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Alkali metals and alkaline earth metals, have poor solubility in organic solvents such as THF
and for that reason are often used in concert with poly aromatic hydrocarbons (PAH's)

Sulfolane, DMF, THF, CH,CN CH,Cl,, MeNO,

cop o] o™

Common solvent working range

Definition (for this group meeting):

A metal in its zero oxidation state that when is dissolved in a solvent gives off electrons to
another species in solution.

Rychnovsky and coworkers, J. Org. Chem. 2016, 81, 10707 also see Cohen and coworkers,
J. Am. Chem. Soc., 2001, 123, 3478

Napthalenide 1-(Dimethylamino) 4,4'-Di-t-butylbiphenylide
"""""""""""""""""""""""""""""""""""""""""""""""" ! naphthalenide
Strongly reducing metals (E° < -2 V) that can be used include: . : N, -25V DMAN, -25V DBB, -2.8V
Challenging to store:
Alkali metals Alkaline earth metals Transition metals !
Li : N\oLi .
Na Mg ; LIDBB . LIDBB
K Ca Sc . D —_— = ------- — 3 More complex alkyl lithium
Rb Sr Y . (o} + species
Cs Ba : Lio” ""Me

Lanthanides La|Ce|Pr|Nd|Pm|Sm|Eu
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Lithium metal as a reductant

(o)
1) Li, NH3,
Me 2) BnBr
—_
(o)
65%
Stork and coworkers, J. Am. Chem. Soc. 1980, 102, 1218
Me, 1) Li, NH3, MeOs O (i -EtNH,, Me,
2) (EtO),OPCI tBuOH
(EtO),0PO
6% 91%

Ireland and coworkers, Tetrahedron Lett. 1969, 2145

Me Me
L\B + starting
material
OH
Li-EDA, 50 °C, 1h 87%
LiAlH4, diglyme, 100 °C, 24 hrs 47% 19%

Brown and coworkers, J. Org. Chem., 1970, 35, 3243

Ph,(CI)SiH, '
" baoc agn T LTHE L, | s
°C, 98% Si omoMm Li; L Si OMOM
l — > |~ I\/\/ —_ | Li” ~ N\
Si(Me)s
N
N
i-Pr
HHO_ OH o Ph_ Ph
_ Si D —— H,N Si\/\/OMOM
Bz -
i-Pr i-Pr 47%

Organ and coworkers, Org. Lett., 2002, 4, 2683

rearranged
alcohols

>20%

1) Li, THF n Ph Ph
I 2) THF,-78°C,1hr t-Bu,, _N._ _Si,
Ph\Si,R ) .ﬁ, ~ R
1 H
H t-Bu,,s,an-Pr o n-Pr
1
o
Sifl-::h %M on
J. Bz” Y
o r;l ‘n-Pr -\Ph o
Cbz

Silicon-containing peptide mimics

\( i-Pr \{ n-Bu

84% 78%

\(\/Ph

72%

\(\/\OTHP
Bn

47% 76%
>95:5 dr, for all except i-Pr (80:20)

YMe
86%

\(\o, n-Bu

50%
OTHP

Skrydstrup and coworkers, Org. Lett., 2010, 12, 3528
Skrydstrup and coworkers, J. Am. Chem. Soc., 2008, 130, 13145

Lithium/PAH reductions, ring opening

A

Ph

Li ( excess)
DBB (cat.),
THF, rt.

Yus and coworkers, Tetrahedron Lett., 2008, 49, 5182

Li (excess)
DBB (cat.),
THF, rt.

(1

H(D) H(D) H(D)

H,0(D,0)
_> +
H(D) I
Ph Ph Ph ) Ph

A iy

EX = TMS-CI, CH,C(CH3)CH,CI, t-BuCHO, Me,CO, Et,CO, i-Pr,CO, t-Bu,CO, 2-adamantone;

yields 44-91%.

Hudrlik and coworkers, J. Organomet. Chem., 2006, 691, 1257
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. ' 1 2 3 ' R1 2 3
OLi ¢ R R R ‘R'" R R
R! o 2Li,N R! . | HEX R’ oH " H H Ph o Li, DBB oLi Li|1)Cr(CO £1(CO)s ‘'H H H
THF, -78°C | g2 Li 1 2)H,0 ) E . 0°C 2)Me;O'BF, O .
R2 —— " s |R — <y R : Me H H 1 R} — R B —— 'H H Me
R3 R® R® . Et H H R R2 1 RZ “R? R' ' Me H H
3170% | Me Me H R? R® tH  CH,OH Me
P H -(CHy)s- 14-53% ‘H nPr Me
H Et Et Maiorana and coworkers, Chem. Soc., Chem.
EX = H,0, D,0, (MeS),, (PhS),, Mel ' H H CO,Et Commun., 1992, 1623 1) BnCl 5 oH 5 oH
' 2) H,0 n 2N
Bartmann, ACIE, 1986, 25, 653 :
Li,N OLi Ph +  Ph
0”0 (10 mol%) L I\o Me Me
-80°C, 4 hrs : 54%, dr = 91:9

2Li, DBB

MeXMe
o/‘\(\o ome THFE.-78°C 1Li” ™™
Me

—_— -
Ph)\|/I Ph)\(l
(o) (o)
Me 1) CO, (0} (0]
dr=1:1 Me ] |20t .

Ph Ph L
Me Me
64%, dr = 86:14
Azzena and coworkers, Tetrahedron, 2000, 56, 3775
Cy. .lLi Cy<
Cy, Li,N N” 1)E* NH
N Ph (5 mol%), -78 °C |\(|_i 2) H,0 k(E
I >— _— —_
Ph Ph

Conrow, Tetrahedron lett., 1993, 34, 5553

E* = alkyl halides, aldehydes and imines, yields >70%  Yus and coworkers, Tetrahedron lett.,
1993, 34, 1649

o RY Li DBB QO L IDE o E iR' RZ R® R Me Me
L» )4_> R 'H H H Ph N N
R R3 R? R* R2 R4 H H H WA WA
R? RS R? 'R3 R3S 'R3 : Me" ‘Ph Me* Ph
;H H MeH Li, N Li, N
E = CO,, CH,=CHO 45-87% 1<(CH)ss H H (5 mol%), (5 mol%),
Cohen and coworkers, J. Org. Chem., 1989, 54, 5657 -78°C -78°C
Et;Al Li, DBB 1) E* Me( _Li Me( _Li 1) E* Me(
O0— EtsAl ®o 0°C g Wiooulamo E OH N ! N 2) H,0 NH
R R >l\) - >|\/| “'K/Li Li - > E
R R R Mi‘) ; Me' Me'
R ( Ph Ph Ph
R =-(CHy)s- or Me E =j-PrCHO, t-BuCHO, PhCHO 38-68% E* = H,0 (85%), D,0 (85%), allyl-Br (74%), acetone (62%) starting from cis-aziridine

Cohen and coworkers, J. Org. Chem., 1991, 56, 5760 Yus and coworkers, J. Org. Chem., 1994, 59, 3210
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Lithium/PAH reductions, miscellaneous 1) Li spherules

1 1 E
R! R2 Li, DBB (5 mol%), R‘NLi L 1) E* R‘NH E : OMe OMe
ril:r -15 °C, 7 hrs k/k 2) H,0 : OMe OMe
> = _A :
R? RZ ! Li, N, THF
'
R!' R2 E"=H,0, D0, allyl-Br, acetone 36-90% !
Ph H :
i-PrPh Yus and coworkers, Tetrahedron, 1994, 50, 5775 Me Mé"
' Livinghouse and coworkers, Tetrahedron Lett. 1989, 30, 1499
s Li, DBB (5 mol%), Li H-O . PhS M
<] e 5 )\/su > X e P e e Ph ;g k/'lélN,rtTﬁ'g};io C e PR Ohshiro and coworkers,
Ph Ph + Me , - Me Synthesis, 1980, 933
+ e tlel o) N‘Ph o) N‘Ph
+[H* 3 Li +[H']
[ 1|_>lph/\/ l ‘ (H1: -
Yus, Targets in heterocyclic systems, 2002, 6, 136 o CO,Et
Ph Li, DBB (5 mol%), SLi Li 1)E* SH E : Ph 2
?j o > kM/l\ S kMJ\ : M COEt  ageasli Me ;) 1-378 s hs:'so fl Me
)n h Ph  “Ph e 2 78°C-0°C, 2 hrs» \ ) Benzene, SiO,, reflux -
. o . i Br Br . Ph
E n-BuCHO D,0 Cco, Et,CO  Activation by Ph needed, otherwise no | OLi
n=1 50% 86% 59% thiolactone 62%  reaction occurs 97%
n=2 61% 89% 82% 51%  Yus and coworkers, Tetrahedron, 1995, Shindo and coworkers, Tetrahedron Lett., 1998, 39, 4857
n=3 70% 78% 80% 72%  51,11883 ! and Tetrahedron Lett., 2001, 42, 8357

L N, BN Me. Me Me Cl Et,0, N(cat.), rt. COCO,Et COCO,Et
)M\e )TIH s 2 oL Me Me 2)CICOCO.Et Me Me Me Me
N i N, cooling
wcom 7 - o T |mwy +
o o OLi Me Me Me Me Me Me
55% Cl COCO,Et
3) Hz0* Suga and coworkers, Aust. J. Chem., 1974, 27, 2205 9% S7%
. . ‘ Lithium spherules, prepared by vigorously stirring Li chips in mineral oil/cholesterol at high
o - _78° | i .
;) ,L7 B’:L'H 0708000 nBu, OLi . n-Bu ‘temps. After removal of the oil and washing with hexane, this form of the metal reacts
ci LN - - Li —_— immediately with dilute solutions of N in Et,O to afford the corresponding dianion. More
\reactive
47 : Scettas an coworkers, Org. Lett., 2012, 14, 5680
0

Barluenga and coworkers, J. Chem. Soc., Perkin Trans. 1., 1983, 3019
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Lithium/PAH reductions, cyclizations

Li
Me
LiDMAN 1) TMEDA, Et,0 Li 1) warm to rt. LiDBB. THF
Me0,-78°C_ 2) Vacuum 2) MeOH 78 1t0-42 °C
Me 3) Me Me
COZMe
75%
o-Tol
Cohen and coworkers, J. Am. Chem. Soc., 2001, 123, 3478 OMe Rychnovsky and coworkers, ACIE., 2003, 42, 818

3 9 3 1
})N»\gR I.'7Ig§cB T Z\J)\( ) TMSCI (\N)\( X 4
X

R =n-pentyl, n =3 or4, m =1 or 2, 65-92% yield

. LiDBB, THF, ' . .
) MeLi LiO me SPh Me 40 °C  Other leaving built in
) LiN, N\ 1) MgBr, “OH —_— : electrophiles:
Solvent -70°C 2) (PhS)2 b b ' attack
A Me Me : ~/ \>
OTIPS Rychnovsky and coworkers, Org. Lett.,
. t-BuS ~I8so LiDBB, THF, 20057, 2091 6-memring  5-mem ring
LiPAH = LiDBB, solvent = THF, 3 : 1 t-Bu’ ! -78 °C v - <
. . ) ’ —> '
LiPAH = LIDMAN, solvent = Me,O, 10 : 1 ; favoured favoured
Cohen and coworkers, J. Am. Chem. Soc., 2001, 123, 30 t-Bu
OTIPS . TMS
R! Lio TMSO R t-Bu’S'“O OTBS.  OPO(OEt),

sl “~"NgTMs : Rychnovsky and cowrokers, J. Am. Chem. Soc., 2005, 127, 528 R can also be Me
b
OTBS a
O Rr? @o 1 R! R2 ZIE i Pectenotoxin (PTX
=) R LiDBB, THF, OTBS Pectenotoxin (PTX)
. ° _——
s s n-Pr  Me 87:13 -78 °C 0,9 ../
—_—— . —_——
2e Me n-Pr 26:74
R? —_— R2
N 3 N Allyl  Me 87:13
_7"R x\)—R3 Me Alyl  68:32 A 20% CSA
X Bn  Me  92:8 il
2Ll
X R3 Me Bn 12:88
CH, H -- seetable n-Pr Et 80:20 OTBS
o) i-Pr Et n-Pr 12 : 88
High (>10:1) diastereoselectivity was observed for enolate addition too: QO q -Ts o
an
Gleason and coworkers, J. Am. Chem. Soc., 2001, 123, 2091, R I J H (o]
ACIE., 2002, 41, 2338, R 83 % oTBS
with the aid of Cy,BBr

Org. Lett., 2004, 6, 405,

and Org. Lett., 2006, 8, 1359 Rychnovsky and cowrokers, Org. Lett., 2007, 9, 711
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Boc Me LDBB, THF,  Boc—p. n-Bu
N -78°C N
CN S -HCI
OPO(OEt), 75%, dr = 32:1 (+)-Lepadiformine C
OH
n-Bu— R2 inversion  R1 ’{
; Boc —_— ;
LiDBB ~ N LiDBB
oc\N N Rl1 Boc R?
<\CN
oTBS
O— (0] H Therefore:
B OJI\N,bﬂ MeOH B OJLN,bﬂ inversion
e \ By \ 'C' —» (+)-Lepadiformine C
R1 R2 R1 R2 .
c "
Rychnovsky and coworkers, J. Am. Chem. Soc., 2010, 132, 9591
B
I OCCN ?oc

LIDBB, THF -78 °C, 5 min N
" OPO(OEY), >

n

n=1,95%, n=2 45%

1) LIDBB, THF -78 °C Boc

2) D,0 or CO, or CICO,Me (79-87%) N_ E
/ " UMe

1) LiDBB, THF -78 °C

Boc 2) 1-Hexynylcopper, P(OMe), Boc
l!l CN 3) Mel or C;H5Br or MVK or allyl-Br l!l R
UMe -78 °C (51-64%) - QM .

1) LIDBB, THF -78 °C
\2) R'R?CO (59-82%)
Rychnovsky and coworkers, Org. Lett., 2004, 6, 2745, Tetrahedron,
2005, 67, 3371 and Org. Lett., 2008, 70, 4017

Ph
“NH NH,

Ph Ph

Me
98%

Barluenga and coworkers, J. Org. Chem. 1983, 48, 2255

Na, EtOH, reflux
> NH, +
Et Et NH,

50%, 14:86

Platé and coworkers, J. Org. Chem. USSR (Engl. Transl.) 1984, 20, 678

Sodium
Ph_
N NH
| Na, i-PrOH
Ph Ph —_—>
Me
Et NOH
o Na-SG, MeOH, THF,
0 °C, 35 min
J\ > R
R OMe
R = Alkyl, benzyl

N

50-99%, reduces NO, and CF5 groups

Bodnar and coworkers, J. Org. Chem., 2009, 74, 2598

One main point is that they can use THF as since the traditional Bouveault-Blanc reductions

require either hexane or toluene like solvents

Nitriles and ketones can also be reduced to the corresponding amine and alcohol with

Na-EtOH
NpPh,CO Th Na, anthracene, THF
o >
p-OMeTrO
NpPh,CO Th
Na, N., THF/HMPA
o
p-OMeTrO

HO Th

p-OMeTrO
87%

(o)

HO
92%

Anbar and coworkers, J. Am. Chem. Soc. 1975, 97, 7197
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X
Me Na, N, THF,
rt., 15 min OH
> M
Me eMe
| Me
0 50%
Shrikrishna and coworkers, Tetrahedron. 1990, 46, 3601
Me CsHiz Me CsHiz
Na, N, THF,
Me rt., 10 min Me
'
il o oH
90%
Na=~ Li > K Pradhan and coworkers, J. Org. Chem., 1976, 41, 1943
THF > DME

Na(Hg)
MeOH:EtOAc

OH

Kocienski and coworkers, J. Chem. Soc., Perkin Trans. |, 1978, 834

Na, EG, reflux, 2 hrs
TsHN\N/ Me > Me

Me Me
Me Me

Piers and coworkers, Can. J. Chem., 1969, 47, 137

Br.
o Na, PhBr (cat),
10 mol%, neat
Me 5 hrs, rt.

84%

Guo and coworkers, Chem. Commun., 2003, 506

Potassium

Riekes method for obtaining pure metals for dissolving metal reactions:
THF or diglyme
reflux

MCI,, + K —>» M + KCI

M = Cu, Mg, Zn, Al, In, U .
Rieke, Acc. Chem. Res., 1977, 10, 301

Luche, e-ERQOS, Potassium, 2001

K, 18-crown-6
t-BuNH, or tol
rt., 3 hrs

R = F or OC(S)N(Et),

>80%
QOishi and coworkers, Tetrahedron Lett., 1981, 22, 2583
Barton and coworkers, J. Chem. Soc., Perkin Trans. 1., 1981, 1510

K/A|203, hex

Me OFEt rt., 20min Me/WOEt

CN OEt OEt
88%
Umani-Ronchi and coworkers, J. Org. Chem., 1980, 45, 3227
OH

CgK,THF 3
0°C R
_—— A

Me +d
95%

Me
Furstner, Tetrahedron Lett., 1990, 31, 3735
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Other metals frequently encountered:

AN

EO

Mg and Al are frequently used as mercury amalgams. They can be used to cleave sulfone
grouops and open up epoxides. Ca is used with NH3, ans can also be used to reduce off a
variety of functional groups, including epoxide ring opening. Zn is a much milder reducing

Mg

-2.37

13

Al

-1.66

20
Ca

-2.76

30
Zn

-0.76

agent, used for activated alkyl halides

In summary the uses of dissolving Li, Na and K:

- All work better with a the aid of a mediator (PAH) or support to tame the metal (graphite,

Al;03)

- Powerful reducing agents, cable of reacting with any functional group, but selectivity can
still be achieve by controlling the equivalence and temperature
- Very good for the reduction of sterically hindered functionalities

Additional references:

1) e-EROS for the following:
- Mathes, Ramon and Yus, Lithium, 2014
- Briner, lithium, 2005
- Short, Wei, Padungros, Lithium Naphthalenide, 2014
- Wendt, Sodium, 2001

2) R. Luisi, V. Capriati, Editors, Lithium Compounds in Organic Synthesis: From
Fundamentals to Applications, Wiley-VCH Verlag GmbH & Co. KGaA, 2014, p.
545 pp.

3) Yus, Targets in heterocyclic systems, 2002, 6, 136-177

Summary of some of the reactions possible with dissolving metals

Reductive cyclizations

R”:"X

LG
= XJJ)/n
H CN

X=CH,O,N




