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1 Background

O H NHMe “ 0
HO. NM s
O HO-N__O HO N/>\
O =
.yl |
OHC N o) O OH O
o Epothilone B
OH IC50 = 1.27 nM (SKOV3)
FR-9000482 Azinomycin B Madurastatin A1
BERMEEN BETPEEN MENEM
H O N OH O H
N._ _COOH
HoN Hooc\f)kN N A A N cooH
o} N H z H z
N M 0 0
HN e
NH NH
HoN
H2N/§NH
Ficellomycin Azicemicin A: R = H; Miraziridine

Azicemicin B: R = Me

P R A Cathepsin BI 1) ° ono
ICs = 0.01 NM (SKOV3)

Komaki, H. et al. J. Antibiot. 2004, 57, 125-135. Furmeier, S. et al. Eur. J. Org. Chem. 2003, 2003, 649-659.

Takeuchi, T. et al. J. Antibiot. 1995, 48, 1148-1152. Takeuchi, T. et al. J. Antibiot. 1995, 48, 217-221.

Genisson, Y. et al. Tetrahedron. 2011, 67, 2570-2578. Dembitsky, V. M. et al. Eur. J. Med. Chem. 2009, 44, 3373-3387.

Nicolaou, K. C. et al. J. Org. Chem. 2020, 85, 2865-2917. 4



1 Background

%WG
R! N-EWG/with Transition-metal cat N
V/w" R2 / N
R! R?
Metal-nitrenoid sources
CI(Br) ?
TsO. r
PhI=N/EWG EWG-NH, + PhI(OAC),  NZNEN—-EWG N-COR  EWG—N 0//<
H Na R' \N/
iminoiodinanes Amine + oxidant Organo azide N-tosylate Haloamine-T 3-R'-1,4,2-dioxazol-5-one
Metal-nitrenoid species
LnM=N—-X LnM=N_ LnM—N_
EWG * EWG
M = Cu, Co, Ru, Rh, Mn, Fe, etc. nalet triplet
Ln = porphyrin, oxazoline, acac, imine, etc. single rpte
Mechanism .
EWG—N= LG LG
LnM N, LnM—N 4\
singlet EWG triplet EWG MLn
EWG
| ~FTR2 [
Path A Path B :N:
R’ R?
stereospec:f/c 1 . not stereospecific
RY\RZ
LnM N GWE" ML
EWG :
concerted stepwise

Luisi, R. et al. Chem. Rev. 2014, 16, 7881-7929. Wang, S.-G. et al. ChemCatChem 2024, 16, e202400791.




Content

2.1 Metal—Nitrenes from Iminoiodinanes




2.1 Metal—Nitrenes from Iminoiodinanes

Me Me
Ts
a. Evans (1993) Ar. & H CuOTf (5 mol%), L1a-c (6 mol%) N 0o ) \§
>+ PhI=NTs -
H R‘] MeCN, rt Ar/ "/R1 §/N N 2
R’ R'
L1a, R'= Ph
R' = H, Me, CO,Ph, CO,Me, CO,Bu only 7 examples o
up to 89% yield L1b, R"="Bu
97% ee L1c, R' = CMe,Ph
e e s e Is TS s
| |
Ph, N H Ph, N H Ph, N H Nap(p), N H Nap(e), N H Ph, N H H, N
H®  “co,Me H®  “co,Ph H‘ "CO,Bu H’ *CO,Me H’ *CO,Me H  “Me PH
63%, 94% ee (1R, 2S) 64%, 97% ee (1R, 2S) 60%, 96% ee (1R, 2S) 73%, 96% ee (1R, 2S)  76%, 95% ee (1R, 2S)  62%, 70% ee (1S, 2R) 89%, 63% ee (R)

b. Jacobsen (1993)

Ts
Ar R? CuOTf (5 mol%) ' Q S
Y2 L s . _HN BXLURFHRRER
H H L2 (6 mol%) Ar
DCM, t BRI TR E
R2 = H, alkyl only 5 examples cl

up to 79% vyield
>98% ee

©/\]_ ©Q<H NTs NTs NTs
H Lirs © H @Q_ ©
H NTs i CH,4

79%, (cis:trans = 3:1)

0,
70%, cis: 67% ee (1R, 2S), trans: 81% ee (1S, 25)

75%, >98% ee (3R, 4R) 87% ee (1R, 2S) 50%, 58% ee (1R, 2S) 79%, 66% ee (R)

Evans, D.D. et al. J. Am. Chem. Soc. 1993, 115, 5328-5329. Jacobsen, E.N. et al. J. Am. Chem. Soc. 1993, 115, 5326-5327. /



2.1 Metal—Nitrenes from Iminoiodinanes

Suga (2003)

Ts
(0] [Cu(MeCN),4]PFg (10 mol%) N

PhI=NTs + | ]
R/\)kw (R)-BINIM-DC (11 mol%)  R” '/(O
DCM, -20 °C to -40 °C (2, 3R) R

R = Aryl, 52-87% vyield, er > 83:17

Intermediate B

R= /© X = H, Cl. CN, Me
XS, x
O O R' = O'Bu, OMe, OPh, Me, Ph

of =N N of
C§:C| C|:%;§ ve— X -COzMe X CO,Me

13% yield, er: 68:32  30% yield, er: 71:29
(R)-BINIM-DC (L3)

low enantioselectivity

Suga, H. et al. Bull. Chem. Soc. Jpn. 2003, 76, 189-199.



2.1 Metal—Nitrenes from Iminoiodinanes

Ding (2006) o Ts . \
[Cu(MeCN),4]CIO,4 (10 mol%) N

_ N
PhI=NTs + N OR! > -, O .
Rt L4 (11 mol%), 4AMS ~ gall (i . g
= | 1
DCM, -78 °C, 48 h Z R 2
— !
(5 equiv.) (2S, 3R) cl ©
R? = Aryl, 67-99% yield, er > 90:10 cl cl

Entry R’ R2 Yield (%) ee (%) Config. L4
1 Me H 97 87.6 2S,3R(-)
2 Ph H 96 87.1 2S,3R(-)
3 By H 99 > 99 28, 3R (-)
4 By 4-F 99 97.8 (-)
5 By 4-Cl 97 98.1 (-)
6 By 4-Br 97 98.3 25,3R () -
7 By 4-Me 86 94.4 -)
8 'Bu 4-MeO 95 80.1 (+) S0
9 ‘Bu 2-NO, 63 98.6 (+) ©
10 By 2,3-(MeO), 67 97.0 (+) top view

Entries 1-3 B X RXEAIECERELIIEE; Entry 6 EERRMELENME, REPEMTYHARNTY), RBPWHLAEDEIWE, XNNELESE

Ding, K. et al. Chem. Eur. J. 2006, 12, 4568-4575.



2.1 Metal—Nitrenes from Iminoiodinanes

Xu (2005 and 2007)
0 0
Cu(OTf) (5 mol%) N
N X + PhI=NTs > U N
RT |  SR2 L1a, L5, L6 (5-6 mol%) RIE S (N I
7 = (1 equiv.) DCM, Temp., Time = =

e

(2S, 3R) with L5

COC e
ge

O
ON N7 0 \N N///:)O S/Ll '\}J
O NN .

Pr P Ph  Ph

L5 L6 L1a
AnBOX (S)-cHBOX

(2R, 3S) with L6 or L1a

Xu, J. et al. J. Org. Chem. 2005, 70, 10155-10158. Xu, J. et al. Tetrahedron: Asymmetry 2007, 18, 878-884.

R ERIR BB LR
FEMEEER
R AR IR B

Z {3 PE M
[EY RN E EA

Evans' ligand

10



2.1 Metal—Nitrenes from Iminoiodinanes

Xu (2006)

+ PhI=NTs

(1 equiv.)

a: R =COPh, b: R =COMe

(0]
X
©/\/\)‘\Ph + PhI=NTs
(1 equiv.)
0]
X
Me + PhI=NTs
(1 equiv.)

Xu, J. et al. Chirality 2006, 18, 575-580.

Cu(OTf) (6 mol%)

L1a, L5, L6 (5-6 mol%)

DCM, Temp., Time

Cu(OTf) (5 mol%)

L1a, L5, L6 (5-6 mol%)

DCM, Temp., Time
L5 ratio: 26:3:71 64% vyield
L6 ratio: 99:0:1 73% yield
L1a ratio: 100:0:0 28% yield

Cu(OTf) (5 mol%)

L5, L6 (5-6 mol%)

DCM, Temp., Time
L5 ratio: 100:0  51% yield
L6 ratio: 100:0  25% yield

PR e

cis

Ts

PR
COPh

cis
36% ee (E, 2S, 3R)
-72% ee (E, 2R, 3S)
-80% ee (E, 2R, 39)

Ts

N
VAN *
PR

COMe
cis
-6% ee (E, 2R, 3S)
-19% ee (E, 2R, 3S)

Ph"

Ts

N

trans

COMe

Ts
AL
—" COPh
Ph
trans

13% ee (E, 2S, 3R)

Me Me

oj)Kro

/ |
V)
Ph Ph

L1a

Xu's ligand

L6

11



2.1 Metal—Nitrenes from Iminoiodinanes

SR Cu(OTH) (5 mol%) Ts Ts s
(E) (E) + PhI=NTs - N N N
L1a, L5, L6 (5-6 mol%) Ph\“\g"” * Ph\“\%\ ¥ “"AR
(1 equiv.) DCM, Temp., Time \R R PH
a: R = COPh, b: R = COMe cis trans trans
Proposed mechanism:
C L* *
u Ts. CuL CulL*
H, . . H Ts~ >
Ph LR TsNCuL ph.- = ph.- C-C bond rotation o R
-_— h T
H Electrophilic H4 ‘H
addition
HOMO orbital Less steric hlndrance More steric hmdrance Less steric hindrance
j Cyclization Cyclization
o Ts
JaNe Ts Ts
Phiy—*H N N
R Ph Ph /
More steric hindrance trans R cis 2

12

Xu, J. et al. Chirality 2006, 18, 575-580.



2.1 Metal—Nitrenes from Iminoiodinanes

Gelman (2021)

Trip-TOX (6 mol%) o
0 (CuOTf),PhMe (3 mol%) R2 W)L 1
+  PhI=NTs > ' R
AN
RZ\)kW CHsCN, t, 3 h N
Ts
1= i 2 _ \
R' = Aryl, Furyl, Thienyl, Naphthyl, R? = Aryl up to 93% yield, 99% ee Css(g‘ﬁj(lrij_—i
________________________________________________________________________________________________________________ L =a )
RERMSEXIZ=EEHE
o) O 0 Pr Pr
Ph/, Ph/, Ph// ; \
. Ph . .
N+ O N O
N N N AnBOX
Br
Ts Ts Ts OOO
Trip-TOX 93% yield, 76% ee 70% vyield, 70% ee Trip-TOX 80% yield, 77% ee
AnBOX 80% yield, 96% ee AnBOX 64% yield, 50% ee L5
0O 0O 0O
Ph,, Ph,, 0 Ph,,, S
N N |/ N |/
| | |
Ts OMe Ts Ts
Trip-TOX 63% vyield, 77% ee 64% yield, 62% ee 62% yield, 71% ee
AnBOX 74% vyield, 62% ee

Gelman, D. et al. J. Organomet. Chem. 2021, 941, 121804-121811. 13



2.1 Metal—Nitrenes from Iminoiodinanes

(@)
[Cul/L* N NN
= * . EES. BEEYECAL.
& /REI Y PhI=NTs (jfw*R — i ; tr%@u
B I R T

up to 99% vyield, 99% ee

[
s X Cat-L(L1a/L1c/L2/L4/L8 N
Bk R 2R PhI=NX ‘ ’KD}A
conditions
Evans (1993) Jacobsen (1993) Ding (2006) Bolm (2008) Hutchings (2003)

Me O O Me A
OMe Me 5 Q e . Vo | Me Me
| ~
WXT] “g T TN P
Ph Me Me/TDh cl ¢ d Me Me/\ Ph Ph

L1c L4 L8 L1a

Cat: CuOTf (5 mol%), L1¢c (6 mol%) Cat: CuOTf (10 mol%), L2 (11 mol%) Cat: [Cu(MeCN),4]CIO,4 (10 mol%), L4 (5 mol%) Cat: Fe(OTf), (5 mol%), L5 (30 mol%) Cat: Zeolite CuHY, L1a (7 mol%)

styrene, 0 °C, 2.5 h DCM, -78 °C 4A MS, DCM, -78 °C, 48 h 4A MS, MeCN, rt, 1 h 4A MS, MeCN, 1t, 1 h
X =Ts, 89%, er: 81.5:18.5 X =Ts, 79%, er: 83:17 X =Ts, 99%, er: 64:36 X =Ts, 72%, er: 70:30 >)((=_T; 78;{;» er: 8:;:
(R) configuration (R) configuration (S) configuration (R) configuration = Ns, 78%, er: 92:

Evans, D.D. et al. 3. Am. Chem. Soc. 1993, 115, 5328-5329. Jacobsen, E.N. et al. J. Am. Chem. Soc. 1993, 115, 5326-5327.
Ding, K. et al. Chem. Eur. J. 2006, 12, 4568-4575. Bolm, C. et al. Adv. Synth. Catal. 2008, 350, 1835-1840.
Hutchings, G. J. et al. Chem.Commun. 2003, 2808-2809. Hutchings, G. J. et al. Top. Catal. 2003, 25, 81-88. 14
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2.2 Metal—Nitrenes from Amides Derivatives




2.2 Metal—Nitrenes from Amides Derivatives

X- NH2
X ()
N [Cu]/L* N
PhI=NX  + ©/\ - :
solvent, Temp.
. PhI()
up to 78% vyield, 84% ee X—N= ML
. |
[Cu]/L* Nitrogen donors X-NH»
PhI=NTs + ©/\)J\R ¥
[ t, Te '
solvent, femp. 0, 0 O, NR o, 0
S S S
up to 99% yield, 99% ee R NH, R NH; R-0" 'NH,
sulfonamide sulfonimidamide sulfamate
L E S b o e Tl N M =Cu,Rh,Ag  Oxidant: PhI(OAc),, PhI=0

Luisi, R. et al. Chem. Rev. 2014, 16, 7881-7929. Wang, S.-G. et al. ChemCatChem 2024, 16, e202400791.



2.2 Metal—Nitrenes from Amides Derivatives

Dodd and Dauban (2004)

PhI=0 (1.2 equiv)

| SesNH, (1.2 equiv) N_S N_S Me Me
) Cu(MeCN)4PFg (25 mol%) )\\ es ); es O\’)Q(O
=y ‘ z (R) + z (S) / \\)
L1b (35 mol%) B : S/N N—/

PhFHN"®>C0,/Bu PhFHN R CO,Bu  PhFHN R CO,Bu ; f,
MeCN, rt, -20 °C Bu Bu
L1b
0\\8/,0 16% yield
SesNH, = Me3Si(H2C)2/ \NH2 dr (R, R)/(R, S): up to 75/25
Dodd and Dauban (2007)
o, 0 PhI=0 (1.5 equiv) 0, 0 e ke
O/S\NHZ Cu(MeCN)4PFg (5 mol%) . oSN R OW)K(O
L_ACUR L1b (5.5 mol%) K){:H N I\}\)
MeCN, 3A MS, rt, -20 °C B By
_ 24% - 86% yield, L1b
R =H, Alkyl, Ph ee up to 92:8
o, 0
O/S\N R NH, NH,
N2 n-Cq3H
/K\@_’\ Nu\/\;)\R 13 27\/\;/'\Me
Nu? H Nu' spisulosine OH
Nu' P

Dauban, P., Dodd, R. H. et al. Tetrahedron 2004, 60, 5889-5897. Dauban, P., Dodd, R. H. et al. Synthesis 2007, 8, 1251-1260. 17



2.2 Metal—Nitrenes from Amides Derivatives

Dauban (2022)

F
E F
Cat-1 (1 mol%)
R3 By Phl(OPiv), (2.0 equiv) . TBPhS p o F
+ N
%\ R? \©\O\\S’/O CsF5CO,H (1.0 equiv) H., /\ R —Rh7Q N o)
1 - ~
R 0 NH; Toluene, -15 °C R’ R? | )
—Rh4O
/
= Aryl, Alkyl .
TBPhsNH up to 95% vyield, 99% ee
R2 = H, Alkyl; R® = H, Alkyl 2 P oY ° Cat-1
Selected examples
TBPhs TBPhs TBPhs
N TBPhs TBPhs
. N
/\/\/u Br\/\/u
67%, 90% ee 90%, 70% ee 97%, 99% ee 85%, 89% ee 74%, 86% ee
10 mmol scale
M
TBPhs © TBPhs TBPhs
N Me™ N\ o) N N
MGOW\MG .“\/< wMe ACO\/\M
o N Me 0] Me Me
SRhN:Styryg; 3SRhN:Styrg,
95%, 99% ee 58%, dr>20:1 64%, 58% ee
18

Dauban, P. et al. J. Am. Chem. Soc. 2022, 144, 17156-17164.



2.2 Metal—Nitrenes from Amides Derivatives

] CyFs
Phipps (2023) =3 Cat-2 (1 mol%) §
. o)
R OH . ) S CeF510 (2.0 equiv) O:é:O
~ Uh CoFs Y0 S NH ~ '
R oF 5 2 CoF5I(OTFA), (10 mol%) R' N R®
n= < 1,3-DFB, -35 °C —
R? (M-OH

R'=H, Aryl, Alkyl,
R? = H, Alkyl, R® = H, Alkyl

CaoFs C,Fs
o S
o= I =0 O= : =0
H, N~ _OH Me,, N \~_OH
BnO” " Ny mMe’  H

from Trans-substrate

0, 0,
53%. 91% ee 73%, 86% ee

CoFs %F5
O
? =$=0
O:éI:O O '\|l
Ph,, ,\N". “ OH H, >~ Me
" SN H\/\/ H/x\
OH

from Cis-substrate

0, [v)
72%, 96% ee 72%, 96% ee

Phipps, R. J. et al. J. Am. Chem. Soc. 2023, 145, 7516-7527.

up to 93% yield, 97% ee

Et;Si

achiral dirhodium

SiEt, OMe

chiral cation

Cat-2 = [(I)2(I)2(Pyr).]

o

e

\
o

T

B FERBIEDL
ENEERNFHEZE

HA

19



2.2 Metal—Nitrenes from Amides Derivatives

Schomaker (2017)

BRERMAGENARR TR RRA R A R M

o)
RS o) AgClO4 (20 mol%) )]\
RWOJKNH L1b (10 mol%), PhlO (2.0 equiv) WR;
2 > "
R 4R MS, DCM, -20 °C ~ R
R3

up to 87% yield, 92% ee

Selected examples

(@ j)\ Standard condition w""/
Ph N N"N07 SNH,

80% yield, 91% ee

0]
o )]\ Ph
4] IS Standard condition 0" °N
= 0~ "NH, -
Ph

55% yield, 88% ee

0
N

O N _H

0 0 0
O)J\N Et O)J\N Me O)J\N H K))’
P ey (e :

83% vyield, 91% ee 84% vyield, 90% ee 52% vyield, 70% ee 89% yield, 22% ee

Schomaker, J. M. et al. Angew. Chem. Int. Ed. 2017, 56, 9944-9948. Schomaker, J. M. et al. Chem. Commun. 2024, 60, 224-227.

Schomaker (2024)
_Tces
N~TCeS g3 PhIO (2.0 equiv) N|
P& WRZ AgNTf, (10 mol%), L9 (10 mol%) O)\N R?
H,NT 0 X ~ K/\
R 4R MS, DCM, -10 °C, 24 h © R
R3
up to 92% yield
O\)X/O 99% ee
| \
Tces = ., g’ N N
%20 e,
L9
Selected examples
Tces _Tces
)Nl\ R = Bn, 80% yield, 96% ee bt L9: 92% vield, 97% ee
07 "N_ Me N

R = Et, 62% vyield, 94% ee K))‘Bn L1b: 75% yield, 35% ee

/Tces

83% yield, 42% ee 37% yield, 67% ee 21% yield, 49% ee

&AL 20



2.2 Metal—Nitrenes from Amides Derivatives

Enantiondution with rigid ligand L9 Enantiondution with flexible ligand L1b
Ve ~
0_X_0
I \J -..
N N/
side view side view
side view
Tces Tces Tces Tces
Ro< JAgS 3<] _< _< ><CH3 RO N\A o
~ RO Ag\N RO Ag\ S Q\N
Oy — 5 CHs
3a (planar) 3b (boat, cannot locate) 4a (planar) 4b (boat) HasC
AG = 0.0 kcal/mol AE =11.9 kcal/mol AG = 0.0 kcal/mol AG = 1.1 kcal/mol
Y Y

212 242

2.26 Et \ H 2.30 Et \ H

Noag N\ YH e (favored) 2\ "N Ts2 (disfavored) N-AgZ v\ §.H TS3 (favored) ﬁ\ '\ Ts4 (disfavored)
Tces—NI__"Nz<’ = 2 O avore - =
- '._ AG* = 10.8 keal/mol Tees=he gi':‘*'  AG*=12.7 keal/mol Teoe N\O/ N>-U AGt= 5.9 kealimol L ¥ 86 = 7.3 keal/mol
S~ T ’H - ’
224 H 2‘46/Et 23 H 238 Et
AAG* = 1.9 kcal/mol AAG* = 1.4 kcal/mol

Schomaker, J. M. et al. Chem. Commun. 2024, 60, 224-227. 21
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2.3 Metal—Nitrenes from Hydroxylamine Derivatives

Lebel (2010)

R
=

(3 equiv)

Lebel (2012)

Lebel (2011)

)

Ar

(1 equiv)

o Mo O L10 (6 mol%) 9 'V'e><'\"e LiOH (5 equiv)
. 349)1\ orc  Cu(MeCN),PF¢ (5 mol%) N~ 07 ccl;  H20 (10 equiv) NH
Cl;¢~ 07 "N~ X MCNMOH‘R_I\
H K2CO3, 23 °C, MeCN, 4AMS R eCN, Me L
23°C, 5h
R = 0-Cl, 71%, er: 78:22
R = m-NOy, 58%, er: 80:20 74-92% yield
R = p-NO,, 52%, er: 93:7
O Ph |
L10 0 P !
Ph O (6 mol%) . )J\ A ) Me_ Me
). I o1 Cu(MeCN)PFg (5 moi%) s eN~ O R CCly L Me. O O Mo
CllC® 0" N X : >&l \
H K2CO3, 23 °C, MeCN, 4AMS R LM N N—( Me
5 PR Ph
R = o-, m-, p-Cl, 0-, m-NO,, : L10
o-, m-, p-Br, m-CN
44-84% yields, dr: 82:18 0 93:7 !
E Br
Ph j\ Rh,[(S)-Br-nttl], (5 mol%) Q Bn 5 O‘ o)
OTs NS !
- N~ o ® cal - f
ClC®0™ N K,CO3, 23 °C, PhCF5 (025 M), X ’ ; NIB“
| o}
51-85%, dr: 70:30 to >98:2 | Q"o 4
o ' : Rh—Rh
5 Cat-3

Lebel, H. et al. Pure Appl. Chem. 2010, 82, 1827-1833. Lebel, H. et al. Tetrahedron 2012, 68, 3396-3409. Lebel, H. et al. Org. Lett. 2011, 13, 5460-5463.

BXRSEHRNEWART
RO XS R R IR R R 4 R M

23



2.3 Metal—Nitrenes from Hydroxylamine Derivatives

CulELiA R IREFRMERFRERRE

Ph
Me_ Me Ph O

X
N
o) o] OT: ®
WXj?ﬂr Me oo O
Me” N  N— Me H -
PR . Ph O2N
N L10 (6 mol%) 84%, 87.5:12.5
Cu(MeCN)4PFg (5 mol%)
O,N

0" R CCly

_ K,COs3, 23 °C Ph O O Ph
3 -
(8 equiv) MeCN, 4A MS C|30/<s}o)J\H’OTS ® NJ\O%)\CCI?,
OZN/O/Q
85%, 97:3
RMEWARR MNAEEMBARENARRE Ph O j\ =
C|3C%\O)LN,OTS w N~ O RCCl,
H
“ i :CI
Ofm\ Rho[(S)-Brenttll, (5 mol%) 79%. 973 FHRMEUFIEBEFHAOLR,
_ K,CO3, 23 °C Ph O O Ph = . N PR
1 - HEARERAEMEEEEESEIR,
(1 equiv) PhCF3 (0.25 M) CIgC@O)L”’OTS © \\N)J\o/(;\ccn?) . o
(jjw EREFIEORNZIAZE,
cl Hi e G R mA L mE
25%, 88:12
24

Lebel, H. et al. Tetrahedron 2012, 68, 3396-3409. Lebel, H. et al. Org. Lett. 2011, 13, 5460-5463.



2.3 Metal—Nitrenes from Hydroxylamine Derivatives

Blakey (2024)
Cat-4 (2.5 mol%) Ts % Ph
t o | |
R 4 Ts \N/O Bu AgSDbFg (30 mol%) - N H ,R{‘ Me
H CsOAc (10 mol% \ N
0 (10 mol%) AJ\\_R o
HFIP (0.1 M), 20 °C, 24 h 5
R = Alkyl up to 88% yield, 92% ee Cat-4

N
;q Ts., OB
Ts. H %- ° N \n/u

ik | Me
No__R Rh H
\74 VARN O
0.0 Hydroxylamine
Y A Activation
R
) RCOOH
Nitrene
e + Formation
+
ml ] :
O—Rh_ <eL O O—nr Me |I|
/N RN |
RT=S0 _/ ~=H v NTS\— Rh_Me
Ts R R™™0 / \NT
D O\ / S
>0
Bu B

stepwise
aziridinantion

gy /RNJTE Olefin :O! )=C ®=C” .=N

25

Blakey, S. B. et al. J. Am. Chem. Soc. 2024, 146, 1447-1454.



2.3 Metal—Nitrenes from Hydroxylamine Derivatives

Wang (2024)

o o Cs,CO3 (10 mol%) rR2 % o
- . 7" oPiv Cat-5 (2.5 mol%) $-
P Y R2/ N7 - N H

H HFIP, rt, 24 h %
R1

R = Alkyl, Aryl R? = Alkyl, Aryl, Thienyl

Selected examples

Ts\ Ts\ \—\ 0

N N _S” ’
> "Me Ph 0”™
99% yield, 88% ee 48% vyield, 90% ee 52% yield, 77% ee

/ Ts\
Ts N "By

_0 \
8% N ))\/
0 oh L>~Ph \

Me

90% yield, 90% ee NR NR

Wang, S. et al. Angew. Chem. Int. Ed. 2024, 63, e202400502.

back wall:
prevents attack
side wall:
P ———— orients substrate
e
H
o™ H
/\k AN ‘H_‘z/'
‘Bu © \Ts "Bu

lfavorable l unfavorable
'Iia Tla

major minor

Mechanistic Proposal
PivO. N Ts
PivO. ’\,‘ Ts
Rh
I/ \Cpx
/\/ R
I. Cp* PivO. _Ts
PivO  Rh Cp* N
\ or
Ts _N R | _Rh \)\/ R

26
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2.4 Metal—Nitrenes from Azides

O
Katsuki (2004 and 2007) @ Cat Bavc Sen
+ RSOZN3 3

DCM., 23 °C, 4A MS ©/\|

Cat 6a (2 mol%), 71%, er: 94:6 (TON = 36)
Cat 6b (0.09 mol%), 78%, er: 92:8 (TON = 867) Cat 6b (1 mol%), 34%, er: 92:8 (TON = 34)  Cat 6¢ (1 mol%), 99%, er: 96:4 (TON = 99)
Cat 6¢ (0.1 mol%), 93%, er: 93:7 (TON = 982)

Cat 6a: Ar = Ph
=
Cat6b:Ar= Me s
=S )
. ==
cl
7
Cat6c:Ar=  MesSi 3-
X
cl

28

Katsuki, T. et al. Chem. Commun. 2004, 2060-2061. Katsuki, T. et al. Chem. Asian. J. 2007, 2, 248-256.



2.4 Metal—Nitrenes from Azides

Katsuki (2012)

0 0
6¢ (1-5 mol%) Y
R™X: + SESN - NTT"siMe, _SES ® o . NH
DCM, 23 °C, 4A MS R/‘\] j.J\/ SESN 6¢ (0.5-2 mol%) R * N (MeN);SMesF,Si R -
+ 3 >
R = Aryl, Alkyl, Alkenyl, Alkynyl = 71/\’ 7\/\’
__________________ O R DCM, 23 °C, 4A MS 5 THF 0
- 10 examples R = Ph, 85%, 99% ee
N,SES SES oes N,SES SES R = Ayl Alkyl, Alkenyl 92-99% yield, er >99:1 R = (CHa),Ph, 72%, 99% ee
AV N / N N
\ N Bn(MeO)N\H/Q
/O/\’ /\’ n-CHg” SES
Br Ph (0] AN SES\ AN N
6¢ (2 mol%) N
76%, er: 96:4 50%, er: 99:1 28%, er: 89:11  65%, er: 99:1 65%, er: 99:1 = + SESN; +
DCM, 23 °C, 4A MS =
o) o)
o)
®
SES (MeN)3SMe3FZSi® NH Ac 34%, er >99:1 33%, er >93:7
<) Bro,c” 220 <)
BnO,C THE N2 BnO,C
81%, er >99:1 70%, er >99:1 81%, er >99:1 1) CH,=CHMgBr (2.2 equiv) o o
MeO o SESN3; (1.0 equiv)
\@f%o THF, -78 °C to rt MeO _ 6¢ (0.5 mol%) MeO
2) Ru(NO)Cl-salen (5 mol%) N
Cat 6a: Ar = Ph OH DCM, 23 °C, 4A MS !
air, toluene, hv, 25 °C OH OH SES
F 52% 87%, >99% ee
Cat6b:Ar= Me & -, 0/\ O/ﬁ
-~ MeO SN A~ Ref.1 HO NN
F 4steps || | | mmmmmee-e- -
(of 0 (o}
a ) 49% yield over 4 steps (+)-PD 128907
Cat6c: Ar= Me;Si %— D3 receptor agonist
Cl

Katsuki, T. et al. Org. Lett. 2012, 14, 4658-4661. Katsuki, T. et al. Chem. Commun. 2012, 48, 7188-7190. 29



2.4 Metal—Nitrenes from Azides

[Co(D,-Por*)]

Peter Zhang (2008)

Me
Cat7a:R =

Cat7b: R =

Cat 7a (10 mol%)

1}
RF + PhO—P—N,

& OPh

R = o-, m-, p-Me, o-, m-,p-Br
p-Bu, p-Cl, p-F, p-CF3, m-NO,

Bu
Ar = —§
Bu
MeO
Ar= -
MeO
O, OPh
/P\
N OPh

PhCI. 40 °C, 5A MS.18 h R@/Q
|
/

52-88% yields
er: 55:45 to 78:22

Peter Zhang (2009)

0.0
R’ . N Cat 7b (5 mol%) ot P
/S\ PN - N (@) CC|3
R N~ 0" CCls pncl, 0-40°C, 4AMS 48 h /<
5 (equiv) TcesN 4
N/Tces N/Tces
. _Tces
| X <I | \\\‘<| R2 <’T
X_| X_| N
Z =

85-92%, er: 90:10 to 97:3
X =H, EDG, EWG

+ S: N
B Ns~~>07 CCly

X =H, 48%, er: 90:10
X = p-Cl, 43%, er: 90:10

R2 = Ph, 26%, er: 97:3
R2 = n-Pr, 42%, er: 96:4

N
Cat7b j
> N

r PhCl, 4A MS Tees
Br
TcesN;
Entry Cycle Temp/°C Yield (%) ee (%)

First rt 95 96

2 Second rt 89 94

3 Third rt 81 94

30

Zhang, X. P. et al. J. Org. Chem. 2008, 73, 7260-7265. Zhang, X. P. et al. Chem. Commun. 2009, 4266-4268.



2.4 Metal—Nitrenes from Azides

Peter Zhang (2013)

Cat 7¢ (1 mol% —/"Fn
Fn = PhF, 23 °C, 4A MS, 48 h E)/Q

52%, er: 87.5:12.5 80%, er: 98:2  64%, er: 90:10 99%, er: 96:4 No reaction

[Co(D,-Por*)] Cat 7c

Zhang, X. P. et al. Angew. Chem. Int. Ed. 2013, 52, 5309-5313.

7\ Cat 7c (1 mol%) _ X
Ar/\ + ¢ N Fn
Fn"\— PhF, 23 °C, 4A MS, 48 h N

Ar/<’

up to 99% vyield, 98% ee

Boc

F F X=H, o-, m-, p-Me, p-Bu, p-OMe, p-Br, p-CO,Me, p-F, p-CF5

31



2.4 Metal—Nitrenes from Azides

Peter Zhang (2017) o o

Cat 7d (2 mol%) RT N0 NU-
AoFore A .
PhCl, 4A MS,40°C  R? :

T
=z
O

Co(ll)
92%, >99% ee 95%, 93% ee
99% de 99% de
Metalloradical
activition

> 0
A X

HN O HN” Yo
NO, OMe OMe
99%, 94% ee 94%, 93% ee
99% de 99% de

e
Co(lll) Radical ~—
A

Zhang, X. P. et al. J. Am. Chem. Soc. 2017, 139, 9164-9167. 32



2.4 Metal—Nitrenes from Azides

Mechanistic Proposal

R' N o Q R’
. ! Co(ll) )J\O/\%\RZ
H H
Metalloradical
activition N

Co(lll) Radical ~—
EXBIEIEY g " addiion __— Co(ll)
WA R A
TGRSR ELSE

Zhang, X. P. et al. J. Am. Chem. Soc. 2017, 139, 9164-9167.

A. Diastereoconvergent Asymmetric Radical Bicyclization of Azidoformates

0]
H 0]
“ )J\ Cat 7d (2 mol%) _ H’a NJ<O yield: 99%2 (65%)°
N
C6H5 H O 3 PhCl, 40 OC C6H5/<i"/// de: 99%
4A MS, 40 h H - 5990
(E)1a (E)-2a ee: >99%
CgHs (0] Q
[v)
- )J\ Cat 7d (2 mol%) N H/,' NJ<O yield: >90%2 (71 %)b
N
H ! © 3 PhClI, 40 °C CeHs v de: 99%
4A MS, 40 h H - 49%
(Z)_1a' (E)—2a ee: (]

B. Diastereospecific Asymmetric Radical Bicyclization of Azidoformates

0
Et 0
« o catrd@mol%) g, NJ<O yield: >90% (62%)°
N
CeHs I O N PhCI, 80 °C CeHs” i/ de: 99%
4A MS, 20 h H : >999
(E)-1b (E)-2b oor 799
CeH 0 ?
6'15 o,
L Cat7d 2 mol%)  CgHs, NJ<0 yield: >90%? (55%)°
N
H b © 3 PhCI, 80°C Et o/ de: 99%
4A MS, 20 h H 1 759
(2)-1b* (2)-2b’ ser 7%

aNMR yields. Plsolated yields. Note: Aziridines were unstable toward workup.
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2.4 Metal—Nitrenes from Azides

Peter Zhang (2021)

o) Cat 7c (10 mol%)

Troc ‘
| '
PN + Cl )J\ anhydrous K,CO3 N ; ‘g
ArT X ! Mechanistic Proposal
CIY\O N3 > Q"”A : P
Cl PhCI (0.1 M), 35°C r ! Troc
(TrocN3) up to 99% yield, 94% ee : N [Co(L7d)]
VAR
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' ! “Ph
Selected examples I
) Lo TrocN;
Troc Troc Troc E
N N N ! Metalloradical
LN, VA L\, : L7d activition N
", ‘7, ‘1, : CO\
! N—Troc
Cl CO,Me Ph E Ho,, .
99%, 94% ee 71%, 92% ee 70%, 90% ee
: L7d_
: y-Co(lll)-alkyl radical CO\N—Troc
Troc ‘
N I a-Co(lll)-aminyl radical
A”/'I ]/OEt | Radical -
! addition EPR. HMRS
Cat 7d: [Co(L7d I \
0 at7d: [Co(L7d)] ; WiFa-Co(ll) S5
L < E N E Hﬂ %
93%, 94% ee 43%, 82% ee !

K,COj: BR7K . HPHICo(11) 88 23 B Ea M

34

Zhang, X. P. et al. Chem 2021, 7, 1120-1134.



2.4 Metal—Nitrenes from Azides

Peter Zhang (2024) o j\
Cat 7e (3 mol%) 1 —Bn
RZJ\(\N/U\NS > R’. (N} /N B

Toluene, 4 MS, 40 °C

3 2
R3 Bn R?
up to 99% vyield, 94% ee
Selected examples p \ Mechanistic Proposal
| o)
o o) : R! N)J\ N—Bn
J< J< : yauy [Co(L7e)]
<|\l\/N—Bn N N—Bn : R? - R’ o
s <I\/ | ; RZJ\/\NJ\N
\ ! Metalloradical ) 3
N\ : activition Bn
96%, 90% ee 96%, 86% ee : N,
! L6
| Ct (\)‘//O Q
: 1 O\N_S\ /’,' N
| RI;ZI,,, ~ N-Bn ,o/]\/\ . /\®
0 0 0 | ) N S-S0
N//< N//< NJ< 5 R3 H . k8 o o
Q\/N—Bn Q\/N—Bn Q\/N—Bn ! 30% yield Co\N,\s’/
N Me By OU\Q ' y-Co(lll)-alkyl radical . * N-Bn
. DS
: o a R2 “,
96%, 81% ee 50%, 65% ee 88%, 52% ee ; IR E Radical R®
L NToHRHREA acica
Cat 7e [Co(L7e)] | addition a-Cof(lll)-aminyl radical

Zhang, X. P. et al. Chem 2024, 10, 283-298. 35
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3 Summary and outlook

Transition-metal

26 27 29
Fe Co Cu

3d%4s2 3d74s2 3d194s2
55.85 58.93 63.55
44 45 47

Ru Rh Ag
4475s" 4485s" 441055
101.1 102.9 107.9

R = EWG, Ar, or Alkyl

: Transition-metal catalyst Q /
\\W/\R > N_/

| Nitrene sources - R\R

-~
*

Chiral aziridine

Activated Alkenes

Chiral Ligand
|
: Q I\ - R3 R3
A 0o
= ' D
\ N N—
a, p-unsaturated styrene >

R4
Unactivated Alkenes

Chiral Metal Complex
‘Low Polarity

|
|
Alkyl/\(/ -Low Functionalization

L L _ Ru, Rh, Co
! -Minimal Steric Differentiation

57



3 Summary and outlook

IBENE R D FEASIRART A IR A

Cat: [Rh] EWG
/\/R + Nitrenes Sources - N H

Solvent, Temp., Time %R

only 4 examples
up to 95% yield, 99% ee

chiral cation
SiEt;

achiral dirhodium Et;Si

IFFRNER D FEANIRBERARGHHARRD,
NETFEPHERMELIAR, KRER,
FHEEATHSHER X

REFTEEFe. CulrR
PR UL N LN =S
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3 Summary and outlook

TRIPEANEFTARAS TR E

Nitrenes Sources

Q
A\ Ar /o
I~ S/ LG \N/EWG
- g
Ph™ SNy N
O Q
IS R=S—N
1l 3
RN, L
O R. _NH,
SN2 or YT+ PhI=OPHIOAC),
R \O 0O

/
):-:<\ + Nitrenes Sources

ARAKETREFE,

R EENEZAEFRBFAN-RIPEN

ARNA

Cat/L* \ N

Y
)

Solvent, Temp., Time ,

FEEENHNRERAE
" EERINARNAGHARIIIREE

Yy
*
AN
L~
£ 3

39



Thank you for your attention !




4 Supporting Information

A o
‘ ref. 8 N a) I/\J\
(D)-mannitol ——» o ]/\I T - T\_/L

o)

f) R —N N=_ R 3a R=Cl|,R'=H
g : >\:<( 3b: R=R'=Me
R R
9
R R’

Scheme 1. Synthesis of chiral 1,4-diamine 9 and its diimine derivatives
(3a-b): a) CGGH;MgBr, Cul (20%), THF, —30°C, 93 %; b) MsCl, Et;N,
10°C, >99%; c) CH,Cl,, HCIO, (70% aq), 70%; d) NaN;, DMF, 65 %;
e) 10% Pd/C, H, (1 atm), >99%; f) 2,6-dichlorobenzaldehyde or 2,4,6-
trimethylbenzaldehyde, MeOH, reflux, 24 h, 3a: 93 %, 3b: 75%.

Table 2. Asymmetric aziridination of olefin derivatives.!?
RZ RZ
N

Ts
|\\ - COR' . cat. (10 mol%) @N/ COR'
P + PhIENTS =S 2a cr.cl, ~
1084 -75°C, 48h 1a
Entry Substrate R' R’ Yield [%]™  ee [%]!  Config.!
1 10a Me H 97 87.6 283R ()
2 10b Ph H 96 87.1 253R (-)
3 10c Bu H 99 599 283R(-)
4 10d Bu 4F 99 978 (-
5 10e Bu  4-Cl 97 981 (-
6 10t Bu 4-Br 97 983  253R(-)
7 10g Bu 4-Me 86 %4  (-)
8  10h Bu 4-MeO 95 80.1  (4)
9 10i Bu 2NO, 63 986  (+)
10 10 Bu 23MeO 67 97.0  (+)

[a] The reactions were carried out with the ratio of 10/PhI=NTs/3a/Cu
5:1:0.11:0.1 in a 0.125 mmol scale of PhI=NTs (0.042m) in the presence
of 100 mg of MS 4 A. [b] The yield of isolated product. [c] The enantio-
meric excess was determined by HPLC on Chiralcel columns. [d] The ab-
solute configurations of 11a—¢ and 11k-1 were determined by comparison
of their optical rotations with those of literature data."® The absolute
configuration of (—)-11f was determined to be (25,3R) by the Bijvoet
method based on the anomalous dispersion of Br heavy atom."]
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4 Supporting Information

Q e o K
Cu/L | | Rh-- L Me .Rh
0 M ,Rh TS‘-- A N
o b, | r Y > e S I'“ﬂ E
Ph/\)l\Ph Solvent, Temp, 3h PhA""‘ J\Ph Ph) "~Aph : N.TSY > L Snts R

0
PivO” H---0 )/ - o
11a 12a (25, 3R) 12b (2R, 3S) A2-TS Me N1 {? 2;?} (B
aco)  al _PvOH
T : a . Fi H JCET . ; "
Entry | Ligand [Cu] [Cu] | Solvent Temp | Yield | %ec (kcal/mol) PN < 2z
load HA & OPiv! R

1 9 (CuOTf),-PhMe | 5% | DCM rt 91 51 Y V5 £ N1 "

2 10 (CuOTh), PhMe | 5% | DCM t 81 |36 i6118) @a5) | N2

3 9 (CuOTh), PhMe | 3% | DCM t 82 |59 (0.00) ncon | o

4 9 Cu(OTh), 3% | DCM it 33|45 —+ %—ph

519 Cul 3% | DCM n |NR |- %—Ph e

6 9 CuCl 3% | DCM t 25 |43 D/Fllh‘ome Q" 1 s

7 9 Cu(OAc) 3% | DCM 1t NR |- O }/

8 9 (CuOTHf),-PhMe | 3% | Chloroform | rt NR |- Ve t

9 9 (CuOTf),-PhMe | 3% | DCE rt 70 48 ‘ =k

Ph

10 |9 (CuOTf),-PhMe | 3% | THF it |NR |- %.p:' A3 %@B

11 |9 (CuOTf),-PhMe [ 3% | Toluene |1t | NR |- 4 A Me R

12 |9 (CuOTf), PhMe | 3% | Acetone | rt 80 |67 i N = 0 |

. \ c&\ >/ Ts

13 9 (CuOTf),-PhMe | 3% | Dioxane It NR - OPiv Ve | "Me

14 |9 (CuOT), PhMe | 3% | DME t 69 |69 T\ A Me\

15 9 (CuOTf),-PhMe | 3% | CH3;CN rt 93 76 TSN\O>\,BU Ad

16 9 (CuOTf),-PhMe | 3% | CH;CN 0°C |93 78 ' . (-27.43)

Hydroxylamine ..PivOH Releasing _| N-O Cleavage =

Reaction conditions: Chalcone (100mg, 0.48mmol), Ligand (5%eq), Cu precursor (the load | Coordination __J Amide Formation _| CsOAc Coordination |
is indicated), PhI=NTs (120mg, 0.32mmol), 3ml dry CH3CN; a) Determined by HPLC with ! ! ! !
a chiral OD-H column using heptane/2-propanol (90:10, v/v) as the eluent. Figure 6. Free energy profile for the formation of A4 from Al. Blue and

green traces represent direct nitrene formation via N—O bond cleavage.
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4 Supporting Information

Table 1 Optimization of reaction conditions L Kisets and D. Gelman Joumal of Organometallic Chemistry 941 (2021) 121804
0,0 0 0
(L[ AgNTf, (10 mol %), L5 (10 mol %) &
00 U= 2 g SSGNPEE
J/\/\0 NH, 4 AMS (100 mg) Ph\ N7 O +
P~ 1a CH,Cl (0.05 M), -10°C, 24 h 2':(4%) Br Br NHQ
.. . o ia . b ! CO,H CO.H
Variation from standard Yield” (conversion, ee N 500 4 645
L 0, 0 =Syn, % y %
Entry conditions %) (%) 3.anti 15%
1 None 92 (98) 97
2 L1 instead of L5 75 (89) 35
3 L2 instead of L5 63 (77) 9
4 L3 instead of L5 71 (85) 12 ‘ CH OH
. CH OH 2
5 L4 instead of L5 86 (96) 91 L 002 COC' e ) Q
6 L6 instead of L5 78 (89) 93 Q
7 AgClO, instead of AgNTf, 74 (92) 93
8 AgOTf instead of AgNTf, 73 (90) 76 CO,H COzH cocl  codl \_CH OH.—CH;OH
9  —20°C,24h 26 (32) 96 6 700 R R
10 AgNT, (5 mol%), L5 (5 mol%) 73 (92) 93 9% 7:R = LPr. 78%
11 2.5 mmol scale 89° (>99) 95 8: R = Ph, 63%
9: R =i-Pr, 71%
‘) Men N { Me 10: R = Ph, 60%
R L1R=Bu R By |_3 Me L4 @
L2R =Ph
L5 -CH,CH,- L6 -

® Reactions were carried out on a 0.1 mmol scale unless indicated a) isopentylnitrite, DME, 80 °C; b) maleic anhydride, triglyme, reflux; c¢) BuLi, TMEDA, THF, -78 °C;
otherwise. Yields were determined by H NMR using 1,3,5- d) CO,, HCI; ) NaOH,, (2%), KMnO,, reflux; ) SOCI,, CHCly, reflux; g) TEA, DCM, RT; h) DDQ,

trimethoxybenzene as an internal standard The ee was determined
by chiral HPLC after purification. ¢ Isolated yield.

PPh;, DCM, reflux.
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4 Supporting Information

Figure 2. Views showing *Rh, (A), *Rh,N (B), *RhN:Styrg, (C), and *RhN:Styry, (D). Different representations are used to provide evidence that
the substrate (ball and sticks) fits in the catalytic pocket (van der Waals spheres). H, white; C, gray; N, blue; O, red; F, neon green; S, yellow.

(S)-aziridine Re-approach Si-approach (R)-aziridine
[o} : \c~ o _|
\ H- 0 H-Cx¢- o /7% \ ~C
APO"-;\S /C i \\ C\ 4> \; H Aro.-;s\Nl_\c
~ - TTTE "
o/ N C\ roo//S\N- 0// SN 0/ \H
% —_ o 'Rh,N + Styr . — R
F-PhIN  O—RAi— F-PhthN o;ral_ﬁ— 6.21 F-PhthN  O—Rh— F-PhthN O;Fﬁ;
tBu" i Bl i tBu™'] i Bl S
O—Rh— —RH— O—Rh— R
H v H OZRn *Rh;N + Styr i v H © Py
’
’
182 /
iy 3TS1q, '
-12.83 b '
r— i - . ‘,
’ \ e i
3 ; \ P o e $ a9 kealimol \ o rez,
Rhy:S-azi ¢ R -14.99 .. -22.47
-25.64 1 v 2611 go” SRh.N:Styre 3INT Pt %
 a— \—{.‘.Mgcp Rh N:Styrs, -28.87 ,* v *Rhy:R-azi
$ -21.58 ——— 23
& -25.04 -27.50 s ~35.62
INTe, & —
3717 §
""’”
1 .
Rh,:S-azi '.,,.«"‘
-49.17 o
_"
Figure 3. Extract of the computed two spin state mechanism (triplet in red, singlet in blue) showing the favored energy profile in plain line a4

(AG,s ¢ in keal/mol); * indicates the position of pseudo-TS.



4 Supporting Information

A) Proposed Catalytic Cycle

[CP*Rh(II)I;]
PivO. _Ts
H 1a

PVO., T N A~ Me

|/ Cp)‘ Cpx

PivO_ Ts
cpt N
~~Me pNm Path B
/Rh\)\/\/Me
2a I
Or
PivO I\Rh/cpx
v
| v
N M
Ts” ©

B) Deuterium Labeling Experiment

[Cp*RhCly], (2.5 mal% [CP*RhClol, (2.5 mol%)

H ) Hi D D
Ph/_>=< Cs,CO3(0.1eq) Ph/_>=< Eph/j=( C8,C05 (0.1 €g.) _‘ph/_>=<
H D: H H H

H D HFIP, rt., 24 h HFIP, rt., 24 h

wio 1a q /o1
(E)-2n-D (> 99% D) 100% i (z)2nD(»99%D) "° ¢ 100%

C) Aziridination of (E)- or (Z)-2n-D

Ts7 O Ts”
n Ph Ph
N [Cp*RACl,]; (2.5 mol%) \| N,TsH ) j N,TsD [Cp*RCL]; (2.5 mol%)
Cs;C0O;5 (0.1 eq.) " NQ AN Cs,C03(0.1 eq.)
Ph/_>=<"' HFIP, rt, 24 h H D H i HFIP, rt, 24 h
A (E)-3n-D (2)-3n-D
E-20D &) 30D z)30-D (2)-3n-D:(E)-3n-D
83:17 72:28

1l Ts.
h i Rh 2a N‘7/\/\Me
Rh. “oPiv Path A

H H
(Z)-2n-D

[M]°

a-Co(lll)-aminyl radical |

[M]*

Chemical Formula: C114H113C0oNgOg"
Calculated Exact Mass: 1762.8140
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4 Supporting Information

Scheme 3. Formal Asymmetric Synthesis of (4)-PD 128907

MeO X 1) CH2=CHIngBr (2.2 equiv) 0

0 THF, -78 “‘C to rt. MeO =

OH 2) Ru(NO)Cl-salen (5 mol %),
air, toluene, hv, 25 °C. OH

6 7:52% from 6
(o]

MeO Hinig's base (1 mol %)
N 1,4-dioxane/H,0 (4/1), 0 °C
OH SES

8: 87%, >99% ee

Ru(CO)-salen 1 (0.5 mol %)
SESN; (1.0 equiv)

CH.Cly, No, MS 4 A, 25°C

o . . OH H
H 1) NaBH, (2 equiv), EtOH, -78°C N
MeO ~N-ges or - T SES
2) L-selectride (1.5 equiv}, o
O THF, -78 °C
9 10

1) 99%, >99% ee, trans:cis=7:1
2) 81%, >99% ee, trans:cis = 2:>98

+
[ \/S(Ph)zl TIO™ (1.1 equiv) 0/\
DBU (2 equiv) Meo\cﬁjaN\SES TBAF (2 equiv), THF, 60 Cfor 6h
(0]

CH,Cl,, 0 ‘Cto rt then 1-bromopropane (4 equiv)
60 °C,12h

(after recystallization >99% ee)

1
trans-11: 78% from 9 TBAF = telrabutylammonium fluoride

cis-11: 72% from 9

M N
e0 MUNATN 1 step HO ~No~
-------- -
0o o)

DBU = 1,8-diazabicyclo[5.4.0]-
undec-7-ene

from trans-12

12 (+)-PD 128907
trans-12: 78%

cis-12: 62%

a-Co(lll)-aminyl radical |

From simulation: gigo: 2.00417;
A(co): 6.05729 x 2.00417 x 1.399611451 = 16.99 MHz
ANy 5.39222 x 2.00417 x 1.399611451 = 15.1 MHz

dX"/dB

From experimental: gso: 2.00406

Load Repon  Options

Linear ¥ [0, 1065 Quadratic L0, 04742
Nucleus: spin/? mult HPS[G) 1 Fit Line Posiians

Add [|7 1 E0ST R o widnvshape
2 1 5.39222
Remove)| J - Show Residual
e |

Show Fit Close Help

7 - Fit Al Slices

Simulation

Experimental

3 400 3 450 3 500 3 550 3 600
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A DFT Study on Catalytic Pathway for Aziridination of Styrene with Troc-N; by [Co(P3)]?
(0] (0]

PN M

N~ o7 >ccl

[C.o”(P3)] oL O

A: 0.0

N3

barrierless

|
[Co"(P3)]

[Co"(P3)]
D: -17.9 B:-1.6
TS2: +7.2 TS1: +12.4
AG¥=21.0 o TCCly AG¥=14.0
©/\ [Co"(P3)]
C:-13.8

CCly
(R R) 1
oty 4 cCl Bty ==
© TrocN o=(" ° R’/_—O
N-H o—}< H-N o] o] 0
) 0 ._.%—< — o_<
. "\ ® .
N N
CeHs | | \
HEN [Co] [Co] [Co]
Nl cl °|
Nt o=m @0 | hcoran  lcopsy  licoa)
(R): <R)H
Me @ Me
o3y
1.987 _ 1.967 A00f HRMS
EPR sezomooes 3 I
OBSERVED— v Micors - g )\ oBserven
SIMULATED- - :9=2.00236 ! z | L
vARP0-9 MH2], Z | 1776.66
@ |\A(C‘,,=8.9 MHz )y g F
;:’ s SO
" %
-------- &
c L I I T 7~/ i i
v hcopan N
(95200931, 1g=2.00206 |
:A(N)—f6.9 MHz | 'A(N)=35-7 MHz :
T i sl 'Aco=OMHz |
280 w10 a0 370 a0 1776 1777 1778 1779 1780 1781 1782 1783 1784
B [Gauss] m/z

C Aziridination of (E)- or (Z)-B-Deuterostyrenes?

TrocN; H, Ph Ph, H TrocN3
1 . v 1
Ph + [Co] | H} _Troc H} _Troc | [CO] *
—— N — N —
A\ I g ]
D [Co] 1 [Co] Ph- D
(E)-2ap | y-Co(lll)-Alkyl Radicals | (2)-2ap
| [Co] | (2)-3ap:(E)-3ap; A | [Co]l |(2)3ap:(E)-3ap]
coPt)| 2080 7 N1 N/TroE CoPN]| 811 |
{[Co(P2)] 1288 Pho/\H ¥ Hy_\»‘H {[Co(P2)] 94:06
: ' H D Ph : !
([Co(P3)]| 0199 ! " (E)3ap (2)3ap i[CoP3]| 9802 | 47
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B Probing a-Co(lll)-Aminyl Radical Intermediate via Competitive Amination of Allylic C-H Bonds?

&N/\Q - %\(\N/\@ " sz
X I
< N-S0; NS0z

H

2ae (53% yield)

[Co(P7)] (3 mol %)

2ae? (47% yield)
[Co]

N-Heterobicyclization

J Nh
4 HT,soz

[Co]
a|“1ae

1,6-HAA

[Co(PT)]
(P7 = 3,5-Di'Bu-IbuPhyrin]

___________________

i A o S a5

C Trapping y-Co(lll)-Alkyl Radical Intermediates by Stable TEMPO Radical®

0.0 0 N W
8¢ Co(P7)] (3 mol %) "N ©7\ so
NN [ . S0,
| . TEMPO (10 equiv.) L ! + ' N - N N,
2 N SO S-S0 o7 A + T
H™ H CCly; 4A MS; 40°C; 14 h N e éﬂ
1a (col 2a? (30% yield) 2a (70% vyield) 2a® (0% yield)
0
[Co] [Co])
N,] TEMPO TEMPO-.
7N 6-endo-trig cyclization "N /\© Mo —N :
B /ﬁ; é;z\@ ) é 0, 3-exo-tet cyclization = 50,
H
| 5-exo-trig cyclization |
[CO] |1a ------------------------------ E [CO] "1a ----------------------------- > "1a
D Examining Stability of Chiral Radical Center in y-Co(lll)-Alkyl Radical Intermediates through (2)-Olefins?
: H,
0.0 ; H.,
N 5 : o AN
H N"ZN [Co(PT7)] (3 mol %) : N2 [Co(PT)] (3 mol %) 50
3 ' X -S. SN2 + Npt
H N + N4 DOH N" Ns N 2
PhCH3; 4A MS; 40 °C; 14 h 2af ! H PhCH3; 4A MS; 40 °C; 14 h 2ag
O) 99% yield : 99% vyield
1af dr > 99:1 (2) : 1ag dr > 99:1 (2)
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D This work: Electrochemical alkene aziridination via radical/radical cation cross-coupling to access aziridine

@ CcConditions A: PIDA (2 equiv), NH; (30 equiv)

§ N § N
Meg M\ A A AY .
/@/ @/ “"Me /@ ‘Me
Br MeO

Q/\ + H,N R
-e -H*, -e
<« VN e >
s HN o
Short reaction time
\
Practical protocol Y
Commercial reagents
H H H
N N N
©/ : Me Me’ :
® 2a,70% 2d, 68% 2e, 47% 2f, 90%
o 55% nitrile, 21%
o 33%
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+h H
(R A )
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NH; — pipa
(aq.)

TFE, 0 °C, 40 min

29, 70%

——

H
N
A

N
/

Highlights

\/ Broad scope: mono-, di-, tri- and tetra-
substituted unactivated alkenes

/> 15 Natural products & drug derivatives
v No metal-catalyst & No extra-oxidant
V Scalable preparation & Good tolerance

\/ Anticancer treatments in cell lines

36 examples, up to 86%

2h, 45%
dr =99:1
nitrile, 26%

H
N
Y

® 2i 25% 2j, 26%2
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