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Proton-metal exchange

* Frequently employed by organic chemists as Directed ortho-Metalation (DoM)

* Bases employed are typically R—Li (n-, s-, or t-Buli, less frequently PhLi, Meli) or
R,N-Li (LIHMDS, LDA, LiTMP), K- and Na- bases are also used.

DG DG DG DG
1) R-Li c 1) R-Li e
’
2) E+ 2) MXn
3) E*

* Organolithium reagents have relatively low functional group tolerance
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Organometallic reagent compatibility

* Organozinc reagents are more compatible with a variety of functional groups than
are organomagnesium reagents, which are still more compatible than
organolithium reagents.

K, Na, Ca, Li| |Al, Mg La, Co, Fe, Mn||Zn, Cd, Cu, In||Hg, B, Sn, Si
ionic polarized transition covalent C-metal covalent C-metal
C-metal bond C—metal bond metals bond with low-lying bond without low-

empty orbitals lying empty orbitals
AN
low functional group compatibility high >
/

* However, traditional means of RMgX and RZnX preparation often involve elevated
temperatures and/or transmetalation from a less compatible metal

* Can a mild deprotonation to generate organometallic reagents compatible with a
broad range of functional groups be achieved?



Magnesium amide reagents

Et,NH (1.0 equiv.)

©\/[OL EtMgBr (1.0 equiv.)
>

OEt Et,0, 0 °C to reflux

30 min

0 1) iPr,NMgCI (1.25 equiv.) o

Ph reflux, 30 min Ph” X0

Hauser, C. R.; Walker, H. G. J. Am. Chem. Soc.
Frostick, F. C.; Hauser, C. R. J. Am. Chem. Soc.

, 69, 295-297.
, 71, 1350-1352.

Phj)j\ Et,0, rt to reflux, 10 min Ph
> Ph OEt 0
OFt 2) PhCOCI (1.4 equiv.) 38%

62%

¢. R 1/ avae

Charles R. Hauser
Duke University



Directed metalation by (TMP),Mg

BUZMg
(0.50 equiv.)
’
NH THF (0.50 M) e
reflux, 3 h
EtMgBr
(1.0 equiv.)
NH THF (0.50 M) N MgBr
reflux, 3 h
Both reagents are, unlike TMPLi and Philip E. Eaton
LDA, stable for >24 h in refluxing THF U. Of Chicago
CO,Me (TMP),Mg CO,Me CO,Me
(excess) MgTMP 1) CO, CO,Me
—> - 81%
THF, rt, 45 min 2) CH,N,

“Hauser bases and magnesium diamides are known, but their uses in organic synthesis

have barely been explored.”

“To our knowledge, it has always ben assumed that the initial metalation depended crucially,
if not exactly explicably, on the properties of lithium. To the contrary, as we show here, direct
“ortho magnesiation” can be accomplished readily.”

Eaton, P. E.; Lee, C. -H.; Xiong, Y. J. Am. Chem. Soc. ,111,8016-8018.



Scope of metalation with (TMP),Mg

CO,Me (;"MP)zM;J CO,Me 1) co CO,Me
excess 2
- MgTMP - CO,Me 81%
THF, rt, 45 min 2) CH,N,
CO,Me TMPMgBr CO,Me
(excess)
X - MgBr
THF, rt, 45 min

1) (TMP),Mg

conPr, %) CO o Meoc NS e 85%
> <Me Npes pure cis
3) CHzN; I Me
A
. CO,H
N(iP . CON(iPr) 2
CONGPT2 1) TMPLI ’ CON(iPr),
NG > NC +
CN 2) CO, HO,C CN NC
CN
1:1 mixture
CO,H
1) TMPMgBr CON(iPr),
> NC
2) CO, CN

only product



Scope of metalation with (TMP),Mg

i i CO,H
] i CO,H

COziPr
! i COziPr
Br

X
OO 1) (TMP),Mg (4.0 equiv. OO
1) SOCI; CO,iPr THF,0°Ctort, 3 h co,pr

y

é =y =
2) iPrOH CO,iPr 2) Br,, (8.0 equiv.) COyiPr
pyridine OO or |, (8.0 equiv.) OO

-78°Ctort,1h X

Ar Ar
g, CC CC ,COC
Pd(OAC)z, PPh3 o COziPr Y
K,CO5, DMF, 90 °C O O CO,iPr —> O O l l
Ar Ar Bre

Ar = 3,5-Me,Ph, 91%
Ar = 3,4,5-F3Ph, 90%

X
X

Br, 89%

, 83%



Scope of metalation with TMPMgBr

CON(iP 1) TMPMgBTr (10 equiv.) CO-H
/@( (iPr), THF, -78 °C to rt, 40 mln> CON(iPr),
N
Cc N 2) CO, NC
-78 °C to rt, 15 min CN
78%
1) TMPMgBr (10 equiv.) CN
() (]
THF, -78 °C to -20 °C, 1 h> HO,C CON(iPr), —_— AcOH,C
2) COZs -78 °C, 5 min NC AcOH,C
CN
77%
1) SOCI,, CH;CN, rt NO,
2)TMSN, CHCl it o, 30%
3) CHCIj, reflux O:N
NO,

4) DMDO,
acetone, water, rt

1) SOClz, CH2C|2 CN
'
3) SOCl, NC

CN
92%
CH,0Ac CO,H
H KMnO,/KOH HO,C
HO,C
CH,0Ac CO,H
99%



Importance of the halide

1) TMPMgBTr (2.2 equiv.) CHO
- CONEt, THF, 1 h, 0 °C CONEt
| > S 2 15%
NG 2) N-formylpiperidine | _
(2.5 equiv.) N
1.5h,0°C
1) TMPMgCI (2.2 equiv.) CHO
X CONEL THF, 1h,0°C CONEt
2
| —> I N 50%
N 2) N-formylpiperidine _
(2.5 equiv.) N
1.5h,0°C
§ THF, 78 °C 0.0 °C. 40 K CHO §
tBu0,C” m & 0% ™%, 4% min 5>  tBuOC” ﬁ + tBu0,C”
z 2) N-formyl-N’-methylpiperazine Z ,
NZ > CoN(iPr), ) y(5.6 equiv3_’)p P NZ > CoN(iPr),
-78°C to rt, 3h 52%
H 1) TMPMgCI (6.0 equiv.) y CHO

° N
tBuOZC'N\@ THF, 55°C, 2 h » tBuO,C” ﬁ
2) N-formyl-N’-methylpiperazine

7 7
N“ > CON(iPr), (6.7 equiv.) N“ > CON(iPr),
rt, 12 h 75%

CHO

1!

7z
N” CON(iPr),

13%



Deprotonation of heterocycles

1) (iPr),NMgBr (2.0 equiv.)

Ph
THF, rt, 1.5 h ©\/\>_<
- N OH

2) PhCHO (3.0 equiv.) \
rt, 12 h SO,Ph

1) [(iPr)2N].Mg (2.0 equiv.)
THF, rt,1.5h

r

2 /E
(@) ")
T >

2) PhCHO (3.0 equiv.)
rt, 12 h SOZPh

1) [(iPr)oN].Mg (2.0 equiv.)

Ph
THF, rt, 1.5 h ©\/\§_<
> N OH

2) PhCHO (3.0 equiv.) \
rt, 12 h COztBu

83%

93%

0%



Deprotonation of heterocycles

1) (iPr);NMgCI (X equiv.)

EtO,C THF, rt, time EtO,C

\“/\/) )1, @5equiv) D_'
rt,1h
Equiv. iPr,MgCl time yield
1.0 1h 21% (73% rsm)
1.0 24 h 0% (90% rsm)
2.0 10 min 77%
2.0 30 min 60%
2.0 1h 52%
2.0 24 h 0%
1) (iPr)oNMgCI (2.0 equiv.)
|, THF, rt, 10 min o | p—I 94%

CO,Et 2) 12 (r2t51 ehqu'v') CO,Et



Shortcomings of the original methodology

* Reagents of the type R,N-MgX and R,N-Mg-NR, are only partially soluble in THF
and insoluble in most others - large excess is often employed at 25 2C or greater

* Insoluble magnesium amides can behave as reducing agents

NO, [(iPr),N],Mg (1.0 equiv.) @/@/
heptane, 80 °C, 20 h 0
NO, [(iPr),N]>Mg (1.0 equiv.) NHOH
> 67%
O/ heptane, 80 °C, 16 h O/




Lithium chloride complexes

R,NH
iPrMgCl-LiCl »  iPr,NMgCI-LiCI or TMPMgCI-LiCl N
25°C,24 h “MgCleLiCl
0.6 M in THF 1.2 M in THF
(iPr);2NMgCI-LiCl X
X (2.0 equiv.)
©© > 2N >90%
2N 25°C,12h
MgCl-LiCl A
C
~-N
: |
) I, (1.5 equiv.), or
TMPMgCI-LiCI N CuCN-2LiCl (0.2 equiv.)
(1.1 equiv.) then PhCOCI X
> ZN > 86%
25°C,2h _ or ZnCl, (1.2 equiv.) 2N
MgCl-LiCl then p-IC5H4C02Et COPh
(PPh;)4Pd (2 mol%)
>90%
N 0,
N 82%
Paul Knochel O
Ludwing-Maximilians-Universitat CO,Et

Munich, Germany

Krasovskiy, A.; Krasovskaya, V.; Knochel, P. Angew. Chem. Int. Ed.

, 45, 2958-2961.
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TMPMgCleLiCl - mild and selective

TMPMgCItLiCI MgCIsLiCl SMe
fN (1.2 equiv.) \ MeSSO,Me SN
> N > 75%
P~e | THE sscto40c | Y P i
2h N Cl N Cl
TMPMgCI-LiCl
Br X B' (1.2 equiv.) Br X' I, Br oy B
| > | —_— I 89%
N7 THF, -25 °C, 30 min N7 MgciLicl NN
Li
Br. X Br
| 2~ with LDA
N
1) TMPMgCI-LiClI
(1.1 equiv.)
EtO,C CO,Et THF, -25 °C, 30 min EtO,C CO,Et
)5 - T -
Br 2) 1, Br |
1) TMPMgCI-LiClI
(1.1 equiv.) Br_-o
Br__o THF, -25 °C, 30 min | ,)—CO:Et
> 83%
\E/)_COZEt 2) furfural o ’
o' N\

Krasovskiy, A.; Krasovskaya, V.; Knochel, P. Angew. Chem. Int. Ed. , 45, 2958-2961.
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Structure of TMPMgCleLiCl

Garcia-Alvarez, P.; Graham, D. V.; Hevia, E.; Kennedy, A. R.; Klett, J.; Mulvey, R. E.; O’Hara, C. T.; Weatherstone, S. Angew. 14
Chem. Int. Ed. 2008, 47, 8079-8081



“Ate” complexes as metalating agents

©\ @ PhLi :e'Mg‘ C,_,@ ©\ @ PhLi :e“Zn’C,_,@
Mg Et,0, reflux @ Zn Et,0, reflux @

1) TMP(Bu),ZnLi

CN (1.0 equiv.) CN
rt, 1 h |
> 92%
1) Bu(TMP),MgLi | 2)Ip,rt,1h
(1.0 equiv.)
7 THF, 10°C, 2 h -0
| . > || 60%
o 7z
N 2)1,-10°Ctort N 1) TMP(tBu),ZnLi
CO,Et (2.0 equiv.) CO,Et
rt,1h Ph
> 58%
2) Phl, Pd(PPh3),
THF, rt
Wittig, G.; Meyer, F. J.; Lange, G. Justus Liebigs Ann. Chem. , 571, 167-201.
Awad, H.; Mongin, F.; Trécourt, F.; Quéguiner, G.; Marsais, F. Tetrahedron Lett. , 45, 7873-7877. 15

Kondo, Y.; Shilai, M.; Uchiyama, M.; Sakamoto, T. J. Am. Chem. Soc. , 121, 3539-3540.



VAl Ve

Zincates as metalating reagents

Me,Zn(TMP)Li (2.2 equiv.)

1,3-diphenylisobenzofuran CN  Ph CN  Me ®

2V

1
(2.2 equiv.) Z"ﬁ)we Li
- 0 -
THF, reflux, 12 h
’ ’ LBr
Ph
1) tBu,Zn(TMP)Li (2.2 equiv.) CN CN 1Bu ®
THF, 0°C, 3 h I Zln@ Li
> 96% “tBu
2) 15 (2.2 equiv.)
0O°Ctort Br Br
Me,Zn(TMP)Li (2.2 equiv.) Ph
1,3-diphenylisobenzofuran
(2.2 equiv.)
- 0
THF, refux, 3 d MeO
OMe Me OMe
Ph 40 L@
Me .
1) tBu,Zn(TMP)Li (2.2 equiv.) OMe
THF, -30°C, 20 h I Br Br
> 100%

-

2) 1, (2.2 equiv.)
-30°C tort



Zincation with TMPZnCleLiCl

1) nBulLi (1.0 equiv.)
THF, -40°Cto -10°C,1 h
NH > N
2) ZnCl, (1.05 equiv.) ~ZnClI-LiCl
THF, -10 °C, 30 min
then 25 °C, 30 min

>97%, 1.35 M

1) TMPZnCI-LiCl Cl N,
(1.1 equiv.) |
N THF, rt N
| > 83%
ay 2) Pd(dba); (3 mol%)
(o-furyl);P (6 mol%)
3-F3CCgHyl F1C

o 1) TMPZnCI-LiCl
Me (1.1 equiv.)
Me. N THF, rt, 5 min

Me\
| » 69%
O)\N N 2) CuCN-2 LiCl CO,Et
! (5 mol%)
ethyl 2-(bromomethyl)acrylate

(1.2 equiv.)

1) TMPZnCI-LiCl
(1.1 equiv.)

F THF, rt, 45 min
r
2) Pd(dba), (3 mol%)
tfp (6 mol%)

p-|C6H4C02Et
(1.3 equiv.)

NO,




(TMP),Mge2 LiCl - for reluctant C—H acids

0 °C, 30 min
rt, 60 min
(A\NF + (K\NF >  (TMP),Mg+2LiCl
“MgCl-LiClI SLi evaporate solvents
and re-dissolve in THF

CO,tBu 1) base (1.1 equiv.) CO,tBu
THF, rt, 1 h | TMPMgCI-LiCl 7%
> (TMP),Mge2 LiCl 80%
2)1,0°Ctort,1h (tBuiPrN),Mg+2 LiCl 90%

1) (TMP),Mge2 LiCl

0 (1.1 equiv.) oPh (o]
- o
Ph O\n/OtBu 20 C’ 4 h > Bh (o) OtBu 72%
o 2) CuCN-2 LiCl \ﬂ/
-20 °C, 15 min O
3) PhCOCI

-20°C, 2 h



(TMP),Zne2 MgCl,e2 LiCl

ZnCl, (0.50 equiv.)

LA

THF, rt, 15 h
MgClIsLiCl
1) (TMP),ZnX
(0.55 equiv.) Br
THF, rt, 20 min >~

Br (4
<\—l{7/ 2) chloranil >~ N\%\<\_D/ o
(1.2 equiv.) N

-40°Cto 0°C,15h

1) (TMP),ZnX

(0.55 equiv.)
Ph - Ph
(o} THF, rt, 20 min o
% - Wy 8%
N\ 2) 1, rt N<N

>

(TMP),ZnCl2 MgCl,*2 LiCl
>95%

CHO

1) (TMP),ZnX
(0.55 equiv.)
THF, -40°C,1.5h

[(TMP),ZnX]

2) CuCN-2 LiCl
(5 mol%)
3-bromocyclohexene

1) (TMP),ZnX
(0.55 equiv.)
THF, rt, 45 min

2) CuCN-2 LiCl
(5 mol%)
allyl bromlde

80%

\



Applications

1) TMPMgCIsLiCl

1) TMPMgCI-LiCI (1.5 equiv.)
CO,Et (1.2 equiv.) CO,Et THF/Et,0 1:2 CO,Et
o] o
0°C,6h _ CN -20°C,5h EtO,C CN
2) TsCN (1.5 equiv.) 2) NCCO,Et
cl 0°Cto250C,1h Cl (1.7 equiv.) Cl
. o o
6% 40°Cto25°C,1h 60%
1) TMPMgCIsLiCl 1) TMPMgCI-LiCl CO,Et
(1.2 equiv.) CO,Et (1.2 equiv.)
-50 °C, 30 min £10,6 N 50 °C, 1.5 h Et0,C eN
-
2) ZnCl, (1.2 equiv.) 2) EtCOCI (1.5 equiv.) EtO,C Cl
-50 °C to -30 °C, 30 min EtO,C Cl -50 °C to rt
3) Pd(PPh3), (2 mol%) O~ "Et
EtO,CCI (1.5 equiv.) 83%
-30°Cto 25°C, 24 h 84%
(0]
Cl Ci
1) TMPMgCI-LiCl Cl Cl
' (1.1 equiv.) ! o '
N THF, -10°C, 2 h N (1.2 equiv.) N
N& S . —> N& H— GlNEtz > N& D—NEt,
<z 2) CuClI-2LiCl (1.2 equiv.), z ® -80 °C to -50 °C -
NTR EtsN (1.2 equiv.) NT N 12 h NT R
3 . .
Me -50°C, 1 h Me Me
370 mg 3) Et,N-Li (2.0 equiv.) 66%
1.4 mmol -60°C,1h



Applications

TMPMgCI-LiClI
B (1.1 equiv.) X2 BrCCl,CCl,Br B
P/ - Z [ > p/
N THF, -20°C, 2 h N““mgci  -20°Ctort,12h N By
>70% 65%
1) iPrMgCIsLiCl 1) TMPMgCI-LiClI
(1.1 equiv.) (1.1 equiv.) o
THF, -50°C, 2 h - CO2Et THF,0°C,3 h
2) NCCO,Et NZ B 2) CuCNe-2LiClI N
-50°Ctort,5h (1.0 equiv.) Z
88% THF, -40 °C, 10 min N™ Br
3) tBuCOCI 84%
-40°Ctort,6 h
CO,Et
/@\ o 1) iPrMgCI-LiCI (1.1 equiv.)
MesSi— 27 1) TMPMgCI-LiCl (1.1 equiv.) 2-Me-THF
THF, -40 °C, 20 min 7R\ o -50°,2h
. “ >
2) ZnCl, (1.0 equiv.) MesSi— ~o 2) ZnCl, (1.0 equiv.)
1.0 M in THF 1.0 Min THF
OMe 3) p-ICeH4COzEt 3) p-ICeH4C|
2% Pd(PPhs), 2% Pd(PPhs),
25°C,1h 0 OMe 25°C,1h
CO,Et 7%
1) ICI (1.5 equiv.) 1) TMP,Mge-2LiCl (1.35 equiv.)
0°C,1h -40 °C, 25 min
> >
2) iPrMgCI-LiCl (1.1 equiv.) 7\ 2) ZnCl,
-40 °C, 20 min Et0,C~ g -40 °C, 30 min
3) NCCO,Et cl 3) tBuCH,COCI,
25 °C, 30 min CuCN¢-2LiCl,
86% 25°C, 30 min
Boudet, N.; Lachs, J. R.; Knochel, P. Org. Lett. ,9,5525-5528.
Melzig, L.; Rauhut, C. B.; Knochel, P. Chem. Commun. , 3536-3538.
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Aminoarenes

(0] (0)
P 1) MeMgCl (1.1 equiv.) I
HN” “CF, THF, 0 °C, 10 min HN” “CF,
' e 0,
2) (TMP),Mg?2 LiCI z 6%
(1.2 equiv.) rt, 5 h
Cl 3) CuCN?=2 LiCl (10 mol%) Cl
allyl bromide
CF,
H 1) MeMgCl (1.1 equiv.)
N_ _CF THF, 0 °C, 10 min
A D - 80%
) 2) (TMP),Mg*2 LiCl N_ _CF,
N~ Cl (1.2 equiv.) rt,5h | N
3) ZnCl;, (1.2 equiv.) =z o
then Pd(dba), (3 mol%) N~ Cl
(2-furyl)sP (5 mol%)
p-ICGHGCF3
1) MeMgCl (1.1 equiv.)
THF, 0 °C, 10 min
Y 2) (TMP),Mge2 LiCl Ny NHEOCFs K,CO5 Nop NH2
N_ _N_ _CF; (1.2 equiv.) 0°C,3 h E _ MeOH/H,0 (1:1) E P
E j/ i > NN = > NN =
J o 3) ZnCl, (1.2 equiv.) HN 25°C, 12 h HN
N then Pd(dba), (3 mol%)
(2-furyl);P (5 mol%)
2-iodoindole 55% 83%
0

(1.0 equiv.)

glycogen synthase kinase 3
and lymphocyte-specific
protein tyrosine kinase inhibitor



Nonaromatic substrates

1) TMPLi, THF 9 oFt 1) (TMP),Mg+2LiCl
-78°C,1h 0-F THF, 20°C, 2 h
’ OEt '

2) CIP(O)(OEt), 2) CuCN-2LiCl (0.20 equiv.) % 2o
-78°Ct025°C,2h 3-bromocyclohexene Etlci)to'
86% 45%

1) (TMP),Mge2LiCl
THF, 25 °C, 30 min _

- —> 96%
2) CuCN¢-2LiCl (0.20 equiv.)
OP(O)(OEt), allyl bromide OP(O)(OEt),

1) (TMP),Mg-2LiCl
THF, 25 °C, 30 min COPh

- 82%
2) CuCN-2LiCI (1 equiv.)
OP(O)(OEt), PhCOCI OP(O)(OEt),

1) iPrMgCI-LiCl
Br THF, 25°C, 2 h COPh
o 67%

2) CuCN-2LiCl (1 equiv.)
OP(O)(OEt), PhCOCI OP(O)(OEt),



Nonaromatic substrates

1) (TMP),Zn+2 MgCl,*2 LiCl

(0.55 equiv.)
THF, 25 °C, 30 min oy COFE
It/>—cozEt - 83%
o 2) CuCN«2 LiClI (5 mol%)
ethyl 2-(bromomethyl) CO,Et
acrylate (2.0 equiv.)
-20°C, 2 h

1) (TMP),Mge2 LiCl
CO.Et 1) TMPMgCI-LiCl (1.1 equiv.) Ox__o (0.55 equiv.) Os .o
2 THF, 25 °C, 30 min D_O THF, -30 °C, 20 min j\;g_O 88%
% > ~ > ~ °
2) cyclohexanecarboxaldehyde 2) I, (1.1 equiv.) I
OEt (1.2 equiv.) OEt -78 °C to rt OEt
0°Ctort,2h

85%

1) TMPZnCIsLiCl (1.1 equiv.)

Me,N 2 CF THF, 25 °C, 30 min MexN CF3
e, \/\n/ 3 - r\g/ 80%, pure E
) 0% Ph

0 2) CuCN+2 LiCI (5 mol%
PhCOCI (2.0 equiv.)
-20°C, 2 h

NO,
1) TMPZnCI-LiCI (1.1 equiv.) N

X _NO -50 ° i
2 THF, -50 °C, 30 min . 57%, E/Z 80:20
2) Pd(dba), (3 mol%)
(2-furyl)3;P (6 mol%)

4-iodoanisole (1.1 equiv). OMe
-20°Ctort,2 h




Large-scale transformations

OMe
TMPMgCI-LiClI MgClI p-MeOCgH,CHO
S (1.1 equiv.) (1.0 equiv.) HO
| > B >
ci”>N">ci THF,25°C, 15 min » -40°C, 1h N
c1” N7 Tcl »
100 mmol >90% CI~ °N” ~cI
1) (TMP),Mg-2 LiCl 92%
CO,Et (1.1 equiv.) CO,Et
25 °C, 45 min CO.B
> 2B
OO 2) Boc,0 (1.4 equiv.) OO
25°C,2h
90 mmol 69%

1) TMPZnCI-LiCl

(1.1 equiv.)
@ 25 °C, 30 min . OMe
2) Pd(dba), (2 mol%) bHO

CHO (2-furyl)sP (4 mol%)
50 mmol 4-iodoanisole 85%
(1.2 equiv.)
25°C,2h

1) (TMP),Zn+2 MgCl,*2 LiCl
(0.50 equiv.) OMe

©:N\ 25°C,2h
N
) - S
N 2) 4-iodoanisole (1.00 equiv.) @[
Pd(dba), (0.5 mol%)

25°C,2h 0




Lewis acid cooperativity

1) BF3°OEt; (1.1 equiv.)
THF, 0 °C, 15 min

=z
\}
Y
=z

X 2) TMPMgCI-LiCl (1.5 equiv.) X 1) TMPMgCI-LiCl (2.0 equiv.) A
| 0°C,30h | THF, 55 °C, 30 h I
1 N - i
3) I, (2.0 equiv.) 2) I, (2.2 equiv.)
-78°C to rt -78°C to rt |

83%

N

85%
1) BF;+OEt, (1.1 equiv.)
CF, THF, 0 °C, 15 min 1) (TMP),Zn+2 MgCl,*2 LiCl
2) (TMP),Zn+2 MgCl,*2 LiCl (0.55 equiv.) ~CN
(0.75 equiv.), 0°C, 30 h X CN THF, rt,12 h |
- »1 -G
SN 3) Pd(dba), (5 mol%) N 2) Pd(dba), (5 mol%)
| _ (2-furyl);P (10 mol%) (2-furyl);P (10 mol%) OMe
N 3-iodobenzotrifluoride 4-iodoanisole 72%
170% rt,12 h R rt, 12 h
ES
I 7 @/F
o\ B-F
thf-Mg---F
cl
1) TMPMgCI+BF 3LiCl
(1.1 equiv.) N cl CI(CH,),NMe,+HClI X cl
THF, -40 °C, 15 min | (1.2 equiv.) | . .
- _ - NZ ca:blnoxamme
z 2) 4-chlorobenzaldehyde N NaH (1.2 equiv.) 72%

-40 °C to rt OBF;MgCI 50°C,2h o\/\NMez



Complex substrates

SiMe;, SiMe;
1) BF3°OEt, (1.1 equiv.)
N SN 0°C, 15 min N SN .
MeO 7 | /) » MeO 7 | /)\ 55%
NN 2) TMPMgCILICI (1.5 equiv.) NTSN"Br
{ -40°C,1.5h {
OMe 3) Br; (1.6 equiv.) OMe
-78 °C to rt
// 1) MeLi (1.0 equiv.)
THF, 0 °C, 15 min
w A 2) BF3°OFEt, (2.2 equiv.)
0°C, 15 min
HO N '
3) TMPMgCI-LiCl (1.1 equiv.)
MeO X 0°°C, 40 min MeO
| 4) 1, (1.5 equiv.)
N -40°Ctort,1h
/ 1) BF;*OEt, (1.1 equiv.) Vi
THF, 0 °C, 15 min
TBDMSCI (1.5 equiv.) w A 2) TMPMgCIsLiCl (1.5 equiv.) w 1N
Et;N (5 equiv.) 0°C,15h
> TBDMSO N > N
DMAP (10 mol%) 2) I, (2.0 equiv.) 44%
THF, 25°C, 15 h MeO N 0°Ctort,1h
| P’
N
97%

Groll, K.; Manolikakes, S. M.; Mollat du Jourdin, X.; Jaric, M.; Bredihhin, A.; Karaghiosoff, K.; Carell, T.; Knochel, P. Angew.
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CN

O <

OMe

MeO (o)

1) iBuzAI(TMP)Li (2.2 equiv.)

Other metals: Al ,

THF, -78°C, 2 h

?\

2\

>
2) I, (2.5 equiv.)
-78°C tort

1) iBusAI(TMP)Li (1.1 equiv.)
THF, 0°C, 1 h

CN

90%

2) PhCHO (2.0 equiv.)
rt, 16 h

1) iBuzAI(TMP)Li (1.1 equiv.)
THF, 0°C, 1 h

HO_ _Ph
> E;\ I/
o Z

OMe

2) nBuCHO (2.0 equiv.)
rt, 16 h

HO. . nBu
> j:/
MeO” N0

Single, novel species by
1H, 13C, “Li, °N, 2’AlI-NMR

82%

oy >99:1

97%
a:y >99:1



Other metals: Cu

3 LiTMP
CuCl,»TMEDA %» (TMP),CulLi

nBulLi .
lTHF T LiTMP
LiTMP
CuCl » TMPCu
1) (TMP),CulLi (1.0 equiv.) OMe
OMe THF, rt, 2 h
- MeO 0O 53%
MeO 2) PhCOCI (1.1 equiv.) e
rt Ph
1) (TMP),CulLi (1.0 equiv.) o)
A THF, rt, 2 h
| ol T 83%
N F 2) p-CIC6H4C0C| P
(1.1 equiv.), rt N~ °F Cl

1) (TMP),CuLi (1.0 equiv.)

OMe
OMe THF, rt, 2 h /@/\
- °
MeO A 41%
MeO

2) allyl bromide (1.1 equiv.)
rt




Other metals: Mn/Fe/La

N—MgCI-LiCl

N—MgCI-LiCl

N—MgCI-LiCI

MnCl,2 LiCl
(1.0 equiv.)
» (TMP),Mn<2 MgCl,+4 LiCl
THF
0to25°C,3.5h 95%, 0.50 M in THF
FeCl,*2 LiCl
(1.0 equiv.)
» (TMP);Fe*2 MgCl,+4 LiCl
THF
0to25°C,3.5h 95%, 0.50 M in THF
LaCl3e2 LiCl
(1.0 equiv.)
» (TMP)s;La3 MgCl,*5 LiCl
THF

25°C,12h 95%, 0.33 M in THF



Other metals: Mn/Fe/La

OMe 1) (TMP),MnX (0.6 equiv.) OMe OH
THF, 0 °C, 30 min
':ll = - ';ll N Ph 94%
NF 2) PhCHO (1.2 equiv.) N~
(o]
OMe 0°Ctort,1h T e
CO,Et 1) (TMP),FeX (0.7 equiv.) CO,Et
THF, 25°C, 18 h iPr
o 78%
2) iPr-l (1.2 equiv.)
CN 4-fluorostyrene (10 mol%) CN
rt, 15 h
2) (TMP)zLaX (0.35 equiv.) tBu.__0O
Xy COF THF, -20 °C, 45 min
| - |\ COEt  80%
N2 >ai 2) Pivalic anhydride |
i 7’
(1.0 equiv.) NZ > ci

-20°Ctort,18 h



Conclusion

Organometallic reagents can be readily prepared by deprotonation,
without transmetalation from an organolithium intermediate

TMP-Mg and TMP-Zn bases are stable in THF solution at room
temperature for months

Fragile and highly functionalized aromatic and heterocyclic structures can
be metalated and captured in good to excellent yields

While the methodologies are very selective, only the kinetically most
acidic C—H will be deprotonated

TMP bases are soluble in very few solvents other than THF

Some metalation/transmetalation/cross-coupling methodologies are very
technically sophisticated
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