
Title アンサマイシン系天然物サイトトリエニンAの全合成研究

Author(s) 佐藤, 晋平

Degree Grantor 北海道大学

Degree Name 博士(薬科学)

Dissertation Number 甲第13615号

Issue Date 2019-03-25

DOI https://doi.org/10.14943/doctoral.k13615

Doc URL https://hdl.handle.net/2115/73837

Type doctoral thesis

File Information Shimpei_Satoh.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



 

 

 

 

`ntSí� 

 

!E,;#-EÕq¹º,#33A%4E A�We�ÉÎ 

 
 

 

 

 

 

 

 

 
 
 
 

 

 

^´øptptā¾jÍtā 

¾j_âÍt|� ¾j_âÍt+F/ 

Zâ ®]tÉÎw 

 

Tã �� 

 

2019� 3� 

 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ïô 

 

¤ÉÎ ä��Ă
	Ör��a����}	�Ą� ñ��
-^´øptptāâtÉÎā i§ � �

������ïß
��� 

 

¤ÉÎ ÷���Ă
	��Hz���}	�[è ñ��
-þ~ptptā_°âtÙeÉÎÍ� ÌÀ ă 

Y��	^´øptptāâtÉÎā ·ù ¼ð î��µ
�ïß
��� 

 

� ¤í��{© 
�ą		 Æ���[è ñ��
-^´øptptāâtÉÎā Þ¤ �� ���µ


�ïß
��� 

 

� ��²Ã��êí 
�ą	�
-G5¸ N `n	£� Op `n	u� æs `n	È¥ à� `n �

�����^´øptptāâtÉÎā Zâ ®]tÉÎw�Å­�µ
�ïß
��� 

 

� X�\�
e�	��������J��-^´øptptāâtÉÎā Zâ ®]tÉÎw�f¡�Å­

�µ
�ïß
��� 

 

� ���	áÝ�t¾¾² ×¶Ä	ÔËÄ����
���-y������ïß
��� 

 

 

2019� 3�    Tã�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Âìå 
 

¤í�K	QJ�Âì V¿
-� 

 

Ac acetyl 

Alloc allyloxycarbonyl 

aq.  aqueous 

ATP  adenosine 5�-triphosphate 

BARF  tetrakis[bis(3,5-trifluoromethyl)phenyl]borate  �

BIPHEP 2,2'-Bis(diphenylphosphino)-6,6'-dimethoxy-1,1'-biphenyl  

Bn  benzyl 

Boc  tert-butoxycarbonyl 

BOPCl  bis(2-oxo-3-oxazolidinyl)phosphinic chloride 

Bu  butyl 

cat.  catalyst 

CM cross metathesis 

cod  1,5-cyclooctadiene 

conc.  concentration 

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

DCE  1,2-dichloroethane 

DIBAL  diisobutylaluminium hydride 

DMAP  (N,N-dimethylamino)pyridine 

DMF  N,N-dimethylformamide 

DMSO  dimethyl sulfoxide 

dppe  1,2-bis(diphenylphosphino)ethane 

dppf  bis(diphenylphosphino)ferrocene 

DTBMP  2,6-di-tert-butyl-4-methylpyridine  

EDC  N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide 

ED50  50% effective dose 

ESI electrospray ionization 

Et  ethyl 

equiv equivalent 

LiHMDS  lithium hexamethyldisilazane 

LRMS low-resolution mass spectrometry 

HB(Pin)  4,4,5,5-tetramethyl-1,3,2-dioxaborolane  

HMBC heteronuclear multiple bond correlation 

HOBt 1-hydroxybenzotriazole 

HSP90  heat shock protein 90 



i-  iso- 

IC50  50% inhibitory concentration 

Ipc  diisopinocampheyl 

Me  methyl 

MOM  methoxymethyl 

MS mass spectrometry 

MTPA α-methoxy-α-(trifluoromethyl)phenylacetic acid  

NaHMDS sodium hexamethyldisilazane 

n-  normal-  

n.d.  not detected 

NHC N-heterocyclic carbene 

NMR  nuclear magnetic resonance 

Ph  phenyl 

Piv  pivaloyl  

PMB  para-methoxybenzyl 

PMP para-methoxyphenyl 

ppm  parts per million  

PPTS  pyridinium para-toluenesulfonate 

Pr  propyl 

quant  quantitative yield 

RCM  Ring-Closing Metathesis 

rt room temperature 

sat.  saturated 

t-  tertiary- 

TBS  tert-butyldimethylsilyl 

TBDPS  tert-butyldiphenylsilyl 

TES  triethylsilil 

TsOH  para-toluenesulfonic acid  

Tf  triflate 

THF  tetrahydrofuran 

TIPS  triisopropylsilyl 

TMS  trimethylsilyl 

Tr  trityl 

XBP-1  X-box binding protein 1 
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1. H�Y{JZ�Ǹčƻƿ 

H�Y{JZ�Ǹčƻƿ1
ȝʑǉ0ʆɿšɤ¬ɵ/ƉƗƓɗ (H�Yɱ) EÃɕʔƎ,�*Ż�A{

S��Sb}ǸŗǊƿɆ0ȃǦ 1 +-@
�B8+/ũȄȠ0�ǩ+-A Streptomyces ħ>@ūċ5Ȱ

Ê�B*.A�ȝʑǉɤ1v�_�ǉ-A.1jsb��ǉ0�ǩ
ƉƗɱ0Ƹǻū1v�_�ǉ0Ą

é 15 (C15) <�51 17 (C17) +-@
jsb��ǉ0Ąé1 17 (C17) <�51 23 (C23) +-A�"0

ǉòū/1.*1 19
21
25
29òǉǲ0ċǉƓɗ�ǡ?B*.A�"B#B0ƉƗƸǻɱū/¦Ȩ�

BAÜéƿ/1v�_�ǉ+1V�cj{JZ� (1)
h�Mm{JZ� A (2)
jsb��ǉ/1.*

1�sG{JZ� B (3)
HSb{JZ� (4) ǲ�Ş�?BA (Figure 0-1)��B?0Üéƿ1 in vitro-

A.1 in vivo1.*ľÖ.ŗȠƨŎ=èǩȔǕǼȐ/Ģ�AǼȐƞŎEŻ�*.A�,�ǡ?B*1@


³�2V�cj{JZ� (1) 1 HSP900Z�w��ƘȑEɷĞ�A�,+ǼȐƞŎEǥ�
ɑĴ"0Ȼ

ģ®0Ȗķȹʓ�ə;?B*.A 2�jsb��ǉEŻ�A�sG{JZ� B (3) 1
1950 Ĵ¦ńÝ/

s��\0ýĈ�2?Ëʂ�$ũȄȠ>@Þʂ�B$ŗǊƿɆ+-@
"0Ȼģ®�ǿƌƥǖȤ,�*

H�Y{JZ�Ǹčƻƿ0�+1Í;*�Į�B*.A 3� 

 

 

 

 

 

 

 

 

Figure 0-1. H�Y{JZ�Ǹčƻƿ0Ëʏ,¦ȨǙ.Üéƿ0Ɠɗ.ʙ 
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ƉƗƸǻɱū� 17+-@
21òǉ{S��Sb}ƓɗEŻ�Av�_�-H�Y{JZ�ǸÜéƿ1


1967 Ĵ/{JWh�Mk�� (5)ʚ� Streptomyces rishiriensis T-23 >@Þʂ�B*§ɸ 30 ǩ§�<0ʏ

ȅ®�ǗȰ�B*.AƓɗǙċƔŎ/ĠF%Üéƿȉ+-A (Figure 0-2)��B?0Üéƿ1ɘȁ�A 

(E,E,E)-h�M�ɤÃɕƓɗEŻ�A�,2?
�ț/h�M�H�Y{JZ�ǸÜéƿ,Ǧ�BA�8

$
4(0�ŭƹ0�&
C11-C13¬0 3(�ɘȁ�*.A�,<Ãɕ�Aǀň+-@
"B#Bȝʑǉ

�0ȈţĂ=¼ɱ+-AH|mɧM\f�ɤ¬�ǒ.A��B?0Üéƿ1Ɣ�.ǊƿƨŎEǥ��,

�ăï�B*1@
{JWh�Mk�ʏ1ŗȠƨŎE
�ɒ�$h�Mm{JZ�ʏ 61ǘȥǓǼȐ/Ģ

�AǼȐƞŎ
dH[mh�Mm{JZ�ʏ1Čȕ�F=ȏ�Fǲ/ǎƄ�AèǩȔǕǼȐ/Ģ�*Ǽ

ȐƞŎEǥ��,�ǡ?B*.A 7�8$
h�M�QZ�ʏ1ɎÇøē XBP-10ƨŎÜEɷĞ�A�,

�ăï�B*.A 8�§�0�,2?
h�M�H�Y{JZ�ǸÜǸéƿ1Żż.ÕȤ��i0�(,

�*¬Ȉ)6?B*.A� 

 

 

Figure 0-2. h�M�H�Y{JZ�ǸÜéƿ0Ɠɗ. 
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h�M�H�Y{JZ�ǸÜéƿ03,(
YJhh�Mk�ʏ (Figure 0-3) 1
1997 Ĵ/ǇÜĕǣ

ǫŔ0ɲǍ?/>'* Streptomyces ħ RK95-74Ƌ>@Þʂ�ƓɗƤĚ�B$ 9�YJhh�Mk�ʏ1¤

0h�M�H�Y{JZ�ǸÜéƿ,êƔ0ĂƁʔƎEŻ�*.A�
ũȄȠ�ƚ¦Ɂǋƿ+1Í;*

0
ƓɗǙ/ǅ�.ZS�u�o�H|mɧE¼ɱ/Ż�*.A�8$ǊƿƨŎ0ʇ+1
ǀ/YJhh

�Mk� A (22) 1phÒʔʕŎǘȥǓǼȐ HL-60 E1�;,�$èǩāʐǘȥǓǼȐ1.*­ƷĹ 

(HL-60 : ED50 = 7.7 nM) +Hzh�Z\/ǀňǙ.S�{d�Èʀ= DNA0ůƾÜEȻģ�A��ű


phƛıȎȇȂȞǼȐ WI-38 /1.*1
100 ¹0ƷĹ/1.*<Hzh�Z\Ȼģ±ǌEǥ�..�

,�ăï�B*1@
ǘȥǓǼȐɢŘǙ/Hzh�Z\EȻģ�A½B$ŗ�FÓ0��iÜéƿ,�

*Żżȱ�B*.A�ĥ
ƁÜéƿ0ƕǙËē/(.*1ſ%ŵ?2,�B*1? 
"0ȳŵ�ż8B

*.A� 

 

 

 

 

 

 

 

 

 

 

Figure 0-3. YJhh�Mk�ʏ0Ɠɗ. 
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2. h�M�H�Y{JZ�ǸÜéƿ0éŒǣǫ 

h�M�H�Y{JZ�ǸÜéƿ1"0ǀňǙ.Ɠɗ,Țðƭ.ǊƿƨŎ2?ÂéŒǣǫ0ĢɄ,�

*Ƨǜ�B*�*1@
.5(20Üéƿ/(.*ÂéŒǣǫ�ȦDB*.A��B?Üéƿ0éŒ/

16AɩȯĬǨ,�*1
(1) C11-C13¬0 3ɘȁ�ŭƹ0ƓǴ
 (2) ɘȁ�A (E,E,E)-h�M�ɤ0Ɠ

Ǵ
(3) {S��Sb}ǉŀŒ0�ƹ�Ş�?BA��B8+0ÂéŒǣǫ/1.*
YJhh�Mk�

ʏ0ʏȅÜéƿ0ÂéŒ� 6 ³ 10
YJhh�Mk� A/1.*1 Panek 1>4 Krische ?/>'*ʔ

ƎéŒ�ăï 11�B*1@
2008Ĵ/1Ƈ?/>'*Í0ÂéŒ�ɝŒ�B*.A 12��ȸ�ƹ0ɩȯ

ĬǨ/(.*Ǡǜ�
�B8+0¦ȨǙ.éŒǣǫE§�/ƒȽ�A� 

 

2-1. Smith?/>Ah�Mm{JZ� A (2) 1>4 F (9) 0ÂéŒ 10a 

1995Ĵ
Smith?1h�Mm{JZ� A (2) 1>4 F (9) 0Í0ÂéŒEɝŒ�$ (Scheme 0-1)�"0

éŒœǑ1ĭæs�T~�h+-A�KÜH�� 26 ,v�[�\�x� 27 ,0H�Q�Ü/>As�

T~�hOeu��T0ń
{S�ǉ1>4h�M�ɤ¬1x\xkK}ą 28 Eǌ.$ Bis-Wittig âŋ

/>@{S�ǉ1>4h�M�ɤ¬E�Ş/ƓǴ�A<0+-A� 

 

Scheme 0-1 

 

C11-C13¬0 3ɘȁ�ŭƹ1
EvansH�i��âŋ 13, Brown0�ŭH��y��Z�� 14/>'

*ƓǴ�
17ĬǨ+�KÜH�� 26Eņ$ (Scheme 0-2)�"0ń
Ïɔ 7ĬǨ+éŒ�$v�[�\�

x� 27 ,0 SN2 âŋ/>@s�T~�hEɘǿ�!
4 ĬǨ+ǉÜÒʒ®+-A[H�gpi 35 5,

Ċţ�$ń
Bis-Wittigâŋ/>@ǜǙ0WHʔƎ 360ƓǴ/Œ×�*.A�"0ńÃɕ�ɵ® 375,

ģ�
"B#B 4ĬǨ+h�Mm{JZ� A (2) 1>4 F (9) 5,ģ�ÂéŒEɝŒ�*.A�źɲǝȄ

ĬǨ 30ĬǨ+0ÂéŒ+-A� 
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Scheme 0-2 

 

Smith?/>'*ăï�B$h�Mm{JZ� A (2) 1>4 F (9) 0ÂéŒ1h�M�H�Y{JZ�

ǸÜéƿ0Í0ÂéŒ³+-@
ǀ/�KÜH��,v�[�\�x�Eǌ.$s�T~�hOeu�

�T1"0ń0h�M�H�Y{JZ�ǸÜéƿ0éŒǣǫ/<ƨǌ�B*.A� 

 

2-2. Panek?/>A{JWh�Mk��(11) 0ÂéŒ 10b 

Panek?1{JWh�Mk��(11) 0ÂéŒE 1997Ĵ/ăï�*.A (Scheme 0-3)�"0éŒœǑ1

Smith ?,êƔ0�KÜH�� 38 ,v�[�\�x� 39 ,0s�T~�hOeu��TEŠǌ�*.

A�h�M�ɤ1>4{S��Sb}ǉ1 StilleOeu��T/>'*ƓǴEȹ9*.A� 
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Scheme 0-3 

 

 

 

 

 

 

C12-C13¬0�ŭƹ1
ǂȗ/ɴǗ�$Q��. (E)-S�d�Z��ȹȤ 4115,Uh-[v�[�H^

b�� 42 2?ÚǄǙ/ƓǴEɝŒ�$ (Scheme 0-4)��?/
H�gpi 44 5,Ȼģ�
�J\ɧ/

TiCl4Eǌ.AQ��Z��ÑŇ�+0ǭ®ɢŘǙ.ǼȰ	ƙ âŋ/>'*
3 ɘȁ�ŭƹEí: 45 5

,ģ.$�"0ń 9ĬǨ+�KÜH�� 385,ģ�
ÏɔéŒ�$v�[�\�x� 39,0 SN2âŋ

/>@s�T~�hEɘǿ�!
4ĬǨ+ǉÜÒʒ®+-A 475,Ċţ�$�"�*ɰâŋ+-Ah�

M�ɤƓǴ,ǉÜ1 StilleOeu��T/>'*ɝŒ�
TIPSĂEɢŘǙ/ɺà�A�,+ǜǙ0 485

,Ȼģ�*.A�źń/H|mɧ¼ɱ0ģÁ,ȓ¸ɂEǾ*
źɲǝȄĬǨ 29ĬǨ+0{JWh�Mk

��(11) 0ÂéŒEɝŒ�$� 

 

Scheme 0-4 
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2-3. Smith?/>AdH[mh�Mm{JZ� E (19) 0ÂéŒ 10c 

Smith ?0ǣǫT��u1
h�Mm{JZ�ʏ0ÂéŒ/ȁ� 2000 Ĵ/dH[mh�Mm{JZ� 

E (19) 0Í0ÂéŒEɝŒ�$�ƁéŒ1
�B8+0h�M�ɤƓǴ0űƦ,1ǒ.AœǑ+ʔƎƓ
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Scheme 0-6 

  

2-4. Panek?/>AYJhh�Mk�ʏ0éŒǣǫ 11a 
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3ɘȁ�ŭƹ0ƓǴ1ƛĘH�i��âŋ 17,qk��dK}ȹȤ0ǭ®ɢŘǙ.¥Ø/>@ɝŒ�
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Scheme 0-8 
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5) Ƈ?/>AYJhh�Mk� A (22) 0ÂéŒ 12 
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éŒǽǛ/ Panek?0űƦ 11a/º'*
[M�ɵ+0ɳǉ~b^Z\ (Ring-Closing Metathesis, RCM)

/>'*h�M�ɤ¬EƓǴ�AɓéŒȶǏEǭ*$ (Scheme 0-9)��KÜH���keh,v�[�
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Smith?0űƦEɋȮ�*.A� 
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Panek?,êƔ/ǰ��¦GrubbsȴĒEǌ.A�,+�ǨĹ0ãǄ+ǜǙ0ǉÜ® 87EņA�,/Œ×

�*.A�źń/ľɧŎJN�¢ţƖȒ Amberlyst 15Eǌ.*Â*0 TESĂEɺà�
YJhh�Mk

� A (22) 0ÂéŒEźɲǝȄĬǨ 35ĬǨ+ɝŒ�$� 
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8$
[M�Eí:O�y�ɧ 731§�0>�/éŒ�*.A (Scheme 0-11)�1,4-tb�[N��2

? 2ĬǨ+Ȼģ�BAŲǡH�gpi 1988E
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Scheme 0-11 
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C12-13¬0�ŭƹ1
ǂȗ/ɴǗ�$J�[K}ȴĒEǌ.$�ŭH��Üâŋ 21/>@ÚǄǙ/Ɠ

Ǵ�*.A�ȁ.* 5ĬǨ0Ċţ/>@ņ$ 96,y��ɧM\f� 97,0ɭž–ĝƪOeu��T/>
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Ǌ�$H�gpi/Ģ�AMe2AlCl

Eǌ.$Q��Z��ÑŇ�+0ǭ®ɢŘǙ.ǼȰ	ƙ âŋ 22/>'*[M�ɤEģÁ�
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y�ɧ 73,Ȇé�A�,+ǉÜÒʒ® 935,Ȼģ�$�RCM/>A{S��Sb}ǉƓǴ1
ǰ��

¦ GrubbsȴĒ0J�gk�g�Hj�T 23106Eǌ.A�,+ɝŒ�*.A (Scheme 0-13)�źń1Â*
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Scheme 0-13 
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hydroboration employing pinacol borane was used, which
delivered fragmentB ina regioselective fashion (Scheme3).14

The Suzuki coupling of fragments A and B was espe-
cially challenging. However, after screening numerous
palladium sources and phosphine ligands, a remarkably
simple protocol was identified, inwhich fragmentsA andB
were exposed to Pd(dppf)Cl2 in the presence of sodium
hydroxide to furnish the product of C-C coupling 7 in
75% isolated yield (Scheme 2).
At this point, elaboration of 7 to the cytotrienin corewas

set as an initial goal of our first-generation synthetic
approach to the C17-benzene triene-ansamycins. Toward
this end, exposure of 7 to periodic acid in ethyl acetate
solvent directly provides aldehyde 8,15 which was subjected
immediately to conditions for chelation-controlled16 pen-
tadienylation.17 Gratifyingly, the desired adduct 9 was
formed in a stereoselective fashion. To install the cytotrienin
side chain, Hayashi’s protocol was employed.7f Specifically,
alcohol 9 was converted to the R-azido-cyclopropane car-
boxylic ester 10. Reduction of the azide followed by

acylation of the resulting amine 11 using cyclohexene
carboxylic acid delivers 12 (Scheme 4).
Elaboration of 12 to the cytotrienin A core requires

preparation of diene-containing carboxylic acid D. Pre-
viously, carboxylic acidDwas produced in 12 steps in 16%
overall yield.7f Hydrogen-mediated C-C coupling of
acetylene18 to the p-toluenesulfonate of hydroxy acetalde-
hydedelivers the indicatedproduct of (Z)-butadienylation,
which upon O-methylation and isomerization of the
diene19 provides the indicated (E)-homoallylic sulfonate.
Displacement of the p-toluenesulfonate by cyanide and,
finally, hydrolysis of the resulting nitrile furnishes car-
boxylic acidD in 7 steps from allyl alcohol in 32% overall
yield (Scheme 5). With carboxylic acid D in hand, com-
pound 12 is transformed to bis(diene) 13 via reduction of
the nitroarene employing NaBH2S3

20 followed by acyla-
tion of the resulting aniline (Scheme 4).
Initial exploration of the ruthenium catalyzed ring-closing

metathesis (RCM) reaction of bis(diene) 13 and related
model systems revealed exceptional sensitivity to both the
catalyst and the substituent at C11. For example, in model
studies involving the corresponding C11 TBS-ether of
bis(diene) 13, RCM using the Grubbs-Hoveyda-II cata-
lyst occurred to deliver the diene product exclusively.
Eventually, itwas found that diene formation is suppressed
for O-acyl derivatives at C11 and, gratifyingly, the actual
cytotrieninA side chain proved to be ideal. Thus, using the
indenylidene analogue of the first generation Grubb’s
metathesis catalyst,21 bis(diene) 13 is converted to the
cytotrienin A core in 43% yield. Difficulties encountered

Scheme 2. Synthesis of the Stereotriad-Containing Fragment A and Suzuki Cross-Coupling with Fragment Ba

a See Supporting Information for detailed experimental procedures.

Scheme 3. Synthesis of Fragment Ba

a See Supporting Information for detailed experimental procedures.
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C.; Zanardi, F.; Battistini, L.; Sartori, A.; Rassu, G.; Azzas, L.; Roggio,
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(20) Lalancette, J. M.; Freche, A.; Brindel, J. R.; Laliberte, M.

Synthesis 1972, 526.
(21) F€urstner, A.; Grabowski, J.; Lehmann, C. W. J. Org. Chem.

1999, 64, 8275.

Ir cat.     

66% (94% ee) 60% (5 steps)

PMBO

Br

O
O96

OMe

OMe
NO2(Pin)B

97

OMe

OMe

NO2

PMBO

100

O
O

OMe

MeO
NO2

PMBO

HO

OMe

OMe
NO2

PMBO

O

ON3

99

52% (4 steps)

OMe

MeO
NH

PMBO

O

O

OMe

O
H
N

O

Ru

PCy3

PCy3

Cl

Cl

MeO

OMe

NH

O

O

PMBO

OMe

O
H
N

O

Pd(dppf)Cl2•CH2Cl2
NaOH

1) H5IO6

2) 95, Me2AlCl

Cl

ON3

82

O OMe

HO
73

102

103
104 105

93 macrocyclic core of cytotrienin A (107)

106

75%

52% (2 steps)
89%

43%

13
12

11

101



 14 

 

  8$ Krische ?1[M�Eí:O�y�ɧ 73 0ŧȜéŒ/<Œ×�*.A (Scheme 0-14)�H��H

�W�� (108) EÊǗƿɆ,�* 2 ĬǨ+Ȼģ�$H�gpi/Ģ�*
�[K}ȴĒEǌ.$�ŭ[

Mk�Üâŋ 24/>@ż90�ŭƹ0ŀŒEƈ$�*.A�"0ń1kh�� 111 5,ģ�
�?/Ø

ơËȳ�A�,+
7ĬǨ+O�y�ɧ 73EÚǄǙ/éŒåȑ.ǾɊEǤǭ�$� 

 

 

Scheme 0-14 

 

 

 

 

 

 

 

 

§�ɒ6*�$>�/
�B8+0ăï³+1
Krische ?0éŒǣǫEɺ.*
Smith ?�źÍ/ǌ

.$�KÜH��,v�[�\�x�,0H�Q�Ü/>As�T~�hOeu��TEÃɕ0œǑ,

�*.A��ű+
C11-C13¬0 3ɘȁ�ŭƹ0ƓǴƦ=h�M�ɤ0ƓǴ
1>4{S��Sb}ǉŀ

Œ1èǣǫT��u+ǂȗ0űƦEŠǌ�*.Aƹ�ǀň+-A�"�+Ǳȍ1
YJhh�Mk� A 

(22) 0ÕȤÜĕǣǫ50ĦɴEȰş�
èǩȻģ®éŒ�ğŶ/åȑ.
éŒÚǄ/½BAãƂǙ��

hEǤǭ�65éŒEɴđ�$��

 

 

 

 

 

 

 

 

 

 

 

 

 

HO TsO
O

H TsO
OH

TsO
OMe

NC
OMe OMe

HO

O

[Rh(cod)2]BARF
(S)-MeO-BIPHEP

H2-acetylene

KCN, [18]-crown-6 LiOH

71% (2 steps) 83% (85% ee) 74% (2 steps)

72% (2 steps)

73

108 109

111 112

110
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Ɓɀ 
 

ǰ�Ǯ 10òǉ�Sh� 115Eɰ�ɵ®,�AéŒƦ0ɴǗ 
 
ǰ�ǳ� ɓéŒȳƆ 

 

ĸɀ+ɒ6$>�/
Ɓǣǫ+18 YJhh�Mk� A (22) 0ÕȤÜĕǣǫ50ĦɴEȰş�


ɫǙ´Ȁ,ċƔ.Ȼģ®éŒ�åȑ.
Ɗɍ2(ÚǄǙ.éŒƦ0ǤǭEǜŝ��,,�$�Scheme 1-

1/ɓéŒȳƆEǥ��{S��Sb}ʔƎ1
1130[M�ɵ+0RCM/ȁ5ËēÄHZ�Ɏǧâŋʘ

/>AǉśČEɰĬǨ,�*ƓǴ�A�,,�$��.D&
M\f�ĂɆ113+0RCM/>'*{S

��Sh�0ƓǴń
kh�ĂEɣ¾�
Ǌ�$H|mĂ/HZ�ĂEɎǧ�!{S��Sb}5,ǉ

śČ�A�,+
�ű0sLm��ŎơɧĂ0¸ɂ�ŉȯ..$;/
Ƒ;*ǢĬǨ+ǜǙ0ʔƎEƓ

Ǵ�A�,�+�A,Ȍ�$�ǉÜÒʒ®1131H�gpi1140ǭ®ɢŘǙ.[Mk�Ü,O�y�ɧ

73,0Ȇé/>'*éŒ�A�H�gpi1141
�ɵ®+-AO�y�ɧ116,ȝʑǉ�keh117EȆ

é�*�ųM\f�5,Ċţ�
"0RCM/>'*ǊŒ�A�Sh�1150M\f�ǿéEɣ¾Ǚ/Æ

ɴǉ�A�,/>'*
éŒ+�A,Ȍ�$� 

 

Scheme 1-1 

 

 

 

 

 

 

 

 

                                                        
ʘ kh�Ă0ɣ¾/ª�HZ�ɎǧEčƻƿéŒ/ɠǌ�$³,�*
2005Ĵ/ Porco?/>'*fh�w
b��0ʔƎéŒ+0ŋǌ³ ���ăï�B*.A�12òǉ�Sh� 1180kh�ĂE THF
h�Md�H|
�ƵĒ�0šȴɣ¾/>@ɣ¾�
"B/ª�HZ�Ɏǧ/>'*ż90�Sb} 1190ƓǴ/Œ×�*.
A��
 
 
 
 
 
 
 

Allylation
EsterificationOH

OH

NH

O

O

HO

OMe

O
H
N

O
cytotrienin A (22)

RCM

acyl migration

O

OMe

NO2

O

TBSO

OMe
O

113 114 73

115

OH

OMe

NO2

HO

TBSO
O OMe

HO

OH

OMe

NO2

OMe

O O

OTBS

NO2
HO

O OTBS+

7

6

117 116

O
N3

O

OH

NO2

O

TBSO

OMOM

Et
H
N

O
TBSO

Et
OMOM

OH

HO
Pd/CaCO3 N

O

TBSO

O

OH
H Et OMOM

42% (2 steps)

THF/Et3N
H2 (1 atm)

PhI(OAc)2

CH2Cl2

118 119 120
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ǰ�ǳ RCM/>A�Ȉţ (Z)-N�sI�Eí: 10òǉ�Sh� 1150éŒ 

 

1. �ɵ® 1160éŒ,ǉÜÒʒ® 1270éŒ 

8 
�Ȉţ (Z)-N�sI�Eí: 10òǉ�Sh� 1150Òʒ®+-A�ɵ®O�y�ɧ 1160éŒ

Eȹ9$ (Scheme 1-2)�Smith?0űƦ 10a/>@~bS��J� (121) 0 EvansH�i��âŋ/>'

* C12-C130�ŭƹEƓǴń
ơɧĂE TBSĂ+¸ɂ�
ØơËȳ/>'*NQYa�[m�Eɺà�

A�,+ 116Eņ$� 

 

Scheme 1-2 

 

 

ǉÜÒʒ® 1170éŒE Scheme 1-3/ǥ��v�]H�gpi 124EÊǗƿɆ,�*
Ŭǃ0űƦ 25

+kh�Ü�$ń
H�gpi/Ģ�*ǼȰ–ƙ âŋ/>@H��Ü� 126Eņ$�ȁ.*
v�[�

¬ơɧĂE Et3SiH/>'*ɣ¾Ǚ/ɺà�A�,+ǜǙ0�ɵ® 117Eņ$�źń/ 126,¿/éŒ�

$ 116,EȆé�
ʖãǄ+ǉÜÒʒ® 127Eņ$� 

 

Scheme 1-3 

 

 

 

 

 

 

 

 

 

 

 

 

CHO
n-Bu2BOTf, Et3N O N

O

Bn

OHO

O N

O

Bn

OTBSO
OTBSO

HO
TBSCl, Imidazole LiOH, H2O2

THF/H2O
121 122 123 116

82% (dr >95:5) 96% 90%

DMF, 50 ºCCH2Cl2, –78 ºC

O N

O

Bn

O

12
13

OMe

OH
NO2

H

O

OMe

OH O

H

OMe

OH
NO2

OH

124

117

126125

Cu(NO3)2•3H2O

Ac2O

BF3•Et2O

CH2Cl2, –78ºC

Et3SiH, BF3•Et2O

CH2Cl2, –78ºC

TMS

86%

92%

79%

OMe

NO2
OH

OTBSO

HO

116

EDC, DMAP

CH2Cl2

OMe

NO2
O O

OTBS
127

95%
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2.  RCM/>A 1150éŒ 

� ņ?B$ǉÜÒʒ® 127Eǌ.* RCM0ƐȷEȦ'$ (Scheme 1-4, Table 1-1)�8 
h�M�ƵĒ

�
ǰ��¦ GrubbsȴĒEǌ.*ʖįɨƃ¨�âŋEȦ'$ (entry 1)��2�
ż90ǉÜ® 1151Â

5ņ?B 
ßŮ0ƀǯN�sI�êĉ�âŋ�$�ɫ® 128 �ǊŒ�A09+-'$��ț/�òǉ

ŀŒ1M�h�r�Ǚ/�Ð+-A$;
ùʃ,�B*.A�8$
ƁĂɆ/1.*1âŋƹ0�(��

ȈţN�sI�+-A$;âŋŎ�­5
>@âŋŎ0ʖ.ƀǯN�sI�êĉ+0Ëēɵâŋ�½¿

Ǚ/əȦ�A<0,ōDB$�Ø�*
RCM />A�Ȉţ (Z)-N�sI�Eí: 10 òǉ0ƓǴ³17

,F-ăï�B*... 26�,2?<
"0ʃŶĹ1ʖ.�ȁ.*
âŋƱĹEë��!
entry 1>@

<�?/ʖįɨƃ¨�+ÆĹǉÜEȹ9$� (entry 2)
ê�5�ɫ® 128 �ǊŒ�A09+-'$�"

0ńȴĒƯØɫEć=�
ØƼɣƩ�âŋEȦ'$�ŧô1Ȱ?B.2'$ (entry 3)��?/
ǰ��¦

Hoveyda-GrubbsȴĒ8$1ǰ��¦ Hoveyda-GrubbsȴĒEǌ.*êƔ0ƐȷEȦ'$�
ǉÜ® 1151

ņ?B.2'$ (entries 4-6)�âŋƵĒ0Ɛȷ=H��¬ơɧĂ0¸ɂĂEǩ�ĊŹ�$ĂɆ+<�?.

AƐȷEȦ'$�
ǉÜ®1Â5ņ?B.2'$$;
ƁǾɊ+0éŒ1ùʃ,Îů�$� 

 

Scheme 1-4 

 

 

 

 

 

 

 

Table 1-1 

entry catalyst cat. loading [mol %] conc. [mM] temp [ºC] 127 [%] 115 [%] 128 [%] 

1 Grubbs Ⅱ 10 10 rt 40 n.d. 16 

2 Grubbs Ⅱ 10  1 50 35 n.d. 30 

3 Grubbs Ⅱ 20  1 reflux 31 n.d. 34 

4 Hoveyda–Grubbs Ⅰ 10 10 rt 67 n.d. n.d. 

5 Hoveyda–Grubbs Ⅱ 10 10 rt 38 n.d. 16 

6 Hoveyda–Grubbs Ⅱ 10 10 50 33 n.d. 32 

 

 

 

 

OMe

NO2
O O

OTBS

127

OMe

O O

OTBS

NO2

115

Table 1

toluene
+

128

OMe

NO2
O O

OTBS

2



 18 

ǰ�Ǯ  ɭž–ĝƪOeu��T/>As�T~�hɘǿ 
 

ǰ�ǳ� éŒǾɊ0ĊŹ 

 
� Òɒ0 RCM/>AǉÜ® 1150éŒ�ùʃ+-'$$;
ĬǨūEć=��,.5Ű$.éŒǾɊE

ȌƏ�Aŉȯ�Ǌ�$�Krische?� 2011Ĵ/ăï�$YJhh�Mk� A (22) 0éŒǣǫ 11b+1
α

Üqk� 961>4y��ɧM\f� 97EĂɆ,�Aɭž–ĝƪOeu��T/>'*
 (Z)- 3ȈţN�

sI�ɤEí:Oeu��T® 103 0éŒ/Œ×�*.A�,2? (Scheme 2-1)
ƁűƦ�s�T~�

hOeu��T/ŻÚ+-A,Ȍ�$� 

 

Scheme 2-1 

 

 

 

 

 

 

� "�+
�KÜqk� 129,ȝʑǉ�keh+-Ay��ɧM\f� 130/ƁâŋEɠǌ�A�,+


ǉÜÒʒ®,.AOeu��T® 113 EéŒ+�A,Ȍ�$ (Scheme 2-2)��;�ĂɆ/[M�ɤEģ

Á�
8$ 129/1¼ɱɤ¬0�ɤEģÁ�A�,+
>@ãƂŎ0ʖ.éŒǾɊEǜŝ��,,�$�

ƁéŒǾɊ/1.*<
ċƔ.s�T~�hEéŒ�B2
YJhh�Mk� A (22) 0Ɣ�.Ȼģ®é

Œ/<ĢŋÊƄA<0,ŢĚ�$� 

 

Scheme 2-2 

 

 

 

 

 

 

 

 

 

 

 

PMBO

Br

O
O

96

OMe

OMe
NO2(Pin)B

97

OMe

OMe

NO2

PMBO

O
O

Pd(dppf)Cl2•CH2Cl2
NaOH

103

75%

THF/H2O
+

OMe

O
NO2(Pin)B
O

OMe

O

TBSO

I

O
N3

OH

OMe

OH
NO2

134133

130129

O

OMe

NO2

O

TBSO

OMe
O

O
N3

113

+

73

O OMe

HO(Pin)B
N

O OTBS

I

MeO

Me

131

O

I

132

H
+

Suzuki–Miyaura
cross coupling
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ǰ�ǳ� ɭž–ĝƪOeu��Tâŋ0�g�ĂɆ0éŒ,ƃ¨Ɛȷ 

 

� ɭž-ĝƪOeu��T0ƐȷEȦ�$;/
ȝʑǉ�keh 1300�g�®,�*y��ɧM\f�

134EéŒ�$ (Scheme 2-3)�H�gpi 125EWittigâŋ/>@~d��Ü�
\d��Ȼģ® 135E

ĚɫǙ/ņ$ń
sLm��ŎơɧĂE MOMĂ+¸ɂ�* 136EéŒ�$�źń/ĝƪ?0ăï 27E

áȌ/J�[K}ȴĒĔþ�
¬ȈɢŘǙ/pi�xKǻÜ�A�,+y��ɧM\f� 134 5,Ȼģ

�$� 

 

Scheme 2-3 

 

 

� Oeu��To�hj�+-A�KÜqk� 1290�g�® 1311
Scheme 2-40>�/éŒ�$�

u�o�R�H�W�� (133) EÊǗƿɆ,�*
O�y~b�Ü/�KǻÜ 28/>@H��H�W��

1375ģ�
H�W��0ɧÜ/>'*ŲǡH�gpi 1325,Ȼģ�$�ȁ.* EvansH�i��âŋ

/>'*�ŭƹEƓǴ�$ń
Weinreb H|i 139 5,Ċţ�$�źń/ơɧĂE TBS Ă+¸ɂ�A�

,+ 131Eņ$� 

 

Scheme 2-4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

OMe

OH
NO2

O

H

OMe

OH
NO2

OMe

OMOM
NO2

Ph3PCH3Br
t-BuOK

THF

MOMCl
NaH

THF

125 135
quant 99%

136

 HB(pin)
[Ir(cod)Cl]2

dppe
toluene/DCE

93%

OMe

OMOM
NO2(Pin)B

134

OH
OH

I

O

I
O N

O O

Bn

OH

I

N

O OH

I

MeO

Me
N

O OTBS

I

MeO

Me

CuI, MeMgBr

THF, 0 ºC
then I2, 0 ºC to rt

MnO2

CH2Cl2

n-Bu2BOTf, Et3N

CH2Cl2, –78 ºC

MeNH(OMe)•HCl,
AlMe3

CH2Cl2

TBSCl, Imidazole

DMF, 50 ºC

133 137 132 138

139 131

70% 89% 82% (dr >95:5))

99% (2 steps)

O N

O

Bn

O

H
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� éŒ�$�g�ĂɆ 1341>4 131Eǌ.*Oeu��TâŋEƐȷ�$ (Scheme 2-5, Table 2-1)�8

 Krische ?,êƔ0ƃ¨ 11b/*âŋEȦ'$�
ßŮ�Ëȳ�A09+ǜǙ0Oeu��T® 140 1

ņ?B.2'$ (entry 1)�Ɓâŋƃ¨0Ɛȷ1�g�ĂɆ/16A<0+-A�
ěɽ0ÂéŒEŌʋ

/
sLm��ŎơɧĂEM\f�Ü�$ĂɆ+0Oeu��TâŋEŏĚ�
M\f�0ØơËȳ�

Ɉ�? Oeu��T®�ņ?BAűƦEǤǭ�A�,�ż8�.,Ȍ�
ĽąĂEǌ.$ƃ¨+Ɛȷ

EȦ��,,�$ (entries 2-5)�ąĂ/ K3PO4Eǌ.
ƵĒEǩ�ĊŹ�*Ɛȷ�$,�C
DMF�+­

ãǄ.�?ǜǙ0Oeu��T® 140�ņ?B$ (entries 4-5)��0ɽ
�KÜqk� 131/Ģ�* 2Ŀ

ɫǌ.$y��ɧM\f� 134 07��
TLC �/*¿/ƫĎ�$�,�Ȳġ�B$�,2?
u�h

�ÜȓxKǻÜ 29/>'*h��\~b�ÜÒ/ 134 �Ëȳ�$�,�
­ãǄ0ßø+-A,ŢƲ�

*.Aʘ� 

 

 Scheme 2-5 

 

 

 

 

 

Table 2-1 

 

 

 

 

 

 

 

 

 

 

                                                        
ʘ h��\~b�ÜE·ə�AǜǙ+
ʅēɃĠ.y��+-A 9-BBNEǌ.*pi�xKǻÜ�$0&

��zeh+0 B-H�Q�ɭž–ĝƪOeu��T 30Eȹ9$�ȭʁ.ƮéƿE��A09%'$� 
 
 
 
 
 
 
 

entry solvent base time [h] yield [%]a 

1 THF/H2O NaOH    0.5 — 

2 1,4-dioxane K3PO4•nH2Ob 13 — 

3 1,4-dioxane K3PO4•nH2Ob 14 — 

4 DMF K3PO4•nH2Ob 8 26 

5 DMF K3PO4   0.5 30 

aisolated yield. bn = 1-2 

OMe

OMOM
NO2(Pin)B

134

N

O OTBS

I

MeO

Me
+

131

OMe

OMOM
NO2

N

TBSO

O OMe

Me 140

Pd(dppf)Cl2•CH2Cl2
base

solvent, 50 ºC

OMe

OMOM
NO2

1) 9-BBN, THF

2) 131
     Pd(dppf)Cl2•CH2Cl2
     K3PO4, THF/H2O

136 140

OMe

OMOM
NO2

NO OMe

Me

TBSO
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ǰ�ǳ� [M�EŻ�As�T~�h0éŒ�  

 

1. �KÜqk� 1290éŒ 

�g�ĂɆEǌ.$Oeu��Tâŋ0Ɛȷ/1.*
­ãǄ.�?ǜǙ0Oeu��T®�ņ?B$

0+
[M�EģÁ�$�KÜqk� 1290éŒEǜŝ�$�(Scheme 2-6)�WeinrebH|i 139E DIBAL

ɣ¾/>'*H�gpi 141 ,�$�ȁ.* (–)-~�h�Ȼģ®EH��ij�,�A[3,3]-ZT{h�

r�Ɏ¬ʘ/¥�$�
141�Ëȳ�A09+ǜǙ0 1421Â5ņ?B.2'$� 

 

 Scheme 2-6 

 

� H��ɬħȹȤ=H��xKǻȹȤǲ/>AH�gpi0H��Üâŋ/1.*1
ɹ?B$³ 31� E

ɺ.* 6òǉɡǧǁőEǾǎ�* γ¬ɢŘǙ/¥Ø�A�,�Ķ5ǡ?B*1@ 32 (Scheme 2-7)
α¬ɢ

ŘǙ�ŭH��Üâŋ0³1ċ5..�,�C�
�0>�/�*ǊŒ�A 1,4-[M�ƓɗEŻ�Ax�

H��H�W��1ľąĂE±ǌ�!H�WQZi,�A�,+[1,3]-ZT{h�r�Ɏ¬�əȦ�
1,3-

[M�E��A�,�ǡ?B*1@ 33
čƻƿÂéŒ+0Ðǌ³
<ăï�B*.A� 

                                                        
ʘ ɪ�?1
(–)-~�h�2?Ȼģ�$ γ-¥Ø®x�H��H�W��EH��ij�,�AH�gpi0
α-ɢŘǙ�ŭS�d�ÜâŋEăï�*.A 34�Ɓâŋ1 �òǉɡǧǁőEǾǎ�*ǭ®ǀǒǙ/əȦ�

A��
 
 
 
 
 
 
 
 
 
 
† ³�2
Yeung?1 2003Ĵ/ăï�$Z{�O�Sh�ʏ0éŒǣǫ/1.*
[1,3]-ZT{h�r�Ɏ¬
E 1,4-[M�® 144/Ģ�*ɠǌ�A�,+Ãł[M�ɤ0ƓǴ/Œ×�*.A 35� 
 
 
 
 
 
 
 
 

TBSO O

O

OH

TBSO O

O

OH

TBSO O

O

OH

MgBr

Et2O

KH
dibenzo-18-crown-6

THF

80% 85%
143 144 145

OH

R H

O

TsOH•H2O

CH2Cl2
O R
+ [3,3]

O R
+

R

OH

α-adduct 
R = PhCH2CH2 

O OTBS

I

H

HO

TBSO

I
DIBAL

CH2Cl2
O

TBSO

I

O
N3

11
N

O OTBS

IMe

MeO TsOH•H2O

OH

THF, –78 ºC

131 141 142 129
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Scheme2-7 

 

 

 

 

 

 

 

� �  

Ņ'*
1,4-[M�®5,Ȼģ�$ń/
[1,3]-ZT{h�r�Ɏ¬/>'* 1,3-[M�5,Ċţ�B2


ǵ¶/ȿȬÊƄAŻƘɬħȹȤ2?ǜǙ0[M�®�ņ?BA,Ȍ�$�"�+
w�b[Mk�db

kK}ȹȤ/>'*H�gpi 141E 1,4-[M�® 1465Ȼģ�$�18-crown-6Ĕþ�
ơǻÜO�K}

E±ǌ�!
[1,3]-ZT{h�r�Ɏ¬/>A 142 50ĊţE 0 ºC+ȹ9$�
ż90âŋ1Â5əȦ�

.2'$ (Scheme 2-8)�âŋƱĹEĜƱ§�/ŴƱ�A,ȭʁ.ƮéƿE��A09+
ǜǙ0[M�®

142 1ņ?B.2'$�§�0ǿƈ2?
[1,3]-ZT{h�r�Ɏ¬/>A[M�® 142 0éŒ1ùʃ,

Îů�$� 

�

Scheme 2-8 

 

�

�

2. y��ɧM\f� 1300éŒ 

� ƚ/
ȝʑǉ�keh 130 EéŒ�A$;O�y�ɧ 73 0éŒEǜŝ�$�O�y�ɧ 73 1
ĸǮ

+ɒ6$>�/ Krische?/>'*ÚǄǙ.éŒƦ�Ǥǭ�B*.A�
ʖµ.ɡǧɬħȴĒEǌ.A$

;
"B?Eǌ...éŒǾɊ0ǤǭEǜŝ��,,�$� 

� 8 
HS��J� (147) EÊǗƿɆ,�*
[Mj�� 1480éŒEȹ9$ (Scheme 2-9)��2�


1480ʖ.ŤǗŎ (bp 36 –37 ºC, 20 mmHg) 360$;2
ãǄ1ȡ�5­��ÆǆŎ<ņ?B.2'$�"

�+
âŋ0ńÉǇEËƬŦ±%6/ǐ;
H�i��âŋ 37/¥�$�ǜǙ0 149 1ņ?B ȭʁ.

ƮéƿE��A09%'$��

� H�gpi 148�ƿŎʇ+ä@ŕ.�ùʃ+-'$$;
ƿŎŧô0$; TMSĂEģÁ�$H�gp

i 1520éŒE�$�
ŧô/1ș? ­ãǄ/ǐ8'$��

 

R H

O

O M

H
R O M

R

OH

R
γαM γ

OM

R γ

R

HO α

M = metal

γ-addition

OH

R γ
MH

M = Na, K

[1,3]

HO

TBSO

ITi(O-i-Pr)3

THF, –78 ºC
HO

TBSO

I

THF

KH, 18-crown-6

79% (2 steps)

O OTBS

I

HDIBALN

O OTBS

IMe

MeO

THF, –78 ºC

131 141 146 142
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Scheme 2-9 

 

 

� H�gpi 148 1>4 152 0ČɫéŒ�ùʃ+-'$$;
ɫǙ´Ȁ0Ȳƹ2?ǷȬ�ğŶ+Čɫé

Œåȑ.ǾɊEÆȌ�A�,,�$�Ø�*
ǭ®ɢŘǙ/ǝš[M�EģÁ�*�KÜqk� 142 E

éŒ�A�,<ùʃ+-'$$;
>@ǵ¶.űƦ+s�T~�hEƓǴ�ņAéŒǾɊ�ż8�.,

Ȍ�$� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H

O

H

O
O N

O

Bn

O

Cl

OH O

HO

OMe

Ph3P OMe
O

1)            
    CH2Cl2

<10% (3 steps)

n-Bu2BOTf, Et3N

CH2Cl2, –78 ºC

1) Zn, NH4Cl

OH
1) LiAlH4, Et2OTMSCl, n-BuLi

90%

TMS H

O
OH

TMS

TMS H

O

57% (2 steps)

Ph3P
H

O

toluene, 60 ºC

28%

O N

O

Bn

O

Cl

2) LiAlH4, Et2O
3) MnO2, CH2Cl2

2) MeI, Ag2O
3) LiOH•H2O, H2O2

THF, –78 ºC 2) MnO2, CH2Cl2

147 148 149 73

133 150 151 152
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ǰ�Ǯ  �mM�–h�M�ɵ+0 RCMEǾAéŒƦ0ɴǗ 
�

ǰ�ǳ��éŒȶǏ�

�

�B8+0ǾɊ+1
[M�ɵ+0 RCMEŏĚ�
�s�T~�h,</[M�+0éŒEŝë�*

ƐȷEȦ'*�$�
[M�ɤ0ƓǴ�ùʃ+-'$�"�+
�űE�mM�
<��űEh�M�,

�$ RCM EŏĚ�A.?2
ƟɏǙğŶ/�s�T~�h0éŒEɝŒÊƄA,Ǡŏ�$�éŒȶǏE

§�/ǥ� (Scheme 3-1)�ǉÜ® 153 1
ĭȋɤ�KÜqk� 154 ,æȋɤy��ɧM\f� 157 ,0

ɭž–ĝƪOeu��Tń
�mM�-h�M�ɵ+0 RCM/>'*éŒÊƄA,Ȍ�$�ĭȋɤ�KÜ

qk� 154 1
x�H��H�W�� 155 /ZS�u�o�¼ɱEģÁ/�A�,+éŒ�
x�H�

�H�W�� 155 1H�gpi 156 /Ģ�Aǭ®ɢŘǙ.H��ÜâŋEȦ��,+éŒ�A�,,�

$��ű+
æȋɤy��ɧM\f� 157 0éŒ/1.*1
ɰ�ɵ®+-Ah�M�O�y�ɧ 158

E
éŒÍŽ/h�M�ɤEƓǴ�$h�Mj�� 159 2?éŒ�A�,+
[Mj�� 148 ,Ɵɏ�

*ŤǗŎ0ŧô�ÊƄA<0,ŽŃ�$�8$
ȡȍ0ǡAɹ@
�mM�-h�M�ɵ0~b^Z\â

ŋ0ăï³1
Ëēɵâŋ+-AS�\~b^Z\ (Cross-Metathesis, CM) 09ʘ+-@
ËēÄâŋ+

-A RCM+0ăï³1ǚƺ+-'$$;
éŒÜĕǙ/<ȚðEŜ'$�� � �  

� §�0Ǉǎ2?
ŅƄ0[M�ɵ+0 RCM+1.5
�mM�-h�M�ɵ+0 RCM/>A{S�ǉ

ƓǴEɰ,�AéŒǾɊ0ǤǭEǜŝ��,,�$� 
 
Scheme 3-1 
 

 

 

 

 

 

 

                                                        
ʘ Ãłh�M�EĂɆ,�$~b^Z\âŋ0³+1
2011Ĵ/ Sammakia?0T��u/>Ag��\b
d� A (162) 0ÂéŒǣǫ 38�ăï�B*.A� 
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O
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ǰ�ǳ �mM�-h�M�ɵ+0 RCMEŝë�$s�T~�h0éŒǾɊ0Ǥǭ 

 

1. ĭȋɤ�KÜqk� 1540éŒ 

� ƀǯH�U�EŻ�Aĭȋɤ�KÜqk� 154éŒ0�ɵ®+-AH�W�� 155E
H�gpi 156

0 C13¬Z��NQZĂEÐǌ�Aǭ®ɢŘǙ.H��Üâŋ/>'*éŒ�$ (Scheme 3-2)� 

� Scheme 2-4+éŒ�$WeinrebH|i 1312?Ȼģ�$H�gpi 156E
�J\ɧ/ Me2AlClEǌ

.$Q��Z��ÑŇ�ǭ®ɢŘǙ.ǼȰ–ƙ âŋ 22/©�
Ȝď.ãǄ+Þ�0[H\f�N{�,

�*H�W�� 155Eņ$�C11¬0ǭ®Üĕ1ŧȜMosherƦ/*ż90ǭ®ɥȈ+-A�,EǤȺ�

$� 

 

Scheme 3-2�  

 

 

 

 

 

 

 

 

 

�  

ZS�u�o�¼ɱ 1691
γ-td��Sh� (165) 2?Ųǡ0ăï 39EáȌ/ 4ĬǨ+éŒ�$�169

EɧąÜƿ5,Ċţ�$ń
x�H��H�W�� 155 ,Ȇé�A�,+ĭȋɤ�KÜqk� 154 Eé

Œ�$ (Scheme 3-3)� 
 
Scheme 3-3 
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CH2Cl2,  –78 ºC
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89% (2 steps)
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I
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I
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(S)-(+)-MTPACl, DMAP

CH2Cl2
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I
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163 164

I
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O

O
Ph
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*
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O
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OMe
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OMe
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OMe
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2. h�Mj�� 1590éŒ 

ƚ/
h�M�O�y�ɧ 1580éŒ�ɵ®+-Ah�Mj�� 1590éŒ/(.*Ɛȷ�$�1591

ŲǡÜéƿ+-A��2�
ŅƄ0éŒƦ (Scheme 3-4) 381
[MmM�h 170EÊǗĂɆ,�*M\

f�0ɣ¾
Ǌ�$H�W��0ɧÜĬǨ, Horner–Wadsworth–Emmonsâŋ/>AćƸ
ÆĹM\f�

0ɣ¾,H�W��0ɧÜEǾAǾɊ+-A��0ǾɊ+1
5ĬǨEȯ�
2(ŤǗŎ0ʖ.[Mj�

� 148EǾǎ�A$;
Ǳȍ1
>@ÚǄǙ.éŒƦ0ǤǭE8 ǜŝ�$� 

 

Scheme 3-4 

 

 

 

 

 

 

 

 

 

ğŶ/ȿȬåȑ.T�bW�H�gpiO�K}ą (172) 40EÊǗƿɆ,�*
Duhamel?0ăï 41/

Ņ.
αǻÜ� 173 Eņ$ (Scheme 3-5)�173 1ĵ¯ǒŎ®0Ʈéƿ,�*ņ?BAǿŸŎÜéƿ+-

@
10 g §�0\U��+ČɫéŒ�åȑ+-'$�ȁ.*ąÜqk�{TlZK},αÜ¡ɮ2?Ż

Ƙ¡ɮȹȤEȿȬ�
ƍĪOeu��T/>'*h�Mj�� 1595,Ȼģ�$� 

 

Scheme 3-5 

 

 

 

 

 

 

Ɓâŋ+1
ĵ¯ǒŎ®Ʈéƿ+-A 173 Eǌ.*<ż90 (E)-®��ǊŒƿ,�*ņ?BA�"0

Ǉǎ1§� (Figure 3-1) 0>�/ŢĚ�B*.A 42�(Z)-ɥȈ0Oeu��T® 174�ǊŒ�$ń
Ǹ�

+ÆǊ�$ ZnBr2�ƀǯH�gpi0Mm��ÜEª'*ɥ¬� (path B)
o�[K}�ÃłN�sI�

/ɥ¬�A�,+ π-H��ɯ® 175EŀŒ�A�π-H��ɯ® 1751 π-σ-πĳȧEª.H�d®,Z�®

�Ǟ�Ċţ�A,Ȍ�?B
"0ǿƈ
o�[K}�0�P�i,ǊŒƿ0ȈţĂ,0ǭ®ɾĞ�>@

Ĥ�.H�dĀ0 π-H��ɯ® 177 0ŀŒ�
ƼÖĕǙ/ŻÐ,.A�"�*
o�[K}ȴĒ1>4

1) DIBAL
    CH2Cl2, 97%

EtO

O

THF, 0 ºCH

O

EtO

O

H

O

2) Dess-Martin 
    periodinane
    CH2Cl2

P
EtO

O O

OEt

OEt

NaH

52%

1) DIBAL
    CH2Cl2, 92%

2) Dess-Martin 
    periodinane
    CH2Cl2

63% (E/Z = 15:1)

93%

170 148 171

159

OKH

O

BrH

O

172 173

Br2, PPh3

CH2Cl2
0 ºC to rt

65%
H

O

MgCl
ZnBr2

Pd(dppf)Cl2•CH2Cl2

THF

E/Z = 94:6

66% 159

E/Z = 3:1
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ZnBr2� 1772?ȳʂ�A�,+
N�sI��ǒŎÜ�$ (E)-®0ǊŒƿ 178E��A,Ȍ�?B*.

A� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1. ƍĪOeu��T/16AN�sI�ǒŎÜ0ŢĚâŋƘƓ. 

 

8$
h�Mj�� 159 1ÜĕǙ/�ĖĚ.<00
ŽŃɕ@ʖǟǬ�+<ŤǗ�A�,.5ğŶ/

ä@ŕ.åȑ+-'$�ƁűƦ1ŅƄ0éŒƦ,Ɵɏ�*
\feuMWm|�/½BČɫéŒ<ğŶ

+-'$�
ãǄ/ŧô0°ÿEƜ�*.$�"0$;
�?.AÚǄÜEǜŝ�$ǿƈ
T�bW�H

�gpiO�K}ą (172) E TMSCl/>'*Ǹ�+Z��Mm��M�f�5,ģ�
��zeh+0

Grignard âŋ/>Aqk�Ă0ģÁń
ɧÉǇ�A�,+Z��Mm��M�f�0ØơËȳ,ȓơ�

�Ş/əȦ�
ǵ¶2(Ȝď.ãǄ+h�Mj�� 1595,Ȼģ�A�,�+�$ (Scheme 3-6)� 

 

Scheme 3-6 
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3. h�M�O�y�ɧ 1580éŒ 

� h�Mj�� 159 2?
h�M�O�y�ɧ 158 50ȻģEȹ9$ (Scheme 3-7)�Q��dHa�[

�dN�E�ŭȫÙĂ,�*ǌ.AH�i��âŋ 43/>'* C3¬ơɧĂ0ǭ®ÜĕEƓǴ�
179,

�$�ȁ.* K2CO3Eǌ.$Ǫñ.ƃ¨+�ŭȫÙĂEɺà�
~d�M\f� 1805,Ċţ�$ń


Ǌ�$ơɧĂE~d�Ü�
2 ĬǨãǄ 60ʗ+ 181 EéŒ�$�8$
C3 ¬ơɧĂ0ǭ®Üĕ1
180

EMosherM\f� 182
1835,Ȼģ�
ŧȜMosherƦ/*ż90ǭ®ɥȈ+-A�,EǤȺ�$� 

 

Scheme 3-7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3-1 

 

 

 

 

 

 

entry base additive solvent temp [ºC] 158 [%]a 184 [%] 

1 LiOH•H2O — THF/H2O   0 64 21 

2 — LiI pyridine 110 — — 

3 Et3N LiI MeCN/H2O rt — — 

4 Et3N LiI MeCN/H2O 80 96 — 

aisolated yield 

Δδ = δS (183) –δR (182)  (CDCl3, 400 MHz) 

S N

S O OH

MeOTf, DTBMP

CH2Cl2

179
H

O TiCl4, i-Pr2NEt

CH2Cl2, –78 ºC

O OMe

181

159

MeO

O OH

MeO

K2CO3

MeOH

59% (dr = 90:10) 180

60% (2 steps)

S N

S O

O OH

MeO 3

3

(R)-(–)-MTPACl, DMAP

CH2Cl2

(S)-(+)-MTPACl, DMAP

CH2Cl2

96%97%

O O

MeO

O

Ph OMe
CF3

O O

MeO

O

Ph OMe
CF3

182 183

O O

MeO

O

Ph OMe
CF3

*

+0.089

+0.026
+0.036

–0.123

–0.017
–0.014

180

O OMe

158

HO

O

HO

184

Hydrolysis
Table 3-1
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  ~d�M\f� 1810ØơËȳ (Scheme 3-7, Table 3-1) 1
ľąĂŎƃ¨� (entry 1) +Ȧ�,
~h

QZĂ0ȓʂ/>'*ǜǙƿ,0Ëʂ�ùʃ.fh�M�® 184 �ÔǊ�$�,2?
ǩ�ƃ¨EƐȷ

�$�SN2 ƃ¨*� (entry 2) +1âŋ1Â5əȦ! ßŮ÷ã,.'$�
íơH^hkh���
ąĂ

/ Et3N
ƯØÓ/ LiIEǌ.AØơËȳƃ¨ 44 (entries 3-4) EƐȷ�$,�C
ĜƱ+1âŋ17,F-

əȦ�.'$<00
80 ºC/ŴƱ�A�,+fh�M�®�ǊŒ�A�,.5
Ȝď.ãǄ+ǜǙ0O

�y�ɧEņA�,/Œ×�$� 

 

4. y��ɧM\f� 1570éŒ 

éŒ�$h�M�O�y�ɧ 158Eǌ.*ɭž–ĝƪOeu��Tâŋ0ĂɆ,.Ay��ɧM\f�

1570éŒE�$ (Scheme 3-8)� 

sLm��ŎơɧĂ�ƺ¸ɂ0\d�� 135 0pi�xKǻÜń
H�X�ʄúƠ�+âŋƵĒEǐ

à�
ɖ=2/O�y�ɧ 158 EȆé�$,�C
ǜǙ0y��ɧM\f� 157 �ņ?B<00
­ã

Ǆ/ǐ8'$�rjW��y�� 1341ʆı/�ĖĚ+-@
158,0Ȇé/16A�ȯ.ǊŒƿ1 134

�Ëȳ�$ǊŒƿ0sLm��ŎơɧĂ/O�y�ɧ�Ȇé�$M\f�+-A�,� 1H NMR \wS

h�2?ŢƲ�B$�Ņ'*
>@ĖĚ.y��ɧȻģ®5,
�ɵ®EĊŹ�Aŉȯ�-A,Ȍ�$� 

 

Scheme 3-8 

 

 

 

 

 

 

 

 

 

 

 

 

                                                        
* Ɓâŋ1
�KÜƿJN��H�W��ƸǻEŨť�A�,+əȦ�
Ǌ�$O�yQZ��hHk
N�EɧÉǇ�A�,+O�y�ɧ�ņ?BA� 
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5. MIDAy�l�h 1891>4�g�ĂɆ0éŒ 

� N-~d�J|m�ɦɧ (MIDA, 185) ,y��ɧ2?éŒ�BA MIDAy�l�h� (Figure 3-1) 451


�(0O�y�ɧ/>AʅēƢļÚƈ,
H|mĂ2?xKǻǬɌɜ50ʅē´�/>'*ĖĚ+-A

�,�ăï�B*1@
ɑĴy��ɧ0¸ɂĂ,�* MIDA �ʌǌ�B*.A�ȓ¸ɂ1ąĂŎơƵƬ

+ÉǇ�A09+-@
éŒ<ğŶ+-A$;ěǌŎ�ʖ.�"0ŻǌŎ/Ƨǜ�
y��ɧM\f�

134E
MIDAy�l�h5,ĊţEȹ9A�,,�$� 

 

 

 

 

 

Figure 3-1 MIDAy�l�h0Ɠɗ.  

 

¿/éŒ�$y��ɧM\f� 134 E NaIO4Ĕþ�
ØơËȳ�A�,+y��ɧ 186 ,�$�ņ?

B$ 186/Ģ�*
Ŭǃ0űƦ 46EáȌ/
DMF� 80 ºC/ØƼ�A�,+MIDA (185) ,Ȇé�$�

ȁ.*ɧŎƃ¨� MOMĂEɺà�A�,+ĖĚ.ü®,�* MIDAy�l�h 188Eņ$�źń/O

�y�ɧ 158EȆé�A�,+ǜǙ0æȋɤ 189EéŒ�$ (Scheme 3-9)� 

 

Scheme 3-9 
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ǰ�ǳ� y��ɧȻģ®0�g�ĂɆ0éŒ,ɭž–ĝƪOeu��T0Ɛȷ 

 

1. ɭž–ĝƪOeu��T0�g�ĂɆ0éŒ 

éŒ�$ĭȋɤ 154,æȋɤ 189,0ɭž–ĝƪOeu��Tâŋ/¿ǭ&
�g�ĂɆEǌ.*ƃ¨

Ɛȷ�A�,,�$��g�ĂɆ 196E
Y�d�H�gpi (190) 2? 189,êƔ0űƦ+éŒ�$ 

(Scheme 3-10)� 

 

Scheme 3-10 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oeu��To�hj�,.A�KÜqk�0�g�ĂɆ 1980éŒE Scheme 3-11/ǥ��ĭȋɤ�

KÜqk� 1540éŒ�ɵ®+-AH�gpi 132EGrignardȹȤ+ÉǇ�
Ǌ�$H�W��ETBDPS

Ă+¸ɂ�A�,+ĂɆ 1985,ģ.$� 

 

Scheme 3-11 
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2. �g�ĂɆEǌ.$ɭž–ĝƪOeu��T0Ɛȷ 

� �g�ĂɆ 1961>4 198Eǌ.$ɭž–ĝƪOeu��TâŋEƐȷ�$�(Scheme 3-12, Table 3-2)� 

ƵĒE THF/H2O/üĚ�
8 �ĺɥ¬ēEŻ�A Pd(dppf)Cl2Eǌ.*ƐȷEɴđ�$ (entries 1-2)�

K3PO4= NaHCO3ǨĹ0ĽąĂEǌ.$Ąé+< MIDA 1Åƶ/ØơËȳ�B$�
Oeu��Tâŋ

1Â5əȦ! ßŮ÷ã,.'$��ĺɥ¬ē+-A dppf1ɣ¾ǙȓʂE·ə�AÚƈ�-A�
ɧÜ

Ǚ¥Ø1Þĺɥ¬ē,Ɵ6*ɚ. 47�"�+
ɧÜǙ¥Ø�·ə�BA�,EŽŃ�*ʅē´�Ŏ0ʖ.

NHC�P�i
Buchwald�P�iEŻ�AȴĒEǌ.$,�C
ŽŃ/â�*âŋ1Â5əȦ! êƔ

/ßŮ÷ã,.'$� (entries 3-5)�ąĂ/ NaOH Eǌ.$Ąé1
�g�ĂɆ 196 0H^d�Ă0Øơ

Ëȳ�əȦ�$ (entry 6)�ȁ.*
Pd(PPh3)4EȴĒ,�*
ƯØÓ0Żƺ/>Aâŋ0ƐȷEȦ'$�

ąĂ/ NaHCO3Eǌ.
ƯØÓ,�* Ag2O48EɢŘ�$��2�
ƯØÓ0Żƺ/22D? âŋ1ə

Ȧ�.2'$ (entries 7-8)�ąĂE TBAH/ĊŹ�A,
�KÜqk� 1980 TBDPSĂ�ɺà�B$H

�W�� 197 ��,�*ǊŒ�$ (entry 9)�ƚ/h��\~b�Ü0ØɖEǜǙ/
ƢƌŎ0ʖ. F-/

>@ÚƈǙ/y��h�Ǌ�A�,EŽŃ�* CsF EąĂ,�*ǌ.$Ąé+1
âŋǸ��ȭʁÜ�

$ (entry 10)�§ɸ
ǩ�0H�Q�
H���x\sI�E�P�i,�*ǌ.*Ɛȷ�$�
ȭʁ.

ƮéƿE��A2
-A.1âŋ�əȦ! ßŮ÷ã,.'$ (entries 11-13)�§�0Ɛȷ2?
�0

MIDAy�l�h/1.*1
ɭž–ĝƪOeu��T/>As�T~�hɘǿ1ùʃ+-A,ǿɀ¥6

$ʘ� 

 

 

 

 

 

 

 

 

 

 

 

 

                                                        
ʘ ěɽ0ĂɆ+-A�KÜqk� 154,MIDAy�l�h 189Eǌ.*Oeu��TâŋEȦ'*<âŋ1
əȦ! 
ŻÚ.âŋƃ¨EȰ.%��,1+�.2'$� 
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Scheme 3-12 

 

Table 3-2 

entry Pd cat. ligand base additive (equiv) result  

1 Pd(dppf)Cl2•CH2Cl2 — K3PO4 — no reaction 

2 Pd(dppf)Cl2•CH2Cl2 —  NaHCO3 — no reaction 

3 PEPPSI™-SIPr —  K3PO4 — no reaction 

4 SPhos Pd G2 — K3PO4 — no reaction 

5 SPhos Pd G2 — NaHCO3 — no reaction 

6 SPhos Pd G2 — NaOH — SM decomp. 

7 Pd(PPh3)4 — NaHCO3 — no reaction 

8 Pd(PPh3)4 — NaHCO3 Ag2O (1.0) no reaction 

9 Pd(PPh3)4 — TBAH — 65% (197) 

10 Pd(PPh3)4 — CsF — complex mixture 

11 Pd(OAc)2 P(o-tol)3 NaHCO3 — complex mixture 

12 Pd(OAc)2 PCy3 NaHCO3 — complex mixture 

13 Pd(OAc)2 t-Bu2PMe•HBF4 NaHCO3 — no reaction 
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Pd cat.(10 mol %)
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ǰöǮ  \�x�-H�Q�ÜEǾAOeu��TEŊë�$ĭæs�T~�h0éŒ,Y
Jhh�Mk� A (22) 0{S��Sb}ʔƎ0ƓǴ 

 

ǰ�ǳ� éŒȶǏ 

 

�B8+0éŒœǑ+1
ĭæs�T~�h0ÚǄǙ.éŒűƦEǤǭ+�$<00
s�T~�h

Oeu��T�ùʃ+-'$�"�+
Smith?�ăï�
ŅƄ0éŒǣǫ+ʌǌ�B*.A�KÜH�

�,v�[�\�x�Eǌ.$ C16-C17 ¬ɵ+0Oeu��TűƦEŠǌ�A�,,�$�Scheme 4-1

/ɓéŒȳƆEǥ�� 

 

 Scheme 4-1 

 

 

8 
ɰĬǨ+-A�mM�-h�M�ɵ+0 RCM,
ȁ5kh�Ă0ɣ¾/ª.�ËēÄHZ�Ɏ

ǧâŋ/>A{S��Sb}ǉʔƎƓǴâŋ�ěɽ/əȦ�A2ì2EǤȺ�AǜǙ+
�g�ĂɆE

ǌ.*YJhh�Mk� AWHʔƎ 2000ƓǴEƐȷ�A�,,�$�ĭȋɤ�KÜH�� 2021ZS

�u�o�¼ɱ0¦D@/ǭ®Ǚ/īʖ. PivĂEģÁ�A�,,�
2021
WeinrebH|i 2030ę

ȑĂĊţ,
ǭ®ɢŘǙ.H��Üâŋ/>@éŒ+�A,Ȍ�$�WeinrebH|i 2031 2-td�-1-N

�� (205) 2?H�gpi 204EǾ*Ȼģ+�A<0,ŢƲ�$� 
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ǰ�ǳ� ĭȋɤ�KÜH�� 2020éŒ 

 

2-td�-1-N�� (204) EÊǗƿɆ,�*
H�gpi 2045,ģ.$ (Scheme 4-2)�Red-Al/>A

pi�~b�Ü/�KǻÜ/©�
ƚ.+ơɧĂE TBSĂ+¸ɂ��KÜqk� 206EĚɫǙ/ņ$�ƚ

/Ŭǃ0űƦʘ/Ņ.H�gpi 1990éŒEȹ9$�–78 ºC�+âŋ�$,�C
ŬǃêƔ
ǜǙƿ1

ǔɉɫ�2ņ?B 
retro-BrookɎ¬�əȦ�$H��H�W�� 208��/ņ?BA�,�D2'$�

�B1N�sI�� (Z)-®+-A$;/
5 ɥ¬Z�U�h�ɵ®Eä@=�.ɥĺ+-'$�,/Ɉ

ø�A<0,Ȍ�?B$�"�+
ÔâŋEŖÑ�A$;
Et2OƵĒ�âŋƱĹE–116 ºC,�A,
Ž

Ńɕ@ż90x�|�Ü�əȦ�
ǜǙƿ+-AH�gpi 204�ɢŘǙ/ņ?B$��?/ t-BuLi E

±ǌ�!$0&
ǝ&/ DMFEØ�A�,+ 204�ʖãǄ+ņ?B
2081�ÌǊŒ�.2'$� 

 

Scheme 4-2 

 

 

ȁ.*
ņ?B$H�gpi 204E EvansH�i��âŋ/©�$ń
WeinrebH|i5,Ȼģ�
ơ

ɧĂE TBSĂ+¸ɂ�A�,+ 203Eņ$ (Scheme 4-3)�"0ń
WeinrebH|i 203E DIBAL/>'

*H�gpi 2115,ɣ¾�
Me2AlClEǌ.$Q��Z��ÑŇ�0ǭ®ɢŘǙ.ǼȰ–ƙ âŋ 22/

>'*
Ȝď.ãǄ+Þ�0[H\f�N{�,�*x�H��H�W�� 212aEņ$�Üéƿ 212aE

MTPAM\f�5,Ȼģ�
C11¬0ǭ®ÜĕEŧȜMosherƦ/*ƤĚ�$,�C
ż90ǭ®ɥȈ,

1ɓ+-'$�ɟɼ¬ǰ�ǺơɧĂ0 TBSĂ0ǭ®ɾĞ/>'*
�J\ɧ50Z��NQZĂ0ɥ¬

�Đ�?B*.A 49,ŢƲ�
ƵƬ�/>AW�x~�Z��ĊÜEŽŃ�*âŋƵĒEĊŹ�*Ɛȷ

�$�
. B0Ąé<ż8..ǭ®Üĕ0ǊŒƿ�Þ�+ņ?BA09+-'$� 

 

 

 

                                                        
ʘ S��Rɧ~d�/>A~d�M\f�éŒ�ăï�B*.A 50�
ƁǾɊ/1.*1ĬǨū0ǢȆ0$
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Scheme 4-3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�2�
Smith?0ƃ¨ 10aEáȌ/
Q��H��y��Eǌ.Aǭ®ɢŘǙ. Brown0H��xK

ǻÜâŋ/¥��,+
ż90 C11¬0ǭ®ÜĕEŻ�Ax�H��H�W�� 212bE
[H\f�N

ɢŘŎ 90:10 +ņA�,�+�$ (Scheme 4-4)� 

ȁ.*
ǰ�ǺơɧĂ/¼ɱ0¦D@/ PivĂEģÁ�
ǰ�ǺơɧĂ0 TBSĂ0ɢŘǙɺà, Appel

âŋEʊƚȦ��,+
�g�ĂɆ+-A�KÜH�� 2025,Ȼģ�$�ĥ
2021�ĖĚ+-'$$

;
ǷȬ! /"088ƚ0âŋ/ǌ.A�,,�$�  
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Scheme 4-4 
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ǰ�ǳ� æȋɤv�[�\�x� 720éŒ,s�T~�hOeu��T 

 

1. v�[�\�x� 720éŒ 

v�[�\�x� 721Ƈ?0ăï�$ǾɊ 12/Ņ'*éŒ�$ (Scheme 4-5)�124EßŮ,�*kh

�Ü�
125 ,�$ń/H�gpiE NaBH4Eǌ.*ɣ¾�A�,+v�[�H�W�� 217 5Ȼģ�

$�źń/
Ǌ�$ơɧĂEɧŎƃ¨�H^d�Ü�
NaSO2PhE±ǌ�!A�,+ 4ĬǨ+ 72EéŒ

�$� 

 

Scheme 4-5 

 

2. \�x�-H�Q�Ü/>As�T~�hOeu��T,ǉÜÒʒ®0éŒ 

  Â*0s�T~�h0éŒEė��$0+
s�T~�hOeu��TEȹ9$ (Scheme 4-6)�ĭȋɤ

�KÜH�� 202,æȋɤv�[�\�x� 72E
ąĂ/NaHMDSEǌ.*Oeu��T�A�,+


�KÜH�� 2020éŒ2? 2ĬǨ 59ʗ0ãǄ+Oeu��T® 218Eņ$�ȁ.*
NaBH4E±ǌ�

!
Ǫñ.ƃ¨�+ɣ¾Ǚ/ȓ\�xk�Ü�
201Eņ$�źń/
h�M�O�y�ɧ 158EɧąÜ

ƿ5,Ċţ�
201,Ȇé�A�,+Ȝď.ãǄ+ǉÜÒʒ® 219EéŒ�$� 
 
Scheme 4-6 
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ǰöǳ� YJhh�Mk� A (22) 0{S��Sb}ʔƎ0ƓǴ 

 

1. RCM/>A{S��Sh�0éŒ 

ǩ�0 RuȴĒEǌ.*
RCM/>A�mM�-h�M�ĀsLk�M\f� 2190ǉÜâŋEƐȷ�

$ (Scheme 4-7, Table 4-1)�ǰ��¦ GrubbsȴĒEǌ.$ƃ¨+1
ƵĒ0ɞ./22D? êǲ0ʖã

Ǆ+ǜǙ0ǉÜ® 220�ņ?B$ (entries 1-2)�8$
Krische?�YJhh�Mk� A (22) 0éŒǣǫ

+²ǌ�$ǰ��¦ GrubbsȴĒ0J�gk�g�Hj�T 106Eǌ.$Ąé+1
ʎȡ.âŋŷɵ0Ǣ

Ȇ�Ȱ?B$ (entry 3)�ǰ��¦ Hoveyda–GrubbsȴĒ+1ȟĲ0âŋŷɵ0Ļɲ�Ȱ?B (entry 4)
ʖ

ƨŎ.ǰ��¦ GrubbsȴĒEǌ.$Ąé+1
ÄɤN�sI��âŋ�$[M� 221Eí:ȭʁ.Ʈé

ƿE��$ (entry 5) � 

§�0>�/
Ɓ�mM�−h�M�ĂɆ/1.*1
âŋŎ0­.ȴĒEǌ.A�,�h�M�ŀŒ

/>AǉÜâŋ0əȦ/ŻÚ+-@
ʖãǄ+ǜǙ0{S��Sh�E��A�,�D2'$�ƁĂɆ

/16A RCM0ãǄ1
ŅƄ0[M�ɵ+0 RCM/>AǉÜ,Ɵɏ�*ʎȡ/ʖ.�"0ȯø,�*


M\f�ĂɆ+ǉÜ�A�,/>@
ŅƄ0H|iĂɆ>@<âŋƹ�šɑ�
ĥ�(ǉÜ¬Ȉ�¼ɱ

¼/ɑ. C8-C9 ¬/ǧÛ�$�,/>@
¼ɱɤ0ǭ®ɾĞ0Łʈ�ľ5.@ǉÜ/ŻÐ.ɥĺ,.'

$$;%,ŢƲ�*.A�ĥ
Ɓâŋ+1ÔǊŒƿ=ȴĒƜư,0Ëʂ�ùʃ%'$$;
ǷȬ1Z�O

V�Z��hO�}/ǐ;
ƚ0âŋ/ǌ.A�,,�$� 

 

Scheme 4-7 

 

 Table 4-1  

 

 

 

entry catalyst additive (equiv) solvent time [h] temp [ºC] yield [%]a 

1 Grubbs Ⅰ 1,4-benzoquione (0.5) CH2Cl2 12 40 85 

2 Grubbs Ⅰ 1,4-benzoquione (0.5) toluene 12 40 84 

3 Grubbs Ⅰ analogue 1,4-benzoquione (0.5) CH2Cl2  2 40 85 

4 Hoveyda–Grubbs Ⅰ 1,4-benzoquione (0.5) CH2Cl2 15 40 80 

5 Grubbs Ⅱ — CH2Cl2 24 rt — 

a1H NMR yield 
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2. HZ�Ɏǧ/ǉśČ/>A{S��Sb}ʔƎ0ƓǴ 

� � ȁ.*
kh�Ă0ɣ¾/ª�HZ�Ɏǧ/ǉśČâŋEƐȷ�$ (Scheme 4-8, Table 4-2)�8 
Porco

?0ƃ¨ 25EáȌ/
šȴɣ¾ƃ¨+0kh�Ă0ɣ¾EƐȷ�$�ÜĕɢŘǙ.ɣ¾1ùʃ+-@


N�sI�ɤ0ɣ¾<əȦ�$ȭʁ.ƮéƿE��$ (entry 1)� Et3Nȩƞƃ¨�+<êƔ0ǿƈ�ņ?

B
8$
z�Md��J|�ŚŜĀo�[K}ȴĒ 51 Eǌ.$Ąé+1
âŋ1əȦ! ßŮ÷ã,

.'$ (entries 2-4)� 

"�+
kh�Ă0ɣ¾/ƣǌ�BAǩ�0ɬħąȹȤEǌ.$ƃ¨ 52EƐȷ�$,�C
SnCl2•2H2O

Eǌ.$ƃ¨ 53 (entries 7-8) +
kh�ĂɢŘǙ.ɣ¾,"B/ª�HZ�Ɏǧ�əȦ�
ż90 21ò

ǉ{S��Sb}ƓɗEŻ�AYJhh�Mk� AWHʔƎ 2000ƓǴ/Œ×�$��0ŷ
TLC�+

ʖƑŎ0ÔǊŒƿ�ȲƲ�B$�,2?
sLk�M\f�ɤ0ØơËȳ�ŢĚ�B$$;
SnCl2ƺơ

ƿ+0ɣ¾EƐȷ�$,�C
ãǄ�ë��
ãǄ 63ʗ+{S��Sb}EņA�,�+�$� 

 

 

Scheme 4-8 

 

 

 

 

 

 

Table 4-2 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

entry reagent solvent time [h] yield [%]a 

1 Pd/C, H2 THF    0.5 — 

2 Pd/C, H2 THF/Et3N = 5/1    0.5 — 

3 Pd/C, H2 Et3N    0.5 — 

4 Pd/PEI, H2 THF 48 no reaction 

5 NaBH4, NiCl•6H2O THF/EtOH = 5/1 48 no reaction 

6 Al, NiCl•6H2O THF 48 no reaction 

7 SnCl2•2H2O EtOH 12 39 

8 SnCl2 EtOH 12 63 
aisolated yield 
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NO2
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3. YJhh�Mk� AWHʔƎ 2000ƓɗȳƆ 

� éŒ�$YJhh�Mk� A WHʔƎ 200 1>4{S��Sh� 220 0 IR \wSh�EƲĚ�$�

2200 IR\wSh� (Figure 4-1, �û, ɇ) +1
3200–3500 cm-1¥ɑ/ OH1>4 NH/ǎƄ�Aîã

�ȲƲ�B$�,2?
Ɏǧ0əȦEǥó�Aǿƈ�ņ?B$�8$
220 0 HMBC \wSh�EƲĚ

�$ ((Figure 4-1, �û) ,�C
H|iu�h�, C1
C191>4 C21¬/S�\r�S�ȲƲ�B$�

Ø�*
ESI-MSƲĚ2?
([M+Cl]–)/ǞĿ�A m/z 7040r�S�ȲƲ�B$�§�0ǿƈ2?<
Ž

Ń�$ɕ@Ɏǧâŋ�əȦ�*.A�,�ǥó�B$� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Figure 4-1. YJhh�Mk� AWHʔƎ 2001>4{S��Sh� 2200 

IR\wSh� (�û) , 2000 HMBCǞɶ (�û, CDCl3, 500 MHz). 

100

90

80

70

60

50

40

T 
[%

]

4000 3500 3000 2500 2000 1500 1000

wavenumber [cm–1]

: 220�
: 200�

HO

OMe

NH

O

PivO

TBSO

OMe

200

1
19

21

: HMBC



 42 

ǰ�Ǯ YJhh�Mk� A (22) 0ÂéŒ/ë6$s�T~�héŒ 
 

ǰ�ǳ� ĭæs�T~�h0éŒ 

 

1. æȋɤs�T~�h 2230éŒ 

�g�ĂɆEǌ.*Ǥǭ�${S�ǉƓǴƦEɠǌ�
YJhh�Mk� A 0ÂéŒEǜŝ�$�8

 
æȋɤv�[�\�x�0sLm��ŎơɧĂ0¸ɂĂ1
Krische?0ăï 11b2?
éŒǽǛ/1

6AsLm��ŎơɧĂ0~hQZĂ0ɺà1ùʃ+-A,�ŏ�B$$;
ğŶ/ɺàåȑ. MOM

Ă/ĊŹ�A�,,�$� 

nJi�Qm� (226) EÊǗƿɆ,�*
ƾ¼0ơɧĂE MOM Ă+¸ɂ�$ń
x�|�Ü 54
k

h�ÜEǾ*v�]H�gpiȻģ® 2235,ģ.$ (Scheme 5-1)�H�gpi 223ENaBH4+ɣ¾�


Ǌ�$ơɧĂ0H^d�Ü,\�xk�Ă0ģÁ/>'*
v�[�\�x� 227 EȜď.ãǄ+éŒ

�$� 

 

Scheme 5-1 

 

 

2. æȋɤs�T~�h 2260éŒ,s�T~�hOeu��T 

� ȁ.*
ɰ�ɵ®+-Ax�H��H�W�� 207b/Ģ�*ZS�u�o�O�y�ɧ 168Eɧ

ąÜƿ5,Ȼģ�$0&Ȇé�$�ɢŘǙ. TBSĂ0ɺà, Appelâŋ/>@ZS�u�o�¼ɱ

EģÁ�$�KÜH�� 2265,ģ.$�ȁ.*ĭȋɤ 226,æȋɤ 223,E�g�ĂɆ,êƔ0

ƃ¨+Oeu��T�A�,+
2ĬǨ 32ʗãǄ+ǜǙ0Oeu��T® 227EéŒ�$� (Scheme 

5-2)� 
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Scheme 5-2 
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ǰ�ǳ� £ń0éŒœǑ 

   

  \�x�-H�Q�Ü/>@Oeu��T® 2310éŒ/Œ×�$�,2?
£ń1§�0éŒȶǏE

<,/Ɛȷ�A��.D&
h�M�O�y�ɧ0ģÁń
Ǥǭ�$ RCM /ȁ5ËēÄHZ�Ɏǧ/ǉ

śČâŋ/>A{S��Sb}ǉWHʔƎƓǴƦEɠǌ�* 233 EéŒ�A��?/
¼ɱ0ģÁ�$

ń
Â*0¸ɂĂEɺà�A�,+YJhh�Mk� A (22) 0ÂéŒEɝŒ�A (Scheme 5-3)� 

 

Scheme 5-3 
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ǿȼ 
 
Ɓǣǫ+1
ǘȥǓǼȐɢŘǙ/ľÖ.Hzh�Z\Ȼģ±ǌEǥ�YJhh�Mk� A (22) 0ÕȤ

ǣǫ50ĦɴEȰş�
ǢĬǨÂéŒǾɊ0ǤǭEǜŝ�$� 

ĬǨūEǢȆ�A$;
YJhh�Mk� A WHʔƎƓǴ0űƦɀ,�*sLk�M\f�ĂɆ+0�

mM�–h�M�ɵ0 RCM/>A{S��Sh�éŒ,
ȁ5ËēÄHZ�Ɏǧ/ǉśČâŋEɰĬǨ,

�AéŒœǑEǭƏ�
ƁűƦɀEǌ.A�,+Ƒ;*ǢĬǨ+{S��Sb}WHʔƎ (200) 0ƓǴ

/Œ×�$�ƁĂɆ/16A RCM1
ŅƄ0[M�ĀĂɆ+0 RCM/>AǉÜ,Ɵɏ�*ʎȡ/ʖ.

ãǄ+əȦ�A�,EȰÊ�$�Ø�*
Ãłh�M�EĂɆ,�$ RCM 1ȡȍ0ǡAɹ@Ò³�.

5
éŒÜĕǙ/<ŐȊ�-A,Ȍ�A��?/
ƁéŒœǑ1YJhh�Mk� A (22) 0ÂéŒ09

.? 
¼ɱɤ=s�T~�h0ĊŹ/>@Ɣ�.Ȼģ®éŒ/<ŋǌ�åȑ+-A,ŽŃ�BA� 
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ěʓ0ɤ 
 

Ãɕ�ʉ 

�	ƲĚƘõ�

 NMR\wSh�1 JEOL JNM-ECA-500 (500 MHz)
JEOL JMM-ECS-400 (400 MHz) 8$1 JEOL JNM-

ECX-400P (400 MHz) Eǌ.*ƲĚ�$�1H-NMR \wSh�0ÜĕZsh»1fh�~d�Z�� 

(Si(CH3)4: 0 ppm) EÄɤƕƴƿɆ,�$,�0 δ»E ppm+Ȩǥ�$�13C-NMR\wSh�0ÜĕZs

h»1ƲĚƵĒ/ǎƄ�AZTj� (CDCl3: 77.0 ppm
DMSO-d6: CD3SOCD3)EÄɤƕƴ,�$,�0 δ

»E ppm+Ȩǥ�$�ZTj�0ċɩĹ1 s: singlet
d: doublet
t: triplet,
dd: double doublet
dt: double 

triplet
td: triple doublet
 ddd: double double doublet
m: multiplet
br: broad 0ǑçEǌ.*ǥ�$�\r

�ǿé1 J » (Hz) +Ȩǥ�$�ZTj�0İħ1 1H-1H COSY 1>4 HSQC \wSh�/Ă).*Ȧ

'$� 

 

2. èǩS�{hT�sI� 

ËƆǌȣĨS�{hT�sI� (TLC) 1Merck silica gel 60F254E²ǌ�$�ʊĨZ�OV�O�}S�

{hT�sI�/1 Kanto silica gel 60N (spherical,neutral, 63-210 µm) E²ǌ�$�s�eZ�Z�OV�

O�}S�{hT�sI�/1 Kanto silica gel 60N (spherical,neutral, 40-50 µm) E²ǌ�$� 

 

3. ƵĒ1>4ȹȤʏ 

� âŋƵĒ,�*ǌ.$[Md�M�f�
THF
h�M�1 Na/v�asLm�/>@Ȣǐ�$<0E

²ǌ�$�"0¤0ƣǌŻƘƵĒ/(.*1��Q���Z�t\+�ƽ�$<0E²ǌ�$�ȹȤ1

ǀ/ȸɐ�..ɹ@
ĮɅ0�Ǻ8$1ǀǺ0<0E"088²ǌ�$� 

� íơâŋEɺ5âŋ1ǀ/ȸɐ�..ɹ@
Â*H�X�ʄúƠ�+Ȧ'$�H�X�P\1ĮɅ0

<0E"088²ǌ�$�^�JhCɛ/1 Celite545 (ɶƅÜĕ) E²ǌ�$� 
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 (R)-4-benzyl-3-((2R,3R)-3-hydroxy-2,4-dimethylpent-4-enoyl)oxazolidin-2-one (122) 

A solution of (R)-(–)-4-benzyl-3-propionyl-2-oxazolidinone (1.28 g, 5.50 mmol) in CH2Cl2 (22 

mL) was cooled to –78 °C, and Et3N (1.07 mL, 7.70 mmol) was added followed by di-n-

butylboron triflate (1.0 M in CH2Cl2, 5.5 mL, 5.50 mmol,). The reaction mixture was warmed to 

room temperature and stirred for 1.5 h. The mixture was re-cooled to –78 °C, and treated with freshly distilled 

methacrolein (500 µL, 6.05 mmol). The resultant solution was stirred for 40 min, warmed to 0 °C, and stirred 1.5 h 

further. Phosphate buffer (pH = 7.0) was added,  extracted with CH2Cl2 and the organic layer was concentrated 

under reduced pressure. The residue was then dissolved in MeOH/ H2O (1:1, 24 mL), the resultant solution cooled 

to 0 °C, 30% H2O2 (6.18 mL, 55.00 mmol) was added and the mixture stirred at 0 °C for 1 h. Excess H2O2 was 

decomposed at 0 °C by slow addition of 2.7 M Na2S2O3, the resultant mixture was extracted with EtOAc three times. 

The combined organic layer was washed with brine, dried over Na2SO4 and concentrated under reduced pressure. 

The residue was purified by silica gel column chromatography (hexane/EtOAc/CHCl3=2:1:9) to give 122 (1.37 g, 

4.52 mmol, 82%) as a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 7.36-7.20 (5H, m), 5.14 (1H, s), 4.99 (1H, s), 

4.72 (1H, dd, J = 9.5, 7.5 Hz), 4.43 (1H, s), 4.27-4.19 (2H, m), 3.97 (1H, dd, J = 7.0, 3.2 Hz), 3.28 (1H, dd, J = 13.4, 

3.2 Hz), 2.93 (1H, d, J = 3.2 Hz), 2.80 (1H, dd, J = 13.4, 9.5 Hz), 1.74 (1H, s), 1.20 (3H, d, J = 7.2 Hz) 

The spectrum data were identical with those reported previously55. 

 

 

 

 (R)-4-benzyl-3-((2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2,4-dimethylpent-4-enoyl)oxazolidin-2-one (123) 

A solution of 122 (1.29 g, 4.30 mmol) in DMF (17.2 mL) was treated with imidazole (878 mg, 

12.90 mmol) and TBSCl (1.62 g, 10.75 mmol), heated to 50 °C and stirred for 22 h. The reaction 

mixture was then cooled to room temperature, poured into brine and extracted with 

hexane/EtOAc=1:1 twice. The organic layer was dried over Na2SO4, filtered and concentrated under reduced pressure. 

The residue was purified by silica gel column chromatography (hexane to hexane/EtOAc =5:1) to give 123 (1.72 g, 

4.13 mmol, 96%) as a pale yellow solid. ; 1H NMR (500 MHz, CDCl3) δ 7.35-7.21 (5H, m), 4.94 (1H, s), 4.84 (1H, 

s), 4.57 (1H, td, J = 6.6, 3.2 Hz), 4.35 (1H, d, J = 6.9 Hz), 4.18-4.12 (2H, m), 4.06-4.00 (1H, m), 3.28 (1H, dd, J = 

13.5, 3.2 Hz), 2.77 (1H, dd, J = 13.7, 9.7 Hz), 1.72 (1H, s), 1.21 (3H, d, J = 6.9 Hz), 0.91 (9H, s), 0.02 (3H, s), –0.01 

(3H, s) 

The spectrum data were identical with those reported previously55. 
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 (2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2,4-dimethylpent-4-enoic acid (116) 

A solution of 123 (1.73g, 4.15 mmol) in THF/H2O (3:1, 27.3 mL) was cooled to 0 °C and treated 

with 30% H2O2 (5.6 mL, 49.20 mmol) followed by LiOH•H2O (516 mg, 12.30 mmol). The 

resultant mixture was stirred for 4 h at 0 °C and then quenched with 1.6 M Na2S2O3. THF was 

removed under reduced pressure and the aqueous solution extracted with dichloromethane twice. The combined 

organic layer was washed with brine, dried over Na2SO4, filtered, and concentrated under reduced pressure, affording 

the chiral auxiliary (656 mg, 90% recovery). The aqueous layer was acidified with 1 M HCl and extracted with 

EtOAc three times. The combined organic layer was washed with brine, dried over Na2SO4, filtered and concentrated 

under reduced pressure to give 116 (953 mg, 3.70 mmol, 90%) as a colorless oil. ; 1H NMR (500 MHz, CDCl3) δ 

4.95 (1H, s), 4.88 (1H, s), 4.33 (1H, d, J = 6.1 Hz), 2.64 (1H, dt, J = 13.4, 6.5 Hz), 1.70 (3H, s), 1.12 (3H, d, J = 7.0 

Hz), 0.89 (9H, s), 0.05 (3H, s), 0.01 (3H, s), 

The spectrum data were identical with those reported previously.10a 

 

 

 

2-hydroxy-5-methoxy-3-nitrobenzaldehyde (125) 

To a suspension of Cu(NO3)2•3H2O (664 mg, 2.75 mmol) in Ac2O (5.0 mL) at 0 ºC was added a 

solution of 124 (761 mg, 5.00 mmol) in Ac2O (5 mL, rinse 1 mL) dropwise under argon atmosphere. 

After stirring at 0 ºC for 40 min, the mixture was warmed to room temperature and further stirred 

for 4 h. The reaction mixture was poured into 150 mL of water and the yellow precipitate was collected by filtration. 

The resulting precipitate was washed with water twice and cold EtOH, dried under reduce pressure to give 125 (848 

mg, 4.30 mmol, 86%) as a yellow solid. ; 1H NMR (500 MHz, CDCl3) δ 10.90 (1H, s), 10.45 (1H, s), 7.86 (1H, d, J 

= 3.2 Hz), 7.72 (1H, d, J = 3.2 Hz), 3.88 (3H, s) 

The spectrum data were identical with those reported previously56. 

 

 

 

2-(1-hydroxybut-3-en-1-yl)-4-methoxy-6-nitrophenol (126) 

A solution of 125 (98.6 mg, 0.50 mmol) and allyltrimethylsilane (1.00 mmol, 159 μL) in 

CH2Cl2 (10 mL) was cooled to –78 °C. BF3•OEt2 (0.50 mmol, 63 µL) was added dropwise, 

the resultant solution stirred for 4 h at same temperature. Then, the reaction mixture was 

quenched with sat. NH4Cl and extracted with CH2Cl2 twice. The combined organic layer was 

washed brine, dried over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by 

silica gel column chromatography (hexane/EtOAc/CHCl3=2:1:9) to give 126 (96 mg, 0.40 mmol, 79%) as a yellow 

solid. ; 1H NMR (400 MHz, CDCl3) δ 10.79 (1H, s), 7.44 (2H, q, J = 3.2 Hz), 5.90-5.80 (1H, m), 5.20 (2H, dd, J = 
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7.5, 6.6 Hz), 5.14-5.10 (1H, m), 3.83 (3H, s), 2.70 (1H, dt, J = 13.9, 5.4 Hz), 2.46-2.39 (1H, m), 2.35 (1H, d, J = 4.5 

Hz) ; 13C NMR (100 MHz, CDCl3) δ 152.20, 146.94, 135.83, 133.88, 132.98, 124.19, 119.03, 104.60, 99.88, 67.68, 

55.93, 41.46 

 

 

 

2-(but-3-en-1-yl)-4-methoxy-6-nitrophenol (117) 

A solution of 126 (47.8 mg, 0.20 mmol) in dry CH2Cl2 (0.40 mL) was cooled to 0 °C. 

BF3•OEt2 (50 µL, 0.40 mmol,) was added followed by triethylsilane (64 µL, 0.40 mmol). The 

reaction mixture was warmed to room temperature, and stirred for 3 h. Then, the reaction 

mixture was quenched with brine/aq 1 M HCl= 3:1 solution and extracted with EtOAc twice. 

The combined organic layer was washed brine, dried over Na2SO4 and concentrated under reduced pressure. The 

residue was purified by silica gel column chromatography (hexane/EtOAc =6:1) to give 117 (41.0 mg, 0.18 mmol, 

92%) as an orange solid. ; 1H NMR (500 MHz, CDCl3) δ 10.76 (1H, s), 7.37 (1H, d, J = 3.2 Hz), 7.09 (1H, d, J = 3.2 

Hz),5.89-5.81 (1H, m), 5.06-4.99 (2H, m), 3.81 (3H, s), 2.73-2.67 (1H, m), 2.80 (2H, t, J = 7.6 Hz), 2.39 (2H, dd, J 

= 14.2, 7.6 Hz) ; 13C NMR (125 MHz, CDCl3) δ 151.69, 148.82, 137.34, 134.07, 132.88, 127. 38, 115.47, 103.09, 

55.79, 55.77, 32.98, 29.30 

 

 

 

(2R,3R)-2-(but-3-en-1-yl)-4-methoxy-6-nitrophenyl 3-((tert-butyldimethylsilyl)oxy)-2,4-dimethylpent-4-enoate 

(127) 

A solution of 117 (45.0 mg, 0.20 mmol) and 116 (56.9 mg, 0.22 mmol) in dry CH2Cl2 

(0.70 mL) was cooled to 0°C under argon atmosphere. EDC (38.3 mg, 0.20 mmol) and 

DMAP (24.4 mg, 0.20 mmol) was added at same temperature. Then, the reaction mixture 

was warmed to room temperature, and stirred for 6 h. The reaction mixture was poured 

into 1 M HCl, and extracted with EtOAc twice. The combined organic layer was washed 

with sat. NaHCO3 and brine, dried over Na2SO4 and concentrated under reduced pressure. 

The residue was purified by silica gel column chromatography (hexane/EtOAc =6:1) to give 127 (88 mg, 0.19 mmol, 

95%) as a yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 7.39 (1H, d, J = 2.9 Hz), 7.03 (1H, d, J = 2.9 Hz) 5.83-5.76 

(1H, m), 5.06-4.88 (1H, m), 4.30 (1H, d, J = 8.1 Hz), 3.84 (1H, s), 2.97 (1H, t, J = 7.5 Hz), 2.67-2.55 (1H, m), 2.32 

(2H, t, J = 7.2 Hz), 1.81 (3H, s), 1.42 (3H, d, J = 7.0 Hz), 0.91 (9H, s), 0.08 (3H, s), 0.03 (3H, s) ; 13C NMR (100 

MHz, CDCl3) δ 172.59, 156.58, 145.27, 142.44, 138.40, 136.79, 135.65, 121.61, 115.85, 114.32, 107.51, 59.94, 44.59, 

33.52, 29.51, 18.19, 16.93, –4.66, –5.09 
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4-methoxy-2-nitro-6-vinylphenol (135) 

To a solution of methyltriphenylphosphonium bromide (904 mg, 2.53 mmol) in THF (10 mL) was 

added to t-BuOK (283 mg, 2.53 mmo) at 0 �, and stirred for 30 min at same temperature. The 

resulting mixture was warmed to room temperature and stirred 30 min further. Then 125 (202 mg, 

1.02 mmol) was added to a reaction mixture and stirred at room temperature for 3h. Then, the 

reaction mixture was quenched with brine/ aq 1 M HCl= 2:1 solution at 0 � and extracted with EtOAc three times. 

The combined organic layer was washed brine, dried over Na2SO4 and concentrated under reduced pressure. The 

residue was purified by silica gel column chromatography (hexane/EtOAc =5:1) to give 135 (199 mg, 1.02 mmol, 

100%) as an orange solid. ; 1H NMR (400 MHz, CDCl3) δ 10.84 (1H, s), 7.46 (1H, d, J = 3.1 Hz), 7.39 (1H, d, J = 

3.1 Hz), 7.04 (1H, dd, J = 17.6, 11.1 Hz), 5.83 (1H, d, J = 17.7 Hz), 5.44 (1H, d, J = 11.0 Hz), 3.83 (1H, s) ; 13C 

NMR (100 MHz, CDCl3) δ 151.86, 147.93, 133.35, 130.15, 129. 25, 123.16, 117.57, 105.23, 55.94 

 

 

 

5-methoxy-2-(methoxymethoxy)-1-nitro-3-vinylbenzene (136) 

A solution of 135 (488 mg, 2.50 mmol) in THF (5.1 mL) was cooled to 0 °C, and NaH (178.0 mg, 

4.50 mmol) was added. The heterogeneous solution was stirred for 30 min and then chloromethyl 

methyl ether (285 μL, 3.75 mmol) was added same temperature. The reaction mixture was then 

warmed to room temperature, stirred for 2 h. The reaction mixture was quenched with sat. NaHCO3 

at 0 °C, extracted with EtOAc. The organic layer was washed with sat. NaHCO3 and brine, dried over Na2SO4, filtered 

and concentrated under reduced pressure. The residue was purified by silica gel column chromatography (hexane to 

hexane/EtOAc =6:1) to give 136 (591 mg, 2.47 mmol, 99%) as a yellow solid. ; 1H NMR (400 MHz, CDCl3) δ 7.25 

(1H, d, J = 3.2 Hz), 7.21 (1H, d, J = 3.1 Hz), 7.00 (1H, dd, J = 17.7, 11.1 Hz), 5.80 (1H, d, J = 17.4 Hz), 5.46 (1H, 

d, J = 11.1 Hz), 4.98 (1H, s), 3.84 (1H, s), 3.53 (1H, s), 3.83 (1H, s) ; 13C NMR (100 MHz, CDCl3) δ 155.43, 145.68, 

141.31, 135.00, 130.25, 130.23, 117.95, 117.93, 116.53, 108.58, 101. 15, 101.13, 57.80, 55.94 

 

 

 

2-(5-methoxy-2-(methoxymethoxy)-3-nitrophenethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (134) 

To a solution of [Ir(cod)Cl]2 (5.4 mg, 8.1 µmol), 1,2-bis(diphenylphosphino)ethane (6.7 

mg, 0.017 mmol), toluene:1,2- dichloroethane =1:1 (320 µL) under argon at room 

temperature. Then   

4,4,5,5-tetramethyl-1,3,2-dioxaborolane (117 µL, 0.81 mmol) was added followed by 136 

(77.3 mg, 0.32 mmol). The resulting solution was stirred for 2 h. The reaction was quenched with MeOH (200 µL). 

After gas evolution ceased, brine was added and extracted with EtOAc three times. The organic layer was dried over 
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Na2SO4, filtered and concentrated under reduce pressure. The residue was purified by column chromatography 

(hexane/EtOAc = 5:1) to give 134 (111 mg, 0.30 mmol, 93%) as a yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 7.12 

(1H, d, J = 3.2 Hz), 7.04 (1H, d, J = 2.9 Hz), 5.00 (2H, s), 3.81 (3H, s), 3.55 (3H, s), 2.82 (2H, t, J = 8.2 Hz), 1.23 

(12H, d, J = 4.8 Hz), 1.13 (2H, d, J = 8.2 Hz) ; 13C NMR (100 MHz, CDCl3) δ 155.32, 145.00, 142,43, 141.89, 

120.39, 106.56, 101.29, 83.22, 57.53, 55. 81, 24.77, 24.43 

 

 

 

(Z)-3-iodo-2-methylprop-2-en-1-ol (137) 

133 (1.12 g, 20.00 mmol) was added to a suspension of CuI (380.9 mg, 2.00 mmol) in THF (20 mL). 

The resulted solution was cooled to –15 � and stirred for 30 min, then a solution of MeMgBr (3.0 M 

in Et2O, 13.3 mL, 40 mmol) was added to a reaction mixture over 20 min and the stirring was continued 

for 1h at –10 ºC. A solution of I2 (6.09 g, 24.00 mmol) in Et2O : THF =1:1 (10.6 mL) was added to a reaction mixture, 

then stirred at room temperature for 1h. The reaction mixture was poured into sat. NH4Cl and extracted with Et2O 

three times. The combined organic layer was washed with 0.1 M HCl, 10% Na2SO3 and brine, dried over Na2SO4 

and concentrated under reduced pressure. The residue was purified by silica gel column chromatography 

(hexane/CH2Cl2 =1:1) to give 137 (2.77 g, 14.00 mmol, 70%) as a light yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 

5.99 (1H, s), 4.25 (2H, d, J = 6.1 Hz), 1.99 (3H, d, J = 1.6 Hz), 1.64 (1H, d, J = 6.2 Hz) 

The spectrum data were identical with those reported previously57. 

 

 

 

(Z)-3-iodo-2-methylacrylaldehyde (132) 

A solution of 137 (396 mg, 2.00 mmol) in CH2Cl2 (13.3 mL) was added MnO2 (3.48 g, 40.00 mmol) and 

stirred for 4.5 h at room temperature. The reaction mixture was filtered through Celite and rinsed with 

CH2Cl2 twice. The filtrate was concentrated under reduced pressure to give 132 (347 mg 1.77 mmol, 89%) 

as a light yellow solid. ; 1H NMR (400 MHz, CDCl3) δ 9.78 (1H, s), 7.46 (1H, d, J = 1.4 Hz), 1.90 (1H, d, J = 1.6 

Hz) 

The spectrum data were identical with those reported previously57. 

 

 

(R)-4-benzyl-3-((2R,3R,Z)-3-hydroxy-5-iodo-2,4-dimethylpent-4-enoyl)oxazolidin-2-one (138) 

A solution of (R)-(-)-4-benzyl-3-propionyl-2-oxazolidinone (433 mg, 1.86 mmol) in CH2Cl2 

(4.3 mL) was cooled to –78 °C, and Et3N (362 μL, 2.60 mmol) was added followed by di-n-

butylboron triflate solution (1.0 M in CH2Cl2, 2.05 mL, 2.05 mmol) dropwise. The reaction 

OH

I

O

I

H

O N

O O

Bn

OH

I



 52 

mixture was warmed to room temperature, stirred for 1.5 h, cooled to –78 °C, then a solution of 132 (400 mg, 2.04 

mmol) in CH2Cl2 (1 ml, rinse 2mL) was added via cannula. The resultant mixture was warmed to 0 °C, and stirred 3 

h further. Phosphatebuffer (pH = 7) was added, and extracted with CH2Cl2, and the organic layer was concentrated 

under reduced pressure. The residue was then dissolved in MeOH/ H2O (1:1, 8.1 mL), the resultant solution cooled 

to 0 °C, 30% H2O2 (2.1 mL, 18.60 mmol) was added and the mixture stirred at 0 °C for 2 h. Excess H2O2 was 

decomposed at 0 °C by slow addition of 10% Na2SO3, the resultant mixture was extracted with EtOAc three times. 

The combined organic layer was washed with brine, dried over Na2SO4 and concentrated under reduced pressure. 

The residue was purified by silica gel column chromatography (hexane/EtOAc =5:1) to give 138 (655 mg, 1.53 mmol, 

82%) as a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 7.36-7.19 (5H, m), 6.43 (1H, s), 4.73-4.67 (1H, m), 4.51 (1H, 

s), 4.28-4.20 (2H, m), 4.00 (1H, td, J = 7.1, 3.9 Hz), 3.26 (1H, dd, J = 13.5, 3.4 Hz), 3.17 (1H, d, J = 2.7 Hz), 2.80 

(1H, dd, J = 13.5, 9.4 Hz), 1.81 (3H, s), 1.18 (3H, d, J = 7.0 Hz) ; 13C NMR (100 MHz, CDCl3) δ 176.49, 152.59, 

147.01, 134.82, 129.39, 128.92, 127.40, 75.60, 75.54, 66.12, 54.96, 41.16, 37.56, 20.91, 12.53  

 

 

 

(2R,3R,Z)-3-((tert-butyldimethylsilyl)oxy)-5-iodo-N-methoxy-N,2,4-trimethylpent-4-enamide (131) 

N,O-Dimethylhydroxylamine (390.2 mg, 4.00 mmol) in CH2Cl2 (2 mL) was cooled to 0 °C, and 

a solution of trimethylaluminum in toluene (2.0 M, 2.0 mL, 4.00 mmol) was added. The solution 

was stirred at room temperature for 30 min and then cooled to 0 °C, solution of 138 (429.3 mg, 

1.00 mmol) in CH2Cl2 (0.5 mL, rinse 0.5 mL) was added via cannula. The mixture was stirred for 2 h and poured 

into a mixture of EtOAc (10 mL) and aq sat. Rochell salt. The mixture was stirred vigorously for 1h at 0 °C. The 

layers were separated, and the aqueous layer was extracted with EtOAc twice. The organic layer was washed with 

brine, dried over Na2SO4, filtered and concentrated under reduced pressure. A colorless oil was obtained and was 

used next step without further purification.  

� A solution of the crude mixture in DMF (3.3 mL) was treated with imidazole (170.2 mg, 2.50 mmol) and TBSCl 

(301.4 mg, 2.00 mmol), heated to 50 °C, and stirred for 14.5 h. The reaction mixture was then cooled to room 

temperature, poured into brine:1 M HCl =1:1 and extracted with hexane/EtOAc = 1:1 twice. The organic layer was 

washed with brine, dried over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified 

by silica gel column chromatography (hexane to hexane/EtOAc =9:1 to 4:1) to give 131 (421.9 mg, 0.99 mmol, 2 

steps 99%) as a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 6.16 (1H, s), 4.31 (1H, d, J = 8.8 Hz), 3.65 (3H, s), 

3.12 (4H, s), 1.79 (3H, d, J = 0.9 Hz), 1.18 (3H, d, J = 6.8 Hz), 0.89 (9H, s), 0.06 (3H, s),–0.02 (3H, s) ; 13C NMR 

(100 MHz, CDCl3) δ 175.16, 148.73, 79.20, 78.81, 61.59, 40.60, 32.09, 25.77, 25.70, 19.49, 18.15, 14.30, –4.96, –

5.18 
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(2R,3R,Z)-3-((tert-butyldimethylsilyl)oxy)-N-methoxy-7-(5-methoxy-2-(methoxymethoxy)-3-nitrophenyl)-N,2,4-

trimethylhept-4-enamide (140) 

134 (48.0 mg, 0.20 mmol) and 131 (42.7 mg, 0.10 mmol) dissolved in degassed DMF 

(400 µL). Anhydrous K3PO4 (63.7 mg, 0.30 mmol) was added followed by 

Pd(dppf)Cl2•CH2Cl2 (8.2 mg, 0.01 mmol). The resulting mixture was stirred under argon 

at 50 ºC for 3 h. The reaction mixture was poured into brine, extracted with hexane:EtOAc 

= 1:1 three times. The organic layer was dried over Na2SO4, filtered and concentrated 

under reduce pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 2:1) to give 

140 (16.4 mg 0.03mmol, 30%) as a brown oil. ; 1H NMR (400 MHz, CDCl3) δ 7.14 (1H, d, J = 3.1 Hz), 6.98 (1H, d, 

J = 3.1 Hz), 5.37 (1H, t, J = 7.0 Hz), 4.98 (2H, s), 4.13 (1H, d, J = 9.0 Hz), 3.82 (3H, s), 3.64 (3H, s), 3.53 (3H, s), 

3.09 (4H, s), 2.68 (2H, t, J = 8.1 Hz), 2.35-2.23 (2H, m), 1.61 (3H, s), 1.17 (3H, d, J = 6.7 Hz), 0.88 (9H, s), 0.05 

(3H, s), –0.06 (3H, s)  

  

 

 

 (4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5,7-dimethylocta-1,7-dien-4-ol (155) 

A solution of 131 (427. 4 mg, 1.00 mmol) in THF (6.7 mL) was cooled to –78 °C, and DIBAL 

(1.0 M in toluene, 1.4 mL, 1.40 mmol) was added .The solution was stirred for 1.5 h at same 

temperature. The reaction mixture was quenched with MeOH (1.0 mL) at –78 ºC. The mixture 

was warmed to 0 ºC, diluted with Et2O (20 mL), and stirred vigorously with aq sat. Rochelle’s salt until two clear 

phases were obtained. The mixture was separated and the aqueous layer was extracted with Et2O three times. The 

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

obtained and was used next step without further purification. 

The crude aldehyde 156 (0.47 mmol) was dissolved in CH2Cl2 (6.7 mL) and cooled to –78 ºC. After 5 min, Me2AlCl 

(1.0 M in hexane, 1.2 mL, 1.20 mmol) was added dropwise and stirred at same temperature for 5 min. Then, 

allyltrimethylsilane (230 µL, 1.41 mmol) was added and the reaction mixture was stirred at same temperature for 15 

min. The reaction mixture was quenched with MeOH and warmed to room temperature. Resulting mixture was 

poured into sat. NH4Cl and extracted with CHCl3 three times. The organic layer was dried over Na2SO4, filtered and 

concentrated under reduce pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc 

= 20:1 ) to give 155 (172 mg, 0.42 mmol, 89% 2 steps) as a white solid. ; 1H NMR (500 MHz, CDCl3) δ 5.99 (1H, 

s), 5.98-5.83 (1H, m), 5.18-5.13 (2H, m), 4.59 (1H, d, J = 6.3 Hz), 3.53 (1H, s), 2.44 (2H, dt, J = 13.6, 1.9 Hz), 2.12 

(1H, dt, J = 16.1, 7.1 Hz), 1.96-1.89 (4H, m), 0.96 (3H, d, J = 6.9 Hz), 0.91 (9H, s), 0.14 (3H, s), 0.04 (3H, s) ; 13C 

NMR (125 MHz, CDCl3) δ 148.55, 135. 23, 117.91, 77.75, 75.20, 71.69, 43.53, 38.58, 25.80, 20.32, 18.04, 11.33, –

4.61, –4.95 
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(R)-(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5,7-dimethylocta-1,7-dien-4-yl 3,3,3-trifluoro-2-methoxy-

2-phenylpropanoate (163) 

To a solution of 155 (10 mg, 0.024 mmol,) in CH2Cl2 (120 µL) was added DMAP (5.9 mg, 

0.048 mmol ) and (S)-(+)-MTPACl (7 µL, 0.036 mmol) at 0 ºC and stirred at same temperature 

for 1 h. The reaction mixture was diluted with CH2Cl2, washed with water twice. The organic 

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

purified by silica gel column chromatography (hexane:EtOAc = 10:1 to 4:1) to give 163 (15 

mg, 0.024 mmol, quant) as a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 7.52-7.35 (5H, m), 6.06 (1H, d, J = 1.4 

Hz), 5.78-5.68 (1H, m), 5.14-5.05 (2H, m), 4.87 (1H, d, J = 11.3 Hz), 4.21 (1H, d, J = 9.7 Hz), 3.51 (1H, s), 2.49 

(1H, dd, J = 15.0, 4.3 Hz), 2.34 (1H, dt, J = 16.8, 7.5 Hz), 2.16-2.11 (1H, m), 2.01 (3H, d, J = 1.1 Hz), 0.88-0.86 

(11H, m), 0.12 (3H, s), 0.05 (3H, s)  

 

 

 

(S)-(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5,7-dimethylocta-1,7-dien-4-yl 3,3,3-trifluoro-2-methoxy-

2-phenylpropanoate (164) 

164 (15 mg, 0.024 mmol, quant, a colorless oil) was prepared from 155 (10 mg, 0.024 mmol) 

as described for the preparation 163 using (R)-(–)-MTPACl instead of (S)-(+)-MTPACl. ; 1H 

NMR (400 MHz, CDCl3) δ 7.51-7.36 (5H, m), 6.08 (1H, d, J = 1.4 Hz), 5.58-5.47 (1H, m), 4.99 

(1H, dd, J = 17.2, 1.4 Hz), 4.87 (2H, ddd, J = 15.0, 8.2, 5.4 Hz), 4.23 (1H, d, J = 9.5 Hz), 3.54 

(1H, s), 2.44 (1H, dd, J = 14.3, 5.7 Hz), 2.34-2.26 (1H,m), 2.20-2.16 (1H, m), 2.00 (3H, d, J = 

1.4 Hz), 1.04 (3H, d, J = 6.8 Hz), 0.89 (9H, s), 0.14 (3H, s), 0.06 (3H, s)  

 

 

methyl 2,4-dibromobutanoate (166) 

γ-butyrolactone (165) (13.3 mL, 175 mmol) and PBr3 (0.3 mL) were combined at 100 °C. 

Bromine (9.5 mL, 184 mmol) was added dropwise to the stirred solution. PBr3 (0.2 mL) was 

added and the solution was stirred for 2 h at 100 °C. After cooling to room temperature, the flask 

was sparged with argon, MeOH (70 mL, 1.75 mol) and p-toluenesulfonic acid (1.66 g, 8.75 mmol) were added and 

the reaction mixture was stirred at 50 °C for 21 h. The reaction mixture was diluted with EtOAc and washed with sat. 

NaHCO3 and brine. The organic extract was dried over Na2SO4, filtered and concentrated under reduced pressure. 

The residue was purified by vacuum distillation (15 mmHg, 99.5-104.0 ºC) to give 166 (41.3 g, 159 mmol 91%) as 

a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 4.54 (1H, dd, J = 8.0, 6.0 Hz), 3.81 (3H, s) 3.55 (2H, t, J = 6.2 Hz), 

2.55-2.49 (2H, m) 

The spectrum data were identical with those reported previously39. 
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methyl 2-azido-4-bromobutanoate (167) 

To a solution of 166 (41.30 g, 159.0 mmol) in DMF (80 mL) was added NaN3 (10.34 g, 159.0 

mmol) at 0 ºC. The mixture was stirred at room temperature for 12 h. The reaction mixture was 

diluted with H2O and extracted with Et2O three times. The organic extract was dried over 

Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by column chromatography 

(hexane:EtOAc = 30:1 to 10:1) to give 167 ( 30.96 g, 139.5 mmol, 88%) as a colorless oil. ; 1H NMR (400 MHz, 

CDCl3) δ 4.24 (1H, dd, J = 9.5, 4.4 Hz), 3.83 (3H, s) 3.56-3.46 (2H, m), 2.23-2.14 (1H, m), 2.38-2.30 (1H, m) 

The spectrum data were identical with those reported previously39. 

 

 

 

methyl 1-azidocyclopropanecarboxylate (168) 

To a solution of 167 (7.00 g, 31.50 mmol) in DMF (315 mL) was added DBU (6.1 mL, 41.00 mmol) 

at 0 ºC. The mixture was stirred at room temperature for 12 h. The reaction mixture was diluted with 

sat. NH4Cl and extracted with hexane:EtOAc = 2:1 three times. The organic extract was dried over 

Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by column chromatography 

(hexane:EtOAc =10:1) to give 168 ( 2.91 g, 20.61 mmol, 65%) as a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 

3.80 (3H, s) 1.48 (2H, dd, J = 8.0, 4.8 Hz), 1.22 (2H, dd, J = 8.1, 4.9 Hz) 

The spectrum data were identical with those reported previously39. 

 

 

 

 

1-azidocyclopropanecarboxylic acid (169) 

To a solution of 168 (1.76 g, 12.5 mmol) in THF (12.5 mL) was added 3 M KOH (8.3 mL, 25.0 mmol) 

at 0 ºC and the mixture was stirred for 12 h. The reaction mixture was extracted with CH2Cl2 twice. 

The aqueous layer was acidified with 1 M HCl and re-extracted with EtOAc three times. The organic layer was dried 

over Na2SO4, filtered and concentrated under reduce pressure to give 169 (1.51 g, 11.9 mmol, 95% ) as a white solid. ; 
1H NMR (500 MHz, CDCl3) δ 1.57 (2H, dd, J = 8.2, 5.0 Hz), 1.31 (2H, dd, J = 8.2, 5.0 Hz) 

The spectrum data were identical with those reported previously11b. 
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(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5,7-dimethylocta-1,7-dien-4-yl  

1-azidocyclopropanecarboxylate (154) 

To a solution of 169 (381 mg, 3.00 mmol) and DMF (23 µL, 0.30 mmol) in toluene (3 mL) was 

added oxalyl chloride (205 µL, 2.40 mmol) at 0 ºC. The reaction mixture was stirred for 1 h at 

room temperature. Meanwhile, in the separated flask, DMAP (37 mg, 0.30 mmol) and Et3N (0.84 

mL, 6.00 mmol) was added 155 (410 mg, 1.00 mmol) in CH2Cl2 (3.3 mL). The 169 solution was 

added via cannula to 155 solution at 0 ºC. The reaction mixture was stirred for 1.5 h at same temperature before being 

quenched with phosphatebuffer (pH = 7). The resulting mixture was extracted with EtOAc three times and washed 

with brine. Combined organic layer was dried over Na2SO4, filtered and concentrated under reduce pressure. The 

residue was purified by column chromatography (hexane:EtOAc = 10:1 ) to give 154 ( 515 mg, 0.99 mmol, 99%) as 

a brown oil. ; 1H NMR (400 MHz, CDCl3) δ 6.02 (1H, d, J = 1.3 Hz), 5.77-5.67 (1H, m), 5.14-5.05 (2H, m), 4.76-

4.72 (1H, m), 4.26 (1H, d, J = 9.0 Hz), 2.49 (1H, dd, J = 13.8, 5.0 Hz), 2.38-2.29 (1H, m), 2.16-2.11 (1H, m), 1.96 

(3H, d, J = 1.6 Hz), 1.44 (2H, t, J = 2.8 Hz), 1.17 (2H, t, J = 3.4 Hz), 1.03 (3H, d, J = 7.0 Hz), 0.89 (9H, s), 0.12 (3H, 

s), 0.03 (3H, s) ; 13C NMR (100 MHz, CDCl3) δ 170.81, 148.6, 134.04, 117.71, 77.47, 75.79, 75.47, 42.73, 41.02, 

34.16, 25.73, 19.29, 18.03, 16.75, 16.69, 10.73, –4.35, –4.89  

 

 

 

(2E)-5-bromopenta-2,4-dienal (173) 

To a solution of triphenylphosphine (39.3 g, 150 mmol) in CH2Cl2 (500 mL) was added bromine 

at 0 ºC. 172 (17.0 g, 125 mmol) was immediately added in one portion and resulting suspension 

was stirred at room temperature for 10 h. The dark red-brown solution was filtered through a pad of silica gel and 

washed with hexane:EtOAc = 4:1, filtrate was concentrated under reduce pressure. The residue was purified by 

column chromatography (hexane:EtOAc = 4:1 ) to give 173 ( 15.7 g, 97.5 mmol, E/Z= 3:1, 65%) as a yellow solid. ; 
1H NMR (400 MHz, CDCl3) δ 9.58 (1H, d, J = 8.0 Hz), 7.05-6.90 (3H, m), 6.20 (1H, dd, J = 15.0, 8.0 Hz) 

The spectrum data were identical with those reported previously41. 

 

 

 

(2E,4E)-hepta-2,4,6-trienal (159) 

To a suspension of 172 (1.00 g, 7.34 mmol) in THF (20 mL) was added DMAP (0.73 mmol, 

90 mg) and Et3N (0.73 mmol, 100 µL). The resulting mixture was cooled to –30 ºC and TMSCl 

(930 µL, 7.34 mmol) was added dropwise over 10 min. The reaction mixture was stirred for 5 h at same 

temperature. Then vinylmagunesium chloride (1.32 M in THF, 5.56 mL, 7.34 mmol) was added dropwise and stirred 

for 1.5 h at same temperature. The reaction mixture was quenched with 3 M HCl and the resulting biphasic mixture was 
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vigorously stirred for 30 min at room temperature. The resulting mixture was extracted with Et2O three times and 

washed with brine. Combined organic layer was dried over Na2SO4, filtered and concentrated under reduce 

pressure. The residue was purified by column chromatography (hexane:EtOAc = 15:1 ) to give 159 ( 572 mg, 5.29 

mmol, 72%) as a yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 9.59 (1H, d, J = 8.1 Hz), 7.14 (1H, dd, J = 15.1, 11.1 

Hz), 6.68 (1H, dd, J = 14.9, 10.7 Hz), 6.52-6.43 (2H, m), 6.19 (1H, dd, J = 15.1, 8.0 Hz), 5.52 (1H, d, J = 17.6 Hz), 

5.43 (1H, d, J = 10.4 Hz) 

The spectrum data were identical with those reported previously38 . 

 

 

 

(R,4E,6E)-3-hydroxy-1-((S)-4-isopropyl-2-thioxothiazolidin-3-yl)nona-4,6,8-trien-1-one (179) 

To a solution of N-acetyl (4S)-isopropyl-1,3-thiazolidine-2-thione 

 (678 mg, 3.33 mmol) in CH2Cl2 (33 mL) was added TiCl4 (1.0 M in CH2Cl2, 3.33 mL, 

3.33 mmol) followed by i-Pr2NEt (580 µL 3.33 mmol) at 0ºC and the mixture was stirred 

for 40 min. Then, the reaction mixture was cooled to –78ºC, 159 (324 mg, 3.00 mmol,) in CH2Cl2 (8 mL, rinsed with 

2 mL) was added via cannula and stirred at same temperature for 12 h. The reaction mixture was quenched with sat. 

NH4Cl aq. and extracted with EtOAc three times. The organic layer was dried over Na2SO4, filtered and concentrated 

under reduce pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 10:1 to 4:1) 

to give 179 (551 mg, 1.77 mmol, 59%) as a yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 6.39-6.21 (4H, m), 5.78 (1H, 

dd, J = 15.0, 5.8 Hz), 5.23 (1H, d, J = 15.3 Hz), 5.13 (1H, d, J = 17.6 Hz), 4.74 (1H, br), 3.65 (1H, dd, J = 17.5, 3.1 

Hz), 3.52 (1H, dd, J = 11.4, 8.1 Hz), 3.34 (1H, dd, J = 17.5, 8.8 Hz), 3.04 (1H, d, J = 11.4 Hz), 2.94 (1H, s), 2.36 

(1H, dd, J = 13.5, 6.7 Hz), 1.07 (3H, d, J = 6.7 Hz), 0.98 (3H, d, J = 7.0 Hz) ; 13C NMR (100 MHz, CDCl3) δ 202.94, 

172.25, 136.71, 134.05, 133.90, 132.10, 130.51, 117.75, 71.37, 71.29, 68.34, 68.28, 45.16, 30.77, 30.61, 19.02, 17.75 

 

 

 

(R,4E,6E)-methyl 3-hydroxynona-4,6,8-trienoate (180) 

 

To a solution of 179 (521 mg, 1.67 mmol) in MeOH (33 mL) was added K2CO3 (69 mg, 

0.50 mmol). The resulting suspention was stirred for 6 h before quenched with 1 M HCl. 

The resulting mixture was extracted with CH2Cl2 three times and washed with brine. The combined organic layer 

was dried over Na2SO4, filtered and concentrated under reduce pressure. The pale yellow oil was obtained and was 

used next step without further purification. In smaller scale (0.10 mmol) reaction, purified by column 

chromatography (hexane:EtOAc = 8:1 ) to give spectroscopically pure 180 (16 mg, 0.088 mmol 88%) as a light 

yellow oil. 1H NMR (500 MHz, CDCl3) δ 6.40-6.18 (4H, m), 5.73 (1H, dd, J = 15.2, 6.3 Hz), 5.24 (1H, d, J = 16.6 
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Hz), 4.61 (1H, s), 3.72 (3H, s), 2.96 (1H, s), 2.62-2.52 (2H, m); 13C NMR (125 MHz, CDCl3) δ 172.54, 136.67, 

134.12, 133.88, 131.96, 130.75, 117.91, 68.43, 51.84, 41.14 

 

 

(R,4E,6E)-methyl 3-methoxynona-4,6,8-trienoate (181) 

To a solution of crude 180 (1.67 mmol) in CH2Cl2 (16 mL) was added DTBMP (1.29 g, 

6.27 mmol) and MeOTf (633 µL, 5.77 mmol). The resulting mixture was refluxed for 14 

h and cooled to room temperature, quenched with MeOH. The resulting mixture was extracted with CH2Cl2 three 

times and washed with sat. NaHCO3 twice. The combined organic layer was dried over Na2SO4, filtered and 

concentrated under reduce pressure. The residue was purified by column chromatography (hexane:EtOAc = 10:1 ) 

to give 181 ( 196 mg, 1.00 mmol, 60%, 2 steps) as a light yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 6.42-6.22 (4H, 

m), 5.57 (1H, dd, J = 16.0, 4.8 Hz), 5.26 (1H, d, J = 16.0 Hz), 5.13 (1H, d, J = 12.0 Hz), 4.12-4.06 (1H, m), 3.68 (3H, 

s), 3.28 (3H, s), 2.63 (1H, dd, J = 15.1, 8.2 Hz), 2.47 (1H, dd, J = 15.3, 5.2 Hz) ; 13C NMR (100 MHz, CDCl3) δ 

171.21, 136.57, 134.23, 133.04, 132. 20, 131.76, 118.10, 78.24, 56.45, 51.67, 40.87 

 

 

 

 (R,4E,6E)-methyl 3-(((S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoyl)oxy)nona-4,6,8-trienoate (182) 

 To a solution of 181 (4.0 mg, 0.022 mmol,) in CH2Cl2 (440 µL) was added DMAP (5.4 

mg, 0.044 mmol ) and (S)-(–)-MTPACl (7 µL, 0.033 mmol) at 0 ºC and stirred at same 

temperature for 1 h. The reaction mixture was diluted with CH2Cl2, washed with water 

twice. The organic layer was dried over Na2SO4, filtered and concentrated under reduce 

pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 4:1) to give 177 (8.5 mg, 

0.021 mmol, 97%) as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.50-7.38 (5H, m) 6.48-6.15 (4H, m) 5.98-5.93 

(1H, m), 5.69 (1H, dd, J = 15.3, 8.1 Hz), 5.30 (1H, d, J = 16.2 Hz), 5.19 (1H, d, J = 9.6 Hz), 3.59 (3H, s), 3.52 (3H, 

d, J = 0.9 Hz), 2.78 (1H, dd, J = 16.0, 8.9 Hz), 2.64 (1H, dd, J = 16.0, 4.8 Hz) 

 

 

(R,4E,6E)-methyl 3-(((S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoyl)oxy)nona-4,6,8-trienoate (183) 

 183 (10.4 mg, 0.026 mmol, 96%, a colorless oil) was prepared from 181 (5.0 mg, 

0.027 mmol) as described for the preparation 182 using (R)-(+)-MTPACl instead of (S)-

(–)-MTPACl. ; 1H NMR (400 MHz, CDCl3) δ 7.49-7.38 (5H, m) 6.40-6.10 (4H, m) 

5.95-5.90 (1H, m), 5.57 (1H, dd, J = 15.0, 7.6 Hz), 5.29 (1H, d, J = 9.6 Hz), 5.18 (1H, d, J = 9.6 Hz), 3.68 (3H, s), 

3.54 (3H, s), 2.82 (1H, dd, J = 16.4, 9.2 Hz), 2.36 (1H, dd, J = 16.3, 4.4 Hz), 
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 (R,4E,6E)-3-methoxynona-4,6,8-trienoic acid (158) 
 

 To a solution of 181 (267 mg, 1.36 mmol) in MeCN/H2O (6% H2O, 6.8 mL) was added 

LiI (13.60 mmol, 1.82 g) and Et3N (4.08 mmol, 570 µL). The resulting mixture was 

refluxed for 2 h and cooled to room temperature, quenched with aq. sat. NaHCO3. The resulting biphasic mixture was 

vigorously stirred for 5 min, extracted with CHCl3 once. The aqueous layer was acidified to pH 1 with 1 M HCl and 

extracted with CHCl3 three times. Combined organic layer was dried over Na2SO4, filtered and concentrated under 

reduce pressure. The residue was purified by column chromatography (MeOH:CHCl3 = 15:1 ) to give 158 ( 237 mg, 

1.30 mmol, 96%) as a yellow oil. 1H NMR (500 MHz, CDCl3) δ 6.19-6.40 (4H, m), 5.57 (1H, dd, J = 15.0, 8.0 Hz), 

5.26 (1H, d, J = 16.7 Hz), 5.15 (1H, d = J = 10.0 Hz), 4.09 (1H, dt, J = 8.1, 4.9 Hz), 2.65 (1H, dd, J = 15.5, 8.3 Hz), 

2.54 (1H, dd, J = 15.5, 4.9 Hz); 13C NMR (125 MHz, CDCl3) δ 176.14, 136.57, 134.56, 133.50, 131.63, 131.58, 

118.32, 78.05, 56.46, 40.85  

 

 

 

(Z)-3-iodobut-2-en-1-ol (206) 

 

 

 

 

206 was prepared according to the reported procedures12. 
1H NMR (400 MHz, CDCl3) δ 5.76-5.79 (1H, s), 4.16-4.18 (2H, m), 2.54 (3H, d, J = 1.6 Hz), 1.57-1.61 (2H, m) 

 

 

 

(Z)-tert-butyl((3-iodobut-2-en-1-yl)oxy)dimethylsilane (207) 

A solution of 206 (11.88 g, 60 mmol) in DMF (60 mL) was cooled to 0 °C, imidazole (8.17 g, 

120 mmol) and TBSCl (10.85 g, 72 mmol) were added and stirred at same temperature for 4 h. The 

reaction mixture was poured into brine and extracted with Et2O twice. The organic layer was dried over 

Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by silica gel column chromatography 

(hexane to hexane/EtOAc =30:1) to give 207 (18.73 g, 60 mmol, quant) as a colorless oil. ; 1H NMR (500 MHz, CDCl3) 

δ 5.68 (1H, m), 4.18 (1H, m), 2.51 (3H, m), 0.91 (9H, s), 0.09 (6H, s) 

The spectrum data were identical with those reported previously50. 
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(Z)-4-((tert-butyldimethylsilyl)oxy)-2-methylbut-2-enal (204) 

To a solution of t-BuLi (25 mL, 40.00 mmol) in Et2O (90 mL) was added solution of vinyl 

iodide 207 (6.25 g, 20.00 mmol) in Et2O (10 mL) via cannula at –116 ºC. After stirring for 1 min, 

DMF (5.42 mL, 70.00 mmol) was added and further stirred for 5 min at same temperature. Then 

the reaction mixture was quenched with sat. aq. NH4Cl and extracted with Et2O three times. Combined organic layer were 

washed with brine, dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by silica gel 

column chromatography (hexane/EtOAc =10/1 to 5/1) to give 204 (4.05 g, 18.89 mmol, 94%) as a pale yellow oil. ; 

1H-NMR (400 MHz, CDCl3) δ 10.14 (1H, s), 6.50 (1H, m), 4.66 (2H, d, J = 6.4 Hz), 1.82 (3H, s), 0.92 (9H, s), 0.10 

(6H, s)  

The spectrum data were identical with those reported previously50. 

 

 

 

 (R)-4-benzyl-3-((2R,3R,Z)-6-((tert-butyldimethylsilyl)oxy)-3-hydroxy-2,4-dimethylhex-4-enoyl)oxazolidin-2-one 

(210) 

 A solution of (R)-(–)-4-benzyl-3-propionyl-2-oxazolidinone (4.85 g, 20.78 mmol) in CH2Cl2 

(50 mL) was cooled to –78 °C, and di-n-butylboron triflate (1.0 M in CH2Cl2, 21.0 mL, 20.78 

mmol,) was added followed by i-Pr2NEt (4.94 mL, 28.34 mmol). The reaction mixture was 

warmed to room temperature and stirred for 1 h. The mixture was re-cooled to –78 °C, and treated 

with aldehyde 199 (4.05 g, 18.89 mmol). The resultant solution was stirred for 8 h at same temperature. Then the 

reaction mixture was quenched with phosphate buffer (pH = 7.0), extracted with CH2Cl2 three times and the organic 

layer was concentrated under reduced pressure. The residue was then dissolved in MeOH/ H2O (1:1, 90 mL), the 

resultant solution cooled to 0 °C, 30% H2O2 (5.00 mL, 44.00 mmol) was added and the mixture stirred at 0 °C for 1 

h. Excess H2O2 was decomposed at 0 °C by slow addition of aq. sat. Na2S2O3, the resultant mixture was extracted 

with EtOAc three times. The combined organic layer was washed with brine, dried over Na2SO4 and concentrated 

under reduced pressure. The residue was purified by silica gel column chromatography (hexane/EtOAc =5/1) to give 

204 (7.29 g, 16.29 mmol, 86%) as a colorless oil. ; 1H NMR (500 MHz, CDCl3) δ 7.34-7.27 (3H, m), 7.21-7.19 (2H, 

m), 5.46 (1H, t, J = 6.0 Hz), 4.67-4.62 (2H, m), 4.35-4.31 (1H, m), 4.23-4.17 (3H, m), 4.06-4.01 (1H, m), 3.25 (1H, 

dd, J = 13.5, 3.2 Hz), 2.88 (1H, d, J = 4.0 Hz), 2.77 (1H, dd, J = 13.3, 9.6 Hz), 1.80 (3H, s), 1.34 (3H, d, J = 7.0 Hz),  

0.90 (9H, s), 0.09 (6H, s); 13C NMR (125 MHz, CDCl3) δ 175.69, 152.92, 137.09, 135.08, 129.40, 128.93, 128.43, 

127.37, 71.99, 66.08, 59.51, 55.25, 41.65, 37.68, 25.95, 19.69, 18.33, 13.09, –5.18 
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 (2R,3R,Z)-3,6-bis((tert-butyldimethylsilyl)oxy)-N-methoxy-N,2,4-trimethylhex-4-enamide (203) 

 N,O-Dimethylhydroxylamine (4.70 g, 48.15 mmol) in CH2Cl2 (50 mL) was cooled to 0 °C, 

and trimethylaluminum (ca. 1.8 M in toluene, 27.0 mL, 48.15 mmol) was added. The solution 

was stirred at room temperature for 1 h and then cooled to 0 °C, solution of 210 (7.19 g, 16.05 

mmol) in CH2Cl2 (20 mL, rinse 10 mL) was added via cannula. The mixture was stirred for 2.5 

h and poured into a mixture of Et2O (200 mL) and sat. aq. Rochelle’s salt until two clear phases were obtained. The 

mixture was separated and the aqueous layer was extracted with Et2O three times. The organic layer was washed 

with brine, dried over Na2SO4, filtered and concentrated under reduced pressure. A colorless oil was obtained and 

was used next step without further purification.  

� A solution of the crude mixture in DMF (54 mL) was treated with imidazole (3.82 g, 56.18 mmol) and TBSCl 

(7.26 g, 48.15 mmol), heated to 50 °C, and stirred for 12 h. The reaction mixture was then cooled to room temperature, 

poured into brine and extracted with hexane/EtOAc =4/1 three times. The organic layer was washed with brine, dried 

over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography (hexane to hexane/EtOAc =20/1) to give 203 (5.91 g, 13.26 mmol, 2 steps 83%) as a colorless oil. ; 

1H NMR (500 MHz, CDCl3) δ 5.27 (1H, br), 4.45 (1H, d, J = 7.8 Hz), 4.35 (1H, dd, J = 13.5, 7.8 Hz), 4.00-4.05 (1H, 

m), 3.65 (3H, s), 3.19 (1H, br), 3.08 (3H, s), 1.67 (3H, s), 1.20 (3H, d, J = 6.8 Hz), 0.89 (18H, s), 0.08 (3H, s), 0.06 

(6H, s), 0.03 (3H, s)  

 

 

 

(2R,3R,Z)-3,6-bis((tert-butyldimethylsilyl)oxy)-2,4-dimethylhex-4-enal (211) 

To a solution of 203 (446 mg, 1.00 mmol) in THF (5 mL) was cooled to –78 °C, and DIBAL 

(1.0 M in toluene, 1.4 mL, 1.40 mmol) was added .The solution was stirred for 4 h at same 

temperature. The reaction mixture was quenched with MeOH at –78 ºC. The mixture was 

warmed to 0 ºC, diluted with Et2O (20 mL), and stirred vigorously with sat. aq. Rochelle’s salt until two clear phases 

were obtained. The mixture was separated and the aqueous layer was extracted with Et2O three times. The organic 

layer was dried over Na2SO4, filtered, and concentrated under reduced pressure. The residue was purified by silica 

gel column chromatography (hexane to hexane/EtOAc =20:1) to give 211 (394 mg, 1.01 mmol, quant) as a colorless 

oil. ; 1H NMR (500 MHz, CDCl3) δ 9.65 (1H, d, J = 1.9 Hz), 5.40 (1H, t, J = 6.1 Hz),  

4.66 (1H, d, J = 7.2 Hz), 4.22-4.26 (1H, m), 4.05-4.09 (1H, m), 3.48 (1H, s), 2.56-2.59 (1H, s), 1.71(3H, s), 1.09 (3H, 

d, J = 6.8 Hz), 0.88 (18H, s), 0.06 (3H, s), 0.05 (6H, s), –0.02 (3H, s) ; 13C NMR (125 MHz, CDCl3) δ 203.85, 137.27, 

70.74, 58.95, 51.69, 25.94, 25.91, 25.69, 18.50, 18.28, 18.09, 10.23, –4.81, –5.18, –5.25 
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(4S,5S,6R,Z)-6,9-bis((tert-butyldimethylsilyl)oxy)-5,7-dimethylnona-1,7-dien-4-ol (212b) 

 To a solution of (–)-B-methoxydiisopinocampheylborane (194 mg, 0.61 mmol) in toluene (2.0 

mL) was added allylmagnesium bromide solution (1.0 M in Et2O, 0.60 mL, 0.60 mmol) at –78 

ºC. The reaction mixture was warmed to room temperature and stirred for 30 min. The mixture 

was re-cooled to –78 °C, the solution of aldehyde 211 (197 mg, 0.51 mmol) in toluene (5.0 mL) 

was added via cannula. The resultant solution was stirred for 1 h at same temperature, then the reaction mixture was 

warmed to room temperature over 1 h. The reaction mixture was cooled to 0 ºC, aq. 1 M NaOH (2.0 mL) and 30% 

H2O2 (1.0 mL) were added. The resultant biphasic mixture was vigorously stired for 10 h at room temperature. Then 

the reaction mixture was extracted with EtOAc three times. Combined organic layer were washed with brine, dried over 

Na2SO4 and concentrated under reduced pressure. The residue was purified by flash column chromatography 

(hexane/EtOAc =20/1) to give 212b (167 mg, 0.39 mmol, 76%) as a colorless oil. ; 1H-NMR (500 MHz, CDCl3) δ 

5.81-5.91 (1H, m), 5.09-5.14 (2H, m), 4.58 (1H, d, J = 5.5 Hz), 4.21-4.26 (1H,m), 4.09-4.14 (1H, m), 3.54 (1H, br), 

2.93 (1H, br), 2.26-2.32 (1H, m), 2.04-2.14 (1H, m), 1.79 (3H, s), 0.89 (21H, s), 0.08 (3H, s), 0.07 (6H, s), 0.01 (3H, 

s) ; 13C-NMR (125 MHz, CDCl3) δ 139.40, 135.43, 126.75, 117.58, 72.71, 72.38, 59.26, 44.15, 39.09, 26.04, 25.91, 

19.75, 18.43, 18.22, 12.30,–4.72, –5.06, –5.11 

 

 

 

(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-9-hydroxy-5,7-dimethylnona-1,7-dien-4-yl pivalate (216) 

To a solution of 212b (350 mg, 0.82 mmol), Et3N (0.57 mL, 4.10 mmol) and DMAP (10.0 mg, 

0.082 mmol) in CH2Cl2 (1.6 mL) was added PivCl (0.30 mL, 2.46 mmol) at 0 ºC. The reaction 

mixture was warmed to room temperature and stirred for 24 h at that temperature before being 

quenched with aq. sat. NaHCO3. The reaction mixture was extracted with EtOAc three times and washed with brine. 

Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure. A pale yellow oil was obtained 

and was used next step without further purification.  

 To a solution of the crude ester 215 in MeOH (6.8 mL) was was added H3PO4 (1.4 mL) at 0 ºC. The reaction 

mixture was warmed to room temperature and stirred for 12 h at that temperature before being quenched with aq. sat. 

NaHCO3. The reaction mixture was extracted with EtOAc three times and washed with brine. Combined organic layer 

were dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography (hexane to hexane/EtOAc =8/1) to give 216 (247 mg, 0.62 mmol, 2 steps 76%) as a colorless oil. ; 

1H NMR (500 MHz, CDCl3) δ 5.72-5.64 (1H, m), 5.49-5.46 (1H, m), 5.06-5.00 (2H, m), 4.72-4.69 (1H, m), 4.29-

4.25 (1H, m), 4.18-4.11 (2H, m), 2.34-2.28 (1H, m), 2.15-2.11 (1H, m), 2.07-2.03 (1H, m), 1.81 (3H, s), 1.17 (9H, 

s), 0.99 (3H, d, J = 7.0 Hz), 0.88 (9H, s), 0.03 (3H, s), –0.01 (3H, s); 13C NMR (125 MHz, CDCl3) δ 178.16, 140.18, 

134.20, 126.44, 117.25, 73.54, 72.32, 58.66, 40.97, 38.90, 33.86, 27.14, 25.72, 25.73, 18.12, 11.09, –4.67, –5.05 
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4-methoxy-2-nitro-6-((phenylsulfonyl)methyl)phenol (72) 

 

72 was prepared according to the reported procedures12. 
1H NMR (500 MHz, CDCl3) δ 10.29 (1H, s), 7.73-7.76 (2H, m), 7.59-7.65 (1H, m), 7.53 (1H, d, J = 3.2 Hz), 7.47 

(2H, br), 7.32 (2H, d, J = 2.8 Hz), 4.48 (2H, s), 3.82 (3H, s) 

 

 

 

(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-10-(2-hydroxy-5-methoxy-3-nitrophenyl)-5,7-dimethyl-10-

((phenylperoxy)thio)deca-1,7-dien-4-yl pivalate (218)  

 

To a solution of 216 (714 mg, 1.79 mmol), I2 (500 mg, 1.97 mmol) and imidazole 

(183 mg, 2.69 mmol) in toluene (9.0 mL) was added PPh3 (517 mg, 1.97 mmol) at 0 

ºC. The reaction mixture was warmed to room temperature and stirred for 1 h at that 

temperature before being quenched with aq. sat. Na2S2O3. The reaction mixture was 

extracted with EtOAc three times and washed with brine. Combined organic layer were dried over Na2SO4 and concentrated 

under reduced pressure. The residue was passed through a pad of silica gel and eluted with hexane/EtOAc =4/1. The 

eluent was concentrated under reduced pressure to give the crude iodide 202 as a colorless oil and was used next step 

without further purification.  

 To a solution of the right fragment 72 (810 mg, 2.51 mmol) in THF (23 mL) was added NaHMDS (1.9 M THF, 

2.64 mL, 5.01 mmol) at –98 ºC. The reaction mixture was stirred for 40 min, the solution of crude iodide 202 (0. 

mmol) in THF (36.0 mL) was added via cannula. Then the resultant solution was warmed to –78 ºC and stirred for 1 

h before being quenched with aq. sat. NH4Cl. The reaction mixture was extracted with EtOAc three times and washed 

with brine. Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure. The residue was 

purified by silica gel column chromatography (hexane to hexane/EtOAc =6/1) to give 218 (738 mg, 1.05 mmol, 2 

steps 59%) as an yellow amorphous powder. ; 1H NMR (400 MHz, CDCl3, mixture of diastereomer) δ 10.42 (1H, br), 

7.69-7.38 (7H, m), 5.80-5.63 (1H, m), 5.17-5.06 (2H, m), 4.90-4.79 (2H, m), 4.69-4.62 (1H, m), 4.20 (1H, m), 3.85 

(3H, s), 3.39-3.21 (1H, m), 2.81-2.66 (1H, m), 2.39-2.29 (1H, m), 2.14-2.11 (1H, m), 2.09-1.94 (1H, m), 1.68 (3H, 

s), 1.19 (9H, s), 0.96 (3H, d, J = 6.8 Hz), 0.87 (9H, s), 0.04 (3H, s), –0.03 (1.8H, s), –0.16 (1.2H, s) 
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(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-10-(2-hydroxy-5-methoxy-3-nitrophenyl)-5,7-dimethyldeca-1,7-dien-

4-yl pivalate (201) 

To a solution of 218 (120 mg, 0.17 mmol) in EtOH (17 mL) was added NaBH4 

(193 mg, 5.10 mmol) at 0 ºC. The reaction mixture was warmed to room temperature 

and stirred for 24 h at that temperature before being quenched with aq. sat. NH4Cl. 

The reaction mixture was extracted with EtOAc three times and washed with brine. 

Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by 

silica gel column chromatography (hexane to hexane/EtOAc =8/1) to give 201 (92 mg, 0.16 mmol, 94%) as an orange 

oil. ; 1H NMR (500 MHz, CDCl3) δ 10.73 (1H, s), 7.38 (1H, d, J = 3.2 Hz), 7.09 (1H, d, J = 3.2 Hz), 5.69-5.61 (1H, 

m), 5.26. (1H, t, J = 6.7 Hz), 5.27-5.24 (2H, m), 4.74-4.71 (1H, m), 4.23 (1H, d, J = 8.3 Hz), 3.81 (3H, s), 2.74 (2H, 

t, J = 7.9 Hz), 2.47-2.41 (1H, m), 2.33-2.26 (2H, m), 2.11 (1H, dd, J = 14.6, 4.3 Hz), 2.05-2.00 (1H, m), 1.79 (3H, s), 

1.16 (9H, s), 0.98 (3H, d, J = 6.9 Hz), 0.87 (9H, s), 0.01 (3H, s), –0.05 (3H, s) ; 13C NMR (125 MHz, CDCl3) δ 

177.78, 151.83, 148.83, 137.82, 134.45, 134.13, 133.02 127.44, 125.78, 117.07, 103.29, 73.21, 71.71, 55.83, 40.80, 

38.83, 33.59, 30.53, 27.50, 27.25, 25.76, 18.39, 18.13, 10.86, –4.77, –5.01 

 

 

 

(R,4E,6E)-2-((5R,6S,7S,Z)-5-((tert-butyldimethylsilyl)oxy)-4,6-dimethyl-7-(pivaloyloxy)deca-3,9-dien-1-yl)-4-

methoxy-6-nitrophenyl 3-methoxynona-4,6,8-trienoate (219) 

 

To a solution of 158 (42 mg, 0.23 mmol) and DMF (1.8 µL, 0.023 mmol) in 

toluene (2.3 mL) was added oxalyl chloride (20 µL, 0.23 mmol) at 0 ºC. The 

reaction mixture was stirred for 40 min at that temperature. Meanwhile, in the 

separated flask, DMAP (6.6 mg, 0.054 mmol) and Et3N (50 µL, 0.36 mmol) 

was added 201 (100 mg, 0.18 mmol) in toluene (1.8 mL). The 158 solution was 

added via cannula to 201 solution at 0 ºC. The reaction mixture was stirred for 20 min at same temperature before 

being quenched with phosphatebuffer (pH = 7). The resulting mixture was extracted with EtOAc three times and 

washed with brine. Combined organic layer was dried over Na2SO4, filtered and concentrated under reduce pressure. 

The residue was purified by silica gel column chromatography (hexane:toluene:EtOAc = 15:2:1 ) to give 219 ( 124 

mg, 017 mmol, 95%) as an yellow oil. ; 1H NMR (500 MHz, CDCl3) δ 7.40 (1H, d, J = 2.9 Hz), 7.04 (1H, d, J = 2.9 

H), 6.42-6.22 (4H, m), 5.68-5.62 (2H, m), 5.27 (1H, d, J = 15.8 Hz), 5.19 (1H, t, J = 6.4 Hz ), 5.15 (1H, d, J = 9.7 

Hz), 5.02-4.99 (2H, m), 4.72-4.71 (1H, m), 4.24-4.20 (2H, m), 3.85 (3H, s), 3.31 (3H, s), 2.92 (1H, dd, J = 15.5, 8.6 

Hz), 2.81 (1H, dd, J = 15.5, 4.9 Hz), 2.63-2.59 (2H, m), 2.39-2.36 (1H, m), 2.30-2.27 (2H, m), 2.10 (1H, dd, J = 14.9,  

4.6 Hz), 2.01-1.99 (1H, m), 1.78 (3H, s), 1.16 (9H, s), 0.97 (3H, d, J = 7.0 Hz), 0.87 (9H, s), 0.01 (3H, s), –0.07 (3H, 

s)  
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cytotrienin A macrolactam core 200 

To a solution of 219 (5.2 mg, 7.1 µmol), in CH2Cl2 (7.1 mL) was added catalyst 

106 (1.3 mg, 1.4 µmol) at rt. The reaction mixture was warmed to 40 ºC and 

stirred for 2 h at that temperature. The reaction mixture was passed through a 

pad of silica gel and eluted with hexane/EtOAc =4/1. The eluent was 

concentrated under reduced pressure to give the crude macrolactone 220 as a brown 

oil and was used next step without further purification.  

To a solution of crude 220 in EtOH (0.7 mL) was added catalyst SnCl2 (27 mg, 0.14 mmol) at rt. The reaction 

mixture was stirred for 12 h at that temperature. The reaction mixture was passed through a pad of silica gel and eluted 

with EtOAc. The eluent was concentrated under reduced pressure. The residue was purified by flash gel column 

chromatography (hexane:EtOAc = 2:1 ) to give 200 (3.0 mg, 4.5 µmol,  2 steps 63%) as a pale yellow oil. ; 1H-

NMR (500 MHz, CDCl3) δ 7.80 (1H, s), 6.77 (1H, s), 6.76 (1H, s), 6.54(1H, d, J = 2.9 Hz ), 6.41 (2H, br), 5.98 (1H, 

t, J = 11.1 Hz), 5.62 (1H, dd, J = 15.6, 7.38 Hz), 5.30 (1H, br), 5.19-5.21 (1H, br), 4.69-4.71 (1H, m), 3.73 (3H, s), 

3.38 (3H, s), 2.87 (1H, dd, J = 13.5, 3.1 Hz), 2.59-2.67 (3H, m), 2.42-2.47(1H, m), 2.29-2.36 (1H, m), 2.20-2.27 (3H, 

m), 2.04-2.12 (1H, m), 1.78 (3H, s), 1.19 (9H, s), 0.99 (3H, d, J = 6.8 Hz), 0.89 (9H, s), 0.08 (3H, s), 0.04 (3H, s) ; 
13C-NMR (125 MHz, CDCl3) δ 178.16, 169.22, 152.88, 140.91, 136.44, 134.27, 132.56, 131.40, 130.85, 129.73, 

129.52, 128.56, 126.92, 126.87, 125.66, 113.46, 105.86, 79.28, 74.03, 72.70, 56. 72, 55.68, 43.53, 40.80, 38.92, 32.81, 

28.28, 27.95, 27.15, 25.78, 18.16, 11.72, –4.57, –4.79; LRMS (ESI) m/z 704 ([M+Cl]–) 

 

 

 

2-hydroxy-5-(methoxymethoxy)benzaldehyde (223) 

 

 To a solution of 221 (33.0 g, 300 mmol) in THF (400 mL) was added NaH (4.0 g, 100 mmol) at 0 

ºC. The reaction mixture was stirred for 1 h at that temperature, MOMCl (7.6 mL, 100 mmol) was 

added. The resultant solution was warmed to room temperature and stirred for 6 h before being 

quenched with aq. sat. NH4Cl. The reaction mixture was extracted with EtOAc three times and washed with brine. 

Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure. The residue was passed 

through a pad of silica gel and eluted with hexane/toluene =3/1. The eluent was concentrated under reduced pressure 

to give the crude 222 as a brown oil and was used next step without further purification.  

To a solution of MgCl2 (28.6 g, 300 mmol) and paraformaldehyde (18.0 g, 600 mmol) in THF (200 mL) was added 

Et3N (42.0 mL, 300 mmol) and the solution was stirred at room temperature for 10 min. The crude 222 was added 

and the solution was heated at reflux for 12h. After cooling to room temperature the reaction was diluted with Et2O 

and washed with aq. 1M HCl and H2O. The organic layer was dried over Na2SO4 and concentrated under reduced pressure. 

The residue was purified by recrystallization (hexane/EtOAc = 6/1 ) to give 223 ( 9.4 g, 52 mmol, 52%, 2 steps) as a 
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white crystal. ; 1H-NMR (500 MHz, CDCl3) δ 10.71 (1H, s), 9.85 (1H, s), 7.24-7.27 (2H, m), 6.92-6.94. (1H, m), 

5.14 (2H, s), 3.49 (3H, s) ; 13C-NMR (125 MHz, CDCl3) δ 196.19, 156.84, 150.22, 127.17, 120.19, 119. 14, 118.61, 

95.28, 55.97 

The spectrum data were identical with those reported previously58. 

 

 

 

4-(methoxymethoxy)-2-nitro-6-((phenylsulfonyl)methyl)phenol (227) 

 To a solution of 223 (3.33 g, 18.3 mmol) in AcOH (36 mL) and H2O (4 mL) was added 60% 

HNO3 (2.1 mL, 27.5 mmol) in AcOH (8 mL) at 0 ºC. The reaction mixture was stirred for 5 

min at that temperature, poured into ice-cold H2O and then yellow solid was formed. The 

precipitate was collected by filtration and washed with H2O. The yellow solid was dissolved with EtOAc, dried over 

Na2SO4 and concentrated under reduced pressure to give he crude 224 as a yellow solid and was used next step without 

further purification.  

 To a solution of crude 224 in EtOAc/MeOH = 10/1 (100 mL) was added NaBH4 (1.04 g, 27.5 mmo) at 0 ºC and 

stirred for 30 min. The reaction mixture was quenched with sat. aq. NH4Cl and extracted with EtOAc three times. 

Combined organic layer were washed with brine, dried over Na2SO4 and concentrated under reduced pressure to give he 

crude 225 as a yellow solid and was used next step without further purification.  

 To a solution of crude benzyl alcohol 225 in toluene (66 mL) was added Ac2O (17.3 mL, 183 mmol) and solid 

NaHCO3 (7.67 g, 91.3 mmol). The reaction mixture was stirred for 24 h at 50 ºC. The reaction mixture was cooled to 

room temperature, quenched with sat. aq. NaHCO3 and extracted with EtOAc three times. Combined organic layer were 

washed with brine, dried over Na2SO4 and concentrated under reduced pressure to give crude 226 as a yellow solid and 

was used next step without further purification.  

 The crude 226 was dissolved in DMF (66 mL), and NaSO2Ph (7.31 g, 36.5 mmol) was added. The reaction mixture 

was stirred for 24 h at 80 ºC, The resulting mixture was cooled to 0 ºC and acidified to pH 4 with aq. 3 M HCl. The 

mixture was added H2O and then yellow solid was formed. The precipitated product was filtrated and washed with H2O. 

The crude product was purified by recrystallization from hexane/EtOAc = 3/1 to afford 227 (5.70 g, 16.1 mmol, 88%, 

4 steps) as yellow needles. ; 1H-NMR (500 MHz, CDCl3) δ 10.34 (1H, s), 7.74-7.77 (3H, m), 7.62-7.65 (1H, m), 

7.47-7.50 (2H, m), 7.40 (1H, d, J = 3.0 Hz), 5.15 (1H, s), 4.50 (1H, s), 3.48 (1H, s), ; 13C-NMR (125 MHz, CDCl3) 

δ 149.21, 148.82, 138.18, 134.03, 133.19, 130.39, 128.99, 128.53, 120.33, 111.68, 95.08, 56.29, 55.34 ; mp 134–135 
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(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-9-hydroxy-5,7-dimethylnona-1,7-dien-4-yl 

1-azidocyclopropanecarboxylate (229) 

 To a solution of 1-azidocyclopropanecarboxylic acid 169 (381 mg, 3.00 mmol) and DMF (8 

µL, 0.10 mmol) in toluene (15 mL) was added oxalyl chloride (216 µL, 2.50 mmol) at 0 ºC. 

The reaction mixture was stirred for 3 h at room temperature. Meanwhile, in the separated 

flask, Et3N (697 µL, 5.00 mmol) and DMAP (12 mg, 0.10 mmol) were added to a solution of 

alcohol 212b (429 mg, 1.00 mmol) in toluene (5 mL). The carboxylic acid 169 solution was 

transferred by cannula to the alcohol 212b solution at 0 ºC. The reaction mixture was stirred for 14 h at that 

temperature before being quenched with brine. The organic materials were extracted with EtOAc three times and 

washed with brine. Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure to give he 

crude 228 as a brown oil and was used next step without further purification. 

To a solution of the crude ester 228 in THF/H2O =1/1 (4 mL) was was added AcOH (6 mL) at room temperature. 

The reaction mixture was stirred for 72 h at that temperature before being quenched with aq. sat. NaHCO3. The 

reaction mixture was extracted with EtOAc three times and washed with brine. Combined organic layer were dried over 

Na2SO4 and concentrated under reduced pressure. The residue was purified by flush column chromatography (hexane 

to hexane/EtOAc =8/1) to give 229 (380 mg, 0.90 mmol, 2 steps 90%) as a colorless oil. ; 1H-NMR (500 MHz, 

CDCl3) δ 5.65-5.73 (1H, m), 5.47 (1H, dt, J = 7.1, 1.1 Hz), 5.05-5.09 (2H, m), 4.81-4.84 (1H, m), 4.23 (2H, d, J = 

8.0 Hz), 4.12-4.17 (1H, m), 2.30-2.37 (1H, m), 2.21-2.26 (1H, m), 2.08-2.12 (1H, m), 1.81 (3H, d, J = 0.9 Hz), 1.63 

(1H, s), 1.43 (2H, d, J = 3.1 Hz), 1.16-1.19 (2H, m), 1.02 (3H, d, J = 6.9), 0.88 (9H, s), 0.03 (3H, s), –0.01 (3H, s) ; 
13C-NMR (125 MHz, CDCl3) δ 171.14, 140.26, 133. 64, 126. 41, 117.94, 75.89, 58.58, 42.81, 41.16, 34. 37, 25.73, 

18.11, 16.84, 16.75, 11.35, –0.01, – 4.66, –5.09 ; mp 58–59 ºC 
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