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C-H Amination: 
Previous Work by the White Group 
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Metallonitrene C-H Amination: 

Seminal Papers: 
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Metallonitrene C-H Amination: 
Current Methodologies & Applications 
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C-H Oxidation Reactivity/ Selectivity Paradigm  

significantly lower reactivity with this challenging substrate (entries
3 and 4). The enhanced reactivity for an electrophilic C–H
amination reaction may be attributed to an electronic difference
between these ligands, as evidence suggests that phthalocyanines
are significantly better π-acceptor ligands and may lead to
enhanced electrophilicity at the metal centre29,30. The addition of
molecular sieves significantly improved reactivity with both 10
and 5 mol% catalyst 2, affording 60% and 58% of 5, respectively
(entries 9 and 10). Catalyst 3, in which tert-butyl groups were
introduced into the periphery of the phthalocyanine ligand,
further improved the yield to 75% (entry 11). This modification
was not similarly beneficial for the corresponding iron complex
(29% yield, entry 12). The enhanced productivity of 3 enables the
catalyst loading to be reduced to 5 mol% (72%, entry 13) and in
some cases to 2.5 mol% (71%, entry 14). Additionally, the oxidant
loading can be reduced to 1.2 equiv. while still maintaining good
reactivity (68%, entry 15).

Reaction generality. This new catalyticmethodwas examinedwith all
other major sp3 C–H bond types (benzylic, allylic, 2° and 1° aliphatic)
using unsubstituted linear sulfamate esters, among the most difficult
substrate classes for intramolecular C–H amination (Table 2). In all
cases, a significant improvement in yield was observed in switching
from the iron to the manganese phthalocyanine catalyst, with the
benzylic and allylic substrates affording synthetically useful yields

of aminated products 6 and 7 (entries 1 and 2). Catalyst 3
exhibited good reactivity across all bond types with 2° (8, BDE
of ∼98 kcal mol–1) and even 1° (9, BDE of ∼101 kcal mol–1)27

C–H bonds being readily intramolecularly aminated (entries 3
and 4). Significantly, 1° C–H bonds are at the lowest end of the
reactivity spectrum under rhodium catalysis, and amination of
this bond type is rare (vide infra)31. Moreover, despite the high
intramolecular reactivity of 3, excellent chemoselectivity (>20:1
insertion (ins.)/aziridine (azir.)) was maintained for allylic C–H
amination, as compared to 1:1 ins./azir. observed for rhodium catalyst
[Rh2(esp)2] (bis[rhodium(α,α,α′,α′-tetramethyl-1,3-benzenedipropionic
acid)]; ref. 31) (entry 2).

Catalyst 3 is capable of aminating 3°, 2° and 1° aliphatic C–H
bonds in a broad range of substrates with good functional group tol-
erance and site-selectivity (Table 3). Adjacent functionality, such as
protected nitrogen (10, 79%) and silyl ethers (11, 71%), is well
tolerated. In the presence of proximally equivalent C–H bonds,
catalyst 3 discriminates according to BDE, functionalizing at the
weaker β 3° C–H bond of an isopinocampheol derivative in the pres-
ence of a β 2° C–H bond (12, 63%; vide infra Fig. 2c). Amination of
3° C–H bonds is also effective for the formation of azaspirocycles
(13, 52%) and fused bicycles (14, 86%). Additionally, 3 exhibits
sensitivity to substrate electronics (that is, inductive effects) in the
amination of 2° C–H bonds. A remote electron-withdrawing
ester moiety has limited impact on amination at the γ position
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significantly lower reactivity with this challenging substrate (entries
3 and 4). The enhanced reactivity for an electrophilic C–H
amination reaction may be attributed to an electronic difference
between these ligands, as evidence suggests that phthalocyanines
are significantly better π-acceptor ligands and may lead to
enhanced electrophilicity at the metal centre29,30. The addition of
molecular sieves significantly improved reactivity with both 10
and 5 mol% catalyst 2, affording 60% and 58% of 5, respectively
(entries 9 and 10). Catalyst 3, in which tert-butyl groups were
introduced into the periphery of the phthalocyanine ligand,
further improved the yield to 75% (entry 11). This modification
was not similarly beneficial for the corresponding iron complex
(29% yield, entry 12). The enhanced productivity of 3 enables the
catalyst loading to be reduced to 5 mol% (72%, entry 13) and in
some cases to 2.5 mol% (71%, entry 14). Additionally, the oxidant
loading can be reduced to 1.2 equiv. while still maintaining good
reactivity (68%, entry 15).

Reaction generality. This new catalyticmethodwas examinedwith all
other major sp3 C–H bond types (benzylic, allylic, 2° and 1° aliphatic)
using unsubstituted linear sulfamate esters, among the most difficult
substrate classes for intramolecular C–H amination (Table 2). In all
cases, a significant improvement in yield was observed in switching
from the iron to the manganese phthalocyanine catalyst, with the
benzylic and allylic substrates affording synthetically useful yields

of aminated products 6 and 7 (entries 1 and 2). Catalyst 3
exhibited good reactivity across all bond types with 2° (8, BDE
of ∼98 kcal mol–1) and even 1° (9, BDE of ∼101 kcal mol–1)27

C–H bonds being readily intramolecularly aminated (entries 3
and 4). Significantly, 1° C–H bonds are at the lowest end of the
reactivity spectrum under rhodium catalysis, and amination of
this bond type is rare (vide infra)31. Moreover, despite the high
intramolecular reactivity of 3, excellent chemoselectivity (>20:1
insertion (ins.)/aziridine (azir.)) was maintained for allylic C–H
amination, as compared to 1:1 ins./azir. observed for rhodium catalyst
[Rh2(esp)2] (bis[rhodium(α,α,α′,α′-tetramethyl-1,3-benzenedipropionic
acid)]; ref. 31) (entry 2).

Catalyst 3 is capable of aminating 3°, 2° and 1° aliphatic C–H
bonds in a broad range of substrates with good functional group tol-
erance and site-selectivity (Table 3). Adjacent functionality, such as
protected nitrogen (10, 79%) and silyl ethers (11, 71%), is well
tolerated. In the presence of proximally equivalent C–H bonds,
catalyst 3 discriminates according to BDE, functionalizing at the
weaker β 3° C–H bond of an isopinocampheol derivative in the pres-
ence of a β 2° C–H bond (12, 63%; vide infra Fig. 2c). Amination of
3° C–H bonds is also effective for the formation of azaspirocycles
(13, 52%) and fused bicycles (14, 86%). Additionally, 3 exhibits
sensitivity to substrate electronics (that is, inductive effects) in the
amination of 2° C–H bonds. A remote electron-withdrawing
ester moiety has limited impact on amination at the γ position
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significantly lower reactivity with this challenging substrate (entries
3 and 4). The enhanced reactivity for an electrophilic C–H
amination reaction may be attributed to an electronic difference
between these ligands, as evidence suggests that phthalocyanines
are significantly better π-acceptor ligands and may lead to
enhanced electrophilicity at the metal centre29,30. The addition of
molecular sieves significantly improved reactivity with both 10
and 5 mol% catalyst 2, affording 60% and 58% of 5, respectively
(entries 9 and 10). Catalyst 3, in which tert-butyl groups were
introduced into the periphery of the phthalocyanine ligand,
further improved the yield to 75% (entry 11). This modification
was not similarly beneficial for the corresponding iron complex
(29% yield, entry 12). The enhanced productivity of 3 enables the
catalyst loading to be reduced to 5 mol% (72%, entry 13) and in
some cases to 2.5 mol% (71%, entry 14). Additionally, the oxidant
loading can be reduced to 1.2 equiv. while still maintaining good
reactivity (68%, entry 15).

Reaction generality. This new catalyticmethodwas examinedwith all
other major sp3 C–H bond types (benzylic, allylic, 2° and 1° aliphatic)
using unsubstituted linear sulfamate esters, among the most difficult
substrate classes for intramolecular C–H amination (Table 2). In all
cases, a significant improvement in yield was observed in switching
from the iron to the manganese phthalocyanine catalyst, with the
benzylic and allylic substrates affording synthetically useful yields

of aminated products 6 and 7 (entries 1 and 2). Catalyst 3
exhibited good reactivity across all bond types with 2° (8, BDE
of ∼98 kcal mol–1) and even 1° (9, BDE of ∼101 kcal mol–1)27

C–H bonds being readily intramolecularly aminated (entries 3
and 4). Significantly, 1° C–H bonds are at the lowest end of the
reactivity spectrum under rhodium catalysis, and amination of
this bond type is rare (vide infra)31. Moreover, despite the high
intramolecular reactivity of 3, excellent chemoselectivity (>20:1
insertion (ins.)/aziridine (azir.)) was maintained for allylic C–H
amination, as compared to 1:1 ins./azir. observed for rhodium catalyst
[Rh2(esp)2] (bis[rhodium(α,α,α′,α′-tetramethyl-1,3-benzenedipropionic
acid)]; ref. 31) (entry 2).

Catalyst 3 is capable of aminating 3°, 2° and 1° aliphatic C–H
bonds in a broad range of substrates with good functional group tol-
erance and site-selectivity (Table 3). Adjacent functionality, such as
protected nitrogen (10, 79%) and silyl ethers (11, 71%), is well
tolerated. In the presence of proximally equivalent C–H bonds,
catalyst 3 discriminates according to BDE, functionalizing at the
weaker β 3° C–H bond of an isopinocampheol derivative in the pres-
ence of a β 2° C–H bond (12, 63%; vide infra Fig. 2c). Amination of
3° C–H bonds is also effective for the formation of azaspirocycles
(13, 52%) and fused bicycles (14, 86%). Additionally, 3 exhibits
sensitivity to substrate electronics (that is, inductive effects) in the
amination of 2° C–H bonds. A remote electron-withdrawing
ester moiety has limited impact on amination at the γ position
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significantly lower reactivity with this challenging substrate (entries
3 and 4). The enhanced reactivity for an electrophilic C–H
amination reaction may be attributed to an electronic difference
between these ligands, as evidence suggests that phthalocyanines
are significantly better π-acceptor ligands and may lead to
enhanced electrophilicity at the metal centre29,30. The addition of
molecular sieves significantly improved reactivity with both 10
and 5 mol% catalyst 2, affording 60% and 58% of 5, respectively
(entries 9 and 10). Catalyst 3, in which tert-butyl groups were
introduced into the periphery of the phthalocyanine ligand,
further improved the yield to 75% (entry 11). This modification
was not similarly beneficial for the corresponding iron complex
(29% yield, entry 12). The enhanced productivity of 3 enables the
catalyst loading to be reduced to 5 mol% (72%, entry 13) and in
some cases to 2.5 mol% (71%, entry 14). Additionally, the oxidant
loading can be reduced to 1.2 equiv. while still maintaining good
reactivity (68%, entry 15).

Reaction generality. This new catalyticmethodwas examinedwith all
other major sp3 C–H bond types (benzylic, allylic, 2° and 1° aliphatic)
using unsubstituted linear sulfamate esters, among the most difficult
substrate classes for intramolecular C–H amination (Table 2). In all
cases, a significant improvement in yield was observed in switching
from the iron to the manganese phthalocyanine catalyst, with the
benzylic and allylic substrates affording synthetically useful yields

of aminated products 6 and 7 (entries 1 and 2). Catalyst 3
exhibited good reactivity across all bond types with 2° (8, BDE
of ∼98 kcal mol–1) and even 1° (9, BDE of ∼101 kcal mol–1)27

C–H bonds being readily intramolecularly aminated (entries 3
and 4). Significantly, 1° C–H bonds are at the lowest end of the
reactivity spectrum under rhodium catalysis, and amination of
this bond type is rare (vide infra)31. Moreover, despite the high
intramolecular reactivity of 3, excellent chemoselectivity (>20:1
insertion (ins.)/aziridine (azir.)) was maintained for allylic C–H
amination, as compared to 1:1 ins./azir. observed for rhodium catalyst
[Rh2(esp)2] (bis[rhodium(α,α,α′,α′-tetramethyl-1,3-benzenedipropionic
acid)]; ref. 31) (entry 2).

Catalyst 3 is capable of aminating 3°, 2° and 1° aliphatic C–H
bonds in a broad range of substrates with good functional group tol-
erance and site-selectivity (Table 3). Adjacent functionality, such as
protected nitrogen (10, 79%) and silyl ethers (11, 71%), is well
tolerated. In the presence of proximally equivalent C–H bonds,
catalyst 3 discriminates according to BDE, functionalizing at the
weaker β 3° C–H bond of an isopinocampheol derivative in the pres-
ence of a β 2° C–H bond (12, 63%; vide infra Fig. 2c). Amination of
3° C–H bonds is also effective for the formation of azaspirocycles
(13, 52%) and fused bicycles (14, 86%). Additionally, 3 exhibits
sensitivity to substrate electronics (that is, inductive effects) in the
amination of 2° C–H bonds. A remote electron-withdrawing
ester moiety has limited impact on amination at the γ position

O

[FePc]·SbF6[Ru2(hp)4]ClRh2(OAc)4Rh2(esp)2

Rh
Rh

O
O

CH3

O

CH3

O

O
CH3

O
O

H3C

O
Rh

Rh

O
O

O
O

O

O
OH3C

H3C

CH3

CH3

CH3

CH3

H3C

H3C

Ru
Ru

O

O

O

O
N

N

N

NCl

N

N

N

N

N

N

N

N

Fe

X

N

N

N

N

N

N

N

N

Mn

X

tBu

tBu

tBu

tBu

R

HN O
S

O O

R OSO2NH2

H

N
OS

R

O
O

R

HN O
S

O O
Cat.

above
Cat.

above

Strong 
aliphatic

C–H

Weak 
allylic
C–H

C–H 
insertion (ins.)

Aziridine
(azir.)

C–H 
insertion (ins.)

R OSO2NH2

H [Mn(tBuPc)]

High reactivity and 
chemoselectivity

R

HN O
S

O O

C–H insertion

R

HN O
S

O O

[Mn(tBuPc)]
X = SbF6

a Previous work

b This work

Reactivity Selectivity

Rh cat. Rh cat. Fe/Ru cat.

Figure 1 | The C–H oxidation reactivity/selectivity paradigm. a, Reactivity and chemoselectivity of existing C–H amination catalysts with sulfamate ester
substrates. Rhodium catalysts aminate strong 2° C–H bonds in aliphatic substrates but aziridinate reactive π functionality in allylic substrates. Iron and
ruthenium catalysts aminate weak allylic bonds with high chemoselectivity, but demonstrate limited reactivity towards strong aliphatic C–H bonds. b, Novel
[Mn(tBuPc)] catalyst demonstrates both high reactivity and chemoselectivity. It is capable of aminating strong aliphatic C–H bonds while tolerating reactive π
functionality in allylic substrates.

ARTICLES NATURE CHEMISTRY DOI: 10.1038/NCHEM.2366

NATURE CHEMISTRY | VOL 7 | DECEMBER 2015 | www.nature.com/naturechemistry988

Steph McCabe @ Wipf Group Page 5 of 13 12/27/2015



6	  

H
OSO2NH23

HN OS
O O

3

Fe/Mn cat. (10 mol%)
PhI(OPiv)2 (2 equiv.)

Additive
9:1 C6H6/ MeCN

rt, 8 h

Reaction Development  

Steph McCabe @ Wipf Group Page 6 of 13 12/27/2015



7	  

Reaction Scope 

R2

R1H OSO2NH2

R3!
"

HN OS
O O

R2

R1
R3

[Mn(tBuPc)]Cl (5 mol%)
AgSbF6 ( 5 mol%)

PhI(OPiv)2 (2 equiv.)

4Å MS, 9: 1 C6H6/ MeCN
rt, 8-24 h

HN OS
O O

NPhth
79%

HN OS
O O

OTBDPS
71%

HN

OSO
O

2°

3°

63%

HN OS
OO

52%

HN OS

OSHN

O O

86%

MeO

O

3

57%

O O

HN OS

TsO
4

54%

O O

HN O
S

O O

tBu

90%
>20: 1 dr

O
S NH

O
O

1°

2°

53%
(+27% 2°)
2:1 1°/ 2°

HN O
S

O O

51%

aliphatic

HN OS
OO

HN OS
OO

O

EtO

HN OS
OO

N
Ts

MeO2C

HN OS
OO

HN
O

S
O O

HN O
S

O O

50% 7: 1 (ins./azr.)
[FePc]: 22% 7: 1
[Ru2(Hp)4: 2: 1
Rh2(esp)2: 1: 1.5

77%
[FePc]: 12%
[Ru2(hp)4: 25%

73% 69%
>20: 1 dr

60%
2: 1 dr 62% 7:1 (ins./azr.)

[Rh2(S-nap)4]: 2:1
Rh2(OAc)4: 1: 20

allylic

Steph McCabe @ Wipf Group Page 7 of 13 12/27/2015



8	  

Reaction Scope 

HN OS
OO

TMS

HN OS
OO

TsO

HN OS
OO

O
O

HN OS
OO

X

HN OS
OO

X

HN OS
OO

Ph
O

OEt
HN OS

OO

Ph
Me

64% 48%
1:1 dr

64%
>20:1 dr

X = H, 69%
X = OBoc, 69%

X = Br, 68%
X =CF3, 58%

64%
>20:1 dr

68%
>20:1 dr

HN OS
OO

Ph

HN OS
OO

PhO2SN

HN OS
OO

PhO2SN

HN OS
OO

NO

O

HN OS
OO

N
N

O

HN OS
OO

O

N
Ph

Ph

63%

69%
7: 1 dr

71%
12: 1 dr

56% 63%

63%

benzylic

propargylic, ethereal

R2

R1H OSO2NH2

R3!
"

HN OS
O O

R2

R1
R3

[Mn(tBuPc)]Cl (5 mol%)
AgSbF6 ( 5 mol%)

PhI(OPiv)2 (2 equiv.)

4Å MS, 9: 1 C6H6/ MeCN
rt, 8-24 h

Steph McCabe @ Wipf Group Page 8 of 13 12/27/2015



9	  

Late-Stage Diversification of Complex Molecules 
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Mechanistic Studies 

with manganese catalyst 3 in improved yields (29, 69%; 30, 69%).
Catalyst 3 promotes benzylic C–H amination on substrates with
varying degrees of electronic deactivation, such as para-Br- and
para-CF3-substituted benzylic substrates (31, 68% and 32, 58%,
respectively). In contrast, iron catalyst 1 is less reactive for electroni-
cally deactivated benzylic substrates (31, 30%). Both α- and
β-branched sulfamates readily undergo benzylic C–H amination
with excellent diastereoselectivity (>20:1), favouring the confor-
mationally preferred syn and anti oxathiazinane, respectively
(33, 64%; 34, 68%)1. Sterically encumbered benzylic substrates
with quaternary centres adjacent to the site of functionalization
still aminate in good yields (35, 63%). Given the prevalence of het-
erocycles in medicinally relevant compounds, we evaluated the toler-
ance of this method to aromatics with varying degrees of heteroatom
incorporation. Pyrrole and indole substrates both afforded good
yields and diastereoselectivities of the desired C–H amination pro-
ducts (36, 69%, 7:1 d.r. and 37, 71%, 12:1 d.r., respectively).
N-aryloxazolidinones and oxadiazoles, which contain both nitrogen
and oxygen heteroatoms, proceeded smoothly under the reaction

conditions (38, 56% and 39, 63%, respectively). Exemplifying the
potential application of this method to late-stage diversification
of pharmaceuticals, an oxazole-based substrate derived from
the commercial nonsteroidal anti-inflammatory drug (NSAID)
oxaprozin furnished oxathiazinane 40 in 63% yield.

Mechanistic studies. We sought to investigate our hypothesis that
the unique generality of catalyst 3 can be attributed to the
attenuated radical character of the manganese metallonitrene
oxidant relative to iron. Intramolecular competition experiments
were conducted to probe the C–H amination steps of the catalytic
cycle independently from the reaction kinetics (Fig. 2a). The
electronic nature of the transition state for C–H cleavage was
assessed by way of Hammett analysis with a series of sulfamate
ester substrates having two electronically dissimilar benzylic sites
(Fig. 2b and Supplementary Fig. 1). Plotting log(kAr/kH) against
substituent parameter σ+ gave linear correlations, with manganese
showing less sensitivity to the electronics of the C–H bond
relative to iron (ρ = –0.88 for 3, –1.12 for 1), but significantly
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to a greater extent than with rhodium but less than with iron. Intermolecular KIE studies with catalysts 2 and 3 suggest C–H cleavage contributes to the
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with manganese catalyst 3 in improved yields (29, 69%; 30, 69%).
Catalyst 3 promotes benzylic C–H amination on substrates with
varying degrees of electronic deactivation, such as para-Br- and
para-CF3-substituted benzylic substrates (31, 68% and 32, 58%,
respectively). In contrast, iron catalyst 1 is less reactive for electroni-
cally deactivated benzylic substrates (31, 30%). Both α- and
β-branched sulfamates readily undergo benzylic C–H amination
with excellent diastereoselectivity (>20:1), favouring the confor-
mationally preferred syn and anti oxathiazinane, respectively
(33, 64%; 34, 68%)1. Sterically encumbered benzylic substrates
with quaternary centres adjacent to the site of functionalization
still aminate in good yields (35, 63%). Given the prevalence of het-
erocycles in medicinally relevant compounds, we evaluated the toler-
ance of this method to aromatics with varying degrees of heteroatom
incorporation. Pyrrole and indole substrates both afforded good
yields and diastereoselectivities of the desired C–H amination pro-
ducts (36, 69%, 7:1 d.r. and 37, 71%, 12:1 d.r., respectively).
N-aryloxazolidinones and oxadiazoles, which contain both nitrogen
and oxygen heteroatoms, proceeded smoothly under the reaction

conditions (38, 56% and 39, 63%, respectively). Exemplifying the
potential application of this method to late-stage diversification
of pharmaceuticals, an oxazole-based substrate derived from
the commercial nonsteroidal anti-inflammatory drug (NSAID)
oxaprozin furnished oxathiazinane 40 in 63% yield.

Mechanistic studies. We sought to investigate our hypothesis that
the unique generality of catalyst 3 can be attributed to the
attenuated radical character of the manganese metallonitrene
oxidant relative to iron. Intramolecular competition experiments
were conducted to probe the C–H amination steps of the catalytic
cycle independently from the reaction kinetics (Fig. 2a). The
electronic nature of the transition state for C–H cleavage was
assessed by way of Hammett analysis with a series of sulfamate
ester substrates having two electronically dissimilar benzylic sites
(Fig. 2b and Supplementary Fig. 1). Plotting log(kAr/kH) against
substituent parameter σ+ gave linear correlations, with manganese
showing less sensitivity to the electronics of the C–H bond
relative to iron (ρ = –0.88 for 3, –1.12 for 1), but significantly
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with manganese catalyst 3 in improved yields (29, 69%; 30, 69%).
Catalyst 3 promotes benzylic C–H amination on substrates with
varying degrees of electronic deactivation, such as para-Br- and
para-CF3-substituted benzylic substrates (31, 68% and 32, 58%,
respectively). In contrast, iron catalyst 1 is less reactive for electroni-
cally deactivated benzylic substrates (31, 30%). Both α- and
β-branched sulfamates readily undergo benzylic C–H amination
with excellent diastereoselectivity (>20:1), favouring the confor-
mationally preferred syn and anti oxathiazinane, respectively
(33, 64%; 34, 68%)1. Sterically encumbered benzylic substrates
with quaternary centres adjacent to the site of functionalization
still aminate in good yields (35, 63%). Given the prevalence of het-
erocycles in medicinally relevant compounds, we evaluated the toler-
ance of this method to aromatics with varying degrees of heteroatom
incorporation. Pyrrole and indole substrates both afforded good
yields and diastereoselectivities of the desired C–H amination pro-
ducts (36, 69%, 7:1 d.r. and 37, 71%, 12:1 d.r., respectively).
N-aryloxazolidinones and oxadiazoles, which contain both nitrogen
and oxygen heteroatoms, proceeded smoothly under the reaction

conditions (38, 56% and 39, 63%, respectively). Exemplifying the
potential application of this method to late-stage diversification
of pharmaceuticals, an oxazole-based substrate derived from
the commercial nonsteroidal anti-inflammatory drug (NSAID)
oxaprozin furnished oxathiazinane 40 in 63% yield.

Mechanistic studies. We sought to investigate our hypothesis that
the unique generality of catalyst 3 can be attributed to the
attenuated radical character of the manganese metallonitrene
oxidant relative to iron. Intramolecular competition experiments
were conducted to probe the C–H amination steps of the catalytic
cycle independently from the reaction kinetics (Fig. 2a). The
electronic nature of the transition state for C–H cleavage was
assessed by way of Hammett analysis with a series of sulfamate
ester substrates having two electronically dissimilar benzylic sites
(Fig. 2b and Supplementary Fig. 1). Plotting log(kAr/kH) against
substituent parameter σ+ gave linear correlations, with manganese
showing less sensitivity to the electronics of the C–H bond
relative to iron (ρ = –0.88 for 3, –1.12 for 1), but significantly
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with manganese catalyst 3 in improved yields (29, 69%; 30, 69%).
Catalyst 3 promotes benzylic C–H amination on substrates with
varying degrees of electronic deactivation, such as para-Br- and
para-CF3-substituted benzylic substrates (31, 68% and 32, 58%,
respectively). In contrast, iron catalyst 1 is less reactive for electroni-
cally deactivated benzylic substrates (31, 30%). Both α- and
β-branched sulfamates readily undergo benzylic C–H amination
with excellent diastereoselectivity (>20:1), favouring the confor-
mationally preferred syn and anti oxathiazinane, respectively
(33, 64%; 34, 68%)1. Sterically encumbered benzylic substrates
with quaternary centres adjacent to the site of functionalization
still aminate in good yields (35, 63%). Given the prevalence of het-
erocycles in medicinally relevant compounds, we evaluated the toler-
ance of this method to aromatics with varying degrees of heteroatom
incorporation. Pyrrole and indole substrates both afforded good
yields and diastereoselectivities of the desired C–H amination pro-
ducts (36, 69%, 7:1 d.r. and 37, 71%, 12:1 d.r., respectively).
N-aryloxazolidinones and oxadiazoles, which contain both nitrogen
and oxygen heteroatoms, proceeded smoothly under the reaction

conditions (38, 56% and 39, 63%, respectively). Exemplifying the
potential application of this method to late-stage diversification
of pharmaceuticals, an oxazole-based substrate derived from
the commercial nonsteroidal anti-inflammatory drug (NSAID)
oxaprozin furnished oxathiazinane 40 in 63% yield.

Mechanistic studies. We sought to investigate our hypothesis that
the unique generality of catalyst 3 can be attributed to the
attenuated radical character of the manganese metallonitrene
oxidant relative to iron. Intramolecular competition experiments
were conducted to probe the C–H amination steps of the catalytic
cycle independently from the reaction kinetics (Fig. 2a). The
electronic nature of the transition state for C–H cleavage was
assessed by way of Hammett analysis with a series of sulfamate
ester substrates having two electronically dissimilar benzylic sites
(Fig. 2b and Supplementary Fig. 1). Plotting log(kAr/kH) against
substituent parameter σ+ gave linear correlations, with manganese
showing less sensitivity to the electronics of the C–H bond
relative to iron (ρ = –0.88 for 3, –1.12 for 1), but significantly
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Figure 2 | Mechanistic studies of manganese and iron C–H amination catalysts. a, Proposed stepwise mechanism for manganese and iron catalysis.
b, Intramolecular Hammett analysis (σ+) reveals that 3 is less sensitive to the electronics of the C–H bond than 1, but more so than reported for rhodium
(ρ = −0.55). c, C–H bond reactivity trends for 3° aliphatic C–H bonds relative to other bond types show that 3 reacts according to relative C–H BDE but is
less discriminating than 1, indicating attenuated radical character in C–H cleavage. d, KIE values for intramolecular competition experiments for catalysts 1, 2,
3 and Rh2(OAc)4 (quantitative 13C NMR spectroscopy) suggest manganese catalysis proceeds via a transition structure where C–H bond breakage occurs
to a greater extent than with rhodium but less than with iron. Intermolecular KIE studies with catalysts 2 and 3 suggest C–H cleavage contributes to the
reaction rate but is not solely rate-determining. e, Partial isomerization of Z-olefin substrate 47 with catalysts 3 and 1 support a stepwise mechanism.
f, Complete stereoretention in C–H amination of enantiometrically enriched (+)-48 with catalysts 3 and 1 supports a rapid radical rebound of the nitrogen
from the base metal catalyst versus a free radical intermediate.
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with manganese catalyst 3 in improved yields (29, 69%; 30, 69%).
Catalyst 3 promotes benzylic C–H amination on substrates with
varying degrees of electronic deactivation, such as para-Br- and
para-CF3-substituted benzylic substrates (31, 68% and 32, 58%,
respectively). In contrast, iron catalyst 1 is less reactive for electroni-
cally deactivated benzylic substrates (31, 30%). Both α- and
β-branched sulfamates readily undergo benzylic C–H amination
with excellent diastereoselectivity (>20:1), favouring the confor-
mationally preferred syn and anti oxathiazinane, respectively
(33, 64%; 34, 68%)1. Sterically encumbered benzylic substrates
with quaternary centres adjacent to the site of functionalization
still aminate in good yields (35, 63%). Given the prevalence of het-
erocycles in medicinally relevant compounds, we evaluated the toler-
ance of this method to aromatics with varying degrees of heteroatom
incorporation. Pyrrole and indole substrates both afforded good
yields and diastereoselectivities of the desired C–H amination pro-
ducts (36, 69%, 7:1 d.r. and 37, 71%, 12:1 d.r., respectively).
N-aryloxazolidinones and oxadiazoles, which contain both nitrogen
and oxygen heteroatoms, proceeded smoothly under the reaction

conditions (38, 56% and 39, 63%, respectively). Exemplifying the
potential application of this method to late-stage diversification
of pharmaceuticals, an oxazole-based substrate derived from
the commercial nonsteroidal anti-inflammatory drug (NSAID)
oxaprozin furnished oxathiazinane 40 in 63% yield.

Mechanistic studies. We sought to investigate our hypothesis that
the unique generality of catalyst 3 can be attributed to the
attenuated radical character of the manganese metallonitrene
oxidant relative to iron. Intramolecular competition experiments
were conducted to probe the C–H amination steps of the catalytic
cycle independently from the reaction kinetics (Fig. 2a). The
electronic nature of the transition state for C–H cleavage was
assessed by way of Hammett analysis with a series of sulfamate
ester substrates having two electronically dissimilar benzylic sites
(Fig. 2b and Supplementary Fig. 1). Plotting log(kAr/kH) against
substituent parameter σ+ gave linear correlations, with manganese
showing less sensitivity to the electronics of the C–H bond
relative to iron (ρ = –0.88 for 3, –1.12 for 1), but significantly
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Proposed Mechanism 
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Conclusions/ Future Directions 

Conclusions:	  
•  Report	  a	  new	  C-‐H	  aminaDon	  catalyst	  -‐	  Manganese	  tert-‐butylphthalocyanine	  [Mn(tBuPc)]	  	  
•  10	  million	  x	  more	  abundant	  than	  noble	  metal	  predecessor	  
•  FuncDonalizes	  all	  C(sp3)-‐H	  bonds	  (including	  1°	  aliphaDc)	  (=highly	  reacDve)	  
•  Stereospecific	  
•  Broad	  funcDonal	  group	  tolerance	  (=highly	  selecDve)	  

	  -‐	  increases	  it’s	  potenDal	  for	  natural	  product	  synthesis	  &	  late-‐stage	  diversificaDon	  of	  pharmaceuDcals	  
	  	  
Future	  Direc3ons:	  
•  Intermolecular	  variant	  
•  Asymmetric	  variant	  
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