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I I Cu Nitrene

Table . Asymmetric Aziridination of
6-Cyano-2,2-dimethylchromene Catalyzed by CuOTf
in the Presence of Ligands 3-9¢

ligand
3 4 S5 6 7 8 9
ee (%)° 50 64 72 81 42 >98 92

total catalysts turnovers 10 3.6 36 82 36 16 6.1

@ Reactions were carried out at =78 °C with 5 mol % catalyst following
the procedure described in note 14. ¢ Determined by HPLC analysis of
crude reaction mixtures using a commercial Whelk-O column (Regis).
¢ Determined by HPLC analysis of crude reaction mixtures after reaction
progress had ceased. In all cases, no significant products other than
aziridine were detected.

Table II. Asymmetric Aziridination of Alkenes Catalyzed by
(5,5)-8/CuOTf

aziridine aziridine
substrate yield (%)2 ee (%)? config¢
Q,\OJL 75 >98 (3R,4R)-(+)
NC Z
10
70 87\  (1R28)-(+)
50 58 (1R,28)-(-)
CsHs\=/CHa 79 67 (cis) (1R,28)-(-)
CgHs {cis = trans, 3:1) 81 (trans) (15,25)-(-)
\—= 79 66 (R)-(-)4
CeHs nd¢ 30 nd¢
=

Aziridination by PhINTs

R R
o 2
N

1

Chart |

- ~ad N\
& )07 O~ 2 9
R R CH; CH

3 X=Y=Z=H
H'QH 4 XeF,Yal2=H
Y —N  N= Y 5 X=Cl,Y=Z=H
6: X=Br,YeZ=H
y Xé 7: X=YeH,2Z=Br
8 X=Y=Cl,Z=H
5 2 9: XuY=Z=CH,

Eric N. Jacobsen, J. Am. Chem. Soc. 1993



I I Cu Nitrene

[kmajorleis R'
X ( ClSmajor
RZ

1
kmg’ﬂr L'M X(R 1
/ * - R
R1 H2 ) R
\=—=/ R? \ [krna;or]trm_n- Xi transmajor
N A, R?
I)(I (Kminorlcis jwn‘ _
. R'" S X ClSminor
L*M \ Kminor L*M—X . "'Rz

"'Hz
A! \M_ X{' fransminer

Table 1. Nonstereospecific, Enantioselective Oxidation of Cis Disubstituted Alkenes

[cis/trans] mejor/
entry substrate reaction? eecis (%): €etrans (%) % cis/% trans €Ctacial’ [cis/trans] minor
1 Ph E4 88:71 49 85 2.6
=/
2 CeHia E¢ 43:90 0.62 72 0.13 (1:7.6)
)\,
3 Me,Si Ee 64:98 0.19 93 0.047 (1:21)
W
Ph )
4 \_ COaE! E/ 92:64 4.0 86 53
5 "WM\_\J% Ee 14:66 0.14 60 0.27 (1:3.7)
CeHia Ef 55:92 0.91 74 14 (117,
6 — o 0.14 (1:7.0)
Ph h - : } A
7 _Ci'b A 67:81 3.0 70 0.52 (1:1.9)

Eric N. Jacobsen, J. Am. Chem. Soc. 1994 4



I I Cu Nitrene

Scheme 2

Scheme 1 = .
- hv 15+CuPF N 15CuPFg  Ph™ ™S

- L*Cu* PFg TsN; ——  [TsN] - | o< — -
ot PR 10°C phi=NTs

a) )(7/ Phl=NTs 10°C
1@

=N N:.-\
Ar/— Ar

1: Ar = 3,5-BraCeHa ™\

2. Ar= Cng

3: Ar = 4-CICgH,

‘.' Ar - 2’FCGH‘

§: Ar = CgHs

6: Ar = 2-thiopheny|

7: Ar = 4-BrCgH,

8: Ar = 2-BrCeH, & R=H

9: Ar = 1-naphthyl

10: Ar = 2-CICgH,

11: Ar = 2,6-F,CgH

12! Ar = 2.4.6B-M83 Hy

13: Ar = 2,6-Br,CgH,

R" R® / y y 14: Ar = 2,3,6-ClyCeH2
Te 0 20 40 50 15: Ar = 2,6-ClaCgHs J

— ~ - 7/
H‘?_/ L*Cu N‘I*Ph Cyclopropane ee (%) 16: Ar=2,6-ClaCgHy R =Me
PFs

1 3 80
R R PhI

2
R [L*Cu=NTs]*

PFg 60-

Azindine ee (%)

L*Cu® PFg” 40

2 N -
R Y Phl=NTs

+ Phi 20 4

b)

Eric N. Jacobsen, J. Am. Chem. Soc. 1995



Cu Nitrene
a,rgo Q Rh(ll), Cu(l), or Cu () H:R' 1
- 5 " OR
Phl=0O, ROH? i

2R, = —CMero)rNHz 3R, =-CMe,~ X

5 Ry, =-CHPh- O 6 Ry = -CHPh-

Entry  Allal ROH Catalyst”  Product Ba?
(equiv) (% Yield)

1 2 i-PrOH A (0.1 3b (75) Bonly
2 2 7 A (0.1) 3a (58) >20:1
3 2 ‘ES'B“M‘*E A (0.1) 3e (47%) >10:1
HO™ 8
4 2 > ..... Q_ A (0.1 3f (65, >35:1
71%)
HO 9
5 5 9 A (0.1 6a (63" >50:1
6 2 i-PrOH B (0.2) 3b (47) Bonly
7 5 i-PrOH B (0.2) 6b (38) Bonly
8 2 9 C(0.2) 3f (49) >20:1

@ Typical reaction conditions: ROH (5 equiv), PhI=0 (1.8—2.0 equiv),
4 A molecular sieves, CH>Clz, 23 °C, 18—25 h. © Catalysts: A, Rhz2(OAc)4;
B, Cu(MeCN),4PFg; C, Cu(acac),. “Isolated yield after silica gel chroma-

Christian M. Rojas, Org. Lett. 2002.



I I Cu Nitrene

Table 6 Effect of bis(oxazoline) on the aziridination of styrene*

PhI=NTs PhI=NNs

g j o o . . . ) ) ) . .
w‘) Bis(oxazoline) Yield (%)  Ee(%)  Yield (%)  Ee (%)
N 4 ‘
I Ph Ph 0%/0
25 °C, CH.CN A s/l l\) 78 (91) 76 (73) 78 (96) 85 (81)

I
©F + © (a) Cu(OTf), ] Ph h
(b) CuHY !
Me Me

o%,o
S/'N 1) S8(78) 2435 68(79)  82(43)
2

‘Bu ‘Bu
o 0,
Graham J. Hutchings, J. Chem. Soc., Perkin Trans. 2001 m\) 70 (74) 77(28) 80 (85) 82 (54)
Ph .;Ph

80 (85) 28 (8) 72 (42) 77 (31)

</IN : NI&\ 55(70) 5(11) 29 (42) 6 (15)
\



Cu Nitrene

Eltect ol bis(oxazoline) on the aziridination ol styrene®

Bis(oxazoline) PhI=NTs PhI=NNs
Yield (%) ee (%) Yield (%) ee (%)
o) 0
N ‘4\> 78(91) 76(73) 78(96) 85(81)
Ph .:.m'
1
ijru
3/1\' N\_> 58(78) 24(13) 68(79) 83(43)
[ .-)}‘Hu
2
(1>
* 70(14) 77(28) 80(85) 82(54)
Ph Ph
3
(0] \m/o
‘ ‘ \)
N N
80(85 28(8 72(42 77(31
tpd gy (83) (8) (42) (31)
4

Note: Figures in parenthesis are for Cu(OTf), under identical conditions. All reactions followed by dissolution of the nitrene donor. Reaction
times similar for all oxazolines: Cu(OTf),. 1 and 1.5h for PhI=NTs and PhI=NNs and for CuHY, 3 and 5h for PhI=NTs and PhI=NNs.

25°C, acetonitrile, nitrene donor: styrene = 1.5: 1 mol ratio, CuHY.

Graham J. Hutchings, Topics in Catalysis 2003. 8



I I Cu Nitrene

Table 1 Aziridination of styrene derivatives’

Cu-HY
Substituent®
Yield (%) Ee (%) Substituted benzaldehydes (%)

None 78 85 16
2-Cl 83 88 22
3-Cl 82 95 19
4-Cl 85 94 19
2-F 82 72 13
3-F 75 58 16
4-F 83 53 18
2-Br 60 85 15
3-Br 59 64 13
4-Br 90 74 17
2-CH,; 60 79 3
3-CH; 75 48 3
4-CH, 83 67 15
u-CH; 57 34 12
trans-B3-CH, 42 24 10
4-OCH;, 71 64 20
3-NO, 63 65 18

Graham J. Hutchings, Org. Biomol . Chem., 2004.



I I Cu Nitrene

__ 5 mol% Cu Catalyst, 6 mol% L* EOzR
Ar’ + RSOQNHQ VAN

Phi(OAc),, Solvent, rt, 1-2 days Af

up to 94% isolated yield

o%/o with 75% ee
L*: | |\J>

N N
t-Bu t+Bu

Table 2. Effects of sulfonamides®
Entry Sulfonamide % Yield® % Ee*

1 OgNOSOgNHz 94 (91)¢ 75 (66)¢
2 CIOSOzNHg 90 52
3 @SOZNHZ 82 50
4 t-Bu@—SOzNHZ 75 44
5 Meo—<i>—so?_r\m2 55 (73)¢ 33 (78)¢

SOLNH
6 Q Sk 66 22

NO,
7 CH;SO,NH, 86 36

Chi-Ming Che, Tetrahedron Letters, 2004. 10



I I Cu Nitrene

Entry Substrate Aziridine % Yield® % Ee®
la: R =4-NO,-Ph 95 72
| F_O_/ 1b: R = 4-CL-Ph 95 51
le: R =4-Me-Ph 84 40
2a: R =4-NO,-Ph 64 51
2 FaC—Q—/ 2b: R =4-CL-Ph 68 43
2¢: R =4-Me-Ph 43 38
3a: R =4-NO,-Ph 78 45
3 OJ 3b: R =4-CLPh 80 43
3c: R=4-Me-Ph 61 32
/ 4a: R =4-NO,-Ph 82 52
4 Q_/ 4b: R =4-Cl-Ph 89 48
OuN 4c: R =4-Me-Ph 77 45

/ 5a: R =4-NO,-Ph 68 57
3 Q_/ 5b: R =4-C1-Ph 78 42
Sc¢: R =4-Me-Ph 76 37

Chi-Ming Che, Tetrahedron Letters, 2004.
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I I Cu Nitrene

TABLE 1. Asymmetric Aziridination of Chalcones
Catalyzed by Ligand and CuOTf

Ts
R? 1 = 5 mol% CuOTf ND e
S 6 mol% Ligand 1 s
I\\ AN I /\ + Ph|=NTS lga R\\ \‘,.d*@
Z Z CH,Cl, | Z
/ \ 2
o) o) o*&N o ©0

\

NN\)

1
0> e
N() QN Ni)o &L; N'\) entry  ligand  product R! R?  yield(%) ee®(%)
Ph Ph
BOX

bh PR bh P Ph Ph 1 (R)-cHBOX 2a H H 47 86
soeox  naeox  ceereox D Samox momonoowoo
o] 0 4 BOX 2a H H 38 86

2 NoH  SOCl, DMF 1.|él?§?lg:$SHon . \;>"‘fph 5 (gmggg% 2b p-ye g 62 94

- 6 (S)-c 2c - 62 90

N T5Te% 2Tsclowap S 7 (S<HBOX 24 p-Cl H 80 95

0 e o 8 (S)-cHBOX 2 p-Me p-Me 50 >99
(8.5) (S,8) 53% overall yield 9 (S)-cHBOX 2f H p-Me 71 >99
racemic trans (RR) 21 :/o overall yield 10 (S)-cHBOX 2g H p-MeO 73 97
cis cis 40% overall yield 11 (S)-cHBOX oh p-Cl  p-Cl 80 95
12 (S)-cHBOX 2i p-Cl  p-Me 72 85

13 (S)-cHBOX 2j H p-Br 63 86

14  (S)-cHBOX 2k m-F H 64 92

15  (S)-cHBOX 21 p-CFs H 51 80

Jiaxi Xu, J. Org. Chem. 2005. 12



I I Cu Nitrene
T 200
o)
R 2 R2 5 mol% CuOTf N R2
3 6 mol% Ligand 2a 1 o 3
CYTSTOY Y+ phinTs 9 B 7 o™ N6
Z = CH,Cl, | P Z { /

R R

6 7
Entry Product R' R Yield® (%) ee” (%) g:: 2 - (cz:::ﬂn:i:'t?g::/o
L . 0
1 Ta H H 80 96 g:-: 2 - gmefé %verall yield 56%
: I p-Me H 86 98 2e: R = Ph, 72%
3 Tc p-Ph H 35 87
4 7d p-F H 72 62
5 Te p-Cl H 70 76
6 7t p-Br H 58 52
7 7g p-MeO H 61 37
8 7h 0-MeO H 21 27
9 Ti p-MeS H NR _
10 7i p-Me p-Me 59 =99
11 7k H p-Me 92 =99
12 7l H p-F 72 54
13 Tm H p-Cl 74 58
14 Tn H p-Br 64 50
15 7o H p-NO; 61 ND
16 7p H p-MeO 74 62
17 7q p-Cl p-Cl 68 43
18 Tr p-Cl p-Me 66 39
19 7s p-Me p-Cl 51 68
20 Tt 0-Cl H 91 79
21 Tu m-Cl H 76 84
22 Tv m-F H 85 71
23 Tw p-CF; H 69 67

Jiaxi Xu, Tetrahedron:Asymmetry 2005. 13



I I Cu Nitrene

Product

Entry Substrate Yield (%o)* ee (%) Configuration®
0 Ts o
1 N 61 44° (2S.3R)**
Ph/\/LkOPh / 5..\\”\O/Ph )
Ph
O 8
2 NR
Ph/\)LNMe2
0
3 NR
Ph/\)J\H
Ts
N
5 Ph/\ 92 7C (R)ldu
Ph”
9
Ts
N 5
6 ph X" LA\sPh 71 13¢ (5.9)*
Ph"
10 ,Ts
N
7 (;O 63 54 (1R.25)"*
11

Jiaxi Xu, Tetrahedron:Asymmetry 2005.
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I I Cu Nitrene

Ts Ts Ts
R + PhiaNT L* A + A + k
Phi = S RSt Ph
4 CuOTf, CH,Cl, Ph —_ Ph L_\—\ = L\(
crs R trans R Ph trans O
a: R=COPh, b: R=COMe, c: R =Ph 6 7a
R‘ R‘ Ph Ph
1aR'=j-Pr E 3
1b R' = Ph
Ee%" and configuration
Entry Diene Ligand Yield® (%) Ratio (5:6:7) S5 6 7
1 4a la 64 26:3:71 36 (E25,3R) 13 (E,25,3RK)
2 4a 1b 59 87:13:0 13 (£,25,3R)
3 4a 2 73 99:0:1 —72¢ (E,2R,35) —80° (E,2R,35)
4 4a 3 28 100:0:0 —80° (E,2R,35)
5 4b la 51 100:0:0 —6° (E,2R,3S)
6 4b 2 25 100:0:0 —19° (E,2R,3S)
7 4c la 68 26:74 12 (E,2S,3R) 14 (E,S,S)
8 4c 1b 32 61:39 22 (E,2S,3R) 24 (E,S,S)
9 4c 2 21 68:32 —60° (E,2R,3S) —48° (ER.R)
10 4c 3 22 18:82 —21° (E,2R,3S) -34° (E,R,R)

Jiaxi Xu, Chirality 2006.

15



I I Cu Nitrene

Ts Ts
N N
Ph" =
4 == PR
SN
trans Cis
TsN=CuL* 6 R . &
Concerted T Directly 1Cyc|ization
Cyclization
H,, : ¥g Ll Ts ouL* .
Ph WR Ne . Ne C-C bond rotation Ne =
Ho Tsh=Culr  prey—<H. PRI PRy N
HOMO orbital Electrophilic addition  H A R " R 8

4

Less steric hindrance More steric hindrance Less steric hindrance

*LCu Ts
4or
<Ne
o R
A|

More steric hindrance

Jiaxi Xu, Chirality 2006.
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I I Cu Nitrene

Ts
it 5 mol% CuOTY N
R! CH:Cl; -
1 2

Entry Ligand Product R' R Yield® (%) ee® (%) Configuration®

1 AnBOX 2a H 4-MeCgHy 92 =99 (2S.3R)

2 AnBOX 2b H Ph 80 96 (25.3R) OOO

3 AnBOX 2¢ H 4-FCeH, 72 54 (25.3R) /
4 AnBOX 2d H 4-CICeH, 74 58 (28.3R) 0 o) %
5 AnBOX 2e H 4-BrCH, 64 50 (25.3R) QN NP i N N//:)O
6 AnBOX 2f H 4-CF;CeHy 70 44 (2S.3R)" o b o on K
7 $-cBOX ent-21 H 4-CF,CeH, 56 85 (2R,35)" Ph Ph
8 BOX ent-2a H 4-MeCeH, 24 85 (2R.3S) AnBOX BOX (8)-cHBOX
9 BOX ent-2b H Ph 38 86 (2R.35)

10 BOX ent-2e H 4-FC¢H, 10 86 (2R.3S)

11 BOX ent-2d H 4-CICgH, 10 81 (2R.3S)

12 BOX ent-2e H 4-BrCeH, 12 84 (2R.3S)

13 BOX ent-21 H 4-CF,C,H 4 65 2R.3S

14 AnBOX 2g H 4_'1:!.-(]_‘6:114.I 72 66 EZS,3R:" Jiaxi XU, Tetrahedron: Asymmetry 2007.
15 BOX ent-2g H 4-'PrC¢Hy 6 76 (2R,35)"

16 S-cHBOX ent-2g H 4-PrCgH, 24 85 (2R.35)"

17 AnBOX 2h H 4-'BuCgH, 79 70 (2S.3R)"

18 BOX ent-2h H 4-'BuC¢H, 10 87 (2R.35)¢

19 S-cHBOX ent-2h H 4-'BuCgH, 43 98 (2R.35)"
20 AnBOX 2i Me 4-'BuCeH, 86 71 (25.3R)"
21 BOX ent-2i Me 4-'BuCeH, 7 81 (2R.3S)"
22 S-cHBOX ent-2i Me 4-'BuCqH, 53 89 (2R.35)"
23 AnBOX 2j H trans-4-Pr-cC4H o 54 20 (2S.3R)"
24 BOX ent-2j H trans-4-Pr-cCgH o 9 30 (2R.38)"
25 S-cHBOX 2j H trans-4-Pr-cCsH o 9 48 (2S5.3R)"
26 AnBOX 2k H Me 65 S0 (2S.3R)
27 BOX ent-2k H Me 15 85 (2R.35)
28 S-¢cHBOX rac-2k H Me 37 0

17



I I Cu Nitrene

R? R? NTs

\\ X COR’ cat. (10 mol%) \\ COR'

[ + PhI=NTs

P MS 4A, CH,CI, 22
.y -75°C, 48h 1184
Cl

Entry Substrate R!' R? Yield [%]"  ee [%]!  Config.!

1 10a Me H 97 87.6 253R (-)

2 10b Ph H 96 87.1 283R (-)

3 10¢ Bu H 99 >99 2853R (-)

4 10d tBu 4-F 99 97.8 (-)

5 10e Bu  4-Cl 97 981  (-)

6  10f Bu 4-Br 97 983  283R (-)

7 10g Bu 4Me 86 %4 (o)

8 10h Bu 4-MeO 95 80.1  (+) Kuiling Ding, Chem. Eur. J. 2006.
9 10i Bu 2-NO, 63 986  (+)
10 10j Bu 23-MeO 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.l*) The absolute
configuration of (—)-11f was determined to be (25,3R) by the Bijvoet
method based on the anomalous dispersion of Br heavy atom.!'"]

18



I I Cu Nitrene

AL Phi=0 ¥ O%ro

O/S\NHg 10 mol% CuPFE O’S\N - 3/|N NI\>
2 z

H*J\H,,/\"'H MeCN, 3 AMS R1)\Hn/l>m B 3¢  tBu

Entry  Product Yield® (%) ee® (%)
Q. 0
QLR \\Sl/ \Y/
1 T 36 84 64 o”°>N 86 72 1.2 equiv BnNH; N7
|\ ?’ |\ -?-”’Et 0.2 equiv EtzN Q7 " "NH
H 4a H af O\\//O WRs THF, rt.,5h 4 wa 5d
0\\8/,0 QL o~ \N?, NHBn 57%
= S_. COMe T
2 (o \ 81 52 7 o N 2 79 62 P O\/O
K |\ ! H 1.2 equiv PBBOH N
H o 4 N\ % 4d 0.1 equivBF3OEt, Q7 ~NH
Q.0
Vi o 0 CHoCly, Tt 7h i
S\ \/ 2 6
3 N 24 36 ¥/ : oPeB 55%
LK 8 0" N 82 (30:70)¢ 78, 24!
Me 4c A ‘_.?
Yay H 4h
O e 0 0 - .
4 °|\ "‘?' 40 5D Y Philippe Dauban, Synthesis 2007.
AN ;
N g 9 = N? 85 (45:55)° 68, 28"
Q0
\Y/ ai
¥ . H .

4e 10 o~ N 72 47

&QH 4 19



I I Cu Nitrene

L5 g .

N 0 PR (6mol%) Ph o
+ R )]\ OTs Cu(l) (56 mol %)
O,N T0” N7 K,CO5 (1.5 equiv), MS 4A
i H 2C0s (1. : O,N
(o) CH4CN, 23 °C £
Entry R ee? Yields?
1 /©/;; 13% 17%
F
F
g -
2 20% 46%
F F
F 16
3 . c>é"\ 57 85% 52%
3
4 y 71% 82%
5 F.C” 7~ 18 82 %° 44%e
Et Et
6 - decom
FsC =219 2

Helene Lebel, Pure Appl. Chem 2010.
20



I I Cu Nitrene

X Y
TS ClaC NHOTs WNT0>ccl,
// RS
R \1><V l/ 5i - 13i
>S, \)< R
o Ph
2h (6 mol %) “cal .
Cu(CH3CN)4PFg (5 mol %) 6 \©/\ * 71 81:19
K2COj3 / CH3CN, MS 4A, 23 °C
Entry Styrene Aziridine Yield® (%) Diastereomeric ratio® JL £
= N7 ccn:, .
o Ph 7 C(Br\ @:\] 73 89:11
H 1i
1 O’“O’* O Ao g4 89:11 Br
i Bh 8 \[:r = CCla 44 82:18
N AN
2 @\ N7 70" "CCly 50 93:7 \O/\‘
- O

2 6i

NO
’ 2 Styrene (3 equiv); KyCO5 (1.5 equiv).

o ph P Isolated yield.

3 /O/\ N7 N0Ncc 20 81:19 ¢ Ratio SR:RR (syn:anti), determined by 'H NMR on the crude mixture.
cl DN .
cl
JOL Ph o] Ph LiOH+H,0
cl A (5 equiv) NH Ph
4 ‘Q/\ cl ~N° 707 TCCly 47 84:16 NJko"\ccn3 H,0 (10 equiv) )\
\O/\' 8i —_— + HO” “CCly
CHCN o | 92%y.  97%y.
ch\ Ph O,N MeOH, 23 °C ~2 99:1 >99:1
x A 99:1 (syn:anti)
5 D/\ - 81:19
Br ,©/\l gi Scheme 4. Cleavage of the protecting group and recovery of the chiral alcohol.

Br

Helene Lebel, Tetrahedron 2012. 21



Cu Nitrene

(CuOTf),PhMe (3 mol%) Ts
/\/ﬁ\ 9 (6 mol%),PhI=NTs N fL
R2 S R1 CH-?CNv RT, 3h RZA"'“‘\ R1
11 12 (2S,3R)

I I QP!
70O OO0 o0
1M1a 11b 11c
92%, 76%ee 70%, 70%ee® 77%, 73%ee”

o] o} (o]
x S X x
W, |
B
11d 11e 11f
62%, 71%ee® 64%, 62%ee® 80%, 77%ee
0 0 0
| [
VUL, gy ShAY
Br N02 02N
11g 11h 1i
80%, 78%ee 21%, 50%ee® 24%, 61%ee®
0 O o]
OMe
11j 11k 111
63%, 77 %ee 81%, 98%ee 57%, >99%ee
The %ee was determined using '"H-NMR in the presence of a chiral shift-reagent. In other cases, HPLC equipped
with CHIRALPAK-OD-H column was used.

Dmitri Gelman, Journal of Organometallic Chemistry 2021. 2



I I Rh Nitrene

Table 3. Enantioselective intramolecular aziridination by dirho-
dium(II) complexes*

Compound  Catalyst t (h) Yield (%) Ee (%)
Ta [Rhy(OAc),]° 1.5 62 —
7b [Rhy(OAc),]° 2 60 —
7c [Rhy(OAc),]° 3 58 —
7a [Rhy{(5S5)-mepy}s] 5.5 32 50
Ta [Rh;,{(55)- 9.5 10 52
mepy j4]*
. Ox ,P 7b [Rha{(55)-mepy}s] 4 63 17
OSO,NH, Rh,L’, "S—N Te [Rhy{(5S)-mepy}4] 7 18 39
Phl(OAc),, MgO o 7a [Rh,{(4S5)-meox}4] 5.5 55 18
- 7b [Rhy{(45)-meox},] 4 51 21
| CH,Cl, 7c [Rh>{(4S)-meox}s] 7 23 24
_ Ta [Rhy {(S)-ptpa}s] 2 79 30
X : ))(( ; }l-:l 7b [Rhy {(S)-ptpa}s] 1.5 70 19
¢ X = OMe X Te [Rho{(S)-ptpals] 3 53 27
7 8 Ta [Rhy {(S)-nttl} 4] 1.5 68 19
7b [Rh, {(S)-nttl}4] 1.5 72 15
Te [Rh, {(S)-nttl}4] 3 36 22
Ta [Rha{(R)-ntv}s] 2 63 15
7b [Rha{(R)-ntv},] 1.5 75 7
Tc [Rhs {(R)-ntv}4] 3 64 15
7b [Rh;{(S)-dosp}4] 1.5 80 <5

“Reactions carried out in CH,Cl, with 3.5mol% of catalyst (see
Experimental part).

5%, of catalyst.

€-20°C.

Paul Muller, Tetrahedron:Asymmetry 2004. 73



I I Rh Nitrene

0, NSOAr 0, NSOzAr

|\\—>/© O/QO\

/ P
PhI(OAc),, MgO
1.0eq.5 3 mol% [RhaLl*], 6a h-m : Ar = 4-MePh

7a-c: Ar=4-NO,Ph

N
*"ﬂv CO.H ﬁ/k COH H

X=H : {(S)-nttl} {(R)-ntv} {(4S)-meox}
X =Br: {(S)-4-Br-nttl}

OMe

Entry Sulfonimidamide Chiral rhodium catalyst [Rh,L#,] X Aziridine Yield (%)* de (%)°
1 (S)-1a [Rhy{(S)-nttl},] H 6a 63 80
2 (S)-1a [Rh,{(S)-4-Br-nttl},] H 6a 66 43
3 (S)-1a [Rh,{(R)-ntv},] H 6a 54 20
4 (R)-1a [Rhs{(R)-ntv}4] H 6a 55 74
5 (S)-1a [Rha{(S)-meox}4] H 6a 42 20
6 (S)-1b [Rha{(S)-nttl}4] H Ta 29 61
7 (S)-1a [Rha{(S)-nttl}4] 4-Br 6h 59 82
8 (S)-1b [Rhy{(S)-nttl}4] 4-Br 7b 30 54
9 (R)-1a [Rh>{(R)-ntv}4] 4-Cl 6i 52 70
10 (S)-1b [Rh,{(S)-nttl}4] 4-Cl Te 25 54
11 (S)-1a [Rh,{(S)-nttl}4] 4-CF; 6j 55 60
12 (S)-1a [Rh,{(S)-nttl}4] 4-OMe 6k 17 49
13 (R)-1a [Rhy{(R)-ntv},] 4-Me 6l 33 36
14 (R)-1a [Rha{(R)-ntv}4] 3-NO, 6m 18 55

Philippe Dauban, Tetrahedron:Asymmetry 2005. 24



I I Rh Nitrene

Ph O
Cl3C J\O NHOTs O Ph
R-1 (1.2 equiv
AT i o NLOACCI;,
" Rh,[(S)-Br-nttl]s (5 mol %) Ar/<l
U equiv K2CO3 aq (1.5 equiv)
PhCF; (0.25 M), 23 °C
entry alkene yield (%)’ dr’
e
R
1 R=Cl (2) 84 30:1
2 R=Br 3)78 33:1
3 R= @) 77 >50:1
4 R =Me (5)72 5.5:1
o
R
5 R =NO, (6)75 8.5:1
6 R=NO, (6) 63° >50:1°¢
7 R=Cl (7)76 8.0:1
8 R=Br (8) 77 12:1
9 R=CF, (9) 74 8.0:1
Ph O
/'\ JI\ R-1 (0] l?-"h
A ClaC” 0" “NHOTs NJLO/\CCI;,\ @)
Rh,{(S)-Br-nttll; (5 mol %) py,~ <L~
KaCO3 aq (1.5 equiv) 20
PhCF; (0.25 M), 23 °C B

IO
R? R2

10 R'=CLR*=Cl
11 R'=F,R*=Me
12 R'=Me, R*=Br
1
R\©\/\
RZ
13 R'=CLR*=Cl
14 R'=Cl, R*=NO,
AN
R! R3
R2
15 R'=H,R*=CLR*=Cl
16 R'=CLR*=CLR*=H
17 R'=Br,R’=NO,,R’=H
18 R'=H,R’=Br,R’=H
j\ Ph LiOH-H,0 (5 equiv)
: H,0 (10 equiv)
N~ 07 cal 2 -
A 5504 MeCN, MeOH
Ar = 4-NO,CgH, SRl
Ph O
Cl,C )\OJ\NHOTS R

Ph’ﬁ

K2COj3 aq (1.5 equiv)

PhCF; (0.25 M), 23 °C

Helene Lebel, Org. Lett. 2011.

Rh,[(S)-Br-nttl]4 (5 mol %) Ph

(10) 85 25:1
(11) 72 8.5:1
(12) 79 25:1
(13) 52 14:1
(14) 514 30:1¢
(15)77 14:1
(16) 82 7.0:1
(17) 63¢ 9.0:1¢
(18) 66 2.8:1°
Ph
NH £
+ E 3
Arfg<J HO/\CCI(3 )
93% 73%
ee>98% ee>98%
O Ph
N/lko/\CC|3 (5)
/ﬂ 21
63%, 5.3:1

25



I I Rh Nitrene

X
2 mol% 2 X
Rhy(L*), JTBPhs
PR + Q0 ——» H X
ANy
8. PhI(OPiv), Ph—-{] 7z 9
Rhy(S-tipttl), F 0" "NH. Benzene, it A0
2 o P 4 | F 10equv. 1.2equi. TBPhsNH, 2 R|h CP—(';H
. _
0 0 Rh,(S-tfpttl), 1 SO4R -
N/ 2 4 3
ph/%. + (R ,\Sf. _— = H., NI 0 F Substitution of the phthaloyl group
0" NHz  PhiOPIv),  ppe<] -RAfQ  N% s O & i T B
~-buUu
1.0 equiv. 1.2equiv.  Denzene,rt “ ())—% F o H H
_,F'h4o F cl H H
o) 0 o} o
70 N —RH/O N —RHO N —RWO N

F Q\ f,O Q\ f,o 0\\ ;,0 _/Rh 0 7 o) Fd O 7/ o
F k4 P h:d | )—€H |} p—H |} ) || p—H
0”7 NH, Cl,C” 0”7 NH, 0”7 NH, —RAO —Rh\O —RM\O —RhLO
/4 /4 /4
F F TeesNH,; 95% PhsNH,; 98% Rhy(S-tfpttl), 1 Rh,(S-tcpttl) RhE(S-pttI)4 Rhy(S-3-+Bu-pttl),

PfbsNH,; 95% e.r. 69:31 e.r.72:28 99%: e.r. 81:19 95%: e.r. 78:22 95%; e.r. 55:45 88%; e.r. 60:40

e.r. 72:28
Amino acid side chain

F F F F

0" "NH,
o ’ F F F F
9/» 86% TBPhsNH,; 2; 99% 0 o o) o)
e.r. 76:24 e.r.81:19 e.r. 81:19 /0 7 /

—Rh N —RhfO N —Rh/O N —RhfO N
(0] (0] 0] (@]
7 /s Vs Vi
19 G e G 9 o G L D
—Rh\O —RhyO —Rh\O Ph —Rh\O
/4 V) /4 )\
Rhy(S-tfpta), Rhy(S-tfptv)4 Rhy(S-tfptpa),  Rhy(S-tiptad),
82%; e.r. 73:27 82%; e.r. 76:24 85%; e.r. 70:30  95%; e.r. 76:24

Philippe Dauban, J. Am. Chem. Soc. 2022. 26



I I Rh Nitrene

1 mol% Rh,(S-tfpttl), 1 H

3 i ‘.
H(\rﬁ 1.2 equiv. TBPhsNHza H1'ﬂ“'R3

R2 2.0 equiv. PhI(OPiv), 5
1.0 equiv. C¢F5COzH R
1.0 equiv. 3-33 Toluene, -15 °C 3a-33a
/TBPhS ,TBPhS J,TBPhS /TBPhS
N N N N
: 3a;87% | 4a;86% O2N 5a; 68% /O 6a; 91%
e.r. 90:10 e.r.92:8 e.r. 90:10 e.r. 88:12
!TBF’hS ,TBPhS ,TBPhS /TBPhS
: :N N : :N N
= 7a; 89% FsC 8a; 77% Ph 9a; 71% Me 10a; 55%
e.r. 90.5:9.5 e.r. 90:10 e.r. 87.5:12.5 e.r. 87:13
/TBF'hS ’TBPhS ,TBPhS
Y {: )/<N| m
EIj 11a; 70% 12a; 67% 13a; 90%
e.r. 87.5:12.5 e.r. 95:5 e.r. 85:15
JBPhs TBPhs

TBPhs N N
N TBDMSO/\/\/q Bra o~
17a; 76%, e.r. 95:5° 18a; 74%, e.r. 93:7°
n = 2: 14a; 85%, e.r. 94.5:5.5° COMe
n =7: 15a; 77%, e.r. 94.5:5.5 JBPhs { TBPhs
n = 10: 16a; 77%, e.r. 95:5 “, N N

TBDMSO/\)Q A

19a; 52%, e.r. 80:20 20a; 51%, e.r. 91:9

=]

=z

TBPhs TBPhs JBPhs  TBPhs
N N N N
Lantd Lot Lot ey,
m Clm th /)O\Ph
21a; 87% 22a; 90% (R)-23a; 91% (5)-23a; 95%
e.r. 99.5:0.5 e.r.99.5.0.5 e.r. 99:1 e.r. 1:99¢
TBPhs TBPhs JJBPhs TBPhs
/ F 7/ /
ot o ot G
24a; 77% 25a; 88% 26a; 69% 27a; 94%
e.r. 99.5:0.5 e.r. 99.5:0.5 e.r. 99.5:0.5 e.r. 99.5:0.5
F fTBPhs OMe ,TBPhs ITBPhs ,TBPhs
(j N\ N @’?N_fp )&
28a; 79% 29a; 51% 30a; 72% 31a; 70%
e.r. 99.5:0.5 e.r.99.5:0.5 e.r. 99.5:0.5 e.r. 99.5:0.5
,TBPhs ITBF'hS
N &p N
OH
NCO,Et
32a; 89% 33a; 81%
e.r. 99.5:0.5 e.r. 99.5:0.5
(R)-30a; 72%
e.r.99.5:0.5

X-ray structures

(R)-23a; 91%
e.r. 99:1

Philippe Dauban, J. Am. Chem. Soc. 2022.
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Rh Nitrene

Chemoselective aziridination of poly-olefinic substrates

Ph  35a;58%
d.r. >99:1

,TBPhs
MeO N -
\ et
0
34a; 95%
e.r. 99.5:0.5
;I'BPhs

N

ACOM‘

36a; 64%
er.79:21

Chemoselective aziridination vs. catalytic C(sp?)—H amination

;I'BPhs
N
.““
o} /@4\
(0]
37a; 711%
d.r.>99:1

(@]
(0]
Nﬁo
H
S
@l
6

39a; 90%
d.r. >99:1

,TPBhs

40a; 87%
d.r. >99:1

38a; 71%
d.r. >99:1

Gram-scale reaction
0.1 mol% Rhy(S-tiptil), 1 TBPhs
m 1.2 equiv TBPhsNH, 2 N
Ph 2.0 equiv. PhI(OPiv), phm"'”
1.0 equiv. CgFsCOOH

10 mmoles (2.08 g) Toluene, -15 °C (R)-23a
23 85% (3.7 g); e.r. 99.5:0.5

Aziridine ring-opening

MeOH / CH,Cl,

NHTBPhs 20 equiv.
(1:1) 5

Pyridine

rt MeCN / H,O
OMe o 2
Ph M 75 °C Ph a4
48%; e.r. 99.5:0.5 99%; e.r. 99:1
TBPhs NHTBPhs

2.0 equiv. NaNg

|
N
Ph”@ﬂ""' DMF, rt
Ph

-23a 42
" 83%; e.r. 99.5:0.5

NHTBPhs

LiAIH,, THF
+ ca. 15-20%
0°Ctort other regioisomer
Ph 43

41%; e.r. 99:1

Combination of alkene aziridination with C(sp®)-H amination
TBPhs TBPhs

1 mol% Rhg(S‘ﬁptad)q
\/m 1.2 equiv PfbsNH, \/@,ﬂ”
2.0 equiv. Phl(OPiv), i
24a CgzHsCF3, -10 °C PfbsHN 45
51%,; d.r. >99:1

28
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I I Rh Nitrene
(R)-aziridine

(S)-aziridine Re-approach Si-approach
0 ; \c- o] |
N s Qe %7 DR /Q
Aroll-))S\N{_\C__. A ""'S\ \ Arou---S\ ArOlu)/S_._’N'C\
0 \ 0// N- O// N- 0 H
N — IR Rh;N + Styr | . N .
F-PhthN o:Rri- F-PhthN o:;;iﬁ— 6.01 F-PhthN O—'F\‘lh'—- F-PhthN O—Rh—
h h ) \ v
tBu'"' tBu™ tBu™ tBuM" i
O—Rh— O—Rh— O—Rh— —Rh—
G p Ho 29 3Rh,N + Styr H c Ho Ok
I
'
I
TS2ke o '
'
-12.83 s '
—— P -14'37 I
' ‘ "'.“‘ TP TTTTTTTTPTRTRTITIIY [T
RZZE:SG'ZZ' 4 ' SINTg, ...,.-"’/ -14.99 : 3 -22.47
i X ’ v -26.11 s - 3Rh N:Stvre: INTSi rl Y
— \_:.. MECP 2N- Sty Ts; 2887 l’ N Sha:R_azi
§ 25.04 -21.58 gy \— \ -35.62
INTg, :.-' A —
-37.17 £
.d-_f
'Rh,:S-azi
-49.17 '..o"

'Rh,:R-azi
-59.80

29
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Rh Nitrene

1a & 1.0 mol % Catalyst %\/\OH 3a
OH

2.0 equiv. CgFslO N
10 mol % Additive R
+ +
1,3-DFB (0.2 M)
0. 0 ~35°C, 16 h S

F.C N S E

Achiral Dimer

Scaffolds
n=1,B
n=20C
n=4,D
n=5E
Chiral Cations T
s /Zj OMe
N +
SNy <onH O O RO
N
Nz =
O C2:R=1Bu
“ Q ‘Bu @ C3: R = SiEty
IBu e

Dihydroquinidine (DHQD)-derived

Hypervalent lodine Compounds

entry catalyst yield eel%" addi-
(3a+ tive
4a)/%"
1 Rh;(A),*(C1), 70 =57 %
2 Rh;(A),+(C2), 73 +68 x
3 Rh;(A),*(C2),*(Pyr); 57 +76 x
4 Rh;(A),#(C2), 78 + 80 v
5 Rh;(A),#(C2)+(Pyr); 82 +90 v
6 Rh;(B)#(C2),+(Pyr), 77 +91 v
7 Rhy(C)2*(C2)2*(Pyr), 76 +90 v
8 Rhy(D)2*(C2)*(Pyr): 75 + 87 v
9 Rh(E)>*(C2),*(Pyr), 78 + 82 v
10 Rh(A)>*(C3)2+(Pyr)> 76 + 89 L
11° Rhy(B)2*(C3),+(Pyr), 76 (58) | +93 (+ v
92
12 Rhy(C)2#(C3)2#(Pyr)2 62 ¥ 9?) v

Oxidant (CgFslO): O*I Additive (TFA-Ox): TFAO\l LOTFA
- Improved solubility F * Slow release of F F
compared to PhIO trifluoroacetic acid
P E F * Gives improved ee F E

F

F

Philippe Dauban, J. Am. Chem. Soc. 2022.
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Rh Nitrene

1a & 1.0 mol % Catalyst %\/\OH 3a
OH

2.0 equiv. CgFslO N
10 mol % Additive R
+ +
1,3-DFB (0.2 M)
0. 0 ~35°C, 16 h S

F.C N S E

Achiral Dimer

Scaffolds
n=1,B
n=20C
n=4,D
n=5E
Chiral Cations T
s /Zj OMe
N +
SNy <onH O O RO
N
Nz =
O C2:R=1Bu
“ Q ‘Bu @ C3: R = SiEty
IBu e

Dihydroquinidine (DHQD)-derived

Hypervalent lodine Compounds

entry catalyst yield eel%" addi-
(3a+ tive
4a)/%"
1 Rh;(A),*(C1), 70 =57 %
2 Rh;(A),+(C2), 73 +68 x
3 Rh;(A),*(C2),*(Pyr); 57 +76 x
4 Rh;(A),#(C2), 78 + 80 v
5 Rh;(A),#(C2)+(Pyr); 82 +90 v
6 Rh;(B)#(C2),+(Pyr), 77 +91 v
7 Rhy(C)2*(C2)2*(Pyr), 76 +90 v
8 Rhy(D)2*(C2)*(Pyr): 75 + 87 v
9 Rh(E)>*(C2),*(Pyr), 78 + 82 v
10 Rh(A)>*(C3)2+(Pyr)> 76 + 89 L
11° Rhy(B)2*(C3),+(Pyr), 76 (58) | +93 (+ v
92
12 Rhy(C)2#(C3)2#(Pyr)2 62 ¥ 9?) v

Oxidant (CgFslO): O*I Additive (TFA-Ox): TFAO\l LOTFA
- Improved solubility F * Slow release of F F
compared to PhIO trifluoroacetic acid
P E F * Gives improved ee F E

F

F

Robert J. Phipps, J. Am. Chem. Soc. 2023.
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I I Rh Nitrene

(a) Scope of Bishomoallylic Alcohols

i) 1.0 mol %
— ha((B))z'(C3)2'(Pyr)2 (ii) MeCN, FaCY\ i
Ee . G0 2.0 equiv. CoFsIO 82°C,2h e O NHy
@ + 3 >>/\O’S‘NH u F :
7 2 10 mol % CgF5|(OTFA), HY <1 . L HY
OH 1,3-DFB (0.2 M) 0=8-0 E @
1 2 -35°C, 16 h o] \—k
(1.0 equivalent) (1.2 equivalents) 3 CF3 4

para substitution

ortho substitution (di) meta substitution

4a: R = H (58%, 92% ee)?
4b: R =F (76%, 94% ee€)
4c: R = Me (52%, 97% ee€)

4h: R = F (67%, 96% ee)
4i: R = Cl (50%, 94% ee)
4j: R = Me (39%, 92% ee)

4t: R = F (75%, 87% ee)
4u: R = Me (52%, 91% ee)

4v: R = CF, (49%, 97% ee)
4w: R = Bu (59%, 96% ee)
4x: R =Ph (61 %, 96% ee)

4y: R = CO,Et (74%, 97% ee)
4z: R = NHBoc (34%, 89% ee)
4aa: R = OMe (36%, 88% ee)

4d: R = OMe (60%, 95% ee)
4e: R = 2-Me,3-F (46%, 94% e6) R
4f: R = 2,5-Me (41%, 97% ee)
4g: R = 2,3-Me (36%, 96% e6)

R
4k: R = CF3 (59%, 92% ee€)
4l: R = OCF3 (70%, 92% ee)
4m: R = C(O)Me (65%, 93% ee)
4n: R = Pr (77%, 92% ee)

40: R = Bu (79%, 90% ee)

trans alkene

O . O, 0,
HO Optimized O—é—o/_CZFS 4p: R = 3,5-Me (54%, 96% ee) (+ 10% 6-endo 4ab: 89% ee)
andiﬁo??s Y 4q: R = 3,5-Bu (75%, 88% ee) 4ac: R = Cl (71%, 90% ee)
5 HN’. 4r: R = 3-F,4-Me (76%, 96% ee) 4ad: R = Br (75%, 91% ee)
— 26%, 38% ee /@ 4s: Ar = 2-Naphthyl (55%, 95% ee)
Ph Ph 0
(b) Isolation of the Aziridine (c) Alternative Nitrogen Source
o
1.0 mol % F5C2_\O_§=o 1.0 mol %
Rhy(B)2+(C3)+(Pyr), . Rh(B)2+(C3)2+(Pyr), 0..0
1.2 equiv. 2 N 1.2 equiv. TcesNH, CLe N S%
— 2.0 equiv. CgF5lO — — 2.0 equiv. CgF5lO 3C” T07TTNHY 5
OH 10 mol % CgF5l(OTFA), OH OH 10 mol % CgFsl(OTFA), '
1,3-DFB (0.2 M) 1,3-DFB (0.2 M)
-35°C,16h -35°C,16h
1a 3a: 53% 1a then MeCN 82 °C, 2 h 7: 54%, 88% ee

Robert J. Phipps, J. Am. Chem. Soc. 2023. 32



I I Rh Nitrene

F5Ca o
1.0 mol % _\ofézo
Rh(B)2*(C3)2*(Pyr)2 N
_ 1.2 equiv. 2 £2
2.0 equiv. CgF5I0
@ OH 10 mol % CeF5|(OTFA)2 @ OH
1,3-DFB (0.2 M) F=C O
g ~'35°C, 16-36 h 9 1.0 mol % R N

Rhy(B)2*(C3)2°(Pyr), '

1.2 equiv. 2 0

2.0 equiv. CgF510
—@—g 10 mol % CgF5l(OTFA), @

1,3-DFB (0.2 M) OH
9a: R=H (67%, 87% ee) 9e: R =Cl (81%, 91% ee) 9h: R = CI (93%, 85% ee) -35°C, 16-36 h 14
9b: R = Me (Quant., 91% ee) 9f: R = OCF; (82%, 91% ee) 9i: R = OAc (66%, 87% ee)
9¢: R = OMe (80%, 82% ee) 9g: R = CO,Et 9j: R = CF; (80%, 95% ee)
9d: R = F (Quant., 90% ee) (39%, 89% ee) 9k: R = CO,Et
14a: R = H (72%, 96% ee
W53 Pate0) 14b: R = C|((57°°A,, 95% ee?) Cl
14c: R = N(Me)SO;Me (55%, 94% ee)? 14f: 49%, 94% ee
R 14d: R = CH,CO,Me (65%, 95% ee)?
14e: R = SO,NEt, (26%, 90% ee)?
90
77%, 91% ee 78%, 91% ee 90%, 92% ee 87%, 92% ee
- 14g 14h 14i
o 64%, 96% ee 70%, 98% ee? 29%, 92% ee®
Optimized C.F i
Conditions Spont. \Q &5 ik Cl 0=§ Na
10 HN-g -
OH $=0
HO

- 12: 46%, 34% ee

Robert J. Phipps, J. Am. Chem. Soc. 2023. 33



Rh Nitrene

(a) Importance of the Terminal Alcohol

R R R
?N’, ?N’, \“N’,
15 16 17

55%, 96% ee? 38%, 12% ee 57%, 59% ee

R R R
N N N
0 ())—CF3 o
18 19 20
21%, 16% ee? 77%, 17% ee 81%, 48% ee

Me
(b) Variation in Alcohol Chain Length

Enantiomeric Excess Vs. Alcohol Chain Length
100 ¢

4a 14a

s
- 80
§ 9a 92% ee 96% ee
x 87% ee
w 60 R
5 N 67"2/2
by L ol b ee
40
§ a1 -OH
E 45% ee
s 20 [
S
0 L 1 1 ]
n=1 n=2 n=3 n=4 n=5

Alcohol Chain Length (n)
Robert J. Phipps, J. Am. Chem. Soc. 2023. 34



Rh Nitrene

imple Methyl Substitution

1.0 mol % Q@ /CFs
Rha(B)#(C3)2*(Pyr)2 0=8-0
Me ~ Me 1.2 equiv. 2 Me N Me
= 2.0 equiv. CgF5l0 =
Me >_\_\OH 10 mol % CgF5I(OTFA), Me H\_\OH
1,3-DFB (0.2 M)
23 -35°C, 16-36 h 24
(1.0 equivalent)
Substitution Patterns Evaluated
! I m
R
Me,  .H H, H H‘VAKME_\
HWOH Me/v\“w H OH
R R
Trans-DialkyI? Cis-Dialkyl Exo-Dialkyl?

24a: 71%, 89% ee®

24b: 65%, 38% ee

24c: 64%, 74% ee

v v vi
Me,, WH H, . Me Me,  Me
MEIVROH Me/WOH H,WROH
R R R
Tri-Alkyl Class 1 Tri-Alky| Class 2 Tri-Alkyl Class 3
24d: 73%, 86% ee® 24e: 25%, 50% ee® 24f. 77%, 60% ee
vil Vi
H, H Me,  Me
H™S 7 N, Me™ S 7 N
OH N OH
R R
Mono-Alkyl Tetra-Alkyl
2449: 26%, 14% ee 24h: complex mixture

Robert J. Phipps, J. Am. Chem. Soc. 2023.
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I I Rh Nitrene

1.0 mol %
Rh3(B)2#(C3)2*(Pyr);
1.2 equiv. 2 @ +H
— 2.0 equiv. CgF5l0 S
A e HW " oH
|
OH 10 mol % CGF5|(0TFA)2 0=S-0
1,3-DFB (0.2 M) S \—C,Fs

25 -35°C, 16-36 h 26

5 Ny

24a 26a 26b 26¢c
71%, 89% ee? 77%, 94% ee 59%, 79% ee No Reaction

1
R'O, . H Br\_" H TsMeN;" H
H/VROH H/VROH H/WOH
R R R
26d: R' = Bn, 53%, 91% ee® 26f 26g

26e: R' = Ts, 77%, 90% ee® 79%, 90% ee® 69%, 83% ee®

1.0 mol %
Rhz(B)o+(C3),+(Pyr),
1.2 equiv. 2 O. WH
2.0 equiv. CgF5I0 N 7~H
/3: HO N
10 mol % CgFsl(OTFA), 0=S-0
HO 1,3-DFB (0.2 M) & \cF
-35°C, 16-36 h
27 28

OTBDMS

y, - )j \, ' H

. WH e i

24c 28a 28b 28c
64%, 74% ee 75%, 84% ee 69%, 85% ee 55%, 80% ee

OTBDMS
G o] O3 Lor (5
— 7Y (ii) TsCl,
HO N DMAP, Et;N 2 /ots
28¢ 30: 26%

(3 telescoped steps

0, 0,
55%, 80% ee from the alkene)

Robert J. Phipps, J. Am. Chem. Soc. 2023. 36



I I Rh Nitrene
1.0 mol %
MeCN, 82 °C 0
16-24 h OdQ)n
+ H* NHR

Rhy(B)2*(C3)2*(Pyr)2
33

1.2 equiv. 2
— 2.0 equiv. CsF5|0
10 mol % CgF5I(OTFA
n OH 0 *gf 5 ( )2

1,3-DFB (0.2 M)
31 -35°C,16-36 h

J Lp
NHR NHR
24d 33a 33b 33c
73%, 86% ee 72%, 87% ee 67%, 83% ee 86%, 84% ee
Ph PH
HO NHR
l 1 l 33g: 82%, 97% ee
0 0 Ph o}
(h" T — _ = Phs:
trans
o MER NHR NHR HO NHR
33d 33e 33f 33h: 89%
50%, 81% ee 53%, 91% ee 55%, 87% ee Racemic

Robert J. Phipps, J. Am. Chem. Soc. 2023. 37



I I Rh Nitrene

L analyzed by 'THNMR -
34: Homonerol Rh,(esp)s,:
Crude ratio A:B = 1:2.8 36
Chiral Catalyst: 50%, 89% ee

Exclusive Aziridination at B

38
OH OH / NHR
- analyzed by "H NMR -

37: Homogeraniol Rh;(esp),:
Crude ratio Others:B = 1:2.6 39
Chiral Catalyst: 61%, 81% ee

Exclusive Aziridination at B

Robert J. Phipps, J. Am. Chem. Soc. 2023. 38



I I Rh Nitrene

(a) Key Chiral Cation Structures

Dihydroquinine (DHQ)-Derived Dihydroquinidine (DHQD)-Derived Desvinylquinine (DesVQ)-Derived

SiEt,

MeO

Diastereomers Not Diastereomers

(ethyl group in (ethyl group
Inferior pseudoenantiomer different location) Optimal cation removed) Effective pseudoenantiomer

(~10% lower ee in opposite sense) (ent-quinidine unavailable) (reliably provides similar but opposite ee)

(b) Absolute Stereochemistry and Mnemonic

c meCS H ﬁ H ﬁ ﬁ |
ation ) "
i e ’QL /Q\H_\ Cation C5
e & OH OH I
NW NE
ent-9a: 89% ee ent-26a: 92% ee ent-24d: 81% ee
O H (81% ee from Cation C4) (82% ee from Cation C4) (73% ee from Cation C4)
WOH OH
alcohol
Sw SE
Hh_ .\‘H /’,'. .‘\H I,,'- .‘\H ﬂ N
5 N T N— Cation C3
o ¥ TTon o T o
Cation C3 |
9a: 87% ee 26a: 94% ee 24d: 86% ee

Robert J. Phipps, J. Am. Chem. Soc. 2023. 39



I I Rh Nitrene
. ' R .
PrOHH0 | N“7, +H

R
N
H. / \. n L N 3
HA\—\OH Directed ?Q\“O RHN/\["\,OH
N3

Opening

_.wH
28b: 69%, 85% ee N=NEN™ 43: 66%, (13:1 r7)
- - Ph—= l [Cu®]
p— PhSH, Et;N
Control or
KOAc
RHN

Nuc\/l</\ J
OH 3

%ﬁ — > 41:Nuc =-SPh N.
H., Y\ 61%, 85% ee \
H’L\—NOH . S‘“
42: Nuc = -OAc Ph
% 849
N 53%, 84% ee 44: 92%, 85% ee

(+11% regioisomer)

Robert J. Phipps, J. Am. Chem. Soc. 2023. 40



I I Rh Nitrene
Q :
PPhs, DIAD
"

@ru

R
0,
49

79%, 92% ee
Mitsunobu Cyclization

OH

48
66%, 96% ee
Deprotect/Reprotect

OH
NHR
52

65%, 88% ee
w Amination

PPhs, DIAD

Formal w-1 Amination

- Y
"OH
n

v
\

45:n=1,75%, 87% ee
46: n = 2, 64% (2 steps), 92% ee

(i) PhS, then H*
(ii) CbzCl, Na,CO3

47:n=3, 81%, 96% ee

(b) Hs, Pd/C
Hydrogenation

H.., «H

=T W ton

Red-AI®

(i) PhS™, then H*

NHBoc
(ii) BOCQO, N32003 ;

SPh
50 51
62%, 89% ee 40% (2 steps), 86% ee
Mitsunobu Cyclization Ring Open/P.G Swap

N n
FSCF%F.\O,%:O

9a:n=1,67%, 87% ee
3a: n =2, 92% ee (Telescoped)
14a: n =3, 72%, 96% ee

In all cases, R =-S0,0CH,C,F5

Robert J. Phipps, J. Am. Chem. Soc.

CI;CCN N |
DBU RHN N CCly
~—7~, 0]
53
72%, 87% ee
L | Diamination
Cbz-Cl
Et;N RHN OYO
0]
+ R 54
H 48%, 87% ee
L _ Oxyamination
2023.

41



I I Rh Nitrene

0

(R,R)-2 (2.5 mol%)
TsNHOPiv (1) (1.3 equiv) Ts\

>0

CsOAc (10 mol%)
(1.0 equiv) AgSbFg (30 mol%)
HFIP (0.1 M), 20 °C, 24 h
Ts, R= R=
N o 5;‘
I>\/\/\ i N
R S;‘O)LN/\‘
11, R = OAc 77%, 95:5 e.r. |\/o o
12, R = OBz 60%, 95:5 e.r. o
13, R : OTBS 47%, 955 e.r. 22, 62% 23’ 78%
14, R=0Ts 21%, 955 e.r. 94:6er. 93:7 er
15, R = OH 49%, 95:5 e.r. T R
16, R = NPhth 52%, 94:6 e.r.
17, R = NHAc 71%, 94:6 er. R= R=
18, R = NO, 88%, 94:6 e.r. N Br Brag, 2
19, R =Br 56%, 96:4 e.r. /E ]/ |
20, R = Bpi %, 96: - ~
, pin 57%, 96:4 e.r. f;‘io \N é{o S

21, R = PO(OEt),

67%, 95:5 e.r.

24, 67% 25, 28%
955 er. 96:4 e.r.
R= (0]
;sz NHBoc
(0}
Ph
27, 82%
94:6 d.r.2

Ts
\
N

Me
(S,5)-28, 77%, 97:3 d.r.?
(R,S)-28, 72%, 7:93 d.r.2P

(8,8)-29, 24%, 91:9 d.r.2
(R,S)-29, 30%, 3:97 d.r.2P

Ts
\

Ts
T \N
S \ N
| m P\/\/ Obz

Me
30, 83% 31, 14% 32,61%
96:4 e.r. 91 9eu.r. 86:14 e.r., >20:1 d.r.€
Ts
N Me
N .~*M © H
l>\/\/\ N NS
OBz Ts OBz
33, 0% 34, 56%
3:1dr®

Simon B. Blakey*, J. Am. Chem. Soc. 2024.
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I I Rh Nitrene

(R,R)-2 (2.5 mol%)

TsNHOPiv (1) (1.3 equiv) TS\
AV - 0
h CsOAC (10 mol%) |>\M/ Ph
(1.0 equiv) AgSbFg (30 mol%) n
HFIP (0.1 M), 20 °C, 24 h n=1-4
R Ts Ts
\N \N \N
Ph Ph
35,R=Ts, 82%, 95:5e.r. 36 37
38, R=Ns, 16%, 946 e.r.? 54%, 95:5 e.r. 18%, 95:5 e.r.
39, R = Ms, 26%, 87:13 e.r.® 32%, 95:5 e.r.°

23%, 93:7 e.r.®d

(R,R)-2 (2.5 mol%)
/\/O TsNHOPiv (1) (1.3 equiv) Ts,
- N
- CsOAc (10 mol%) NGO
(1.0 equiv) AgSbFg (30 mol%)
HFIP (0.1 M), 20 °C, 24 h

Ts
\N Ts\ o
N
Mo/\/ M\ )I\/
(0]
40, 69% 41, 49%
95:5e.r. 95:5eur.
Ts\ o Ts\ o
| | )‘I\/\
42, 52% Z 43, 68%
95:5e.r. 95:5eur.

Simon B. Blakey*, J. Am. Chem. Soc. 2024. 43



I I Rh Nitrene

Me HA Hydroxylamine

]
j?Q Activation
o, O RCOOH
\/ HA
R

Nitrene ‘_{
Formation RCOOH

EHA— H ‘I‘

| Ts~  “OPiv | “Ph/ )“0 A3

s /:_o SNTs Cleavage ///\‘nBu
\ R N1, R=Me Olefin

/ N2, R = tBu Insertion
TS
~— )+ ~~ “nBu S ]+
Ph Concerted Ph

! e

0——th Me Aziridination O—Rh
Y \N / \ H
o , tBu N
R Ts 2!
A8 Bu T S nBu
A6
Stepwise
Aziridination

Simon B. Blakey*, J. Am. Chem. Soc. 2024. 44



I I Rh Nitrene

E BE: + [ Tt
| Me I "Me I "Me
Rh
Rh-_o Rh TS ~p v
O N Me &1 N iF "o
o ) 74 S
[\ H"'O
A2-TS - M N1 L (l?g-;f) -
AG(so)  Syas s PWVOH ..
(kcal/mol) ! HN/ : .‘,.-..‘::4 /
: v ol S 2% = e
HA OPiv: :-
: e
! N2
: (1.02)
(0.00) ; -
] th Me
: el
)O/(I) \NTS
Bu
(-11.53) I
+ 1t
C‘&_ N Ph
Ph
I "M
| _Me : & Rh., *OPiv
Rh—
TS\H/ e a5 1|_
\ o<\ .
OPiv | "Me >/
Me Rr\]"ro Me
. \
TSN\>\ \'

Hydroxylamine ~ |..FIVOH Releasing _| N-O Cleavage .(.
| Coordination | Amide Formation j CsOAc Coordinatiorj
| | o -

Simon B. Blakey*, J. Am. Chem. Soc. 2024. 45



Rh Nitrene

SA5-TS RA5-TS
Ts _Rh Rh Ph (=3.16) (~1.30)
N" .50

1
gr
7
+ +H
]

|

+ +H
a—l-(.'.'l
5
N oo
— N

g

G
= e

¥+

AG(sol)
(kcal/mal)

7\ N
Q.0 |
>/ Ts
Me \'/ .
------------------- " e
A4 B \</ N“ Ao o Me
Bu P 2 X
(—27.43) Bu” 5\ 5 H—]> /< //sd N—
Ts MBu 0 = / (—41 17)
nBu tBu o Ts nBu
| CsOAc Dissociation o Olefin Coordination - Olefin | Oxidative ] Aziridine Formation (_42 50
' | I Migratory Insertion I N-O Bond Cleavage =~ !

Simon B. Blakey*, J. Am. Chem. Soc. 2024. 46



Rh Nitrene

TsNH-OPiv +

1a

/\/R

(R)-Rh1 (2.5 mol%)

. TS\N‘7/\R

Cs,CO3 (0.1 equiv.), HFIP, rt., 24 h

w

3a, 90% vyield, 91% ee

Ts.Nﬂ<

3g, 75% vyield, 93% ee

Me

3m, 40% vyield, 90% ee

TSNN\7/\%OH

3s, 71% yield, 91% ee

|
TS‘Nf\HZN‘Ts

3b, 99% vyield, 88% ee
e
3h, 90% vyield, 92% ee

Ts~
3n, 93% vyield, 92% ee

Ts N \7/\”§0Ac

3t, 85% yield, 86% ee

O,

3¢, 65% yield, 90% ee

Ts N

.

3i, 83% yield, 91% ee

Ts. Br

3

30, 96% vyield, 89% ee

Ts. OBz

2

3u, 59% vyield, 87% ee

Ts<

p

3d, 82% vield, 89% ee

TS‘Nf(j

3j, 56% yield, 86% ee

|
TS.NV/\P’?C

3p, 90% vyield, 88% ee

Ts \NV/\H{O
(0]

3v, 79% vyield, 89% ee

3e, 98% yield, 88% ee

Ts
SN7’\§D

3k,72% yield, 92% ee

Ts. OBn

N

2

3q, 75% vyield, 85% ee

Ts. OTs

N

3

3w, 88% vyield, 88% ee

3f, 76% vyield, 91% ee

31, 48% vyield, 90% ee
\_/

TS‘N\7/\<-7: &
3r, 97% yield, 93.5:6.5 de

Ts< OTBDMS
NVAﬁ;

3x, 92% vield, 88% ee

NO. “ : Ts< 0. P Ts.
P Ts‘Nf\JEO N\ N\7/\H5 WKC NV/\?{\O/\/
(e}
0

3ad, 87% yield, 90% ee

N
TS*N\/\wsN
(0]

3y, 90% yield, 88% ee 3z, 82% vyield, 83% ee 3aa, 99% vyield, 92% ee

Me Ts.
Ts. N
o Me

3ab, 61% yield, 85% ee 3ac, 77% yield, 83% ee

(@)
Ts. Ts- o) A
s Ny/\ﬁs/\ko Nf\% Ts
3af, 92% vyield, 89% ee 3ag, not formed 3ah, not formed 3ai, not formed

Shou-Guo Wang, Angew.Chem. Int.Ed. 2024. 47

3ae, 96% yield, 90% ee



I I Rh Nitrene

R
Qg,o - (R)-Rh1 (2.5 mol%) Osd sk
NPh + RO v . » o~ NV/\/
H Cs,CO;3 (0.1 equiv.), HFIP, rt., 24 h
2n 4 5

7/\/

5e, 95% vyield, 91% ee 5f, 87% vyield, 91% ee

OO 2 - - Ph Ph O & Ph )
<SSV <VEUR e VEURIN < VEUN &< IS < PN

59, 91% yield, 91% ee 5h, 97% yield, 90% ee 5i, 78% yield, 90% ee 5j, 84% yield, 91% ee 5k, 79% vyield, 90% ee

\©\ \7/\/ \@ f\/ \Qg,s'?Ny/\,Ph Kj\

5m, 72% yield, 90% ee 5n,74% vyield, 90% ee 50,80% vyield, 90% ee 5p, 42% vyield, 92% ee 5q, 66% vyield, 91% ee
NO,

O3N
O i} © 2
S! Ph i -3 Ph g’ Ph Q\/\ 0
i N7/\’ P NV/\/ SN / Ph Py Ph
o} O 0 ’IS”NV/\/ \7/\/
0]

5s, 40% vyield, 77% ee 5t, 52% yield, 77% ee 5u,59% yield, 84% ee 5v, 50% vyield, 78% ee 5w, not formed
Shou-Guo Wang, Angew.Chem. Int.Ed. 2024.

5a, 89% yield, 90% ee 5b, 91% yield, 91% ee 5c, 98% yield, 91% ee 5d, 73% yield, 92% ee

Koy

51, 56% vyield, 90% ee

:3'
e 7
O\
RS
<Z> °
@

‘7/\/

5r, 90% vyield, 90% ee

«}
R

5x, not formed

48



Rh Nitrene

A) Scale-up Reaction

Ts
-Rh1 ° \
TsNH-OPiv + AN Me (R)-Rh1 (0.5 mol%) - FIJP\/\/ "
Cs,CO3 (0.1 equiv.), HFIP, rt., 24 h
1a (1.0 mmol) 2a (2.0 mmol) 3a, 84% vield, 91% ee
B) Substrate Transformations
NHTe TMSCI (1.0 equiv.) TMSCN (1.0 equiv.) NHTs
Sl A~ Me > NoLA A~ Me
DMSO, 40°C, 10 h TBAF (5 mol%)
6, 93% yield THF, 40°C, 3 h 7, 92% yield
91%ee, 911 90% ee, >20:1

NHTs AgSCF3 (3.0 equiv.) |TS\N - NHTs
FiCB A o Me B EBoll) | Ra : - Na A~ Ve

M
DMA, 30 °C °l  DMF rt, 12h
3a, 91% ee

8, 61% yield
89% ee, >20:1 1

9, 64% vield
90% ee, >20:1 rr
/\/MgBr

Et;0,45°C, 1h

Me\/\,o FeCly (1.0 equiv. NHTs Ref. 29 /\/\/D
7 Me 5 (1.0 equiv.) \\/\/'\\/\-/ B0 3 S Me

CHClp, rt, 150 X Me N
10 (+)-pyrrolidine 197B
98% vyield, 8.7:1 rr

)
Ts

11, 94% yield

90% ee, 8:1 dr

NHTs
A~ MaBr Ref. 29a, 29b O
- W B i N” " Me

Et,0,45°C, 1 h Me
12, 92% vyield

Coniine
89% ee, 11.6:1 rr
1) pyrrolidine (20.0 equiv.)
NHTs Smlz (10.0Te:|l:1iv.)t, I-élg;}rsSCLD equiv.) KIH\a,CT
Facs\)\/‘\,Me 2Ll . FyCS i
2) 2N HCl aq.
s 13, 99% yield
Et;N (20.0 equiv.)
Smly (10.0 equiv.), H20 (30.0 equiv.) HN[}\,Ph
THF, rt, 0.5h s o .
31, 92% ee 14, 84% yield, 91% ee

Shou-Guo Wang, Angew.Chem. Int.Ed. 2024.
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Rh Nitrene

A) Proposed Catalytic Cycle
[CP*RA(1INI2]

PivO., Ts
” 1a
"
PIVO. T8 N/Ts—l AN Me =
I ~
& e Rn_ 2a N‘7/\/\Me
et cp* OPiv Path A 3a
| 1]
PivO, Ts
cp* \N/
/\/\/MG | mn Path B
2 |’Rh~)\/\/ME
a
|\OGC"

B) Deuterium Labeling Experiment
H [Cp*RhCl,]; (2.5 mol% p*RhCl,]; (2.5 mol%)

) Hi [c
Ph/_>=< Cs,C05(0.1eq) Ph/_>=( EPh/_>=<D Cs2C05 (0.1 eq.) Ph/_>=(D
H D: H H

H b WP L2 HFIP, rt, 24 h H W
w/o 1a H

(E)-2n-D (> 99% D) 100% i z)20D(00%D) "' L

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

N N
Ts” ‘o)* Ts” ‘O)H<
P Ph

h
12 [Co*RhCLL, (2.5 mol%) \| N j N | [Co'RNCIl, (2.5 mol%) =
+ , H + b D - +

Cs,C0, (01 2q.) AN AN Cs,C0, (01 €q.)

S = H HRP e, 240 H D H H HFIP, rt, 24 h /—>=<D

d % (E)-3n-D (2)-3n-D Ph P
®-20De) 3n-D:z)-3n-D (2)-3n-D:(E)-3n-D Ry
83:17 72:28

Shou-Guo Wang, Angew.Chem. Int.Ed. 2024.
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I I Ru Nitrene

R cat, p-CH306H4302N3 (1 .0 eq.) R. »

MS 4A, CH,Cly, rt, Np, 24h NSO,CgH4CH3-p

Entry  Catalyst R or substrate  Yield (%) ee (%)  TON

1 3(2) Ph 100 87 —
2b 3(0.1) Ph 41 87 410
3P 1(2) Ph 71 87 36
4" 4(0.1) Ph 23 87 230
5P 5(0.09) Ph 78 85 867
6 3(0.1) p-BrCgH, 33 90 330
7 5(0.09)  p-BrC4H, 79 90 878
8 5(0.09)  p-O,NCe¢H, 34 87 378
9 5(0.09) 2-C,,H; 65 87 722
10 5(0.09) PhC=C 61 96 678
11 5(2) n-CgHi3 20 86 10
12 3(2) n-CeHis 30 86 15
13¢ 5(2) Indene 36 >99 18

“See ESI for the typical experimental procedures and the determina-
tion of ce. ” Absolute configuration of the product is S. © Absolute
configuration of the product is 15,2R.

cat, p-02NCSH4302N3 (1eq) R_.

R_ .~
7" TMS 4A, CHCl, 1t Ny, 24h NSO,CeHsNO2-p
R= Ph: 1 (4 mol%): 82% ee, 22%, (S), TON= 5
R= Ph: 5 (1 mol%): 84% ee, 34%, (S), TON= 34
R= Ph: 5 (4 mol%): 84% ee, 100%, (S)

R=PhC=C: 5 (4 mol%): 90% ee, 100%
R= p-BrCgHs: 5 (4 mol%): 81% ee, 66%

Tsutomu Katsuki, Chem. Commun. 2004. 51



I I Ru Nitrene

catalyst NSOsR
MS 4A, CH.Clo, it Ph

Ph/\ + HSOzN3

1 (2 mol%), R = p-CH3CgHa: 87% ee, 71% (TON = 36)

2 (0.09 mol%), R = p-CHaCgHy4: 85% ee, 78% (TON = 867)
2 (1 mol%), R =p-0,NCgH,: 84% ee, 34% (TON = 34)

3 (0.1 mol%), R = p-CHyCqH,: 86% ee, 93% (TON = 982)

1. Ar=Ph
2: Ar = 3,5-F2-4-CH3CgH2
3:Ar= 3,5'C|2-4-(CH3)3SiCGH2

Entry Azide Catalyst/mol % R or substrate Temp/°C Time/h Yield/%" % ee® TON®
1 p-NsN; 0.1 Ph rt 38 70 81 746
2 p-NsN; 1 Ph 0 12 90 87 97
3 p-NsN; 1 4-BrCsH, 0 12 93 83 94
4 p-NsN; 1 PhC=C— 0 12 98 98 99
5 p-NsN; 2 1-Octene Reflux 38 32F 56 16
6 0-NsN; 0.1 Ph rt 12 62 73 660
7 0-NsN3 | Ph 0 12 60 81 68
8 0-NsNj; 1 PhC=C— rt 12 58 87 59
9 SESN; 0.1 Ph rt 12 26 91 260
10 SESN; | Ph rt 12 100 90 —
11 SESN; | Ph 0 12 99 92 99
12 SESN, 1 4-BrCeH, 0 12 76 92 98
13 SESN; | PhC=C— 0 12 50 >99 51
14 SESN, 5 1-Octene Reflux 38 28°¢ 7 6
15 SESN;, ] Indene Reflux 38 47 98 26

Tsutomu Katsuki, Tetrahedron Letters. 2006. 52



I I Ru Nitrene

’ cat. éu(salen)(CO) S5o0r6 \NTs

R/\ + T$N3
MS4A, CH,Cl, R

Entry  Azide Catalyst  Substrate T t Yield®! eel” ; 2: z :; =5y
[mol %] [°C] [h]  [%] (%] Ar = Cl,CCMe,0CONHCH,€
3: Ar = Ar' = 4-tBuMe,SiCgH,
1 p- 1(4.0) styrene RT 24 22 84 4: Ar = Ar' = 4-tBUPh,SiCqH,
NsN, 5 Ar f Ar' f 3-5'F2'4'M905H2
: 6: Ar = Ar = 3,5-Cl,-4-Me,SiC4H,
2 p- 5(1.0) styrene RT 24 34 84
NsN;
3 p- 6 (0.1) styrene RT 38 70 81 746
NsN;
4 o- 6 (0.1) styrene RT 12 62 73 660
NsN;
5 SESN;, 5(1.0) styrene RT 12 67 88 (S) 67
6 SESN; 6 (0.1) styrene RT 12 26 91 (S) 260
7 SESN; 6 (1.0) styrene 0 12 99 92 (S) 99
8 SESN; 6 (1.0) 4-BrC,H,-CH=CH, 0 12 76 92 98
9 SESN; 6 (1.0) PhC=C-CH=CH, 0 12 50 >99 51
10 SESN; 6 (5.0) 1-octene reflux 38 28l¢] 771 6
11 SESN; 6 (5.0) indene reflux 38 65 98 13
12 SESN; 6 (2.0) CH,=CHCO,Bn RT 24 81 >99 (R) 41
13 SESN; 6 (2.0) CH,=CHCON(OMe)Bn  RT 24 85 >99 43

Tsutomu Katsuki, Chem. Asian J. 2007. 53



I I Ru Nitrene

2 (1-2 mol %), MS 4A

(1He:1:/iv) + (fs::\?) S - R:<'|\l SES mol  Temp  Time  Yield” eef
' ' o % ? Entry  Substrate (%) (°0) (h) (%) (%)
R= gﬁ{;;n";,""“y'- SES= 2-(trimethysilyl)ethanesulfonyl —N\CIQ,N—(-R) —
_Ri_
Q )-o" o 1 0.5 25 6 95 97
(O pom =)
(a
1: L=CO, Ar=Ph NSES
2: L=CO, Ar = 3,5-Cly-4-[(CH3)3Si]CgH, Q@ @Q ) \Ej/Q 0.5 25 6 08 9()
mol Temp Time  Yield” e NSES
Entrty  Substrate (%) (°C)  (h) (%) (%) 3 /(j/Q 05 25 6 95 29
1 T <Rses 3 25 24 4 99 o NSES
NSES 4 \©/Q 1 25 6 95 90
2 (j/Q 3 25 24 45 99 NSES
5 /©A l 25 6 96 90
cl
3 )\"MSES 3 0 YRR V! 89
NSES
N
# T s 3 25 w0 s 91 6 T s ¥ 2
| NSES
5 ©/\GNSE5 3 40 24 91 90 7 m 1 25 12 72 99
NSES
6 Bk 3 0 2495 91 8 @:5,“553 ! 25 12 66 97
7 NSES 3 0 24 65 87
Bnov(/qz\/Q

Tsutomu Katsuki, Chem. Commun. 2012. 54



I I Ru Nitrene

0 cat. 1, SESN, O SES

RJ\/ >~ RJ\*QN

CH,Cl,, MS 4 A 25°C, 24 h, N,

3 4
cat. yield
entry vinyl ketone (R) (mol %) (%)° % ee”

1 Ph (3a) 2.0 99 >99
2 Ph (3a) 1.0 99 >99
3 Ph (3a) 0.5 99 >99
4 p-ClCgH, (3b) 0.5 96 >99
5 m-ClCgH, (3¢) 0.5 96 >99
6 0-C1CgH4 (3d) 0.5 98 >99 Ar = 3,5-Cl-4-(CH3)3Si-CgH;
7 p-MeOCgH, (3e) 0.5 92 >99
8 m-MeOCgH, (3f) 0.5 99 >99
9 PhCH,CH, (3g) 1.0 99 (64)"  >99
10 1-cyclohexenyl (3h) 1.0 92 (87)* >99 (R)*
11 (E)-PhCH=CH (3i) 0.5 95 >99

Tsutomu Katsuki, Org. Lett. 2012. 55



I I Ru Nitrene
1) CH,=CHMgBr (2.2 equiv 0
Meo\(;l\\/‘% N O (2.2 equi) _ Meo _
on 2 RU(NO)Cl-salen (5 mol %), o

air, toluene, hv, 25 °C.

6 7:52% from 6
Ru(CO)-salen 1 (0.5 mol %) Q Y
SESN, (1.0 cquiv) Meod\d Hiinig's base (1 mol %)
e N 1,4-dioxane/H,0 (4/1), 0 'C
CH,Clp, N, MS4 A 25°C ol Aes 7
8: 87%, >99% ee
O SES i (0] OH
i TASF (4.0 equiv) _ o y 1) NaBH, (2 equiv), E1OH, -78°C . i
Ph)l\'d R . Ph)J\KJNH MeO R Es o - ~Niges
THF, 0 ‘C to 25 °C S : ) -
2) L-selectride (1.5 equiv), o
4a, >99% ee 5a, 85%, 99% ee o THR-78 °C "
9 .
O SES TASF (1.1 equiv) 0 (after recystallization >99% ee) 1) 99%, >89% ee, trans.cis = 7:1
. N > J\-<INH 2) 81%, >99% ee, trans:cis = 2:>98
Ph(CH,); THF/IDMF (1:1), MS4A  Ph(CHy); | s SPh) | 'Ti0" (1.1 equiv) oY
0°Cto25°C ; MeO NS TBAF (2 equiv), THF, 60 ‘Cfor6 h
4g, >99% ee 5g, 72%, 99% ee DBU (2 equiv) . \dj SES .
CH,Cl,,0‘Ctort o then 1-bromopropane (4 equiv)
60 °C, 12 h

59, 31%, >99% ee

. - . _ " i ) 1
(with TASF (4 equiv), in THF) pBU = L nSd g::gﬁ:‘cgclols.&m rans41- 78% from @ TBAF = tetrabutylammonium fluoride
cis-11: 72% from 9

o 0

MeO .-‘N\/\ 1 step HO _,\N\/\
-------- -
o 0

from trans-12

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

cis-12: 62%

Tsutomu Katsuki, Org. Lett. 2012. 56



I I Ru Nitrene
A-Ru (0.5 mol %) B

OBz
9 K,CO5 (3 equiv : a
RMOJLN’OBZ 2005 (8 equiv) - R/\:_/\o | N —|2+ 2 PFg
H CH,Cl, (0.01 M), 1t, 14 h HN~( NN
1b-r 2b-r é\ ,C,Me
OBz OBz Mes” g "

« < HNs‘(

e
Ty
0, 0,
Me (2b), 72% yield, 99% ee 2h, 85% yleld, 9% eo D
tBu (2¢), 74% yield, 99% ee 9Bz

= _ 0
— OMe (2d), 81% vyield, 83% ee T o A D7)
F (2e), 60% yield, 99% ee HN“\(

CI (2f), 64% yield,99% ee A-Ru

o R o (0 5 mol %) BzOH OBz
Br (2g), 70% vyield, 99% ee 2i, 75% yield, 98% ee o) )(\/\ (1 equiv 2,{‘/\0
NN e

S
o
=
@
o7
=
=
/
2ty
£

OBz Me OBz OBz H K2003 (3 equiv) 0| PhaN (1 equiv) HN
o g <j\/\ 1s-v CHyCly, rt, 14 h 3s- v 50°C,4 h 4s,4t,4vH
HN‘{) HN“(O HN‘(O ......................................................................
Me 25 © a0 O 21° Me, OBz Me M
73% yield, 96% ee 37% yield, 98% ee 68% vyield, 98% ee “ *\/\ 8
OB O Me WINN
z (:) z 0Bz HN‘
Qj/\-/\ N, P YN 0 O
N\(O HNs« HN~«O 4s Geraniol derivative 3u®°
Y 2% D 88% yield, 99% ee  84% yield, 99% ee 58% yield, 98% ee

71% yleld, 99% ee 76% yleld, 99% ee 32% yield, 99% ee Me Me Me Me. OBz

OBz “, o
N z 2p (R = Me): 60% yield, 97% ee Me)\/\/‘\/\/!\/\/kl/\ Phytol derivative 4v®
R

O 29 (R = n-CHy5): 56% yield, 98% ee HN~\€ 52% yield, 98% de
HN~{ 2r (R = n-Cy3Hy7): 51% yield, 97% ee o
o)

zé

Eric Meggers, Org. Lett. 2020. 57



B Mechanistic proposal:

H
Re—faceB . Ph@ 9
attack ©% &~ -[Ru] c
> [IIRu]—N‘ Ph/\:—./\
S O HN
N
1 A-Rup T A O 2a O
a—> [||2u1=N 0™ ’
Ph
BzO -Ru] H
— BZ? e — \<N(\
Si-face  [Rul—N BzO- PR
attack

B 77”0 3a0

O

B Support for carbenium ion intermediate:

Me Me

Me)%/\\\"‘ﬂN‘\O
A-Ru 3u N
(1.0 mol %) From (E)-1u:

Me Me E O
MGW”’OBZ
(E)-1u
Me OBz

MQ—\_._ Sondi

KQCO3 (3 eC]UIV) 98% ee
CH,Cl, From (Z)-1u:

40 °C, 30 h 599 yield, >20:1 d.r.

(2)-1u stereoconvergent 93% ee

Eric Meggers,

Org. Lett. 2020.

> 58% vyield, >20:1 d.r.

I I Ru Nitrene
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I I Co Nitrene

O _P(O)(OPh),

+ PhO-P—OP —-[CO(Por)] N
—P—
= 0-+F | & NzT

Ar N3 Ar

N-DPP g

entry olefin aziridine yield (%) ee (%)° N N-DPP (Ha(Por)] [Co(Por)]
T ©~/\ 68 7 P1 (ChenPhyrin): X=Y=2Z=H
« S Br - P2 (2,6-DiMeO-ChenPhyrin): X = MeO; Y = Z = H
1 O/\ ©/Q 88 37 P3 (2,4,6-TriMe-ChenPhyrin): X = Z = Me; Y = H
N N-OPP P4 (3,5-DiMeO-ChenPhyrin): X = Z = H; Y = MeO
N-DPP 8 58 45 P5 (3,5-Di'Bu-ChenPhyrin): X =Z = H; Y = t-Bu
2 E:(\ Of“ 35 46 Br P6 (4-Bu-ChenPhyrin): X = Y =H; Z = +Bu
Me Me 709 33¢ Br
o o=

52 44

X
y

789 329
Me i 8 N-DPP
N-DPP 10 O’Q 39 10
4 O’Q 58 a7 F - 729 17¢
Me Me ss¢ 217 N-DPP
N-DPP 11
r ({4 53

]

+-Bu
t-Bu
N-DPP N-DPP

65 28 12

995
%

B
]
X

NO,
X. Peter Zhang, J. Org. Chem. 2008. 59



I I Co Nitrene

= NTces
B 88 81 (-
N [Co(Por)] , N oA O/é )
©/\ + NySO4CH,CCly A N_
TcesN; CeHsCl, 4 A MS Tces Q/\ Q/ANTCGS

Yield” Ee*
Entry Olefin Aziridine Temp/°C (%) (%)  [2]!

| @/\ ©/£mces 0 o1 % ()

0 82 80 (—)

13 OO x OO NTces 0 85 90 (-)

48 80 (—)
= NTces
2 0 89 90 -
ealise ©
) x NTces 43 80 (-)
3 @A RT 85 82 (-)
Me Me
. 87
o EI\\ NTces RT 36 84 B
Me Me ( )
g A
. o ,©/£NTCGS . o s 0 175 o™~ A A NTees 40 42 9 ()
+Bu tBu 18¢ BUT X Bu/\/ANTces 40 30 90 (+)
NT .
6 C[/O/‘\ /©/£ ces 0 93 91 E;a))( 19f Ph\/x\\ Ph\/éNTces 0 26 94 (+)
(o]
Me Me
(™ NTces 20" NTces RT 53 87  (—)
7 0 92 91 -
Br Br’©/£ “ \n'n:& ﬁf

= NTces 21 f Lb Lb 40 85
8 F/©/\ . O/A 0 2 20 ) NTces
N “ Performed in C¢HsCl using 5 mol% [Co(P6)] for 48 h under N, with 4 A
Br
cL
B

NTces H
9 ©/\ Q/A 0 91 8 () [Co(P8)] (2,6-DiMeO-ZhuPhyrin) MS in the presence of 5 mol% Pd(OAc): alkene : TcesN3 = 5 : 1; [alkene]
Br = 0.25 M. " Isolated yields. © Measured by chiral HPLC. ¢ Sign of optical

NTces rotation. “ Determined by X-ray crystal structural analysis. /24 h without

0 92 9 () Deter 1 :
Pd(OAc)-. * Using [Co(P5)] in CH->Cl, for 48 h. ” In MeCO,Et. )
& X. Peter Zhana. Chem. Commun. 2009. (OAC) sing [Co(PS)] i -2 2

10




I I Co Nitrene

F
Sga !

P F
entry 1: 3ab;
99% yield, 94 % ee

F
sl
F F
CHg
entry 4: 3cb;
99% yield, 92% ee

F
ol
F F
entry 7: 3eb;
85 % yield, 92% ee
F

: N F
()
FaC FﬁjF
F

entry 10:9 3 gf;
91 % yield, 85% ee

F
gAN: : :F
F F

F

entry 2: 3af;
99% yield, 92 % ee

F
N F
|
~ F F
CHa F
entry 5: 3cf;
95 % yield, 94 % ee

F
o
MeQ F F

entry 8: 3 fb;
99% yield, 87 % ee

F
foghe!
MeOZC F F

entry 11: 3hb;
80% yield, 92% ee

F
@/ﬁN F
HaC F F
F

entry 3: 3bf;
99 % yield, 96 % ee
F

CHj
©/£N F
F F

F

entry 6: 3df;
99 % yield, 87 % ee

F
o
FaC F F

entry 9: 3gb;
77 % yield, 92% ee

F
fague!
F F F
entry 12: 3ib;
93 % yield, 95% ee

' F
leghed
F F F
F
entry 13: 3if;
90% yieldi:91 % ee

: /ZN F
F F
Br F

entry 16: 3kf; 95%
yield, 89% ee

|
sgve
F F
entry 19: 3mb; 74%
yield, 86 % ee

F
Joghe!
B~ F F

entry 14:19 3jb;
81% vyield, 92% ee

F
entry 17: 31b; 80%
yield, 90% ee

® N f F
% FD:F
F
entry 20: 3 nf; 90%
yield, 85% ee

. F
s
F F
Br
entry 15: 3kb;
82 % yield, 93 % ee

F
oogned
F F

F

entry 18: 3If; 73%
yield, 98 % ee

F
N
O
BocN [S F

entry 21: 3ob; 80%
yield, 96 % ee

H Naph-2 H Naph-2
[Col(P3)]

X. Peter Zhang, Angew. Chem. Int. Ed. 2013.
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I I Co Nitrene

F OMe . F
N N
Cu(OTf), 80% yield (1)
. ¢ MeOH,RT 4h . . 89%ee
3ab : (92% ee) 4

OMe H F
Cu{QOTf), O N F aou% yield
MeOH, RT, 4 h 92%ee  (2)
F F (X-ray)

3af : (92% ee} F

Cu(OTf)p 60% yield 3)
H20 « THF, RT, 20 h 90% ee

3ab - (92% ee)

X. Peter Zhang, Angew. Chem. Int. Ed. 2013. 62



I I Co Nitrene

A. Prior Work: Asymmetric Intramolecular Radical Bicyclization for Cyclopropanes.

R.2.G
(|3 Asymmetric G

T X £
2]
= N—¢ - G Co(l)-MRC R, C
2

(a-Co(lll)-Alkyl Radical i

B. This Work: Asymmetric Intramolecular Radical Bicyclization for Aziridines.

R e
T R j)\ Asymmetric JZ)
S Co(ll)-MRC R., _N
/CO-.. =) )\[/\ - ‘,
%E,w ks 0" 'Ng N, 1R/%K/O
~a-Co(lll)-Aminyl Radical| o H
C. Proposed Catalytic Pathway for Radical Bicyclization of Allyl Azidoformates.
0 \ % 1
R O
—N N—
R, N’[< o7 Al
RAL° NN NP,
H [Co(Por*)] H
radical radical N, T
substitution activation
'R ‘-Cj% i R %’%—i
ZR?/A\]Il S R IT.I <
y-Co(lll)- “Co~ < “Co s |o-Co(lll)-
Alkyl >—=N_"""N—<X radical 2=N_""N—< | Aminyl

Radical Radical

I ~~___addition _— I

X. Peter Zhang, J. Am. Chem. Soc. 2017. 63




I I Co Nitrene

O
H 0O
)]\ [Co(Por®)] (2 mol %) H.;. N//<
CeHe X N07 N 'CH’ﬂ.,,/O+N2T
6715 3 PhCl, 4 AMS, 40°C, 40h ~¢'S o :
H1a 2a

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

X. Peter Zhang, J. Am. Chem. Soc. 2017. 64



0 o)
'R j’\ [Co(P2)] 'R, N e R HF‘_{)
2R/L\“|/“o Ny N2 zRiﬂ-a.,/ " RN
H 1 Hz Nu 3
0 0 0
HN HN HN—(
CEH5\|/:\/O‘ 4-MeC5H4\l/:\/O 4'C|CEH4\I/:\/O
N3 N3 N3

entry 1%: (3a); yield: 92%
de: 99%, ee: >99%

0
HN
4-fBu06H4\I/“\/o
N3

entry 4% (3d); yield: 95%
de: 99%, ee: 93%

8]
HN
2-MeCGH4Y‘\/D
N3

entry 7% (3g); yield: 99%
de: 99%, ee: >99%

o]

CeHs” v,/
H
entry 102 (2j); yield: 62%
de: 99%, ee: >99%

entry 2% (3b); yield: 95%
de: 99%, ee: 97%

0
HN

4-NO,CgH 44 3 o)
(X-ray)® OMe

entry 5% (3e); vield: 89%
de: 99%, ee: 91%

o
HN
2-N0203H4Y°\/0
OMe

entry 8¢ (3h); yield: 99%
de: 99%, ee: 94%

Hm—(o
e
OMe

entry 11¢ (3k); yield: 94%
de: 99%, ee: 93%

entry 3% (3c); yield: 84%
de: 99%, ee: 95%

HN%O

4-MeOCBH4\I/‘:\/O
N3
entry 62 (3f); yield: 71%
de: 99%, ee: 95%

Hr_d—(o

2-MeOCsH4\K:\/O
N3
entry 9 (3i); yield: 89%
de: 99%, ee: 94%
@]

H, _NK

C - 0]
GHSW"’,/'

0O H
entry 12: (21); yield: 95%
de: 99%, ee: 70%

X. Peter Zhang, J. Am. Chem. Soc. 2017.

I I Co Nitrene
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I I Co Nitrene

CeHs, H 0

HI
o\l N—(
0 (:SH5 0

O 8apn % 60,5, N3 3a
(yield: 98%, ee: >99%) “SENO ,\& (ylem 92%, ee: >99%)

O o) o)

- 2 —— -

C6H5 ’J;,/
SBn 7a(X-ray)? H NHBn 4a

(yield: 96%, ee: 96%) 2a (yield: 89%, ee: >99%)

(ee: >99%)

0 ‘\00\ %\

a0 NG O
HN—( & HN—(
/\/\/'\/O

HIN //{ HN
CgHs- 4 : 0O BnSH H BnNH, CeHs s 9)

CgHs O
(::6H5 6a OMe 5a
(vield: 64%, ee: 97%) (yield: 98%, ee: >99%)
¢ i
NH NH;
WOH CGH5\|/\/OH
CeHs 10a OMe 9a
yield: 80%, ee: 97% yield: 93%, ee: >99%

X. Peter Zhang, J. Am. Chem. Soc. 2017. 66



I I Co Nitrene

A. Diastereoconvergent Asymmetric Radical Bicyclization of Azidoformates

)L [Co(P2)] 2mol %)  H., NJ<O yield: 99%? (65%)”
csHs)\ﬂ " .

PhCl, 40°C  CeHs™ ./ de: 99%,
g H ee: >99%
E) 1a 4 AMS,40 h, -N, (E)-2a
O
CeHs o) .
S )]\ [CO(PZ)] (2 mol /o) H, N o yield: >90%?2 (71%)b
H O ‘N3  PnCl, 40°C CeHs,/y / de: 99%,
H 4 AMS, 40 h, -N, ee: 49%
(2)1a' (E)-Za
B. Diastereospecific Asymmetric Radical Bicyclization of Azidoformates
O
Et
0,
)I\ [Co(P2)] (2 "10' %) Et. _N o Vield: >90%¢ (62%)°
CeHs N3 AF’hC' 80°C  CH” Y./ de: 99%,
(E)_.U 4 AMS, 20 h, -N; H(E)-Zj ee: >99%
)
CeHs 0 o ,/<
. g [Co(P2)] (2mol %) CgHs.,, N o Vield: >90%? (55%)P
Et/%/\o N;  PhCl, 80 °C Et bagsf de: 99%,
b . 4 AMS, 20 h, -N, H . ee: 75%
(2)-1] (£)-2j

X. Peter Zhang, J. Am. Chem. Soc. 2017. 67



I I Co Nitrene

From simulation: giso: 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

From experimental: g;s,: 2.00406

3 of

a-Co(lll)-aminyl radical | [M]. [M].,,
Figure S2. Experimental and Simulated X-Band EPR Spectra for a-Co(IlI)-Aminyl Radical I a-Co(lll)-aminyl radical | . .
(when R'=H, Rg=Ph) in Benzene at RT Chemical Formula: C14H113CoNgOg"

Calculated Exact Mass: 1762.8140

X. Peter Zhang, J. Am. Chem. Soc. 2017. 68



I I Co Nitrene

From simulation: giso: 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

From experimental: g;s,: 2.00406

3 of

a-Co(lll)-aminyl radical | [M]. [M].,,
Figure S2. Experimental and Simulated X-Band EPR Spectra for a-Co(IlI)-Aminyl Radical I a-Co(lll)-aminyl radical | . .
(when R'=H, Rg=Ph) in Benzene at RT Chemical Formula: C14H113CoNgOg"

Calculated Exact Mass: 1762.8140

X. Peter Zhang, J. Am. Chem. Soc. 2017. 69



I I Co Nitrene

0 o)
O N-H 'N’J\\o--H-N>= '

cL,e” o

0 Q- o
e
A SN=CON<

[Co(Por*)]

N3

3-exo-tet

=dics} 'R0 # \\ metalloradical
Jiea />/R - activation
cyclization :

B-scission
R I

: J=o

°N
5-endo-trig |
radical '

Col S
cyclization T \_N: © N—S
"""" o [Co(Por)] I
v-Co(lll)-Alkyl Radicals 2R a-Co(lll)-Aminyl Radicals

radical 1 R:
addition

X. Peter Zhang, Chem 2021. 70



I I Co Nitrene

_Troc
TrocN. + /— [Co(P3)] (2 mol %) N
. .

H, + Nt Troc ,Troc Troc Troc
1 R 2 room temperature® R’, 3 2

N~ TToe N-Troc N TroC N TroC CI/EDA CIH20/©AMeO C/©(j:y} Fs C/©A
. entry 13: 3n¢ entry 14: 309 entry 15: 3p entry 16: 3q°
¢ 99% y; 94% ee 61% y; 92% ee 71%y; 92% ee 75%y; 87% ee
/@A \©/A (y /©/A /Troc /Troc /Troc /Troc
Me
entry 1: 3b° entry 2: 3¢ entry 3: 3d entry 4: 3e® /E:(LA \©A (j\/g \KDA
71% y; 90% ee 51% y; 88% ee 98% y; 94% ee 52% y; 92% ee NO,

/Troc Troc Troc Troc entry 17: 3r9 entry 18: 3s entry 19: 3t entry 20: 3u

N~ N~ 79% y; 90% ee 50% vy; 88% ee 45% y; 85% ee 68% y; 90% ee

. Troc
/(j# \E:(J (;(4 ﬁ . O , u N
entry 5: 3f° entry 6: 3g entry 7: 3h entry 8: 3i FsC.. /©A
92% v; 94% ee 80% y; 86% ee 93% vy; 85% ee 99% v; 92% ee S

_Troc entry 21: 3v entry 22: 3w® entry 23: 3x?

/Troc /Troc /Troc H N 67% vy, 90% ee 70% y; 90% ee 51% y; 92% ee

‘ N/Troc N/Troc N/Troc [CO(P3)]
F.., H., _ ; , .
Ef o%yA Oﬁ/é (P3 = 3,5-Di'Bu-QingPhyrin)
’ Br OEt OMe

entry 9:3j entry 10: 3k entry 11: 3l entry 12: 3m° entry 24: 3y entry 25: 3z entry 26: 3aa” entry 27: 3ab”
99% y; 92% ee 98% y; 88% ee 71%y; 92% ee 86% y; 82% ee 93% y: 94% ee 32% y; 48% ee 43% y; 82% ee 42% y; 52% ee

X. Peter Zhang, Chem 2021. 71



I I Co Nitrene

A DFT Study on Catalytic Pathway for Aziridination of Styrene with Troc-N; by [Co(P3)]?
O O

PN X

N~ 07 cel, [Co'(P3)] cl,e” 07 N,

A: 0.0

barrierless

o ~CCls
J=~o
| ¥
[Co"'(P3)] [C.O (P3)]
D: -17.9 B:-1.6

TS2: +7.2

AG¥=21.0 O/\CCI3
WO
= |
[Co"(P3)]
C:-13.8

X. Peter Zhang, Chem 2021.

B Generation and Detection of a-Co(lll)-Aminyl Radical Intermediate by EPR and HRMS

CCl, <<:<:|3 Gely
o] e D o]
o:ﬂ\‘;_. o—,<N®<_. 9—<N
| | \
[Co] [Co] [Co]
Ny °l °|
[(Co(P3)] [(Co(P3)] [(Co(P3)]

""H
SR

@" Me
lcorPay

HRMS
EPR i '.‘I ~~~~~~~ \ A OBSERVED
OBSERVED— (e
SIMULATED- - 1 9=2.00236 L | smuLaTeD
1 Apy=50.9 MHz | 1776.66

:\A(Co)=8.9 MHz !

50f

dX”/dB
Relative Intensity (%)

P =]
! [(Co(P3)]

v/ ]
1 [(Co(P3)]

reLe -

L s S il 1 A)=35.7 MHz

a7 5 MHz § IACo O MHz |

280 0 0 w0 sae 1776 1777 1778 1779 1780 1781 1782 1783 1784
B [Gauss] mll

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

TrocN; H_ Ph Ph, H TrocN,
1 b v 1
Py [Co] | H'}N/Troc — H'?/:N/Troc I 1)
\:\ D I D S\
D [Co] 0 [Co] Ph D
(E)-2a | y-Co(ll)-Alkyl Radicals | (2)-2a

| [Col | (2)-3ap:(E)-3ap! A | [Co] | (2)-3ap:(E)-3ap;
{[Co(P1)] 20:80 ! _Troc _Troc | [Co(P1)] 89:11 !
: 1 N & N : 1
{[Co(P2)] 1288 PN/ N\GH T /NG Heop2) 94:06 |
: ' H D Ph ! ;
[CoP3)]| 0199 (B)-3ap (21385 ilCoP3]| o802 T2



I I Co Nitrene

B 0
H N1 NJ\N/\Ph
MeO H Troc e BFyOEty ;16 h /Ej/A i
Ph NH
SN2
/(j/A /©/</ e MeCzC f
3p: 92% E——
MeO,C MeOZC MeO,C Y o ee 10p: 92% y; 98% es
4p: 87% y; 100% es? 96% y; 100% es” 6p: 94% y; 100% es’ CI3C\\ LA | cl;CcCH,0H R
' 3 2
H ] \\ P
BF;-OFt 0 }
rt3;1 h ZIMeOH - R”\N YO /<
LiOH-H,O BF3OEty; rt; 24 h >\/NH
MeCN/MeOH/H,0 . pp I H,0 m
e ’I(R) N/Troc: J\
. — 3p . — H.,
BFs (;it;H 10 |Meo,C 02% ce | BF3 o;i] : 16 h 4 BFyOEt; it; 16h H., F'| |
B NH
BFyOEt, MeO,C FEEE e
i 1h | PPN o Bmekee TP A1pi95%yi98%es’
c H
phs H Troc PhHN H Troc Et,N H Troc . Bl
P NH LIOH‘Hzo _ p
N ~Troc MeCN/MeQOH/H,0
H., rt3h O,N a
MeO,C MeO,C MeO,C ] 2 4r: 95% y; 100% es
L TeiS%y 8% st | Bpig%yi100%est  Sps2%yi99%es’ o o1 o
3r: 90% ee 3'OE; 1T, /@A
MeOH
Qb 5r: 93% y; 100% es®

X. Peter Zhang, Chem 2021. 73



I I Fe Nitrene

Fe(OTf), (2.5 mol%), H
. ligand (5 mol %), PhINTs (2b) -, ~NTs
©/\ MS 4 A, MeCN, r.t., 1 h ()A
S
4a (R)-5a |
O N/ @)
Entry Ligand Yield [%]  ee [%] Te 4 NS T8 10
of S5a of 5a @

67 15 o M J_ o

=S

72 40

21 7 42

F 5
7 N N NN
OYQO 6 Te &I\i r'\l"- 60 20
) N
3 ﬁ%N N/ 67 15
) S
N | |
X 74 l"vi N l\‘l Ny
o A Ao 7 7 =N N= 40 o
4 T N N/ 75 10
) \

Carsten Bolm, Adv. Synth. Catal. 2008. 74



Fe Nitrene

o)
Me  Me 4 o),—n\ Fe(OAc); (15 mol %) / \FO

0 o) Rs_.\ N\ 6 OR' L9 (30 mol %) RmH 1

A ko
t 7 \ toluene / MeCN (50:1) \

R R 0N 4AMS, 11, 12h SOaPh
L9:R=Ph R': 2,4-Cl,-benzoyl Y dr > 20:1
L10 : R = 1-Naph

entry” R yield® (%) ee’ (%)
1 H 67 90
24 5-Me 72 94
- 5-OMe 75 93
4 6-Me 65 95
5 6-Br 64 91
6 6-Cl 70 99
7 7-Ph 65 91
g% 7-Me 62 85
9 4-Br 67 74

Hao Xu, Org. Lett. 2013.

A) synthetic transformation of the product: an entry to amino indolanes
and amino oxindoles

,_/0?0 a. EtySiH, BF3'Et,0, CH,Cly, -78 °C to 1t ,_/OH
‘=NH b.BocyO, EtsN, THF, rt =NHBoc
or S Cs2C03 MeOH, rt o
N L N
2 \SO Ph 64% vyield 3 \SO Ph
2! . 2
90% ee R 2,4-Clz~benzoyl 90% 96
£9NF0 a.Bocy0, BN, THF, 1t o
: NH b. CSch3. MeOH, rt
mOR c. Dess-Martin Periodinane, DCM, rt’_
N
2 ’s50,Ph 61% yield SOzPh
90% ee R : 2,4-Cly-benzoyl 90% ee

B) asymmetric aminohydroxylation of an N-Boc indole
Fe(OAc), (10 mol %)

H
o)_N\
N OR L9 (10 mol %)

O
¢ ©r3~
! “oluene/ MeCN (30:1). (50:1)
5 Boe 4AMS,0°C, 12h :w Boc
R: 2,4-Cly-benzoyl 85% yield By ol

C) aminohydroxylation of tryptophan

NHCbz Fe(NTE) (15 mol %) NHCbz 2
H phen (30 mol %) A NH
N, CH,Cl,
\ O OR 4 AMS,-10°C Yy ©O
—-
N\ | N\
7 SOsPh 8 'so,Ph 9 SO,Ph
R : 2,4-Cly-benzoyl 46% yield 21% yield
dr > 20:1 g
fo] Fe(NTf3), (15 mol %)
N phen (30 mol %) o N =
g o] :
£ H MeCN 0O
N, 4AMS,0°C
i 69% yield
10 Boc

R : 2,4-Cl,-benzoyl

dr:2.0:1(C2)

75



I I Fe Nitrene

A) iron-catalyzed asymmetric olefin amino-oxygenation

(15 mol %) R2 OH
Fe(NTf2}2
+ 2c

(15 mol %)

NHTroc —p- NHTroc
s CHCl3/MeCN (20:1), 30°C 85%
71% yield, dr > 20:1 8‘1% ee dr > 20:1, 81% ee
A) previous work: intramolecular olefin amino-oxygenation Fe(NTfy), (15 mol %) NHCO,R'
L4 (15 mol %) s
oy [N +2d -
R*O-NH Fe' catalyst 0 CH,Clo/MeCN (20:1), -40°C B ORE
g bidentate ligand R HN—Q 9 53% yield, dr > 20:1 10
5 — ¥ = RA) / 57% ee
R B) control experiments for mechanistic insights
)=2 drupto>20:1  R'‘O  R! ) P 4 8
3 1 2 2
R R CI3CAOJ1'EI}I'OR L™ OJL i
B) current work: intermolecular olefin amino-oxygenation b Ac R b Me
R R3 @] Fe' catalyst R50 R O no reaction PR no reaction (a)
J oRS i . ) JL full recovery of 1 and 11 1 full recovery of 1 and 12
>=/ + RYO” SN tridentate ligand R3 0~ “NH
R? ! —» R2 o py {.R3 OR? NHCO,R'
dr up to >20:1 NHC02R4 R2 H ‘“% + 2d —.—b Ph)\/v + ph""%/\ (b)
R* CF3CH,, CCIsCH,, or tert-Bu Ph™ 4 14 15 .0 NHCOR'
(42%) (23%)
Me OCH,CCl;  OCH,CClg
Me + 2¢ c N0 + N0 e Me_._ NTroc Me
> _— W/Q * Me\féj\/NHTroc ()
Me Me Me Me
Me® Me Me Me
16 17 18 19 20
(26%) (12%) (15%) (11%)

Hao Xu, J. Am. Chem. Soc. 2014. 76



I I Fe Nitrene

A) iron-catalyzed asymmetric olefin amino-oxygenation
/

A) previous work: intramolecular olefin amino-oxygenation L4 N'
4 (15 mol %) R2 OH
R*0=NH Fe' catalyst Fe(NTf2}2 @:{

@) . ) (15 mol %) a
O>= bidentate ligand R3 HN‘« +2¢ SAECIE e ekl
R? — » R3) . / 6 CHCl3/MeCN (20:1), -30°C B
= dr up to >20:1 R0 R 71% yield, dr > 20:1 819% oo 1 dr>20:1, 81% ee
3 1 Fe(NTf,), (15 mol %) NHCO,R
R R ! \5 +2d L4(15mol %) o (‘S‘
B) current work: intermolecular olefin amino-oxygenation (0] CHyCly/MeCN (20:1), -40°C 0 OR?
RT R j\ Fe'catalyst s R j)\ 9 53% yield, dr > 20:1 10
>_/ JOR% i ; °, 3 57% ee
+ RO f}l tw R2 R or 10 NH 3 B) control experiments for mechanistic insights
R2 H ) R ..iH...R o
; dr up to >20:1 NHC02R4 R2 H ~ I or? JL JOR?
R*: CF3CH,, CCIl3CH,, or tert-Bu CliC™ "O'gq N Cle” ™07
b Ac e b Me
no reaction Ph no reaction (a)
R2: 2,4-C|2-benzoyl full recovery of 1 and 11 1 full recovery of 1 and 12
(0] @] 0 2 1
OR NHCO2R
Et JOR? Boc.,,.OR? .OR? LOR? by o b
‘o)LN N CI3CAO)LN FgCAO)LN ANGE oA Ph 1 ©)
' ' Y 4 13 14 15 o4 NHCOR
2 " ;b 2 2d %) B
a Cc
Me OCH,CCl;  OCH,CCls
Me c J\ = Me,'- NTroc Me
+2c —» N0 + N7 O +Me T
" Me NHTroc (c)
Me ' Me Me =
Me
Me® Me Me Me Me
16 17 18 19 20
(26%) (12%) (15%) (11%)

Hao Xu, J. Am. Chem. Soc. 2014. 77



I I Fe Nitrene

H RS
A (EL
OR’
TR R0 T
S :'r — . ’
I ‘i-\‘ -—-'FELHBS A OR
21 N OR'! 00—
2 | 2 N
R RO~ -R?0 R3
i >Fel,
X
N
FeXoLn R20_ || O B1 4} 22
2c — Fel,

- HX x~

R1
A R® R,/ 3 .
X: NTfy; R": CCI3CH; 21 ,8—\ o _HX R

H N S
R?: 2,4-Cly-benzoyl R20-_ | R3 NHTroc
R3: aryl or alkyl ~Feln 5
Haioraly B2 X R%®  coRr! 23
X:Fe”Ln

Hao Xu, J. Am. Chem. Soc. 2014. 78



I I Fe Nitrene

Fe(NTf2)2 (15 mol%) Br
0 L4 (15 mol%) h/k/\
)J\ OR TOAB (2.4 equiv) P "o
Ph/v\o N~ _ HN\<
" CH.Cl,, 60 °C, 12 h 2a
89% ee
= 35-(CFazCefliClO) Me Me 64% yield, 20:1 dr
O 0
Phlrn.</, \ Ph
—N N
PR L4 -

Fe(NTf,), (15 mol%) /'\/\ :
L4 (15 mol%) Ph Ph” N\

Ph 0
TOAB (2.4 equiv) . o o+ . o
R/\OJLN/OR \< HN«
H

- HN
CH.Cl,, —60 °C, 12 h 2a 0 2b o)
77% ee 77% ee
R = 3,5-(CF3),CgH4C(O) \ <2 J
53% yield
5:1dr

TOAB: tetraoctylammonium bromide

Hao Xu, Synthesis 2015. 79



I I Fe Nitrene

Fe(NTf,), (20 mol %)

‘ . JOL - chiral ligand (20 mol- % $ Yeor
R'O ﬁ’ Et;N-3HF (2.4 equiv) NH

XtalFluor-E (4.0 equiv)

2 CH,Cl,/MeCN, ¢ = 0.03 M 7
1.5 equiv 1.0 equiv 4AMS, -35t00°C,3h
0 0 CF, O
2
CiscAOJLN,oaz F3CAOJL¥,0R F3CJ\OJLI}I’OBZ
H H H
2b 2c: RZ: benzoyl 2d

2e: R% 3,5-(CF;),-benzoy
2f: R% 2,4-Cl,- benzoyl

g, S

Ph

entry” 2 ligand yield” dr* ee (major/minor)”
1 2d L3 48% 5.2:1 60%/60%
2 2b L3 38% 25:1 78%/77%
3 2c L3 35% 24:1 83%/82%
4 2e L3 55% 2.2:1 55%/55%
S 2 L3 59% 3.0:1 849%/84%
6 2f L4 32% 1.8:1 36%/37%
7 2f LS 39% 1.9:1 32%/30%

Hao Xu, J. Am. Chem. Soc. 2016. R0



I I Other Nitrene: Mn

2: R'= CgH3-3,5-Me;, R%= Ph
3: R1= Me. R2= Ph
4: R'=Me, R2= Me

R\_——_— catalyst (5 mol%), 4-phenylpyridine N-oxide— R-\W
Phl=NTs, substrate-CH,Cl, (5:1) ";!s
Table 1. Catalytic aziridination of styrene derivatives using (salen)manganese(Ill) complex as a catalyst.
Entry Substrate Catalyst Temp. Yield (%) %ee  Confign.2)
1 styrene 7 n 76 94b) 5
2 p-chlorostyrene 7 1 70 86¢<) -
3 p-methylstyrene 7 rt 75 81b) -
4 indene 7 i 10 509 -
5 styrene 8 1 25 13 S

Tsutomu Katsuki, Tetrahedron Letters, 1996.
81



I I Other Nitrene: Ag

R3 0 20 mol % AgCIO, j)\ o O
RZ_ OJ\NH 10mol%L2 _ Rl _N""0 y N)ko 5
q 2 2equivPhlO, 4 AM.S. Rz’ﬂ-..,) Ph\)Q v 13 (E)-13 O )
1-16 CH,Cl,, -20 °C R® 1a-16a 5 (BE)S ,) .
Entry Substrate Product Entry Substrate  Product 80% 5a 91%ee 89% 13a 22% eel@
o o >99% eel®] o)
Et., N)J\o Me, N’U\o i Ph -~ Jk
1 (@2 <l J e e pe<] ] _ H, NS0 14 (2014 ,<|
. ' 6 (EY6 TBSO/\/Q-,,I P 5

81% 9a 92% eel!

| 55% 14a 88% eel®]
o} 87% 6a 92% eeld | % 14a 88% ee

83% 1a 91% eel®

YA

’

L3 R=Bn

84% 12a 89% ee 3
L4 R=Pr R

o . o)
M M A Q : A
H, _N"T0 ! e, N O ) Me, N7 0
/ ' 10 (E)10 <] ! .
2 (E)2 < . cy” ., @ . H N O 45 (215 el
Et A 5 s go;/) 7€ (E)7 Ph’Q~.,l . ,
87%2a 92% eeld | 610a 90% ee |
o /‘Ok S2%7a 70‘2")99 ; 94% 15a 48% eel®!
Ao ! Me : O
H, __N">0 | N0 Ky J
) ‘s C 11 (E11 iPr Me,, N~ O Me,
R i "‘CSH11/<'I'-',) : \/Q) 8 (E)-SM_ ) . 16 ||16 ) )O
: 9 87% ee : alene e ey
85% 3a 91% eeld ! 8% 11a ? 0 0 |
) CE 84%8a 87%ee | 57% 16a  62% ee
o |
H, _N"0 ;

63% 4a 92% eel

0
12 (E}12 Wko 0\94(0 L1 R=Ph \’>§/
o S’I \_7 L2 R=Bu (/ ‘Z L5 R=CHPh,
N N
R R

Jennifer M. Schomaker, Angew. Chem. Int. Ed. 2017. 2



I I Other Nitrene: Ag

optimized reaction

Ph ) conditions ?
- Ph L
with L2
WOJ\NH? ] (R);IN )0 %
(E)-5 (R)"’
0 optimized reaction Ph o
conditions < N0
~ (@] NH, with L2 N ,Q 14a
Ph (2)-14 g ‘s’m}"u/jr _____________ | 5
: i ; o
Reaction conditions A 62%la] 0 ' '
) ; + TMSN
Et\?Y\O’X‘NHg g cotatise > Ete <N'X\0 HNkO HCI v H, NJI\OE TBAF3 HI?JJkO
H Reaction conditions B ) o Et 2 _— :Et/Q« ) r— = H '
Cu' catalysis aziridine - "y :
----------------------------------- Et._~ ' 2a . N 23
P X JOL or Q\S,,o ' Hlox™ G 18 3HENEt. /1 ) AcOH * 60%0!
% UNHp T % NH, * ‘NH, ¢ “Xinsertion WSS
e G e J by-product o O i
1% M Li
Entry Substrate Cond Yield [%] Recovered ee [%] HNJ\O aly epCuL! HN™ O
aziridine insertion  substrate  aziridin Et\‘/:\) o (0] Et -
byproduct HNJ\O HN JJ\O o
- Ly 0
1 X=CO ()2 A 87 10 n.d. 92 ko9 Et Et. \g/
2  X=CO (E)-2 B 158 50l 441 n.a. 78% " 22
3 X=SO, (B17 A  3® n.d. 28" n.a. ° SPh 20 Me 21 S4%
4 X=S0, (17 B 83 n.a. n.a. 80

Reaction conditions A: 20 mol % AgClO,, 10 mol% L2, PhIO, 4 AMS., CH,Cl,,
—20°C. Reaction conditions B: 5 mol % Cu(CH,CN),PF¢ 5.5 mol% L2, PhlO, 3 A
M.S., CH,CN, —20°C. [a] Yield determined by NMR spectroscopy using mesitylene
as the internal standard. [b] See Ref. [10]. n.a. =not applicable, n.d. = not deter-
mined.

Jennifer M. Schomaker, Angew. Chem. Int. Ed. 2017. 33



I I Other Nitrene: Ag

Tees = ORC Q0 AgNTT, (10 mol %), L5 (10 mol %) TcesN
R 075N PhIO (2 equiv) R 20
R2 JL 4 A MS (100 mg) 3
Z 0" “NH, RT )
CH,Cl, (0.05 M), -10°C, 24 h 4
R 1a-z R 2a-z
Disubstituted olefins
TeesN TcesN TeesN TeesN TcesN TeesN TeesN

L PN Y I . P \O/ Tceeﬁll\

N0 (R
B”"'<T..,,)O Bn»<Nl J pht/) nﬂ) Ph"'<T-.,,)O Et"'d".,j H13C6><T-.)O apso— "L { )O

oy

2a 2b n=1,2c 90%, 99% ee 2e 2f 29 2h 2i
92%,97% ee 80%,97% ee n=2,2d 78%, 75% ee 37%, 62% ee 86%, 94% ee 91%, 93% ee 65%, 90% ee 74%, 95% ee
BnO,,
Tcesj\lL TcesN TceSJN]\ Tcesjll\ TcesJNL TeesN
JI\ N (0] N 0O N (0] H
___N"To <:> N7 O N" 0 QQ Ep Brye
Pr e iLBU"' v, t ’<l. < n ‘Q. ~,
<3 O3 w3 fT e, <L
2j 2K 21 2m 20 2p ] Bn A
81%, 95% ee  84%,96% ee  78%, 95% ee  82% 96%ee  81%,6.4:1dr® 519 >20:1 grlel 58%  H Me
71% ee (major) 94% ee > 20:1 drl] 2n
Trisubstituted olefins R 1 5-membered ring formation
TeesN Bn 2q 80%, 96% ee TesN TcesN TcesN TeesN
Et 2r 62%,94%ee 2 HN— HN— N
Meﬁ O Me (CHp2s 60%,95% ee ! AN MeY\/\('\/O MeWo e
R, S >=/ b~
» Et . Me Me Me
Me TcesN : HAc
TcesN 2w 2w’
: 2x
N~ 0 : 2vld fom .
: geraniol o o el
A 2u . T9%ee 21%, 2w - 2w’ = 1.7 : 1, 49% ee ¥ 37%, 67% 6o
83%, 42% ee  Me Me 98%,>20:1 drldl (36%, 2w : 2w’ =4.2: 1) [

Jennifer M. Schomaker, Chem. Commun. 2024. R4



I I Mechanism Conclusion

m N RO N\

N

Co——» | ——>» | —_— N
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Proposal

PhINTs
Fe Chiral Catalysis

Fe(ll) PhINTs
Phl
f" TS\rl‘_\
O=\.. 7 Fe(lll)
NH
/" N—Fe(ll)
Ts/
(o}
NH
/
(o]
I}N radical addition
LMET
/N— e(lll) 86

Ts



I I Proposal

Ts\
PhINTs Va 2
\)l\/\ﬂ/\ + Nu Fe Chiral Catalysis» %Nu or (o) N
" Ts
0 \
Ts\
NH
S U
(0] Z,
N. %})N”
Ts iy
PhINT
% Feh )
/
5 /Ts Phl
+O  Ee(ll)
Ts<
s 'ﬂ\
Fe(lll)
N—Fe(ll) \ radical addition
HN
LMET
N—Fe(lll
N~redi) 87

Ts



Proposal

Base
PhINTs H
MOMe Fe Chiral Cataly5|s> Ts’N
O O
PhINT:
Fe(ll) s
Phli
TS\l;l'\
Fe(lll)
g +
MeO o~
0] N—Fe(ll) _ Base
Tg (o) \ -« OMe
MeO c o
(0]
MeO radical addition

LMET

88
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