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Bi(l)-Catalyzed Transfer-Hydrogenation with Ammonia-Borane
Feng Wang,-l- Orriol Planas,-l- and Josep Cornella™

A. Catalytic redox-activity of pnictogens (Pn)

Pn™ Pn! arthogonal reactivity fo
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o phosohorus calalyss C. This work: Redox catalysis at a low-valant Bi{l) center in transfer hydrogentation
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mitd reaction conditions
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hydroxylaming
B. Homogeneous Bismuth catalysis: an overview of traditional reactivity

redox cycle
Bi™ as catalysts: Lewis acid catalysis
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1 (1 meli) H = . ) .
MHBH; (1.0 quiv.) N _Ar N—tBu A. Stomhmmemc experiments®
ar- Ny - ArT N7 “y—Bil
Hs0 (1.0 equiv.) H el X=F) putative
THF, 35 °C u i SN—tBu intermediate
azoarena (2) hydrazing (3) bismuthinidans (1) « i Ph;SiH (71%)
N—nBI H
/ -~
o y tBu )l( Ph, WL - .\G N—tBu
LY e et : iy '
- K[(sBu);BH] (95%)
M 3¢, R = Me, 07% Cl: I} phf 3a, 71-98% | BY H
R H 3d, R =F 95% Br 6 |
Me 3¢ R=CF, 99% 3f, 08% NaBH;;CN (98%)
Me H W B. Mass-spectromelry studies H
H "'a. ] ¥ N
H M — —
e N i O ¢ N—1 NH,BH, (1.0 equiv.) TﬁN tBu
N M - > Y i
h ) THF, 35 °C NG
I : Q—\\N-m" tBu
Me 34 aay 3h, gg%" 3i, oo ‘N-"‘Bi" — HRMS-ESI m/z = 453.1738
D
H t8U 1 . B
NO, 1(1 mol%) - L %H—-tau (20 mol%) ND,BD; (1.0 equiv.) ,N—tBu
= F] AL
R@ MHBH- (1.0 aguiv.) R‘g N—BI THF, 35°C N-""%
1, 4-dicxana, 15 °C 8d tBu’
nitroarene (4) hydrozxyl aming (5) bismuthinidena (1) m/z = 454,1802
H H I;I C. Detection of Bi(lll)}-H species under catalytic conditions
| [ N il -
N N 5b, R = Me, 94% “OH Ns _Ph H
O e T et 1 f ;
5d, R = |, 88% - (5 mol%) ~N—tBu N Ph
R ~ Cd
= 2a " >~ —_—_Bllﬁ r—- Ph’ N
Sa, 9% S0, 67% + H20 (1.0 equiv.) ’" ® |
M NH,BH, THF, 35 °C, 30 min tBu -
(1.0 equiv.) L detected " (81%)
m/z = 453.1739

oot oy &

5F, 91% 5g, 82% 5h, T5% 5i, 22%

“2.0 equiv of reducing agent.
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Catalytic Activation of N,O at a Low-Valent Bismuth Redox Platform
Yue Pang, Markus Leutzsch, Nils Nothling, and Josep Cornella*

B. This work: catalytic N0 deoxygenation via a Bi'Bi'! redox cycle

[Unprecedented redox
activation for main group]

%"'R [Oxidation to
I ]
HOBpin \/ ¥ —Bi \/ Bi-O bonds)
[BUNBI" redox cycle]

Red
[TON up to 6T00]

\ ’/\ [Nz0 activation:
LERED %H-R 1 bar, 25 *-':]
".——-

[Characterization
of intermediates]

Scheme 1. Oxidation of Bismuthinidene 1 with N,O

= — 0 =
%;“ A L N Ar—Bi. Bi—Ar 4 ‘E-::C\N—tﬂu
/ THF-dg, -78 °C o N
tBu dimeric tBu Ar
1 Bi"-oxo species

ESl-HRMS
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e b
SN Me=[—& i M0 {1 bar
Ph [ _.-—BI/ N,O (1 bar) Q N—-=~DBi 2l [

N — N; THF-dy, 25 *C
THF-dg, 25 °C 40 min
40 min

dynamic
imine coordination
\ ,“ THF hY / \‘, behaviour in solution
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Table 1. Bi(I)-Catalyzed N,0 Deoxygenation with HBpin

. [% mal¥ Bi(l)]
HBpin  + N0 —————— HOBpin + pinB-0-Bpin + M
a8

(1bar)  THF-ds 25°C o
Entry Bi{l) (x mal%) time conv, (%)* 819 ratio (%" TON®
1 - 15h 0 - -
2 4(1.0) 15h 79 27127 54
3 5(1.0) 15 h 100 79710 89
5.7 pmol 4 1{1.0} ~3& min® 1040 &0 /20 a0
5 1(0.1) ~15 min® 100 5721 780
: i 1 (0.05) ~30 min® 104 5323 1520
17.8 umel '_I'_'E';':ﬂ';;z} 7 1(0.01) 1h 97 36 /31 6700
4
. b , :
" “Based on HBpin. "Calculated by 'H NMR using mesitylene as
X —Ar ¢ internal standard. “Determined by disappearance of the characteristic
Ph i B'f Php SN2 color of Bi(l).
N—=EBi - - Mea= “N———'Bi
HOBpin + pinB-0-Bpin
4 with & 22,6 pmol 125 pmal 5
7a%; with T 304 uymaol 1.7 pmal 780
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Catalytic Hydrodefluorination via Oxidative Addition, Ligand
Metathesis, and Reductive Elimination at Bi(l)/Bi(lll) Centers

Yue Pang, Markus Leutzsch, Nils Nothling, Felix Katzenburg, and Josep Cornella™

C. This work: catalytic HOF via Bi{lVBi(lll} redox cycle

A. Catalytic steps in M"/M"*?

redox catalysis

B. Catalytic steps in Bi(llINBiV) redox catalysis

F

L Ar—X'
N

@ R

L—w" Ar—X | X'=F BIY—Ar X' = OTY, F \
Ar—R :

E OA OA X' RE
| \ ( )

Ar Ar L L _<-::-.__I —_Q _Q‘.J __L:_r.'r

L—M{’z —M{’z \BI“'—Ar N Bl —F o \é Z 0 \N___Bi/ Mo
L " / I_/ e Me |
R Me H F
\ LM / = / >_ LM <
/ \ '/ \ RySi—F —H
X—M R—M F—[B] Ar—[B]
[three erganometallic elementary lligand modification [high TON under

steps at Bi(lWBi{lll} centars] facilitates reactivity) mild conditions)

[oxidative addition to C-F bonds] [reductive alimination from Bi-H]
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A,
F
F. E Bi(l) (5 molig)
ElzSiHz (2.4 equiv.)
E F THF, &60°C, 20 h
F
1a
\u
, C1 B Q
p—HBi
{ . ! Me
tBu Me
4
3 Phebox-Bi{l}
¥ield of 2a <1% 40%
C1-Bi1 (&) 2,148 2193

OMe-Phebox-Bi(l)

74% (16% 2a")
2.201

lyzed HDF”

4orS(1-5maolt)

Et,SiH; (0.6 - 2.4 eq.)

RF

1b=1n

THF, 25 or 60 "G

Conditiens A: 4 (1 mol%). 25 °C, Z2min-2 h

F. .M. _F CF, Co;Me
| F F F F
F g
H F F F F
2b H H
= 00%" 2c 2d
B2% (0.05 mol3) » F9%° 83%0

Conditions B: 4 (1- 5 mol%), 60 °C, 20 h

CN

-

B2%"

2b =2In
F H
F F

CN

B0%

Ph
F
F. F F F
H
F F F F
H F
2a’ 2l
A5 Q2%

88%

BIW®

CN

n
4558

CN

FPh,

1C
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A. Oxidative addition into the C(sp®)-F bond

< |
F N F
(1b, 1.0 equiv.)

THF-dg, 25°C
path a
path b

1b (1.1 equiv.)
LIOT! (1.0 equiv.)

THF, 25°C
87%

B. XRD of 8b

+ 2b
>09% 77%

LIAIH,
(0.5 equiv.)

THF, -40°C

F I N\ F
H
r
2.5 medt 4 F F F ~ E
Et:5iH; (1.2 equiv.) o ~ Mo
—‘i,\q___{ 4 + . _\‘N I .
THF clg, =40 *C o e
N [ b
THB f 9
M H
main Bi species
ib during catalysis
E I N\ F
b o
2.5 mol%h 4 F F . .
Et:5iD; (1.2 aquiv.) o M =
- 3 d
_<\l-l __{' + . I
THF-dg, -40 *C o H. F N F
“N Bi
kr!ﬂa ! 2b-D
Me 1] a-0
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Very Important Publication

Conjugate Aminocyclization Catalyzed by a Bismuthinidene

Mauro Mato,* Feng Wang,” and Josep Cornella™*
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o 0 Ph.
H o N\ 1a (5 mol%) j\/[ =0 o 0 NH
Ph” OMe ~  MeO N ,U\/J: )=0 . 044\0 2a
0 MeCN, 25 *C, 2 h bh MeO N é;? *N—R
2a 3a Ph “N—Bi
3a S I
Entry Deviation from standard conditions® Yield of 3a R 1 °

: none >95% (93%) 4%:_“*{'%”_“ O
2 1b (5 mol) instead of 1a >05% A g
3 1c (5 mol%) instead of 1a 94% },""_E' @ a?ﬁﬂtﬂ:
4 without 1a, 16 h nid - 9
5 1 mol% of 1a, 15 min >05%,
. 0.1 mol% of 1a, 1 h ~95% k Ohle TN—R
7 4 (5 mol%) instead of 1a i S Rt 7
g 5 (5 mol®) instead of 1a nid “Bh N—Ei®
q Weak bases (50 mol%) instead of 1a: NEt; or AcOMa, 16 h i o R; 0.;3. A
10 ZnBra, Cul, InCls, FeBry, AgFs:,16 hinstead of 1a nid® \ =
» Zn dust (50 mel%) instead of 1a, 16 h nid k OMe
i2 PPhs (20 mol%) or JohnPhos (10 mol%) instead of 1a, 16 h rifed o H,.,
13 FCys (20 mol%) instead of 1a =05% \‘l:]: Ph

acid-base H Za

fa) O

N———BI Br >¢ o

! H _— ' N
-
R Me tBu tBu MeO N - \".v \_/\_,J'L

H=Mesit-_.r|, 1b ic 4 5 3a
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Bi-Catalyzed Trifluoromethylation of C(sp?)—H Bonds under Light
Takuya Tsuruta, Davide Spinnato, Hye Won Moon, Markus Leutzsch, and Josep Cornella™

%_“‘M—R
-
cal. &y, __Bi

N
i

H 0,0 R CFy
¥ |"9 “CF -
¢ 2 30 °C, hv

resctivily fesfures

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

LLET HAT

S~ CF @EF:I
Dl'rl|I 'b 1 . "_ 3] —R L-"l\.
IIIr. _ N—01 £ 'f
S T | .T N—g
R | ,ﬂ N N
Foower R |

F Cl
[rapid oxidative addition] [facile bond homolysis) re-arormalizabion via HAT]
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Y
CI” ~CF, //-
3 (1.2 equiv.)
1a > Q_/\N—'Bu =
THF, 25°C, 30 min ,__a|
81% l
5a
o’CF3 OMe
Me | Me TEMPO (2.0 equiv.) 2a (5.0 equiv.)
= NG - - CFs
Me e THF-dg, 30 °C, 12 h CHCls, 30 °C, 18 h
465 nm LEDs 465 nm LEDs MeO OMe
6 conv. 42% 4a
71%

24% (dark: n.d.)

Figure 2. Synthesis of Bi(IlI) complex Sa and SC-XRD structure
(hydrogen atoms omitted for clarity) through oxidative addition of 1a
to 3, and its reactivity toward generating the CF; radical.

B. Mechansitic probs

[H] cl
Cl 0 10 mol% 1a
[+]
MeCh-dy, 30 °C, 18 h
468 nm LEDs
7 H
9, 35%
(dark: n.d.}
(]
HAT
M - "' T+
mﬁ =53 L‘?
4-55 nm LEDs Q (!-I
= i “H=tay -] [
L~ "="Bu 17 —'Bu
N—Bi® B
4 =
I “TCPhth _'Eu TCPhth)

(BOE~ w = +42.5]

=. Bi(I)/Bi(III)

A Possible pathways betwesn 2u’ and Int-la

.|‘l,|"" I:F3

Q_

gy’
| S5a

-50,

CF;

H
-\H—"E-u H , Et
_hh p—
N—B1" " 465 nm LEDs AN |
J: Bu

2u'
[BOEL 4 = +25.2)

__:.-N"'Eu
i

Cl Intla

[E e {Intlail a+C) = —0.8]

H -l.\
F
path a ! —HE
- ___N ST
radical recombination ‘N_.-—Ei* Eq-typr afimination
_— |
Biu (
Cl
CFy
path b @ H ‘\ —HE CFs
2yt +  Intela + a
SET c' deprotonation
2u'
[Ei [2u™i2u) = =0.1]
4
\ cF H
H
path ¢ -1_} QH_*N —tg M
=t - i
By W=
HAT A
[ By
By” | Cl
ng int-lia
_ (BDEg;+ = +H4.6)
I:E:G;— "2.9] iEI-G— —10. E]

15



£/

=
g
*, The Yang Research Group
Precise Synthesis Lab at Tongji University

-

=. Bi(I)/Bi(III)

base-HCI
H _ R
CF, @ “N—R
o Sy
R’ |
4u cl

Figure 5. Proposed catalytic cycle of direct C—H radical
trifluoromethylation of (hetero)arenes via open-shell bismuth redox

cycle.

oy 3
~N—R 1
laf

‘H,—-—"BI

'

R

s::z =
N—p

A -

Bl

H:-ll"

.1

H"'""l
Cl

Iri-l
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Characterization of Iminobismuthanes and Catalytic Reduction of
Organic Azides via Bi(I)/Bi(III) Redox Cycling

Hye Won Moon, Nils Nothling, Markus Leutzsch, Jennifer Kuziola, and Josep Cornella*

R—NHBpin "N—BI R—N,
‘Bu
- H..a"'R
H—Bpin M2
?{ 3“—']3“
‘H.—-"Ei"'
'Buf
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A, Reactivity of bismuthinidenes with arylsulfony| azides

farmally, Ar
o .55 4,“ Ar.. o
\w N A% -N ___3’:-'_';
SN—Bu Ar TN,y . 9
“N—'Bu = ~H—"Bu
N,..m R " Z p #
THF-dl, 25 *C y—Bi n—0>oit
u -
Na 'Buf 'Buf
1a 3a, Ar = p-tol, >09%, in situ
3b, Ar = 2,4,6-Pry-CgHy, >39%, in situ

b

B. N-Methylation of iminobismuthane 3b rjl
Ar
L’°
S N
HI.. =0 3
MeOTf (1.0 equiv)
3b @(l‘“ Ny .
THF-dg , 25 °C N.- .

“ TOTf
*\:_:3.____: p— f

o

3bM™e[OTH, =99%, in situ

=. Bi(I)/Bi(III)

A. Preparation of iminobismuthane 3e

formally,

CF CF.
Fac\(;)L" FysC 3 FsC 2
3
2c o

TN—B CF -
. # . s—p N = L, . e

H...--Bi I I“'L H—"Bu = I =N—"Bu

THF-dg, 25 °C - ’ F -

. —Bi N—Bi+

-Ng
'Bll.l"'Ir 'BuJIIr
1a 3G, 99%, isofated

B. Solid-state structure of 3¢

18
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Ar

A .0 i
o) HEpin {1.0 equiv) Pr 0.0
N H20 (1.0 equiv) SN—Bu -
X - Gl
S Bt THF-da , 25 °C / ;
_,-‘HH' By Pr Pr
l 3b 1a, 07% 4b, >00%
ar =2 4 B-Pre-CgHa
B FiC CFy
o]
; ) c
- 0 HEpin {1.0 equiv) T y—Tg 3 NH
N H0 (1.0 equiv) N8y :
SN—Bu Nr-'B'
;H..-BH THF-dg , 25 °C s Fs
B
. 3¢ 1a, 99% 4c, 87%
c CFy
Ph CF;
- Ph HBpin {1.0 aguiv) Me
N r
| aN:Me HaO (1.0 equiv) N %;N\ME
g Me THF-ds , 25°C N—" e Ph
M f NH
" / Bu 2
1]
3d 1b, 94% dd, =99%,

=. Bi(I)/Bi(III)

1a o 1b (1 - 5 mal%)

,{i xn
_— HBpin (1.0 - 1.5 equiv) - z -
— iy - —HRg [ —
THF (0.25 M), 25 °C 7 18, R = CHN'Bu
2 4 'Bu 1b, R = CHzMMes

Conditions A: 1a {1 mol%), HEpin (1.0 equiv), 10 min

a F
'-?u‘f \1. FyC NH, F WH; WH;
“NH!
” Fy F OM
CFy F
da, 97% 4b, 95% e, 97% da, 909" 4 aeut

4g, B = H, 95%°

Conditions B: 1a {5 mol%), HBpin (1.5 equiv), 24 h
dh, R = "Bu, 87%
4, R=189T%

/©/\HH=
R 4j, R = COuMe, 34%
NHBn-c /@,NHE
Me

Tl
ypu

40, 72%

am, 079 an, 97% 4p, 5%
MHBac Ny
NHBoc NH,
Me
MNHBoc Ny
dq_ 93%" dr, as5tf ds, 7150 at, 500"

Conditions ©: 1b (5 mal% ), HBgin (1.5 equiv), 24 h

" of 07 D

4%, 6T%

HHBoc

du, B0%" v, B8 (o b, BT

18
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g ~'N—"Bu
H—HHEpiH i ” R—Ha

tﬁuf 1a
E-N;Em“ N
H ‘”“:‘H"n-—fa
—_ u
s >Js
- Bi M._--EI
F
,Ef” ‘Bu 12:[RNg]
Y va[HINRBpin]
q:'-:l'nl—*ﬂu
H—Bpin S—Bi* N2
’Eu"‘r 3
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Oxidative Addition of Aryl Electrophiles into a Red-Light-Active

Bismuthinidene

Mauro Mato, Paolo Cleto Bruzzese, Fumiya Takahashi, Markus Leutzsch, Edward ]. Reijerse,
Alexander Schnegg, and Josep Cornella™

C. A photoactive bismuthinidene to unify aryl OA info a MG complex: this work

~N—R
iu : 4

ground state excifed siafe

= mildly reducing - = highly reducing -
H—=2Bi
!
R/ X
red
dark light
Er|.=|:|:"_1 v Emd'ﬁ—"l W
= "_
X=N," 1Ar" H——-EII X =5R,", |
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Scheme 1. Scope of the Oxidative Addition of Aryl
Diazonium Salts into Ground-State Bismuth(l]“

N,BF,
= N—R MeCHN- r:l'd 25°C
""'N R
N——-B| r:l'.':lr.lr =5 sac
Rf’ ) N———Bl
(1.0 aquiv) 2 (1.1 aguiv) N2 R 3
F OMe X
o]
Me
% ?’N—R Q _Qmj( % q‘i"-'ﬂu
N—Bi® o< N/ me N—TBi®
’ e e / e
R BF, %HE @ E-Fe ‘Bu BF,
Me 4
3a (R = 'Bu) 92% 3d (X = OMe) 93% (87%)
3b (R = Cy) 91% 3¢ 89% 3o 0= ) 6%
o= s
e
"| = N £ =C0,Me
o
42;\1— N ?{ Sne
BT . ;
% e “N—Bi® N—se
N—BI® By ar 2 ‘Bu BF,
4 = 4
'Bu BF,
3g 93% 3h T4% 3i B5%
after SET and N release
radical }M_R
CD,CN E‘N_-:En ®

recombination “N—R
3 —
‘N—‘Bi{@. T’ & L‘A\cu
/ @ D D
@ side-product 4
[NMR] [HRMS]

R



£/

°s The Yang Research Group

—. Bi(I)/Bi(III)
X

GDCh
=

Communication

www.angewandte.org

How to cite: Angew. Chem. Int. Ed. 2025, 64, e202418367

Bismuth Catalysis Jgll3 Papgrl doi.org/10.1002/anie.202418367

Activation and C—C Coupling of Aryl Iodides via Bismuth

Photocatalysis B. Light-promoted stoichiometric oxidative addition into Bi(l) e
Q *N-R
red Ilght 4 /
H———EI N—Bi
R MLCT R 3
1

[red-light active] [red-light transparent]

. %ﬂ_n [ blue light
Ar—R Ar® 4 LLCT
=]

—Bi
base F‘ 'IE) I
R

C. This work: Activation and coupling of (heterolaryl iodides by Bi photocatalysis

[ R
' - Bi(l) 1 (cat) | 5
ORI SCS
blue LED
4

[merger of mechanistic features from TM-couplings and photoredox couplings]
[hybrid innerfouter-sphere reactivity] [MLCT and LLCT in one Bi scaffold]
[high chemoselactivity]
[photoactive 3c-d4e bond triggers LLCT] 23
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CN blue LED (457 nm)
H™ ™y N
Ty —_ = | [ fa
/H fBu red LED (660 nm) Me (50 equiv) —
“N—Bi — + > TN—tBu — >
Bu 25 °C (ambient), 18 h fH—‘ . MeCN-d;
1a (1.0 equiv) 2a (1.1 equiv) >95% Bu | 25 °C (ambient), 24 h {wimf: ﬁgggﬂ k)
) 3a (1.0 equiv) - Bi{l) 1a (51%)

! ﬂ Bi{l) 1a {10 mol%) |
*OHTSy >
NC b KzHPO, (2.0 equiv)
¢ MeCN,25°C,48h  po
2a da blue LED

=-Z =
(1]

5a
1 | i ;‘ ) Entry Deviations from standard conditions® Yiald of 5a
(= " | - = -blue LED
w ! 1 niane 58% (62%
08 = s '\ ---red LED _ (B2%)°
’ | E i ) 2 14 h instead of 43 h 38%
=] ''1a —Bi(l) .
1 - 1 light, 4 fi
| % | : xr ) 3 . nfa ight, 45 °C rifel
0.6 | g 1y A 3a Bi{lIN(Ar(I) 4 without Bi{l) (blue or red LED) <1%
| . /{\ i 5 without base 12%
| i \l,l ,' & red LED instead of blue LED 15%
1 \
04 || , oy i 7 1b instead of 1a, 60 h 63%"
|l / 1 ' ; 8 1c instead of 1a, 14 h 15%
0.2 ‘.U,-' oy 0 ] BiCl; or Bil; instead of 1a nifd
i i
. L] .rr A (nm) 10 1aa or 1ab instead of 1a <2%
i . N
D Lo i i B | YR T . ani an cl |
300 400 500 G00 FO0 800 TN—R N ~
8 s FN—1Bu SN—1Bu
N—rEi & /7 > /
I{ ‘I"N——'BI fN—-‘BI
1a: R = fBu B Cl Bu !
1b: R = Cy
1c: R = Mas 1aa 1ab
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A. Mechanistic rationals

[\ X hv
N—1B
""@ g I “ MLCT
I B

R N M
Sa fBu
1a 2a
Em (1) = =085 Epa = =213 %
PCET 12 (LT} on red
K=HPO, - KHaPOy4 red or blue
- Kl light
Ar
(P “N—IB .
- T ) \ = N—tBu
& | N N—Ei
I R Bu 3a
]
3aa
radical
addition
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This article is licensed under CC-BY 4.0 (&) ()

pubs.acs.org/JACS

Shengyang Ni, Davide Spinnato, and Josep Cornella™

0
H H Mr (2.0 equiv)
FHMPH * |}*~.| - Ph'fq’JL‘Ph
L]

s Bi-1 |:1DH\EI|%J

DMA (0,10 M)
30 °C.20h
465 nm LEDs

1{1.0equiv) 2 (1.5 equiv) 3

entry
1

R =R =R I = U T

deviations from above”

none
without catalyst

without light

red LEDs

MeCN instead of DMA

Zn instead of Mn

(=) Ni foam/(+) Zn; 5.0 mA, 465 nm LEDs; 12 h
air stable Bi-1-[Cl,] instead of Bi-1

CH,Br,/MNal instead of CH,l,

QZ;““(‘;.._:B..
"”,_.--Bi

/
u
Bi-1

yield of 3 (%)

74 I:?El}"
trace

trace

trace

51

30

55

68

40
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Reductive Cyclopropanation through Bismuth Photocatalysis
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M 'Eu; I I I
reguctlive inner sphere
I halogen axidative addition
transfer
TN-'Bu I-».
N..-—-El ~ .-l"r
; N_._--'E-l
By / [NMR]
| v "Bu [HRMS]
[x=ray] I I
radical ight-indiced
ﬂ cychization hamolysis
R
| |
% SN-By 4’{_.}{ TN—tBy
- e
;H-"'.B.I"lr,_“l ;H.-'- . i
By . radical .
R addition *E-l.-l ]} h"‘*'
v \—T//

R
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ORGANOMETALLICS

Fluorination of arylboronic esters enabled by bismuth
redox catalysis

Oriol Planas*, Feng Wang®, Markus Leutzsch, Josep Cornellat

A Organometallic steps in a fransition metal catalytic redox cycle B This work: Bismuth redox catalysis for the fluorination of boronic acid darivatives

[™] F [B]
. T o owq@ ol
mew bond /"’ ““x “\ mucheophile C-F bond ‘\ //" l.,l nucieophile
farmation farmation
U M]—¥ :
/ 4 / V Y—[8]
R IF S g W X
M -2-.;‘ Bi"/Bi O i

L I radox cyele L /@ l redox cycle "-$:1l—.@
“\-M“fﬂ "‘\.“n |-..___1‘I gal

| X =

b

|: 1} Il

e’ 7

OA
T slactrophile ™

F=Y electrophile
benchmark reaction: fluorination of arylboron compounds
Chattenging calalylic Muornalion wia
T AR : ] catalyst F Highly coveted Ar-F compounds
cananical arganometalic sieps = ) ] )
wsing transion metals Catalysis at a BilllWBi{\) redox platiorm
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A Design of Bi(lll) complexes B Influence of hypervalency in the reductive eliminaticn of C-F bonds from Bij\)
design principle ;J( x
ﬂ"‘ O= "\ 1)1.0 equiv. XeFy, 0°C, CHCI
£ , . 2 . 3 I/
tethered backbone ligand: S E:f;;} 2) 110 °C, B h F ﬂtsqﬂ
rigidifies configuration while constraining reactivity Q’ ! o= ¥ Bi
sulfone coordination: X yleld of 3 II|IF
alectronlc and geomatric influence on Bi NMe (4) 28% 3 X = NCF; (6)

NCF, (5)  94%

\ -
F— N
'D.‘;_-s'lr_g @ Q d-'“l ! ‘H' /fb.:f N
<> I [Ny

1.0 equiv. XeFz

'\.
CHCI, 0 °C l‘/\ \ s
Me = Q5% “ E\u

1 fisolated)

[x-ray]

G;-,—m\
\

"~ 2 4‘,—»1 N\ <./‘( )

4, N-Bi: 3.055(2) A

5, N-Bi: 3.038(3) A-

110 °C c Monameric Bi{V) difluoride
CDOCly X !
FsC
3 \. Il-""-"-\-._‘

A
m

O=
1 . 3,\@ ‘IUequw XaFs :;V F1

Me Me ~95%

-"‘".(,,01 -Bi1=02-Bi2 3 ({isolated)
34306 A 45% 7 a. N-Bi: 3.566(4) A
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B Mechanism of the reductive elimination

/c Fs F e
slower decay

F o N
- A/
|© in presence of Bu,NF Sz\-@
é{—m - —_ g\ai
| \O CDCly, 90 °C ®| e
6h
F F

14-cation

14
2 fluorines in apical
TBP geometry

1.0 equiv. BF3#Et,0
CHCI,, 45 °C
5 min
>99%

———

Ph ~
| | F CDCly, 60 °C | en
F F 5 min
25 F
NMR, HRMS 25-cation

=. Bi(IID)/Bi(V)

proposed cationic intermediates

C-F bond reductive elimination F
- ¢ SN

AH¥ = 155 2 0.7 keal mol”!
as¥=347:19eu

3,94% 6, 95%

1.0 equiv BF3#E1,0
>99%

K
P,

T

N BES
4
S‘-\ fast dissociation of Oy
<—§_Bi'-— F labile BF 4 ligand 31\'@ C-F bond reductive elimination
Vi F'--. / — gsl
]

AHY =243+ 1.6 keal mol”!

o S
3,85% 26, 95% ‘\‘\/rnr,

as¥=65+53eu
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A Transmetallation of arylboron to halobismines B Bi-mediated fluorination of arylboronic acids

FiC,
F
,c\N B(OH), 1) 29. KF. MeCN. 90 °C
—_ 2) 27, CHCly, 60 °C
°==s’- i BTQ O, ) - > R_O/
o O
N, MecCN.90°C
X = C1(29) 5 20, R = 'Bu, 84%, 85% F
BF, (26) F 21, R = CF4, 82%, 35%5 ©:
22, R = CN, 75%*, 71% o

B(OH), O’S:; . 23, R = CI, 70%, 51%5 . -
© 'S -t 24, R = OMe, 90%%, 21% 75%. 74%
o 34, R =F, 88%, 50%}
30, 93%, 95%* (X = Cl) R 35 R=CO,EN 67%, 98% (96%)"

95% (X = BFy)" 31.67% 36, R =TMS, 73%, 77%
Me

e Nl ceaN C o gle o

32, 72% 33, 80%" 95%, 75% 90%, 49% 73%. 93%

C Bi-catalyzed fluorination of arylboronic esters

26 (10 mol%)
27 (1.0 equiv.)

O/BP"' NaF (5.0 equiv.) @/F
R—m —_—— R—
' CDCl3, 90 °C, 16 h F

(wlo Bi, <6%)

o

R
3, R=H, 90% 40, R = OMe, 55%
36, R = TMS, 90% (81%)% 44 R =CN, 28%
41, R=Ph, 71% 45 R = Cl, 36%
42, R = Me, 77%

43 R = PhC=C-, 67% Me

Me F F

38 46 Me 47
49% 84% 45%
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Bismuth-Catalyzed Oxidative Coupling of Arylboronic Acids with
Triflate and Nonaflate Salts

Oriol Planas, Vytautas Peciukenas, and Josep Cornella™

B. This work: Bi-catalyzed coupling of triflate and nonaflate with arylboronic acids

B({OH oTf
= (OR), Bi catalysis R
R= +  NaOTf —i R—r
= -
nuclecphila alactrophile
FiC
(a] [electrondeficient
s"’:" bis-arylsulfone ligand)]
g =l W E
vig fer BIZ= [Bi"fBi" redox catalysis]
l:) CF, [OTF and ONf]
0
*\1 LY ;;-D [fast C-0 bond formation]
o=5.
R
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Table 2. Scope of the Bi-Catalyzed Oxidative Coupling of
Arylboronic Acids and Sodium Triflate”

4c (10 mol%) 0

i
. O=
[ClapyrFIBF, (1.1 equiv.) *—S—QCF
R = R \
2 NasPOy (2.0 equiv.) Z ot
1 5A MS, CHCly, 60 °C, 16 h 2 F,C 4c

Table 3. Scope of the Bi-Catalyzed Oxidative Coupling of
Arylboronic Acids and Potassium Nonaflate®

4d (10 mol%)

Me
oTf oTf oTf
o o, X
Me Me iPr
[ClypyrFIBF, (1.1 equiv.)

10
0-15‘1—@“, Me
. BIOH):  KONf (1.1 equiv) S Bi 3 2b, B1% 2c, 93% 2d, 87% 2e, T0%
rI = R—r \
o = ONf
5 F,C 4d

NayPO, (4.0 equiv.) °

M Me
5 oTf OTf  MeD oTf oTf
1 5A MS, CHCl5, 60 °C, 16 h /@/ & @/ /@/
‘Bu F,C0
ONF ONf ONF ONf  Me™ Me
©/ ©: @’ 2f, 859 2g, 93% 2h, 51%° 21, 50%
. e
=
R MeySi Ph

oTf oTf oTf oTi
5a, 97% Me: ¢, 93% 5d, 96% 5e, 02% F ar Me,Si

Br
“Reaction conditions: 1 (0.3 mmol), KONf (0.33 mmol), 4d (0.03

2], 60%® 2k, 49% 21, 61%® 2m, 96%
mmol), [ClLpyrF]BE, (0.33 mmol), Na,PO, (1.2 mmol) and 5 A MS orf o
(120 mg) in CHCI, at 60 °C for 16 h. Yields of isolated pure material. /@,OTf /@/ /@ \/©/0Tf
Ph EtO,C o Z 2
2n, 63% 2o, 42%" 2p, BE%” 2q, 78%"

low yielding subsirates

Me oTf oTf
Me oTf OTf
SORNO I :
F.C
@ 3 )

2r, 38% 2s, 27%b 2t, Dangede 2u, 19954
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S v
- \ X—B(OH),
Bi"/Bi" 0

ﬁedﬂx cycle O= _ﬁ_@‘—
3 CF,
K'“ llusl_@ @EI
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Redox-Neutral Organometallic Elementary Steps at Bismuth:
Catalytic Synthesis of Aryl Sulfonyl Fluorides

Marc Magre and Josep Cornella™

B. Bismuth catalysis in organic synthesis

50

Bi" C. This work: bismuth redox neutral catalysis for the synthesis of sulfony] fluorides
0
/’ \ Dzsﬂ_j@_ﬂ
Bi
cat

s+ eE
Bi Bi" _ \ Q..o
A B(OH): @ © R x o
- . i + 502 + N '—.
Lowis acid catalysis redox neutral radox catalysis JH‘::" &
catalysis FI & 2 Br,
[N elermentary [elementary [Elermentary 249 exammles
arganameatallic steps) argancmatallic steps) organomctallic steps]
[one-pot operation] [Bismuth 6% compatible with F* source] [heteracycles compatibla]
| L
Iredox neutral] LI Iradox processas] [redox nautral process) [XRD of B} sulfinate intermadiata) [organomatallic steps valldatad]
well-gstablished this work recenily esfabiished
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A, Validation of organometallic steps: Transmetalation

[a]
2 /
o=4" e 1a (1.1 equiv,) uaﬁi"@m
Bi KaPOy (3.0 equiv), 4 A MS N Bi
BFy CDCly T0°C, 2h \Fh
FyC 2 93% FiC s

B. Bi{\V) species as active intermediates

o _ o, 2
a:{’—-@‘ 1) XeF (1.1 equiv) \5’17;-3;—
Me )
2) BF3.0Et; (1.1 equiv) g_’_' i
B -
\p i X @
h
5c

Me
i
- ~
COCly, 50 °C, 20 min 1 Fh

2
F, G BF,
1) Selectucr® (1.5 equiv)

COCly, TO*C, 2h

S0, (1.5 bar)
2) 80, (1.5 bar) o 0 70°C.2h
CDCl 70°C, 2 h W

F i

path a: <1% yield of 2a path b: 3% yield of 2a

—. PiERL

C. Validation of organometallic steps: S0, inserion and Bi-sulfinate cxidation

4] o]
ol ot
BE\ + 50, - B

(1.5 bar) CDCly, T0°C, 2h \o
Ph o N
FyC Fst

T
9,0 Selectfiuor® .f&“["f &
Sp (1.5 - 2.5 equiv) \/L,/" — \
Ik 0+ - % 1 s
cDCl T 4.
2a 2-5h \Y% -\'

70°C =05% yield T~
25°C  58% yleld J ~

5-Fh
|

D. Cxidation attempt of Bi(lll}-S(V1) species: alternative redox Bi(lll}-(V) reactivity

8]
ﬂté"_g S Me Selectliuer™
i (2.5 equiv.)
o]

> 8
o-4 CDCl, 70°C, 2 h o
1] recove
F,C 4 Me ry
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S-oxidation

_4 redox

B(OH),

0
(o} neutral O= sll R
O:'-'S”—'Q—R catalytic

cycle
\
0..20
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How to cite: Angew. Chem. Int. Ed. 2025, 64, e202424698

Thiosulfonylation doi.org/10.1002/anie.202424698

Aryl Silicon Nucleophiles in Bismuth Catalysis
Teresa Faber, Sophia Engelhardt, and Josep Cornella*

B. This Work: Introducing anyl-Si nucleophiles in Bi-catalysis:

O -"n
FTEO-
Me
Bi
Wl

: .
- FsC
Si : Bi cat S~scr,
@ + 80 4+ —5CF, -
Sa,
& o

[Si-to-Bi transmetalation validated] [compatible electrophile with Bi] [redox neutral process]

[one-pot three-compoanent reaction]  [unusuwal flusrinated thiosulfones)
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0O 0 E
%:»5# O (=]
~sCF, ﬂ-rg’ﬂ_rﬂ si—0
Me
i Q’ ° G%
2 l:l.: M2
\ / e A N
o X = BF; Sacc
. Cidation Transmetalation
SCFy
-
by
11:'.'::I
[a]

redox-newtral
Bi{ll) catalysis
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https://doi.org/10.1038/541929-019-0392-6 CaIaIYSIS

An air-stable binary Ni(0)-olefin catalyst

Lukas Nattmann®, Rakan Saeb®, Nils Nothling and Josep Cornella®*

a Synthesis of complexes 1 and 2
CF3
CF3
S \ﬁ\
FsC Ar

SSDBqun.r 31anur\r3 :;
. Ar
THF, =5 °C Et,0,-5°C
46% Ni(CDT) Tirk
[1 gram scale] [2 gram scale]

= Preparation of complex 2 from Mi{acac),

CFs
O AIEL, (2.1 equiv.)
Ni{acac), + S

-20 *Cto-5°C
Et,0
FsC 3.15 equiv. [>20 gram|
3
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s

g
OH
N
0.5 mol% [Ni] = Ph O 10 mol=s [Ni] NH
S5
- B(OH) Bro N 0.5 mol% dpp! - | U_L Bn Y 10mol%terpy  ph O
B Yol ) kPO 14dioxane S I PhMe L A
N 80°C i Boc N 130°C o
28
8 9 Ni(Fstb), (2): >99% (82%)" 26 27 AL
((dppf)Ni(n){cinnamyl)CI]: 92% e g7
S
b i h
N )
P M
2 e 10 mol% [Ni] = © W i Amol% [Ni]  Me Me
+ 40 mol% CysP-HBF - priom g, 8 Mol% Ph-PyBOX
Me 40 mol® K3PO, N Mme” ~mr t ner DVA 5 Me
PhMe, 130 °C &80 °C 31
1 13 29 30
" - B Ni(Tstb), (2): 58%
Ni("stb), (2): 7% (84%) ERCO i
Ni(COD)z: 88% 5
c 0 i
Q N Br =
‘JL 10 mol%e [Ni] N = | 5 mol% [Ni]
= 40 mol% PPhs 5 mol®% XantPhos
Ph H | - ‘ | — = . " {HANZHB!' =
N_ = PhMe, 170 °C Pr THF
Pr Pr 50 °C
14 15 16 32 33 e
Ni{Fstb), (2): 94% Ni{"stb), (2): 921:"
Ni{COD),: 86% Ni(COD)z: 96%
d j
o)
- o 5 mol% [Ni] Q Shle "‘ﬁ . _ H
4 - PR *
Me” “Me PhMe, 90 *C
FaC N NaO'Bu FsC
H CPME, 100 °C .
17 18 35 36 a7

Ni{"stb), (2): 91%

Ni("stb), (2): 91%"
Ni{COD),: 86%

Mi{COD): 7%
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“Naked Nickel”-Catalyzed Amination of Heteroaryl Bromides

Rakan Saeb, Bryan Boulenger, and Josep Cornella™

10 mol% Ni(**®¥stb), i Ar
K R 0 M
= 20 mol% Zn .
| SN = [ J "
X7 H™ R DABCO > Lt Ar

[na light, electricity, exogeneous ligands)

[relevant 5 & 6-membered heterocycles] [multiple Lewis-basic heteroatoms] Ni catalyst

[1* & 2* amines (cyclic and acyclic)] [leeNeicmGia h el

This article is licensed under CC-BY 4.0 (¢) ()
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LY 10 mol% Ni{*®9sth), D
| 20 mol% Zn =
+ HN -

Z I
N DABCO (1.8 aquiv.) o=
. 2 DMA [1.0 M], 60 °C N,
(1.0 equiv.) (2.0 equiv.) 24 h
deviations deviations
antry from above  yiekd®in % of 3 entry from above  yield® in % of 3
1 none 76, (76)" T  NIiCOD): (glovebox) 73
2 40 °C 62 8 Ni( = sth), 76
3 25 °C <5 9 Mi(COD)(DQ) <
4 old batch of Ni{*®sth),* 76 10 DMA stored on benchtop 77
5  NiBrzidme) (glovebox) B4 11 Mo [Ni] =1
G MiBra{bipy)s <1 12 Mo Zn 17

8 1H NMR yield as detarmined by using 1.3.5-trimethoxybanzena as internal standard.

Y |solated yield (0.3 mmol scale), © 6 months old batch stored at —18 °C under air, “®'sth =
(E}1.2-bis(4-{tert-butyl)phenyljethene, dme = dimethoxyethane, bipy = 2, 2'-bipyridine,
COD = 1,5-cyclooctadiens, Y“Fisth = (E)-1,2-bis(4-{triflucromethyljphenyljethens,

DQ = duroquinone,
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Cross-Coupling doi.org/10.1002/anie.202424051

“Naked Nickel”-Catalyzed Heteroaryl-Heteroaryl Suzuki-Miyaura
Coupling

Rakan Saeb, Byeongdo Roh, and Josep Cornella*

b} This work: exogenous ligand-free naked nickel Suzuki-Miyaura Coupling

Br B(OR), Ni cat @
W e
KsPO4

[relevant 5 & 6-membered heterocycles]
[multiple Lewis basic heteroatoms]
[no exogenous ligands]

CF,
[air-stable and commercially available catalyst] [CAS: 2413906-36-0]

[rapid and simple setup] Ni cat
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Scope of B-based nuclaophiles

— 5
o) |
e . |
I - | e | e
] N -
15 16 N 17

Br 'I'RCI];B 10 mal% Nif* = sib), - @
+
‘@ KaP Oy (1.5 euiv.) @ = b

MBoc

BO%"
DAL, 60 °C ——
(1.1} mouiv.) (1.5 equine,) NH o
- f heteroaryl-hateroary]
[B] = B{OH);, Bpin coupling product O . N
=
Seope of helaraary! bromides I o |
= M
N
— [u] == — -
19 20 21
3 5 M e
T 58% o 520
| = Mesy = = e S = = 21%
OH
e - =
N N F F,C - "HTDMB
| I N
3 4 5 ] SN 2 M i
BE% a0t 43% 754 1 | 2., M
o "-"" I
= - s - s N Hf
= M = | 22 24 25
-
NC | M TI“H“‘ E = M. .= B2% 40% 320,b
P
= N N | 3
3 Mixed Electrophiies & Nuceophiles
T & a 10 —
32% T4% TEY I e o o i o
BocHN | ! » #
fi 5 N "] IH o N M
7 o M ]: ' #
N ,.‘:-'" | ",.- N" L"H N
= Mﬂ‘; —_— s 26 27 28 29
e o RRL BEIL" B4% B1%
N _MN.__.OMe g
From Boc-Tyr-OMa | |
11 12 13 14 No N
66% 94% 32%? 38% | |
Fal Fa
i} y| 32
56 G9% T
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Selective Functionalization of Aminoheterocycles by a Pyrylium Salt

Daniel Moser®, Yaya Duan®, Feng Wang, Yuanhong Ma, Matthew J. O’Neill, and Josep Cornella*

e

B. Amination of 4-aminopyriding via C-N activation

R
A. This work: pyrylium tatrafluorcborate for nuclecphilic aromatic substitution ‘n.‘ 4 /@/
bench stable =2
== - O/“ _,_,.-

multi gram-scale

| I @.Jo 1 =
> = EtOH 1.5 equiv HCl=1 4 dl::u:-:arle
M KOH - 0" BF, simple preparation solvent 80 °C = |
éus then HBF4eELO pyrylium readily prepared from PST N
PST 18 gr::finala tetrafluoroborate safe & non-explosive Solvent Yinlel of 3
$14/mol Pyry-BFy 1 {no runaway exotherms) THF 17%
By -“" @y "‘" EtOH 7%
EF BF_q Ao BB
E : EFd MeCN o
3 =5% 1, 4-dsccane a5 5
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C-N: primary and secondary anilines

MH; N Nuc
- o5 H-uf.' - C-0: phenals, alcohols
-H: Sgr, - pyriding C-5: thiophenaols and sulfinaies
amincheterocycle pyridinium salt f':.lr;ﬂnnahzl'ad = B0 examples with Lewis basic N helterocycles
A. C-N bonds C. C-50:R bonds

Me Cl Me
26, 44% 27, 51% 28, 28% 29, 61% CFy 30, 77%
o] Me
H
B ;
N, =
HM R = |
N
= r-' H‘I 32, R = OMe, 72% =
I Me Me 33, R=F, 30% N
34, R=1,52%
M, 51% 35, R = COsMe, 28% 36, 65% OMe 37 g5y,
B. C-0 bonds
Ph
Ph Ph Ph -
o” o" o o
— = = | = | 5
o I o | - L"" =
N N “Me N I
e
38, 78% 39, 70% 40, 66% 41, B3t OMe N
tBu
L. L I
0 tBu (4] OMe o OMa N"..-'J\‘N
O . 9 Y
g N Me SN ci

44, 50% 45, 51%°

Ma
o o Q o s}
/@ o=5-"" o=%-M oy-F" D‘“s"‘ph oz’
HM
0 Q p el
B W4
Me” N N® N7 B e
(LS o
46, B0% 47, 90% 48, 53% 49, 45%, 50, G0%
o
o -Ph 057" oM 0,
= Y
Q=5
A z 2
N™ "% 5 | - =
N N " |
N
OMe CFy
51, 31% 52, 35% 53, 82% 54, 69%
R cl
. .Fh o ’@’ = o /@/
= » Ph
0=5 0=5" o=5
]
=
SN I [ =
M N OMe M
cl 56, R = Me, 79%
53, BA% 57T, R=H, 86% 58, 42% 59, 73%
D. C-5 bonds
= 60, R = 2-Br, 58% MB
61, R = 2-Me, B0%
N 62, R = 4-Me, 93% 5
R 63, R = 4-OMe, 99%
64, R = 4-C1, 99% N
69, R = Me, 88
6. R = 440y 9 ﬁfl\ i I 2 TOR= HE'EQ%%
66, R = 4-NO; 99% o 35% RN - -

67, R = 3 5-di-Me, 84%
o O
5 s 5
|

NO,

T3, in situ,83%

,Q,...a
(l];

N
in SII’:.’. 96%

(=}

74, 54%
in situ, 58%
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Selective Late-Stage Sulfonyl Chloride Formation from Sulfonamides

Enabled by Pyry-BF,

Alejandro Gémez-Palomino and Josep Cornella*

B. Scope of model subsirates

'-’-:"\EQD i @ = weith or without MgCla - U‘\SIP of ﬂﬁs#ﬂ
- - " . - = BF e P
A. Conversion of sulfonamides fo sulfonic acids and sulfonyl chlorides 8 B B ‘NH; o L ‘BUOH, B0 °C R C R OH
Q0 Wiy 1
*3‘" S"‘:'-l—
‘NHJ no addoitive /0 %;P %J,? 0\\!? e 0\\#0
= e E‘R cl S.__{ 3\.? Suq
Me 2 3, > G5% yield /@’ @/ ,©I
[] a
. BuQH, 60 °C 0‘#0 FiC Mal
ah MGl b 5, R = OH, 60% 7, R = OH, B0% 9. R =0H, ~05% 1, R = OH, 94%
| (1.5 sguv) o 6, R=Cl, 78% 8, R=Cl, 90% 10, R = CI, >95% 12, R =Cl, 94%
&Je - o 0 0. 0 a
il o W o Y. s e ¥
1 4, = 95% yald 5 [ - [
L ve” >R T @ \vall A €
Ma Me  Me
13, R = OH, »85% 15, R = OH, 90% 17, R=0H, *85% 18, R = 0C0,, 65%
14, R = CI, »85% 16, R = C|, =95% 18, R = CI, =85%
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Synthesis of Sulfonyl Fluorides from Sulfonamides

Marina Pérez-Palau'® and Josep Cornella*!

N

RS
(1) |$ ©BF, (1.5 equiv.)

\\ "'f

S.
- O
©/ MgCl, (1.5 equiv.)
KF (6.0 equiv.)
2 MeCHM, 60 °C
then H;O quench at rt
Entry Deviation from above Yield of 3 (%)
1 none 97% (76%)"
2 wilo MgCl, 18%
3 wio KF < 59
4 wio 1 < Koy
5 w/o H:0 quench < 5%
5] 4 equiv. KF 50%,
7 5 equiv. KF 679
& 6 equiv. KHF: instead of KF 93%,

[a] Yield determined by 'H and "*F NMR using 4-fluoroanisole as internal
standard. [b] Yield of isolated pure material.
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Bio-Inspired Deaminative Hydroxylation of Aminoheterocycles and
Electron-Deficient Anilines

IG

Clément Ghiazza, Lucas Wagner, Sergio Ferndandez, Markus Leutzsch, and Josep Cornella*

A- Optimizaticn o C. Cna-pot, seguantial procedurs

o ey @ o
BF
BF4 O 4 x equr-.-'- o o EF; -‘ ACNHOH 4 (2 equiv. | 0
basze [y & 1 (1.2 aquiv Kl (2 equiv)
‘T‘ (v equrv) @,T @: —NH; quiv.) @[‘;}_” - @: =0
:n-::l-.'-."rlr 0.1 M J EOH 3.1 M H

ErDH DA M
a0 -C, 16 h a0°C, 1h
80°C.1h 2 notisolated —
‘ SAME ol
: MOH and ather hydroxy surrogales [single flask operation]  [user friendly protocol]  [steble intermediates] [cheap and available reactants)

{rta yield of 3
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Deaminative chlorination of aminoheterocycles

Clément Ghiazza®, Teresa Faber, Alejandro Gémez-Palomino and Josep Cornella®

M
|f\|/ NH2z MNaDMNO [ = ;lf“";f “ cucl = ] POCls = s
| I/-\II/ | »
N M M
l Ny N J Sz ey
Heteroand chlorides

¥

d
-

N T

I + EFq_ {1] A i

e

(] N N
Cl source :
This work
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a | MeCN
Na 80°C,0.1M
<I¢

Y MeCN
| 80°C,0.1M
N

Cl x
+
o
ON NO; N

T )

1 3
N =
O+ L
(o] N

1 3

a
cl Acetone
= 80°C, 1M
+ | P
O:N NO, N o -
2 3 Zincke salt
4,95%
b
EtOAC
S 0 01080°C
Il N
I + s Ry +
* e | ;
N~ 2c
H -
3 5
45%
N
" ;
| o BF, )
EtO:C N (I equiv)  pi e Cl source
\[ \>—NH2 —_— \
o EtOH MeCN
80°C, 0.1 M Temp., 0.1 M
9 10, 93%
d
EOL N | ) MgCl, (2 equiv.) EtOC
\>_ + BF. >
\[o i % ‘ Solvent, 0.1 M,
120 °C, air, 16 h
9 1
(1.5 equiv.)

2 3
96% 96%
ci cl
D
N - D)
| s
N H
T 8
85% 93%
Cl source (equiv.) Temp. (°C) Yield 11 (%)
HCl in Et;0 (2) 25 >95
MgClz (2) 80 >95
TMSCI (2) 50 >95
"BugNClI (4) 120 87
Solvent (boiling point, °C) Yield 11 (%)
MeCN (82) 20
PhCN (191) a3
o-xylene (139) 58
Propylene carbonate (242) 67
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| L

B
| i

Me OMe 61
From amlexanox
61%
cl
Q N.
= 3
60

Azidation

NHz
’
Aminohetarocycle
F5CO. s
\©: / a Bk
From riluzole BF,
M + e [
B9% o
Chioride
— source
Negishi
5.7 of 30 l Fluorination
\ of 45
= N /
Nl = L> E Suzuki “
N - -
N \___/0"‘/ N OBt -— o 4
OEt
55
From adefovir 2"‘ alcohol,
78% Eonngashlra SyAr of 29
of 11
1% amine, 2% amine,
SyAr of 51 Spar of 31
Ph
o) N P PhO
v
EtO \ O o
) s
56 =N —
H Y N
56% N Z N
| O
o}
N N
s 57
From ibrutinib Q
74%
b

BF,

o N "N/ From chioridazon
—_—
of 24 >85%

M A
3 From cholesterol =
TB%

N NO:.
---I/_. \Me ’

58
From duloxetine
B2%

Pyrroliding (1 equiv.)
DBU (1 equiv.)

MgClz (2 equiv.)

\>— NH; MeCN,

“\‘ -
|,
0" (1.5 equiv)

120 °C, air, 16 h

room temperature, air, 1 h

=0,

47% over two steps
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