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The area of direct asymmetric functionalization of inert C—H bonds has attracted considerable attention

in recent years. To realize this type of challenging but promising transformations, a lot of strategies
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have emerged including asymmetric C-H bond insertion by metal carbenoids or analogs, cross

dehydrogenative coupling, [1,5]-hydride transfer, C—H bond functionalization involving a transient
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1. Introduction

The direct functionalization of inert C-H bonds is of great
importance in modern synthetic organic chemistry.' To employ
the simple hydrocarbon compounds, which are abundant and
cheap chemical feedstocks as the starting materials for the
versatile chemical synthesis without “pre-activation”, makes
the direct functionalization of inert C-H bonds meet the criteria
of both atom economy” and step economy.® Therefore, this
research area has received continuous attention and witnessed
significant development in the last several decades. A large
amount of catalytic systems including well-defined organome-
tallic complexes, small molecular organocatalysts as well as
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metal—carbon species and other miscellaneous methods. This review is intended to summarize and
discuss the most recent developments (contributions mainly after 2009) within this area.

enzymes have been proved effective for enabling the direct
transformations of various inert C(sp*)-H and C(sp)-H bonds.
In addition, the emergence of these methodologies provides
unprecedented disconnections in the retro-synthetic analyses of
complex target molecules. Many elegant applications of the
direct functionalization of inert C-H bonds in the total
syntheses of natural products, molecules of pharmaceutical
interests as well as diverse functional molecules have been
reported in the literature.* However, a principle challenge still
accompanied with the high-speed development of this area is
the issue of selectivity.® Firstly, since the C-H bonds are the
most fundamental and frequently encountered chemical bonds
in organic molecules, to distinguish the reactivity among the
numerous C-H bonds in one single molecule to achieve high
level of regio- and enantioselectivity is certainly more difficult
than traditional asymmetric catalysis which is in general the
manipulation of functional groups. Secondly, due to the fact
that the C-H bonds are among the strongest chemical bonds
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(BDE of C-H bonds are typically 90-110 kcal mol '), harsh
reaction conditions (high temperature, stoichiometric amount
of oxidants, etc.) are usually required for the cleavage and direct
functionalization of these inert bonds, which poses a problem
in discriminating the diastereomeric transition states during
the asymmetric catalysis. Thirdly, chiral ligands and catalysts
compatible with the complex reaction conditions are limited and
novel catalytic systems and strategies for the direct asymmetric
functionalization of inert C-H bonds are still in great demand.

Despite the aforementioned obstacles, the journey to pursuit
the direct asymmetric functionalization of inert C-H bonds has
already led to fruitful results in recent years. In 2009, Yu and
co-workers® published a comprehensive review discussing
the diastereoselective and enantioselective transition metal-
catalyzed C-H bond activation reactions. In the past five years,
dozens of excellent works on the direct asymmetric function-
alization of inert C-H bonds with high efficiency and largely
broadened substrate scope have appeared, which definitely
refreshed on our impression on this subject. Hence, a timely
review collecting and discussing the most recent development
in this exciting and fast developing field is highly desired. In
this review, we are trying to give the readers an overview of the
state-of-the-art of the methodologies (contributions mainly
after 2009) for the direct catalytic asymmetric functionalization
of inert C-H bonds. The reactions are classified according to the
strategies and the catalytic systems employed. The suggested
mechanistic scenarios for the novel transformations are also
briefly described. To be noted, this review does not cover the
asymmetric functionalization of the aldehyde C-H bond via
hydroacylation reactions® and N-heterocyclic carbene (NHC)-
catalyzed umpolung reactions,” as well as the asymmetric
functionalization of the allylic and benzylic C-H bonds via
dienamine or trienamine catalysis.®

2. C-H bond insertion by metal
carbenoids or related species
2.1. C-H bond insertion by metal carbenoids

The asymmetric insertion of metal carbenoids into C-H bonds
are probably the relatively more traditional type of methods to
realize the direct asymmetric functionalization of inert C-H
bonds compared with other ones presented in this review.’
Chiral complexes of several transition metals including Rh, Ir,
Cu and Fe are typically employed in this type of trans-
formations. a-Diazocarbonyl compounds are the most widely
used carbene precursors.

In 2009, Denton and Davies' reported that the donor/
acceptor carbenoids™ derived from a-aryl-o-diazoketones 1 and
a chiral dirhodium complex Rh,(S-PTAD), (S)-C1 could insert
enantioselectively into the allylic C-H bonds of 1,4-cyclo-
hexadiene 2 in refluxing 2,2-dimethylbutane (DMB) in up to
90% yield and 89% ee (Scheme 1(a)). (In this review, we use the
numbers with a prefix “C” to denote the chiral catalysts or
reagent, and “L” to denote the chiral ligand.) After realizing that
the destroy of the chiral catalyst by the reactive carbenoids
might be the major hindrance for achieving very high catalyst
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Scheme 1 The asymmetric C—H bond insertion reactions of dirho-
dium carbenoids reported by Davies.

turnover numbers (TONs), Davies and co-workers' found that
the highly efficient dirhodium-catalyzed asymmetric insertion
reaction of methyl phenyldiazoacetate 4, a proper precursor of
donor/acceptor carbenoid that has a higher stability, went
smoothly at 0 °C using 2 as the solvent (Scheme 1(b)). The high
concentration of 2 could probably facilitate the trapping of Rh-
carbenoid species by insertion into a C-H bond before the
decomposition of the catalyst. The corresponding products 5
could be afforded in 96% yield with 81% ee, and the loading of
catalyst Rh,(S-DOSP), (S)-C2 could be reduced to 0.01 mol%.

Recently, Hashimoto and co-workers'® reported the Rh-
catalyzed intermolecular asymmetric insertion reaction of the
carbenoid derived from o-methyl-a-diazoester 6 (Scheme 2). The
dirhodium complexes derived from N-tetrahalophthaloyl-(S)-
tert-leucine (Rh,(S-TFPTTL),, (S)-C3 and Rh,(S-TCPTTL),, (S)-
C4) are viable catalysts for this transformation. The insertion
product 7 could be obtained in moderate yields and ee's (66%
yield and 80% ee for (S)-C3, 73% yield and 61% ee for (S)-C4).
Notably, when the methyl group in 6 was replaced by longer
alkyl chains (ethyl or n-propyl), the Z-o,B-unsaturated esters 9
became the major or even the sole product via an [1,2]-hydride
shift of the Rh-carbenoid intermediates.

Rh-cat. Me CO,R Me
N - . OH
2 (1 mol%) 1. LiAIH,, THF
+ _— —_— -
Me)J\COZR solvent 2.DDQ, CH,yClp
23°C
6 2 7 8
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Bu Ot1Rh Bu O1Rh
o, (]l o,
N  OfRh N  OfRh R O
F ° cl o N-"NocHPr,
F F cl Cl 9, R'= Me, Et
F 4 ¢] 4

Rhy(S-TFPTTL), (S)-C3 | | Rhy(S-TCPTTL), (S)-C4

solvent = DMB solvent = CH,Cl,
66% yield (7), 80% ee (8)  73% yield (7), 61% ee (8)

Scheme 2 The asymmetric C—H bond insertion reactions of dirho-
dium carbenoids reported by Hashimoto.
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Indoles are the most widely distributed heterocyclic motifs
in naturally occurring alkaloids. Thus, the enantioselective
functionalization of indoles has been a hot research topic for a
long time." In their seminal work on Rh-catalyzed [3 + 2]
annulation of indoles, Lian and Davies* disclosed that methyl
a-phenyl-a-diazoacetate could react with 1,2-dimethylindole to
afford the C3 functionalization product in 95% yield by the Rh-
catalyst (S)-C2, albeit negligible asymmetric induction (<5% ee)
was observed. In 2011, Fox and co-workers'® found that by using
a catalytic amount of the chiral dirhodium complex Rh,(S-
NTTL), (S)-C5, the C-H bond functionalization of indoles 10
with a-alkyl-a-diazoesters 11 could occur under mild conditions
(Scheme 3(a)). Low temperature was critical to the success of the
reaction. Excellent yields and ee's could be obtained for the N-
aryl and N-alkyl indole derivatives with a small substituent (H or
Me) at the indole C2 position. Control experiments precluded
the cyclopropanation/fragmentation pathway and further density
functional theory (DFT) calculations supported the mechanism
that involves a Rh-ylide intermediate. The authors also suggested
that the Rh-catalyst adopts the “chiral crown” conformation' in
which the four phthalimide groups are projected on the same
face of the complex during the reaction. Shortly after Fox's report,
the Hashimoto group™® realized the asymmetric C-H bond func-
tionalization of N-MOM protected 2,3-unsubstituted indoles 13
with diazoester 6 by a Rh-catalyst Rh,(R-PTTEA), (R)-C6 (Scheme
3(b)). The corresponding product 14 could be used in the asym-
metric synthesis of acremoauxin A, a potent plant-growth inhib-
itor.” Markedly different from Fox's results, the 2-methylindole
derivative is not a good substrate here.
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1 _ + R 1N \ RZ
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Scheme 3 The Rh-catalyzed asymmetric C—H bond functionalization
reactions of indoles reported by (a) Fox and (b) Hashimoto,
respectively.
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The zwitterionic intermediates are proposed to exist during
the C-H bond insertion reactions in which the diazo
compounds participate. These intermediates usually undergo
rapid proton transfer to afford the C-H bond functionalization
products.”® Recently, Hu and co-workers® utilized chiral phos-
phoric acid (S)-C7 activated N-aryl imines as the electrophiles to
trap the zwitterionic intermediates generated from the Rh-
catalyzed intra- or intermolecular carbenoid C-H bond inser-
tion reactions (Scheme 4).*> The polyfunctionalized oxindole
and indole derivatives 17 and 20 bearing two consecutive chiral
centers were obtained in one single step with exceptional dia-
stereoselectivity and enantioselectivity (up to 99 : 1 dr and 99%
ee) taking advantage of a dual catalytic system combining a
transition metal salt and an organocatalyst.*

Based on the independent studies from the Davis group* on
the Rh-catalyzed asymmetric intermolecular benzylic C-H bond
insertion and the Yu group® on the Pd-catalyzed C-H activa-
tion/C-O cyclization, a collaboration of these two laboratories>®
led to the enantioselective synthesis of 2,3-dihydrobenzofurans
by sequential C-H bond functionalization reactions (Scheme 5).
The asymmetric insertion of the carbenoid species generated
from a-aryl-a-diazoesters 21 and the dirhodium complex Rh,(R-
PTTL), (R)-C8 into the secondary benzylic ethers 22 afforded the
corresponding products 23 in good yields and excellent enan-
tioselective control (up to 92% yield, >97 : 3 dr and 99% ee).
After removal of the TBS group, the 2,3-dihydrobenzofurans 25
were obtained by the Pd-catalyzed C-H activation/C-O cycliza-
tion sequence employing a Pd(u)/Pd(wv) catalytic cycle. No race-
mization could be observed. Further diversification of the
benzofuran derivative was accomplished by a third C-H bond
functionalization via the oxidative Heck coupling reaction.*”

The a-diazo carbonyl compounds are not the only carbene
precursors to realize the asymmetric C-H bond insertion
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Scheme 4 The asymmetric trapping of the zwitterionic intermediates
formed via C—H bond insertion reactions of dirhodium carbenoids
reported by Hu.
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Scheme 5 The asymmetric sequential C—H bond functionalization
reactions to synthesize benzofuran derivatives reported by Yu and
Davies.

reactions. It was found that the 1-sulfonyl-1,2,3-triazoles which
could be easily prepared by the Cu(i)-catalyzed azide-alkyne
cycloaddition (CuAAC) reaction®® could serve as alternative
carbene precursors for various transformations.> In 2011, the
Fokin group® demonstrated that the azavinyl carbenoids
derived from triazoles 26 and Rh-catalysts (S)-C1 or (S)-C5
underwent asymmetric C-H bond insertion reactions with a
series of alkanes 27 under mild conditions (Scheme 6). The
corresponding B-chiral amines 28 could be afforded after
subsequent LiAlH, reduction in up to 97% ee. The high regio-
selectivity (5 : 1) of the insertion reaction favoring tertiary C-H
bonds over secondary C-H bonds was observed. Notably, the
hydrolysis of the direct insertion products only gave the alde-
hydes in a racemic form.

In recent years, the Davies group®" has systematically studied
the combined C-H functionalization/Cope rearrangement
(CHCR), a reaction occurring between Rh-bound vinyl-
carbenoids and substrates containing allylic C-H bonds
(Scheme 7(a)). This type of transformations offers accesses to
products bearing two new stereocenters and has found broad
applications in organic synthesis.>” Detailed DFT calculations
have been conducted to probe the mechanism of the CHCR
reactions.®® This study demonstrated that the initial C-H bond
functionalization appeared to be a hydride transfer event. The
charged transition state TS-HT could then bifurcate, leading to
the CHCR product PA or the direct C-H bond insertion product
PB (Scheme 7(b)). These results are in accord with the fact
that in several cases, both products were formed and the

3 0, R1
N ) R? 1. (S)-C1 or (S)-C5 (0.5 mol%)
N N-SO2R @ CHCl, t or 40 °C 0.5 NﬁH
— + H . R“0,S— 7 \
)= 2. LiAIH, (1.2 equiv.), 0 °C (Y
n

R 17 examples 3/\_‘(_/;
28 R h

up to 95% yield
97% ee

26 27

Scheme 6 The Rh-catalyzed asymmetric C—H bond insertion reac-
tions of azavinyl carbenoids reported by Fokin.
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Scheme 7 The mechanistic studies of the Rh-catalyzed CHCR reac-
tions reported by Davies.

enantioselectivity of the two products were often very similar or
even identical.** The more intriguing information gained from
the computational investigation is that, in principle, the tran-
sition states with different conformation and orientation of
the substrates, which will lead to different stereochemical
outcomes, are all energetically accessible. Thus, the diaster-
eoselectivity could be possibly switched by using appropriate
substrates: the substrates bearing large substituents at the R
position would prefer the s-cis/boat approach, and conversely,
the substrates bearing large substituents at the R'/R* positions
would prefer the s-cis/chair approach (Scheme 7(c)). Davies and
co-workers* verified this hypothesis by employing cyclohexene
30 and cyclopentene 32 as the reaction components, respec-
tively (Scheme 7(d)). The corresponding B-keto-a-diazoacetates
31 and 33 were generated through CHCR reaction and subse-
quent transformations with high stereoselectivity but in the
opposite diastereomeric series, which is consistent with the
working models depicted in Scheme 7(c).

Lian and Davies®® reported the application of the CHCR
reaction of vinyl ethers as a surrogate for the vinylogous
Mukaiyama aldol reactions.?” By using (S)-C2 as the catalyst, an
array of Mukaiyama aldol-type products 36 were afforded in
high yields with exceptional stereoselectivity (up to >30: 1 dr

This journal is © The Royal Society of Chemistry 2014
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Scheme 8 The Rh-catalyzed CHCR reactions of vinyl ethers reported
by Davies.
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Scheme 9 The Rh-catalyzed asymmetric C—H bond functionalization
reactions of indoles reported by Davies.

and 99% ee) under mild conditions (Scheme 8). The absolute
configuration of 36 was found to be consistent with the s-cis/
boat approach. The C-H bond functionalization was highly
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regioselective as only the secondary C-H bond trans to the
methoxyl group in E-35a was cleavaged when an 1 : 1 mixture of
E/Z-35a was used. The kinetic resolution of the racemic vinyl
ether 35b was also achieved efficiently.

The Davies group®® also realized the asymmetric function-
alization of indoles with vinylcarbenoids. It was known that the
Rh-carbenoids generated from E-vinyldiazoacetates 38 could
adopt s-trans or s-cis conformation. When a sterically
demanding nucleophile was used, it would be possible to
enhance the vinylogous reactivity of 38 by reinforcing the s-trans
conformation of the carbenoid through the use of highly bulky
catalysts. Indeed, when such a chiral catalyst Rh,(S-biTISP), (S)-
C9 was employed, the desired indole functionalization products
39 were obtained in up to 86% yield and 95% ee (Scheme 9). The
newly formed double bonds were in Z-configuration. The cor-
responding pyrrole functionalization could be also achieved at a
slightly elevated temperature (—20 °C) due to the decreased
reactivity of pyrroles.

In addition to the extensively documented dirhodium cata-
lysts, several chiral Ir-complexes have been used in the asym-
metric C-H bond insertion reactions of metal carbenoids
recently (Scheme 10). In 2009, Suematsu and Katsuki® reported
that the Ir-carbenoids derived from o-diazoesters 40 and the Ir-
salen complex (R,,R)-C10 could react with 1,4-cyclohexadiene 2
to afford the C-H bond insertion products 41 with up to 95%
yield and >99% ee. Highly diastereo- and enantioselective C-H
bond insertion into THF of the similar carbenoid species was
also realized by using a sterically less hindered Ir-salen complex
(Sa,R)-C11. The syn-42 was obtained as the major diastereo
isomer with satisfactory yields and ee's. Noticeably, the a-diaz-
opropionate (40, R' = Me) was identified as a viable substrate
for these two reactions since the product of the competing f-
hydride elimination was not observed. Che and co-workers*’
found that an Ir-complex (—)-C12 derived from a D,-symmetric
porphyrin ligand could catalyze similar transformations.

(RR)-C13 (-C12, L = EtOH

Scheme 10 The Ir-catalyzed asymmetric intermolecular C—H bond insertion reactions reported by several groups.

This journal is © The Royal Society of Chemistry 2014
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Comparable results were obtained for asymmetric C-H bond
insertion between o-aryl-a-diazoesters 40 and 1,4-cyclo-
hexadiene 2 (up to 94% yield and 98% ee). A catalyst TON of
9600 was observed in a scaled up reaction. Complementary to
Katsuki's results, the asymmetric C-H bond insertion into THF
catalyzed by (—)-C12 exhibited high anti-selectivity. The enan-
tioenriched anti-42 (up to 97% ee) were the major products for a
series of a-aryl-a-diazoester substrates. Very recently, Musaev,
Davies, Blakey and co-workers** developed a phebox-ligated Ir-
complex (R,R)-C13 that is also capable to catalyze the asym-
metric C-H bond insertion reactions between 40 and 2. The
reactions could proceed at ambient conditions. Slow addition of
the diazoester and low temperature were not required.
Substituted 1,4-cyclohexadienes were also subjected to the C-H
bond insertion reactions and the subsequent oxidation with 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) led to the corre-
sponding o,a-biarylacetates in good yields (64-98%) with
excellent enantioselectivity (90-99% ee). Further DFT calcula-
tions revealed that in the active catalytic species, the carbene
fragment preferred to coordinate to the Ir center in the position
perpendicular to the plane of the phebox ligand. A predictive
model that could explain the experimentally observed enantio-
selectivity was also provided.

Che and co-workers** expanded the scope of Ir-porphyrin
complex catalyzed asymmetric C-H bond insertion reaction to
intramolecular variants. By utilizing a catalytic amount of
(+)-C12 (L = H,O or solvent) as the catalyst, an array of benzyl o-
aryl-a-diazoesters 43 underwent intramolecular asymmetric C-
H bond insertion reaction to afford cis-B-lactones in good yields
(up to 87%) and enantioselectivity (up to 78% ee) (Scheme 11).
Common dirhodium carboxylate catalysts such as (S)-C1 or
Rh,(S-MEPY), (tetrakis[methyl 2-pyrrolidone-5(S)-carboxylate]
dirhodium(u)) could not catalyze this reaction effectively.

Cu is another widely employed transition metal to catalyze
the carbene transformations. However, the applications of
chiral Cu catalysts to asymmetric C-H bond insertion reaction
are still very limited. Fraile and co-workers* disclosed that the
homogeneous Cu complexes with bis(oxazoline) (BOX) and
azabis(oxazoline) (azaBOX) ligands were able to catalyze the
asymmetric insertion of a-diazo compounds 4 into the C-H
bonds of cyclic ethers including THF, THP, 1,4-dioxane and 1,3-
dioxolane. When the chiral complexes were immobilized by
electrostatic interactions with laponite clay or supported on
silica or silica-alumina, the catalytic performance was improved
considerably in terms of conversion and stereoselectivity
(Scheme 12). In addition, the heterogeneous catalyst could be
recovered and reused for several times with similar results to
those obtained in the first run. Very recently, Jiménez-Osés,

N, o
)H(o Ar2 (+)-C12 (1 mol%) o)
1 N~
Ar CH,Cl, 25 °C , )
o 9 examples Ar Ar
43 up to 87% yield 44

78% ee

Scheme 11 The Ir-catalyzed asymmetric intramolecular C-H bond
insertion reactions reported by Che.
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Scheme 12 The Cu-catalyzed heterogeneous asymmetric intra-
molecular C—H bond insertion reactions reported by Fraile.

Fraile and co-workers** unambiguously determined the abso-
lute configuration of the conformationally flexible products of
the Cu-catalyzed C-H bond insertion reactions between 4 and
cyclic ethers using vibrational circular dichroism (VCD) spec-
troscopy in combination with rigorous quantum mechanics
calculations.

In 2010, Maguire and co-workers* reported the first example
of Cu-catalyzed enantioselective intramolecular C-H bond
insertion reactions of a-diazosulfones 46 (Scheme 13). In the
presence of catalytic amount of CuCl and chiral BOX ligand
(R,R)-L1, the formation of cis-thiopyrans 47 was preferred in
moderate yields (up to 68%) with excellent enantioselectivity
(up to 98% ee). When this option was not possible, the insertion
reaction was forced to proceed to give the trans five-membered
ring products 48. Notably, the dirhodium catalysts were not
effective for this transformation. Shortly after these initial
results, Slattery and Maguire*® realized the asymmetric intra-
molecular C-H bond insertion reactions of a-diazo-B-keto
sulfones 49 catalyzed by similar chiral Cu-BOX complexes. It
was found that using NaBARF or KBARF (BARF = tetrakis[3,5-
bis(trifluromethyl)phenyl]borate) as an additive is crucial for
achieving high enantioselectivity for these two reactions.
Further investigations®” demonstrated that the naked alkali
metal cations could alter the nature of the Cu catalyst through
partial or complete chloride abstraction.

Fe-catalyzed asymmetric reactions*® have been studied
intensively in recent years in that iron is cheap, non-toxic and
the most abundant metal in earth crust. Zhou and co-workers*
demonstrated that the asymmetric C-H bond functionalization
reactions of indoles could be accomplished by Fe-catalyzed
insertion of carbenoid derived from a-aryl-a-diazoesters 51
(Scheme 14). The reaction of these substrates could not give

CuCl (5 mol%) o0 O Q0 o
\‘ P (R.R)-L1 (6 mol%) oL ) S
R2  NaBARF (6 mol%) Q R R2
CH,Cl,, heat R *oh
46,n—1,2 47,n=2 48, n=1
10 examples 2 examples
up to 68% yield up to 57% yield
98% ee 60% ee
CuCl (5 mol%) Me Me

o

(RR-L2 (6 mol%) O\RK(O
/\)S(sozPh NaBARF (6 mol%) SO,Ph </| |
N N N

R! N, CH,Cly, reflux
5 examples
49 up to 95% yield (RR)}-L1,R=Ph
82% ee (R,R)-L2,R=Bn

Scheme 13 The Cu-catalyzed asymmetric intramolecular C—H bond
insertion reactions of a-diazosulfones reported by Maguire.
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Scheme 14 The Fe-catalyzed asymmetric C—H bond functionaliza-
tion reactions of indoles reported by Zhou.

satisfactory enantioselectivity when chiral dirhodium catalyst
was utilized.” The detailed optimization of the reaction
conditions revealed that the spiro bisoxazoline (R,,S,5)-L3 was
the optimal ligand and Fe(ClO,), was the optimal Fe precursor.
The corresponding a-aryl-a-indolylacetates 53 were constructed
in up to 94% yield and 78% ee. Notably, most products are solid
and can be easily purified by recrystallization. This study indi-
cated a high potential for application of sustainable and envi-
ronmentally benign catalysts in carbene transformations.
Interestingly, the group of Hwang and Ryu®® reported the
Lewis acid-catalyzed asymmetric insertion reactions into B-vinyl
C-H bonds of cyclic enones.** It was found that by utilizing the
chiral oxazaborolidinium salts (S)-C15 or (S)-C16 as the cata-
lysts, the B-vinyl C-H bonds of various cyclic enones 54 could be
functionalized by a-alkyl-a-diazoesters 55 leading to the f-
substituted cyclic enones 56 in high yields with excellent
enantioselectivity under mild conditions (Scheme 15).°> In some
cases, the catalyst loading could be lowered to 5 mol%. Efficient
kinetic resolution was also achieved when racemic substrate 54
(n = 1, R' = 6-Me) was employed. The synthetic utility of this
transformation was further demonstrated by the formal
synthesis of a natural sesquiterpene (+)-epijuvabione.*

2.2. C-H bond insertion by metal nitrenoids

Nitrenes are the nitrogeneous isoelectronic analogs of the car-
benes. The asymmetric insertion reaction of metal nitrenoids
into the C-H bonds has emerged as a powerful tool for the
construction of C-N bonds in recent years.**** Dauban and co-
workers®*»¢ gystematically studied the diastereoselective
nitrene C-H bond insertion reactions using a chiral sulfoni-
midamide (S)-C17 in combination with the chiral dirhodium
catalyst Rh,(S-NTA), (S)-C18. The benzylic methylene units
of cyclic and linear compounds, the allylic methylene units of

[e]
(S)-C15 or (S)-C16
OBu (20 mol%) N o
R ) RZ)H( “CHChp 20°C R, t
23 examples h Y OBu

up to 99% yield R2
54,n=0-3 55 99% ee 56

(S)-C15, Ar=Ph Me O Me
(S)-C16, Ar = 3,5-(Me),CgH3 (+)-epijuvabione

Scheme 15 The Lewis acid-catalyzed asymmetric C—H bond func-
tionalization reactions of enones reported by Hwang and Ryu.
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