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» Chemistry of n®-arene complexes

* Transition-metal-mediated dearomative reactions
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» Transition-metal-catalyzed dearomative functionalization of heterocycles

* Aromaticity of five-membered heterocycles

H H

QA [1,5]-H — [1,5]-H
D : D /=

P 16.0 kcalxmol P P

H 2H-phosphole 3H-phosphole
1H-phosphole P P P P

@ [1,5]-H . @ [1,5]-H D
N 44.5 kcalxmol! SN N

1 H-p)I/-Irrole 2H-pyrrole 3H-pyrrole

Pfechodné kovy v organické syntéze



Dearomative reactions "":“S

UCT PRAGUE

» Transition-metal-catalyzed dearomative functionalization of heterocycles

 Dearomative modificaton of phospholes — 2H-phospholes y
e

Me
D — © — "yprme =
P P Z;P‘P \ \
Me

unstable (OC)sW W(CO)s

stable dimer stable

. . v" Proposed mechanism
o Arylation of phosphole via 2H-phospholes

Ar! ©
; Arl Arl
an Ar?-| P I1.5]-shift R\ _base R
Cul (20 mol %) Ar? M L% 150 °C ~ 150 °C Me”
J'/\} dtbpy (20 mol %), _ @ g © Me Me Me © Me
° 2
me” % K,CO3, xylene, 150 °C e | )=Ar “150 oc
e
Me 1 A'rz A’rz 1 o
Ar P , Ph P AI’2—| Ar P
I / Ar —~ I / ~ ) I /
Cu-cat., 150 °C
Org. Lett. 2020, 22, 2187 Me Me Me Me Me Me
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» Transition-metal-catalyzed dearomative functionalization of heterocycles
 Dearomative modificaton of 1H-pyrroles

o Synthesis of 2H-pyrroles

R} R2 [Pd(C3Hs)ClL, (5 mol%)  RC R21 |}3 R?
R4@\R1 + RMOCOZMe éR)-L (11 m0|°/.o) > R4 \J ‘\R = R + R — R,' 7 R1
s,C0;3 (1 equiv) N N
H o-xylene, rt major minor
Ph Ph. Me Me B
%Ph =( Me —__Ph /H%/Ph =( Me - }~g
Me \N S Me \N S Me \N S Me \N S
86%, 91% ee 90%, 91% ee 92%, 93% ee 77%, 97% ee
r.r. = 94/6 r.r. = 95/5 r.r. = 76/24 r.r. = 94/6

J. Am. Chem. Soc. 2014, 136, 6590
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» Transition-metal-catalyzed dearomative functionalization of heterocycles
 Dearomative modificaton of 1H-pyrroles

o Synthesis of 2H-pyrroles ArX
N BuLi, CpOM Iri]l Pd(dba), (5 mol%) = Ar TFA, DMF N
Me Me A-bull, LpUNIE_ Me Me RuPhos (10 mol%) Me}4"y-Me ; . Me Me
0 °C, 15 min > - ° g
AW i D 80 °C, 12 h A\S\_/T
r
2H-pyrroles
1H-pyrroles
Li
Me\ki\?,Me Me H Me
— \ /
MeO  74%
H
Me— N\ _Me
\ /
Me N\ Me
S
Org. Lett. 2017, 19, 4608 940/0
63%
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» Transition-metal-catalyzed dearomative functionalization of heterocycles
 Dearomative modificaton of 1H-pyrroles

o Synthesis of 2H-pyrroles

ArX ArX
Pd,(dba); (2 mol%) H Pd,(dba); (2 mol%)
R _N__R2 tBuBrettPhos (8 mol%) pg1 N__gR2 JohnPhos (8 mol%)_ RA" N\ R2
j\_/f +-BuOLi (3 equiv) N\ t-BuOLi (3 equiv) U
Ar toluen, 110 °C toluen, 110 °C
H, (1 atm)
ﬁ\ Pd/C (20 wt%) ﬂ PhLi (2 equi /Q\
) . . quiv)
PRETSN™Ph  MeOH,rt,1h  PROPNT"Ph  TpE78~Ctort, 127 Pl N bn

Org. Lett. 2019, 21, 6972
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» Transition-metal-catalyzed dearomative functionalization of heterocycles
 Dearomative modificaton of 1H-pyrroles

o Synthesis of 2H-pyrroles

ArX ArX
H Pd,(dba); (2 mol%) H Pd,(dba); (2 mol%)
r1 _N__Rr2 t-BuBrettPhos (8 mol%) g1 N_ _gp2 JohnPhos (8 mol%) MY\ N_ g2
W t-BuOLi (3 equiv) N/ “#BuOLi (3 equiv) @/

Ar toluen, 110 °C toluen, 110 °C

v" Proposed mechanism

R1 N R2 Ar
A — d ArX
R1 N RZ
\ or R Ny —R? Ar-Pd—X
PdA ArPd \=

R1 R2 R N R2 R1 R2
Org. Lett. 2019, 21, 6972 U @/ éQ/
O
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» Transition-metal-catalyzed dearomative functionalization of heterocycles
 Dearomative modificaton of 1H-pyrroles

o Transition-metal-free synthesis of 2H-pyrroles v’ Selected examples
OMe
TBABTr (10 equiv) © TBAI (10 equiv)
oxone (10 equiv) R2 oxone (10 equiv) "
N" R> DCE-H,0 (1:1), 80 °C N% DCE-H,0 (1:1),80°C  N“7 R
R' Br R R'"

v" Proposed mechanism

® _TEO ,© SEQ .-
X X X H,0

®
OMe OMe OMe OM%
MeOH

1
R1 R1 R X Synthesis 2020, 52, 609
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» Transition-metal-catalyzed dearomative functionalization of heterocycles
 Dearomative modificaton of 1H-pyrroles

O (@)
o Synthesis of 3H-pyrroles Ar
V i @ 3\
-—“'—lgfl\j" I:a‘ F’(j() |-| |:E
reductive
elimination
o Ar-l Q o o
5\ PdBr(N-succ)(PPh;), (2 mol%) Ar Ar
Et;N - I Pd wPd(PPhj3),
N 3 » I
H R MeCN, 60 °C /(N R " N \
N/ R H R
@H /
oxidative
addition O )
Pd(PPh3)2
11D
Ar-l /N, R
ACS Catal. 2019, 9, 504 @H
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» Transition-metal-catalyzed dearomative functionalization of heterocycles
 Dearomative modificaton of pyridines

ligand:
Ar-B(OH), OMe
Rh(COd)zBF4 (5 mol%)
CO,Me CO,Me
Xy 2 ligand (5 mol%) z 2
|@/ > * I
N N32C03 Ar N
Bn 1,4-dioxane/H,0, 60 °C Bn
83-89% ee
R———H ligand:
o o)
S Cul (10 mol%) S “.-&Tl/\ﬁ
@, ligand (10 mol%)_ | . & N N
El:o Ve i-PryNn-Pr T SN <
2 DCM, -78 °C
C02Me
1-99% ee

J. Am. Chem. Soc. 2007, 129, 9300

Pfechodné kovy v organické syntéze



Dearomative reactions

UCT PRAGUE

Zn
Pd | NI
Mg
.

» Transition-metal-catalyzed dearomative functionalization of heterocycles

 Dearomative modificaton of quinolines and isoquinolines

o Proposed mechenism

0
. CuClI (5 mol%) N
| O ligand (5.5 mol%) %
@ DIPEA B N
— MeCN/DCM, -78 °C
R———H OAOEt R
62-84% ee

J. Org. Chem. 2008, 73, 1906
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» Transition-metal-catalyzed dearomative functionalization of heterocycles

 Dearomative modificaton of quinolines and isoquinolines

R——H
Cu(MeCN)4PFg (5 mol%)
ligand (5 mol%)

Ci | S additive (10 mol%)_ \N Ar
~.N__Ar DIPEA \[f
)

o) DCE, -30 °C | | O

additive: ligand:

Org. Chem. Front. 2020, 7, 829
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» Transition-metal-catalyzed dearomative functionalization of heterocycles

 Dearomative modificaton of pyridine at position 4

SiMe,Ph SiMe,Ph
N Me,  Ppd(n3-allyl)CI(PCys) (2 mol%) PhCHO X
| ) * Ph-Si=Bpin tol 50 °C ~ U U tolene,s0°c U
N M oluene, N , N
Bpin 92%
79%
. Si
o Proposed mechanism h
| | :
Si—B
N Pd° |
L Sl B%
. .
Si /L P SI\

J. Am. Chem. Soc. 2011, 133, 7324
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» Transition-metal-catalyzed dearomative functionalization of heterocycles

 Dearomative hydroboration of pyridine-based heterocycles

[Rh(cod)CI], (1 mol%) Me™ °N |

R N
S 0 D ot -
N oluene, 75% Ph 91%
Bp|n ﬁj
I N
. . N
* Transition-metal-free alternative Bpin
85%
J. Am. Chem. Soc. 2012, 134 3699
R
|\\ N HBpin (4 equiv) * Proposed intermediates
= N/ I, (20 mol%) .
DCM, rt - pIn_

91% 2°/o @ HSB\!
I,.B. .
N I pin N
H

H L |

Chem. Commun. 2018, 54, 8622 88%
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» Transition-metal-catalyzed dearomative functionalization of phenols

* Phenol as ambident nucleophile
©

OH pase o 2_o 0

o o U O

* Transition-metal-catalyzed intramolecular C-arylation

0
OH O - n
X Pd(OAc), (4 mol%) ‘
| ligand (12 mol%) O‘ bd
H,0, K,COs
dioxane, 80 °C .O 0
_~Br 99% - -
|

J. Am. Chem. Soc. 2011, 133, 9282
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» Transition-metal-catalyzed dearomative functionalization of phenols

* Transition-metal-catalyzed intramolecular Tsuji-Trost reaction

OH
[Ir(cod)Cl], (cat)
ligand (cat)
Li,CO; o
TsN THF, 50 °C TsNﬂ
(A~ 0CO;Me 92%, 95% ee
Angew. Chem., Int. Ed. 2011, 50, 4455
OH OH
[Ir(cod)Cl], (cat) OH ¢
ligand (cat) .
BnN DMAP, THF NBn AN NBn
X 4.8:1
84%, 92% ee
OCO,Me

Org. Lett. 2012, 14, 2579
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» Transition-metal-catalyzed dearomative functionalization of phenols

* Transition-metal-catalyzed intermolecular Tsuji-Trost reaction

PhWOCOzMe _ R _

Ph
Me [Pd(C3H5)Cl], (5 mol%) Me S—//_ O
OH ligand (11 mol%) O CO
Br DBU, dioxane, rt Br competitive alkylation for

unsubstituted naphthol
91%, 96% ee - -

Angew. Chem. Int. Ed. 2013, 52, 1
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» Transition-metal-catalyzed dearomative functionalization of phenols

 Dearomatization-rearomatization strategy for palladium catalyzed cross-coupling reactions

o Proposed mechanism O

<48
@ H-Pd-H

Pd°

Pd/C (10 mol%) o
OH O HCO,Na, TFA N
©/ N“ toluene, 140 °C @ N
68% @

Pd° O o Hopd-H

O’ (:/l/ Pd°

H-Pd-H \{
Angew. Chem. Int. Ed. 2015, 54, 14487
HN
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> Dearomative reactions of nonactivated substrates

* Transition-metal-catalyzed hydrogenation

F F

H, (50 bar) 90% 88%, 9:1 dr 90%, 7:1 dr
F R Rh-cat(1mol%) F R
}\ hexane, 25 °C Ej F H
~ ’ F L
L, ;
96%, 17:1 dr H
74%, 6:1 dr

Science 2017, 357, 908
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> Dearomative reactions of nonactivated substrates

* Transition-metal-catalyzed dearomative reactions

~-SnBu;
Cl
sz(dba)3.CHC|3 (5 m0|%
N PPh3; (40 mol%)
| i-Pr
R// acetone, rt

L

82% 79% 85%
J. Am. Chem. Soc. 2001, 123, 759
Cl §o\\,SnBu3
Pd(PPhj3), (5 mol%)
|/ : DCM, rt g By
R Z Z
71% 25%

J. Org. Chem. 2010, 75, 2619

Pfechodné kovy v organické syntéze



Dearomative reactions

UCT PRAGUE

n
Fd | wi l
Mg
.

> Dearomative reactions of nonactivated substrates

* Transition-metal-catalyzed dearomative reactions

LT
0. O Pd(dba), (5 mol%)
b

TFP (20 mol%)

| N O toluene, 110 °C
&

S Me

63%

Chem. Commun. 2016, 52, 7695
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