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Synthesis of Organolithiumsy g

R2 Li R2 H
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Li-X Exchange R1 X

R2 Li

R1 Li
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2 Li LiX

R1 X R1 LiReductive Lithiation

R1 Li R1

Li
Carbolithiation



What To Deprotonatep
Deprotonation of sp centers works well
Deprotonation adjacent to carbonyl sulfoxide, sulfone, or phosphonate works well

small rings, allylic/benzylic positions work ok

p j y , , p p

For sp3 center need:
C-Li adjacent to O or N (α-lithiation)C Li adjacent to O or N (α lithiation)
Helpfully positioned heteroatom to stabilise C-Li by coordination
More remote acidifiying effect (EWG ortho on ring for example)

Today's focus:

O

N
Boc

N-Boc pyrolidine

O NR2

O

O-alkyl carbamatesN Boc pyrolidine
 Beak's Group

O alkyl carbamates
Hoppe's Group



Lithiation Alpha to Oxygenp yg
In general, deprotonation alpha to oxygen is unfavorable: antibonding interaction of oxygen’s 
lone pairs with C-Li bond overcomes the electron withdrawing effect of oxygen

O Ni-Pr2

O s-BuLi
TMEDA

O Ni-Pr2

OLibenzyllic heteroatom stabilization

lone pairs delocalized,
reduces repulsion

B Li

O Ni-Pr2

O
BuLi

TMEDA

O Ni-Pr2

OLi

O
s-BuLi
TMEDA

OLi

O TMEDA O

need blocking group to prevent
attack on simple esters

Clayden, J. Organolithiums: Selectivity for Synthesis; Pergamon: Oxford, 2002.



Lithiation Alpha to Nitrogen
Antibonding interaction even worse than that of oxygen so direct deprotonation alpha to 
nitrogen essentially impossible. Must have delocalization. 

O O Li

N

O

Ph

Ph
Ph

BuLi
N

O

Ph

Ph
Ph

Li

lithiation alpha to nitrogen in

N

O

Ph

Ph
Ph

Li

lithiation alpha to nitrogen in
amides requires sterically blocking
carbonyl attack

"dipole-stabilised carbanion"

s-BuLi Li
N

Boc

N Li carbamates work much better

Ot-BuO

O O LiO

N
LiTMP

O

N

Li
alpha lithiation can beat out 
ortholithiation (depending on methyl,
ethyl, isopropyl, etc.)

N O

BuLi
N O

benzylic site outpaces enolization of amide

Clayden, J. Organolithiums: Selectivity for Synthesis; Pergamon: Oxford, 2002.
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Asymmetric Deprotonation or 
Substitution

R1 R2

H Liasymmetric deprotonation

RLi, Ligand*

E

H H H E

must be configurationally stable

R1 R2

H H

R1 R2

H E

RLi Li asymmetric substitutionRLi

R1 R2

asymmetric substitution

Ligand* then E

must be configurationally unstablemust be configurationally unstable



Configurational Stabilityg y
Need sp3 hybridized organolithium to be configurationlly stable for asymmetric deprotonation.

H ff t t f fi ti l t bilitHoffmann test for configurational stability:

Advantages
Previously had to lithiate enantiomerically enriched or diastereomerically pure compoundsPreviously had to lithiate enantiomerically enriched or diastereomerically pure compounds 
(which were often a pain to make). 
Hoffman test allows you to use a racemic organolithium generated from prochiral s.m.

Th T tThe Test
Rxn 1 - A racemic organolithium is reacted with an enantiomerically enriched electrophile. 
Measure the ratio of 1,3syn:1,3anti products. 
Rxn 2 - A racemic organolithium is reacted with a racemic chiral electrophile. Measure the ratio g p
of 1,3syn:1,3anti products.

Bottom Line
A diff i th ti b t th t fi ti l t bilitA difference in the ratios between the two rxns = configurational stability

Clayden, J. Organolithiums: Selectivity for Synthesis; Pergamon: Oxford, 2002.



Configurational Stabilityg y
Case 1 - Configurationally stable organolithium with enantiomerically pure electrophile (Rxn 1)

O

R-Li
RX

R R

O

let's say this one reacts
faster As long as we run this rxn to completion

O
X

configurationally stable 
so no interconversion...
should have 50:50 mixture
of each after deprotonation

As long as we run this rxn to completion
then we should eventually have the same
50:50 mixture that we started off with.
It just takes the slower one a little longer to
get there.

S-Li
RX

S R

O

let's say this one reacts
slower

O
is an enantiomerically pure electrophile

RX (usually aldehyde or amide)

Potential Problem - Must run to completion or may get a non-50:50 ratio even though the 
organolithium is stable

Clayden, J. Organolithiums: Selectivity for Synthesis; Pergamon: Oxford, 2002.



Configurational Stabilityg y

O

Case 2 - Configurationally unstable organolithium with enantiomerically pure electrophile (Rxn 1)

R-Li
RX

O

R R

O

this one reacts
faster

>>50%

O

faster
Deprotonate to get 50:50 
mixture. But now can interconvert.
Difference in rates (b/c differnt 
TS energies) lead to formation of 

d t th th

S-Li
RX

S R

O

this one reacts
slower

one product over the other.

<<50%

O
is an enantiomerically pure electrophile

RX
is an enantiomerically pure electrophile
(usually aldehyde or amide)

P t ti l P bl If th TS i ’t diff t t 50 50 tiPotential Problem - If the TS energies aren’t very different, may get ~50:50 ratio even 
though organolithium is unstable (hence the reason for Rxn 2 of Hoffmann test).

Clayden, J. Organolithiums: Selectivity for Synthesis; Pergamon: Oxford, 2002.



Configurational Stabilityg y
Case 3 - Racemic organilithium with a racemic electrophile (Rxn 2)

O

R-Li
R/SX

R Rthis one reacts
fasterConfig. stable or unstable

OH

R S

OH
+

O

faster

X

g

Need ratio NOT to be 50:50

S-Li
R/SX

S Sthis one reacts
slower

OH

S R

OH
+

If organolithium is unstable...situation is just like Case 2 and the organolithium can ignore the stereochem of the
electrophile... and the same ratio of diastereomers ensues from the racemic as from the enantiomerically
pure electrophile.

If organolithium is stable...both enantiomers have the opportunity to react at the rate of the faster-reacting 
enantiomer from before. Thus the ratio of diastereomers here will differ from the ratio using enantiomerically pure
electrophile

Clayden, J. Organolithiums: Selectivity for Synthesis; Pergamon: Oxford, 2002.

electrophile.



Huh?
NBn2

Li
R2NOC

Ph

NBn2

O

Ph

NBn2

O

Ph

NBn2

63:37
No difference in ratio1,3syn 1 3 it63:37

Li
R2NOC

Ph

NBn2

Ph

NBn2

Ph

NBn2

so configurationally
unstable

, syn 1,3anit

Li

O O

63:371,3syn 1,3anti(+)_ (+)_

Li

OCONi-Pr2

OHC
Ph

NBn2

Ph

NBn2

Ph

NBn2R R

Li

46:54R = OCONi-Pr2

OHOH

NBn2

Ratios are different so
must be configurationally
stable

1,3anti1,3syn

Li

OCONi-Pr2

OHC
Ph

NBn2

Ph

NBn2

Ph

NBn2

32:68

R

R OCONi P

R

OHOH

stable

1 3( )

Clayden, J. Organolithiums: Selectivity for Synthesis; Pergamon: Oxford, 2002.

32:68R = OCONi-Pr2 1,3anti
1,3syn

Most common RCHO in the test.
Helps to have high felkin-ahn
selectivity.

(+)_

(+)_



Poor Man’s Hoffmann Test
R-Li

(-)-sparteine

R-Li(spar*)
E+ excess

R-E 50%

Xconfig. X

S-Li
(-)-sparteine

S-Li(spar.*)
E+ excess

S-E 50%

Xg
stable

X

R-Li

(-)-sparteine

R-Li(spar*)
E+ deficit

R-E >50%
fast

S Li
(-)-sparteine

S Li( *)
E+ deficit

S E 50%

Xconfig.
stable

fast

X

S-Li S-Li(spar.*) S-E <50%

slow

(-)-sparteine E+ deficit or
excess

R-Li R-Li(spar*)

E+ deficit or

R-E >>50%

config.
unstable

fast

S-Li
(-)-sparteine

S-Li(spar.*)

de c t o
excess

S-E <<50%

slow

Clayden, J. Organolithiums: Selectivity for Synthesis; Pergamon: Oxford, 2002.



Enantioenriched Organolithiumsg

N

s-BuLi
(-)-sparteine

pro-S selective

s-BuLi
(+)-sparteine surrogate

pro-R selectiveN
Boc

p p

N
H

N
Boc

N
Boc

Li Li N

N

H
(-)-sparteine( ) p

N
Me H

s-BuLi s-BuLi

N

N

(+)-sparteine surrogate

s-BuLi
(-)-sparteine

s-BuLi
(+)-sparteine surrogateOR Ni-Pr2

O

OR Ni-Pr2 OR Ni-Pr2

O OLi Li

Dearden, M.J.; Firkin, C.R.; Hermet, J-P.R.; O’Brien, P. J. Am. Chem. Soc. 2002, 124,11870-11871.



Model for Enantioselectivityy

OxygenOxygen
Carbon
Nitrogen
Lithium
Sparteine

vs.

removal of removal of

Isopropyl Carbons

 removal of
pro-S proton

removal of
pro-R proton

Enantioselectivity appears to be due mainly to sterics. The major repulsive interactions present in the groundEnantioselectivity appears to be due mainly to sterics. The major repulsive interactions present in the ground
state of the more stable, three-component intermediate complex (4), are relieved on going to the TS for 

transfer of the pro-S hydrogen.

Wiberg, K.B.; Bailey, W.F. J. Am. Chem. Soc. 2001, 123, 8231-8238.



Reaction with Electrophilesp
SE2ret SE2inv

Li

X E

Li

E
X

X E

Li
R1

H R2

E
R1

H R2

Li
R1

H R2

E
R1

H
R2H R2 H R2 H R2 R2

In general these rxns proceed via SE2ret for non-stabilized (i.e. non-benzyllic or allylic) organolithiums. 
Wh S i l t hil th h i iWhen Sn is electrophile though, see inversion.

Can have inversion or retention with benzyllic/allylic organolithiums...tough to tell ahead of time.

Clayden, J. Organolithiums: Selectivity for Synthesis; Pergamon: Oxford, 2002.



Electrophiles 
E+ E ee

>95CO2 CO2H

R O NR'2

OLi
E+

SE2ret R O NR'2

OE
>95
>95
>95

allyl bromide 42

Me
Me3Si
allyl

CO2 CO2H
MeI
Me3SiCl

>95, invertedMe3SnMe3SnCl

E+ E ee

90Ph CO C(OH)Ph 90
88

96
Me2SO4 94

Me3Si
Me

Ph2CO C(OH)Ph2

CO2

Me3SiCl
N
Boc

Li
E+

SE2ret N
Boc

E

CO2H

2 4 94
94, inverted

Me
Bu3SnBu3SnCl

In general the range of electrophiles is somewhat limited

Clayden, J. Organolithiums: Selectivity for Synthesis; Pergamon: Oxford, 2002.



Increased Substrate Scope
1) s-BuLi, (-)-sparteine, Et2O
2) CuCN, 2LiCl, THF

E

Transmetallation from lithium to copper greatly increases range of electrophiles

N
Boc

3) E+ N
Boc

E

N
Boc

N
Boc N

Boc

Ph
OTBS

EtO2C

I Ph
CO2Et

II

OTBS

70%
89:11 er

84%
94:6 er

89%
95:5 er

N
BocN

Boc
N
Boc

O

Ph

C
O

I
CO2CH2Ph

I

CO2CH2Ph

Ph

OMs

57%
65:35 er

95%
racemic

79%
80:20 er

Dieter, R.K.; Topping, C.M.; Chandupatla, K.R.; Lu, K J. Am. Chem. Soc. 2001, 123, 5132-5133.

For the most part, the transmetallation proceeds with retention of configuration.
However there can be a loss in the enantioselectivity during the transmetallation.



Increased Substrate Scope
1) s-BuLi, (-)-sparteine
2) ZnCl2
3) CuCN, 2LiCl

1) E+

2) Deprotect N O

O
OCby OCby OH

M E

Cbymixed copper/zinc species

OH OH
OH

OH

B

OH

C5H11

OH
O

OI
Br

Br
Br C5H11

90%
99% ee

83%
n a

61%
97% ee

98%
>99% ee

OI

OH

99% ee n.a. 97% ee >99% ee

N

O

O

MeO2C

tBu

TfO

N

O

O

MeO2C

tBu

Unlike the N-Boc-pyrrolidines,
could not transmetallate directly to
copper

Papillon, J.P.N.; Taylor, R.J.K. Org. Lett. 2002, 4, 119-122.

69%
one diastereomer by NMR



Application in Synthesis

i) s-BuLi, (-)-sparteine, Et2O, -78 oC OCby
ibl C i

OCby
ii) ZnCl2 in THF, -78 to room temp
iii) CuCN*2LiCl in THF, -40 to 0 oC

iv) decynyl bromide, -40 to 0 oC
90%

C8H17

possible Carriera
alternative?

i) MeSO3H, MeOH, reflux
ii)B (OH) M OH fl

OH 1) O3, PPh3
2) NIS B NI

O
O

ii)Ba(OH)2, MeOH, reflux
89%

C8H17

2) NIS, Bu4NI
86%

C8H17

Lindlar, H2
9 %

O
O

C8H17

The Cu approach doesn't work
 94%

japonilure,
an industrially important pheromone

well for arylation though

Papillon, J.P.N.; Taylor, R.J.K. Org. Lett. 2002, 4, 119-122.



Transmetallation/Cross Coupling
f A l ifor Arylation

First direct asymmetric arylation of an enantioenriched carbanion

N
Boc

1) s-BuLi, (-)-sparteine, -70 oC
2) ZnCl2, rt

N
Boc

M

RZnCl R ZnCl or R ZnLi

ArBr, 4 mol% Pd(OAc)2, 
5 mol% [tBu3PH]BF4, rt

N
Boc

Ar

always 96:4 er
<8% β-elim by-products

RZnCl, R2ZnCl, or R3ZnLi always 96:4 er

OMe O

N
Boc

N
BocN

Boc
N
Boc

X N
Boc

75 81% 71% 78% 81%75-81% 71% 78% 81%

N
Boc

N
Boc

N

NH
N
Boc

Ar N
Boc

Campos, K.R.; Klapars, A.; Waldman, J.H.; Dormer, P.G.; Chen, C. J. Am. Chem. Soc. 2006, 128, 3538-3539.

60%77%
precusor to (R)-nicotine

Could use 1, 0.6, or 0.35 eq of ZnCl2 suggesting
that all types of organozincs can be involved.



Transmetallation/1,2-Metalate
RRearrangement

R O NiPr2

O 1) s-BuLi, (-)-sparteine, -78 oC

R O NiPr2

OB
O

O
Ph

Ph R

H HB

O

OMgBr2

R O NiPr2 2)

O
B

O
Ph

R O NiPr2

helps to sequester sparteine
and carbamate leaving group

H2O2, NaOH

Ph R

OH

R OH

Ph
deprotected the alcohol in the process

OH

Ph

OH

Ph

TBSO OH

Ph

70% 73% 64%

Stymiest, J.L.; Dutheuil, G.; Mahmood, A.; Aggarwal, V.K. Angew. Chem. Int. Ed. 2007, 46, 7491-7494.



Transmetallation/1,2-Metalate
RRearrangement

Iterative homologation possible

R1 OCb
 s-BuLi, (-)-sparteine

Li

OCbR1
H

R2B(pin), MgBr2
R2

B(pin)R1
HH

(p )
H

A

B Li ( ) t i
Li A MgBr R1

R3 OCb
 s-BuLi, (-)-sparteine

OCbR3
H

A, MgBr2

B(pin)

OCbR3

R

R2

OCbR3
H

R1R2

B(pin)
H

R3

iterations

Stymiest, J.L.; Dutheuil, G.; Mahmood, A.; Aggarwal, V.K. Angew. Chem. Int. Ed. 2007, 46, 7491-7494.



Application in Synthesispp y
MeO

OMe

OMe

1) s-BuLi, (-)-sparteine

MeO

OMe

OMe

MgBrTBSO

MeO

OMe

OMe

OTBS

O

2)

O
B

O
OiPr

O
H

B
O

O
O
H

B NiPr2

O

O O

NiPr2O NiPr2O

O

OMe OMe M O
MeO

OMe

OMe

H2O2, K2CO3, H2O

MeO

OMe

OMe
MeO

MeO

MeO SN2

B
H

O

O
H

OH

73% overall
94:6 er

HO

NHAc

subst.

OTBS OTBS

or one pot with

B
O

O

Besong, G.; Jarowicki, K.; Kocienski, P.J.; Sliwinski, E.; Boyle, F.T. Org. Biomol. Chem. 2006, 4, 2193-2207. 

OTBS



Catalytic Asymmetric Deprotonationy y p
Start Here
(-)-spartiene
and s-BuLi

N
Boc

N

LiN

H

N N

Li
sBu

N

LiN

Ot-BuO

Ligand Exchange

N
N

H

Li
N

N
N

BuOt O

Li
N

TMSCl

N
Boc

TMS

0.2 equiv sparteine gives
76% yield, 90:10 er
(stoichiometric rxn gives 87% 
and 95:5 er)
not many electrophiles tested though (TMSCl,

McGrath, M.J.; O’Brien, P. J. Am. Chem. Soc. 2005, 127, 16378-16379.

Boc
End Here

Bu3SnCl, Ph2CO)
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Resolutions
A + B* AB* epi-AB* epi-A + B

k1

k-1

C Ck2 k3

D epi-D

k1=k-1=0 k1, k-1>0

C

C

k2

C

C
k3

AB*

C
k2

C
k2

C
k3

C
k3

AB*

epi-AB*

epi-AB*

epi-AB*

AB

AB*

Kinetic Resolution Dynamic Kinetic Resolution Dynamic Thermodynamic Resolution
D epi-D epi-D epi-DD D



Kinetic Resolutions
i-Pr2N O

Li R-X
(-)-sparteine

Fast

i-Pr2N O
R

ee's 77-97%

i-Pr2N O

s-BuLi

Rapid Equil.

i-Pr2N O
Li

R-X
(-)-sparteine

Slow

i-Pr2N O
R

C
k2

Slow

ΔΔG

C
k3

Enantioselectivity determined by the difference in the 
diastereomeric TS energies (ΔΔG ) of the substitution step

epi-AB*

AB*

Dynamic Kinetic Resolution

epi-DD



An Interesting ResultAn Interesting Result
NHPiv s-BuLi

-25 oC
NHPivLi (-)-sparteine, -78 oC 45 min

then TMSCl
NHPivTMS

52%, 21% ee

s-BuLi
25 oC-25 oC

NHPivLi NHPivLi

TMSCl

Fast

NHPivTMS

NHPivLi
(-)-sparteine, -25 oC cool to -78 oC

X

Fast
ee up to 90%

NHPivLi NHPivLi TMSCl

Slow

NHPivTMS

Beak, P.; Basu, A.; Gallagher, D.J.; Park, Y.S.; Thayumanavan, S. Acc. Chem. Res. 1996, 29, 552-560.



Scenarios for a Dynamic y
Thermodynamic Resolution

1:1 population of diastereomers,
intermediates of equal energy,

product ratio at comlete conversion is

>1:1, the more populated
stable state reacts more rapidly,

happy times

>1:1, the more populated
stable state reacts slowly

not great timesproduct ratio at comlete conversion is
1:1

happy times not great times

Beak, P.; Anderson, D.R.; Curtis, M.D.; Laumer, J.M.; Pippel, D.J.; Weisenburger, G.A.
Acc. Chem. Rev. 2000, 33, 715-727.



How to Manipulate the SituationHow to Manipulate the Situation

If th th d i ll l f d di t tIf the thermodynamically less favored diastereomer reacts more
rapidly, could add two electrophiles.
First E+ would be a sacrificial electrophile and second would be
the desired.
Not great but perhaps better than nothing.

>1:1, the more populated
stable state reacts slowly

not great timesg

Beak, P.; Anderson, D.R.; Curtis, M.D.; Laumer, J.M.; Pippel, D.J.; Weisenburger, G.A.
Acc. Chem. Rev. 2000, 33, 715-727.



How to Manipulate the SituationHow to Manipulate the Situation

Use warm-cool cycle to product enriched product.
Allow equilibrium to be reached at high temp.
Cool down followed by addition of deficient electrophile.
Repeat

>1:1, the more populated1:1, the more populated
stable state reacts more rapidly,

happy times

Beak, P.; Anderson, D.R.; Curtis, M.D.; Laumer, J.M.; Pippel, D.J.; Weisenburger, G.A.
Acc. Chem. Rev. 2000, 33, 715-727.



Summaryy
R R'

HH
chiral base

RLi/L*

asymmetric R R'

H Li-L* E+

R R'

H E

asymmetric
deprotonation configurationally

stable

R R'

H E
RLi R R'

H Li-L*

more stable

dynamic 
thermodynamic

resolution

E+

LiH
L* R R'

L*-Li H

less stable

slow

H E

R R'
asymmetric 
substitution

H Li-L*

less stable

E+

R R'

H E

R R'

R R'

L*-Li H

fastdynamic
kinetic 

resolution E+

fast

R R'
R R'

configurationally
labile

slow


