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Preparation of Functionalized Organomagnesium Reagents through
Halogen-Magnesium Exchange
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Nitrofunctionalized Grignard Reagents
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New Amination Reactions using Arylmagnesium Reagents
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C. E. Tucker, T. N. Majid and P.Knochel, J. Am. Chem. Soc., 1992, ,114, 3983.
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Nitro-Substituted Arylmagnesium Reagents

NO, PhMCl NO, NO,
| x| (1.05 equiv.) | - MaCl £+ o E
s — > |
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|. Sapountzis, P. Knochel Angew. Chem. 2002, 114, 1680;
Angew. Chem. Int. Ed. 2002, 41, 1610.



Nitro-Substituted Heteroarylmagnesium Reagents
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m- and p-Nitro-Substituted Arylmagnesium Reagents
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Nitro-Substituted Arylmagnesium Reagents

FG
PhMgCI
| X I g
< THF, -78 °C
O,N 5 min O,N
FG = CO,Et; CONR,; COPh;
N=N-NRj; OTs; Boco,N
Ph @) OTs OH
= Ph
O5N
54% NO2  78%
NO, NBoc,
Me Me Z
| Ph
OH NO,

71% 58%

MgCl E
—>
(CUCN-2LiCl)
@)
Et0,C O
Ph
O,N

61%

FG
N
%

2

54 -94 %

E,NOC O
Ph

O,N
68%

Ph

O,N
78%



Nitro-Substituted Arylmagnesium Reagents
in Negishi-cross coupling Reactions

1.) PhMgCl
NO> "40 °C. 10 min NO; Pd(dba), (5 mol%) NO,
I (-PhI) ZnX tfp (10 mol%) R \
2.) ZnBr, -40°C-rt,2h
EtO,C 40 °C. 10 min EtO,C EtO,C
78 %
1) Me
Me MgBr
NO2 Me NO, _ NO,
| -40°C, 20 min ZnX Arl (1. 5 equiv) " Ar
2.) ZnBr, Pd(dba), (5 mol%)
FG 40 °C, 10 min FG tfp (10 mol%),  FG
-20°C-rt,3h
FG: CO,Et, CN, NO,, CO,NR, 55-85 %

NO
NO, @\ NO, @/ 2
' OMe '

NC 75 % EtO,C 85 % O,N




m- and p-Nitro-Substituted Arylmagnesium Reagents
in Negishi cross-coupling reactions

\/O (@)
1.) PhMgCl COE
I -78 °C, 10 min ZnX
2.) ZnBry
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NC@I CN
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\

NO, CN

73 %

(2 equiv.) \

Pd(dba), (5 mol%)
tfp (10 molos), ~ O2N
-78°C-rt,5h 83 %

77 %

I. Sapountzis, H. Dube, P. Knochel Adv. Synth. Catal. 2004, 346, 709.



A failed reaction?

NO, NO,
PhMgCl

-78°C




Early Studies on Reactions between Nitroarenes and Organomagnesium
Reagents

DDQ
I
| |
OMgX o @Ong
RMgX
R= alkyl
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I r
reduction ©/

G. Bartoli Acc. Chem. Res. 1984, 17, 109.
Highlight:
A. Ricci, M. Fochi Angew. Chem. Int. Ed. 2003, 42, 1444



The Bartoli Indole Synthesis
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G. Bartoli, G. Palmieri, M. Bosco, R. Dalpozzo Tetrahedron Lett. 1989, 30, 2129.



Reducing the Hydroxylamine — Access to Diarylamines

MgC| OH

|
N
—20 C J@/ \O\
THF, 1 h EtO,C Br
CO,Et

One-Pot-Procedure desirable

Reduction conditions:

Pd/C-NaBHy; H

Raney Ni; J@/ \O\
Fe/AcOH;

BEt, in THF:; E1O,C Br
SnCl, in HCI;

SnCl, in EtOH,;

Sml, in THF;

various Lewis acids and

NaBH, in different solvents

FeCl, in THF + NaBH,




New Amination Reaction using Aryl-Magnesium Reagents and Nitrobenzenes

,+/° 1) Ar'MgCI (2 equiv.), THF, -20 °C Art
Ar-—N R ' NH
\O_ 2) FeCl,/NaBH,, -20 °C, 2 h A2
1
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1
FEEN OAT _ Afomgel O Ar'MgCl Art
_ . .
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1) i-PrMgCl H
~ | 20°C,05n |\N/|
FGZ | FG2 FGl
N
(2.3 equiv) 20°Cc.2h et 68-95 %

3) FeCly/NaBHpy, rt, 2 h

FG: CO,Et, CN, I, NO,, OMe, H, F, Br, CF3, SMe, CONR,



New Amination Reactions using Arylmagnesium Reagents and Nitrobenzenes

H H H H
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H H H
NC\O‘/N\@\ i o\ : i N, :
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H H H
F CO,Et MeO SMe MeO
79 % 79 % 85 %
OMe H H
: : : OMe
97 % 92 % 94 %

I. Sapountzis, P. Knochel J. Am. Chem. Soc. 2002, 124, 9390



New Amination Reactions of Nitro-Heterocycles
using Arylmagnesium Reagents
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O,N - %
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Amination of Solid Phase Supported Nitrobenzenes
using Arylmagnesium Reagents
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» HO Ar
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O

H O H Me
OO L0
OMe Me Me

98 % purity 91 % purity
guant. guant.

1.) iPrMgCl (10 Aq.) o

THF, -20°C, 2 h
» HO

2.) THF, 2x 5 mL
3.) PhNO,
4.) EtOH (05 mL) 95% purity
5.) FeCl, (5 Aq.)__ quant.
NaBH, (2.5 Aq.)
RT,2h
6.) TFA/CH,CI,/H,0=9:1:1

OH



New Amination Reactions using Arylmagnesium Reagents and Nitrobenzenes

H
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) CIMg X A X
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I. Sapountzis, P. Knochel Synlett 2004, 955



New Amination Reactions using Arylmagnesium Reagents
and Amino- or Hydroxy-Substituted Nitrobenzenes

Possible scaffolds that were of interest for Aventis:

N
m O2N NG J@[ S—NHBoc
H O,N S

R

e ne

BocHN BocHN BocHN

Addition of various aromatic Grignard reagents:

. 0
H HN
N. N.
XY "Ph Ph Ph NH
| R
BocHN™ "N 239 HO 88% 68%

CN

Reduction and Amination saves one step for most of these substrates



Application in Removal of p-Nitrobenzyl Protecting Group

CIMQ\O
-20°C,2h OH
7\ NO, .
7 \_~< \—
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L 2) FeCl,, NaBH,4 Br

-20°C, 2h 80 %
3) CF;COOH

0.02 M in DCM

0 °C, 1h

1)
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Et Et
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Et y - Et /
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0.02 M in DCM
0°C, 1h

with N. Gommermann

see also: O. J. Plante, S. L. Buchwald and P. H Seeberger J. Am. Chem. Soc. 2000, 122, 7148.



Limitations of Amination Reactions using Arylmagnesium Reagents
and Nitrobenzenes

4 CO,Et

MgCI NO
g + Is AN 2 : AN N
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New Amination Reactions

Arl—NH, +  Ar?—X

Problems:

leaving group
electron poor aromatics

Pd-catalyzed:

Ligand and Base tuning
side reactions

Art”

H
N

\Ar2



Electrophlic Amination Reactions

.OTs
I
CF, CF, B. M. Trost

K. Narasaka
/\/NS
)\ j\ Kabalka
-N @)
i ead
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J P. Genet V. Snieckus
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Synthetic equivalents for NH,

O Li
Q\ ,NRZ Me>\—|\|'
Ph,P-0 Me>Lo oTs
G. Boche Me

E. Erdik, M. Ay, Chem. Rev. 1989, 89, 1947



New Amination Reactions

Arl—NH, +  Ar’—X

Problems:
leaving group
electron poor aromatics

Pd-catalyzed:

Ligand and Base tuning
side reactions
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New Amination Reactions using Arylmagnesium Reagents
and Aryl-p-Tolylazo Sulfones

SO,Tol Ar’MgX
/N:N —_—
Art
FtNFNIS H+
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Arl (AcOH:TFA5:1)
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2
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/NH
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reductive

cleavage
very difficult

2
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/

Arl

various reduction conditions

Az Ts
/N—N\
Arl ng
+

everything that is reported
in literature failed

R = H, Me, allyl, benzyl, Tos, Ms, Ac

Ar? JTs Zn Arz\
1’N_N‘R still ~ al

A difficult Art
Acid Base Approx. pKy
ArSOzH ArSOj3 -6.5
ArsNH* ArsN -5
F;CCOOH F;CCOO -1.0
Ar,NH," Ar,NH 1
ArNH;" ArNH, 3-5
ArNR,H" ArNR; 3-5
HCOOH HCOO 3.77
CH3;COOH CH3;COO 4.76
NH," NH3 9.24
RsNH" RsN 10-11




New Amination Reactions using Arylmagnesium Reagents
and Aryl-p-Tolylazo Sulfones

Ar _NH2 ’ Ar _N2 BF4

HBF,, RT

1) Ar’MgX (1.1 eq)

1
Ts -20°C, 1h AR TS
N=N N—N
1/ ' 2/

Ar 2) C3H,l, NMP Ar

20°C,3h \
3) solvent

evaporation

TsNa

CH,Cl,, RT

Zn

AcOH:TFA
5:1

I. Sapountzis, P. Knochel Angew. Chem. Int. Ed. 2004, 43, 897

'

Ts
/
/NZN
Art

> 80% vyield

63-86%
overall yield



New Amination Reactions using Arylmagnesium Reagents

Cl
H
MeO Cl Cl

59 %
H
/©\ N CF3
MeO ;
62% CFs
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2C H
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@ L
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80 %
H
Q\\\’N\Q\
EtO,C CN
64 %

and Aryl-p-Tolylazo Sulfones
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H
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H
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H
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N
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71 %
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H
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Me Me Br

69 %

H
EtO,C Br

83 %

H
\\¢N \©\
; OMe
oTf
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New Amination Reactions using Arylmagnesium Reagents
and Aryl-p-Tolylazo Sulfones

<
Q
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IZn/@SMe "

N2TS

R
R = CO,Et, Br

N,Ts

CO,Et

1) =20 °C, 1h
2) allyl iodide, NMP
20°C,3h

H
N
>
solvent evaporation O ;
R

3) Zn, AcOH
75 °C, 10 min

R = COLEt; 62%
R = Br; 67%

1) -20 °C, 1h
2) allyl iodide, NMP
50 °C, 24 h

H
Ny xMe
>
_ A
solvent evaporation Q/
EtO,C

3) Zn, AcOH
75 °C, 15 min

62%



New Amination Reactions using Arylmagnesium Reagents
and Aryl-p-Tolylazo Sulfones

A
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-
N OMe
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i
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FG: H, OMe, CO,Et

Zn
AcOH/TFA 5:1

H
5 bar, 1h TfO AN
- UQ
microwave CO,Et
overall yield
85%

Zn
AcOH/TFA 5:1

H
5bar, 2 h \.N
- CI L
. NS
microwave N OMe
overall yield

60%

Raney-Nickel/

A
H, (1 atm) 7
>
FG

EtOH/ r.t.
12 h- 48h

FG: CO,Et 96%
FG: OMe  88%
FG: H 76%



Challenging substrates

some kinds of heterocycles | o NH2
~
g
/ T
XMg N i X
“NH
S S N 2
@,ng [/}/ng .
N \fN
~
N)\NHZ
very electron-poor systems triarylamines are not possible
e.g.: e.g.:
H

F3C N \©\
CO,Et N
CF3 ©/ \©



1,2 Dehydrobenzene Formation via I/Mg Exchange Reaction

| NO, PhMgCI
RO
8 0 0
R=  FsC-S—-O-Ar
@)
/@ PhMgCI /ng
>
TThE
_7gec OaN MgCI

—Phl

CiMg

RO

1
O,N

decomposition
_——



New Amination Using
Selective Benzyne Formation via /Mg Exchange Reaction

LG LG E
| MgCl N NAr, E' NAr
' O o
/
FG = FG// A MgX A

! \ / Li N
2.) nBulLi
-78 °C

K. Suzuki Synlett 2000, 520.



Selective 1,2 Dehydrobenzene Formation via I/Mg Exchange Reaction

OTs OTs OTs OH
' iprvgcl MgCl PhCHO Ph
—_— _—
-78 °C -78 °C
95 %

OTs OTs O a
' iPrMgel MgCl C\ Q\ ) ‘

. IS . '
-78 °C -78°C to RT 2h 8%
2h
OTs OTs O a
e MgCl X @\ )
BLALL I . - O
é?n:i(r?] -78°C to RT
FG FG FG FG
FG: CO,Me, CN FG = CO,Me: 73 %, 15 h

CN: 77 %, 24 h



Selective 1,2 Dehydrobenzene Formation via I/Mg Exchange Reaction

OR {07
o Q —
—78 °C - RT

CO,Me CO,Me CO,Me

OR
' iPrmgel
_—
—78 °C

CO,Me

R =

_OZS\O\
CHj,
_SOZCH2CF3

OR OH

PhCHO Ph
>
—78 °C

CO,Me

CF3

—0,S —0,S —OZSD/O
i: ~C| Cl

CF3

—S0,CF4 —S0,Me \[(O%Me



Selective 1,2 Dehydrobenzene Formation via I/Mg Exchange Reaction

ArO,SO ArO,S0O ArO,SO  OH
B I iPrmgcCl S MgCl PhCHO N e
—_— I .
6~ -78°C G 78 °C e~

FG = CO,Me, CN, CF3 Hal, [ NO, (PhMgCI)]
Ar=4-Chlorphenyl

ArO,SO  OH ArO,SO ArO,SO ArO,SO  OH

| ArO,SO  OH Ar0,S0O
Ph
Ph
CN CO,Me
68 % 95 % 91 % 95 % 93 % 95 %

Ar= 4-Chlorphenyl



Selective 1,2 Dehydrobenzene Formation via I/Mg Exchange Reaction

ArO,SO ArO,SO
| X i-PrMgCl o MaCl | X
e - >
= o
e "78°C e 78CtoRT | g% FG|//

FG = CO,Me, CN, CF5 Hal, NO,

Ar= 4-Chlorphenyl

CHE S U S P C
I
T e SEEN

NO, CN CO,Me
CO,Me

78 % 71% 58 % 94 % 78 % 89 %

|. Sapountzis, W. Lin, M. Fischer, P. Knochel Angew. Chem. Int. Ed. 2004, 43, 4364.



New Amination Using

Selective 1,2 Dehydrobenzene Formation via I/Mg Exchange Reaction

Ar02SO ArOZSO
i-PrMgCl ©/MQC|
E— —_—
-18°C -78°C to RT
ArO,SO ArO,SO
I-PrMgCl MgCl
—_— — >
-78°C -78°C to RT
ArO,SO ArO,SO
i-PrMgCl MgCl
— > -
-18°C -78°C to RT

W. Lin

O

W

2.) H*

1.) PhSMgCI
'

2) 1,

1.) Br-PhSMgCl

>
2.) DMF

1.) Et,NMgCl NEt,
2
H



Summary

« Functionalized Nitrophenylmagnesium Reagents

MgCl
_— L =
FG~ O2N

X NO, /TS N
|// NN | gz X \|
1
FG, Ar FG/2 FG,;

*Preparation of Functionalized Benzynes via I/Mg Exchange

N N
=

|
FG/ /. =
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