4, 140.6, 140.4, 115.6, 

115.5, 112.8, 110.6, 110.2, 101.8, 94.0, 93.9, 90.3, 89.4, 85.2, 84.7, 83.5, 83.3, 80.3, 80.0, 79.4, 76.7, 69.8, 68.2, 

68.0, 67.3, 54.8, 54.5, 49.9, 48.9, 45.1, 33.7, 31.3, 29.1, 29.0, 28.7, 28.2, 27.9, 27.8, 27.2, 25.5, 24.7, 22.1, 14.0, 

8.55, 8.45, 7.29; 

ESIMS-LR m/z 1038 [(M + H)+]; ESIMS-HR calcd for C52H85N4O17 1037.5904, found 1073.5889; 

[α]D
16 –15.9 (c 0.54, CHCl3). 
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NKY 17-2 

Compound 127 

 Compound 139 (26.7 mg, 25.7 µmol) was treated with aq. 80% TFA (1 mL) 

at room temperature for 36 hours. The mixture was concentrated in vacuo. The 

residue was purified by high-flash C18 reverse phase column chromatography 

(70-90% MeOH/H2O, 0.1% TFA) to afford 127 (13.7 mg, 13.5 µmol, 53%) as 

a white solid. 
1H NMR (DMSO-d6, 500 MHz, a mixture of rotamers) δ 11.4 (s, 1H, NH-3), 

9.89 (br s, 0.4H), 9.66 (br s, 0.4H), 7.76 (d, 1H, H-6, J6,5 = 8.1 Hz), 7.16 (br s, 0.6H), 5.69 (d, 1H, H-5, J5,6 = 7.8 

Hz), 5.63 (s, 1H, H-1'), 5.34 (br s, 2H), 5.19-5.17 (m, 1.6H), 5.09 (br s, 0.4H), 4.23-3.97 (m, 8H), 3.37-3.32 (m, 

3H), 3.20 (d, 0.4H, J = 8.6 Hz), 3.04 (br s, 0.6H), 2.86-2.81 (m, 1H), 2.66 (d, 0.4H, J = 13.2 Hz), 2.45 (t, 0.4H, 10.1 

Hz), 2.36-2.29 (m, 2.4H), 1.51 (q, 2H, palmitoyl, J = 6.3 Hz), 1.23-1.22 (m, 24H, palmitoyl), 0.85 (t, 3H, palmitoyl, 

J = 6.9 Hz); 
13C NMR (DMSO-d6, 125 MHz, a mixture of rotamers) δ 172.3, 171.9, 169.9, 169.8, 163.3, 150.4, 139.8, 118.1, 

115.7, 110.0, 101.6, 101.5, 89.2, 82.4, 82.3, 80.5, 80.3, 78.7, 76.8, 76.7, 74.0, 72.6, 72.6, 69.8, 68.5, 68.5, 68.2, 68.2, 

67.9, 67.0, 63.2, 62.7, 57.8, 55.0, 51.9, 48.5, 47.8, 47.6, 46.6, 46.5, 33.5, 31.3, 29.1, 29.0, 28.8, 28.4, 28.4, 24.4, 

22.1, 14.0; 

ESIMS-LR m/z 785 [(M + H)+]; ESIMS-HR calcd for C37H61N4O14 785.4179, found 785.4197;  

[α]D
20 –0.24 (0.96, MeOH). 

 

Figure S-1. Chromatogram of HPLC, compound 127 (J’sphere ODS-M80, 150×4.6 mm; 75% MeOH/H2O, 0.1% 

TFA) 

a) crude product 

 
 

b) after purification 
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NKY16-36 

Methyl 5-O-{5-deoxy-N-[(1R,2S,3R)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-

O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-

tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (140) 

 Compound 113 (1.00 g, 1.01 mmol), carbonate rac-130 (352 mg, 2.02 mg) 

and Et3N (423 µL, 3.03 mmol) were dissolved in THF (10 mL). Ligand L1 

(112 mg, 162 µmol) and Pd2(dba)3·CHCl3 (41.8 mg, 40.4 µmol) were 

dissolved in THF (10 mL) and the mixture stirred for 30 minutes. The solution 

of the Pd catalyst and the ligand was slowly added to the mixture at 70 °C. 

The mixture was stirred for 2 hours. The reaction mixuture was partitioned 

between AcOEt and H2O. The organic phase was washed with brine and dried 

(Na2SO4), filtered, and concentrated in vacuo. The residue was purified by 

high-flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 140 (657 mg, 604 µmol, 60%, 

diastereo ratio 140:131 = 6:1). The diastereo mixture was separated by high-flash silica gel column chromatography 

(50-100% AcOEt/hexane) to give 140 (429 mg, 394 µmol, 39%, diastereo ratio 140:131 = >11:1) as a white foam 
1H NMR (DMSO-d6, 400 MHz) δ 8.10 (d, 1H, Ns, J = 7.8 Hz), 7.93 (d, 1H, H-6, J6,5 = 8.2 Hz), 7.87-7.74 (m, 4H, 

Ns), 7.37-7,34 (m, 5H, Ph), 7.03 (d, 1H, NH-6', JNH-6',6' = 9.2 Hz), 5.93-5.92 (m, 1H, H-4'''), 5.84 (s, 1H, H-1'), 5.83 

(d, 1H, H-5, J5,6 = 8.2 Hz), 5.59 (dd, 1H, H-5''', J5''',4''' = 6.0, J5''',1''' = 1.6 Hz), 5.12 (d, 1H, H-2', J2',3' = 6.9 Hz), 5.08-

5.02 (m, 2H, benzyl), 4.99 (s, 1H, H-1''), 4.93 (d, 1H, OH-3'''), 4.84 (d, 1H, OH-2''', JOH-2''',2''' = 7.3 Hz), 4.80-4.79 

(m, 2H, H-3', H-2''), 4.74 (d, 1H, H-1''', J1''',2''' = 4.6 Hz), 4.60 (d, 1H, H-3'', J3'',2'' = 6.0 Hz), 4.43-4.39 (m, 3H, H-5', 

H-6', H-3'''), 4.18 (dd, 1H, H-4', J = 8.7, J = 4.1 Hz), 4.13 (dd, 1H, H-4'', J = 11.4, J = 3.6 Hz), 3.84 (q, 1H, H-2''', 

J2''',3''' = J2''',3''' = J2''',OH-2''' = 6.4 Hz), 3.56 (s, 3H, CO2Me), 3.41-3.37 (m, 1H, H-5''), 3.03 (dd, 1H, H-5'', J5'', 5'' = 15.1, 

J5'', 4'' = 3.2 Hz), 1.51 (s, 9H, tBu), 1.51-1.39 (m, 4H, CH2CH3×2), 1.41 (s, 3H, CCH3), 0.73 (t, 3H, CH2CH3, J = 7.8 

Hz), 0.67 (t, 3H, CH2CH3, J = 7.6 Hz); 
13C NMR (DMSO-d6, 125 MHz) δ 170.2, 160.0, 156.2, 148.2, 147.9, 147.5, 143.8, 136.8, 135.9, 134.5, 133.0, 132.4, 

131.6, 128.4, 127.9, 127.8, 127.6, 127.2, 124.2, 115.4, 113.4, 111.1, 101.1, 93.4, 86.8, 86.2, 85.3, 84.4, 83.7, 81.1, 
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80.8, 79.2, 78.8, 72.7, 71.1, 68.9, 65.7, 54.9, 52.3, 47.4, 29.0, 28.4, 27.0, 25.2, 8.33, 7.20; 

ESIMS-LR m/z 1111 [(M + Na)+]; ESIMS-HR calcd for C49H62N5O21S 1088.3653, found 1088.3621; 

[α]D
23 +51.9 (c 1.02, CHCl3). 

 

NKY16-40 

Methyl 5-O-{5-deoxy-N-[(1R,2S,3R)-2-hydroxy-3-methoxymethyloxy-4-cyclopentenyl]-5-(2-nitrobenzene-

sulfonylamino)-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (141) 

 A solution of 140 (187 mg, 172 µmol) and DIPEA (150 µL, 860 µmol) in 

CH2Cl2 (3 mL) was treated with MOMCl (26 µL, 0.34 mmol) at room 

temperature and stirred for 24 hours. To the reaction mixture was added 

MOMCl (26 µL, 0.34 mmol) and stirred for 15 hours. After MeOH was 

added, the reaction mixture was partitioned between AcOEt and sat. aq. 

NaHCO3. The organic phase was washed with brine and dried (Na2SO4), 

filtered, and concentrated in vacuo. The residue was purified by high-flash 

silica gel column chromatography (50-100% AcOEt/hexane) to afford 141 

(114 mg, 101 µmol, 59%) as a white foam. 
1H NMR (DMSO-d6, 500 MHz) δ 8.10 (d, 1H, Ns, J = 8.0 Hz), 7.94-7.77 (m, 4H, H-6, Ns), 7.36-7.31 (m, 5H, Ph), 

6.95 (d, 1H, NH-6', JNH-6',6' = 9.2 Hz), 5.95 (m, 1H, H-4'''), 5.84-5.82 (m, 2H, H-5, H-1'), 5.57 (d, 1H, H-5''', J5''',4''' = 

6.3 Hz), 5.20 (d, 1H, OH-2''', JOH-2''',2''' = 7.5 Hz), 5.12 (d, 1H, H-2', J2',3' = 6.9 Hz), 5.08 (d, 1H, benzyl, J = 12.6 Hz), 

5.03 (d, 1H, benzyl, J = 12.6), 4.98 (s, 1H, H-1''), 4.80-4.74 (m, 3H, H-3', H-2'', H-1'''), 4.66 (d, 1H, OCH2OMe, J 

= 6.9 Hz), 4.60 (d, 1H, H-3'', J3'',2'' = 5.7 Hz), 4.57 (d, 1H, OCH2OMe, J = 6.9 Hz), 4.42 (d, 1H, H-5', J = 8.0 Hz), 

4.38-4.36 (m, 2H, H-6', H-3'''), 4.20-4.17 (m, 2H, H-4', H-4''), 3.91 (q, 1H, H-2''', J2''',1''' = J2''',3''' = J2''',OH-2''' = 6.7 Hz), 

3.56 (s, 3H, CO2Me), 3.24-3.20 (m, 4H, H-5'', OCH2OMe), 3.05 (dd, 1H, H-5'', J5'',5'' = 15.5, J5'',4'' = 3.4 Hz), 1.51 (s, 

9H, tBu), 1.46-1.41 (m, 7H, CCH3, CH2CH3×2), 1.27 (s, 3H, CCH3), 0.73 (t, 3H, CH2CH3, J = 7.2 Hz), 0.67 (t, 3H, 

CH2CH3, J = 7.2 Hz); 
13C NMR (DMSO-d6, 100 MHz) δ 170.1, 159.9, 156.1, 148.2, 147.9, 147.5, 143.9, 136.8, 134.7, 134.3, 133.5, 132.5, 

131.1, 129.8, 128.3, 127.9, 127.6, 124.1 115.3, 113.4, 111.1, 101.1, 95.4, 93.4, 86.8, 86.2, 85.3, 84.4, 83.7, 80.9, 

80.8, 78.7, 77.2, 73.0, 68.3, 65.8, 54.9, 54.7, 52.3, 46.8, 28.9, 28.3, 27.0, 26.9, 25.1, 8.35, 7.18; 

ESIMS-LR m/z 1155 [(M + Na)+]; ESIMS-HR calcd for C51H66N5O22S 1132.3915, found 1132.3876; 

[α]D
24 +41.6 (c 0.82, CHCl3). 

 

NKY16-1,16-8,16-15 

Methyl 5-O-{5-tert-butoxycarbonyl-5-deoxy-N-[(1R,2S,3R)-2-hydroxy-3-methoxymethyloxy-4-

cyclopentenyl]-2,3-O-(3-pentylidene)-β−D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-

isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-β-D-glycelo-L-talo-heptofuranuronate (142) 
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 A solution of 141 (124 mg, 110 µmol) in MeOH (5 mL) was treated with 

AcOH (0.5 mL) at 60 °C and stirred for 3 days. The reaction mixture was 

partitioned between AcOEt and sat. aq. NaHCO3. The organic phase was 

washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. A 

mixture of the residue and K2CO3 (30.4 mg, 220 µmol) in MeCN (2 mL) was 

treated with 4-tBu-benzenethiol (57 µL, 0.33 mmol) at room temperature and 

stirred for 36 hours. The reaction mixture was partitioned between AcOEt 

and sat. aq. NH4Cl, and the organic phase was washed with brine and dried 

(Na2SO4), filtered, and concentrated in vacuo to afford a crude amine. A mixture of the crude amine and Et3N (46 

µL, 0.33 mmol) in THF (1 mL) was treated with Boc2O (155 µL, 660 µmol) at room temperature and stirred for 20 

hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCl, and the organic phase was washed 

with H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by high-flash 

silica gel column chromatography (40-100% AcOEt/hexane) to afford 142 (73.6 mg, 77.7 µmol, 71% over 3 steps) 

as a white foam. 
1H NMR (DMSO-d6, 400 MHz) δ 11.5 (br s, 1H, NH-3), 7.78 (d, 1H, H-6, J6,5 = 7.7 Hz), 7.37-7.31 (m, 5H, Ph), 

5.89 (br s, 1H, H-4''', H-5'''), 5.79 (s, 1H, H-1'), 5.63 (br s, 1H, H-5, J5,6 = 8.2 Hz), 5.13 (d, 1H, benzyl, J5,6 = 12.7 

Hz), 5.06-5.01 (m, 3H, benzyl, H-2', H-1''), 4.86 (d, 1H, OH-2'''), 4.78 (dd, 1H, H-3', J = 5.9, J = 4.5 Hz), 4.73-4.60 

(m, 4H, H-2'', H-3'', OCH2OMe), 4.42-4.33 (m, 3H, H-5', H-6', H-3'''), 4.14-4.11 (m, 2H, H-4', H-4''), 3.99 (br d, 1H, 

H-2''', J = 6.3 Hz), 3.63 (s, 3H, CO2Me), 3.33 (o, 1H, H-5''), 3.24 (s, 3H, OCH2OMe), 2.80 (d, 1H, H-5'', J5'',5'' = 10.9 

Hz), 1.47-1.38 (m, 16H, tBu, CH2CH3×2, CCH3), 1.26 (s, 3H, CCH3), 0.73 (t, 3H, CH2CH3, J = 7.5 Hz), 0.69 (t, 3H, 

CH2CH3, J = 7.5 Hz); 
13C NMR (DMSO-d6, 100 MHz) δ 170.2, 163.3,156.2, 150.5, 143.5, 136.9, 128.3, 127.9, 127.6, 127.1, 115.2, 113.3, 

110.4, 101.8, 95.4, 92.9, 86.3, 85.4, 83.6, 81.8, 81.0, 79.5, 79.2, 78.1, 74.1, 67.0, 65.7, 55.0, 54.6, 52.3, 29.2, 28.5, 

27.9, 27.0, 25.3, 8.24, 7.16;  

ESIMS-LR m/z 947 [(M + H)+]; ESIMS-HR calcd for C45H63 N4O18 947.4132, found 947.4135; 

[α]D
20 –33.8 (c 0.83, CHCl3). 

 

NKY16-19,16-21,16-22,16-23 

Compound 143 

 A solution of 142 (213 mg, 301 µmol), K3[Fe(CN)6] (297 mg, 903 µmol), 

K2CO3 (125 mg, 903 µmol), NaHCO3 (75.9 mg, 903 µmol), DABCO (33.8 mg, 

301 µmol) and MeSO2NH2 (28.6 mg, 301 µmol) in tBuOH-H2O (1:1, 6 mL) was 

treated with K2OsO4·2H2O (11.1 mg, 30.1 µmol) at room temperature for 13 

hours. After sat. aq. Na2S2O3 was added, the mixture was extracted with AcOEt. 

The organic phase was washed with brine and dried (Na2SO4), filtered, and 

concentrated in vacuo. The residue was purified by short silica gel column 

chromatography (100 % AcOEt), and the fractions containing the diol were collected and concentrated in vacuo. A 

solution of the diol in THF-phosphate buffer (1:1, pH 7.2, 2 mL) was treated with NaIO4 (33.2 mg, 155 µmol) at 

room temperature for 30 min. After sat. aq. Na2S2O3 was added, the mixture was extracted with AcOEt. The organic 

phase was washed with brine and dried (Na2SO4), filtered, and concentrated in vacuo. A mixture of the residue and 
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Pd black (73.0 mg) in MeOH (2 mL) was vigorously stirred under H2 atmosphere at room temperature for 1 hour. 

The catalyst was filtered off through a Celite pad, and the filtrate was concentrated in vacuo. The residue in 1,2-

dichloroethane (8 mL) was treated with AcOH (45 µL) and pic-BH3 (16.6 mg, 155 µmol) at room temperature. The 

resulting mixture was heated at 50 °C for 16 hours. The reaction mixture was partitioned between AcOEt and 1M 

aq. HCl. The organic phase was washed with sat. aq. NaHCO3 and brine, dried (Na2SO4), filtered, and concentrated 

in vacuo. The residue was purified by silica gel column chromatography (40-60% AcOEt/hexane) to afford 143 

(21.7 mg, 26.7 µmol, 34% over 4 steps) as a white solid. 
1H NMR (DMSO-d6, 500 MHz, a mixture of rotamers) δ 11.5 (br s, 1H, NH-3), 7.68 (dd, 1H, H-6, J = 8.0, J = 5.7 

Hz), 5.76 (t, H-6, J = 2.0 Hz), 5.67 (td, 1H, H-5, J = 7.5, J = 2.0 Hz), 5.24 (d, 1H, H-1'', 14.3 Hz), 5.00 (m, 1H, H-

2'), 4.89 (d, 1H, OH-4''', JOH-4''',4''' = 3.4 Hz), 4.80-4.67 (m, 2H, H-3', H-5''), 4.63-4.54 (m, 4H, H-2'', H-3'', 

OCH2OMe), 4.35-4.31 (m, 1H, H-5'), 4.22 (dd, 1H, H-4'', J = 26.7, J = 10.0 Hz), 3.94-3.91 (m, 1H, H-4'), 3.87 (br 

s, 0.6H, H-5'''), 3.76 (br s, 0.4H, H-5'''), 3.70 (m, 0.4H, H-4'''), 3.63-3.62 (m, 0.6H, H-4'''), 3.51-3.48 (m, 1H, H-3'''), 

3.39-3.36 (m, 1H, H-6', H-5''), 3.17 (t, 1H, H-6''', J = 10.9Hz), 2.60-2.51 (m, 3H, H-6''', H-2'''×2), 1.57-1.45 (m, 4H, 

CH2CH3×2), 1.46 (s, 3H, CCH3), 1.41 (d, 9H, tBu, J = 3.4 H), 1.27 (s, 3H, CCH3), 0.79-0.76 (m, 6H, CH2CH3×2); 
13C NMR (DMSO-d6, 125 MHz) δ 167.4, 163.1, 154.6, 154.4, 150.2, 142.9, 142.8, 115.4, 115.2, 113.7, 109.4, 109.1, 

102.0, 94.3, 94.2, 90.5, 90.3, 87.6, 86.7, 85.5, 85.2, 84.7, 84.5, 83.2, 83.1, 82.0, 79.7, 79.5 ,79.2, 79.1, 72.3, 72.2, 

72.2, 72.1, 68.4, 67.5, 66.2, 66.1, 54.8, 54.8, 54.5, 53.9, 51.0, 50.0, 49.7, 48.7, 48.3, 41.5, 41.4, 29.3, 28.9, 28.6, 

28.2, 28.0, 27.1, 25.3, 25.3, 8.37, 8.22, 7.27, 7.19; 

ESIMS-LR m/z 814 [(M + H)+]; ESIMS-HR calcd for C37H57N4O16 813.3764, found 813.3774; 

[α]D
20 +13.5 (c 0.54, CHCl3). 

 

NKY16-52 

Compoud 144 

 A solution of 143 (3.9 mg, 4.8 µmol), palmitic acid (3.9 mg, 14.4 µmol) and 

DMAP (0.6 mg, 4.8 µmol) in 1,2-DCE (200 µL) was treated with EDCI (3.7 

mg, 19.2 µmol) at room temperature and stirred for 12 hours. After MeOH was 

added, the reaction mixture was partitioned between AcOEt and 1M aq. HCl. 
The organic phase was washed with sat. aq. NaHCO3, brine and dried 

(Na2SO4), filtered, and concentrated in vacuo. The residue was purified by 

silica gel column chromatography (30-50% AcOEt/hexane) to afford 144 (3.2 

mg, 3.0 µmol, 63%) as a white sold.  
1H NMR (DMSO-d6, 500 MHz, 60 °C) δ 11.3 (br s, 1H, NH-3), 7.64 (d, 1H, H-6, J6,5 = 8.6 Hz), 5.77 (d, 1H, H-1', 

J1',2' = 2.3 Hz), 5.64 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.26 (s, 1H, H-1''), 5.15 (s, 1H, H-4'''), 4.96 (dd, 1H, H-2', J2',3' = 6.3, 

J2',1' = 2.3 Hz), 4.80 (t, 1H, H-3', J3',2' = J3',4' = 6.3 Hz), 4.64-4.57 (m, 4H, H-3'', H-5'', OCH2OMe), 4.51 (d, 1H, H-

2'', J2'',3'' = 6.3 Hz), 4.35 (dd, 1H, H-5', J5',6' = 10.6, J5',4' = 6.0 Hz), 4.25 (d, 1H, H-4'', J4'',3'' = 9.2 Hz), 3.96 (t, 1H, H-

4', J4',3' = J4',5' = 6.02 Hz), 3.83 (br s, 1H, H-5'''), 3.74-3.70 (m, 1H, H-3'''), 3.59 (s, 3H, CO2M), 3.48-3.44 (m, 2H, 

H-6', H-5''), 3.35 (d, 1H, H-6''', J6''',6''' = 12.6 Hz), 2.79 (dd, 1H, H-2''', J2''',2''' =10.9, J2''',3''' =4.0 Hz), 2.53-2.43 (m, 2H, 

H-2''', H-6'''), 2.29 (t, 2H, palmitoyl, J = 6.9 Hz), 1.56-1.48 (m, 8H, CH2CH3, CCH3, palmitoyl), 1.41 (s, 9H, tBu), 

1.30-1.25 (m, 27H, CCH3, palmitoyl), 0.86 (t, 3H, palmitoyl, J = 7.2 Hz), 0.82-0.75 (m, 6H, CH2CH3×2); 
13C NMR (DMSO-d6, 100 MHz, a mixture of rotamers) δ 171.0, 167.2, 163.2, 154.3, 154.2, 150.3, 142.9, 115.5, 
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115.3, 113.8, 109.4, 109.1, 102.0, 94.2, 90.4, 87.4, 86.6, 85.1, 84.9, 84.7, 84.5, 83.1, 81.9, 79.9, 79.6, 79.5, 72.1, 

72.0, 69.8, 69.6, 68.8, 68.1, 65.9, 65.7, 54.9, 52.5, 51.7, 50.9, 48.2, 42.6, 33.8, 33.7, 31.3, 29.3, 29.1, 29.0, 28.9, 

28.9, 28.8, 28.7, 28.2, 28.1, 28.0, 27.7, 27.2, 25.3, 24.7, 24.6, 22.1, 14.0, 8.40, 8.25, 7.27, 7.22.; 

ESIMS-LR m/z 1052 [(M + H)+]; ESIMS-HR calcd for C53H86N4NaO17 1073.5880, found 1073.5896; 

[α]D
15 +24.0 (c 0.66, CHCl3). 

 

NKY16-64 

Compound 145 

 To the mixture of compound 144 (12.3 mg, 11.7 µmol), 2,6-di-tBu-p-cresol 

(1.3 mg, 5.9 µmol) and Cs2CO3 (11.4 mg, 35.1 µmol) in DMF (200 µL) was 

added Ph3SiSH (10.3 mg, 35.1 µmol) and the mixture was stirred at 90 °C for 

20 hours. After cooling down to room temperature, the reaction mixuture was 

partitioned between AcOEt and sat. aq. NH4Cl. The organic phase was washed 

with H2O, brine and dried (Na2SO4), filtered, and concentrated in vacuo. The 

residue was purified by silica gel column chromatography (1-5% 

MeOH/CHCl3) to afford 145 (11.8 mg, 11.4 µmol, 97%) as a white solid. 
1H NMR (DMSO-d6, 500 MHz, 60 °C) δ 11.3 (br s, 1H, NH-3), 7.62 (d, 1H, H-6, J6,5 = 8.0 Hz), 5.79 (d, 1H, H-1', 

J1',2' = 2.3 Hz), 5.64 (d, 1H, H-5, J5,6 = 8.0 Hz), 5.26 (s, 1H, H-1''), 5.16 (s, 1H, H-4'''), 4.96 (dd, 1H, H-2', J2',3' = 6.6, 

J2',1' = 2.0 Hz), 4.89 (t, 1H, H-3', J3',2' = J3',4' = 6.3 Hz), 4.71-4.58 (m, 5H, H-2'', H-3'', H-5'', OCH2OMe), 4.34-4.25 

(m, 2H, H-5', H-4''), 3.96 (t, 1H, H-4', J4',3' = J4',5' = 5.2 Hz), 3.83 (s, 1H, H-5'''), 3.74 (br s, 1H, H-3'''), 3.53-3.45 (m, 

1H, H-5''), 3.36-3.27 (m, 2H, H-6', H-6'''), 3.17 (s, 3H, OCH2OMe), 2.77 (dd, 1H, H-2''', J2''',2''' = 10.3, J2''',3''' =4.6 

Hz), 2.29 (t, H-3, palmitoyl, J =6.9 Hz), 1.59-1.49 (m, 7H, CH2CH3×2, CCH3, palmitoyl), 1.41 (s, 9H, tBu), 1.31-

1.25 (m, 27H, CCH3, palmitoyl), 0.88-0.78 (m, 7H, CH2CH3×2, palmitoyl); 
13C NMR (DMSO-d6, 100 MHz, a mixture of rotamers) δ 171.1, 168.1, 163.2, 154.3, 150.2, 142.6, 115.6, 115.3, 

113.9, 109.6, 102.1, 94.2, 89.7, 87.5, 86.8, 84.7, 83.1, 81.9, 79.9, 79.5, 78.8, 72.0, 69.7, 69.0, 68.3, 66.4, 54.9, 52.6, 

51.2, 48.3, 42.7, 33.7, 31.3, 29.1, 29.0, 28.9, 28.8, 28.6, 28.2, 28.0, 27.7, 27.3, 25.6, 24.7, 24.6, 22.1, 14.0, 8.45, 

8.29, 7.35, 7.27; 

ESIMS-LR m/z 1038 [(M + H)+]; ESIMS-HR calcd for C52H85N4O17 1037.5904, found 1073.5955; 

[α]D
16 +12.5 (c 0.59, CHCl3). 

 

NKY16-68 

Compound 126 

 Compound 145 (11.8 mg, 11.4 µmol) ws treated with aq. 80% TFA (1 mL) at 

room temperature for 12 hours. The mixture was concentrated in vacuo. The 

residue was purified by high-flash C18 reverse phase column chromatography 

(60-90% MeOH/H2O, 0.1% TFA) to afford 126 (5.6 mg, 5.5 µmol, 48%) as a 

white solid. 
1H NMR (CD3OD, 400 MHz) δ 7.85 (d, 1H, H-6, J6,5 = 8.2 Hz), 5.69 (d, 1H, 

H-5, J5,6 = 8.2 Hz), 5.67 (s, 1H, H-1'), 5.37 (s, H-4'''), 5.21 (s, 1H, H-1''), 4.44 (dd, 1H, H-3'', J3'',2'' = 8.6, J3'',4'' 4.5 

Hz), 4.33 (d, 1H, H-5', J5',6' = 10.9 Hz), 4.23 (br s, 1H, H-5'''), 4.19-4.12 (m, 3H, H-2', H-3', H-2''), 4.06 (d, 1H, H-
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4'', J4'',3'' = 4.1 Hz), 4.03 (dd, 1H, H-4', J4',3' = 8.2, J4',5' = 1.4 Hz), 3.82 (d, 1H, H-6', J6',5' = 10.4 Hz), 3.65-3.61 (m, 1H, 

H-5''), 3.50 (br s, 2H, H-2''', H-3'''), 3.01 (dd, 1H, H-6''', J6''',6''' = 10.4, J6''',5''' = 4.5 Hz), 2.89-2.78 (m, 3H, H-5'', H-2''', 

H-6'''), 2.43 (td, 2H, palmitoyl, J = 7.5, J = 1.7 Hz), 1.64 (t, 2H, palmitoyl, J = 7.0 Hz), 1.29 (br s, 24H, palmitoyl), 

0.90 (t, 3H, palmitoyl, J = 6.8 Hz); 
13C NMR (CD3OD, 125 MHz) δ 174.0, 166.2, 151.9, 142.2, 109.5, 102.1, 92.8, 83.0, 80.5, 75.7, 75.5, 72.9, 71.3, 

70.1, 69.3, 68.5, 64.3, 56.4, 51.2, 43.6, 34.8, 33.1, 30.8, 30.8, 30.6, 30.5, 30.5, 30.2, 25.9, 23.7, 14.5; 

ESIMS-LR m/z 785 [(M + H)+]; ESIMS-HR calcd for C37H61N4O14 785.4179, found 785.4197; 

[α]23
D +6.62 (c 0.56, CH3OH). 

 

Figure S-2. Chromatogram of HPLC, compound 126 (J’sphere ODS-M80, 150×4.6 mm; 75% MeOH/H2O, 0.1% 

TFA) 
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Conformational analysis 

 Conformational analysis of compound 12 and 13 was performed by Macromodel 10.2 (Schrödinger LLC) using 

OPLS-2005 as a force field. ‘‘Conformational search’’ of these compounds was performed with ‘‘Torsional sampling 

(MCMM)’’ method (Maximum iterations, 500; Maximum number of steps, 1000; Energy window for saving 

structures, 50 kJ/mol), followed by ‘‘Minimization’’ of generated conformers was performed ‘‘Polak-Ribiere 

conjugate gradient (PRCG)’’ method with (Maximum iterations, 5000; Convergence threshold, 0.05). Default values 

were used for all other parameters. 

 

Docking simulation 

Ligand preparation 

 Global energy-minimum conformers of all compounds generated by ‘‘Conformational search’’ were used as initial 

3D structures. These structures were optimized by ‘‘LigPrep’’ using OPLS-3 as a force field. The resulting structures 

were used in docking simulations. Default values were used for all compounds. 

 

Grid generation for docking simulation 

The grids used for docking simulation were generated by ‘‘Receptor Grid Generation’’ of Glide (Schrödinger LLC). 

The X-ray crystal structure of MraY complexed with muraymycin D2 (PDB code: 5CKR) was refined for docking 

simulations using the ‘‘Homology modeling’’ (Escherichia coli strain K12; Uniprot ID: P0A6W3). As a center of 

the grid, centroid of the residues thr73, Asn192, asp195, asn257, ser270, Gln 307 were selected. 

 

Grid generation for docking simulation  

The docking simulations were performed by ‘‘Ligand Docking’’ of Glide (Schrödinger LLC), using sp mode as a 

precision and aforementioned prepared structures as ligands.  

 

Fluorescence-Based MraY Assay. 

 Reactions were carried out in 384-well microplate. Reaction mixtures contained, in a final volume of 20 µL, 50 

mM Tris-HCl (pH 7.6), 50 mM KCl, 25 mM MgCl2, 0.2% Triton X-100, 8% glycerol, 100 µM C55-P, and 20 µM 

UDP-MurNAc-dansylpentapeptide. The reaction was intiated by the addition of MraY enzyme (11 ng/5 mL/well). 

After 1h of incubation at 37 °C, the formation of dansylated lipid I was monitored by fluorescence enhancement 

(excitation at 355 nm, emission at 535 nm) by using the Tecan infinite 200 miciroplate reader. 
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