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C—H Amination

> Nitrene Precursor:
Heterocycle synthesis through Rh-catalyzed C-H amination

o) o) o) 0,0 o, 0
Ho NH, [0] PN N N HNS0  HNTSNR
c —  HN° O HN NR HN" NH
\) catalytic / -/ -/ v K)
Rh(02,CR)4
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» Dirhodium-Catalyzed C-H Amination
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C—H Amination

> Putative Mechanisms for Rh-catalyzed C-H Insertion.

A General mechanisms for nitrene transfer R? o) +
0
. 25
N or ﬂR, LoM LVG=NR' H
/—\_ RR'HN concerted, asynchronous
R2 R? M = Mn, Fe, Co, Cu, transition state
Ru, Rh, Ag
concerted or R2 [o]
stepwise pathway L,M=NR! g_of‘/
singlet Rl N—=[M]
LVG = IPh, N, H
or
ﬂ L,.iﬂ—I:IR' rapid radical rebound
R2 R? triplet LvG intermediate
» Sulfilimine Formation
Ph
OgO  Phswe Phis 5 +6 0O
HNTO 5 N0 | MeTTNTTO

Ph PhI(OAC), N Phy

not observed by 'TH NMR

Tetrahedron 2009, 65, 3042-3051

Rh Catalyzed C—H Amination

» Catalyst Influence on Reaction Chemoselectivity

o0 2mol% o, 0 0\\8//0
HAN0 _caast NS 0”7 NH
PPN PhI(OAC), PPN PPN
Ry 7Ry MgO, CH,Cl, Ry R, Ry 1Ry
Entry Substrate Catalyst oy Entry Substrate Catalyst W
00 Rhy(OAC) 1:15 o0 Rhy(OAC) 1211
87, Rhy(0,CtBu), 115 °s?, Rhy(0,CtBu), 114
1 HN0  Me e s 5 HZ/N\)O\/\
Phy Me Rhy(0,CCPhs)s 114 Bu oMe
o, 0
[eNpie) N
os?, . HNT0 Me Rh2(OAc)4 12
2 HN"0 ERZES“éléu) 1'1'5 6 : Rh2(02CtBu)4 12
/\)\/\ 12(02 4 Me Rh2(esp)2 16
Ph OMe
o, 0
o0 hsie
5 NS0 Rhy(OAc)s 8:1 R HNTTO Rh2(OAc) 11
i\/\/ Rhy(0,CtBU), 115 Me Rh2(02C1Bu) 1:35
PH "Pr Me
OMe
o0
o0 e
4 NS0 Me Rhy(OAC) 1:20 s HN"T0 Rh2(0Ac) 13
;\)\)\ Rhy(0,C{Bu), 145 oh Rh2(02CtBu) 110
Me Me
OMe

6-membered ring favored

3°> ethereal/benzylic > 2°>> 1°

catalyst structure can influence product selectivity Tetrahedron 2009, 65. 30423051
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Rh Catalyzed C—H Amination

» C-H Insertion versus Alkene Aziridination

[eNe} 2 mol% [oNe] 0. o
oS< catalyst >s? &
HN""~0 _ > HN" O R N"" >0
PhI(OAc),
RW MgO, CH,Cl, RW
n
I (oxathiazinane) A (aziridine)
Entry Substrate Catalyst /A
o, 0 Rh(OAC), H 5
_SC Rhy(esp) .
HN"~ 0 20°5P)2 :
1 2 Rh,(0,CCPhg), 1:20
W Rh,(NHCOCF3), 1:4
0,0 Rhy(OAC)q a
HN-S0 Rha(esp), 15
2 Rhy(0,CCPhy), :
2 /\/\) 12
x Rhy(NHCOCF3), :
11
o, 0 SEZEOA?A 125
.S< 2(esp)2 o
3 N0 Rhy(0,CCPhg), 120
X Rhy(NHCOCF3), :
4 o, 0 Rhy(OAc)4 151
H,N"T 0 Rha(esp); 1
W Rhy(0,CCPh3), 1.7
Z

Tetrahedron 2009, 65, 3042—-3051

Rh Catalyzed C—H Amination

> Alkene Aziridination versus 3° C—H Bond Insertion

0. 0 2 mol% 0.0 0\\3/,0
.S< P N
Ho,N"" 0 catalyst HN" 0 . O/ N
: PhI(OAC), W W
M(Iev'z\/\/\ MgO, CH,Cl, MeMe AN Me
Me H H
11 1A
Rh,(OAC), 1:6 11M1A 6-9:1 cis/trans
Rhy(esp), 1:6 selectivity
Rh,(0,CCPh3), 1:20
Rhy(NHCOCF3)4 1:.4.5

* Aziridine favored

Electronic effects

Tetrahedron 2009, 65, 3042-3051

8/21/2018



Rh Catalyzed C—H Amination

» Hammett Studies

0, .0 0,0 0, .0
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0.6
y = —0.5540x + 0.0446
2=
04 R? = 0.9575
0.2
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p-OMe -078 3.0:1.0
CHy -031 17:1.0
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Tetrahedron 2009, 65, 3042-3051

Rh Catalyzed C—H Amination

> KIE for Rh-based Intermolecular C-H Amination

2 mol%
0,0 0,0
Rh,(OAc) g’ g’
H D 0.0 2 NS0, HNCo
Pho 0 S NH o
2 Phl(OAc), Ph”: PH"

kyy/kp = 1.9(20.2)

» C-H amination of a radical-clock containing substrate.

2 mol% 0. 0
o0 o Rh,(OAc), HN:\S,:O 91% isolated yield
Ph’<1/\/\ O,‘\S". NH no ring-opened
2 Phl(OAc), Phw products observed
H 4 MgO H 5

» concerted, asynchronous pathway for C—H insertion

« three-centered transition structure for the nitrenoid insertion

Tetrahedron 2009, 65, 3042-3051
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Rh Catalyzed C—H Amination

» Competition Results of C-H Insertion 0“5"0 O‘\S‘,O
1equiv HNTO HN0
Me Me 2 mol% Me Me
6 Rh,(OA 7
. 2(0AC), R 1:1 mixture at
PhI(OAG) > 10% conversion
0.0 Cl2 0,.0
s? MgO s’
tequiv HNT O HN" 0
Me Me Me Me Me Me
8 9
» Oxathiazinane Formation versus Time at Different Catalyst Loadings
0.14
B 0.5 mol% catalyst
012 | & 1.0 mol% iyt
m 2.0 mol%
£ 0.10| [a 40moi% A @
0.5-5 mol% 0, .0 - 5.0 mol% Lo iy .
h e
ﬂe\/\o‘ o Rh,(0,C'Bu), WNSo 8 008 . M g E
piH¢
Me 0" 'NH; Phi(OAc), Me ? 0.08 - g L] =
CD,Cl, Me ]
10 1 8 004 "
0.02
0.00
0 100 200 300 400 500
Tetrahedron 2009, 65, 3042—-3051 time (seconds)

Rh Catalyzed C—H Amination

» Kinetics Analysis

+ Rate = k[substrate]'[oxidant ]'[catalyst]®

» Proposed Mechanism for Rh-nitrene Formation
~AcOH OAc  —AcOH

0,0 0‘"5"'0 | 0. 0
RO NH, RO™N""Ph RO N=IPh
* iminoiodinane
Phi(OAC), 12
l fast
q\_s-'jo C-Hinsertion O, 0 il 0.0
n? NH o RO SN—RHL, = Ro's‘y'fm"
- MEMe Rh-nitrene +IPh
1 13

» Control experiments with iminoiodinane starting material
2 mol%

0,0 0.0 0.0
5" Phi(OAc), Phl., §" Rh(OAc), b
H,N"70 N0 HN 0
Ph~ "  KOH,MeOH  ph~ " CH,CL, P
14 15 >95% conwv. 16
0,0  PhOAY, . OO0 L *Z“o\.s,,o
HN0 - Man-S-0 Me ™ "N"""0
ph”“‘v) Ph™ " Ph
14 15 1

not observed by "H NMR Tetrahedron 2009, 65, 3042-3051
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Ru Catalyzed C—H Amination

» Intramolecular Amidation of C-H Bonds Catalyzed by Ruthenium Porphyrins

\ / 1 Entry Substrate Product Yield [%]
. ST 0 H O
(Pﬁ H complex 1 or 2 [fe N ! HaN Y Nod 52
+ PhliQAcy, ——— NH 2 _ =0 ~ =0 61
o NH; o/ ZrN 6 A~ o
S ~g / et
//S% Ay . -/ 3 Ry~ 4
o n=12 o o o 9
HN-57C HN-—-§70
) )
CO 3 & ° /\l\/\,o 56
—/'__N _.\.—-— s ~" 5 =10
Ar & R Ar o 0 o, 0
N N .S 8L
— — HN"T 0 HNT 0
e 4 [ ?\T/\/J 2 Py 77
=6 =1
R o e
HaN E HN" ™0
Ar= F 5 — ~ 76
Acome  FAcomm
F e 7 12
1 L/\'/\O - (?
6 0 g 570 88
g HO 53 H O
%2 %
HNT O HNT O
7 AN PN -
= J \\\/‘ T\)
9 14

Angew. Chem. Int. Ed. 2002, 41, 3465-3468

Ru Catalyzed C—H Amination

» Imido Transfer Reactions Proceed by a Mechanism
~. S0.R
X

 radical-rebound mechanism
* KIEs of 6-12

J. Am. Chem. Soc. 2005, 127, 16629-16640
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Rh-catalyzed alkene oxidation

> A Method for Intermolecular Olefin Aziridination

R2 1-2 mol%
T re 0 Rho(NHCOCF3)s RZNTCGS
N +  HN-S-OCH,CCI - 3
R 2 a 2775 Phi(OAG), MgO g R
1.0 equiv

» Glycal oxidation

OAc 2 mol%
Rhy(NHCOCF3)4
H2NSO3;CH,CCl;

OAG PhI(OAc),, MgO
CgHsCl
1.0 equiv
1.0M

Tetrahedron 2006, 63, 11331-11342

Rh-catalyzed alkene oxidation

» Regioselective nucleophilic opening favors seven-membered ring product

0. .0 0.0 Q~Sf,0
Rla NS0 NaN, JHN0 HN"Z"0
e 3 tRd
RZ > DMF RZ = R2 5
R3 or aq. 'PrOH N R Ny g3
C4 ring-opening C5 ring-opening
favored
» Ring opening occurs selectively with disparate nucleophiles
0, 0
o g0 PhSH, WSO R=SPh  66%
N0 2 Ph" =OH  85%
H™ S or -
H MeOH R = OMe 88%
3 4
» Ring opening of seven-membered oxathiazepane
0. .0 0,0
HNS0  Boc0 BocN">"0  NaCN NHBoc
Etasi’%_) DMAP Etasi‘s_) aq. CHsCN  Et3Si
N3 95% Ns 45°C N3 CN
0,
5 6 6% 7

Tetrahedron 2006, 63, 11331-11342
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Rh-catalyzed alkene oxidation

> Intermolecular olefin amination and ring opining

NTces :SPh
Me PhSH Me
—
DMF NHTces
95%
MeNTces H20 Me oH
ME/KL dioxane Me7kl/\rlpr
npr NHTces
80%
» DMSO-promoted oxidative ring opening affords an a-aminoketone
cor Ot
Et -0, e}
N e . MeH) N — _ M NHCOEt
pn e 120°C 8 Ph™ z
23h Me+ 00 Me Me
2 mol% o
NTces
E'“ﬁj Rhyz(NHCOCF3), [‘<J Me,S0 [.J\TNHTES
> HaNSO3CH,CCly N 23°C s
1.0 equiv  phi(OAc);, MgO 73%
5 mmol (2 steps)

Tetrahedron 2006, 63, 11331-11342

Total Synthesis via C-H Amination

» Retrosynthetic analysis of (-)-agelastatin A

Me
HON? o o o
o NHR A0
no A NH : =0
N = 1 = /\/ NH
‘;"‘.Kﬂqu“” ( N “NHPG _ =
o #TCOBN  pgHN PGHN'
(~)-agelastatin A 1: R = C(O)NHMe 2 3

» Synthesis of Highly Substituted Cyclopentane Intermediate
_o. 9!’? [Rhy(esp),]

~OH S 370 (0.08 mol%) Ho'o. o NaN,
Oy a) Boc,0 i CISO;NH, e NH, (:#\‘ g
) . o
HN\D 9 7 PhI{OAC), s IPrOH
b) NaBH, L DMA  BocHN Mgo  RHN H0
9% PO 83% 6 95% 7. R=Boc 71%
)4 5 :
Phse” ~ . PhSe...
(E10,C),0 He. }
He o SN PhSe._

N cat DMAP; \):?{-03 i CFiCOH  Bno,c”~—"cHo 13 N
(‘_', Q.o — g0 Ty - -~ \ ’f,
BN N BocHN  N'g p CHCl PPTS, DCE, 80 °C ,;-—":\ NHCO,E

E10” S0 BocHN  NHCOEt 859% S TCO0Bn
8 9 10 14

Angew. Chem. Int. Ed. 2009, 48, 3802—-3805
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Nitrene Additions to Indoles

» Screening of Nucleophlles with Indole
1.5 equw TcesNH,

= 2 mol% [Rho(esp),] NHTces
N
N Nu

N 2 equiv 1", 12 equiv Nu
S0,Ph Ch RT SO.Ph
3a ge
Entry 1" oxidant Nucl. Product Yield [%6]™
NHTces
1 PhI(OCOtBu), tBuCO,H Q—B OPiv 51
SOQPh
NHTc.es 6] . .
Phl(OAc), PhCO,H 23 cis-oxyaminated
3 Ph1(OCOtBu), PhCO,H 374 —
OCOPh
So.ph
4 PhI(OCOtBu), BnCO,H Q_>NHTCES 40
5 Ph1O BnCO,H .0COBN 7 52 J
SOzPh

6 Phl(OCOtBu), MeOH NHTces g70 ¢ nated
7 Phl(OCOtBu), MeOH @_L g1 rans-oxyaminate

SOzPh
Angew. Chem. Int. Ed. 2010, 49, 1634 —1637

Nitrene Additions to Indoles

» Catalytic oxyamidation of 3-ethylindole

_ 1.5 equiv TecesNH,
=N 2 mol% [Rha(esp)a] -OCOR
W AN
N ““NHTces

2 equiv PhI{OCOR)

S0zPh 12 equiv RCO,H 302""'
] CsHe, RT 10a R = Ac; 88%
% 10b: R = (Bu; 67%

> Catalytic intramolecular oxyamidation of indole derivatives
» NHTces

g —

B 1M:X=0 /LO 12

SOzPh 13: X=HH S(JZF'n 14

1%

X=0,7
X=HH, 62%

MHTces

r’}i

1.5 equiv TcesNH;
AN COZ" 2mol% [Rhy(espl] SOzPh 16: 46%

N
SO0.Ph 15 2equw
PhOCOBU); [~
CoHe, RT NHTces

SOZPI’\ 17: 32%
(mixture 55:44)

- NHTces
= =
QH NHCOMe G Ey
A\ i NCO;Me
S0;Ph 18 S0.Ph 19:61%

Angew. Chem. Int. Ed. 2010, 49, 1634 —1637
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Nitrene Additions to Enamides

X _catalyic NH R NHR!
I CX C X
CN/ cls:yamldauon N "OR? ORZ2

R: Boc S0.Ph, COxPh

IIIEJOI minor
X:CH., 0.8
1.5 equiv TeeshH; 5 s Teaens
AT 2 mots Rhylesply ) NHTEes  Toosh,: n o | morn Fresph e XegpNHTES
(] - [ N e OGO R 4 g
"N 2 equiv PHIOCORU), 'l:lA“Oﬂ’ CI'r oy ! 28 RoRGH.RLE B
R 1 R'OH, CMe RT.2h R z | .
| Emy Substrate ROI Froduct Wickd  cistrans®
Entry Substrate R'OH Product Yield  cisferamsd™ [
[ I N
WiiToes 1 1 -R,-‘N.ﬂ Ja MeOH NI da wE 3466
| I 3 Ree:
1 Ej la  MeOH . 2a 66 4258 p e _oNHTEH
CO.Ph EDQPQM” I 2 3n AcH r r s K 1T
NHTees |
, Q) ; .
2 il b MeOH L Lo b 71 3763 b MeOH ab s e
Boc I
[/\I‘f /\",NHTM ! 4 3 AcOH E I
3 Sa7 le  MeOH \N’L‘DMQ 2¢ M oo | ’ :
50;Ph 50,7 |
r"\ (_\rNHTcss 1§ le MeOH de G 2T
P
4 A 1d MeOH \ L d 87 (U3 [T
N N “OMe
Bac Boc I & " 3¢ AcOll S s |28
/_\ NHTces 1 Ban
5 I ae meon - Ze &8 ®100 “T™
! N ) N “OMe : 7 ot 3 MeOH 4d sk 6ol
S0.7h S0.71 | e
m ( _\r_NH‘rces o 1 NN
6 N I AcOH 2t T4 100 1 & gb,l‘lﬂ le MeOH 6 -
S0;Ph
|
|
| Chem. Eur. J. 2012, 18, 90 — 94

Functionalization of Allenes

» Preparation of Nitrogen-Containing Stereotriads

Previous work

cat. Rh;TPA, H
H R o 40 Phl20 }:\)
R) \ / <:Hz(:.|z
2
1 2E and 27
This work
o) cat. Rh;TPA,
H ‘-'H O_g,,o PhIZO ol
; O CH,Cly, rt
R 4 NH, R

CsHy

1 top face shielded
(o] O
3]

°S-o 4 .
= Nu2 HN” Nu', E = OR, SR, NRR
e Rw F.ClBr
2= =
8 & i MZ=HCN, $ H
top face shielded major 1,2-syn:2,3-syn

J. Am. Chem. Soc. 2012, 134, 10807-10810
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Functionalization of Allenes

» One-Pot Stereotriad Synthesis

H H . [ 7]

7 0SONH, conditions® H ‘N:S- o
T " )
CeHyy . HC:S\IAr
E HNu
entry NuH electrophile xn lim:;"temp" yield dr
1 AcOH NBES 2hrt 60% 18 5
2 AcOH NBS 15 min, 0 °C 61% 18 20:1
3 MeOH NBS 45 min, 0 °C 60% 26 1L.7:1
4 MeOH NBS 10 min, =10 °C 58% 26 26:1
§° PhSH NBS 10 min, 0 °C 61% 29 15:1
6 MeOH DIAD" 2h,70°C 64% 31 4.6:1
7 MeOH PhsCl 30 min, rt T4% 32 2.6:1

» Stereotriad Deprotection

0.0

Nt
NS0, 1) Boc,0, EtyN, DMAP NHBoc
H..C H41Cs CN (1)
15 2) BuyNCN, then HCI
PhS  OMe PhS  OMe
32 33 79%

J. Am. Chem. Soc. 2012, 134, 10807-10810

Reaction of Ynamides with Nitrenes:

» Formation of Oxazolone

Rhs(esp)s (3 mol %)

GO-R TeesNH, (10 mol %) Yo
Bn’N S (0]
\H PhI(OAG), (10 mol %) B”’N\y\\“ex
e Benzene, rt, 2h 3a
1:R=Bn 60% from 1
2a:R =tBu 99% from 2a
» Tandem Cyclization-Oxyamination Reaction
. 1) Rhy(esp), (3 mol%), TcesNH; (10 mol%), o
CO,t-B 2
L PhI(OAc), (10 mol%), benzene (0.1 M), rt, 2 h, )k
R X ' ‘R
TN R, 2)TcesNH, (1.1 equiv), PhI(OAc), (1.3 equiv), \/k 2
2 MeOH (12 equiv), 80 °C, 1 h. TeesHN'
MeO o
N Hex Bn—N O
\fl" \AOMe
MeO TcssHN ada TecesHN 4ja
38% yleld 44% yueld

n—N\/\ n‘N\.’/I\j n-N\/h)

ToesHN O ToesHN O~ ToesHN 1h
dea 4ga dia
35% yield 23% yield 19% yield

J. Org. Chem. 2017, 82, 11897-11902
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Reaction of Ynamides with Nitrenes:

Scheme 3. Proposed Mechanism for the Formation of
Oxazolidinones

Rhz(esp); (3 mol %)
0 TecesNH, (10 mol %)
PhI(OAc), (10mol %) |tBu O
1 \
H~NJ‘LOY-BU o] —\
N—‘—Fig

A1 Rhs=NTces
o] TeesNH; (1.1 equiv) O
PhI(OAC), (1.3 equiv)
- P

o o
AN N [ Py } RN
N 3

Rh—Rh=NTces
17l

I vanr.

2 Rh—Rh=NTces
o 71 7|

R I

I ‘TCBS

-

3 °>\~
o N NuH

Tces™ N NHTces
th_NTces

J. Org. Chem. 2017, 82, 11897-11902

General Strateqgies for C-H Functionalization

Previous work:

A Directed C-H a.ctmaﬂﬂa B Nen-directed pitrene transfer
I'JG T THR
M +
C
\ ) & — R1’(|:'“H
R? R?
DG rypn:aillg.r a polar functional group M = Rh, Ir, Ru, Fe, Mn, Cu, Ag
c &‘o_{mﬂxﬂ nitrene transfer through repulsive non-covalent interactions
0.0 0.0
HQN"- B\ A\
? O catayst_ Svg oS

increasing 3° se-’ecnwry
increasing steric demand of the catalyst

w (&) (ﬁﬁ%

i 3
A A G e

This work:
D Directed nitrene transfer through attractive non-covalent interactions

weak interactions

D competing reactive C-H bonds

"““ﬁ 0 ¢

K - 4N LR+ AgL,

R R
%R DG contains at least one © bond

J. Am. Chem. Soc. 2017, 139, 17376-17386
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Silver-Catalyzed Nitrene Transfer

» 2° benzylic vs. 3° alkyl C(sp3)-H bond aminations with Ag(tpa)OTf.

=\ 2
2 oTf
HN-g%o Ag(tpa)OTH? AP P XA
H & H_ Phio,aAMS_ HNO H _* 4 07N @{-‘ 9
R CHCls, -20 °C )\/K)(R /'\)\/'(R N
Ph ’ > Ph R? Ph R2 Ag(tpa)OTI
1,7-10 2,7a-10a dr>19:1 3, 7b-10b

H 4.3:12:3 i 5.1:1 7a:b H 2.5:18acb
K 92% 91% 93%
(2.8:1 76%)° (2.9:1 87%) (1.4:1 92%)
H H
8.6:19a:b >19:1 10a:b
ZO 94% % 58%
(3.6:1 93%) (>19:1 63%)
@10 mol% Ag(tpa)OTf formed by combining 10 mol % AgOTf and 12.5 mol %
tpa. PPrevious results in CH,Cl; at rt are shown in parenthesis.

» T+ interactions between one of the pyridine ligand arms and the aryl group
* Ag---minteractions
» lower C-H BDEs of benzylic C—H vs. 3° alkyl C(sp3)-H bonds

J. Am. Chem. Soc. 2017, 139, 17376-17386

Silver-Catalyzed Nitrene Transfer

» 2° allylic and propargylic C-H vs. 3° alkyl C(sp3)-H bond aminations

Ch o
HaN-gl Q.0 e |me i
H 6 H _a_ HN" o H . H O™ °NH N Ag(tpa)OTf
R/'\Q.IE/K R 15a-19a R i5b-19b
Q\SP 6.6:1 15a:b Q.0 >19:1 16a:b

HN“TN0 85%dr136:1 , oo
MEW\J\
0,0

o\\rp N7 R 3.1:1 18a:b

(1.4:163% dr2.2:1)°
PR
>19:1 17a:b /\)\)\ Ph 7.4:1 19a:b

94% dr>19:1 82% dr11:1

210 mol % AgOTTf, 12.5 mol % tpa, 3.5 equiv PhlO, 0.05 M CHCl3, 4 A MS,
-20 °C. P 5% rearranged aziridine. ¢ Previous conditions using CH,Cl; at rt.

84% dr14.2:1°
N (9.2:1 82% dr 12:1)°

J. Am. Chem. Soc. 2017, 139, 17376-17386
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Co(ll)-based metalloradical catalysis

N

» C-H Amination for 5-membered cyclic sulfamides

0 0 0 0
\ N 4
B"*N’\gf‘wa [Co(Por)] (2 mol %) B N,‘S’\NH

+ Ny T
T\ CgHs, 4 A MS,40°C, 20 h ‘—{
1a h 2a h

R ,\\ R lgi R2
™ N)_N3 o=2-3ﬂ\‘l\ R'o o]
- )
HN-g%
2R);Sa3 CoPonl ™\ W R N-H N0 H-N
radical radical
substitution activation
N?‘I‘
Metalloradical Catalysis
(MRC)
qg'o Co(Por) 0‘§focu= )
o(Por 1 Co(Por
RN~ R‘N’ *N

.
)ﬂ.i R H Postulate_d a{Co(P1)}-aminyl radical A
xR " 3 radical i s with potential N—H---O=S hydrogen bonds
‘WW (P1: 3,5-DilBu-IbuPhyrin)

Chem. Sci., 2016, 7, 6934-6939

Co(l)-based metalloradical catalysis

» Geometries of Intramolecular 1,5-C(sp3)-H Amination

A) Geometric Parameters by X-ray Structures

O\ P 0\5’0
N/ e/
Bn~NTNH Bn‘N’\{"NH . Af\/\N’\g“NHg
\_,\— 95.8° k/\ 102.7 Bn fh.m_go
. CO.Et COqEt
2i 4 (Ar = 4-NO,-Ph)
B) Geometries of Proposed Transition States
i t
O 0O o O
R ,‘B’{h(co(Por) R, Y et - q\gfo #Rha(L)s
N oy then N™""NH Vs “NT N,
2R ,H 2R e’ 2 "H
3 3 R I\-'t3
(radical abstraction)  (radical substitution) (concerted C-H insertion)

Chem. Sci., 2016, 7, 6934-6939
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Radical Bicyclization of Allyl Azidoformates

N

» Asymmetric Radical Bicyclization of Cinnamyl Azidoformate

H\ j)\ [Co(Por*)] (2 mol %) H., TTJJ<O i T
CSHS/H/\O CBH5 oo/ 2
H

N3 phel, 4 AMS, 40°C, 40h

Me Me Me” Me
[Co(P1)] (P1 = 3,5-Di'Bu-ChenPhyrin) [Co(P2)] (P2 = 3,5-Di'Bu-QingPhyrin)
yield": 99%, de: 99%, ee: 20% yield": 99%, de: 99%, ee: >99%

J. Am. Chem. Soc. 2017, 139, 9164-9167

Radical Bicyclization of Allyl Azidoformates

» Proposed Catalytic Pathway

[ ]

H [Co(Por*)] H
radical radical N, T
substitution activation
—0 —0
wpldo MO mag
R’ N RO ON
4-Co(lll)- = .Cl - a-Co(lll)-
Alkyl | 2NZONSS gea 2SNCONSX | Aminyt
Radical § ~—_addition _— I Radical

J. Am. Chem. Soc. 2017, 139, 9164-9167
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Radical Bicyclization of Allyl Azidoformates

» Asymmetric Intramolecular Radical Bicyclization
o o

NJ{ Nu R HN_‘(

— zﬁﬁ{\/o

'R j\ [CoP2)] 'R o
m/jﬁ/\o Ny N2 R/
H H Nu
1 2 3
o o o
HN—{ HN—{ HN—{
cauﬁ\'/\,c 47M=C5H.\I/\/0 +c»cd-1.\'/\/o
Ns N3 N
entry 1% (3a); yield: 92%  entry 2 (3b); yield: 95%  entry 3. (3c); yield: 84%
de: 99%, ee: >99% de: 99%, ee: 97% de: 99%, ee: 95%
o] [e] o
HN— HN— HN—(’
A—'BuCeHAY\/O 4NOLCeHag A O 4-MeOCeH, o
N3 (X-ray)* OMe N3
entry 4% (3d); yield: 95%  entry 5% (3e); yield: 89%  entry 6% (3f); yield: 71%
de: 99%, ee: 93% de: 99%, ee: 91% de: 99%, ee: 95%
o o o
HN— HN— HN—¢
2-MeC¢H, o 2-NO,CeHa O 2-MeOCeHq o : ) .
i I T [Co(P2)] (P2 = 3,5-Di'Bu-QingPhyrin)
3 3
entry 7% (3g); yield: 99%  entry 8% (3h); yield: 99%  entry 9% (3i); yield: 89%
de: 99%, ee: >99 % de: 99%, ee: 94% de: 99%, ee: 94%
o
Et., N’Q ”"ﬁ g
cws’j 7 S
OMe o H
entry 10% (zn yield: 62%  entry 11% (3k); yield: 94% entry 12: (21); yield: 85%
de: 99%, ee: >09% de: 99%, ee: 93% de: 99%, ee: 70%

“Performed in PhCl at 40 °C for 40 h using 2 mol % [Co(P2)] under
N, in the presence of 4 A MS; [azide 1] = 0.1 M; isolated ymlds. "In
situ addition of TMSN; (1.1 equn') and TBAF (1.1 equ.\v) “In situ
addition of MeOH (2.0 mL) and H,SO, (30 mol %). “Absolute
configuration was determined by X-ray as (3R, 45). “At 80 °C for 20 h.

7100% conversion; >90% NMR yield. J. Am. Chem. Soc. 2017, 139, 9164-9167

Radical Bicyclization of Allyl Azidoformates

» Regioselective Ring-Opening

CeHs H
T HN—{
CEH5
CeHs
WL“ ,9 N3 3a
(vield: 98% ea >99%) ‘%A\ (yleld 92%, ee: >99%)
o}
HN—( J{ HN—
" j. BnSH H., NN BoNHz g, £ b
CeHg veid

SBn 7a(X-ray)? H NHBn 4a

ield: 96%, ee: 96% ield: 89%, ee: >99%
y hi

2a
(ee: >99%)

5% %o,
0
HN— % N HN—{’O
o

/\/\/\/0 CeHs
CgHs 6a OMe 5a
(yield: 64%, ee: 97%) (yield: 98%, ee: >99%)
¢ I
NH, NH;
S OH CgHs = OH
CgHs 10a OMe 9a
yield: 80%, ee: 97% yield: 93%, ee: >99%

J. Am. Chem. Soc. 2017, 139, 9164-9167
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Radical Bicyclization of Allyl Azidoformates

» Radical Bicylization Mechanism
A. Diastereoconvergent Asymmetric Radical Bicyclization of Azidoformates

0
N i [Co(P2)] (2 mol %)  H., ,NJ(O yield: 99%* (65%)°
csHs)V\ 0" N3  PhCI, 40°C CsHsﬂ--.,/ de: 99%,
. H 1 >99%
H511a 4 AMS 40 h, N, B2 =
0
CeHs 0
“ /U\ [Co(P2)] (2 mol %) H., . NJ(O yield: >90%# (71%)°
H 0" N3 PhCI, 40°C CsHsﬁ----/ de: 99%,
H 4AMS, 40h, -N : 49%
2r1a : feraa %
B. Diastereospecific Asymmetric Radical Bicyclization of Azidofor
T D [ColP2)] (2 mol % /f
I [CoP2)@mol %) g, N o Vield: >90%¢ (62%)°
CgHs 0" "N3  PhCl, 80°C CeHs/\ﬂ--u/ de: 99%.
4AMS, 20 h, -N . —o0e
H e e HiE)-2 ee: >99%
CeHs 0

o]
[Co(P2)] (2 mol %) CgHs., _,NJ{O yield: >90%? (55%)°
Et” 07 °N;  PhCI, 80 °C Bt ./ de: 99%,
H 4 AMS, 20h, -N, H ee: 75%
(21 (212

J. Am. Chem. Soc. 2017, 139, 9164-9167
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