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T o ta l  S y n th e s is  o f  B r e v e to x in  B . 3 . F in a l S tr a te g y  a n d  

C o m p le t io n

K . C . N icolaou ,*  F . P . J . T . R utjes, E . A , T heodorakis, J, T iebes, M . S ato , and  
E . U ntersteU er

C on tribu tion  fr o m  the D ep a rtm en t o f  C hem istry, The Scripps R esea rch  Institu te,

1 0 6 6 6  N . T orrey  P ines R oad , L a  Jolla , C aliforn ia  92037, a n d  D ep a rtm en t o f  C hem istry  
a n d  B iochem istry , U n iversity  o f  C a lifo rn ia f San  D iego, 9500  G ilm an  D rive,

L a  Jo lla , C a lifo rn ia  92093

R e c e iv e d  M a rch  2, 1995®

A b str a c t: T h e fin a l strategy for  the total syn th esis o f  brevetox in  B  (1 ) according to the retro synthetic an alysis sh o w n  
in S ch em e 1 is  d escrib ed . Starting w ith  the tetracyclic  ring sy stem  8  [D E FG ], the construction  o f  the C rin g  w as  
accom p lish ed  v ia  an in tram olecu lar conjugate addition  (7  —  13). A  hydroxy ep o x id e  cyc liza tio n  w as then u tilized  
for the form ation  o f  ring B  (6  —  ̂ 2 1 ). R ing A  w as introduced v ia  an intram olecular phosphonate ester—keton e  
con d en sation  (5 -*• 2 7 )  to  p rod u ce, after side chain  elaboration , the desired  h ep tacyclic  phosphonium  io d id e  4 . 
Form ation o f  the tr icy c lic  a ld eh yd e 3  [U K ] starting from  d io l 3 4  is a lso  described. W ittig  cou p lin g  o f  3  and 4  
fo llo w ed  by se le c tiv e  d ep rotection , hydroxy d ith ioketal cy c liza tio n , and radical desu lfurization  produced the 
u n d eca cy clic  sy stem  4 8  representing  the com p lete  b revetox in  B  skeleton  (46  —  2  —  4 7  —  4 8 ). A lly lic  ox id ation  
o f  ring A  (4 8  4 9 ) fo llo w e d  b y  s id e  chain  elaboration  o f  the K  ring side chain  (49  —* 5 0  —■ 51 —* 5 2 ) led  to the 
T B S  protected  b revetox in  B (5 2 ) w h ich  upon exposure to H F*pyridine treatm ent afforded natural brevetox in  B (1).

In tr o d u c tio n

In the preced ing tw o  p ap ers1,2 w e  d iscu ssed  exp lorations o f  
strategies directed tow ard the total sy n th esis  o f  brevetox in  B  
(1). T h ese  studies led  to the evo lu tion  o f  the final and successfu l 
approach to this target m o lecu le . B e lo w  w e  present fu ll deta ils 
o f  the d irect route v ia  w h ich  the tota l sy n th esis  o f  b revetox in  B  
(1 ) w a s su ccesfu lly  a cco m p lish ed .

T o ta l S y n th e s is

T h e fin a l approach to b rev eto x in  B  (1 ) in v o lv ed  separate 
assem b ly  o f  the A B C D E F G  and U K  ring sy stem s 4  and 3 , their 
cou p lin g , and final elaboration  to the end. W e w ill first address 
the construction  o f  the m ore co m p le x  A B C D E F G  segm en t 4.

R e tr o sy n th e tic  A n a ly s is  a n d  S tr a te g y

T h e final syn th etic  strategy tow ard  b revetox in  B (1 ) w as 
d esig n ed  on  the b asis o f  our ex p er ien ces in  the brevetox in  B  
project as described in  the preced in g papers1*2 and the retrosyn ­

thetic an a lysis sh ow n  in  S ch em e 1. A ccord in g  to the strategy, 
the fin a l stages o f  the sy n th esis  w o u ld  en tail (a) cou p lin g  o f  
in term ediates 3  and 4  b y  a W ittig  reaction  to g iv e  the  
correspond ing (Z )-o lefin , (b) deprotection  to afford the hydroxy  
d ith iok eta l 2 , (c) ring c lo su re  to  form  the o x o cen e  ring system , 
(d) d esu lfu rization , and (e ) fu n ctio n a l group m anipulation  at 
the tw o ends o f  the m o lecu le . T h e advanced  A B C D E F G  
in term ed iate 4  w as p rojected  to b e  d erived  from  D E F G  lacton e

9  (S ch em e  1) by a seq u en ce  in v o lv in g  step w ise  construction  o f  
the A , B , and C rings v ia  rin g  c lo su res as ou tlined  in  S ch em e

1. T h e latter seq u en ce  w a s en v is io n ed  to in v o lv e  (a) an

* Address correspondence to this author at either The Scripps Research 
Institute or the University of California, San Diego.

•  Abstract published in A d v a n c e  A C S  A b stra c ts , October 1, 1995.
(1) Nicolaou, K. C.; Hwang, C.-K.; Duggan, M. E,; Nugiel, D. A.; Abe, 

Y.; Bal Reddy, K ; DeFrees, S. A.; Reddy, D. R.; Awartani, R. A.; Rutjes, 
F. P. J. T.; Theodorakis, E. A, J. A m . C hem . Soc. 1995, ¡ 1 7 ,10227—10238.

(2 ) Nicolaou, K, C,; Theodorakis, E. A.; Rutjes, R  P. J. T.; Sato, M.; 
Tiebes, J.; Xiao, X.-Y.; Hwang, C.-K.; Duggan, M. E.; Yang, Z.; 
Couladouros, E. A.; Sato, F.; Shin, J.; He, H.-M.; Bleckman, T. J. Anu 
C hem . Soc. 1995, 117 , 10239-10251.

intram olecular phosphonate e s te r -k e to n e  con d en sation  (5  
4 ), (b ) an intram olecular hydroxy  ep ox id e cyc liza tio n  (6  5 ), 
(c) an intram olecular conjugate addition  (7  6 ), and (d) a C r/ 
N i cou p lin g  reaction  (9 8 ). T he syntheses o f  both  la cto n e  
9 2 and aldehyde 3 3,4 starting w ith  2 -d eoxy-D -rib ose (10) and  
D -m annose (11), resp ectively , have already b een  d escribed . 
U n fo ld ed  b e lo w  is the su ccessfu l execu tion  o f  th is strategy and  
the com p letion  o f  the total syn th esis o f  brevetox in  B (1).

C o n str u c tio n  o f  th e  A B C D E F G  R in g  S y ste m  a s  
P h o sp h o n iu m  S a lt  4

T h e syn th esis o f  the A B C D E F G  segm en t 4  p roceed ed  fro m  
the D E F G  system  8  by  constructing rings C, B , and A , o n e  at 
a tim e and in that order. T h u s, starting w ith  a ld eh yd e 8 ,2 the  
C D E F G  ring system  13 w as constructed as sum m arized  in  
S ch em e 2 . C ondensation  o f  8  w ith  the potassium  d erivative o f  
(M e 0 )2P (0 )C H 2C 0 0 M e  [K H M D S, 18-crow n-6 , TH F] fur ­

n ished  the a,/S-unsaturated ester 12  in  99%  y ie ld . S e le c tiv e  
rem oval 6 f  the trieth y lsily l (T E S ) group from  1 2  u sin g  m etha- 
n o lic  cam phorsu lfon ic acid (C S A ) led , q u an titatively , to the  
hydroxy ester 7 , w h ich  upon exposure to K H  sm ooth ly  c y c lized  
to afford the C D E F G  ring sy stem  13 , together w ith  its ep im er  
at C *. On prolonged  reaction  tim e, h ow ever, th is in itia lly  
form ed m ixture w as converted  to a sin g le  product 13  (90%  
y ie ld ) bearing the s id e  chain  at the equatorial p osition . T h e  
structure o f  this interm ediate w as unam biguously  confirm ed  by  
X -ray crystallographic an a lysis at a later stage ( vide in fra ).5

W ith  the crucial fu sion  o f  the C ring on to  the grow in g  
p o ly c y c lic  fram ew ork accom p lish ed , w e  then  p roceed ed  to

(3) Nicolaou, K. C.; Hwang, C.*K.; Duggan, M. E. J. Am . Chem, Soc . 
1989, 111, 6682.

(4) Nicolaou, K, C.; Tiebes, J.; Theodorakis, E. A,; Rutjes, F. P. J. T.; 
Koide, K.; Sato, M.; Untersteller, E. J. A m . Chem. Soc. 1994, 116 , 9371,

(5) This result is in accordance with the stereochemical outcome of 
similar cyclizations by Martin et a l. which were carried out under kinetic 
conditions (NaH, Et^O, - 3 0  °C) affording the cyclized product with the 
ester side chain in the axial position as a single isomer; see: Palázon, J. 
M.; Soler, M. A.; Ramirez, M. A.; Martin, V. S. Tetrahedron  Lett. 1993,

5467.
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S c h e m e  1. R etrosynthetic A n a ly sis  and Strategic B ond  
D isco n n ectio n s o f  B revetox in  B (1): T hird  G eneration  
A pproach

HydroxydHhtoksUI

cyclization ^

Me_ Me H A \S ^  Methylenatfon

0*'V0

Oxygenation

TBSQ
1 ; btevetoxin B

C , v °
H

TPSO

H r - v S f i b  J f t ü S Ü  Ó -H

WHtlg coupling

2 E» o W#
BS

□ TBS

Intramolecular 

phoephonate* ketone 

condensation

I  Me

OTPS

Me,. Me H
O^T^-^î ^OTMS

Hydroxyepoxida 

cyclization
M e . Me H

OBn

o  c r i ^ i ' o ' r ^ - c ,  H

wo>KA£ h h . 'm*

Me M

Me_ Me
.OBn

intramolecular 

conjugate addìi jo

OBn

TBSO.
Me H

H -------V * 0  M# OBn

m «o 2c

OBn

Cr/NI-coupllng v  -  M M,  H

h ^ o . ^ o bh

TBSO l̂̂ *-*!,
OBn

11: D-mannose 10: 2-daoxy‘ 0-flbo$e

in sta ll the n ex t h eterocycle  in  lin e, n am ely  ring B , as sh ow n  in  
S ch em e 3. T hus, D IB A L H  reduction  o f  ester 13 furnished  
ald eh yd e 14  in  80%  y ie ld , together w ith  the over-reduced  
product 15  (18% ) (S ch em e 3 ) in  w h ich  the s ily l group had

S ch em e  2. C onstruction o f  the C D E FG  R ing S ystem  13ö
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“ Reagents and conditions: (a) 3.0 equiv of KHM DS, 0.2 equiv o f  
18-crow n-6,6.0 equiv o f (Me0 )2P(0 )CH2C0 2 Me, THF, 25 °C, 30 m in, 
then add 8, 3 h, 25 °C, 99%; (b) 0.15 equiv of CSA, M eOH, 25 5C, 1 

h, 100%; (c) 2.0 equiv o f KH, THF, 25 °C, 20 min, 90%.

S c h e m e  3 . C onstruction o f  th e  B C D E FG  R in g  S ystem  22°
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OBn

21: R «  H 
22: R *  TBS

0 Reagents and conditions: (a) 2.5 equiv of DIBALH, CH2CI2, - 7 8  
°C, 30 min; quench with M eOH, 80% o f 14 and 18% of 15; (b) 2 .0  
equiv of Ph3P - C H C 0 2Et, CH 2C12, 25 °C, 12 h, 95%; (c) 3.0 equiv o f  
DIBALH, CH 2CI2 , - 7 8  °C, 30 min, 96%; (d) 0.2 equiv o f  Ti(0 -/-Pr)*, 
0.15 equiv o f (-h)-diethyl tartrate, 1.5 equiv of /-BuOOH ( 5 - 6  N in 
decane), CH2 CI2 , - 2 0  °C, 14 h, 99%; (e) 5.0 equiv o f SOa*pyridine, 
1 0  equiv of EtjN, CH2C12 :D M S0 (4:1), 0 °C, 5 h; (f) 4.0 equiv o f  
NaHM DS, 5.0 equiv of CH 3PPh3+B r ,  THF, 0 °C, 30 min, 80% (over 
2  steps); (g) L5 equiv o f TBAF, THF, 25 °C, 10 h, 100%; (h) 0.5 
equiv of PPTS, CH2C12, 0 °C, 14 h; (i) 2 . 0  equiv o f TBSOTf, 3.0 equiv 
of 2,6-lutidine, CH2C12, 0 °C, 15 min, 76% (2 steps).

m igrated from  the tertiary to the primary a lcoh ol. A fter th e  

fo llo w in g  step, the latter com pound cou ld  be recycled  to  14  b y  

silylation , selective desilylation at the primary oxygen , and D ess-  

M artin oxidation (80%  overall y ield). C ondensation o f  aldehyde 

14 w ith  the stab ilized  phosphoranylidene Ph^P^C H C O O E t 

furn ished  se lec tiv e ly  the E  isom er 16  in  95%  y ield . D IB A L H  

reduction  o f  ester 16 furnished a lly lic  alcohol 1 7  (96%  y ie ld ).
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S c h e m e  4 . S yn th esis o f  P h osp h on iu m  Iod id e 4a

ir
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m

a Reagents and conditions: (a) 0 3, C H 2CI2 , —78 °C, 1 min, then 
3.0 equiv o f Ph3P, 1 h, 100%; (b) 1.4 equiv o f M eM gCl, THF, 0  0 C, 
30 min; 4.0 equiv o f D ess-M artin pcriodinane, CH 2CI2, 25 °C, 2  h, 
91%; (c) 1.1 equiv o f  TBA F, TH F, 25 °C, 2 h, 90%; (d) 2.0 equiv o f 
B 1C H 2COCI, 10.0 equiv o f pyridine, C H 2CI2, 0  °C, 15 min, 81%; (e) 
(M eO )jP  (neat), 90 °C (scaled tube), 4  h; (f) 3.5 equiv o f i-P^E tN , 3.5 
equiv o f LiCl, CHjCN, 25 °C, 3 h, 89% (over 2 steps); (g) 1.5 equiv 
o f DIBALH, CH 2CI2 , —78 °C, 0.5 h; (h) 1.0 equiv o f B F y E tA  5.0 
equiv o f E t3SiH, CH2CI2 , - 1 0  °C, 30 m in, 93% (over 2 steps); (i) 10.0 
equiv o f  Li, liquid N H j, - 7 8  °C, 2 h, 92%; (j) 4.0 equiv o f  TsCl, 
C ^ C h /p y rid in e  (10:1), 25 6 C, 12 h, 79%; (k) 5.0 equiv o f Nal, acetone, 
60 °C, 5 h; (1) 5.0 equiv o f T M S -im id azo le , CH 2CI2. 25 aC, 30 min, 
96% (over 2 steps); (m) 10.0 equiv o f  PPhj, CH 3CN, 80 °C, 42 h, 
99% .

S h arp less asym m etric ep o x id a tio n 6 o f  the latter com pound  (1 7 )  
u sin g  (+ )-d ie th y l tartrate as the ch iral auxiliary gave hydroxy  
ep o x id e  18  in 99%  y ie ld  as a  s in g le  isom er. O xidation  o f  18  
w ith  S 0 3 *pyr and o lefin a tion  (C H 3P P h 3+B r_ —N aH M D S) o f  the 
resu ltin g  aldehyde (1 9 ) afforded  ep o x y  o le fin  2 0  in  80%  overall 
y ie ld . F in a lly , d esily la tio n  o f  2 0  u sin g  T B A F  in T H F  g a v e  
h yd roxy  ep o x id e  6  (100% ), w h ich  upon exp osu re to PPTS in  
C H 2CI2 underw ent sm o o th  and se le c tiv e  ring closure to the 
ex p ected  B C D E F G  rin g sy stem  2 1 . S ily la tio n  o f  the latter 
com p ou n d  w ith  T B S O T f in  the p resen ce o f  2 ,6 -lu tid in e led  to 
s ily l ether 2 2  in 76%  o vera ll y ie ld  from  6 . T h e cycliza tio n  o f  
6  to 2 1 w as rather s lo w  com pared  to the sim ilar cy c liza tio n s  
w h ich  form ed the F  and G  r in g s .7 Furtherm ore, activation  o f  
the ep o x id e  w ith  an ester  su b stitu ted  v in y l group (rather than 
the s im p le  v in y l group sh o w n  in  the sch em e) w as not su ffic ien t 
to  e ffec t cy c liza tio n  under a c id ic  co n d itio n s.

T h e stage w as n o w  se t fo r  the in troduction  o f  the final ring  
(A ) and the co m p letio n  o f  the sy n th esis  o f  the A B C D E F G  ring  
sy stem  o f  b revetox in  B (1 ). S ch em e 4  ou tlin es the chem istry  
in v o lv e d  in a ch iev in g  th is g o a l. O z o n o ly s is  o f  the term inal 
o le fin  in  2 2  fo llo w e d  by red u ctive  w orkup w ith  Ph}P resulted  
in  the quantitative form ation  o f  a ld eh yd e 23 . T h e latter 
com p ou n d  (23 ) w as su b jected  to ad d ition  o f  m eth ylm agn esiu m  
ch lorid e, and the resu ltin g  secon d ary  a lco h o l w as o x id ized  w ith  
D ess-M artin  period inane lead in g  to  m eth yl ketone 2 4  in  91%

(6 ) Katsuki, T,; Sharpless, K. B. J. A m . C hem . S o c . 1980, 102, 5976.
(7) Nicolaou, K. C.; Nugiel, D. A.; Couladouros, E.; Hwang, C.-K. 

T e tra h ed ro n  1990, 46, 4517.

F ig u re  1. ORTEP drawing o f 33.

overa ll y ie ld  for the tw o step s .3,7 R em oval o f  the s ily l group  
from  2 4  w ith  T B A F  in T H F liberated the secondary a lcoh o l 2 5  
(90% ), w h ich  w as esterified  w ith  brom oacetyl ch lorid e in th e  
presence o f  pyrid ine, to furnish brom ide 2 6  (81%  y ie ld ). 
E xch an ge o f  the brom ide w ith  a phosphonate group [(M eO )3P, 
9 0  °C ] led  to the form ation o f  phosphonate 5  in h igh  y ie ld . 
A fter evaporation  o f  the e x c e ss  (M e0 3 )P and w ithout further 
purification, crude 5 w as subjected  to intram olecular con d en sa ­

tion  in  the presence o f  ‘P ^ E tN  and L iC l8 to furnish  lactone 2 7  
in 89%  overall y ie ld  from  2 6 , thus com pletin g  the A B C D E F G  
ring fram ew ork o f  brevetoxin  B (1 ). T he fo llo w in g  tactic o f  
convertin g  the ring A  lactone to its c y c lic  a lly lic  eth er  
counterpart (29 ) w as d esign ed  as a d efen siv e  m easure aga in st 
p o ssib le  side reactions in the p en d in g  phosphorane generation  
w ith  Ji-BuLi. T his ob jective w as ea sily  accom p lish ed  by  
D IB A L H  reduction, fo llo w e d  by further BF.3*Et2 0 -ca ta ly zed  

reduction  w ith E tsSiH  o f  the resu lting  lacto l (2 8 , m ixture o f  
anom ers), to afford com pound 2 9  in 93%  overall yield . In order 
to  reach the targeted interm ediate (4 ), the appendages o f  rin g  
G needed  to be m od ified , a task  accom plished  by the fo llo w in g  
sequence: (a) reduction w ith  L i- l iq u id  N H 3 to rem ove the  
b en zy l ethers and produce d io l 3 0  (92% ); (b) se le c tiv e  m o n o - 
tosy la tion  to afford prim ary tosy la te  31  (79% ); (c) exch an ge o f  
the tosy late w ith iod ide to g iv e  hydroxy iodide 32 ; (d) sily la tio n  
w ith  T M S —im id azo le  to furnish T M S iod id e 3 3  (93%  overa ll 
y ie ld  for tw o steps); and (e) reaction  w ith  e x c e ss  PPI13 (C H 3- 
C N , 8 0  °C ) to afford the desired  phosphonium  salt 4  in 99%  
yield . Iodide 33 , mp 1 9 2 -1 9 3  °C (from  CH3C N ), w as subjected  
to X -ray crystallographic analysis (see  O RTEP draw ing, F igure  
1), confirm ing its structure and th ose o f  its predecessors.

C o u p lin g  o f  th e  A B C D E F G  P h o sp h o n iu m  S a lt  4  w ith  
U K  A ld e h y d e  3  a n d  F in a l S ta g e s  o f  th e  S y n th e s is

W ith  the A B C D E F G  phosphonium  salt 4  at hand, w e  w ere  
n o w  in a position  to proceed  w ith  its cou p lin g  to the IIK  
aldehyde 3. T he latter com pound  w as syn th esized  in  a 
straightforward m anner from  the previously  described  in term e ­

d iate 3 4 3 as sum m arized  in  S ch em e 5 .4 T im s, exp osu re o f  3 4  
to C H 2**C (O M e)M e in  the p resen ce o f  C S A  converted  it to 
aceton id e 3 5  (89% ) w h ich  w a s d esily la ted  b y  T B A F  in T H F  
afford ing prim ary a lcoh o l 3 6  in  97%  y ie ld . S w e m  ox id ation  
o f  the latter com pound  (3 6 ), fo llo w e d  by con d en sation  o f  th e  
resu lting aldehyde w ith  PhsP'-'C H C O O M e furnished a ,/? - 
unsaturated ester 37  as a m ixture o f  E \Z  (ca> 4 :1 ) isom ers in 
96%  overall y ie ld . T h is m ixture w as hydrogenated  to its 
saturated counterpart w ith  concom itant d eb en zy la tion  lead in g  
to hydroxy ester 3 8  in quantitative yield . R eduction  o f  the ester  
group in  3 8  w ith  L iA lR * g a v e  d iol 3 9  (92%  y ie ld ) w h ich  w a s  
su b jected  to sequentia l and se le c tiv e  sily la tio n  usin g  f-B uP h2- 
S iC l (TPSC1) and /-B u M eS iO T f (T B SO T f) to afford b is (s ily l 
ether) 4 1  (93%  overall y ie ld ) v ia  m on osily l ether 40 . R em oval 
o f  the aceton ide group from  4 1  w ith C SA  in C H iC l^ M eO H  
(1 :1 ) led  to d iol 4 2  (87% ) w h ich  w as se le c tiv e ly  sily lated  w ith

(8 ) Senfield, A. P.; Masamune, S.; Roush, W. R.; Sakai, T. T etrahedron  
L e t t  1984, 25, 2183.
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S c h e m e  5 , C onstruction  o f  the U K  R in g  S y stem  A ld eh yd e  
3 a

S c h e m e  6 . T otal Synthesis o f  B revetoxin  B  (1)°

OBn OBn

35: R « CHjOTPS 
36: R « CHjOH

1
0
h

— 38: R * 
39: R » 
40: R *

CHaCH2C02Ma
{CH2)3OH
(CH2)3OTPS

O T B S

37: R * CH-CHCOjMe 
((£):(2) -  4:1)

OTBS

OTPS

41:R-{CH2)3OTPS

H H 
j £ 4 2 : R « H

r 43: R « TBS 

OTBS

□  —

OTPS

'C4 4 : X » 0 , R * T B S  
45: X *  (SEtfe, R *  H

0 Reagents and conditions: (a) 2.4 equiv o f CH 2""*C(OMe)Me, 0.2 
equiv of CSA, CH 2C12, 0 °C, 4  h, 89%; (b) 2 .0  equiv o f TBAF, THF, 
25 °C, 2 h, 97%; (c) 1,7 equiv o f  (COCl)2, 2.2 equiv o f  DM  SO, CH3Cht 
—78 °C, 0.5 h, then 5.5 equiv of E tjN , 100%; (d) 2.0 equiv of 
P h 3P - C H C 0 2Me, CH 2C12, 25 °C , 5 h, 96% ((£):(Z) =  4:1); (e) H2, 
Pd(Q H )2, EtOAc, 25 °C, 48 h, 100%; (f) 2 . 0  equiv o f LiAlH*, THF* 0 
°C, 15 rain, 92%; (g) 1.1 equiv o f TPSC1, 2.0 equiv o f Et3N, 0.05 
equiv o f DM AP, CH 2C12? 25 °C, 6  h, 93%; (h) 2.0 equiv of TBSOTf,
3.0 equiv o f 2 ,6 -lutidine, CH 2C l2, 0 °C, 0.5 h, 1 0 0 %; (i) 0 , 2  equiv of 
CSA, C H 2Cl2:M eOH (1:1), 0 °C, 2 h, 87% ; (j) 1.0 equiv of TBSC1,
2.0 equiv o f  im idazole, DM F, 0  °C, 1 h, 94%; (k) 2.0 equiv of KMO, 
0.05 equiv of TPAP, CH 3CN, 25 °C, 1 h, 96% ; (1) 3.0 equiv o f EtSH,
1.1 equiv o f  Zn(O Tf)2» CH 2C l2, 25 °C, 3 h, then 0.2 equiv o f  CSA, 
M eO H , 25 DC, 1 h, 74% ; (m) 5.0 equiv o f S0 3 ’pyridine, 10 equiv of 
E tjN , CH 2C12 :D M S 0 (1:1), 0 °C, 1.5 h, 92% .

T B SC I, furn ish ing com p ou n d  4 3  (94%  y ie ld ). T he oxidation  
o f  4 3  to k eton e 4 4  w a s accom p lish ed  w ith  N -m ethylm orpholine  
N -o x id e  (N M O ) and tetra-n -propylam m onium  perruthenate 
(T P A P )9 catalyst in  96%  y ie ld , w h ile  d ith ioketal form ation from  
4 4  p roceed ed  sm ooth ly  in  the p resen ce  o f  E tSH  and Z n(O T f)2 

to  afford , after m ild  acid  treatm ent, com p ou n d  4 5  (74%  y ie ld ). 
F in a lly , ox idation  o f  the prim ary a lco h o l in  the latter com pound  
(4 5 ) w ith  S 0 3 *pyr co m p le x  resu lted  in  the form ation  o f  the 
desired  d ith ioketal a ld eh yd e 3 in 92%  y ie ld .

G eneration o f  the y lid e  from  phosphonium  salt 4  using n-B uL i 
in  the p resen ce o f  H M P A  in  T IC 7 fo llo w e d  by addition  o f  
a ld eh yd e 3  resu lted  in  the form ation  o f  the (Z )-o lefin  4 6  {Jcu =  
10.7  H z), w h ich  upon  exp osu re to P P T S  in  CH 2CI2—M eO H  
lo st its T M S group se le c tiv e ly , fu rn ish ing hydroxy d ith ioketal 
2  (75%  overall y ie ld  for the tw o  steps) (Schem e 6). A  byproduct

in  th is W ittig  reaction  w a s the a,/?-unsaturated aldehyde  
correspon d in g  to 3  from  w h ich  a m o lecu le  o f  E tSH  had  been  
elim in ated , lead in g , in turn, to  partial y lid e  quench ing and 
regen eration  o f  p h osp h on iu m  salt 4 . T h e latter w as recycled , 
thus in creasin g  the y ie ld  o f  the product o le fin  46 . R ing closure  
o f  hydroxy  d ith ioketal 2  to  the o x o ce n e  system  4 7  w as effected , 
in  85%  y ie ld , b y  treatm ent w ith  AgClO ,*—N aH C 0 3 ““ S i0 2 —4 A

(9) For a review on TPAP oxidations, see: Ley, S. V.; Norman, J.; 
Griffith, W, P.; Marsden, S. P. S yn th esis  1994, 639,

d r -  47: X « SEI 
46: X * H

, r -  49: R » TPS 
r  50:R * H

OTPS

OTPS

f - 5 2 : R « T 8 S  

^  1: R ■ H

* Reagents and conditions: (a) 1.05 equiv of n-BuLi, 3.0 equiv of 
HM PA, THF, - 7 8  °C, then 1.5 equiv o f 3, 10 min; (b) 0.25 equiv o f 
PPTS, C H jC kM eO H  (1:1), 25 °C, 30 min, 75% (over 2 steps); (c) 
4.0 equiv o f AgCIO^ 10,0 equiv o f  NaHC 0 3, silica, 4 A MS, CHjN02, 
25 °C, 40 h, 85%; (d) 10,0 equiv o f Ph3SnH, 0.1 equiv o f A IBN , 
toluene, 110 °C, 3 h, 100%; (e) 5.0 equiv of PCC, benzene, 80 °C , 3 
h, 85%; (f) 1.0 equiv of TBAF, THF, 25 °C, 13 h, 69%; (g) 3.0 equiv  
o f Dess-M artin periodinane, CH 2C12, 25 °C, 30 min, 100%; (h) 5,0 
equiv o f M e2N - C H 2+r ,  20 equiv o f Et3N, CH2C12, 25 °C, 16 h, 83% ; 
(i) HF* pyridine, CH 2C12, 0 °C( 30 min, 91%.

M S in  nitrom ethane at 25  °C . 10 T h e stereochem istry o f  the  
eth ylth io  (E tS) group in  4 7  w a s assum ed to be a ,  in  agreem ent 
w ith  a m od el sy stem  w h o se  structure w as firm ly  estab lish ed  
earlier b y  X -ray crystallographic analysis . 10 R ed u ctive rem oval 
o f  the EtS group from  4 7  w a s ach ieved  in  quantitative y ie ld  
and w ith  com p lete  stereocontrol [ex c lu siv e  tra n s  s tereo se lec ­

tiv ity , ten tatively  assign ed  by com parison w ith  a truncated  
versio n  o f  this com pound ]4 u sin g  P h aS n H -A E B N  in to lu en e  at

(10) Nicolaou, K. C.; Duggan, M. E.; Hwang, C.-K. J. Am , Chem. S o c . 
1986,108 ,2468. Nicolaou, K. C.; Prasad, C. V. C.; Hwang, C.-K.; Duggan, 
M. E.; Veale, C. A. J. Am . Chem . Soc, 1989, 777, 5321.
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F ig u re  2. ORTEP draw ing o f synthetic brevetoxin B (1).

110  °C . T h e latter stereoch em istry  w a s even tu a lly  confirm ed  
by the su ccessfu l sy n th esis  o f  b revetox in  B (1 ) and its X -ray  

cry stall ographic an alysis.

W ith  the entire p o ly c y c lic  ring fram ew ork  o f  brevetox in  B  

(1 ) in  place» all that rem ain ed  to  be d on e w as the final 

fu n ction a liza tion  o f  the tw o  en d s o f  the m o lecu le . T o  this end, 
ring A  w as first o x id ized  w ith  P C C 11 in  b en zen e at 80  °C  to 
afford , in  85%  y ie ld , la c to n e  4 9 . S e le c tiv e  d esily la tion  o f  the 

prim ary o x y g en  o f  the sid e ch a in  u sin g  a sto ich iom etric am ount 
o f  T B A F  in  T H F afforded  prim ary a lco h o l 5 0  (69%  y ie ld ). 

O xid ation  o f  the latter com p ou n d  (5 0 ) w ith  D ess-M artin  
period inanc furn ished , q u an tita tively , a ld eh yd e 5 1 , w h ich  upon  

exposure to E schenm oser’s  reagent (M e2N “ C H 2+r * )12 gave enal 
5 2  (83%  y ie ld ). F in a lly , H F 'p y rid in e  in C H 2CI2 rem oved  the 
silico n  group from  5 2 , furnish ing b revetox in  B  (1 ) in  91%  yield . 
S yn th etic  b revetox in  B  (1 )  cry sta llized  from  m ethanol in  
beautifu l co lorless crystals (m p 2 7 2  °C  dec; lit. mp 2 70  °C d e c )13 

and ex h ib ited  id en tica l p h y sica l and sp ectroscop ic  data w ith  
th ose  o f  an authentic sam p le  (T L C , H P L C , [a ]22pi IR, ]H  and 
13C N M R , m ass s p e c ) .14 A n  X -ray  crysta llographic an a lysis  

o f  syn th etic  b revetox in  B (1 ) (se e  O R T E P draw ing, F igure 2 ) 
com p leted  the characterization  o f  the syn th etic  m aterial.

C o n c lu s io n

In th is, and the p reced in g  tw o  a r tic le s1,2 w e  presented  the 
tota l syn th esis o f  b revetox in  B  (1 ) as it u n fo ld ed  over the 12- 
year period  from  1 9 8 3  to 1 994 . T h e  fin a l strategy w as not the 
o n e orig in a lly  d esig n ed , but rather, o n e  that ev o lv ed  as n ew  

syn th etic  tech n o logy  and tactics w ere d iscovered  and d evelop ed  

in  resp o n se  to encountered  problem s* T h is p ro cess even tu a lly  
led  to a syn th esis o f  the target m o le c u le  co n sistin g  o f  123 steps 

in  tota l, con tain ing a set o f  83  step s as the lo n g est linear 
seq u en ce (2 -d eoxy-i> rib ose brevetoxin  B  (1 )) w ith an average 

y ie ld  per step  o f  9 1 % .15,16 A m o n g  the m ost sign ifican t 
d isco v er ies  and d ev elo p m en ts o f  th is program  are the fo llo w ­

ing: (a) the reg io - and stereo sp ec ific  h yd roxy  ep oxid e op en in gs  
to form  fu n ction a lized  tetrahydropyran sy stem s;17 (b) the 
p ow erfu l hydroxy d ith iok eta l cy c liza tio n  to construct o x o cen e  

ring sy stem s;10 (c) the b rid g in g  o f  m acrod ith ion o lacton es to

(11) For a similar example, see: Bonadies, F.; DiFabio, R. J. Org. C hem . 
1984, 4 9 % 1647.

(12) Schreiber, J,; Maag, H.; Hashimoto, N.; Eschenmoser, A. Angew. 
C hem ., Int. Ed. E ngl, 1971, 70, 330, Takano, S.; Inomata, K.; Samizu, K.; 
Tomita, S.; Yanase, ML; Suzuki, M.; Iwabuchi, Y.; Sugihara, K. Chem, 
L e tt, 1989 1283,

(13) Lin* Y.-Y.; Risk, M .; Ray, S. M.; Van Engen, D.; Clardy, J.; Golik, 
J.; James, J. C ;  Nakanishi, K. J . A m . C hem . Soc. 1981, 703, 6773.

(14) We thank Drs. D. G. Baden and R. E. Gawley for a sample of natural 
brevetoxin B (1).

(15) Nicolaou, K. C.; Theodorakis, E, A.; Rutjes, F. P. J. T.; Tiebes, J.; 
Sato, M.; Untersteller, E.; Xiao, X.-Y. J. A m . C hem , Soc, 1995, 777, 1171.

(16) Nicolaou, K. C.; Rutjes, F. P. J. T.; Theodorakis, E. A.; Tiebes, J.; 
Sato, M.; Untersteller, E. J. A m . C hem , Soc, 1995, 777, 1173.

(17) Nicolaou, K. C.; Duggan, M. E.; Hwang, C.-K.; Somers, P. K. J . 
C hem . Soc,, C hem . C om m un. 1985, 1359. Nicolaou, K. C.; Prasad, C. V.
C,; Somers, P. K,; Hwang, C.-K, J. A m . C hem . S o c . 1989, 7 /7 , 5330. 
Nicolaou, K. C,; Prasad, C, V. C.; Somers, P. K.; Hwang, C.-K. J . Am . 
C hem . Soc. 1989, 777, 5335.

b icy c lic  and p o ly cy clic  sy stem s;18 (d) the photo lytica lly-in d u ced  
cy c liza tio n  o f  d ith ionoesters to form  oxepane sy stem s;1,19 (e )  
the reductive, silicon -in d u ced  cycliza tion  o f  h yd roxy  k eton es  
to form  oxep an e sy stem s;1,20 (f) the n u cleop h ilic  addition  
reactions o f  organom etallic reagents to th ion olactones;21 (g) th e  
n ew  C r/N i prom oted cou p lin g  reaction  betw een  a ldehydes and  
lactone-derived  enol triflates;2 and (h) the synth esis o f  the first 
stab le 1 ,2-d ith ietane system , d ith iatopazine, and its n o v e l 
ch em istry .22 S om e o f  th ese m ethods w ere u sed  in the fin a l 
seq u en ce, som e w ere not. A ll o f  them , h ow ever, w ere w orth  
inventing, encountering, and d evelop in g , since th ey  provide n e w  
options and opportunities for  exp lorations in  other areas o f  
chem istry. F inally, the sheer excitem en t o f  b e in g  able to  d ev ise , 
after a lon g  and adventurous o d y sse y ,23 a su itab le  path to reach  
th is com p lex  target m o lecu le  w as h igh ly  rew arding and w orth ­

w h ile  to  all o f  u s in vo lved  in  this project. It is  our hope that 
the reader w ill find  the story eq u ally  w orth w h ile .24

E x p e r im e n ta l S e c tio n

G en era l T echniques. For a description of general techniques, see 
the preceding paper in this issue.2

a ^ -U n s a tu ra te d  E s te r  12, A  solution o f trimethyl phosphonoac- 
etate (878 /¿L, 5.42 mmol) in TH F (5 mL) was treated dropwise w ith  
potassium  bis(trimethylsilyl)amide (5.42 m L o f a 0.5 M  solution in 
toluene, 2.71 mmol) and 18-crown-6 (20 mg, 0.07 mmol) at 25 °C. 
After stirring for 30 min, a soludon of aldehyde 8 (822 mg, 0.904 mmol) 
in TH F (2 mL) was added dropwise and the resulting solution w as 
sdrred for 3 h at 25 °C. The reaction mixture was diluted with e ther 
(25 mL), washed with brine (25 mL), dried (MgSO^), and filtered. 
Concentration and flash chrom atography (silica, 10—40%  ether in 
petroleum  ether) afforded a,/?-un saturated ester 12 (867 m g, 0.898 
mmol, 99%). 12: colorless foam; R f  ® 0.50 (silica, 30% ether in 
petroleum  ether); IR (film) Vmix 2953 (m), 2876 (m), 1726 (m), 1652 
(w), 1462 (m), 1380 (m), 1256 (m), 1071 (s), 1014 (m), 836 (m), 733 
(m) cm “ 1; [a ]22D + 4 .9  (c 1,0, CH2C12); NMR (500 MHz, CDCU) 6

7 .3 3 -7 .2 5  (m, 10 H, ArH), 7.04 (d, /  =  15.6 Hz, 1 H , - C H ) ,  5.91 (d, 
J  =  15.6 Hz, 1 H, -*CH), 4.55 (d, J  =  11.6 Hz, 1 H, CffH Ph), 4.46 (s,
2 H, CHaPh), 4.37 (d, J  =  I t . 6 H z, 1 H, CflHPh), 3,71 (s, 3 H, C 0 2- 
CH3), 3 .6 5 -3 .5 8  (m, 3 H, OCH), 3.50 (bq, J  «  8.9 Hz, 1 H, O CH ),
3.39 (bt, J  =  9.3 Hz, 1 H, OCH), 3.33 (dd, J  =  12.0, 3.5 Hz, 1 H, 
OCH), 3 .2 7 -3 .2 3  (m, 2 H, OCH), 3.06 (dd, J  =  11.6, 3.8 Hz, I H, 

OCH), 2 .1 3 -2 .0  (m, 3 H, CH), 2 .0 3 -1 .8 9  (m, 4 H, CH), 1 .8 3 -1 .4 9  
(m, 6 H, CH), 1 .42 -1 .40  (m, 2 H, CH), 1.38 (s, 3 H, CH 3), 1.26 (s, 3
H, CH3), 1.25 (s, 3 H, CH 3), 1.19 (s, 3 H, CH3), LOO (d, J  =  6.3 Hz,
3 H, CH3), 0.95 (t, J  -  8.0 Hz, 9 H, Si(CH2C tf3)3), 0 .92 (s, 9 H, /-Bu), 

0.57 (q, J  =  8,0 Hz, 6 H, S i(C tf2CH3)3), 0.11 (s, 3 H, SiCH3), 0.10 (s,
3 H , SiCH3); 13C NM R (125 M Hz, CDC13) <5 167.4 ,156 .6 ,138 .5 ,138 .5 ,
128.3, 128.2, 127.7, 127.6, 127.5, 116.7, 87.5, 86.9, 85.3, 82.8, 78,1,
78.0, 77.0, 76.0, 74.2, 73.5, 73.3, 73.0, 71.0, 66.0, 51.4, 47.7, 40.3,

N ico la o u  e t al.

(18) Nicolaou, K. C.; Hwang, C.-K.; Duggan, M. E.; Reddy, B. K.; 
Mairon, B. E.; McGarry, D. G. J, Am , Chem. Soc. 1986, 1 0 8 , 6800. 
Nicolaou, K. C.; Hwang, C.-K.; Marron, B. E.; DeFrees, S. A.; Couladouros, 
E.; Abe, Y.; Carroll, P. J.; Snyder, J. P. J. Am. Chem . Soc. 1990, 1 1 1 , 
3040.

(19) Nicolaou, K. C.; Hwang, C.-K.; Nugiel, D. A. A ngew . C hem ., Int. 
Ed. E ngl. 1988, 27, 1362.

(20) Nicolaou, K. C.; Hwang, C.-K,; Nugiel, D. A. J . A m . Chem, Soc, 
1989, 777,4136.

(21) Nicolaou, K. C.; McGarry, D. G.; Veale, C. A.; Somers, P. K. J, 
A m , Chem . Soc. 1987,709,2504. Nicolaou, K. C.; McGarry, D. G.; Somers, 
P. K.; Kim, B. H.; Ogilvie, W. W.; Yiannikouros, G.; Prasad, C. V. C.; 
Veale, C. A.; Hark, R. R, J. Am . Chem , Soc, 1990, 112, 6263.

(22) Nicolaou, K. C.; Hwang, C.-K.; Duggan, M. E.; Carroll, P. J. J. 
A m . C hem . Soc. 1987, 709, 3801. Nicolaou, K. C.; Hwang, C.-K.; DeFrees,
S.; Stylianides, N. A. J. Am . Chem . Soc. 1988, 770, 4868. Nicolaou, K. C.; 
DeFrees, S. A.; Hwang, C.-K.; Stylianides, N.; Carroll, P. J.; Snyder, J. P. 
J, A m . C hem . Soc. 1990, 772, 3029.

(23) For a personal review, see: Nicolaou, K. C. A ngew . Chem ., Int. 
Ed, E ngl. Submitted for publication.

(24) For a pedagogical account of the brevetoxin synthesis, see: 
Nicolaou, K. C.; Sorensen, E. J. C lassics in T o ta l Synthesis', VCH 
Publishers: Weinheim, in press.
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40.2, 38.4, 38.1, 31.3, 29.3, 28.8, 26.0, 21.3, 20.2, 18.8, 18.3, 17.5,
6.9, 5.1, —1.9, - 2 .0 ;  HRM S, calcd for CjsHjgOtoSiiCs (M  +  Cs+) 
1097.4970, found 1097.4950.

A lcohol 7. A solution o f  ester 12 (867 mg, 0.898 m m ol) and 
cam phorsulfonic acid (30 mg, 0,129 mmol) in M eO H  (10 m L) was 
stirred at 25 °C for 1 h. Triethylam ine ( 1  mL) and ether (30 mL) were 
added and the mixture was washed with aqueous saturated ammonium 
chloride (25 mL), T he organic layer was dried (MgSO*), filtered, 
concentrated, and chrom atographed to give alcohol 7 (765 mg, 0.898 
m m ol, 100%). 7; colorless foam ; R f  =  0.34 (silica, 50% ether in 
petroleum  ether); IR (film ) 3478 (w), 2952 (s), 2857 (s), 1714 (s), 
1633 (w), 1446 (s), 1360 (m), 1257 (s), 1068 (s), 836 (m) cm “ 1; [a ]22p 
+ 2 .1  (c 1.0, CH 2CI2); »H N M R  (500 M Hz, CDCI3) <5 7 .3 2 -7 .2 3  (m,
10 H, ArH), 7.02 (d, J  =  15.5 Hz, 1 H, —CH), 5.93 (d, J  »  15.5 Hz,
1 H, - C H ) ,  4.53 (d, J  =  11.6 Hz, 1 H, C tfH Ph), 4.45 (s, 2 H, CH 2Ph),
4.36 (d, J  =  1 1 . 6  Hz, 1 H, C tfH Ph), 3.71 (s, 3 H, CO 2CH 3), 3 .6 4 -
3.56 (m, 3 H, OCH)» 3 .4 8 -3 ,4 1  (m, 1 H, OCH), 3 .3 3 -3 .2 0  (m, 4 H, 
OCH), 3.04 (dd, J  =  11.6, 3.7 Hz, 1 H, OCH), 2 .1 4 -2 .0 8  (m, 2 H, 
CH), 2 .0 6 -1 .6 0  (m, 12 H, CH), 1 .5 4 -1 .4 7  (m, 2  H, CH), 1.39 (s, 3
H, CH3), 1.23 (s, 6  H, 2 x  CH3 ), 1.17 (s, 3 H, CH3), 1.00 (dt J  =  7.0 
Hz, 3 H, CHj), 0.92 (s, 9 H, /-Bu), 0.12 (s, 3 H , SiCH3), 0.10 (s. 3 H, 
S1CH3); 13C NM R (125 M Hz, CDC13) <5 167.4, 156.2, 138.5, 138.4,
128.3, 128.2, 127.7, 127.5, 127.4, 116.8, 87.5, 86.7, 84.8, 82.7, 78.1,
78.0, 75.1, 74.4, 73.4, 73.3, 73.0, 71.0, 66.0, 51.4, 48.3, 40.3, 40.2,
38.3, 38.0, 31.4, 29.3, 28.8, 26.1, 21.4, 20.2, 18.6, 18.4, 17.5, -1 .9 ,  
- 2 .0 ;  HRM S, calcd for C i ^ O ^ S i C s  (M 4- C s+) 983.4106, found 
983.4120.

E ster 13. A solution o f  alcohol 7 (765 mg, 0.898 mmol) in TH F 
(10 m L) was treated w ith potassium  hydride (72 mg, 1.80 mmol, after 
rem oval o f  the oil with TOP) and stirred at 25 6C for 20 min. The 
m ixture was diluted with ether (30 mL) and washed with aqueous 
saturated ammonium chloride (25 mL). The organic layer was dried 
(M gSOO, filtered, concentrated, and chromatographed (silica, 2  CH-40 % 
ether in petroleum ether) to afford ester 13 (680 mg, 0.799 mmol, 90%). 
13: colorless foam; R f — 0.80 (silica, 50%  ether in petroleum ether); 
IR  (film) v m  2948 (s), 2866 (s), 1743 (s), 1459 (m), 1377 (m), 1257 
(m), 1070 (s), 837 (m), 735 (s) cm “ 1; [ ol] 22d + 3 .2  (c 1.0, CH2C12); lH 
N M R (500 M Hz, CDCI3) 6  7 .3 3 -7 .2 5  (m, 10 H, ArH), 4.53 (d, J  =
11.6 Hz, 1 H, C tfH Ph), 4.44 (s, 2 H, C H 2Ph), 4.36 (d, J  =  11.6 Hz, 1
H, C tfH Ph), 3.69 (s, 3 H , CO 2CH 3), 3 .6 4 -3 .5 8  (m, 4 H, OCH), 3 .5 1 -  
3.47 (m, 1 H, OCH), 3 .3 3 -3 .2 9  (m, 2  H, OCH), 3 .0 8 -2 .9 9  (m, 2 H, 
OCH), 2.62 (dd, J  =  15.5, 1.7 Hz, 1 H, C H H C 0 2CH3), 2.24 (dd, J  -

15.6, 10.4 Hz, 1 H, C tfH O h C H j) , 2 .1 1 -2 .0 6  (m, 3 H, CH), 2 .0 0 -
I.88 (m, 3 H, CH), 1 .8 2 -1 ,6 5  (m, 8  H, CH), 1.52 (bd, 7 -  13.4 Hz,
1 H, CH), 1.39 (bt, y  =  11.3 Hz, 1 H, CH), 1.27 (s, 3 H, CH3), 1.23 
(s, 3 H, CH3), 1.17 (s, 3 H, CH 3), 1,16 (s, 3 H, CH 3), 1 . 0 0  (d, J  =  6.9 
Hz, 3 H, CH 3), 0.82 (s, 9 H, /-Bu), 0.09 (s, 3 H, SiCH3), 0.08 (s, 3 H, 
S iC H 3); 13C NM R (125 M Hz, CDCI3) 6  172.7, 138.5, 138.5, 128.3,
128.3, 128.2, 127.7, 127.6, 127.5, 127.4, 87.8, 87.5, 83.7, 83.3, 83.1,
81.4, 78.1, 77.9, 73.4, 73.3, 73.0, 72.9, 71.0, 66.0, 51.7, 47.3, 40.3,
40.2, 38.0, 35.0, 34.2, 32.8, 29.7, 29.5, 28.9, 25.6, 22.3, 21.6, 20,2,
18.4, 17.9, 17.5, - 2 .1 ,  - 2 . 1 ; HRM S, calcd for C49H74 0 |oSiCs (M +  
Cs+) 983.4106, found 983.4122.

A ldehyde 14. A solution o f ester 13 (665 mg, 0.781 mmol) in CH2- 
Cl2 (10 mL) was treated at — 78 °C w ith diisobutylaluminum hydride 
(1,97 m L o f a 1.0 M solution in CH 2C12, 1.97 mmol) and the mixture 
was stirred at - 7 8  °C for 30 min. T he reaction was quenched with 
M eO H  (2 mL), diluted with EtOAc (20 mL), and stirred with aqueous 
saturated sodium  potassium  tartrate (20 mL) until the layers separated. 
The aqueous layer was extracted with EtO Ac (2 x  20 mL) and the 
com bined organic layers were dried (MgSO<), filtered, concentrated, 
and chrom atographed to give a m ixture o f aldehyde 14 (0.62 mmol, 
80% ) and the tertiary alcohol 15 (0.14 mmol, 18%) which was used 
directly for the next step (0.765 mmol, 98%, ratio determined by !H 
NMR). 14 (purified by preparative TLC, silica, 30% ether in petroleum 
ether): colorless foam; k f =  0.80 (silica, 50% ether in petroleum ether); 
IR (film) vmw 2933 (m), 2861 (m), 1728 (m), 1460 (m), 1377 (m), 
1255 (m), 1074 (s), 836 (m), 735 (m) cm “ 1; [a]22D + 0 .8  (c  1.0, CH2- 
C l2); !H  N M R (500 M H z, CDC13) 6  9.75 (dd, J  =  2.4, 1.9 Hz, 1 H, 
CHO), 7 .3 2 -7 .2 3  (m, 10 H, ArH), 4.53 (d, J  «  11.6 Hz, 1 H, CHHPh), 
4.44 (s. 2 H, CH 2Ph), 4.36 (d, J  =  11.6 Hz, 1 H, C tfH Ph), 3.64 (dd, 
J  =  9.8, 2.9 Hz, 1 H, OCH), 3 .6 1 -3 .5 2  (m, 4 H, OCH), 3,33 (dd, J  =

8.9,5.1 Hz, 1 H, OCH), 3.31 (dd, J  -  11.7,3.5 Hz, 1 H, OCH), 3 .1 0 -
3.00 (m, 3 H, OCH), 2.58 (ddd, J  =  16.3 ,2 .9 ,1 .9  Hz, 1 H, CffHCHO),
2.39 (ddd, J  «  16 .3 ,9 .8 ,2 .7  Hz, 1 H, CflHCHO), 2 .1 5 -2 .0 8  (m, 3 H, 
CH), 2 .0 0 -1 .8 8  (m, 3 H, CH), 1 .83 -1 .77  (m, 2 H, CH), 1 .7 4 -1 .6 4  
(m, 6  H, CH), 1.52 (bd, J  =  13.6 Hz, 1 H, CH), 1.39 (bt, J  =  1 1.6 Hz,
1 H, CH), 1.28 (s, 3 H, CH3), 1.23 (s, 3 H, CH3), 1.19 (s, 3 H, C H 3),
1.18 (s, 3 H, CH3), 1.01 (d, /  =  7.0 Hz, 3 H, CH3), 0.82 (s, 9 H, /-Bu), 
0.10 (s, 3 H, SiCH3), 0.08 (s, 3 H, SiCH3); ,3C NM R (125 M Hz, CDCl3) 
<5 201.6, 138.5,138.5, 128.3, 128.3 ,128.2 ,127.7, 127 .6 ,127 .5 ,127 .4 ,
87.9, 87.5, 83.9, 83.4, 82.9, 79.8, 78.2, 77.9, 73.5, 73.3, 73,0, 7 L 0 ,
66.0, 47.4, 43.3, 40.3, 40.2, 38.0, 35.0, 32,8, 29.7, 29.5, 28.9, 25.7,
22.4, 21.6, 20.2, 18.5, 17.9, 17.5, - 2 .0 ,  -2 .1 ;  HRM S, calcd for 
C4BH72 0 9SiCs (M +  Cs+) 953.4000, found 953.4020. 15: colorless 
foam; R f  =  0.32 (silica, 50% ether in petroleum ether); IR  (film) Vm« 
3358 (m), 2933 (m), 2862 (m), 1462 (m), 1376 (m), 1256 (m), 1070 
(s), 836 (m), 738 (m) cm “ 1; *H NM R (500 MHz, C D C i3) a  7 .3 2 -7 .2 3  
(m, 10 H, ArH), 4.53 (d, J  =  11.6 Hz, 1 H, C tfH Ph), 4.44 (s, 2  H, 
CH 2Ph), 4,36 (d, J  =  11.6 Hz, 1 H, CtfHPh), 3.82 (bs, 2 H, OCH),
3 .6 5 -3 .5 1  (m, 4  H, OCH), 3 .35 -3 ,21  (m, 3 H, OCH), 3 .0 9 -2 .9 8  (m  
3 H, OCH), 2,68 (bs, 1 H, OH), 2.09 (dd, J  =  9.8, 4,9 Hz. 1 H, C tf2- 
CHO), 1 .97 -1 .87  (m, 4 H, CH), 1 .84 -1 .55  (m, 10 H, CH), 1.50 (bd, 
J  «  13.6 Hz, 1 H, CH), 1.39 (bt, J  *  11.8 Hz, 1 H, CH), 1.28 (s, 3 H, 
CH3), 1.24 (s, 3 H, CH3), 1.20 (s, 3 H, CH3), 1,17 (s, 3 H, CH3), 1.02 
(d, J  =  7.0 Hz, 3 H, CH3), 0,79 (s, 9 H, /-Bu), 0.08 (s, 6  H, SiCH3); 
HRM S, calcd for C ^ O s S i C s  (M +  Cs+) 955.4153, found 955.4186,

E s te r  16. A  solution o f  the crude aldehyde 14 and alcohol 15 
(total: 0.81 mmol) in CH 2C12 (7 mL) was treated with (carbethoxy- 
ethylidene)triphenylphosphorane (558 mg, 1.62 m m ol) and stirred at
25 °C for 12 h. The mixture was diluted with ether (25 mL) and washed 
with brine (20 mL). The organic layer was dried (M gS0 4 ), filtered, 
concentrated, and chromatographed (silica, 10—-30% ether in petroleum 
ether) to give ester 16 (586 mg, 0.658 mmol) and the unreacted tertiary 
alcohol 15 (130 mg, 0,15 mmol). The alcohol 15 was silylated (1.5 
equiv of /ir/-butyldim ethylsilyl trifluoromethanesulfonate, 2 . 0  equiv 
o f  2,6-lutidine, CHjCli, 0 °C, 1 h), selectively deprotected (0.2 equiv 
o f  camphorsulfonic acid, M eOH, 25 °C, 1 h), and oxidized (2.0 equiv 
o f Dess-M artin periodinane, CH 2C12, 25 °C, 2 h) to give aldehyde 14 
(110 mg, 0.134 mmol) which was again treated with (carbethoxyeth- 
ylidene)triphenylphosphorane to give an additional am ount o f ester 16 
(115 mg, 0.129 mmol). Total yield: 685 mg, 0.769 m m ol, 95%  (over
2 steps from 13). 16: colorless foam; R f  =  0,30 (silica, 30% ether in 
petroleum ether); IR (film) vmM 2936 (m), 2863 (m), 1720 (m), 1656 
(w), 1460 (m), 1375 (m), 1258 (m), 1074 (s), 836 (m), 736 (m) cm“ 1; 

[ a]22D 4-18.7 (c 1 ,0 , CH1CI2); *H NM R (500 M Hz, CDCI3) 6 7 .3 2 -
7.24 (m, 10 H, ArH), 7.01 (dt, J  =  15.6, 7,2 Hz, 1 H, - C H ) ,  5,85 (d, 

J  =  15,7 Hz, 1 H, -C H ) , 4.54 (d, J  =  11. 6  Hz, 1 H, CtfHPh), 4.45 (s,
2 H, CH2Ph), 4.36 (d, J  =  11.6 Hz, 1 H, CtfHPh), 4.18 (q, J  =  7.1 Hz,
2 H, CJC/2 CH3), 3 .65 -3 .51  (m, 4 H, OCH), 3 .3 4 -3 .3 0  (m, 2 H, OCH),
3 ,1 2 -2 ,9 6  (m, 4 H, OCH), 3 ,1 2 -2 ,9 6  (m, 4 H, OCH), 2,51 (dd, J  =
14.9, 7.5 Hz, 1 H, CH), 2 ,1 5 -2 .0 7  (m, 4 H, CH), 2 .0 0 -1 .8 9  (m, 3 H, 
CH), 1 .8 2 -1 ,7 7  (m, 2 H, CH), 1 .7 5 -1 .6 2  (m, 6  H, CH), 1,58 (bt, J  =
13.7 Hz, 1 H, CH), 1.39 (bt, 7  «  11.2 Hz, 1 H, CH), 1.29 (c, J  ■ 7,1 
Hz, 3 H, CH 2C tf3), 1.28 (s, 3 H, CH3), 1.24 (s, 3 H, CH3), 1.19 (s, 3
H, CH3), 1.18 (s , 3 H, CH 3), 1.01 (d, J  =  7.0 Hz, 3 H , CH3), 0.83 (s,

9 H, /-Bu), 0.06 (s, 6  H, 2 x  SiCH3); ,3C NM R (125 M Hz, CDCI3) 6

166.7, 147.3, 138.5, 138.5, 128.3, 128.2, 127.7, 127.5, 127.4, 122.4,
87.8, 87.5, 83.9, 83.7, 83.2, 83.0, 78,1, 77.9, 73.4, 73.3, 73.0, 71,0,
66.0, 60.2, 47.5, 40.3, 40.2, 38.0, 35.0, 32.8, 31.6, 29.5, 28.9, 25-7,
22.1, 21,6, 20.2, 18.5, 17.5, 14.3, - 2 .0 ,  -2 .1 ;  HRM S, calcd for 
C ^T iO io S iC s (M  +  Cs+) 1023.4419, found 1023.4440.

A llylic Alcohol 17. A solution of ester 16  (685 m g, 0.769 mmol) 
in CH 2C12 ( 8  mL) was treated with diisobutylaluminum hydride (2.31 
m L of a 1.0 M  solution in CH2CI2 , 2.31 mmol) as described for aldehyde 
14. Flash chromatography (silica, 20—50%  ether in petroleum ether) 
gave allylic alcohol 17 (630 mg, 0.742 mmol, 96%). 17: colorless 
foam; R f  =  0,20 (silica, 30% ether in petroleum ether); IR (film) vm«  
3455 (w), 2932 (m), 2860 (m), 1459 (m), 1376 (m), 1254 (m), 1074 
(s), 835 (m), 774 (m), 738 (m), 698 (m) cm “ 1; [ a jalD +11,3 (c  1.0, 
CH 2CI2); !H NM R (500 M Hz, CDCl3) 6  7 .3 2 -7 .2 3  (m, 10 H, ArH), 
5.77 (dt, J  =  15.4, 6.2 Hz, 1 H, **CH), 5,67 (dt, J  *= 15.4, 5.8 Hz, 1
H, - C H ) ,  4.53 (d, J  =  11.6 Hz, 1 H, C tfH Ph), 4.45 (s, 2 H, CH2Ph),
4.36 (d, J  -  11.6 Hz, 1 H, CHHPh), 4.10 (d, J  »  5.7 Hz, 2  H, C H 2-
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OH), 3 .64—3.5J (m, 3 H, OCH), 3.53 (bq, J  =  8.1 Hz, 1 H, OCH), 
3 .3 4 -3 .2 9  (m, 2 H, OCH), 3.07 (dd, J  -  11.6. 3.8 Hz, 1 H, OCH), 
3 .0 4 -2 .9 5  (m, 3 H, OCH), 2.38 (dd, J  =  14.4, 7.5 Hz, 1 H, CH),
2 .1 2 -2 .0 6  (m, 3 H, CH), 2 .0 0 -1 .8 8  (m, 4 H, CH), 1 .82-1 .53  (m, 9
H, CH), 1.39 (bt, /  =  11.4 Hz, 1 H, CH), 1.28 (s, 3 H, CH3), 1.23 (s, 
3 H, CH 3), 1.18 (s, 3 H, CH 3), 1.17 (s, 3 H, CH3), 1.01 (d, J  =  7.0 Hz, 
3 H, CHj), 0.83 (s, 9  H, J-Bu), 0.08 (2 x  s, 3 H, 2 x  SiCH3); 13C 
NM R (125 M Hz, CDC13) 6  138.5, 138.5, 131.0 ,130.2 , 128.3, 128.2,
127 .7 ,127 .6 ,127 .5 ,87 .8 , 87.6, 85 .1 ,83 .8 , 8 3 .2 ,7 8 .2 ,7 7 .9 ,7 3 .5 ,7 3 .5 ,
73.3, 73.0, 71.0, 66.0, 63.8, 47.7, 40.3, 40.2, 38.1, 35.1, 32.9, 31.4,
2 9 .6 ,2 8 .9 ,2 5 ,7 ,2 2 .2 ,2 1 .6 ,2 0 .2 ,18 ,5 ,18 .0 ,17 .5 , -2 .0 ,  -2 .0 ;  HRMS, 
calcd for CsofrsOsSiCs (M  +  Cs+) 981.4313, found 981.4333.

E pox ide  18, A  solution o f  allylic alcohol 17 (630 mg, 0.742 mmol) 
in CH 2CI2  (5 mL) was added dropw isc to  a  m ixture o f  (+)-diethyl-D- 
tartrate (26 /<L, 0.15 m m ol), 4  A m olecular sieves (420 mg), and 

titanium  isopropoxide (34 fiL , 0.11 m m ol) in C H jC lj (3 mL) a t —30 
°C. A fter 30 min, te r t-butyl hydroperoxide (2 2 4 /iL , 1.12 mmol, 5 —6 
M in decane) was added and the reaction m ixture was stored at - 2 0  
°C for 14 h. Cooling w as stopped and the reaction mixture was filtered. 
The filtrate was diluted w ith E tO A c (25 mL), washed with aqueous 
saturated sodium sulfate (25 m L), dried (MgSO<), and filtered through 
Celite. The filtrate w as concentrated and chromatographed (silica, 
30— 50%  ether in petroleum  ether) to give epoxide 18 (636 mg, 0.735 
mmol, 99% ). 18: colorless foam ; R /  =  0.60 (silica, 70% ether in 
petroleum  ether); IR (film ) 3476 (w), 2927 (m), 2863 (m), 1454 
(m), 1375 (m), 1248 (m ), 1073 (s), 834 (m), 699 (m) cm "1; [ a p D 
+ 6 .1  (c 1.0, CHjClj); 'H  N M R (500 M H z,C D C l3) <5 7 .3 3 -7 .2 5  (m,
10 H, ArH), 4.54 (d, J  -  11.6 Hz, 1 H, CHHPh), 4.46 (s, 2 H . CH j- 
Ph), 4.38 (d, J  =  11.6 Hz, 1 H, CHHPh), 3.94 (bd, ƒ  =  12.7 Hz, 1 H, 
OCH), 3 .6 6 -3 .6 0  (m, 4  H, OCH), 3.59 (bq, J  =  7.5 Hz, 1 H, OCH),
3 .3 6 -3 .3 1  (m, 2  H, OCH), 3 .1 5 -3 .0 1  (m, 5 H, OCH), 2 .9 3 -2 .9 2  (m,
1 H, OCH), 2 .1 2 -2 .0 9  (m, 3 H, CH), 2 .0 2 -1 .9 0  (m, 3 H, CH), 1 .8 4 -
I.56 (m, 11 H, CH), 1.40 (bt, J  =  11.5 Hz, 1 H, CH), 1.29 (s, 3 H, 
CHj), 1.25 (s, 3 H, CH 3), 1.19 (s, 3 H, CH 3), 1.18 (s, 3 H, CH3), 1.03 
(d, J  =  7.0 Hz, 3 H, CH3), 0.83 (s, 9 H , f-Bu), 0.09 (s, 3 H, SiCH3), 
0.08 (s, 3 H, SiCH3); 13C N M R (125 M Hz, CDCij) 6  138.5, 138.5,
128.3, 128.3, 127.7, 127.5, 127.5, 87.8, 87.5, 83.6, 83.2, 83.0, 82.4,
78.1, 77.9, 73.5, 73.3, 73.2, 73.0, 71.0, 66.0, 61.7, 58.0, 54.4, 47,5,
40.3, 40.2, 38.0, 35.2, 32.8, 30.6, 29.5, 28.9, 25.7, 22.1, 21.6, 20.2,
18.5, 17.5, - 2 .0 ,  - 2 .1 ; HRM S, calcd for CsofysOioSiCs (M +  Cs+)
997.4262, found 997.4250.

O lefln  20. To a solution o f  epoxide 18 (636 mg, 0,735 mmol), 
DM SO (800 ,uL), and triethylam ine (1.01 mL, 7.3 mmol) in CH 2CI3 (3 
mL) at 0  °C was added sulfur trioxide*pyridine complex (574 mg, 3.6 
m m ol) in four portions. A fter 5 h, the reaction mixture was diluted 
with ether (30 mL), washed with aqueous saturated ammonium chloride 
(150 mL), dried (MgSO<), and concentrated to give the crude epoxy 
aldehyde 19 (0.735 m m ol) which was used directly for the next step. 
A  m ixture o f  triphenylphosphonium  brom ide (1.43 g, 4.01 mmol) in 
T H F  ( 8  mL) was treated w ith sodium  bis(trim ethylsilyl)am ide (2.85 
m L o f  a  1.0 M  soludon in TH F, 2.85 m m ol) at 0  °C. To the resulting 
yellow  suspension was added dropw ise a  solution o f  the crude epoxy 
aldehyde 19 (0.735 mmol) in T H F (10 m L) and the mixture was stined  
at 0  °C  fo r 30 min. A cetone (1 mL) w as added, followed by ether (30 
m L), and the mixture w as washed with aqueous saturated ammonium 
chloride (25 mL). T he organic layer was dried (MgSO<), filtered, 
concentrated, and chromatographed (silica, 20—50% ether in petroleum 
ether) to  give olefin 20 (500 m g, 0.58 mmol, 80%). 20: colorless 
foam; R f  — 0.70 (silica, 50% ether in petroleum  ether); IR (film) 
2933 (s), 2857 (s), 1455 (m), 1380 (m), 1252 (m), 1075 (s), 836 (m),
775 (m), 734 (m), 604 (m) c m '1; [a ]“ D + 15 .3  (c  1.0, CH2C12); 'H  
NM R (500 M Hz, CDC13) <5 7 .3 3 -7 .2 5  (m, 10 H, ArH), 5.60 (ddd, J  =
17 .4 ,10 .3 ,7 .6  Hz, 1 H, -C H ) ,  5.46 (dd, J  =  17.3,1.3 Hz, 1 H, -C H H ),
5.28 (dd, J  =  1 0 .2 , 1.3 Hz, 1 H , -C H H ) , 4.55 (d, J =  11.6 Hz, 1 H, 
CHHPh), 4.46 (s, 2 H, CH 2Ph), 4.38 (d, J  =  11.6 Hz, 1 H, CHHPh),
3 .6 6 -3 .5 9  (m, 3 H, OCH), 3.55 (bq, /  =  7.5 Hz, 1 H, OCH), 3 .3 6 -  
3.31 (m, 2 H, OCH), 3.16 (dd, J  =  9 .6 ,2 .0  Hz, 1 H, OCH), 3 .1 1 -3 .0 7  
(m, 2  H, OCH), 3,04—3.02 (m, 3 H, OCH), 2 .1 3 -2 ,0 9  (m, 3 H, CH), 
2 .0 2 -1 .9 0  (m, 3 H, CH), 1 .8 4 -1 .5 5  (m, 10 H, CH), 1.40 (bt, J  =
11.8 Hz, 1 H, CH), 1.29 (s, 3 H, CH3), 1.25 (s, 3 H, CH3), 1.19 (s, 3
H, CH 3), 1.18 ( s ,  3 H, C H 3), 1.03 (d, J  =  7.0 Hz, 3 H, CHj), 0.84 (s, 
9 H, f-Bu), 0.10 (s, 3 H, SiCH3), 0,09 (s, 3 H, SiCHj); ' 3C NM R (125

M Hz, CDCI3) 6  1 3 8 .4 ,1 3 8 .4 ,1 3 5 .8 ,1 2 8 .2 ,1 2 8 .2 ,1 2 7 .6 ,1 2 7 .4 ,1 2 7 .4 ,

118.9, 87.7, 87.5, 83.5, 83.1, 82.9, 82.4, 78.0, 77 .8 ,73 .4 , 73.2, 73.1,
72.9, 70.9. 58.8, 58.4, 47.6, 40.2, 40.1, 38.0, 35.1, 32.7, 31.0. 29.4,
2 8 .8 .2 5 .6 .2 2 .0 .2 1 .5 .2 0 .1 .1 8 .4 .1 7 .8 .1 7 .4 , - 2 .1 ,  - 2 .2 ;  HRM S. calcd 
for CsiHjsOjSiCs (M +  Cs+) 993.4313, found 993.4271.

H ydroxy  E poxide 6 . A  solution o f  epoxide 20 (500 mg, 0.581 
mmol) in THF ( 6  mL) was treated with tetra-n-butylammonium fluoride 
(0.87 m L o f  a  1.0 M solution in TH F, 0.87 mmol) and stirred at 25 °C  
for 10 h. The mixture was diluted with ether (25 mL), washed w ith 
aqueous saturated ammonium chloride (25 mL), and dried (MgSCU). 
Filtration, concentration, and flash chromatography (silica, 50— 100% 
ether in petroleum ether) gave hydroxy epoxide 6  (435 mg, 0.581 mmol, 
100%). 6 : colorless foam; Rf — 0.18 (silica, 70% ether in petroleum  
ether); IR (film) v™  3441 (m), 2953 (m), 2871 (m), 1454 (m), 1380 
(m), 1073 (s), 736 (m), 698 (m) c m - ';  [ a p D +14.6  (c 1 .0 , CH 2C12); 
’H NM R (500 MHz, CDC!3) <3 7 .3 3 -7 .2 5  (m, 10 H, ArH), 5.57 (ddd, 
J  =  17.3, 10.2, 7.6 Hz, 1 H, - C H ) ,  5.47 (dd, J  -  17.2, 1.4 Hz, 1 H , 
—CHH), 5.28 (dd, J  =  10.3, 1,4 Hz, 1 H, -C H H ), 4.54 (d, J  =  11.6 
Hz, 1 H, CHHPh), 4.46 (s, 2 H, CH 2Ph), 4.37 (d, J  =  11.6 Hz, 1 H , 

CHHPh), 3 .6 6 -3 .5 3  (m, 4 H, OCH), 3 .36 -3 .31  (m, 2 H, OCH), 3.20 
(dd, y  =  9.3, 2,8 Hz, 1 H, OCH), 3.17 (dd, J  =  7.6, 2.2 H z, 1 H , 
OCH), 3 .1 0 -2 .9 9  (m, 4 H, OCH), 2.44 (bs, 1 H, OH), 2 .15 -2 ,01  (m ,
3 H, CH), 1 .98 -1 .66  (m, 10 H, CH), 1 .59-1 .55  (m, 2 H, CH), 1 .4 4 -  
1.38 (m, 2 H, CH), 1.29 (s, 3 H, CH3), 1.25 (s, 3 H, CH 3), 1.19 (s, 6

H, CH3), 1.03 (d, J  =  7.0 Hz, 3 H, CH3); l3C NMR (125 MHz, CDC13)
6  138.5, 138.5, 135,7, 128.3, 128.2, 127.7, 127.5, 127.5, 119.3, 87.9,
87.4, 83.7, 83.3, 83.0, 81.6, 78.1, 77.9, 77.0, 73.4, 73.3, 73.0, 71.0,
70.9, 66.0, 58.5, 53.7, 47.6, 40.3, 40.2, 38.0, 35.1, 32.8, 31.0, 29.4, 
28 .9 ,21 .6 ,21 .5 ,20 .7 ,20 .2 ,18 .5 ,17 .5 ,14 .1 ; HRMS, calcd for CisHsjO»- 
Cs (M  +  Cs+) 879.3448, found 879.3425.

A lcohol 21. A  solution o f  hydroxy epoxide 6  (435 mg, 0 .5 8 1 mmol) 
in CH 2CI2  (6  mL) was treated at 0 °C with pyridinium p-toluene- 
sulfonate (70 mg, 0.28 mmol) and stirred  at 0  °C for 14 h. T he mixture 
was diluted with ether (30 mL) and washed with aqueous saturated 
ammonium chloride (25 mL). The organic layer was dried (M gS0 4 ), 
filtered, and concentrated to yield alcohol 21 (435 mg) which was used 
without purification for the next step. 21: colorless foam ; R f  =  0 .7 2  

(silica, 90%  ether in petroleum ether); IR  (film) vm„  3444 (w), 2946 

(s), 2873 (s), 1457 (m), 1379 (m), 1073 (s), 920 (m), 734  (s), 699 (m ) 
c m '1; (a ]MD + 1 0 .5  (c 1.0, CH2Cl2); *H NM R (500 M Hz, C D C h) 6

7 .3 3 -7 .2 5  (m, 10 H, ArH), 5 .80  (ddd, J  =  17.3, 10.3, 7.3 Hz, 1 H , 
- C H ) ,  5.40 (dd, J  =  17.4, 1.2 Hz, 1 H, —CHH), 5.33 (dd, J  =  10.2,

I.4  Hz, 1 H, -C H H ), 4.54 (d, J  -  11.6 Hz, 1 H, CHHPh), 4.46 (s,
2 H, CHjPh), 4.37 (d, 7 =  1 1 . 6  Hz, 1 H, CHHPh), 3.83 (dd, J  =  9.1,
7.5 Hz, 1 H, C H C H -), 3 .6 6 -3 .5 3  (m, 4 H, OCH), 3 .4 2 -3 .3 4  (m, 2
H, OCH), 3.32 (dd, J  ■ 12.0, 3.5 Hz, 1 H, OCH), 3 .2 6 -3 .2 1  (m, 1 H, 
OCH), 3 .1 3 -3 .0 6  (m, 3 H, OCH), 2 .7 0 -2 .4 0  (bs, 1 H, OH), 2 .2 1 -  

2.09 (m, 4 H, CH), 2 .0 2 -1 .9 0  (m, 3 H, CH), 1 .85 -1 .59  (m, 8  H, CH),
I .53 (bt, J  =  11. 6  Hz, 1 H, CH), 1,40 (bt, J  -  1 1 ,7 Hz, 1 H, CH), 1.30 
(s, 3 H, CH3), 1.27 (s, 3 H, CHj), 1.25 (s, 3 H, CH3), 1.19 (s, 3 H , 
CHj), 1.03 (d, J  *  7.0 Hz, 3 H, C H 3); ,JC NMR (125 MHz, CDCI3 ) <5
138.5, 138.5, 136.2, 128.3, 128.2, 127.7, 127.5, 127.4, 119.6, 88.0,

87.4, 85.1, 83.9, 83.8, 79.0, 78.1, 77.9, 76,3, 73.5, 73,3, 73.1, 73.0,
71.0, 69.8, 66.0, 45.0, 40.3, 40,2, 38.0, 35.3, 33.2, 32.5, 29.5, 28.9,
21.5, 20,2, 18.6, 17.5, 16.0; HRM S, calcd for C «H 620 9 Cs (M +  Cs+) 
879.3448, found 879.3466.

SUyl E th e r  22. A solution o f the crude alcohol 21 (435 mg) in 
CH2Clj ( 6  mL) was treated at 0  °C with 2,6-lutidine (203 f i h ,  1,74 
mmol) and ferf-butyldimethylsilyl trifluoromethanesulfonate (266 /¿L,
I.16 mmol) and stined for 15 min at 0 °C. The m ixture w as diluted 
with ether (30 mL), washed with aqueous saturated ammonium chloride 
(25 mL), and dried (MgSO^). Filtration, concentration, and flash 
chrom atography (silica, 10—30% ether in petroleum ether) gave silyl 
ether 22 (380 mg, 0.441 mmol, 76%  (over 2 steps)). 22: colorless 
foam; Rf =  0.60 (silica, 50% ether in petroleum ether); IR  (film) v m, x 

2952 (s), 2858 (s), 1462 (m). 1380 (m). 1255 (m), 1067 (s), 837 (m ),
776 (m), 735 (m), 697 (m) c m "1; [ a ] JJD  + 2 0 .6  ( c  1.0, CH2 CI2); 'H  
N M R (500 M Hz, CDC13) <5 7 .3 3 -7 .2 5  (m. 10 H, ArH), 5.81 (ddd, J  -

1 7 .0 .1 0 .4 .6 .3 ,Hz, 1 H, - C H ) ,  5.32 (ddd, J  -  17.0, 1 .7 ,1 .2  Hz. 1 H , 
-C H H ) , 5.20 (ddd. J  =  10.4 ,1 .7 , 0.6 Hz, 1 H, -C H H ), 4.55 (d, J  -

I I .6  Hz, 1 H , CHHPh), 4.46 (s, 2 H, CH2Ph), 4.37 ( d , J =  1 1 , 6  Hz, 1

H, CHHPh), 3.84 (dd, J  =  9 .1 ,6 .5  Hz, 1 H, C H C H -), 3 .6 6 -3 .5 3  (m ,
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4 H, OCH), 3 .4 3 -3 .3 6  (m, 2 H, OCH), 3.33 (dd, J  =  12.0, 3.5 Hz, 1

H, OCH), 3 .2 5 -3 .2 0  (m , 1 H, OCH), 3 .1 3 -3 .0 6  (m, 3 H, OCH), 2 .1 3 -
2.06 (m , 3 H, CH), 2 .0 2 -1 .9 1  (m , 3 H, CH), 1 .8 3 -1 .7 9  (m, 3 H, CH),
I .7 6 -1 .5 3  (m, 6 H, CH), 1.53 (bt, 7 =  11.7 Hz, 1 H, CH), 1.40 (bt, J  

=  11.5 Hz, 1 H , CH), 1.30 (s, 3 H, C H j), 1.27 (s, 3 H, CHj), 1.25 (s, 
3 H, CH 3), 1.19 (s, 3 H . CH 3), 1.03 (d, J  =  7.0 H z, 3 H, CH3), 0.86 (s, 
9 H, f-Bu), 0.04 (s, 3 H , SiCH j), 0 .02 (s, 3 H, SiCH j); l5C N M R  (125 
M H z, C D C b) <5 1 3 8 .5 ,1 3 8 .5 ,1 3 6 .6 ,1 2 8 .3 ,1 2 8 .2 ,1 2 7 .7 ,1 2 7 .6 ,1 2 7 .5 ,
117.7, 88.0, 87.4, 85.0, 84.0, 83.8, 78.8, 78.1, 77.9, 76.7, 75.5, 73.3,
73.0, 72.7, 71.5, 71.0, 66.0, 45.2, 40.3, 40.2, 38.0, 35.4, 34.6, 33.2,
2 9 .5 .2 8 .8 .2 5 .7 .2 1 .5 .2 0 .2 .1 8 .6 .1 7 .5 .1 6 .0 , - 4 .2 ,  -4 .5 ;  HRMS, calcd 
for Cj iHtA S iCs (M  +  Cs+) 993.4313, found 993.4337.

A ldehyde 23. A solution o f  the silyl ether 22 (380 mg, 0.441 mmol) 
in CH 2CI2  (4 mL) was treated w ith ozone a t —78 °C until a  pale blue 
color appeared. Triphenylphosphine (370 mg, 1.41 mmol) was added 
and the m ixture was stilted  at 25 °C fo r 1 h. Concentration, flash 
chrom atography (silica, 3 0 —50%  ether in petroleum  ether), and 
azeotroping with benzene gave the aldehyde 23 (381 mg, 0.441 mmol, 
100%). 23; colorless foam ; R f  =  0.20 (streak, silica, 70%  ether in 
petroleum  ether); IR (film ) 2927 (s), 2851 (s), 1744 (m), 1462 
(m ), 1373 (m), 1256 (m ), 1063 (s), 843 (m ), 775 (m), 741 (m), 699 (m) 
c m " 1; [ a p D + 11 .6  (c  1.0, CH 2C13); 'H  N M R (500 M Hz, C D C b) 6

9.67 (d, J  =  1.1 Hz, 1 H , CHO), 7 .3 3 -7 .2 4  (m, 10 H, ArH), 4.55 (d, 
J  =  11.6 Hz, 1 H , CH H Ph), 4.46 (s, 2  H, O ^ P h ) ,  4.37 (d, J  =  11.6 
Hz, 1 H, CHHPh), 3.93 (dd, J  =  9.8, 1.0 Hz, 1 H, CHCHO), 3 .8 4 -
3.81 (m , 1 H, OCH), 3 .6 5 -3 .5 5  (m, 4  H , OCH), 3 .3 8 -3 .3 2  (m , 2  H, 
OCH), 3 .2 6 -3 .1 5  (m, 1 H, OCH), 3 .1 0 -3 .0 6  (m , 3 H, OCH), 2 .1 8 -
2.08 (m, 4  H, CH), 2 .0 4 -1 .9 3  (m , 3 H , C H ), 1 .9 0 -1 .8 2  (m, 3 H , CH),
1 .7 6 -1 .5 9  (m, 6  H, C H ), 1.40 (bt, J =  11.4 Hz, 1 H, CH), 1.30 (s, 3
H , CH 3), 1.27 (s, 3 H, CH 3), 1.25 (s, 3 H , C H j), 1.20 (s, 3 H , CH3),
I.03 (d, J  =  7.0 Hz, 3 H, C H j), 0.87 (s, 9 H , f-Bu), 0.08 (s, 3 H, 
SiCH 3), 0.05 (s, 3 H, S iC H 3); 13C N M R  (125 M H z, CDC13) <5 198.7,
138.5, 138.5, 88.0, 87.3, 85.1, 84.1, 83 .7 ,7 8 .1 , 7 7 .9 ,7 7 .8 ,7 3 .5 ,7 3 .3 ,
73.0, 71.0, 67.4, 66.0, 44.6, 40.3, 40.2, 38.0, 35.3, 34.5, 33.2, 29.4,
28.9, 25.7, 21.5, 20.2, 18.6, 17.5, 15.6, - 4 .2 ,  - 5 .0 ;  HRM S, calcd for 
CioH74 0 ,oSiCs (M +  C s+) 995.4106, found 995.4073.

K eto n e  24. A solution o f  the aldehyde 23 (418.7 mg, 0.485 mmol) 
in T H F (4 mL) was treated dropw ise w ith m ethylm agnesium  chloride 
(208 f i L  o f a 3.0 M solution in TH F, 0.624 m m ol) a t 0 °C. A fter 
stirring at 0  °C for 30 m in, the m ixture was diluted with ether (25 
mL), washed with aqueous saturated am m onium  chloride (20 m L), and 
dried (MgSO<). Filtration and concentration afforded the crude alcohol 
that w as used im mediately for the next step. The crude alcohol was 
dissolved in CH 2CI2 (5 mL) and treated w ith Dess-M artin periodinane 
(780 m g, 1.84 m m ol). T he resulting solution was stirred at 25 °C  for
2 h, diluted w ith ether (25 m L), washed w ith aqueous sodium  
bicarbonate/sodium  thiosulfate (1:1, 25 m L), and dried (M gSOi). 
Filtration and concentration afforded the crude ketone 24 (387 mg, 0.441 
m m ol, 91% ). 24: colorless foam ; R f  =  0.42 (silica, 70%  ether in 
petroleum  ether); IR  (film ) 2926 (s), 2854 (s), 1732 (m), 1462 
(m ), 1380 (m), 1256 (m ), 1067 (s), 837 (m), 698 (m), 606 (s) c m - ';  

[ a p e  + 1 0 .3  (c 1.0, C H 2CI2); 'H  N M R  (500 M H z, C D C b) <5 7 .3 3 -
7.24 (m, 10 H , ArH), 4.55 (d, J  =  11.6 H z, 1 H , CHHPh), 4.46 (s, 2
H, CH 2Ph), 4.37 (d, J  =  11.6 Hz, 1 H , CHHPh), 3.92 (d, J  =  9.4 Hz.
1 H , CHC(O)), 3.78 (ddd, J  ~  10.5, 9.4, 5.2 Hz, 1 H, OCH), 3 .6 6 -
3.53 (m , 4  H, OCH), 3.37 (dd, J  =  8.4, 5 .2  Hz, 1 H, OCH), 3.33 (dd, 
J  =  12.0, 3.5 Hz, 1 H , OCH), 3 .2 4 -3 .1 9  (m, 1 H . OCH), 3 .1 3 -3 .0 6  
(m, 3 H , OCH), 2.21 (s, 3 H, CH 3), 2 .1 4 -2 .0 7  (m, 4  H. CH), 2 .0 3 -
I.91 (m. 3 H , CH), 1 .8 5 -1 .5 4  (m , 9 H, CH), 1.40 ( b t , J =  11.5 Hz, 1
H , CH), 1.30 (s, 3 H, C H j), 1.26 (s, 3 H , C H j), 1.25 (s, 3 H, CHj),
I.19  (s, 3 H, CHj), 1.03 (d, / =  7 .0 Hz, 3 H, C H 3), 0.84 (s, 9 H, f-Bu). 
0.05 (s, 3 H , SiCH3), 0.01 (s, 3 H , SiCH3); l3C N M R  (125 MHz, C D C b)
6  205 .9 ,138 .5 ,138 .5 ,128 .3 ,127 .7 , 127 .5 ,127 .5 ,88 .0 ,87 .3 ,85 .1 ,84 .0 ,
83.8, 78.6, 78.2, 78.1, 77 .9 , 73.5, 73.3, 73.0, 71.0, 68.5, 66.0, 44.8,
40.3, 40.2, 38.0, 35.3, 34.4, 33.1, 29.4, 28.9, 28.0, 21.5, 20.2, 18.6,
17.5, 15.8, - 4 .5 ,  - 5 .0 ;  H RM S, calcd fo r CsitysO ioSiCs (M  +  C s+)
1009.4262, found 1009.4303.

H y d ro x y  K etone 25. A  solution o f  the crude ketone 24 (387 mg) 
in T H F  was treated w ith tetra-n-butylam m onium  fluoride (0.49 m L o f 
a 1.0 M  solution in TH F, 0.49 m m ol) and stirred at 25 °C for 2  h. The 
m ixture was diluted w ith ether (25 mL), washed with aqueous saturated 
am m onium  chloride (20 mL), and dried (MgSOO- Filtration, concen ­

tration, and flash chromatography (silica, 10—50% ether in petroleum  
ether) gave the hydroxy ketone 25 (270 mg, 0.354 mmol, 81% (2 
steps)). 25: colorless foam; R ; =  0.10 (silica, 50% ether in petroleum  
ether); IR  (film) 3505 (w), 2946 (m), 2873 (m), 1719 (m ), 1457 
(m), 1380 (m), 1073 (s), 912 (w), 734 (m) cm -1; [ a p D  - 7 .4  (c 1.0, 
C H jC h); ‘H NM R (500 M Hz, C D C b) <5 7 .3 3 -7 .2 5  <m, 10 H, ArH),
4.54 (d, J  =  11.6 Hz, 1 H, CHHPh), 4.46 (s, 2 H, CH 2Ph), 4.38 (d, J  

=  11.6 Hz, 1 H, CHHPh), 3 .7 6 -3 .6 5  (m, 2  H, OCH), 3 .6 4 -3 .5 3  (m,
5 H, OCH), 3.37 (dd, J  =  8 .3 ,5 .2  Hz, 1 H, OCH), 3.33 (dd, J =  11.9,
3.5 Hz, 1 H, OCH), 3 .2 4 -3 .1 9  (m, 1 H, OCH), 3 .1 3 -3 .0 9  (m, 2 H, 
OCH), 3.06 (dd, J  =  12.8, 3.6 Hz, 1 H, OCH), 2.25 (s, 3 H, CH 3), 
2 .1 9 -2 .0 8  (m, 4 H, CH), 2 .0 6 -1 .9 0  (m, 3 H, CH), 1 .8 4 -1 .6 0  (m, 8

H, CH), 1.56 (bt, J  =  11.7 Hz, 1 H, CH), 1,39 (bt, J  =  11.6 Hz, 1 H , 
CH), 1.30 (s, 3 H, CH3), 1.27 (s, 3 H, CH3), 1.25 (s, 3 H, CH3), 1.20 
(s, 3 H, CH3), 1.03 (d, J  =  7.1 Hz, 3 H, CH 3); l3C N M R (125 M Hz, 
C D C b) <5 212.7 ,138.5 , 138.4, 128.3, 128.2, 127.6,127.5, 127.3 ,88.0 ,
87.4, 85.1, 83.8, 83.5, 78.2, 78.1, 77.9, 77.7, 73.8, 73.5, 73.3, 73.0,
71.0, 67.7, 66.0, 44.9, 40.3, 40.2, 37.9, 35.3, 33.2, 31.7, 29.4, 28.9,
26.8, 21.4, 20.2, 18.5, 17.5, 15.3; HRMS, calcd for C^sH^OioCs (M 
+  Cs+) 895.3397, found 895.3363.

a -B ro m o  E ste r 26. To a solution o f the hydroxy ketone 25 (270 
mg, 0.354 mmol) in CH2CI5 (4 mL) was added pyridine (272 f iL ,  3 .37 
mmol) and bromoacetyl chloride (58 f i L, 0.70 m m ol) at 0 °C. A fter 
stirring at 0 °C for 15 min, the mixture was diluted with ether (30 
mL), washed with aqueous saturated ammonium chloride (20 mL), and 
dried (M gSOi). Filtration, concentration, and flash chromatography 
(silica, 20—40% ether in petroleum  ether) afforded the a-brom o ester
26 (253 mg, 0.286 mmol, 81%). 26: colorless foam; R f  =  0.71 (silica, 
70% ether in petroleum ether); IR  (film) Vmi* 2924 (s), 2854 (s), 1731 
(m), 1454 (m), 1380 (m), 1274 (ra). 1071 (s), 1028 (m), 678 (m) c m - ';  
[ o t p D + 1 .0  (c 1.0, CH2CI2); 'H  NM R (500 MHz, CDC1}) 6  7 .33—
7.24 (m, 10 H, ArH), 4.97 (ddd, J =  5.5, 10.1, 11.1 Hz, 1 H, CHOC- 
(O)), 4.54 (d, J  =  1 1.6 Hz, 1 H, CHHPh), 4.46 (s, 2 H, O ^ P h ) ,  4 .37 
(d, J  =  1 1, 6  Hz, 1 H, CHHPh), 3.95 (d, J  =  10.0 Hz, 1 H, CHC(O)), 
3.80 (s, 2 H, CHjBr), 3 .6 6 -3 ,5 4  (m, 4  H, OCH), 3.37 (dd, J  =  8.2,
5.1 Hz, 1 H, OCH), 3.33 (dd, J  =  12.0, 3.5 Hz, 1 H, OCH), 3 .2 5 -  
3.20 (m, 1 H, OCH), 3 .1 6 -3 .1 0  (m, 2 H, OCH), 3.08 (dd, J  =  1 1.7,
3.7 Hz, 1 H, OCH), 2 .2 9 -2 .2 5  (m, 1 H, CH), 2.20 (s, 3 H, CH 3), 
2 .1 7 -2 .0 6  (m, 3 H, CH), 2 .0 1 -1 .9 0  (m, 3 H, CH), 1 ,8 3 -1 .5 7  (m, 9
H, CH), 1.40 (bt, J  =  11.7 Hz, 1 H , CH), 1.30 (s, 3 H, CH3), 1.28 (s, 
3 H, CH 3), 1.25 (s, 3 H, CHj), 1.19 (s, 3 H, CH3). 1,03 (d, J  =  7,1 Hz, 
3 H, CH3); ,3C N M R  (125 MHz, CDCI3) 6  205.3, 166.0, 138.5, 138.4,
128.3, 128.2, 127.7, 127.5, 127.4, 88.1, 87.4, 85.1, 83.9, 83.4, 78.1,
77.8, 77.7, 75.6, 73.7, 73.7, 73.3, 73.0, 73.0, 68.9, 66.0, 44.7, 40.3,
40.2, 37.9, 35.3, 33.1, 29.7, 29.4, 28.9, 26.0, 25.5, 21.4, 20.3, 18.4,
17.5, 15.4; HRM S, calcd for C « H aB rO u Cs (M +  C s+) 1015.2608, 
found 1015.2580.

Phosphonate 5. A solution o f the a-brom o ester 26 (241 mg, 0.274 
mmol) in P(OM e)3 (7 mL) was heated in a sealed tube for 4 h  at 90 °C 
and an additional 30 min at 120 °C. The mixture was concentrated 
and the resulting phosphonate 5 (250 mg, 0.274 mmol, 100%) was 
used without further purification for the next reaction. 5: colorless 
foam; R f  =  0.05 (silica, 100% ether); IR  (film) vm„  2950 (m), 2871 
(m), 1737 (s), 1651 (w), 1458 (m), 1379 (m), 1270 (s), 1068 (s), 1033 
(s), 915 (m), 791 (m), 699 (m), 592 (m) cm -1; [ a p D - 0 .7  (c 1.0, 
CH 2CI2); 'H  N M R (500 M Hz, C D C b) <5 7 .3 2 -7 .2 3  (m, 10 H, ArH),
4.96 (dt, J  =  5.5, 11.0 Hz, 1 H, CHOC(O)), 4.53 (d, J  =  11,6 Hz, 1
H, CHHPh), 4,45 (s, 2 H, CHiPh), 4.36 (d, ƒ  =  11.6 Hz, 1 H, CHHPh), 
3.95 (d, /  =  10.1 Hz, 1 H, CHC(O)), 3.74 (s, 3 H, OCHj), 3.72 (s, 3
H, OCHj), 3 .6 4 -3 .51  (m, 4 H, OCH), 3.36 (dd, J  -  7 .9 ,5 .2  Hz, 1 H , 
OCH), 3.31 (dd, J  =  12.1, 3.5 Hz, 1 H, OCH), 3 .2 4 -3 .1 9  (m, 1 H, 
OCH), 3 .1 4 -3 .0 6  (m, 3 H, OCH), 2.95 (d, ƒ  =  11.5 Hz, 1 H, CWHP), 
2.93 (d, J  =  11.8 Hz, 1 H, CHHP), 2 .2 9 -2 .2 5  (m, 1 H, CH), 2.19 (s, 
3 H, CH 3), 2 .1 3 -2 ,0 8  (m, 3 H, CH), 2 .0 4 -1 .8 8  (m, 3 H, CH), 1 .8 2 -
1.55 (m, 9 H, CH), 1.39 (bt, J  =  11.5 Hz, 1 H, CH), 1.29 (s, 3 H , 
CH 3), 1.27 (s, 3 H, CH 3), 1.24 (s, 3 H, CHj), 1.18 (s, 3 H, CHj), 1.03 
(d, J  =  7,0 Hz, 3 H, CHj); l3C N M R (125 MHz, C D C b) <3 205.0,
164 .4 ,138 .5 ,138 .4 ,128 .4 ,128 .3 ,127 .7 ,127 .5 ,127 .4 , 88 .0 ,87 .4 ,85 .1 ,
83.8, 83.4, 78.1, 77.8, 77.7, 75.6, 73.7, 73.4, 73.3, 73.0, 71.0, 68.4,
66.0, 44.6, 40.3, 40.2, 37.9, 35.3, 33.7, 33.1, 32.6, 29.7, 29.4, 28.8,
26.0, 21.4, 20.2, 18.4, 17.5, 15.4; HRM S, calcd for C « H 6, 0 HPCs (M 
+  Cs+) 1045.3479, found 1045.3520.
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L ac to n e  27, A m ixture o f  the crude phosphonate 5 (250 mg, 0.274 
m m ol), //.//-diisopropylethyl am ine (121 /¿L, 0.96 mmol), and lithium 
chloride (40 mg, 0.96 m m ol) in CH3CN (3 mL) was stirred at 25 °C 
for 3 h. The mixture was diluted w ith ether (50 mL), washed with 
brine (25 mL), and dried (Mg$C>4). Filtration, concentration, and flash 
chrom atography (silica, 50-~100%  ether in petroleum  ether) gave the 
lactone 27 (200 mg, 0.254 m m ol, 89% (2 steps)). 27: colorless foam; 
R /  — 0.35 (silica, 70% ether in petroleum  ether); IR (film) vmtt 2942 
(s), 2873 (s), 1731 (s), 1638 (w), 1457 (m), 1380 (m), 1270 (m), 1233 

Cm), 1066 (s), 956 (ra), 880 (m), 737 (m), 703 (m) cm “ 1; [a ]22D + 4 .9  
(c 1.0, CH2CI2); ‘H N M R  (500 M Hz, CDCI3) 6  7 .3 3 -7 .2 5  (m, 10 H, 
ArH), 5.73 (bs, 1 H, - C H ) ,  4 ,54 (d, 7  =  11.6 Hz, I H, CffHPh), 4.46 
(s, 2 H, CH2Ph), 4.37 (d, 7  =  11.6 Hz, I H, CHHPh), 4.26 (bd, 7  =  
10.8 Hz, 1 H, C H C -) , 4.00 (dt, 7  =  11.1, 4.6 Hz, 1 H, CHOC(O)), 
3 .70—3.56 (m, 4 H, OCH), 3.37 (dd, 7  «  8 .3 ,5 .2  Hz, 1 H, OCH), 3.33 
(dd, 7  =  11.9, 3.5 Hz, 1 H, OCH), 3 .2 8 -3 .2 4  (m, 1 H, OCH), 3 .1 3 -
3.07 (m, 4  H, OCH), 2 .3 0 -2 .2 6  (m, t H , CH), 2 .1 6 -2 .0 6  (m, 3 H, 
CH), 2 .0 1 -1 .6 3  (m, 10 H, CH), 1.96 (s, 3 H, CH 3), 1.55 (bt, 7  «  11.7 
Hz, 1 H, CH), 1.40 (bt, 7 =  11.7 Hz, 1 H, CH), 1.30 (s, 3 H, CH3),
1.29 (s, 3 H, CHj), 1.25 (s, 3 H, CH 3), 1.20 (s, 3 H, CH3), 1.03 (d, J  

=  7.0 Hz, 3 H, CH 3); ,3C N M R (125 M Hz, CDC13) 6  163.6, 161.1,
138.5, 138.4 ,128.2 ,128.2 , 127 .6 ,127 .5 ,127 .4 ,115 .5 ,88 .0 , 87.3, 85.4,
83.9, 83.5, 78.9, 78.1, 77,8, 76.5, 74.6, 73.4, 73.3, 73.0, 71.0, 68.3,
66.0, 44.6, 40.3, 40.2, 37.9, 35.3, 33.1, 30.0, 29.6, 29.4, 28.8; 21,4,
20.2, 18.4, 17 .5 ,17 .3 ,15 .7 ; H RM S, calcd for C 47H620,oCs<M +  Cs+) 
919.3394, found 919.3399.

Allylic E th e r  29. A solution o f the lactone 27 (200 mg, 0.254 mmol) 
in C H 2CI2 (2 mL) was treated w ith diisobutylalum inum  hydride (0.38 
mL o f  a 1.0 M solution in CH 2CI2» 0.38 mmol) at —78 °C. After stirring 
for 30 min at - 7 8  °C, the reaction was quenched with MeOH (1 mL), 
diluted with EtOAc (25 mL), and washed with aqueous saturated sodium 
potassium  tartrate (25 mL). The water layer was extracted with EtOAc 
(2 x 25 mL) and the com bined organic layers were dried (MgSO*), 
filtered, and concentrated to give the crude lactol 28. The crude lactol 
28 (0.254 mmol) was dissolved in CH 2CI2 (2 mL) and treated with 
triethylsiiane (202 /¿L, 1.27 m m ol) and boron trifluoride etherate (31 
/¿L, 0.254 mmol) at —10 °C. A fter stirring at —10 °C for 30 min, the 
reaction was qucnched with triethylam ine (1 mL), diluted with ether 
(25 m L), and washed w ith brine (25 mL). D rying (MgSO*), filtration, 
concentration, and flash chrom atography (silica, 50— 100% ether in 
petroleum  ether) gave the allylic ether 29 (145 mg, 0.188 mmol) and 
m onodebenzylated products (34 mg, 0.05 mmol). Combined yield: 
0.24 mmol, 93%. 29: colorless foam; R / =  0.60 (silica, 50% ether in 
petroleum  ether); IR (film) vmtJt 2937 (m), 2866 (m), 1456 (m), 1377 
(m), 1072 (s), 1023 (m ), 737 (m), 697 (m) cm “ 1; [ a ] » D +21.3 (c  1.0, 
C H 2CI2); *H NM R (500 M Hz, CDC13) 6  7 .3 3 -7 .2 5  (m, 10 H, ArH),
5.35 (bs, 1 H, -C H ) ,  4.55 (d, 7  ~  11.6 Hz, I H, CtfHPh), 4.46 (s, 2
H, CH iPh), 4.38 (d, 7  «  11.6 Hz, 1 H, C tfH Ph), 4.-25 (bd, 7  =  14.3 
Hz, 1 H, O C tfH C H -), 4.14 (bd, 7  =  15.1 Hz, 1 H, O C H H C H -),
3.98 (bd, 7  =  7.9 Hz, 1 H, O C H C -) , 3 .6 6 -3 .5 4  (m, 4  H, OCH), 3.37 
(dd, 7  «  8.3, 5.2 Hz, 1 H, OCH), 3.33 (dd, 7  =  12.0, 3.4 Hz, 1 H, 
OCH), 3 .2 9 -3 .2 0  (m, 2  H, OCH), 3,14 (dd, 7  «  12.3, 3.7 Hz, 1 H, 
OCH), 3 .1 1 -3 .0 7  (m, 2  H, OCH), 2 .1 4 -2 .0 7  (m, 3 H, CH), 2 .0 2 -
I.90  (m, 4 H, CH), 1 .85 -1 .61  (m , 8 H, CH), 1.71 (s, 3 H, CH3), 1.53 
(bt, 7  =  11.7 Hz, 1 H, CH), 1.41 (bt, 7  =  11.5 Hz, 1 H, CH), 1.31 (s,
3 H, C H 3), 1.27 (s, 3 H, CH3), 1.25 (s. 3 H, CH 3), 1.20 (s, 3 H, CH3),
1.04 (d, 7  =  7.0 Hz, 3 H , CH 3); 13C N M R (125 M Hz, CDC13) 6  138.5,
138.5, 134.5, 128.3, 128.3, 127.7, 127.6, 127.5, 121.0, 88.0, 87.4, 85,3,
83.9, 80.2, 78.1, 77.9, 74.7, 73.7, 73.5, 73.3, 73.0, 71.0, 69.5, 66.9,
66.0, 45.0, 40.3, 40.2, 38.0, 35.4, 33.2, 31.0, 29.7, 29.5, 28.9, 28.1,
21.5, 20.3, 18.5, 17.5, 17.2, 16.2; H RM S, calcd fo rC 47Hw0 9 Cs (M +  
C s+) 905.3605, found 905.3588.

D iol 30. A  solution o f  dibenzyl ether 29 (145 mg, 0.188 mmol) 
and monobenzylated side products (34 mg, 0.05 mmol) obtained above 
in T H F (1 mL) was added dropwise at - 7 8  °C to a dark blue solution 
o f lithium  (100 mg) in liquid am m onia (ca. 45 mL). A fter stirring at 
- 7 8  °C for 1 h, the reaction was quenched with ammonium chloride 
(100 m g) and the am m onia was allowed to evaporate. The residue 
was taken up in EtO Ac (25 mL), washed with brine (10 mL), dried 
(MgSO*), filtered, concentrated, and subjected to flash chromatography 
(silica, 100% ether —  100% ethyl acetate) to give diol 30 (128 mg, 
0.216 mmol, 92%), 30: colorless foam; /? /— 0.30 (silica, 100% ethyl

acetate); IR (film) vmix 3398 (m), 2935 (m), 2874 (m), 1458 (m), 1380 
(m), 1270 (w), 1071 (s), 732 (m), 615 (m) c n T 1; [a ]22D +44.1 (c 1.0, 
CH 2CI2); *H NM R (500 MHz, CDC13) <5 5.33 (d, 7  =  1.2 Hz, 1 H, 
- C H ) ,  4.23 (dq, 7  -  16.0, 2.1 Hz, 1 H, OCffHCH*-), 4.11 (dq, 7  =
16.2,2.1 Hz, 1 H, O C tfH C H -), 3.95 (bd, 7  =  8.1 Hz, 1 H, O C H C -), 
3 .8 5 -3 .7 7  (m, 3 H, OCH), 3.54 (bq, J  =  8.3 Hz, 1H, OCH), 3.34 (dd,
7 =  8.3, 5.2 Hz, 1 H, OCH), 3.31 (dd, 7  =  12.0, 3.4 Hz, 1 H, OCH), 
3 .2 7 -3 .1 7  (m, 2 H, OCH), 3.12 (dd, J  =  12.1, 3.4 Hz, 1 H, OCH), 
3 .1 0 -3 .0 5  (m, 2 H, OCH), 3 .0 -2 .5  (bs, 2 H, 2 x  OH), 2 ,1 2 -2 .0 4  (m,
3 H, CH), 2 .0 2 -1 .9 6  (m, 2 H, CH), 1 .92 -1 .86  (m, 1 H, CH), 1 .8 3 -
1.70 (m, 5 H, CH), 1,68 (s, 3 H, CH3), 1 .66-1 .58  (m, 4 H, CH), 1.51 
(bt, 7  *  11.7 Hz, 1 H, CH), 1.44 (bt, 7  »  11.7 Hz, 1 H, CH), 1.29 (s,
3 H, CH3), 1.26 (s, 6 H, 2 x  CH3), 1.24 (s, 3 H, CH3), 1.01 (d, 7  *  7.0 
Hz, 3 H, CH3); ,3C NM R (125 M Hz, CDC13) Ò 134.5, 121.0, 87.9,
87.6, 85.3, 83.9, 83.8, 80.2, 80.0, 78.0, 74.7, 73.9, 73.6, 73.3, 71.2,
69.5, 66.9, 59.2, 45.0, 43.7, 42.9, 37.9, 35.4, 33.2, 31.0, 29.4, 28.8,
21.5, 20 .2 ,18 .5 , 17 .2 ,16 .2 ,15 .6 ; HRM S, calcd for CsiHsaO^Na (M +  
Na+) 615.3509, found 615.3520.

T osylate 31. A solution of diol 30 (128 mg, 0.216 mmol) and 
/?-toluenesulfonyl chloride (162 mg, 0.864 mmol) in CH 2 CÌ2/pyridine 
(10:1, 4  mL) was stirred at 25 °C for 12 h. The mixture was diluted 
with EtOAc (25 mL), washed with aqueous saturated ammonium 
chloride (20 mL), and dried (MgSO*). Filtration, concentration, and 
flash chromatography (silica, 50 -*  100% ether in petroleum  ether —1 
100% EtOAc) gave a mixture o f tosylate 31 (80 mg) and diol 30 (50 
mg), The latter compound was recycled twice to give an additional 
amount o f tosylate 31 (total yield: 128 mg, 0.171 m m ol, 79%), 31: 
colorless foam; R f  =  0.40 (silica, 70% ether in petroleum  ether); IR 
(film) vmw 3463 (w), 2945 (m), 2874 (m), 1458 (m). 1363 (m), 1177 
(m), 1072 (s), 956 (m), 733 (m), 663 (m), 555 (m) cm “ 1; [ a p D +39.1  
(c 1.0, CH2C12); 'H  NM R (500 M Hz, CDC13) <5 7.77 (d, 7  =  8.0 Hz,
2 H, ArH), 7.33 (d, 7  =  8.0 Hz, 2 H, ArH), 5.33 (q, 7  *= 1.4 Hz, 1 H, 
-C H ) ,  4 ,26-4 .11  (m, 4  H, OCH), 3.96 (bd, J  «  7.8 Hz, 1 H, O C H C -),
3.71 (dd, J  «  11,6, 5.4 Hz, 1 H, OCH), 3.53 (bq, 7  =  8.5 Hz, 1 H, 
OCH), 3.33 (dd, 7  =  8.4, 5.2 Hz, 1 H, OCH), 3 .2 6 -3 .1 7  (m, 3 H, 
OCH), 3.12 (dd, 7  =  12.3, 3.7 Hz, 1 H, OCH), 3.07 (dd, 7  =  9.0, 2.4 
Hz, 1 H, OCH), 3.03 (dd, 7  =  11.7, 3.8 Hz, I H, OCH), 2.44 (s, 3 H, 
CH3), 2 ,1 2 -2 .0 7  (m, 3 H, CH), 2 .0 0 -1 ,9 6  (m, 2 H, CH), 1 .9 4 -1 .8 7  
(m, 2 H, CH), 1 .82 -1 .72  (m, 3 H, CH), 1,69 (*, 3 H, C H 3), 1 .6 7 -1 .5 8  
(m, 5 H, CH), 1.51 (bt, 7 = 1 1 . 8  Hz, 1 H, CH), 1,40 (bt, y  =  11.8 H z, 
1 H, CH), 1.27 (s, 3 H, CH3), 1.25 (s, 3 H, CH3), 1.17 (s, 3 H, CH 3 ),
1.15 (s, 3 H, CH3), 1.01 (d, J  «  7,0 Hz, 3 H, CH3); 13C NM R (125 
M Hz, CDCI3) ò  144.8, 134.5, 133.0, 129.8, 127.9, 121.0, 87,9, 87.5,
85,3, 83.9, 83.8, 80.2, 78.0, 74.7, 73.9, 73.6, 73.2, 70.7, 69.5, 66.9,
66.8, 58.4, 45.0, 43.8, 39,3, 37,9, 35.4, 33,2, 31,0, 29,4, 28.6, 21.6,
21.5, 20,1, 18.5, 18.4, 17.1, 16.4, 16.2; HRMS, calcd for C ^H jaO ,,- 
SCs (M +  Cs+) 879.2754, found 879.2717.

Iodide 33. A  solution o f tosylate 31 (42 mg, 0.055 mmol) in acetone 
(1 mL) was treated with sodium iodide (42 mg, 0.28 mmol) and heated 
at 60 °C for 5 h. The resulting solution was diluted with ether (25 
mL), washed with aqueous saturated sodium thiosulfate (20 mL), and 
dried (MgSO.0, Filtration and concentration gave the crude iodo alcohol 

which was used directly for the next step. The iodo alcohol was 
dissolved in CH 2CI2 (2 mL), treated with (trimethylsilyl)imidazole (41 
f iL ,  0.28 mmol), and stirred at 25 °C for 30 min, T he mixture was 
diluted with ether (25 mL), washed with aqueous saturated ammonium 
chloride (20 mL), and dried (M gSOi). Filtration, concentration, and
flash chromatography (silica, 2 0 —40% ether in petroleum ether)
afforded the iodide 33 (41 mg, 0.053 mmol, 96%), 33: colorless plates, 
mp 192—193 °C (acetonitrile); fly — 0,85 (silica, 50% ether in petroleum 
ether); IR (film) vraix 2950 (s), 2874 (s), 1458 (m), 1379 (m), 1256 
(m), 1073 (s), 883 (m), 842 (m), 734 (m), 648 (w) cm ’ 1; [a ]21Q +39.1  
0c 1.0, CH 2CI2); !H NM R (500 MHz, CDC13) 6  5.33 (q, 7 - 1 , 5  H z, 
1 H, -C H ) ,  4.23 (bd, 7  =  16.2 Hz, 1 H, O C H H C H -), 4.12 (bd, 7  *
16.2 Hz, 1 H, O C H H C H -), 3.95 (bd, 7 =  7.5 Hz, 1 H , C H C -) , 3.65 
(dd, 7  =  11.2, 5.4 Hz, 1 H, OCH), 3,54 (bq, 7 =  7,5 Hz, 1 H, OCH), 
3.34 (dd, 7  — 8 .3 ,5 .2  Hz, 1 H, OCH), 3 .2 7 -3 .1 7  (m, 5 H, OCH), 3.12 
(dd, 7  «  12.1, 3.5 Hz, 1 H, OCH), 3 .1 0 -3 .0 6  (m, 1 H, OCH). 3.04 
(dd, 7  =  11.6, 3.8 Hz, 1 H, OCH), 2 .2 4 -2 .1 7  (m, 1 H, CH), 2 .1 2 -
1.98 (m, 5 H, CH); 1 .85 -1 .7 6  (m, 4 H, CH), 1 ,7 0 -1 .56  (m, 5 H, CH),
1,68 (s, 3 H, CH3), 1.51 (bt, 7 =  11.7 Hz, 1 H, CH), 1.43 (bt, 7 — 11-6 
Hz, 1 H, CH), 1.28 (s, 3 H, CH3), 1,25 (s, 3 H, CH3), 1,22 (s, 3 H,
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CH 3), 1.12 (s, 3 H, CH3), 1.01 (d, 7  =  7.1 Hz, 3 H, CH 3), 0.07 (s, 9 H, 
Si(CH3)3); ,3C NM R (125 M H z, CDC13) 5 134.5, 121.0, 88.0, 87.5,
85.3, 83,9, 83.8, 80.2, 79.8, 77.9, 74.7, 73.9, 73.4, 73.1, 71.3, 69.5,
66.9, 46.0, 45.0, 44.3, 38.0, 35.4, 33.2, 31.0, 29.4, 28.8, 21.5, 20.3,

1 8 .5 .1 7 .2 .1 6 .2 .1 6 .1 .0 .3 , HRM S, calcd for C ^ ssIO g S iN a  (M +  Na+) 
797.2922, found 797.2938.

Phosphonium  Salt 4. A m ixture o f  the iodide 33 (41 mg, 0.053 
mm ol) and triphenylphosphine (135 m g, 0.516 m m ol) in CH 3CN (1 
mL) was heated in a sealed tube a t 80 °C  for 42  h, The m ixture was 
diluted with CH3CN (25 mL) and washed with hexanes ( 6  x  10 mL), 
T he acetonitrile layer w as concentrated to give the phosphonium salt
4 (55 mg, 0,053 mmol, 100%). 4: am orphous solid; R f  =  0.60 (silica, 
30% acetone in CH2C12); IR (film) 2946 (m), 2872 (s), 1437 (m), 
1380 (m), 1252 (m), 1072 (s), 882 (m), 843 (m), 742 (m), 693 (m), 
592 (m), 508 (m) c m "1; [a ]22D +37.1  (c 1.0, CH 2C12); JH N M R (500 
M Hz, C 6D 6) 6  7.93“*7.89 (m, 6  H, A rH ), 7 .3 1 -7 .2 7  (m, 9 H, ArH),
5.03 (bs, 1 H, - C H ) ,  4 .4 5 -4 .3 7  (m, i  H , OCH), 4 .0 8 -3 .9 9  (m, 3 H, 

OCH), 3.95 (dd, 7  =  11.0, 5.5 Hz, 1 H, OCH), 3.65 (bd, J  “  7.5 Hz, 
1 H, OCH), 3.48 (dd, 7  =  12.1, 3.1 Hz, 1 H, OCH), 3 .36 -3 .31  (m, 2
H, OCH), 3 .2 8 -3 .2 3  (m , 1 H, OCH), 3 .1 7 -3 .1 0  (m, 2  H, OCH), 2.36 
(dd, 7  =  11.3, 3.8 Hz, 1 H, CH), 2 .3 1 -2 .2 9  (m, 1 H, CH), 2 .2 5 -2 .1 2  
(m, 4 H, CH), 2 .0 5 -2 .0 0  (m, 3 H, CH), 1 .9 7 -1 .7 5  (m, 9 H, CH), 1.78 
(s, 3 H, CH3), 1 .6 7 -1 .6 2  (m, 1 H, CH), 1.59 (s, 3 H, CH 3), 1.38 (s, 3
H, CH 3), 1.36 (s, 3 H, C H 3), 1.15 (s, 3 H, C H 3), 1.12 (d, 7  »  6 . 8  Hz,
3 H, CH 3), 0.11 (s, 9 H, Si(CH3)3); l3C N M R  (125 MHz, C & 6) <5 134.6,
134.5, 130.4, 130,3, 128.5 ,128.3 , 119,2, 118.6, 88.3, 88.0, 85.4, 84.3,
83.7, 80.7, 78.9, 78.8, 77.9, 75.2, 74.2, 74.1, 73.3, 72.9, 70.1, 66.7,
46.0, 38.1, 36.8, 34.3, 34.0, 33.6, 32.3, 32.2, 29.8, 29.5, 21.8, 21.3,
18.8, 17.5, 17.1, 16.3, 0.9; H RM S, calcd for C 54H740 8PSi (M  -  I~) 
909.4891, found 909.4870.

D ithioketal 45. A solution o f ketone 44 (1.46 g, 1.83 mmol) in 
CH 2Cl2/E tSH  (9 mL, 8:1) was treated w ith zinc triflate (690 mg, 1,90 
m m ol) and stirred at 25 °C for 3 h. A fter adding M eOH (4,5 mL) and 
cam phorsulfonic acid (118 mg, 0.37 m m ol), the m ixture was stirred 
for 1 h at 25 °C, diluted with ether (50 m L), and washed with aqueous 
saturated sodium  bicarbonate (50 mL). The organic layer was dried 
(M gS 0 4 ), filtered, concentrated, and subjected to flash chromatography 

. (silica, 40%  ether in petroleum  ether) to give dithioketal 45 (1.07 g,
I.36  m m ol, 74%). 45: colorless foam ; i? /— 0.45 (silica, 50% ether in 
petroleum  ether); IR (film ) Vnuu 3465 (w), 2952 (s), 2929 (s), 2859 (s), 
1463 (m), 1252 (m), 1112 (s), 1062 (s), 833 (s), 703 (s) c m -1; [a ]22D 
+ 5 2 .4  (c 1.0, CH 2 CI2); *H N M R (500 M H z, CDC13) 6  7 .6 5 -7 .6 2  (m,
4 H, ArH), 7 .4 5 -7 .3 5  (m, 6  H , ArH), 4 .0 0 -3 .6 5  (m, 10 H, OCH), 
3 .0 8 -3 .0 5  (m, 1 H, OCH), 2 .7 1 -2 .5 6  (m, 4  H, 2 x S C tf2CH3), 2 .3 4 -

2.29 (m, 2 H, CH), 2 .2 0 -2 .1 5  (m, 1 H, CH), 2 .0 6 -2 ,0 0  (m, 1 H, CH),
1.82 (dd, 7  =  13.2 ,11.1  Hz, 1 H, CH), 1 .7 3 -1 .5 2  (m, 5 H, CH), 1.26 
(t, 7  =  7.4 Hz, 3 H, SC H 2C ff3), 1.25 (t, 7  =  7 .4  Hz, 3 H, SCH 2C tf3),
1.23 (s, 3 H, CH 3), 1.04 (s, 9 H , f-Bu), 0.88 (s, 9 H, f-Bu), 0.04 (s, 3
H, SiCH 3), 0.03 (s. 3 H, SiCH3); 13C N M R  (125 M Hz, CDC13) 6  135.4,
134.0, 134.0, 133.9, 129.4, 127.5, 85.7, 79.3, 75.0, 72.9, 72.5, 67.5,
63.6, 63.2, 62.0, 60.0, 40.6, 34.5, 30.6, 29.9, 29.5, 26.8, 25.8, 23.7,
23.2, 19.0, 18.1, 14.5, 14.4, 13.9, - 4 .4 ,  - 5 .0 ;  HRMS, calcd for 
C42Hi8 0 fiS2Si2Na (M  +  Na+) 811.3894, found 811.3863,

A ldehyde 3. A m ixture o f dithioketal 45 (260 mg, 0.33 mmol) and 
triethylam ine (0.46 mL, 3.30 mmol) in CH 2C12/D M S 0  (3.5 mL, 1:1) 
was treated at 0 °C w ith sulfur trioxide 'pyrid ine (260 mg, 1.65 mmol). 
After stirring at 0 °C for 1.5 h, the m ixture was diluted with ether (25 
mL), washed with aqueous saturated am m onium  chloride (20 mL), and 
dried (M g S 0 4). Filtration, concentration, and flash chromatography 

(silica, 30% ether in petroleum  ether) gave aldehyde 3 (238 mg, 0.302 
mmol, 92%). 3: colorless o il;/? /— 0.55 (silica, 50% ether in petroleum 
ether); IR  (film) v™  2953 (s), 2929 (s), 2893 (s), 2855 (s), 1739 (s), 
1472 (m), 1427 (m), 1253 (ra), 1112 (s), 1063 (s), 835 (s), 702 (s) 
c m " 1; [<x]22d  + 6 3 .4  ( c  1.0, CH 2C12); *H N M R  (500 M Hz, CDC13) 6

9.76 (d, 7  *  1.0 Hz, 1 H , CHO), 7 .6 6 -7 .6 4  (m, 4 H, ArH), 7 .4 1 -7 .3 5  
(m, 6  H, ArH), 4.09 (d, 7  =  1.0 Hz, 1 H, CffCH O ), 3 .9 4 -3 .8 8  (m, 2
H, OCH), 3 .8 3 -3 .7 5  (m, 3 H, OCH), 3.66 (t, 7 =  6.1 Hz, 2 H, OCH), 
3 .0 6 -3 ,0 2  (m, 1 H, OCH), 2 .7 5 -2 .6 2  (m , 4  H, 2 x  S C tf2CH3), 2 .3 5 -
2.28 (m, 2  H, CH), 2.18 (ddd, 7  =  14.6, 7.6, 3.2 Hz, 1 H, CH), 2.06 
(dt, 7  =  11.3, 4.2 Hz, 1 H, CH), 1.89 (dd, 7  =  13.2, 11.0 Hz, 1 H, 
CH), 1.78 (q, 7  -  U .7  Hz, 1 H , CH), 1 .6 4 -1 .4 9  (m, 4 H, CH), 1.28 
(t, 7  =  7.5 Hz, 3 H, SC H 2C ff3), 1.25 (t, 7  =  7.5 Hz, 3 H, SCH 2C tf3),

1.24 (s, 3 H, CH3), 1.04 (s, 9 H, i-Bu), 0,88 (s, 9 H, f-Bu), 0.04 (s, 6
H, 2 x SiCH3); ,3C NM R (125 M Hz, CDCl3) <5 196.9, 135.5, 134.0,
134.0 .129.5 .127.6 , 8 7 .5 ,7 9 ,1 ,7 5 .3 ,7 3 .0 ,7 2 .6 ,6 6 .9 . 6 3 .7 ,6 3 ,3 ,5 9 .4 ,

41.1, 34.5, 30.5, 30.0, 29.6, 26.9, 25.9, 23.4, 23.3, 19.2, 18.3, 14.6,

14.2.14.0, -4 .3 ,  - 5 .0 ;  HRM S, calcd for C42H « 0 6S2S i2Cs (M  +  Cs+) 
919.2894, found 919.2929.

H ydroxy  D ith ioketal 2 , A solution o f phosphonium  salt 4 (117 
mg, 0.113 mmol) and HM PA (59 /<L, 0.338 mmol) in THF (2.0 m L) 
was treated dropwise with n-butyllithium (80 /¿L, 1.55 M solution in 
hexane, 0.12 mmol) at - 7 8  °C. The mixture was stirred a t - 7 8  °C 
for 10 min and then a solution o f aldehyde 3 (133 mg, 0.170 mmol) in 
TH F (2 mL) was added dropwise at —78 °C and was kept at this 
temperature for 10 min. The mixture was then allowed to warm slowly 
to 25 °C and was directly subjected to flash chrom atography (silica, 
100% ether -*■ 100% acetone) to give the corresponding silylated 
dithioketal and recovered phosphonium salt 4. The phosphonium  salt
4 was subjected to the same process (twice) to afford more product. 
The silylated dithioketal was dissolved in M eOH/CH2Cl2 (1:1) and 

treated with pyridinium p-toluenesulfonate (0,25 equiv). After stirring 
at 25 °C for 30 min, the mixture was diluted with ether (100 m L), 
washed with aqueous saturated ammonium chloride (25 mL), and dried 
(M gS 04). Filtration, concentration, and flash chrom atography (silica, 
20—*50% ether in petroleum ether) gave the hydroxy dithioketal 2 (total 
yield: 115 mg, 0,085 mmol, 75% (2 steps)). 2; am orphous solid; R f  

*= 0.22 (silica, 20% ethyl acctate in benzene); IR (film ) Vm« 3474 (w ), 
2933 (s), 2861 (s), 1461 (m), 1380 (m), 1254 (m), 1105 (s), 1072 (s), 
915 (m), 834 (m), 780 (m), 734 (m). 705 (m) cm-»; [a ]22D + 50 .4  (c 

0.5, CH2C12); ’H  NM R (500 M Hz, CDC13) 6  7 .6 6 -7 .6 5  (m, 4  H, ArH), 
7 .41—7.37 (m, 6 H, ArH), 5 ,9 3 -5 ,9 0  (m, I H, —CH ), 5.79 (dd, 7  =
10.7, 9.2 Hz, 1 H, - C H ) ,  5.34 (bs, 1 H, -C H ) ,  4.33 (d, J  =  8.6 Hz, 
1 H, O C tfC H -), 4.24 (bd, 7  *  15.7 Hz, 1 H, O C tfH C H -), 4.13 (bd,
7  «  14.6 Hz, 1 H , O C H H C H -), 4 .0 5 -3 .9 3  (m, 2 H, OCH), 3.90 (dd, 
7 =  12 .3 ,3 .8  Hz, 1 H, OCH), 3 .8 2 -3 .7 4  (m, 3 H, OCH), 3.66 (d, 7  =
6.0 Hz, 1 H, OCH), 3.65 (d, 7  =  6.0 Hz, 1 H, OCH), 3.53 (bq, 7  =  7.7 
Hz, 1 H, OCH), 3 .3 8 -3 .1 9  (m, 4  H, OCH), 3 ,1 6 -3 .0 7  (m, 4 H, OCH), 
2 .7 2 -2 .6 3  (m, 4 H, 2 x  S C tf2CH3), 2.58 (dd, 7  =  14.6, 8.7 Hz, I H, 
-C H C ffH ), 2.43 (dd, 7  =  14.7, 6.3 Hz, 1 H, -C H C flH ) , 2 .3 3 -2 .2 7  
(m, 3 H, CH), 2 .2 0 -1 ,9 7  (m, 7 H, CH), 1,89 (dd, 7  -  11.8, 5.2 H z, 1
H, CH), 1 .84 -1 .43  (m, 14 H, CH), 1.70 (s, 3 H, CH3), 1.28 (t, 7 =  7.5 
Hz, 3 H, SCH2C tf3), 1.27 (s, 3 H, CH3), 1.26 (s, 3 H, CH3), 1.25 (s. 3
H, CH3), 1.25 (t, 7  =  7.5 Hz, 3 H, SCH2C //3), 1.24 (s, 3 H, C H 3), 1.22 
(s, 3 H, CH3)( 1.04 (s, 9 H, f-Bu), 1.01 (d, 7 «  7.0 Hz, 3 H, C H 3), 0 .88 
(s. 9 H, f-Bu), 0.04 (s, 3 H, SiCH3), 0.03 (s, 3 H, S iC H 3); 13C N M R  
(125 M Hz, CDC13) 6  135.5, 134.5, 134.0, 133.9, 131 .7 ,129.5 , 127.6,
127.3, 121.0, 88.0, 87.5, 85.3, 83.9, 82.1, 80.2, 79.5, 78 .5 ,77 .9 , 75.1,
74.7, 73.9, 73.5, 73.4, 72.9, 72.6, 69.7, 69.5, 67.4, 66.9, 65.8, 63.6,

63.3, 62.9, 45.0, 43.8, 41.2, 39.1, 38.0, 35.4, 34.8, 33.2, 31.0, 30.9,
30.3, 29.9, 29.7, 29.6, 29.5, 28.8, 26.8, 25.9, 24.0, 22.8, 21.5, 20.1 ,
19.2, 18.5, 18.3, 17.2, 16.6, 16.2, 15.3, 14.6, 14.0, 13.8, - 4 .1 ,  - 5 .0 ;  
HRM S, calcd for C7iH U6 0 n S 2Si2Cs (M +  Cs+) 1477.6450, found 
1477.6521.

M ixed Thloketal 47. A  heterogeneous mixture of hydroxy dithioket­
al 2 (95 mg, 0.071 mmol), powdered 4 A molecular sieves (160 m g), 
silica (160 mg), sodium bicarbonate (60 mg), silver perchlorate (60 
mg), and dry nitromethane (855 /¿L) was stirred vigorously at 25 °C 
for 40 h. The mixture was diluted with EtOAc (30 mL), filtered through 
Celite, and subjected to flash chromatography (silica, 20-*50%  ether 
in petroleum ether) to give the mixed thioketal 47 (55 mg, 0.043 m m ol, 
85% based on 70% conversion)) and unreacted hydroxy dithioketal 2 
(27 mg, 0.020 mmol). 47: amorphous solid; R f  =  0.30 (silica, 50%  
ether in petroleum ether); IR (film) 2929 (m), 2856 (m), 1461 
(m), 1378 (m), 1254 (m). 1069 (s), 834 (m), 778 (m), 704 (m) c m '1; 
[ a p o  + 10 4 .6  (c 0.5, CH2C12); ‘H NM R (500 M Hz, CDCI3) d  7 .6 6 -  
7.64 (m, 4 H, ArH), 7 .4 0 -7 .3 6  (m, 6 H, ArH), 5.88 (bq, 7  «  9.8 Hz, 
1 H, - C H ) ,  5.76 (dd, 7  =  10.6, 6.7 Hz, 1 H, - C H ) ,  5.34 (bs, 1 H, 
- C H ) ,  4.72 (dd, 7  =  12.1 ,4 .5  Hz, 1 H, OCH), 4.24 (bd, 7 - 1 6 . 3  H z,
1 H, O C tfH C H —), 4.13 (bd, 7  =  14.6 Hz, 1 H, O C tfH C H -), 4 .0 1 -
3.97 (m, 2 H, OCH), 3.89 (dd, 7  =  12.2, 3.9 Hz, 1 H, OCH), 3 .8 0 -
3.76 (m, 3 H, OCH), 3.66 (d, 7  «  6.0 Hz. 1 H, OCH), 3.65 (d, 7 =  6.0 
Hz, 1 H, OCH), 3.54 (bq, 7  =  7.7 Hz, 1 H, OCH), 3.36 (dd, 7  -  8.1,
5.4 Hz, 1 H, OCH), 3.31 (dd, 7  =  12.2, 3.4 Hz, I H, OCH), 3 .2 9 -
3.19 (m, 2 H, OCH), 3.14 (dd, 7  =  12.0, 3,2 Hz, 1 H , OCH), 3 .1 1 -
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3.07 (m, 2 H, OCH), 3 .0 5 -2 .9 8  (m, 1 H, OCH), 2 .5 5 -2 .2 5  (m, 6 H, 
SCH2CH3, CH), 2.19—2.09 (m, 4 H, CH), 2 .0 1 -1 .9 5  (m, 2 H, CH),
1 .84 -1 .5 1  (m, 16 H, CH), 1.70 (s, 3 H, CH3), 1.45 (bt, J  ~  11.4 Hz, 
1 H, CH), 1.35 (s, 3 H, CH 3), 1.31 (s, 3 H, CH 3), 1.26 (s, 6 H , 2 x  
CH 3), 1.25 (t, J  =  7.5 Hz, 3 H, SCH 2CH 3), 1.20 (s, 3 H, CHj), 1.04 (s, 
9 H, f-Bu), 1.03 (d, J  =  7.0 H z, 3 H, C H 3), 0.88 (s, 9 H, f-Bu), 0.05 
(s, 3 H, SiCH3), 0.04 (s, 3 H, S iC H 3); ,3C N M R  (125 M Hz, CDC13) t5
135.5, 134.5, 134.0, 134.0, 132.5, 129.5, 128.9, 127.5, 121.0, 90.9,
88.2, 87.7, 85.3, 83.9, 83.7, 82.2, 81.5, 80.2, 79,0, 78,0, 74.9, 74.7,
74.3, 74.0, 73.9, 72.9, 72.6, 69.5, 68.6, 68,1, 66.9, 65.8, 63.7, 63.4,
45.0, 42.2, 40.9, 39.7, 38.1, 35.4, 34.5, 33.2, 31.0, 30.8, 30.3, 29.9,
29.6, 29.5, 28.8, 26.8, 25.9, 21.9. 21.1, 20.0, 19.2, 18.9, 18.3, 17.1,
16.2, 15.3, 14.6, 14.2, - 4 .1 ,  - 5 .2 ;  HRM S, calcd for C73H „oO j3SSi2- 
Cs (M +  Cs+) 1415.6260, found 1415.6316.

O xocene 48. A m ixture o f the m ixed thioketal 47 (55 mg, 0.043 
m m ol), 2 I2'-azobis(isobutyronitrile) (1 mg) and triphenyltin hydride 
(150 mg, 0.428 mmol) in toluene (1.0 m L) was heated at 110 °C for
3 h. The mixture was concentrated and subjected to flash chrom atog ­
raphy (silica, CH 2CI2 —1' 40%  ether in petroleum  ether) to give the 
oxocene 48 (52 mg, 0.043 m m ol, 100%). 48: amorphous solid; /?/ =  
0.30 (silica, 50% ether in petroleum  ether); IR  (film) v mtx 2931 (s), 
2859 (s), 1462 (m), 1380 (m), 1252 (m), 1070 (s), 914 (m), 834 (m), 

779 (m), 734 (m), 703 (m) c m " 1; [a ]n D + 8 9 .4  (c 0.5, CH2C12); 'H  
NM R (500 M Hz, CDCI3) <5 7 .6 9 -7 .6 6  (m, 4 H, ArH), 7 .4 8 -7 .3 6  (m,
6 H , ArH), 5 .8 3 -5 .7 7  (m, 2  H, C H -C H ), 5.35 (bs, 1 H, —CH), 4.25 
(bd, J  «  15.5 Hz, 1 H, O C H H C H -), 4.14 (bd, J  =  16.6 Hz, 1 H, 
O C H H C H -), 4 .1 2 -3 .9 8  (m, 2 H, OCH), 3.90 (dd, J  =  12.4, 4.0 Hz,
1 H, OCH), 3 .8 6 -3 .7 9  (m, 2 H , OCH), 3.77 (bs, 1 H, OCH), 3.68 (d, 
J  =  6.1 Hz, 1 H, OCH), 3.67 (d, ƒ  «  6.1 Hz, 1 H, OCH), 3.56 (bq, J  

=  7.7 Hz, 1 H, OCH), 3 .3 7 -3 .2 0  (m, 6 H, OCH), 3.16 (dd, J  =  12.3,
3.6 Hz, 1 H, OCH), 3 .1 1 -3 .0 7  (m, 2 H , OCH), 2 .9 5 -2 ,8 8  (m, 1 H, 
OCH), 2.46 (dd, J  *  12 .3 ,7 .6  Hz, 1 H , CH), 2 .3 7 -2 .2 0  (m, 3 H, CH),
2 .2 1 -1 .9 8  (m, 7 H, CH), 1 .8 5 -1 .4 4  (m, 16 H, CH), 1.71 (s, 3 H, 
CHs), 1.32 (s, 3 H, CH 3), 1.31 (s, 3 H, CH 3), 1.27 (s, 3 H, CH3), 1.20 
(s, 3 H, CH 3), 1.19 (s, 3 H, CH 3), 1.05 (s, 9 H, f-Bu), 1.02 (d, J  =  7.0 
Hz, 3 H, CH3), 0.89 (s, 9 H, f-Bu), 0.05 (s, 3 H, SiCH3), 0.03 (s, 3 H, 
SiCH 3); ,3C NM R (125 M Hz, CDC13) 6  136.2, 135.4, 134.5, 134.0,

1 3 4 .0 .1 3 0 .4 .1 2 9 .5 .1 2 9 .1 .1 2 7 .5 .1 2 7 .0 .1 2 1 .0 , 88.2, 87.7, 85.3, 83,9,
83.8, 80.2, 80.0, 79.8, 77.9, 76.4, 75.0, 74.8, 74.7, 74.0, 73.9, 73.9,
72.9, 72.5, 69.5, 69.0, 67.1, 63.7, 63.1, 45.0, 41.1, 39.3, 38.1, 37,6,
35.4, 34.4, 33.2, 31.0, 30.8, 30.0, 29.7, 29.6, 29.5, 28.9, 26.8, 25.9,
2 2 .0 .1 9 .9 .1 9 .1 .1 8 .5 .1 8 .1 .1 7 .1 .1 6 .2 .1 4 .3 , - 4 .1 ,  -5 .2 ;  HRMS, calcd 
for C7jHioiOi3Si2Na (M +  N a+) 1245.7070, found 1245.7011.

L actone  49. A mixture o f oxocene 48 (52 mg, 43 ¿¿mol), pyridinium 
chlorochrom ate (48 mg, 0.225 mmol), and benzene (5 mL) was heated 
at 80 °C for 3 h. The resulting dark brown solution was filtered through 
a short path o f silica (ether), concentrated, and subjected to flash 
chrom atography (silica, 2 0 —50%  ether in petroleum  ether) to give 

lactone 49 (35 mg, 28 /¿mol, 85%, based on 75% conversion) and 
unreacted oxocene 48 (12 mg, 10 /¿mol). 49; colorless needles; mp 
256 °C (acetonitrile); R f ~  0.32 (silica, 70%  ether in petroleum ether); 
IR  (film) Vn« 2928 (s), 2855 (s), 1732 (s), 1463 (m), 1380 (m), 1266 
(m), 1233 (m), 1060 (s), 834 (m), 778 (m), 703 (m) cm "1; {a]n D + 67 .2  
(c 1.0, CH 2 CI2); *H N M R  (500 M Hz, CDC13) i  7 .6 9 -7 .6 5  (m, 4  H, 
ArH), 7 .4 8 -7 .3 5  (m, 6 H, ArH), 5 .8 2 -5 .7 6  (m, 2 H, C H -C H ), 5.73 
(bs, 1 H, - C H ) ,  4.27 (bd, J  =  10.6 Hz, 1 H, O C H C -), 4 .0 3 -3 .9 7  (m,
2 H, OCH), 3 .9 2 -3 .7 8  (m, 3 H , OCH), 3.76 (bs, 1 H, OCH), 3.67 (d, 
J  =  6.1 Hz, 1 H, OCH), 3.66 (d, /  *  6.1 Hz, 1 H, OCH), 3.55 (bq, J  

=  7.7 Hz, 1 H, OCH), 3 .3 8 -3 .2 4  (m, 5 H , OCH), 3 .1 3 -3 .0 7  (m, 3 H, 
OCH), 2 .9 3 -2 .8 9  (m, 1 H, OCH), 2.46 (dd, J  «  12.3, 7.6 Hz, 1 H, 
CH), 2 .3 6 -2 .2 5  (m, 3 H, CH), 2 .2 0 -2 .0 9  (m, 4 H, CH), 1 .9 9 -1 .9 4  
(m, 1 H, CH), 1.96 (s, 3 H, CH 3), 1 .94 -1 .41  (m, 18 H, CH), 1.31 (s,
3 H, C H 3), 1.30 (s, 3 H, CH 3), 1.29 (s, 3 H, CH 3), 1.19 (s, 3 H, CH3),
1.18 (s, 3 H, CH3), 1.04 (s, 9 H, f-Bu), 1.03 (d, /  =  7.0 Hz, 3 H, CH3), 
0.88 (s, 9 H, f-Bu), 0.04 (s, 3 H, SiCH 3), 0.02 (s, 3 H, SiCH3); ,3C 
N M R (125 M Hz, CDCI3) <5 163.7, 161.1, 136.3, 135.5, 134.0, 134.0,
130.4, 129.5, 129.1, 127.5, 127.0, 115.6, 88.3, 87.6, 85.5, 83.9, 83.5,
80.0, 79.8, 78.9, 77,8, 76.5, 76,4, 75.0, 74.7, 74.0, 73.0, 72.6, 69.0,
68.4, 63.7, 63,2, 44.6, 41.1, 39.3, 38.0, 37.6, 35.3, 34.4, 33.2, 30.8,
30.0, 29.7, 29.6, 29.5, 28.8, 26.8, 25.9, 21.9, 19.9, 19.2, 18.5, 18.3,
18.1, 17.3, 15.7, 14.3, - 4 .1 ,  - 5 .2 ;  HRM S, calcd for C7,HiwOi4Si2Cs 
(M  +  C s+) 1369.6019, found 1369.6054.

Prim ary Alcohol 50. A solution of lactone 49 (23 mg, 19 /¿mol) 
in TH F was treated with tetra-n-butylammonium fluoride (19/^L o f  a
1.0 M solution in THF, 19 /¿mol) and stirred at 25 °C for 13 h. T he 
mixture was diluted with ether (20 mL), washed with aqueous saturated 
ammonium chloride (10 mL), and dried (M gS 04). Filtration, concen ­
tration, and flash chromatography (silica, 70— 100% ether in petroleum 
ether) gave primary alcohol 50 (13 mg, 13 /¿mol, 69%). 50: amorphous 
solid; R f  =  0.60 (silica, 100% ether); IR (film) v*«  3515 (w), 2936 

(m), 2873 (m), 1734 (m). 1462 (m), 1380 (m), 1237 (m), 1061 (s). 838 
(m), 777 (m) cm ” 5; [a ]22D + 6 8 .9  (c 1.0, CH 2CI2); lH N M R (5 0 0 M Hz, 
CDCI3) 6  5 ,8 1 -5 .7 0  (m, 2 H, C H -C H ), 5.73 (bs, 1 H, - C H ) ,  4.27 
(bd, J  «  10,9 Hz, 1 H, O C H C -) , 4 .0 3 -3 .9 7  (m, 2 H, OCH), 3.94 
(dd, J  =  12.4 ,4 .0  Hz, 1 H, OCH), 3 .8 8 -3 .8 4  (m, 2 H, OCH), 3.77 (t, 
J  =  6.0 Hz, 1 H, OCH), 3 .6 6 -3 .6 3  (m, 2 H, OCH), 3.55 (bq, J  «  8.7 
Hz, I H, OCH), 3 .3 7 -3 .2 3  (m, 5 H, OCH), 3 .1 3 -3 .0 6  (m, 3 H . OCH), 
2 .9 7 -2 ,9 2  (m, 2 H, OCH), 2.45 (dd, J  =  13.7, 7.9 Hz, 1 H, CH),
2 .3 6 -2 ,2 7  (m, 3 H, CH), 2 .2 3 -2 .0 0  (m, 5 H, CH), 1.97 (s, 3 H, C H 3),
1 .8 9 -1 .3 8  (m, 19 H, CH), 1.30 (s, 6  H, 2  x  CH3), 1.29 (s, 3 H, C H 3),
1.20 (s, 3 H, CH3), 1.18 (s, 3 H, C H 3), 1.03 (d, J  =  7.0 Hz, 3 H, C H 3), 
0.89 (s, 9 H, f-Bu), 0.05 (s, 3 H, SiCH3), 0.03 (s, 3 H, SiCH3); l3C 
NM R (125 MHz, CDC13) 6  163.7, 161.1, 135.4, 127.6, 115.5, 88.3,
87.6, 85.5, 84.0, 83.5, 80.0, 79.8, 79.0, 77.9, 76.6, 76.5, 75.0, 74.7,
74.6, 74.0, 73,0, 72.5, 69.0, 68.3, 63.4, 62.8, 44.6, 41.1, 39.3, 38.0,
37.6, 35.3, 34,6, 33.2, 30.7, 30.4, 30,2, 29.7, 29.3, 28.9, 25.9, 22.0,
19,9, 18.5, 18.2, 17.5, 15.8, 14.3, - 4 .1 ,  -5 .2 ;  HRM S, calcd for 
CssHwOnSiNa (M +  Na+) 1021.5685, found 1021.5733.

S ily lated  B revetoxin  B (52). A solution of primary alcohol 50 (13 
mg, 13 jumol) in CH2CI2 (0.5 mL) was treated with Dess-M artin 
periodinane (16 mg, 39 /¿mol) and stirred at 25 °C for 30 min. The 
resulting suspension was diluted with ether (25 mL) and washed w ith 
aqueous saturated sodium bicarbonate/sodium thiosulfate (1 :1 ,10  mL). 
The organic layer was dried (M gS 04), filtered, and concentrated to 
give the crude aldehyde 51 (13 m g). A solution o f the crude aldehyde 
51, triethylamine (36 /¿L, 0.26 mmol), and M e2N—CH 2*I“ (12 mg, 65 
¿imol) in CH 2CI2 (200 /¿L) was stirred at 25 °C for 16 h. The m ixture 
was diluted with ether (10 mL), washed with aqueous saturated 
ammonium chloride (5 mL), and dried (M gS04). Filtration, concentra ­
tion, and preparative TLC (silica, 70% ether in petroleum ether) afforded 
silylated brevetoxin B (52) (11 mg, 11 /¿mol, 83%). 52: amorphous 
solid; R f  — 0.58 (silica, 50% ethyl acetate in benzene); IR (film) vro„  

2948 (m), 2865 (m), 1738 (m), 1694 (m), 1634 (w), 1456 (m), 1380 
(m), 1233 (m), 1060 (s), 902 (m), 834 (m), 776 (m), 606 (m) cm “ 1; 

[a ]22D +101.6  ( c  0.5, CH2CI2); *H NM R (500 MHz, CDC13) <5 9.52 (s, 
1 H, CHO), 6.28 (s, 1 H, -C H H ), 6.07 (s, 1 H, -C H H ) , 5 .8 0 -5 .7 5  
(m, 2 H, C H -C H ), 5.73 (bs, 1 H, - C H ) ,  4.27 (d, J  =  10.8 Hz, 1 H, 
OCHC—), 4 .0 4 -3 .9 5  (m, 4 H, OCH), 3.86 (dd, J  =  8.8, 3.5 Hz, 1 H, 
OCH), 3.79 (bs, 1 H, OCH), 3.55 (bq, J  =  7.8 Hz, 1 H , OCH), 3 .3 9 -
3.23 (m, 6 H, OCH), 3 .1 3 -3 .0 4  (m, 3 H, OCH), 3 ,0 0 -2 .9 5  (m, 1 H, 
OCH), 2 .4 6 -2 .4 3  (ra, 1 H, CH), 2 .3 5 -2 .0 0  (m, 7 H, CH), 1 .9 8 -1 .4 3  
(m, 16 H, CH), 1.96 (s, 3 H, CH3), 1.30 (s, 3 H, C H J , 1,29 (s, 3 H, 
CH 3), 1,29 (s, 3 H, CH3), 1.18 (s, 3 H, CH3), 1.17 (s, 3 H, CH3), 1.03 
(d, J  *  7.0 Hz, 3 H, CH3), 0.91 (s, 9 H, f-Bu), 0.08 (s, 3 H, SiCH3), 
0.05 (s, 3 H, SiCH3); 13C NM R (125 M Hz, CDC13) 6  194.5, 163,7,
161.2, 148.0, 135.8, 135.4, 127.1, 115.6, >88.3, 87.6, 85.5, 84.0, 83.6,
80.0, 79.8, 79.0, 77.9, 76.6, 76.4, 75.0, 74.7, 74.6, 74.0, 72.4, 71.3,
69.1, 68.3, 63.3, 44.6, 41.2, 39.3, 38.0, 37.6, 35.3, 34.8, 33.2, 32.0,
30.6, 30.0, 29.5, 28.9, 25.9, 22.0, 19.9, 18.5, 18.2, 17.3, 15.8, 14.3, 
- 4 .1 ,  - 5 .1 ;  HRMS, calcd for C 5€Hg40 J4SiNa (M +  Na+) 1331.5528, 
found 1331.5569.

Brevetoxin B (1). A solution of silylated brevetoxin B (52) (6 m g,
5.9 /¿mol) in CH2CI2 (200 f i h )  was treated at 0  °C w ith HF* pyridine 
(10 f iL )  and stirred for 30 min at 0 °C. The mixture was quenched 
with aqueous saturated sodium bicarbonate (I mL) and diluted with 
ether (10 mL) and the layers were separated, The organic layer was 
dried (M gS04), filtered, and concentrated, and the residue was subjected 
to preparative TLC (silica, 100% ether) to give brevetoxin B (1) (4.8 
mg, 5.4 ¿¿mol, 91%). 1: colorless plates, mp 272 °C  dec (methanol, 
lit.13 mp 270 °C dec (acetonitrile)); R f  =  0,35 (silica, 100% ether); IR  
(film) Vjjux 2926 (s), 2860 (s), 1730 (m), 1694 (m), 1455 (m), 1380 
(m), 1234 (m), 1057 (s), 730 (m) cm "1; [a ]22D + 154 .0  (c 0.5, C H 2- 
C h); ‘H NM R (500 MHz, CDC13) 5  9.52 (s, 1 H, CHO), 6.31 (s, I H, 
-C H H ) , 6.09 (s, 1 H, —CHH), 5 .7 8 -5 .7 5  (m, 2 H, C H -C H ), 5.73 (s,
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1 H, - C H ) ,  4.26 (d, J  «  10.8 Hz, 1 H, O C H C -) , 4 .0 3 -3 .9 4  (m, 4  H, 
OCH), 3.88 (dd, 7  =  8.9, 3,2 Hz, 1 H, OCH), 3.81 (bs, 1 H, OCH),
3.55 (bq, J  =  7.7 Hz, 1 H, OCH), 3 .4 2 -3 .2 3  (m, 6 H, OCH), 3 ,1 3 -
3.02 (m, 4  H, OCH), 2.66 (bs, 1 H, O H ), 2 .4 5 -2 .2 6  (m, 4 H , CH),

2 .2 1 -2 .0 8  (m, 4 H, CH), 2 .0 5 -1 .4 3  (m, 16 H, CH), 1.96 (s, 3 H, 
CH 3), 1.29 (s, 3 H, C H 3), 1.29 (s, 6 H , 2  x  C H 3), 1.22 (s, 3 H , C H 3),
1.17 (s, 3 H, CH3), 1,02 (d, J  =  7.0 Hz, 3 H, CH3); 13C N M R (125 
M Hz, CDC13) 6  1 9 4 .5 ,1 6 3 .7 ,1 6 1 .2 ,1 4 7 .7 ,1 3 6 .1 ,1 3 5 .1 ,1 2 7 .2 ,1 1 5 .6 ,
88.3, 87.6, 85.5, 84.0, 83.6, 80.1, 79.8, 79.0, 77.8, 77.3, 76.6, 76.2,
75.1, 74.7, 74.7, 74.0, 73.9, 71.5, 71.4, 69.4, 68.3, 63.3, 44.6, 41.2,
39.4, 38.0, 37.5, 35.3, 33.2, 31.9, 31.7, 30.3, 30.1, 29.5, 28.8, 22.0,
19.9, 18.5, 18.2, 17.3, 15.8, 13.8; HRM S, calcd for CjoHwOwNa (M 
4- N a+) 917.4663, found 917.4622.

A c k n o w le d g m e n t. W e thank D r s . D e e  H . H uang (T R SI), 
G ary S iu zd ak  (T S R I), Raj C hadha (T S R I), G eorge Furst 
(U n iv ersity  o f  P en n sy lvan ia ), John D y k in s (U n iversity  o f  
P en n sy lvan ia), and Pat C arroll (U n iversity  o f  P ennsylvan ia) for  
their superb N M R  (D .H .H *; G .F .), m ass sp ectroscop ic (G .S .; 
J .D .), and X -ray crysta llograp h ic (R .C .; P ,C .) assistan ce. T his 
w ork  w as carried ou t at the U n iv ersity  o f  P enn sylvan ia  w here 
th e project started, th e U n iversity  o f  C aliforn ia , San  D ie g o , and 
T he Scripps R esearch  Institute w here the project w as com pleted . 
T h is program  w as fin a n cia lly  supported b y  the N ation al

Institutes o f  H ealth, U S A , b y fe llow sh ip s from  T h e N etherlands 

O rganization for S cien tific  R esearch  (N W O ) (F .P .J .T .R .), the  

D eu tsch e F orschungsgem einschaft (J .T .), U n itika, Ltd. (M S ), 

R h on e-P ou len c R orer, S. A , (E .U .), the A L S A M  F oundation  

(U S A ), D ain ippon Pharm. C o,, Ltd. (Japan), G laxo , Inc. (U SA )*  
H offm ann-L a R och e (U S A ), M erck  Sharp & D oh m e (U S A ), 

P fizer, Inc. (U S A ), R h on e-P ou len c Rorer (U S A ), S ch erin g  

P lough  (U S A ), and Sm ith  K lin e B eech am  (U S A ).

S u p p o r tin g  In fo rm a tio n  A v a ila b le : E xperim ental p ro ce ­

dures and selected  data for com pounds 3 5 —4 4 , as w e ll as X -ray  

crystallographic data fo r  com pounds 3 3  and 1, tab les o f  

an isotrop ic d isp lacem ent co e ffic ien ts  and H  atom  coord in ates, 

unit ce ll packing diagram s, stereo v iew s, and torsion  angles and  

m ean p lan e equations (51 p a g es). L istin g  o f  structure factors 

(23  p ages), T h is m aterial is  contained  in  m any libraries on  
m icrofich e, im m ediately  fo llo w s  this article in  the m icro film  

version  o f  the journal, can b e  ordered from  the A C S , and can  

be dow nloaded  from  the Internet; see  any current m asthead p a g e  

for ordering inform ation and Internet access instructions.

JA9506925


