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1.1 Formation of Tetrahydrofurans using KMnO,

KMnO, (1.5 eq.) OAc
>=/_>=\; 10% ag. acetone 8 -
OAc "

HO H

70%
geranyl acetate 50% conversion

OAc KMnOy4 (1.5 eq.) OAc
>=/_>J 10% aq. acetone { 3
= O é

> HO H

neryl acetate 68%
50% conversion

Klein, E.; Rojahn, W. Tetrahedron 1965, 21, 2353.
Kotz, A.; Steche, T. J. Pratkt. Chem. 1924, 107, 3353.



1.1 Formation of Tetrahydrofurans using KMnO,

Double [2+2] R alkyl R A= R
A cycloaddition 5 O‘ migration ,,,?“
N / o” L ™0 o~ (') ~o
//Mr\l o S
o’ 0©
Reductive
Elimination
|
R R
R YW R hydrolysis \‘/;Q\‘/
= 0 = - O H H O
Ho H ~H oH N
I\/In
@)
©

Walba, D. M. etal . J. Am. Chem. Soc. 1979, 101, 4396.



1.1 Formation of Tetrahydrofurans using KMnO,

R R R O-
<./ MNY
O P O~ 7'~0
Py & “oe o*
& “oe

[3+2]
cycloaddition

Baldwin, J.E. et al . J. Chem. Soc. Chem. Commun. 1979, 918.



1.1 Formation of Tetrahydrofurans using KMnO,

KMnO4, @)

Q 10% aq. acetone N
N -30 °C - .S
— — P : 4 \\
o™ _— Ho pOl oH 9 o
dr:>9/1

KMnO, : Attack on the electron-deficient double bond

Walba, D. M. et al . J. Am. Chem. Soc. 1990, 112, 5624.



1.1 Formation of Tetrahydrofurans using KMnO,

KMnO4
acetate buffer (pH 6) (\0
acetone/HOAc/H,0 O

-35 °C N,
: —L 5N
54% HOz g O 2 H (o) \0
dr:6/1 HoN\©
THF- ring
enlargement

Salinomycin

Kocienski, P.J. et al. J. Chem. Soc, Perkin Trans. 1 1998, 9.



1.1 Formation of Tetrahydrofurans using KMnO,

BnO
Coto TBSO
_ __ ()
<_/_\_% N';‘ = XR —_— — 6
o) /
) o)
XR 7\ X
R

0o

KMnO, (1.3 eq.) 0

67% KMnO, (1.3 eq.) 4 61%
dr:9/1 acetone/HOAc (3/2) a::’g%ne/HOAC (312) | dar:8.711

-40 °C -
Y
O OBn
X -
R H (0 H : 6
OH OH OTBS

cis-Sylvaticin

Brown, R. C. D. et al. Org. Lett. 2008, 2489.



1.1 Formation of Tetrahydrofurans using KMnO,

KMnO, (powder, 1.6 eq.)
HOAc (6.5 eq.)

cat (0.1 eq.)
O y

The unique example of enantioselective

Brown, R. C. D. et al. Angew. Chem. Int. Ed. 2001, 40, 4496.

Hn
o
I

Ar = Ph (47%, 58% ee)
Ar = p-FCgH, (50%, 72% ee)
Ar = p-BrCgH, (26%, 75% ee)

oxidative cyclization !l
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1.2 Formation of Tetrahydrofurans using Ru

OAc
cis-THF (39%)

;

OH

J— RUC|3.XH20 (22 mol%)
= CCl,/MeCN/H,0 : 2/2/3 OAc
o > NAA cis-THF-Ketol (12%)
o po°

NalO, (3.1 eq.) 0°C, 15 min H

l ™
trans-THF (12%)
HO &k OH

11

L
o
X

geranyl acetate

Sharpless, K.. B. et al. J. Org. Chem. 1981, 46, 3936.



1.2 Formation of Tetrahydrofurans using Ru

[3+2]
cycloaddition

R R
( :*9
NalO, O—/I/?u\\
‘ > o ~o R —
o R
RUO, O~p{3 A/
or Na|O4 (‘// \O
RuCl; @)
RU02

Intramolecular
[3+2]

RY@\rR cycloaddition
@)
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1.2 Formation of Tetrahydrofurans using Ru

(o
(@)
-
(o}
(@]
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o
ov
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(@]

H,O

OAc steric control OAc
y B 0
HO H OH

trans-THF

13

Piccialli, V. et al. Tetrahedron 2006, 62, 10989.



1.2 Formation of Tetrahydrofurans using Ru

- Ru0,.2H,0 (4 mol%) OAc 62%
—\_p, ACOEUMECN/H0 : 3/3/1 {3 + ketol (4-5%)
Cc 0z % .00
NalO, (4 eq),0°C,4min  HO H ™ = OH  trans (7-9%)
RuCl; (0.2 mol%) OAc
>=/_>=\; THFICH,CI, : 9/1 [ ) S
OBz 20 % 0
NalO, on wet silica (2.2eq) HO H ~ = OH v e
0°C
>=/_>_¥ TPAP (5 mol%) WOAC
— TBAPI (5eq. 0
OAC (5eq.) - . 2o\ 82%
CH,Cl, 5
Piccialli, V. et al. Tetrahedron Lett. 2001, 42, 4695.
14

Stark, C. B. W. et al. Synthesis 2007, 2751.
Piccialli, V. et al. Tetrahedron Lett. 2004, 45, 303.



1.2 Formation of Tetrahydrofurans using Ru

OPG PG = TBDPS, Bz, P-NO,-Bz, Ac

RuCl3 (1 mol%) .
NalO, on wet silica (3 eq.) 47-67%

THE, RT ol Ru : Attack on the
electron-rich double bond

Stark, C. B. W. et al. Org. Biomol. Chem. 2007, 5, 1605. 15



1.2 Formation of Tetrahydrofurans using Ru

OAc
(E,E,E) geranylgeranyl acetate Squalene
. 2:M3 0)
ACOEU/MeCN/H,0 : 3/3/1 ACOEt/MeCN/H,0 : 3/3/1
NalO, (6 eq.), 0°C, 30 min NalO, (8 eq.), 0°C, 30 min

30%

45%

Y
o OO
HO R 92 Ol 3O/ 29y =0y oH
cis o]

IS trans trans trans

Piccialli, V. et al. Tetrahedron Lett. 2002, 43, 9265. 16



1.2 Formation of Tetrahydrofurans using Ru

\NHBoc

RUOZ, NaIO4
AcOEt/acetone/H,0 : 2/1/1>

-B
ACO = COzt u

RuO, NalO4 and
lactonization
(81% for two steps)

61%

Y
NHBoc
o \
/ o)
O —o0
AcO T H
OH

Lygo, B. et al. Tetrahedron Lett. 2005, 46, 6629.

BocHN,, CO,t-Bu

neodysiherbaine
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1.2 Formation of Tetrahydrofurans using Ru

TBSO/\/\/\/\/\/\/OTBS

RuCl; (0.2 mol%)
NalO, on wet silica (3 eq.)
THF, 0°C, 6h

83%
>98:2 dr

Cq2H23
TBSO OTBS . HOH 11
OH OH

cis-solamin

Stark, C. B. W. et al. Org. Lett. 2006, 8, 3433.
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1.2 Formation of Tetrahydrofurans using Os

:

O 15

(-)-limonene

OAcC

OAcC

0OsOy4 (5 mol%)

NalO,4 (4 eq.), OAc
> 4 —
DMF, r.t., 16h O
55%
0OsOy4 (5 mol%)

NalO,4 (4 eq.), OAc
E 5

DMF, r.t.. 16h HO 5 O9% OH
53%

0OsO, (5 mol%)

NalO4 (4 eq.),
> - »
DMF, r.t., 16h OH Lo
52%

Piccialli, V. et al. Tetrahedron Lett. 1998, 39, 9781.
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1.2 Formation of Tetrahydrofurans using Os

OAcC Nalo, >=/_>=\;
OsO,
OAc
b /‘
lo

5

HO {© :
w-valent Os N
species [3+2] cycloaddition
By ON /O OAc 70°C
Os= — > unreacted

OAc

HO 9% "H N



1.2 Formation of Tetrahydrofurans using Os

OsQy, (5 mol%)

oBn Me3NO (4eq.) WOBn
—_— —_— S S Z
>_/_>J CSA (6 eq.), CH,Cl,

HO FCZ OH
95%
OsQy4, (5 mol%) OH
m MesNO (4 eq.)
> ~~ <, OH
=0
X CSA (6 eq.), CH,Cl, = "
71%

Donohoe, T. J. et al. Angew. Chem. Int. Ed. 2003, 42, 948.
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1.2 Formation of Tetrahydrofurans using Os

nQ
I

Bu

BU\/\/\/

Olll
I

99% ee

OH

C12H23\‘/'\/\/\/0H

OH
>90% ee

OsO,, (5 mol%)
MesNO (4 eq.)
TFA (6 eq.)

isoprene (5 eq.)
acetone/H,0, r.t.

71%

0sO,4 (5 mol%)
Me;NO (4 eq.)
TFA (6 eq.)

isoprene (5 eq.)
acetone/H,0, r.t.

81%

Donohoe, T. J. et al. Angew. Chem. Int. Ed. 2005, 44, 4766.

Ci2H23

H 0 H
OH OH
cis-solamin

1
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1.2 Formation of Pyrrolidines using Os

OsO, (5 mol%)

MesNO, CSA (6 eq.) (Q\/\
>~ H YeH :

trans-cinnamic acid OH OH
CH2C|2, r.t.
99% ee I ee
82%
NHTs K20$02(0H)4, (5 mol%)
Me;NO, TFA
N H O H =

OH trans-cinnamic acid NHTs OH

acetone/H,0, r.t.
89%

0s0,, (5 mol%)
Me;NO, CSA (6 eq.)
>

trans-cinnamic
acetone/H,0, r.t.

61%

Donohoe, T. J. et al. Angew. Chem. Int. Ed. 2006, 45, 8025. 23



1.2 Formation of Pyrrolidines using Os

R
i PNO = | Z
OH K20$02(4H20), (1 mol A)) N
citric acid (0.75 eq.) /
S > [HNH °
NHTs PNO (2eq.),CSA(6ed.) oH TS OH
CH2C|2, r.t.
. (10% conversion after 20h
97% under previous best conditions)
OH o, 9
K20302(4H20) (tea) \ N/
N’Os—NNs —> H NH
CH,CI S
NHNs tmeda (excess) Q/N 2Cl2  OH
pH7
91%
83% crystal

Donohoe, T. J. et al. Angew. Chem. Int. Ed. 2008, 47, 2872.
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1.2 Formation of Tetrahydrofurans using Cr

CrOs.pyridine

m or PCC
HO OH OAc  CHyClI, r.t.,, 3min

Casida, J. E. et al. J. Agric. Food Chem. 1974, 22, 379. o5
Walba, D. M. et al. Tetrahedron Lett.1982, 23, 727.



1.2 Formation of Tetrahydrofurans using Cr

-« 203 PCC (1.05 eq.) [ )
N OBnN IEI O é '/,H OBn
H\ OH CH2C|2’ I’t, 10h OH OH
43% l l

Br venustatriol

Corey, E.J.; Ha, D. C. Tetrahedron Lett. 1988, 29, 3171. 26



2.1 Formation of Tetrahydropyrans using Ru

RuCls.2H,0 (5 mol%) Y
NalO, (4 eq.) @
. ™ —
ACOEt/MeCN/H,0 : 3/3/1 i OH
4 min, 0°C
63 % Trans THP

Piccialli, V. Tetrahedron Lett. 2000, 41, 3731. 27



2.1 Formation of Tetrahydropyrans using Ru

[3+2] cycloaddition /R
)‘;\H
Na|O4 0= O & O
RuCly ——————» RU /Ru\
o o’ \O
oxydation
1) hydrolysis
Ru(lV) 2) oxydation
H,O
OH Ny
z Q s RAL

O’llll O~~_-I R H
R I_K/ R l

[3+2] cycloaddition
cis-THP

Piccialli, V. Tetrahedron Lett. 2000, 41, 3731. 238



2.1 Formation of Tetrahydropyrans using Ru

RUC|32H20 (1 mOI%)

NalO, on wet silica (4 eq.)
>

AcOEt/MeCN : 1/1
10 min, 0°C

85 %
o RuCl5.2H,0 (1 mol%)
/r j\ NalO, on wet silica (4 eq.)
>
Z X AcOEt/MeCN : 1/1
10 min, 0°C
60 %

H
OH OH

RUC|32H20 (1 mOI%)
NalO, on wet silica (4 eq.)
Z X =
AcOEt/MeCN : 1/1
CO,Et 10 min, 0°C

60 %

Stark, C. B. W et al. Angew. Chem. Int. Ed. 2006, 45, 6218.



2.2 Formation of Tetrahydropyrans using KMnO,

KMnO, (1.4 eq.)
Z A AcOH/H,0 : 2/3
-15°C
O 24%
O

)\ N dr : 4/1
.S E[?
o

Bond control

Brown, R. C. D.; Cecil, A. R. L. Tetrahedron Lett. 2004, 45, 72609. 30



3 Formation of Oxepanes

63%
RUC|32H20 (5 m0|%)
A N NalO, on wet silica (7 eq.) OH OH
- +
AcOEt/MeCN : 1/1 O

15 min, 0°C

Piccialli, V. et al. Tetrahedron Lett. 2007, 48, 5131. 31



Conclusion

-Stereospecific and highly stereoselective process
-Cis THF

-Cis (KMnO,) + trans (Ru) THP

- Trans oxepanes

-Only one example of enantioselective cyclization
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