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Recent academic references:

Camphor-Based Bromo Ketones for the Asymmetric Darzens Reaction
Palomo, C.; et al., J Org. Chem.; 2000; 65(26); 9007-9012.

Inverted Diastereoselectivity in Asymmetric Aziridine Synthesis via
Aza-Darzens Reaction of (2S)-N-Bromoacyl Camphorsultam
McLaren, A. B.; et al., Org. Lett.,; 1999; 1(9); 1339-1341.
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A Cyclic Transition State for the Darzen Reaction
Yliniemela, A.; et al., J. Org. Chem.; 1996; 61(19); 6723-6726.

COH
©/ " B K - ol

Transttion state study




Scope and Limitations:
Good yields with aromatic aldehydes and
ketones. A+B

Aliphatic aldehydes need the aid of LDA or
LIN(SiMe3)2 to 1st deprotonate the alpha halo
ester to obtain high yields. A+B

alpha-halo ketones, nitriles, sulphones and N,N-
amides are also used for Darzen's condensation.
A+B

Na ethoxide is often employed as a base. A

Reaction can also be catalyzed by an acid. A
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Hatirlatma: Birch indirgenmesi

The Birch reduction is the organic reduction of aromatic
rings with sodium in liquid ammonia to form 1,4-
cyclohexadienes. The reaction was reported by the
Australian chemist Arthur_ John Birch (1915-1995) in
1944.[1] [2] This reaction provides an alternative to
catalytic hydrogenation, which usually reduces the aromatic
ring all the way to a cyclohexane (after the initial reduction
to a cyclohexadiene, catalytic reduction of the remaining
(nonaromatic) double bonds is easier than the first
reduction). H H

() e

H H

L10C°9'T
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Lithium and potassium can substitute for sodium, and

alcohol such as ethanol and tert-butanol can be used instead

of ammonia.
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Reaction mechanism

A solution of sodium in liquid ammonia consists of the
electride salt [Na(NH,),]* e’, associated with the intense blue
color of these solutions. The solvated electrons add to the
aromatic ring to give aradical anion followed by the dianion.
These carbanions deprotonate the ammonia to form the
cyclohexadiene.

H H H H H H H
—_ ‘ol
R-OH R-OH
3~ 0"~ (20
c: * _
1 | ~% ¢
2 H & H H H H
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The question of why the 1,3-diene is not formed,
even though it would be more stable through
conjugation, can be rationalized with a simple
mnemonic. When viewed in valence bond terms,
electron-electron repulsions in the radical anion will
preferentially have the nonbonding electrons
separated as much as possible, in a 1,4-relationship.

L10C°9'T

1v10d

uelwe)uq-5o0q / lwuese| zajuas yuebio

This question can also be answered by considering the
mesomeric structures of the dienyl carbanion

o)

| o 2 ]
1 s, e
2| 2| - 1 e 1 2
" T
1 1 1 1 1

1




The numbers, which stand for the number of bonds,
can be averaged and compared with the 1,3- and the
1,4-diene. The structure on the left is the average of

all mesomers depicted above followed by 1,3 and
1,4-diene:

The difference between the dienyl carbanion and
1,3-diene in absolute numbers is 2, and between
the dienyl carbanion and 1,4-diene is 4/3. The
comparison with the least change in electron
distribution will be preferred




Reactions of arenes with +I- and +M-substituents lead to the products
with the most highly substituted double bonds

LiNH, Na, Nty

TEOH TEOH
The effect of electron-withdrawing substituents on the Birch Reduction
varies. For example, the reaction of benzoic acid leads to 2,5-

S
cyclohexadienecarboxylic acid, which can be rationalized on the basis of 2
the carboxylic acid stabilizing an adjacent anion:

COOH COOH

Ma, NH,  H,o"
EtOH

Alkene double bonds are only reduced if they are conjugated with the arene,
and occasionally isolated terminal alkenes will be reduced.

Ma, MH,
—_—
EtOH
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Ek-1. Bélum 4'de gecen bilesiklerin adlandiriimasi

OH
Ph CH
H3;C

2-phenylpropan-2-ol

T™M2 OH
HC
7—(\COOH
H3C COOH

syf.3
ethyl 4—methy|pentanoate ethyl 2-formy|-4-methy|pentanoate

syf.3

HsC
i 3 CHa
EtOOC\')QOH
OH

ethyl 2,4-dihydroxy-3,3-dimethy
Ibutanoate

o L <

HooOC syf.5 H

v e

2-amino-3-methylbutanoic acid hydroxy(phenyl)acetonitrile

h_ syf.5 /
syf.5 O

2-hydroxy-1,2-diphenylethanone 2,3-dihydroxy-2,3-diphenyl
(Benzoin) propanenitrile

OH
M5 OH H3C
CHj,
HaC i . —cCH
H3C @)

2-methylbut-3-yn-2-ol
3-hydroxy-3-methylbutan-2-one
syf.7

2-hydroxy-3-isopropylsuccinic acid

3-hydroxy-2,2-dimethylpropanal

syf.2

e

COOH

2-formyl-4-methylpentanoic acid

OH  HG CH
Ph 3
OH
HsCs OH TM3

3,3-dimethyl-1,1-diphenylbutane-1,2,4-triol

H3C
3 CHj,
HOOC\')QOH

syf.3 OH
2,4-dihydroxy-3,3-dimethylbutanoic acid

Ph OH

\l/

CN  syf.5

hydroxy(phenyl)acetonitrile

Ph
Ph

Ph
Ph

2,3,4,5-tetraphenylcyclopenta-2,4-dien-1-one

TM6 @)

H3C CHg
HC™ "0~ CH,

2,2,5,5-tetramethyldihydrofuran-3(2H)-one
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syf.8 HaC

syf.8 H4C
3 CH,
HsC =
OH

HO
H3zC OH HO
2,5-dihydroxy-2,5-dimethyl 2,5-dimethylhex-3-yne-2,5-diol (1E)-1-(2-furyl)-4-hydroxy-4-
hexan-3-one methylpent-1-en-3-one
syf.8
H,C syf.8 OH
CHO
© Ph
3-hydroxy-3-methyl 2-furaldehyde 1-(1-hydroxy-2-phenylethyl)cyclohexanol
butan-2-one
H
H
HyC oO—_ : ~COMe
syf.9 i methyl (1S,2R,6S,7R,8R)-4,4-dimethyl
HaC | -3,5-dioxatricyclo[5.2.1.0*%]decane-
o~ Y 8-carboxylate
™9 H H
(2-cyclohexylideneethyl)
benzene
H
H H
H 7 ~CO,Me
HO ~COzMe '
syf.9 L
HO ! z syf.9
= H
H
methyl (1R,2R,4S,5R,6S)-5,6-dihydroxy methyl (1S,2R,4S)-bicyclo[2.2.1]
bicyclo[2.2.1]heptane-2-carboxylate hept-5-ene-2-carboxylate
(@]
\\
spiro[4.5]decan-6-one 1,1'-bi(cyclopentyl)-1,1'-diol 12-hydroxytricyclo[4.4.2.0**]dodeca-
3,8-dien-11-one
CO,Et

syf.13 co
EtOZC\:/ 2Et

syf.13 CO,Et
Y diethyl but-2-ynedioate . L6
diethyl cis-1,4,5,8-tetrahydron 12-oxatricyclo[4.4.3.0""]trideca-

aphthalene-4a,8a-dicarboxylate 3,8-diene-11,13-dione
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o
' CHy,
Ph i
™12 o

1-phenylpentane-1,4-dione

syf.17

2-[2-(dimethylamino)ethoxy]ethanol

COLH
syf.18
H3C CH3

3,3-dimethyl-5-oxohexanoic acid

syf.18 =~ HO
Hd  © OH

6,7-dihydroxyheptan-2-one

(@] syf.19
Il CO,Et
H3C
CO,Et
diethyl 2-acetylpentanedioate

ﬁ syf.19

(@) (e}

ethyl 4-(2-methyl-1,3-dioxolan-
2-yl)butanoate

H3C

o™ cooH

H;C F’h\/O OH
TM13 T™™M14 Eﬁ

Cl
(4-chloro-2-methylphenoxy)acetic acid 1-[(benzyloxy)methyl]cyclohexanol

HO

CO,H

o= -© 2 COLH CO2H
/\/O\/\ e syf.18

Me,N OH HsC cH, HsC CH4

2-hydroxy-4,4-dimethyl
hexanedioic acid

;%
H3C o

4,4-dimethyl-6-oxotetrahydro-
2H-pyran-2-carboxylic acid

HoO_ CN
CO,H CHg,
syf.18
H;C CHg

5-cyano-5-hydroxy-3,3-
dimethylhexanoic acid

5-methyl-6,8-dioxabicyclo[3.2.1]octane
syf.18
syf.18 Y/\ I/\
Xo CHy Hec  © cre
H3C 3

hept-6-en-2-one 6-oxoheptanal

™17

ﬁ e O><O/\/\/OH
(@]
o cHO
H3C
syf.19

H5;C
. 5-(2-methyl-1,3-dioxolan-2-yl)
4-(2-methyl-1,3-dioxolan-2-yl)butanal pentane-1,2-diol
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NEt,

o
Il
syf.21

methyl [2-(diethylamino)cyclohex
methyl (2-oxocyclohexyl)acetate -1-en-1-yllacetate

iio/écHa ®—NG
f.22
o e

1-cyclohex-1-en-1-ylpyrrolidine

T™18

syf.21

2-(2-oxopropyl)cyclohexanone

Q o
T™M22 | e} \
CO,Et syf.24 |
H,C o)
OH
HC

T™19

1,4,5,6,7,7a-hexahydro-2H-inden-2-one

OH
]
syf.22
1-pyrrolidin-1-ylcyclohexanol

ﬁ syf.25

"
Cl

2-(2-chloro-2-phenylethyl)

ethyl 2-(2-hydroxyethyl)-3-oxobutanoate 3-acetyldihydrofuran-2(3H)-one cyclopentanone
syf.25
Y |c|) TM26
o 25 Q  CO,Et
Il Ph Ph CHj
2 OH OH HaC CHj

ethyl 1-(2-hydroxy-2-phenylethyl)

2-(2-hydroxy-2-phenylethyl
(2-hydroxy-2-p Y ) -2-oxocyclopentanecarboxylate

cyclopentanone

HO OH

™27
OH

1,1-bis(2-hydroxyethyl)-1,2,3,4

ethyl 2-acetyl-5,5-dimethyl
-tetrahydronaphthalen-2-ol

-4-oxohexanoate

Ph
| Ph

HOOC
syf.29 syf.29

6-0x0-6-phenylhexanoic acid 1-phenylcyclohexanol

3-tert-butylcyclopent-2-en-1-one

o
HOOC /;/j\CH3

COOH syf.29

3-acetylhexanedioic acid

HO HOOC COOH

T™29
(]
HOOC COOH

butane-1,2,3,4-tetracarboxylic acid
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syf.30 —
Ot\/—o_\/ﬁo syf.30
— syf.30 COOH  COOH
furan-2.5-dione 3a,4,7,7a-tetrahydro-2- 2,2'-(2,5-dioxotetrahydrofuran-
’ benzofuran-1,3-dione 3,4-diyl)diacetic acid
MeO,C MeO,C
\%/\/OH NN CHO
CHg syf.31 CH3
methyl (3Z)-6-hydroxy-4-methylhex-3-enoate methyl (32)-4-methyl-7-oxohept-3-enoate
CHj H3C
CHg Y
Xo syf.32
CHO CHO
NS
N AN
HsC CH, HaC™ ~SCH, HaC CH,
5-isopropenyl-2-methylcyclopent- 3-isopropenyl-6-oxoheptanal 4-isopropenyl-1-methylcyclohexene
1-ene-1-carbaldehyde
syf.33
HsC o
3 CH;  oHn CHs  oH
HaC HaC
COOH
—Q0
TM32 o OH
N 2,4-dihydroxy-3,3-dimeth
H-C CH, 3-hydroxy-4,4-dimethyldihydrofuran- Ibutano)i/c aci)é Y
3 2(3H)-one

4-isopropenyl-1-methyl-7-
oxabicyclo[4.1.0]heptane syf.33 o

H
TM33
H3C

HaC HO CN

CHO

HO CHg H,C o o

2,4-dihydroxy-3,3-dimethylbutanenitrile
3

syf.33 CH 3-[4-(benzyloxy)phenyl]-6-methyl
tetrahydro-2H-pyran-2-one

OCH,Ph

3-hydroxy-2,2-dimethylpropanal
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syf.34 OCHZPh
HC COOH
OH

2-[4-(benzyloxy)phenyl]-5-hydroxyhexanoic acid

OCH,Ph
syf.34 D

CO,Et

ethyl [4-(benzyloxy)phenyl]lacetate

%
TM34©/Q'
CO,Me
OMe

OCH,Ph
syf.34

HaC—\ COOH
o

2-[4-(benzyloxy)phenyl]-5-oxohexanoic acid

CO,Et
HC

] h
(@] syf.34

EtO,C
P

diethyl (3-oxobutyl)(phenyl)malonate

oH co,Me
OMe

CO,Me

methyl 3-[2-(3-methoxyphenyl)-5- dimethyl 3-[hydroxy(3-methoxyphenyl)methyllhexanedioate

oxotetrahydrofuran-3-yl]propanoate

syf.35 (@) CO,Me
|
CO,Me
CO,Me
OMe

trimethyl 2-(3-methoxybenzoyl)
butane-1,2,4-tricarboxylate

CO,Me

syf.35
©/‘\F\/002Me

(@}
|
H
OMe

dimethyl 2-(3-methoxybenzoyl)pentanedioate

o CO,Me
H

syf.35
CO,Me

OMe

dimethyl 2-(3-methoxybenzoyl)succinate

O

OMe syf.35

methyl 3-(3-methoxyphenyl)-3-oxopropanoate
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