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Bergman Cyclization
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Jones, R. R.; Bergman, R. G. J. Am. Chem. Soc. 1972, 94, 660.
Bergman, R. G. Acc. Chem. Res. 1973, 6, 25.

Cyclic Enediyne Stability

Enediyne stability a function of internuclear distance

ring size  r (A calc) stability at 25 °C

o n
1 10 3.25 half life=18 hrs
) 2 11 3.61 stable
== n 3 12 3.90 stable

Nicolaou, K. C. et al. Acc. Chem. Res. 1992, 25, 497.

Enediyne stability a function of strain energy

(0] ]
O ’ ’
TBSO,
—_— N
heat
Model 1
O O
@ ’
TBSO,
B — N
heat
2 Model 2
cpd  r(A) Strainyogel AG¥(124 °C)
1 3.39 15.1 kcal/mol 26.9 kcal/mol
2 3.37 19.6 kcal/mol 32.0 kcal/mol

Magnus, P. et al. J. Am. Chem. Soc. 1992, 114, 2544.
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Mechanism of DNA Damage
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Nicolaou, K. C. et al. Angew. Chem. Int. Ed. Engl.1991, 30, 1387.

Trisulfide cleavage

Conjugate addition

NHCOOMe

Bergman cyclization
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(x)-Calicheamicin Retrosynthesis: Danishefsky
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(x)-Calicheamicin: Core Construction
OMe OMe OMe
1) NBS
2) Cl,CHOMe, Br 1) DIBAL o
> _—
MeO COOMe TiCly HO COOMe 2) NalO4 o) CHO
3) BCly CHO 3) Dess-Martin o
56% 40%
1) LiNMePh, THF
-78 °C
OMe
1) TMSOCOCFg, Et3N Br
60% ——
‘2) KOCEtj3, toluene " HOS -
3
. o F
dr>20:1 o}
60% H
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(x)-Calicheamicin: Carbamate Installation
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1) HO/\/
CSA 1) NH3, MeOH
> _—
2) KOAc, HOACc, 2) NalOg4
DMSO AcO 80%
78%
NaNs,
MeOH
82%
1 (0] o
o/\l ) II\)]\
_P.
EtQ”/ cl
1) H,S, MeOH, EtO
piperidine pyridine
2) triphosgene, 2) LiBr, EtsN
pyridine; o
MeOH 59%
70%

1) DIBAL
—_—
2) NaBH4
65%
1) DIAD, ArzP,
AcSH
60%
2) DIBAL
(0]
1
) N,S\S,Me
(0]
(Harpp reagent)
46%

" 2) CSA, THF, H,0
65%

] ) .
Mes (*)-Calicheamicinone Danishefsky, S. J. et al. J. Am. Chem. Soc. 1990, 112, 3253.
Danishefsky, S. J. et al. J. Am. Chem. Soc. 1991, 113, 3850.
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Calicheamicin: Enzymatic Resolution of an Intermediate

1) Pseudomonas cepacia

lipase PS-30
vinyl acetate, DME, 6 days
2) MeOH, NH3
Racemate
three cycles, three cycles,
42% yield 45% yield
98% ee 98% ee
Danishefsky, S. J. et al. Tetrahedron Lett. 1991, 32, 6671.
Calicheamicin: Glycosylation
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o] AgOTf, 4 AMS
_—
e o one anomer
TESO 34%
MeO
OTES
HO OH 1) CSA, H,0

e 27 NCIXMs . o 2) TBAF

X 5
0,
iy Me OMe 32%
€ _Et
Me.
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(-)-Calicheamicinyy ~ Me7 >0

MeO

OH
Danishefsky, S. J. et al. Angew. Chem. Int. Ed. Engl. 1994, 33, 858.
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Calicheamicin Approach: Magnus
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OTBS Lio TBSO
+ _— // OTBS — // OLi
THPO A \ \
| OTHP OTHP
Z - - - -
Li
AllocCl
90%
— — TBSO
TBSO | — X - cat. Pd(OAc), TBSO = _
o) / AllocO /
THPO THPO \
OTHP

Magnus, P. et al. J. Am. Chem. Soc. 1997, 119, 6739.

Calicheamicin Approach: Magnus

o)
THPO regioselection 6:1
(CO)3
96%

TBSO — \ 1) Amberlyst resin, MeOH -~ TBSOﬂ — x Oxidation
// 2) COz(CO)g J Co(CO)
1 _CO
HO  Co :

TBSO =
H
o 7=Co(CO
4 s (CO)3
(CO)3
Me,AISPh,
-78 °C;
1) m-CPBA Ti(Oi-Pr)4
2) CAN 45-71%
49%

Magnus, P. et al. J. Am. Chem. Soc. 1997, 119, 6739.
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Dynemicin Mechanism of Action

Epoxide opening

Bergman
-

cyclization

COOMe

OH

OMe
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(x)-Dynemicin: Core Construction

" e b/ \

Br MeOOC
N7 )\/\ NZ X OTBS  SiMe,Thexyl MgBr >N
Bu3Sn OTBS | CICOOMe

Z > -

cat. Pd(PPhg3)4 2) TBAF
85% 60%
OMe OMe OMe
(0]
D /”\V/ﬂ\
Br x OMe
PyBroP =

Pd(PPh3)4, Cul

®
CN P—Br 2) LiOH, H,0, THF

OPFg 65%

OMe OMe

1) DBU, 92% CAN, H,0
—_—
2) KOH, H,0; ~97%
o]
OMe CI)I\O/\/\OBZ OMe OMe
R=(CH,)30Bz
82% (CH2)3 MeAICl,.
Me o,
Allylic Diazene Rearrangement S o NH2
H
Me’ Me
- H0 $ ~92%
B

ArSO,NHNH, g
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(x)-Dynemicin: A Ring Functionalization

1) KHMDS;
MoOPh 1) NaOMe,
~72% MeOH
2) NaBH4 2) Triphosgene
~74% ~88%
OMe OMe OMe
R=(CH,)30Bz R=(CH,)30Bz R'=(CH,)30H
1) Dess-Martin
2) NaClO,
NalO, 1) LiOH; HCI
-
~20% 2) CHaN;
five steps
OMe OMe OMe
R"=(CH,),COOMe

(x)-Dynemicin: DE Ring Appendage
1) OMe o
O

OMe Br
_—
AgOTf, 4A MS
2) Me,SOy4, K,CO3

57%, 1:1dr
R"=(CH,),COOMe MeO

OMe

OMe  Rw=(CH,),COOMe
MeAICl,,
EtsSiH
82%

1) SOCl, COOMe
2) TMSOTf
< 3) DDQ OMe
51% ©
OMe OH OMe
R"=(CH,),COOMe MeO OMe

R"=(CH,),COOMe
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(x)-Dynemicin: Epoxidation

COOMe
m-CPBA, pH 7 buffer
OMe -
73%
OMe OH OMe OMe OH OMe
R"=(CH,),COOMe R"=(CH,),COOMe
DBU,
MeOH
COOMe Tautomerization COOMe

does not occur

OMe 4_><_

OMe

CAN, H,0
_—

MeCN

OMe OH OMe OMe OH O

Tautomerization

()-Tri-O-methyl dynemicin A methyl ester

C32CO3| Mel
B S —————
50%, three steps

OMe O OH

Schreiber, S. L. et al. J. Am. Chem. Soc. 1990, 112, 7410.
Schreiber, S. L. et al. J. Am. Chem. Soc. 1992, 114, 5898.
Schreiber, S. L.; etal. J. Am. Chem. Soc. 1993, 115, 10378.
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(+)-Dynemicin Retrosynthesis: Myers

O Me
Me Alloc
N HN \N
ROOC |
<: OMe <: OMe
OMe
TfO OMe
OMe

(e} (e}
i-Pr )]\/[]\ Me
w o) Me *ROOC,,,
" . KOL-BU CSA, MeOH
_— —_——
O 36% 4:1 regioisomeric o OMe
/\)j\ mixture
Me OFEt 89%
NaH; Tf,0
95%
(0] Me Me
ROOGC MeO. B(OH),
" | 4-Chlorophenol O e
-Chloropheno NHBoc
MeO. *
OMe —-——— OMe <—— ROOC
180 °C cat. Pd(PPha),,
99% NHBoc heat, Na;CO3 TiO OMe
OMe 90%
Tf,0,
4-Chloropyridine
85%
OTf Me OTf Me
N/
N | m-CPBA OMe EtzN, HCOOH OMe
OMe - OMe OMe
dr4.5:1 H cat. Pd(PPhg)y,
83% heat
OMe OMe 97% OMe
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(+)-Dynemicin: Core Construction

1) EtMgBr; NaSEt,

DMF, reflux 1) EtMgBr
> OMe OMe
3) TBSCI, imidazole OMe 2) AllocCl OMe
70% —
OTBS 47 Q& OTBS
TBS MgBr
dr >20:1 1) m-CPBA
89% 2) TBAF
3) TBSCI,
imidazole
84%

Alloc.
KHMDS, CeCls Swern Oxidation
- OMe
94% 9
o 92% OMe
OTBS oTBS

Cyclization attempts
result in 1,4 elimination

OMe
OMe

OMe

No Reaction
. Base
No Reaction _— or
Decomposition
OMe OMe
The corresponding triflate ...but a suitable electrophilic coupling partner could not be accessed.

could not be prepared.

Handout25-26 11/9/00 10:15 PM



(+)-Dynemicin: A Ring Functionalization

1) TsOH, acetone Alloc._ Alloc._

83% n-BusSnH, AIBN,
2) Thiocarbonyl- toluene, 70 °C o
diimidazole, 97%
DMAP
85% oTBS
"This seemingly simple sequence 1) MgBrz, Et3N,
proved to be the single most COy, MeCN
difficult transformation in the entire .
synthetic route.” 2) KOt-Bu; MeOTf
54%
y
COOTIPS 1 TIPSOT, COOH
n-BusSnH, imidazole O°SN
cat. 2) PhiIO,
Pd(PPha),Cl, OMe MeOH OMe
78% 61%

OTMS  51Mms COOTIPS
= o THF, -20 °Cto 55 °C
> OMe
= .
75% yield
OTMS

OTMS OTMS O

MnOZ,
EtsN+3HF,
THF

(0] OH Nl}L OH NI/LLL
H < H .
" - QO
B R
H H
(6] (0] o OH OH O

Myers, A. G. et al. J. Am. Chem. Soc. 1994, 116, 11556.
Myers, A. G. et al. Chem. Biol. 1995, 2, 33.
Myers, A. G. et al. J. Am. Chem. Soc. 1997, 119, 6072.

(+)-Dynemicin A
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(x)-Dynemicin Retrosynthesis: Danishefsky

Me
OH N " |
A
OTBS
OMe OTBS
(x)-Dynemicin: Intramolecular Diels-Alder
1)
B NN e NN NN
OH o) Me o) Me
K2CO3 1) DIBAL
CHO > X\ - COOEt L . X _CHO
2) o] 2) Swern
I
EtO~
O /P\/COOEt 91%
OMe NaH OMe OMe
91%
chlz, CH2C|2
dr 20:1
60%
Me
NF 1) NH4OAc, AcOH,
100 °C CAN, MeCN,
A - -~
2) TBSCI, imidazole H,O
OTBS 87% 90%
OTBS
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(x)-Dynemicin: Diyne Construction

TIPS
Me Me | | Me
NF 1) OsO4, NMO NF WO ppy BrMg—=—Tips Aot~ WO ppy
2) Ph,C(OMe),, HoSO, X AllocCl | X
_n - A " =] e g Ph
3) TBSCI, imidazole dr9:1
OTBS 75% oTBS 89% oTBS
OTBS OTBS OTBS
1) HCI, THF
2) Swern Oxidation
3) PPhg, CBry
4) BuLi
53%
y
1) Ac,0, EtsN, H iPs
DMAP
2) morpholine, 1) TBAF
cat. Pd(PPhs), AIIoc\N WwOH 2) Conc. HCI, MeOH Alloc\N wO  pp
- -
3) TeocCl, NaH, 3) TBSCI, NaH ”"o><Ph
DMAP OH 63%
4) NH3, MeOH
86%

MesSn SnMes
Teoc K Teoc
1) m-CPBA, 87% SN W cat. Pd(PPhs),,
_—— o
2) AgNOg, NIS “OH DMF, 75 °C
91% 81%

OTBS

1) Tf,0O, pyridine
2) Dess-Martin
90%

1) MgBry, EtgN,
CO,, MeCN

2) MOMCI,
Hunig's base
3) CH,N,, MeOH
43%
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(x)-Dynemicin: Alternate Coupling Strategies

LiIHMDS i-PrMgBr,
B —_—
CICOOMe

Once again (c.f. Myers) kinetic acidity of the
propargylic proton proved to be problematic.

Epoxidation of the olefin was again investigated as a solution, but elaboration to the
enediyne cyclization precursor was not possible from these intermediates.

PhI(OAC),
e

60%

MOMO

0

MOMO OLi
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(x)-Dynemicin: Endgame

COOMOM COOMOM
PhI(OCOCFs3),
e
OMe OMe
air, light,
THF, 1t
20 hrs
COOH COOMOM
MgBr;, Et,O
OMe < OMe
15% over four steps
OH O OH MOMO O  OH
(+)-Dynemicin A Danishefsky, S. J. et al. Angew. Chem. Int. Ed. Engl. 1995, 34, 1721,

Danishefsky, S. J. et al. 3. Am. Chem. Soc. 1996, 118, 9509.
Danishefsky, S. J. et al. J. Org. Chem. 1996, 61, 16.

Neocarzinostatin/Kedarcidin Mechanism of Action

Rse o o
\> o/ﬂ\o SR o/ﬂ\o RS
Myers
T e AICO,m
cyclization
SugO
Ar O
SN2 opening Bergman
S . —_—
cyclization

Kedarcidin Chromophore
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(+)-Neocarzinostatin Chromophore Retrosynthesis

TBSO,,
o

M
CH(OMe), K Me

H\n/.\/o :
(@]
H
Me MeM
Me = - Me e
—kMe DU—=—TMS ;g Q’k PhP” N ™S g—k
9 81% x i 0 8BS :
H ~ (o] - -
\"/\/ 2) PDC 5 31E/Z
o) 79 %

OTDS 1) TDSCI, EtgN,
1) EtgNe3HF

DMAP
2) OMe 2) Sharpless
Epoxidation
Me 94%
TsOH
75%

Myers, A. G. et al. J. Am. Chem. Soc. 1996, 118, 10006.
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(+)-Neocarzinostatin: Cyclization Precursor

Me
Me o
o) LIHMDS
+ CH(OMe), —_—
y/ dr>20:1
75%
TBSO
1) DIBAL
2) Sharpless
Epoxidation
3) Dess-Martin
81%

~——
2) TMSOTH,

TBSO,

1) TBAF

2) TBSCI, Et3N,
DMAP
92%

1) TSOH,
acetone

2,6-Lut.
79%

(PhMezsi)zNLi 1) (CICHZCO)ZO
LiCl 2) EtzN«3HF, 72%
dr>20:1 3) DCC, ArCOOH;
79% n-PrNH»
71% S
ArCoO
1) TsOH, MeOH
A= n 67%
MeO OH 2) Carbonyl-
diimidazole
3) CSA, H,0
67%
Neocarzinostatin Aglycone Me ‘

1) TESOTf, 2,6-Lut.

1) EtzNe3HF 79%
B S -
2) PhgP, I 2) Martin sulfurane
imidazole \ 79% \
65-72%  ArcOO Arco0

Myers, A. G. et al. J. Am. Chem. Soc. 1996, 118, 10006.
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(+)-Neocarzinostatin Chromophore: Glycosylation

CcCly

oA

OMe
NH [Ilii o
MeHN
TESO
F/j e O 0
Me

Me Y
TESO N
OH
BF3+OEty, 3A MS, o
one anomer Teso MeHN
51% o)
Me
TESO
H .
N/\ HFepyridine
< >—CCly
@l-l| o) 49%

OMe
TESO —» TESO 7,
o) 0 o)
Me Me @

TESO TESO

Me O o,

OH
0

N o o MeHN
MeN MeN—LA HO
TESO < TESO 7 9)
(o) [e} HOMe

(+)-Neocarzinostatin Chromophore

Myers, A. G. et al. J. Am. Chem. Soc. 1998, 120, 5319.

N| S
Me><o"" 5 al =
Me™ oo  c— G NG
(@]
Wl Br
HO %

Myers, A. G. Goldberg, S. D. Angew. Chem. Int. Ed. Engl. 2000, 39, 2732.
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Kedarcidin: Vinyl Dibromide

o 1) LIHMDS; TBSOTf o
" TOH 2) LIHMDS; TBSOTF 'V'e>< "~ TOH
Me o
O %
TBS

1) DIBAL, 96% Me><
M e
¢ o 3) EtzN+3HF

Me /O
> [ p DbeAnLow
A H 82%

2) LDA, TMSCHN,

4

Me™ Ngue
o 81%
1) Swern Oxidation
2) PPh3, CBry
86%
NT X
al l Z NT
o L 1) TsOH, EtOH
O, Br N Br " Br
X OH O>\s/o R B 95% Me ><O w R
Ho™ Br <—NaH 07 g Br 2) SO,Cly, EtgN, Me” Mg Br
X X DMAP X
TBS 82% TBS 50-70% TBS

Kedarcidin: Diyne Construction

Me
H

ve
e R Me
,k 1) L—=—=—TMS ™S ka H
o) 81% \(5\/0 MgBr X
o o
(1] 4

Y
\ﬂ/\/ 2) PDC

o}

e}

TBSOTH,
2,6-lutidine
96%

MeOH, K,CO3 LIHMDS;
- .
91% TBSOTf
93%

Goldberg, S. D. Synthesis of the Kedarcidin Core Structure by a
Transannular Cyclization Pathway. Ph. D. thesis, Harvard University

Cambridge, MA, May 2000.
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Kedarcidin: Transannular Cyclization

Me, o
O
Meﬁ/ Me
Br Oy Me TBS
\OTBS
Z A g 1B cat. Pd(PPhg),,
S + o
Nao o =z H | Et3N, Cul a TBS
: 61%
cl O ’ NN
TBS
Cl OH
1) TBAF,
2-nitrophenol
2) TBSOTH,
2,6-lutidine
83%

Cu(OACc),,

LiIHMDS, THF, -96 °C; Cul, THF,
t-BuLi (1.05 equiv.), pyridine
-96 °C; HOAc 74-86%
- 0,
yZ | 44-60% 7 |
Nao NS
Cl Cl C:)TBS
Myers, A. G. Goldberg, S. D. Angew. Chem. Int. Ed. Engl. 2000, 39, 2732.
Kedarcidin Core: Endgame
N7~ NT X
| Me, Me | Me, Me
=
cl 1) EtgN-3HF

2) VO(acac),, TBHP

3) TBSOTHf, 2,6-lutidine

53%
MsCI, EtgN,
CH2C|2, 0°C;
DBU, 0 °C
78%
NT X
| Me, Me
Cl Z
1,4-cyclohexadiene, o Q (]
- room temp,18 hrs ‘ I

O —==

Kedarcidin core structure

Myers, A. G. Goldberg, S. D. Angew. Chem. Int. Ed. Engl. 2000, 39, 2732.
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Kedarcidin Core Retrosynthesis: Hirama

Me Me
TBSO,
TBSO, ! o 4 Me
o o——k
R c— 5 — RN
\-O OH H\n/\/
| 3
Ar le)
Kedarcidin: Cyclopentanone Construction
TBSO 1) NaBHy, CeClg TBSO, TBSO,
dr 15:1 1) DIBAL
- OH - OAc
2) cat. Pd(PPh3),Cly, 2) Ac,0, pyridine
| CO, Et3N, MeOH, COOMe 96% OAG
60 °C
91%
0s0,4, NMO
dr > 20:1
87%
TBSO TBSO 1) ArCHO, CSA
H © n-Bu,SnO; NBS H OH dr2:1
O, 83% O, 2) MeOH, K,CO
\-O OH ’ \-O OH ) zv-s
3 : 98%
Ar Ar
Ar =
o~
MeO

Hirama, M. et al. J. Am. Chem. Soc. 1995, 117, 8875.
Hirama, M. et al. Synlett 1997, 250.
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Kedarcidin:Fragment Coupling
Me  Me Me  Me

TBSO,
1) n-BuLi, CeCl3
(0]
H + . 0,
dr 1.8:1, 84%
o oH 2) TESCI, pyridine
100%
Ar
1) MsCl, Et3N,
DMAP
2) DBU, xylene,
reflux
81%
Me, Me Me, Me
1) DDQ, H,0
2) AgNOg, 2,6-lutidine,
EtOH
3) MeOH, K,CO3
68%

Hirama, M. et al. J. Am. Chem. Soc. 1995, 117, 8875.
Hirama, M. et al. Synlett 1997, 250.

Me, Me Me, Me
Q o 1) Pivaloyl chloride,
B pyridine
2) PMB-OC(=NH)CCl3,
CSA B
3) TESCI, imidazole
4) DIBAL
38%
1) Dess-Martin, 96%
2) LIHMDS, CeClj
dr>20:1
65%
Me, Me Me  Me
Q O
1) MsCl, EtzN, DMAP TBSO
2) TBAF -mOTES
PMBO
46% TESO

Hirama, M. et al. J. Am. Chem. Soc. 1995, 117, 8875.
Hirama, M. et al. Synlett 1997, 250.
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Kedarcidin Core: Endgame

1) TBSOTf, 2,6-lutidine
76%

2) MsCl, EtgN

DBU, CD,Cl>,
1,4-cyclohexadiene
room temperature

Isolated in 32% yield from the alcohol -

Kedarcidin core structure

This molecule has a half life of approximately 30
minutes in dichloromethane at room temperature.

Hirama, M. et al. J. Am. Chem. Soc. 1995, 117, 8875.
Hirama, M. et al. Synlett 1997, 250.

Kedarcidin Core: Macrocycle Precursor

1 NHBoc NHBoc
Cl _N_ _A~_ _COOMe cl N A _COOMe
“a | 7
HO™ X

CsF, DMF, 60 °C

OAc ) TBSCI, imidazole
72%
1) MeOH, K,COg
2) MeOH, PPTS
3) 2-methoxypropene,
PPTS
4) KOH
73%
NHBoc H y
£ 1) H NHBoc
A__-COOH
OPMBM
WOTES TES
EDC<HCI ,DMAP
| | 2) TESCI, imidazole
74%
TES

Hirama, M. et al. Tetrahedron Lett. 1999, 40, 8281.
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Kedarcidin Core: Atropselective Macrocyclization

H NHBoc
N=
Cl
\ o/ o
Pd,(dba)s, Cul, O, OPMBM
Hunig's base, DMF . OTES
single atropisomer TBSO"
45%
M
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P
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Calicheamicin: Danishefsky
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OMe OMe
Et
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& ) NaNs AcHNw DEAR N 2
oQMe 2) Hp, Pd/C, OMe 2) FmocCl, FMOC OMe
Ac,0 K,CO3
86% 86%
PhSH,
BF3'OEt2,
o 1:1,
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1) Ho\ O Me
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Et BMED I*ClO4” (sym-collidine), Et Et SPh
,L o OH ,11 07, 1) Oxone ,L o
/ - / e S E—— /
Fmoc’  MeO | 2) AcOH, H,0 Fmoc OMe 2) toluene, 90 °C  Fmoc OMe
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82%

OH
Me 7 S O
AN
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o
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Danishefsky, S. J. et al. J. Am. Chem. Soc. 1995, 117, 5720.

Calicheamicin: Danishefsky

N\
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a:p 5.4:1, 96% 3) LiAIH,
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1) m-CPBA
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Danishefsky, S. J. et al. J. Am. Chem. Soc. 1995, 117, 5720.
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Calicheamicin: Danishefsky

0 TMSQ CN CN
Me OMe Me OMe Me OMe
TMSCN, KCN, Smi,
OMe 18-crown-6 OMe 82% OMe
o o} OH

I—ClI
93%
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Me OMe
[ OMe
OH

Danishefsky, S. J. et al. 3. Am. Chem. Soc. 1995, 117, 5720.

Calicheamicin: Danishefsky

OBn OBn
M 1) BF3*OEty, BnOH, M 1) OsO4, NMO M
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MeO 9:1a:p MeO
OAc 95% OAc

Danishefsky, S. J. et al. J. Am. Chem. Soc. 1995, 117, 5720.
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Calicheamicin
CN Me
Me OMe
|
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BF3*OEt; B} TBSC'\)/I °
a:p 21:1, 95% MeO

: Danishefsky
CN cN
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Danishefsky, S. J. et al. J. Am. Chem. Soc. 1995, 117, 5720.

Calicheamicin: Danishefsky

H

Teoc/N\ OTESM
o-
cl o o) PMBOmMe
Et PMBO
1
Me OMe H Me OMe Nw oTf
Teoc’N\O O'OTE%A%H Fmoc’ MeO
| OMe > | OMe
o) EtzN, DMAP o) NaH, DMF
Me 62% Me 68%
TESO Q TESO 0
MeO MeO
OTES OTES
OTES OTES
HO e} Me / /US/S PMBO e} Me / S O
o N\T 0 N\T
eoc eoc
e e ome e e ome
o— n—Et DDQ o— n—Et
AN - AN
Fmoc Fmoc
I OMe 80% | OMe
(@] o
e Me
TESO Q TESO\M
MeO MeO
OTES OTES

HandoutAdd05-06 11/10/00 9:03 PM

Danishefsky, S. J. et al. J. Am. Chem. Soc. 1995, 117, 5720.



