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ƠǙs�z�+�"$�=Uq���ʭ  (g ibbere l l ins ,  GAs)  , ,  ȇĔ+

�ǷŞǼ ,  Ǯȵ¬ɹ ,  ʕȳ¬ɹ ,  ƙěȩč¬ɹ'&Čł'ƠǙǢǠ¦Ǥ(«

@=ʌɉ'ØæǙȦ%�#:.ǹ;>#	= .  �>;ØæǙȦ+ǮɊ%ƣ

ɷɎƄ(,žƒ�ȄĖȨ�č,.ɥǝ�#	= .  1898Ķ ,  Ąƪďʅ;,E

fAňʒ ,  ƛƬ��=ʳʹȶǬ+Ýû� ,  ʳʹȶǬȹ$�=�%AƄ;


�� . 1 )  1926Ķ ,  ʻƹȷ�;,ʳʹȶǬA8�;�ÝûƱȖAǮɊ�� . 2 )   

1935Ķ ,  Ⱦǥɤƻʅ;,  Ƕȹ$�=Gibbere l la  fu j i kuro i  +Ăʰǁ
;ʳ

ʹȶǬ+ÝûƱȖ$�=ØæǙAšÅÚʠ� ,  �+ȒšÅǙ(Uq���  

(g ibbere l l in ,  ĿÈ,Lq���%ð->#	� )  %ñè�� .4�1938Ķ ,  

Ⱦǥ;, ,  Uq���A+ȝƇØAąí�#	= .  1954Ķ ,  Cur t i s  ;,

Gibbere l la  fu j i kuro i  +Ăʰǁ
; ,  Ż�'Uq���AÚʠ� ,  Uq��

�ʊ  (g ibbere l l in  ac id )  %ñè�� .   1955Ķ ,  ǥƓ�ʅ;,Uq���A+

ȝƇAơɒ� ,  �>;�ʿȇ+ǂæǙ$�=�%AɊÅ� ,  �>�>AU

q���A 1 ,  A 2 ,  �:.A 3  (GA 1 ,  GA 2 ,  �:.GA 3 )  %ñè�=%%8( ,  

Uq���A 3%Uq���ʊ�ç�+8+$�=�%Aąí��  (F igure  

1 ) . 3 )  GA 3+ØĖƣɷ("	#, ,  1959Ķ ,  Cross;(:<GA 3+ĵʦƣɷ�

4�ɎƄ�> , 4 )  1962Ķ ,  McCapra;+XȢƣɷɎƘ(:<Ȋ¤ƣɷAê7

�¼ƣɷ�ÉƄ�#	= . 5 )  �+ņ8Uq���+ũȗǻȈ,ČŶ+ǻȈ

Ȩ(:<ɀ@> ,  ǟĀ4$(Úʠ ,  ƣɷƷĚ�>�Uq���,130ȇ��
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(+3= .  '� ,  2008Ķ(,ƖĨ®;(:!# ,  Uq���âĝ¤$�=

GID1+ƣɷ�Ƅ;
�>#	= . 6 )  

Uq���,U`�r�ȔØæǙ$�< ,  �+ʶƞAŀŚ�=ǒȖŶ$

C 1 9Uq���%C 2 0Uq���(čÊ�>=� ,  ¾ɶ�#6 ,5 ,6õǡ
;'

=i�jc�m�I��ǡ(5õǡ�ƜƧ��ǚŌǰ'ǡǛƣɷAăƒʶ

ƞ%�#	= .  ǢæŚǰ(, ,  ʥyh��ʊȜɬ(:< ,  EZr�`e��

��ʊ  ( IPP)  �ǣǢ�> ,  P~e�P~e�l���ʊ  (GGPP)  (Ċŭ�

> � ņ ,  ʊ ( : < ʔ ǡ � ,  ŀ Ś � > � J F � � ā J ^ I � �

Wagner -Meerweinɮ¢Aɩ��# ,  6 ,6 ,6 ,5õǡAŀŚ�en t -JF��('
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= .  �+ņ ,  ʊØ�>en t -7 -jc�KTJF��ʊ%'!�ņ ,  ~UJ�ǰ

'ȣǡßŏ$ ,  Uh�ʶƞA8"Uq���A 1 2 -C�ajc(Ċŭ�>= .  

�+ØæǙ,C 2 0Uq���+�"$�=� ,  C 1 9Uq���("	#,20

¢+y^�ă�ʊØ�>C�ajc('< ,  �+ņ ,  ȫǒʊAɩ��#Ǣ

æŚ�>= .  �+:
( ,  Uq���A 1 2 -C�ajc
; ,  ʊØƮʛ�Ċ@

=�%$ ,  Č.+Uq���ʭ(ÆØ�#	.  (Scheme 1) . 7 a )  '� ,  �ž

$, ,  GAǢæŚʉȖʂ�Ĕ+¼ĝ�23Ƅ;
(�>#	= . 7 b )  

ČŶ+Uq���ʭ+�$8 ,  ƋÈ(Úʠ�>��ɂǰ'Uq���

GA 3,ƠǙ+Ǣʒƿœ�ľ. ,  ØĖƣɷʦ$, ,  1¢(�ʌȝæ ,  3¢%13¢

(Ƶʊă ,  γ -~Mb�ǡAƍ�='& ,  ʊØƮʛ+ʷ	ÆĔ$�= .  �+:


(ǢǙƿœʦ9ƣɷØĖʦ+ȯï
; ,  Ƥ�'ǻȈ�'�> ,  ¼æŚ(

"	#,�>4$(4¨+ąí��= .  
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1 ,  Corey;+æŚ  8 )  

ƋÈ( GA 3 +¼æŚAɽŚ��+, Corey ;$�=  (Scheme 2) .  ń;

+æŚ+ʐV`_o, VIII 
; (± ) - IX 0+ÆĔÀ Die l s -Alder ßŏ%ȟ

.Ȋ¤ʁŠǰ'y^�ă+Ģ»$�< ,  �+ 2 ĮȆ$ A ǡʆAŀŚ�=%

%8( ,  4 ¢+ȌùȕǒȖ ,  �:. 5 ¢+ AB Ɲʖ+�Ÿ�ō ,  γ -~Mb�

ƣȏ+ɪŨ<%'= 1 ¢�10 ¢+�ʌȝæ% A ǡC��C�Q��ʆŀŚ

(Ŏɉ' 2 ¢�3 ¢+�ʌȝæAƣȏ�#	= .  Ŋ;>�~Xw¤+ IX A

¹ĖÆÐ�# ,  ĎǕǙ%ç�ȞğʇȥAƍ�=  (+) - IX AŊ#	= .  �+

(+) - IX, GA 3:<ɚĢ$, ,  4� (+) - IX
; GA 30+Ċŭ8$,=�7 , 9 )

�+ƆǓ$ ,  ¼æŚAɽŚ���%('= .   
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�+æŚ$, ,  BCD ǡ+ĘŚ���ʖ¤ VII A Die l s -Alder ßŏ  ( I�

I I I ) ,  ÆĔÀldQ��J_o��N  ( IV�V ) ,  6 õǡ
; 5 õǡ0+ǡ+

ț5Ɗ�  (V�VI�VII )  (:<æŚ�#	= .  �
� ,  ʒ	ĮȆŶAŎɉ

%�=�7 ,  ņ( ,  ń;,Ƥ�'ÊɵæŚƼAʕǮ�#	= .  �+�¨A

Scheme 3 (ȁ�� .  1 0 )  TM�r�\UH� X % 2-CX^�CM�~�b

%(:= Die l s -Alder ßŏ(ȟ.T��Ø$ XI %� ,  oxy-Cope ɮ¢Aɀ


�%$ BC ǡAŀŚ�=|e�M'8+$�= .  4� D ǡƣȏƼ%�#

Bu 2 CuLi (:=ʄ·ǰǡØAʕǮ�#	= .  
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'� ,  Corey +æŚ�ʖ¤ XIV (ʗ�#, ,  S to rk ;8æŚƼAʕǮ�#

	=  (Scheme 4) . 1 1 )  ń;, 3 ȇ+æŚƼAąí�#	=� ,  �>;,	�

>8 C ǡ(ǵĿ�=TM�pKS�ɚĢ¤AÅǮǙɧ%�=8+$ ,  8 ¢

ȌùȕǒȖ+ƣȏ(ĮĐA�;�#	= .   
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2 ,  Mander ;+æŚ  1 2 )  

Mander ;, ,  J�q�AǤ	� D ǡ+ƣȏ  (XXVI�XXVII ) ,  Wol f f ɮ

¢(:= B ǡ+ƣȏ  (XXVIII�XXIX ) ,  ÆĔÀ Michae l ßŏ(:=γ -~M

b�+ŀŚ  (XXX�XXXI ) ,  �:.ÆĔÀC�c��ßŏ(:= A ǡƣȏ

(XXXII�XXXIII )  AʶĔ%�=ʶƞæŚAɀ!#	=  (Scheme 5) .  Ŋ;

>� XXXIII A  (± ) -XXXIV %� ,  ¹ĖÆÐ(:< GA 3 
;ɚĢ$,=

(+) -XXXIV %�#	= .  �+  (+) -XXXIV 
; 9 ĮȆ$ GA 3 A¼æŚ�#

	= .  
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3 ,  ʒĨ ,  ħǥ;+æŚ  1 3 )  

ʒĨ ,  ħǥ;, ,  C ǡ%'=CeZ��ǡAƍ�=UH�
;ÅǮ� ,  A

ǡ ,  B ǡ ,  D ǡ+ʪ(ƣȏ�#	=  (Scheme 6) .  �'@ ,  D ie l s -Alder ß

ŏ(:= Aǡƣȏ (XXXV�XXXVII ) ,  ÆĔÀ Fr iede l -Cra f t sßŏ(:= B

ǡƣȏ  (XXXVIII�XXXXI ) ,  C��AǤ	�¹ǡØ�Ôßŏ(:= 8 ¢

�ŸȌùȕǒȖ+ŀŚ (XL�XLI )  ,  �:.ʄ·ǰǡØ$ʶƞæŚAɀ	 ,  

UH� XLIII AȜǦ�#ƋÈ+ GA 3 +~Xw¤¼æŚAĘŚ�#	= .     
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4 ,  De  Clercq ;+æŚ  1 4 )  

De Cle rcq ;, ,  m~�ǡAį5(ƿǤ��æŚAąí�#	=  

(Scheme  7) .  4� ,  α ,β -�ʯòHV`� XLIV (}FØvNfTFxm~

e�A Michae l �Ô� ,  Ǣ��Hg~�b% 2 ,3 -Un�zo�r�Aßŏ

�� XLV AæŚ� ,  Corey +ŝƼ$ D ǡAƣȏ�#	=  (Scheme 7) .  H

V`� XLVI A XLVII (Ċŭ��ņ ,  ÆĔÀ Die l s -Alder ßŏ$m~�ǡ

%C�K�ʆAǡØ�� ,  Ŋ;>� XLVIII +H�`�ǡ+ʊȖAƿǤ�

#ęȪă+Ģ»Aɀ!#�< ,  4� B ǡŀŚ(, Wolf f ɮ¢A§Ǥ�#	

= .  ń;+æŚ$,~Xw¤+ LI AæŚ��ņ( ,  GA 3 
;ɚĢ$,=

(+) -LI 
; 5 ĮȆ$ GA 3 +¼æŚAɽŚ�#	= .   
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�# ,  ȺȨ�ŜĦ��ǻȈĜ$,Ob� ,  HV`� ,  (Z ) -α ,β -�ʯòHV

`�A8"ʑǛØæǙ 1 ( SmI 2 A¦Ǥ��=% ,  ʄ·ǰǡØ ,  D ieckmann

ȣæ ,~Mb�Ø�ɸȟǰ(ɩ�< ,  γ -~Mb�ǡʆAê6 C 1 9 Uq���

+ AB ǡʆ 2 ��ť
"ʷȊ¤ʁŠǰ(ƣȏ$,=�%AɊÅ��  

(Scheme 8) . 1 5 )   
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�;( ,  �+ɸȟǡØßŏAʐßŏ%�= (± ) -GA 1 +¼æŚ(8ŚÓ�

#	= . 1 6 )  �+æŚ��bA Scheme 9 (ȁ�� .  ʐßŏ, 10�11 + SmI 2

+ɚɩ�=ɸȟǡØßŏ$�= .  ��$§Ǥ�� 9 , ,  Hg� 3 % 4 %+C

�c��ßŏ ,  Hg� 5+Ob�ʆ0+o�iL�ă+Ģ» ,  C��AǤ	

�¹ǡØ�Ôßŏ(:= 8 ¢ȌùȕǒȖ+ƣȏ ,  SmI 2�HMPA A§Ǥ��

ʄ·ǰǡØ(:<æŚ�>#	= .   



11 

O OMe

4 steps

OMOM

H

OSEM

O
H

OC

O

OMOM

H

OSEM
MeO2C

MeO2C

H
TBSO

O

O

O

9 steps

MeO2C

O

TBSO
OH

O

O
H H

TBSO

O

O

O

TMS

(±)-GA1

H
TBSO

OMe

O

O

O

H
TBSO

O

O

O

TMS

TMS

•
hν

3

Scheme 9

5 6

789

11

CHO

O

O
1) LDA,

2) TBSCl

SmI2

THF

MgBr

1) O3, MeOH

2) TBAF

SmI2

MeO2C

then PPTS, H2O

10

4

HMPA

CO2H

H

H

O

OC
OH

HO

 

 

ȺȨ,�+ŝƼ+Ǯĥ(:=¹Ėƿœ¤' GA 3 +æŚǻȈAʕĒ�� .  

GA 3 , GA 1 + A ǡʆ(�ʌȝæ��"Č	��+ØæǙ$�=8++ ,  �

+�ʌȝæ+ĕĀ, ,  A ǡʆAȴʲǡØ�9�.�='& ,  GA 3 +æŚA

GA 1 +�>(Ʋ1#,=
(üʡ(�#	= .  4� ,  GA 1 
;ɚĢãȪ'

α ,β -�ʯòHg� 12 + 3 ¢J�te�ʆ+Ȋ¤ʁŠǰʄ·8üʡ$�=  

(Scheme 10) .   

GA1

CO2H

H

H

O

O

OC
OH

1

3
reduction

CO2H

H

H

O

HO

OC
OH

Scheme 10

12 GA3  
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�
� ,  1 ¢�=	, 2 ¢(ȫʠăA³��ØæǙ 13 4�, 14 �æŚ

$,>- ,  Íɴ+ SmI 2(:=ɸȟǡØ+ɿǤ$æŚãȪ'ʶƞAƍ�=Ø

æǙ
; GA 3 0ĝƅ(ɚĢ$,=%ȧ�;>=  (F igure  2 ) .   

OMOM

H

OSEM
MeO2C

MeO2C

O

X

OMOM

H

OSEM
MeO2C

MeO2C

O

X

Figure 2

1413

1
2

 

 

�
��ȧĞ+8%( ,  ȺȨ, Scheme 11 (ȁ���b$ 13 (ǵĿ�

=ØæǙ 25 +æŚAơɒ� ,  �>4$+ǻȈ$ 9 ¢�ŸǓ ,  �:. ,  CD ǡ

ʆ�ƣȏ�>� 24 +æŚ(ŚÓ�� .  �'@ ,  GA 3 æŚ(�	#¼#+

�ŸǒȖƣȏ+ɪŨ<%'= 9 ¢�ŸǓA ,  D -N�X�C�ajcCXb

ec 15 %TM�pKSg� 16 %+ L -o���Aɏē%�=C�c��ß

ŏ$ƣȏ�� .  Ƶʊă+­ɣ%�ƚ -�ȽʊØAɀ!#Ŋ�Hg� 18 (ğ

�# ,  ʈʊ|e_b+Ģ»%  PDC ʊØAɀ!# 20 %��ņ ,  8 ¢�ŸȌù

ȕǒȖAC��%+¹ǡØ�Ôßŏ$ƣȏ� 21%�� .  HV`�ʆAC�

K�(Ċŭ ,  TM�n`e�ʆAI[�ʊØ(:<ʕɃ� ,  T��ăAʚ

Þ�#~Mb�AŀŚņ ,  SmI 2 AǤ	# CD ǡʆAĘŚ��� .   
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Scheme 11

TBSO

H

O

O
O

TBSO

H

O

O
O

•
hν (Pyrex®)

     α : β 
= 13 : 1

80%
21

t-BuO2C
t-BuO2C

TBSO

H

O

O
O

18

t-BuOAc, LHMDS
CeCl3, THF, -78ºC

20

O

CHO

O
O

HO

O
O

O

H

SR

15 17

L-proline (30 mol%)
H2O (5.0 equiv)
DMSO,  rt, 72 h

63%

(2.0 equiv)

9

75% (3 steps)

1) TBSCl, imidazole
    DMF, 0ºC to rt, 16 h

2) LDA, TMSCl, THF, -78ºC
3) Pd(OAc)2, O2, DMSO, rt, 48 h

dr. 10 : 1

OMOM

H

OSEM
MeO2C

MeO2C

O

OR'

SmI2
OMOM

H

OSEM

O
H

OC

O
OR'

(+)-GA3

1

2526

9

8

TBSO

H

O

O
O

1) LiAlH4, THF, reflux, 3 h
2) DMP, CH2Cl2, rt, 30 min
3) PPh3, CBr4, NEt3, CH2Cl2, 0ºC, 10 min
4) BuLi, THF, -78°C, 1 h

44% (4 steps)

22 23

O

H

O

O
O

O

MeOH
-70ºC, 6 h

24

O

H

O
O

O
OH

1) O3, NaHCO3
    MeOH, -78°C

32% (2 steps)

SmI2, HMPA

88%

16

2) TBAF, THF
    rt, 30 min

t-BuOH, THF
rt, 20 min

PDC (2.0 epuiv)
MS4A

90%

CH2Cl2
rt, 20 h

TBSO

H

O
O

19

OH

t-BuO2C

40%

 

 

4� ,  �+æŚ+ʐßŏ$�=ɸȟǡØßŏ�Ob�J�te�ă+α

¢(ʊȖęȪăA8"ØæǙ(ɿǤãȪ$�=�%Aza�ØæǙAǤ	

�ěʵ$Ǿə�#	=  (Scheme 12) .   
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O

OTBS

H

O

OC
MeO2C 1)  SmI2, THF

    rt, 10 min

2)  p-TsOH
     CH2Cl2
     rt, 30 min

O

OTBS
OH

CO2Et
H

+

α : β = 1 : 1

58% 39%

O

EtO2C

EtO2C

OTBS

6 steps

27 28 29 30

Scheme 12

 

 

�;(Uq���+ʶƞAŀŚņ ,  1 ¢ƵʊăAËǤ�#�ʌȝæAŀ

Ś$,=�%8Ǿə�#	=  (Scheme 13) .  

H

CO2MOM

O

OMOM
MOMO

OC

H

OH

O

1)  MsCl, Et3N
     toluene
     rt, 30 min

2)  DBU, toluene
     85°C,  7 h

H

CO2MOM

O

OMOM
MOMO

OC

H O
21% (2 steps)

31 32

4 steps
GA3

Scheme 13

1

 

 

���!# ,  Scheme 11 (Ǌ�#æŚ�� 24 
; ,  ʐ�ʖ¤ 25 0ɚĢ

$,>- GA 3 æŚ�ãȪ%Œ@>= .  �
� ,  �+æŚ��b(,	."


+ɎƷ�1,öʬ�ƭ�>#	= .  Ȍ�( L -o���AǤ	�C�c�

�ßŏ+àǞ ,  �:.UCV`�IʁŠœ�£	�% .  Ȍ�(Ȍ�ȕC�

�C�Q��+ʊØǰɮ¢ßŏ(�	#Ʊœ+�=M�xʊAɼÏʍǤ	

'�>-';� ,  4�àǞ�ȱ.'	�% .  Ȍ�( CD ǡʆ+ƣȏ(�	# ,  

t -n^�HV`�ʆ
;C�K�0+Ċŭ(Č.+ĮȆAŎɉ%� ,  
"

àǞ�£	�7 ,  �+¸+ĥʕ�üʡ$�=�%$�= .  �"ǳ+öʬǓ

(ʗ�#, ,  C�K�0+ĊŭAɀ@� ,  t -n^�HV`�+44Ob�%

+ʄ·ǰJ_o��NAɀ�- ,  :<ǺĮȆ$kTM� [3 .2 .1 ]IM\�ǡ

Aƣȏ$,=%ȧ�;>=� ,  �+J_o��N,ɹɀ�� ,  ÝŹAúà

�=+5$�=�%8@
!#	=  (Scheme 14) .   
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35

O

H

O
O

O

OH
O

34

O

H

O
O

O

CO2t-Bu

O

24

O

H

O
O

OH
O

Ph3P CH2

O3, NaHCO3

MeOH, -78°C

TBSO

H

O

O
O

MeO2C

CO2t-Bu33

SmI2, HMPA

t-BuOH, THF, rt

Scheme 14

57%

TBAF, THF

rt, 14 h

63%

TBSO

H

O

O
O

t-BuO2C

21

 

 

ȺȨ, ,  �>;+öʬǓ+ɎƷ% ,  �>(ȟ. GA 3 ¼æŚ(é�æŚǻ

ȈAĥʕ�� .   

�� ,  ƒɞȌ�ȋ$, ,  æŚ��b+Ų÷ ,  �:. L -o���AǤ	�C

�c��ßŏ+ơɒ("	#ɴ1 ,  Ȍ�ȋ$, ,  ɏēʍ+M�xʊAǤ	

=Ȍ�ȕC��C�Q��+ʊØǰɮ¢ßŏ("	#ɴ1= .  Ȍ�ȋ$, ,  

CD ǡʆ+ƣȏ("	#ɴ1 ,  Ȍùȋ$, ,  γ -~Mb�Aê6 ABCD ǡʆ+

ƣȏ("	#ɴ1= .   
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ƒɞ  

 

Ȍ�ȋ� Uq��� A 3 + CD ǡƣȏ��b+Ų÷  

 

ķɞ$ɴ1� 34 +  t -nbKTJ�te�ă%J�te�ă%+ʖ+ʄ

·ǰJ_o��N(:= CD ǡʆŀŚ�ɹɀ�'
!�Ýû, ,  t -n^�

ă+īʷ�(�=%ȧ� ,  �>(ǵĿ�=ī+ģ�	H^�HV`� 40A

Ż�'�ʖ¤%�#ɔĚ� ,  Scheme 15 (ȁ���bAơɒ�� .  '� ,  �

>4$, 10 ¢ƵʊăA TBS ă$­ɣ�#	�� ,  ȫ­ɣ�.	Ćæ�

�!��7 ,  :<ʚÞ�9�	 TMS ă$­ɣ�=�%(�� .  �+�"+

Ċƈ$Hg�%C��%+¹ǡØ�Ôßŏ+Ȋ¤ʁŠœ�£��# 8  

3540

O

H

O
O

O

OH
O

O

H

O
O

O

CO2Et

O

TMSO

H

O

O
O

EtO2C
TMSO

H

O

O
O

EtO2C

3738

8

Scheme 15

24

O

H

O
O

OH
O

•

hν

SmI2 Ph3P CH2

O

CHO

O
O

HO

O
O

O

H

SR

15 17

L-proline (30 mol%)
H2O (5.0 equiv)
DMSO, rt, 72 h

63%

(2.0 equiv)

9

dr. 10 : 1 36

1) TMSCl
TMSO

H

O
O

EtO2C

OH

2) Saegusa-Ito ox.
3) AcOEt, LDA

PDC

8

16

TMSO

H

O

O
O

EtO2C

39

8
O3, EtOH

then Ph3P
CO2Et

TBAF

10
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¢�ŸǓ+ƣȏ�üʡ('=�%��ŕ�>= .  �
� ,  TM�n\� 38

AH\g���I[�ʊØ�=�%$ ,  �Ĺ 8 ¢+�ŸAţ�'	UHV

`� 39 %�#8 ,  �+ņ~Mb�Ø,αʇȥ²+HV`�J�te�ă$

µ¸ǰ(ɹɀ� ,  CD ǡʆŀŚ(Ǥ	=HbKTJ�te�y^�ă�βʇ

ȥ('=%�ŕ�� .  

�+��b$+æŚ(¸Ȋ ,  4�àǞʦ$öʬ��!� 15 
; 17 0

+Ċŭßŏ+Ų÷Aɀ
�%(��  (Tab le  1 ) .  ŉƕ ,  TM�pKSg�  16

A 2 .0 Ŀʍ ,  ƵA 5 .0 Ŀʍ ,  ǋē( DMSO (15 +ǐĹ  :  0 .5  M)AǤ	 ,  ßŏ

Ɔʖ  72 Ɔʖ+Ɣ�$ ,  àǞ 63%,  UCV`�Iv�Ʋ 10  :  1 $ǳǰØæǙ

17 AŊ#	�  ( en t ry  1 ) .  4� ,  TM�pKSg�+ĿʍAĈ9��%�? ,  

ßŏƆʖ+Ǻȣ ,  àǞ ,  UCV`�IʁŠœ+é��Ɋ;>  ( en t r i e s  2 -5 ) ,   

Table 1

O

CHO

O
O

HO

O
O

O

H

SR

15 17

L-proline  (30 mol%)
H2O (5.0 equiv)

solvent

9

DMSO (0.5) rt

entry solvent (M)a temp.16 (equiv) time yieldc (%)drb

2.0

5.0

10

20

50

20

50

20

72 h

40 h

24 h

10 h

6 h

13 h

10 h

DMSO (0.5)

DMSO (0.5)

DMSO (0.5)

DMSO (0.5)

-

-

 10 : 1

 14 : 1

   9 : 1

 >20 : 1

85%

88%

91%

92%

92%

97%

>20 : 1

>20 : 1

63%

 18 : 1

rt

rt

rt

rt

rt

rt

0ºC- 64%>20 : 130 h

ee = >99%

1

2

3

5

4

7

6

8

16

a The ratio of 17 to the  other diastereomers. The ratio was determined by 1H-NMR. 
b A concentration of 15 in DMSO
c Isolated yield.  
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50 ĿʍǤ	�Ćæ( ,  23Ú�+ǢŚǙ%�#C�c��¤ 17 �Ŋ;>

� ( en t ry  5 ) .  4� ,  ǋē+ DMSO AǤ	�(�+ßŏAɀ!�%�? ,  ʷ  

	UCV`�IʁŠœ+44 ,  àǞA 97%4$é���=�%(ŚÓ��  

( en t ry  7 ) .   

�+:
( ,  15 
; 17 0+C�c��ßŏ+àǞ ,  ʁŠœAŲ÷�=�

%�$,�+$ ,  Ʃ( 17 
;ʈʊH^�|e_bAƍ�=Hg� 37 +æ

ŚAɀ!�  (Scheme  16) .  C�c�� 17 +ƵʊăA TMS ă$­ɣ ,  ȟ	

#�ƚ -�ȽʊØAɀ	Hg� 42 (Ċŭņ ,  C�c��ßŏ$ʈʊH^�

|e_bAĢ»�#Ȍ�ȕC��C�Q�� 36 AæŚ�� .  �+ 36 Ać

Øy^��� ,  PDC A 2 .0 ĿʍǤ	#ʊØǰɮ¢ßŏ(�� ,  ǳǰ%�=

Hg� 37 AŊ=�%�$,�� ,  àǞ� 38%%£.ǉɪ+	.ȝƙ$,

'
!� .  4� ,  ćØy^��%b�H�  (1  :  1 )  +ǂæǋē� ,  PDC A 3 .0

ĿʍǤ	=�%$ ,  67%4$Aé���=�%�$,�8++Ʊœ+ʷ	

M�xʊAɼÏʍ§Ǥ�'�>-';'
!� .  ��$ ,  ɏēʍ+M�x

ʊ$ ,  �+ßŏAɀ�'	
ơɒ�=�%(�� .   

HO

O
O

O

H

17

TMSO

H

O

O
O

TMSCl, Et3N, DMAP

THF, 0°C to rt, 1 h

AcOEt, LDA

THF
 -78°C, 15 min

42

1) LDA, TMSCl
    THF, -78°C

PDC (2.0 equiv), MS4A
CH2Cl2, rt, 3 h

TMSO

H

O

O
O

EtO2C

37

TMSO

H

O

O
O

80% (2 steps)

2) Pd(OAc)2, O2
    DMSO, rt, 48 h

41

Scheme 16

TMSO

H

O
O

EtO2C

OH

90%

95%

38%

36

or
PDC (3.0 equiv), MS4A

 CH2Cl2 : toluene 
( 1 : 1 )
 rt, 3 h 67%  
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Ȍ�ȋ� Ȍ�ȕC��C�Q��+ʊØǰɮ¢ßŏ 1 7 )  

 

�Ȱ(M�xʊAǤ	�Ȍ�ȕC��C�Q��+ʊØǰɮ¢ßŏ, ,  

��(ȁ�ßŏƨƣ$ɹɀ�#	=%ȧ�;>#	=  (Scheme 17) .�'

@ ,  Ȍ�ȕC��C�Q�� i �½©+M�xʊ%ßŏ� ,  Ȍ�ȕC��

C�Q��+M�xʊHV`� i i AŀŚ�= .  Ʃ( ,  �+ i i �C��ɮ¢

� ,  Ȍ�ȕC��C�Q��+M�xʊHV`�('= .  Ƌņ( i i i �ʊØ

�>Hg� iv A�� ,  çƆ(ù©+M�xʊ�ǢŚ�=%	
8+$�= .  

�+:
( ,  PDC 9 ,  PCC '&+M�xʊɖȼ, ,  ɮ¢ßŏ ,  ʊØßŏ+�

ż(ʗ�$,=�7 ,  Ȍ�ȕC��C�Q��+ʊØǰɮ¢ßŏ+Ȍ�ʁ

Šɖȼ%'!#	= .  �
� ,  �+ßŏ(,ƱœAţ"½©+M�xʊA ,  

ɶĳ 2~3 Ŀʍ%ɼÏʍ§Ǥ�'�>-';'	%	
öʬǓ��= .   

O
O
Cr X
O

X = Cl or OCrO3H

OH
R R O

O
R

Cr
O

HO O

O
R

Cr
O

HO O

Cr
HO OH

O

PDC or PCC

i

ii iii

iv

H

X

Scheme 17

 

 

ɳĶ$, ,  M�xʊ+§ǤAúʃ��Ƥ�'żƼ�ʕǮ�>#	=

(Scheme 18) .  ØĖʍɞʍ+ʊØÎ$ßŏ��=żƼ%�#, ,  IBX (a ) 1 8 )  

9 TEMPO + X -  (b ) 1 9 )  AǤ	=żƼ�ąí�>#	= .  4� TEMPO Aɏē

%� ,  Ƥ�'ÁʊØÎ% Lewis ʊ+ț5æ@�+żƼ  ( c -e ) 2 0 - 2 3 )  �ąí�
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>#�< ,  �+�(8 ,  IBS Aɏē%�=8+  ( f ) 2 4 )  9 ,  P t  b lack Aɏē%

�=8+  (g ) 2 5 )  8ąí�>#	= .  ƭő'�; ,  �ú+ăɧ$�= 36 +ʊ

Øǰɮ¢$, ,  �>;+Ɣ�$,ßŏ�ɹɀ�'	
 ,  ­ɣă�ȫʠ�=

ȝƙ$�!� .   

OH
Bu Bu O

43a 43b

a) IBX (2 equiv), pyridine (2 equiv), DMSO (0.2 M*), 55°C, 3.5 h, 80%.
b) TEMPO+ BF4- (1.5 equiv), MeCN (0.2 M*), rt, 0.1 h, 94%.
c) TEMPO (0.01 equiv), NaIO4 -SiO2 (2 equiv), CH2Cl2 (0.15 M*), rt, 2 h, 92%.
d) TEMPO (0.1 equiv), PhIO (1.2 equiv), Bi(OTf)3 (0.08 equiv), MS4A, CH2Cl2 (0.2 M*), 0°C, 0.5 h, 84%.
e) TEMPO (0.1 equiv), CuCl2•2H2O (0.5 equiv), MS4A, O2, MeCN (0.2 M*), rt, 7 h, 90%.
 f )  IBS (0.05 equiv), Oxone (1 equiv), Bu4NHSO4  (0.01 equiv), K2CO3  (0.5 equiv), Na2SO4, AcOEt (0.2 M*), 60°C, 3 h, 84%.
g) Pt black (0.01 equiv), H2O2 (3 equiv), H2O (1.0 M*), 90ºC, 3 h, 85%.

Scheme 18

* Concentration of 43a  

 

�ż ,  ɏēʍ+M�xʊAǤ	�Ȍ�ȕC�Q��9Ȍ�ȕC�Q�� ,  

C��¢9q�U�¢+ʊØ ,  C���+ʊØßŏ��$(ąí�>#	

=8++ , 2 6 - 3 2 )  Ȍ�ȕC��C�Q��+ʊØǰɮ¢ßŏ("	#,ąí

�>#	'	 .  ��$M�xʊAɏēʍǤ	�ʊØǰɮ¢ßŏ�ɀ�'	


ơɒ�=�%(�� .   

4� ,  ăɧ%�# 1-n^�TM�pKT -2 -Hg��  (43a )  AǤ	 ,  0 .01

Ŀʍ+ PDC %ÁʊØÎ%�# 3 .0 Ŀʍ+ PhI (OAc) 2 AÔ� ,  ćØy^��

�  (43a +ǐĹ  :  0 .2  M)  C�R�ʢýƴ� ,  ĜǇ$ßŏA���  (Tab le  2 ,  

en t ry  1 ) .  �+ȝƙ ,  ʒƆʖ  (24 Ɔʖ )  Aɉ�=8++ ,  M�xʊ�ɏē%�

#´, ,  3 -n^�TM�pKT -2 -Hg�  (43b )  AàǞ 84%$Ŋ=�%�$

,� .  �+Ɣ�$C�R�+�@<(ȉƴ9ʊȖAǤ	=%čĴ(ßŏƆ

ʖ�Ǻȣ� ,  ȉƴʢýƴ�$, 1 .5 Ɔʖ ,  ʊȖʢýƴ�$, 1 Ɔʖ$23ß

ŏ�Ț���  ( en t r i e s  2  and  3 ) .  �
� ,  �>;+Ɣ�$, ,  ßŏ�Ęȝ�
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� ,  ÝŹ�ƭ!��7 ,  ƈ'=Ɣ�ơɒAɀ!� .  0 .05 Ŀʍ+ PDC % 1 .5

Ŀʍ+ PhI (OAc) 2 ,  ćØy^���  (43a +ǐĹ  :  0 .5  M)  ʊȖʢýƴ� ,  Ĝ

Ǉ$ßŏAɀ
% ,  àǞ, 94%4$é��� .  �
� ,  �+Ɣ�,Áǟœ(

��. ,  ÝŹAƭ�#�4
�%�Ĺ��!� .   �Ȱǰ( PhI (OAc) 2 AÁ

ʊØÎ%�#Ǥ	=Ćæ ,  ƵAǃÔ�=�%$ ,  ßŏœ ,  Áǟœ�é��=

�%�ǹ;>#	= .  ��$ƒßŏ( 1Ŀʍ+ƵAǃÔ��� ,  ƵAÔ�#

	'	Ɣ�%Ʋ1# ,  àǞ�£��#�4!� .  �>, PhI (OAc) 2 � ,  Ƶ%

PDC (ê4>=l�U�(:!#}�cZq�Y�(ÔƵÆɎ�># ,  M

�xʊAÁʊØ$,'.'!��7%ȧ�;>= .  ��$ ,  Ƶ+ʍAQ�

b���$,>-�+öʬ�ɎƷ$,=%ȧ� ,  ǔƵǽʊvNfTFxA

ßŏȔ( 1 ĿʍÔ�#5�%�? ,  96%+ʷàǞ$Hg�AŊ=�%(Ś

Ó� ,  
"Ñǰ(Áǟœ�é��� .  '� ,  Ƶ%ǔƵǽʊvNfTFx+�

OH
Bu Bu O

PDC (cat.), PhI(OAc)2

additive, CH2Cl2, rt

PDC 
(equiv)

PhI(OAc)2(equiv)
ambient gas conc.a

(M)
time
(h)

yieldb
(%)

entry

1

2

3

5

7

43a 43b

6

additive
(equiv)

8

0.01 3.0 0.2 24 84

0.01 3.0 0.2 1.5 88c

0.01 3.0 0.2 1 88c

Air

O2

0.05

Ar

1.5 0.5 0.25 94dO2

0.05 1.5 0.5 0.25 96O2

0.05 1.5 0.5 0.25 86O2

-

-

-

-

H2O (1.0)

2.0 - 0.2 3 91

- 1.5 0.2 5 0e

Air

Air

-

-

4

H2O (1.0)
MgSO4 (1.0)

a Concentration of 43a. b Isolated yield. 
c A small amount of 1a was recovered. 
d Low reproducibility. e No reaction.

Table 2
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@<( ,  ǽʊvNfTFx�7 ƵòǙAǤ	�Ćæ, ,  ƵAÔ�#	'	Ć

æ%Ċ@;� ,  4�ǔƵǽʊdb�FxAǤ	=%ßŏ�¼.ɹɀ�'.

'!� .   

Ʃ( ,  PDC (ê4>= CrO 3%l�U�%+ț5æ@�+�@<( ,  �>

ȭɭ$,ßŏ�'	 CrO 2 %Ƥ�'ćă4�, ,  ÁʊØÎ%+ț5æ@�

("	#ơɒAɀ!�  (Tab le  3 ) .  4�Ē7( ,  43a (ğ�# 0 .1 Ŀʍ+

CrO 2 %l�U� 0 .1 Ŀʍ ,  1 .5 Ŀʍ+ PhI (OAc) 2 ,  ćØy^���  (43a +

ǐĹ  :  0 .5  M) ,  ʊȖʢýƴ� ,  ĜǇ$ßŏ���ȝƙ ,  ¸+ PDC AǤ	�

Ćæ%çƤ(ßŏ�ȱđ(ɹɀ�=�%�@
!�  ( en t ry  1 ) .  �ż ,  l�

U�+Ċ@<( 2 ,6 -�^U� ,  DMAP,  NaHCO 3 ,  MS4A AǤ	��ßŏ�

ɹɀ�=�%,'
!�  ( en t r i e s  4 -8 ) .  4�ÁʊØÎ$�= PhI (OAc) 2 (

Table 3

CrO2, base
oxidant (1.5 equiv)

CH2Cl2 (0.5 Ma), O2, rt

base (equiv) yieldb
(%)

- 0c

pyridine (0.1) 94

2,6-lutidine (0.1) 0c

DMAP (0.1) 0c

0c

entry

3

4

5

6

7

MS4A 0c8

oxidant

PhI(OAc)2

PhI(OAc)2

PhI(OAc)2

PhI(OAc)2

time
(h)

1

0.5

1

1

1

1

1

PhI(OAc)2NaHCO3 (0.1)

PhI(OAc)2

pyridine (0.1) 0c9 PhIO

OH
Bu Bu O

43a 43b

pyridine (2.0) 0c

2

- 1

1pyridine (0.1) 0c10 NaIO4

CrO2
(equiv)

0.1

0.1

0.1

0.1

0.1

0.1

0.1

2.0

0.1

- 0c

1

- 12.0

15pyridine (0.1) 9011 IBX0.1

a Concentration of 43a. b Isolated yield.
c No reaction occurred.  
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Ċ�# ,  PhIO,  NaIO 4 AǤ	�Ćæ  ( en t r i e s  9  and  10)  , ,  ¼.ßŏ�'


!�� ,  IBX AǤ	=%ßŏ+ɹɀ�ɻ	8++ ,  Hg� 43b AàǞ

90%$��� ( en t ry  11) .  

Tab le  2 ,  3 (ȁ��:
( ,  ɏēʍ+ PDC 4�, CrO 2 %l�U�( ,  Á

ʊØÎ%�# PhI (OAc) 2 AǤ	=% ,  ʊØǰɮ¢ßŏ�ɹɀ�=�%�@


!�+$ ,  Ʃ(ƒŝƼ+�ȰœAǾə�=ǳǰ$Ƥ�'ăɧ(ƒßŏA

ɿǤ�=�%(��  (Tab le  4 ) .  '� ,  ��$,ű¦+ȑªœ
; ,  PDC A

ɏē%�= Table  2  + en t ry  6  AV\�]�c'Ɣ�%�#Ǥ	=�%(

�� .  ,�7( ,  en t r i e s  2 -5  (ȁ�Ȍ�ȕƵʊă(Ƥ�'­ɣă��	�

ăɧ 44a -47a Aßŏ��� .  �+ȝƙ ,  TBS ă9CX^�ă ,  MOM ă ,  q

�U�ă, ,  ƒßŏ(ŃʨA��=�%,'. ,  ȱđ(ßŏ,ɹɀ� ,  ʷà

Ǟ$ğŏ�=Hg� 44b -47b A���  ( en t r i e s  2 -5 ) .  q�U�C�Q��

48a %HV`� 49a ,V\�]�c'Ɣ�$,�ȆĹ+àǞ$�
ğŏ�

=Hg�A��'
!�� ,  q�U�C�Q�� 48a +Ćæ ,  ăɧǐĹA

�� (0 .2  M) ,  PhI (OAc) 2 A 3 .0 Ŀʍ(Ĉʍ� ,  l�U�AǃÔ�=�%$ ,  

Hg� 48b +àǞA 84%(é���=�%�$,�  ( en t ry  6 ) .  HV`�

49a +Ćæ, ,  ăɧǐĹA�� (0 .1  M) ,  PhI (OAc) 2 A 3 .0 Ŀʍ(Ĉ9��

%$ ,  Hg� 49b �àǞ 69%$Ŋ;>�  ( en t ry  7 ) .  4 ¢(Uy^�ăAƍ

�= 50a $8öʬ'.ßŏ�ɹɀ� ,  ʷàǞ$Hg� 50b A���� ,  J

�t�
;ɚĢ��  2 ¢(y^�ăA8" 51a 
;, ,  �ȆĹ+àǞ$H

g� 51b �Ŋ;>=+5$�!�  ( en t r i e s  8  and  9 ) .  �>4$, ,  6 õǡ+

ăɧ(ğ�=ơɒ$�!�� ,  ǡ+SEW�ɾ
8+9 ,  ʑǛ+8+8ơ

ɒ� ,  7 õǡ 53a 9 8 õǡ 54a ,  ʑǛ+ 55a $, ,  £	àǞ$ğŏ%�=H

g�A��=+5$�!�� ,  5 õǡ+ 52a $, ,  ʷàǞ$Hg� 52b �Ŋ

�;>�  ( en t r i e s  10-13) .   
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OH
Ph Ph O 84c1.5

OH
O

EtO2C EtO2C 69d24

OH
Bu Bu O

960.25

OH
AcO AcO O

OH
MOMO MOMO O

OH
BnO BnO O

811

771

861

substrate product yieldb

(%)
time
(h)entry

1

2

3

4

5

6

48a 48b

44a 44b

45a 45b

46a 46b

47a 47b

PDC (0.05 equiv), PhI(OAc)2 (1.5 equiv)

MgSO4 (1.0 equiv), H2O (1.0 equiv)
CH2Cl2 (0.5 Ma), O2, rt

R' R"

OH
R

R' R"

R O

410.5

513
7

49a 49b

OH
Bu Bu O

900.51
4

OH
TBSO TBSO O

871

43a 43b

Table 4

a Concentration of substate. b Isolated yield. 
c PDC (0.05 equiv), PhI(OAc)2 (3.0 equiv), pyridine (11 equiv), MgSO4 (1.0 equiv), H2O (1.0 equiv), O2, CH2Cl2 (0.2 Ma).
d PDC (0.05 equiv), PhI(OAc)2 (3.0 equiv), MgSO4 (1.0 equiv), H2O (1.0 equiv), O2, CH2Cl2 (0.1 Ma).
e A 7 : 1 diastereomeric mixture.

8

50a 50b
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9

840.510

11

12

OH
Bu Bu13 trace1

OH
Bu Bu

O

1 38

53a 53b

54a 54b

52a 52b

55a 55b

OH
Bu Bu O

1 43

O

substrate product yieldb

(%)
time
(h)entry

Bu
OH

Bu O

HO
O

491

51ae 51b

21

a Concentration of substate. b Isolated yield. 
c PDC (0.05 equiv), PhI(OAc)2 (3.0 equiv), pyridine (11 equiv), MgSO4 (1.0 equiv), H2O (1.0 equiv), O2, CH2Cl2 (0.2 Ma).
d PDC (0.05 equiv), PhI(OAc)2 (3.0 equiv), MgSO4 (1.0 equiv), H2O (1.0 equiv), O2, CH2Cl2 (0.1 Ma).
e A 7 : 1 diastereomeric mixture.

Table 4 (continued)

 
 

%�?$ ,  PDC Aɏē%�#Ǥ	=ƒßŏA GA 3æŚ(ɿǤ�=�7(

, ,  Ȍ�ȕC��C�Q��+ 6 ¢(īʷ	ȥŭăAƍ�=ăɧ$8öʬ

'.ßŏ�ɹɀ�=
Ǿə�#�.Ŏɉ��= .  çƆ(�+żƼ(ğ�=

µ¢œAɝ1=�%Aőʫ( ,  6 ¢(īʷ	ȥŭăAƍ�=Ȍ�ȕC��

C�Q�� 56a ,  57a  Aăɧ%�# ,  TEMPO,  NaIO 4 -S iO 2 AǤ	=żƼ%

+ğǖěʵAɀ!�  (Scheme19) .  TEMPO AǤ	=żƼ$ ,  TMS ăAƍ�
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= 56a Aßŏ���Ćæ ,  TMS ă�ȫʠ�=+5$Hg� 56b ,Ŋ;>� ,  

MOM ăAƍ�= 57a $, ,  ßŏ�ɹɀ�=8++Ęȝ�=�%,'. ,  H

g� 57b �àǞ 57%�
Ŋ;>'
!� .  �ż ,  �úʕǮ��ɏēʍ+

PDCAǤ	=żƼ$, ,  56a ,  �:. 57a%8(ǺƆʖ$ʊØǰɮ¢ßŏ�

ɹɀ� ,  56a $, ,  ßŏ,Ęȝ�'	8++ ,  Hg� 56b AàǞ 76%%

TEMPO,  NaIO 4 -S iO 2ƼA�4@=ŚȤ$��� .  4� ,  57a$, ,  ßŏ�Ę

ȝ� ,  Hg� 57b AàǞ 92%$��� .  �+:
(�úʕǮ��żƼ, ,  ß

ŏǓ+Ƶʊăîɱ�īʷ	ăɧ$8ɿǤãȪ$�< ,  Ƶʊă+­ɣ%�#

ʊ'&(Ľ	 TMS ăAƍ�#	=ăɧ$8ËǤ$,=�%�@
!� .   

TMSO H

OH
Bu

56a
76%

(recoverd of SM 14%)

TMSO

Bu

56b

O

TEMPO (0.01 equiv)
NaIO4-SiO2 (2 equiv)

quant.

HO H

OH
Bu

PDC (0.05 equiv)
PhI(OAc)2 (1.5 equiv)

MgSO4 (1.0 equiv), H2O (1.0 equiv)
CH2Cl2, O2, rt, 1 h

CH2Cl2, rt, 1 h

56c

MOMO H

OH
Bu

57a 92%

MOMO

Bu

57b

O

6
1

6
1

6
1

6
1

6
156a

PDC (0.05 equiv)
PhI(OAc)2 (1.5 equiv)

MgSO4 (1.0 equiv), H2O (1.0 equiv)
CH2Cl2, O2, rt, 1 h

57%
(recoverd of SM 35%)

TEMPO (0.1 equiv)
NaIO4-SiO2 (4.0 equiv)

CH2Cl2, rt, 24 h
57a 57b

Scheme 19
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Ƌņ( ,  GA 3 æŚ+ăɧ$�< ,  ÆĔÀ(CXbecƣɷ9 TMS ăAƍ

�= 36 (ƒßŏ+ Table  4 ,  en t ry  7 +Ɣ�AɿǤ��%�? ,ʊØǰɮ¢

ßŏ,ȱđ(ɹɀ� ,  Hg� 37 A 70%$Ŋ=�%(ŚÓ�=%%8( ,  Ʊ

œ+ʷ	½©M�x+§ǤʍAÌǅ�=�%�$,� .   

TMSO

H

O

O
O

EtO2C

37

TMSO

H

O
O

EtO2C

OH
36

PDC (0.05 equiv)
PhI(OAc)2 (3.0 equiv)

MgSO4 (1.0 equiv), H2O (1.0 equiv)
CH2Cl2 (0.2 Ma), O2, rt, 1 h

Scheme 20

70%

a Concentration of substrate  
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Ȍ�ȋ� 8 ¢�ŸǓ+ŀŚ ,  �:. CD ǡʆ+ƣȏ  

 

Ȍ�Ȏ� 8 ¢�ŸǓ+ŀŚ  

Ȍ�ȋ$ɴ1�:
( ,  Hg� 37AÖǞǰ(æŚ�=�%�$,��7 ,  

CD ǡʆƣȏ(é� ,  4� ,  8 ¢(βʇȥ+HbKTJ�te�y^�ăA

ƍ�=~Mb� 40 AæŚ�=�%(��  (Scheme 21) .   

 

Hg� 37 %C��%+¹ǡØ�ÔßŏAɀ!�%�? ,  �Ô¤ 38 �Ŋ

;>�� ,  Ȋ¤ʁŠœ, 38α  :  38β  =  4  :  1 %£	ȝƙ$�!� .  (Scheme 

22)   

 

 

 

 

 

 

 

40

O

H

O
O

O

CO2Et

O

TMSO

H

O

O
O

EtO2C

24

O

H

O
O

OH
O

8

Scheme 21

37

86%

TMSO

H

O

O
O

TMSO

H

O

O
O

EtO2CEtO2C

37 38α    :   38β

•
hν (Pyrex®)

MeOH, -70°C, 6 h
TMSO

H

O

O
O

EtO2C+

4    :    1

8 8

Scheme 22
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TM�n`� 38+ǫœ¤+Æʠ,üʡ$�!��7 ,  ǂæǙ+44~M

b�HV`� 40 0+ĊŭAơɒ��  (Scheme 23) .  4� ,  38α ,  38β+ 4  :  1

+ǂæǙA ,  H\g��� ,  I[�ʊØ��%�? ,  �ŕ(ß� ,TM�n

\�ǡ�ʕɃ�#'	β -UOb� 58αA�ǢŚǙ%�# ,  ǳǰ%�=UH

V`� 39 %+ 4  :  1 +ÆʠãȪ'ǂæǙ�Ŋ;> ,  �ǢŚǙ+ 58α8

NaOEt A¦Ǥ��=�%$UHV`� 39 (àǞ:.Ċŭ�=�%�$,

� .  �+UHV`� 39 ( THF ǋē� ,  ʈʊĕĀ� ,  TBAF A¦Ǥ���%

�? ,  Ǝ6~Mb�¤ 40 AÚ�+ǫœ¤%�#Ŋ=�%�$,� .  '� ,  

I[�ʊØ+�ǢŚǙ$�!�TM�n\g� 58α8çƔ�(���%�

?~Mb� 40 A��� .   

 

 

 

O3

EtOH, -78°C
then Ph3P

NaOEt, EtOH
rt, 15 min

95%

TMSO
H

O

O
O

EtO2C

CO2Et39 40

O
H

O
O

O
CO2Et

O
8

TBAF, H2O

AcOH, THF
rt, 1 h

58α

TMSO
H

O

O
O

O

EtO2C

80%

TMSO
H

O

O
O

EtO2C

TMSO
H

O

O
O

EtO2C

+

38α

38β

(63%)

(17%)

+

Scheme 23

93%

TBAF, H2O

AcOH, THF
rt, 1 h
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�;(ơɒAʌ*�ȝƙ ,  38α% 38β+ǂæǙ+I[�ʊØAćØy^

��� ,  -78 ºC $ɀ	 ,  b�mGe�sVmD�AÔ� ,  ßŏǇĹAĜǇ4

$�ƃ���ņ ,  TBAF %ʈʊ$ÄǠA�=%~Mb� 40 AʷàǞ$��

=�%�@
!�  (Scheme 24) .   

40

O

H

O
O

O

CO2Et

O
8

TMSO

H

O

O
O

EtO2C

38
α : β = 4 : 1

Scheme 24

O3, CH2Cl2, -78°C

then Ph3P, -78ºC to rt
then TBAF, AcOH, rt

90%  

 

H\g��Aǋē%�#§Ǥ�#	'	�+ßŏƔ�$ ,  HbKTJ�

te�y^�ă�αʇȥ+ 38β
;8HbKTJ�te�y^�ă�βʇ

ȥ+ 40 �Ǣ��ǠǦ,Ʃ+:
(ȧ�#	= (Scheme 25) .  4� ,  38β+I

[�ʊØ$TM�n\g� 58β�Ǣ� ,  Ʃ	$ TBAF (:< TMS ă�ȫ

ʠ� ,  Ǣ��C�Q���HbKTJ�te�ăAųŮ�#~Mb�Aŀ

Ś�= .  �+ʜǢ��H\g���ƫ+ʷ	ùõǡÀJ�te�ăAųŮ

� ,  ǡʕɃ�#HbKTJ�te�y^�ă�βʇȥ+~Mb� 40 �Ǣ�

�%ȧĞ�� .   

 

Scheme 25

R = O
O

O
O

O
R

O

TMSO

H

O

O
O

O

EtO2C

TBAF
38β 40

O3

CH2Cl2
then PPh3

58β

O
O

O
R OEt

OH

OEt
H

AcOH
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Ȍ�Ȏ� CD ǡʆƣȏ  

 

�+:
( ,  HbKTJ�te�y^�ă�βʇȥ+~Mb� 40 AæŚ

$,�+$ ,  Ʃ( CD ǡʆƣȏAơɒ�� .  4� ,  40 ( THF � ,  SmI 2 AĜ

Ǉ$ßŏ���%�? ,  ObC�Q�� 35 ,Ŋ;>�� ,  �+àǞ, 39%

$�< ,  ÝŹ� 51%úà�>�  (Tab le  5 ,  en t ry  1 ) .  �>( HMPA AÔ�

#ßŏ��=%àǞ, 54%4$é��  ( en t ry  3 ) ,  HMPA % t -n\g��

AÔ��Ɣ�$,àǞA 63%4$é���=�%�$,�  ( en t ry  4 ) .  �;

(ʎĦ Sm A¾ĕ���Ɣ�$, ,  àǞ� 87%(4$ɽ�� .   

O

O

H

O
O

OH

O

O

H

O

O
O

O

CO2Et 3540

entry

1

2

3

4

condition

SmI2, HMPA,THF

SmI2-Sm, HMPA, t-BuOH. THF

SmI2, HMPA, t-BuOH. THF

temp.

rt

rt

yield

rt

5

SmI2, THF

SmI2, THF

rt

reflux

SmI2

condition

39%

-

54%

63%

87%

time

1 h

15 min

15 min

15 min

15 min

Table 5

 

 

ȟ. D ǡ+ exo -I�mD�ŀŚ, ,  ObC�Q�� 35 +Ƶʊă+ MOM

Ø(ȟ. ,  Wi t t igßŏ$ɀ	 ,  CDǡʆ+ĘŚ�� 60�æŚ$,� (Scheme 

26) .  Ʃ( 60 +~Mb�J�te�ăα¢0 GA 3 + 7 ¢J�tKTă(Ċ

ŭãȪ'jc�KTy^�ă+Ģ»Aơɒ�� .  4� ,  60 ( LDA A¦Ǥ�

�Hg~�b(��ņ ,  i~s�xC�ajc%ßŏ���%�? ,jc�
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KTy^�ă,Ģ»�>�8++ ,  �+àǞ, 35%~70%%-;",�Ɋ

;>�  (α  :  β  =  1  :  4 ) .  �+öʬ,s�xC�ajcȍ©¤$�= 1H -q�

[b�C[�� -1 -y\g�� 61 AǤ	=�%(:<Ų÷�> , 3 3 )  ȟ.

SEM Ø$ ,  62 AæŚ�=�%�$,� .  '� ,  �+ 62β+Ȋ¤ʇȥ,

NOESY ǈĚ(:< ,  15 ¢% 9 ¢ ,  15 ¢% 7 ¢ ,  7 ¢% 9 ¢+o�b�ʖ(

�>�>ǵʗ�ɍǈ�>��7 ,  D ǡ%jc�KTy^�ă�¾(βʇȥ

$�=%ƷĚ�� .  

O

O

H

O
O

OMOM

MOMCl, i-Pr2NEt

THF, t-BuOH
40°C, 15 min

Ph3P CH2

60
92%

O

O

H

O
O

OH

O
35

O

O

H

O
O

OMOM

O
59

99%

(CH2Cl)2, 40°C, 12 h

Scheme 26

61

O

O

H

O
O

OMOM

OSEM
α : β = 1 : 476% (2 steps)

N
N

N

1) LDA, THF, -78°C, 1 h
    then 61, -78°C, 15 min

62

2) SEMCl, i-Pr2NEt
    CH2Cl2, rt, 3 h

OH

H

O

H

SEMO

H
H

OMOM

O

NOESY

7

15

9

R

R = O
O

7
15

9

 

 

�+:
( ,  CDǡʆ( 7¢J�tKTă(ĊŭãȪ'jc�KTy^�

ăA³�� 62βAæŚ�=�%�$,��7 ,  Ʃ( ,  ʐßŏ$�=ɸȟǡ

ØßŏÍʴ¤ 25 +æŚ(é�ơɒ�=�%(��  (Scheme 27) .  �+ 62β

+~Mb�ʆAʄ·�UI��%��ņ( ,  ²ʑA¡ʒ�=�%$ 25�æ

Ś$,=%ȧ�� .  �
�~Mb�ʆ+ʄ·Aɖ5�� ,  UI�� 64 ,Ŋ

;>� ,  pwCX\�� 63a �Ǣ�=+5$�!� .  '� ,  �+ 63a (ğ�



33 

Horner -Wadswor th -Emmons ɖȼA¦Ǥ��#8α ,  β -�ʯòHV`� 65

(Ċŭ�=�%,$,'
!� .  4� ,  ~Mb� 62βAʕǡ��=1. ,  

Weinreb Cwc 66 0+Ċŭ8ɖ5� .  �
� ,  ßŏ�+ TLC �$, 62β

:<ʷƢœ²( 66%ȧ�;>=Vu_b�ơÅ�>=8++ ,  ņÄǠ�(

62βAÁǢ�� .  �>;+�%
; ,  63b 4�, 66 +:
'ƣɷ+Ćæ ,  D

ǡ+ƜƧƣɷ(:!# C ǡ+Ȋ¤ʇĺ�ľ.þĚ�>=�7 ,  �"+²ʑ

�Ūɳ�#�4	 ,  ʥĳ(ǡØ�9�.'!#	=%ȧ�� .  �+�7 ,  

CD ǡʆAƣȏ��ņ( ,  ²ʑ+ĊŭAɀ
Ȝɬ$, 25 +æŚ,üʡ$�

=%Éź�� .   

O

O

H

O
O

OR

OSEM

62β

HO

HO

H

O
O

OR

OSEM

OR

H

OSEM
MeO2C

MeO2C

O

OR'

(+)-GA3

25

Scheme 27

reduction O

HO

H

O
O

OR

OSEM

63a

HWE

HO

H

O
O

OR

OSEMOMeO

HO

O

H

O
O

OR

OSEM

N

OMe

HN(OMe)Me•HCl
i-PrMgCl, THF

-20ºC, 30 min

HO

O

H

O
O

OR

OSEM

63b

H

R = MOM

66 65

64
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Ȍùȋ� GA 3 +æŚ(é��Żɋ��b+ʕǮ  

 

Ȍ�Ȏ� ŻɋæŚ��b+ȧĞ% 6 ¢�ŸǓƣȏ  

 

Ȍ�ȋ+ȧĞ
; ,  D ǡ+ƜƧ�'.'>- C ǡ+ʇĺ+ȭǦĹ�Ĉ� ,  

²ʑ+Ċŭ�ĝƅ('=%ȧ� ,  ABC ǡʆA¸(ƣȏņ(  CD ǡʆŀŚA

ɀ
�%(�� .  �+ɑǨAƩ(ȁ�  (Scheme 28) .  �'@ ,  Íȋ%çƤ

( L -o���AǤ	�C�c��ßŏ%�ƚ -�ȽʊØ ,  ʈʊ|e_b+

Ģ»$ 68 AæŚ�= .  ȟ	# ,  6 ¢(jc�KTy^�ă+UCV`�I

ʁŠǰĢ»ņ ,  ²ʑ+ĊŭAɀ	 ,  Ob��HV`��α ,β -�ʯòHV`�

ʆA³�� 71 %� ,  ʐßŏ$�= SmI 2 AǤ	�ɸȟǡØßŏ$�ť(

ABC ǡʆAƣȏ�= .  �+ņ 72 + 3 ¢J�te�ă+Ȋ¤ʁŠǰʄ· ,  ʊ  

16

67 68

O

OSEM

O

HO

H

OC
3

(+)-GA3

CO2H
HO

OH

HO

H

OC A B C

D

SmI2

H

R'

TMSO
H

R' OR OR

OR

1

3

9

72 7071

73

6
O H

ORR'

86

OH OSEM
OSEM

OSEM

R''O

HO

H

OC

OR

74

TMSO

69

H

HO

HO

MeO2C

OSEM

OR

OSEM
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Øǰɮ¢ßŏ ,  �:.TM�n\�ǡ+Ģ»(:!# 73 AæŚ� ,  �+ņ

ĿǻȈĜ$ʕǮ�� SmI 2 AǤ	�ɮ¢ßŏ
3 4 )  $ CD ǡʆA�ť(ƣȏ�

=��b$�= .  

�>4$+æŚ$ÅǮÝŹ%�#C�ajc 15AǤ	#	�� ,  ɸȟǡ

ØÍʴ¤ 72 (Ģ.�7(, ,  ņ(�ǒȖĈǒ�=Ŏɉ��!� .  �+�7 ,  

,�7
;ǒȖŶ�Ŭ!#	= D-��Rʊ
;ĝƅ(ɚĢãȪ'C�a

jc 75 3 5 )  AÅǮÝŹ(�=�%(��  (Scheme 29) .  
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4� ,  C�ajc 75 %TM�pKSg� 16 %+ L -o���Aɏē%�

=C�c��ßŏAɀ!�%�? ,  75 AǤ	�Ćæ$8àǞȱ. ,  
"ʷ

	UCV`�IʁŠœ$C�c�� 76 �Ŋ;>=�%�@
!�  

(Scheme 30) .  
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Ʃ( ,  76 +ƵʊăA TMS ă$­ɣ ,  �>(ȟ.�ƚ -�ȽʊØ$Hg�

78%��ņ ,  ʈʊ|e_bAĢ»� ,  HV`� 79AæŚ��  (Scheme 31) .  

�+ņ ,  79 + 6 ¢(jc�KTy^�ă+Ģ»Aɖ5�8++ ,  ǭɫʍ+

C�Q�� 80 %ÝŹAúà�=ȝƙ$�!� .   
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86%
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61
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then 61, -78°C, 15 min

trace
80

78

6
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�+Ýû, ,  ʈʊ|e_bʆ�ʑǛ$þĚ�>#�;� ,  î<+ȥŭă

8īʷ	�7 ,  Hg~�b�ŀŚ$,'
!��7%ȧ�;>= .  ��$ ,  

Ȍ�ȋ%çƤ( ,  79 + TMS ă+ʚÞ$~Mb�ŀŚAɀ	 ,  Ŋ;>� 81

+ 6 ¢(jc�KTy^�ØAɀ!�  (Scheme 32) .  �+Ćæ ,  ßŏ,ȱđ

(ɹɀ� ,  àǞ 88%$UI�� 82 AÚ�ØæǙ%�#Ŋ=�%�$,� .  

'� ,  82 +Ȋ¤ʇȥ(ʗ�#, X ȢȝƇƣɷɎƘ(:!#ƷĚ��  

(F igure  3 ) .   
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Scheme 32
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�+jc�KTy^�Øßŏ� ,  ʷȊ¤ʁŠǰ(ɹɀ�=ǠǦ, ,  ~M

b� 81 +UCeI�(ğ�#s�xC�ajc�ƣɷǰ(ƍË' ax ia l  

a t t ack +ʀȅǛŗ$βʦ²
;ßŏ�=�%(Ô�# ,  UCeI�+C�

QKTcʊȖ+Ȋ¤ʣĔǰ'ßǮ8Ô@!�ȝƙ$�=%ȧ�#	=  

(Scheme 33) .   
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Figure 3 (ORTEP drawing of 82)

a       =   8.1153(2) Å
b       = 10.3184(2) Å 
c         = 13.6133(3) Å
β       =  95.925(1)o

V = 1133.86(4) Å3

Monoclinic
P21
Z = 2, R1 = 2.98%
GOF = 1.106
Flack parameter =  0.00 (3)
mp.144-147ºC
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Ȍ�Ȏ� ɸȟǡØÍʴ¤+æŚ  

 

�+:
( ,  6 ¢(Ȋ¤ʁŠǰ(jc�KTy^�ăAĢ»�=�%�

$,�+$ ,  ɸȟǡØÍʴ¤+æŚAơɒ�=�%(�� .  4� ,  UI��

82 +�"+ƵʊăA SEM ă$­ɣ ,  Ǣ��~Mb� 83 +ʄ·(:< ,  Ǝ

6UI�� 84 0%Ċŭ�=�%�$,�  (Scheme 34) .   
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UI�� 84
;ɸȟǡØÍʴ¤ 85AæŚ�=�7(, ,  �ʆ²ʑ% ,  �

ʆ²ʑ+Ċŭʪķ�ʌɉ$�=  (Scheme 35) .  �>(, ,  ��+�"+Į

Ȇ�Ŏɉ$�= .  �'@ ,  (1 )  p -ybKTq�U�a�CX\��ʆ+

DIBAL ʄ·(ȟ.ʊØ(:=y^�HV`�0+Ċŭ .  (2 )  10 ¢Ȍ�ȕƵ

ʊă+ʊØ(:=Ob�0+Ċŭ .  (3 )  5 ¢Ȍ�ȕƵʊă+ʊØ(ȟ.

Horner -Wadswor th -Emmons ßŏ(:=  α ,β -�ʯòHV`�0+Ċŭ$

�< ,  �+�"+ĮȆA	
(ÖǞ:.ɀ

�uE�b%'= .  
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ǚ( 10 ¢Ȍ�ȕƵʊă% 5 ¢Ȍ�ȕƵʊă+ʊØ+ʪķ+ʁŠ�ʌɉ

%ȧ�;>= .  �+�"+Ƶʊă,Ȋ¤ǰ(ɳŪ�#	=�7 ,  8� ,  �ż

��AʊØ��Ćæ ,  pwCX\��AŀŚ� ,  ʕǡ�'.'=Ŕ>��

=  (Scheme 36) .   
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�>;AȧŘ�# ,  Ʃ(ȁ���bAȧƟ��  (Scheme 37) .  �'@ ,  

84 +�ʆ²ʑAHV`�(Ċŭ� ,  Ʃ( 10 ¢Ȍ�ȕƵʊă% 5 ¢Ȍ�ȕ

ƵʊăA Swern ʊØ(:!# ,  �ť(ObC�ajc(Ċŭ ,  �+ņ�ʆ

²ʑA¡ʒ�=8+$�= .   
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4� ,  UI�� 84 +�"+ƵʊăA TBS ă$­ɣ� ,  Ŋ;>� 88 A

DIBAL ʄ·(���%�? ,  p -ybKTq�U�a�CX\��ʆ+ʕǡ

%%8( ,  10 ¢Ƶʊă�+ TBS ă�ȫʠ��UI�� 89 A��� .  Ʃ(

89 A TEMPO ʊØ$~Mb� 90 %��ņ(Cw�$ʕǡ� ,  HV`�ȍ

©¤$�= Weinreb Cwc 91 (Ċŭ�� .  ��$ ,  �"+ƵʊăA�ť(

ʊØ�=�7( ,  91 + TBS ăAʚÞ�UI�� 92 %� ,  Swern ʊØ(�

��� ,  ɇʟ'ǂæǙA�� ,  ƶ7=ObC�ajc 93 AŊ=�%,$,

'
!� .   
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�ż ,  91 + 10 ¢ƵʊăA¸(ʊØ� ,  �+ņ TBS ăAʚÞ��%�? ,  

ĿÈ�ŕ��:
(pwCX\�� 95�ǢŚ�� .  4�pwCX\��%

ObC�Q��+ʖ(ĵɁ��=%ƐŅ�# ,  ʊØAɖ5�� ,  ObC�

ajc 93 Aǭɫʍ�
Ŋ=�%�$,'
!� .   
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�+ȝƙ
; ,  �ʆ²ʑAĊŭ��ņ(�ʆ²ʑA¡ʒ�=+,üʡ$

�=%ȧ� ,  Ż�'��bAȧ��  (Scheme 40) .  �>,�ʆ²ʑA¡ʒ

� ,  �ʆ²ʑ+Ċŭņ ,  Ŋ;>=b�I�� 97 +ʊØ(:!#æŚ�=

��b$�= .  ¸2&+��b%ɾ	�ʆ²ʑ+¡ʒA¸(ɀ
�7 ,  ²

ʑʖ$+ı,ɲ5�ɩ,'	%ȧ�;>= .   

Scheme 40
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4� ,  UI�� 84 A TMS ă$­ɣ� ,  ȟ. Swern ʊØ$ ,  5 ¢Ȍ�ȕƵ

ʊă�+ TMSă+5AʚÞ�""C�ajc 99(Ċŭ��  (Scheme 41) .  

�>( St i l l + Horner -Wadswor th -Emmons ɖȼA¦Ǥ�� ,  Z ʁŠǰ(
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α ,β -�ʯòHV`� 96 0Ģ.�%�$,� .  '� ,  98 % 99 ,	�>8Ø

Ėǰ(�ėĚ$�!��7 ,  ȓɆ�=�%'.ßŏ(Ǥ	 ,  96 +Ʈʛ$ȓ

ɆAɀ!� .  Ʃ( 96 ( DIBAL A¦Ǥ��=�%$ p -ybKTq�U�a

�CX\��ʆ%HV`�ʆAʄ·�=%%8(( TMS ăAʚÞ�#b

�I�� 97 (Ċŭ�� .   

Ʃ(b�I�� 97 
;ɸȟǡØÍʴ¤$�=Ob��HV`��α ,β -�

ʯòHV`�ʆA³�� 85 0Ċŭ�=�%(��  (Scheme 42) .  4�Ē7

( ,  b�I�� 97 A Swern ʊØ(�� ,  �+ņ Pinn ick ʊØ ,  TMS UC[

y\�AǤ	�y^�HV`�Ø$ɸȟǡØÍʴ¤ 85 0Ģ	� .  �
� ,  

�ĮȆ+ȠàǞ, 42%%£
!��7��+ơɒ(:=àǞ+Ų÷Aǳ

Ť��%(�� .  �+ 97 A 85 (Ċŭ�=�7(, ,  4� 10 ¢Ȍ�ȕƵʊ

ăAʊØ�=Ŏɉ��=� ,  �+Ȍ�ȕƵʊă+îɱ�īʷ	�7 ,  ßŏ

�(.	�%8ȧŘ�'�>-';'	 .  ��$ ,  97 (ĕĀ�=�"+Ȍ

�ȕƵʊăA�ſ TMS ă$­ɣ� ,  DMP,  AZADO AǤ	 0ºC $Ȍ�ȕƵ

ʊă+5AʊØ� ,  ȔÀ(ǮǢ�= DMP Ǧƕ+ʈʊ(:!# ,  TMS ăA

Ň�(ȫ­ɣ�'�;ç�ȔÀ$ ,  �;(ʊØ�=�%$�+öʬ�ɎƷ

$,=%ȧ�� .  �+ȝƙ�ŕɶ<(ßŏ,ɹɀ� ,  ȟ. Pinn ick ʊØ ,  

DMSO, (COCl)2
CH2Cl2, -78ºC, 1 h

1) NaClO2, NaH2PO4
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    t-BuOH, H2O, rt, 2 h O
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44 

y^�HV`�Ø(:!# ,  ùĮȆɉ��8++ ,  ɸȟǡØÍʴ¤ 85 Aà

Ǟ 90%$Ŋ=�%(ŚÓ�� .   
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Ȍ�Ȏ� SmI 2 AǤ	�ɸȟǡØßŏ(:= ABC ǡʆƣȏ  

 

�+:
( ,  ɸȟǡØÍʴ¤ 85 AæŚ�=�%�$,+$ ,  Ʃ(ʐßŏ

$�= SmI 2 AǤ	�ɸȟǡØ("	#ơɒ��  (Scheme 43) .  4� ,  85 +

THF ǋǁ( SmI 2 + THF ǋǁAÔ�ßŏ���%�? ,  ʄ·ǰǡØ�ɹɀ

��8++ ,  D ieckmann ȣæ�ɹɀ�� ,  ~Mb�Ø�� 103 AŊ=+5

$�< ,  Ǝ6 102AŊ=�%,$,'
!� .  '� ,  �+ 103+Ȋ¤ʇȥ, ,  

NOESY ǈĚ(:< ,  5 ¢% 7 ¢ ,  5 ¢% PMB ă+q�U�¢+o�b�ʖ

(�>�>ǵʗ�ɍǈ�>��7 ,  5 ¢o�b�  �βʇȥ$�< ,  4� 10

¢�ŸǓ+ʊȖ�αʇȥ$�=%ƷĚ�� .  
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�+ȝƙ, ,  ǃÔÎ ,  �:.ßŏƔ�+Ċƈ(:!#Ų÷$,=%ȧ�

� .  ��$ ,  L iCl AǃÔÎ%�#Ô� , 3 6 )  -78 ºC 
;  Ʈʛǰ(ƃǇ�'�;

ßŏ���%�? ,  ʄ·ǰǡØ(ȟ	# Dieckmann ȣæ�ɹɀ� ,  ABC ǡ

104 Aƣȏ�=�%(ŚÓ��  (Scheme 44) .  �+ 104 , NaBH 4 ʄ·(:

< ,  3 ¢Ƶʊă(ʗ�# ,  α  :  β  =  1  :  14 +Ȋ¤ʁŠœ$ 105 0Ċŭ�=�

%�$,� .  4� ,  ɸȟǡØ+ʜ(y\g��AǃÔ�=% ,  85 
; 105

�Ú�+UCV`�Iv�%�#æŚ$,=�%8Æ
!� .  �+ 105 +

Ȋ¤ʇȥ, ,  NOESY ǈĚ(:< ,  5 ¢% 7 ¢ ,  5 ¢% 18 ¢+o�b�ʖ(

�>�>ǵʗ�ɍǈ�>��%
; ,  5 ¢o�b� ,  18 ¢y^�ă�%8

(βʇȥ$�< ,  1 ¢% 3 ¢ ,  3 ¢% 6 ¢+o�b�ʖ(�>�>ǵʗ�ɍ

ǈ�>��%
; ,  3 ¢ ,  �:. 10 ¢Ƶʊă,%8(βʇȥ$�=%ƷĚ�

� .   
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ƭő'�; ,  105 + 10 ¢Ƶʊă�Ǝ6αʇȥ$,'
!��7 ,  L iCl ǃ

Ô(��# ,  D ieckmann ȣæAɹɀ��=�7+ćă%�# KHMDS +ǃ

ÔAơɒ��  (Scheme 45) .  �;
�7  SmI 2 + THF ǋǁ  (3 .0  equ iv )  %

KHMDS +b�H�ǋǁ  (3 .0  equ iv )  Aǂæ�# ,  ǑʤȘȲ+ǋǁ%��ņ

( ,  �>A 85 + THF ǋǁ�(ǌ��=Ɣ�$, ,  ɇʟ'ǂæǙA��=+

5$�!� .  �
� ,  SmI 2 + THF ǋǁ  (15  equ iv )  % KHMDS +b�H�

ǋǁ  (15  equ iv )  Aǂæ�#ɝɆ��ǑʤȘȲ+ǋǁ( ,  ȉƴA»>ǯǏ�

�ʤȲ+ǋǁ(��ņ( ,  �>A 85 + THF ǋǁ�(ǌ���%�? ,  ʄ·

ǰǡØ(ȟ�# Dieckmann ȣæ�ɹɀ� ,  10 ¢Ƶʊă+Ȋ¤ʇȥ�Ǝ6α

ʇȥ+ 106 AŊ=�%(ŚÓ�� .  �+ßŏƔ��Ǝ4�	ȝƙA���

ǠǦ+ɗș,@
!#	'	8++ ,  KHMDS �ȔÀ(ǮǢ�= HI A�ò

�=�%$Hg~�b+o�b�ØAʘ� ,  ȉƴ(ê4>=ʊȖ��©+

Sv�FxAʊØ� ,  :<�EVʊœ+ʷ	�©Sv�FxAǢ��� ,  

�>�HV`�J�te�ă(ʇ¢�=�%$ ,  D ieckmann ȣæAɹɀ�

��%ȧ�#	= .  �+ 106 +ĵʦƣɷ, ,  1D,  2D-NMR 9 ,  IR ,  MS +ȝ

ƙ
; 104 +ĵʦƣɷ%ç�$�< ,  4� 106 +Ȋ¤ʇȥ, ,  NOESY ǈĚ

O
H
OPMB

OSEM
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(:< ,  5 ¢% 7 ¢ ,  5 ¢% 18 ¢+o�b�ʖ(�>�>ǵʗ�ɍǈ�>

��%
; ,  5 ¢o�b� ,  18 ¢y^�ă�%8(βʇȥ$�=%ƷĚ$,

� .  ƒØæǙ, 104 + 10 ¢Hlv�$�=%ūǈ�� .  �+:
( ,  ɸȟ

ǡØßŏ+ǃÔÎ ,  ßŏƔ�+Ċƈ(:!# ,  ABC ǡʆA³�� 105 %

106 AæŚ�=�%(ŚÓ�� .   
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ȌùȎ� γ -~Mb�ŀŚ% CD ǡʆƣȏ  

 

ȌùȋȌ�Ȏ(ȁ��:
( ,  SmI 2 AǤ	�ɸȟǡØßŏ(:!# ,  ʱ

Ĥ:. 105 % 106 A�>�>æŚ�=�%�$,�+$ ,  �+�"
;+

CD ǡʆƣȏ(ȟ. GA 3 ¼æŚ0é����b("	#ȧĞ��  (Scheme 

46) .  CD ǡʆ("	#, ,  105 % 106 %8( ,  Ȍ�ȕC��H�`�AHg

�(Ċŭņ ,  C��%+¹ǡØßŏ(:!# ,  βʇȥ+TM�n\�ǡAŀ

Ś� ,  �+ņ SmI 2 (:=ɮ¢ßŏ$ƣȏ$,=%ȧ�� .  A ǡʆ("	#

, ,  105 +Ćæ ,  3 ¢�ŸǓ,ŀŚ$,#	=8++ ,  10 ¢Ƶʊă�βʇȥ

$�=�7 ,  Ȋ¤ßɮA 
γ -~Mb�ŀŚA�'�>-';'	 .  �ż ,  

αʇȥ+ 10 ¢ƵʊăAţ" 106 +Ćæ ,  γ -~Mb�,ĝƅ(ŀŚ$,=%

ȧ�;>=� ,  3 ¢+J�te�ăAȊ¤ʁŠǰ(ʄ·� ,  βʇȥ+Ƶʊă

(�'�>-';'	 .  �>(Ô� ,  �+ņ+�ʖ¤ 107 ,  108 + 13 ¢(8

J�te�ăAƍ�=�%�ŕĚ�>=�7 ,  3 ¢+Ȋ¤ʁŠǰ'ʄ·A

Ƃ	Ʈʛ$ɺɀ�'�>-';'	  (Scheme 47) .    
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OSEM
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��$ ,  ,�7( 106 A NaBH 4 $ÄǠ�#5�%�? ,  α -ƵʊăA8"

109α � Ŋ ; > # � 4 ! � .   (Scheme 48) .  4 � ,  Se lec t r ide 9  

Bu 4 NBH(OAc) 3 AǤ	�Ćæ, ,  ʄ·�=�%�$,� ,  ÝŹAúà�=

+5$�!� .  �>;+�%
; ,  105 
;+Ȋ¤ßɮA 
γ -~Mb�ŀ

ŚAơɒ�=�%(�� .   
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OSEM
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Corey ;, ,  C�X�UI�P� An +¼æŚ+ɼȆ$ ,  10 ¢βʇȥ+�

ȕƵʊăAȊ¤ßɮ�� ,  γ -~Mb�AŀŚ�#	=  (Scheme 49) 3 7 ) .  �'

@ ,  10 ¢βʇȥ+Ȍ�ȕƵʊăAb�m�I�CX^�Ø� ,  �+ņ ,  C

�ajcAJ�t�ʊ(ʊØ� ,  b�m�I�H\g�� ,  2 ,6 -�^U�A

¦Ǥ�� ,  Ȋ¤ßɮ��""γ -~Mb�AŀŚ�#	= .   
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Scheme 49
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�ú+æŚ�ʖ¤ 105 8çƤ( ,  jc�KTC�ajc0+Ċŭ ,  ȟ.

b�m�I�CX^�Ø ,  P inn ick ʊØ ,  2 ,6 -�^U�%b�m�I�H\

g��(:=ÄǠ(:< γ -~Mb�AŀŚ$,=,�$�=  (Scheme 

50) .   
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�+ȧ�(ŉ!# ,  105 +Ȍ�ȕƵʊăA TBS ă$­ɣ� ,  y^�HV

`�AC�ajc(Ċŭ�1. 114 A DIBAL ʄ·(Ʃ� PCC ʊØ(��

�%�? ,  Ȍ�ȕC��H�`�+ SEMă�ȫʠ�""ʊØǰɮ¢ßŏ8

ɹɀ� ,  �ʯòObC�ajc 115 0Ċŭ�>� .  �Ɛ�)ŀ$Hg�(
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Ċŭ$, ,  
" ,  γ -~Mb�+ŀŚ(Ŏɉ'jc�KTC�ajc�æŚ$

,�+$ ,  10 ¢+Ȍ�ȕƵʊăAb�m�I�CX^�Ø� ,  C�ajc

AJ�t�ʊ0ʊØņ ,  b�m�I�H\g�� ,  2 ,6 -�^U�A¦Ǥ��

�%�? ,  Ȋ¤ßɮA 	'�;γ -~Mb� 116 AŀŚ��=�%(ŚÓ

�� .  '� ,  �+ 116 �γ -~Mb�AŀŚ�#	=�% ,  ';.(Ȋ¤ʇȥ

Aê7�Ȟğƣɷ(ʗ�#, ,  X ȢȝƇƣɷɎƘ(:!#ƷĚ�� .   
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Figure 4 (ORTEP drawing of 116)

a    = 19.9088(4) Å
b    = 10.51637(19) Å
c     = 28.6166(5) Å
β    = 98.042(7)o

V = 5932.5(2) Å3

Monoclinic
P21
Z = 6, R1 = 2.98%
GOF = 1.029
Flack parameter = 0.027 (3)
mp. 110-112ºC
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�+:
( ,  γ -~Mb�AŀŚ�=�%�$,�+$ ,  Ʃ( CD ǡʆƣȏ

Aơɒ�� .  4�Hg� 116 %C��%+¹ǡØßŏAɀ	 ,  α  :  β  =  1  :  5  

+ʁŠœ$Ǝ6 117βAàǞ 81ʽ$æŚ�=�%(ŚÓ�� .  117α+Ȋ¤

ʇȥ, ,  NOESY ǈĚ(:< ,  7 ¢% 14 ¢ ,  6 ¢% 15 ¢+o�b�ʖ(�

>�>ǵʗ�ɍǈ�%
; ,  TM�n\�ǡ�αʇȥ$�=%ƷĚ�> ,  

117β+Ȋ¤ʇȥ, ,  7 ¢% 15 ¢ ,  6 ¢% 14 ¢+o�b�ʖ(�>�>ǵʗ

�ɍǈ�%
; ,  TM�n\�ǡ�βʇȥ$�=%ƷĚ�>� .  Ʃ( ,  TM

�n\� 117β( SmI 2 AǤ	�ɮ¢ßŏAɿǤ�=�%$ ,  �ť( CD ǡ

ʆAƣȏ�=�%(ŚÓ�� .   
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�+:
( ,  γ -~Mb�Aê6 ABCD ǡʆ�ƣȏ�> ,  '�
" ,  GA 3

+ 1 ¢�ʌȝæŀŚ(Ŏɉ'ʊȖęȪă9 ,  7 ¢J�tKTă(ĊŭãȪ

' 6 ¢jc�KTy^�ăA8" 118 AÖƙǰ(æŚ�=�%(ŚÓ�

� .    
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ȝɛ  

 

ȺȨ�ŜĦ��ǻȈĜ$, ,  ǜȭ(ʕǮ��ɸȟǡØßŏAʐV`_o

(10�11 )%�= (± ) -GA 1 +¼æŚAɽŚ�#�< ,  �+æŚŝƼAɿǤ�

>- ,  Uq���ʭ+�$Ƌ8�ɂǰ GA 3 A¹Ėƿœ¤%�#¼æŚ�=

�%8$,=%Œ@>=  (Scheme 53) .  GA 3 % GA 1 +ƣɷ�+ɾ	, GA 3

� 1 ¢(�ʌȝæA8"Ǔ$�= .  ���!# 1 ¢(ʊȖęȪăAƍ�=

10 (ǵĿ�=ØæǙ 25 �æŚ$,>- ,  GA 3 +æŚ,ɽŚãȪ$�=%

ȧ� ,  æŚǻȈAĥʕ�� .   
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4� ,  ȺȨ, 9 ¢�ŸǓ ,  �:. CD ǡʆ�ƣȏ�>� 24 +æŚ(ŚÓ

�#	�� ,  L -o���AǤ	�C�c��ßŏ+àǞ ,  �:.ʁŠœ ,  ɼ

Ïʍ+½©M�xʊAǤ	=ʊØǰɮ¢ßŏ+àǞ ,  ČĮȆAɉ�= t -n

^�HV`�ʆ
;C�K�0+Ċŭßŏ+àǞʦ'&(öʬ��!�+

$ ,  æŚ��b+Ų÷
;ǻȈAʕĒ��  (Scheme 54) .    

 



56 

Scheme 54
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Ȍ�ȋ$, ,  C�K�AȜǦ�'	 24 0+Ż�'��bAȧƟ��  

(Scheme 55) .   
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�+��b$+æŚ(¸Ȋ ,  4� ,  L -o���AǤ	�C�c��ß

ŏ+àǞ ,  �:.UCV`�IʁŠœ�£	öʬAßŏƔ�+Ųȱ(:<

ɎƷ� ,  ŉƕ+:<8ʷ	àǞ ,  UCV`�IʁŠœ$C�c�� 17 Aæ

Ś�=�%(ŚÓ�� .  �
� ,  �+ņ+ 4ĮȆ$Ģ	�C��C�Q��

36 +ʊØǰɮ¢,£àǞ$�< ,  Ʊœ+ʷ	½©M�xʊAɼÏʍǤ	;

'�>-';'
!�  (Scheme 56) .   
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��$Ȍ�ȋ$, ,  Ȍ�ȋ$öʬ%'!�Ȍ�ȕC��C�Q��+ʊ

Øǰɮ¢ßŏ(ğ�# ,  ɏēʍ+ PDC % PhI (OAc) 2AÁʊØÎ%�#Ǥ	

=Ż�'ŝƼAǮɊ ,  ʕǮ��  (Scheme 57) .  �+ŝƼ, ,  Ʋɯǰ(ʊ(Ľ

	ęȪăAƍ� ,  ßŏǓ+Ƶʊăîɱ�īʷ	 36 (8ɿǤãȪ$�!� .  

�+ȝƙHg� 37 AʷàǞ$Ŋ=�%(ŚÓ�=%%8(ăɧ�Ȱœ+

ʷ	ƍǤ'ŝƼ$�=�%AƄ;
(�� .  4�Ʊœ+ʷ	½©M�xʊ

+§ǤʍAÌǅ�=�%(8ŚÓ�� .   

Scheme 57
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Bu Bu O
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Ȍ�ȋ$, ,  Ȍ�ȋ$ȧƟ����b(ŉ	 ,  ŉƕ+C�K�AȜǦ�

=��b:<8ǺĮȆ$Öƙǰ( D ǡAƣȏ�=�%(ŚÓ� ,  GA 3 + 7

¢J�tKT�ă(ĊŭãȪ'jc�KTy^�ăAĢ»�# 62βAæŚ

��  (Scheme 58) .  �'@ ,  Hg� 37 %C��%+¹ǡØ�Ôßŏ,

38α% 38β+Æʠüʡ'ǂæǙA���� ,  �>AÆʠ�=�%'.I[

�ʊØ� ,  PPh 3$ʄ·��ņ ,  ʈʊ% TBAFAßŏ���%�? ,  Ú�+~

Mb� 40 (àǞȱ.Ċŭ$,� .  �+ņ ,  ʄ·ǰǡØ ,  Wi t t ig ßŏ'&A

Ȝ# ,  D ǡAĘŚ�� 60 %��ņ ,  s�xC�ajcȍ©¤$�= 61 A

Ǥ	�C�c��ßŏ$ ,  CD ǡ(jc�KTy^�ăA³�� 62βAæ

Ś�� .   
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ɸȟǡØßŏÍʴ¤ 25 +æŚ(é� ,  ~Mb� 62β+ʕǡAǳǰ(ʄ·

Î9Cw�A¦Ǥ���� ,  UI�� 64 9 Weinreb Cwc 66 0Ċŭ�=

�%,$,'
!�  (Scheme 59) .  �+�7 ,  CD ǡAƣȏ��ņ+²ʑĊ

ŭ$, 25 +æŚ,üʡ$�=%Éź�� .    
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Ȍùȋ$, ,  CD ǡʆAƣȏ�=Í( ABC ǡʆAƣȏ�=�%$ ,  Ȍ�

ȋ+öʬǓAɎƷ$,=%ȧ�ơɒ��  (Scheme 60) .  ��$, ,  C�a

jc 75 AÅǮÝŹ%� ,  TM�pKSg� 16 %+ L -o���AǤ	�C

�c��ßŏ$ 9 ¢�ŸǓ�ƣȏ�>� 76 AæŚ� ,  �+ņ ,  5 ĮȆ$~

Mb� 81 4$Ģ, ,  61 AǤ	�C�c��ßŏ$ ,  ʷȊ¤ʁŠǰ( 6 ¢j

c�KTy^�ă+Ģ»�>� 82 +æŚ(ŚÓ�� .   
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Ʃ( ,  82 
;ɸȟǡØÍʴ¤ 85 +æŚ(é�ơɒ��  (Scheme 61) .  U

I�� 82 + SEM Ø ,  L iAlH 4 ʄ·(:!#UI�� 84 (Ċŭ��ņ( ,  5

¢Ȍ�ȕƵʊă+ʁŠǰ'ʊØ(ȟ. Horner -Wadswor th -Emmons ßŏ

$�ʆ²ʑA¡ʒ� 96 AæŚ�� .  �>A DIBAL (:= p -ybKTq�

U�a�CX\��ʆ ,  HV`�ʆ+ʄ· ,  TMS ă+ʚÞ(:!#b�

I�� 97 0Ģ	� .  �;(�"+Ȍ�ȕƵʊăA TMS Ø��ņ( ,   DMP,  

AZADO ʊØ ,  P inn ick ʊØ ,  y^�HV`�Ø(:!#ʷàǞ$ɸȟǡØ

Íʴ¤ 85 AæŚ�=�%(ŚÓ�� .  ȟ	#ʐßŏ$�= SmI 2 (:= 85

+ɸȟǡØßŏAɀ!� .  L iCl AǃÔÎ%�#Ǥ	=�%$ ,  ʄ·ǰǡØ ,  

D ieckmann ȣæ�ɹɀ� ABC ǡʆ�ƣȏ�>� .  4� ,  �+ʜ( ,  �;(

y\g��AÔ�=�%$ ,  3 ¢J�tKT�ăAʁŠǰ(ʄ·�=�%

�ãȪ%'< ,  105 AæŚ�=�%�$,� .  �+ 105 + 10 ¢Ȍ�ȕƵʊ

ă,βʇȥ$�!�8++ ,  3 ¢Ȍ�ȕƵʊăA TBS ă$­ɣ��ņ ,  

DIBAL ʄ· ,  PCC ʊØ$�ʯòObC�ajc 115 (Ċŭ� ,  10 ¢Ȍ�
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ȕƵʊăAb�m�I�CX^�Ø ,  C�ajcAJ�t�ʊ(ʊØ�# ,  

b�m�I�H\g�� ,  2 ,6 -�^U�A¦Ǥ��=�%$ ,  Ȋ¤ßɮA 

	'�; γ -~Mb�AŀŚ��=�%(ŚÓ�� .  �+ņC��%+¹ǡ

Øßŏ(Ʃ� ,  SmI 2 AǤ	�ɮ¢ßŏ$ CD ǡ�ƣȏ�>� 118 AæŚ�

=�%�$,� .   

HO
H
O
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HO
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�� ,  ƒǻȈ$, ,  ¹Ėƿœ' GA 3 ¼æŚǻȈAĥʕ� ,  γ -~Mb�A

ê6 ABCD ǡʆ�ƣȏ�>� 118 +æŚ(ŚÓ�� .  4� ,  �+ɼȆ$M
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�xʊAɏē%��Ȍ�ȕC��C�Q��ʊØǰɮ¢ßŏAǮɊ� ,  ę

Ȫăɕĝœ(µ> ,  Áǟœ+ʷ	ßŏƔ�AɊÅ�� .  
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ɡɰ  

 

ƒǻȈ(ʜ� ,  ȚĒŋřȐ'ŋŤĢ ,  ŋʧŰAɦ<4��ƄƻȼȄčȼ

ØĖŴĜ� ʼȽǴƦŴŧ(Ü.ŋȂǧ��� ,  ɢB$ŖɡȮ�4� .   

ƒǻȈ+ɺɀ��$'.Ƥ�'ŋŤĢ ,  ŋʧŰA�#ʩ,4��ƒĖ�ʒ

ĨÛ�èɘŴŧ(ɢB$ŖɡȮ�4� .  

ş(/>#ŋŤĢ ,  ŋʧŰA�#ʩ,4��ƒĖ� ĭĪǹİèɘŴŧ(

ɢB$ŖɡȮ�4� .  

ƍǲ'ŋŤĢ ,  ŋÕɐ ,  �:.ÚȝƇ X ȢȝƇƣɷɎƘA�#ʩ,4�

�ƒĖȼØĖŴĜ�ʷáòŁÃŴŧ(ŖɡȮ�4� .  ɌÇ'ŋŤĢ ,  �:.

ŋÕɐA�#ʩ,4��ƒĖăȀȼĖʆʓŴĜ� ĩǥŵÕŝ(ŖɡȮ�4

� .  4� ,  ƒǻȈ(ŋÙÒAʩ,4��ƒĖƀƍƨæŚØĖŴĜ�ʷƧǦ�

¯ĉ ,  ʒǎō¯ĉ ,  ɈĭȬǸƳ ,  ģʗġļƳ ,  ĵĬÛ¿Ƴ';.(ƒŴĜ ,  ƒ

ĖȼØĖŴĜ+ǱƤ(ŖɡȮ�4� .  �;( ,  ɧʍÆƘ ,  ·ȖÆƘ ,  �:.

Ɲǿƴ¾ʸVrMb�AǈĚ�#ʩ,4��ƒĖƨøX�\�+ż�(Ü

.ŋȂǧ���4� .   

ƒɞŷ+¦Ś(��<ƍǲ'ŋÕɐAɦ<4��ƒĖȼóǙǠØĖŴ

Ĝ� ʷƽËºŴŧ';.(ƒĖȼóɆɷØĖŴĜ� ʼȽƎŴŧ(Ü.ŋȂ

ǧ���4� .   

Ƌņ( ,  ÛĉɜȆņƐ(ɹĖ�=�%AŐɟ�#.>�ư(ŖɡȮ�4

� .  
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ěʵ+ʆ  

 

ƒěʵ(ʜ� ,  åßŏ,ǚɓ+'	ʙ<C�R�ʢýƴ�$ɀ	 ,  ǋē,

Ȼ ǩ ȓ Ɇ � � 8 + A § Ǥ � � . Ɲ ǿ ƴ ¾ ʸ V r M b � + ǈ Ě ( ,

JNM-AL300 ā ,  JNM-ESC400 ā ,  � : . JNM-LA500 ā A § Ǥ � � .  

1 H-NMR% 1 3 C-NMR+ØĖTmb,δ  (ppm)  $ɂ� ,  ÀʆƥǊǙɧ%�#

M��s�x  ( 1 H-NMR:  7 .26  ppm,  1 3 C-NMR:  77 .0  ppm)  4�,TMS 

( 1 H-NMR:  0 .00  ppm)AǤ	� .  4� ,  s ing le t ,  doub le t ,  t r ip le t ,  qua r t e t ,  

qu in te t ,  s ex te t ,  mul t ip le t ,  b roadAs ,  d ,  t ,  q ,  qu in t ,  s ex t ,  m,  b r%Ǫɓ�� .  

ɨċëàVrMb�,žƒÆ¹FT/IR-4100āAǤ	#ǈĚ�� .  ɧʍVr

Mb�+ǈĚ,žƒʣĔ JMS-700āA§Ǥ�� .  ·ȖÆƘǈĚ(,{dQ

CHN CORDER MT-6āA§Ǥ�� .  ƲŽ¹ĹǈĚ(,žƒÆ¹DIP-370ā ,  

�:.P-2200A§Ǥ�� .  ȿǓǈĚ,YAZAWAȿǓɄȥA§Ǥ� ,  �+±

,¼#ƑɅƪ$�= .  ÚȝƇ  X  ȢȝƇƣɷɎƘ,  Rigaku R-AXIS 

RAPID A§Ǥ�� .  

�  
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Ȍ�ȋ  

 

(S ) -2 -[ (R ) - ( (R ) -2 ,2 -Dimethy l -1 ,3 -d ioxo lan-4-y l ) (hydroxy)methy l ] -  

cyc lohexanone  (17)  

CHO

O
O

HO

O
O

O

H

15 17

O
16

L-proline
H2O, rt

 

 

C�ajc 15  (100  mg,  0 .768  mmol )  +TM�pKSg� 16  (4 .0  ml ,  

3 .8  g ,  38 .4  mol )  ǋǁ(Ƶ  (69  µL,  69  mg,  3 .84  mmol )  % L -o���  (26 .5  

mg,  0 .230  mmol )  AÔ� ,  ĜǇ$ 10 ƆʖůŢ�� .  ßŏǋǁApKS�$

čɼÏĲʋ�# ,  �>AJ~xM�vbN~mD�  (ǋÅǋē ,  pKS�  ~  

pKS�  :  ʈʊH^�  =  3  :  1 )  $ȓɆ� ,  ǔȲƺǛ+C�c�� 16 A 175  

mg (àǞ  97% )  Ŋ� .   

 

1 H-NMR (300  MHz,  CDCl 3 )  δ :  4 .19  (1H,  d t ,  J  =  3 .1 ,  7 .0  Hz) ,  3 .97  (1H,  

dd ,  J  =  12 .3 ,  7 .9  Hz) ,  3 .95  (1H,  dd ,  J  =  12 .3 ,  7 .6  Hz) ,  3 .76  (1H,  dd ,  J  =  

7 .0 ,  3 .1  Hz) ,  3 .22  (1H,  b r s ) ,  2 .63  (1H,  dddd ,  J  =  12 .8 ,  7 .0 ,  5 .8 ,  1 .2  Hz) ,  

2 .39  (1H,  m) ,  2 .32  (1H,  dd t ,  J  =  6 .1 ,  1 .2 ,  12 .5  Hz) ,  2 .18  (1H,  m) ,  2 .05  

(1H,  m) ,  1 .90  (1H,  m) ,  1 .74-1 .61  (2H,  m) ,  1 .48  (1H,  m) ,  1 .41  (3H,  s ) ,  

1 .33  (3H,  s ) .  

1 3 C-NMR (125  MHz,  CDCl 3 )  δ :  214 .5 ,  109 .3 ,  75 .4 ,  70 .2 ,  65 .7 ,  53 .6 ,  42 .6 ,  

30 .0 ,  27 .7 ,  26 .2 ,  25 .5 ,  24 .6 .  

IR (neat) :  3501,  2984,  2936,  2864,  1704,  1450,  1428,  1314,  1253,  1214,  



66 

1158,  1133,  1057,  977,  880,  852,  841,  697,  682,  cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 1 2 H 2 1 O 4 :  229 .1440 .  

Found:  229 .1443  (MH + ) .  

[α ] D
2 5  =  -7 .6°  (c  1 .04 ,  CHCl 3 ) .  

 

(S ) -2 -{ (R ) - [ (Tr imethy l s i ly l )oxy] [ (R ) -2 ,2 -d imethy l -1 ,3 -  d ioxo lan-4-  

y l ]methy l}cyc lohexanone  (41)  

 

HO

O
O

O

H

17

TMSO

H

O

O
O

TMSCl, Et3N, DMAP

41

THF, 0°C to rt

 

 

C�c�� 17  (10 .0  g ,  43 .8  mmol )  + THF (85  mL)  ǋǁ( 0ºC $ ,  E t 3 N  

(12 .2  mL,  8 .86  g ,  87 .6  mmol )  % TMSCl  (8 .34  mL,  7 .14  g ,  65 .7  mmol )  %

DMAP (134mg,  1 .10  mmol )AÔ� 10 ÆůŢ��ņ ,  ĜǇ$ 1 ƆʖůŢ�

� .  ßŏǋǁAUH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  

ǔƵǽʊvNfTFx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆA

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  

5  :  1 )  $ȓɆ� ,  ǔȲƺǛ+T��H�`� 41 A 11 .8  g  (àǞ  90%)  Ŋ� .   

1 H-NMR (300 MHz,  CDCl3 )  δ :  4 .14  (1H,  ddd ,  J  =  7 .9 ,  6 .3 ,  4 .8  Hz) ,  3 .98  

(1H,  t ,  J  =  4 .6  Hz) ,  3 .96  (1H,  dd ,  J  =  7 .9 ,  6 .3  Hz) ,  3 .67  (1H,  t ,  J  =  7 .9  

Hz) ,  2 .53-2 .25  (3H,  m) ,  2 .15  (1H,  m) ,  2 .03-1 .85  (2H,  m) ,  1 .80-1 .53  (3H,  

m) ,  1 .39  (3H,  s ) ,  1 .34  (3H,  s ) ,  0 .12  (9H,  s ) .  

1 3 C-NMR (125 MHz,  CDCl3 )  δ :  211.5,  108.8,  77.0,  71,9,  65.8,  54.7,  42.4,  
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30.2,  27.3,  26.2,  25.6,  24.3,  0 .4  

IR (neat) :  2984,  2939,  2866,  1712,  1451,  1379,  1369,  1249,  1216,  1155,  

1130,  1066,  1010,  882,  842,  753,  691 cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 1 5 H 2 9 O 4 Si :  301.1835.  

Found:  301.1834 (MH + ) .  

Anal .  Calcd for  C 1 5 H 2 8 O 4 Si :  C,  59.96;  H,  9 .39.   Found:  C,  59.73;  H,  9 .16.   

[α ] D
2 5  =  -20°  (c  1 .02 ,  CHCl 3 ) .  

 

 

(S ) -6 -{ (R ) - [ (Tr imethy l s i ly l )oxy] [ (R ) -2 ,2 -d imethy l -1 ,3 -  d ioxo lan-4-  

y l ]methy l}cyc lohex-2-enone  (42)  

 

TMSO

H

O

O
O

41

1) LDA, TMSCl, THF, -78ºC

2) Pd(OAc)2, O2, DMSO, rt TMSO

H

O

O
O

42  

 

UEZo�l�Cw�  (11 .0  mL,  7 .96  g ,  78 .7mmol)  + THF (40  mL)  ǋ

ǁ( ,  -78 ºC $ n -BuLi +pKS�ǋǁ  (2 .76  M,  24 .2  mL,  66 .8  mmol )  A

ǌ�� ,  30 ÆʖůŢ� ,  T��H�`� 41  (11 .8  g ,  39 .3  mmol )  + THF 

(12 .5  mL)  ǋǁAǌ�� ,  1 ƆʖůŢ�� .  �+ǂæǙ( ,  TMSCl  (8 .5  mL,   

7 .3  g ,  22 .7  mmol)  Aǌ�� ,  10 ÆʖůŢ�� .  ßŏǋǁ(ʯòǒʊƵȖd

b�FxƵǋǁAÔ� ,  UH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ

$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�

ƭǆ+ DMSO (130  mL)  ǋǁ( Pd(OAc) 2  (902  mg,  3 .93  mmol)  AÔ� ,  ʊ
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Ȗʢýƴ�ĜǇ$ 48ƆʖůŢ�� .  ßŏǋǁAUH^�H�`�$Ĳʋ� ,  

Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋē

AǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅ

ǋē ,  pKS�  :  ʈʊH^�  =  5  :  1 )  $ȓɆ� ,  ǔȲƺǛ+Hg� 42 A

9 .39  g  (àǞ  80%)  Ŋ� .  

 

1 H-NMR (300  MHz,  CDCl 3 )  δ :  6 .94  (1H,  dddd ,  J  =  10 .0 ,  4 .9 ,  2 .9 ,  0 .9  Hz) ,  

5 .99  (1H,  ddd ,  J  =  10 .0 ,  2 .4 ,  1 .5  Hz) ,  4 .32  (1H,  d t ,  J  =  8 .0 ,  6 .2  Hz) ,  4 .09  

(1H,  dd ,  J  =  6 .2 ,  3 .5  Hz) ,  3 .97  (1H,  dd ,  J  =  8 .0 ,  6 .2  Hz) ,  3 .62  (1H,  t ,  J  =  

8 .0  Hz) ,  2 .48  (1H,  ddq ,  J  =  18 .9 ,  1 .4 ,  4 .9  Hz) ,  2 .37  (1H,  ddd ,  J  =  11 .3 ,  

4 .9 ,  3 .3  Hz) ,  2 .29  (1H,  m) ,  2 .18  (1H,  ddq ,  J  =  13 .4 ,  0 .9 ,  4 .4  Hz) ,  2 .01  

(1H,  dddd ,  J  =  13 .4 ,  11 .3 ,  9 .5 ,  5 .3  Hz) ,  1 .39  (3H,  s ) ,  1 .33  (3H,  s ) ,  0 .11  

(9H,  s ) .  

1 3 C-NMR (125  MHz,  CDCl 3 )  δ :  198 .8 ,  150 .0 ,  130 .3 ,  108 .9 ,  77 .7 ,  73 .2 ,  

66 .0 ,  50 .9 ,  26 .4 ,  25 .7 ,  25 .5 ,  25 .2 ,  0 .3 .  

IR (neat) :  2984,  2954,  2897,  2873,  1676,  1380,  1369,  1250,  1213,  1158,  

1116,  1081,  1058,  1015,  891,  843,  754,  688 cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 1 5 H 2 7 O 4 Si :  299.1679.  

Found:  299.1684 (MH + ) .  

Anal .  Calcd for  C 1 5 H 2 6 O 4 Si :  C,  60.37;  H,  8 .78.   Found:  C,  60.22;  H,  9 .00.   

[α ] D
2 5  =  +30°  (c  1 .03 ,  CHCl 3 ) .  
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Ethyl  2-[(6S ) -6-{(R ) -[ ( tr imethyls i lyl)oxy][(R ) -2 ,2-dimethyl-1,3-  

dioxolan-4-yl]-methyl}-1-hydroxycyclohex-2-en-1-yl]acetate  (36)  

 

AcOEt, LDA

TMSO

H

O
O

EtO2C

36

TMSO
H

O

O
O

42
OH

THF, -78ºC

 

 

UEZo�l�Cw�  (4 .7  mL,  3 .4  g ,  33 .5  mmol )  + THF (40  mL)  ǋǁ

( ,  -78 ºC $ n -BuLi +pKS�ǋǁ  (2 .66  M,  12 .6  mL,  33 .5  mmol )  Aǌ

�� ,  30 ÆʖůŢ�� .  �>(ʈʊH^�  (3 .4  mL,  3 .1  g ,  35 .2  mmol )Aǌ

�� ,  1 ƆʖůŢ�� .  �;( ,  Hg� 42  (8 .21g ,  27 .5  mmol )  + THF (40  

mL)  ǋǁA -78 ºC $Ô�# ,  30 ÆʖůŢ�� .  ßŏǋǁ(ʯòćØC�z

eFxƵǋǁAÔ� ,  UH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$

ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭ

ǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH

^�  =  6  :  1 )  $ȓɆ� ,  ǔȲƺǛ+C��C�Q�� 36 A 10 .1  g  (àǞ  

95%)  Ŋ� .  

 

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .72 (1H,  dt ,  J =  10.1,  3 .7  Hz) ,  5 .63 (1H,  dt ,  

J =  10.1,  2 .0  Hz) ,  4 .53 (1H,  brs) ,  4 .33 (1H,  q ,  J =  7 .3  Hz) ,  4 .11 (2H,  q ,  J =  

7 .1  Hz) ,  4 .05 (1H,  dd,  J =  8 .1 ,  7 .3  Hz) ,  3 .84 (1H,  dd,  J =  7 .3 ,  3 .1  Hz) ,  3 .66 

(1H, t ,  J =  7 .3  Hz) ,  2 .70 (1H, d,  J =  14.3 Hz),  2 .59 (1H, d,  J =  14.3 Hz),  

2 .08 (1H,  m),  2 .01-1.91 (2H,  m),  1 .78 (1H,  m),  1 .68 (1H,  m),  1 .39 (3H,  s) ,  

1 .31 (3H,  s) ,  1 .23 (3H,  t ,  J =  7 .1  Hz) ,  0 .13 (9H,  s) .  
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1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  171.1,  133.3,  128.3,  109.1,  79.0,  78.9,  70.8,  

66.3,  60.3,  46.1,  42.0,  26.5,  25.3,  25.2,  23.9,  14.2,  0 .5 .  

IR (neat) :  3483 ,  2983 ,  2955 ,  2936 ,  1731 ,  1370 ,  1250 ,  843  cm - 1 .  

HR-FAB-MS (m -n i t robenzy l  a l coho l )  Ca lcd  fo r  C 1 9 H 3 5 O 6 S i :  m/z  

387 .2203 .  Found :  387 .2203  (MH + ) .  

[α ] D
2 5  =  +0 .4 º  (c  1 .03 ,  CHCl 3 ) .  

 

 

Ethyl  2-[(6S ) -6-{(R ) -[ ( tr imethyls i lyl)oxy][(R ) -2 ,2-dimethyl-1,3- 

dioxolan-4-yl]methyl}-3-oxycyclohex-1-en-1-yl]acetate  (37)  

 

TMSO

H

O

O
O

EtO2C

37

TMSO

H

O
O

EtO2C

36
OH

 PDC, MS4A

CH2Cl2, toluene, rt,

 

 

C��C�Q�� 36 +ćØy^�� -b�H�  (1  :  1 ,  140mL)  ǋǁ(

MS4A (62 .2  g )  % PDC (31 .1  g ,  82 .6  mmol )  AÔ� ,  3 ƆʖůŢ�� .  ßŏ

ǋǁAUH^�H�`�$Ĳʋ� ,  X~EbAɶɼ�� ,  ?ǁAǅÿ�ǐ

ȣ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  

pKS�  :  ʈʊH^�  =  5  :  1 )  $ȓɆ� ,  ǔȲƺǛ+Hg� 37 A 6 .80  g  

(àǞ  64%)  Ŋ� .   

 

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .96 (1H,  s) ,  4 .19-4.11 (3H,  m),  4 .04 (1H,  

dd,  J =  6 .7 ,  4 .9  Hz) ,  4 .01 (1H,  dd,  J =  8 .5 ,  7 .0  Hz) ,  3 .83 (1H,  dd,  J =  8 .5 ,  
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6.7 Hz) ,  3 .43 (1H,  d ,  J =  15.9 Hz) ,  3 .24 (1H,  d ,  J =  15.9 Hz) ,  2 .74 (1H,  dt ,  

J =  7 .0,  3 .6 Hz),  2 .49 (1H, ddd,  J =  18.1,  10.7,  7 .6 Hz),  2 .32 (1H, dt ,  J =  

18.1,  4 .3  Hz) ,  2 .15-2.06 (2H,  m),  1 .40 (3H,  s) ,  1 .32 (3H,  s) ,  1 .25 (3H,  t ,  J 

=  7 .2  Hz) ,  0 .05 (9H,  s) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  198.9,  169.8,  159.1,  129.6,  109.5,  78.0,  

73.1,  65.6,  61.1,  44.0,  39.7,  33.1,  26.2,  25.9,  25.0,  14.1,  0 .2 .  

IR (neat) :  2984,  2956,  2901,  1736,  1676,  1370,  1252,  843 cm - 1 .  

HR-FAB-MS (m -n i t robenzy l  a l coho l )  Ca lcd  fo r  C 1 9 H 3 3 O 6 S i :  m/z  

385 .2046 .  Found :  385 .2038 .  (MH + ) .  

[α ] D
2 5  =  +159º  (c  1 .03 ,  CHCl 3 ) .  
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Ȍ�ȋ  

 

1-Butylcyclohex-2-enol  (43a)  

 

OH
Bu

43a

O

n-BuLi

THF, -78ºC

119  
 

TM�pKXg�119  (5 .0  mL,  5 .0  g ,  52 .0  mmol)  +THF (100  mL)  ǋ

ǁ( ,  -78 ºC$n -BuLi+pKS�ǋǁ  (2 .69  M,  23 .2  mL,  62 .4  mmol )  AÔ

�30ÆůŢ�� .  ßŏǋǁ(ʯòćØC�zeFxƵǋǁAÔ� ,  UH^

�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx

$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�

vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  6  :  1 )  $ȓɆ� ,  ǔȲ

ƺǛ+C��C�Q��43aA5 .70  g  (àǞ  71%)  Ŋ� .  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .80 (1H,  ddd,  J =  10.0,  4 .6 ,  3 .1  Hz) ,  5 .62 

(1H,  d,  J =  10.0 Hz) ,  2 .03 (1H,  m),  1 .93 (1H,  m),  1 .74-1.59 (4H,  m),  

1 .59-1.44 (3H,  m),  1 .39-1.27 (4H,  m),  0 .91 (3H,  t ,  J =  7 .0  Hz) .   

1 3 C-NMR (126 MHz,  CDCl 3 )  δ :  132.9,  129.6,  69.6,  42.0,  35.3,  25.7,  25.2,  

23.2,  19.0,  14.0.   

IR (neat) :  3384 ,  2933  cm - 1 .   

EI-MS m/z  (%):  154 (M + ,  0 .7) ,  136 (10) ,  107 (13) ,  97 (100) ,  94 (10) ,  79 

(25) .  

HR-EI-MS Ca lcd  fo r  C 1 0 H 1 8 O:  m/z  154 .1358 .  Found :  154 .1359 .  
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1-Phenylcyclohex-2-enol  (48a)  

 

OH
Ph

48a

O

PhLi

THF, -78ºC

119  

 

TM�pKXg�119  (2 .0  mL,  2 .0  g ,  20 .8  mmol)  +THF (42  mL)  ǋǁ

( ,  -78 ºC$PhLi+TM�pKS� ,  UH^�H�`�ǋǁ  (1 .07  M,  23 .3  

mL,  25 .0  mmol )  AÔ�30ÆůŢ�� .  ßŏǋǁ(ʯòćØC�zeFxƵ

ǋǁAÔ� ,  UH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  

ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT

�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  

6  :  1 )  $ȓɆ� ,  ǯȲþ¤+C��C�Q��48aA3 .15  g  (àǞ  87%)  Ŋ

� .  

 

1 H-NMR (500 MHz,  CDCl 3 )  δ :  7 .51-7.46 (2H,  m),  7 .37-7.31 (2H,  m),  7 .25 

(1H,  m),  6 .04 (1H,  ddd,  J =  10.0,  4 .0 ,  3 .4  Hz) ,  5 .79 (1H,  m),  2 .20-2.04 (2H,  

m),  1 .98 (1H,  ddd,  J =  13.1,  7 .2 ,  2 .7  Hz) ,  1 .91 (1H,  s) ,  1 .86 (1H,  ddd,  J =  

13.1,  10.4,  2 .7  Hz) ,  1 .80 (1H,  m),  1 .63 (1H,  m).   

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  147.8,  132.2,  130.7,  128.0,  126.8,  125.4,  

72.1,  39.5,  25.0,  19.2.  

IR (KBr):  3317 ,  2926 ,  1445 ,  1047 ,  767 ,  701  cm - 1 .  

EI-MS m/z  (%):  174 (M + ,  100) ,  156 (10) ,  147 (10) ,  146 (91) ,  145 (75) ,  131 

(21) ,  129 (10) ,  128 (10) ,  117 (13) ,  115 (12)  105 (20) ,  91 (18) ,  78 (10) ,  77 

(22) .  

HR-EI-MS Ca lcd  fo r  C 1 2 H 1 4 O:  m/z  174 .1045 .  Found :  174 .1044 .  
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mp.  43-45ºC (ǔȲƗǛȝƇ ,  ÁȝƇǋē ,  pKS� ) .  

 

 

Ethyl  2-(1-hydroxycyclohex-2-en-1-yl)acetate (49a)  

 

OH
EtO2C

49a

O

119

AcOEt, LDA
CeCl3

THF-, 78ºC

 

 

UEZo�l�Cw�  (6 .4  mL,  4 .6  g ,  45 .8  mmol)  +THF (52  mL)  ǋ

ǁ( ,  -78 ºC$n -BuLi+pKS�ǋǁ  (2 .69  M,  17 .0  mL,  45 .8  mmol )  Aǌ

�� ,  30ÆʖůŢ�� .  �>(ʈʊH^�  (4 .5  mL,  4 .0  g ,  45 .8  mmol )Aǌ

�� ,  1ƆʖůŢ��ņ ,  CeCl 3  (11 .3  g ,  45 .8  mmol )  AÔ� ,  �;(�Ɔʖ

ůŢ�� .  ßŏǋǁ(TM�pKXg�119  (2 .0  mL,  2 .0  g ,  20 .8  mmol )  +

THF (52  mL)  ǋǁA -78 ºC$Ô�# ,  30ÆʖůŢ�� .  ßŏǋǁ(ʯòćØ

C�zeFxƵǋǁAÔ� ,  UH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮ

ćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;

>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  

ʈʊH^�  =  4  :  1 )  $ȓɆ� ,  ǔȲƺǛ+C��C�Q��49aA3 .35  g  

(àǞ  87%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl 3 )  δ :  5 .82 (1H,  dt ,  J =  10.0,  3 .7  Hz) ,  5 .67 (1H,  m),  

4 .19 (2H,  q ,  J =  7 .1  Hz) ,  3 .62 (1H,  brs) ,  2 .57 (1H,  d,  J =  15.6 Hz) ,  2 .53 (1H,  

d,  J =  15.6 Hz) ,  2 .06 (1H, m),  1 .96 (1H, m),  1 .88-1.76 (2H,  m),  1 .71-1.56 

(2H,  m),  1 .28 (3H,  t ,  J =  7 .1  Hz) .  
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1 3 C-NMR (126 MHz,  CDCl3 )  δ :  172.4,  130.8,  130.1,  68.1,  60.5,  45.4,  35.6,  

24.9,  18.8,  14.1.  

IR (neat) :  3503 ,  2937 ,  1732 ,  1716 ,  1185  cm - 1 .  

EI-MS m/z  (%):  184 (M + ,  1 .4) ,  156 (25) ,  97 (100) ,  79 (10) ,  68 (26) .  

HR-EI-MS Ca lcd  fo r  C 1 0 H 1 6 O 3 :  m/z  184 .1099 .  Found :  184 .1098 .  

 

 

1-Butyl-4,4-dimethylcyclohex-2-enol  (50a)  

 

OH
Bu

50a
O

n-BuLi

THF, -78ºC

120  
 

Hg�120  (3 .1  mL,  3 .0  g ,  23 .8  mmol)  +THF (80  mL)  ǋǁ( ,  -78 ºC

$n -BuLi+pKS�ǋǁ  (2 .69  M,  10 .6  mL,  28 .5  mmol)  AÔ�30ÆůŢ

�� .  ßŏǋǁ(ʯòćØC�zeFxƵǋǁAÔ� ,  UH^�H�`�$

Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅ

ÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~

mD�  (ǋÅǋē ,  pKS�  :  UH^�H�`�  =  4  :  1 )  $ȓɆ� ,  ǔȲƺ

Ǜ+C��C�Q��50aA3 .64  g  (àǞ  84%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl3 )  δ :  5 .49 (1H,  dd,  J =  10.1,  1 .2  Hz) ,  5 .45 (1H,  dd,  

J =  10.1,  1 .2  Hz) ,  1 .75 (1H,  ddd,  J =  13.7,  11.8,  3 .3  Hz) ,  1 .67-1.56 (2H,  m),  

1 .56-1.42 (3H,  m),  1 .41 (1H,  brs) ,  1 .38-1.27 (4H,  m),  1 .02 (3H,  s) ,  0 .95 

(3H,  s) ,  0 .91 (3H,  t ,  J =  7 .2  Hz) .  
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1 3 C-NMR (126 MHz,  CDCl3 )  δ :  139.8,  130.2,  69.7,  41.8,  33.6,  32.3,  31.9,  

29.9,  27.7,  25.8,  23.2,  14.0.  

IR (neat) :  3368 ,  2955 ,  2933 ,  2863  cm - 1 .  

EI-MS m/z  (%):  182 (M + ,  0 .5) ,  164 (21) ,  149 (12) ,  135 (44) ,  125 (100) ,  122 

(10) ,  107 (35) ,  93 (27) ,  91 (16) ,  79 (14)  57 (13) ,  41 (13) .  

HR-EI-MS Ca lcd  fo r  C 1 2 H 2 2 O:  m/z  182 .1671 .  Found :  182 .1669 .  
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(5R ) -1 ,2-Dimethyl-5-propenylcyclohex-2-enol  (51a)  

 

HO

51a

O

121

n-BuLi

THF, -78ºC

 

 

(R ) - ( - ) -J�t�  (121 ,  10 .4  mL,  10 .0  g ,  66 .6  mmol)  +UH^�H�`

�  (330  mL)  ǋǁ( ,  -78 ºC$MeMgBr+THFǋǁ  (0 .99  M,  80 .7  mL,  79 .9  

mmol )  AÔ�15ÆůŢ� ,  �+ņ ,  0 ºC$30ÆʖůŢ�� .  ßŏǋǁ(ʯò

ćØC�zeFxƵǋǁAÔ� ,  UH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯ

òʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  

Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS

�  :  ʈʊH^�  =  6  :  1 )  $ȓɆ� ,  ǔȲƺǛ+C��C�Q��51aA9 .41  

g  (àǞ  84%)  Ŋ� .  

 

A 7 :  1  diastereomeric  mixture .  

1 H-NMR (500 MHz,  CDCl3 )  δ :  5 .51 and 5.40 ( total  1H,  each m),  4 .75-4.70 

(2H,  m),  2 .37-2.24 (1H,  m),  2 .16-2.05 (1H,  m),  1 .97-1.80 (2H,  m),  

1 .80-1.72 (6H,  m),  1 .72 and 1.67 ( total  1H,  each s) ,  1 .67 and 1.53 ( total  1H,  

each t ,  J =  12.4 and 13.3 Hz) ,  1 .33 and 1.31 ( total  3H,  each s) .  

1 3 C-NMR (126 MHz,  CDCl 3 )  δ :  149.0 and 148.9,  138.5 and 137.1,  124.8 

and 122.8,  109.0 and 108.9,  72.5 and 70.3,  44.6 and 44.1,  40.2 and 37.3,  

31.3 and 31.1,  27.5 and 26.8,  20.8 and 20.6,  17.6 and 16.8.  

IR (neat) :  3365 ,  2971 ,  2921 ,  1644 ,  1447 ,  1373 ,  1096 ,  888  cm - 1 .  
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EI-MS m/z  (%):  166 (M + ,  8 .7) ,  151 (29) ,  148 (76) ,  133 (61) ,  123 (49) ,  122 

(33) ,  119 (10) ,  109 (100) ,  108 (64) ,  107 (56)  106 (32) ,  105 (18) ,  98 (27) ,  

95 (21) ,  93 (45) ,  91 (26) ,  84 (17) ,  83 (54) ,  81 (18) ,  79 (13) ,  77 (13) ,  69 

(15) ,  67 (15) ,  55 (21) ,  43 (37) ,  41 (17) .  

HR-EI-MS Ca lcd  fo r  C 1 1 H 1 8 O:  m/z  166 .1358 .  Found :  166 .1354 .  
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1-Butylcyclopent-2-enol  (52a)  

 

52a

Bu
OH

122

O

n-BuLi

THF, -78ºC

 

 

TM�r�`g�122  (3 .0  mL,  3 .0  g ,  36 .5  mmol)  +THF (73  mL)  ǋǁ

( ,  -78 ºC$n -BuLi+pKS�ǋǁ  (2 .69  M,  16 .3  mL,  43 .8  mmol )  AÔ�

30ÆůŢ�� .  ßŏǋǁ(ʯòćØC�zeFxƵǋǁAÔ� ,  UH^�

H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$

�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�v

bN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  5  :  1  ~  4  :  1 )  $ȓɆ� ,  

ǔȲƺǛ+C��C�Q��52aA1 .81  g  (àǞ  35%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl 3 )  δ :  5 .85 (1H,  dt ,  J =  5 .6 ,  2 .4  Hz) ,  5 .68 (1H,  dt ,  

J =  5 .5 ,  2 .2  Hz) ,  2 .48 (1H,  m),  2 .27 (1H,  m),  2 .00 (1H,  ddd,  J =  13.4,  9 .2 ,  

4 .6  Hz) ,  1 .96 (1H,  brs) ,  1 .82 (1H,  ddd,  J =  13.4,  8 .5 ,  4 .9  Hz) ,  1 .69-1.56 

(2H,  m),  1 .38-1.28 (4H,  m),  0 .91 (3H,  t ,  J =  7 .0  Hz) .  

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  136.5,  133.0,  85.9,  40.4,  37.5,  31.0,  26.5,  

23.1,  13.9.   

IR (neat) :  3365 ,  2957 ,  2932 ,  2860  cm - 1 .  

EI-MS m/z  (%):  140 (M + ,  1 .3) ,  83 (100) .  

HR-EI-MS Ca lcd  fo r  C 9 H 1 6 O:  m/z  140 .1201 .  Found :  140 .1200 .  
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1-Butylcyclohept-2-enol  (53a)  

 

53a
OH

Bu

123

O

n-BuLi

THF, -78ºC

 

 

TM�po`g�123  (959  mg,  8 .71  mmol )  +THF (17  mL)  ǋǁ( ,  

-78 ºC$n -BuLi+pKS�ǋǁ  (2 .65  M,  3 .9  mL,  10 .5  mmol )  AÔ�30Æ

ůŢ�� .  ßŏǋǁ(ʯòćØC�zeFxƵǋǁAÔ� ,  UH^�H�`

�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  

ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~

mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  8  :  1 )  $ȓɆ� ,  ǔȲƺǛ+C

��C�Q��53aA765  mg (àǞ  52%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl3 )  δ :  5 .69 (1H,  dt ,  J =  11.9,  6 .0  Hz) ,  5 .59 (1H,  d ,  

J =  11.9 Hz) ,  2 .21-2.05 (2H,  m),  1 .87-1.48 (9H,  m),  1 .40-1.28 (4H,  m),  

0 .91 (3H,  t ,  J =  7 .0  Hz) .  

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  139.1,  129.8,  76.0,  41.1,  38.5,  27.6,  27.4,  

25.6,  24.0,  23.2,  14.0.  

IR (neat) :  3388 ,  2929 ,  2860  cm - 1 .  

EI-MS m/z  (%):  168 (M + ,  3 .2) ,  150 (39) ,  121 (26) ,  111 (100) ,  108 (39) ,  107 

(28) ,  94 (12) ,  93 (75) ,  91 (29) ,  80 (20)  79 (49) ,  77 (21) ,  67 (17) ,  55 (17) ,  

41 (14) .  

HR-EI-MS Ca lcd  fo r  C 1 1 H 2 0 O:  m/z  168 .1514 .  Found :  168 .1512 .  
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1-Butylcyclooct-2-enol  (54a)  

 

OH
Bu

54a

O

124

n-BuLi

THF, -78ºC

 

 

TM�IM\g�124  (3 .10  g ,  25 .0  mmol )  +THF (83  mL)  ǋǁ( ,  

-78 ºC$n -BuLi+pKS�ǋǁ  (2 .65  M,  11 .3  mL,  30 .0  mmol)  AÔ�30

ÆůŢ�� .  ßŏǋǁ(ʯòćØC�zeFxƵǋǁAÔ� ,  UH^�H�

`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ

� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN

~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  8  :  1 )  $ȓɆ� ,  ǔȲƺǛ+

C��C�Q��54aA3 .07  g  (àǞ  67%)  Ŋ� .  

 

1 H-NMR (400 MHz,  CDCl 3 )  δ :  5 .54-5.46 (2H,  m),  2 .44 (1H,  m),  2 .19 (1H,  

m),  1 .88 (1H,  ddd,  J =  14.7,  9 .8 ,  4 .5  Hz) ,  1 .80 (1H,  ddd,  J =  14.7,  6 .5 ,  4 .0  

Hz) ,  1 .76-1.66 (2H,  m),  1 .62-1.38 (7H,  m),  1 .36-1.25 (4H,  m),  0 .90 (3H,  t ,  

J =  7 .0  Hz) .   

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  137.0,  127.7,  75.5,  44.3,  39.5,  27.0,  25.8,  

25.0,  24.7,  23.2,  22.6,  14.0.   

IR (neat) :  3407 ,  2930 ,  2860  cm - 1 .  

EI-MS m/z  (%):  182 (M + ,  4 .2) ,  139 (17) ,  125 (100) ,  81 (10) ,  79 (10) ,  55 

(18) .  

HR-EI-MS Ca lcd  fo r  C 1 2 H 2 2 O:  m/z  182 .1671 .  Found :  182 .1665 .  
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(1S*,  6R*)-1-Butyl-6-[2-[(trimethyls i lyl)oxy]propan-2-yl]cyclohex-2- 

enol  (56a)  

 

TMSO H

OH
Bu

56a

TMSO H

O

n-BuLi

THF

126  

 

Hg� 126  (259  mg,  1 .41  mmol )  +THF (5 .7  mL)  ǋǁ( ,  -78 ºC$

n -BuLi+pKS�ǋǁ  (2 .65  M,  0 .52  mL,  1 .37  mmol)  AÔ�15ÆůŢ�

� .  ßŏǋǁ(ʯòćØC�zeFxƵǋǁAÔ� ,  UH^�H�`�$Ĳ

ʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ

�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  

(ǋÅǋē ,  pKS�  :  UH^�H�`�  =  20  :  1 )  $ȓɆ� ,  ǔȲƺǛ+C

��C�Q��57aA300  mg (àǞ  92%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl3 )  δ :  5 .71 (1H,  ddd,  J =  10.0,  4 .8 ,  2 .8  Hz) ,  5 .52 

(1H,  m),  4 .22 (1H,  brs) ,  2 .03 (1H,  dq,  J =  17.5,  5 .2  Hz) ,  1 .89-1.76 (2H,  m),  

1 .73 (1H,  dd,  J =  8 .9 ,  4 .0  Hz) ,  1 .69-1.49 (3H,  m),  1 .44 (3H,  s) ,  1 .38 (3H,  s) ,  

1 .33-1.21 (4H,  m),  0 .89 (3H,  t ,  J =  6 .9  Hz) ,  0 .16 (9H,  s) .  

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  135.7,  126.5,  79.4,  73.4,  49.8,  44.1,  31.6,  

28.6,  26.4,  24.3,  23.3,  22.9,  14.1,  2 .6 .  

IR (neat) :  3464 ,  2957 ,  2933 ,  1252 ,  840  cm - 1 .  

HR-FAB-MS (m -n i t robenzy l  a l coho l )  Ca lcd  fo r  C 1 6 H 3 3 O 2 S i :  m/z  

285 .2249 .  Found :  285 .2250  (MH + ) .  
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(1S*,  6R*)-1-Butyl-6-[2-(Methoxymethoxy)propan-2-yl]cyclohex-2- 

enol  (57a)  

 

MOMO H

OH
Bu

57a

MOMO H

O

n-BuLi

THF

127  

 

Hg�127  (1 .00  g ,  1 .41  mmol )  +THF (25  mL)  ǋǁ( ,  -78 ºC$n -BuLi

+pKS�ǋǁ  (2 .65  M,  2 .3  mL,  6 .05  mmol)  AÔ�15ÆůŢ�� .  ßŏ

ǋǁ(ʯòćØC�zeFxƵǋǁAÔ� ,  UH^�H�`�$Ĳʋ� ,  Ƶ ,  

�:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēA

ǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋ

ē ,  pKS�  :  ʈʊH^�  =  9  :  1 )  $ȓɆ� ,  ǔȲƺǛ+C��C�Q��

57aA1 .19  g  (àǞ  92%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl3 )  δ :  5 .72 (1H,  ddd,  J =  10.1,  4 .3 ,  3 .1  Hz) ,  5 .54 

(1H, dt ,  J =  10.1,  1 .8  Hz) ,  4 .76 (2H,  s) ,  3 .86 (1H,  brs) ,  3 .37 (3H,  s) ,  2 .04 

(1H,  m),  1 .93-1.82 (3H,  m),  1 .81-1.64 (2H,  m),  1 .54 (1H,  m),  1 .41 (3H,  s) ,  

1 .40 (3H,  s) ,  1 .34-1.25 (4H,  m),  0 .90 (3H,  t ,  J =  7 .0  Hz) .  

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  135.8,  126.5,  90.4,  81.5,  73.5,  55.5,  48.7,  

44.2,  27.1,  26.3,  24.7,  24.2,  23.3,  22.5,  14.1.  

IR (neat) :  3477 ,  2956 ,  2931 ,  1030  cm - 1 .  

HR-FAB-MS (m -n i t robenzy l  a l coho l )  Ca lcd  fo r  C 1 5 H 2 8 NaO 3 :  m/z  

279 .1936 .  Found :  279 .1943  (MNa + ) .  
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1-(2 -Hydroxyethy l )cyc lohex-2-eno l  (125)  

 

OH
EtO2C

49a

LiAlH4

OH
HO

125

THF
0ºC to rt

 
 

HV`�49a  (2 .31  g ,  12 .5  mmol )  +THF (42  mL)  ǋǁ(0ºC$ ,  L iAlH 4  

(1 .05  g ,  27 .6  mmol )  AÔ� ,  15ÆʖůŢ��ņ(ĜǇ$1 .5ƆʖůŢ�� .  

ßŏǋǁ(ʯòʮćƵAÔ� ,  ʈʊH^�$Ĳʋ�#X~Eb?ɼ� ,  ǅ

ÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~

mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  1  :  1  ~  3  :  1 )  $ȓɆ� ,  ǔȲ

ƺǛ+C�Q��125A1 .65  g  (àǞ  93%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl 3 )  δ :  5 .80  (1H,  d t ,  J  =  10 .4 ,  3 .7  Hz) ,  5 .72  (1H,  

m) ,  3 .93-3 .82  (2H,  m) ,  3 .45  (1H,  b r s ) ,  3 .06  (1H,  b r s ) ,  2 .05  (1H,  m) ,  1 .95  

(1H,  m) ,  1 .88 -1 .79  (2H,  m) ,  1 .79-1 .59  (4H,  m) .  

1 3 C-NMR (126 MHz,  CDCl 3 )  δ :  132 .1 ,  129 .6 ,  70 .8 ,  59 .2 ,  42 .4 ,  36 .0 ,  25 .1 ,  

19 .0 .  

IR (neat) :  3348,  2936,  1436,  1169,  1081,  1050,  1009,  736 cm - 1 .  

EI-MS m/z  (%):  142 (M + ,  0 .5) ,  97 (100) ,  79 (13) ,  68 (13) ,  55 (12) .  

HR-EI-MS Ca lcd  fo r  C 8 H 1 4 O 2 :  m/z  142 .0994 .  Found :  142 .0991 .  
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1-[2-( ter t -Butyldimethyls i lyloxy)ethyl]cyclohex-2-enol  (44a)  

 

44a
OH

TBSO
OH

HO

125

THF
0ºC to rt

TBSCl
imidazole

 
 

C�Q��125  (400  mg,  2 .81  mmol )  +THF (14  mL)  ǋǁ( ,  0 ºC$E

w][��  (574  mg,  8 .43  mmol )  %TBSCl  (1 .27  g ,  8 .43  mmol )  AÔ�5

ÆůŢ��ņ ,  ĜǇ$1ƆʖůŢ�� .  ßŏǋǁAUH^�H�`�$Ĳʋ

� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�

ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  

(ǋÅǋē ,  pKS�  :  UH^�H�`�  =  5  :  1  ~  3  :  1 )  $ȓɆ� ,  ǔȲƺ

Ǜ+T��H�`�44aA664  mg (àǞ  92%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl 3 )  δ :  5 .77 (1H,  dt ,  J =  10.1,  3 .7  Hz) ,  5 .69 (1H,  dt ,  

J =  10.1,  2 .0  Hz) ,  3 .91 (2H,  t ,  J =  5 .8  Hz) ,  2 .04 (1H,  m),  1 .93 (1H,  m),  

1 .86-1.70 (4H,  m),  1 .67-1.55 (3H,  m),  0 .90 (9H,  s) ,  0 .09 (3H,  s) ,  0 .09 (3H,  

s) .  

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  132.4,  128.7,  69.9,  60.3,  42.3,  36.0,  25.8,  

25.2,  19.2,  18.0,  -5 .7 .  

IR (neat) :  3448 ,  2932 ,  2858 ,  1254 ,  1088 ,  837 ,  776  cm - 1 .  

EI-MS m/z  (%):  256 (M + ,  0 .1) ,  181 (44) ,  171 (17) ,  107 (93) ,  105 (100) ,  97 

(13) ,  91 (14) ,  79  (24) ,  75 (88) ,  73 (26) .  

HR-EI-MS Ca lcd  fo r  C 1 4 H 2 8 O 2 S i :  m/z  256 .1859 .  Found :  256 .1855 .  
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2-(1-Hydroxycyclohex-2-en-1-yl)ethyl  acetate  (45a)  

 

OH
AcO

45a
OH

HO

125

Ac2O

pyridine, rt

 
 

C�Q��125  (300  mg,  2 .11  mmol)(l�U�  (3 .0  mL)  %ǔƵʈʊ  

(3 .0  mL)  AÔ�ĜǇ$1ƆʖůŢ� ,  �+ņ ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;

>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  UH^�

H�`� )  $ȓɆ� ,  ǔȲƺǛ+CX\�b45aA377  mg (àǞ  97%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl3 )  δ :  5 .83 (1H,  ddd,  J =  10.1,  4 .6 ,  3 .1  Hz) ,  5 .64 

(1H,  m),  4 .27 (1H,  dt ,  J =  11.3,  7 .0  Hz) ,  4 .24 (1H,  dt ,  J =  11.3,  7 .0  Hz) ,  

2 .09-2.01 (1H,  m),  2 .05 (3H,  s) ,  1 .99-1.90 (1H,  m),  1 .92 (1H,  dt ,  J =  14.0,  

7 .0  Hz) ,  1 .87 (1H,  dt ,  J =  14.1,  7 .0  Hz) ,  1 .79-1.60 (5H,  m).  

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  170.8,  131.9,  129.5,  68.2,  60.7,  40.1,  35.5,  

24.7,  20.7,  18.6.  

IR (neat) :  2459 ,  2937 ,  1739 ,  1367  cm - 1 .  

HR-FAB-MS (m -n i t robenzy l  a l coho l )  Ca lcd  fo r  C 1 0 H 1 6 NaO 3 :  m/z  

207 .0997 .  Found :  207 .1001  (MNa + ) .  
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1-[2-(Methoxymethoxy)ethyl]cyclohex-2-enol  (46a)  

 

OH
MOMO

46a
OH

HO

125

THF
0ºC to rt

MOMCl
NaH

 
 

C�Q��125  (400  mg,  2 .81  mmol )  +THF (14  mL)  ǋǁ(0ºC$ ,  NaH 

(60%,  118  mg,  2 .95  mmol)  AÔ� ,  30ÆůŢ��ņ ,  MOMCl  (0 .22  mL,  

0 .24  g ,  2 .95  mmol )  AÔ�ĜǇ$1ƆʖůŢ�� .  ßŏǋǁAUH^�H�

`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ

� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN

~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  2  :  1 )  $ȓɆ� ,  ǔȲƺǛ+

MOMH�`�46aA329  mg (àǞ  63%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl 3 )  δ :  5 .79 (1H,  dt ,  J =  10.1,  3 .4  Hz) ,  5 .68 (1H,  m),  

4 .63 (1H,  d ,  J =  11.7 Hz) ,  4 .63 (1H,  d ,  J =  11.7 Hz) ,  3 .78 (1H,  dt ,  J =  10.1,  

6 .2  Hz) ,  3 .76 (1H,  dt ,  J =  10.1,  6 .2  Hz) ,  3 .38 (3H,  s) ,  2 .83 (1H,  brs) ,  2 .05 

(1H,  m),  1 .98-1.90 (1H,  m),  1 .92 (1H,  dt ,  J =  14.4,  6 .1  Hz) ,  1 .83-1.72 (2H,  

m),  1 .82 (1H,  dt ,  J =  14.4,  6 .3  Hz) ,  1 .69-1.58 (2H,  m).  

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  132.3,  129.3,  96.5,  69.4,  64.4,  55.4,  40.8,  

35.9,  25.2,  19.1.  

IR (neat) :  3454 ,  2936 ,  2884 ,  1036  cm - 1 .  

HR-FAB-MS (m -n i t robenzy l  a l coho l )  Ca lcd  fo r  C 1 0 H 1 8 NaO 3 :  m/z  

209 .1154 .  Found :  209 .1159  (MNa + ) .  
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1-[2-(Benzyloxy)ethyl]cyclohex-2-enol  (47a)  

 

OH
BnO

47a
OH

HO

125

BnBr
NaH
THF

0ºC to rt

 
 

C�Q��125  (200  mg,  1 .41  mmol )  +THF (14  mL)  ǋǁ(0ºC$ ,  NaH 

(60%,  113  mg,  2 .82  mmol)  AÔ� ,  30ÆůŢ��ņ ,  BnBr  (0 .33  mL,  0 .48  

g ,  2 .82  mmol )  AÔ�ĜǇ$1ƆʖůŢ�� .  ßŏǋǁAUH^�H�`�

$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  

ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~

mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  3  :  1 )  $ȓɆ� ,  ǔȲƺǛ+q

�U�H�`�47aA284  mg (àǞ  87%)  Ŋ� .  

 

1 H-NMR (500 MHz,  CDCl3 )  δ :  7 .37-7.26 (5H,  m),  5 .76 (1H,  dt ,  J =  10.1,  

3 .7  Hz) ,  5 .66 (1H,  m),  4 .53 (1H,  d ,  J =  11.6 Hz) ,  4 .52 (1H,  d ,  J =  11.6 Hz) ,  

3 .74 (1H, ddd,  J =  9 .5 ,  6 .7,  5 .5 Hz) ,  3 .71 (1H, ddd,  J =  9 .5 ,  6 .7,  5 .5 Hz) ,  

3 .21 (1H,  brs) ,  2 .03 (1H, m),  1 .96-1.88 (1H,  m),  1 .93 (1H,  ddd,  J =  14.4,  

6 .7 ,  5 .5  Hz) ,  1 .82 (1H,  ddd,  J =  14.4,  6 .7 ,  5 .5  Hz) ,  1 .80-1.71 (2H,  m),  

1 .67-1.55 (2H,  m).  

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  137.8,  132.4,  129.1,  128.4,  127.7,  127.7,  

73.4,  69.6,  67.1,  40.7,  36.0,  25.2,  19.2.  

IR (neat) :  3444 ,  2935 ,  2866 ,  1094 ,  735 ,  697  cm - 1 .  

HR-FAB-MS (m -n i to robenzy l  a l coho l )  Ca lcd  fo r  C 1 5 H 2 0 NaO 2 :  m/z  

255 .1361 .  Found :  255 .1362  (MNa + ) .  
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The  typ ica l  exper imenta l  procedure  for  the  PDC cata lyz ed  ox idat ive  

rearrangement  o f  t er t iary  a l ly l i c  a lcohol  wi th  PhI(OAc) 2  

 

PDC (0.05 equiv), PhI(OAc)2 (1.5 equiv)

MgSO4 (1.0 equiv), H2O (1.0 equiv)
CH2Cl2 (0.5 Ma), O2, rt

R' R"

OH
R

R' R"

R O
 

 

C��C�Q��  (0 .500  mmol )  +  ćØy^��  (1 .0  mL)  ǋǁ(ǔƵ

ǽʊvNfTFx  (60 .2  mg,  0 .500  mmol )%  Ƶ  (9 .0  µL,  9 .0  mg ,  0 .50  

mmol ) ,  PhI (OAc) 2  (242  mg,  0 .750  mmol )  ,  PDC (9 .4  mg ,  25  µmol)  AÔ

� ,  ʊȖʢýƴ�  (ba l loon)  ,  ğŏ�=Ɔʖ$ůŢ�� .  �+ʻȸȲ+ßŏ

ǋǁ(ʯòǒʊƵȖdb�FxƵǋǁ%20%^Iǽʊdb�FxƵǋǁA

Ô�15ÆůŢ� ,  ʺȡȲ+ßŏǋǁ(��ņ( ,  UH^�H�`�$Ĳʋ

� ,  ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ

�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�$ȓɆ� ,  H

g�AŊ� .   
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3-Buty lcyc lohex-2-enone  (43b)  

 

OH
Bu Bu O

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

43a 43b  

 

àʍ  73 .3  mg,  àǞ  96%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  UH^�

H�`�  =  7  :  2 )  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .88  (1H,  m) ,  2 .38 -2 .33  (2H,  m) ,  2 .29  (2H,  

t ,  J  =  6 .3  Hz) ,  2 .21  (2H,  t ,  J  =  7 .3  Hz) ,  1 .99  (2H,  qu in t ,  J  =  6 .3  Hz) ,  

1 .53-1 .45  (2H,  m) ,  1 .34  (2H,  sex t ,  J  =  7 .3  Hz) ,  0 .92  (3H,  t ,  J  =  7 .3  Hz) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  199 .7 ,  166 .6 ,  125 .5 ,  37 .6 ,  37 .2 ,  29 .5 ,  

28 .9 ,  22 .6 ,  22 .2 ,  13 .7 .  

IR (neat) :  2955,  2931,  2871,  1671,  1625 cm - 1 .  

EI-MS m/z  (%):  152 (M + ,  29) ,  123 (19) ,  110 (15) ,  82 (100) .  

HR-EI-MS Ca lcd  fo r  C 1 0 H 1 6 O:  m/z  152 .1201 .  Found :  152 .1198 .  
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3-[2-( ter t -Butyldimethyls i lyloxy)ethyl]cyclohex-2-enone (44b) 

 

44a 44b
OH

TBSO TBSO O

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 
 

àʍ  111  mg,  àǞ  87%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  

4  :  1 ) .  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .89  (1H,  s ) ,  3 .78  (2H,  t ,  J  =  6 .4  Hz) ,  2 .42  

(2H,  t ,  J  =  6 .4  Hz) ,  2 .35  (2H,  t ,  J  =  6 .7  Hz) ,  2 .33  (2H,  t ,  J  =  6 .0  Hz) ,  

2 .02-1 .95  (2H,  m) ,  0 .88  (9H,  s ) ,  0 .04  (6H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  199 .6 ,  163 .7 ,  127 .0 ,  61 .0 ,  41 .1 ,  37 .2 ,  

30 .0 ,  25 .7 ,  22 .6 ,  18 .1 ,  -5 .5 .  

IR (neat) :  2953,  2929,  2887,  2857,  1674,  1626,  1254,  1098,  836,  776 cm - 1 .  

HR-FAB-MS (m -n i t robenzy l  a l coho l )  Ca lcd  fo r  C 1 4 H 2 7 O 2 S i :  m/z  

255 .1780 .  Found :  255 .1783  (MH + ) .  
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2-(3-Oxocyclohex-1-en-1-yl)ethyl  acetate  (45b) 

 

OH
AcO AcO O

45a 45b

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 
 

àʍ  73 .8  mg,  àǞ  81%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  UH^�

H�`�  =  1  :  1  =  2  :  3 ) .  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .91  (1H,  s ) ,  4 .26  (2H,  t ,  J  =  6 .5  Hz) ,  2 .54  

(2H,  t ,  J  =  6 .5  Hz) ,  2 .38  (2H,  t ,  J  =  6 .6  Hz) ,  2 .33  (2H,  t ,  J  =  6 .1  Hz) ,  

2 .04-1 .98  (2H,  m) ,  2 .04  (3H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  199 .3 ,  170 .7 ,  161 .4 ,  127 .1 ,  61 .1 ,  37 .1 ,  

36 .8 ,  29 .4 ,  22 .5 ,  20 .7 .  

IR (neat) :  2951,  1739,  1669,  1627,  1235 cm - 1 .  

EI-MS m/z  (%):  182 (M + ,  11) ,  123 (10) ,  122 (100) ,  112 (66) ,  111 (13) ,  110 

(21) ,  94 (44) ,  79 (14) ,  66 (10) ,  43 (38) .  

HR-EI-MS Ca lcd  fo r  C 1 0 H 1 4 O 3 :  m/z  182 .0943 .  Found :  182 .0939 .  
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3-[2-(  Methoxymethoxy)ethyl]cyclohex-2-enone (46b) 

 

OH
MOMO MOMO O

46a 46b

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 
 

àʍ  79 .5  mg,  àǞ  86%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  

2  :  1 ) .  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .94  (1H,  s ) ,  4 .61  (2H,  s ) ,  3 .72  (2H,  t ,  J  =  

6 .4  Hz) ,  3 .35  (3H,  s ) ,  2 .51  (2H,  t ,  J  =  6 .4  Hz) ,  2 .37  (2H,  t ,  J  =  6 .7  Hz) ,  

2 .35  (2H,  t ,  J  =  5 .6  Hz) ,  2 .04-1 .98  (2H,  m) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  199 .4 ,  162 .8 ,  126 .7 ,  96 .4 ,  64 .8 ,  55 .3 ,  

37 .9 ,  37 .2 ,  29 .7 ,  22 .5 .  

IR (neat) :  2942,  2886,  1670,  1626,  1150,  1108,  1037 cm - 1 .  

EI-MS m/z  (%):  184 (M + ,  12) ,  154 (17) ,  152 (13) ,  139 (12) ,  124 (42) ,  122 

(13) ,  95 (14) ,  94 (14) ,  45 (100) .  

HR-EI-MS Ca lcd  fo r  C 1 0 H 1 6 O 3 :  m/z  184 .1099 .  Found :  184 .1097 .  
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3-[2-(  Benzyloxy)ethyl]cyclohex-2-enone (47b)  

 

OH
BnO BnO O

47a 47b

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 
 

àʍ  88 .2  mg,  àǞ  77%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  

2  :  1 ) .  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  7 .38-7 .24  (5H,  m) ,  5 .92  (1H,  s ) ,  4 .50  (2H,  

s ) ,  3 .63  (2H,  t ,  J  =  6 .4  Hz) ,  2 .51  (2H,  t ,  J  =  6 .4  Hz) ,  2 .35  (2H,  t ,  J  =  6 .7  

Hz) ,  2 .30  (2H,  t ,  J  =  6 .0  Hz) ,  2 .01-1 .94  (2H,  m) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  199 .5 ,  163 .2 ,  137 .9 ,  128 .3 ,  127 .6 ,  127 .6 ,  

126 .6 ,  73 .0 ,  67 .3 ,  37 .9 ,  37 .2 ,  29 .8 ,  22 .5 .  

IR (neat) :  2941,  2866,  1667,  1626,  1099 cm - 1 .  

EI-MS m/z  (%):  230 (M + ,  9) ,  124 (13) ,  91 (100) .  

HR-EI-MS Ca lcd  fo r  C 1 5 H 1 8 O 2 :  m/z  230 .1307 .  Found :  230 .1304 .  
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3-Buty l -6 ,6 -d imethy lcyc lohex-2-enone  (50b)  

 

OH
Bu Bu O

50a 50b

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 
 

àʍ  81 .1  mg,  àǞ  90%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  UH^�

H�`�  =  5  :  1 ) .  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .77  (1H,  m) ,  2 .32 -2 .28  (2H,  m) ,  2 .19  (2H,  

t ,  J  =  7 .6  Hz) ,  1 .80  (2H,  t ,  J  =  6 .2  Hz) ,  1 .52-1 .45  (2H,  m) ,  1 .37-1 .29  (2H,  

m) ,  1 .09  (6H,  s ) ,  0 .92  (3H,  t ,  J  =  7 .3  Hz) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  204 .6 ,  164 .1 ,  124 .0 ,  40 .3 ,  37 .3 ,  36 .3 ,  

29 .1 ,  26 .9 ,  24 .1 ,  22 .2 ,  13 .8 .  

IR (neat) :  2959,  2927,  2871,  1670,  1631 cm - 1 .  

EI-MS m/z  (%):  180 (M + ,  14) ,  82 (100) .  

HR-EI-MS Ca lcd  fo r  C 1 2 H 2 0 O:  m/z  180 .1514 .  Found :  180 .1514 .  
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(5S ) -2 ,3 -Dimethy l -5 -(propenyl )cyc lohex-2-enone  (51b)  

 

HO
O

51a 51b

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 

 

àʍ  40 .4  mg,  àǞ  49%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  UH^�

H�`�  =  4  :  1 ) .  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  4 .80  (1H,  m) ,  4 .75  (1H,  m) ,  2 .63  (1H,  m) ,  

2 .55  (1H,  dd ,  J  =  15 .9 ,  3 .7  Hz) ,  2 .39-2 .34  (2H,  m) ,  2 .29  (1H,  dd ,  J  =  15 .9 ,  

13 .4  Hz) ,  1 .96  (3H,  s ) ,  1 .77  (3H,  s ) ,  1 .75  (3H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  198 .9 ,  154 .1 ,  146 .8 ,  130 .7 ,  110 .2 ,  42 .4 ,  

41 .3 ,  37 .9 ,  21 .5 ,  20 .4 ,  10 .7 .  

IR (neat) :  2921,  1666,  1637,  1378,  892 cm - 1 .  

EI-MS m/z  (%):  164 (M + ,  50) ,  123 (11) ,  122 (86) ,  121 (39) ,  120 (37) ,  108 

(12) ,  107 (100) ,  105 (10) ,  96 (100) ,  95 (13)  91 (13) ,  79 (13) ,  77 (10) ,  68 

(39) ,  67 (33) ,  53 (16) ,  41 (15) ,  39 (12) .  

HR-EI-MS Ca lcd  fo r  C 1 1 H 1 6 O:  m/z  164 .1201 .  Found :  164 .1202 .  
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3-Buty lcyc lopent -2 -enone  (52b)  

 

52a 52b

Bu
OH

Bu O

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 
 

àʍ  58 .2  mg,  àǞ  84%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  UH^�

H�`�  =  7  :  2  ~  2  :  1 ) .  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .94  (1H,  m) ,  2 .60 -2 .57  (2H,  m) ,  

2 .44-2 .39  (4H,  m) ,  1 .61-1 .54  (2H,  m) ,  1 .38  (2H,  sex t ,  J  =  7 .3  Hz) ,  0 .94  

(3H,  t ,  J  =  7 .3  Hz) .   

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  210 .0 ,  183 .1 ,  129 .4 ,  35 .2 ,  33 .1 ,  31 .4 ,  

29 .1 ,  22 .3 ,  13 .7 .  

IR (neat) :  2957,  2929,  2872,  1710,  1674,  1616 cm - 1 .  

EI-MS m/z  (%):  138 (M + ,  47) ,  109 (14) ,  96 (100) ,  95 (14) ,  81 (37) ,  68 (15) ,  

67 (14) ,  53 (12) ,  41 (10) .  

HR-EI-MS Ca lcd  fo r  C 9 H 1 4 O:  m/z  138 .1045 .  Found :  138 .1047 .  
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3-Buty lcyc lohept -2 -enone  (53b)  

 

53a 53b
OH

Bu Bu O

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 

 

àʍ  36 .3  mg,  àǞ  43%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ćØy^�

�  =  1  :  5 ) .  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .90  (1H,  s ) ,  2 .57  (2H,  t ,  J  =  6 .3  Hz) ,  2 .41  

(2H,  t ,  J  =  5 .8  Hz) ,  2 .19  (2H,  t ,  J  =  7 .6  Hz) ,  1 .83-1 .74  (4H,  m) ,  1 .51-1 .43  

(2H,  m) ,  1 .33  (2H,  sex t ,  J  =  7 .3  Hz) ,  0 .92  (3H,  t ,  J  =  7 .3  Hz) .   

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  204 .0 ,  162 .2 ,  129 .1 ,  42 .1 ,  40 .7 ,  32 .5 ,  

29 .7 ,  25 .1 ,  22 .3 ,  21 .2 ,  13 .8 .  

IR (neat) :  2932,  2864,  1661 cm - 1 .  

EI-MS m/z  (%):  166 (M + ,  15) ,  137 (11) ,  109 (100) ,  96 (10) ,  95 (15) ,  82 (23) ,  

81 (24) ,  67 (18) ,  41 (10) .  

HR-EI-MS Ca lcd  fo r  C 1 1 H 1 8 O:  m/z  166 .1358 .  Found :  166 .1355 .  
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3-Buty lcyc looct -2 -enone  (54b)  

 

OH
Bu Bu

O
54a 54b

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 

 

àʍ  34 .6  mg,  àǞ  38%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  

12  :  1 ) .  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  6 .04  (1H,  s ) ,  2 .73  (2H,  t ,  J  =  7 .2  Hz) ,  2 .60  

(2H,  t ,  J  =  6 .7  Hz) ,  2 .17  (2H,  t ,  J  =  7 .6  Hz) ,  1 .79-1 .71  (2H,  m) ,  1 .64  (2H,  

qu in t ,  J  =  6 .4  Hz) ,  1 .59-1 .52  (2H,  m) ,  1 .51-1 .43  (2H,  m) ,  1 .33  (2H,  sex t ,  

J  =  7 .3  Hz) ,  0 .92  (3H,  t ,  J  =  7 .3  Hz) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  203 .8 ,  157 .0 ,  130 .5 ,  42 .0 ,  41 .3 ,  32 .0 ,  

29 .7 ,  24 .2 ,  23 .7 ,  23 .0 ,  22 .4 ,  13 .8 .  

IR (neat) :  2930,  2859,  1651,  1621,  1259 cm - 1 .  

EI-MS m/z  (%):  180 (M + ,  41) ,  151 (10) ,  138 (15) ,  137 (57) ,  124 (12) ,  123 

(100) ,  110 (20) ,  109 (25) ,  96 (29) ,  95 (53) ,  83 (13) ,  82 (60 ) ,  81 (26) ,  67 

(30) ,  55 (25) ,  41 (15) .  

HR-EI-MS Ca lcd  fo r  C 1 2 H 2 0 O:  m/z  180 .1514 .  Found :  180 .1512 .  
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3-Butyl-4-[2-(trimethyls i lyloxy)propan-2-yl]cyclohex-2-enone (56b)  

 

TMSO H

OH
Bu

56a

TMSO

Bu

56b

O

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 

 

àʍ  107  mg,  àǞ  76%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  UH^�

H�`�  =  10  :  1  ~  6  :  1 ) .  

1 H-NMR (400  MHz,  CDCl 3 )  δ :  5 .95  (1H,  s ) ,  2 .60  (1H,  m) ,  2 .35  (2H,  t ,  J  

=  7 .6  Hz) ,  2 .28  (1H,  dd ,  J  =  5 .5 ,  2 .4  Hz) ,  2 .22-2 .15  (2H,  m) ,  1 .91  (1H,  

m) ,  1 .57-1 .16  (4H,  m) ,  1 .34  (3H,  s ) ,  1 .31  (3H,  s ) ,  0 .91  (3H,  t ,  J  =  7 .3  Hz) ,  

0 .07  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  200 .0 ,  167 .1 ,  127 .8 ,  76 .7 ,  49 .1 ,  38 .8 ,  

33 .9 ,  30 .6 ,  30 .1 ,  29 .8 ,  25 .3 ,  22 .5 ,  13 .9 ,  2 .4 .  

IR (neat) :  2957,  2930,  2872,  1671,  1619,  1251,  1038,  841,  794,  733 cm - 1 .  

HR-FAB-MS (m -n i t robenzy l  a l coho l )  Ca lcd  fo r  C 1 6 H 3 1 O 2 S i :  m/z  

283 .2094 .  Found :  283 .2091 .  (MH + ) .  

 



101 

3-Butyl-4-[2-(Methoxymethoxy)propan-2-yl]cyclohex-2-enone (57b) 

 

MOMO H

OH
Bu

57a

MOMO

Bu

57b

O

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 

 

àʍ  117  mg,  àǞ  92%.  

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  

8  :  1  ~  7 .1  Hz) .  

1 H-NMR (400  MHz,  CDCl 3 )  δ :  5 .99  (1H,  s ) ,  4 .69  (1H,  d ,  J  =  7 .3  Hz) ,  

4 .67  (1H,  d ,  J  =  7 .3  Hz) ,  3 .32  (3H,  s ) ,  2 .60  (1H,  ddd ,  J  =  18 .3 ,  12 .8 ,  5 .8  

Hz) ,  2 .43  (1H,  dd ,  J  =  5 .3 ,  2 .6  Hz) ,  2 .41-2 .36  (2H,  m) ,  2 .29-2 .19  (2H,  m) ,  

1 .98  (1H,  m) ,  1 .60 -1 .24  (4H,  m) ,  1 .36  (3H,  s ) ,  1 .30  (3H,  s ) ,  0 .92  (3H,  t ,  

J  =  7 .3  Hz) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  199 .8 ,  166 .8 ,  127 .9 ,  90 .6 ,  78 .9 ,  55 .3 ,  

47 .4 ,  38 .5 ,  34 .0 ,  30 .0 ,  26 .4 ,  25 .9 ,  25 .0 ,  22 .4 ,  13 .8 .  

IR (neat) :  2956,  2930,  2873,  1669,  1618,  1144,  1038 cm - 1 .  

EI-MS m/z  (%):  254 (M + ,  0 .4) ,  196 (38) ,  193 (11) ,  154 (29) ,  151 (16) ,  124 

(33) ,  103 (54) ,  45 (100) .  

HR-EI-MS Ca lcd  fo r  C 1 5 H 2 6 O 3 :  m/z  254 .1882 .  Found :  254 .1881 .  
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3-Phenylcyc lohex-2-enone  (48b)  

 

OH
Ph Ph O

48a 48b

PDC 
PhI(OAc)2
pyridine

MgSO4, H2O
CH2Cl2, O2, rt

 

 

PhI (OAc) 2  (483  mg,  1 .50  mmol )  +  ćØy^��  (2 .0  mL)  ǋǁ(Ƶ  

(9 .0  µL,  9 .0  mg,  0 .50  mmol )  %ǔƵǽʊvNfTFx  (60 .2  mg,  0 .500  

mmol ) ,  l�U�  (0 .44  mL,  0 .44  g ,  5 .50  mmol ) ,  PDC (9 .4  mg,  25  µmol)  

AÔ� ,  5ÆůŢ�� .  �+ǂæǙ(C��C�Q��48a  (87 .1  mg,  0 .500  

mmol )  +ćØy^��  (0 .5  mL)  ǋǁAǌ�� ,  ʊȖʢýƴ�  (ba l loon)  

1 .5ƆʖůŢ�� .  �+ʻȸȲ+ßŏǋǁ(ʯòǒʊƵȖdb�FxƵǋ

ǁ%20%^Iǽʊdb�FxƵǋǁAÔ�15ÆůŢ� ,  ʺȡȲ+ßŏǋǁ

(��ņ( ,  UH^�H�`�$Ĳʋ� ,  ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊd

b�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J

~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  UH^�H�`�  =  2  :  1 )  

$ȓɆ� ,  ǯȲþ¤+Hg�48bA72 .1  mg (àǞ  84%)  Ŋ� .   

 

1 H-NMR (500  MHz,  CDCl 3 )  δ :  7 .55-7 .51  (2H,  m) ,  7 .42-7 .38  (3H,  m) ,  

6 .41  (1H,  m) ,  2 .77  (2H,  d t ,  J  =  1 .3 ,  6 .4  Hz) ,  2 .48  (2H,  t ,  J  =  6 .7  Hz) ,  

2 .18-2 .12  (2H,  m) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  199 .7 ,  159 .6 ,  138 .7 ,  129 .9 ,  128 .7 ,  126 .0 ,  

125 .4 ,  37 .2 ,  28 .0 ,  22 .7  

IR (KBr):  2938,  1661,  1603,  769 cm - 1 .  

EI-MS m/z  (%):  172 (M + ,  75) ,  145 (11) ,  144 (100) ,  116 (43) ,  115 (53)  
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HR-EI-MS Ca lcd  fo r  C 1 2 H 1 2 O:  m/z  172 .0888 .  Found :  172 .0887  

mp.  64-66ºC (ǔȲƗǛȝƇ ,  ÁȝƇǋē ,  pKS� ) .  

 

 

Ethyl  2-(3-oxocyclohex-1-en-1-yl)acetate (49b) 

 

OH
O

EtO2C EtO2C

49a 49b

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

 

 

C��C�Q��49a  (92 .1  mg,  0 .500  mmol )  +  ćØy^��  (5 .0  mL)  

ǋǁ(ǔƵǽʊvNfTFx  (60 .2  mg,  0 .500  mmol )%  Ƶ  (9 .0  µL,  9 .0  mg,  

0 .50  mmol ) ,  PhI (OAc) 2  (483  mg,  1 .50  mmol )  ,  PDC (9 .4  mg ,  25  µmol)  A

Ô� ,  ʊȖʢýƴ�  (ba l loon)  ,  24ƆʖůŢ�� .  �+ʻȸȲ+ßŏǋǁ(

ʯòǒʊƵȖdb�FxƵǋǁ% 20%^Iǽʊdb�FxƵǋǁAÔ�

15ÆůŢ� ,  ʺȡȲ+ßŏǋǁ(��ņ( ,  UH^�H�`�$Ĳʋ� ,  ʯ

òʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  

Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS

�  :  ʈʊH^�  =  3  :  1  =  2  :1 )  $ȓɆ� ,  ǔȲƺǛ+Hg�49bA63 .2  mg 

(àǞ  69%)  Ŋ� .   

 

1 H-NMR (500  MHz,  CDCl 3 )  δ :  5 .95  (1H,  t ,  J  =  1 .2  Hz) ,  4 .18  (2H,  q ,  J  =  

7 .1  Hz) ,  3 .23  (2H,  s ) ,  2 .42-2 .37  (4H,  m) ,  2 .06-2 .00  (2H,  m) ,  1 .28  (3H,  t ,  

J  =  7 .1  Hz) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  199 .3 ,  169 .3 ,  157 .2 ,  128 .7 ,  61 .2 ,  43 .3 ,  

37 .0 ,  29 .5 ,  22 .5 ,  14 .1 .  
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IR (neat) :  2944,  1734,  1683 cm - 1 .  

EI-MS m/z  (%):  182 (M + ,  100) ,  137 (17) ,  126 (39) ,  110 (16) ,  109 (35) ,  108 

(33) ,  107 (18) ,  98 (66) ,  95 (22) ,  88 (12)  81 (25) ,  79 (10) ,  53 (14) .  

HR-EI-MS Ca lcd  fo r  C 1 0 H 1 4 O 3 :  m/z  182 .0943 .  Found :  182 .0941 .  

 

 

Ethyl  2-[(6S ) -6-{(R ) -[ ( tr imethyls i lyl)oxy][(R ) -2 ,2-dimethyl-1,3- 

dioxolan-4-yl]methyl}-3-oxycyclohex-1-en-1-yl]acetate  (37)  

 

PDC 
PhI(OAc)2

MgSO4, H2O
CH2Cl2, O2, rt

TMSO

H

O

O
O

EtO2C

37

TMSO

H

O
O

EtO2C

OH
36  

 

C��C�Q�� 36  (193  mg,  0 .500  mmol )  +  ćØy^��  (5 .0  mL)  

ǋǁ(ǔƵǽʊvNfTFx  (60 .2  mg,  0 .500  mmol )%  Ƶ  (9 .0  µL,  9 .0  mg,  

0 .50  mmol ) ,  PhI (OAc) 2  (483  mg,  1 .50  mmol )  ,  PDC (9 .4  mg ,  25  µmol)  A

Ô� ,  ʊȖʢýƴ�  (ba l loon)  ,  24 ƆʖůŢ�� .  �+ʻȸȲ+ßŏǋǁ(

ʯòǒʊƵȖdb�FxƵǋǁ% 20%^Iǽʊdb�FxƵǋǁAÔ�

15ÆůŢ� ,  ʺȡȲ+ßŏǋǁ(��ņ( ,  UH^�H�`�$Ĳʋ� ,  ʯ

òʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  

Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS

�  :  ʈʊH^�  =  5  :  1 )  $ȓɆ� ,  ǔȲƺǛ+Hg� 37b A 134  mg (àǞ  

70%)  Ŋ� .  
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ƒó, 1 H-NMR �Ȍ�ȋ$æŚ��Hg� 37b %ȱ	�ȮAȁ���%


;�+ƣɷAǾə�� .   



106 

Ȍ�ȋ  

 

Ethy l  2 -{ (1S , 2R , 6S ) -2 -[ (R ) - [ ( t r imethy l s i ly l )oxy] ( (R ) -2 ,2 -d imethy l -  

1 ,3 -d ioxo lan-4-y l )methy l ] -7 -methy lene-5-oxobicyc lo [4 .2 .0 ]oc tan-1-  

y l }ace ta te  (38α )  

Ethy l  2 -{ (1R , 2R , 6R ) -2 -[ (R ) - [ ( t r imethy l s i ly l )oxy] ( (R ) -2 ,2 -d imethy l -  

1 ,3 -d ioxo lan-4-y l )methy l ] -7 -methy lene-5-oxobicyc lo [4 .2 .0 ]oc tan-1-  

y l }ace ta te  (38β )  

 

TMSO

H

O

O
O

EtO2C

38α

•
hν (Pyrex®)

MeOH, -70ºC
TMSO

H

O

O
O

EtO2C

38β

+TMSO

H

O

O
O

EtO2C

37  

 

Hg� 37  (158  mg,   0 .412  mmol )  +y\g��  (15  mL)  ǋǁ( ,  -78 ºC

$C��  (15  mL)  AÔ� ,  100W ʷÿƵʏ~�o+¼¹AiE�_MV

mD�\�Aɶ�# -70 ºC $ 6 ƆʖǖĠ�� .  E t 3 N  (1  mL)  AÔ� ,  ĜǇ$

C��AǩÞ��ņ ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�

J~xM�vbN~mD�  (ǋÅǋē ,  pKS� :  ʈʊH^�  =6  :  1 )  $ȓ

Ɇ� ,  ǔȲƺǛ+UCV`�Iv�ǂæǙA 150  mg (àǞ  86%,  38α  :  38β  

=  4  :  1 )  Ŋ� .    

 

38α  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  4 .97  (1H,  q ,  J  =  2 .6  Hz) ,  4 .89  (1H,  q ,  J  =  

2 .6  Hz) ,  4 .19-4 .06  (3H,  m) ,  3 .96  (1H,  dd ,  J  =  8 .4 ,  6 .7  Hz) ,  3 .87  (1H,  dd ,  
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J  =  6 .4 ,  4 .9  Hz) ,  3 .81  (1H,  dd ,  J  =  8 .4 ,  6 .9  Hz) ,  3 .52  (1H,  q ,  J  =  2 .6  Hz) ,  

3 .11  (1H,  d ,  J  =  16 .5  Hz) ,  3 .07  (1H,  dq ,  J  =  16 .8 ,  2 .6  Hz) ,  2 .60  (1H,  d ,  J  

=  16 .5  Hz) ,  2 .52  (1H,  d t ,  J  =  18 .0 ,  3 .1  Hz) ,  2 .50  (1H,  d t ,  J  =  16 .8 ,  2 .6  

Hz) ,  2 .20  (1H,  dddd ,  J  =  18 .0 ,  13 .1 ,  5 .8 ,  0 .6  Hz) ,  2 .06  (1H,  ddd ,  J  =  12 .2 ,  

6 .4 ,  3 .4  Hz) ,  2 .05-1 .90  (2H,  m) ,  1 .39  (3H,  s ) ,  1 .34  (3H,  s ) ,  1 .24  (3H,  t ,  J  

=  7 .1  Hz) ,  0 .13  (9H,  s ) .  

1 3 C-NMR (125  MHz,  CDCl 3 )  δ :  208 .7 ,  171 .7 ,  142 .0 ,  109 .5 ,  108 .9 ,  77 .9 ,  

74 .3 ,  66 .0 ,  61 .8 ,  60 .5 ,  44 .9 ,  41 .0 ,  39 .0 ,  38 .9 ,  38 .4 ,  26 .2 ,  25 .1 ,  23 .6 ,  14 .2 ,  

0 .6 .  

IR (neat) :  2983,  2956,  2899,  1730,  1708,  1672,  1370,  1370,  1251,  1212,  

1177,  1163,  1108,  1064,  876,  843,  752 cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 2 2 H 3 7 O 6 Si :  425.2359.  

Found:  425.2357 (MH + ) .  

[α ] D
2 5  =  +45 .0°  (c  1 .04 ,  CHCl 3 ) .  

 

38β  

1 H-NMR (300  MHz,  CDCl 3 )  δ :  4 .93  (1H,  q ,  J  =  2 .6  Hz) ,  4 .87  (1H,  q ,  J  =  

2 .6  Hz) ,  4 .22-4 .02  (4H,  m) ,  3 .90  (1H,  t ,  J  =  8 .0  Hz) ,  3 .65  (1H,  t  J  =  8 .0  

Hz) ,  3 .58  (1H,  q ,  J  =  2 .5  Hz) ,  2 .85  (1H,  d ,  J  =  16 .0  Hz)  2 .78  (1H,  m) ,  

2 .77  (1H,  d ,  J  =  16 .0  Hz) ,  2 .42-2 .18  (3H,  m) ,  2 .07-1 .78  (3H,  m) ,  1 .42  

(3H,  s ) ,  1 .39  (3H,  s ) ,  1 .25  (3H,  t ,  J  =  7 .1  Hz) ,  0 .13  (9H,  s ) .  
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Ethyl  2 -{ (1S , 2R , 6R ) -2 -[ (R ) - [ ( t r imethy l s i ly l )  oxy] ( (R ) -  2 ,2 -d imethy l -  

1 ,3 -d ioxo lan-4-y l )methy l ] -5 ,7 -d ioxobicyc lo [4 .2 .0 ]oc tan-1-y l }ace ta te  

(58α )  

Ethy l  2 -{ (R ) -6 -[ (R ) - [ ( t r imethy l s i ly l )oxy] ( (R ) -2 ,2 -d imethy l -1 ,3 -  

d ioxo lan-4-y l )methy l ] -1 -{ [ ( t e r t -buthy l )oxycarbonyl ]methy l} -1 -  

[ ( e thoxycarbonyl )methy l ] -3 -oxocyc lohexy l}ace ta te  (39)  

 

TMSO

H

O

O
O

O3, EtOH, -78°C

then Ph3P, -78ºC to rt EtO2C

CO2Et

TMSO

H

O

O
O

O

EtO2C
+

TMSO

H

O

O
O

EtO2C

38 39α : β = 4 : 1
58α  

 

TM�n\� 38  (200  mg,  0 .472  mmol )  +H\g��  (2 .0  mL)  ǋǁ( ,  

ůŢ� -78 ºC $I[�Aßŏǋǁ�ʤ.'=4$ì,�B� .  ¥Æ'I[

�AC�R�$ʚÞ� ,  PPh 3  (248  mg,  0 .944  mmol )  AÔ� ,  ĜǇ$ 1 Ɔʖ

ůŢ�� .  ßŏǋǁAǅÿǐȣ� ,  Ŋ;>�ƭǆAT�JP�J~xM�

vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  5  :  1  ~  1  :  1 )  $ȓɆ

� ,  ǔȲƺǛ+TM�n\g� 58αA 126  mg (àǞ  63%)  %ǔȲƺǛ+U

HV`� 39  A 38  mg (àǞ  17%)Ŋ� .  

 

TM�n\�g� 58α  

1 H-NMR (500  MHz,  CDCl 3 )  δ :  4 .21  (1H,  d t ,  J  =  5 .0 ,  6 .7  Hz) ,  4 .16  (2H,  q ,  

J  =  7 .1  Hz) ,  4 .01  (1H,  dd ,  J  =  8 .4 ,  6 .7  Hz) ,  4 .00  (1H,  dd ,  J  =  3 .7 ,  3 .3  Hz) ,  

3 .89  (1H,  dd ,  J  =  8 .4 ,  6 .7  Hz) ,  3 .85  (1H,  dd ,  J  =  6 .6 ,  5 .0  Hz) ,  3 .50  (1H,  

dd ,  J  =  18 .6 ,  2 .6  Hz) ,  3 .30  (1H,  d ,  J  =  16 .7  Hz) ,  3 .01  (1H,  dd ,  J  =  18 .6 ,  
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3 .7  Hz) ,  2 .65  (1H,  d ,  J  =  16 .7   Hz) ,  2 .50  (1H,  d t ,  J  =  18 .1 ,  3 .3  Hz) ,  

2 .33-2 .18  (2H,  m) ,  2 .13  (1H,  dd t ,  J  =  14 .4 ,  5 .5 ,  2 .5  Hz) ,  1 .66  (1H,  dd t ,  J  

=  13 .7 ,  3 .5 ,  13 .0  Hz) ,  1 .40  (3H,  s ) ,  1 .34  (3H,  s ) ,  1 .26  (3H,  t ,  J  =7 .1  Hz) ,  

0 .14  (9H,  s ) .  

1 3 C-NMR (125  MHz,  CDCl 3 )  δ :  200 .8 ,  198 .4 ,  171 .3 ,  109 .7 ,  78 .8 ,  77 .6 ,  

74 .5 ,  65 .7 ,  60 .8 ,  54 .4 ,  44 .8 ,  40 .5 ,  39 .2 ,  34 .3 ,  26 .2 ,  24 .8 ,  23 .8 ,  14 .1 ,  0 .5 .  

IR (neat) :  2983,  2956,  2900,  1789,  1729,  1702,  1457,  1371,  1251,  1205,  

1161,  1119,  1074,  1032,  987,  875,  843,  753 cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 2 1 H 3 5 O 7 S i :  427.2152.  

Found:  427.2152 (MH + ) .  

 

UHV`� 39  

1 H-NMR (300  MHz,  CDCl 3 )  δ :  4 .17  (1H,  d t ,  J  =  6 .4 ,  7 .3  Hz) ,  4 .11  (2H,  q ,  

J  =  7 .1  Hz) ,  4 .10  (2H,  q ,  J  =  7 .1  Hz) ,  4 .04  (1H,  dd ,  J  =  8 .2 ,  6 .4  Hz) ,  3 .87  

(1H,  dd ,  J  =  7 .3 ,  3 .2  Hz) ,  3 .63  (1H,  dd ,  J  =  8 .2 ,  7 .3  Hz) ,  2 .83  (1H,  d ,  J  

=  15 .4  Hz) ,  2 .77  (1H,  d ,  J  =  16 .5  Hz) ,  2 .72  (1H,  d ,  J  =  20 .0  Hz) ,  2 .71  (1H,  

d ,  J  =  20 .0  Hz) ,  2 .66  (1H,  d ,  J  =  16 .5  Hz) ,  2 .65  (1H,  d ,  J  =  15 .4  Hz) ,  2 .47  

(1H,  dddd ,  J  =  14 .5 ,  7 .3 ,  6 .4 ,  1 .5  Hz) ,  2 .36-2 .23  (2H,  m) ,  2 .11  (dddd ,  1H,  

J  =  14 .1 ,  7 .5 ,  6 .4 ,  4 .0  Hz) ,  1 .86  (1H,  dd t ,  J  =  14 .5 ,  5 .8 ,  8 .5  Hz) ,  1 .40  (3H,  

s ) ,  1 .33  (3H,  s ) ,  1 .25  (3H,  t ,  J  =7 .1  Hz) ,  1 .24  (3H,  t ,  J  =7 .1  Hz) ,  0 .15  (9H,  

s ) .  

1 3 C-NMR (125  MHz,  CDCl 3 )  δ :  210 .3 ,  171 .5 ,  171 .5 ,  109 .4 ,  79 .0 ,  78 .9 ,  

66 .4 ,  60 .4 ,  60 .3 ,  50 .0 ,  41 .6 ,  41 .4 ,  41 .0 ,  39 .1 ,  28 .1 ,  26 .5 ,  25 .4 ,  14 .2 ,  0 .6 .  

IR (neat) :  2983,  2954,  2937,  2901,  1731,  1371,  1251,  1175,  1077,  1030,  

872,  843,  754 cm - 1 .  
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HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 2 3 H 4 1 O 8 Si :  473.2571.  

Found:  473.2574 (MH + ) .  

 

 

Ethyl  2 -{ (R ) -6 -[ (R ) - [ ( t r imethy l s i ly l )oxy] ( (R ) -2 ,2 -d imethy l -1 ,3 -  

d ioxo lan-4-y l )methy l ] -1 -{ [ ( t e r t -buthy l )oxycarbonyl ]methy l} -1 -  

[ ( e thoxycarbonyl )methy l ] -3 -oxocyc lohexy l}ace ta te  (39)  

 

TMSO

H

O

O
O

EtO2C

CO2Et

TMSO

H

O

O
O

O

EtO2C

3958α

NaOEt

EtOH, rt

 

 

TM�n\g�  58α  (100  mg,  0 .234  mmol )  + THF (0 .1  mL)  ǋǁ(

NaOEt  (1 .6  mg ,  0 .023  mmol )  AÔ� ,  ĜǇ$ 15 ÆůŢ�� .  ßŏǋǁA

UH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb

�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~

xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  4  :  1 )  $ȓɆ

� ,  ǔȲƺǛ+UHV`� 39 A 105  mg (àǞ  95%)  Ŋ� .  

 

ƒó, 1 H-NMR ��ɓ+UHV`� 39 %ȱ	�ȮAȁ���%
;�+

ƣɷAǾə�� .  
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Ethyl  2 -{ (1R ,  4aR ,  8aR ) -1 -[ (R ) -2 ,2 -d imethy l -1 ,3 -d ioxo lan-4-y l ] -3 ,6 -  

d ioxooctahydro-1H - i sochromen-4a-y l }ace ta te  (40)  

 

TMSO

H

O

O
O

EtO2C

CO2Et
40

O

H

O
O

O

CO2Et

O

TBAF, AcOH

THF, 0ºC to rt

39  

 

UHV`�  39  (257  mg,  0 .544  mmol )  + THF (5 .4  mL)  ǋǁ( ,  0 ºC $

ʈʊ  (0 .12  mL,  0 .13  mg,  2 .18  mmol )  % TBAF + THF ǋǁ  (1  M,  1 .1  mL,  

1 .1  mmol )  AÔ� ,  ĜǇ$ 1 ƆʖůŢ�� .  ßŏǋǁAʈʊH^�$Ĳʋ� ,  

ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�

� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pK

S�  :  ʈʊH^�  =  1  :  2 )  $ȓɆ� ,  ǔȲƺǛ+ObHV`� 40A 154  mg 

(àǞ  80%)  Ŋ� .  

 

1 H-NMR (300  MHz,  CDCl 3 )  δ :  4 .31  (1H,  d t ,  J  =  1 .6 ,  6 .8  Hz) ,  4 .29  (1H,  

dd ,  J  =  9 .2 ,  1 .6  Hz) ,  4 .20-4 .07  (4H,  m) ,  2 .79  (1H,  d ,  J  =  16 .5  Hz) ,  2 .54  

(1H,  d ,  J  =  15 .0  Hz) ,  2 .48  (1H,  d ,  J  =  16 .5  Hz) ,  2 .38  (1H,  d ,  J  =  15 .0  Hz) ,  

2 .35  (2H,  s ) ,  2 .49-2 .33  (3H,  m) ,  2 .21  (dddd ,  1H,  J  =  16 .0 ,  9 .2 ,  6 .8 ,  4 .9  

Hz) ,  1 .89  (dq ,  1H,  J  =  15 .2 ,  4 .9  Hz) ,  1 .40  (3H,  s ) ,  1 .36  (3H,  s ) ,  1 .26  (3H,  

t ,  J  =  7 .1  Hz) .  

1 3 C-NMR (125  MHz,  CDCl 3 )  δ :  208 .3 ,  169 .6 ,  169 .6 ,  110 .2 ,  77 .5 ,  75 .2 ,  

65 .1 ,  61 .0 ,  47 .7 ,  43 .7 ,  40 .1 ,  38 .1 ,  36 .4 ,  35 .7 ,  25 .9 ,  25 .5 ,  23 .1 ,  14 .1 .  

IR (neat) :  2958,  2926,  2854,  1760,  1731,  1712,  1463,  1380,  1260,  1155,  
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1094,  1068,  1029,  876,  802 cm - 1 .  

EI-MS m /z  (%):  354 (M + ,  1 .0) ,  340 (18) ,  339 (100) ,  209 (16) ,  191 (48) ,  101 

(78) ,  43 (12) .  

HR-EI-MS m /z :  Calcd for  C 1 8 H 2 6 O 7 :  354.1679.  Found:  354.1677.  

 [α ] D
2 5  =  +4 .6°  (c  1 .12 ,  CHCl 3 ) .  

 

 

Ethy l  2 -{ (1R ,  4aR ,  8aR ) -1 -[ (R ) -2 ,2 -d imethy l -1 ,3 -d ioxo lan-4-y l ] -3 ,6 -  

d ioxo-octahydro-1H - i sochromen-4a-y l }ace ta te  (40)  

 

40

O

H

O
O

O

CO2Et

O

TBAF, AcOH

THF, 0ºC to rt

58α

TMSO

H

O

O
O

O

EtO2C

 

 

UHV`�  58α  (129  mg,  0 .302  mmol )  + THF (3 .0  mL)  ǋǁ( ,  0 ºC

$ʈʊ  (0 .69  mL,  0 .073  g ,  1 .21  mmol )  % TBAF+ THFǋǁ  (1  M,  0 .6  mL,  

0 .60  mmol )  AÔ� ,  ĜǇ$ 1 ƆʖůŢ�� .  ßŏǋǁAʈʊH^�$Ĳʋ

� ,  ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ

�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  p

KS�  :  ʈʊH^�  =  1  :  2 )  $ȓɆ� ,  ǔȲƺǛ+ObHV`� 40 A 99 .5  

mg (àǞ  93%)  Ŋ� .  

 

ƒó, 1 H-NMR ��ɓ+ObHV`� 40 %ȱ	�ȮAȁ���%
;�

+ƣɷAǾə�� .  
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Ethyl  2 -{ (1R ,  4aR ,  8aR ) -1 -[ (R ) -2 ,2 -d imethy l -1 ,3 -d ioxo lan-4-y l ] -3 ,6 -  

d ioxo-octahydro-1H - i sochromen-4a-y l }ace ta te  (40)  

 

O3, CH2Cl2, -78ºC

then Ph3P, -78ºC to rt
then TBAF, AcOH, rt

40

O

H

O
O

O

CO2Et

O

TMSO

H

O

O
O

EtO2C

38
α : β = 4 : 1

 

 

TM�n\� 38  (1 .05g ,   2 .47mmol)  +ćØy^��  (12 .4  mL)  ǋǁ( ,  

-78 ºC $I[�Aʤ.'=4$ì,�B� .  ¥Æ'I[�AC�R�$ʚ

Þ� ,  PPh 3 (1 .30  g ,  4 .94  mmol )AÔ� ,  ĜǇ$ 15  ÆůŢ�� .  �+ņ ,  ß

ŏǋǁ(ʈʊ  (0 .57  mL,  0 .59  g ,  9 .88  mmol )  % TBAF + THF ǋǁ  (1  M,  

4 .9  mL,  4 .94  mmol )  AÔ� ,  ĜǇ$ 3 ƆʖůŢ�� .  ßŏǋǁAʈʊH^

�$Ĳʋ� ,  ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋ

ēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋ

Åǋē ,  pKS�  :  UH^�H�`�  :  ʈʊH^�  =  1  :  1  :  3 )  $ȓɆ� ,  ǔ

ȲƺǛ+ObHV`� 40 A  800  mg (àǞ  90%)Ŋ� .  

 

ƒó, 1 H-NMR ��ɓ+ObHV`� 40 %ȱ	�ȮAȁ���%
;�

+ƣɷAǾə�� .  
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(1S ,  5R ,  6R,  9R ) -5 -( (R ) -2 ,2 -Dimethy l -1 ,3 -d ioxo lan-4-y l ) -9 -hydroxy-  

4 -oxatr icyc lo [7 .2 .1 .0 1 , 6 ]dodecan-3 ,10-one  (35)  

 

O

O

H

O
O

OH

O

O

H

O

O
O

O

CO2Et 3540

SmI2-Sm

HMPA, t-BuOH
THF, rt

 

 

ObHV`� 40  (312  mg,   0 .880  mmol )  + THF -  HMPA -  t -BuOH (20  :  

1  :  0 .15 ,  17 .6  mL)  ǋǁ( ,  SmI 2 + THF ǋǁ  (0 .1M,   26 .4  mL,  2 .64  mmol )  

AĜǇ$ǌ�� ,  20ÆʖůŢ�� .  ßŏǋǁ(ȉƴAì,ɲ5 ,  ʈʊH^�

$Ĳʋ��ǋǁAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  ʈʊ

H^� )  $ȓɆ� ,  ǔȲƺǛ+ObC�Q�� 35 A 238  mg (àǞ  87%)  Ŋ

� .  

 

1 H-NMR (500  MHz,  CDCl 3 )  δ :  4 .31(1H,  dd ,  J  =  10 .5 ,  0 .7  Hz) ,  4 .29  (1H,  

ddd ,  J  =  7 .2 ,  6 .8 ,  0 .7  Hz) ,  4 .15  (1H,  dd ,  J  =  8 .1 ,  6 .8  Hz) ,  4 .09  (1H,  dd ,  

J  =  8 .1 ,  7 .2  Hz) ,  2 .68  (1H,  d ,  J  =  17 .4  Hz) ,  2 .48  (1H,  d ,  J  =  17 .4  Hz) ,  

2 .25  (1H,  dd ,  J  =  18 .9 ,  3 .5  Hz) ,  2 .20  (1H,  d ,  J  =  18 .9  Hz) ,  2 .17  (1H,  dd ,  

J  =  10 .5 ,  5 .6  Hz) ,  2 .08  (1H,  dd ,  J  =  11 .9 ,  3 .5  Hz) ,  1 .90-1 .66  (5H,  m) ,  

1 .36  (3H,  s ) ,  1 .35  (3H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  216 .1 ,  168 .8 ,  110 .1 ,  79 .7 ,  77 .7 ,  75 .0 ,  

65 .0 ,  47 .2 ,  41 .6 ,  40 .9 ,  37 .7 ,  36 .2 ,  33 .3 ,  25 .8 ,  25 .6 ,  21 .2 .  

IR (neat) :  3434,  2986,  2937,  2901,  1747,  1738,  1458,  1382,  1372,  1260,  

1219,  1159,  1102,  1082,  1066,  1034,  1002,  984,  917,  881,  853,  731 cm - 1 .  
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EI-MS m /z  (%):  310 (M + ,  0 .73) ,  296 (16) ,  295 (100) ,  101 (77) ,  43 (14) .  

HR-EI-MS m /z :  Calcd for  C 1 6 H 2 2 O 6 :  310.1416.  Found:  310.1417.  

[α ] D
2 5  =  +2 .5°  (c  1 .07 ,  CHCl 3 ) .  

 

 

(1S ,  5R ,  6R,  9R ) -5 -( (R ) -2 ,2 -Dimethy l -1 ,3 -d ioxo lan-4-y l ) -9 -  

(methoxymethoxy) -4 -oxatr icyc lo [7 .2 .1 .0 1 , 6 ]dodecan-3 ,10-one  (59)  

 

MOMCl, i-Pr2NEt

(CH2Cl)2, 40ºC

O

O

H

O
O

OH

O35

O

O

H

O
O

OMOM

O59  

 

ObC�Q�� 35  (632  mg,  2 .04  mmol )  + 1 ,2 -UM��H\�  (10 .0  

mL)  ǋǁ( ,  40 ºC $UEZo�l�H^�Cw�  (1 .4  mL,  1 .1  g ,  8 .16  

mmol )  % MOMCl  (0 .31  mL,  0 .33  g ,  4 .08  mmol )  AÔ�# 6 ƆʖůŢ�� .  

ßŏǋǁAʈʊH^�$Ĳʋ� ,  ʯòǒʊƵȖdb�FxƵǋǁ ,  Ƶ ,  �:

.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ

�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  p

KS�  :  ʈʊH^�  =  1  :  2 )  $ȓɆ� ,  ǔȲƺǛ+Ob� 59 A  714  mg (à

Ǟ  99%)  Ŋ� .  

 

1 H-NMR (300  MHz,  CDCl 3 )  δ :  4 .82  (1H,  d ,  J  =  7 .6  Hz) ,  4 .65  (1H,  d ,  J  =  

7 .6  Hz) ,  4 .32  (1H,  d ,  J  =  10 .4  Hz) ,  4 .25  (1H,  t ,  J  =  7 .3  Hz) ,  4 .17  (1H,  t ,  

J  =  7 .3  Hz) ,  4 .10  (1H,  t ,  J  =  7 .3  Hz) ,  3 .35  (3H,  s ) ,  2 .69  (1H,  d ,  J  =  17 .2  
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Hz) ,  2 .49  (1H,  d ,  J  =  17 .2  Hz) ,  2 .30-2 .20  (5H,  m) ,  1 .92-1 .57  (4H,  m) ,  

1 .38  (3H,  s ) ,  1 .37  (3H,  s ) .  

1 3 C-NMR (125  MHz,  CDCl 3 )  δ :  213 .7 ,  168 .8 ,  110 .0 ,  92 .4 ,  83 .5 ,  77 .7 ,  

74 .9 ,  64 .9 ,  55 .8 ,  48 .1 ,  41 .0 ,  39 .2 ,  37 .6 ,  36 .1 ,  31 .1 ,  25 .8 ,  25 .4 ,  20 .9 .  

IR (neat) :  2941,  2901,  1747,  1740,  1457,  1372,  1259,  1217,  1153,  1113,  

1062,  1045,  1004,  917,  855 cm - 1 .  

HR-FAB-MS (glycerol)  m /z :  Calcd for  C 1 8 H 2 7 O 7 :  355.1757.  Found:  

355.1754 (MH + ) .  

  

 

(1R ,  5R ,  6R,  9R ) -5 -( (R ) -2 ,2 -Dimethy l -1 ,3 -d ioxo lan-4-y l ) -9 -  

(methoxymethoxy) -10-methy lene-4-oxatr icyc lo [7 .2 .1 .0 1 , 6 ] -  

dodecan-3-one  (60)  

 

O

O

H

O
O

OMOMTHF, t-BuOH
40ºC

Ph3P CH2

60

O

O

H

O
O

OMOM

O59  

 

y^�b�mGe�sVseFx=n�wc  (1 .04 g,  2 .78 mmol)  + THF 

-  t-BuOH (2 :  1 ,  21.0 mL) ǋǁ( t-BuOK (160 mg,  1 .39 mmol)  AÔ� 40ºC

$ 10 ÆʖůŢ�� .  �>(Ob� 59 (197 mg,  0 .556 mmol)  + THF (7.0 

mL) ǋǁAǌ�� ,  30 ÆʖůŢ�� .  ßŏǋǁ(ʯòćØC�zeFxƵǋ

ǁ%ʈʊH^�AÔ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�F

x$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM
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�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  2  :  1 )  $ȓɆ� ,  ǔ

ȲƺǛ+~Mb� 60 A  181  mg (àǞ  92%)  Ŋ� .  

1 H-NMR (300  MHz,  CDCl 3 )  δ :  5 .11-5 .01  (2H,  m) ,  4 .82  (1H,  d ,  J  =  7 .2  

Hz) ,  4 .63  (1H,  d ,  J  =  7 .2  Hz) ,  4 .25  (1H,  t ,  J  =  7 .4  Hz) ,  4 .20  (1H,  d ,  J  =  

10 .4  Hz) ,  4 .15  (1H,  t ,  J  =  7 .4  Hz) ,  4 .07  (1H,  t ,  J  =  7 .4  Hz) ,  2 .51  (1H,  d ,  

J  =  17 .3  Hz) ,  3 .36  (3H,  s ) ,  2 .36  (1H,  d ,  J  =  17 .3  Hz) ,  2 .30  (1H,  m) ,  2 .00  

(1H,  dd ,  J  =  10 .4 ,  4 .9  Hz) ,  1 .91-1 .74  (4H,  m) ,  1 .67-1 .53  (2H,  m) ,  1 .37  

(6H,  s ) .  

1 3 C-NMR (125  MHz,  CDCl 3 )  δ :  170 .0 ,  149 .6 ,  110 .0 ,  106 .3 ,  91 .8 ,  84 .3 ,  

78 .3 ,  75 .1 ,  65 .1 ,  55 .4 ,  42 .6 ,  41 .9 ,  41 .3 ,  38 .3 ,  38 .1 ,  35 .1 ,  25 .9 ,  25 .7 ,  

21 .5 .  

IR (neat) :  2984,  2933,  2888,  1738,  1654,  1455,  1381,  1371,  1239,  1221,  

1153,  1106,  1068,  1045,  1011,  918,  888 cm - 1 .  

EI-MS m/z  (%):  352 (M + ,  4 .4) ,  338 (19) ,  337 (100) ,  215 (18) ,  152 (19) ,  101 

(78) ,  45 (39) ,  43 (11) .  

HR-EI-MS m /z :  Calcd for  C 1 9 H 2 8 O 6 :  352.1886.  Found:  352.1885.  

Anal .  Calcd for  C 1 9 H 2 8 O 6 :  C,  64.75;  H,  8 .31.   Found:  C,  64.79;  H,  8 .01.  

[α ] D
2 5   =  +73 .4°  (c  1 .04 ,  CHCl 3 ) .  
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(1R ,  2S ,  5R ,  6R,  9R ) -5 -( (R ) -2 ,2 -Dimethy l -1 ,3 -d ioxo lan-4-y l ) -2 -  

{ [ (2 -( tr imethy l s i ly l )e thoxy)methoxy]methyl} -9 -(methoxymethoxy) -10

-methy lene-4-oxatr icyc lo [7 .2 .1 .0 1 , 6 ]dodecan-3-one  (62β )  

(1R ,  2R ,  5R ,  6R,  9R ) -5 -( (R ) -2 ,2 -Dimethy l -1 ,3 -d ioxo lan-4-y l ) -2 -  

{ [ (2 -( tr imethy l s i ly l )e thoxy)methoxy]methyl} -9 -(methoxymethoxy) -10

-methy lene-4-oxatr icyc lo [7 .2 .1 .0 1 , 6 ]dodecan-3-one  (62α )  

 

O

O

H

O
O

OMOM

60

61

O

O

H

O
O

OMOM

OSEM

N
N

N

1) LDA, 61, THF, -78ºC

62β

2) SEMCl, i-Pr2NEt
    CH2Cl2, rt

OH

O

O

H

O
O

OMOM

OSEM

62α

+

 

 

UEZo�l�Cw�  (0 .10  mL,  74  mg,  0 .730  mmol )  + THF (2  mL)  ǋ

ǁ( ,  -78 ºC $ n -BuLi +pKS�ǋǁ  (2 .66  M,  0 .27  mL,  0 .730  mmol )  A

ǌ�� ,  30 ÆʖůŢ�� .  �>(~Mb� 60  (85 .1  mg,  0 .243  mmol)  +

THF (2 .0  mL)  ǋǁAǌ�� ,  1 ƆʖůŢ�� .  �+ǂæǙ( 61  (72 .5  g ,  

0 .486  mmol )  + THF (6 .0  mL)ǋǁA 1 Ɔʖ
�#ǌ�� ,  15 ÆʖůŢ�

� .  ßŏǋǁ(ƵAÔ� ,  ʈʊH^�$Ĳʋ� ,  1 .0  M NaOH Ƶǋǁ ,  �:

.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ

�� .  Ŋ;>�ƭǆ+ćØy^��  (2 .4  mL)  ǋǁ(UEZo�l�H^

�Cw�  (91  µL,  69  mg,  0 .535  mmol )  % SEMCl  (86  µL,  81  mg,  0 .486  

mmol )  AÔ� ,  3ƆʖůŢ�� .  ßŏǋǁ(ʯòǒʊƵȖdb�FxƵǋǁ

AÔ� ,  ʈʊH^�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊd

b�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J
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~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  5  :  1  ~  3  :  1 )  

$ȓɆ� ,  ǔȲƺǛ+~Mb� 62βA 77 .8  mg (àǞ  62%)% ,  ǔȲƺǛ+

~Mb� 62αA 17 .8  mg (àǞ  14%)  Ŋ� .  

 

~Mb� 62β  

1 H-NMR (300  MHz,  CDCl 3 )  δ :  5 .03-4 .97  (2H,  m) ,  4 .79  (1H,  d ,  J  =  7 .3  

Hz) ,  4 .64  (1H,  d ,  J  =  6 .8  Hz) ,  4 .61  (1H,  d ,  J  =  6 .8  Hz) ,  4 .60  (1H,  d ,  J  =  

7 .3  Hz) ,  4 .23  (1H,  d t ,  J  =  0 .9 ,  6 .9  Hz) ,  4 .18  (1H,  dd ,  J  =  10 .5 ,  0 .9  Hz) ,  

4 .15  (1H,  dd ,  J  =  8 .0 ,  6 .9  Hz) ,  4 .03  (1H,  dd ,  J  =  8 .0 ,  6 .9  Hz) ,  3 .87  (1H,  

dd ,  J  =  10 .2 ,  5 .7  Hz) ,  3 .79  (1H,  dd ,  J  =  10 .2 ,  6 .0  Hz) ,  3 .62-3 .52  (2H,  m) ,  

3 .33  (3H,  s ) ,  2 .55  (1H,  t ,  J  =  5 .9  Hz) ,  2 .47  (1H,  d t ,  J  =  17 .1 ,  2 .7  Hz) ,  

2 .37  (1H,  m) ,  2 .27  (1H,  dd ,  J  =  10 .5 ,  5 .2  Hz) ,  1 .95-1 .73  (4H,  m) ,  

1 .65-1 .51  (2H,  m) ,  1 .34  (6H,  s ) ,  0 .95-0 .88  (2H,  m) ,  0 .00  (9H,  s ) .  

1 3 C-NMR (125  MHz,  CDCl 3 )  δ :  170 .8 ,  149 .6 ,  109 .8 ,  106 .0 ,  94 .8 ,  91 .7 ,  

83 .6 ,  78 .5 ,  75 .0 ,  66 .4 ,  65 .3 ,  65 .0 ,  55 .3 ,  51 .5 ,  43 .5 ,  40 .5 ,  40 .4 ,  35 .1 ,  34 .0 ,  

25 .9 ,  25 .7 ,  21 .4 ,  18 .0 ,  -1 .5 .  

IR (neat) :  2944,  2876,  1734,  1558,  1457,  1371,  1247,  1154,  1108,  1045,  

860,  834 cm - 1 .  

HR-FAB-MS  (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 2 6 H 4 5 O 8 S i :  513.2884.  

Found:  513.2883 (MH + ) .  

 

~Mb� 62α  

1 H-NMR (300  MHz,  CDCl 3 )  δ :  5 .03-4 .95  (2H,  m) ,  4 .79  (1H,  d ,  J  =  7 .3  

Hz) ,  4 .64  (1H,  d ,  J  =  6 .8  Hz) ,  4 .61  (1H,  d ,  J  =  6 .8  Hz) ,  4 .60  (1H,  d ,  J  =  

7 .3  Hz) ,  4 .30  (1H,  d t ,  J  =  0 .8 ,  7 .2  Hz) ,  4 .23  (1H,  dd ,  J  =  10 .5 ,  0 .8  Hz) ,  
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4 .18  (1H,  dd ,  J  =  8 .0 ,  7 .2  Hz) ,  4 .03-3 .84  (2H,  m) ,  3 .80 -3 .52  (3H,  m) ,  

3 .33  (3H,  s ) ,  2 .55  (1H,  t ,  J  =  5 .9  Hz) ,  2 .47  (1H,  d t ,  J  =  17 .1 ,  2 .7  Hz) ,  

2 .37  (1H,  d ,  J  =  1 .8  Hz) ,  2 .27  (1H,  dd ,  J  =  10 .5 ,  5 .2  Hz) ,  1 .90-1 .65  (4H,  

m) ,  1 .67-1 .51  (2H,  m) ,  1 .34  (6H,  s ) ,  0 .95-0 .88  (2H,  m) ,  0 .00  (9H,  s ) .  
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Ȍùȋ  

 

(S ) -2 -{ (R ) -Hydroxy[ (2R , 4R ) -2 -(4 -methoxyphenyl ) -1 ,3 -d ioxan-4-  

y l ]methy l}cyc lohexanone  (76)  

 

O
16

L-proline
H2O, rt

O

O PMP

HO
H

O

O

O PMP

H

75 76

O

 

 

C�ajc 75  (4 .79  g ,  21 .6  mmol )  +TM�pKSg�  (112  ml ,  106  g ,  

1 .08  mol )  ǋǁ(Ƶ  (1 .9  ml ,  2 .0  g ,  108  mmol )  % L -o���  (745  mg,  

6 .47  mmol )  AÔ� ,  ĜǇ$ 30 ƆʖůŢ�� .  ßŏǋǁApKS�$čɼÏ

Ĳʋ�# ,  �>AJ~xM�vbN~mD�  (ǋÅǋē ,  pKS�  ~  pKS

�  :  ʈʊH^�  =  2  :  1 )  $ȓɆ� ,  ǔȲƺǛ+C�c�� 76 A 6 .21  g  (à

Ǟ  90% )  Ŋ� .   

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .42-7 .37  (2H,  m) ,  6 .91-6 .85  (2H,  m) ,  

5 .45  (1H,  s ) ,  4 .29  (1H,  ddd ,  J  =  11 .2 ,  5 .0 ,  1 .1  Hz) ,  3 .99  (1H,  d t ,  J  =  11 .4 ,  

3 .0  Hz) ,  3 .95  (1H,  ddd ,  J  =  12 .4 ,  11 .4 ,  2 .5  Hz) ,  3 .82  (1H,  m) ,  3 .80  (3H,  

s ) ,  3 .33  (1H,  d ,  J  =  4 .8  Hz) ,  2 .74  (1H,  m) ,  2 .43  (1H,  m) ,  2 .38-2 .14  (3H,  

m) ,  2 .05  (1H,  m) ,  1 .92  (1H,  m) ,  1 .77 -1 .51  (3H,  m) ,  1 .41  (1H,  m) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  214 .7 ,  159 .9 ,  131 .1 ,  127 .3 ,  113 .5 ,  101 .3 ,  

76 .8 ,  73 .0 ,  66 .9 ,  55 .3 ,  52 .2 ,  42 .6 ,  30 .1 ,  27 .6 ,  26 .7 ,  24 .6 .  

IR  (nea t ) :  3523 ,  2993 ,  2859 ,  1698 ,  1615 ,  1519 ,  1248 ,  1102 ,  1032 ,  829  

cm - 1 .  
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HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 1 8 H 2 5 O 5 :  321.1702.  

Found:  321.1694 (MH + ) .  

[α ] D
2 5  =  -22 º  (c  1 .01 ,  CHCl 3 ) .  

 

 

(S ) -2 -{ (R ) - [ (Tr imethy l s i ly l )oxy] [ (2R , 4R ) -2 -(4 -methoxyphenyl ) -1 ,3 -  

d ioxan-4-y l ]methy l}cyc lohexanone  (77)  

 

HO
H

O

O

O PMP

76

TMSO
H

O

O

O PMP

TMSCl
imidazole

77

THF
0ºC to rt

 

 

C�c�� 76  (9 .61  g ,  30 .0  mmol )  + THF (300  mL)  ǋǁ( 0ºC $ ,  E

w][��  (6 .12  g ,  90 .0  mmol )  % TMSCl  (5 .7  mL,  4 .9  g ,  45 .0  mmol )A

Ô� 10 ÆůŢ��ņ ,  ĜǇ$ 15 ÆʖůŢ�� .  ßŏǋǁAUH^�H�

`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ

� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN

~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  4  :  1 )  $ȓɆ� ,  ǯȲþ¤+

T��H�`� 77 A 11 .8  g  (àǞ  100%)  Ŋ� .   

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .41-7 .36  (2H,  m) ,  6 .89-6 .84  (2H,  m) ,  

5 .42  (1H,  s ) ,  4 .24  (1H,  ddd ,  J  =  11 .6 ,  5 .0 ,  1 .1  Hz) ,  4 .03  (1H,  ddd ,  J  =  

11 .4 ,  5 .2 ,  2 .3  Hz) ,  3 .93  (1H,  d t ,  J  =  2 .5 ,  11 .6  Hz) ,  3 .93  (1H,  t ,  J  =  5 .2  

Hz) ,  3 .79  (3H,  s ) ,  2 .61  (1H,  d t ,  J  =  10 .7 ,  5 .3  Hz) ,  2 .40  (1H,  d t ,  J  =  13 .4 ,  
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4 .4  Hz) ,  2 .29  (1H,  ddd ,  J  =  13 .4 ,  10 .8 ,  6 .0  Hz) ,  2 .10  (1H,  m) ,  2 .03-1 .85  

(3H,  m) ,  1 .78 -1 .57  (3H,  m) ,  1 .39  (1H,  m) ,  0 .05  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  211 .6 ,  159 .8 ,  131 .2 ,  127 .5 ,  113 .4 ,  101 .4 ,  

79 .0 ,  74 .5 ,  66 .8 ,  55 .2 ,  53 .2 ,  42 .6 ,  30 .5 ,  27 .3 ,  27 .0 ,  24 .5 ,  0 .6 .  

IR  (KBr) :  2949 ,  2936 ,  2906 ,  2858 ,  1712 ,  1616 ,  1519 ,  1249 ,  1114 ,  1028 ,  

879 ,  835  cm - 1 .  

EI-MS m /z  (%):  392 (M + ,  0 .89) ,  205 (13) ,  199 (18) ,  194 (12) ,  193 (100) .  

137 (11) .  135 (10) .  73 (14) .  

HR-EI-MS m /z :  Calcd for  C 2 1 H 3 2 O 5 Si :  392.2019.  Found:  392.2017.  

Anal .  Calcd for  C 2 1 H 3 2 O 5 Si :  C,  64.25;  H,  8 .22.  Found:  C,  64.13;  H,  8 .23.  

[α ] D
2 5  =  -24 º  (c  1 .01 ,  CHCl 3 ) .  

mp .  47-50ºC.  

 

 

(S ) -6 -{ (R ) - [ (Tr imethy l s i ly l )oxy] [ (2R , 4R ) -2 -(4 -methoxyphenyl ) -1 ,3 -  

d ioxan-4-y l ]methy l}cyc lohex-2-enone  (78)  

 

TMSO
H

O

O

O PMP

77

TMSO
H

O

O

O PMP

78

1) LDA, TMSCl
    THF, -78ºC
2) Pd(OAc)2, O2
    DMSO, rt

 

 

UEZo�l�Cw�  (3 .3  mL,  2 .4  g ,  23 .2  mmol )  + THF (30  mL)  ǋ

ǁ( ,  -78 ºC $ n -BuLi +pKS�ǋǁ  (2 .69  M,  8 .62  mL,  23 .2  mmol )  A

ǌ�� ,  30 ÆʖůŢ�� .  �>(T��H�`� 77  (4 .55  g ,  11 .6  mmol )  
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+ THF (30  mL)  ǋǁAǌ�� ,  1 ƆʖůŢ�� .  �+ǂæǙ( TMSCl  (2 .9  

mL,  2 .5  g ,  23 .2  mmol )  Aǌ�� ,  10 ÆʖůŢ�� .  ßŏǋǁ(ʯòǒʊƵ

Ȗdb�FxƵǋǁAÔ� ,  UH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮ

ćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;

>�ƭǆ+ DMSO (130  mL)  ǋǁ( Pd(OAc) 2  (902  mg,  3 .93  mmol )  AÔ

� ,  ʊȖʢýƴ�ĜǇ$ 48 ƆʖůŢ�� .  ßŏǋǁAUH^�H�`�$

Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅ

ÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~

mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  5  :  1 )  $ȓɆ� ,  ǯȲþ¤+H

g� 78 A 3 .91  g  (àǞ  86%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .42-7 .36  (2H,  m) ,  6 .93  (1H,  ddd ,  J  =  10 .0 ,  

2 .7 ,  5 .3  Hz) ,  6 .88-6 .84  (2H,  m) ,  5 .98  (1H,  ddd ,  J  =  10 .0 ,  2 .5 ,  1 .4  Hz) ,  

5 .45  (1H,  s ) ,  4 .25  (1H,  ddd ,  J  =  11 .4 ,  6 .4 ,  2 .3  Hz) ,  4 .22  (1H,  ddd ,  J  =  

11 .7 ,  5 .0 ,  1 .4  Hz) ,  3 .99  (1H,  dd ,  J  =  6 .4 ,  3 .6  Hz) ,  3 .95  (1H,  d t ,  J  =  2 .5 ,  

11 .7  Hz) ,  3 .79  (3H,  s ) ,  2 .52  (1H,  ddd ,  J  =  10 .8 ,  5 .7 ,  3 .6  Hz) ,  2 .47  (1H,  

m) ,  2 .34  (1H,  m) ,  2 .18 -2 .03  (2H,  m) ,  1 .80  (1H,  m) ,  1 .43  (1H,  m) ,  0 .01  

(9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  199 .1 ,  159 .7 ,  149 .7 ,  131 .3 ,  130 .5 ,  127 .6 ,  

113 .3 ,  101 .4 ,  79 .9 ,  75 .6 ,  66 .7 ,  55 .2 ,  49 .3 ,  27 .2 ,  25 .7 ,  25 .6 ,  0 .5 .  

IR  (KBr) :  2961 ,  2935 ,  2862 ,  1684 ,  1614 ,  1518 ,  1247 ,  1107 ,  1026 ,  839  

cm - 1 .  

EI-MS m /z  (%):  390 (M + ,  1 .01) ,  205 (34) ,  197 (27) ,  194 (12) ,  193 (100) .   

HR-EI-MS m /z :  Calcd for  C 2 1 H 3 0 O 5 Si :  390.1863.  Found:  390.1859.  

Anal .  Calcd for  C 2 1 H 3 0 O 5 Si :  C,  64.58;  H,  7 .74.   Found:  C,  64.52;  H,  7 .79.  
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[α ] D
2 5  =  +42º  (c  1 .01 ,  CHCl 3 ) .  

mp .  44-47ºC.  

 

 

Ethyl  2-[(1S ,6S ) -1-hydroxy-6-{(R ) -[ ( tr imethyls i lyl)oxy][ (2R , 4R ) -2 -  

(4 -methoxyphenyl ) -1 ,3 -d ioxan-4-y l ]methyl}cyclohex-2-en-1-yl]acetate  

(79)  

 

TMSO
H
O

O PMP

EtO2C

OH

AcOEt, LDA

79

TMSO
H

O

O

O PMP

78

THF, -78ºC

 

 

UEZo�l�Cw�  (8 .9  mL,  6 .5  g ,  63 .8  mmol )  + THF (35  mL)  ǋ

ǁ( ,  -78 ºC $ n -BuLi +pKS�ǋǁ  (2 .65  M,  23 .8  mL,  63 .8  mmol )  A

ǌ�� ,  30 ÆʖůŢ� ,  ʈʊH^�  (6 .3  mL,  5 .6  g ,  63 .8  mmol )Aǌ�� ,  1

ƆʖůŢ�� .  ßŏǋǁ(Hg� 78  (8 .31g ,  21 .3  mmol )  + THF (35  mL)  

ǋǁA -78 ºC $Ô�# ,  30 ÆʖůŢ�� .  ßŏǋǁ(ʯòćØC�zeF

xƵǋǁAÔ� ,  UH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀ

ņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆA

T�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  

5  :  1 )  $ȓɆ� ,  ǔȲƺǛ+HV`� 79 A 9 .20  g  (àǞ  90%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .39-7 .34  (2H,  m) ,  6 .88-6 .83  (2H,  m) ,  

5 .73  (1H,  s ) ,  5 .68  (1H,  m) ,  5 .41  (1H,  m) ,  4 .26  (1H,  ddd ,  J  =  11 .4 ,  4 .9 ,  
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1 .2  Hz) ,  4 .17-4 .08  (2H,  m) ,  4 .03  (1H,  ddd ,  J  =  11 .3 ,  6 .6 ,  2 .3  Hz) ,  3 .93  

(1H,  dd ,  J  =  6 .5 ,  3 .8  Hz) ,  3 .91  (1H,  d t ,  J  =  2 .5 ,  11 .9  Hz) ,  3 .78  (3H,  s ) ,  

2 .76  (1H,  d ,  J  =  14 .2  Hz) ,  2 .63  (1H,  d ,  J  =  14 .2  Hz) ,  2 .27  (1H,  d t ,  J  =  8 .0 ,  

3 .9  Hz) ,  2 .10  (1H,  m) ,  2 .02-1 .74  (4H,  m) ,  1 .65  (1H,  m) ,  1 .25  (3H,  t ,  J  =  

7 .2  Hz) ,  0 .02  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  171 .2 ,  159 .9 ,  133 .5 ,  130 .9 ,  128 .2 ,  127 .7 ,  

113 .4 ,  101 .8 ,  80 .6 ,  79 .0 ,  71 .1 ,  66 .8 ,  60 .3 ,  55 .1 ,  46 .2 ,  40 .6 ,  26 .8 ,  25 .0 ,  

23 .8 ,  14 .2 ,  0 .5 .  

IR  (nea t ) :  3463 ,  2957 ,  2839 ,  1730 ,  1615 ,  1519 ,  1249 ,  1104 ,  1034 ,  841  

cm - 1 .  

EI-MS m /z  (%):  478 (M + ,  2 .36) ,  285 (12) ,  268 (12) ,  267 (57) ,  255 (14) ,  205 

(10) ,  194 (13) ,  193 (100) ,  167 (61) ,  137 (18) ,  135 (17) ,  121 (21) ,  73 (20) .  

HR-EI-MS m /z :  Calcd for  C 2 5 H 3 8 O 7 Si :  478.2385.  Found:  478.2387.  

[α ] D
2 5  =  -5 .8 º  (c  1 .03 ,  CHCl 3 ) .  
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(1R , 4aS , 8aS ) -4a-Hydroxy-1-[ (2R , 4R ) -2 -(4 -methoxyphenyl ) -1 ,3 -  

d ioxan-4-y l ] -4 ,4a ,8 ,8a-te trahydro-1H - i sochromen-3(7H ) -one  (81)  

 

TMSO
H
O

O PMP

EtO2C

OH

79

O
H
O

O PMP

OH

81

O

TBAF

THF, 0ºC

 

 

HV`� 79  (9 .24  g ,  19 .3  mmol )  + THF (200  mL)  ǋǁ( TBAF + THF

ǋǁ  (1  M,  42 .6  mL,  38 .6  mmol )  AÔ� ,  0 ºC $ 1 .5 ƆʖůŢ�� .  ßŏǋ

ǁAʈʊH^�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�

Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~x

M�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  1  :  1  ~  ʈʊH^

�  on ly )  $ȓɆ� ,  ǯȲþ¤+~Mb� 81 A 6 .40  g  (àǞ  92%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .39-7 .33  (2H,  m) ,  6 .89-6 .84  (2H,  m) ,  

5 .87  (1H,  m) ,  5 .66  (1H,  m) ,  5 .45  (1H,  s ) ,  4 .43  (1H,  dd ,  J  =  10 .8 ,  1 .4  Hz) ,  

4 .30  (1H,  dd ,  J  =  11 .5 ,  4 .8  Hz) ,  4 .03  (1H,  m) ,  3 .95  (1H,  d t ,  J  =  2 .3 ,  11 .5  

Hz) ,  3 .78  (3H,  s ) ,  2 .71  (1H,  d ,  J  =  17 .3  Hz) ,  2 .48  (1H,  dq ,  J  =  5 .3 ,  12 .4  

Hz) ,  2 .38  (1H,  d ,  J  =  17 .3  Hz) ,  2 .23  (1H,  d t ,  J  =  18 .3 ,  5 .7  Hz) ,  2 .17-2 .04  

(2H,  m) ,  1 .77  (1H,  m) ,  1 .50  (1H,  d t ,  J  =  6 .2 ,  12 .1  Hz) ,  1 .42  (1H,  m) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  169 .7 ,  159 .8 ,  131 .2 ,  130 .9 ,  129 .7 ,  127 .4 ,  

113 .5 ,  101 .4 ,  81 .2 ,  74 .6 ,  66 .8 ,  66 .0 ,  55 .2 ,  43 .6 ,  37 .8 ,  26 .1 ,  25 .2 ,  18 .7 .  

IR (KBr):  3436,  2979,  2951,  2905,  2872,  2841,  1730,  1613,  1520,  1252,  

1098,  1032,  979,  843 cm - 1 .  
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EI-MS m /z  (%):   (M + ,  21) ,  359 (15) ,  194 (13) ,  193 (100) ,  137 (23) ,  136 (15) ,  

135 (48) .   

HR-EI-MS m /z :  Calcd for  C 2 1 H 2 6 O 7 :  360.1573.  Found:  360.1571.  

Anal .  Calcd for  C 2 1 H 2 6 O 7 :  C,  66.65;  H,  6 .71.   Found:  C,  66.73;  H,  6 .83.  

[α ] D
2 5  =  +57º  (c  1 .00 ,  CHCl 3 ) .  

mp .  156-159ºC.  

 

 

 (1R , 4R , 4aS , 8aS ) -4a-Hydroxy-4-(hydroxymethyl ) -1 -[ (2R , 4R ) -2 -(4 -  

methoxyphenyl ) -1 ,3 -d ioxan-4-y l ] -4 ,4a ,8 ,8a-te trahydro-1H -  

i sochromen-3(7H ) -one  (82)  

 

O
H
O

O PMP

OH
OH

61

N
N

N

OH

LDA, THF, -78ºC

then 61, -78ºC

82

O

O
H
O

O PMP

OH

81

O

 

 

UEZo�l�Cw�  (12 .0  mL,  8 .67  g ,  85 .7  mmol )  + THF (85  mL)  ǋ

ǁ( ,  -78 ºC $ n -BuLi +pKS�ǋǁ  (2 .65  M,  32 .3  mL,  85 .7  mmol )  A

ǌ�� ,  30 ÆʖůŢ�� .  �+ǂæǙ( -78 ºC $�;
�7Â9�#�	

�~Mb� 81  (6 .18  g ,  17 .1  mmol )  + THF (85  mL)  ǋǁAǌ�� ,  1 Ɔʖ

ůŢ�� .  �;( ,  61  (7 .65  g ,  51 .3  mmol )  + THF (170  mL)ǋǁA 1 Ɔʖ


�ǌ�� ,  15 ÆʖůŢ�� .  ßŏǋǁAʯòćØC�zeFxƵǋǁ+

�(�ƴ(»> ,  �+ņ ,  ƵAÔ� ,  ʈʊH^�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮ

ćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;



129 

>�ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  

ʈʊH^�  =  2  :  1  ~  ʈʊH^� )  $ȓɆ� ,  ǯȲþ¤+UI�� 82 A 5 .86  

g  (àǞ  88%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .38-7 .33  (2H,  m) ,  6 .91-6 .85  (2H,  m) ,  

6 .03  (1H,  ddd ,  J  =  9 .8 ,  5 .0 ,  2 .9  Hz) ,  5 .72  (1H,  dq ,  J  =  9 .8 ,  1 .4  Hz) ,  5 .47  

(1H,  s ) ,  4 .45  (1H,  dd ,  J  =  10 .6 ,  1 .8  Hz) ,  4 .33  (1H,  ddd ,  J  =  11 .4 ,  4 .8 ,  1 .2  

Hz) ,  4 .06  (1H,  d t ,  J  =  11 .4 ,  2 .0  Hz) ,  3 .96  (1H,  ddd ,  J  =  12 .4 ,  11 .4 ,  2 .5  

Hz) ,  3 .79  (3H,  s ) ,  3 .75  (1H,  ddd ,  J  =  11 .2 ,  8 .5 ,  4 .6  Hz) ,  3 .67  (1H,  ddd ,  J  

=  11 .2 ,  7 .1 ,  4 .3  Hz) ,  2 .82  (1H,  dd ,  J  =  7 .1 ,  4 .6  Hz) ,  2 .52  (1H,  m) ,  2 .31  

(1H,  ddd ,  J  =  12 .9 ,  10 .6 ,  2 .6  Hz) ,  2 .28-2 .20  (2H,  m) ,  1 .87  (1H,  s ) ,  1 .80  

(1H,  m) ,  1 .53  (1H,  m) ,  1 .46  (1H,  m) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  172 .1 ,  160 .0 ,  133 .2 ,  130 .8 ,  128 .4 ,  127 .3 ,  

113 .6 ,  101 .6 ,  81 .8 ,  74 .7 ,  68 .2 ,  66 .9 ,  61 .6 ,  55 .3 ,  55 .0 ,  34 .6 ,  26 .2 ,  25 .1 ,  

19 .2 .  

IR (KBr):  3482,  3386,  2956,  2926,  2856,  2838,  1718,  1615,  1521,  1370,  

1259,  1068,  967,  827 cm - 1 .  

EI-MS m /z  (%):  390 (M + ,  19) ,  389 (13) ,  372 (10) ,  194 (14) ,  193 (100) ,  137 

(23) ,  136 (13) ,  135 (43) .   

HR-EI-MS m /z :  Calcd for  C 2 0 H 2 4 O 6 :  390.1679.  Found:  390.1672.  

Anal .  Calcd for  C 2 0 H 2 4 O 6 :  C,  64.60;  H,  6 .71.  Found:  C,  64.32;  H,  6 .77.  

[α ] D
2 5  =  +101º  (c  1 .01 ,  CHCl 3 ) .  

mp .  144-147ºC (ǔȲƗǛȝƇ ,  ÁȝƇǋē ,  pKS� ,  ʈʊH^� ,  ćØy

^�� ) .  
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(1R , 4R , 4aS , 8aS ) -1 -[ (2R , 4R ) -2 -(4 -Methoxyphenyl ) -1 ,3 -d ioxan-  

4 -y l ] -4a-{ [2 -( tr imethy l s i ly l )e thoxy]methoxy}-4-( { [2 -( tr imethy l s i ly l ) -

e thoxy]methoxy}methy l ) -4 ,4a ,8 ,8a-te trahydro-1H - i sochromen- 

3 (7H ) -one  (83)  

 

SEMCl, i-Pr2NEt O
H
O

O PMP

OSEM
O

OSEM

O
H
O

O PMP

OH
OH82

O

83

(CH2Cl)2, 40ºC

 

 

UI�� 82  (2 .47  g ,  6 .33  mmol )  +  UM��H\�  (32  mL)  ǋǁ( 0ºC

$ ,  UEZo�l�H^�Cw�  (6 .6  mL,  4 .9  g ,  38 .0  mmol )  % SEMCl  

(4 .5  mL,  4 .2  g ,  25 .3  mmol )  AÔ� 10 ÆůŢ��ņ ,  40 ºC $ 40 ƆʖůŢ

�� .  ßŏǋǁ(ʯòǒʊƵȖdb�FxƵǋǁAÔ� ,  UH^�H�`

�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  

ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~

mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  4  :  1 )  $ȓɆ� ,  ǔȲƺǛ+~

Mb� 83 A 4 .11  g  (àǞ  100%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .39-7 .33  (2H,  m) ,  6 .87-6 .81  (2H,  m) ,  

6 .14  (1H,  m) ,  5 .76  (1H,  m) ,  5 .44  (1H,  s ) ,  4 .93  (1H,  d ,  J  =  7 .7  Hz) ,  4 .63  

(1H,  d ,  J  =  7 .7  Hz) ,  4 .48  (1H,  d ,  J  =  6 .9  Hz) ,  4 .44  (1H,  dd ,  J  =  11 .2 ,  1 .8  

Hz) ,  4 .41  (1H,  d ,  J  =  6 .9  Hz) ,  4 .29  (1H,  dd ,  J  =  11 .7 ,  4 .7  Hz) ,  4 .04  (1H,  

d t ,  J  =  11 .2 ,  2 .2  Hz) ,  3 .94  (1H,  d t ,  J  =  2 .1 ,  11 .7  Hz) ,  3 .76  (3H,  s ) ,  

3 .75-3 .63  (3H,  m) ,  3 .49-3 .39  (3H,  m) ,  3 .16  (1H,  t ,  J  =  4 .5  Hz) ,  2 .47  (1H,  
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m) ,  2 .43  (1H,  m) ,  2 .22  (1H,  m) ,  2 .10  (1H,  m) ,  1 .73  (1H,  m) ,  1 .56  (1H,  m) ,  

1 .43  (1H,  m) ,  0 .92-0 .86  (2H,  m) ,  0 .86-0 .80  (2H,  m) ,  0 .00  (9H,  s ) ,  -0 .03  

(9H,  s ) .   

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  171 .2 ,  159 .8 ,  134 .9 ,  131 .1 ,  127 .3 ,  125 .3 ,  

113 .4 ,  101 .5 ,  94 .5 ,  90 .1 ,  81 .3 ,  75 .2 ,  73 .7 ,  66 .9 ,  66 .1 ,  65 .4 ,  64 .9 ,  55 .1 ,  

51 .7 ,  34 .9 ,  26 .0 ,  25 .4 ,  18 .5 ,  17 .9 ,  17 .8 ,  -1 .5 .  

IR  (nea t ) :  2952 ,  2880 ,  1732 ,  1616 ,  1519 ,  1248 ,  1103 ,  1069 ,  1055 ,  1025 ,  

860 ,  835  cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 3 H 5 5 O 9 Si 2 :  

651.3385.  

Found:  651.3386 (MH + ) .  

Anal .  Calcd for  C 3 3 H 5 4 O 9 Si 2 :  C,  60.89;  H,  8 .36.  Found:  C,  60.62;  H,  8 .40.  

[α ] D
2 5  =  +130º  (c  1 .04 ,  CHCl 3 ) .  
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(R ) -2 -( (1R , 6S ) -6 -{ (R ) -Hydroxy[ (2R , 4R ) -2 -(4 -methoxyphenyl ) -1 ,3 -  

d ioxan-4-y l ]methy l} -1 -{ [2 -( tr imethy l s i ly l )e thoxy]methoxy}cyc lohex -  

2 -en-1-y l ) -3 -{ [2 -( tr imethy l s i ly l )e thoxy]methoxy}propan-1-o l  (84)  

 

O
H
O

O PMP

OSEM
O

OSEM

HO
H
O

O PMP

OSEM
HO

OSEM83 84

LiAlH4

THF
0°C to rt

 

 

~Mb� 83  (7 .00  g ,  10 .8  mmol )  + THF (54  mL)  ǋǁ( 0ºC $ ,  L iAlH 4  

(816  mg,  21 .5  mmol )  AÔ� ,  15 ÆʖůŢ��ņ( ,  ĜǇ$ 4 ƆʖůŢ�

� .  ßŏǋǁ(ʯòʮćƵAÔ� ,  UH^�H�`�$Ĳʋ� ,  T�JP�

J~xM�vbN~mD�  (ǋÅǋē ,  UH^�H�`� )  $ȓɆ� ,  ǔȲ

ƺǛ+UI�� 84 A 6 .80  g  (àǞ  97%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .43-7 .37  (2H,  m) ,  6 .91-6 .85  (2H,  m) ,  

6 .13  (1H,  m) ,  5 .65  (1H,  m) ,  5 .49  (1H,  s ) ,  4 .84  (1H,  d ,  J  =  7 .2  Hz) ,  4 .80  

(1H,  d ,  J  =  7 .2  Hz) ,  4 .66  (2H,  s ) ,  4 .32  (1H,  dd ,  J  =  11 .9 ,  4 .6  Hz) ,  4 .06  

(1H,  d t ,  J  =  11 .3 ,  1 .9  Hz) ,  3 .98  (1H,  d t ,  J  =  2 .5 ,  11 .9  Hz) ,  3 .92  (1H,  dd ,  

J  =  9 .4 ,  3 .9  Hz) ,  3 .81-3 .79  (1H,  m) ,  3 .80  (3H,  s ) ,  3 .75  (1H,  dd ,  J  =  9 .4 ,  

8 .5  Hz) ,  3 .72-3 .55  (6H,  m) ,  3 .29  (1H,  b r s ) ,  2 .74  (1H,  m) ,  2 .69  (1H,  b r s ) ,  

2 .38  (1H,  m) ,  2 .24  (1H,  ddd ,  J  =  11 .9 ,  7 .3 ,  3 .7  Hz) ,  2 .12  (1H,  m) ,  1 .95  

(1H,  m) ,  1 .76  (1H,  m) ,  1 .46  (1H,  m) ,  1 .40  (1H,  m) ,  0 .97-0 .88  (4H,  m) ,  

0 .02  (9H,  s ) ,  0 .01  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  159 .8 ,  134 .2 ,  131 .1 ,  127 .3 ,  126 .6 ,  113 .5 ,  
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101 .0 ,  95 .2 ,  91 .0 ,  79 .9 ,  77 .1 ,  73 .9 ,  67 .8 ,  67 .1 ,  65 .8 ,  65 .3 ,  62 .7 ,  55 .3 ,  

49 .4 ,  43 .4 ,  27 .2 ,  25 .1 ,  21 .6 ,  18 .2 ,  18 .1 ,  -1 .4 .  

IR  (nea t ) :  3442 ,  2952 ,  2893 ,  1519 ,  1249 ,  1093 ,  1035 ,  1015 ,  859 ,  834  

cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 3 H 5 9 O 9 S i 2 :  

655.3698.  

Found:  655.3696 (MH + ) .  

[α ] D
2 5  =  +36º  (c  1 .01 ,  CHCl 3 ) .  
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Methyl  (R ,Z ) -4 -( (1R , 6S ) -6 -{ (R ) - [ (2R , 4R ) -2 -(4 -methoxyphenyl ) -1 ,3 -  

d ioxan-4-y l ] [ ( tr imethy l s i ly l )oxy]methy l} -1 -{ [2 -( tr imethy l s i ly l ) -  

e thoxy]methoxy}cyc lohex-2-en-1-y l ) -2 -methy l -5 -{ [2 -( tr imethy l s i ly l )  

e thoxy]methoxy}pent -2 -enoate  (96)  

 

TMSO
H
O

O PMP

OSEM
TMSO

OSEM

HO
H
O

O PMP

OSEM
HO

OSEM

TMSO
H
O

O PMP

OSEM
OSEMO OMe

DMSO, (COCl)2
CH2Cl2, -78ºC

KHMDS 
18-crown-6

(CF3CH2)2P
O

OMe

O

TMSCl
imidazole

84 98

96

then Et3N, -78ºC to rt
TMSO

H
O

O PMP

OSEM
O

OSEM
99

H

THF, -50°C

THF
0°C to rt

 

 

84�98  

UI�� 84  (3 .80  g ,  5 .80  mmol)  + THF (120  mL)  ǋǁ( ,  0 ºC $Ew

][��  (1 .58  g ,  23 .2  mmol )  % TMSCl  (2 .2  mL,  1 .9  g ,  17 .4  mmol)AÔ

� 10 ÆůŢ��ņ ,  ĜǇ$ 30 ÆʖůŢ�� .  ßŏǋǁAUH^�H�`

�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  

ǅÿ�ǋēAǩÞ�� .   

98�99  

ćØIKS��  (2 .5  mL,  3 .7  g ,  29 .0  mmol )  +ćØy^��  (30  mL)  ǋ

ǁ( ,  -78 ºC $ DMSO (8 .2  mL,  9 .1  g ,  116  mmol )  AÔ� ,  15 ÆʖůŢ�
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� .  ßŏǋǁ(¸(Ŋ�ƭǆ 98 +ćØy^��  (30  mL)  ǋǁAǌ�� ,  

1 .5 ƆʖůŢ�� .  �+ǂæǙ( Et 3 N (16 .2  mL,  11 .7  g ,  116  mmol )  AÔ

� -78 ºC $ 15 ÆʖůŢ��ņ( ,  ĜǇ$ 30 ÆʖůŢ�� .  ßŏǋǁAUH

^�H�`�$Ĳʋ� ,  Ƶ ,  ʯòćØC�zeFxƵǋǁ ,  �:.ʯòʮć

Ƶ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  

99�96  

Horner -Wadswor th -Emmons ɖȼ  (5 .78  g ,  17 .4  mmol )  % 18-c rown-6  

(3 .04  g ,  11 .6  mmol )+ THF (30  mL)  ǋǁ( ,  -78 ºC $ KHMDS +b�H

�ǋǁ  (0 .5  M,  23 .2  mL,  11 .6  mmol )  AÔ� ,  0 ºC $ 30 ÆʖůŢ�� .  ß

ŏǋǁ( ,  -78 ºC $¸(Ŋ�ƭǆ 99 + THF (30  mL)  ǋǁAǌ�� ,  -50 ºC

$ 24 ƆʖůŢ�� .  ßŏǋǁ(ʯòćØC�zeFxƵǋǁAÔ� ,  UH

^�H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�F

x$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM

�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  8  :  1  ~  2  :  1 )  $ȓ

Ɇ� ,  ǔȲƺǛ+α ,β -�ʯòHV`� 96 A 4 .02  g  (àǞ  87%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .44-7 .35  (2H,  m) ,  6 .90-6 .81  (2H,  m) ,  

5 .76-5 .68  (2H,  m) ,  5 .41  (1H,  s ) ,  4 .98  (1H,  d ,  J  =  7 .0  Hz) ,  4 .59  (2H,  d ,  J  

=  6 .7  Hz) ,  4 .56  (2H,  d ,  J  =  6 .7  Hz) ,  4 .50  (1H,  d ,  J  =  7 .0  Hz) ,  4 .40  (1H,  

d t ,  J  =  11 .2 ,  1 .8  Hz) ,  4 .24  (1H,  dd ,  J  =  11 .1 ,  4 .2  Hz) ,  4 .05  (1H,  dd ,  J  =  

5 .3 ,  2 .1  Hz) ,  4 .04-3 .92  (3H,  m) ,  3 .78  (3H,  s ) ,  3 .69  (1H,  m) ,  3 .71  (3H,  s ) ,  

3 .61-3 .37  (3H,  m) ,  2 .22-2 .07  (3H,  m) ,  1 .93  (3H,  d ,  J  =  1 .1  Hz) ,  1 .83  (1H,  

m) ,  1 .75  (1H,  ddd ,  J  =  12 .7 ,  5 .3 ,  2 .2  Hz) ,  1 .55  (1H,  m) ,  1 .31  (1H,  d ,  J  =  

12 .8  Hz) ,  0 .94-0 .83  (4H,  m) ,  0 .03  (9H,  s ) ,  0 .01  (9H,  s ) ,  -0 .01  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  168 .3 ,  159 .5 ,  140 .3 ,  136 .1 ,  131 .7 ,  129 .3 ,  
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127 .3 ,  125 .7 ,  113 .4 ,  101 .0 ,  94 .6 ,  91 .6 ,  79 .8 ,  79 .5 ,  72 .6 ,  67 .6 ,  67 .4 ,  65 .3 ,  

64 .8 ,  55 .2 ,  51 .2 ,  48 .3 ,  45 .5 ,  27 .6 ,  26 .8 ,  21 .3 ,  19 .0 ,  18 .1 ,  18 .0 ,  0 .3 ,  -1 .4 ,  

-1 .5 .  

IR  (nea t ) :  2952 ,  2922 ,  2895 ,  1718 ,  1518 ,  1365 ,  1249 ,  1081 ,  1033 ,  836  

cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 4 0 H 7 1 O 1 0 S i 3 :  

795.4355.  Found:  795.4374 (MH + ) .  

Anal .  Calcd for  C 4 0 H 7 0 O 1 0 S i 3 :  C,  60.41;  H,  8 .87.   Found:  C,  60.15;  H,  8 .98.  

[α ] D
2 5  =  +17º  (c  1 .02 ,  CHCl 3 ) .  

 

 

 (1R , 2R ) -1 -[ (1S , 2R ) -2 -( (R ,Z ) -5 -Hydroxy-4-methy l -1 -{ [2 -( tr imethy l -  

s i ly l )e thoxy]methoxy}pent -3 -en-2-y l ) -2 -{ [2 -( tr imethy l s i ly l )e thoxy] -

methoxy}cyc lohex-3-en-1-y l ] -2 -[ (4 -methoxybenz y l )oxy]butane-1 ,4 -  

d io l  (97)  

 

HO
H
OPMB

OSEM
OSEMHO

HO

TMSO
H
O

O PMP

OSEM
OSEMO OMe

DIBAL

96 97

CH2Cl2
-78ºC to -20ºC

 
 

α ,β -�ʯòHV`� 96  (2 .00  g ,  2 .51  mmol)  +ćØy^��  (50  mL)  ǋ

ǁ( ,  -78 ºC $ DIBAL (1 .02  M,  12 .3  mL,  12 .6  mmol )  AÔ� ,  ʾƆʖůŢ

��ņ( ,  -20 ºC $ 2 ƆʖůŢ�� .  ßŏǋǁ(ʯòʮćƵAÔ� ,  ʈʊH

^�$Ĳʋ� ,  T�JP�$?ɼ  (ǋÅǋē ,  ʈʊH^� )� ,  ?ǁAǅÿ�
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ǐȣ�� .  ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS

�  :  ʈʊH^�  =  1  :  1  ~  1  :  3  ~  ʈʊH^�  on ly )  $ȓɆ� ,  ǔȲƺǛ+

b�I�� 97 A 1 .51  g  (àǞ  86%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .24-7 .18  (2H,  m) ,  6 .88-6 .82  (2H,  m) ,  

6 .20  (1H,  dd ,  J  =  10 .4 ,  4 .7  Hz) ,  5 .51  (1H,  dd ,  J  =  10 .4 ,  2 .1  Hz) ,  4 .98  (1H,  

m) ,  4 .83  (1H,  d ,  J  =  7 .0  Hz) ,  4 .77  (1H,  d ,  J  =  7 .0  Hz) ,  4 .59  (2H,  s ) ,  4 .57  

(1H,  d ,  J  =  11 .7  Hz) ,  4 .31  (1H,  d ,  J  =  11 .7  Hz) ,  4 .19  (1H,  d ,  J  =  11 .7  Hz) ,  

3 .91  (1H,  dd ,  J  =  8 .8 ,  2 .5  Hz) ,  3 .88  (1H,  d ,  J  =  11 .7  Hz) ,  3 .79  (3H,  s ) ,  

3 .76  (1H,  dd ,  J  =  8 .1 ,  3 .3  Hz) ,  3 .71-3 .46  (9H,  m) ,  3 .40  (1H,  t ,  J  =  8 .8  Hz) ,  

2 .18  (1H,  ddd ,  J  =  12 .7 ,  8 .7 ,  3 .7  Hz) ,  2 .07  (1H,  m) ,  1 .93  (1H,  m) ,  1 .86  

(1H,  m) ,  1 .84  (3H,  s ) ,  1 .57  (1H,  s ) ,  1 .14  (1H,  m) ,  1 .03  (1H,  d t ,  J  =  4 .6 ,  

12 .8  Hz) ,  0 .94-0 .86  (4H,  m) ,  0 .00  (18H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  159 .4 ,  139 .2 ,  135 .1 ,  130 .1 ,  129 .9 ,  127 .0 ,  

125 .9 ,  113 .7 ,  94 .6 ,  91 .4 ,  81 .1 ,  75 .6 ,  74 .1 ,  70 .3 ,  67 .6 ,  66 .1 ,  65 .0 ,  61 .7 ,  

58 .6 ,  55 .3 ,  48 .1 ,  41 .9 ,  33 .1 ,  24 .5 ,  22 .6 ,  22 .1 ,  18 .2 ,  18 .0 ,  -1 .4 .  

IR  (nea t ) :  3437 ,  2952 ,  2880 ,  1514 ,  1249 ,  1059 ,  1011 ,  860 ,  836  cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 6 H 6 4 NaO 9 Si 2 :  

719.3987.  Found:  719.3995 (MNa + ) .  

Anal .  Calcd for  C 3 6 H 6 4 O 9 S i 2 :  C,  62.03;  H,  9 .25.  Found:  C,  61.90;  H,  9 .27.  

[α ] D
2 5  =  +1 .4 º  (c  1 .03 ,  CHCl 3 ) .  

 



138 

Methyl  (R ,Z ) -4 -( (1R , 6R ) -6 -{ (R ) -4 -methoxy-2-[ (4 -methoxybenz y l ) -  

oxy] -4 -oxobutanoyl} -1 -{ [2 -( tr imethy l s i ly l )e thoxy]methoxy}cyc lohex-

2-en-1-y l ) -2 -methy l -5 -{ [2 -( tr imethy l s i ly l )e thoxy]methoxy}pent -2 -  

enoate  (85)  

 

O
H
OPMB

OSEM
OSEMO

O

OMe

MeO

85

HO
H
OPMB

OSEM
OSEMHO

HO

97

HO
H
OPMB

OSEM
OSEMTMSO

TMSO 1) DMP, AZADO
    pyridine, CH2Cl2
2) NaClO2, NaH2PO4
    2-methyl-2-butene
    t-BuOH, H2O
3) Me3SiCHN2
    MeOH, Et2O

TMSCl, Et3N

101

THF, 0ºC

 

 

97�101  

b�I�� 97  (700  mg,  1 .00  mmol )  + THF (10  mL)  ǋǁ( ,  0 ºC $b

�H^�Cw�  (0 .56  mL,  0 .41  mg,  4 .00  mmol)  % TMSCl  (0 .38  mL,  0 .33  

g ,  3 .00  mmol )AÔ� 30 ÆůŢ�� .  ßŏǋǁAUH^�H�`�$Ĳʋ

� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�

ǋēAǩÞ�� .   

101�85  

Ŋ;>�ƭǆ+ćØy^��  (20  mL)  ǋǁ( 0ºC$ ,  l�U�  (0 .16  mL,  

0 .16  g ,  2 .00  mmol )  %  DMP (2 .12  g ,  5 .00  mmol ) ,  AZADO (15 .4  mg,  

0 .100  mmol )  AÔ� ,  15 ÆʖůŢ��ņ ,  ĜǇ$ 3 ƆʖůŢ�� .  ßŏǋǁ

AUH^�H�`�$Ĳʋ� ,  ʯòǒʊƵȖdb�FxƵǋǁ% 20%^I

ǽʊdb�FxƵǋǁAÔ� 15ÆůŢ��ņ( ,  Ƶ�:.ʯòʮćƵ$ƾ

ǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆ

+ THF,  t -BuOH,  Ƶ  (=  1  :  1  :  1 ,  3 .0  mL)  ǋǁ( ,ĜǇ$ 2-y^� -2 -n`

�  (2 .1  mL,  1 .4  g ,  20 .0  mmol )  %��ʊ�ƵȖdb�Fx  (2 .40  g ,  20 .0  
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mmol ) ,  �ćȖʊdb�Fx  (362  mg,  4 .00  mmol )  AÔ� ,  2 ƆʖůŢ�� .  

ßŏǋǁAʈʊH^�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊ

db�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .  

Ŋ;>�ƭǆ+y\g�� -UH^�H�`�  (1  :  1 ,  4 .0  mL)  ǋǁ( ,  

ĜǇ$ TMS UC[y\�+pKS�ǋǁ  (0 .6  M,  4 .2  mL,  2 .5  mmol)  A

ǌ�� ,  15 ÆůŢ�� .  ßŏǋǁ(ʈʊAÔ� ,  �+ņ ,  ǅÿ�ǋēAǩÞ

�� .  ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  

ʈʊH^�  =  6  :  1  ~  5  :  1 )  $ȓɆ� ,  ǔȲƺǛ+α ,β -�ʯòHV`� 96

A 680  mg (àǞ  90%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .29-7 .23  (2H,  m) ,  6 .87-6 .81  (2H,  m) ,  

6 .09  (1H,  d t ,  J  =  10 .5 ,  3 .7  Hz) ,  5 .84  (1H,  m) ,  5 .80  (1H,  m) ,  4 .85  (1H,  d ,  

J  =  7 .6  Hz) ,  4 .57  (2H,  s ) ,  4 .53  (1H,  d ,  J  =  11 .2  Hz) ,  4 .49  (1H,  d ,  J  =  7 .6  

Hz) ,  4 .49  (1H,  dd ,  J  =  8 .2 ,  4 .4  Hz) ,  4 .43  (1H,  d ,  J  =  11 .2  Hz) ,  3 .91  (1H,  

dd ,  J  =  9 .8 ,  4 .4  Hz) ,  3 .81  (1H,  ddd ,  J  =  10 .5 ,  6 .2 ,  4 .4  Hz) ,  3 .77  (3H,  s ) ,  

3 .71  (1H,  m) ,  3 .67  (3H,  s ) ,  3 .65  (3H,  s ) ,  3 .62  (1H,  dd ,  J  =  9 .8 ,  6 .2  Hz) ,  

3 .59-3 .39  (4H,  m) ,  2 .72  (1H,  dd ,  J  =  16 .0 ,  4 .4  Hz) ,  2 .62  (1H,  dd ,  J  =  16 .0 ,  

8 .0  Hz) ,  2 .14  (1H,  m) ,  1 .93  (3H,  d ,  J  =  1 .4  Hz) ,  1 .83  (1H,  m) ,  1 .78-1 .64  

(2H,  m) ,  0 .97 -0 .82  (4H,  m) ,  -0 .01  (18H,  s ) .   

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  209 .6 ,  171 .1 ,  168 .1 ,  159 .3 ,  139 .8 ,  133 .1 ,  

129 .7 ,  129 .7 ,  128 .5 ,  126 .5 ,  113 .8 ,  113 .7 ,  94 .5 ,  91 .3 ,  80 .5 ,  79 .2 ,  72 .2 ,  

67 .6 ,  65 .3 ,  64 .9 ,  55 .2 ,  51 .8 ,  51 .2 ,  48 .8 ,  48 .2 ,  36 .3 ,  22 .4 ,  21 .2 ,  18 .1 ,  18 .0 ,  

-1 .5 .  

IR (neat) :  2952,  2894,  1741,  1718,  1514,  1249,  1060,  1014,  860,  836 cm- 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 8 H 6 2 NaO 1 1 S i 2 :  
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773.3728.  Found:  773.3734 (MNa + ) .  

[α ] D
2 5  =  +26º  (c  1 .01 ,  CHCl 3 ) .  
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Methyl  2 -[ (1 'S , 2 'R , 3R , 3 'R , 3a 'R , 7a 'R ) -3 -[ (4 -methoxybenz y l )oxy] -  

5 -oxo-3a ' -{ [2 -( tr imethy l s i ly l )e thoxy]methoxy} -3 ' - ( { [2 -( tr imethy l -  

s i ly l )e thoxy]methoxy}methy l ) -2 ' ,3 ' ,3a ' ,4 ,5 ,6 ' ,7 ' ,7a ' -oc tahydro-3H -  

sp iro[ furan-2 ,1 ' - inden] -2 ' -y l ]propanoate  (103)  

 

O
H
OPMB

OSEM
OSEMO

O

OMe

MeO

85

H

OSEM
OSEMO OMe

O
O

OPMB

H

SmI2
THF, rt

103  

ObUHV`� 85  (20 .0  mg,  0 .0266  mmol)  + THF (1 .0  ml )  ǋǁ(

SmI 2 + THF ǋǁ  (0 .1  M,  0 .8  mL,  0 .08  mmol )  AĜǇ$ǌ�� ,  2 Ɔʖů

Ţ�� .  ßŏǋǁ(ȉƴAì,ɲ5 ,  UH^�H�`�$Ĳʋ� ,  ʯòǒʊ

ƵȖdb�FxƵǋǁ% 20%^Iǽʊdb�FxƵǋǁAÔ�� .  Ǣ��

ƸƯAT�JP�$?Þ  (ǋÅǋē ,  UH^�H�`� )  � ,  ?ǁAǅÿǐ

ȣ�� .  ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS

�  :  ʈʊH^�  =  5  :  1 )  $ȓɆ� ,  ǔȲƺǛ+~Mb� 103 A 18 .3  mg (à

Ǟ  95%)  Ŋ� .  

 

1 H-NMR (400 MHz,  CDCl 3 )  δ :  7 .27-7.21 (2H,  m),  6 .92-6.84 (2H,  m),  6 .10 

(1H,  m),  5 .76 (1H,  m),  4 .78 (1H,  d,  J  =  7 .1  Hz) ,  4 .73 (1H,  d ,  J  =  7 .1  Hz) ,  

4 .55 (2H,  s) ,  4 .55 (1H,  d ,  J  =  11.6 Hz) ,  4 .45 (1H,  d ,  J  =  11.6 Hz) ,  3 .96 (1H,  

dd,  J  =  7 .3 ,  3 .2  Hz) ,  3 .81 (3H,  s) ,  3 .66 (3H,  s) ,  3 .64-3.45 (5H,  m),  3 .33 (1H,  

dd,  J  =  10.0,  6 .5  Hz) ,  3 .06-2.98 (2H,  m),  2 .72 (1H,  dd,  J  =  18.5,  7 .3  Hz) ,  

2 .54 (1H,  dd,  J  =  18.5,  3 .2  Hz) ,  2 .38 (1H,  m),  2 .23 (1H,  m),  2 .11-1.94 (3H,  

m),  1 .35-1.19 (1H,  m),  1 .14 (3H,  d ,  J  =  6 .4  Hz) ,  0 .95-0.78 (4H,  m),  0 .00 
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(9H,  s) ,  0 .00 (9H,  s) .  

1 3 C-NMR (126 MHz,  CDCl3 )  δ :  177.1,  175.3,  159.4,  131.1,  129.3,  129.2,  

127.6,  113.9,  96.0,  95.0,  89.6,  81.4,  79.5,  71.9,  69.1,  65.1,  55.3,  54.6,  51.4,  

49.6,  48.2,  42.4,  35.8,  29.7,  26.0,  18.3,  18.0,  18.0,  15.8,  -1 .4 ,  -1 .5 .  

IR (neat) :  2951,  2923,  2896,  1776,  1734,  1514,  1248,  1171,  1096,  1055,  

1031,  936,  860,  835 cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 7 H 6 0 NaO 1 0 S i 2 :  

743.3623.  Found:  743.3620 (MNa + ) .  

[α ] D
2 5  =  +13º  (c  1 .03 ,  CHCl 3 ) .  
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Methyl  (1S , 4R , 4aR , 4bS , 8aR , 9R , 9aR ) -4a-hydroxy-4-[ (4 -methoxy-  

benz y l )oxy] -1 -methy l -2 -oxo-8a-{ [2 -( tr imethy l s i ly l )e thoxy]methoxy} -

9-( { [2 -( tr imethy l s i ly l )e thoxy]methoxy}methyl ) -  

2 ,3 ,4 ,4a ,4b ,5 ,6 ,8a ,9 ,  9a-decahydro-1H - f luorene-1-carboxylate  (104)  

 

O
H
OPMB

OSEM
OSEMO

O

OMe

MeO

85

SmI2, LiCl

OSEM

O

HOH

H

PMBO

104

OSEM
THF

-78ºC to -20ºC

O OMe

 

ObUHV`� 85  (29 .5  mg,  0 .0393  mmol )  % LiCl  (10 .0  mg,  0 .236  

mmol )  + THF (1 .0  ml )  ǋǁ( SmI 2 + THF ǋǁ  (0 .1  M,  1 .2  mL,  0 .118  

mmol )  A -78 ºC $ǌ��# 15 ÆůŢ� ,  -20 ºC $ 30 ÆůŢ�� .  ßŏǋǁ

(ȉƴAì,ɲ5 ,  UH^�H�`�$Ĳʋ� ,  ʯòǒʊƵȖdb�Fx

Ƶǋǁ% 20%^Iǽʊdb�FxƵǋǁAÔ�� .  Ǣ��ƸƯAT�JP

�$?Þ  (ǋÅǋē ,  UH^�H�`� )  � ,  ǅÿǐȣ�� .  ƭǆAT�J

P�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  4  :  1  ~  

3  :  1 )   $ȓɆ� ,  ǔȲƺǛ+Ob� 104 A 17 .8  mg (àǞ  63%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .27-7 .22  (2H,  m) ,  6 .91-6 .85  (2H,  m) ,  

6 .04  (1H,  m) ,  5 .84  (1H,  m) ,  4 .68  (1H,  dd ,  J  =  9 .4 ,  6 .4  Hz) ,  4 .67  (1H,  d ,  

J  =  6 .5  Hz) ,  4 .62  (2H,  s ) ,  4 .59  (1H,  d ,  J  =  6 .5  Hz) ,  4 .51  (1H,  d ,  J  =  10 .8  

Hz) ,  4 .44  (1H,  d ,  J  =  10 .8  Hz) ,  3 .81  (3H,  s ) ,  3 .67  (3H,  s ) ,  3 .62-3 .48  (4H,  

m) ,  3 .47  (1H,  dd ,  J  =  9 .9 ,  6 .4  Hz) ,  3 .34  (1H,  dd ,  J  =  9 .9 ,  6 .4  Hz) ,  3 .10  

(1H,  dd ,  J  =  17 .6 ,  6 .4  Hz) ,  3 .05  (1H,  b r s ) ,  2 .86  (1H,  d t ,  J  =  4 .6 ,  6 .4  Hz) ,  

2 .55  (1H,  dd ,  J  =  17 .6 ,  9 .4  Hz) ,  2 .23  (1H,  m) ,  2 .17  (1H,  dd ,  J  =  8 .8 ,  7 .4  
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Hz) ,  2 .09  (1H,  m) ,  2 .06  (1H,  d ,  J  =  4 .6  Hz) ,  1 .97-1 .88  (2H,  m) ,  1 .40  (3H,  

s ) ,  0 .97-0 .80  (4H,  m) ,  0 .02  (9H,  s ) ,  0 .01  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  207 .5 ,  172 .1 ,  159 .4 ,  132 .4 ,  129 .8 ,  128 .6 ,  

127 .1 ,  113 .8 ,  94 .8 ,  89 .7 ,  81 .2 ,  80 .7 ,  75 .2 ,  70 .6 ,  69 .7 ,  65 .2 ,  64 .8 ,  58 .6 ,  

56 .7 ,  55 .3 ,  55 .0 ,  52 .2 ,  46 .1 ,  41 .2 ,  27 .1 ,  22 .8 ,  18 .0 ,  18 .0 ,  17 .9 ,  -1 .4 .  

IR  (nea t ) :  3525 ,  2952 ,  2890 ,  2878 ,  1739 ,  1717 ,  1515 ,  1253 ,  1093 ,  1061 ,  

1022 ,  858 ,  835  cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 7 H 6 0 NaO 1 0 S i 2 :  

743.3623.  Found:  743.3621 (MNa + ) .  

[α ] D
2 5  =  +16º  (c  1 .03 ,  CHCl 3 ) .  
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Methyl  (1S , 2S , 4R , 4aR , 4bS , 8aR , 9R , 9aR ) -2 ,4a-d ihydroxy-4-  

[ (4 -methoxybenz y l )oxy] -1 -methy l -8a-{ [2 -( tr imethy l s i ly l )e thoxy] -  

methoxy}-9-( { [2 -( tr imethy l s i ly l )e thoxy]methoxy}methyl ) -  

2 ,3 ,4 ,4a ,4b ,5 ,6 ,8a ,9 ,9a-decahydro-1H - f luorene-1-carboxylate  (105)  

 

O
H
OPMB

OSEM
OSEMO

O

OMe

MeO

85

then MeOH
-78ºC to 0ºC

OSEM

HO

HOH

H

PMBO

OSEM
O OMe

105

SmI2, LiCl
THF, -78ºC

 

 

ObUHV`� 85  (58 .1  mg,  0 .0772  mmol )  % LiCl  (19 .6  mg,  0 .463  

mmol )  + THF (2 .0  ml )  ǋǁ( SmI 2 + THF ǋǁ  (0 .1  M,  2 .3  mL,  0 .23  

mmol )  A -78 ºC $ǌ�� ,  15 ÆůŢ�� .  �+ņy\g��  (9 .4  µL,  7 .4  

mg,  0 .232  mmol )  AÔ� ,  -20 ºC $ 30 ÆůŢ ,  0 ºC $ 15 ÆůŢ�� .  ßŏ

ǋǁ(ȉƴAì,ɲ5 ,  UH^�H�`�$Ĳʋ� ,  ʯòǒʊƵȖdb�

FxƵǋǁ% 20%^Iǽʊdb�FxƵǋǁAÔ�� .  Ǣ��ƸƯAT�

JP�$?Þ  (ǋÅǋē ,  UH^�H�`� )  � ,  ǅÿǐȣ�� .  ƭǆAT

�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  

5  :  1 )   $ȓɆ� ,  ǔȲƺǛ+C�Q�� 105 A 39 .2  mg (àǞ  70%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .27-7 .22  (2H,  m) ,  6 .90-6 .85  (2H,  m) ,  

6 .18  (1H,  m) ,  5 .77  (1H,  m) ,  4 .76  (1H,  d ,  J  =  6 .6  Hz) ,  4 .66  (1H,  d ,  J  =  6 .6  

Hz) ,  4 .66  (1H,  dd ,  J  =  12 .0 ,  5 .5  Hz) ,  4 .59  (1H,  d ,  J  =  6 .6  Hz) ,  4 .56  (1H,  

d ,  J  =  10 .5  Hz) ,  4 .55  (1H,  d ,  J  =  6 .6  Hz) ,  4 .42  (1H,  d ,  J  =  10 .5  Hz) ,  4 .24  

(1H,  m) ,  3 .80  (3H,  s ) ,  3 .73  (3H,  s ) ,  3 .66 -3 .50  (4H,  m) ,  3 .54  (1H,  b r s ) ,  



146 

3 .35  (1H,  dd ,  J  =  10 .3 ,  1 .9  Hz) ,  3 .18  (1H,  dd ,  J  =  10 .3 ,  7 .7  Hz) ,  2 .59  (1H,  

d ,  J  =  3 .2  Hz) ,  2 .21  (1H,  m) ,  2 .16-2 .01  (4H,  m) ,  1 .88-1 .72  (4H,  m) ,  1 .51  

(3H,  s ) ,  0 .97 -0 .88  (4H,  m) ,  0 .04  (9H,  s ) ,  0 .01  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  176 .6 ,  159 .2 ,  132 .2 ,  130 .2 ,  129 .5 ,  128 .2 ,  

113 .7 ,  94 .6 ,  89 .7 ,  80 .4 ,  79 .6 ,  75 .2 ,  69 .9 ,  69 .4 ,  67 .9 ,  65 .6 ,  65 .2 ,  55 .2 ,  

55 .1 ,  54 .2 ,  51 .7 ,  50 .0 ,  47 .1 ,  29 .3 ,  26 .7 ,  18 .0 ,  18 .0 ,  16 .9 ,  16 .6 ,  -1 .4 .  

IR (neat) :  3539,  2952,  2889,  1718,  1515,  1250,  1093,  1061,  1024,  859,  835 

cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 7 H 6 2 NaO 1 0 S i 2 :  

745.3779.  Found:  745.3762 (MNa + ) .  

[α ] D
2 5  =  30 º  (c  1 .02 ,  CHCl 3 ) .  
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Methyl  (1S , 4R , 4aS , 4bS , 8aR , 9R , 9aR ) -4a-hydroxy-4-[ (4 -methoxy  

benz y l )oxy] -1 -methy l -2 -oxo-8a-{ [2 -( tr imethy l s i ly l )e thoxy]methoxy} -

9-( { [2 -( tr imethy l s i ly l )e thoxy]methoxy}methyl ) -  

2 ,3 ,4 ,4a ,4b ,5 ,6 ,8a ,9 ,9a-decahydro-1H - f luorene-1-carboxylate  (106)  

 

OSEM

O

H

H

PMBO

OSEM
O OMe

OH
SmI2, KHMDS

AirO
H
OPMB

OSEM
OSEMO

O

OMe

MeO

85

THF, rt

106  

 

SmI 2 + THF ǋǁ  (0 .1  M,  6 .3  mL,  0 .63  mmol )  ( KHMDS +b�H�

ǋǁ  (0 .5  M,  1 .25  mL,  0 .625  mmol)  Aǌ�� ,  �+ņ ,  ȉƴ  ( ca .15  mL)  A

ì,»>� .  �+ǂæǋǁAObUHV`� 85  (31 .2  mg,  0 .0415  mmol )  

+ THF (2 .0  ml )  ǋǁ(ǌ�� ,  15ÆůŢ�� .  ßŏǋǁ(ȉƴAì,ɲ5 ,  

UH^�H�`�$Ĳʋ� ,  ʯòǒʊƵȖdb�FxƵǋǁ% 20%^Iǽ

ʊdb�FxƵǋǁAÔ�� .  Ǣ��ƸƯAT�JP�$?Þ  (ǋÅǋē ,  

UH^�H�`� )  � ,  ǅÿǐȣ�� .  ƭǆAT�JP�J~xM�vbN

~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  8  :  1  ~  6  :  1 )  $ȓɆ� ,  ǔ

ȲƺǛ+Ob� 106 A 24 .6  mg (àǞ  82%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .20-7 .14  (2H,  m) ,  6 .88-6 .83  (2H,  m) ,  

6 .32  (1H,  m) ,  5 .81  (1H,  m) ,  4 .96  (1H,  s ) ,  4 .90  (1H,  d ,  J  =  6 .6  Hz) ,  4 .85  

(1H,  d ,  J  =  6 .6  Hz) ,  4 .64  (1H,  d ,  J  =  6 .7  Hz) ,  4 .59  (1H,  d ,  J  =  6 .7  Hz) ,  

4 .58  (1H,  d ,  J  =  11 .8  Hz) ,  4 .30  (1H,  d ,  J  =  11 .8  Hz) ,  3 .80  (3H,  s ) ,  3 .72  

(1H,  dd ,  J  =  3 .9 ,  1 .8  Hz) ,  3 .68-3 .51  (4H,  m) ,  3 .63  (3H,  s ) ,  3 .48  (1H,  dd ,  
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J  =  10 .0 ,  2 .6  Hz) ,  3 .40  (1H,  d t ,  J  =  2 .6 ,  8 .0  Hz) ,  3 .26  (1H,  dd ,  J  =  10 .0 ,  

8 .0  Hz) ,  3 .23  (1H,  dd ,  J  =  15 .0 ,  3 .9  Hz) ,  2 .64  (1H,  dd ,  J  =  15 .0 ,  1 .8  Hz) ,  

2 .22  (1H,  m) ,  2 .17  (1H,  d ,  J  =  8 .0  Hz) ,  2 .07  (1H,  m) ,  1 .98-1 .85  (2H,  m) ,  

1 .34  (3H,  s ) ,  1 .17  (1H,  dd ,  J  =  9 .6 ,  6 .4  Hz) ,  0 .97-0 .81  (4H,  m) ,  0 .00  (9H,  

s ) ,  0 .00  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  206 .4 ,  174 .7 ,  159 .3 ,  132 .4 ,  130 .0 ,  129 .5 ,  

127 .7 ,  113 .7 ,  94 .8 ,  89 .5 ,  85 .3 ,  80 .1 ,  74 .5 ,  70 .4 ,  69 .4 ,  65 .4 ,  65 .2 ,  56 .6 ,  

55 .3 ,  53 .3 ,  51 .9 ,  45 .9 ,  42 .9 ,  40 .5 ,  25 .7 ,  19 .6 ,  18 .1 ,  17 .9 ,  14 .6 ,  -1 .5 ,  -1 .5 .  

IR  (nea t ) :  3513 ,  2952 ,  2895 ,  2876 ,  1731 ,  1712 ,  1515 ,  1250 ,  1097 ,  1055 ,  

1034 ,  1007 ,  858 ,  835  cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 7 H 6 0 NaO 1 0 S i 2 :  

743.3623.  Found:  743.3616 (MNa + ) .  

[α ] D
2 5  =  +1 .4 º  (c  1 .04 ,  CHCl 3 ) .  
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Methyl  (1S , 2R , 4R , 4aS , 4bS , 8aR , 9R , 9aR ) -2 ,4a-d ihydroxy-4-  

[ (4 -methoxybenz y l )oxy] -1 -methy l -8a-{ [2 -( tr imethy l s i ly l )e thoxy] -  

methoxy}-9-( { [2 -( tr imethy l s i ly l )e thoxy]methoxy}methyl ) -  

2 ,3 ,4 ,4a ,4b ,5 ,6 ,8a ,9 ,9a-decahydro-1H - f luorene-1-carboxylate  (109α )  

 

OSEM

O

HOH

H

PMBO

106

OSEM
O OMe OSEM

HO

HOH

H

PMBO

109α

OSEM
O OMe

THF, MeOH
0ºC

NaBH4

 
 

Ob� 106  (120  mg,  0 .166  mmol )  + THF-y\g��  (1  :  1 ,  0 .8  mL)  ǋ

ǁ( 0ºC $ ,  NaBH 4  (0 .6  mg,  0 .0159  mmol )  AÔ�ʾƆʖůŢ�� .  ßŏ

ǋǁ(ćØC�zeFxƵAÔ� ,  UH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.

ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�

� .  ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈ

ʊH^�  =  3  :  1 )   $ȓɆ� ,  ǔȲƺǛ+ 109αA 10 .9  mg (àǞ  95%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .22-7 .17  (2H,  m) ,  6 .88-6 .84  (2H,  m) ,  

6 .31  (1H,  m) ,  5 .80  (1H,  m) ,  4 .85  (1H,  d ,  J  =  6 .2  Hz) ,  4 .76  (1H,  d ,  J  =  6 .2  

Hz) ,  4 .68  (1H,  b r s ) ,  4 .66  (1H,  d ,  J  =  6 .6  Hz) ,  4 .61  (1H,  d ,  J  =  6 .6  Hz) ,  

4 .59  (1H,  d ,  J  =  11 .7  Hz) ,  4 .33  (1H,  d ,  J  =  11 .7  Hz) ,  3 .80  (3H,  s ) ,  3 .75  

(1H,  d ,  J  =  12 .1  Hz) ,  3 .66  (3H,  s ) ,  3 .63-3 .43  (7H,  m) ,  3 .23  (1H,  dd ,  J  =  

8 .7 ,  10 .0  Hz) ,  3 .19-3 .13  (1H,  m) ,  2 .26-1 .97  (4H,  m) ,  1 .91-1 .82  (2H,  m) ,  

1 .78  (1H,  d ,  J  =  7 .8  Hz) ,  1 .41  (3H,  s ) ,  1 .21  (1H,  m) ,  0 .96-0 .83  (4H,  m) ,  

0 .01  (9H,  s ) ,  -0 .01  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  178 .5 ,  159 .2 ,  132 .7 ,  130 .7 ,  129 .3 ,  127 .8 ,  
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113 .7 ,  94 .8 ,  89 .3 ,  85 .3 ,  80 .2 ,  75 .2 ,  74 .0 ,  70 .5 ,  69 .9 ,  65 .4 ,  65 .2 ,  55 .3 ,  

52 .8 ,  51 .1 ,  48 .0 ,  46 .0 ,  43 .5 ,  31 .8 ,  25 .8 ,  22 .3 ,  18 .1 ,  17 .9 ,  14 .6 ,  -1 .4 ,  -1 .5 .  

IR  (nea t ) :  3524 ,  2952 ,  2890 ,  2895 ,  2874 ,  1713 ,  1515 ,  1250 ,  1097 ,  1030 ,  

1016 ,  858 ,  835  cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 7 H 6 2 NaO 1 0 S i 2 :  

745.3779.  Found:  745.3770 (MNa + ) .  
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Methyl  (1S , 2S , 4R , 4aR , 4bS , 8aR , 9R , 9aR ) -2 -[ ( t e r t -buty ld imethy l s i ly l ) -  

oxy] -4a-hydroxy-4-[ (4 -methoxybenz y l )oxy] -1 -methy l -8a-{ [2 -  

( t r imethy l s i ly l )e thoxy]methoxy} -9-( { [2 -( tr imethy l s i ly l )e thoxy] -  

methoxy}methy l ) -2 ,3 ,4 ,4a ,4b ,5 ,6 ,8a ,9 ,9a-decahydro-1H - f luorene-1-  

carboxylate  (114)  

 

OSEM

HO

HOH

H

PMBO

105

OSEM
O OMe OSEM

TBSO

HOH

H

PMBO

114

OSEM
O OMe

TBSOTf, Et3N

CH2Cl2, 0ºC

 

 

C�Q�� 105  (120  mg,  0 .166  mmol )  +ćØy^��  (1 .7  mL)  ǋǁ(

0ºC $ ,  E t 3 N  (93  µL,  67  mg,  0 .664  mmol )  % TBSOTf  (76  µL,  88  mg,  

0 .332  mmol )  AÔ�ʾƆʖůŢ�� .  ßŏǋǁAUH^�H�`�$Ĳʋ

� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�

ǋēAǩÞ�� .  ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  

pKS�  :  ʈʊH^�  =  8  :  1 )   $ȓɆ� ,  ǔȲƺǛ+ 114 A 127  mg (à

Ǟ  91%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .28-7 .24  (2H,  m) ,  6 .91-6 .86  (2H,  m) ,  

6 .18  (1H,  m) ,  5 .75  (1H,  m) ,  4 .76  (1H,  d ,  J  =  6 .3  Hz) ,  4 .74  (1H,  d ,  J  =  6 .3  

Hz) ,  4 .60  (1H,  dd ,  J  =  11 .1 ,  6 .1  Hz) ,  4 .59  (1H,  d ,  J  =  6 .8  Hz) ,  4 .55  (1H,  

d ,  J  =  6 .8  Hz) ,  4 .51  (1H,  d ,  J  =  10 .7  Hz) ,  4 .46  (1H,  d ,  J  =  10 .7  Hz) ,  4 .25  

(1H,  dd ,  J  =  11 .7 ,  4 .6  Hz) ,  3 .81  (3H,  s ) ,  3 .68-3 .50  (4H,  m) ,  3 .65  (3H,  s ) ,  

3 .33  (1H,  b r s ) ,  3 .12  (1H,  d ,  J  =  6 .5  Hz) ,  3 .12  (1H,  d ,  J  =  5 .3  Hz) ,  2 .49  

(1H,  ddd ,  J  =  8 .7 ,  6 .5 ,  5 .3  Hz) ,  2 .22  (1H,  m) ,  2 .07  (1H,  m) ,  1 .99-1 .68  



152 

(4H,  m) ,  1 .89  (1H,  d ,  J  =  8 .7  Hz) ,  1 .46  (3H,  s ) ,  0 .98-0 .87  (4H,  m) ,  0 .81  

(9H,  s ) ,  0 .04  (9H,  s ) ,  0 .03  (3H,  s ) ,  0 .01  (9H,  s ) ,  0 .00  (3H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  175 .5 ,  159 .2 ,  131 .9 ,  130 .5 ,  129 .5 ,  128 .6 ,  

113 .7 ,  94 .7 ,  89 .7 ,  79 .5 ,  79 .2 ,  75 .4 ,  70 .2 ,  69 .7 ,  69 .1 ,  65 .4 ,  65 .2 ,  55 .4 ,  

55 .2 ,  54 .3 ,  51 .4 ,  49 .9 ,  45 .8 ,  31 .6 ,  26 .9 ,  25 .7 ,  18 .0 ,  18 .0 ,  17 .9 ,  17 .0 ,  16 .6 ,  

-1 .3 ,  -1 .4 ,  -3 .9 ,  -5 .2 .  

IR  (nea t ) :  2952 ,  2927 ,  2893 ,  2857 ,  1731 ,  1515 ,  1250 ,  1024 ,  858 ,  836  

cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 4 3 H 7 6 NaO 1 0 S i 3 :  

859.4644.  Found:  859.4641 (MNa + ) .  

[α ] D
2 5  =  +38º  (c  1 .04 ,  CHCl 3 ) .  
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(1S , 2S , 4R , 4aS , 4bR , 9S , 9aR ) -2 -[ ( t e r t -Buty ld imethy l s i ly l )oxy] -4a-  

hydroxy-4-[ (4 -methoxybenz y l )oxy] -1 -methy l -7 -oxo-9-( { [2 -( tr i -  

methy l s i ly l )e thoxy]methoxy}methy l ) -2 ,3 ,4 ,4a ,4b ,5 ,6 ,7 ,9 ,9a-  

decahydro-1H - f luorene-1-carbaldehyde  (115)  
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1) DIBAL, CH2Cl2, -78ºC

 

 

 

HV`� 114  (104  mg,  0 .124  mmol )  +ćØy^��  (1 .2  mL)  ǋǁ( ,  

-78 ºC $ DIBAL (1 .03  M,  0 .36  mL,  0 .373  mmol )  AÔ� ,  ʾƆʖůŢ�� .  

ßŏǋǁ(ʯòʮćƵAÔ� ,  UH^�H�`�$Ĳʋ� ,  �ǄAX~E

b?ɼ��ņ( ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆ+ćØy^��  

(1 .2  mL)  ǋǁ(ĜǇ$ PCC (134  mg 0 .620  mmol )  AÔ� ,  1 ƆʖůŢ�

� .  ßŏǋǁAUH^�H�`�$Ĳʋ� ,  NaOAc AÔ� ,  �ǄAX~E

b$?ɼ��ņ( ,  ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J

~xM�vbN~mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  4  :  1 )  $ȓ

Ɇ� ,  ǔȲƺǛ+�ʯòObC�ajc 115 A 44 .7  mg (àǞ  53%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  9 .56  (1H,  s ) ,  7 .22-7 .17  (2H,  m) ,  6 .90-6 .85  

(2H,  m) ,  6 .00  (1H,  m) ,  4 .56  (1H,  d ,  J  =  6 .9  Hz) ,  4 .54  (1H,  d ,  J  =  10 .8  Hz) ,  

4 .53  (1H,  d ,  J  =  6 .9  Hz) ,  4 .35  (1H,  d ,  J  =  10 .8  Hz) ,  4 .19  (1H,  dd ,  J  =  12 .0 ,  

4 .1  Hz) ,  3 .80  (3H,  s ) ,  3 .53-3 .46  (3H,  m) ,  3 .32  (1H,  dd ,  J  =  9 .8 ,  5 .3  Hz) ,  

3 .26  (1H,  b r s ) ,  3 .26  (1H,  dd ,  J  =  12 .0 ,  5 .0  Hz) ,  2 .84-2 .71  (2H,  m) ,  2 .46  
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(1H,  dd ,  J  =  13 .7 ,  3 .2  Hz) ,  2 .42  (1H,  d ,  J  =  10 .5  Hz) ,  2 .23-2 .05  (3H,  m) ,  

1 .85  (1H,  q ,  J  =  12 .0  Hz) ,  1 .73  (1H,  m) ,  1 .46  (3H,  s ) ,  0 .93 -0 .86  (2H,  m) ,  

0 .81  (9H,  s ) ,  0 .07  (3H,  s ) ,  0 .04  (3H,  s ) ,  0 .00  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  205 .4 ,  199 .4 ,  169 .7 ,  159 .5 ,  129 .5 ,  129 .1 ,  

124 .3 ,  113 .9 ,  94 .7 ,  80 .4 ,  74 .1 ,  69 .8 ,  69 .7 ,  67 .0 ,  65 .4 ,  55 .3 ,  53 .4 ,  51 .9 ,  

49 .1 ,  40 .9 ,  37 .4 ,  31 .1 ,  25 .6 ,  24 .2 ,  18 .0 ,  17 .9 ,  14 .1 ,  -1 .5 ,  -3 .9 ,  -5 .0 .  

IR  (nea t ) :  2952 ,  2930 ,  2889 ,  2859 ,  1731 ,  1672 ,  1512 ,  1250 ,  1036 ,  836  

cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 6 H 5 9 O 8 S i 2 :  

675.3748.  Found:  675.3748 (MH + ) .  

[α ] D
2 5  =  +13º  (c  1 .02 ,  CHCl 3 ) .  
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(1S , 2S , 4R , 4aR , 4bR , 9S , 9aR ) -2 -[ ( t e r t -Buty ld imethy l s i ly l )oxy] -4 -  

[ (4 -methoxybenz y l )oxy] -1 -methy l -9 -( { [2 -( tr imethy l s i ly l )e thoxy] -  

methoxy}methy l ) -1 ,2 ,3 ,4 ,5 ,6 ,9 ,9a-octahydro-4a ,1 -(epoxymethano) -  

f luorene-7 ,11(4bH ) -d ione  (116)  
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H
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3) 2,6-lutidine
    CF3CH2OH, rt
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C�Q�� 115  (40 .8  mg,  0 .0604  mmol )  +ćØy^��  (1 .2  mL)  ǋǁ

( 0ºC $ ,  l�U�  (97  µL,  96  mg,  1 .21  mmol )  %  ǔƵb�m�I�ʈʊ  

(43  µL,  63  mg,  0 .302  mmol )  AÔ� 1 ƆʖůŢ�� .  ßŏǋǁAUH^�

H�`�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$

�Ǘ� ,  ǅÿ�ǋēAǩÞ�� .   

Ŋ;>�ƭǆ+ THF- t -BuOH-Ƶ  (1  :  1  :  1 ,  3 .0  mL)  ǋǁ(ĜǇ$ ,  2 -

y^� -2 -n`�  (0 .64  mL,  0 .42  g ,  6 .04  mmol )  %��ʊ�ƵȖdb�F

x  (72 .5  mg,  0 .604  mmol ) ,  �ćȖʊdb�Fx  (10 .9  mg,  0 .121  mmol )  A

Ô� ,  2 ƆʖůŢ�� .  ßŏǋǁA ,  UH^�H�`�$Ĳʋ� ,  Ƶ ,  �:.

ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  ǅÿ�ǋēAǩÞ�

� .   

Ŋ;>�ƭǆ+b�m�I�H\g��  (2 .0  mL)  ǋǁ( ,  ĜǇ$ 2 ,6 -

�^U�  (100  µL)  AÔ� ,  48 ƆʖůŢ�� .  ßŏǋǁA ,  UH^�H�`

�$Ĳʋ� ,  Ƶ ,  �:.ʯòʮćƵ$ƾǀņ ,  ǔƵǽʊdb�Fx$�Ǘ� ,  

ǅÿ�ǋēAǩÞ�� .  Ŋ;>�ƭǆAT�JP�J~xM�vbN~

mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =  4  :  1 )  $ȓɆ� ,  ǯȲþ¤+H
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g� 116 A 36 .9  mg (àǞ  91%)  Ŋ� .  

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .25-7 .21  (2H,  m) ,  6 .91-6 .86  (2H,  m) ,  

6 .06  (1H,  m) ,  4 .69  (1H,  d ,  J  =  12 .0  Hz) ,  4 .64  (1H,  d ,  J  =  6 .9  Hz) ,  4 .62  

(1H,  d ,  J  =  6 .9  Hz) ,  4 .28  (1H,  d ,  J  =  12 .0  Hz) ,  3 .84  (1H,  d ,  J  =  4 .6  Hz) ,  

3 .80  (3H,  s ) ,  3 .72  (1H,  d ,  J  =  4 .6  Hz) ,  3 .63-3 .53  (4H,  m) ,  3 .21  (1H,  d ,  J  

=  7 .8  Hz) ,  3 .10  (1H,  m) ,  2 .74  (1H,  m) ,  2 .38  (1H,  m) ,  2 .11  (1H,  ddd ,  J  =  

16 .9 ,  14 .9 ,  5 .3  Hz) ,  2 .07  (1H,  d ,  J  =  16 .0  Hz) ,  1 .80  (1H,  d t ,  J  =  16 .0 ,  4 .6  

Hz) ,  1 .75  (1H,  m) ,  1 .38  (1H,  m) ,  1 .21  (3H,  s ) ,  0 .94-0 .87  (2H,  m) ,  0 .91  

(9H,  s ) ,  0 .12  (3H,  s ) ,  0 .08  (3H,  s ) ,  0 .01  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  198 .8 ,  178 .2 ,  170 .3 ,  159 .5 ,  129 .8 ,  129 .4 ,  

125 .6 ,  113 .8 ,  95 .1 ,  92 .6 ,  71 .0 ,  70 .7 ,  69 .6 ,  69 .0 ,  65 .3 ,  55 .3 ,  54 .0 ,  45 .4 ,  

44 .1 ,  43 .3 ,  36 .5 ,  31 .7 ,  25 .6 ,  21 .5 ,  18 .0 ,  17 .9 ,  15 .2 ,  -1 .4 ,  -4 .2 ,  -5 .1 .  

IR  (KBr) :  2952 ,  2929 ,  2885 ,  2860 ,  1781 ,  1670 ,  1508 ,  1248 ,  1119 ,  1035 ,  

836  cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 6 H 5 7 O 8 S i 2 :  

673.3592.  Found:  673.3604 (MH + ) .  

Anal .  Calcd for  C 3 6 H 5 6 O 8 S i 2 :  C,  64.25;  H,  8 .39.  Found:  C,  64.26;  H,  8 .51.  

 [α ] D
2 5  =  +10º  (c  0 .98 ,  CHCl 3 ) .  

mp .  110-112ºC (ǔȲƗǛȝƇ ,  ÁȝƇǋē ,  pKS� ,  ʈʊH^� ) .  



157 

(2aR , 5aR , 5bR , 6R , 8S , 9S , 9aR , 10S , 10aS ) -8 -[ ( t e r t -buty ld imethy l s i ly l ) -  

oxy] -6 -[ (4 -methoxybenz y l )oxy] -9 -methy l -2 -methy lene-10-( { [2 -  

( t r imethy l s i ly l )e thoxy]methoxy}methyl ) decahydro-1H -5b ,9 -  

( epoxymethano)cyc lobuta[ j ] f luorene-3 ,11(4H ) -d ione  (117α )  

(2aS , 5aR , 5bR , 6R , 8S , 9S , 9aR , 10S , 10aR ) -8 -[ ( t e r t -buty ld imethy l s i ly l ) -  

oxy] -6 -[ (4 -methoxybenz y l )oxy] -9 -methy l -2 -methy lene-10-( { [2 -  

( t r imethy l s i ly l )e thoxy]methoxy}methyl )decahydro -1H -5b ,9 -  

( epoxymethano)cyc lobuta[ j ] f luorene-3 ,11(4H ) -d ione  (117β )  
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Hg� 116  (29 .5  mg,  0 .0438  mmol)  +ćØy^��  (2 .0  mL)  ǋǁ( ,  

-78 ºC $C��  ( ca .  2  mL)  AÔ� ,  100W ʷÿƵʏ~�o+¼¹AiE

�_MVmD�\�Aɶ�# 1 .5 ƆʖǖĠ�� .  ĜǇ$C��AǩÞ��

ņ ,  ǅÿ�ǋēAǩÞ� ,  Ŋ;>�ƭǆAT�JP�J~xM�vbN~

mD�  (ǋÅǋē ,  pKS�  :  ʈʊH^�  =5  :  1  ~  4  :  1 )  $ȓɆ�#ǔȲ

ƺǛ+TM�n\� 117αA 5 .0  mg (àǞ  16%)  %ǔȲƺǛ+TM�n\

� 117βA 25 .2  mg (àǞ  81%)  Ŋ� .  

 

117α  

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .21-7 .17  (2H,  m) ,  6 .89-6 .85  (2H,  m) ,  

4 .94  (1H,  m) ,  4 .87  (1H,  m) ,  4 .62  (1H,  d ,  J  =  12 .1  Hz) ,  4 .62  (2H,  s ) ,  4 .25  
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(1H,  d ,  J  =  12 .1  Hz) ,  3 .83  (1H,  d ,  J  =  4 .4  Hz) ,  3 .81  (3H,  s ) ,  3 .75  (1H,  m) ,  

3 .71  (1H,  d ,  J  =  4 .4  Hz) ,  3 .66-3 .54  (2H,  m) ,  3 .53  (1H,  dd ,  J  =  9 .7 ,  6 .3  

Hz) ,  3 .44  (1H,  dd ,  J  =  9 .7 ,  5 .7  Hz) ,  3 .40  (1H,  m) ,  3 .19  (1H,  d ,  J  =  5 .0  

Hz) ,  2 .70  (1H,  ddd ,  J  =  18 .1 ,  8 .4 ,  1 .9  Hz) ,  2 .32  (1H,  m) ,  2 .22  (1H,  dd ,  J  

=  13 .1 ,  3 .9  Hz) ,  2 .17-2 .05  (2H,  m) ,  2 .01  (1H,  d ,  J  =  15 .8  Hz) ,  1 .94  (1H,  

m) ,  1 .78  (1H,  d t ,  J  =  15 .8 ,  4 .7  Hz) ,  1 .30  (1H,  m) ,  1 .19  (3H,  s ) ,  0 .96-0 .90  

(2H,  m) ,  0 .89  (9H,  s ) ,  0 .10  (3H,  s ) ,  0 .06  (3H,  s ) ,  0 .03  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  209 .6 ,  179 .2 ,  159 .4 ,  141 .4 ,  129 .8 ,  129 .6 ,  

113 .7 ,  109 .8 ,  95 .2 ,  92 .1 ,  71 .6 ,  70 .5 ,  69 .6 ,  69 .6 ,  65 .3 ,  60 .1 ,  55 .3 ,  53 .6 ,  

47 .8 ,  47 .2 ,  46 .4 ,  44 .0 ,  42 .9 ,  36 .3 ,  32 .1 ,  25 .6 ,  18 .0 ,  17 .9 ,  16 .0 ,  14 .9 ,  -1 .4 ,  

-4 .2 ,  -5 .2 .  

IR  (nea t ) :  2953 ,  2928 ,  2857 ,  1778 ,  1702 ,  1514 ,  1249 ,  1105 ,  1055 ,  1036 ,  

863 ,  837  cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 9 H 6 0 NaO 8 Si 2 :  

735.3724.  Found:  735.3712 (MNa + ) .  

 

117β  

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .24-7 .19  (2H,  m) ,  6 .90-6 .85  (2H,  m) ,  

4 .87-4 .81  (2H,  m) ,  4 .65  (1H,  d ,  J  =  11 .7  Hz) ,  4 .64  (1H,  d ,  J  =  6 .8  Hz) ,  

4 .62  (1H,  d ,  J  =  6 .8  Hz) ,  4 .31  (1H,  d ,  J  =  11 .7  Hz) ,  3 .82  (3H,  s ) ,  3 .76  (1H,  

d ,  J  =  4 .6  Hz) ,  3 .73  (1H,  d ,  J  =  4 .6  Hz) ,  3 .67  (1H,  dd ,  J  =  10 .3 ,  3 .7  Hz) ,  

3 .64-3 .52  (4H,  m) ,  3 .20  (1H,  m) ,  2 .97  (1H,  d ,  J  =  10 .3  Hz) ,  2 .50-2 .33  

(3H,  m) ,  2 .28  (1H,  d t ,  J  =  17 .6 ,  6 .0  Hz) ,  2 .08-1 .92  (2H,  m) ,  2 .04  (1H,  d ,  

J  =  16 .2  Hz) ,  1 .78  (1H,  d t ,  J  =  16 .2 ,  4 .6  Hz) ,  1 .68  (1H,  dq ,  J  =  16 .4 ,  4 .9  

Hz) ,  1 .18  (3H,  s ) ,  0 .96-0 .90  (2H,  m) ,  0 .88  (9H,  s ) ,  0 .10  (3H,  s ) ,  0 .05  (3H,  
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s ) ,  0 .02  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  207 .8 ,  178 .2 ,  159 .3 ,  142 .1 ,  129 .6 ,  129 .5 ,  

113 .8 ,  107 .6 ,  95 .1 ,  94 .3 ,  71 .2 ,  70 .9 ,  70 .8 ,  68 .2 ,  65 .4 ,  61 .0 ,  55 .3 ,  53 .9 ,  

47 .8 ,  46 .7 ,  45 .4 ,  44 .8 ,  38 .7 ,  35 .4 ,  31 .6 ,  25 .7 ,  19 .6 ,  18 .1 ,  17 .9 ,  15 .4 ,  -1 .4 ,  

-4 .2 ,  -5 .2 .  

IR  (nea t ) :  2953 ,  2928 ,  2857 ,  1781 ,  1704 ,  1514 ,  1249 ,  1117 ,  1095 ,  1057 ,  

1036 ,  860 ,  837  cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  C 3 9 H 6 0 NaO 8 Si 2 :  735.3724.  

Found:  735.3728 (MNa+ ) .  

[α ] D
2 5  =  +20º  (c  1 .08 ,  CHCl 3 ) .  
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(1S , 2S , 4R , 4aR , 4bR , 7S , 9aR , 10S , 10aR ) -2 -[ ( t e r t -buty ld imethy l s i ly l ) -  

oxy] -7 -hydroxy-4-[ (4 -methoxybenz y l )oxy] -1 -methy l -8 -methy lene-10-

( { [2 -( tr imethy l s i ly l )e thoxy]methoxy}methyl )dodecahydro -4a ,1 -  

( epoxymethano) -7 ,9a-methanobenz o[a ]az u len-13-one  (118)  

 

TBSO

HO

H

PMBO

OSEM

OC
OH

TBSO

HO

H

PMBO

O

SEMO

117β

OC

118

SmI2, TBAB
HMPA, i-Pr2NEt

THF, rt

 

 

TBAB (97  mg,  0 .30  mmol )  ( ,  ĜǇ$ SmI 2 + THF ǋǁ  (0 .1  M,  1 .5  mL,  

0 .15  mmol )  % HMPA (0 .10  mL,  108  mg,  0 .60  mmol ) ,  UEZo�l�H

^�Cw�  (0 .10mL,  78  mg,  0 .60  mmol )  AÔ� 15 ÆůŢ�� .  �+ǋǁ

(TM�n\� 117β  (4 .6  mg ,  6 .5  µmol)  + THF (1 .0  ml )  ǋǁAǌ�� ,  

30ÆůŢ�� .  ßŏǋǁ(ȉƴAì,ɲ5 ,  UH^�H�`�$Ĳʋ� ,  ʯ

òǒʊƵȖdb�FxƵǋǁ% 20%^Iǽʊdb�FxƵǋǁAÔ�� .  

Ǣ��ƸƯAT�JP�$?Þ  (ǋÅǋē ,  UH^�H�`� )  � ,  ǅÿǐ

ȣ�� .  ƭǆAT�JP�J~xM�vbN~mD�  (ǋÅǋē ,  pKS

�  :  ʈʊH^�  =  3  :  1  ~  2  :  1 )  $ȓɆ� ,  ǔȲƺǛ+ 118 A 3 .2  mg (àǞ  

69%)  Ŋ� .  

 

1 H-NMR (400  MHz,  CDCl 3 )  δ :  7 .20-7 .15  (2H,  m) ,  6 .87-6 .83  (2H,  m) ,  

5 .19  (1H,  m) ,  4 .97  (1H,  m) ,  4 .63  (1H,  d ,  J  =  6 .9  Hz) ,  4 .60  (1H,  d ,  J  =  6 .9  

Hz) ,  4 .60  (1H,  d ,  J  =  11 .9  Hz) ,  4 .26  (1H,  d ,  J  =  11 .9  Hz) ,  3 .81  (3H,  s ) ,  

3 .77  (1H,  d ,  J  =  4 .6  Hz) ,  3 .63-3 .56  (3H,  m) ,  3 .51  (2H,  d ,  J  =  6 .3  Hz) ,  
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2 .98  (1H,  d ,  J  =  9 .3  Hz) ,  2 .73  (1H,  d t ,  J  =  15 .9 ,  2 .7  Hz) ,  2 .19  (1H,  m) ,  

2 .10  (1H,  t ,  J  =  7 .7  Hz) ,  1 .98  (1H,  dd ,  J  =  9 .3 ,  6 .3  Hz) ,  1 .98  (1H,  d ,  J  =  

15 .8  Hz) ,  1 .96  (1H,  m) ,  1 .88  (1H,  m) ,  1 .77  (1H,  d t ,  J  =  15 .8 ,  4 .6  Hz) ,  

1 .60  (3H,  m) ,  1 .24  (1H,  m) ,  1 .18  (3H,  s ) ,  0 .96-0 .90  (2H,  m) ,  0 .88  (9H,  s ) ,  

0 .09  (3H,  s ) ,  0 .05  (3H,  s ) ,  0 .02  (9H,  s ) .  

1 3 C-NMR (126  MHz,  CDCl 3 )  δ :  179 .2 ,  159 .2 ,  157 .5 ,  129 .8 ,  129 .4 ,  113 .7 ,  

106 .0 ,  95 .1 ,  94 .7 ,  78 .2 ,  71 .3 ,  70 .9 ,  70 .3 ,  68 .7 ,  65 .3 ,  55 .3 ,  54 .6 ,  49 .3 ,  

47 .7 ,  46 .1 ,  45 .4 ,  44 .3 ,  40 .9 ,  38 .3 ,  31 .9 ,  25 .7 ,  18 .1 ,  17 .9 ,  17 .2 ,  15 .3 ,  -1 .4 ,  

-4 .2 ,  -5 .1 .  

IR  (nea t ) :  3478 ,  2950 ,  2928 ,  1775 ,  1514 ,  1249 ,  1117 ,  1062 ,  1033 ,  974 ,  

861 ,  837  cm - 1 .  

HR-FAB-MS (m -ni t robenzyl  a lcohol)  m /z :  Calcd for  C 3 9 H 6 2 NaO 8 Si 2 :  

737.3881.  Found:  737.3883 (MNa + ) .  
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