
2 0 1 3  ©  T H I E M E  S T U T T G A R T  •  N E W  Y O R K 95

V .  G U P T A,  S .  SU D H I R  V ,  T .  M AN D A L ,  C .  SC H N E I D E R *  ( U N I VE R S I T Ä T  L E I P Z I G ,  G E R M A NY )

Organocatalytic, Highly Enantioselective Vinylogous Mukaiyama-Michael Reaction of Acyclic Dienol Silyl Ethers

Angew. Chem. Int. Ed. 2012, 51, 12609–12612.

Asymmetric Vinylogous Mukaiyama–Michael 
Reaction via Iminium Catalysis

Significance: The authors report a highly enantio- 
and diastereoselective vinylogous Mukaiyama–
Michael reaction of acylic dienol silyl ethers 2 to 
various enals 1 by employing a Jørgensen–Hayashi 
catalyst. 1,7-Dicarbonyl compounds 3 are ob-
tained under mild reaction conditions with good to 
excellent yield and remarkable regioselectivity. 
Z/E-Configured γ-methyl-substituted dienol silyl 
ethers are selectively converted into the anti and 
syn products 3 with excellent enantioselectivity.

Comment: Vinylogous Michael reactions of dienol 
derivatives can form a C–C bond with high regio- 
and stereoselectivity in the presence of a chiral 
catalyst. However, a catalytic enantioselective 
process of this reaction with acyclic nucleophiles 
and enals was elusive since the reaction can pro-
duce a number of regio- and stereoisomers. Here-
in, the catalyst nicely operates presumably by 
forming an imminium species with enal 1 to induce 
1,4-addition of nucleophile 2 with high γ-selecti-
vity.

N
H OTMS

Ph

Ph

OTMS

H R1

O

H

O OR1

CO2H

NO2(20 mol%)

PhMe–H2O (10:1), r.t.

22 examples
up to 90% yield
er up to 99.5:0.5

R2

R1 = Ar, HetAr 
        SiMe2Ph, Me

R2 = H, Me

R2

Selected examples:

H

O OPh

74% yield, er = 99.5:0.5

H

O O

72% yield, er = 99.5:0.5

S

H

O OSiMe2Ph

90% yield, er > 99.5:0.5

H

O OPh

77% yield, dr = 92:8
er = 99.5:05
from 3Z-2

1 2 3

H

O OPh

65% yield, dr = 77:23
er = 98:2
from 3E-2
in ethanol

H

O O

50% yield, er = 85.5:14.5

+
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Y. - L .  L I U ,  J .  Z H O U*  ( E A S T  C H I N A N O R M A L  U N I V E R S I T Y,  S H A N G HA I ,  C H I N A)

Organocatalytic Asymmetric Cyanation of Isatin Derived N-Boc Ketoimines

Chem. Commun. 2013, DOI: 10.1039/c2cc36665g.

Thiourea-Catalyzed Asymmetric Cyanation of 
N-Boc Ketimines

Significance: The first catalytic asymmetric cya-
nation of isatin-derived N-Boc ketimines has been 
reported by Zhou and co-worker. Wide substrate 
scope and excellent enantioselectivities were ob-
tained. A tandem aza-Wittig–Strecker reaction 
has also been reported, which was applied to the 
total synthesis of spirohydantoin I. 

Comment: An aza-Wittig–Strecker reaction se-
quence has been reported, which offers a good 
methodology to develop a catalytic asymmetric 
reaction of N-Boc ketimines, generated in situ 
from the achiral ketones. The strategy has poten-
tial applications in other types of reactions, in 
which N-Boc imines are involved. 

N

NBoc

O

R

+     TMSCN

catalyst (5 mol%)
HFIP (1.0 equiv)

CH2Cl2, –70 °C
N

O

R
(2.0 equiv)

19 examples
65–95% yield

er from 95:5 to >99.5:0.5R = Me, Bn,

Cl

Cl

N

N

N
H

S

N
Ar H

Ar = 3,5-(CF3)2C6H3

catalystApplication to the total synthesis of spirohydantoin I:

N

O

O
N

PPh3

O

O

+

120 °C

PhMe–dioxane = 3:1

Cl

Cl

N

NBoc

O

Cl

Cl

pseudo-enantiomer 
of catalyst (5 mol%)

HFIP (1.0 equiv)
TMSCN (2.0 equiv)
CH2Cl2, –70 °C, 4 d

N
O

Cl

Cl

82% yield
er = 97:3

3 stepsN
O

Cl

Cl

spirohydantoin I
34% yield

er = 89.5:10.5
(er = 99.5:0.5 after one recrystallization)

84% yield

NH

H
N

O

O

NC
NHBoc

CN
BocHN
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A .  K .  G R I FF I T H,  C .  M .  VA N O S,  T .  H .  L A M B E R T*  ( C O L U M B I A  U N I V E R S I T Y,  N E W  YO R K ,  US A )

Organocatalytic Carbonyl-Olefin Metathesis

J. Am. Chem. Soc. 2012, 134, 18581–18584.

Organocatalytic Carbonyl-Olefin Metathesis 
Using a Hydrazine Catalyst

Significance: Lambert and co-workers have de-
veloped a carbonyl-olefin metathesis catalyzed by 
a bicyclic hydrazine. The reaction is based on the 
idea to replace the typically used [2+2]-cycloaddi-
tion–cycloreversion approach with a [3+2] ana-
logue, which is thermochemically allowed. The re-
action was found to require a bicyclic hydrazine as 
the bishydrochloride in order to proceed and is es-
sentially restricted to aromatic aldehydes due to 
the many degradation pathways for aliphatic alde-
hydes in the presence of the hydrazine catalyst. 
The authors propose a catalytic cycle, in which 
the observed E-selectivity is explained.

Comment: Metathesis reactions involving carbon-
yls are much less developed than reactions of ole-
fins and alkynes with themselves. This work by 
Lambert and co-workers will hopefully encourage 
further developments in this field. Future challeng-
es are the use of unactivated acyclic olefins, 
leading to a fragment coupling reaction, and the 
development of a desymmetrization of meso-
cyclopropenes using an enantiomerically pure hy-
drazine catalyst or by replacing the chloride coun-
teranion with one of the recently established chiral 
counteranions, such as BINOL-derived phos-
phates.

R1 O

H R2 R2

R1 = Ar, HetAr R2 = OBn, OAc, 
        OTBS, S-4-BrC6H4

NH

NH

⋅2 HCl

(10 mol%)

DCE, 75 °C, 24 h R1

R2R2

only E-isomer
13 examples

35–85% isolated yield

+

NH

NH

⋅2HCl

N

NH

R1

Cl–

N

NH

Cl–

R1

E-isomer Z-isomer

N

N
R2

R2

H

H

HCl–

R1

N

N
R2

R2

H

H

Cl– R1H

NH

N

Cl–

R2

R2

R1

R1
H

R2R2

R1 O

H

R2 R2
only E-isomer reacts

Proposed catalytic cycle:

H3O+Cl– H3O+Cl–

O

H

O
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B .  I NÉ S ,  D .  P A L O M A S,  S .  H O L L E ,  S .  ST E I N B E RG ,  J .  A .  N I C A S I O,  M .  A L C A R AZ O *  ( M A X -

P L A N C K - I N S T I T U T  F Ü R  K O H L E N F O R S C H U N G ,  M Ü L H E I M  A N  D E R  R U H R,  G E R M A NY )

Metal-Free Hydrogenation of Electron-Poor Allenes and Alkenes

Angew. Chem. Int. Ed. 2012, 51, 12367–12369.

Frustrated Lewis Pairs for Catalytic 
Hydrogenation of Allenes and Alkenes

Significance: The Alcarazo group reports a frus-
trated Lewis pair (FLP)-catalyzed hydrogenation 
reaction of electron-poor allenes and alkenes. The 
reduced products were obtained with good to 
excellent yield and high chemoselectivity by 
employing DABCO–B(C6F5)3 as a catalyst pair 
(10–15 mol%). 

Comment: To overcome the inherent reactivity of 
electron-rich allenes to cyclize to Friedel–Crafts 
products 1 in the presence Brønsted acids and/or 
Lewis acids, the authors employ electron-poor 
substrates to facilitate FLP-catalyzed hydrogena-
tion to the desired product 2. According to the 
mechanistic studies, [DABCO–H]+ might act as a 
hydrogen-bond donor to activate the substrate. 
The hydride from the borohydride is transferred via 
1,4-addition. 

•

PhPh

Ph Ph

Ph

Ph

Ph

H/LA
– H+/LA

H–

Ph

Ph

Ph

H
H

1 (63% yield)

2 (22% yield)

H2 (60 bar)
 80 °C, 3d

Electron-rich allenes:

CO2EtEtO2C

Ph

KHBPh3

then DABCO⋅HCl

N

N

H

D–B(C6F5)3

CO2EtEtO2C

Ph

CO2EtEtO2C

Ph D

H

29% yield

N

N

H

CO2Et

PhO

EtO
D–B(C6F5)3

(1 equiv)

reduced product with FLP

H+ or Lewis acid promoted
Friedel–Crafts alkylation

Ph Ph

Ph

B(C6F5)3
Ph2NMe (15 mol%)

Mechanistic studies:

H–B(C6F5)3N
MePh

Ph H

(FLP)

Electron-poor allenes and alkenes:

•

CO2EtEtO2C

Ar Ar

CO2Et

EtO2C

Ar

Ar

DABCO–B(C6F5)3
(15 mol%)

6 examples
up to 94% yield

CO2EtEtO2C DABCO–B(C6F5)3
(10 mol%)

9 examples
up to 96% yield

R

CO2EtEtO2C

R

R = Ar, Alk

H2 (60 bar) H2 (60 bar)
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Y .  L I ,  L . - Q .  L U ,  S .  D A S ,  S .  P I S I E W I C Z ,  K .  J U N G E ,  M .  B E L L E R *  ( L E I B N I Z - I N S T I T U T  F ÜR  

K A T A L Y S E  E . V.  A N  D E R  U N I V E R S I T Ä T  R O ST OC K ,  G E R M A N Y )

Highly Chemoselective Metal-Free Reduction of Phosphine Oxides to Phosphines

J. Am. Chem. Soc. 2012, 134, 18325–18329.

Organocatalytic Chemoselective Reduction 
of Phosphine Oxides to Phosphines

Significance: Organophosphines represent valu-
able intermediates, catalysts, and ligands for tran-
sition-metal catalysis. Here, the authors report the 
utilization of inexpensive silanes by Brønsted acid 
catalysis, which shows broad functional group tol-
erance towards aldehydes, ketones, olefins, ni-
triles, and esters. Chemoselectivities of 99:1 for 
P–O double bonds and retention of the configura-
tion at the P-center were achieved.

Comment: The catalytic chemoselective reduc-
tion of P–O double bonds (502 kJ/mol) is a formi-
dable challenge in synthetic chemistry. This metal-
free protocol under convenient, air-insensitive, 
and safe reaction conditions for aryl, alkyl, mono- 
and bidentate phosphine oxides with its high func-
tional group tolerance indicates possible applica-
tions in catalytic Wittig, Appel, and Staudinger re-
actions.

P O

P O

FG

FG = aldehyde, ketone, olefin, ester
PMHS = polymethylhydrosiloxane

P

P

FG

catalyst (7.5–15 mol%)
(EtO)2MeSiH or PMHS O

P

OH
O O

RR

R = H, O2N, F3C

O

(ArO)2P

HSiMe(OEt)2 

Δ 
– H2

O

(ArO)2P
OSiMe(OEt)2

O

P
R3R1

R2

silane
– disiloxane

– H2
P

R3R1

R2

phosphine oxide phosphine

phosphine oxide phosphine

Some examples of phosphines:

NH2

PPh2

P

H

N PPh2

Ph

P
Ph

OMe

O

O

Ph2P

TMS

O

N(i-Bu)2
Ph(Oct)P

MeO PPh2

NC

PPh2

O

PPh2

CHO

PPh2

Ph

P
Ph

81% yield

80% yield

88% yield

71% yield

73% yield

86% yield

90% yield

86% yield

82% yield

89% yield

P PO

86% yield

P

P

PhMeO

O

Ph

MeO

62% yield

Selected examples of converted phosphine oxides:

catalyst

Proposed mechanism:

OH

O

PhMe, 110 °C
62–99% yield

92% yield
Cy3P

88% yield
Ad2HP

99% yield
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J .  S .  C L A R K , *  A .  B O Y E R ,  A .  A I M O N,  P .  E .  G A R C Í A ,  D .  M .  L I ND S A Y,  A .  D .  F .  S Y M I N G T O N,  

Y .  D A N OY  ( U N I V E R SI T Y O F  G L A S G OW,  U K)

Organocatalytic Synthesis of Highly Substituted Furfuryl Alcohols and Amines

Angew. Chem. Int. Ed. 2012, 51, 12128–12131.

Organocatalytic Synthesis of Substituted 
Furfuryl Alcohols and Amines

Significance: The authors present an organocat-
alytic approach for the synthesis of highly substi-
tuted furfuryl alcohols and amines in good to 
excellent yield. The reaction is catalyzed by tetra-
hydrothiophene (2), using a Lewis base for the 
activation of the alkynylcarbonyl derivatives 1. In 
contrast to 2, other Lewis bases such as DABCO 
or Bu3P led to decomposition.

Comment: While electrophilic metal-catalyzed fu-
ran syntheses are common, organocatalytic ap-
proaches are rare. Inspired by the work of Krische 
(J. Am. Soc. Chem. 2004, 4118) and Kuroda 
(Tetrahedron 2004, 1913), Clark and co-workers 
applied a Lewis base activation concept for their 
reaction. By using tetrahydrothiophene (2) as a 
catalyst, an enolate is formed that cyclizes to a 
sulfur ylide containing furan which can react with 
different nucleophiles. This method can also be 
used for a multi-component domino synthesis of 
substituted furans.

S

S

R3

C

R2

O

O

R1

O

R3

R1

O R1
R3

R2

O

O R1
S

R3

R2

HNu

O R1

Nu

R2

O

R3

O

R2

O R1

R2

O
Proposed mechanism:

R2

R3

O

R1

O

+ HNu

S

(10–20 mol%)

CH2Cl2, reflux
24–48 h

O
R1

R2

O

R3

Nu
R1 = Alk, Ar
R2 = Alk, Ar, CO2Alk, SO2Ar, CN, P(O)(OMe)3

R3 = Alk, Ar, Si(Alk)3

Nu = OAlk, OAr, CO2Alk, CO2Ar, NHNs

S

23 examples
up to 99% yield

Selected examples:

O

O

O

70% yield

O

O

45% yield

NsHN

n-Bu

O

O

99% yield

PMBO

n-Bu

O

O

92% yield

BzO

Et3SiO

O

SO2Ph

>98% yield

BzO

n-Bu

O

1

2

R3

3

Nu–

Nu–
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D .  S .  H A M I L T O N ,  D .  A .  N I C E W I C Z *  ( U N I V E R SI T Y  O F N O R T H  C A R OL I NA  A T  C H AP E L  H I L L ,  

U S A)

Direct Catalytic Anti-Markovnikov Hydroetherification of Alkenols

J. Am. Chem. Soc. 2012, 134, 18577–18580.

Photocatalytic Anti-Markovnikov 
Hydroetherification

Significance: A direct photocatalytic anti-
Markovnikov hydroetherification has been de-
scribed by the Nicewicz group. The reported pro-
cedure is promoted by the commercially available 
sensitizer 9-mesityl-10-methylacridinium perchlo-
rate (A) and the H-atom donor 2-phenylmalonitrile 
(B). The authors suggest that the methodology is 
based on two different redox cycles. A primary 
one, which initiates the reaction by a single-elec-
tron transfer (SET) and a supporting one, which si-
multaneously facilitates the hydrogen exchange 
and serves as an electron-redox mediator.

Comment: The study of catalytic anti-
Markovnikov additions of nucleophiles to olefins 
has gained great interest in the last decades since 
it had been described as one of the ‘top ten chal-
lenges for catalysis’ [J. Haggin Chem. Eng. News 
1993, 71 (22), 23]. In this work, the authors de-
scribe the addition of alcohols to alkenes via a 
newly developed two-component organic pho-
toredox catalytic system. The reaction affords a 
wide range of cyclic ethers with complete selectiv-
ity, which reflects the thermodynamic equilibrium 
between the three radical intermediates I, II and 
III.

Proposed catalytic cycle:

HO

R2

R1

(0.5–2 equiv)
catalyst A (5 mol%)

450 nm LEDs
DCE

11 examples
41–82% yield

NC CN

Ph

R2

R1

O N
Me

ClO4

H

catalyst A

R1 = H, Alk
R2 = H, Alk, Ar
R3 = H, Ar

R3
R3

1 2

anti-Markovnikov 
selectivity > 20:1

N

Mes

Me ClO4
A

A*

A

450 nm 
LEDs

Ph
Ph

HO

Ph
Ph

HO

O

H

Ph

Ph

O

H

Ph

Ph

O
H

Ph

Ph

e–

NC CN

Ph

NC CN

Ph

NC CN

Ph H

e–

supporting 
redox cycle

SET
H+

H+

1

B

B

I

II

III

O

Ph

Ph

H

2
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Y .  WA NG ,  T. - Y .  YU,  H . - B .  Z H A N G ,  Y. - C .  L U O ,  P. - F .  X U*  ( L A N Z H O U  U N I V E R S I T Y,  

P.  R .  OF  C H I N A )

Hydrogen-Bond-Mediated Supramolecular Iminium Ion Catalysis

Angew. Chem. Int. Ed. 2012, 51, 12339–12342.

Thiourea-Assisted Iminium Catalysis 

Significance: A thiourea-assisted iminium cataly-
sis has been described. It was found that simple 
thioureas accelerate previously established reac-
tions of α,β-unsaturated aldehydes with 
MacMillan’s organocatalyst, presumably by bind-
ing to the counteranion of the iminium intermedi-
ate. The use of chiral thioureas did not have a sig-
nificant effect on the enantioselectivity.

Comment: The profound influence of anions on 
reactivity and selectivity in asymmetric iminium 
catalysis is well established (S. Mayer, B. List 
Angew. Chem. Int. Ed. 2006, 45, 4193). Therefore, 
thioureas could be expected to influence the ac-
tivity and selectivity by anion binding during the 
catalysis (see Review below). In the current report, 
a mild positive influence of thioureas on reactivity 
is demonstrated. Development of a chiral thiourea 
as the only source of asymmetric information re-
mains as the true challenge of this approach.

Review: Z. Zhang, P. R. Schreiner Chem. Soc. 
Rev. 2009, 38, 1187–1198.

N
H2

N
MeO

t-Bu

Ph O

–O CF3

2

N
H2

N
MeO

t-Bu

Ph

NN

S

CF3

F3C
R

HH

CF3

–O O

1a R = 3,5-(F3C)2C6H3
1b R = Ph

Ph
O

H
CHO

Ph

H

1a or 2 (10 mol%)

PhMe, –10 °C

O

H +
N

Me N

Me

Ph

O

H

1a or 2 (5 mol%)

CH2Cl2, –50 °C

1 h, 28% conv.
er = 98:2, endo/exo > 20:1

1 h, 75% conv.
er = 97:3, endo/exo > 20:1

with 2

with 1a

45 h, 27% conv.
19% yield, er = 90.5:9.5

45 h, 92% conv.
81% yield, er = 89.5:10.5

with 2

with 1a

An intramolecular Diels–Alder reaction:

A Friedel–Crafts alkylation:

H
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J .  H .  L E E ,  L .  D E N G *  ( B R A N D E I S  U N I VE R S I T Y,  WA L T H A M ,  U S A)

Asymmetric Approach toward Chiral Cyclohex-2-enones from Anisoles via an Enantioselective Isomerization by a 

New Chiral Diamine Catalyst

J. Am. Chem. Soc. 2012, 134, 18209–18212.

Asymmetric Protonation in Dienamine-
Catalysis

Significance: The Deng group reports the cata-
lytic enantioselective isomerization of β,γ-unsatu-
rated cyclohex-3-en-1-ones 1 to the correspond-
ing chiral α,β-unsaturated cyclic enones 2. The 
authors designed a new class of cinchona alka-
loid-derived catalysts bearing substituted anilines 
as tunable handles. In particular, combining the 
newly synthesized catalysts A and B with carbox-
ylic acid co-catalysts, they developed two differ-
ent systems to achieve the synthesis of the two 
enantiomers of the desired products. 

Comment: During the last few years interest has 
grown towards asymmetric primary amine cata-
lyzed γ-functionalization of enones via dienamine 
intermediates. These methodologies mainly rely 
on the remote control of the stereochemistry 
achievable with the cinchona-alkaloid skeletons. 
Herein, the authors tackle the challenge of asym-
metric γ-protonation and report the development 
of new bifunctional catalysts, which allow such 
transformations. Moreover, the usefulness of the 
process is highlighted by the first asymmetric total 
synthesis of the marine sesquiterpenoid isoacan-
thodoral (3).

O

R1

R2

R1 = R2 = Alk

O

R1

R2

O

R1

R2

(20 mol%)
catalyst B (10 mol%)

PhMe
–25 °C

12 examples

CO2H

Cl

(20 mol%)
catalyst A (10 mol%)

fluorobenzene
–15 °C

10 examples

Cl CO2H

N

NH

N

MeO

F3C

catalyst B

N

NH

N

OMe

catalyst A

N

O

R1

R2

N

R1

NH2N
H

R2

H

N

NH

R1

R2

N
H

∗∗

N

R1

R2

N

∗∗

O

R1

R2

* *

*

*

Proposed catalytic cycle:

1
ent-22

HH

44–94% yield
er from 86:14 to 95:5

58–84% yield
er from 75.5:24.5 to 93.5:6.5

3 steps
45% yield

  Total synthesis:

(–)-isoacanthodoral

H

OHC

H

O

er = 93:7

3

H2O
H2O

NH2

NH2
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H .  L V ,  B .  TI W A R I ,  J .  M O ,  C .  X I N G ,  Y .  R .  C H I *  ( NA N Y A N G  TE C H N O L O G I C A L  U N I V E R SI T Y,  

S I N G A PO R E )

Highly Enantioselective Addition of Enals to Isatin-Derived Ketimines Catalyzed by N-Heterocyclic Carbenes: 

Synthesis of Spirocyclic γ-Lactams

Org. Lett. 2012, 14, 5412–5415.

NHC-Catalyzed Annulation of Isatin N-Boc 
Ketimines and Enals

Significance: Chi and co-workers report an N-
heterocyclic carbene (NHC)-catalyzed annulation 
of isatin N-Boc imines with enals, which affords 
spirocyclic oxindole-γ-lactams bearing one qua-
ternary chiral center in good diastereo- and excel-
lent stereoselectivities (dr up to >20:1 and er > 
99.5:0.5). Ketimines and γ-aryl enals with elec-
tron-donating substituents lead to better yield and 
selectivity compared to electron-withdrawing sub-
stituents. The presence of a trace of water is ben-
eficial for the conversion of the reaction. The re-
sulting products can be easily deprotected to free 
γ-lactams in high yield. 

Comment: γ-Lactams are privileged scaffolds 
found in naturally occurring and synthetic biologi-
cally active compounds. Herein, the authors have 
developed a novel NHC-catalyzed annulation 
methodology, which allows for a rapid construc-
tion of spirocyclic oxindole-γ-lactams with high 
diastereoselectivity and enantioselectivity. More 
efficient catalysts and the application to more 
challenging substrates are expected.

N

R2

O

NBoc

+ R3

H

O
catalyst (10 mol%)

Cs2CO3 (20 mol%) 
THF, 40 °C

R1

N

R2

O

R1
BocN

R3

O

N N

N
O

Mes

–BF4

catalyst
R1 = H, Me, OMe, Cl
R2 = H, Me, Bn, Ac

R3 = Ar, Alk
15 examples
51–84% yield

dr from 4:1 to >20:1
er from 97:3 to >99.5:0.5

Selected examples:

N

Me

O

BocN

Ph

O

83% yield
dr > 20:1

er = 99.5:0.5

N
H

O

BocN

Ph

O

64% yield
dr = 17:1 dr

 er = 99.5:0.5

N

Me

O

BocN

O

80% yield
dr > 20:1

 er = 99.5:0.5

N

Me

O

BocN

Me

O

64% yield
dr = 4:1

 er = 97:3

O

Removal of the Boc protecting group:

N

Me

O

BocN

Ph

O

TFA

0 °C, 0.5 h
92% yield

N

Me

O

HN

Ph

O
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A .  B E R K E SS E L , *  S .  E L F E R T ,  V .  R .  YA T H A M,  J . - M .  N E U DÖ R F L ,  N .  E .  S C H L Ö R E R ,  J .  H .  TE L E S  

( C O L O G N E  U N I VE R S I T Y  A N D  B A S F S E ,  L U D W I G SH A F E N ,  G E R M A N Y )

Umpolung by N-Heterocyclic Carbenes: Generation and Reactivity of the Elusive 2,2-Diamino Enols (Breslow 

Intermediates)

Angew. Chem. Int. Ed. 2012, 51, 12370–12374.

NMR Characterization of Breslow 
Intermediates

Significance: The generation of 2,2-diamino 
enols 1 from the corresponding N-heterocyclic 
carbenes and aldehydes has been reported. Spe-
cies like 1 are commonly invoked as intermediates 
in aldehyde-umpolung reactions such as the ben-
zoin reaction, and are known as Breslow interme-
diates. Different Breslow intermediates were char-
acterized by NMR methods for the first time, and 
are shown to possess the expected benzoin reac-
tivity.

Comment: In 1958, Breslow proposed that thia-
mine-mediated reactions in biochemistry rely on 
carbene reactivity and invoked the intermediates 
that today bear his name (J. Am. Chem. Soc. 
1958, 80, 3719). In the current report the identifi-
cation of relatively unreactive Breslow intermedi-
ates such as 1 by combination of aromatic alde-
hydes with a saturated carbene was crucial for 
making the intermediates detectable. More com-
mon Breslow intermediates with unsaturated N-
heterocyclic carbenes remain to be characterized. 
For a previous characterization of aza analogues 
of Breslow intermediates, see: J. Am. Chem. Soc. 
2012, 134, 6143. 
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Catalytic cycle of 
the benzoin reaction 
via Breslow intermediate:
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