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N-O Bond Cleavage of Isoxazoles

N O N O
H HH2, Raney Nickel

Other Catalysts employed include Pt and Pd, although these reactions are highly 
sensitive to reaction conditions.  (vide infra)

Stagno D'Alcontres, G. Gazz. Chim. Ital. 1950, 80, 
441.
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LAH

H2, Pd/C, THF

1) 1N H2SO4, actone
2) Jones Reagent
3) NaOH / MeOH

31% 5 steps

Scott, J.W.; Saucy, G. JOC 1972, 37, 1652.

Diastereoselection 7:1

Diastereoselection 4:1 in 
racemic series.

Estrone derivative synthesis: a case study in selective hydrogenations.
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EtOH/Et3N 3:1
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H+
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20% KOH/H2O/EtOH, ∆

HCl, MeOH

66%, 5 steps

(+)-estr-4-ene-3,17-dione

Estrone derivative synthesis continued
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EtOAc/Et3N 3:1

Stork, G.; McMurry, J.E. JACS 1967, 89, 5464.  See also the proceeding three papers.
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Raney Ni, H2
EtOH

Me
OH
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OO

H

O

MeOH/MeONa, ∆

oxygen free

60%, 4 steps

Homotestosterone synthesis

Me
OH

H

O

H

Me

Me
OH

Me

OO

H

O

H

Me
a) Li/NH3
b) MeI

90% "single 
diastereomer"

1) H+, H2O

2) MeOH, NaOH, ∆

80%

Stork, G.; McMurry, J.E. JACS 1967, 89, 5464.

Homotestosterone

Homotestosterone synthesis continued
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Me
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Raney Ni, H2
EtOH

NaNO2, HCl

Me N
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O

Me64%, two steps

Ohashi, M.; Kamachi, H.; Kakisawa, H.; Stork, G. JACS 1967, 89, 
5464.
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N-O Bond Cleavage of Isoxazoles

N O N O
H H

0.5 eqiv. Mo0(CO)6, H2O, ∆

M0(CO)n = Fe0(CO)5, Fe2
0(CO)9

Nitta, M.; Kobayashi, T. JCSCC 1982, 877.

N O N O
H H

a) SmI2

b) MeOH

Natale, N.R. TL 1982, 5009.

Nitta, M.; Kobayashi, T. TL 1982, 3925.
Kijima, M. Nambu, Y.; Endo, T. JOC 1985, 50, 1140.

"Unexpected Pyrazole Formation"

Mo(CO)6, H2O, ∆
O

N

N
HO

Me

Me Me
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N
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Me Me

H2N

Me Me

Me O

O

Anderson-McKay, J.; Savage G.P.; Simpson G.W. Aust. J. Chem. 1996, 49, 
163.
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Synthesis of 3(2H)-furanones

Ph N+ O-

OEt

OH

Me Me

Ph

Ph
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NH2 O

OH

MeMe

Me Me

OH

OEt

76%

Raney Nickel, H2

"Acidification"

77%, two stepsO

O

Ph

Me

Me

Curran, D.P.; Singleton, D.H. TL 1983, 24, 2079.

Bullatenone

Synthesis of 3(2H)-furanones

AcO
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N+

-O

OTMS

Me Me

HO OAc

Me Me

N O

Me

HO OMs

Me Me

N O

Me

100%

1) LiOH
2) MsCl

60%

HO O

Me Me

N O

Me

O O

ROH, LiBr

100%

HO OAr

Me Me Me

NH2 O

CH3CN, H2O, Mo(CO)6

100%

O

Me

O O
O

O

Me

Me
AcOH, H2O

96%

Geiparvarin

Baraldi, P.G.; Barco, A.; Benetti, S.; Guarneri, M. TL 1985 26, 5319.
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Synthesis of Garugamblin 3
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Keseru, G.M.; Dienes, Z; Nogradi, M. JOC 1993, 58, 6725.

95%

KOt-Bu

67%

Pt2O/Raney Ni
H2, MeOH 79%

1) AcOH, H2O
2) CH2N2

3 isomers +

Synthesis of Corphins

MeO2C NO2
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OO
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MeMe
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N O

OO
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CO2Me

MeMe
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N O

HHON

PhNCO
Et3N

C6H6, 50˚ C

89%

1) THF, H2O, HCl
2) NH2OH•HCl, pyr96%

Me
Me

OO

1) NBS, DMF

2) Et3N,

70-90%Me

CO2Me

MeMe

Me
N O N

O

Me MeO

O

1) THF, H2O, HCl
2) NH2OH•HCl, pyr95%

Me

CO2Me

MeMe

Me
N O N

O

Me MeHON

H

Me
Me

MeO

1) NBS, DMF

2) Et3N,

67-85%

Me

CO2Me

MeMe

Me
N O N

OO N

Me
Me

O Me

Me Me

Stevens, R.V.; Christensen, C.G.; Cory, R.M.; Thorsett, E. JACS 1975, 97, 5940.
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Synthesis of Corphins

Me

CO2Me

MeMe

Me
N O N

OO N

Me
Me

O Me

Me Me

Me

MeO2C

MeMe

Me

Me
Me

O Me

Me Me

NH2 O
H2N

OH2NO

Me

MeMe

Me

Me
Me

O Me

Me Me

NH N

NO

O

Me

MeMe

Me

Me
Me

Me Me

N N

NN

O

+

Ni

ClO4
-

Me

MeMe

Me

Me
Me

O Me

Me Me

N N

NO

O
+Ni

ClO4
-

Me
OR

Me

MeMe

Me

Me
Me

Me Me

N N

NN

O

+

Ni
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-

t-BuOK

t-BuOH, ∆

90%

NH4OAc, MeOH

100%

1) NaOMe, MeOH

2) Ni(ClO4)2

93%, 3 steps

Et3N, CHCl3

Raney Ni, H2

MeOH, pH 7

Stevens, R.V.; Christensen, C.G.; Cory, R.M.; Thorsett, E. JACS 1975, 97, 
5940.

Synthesis of Corphins

Me

MeMe

Me

Me
Me

Me Me

N N

NN

O

+

Ni

ClO4
-

Stevens, R.V.; Beaulieu, N.; Chan, W.H.; Daniewski, A.R; Takeda, T. Waldner, 
A.; Williard, P.G.; Zutter, U. JACS 1986, 108, 1039.
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MeMe

Me

Me
Me

Me Me

N N

NN +

Zn

ClO4
-a) KCN, MeOH

b) Zn(ClO4)2
c) Et3OBF4, HB

33%

Muller, P.; Farooq, S.; Hardegger, B.; Salmond, W.S.; Eschenmoser, A ACIEE 1973, 12, 
914.
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State of the Vitamin B12 Synthesis when Stevens died:
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NO

Ph

HO

Raney Nickel

H2 Ph

O OH OH

O Ph

O

synthesis of flavones

Thomsen, I.; Torssell, K.B.G. Acta Chem. Scand. B 1988, 42, 303.

N
O

CO2Et

O

EtO

CO2Et

Me
NH

CO2Et

O

Me

CO2Et

EtO2C
DBU

H2, Pd/C

EtO2C
Me

ONH2

CO2EtCO2Et

BF3•OEt2
O

N
H

O

O

Doleschall, G.; Seres, P.; Parkanyi, L.; Toth, G.; Almasy, A.; Bihatsi-Karsai, E. JCSPTI, 1986, 
927.

pyrroles and bicyclic lactams

64%

AcOH, HCl
∆

95%

42%

59%

200˚ C

56%
Me

CO2Et

N O

Me

R

R
Me R

NH2 O

R

H
NMe

R
R

CO2Et

EtO2C CO2Et

NOH

Zn, HOAcRh/C, H2

1:1 EtOH/Et3N

99%

80%

LeGoff, E.; Williams, P.D. Heterocycles 1984, 22, 269.

N O

Me Me

N O

Me
Ph

O
a) LDA

b) PhCO2Me

Mo(CO)6
MeCN, H2O, ∆

N
H

O

Me Ph

Nitta, M.; Higuchi, T. Heterocycles, 1994, 38, 853.

pyrroles

pyridones
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Synthesis of heterocycles

Alreja, B.D.; Kattige, L.S.; Lal, B.; deSouza, N.J. Heterocycles 1986, 24, 
1637.

Me Me

O O CF3CN, 10 mol% Ni(acac)2

F3C Me

NH2 O

Me O

K2CO3, H2O
EtOH

ArNCO
∆

pyrimidinones

N N

O

Ar

Me

Me O

F3C

F3C Me

NH2 O

57%

35-39%

Dorokhov, V.A.; Vomkov, A.V.; Vasil'ev, L.S.; Azarevich, O.G.; Gordeev, 
M.F. Izv. Akad. Nauk SSSR, Ser. Khim. 1991, 11, 2639.

NO

Me
MeN

OMe

O

1) Pt2O, H2
2) AcOH, ∆

N

N Me

OH

N

O

Me

O N
LDA

79%

92%

N

N

OMe

NOH

H

Caerulomycin

pyridones

1) CH2N2, 45%

2) LDA, n-BuONO
              45%

Synthesis of heterocycles

N
N
H

Ar

N

NN

Mo(CO)6, MeCN, H2O

or

NaBH4, NiSO4

N
ArN

N O NH2

N
ArN

N O OH

H3O+81-93%

75-84%

H2NNH2•H2O

N
O

Ar

N

NN

Skacani, I.; Fisera, L.; Bartovicova, M.; Varkonda, S.; Hyblova, O.; Collect. 
Czech. Chem. Comm. 1991, 56, 1926.

N OMe

OMe

Me
Me Me

NH2 O 120˚ C

NN
Me

Me

Me

Jotwani, P.; Singh, J.; Anand, N. Ind. J. Chem. 1988, 27B, 
166.

dihydropyrrolopyridines

pyrazoles
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Synthesis of heterocycles
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O

Me
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Me

NH2 O
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Me

O
98%

N

N
H

Me
Me

O

NaOH, EtOH

∆

78%

N
O
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O
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H

NH2 O
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Me

O

N

N
Bn

Me
H

O

NaOH, EtOH

∆

92%

Me

BnNH2
EtOH
∆

Me

BnNH O

NH

Me

O

BnN

N
Me

Me

O

NaOH, EtOH

∆

75%

80%Reaction fails
if there is
substitution here.

Acyl substituted imidazoles

Reiter, L.A. JOC 1987, 52, 2714.
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R NH2
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R = Me, Ph
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R NH2

N+

Cl-

NC CN

NaOH
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NC

R

CN

NH2

X

N

CNNC

R NH2

N+ Cl-

65-95%

pyridine

75-95%

O

NC

R NH2

N+

Cl-
N

N+

OH

NC

R NH2

1) H2NCN
2) ∆
3) HClO4

ClO4
-

N

N+

O-

NC

R

Ph

S

PhNCS

N
H

N+

O-

NC

Ph S

CS2

(R=Ph)

S

N+

O-

NC

Me S

CS2

(R=Me)

N
H

N

O

NC

Me O

(R=Me)

PhNCO

Gewald, K.; Rehwald, M.; Eckert, K.; Schafer, H.; Gruner, M. Monatash. Chem. 1995, 126, 
711.

A plethora of cycles

31-93%

47-59%

60%

62%70%
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NO

R1
R2

R1 R2

O NH2

R1 R2

MeO2C

OH

CO2Me

Fe2(CO)9

H2O, C6H6

MeO2C CO2Me

O

AcOH, KF, C6H6

21-51% yields for two steps.

O

Me Me

OH
EtO

OEt

Me

OHN OMeO2C

OH

Me

O

O

HO2C

OH

Me

O

O OH

Me

O

O

RCCH

BuLi, HMPA

NH2OH•HCl

a) Fe2(CO)9
b) AcOH, KF
     1

1

NaOH

∆

91%

87%

37%

86%

94%

mellein

Takeuchi, N.; Goto, K.; Sasaki, Y.; Fujita, T.; Okazake, K.; Kamata, K.; 
Tobinaga, S. Heterocycles 1992, 33, 357.

synthesis of aromatics

EtO2C N
H

O
N

Br

Me

EtO2C N
H

O
N

Me

NAllyl
HO

O

EtO2C N
H

O
N

Me

NAllyl

S

EtO2C N
H

NAllyl

S

Me

OHO

HN N

EtO2C

HO

O

Me

HN N

HO2C

MeO OH

NH2

O

PDE-II

(phosphodiesterase 
inhibitor)

Sundberg, R.J.; Hamilton, G.S.; Laurino, J.P. JOC 1988, 53, 976.

a) NaH
b) n-BuLi
c) 1

O

NAllyl

O1

50-55%

1) Et3SiH, TFA
2) P2S5

1) Mo(CO)6
2) H2O, H+

50-60%, 4 steps

MeI
80˚ C 90%

synthesis of PDE-II
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N
O O

N

Ph Me
Ph Me

NH2 O O NH2

Ph Me

OH O O OH

OH

HO Me

Ph

O OH

HO Ph

Me

O

+

N
O O

N

Ph Me
Ph Me

O NH2N O

Ph Me

O OHN O

Ph Me

NH2 O O OH

OH

HO Ph

Me

O

8 2:

HCl

H2

60 %

H2

HCl

H2

"exclusively"

Me Ph

O NH2 O NH2

NH2

HO Me

Ph

O OH

H2N Ph

Me

O

+

96 4:

90%

HCl

Arruchio, S.; Morrocchi, S.; Ricca, A. TL 1974, 33, 2793.

synthesis of aromatics

NO

Me OH
O

O NO

Me

O

O

Me

O

O

O

Me

O

Me

O NH2

O

O

Me

O

Me

O O

mixture of
all possible
furan derivatives

Pt2O, H2

pyridine

HClbases

NO

Me

O

ON O

Me
O

OO

Me

O NH2

Me

NH2

O
Me

NH2

Me

O

O

O

O
Me

O

Me

OH O

Auricchio, S.; Ricca, A.; Vajna dePava, O. Gaz. Chim. Ital. 1980, 110, 
567.

synthesis of aromatics
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OH O

O

OAc
H

H
5 steps

OBn O OH

H
OHMe

Just. Leib.Ann. Chem. 1963, 86, 668.

"Shemyakin ketone"

N
O

OBnMeO2C

N
O

OHMeO2C

Me
O O

EtO

Me

1) LDA, CO2
2) MeOH, (MeO)2CMe2, HCl
3) PhCHN2
4) NaOH
5) EtOCHCH2, H+

30%

a) Et3N
DMF 40˚ C
b) 60˚ C

86%

OBn O OH

H
OHMe

N
O

OBnMeO2C

H
TsOH, ∆

OBn OH O

N
O

OBnMeO2C

NaH
∆ 85%, Two steps

OBn OH O

N

O

OH OBn OBn OH OH O

OH

NH2

O

a tetracyclene derivative

Pd/C, H2
THF/MeOH

90%

Stork, G.; Hagedorn, A.A. JACS 1978, 100, 3609.

An approach to tetracyclenes

Me

Me Me

O

O O

TrO
OH

Me Me

O

O O

TrO

Me Me

CN

α : β  1 : 2

(EtO)2P CN

ONa

O

O O

TrO

Me Me

CN

NMe2

O

O O

TrO

Me Me

CN

NMe2

O-

O O

TrO

Me Me

CN

N+Me2

(Me2N)2CHOt-Bu

O

O O

TrO

Me Me

O

O O

TrO

Me Me

NH2OH

O

N
O

N

H2N

H2N

1) H2, Pt
2) HCl

O

O O

TrO

Me Me

CONH2

OH

1) Im2CO

2) TFA

O

HO OH

TrO O

H
N

O

O

oxazinomycin

DeBernardo, S.; Weigele, M. JOC 1977, 42, 109.

97%

79%

86%

63%

α : β  2 : 1
80%

C nucleoside derivatives

13-isoxazoles 5/30/97 8:23 AM



O

HO OH

HO
OH

O

O O

TBSO

Me Me

NO2

Kozikowski, A.P.; Goldstein, S. JOC 1983, 48, 1141.

3 steps

62% + 17% α

PhNCO
Et3N
HCCOEt

97%

O

O O

TBSO

Me Me

ON

OEt
Raney Ni, H2, BCl3

H2O, MeOH

O

O O

TBSO

Me Me

OEt

80%

O O

O

O O

TBSO

Me Me

NHN

OH

C nucleoside derivatives

O

N
OO

OH

AcO

H

TMS

Swern
O

H
N

OO

O

AcO

TMS

O

N
OO

O

AcO

TMS

54%

O

N
OO

TBSO

TMS
OTBS

1) Ph3PCHCO2Me
2) DIBAL-H
3)TBSOTf

69%

O
N

OO

TBSO

OTBS

TMS

Cl

TMS

1) LiOH
2) 1, BuNH2, Pd(OAc)2
     PPh3

1

68%

OO

TBSO

OTBS

H

NH2

CHO

1) Mo(CO)6
2) LiOH 67%

OO

TBSO

OTBS

H

NCO2Me
Methyl chloroformate

OCO2Me

H

The O acyl group could be 
selectively hydrolyzed.

Nicolaou, et al. JACS 1993, 115, 7612.

Calicheamicinone
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O

N
OO

TESO

O

TMS

OO

TESO

O

H

NH2

CHO

1) Mo(CO)6
2) K2CO3, MeOH

75%

Nicolaou, et al. JACS 1993, 115, 7612.

OMe OMe

OO

TESO

O

H

N

OMe

O

O

O

Cl

O

Cl

O

1) silica gel
2) Ac2O, MeNO2

78%, 3 steps

CO2Me

TESO

OO

O
H

NPhth

CO2Me

TESO

OO

OH

NPhth

TESO

OO

NH2

O

O

1) MsCl, DMAP
2) silica gel
3)MeHNNH2

90%

KHMDS

48%

enoate oxidation state
stablizes enamine once aldehyde is reduced

Calicheamicinone

Nicolaou, et al. JACS 1993, 115, 7612.

TESO

OO

NH2

O

O

TESO

OO

NHCO2Me

HO

OH

1) a) Cl2CO b) MeOH
2) DIBAL-H
3) NaBH4

69%

HO

NHCO2Me

MeSSS

OH

O

6 steps

Calicheamicinone

Calicheamicinone
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