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NEMAREMNL

R? [Co(Por)] 2R, f R*
» o v
‘H \ﬂ/ R R?
1
2RO,C Am 2RO,C An* SUOQCAR“ EHDESAH“ ZHDQC.,AH‘ EROECAH“ 2RO,C., /\ ..R*
R R 'R EWG R R3 R R3 O;N R NC R® 'ROC R3
4 5 6 7 10
up to 95% yield up to 96% yield up to 90% yield up to 99% yield up to 98% yield up to 99% vyield up to 94% yield
99:1 dr; 98% ee 99:1 dr; 97% ee 99:1 dr; 97% ee 99:1 dr; 99% ee 99:1 dr; 95% ee 99:1 dr; 99% ee 99:1 dr; 99% ee
2 R
EROQCAH" RO.C /\\,H“ 2R Am Acozm ArHetA N - 2HOC.)A\
OHC R® RO,C R3 Ar R3 NHR? ” A N . NC R3
11 12 13 R
up to 99% yield up to 99% yield up to 91% yield up to 99% yield up fo 99% yield up to 99% yield up to 96% yield
99:1 dr; 99% ee 99:1 dr; 99% ee 99:1 dr; 99% ee 90:10 dr; 99% ee 99:1 dr; 99% ee 96:4 dr; 99% ee 99% ee
1 |:|2 R2
| = ‘i
4R_I
Z =N
18 19 20 22
up to 99% yield up to 96% yield up to 99% yield . o
99:1 dr; 99% ee 99:1 dr; 96% ee 99:1 dr; 93% ee Up le 0% yield P o B yield wpio 99% yioud
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Cs,CO,

R* R
o= =0
NH HN
CoCl, ~
2 B-lutidine — N 4
NH HN
4 0= =0
H'I *H 4
Me O o) o
Me >~ N H MeO, . H meo, Ly H
HH HMe H HMe H
[S-(+)-2a [R.R]-(+)-2b [R]-(+)-2¢ [S]-(-)-2d
H ¥
H 1: H
... <" COOR N \d “COOR
e ' CI -
TY\ cat. 4 .= cis-(1S,2R) = cis-(1R,28)
Eﬁ* N,CHCOOR . 1H
: "COOR ~T~COOR
EDA: R = Et; /ﬁ‘g\'[‘
+BDA: R = +-Bu. tans-(1R2R) 2 trans-(15,2)

Y. Chen, K. B. Fields, X. P. Zhang, J. Am. Chem. Soc. 2004, 126, 14718-14719.
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AR [M(1))/DMAP N COOR
temp yield> ee (%) ¥ —t - g
entry product R (°C) (%) transcis® trans ! P N,CHC(O)OR X— P
2

W

1 cop Et RT 82 97:3 78
2 Et —20 86 982 80 T a
3 ©/<]‘ tBu RT 84 >991 95 ont duct | kene e e i o %)
4 tBu  -20 85 -991 o8 ry produc .diazo (%) trans:cis” trans
CO,E
CO,R .
5 ©/<F B RT 82 37 84 1 ©/<T 1042 yes 01° nd® nd°
7 o tBu -20 76° 991 98 w
JEt
8 CO.R Et RT 71 964 70 2 @A\ 101.0 yes 03° nd® nd°
9 tBu RT 91 99:1 94
10 tBu -20 66 >99:1 92 com
12 COR Bt 20 82 g9 87
13 tBu RT 92 99:1 94 CO,Et
14 tBu -20 54¢  99:1 98 4 1010 no 77 928 04
15 COR Et E; 61 973 79 COyt8u
16 +Bu 84  >99:1 94 ) .
17 tBu -20 76° >99:1 97 5 ©/<r 1010 no 63 946 24
18 COR Et  RT 95 96:4 89 CO,Et
19 +tBu RT 92 99:1 93 6 1010 no 75  91:9 15
20 tBu —-20 86 >99:1 91 o '
+Bu ’ MeO
CO.R ) CO,Et
21 /©/<r g RL 81 %5 T8 7 /©/<T 1010 no 72 937 11
23 g tBu -20 78° >99:1 97
24 Co:R Et  RT T 93:7 68 co
: 8 10:1.0 no 7
25 M tBu RT 69 982  9f 0:1.0 6 9 20
2% tBu -20 52 982 96 Br
CO,Et
27 COR gt RT 60 937 72 9 /@A\ 1010 no 64 937 28
28 tBu RT 88 98:2 86 F
29 . tBu —-20 29¢  97:3 94 co.et
30 COR g RT 79 55 77 10 m 10:10 no 3 928 11
31 /©/<r tBu RT 64 991 92 FsC

tBu -20 65e 99:1 87

P
o]

Y. Chen, X. P. Zhang, J. Org. Chem. 2007, 72, 5931-5934.
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ArDEt » BDA [Co(1)] t-BuO OEt
0 DMAP o) 0
entry alkene diazo product yield (%)° tc? ee (%)° 1" Er EDA ED\(‘/—\\fEl 80 96:04 80

g
12 e EIO\"/A\rOEt 78 98:02 809 o
1A® 95 097:03 819 Et +BUO Et
Y +BDA 81 9901 94
2 f\rrOEf +EDA l-BuO\n/A\“,OEI 72 99:01 90 o 0 0
2AP o 92 99:01 91 nPe Eo b
0 0 13 2 EDA nPe 92 9802 79
3 /YU"B" LBDA :~&.oﬁor—su 62 98:02 84 o
3AP 88 97:03 80 ﬁ\l-r
o}

o n-Pe
Me ° . 14 +BDA *B“D\“/A\"’"“P“m 9901 96
0 0
4 }YOME EDA EIDWI/AS‘,M 73 9505 61 Me "
0 o 0 15 /\n,me +BuO Me 40 9802 90
Me Me 15A° +BDA 84 97:03 87
3 OMe +BuO OMe 62 9307 84 o} 0 0
SAh I'BD.A )
90 93:07 83 o
o o 0 186 2 cN EDA cN 83 7228 73
6 NH EtO N 51 99:01 88 o
6A” Y =DA " 81 9901 90 £BuO
o o] 0 ' 17 ZCN -BDA CN 83 7624 03

7 AN :-moﬁw, 66 99:01 97 0
7AD /\g’ HODA 77 9901 97 18 Me EDA Eti::r\n/‘ﬁ(m.a 7 3N 64

- o o 18AP )\CN T CN 93 6931 B8
8 ZY ' Epa E'O\H/A\n«”""“? 85 99:01 77 Me
0 L +BDA "BUOW/AQCN 87 6238 95
A~ WMe: o, tBuo NMe, CN 0
9 /\['r +BD 86 99:01 96 0.. _OEt

o

20 =~ OEt 37 »99:17 -
Be” /\rNH"Pr +BDA "'B"D\r(é\rr"““'"f“ 99:01 97  p0ap ’E\g’ E0A  mo OEt 94 >99:1' -

99:01 96 EI0" 0

Y. Chen, J. V. Ruppel, X. P. Zhang, J. Am. Chem. Soc. 2007, 129, 12074-12075.
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- H\“)LN_H‘ (L) EXLN'W
-------------- - " |
N, R ? A R® 2
1
TH—NMH2

NEMAREMNL

, o . 7
e HoJd A
Hy N AN e DA
0 g92% e THF, 1t
[TR2A}1a  .gg% de 30 min [1R.2A]-2a

O 0
O o OMe
— M [LaM] H N I i /@
ooy o] e
* 0 A i | §
o o [1A,.2H]-2aa >99% de [1R,2A)-2ab? >99% de
S BONC E}Q Y L
@/\ ' H\n)LO,N : iﬁ:‘ oM Ho 'D 01% yied HooSN™SN  o59% yield
- N, . Bh o 92% ee O 92%ee
(1.0equiv)  (n,cHCOSu) 1a >99% de >99% de
[1R.2F}-2ac [1R,2H]-2ad
entry [Co(Por®)]® additive solvent yield’ (%) trans:cis? ee® (%) o o Oy OMe
1 [Co(P1)] DMAP C¢HsMe 86 >99:1 92 HoollyH 93% yield Hootl .y
2 [Co(P2)] DMAP C¢H;Me 70 >99:1 96 h 92% ee | 66% yield
3 [Co(P3)] DMAP CgH:Me 10 >99:1 63 >99% de H
4 [Co(P4)] DMAP C¢H:;Me 0 [1R,2A)-2ae° E
5 [Co(P5)] DMAP CgH;Me 0 o [1R.2R,35}-2af S
6 [Co(P6)] DMAP CgH;Me 0 Ho JU WK o
7t [Co(P1)] DMAP CgH:Me 74 >99:1 91 X ) 93% yield' Ho o
. L 54% yield
8/ [Co(P1)] NMI  CgH;Me 85 >99:1 88 H | y
9 [Co(P1)] CeHsMe 86 >99:1 88 H
10 [Co(P1)] DMAP C¢H;Me 66 >99:1 91 [1R,2R,35)-2ag [1R,2R,3A)-2ah
117 [Co(P1)] DMAP CeH;Me 64 >99:1 91
127 [Co(P1)] DMAP CgH;Cl 67 >99:1 87

J. V. Ruppel, T. J. Gauthier, N. L. Snyder, J. A. Perman, X. P. Zhang, Org. Lett. 2009, 11, 2273-2276.
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[Co(Por)] < Ts
o
@A Se ©/<r

enty  [Co(Por)]”  DMAP®  yield (%)® fransicis®  ee (%)  config?

I [Co(P1)] + ~6"  >99:01 3 [IR2S]-(—)
2 [Co(Pl)]  — 86 >99:01 14 [IS2R]-(+)
3 [Co(P2)]  — 78 >99:01 56  [1S,2R]-(+)
4 [Co(P3)]  — 60 >99:01 23 [IS2R]-(+)
5  [CoP4)]  — 99 >99:01 61  [I1S2R]-(+)
6 [CoP5)]  — 30 >99:01 54  [IR2S]-(—)
7 [Co(P6)]  — 99 >99:01 92 [IR2S]-(—)

P1 (3,5-Di'Bu-ChenPhyrin) P3 (3,5-Di'Bu-RuppelPhyrin) P5 (3,5-Di'Bu-ZhuPhyrin) X-Ray Structure of P6 Indicating
P2 (2,6-DiMeQ-ChenPhyrin) P4 (2,6-DiMeO-RuppelPhyrin) P6 (2,6-DiMeO-ZhuPhyrin) Hydrogen Bonding Interactions
£ ; | %

S. F. Zhu, J. V. Ruppel, H. J. Lu, L. Wojtas, X. P. Zhang, J. Am. Chem. Soc. 2008, 130, 5042-5043.
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N
CO,Et 2
RT
m + Nz_—_{ "/ - CD?ET
NO,; [Co(Por)] (1 mol %) NO,

1.0 equiv 1.2 equiv

Entry [Co(Por)]®! Solvent Yield Z/E ee
(%] %]

] [Co(tpp)] CH,Cl, 150 5842 -

2 (Co(P1)] CH,Cl, 99 91:09 81

3 [Co(P2)] CH,Cl, 99 91:09 58

4 [Co(P3)] CH,Cl, 20 67:33 33

5 (Co(P4)] CH,Cl, 69 81:19 47

6 [Co(P5)] CH,Cl, 31 66:34 23

7 [Co(P6)] CH,Cl, <5 8515 nd®

8 [Co(P1)] C,H.Cl, 91 93:07 86

gi [Co(P1)] C,H,Cl, 90 92:08 90

100 [Co(P1)] C,H.Cl, 98 92:08 92

1 [Co(P1)] C,HSCl 99 88:12 82

12 (Co(P1)] n-CoH 87 92:08 89

S. F. Zhu, J. A. Perman, X. P. Zhang, Angew. Chem. Int.

[Co(P1)]
(P1 = 3,5-DitBu-ChenPhyrin)

Ed. 2008, 47, 8460—-8463.
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N COzR
Co(P1}] (1 mol % CO.R
©/\+ No={ [CoPt(1mal%) = CO;
CN ; CN R? R2

1.0 equiv 1.2 equiv one-time protocol 1 R Copm R "
| >, . 2

entry R solvent temp (°C) vyield (%)? E:Z¢ ee(%)¢ /ﬁ\cozﬂ a COA

1 Et CH.Cl; 25 99 84:16 62

2 Bt CeHLl 25 92 8416 66 Stereoselective

Ring Openings

3 Et  C,H.ClL 25 99 81:19 71

4 Et  CgHsMe 25 94 85:15 70

5 Et  nCgHy 25 99 88:12 74

6 tBu nCgHys 25 89 >99:1 91 °""'

7  tBu  nCgHyy 0 83 >09:1 95

8 tBu n-CgHyy —20 96 >99:1 98

S. F. Zhu, X. Xu, J. A. Perman, X. P. Zhang, J. Am. Chem. Soc. 2010, 132, 12796-12799.
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COR catalyst (5 mol%
P+ Na yst( ) - &/GGEH
1a COMe EOIVEﬂt: HT: 36 h Fh\" 2 ":GDME
1.0 equiv 1.2 equiv
&/Coztﬂu Nal (5.0 equiv) &/COME . &/COQ:EBU
Ar‘"_ lI”GDMe h acetone; BDOC; 20 h Ar"- -JUCDEEU Ar‘r .rr"GOME
(B2 (2)-3 (E)-2
i |
a) Method A , Entry E cyclopropane Z cyclopropane  Yield ee
H:,. H MGQSDME ﬁrwo H;_,. .,\H [%][EJ [%][bl
Ar CHO i Ar E}- 'CHO
(2) H H"’S“‘DME ( A_»CO:Bu A_sCOMe
| 1 ©". ""COMe @‘r WI‘COQBU 70 95
b) Method B
(E)-2a: 95% ee {2)-3a
Ara /\LCOR base  Ar H'_ Ar H
H' (2 “H H-'\'A%Gfﬁ = H:*(%’"con
. : ﬁ,coznau &/COMe
COR = ester, amide 0 ALY o o
] 2 ,© ‘COMe /@ COBu 65 96
c) Method C (this work) Br (E)-2d: 96% ee Br (2)-3d
H A&COZR Nal Ar\r\]}dwai = %&?CDMB
Ar' () "COMe g2 | CO.R A (2 'COR A\ _sCO:Bu A_sCOMe
3 @ ““COMe @ "CO,Bu 0 97
FsC (E)-2e: 97% e F5C (2)-3e
A LCOxBu A ~COMe
4 ]’ coMe ;T coBu 68 93
BocN—  (E)-2j: 95% ee BocN (23

X. Xu, S. F. Zhu, X. Cui, L. Wojtas, X. P. Zhang, Angew. Chem. Int. Ed. 2013, 52, 11857-11861.
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A COzR  catalyst (2 mol %) CO,R
P + N, - L[N
CHO  solvent, temp; 24 h  Ph' ‘CHO
1.0 equiv. 1.2 equiv. 1 (1a: R = 'Bu)
f
CO,'Bu ftriethyl phosphonoacetate A{COz Bu "
1‘L “!, '\“ ”" CO U i C H O
PR “CHO  'BuOK: THF;0°C;2-3h ' L (1) VA a0 NalSequv) . Ay
CO,E PR "CHO acetone; RT; 24 h PR COBu (3)
(E)-1a (E)-2, 78% y (E)-1a (Z)-1a, 90% vy
95:5 dr; 96% ee 95:5 dr; 96% ee 95:5 E:Z; 96% ee 10:90 E:Z, 80% ee
A(CD{BU Bestmann-Ohira reagent A(Coszu CO,'Bu Nal (10 equiv.) {D wPh(o-Br)
PR "CHO  Cs,CO3; MeOH;RT;48h PR Sy (2) (0-BrPh"  “CHO acetone; 60°C; 72h . o | (4)
(E)-1a (E)-3, 70% y (E)1g e
95:5 dr: 96% ee 95:5 dr; 94% ee 92:8 dr; 98% ee 74% y, 82% ee

X. Xu, Y. Wang, X. Cui, L. Woijtas, X. P. Zhang, Chem. Sci. 2017, 8, 4347-4351.
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e+ (N XOONR
2 + =< o 2
YO,C"
Phogc\&/H Nz
MeOC™ g5 T [Co(P4)] ME!O\H)J\WD‘P“

A: 0.0 kcal/mal
barrierless
TS1:20.8 AGY=208
kcal/mol kcal/mol
N, t
0> g ey, o™

S E =
| nk oy
[Co(P4)] TS2: 4.4 kcal/mol [Co(P4)]

C: -20.4 kcal/maol B: -11.9 kcal/mol
s TS2 AG? = 16.3 kcal/mol TS1

J. Y. Wang, J. J. Xie, W.-C. C. Lee, D. S. Wang, X. P. Zhang, Chem Catal. 2022, 2, 330-344.
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XOEC H1 C * 1
o(Por X0,C R
>=N2 R [Co(Por)] . YQEC\A{’ i Nz?
YO,C 2 2
2¥ 4 2 R 3
N2 D NE
e, Vand - = J
'BUO,.C” ~CO.Me Ph e H b H BUO,C™ “co,Me
1b [CG]J (E)-2ap MEDEC.,/A(H MeO.C., /\ .H 1b
_ _ BuO,C “Ph |'BuO,C Ph -
H_E" Ph (E;E)-3bp (Z:2)-3bp H EN
S H D H D S
QDEME + ) f pﬂ Me
Hi-.. = CDE!'BU = MEDEC':’ “'H MEDEG-,' t""Ph D.“ - (?OEIEU
D H 'BuO,C Ph BuO.C H H
Col  Myygzap GO - (Z:E)-3bp (E:23bp | [COl  Myppamo  [CO) i
ZE)-3bp 88 | ZE-3bp 96 ZE-3bp 12 | Z:E)-3b
CoP1)): 21200 _ B8 icopay: 220 _ % | | ooy 22300 _ 12 4 ioopy 200 | 4
(Z;2)-3bp 12 | (Z:2)-3bp 4 (Z:2)-3bp ; (Z:2)-3bp 96

J. Y. Wang, J. J. Xie, W.-C. C. Lee, D. S. Wang, X. P. Zhang, Chem Catal. 2022, 2, 330-344.
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_NHR
N Co(P3)] (2 mol % A\
A PS5 G[DD{M }3:::4 p }24 ho AT, Ph
. ot i r
f x 2a 8L e emp 3xa
entry Ar gb product temp.  yield d ea
(°C)y  (%)° [%)2
1 @f( Ts (1b) 3ba 40 78 955 99
OMe
Mel
2 Ts (1f) 3fa 40 a1 955 o4
OMe
3 F Ts (1g) iga RT 90 o946  B6
4 @’:‘ Ts(lg)  3ga 0 <10 - .
5 F  TPS(1g') 3g'a 0 83  >991 93
6 ij[f( Ts(th) 3ha RT 58 964 71
7 - F TPs{ih') 3h'a 0 75 »>09:1 76
8 /@( Ts (1i) 3ia RT 85 oG54 88
g F FTPS (1)  3i'a 0 85 =001 93
F
F "
10 Ts (1) Jja RT 82 055 68
11 F I Fotpsiy 3a 0 81  >991 89

Y. Wang, X. Wen, X. Cui, L. Wojtas, X. P. Zhang, J. Am. Chem. Soc. 2017, 139, 1049-1052.
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NNHSO2R

'RO,C.__ NHR?
+

Ar H

A DFT Calculations on Energetics of [Co(P3)]-Catalyzed Cyclopropanation

. [CoPa)
A: 0.0 kecal/mol

MSOZC

2 |

NHAc

MeO
n LI
|

[Co(P3)] ~~-—_TS2: +1.1kcalimol _— [Co(P3)]

C: -27.7 keal/mol AGE = 9.4 kecal/mol B: 8.3 kecal/mol

B Trapping of o-Co(lll)-Benzyl Radical Intermediate by Spin Trap PBN

: Bu. " O
H Ph
. Hy H
1a PBN s
Ph o e Ph—= Y — P PR
TN base Yec - 5
Ph E’*‘_—:_..ﬂj Phw
Ph
[Co(TPP)] lico(TPPy1a lcorrripta
----- Simulated

08 n n ——— Observed

03
@
= . -
x
T2

o, | 9=200818 U

Ay = 40.6 MHz !
Agq=6.8 MHz
12
3310 3320 3330 3340 3350 3360
B [Gauss]

W.-C. C Lee, D. S. Wang, C. Z. Zhang, J. J. Xie,

—. HRERNEHRERAEL

[Co(Dy-Por*)]  H,, .CO,R!
base Ar NHR?
. C Trapping of a-Co(lll)-Benzyl Radical Intermediate by Thiol
NMNHTris MeO
>L [Co(TPP)] (10 mol %) s
+ :
L ib SH Cs,CO4; toluene; rt; 24 h £, 4
OMe (6.0 equiv) H H 71% yield
A
[Co(TPP)] | | __[Co(TPP)]
) H- radical [
TNz == o absrmn H substitution [~ fBus.
" MeO —=. = MeO

lcogeeyyin [Co] 'BuSH "BuS- [Co] Vicorrrjyib
D Trapping of u-Co(l!l}-Benzyl Fladical Intennedlaie by TEMPO

TEMPO (3.0 equiv)

NNHTHS (co(TPP)] (10 mol %) % <@«CN
0.

o Cs5CO03; toluene; rt; 24 h 0 H :
NC N’ 5
~ 82% yield
A
Co(TPP ‘ | [Co(TPP
[Co(TPP)] | NC NC )/_ | _[Co(TPP)]
| [._
radical radical | ’
‘ H mcombma_ tion H substitution | TEMPO
I[CGU'PP}PW[CO] TEMFO [Co] Vicorrriny

E Probing of y-Co(lll)-Aminoalkyl Radical with Cyclopropylcar‘binyl Radical CIoclt;

NNHTris

[Co(P3)]
H + _—

OMe
1b

NHAc *
NHAc

OMe

6
2k 55% yield

7
0% yield
i

| radical

[CO(P3)] | substitution F

substitution
. N HAc

* L_NHAc|
" H&msm L
H

" MeO
[Co] 2% [CO] [Co]
Wico(pPajy1br2k Viigorpajbizx

B. Li, X P Zhang, Chem 2021, 7, 1588—1601

radical
add:mn
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NNHTs H\,r / :_H
= = =y
| o, _feoPon] (7 . N
- N =. _N
1a 2a 3a
NNHTrs Ho o~ H
C = [Co(PB)] VAR N, §
+ Ar’ + ¢
Ar H
1 2a 3
H / H H H H / H
( j ME/( j o
{-)-3au {-)-3av (-)-3aw
entry 1: 97% yield entry 2; 95% yield entry 3: 92% vield
94:6 dr; 97% ee 93:7 dr; 98% ee 95:5dr; 97% ee
Me @ Et MBDO
(-)-3ax (=)-3ay (-)-3az
entry 4: 86% yield entry 5: 57% yield entry 6: 94% yield
95:5 dr; 97% ee 96:4 dr; 89% ee 94:6 dr; 97% ee
HoAH H A H HoAH
Q\kﬁj N NN O=N R
| @
FsC Me0,C~ >
(-)-3ba (-)}-3bb (-}-3be
entry 7: 96% yield entry 8: 94% yield entry 9: B9% yield [EG{PE:I']
93:7 dr; 99% ee 94:6 dr; 97% ee 98:2 dr; 96% ee = .
H% H\&'-;[j H. A H (P& = 2,6-DiPhO-Hu(Cg)Phyrin)
L, B
(—)-3bd (—)-3be {(—)-3bf
entry 10: 89% yield entry 11: 90% yield entry 12: 91% yield
96:4 dr; 93% ee 95:5 dr; 98% ee 95:5dr; 97% ee

X. X. Wang, J. Ke, Y. L. Zhu, A. Deb, Y. J. Xu, X. P. Zhang, J. Am. Chem. Soc. 2021, 143,11121-11129.
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NNHTris

[Co(P6)] SALK
0 R 3
1 // H &+ 2R R3 - 1R/// RY + sz
R4 2 3
;}f\-\--:h N2 ipin Trap PBN® Ar Y

=
- .-/:;' H “\-:‘\ . H H
3a: —45.7 [Co(P8]] 9 1f %]/

Ao tar TN Thase T | 2N T N =N
Barrierless = =

Ph [ I
[Ca(P1)])1f [CoiP1)f
Ar— = o-MeQOPh—
T (Co(P1) eon| " pen|
: | Noo Y 2 ' ! ' '
. N . *~ H Ph s PR H
. 2a %_YH A 0. 'Bu 0. Bu : 0\N N tBQN_E:/
- D S ] Ar N Ar N Bu, T
[Co(P6)] Core) 152107 N - [;0“1"52)1 T H wﬁh S H .\gh Ar==s, M Ar==, QTIH
: o = = . .
D:-305 | pr_pgg |WOPON AGT=HBT g gy d o -
z P=NZ "N =N NN 2NN
Tszt: -8.0 Tf’“ *+15.1 Mlicopayyr (major) (59%) |||[c::u=1 AR minor) (22%)’ ¥ icoPajyar (major) (12%): i'“l'|CotF'1]1|"1f{mmol}{?%}i
AGF=+11.4 X H » AG*=+16.3 I g=200627 || g=200652 11 g=200622 11 g=200636 5
0 Aw=419MHz 1l Ay =387MHz 1 Ay =405MHz 1l Ag=38.9 MHz
PR c[:Gcn{PGM Na | L A =95MHz . Agy = 8.5 MHz P Ay =62MHz 1 A =60MHz |
2a ._194 -------------------- e e e s m s e s e e e m e b P F e -

J. Ke, W.-C. C. Lee, X. X. Wang, Y. Wang, X. Wen, X. P. Zhang, J. Am. Chem. Soc. 2022, 144, 2368-
2378.
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A. Stereoselective Synthesis of (Z)-Vinyl Cyclopropane by Hydrogenation® ,G Stereoselective Synthesis of Trisubstituted Cyclopropane by Benzylation®
v | Lindlar Catalyst i H
HH H : z" AW
Z Hp i MeO™ Th : Z 1) n-BuLi
: - =, . — S~ : Z
Lindlar Catalyst H ! 2) Br
OMe 3f OMe 218t H : OMe 3f @f\
. l OMe Tf
94:6 dr; 95% ee B | 99% yield; 100% ds; 100% es | 94:6 dr; 95% ee 72% yield; 100% ds; 98% es
B. Stereoselective Synthesis of Trisubstituted Cyclopropane by Methylation® 'D. Stereoselective Synthesis of Trisubstituted Cyclopropane by Allylation®
N Li - ; H\u N .
= n-BuLi = Mel : Z= 1) n-BuLi =
. 2) "-':;-\v,_r"\ Br
OMe 3t OMe 3fLi OMe 6f 5 OMe 3f OMe 8f
94:6 dr; 95% ee 66% yield; 50% ds; 85% es 94:6 dr; 95% ee 92% yield; 93% ds; 88% es

E. Stereoselective Synthesis of 1,2,3-Triazole-Substituted Cyclopropane via Click Reaction®
NaN; + Phl{OAc),

H
,j, Ny 5-endo-dig

( MeO radical cyclization | MeO CH5CN
OMe 3f radical addition . H-atom abstraction

94:6 dr; 95% ee

F. Stereoselective Synthesis of 2-Benzylidenetetrahydrothiophene by [1+3+1] Cycloaddition?
Na,S + DMA

’ 5-ex0-dig
- 5, radical
Z e _oyelization _
©/ nng-opening by
3a radical substitution

87:13 dr, 96% ee 73% yield; Z/E = 85:15; 36% ee

J. Ke, W.-C. C. Lee, X. X. Wang, Y. Wang, X. Wen, X. P. Zhang, J. Am. Chem. Soc. 2022, 144, 2368-
2378.
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o]
= A NC, Ny’
+ N2=?_ ! [Co(Por)] (1 mol %) \ \

CN -

1a 2a ;10 h daa
o] O
NC, % C}Z‘ NG, W G}L
i DBU (10 mol %)
+ RSH - TAN =
. -30°C-=0°C i S
3af: 98% ee (1.5 equiv) PhMe; overnight 4
ent thiol roduct ield (%) ee (%)°
NC, g NC, V. g

: m-CPBA (4.0 eqiv)
- (1)
2 W H,Cly; rt; ' Wy
1 HS” ™" _ 98 agd @ g~~~ CH,Cly; rt; overnight @ ”5:“'\._;"
TN 96% yield vl
da da: 98% ee 5a: 97% ea

c

N q,}L {:,}4
3 Hsk “_B\Sk 54 98
dc

X. Cui, X. Xu, H. J. Lu, S. F. Zhu, L. Wojtas, X. P. Zhang, J. Am. Chem. Soc. 2011, 133, 3304-3307.

O
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T o BRHEHEREEL

0

NC
= )‘Ln,':N [Co(D,-Por*)] (2 mol%} o
@A/\ DCM; 24 h; RT
1a 2a

X. Xu, H. J. Lu, J. V. Ruppel, X. Cui, S. L. de Mesa, L. Wojtas, X. P. Zhang, J. Am. Chem. Soc. 2011,
133, 15292—- 15295

N, [Co(P1)](2mol %) H 0
oS (e
1a o solvent; 24 h; temp. g H
t:c >99:1

J. V. Ruppel, X. Cui, X. Xu, X. P. Zhang, Org. Chem. Front. 2014, 1, 515-520.
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A. Synthesis of Cyclopropane-Fused Chromanones from 2-Vinylaryl Diazomalonates B. Synthesis of Cyclopropane-Fused Chromanes from a-(2-(Allyloxy)aryl)diazomethanes
\ H NNHSO,Ar 5R
R M * H .-"Rﬁ
H 2 [Co(D4-Por*)] T H RS [Co(D-Por*)] - &
\ o} o. 2 R - = ~H + Nt
o R' R o e  base 4Rl

R 1 0 0 R e
= 1 3 H 40
H

3R |.H

=N

Co(ll)-Metalloradicals

S=N=ON=<

Co(ll)-Metalloradicals

1 Nz .,
3
metalloradical N H ™
activation 21 metalloradical \\_,
activation Npt
R
R X ' H
=N N 6 f{} Son-COn<
+Co(lll)-Alkyl N +Co(lll)-Benzyl +-Co(lll}-Alkyl R s % R* +-Co(lll)-Alkyl
Radicals (Il} 1R02l3 . Radicals (II') Radicals (IV) R Hes f N Radicals (IV")

O

dica! ‘S, - dical

° aader i9 ﬂ-ea%?'i’: ,M
2NN endot” Oty 2NN e

a-Cof(lll}-Malony! a-Co(lll)-Benzyl
Radicals (1) Radicals (Il

‘Sp,
ﬂ.é,yo_ -’-’?b

W.-C. C. Lee, J. Y. Wang, Y. L. Zhu, X. P. Zhang, J. Am. Chem. Soc. 2023, 145, 11622-11632.
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NEMAREMNL

2a [Co(P3)] 1a 4a [Co(P6)] 3a’'
AG*=18 o A: 0.0 kcal/mol AGt=43 \ E: 0.0 kcal/mol
keal/mol ot keal/mol 3'"”{3
TS3:-32.3 TS6: -43.2 -0
o Hele " L " 0 Ph=l L Ph 0
L_O Meﬁh © Me0,C_ P Ph ,H/( \© H ' H H
Ve0,C- [Co(P3)] *N=N->"g H ) [Co(P6)] "N=N-.
[CCI{P?'}] D' -43.4 kcal/mol [CD(P3]] [Co(P6)] es 0o H{'Z -22.1 kecal/mol [CO(PS}]
. TS2" -13.3 [ “ . - .
D: -34.1 keal/imol sz 18 H B: -15.6 kcal/mol H: -47.5 kealimol rcalAmo y F: -5.5 kcal/mol
= TS4:3.7
AGF=79 | A AGt=149 | ,/——\
kcal/mol 5 H keal/mol Py Ph o keal/mol
% H 0 % H
Lo, g % MeO Lo s&o.,,@ 5 H | AGt=9.2
— kcal/mol
TS2: -18.7 kealimol T . [Co(P3)] Nyt TS5:-20.1kealimol " [Co(P6)] N, 1
AG* = 2.5 kcal/mol C: -21.2 keal/mol AG* = 4.0 keal/mol G: -24.1 keal/mol
. _ 5 (799%)
. - g= 2.00632
H)Q ,BuﬁN.fO ) HQN"B‘-‘ Agy =415 MHz
Co(P3 . : =5.2 MHz
1a [Co(P3)] :‘, % o Ph_\i. I H\}-Ph & Ay
Nyt e0,C 0 MBO?C‘T' 0 Meozc‘ﬁ 0 6 (21%)
_Co _Co “Co g = 2.00645
é::-—-—w-“j EE_B«h_.——N-j M Agy =39.7 MHz
= licopayia Nicopajiia 5 6 Ay =58 MHz
D. Trapping of «-Co(lll)-Benzyl| Radical Intermediate by Spin Trap for EPR Detection —
B . . g = 2.00639
o o 41.1 MHz
H 0 H O By Bu- N Ay =
[Co(P1)] = H P N =6.7 MHz
2a base Ph H H . Ph'\"ﬁ(‘ ﬂ?@ PBN ph,_ﬁ/ F'h-.,/ I? A=
N = H @ )—“ @ 8 (21%)
Net | soncCons  o=nc®one g =200649
éﬂﬁﬂ;ﬁ @ﬁﬂ;ﬁ A =395 MHz
= Micopyaa Vicop1)ysa 7 8 Aw = 8.7 MHz

W.-C. C. Lee, J. Y. Wang, Y. L. Zhu, X. P. Zhang, J. Am. Chem. Soc. 2023, 145, 11622-11632.
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Selected Organic Azides
0,0 PhO, 0 C'SC\#_,DN e 0,0 Selected Alkenes
Sm .fp\ /P': IFL"N" \N
R A S B S S S W S
Ar/HetAr EWG EDG Akyl R
QEP q,\ ;P fl\ Ar—N
PN RN r—Ns
c,e” 0 Ns  ANorTNN,  ce” ™07 N,

=N

Co(ll)-Metalloradicals

« _R!
\
R R SN

a=-Co(lll)-Aminyl

4=Co(lll)-Alkyl
Radicals (IV) R R® Radicals (lll)
radical addition
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2R. _R3 [Co(Por)] f RO
1R-N; + W’ —_— N ~R
1H HZ

25

24
3 3 =3

0 &v” o) &,-H 0 /\
QS’N HE Q‘S"’N HE \\F...JN HE

‘lH“" ‘Q*D 1HG" ‘Q‘D 'IHD“" \DFH
26 27 28
: up to 95% vyield up to 90% yield
up to 98% yield 99% 6 71% aa
O
O. 11
: H3 /\HE QS H.q
RO Ng-g Ly PN
2 R® 1R— a
T o efT el
0 =
°R
29 30 3
up to 99% yield up to 99% yield up to 99% yield
94% ee 96% ee 94% ee

8]
'IH D 1R -
| tootpon N4 n g A
’R x e, Nj = 2R ! O = 2n
H

32 up to 99% yield up to 99% vield
99:1 dr; 96% ee 99:1 dr; 96% ee
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R 0 N /Is_
N

=\ | / [Co(Por)] &'
=+ TN TN O

Ra Rs 0 Br NaBr R Ra

@ [Co(TDCIPP)]

G. Y. Gao, J. D. Harden, X. P. Zhang, Org. Lett. 2005, 7, 3191-3193.

T [Co(Por)] i
— A S—N {N}
+ ] o -
Ar 5 " Ar v T r

[Co(P1)]

J. V. Ruppel, J. E. Jones, C. A. Huff, R. M. Kamble, Y. Chen, X. P. Zhang, Org. Lett. 2008, 10, 1995—-
1998.
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1H D GD Pﬂr‘ 1 ) N"'SD:]EHEGC |3
>=\+ N3—i‘3|i OCH,CCl, o A vt
“R R® O TcesN,

N
= [Co(P8&)] e
@\/\ + N3SO3CH,CClg /"* " ST
Br ces

TcesN, CeH:Cl/4 A MS Br

Entry Cycle Temp/°C Yield” (%) ee’ (%)
] First RT 95 96
2 Second RT 89 94
3 Third RT 81 94

V. Subbarayan, J. V. Ruppel, S. Zhu, J. A. Perman, X. P. Zhang, Chem. Commun. 2009, 4266—-4268.
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Precise Synthesis Lab af Tongi

0 —
— v N-5-0 R
1] i
HUG_E_N“ + @ [Co(TPP)] (5 mol %) N o nt
3 PhCI, 4 AMS, rt, 20 h
2 4

0
hSD@—F’h NSG—@—H Niﬂ ,-"C'I
‘\f’

entry 1: dea; 95% vield entry 2: 4aa; B2% vyield

o —
DN-§-0— e N-

entry 4: dca; 95% vield

entry 3: 4ba; B8% vyield
D :

entry 5: dda; 965% vield

-r.|l:|:l.'[2'l

o

V. Subbarayan, L. M. Jin, X. Cui, X. P. Zhang, Tetrahedron Lett. 2015, 56, 3431-3434
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O
I [Co(TPP)] T
X + PhO-P-OPh - ANM +
Ar . Ar” " P(O)(OPh), \:
DPPA yield: up to 64%

G. Y. Gao, J. E. Jones, R. Vyas, J. D. Harden, X. P. Zhang, J. Org. Chem. 2006, 71, 6655—-6658.

I [Co(P1)] T
B + PhO-P-OPh - N. +
o Ny W P(O)(OPh); "2
DPPA yield: up to 90%

ee: up to 71%
J. E. Jones, J. V. Ruppel, G. Y. Gao, T. M. Moore, X. P. Zhang, J. Org. Chem. 2008, 73, 7260-7265.



£/

DYoot 0o | = =
=\ BREHNBERERTRMTARML

catalyst, solvent
PR *+ RNs - /AN\
40°C,48 h,4 AMS Ph R
1a 2 3
entry R-N3 catalyst solvent yield (%)P ee (%)°
/\o\P¢o
1d ~_0" N3 [Co(TPP)] PhCI 0 -

2d I 0" "N [Co(TPP)] PhCI 0 -
2b
PhO_ .0
3d PhO™ "Nj [Co(TPP)] PhCI 0 -
2c
CI3C/\O\P,,O
d LN
4 ClsC._0" "N [Co(TPP)] PhClI 11 -
2d
13¢ 2d [Co(P6)] CeHs 99 82

J. R. Tao, L. M. Jin, X. P. Zhang, Beilstein J. Org. Chem. 2014, 10, 1282-1289.
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lrog
H N
X [Co(Por)] (2 mol %) p

TrocN; + — + Nt
room temperature
1 2a 3a
A DFT Study Oc:cn Catalytic Pathway for Aziridination of Styrene with Troc-N; by [Co(P3)]? e @ We ™ 0 Me

N)I\o/“‘“ccl3 [Co"(P3)] cLe” o - (cma f =

H. A:0.0 T, s

- - ) b - 9

barrierless :<N|. b|l$ hil

[Ca] [Ca] [Co]

Nl g L}
[(Co(P3)] [[Co(P3)] [(Co(P3)]

» c| I(P3 S
i S S
[Col(P3)] [Co'(P3)] EPR W g A ossanven
OBSERVED— ! =)
D:-17.9 B:-1.6 SN ATHE - ' g=2.00236 ' = | smuLaten
1 A[N,=50.9 MHz | E 1776.66
:hA,m=a.9 MHz * %
| I N | I M e
TS1: +12.4 3 3
P +'c - e S N N S &
Q Uicows ' o 4
/g 1g=2 00031 Xola {;‘;"2‘3;" |
o ) , 1g=2. !
*N N, | EAMI-:"’EQ MHz | 1 Agy=35.7 MHz !
| Il T - pldeglyint it 1Aco=0 MHZ 1
[CoT(P3)] R R R R~ 1776 1777 1778 1779 1780 1781 1782 1783 1784
C:-13.8 B [Gauss] m/z

X. Riart-Ferrer, P. Sang, J. R. Tao, H. Xu, L. M. Jin, H. J. Lu, X. Cui, L. Wojtas, X. P. Zhang, Chem
2021, 7, 1120-1134.
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—_— k"fﬁ T H RRM JC
N — [Co(P3)], (1 mol %) N
O/ * F;Q No T onF 4AMS.RT48h ©/£ @ Fr
1a 2

3
A ]
N %Nv S ~
| - f5]
g FI:’) E‘/ \T;LF - " i :: ,-"IDI\MEJH :iF;
F Gu(DTf}z 80% yield (1)

entry 1:¥ 3 aa; entry 2: 3ac; entry 3: 19 3 ad: “MeOH,RT.4h . F e 89% ee
52% yield, 75% ee 64 % yield, 80% ee 80% yleld 96 % ee3ab : (92% o)

CUF F OMe , F
T"ﬁrﬁﬂﬁ': ﬁrﬁN xqi[F /'“'Ci(ﬁ ])HT/ Cu DTf:Iz ) N F 80% }I‘iEld
S E \If S E7~FF MEUH RT.4h 92%ee  (2)
F F g F F (Xray)
E

entry 4: 3 ae; entry 5: 3 af; entry 6: Bag, daf: (92% ee:' F
95% yield, 89% ee 99% yield, 92% ee 96 % yield, 90% ee T H T
F F Cu(OTf), B0% yield
. . N
/YZ‘NVJ*_ F ’IH%' NVJ%TF (\([ v-"%j: :©\ H,O - THF, RT. 20 h . - 0% e )
S ,:ﬂf?\LEr N~ R CR, ~ F 3ab : (92% ee 6
F F
entry 7: 3ah; entry 8: 3 ai; entry 9: 33];
95% yield, 80% ee 99% yield, 68 % ee no reaction

L. M. Jin, X. Xu, H. J. Lu, X. Cui, L. Wojtas, X. P. Zhang, Angew. Chem. Int. Ed. 2013, 52, 5309-5313.
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0O 0
SO,N; S
N [Co(Por)] (2 mol %) BH“N’S“‘N
an"' ""'\n__,.-f’ “% - o . = IIII I|I \ . N2 T
PhCI; 40 °C; 4A MS; 40 h [
1a 22

H. L. Jiang, K. Lang, H. J. Lu, L. Wojtas, X. P. Zhang, Angew. Chem. Int. Ed. 2016, 55, 11604-11608.

\ :
N\
N, \N Co(D->-Por*

@
1a 2a

H. Xu, D.-S. Wang, Z. Zhu, A. Deb, X. P. Zhang, Chem 2024, 10, 283-298.
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[t ony o X E;J E EE E/: Z]-'—"H W }:-i- 1t
=\ R RAFIARR

=3
/\G(kcal/mol) gj
N

A
15.9

N
TSEEJ!EI—SE H: ,.'/'I'[\;,SOE

; [Co]
/ |"|~| TS 2Endo-Si
H"'\ ».S0O;
H
H

H N J
[Co] 00 . |
a-Co(lll-Aminyl Radical

C

Y

H. Xu, D.-S. Wang, Z. Zhu, A. Deb, X. P. Zhang, Chem 2024, 10, 283-298.
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'R "R? 37 “H 4 s R?
1 35 R 36

N, R R® [CoPor) R M
v A ——— R+ N

=N

Co(ll)-Metalloradicals

g MRC

i
2NN R RS =0

=-Co(lll)-Alkyl 3R)( " e a-Co(lll)-Alkyl

Radicals (V) Radicals (l)
H-atom abstraction
'R
Q H N—R'
:“S \.Rz M'Q Zﬂ.,Q 2H,Q SH,,Q Zﬂ,p
1,5-C-H R

R ) 'R 2R 'R
Alkylation
37 38 39 40 41 42
up to 99% yield up to 96% yield up to 54% yield up to 85% vyield up to 50% yield up to 76% yield
97:3dr; 94% ee 97% ee 85% ee 91% ee 67% ee
1L oS R ik 0
= R3 R 3R 1) R, «R*
N . 1,6-C-H F P Rzn N\R, 1,4-C-H n” SR
R Alkylation Alkylation
43 a4 45 46
up to 98% yield . up to 93% yield up to 93% yield
96% ee By 25% e 99:1 dr; 96% ee
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MeO,C, CO;Me
_:}_' M — [Cﬂfpﬂl" :]-] G?S"":".
D"‘5\_/_@_;% e ] K/_QHGE
CgHe, t, 72 h
1a 2a

a. Concerted Electrophilic Insertion by Fisher-Type Metallocarbenes
(Previous Works)

A A 1
B e
X ¥ LM oox v 7 ol 5 LM A H
- C e ﬁ_ﬁ' 10
\ﬂ: II;L: RI_ML" ) c vx
Y

b. Stepwise Radical Abstraction-Substitution by Metalloalkyl Radicals
(This Work)

A .
N LM XN T A ./;\.:H -LM* A H
T]/ \f/ Bt 4 \T""'Y
c

Nz ML, H.abstraction ML, c Y

X. Cui, X. Xu, L. M. Jin, L. Wojtas, X. P. Zhang, Chem. Sci. 2015, 6, 1219-1224.
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H
P "
g -
N H [Co(Por)] (3 mol %) _ H”“N
Boc Cs,CO4 (1.5 equiv.); dioxane Ao
1a 60°C; 24 h 2a

Other common 5-membered cyclic structures
rj> D 'ﬂN Boc
o gF O™

2y 2z 2aa” 2ab
54% vy, 85% ee B5% vy, 91% ee 76% vy, ee: nla 50% y, 67% ee

Y. Wang, X. Wen, X. Cui, X. P. Zhang, J. Am. Chem. Soc. 2018, 140, 4792-4796.
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a) Effect of TEMPO on Benzylic C-H Reaction: Stereochemistry

[Co(P1)] (t)-3c .
(4 mol %) T0% yield W
NNHTPS  evipo (2.5 equiv.) HH N—Z
H Cs5C04; MeOH Q
RT; 24 h H Ph
I'\ll"ﬂ‘Ph ; . "i‘ “o-N
1c CO;Me [Co(P8)] _  ()-3c CoMe , -
(2mol %) ~ 80% yield
co,Me -::D,_Me Hhee coMe 1/ J
NesO—N" )
Ol —C@ — g
s -H o S
[CU] 1c-A [Co] 1c-B [Cn] 1c-C
N NH R h} Effect of TEMF"CI on Allyllc G—H Reactmn OIeHn l'somer.fzaﬂan
4 302 NNHTPS H H-—=
H "One-Pot" 8 Ay, 00 RE CKLH [Co(P1)] (4 mol %); TEMPO (2.5 equiv.) ~o- N o
= o~ Cs3C03; MeOH; 40 °C; 24 h PN
~~o2 [Co(Ds-Por*)]; base ° 78N’ " 72% yield h A
R 7 : U CoMe COMe 3u
1 R1 2 R COzMe COzMe COaMe N
H H H
H o o
[GD] 1u-A ['C—D] 1u-B [CCI] 1u-C

c) Effect of TEMPO on Cyclopropylmethyl C—H Reaction: Rr'ng Opaning

NNHTPS
[Co(P1)] (4 mol %)
H TEMPO (2.5 equiv.) —
Cs,CO5; MeOH [I g o N
, @ x
) E/ﬁ’ 40°C: 24 h 2v Boc N
v Oc

30% yield Bec 40% yleld

Boc | Boc Boc *

i | i > )
M \:’,A M NN N_‘_;::_Wﬂ.k_o N \
"HH o _xHH ,,HH
ICD] 1w-A [CCI] 1v-B [CO] 1v-C

X. Wen, Y. Wang, X. P. Zhang, Chem. Sci. 2018, 9, 5082—- 5086.
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9. Csp3-HRYBHEREML
4

HHO

8]
Ph)x-\/quh [CoiPS)] _ ”\J_ﬁ'* -
1a N Ph" 25 Ph
2a - 1
. = [Co(P8)] -
B4 kcalmol ~~ TS3 A (0.0 kealfmol) N
- (-24.3 keal/mol)
pPh. H
o H
H, Vo , o
Phes MRC YR on
[Co(PS)] [Co(PS5)]
D (~32.7 keal/mol) B (—6.9 kcal/mol)
* TS2 TS1
“_(~11.9 kealimol) Ph (11.2 kealimol)
AGt= My 7 agts
6.5 kealimol HC[Z 1 181 kealimol
— PO — "y
Mz
[ColPS)]

C (-18.4 kcalimol)
E. Trapping and Hydrogen Atom Abstraction of Alkyl Radical Intermediates by TEMPO

W [Co(P1)] (2 mol %) .
TEMPO (2.5 equiv); TBME; 40 °C; 12 h N :
= 1a N W HoOON< |
3a: 32% yield !

[Co(P1)] 'k:){. = eMFo| ;

" Hos
[@H.j"] LA [Q}L}ﬂ] vai [
ha  [Col e  [Col Via

L]
TEMPO TEMPOH

[Ca

J.J. Xie, P. Xu, Y. L. Zhu, J. Y. Wang, W.-C. C. Lee, X. P. Zhang, J. Am. Chém. Soc. 2021, 143,
11670-11678.
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¥

R R*  [Co(Pon) R‘NH
A P Ny 4
R H R

24 47 48

R_N3 +

2NN

Co(ll)-Metalloradicals 24

'R

N, T
1R— %
N MRC
« _R
'Il -
wm_j‘ 2p RS2 éﬁ;ﬁi&j
M-CDFllI:I—.ﬁ.IH?l 1R i H a7 a-Co(lll}-Aminyl
Radicals (VI) Radicals (lI1)

H-atom abstraction
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{)\\. fp G\\ .FP \\ '? q“ 19 Y/}
e el -., 1 H 15\
N7 NH B “N" "NH
L AN '\/J\ I\/J\ '\/J\ e
' R2 R? EWG R Ra
49 50 GG 9541% iald e 95? iald i a%iﬁ, ield Enantluconvargmt Enantinsdrl’vergent
up to 99% yield up to 89% yield P 96% eey P 98% ;: P 94% e: up o 95% vyield up to 98% yield
B6% ee 96% ee
q.‘g;p q.\SfP ¥ R! X \,.FI‘ ; ¥ R!
0" "NH “NH 2 £>\ 2 <R R? R
N P N R N 2
\—{| iH i i iH % % N H2 % H
s 4 R? R3 \ R3 N
R R HE "H3
56 57 60
: : : 59 . 4 61 62 63
up t;;fg:ald up t-;:;‘ﬂ;:leld " t;;l;‘i:nald up to 89% yield upxtcT g‘?ﬁel i up 1o 93% yield up to 38% yield  up to 28% yield

i e
R4 o TR
HN

SRMEIE

°R “\ R‘
3R =
69
67 ; Diastereoconvergent
_ 1 up to 60% yield up 10 95% yield up to 96% yield
up to 73% yield up to 92% yield 9% o 97% ee
0 =
Q o :_ Fa
J - J. R ONTX
1 R H i R R H
71
70

up to 95% yield
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T, Csp3-HHYEHRERRL
o :

11 LOR 0]
s
0O-P [Co(Por)] o.
1|KN > P"‘DH
3 I
ia (R = 2,6-DiMe-Ph) 2a
2 2
! M 0.0 o O_P‘-DH s O_P‘-UH
; -E:OH E@ -?"OH g4d 12 My NH 96
M2 ia Me NH 2a 1i Hu 2§
Me o
3 0. 0. 92 o o
bCCt e OCE : i s
e o i L O S
o] [s] 15 g7d
O. Q. 1j 2
F-OR F-OR cdfg
E Ny Et M 945411 o o
1e 2c OLF';';'-DH 0-4-0R
16 ! Et . 37
0.2 o..° 17 ] 95¢
P-OR P-OR 1K ok
6 Ny Et » gedh
0 0
1d 2d 0.5 0n 0.5 0
0.2 Me 0 18 Ny N Q v NH 99
"P-OR O-BZon M e 21
7 Lo " rasel
o]
1e e 2e D-FI'OH L] D-S'OH
0.2 0.9 19 Na 'EQ NH 99
P-OR 5 "P-OR _ -
8 M NH 83cai im 2m
BT 2t 0 o
Ph Ph O-E’"DH 0-p'0ﬁ
o..° 0.0 20 v E@-om \
8 - F.’-GH E'@ ‘?-DR . Ny NH 97
My . NH 85 Me© m MeO 2n
g 20
o] o]
apsed 0-p'0n Q_'f_,'.OH
0. = . \ ai
10 0 P-OR 2ha 84 21 e, Ny ) V. NH 80
0-§-OR MH 2ha  3hp- 1B g 10 :1-. 20
N, 2@ 0.4-OR ' 0 o
R 96%° 0-%-OR 0-§-OR
1 1h NH ay  2h2_T6 22 N, Et NH 707k
2hb ~ 24 Br 1p Br 2p

H.J. Lu, J. R. Tao, J. E. Jones, L. Wojtas, X. P. Zhang, Org. Lett. 2010, 12, 1248-1251.
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ks Dgs.-..ﬂ [Co"(Pon)] (2 mol %) i 0, .0
N - N“""NH
+ Nyt
2a PhCF3, 4 AMS,40°C,20h 34
K/\Me Me
o .0 . 0
Et. .§7 [Co(P1)] (2mol %) Er. 'S” yield: 89%
U PhCFs 4 AMS NR/T trans_17 (1)
Me Ph  a0c.ooh  Me Ph cis T
2n ' 3n
FO o AN
ME‘N'S‘NE ibliialie - Me. S yield: 47%
P PhCFg, 4 A MS |\/J_F,h (85% ee) (3)
(9-2p 7 Me  40°C.20h (R-3p  Me
(99% ee)
Qo Bn
B P NH,(CH,)aNH, "NH  NH,
- Me yield: 82% 5
3i Me reflux, 3 h 8i Et ®)
Et
O .0 Bn.
o NH NH
Bn.  .S. NH»(CHs)aNH 2
N NH \ 2 2/3 2 . - Me (ﬁ]
3q - Me reflux, 3 h 8q Me Me
Me Me yield: 60%

H. J. Ly, H. L. Jiang, L. Wojtas, X. P. Zhang, Angew. Chem. Int. Ed. 2010, 49, 10192-10196.
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502 Rhs(esp)s S £
o P ™ 4
BocN” \NHQ (1 mol %) BocN NH , BocN (1)

w PhI(OAc),:
MgO; 'PrOAc

-.N ;
g?‘ .Co(P) RN 3 - RN 2 NH ,QEN*CD{P}
C=C . H Nl
A < Aziridination Syi Am?n_aﬁnn L B R
e B gz CDIP} 82 H,CO(P} e I

2
(Ref. 2))  51%

Q2 [Co(Por)) Q2 2
BnN" Ny (2 mol %) BnN~ “NH

H

1a 40°C; 20 h 2a -

[Co(TPP)]
yield: 43%; 2a/3a: > 99/1

[Co(P1)] (P1: 3,5-Di'Bu-IbuPhyrin)
yield: 99%; 2a/3a: > 99/1

H. J. Lu, H. L. Jiang, Y. Hu, L. Wojtas, X. P. Zhang, Chem. Sci. 2011, 2, 2361-2366.
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‘ 2
BnN"" "N, [Co(Por)] (2 mol %}L BN ~NH

, + N,
1a L\ﬁ/z?‘GOQEt CgHg: MS; 40°C; 20 h 24 L\;(’?JP‘CDEEI

Me  (BDE: 98 kcal mol') We e
x—<: {_éHB (—<
Hg [Co(P1)] (2 mol %) 29 NHg

N-SO,N4 - -~ N-8% + N-S:g (1)
Ha CeHg: MS ; 40°C; 20 h NH, 0O Ha
10 COMe {BDE: 92 kcal ol 20A COMe  20B COMe
yield: 80% yield: 12%
2 [Co(P1)] 2 g
BnN™" "N, (2 mol %) 1a +BnU| 4 BN’ “NH5
CoHo MS TEMPO
COEt s ooh  10% CO,Et kv"\/:;u:::rgat
1a TEMPO- (5 equiv) 2a: 67% da: 18%
da 1a _N
‘ / = (P1)Coe S 2 l
za 4
2 2
,g, -Co(P1 8% _Co(P1
gnN" > NH OO ‘\ angm. )
TEMPO Syi
180 CO,Et o 1aA CO,Et
- -Co(P1
1 {an’ nH~OF
. il
K“TEMF‘D« {133 CO.Et | H-Atom Abstraction

H. J. Ly, Y. Hu, H. L. Jiang, L. Wojtas, X. P. Zhang, Org. Lett. 2012, 14, 5158-5161.
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RIN"""Ns [Co(P1)] (2 mol %)

H Rq R4 + NET
R2 s. ©CgHs 4AMS., 40°C,20h R2 -
S RS
R? RS R? RS
1 2
1 2
2
R*N’g‘“NH BnN'gENH
kN W
R? R
R'=Bn; R®= H 99%(2a) R = CgHs 99%(2f)
R' = Me; R? = Ph 94%(2b) R =T8S 99%(2g)
R'=Et R?=Ph 93%(2c) R=Ph 88%(2h)
R‘I = !'Pl: R? = Ph ga%{Zd} R= 4—SME‘05H4 83%[2” )
R'= Boc; RZ=H 92%{29}[':] R = 2-EtCgH, 94% 2”[5
R = 1-Cyclohexenyl 89%(2k)
,83 2 82
BnN™ "NH Bl "NH rw' “NH
Br H
OH
97% (21) 92% (2m) 2% (2n)
@I\/N,&NH /(\NBE . BN NH
H =
| 5%\ H kJ\ S
= =
H TIPS SNy :
95% (20) 95% (2p) 95% (2q)

xR

93% (2r)l1 92% (2s)

H. J. Ly, C. Q. Li, H. L. Jiang, C. L. Lizardi, X. P. Zhang, Angew. Chem. Int. Ed. 2014, 53, 7028-7032.
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00 00
\\ £ Wy
R._ .S~ N R. S
3 [Co(P4)] (2 mol %) "NTTUNH '
+ Nz
2 H
Bn. 8 Et. .8 pr. s’
“NTTTNH “NTTTNH “NTTNH
O O 5O
entry 1: (-)-2a entry 2: (-)-2b entry 3: (-)}-2¢
93% yield; 90% ee 92% vield; 92% ee 89% yield; 93% ee
Loy q‘ 7 q\ fP
En‘N,S._NH Bn B, -S<y,

entry 4: (-)-2d
93% yield; 84% ee
W Ay BI‘
B
- N'S"NH

entry 7: (+)-2g
72% yield; 94% ee

A%/
s’
M MNH

----- = TIPS
H

Bn.

entry 10: (-)-2f
88% yield; 94% ee

CEO-

entry 5: (-)-2e
91% yield; 92% ee
o 0

WAy

M7 TNH

entry 8: (-)-2h
88% vyield; 89% ee
OMe

Bn.

CeHia

B 4,
TN NH

H

entry 11; (-)-2k
92% yield; 73% ee

I\/k \ NBoc

entry 6 ( )-2f
94% yield; 96% ee
o 0

o
-
N NH
L Ap=—T8s
H
entry 9: (-)-2i
88% yield; 93% ee

Bn

entry 12: (+)-21
88% yield; 64% ee

T, Csp3-HHYEHRERRL

A

W

Bn. _.S5- Bn. _.S5.
N Nla:' [Co(P4)] (2 mol %) _ N MHRi N T
1
1 R 2 H
Me OMe
BI‘I u. A o qk .F . q‘g P
Ul K/TE NN
(X-ray)t Ho \ K/J‘QIH\;;.
entry 1: (-)-2p entry 2: { }-Eq entry 3: (-)-2r
94% vyield; 95% eg.- 93% yield; 92% ee 93% yield; 95% ee

00 00 Me

X/ B vl Y/

S % S
entry 4: (-)-2s entry 5: (+)-2t entry 6: (-)-2u
92% yield; 98% ee 95% yield; 96% ee 92% vyield; 91% ee

MeO
5, 2 oM 0.0 \? Bn R4
Bn. .S. e ‘s’ = “N”TUNH
NSNH N BrnSonm W (s)
X o o
Ho i (X-ray)"

entry 7: (-)-2v
93% yield;, 90% ee

entry 8: (—)-2w
93% vyield; 92% ee

entry 9: (+)-2x
88% vyield; 83% ee

C. Q. Li, K. Lang, H. J. Ly, Y. Hu, X. Cui, L. Wojtas, X. P. Zhang, Angew. Chem. Int. Ed. 2018, 57,
16837-16841.
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=+ _

C'
'\'-..-".-' /\/g\f > (CotP4)] O 5 NH";'L,—"DE".
Bn Nm + Nyt

[+}-1a 2a
. . ‘entry azide  catalyst KIEC Re:Siof llig? ee%® ee%™®!
Bn n n |
Mo fLatom ) ot 2 SO (SK1q  [Co(P5)] 130 9307  -86(R) -10(R)
Os4 DxT-'.Ph abstraction 38 DX TEPh-Y) S- N DIH)
o7l o~ NH Ph 07 "nNp H Bn— N\_/}\ph (RF1g  [Co(PS)] 130  07:93 +86(S)  +10(S)
N |
(srtq  [ColPorl Nt (cctpo) (ool | radical (X-ray) (R)-2q s (SHa  [Co(PB)) 110 9208  -B4(R) -2(R)
(Re)llig (Sl substitution o cope ) s
b - . . + +
- B, B, o HO) 4t (RF1a  [Co(P8)] 11.0  08:92
NN e | osd 8 osdo & [CofPorl | O 5 (SM1a  [Co(P1)] 120 9208  -B4(R) +26(S)
Qe 'Ph. ashstraction 38 H w0 Sdph—y N -
25 1 0o P VS 07 ‘NH_‘D BN ANpwy |6 (R [CoP1)] 120 0892 +84(S) +28(S)
(Rytq  (CoPen et (c&(Por) (Cb(Por) (Sr2q 70 (SH1a  [ColP2)] 270 9604  -92(R) +10(S)
{REH |_1_q ___________ tsﬂl l_i_q _________________________________________ gt (RM1g  [Co(P2)] 10,0 09:91 +82(8)  +10(5)
9  (SM1q [Co(P3)] 130 9307  -86(R) -56(R)
4== [Co(P5]] 10 (RF1g  [Co(P3]] 8.0 11:89 +78(5)  -B(R)
(PS = 3:5-DBubuPryTn ie (S1a [CoP4) 150 9406  -88(R) -94(R)
(P8 = 2,6.00H00 buPhyrin ) .;,:f 126 (RMla  [Co(P4] 30 2575  +50(S) -46(R)
? 13t (t)-1q [Co(P4)] 9.0 - -— =70(R)

K. Lang, C. Q. Li,

l. Kim, X. P. Zhang, J. Am. Chem. Soc. 2020, 142, 20902-20911.



£/

bl s - -
. Csp3-HRVEHERL

0, 0 NV
'-.\S{f \\3?
Rep S, [Co(P1)] (2 mol %) RN TNH

. NET
2R; AN CegHe, 4 A MS, 40 °C, 20 h IH):S?

H. J. Lu, K. Lang, H. L. Jiang, L. Wojtas, X. P. Zhang, Chem. Sci. 2016, 7, 6934-6939.

), £ 00 Q.0
S, e 3,
INz JR-NT e [ColPS) 7R NSo, €PN NS NRY, N
* 65 R' o
(RIF2 4 R2 1 R H (S)k2
a) Intramolecular Enantiodivergent Radical 1,5-C-H Amination
: : 00 : 0,0 ' 0
U\,-. rsj 5 q.\ _.P QSP E Oa.'-sf? ‘-.\. .'.; E :-.s.-_: - :5.- : :5_: £n
Bn_..-S. : S. 8o B"-NTNH : HNTTN-BR By Ty : HN" “N-BR NH ; HNTTN
N NH . HN" N - \ . : R
-\_" 2 mmol: 2 mmol '.’\_ /! ‘—,* § '\—’r \'—f.* : "T‘ll | P | &
-, scale ' scale H . v H H = : v H 1 . —, F
H : H : f E : g ; : § >
[K-ra';:lﬁ'{"" \: : ( \; (X-ray)® {X-ray)® Q E Q (M-ray)® (H-ray)® _\- , ,.‘"_\ (X-ray)® Q N
: OMe ' MeO cl ol CFy | FiC
entry 1:59 (R)-2a (+)  entry 2:59 (§)-2a (-) entry 3: (R)-2b (+) entry 4:° (S)-2b (-) entry 5: (R}-2¢ (+) entry 6:% (S)2¢ (-) entry 7: (R)-2d' (+) entry 8:2 (S}-2d" ()
98% yield; 97:3 er 75% yleld: 6:94 er 97% yield: 98:2 er 88% yield: 4:96 er 88% yleld: 98:2 er 55% yield: 8:92 er 98% yield; 98:2 er B9% yield: 5:95 er
T S e B O O i 0 AN S
e | ! e e U (- E N & | “
H 3 : —\ 1 h'f‘sj':\f\jH H 7\ ; O H HO : —\ H
: Boc : Boc o~ | o s S
entry 9: (R)-2e" (+) entry 10:5* (5)-2e' (-) entry 11: (R)-2f (+) entry 1259 (S)-21"(-)  entry 13: (R)-2g"(+)  entry 14:° (S}2g'(-)  entry 15: (R)-2h' (+)  entry 16:5° (5)-2h' (-)
97% vield: 99:1 er 53% yield: 6:94 er 88% yield: 97:3 er 92% yield: 8:92 er 96% yield: 97:3 er T1% yield: 5:95 er 87% yield: 93:7 er 52% yield: 11:89 er

K. Lang, S. Torker, L. Wojtas, X. P. Zhang, J. Am. Chem. Soc. 2019, 141, 12388-12396.
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[ColPB)] (2 mol %)

Mz H H a".-'s‘c.'\
D;}S-"' R1 o
o” :
i H
— Rl O\\ M a
1 015\_/(' '
o OMe
o, N H entry 1: (-)-4b
0=3 Me 88% yield; 95% ee

o.N (10 mmal)?

éntry 1: (+)-2a

M
entry 2:9 (+)-2b
96% yield; 92% es

93% yield; 93% ee

entry 3:9 (+)-2¢

75% yield; 90% ee entry 4: (~)-de

84% yield' 96% ee

!
W /N"\ H
o= “Ma \J p
entry 7: (—)-4h ‘Boc
Me Mz 88% yield, 99% ap
entry 4:7 [+)-2d entry 5:7 (+)-2e entry 6:7 (+)-2f H
94% vield; 90% ee Q6% yield, 90% ee 90% vield; 88% ee | H
H Qs ML,
0=> N
entry 10:° (~)-4k

08% yield; 90% ee

|
D\‘SJN\ H
o= ;-@

entry 9:48 (=)-2i

MeO,0

entry 7:9 (+)-2g entry 8:7 (+)-2h

Cl\,‘~ _N H
CF

"I'l Br
0\\ ..-Nx H
o/

entry 2: (-)-4c
96% yield; 96% ee
H (X-ray)”

Oi;$ -.‘i]l '

entry 5: {(—)-4f
89% yield; 93% ee

H
DQS/N H s
=)
enfry 8: (—)-di
93% yield; 92% ee

. H
c.t:\ /N.H e =, .-N
o* L@ar 0=8 [ime

entry 11:% (=)-4
83% vyield; 82% ee

99% vyield; 88% ee

8% yield, 0% ee

73% vield; 68% ee

4n  entry 135
66% yield; 44% ee  18% yleld. 20% ee

65% yield; 36% ee

S

entry 3: (-)-4d I
95% vield; 96% ee

DQ‘S/N =
0%
e, = O

entry 6: (+)-4g
62% yield; 80% ee

H
|

!

entry 9:57 (+)-4j
92% yield, 93% ee

H

] H

entry 12:57 4m
74% yield; 7% ee

32 S

entry 14: '-"' .
25% ylald. 26% ea

Y. Hu, K. Lang, C. Q. Li, J. B. Gill,
Wojtas, X. P. Zhang, J. Am. Chem. Soc. 2019, 141, 18160-18169.

l. Kim, H. J. Lu, K. B. Fields, M. Marshall, Q. G. Cheng, X. Cui, L.
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H
H \N —Ts

;Na [Co(Por)]
+ TS_N\ - + MaBr
15 Br 23

J. D. Harden, J. V. Ruppel, G. Y. Gao, X. P. Zhang, Chem. Commun. 2007, 4644-4646.

H. J. Lu, V. Subbarayan, J. R. Tao, X. P. Zhang, Organometallics 2010, 29, 389-393.

H H_N.R
Co(TPP) (5 mol %)
+ R-Nj + Ny 4
1a 40 °C, 48 h. neat
entry R-Nj yield® | entry R-N; yield®
0 | 0
1 OEN—©—§—N3 5% 1 2 —@—g—NB 32%
0] ! 0]
\‘O.P . C)\Q,_O
3 PN, 0% ' 4 P-N; 0%
re O
o ;
5 0% ' 6 @\/\ 1 o
M o (-]
? - o'JLN:,
0 : 0
7 0% . 8 85%
CI3C><O'JLN3 C|3<:”““‘0JL‘N3
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Fr r
H H Co(P86) “NH
)4\ + Fiar-mM [ { ] WHOO+ N T
L 2 1 2
R R R R
1 2 3
E. Probing of Allylic Radical Intermediate via Olefin Isomerization
FiC FaC. F FaC. b
CF F [ \-F Sy -F
e ENH NH
. [ColPE)] (4 mol %) . I CO.Et H . F ,.-ij_,
F F MeO Benzene, 40 °C; 48 h CO4Et CO,Et
2a ZH-1s ! N
N3 (1.5 equiv) (1 o ];Ilui\f]- 3% combined yleld 7, rae , L oee MeO CHE) 3%
' 30% (2)-1s recovery 1% ].I'IE|E| 84% ee MeD 22% yield; 97% ee 30% yield; 95% ee
[CofPE] \ | matalloradical [Co(PE)) ‘n, radical [Co(PB)] > | ragical [ColPE)] ~.| ragical
| activation CF4 CFy | substitution substitution substitution
, F F F F "Mcopsiyzs / *Micaipeiza "Micorpeyiza
/ CGZEt
.1 iy _ N F F H-atom abstraction F I8 P, o cng[ /©/\/\CDEE1
- —
! (erts MeO 1 2 s
[Co] heopeyza [Ea] HI[CMHII-'EI | P s [P | P
F. Evaluation of Diastereoselectivity with Chiral C—H Substrates E
Feo. F FsC .
F FIﬁ:
2a (1.5 equiv) ' 2a (1.5 equiv) F __
Trifluorotoluene; 40 °C; 48 h nH .[_-], : Triflugrotoluane; 40 °C; 48 h LE
[Co(PE)] . [Co(PT)] [Co(PB)] « [ColPT)] (R}
45% yield | 67% yield . . 6 50% yield | B5% yield e~
10:1 dr 1:1dr [*'” =8 = >201dr | 1 dr - ?7

L. M. Jin, P. Xu, J. J. Xie, X. P. Zhang, J. Am. Chem. Soc. 2020, 142, 20828-20836
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H H Ph
A =
Ar Al
Ph COEt u "SnH co.E
(E)-2a s _KoCOREt ”M
{Fe Ph Ph Ph Z pn
F F
E)-3aa £)-dan
H W COE [Ca{Por)] (2 moit) & )
+
F F * n” ~F pn
Banzana, 40 "C, 24 h Ar\ Ar
Ma (@)2a MH PR ~u
He |
la )\-ﬁl\ /LH..)\
H H =
(1.5 equiv.) M.cozsl Ph CO,Et Ph CO:En
A
Ph Bh (E}-4aa Saa
()-(E}-2a"
Entry Substrate Catalyst Canversion (%) Yield (%) (E)-Baa  Yield (%) (E}-8aa  Yield (%) (Z)}-daa  Yield (%) 5aa  e.e. (%) (E)-3aa
1 (E)-2a [ColP1)] 98 22 47 8 10 -
2 (E)-2a [Ca{P2)] 98 o] a a a B2
3 (E)-2a [ColP3)) 0 ] 0 0 0 -
4 (Z)-2a [Ca{P1)] 98 22 45 4 16 -
5 (Z)-2a [ColP2)) 98 58 0 0 0 82
8 (Z)-2a [Ca{P3)] 0 ] i 0 0 -
7 (#)-(E)-2a° [ColP1)] a9 24 43 a8 16 -
8 ()-(E)-2a° [Co{P2)] 99 0g 0 0 0 a2
B (£)-(E)-2a [Co{P3)] ] ] 0 0 0 -

[Co(P1)] [Ca{P2)] [ColP3))

P. Xu, J. Xie, D. S. Wang, X. P. Zhang, Nat. Chem. 2023, 15,498-507.
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Ar
H i CO-E
e 2 Ef
. By, i :""*'-’J“'-
o NH Ph Weopnyia =~y Ph Ph
™ L | [E]-.'I-u||| Calf )
Fh COoEf JWL\ [Co{P1)] |l
EHRA ey Ph CO:Etay,,
-14.7
Wiceipy)
_________ 66 ... ...k
Ar
H“HH Ph
Ay P
Fh COoEt ®lhcopaiya™ Ar_
(Eraaq).. oo | H i
Ge(P2)| H Eh [CDIIPE‘.'] FhMIGDEEt
7.4 _,thvp'\ P
Ph CO:ElL *ll;
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