Stereoselective Synthesis of 2,5 Substituted Tetrahydrofurans

Hemaka Rajapakse
Evans Group Afternoon Seminar
Tuesday, December 8th 1998
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* Epoxide Openings
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+ Oxonium Based Strategies

» Oxymercuration

* Miscellaneous Methods
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Tetrahydrofuran Ring Containing Natural Products

o Monensin Pectenotoxin 4
Kishi et al, JACS ,1979, 101, 259 Evans et al, In progress....

Still et al, JACS ,1980, 102, 2117
Ireland et al, JACS ,1993, 115, 7152

OMe

Na-O : z oY
Me Me Me Et

Ferensimycin B
Evans et al, JACS, 1991, 113, 7613

Lonomycin A

Evans et al, JACS, 1995, 117, 3448

u:Me
: OH

Antibiotic X-206 lonomycin Calcium Complex
Evans et al, JACS, 1988, 110, 2506 Evans et al, JACS ,1990, 112, 5290
Hanessian et al, JACS, 1990, 112, 5176
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More Tetrahydrofuran Ring Containing Natural Products

CO.H Me Me Et

i Muconin
Lasalocid A Jacobsen et al, JOC, 1998, 63, 4876
Kishi et al, JACS, 1978, 100, 2933
Ireland et al, JACS, 1983, 105, 1988
CioHa1 No o
H H H H
HO OH
(+)-Uvaricin

Hoye et al, JACS, 1991, 113, 9369

Squamostatin D
Marshall et al, JOC, 1998, 63, 7066

Asimicin Mucocin
Marshall et al, JOC, 1997, 62, 5989 Keinan et al, JACS, 1998, 120, 11279
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Biosynthesis of Polyethers

Lo

Me\ Me Me
J on
o/: :\o @)

Et H H H OH

Monensin

04 Polyether Biosynthesis 12/6/98 3:25 PM Cane, Celmer and Westley, JACS, 1983, 105, 3594



Possible Mechanism :

H D
H
[3+2]
D (YH
O O
M
O O

For alternate [2+2] mechanism, see :

Walba et al, JACS, 1979, 101, 4396

05 Oxdidative Cyclization 12/10/98 9:59 PM

Oxidative Cyclizations of 1,5-Dienes

KMnO,, OH"
30%, dr > 97 : 3

KMnO, OH Me
32%, dr>97 : 3 HO

Me °
Me OH

Klein et al, Tet., 1965, 21, 2353
Walba et al, JACS, 1979, 101, 4396
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@) -Mn02 O— |{/ —0
OH OH Mn
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©

Baldwin et al, Chem. Comm., 1979, 918



Oxidative Cyclization of 5,6-Dihydroxyolefins

Me R1 CrO.. P
—_ r 3, FY
HO dr > 99:1
Me OH Me R2 Me OH O Me R2
Ri, Ro=H, OAc 45-50% 5-10%
Walba et al, TL, 1982, 23, 727
BnO PCC
—_ —_———— >
R g CHJCl,, RT BnO ——— » Venustatriol
Hd Me bH 43%

Corey et al, TL, 1988, 29, 3171

Thought to proceed via chromate ester A, then through a [3+2] or two [2+2] rearrangements. /_(_\=
See :

o. _O
Wolfe et al, JACS, 1981, 103, 940 for [3+2] pathway crl
Sharpless et al, JACS, 1977, 99, 3120 for [2+2] pathway 5 o

06 Oxidative Cyclization 2 12/7/98 1:52 PM



1,4-Diol Cyclization

0 OTBS oH QTBS
E H17CS \ -
OBn + - BF3‘OEt2, CHQC|2 >H17C8 OBn
H _ : 88% Z -
- BusSn OMOM | . " :
OTBS one diastereomer MOMO OTBS
p-TsCl, Py
96%
TBAF, THF
88%

OBn

MOMO OH

Squamostatin-D

Marshall et al, JOC, 1998, 63, 7066
07 Marshall Squamostat D. 12/6/98 3:38 PM



+
PhgP

Me Me

Jones Reagent
then
COCl,, 2-PyrSH, Et3N

Monensin

08 lodide Displacement 12/4/98 8:35 PM

lodide Displacement Strategy

Me

Me Me /\l)\

Me Me
NaH —
DMSO oL 6
70% >( HO,C

Ag(OTFA), CHoCl,

50%

observed

Me
K|3, Ncho:;, HQO
87%
Y
M
Ho 7 I H
+ O
VS I--- e Me
H -
O1
H H
A1 3 strain

Still et al, JACS, 1980, 102, 2117



Mesylate Displacement in the Still Monensin Synthesis

Cul, BusP
THF

EtMgBr
THF
70% (two steps)
chelate control
"one diastereomer"

NBS, p-TSOH, CHQC|2
then
MSCI, Et3N, CHQCIQ

Br . { )
NaOAc -~ \/Q \

Me CF3CH20H Me Me H
67% (three steps)

J Br
stereochemistry
unassigned
("one diastereomer")

09 Still Monensin Ms disp. 12/6/98 3:43 PM

Monensin

Still et al, JACS, 1980, 102, 2120



Directed Epoxidation of bis-Homoallylic Alcohols

R3
& Et Rg Et Raag
Rom cat. VO(acac)s, TBHP> Roa AcOH +
| Benzene, RT O RT R . Me
R “OH “Me R TOH “Me TR E:
OH
R+ R2 Rs3 trans cis
Pr H H 90 : 10
'Pr CHs H 84 : 16
'Pr H CH; 95 : 5
PMP H H 89 : 11
PMP CHg H 89 : 11
PMP = para-methoxyphenyl
Et
R, H
R
Me 2 \lﬁ_
H \ \’4\ RN Transition state A best fulfills steric, stereoelectronic, and
R3R ; R R4 |O e geometrical constraints for epoxidation.
3 Et
o—V
A B
1 1
I I
1 1
trans cis

10 Directed Epoxidation 12/6/98 3:46 PM Kishi et al, TL, 1978, 19, 2741



Total Synthesis of Lasalocid U\
N

diamine =

H
dI-2-(o-toluidineomethyl) pyrrolidine HND
M
Me LiAIH,, diamine Me ©
z Z “Me 97%, dr=91:9 _ = Z “Me
Et Et then .,  Et Et
O 4

PMP Resolve PMP OH
cat. VO(acac),
TBHP, NaOAc,
Benzene, RT
then
AcOH
Me, 75%, dr =89 : 11
cat. VO(acac),, TBHP, NaOAc,
Benzene, RT
-
then
ACQO, Py
0.1N H,SO,, Acetone Me
then
TsCl, Py
then
KQCOS, MeOH
Lasalocid
AcOH — +
45% (six steps) Isolasalocid

dr =83 : 17 overall

L . Kishi et al, JACS, 1978, 100, 2933
11 Kishi Lasalocid 12/7/98 10:09 AM



Total Synthesis of Ferensimycin B

)I\ )k/Et )I\/ Me BUQBOTf
@) N 4+ H - | EtsN
R ", I\'/Ie 84%

Ph Me Et
Me
O
A e+
H © Me

Et OH
4 96
30 70

The more basic Weinreb amide carbonyl is thought
to competitively chelate with vanadium, disrupting
desired transition state for directed epoxidation

12 Evans Ferensimycin 12/6/98 4:02 PM

AlMe;
MeONHMe+HCI
89%

cat. VO(acac),
TBHP, Benzene
RT
then
AcOH

A (Yield)
Xy (85%)
MeONMe (89%)

For a similar epoxidation/epoxide opening
related to X-206 see Evans et al, JACS, 1988, 110, 2506

Evans et al, JACS, 1991, 113, 7613



Directed Epoxidation from a Tertiary Alcohol

O3, NaBH,4, MeOH
then -
ACQO, DMAP, Et3N, CHQCIQ
62% (two steps)

OAc

Na®, NH;
cat. VO(acac),, TBHP, .33 °C
3A Sieves, Hexanes Me Me 69%
70%, dr=90:10 —
then = Xon OAC -—
: TBSO
'PrOPh,SiCl, EtzN, CH,Cl, Me
90% H
M \ Ro \|:V<
e -~
Ry ! Ry 07 e
X i B
Y o—V ;
A Y
Me
Me\_ _ OAc R1—N
> Me % i | . Mo O R
TBSO Me OSiPh,O'Pr * These results are also in accord with the e 2
model proposed by Kishi. !
« Steric compression between the metal v
and the vinylic methyl group disfavors
transition state A.
Ro
Ry Meo H /-
lonomycin Me OSiRg

13 Directed Epox. from Tert. Al 12/5/98 9:18 PM Hanessian et al, JACS, 1990, 112, 5276



An lterative Epoxide Opening Sequence

NH,

)\/\ Three Steps
—»
HO,C CO,H 61%

Me

AcOH, H,O, THF
then
MesitylSO,CI, Py, CH,Cl,
then
KQCO3, MeOH
then
AcOH
55%

HO

HOR n©

14 lterative Epox. Opening 12/7/98 8:02 AM

T

OR

DIBAL-H, Toluene
E_VOTBDPS Acz0, EtgN > /D\/OTBDPS
o~ : then NC o~ :
H TMSCN, BF5*OEt,, CH3CN H H
86%, dr=71:29
NaOMe, MeOH
then
DIBAL-H, CH,Cl,
86%

Me

Me Me Me Me
>
BFs'OEtz, CH20|2 CUBI"SMGQ, Eth O\éMe
53%, dr=95:5 74%,dr=92 :8
Felkin Chelate

Koert et al, TL, 1993, 34, 2299
Koert et al, Chem. Ber., 1994, 127, 1447

AcOH, H,O, THF
then
MesitylSO,CI, Py, CH5Cl,
then
KQCOS, MeOH
then
AcOH
55%

T
I
T
T



Epoxydation of Unsaturated Macrolides

Me Me
| Pd(PPhg)4
Me  _~ R — Me _~ R4 60% -
: O O Decarbo-
Me )]\/”\ methoxylate
OH AcO O OMe  go9
+
R
H 80 20
Me 94 06
Iloll,’
KOH, MeOH Me
then
Acetone/H*
90-95%
R
I\ Y\O
Me +
SN N /%
O - = - -0 O
© Me H © Me H Me

15 Epox. Unsat. Macrolides 12/5/98 10:11 AM

Me

m-CPBA

Bulky R group
rigidifies
macrolactone
conformation
through A 3
strain

Still et al, JACS, 1986, 108, 2105
Schreiber et al, JACS, 1986, 108, 2106



m-CPBA

CH,Cl,
89%, dr = 90 : 10

Me

The Lonomycin Synthesis
Me

OBn

O

H,, Pd/C, EtOAC
Me™

98%

Dess-Martin, Py, CH5Cl,
88%

KOH, MeOH/H,50 (3:1)

then
4A MS, CH,Cl,
85%

LIHDMS
THF
79%

MMPP, 4A MS, CH,Cl,

then
AcOH, CH.Cl,
81%
Me MeQ
H H =
R \C:C/ ;
MMPP = Magnesium monoperoxyphthalate
16 Lonomycin Synth. 12/7/98 8:48 PM

R
4>(
H,H
HO

Y

Lonomycin

Evans et al, JACS, 1995, 117, 3448



Halocyclization of bis-Homoallylic Alcohols

R
Me_<_\=< I

17 Halocyclization-Bartlett 12/7/98 9:10 PM

CHCN,0°C

Me

Ratio
trans X R, R, | cis:trans | Yield (%)
H H H 34 : 66 66
Me H H 34 : 66 15
Bn H H 66 : 34 60
TBS H H 75 : 25 43
BB H H 79 : 21 74
>DCB H H| 95:5 63
DCB H Me 92 : 8 47
DCB | CO>Me H 98 : 2 60
BB = 4-bromobenzyl
cis DCB = 2,6-dichlorobenzyl

The 2,6-dichlorobenzyl group seemed to provide the
best balance between sterics and reactivity for the
halocyclization reaction.

Bartlett et al, JACS, 1981, 103, 3963



Application to 2,2,5-Trisubstituted THF Rings

Me Me
HO )
. _Me l>, NaHCO3 - Me BuOK
Me CH5CN, 0°C DMF o
. o e
OH dr>95:5 70% (two steps) trans-linalyl oxide
aco ¢ Me 'BuOK, DMF
. Me I, NaHCO4 then
Mew CHSCN, 0 oG = o !
OBn dr =937 70% (three steps) ©

cis-linalyl oxide

Authors do not comment on origin of selectivity for free diol
cyclization, nor do they explain why a benzyl group was
preferred for the cis-linalyl oxide synthesis

o Bartlett et al, JACS, 1981, 103, 3963
18 Halocyclization 2,2,5 THF 12/5/98 10:22 AM



Halocyclization Application in Monensin Synthesis

PMP
_ DMSO
H\/l\/+ D—b\ RT ~
PMP”

o~ ©OH 78%

NBS
CH4CN

B RT

57%

KO,

18-crown-6

DMSO
47%

PMP PMP

PMP = para-methoxyphenyl

Monensin

19 Halocyc. Monensin 12/7/98 8:12 AM Kishi et al, JACS, 1978, 100, 2933



Dihydroxylation/Halocyclization Strategy

MGOQC

AD-mix f MeO,C

'BuOH/H,0 (1:1)
900/0, ee >95%

BnO

solamin

+

reticulatacin

20 Halocyc. with Dihydrox. 12/7/98 8:15 AM

BnO

|(CO||)QC|O4
wet CH,CN
91%, dr >95:5

OBn

HO

MQ Or,'
H Me —T —R;
I O><7
® H

Ro

Ketal hydrolysis is probably the rate determining step.
Equilibration of the above oxonium intermediates would
explain selectivity.

2,2-dimethoxypropane
CSA, CH,Cl»
then
DIBAL-H, CH,Cl,
89%

Me Me

Q" o

OBn

Mootoo et al, JOC, 1998, 63, 2049
Mootoo et al, JOC, 1995, 60, 8134



Influence of an Allylic Oxygen on Halocyclizations

I2
Me XX THF, EO_
- satd. NaHCO;,
OR, OR; 0°C Me
R, R,
H H 100 : 0
Bn H 95 : 5
Bn Bn 100 : 0
| OR;
Me 2
NN THF, Et,0 +

C:)R C:)R satd. NaHCOS»

2 1 0°C Me 6)

H H
R4 R>
H H 91 9
Bn H 91 : 9
Bn Bn 64 : 36
Chaetal, TL, 1988, 29, 2011
Rationale :
Reaction proceeds via an early TS through electronically favored & complex A,
which minimizes destablizing o*co-n interactions.
4,5-cis ~—-——— —_— 4 5-trans
Me Chamberlin et al, JACS, 1987, 109, 672

Houk et al, JACS, 1984, 106, 3880
21 Halocyl. with Allylic Oxgn 12/7/98 12:55 PM



o\ et
oLlo
(@] (@) Me -60 oC
Lewis Acid
Mem Hyd(r:iaeé)lonor
2Ll
O O Me _GOOC

22 Oxonium Chamberlain 12/7/98 8:20 AM

Oxonium Based Strategies

K

> Me H Me + Me
OH
trans
Lewis Acid Concentration (M) trans : cis Yield (%)
BH3*SMe, 0.005 96 : 4 90
BH3*SMe, 0.012 92:8 58
thexylborane 0.030 90:10 41
catecholborane 0.016 75:25 85

Drieding models show that intramolecular hydride delivery goes through a very strained TS

Lewis Acid Hydride Donor trans : cis Yield (%)
TFA Et3SiH 33:67 90
BF5-OEt, Et3SiH 33:67 58
BF5-OEt, Ph3SiH 17 : 83 41
TIPSOTr Ph3SiH 20:80 85

Treatment of the methyl ketone with LiAlH, also gives a 33:67 trans : cis ratio!
See also Kishi et al, TL, 1978, 19, 2741

Chamberlin et al, JOC, 1988, 53, 1082



Further Extention of Chamberlin's Chemistry

Lewis Acid
Me Nucleophile + . +
CHoCl, > Me 0) ¥ Me Me” - O v Me

(0] (0] Me

-781t0 0 °C OH OH
cis trans
Combined
Lewis Acid Nucleophile  Yield (%) cis trans  Pyran
BF3:OEt, Ph3SiH 67 67 : 11 @ 22
TMSOTf Ph3SiH 81 0 : 4 : 6
TMSOTf allylsilane 80 80 : 183 : 7
BF3:OEt, TMSCN 68 80 : 20 : O
BF3:OEt, AlEt3 68 58 : 8 : 34
BF3:OEt, Et,AICCPh 60 88 : 12 : 0
BF3+OEt, Et,AICN 65 50 : 50 : O

Chamberlin et al, JOC, 1991, 56, 4141
23 Oxonium Chamberlin Part2 12/8/98 1:30 PM



Et
L&
PMP (@) Me

Possible Rationale?

Et
Me
@)
PMP
A \
hL'

4 O~

4
4

/
AH,”’ l
cis

Epoxide Directed Ketone Reduction

Conditions + Me
then PMP
AcOH
Conditions cis trans
NaBH,, MeOH, RT 50 50
L-Selectride, Et,0, RT 50 50
Et LiAlH4, Et,0, 0 °C 75 25
i X LIAIH(O'Bu)s, Et,0, 0 °C 80 : 20
O/tyMe LiAIH,, diamine, Et,0,-78°C 91 : 9
O Kishi et al, TL, 1978, 19, 2741
P
AH, -~
PMP
trans diamine = ?\

dI-2-(o-toluidineomethyl) pyrrolidine

e
Me

Et Et TsCl, Py
| o) then Me
LiAIH,4, Et,O
PMP” SO OH _M-CPBA, CHxClz . pmp~” S0 OH then - D_Z_)\
dr>95:5 CSA, CH2C|2 A - 4
dr=78:22 PMP™ 0"z :-O OH
| NalO,, OsO,, Dioxane H  Et H
36% overall i
+ Authors claim hydroxyl direction of m-CPBA (unprecedented for an acyclic homoallylic system) Monelnsin

Kishi et al, JACS, 1979, 101, 259

24 Epoxide Directed Ketone Red 12/7/98 9:59 AM



Directed Aryl Silane Addition

72%

Me

3 R 4 equiv. Me SiMe,Cl
. K . OR 35%

MeO

v
Me\ 1\8

Me=SIT

25 Directed Aryl Silane Addn 12/7/98 8:48 AM

1-2 equiv SnCl,
CH,Cl,, RT

Me

48%

R = p-chlorobenzyl

Nucleophile delivery thought to be intramolecular as :
* Protection of C, alcohol halts reaction

+ Arylsilane must have a good leaving group

+ Only observed product is always syn to C, hydroxyl

Martin et al, JACS, 1988, 110, 8698



26 Oxymercuration 12/5/98 2:54 PM

Intramolecular Oxymercuration

Hg(OTFA)Zs CHQC|2

then MeO + MeO
PdCl,, CuCl,, CO, MeOH
Combined
R1 R Yield (%) cis trans
CHs TBS 53 94 : 6
CH,CO'Bu TBS 80 92 8
CH,COCHS; TBS 70 50 : 50
CH,CH(OH)CH;  TBS 67 92 : 8

+ All the above substrates cyclized nonselectively when R, = H

* The vinylmercury species A readily transmetallates with Pd

+ PdCl, also effects the same reaction, but with no selectivity!
* The importance of R, indicates that the origin of diastereoselectivity is similar to that

put forth by Bartlett.

Walkup et al, TL, 1987, 28, 1023



Total Synthesis of lonomycin

H NaHDMS
T e Me OTBS Toluene
PhgP -78 °C
IG 89%

> Acessible face

27 lonomycin 12/7/98 8:51 AM

TBAF, THF
94%

Hg(OAC)g, CHQCIZ
-78 °C to -20 °C

lonomycin

85%,

then

NaBH,, NaOH, MeOH

-78°C
dr=93:7

Evans et al, JACS, 1990, 112, 5290



Intramolecular Oxymercuration of a Terminal Olefin

KMnQ,4, CO, atm.

Me A
>=/_>i Acet -1/3VCt: o1
cetone ater (9.
Me Me Cl

39%, dr="7?7?

KOH, Et50, reflux
81%
AllyIMgBr, Et,0, RT
88%

Y
Hg(OAc),
THF/Water (1:1) Me
then
NaBH,4, OH" HO

74%, dr=90:10

+ Equilibrium driven?

Chastrette et al, TL, 1981, 22, 2259
28 Oxymercuration of term olfn 12/7/98 9:08 AM



Olefin Metathesis for Tetrahydrofuran Synthesis

PN OH EDC, cat. DMAP, CH,Cl,

MeO O
0~ “COH then \j\ \E@\/
- LDA, TMSCI, THF/HMPA
R J J . OPBB
N | then ~ Nt Do
- OPBB CH2N2 - H H
MOMO 0 82%, dr=83:17 MOMO
R= C12H25 — — DIBAL-H, Toluene
PBBO then
(@) CH2PPh3
70%
0 / TMSBr, 4 AMS, CH,Cl,
82%
p— TBSOTY, 2,6-lut.
so’ 4 TOR 99%
Claisen proceeds via Z silyl enol-ether, boat TS
Y
5 mol.% Grubbs cat., toluene YN =
OH 99% R W ! OPBB
10 mol.% Pd/C, H2, NaHCO3, CH20|2 s O‘ - O =
95% H H

TBSO

Muconin

, Jacobsen et al, JOC, 1998, 63, 4876
29 Methat. Mucosin 12/7/98 8:49 PM



The Overman Rearrangement

HO H o H i H
BnOCH,CHO O Klx /)\/OBn Ho & H\7|\/OB
et 2 n
N TsOH 0 \y o
“'OH 69% @

O 0
m-CPBA H
H
© CH,Cl,
86% B —
OBn 84 : 16 mixture o OBn
H @ H of regioisomers H H

trans-kumausyne

Overman et al, JACS, 1991, 113, 5365

30 Overman Rearrangement 12/7/98 9:10 AM Overman et al, JACS, 1991, 113, 5379



Me
Me
OH
n-hex
Me
Me ~
o |
n-hex
Me
Me
OH
n-hex

5-Endo Selenocyclizations Using TIPPSe-Br

TIPPSe-Br
CH.Cl,
82%

TIPPSe-Br
CH.Cl,
85%

TIPPSe-Br
CH,Cl,
82%

31 Endo Selenocyclizations 12/7/98 9:02 PM

Me

Me

SeAr

n-hex

Me, SeAr

Me o """m-hex

Me SeAr

Me o) n-hex

via

SeBr

TIPPSe-Br

Lipshutz et al, JOC, 1995, 60, 3572



Bicyclic Ketal Opening

0 Me o) Me
0s0,4, NMO, 'BuOH
94% H
>
© Pb(OAC)s, CH5Cl, 0
Me
| N N | N 0 LiAIH,, Et,O
O Ho Ve o} H 94%
MsCI, Py
80%
Y
0 Me
LiAIH
OH 4
/ \ = - THF O
o o Me 98% | \ OM
: n H ] S
H Me one diastereomer 5 H
|
X
1
1
O Me
O
Me
| A\
o H

32 Bicyclic Ketal Opening 12/5/98 3:24 PM Massy-Westtropp et al, Aust. J. Chem., 1982, 35, 1895



Ester Enolate Claisen Rearrangements

OMOM

RO Me

Me Me

o) DCC, DMAP
CH,Cly, 0 °C

m
T
T
T
®)
<
(0]

CO-H R=H

LDA, TMSCI, HMPA, THF, -105 °C
then
CH5No, Et,0
then
W-2 Raney Ni, EtOAc
then
LiAlH4, Et,0
13%, 27% epi-C12,
25% glycal (R = TMS)

+ Z enolate geometry leads to desired product.
M : * E enolate is sterically favored (givesepi-C5)
onensin + Claisen probably proceeds via boat TS

33 Ester Enolate Claisen 12/5/98 3:26 PM Ireland et al, JACS, 1993, 115, 7152



Hydroperoxide Cyclizations

Ag( ZCCFS); H2( )2
MeO,C 0 MeO,C —
INF THF,0°C 2 W

91% Me

Me Br

OOH NaH, THF
63%, dr >99 : 1

Y
H | Ph
MeO,C O\ P MeOb 0
O H Me H
i Me A i

Note :
Me — These results imply that rotation about C>-C5 bond
= in A is slower than epoxide formation.
MeO,C OOH

"one diastereomer"

34 Hydroperoxide Cyclizations 12/5/98 3:39 PM Barilett et al, JOC, 1986, 51, 2799



Sml, Mediated C-Glycoside Couplings

0 Bnq g)Bn
Sm|2 7 \
77%, dr = 78 : 22 =Yo7
OHH ~ H
Me Me
o)
Sml2
+ THE, RT
91%, dr>95:5
0 0 O
+ ﬁ)I\H THE, RT
Me 77%,dr>95:5 Me O><Me
dr=71:29" OH o Me

All reactions run under Barbier conditions, and are instantaneous!

35 C-Glycoside Couplings 12/1/98 4:41 PM Wong etal, ACIEE, 1996, 35, 2671



Ring Contraction of Tetrahydropyrans

H H
Me Me
A Br M )
HO _TBCO , o) + © o ipr
'Pr—Y¢ CH,Cly Pr—Y¢ Br
Me Me
78 % Me
H
25
dr=50:50
AgBF,, aq. acetone
88%, dr>95:5
For similar, one pot TTN mediated cyclizations see:
Bartlett et al, JOC, 1985, 50, 2416
Me
— 'Pr TBCO + Me o Py
HO CH20|2 Br
MeO,C 49 % Me
2
25
dr=50:50

AgBF,4, aq. acetone
75%,dr>95:5

36 Bartlett TBCO Cyclization 12/5/98 3:43 PM

+ Clean inversion at tertiary center!

Bartlett et al, JACS, 1984, 106, 2668



A Catalytic, Modestly Enantioselective Method

®

Ar \ PFE;@
"

Ry O
R
R, —
R o N2 2mol%cat.
2 CHJCly, reflux - Ar
K( Rj Ar = 2,6 dichlorophenyl
R3
R4 R, Rs Yield (%) ee (%)
H H H 62 57
Me H H 57 56
H Me H 54 23
H H Me 62 6
Me H Me 92 42 O

O
&% )
A~ ©) A~
_ _MLn MLy L B
* The rearrangement could proceed directly (9) n

through metal bound ylide A or through the ® R3
free oxonium ylide B

o) Rs

T

37 Catalytic Enant. Method 12/7/98 9:23 AM Clark etal, TL, 1998, 39, 97



Bidirectional Approach via Tosylate Displacement

@) o)
H H OSEM
\ ‘e,
TBSO SnBuj
:“ 7 InC|3
TBSO OTBS EtOAc
71%
dr>95:5
Y
p-TsCl, Py
92%
TBAF, THF
78%

n-BuLi, THF, p-TsCl

86%
OH LiBEtsH, THF HsoC1o A 4 OH
86% > D q O FO 9
H,/Rh-Al,O3, EtOAC SEMO OSEM
98%

d

(+)-Asimicin
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Bidirectional Synthesis via Epoxide Opening

OLi ONa OH HO
| I )\)\ t
O'Bu t t
_5—__/_ THF,RT _ _ 'BuOC CO.Bu
o) o) then /
X NaBH,, MeOH d b MsCl, Et;N, CH,Cl,, DBU
Me Me then
Me Me DIBAL-H, Et,O
15-30% (four steps)
Y
- - - i — < -
A o S N SRl o S W
X 60%
Me Me Me Me
1.0 equiv TsCl,
EtsN, DMAP, CH,Cl,
then
Amberlyst-15, MeOH
30-40%

! 0 hexepi-Uvaricin

T

> TSO/\_/HFO
HO

39 Oligo - Hoye 12/7/98 9:21 AM Hoye et al, JACS, 1991, 113, 9369



Tandem Oxidative Cyclizations Using Re(VIl) Oxides

4
‘Y

only strong
coordinating site

erythro diol
R3M

O
!

/)
T

—*OIII

bidentate coordlnatlon

threo diol.\
Rgv/\Aﬂ

@)
e

)

—*OIII

bidentate coordlnatlon

40 Tandem Rh(VII) Cyc. 12/5/98 4:23 PM

OTBDPS

CF3COQRGO3, TFAA

CH,Cl,
48%

bidentate coordination too
sterically congested

IIII

o I N WOTBDPS

Sl

I

trans

Keinan et al, JACS, 1998, 120, 9076
Mcdonald et al, JOC, 1997, 119, 6022



