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Introduction

* Amines are ubiquitous in bioactive molecules

NH,
<NfN o /
7

N N/)
H

Adenine Serotonin Quinine Morphine

ZT

NH,

* Constant development of new synthetic methods for the preparation of amines



Introduction

* Most widely employed approaches:
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Transformation of pre-installed functional groups

F. Collet, R. H. Dodd, P. Dauban Chem. Commun. 2009, 5061.



Introduction

* Direct C-H Amination:
» Avoids installation of functional groups and their removal

» Complementary opportunities to usual aminations

H

)\ Direct C-H
R
Amination

» Challenging problems such as C-H bond energy and selectivity

» Focus on Csp3-H aminations



Introduction

Different kinds of Csp3-H amination Reactions

* Metal-Catalyzed C-H amination reactions

X : N, IPh, - \
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C-H Nitrene insertionTransition metal-Catalyzed C-H
Activation

 Radical cyclizations: Hofmann-Loffler-Freytag Reaction

* Oxidation of C,N-Dianions



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Reactivity of Nitrenes

* Nitrogen equivalent to carbenes

 Can be generated from azides by photolysis or thermolysis:

S _
O N kerosene

180 °C

Y

nitrene

C-H amination

[nitrene insertion] path 1 6m electrocyclization

(, J1 ,5] hydrogen shift /
N g \N H
H

P. A. S. Smith, B. B. Brown J. Am. Chem. Soc. 1951, 73, 2435.




Metal-catalyzed C-H Hofmann-Loffler-Freytag
Aminations Reaction

C-H Nitrene insertion

Metal-Catalyzed alternatives

 Control the reactivity of nitrenes:

» Avoid competing processes O O
» Site- and Stereo-selectivities
Fe''(TPP)CI
» Mild reaction conditions
* Pioneering work from Breslow and Gellman:
5 mol%
_IPh
SO,NH; Phi(OAc), SO, Fe(TPP)CI SO,
> >
KOH/MeOH 77 -86%

» Use of iIminoiodanes: method of choice

R. Breslow, S. H. Gellman JACS 1983, 6728



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intramolecular C-H insertions: Du Bois

* |In-situ formation of the iminoiodanes

Formation of

) 5-membered rings
5 mol% [Rhy(O,CR'),]
R/\/O\H/NHZ - HN/U\O /
0 Phi(OAc), MgO !
DCM, 40 °C R
44 - 84%

* Dirhodium catalysts: Rh,(OAc), or Rh,(tpa), (tpa = triphenylacetate)

 Reaction proceeds with retention of configuration:

O
H M
0L _NH, 5 mol% [Rhy(tpa),] L
\n/ > HN O
o) Phl(OAc), MgO -
DCM, 40 °C \);e/
72%

C. G. Espino, J. Du Bois ACIE, 2001,598.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intramolecular C-H insertions: Du Bois

* Same observation from sulfamate esters

O\ ’O O\ /O
g 2 mol% Rh,(OAc), .S~
HN"S0 .~ HN" "0
3 /\)\R Ph|(OAC)2, MgO R )\)\R
: 2 DCM., 40 °C 1 ’
60 - 91%
. O\\ ,,O
Me OSO,NH, 2 mol% Rh,(OAc), _ HN'S‘O
Et/-\) Phl(OAC)2 MgO Et/é\)
DCM, 40 °C :
ee = 99% 91% ee = 99%

Formation of 6-membered rings

C. G. Espino, P. M. Wehn, J. Chow, J. Du Bois JACS, 2001, 6935.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intramolecular C-H insertions: Du Bois

* Synthesis from several N-containing starting materials

0] 0] NR O..0
I I Iy 8" Presence of an EWG
HN" O HN NR  HN” NH HU )
O] \_J \_J \_J on the nitrogen
H NH,
| —_—
& Cata/yﬁc O\\ /,O O\\ /,O O\\ /,O O\\ ,Ar
Rhy(0,CR); HN""O  HN"""NR HN"°O HN’P\O
L_NR
* Rh,(esp), catalyst: low loadings
Me
Me
1 mol% Me g
~]-0O
O:\ /io ha(esp)z O:\S/:O C5H5N Me O\F’lho;ﬂlh\o
Ho.N"~ NBoc > HN" ~ NBoc > H.N  NHBoc (‘):Oc')’ Me
M
Et0,C7 1> Phi(OAC), R[> HeO  Et0,C71> L
MgO, PrOAc 80 °C Me
99% 98% Rhy(esp),

9

(a) J. Du Bois et al. JACS 2004, 126, 15378. (b) J. Du Boi et al. Org. Lett. 2006, 8, 1073. (c) J. Du Bois et al. Oeg. Lett. 2011, 13, 3336. (d) J. Du Bois Org.
Process. Res. Dev. 2011, 15, 758.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intramolecular C-H insertions: Du Bois

* Proposed mechanism:

i ROSO,NH, + PhI(OAc),
O R o 0
,S\ S;‘l'O\ I /L *
u)\) L/ I \O: . ‘H
R O\\TO R'OSO,N=IPh
R +
2 AcOH
L i
O)AO 0 O0—™0 IPh
RH--RHZN-S-OR' RK_RhN
R ‘\//'/' S(0):0R'

* Reactivity of C-H bonds:
Tertiary > ethereal ~ benzylic > Secondary >> Primary 10

(a) J. Du Bois et al. Acc. Chem. Res. 2012, 45, 911. (b) J. L. Jeffrey, R. Sarpong Chem. Sci. 2013, asap. (c) J. Du Bois et al. Tetrahedron 2009, 3042.



Metal-catalyzed C-H Hofmann-Loffler-Freytag
Aminations Reaction

C-H Nitrene insertion

Intramolecular C-H insertions: Du Bois Enantioselective version

Ts
o. O 2 mol% o. O H’&
HQN’S“O Rhy(S-nap), HN’S‘O Rhu(S-nap) \\\OI;J
- ol - q =
A Phi=0, 3A MS AN A m
CH,Cl, a45e » Dirhoduim carboxamidate
Qs 0.0 0, 0 complex
HN'S\O HN'S\O HN'S‘O
, » Only benzylic and allylic C-H
R OSitBuMe, N~ bonds
1.R=H 85% 92%ee  4.45%, 85% ee 5. 98%, 92% ee
2. R = OMe 89%, 83% ee .
3.R=CF; 50%,56% ee » Importance of the ligand-
Qg Qog© Qo based H-bond
HN™™0 HN™TN0 Me HNTTO
O ety
| i TsN
MeO,C™ ~O N™ “Me
OMe
6. 72%, 63% ee 7. 87%, 99% ee 8. 55%, 94% ee 11

D. N. Zalatan, J. Du Bois JACS, 2008, 9220.



Metal-catalyzed C-H Hofmann-Loffler-Freytag
Aminations Reaction

C-H Nitrene insertion

Intramolecular C-H insertions: Blakey Enantioselective version

* Use of a Ru(pybox) catalyst B
= o)
x, N ,
OL .0  4(5mol%), AgOTf (5 mol%) 0L ,° 'N—R|u\—N' /"
HZN/S\O PhI(O,CtBu), (1.1 equiv) _ HN/S\O —X *
/\) MgO (2.3 equiv) )\) -
R CgHg, 22 °C, 24 h R 4:X = Br

68% 71% 56%
ee = 90% ee = 88% ee = 80%
O O O O
60% 14% 12
ee = 89% ee = n.d.

E. Milczek, N. Boudet, S. Blakey ACIE 2008, 6825.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intramolecular C-H insertions: He

» Use of a Ag' catalyst

4 mol% AgNO; j\ 2 moII;’/A) fégNtO3 0. 0
O. _NH 4 mol% tBust OSO,NH mol% tBustpy °s”.
RN N otBustey L Ng ) 2aNH> Y anSo
O Phi(OAc), ) R Phi(OAc), NG
MeCN, 82 °C R MeCN, 82 °C
58 - 85% 53 - 90%
4 mol% AgNO; O

s 4 mol% tBuat
\)\/O\H/NHz s HN/U\O
@)

PhI(OAC), \)——/
MeCN, 82 °C M

e

73%

13

Y. Cui, C. He ACIE, 2004, 4210.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intramolecular C-H insertions: Lebel

* Use of tosylates for the generation of nitrenoids

@)
5 mol% Rh(tpa)
R/\/O\H/NHOTS 2tpa)s HN)LO
o) Ko,CO3 (2 €q) >_/
DCM, 25 °C R

64 - 84%

Same retention of configuration

O
R® 5 mol% Rhy(tpa), - N
R1\%\/O NHOTSs > R, N O
. T KoCOs (2 eq) R2 =/
R 0 DCM, 25 °C R3
62 - 79%

14

(a) H. Lebel, K. Huard, S. Lectard JACS 2005, 127, 14198. (b) K. Huard, H. Lebel Chem. Eur. J. 2008, 14, 6222.



Metal-catalyzed C-H
Aminations

Reaction

Hofmann-Loffler-Freytag

C-H Nitrene insertion

Intramolecular C-H insertions: Lebel

@]
R )J\ OTs
\O N/
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0
Ph.c” O

0 O/e|
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/{

K,CO,
O\R KHCO,
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o-1"_o B
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15

(a) H. Lebel, K. Huard, S. Lectard JACS 2005, 127, 14198. (b) K. Huard, H. Lebel Chem. Eur. J. 2008, 14, 6222.



Metal-catalyzed C-H Hofmann-Loffler-Freytag
Aminations Reaction

C-H Nitrene insertion

Intramolecular C-H insertions: Davies Enantioselective version

* Use of tosylates for the generation of nitrenoids

O
~_0-_ NHOTs 2 mol% Rhy(S -TCPTAD), /U\
R i » HN O
o) K2CO3 (3 eq) —
DCM_ 25 °C .
compound product yield, % ee, %
O
HN”/< 72 82
) o~
B 7] /«O 75 8
b HN— 7
0 N O—Rh HNJ< 62 79
O c 0

Rho(S-TCPTAD),

16

R. P. Reddy, H. M. L. Davies Org. Lett. 2006, 5013.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intramolecular C-H insertions: Che

* Use of aryl azides for the generation of nitrenoids

R? R
R 2 mol% [Fe(F,oTPP)CI] R
n Ph > )n
DCE, reflux
N; H Ph
F
N N N
H H H
80% 82% 74%
OH
CCL T
N° Ph N~ “Ph ©\)j\
H H N Ph
H
79% 81% 72%

* Formation of Indolines and tetrahydroquinolines 17

Y. Liu, J. Wei, C.-M. Che Chem. Commun. 2010, 6926.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intramolecular C-H insertions: Che

* Mechanism

= OMe
Hydrogen
5h % Abstraction
H

Fe”I(onTPP)Cl v C;l
K

OMe
QS’Ph = [Fe'!(F,,TPP)CI]

10d N Cl

cis:trans = 1:0.58 18

Y. Liu, J. Wei, C.-M. Che Chem. Commun. 2010, 6926.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intramolecular C-H insertions: White

* Use of a Fe-catalyst to produce allylic amination

H  OSO,NH, 10 mol% [Fe(PC)CI] 0, ,0 0,0

9 .S
M 10 mol%e AgSbFs inSo H 0" °NH
PhI(OPiv), (2 eq) /\/k/'\)a /\)\/k/’\
4:1 PhMe/MeCN S S

rt, 6h

2 : 1
72% 2

* Allylic position more reactive than tertiary! %N \\@
N N
2NN

19

S. M. Paradine, M. C. White JACS 2012, 2036.




Metal-catalyzed C-H Hofmann-Loffler-Freytag
Aminations Reaction

C-H Nitrene insertion

Intramolecular C-H insertions: Synthesis of natural products

* Du Bois: Synthesis of (-)-manzacidin A

[Rhy(OAC),] N
H OSO.NH, Pl [Rh]* SO
TBDPSO._ N - H O
CO,Et £
Me CHCl, TBDPSO CO,Et

(85%] Mo

| C-H amination

[nitrenoid insertion]

Br
o .0
HN SN =

4 \ O\/l\) : M — " 1
"“CO.H \/l\/L
H I 2 TBDPSO ) CO,Et
e
(~=)-manzacidin A

20

P. M. Wehn, J. Du Bois JACS 2002, 12950.



Metal-catalyzed C-H Hofmann-Loffler-Freytag
Aminations Reaction

C-H Nitrene insertion

Intramolecular C-H insertions: Synthesis of natural products

* Du Bois: Synthesis of (+)-saxitoxin

0. .0
o [Rha(tpa)s] O Ny
H,N™ "0 Phl(OAc), [Rh]=N""~0 HN’S‘O
H MgO " H "
o) 'e) -
CH,CI C-H amination (o)
Me)ro [5.3122%]2 MeAr O [nitrenoid insertion] Me)\'o
Me | Me i Me
TsO—\ BF3 OEt,
3 —znCl l [70%)]
HoN
%NH 0] o, O
HO N A\ - ~
HO\“‘@/H&“\ \OJII\ N H2 HN O
N\ﬂ/NH PR //
*NH, OH
(+)-saxitoxin OTs

21

J. J. Fleming, J. Du Bois JACS 2006, 3926.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intermolecular C-H insertions: Du Bois

* Depending on —R, 12 examples from 10 to 74% yield

NHTces
2 mol % Rhy(esp),

Me > Me
Phl(COQt'BU)Q

TcesNH,, benzene

12%

NJFe

— S
Tces = CI3C/\O/ N

* Only benzylic C-H bonds

22

(a) Du Bois et al. JACS 2007, 562. (b) Du Bois et al. JACS 2009, 6558.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intermolecular C-H insertions: Du Bois

* Search for an alternative hypervalent iodine oxidant

2 mol% NHTces
Tces

Rhy(esp),

©/\ Me . Me  ,  me N 15%
Ph|(02CtBU)2 Me

1 equiv TcesNH,, CgHg

| i ?

'BuCO,H )L Me
[Rhy(esp),]* ———> o | —w =
'Bu” O Me>=

Rhy(esp), CO,, He
1 mol% NHTces 129
CH Rhy(esp), CH ) mer 7%
g i oo ’ Bu 27%
| oSN CMe,Ph  62%

1 equiv Phl(O,CR),

23

(a) Du Bois et al. JACS 2007, 562. (b) Du Bois et al. JACS 2009, 6558.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Intermolecular C-H insertions: Lebel

* Use of N-tosylates to generate the metallanitrene

ClsC_ _O_ _NHOTs 6 mol% Rhy(tpa), NHTroc
Ar”OR2 T T b > PN
O K,CO3 (2 eq) Ar” "R?
DCM, 25 °C
37 -74%
11 examples

* Up to |5 equivalents of the alkane

* Only with benzylic C-H bonds

24

K. Huard, H. Lebel Chem. Eur. J. 2008, 14, 6222..



Metal-catalyzed C-H Hofmann-Loffler-Freytag
Aminations Reaction

C-H Nitrene insertion

Intermolecular C-H insertions: Davies Enantioselective version

e Same reagents as for the intramolecular reaction

2 mol% Rhy(S -TCPTAD), NHNs
Ar/\R + NHNs > /:\
K>CO3 (3 eq) Ar~ R
DCM, 25 °C
65 - 95%
62 - 78% ee

N O—TRh

Rhy(S-TCPTAD),

25

R. P. Reddy, H. M. L. Davies Org. Lett. 2006, 5013.



Metal-catalyzed C-H Hofmann-Loffler-Freytag
Aminations Reaction

C-H Nitrene insertion

Intermolecular C-H insertions: Dauban Diastereoselective version

* Use of a chiral sulfonimidamide

P 'TO"s"SNTs
Ri A~ Re O\\S NTs 3mol% 27 R1WNH
R, p-Tol® "NH,  Phl(OCO'Bu), R, Rs
25 26 28

Ph NHS %\\\NHS
28a 28b
(85% vyield, 94% de)  (82% yield, 87% de)

*

NHS" NHS
o \ *
28¢c 28d ~
(73% yield, 96% de) AcO

(90% yield, 90% de)

26

(a) C. Liang, F. Robert-Peillard, C. Fruit, P. Muller, R. H. Dodd, P. Dauban ACIE 2006, 4641. (b) C. Liang, F. Collet, F. Robert-Peillard, R. H. Dodd, P. Dauban
JACS 2008, 343. (c) F. Collet, C. Lescot, C. Liang, P. Dauban Dalton Trans. 2010, 10401.



Metal-catalyzed C-H Hofmann-Loffler-Freytag
Aminations Reaction

C-H Nitrene insertion

Intermolecular C-H insertions: Hashimoto Enantioselective version

* Benzylic and allylic C-H bonds

2 mol% Rhy(S-TCPTTL), NHNs
X R'""OR2 + NsN=IPh - 5
By O&g DCM, -23 °C R'™R?
“,, N X
JIh e 52 - 88%
?/’\?/ 19 - 84% ee
RhH—Rh 6 examples
/| /]
X = F: Rho(S-TFPTTL),
X = Cl: Rhy(STCPTTL
o OSiEL Rhy(S-TCPTTL), (9b)|  PSIEL
+ NsN=iph ~2MOL7)
S T CH,ClL,, 0°C, 1 h )
11a ‘NHNs
» Use of TES enol ethers: Formal 13a 14a
c c O (0]
Synthesis of (-)-pancracine 10% HCl . NHNs
THF/H,0 (73) é ij/
rt, 1h ‘NHNs
15a 16a

74% yield (561% ee) not detected

27

(a) M. Anada, M. Tanaka, N. Shimada, H. Nambu, M. Yamawaki, S. Hashimoto Tetrahedron 2009, 65, 3069. (b) S. Hashimoto et al. Tetrahedron Lett. 2002, 43,
9561.



Metal-catalyzed C-H Hofmann-Loffler-Freytag _ -

C-H Nitrene insertion

Conclusion

» Very efficient and selective stereospecific transformations

> Selective for tertiary and benzylic positions or allylic positions

» Applicable to the synthesis of natural products

» Need of a primary amine: nitrene can not be formed with a secondary one

» Requirement for transition-metal catalysts and hyoervalent iodine reagents
which can interact with many functions

28

(a) J. L. Jeffrey, R. Sarpong Chem. Sci. 2013, asap. (b) J. Yamaguchui, A. D. Yamaguchi, K. Itami ACIE 2012, 8960. (c) F. Collet, R. H. Dodd, P. Dauban
Chem. Commun. 2009, 5061.



Metal-catalyzed C-H Hofmann-Lo6ffler-Freytag via C.N-dianions
Aminations Reaction ’

Introduction

‘ Hoffmann-Loffler-Freytag Reaction

* Initial discovery by Hoffmann:

1. H,SO, 140 °C
N - (D
"Br 2. HO" N

* Since: widely used method for the preparation of 5-membered tertiary amines

* The procedure requires strong acidic conditions

29

(@) J. L. Jeffrey, R. Sarpong Chem. Sci. 2013, asap. (b) G. Majetich, K. Wheless Tetrahedron 1995, 51, 7095. (c¢) M. E. Wolff Chem. Rev. 1963, 55.



Metal-catalyzed C-H Hofmann-Lo6ffler-Freytag via C.N-dianions
Aminations Reaction ’

Introduction

Hoffmann-Loffler-Freytag Reaction
e Mechanism
H ' 5 -Bre.
NH > N°
) hv or heat H
Br
®

C@ . wgw @
or initiator
1,5-HAT
propagation: gtH - NH,
@ 2 (@ @ 2 Br ® H

B

S) - +
Basic Work-up: G\;\L B 220 O/\> i, O/\>
52 pr NH Y u N
® 3

initiation:

>/

UBr

(@) J. L. Jeffrey, R. Sarpong Chem. Sci. 2013, asap. (b) G. Majetich, K. Wheless Tetrahedron 1995, 51, 7095. (c¢) M. E. Wolff Chem. Rev. 1963, 55.

0



Metal-catalyzed C-H Hofmann-Lo6ffler-Freytag via C.N-dianions
Aminations Reaction ’

Application in the synthesis of natural products

* Lavergne: Synthesis of D-proline

EtOOC H 1. H2804 hv @
R BN \~ ~ COOH
H

H 2. NaOH

80%

* Sonnet and Oliver: Synthesis of potential sex pheromone precursors

“"SnBu 1. H,pS04 hu
N. > N
: Cl :
= nBu

2. NaOH

25%

31

(a) S. Titouani, J. P. Lavergne, P. Viallefont, R. Jacquier Tetrahedron 1980, 2961.(b) P. E. Sonnet, J. E. Oliver J. Het. Chem. 1975, 289.



Metal-catalyzed C-H Hofmann-Loffler-Freytag : -

Application in the synthesis of natural products

 Corey: Synthesis of dihydroconessine

NCS,
H2804, hv
Et,O

= _NHMe

S

then basic condition
[80%)]
intramolecular dihydroconessine
C-H amination

[HLF reaction]
[C-H halogenation] [
base

[1,5]
hydrogen
shift

—

-ClI

32

E. J. Corey, W. R. Hertler JACS 1958, 2903.



Metal-catalyzed C-H Hofmann-Lo6ffler-Freytag via C.N-dianion
Aminations Reaction ’ =

HLF Reaction under neutral or basic conditions

* N-stabilized radical

1.NCS, Et,0
NH N > NH. N > N N

(_7 2. EtsN, ho

77% 78%

* Formation of 6-membered rings

33

(a) M. Kimura, Y. Ban Synthesis 1976, 201. (b) Y. Ban, M. Kimura, T. oishi Chem. Pharm. Bull. 1976, 24, 1490.



Metal-catalyzed C-H Hofmann-Lo6ffler-Freytag via C.N-dianions
Aminations Reaction ’

Suarez modification

* Mild alternative

* Presence of an EWG on the nitrogen atom: -CN, -NO,, or —-P(O)(OR),

H Phi(OAc), | Base { X

N. > N
RTN"N " Ewe 1~ N .
I, ho R EWG EWG
¥ ) PhI(OAc), (1.2 eq) )
N n > N L
I, (1.0 eq)
= C6H12, hv =
o) o) o) O
82% 14% 67% 13%

34

(a) Suarez et al. J. Chem. Soc. Perkin. Trans. 1, 1987, 937. (b) E. Suarez et al. J. Chem. Soc; Chem. Commun. 1989, 1168.



Metal-catalyzed C-H Hofmann-Loffler-Freytag : -

Suarez modification

|

* Mechanism

-Phl

Ph'(OAC)z + |2 2 AcOl
ﬁ AcOl J/\ p
HN . i,
R Ts AcOH
1-5H Shlft

Ts

35



Metal-catalyzed C-H Hofmann-Loffler-Freytag : -

Suarez modification

|

* Fan synthesis of pyrrolidines

H 3 equiv Phi(OAc),
N 1 equiv | [ s.
H/\/\/ ‘R q 2 > R

1,2-DCE, rt "
ya= I R
i
;l)-Tol pIJ-ToI Ms p-Ns
(82%) (78%) (53%) (87%)

* No irradiation

36

R. Fan, D. Pu, F. Wen, J. Wu JOC 2007, 8994.



Metal-catalyzed C-H Hofmann-Loffler-Freytag : -

Suarez modification: Natural product synthesis

* Synthesis of terpenoids

PhI(QAc), I, hv

>
AcO AcO =
NHX H
X = NO», 63%
CN, 64%

P(O)(OEt),, 99%

37

(a) Suarez et al. J. Chem. Soc. Perkin. Trans. 1, 1987, 937. (b) E. Suarez et al. J. Chem. Soc; Chem. Commun. 1989, 1168.



Metal-catalyzed C-H Hofmann-Loffler-Freytag : -

Conclusion

Hoffmann-Loffler-Freytag Reaction

» Original conditions too harsh

> Powerful and selective

» Very specialized

» Only intramolecular

38



Metal-catalyzed C-H Hofmann-Loffler-Freytag via C.N-dianions
Aminations Reaction !

Introduction

‘ Reactivity od C-N dianions

* Complementary to aminyl and nitrene-based intermediates
* Generated by siccessive deprotonation of N-H and C-H groups

* Focus on intramolecular reactions

R
Nﬁ C,N-dianion R
formation; : o
oxidation : O(spa)
H

39

J. L. Jeffrey, R. Sarpong Chem. Sci. 2013, asap.



Metal-catalyzed C-H Hofmann-Lo6ffler-Freytag via C.N-dianions
Aminations Reaction s

C-N dimagnesiated compounds: Szymoniak

 Zirconium-catlyzed reaction

Electrophile (e.g.,

— 3 equiv EtMgCI Ph.N.MgCI ketones, aldehydes, Ph"NH
10 mol% Cp,ZrCI TMSCI, RSSR)
ArJ'LFl THFE. 1t 1.5 h Arl?l\/\MgCI —y Arrj\/\E

Electrophile = |,

rt,1h
Ph. Ph. — 4 h"-
N N Ph-N Ph~N
Ar’)":I ) Fh’}:l
R Me
(54%) (48%) (46%)

40

V. Gandon, P. Bertus, J. Szymoniak Synthesis 2002, 1115.



Metal-catalyzed C-H Hofmann-Lo6ffler-Freytag via C.N-dianion
Aminations Reaction ,N-adlanions

%

C-N dimagnesiated compounds: Szymoniak

* Proposed mechanism

CpaZr -|| PH Me

Cp22rC|2 // N E
| 2 EtMgX l Ph/P\Me

szzr CpQZr/j<
nE ()

Cc

(ii)
;(Ph J EtMgX
EtMgX
CpZZr Ph
\/XN\
D MgX
ph Me
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V. Gandon, P. Bertus, J. Szymoniak Synthesis 2002, 1115.



Metal-catalyzed C-H Hofmann-Loffler-Freytag via C.N-dianions
Aminations Reaction !

'C-N dianions: Sarpong, towards Lycopodium alkaloids

* Generated from N,N-dialkylamines and benzylic carbon groups

Iz

n-Buli (2 equiv)
: 0°C. 6 h
(3 equiv) Me
o i 80% yield
78°C, 0.5 h (80% yield) NaSEt
H g DMF, 120 °C
5 h
NS (76% yield)
: KOt-Bu, THF
(4 equiv) Bu,
785C. 6 h 65°C,6h '
{quant.) (quant.)

* Dianions are generated using a strong base

(x)-Lyconadin A (9)

* C-H selectivity using directing groups
* Deprotonation of the N-H is crucial
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(a) R. Sarpong et al. JACS 2008, 7222. (b) R. Sarpong et al. JACS 2009, 11187. (c) R. Sarpong et al. JACS 2010, 13212.



Metal-catalyzed C-H Hofmann-Loffler-Freytag via C.N-dianions
Aminations Reaction !

C-N dianions: Sarpong, towards Lycopodium alkaloids

* Mechanism of the transformation

43

(a) R. Sarpong et al. JACS 2008, 7222. (b) R. Sarpong et al. JACS 2009, 11187. (c) R. Sarpong et al. JACS 2010, 13212.



Metal-catalyzed C-H Hofmann-Loffler-Freytag via C.N-dianions
Aminations Reaction !

'C-N dianions: Sarpong

* Generalisation to other substrates

@ n n-BulLi (2.2 equiv), THF,0°C, 2 h
R_Kx' HN°R' then ZnCl, (1.1 equiv), 1 h - R—

H then |, (1.3 equiv),0°C -> 23 °C,2 h
X=C,N:n=0,1,2

7 (67%) 18 (57%) 19 (71%) .
6 (53%) 7 (51%) 25a (X = H,) 51% yield
25b (X = O) 46% vyield?!

©3N - /CC“ By ©:/<’ < E% J_Q Uk

20 (75%) 21 (58%) MeO™ N
0 .
12 (57%) 13 (52%) 27 64% yield
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Sarpong et al. ACIE 2013, 2194.



Metal-catalyzed C-H Hofmann-Loffler-Freytag via C.N-dianions
Aminations Reaction !

Conclusion

» Efficient and Selective methods

e Complementary to other C-N bond formations such as HLF

* Not compatible with acidic protons in the molecule

* Sarpong’s method needs to be generalised
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Thanks for your attention!




