Seminar

Progress in the Asymmetric Dearomatization
Reactions of Phenols

Speaker:  Changli Chi (&F4<%L)

Supervisor: Can Zhu (%l HEMR

\0

1)

2026.4.24



Content

1. Introduction
2. Asymmetric Dearomatization of Phenols as Nucleophiles
2.1 Asymmetric Dearomatization of Phenols for the Construction of C—C Bonds
2.2 Asymmetric Dearomatization Amination of Phenols
2.3 Asymmetric Dearomatization Fluorination of Phenols
3. Asymmetric Dearomatization of Phenols as Electrophiles
3.1 Double Electrons Transfer Oxidation Reactions
3.2 Single Electron Transfer Oxidation Reactions
4. Asymmetric Dearomatization of Phenols via Enzyme Catalysis

5. Summary and Outlook



Content

1. Introduction



1. Introduction

Representative Natural Products and Pharmaceutical Molecules Bearing Phenol Skeleton

Lignin Vitamin E Etoposide Fangchinoline

Dearomatization——Escaping from Flatland

2D-molecule 3D-molecule
OH Importance : e Construction of three-dimensional rigid structures enriched with C(sp3$
dearomatization FG
FG' 5 ) * Reducing the toxicity of drug candidates.
ubiquitous optically active e Improving the pharmacokinetic profiles of drug candidates.
feedstocks cyclohexadienones

J. H. P. Tyman. Synthetic and Natural Phenols. Elsevier, 1996. W. Thomas; et al. Top. Curr. Chem. 2016, 373, 27. X. H. Bi; et al. Nat. Chem. 2025, 17, 215-225.
S. L. You; et al. Chem. Soc. Rev. 2016, 45, 1570-1580. T. Katsuki; et al. J. Am. Chem. Soc. 2012, 134, 20017-20020. 4
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2. Asymmetric Dearomatization of Phenols as Nucleophiles

1. Main challenges 2. Significant progress
o O O
o0 ~— (0 O chemoselectivity . R R
C2= G‘g O regioselectivity R: - R:_/ = or R:_* |
<
C4 O O enantioselectivity R2  Chiral environment R2 R2 E

intrinsic keto-enol tautomerization
~~ Dearomative Asymmetric Alkylation

J

Dearomative Asymmetric Alkenylation » C—C Bonds

Asymmetric Dearomatization < Dearomative Asymmetric Arylation /
of Phenols

Dearomative Asymmetric Amination

\- Dearomative Asymmetric Halogenation

S. L. You:; et al. Chem. Soc. Rev. 2016, 45, 1570-1580.



2.1 Asymmetric Dearomatization of Phenols for the Construction of C—C Bonds

2.1.1 Construction of C—C Bonds via Dearomative Asymmetric Allylic Alkylation Reaction
2010, 2012, Hamada

CO,Me conditions
C02 Me

= COzMe

® Q)

NH HN
Me
Me
PPh, Ph,P

HO

11

1-2 1-3
conditions 1 conditions 2

[AllylPdCI], (5 mol%) Pd(dba), (5 mol%)
1-2 1-3

NaOAc (1.0 equiv.) LioCO3 (1.0 equiv.)

THF (degassed), rt MeCN (degassed), 10 °C

1-4: 37%, 2.9:1 dr, 93% ee 1-4: 80%, 9.2:1 dr, 89% ee L 1-6 _]
disfavored

Y. Hamada; et al. Org. Lett. 2010, 12, 5020—-5023. Y. Hamada; et al. Tetrahedron Asymmetry, 2012, 23, 859—-866. 7



2.1 Asymmetric Dearomatization of Phenols for the Construction of C—C Bonds

2.1.1 Construction of C—C Bonds via Dearomative Asymmetric Allylic Alkylation Reaction
2011, Shu-Li You

OH [Ir(cod)Cl]5 (2-4 mol%)
1-8 (4-8 mol%)
N Li,CO3 (2.0 equiv.) /—Me
| _ >
THF, 50 °C
(Y~ OCO:Me or
Dioxane, reflux
1-7 1-9, 60-95%
X = CH(CO,Me),, NTs, CH,NR3 85-97% ee 8
n=1,2 -
selected examples _ _
Ar

MeO

’ " ‘0 ’ K Bn\ é
MeO,C N = O
Bn Bn MeO,C MeO,C Q
/\@
1-9a 1-9b 1-9¢ 1-9d 1-9e O
68%, 96% ee 65%, 89% ee 65%, 88% ee 86%, 91% ee 95%, 93% ee Ar = 2-OMeCgHy4
11:1 dr — 110 —

S. L. You:; et al. Angew. Chem., Int. Ed. 2011, 50, 4455—4458. 8



2.1 Asymmetric Dearomatization of Phenols for the Construction of C—C Bonds

2.1.1 Construction of C—C Bonds via Dearomative Asymmetric Allylic Alkylation Reaction

2022, Quan-Zhong Liu

N\
-4 AGmo6-D3 N
9 ' i Pd =
Pd(dba), (5 mol%) 0 Ar COMe : (kcal/mol) R = CO,Me
1-13 (11 mol%) R/ . 2 ! + Ar = 4-OMePh
o Sk CO,Me NaBARF (10 mol%) 7\ COMe ! — R
Ry + /\VLcozl\Ae > =\ : o! R
= NBn; K5POy (1.0 equiv.) _3 :
Ar dioxane, rt Ar
111 112 Z 1-14, 48-94% .
. - 4_90- _049 I
Mo N I o | 512011 84-0a%ce |
'\}J a. dearomative *
HNBnN [PdO] MeO ‘—,tB allylation ﬂ
2 u :
Me b. O-allylation \ /
113 y F;d
= 0] I\/IeOZC [Pdll]® ; <
R— + M o )
A TN MeO,C > R
Ar Ar
@)
\»O
115 1-16 0 1-17a 1-21
\»0O
-« ---- 4+3 Cycloaddition ---»

~¢—— 2+3 Cycloaddition —>

Q. Z. Liu; et al. Org. Lett. 2022, 24, 4865-4870. 9



2.1 Asymmetric Dearomatization of Phenols for the Construction of C—C Bonds

2.1.2 Construction of C—C Bonds via Dearomative Asymmetric Alkenylation Reaction

2023, Guang-Jian Mei

, o)
OH CO2R
_N
N N 1-24 (10 mol%) R'—- H
RI-L > ~NHCO,R?
= A Ré PhMe, -30 °C, 5A MS R\ N :
3
R COsR R30,C 4
2 R Ar = 3,5-(CF3),CeHs
1-22 1-23 1-25 >20:1 dr 124
60-92%,44-97% ee
o)
(3 +2) H 90% yield
> N/NHCOZBH dr=3:1
25°C = >99%/92% ee
EtO,C
CO,Bn
OH N 2 1-25a (major)
NE 1-24 (10 mol%)
* = PhMe, 3A MS
CO,Et o)
1-22a 1-23a .
alkylation 98% yield
—_— o
30 °C >99% ee

EtO,C""

1-26a

G. J. Mei: et al. Nat. Commun. 2023, 14, 5189.

N<
Z “NHCO,Bn

' B)

Mechanistic considerations
LA

(R)-1-24 y
B N—-NHCO,Bn

95% yield

A N\ N
EtO,C" Z “NHCO,Bn 3:1dr
>99%/84% ee

1-26a (>99% ee) 1-25a

)

(S)-1-24

b
r

90% yield

v N\ N
EtO,C" # NHCO,Bn 5:1 dr
>09%/86% ee

1-26a (>99% ee) 1-27a

10



2.1 Asymmetric Dearomatization of Phenols for the Construction of C—C Bonds

2.1.2 Construction of C—C Bonds via Dearomative Asymmetric Alkenylation Reaction
2023, Guang-Jian Mei

\
//N Hfm N\\ A
Z “Me \o\ 7 Me N
Me CO,Et \f\H" / / EtO2C\\‘ Z “NHCO,Bn
(0]

1-22b 1-23a ) Me Me 1266
1-28
o} O@
H
1-24 H favored
v\ NTNHCOEN < N-NHCO,Bn ~————— Y
— proton Me™ \ pathway b
EtO,C Me transfer  £10,C M Me 1-30 _ _
1-25b
'NHCO,Bn
substrate-controlled a N\
b Me
Me CO,Et
1-29
1-24 N—NHCO,Bn unfavored
(ent)-1-25b - e
proton pathway a

1-31

transfer

G. J. Mei: et al. Nat. Commun. 2023, 14, 5189. 11



2.1 Asymmetric Dearomatization of Phenols for the Construction of C—C Bonds

2.1.3 Construction of C—C Bonds via Dearomative Asymmetric Arylation Reaction

2023, Phipps

OH :
Pd,(dba); (2.5 mol%) O :
R 1-33 (7.5 mol%) PCy, E
g fon ol MeOph e : C) Use of neutral, alkylated ligand:
\,—R PhMe:H,0 (10:1), 60 °C O - : ) Use of neutral, alkylated ligand:
n 5 SO3 Na . O
r '
' OH
1-32 1-34, 13-98% (R)-sSPhos ! PCy, 0
74-95% ee 1-33 : MeO A OMe O 2.5 mol% Pdy(dba);
Mechanistic considerations i MeO 7.5mol% 1-35 -
I _0.__Bu| Me > MeO
. SN 1.5 equiv. KOH .
A) Conditions with no proton source (to exclude hydrogen bonding): ' PhMe:H,O (10:1)
. 0 E (R)-sSPhos-Np Br 110 °C, 20 h
OR R Yield % ee : 1-35 1-32a 1-34a
2.5 mol% Pd,(dba)s u 60 83 5 89%, -6% ee
7.5 mol% 1-33 '
MeO > '
O 1.5 equiv. KOH T™S 46 83 i D) Working model
(R=H, TMS) or :
Br 0.5 equiv. KOH (R = K) K83 92 E - -
1-32 PhMe, 110 °C, 20 h 5
B) Crown Ether Experiments (no water co-solvent): ' N_O
Entry Additive % ee: ' @:
OH | 1 K ! electrostatic
1 None 83 . PCy ' :
2.5 mol% Pdy(dba)s ! 2 O ® ! interaction
O 7.5 mol% 1-33 2 12-Crown-4 81 ! O MeO 07
MeO 1.5 equiv. Additive - 3 15-Crown-5 61 : MeO 1-36
1.5 equiv. KOH 4 18-Crown-6 70 | — -
L TcE)Iuene (e(ntrles 1-5423) 5 None 84 |
or Dioxane (entries 5- :
1-32a 110 °C, 20 h 1-34a 6 12-Crown-4 84
7 15-Crown-5 63 !
8 18-Crown-6 63 |

R. J. Phipps; et al. J. Am. Chem. Soc. 2023, 145, 25553-25558. 12



2.2 Asymmetric Dearomatization Amination of Phenols

2024, Xiao-Ming Feng

R
OH ) Vo
] s OBz Cu(ClO,),+6H,0 (20 mol%)
R R . N
N 1-39 (10 mol%)
+ [ j - R1\\"
R LiO'Bu (1.0 equiv.)
R? THF, -10°C, 48 h R2
1-37 1-38 1-40, 24-81%
O 27-68% ee
iPro O%]\\‘ (,:])\/\ © O ofpr
N, 90 o@ N
H “H
O'Pr iPro
1-39

selected examples

Gy R B Ay

CO,Me

1-40a 1-40b 1-40c 1-40d
64%, 65% ee 75%, 60% ee 24%, 27% ee 52%, 68% ee

X. M. Feng; et al. Sci. China Chem. 2024, 67, 2694-2700.

Oxidative Addtion

L 1

v N\ /OBz
Cu cult
L9 0o o’ o
LN~ \—NL LN~ \—NL
1-41 1-42
R .
Reductive HOBz
[ j Elimination
N R2 R?

OBz N O R
1-40 ,\Il /Cg"' 1-37
0
[Rj LN"\NL
1-38 1-43

13



2.3 Asymmetric Dearomatization Fluorination of Phenols

2013, Toste . 2021, Hamashima
OH o) |
1 Ar F ! OH 1-54 (10 mol%)
R R‘l \
o ! R Cl. @ /\ ® Na,CO3 (2.5 equiv.)
2 | NS _> 2 : \_N/\/N_F >
R PC R . O\_7 .
R3 O/ OH R3 : OH 2 BF4 CH20|2, 0 C, 24 h
1-44 1-49 ':
Ar 28-75%, 87-96% ee! 1-53 1-48 1-55, 51-99%
1-47, Ar = 2,4,6-Cy;CgH : 8:1-16:1 dr, 56-95% ee
OH |
1 ChLes\® i Ph Ph
R I i o9 9@
R 2 BF, . o >0
R3 1-47 (5 mol%), Na,CO5 (1.5 equiv.), PhMe, rt. i CO,H HO,C
: - " OO
51-96%, 79-97% ee ! Ph Ph
OH i 1-54
RZ2 | L »
bt R :
n |
1-46 1-51 E
29-40%, 85-86% ee !
L 1-52 ] i

F. D. Toste; et al. J. Am. Chem. Soc. 2013, 135, 1268—1271. Y. Hamashima; et al. Tetrahedron 2021, 96, 132355. 14
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3. Asymmetric Dearomatization of Phenols as Electrophiles

1.Asymmetric oxidative dearomatization of phenols

OH

/
;'/

>

electron-rich

-/ 0
energy input @

electron-deficient

/

Oxidative Model <

Double Electrons Transfer
Oxidation Reactions

- Single Electron Transfer

Oxidation Reactions

Ar*l + oxidant

2e-oxidation
——————————— E =

cationic

potential intermediate

hard nucleophiles {

C-0O bonds

C-F bonds

L’ —
@ L]
Ho~ M) OH O O
1e-oxidation ~H* hard/soft nucleophiles
____________ > — B > C-0O bonds
Metal + L* radical
- potential intermediate
16

P. Neta; et al. J. Phys. Chem. A. 1998, 102, 7081-7085.




3. Asymmetric Dearomatization of Phenols as Electrophiles

2.Main challenges

* Breaking aromaticity * Selectivity Control

00 o 0 @)
Eor=0.59V E |
pH =13 . echemoselectivity O

* regioselectivity

—_—_— - : : - - -
pH = 13.3 .1 e enantioselectivity

. e} I i

Eor=0.73V ©\
—_— e
pH =13 Me Me

_____________________________________________________________________________________________________________________________________________________________________________________________

P. Neta; et al. J. Phys. Chem. A. 1998, 102, 7081-7085. 17



3. Asymmetric Dearomatization of Phenols as Electrophiles

3. Significant progress

1. Double electrons transfer oxidation reactions

Q intramolecular reaction Q intermolecular reaction
Ar*
i
O L (0]
o Nu
V:¢i\/\l\lu v:@?
Ar*
Al
<
o~ L 0
—_—
Nu
C)

Nu
2. Single electron transfer oxidation reactions

o-leutl

O,
—z OH

P. Neta; et al. J. Phys. Chem. A. 1998, 102, 7081-7085. 18



3.1 Double Electrons Transfer Oxidation Reactions

3.1.1 Construction of C—O bonds via intramolecular reactions
2013, Ishihara

0] 0]
BN AN S
H Me Me H

o 0O
OH 2-2 0
N CO,H m-CPBA (1.2 equiv.) % R )

| - ] _
=

condition I: 2-2 (10 mol%), MeOH (25 equiv.)
CH,ClI,, -10 °C, 23 h

21 2-3, 78-90%
) condition 1I: 2-2 (5 mol%), HFIP (50 equiv.) 91-98% ee
CH,Cl,, -20 °C, 18-24 h
selected examples
O @)
O O o O 0] o
Gy - G
Bu Br
I: 80%, 98% ee 1: 90%, 92% ee I: 86%, 95% ee I: 81%, 98% ee
@) @)
o @) 0 @)
Br.
7 7
F
Cl Br
II: 78%, 91% ee II: 88%, 98% ee

K. Ishihara; et al. Angew. Chem., Int. Ed. 2013, 52, 9215—-9218.

hydrogen bonding

Mes (\ Mes
AcOOH /H 0/\|
22 ———> o

AcOH '
R = COMe
2-4
Mes Me Me Mes
phosphate buffer (pH 7.8) H----O\ /O----H
2-4 >
CH,Cl,/MeOH \©/

hydrogen bonding

2-2 25 19



3.1 Double Electrons Transfer Oxidation Reactions

3.1.1 Construction of C—O bonds via intramolecular reactions
2013, Ishihara

R._O_AT Meo A" !
\n/ I\O MeOH (excess) I\O )j\ O O~ J\
o) - Mes N/\r <~ "N~ "Mes
- H = H
| N | A Me Me
R-r R
2 CO,H _ CO,H 2.9
- 2-6 - - 2-7 -
associative intermediate associative intermediate
— Ar*| (2-2) — Ar*l (2-2)
_RCO,” enantioselective path | _ 1o
— - ) o
Q O
' \ racemic path | )
R—® > R-T /
S CO,H =
- 2-8 - 2-3

dissociative intermediate

K. Ishihara; et al. Angew. Chem., Int. Ed. 2013, 52, 9215—9218. 20



3.1.1 Construction of C-O bonds via intramolecular reactions

‘ 2017, Ishihara

O | O
a (@) 0] J\ i
Mes N/Y ~ N7 M o
H = H N
Me Me 0] 0 R ] |
0\)\ 2-2 (10 mol% ;
[j > = - rf J0 o T
mCPBA (1.2 equiv.) Z — 5
MeOH (60 equiv.)
CHCI3 _20 oC 2'10, 75_95% 2'11 y 84_90%
84-96% ee 63-89% ee
selected examples
0 0] 0]
O O Br TBS
0 Jg ¢ O
9] Bu ’
., "0 ”O
‘0 Q" "0 Q" "0
1y
Bu ﬂo o
2-10a 2-10b 2-10c 2-11a 2-11b
95%, 91% ee 86%, 96% ee 75%, 95% ee 84%, 63% ee 90%, 82% ee
b ________________________________________________________________________________________________ A}
: selected examples !
OH i i 5
2-13 (10 mol%) Qo Pr Q o "Pr Me O | 0 Me :
N O>(\OH mCPBA (1.2 equiv.) ! />( ’ !
LA™ - ; "o "Pr "o "Pr N/YO O™ ;
24 CHCI3/H,0 (5:1, viv), 0 °C 5 e Ge H 5
! F,;C Me Me CF,4|!
212 2-14,54-80% :  Cl Br 3 °
75-91% ee ! 2-14a 2-14b 2-13 '
| 67%, 91% ee 80%, 90% ee l

________________________________________________________________________________________________

K. Ishihara; et al. ACS Catal. 2017, 7, 872—876. 21



3.1 Double Electrons Transfer Oxidation Reactions

3.1.2 Construction of C—O bonds via intermolecular reactions

2020, Yan Xiong

OH ptolyl\ J\/O\©/ ﬁ)k _p-tolyl 0

1
R’ 2-16 (20 mol%) R\\
AQ - | OR
| mCPBA (1.2 equiv.) 2 °
CO2H ROH, 20 °C, 30 h o
215 2-17, 21-58%
11-52% ee

Mechanistic considerations
1

OH O

O standard conditions ‘
C = O T
o MeOH o

2-18a 2-17a
87%, 56% ee

Y. Xiong; et al. J. Org. Chem. 2020, 85, 3125-3133.

A O
| —~
OH o< \O)J\Ar 0
‘
1 Ar*l '
R\ mCPBA R — Ar*l R1 1,5-H shift
| D |\ N — > X _—
H
AN OH  —ACOH PpEs ~ ArCO,H P
© (OH e}
2-15 2-19 2-20
/?\r* (0]
| —~
OH O/V\O Ar (0]
R Ar| 0 »
mCPBA, ROH R! — Ar*l
|\\ |\\ — ArCO,H |\\ OR
N0 — ArCOH P O\\Jﬁ » 0
o OR o
2-18 2-21 2-17
Art = o) " 0 Ar = 3-CICqH,
p-tolyl\NJ\/O o\‘)kN/p-tmyl
H I\:/Ie Me H
22



3.1 Double Electrons Transfer Oxidation Reactions

‘ 3.1.3 Construction of C—F bonds

2023, Gilmour
. MeO,C 0 CO,Me
: o\‘)k :
| O
I Me
o Q :
il *  CO,Me
=
R2— | 2-23 (20 mol%)
X ’
R mCPBA (4.0 equiv.), amine:HF (1:4)
MTBE, -5 °C
2-22 2-24, 23-64%
46-84% ee
|
F Br MeO,C 1y
O |:e
\\\\ \: F \: ¢: \\: \ )
Me F Me F Me F Et F Me F 2
R R
2-24a 2-24b 2-24c¢ 2-24d 2-24e 2.25
48%, 74% ee 30%, 70% ee 39%, 70% ee 45%, 70% ee <5% - -

R. Gilmour: et al. Chem. Sci. 2023, 14, 13574—13580. 23



3.2 3ingle Electron Transfer Oxidation Reactions

Cu-Mediated Asymmetric Oxidative Dearomatization Reactions of Phenols

2005, Porco . 2008, Porco
1. Cu(CH3CN),PFg (2.2 equiv.) i
(-)-sparteine (2.4 equiv.) ! Cu(CH3CN),PFg (2.2 equiv.)
OH DIPEA (1.6 equllv.) i ] OH (-)-sparteine (2.3 equiv.)
Me DMAP (2.4 equiv.) o xR R PhOLI (1.2 equiv.)
02, CH2C|2, -78"‘-10 oC HO"' A X i L.
HO } | R 78 °
R 2. KH,POK,HPO, (buffer) Mé I | 3A MS, O,, THF, -78 °C, 16 h
CHO R ! R?
CH3CN, rt X=0 NR1 :
- ! 2-31 2-33
2-26 2-28 (Azaphilones) . .
44-84%, 95-98% ee | 25-82%, 98-99% ee
Me Q i R’ Q
' oxidative
. HO: e ' 1
condition 1 . condition 2 | hydroxylation HO! homodimerization
TN i - R’
HO ; R?
2-27 i 2-32
n i
o) !
— 1
N/CU\O/ or !
L 2.29 - = 2-30 - i

J. A. Porco; et al. J. Am. Chem. Soc. 2005, 127, 9342-9343. J. A. Porco; et al. J. Am. Chem. Soc. 2008, 130, 2738—2739. 24
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4. Asymmetric Dearomatization of Phenols via Enzyme Catalysis

‘ Flavin-dependent monooxygenases (FDMOs) present an ideal platform 2009, Wang
for oxidative dearomatization reactions. Q

OH O Ve
IIQ ’ Me o AfoD o HO!! Ze
Me N NYO O,, NADPH pZ
| HO R o) R
NH
Me H
0]

N
NADP 3-1A 3-7

3-2-FADH, NADPH 2014, Cox

OH O
Me
R SorbC
R HO 0,, NADPH
N Me

R
| 2
Me N._N_DO Me N. _O 3
“Y Y
MGD:N%NH OH O Me:@[N%(NH 3-1B 3-8
Ho/f) o
H

\

© 2015, Cox
3-1-FAD O OH
3-3 HO R3 OH O HO
hydroperoxyflavin R2 Me:©\) TropB _ Me! ' /
3-4 0,, NADPH
HO Me © Me
R H,0
| - -
o on Ve N N0 3-1C 3-9
Ho [ Y 2019, Narayan
R1|- NH
Me N

\

o R? 3-6 © Me 4 (l) AzaH HQ =
R2 0 Me™ 0
0,, NADPH
3-5 HO R! o) R

Catalytic mechanism of Flavin-dependent monooxygenases (FDMOSs). 31D 3.10

Clay C. C. Wang; et al. J. Am. Chem. Soc. 2009, 131, 2965—-2970. R. J. Cox; et al. Chem. Sci. 2014, 5, 523—-527. R.J. Cox; et al. RSC Adv. 2015, 5, 49987—49995.
Alison R. H. Narayan; et al. J. Am. Chem. Soc. 2019, 141, 18551—-18559. Alison R. H. Narayan; et al. J. Am. Chem. Soc. 2024, 146, 44, 30194-30203. 26
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Summary

Asymmetric Dearomatization of Phenols - o -
R1

HO:

A C-O bonds

L

intramolecular

Single Electron Transfer
Oxidation Reactions

OH
‘Phenols as Nucleophiles N Double Electrons Transfer C-O bonds ‘
B R_ N N N ] _
= Oxidation Reactions intermolecular

Enzyme Catalysis

C-F bonds

28



Outlook

There is still great potential for the development of intermolecular oxidative dearomatization of phenols.

1. Improving the enantioselectivity of the reaction and expanding the scope of nucleophiles.

Key issue:

°© moderate enantioselectivity

© narrow scope of nucleophiles

o exceptional enantioselectivity.

o broad scope of nucleophiles

— - Highly reactive and

difficult to control.

Lowering the reactivity
enhances controllability

29



Outlook

2. Achieving complete control over the reaction site.

a. Ortho-directing effect via coordination interaction between nucleophiles and metals

O[M]! o 7 Nu

Nu
~__“ —_— >

b. Para-direction achieved by reversible condensation reaction between nucleophiles and ligands

Q = functional group

30



Seminar

Thank you !
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