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The Birch Reduction (Dissolving Metal Reductions) |

Group [ metals such as sodinm or lithium readily Z1v
as they dissolve in solvents such as liqpuid AImon;
l.{}.;hu'illg‘f,‘ agents and l.-l'lu},f will reduce (:;11‘1}(}11}'] compounds, alkynes or aromatic rings
1 fact any functional group with a low energy 1* orbital into which the cl
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¢ up their single onter shell electron
a or cthanol. Electrons are the simplest

ectron can go.

We shall start by looking at the dissolving metal reduction of the aromatic rings.
known as the Birch reduction. Here is the reaction of benzene with lithivm i liqlﬁr!
ammonia. At first, the reaction looks quite improbable. With an aromatic ring ending up
as an unconjugated diene! The mechanism explains why we get this regiochemistry and
also why the reaction stops there-in other words, why the dissolving lithium reduces an
aromatic ring more readily than an alkene.

Li or Na, NH;(1)
EtOH, Et,0

-

The first thing to note is that when lithium or sodium dissolve in ammonia, they
oive an intense blue solution. Blue is the colour of solvated electrons. Group 1 metals (Na
or Li) ionise to give Nat and Li* and e (NH,) — the gaps between the ammonia
molecules are just the right size for an electron. with time, the blue colour fades, as the
electrons reduce NH, to e”(NH,), and hydrogen gas. (NaNH, is made by dissolving Na In
liquid NH,; and then waiting till the solution is no nonger blue. |

low/NH O
1i 2 T e”; e (NH,), o “» NH, + %HE

Blue solution Colourless
solution

Birch reductions use those blue solutions with their solvated electrons as reducing
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1S ' "N wydrog as 18 > slow, and a bettel
agents. The reduction of NH, to NIH, and hydrogen gas 1s quite bl(?.l‘ﬁ, and ¢

forence. In the example cited before, the electrons
UMO). The species we get can
1,e molecules with one

clectron acceptor will get reduced 1 pre
will g0 into benzene’s lowest lying antibonding orbital (LUM
be represented in several ways, all of them are radicals anion,
tXcess nnpaired electron. | o

So Birch reduction can be defined as when aromatic rings are reduced with K, Na or

Li iy liquid ammonia or amine in the presence of alcohol, addition of hydrogen takes

blace at positions 1 and 4 to give an unconjugated diene.

-
Li/liq.NH,, EtOH
=
Benzene 1,4-Dihydro
cyclohexadiene
r’.i .'I|II
X 2 Y,
Li/liq.NHj, I*..tOH_F \
—
Faila ‘
Naphthalene 1,4-Dihydro naphthalene I
‘ all
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Primary amine with higher boiling point (b.p. ol UN”J 15 -| “1(1111{1

TR & : : . 1 reaction temperature,
NH4 is -33°C) permits comparatively highel reactl g
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Mechanism of the reaction

EtOH

Li TN H Hse o -
_ O Q (protanation)
tep 1 *e . .
step 1 e I —iop 2
| g "*' I..li
' e

Resonance stabilised radical anion (basic in nature)

. _H He_ © /II\'
@ ¢y © O
J 2 e + OEtLi
® O ® step 3
Li OEt + i +
H 1 H H H H

The regiochemistry of the reaction is determined at the final protonation step—the
anion is destabilised and could react at either end to give a conjugated diene which is
more stable. But still the apparently unstable product is formed. Kinetically controlled
ren[(;tions of pentadienyl anions with electrophiles typically take place at the central
carbon.

There may be repulsion between radical and anionic centres if they are placed at
ortho positions to each other and becomes minimum when they

3 - are para, 1,e 1,4 to each
other. So, 1.4-dihydro and not 1 & S i

,2-dihydro product is formed in preference.
: i : R 3 o :
At higher temperatues (50°-120 C) ammonia becomes the proton source and alcohol
1 . » ) - J
need not be added. The amide ion thus formed is

- a strong base and is 1ses the
1,4-dihydro product to 1,2-dihydro product. ¢ somerises the

Li R 9 - & o
—— - — NH; 5= NH, - H
D
+ Li
S J
H H \/
H..
In//_/‘
Li
H H
H H
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The 1,2-dihydro product has a conjugated double bopd

and hence undere

.. o further
3 Y ° |
ve. The presence of

reduction to tetrahydro derjvati

somerisation to conjugated dienc catalytic amount of acjd helps
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NH3 = NH, + 7

8

Cyclohexene

Cyclohexene contains a single carbon-carbon double bond which is unaffected by
the reagent. The substituents if present in the molecule have effects on the Birch reduction.

(a) Electron withdrawing groups promote para reduction. Electron withdrawing
groups stabilise electron density at the ipso and para-position and protonation

occurs at para position.

e - P NN X!
COOH COONa  (0ONa e
v”’—-\ N .
Na a ... T8
H
also Stable
COONa, COONa

COONa COONa . | b “
V—\- r O a ®
Na > e
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- N COONa
COONa COONu COOj.a .
: X
H H
‘ s lEtOI{

- /e N T GOONa
f.-} . ,.-,\! l_l "‘ ¥ L COONa H
- v { O} ij +

_ H” OH

SI1ty ¢
(b) Electron donating groups <tabilise ortho and meta electron density and

protonation occurs at the meta position.

" OMo OMe o I
b s o : Na_ "
% H i
C ) N G/ ,_ lEtOH
" i*_ NG 5 A ¥ * *-« OMe
28R _ 7 h |
L_‘_ *.} i -‘ :-,_. ii iL‘ o ~ H
" H H
_qf H
also J

OMe

v R . » " - * & = . o ) i : " {1
With aniline, it is impossible to stop the isomerisation taking place 1n th
reaction and Birch reduction always gives conjugated enamines.

NMe, NMe,

Na/NH,
ELOH/Et,0
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