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tosyl (Ts) o-nosyl (Ns) +  p-nosyl (Ns) trisyl (Tris)
A A : A A
r N\ r A : 4 N\ '4 A\
Me\O\ NO, + OoN Pr Pr
el | O O :
/y 7 : // /,
S<,,-No_R2 Si. .No_R? ! S<,,-Na_R2 \@s’ N.__R?
7N NS 77NN : 77N . 5 \Na N
Blimmel (1924) Storrie (1931) Rees (1982)
tosyl (Ts) mesyl (Ms) o-triftosyl (Tfs) . p-triftosyl (Tfs)
A A A ‘ A
'd ~N r N\ r A : r N\
Me\©\ 5 CF, P FC
; w2 || OGO
4 S N R / : /
SO.N__R? NS & N. R? & \ g2
I, N - 0 / SNy : Y, Sy
& No T, "R ¢ R T SN T
Na R ' R
Creary (1986) Harada (1998) Bi (2018)
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Bamford—Stevens Reaction (1952)

NNHTs base, solvent, A 1
xR
8 R1 R/\/
1.1 1.2
/ ‘
Ny @ -N; ® o
R
-H* | base X/W > R/br
H-solvent H
Y 1.8
©
© N N A Y
NNTs ©) R
JK/W i N@ 1 > R/tl/
R -Ts ,ll\/R‘l aprotlc 5 R'" =N, H
solvent

1.3 1.4 1.5 1.6



NaOMe Ho/PtO,

ethanol

HO™ ™
HO—

Aphidicolin

8.2
Mann, J.; et al. Tetrahedron 1995, 51, 9079-9090.

TsNHNH,

MeOH, HCI

1) LiH, toluene

4 steps 110 °C
—_— e -
2) KOH, MeOH
reflux
AcO NNHTs HO

h

Cai, Y.; et al. Fitoterapia 2017, 119, 1219, 8.5 g



Shapiro Reaction (1967)

NNHTs RLi, solvent, A, E* H/E
1 - 1
RJ\/R R&R
3.1 3.2
A
—-RH | RLi H* or E*
@
e' ® N P
NNTsLi - N™ " Ts noLuo A N
» : | R . N . e\ R
RJK/R RH Ry s AR N R
Li



COEME
AcO™
NNHTs
10.1
OBn
Me OTBS
‘\\Me +
Me
Me
NNHTris
Me
104

"BuLi %
4 steps
TMEDA
- CO,Me —P—F
toluene
AcO™

10.2
Jiang, Z.; et al. Synthesis 2016, 48, 588—-594.

OTBS OTIPS OBn

n-BulLi, THF

:
-78°Ctort

10.6 O “Me

Nicolaou, K. C.; et al. Nature 1994, 367, 630—-634.

Jia, Y.; et al. CCS Chem. 2025, 7, 375-380.

Phorbol

"l
o

Taxol

10



“ Me 2 Me M “
e. e, s : e, e
. . i.n-Bulli, I8
Me p.i. TrisNHNH» Me TMEDA ; Me
Hl'ih. t\»OH h— h Hh'-.
- 0 NNHTris m Li
|
meé OH H me ©OH H mé 0© H
10 11 B 12 B

Baran, P. S.; et al. J. Am. Chem. Soc. 2009, 131, 17066—-17067.

H
\ @
/N_§
N o a) n-BuLi, THF: (+)-13
é 14 ) TBAF

= Ac: vannusal A
=H: vannusal B

Nicolaou, K. C.; et al. J. Am. Chem. Soc. 2010, 132, 7138-7152.
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TBSOm: wmiOMe
0™ "0 416

"BuLi, THF

-
>
- -
% H

-

norrisolide

Snapper, M. L.; et al. Eur. J. Org. Chem. 2012, 2012, 2308-2311.

OMe

BulLi

THF

412 413 4.14
dehydroprotoemetinol (-)-corynantheol

33% overall yield 42% overall yield
Franzén, J.; et al. Chem. Eur. J. 2011, 17, 13814—13824.
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"BuLi

O NNHTs
\)l\ TsNHNH; TMEDA
vt - —_—
MeOH, HCI HCHO

Serra, S. Flavour Fragr. J. 2013, 28, 46-52.

NNHTs

i) "BuLi, THF, Mel 20 steps

ii) "BuLi, (HCHO),
OTBS

Johnson, J. S.; et al. J. Am. Chem. Soc. 2015, 137, 4968—4971.

7 st i) TrisNHNH,
steps THF, 0-25 °C 12-13 steps
fo i) "BuLi, 15
OH OH

Et,0, -78 to -40 °C

R = H; isorosthin L
R = Ac; isoadenolin |

5.14 5.15 5.16, 50% (2 steps)

Liang, G.; et al. Angew. Chem. Int. Ed. 2022, 61, ¢202114489. i
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Coupling Reactions

Pd,(dba)s (1 mol%)

| Xphos (2 mol%) RZ__H(RY)
R1J'|\|/H(R ) + Ar—X > I
R2 LiOBu (2.0 equiv) R" “Ar
6.1 6.2 1,4-dioxane, 70-100 °C 6.3
1 e 16 examples
R'=H, alkyl or aryl; R, R® = H, alkyl; X = Cl or Br 52-99% yields
-------------------------------- Proposed mechanism ------------------------------——.
% PdL ﬂ‘
% -2 ;
H—PdX Ar—PdX N
6.7 .
ll\ 6.4 R" "Me
RY “Ar
6.3 base
A
L N,
AT\_ |
Ar, PdXL LP}!X
Y — e — I 5-1
R1K/H RjJ\Me
6.6 6.5

Barluenga, J. et al. Angew. Chem., Int. Ed. 2007, 46, 5587-5590. 15



O
OMe Pd(PPhs)s (5 mol%)
| K,CO5 (4.5 equiv)
+ . -
OMe toluene, 100 °C
OMe :
.“"I:I
71 7.2 7.3, 85% yield 7.4, Puupehedione
ZIE = 40:45 25% vyield
Wu, Y.-C.; et al. J. Org. Chem. 2017, 82, 12914-12919.
OAc
OAc
Xphos Pd G3
O (20 mol%)
™ NNHTs  XPhos (20 mol%) O OBn
7.5 il e
. K,COs, PhF
85°C, 16 h BnO

BnO |

SRSt 1

7.7, 91% yield

7.8, Caesalphinone A 7.9, Caesalpinflavan B
7.6 (7 total steps) (6 total steps)
Wood, J. L.; et al. J. Am. Chem. Soc. 2019, 141, 10082—10090.
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MNHTs

[Pd] {5 mol%a)
Me0 Ligand (10 mol%) G G
base MeO
1 4~dmxane

PA(PPhs)s (5 mol%)

2 NNHTs CuCl (10 mol%), O, R :
W)LAH * ArZ-B(OH), r o H?J“\rm sealed tube o
R LiO'Bu (5.0 equiv) Ar2
12.1 12.2 1.4-dioxane, 70 °C 12.3 3a: LG = OTf
. . 30-82% yields 2 exa.mpbes :: tg :g,,g:ﬂ = Imidazolylsulfonate)
---------------------------------- Proposed mechanism - --------c-ssomaiomiaaaan] 3d: LG =0OTs
I
Pd(ll) ; @ G
ﬁ _?\- X : G PG}I’E PEBUE
Pd (0 Pri Pr P iPr
A A N I G o s e
'‘BuOH \*‘/ 12.4 1J'k|/ﬁ2 : G
LiX @2 = I Pr Pr
'NE H1 I
I L1: CyJohnPhos L2: S-Phos L3: XPhos L4: BuxPhos
I
% xtpd"qr? LiD:BI.I !
H—Pd X R . : Barluenga, J.; et al. Org. Lett. 2011, 13, 510-513.
r';*\‘ Pd " Ar")\r I
R' ¢ 120 o o oo
12.3 Ar' Ar?

12.6 125

NO.
. F
Wang, J.; et al. Chem. Commun. 2010, 46, 1724—1726. @ , TsHNN @ cat. F'd[ﬂj
base
21 axamp!es, up h:r 78%

Wang, J.; et al. Chem. Commun. 2015, 51, 13321-13323.
17



Pd(OAc); (2.5 mol%)
P(m-tol)s (5 mol%) or PPhy (10 mol%)

Bpin

Bopin, + 2 > 2
IR NaH (3.0 equiv) RPNR
2,5-DMBQ/TMBQ (1.5 equiv)
12.11 toluene/DCE, 90 °C 12.12
OAc 0 u
L,Pd
N 77 Me  25-DMBQ NaH H
Pat, ——— PdOLy =7 Lpd_~
; , Me L=PPh; 1217 OAc
2PIn_18,pin o 1218 NaOAc iR
OAc 85 examples '
22-88% vields, £/Z = up to 95:5
Bpin R R'"  OAc Bpin. "
L,Pd R . 8=p51|_,, I I—PdLnDAc
OAc E Bpin 2AH
Nz RZ? R H
12.13 12.14 12.15

Wang, J.; et al. J. Am. Chem. Soc. 2021, 143, 9769-9780.

1) Pd(QAC), (2.5 mol%)
P{m-tol)3 (5 mol%), NaH (3 equiv)
2,5-DMBQ (1.5 equiv)

3 toluene (0.05 M), 90 °C, 10 h
R* 4+

R1 Bopin, - -
3 2) ArBr (1.5 equiv), NaOH (2 equiv) 5
R (1.5equiv) 90 °C, 24 h B
CO,Me

QQD
X . Me
F,CO @ Ne

89, 78% (65%)9 90, 56% 91, 56%

(J
e~

94 66%, £/Z = 92:80
(99%, E/Z = 55:45)¢

92 88%, £/Z > 9557
(99%, E/Z = 50:50)¢

OMe

(J
e

95, 68%, Z/E = 91:97
(86%, Z/E = 45:55)¢

MeO'

93, 81%, Z/E > 95:5°
(96%, Z/E = 52:48)¢

CN

0

OMe

MeO i OMe
MeO i i

98, 72%°¢
18

i S -Bn

96, 53%, Z/E = 88:12°

(99%, Z/E = 52:48)9 97, 76%°



Pd-catalyzed cascade coupling

NNHTs
Ef Pd,(dba);*CHCI5 (5 mol%) | R' ™ H Pd,(dba)3*CHCl; (2.5 mol%) g s
@ £2 PPh; (30 mol%) R® 274 P(3,4-(CF3)2CgH3)3 (10 mol%) ESCE R1
- + -
— K,CO; (5.25 equiv) ; K2COs3 (5.25 equiv) R2
— THF, 60 °C @ ~E THF, 60 °C b
i - 4. =1 - 2 - 1 2 g
10 examplos n=1; E', E2 = CO,Me, COMe | E n=0; E', E2= CO,Me, CN 4 essamsion
44-98% yields 27.2 40-92% yields
Pd(0) <«——— HPd|
N
g RIS H 3 EL_E? EL_E?
E2 Ll E2 — R = R
N, 1T ~ R T e R
1 - LY
Pdl PdWR B et
Pd,(dba)s*CHCI5 (5 mol%)
PPh; (30 mol%) CO.Me
. 2
NNHTrisyl CO,Me LiO'Bu (3.6 equiv) CO,Me
Me + .
H I = Me
| Z COMe NEts (4.0 equiv)
BTAC (1.0 equiv) Me
27.12 27.13 2-MeTHF, 80 °C 27.14, 57% vyield

Liang, Y.-M.; et al. Chem. Commun. 2013, 49, 10190. 19



Intramolecular Cyclopropanation

(;0

R1 0 R1
1) NaOMe/MeOH, 0 °C <\
- 0

NNHTs 2) Pd,(dba); (15 mol%)
DMF, 60 °C
12 examples, 39-81% yields
up to >20:1 dr

g sealed tube
+ -
one-pot cascade
\ biomimetic

bolivianine

Liu, B.; et al. J. Am. Chem. Soc. 2013, 135, 9291-9294.
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Che, C.; et al. Angew. Chem., Int. Ed. 2016, 55, 1810—1815.

|
| 3 4 R4
Fa, R ! s N _ 2 mol% Rha(esp)s ;-H A
& U _ s R " : EJ*-\-HI/\ - NNHTris ~  BG—N R
o \ ArS0O,NHNH», 1.4-dioxane, RT‘_ ; J:f H Me : R 1 r‘.‘l Cs,CO;, THF, rt - R2
N Q 2 mol% [Co{Fag-TPP)] i | R'" PG »
L K,CO3, 100°C N '
H H Me '
/(_&bH(Me AchN H Me kh H Me ! H H H
/ / };( A | : ; N_-CH
MeO,C - Ts—N Ts—N Ts—N :
AY wed A wed, > (> O
4a, 89% 4f, 93% 4i, 745! ! CH; H H
H Br H 1
H Me H Me HH ks | 4a, 91% 4b, 88% 4c, 89%
X T '
I HaC b
N/ Nu) » N l 4 H 3
| - s
2a, 89% 2e, B5% 2d, 87% | Ts—N Ts-NC[}-u@ s ”:}
I o -'_; E
: 4d, B3%° e, 73% 4f, 93%
|
|
|
|
|

Zhou, C.-Y.; et al. Org. Chem. Front. 2023, 10, 699-704.
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Metal-Free Carbene Coupling Reactions

NNHTs K>CO;5 (1.5 equiv) H R3
+ R3-B(OH), o
RY TRE 1,4-dioxane, 110 °C RY "R*
95.1 95.2 95.3
R' = H, alkyl 28 examples
R?, R® = aryl, heteroaryl or alkyl 30-82% yields

--------------------------------------- EEUDOE S N Il =~ =<~ ===~ == ssr e snm e nn e

I
+
N
(“‘Rz OH N
95.2 1 e, —Ng2
R B
kFl{;‘oH
95.5 2
NNHTs N» (HO);B;,R H R3
—_— J_l\ 95.4 . —_— X
R" "R? R"” “R2 R' TR2 R" “R?

95.1 \ 95.6 95.3
- N2 R2 /

Barluenga, J.; et al. Nat. Chem. 2009, 1, 494-499.



Br B(OH),
OMe U OMe OH
MeO MeO 9.2  \eo Br  BBrs CH,Cl, HO Br

S~
- I - L
Br K2CO3 Br OMe then THF/HO  Br OH

OMe 1,4-dioxane, 110 °C OMe 82% yield OH

58% vield -
=y 96.3 96.4, avrainvilleol
Miller, K. A.; et al. J. Org. Chem. 2017, 82, 11655-11658.

96.1

NHBoc
TsHNN KO'Bu (3.0 equiv), 1,4-dioxane, MW, 160 °C
+ X B(OH); o
j 65% vyield, 1:1 dr
NH

Piersanti, G.; et al. Eur. J. Org. Chem. 2024, 27, ¢202400035.

23



NNHTs

H
K-CO;3 (3.0 equiv), 1,4-dioxane, MW, 150 °C -~
R N3 o4 g B : l:rr”
: J R™-B(OH)- ! J

|~ _,I H v LY
":“‘]'n > 50 examples, < 25-95% yields R R'H
97.8 97.9 97.10
K2COs —NET
N, - Na s N 4)
K s REBOH, (T N, (AT OH & "
L. i LHR:&‘“EDH ~ R - i HD'E’:;f;‘\I
5, 0 R O N=NTRi
97.11 97.12 97.13 97.14
OMe 0
X 10a, X = MeO, 60%
‘ : 0 0 HN N
10b, X = NMe,, 56% ;\o /E \

10c, X =Et, 71 % ‘
H 10d, X = Br, 74 % )
10e, X = Cl, 62% 14ald]

48 % o

X 10i 10 10k 101 10m
10f, X = MeO, 41% 51 % 54 % 72 % 89 % 74 % .
10g, X = CF3, 55%
10h. X = % HaC—
Oh, X = COCHg3, 55 % Ph—/_ | > S )
ton 100 10p  10qU 14!
% 50 % 72% 52 % 38 %

Valdés, C.; et al. Angew. Chem., Int. Ed. 2021, 60, 1273—1280. 24



Diazene rearrangement
o)

/”\%\ 1. NHNHSOAr /L/HK

2. HBCat, NaOAc

NHzNHSO;gAf ADR
SOAT [ SOAr -
= , i _N_
Ny H-BCat | M. -N., MSOAr  NoH
I /i\/\
/]\//\ M\ =
H H _
~ M=H or BCat
Me
HBCat, silica gel hv, Oy, TPP
NaOAc, DCM DCE, PMe;
= TMSO11:
PhMe, 110 °C 82%

54%

Li, C-C.; et al. J. Am. Chem. Soc. 2021, 143, 17862-17870.

25
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2026-9-4

CO,Et CO,Et CO,Et
OO . 1. TSNH-NH, N O
+
CLQ DME o X 2 r%i%??,cm
. A e 2 : 3 4
65 % 66 % 35:1
CO,Et CO,E CO,Et CO,Et
——li R mnn——
N . N ™ . ™
H I v,
5 ~H § e 7 8

Taber, D.F.; et al. Tetrahedron Lett. 1993, 34, 6209-6210.
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Sulfonyl hydrazides as a general redox-neutral platform for radical cross-coupling

ArSO,NHNH, LSO Ar N
. 0 . OH then NaBH, ‘ NH P N,
f\f or f’j/ or -:"Y or f’\]/ SOzAr
S Ve Mitsunobu Wi Vi
[crystalline]
iecook] [bench stable]
[isolated or in situ]
sp3-sp® couplings sp3-sp? couplings sp3-sp cmupling
L @
¢’ R?
i with with
*~ " RAE or AlkBr/l “ (Het)ArCI/BrH/OTS " allq,.fnyIEr
FI1 Giese reaction
CF, EWG
Y with with Ith
“~ " Cu(bpy)(CF3)a Y’ vinylBr/l/OTf “~ " activated alkenes

Baran, P.S.; et al. Science 2025, 387, 1377-1383. 2



. 0 0
Ni(dme)Cl, (20 mol%) R fo) MeO,C CO,Me

\\ 0 > dtbbpy (20 mol%)
Et;N (3.0 equiv.) i Ewe 3. 46% NMeg 4, 35%
R Ewe = e . !
L 002M9

DMF, 60 °C =
10-12h Giese reaction CO.Me o k/o 7,57%
(1.0 equiv.) (2.0 equiv.) product TsN 5, 65% 6, 28%

Ni(dme)Cl, (20 mol%)

\‘ :, 0 bpp (20 mol%) B ,@\ ["dump and stir"]
R \I)L NHP! R X EtsN (3.0 equiv.) R' /N N’ N
TsN 1! or \II: - TsN < - I':I hg [freely scalable]

+
DMF, 60 °C
X =Brorl 10-12 h 3y _ 3
ror AP ) bpp [1 step from ketone]
(1.5 equw) (1.0 equiv.) coupled product
NCbz
9, 65% 10, 51% 11, 47% 12, 35% 13,61% (X =1) 14, 33% (X = Bn)! 15,49% (X =) 16, 64% (X =1)

55% (X = Br)f

Baran, P.S.; et al. Science 2025, 387, 1377-1383. 29



H 0,0 Ni(dme)Cl, (20 mol%)

Y dNH2-bpy (20 mol%) 2
RENPL ) R Et:N (3.0 equiv.) xR
ot ‘ °’ x)\r“ e

DMF, 60 °C or 75 °C

F X = Cl or Br X = Br, |, orDTf 10-16h
(1.0 equiv.) (1.5 equiv.) (1.5 equiv.) (1.5 equiv.) ["dump and stir"] C{spa}-Clspzl or C{spa)—C{sp) coupled products
Z | CF;
> N
TsN BocN m
17, 67% (X = CI)*+ 18, 65% (X = CI)*+ 19, 32% (X = Br)*+ 20, 56% (X = Br)* 21, 63% (X = Bn)* 22, 85% (X = Br)$T
Me Me
CO,Me CO,Me =
OMOM
Me TsN TsN MeO OoMOM
23, 54% (X = Br) 24, 45% (X = |)¢ 25, 23% (X = Br) 26, 48% (X = ) 27, 65% (X = ) 28, 48% (X = OTY) 29, 53% (X = I)*
TIPS cHex Me
Me
—
2
NH OoMOM
‘ OMOM
30, 40% 31, 29% 32, 38% [via Mitsunobu from alcohol) 33, 83% (X = Br;-§ 5 34, 73% (X =) 35, 35% (X = I)#

Baran, P.S.; et al. Science 2025, 387, 1377-1383. 0



0\ 0 Ni(dme)Cly (20 mol%) NH
H,N . :s" 00 dNH,-bpy (20 mol%) ) ™ 2
SAr v pempidine (3.0 equiv.) [ V@ 00 ! S
. (0] H " Noy-® ¥ % PhSiMe,H (3.0 equiv.) : W L NZ - NH:
- — H + e’ N7 Ar @ N
i MeOH, r.t. ter DMF, 75 °C l; H
05to2h . = CLBL o O 16-18 h ~ ClenP)-Cler®) dNH,-bpy
(1.0 equiv.)  [no purification] [isolated or in situ] (1.5 equiv.) ["dump and stir"] [in situ hydrazide] coupled product  [$50/g or 1-step synthesis]
BocN BocN BocN BocN BocN B
Me
OMe Me CN Bpin Nphth N ’&N
43, 35% (X = Br) 44, 41% (X = Br) 45, 69% (X = Br) 46, 31% (X = Br) 47, 47% (X = Br) 48, 21% (X = Br) F":N'
BocN BocN BocN BocN BocN TsN
N_ _OM
| ~ -~ ~ sl ~ -~ | ~ .
-~ I ” I ~ I ~, I -~ s
N N~ “CF, N N “NHAc Me” “N” “CN
49, 44% (X = Br) 18, 65% (X = Cl) 50, 46% (X = Br) 51, 28% (X = Br) 52, 37% (X = Br) 53, 43% (X = Br)'
or 48% (X = OTf)*
BocN BocN BocN BocN TsN BocN
| o | - NHVe & N(Boc), | n-CN | . | B
N N N N - -~
Z Z X Z N N )\SMe
54, 70% (X = Cl) 55, 41% (X = Br) 56, 40% (X = Br) 57, 49% (X = Br) 58, 65% (X = CI) 59, 52% (X = Br)
BocN BocN THp BocN TsN —
N.__OMe ! CbzN
z N, A S B ES
N~ I / " l 2 I - 1 - I -
NT TN N~ “CF, N~ CF, N~ “CF,
60, 22% (X = Cl) 61,51% (X = Br) 62,53% (X=Br) SO0Ph 47 67% (X =ClI) 63, 51% (X = Cl) 64, 57% (X = Cl)

Baran, P.S.; et al. Science 2025, 387, 1377-1383.



103 105 DFT structure with DFT transition state AG ~ =25
spin density in orange AG* ~ 5 kcal mol™’ kcal mol!

e
b ]
L ]
:
‘
[ ]
'
'
(]
'
'
(]
'
'
(]
.
-
[]
:
'
L ]
:
'
[ ]
.
'
[ ]
:
'
[ ]
.
'
(]
:
'
[]
'
[ ]
L]
[]
.
[ ]
L]

: ¢ 3
- AFSOE_ E mal\ . :
I . capture \I/‘
SOAr | (N:Nim
NH NTY
HN” :
)\ 102 109
R” "R’ :
: P
+ ' reductive - :
[Ni] : elimination
PhSiMe,H !
yo | (@]
?Ozﬁr E *Ni N:: Nil— X
-NH E formal 106 C(sp?)-C(sp®)
J‘L 101 © x=ClBr w coupled product
' pisEEs 110
R R’ E |, or OTf (Het)Ar-X

Baran, P.S.; et al. Science 2025, 387, 1377-1383.
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Stereoretentive radical cross-coupling

d — Initial attempt —— —— Condition A —  Compare conventional radical coupling
H N._-CFs | 29 i 2 mol% C1
- mol% NlClzDME i o _ . M C
N"‘N _SO,A™ Nx. CFs cou pling 20 mol% dtbbpy 3 equiv. PMP 0 Decar?c;:_cylitwe L L
H i l S = 3 equiv. Et;N t-Amyl alcohol = )L arylation | n
o g DME 60 UC {ﬂ_g MJ g T "MNHPI .-"".h“‘-\-»_‘_l.q"ju‘::‘-:;_.-'f
M AH:E _ | : 40 °C |/ ’ [
Cbz % N o
3,5-F,CsH, Cbz 54%, 68.6:31.4 e.r. 55%, 92.5:7.5 e.r. N Sy
11_. {9?525 E.I’.‘,I 12 13 {39% e.S.Ja {89% e.s)? Chz i 13 6294
1 equiv. 1 equiv. 14 (99 505 ar) 0% e.s.
Effect of reaction parameters
Solvent (0.2 M) Base (3 equiv.) Ni catalyst (2 mol%)
80 . 80 80
TFE
t-BuoH AT !
&0 - aleohal 60 PMP 60 Mii4-Cl-bpy)NO,),
= — - — L]
3 s (.?ar'\ranf £ TEAs g .
z . - » 2 a0 3 40 Nijdtbbpy)(NO,),
£ 40 HEIP MeOH DME 2-MeTHF 2 -“_W SDMEA 2 :
KsPO, DIPEA ' Ni{4-OMe-bpy)(NO.), .
20 20 20 » Nilbpy)(NO.)
DMSO Nibpp)NOJ
- .
0 0 K{:‘l 0 ; « N[N},
O 10 20 30 40 S50 60 70 80 90 100 0 20 40 60 BO 100 0 20 40 B0 B0
Enantiospecificity Enantiospeacificity Enantiospecificity
. . L . s — Condition B —
Reaction parameters with minor impact on enantiospecificity
5 mol% C2
— Temperature ——— Arlhydrazide ratio - Miscellaneous 3 equiv. PMP
: : . . j cisftrans-(-}-carveol
30°C BB% e.s. ||1.2 equiv. hydrazide 56% yield, 86% e.s. ArBr instead of Arl® 38% yield, 82% e.s. | 0.2 M)
50°C 87% e.s. | |1.5 equiv. hydrazide 61% yield, 85% e.s. | | Addition of 15 equiv. HoO 33% yield, 77% e.s. | b 30 °C
‘ Abackite 46%, 93.6:6.4 e.r.
B0 *C 83% e.s. 1.2 eguiv. Arl 45% yield, 86% e.s. Ts instead of Arf2 14% yield, B4% e.s. | configuration {9.'2% aa P
33
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AG
(keal mol™)
70 __-
-0.5

g
NCbz

TS1a: N-Clalkyl)
bond homolysis

= : =
i o N::,'N'—I N‘\ N AG* = | »
’_____A_‘ M., ] GF:] N (N.I_": | +12.7 M CF;]
‘_'__,.-:;I-?-__.- N’- il_, 12 ,54 [ %, \ 12
72 / Mo
65 s
-34.8 = M 64
CF;
M N N —44.0 -50.5
N‘ _.‘N ,,NI'
(NI'I | I
& C1
| ; N
Hydrazide-assisted coupling 66 - Traditional radical capture
(stereoretention) N (racemization} — mE:
CFs ',--\ Cbz
0 keal mol™ - N N N
A ~||_
5 NCbz ‘“‘L‘ .
M N 63 Z
N N*
- I‘I'N N N NCbz bio l) e8
bl Y I I L]
7 L
H=N = % {) .
69 N™ “¢r, 81 67 \ AG" = +11.3
MP _ - NCbz N 0.7
CFa
TS1b
.- o el
AGt=+12.7 N,
=5 T %
N N A\
B \ GFs
NT L, [T \—CF;
. ] : \ =
o

LY
H A"
LY
NCbz N

TS1b: Inner-sphere
radical rebound to Claryl)

-33.7
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Blue: condition A Green: condition B

H

Ar
ﬁj' \OH NHNJEDM O’
(J =T >4
N Cbz
Cbz g97.525er.
15 11

ﬂ\.rg.BE % e.s.
M N CHF,

= | Sl NN
Z ZNco,kt

16; 40%° 17:52%%"  18: 57%9 (57%)° 19: 419%9 (41%)°
90.595 e.r. 91.1:88e.r 92.1.79er 83.46.6e.
85% a.5. 87%es  89% (85%)°es. 91% (86%)°e.s.

20: 55%9 (42% 21: 45%° 22: 42%9{4? 35)°
91684 er. 87.5:125e.r o4 0:6.0er
88% (84%)%e.s. 79% e.s. 93% (86%)° e.5.
MeO M OMe F

T
N
Z F
CM
23: 5304° 24: 3904° 95: 1804°
92575 er 89.0:11.0er 88.3:11.7er.
89% a.s. 82% e.s. B1% e.s.

Blue: condition A Green: condition B

OH SOA Ar
‘{ N—NH O
—_—
”J { '}. 06.5:3. 5— N
Chz gg.515er Cbz
26 Cbz 27 Avg. 91 % e.s.

N_ _CF,

] F M Cl
| | |

28: 57%°% (57%)° 29 55%2! 30: 53%9 (56%)°
85.4:4.6 er. 91.783e.n 96.0:40eur
94% (87%)° e.5. 86% a.5. 95% (86%)° e.5.
N H.N N N Cl
| = g | = | Y
N
= ol = =
31: 66%%" (13%)° 32:37%°  33:60%° (47%)°
95.9:4.1 er. 890.9:9.1 e.r. Eﬁﬂdﬂer
94% (88%)%a.s. BE% e.s. 93% {':.'IEWn

= M

— N ‘\.
e,
34; 44%"° 35: 42%9 (41%)° 6: 449,
93.5:6.5 a.r. 83.5:6.5e.r 93 ?.6.3 Bl
90% e.s. 90% (83%)° e.s. 90% e.s.

Baran, P.S.; et al. Nature 2025, 642, 85-91.

Blue: condition A

“",ﬂ;qz

+M

Green: condition B

991—995ﬂﬁer

3? 37%9 (35%)°
80.8:9.2 a.r
83% (67%)° e.s.
z CF,
|
= M

O
C(CFE‘
|
o N
EnD/\l“ R
Me

40: 47%9 (47%)°
78.2:21.8 o,
58% (56%)° e.s.

N
QY

33: 3899 (409%)°
BB.5:115e.r
79% (63%)° e.s

30: 43%9" (5196)°
a87.1:129er.
75% (65%)° e.s.
CF,
B
=

Ph Me
41: 30%9 (35%)°

79.2:20.8 e.r.
60% (42%)° e.s.
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a Previous route
(1) €1 (2 mol%) ot
H PMP (3.0 equiv.) = Chiral
3 N"‘N"SD A | t-Amyl alcohol | HCI SFC
-~ 40°C, 4 i M
(j’ 3 N I 0°C, 41% vield 2 — 00—
i > (2) AICL,, HFIP, r.t. THLO
i N~ Oon 85% yield " =
CoZ 44, 1.0 equiv. 42, 1.0 equiv. H 46 19% overall yield
97.5:25er. 922:7.8Ber, 89% es,
Previous route
(1) ©1 (2 mol%)
H PMP [3& equiv.] F'Iamy Mi Raney Ni
N~ SOA™ N 43?;;£0h2;d R "
- o : i o 3
GG * (j e o &
N N @) gg;% Q'l*éClg HIN Lawesson
7 ; yie
Cbz 27, 1.0 equiv. 47, 1.0 equiv. 51 3% overall yield
96.5:3.5 e.r. 93.56.5er., 94% e.s5.
b F2
NHSO, Ar
OH L G . W &
3 trans 3 : fra”sMe
Me 5,2 Me 12 N= 48%
—_— - frans:cis > 20:1
Condition A
M
T= (%)-55a
Eﬁ/ Ts {+)-53a-cis Ts (+)-54a @
NaBH, 5 12, 20 mol% Ni/bpy Jg*r#
Sru2 i 0.5 equiv. AgNO;, 4 mA 2 .,Me Conventional
[11_52 O, O radical coupling
DMF: 38%, trans:cis = 10:1 N Cis =3 frans
TE (£)-53b-trans T DMA: 33%, trans:cis = 3:1 s (4)-55a
(£)-56b  NMP: 43%, trans:cis = 8:1
NHSOE.AIFZ
Ar
cis
1 equiv. 12 Me 44%
trans:cis = 1.5
Condition A . ,
(with 5 mol% C1) N cis == cis
13 (+)-54b T (£)-55b

Baran, P.S.; et al. Nature 2025, 642, 85-91.

Thermodynamic equilibrium is around 8.1 (trans:cis)

[ .
(_S 2 equiv. 12 f ::
—6—— MeC,C""
MeO,CM" Ny ? H

Bf-‘\_‘ "':_a:-. %
o |; !J. BPin
N 4a N7 UOBn TR
- '.' '. e TP
| Pd/C  Cat. [Pd] I
; H Suzuki Boc
Boc 45 43
o 0
Ms"”LLN 5
ON_ Y
; J {':I) E-I'I/LH_).‘ -~ N e .-"-H'\‘:.L\" s NOE
N-ﬂx e g S 49 | = -
Y ko !‘il \CI e [ ; J
7 —/  NaHMDS,65% N~ 48
50 Bn =11 dr. 2 Steps from pyrazine-
carboxaldehyde
Ar
H  soar
ofe ;.N"“N/ zA’; cis
; 1 iv. 12 l'! S
H . L . MeOCM™ N
MeO C“"[ ) Condition A |
2 | 58a: 429 Cbz
Chz 57-cis trans:cis = 1:5.5
Ar
H  soar
trans N—“ & ) trans
H 1 equiv. 12 5
— MEQEC" "
Condition A I
Mel . C
2 | 58b: 53% CbZ
Chz 57 -trans

trans:cis = 15.6:1

Ar

! Chz

Ch
89 ‘ From 59-trans 40% yield, trans:cis = 8.211
From 59-cis 45% yield, trans:cis = 8.1:1
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Stereoretentive radical-based alkyl-alkyl cross-coupling

Optimization of reaction conditions

™ 1N pn ; o Ni-1: R' = CF
( H”NHE 16 (1.0 equiv) ( - : | i ’ i f3
U NIl (5 mol%) (j/\/\ E RL{N N Nj‘}—ﬂ‘ [crystallized from
. — > L : S CH5Cly/MeOH]
p R # H, pempidine (5.0 equiv) ) _ . Ni Ni-2: R' =ClI
ROl o o e (i 0equy R 202l c’ e Ni-3: R! = OMe
1.6 equiv, > 99:1 e.r. TFE (0.1 M), rt :
entry n R deviation from above yield (%) e.s. (%) high-thoughput experimentation (HTE) screening of ~1000 conditions
1 1 Cbz Ni(4-Clbpy)(NOs)s (3 mol%) 6 38 [Ni complex x solvent x base x protecting group]
t-amyl alcohol (0.2 M), 40 °C Entry 7 - Entry 14 high
2 1 Cbz Ni-1 52 56 . . yield
3 1 Boc Ni-1 35 61
4 1 Ts Ni-1 29 72
5] 1 H-2HCI Ni-1 14 g4
6 1 He2HCI  pempidine (12.0 equiv), Ni-1 54 94 (97.2:28er)
7 0 H-2HCI using entry 6 conditions 3 88
8 0 Ts Ni-2 45 39
9 0 Chz Ni-2 41 51
10 0 Boc Ni-2 27 57
11 0 Alloc Ni-2 21 61
12 0 PMP Ni-2 28 89
13 0 PMP Ni-1 19 79 o
14 0 PMP Ni-3 74 86(92.9:7.1er) 2 3 4 5 6 vyl
Ts ? 18 (1.0 equiv) 8 entry R deviation from above yield (%) e.s. (%)
(YN"'MH2 i [Ni] (5 mol%) 15 PMP using entry 14 conditions 74 66
N pempidine (5.0 equiv) i . ik NH " BI_B
PMP 17 TFE (0.1 M), rt PMP 19 17 PMP Ni-2 84  86(93.07.0er)

Baran, P.S.; et al. Science 2026, 392, 1075—-1081.
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Alkyl halide activation to product ol N H Ph s Ph 1t

" Nlll‘?j "
5!’"“" Sy ka"““ﬁ[azl H C —}n “'f—-ﬂi sl
7, v > . elimination
HNi‘ e mph - N.‘"‘"Nim N N-"""‘Nl'm : .
’ N \.Nr W N N

N 284 free radical capture T nH -
280 ,--—|~N [84] H Cl ——nN [86]
[80] 127 2[85] N 4 -37.2
AG / keal mol™ 3[N|-1]' i N Z80]
Comparison of stereoretentive RRCC to stereoretentive arylation (RCC) Ref. 41 (simplified TS)

- ':';r-—-:_u i alk: M)

m,_., 3 [Ni'],
Ni” B? N .1-1, o
\ f 1\ —_— |"I"""----l.,||||| %’ N“‘"""I‘«lll"' . E— + H‘. T p— I'{' :Ar S *
s RN g [ "
W T O ol
78 Hy H 89 20
N ChzN

N
H Chz e -
» fridentate bpp ligand stabilizes Nifll)-alky! and promotes XAT » productive Nifl)/Ni(lll) cycle ® hipyridine ligand favors Niflll-and = Nifll)/Nif0) cycle
® radical rebound gives critical intermediate, but a second radical formation step (XAT) is still necessary » radical rebound directly gives product
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A synthetic applications

"

=2HCI

L=

20 (1.6 equiv) 59 (1.0 equiv) 97426 er.

a) TsCl, Et3N, 96%
b) DPPH, NaH, 85%
¢) HCI, CH3Cly, 90%

Synthetic applications, diastereocontrol, and scalability

[Previous: 7 steps] o 9
8]
“RRCC" P<
2 COEt (g\n EtOJ‘J\/1 OEt
N"Ts then 50020 4 ste pg [ -mandelic acit OEt = H
(j’ i~ fj’\’\ o oo »
BO% yield Hs N
Buc

95% e.s.,

[Previous: 6 steps]

‘RRCC" Et TFA; CH;CHO, CH;CHO, Hz (150 bar) BuLi-LiDMAE x Et
NH; . A_E then Boc,O ; NEICNBHa 4 days C4Cl 1 :
(Y i, » Y ——— e oo . i
N ' (2.0 equiv) Me 42% vyield N 90% }"Iﬁld .
Boc ' | 10.6:1 d.r. Boc 61 t | O=< :I 1409 eps
~$1/gram : 60 (1.0 equiv) (S,S)-stenusine (62) &k
B A diastereomeric case C Gram-scale examples
NH, :
; A o RCC 0
"RRCC" : N, ’> then CbzCl
Zj\ + Fgﬁwl s : Ej’ Ts % I/\/I\O E—— (j/\/l\ﬂ
CO,Me 43% : 49%
N . cis:trans = 3.6:1 @& N Ve N Ml e N
Ts Ts , H Cbz 96% e.s.
63 (1.6 equiv) 64 (1.0 equiv) : : 20 (1.6 equiv) 67 (1.0 equiv) 97.8:2.2e.r.
Ni{bpp)Cl, ! 1.05 g scale

Z_L ‘
co,Me

N
Ts

66 (1.0 equiv)

AgNO3, TBABF,
(+) Mg | (-) RVC

HoN, 4
NMP, 4 mA, r.t. . -
| , N=Ts 0 “RRCC”
#
e o { g T 75%
5% (cis:trans = 1:1.2) N N 19
PMP

PMP

64 (3.0 equiv) : 17 (1.6 equiv) 18 (1.0 equiv) 83% e.s.
- 1.10 g scale 91.5:8.5 e.r.
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