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Approaches to the Synthesis of
2,6-Disubstituted Tetrahydropyran Derivatives

Duke M. Fitch
Evans' Group Seminar
May 16, 1997

l. Diol Cyclization
Il. Epoxide Opening
Ill. Cyclization onto Activated Olefins
IV. Heteroconjugate Addition
V. Addition to Glycals/Dihydropyrones (Hetero-Diels-Alder)
A. Conjugate Addition
B. Carbon-Ferrier Reactions
C. Ireland-Claisen Rearrangement
D. Allyl Stannane Addition to Glycal Oxirane
v||. Oxonium Reactions
VI11. Prins Cyclization
IX. Intramolecular Silyl-Modified Sakurai Reactions
Radical Cyclization

Leading References: Boivin Tet. 1987, 43, 3309.
Postema Tet. 1992, 48, 8545.
Paterson Chem. Rev. 1995, 95, 2041.
Tom Smith Evans Group Seminar 5/9/97



Natural Products Containing
2,6-Disubstituted Tetrahydropyran Rings

OMe

Miyakolide AcO
v Bryostatin 1 ¢

Me OH

Altohyrtin A

Antibiotic X-206

OMe

N
7
o)

Phorboxazole B

02 Evans Targets.1 5/15/97 2:41 PM



Natural Products Containing
2,6-Disubstituted Tetrahydropyran Rings

Salinomycin

.Me
*"7OH OH OH

Me Me Me Me Me Me Me

Zincophorin

03 Other Targets.1 5/10/97 3:51 PM



Intramolecular Diol Cyclization
Toward Antibiotic X-14547A:

1. TsCl, pyr.

e
’ o

2. Nal, acetone

(100%)
Me/\ O

Me

n-BuLi, THF
Cul, -70°C
1. TsCl, pyr.
1. NaH, BnBr, THF 2.80% aq. HOAc
2.80% aq. HOAc

(95%)

Me.,

= Me.,,
3. p-anisyldiphenylmethyl
chloride, pyridine

(81%) BnO

(65-70%)

BnO

1. NaH, PhH 1| (69%)

1. TsCl, pyr. Me 2.80% aq. HOAc (100%)
Me,, > .,
2. KOH, MeOH
BnO (86%) BnO

Me.,

BnO

Ho Can. J. Chem. 1982, 60, 90.

04 Diol Cycl 1.1 5/11/97 2:51 PM



Intramolecular Diol Cyclization

Toward Halichondrin B:

Me

1. 0.5% NiCl,/CrCl,, DMF/THF

H
TBSO 0 OPMB
\/IIT .
TBSO H o~ OPiv 2. KH, DME, 80°C

CHO Diastereoselectivity = 6:1

e
’

(50-60% isolated yield of desired) OPiv

Kishi J. Am.Chem. Soc. 1992, 114, 3162.

1. MsCl, EtsN, DMAP
oTBS CH,Cly, -15°C (68%)

+ OJ\OJ n-BuLi, THF, -78°C
S then 1.8N HCI, RT
\/\)\SnBus

(70%)

Y

. 2. EtMgBr, PhH 1| (47%)
‘0 3. DIBAI-H, THF, -78°C (99%)

Burke Tet. Lett. 1994, 35, 703.

05 Diol Cycl 2.1 5/15/97 2:21 PM



Ring Expansion

Toward Lasalocid A:

1. MsCl, pyr. 12% recovered

+ starting material

Y

2. AgoCOg, aq. acetone, RT

Kishi J. Am.Chem. Soc. 1978, 100, 2933.

06 Diol Cycl 3.1 5/11/97 1:49 PM



Intramolecular Epoxide Opening

Toward Antibiotic X-14547A:

1. TsCl, pyr., 0°C
2. Nal, acetone

Y

3. PPhg, MeCN

(EtO)sCH, 75°C
Me—\ © (68%)

Me

NaCH,S(0)CHs

DMSO 1. amberlite IR-120, DME

HO(CH,),0H, 45°C
1. NaH, BnBr, DME, 0—65°C 2. TsCl, pyr.
2. amberlite IR-120, DME

HO(CHy),0H, 45°C

Y

3. NaOMe, MeOH

. 4. TBAF, THF, RT

(72%) 5. Hy, 5% Pd/C, EtOAC

(42%)
OH 1. PivCl, pyr. CHO
M 2. TBDPSCI, imid., DMF Me. cat. CSA, CHxClp, RT
€., OH = " OTBDPS (95%)

3. DIBAI-H, CH,Cl,, -78°C

BnO 4. CrOg-pyr-HCI, 4 A MS BnO

(52%)

Overall Yield = 11.5% Me.,,

(Compared to 32% for Ho)

BnO

Nicolaou J. Org.Chem. 1985, 50, 1440.

07 Epoxide 1.1 5/16/97 4:00 PM



Toward Zincophorin:

"7

Intramolecular Epoxide Opening

i. LDA, TMSCI
THF, -78°-0°C

BnO OMOM OPMB

o

ii. ag. NH4CI
iii. CHoNo, Et,O

(85%)

OTMS
—

=

Kallmerten Tet. Lett. 1993, 34, 1103.

08 Epoxide 2.1 5/15/97 8:41 PM

OPMB
Me

: =z COQMe
Me Me

single isomer

1. LAH, THF, 0°—=RT

2. TsCl, pyr. B H

3. ag. HCI, THF no ? 0]

4. CAN, MeCN WYQ

5. NaOMe, MeOH Me Me
(69%)

(Diastereomer of Nicolaou
X-14547A intermediate)

1. Hp, Pd/C, EtOAC
2. cat. CSA, CH,Cl,

(49%)

Me
BnO :
- OH
7 o :

: H
Me



Toward Salinomycin:

0
/\/\)J\/Me
o :
)ro OBOM
Me
Me

Intramolecular Epoxide Opening

1. EtMgBr, THF, -93°C

2. BnBr, NaH, DMF, RT

(100%)

NaH, DMSO-THF, RT

-
.

(68%)
Me Me
~ Me Me ~ Me Me
: : CH,=CHMgBr : :
BnO >  BnO
: THF, -78°C :
o] o><o (92%) HO ><o
Me Me Diastereoselectivity = 13:1 Me Me

~Me

(

BnO : Y
H :
Me
Me
only trans

Yonemitsu Tet. Lett. 1988, 29, 5143.
09 Epoxide 3.1 5/15/97 2:31 PM

-
MeCN, 160°C  BnO

PHgP)3RNCI

BnO |

BnO |

o :
)ro
Me
Me
TsO :

HO

1. 03, CH20|2, '7800;
NaBH,

OBOM

Me

single isomer

1. 4N HCI, THF, 50°C (85%)
2. TsCl, pyr. (59%)

Me

OH

2. MsCl, EtgN, 0°C
(76%)

1. cat. CSA, CHoCl,, 0°C

(28%)

Me

2. Swern Ox.

(83%)

Me

BnO

1. IN HCI, THF, RT
2. K2003, MGOH, RT
3. PMBCI, NaH, THF, RT

(91%)

Me Me




Intramolecular Alkoxypalladation/Carbonylation

—
Y

OH

COzMe
0.1 equiv. PdCl,, CuCl, w Izg‘r%I:r .\ wm inﬁg?aigle
o Me

1.1 atm. CO, MeOH, RT CO,Me
(84%) 70 : 30
wCOxMe
| 0.1 equiv. PdCl,, CuCl, m single + WME inseparable
oH - 0 e ISOmer 0 mixture
1.1 atm. CO, MeOH, RT CO,Me
(65%) 15 : 85

Authors' Explanation:

HO /5=
H /
Pd H

disfavored due disfavored due
to axial methyl to axial palladium

Semmelhack J. Am. Chem. Soc. 1984, 106, 1496.
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Intramolecular Alkoxypalladation/Carbonylation

0.1 equiv. PdCl,, CuCl, /k/[j\/wle )
> o)

H
© \ 1.1 atm. CO, MeOH, RT :
COzMe
(88%)
89 : 11
Note: No 7-membered ring
0.1 equiv. PdCly, CuCl, e products were isolated
OH > 07
\ 1.1 atm. CO, MeOH, RT 0o
(84%) COMe
297% de
H
R..,|H
H
e - HO /4
H PdH
n
disfavored due
vs. VS. to A, 3 strain

H'Tl Me

HOH

disfavored due
to axial substituent

Semmelhack J. Am. Chem. Soc. 1984, 106, 1496.

11 Olefin 2.1 5/12/97 5:08 PM



Intramolecular Alkoxypalladation

Me
IUS 1.1 equiv. Pd(OAc)»
R OH X DMSO, RT, 24h

Ro
By By R
H H Me
Me H H
H Me Me
t-BuCH, H Me

H t-BuCH» Me

Toward Tetronomycin:

1.1 equiv. Pd(OAc)»

Me

Ij\/\ Mte\/\
+
07 = R; R0 = R

Ry

% yield

93
95
96
92
96

DMSO, RT, 24h

Semmelhack Tet. Lett. 1989, 30, 4925.

12 Olefin 3.1 5/15/97 2:35 PM

e
’ o

Ra
2 98
56 34
3 94
53 31
22 64
Me
—
X 0 Me
OTBS

single isomer

(72%)

trace

10
3
16
14
Me
X 0 X Me
OoTBS
(8%)



Intramolecular lodoetherification

I, CH,Cly
—_—
' . e + ,
""OAc cat. Ti(i-OPr)4 e "'OAc ""OAc
O | B OH
|
(66%) (33%)
single isomer
Note: Byproduct of each reaction can be
quantitatively recycled to the
starting epoxy alcohol upon
treatment with K,COg in aqg. acetone.
However:
I, CH.Cl,
[+
""*OH cat. Ti(i-OPr),4
© |

(54%) (30%)
single isomer

Martin Tet. Lett. 1989, 30, 3725.

13 Olefin 4.1 5/12/97 6:07 PM



Intramolecular Alkoxymercuration

Toward Bryostatin 7:

OH OAc

1. Hg(OAc),, THF
MeOH then KCI

1. NaBH,, O,, DMF (75%)
2. Swern Ox. (85%)

Y

2. AcCl, pyr., CHxCl,
(85%)

3. Al,O3 (3% Hp0), CHoCly

N
equilibrated

OTBDPS 091

Diastereoselectivity = 1:1

Masamune J. Org. Chem. 1989, 54, 2817.

Toward Antibiotic X-206:

Hg(OAC)Z, CH20|2

e
Y

RT then NaCl
(99%) Me R Me Me
single isomer
i R = HgClI
n-BugSnH, PhH, 25—55°C =9
O,
Me Conformation (94%) L > R=H
XnOC governed .
y Aq 3 strain

Evans J. Org. Chem. 1989, 54, 2817.

14 Olefin 5.1 5/15/97 10:05 PM



Toward Bryostatin 1:

Me ?H OH Q " 10 mol% KOt-Bu
™ NS e -
Me THF, 0°C
Me Me
(80%)
Evans Tet. Lett. 1990, 31, 4703.
Toward Miyakolide:
OH
- .Me
Me OH OH 10 mol% KOt-Bu Me -
\ z \ N
Me OMe THF.0C Me” X0 OMe
Me
cis/trans = 1:1.5
Me
Me— N\
o OH
MGOZC Me
VS.
Me
Me/w OH
Dave Ripin Unpublished Results Me
COQMG

15 Heteroconj 1.1 5/15/97 2:45 PM

Intramolecular Heteroconjugate Addition

1

Diastereoselectivity = 86:1

OTES

.Me
. TESCI, imid. Me 0
= (88% from diol)
2. 10 mol% KOt-Bu Me A 0 OMe

THF, 0°C

cis only

Me

Me— N\
o OTES

MGOQC

Me

VS.

Me
Me/w O@
Me\

COzMe



Intramolecular Heteroconjugate Addition

Toward Halichondrin B:

HO
MGOZC

Note: In the absence of
Triton B(OMe) a 1:1

PhgP=CHCO,Me, PhH 1

® mixture of epimers

© . ;
0 O><Me then PhCHNMez OMe, RT o O><Me is obtained.
Me)r © O Me (99%) Me)r © O Me
Me Me
single isomer
Kishi Tet. Lett. 1993, 34, 7541.
CO,Et
TBAF, THF KOi-Bu
—» —»
RT, 1h THF, -78°C
(96%) (68%)
Me only cis
Note: CONFLEX-MM2 calculations show
the distance between the ]
C10-oxygen and C6 of the major Note: CONFLEX-MM2 calculations
. show the major conformer of
conformer of silyl deprotected the trans isomer to be 2.48
starting material to be 3.1 A when Kcal/mol less stable than the
the C7/C8 diol is protected as an CIS.

Horita/Yonemitsu Synlett. 1994, 38.
16 Heteroconj 2.1 5/12/97 11:24 PM



Polyene Cyclization

Toward Tetronasin:

KHMDS, PhMe, 0°C

(86%)

Me wrong stereochemistry
o OMe for natural product

"one main diastereomer"

Ley Tet. Lett. 1994, 35, 323.

17 Heteroconj 3.1 5/12/97 11:56 PM



Cyclizations of p-Methoxyphenylallyl Alcohols

4N HCI, THF (2:5)

e

RT, 1d
(82%)
MeO MeO
292% de
Horita/Yonemitsu Tet. Lett. 1986, 27, 1917.
Toward Lasalocid A:
OBn OBn
cat. acid ‘ \Me
> +
X ) Me
MeO MeO MeO
cis/trans
catalyst solvent temp. time yield ratio
Authors'
CSA CH,Cl, RT 3 min 54% 1:44 Explanation: _ -
CSA CH,Cl, RT 12 hr 78% 3.3:1
CSA PhMe 100°C 1 day 55% 6.2:1 Vs,
4N HCI THF RT 5 min 79% 1:1.7
ZnBr2 CHQC|2 RT 25 min 77% 1:45
ZnBr, CH,Cl, -20°C 1.5 hr 79% 1:14

Note: Replacement of Bn with
TBS in ZnBr, reaction
gives cis/trans = 24:1.

Horita/Yonemitsu Tet. 1994, 49, 5979.

18 Heteroconj 4.1 5/13/97 9:42 AM




Phosphine-Catalyzed Isomerization/Cyclization

5 mol% PhyP PPh;
—> =
20 mol% HOAc, PhMe, 90°C Ph o] CO,Me

COzMe (84%) single isomer

Mechanistic Rationale:

— (>
O — CO,Me

Ph,P PPh,
COzMe
Pth/\\ ® thP/\\ ®
PPh, PPh,
t COzMe 'I' O@
o] . o
H OCHj

(29 thp/\\

internal base catalyzed

Trost J. Am. Chem. Soc. 1994, 116, 10819.

19 Heteroconj 5.1 5/15/97 2:54 PM



Hetero-Diels-Alder

Toward Swinholide A:

Me Me Me
= e) 0.2 equiv. MgBr, . 0 Amberlist H15 . o
~ H)H(OR THF, 0°C : AT 120 :
TMSO ™ "“CO,R "“COsR
i SO CO, (62-65%) o CO,

R = Et, i-Bu, endo-bornyl Diastereoselectivity > 95:5

, . Br Br Note: Thermal reaction gives I
Authors' Explanation: cis/trans = 21 (60965%)
M

M
O’IWe/ 9., Om/ S..
’ ‘Br

o HH,,./\J 0
H‘\) r' H\)

1
' H
™SO N O—R _0-<LR
H favored H disfavored
H H OTMS
exo endo
Me Me Me
R Me R Me : R Me
o) \L_ Me 1. 0.2 equiv. MgBr, o) VAN o) M
7y o i THF, 0°C o Me T Me
> ., O (0]
TMSO A HJH]/ 2. Amberlist H15, RT, 12h O n/ o
© (62-65%) o o
Me Me Me

Wes' Explanation:

@/g\% e R=Ph  >99 1

Mg—O Me Me phenyl group blocks
back face of glyoxylate

Mulzer Tet. Lett. 1995, 36, 3503.
20 HeteroDA.1 5/15/97 3:13 PM



Conjugate Addition to Dihydropyrone

.n-Bu
n-BulLi, Cul, THF -
-78—-20°C
(94%)
. 12.9
Goodwin J. Org. Chem. 1983, 48, 376.
.n-Bu
n-BuMgBr, 20 mol% Cul TBSO -
TMSCI, DMPU, THF -78°C K
MeO
(79%)
1

Goodwin J. Org. Chem. 1992, 57, 2469.

Authors' Explanations:

H
Either: Nu O‘Ré . Nu
~— NS R —_—
H
chair-like
H H
Or: R R
R R -
0 - - o) - o
g ~ )'" o7 X
Nu Nu

21 Cuprate 1.1 5/15/97 3:15 PM

n-Bu

n-Bu

6.9
Nu
H H Organocopper reaction goes through
R (0) chair-like TS, while copper-catalyzed
O NS \FR Grignard goes through boat-like?
H
boat-like

Both reactions go through chair-like
TS, but copper-catalyzed Grignard
equilibrates to cis isomer through
ring opening/re-addition.




Conjugate Addition to Dihydropyrone

Toward Bryostatin 1:

Me

/\MgBr, Cul

Y

TMSCI, DMPU, THF
(92%)

single isomer
Nishiyama/Yamamura Tet. Lett. 1993, 34, 4981.

(0]
n-BulLi, Cul, Et,O
| - +
P R 78—-20°C B} > p
Me © ) Me n_Bu‘ (0] ‘. Me
Me Me Me Me Me Me

R=M N o,

Authors' Explanation: e 50 50 (63%)
R=H >95 : 5 (78%)

.0 Me
\ When R = Me, bottom face is
Me partially blocked from attack.

Lange J. Am. Chem. Soc. 1994, 116, 33283.

22 Cuprate 2.1 5/15/97 3:20 PM



Carbon-Ferrier Reaction

[m3)
<
@
(o}

OAc
TiCls, CH,Cly, -78°C CH,0Bn 99%

=
> Note: No regioisomers
/\/TMS al o R were obtained Ph 60%
O R

Diastereoselectivity > 95:5 CH,SPh 95%
n-Pr 82%

OAc OAc

oA TiCly, CHoCly, -78°C (I/
o - OAc
OAc ™S N
O

(93%) Diastereoselectivity 30:1

OAc .OAc
oA TiCly, CHoCly, -78°C Q

= - OAc
OAc AN TMS "0
(85%) Diastereoselectivity 16:1
R
R
LA R2 R o o o
2
AcOR Z\ N 2° 4 H
— Q) —_— _— 5 —
H H R
H ' H
Nu:
L | from Tom Smith

seminar 5/9/97

Danishefsky J. Org. Chem. 1982, 47, 3803.

23 Ferrier 1.1 5/15/97 3:25 PM



Carbon-Ferrier Reaction

OAc +OAc OAc
OAc silane, MeCN

OAc + OAc

OAc BF3'Et20, -30°C

OR»
R4 Me silane, MeCN
BF3°Et,0, -30°C
(0] Ph
Rj R,
H Ac

H Ac
SPh Ac
Me Ac

Danishefsky J. Am. Chem. Soc. 1987, 109, 2082.

24 Ferrier 2.1 5/15/97 3:28 PM



For E-silane:

synclinal to oxonium,
antiperiplanar to

Stereochemical Rationale for Crotylsilane Addition

antiperiplanar to
oxonium, synclinal to
carbenium, steric

carbenium, minimal Me interaction between ring
steric interaction R YO and Me and between
allylsilane and R’
T™MS
oL
synclinal to oxonium, R' antiperiplanar to
antiperiplanar to oxonium, synclinal to
carbenium, steric Me | H carbenium, steric
interaction between R o interaction between
ring and Me | allylsilane and R’
TMS
minor product
For Z-silane:
oL antiperiplanar to
R oxonium, synclinal to
carbenium, minimal
| steric interaction,
- Me‘ H - -XI/\/TMS selectivity eroded when
R' O (0] R'=H
T™MS
oL
synclinal to oxonium, =1 T™MS

antiperiplanar to
carbenium, minimal

steric interaction, >
presumed to be R o |
CR(')TF})—IetIWe when ™S

minor product

R (e} R (0]
®
carbenium oxonium

Danishefsky J. Am. Chem. Soc. 1987, 109, 2082.
25 Ferrier 3.1 5/15/97 3:59 PM



Carbon-Ferrier in Total Synthesis

Toward Zincophorin:

Me_ M
OTBS T
) H 07 >0 oBOM BF5+OEt,, -78°C
N + : =
Me 07NN © then PPTS, PhH 1|
MeO Me Me Me O\>

Diastereoselectivity = 4.5:1

(43% yield of desired)

Note: Although thiophenyl substitution at C4
was expected to improve the
selectivity of the carbon-Ferrier reaction,
it caused a turnover in the selectivity of
the hetero-Diels-Alder reaction.

1. NaBH,, CeCl,
2. Ac,0, EtN, DMAP

(90%)

~ A~V

-«

BF3'OEt2, -78°C

(60%)

Diastereoselectivity = 3.5:1

Danishefsky J. Am. Chem. Soc. 1988, 110, 4368.

26 Ferrier 4.1 5/14/97 8:25 AM



Ester

0]

Me\)J\
o

|

(0] Me

)
Me\)J\
o

.~OMe

Authors' Explanation:

o)
o@
B
TBSO  Me

With HMPA, Z-enolate is
formed preferentially.

Enolate Claisen Rearrangement

LDA, TBSCI, -78°C

THF then heat to 67°C'

HO

with HMPA 4

without HMPA 1

..OMe ..OMe
LDA, TBSCI, -78°C w‘ '
> +
THF then heat to 67°C HO o "'Me "'Me
I H
Me
with HMPA 4 1 (74%)
without HMPA 1 4 (69%)
0 0 0
Me /
—> O, \—=/_H 0 —> 0 \—/! Me
/
TBSO  Me TBSO TBSO H

Both believed to go
through boat-like TS.

(See: Lythgoe, J.
Chem. Soc., Perkins
Trans.1 1977, 1218.)

Ireland J. Org. Chem. 1980, 45, 48.

27 Claisen 1.1 5/15/97 4:10 PM

1 (71%)

4 (73%)

Without HMPA, E-enolate is
formed preferentially.



Ireland-Claisen Rearrangement

Toward Antibiotic X-14547A:

0]

LDA, THF, TMSCI
EtsN -50°C—RT
then 50°C, 4h

Y

then TBAF
then CH2N2

(67%)

Ley Chem. Commun. 1983, 630.

BnO

1. LIHMDS, TBSCI, HMPA
THF then PhH 1}

Y

2. 1N NaOH, THF

1. LDA, TBSCI, THF
then PhH 1|

2. 1N NaOH, THF

Kishi Tet. Lett. 1992, 33, 1549.

28 Claisen 2.1 5/14/97 1:07 PM

Diastereoselectivity = 5:1

Diastereoselectivity = 5:1

1. Pt,0, Hp, EtOAC (72%)
2. PhgP, I, imid. (85%)

3. AgF, pyr. (96%)
4. BHyTHF then
NaOH, H202 (89%)

1. I, KI, sat. NaHCO3

2. n-BuSnH, AIBN, PhH 1|

1. I, KI, sat. NaHCO4

2. n-BugSnH, AIBN, PhH 1]

OH Me

0]

C30-C37 fragment
of Halichondrin B

BnO

OH Me

BnO o

C45-C52 fragment
of Norhalichondrin B



Ireland-Claisen Rearrangement

(0]
.OMOM

o LDA, THF, TBSCI ~

o) ~OCHj3 - — +
' o : : 0 Me
) HO,C H
0~ "Me
with HMPA 1 : 1 (67%)
without HMPA 5 : 1 (73%)
Ireland J. Org. Chem. 1980, 45, 48.
Toward Lasalocid A:
Et Me
: (COCl),, PhH
BnO ~ —_—
cat. DMF
© oot Et Ne OMOM
: = N
LDA, THF, TMSCI BnO :
then CH,Cl, 0o”: 70 “Me
HO,C H

OH (67%) _ 2 o

.OMOM n-BuLi, THF Diastereoselectivity = 3:1
0~ ""Me

Ireland J. Am. Chem. Soc. 1983, 105, 1988.

29 Claisen 3.1 5/14/97 4:57 PM



Ireland-Claisen Rearrangement

Internal Enolate:

R3 R, I
Rz\/ LDA, THF, -78°C R R R R
: EtsN, TMSCI N~ 3 2 & 1
NN > Rs i-Pr
then 110°C, then Me o COMo TMSO N 0
Me 5% HCI, then CH,N, 2 )
0 Me
Me By B> By Yield single isomer
H H H 67%
Me H H 90%

H Me H 75%
H H Me 70%
H H TMS 52% resulted in no reaction.
Me Me H 80%

Note: Attempts at enolate Claisen
rearrangement with cis olefin

Ro ¢
LDA, THF, -78°C R R
EtsN, TMSCI NN T8 Ry T R,
> -F 3
then 110°C, then Me o OTMS
5% HCI, then CHoN, 0" 'CO.Me 5 o

Me

single isomer
69%
91%
H Me H 78%
H H Me 81%
H H TMS 61%

R R> Rz Yield
H
H

Burke J. Org. Chem. 1984, 49, 4320.

30 Claisen 4.1 5/16/97 1:13 AM



Allyl Stannane Addition to Glycal Oxirane

Me

5“35”\/& R =TES 82% yield

n-BugSnOTf g R =Bn 63% yield

CHJCly, -78°C
Me

Bussn\/& Note: In all cases

> Diastereoselectivity > 95:5
n-BugSnOTf
CH.Cl,, -78°C
(82%)
3 equiv. RO
NN SnBug R =TES 35% yield

R =MOP 48% yield
R =TMS 65 % yield

e

n-BugSnOTY, CH,Cly, -78 °C

R =Ac 25% yield

+ Use of 16 equivalents of stannane
increases the yield to 75% with R = TMS.

Wes Trotter Unpublished Results

31 Trotter 1.1 5/14/97 4:53 PM



Allyl Stannane Addition to Glycal Oxirane

Toward Altohyrtin C:
o ohyrtin C oTBS
- Me
o_ Me TESO,
1>/ o OBn
OBn (0] IMe H,,
> o)

acetone-CH,Cly, 0 °C Diastereoselectivity > 95:5

15 equiv.
TMSO n-BuzSnOTf
\/WL/S”BUS CH,Cly, -78 °C

OH

OBn

HF, CH3CN
-
H,0, 0°C

(76%)

Diastereoselectivity > 95:5

80% isolated yield (2 steps)

Wes Trotter Unpublished Results
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OBn
BnO.,,

HO

OBn

Oxonium Reactions

/\/TMS

\i

BF5°OEt,, MeCN, RT
OBn (80%)

Reaction on free lactol
proceeded in 55% yield.

MgBr
1. AN Et,0, -78°C
2. Et3SiH, BF3*OEt,, MeCN, -10°C

Y

Lito or

OBn 1. OEt, Et,0, -78°C
2. Et3SiH, BF3-OEt,, MeCN, 0°C—RT

1 R
BN
FI{R‘V ® — 7 R o) R
Nlu:
Nu

Bottom face attack goes
through chair-like TS

Kishi J. Am. Chem. Soc. 1982, 104, 4976.
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) OBn

Diastereoselectivity = 10:1

OBn

Single isomer

R=CH,CH=CH,  85% yield
R = CH,CO,Et 72% yield



Oxonium Reactions

Toward Bryostatin 1:

OTIPS
CI) OH O 1. PPTS, PhH 1| eSO
)\/l\/'\/OTIPS 2. TESCI, Im
MeO -
79% o
4 Steps, 93% ee (79%)
Evans J. Org. Chem. 1991, 56, 741. 0]
1. BnOCH,Li
2. BF3'OEt2,
Et;SiH
(70%)
OTBS
1. TBAF; TBSOTf QTIPS
TBSO 2. Hp, 10% Pd/C HO
3. Swern Oxidation
(@] -
(70%) ©
o H BnO
11 Steps Diastereoselectivity =95 : 5
17% yield

Percy Carter Unpublished Results
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Oxonium Reactions

Toward Halichondrin B:

e TMS Ve e
AcO - OAc e AcO - OAc AcO - OAc
- +

TsO\I\/f BF3°OEt,, MeCN, RT TSO\I\/f TsO\II/\

0~ "“oMe . o7 I 0 A
(62%)
1.7 : 1
Me Me Note: H NMR experiments show the TBS
TBSO - OTBS /\/TMS HO - OH groups in an equatorial arrangement
\I\/r > in the starting material, while the

TsO . BF5-OEt,, MeCN, RT TsO . acetates are in the axial orientation.

O~ ’'OMe o o~ I
(38%)
single isomer -
RO
/\A " -
® Me
OTBS
TsO oO— or O:S/

Me ] /\/TMS Me ® TBSO A

TBSO_ TBSO

AcO OTBS BF4-OEty, MeCN, RT AcO oTBS M !
m 2. TBSOT!, EGN, CHCly m N N
., . » =8N 2v12 "
AcO 0~ "OMe AcO o7 I When R = TBS, top face

89% i -li
(89%) is completely shielded. Requires boat-like TS

single isomer L

Horita/Yonemitsu Synlett 1994, 43.
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Oxonium Reactions

Toward Halichondrin B:

A/\COZMe

OAc T™MS

Y

BF3'OEt2, MeCN, OOC
""OAc

P = TBDPS, 1-adamantoyl,
9-anthracenylmethyl

/Y\COZMe

T™MS

BF3-OEt,, MeCN, 0°C

(65%)

Authors' Explanation:

Kishi Tet. Lett. 1996, 37, 8643.
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PO

OAc

0”7 R coMe

Diastereoselectivity = 2.5~5:1

OAc

" R coMe

single isomer

When Xis large, top
face of ring is blocked.

— OP'



Oxonium Reactions

OTMS

Ph/&, CH,Cl,, -78°C (0] H NMR experiments show TMSOT(f equilibrates
= the starting lactol acetate entirely to the axial
AcO O Me 10 mol% TMSOTf, 2h Ph o Me position. Therefore, the authors claim the silyl

enol ether attacks via an Sy2-type mechanism.

(90%) cis only
Noyori Tet. Lett. 1982, 23, 2601.
Toward Phorboxazole B:
/N (0] (0]

'l

(0] (0] OH HO OH, TMSCI ¥
B O)J\/U\/K/OBn =
t-Bu CH,Cl,, RT, 20h o o0 _OBn
>99% e.e. (750/0)

1. DIBAI-H, toluene, -78°C
2. Ac,0, pyr., DMAP, CH,Cl,

Nu:
(\oi t (100%)
o ®
_\07\/OBI'I
OTMS / \
o, ,O
, CHoCl,, -78°C
., ~OBn 1.2 equiv. TMSOTS Aco” o~ OB
20 mol% pyr., CH.Cl,
Diastereoselectivity = 89:11 (89%)

Duke Fitch Unpublished Results
37 Oxonium 5.1 5/16/97 4:04 PM



Oxonium Reactions

OMOM OMOM 1. Hg(OAc),, CHzOH OMOM
NaBHzCN, HCI | 2. NaBH,, CH3OH

T Teees L) - o LI
(520/0) EthlH, BF3'OEt2

MeCN, -40°C—RT

A

OMOM Cation is generated OMOM Benzylic cation OMOM
reversibly in the eliminates faster
presence of a than is attacked by
hydride source. hydride.

Toward Vineomycinone B2:

oTBS
: t-BuLi, ZnCly, THF

TBSOU Pd(PPhg),Cl,, DIBAI-H NaBH3CN, HCI
Ve N0 OMOM EtOH, pH 4.5
(87%)

OMOM

cis only

(79%)

Tius J. Am. Chem. Soc. 1991, 113, 5775.
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Acyclic Precursors:

Oxonium Reactions

OTMS

Me

OTMS

Ph

10 mol% (SbCls-TMSCI-Snly)

p

-78°C, EtsSiH
(96%)

10 mol% (SbCls-TMSCI-Snly)

(83%)

/\““Q

L

Ph (0] Me

single isomer

o Ph

single isomer

Mukaiyama Chem. Lett. 1989, 259.

Oxonium-Ene:

Me/EOj\OBn
Me/(Oj\OBn

+4©
Me

Me
+ \:<
Me

Mikami Chem. Commun. 1993, 1843.
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MeAICIZ, CHZC|2, -78C

\

(63%)

MeAICl,, CH,Cl,, -78C

yield not given

Me/[C)jl o :

Diastereoselectivity > 10:1

.
D'.

Me (0] ‘
A

MeS:l (unassigned)

Me

trans only



Prins Cyclization

X
o) (0]
AlX3, CH,Cly, RT
2 Me/\)J\ H w™ws Me” “H
Y Me 0 Me
R =ClI 86% yield Note: In all examples,
In genhe_ril, X=_CIId only the all cis
gave higher yielas. R=Br 70% yield THP product
was obtained.
Proposed Mechanism:
X [
OTMS
s+ e RZ” TH TMSO)\O
/\/ 1)J\ =z R! /\)\
R H =z R!
Taddei Tet. Lett. 1987, 28, 973.
Cl
OH A|C|3, CH20|2, RT OH
)\/\ o /\)\/\
Ph X Ph 0 BnO X
H
Note: In all examples,
(66%) only the all cis

Taddei J. Org. Chem. 1988, 53, 911.
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THP product
was obtained.

Cl
TiClg, CHoClo, RT
/\)J\ Me (0] Me
then Me H
0,
(56%) TiCl,4 was found to give minimal
amounts of symmetrical byproducts.
1 X
V/V R -
XoAl=X R2 B2 o gt
Br
AlBr3, PhH, RT
(0]
)J\ BnO (0] Me
Me H
(70%)



Prins Cyclization

TiCly, CH,Cly, 0°C

e

[ms)
=
<
@
(oN

CeH13CHO

-

62%

(CoHs),CHCHO 1 77%

cl

oo
R" ~O (")f\/

single isomer

CgH13CHO 2 60%
(CoHg)o,CHCHO 2 60%
| 1 cl
( R H0 :
BN Y S R
o” 0" "R T gr Ky/\/ 2 OH
' n \__OTiCl, R 07 T N

Model Study Toward Okadaic Acid:

0]

TiCly, CH,Cl,, RT

+ Me\/\/TMS + O/
H

(59%)

Me

Marko Tet. Lett. 1997, 38, 2895.
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X
Me"'o
Me/j “‘\ o :,,' /\/\OH
Me
single isomer
X =Cl
NaBH,, HMPA

(97%)
—_— X = H



Prins Cyclization

Me
2 equiv. TiCly _ Me OH O
CH,Cl,, -78°C
o Me
Me (81%)
)\ cis only
Me O O
Me/k/l\/l\/\
Me
4 equiv. BF3-OEt, Me OAc O
10 equiv. HOAc, RT Me
(86%) cis only

)\O 2 equiv. TiCly

)\/'\/l\/\/n—CGHm CH2C|2, -78°C
Me

(71%)

)\O 2 equiv. TiCly

)\/'\)\/; CHZC|2, '78°C
Me n-CGH13

Rychnovsky Tet. Lett. 1996, 37, 8679.
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(70%)

/—9317
Cl
’/‘92 8
OAc
Me
N-CeH1z
Me OH O ‘/‘98.2
Me Cl
cis only
Me
n-CeHi3
Me OH O ,—67:33
Me Cl
cis only




Intramolecular Silyl-Modified Sakurai Reaction

Allyl silanes:
o) BF3-OEt,, CH,Cly, RT Note: In all examples, moderate yields of a single
/\)J\ > isomer were obtained. No reaction was
2 Me H observed for aromatic aldehydes.
™S OTMS Me
(43%) single isomer
Proposed Mechanism:
H H H H
R% - ™S Ene RM ™S RCHO RM TMs  Allylsilane o
.-H OTMS —> /4 —_— /4 —_—
e J-H~ Lotms LA o=T - L-0T™S addition o OTMS
LA H ® R R

Marko Tet. Lett. 1993, 34, 6595.
Vinyl silanes:

o) OE — 20 mol% TMSOTf = Note: Use of aldehydes in place of acetals
t T™MS - HO tended to give higher yields. In all
Q/ + CHCl,, -78°C—RT 0 Me examples of this type only the cis

TMSO Me product was obtained.

(69%) single isomer

Model Study Toward Okadaic Acid:

o) OEt T™MS 20 mol% TMSOTf &Me
Me - )
O N

Me CHQC|2, -78°C—>RT
TMSO

(70%) single isomer

Marko Tet. Lett. 1997, 38, 2899.
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Radical Cyclization

Toward Bryostatin 1:

COzMe
COoMe CO.Me CO.Me
MeO,C~ X Y 2 MeO,C~ X 2 N 2 Note: Z-radicals are known
n-BugSnH, AIBN, PhH 1| + to cyclize faster to
o > o o 6-member rings.
(85%)
OTBS OTBS OTBS
4 1

Thomas Chem. Commun. 1989, 480.

Me (0] - Me (0] Me (0] Me (0]
> + +
o (97%) ""*OH 0 (0]

43 : 11 : 46

CO,Et
COoEt ¥ OSnBug i Note: Calculations have

O§, - VS. o) \ . shown very little
RA/&OSnBus R difference in energy

between the two TS.

\

H
: 0
o) . : CO,Et
EI/\T\COZB n-BusSnH, AIBN, PhH 1 (U\ >
0”: "'OH
o} A H

(6} (97%)
single isomer

COEt + _CO,Et

&\, -O OSnBug v @isnms

Lee Tet. Lett. 1994, 35, 129.
44 Radical.1 5/16/97 12:56 AM



