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G en er a l :  
1
H  an d  

1 3
C  N MR  s p ec t r a  w e re  r ec o rd e d  o n  J E O L A L -4 0 0  N MR  ( 40 0  MH z )  

sp e c t r o me t e r.  
1
H  N M R  s p ec t r a  w e r e  r e f e r en c ed  w i th  (C H 3 ) 4 S i  ( 0 . 0 0  p p m)  a s  an  

i n t e rn a l  s t an d a rd .  
1 3

C  N MR  s p ec t r a  w e r e  r e f e r e nc e d  w i t h  d e u t e ra t e d  so l ve n t  (  7 7 . 0  

pp m f o r  C D C l 3 ) .  IR  sp e c t r a  w e re  r ec o r d ed  on  J A SC O  FT- IR -8 0 00  o r  FT- IR -4 2 0 0  

Fo u r i e r  Tra n s fo r m I n f r a r ed  S pe c t r op ho t o me t e r.  H i g h  r e s o lu t i on  ma s s  s p ec t r a  w e r e  

ob t a i ne d  on  SH IMA D ZU  LC MS - IT-TO F ma s s  s p ec t r o me t e r  i n  po s i t i ve  e l e c t r o sp r a y  

i on i z a t i on  (E S I )  me t h o d .  E I  ma s s  sp e c t r a  we r e  r e co r d ed  o n  a  J E O L J MX -SX  10 2 A 

sp e c t r o me t e r.  O p t i c a l  r o t a t i o n s  we r e  m ea s u re d  on  a  J A S C O  D IP -3 70  d i g i t a l  

po l a r i me t e r.  C o l u mn  c h ro ma t o g r ap h y  w a s  pe r f o r me d  o n  s i l i c a  g e l  6 0 N  ( Ka n t o  

C he mi c a l  C o . ,  In c . ,  40 -6 3  m o r  1 0 0 -2 10  m)  o r  s i l i c a  g e l  60  ( Me r ck ,  0 . 0 40 -0 . 0 63  

m m) .  P re p a ra t i ve  t h i n  l a ye r  c h ro ma t o g r a ph y  w a s  pe r f o r me d  on  s i l i c a  g e l  6 0  F 2 5 4  

( Me r c k ,  0 . 2 5  m m) .  H i gh  pe r f o r ma n ce  l i q u i d  c h ro ma t o g r ap h y  (H P LC )  w as  c a r r i e d  o u t  

on  a  SH IMA D Z U  H P LC  s ys t e m c o n s i s t i ng  o f  t h e  f o l l o w i ng  e q u i p me n t s :  pu mp ,  

LC -6 A D ;  de t e c t o r,  SP D -10A ;  co l u mn ,  Y MC -P a ck  O D S -A .  A l l  ex p e r i me n t s  w e r e  

pe r f o r me d  u nd e r  a nh yd r o u s  c o nd i t i o n s  i n  a n  a t mo s p he r e  o f  a rgo n ,  un l e s s  o t he r w i s e  

me n t i o ne d .  
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Me t hy l  

4 , 6 -O -B en zy l i d en e - 2 - O - ( t e r t -b u ty l d i me t h y l s i l y l ) - 3 -d eo xy - 3 -C - ( 2 -h yd rox y e th y l ) - -

D - a l t ro py r an o s id e  (4 ) .  

To  a  so l u t i o n  o f  me t h y l  4 , 6 -O -b e nz yl i de n e -3 -d e o x y -3 -C -  

e th e n yl - - D - a l t r o p yr a no s i de
1
 ( 3 ,  1 22  mg ,  0 . 41 7  m mo l )  i n  

C H 2 C l 2  ( 5  m L)  w e re  a dd ed  2 , 6 - l u t i d i n e  (0 . 1 0  m L,  0 . 86 0  m mo l )  

an d  T B SO T f  ( 0 . 1 5  m L,  0 . 65 3  m mo l )  a t  0 ° C ,  an d  t he  mi x t u r e  

w a s  s t i r r e d  a t  r t  f o r  2  h .  To  t he  r e ac t i o n  mi x tu r e  w e re  f u r th e r  ad de d  2 , 6 - l u t i d i n e  (0 .1 0  

m L,  0 . 86 0  m mo l )  an d  T B S O T f  (0 . 15  m L,  0 . 65 3  m mo l )  a t  0 °C ,  a nd  t h e  mi x t u r e  wa s  

s t i r r ed  a t  r t  f o r  1  h .  To  t he  mi x t u r e  w a s  a dd ed  s a t .  N H 4 C l  a q .  a t  0 °C  a nd  t h e  o rg a n i c  

l a ye r  w a s  s ep a ra t e d .  T h e  aq u eo u s  l a ye r  w a s  e x t r ac t e d  w i t h  E tO A c .  T h e  o rg an i c  l a ye r  

w a s  w a sh e d  w i t h  b r in e ,  d r i e d  o ve r  N a 2 S O 4 ,  a n d  co n ce n t r a t ed .  T h e  r e s i du e  wa s  p u r i f i e d  

b y  f l a s h  c o l u mn  ch r o ma t o g r ap h y  o n  s i l i c a  ge l  ( h ex a ne / E tO A c  =  10 0 / 1 -5 0 / 1 )  to  y i e l d  

me t h yl  4 , 6 -O -b e nz y l i d e ne -3 -d e ox y -2 -O - ( t e r t -b u t y l d i me t h y l s i l y l ) -3 -C - e t h e n yl - - D -  

a l t r op yr a no s i d e  ( 1 44 . 3  mg ,  0 . 3 55  m mo l ,  8 5 % )  a s  a  co l o r l e s s  o i l .  

[ ]
2 3

D  + 2 9 .6  ( c  1 .0 8 ,  C H C l 3 ) ;  
1
H  N MR  (4 00  MH z ,  C D C l 3 )  δ  0 . 09 4  ( s ,  3H ) ,  0 . 11  ( s ,  3H ) ,  

0 . 92  ( s ,  9H ) ,  2 . 83 -2 . 86  ( m,  1 H ) ,  3 . 3 8  ( s ,  3H ) ,  3 . 7 9  ( dd ,  J  =  10 .0 ,  10 . 3  H z ,  1H ) ,  

3 . 83 -3 . 8 2  ( m,  1H ) ,  4 . 03  ( dd d ,  J  =  4 .9 ,  9 . 8 ,  10 .0  H z ,  1H ) ,  4 . 1 0  ( d d ,  J  =  5 . 1 ,  9 . 8  H z ,  1H ) ,  

4 . 27  ( dd ,  J  =  4 .9 ,  1 0 . 3  H z ,  1H ) ,  4 . 48  ( b r s ,  1H ) ,  5 . 1 7  ( d dd ,  J  =  0 . 98 ,  1 . 7 ,  10 . 3  H z ,  1H ) ,  

5 . 21  ( dd d ,  J  =  1 .7 ,  2 . 0 ,  17 .1  H z ,  1H ) ,  5 . 5 9  ( s ,  1H )  ,  6 . 24  ( dd d ,  J  =  9 .8 ,  1 0 .3 ,  1 7 .1  H z ,  

1H ) ,  7 . 3 2 -7 . 3 7  ( m,  3H ) ,  7 . 45 -7 . 4 8  ( m,  2H ) ;  
1 3

C  N MR  (1 00  MH z ,  C D C l 3 )  δ  - 5 . 0 2 ,  -4 . 90 ,  

18 .1 ,  25 . 8  ( 3C ) ,  4 8 .8 ,  5 5 . 0 ,  5 9 .8 ,  6 9 .5 ,  7 3 .7 ,  7 5 .5 ,  10 1 . 9 ,  1 02 . 2 ,  11 8 . 0 ,  1 26 . 2  (2C ) ,  

12 8 . 1  (2 C ) ,  12 8 . 8 ,  1 3 4 . 0  1 37 . 6 ;  IR  ( n ea t )  1 46 8 ,  13 7 9 ,  12 58  c m
- 1

.  E S I -H R M S  c a l cd  f o r  

C 2 2 H 3 4 O 5 S i  ( [M+ H ]
+

)  4 07 . 22 4 8 ,  fo u nd  40 7 . 22 49 .  

 

    To  a  s o lu t i o n  o f  t h e  ab o ve  O - s i l y l a t e d  p r od u c t  (2 65  mg ,  0 . 6 52  m mo l )  i n  T H F ( 1 .3  

m L)  w a s  a dd ed  9 -B B N  (2 . 6  m L,  1 .3 04  m m o l )  a t  0 °C ,  a nd  t he  mi x tu r e  wa s  s t i r r e d  a t  r t  

f o r  1 .5  h .  To  th e  r e a c t i on  mi x t u r e  w e re  ad d ed  3  M  N aO H  ( 2  m L)  an d  3 0 % H 2 O 2  (2  m L) ,  
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an d  t h e  mi x t u r e  w as  s t i r r ed  a t  r t  f o r  16  h .  To  t h e  mi x t u r e  w e r e  a d de d  s a t .  N aH C O 3  aq .  

an d  N a 2 S 2 O 3  aq .  a t  0 ° C ,  a nd  t he  aq ue o us  l a ye r  w a s  ex t r a c t e d  w i t h  E t O A c .  T h e  o rga n i c  

l a ye r  w a s  w a s h ed  w i t h  b r i n e ,  d r i e d  o ve r  N a 2 S O 4 ,  an d  co n ce n t r a t ed .  T h e  r e s id ue  w a s  

pu r i f i e d  b y  f l a s h  c o l u mn  ch r o ma t o g ra ph y  o n  s i l i c a  ge l  ( h ex a ne / E tO A c  =  20 / 1 )  t o  

a f f o rd  4  ( 25 4  mg ,  0 .5 98  m mo l ,  9 2 % )  a s  a  c o lo r l e s s  o i l .  

[ ]
2 3

D  + 4 7 .1  ( c  1 . 02 ,  C H C l 3 ) ;  
1
H  N MR  ( 40 0  MH z ,  C D C l 3 )  δ  0 . 0 89  ( s ,  3H ) ,  0 . 10  ( s ,  3H ) ,  

0 . 92  ( s ,  9H ) ,  1 . 9 1  (d d dd ,  J  =  6 .3 ,  6 . 8 ,  7 . 1 ,  14 .4  H z ,  1H ) ,  2 . 0 8  (d d ,  J  =  4 . 9 ,  6 . 3  H z ,  1H ) ,  

2 . 12  ( d dd d ,  J  =  7 . 1 ,  7 . 3 ,  7 . 8 ,  1 4 .4  H z ,  1H ) ,  2 . 21 -2 . 2 4  ( m,  1H ) ,  3 . 36  ( s ,  3H ) ,  3 . 6 3 -3 .7 5  

( m,  2H ) ,  3 . 7 9  (d d ,  J  =  10 . 0 ,  10 . 3  H z ,  1H ) ,  3 . 92 -3 . 9 3  (b r,  1H ) ,  3 . 9 6  (d dd ,  J  =  4 .9 ,  9 . 8 ,  

10 .0  H z ,  1H ) ,  4 . 17  ( d d ,  J  =  5 . 1 ,  9 . 8  H z ,  1H ) ,  4 . 2 8  ( dd ,  J  =  4 .9 ,  1 0 . 3  H z ,  1H ) ,  4 . 4 5  ( b r s ,  

1H ) ,  5 . 6 1  ( s ,  1H ) ,  7 . 3 4 -7 .3 9  ( m,  3H ) ,  7 . 46 - 7 . 49  ( m,  2 H ) ;  
1 3

C  N M R  ( 10 0  M H z ,  C D C l 3 )  δ  

- 4 . 99 ,  -4 . 87 ,  18 . 1 ,  25 . 8  ( 3C ) ,  2 9 .0 ,  4 1 .6 ,  55 . 0 ,  59 . 4 ,  62 . 4 ,  69 . 5 ,  7 2 .1  76 . 2 ,  10 2 .1 ,  10 2 . 3 ,  

12 6 . 1  ( 2C ) ,  1 28 . 1  (2 C ) ,  12 9 . 0 ,  1 3 7 . 3 ;  IR  ( ne a t )  34 5 1 ,  1 46 8 ,  13 83  c m
- 1

.  E S I -H R M S 

ca l c d  f o r  C 2 2 H 3 6 O 6 S i  ( [ M+ N a ]
+

)  4 4 7 . 21 7 3 ,  f ou nd  44 7 . 2 16 2 .  
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Me t hy l  

4 -O -B e n zo y l -6 - b ro mo -2 -O - ( t e r t -b u ty l d i m e th y l s i l y l ) -3 , 6 -d i de o xy - 3 -C - (2 - p i va l o y lo x

ye t hy l ) - - D - a l t rop y r an o s id e  (5 ) .  

To  a  s o lu t i o n  o f  a l co ho l  4  ( 3 52 . 6  mg ,  0 . 83 0  m mo l )  i n  C H 2 C l 2  ( 8  

m L)  w e r e  a dd ed  p yr i d in e  (0 . 17  m L,  1 . 83  m mo l )  a nd  P i vC l  (0 .2 2  

m L,  1 .8 3  m mo l )  a t  0 ° C ,  a nd  th e  mi x t u r e  wa s  s t i r r e d  a t  r t  f o r  1  h .  

To  t h e  mi x t u r e  w a s  a d de d  s a t .  N H 4 C l  a q .  a t  0 °C ,  a n d  t he  a q ue ou s  

l a ye r  w a s  e x t r a c t ed  w i t h  E t O A c .  T h e  o rg an i c  l a ye r  wa s  w a s he d  w i t h  b r i ne ,  d r i ed  o ve r  

N a 2 S O 4 ,  a n d  c on ce n t r a t e d .  T h e  r e s i d ue  w a s  p u r i f i ed  b y  f l a s h  co l u mn  ch r o ma t o g ra ph y  

on  s i l i c a  g e l  (h e xa ne / E tO A c  =  40 / 1 -1 0 / 1 )  t o  g i ve  me t h y l  4 , 6 -O -b en z yl i d e ne -2 -O - ( t e r t -  

bu t y l d i me t h y l s i l y l ) -3 -d e ox y -3 -C - ( 2 -p i va l o y l o x ye t h y l ) - - D - a l t r o p yr a n o s i de  ( 4 01 .5  mg ,  

0 . 78 9  m mo l ,  9 5 % )  a s  a  c o lo r l e s s  o i l .  

[ ]
2 6

D  + 3 0 .7  ( c  1 .0 2 ,  C H C l 3 ) ;  
1
H  N MR  (4 0 0  M H z ,  C D C l 3 )  δ  0 . 0 8 5  ( s ,  3H ) ,  0 . 09 4  ( s ,  3 H ) ,  

0 . 92  ( s ,  9H ) ,  1 . 19  ( s ,  9H ) ,  2 . 0 3  ( dd dd ,  J  =  6 . 1 ,  6 . 3 ,  8 . 5 ,  14 . 4  H z ,  1H ) ,  2 . 1 4  (d d dd ,  J  =  

6 . 3 ,  7 . 1 ,  7 . 8 ,  1 4 . 4  H z ,  1H ) ,  2 . 1 9 -2 . 23  ( m,  1 H ) ,  3 . 3 5  ( s ,  3H ) ,  3 . 7 8  ( dd ,  J  =  1 0 . 0 ,  10 . 3  H z ,  

1H ) ,  3 . 8 9 -3 . 91  ( b r s ,  1 H ) ,  3 . 92  ( dd d ,  J  =  4 .9 ,  1 0 .0 ,  10 .0  H z ,  1H ) ,  4 . 17  ( d d ,  J  =  5 . 1 ,  1 0 . 0  

H z ,  1H ) ,  4 . 1 2 -4 .2 3  ( m,  2H ) ,  4 . 2 7  ( d d ,  J  =  4 . 9 ,  10 .3  H z ,  1H ) ,  4 . 45  (b r s ,  1H ) ,  5 . 5 9  ( s ,  

1H ) ,  7 . 3 3 -7 . 3 9  ( m,  3H ) ,  7 . 46 -7 . 4 9  ( m,  2H ) ;  
1 3

C  N MR  (1 00  MH z ,  C D C l 3 )  δ  - 4 . 9 3 ,  -4 . 84 ,  

18 .0 ,  24 .5 ,  25 .8  ( 3C ) ,  2 7 .2  ( 3C ) ,  38 . 6 ,  40 . 3 ,  5 5 . 0 ,  5 9 . 3 ,  6 3 . 6 ,  6 9 . 5 ,  71 . 1 ,  76 . 1 ,  10 1 . 7 ,  

10 2 . 3 ,  12 6 . 0  ( 2C ) ,  1 2 8 . 1  ( 2C ) ,  1 28 . 8 ,  1 37 . 7  1 7 8 . 2 ;  IR  ( n ea t )  1 7 30 ,  14 64 ,  13 8 3  c m
- 1

.  

E S I -H R MS  c a l c d  f o r  C 2 7 H 4 4 O 7 S i  ( [M+ N a ]
+

)  5 31 . 27 49 ,  fo u nd  53 1 . 27 5 0 .  

 

    To  a  s o lu t i o n  o f  t he  a bo ve  O -p r o t ec t e d  p r od u c t  ( 40 3 . 1  mg ,  0 . 7 92  m mo l )  i n  C C l 4  

( 16  m L)  w e r e  ad d ed  B aC O 3  ( 0 . 1 7 4  g ,  0 . 88 2  m mo l )  an d  N B S  (0 . 15 6  g ,  0 . 8 76  mmo l )  a t  

0 °C ,  a n d  t he  mi x t u r e  w a s  r e f lu x ed  fo r  2  h .  To  t h e  mi x t u r e  w e r e  a dd ed  sa t .  N aH C O 3  a q .  

an d  s a t .  N a 2 S 2 O 3  aq .  a t  0 °C ,  an d  t h e  mi x t u re  wa s  f i l t e r e d  t h r ou gh  C e l i t e  pa d .  T h e  

f i l t r a t e  w a s  ex t r a c t ed  w i t h  E tO A c ,  t h e  o rga n ic  l a ye r  w a s  w a sh e d  w i t h  b r i ne ,  d r i ed  o ve r  

N a 2 S O 4 ,  a n d  c on ce n t r a t e d .  T h e  r e s i d ue  w a s  p u r i f i ed  b y  f l a s h  co l u mn  ch r o ma t o g ra ph y  
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on  s i l i c a  g e l  (h e xa n e / E t O A c  =  4 0 / 1 )  t o  g i ve  5  ( 4 04 .3  mg ,  0 . 6 88  m mo l ,  8 7 % )  a s  a  

co l o r l e s s  o i l .  

[ ]
2 4

D  + 2 4 .4  ( c  1 . 03 ,  C H C l 3 ) ;  
1
H  N MR  ( 40 0  MH z ,  C D C l 3 )  δ  0 . 0 95  ( s ,  3H ) ,  0 . 12  ( s ,  3H ) ,  

0 . 92  ( s ,  9H ) ,  1 . 09  ( s ,  9H ) ,  1 . 8 3  ( dd dd ,  J  =  7 . 3 ,  7 . 8 ,  8 . 5 ,  14 . 4  H z ,  1H ) ,  2 . 1 6  (d d dd ,  J  =  

6 . 3 ,  8 . 1 ,  8 . 3 ,  14 . 4  H z ,  1H ) ,  2 . 35  (d d dd ,  J  =  4 .9 ,  5 . 4 ,  7 . 8 ,  8 . 3  H z ,  1 H ) ,  3 . 43  ( s ,  3H ) ,  

3 . 55  ( d d ,  J  =  7 .8 ,  11 . 0  H z ,  1H ) ,  3 . 6 4  ( dd ,  J  =  2 . 7 ,  11 . 0  H z ,  1H ) ,  3 . 85  ( d d ,  J  =  2 .2 ,  5 . 4  

H z ,  1H ) ,  4 . 0 7 -4 .1 4  ( m,  3H ) ,  4 . 5 6  ( d ,  J  =  2 . 2  H z ,  1H ) ,  5 . 41  (d d ,  J  =  4 .9 ,  8 . 1  H z ,  1H ) ,  

7 . 43 -7 . 4 7  ( m,  2H ) ,  7 . 56 -7 . 6 0  ( m,  1H ) ,  7 . 99 -8 . 01  ( m,  2 H ) ;  
1 3

C  N MR  (1 0 0  MH z ,  C D C l 3 )  

δ  - 4 . 9 3 ,  -4 . 68 ,  1 8 .0 ,  2 4 . 2 ,  25 .8  (3 C ) ,  2 7 .1  ( 3C ) ,  3 3 .2 ,  3 8 . 6 ,  39 . 2 ,  55 .4 ,  6 2 . 4 ,  68 . 5 ,  7 0 .8  

( 2C ) ,  1 03 . 3 ,  12 8 .4  ( 2 C ) ,  12 9 . 4 ,  1 29 . 5  (2 C ) ,  1 3 3 . 3 ,  1 65 . 1 ,  1 78 .1 ;  IR  ( ne a t )  14 6 8 ,  1 37 9 ,  

12 58  c m
- 1

.  E S I -H R M S c a lc d  fo r  C 2 7 H 4 3 O 7 S iB r  ( [ M+ N a ]
+

)  6 09 .1 85 4 ,  f ou nd  60 9 .1 85 7 .  

S8
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( 2 S , 3 R , 4R ) - 4 -B e n zo y l ox y -2 - ( t e r t - bu t y ld i me t hy l s i l y l ) o xy - 3 - (2 - p iv a l oy l ox y e th y l ) h e x

- 5 -e n -1 - o l  (6 ) .  

To  a  s o l u t i on  o f  5  ( 4 0 1 . 6  mg ,  0 . 6 83  m mo l )  i n  1 -p r o p an o l /H 2 O  ( 30  

m L,  1 -p r o p an o l /H 2 O  =  5 /1 )  w e r e  a d de d  N a B H 3 C N  ( 0 .2 19  g ,  3 . 49  

m mo l )  an d  Z n  d u s t  ( 0 . 89 7  g ,  13 . 7  m mo l )  a t  r t ,  a nd  t he  mi x t u r e  

w a s  r e f lu x ed  f o r  20  mi n .  To  t he  r e a c t io n  mi x t u r e  w e r e  r e - a dd e d  

N aB H 3 C N  ( 0 .2 2 0  g ,  3 . 50  mmo l )  a nd  Zn  d u s t  ( 0 . 89 6  g ,  13 . 7  m mo l )  a t  r t ,  a nd  th e  mi x t u r e  

w a s  r e f l ux ed  f o r  2 0  mi n .  T h i s  p r oc e s s  wa s  r e p e a t e d  f u r th e r  t h r ee  t i me s .  T h e  mi x t u r e  

w a s  f i l t e r ed  t h ro u gh  C e l i t e  p ad  ( E tO A c ) ,  an d  t h e  f i l t r a t e  w a s  e x t r a c t ed  w i t h  E tO A c .  

T h e  o rga n i c  l a ye r  wa s  w a s he d  w i t h  b r i n e ,  d r i e d  o ve r  N a 2 S O 4 ,  a nd  c o nc en t r a t e d .  T he  

r e s id u e  wa s  p u r i f i ed  b y  f l a s h  c o l u mn  c h ro ma t o g r ap h y  o n  s i l i c a  ge l  ( h e xa n e /E tO A c  =  

10 / 1 )  to  g i ve  6  ( 22 7 . 5  mg ,  0 .4 7 5  m mo l ,  70 % )  a s  a  co l o r l e s s  o i l .  

[ ]
1 9

D  + 2 5 .2  ( c  1 .0 2 ,  C H C l 3 ) ;  
1
H  N MR  (4 0 0  M H z ,  C D C l 3 )  δ  0 . 0 3 3  ( s ,  3H ) ,  0 . 06 4  ( s ,  3 H ) ,  

0 . 90  ( s ,  9H ) ,  1 . 16  ( s ,  9H ) ,  1 . 7 4  ( dd dd ,  J  =  6 . 6 ,  6 . 8 ,  6 . 8 ,  12 . 7  H z ,  1H ) ,  1 . 8 9  (d d dd ,  J  =  

6 . 1 ,  6 . 8 ,  6 . 8 ,  1 2 . 7  H z ,  1H ) ,  1 . 90  ( d d ,  J  =  5 . 4 ,  6 . 1  H z ,  1H ) ,  2 . 19  ( dd dd ,  J  =  5 .9 ,  6 . 1 ,  6 . 3 ,  

6 . 6  H z ,  1H ) ,  3 . 64  ( dd d ,  J  =  5 . 4 ,  5 . 9 ,  11 . 2  H z ,  1H ) ,  3 . 73  ( dd d ,  J  =  5 . 9 ,  5 . 9 ,  11 . 2  H z ,  1H ) ,  

3 . 94  ( dd d ,  J  =  5 . 4 ,  5 . 9 ,  5 . 9  H z ,  1H ) ,  4 . 1 3  ( dd d ,  J  =  6 .8 ,  6 . 8 ,  11 . 0  H z ,  1H ) ,  4 . 24  ( dd d ,  J  

=  6 .8 ,  6 . 8 ,  11 . 0  H z ,  1 H ) ,  5 . 3 2  ( dd d ,  J  =  0 . 98 ,  1 . 5 ,  1 0 . 5  H z ,  1H ) ,  5 . 4 1  ( dd d ,  J  =  0 .9 8 ,  

1 . 5 ,  17 . 1  H z ,  1H ) ,  5 . 5 5  ( dd dd ,  J  =  0 . 98 ,  0 . 9 8 ,  6 . 3 ,  6 . 8  H z ,  1H ) ,  5 . 92  (d dd ,  J  =  6 . 8 ,  10 .5 ,  

17 .1  H z ,  1H ) ,  7 . 4 3 -7 . 47  ( m,  2H ) ,  7 . 5 5 -7 . 59  ( m,  1H ) ,  8 . 03 -8 . 0 5  ( m,  2H ) ;  
1 3

C  N M R  (1 0 0  

MH z ,  C D C l 3 )  δ  - 4 . 88 ,  -4 . 2 0 ,  18 . 0 ,  25 . 2 ,  2 5 . 8  (3C ) ,  2 7 .1  (3 C ) ,  38 .6 ,  4 1 .5 ,  6 3 .4 ,  6 4 . 8 ,  

72 .5 ,  7 5 .7 ,  11 8 .7 ,  1 2 8 . 2  ( 2C ) ,  1 29 .4  ( 2C ) ,  13 0 . 1 ,  13 2 .8  1 3 4 . 1 ,  1 65 .2 ,  1 78 . 4 ;  IR  ( ne a t )  

14 68 ,  13 79 ,  12 58  c m
- 1

.  E S I -H R M S  ca l c d  f o r  C 2 6 H 4 2 O 6 S i  ( [ M+ N a ]
+

)  5 01 .2 6 43 ,  fo u nd  

50 1 . 2 61 7 .

 

S11



S12



S13



 

( 3 R , 4R , 5S ) - 3 -B e n zo y l ox y -5 , 6 -e po x y -4 - [ ( 2 -p i v a l oy l ox y ) e th y l ] h ex - 1 -e n e  ( 7 ) .  

To  a  s o l u t i on  o f  6  ( 5 21 .7  mg ,  1 . 09  m mo l )  i n  p yr i d i n e  ( 11  m L)  w a s  

ad d ed  TsC l  ( 2 .0 8  g ,  1 0 . 9  m mo l )  a t  0 °C ,  a n d  t he  m i x t u r e  wa s  s t i r r ed  a t  

r t  f o r  14 . 5  h .  To  t he  r e a c t i on  mi x t u r e  wa s  r e - a d d ed  TsC l  ( 0 .2 09  g ,  

1 . 09  m mo l ) ,  an d  t h e  mi x t u r e  w a s  s t i r r ed  a t  r t  f o r  fu r t h e r  1  h .  To  t he  

mi x t u r e  wa s  ad d ed  s a t .  N H 4 C l  a q .  a t  0 °C ,  an d  th e  a q ue ou s  l a ye r  wa s  ex t r a c t ed  w i t h  

E tO A c .  T he  o rga n i c  l a ye r  w a s  w a s he d  w i t h  b r i ne ,  d r i e d  o v e r  N a 2 S O 4 ,  a nd  co n ce n t r a t ed .  

T h e  r e s i d ue  w a s  pu r i f i ed  b y  f l a s h  c o lu mn  c h ro ma t o g r ap h y  o n  s i l i c a  g e l  ( h e x an e /E tO A c  

=  20 / 1 -1 0 / 1 )  to  g i ve  ( 3 R , 4R , 5S ) -3 -b e n zo yl o x y -5 - [ ( t e r t -b u t y l d i me t h y l s i l y l ) o x y ] -4 -  

[ ( 2 -p i va l o y l o x y ) e t h y l ] -6 - ( t o s y l o x y) h ex -1 -e n e  ( 66 2 .5  mg ,  1 . 05  m mo l ,  9 6 % )  a s  a  

co l o r l e s s  o i l .  

[ ]
1 9

D  + 2 2 .6  ( c  1 . 0 4 ,  C H C l 3 ) ;  
1
H  N M R  ( 40 0  MH z ,  C D C l 3 )  δ  - 0 . 0 5 3  ( s ,  3H ) ,  -0 . 0 28  ( s ,  

3H ) ,  0 . 8 4  ( s ,  9H ) ,  1 . 1 6  ( s ,  9H ) ,  1 . 6 5  ( dd dd ,  J  =  6 .1 ,  6 . 3 ,  6 . 6 ,  12 . 7  H z ,  1H ) ,  1 . 7 9  (d d dd ,  

J  =  7 .1 ,  7 . 3 ,  7 . 6 ,  1 2 . 7  H z ,  1H ) ,  2 . 0 8  ( dd dd ,  J  =  6 .3 ,  6 . 3 ,  7 . 1 ,  8 . 1  H z ,  1H ) ,  2 . 4 3  ( s ,  3H ) ,  

3 . 99  ( d d ,  J  =  6 . 8 ,  1 0 . 3  H z ,  1H ) ,  4 . 0 3 -4 . 16  ( m,  4H ) ,  5 . 30  ( d dd ,  J  =  0 . 98 ,  1 . 2 ,  1 0 .3  H z ,  

1H ) ,  5 . 3 8  (d d d ,  J  =  0 .9 8 ,  1 . 2 ,  1 7 . 1  H z ,  1H ) ,  5 . 43  ( dd d d ,  J  =  0 . 98 ,  0 . 98 ,  6 . 3 ,  7 . 1  H z ,  

1H ) ,  5 . 85  (d dd ,  J  =  7 . 1 ,  10 . 3 ,  1 7 .1  H z ,  1 H ) ,  7 . 3 0 -7 . 32  ( m,  2H ) ,  7 . 4 5 -7 .4 8  ( m,  2H ) ,  

7 . 57 -7 . 6 1  ( m,  1H ) ,  7 . 77 -7 . 7 9  ( m,  2H ) ,  8 . 02 -8 . 04  ( m,  2 H ) ;  
1 3

C  N MR  (1 0 0  MH z ,  C D C l 3 )  

δ  - 5 . 11 ,  -4 . 3 2 ,  18 .0 ,  2 1 . 6 ,  25 . 0 ,  25 . 8  ( 3C ) ,  27 .2  ( 3C ) ,  38 . 6 ,  42 .0 ,  6 2 .8 ,  6 9 . 9 ,  71 . 3 ,  75 . 5 ,  

11 9 . 3 ,  1 2 7 . 8  ( 2C ) ,  1 28 .4  (2C ) ,  1 29 .5  (2C ) ,  12 9 . 7  ( 2C ) ,  1 3 0 . 0 ,  13 2 .7 ,  13 3 .0 ,  13 4 .2 ,  

14 4 . 8 ,  1 65 . 1 ,  17 8 .2 ;  IR  ( ne a t )  1 4 68 ,  13 79 ,  1 2 58  c m
- 1

.  E S I -H R M S  c a l cd  f o r  

C 3 3 H 4 8 O 8 SS i  ( [ M+ N a ]
+

)  6 55 .2 7 31 ,  fo un d  6 5 5 . 27 1 5 .  

 

    To  a  so l u t i o n  o f  t he  ab o ve  to s y l a t e d  p r od uc t  ( 23 7 .6  mg ,  0 . 37 5  m mo l )  i n  T H F ( 4  

m L)  w a s  a d de d  T B A F  ( 1  M  so l u t i o n  i n  T H F,  0 .6 0  m L,  0 . 60  m mo l )  a t  0 °C ,  an d  t he  

mi x t u r e  w as  s t i r r e d  a t  r t  f o r  2  h .  To  th e  mi x tu r e  w as  a d d ed  s a t .  N H 4 C l  a q .  a t  0 °C ,  an d  

t he  a qu eo u s  l a ye r  w a s  ex t r a c t e d  w i t h  E tO A c .  T he  o rga n i c  l a ye r  w a s  w a s he d  w i t h  b r i n e ,  

d r i e d  o ve r  N a 2 S O 4 ,  an d  co n ce n t r a t ed .  T he  r e s i du e  w a s  p u r i f i ed  b y  f l a s h  co l u m n 
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ch r o ma t o g ra p h y  o n  s i l i c a  g e l  ( h ex an e /E t O A c  =  10 / 1 )  to  g i ve  7  ( 10 3 . 7  mg ,  0 .2 9 9  m mo l ,  

80 % )  a s  a  co l o r l e s s  o i l .  

[ ]
2 2

D  + 3 3 .3  ( c  1 .0 2 ,  C H C l 3 ) ;  
1
H  N MR  (4 00  MH z ,  C D C l 3 )  δ  1 . 15  ( s ,  9H ) ,  1 . 9 0  (d dd d ,  J  

=  6 . 6 ,  6 . 8 ,  6 . 8 ,  13 . 9  H z ,  1H ) ,  1 . 97  ( d dd d ,  J  =  6 . 3 ,  6 . 6 ,  6 . 8 ,  13 .9  H z ,  1H ) ,  2 . 6 0  (d d ,  J  =  

2 . 7 ,  4 . 9  H z ,  1H ) ,  2 . 7 8  ( d d ,  J  =  3 . 9 ,  4 . 9  H z ,  1H ) ,  2 . 96  ( dd d ,  J  =  2 . 7 ,  3 . 9 ,  8 . 1  H z ,  1H ) ,  

4 . 21  (d d d ,  J  =  6 . 6 ,  6 . 8 ,  11 . 2  H z ,  1H ) ,  4 . 2 7  ( dd d ,  J  =  6 . 6 ,  6 . 8 ,  11 . 2  H z ,  1H ) ,  5 . 3 0  ( dd d ,  

J  =  0 . 98 ,  1 . 2 ,  1 0 .5  H z ,  1H ) ,  5 . 39  ( d dd ,  J  =  0 . 98 ,  1 . 2 ,  1 7 .1  H z ,  1H ) ,  5 . 6 4  ( dd dd ,  J  =  

0 . 98 ,  0 . 98 ,  6 . 3 ,  6 . 8  H z ,  1H ) ,  5 . 92  (d d d ,  J  =  6 .3 ,  1 0 .5 ,  1 7 . 1  H z ,  1 H ) ,  7 . 4 4 -7 . 47  ( m,  2 H ) ,  

7 . 55 -7 . 6 0  ( m,  1H ) ,  8 . 03 -8 . 0 5  ( m,  2H ) ;  
1 3

C  N MR  (1 0 0  MH z ,  C D C l 3 )  δ  27 . 2  (3C ) ,  28 . 4 ,  

38 .7 ,  4 3 . 4 ,  46 . 7 ,  5 2 . 7 ,  62 . 2 ,  7 5 . 5 ,  11 8 . 4 ,  1 28 .4  (2 C ) ,  1 29 . 5  ( 2C ) ,  12 9 .8 ,  13 3 .1 ,  13 3 .9 ,  

16 5 . 2 ,  17 8 .1 ;  IR  (n ea t )  14 68 ,  1 37 9 ,  12 58  c m
- 1

.  E S I -H R M S  c a l cd  fo r  C 2 0 H 2 6 O 5  

( [ M+ N a ]
+

)  3 6 9 . 16 7 2 ,  f ou nd  36 9 . 1 67 5 .  

S15



S16



S17



 

( 4 R , 5 S , 6R ) - 6 -B e n zo y l ox y -5 - [ 2 - (p i v a lo y l o x y )e t hy l ] - 1 - ( t r i me t hy l s i l y l )o c t - 7 -e n -1 - yn -

4 -o l  ( 8 ) .  

To  a  so l u t i o n  o f  T M S -a c e t y l e n e  ( 0 .1 5  m L,  1 . 06  m mo l )  i n  T H F ( 2  m L)  

w a s  ad d ed  n -B u Li  ( 1 . 65  M  s o lu t i o n  i n  h ex a ne ,  0 . 5 4  m L,  0 . 8 96  m mo l )  

a t  -7 8 °C ,  a n d  t h e  mi x t u re  w a s  s t i r r ed  a t  t h e  s a me  t e mp e r a t u re  fo r  1  h .  

To  t h e  mi x t u r e  w a s  a dd ed  a  so l u t i o n  o f  7  ( 10 3 . 5  mg ,  0 . 29 9  m m o l )  i n  

T H F ( 2  m L)  a t  -7 8 °C ,  a nd  t h e  mi x t u r e  wa s  a l l o w e d  to  w a r m t o  r t  o ve r  2  h .  To  t he  

mi x t u r e  wa s  ad d ed  s a t .  N H 4 C l  a q .  a t  0 °C ,  an d  th e  a q ue ou s  l a ye r  wa s  ex t r a c t ed  w i t h  

E tO A c .  T he  o rga n i c  l a ye r  w a s  w a s he d  w i t h  b r i ne ,  d r i e d  o ve r  N a 2 S O 4 ,  a nd  co n ce n t r a t ed .  

T h e  r e s i d ue  w a s  pu r i f i ed  b y  f l a s h  c o lu mn  c h ro ma t o g r ap h y  o n  s i l i c a  g e l  ( he x an e /E tO A c  

=  1 0 / 1 )  t o  a f f o r d  8  ( 1 03 .5  mg ,  0 . 2 33  m mo l ,  7 8 % )  a s  a  co l o r l e s s  o i l .  

[ ]
2 0

D  + 2 9 .2  ( c  1 .0 1 ,  C H C l 3 ) ;  
1
H  N MR  ( 40 0  MH z ,  C D C l 3 )  δ  0 . 1 4  ( s ,  9H ) ,  1 . 1 7  ( s ,  9H ) ,  

1 . 76  ( dd dd ,  J  =  6 .3 ,  6 . 6 ,  7 . 1 ,  1 4 .6  H z ,  1H ) ,  1 . 94  ( dd dd ,  J  =  4 .4 ,  7 . 1 ,  7 . 3 ,  1 4 .6  H z ,  1H ) ,  

2 . 08  ( dd d d ,  J  =  2 .7 ,  4 . 4 ,  5 . 6 ,  7 . 1  H z ,  1H ) ,  2 . 4 2  (b r,  1H ) ,  2 . 4 7  (d d ,  J  =  6 .8 ,  1 6 .8  H z ,  1H ) ,  

2 . 57  ( d d ,  J  =  7 .1 ,  1 6 .8  H z ,  1H ) ,  4 . 08  ( dd d ,  J  =  2 . 7 ,  6 . 8 ,  7 . 1  H z ,  1 H ) ,  4 . 16  ( dd d ,  J  =  6 .6 ,  

7 . 3 ,  11 .0  H z ,  1H ) ,  4 . 22  (d d d ,  J  =  6 . 3 ,  7 . 1 ,  11 . 0  H z ,  1H ) ,  5 . 3 2  ( dd d ,  J  =  1 . 2 ,  1 . 2 ,  1 0 . 5  

H z ,  1H ) ,  5 . 40  ( dd d ,  J  =  0 .9 8 ,  1 . 2 ,  1 7 . 1  H z ,  1H ) ,  5 . 69  ( dd dd ,  J  =  0 . 98 ,  1 . 2 ,  5 . 6 ,  6 . 1  H z ,  

1H ) ,  5 . 95  (d dd ,  J  =  6 . 1 ,  10 . 5 ,  1 7 .1  H z ,  1 H ) ,  7 . 4 3 -7 . 47  ( m,  2H ) ,  7 . 5 5 -7 .5 9  ( m,  1H ) ,  

8 . 03 -8 . 0 5  ( m,  2H ) ;  
1 3

C  N MR  ( 10 0  MH z ,  C D C l 3 )  δ  0 . 0 65  ( 3C ) ,  24 .2 ,  26 . 8 ,  2 7 . 2  (3 C ) ,  

38 .7 ,  4 2 . 6 ,  63 . 1 ,  6 9 .3 ,  71 . 1 ,  7 6 .1 ,  87 . 7 ,  1 0 2 . 8 ,  12 8 . 4  ( 2C ) ,  12 9 . 5  ( 2C ) ,  1 2 9 . 8 ,  13 3 . 2 ,  

13 4 . 3 ,  1 65 .6 ,  1 7 8 . 2 ;  I R  (n e a t )  3 51 0 ,  21 7 5 ,  17 25  c m
- 1

.  E S I - LR M S m/ z  4 67  ( [ M+ N a ]
+

) ,  

32 3 ,  1 4 9 ,  1 31 .  E S I -H R MS  c a l cd  fo r  C 2 5 H 3 6 O 5 S i  ( [ M+ N a ]
+

)  4 67 . 2 22 4 ,  fo u nd  4 67 .2 2 28 .  
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( 3 R , 4 S , 5R ) - 4 - [2 - ( p iv a lo y l ox y )e t hy l ] o c t -1 - en - 7 -y ne - 3 ,5 - d i o l  ( 9 ) .  

To  a  s o lu t i o n  o f  8  ( 1 4 8 . 9  mg ,  0 . 33 5  m mo l )  i n  MeO H  (4  m L )  w a s  a dd ed  

K 2 C O 3  ( 9 2 . 8  mg ,  0 . 67 1  m mo l )  a t  0 °C ,  a nd  t he  mi x t u r e  w a s  s t i r r e d  a t  r t  

f o r  1 . 5  h .  To  t he  mi x t u re  w a s  ad d ed  s a t .  N H 4 C l  aq .  a t  0 °C ,  an d  t h e  

aq u eo u s  l a ye r  w a s  e x t r a c t ed  w i t h  E tO A c .  T h e  o rga n i c  l a ye r  w a s  

w a sh ed  w i t h  b r i n e ,  d r i ed  o ve r  N a 2 S O 4 ,  a nd  c o nc en t r a t e d .  T h e  r e s i du e  wa s  p u r i f i e d  b y  

f l a sh  c o l u mn  c h r o ma t og r ap h y  on  s i l i c a  ge l  (h ex a ne / E tO A c  =  5 / 1 )  to  g i ve  9  ( 6 3 . 8  mg ,  

0 . 23 8  m mo l ,  7 1 % )  a s  a  c o lo r l e s s  o i l .  

[ ]
2 0

D  + 3 . 50  ( c  1 .0 3 ,  C H C l 3 ) ;  
1
H  N MR  (4 00  MH z ,  C D C l 3 )  δ  1 . 20  ( s ,  9H ) ,  1 . 7 9 -1 . 89  ( m,  

2H ) ,  1 . 9 5  ( dd d d ,  J  =  2 . 2 ,  3 . 4 ,  5 . 6 ,  9 . 0  H z ,  1H ) ,  2 . 02  ( d d ,  J  =  2 .7 ,  2 . 7  H z ,  1H ) ,  2 . 3 7  

( dd d ,  J  =  2 .7 ,  6 . 8 ,  16 . 6  H z ,  1H ) ,  2 . 50  ( d dd ,  J  =  2 . 7 ,  6 . 3 ,  1 6 . 6  H z ,  1H ) ,  2 . 5 0  ( d ,  J  =  4 .9  

H z ,  1H ) ,  2 . 9 1  (d ,  J  =  2 . 7  H z ,  1 H ) ,  4 . 1 5 -4 . 25  ( m,  3H ) ,  4 . 43  ( dd dd d ,  J  =  1 . 5 ,  1 . 7 ,  2 . 7 ,  

3 . 4 ,  4 . 9  H z ,  1H ) ,  5 . 2 8  ( dd d ,  J  =  1 .5 ,  1 . 5 ,  1 0 .5  H z ,  1H ) ,  5 . 3 8  (d d d ,  J  =  1 . 5 ,  1 . 7 ,  17 . 1  H z ,  

1H ) ,  5 . 95  ( dd d ,  J  =  4 . 9 ,  1 0 .5 ,  1 7 .1  H z ,  1H ) ;  
1 3

C  N MR  (1 0 0  MH z ,  C D C l 3 )  δ  2 3 .5 ,  2 4 .4 ,  

27 .2  (3 C ) ,  3 8 . 8 ,  41 . 9 ,  62 . 7 ,  6 9 .7 ,  70 . 6 ,  7 3 .8 ,  80 . 7 ,  11 5 .7 ,  1 39 .3 ,  1 78 .5 ;  IR  ( n ea t )  3 4 24 ,  

33 07 ,  2 1 20 ,  1 72 5  c m
- 1

.  E S I - LR M S  m/ z  29 1  ( [M + N a ]
+

) ,  27 9 ,  2 33 ,  2 01 ,  17 1 .  E S I -H R MS  

ca l c d  f o r  C 1 5 H 2 4 O 4  ( [ M+ N a]
+

)  2 9 1 . 1 56 7 ,  f ou nd  29 1 .1 56 0 .  
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( 3 S , 4 R ) - 4 - ( t e r t -b u ty l d i me t hy l s i l y l ox y ) -3 - [ (R ) - 1 - ( t e r t - bu t y l d i m e th y l s i l y lo x y ) a l l y l ] h

ep t - 6 -y n -1 - o l  (1 0 ) .
2  

To  a  s o l u t i on  o f  9  ( 47 .0  mg ,  0 .1 7 5  m mo l )  i n  C H 2 C l 2  ( 5  m L )  w e re  

ad d ed  2 , 6 - l u t i d i n e  ( 0 . 06  m L,  0 .5 16  m mo l )  a nd  T B SO T f  (0 . 10  m L,  

0 . 43 8  m m o l )  a t  0 °C ,  a nd  t h e  mi x t u r e  wa s  s t i r r ed  a t  r t  f o r  1 7  h .  To  

t he  mi x t u r e  wa s  ad d e d  s a t .  N H 4 C l  aq .  a t  0 °C ,  an d  th e  a qu e ou s  

l a ye r  w a s  e x t r a c t ed  w i t h  E t O A c .  T h e  o rg an i c  l a ye r  wa s  w a s he d  w i t h  b r i ne ,  d r i ed  o ve r  

N a 2 S O 4 ,  a n d  c on ce n t r a t e d .  T h e  r e s i d ue  w a s  p u r i f i ed  b y  f l a s h  co l u mn  ch r o ma t o g ra ph y  

on  s i l i c a  g e l  ( he x a ne / E tO A c  =  1 00 / 1 )  t o  o b t a in  ( 3 R , 4 S , 5 R ) -3 , 5 -b i s ( t e r t -b u t y l -  

d i me t h y l s i l y l o x y) -4 - [ 2 - ( p i va l o y l o x y) e t h y l ] oc t -1 -e n -7 - yn e  (8 0 .5  mg ,  0 . 16 2  m mo l ,  

93 % )  a s  a  co l o r l e s s  o i l .  

[ ]
2 1

D  + 0 . 29  ( c  1 . 0 2 ,  C H C l 3 ) ;  
1
H  N MR  (4 0 0  M H z ,  C D C l 3 )  δ  0 . 0 3 4  ( s ,  3H ) ,  0 . 06 1  ( s ,  3 H ) ,  

0 . 06 9  ( s ,  3H ) ,  0 . 09 3  ( s ,  3H ) ,  0 . 89  ( s ,  9H ) ,  0 . 8 9  ( s ,  9H ) ,  1 . 1 9  ( s ,  9 H ) ,  1 . 57 -1 . 7 5  ( m,  2 H ) ,  

1 . 95  (d dd d ,  J  =  3 .9 ,  5 . 4 ,  6 . 8 ,  6 . 8  H z ,  1H ) ,  1 . 96  ( t ,  J  =  2 . 7  H z ,  1 H ) ,  2 . 39  (d d ,  J  =  2 . 7 ,  

6 . 1  H z ,  2H ) ,  3 . 97  ( dd d ,  J  =  3 . 9 ,  6 . 1 ,  6 . 1  H z ,  1H ) ,  4 . 0 4 -4 .1 8  ( m,  3H ) ,  5 . 14  ( dd d ,  J  =  

0 . 98 ,  0 . 9 8 ,  1 0 . 3  H z ,  1H ) ,  5 . 2 0  (d d d ,  J  =  0 .9 8 ,  1 . 2 ,  1 7 . 1  H z ,  1H ) ,  5 . 82  ( dd d ,  J  =  7 .1 ,  

10 .3 ,  17 . 1  H z ,  1H ) ;  
1 3

C  N MR  ( 10 0  MH z ,  C D C l 3 )  δ  - 4 . 5 8 ,  -4 .4 6 ,  -4 .0 3 ,  -3 .7 0 ,  1 8 .1 ,  1 8 .2 ,  

25 .1 ,  2 5 .9  (3 C ) ,  26 .0  (3C ) ,  2 6 .4 ,  2 7 . 3  (3C ) ,  3 8 . 7 ,  45 . 9 ,  64 .2 ,  7 0 . 4 ,  71 . 0 ,  75 . 6 ,  8 1 .4 ,  

11 6 . 2 ,  1 39 . 2 ,  1 78 . 4 ;  IR  ( n ea t )  3 31 4 ,  21 21 ,  17 2 9  c m
- 1

.  E S I -H R MS  c a lc d  f o r  

C 2 7 H 5 2 O 4 S i 2  ( [M+ N a ]
+

)  5 19 .3 2 96 ,  fo un d  5 1 9 . 32 8 6 .  

 

    To  a  so l u t i on  o f  t he  ab o ve  O -p r o t e c t e d  p ro du c t  (9 4 .0  mg ,  0 .1 89  m mo l )  i n  C H 2 C l 2  

( 5  m L)  w a s  a dd e d  D IB A L -H  (1 . 01  M  so l u t io n  i n  to l u en e ,  0 . 3 8  m L,  0 .3 83  mmo l )  a t  

- 7 8 °C ,  a n d  t h e  mi x t u r e  wa s  s t i r r ed  a t  t he  s a me  t e mp e r a tu r e  fo r  2 . 5  h .  To  t h e  r e a c t i on  

mi x t u r e  w e r e  a dd ed  E t 2 O  (1 0  m L)  a n d  s a t .  R oc h e l l  S a l t  a q .  (1 0  m L)  a t  -7 8 °C ,  an d  th e  

mi x t u r e  w as  s t i r r e d  f o r  1  h  a t  r t .  A f t e r  s e pa r a t i on  an d  ex t r a c t i on  f r o m t h e  a qu e ou s  

l a ye r  w i t h  E t 2 O ,  t h e  o rg a n ic  l a ye r  w a s  w a sh ed  w i t h  b r i n e ,  d r i ed  o ve r  N a 2 S O 4 ,  an d  

co n ce n t r a t e d .  T he  r e s i du e  w a s  p u r i f i ed  b y  f l a sh  c o lu mn  c h r o ma t og r ap h y  o n  s i l i c a  g e l  
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( h e xa n e /E tO A c  =  2 0 / 1 )  t o  g i ve  t h e  kn o wn  c o mp o un d  10  ( 7 3 . 8  mg ,  0 . 17 9  m mo l ,  9 5 % )  a s  

a  c o lo r l e s s  o i l .
2  
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( 3 R , 4 S , 5R ) - 3 , 5 -B i s ( t e r t -b u ty l d i me t hy l s i l y lo xy ) - 4 - [ 2 - ( 2 H - t e t r az o l - 2 -y l ) e th y l ] oc t - 1 -

en - 7 -y ne  (2 a )  a nd  ( 3 R , 4S , 5 R ) - 3 ,5 - B i s ( t e r t - bu t y ld i me t h y l s i l y l o xy ) - 4 - [2 - ( 1 H -  

t e t r a zo l - 1 -y l ) e t hy l ] o c t -1 - en - 7 -y n e  ( 2b )  

To  a  so l u t i on  o f  1 0  ( 23 8 . 5  mg ,  0 . 57 8  m mo l )  i n  T H F ( 6  

m L)  w e r e  ad de d  P P h 3  ( 3 0 4  mg ,  1 . 17  m mo l ) ,  

1H - t e t r a zo l e  (6 0 .7  mg ,  0 . 86 7  m mo l )  an d  D IA D  ( 1 .9  M  

so l u t i o n  in  t o l u en e ,  0 . 62  m L,  1 . 1 7  m mo l )  a t  0 °C ,  a nd  

t he  mi x t u r e  w a s  s t i r r e d  a t  t h e  s a me  t e mp e ra t u re  f o r  1  h .  T he  mi x t u re  w a s  c o nc e n t r a t e d ,  

an d  t h e  r e s i du e  w a s  p u r i f i ed  b y  f l a s h  c o l u mn  c h ro ma t o g r ap h y  o n  s i l i c a  ge l  

( h e xa n e /E tO A c  =  4 0 / 1 -5 / 1 )  t o  g i ve  2 a  ( 21 6 . 8  mg ,  0 .4 67  m mo l ,  8 1 % )  an d  2 b  ( 49 .7  m g ,  

0 . 10 7  m mo l ,  1 9 % )  e a ch  a s  a  c o l o r l e s s  o i l .  

2a :  [ ]
2 1

D  - 4 . 7 0  ( c  1 . 00 ,  C H C l 3 ) ;  
1
H  N MR  (4 00  MH z ,  C D C l 3 )    0 . 05  ( s ,  3H ) ,  0 . 06 7  ( s ,  

3H ) ,  0 . 0 71  ( s ,  3H ) ,  0 . 0 8  ( s ,  3H ) ,  0 . 88  ( s ,  9H ) ,  0 . 8 9  ( s ,  9H ) ,  1 . 97  ( t ,  J  =  2 . 6  H z ,  1H ) ,  

1 . 99 -2 . 1 5  ( m,  3H ) ,  2 . 33 -2 . 4 5  ( m,  2H ) ,  3 . 93  (d t ,  J  =  6 . 8 ,  4 . 6  H z ,  1H ) ,  4 . 2 1  ( d d ,  J  =  6 . 6 ,  

5 . 4  H z ,  1H ) ,  4 . 6 8 -4 . 8 2  ( m,  2H ) ,  5 . 2 1  ( d ,  J  =  1 0 .5  H z ,  1H ) ,  5 . 2 8  ( d ,  J  =  1 7 .1  H z ,  1H ) ,  

5 . 83  ( dd d ,  J  =  1 7 .1 ,  10 .3 ,  6 . 6  H z ,  1H ) ,  8 . 46  ( s ,  1H ) ;  
1 3

C  N MR  (1 00  MH z ,  C D C l 3 )    

- 4 . 61 ,  -4 . 4 5 ,  -4 .1 4 ,  - 3 . 92 ,  18 . 1 ,  1 8 .2 ,  25 . 9  (3C ) ,  26 . 0  ( 3C ) ,  2 6 . 1 ,  2 6 .5 ,  46 . 5 ,  5 3 . 0 ,  

70 .8 6 ,  7 0 .8 9 ,  7 5 . 2 ,  8 0 . 4 ,  11 6 .7 ,  13 8 .2 ,  1 5 2 . 6 ;  IR ( ne a t )  33 12 ,  3 14 4 ,  3 07 9 ,  2 70 8 ,  2 12 4 ,  

17 40 ,  1 6 47 ,  1 47 1 ,  14 06 ,  1 3 89 ,  1 36 2 ,  12 83 ,  1 2 56  c m
- 1

.  E S I -H R M S  c a l cd  f o r  

C 2 3 H 4 4 N 4 O 2 S i 2  ( [M+ N a ]
+

)  48 7 .2 89 5 ,  f ou n d  48 7 . 2 87 4 .  

2 b :  [ ]
2 4

D  - 5 . 08  ( c  0 . 99 ,  C H C l 3 ) ;  
1
H  N MR  ( 4 00  MH z ,  C D C l 3 )    0 . 04  ( s ,  3H ) ,  0 . 06  ( s ,  

3H ) ,  0 . 0 7  ( s ,  3H ) ,  0 . 10  ( s ,  3H ) ,  0 . 89  ( s ,  1 8H ) ,  1 . 9 4 -2 . 00  ( m,  3 H ) ,  2 . 35 -2 . 4 8  ( m,  2H ) ,  

3 . 88  (d t ,  J  =  6 . 8 ,  4 . 4  H z ,  1H ) ,  4 . 4 7 -4 .6 4  ( m,  2H ) ,  5 . 2 2  ( d ,  J  =  1 0 . 5  H z ,  1H ) ,  5 . 2 8  ( d ,  J  

=  17 . 1  H z ,  1H ) ,  5 . 7 8  ( dd d ,  J  =  1 7 . 1 ,  1 0 .5 ,  6 . 1  H z ,  1H ) ,  8 . 56  ( s ,  1H ) ;  
1 3

C  N M R  (1 00  

MH z ,  C D C l 3 )    - 4 . 6 3 ,  -4 . 4 3 ,  -4 . 19 ,  -4 .0 9 ,  18 .1 ,  1 8 .2 ,  2 5 . 9 ,  26 . 0 ,  26 . 61 ,  2 6 . 6 2 ,  4 6 .4 ,  

48 .2 ,  70 . 9 ,  7 1 . 3 ,  7 5 . 0 ,  8 0 . 2 ,  116 .8 ,  13 7 .8 ,  1 4 2 . 1 ;  IR ( ne a t )  33 1 2 ,  3 13 4 ,  3 07 8 ,  1 73 2 ,  

14 72 ,  14 43 ,  14 06 ,  13 89 ,  13 62 ,  12 56  c m
- 1

.  E S I -H R M S  ca l c d  fo r  C 2 3 H 4 4 N 4 O 2 S i 2  

( [ M+ N a ]
+

)
 
4 87 . 28 95 ,  f ou nd  48 7 . 2 89 2 .  
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( 3 R , 4 S , 5 R ) - 3 , 5 - B i s ( t e r t - b u t y l d i m e t h y l s i l y l o x y ) - 4 - [ 2 - ( 1 , 2 , 4 - t r i a z o l e - 2 - y l ) e t h y l ] o c t - 1 - e

n - 7 - y n e  ( 2 c ) .  

To  a  s o l u t io n  o f  1 0  ( 6 5 . 0  mg ,  0 . 15 7  m mo l )  i n  T H F ( 3  m L)  w e r e  a dd ed  

P P h 3  ( 8 3 . 6  mg ,  0 . 31 9  m mo l ) ,  1 , 2 , 4 - t r i a z o l e  (1 7 .3  mg ,  0 . 2 50  m mo l )  

an d  D IA D  ( 1 . 9  M  so l u t io n  i n  t o lu e ne ,  0 . 1 7  m L,  0 . 3 15  m mo l )  a t  0 °C ,  

an d  t h e  mi x t u r e  w a s  s t i r r e d  a t  t h e  s a me  t e mp e r a t u re  fo r  3  h .  T h e  

mi x t u r e  wa s  co nc e n t r a t e d ,  an d  t h e  r e s id u e  w a s  p u r i f i e d  b y  f l a s h  co l u m n  

ch r o ma t o g ra p h y  o n  s i l i c a  g e l  ( h e x an e /E tO A c  =  20 / 1 -1 0 / 1 )  to  g i ve  2 c  ( 6 8 . 1  mg ,  0 .1 4 7  

m mo l ,  94 % )  a s  a  co l o r l e s s  o i l .  

[ ]
2 0

D  - 2 . 7 8  ( c  1 . 08 ,  C H C l 3 ) ;  
1
H  N M R  (4 0 0  M H z ,  C D C l 3 )  δ  0 . 0 2 6  ( s ,  3H ) ,  0 . 0 44  ( s ,  3H ) ,  

0 . 05 0  ( s ,  3H ) ,  0 . 0 78  ( s ,  3H ) ,  0 . 8 7  ( s ,  9H ) ,  0 . 8 7  ( s ,  9H ) ,  1 . 8 3 -1 . 99  ( m,  3 H ) ,  1 . 9 8  ( t ,  J  =  

2 . 7  H z ,  1H ) ,  2 . 3 5  ( dd d ,  J  =  2 . 7 ,  6 . 8 ,  17 . l  H z ,  1H ) ,  2 . 40  ( dd d ,  J  =  2 . 7 ,  4 . 6 ,  17 . l  H z ,  1H ) ,  

3 . 96  ( d dd ,  J  =  4 . 2 ,  4 . 6 ,  6 . 8  H z ,  1H ) ,  4 . 1 5 -4 .3 6  ( m,  3H ) ,  5 . 1 8  (d d d ,  J  =  0 .7 3 ,  0 . 9 8 ,  1 0 . 3  

H z ,  1H ) ,  5 . 2 5  (d d d ,  J  =  0 . 9 8 ,  1 . 2 ,  17 . 1  H z ,  1H ) ,  5 . 7 8  ( dd d ,  J  =  6 . 6 ,  1 0 . 3 ,  1 7 .1  H z ,  1H ) ,  

7 . 90  ( s ,  1H ) ,  8 . 0 2  ( s ,  1H ) ;  
1 3

C  N MR  ( 10 0  MH z ,  C D C l 3 )  δ  - 4 . 62 ,  -4 . 46 ,  -4 . 17 ,  -3 . 9 5 ,  

18 .1 ,  18 . 2 ,  2 5 . 9  (3 C ) ,  25 .9  ( 3C ) ,  26 .4 ,  26 . 5 ,  4 6 .4 ,  49 .4 ,  70 . 9 ,  71 . 0 ,  75 . 3 ,  8 0 . 5 ,  116 . 5 ,  

13 8 . 4 ,  14 2 .6 ,  15 1 .6 ;  IR  (n e a t )  33 1 2 ,  3 1 21 ,  30 7 8 ,  2 12 0  c m
- 1

.  E S I - LR MS  m / z  46 4  

( [ M+ H ]
+

) ,  3 13 ,  21 9 ,  13 0 .  E S I -H R M S  ca l cd  f o r  C 2 4 H 4 5 N 3 O 2 S i 2  ( [ M+ H ]
+

)  4 6 4 . 31 2 3 ,  

f ou nd  46 4 . 3 12 0 .  
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( 3 R , 4 S , 5R ) - 3 , 5 -B i s ( t e r t -b u ty l d i me t hy l s i l y lo xy ) - 4 - [ 2 - ( 2 H - 1 , 2 , 3 - t r i a zo l e - 2 -y l ) e th y l ] o

c t -1 - en - 7 -y n e  ( 2d )  an d  ( 3 R , 4 S , 5R ) - 3 , 5 - B i s ( t e r t - bu t y ld i me t h y l s i ly l o xy ) - 4 - [2 - ( 1 H -  

1 , 2 ,3 - t r i az o l e -1 - y l ) e t hy l ] oc t - 1 - en - 7 -y ne  ( 2e ) .  

To  a  so l u t i on  o f  10  ( 5 8 . 0  mg ,  0 .1 41  m mo l )  i n  T H F ( 3  

m L)  w e r e  a dd e d  P P h 3  ( 7 5 .5  mg ,  0 .2 8 8  m mo l ) ,  

1 , 2 ,3 - t r i a z o l e  (1 3 .0  L,  0 .2 2 4  m mo l )  an d  D IA D  (1 .9  

M s o lu t i o n  i n  to l u en e ,  0 . 1 5  m L,  0 . 28 2  m mo l )  a t  0 °C ,  

an d  t h e  mi x t u r e  wa s  s t i r r e d  a t  t h e  s a me  t e mp e r a t u re  f o r  3 . 5  h .  T h e  mi x t u r e  w as  

co n ce n t r a t e d  an d  t h e  r e s id u e  w a s  pu r i f i e d  b y  f l a s h  c o lu mn  c h r o ma t o g r ap h y  o n  s i l i c a  

ge l  ( h ex an e / E tO A c  =  12 0 /1 -2 0 / 1 -5 / 1 )  t o  g i ve  2d  ( 55 . 6  mg ,  0 . 12 0  mmo l ,  8 5 % )  a nd  2 e  

( 9 . 7  mg ,  0 .0 2 1  m ml ,  15 % )  e a ch  a s  a  c o l o r l e s s  o i l .  

2d :  [ ]
2 6

D  - 0 . 78  ( c  1 . 03 ,  C H C l 3 ) ;  
1
H  N MR  (4 00  MH z ,  C D C l 3 )  δ  0 . 0 41  ( s ,  3H ) ,  0 . 0 61  ( s ,  

3H ) ,  0 . 06 2  ( s ,  3H ) ,  0 . 08 8  ( s ,  3H ) ,  0 . 8 8  ( s ,  9 H ) ,  0 . 8 9  ( s ,  9H ) ,  1 . 88 -1 . 95  ( m,  2H ) ,  1 . 95  ( t ,  

J  =  2 . 7  H z ,  1H ) ,  2 . 0 1 - 2 . 10  ( m,  1H ) ,  2 . 3 4  ( d dd ,  J  =  2 . 7 ,  6 . 8 ,  1 6 .8  H z ,  1H ) ,  2 . 39  ( dd d ,  J  

=  2 . 7 ,  5 . 6 ,  16 . 8  H z ,  1 H ) ,  3 . 99  ( dd d ,  J  =  3 .7 ,  5 . 6 ,  6 . 8  H z ,  1H ) ,  4 . 1 8  (d dd d ,  J  =  0 .9 8 ,  1 . 2 ,  

5 . 9 ,  6 . 8  H z ,  1H ) ,  4 . 4 6  ( dd d ,  J  =  6 .6 ,  8 . 8 ,  1 3 .4  H z ,  1H ) ,  4 . 5 8  (d d d ,  J  =  6 . 1 ,  9 . 5 ,  13 . 4  H z ,  

1H ) ,  5 . 19  ( dd d ,  J  =  0 .9 8 ,  0 . 9 8 ,  10 .3  H z ,  1 H ) ,  5 . 2 6  ( d dd ,  J  =  0 . 98 ,  1 . 2 ,  1 7 .1  H z ,  1H ) ,  

5 . 86  (d dd ,  J  =  6 .8 ,  1 0 . 3 ,  1 7 .1  H z ,  1H ) ,  7 . 56  ( s ,  1H ) ;  
1 3

C  N M R  ( 10 0  MH z ,  C D C l 3 )  δ  

- 4 . 58 ,  -4 .4 2 ,  -4 . 1 0 ,  -3 .7 1 ,  18 . 1 ,  1 8 .2 ,  25 . 9  ( 3C ) ,  26 .0  (3 C ) ,  2 6 .3 ,  26 .3 ,  4 6 .6 ,  54 . 5 ,  70 .4 ,  

71 .1 ,  7 5 .5 ,  8 1 .1 ,  116 . 4 ,  13 3 . 6  (2 C ) ,  1 3 8 . 9 ;  IR  (n e a t )  3 31 3 ,  3 07 7 ,  21 21  c m
- 1

.  E S I - LR M S 

m / z  4 64  ( [M+ H ]
+

) ,  3 32 ,  20 0 ,  13 1 ,  83 .  E S I -H R MS  c a l cd  fo r  C 2 4 H 4 5 N 3 O 2 S i 2  ( [ M+ H ]
+

)  

46 4 . 3 12 3 ,  f ou n d  46 4 . 31 21 .  

2e :  [ ]
2 4

D  - 0 . 39  ( c  0 . 76 ,  C H C l 3 ) ;  
1
H  N M R  (4 0 0  MH z ,  C D C l 3 )  δ  0 . 0 45  ( s ,  3H ) ,  0 . 0 66  ( s ,  

3H ) ,  0 . 06 6  ( s ,  3H ) ,  0 . 09 6  ( s ,  3H ) ,  0 . 8 9  ( s ,  9 H ) ,  0 . 8 9  ( s ,  9H ) ,  1 . 89 -2 . 01  ( m,  3H ) ,  2 . 00  ( t ,  

J  =  2 .7  H z ,  1H ) ,  2 . 37  ( dd d ,  J  =  2 . 7 ,  6 . 8 ,  1 6 . 8  H z ,  1H ) ,  2 . 4 3  (d d d ,  J  =  2 . 7 ,  4 . 6 ,  1 6 .8  H z ,  

1H ) ,  3 . 9 3  (d d d ,  J  =  4 .4 ,  4 . 6 ,  6 . 8  H z ,  1H ) ,  4 . 20  ( d dd d ,  J  =  0 .9 8 ,  1 . 2 ,  6 . 1 ,  6 . 6  H z ,  1H ) ,  

4 . 44  ( d dd ,  J  =  6 .1 ,  9 . 0 ,  13 . 7  H z ,  1H ) ,  4 . 5 4  ( dd d ,  J  =  6 . 1 ,  9 . 3 ,  13 . 7  H z ,  1H ) ,  5 . 2 0  (d dd ,  

J  =  0 . 9 8 ,  1 . 7 ,  1 0 . 3  H z ,  1H ) ,  5 . 2 7  ( d dd ,  J  =  1 . 2 ,  1 . 7 ,  1 7 . 1  H z ,  1H ) ,  5 . 8 1  (d dd ,  J  =  6 . 6 ,  
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10 .3 ,  1 7 .1  H z ,  1H ) ,  7 . 52  (d ,  J  =  0 . 9 8  H z ,  1 H ) ,  7 . 6 8  ( d ,  J  =  0 . 98  H z ,  1H ) ;  
1 3

C  N MR  ( 1 0 0  

MH z ,  C D C l 3 )  δ  - 4 . 5 9 ,  -4 . 41 ,  -4 . 15 ,  -3 . 92 ,  1 8 . 1 ,  1 8 . 2 ,  2 5 . 9  (3C ) ,  26 .0  ( 3C ) ,  2 6 . 6 ,  2 7 . 1 ,  

46 .7 ,  4 9 .9 ,  7 0 .0  (2C ) ,  7 5 . 2 ,  80 . 6 ,  116 . 6 ,  1 22 .9 ,  1 3 3 . 5 ,  13 8 .3 ;  I R  (n e a t )  3 31 2 ,  30 7 7 ,  

21 20  c m
- 1

.  E S I - LR MS m / z  4 6 4  ( [M + H ]
+

) ,  2 90 ,  2 19 .  E S I -H R M S ca l c d  f o r  

C 2 4 H 4 5 N 3 O 2 S i 2  ( [M+ H ]
+

)  4 64 .3 1 23 ,  fo un d  4 64 .3 1 25 .  
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( 3 R , 4 S , 5R ) - 3 , 5 -B i s ( t e r t -b u ty l d i me t hy l s i l y lo xy ) - 4 - [ 2 - ( i mi d a z o l e -1 - y l ) e th y l ]o c t - 1 -e n

- 7 -y ne  ( 2 f ) .  

To  a  s o l u t i on  o f  10  ( 13 .1  mg ,  0 . 03 17  m mo l )  i n  C H 2 C l 2  ( 5  m L)  w e re  

ad d ed  E t 3 N  ( 0 . 0 55  m L,  0 . 39 5  mmo l )  a n d  M sC l  ( 0 . 0 25  m L,  0 . 31 7  

m mo l )  a t  0 °C ,  an d  th e  mi x t u r e  w a s  s t i r r ed  a t  r t  f o r  2  h .  To  th e  mi x tu r e  

w a s  ad de d  b r i ne  a t  0 °C ,  an d  t h e  aq u eo u s  l a ye r  w a s  e x t r a c t ed  w i t h  

E tO A c .  T he  o rga n i c  l a ye r  w a s  w a s he d  w i t h  b r i ne ,  d r i e d  o ve r  N a 2 S O 4 ,  a nd  co n ce n t r a t ed .  

T h e  r e s i d ue  w a s  pu r i f i ed  b y  f l a s h  c o lu mn  c h ro ma t o g r ap h y  o n  s i l i c a  g e l  ( h e x an e /E tO A c  

=  3 0 / 1 )  t o  g i ve  ( 3 R , 4 S , 5R ) -3 , 5 -b i s ( t e r t -b u t y l d i me t h y l s i l y l ox y) -4 - [ 2 - ( me s y l o x y) -  

e th y l ] o c t -1 -e n -7 - yn e  ( 14 .1  mg ,  0 . 0 28 7  m m o l ,  91 % )  a s  a  c o lo r l e s s  o i l .  

[ ]
2 4

D  + 0 . 16  ( c  0 .7 7 ,  C H C l 3 ) ;  
1
H  N MR  ( 40 0  M H z ,  C D C l 3 )  δ

 
0 . 04 2  ( s ,  3H ) ,  0 . 0 7 0  ( s ,  3H ) ,  

0 . 07 8  ( s ,  3H ) ,  0 . 0 96  ( s ,  3H ) ,  0 . 8 9  ( s ,  9H ) ,  0 . 9 0  ( s ,  9H ) ,  1 . 71 -1 . 89  ( m,  2 H ) ,  1 . 9 4 -1 . 99  

( m,  1H ) ,  2 . 00  ( t ,  J  =  2 . 7  H z ,  1H ) ,  2 . 38  (d d d ,  J  =  2 . 7 ,  6 . 8 ,  17 . 1  H z ,  1H ) ,  2 . 4 2  (d dd ,  J  =  

2 . 7 ,  5 . 1 ,  1 7 .1  H z ,  1H ) ,  2 . 98  ( s ,  3H ) ,  3 . 9 4  (d dd ,  J  =  4 .6 ,  5 . 1 ,  6 . 8  H z ,  1H ) ,  4 . 1 5  ( dd dd ,  J  

=  1 . 2 ,  1 . 5 ,  5 . 6 ,  6 . 6  H z ,  1H ) ,  4 . 2 4  (d d d ,  J  =  6 . 3 ,  9 . 0 ,  15 .6  H z ,  1H ) ,  4 . 3 8  ( dd d ,  J  =  6 . 3 ,  

9 . 0 ,  1 5 .6  H z ,  1H ) ,  5 . 18  ( d dd ,  J  =  1 .2 ,  1 . 5 ,  10 . 3  H z ,  1H ) ,  5 . 2 4  ( dd d ,  J  =  1 . 5 ,  1 . 5 ,  1 7 . 1  

H z ,  1H ) ,  5 . 79  ( dd d ,  J  =  6 . 6 ,  10 . 3 ,  17 . 1  H z ,  1H ) ;  
1 3

C  N M R  ( 10 0  MH z ,  C D C l 3 )  δ  - 4 . 6 0 ,  

- 4 . 45 ,  -4 . 0 8 ,  -3 . 8 4 ,  1 8 . 1 ,  1 8 . 2 ,  2 5 .6 ,  2 5 .9  ( 3C ) ,  2 5 . 9  (3 C ) ,  26 . 4 ,  37 .4 ,  45 . 7 ,  70 . 1 ,  7 0 . 7 ,  

70 .8 ,  7 5 . 2 ,  80 . 7 ,  116 . 6 ,  1 38 . 4 ;  IR  ( ne a t )  3 3 12 ,  21 2 0 ,  1 3 60 ,  11 76  c m
- 1

.  E S I - LR MS  m / z  

51 4  ( [M+ N a ]
+

) ,  49 1 ,  3 5 9 .  E S I -H R MS  ca l cd  f o r  C 2 3 H 4 6 O 5 S S i 2  ( [ M+ N a ]
+

)  51 3 . 2 49 7 ,  

f ou nd  51 3 . 2 49 4 .  

 

    I mi d a z o l e  ( 5 9 . 2  mg ,  0 . 87 0  m mo l )  an d  N aH  ( 6 0%  i n  o i l ,  37 .4  mg ,  c a .  0 . 9 3 5  m mo l )  

w e re  s u sp en d ed  i n  T H F ( 1  m L)  a t  0 °C ,  a nd  t he  mi x t u r e  w a s  s t i r r e d  a t  r t  f o r  1  h .  To  th e  

mi x t u r e  w a s  ad de d  a  so l u t i o n  o f  t h e  ab o ve  ob t a i n ed  me s y l a t e  ( 1 4 . 1  mg ,  0 .0 28 7  m mo l )  

i n  T H F ( 1  m L)  a t  0 ° C ,  a nd  th e  mi x t u r e  w a s  r e f lu x ed  fo r  1 7  h .  Im i d az o l e  ( 61 . 5  mg ,  

0 . 90 3  m mo l )  a nd  N aH  ( 6 0%  in  o i l ,  3 8 .0  mg ,  c a .  0 . 95 0  m mo l )  w e r e  s u sp e nd ed  i n  T H F ( 1  

m L)  a t  0 °C ,  a nd  t he  mi x t u r e  wa s  s t i r r ed  a t  r t  f o r  1  h .  T h e  mi x t u r e  w a s  r e - a d d ed  t o  th e  

 

S42



 

ab o ve  r e a c t i on  mi x t u r e  a t  r t ,  an d  r e f l ux e d  f o r  42  h .  To  t h e  m i x tu r e  wa s  a d de d  s a t .  

N H 4 C l  a q .  a t  0 °C ,  an d  th e  aq u eo u s  l a ye r  w a s  e x t r ac t e d  w i t h  E tO A c .  T h e  o rga n i c  l a ye r  

w a s  w a sh e d  w i t h  b r in e ,  d r i e d  o ve r  N a 2 S O 4 ,  a n d  co n ce n t r a t ed .  T h e  r e s i du e  wa s  p u r i f i e d  

b y  f l a s h  co l u mn  c h ro ma t o g r ap h y  o n  s i l i c a  g e l  ( he x an e /E tO A c  =  30 / 1 -1 / 1 )  t o  g i ve  2 f  

( 9 . 4  mg ,  0 .0 2 03  m mo l ,  7 1% )  a s  a  c o l o r l e s s  o i l .  

[ ]
2 6

D  + 0 . 09 6  ( c  1 .6 5 ,  C H C l 3 ) ;  
1
H  N M R  ( 40 0  MH z ,  C D C l 3 )  δ  0 . 0 42  ( s ,  3H ) ,  0 . 0 6 4  ( s ,  

3H ) ,  0 . 06 6  ( s ,  3H ) ,  0 . 10  ( s ,  3H ) ,  0 . 9 0  ( s ,  9H ) ,  0 . 9 0  ( s ,  9H ) ,  1 . 7 8 -1 . 88  ( m,  2H ) ,  

1 . 90 -1 . 9 6  ( m,  1H ) ,  2 . 03  ( t ,  J  =  2 .7  H z ,  1H ) ,  2 . 3 6  ( d dd ,  J  =  2 . 7 ,  6 . 8 ,  1 6 . 8  H z ,  1H ) ,  2 . 44  

( dd d ,  J  =  2 . 7 ,  4 . 4 ,  16 .8  H z ,  1H ) ,  3 . 9 0  ( dd d ,  J  =  4 . 4 ,  5 . 1 ,  6 . 8  H z ,  1H ) ,  3 . 9 7  ( dd d ,  J  =  

6 . 6 ,  9 . 0 ,  13 . 7  H z ,  1H ) ,  4 . 0 8  ( dd d ,  J  =  6 . 8 ,  9 . 5 ,  13 . 7  H z ,  1H ) ,  4 . 1 7  ( dd dd ,  J  =  1 .2 ,  1 . 5 ,  

5 . 4 ,  6 . 6  H z ,  1H ) ,  5 . 1 9  ( dd d ,  J  =  1 .2 ,  1 . 5 ,  1 0 .3  H z ,  1H ) ,  5 . 2 5  (d d d ,  J  =  1 . 5 ,  1 . 5 ,  17 . 1  H z ,  

1H ) ,  5 . 76  (d dd ,  J  =  6 .6 ,  1 0 . 3 ,  17 . 1  H z ,  1 H ) ,  6 . 8 9  ( s ,  1H ) ,  7 . 03  ( s ,  1H ) ,  7 . 46  ( s ,  1H ) ;  

1 3
C  N MR  ( 10 0  MH z ,  C D C l 3 )  δ  - 4 . 57 ,  -4 . 39 ,  -4 . 16 ,  -3 . 94 ,  18 . 1 ,  18 .2 ,  25 . 9  (3C ) ,  26 . 0  

( 3C ) ,  2 6 . 6 ,  2 7 .9 ,  46 .7 ,  4 7 .0 ,  70 .9 ,  71 . 0 ,  7 5 . 0 ,  8 0 . 5 ,  116 .5 ,  11 8 . 4 ,  12 9 .1 ,  1 3 6 . 8 ,  1 38 . 3 ;  

IR  ( ne a t )  33 1 2 ,  30 7 7 ,  21 20  c m
- 1

.  E S I - LR M S m / z  4 63  ( [ M+ H ]
+

) ,  44 1 ,  4 14 .  E S I -H R M S  

ca l c d  f o r  C 2 5 H 4 6 N 2 O 2 S i 2  ( [ M+ H ]
+

)  4 63 . 31 7 1 ,  f ou nd  46 3 . 3 18 2 .  
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( 4 E ) - (1 R , 3a R , 7a R ) -1 - [ ( 2 R ) -6 - (Tr ie t hy l s i l y lo xy ) - 6 - me t hy l h ep t an - 2 -y l ] - 4 -b ro mo me t

hy l en e - 7a - me t h y lo c t a h yd ro -1 H - i nd e ne  ( 1 2 ) .  

( 1 R , 3 a R , 7 a R ) -1 - ( ( R ) - 6 -h yd r ox y -6 -me t h y l h ep t a n -2 - y l ) -7 a -

me t h y l h e x ah yd r o -1H - i nd e n -4 ( 2 H ) -o ne
3
 ( 20 3 . 2  mg ,  0 . 72 5  

m mo l )  w a s  d i s s o l ve d  i n  D M F ( 2 . 4  m L ) ,  an d  i mi d a zo l e  

( 12 3  mg ,  1 .8 1  m mo l )  an d  T E SC l  ( 0 . 15  m L ,  0 . 87 0  m mo l )  

w e re  a dd ed  t o  t h e  s o lu t i o n  a t  0 °C .  T h e  mi x t u r e  w a s  s t i r r ed  a t  r t  f o r  1 . 5  h  an d  

pa r t i t i o n ed  b e t w ee n  E tO A c  a nd  H 2 O .  T h e  o rga n i c  l a ye r  w a s  wa sh e d  w i t h  b r i ne ,  d r i e d  

o ve r  N a 2 S O 4 ,  an d  c on c en t r a t ed .  T he  r e s i du e  wa s  pu r i f i e d  b y  s i l i c a  g e l  co l u mn  

ch r o ma t o g ra p h y  ( h e x an e /E t O A c  =  4 0 / 1 )  t o  y i e l d  23 3 . 6  mg  o f  ( 1 R , 3 a R , 7 a R ) -1 - [ ( 2 R ) -  

6 - ( t r i e t h y l s i l y l o x y ) -6 - me t h y l h e p t an -2 - y l ] - 7a - me t h y l h e x ah yd r o - 1H - i n d en -4 ( 2 H ) -o n e  

a s  a  c o l o r l e s s  o i l  ( 8 2 % ) .  

[ ]
2 3

D  + 4 . 38  ( c  1 . 05 ,  C H C l 3 ) ;  
1
H  N MR  ( 40 0  MH z ,  C D C l 3 )   0 .5 6  ( q ,  J  =  7 . 8  H z ,  6H ) ,  

0 . 64  ( s ,  3H ) ,  0 . 94  ( t ,  J  =  7 . 8  H z ,  9H ) ,  0 . 9 5  ( d ,  J  =  7 .8  H z ,  3H ) ,  1 . 1 9  ( s ,  6H ) ,  1 . 2 2 -1 . 62  

( m,  10H ) ,  1 . 6 7 -1 . 78  ( m,  1H ) ,  1 . 84 -1 . 9 5  ( m,  2H ) ,  1 . 9 6 -2 . 04  ( m,  1 H ) ,  2 . 1 2  ( dd d ,  J  =  13 . 2 ,  

3 . 9 ,  2 . 6  H z ,  1H ) ,  2 . 1 7 -2 .3 1  ( m,  2H ) ,  2 . 4 5  ( dd ,  J  =  11 .7 ,  7 . 3  H z ,  1H ) ;  
1 3

C  N MR  (1 00  

MH z ,  C D C l 3 )   6 . 87  ( 3C ) ,  7 . 1 8  ( 3C ) ,  1 2 .5 ,  1 8 .8 ,  19 . 1 ,  2 0 . 8 ,  2 4 . 1 ,  2 7 .6 ,  29 . 9 ,  3 0 . 0 ,  

35 .5 ,  3 6 .3 ,  3 9 .0 ,  4 1 .0 ,  4 5 . 5 ,  5 0 . 0 ,  56 . 4 ,  62 . 0 ,  73 .4 ,  211 . 9 ;  IR (n e a t )  1 71 7 ,  14 6 0 ,  14 16 ,  

13 79 ,  1 36 4 ,  12 36  c m
- 1

.  E S I -H R M S ca l c d  f o r  C 2 4 H 4 6 O 2 S i  ( [ M+ N a ]
+

)
 
41 7 .3 15 9 ,  f ou n d  

41 7 . 3 14 3 .  

 

    (P P h 3 P
+
C H 2 B r) B r


 ( 1 . 2 9  g ,  2 . 9 6  m mo l )  w a s  su s pe n de d  i n  T H F ( 4  m L ) ,  a nd  

N aH MD S ( 1  M s o lu t i on  in  T H F,  2 .9  m L,  2 . 9  m mo l )  w a s  ad de d  a t  0 °C  w i t h  s t i r r i ng .  

A f t e r  1  h ,  a  so l u t i on  o f  t h e  ab o ve  O -p r o t ec t ed  p ro du c t  (2 33 . 6  mg ,  0 .5 92  m mo l )  i n  T H F  

( 2  m L)  w a s  ad d ed  t o  t h e  s u sp en s i o n  a t  0 °C .  T he  mi x t u r e  wa s  s t i r r e d  a t  t he  s a me  

t e mp e r a tu r e  f o r  3  h ,  an d  t he n  a t  r t  f o r  2 . 5  h .  T h e  r ea c t i on  m i x tu r e  w a s  p a r t i t i o n ed  

be t w e en  s a t .  N H 4 C l  a q .  a nd  E t O A c .  T h e  o rga n i c  p h as e  w a s  wa s he d  w i t h  b r i n e ,  d r i ed  

o ve r  N a 2 S O 4 ,  an d  c on c en t r a t ed .  T he  r e s i du e  wa s  pu r i f i e d  b y  s i l i c a  g e l  co l u mn  
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ch r o ma t o g ra p h y  ( h e xa ne / E tO A c  =  10 0 / 1 -5 / 1 )  to  y i e l d  1 2 5 . 6  mg  o f  1 2  a s  a  co l o r l e s s  o i l  

( 45 % ) .  

[ ]
2 0

D  + 6 7 .7  ( c  1 .0 0 ,  C H C l 3 ) ;  
1
H  N MR  (4 0 0  MH z ,  C D C l 3 )   0 . 5 61  (q ,  J  =  8 .0  H z ,  6H ) ,  

0 . 56 3  ( s ,  3H ) ,  0 . 93  (d ,  J  =  6 . 4  H z ,  3H ) ,  0 . 9 4  ( t ,  J  =  8 . 0  H z ,  9H ) ,  1 . 19  ( s ,  6H ) ,  1 . 2 2 -1 . 6 9  

( m,  1 5H ) ,  1 . 87 -1 . 9 3  ( m,  1H ) ,  1 . 9 5 -2 . 04  ( m,  2H ) ,  2 . 8 5 -2 . 9 1  ( m,  1 H ) ,  5 . 6 4  ( s ,  1H ) ;  
1 3

C  

N MR  (1 00  MH z ,  C D C l 3 )   6 . 90  (3 C ) ,  7 . 21  ( 3C ) ,  11 .9 ,  1 8 .9 ,  2 0 .9 ,  22 .1 ,  22 .7 ,  2 7 .7 ,  2 9 .9 ,  

30 .1 ,  3 1 . 1 ,  36 .1 ,  3 6 . 5 ,  39 .9 ,  4 5 . 5 ,  45 .6 ,  5 5 . 89 ,  55 . 95 ,  73 . 4 ,  9 7 .2 ,  14 5 . 1 ;  IR ( n e a t )  14 60 ,  

14 14 ,  13 7 9 ,  1 36 4 ,  1 2 36 ,  12 15  c m
- 1

.  E I -H R MS  c a lc d  f o r  C 2 5 H 4 7 O B r S i  ( M )
+

 4 70 .2 5 80 ,  

f ou nd  47 0 . 2 59 3 .  

S47



S48



S49



 

1 , 2 5 -D ih yd ro xy - 2 - [ 2 - (2 H - t e t r az o l - 2 -y l ) e th y l ]v i t a mi n  D 3  ( 1 a ) .  

To  a  so l u t i on  o f  en yn e  2 a  ( 10 4  mg ,  0 . 22 5  m mo l )  a nd  

b ro mo o l e f i n  1 2  ( 1 41  mg ,  0 . 30 0  m mo l )  i n  t o lu e ne / E t 3 N  (1 0  

m L,  t o l ue n e /E t 3 N  =  1 /1 )  wa s  a dd ed  P d (P P h 3 ) 4  ( 78 . 0  mg ,  

0 . 06 7 5  m mo l )  a t  r t ,  a nd  t h e  mi x t u r e  w a s  h e a te d  a t  11 0 °C  fo r  

1  h .  A f t e r  co o l i ng ,  t h e  r ea c t i on  mi x t u r e  w a s  f i l t e r e d  t h ro ug h  

a  C e l i t e  pa d  (E tO A c ) .  C o nc e n t r a t io n  fo l l o we d  b y  c o l u mn  

ch r o ma t o g ra p h y  o n  s i l i c a  g e l  ( he x an e / E t O A c  =  50 / 1 )  ga ve  

t he  c ru d e  p r o te c t e d  c ou p l i ng  p ro du c t  ( 10 3  mg ,  o i l ) ,  w h i ch  w a s  u s e d  in  t he  n ex t  s t ep  

w i t ho u t  fu r t h e r  p u r i f i c a t i o n .  

    To  t he  so l u t i o n  o f  t h e  c ou p l i ng  p ro d uc t  ( 10 3  mg )  in  T H F  (2 . 5  m L)  w a s  a dd e d  

T B A F ( 1  M  s o l u t i on  i n  T H F,  0 .6 0  m L,  0 . 6 0  m mo l )  a t  0 °C ,  a nd  t h e  mi x t u r e  w a s  s t i r r ed  

a t  r t  o ve r n i g h t .  To  t h e  mi x t u re  w a s  ad d ed  sa t .  N H 4 C l  a q .  a t  0 °C ,  a nd  th e  a qu e ou s  l a ye r  

w a s  e x t r a c t ed  w i t h  E tO A c .  T he  o rga n i c  l a ye r  w a s  w a sh ed  w i t h  b r i n e ,  d r i e d  o v e r  

N a 2 S O 4 ,  a nd  co nc e n t r a t e d .  T h e  r e s i du e  w a s  pu r i f i e d  b y  co l u m n  ch r o ma t o g r ap h y  o n  

s i l i c a  g e l  ( h ex an e / E t O A c  =  1 / 1 )  t o  g i ve  4 6 . 0  mg  o f  1a  a s  a  c o l o r l e s s  o i l  ( 4 0%  fo r  t w o  

s t ep s ) .  T h e  p ro d uc t  w a s  f u r th e r  p u r i f i e d  b y  p r ep a r a t i ve  H P LC  (Y MC -P a ck  O D S -A 2 5 0

×2 0  m m,  C H 3 C N /H 2 O =  9 /1 ,  1 0  m L/ mi n )  f o r  b i o lo g i ca l  e va l u a t i on s .  

[ ]
2 3

D  + 1 5 .8  ( c  1 . 1 4 ,  C H C l 3 ) ;  U V (E t O H )   m a x  26 8  n m,   m i n  2 2 7  n m;  
1
H  N M R  ( 40 0  MH z ,  

C D C l 3 )   0 .5 2  ( s ,  3 H ) ,  0 . 85 -1 . 8 8  ( m,  2 5H ) ,  1 . 96 -2 . 0 5  ( m,  4H ) ,  2 . 17 -2 . 4 0  ( m,  5H ) ,  2 . 64  

( dd ,  J  =  13 . 2 ,  4 . 4  H z ,  1H ) ,  2 . 8 1  ( d ,  J  =  1 2 . 8  H z ,  1H ) ,  3 . 93  ( dd d ,  J  =  8 .8 ,  8 . 7 ,  4 . 4  H z ,  

1H ) ,  4 . 3 8  ( d ,  J  =  2 . 8  H z ,  1H ) ,  4 . 9 0  ( t ,  J  =  7 .2  H z ,  2H ) ,  5 . 02  ( d ,  J  =  1 .6  H z ,  1H ) ,  5 . 30  ( s ,  

1H ) ,  5 . 9 7  ( d ,  J  =  11 .4  H z ,  1H ) ,  6 . 4 1  ( d ,  J  =  11 .4  H z ,  1H ) ,  8 . 51  ( s ,  1H ) ;  
1 3

C  N MR  ( 1 00  

MH z ,  C D C l 3 )   1 2 . 1 ,  18 . 8 ,  20 . 9 ,  2 2 . 3 ,  2 3 . 6 ,  2 7 . 7 ,  2 8 . 3 ,  2 9 .1 ,  2 9 . 2 ,  2 9 .4 ,  3 6 .1 ,  36 . 4 ,  

40 .5 ,  4 4 . 4 ,  44 . 7 ,  4 5 . 9 ,  4 6 .4 ,  51 . 9 ,  5 6 .3 ,  5 6 . 5 ,  70 .3 ,  7 1 . 1 ,  74 .1 ,  11 4 .4 ,  11 6 . 7 ,  12 5 .0 ,  

13 1 . 8 ,  14 3 .6 ,  14 5 .7 ,  15 2 . 6 ;  IR  ( ne a t )  3 59 6 ,  34 07 ,  1 64 7 ,  1 4 47 ,  1 37 7 ,  1 2 89 ,  12 1 5  c m
- 1

.  

E S I -H R MS  c a l c d  f o r  C 3 0 H 4 8 N 4 O 3  ( [ M+ N a ]
+

)  5 35 . 36 19 ,  fo u nd  53 5 . 36 2 3 .  
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1 , 2 5 -D ih yd ro xy - 2 - [ 2 - (1 H - t e t r az o l e -1 - y l ) e th y l ]v i t a mi n  D 3  ( 1 b )  

T h e  t i t l e  c o mp ou nd  1 b  ( 10 . 4  mg )  w a s  ob t a i ne d  a c co r d in g  t o  

t he  s i mi l a r  p ro c ed u r e  de s c r i be d  a b o ve  fo r  1a ,  s t a r t in g  f r o m 

en yn e  2 b  ( 2 5 . 8  mg ,  0 . 05 5 5  m mo l )  an d  b r o m oo l e f i n  1 2  ( 42 . 6  

mg ,  0 . 09 0 3  m mo l ) ,  a s  a  co l o r l e s s  o i l  (3 7 % f o r  t w o  s t e p s ) .  

 

 

 

[ ]
2 2

D  + 4 8 .7  ( c  0 . 4 0 ,  C H C l 3 ) ;  U V (E t O H )   m a x  26 9  n m,   m i n  2 2 7  n m;  
1
H  N M R  ( 40 0  MH z ,  

C D C l 3 )  δ  0 . 53  ( s ,  3H ) ,  0 . 93  ( d ,  J  =  6 . 6  H z ,  3H ) ,  1 . 0 4 -1 . 72  ( m,  2 5 H ) ,  1 . 86 -2 . 0 2  ( m,  3H ) ,  

2 . 22 -2 . 2 8  ( m,  3H ) ,  2 . 62  ( dd ,  J  =  4 . 2 ,  1 3 . 4  H z ,  1H ) ,  2 . 8 1  ( d d ,  J  =  3 . 9 ,  12 . 2  H z ,  1H ) ,  

3 . 94  ( d dd d ,  J  =  4 . 2 ,  4 . 4 ,  8 . 8 ,  9 . 0  H z ,  1H ) ,  4 . 33  ( d d ,  J  =  3 . 2 ,  3 . 4  H z ,  1H ) ,  4 . 6 9  ( t ,  J  =  

7 . 3  H z ,  2H ) ,  5 . 0 3  (d ,  J  =  1 . 5  H z ,  1H ) ,  5 . 29  (d ,  J  =  1 . 2  H z ,  1H ) ,  5 . 95  ( d ,  J  =  11 .4  H z ,  

1H ) ,  6 . 41  (d ,  J  =  11 . 4  H z ,  1H ) ,  8 . 68  ( s ,  1H ) ;  
1 3

C  N MR  ( 1 00  MH z ,  C D C l 3 )  δ  1 2 .1 ,  1 8 . 8 ,  

20 .8 ,  22 . 2 ,  23 . 5 ,  2 7 . 7 ,  2 9 .1 ,  2 9 .2 ,  29 .3 ,  29 . 7 ,  36 . 1 ,  3 6 . 4 ,  4 0 . 5 ,  4 4 . 4 ,  4 4 . 8 ,  4 6 .0 ,  4 6 .0 ,  

47 .2 ,  5 6 .3 ,  5 6 . 5 ,  70 . 5 ,  71 . 1 ,  74 .6 ,  114 .7 ,  116 .6 ,  1 25 . 3 ,  13 1 . 5 ,  1 42 .7 ,  1 44 . 1 ,  14 5 . 7 ;  I R  

( ne a t )  35 82 ,  3 4 12 ,  1 6 43  c m
- 1

.  E S I -H R M S  c a lc d  f o r  C 3 0 H 4 8 N 4 O 3  ( [ M+ N a ]
+

)  53 5 .3 61 9 ,  

f ou nd  53 5 . 3 61 6 .  
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1 , 2 5 -D ih yd ro xy - 2 - [ 2 - (1 ,2 , 4 - t r i a zo l e - 2 -y l ) e th y l ] v i ta mi n  D 3  ( 1 c ) .  

T h e  t i t l e  co mp o un d  1 c  ( 4 . 3  mg )  w a s  o b t a i ne d  ac co r d i ng  t o  

t he  s i mi l a r  p ro c ed u r e  de s c r i be d  a b o ve  fo r  1a ,  s t a r t in g  f r o m  

en yn e  2 c  ( 1 3 .6  mg ,  0 . 02 93  m mo l )  a nd  b ro m oo l e f i n  1 2  ( 1 9 . 2  

mg ,  0 . 0 4 0 7  m mo l ) ,  a s  a  co l o r l e s s  o i l  ( 2 9 % f o r  t w o  s t e p s ) .  

 

 

 

[ ]
2 3

D  + 3 8 .8  ( c  0 . 8 3 ,  C H C l 3 ) ;  U V (E t O H )   m a x  26 8  n m,   m i n  2 2 7  n m;  
1
H  N M R  ( 40 0  MH z ,  

C D C l 3 )  δ  0 . 53  ( s ,  3H ) ,  0 . 93  ( d ,  J  =  6 . 3  H z ,  3H ) ,  1 . 2 1 -1 . 76  ( m,  2 5 H ) ,  1 . 96 -2 . 0 1  ( m,  3H ) ,  

2 . 16 -2 . 2 6  ( m,  3H ) ,  2 . 6 4  (d d ,  J  =  4 . 2 ,  13 . 4  H z ,  1H ) ,  2 . 8 2  (d ,  J  =  12 . 0  H z ,  1H ) ,  3 . 89  (d dd ,  

J  =  4 . 4 ,  8 . 5 ,  8 . 8  H z ,  1H ) ,  4 . 3 2  (d ,  J  =  3 . 2  H z ,  1 H ) ,  4 . 41  (d dd ,  J  =  7 . 1 ,  13 . 7 ,  1 4 .1  H z ,  

1H ) ,  4 . 4 2  (d dd ,  J  =  7 . 1 ,  13 . 7 ,  14 . 2  H z ,  1H ) ,  5 . 0 1  ( d ,  J  =  1 . 7  H z ,  1H ) ,  5 . 2 7  (d ,  J  =  0 . 9 8  

H z ,  1H ) ,  5 . 9 6  ( d ,  J  =  11 . 2  H z ,  1H ) ,  6 . 4 0  ( d ,  J  =  1 2 . 0  H z ,  1 H ) ,  7 . 95  ( s ,  1H )  ,  8 . 1 2  ( s ,  

1H ) ;  
1 3

C  N M R  ( 10 0  M H z ,  C D C l 3 )  δ  1 2 . 1 ,  18 .9 ,  2 0 . 9 ,  22 . 3 ,  2 3 .6 ,  2 7 . 7 ,  28 .9 ,  2 9 .1 ,  29 . 3 ,  

29 .4 ,  3 6 . 1 ,  3 6 .4 ,  40 . 5 ,  44 .4 ,  4 4 . 5 ,  4 5 .9 ,  46 . 4 ,  4 8 . 4 ,  56 .3 ,  5 6 . 5 ,  7 0 . 3 ,  7 1 .1 ,  74 . 3 ,  114 .0 ,  

11 6 . 7 ,  12 4 . 8 ,  13 2 .2 ,  14 3 . 0 ,  14 3 .4 ,  1 46 . 0 ,  1 51 . 6 ;  IR  (n e a t )  35 83 ,  3 39 9 ,  1 6 45  c m
- 1

.  

E S I -H R MS  c a l c d  f o r  C 3 1 H 4 9 N 3 O 3  ( [ M+ H ]
+

)  5 12 . 38 4 7 ,  fo u nd  51 2 . 38 53 .  
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1 , 2 5 -D ih yd ro xy - 2 - [ 2 - (2 H - 1 , 2 ,3 - t r ia z o l e - 2 -y l ) e th y l ] v i ta mi n  D 3  ( 1 d ) .  

T h e  t i t l e  co mp o un d  1 d  ( 4 . 9  mg )  w a s  o b t a i ne d  a cc o r d in g  

t o  th e  s i mi l a r  p r oc e d u re  de s c r i be d  a b o ve  f o r  1 a ,  s t a r t i ng  

f r o m e n yn e  2 d  ( 1 6 . 6  mg ,  0 . 0 35 8  m mo l )  an d  b r o mo o l e f in  

12  ( 23 . 4  mg ,  0 . 0 49 6  m mo l ) ,  a s  a  co l o r l e s s  o i l  ( 27 %  f o r  

t w o  s t e p s ) .  

 

 

[ ]
2 2

D  + 3 1 .5  ( c  0 . 7 2 ,  C H C l 3 ) ;  U V (E t O H )   m a x  26 9  n m,   m i n  2 3 5  n m;  
1
H  N M R  ( 40 0  MH z ,  

C D C l 3 )  δ  0 . 53  ( s ,  3H ) ,  0 . 93  ( d ,  J  =  6 . 6  H z ,  3H ) ,  1 . 2 1 -1 . 75  ( m,  2 5 H ) ,  1 . 88 -1 . 9 8  ( m,  3H ) ,  

2 . 17 -2 . 3 0  ( m,  3H ) ,  2 . 6 5  ( d d ,  J  =  4 . 2 ,  1 3 .4  H z ,  1H ) ,  2 . 8 2  ( d ,  J  =  1 3 .2  H z ,  1H ) ,  3 . 86 -3 . 9 3  

( m,  1H ) ,  4 . 3 4  ( t ,  J  =  3 . 4  H z ,  1H ) ,  4 . 6 8  ( td ,  J  =  2 . 0 ,  6 . 6  H z ,  2H ) ,  5 . 0 0  (d ,  J  =  1 . 7  H z ,  

1H ) ,  5 . 2 8  ( d ,  J  =  1 . 7  H z ,  1H ) ,  5 . 9 8  (d ,  J  =  11 . 0  H z ,  1H ) ,  6 . 4 0  (d ,  J  =  11 . 0  H z ,  1 H ) ,  7 . 6 0  

( s ,  2H ) ;  
1 3

C  N MR  ( 1 0 0  MH z ,  C D C l 3 )  δ  12 . 1 ,  18 . 9 ,  2 0 . 9 ,  2 2 .3 ,  2 3 . 6 ,  2 7 . 7 ,  2 8 .2 ,  29 .1 ,  

29 .3 ,  29 . 4 ,  36 . 1 ,  3 6 . 4 ,  4 0 .5 ,  4 4 .4 ,  44 . 6 ,  45 . 9 ,  46 . 7 ,  5 3 . 4 ,  5 6 . 3 ,  5 6 . 5 ,  7 0 . 4 ,  7 1 .1 ,  7 4 .1 ,  

11 4 . 0 ,  11 6 .8 ,  1 24 . 8 ,  1 32 .2 ,  13 3 . 8  (2 C ) ,  14 3 .4 ,  1 4 6 . 0 ;  IR  (n e a t )  3 58 5 ,  33 9 9 ,  16 45  c m
- 1

.  

E S I -H R MS  c a l c d  f o r  C 3 1 H 4 9 N 3 O 3  ( [ M+ H ]
+

)  5 12 . 38 4 7 ,  fo u nd  51 2 . 38 45 .  
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1 , 2 5 -D ih yd ro xy - 2 - [ 2 - (1 H - 1 , 2 ,3 - t r ia z o l e - 1 -y l ) e th y l ] v i ta mi n  D 3  ( 1 e ) .  

T h e  t i t l e  co mp o un d  1 e  ( 6 . 8  mg )  w a s  o b t a i ne d  ac co r d i ng  t o  

t he  s i mi l a r  p ro c ed u r e  de s c r i be d  a b o ve  fo r  1a ,  s t a r t in g  f r o m  

en yn e  2 e  ( 1 2 .5  mg ,  0 . 02 70  m mo l )  a nd  b ro m oo l e f i n  1 2  ( 1 7 . 7  

mg ,  0 . 03 7 5  m mo l ) ,  a s  a  co l o r l e s s  o i l  (4 9 % f o r  t w o  s t e p s ) .  

 

 

 

[ ]
2 4

D  + 4 2 .5  ( c  0 . 1 2 ,  C H C l 3 ) ;  U V (E t O H )   m a x  27 1  n m,   m i n  2 2 9  n m;  
1
H  N M R  ( 40 0  MH z ,  

C D C l 3 )  δ  0 . 5 2  ( s ,  3H ) ,  0 . 93  ( d ,  J  =  6 . 3  H z ,  3H ) ,  1 . 2 1 -1 . 76  ( m,  2 5 H ) ,  1 . 96 -2 . 0 1  ( m,  3H ) ,  

2 . 17 -2 . 2 6  ( m,  3H ) ,  2 . 6 3  ( d d ,  J  =  4 . 2 ,  1 3 . 4  H z ,  1H ) ,  2 . 8 2  ( d d ,  J  =  4 . 2 ,  12 . 2  H z ,  1H ) ,  

3 . 91  ( t d ,  J  =  4 .4 ,  8 . 8  H z ,  1H ) ,  4 . 3 4  ( d ,  J  =  3 . 2  H z ,  1H ) ,  4 . 62  ( t ,  J  =  7 . 3  H z ,  2H ) ,  5 . 01  ( d ,  

J  =  2 . 0  H z ,  1H ) ,  5 . 2 8  ( d ,  J  =  1 . 5  H z ,  1H ) ,  5 . 9 6  ( d ,  J  =  11 . 2  H z ,  1H ) ,  6 . 4 0  ( d ,  J  =  11 . 2  

H z ,  1H ) ,  7 . 6 2  ( s ,  1H )  ,  7 . 7 1  ( s ,  1H ) ;  
1 3

C  N MR  ( 10 0  MH z ,  C D C l 3 )  δ  1 2 . 1 ,  1 8 .9 ,  20 . 9 ,  

22 .3 ,  23 . 6 ,  27 . 7 ,  29 . 1 ,  2 9 . 3 ,  2 9 .4 ,  2 9 .7 ,  3 6 .1 ,  3 6 .4 ,  40 .5 ,  44 .4  ( 2C ) ,  4 6 . 0 ,  4 6 . 4 ,  4 8 . 8 ,  

56 .3 ,  5 6 . 5 ,  7 0 .4 ,  71 . 1 ,  74 .3 ,  11 4 .4 ,  11 6 . 7 ,  1 23 .3 ,  1 25 .0 ,  1 31 .8 ,  1 3 3 . 8 ,  1 4 3 . 7 ,  1 4 5 . 8 ;  IR  

( ne a t )  35 83 ,  33 90 ,  1 64 4  c m
- 1

.  E S I -H R MS  ca l c d  fo r  C 3 1 H 4 9 N 3 O 3  ( [ M+ H ]
+

)  5 12 .3 8 47 ,  

f ou nd  51 2 . 3 83 2 .  
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1 , 2 5 -D ih yd ro xy - 2 - [ 2 - ( i mi d az o l e -1 - y l ) e t hy l ] v i ta mi n  D 3  ( 1 f ) .  

T h e  t i t l e  co mp o un d  1 f  ( 5 . 7  mg )  w a s  ob t a i ne d  ac c o rd i ng  t o  

t he  s i mi l a r  p ro c ed u r e  de s c r i be d  a b o ve  fo r  1a ,  s t a r t in g  f r o m  

en yn e  2 f  ( 1 0 . 8  mg ,  0 . 02 33  m mo l )  a nd  b ro m oo l e f i n  1 2  ( 1 8 . 1  

mg ,  0 . 03 8 4  m mo l ) ,  a s  a  co l o r l e s s  o i l  (4 8 % f o r  t w o  s t e p s ) .  

 

 

 

[ ]
2 2

D  + 9 . 44  ( c  0 . 3 6 ,  C H C l 3 ) ;  U V (E t O H )   m a x  26 9  n m,   m i n  2 3 1  n m;  
1
H  N M R  ( 40 0  MH z ,  

C D C l 3 )  δ  0 . 53  ( s ,  3H ) ,  0 . 93  ( d ,  J  =  6 . 3  H z ,  3H ) ,  1 . 2 1 -1 . 78  ( m,  2 5 H ) ,  1 . 88 -2 . 0 1  ( m,  3H ) ,  

2 . 08 -2 . 2 6  ( m,  3H ) ,  2 . 6 2  ( dd ,  J  =  4 . 2 ,  1 3 . 0  H z ,  1H ) ,  2 . 8 1  ( d d ,  J  =  3 . 2 ,  13 . 0  H z ,  1H ) ,  

3 . 88  ( t d ,  J  =  4 . 2 ,  8 . 5  H z ,  1H ) ,  4 . 13  ( t d ,  J  =  7 . 8 ,  1 3 .7  H z ,  2H ) ,  4 . 28  ( d ,  J  =  2 . 9  H z ,  1H ) ,  

5 . 0 1  ( d ,  J  =  2 . 0  H z ,  1 H ) ,  5 . 2 7  ( d ,  J  =  1 . 5  H z ,  1H ) ,  5 . 9 7  ( d ,  J  =  11 . 0  H z ,  1H ) ,  6 . 4 0  (d ,  J  

=  11 . 0  H z ,  1H ) ,  6 . 9 6  ( s ,  1H ) ,  7 . 05  ( s ,  1H ) ,  7 . 50  ( s ,  1H ) ;  
1 3

C  N M R  (1 00  MH z ,  C D C l 3 )  δ  

12 .1 ,  18 . 9 ,  20 . 9 ,  22 . 3 ,  2 3 . 6 ,  2 7 .7 ,  2 9 .1 ,  2 9 .3 ,  2 9 .4 ,  29 .7 ,  36 .1 ,  36 .4 ,  40 . 5 ,  44 . 4  ( 2C ) ,  

45 .8 ,  45 . 9 ,  4 6 . 6 ,  5 6 . 3 ,  5 6 .5 ,  70 .2 ,  71 . 1 ,  7 3 . 9 ,  11 4 .0 ,  114 . 0 ,  11 6 .7 ,  116 . 8 ,  12 4 .9 ,  13 2 .2 ,  

13 3 . 8 ,  1 4 3 . 5 ,  1 46 . 1 ;  I R  ( ne a t )  35 8 3 ,  33 9 0 ,  16 45  c m
- 1

.  E S I -H R M S  ca l c d  fo r  C 3 2 H 5 0 N 2 O 3  

( [ M+ H ]
+

)  511 . 3 89 4 ,  f ou nd  511 . 38 9 1 .  
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R ef e re nc e s  f o r  S I  

( 1 )  H o nz a w a ,  S . ;  Ya m a mo t o ,  Y. ;  H i r a s ak a ,  K . ;  Tak a ya ma ,  H . ;  K i t t a ka ,  A .  S yn t h e s i s  o f  

A - r i ng  s yn t h on  o f  2 - s u b s t i t u t ed  v i t a mi n  D 3  a na l o gu e s  u t i l i z i ng  G r i g na r d  r ea c t i o n  

t o wa r d s  me t h y l  2 ,3 - an h yd r o -4 ,6 -O -b e n z y l i de n e - - D - ma nn o p yr a no s i de .  H e t e ro cy c l e s  

20 03 ,  6 1 ,  3 27 -3 3 8 .  

( 2 )  Su ha r a ,  Y. ;  N ih e i ,  K . ;  Ku r i h a ra ,  M . ;  Ki t t a k a ,  A . ;  Ya ma g uc h i ,  K . ;  Fu j i s h i ma ,  T. ;  

Ko n no ,  K . ;  M i ya t a ,  N . ;  Tak a ya ma ,  H .  E ff i c i e n t  a nd  ve r s a t i l e  s yn t h e s i s  o f  no ve l  

2 - s u b s t i t u t e d  1 , 25 - d ih yd r o x yv i t a mi n  D 3  an a l og ue s  a nd  t h e i r  d oc k i ng  t o  v i t a m i n  D  

r ec e p to r s .  J .  O rg .  C h em .  20 01 ,  6 6 ,  8 76 0 -8 77 1 .  

( 3 )  Ma yn a r d ,  D .  F . ;  T r an k l e ,  W .  G . ;  N o r ma n ,  A .  W . ;  O k a mu r a ,  W .  H .  1 4 -E p i  

s t e r e o i s o me r s  o f  25 -h yd r o x y -  a n d  l , 2 5 -d i h yd r o x yv i t a m i n  D 3 :  s yn t h es i s ,  

i s o me r i z a t i on  t o  p r e v i t a m i n s ,  a nd  b i o lo g ic a l  s t ud i e s .  J .  M ed .  C hem .  1 9 94 ,  3 7 ,  

23 87 -2 3 9 3 .  
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hu ma n  VD R  b i nd i n g  a s s a y  

B i n d in g  a f f i n i t y  t o  hV D R  wa s  e va l u a te d  u s i ng  a  1 , 2 5 (O H ) 2 D 3  a s s a y  k i t  

(P O LA R SC R E E N  V I TA M IN  D  R E C E P TO R  C O MP E T ITO R  A S SAY,  R E D ,  C a t .  N o .  

P V 456 9 )  p u r ch a se d  f r o m In v i t r o g en .  T h e  s o lu t i o n  o f  t e s t  c o mp o un d  (1  mM  i n  E tO H )  

w a s  d i l u t ed  t o  10  t i me s  w i t h  D MSO .  T h e  so l u t i o n  wa s  d i lu t e d  t o  5 0  t i me s  w i t h  t h e  

a s s a y  bu ff e r  i nc l u de d  i n  t h e  k i t  mo r e .  T he  so l u t i o n  w a s  d e f i ne d  a s  th e  c o mp ou n d  

so l u t i o n .   O n  t h e  o t he r  h an d ,  V D R / Fl u o r o mo ne  a nd  V D R  R E D ,  bo t h  o f  wh i c h  a r e  

i nc l u de d  i n  t he  k i t ,  w e re  d i l u t ed  w i t h  t h e  a s sa y  b u ff e r  i n c l ud ed  i n  t he  k i t  s o  t ha t  t h e  

co n ce n t r a t io n  o f  V D R / Fl u o r o mo ne  w a s  2 .8  nM ,  a nd  t h a t  o f  V D R  R E D  w a s  2  n M  in  t he  

mi x t u r e .  T h e  so l u t i o n  w as  d e f i n ed  a s  th e  V D R / Fl u o r o mo ne  a nd  V D R  R E D  c o m p l e x .  To  

a  3 84  w e l l  B la c k  p l a t e  (C o r i n g ,  # 36 77 )  w a s  ad de d  t he  c o mp ou nd  so l u t i o n  (1 0  L) ,  a n d  

t he  V D R / Fl u o r o mo n e  an d  V D R  R E D  c o m p l ex  ( 1 0  L)  w a s  a dd e d  to  e ac h  w e l l s .  T h e  

mi x t u r e  w a s  in c ub a t e d  u nd e r  20 -2 5 °C  f o r  2  h .  T h e  p o l a r i z e d  f l uo r e sc e  i n  ea c h  we l l s  

w a s  me a s u re d  (3 84  n m,  e mi s s i o n :  5 95  n m,  ex c i t a t i on :  53 5  n m,  t i me :  25 0  ms / w e l l ) .  A l l  

co mp o un d s  w e re  e va l ua t e d  w i t h  N  =  2  w i t h in  t h e  r a n ge  f r o m 1 0
- 6

 M  to  1 0
- 1 0

 M.  IC 5 0  

v a l u e s  we r e  c a l c u la t e d  b y  u s i ng  t h e  a ve r a g e  o f  me a s u r ed  va l u e .  T h e  a c t i v i t i e s  o f  e ac h  

co mp o un d  w e r e  s ho w n  a s  r e l a t i ve  va l u e  i n  w h ic h  t h e  ac t i v i t y  o f  t he  n a t u ra l  h o r mo n e  1  

w a s  no r ma l i z e d  t o  1 0 0% .  
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Tran s a c t iv a t i on  a s s a y  o f  h u man  o s te oc a l c i n  p ro mo te r  

T h e  h u ma n  o s t eo c a lc i n  g e ne  p r o mo t e r  f r ag me n t  – 83 8  /  + 1 0  w a s  c l on e d  i n to  th e  r ep o r t e r  

p l a s mi d  pG L3  (P r o m eg a )  a s  r ep o r t ed .  H u ma n  V D R  an d  R X R  ge n e  we r e  c l on e d  i n t o  

ex p re s s i o n  ve c to r  p c D N A 3  ( In v i t r o g en ) .  H os  c e l l s  ma i n t a i n ed  i n  p h en o l  r ed  f r e e  

D ME M ( In v i t r o g e n )  c o n t a i n in g  10 % FC S  ( I n v i t r o ge n ) .  P r i o r  t o  t r an s f ec t i o n s ,  t h e  c e l l s  

w e re  p l a t e d  i n  a  96  w e l l  p l a t e  a t  t he  d e n s i t y  o f  4 00 ,0 0 0  c e l l s  p e r  we l l  i n  th e  O p t i -M E M 

( In v i t r o g e n ) .  T he  c e l l s  w e r e  t r an s f e c te d  w i t h  h u ma n  os t e o c a lc i n  r e po r t e r  ve c t o r  

( pG L3 -h O c :  1 00  ng / w e l l ) ,  hu ma n  V D R  a nd  R X R  ex p re s s i on  ve c t o r  ( p cD N A -hV D R ,  

pcD N A -h R X R :  1 0  ng / w e l l )  a nd  p hR L -T K  (P ro me g a :  2 5  ng / w e l l )  u s i ng  0 . 45  L o f  

L i p o f e c t a m i n e  20 0 0  r ea g en t  ( In v i t r o g en ) .  A f t e r  i nc u ba t i o n  a t  37  °C  f o r  3  h ,  t h e  c u l tu r e  

me d i a  we r e  r e p la c ed  t o  ph e no l  r ed  f r e e  D ME M co n t a i n in g  1 0%  FC S .  T h e  ce l l s  w e r e  

t r ea t e d  w i t h  e t h an o l  ve h i c l e  o r  va r i ou s  co nc e n t r a t i o n s  o f  co mp ou nd s  ( f r o m 0 .1  p M t o  

10 0  nM ) .  A f t e r  i nc u b a t i on  a t  3 7  °C  f o r  2 4  h ,  t h e  l u c i f e r a s e  ac t i v i t y  o f  th e  c e l l s  w as  

qu an t i t a t e d  b y  l u mi no me t e r  ( B e r t h o l d )  u s i n g  D ua l -G l o  l u c i f e ra s e  a s s a y  s ys t e m 

(P r o me g a ) .  
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X - ra y  c o -c r y s ta l l o gr ap h ic  an a l ys i s  

T h e  h u ma n  V D R  LB D  p ro t e i n  w a s  t h e  s a me  c on s t r uc t  an d  w a s  pu r i f i ed  an d  co mp l e x ed  

b y  t h e  s a me  p r o t oc o l  a s  d e sc r i b ed  i n  r e f .  4 .  C r ys t a l l i z a t i on  e xp e r i me n t s  w e r e  

pe r f o r me d  u s i ng  t he  ha ng i n g -d r op  va p o r  d i f f u s i on  me t h od .  T he  l i ga nd  1a  o r  1b  wa s  

ad d ed  t o  a l i qu o t s  o f  t h e  p u r i f i ed  p r o te i n  i n  a  5 - f o l d  mo l a r  e xc e s s .  C r ys t a l l i z a t i o n  

co nd i t i o n s  we r e  s i mi l a r  c on d i t i on s  fo r  t h e  V D R  LB D -1 , 2 5 (O H ) 2 D 3  c o mp l e x  c r ys t a l s  

b y  m i x i n g  1  µ L o f  p r o te i n  s o l u t i on  (1 0  mg / m L)  w i t h  an  e qu a l  vo lu me  o f  t h e  r e se r vo i r  

so l u t i o n ,  w h i c h  c o n t a in e d  1 . 4  M  a m m o n i u m s u l f a t e  w i t h  0 . 1  M  M E S ,  pH  6 . 5  an d  

eq u i l i b r a t in g  a g a in s t  1  m L r e s e r vo i r  s o l u t i on .  S i n g le  c r ys t a l s  g r e w  to  s u i t ab l e  

d i me n s io n s  i n  2 -4  d a ys .  C r ys t a l s  w e r e  c r yo - p ro t e c te d  i n  30 %  g l yc e ro l  a nd  c oo l e d  a t  79  

K ,  a nd  X - r a y  d a t a  w e re  co l l e c t ed  u s in g  b ea ml i n e  N W 12  a t  t h e  P ho t o n  Fa c t o r y  (P F) .  

T h e  d a t a  w e r e  p r o ce s s ed  u s i ng  th e  H K L2 0 00  s o f t w a re  p a ck a ge  (O t w i no w s k i  &  M i n o r,  

19 97 ) .  We  c a r r i ed  o u t  mo l e cu l a r  r e p l ac e me n t  u s i ng  MO LR E P ( Va g in  &  Tep l ya k o v,  

19 97 )  f r o m C C P 4  (C o l l ab o ra t i ve  C o mp u t a t i on a l  P ro j e c t ,  N u mb e r  4 ,  19 9 4 )  w i t h  t h e  

co o rd i n a t e s  o f  th e  V D R  LB D -1 , 2 5 (O H ) 2 D 3  c o mp l e x  (P D B  co de  1D B 1 ;  t h e  s o l ve n t  

mo l e c u le s  an d  1 , 2 5 (O H ) 2 D 3  w e re  r e mo v ed )  a s  th e  i n i t i a l  m od e l .  R e f in e me n t  w a s  

ca r r i e d  o u t  u s in g  t he  p ro g r a ms  R E FM A C  ( M ur s h ud o v  e t  a l . ,  1 99 7 ) .  A sa mp l e  

co n t a in i n g  a  r a nd o m 5%  o f  t h e  t o t a l  r e f l e c t i on s  i n  t h e  d a ta  s e t  w a s  ex c l ud e d  f o r  R f r e e  

ca l c u l a t io n s .  A f t e r  r i g id -b o d y  r e f in e me n t ,  e l e c t ro n  d en s i t y  f o r  l i g a nd  1 a  o r  1 b  w a s  

c l e a r l y  c on s t r u c te d  u s i ng  C O O T ( E ms l e y  & C o w t a n ,  20 04 ) .  S t a t i s t i c s  o f  t h e  d a ta  

co l l e c t i on  an d  f i n a l  s t r uc t u r e  a r e  s u m ma r i z ed  i n  Tab l e  1 .  F i g u r e s  we r e  p r od u ce d  u s i ng  

D S  Vis u a l i ze r  (A cc e l r ys ,  h t t p : / / a c ce l r ys . c o . j p / ) .  
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T ab l e  1 .  D a ta  co l l e c t i on  an d  r e f i n e me n t  s t a t i s t i c s  

Values  in  p arentheses  are  f o r  the  h ighes t  reso lu t i on  she l l .  

C r y s t a l  d a t a  h V D R  L B D - 1 a  h V D R  L B D - 1 b  

P D B  I D  4 I T E  4 I T F  

S p a c e  g r o u p                                                                        P 2 1 2 1 2 1  P 2 1 2 1 2 1  

U n i t  c e l l  ( Å )  a   4 4 . 7 6   4 4 . 3 5  

             b   5 1 . 5 3   5 1 . 8 1  

             c  1 3 1 . 7 8  1 3 2 . 0 8  

D a t a  c o l l e c t i o n        

B e a m  l i n e                                  N W 1 2  N W 1 2  

W a v e l e n g t h  ( Å )                                   1 . 0 0 0 0  1 . 0 0 0 0  

R e s o l u t i o n  ( Å )  5 0 . 0 - 2 . 5 0  5 0 . 0 - 2 . 8 5  

T o t a l  n u m b e r  o f  r e f l e c t i o n s  6 5 6 8 5  5 3 1 2 6  

U n i q u e  r e f l e c t i o n s  1 1 2 8 1  7 6 4 7  

R m e r g e
a  ( % )  8 . 2 ( 2 0 . 4 )  1 2 . 0 ( 3 4 . 4 )  

C o m p l e t e n e s s  ( % )  9 9 . 6 ( 9 7 . 0 )  9 9 . 8 ( 1 0 0 . 0 )  

M u l t i p l i c i t y  3 . 2 ( 2 . 9 )  3 . 9 ( 3 . 8 )  

A v e r a g e  I /  ( I )  2 1 . 3 ( 5 . 7 7 )  1 8 . 1 ( 6 . 3 0 )  

R e f i n e d  s t a t i s t i c s    

R f a c t o r
b  ( % )  2 5 . 3  2 0 . 3  

R f r e e
b  ( % )  2 8 . 3  2 5 . 5  

R a m a c h a n d r a n  s t a t i s t i c s    

B o n d  l e n g t h s  ( Å )  0 . 0 1 4  0 . 0 1 1  

B o n d  a n g l e s  ( ° )  1 . 6 9  1 . 5 2  

 

a R m e r g e  =   i| I i -<I>| /  where  <I>  i s  the  mean  in tens i ty  o f  N  re f le c t i ons  
wi th  in tens i t i es  I i  and  common  ind ices  h ,  k  and  l .  
b
R f a c t o r  = h k l | |F o b s | -k | F c a l c | | / h k l |F o b s | ,  wh e r e  Fo b s  an d  F c a l c  a r e  t h e  ob s e r ve d  an d  

ca l c u l a t e d  s t ru c t u r e  f ac t o r s ,  R f r e e  i s  c a l c u la t ed  f o r  a  r a nd o ml y  c h os e n  5 %  o f  r e f l e c t io n s  

an d  R f a c t o r  i s  c a l c u l a t ed  f o r  t h e  r e ma i n i n g  95 %  o f  r e f l e c t i on s .  
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