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Heteroatoms
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Zeitschrift fuer Angorganische. 1992, 610, 75. (via SciFinder)

Photoreactive cross-linking.
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- N2 - when R, R1 are e--donating: singlet carbene
- when R, R1 are e--withdrawing: triplet carbene
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Nakayama, J. Pure and Appl. Chem. 1996, 68, 869.

"diathiavermilione"
exo --> cis, 57%; endo --> trans, 2%

O
O

O

S

R
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thiosulfines
isomeric FG

S—S: 2.073Å
C—S: 1.821Å, 
           1.814Å

Key references. J. Am. Chem. Soc. 1977, 99, 2931.; 
J. Org. Chem. 2002, 67, 5690.; Pure and Appl. Chem.
1999, 68, 869.
- stability arises from bulky substituents
- no examples of electronically stabilized (as of 2002)
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Shimada, K. Chem. Lett. 1999, 695.

diazirines
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R R1

O

R R1

NHHN

R R1

NN1. NH2OH•HCl, py.

2. TsCl, Et3N
3. NH3

CrO3, H2SO4

Graham Reaction. J. Am. Chem. Soc. 1965, 87, 4396.

NH

NH2R

NaOX

X = Br, Cl R X

NN

R X1

NN
TBAX'

X' = F, OMe,
 N3 (CN), etc.

Preparation.

Key references. Acc. Chem. Res. 2006, 39, 267.; J. Org. Chem.
1970, 35, 2465.; Arkivoc. 2008, 128.
Primary uses. carbene chemistry, photoreactive cross-linking 
(preferred for small size, long irradiation wavelength, short 
required irradiation times, stability in the presence of various 
nucleophiles, and stability at various pH levels)
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Overman, L.E. J. Am. Chem. Soc. 2010, 132 , 7876.

(+)-sieboldine A

1. DMDO, CH2Cl2

2. BF3 OEt2, EtSH, 
   CH2Cl2, 53%

Preparation.

Me
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Me
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Oxone

NaHCO3, H2O
20 L 

batch 
process

O
O

R1
R

Key References.Chem Rev. 1989, 89, 1187.; Acc. Chem. Res. 
1989, 22, 205. Pure and Appl. Chem. 1995, 65, 811.

Preparation.

dioxiranes
General reactivity. selective, mild 
oxidant; electrophilic oxygen transfer
reagent.
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Cl2, KHF2

or ClF, CsF

Mikula, H. OPRD. 2013, 17 , 313. DesMarteau, D.D. ACIE. 1993, 32, 905.

O O

HH
C—O: 1.3878Å
O—O: 1.52Å
dipole moment: 2.479D
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Curci, R.  Pure and Appl. Chem. 1995, 65, 811. and references therein.
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Huang, P.-Q. Tet. Lett. 2015, 56, 1255.
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Crandall, J.K. Tet. Lett. 1991, 32, 5441.
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Nelson, S.F.
J. Org. Chem. 1993, 58, 1657.

N

Me Me

Me Me

O N

Me Me

Me Me

OMeDMDO

Adam, W.
Chem. Commun. 1991, 771.

NR2
O

R1
R

oxaziridines

Key references. Chem. Rev. 2014, 114 , 8016.; Tetrahedron. 1989,
45, 5703.; Chem. Rev. 1992, 96, 919.; Synthesis. 1991, 327.; 
Chem. Rev. 1996, 96, 1809.; J. Org. Chem. 2006, 71, 8993.; 
Synlett. 2012, 2572.; and numerous books.
General reactivity. electrophilic oxidizing agent; atom-transfer rgt

Preparation.
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O

CH2Cl2
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Emmons, W. 
J. Am. Chem. Soc. 1957, 79, 5739.

hυ NO R1

R HR H

N R1O

Splitter, J. S.
J. Org. Chem. 1958, 23, 651.
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N OH

Me Me

Me
NH

Me Me

Me
O

N H

1. 5% NaNO2, 
    AcOH, 68%

2. NH3, THF
    quant.

mCPBA, CH2Cl2

97%, 60:40 d.r.

Page, P.C.B.  J. Org. Chem. 2000, 65, 4204.

Olefin oxidation.
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66%, 1.4:1 d.r.

Harran, P. G. Chem. Sci. 2013, 4, 303.
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TFDO (1.2 eq)

in TFP

CH2Cl2, 0°C
conv. 42% 
yield 90%

TFDO (1.2 eq)
in TFP

CH2Cl2, 0°C
conv. >90% 
yield >95%

O OO

TFDO (2.2 eq)
in TFP

CH2Cl2, 0°C
82%

O
O

O

TFDO (3 eq)
in TFP

0°C
conv. 70%
 yield >86%

OH

γ

e-EROS, "Methyl(trifluoromethyl)dioxirane" and references therein.

TFDO

Preparation.
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CF3
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Me

Oxone

NaHCO3, H2O

For further reading: Baran, P.S. Nature. 2009, 459, 824.; Angew. Chem. Int. Ed.
2014, 53, 12091.
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Me Me

H
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Curci, R. J. Am. Chem. Soc. 1996, 118 , 11089.
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46%, 8:1 d.r.

Frontier, A.J. Org. Lett. 2011, 13 , 414.
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Enolate oxidations.
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Zografos, A.L. Chem. Commun. 2015, 51, 2364.

Me Me

SO2NO

O

O
O

OH

Me

OTES
O

O
O

O
O

OH

Me

OTES
O

O
Me

O
O

OH

Me

OTES
O

O
Me

HO

O

O

Me

OH
O

O

O
Me

OH

(-)-jiadifenolide

1. KHMDS, Comins Rgt
    THF, —78°C

2. AlMe3, [Pd(PPh3)4], 
    THF, rt
  57% over two steps

1. H2, PtO2, MeOH
2. NaHMDS, C
    THF, —78°C

Jones Rgt, Me2CO
33% over three steps

Theodorakis, E.A. Angew. Chem. Int. Ed. 2011, 50, 3672.

OPhO2SN

Ph
C =

Sulfur oxidation.

p-Tol S Me p-Tol S Me

ON

Ph

O

Me

MeOH, CH2Cl2
64%, 44% ee

Bohe, L. Tet. Lett. 1999, 55, 155.

Ph
SH

Ph
S(O)Me

1. MeLi, THF, —78°C
2. A, —78°C

3. MeI, —78°C to rt
            89%

Sandrinelli, F. 
J. Org. Chem. 1997, 62, 8626.
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10°C to rt
76% ee

 (R)-Rabeprazole sodium

O
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2. NaOH, H2O
63%, 97% ee

Na

Mahale, R.D. Org. Proc. Res. Dev. 2010, 14 , 1264.
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Amine and enamine oxidation.
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Snider, B.B. Org. Lett. 2000, 2, 4103.

1. NaBH4/AcOH
2. SiO2 in CH2Cl2

66% (70%)
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C—H functionalization.

N
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R2

O N

EtO2C CO2Et

tBu

PdCl2 (10 mol%)

CHCl3, 100°C N

R1

R2

CO2Et

Shi, Y. Org. Lett. 2011, 13 , 5244.

Amination of nitrogen.

CO2H
H
N

R
PG

1. Et4NOH

2. 

3. H+
NC

N
O

Boc

N
H

N CO2HBoc
PG

R

BocNHAla
BocNHVal
BocNHIle
BocNHPro

50%
21%
0%
95%

Collet, A. J. Med. Chem. 1998, 41, 4833.
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O
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 HCl, Et2O

•2HCl

R
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O
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R

N
O N N

N

EtOH, reflux

Botta, M.; Corelli, F. Tet. Asymm. 2000, 11 , 4895.

N
N

O NH O N N
Ar

ON

Ar H
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MeCN
82%

Ar = 4-NO2(C6H4)

NO [Si]

H Ar
HN R

R1
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[Si]

Ar N R
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H
- [Si]-OH N

N
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Vidal, J. J. Org. Chem. 2012, 77, 10972.; Yoon, T.P. Chem. Rev. 2014, 114 , 8016.
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O
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N O

OAc

OHC

OAc
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NAc

1. Davis' ox., 63%
2. Ac2O, NaOAc
    92%

DMP

91%

NH2NH2 
97%

i. TFA, Et3SiH

ii. Ac2O, py. 
   52%

FK973
formal synthesis of FR900482

Rapoport, H. J. Org. Chem. 2003, 68, 130.
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C—H amination.

H

NO

R
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LiCl (4 mol%)

Me2CO
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Ph
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Ph
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Ph
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O OTMS
BF3•OEt2

64%, >10:1 d.r.

TMS

BF3•OEt2

[P(Me)Ph3]Br
nBuLi

IBX, DMSO

47%

58%

Yoon, T.P. J. Am. Chem. Soc. 2009, 131 , 12560.
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CO2Me

OMeO2C

R
TiCl4

CH2Cl2 N
O

CO2Me

HO
CO2Me

HR TsCl, py.

N
CO2Me

TsO
CO2Me

HR

ON
CO2Me

CO2Me
R

O

H
Et3N

CH2Cl2

PtO2/H2
AcOH

N
H

O

O
R

H

CO2Me

Zen, S. Chem. Pharm. Bull. 1987, 35, 3062.

N

Ph

Me

Me

O NR
O

Me

1. hυ

2. Na/NH3

R = (S)-CH(CH3)Ph, H

Aubé, J. J. Org. Chem. 1991, 56, 499.
Rearrangments.

O
N Ar

R

N Ar
R

O

HN
R

Ar

O
and/orLewis acid/

Bronsted acid

Yang, L. Synthesis. 2009, 3399.

R

NO

Ph H

Bs

Cu(TFA)2/
HMPA (2 mol%)

or 

CuCl2/
Bu4NCl (2 mol%)

N

O

Bs
Ph

R

Yoon, T. P. J. Org. Chem. 2009, 74, 5545. Angew. Chem. Int. Ed.  2010, 49, 930.

NNsO

Ph H

[Sc(tmbox)Cl2]+
R

ONsN
PhR

Amination of sulfides.

Me

SHex

CO2Me

O N

EtO2C CO2Et

Boc

CH2Cl2

N

CO2Me

BocHexS

> 95% ee

Armstrong, A. J. Org. Chem. 2006, 71, 4028.

Ph OH Ph ONH2
O NH

tBu tBu

KH, DMPU
—40°C

86%

Amination of alkoxides.
Ellman, J.A. J. Org. Chem. 1999, 64, 6528.
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O
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ON
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R
tBu

O

R

R

NtBu
O

Padwa, A. Heterocycles. 1986, 24, 611.
Cycloadditions.

Ph N

Me

O

Ph

N
Ph

N
N

O Ph

Ph

Me

Ph

N
N

O Ph

Ph

Me

Ph85% 15%

Troisi, L. Synthesis. 2009, 1806.

OH
R2R

R1
NaOH (1 eq)

PhMe, rt

R2R1

O

OH
RR1

O

R2

HO R

N

N

OH

Cl

(10 mol%)
N O

R4

H

O2N

Toullec, P.Y. Eur. J. Org. Chem. 2016, 260.
Oxidative dearomatization.

N P R2

R1R
azaphosphiridines

R4

P

NN

N(TMS)2

TMS

RR

TMS

P

NN

N TMSTMS

TMS

RR

TMS

P
N
R

(TMS)2N N
R

TMSTMS

P
N
R

(TMS)2N
N

R

TMS

TMS

Majoral, J.-P. Tet. Lett. 1989, 30, 4813.

H
N

O

N

PPh3

THF N
H

O

NPh3P Ar

Ar

El-Sawi, E.A. Eur. J. Chem. 2011, 2, 539.

O P R2

R1R
oxaphosphiranes

W(CO)5
PCl

Cl
TMS

TMS
O P

TMS

TMS

W(CO)5

R
R1

R

O

R1

R/R1 = (CH2)4
R=R1= Me

LiOtBu or tBuLi
12-c-4
THF

Streubel, R.  Organomet. 2011, 30, 5636.
Streubel, R.  Organomet. 2013, 32, 4938.

N
O

SO2R

R1

O

N

O

Bn
Ph O

NSO2R

O

R1

BzHN
Bn

N
OR1

SO2RD•HBArF4 (2.5 mol%)

4Å m.s., —78°C

N N
H

N

N

N
H
HN

Ph Ph
O

N
HCy

Cy

O

N
H Cy

Cy

D =

Feng, X. J. Am. Chem. Soc. 2013, 135 , 10026.

S P R2

R1R
thiaphosphiranes

Further reading: Eur. J. Inorg. Chem. 2011, 1762.

NS
O

Me

O
P

TMS R

Cl

S
PCl R

TMS

S
P

Cl

TMS
Ph

P

S Ph

MeO2C

MeO2C

Tet. Lett. 1992, 33, 4421.

P
O

PhMe
Me

F3C CF3

S8 

THF
—30°C

O
P

F3C
CF3

PhS

Me

Kawashima, T.
Chem. Lett. 2004, 33, 1434.

Angew. Chem. 1986, 98, 814. (via SciFinder)

DMAD
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S N R2

R1R
thiaziridines

Further reading: Chemische Berichte. 1981, 114 , 774l.

ClO2S
NHMe

Me N
N Et3N S N Me

Me

O
O

Indian J. Chem.: Sec. B. 1991, 30B, 784. (via SciFinder)

Ph S
Br Br

NH2

O O

tBuOK

Et2O

H
N

S
Br

Ph
O

O Ph NtBu

"Ramberg-Bäcklund Reaction"  Org. Reactions. 2003, 62.

H
NN CN

N
O

EtO
P(NMe2)3

H
NN CN

N
O

EtO
P(NMe2)3

PhN
C

NPh

PhN

N

N
N

O

Ph

CN
PMe2N

O
Me2N EtOH, reflux

Archiv. der Pharmazie. 2013, 345, 884. (via SciFinder) O
P O

R
dioxaphophirane

Ar
P ArAr

Ar = OMe

O O
P

O
O

Ar
Ar

Ar

Ho, D.G.  Science. 2003, 302, 259.

Selke, M. Org. Lett. 2006, 8, 5125.

P 1O2

 —40°C

P
O O

P
tButBu

tBu tBu
tBu

O

O

P tBuO

tBu

OHtBu

"NIH Shift"

P R1

R2

R

P R1

R2
R

O
O

S O

R1R
oxathiiranes

R
S O

R
Eur. J. Org. Chem. 2011, 6269.

O
S

R
R

S
S

O

O

377K

then 11K O
S

Mloston, G.
JACS. 2010, 132 , 7240.

Me S
O lachrymatory factor 

of onions!
ACIE. 1992, 31, 1135.

R = Ph, CF3, H, Me

S OH
H

hυ

R = H
hυ

Tet. Lett. 1989, 30, 4501.
N
N N

triaziridine

R

R1

R2 N
NNMe

HN
N NMe

N
O N

oxadiaziridine

R

R1

N N tBu

pentanes N
O N

tBu

tButBu
O

hυ

hυ

Hecht, S.S. J. Org. Chem. 1970, 35, 2482.
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N
P N

phosphadiaziridine

R

R1

R2
N R

O

P
NtBu

C(Et)3

Niecke, E.  Chem. Berichte. 1992, 125 , 93.

P
N NtBu tBu

tBuO MeOH P
N
tBu

NHtBu
tBu

MeO
O

Liebigs Annalen der Chemie. 1981, 967. (via SciFinder)

P
N N

O(Et)3C

RtBu

NH
P

HN

O(Et)3C
[O] [O]

R=Ph

N P NH
O tBu

tBu

Cl tBu

NaOMe

Not covered...

O
M
L

L
L L

O LnM O
O MLn O

O MLn

LnM

η1-peroxo and η2-hydroperoxy
transition metal complexes

binuclear O2 
transition metal complexes

... as well as a few (much) less common heterocycles with little to no 
    practicial application.

N
S N

thiadiaziridine

R

R1

N
NSO

O N
N

"Ramberg-Bäcklund Reaction"  Org. Reactions. 2003.

NS N
O
O

tBu

tBu

R

Pd2(dba)3 (5 mol%)
L* (22 mol%)
PhH, 65°C

S
N

N O
O

tBu

tBu

R

Shi, Y. Org. Lett. 2013, 15 , 796.

t-Oct

t-Oct

t-Oct

t-Oct

aq. NaOH

80°C, 90%

S

H
N

N
H

O
O

RTFA-Hexanes
(1:1)

rt

R
NH2

NH22N HBr
 

PhOH, reflux
For further reading: Movassaghi, M. JACS. 2011, 133 , 13002.


