Ullmann-Ma reaction
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Drawbacks
Narrow substrate scope
Harsh reaction conditions (high temperatures, strong bases)
The requirement of stoichiometric amounts of copper reagents
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The mechanisms proposed until the 1990s can be conveniently divided
into four main classes:

e Aromatic nucleophilic substitution, with Cu(l) p-coordinating to the
aromatic ring of the aryl halide to render the aromatic position more
electrophilic and susceptible to substitution.

 Mechanisms via Single Electron Transfer (SET) or Halogen Atom Transfer
(HAT), involving the redox couple Cu(l)/Cu(ll) and radical intermediates.

 Metathesis mechanisms, leading to the formation of fourmembered
cyclic transition states, through coordination of Cu to the halogen atom
of the aryl halide, making it a better leaving group.

* Mechanisms involving an oxidative addition—reductive elimination cycle
with Cu(lll) intermediates, either via direct oxidation Cu(l)/Cu(lll) or
stepwise oxidation Cu(l)/Cu(ll)/Cu(lll).



Aromatic nucleophilic substitution, with Cu(l) p-coordinating to the aromatic ring of
the aryl halide to render the aromatic position more electrophilic and susceptible to
substitution.



Mechanisms via Single Electron Transfer (SET) or Halogen Atom Transfer (HAT),
involving the redox couple Cu(l)/Cu(ll) and radical intermediates.
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Metathesis mechanisms, leading to the formation of fourmembered cyclic
transition states, through coordination of Cu to the halogen atom of the aryl

halide, making it a better leaving group.

Cu(l)
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Mechanisms involving an oxidative addition—reductive elimination cycle with Cu(lll)
intermediates, either via direct oxidation Cu(l)/Cu(lll) or stepwise oxidation
Cu(l)/Cu(I1)/Cu(lll).

NaOMe
NaOMe + CuBr ——= CuOMe + NaBr Na[Cu(OMe)]
Cu(l)
r . 19 i 10
T Na @ R :‘-Hu G.‘j
ArBr {Ofrar SET (T 1 )—Br e
Cu T — “cu
MeO OMe Med OMe
Cu(l) Cu(l)
=
Br
af . > (l3 OM Na © i § ‘) oM
a8 u—O0OMe af e
oxidative \ / | reductive \ /
addition OMe elimination
Cu(lll)

Y

concerted R . S i
e
S/



H H [12] Ar=NRR' [11] (5 “‘.l (13]
Ar® A } b, ,LN
NH ” 3
NHRR' '
uanidine nitrate MNaN, CO:R
Boc cul/L2 Ar
N CuliL cul/L2
Ar=N [16] KzCOy NaOH R
NH2 _ NHNHE KaPOs o 4
2Cu|ﬂ?§ MeCN 5?}.Mg§?(; DMSO or EOH RCOCH,COR'
Cs:C04 70-100°C 40-95 °C CuliL2 2z
DMSO i Cs,CO,
50-80°C DMSDO
=50 °C
el U X . .
A= 2[1(—;]_= NH,H,0, CuliL4 [ "ﬁx:r RS0;Na, Cul/L-proline sodium salt.___ Ar=SO,R
K,CO4, DMSO, 50 °C o DMSO, B0-95 °C [15]
X=1Br
80-100 °C 1120 °C
5 dioxane or DMF dioxane or DMF
1----NHBDC - K,CO, or Cs,CO4 C8,CO,
N Cul/L3 CuliL3
R = 0
CO.R' i
- 20] HNT Y
¢ L:—R v oo Ar=0R
e |L O g
. . A vy



CO;H 4 mol% CuCl @G%H
NH; N

H.O, 100°C, 4 h
(S)-2-Indolinecarboxylic acid (114)

891% yield, 59% ee

PAL enzyme | NH, H
COH COoH
. -COH Ly HY Fh O\/r}' 2
OO TN T
Fy I:r CGEEt 0 '[:-G_EEt

112
Indolapril Perindapril

113

H

0 M

CH4SO,Na \/\I'N N‘( “i’_?

Br  cul L-proline 50;Me Iy N
HM - o

OH i—ﬁ
BocHN KzCO3, DMSO, 87 °C BocHN 118 1) Cul, N,N-dimethylglcine  { 'y

o] 6% N

115
DBU, DMSO, 110°C, T h
115 . _
| o= 2)MeOH, 85°C, 3 h | S
S0,Me = 3) re~crystallization 2

M NT N M N
© Me 85%-90% © Me

19 GWBE76008 (120)
Ohe

LiFtegrast (117) OMe



(1) BB RSIEREBEL, JACS, 2015, 137, 11942

(hetero)ArCl 5 mol% Cul ‘MeO OMe

1 5 mol% BTMPO )OL

+ ' KsPO,, DMSO (hetero)ArNRR N

NHRR 3 | N
5 120°C, 24 h OMe

BTMPO

M

(2) — /SIS RE, Org. Lett. 2015, 17, 5934

M
(hele::lo)ArCI 5 mol % Cul e 5
0,
+ 5 mol % BPMPO_ (hetero)ArNH, N/Lx
NHS' H;O K3P04, DMSO 2 - Ph H 2

110°C, 24 h
BPMPO



(3) EEWENSAIZM, Org. Lett.2017, 19, 2809

0.1 mol % Cu,0

Me
Br 1'mol % ¢ NHBn ‘ oy
/O/ + BN, 0101 % ligand _ O NJ\H/N‘
MeO 2a KOH, solvent MeO H o
1a 80°C,6-12h 3a
L4: R = Bn (MNBO)
L5 R = 2-furanylmethyl
(MNFO)

(4) BFEHSENEIEEEL, Adv.Synth. Catal. 2017, 359,1631

2 mol% Cu,0
/O/ Ny 2 mol% ligand _ _@__
N KsPO,, solvent ¢ Cf\

120°C, 36 h
L4 (BFMO)




(5) SHBRrREEBELX, Org. Lett. 2017, 19, 4864

(Hetero)ArCl  Cuy0 (10 mol %) {Hetaru}Ar
BTMO (10 mol %) _

=
o,

IZ>=
"N r

1+ H
O  K3PO,, t-BuOH (2 M) o=

J 130°C,24 h ArfR | ‘

HN"_ AR 3 '|*  BTMO (L8)

0  CuyO (10 mol %)

0
X
BTMO (10 mol %)
(Hetero)ArCl + X_{ - U
NH K3PO,, t-BUOH (2 M) (Hetero)Ar” O

! 130°C, 24 h
1 4 5




(6) Bl —HKizSRNEIEBEL, JOC, 2017, 82, 12603

(Hetro)Ar-NH»
0.5-5 mol % Cul

(Hetro)Ar-Br —2-2-2 M0l % BFMO _ (Hetro)Ar-NH-(Hetro)Ar
K3PO,, EtOH, 60-80 °C

HNRR' ) )
1C-5| mol % KsPO, o MeO OMC?
1-2 mol % | EtOH X N)L\ N)L""
BFMO or |60-80°C \ H H

O - OMe = -2
BTMPO : P

(Hetro)ArNRR' BFMO BTMPO



(7) afXBRERNEERMN, JACS, 2016, 138, 13493

5-10 mol % Cu(acac), HO Me
5-10 mol % L5 8
(hetero)ArCl = (hetero)ArOH E::[ A

LIOH-H.O N~ T
1 2 5 - .
DMSO/H,O (4:1) g
1 M. 130 °C. 24 h LS (BHMPO)

0.5 mol% Cu(acac),, 0.5 mol% LS
(hetero)ArBr — 5 » (hetero)ArOF
3 LiOH - H,0, DMSO/H,0 = 4:1, 80 °C, 24 h 2

0.5 mol% Cu(acac),, 0.5 mol% L5
(hetero)Arl » (hetero)ArOH
4 KOH, DMSO/H,0 =4:1, 60 °C, 24 h )




(8) A EEEEEE, Angew.Chem. Int.Ed. 2016, 55,6211

5=10 mol% Cul

ArCl + AFOH 5-10 mol% L9 e R O

1 KsPQy, solvenl
120 °C, 24-48 h

510 mol% Cul, 5-10 mol% L9 |
Hetero)Ar—OAr
(Hetero)ArCl + ArOH-= 50 = oivent, 120 °C. 24—48 b )

4 2
(9) {ERCRIFESIgEERE, JOC, 2017, 82, 4964 Q Jﬁ-r
"Bn
PF’BO (L2)
1-2 mol % Cul " Ph H o
1-2 mol % BPPO N,
ArBr + ArOH L = Ar—OAr \n/
K;PO4, DMF or MeCN
1 2 3 ol
90°C, 24 h Z

" BPPO (L6)



(10) ZFEES5RY(EEX, Org. Lett.2019, 21, 6874

Ar—X
Y 1-5 mol % [Cu] Y H o
;_#AYNHE 2-10mol % DBO ﬁ\A%I/N“"-Ar )-KWNHBH
AN  tBuONa (orK), tBuOH A. N BnHN I
A=CHorN 4AMS, 80-130°C, 24 h 56.94% yields DBO
X=Cl, Brorl 45 examples
i 5 mol % CuBr
Heteroaniline (1 Heteroaryl
() 10 mol % DBO g
+ e 4 HN\
(Hetero)aryl chloride (2) 'fB”ONa' t-BuOH (Hetero)aryl
4 AMS, 130 °C, 24 h 3
Heteroaniline (1) 1-2 mol % Cul Heteroaryl
. 2-4mol % DBO _ \/
(Hetero)aryl bromide (4) t-BuOK, t-BuOH \{Heteru)aryi

or (Hetero)aryl iodide (5) 4 AMS, 80-100 °C, 24 h




(11) IREEEEI;E, JACS, 2019, 141, 3541

5 mol % Cu(OAc);

(Hetero)aryl=C| + ROH D 512 » (Hetero)aryl=OR

3 equiv FBUOK (1.5 equiv)
o 1,4-dioxane, 4 A MS
1 2 100 °C, 24 h 3

1-5 mol % Cul, 1-5 mol % LS
Het |=Br + - (H -=0OR
(Reterojaryl=Br 2':2“'?“ FBUONa (12 oquiv)  \Hieterojany
1,4-dioxane, 4 A MS
1 2 40-80 °C, 24 h 3

2 mol % Cul

(Hetero)aryl==| + ROH .
t-BuONa (1.2 equiv), DMF

2equV " A MS. rt-80 °C. 24 h
1 2 3

»(Hetero)aryl=OR



	Ullmann-Ma reaction
	幻灯片编号 2
	幻灯片编号 3
	The mechanisms proposed until the 1990s can be conveniently divided into four main classes:
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18

