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It has long been known that β-substituted propionic acids
and t h e i r der ivat ives have a tendency to undergo /3-elimina-
t ion:

ACHaCHjX -• AH + CHj=CHX

where A = halogen, HO, RO, RS, RSO 2 , H 2 N, RNH, or (R)2N,
e t c . , and X = COOH, COOR, CONH2, or CN.

These reactions are of both theoretical and practical
interest. However, up to recently information on this sub-
ject had not been summarised. The present review covers
factual information on the /3-elimination of /3-substituted
propionic acids, their esters, amides, and nitriles.

1. /3-SUBSTITUTED PROPIONIC ACIDS

/3-Halogenopropionic acids are converted into acrylic
acid by distillation1; by heating under pressure2 or under
vacuum3; by heating in the presence of activated charcoal3

or aluminium oxide 4; by boiling with water5 or with aqueous

solutions of alkalis5"1 1; and by the action of sodium car-
bonate u , lead oxide u " 1 3 or carbonate12, alkali metal alkox-
ides6, sodium acrylate u , or diethylanilineV0. Several
attempts to synthesise /3-alanine and its methyl ester from
/3-bromopropionic acid led to the preparation of acrylic
acid15. When |3-iodopropionic acid is treated with an
excess of silver oxide, a polymer of acrylic acid is
formed16"18.

In 1862 Beilstein noted12 that, when salts of /3-hydroxy-
propionic acid are heated to 200-250°, salts of acrylic and
diacrylic acid are formed. Later this reaction was also
observed by Wislicenus 13>19. Acrylic acid is formed
when /3-hydroxypropionic acid is heated to boiling, or when
the acid itself, or its salts, is distilled with sulphuric
acid12»13»19"22. When j8-hydroxypropionic acid is evapo-
rated with hydrochloric acid, a polymer of acrylic acid is
formed16"18. Acrylic acid is obtained from a mixture of
/3-hydroxypropionic acid, diacrylic acid, and acrylic acid
polymer23, and also from 2-hydroxypropiononitrile24"28.

At 190-225°, and in the presence of alkali or alkaline-
-earth salts of the same acids, /9-alkoxypropionic acids
(containing Cx to C17 alkoxy-groups) give acrylic acid in
good yield29. When /3-ethoxypropionic acid is heated in the
presence of />-toluenesulphonic acid and hydroquinone, a
mixture of acrylic acid and its ethyl ester is formed30»31.
According to the patent literature, 2-dicarboxydiethyl ether
gives acrylic acid when it is treated in the gas phase at
150-185° with activated charcoal soaked in phosphoric
acid32. In an alkaline medium, /3-carboxyethyl esters of
monohydric and dihydric phenols give decarboxyethylation
products3 3"3 8. When heated for a short time to 180-190°
in the presence of hydroquinone, /3-acetoxypropionic acid
decomposes according to the following reaction39:

O ^ C O O C H J C H J C O O H - CH,COOH + CH,=CHCOOH.

The yield of acrylic acid is 77%. The removal of the
/3-carboxyethyl group in esters of phosphoric acid4 0"4 3 has
been studied. Methods of synthesising a- and /3-substi-
tuted acrylic acids from a- and /3-substituted /3-hydroxy-
propionic acids and their esters at the hydroxy -group have
been developed44"59.

When 2-carboxyethyl aryl sulphones are boiled with 10%
sodium hydroxide, cleavage occurs according to the fol-
lowing scheme6 0:

ArSO,CH,CH,COOH -> ArSO,H + CH,=CHCOOH.

Mulder61 observed that /3-aminopropionic acid decom-
poses into acrylic acid and ammonia when it is heated to
about the melting point. /3-Diethylaminopropionic acid
decomposes in the same way (160°):62

(C.H.^NH + CHa=CHCOOH.

When heated to its melting point, the betaine of /3-tri-
methylaminopropionic acid gives ammonium acrylate6 3.
The decarboxyethylation of N-(2-carboxyethyl)-a-amino-
-acids has been studied34. Heating of 2,2'-dicarboxydi-
ethylamine with phthalic anhydride leads to the formation
of AT-(2-carboxyethyl)phthalimide and acrylic acid in quan-
titative yield64.

Attempts to cyclise N-(2-carboxyethyl)-.W-acycl-/>-ani-
sidines to the corresponding quinolones led to decarboxy-
ethylation65. When N-(2 -naphthyl)-/3-aminopropionic acid
is heated for 2-3 min at 220°, 1-naphthylamine and acrylic
acid are formed66.
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According to Rodionov and coworkers67, when /3-(2-naph-
thyl)-/3-(3-phenylureido)propionic acid is heated with dilute
hydrochloric acid, instead of cyclising to the corresponding
dihydrouracil, it sometimes forms /3-(2-naphthyl)acrylic
acid. An attempt to obtain l-methyl-4-naphthyl-2-thiodi-
hydrouracil from /3-(methylamino)-J3-(2-naphthyl)propionic
acid by heating the latter with potassium thiocyanate in
the presence of hydrochloric acid was not successful;
j8-(2-naphthyl)acrylic acid was the only product isolated
from the reaction mixture. In some instances, the cycli-
sation of /3-alkyl- and #-aryl-p-guanidinopropionic acids
leads to the elimination of guanidine and the formation of an
α/3-unsaturated acid67»68. An attempt has been made to
synthesise £-(2-thienyl)-/3-alanine by the acid hydrolysis
of 6-(2-thienyl)dihydrouracil, but /3-(2-thienyl)acrylic acid
was obtained instead of the amino-acid69.

When the products of iVTV-dicarboxyethylation of benzene-
sulphonamide70, £-toluenesulphonamide71, and sulphanil-
amide7 2 are heated with a 10% aqueous solution of potassium
hydroxide, one of the 2-car boxy ethyl-groups is removed and
N- monocar boxy ethyl derivatives of aryl sulphonamides are
formed in 60 and 86% yield:

ArSO,N(CH,CH,COOH), - ArSO,NHCH,CHaCOOH + CH a=CaCOOH.

Quantitative elimination of the 2-carboxyethyl group is
achieved by treating an alkaline solution of /3-indol-l-yl-
propionic acid with water vapour superheated to 250-270°.73

Later this process was observed under analogous conditions
by other workers7 4. If water vapour superheated to 280° is
passed for 30-40 min through a solution of l,3-di-(2-car-
boxyethyl)indole in 50% potassium hydroxide, |3-indol-3-yl-
propionic acid is formed in 82% yield75. l,3-Di-(2-car-
boxyethyl)-2-methylindole behaves in the same way under
these conditions75, the yield of its N-decarboxyethylated
product being 80%. From the foregoing it is clear that the
2-carboxyethyl group can be eliminated if it occurs at the
1-position in indole, but it is stable if it occurs at the
3-position73"78.

When distilled under reduced pressure, /3-indazolylpro-
pionic acid decomposes with the formation of indazole and
acrylic acid79. Efros and Porai-Koshits obtained benz-
imidazole by heating β-carboxyethylated benzimidazole with
aqueous solutions of acids or alkalis80. They were not,
however, able to remove the 2-carboxyethyl group from
carboxyethylated 2-methylbenzimidazole. When deriva-
tives of pyridine containing a 2-carboxyethyl group at the
ring-nitrogen atom are heated above the melting point, or
treated with aqueous sodium hydroxide solution, they de-
compose with the formation of pyridine, 2- and 3-hydroxy-,
2-amino- and 4-methyl-2-amino-pyridines, and also acrylic

Pyrolysis of, or the action of concentrated aqueous
sodium hydroxide on, iV-(2-carboxyethyl)pyrid-2-one
gives the decarboxyethylation product and acrylic acid8 4.
Attempts to convert some substituted JV-(2-carboxyethyl)-
-4-keto-l,2,3,4-tetrahydroquinolines into the correspond-
ing V-ethyl-4-keto-l,2,3,4-tetrahydroquinolines have not
been successful; decarboxyethylation occurred under all
experimental conditions instead of the expected decarboxyl-
ation85.

There are also other references to decarboxyethyla-
tion 3 5 ' 8 6" 9 3, and to the removal of one aryl group from
0/3/3-triaryl-substituted propionic acids9 4"9 6. The bond of
the 2-carboxyethyl group with the silicon atom is stronger
than the bond of other alkyl groups with this atom 9 7" 1 0 0.

2. ESTERS OF β-SUBSTITUTED PROPIONIC ACIDS

Esters of acrylic acid are formed from esters of
/3-halogenopropionic acids by distilling the latter with con-
centrated sulphuric 101>102 or phosphoric acid1 0 1; by heat-
ing them with aqueous103 or alcoholic 103>104 solutions of
alkali; by heating them with anhydrous sodium carbon-
ate 1 0 2, diethylaniline8»9, quinoline105»106, activated char-
coal1 0 7, zinc chloride3»101»108, barium phosphate101»107, or
aluminium oxide4. Acrylates are formed from the methyl
and ethyl esters of |3-hydroxypropionic acid when these are
distilled over alkali acetates1 0 9, or heated in the gas phase
over silica gel110, or silicon dioxide saturated with concen-
trated sulphuric a c i d l u . They can also be obtained in yields
of up to 90% from the amide112 and the nitrile24»25»112"119 of
β-hydroxypropionic acid.

Methyl acrylate is obtained in 50% yield from methyl
/3-methoxypropionate by passing the latter into concentrated
sulphuric acid containing an inhibitor at 200°.120 A similar
process proceeds in the gas phase over catalysts3 0 '1 2 1"1 2 5.
Ethyl acrylate is obtained from ethyl β-ethoxypropion-
ate 1 2 1>1 2 6-1 2 8. Acrylates are formed from the esters of
oxy-3,3'-dipropionicacid by the action of dilute sulphuric129

or phosphoric32 acid, or anhydrous zinc chloride129 at an
elevated temperature. When heated with sodium hydrox-
ide3 3, or 2-amino-,35, or 4-methyl-2-aminopyridines81,
esters of β-aryloxy propionic acid give the corresponding
monohydric and dihydric phenols. On being heated with
anhydrous potassium carbonate at 100°, ethyl (3-hydroxypro-
pionate having the hydroxy 1 group ester if ied with p -toluene -
sulphonic acid decomposes almost quantitatively according
to the following scheme 1 3 0:

p-CHgCgiî SO.̂ OCH2CH2COOC2H5 —* p-Cr^CgHiSOaOiI ,-f- Ο Η ^ ^ ^ ^ Η Ο Ο Ο Ο ^ Γ ^ .

Acrylates are also obtained from esters of j3-acyloxypro-
pionic acids 1 3 1" 1 3 3.

The action of picric acid on ethyl j3-hydroxy-j9-(/>-amino-
phenyl)propionate gives the picrate of />-aminocinnamic
acid1 3 4.

When esters of 2-carboxyethyl aryl sulphones are boiled
with a 10% aqueous solution of sodium hydroxide, arylsul-
phinic acids are formed60:

ArSOaCH2CH2COOR -» ArSO aH.

It has been shown that a state of mobile equilibrium is
established when ethyl acrylate reacts with ammonia135:

•^NH, —NH,

CH2=CHCOOC2H6 ».^_NH ' NH2CH2Ctt,COOCaH6

Ν (CH2CH2COOC2H6)3.

Other investigators have also observed that, when
ammonia and amines react with acrylates, a varied mix-
ture of compounds is obtained136»137. Dry distillation of
the ethyl ester of (9-alanine leads to the formation of ethyl
acrylate1 3 8. When ethyl |3-(diethylamino)propionate is
distilled, it slowly decomposes into diethylamine and ethyl
acrylate1 3 9; its salts decompose more readily; for
example, the hydriodide begins to decompose even at 100°,
and at 165° this process is instantaneous62.

When phthalic anhydride is heated with di-[2-(ethoxycar-
bonyl)ethyl]amine, N-[2-(ethoxycarbonyl)ethyl]phthalimide
is formed in 75% yield64. Ethyl acrylate is formed by heat-
ing tri(ethoxycarbonyl)triethylamine138»140»141, W-benzyl-
and 7V-benzoyl-di(ethoxycarbonyl)diethylamines140»141, or by
treating ethyl (l-piperidyl)propionate with cyanogen brom-
ide by Braun's method142. Oxidation of the addition pro-
duct of ethyl acrylate and pyrazole gives pyrazole itself143.
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The preparation of an ester of |3-(methylamino)-/9-phenyl-
propionic acid is accompanied by the formation of the ester
of cinnamic acid1 4 4.

The decomposition products obtained by heating methyl
/3-(dimethylamino)propionateat 180-185°include acrylic acid.
When the methiodide of this ester is heated with alkalis, it
decomposes quantitatively into acrylic acid and trimethyl-
amine6 3. When diesters of MV-di-(2-carboxyethyl)aryl sul-
phonamides are heated with 10% aqueous potassium hydrox-
ide, they react according to the following scheme 70~62»92»93:

ArSOaN ( C H J C H J C O O R ) , - * ArSOjNHCHjCHsCOOH.

The decomposition products obtained in the esterification
of AW-di-(2-cyanoethyl)-Q!-amino-acids with hydrogen
chloride in ethanol contain W-monocarboxyethyl derivatives
and ethyl acrylate1 4 5.

Other papers reporting the formation of acrylates from
esters of β -substituted gropionic acids have also been pub-
lished42»65'146"149. In some reactions a carbon-carbon
bond is broken150»151, for example:

HsC^/COOCHs

/ \
,CH2CH2COOCH3

H 3 C X / C O O C H 3

.
—COOCH.

+ CH 2=CHCOOC 2H 6 .

3. AMIDES O F β - S U B S T I T U T E D P R O P I O N I C ACIDS

Acrylamide is obtained in yields up to 80-96% from the
amides of β-chloro-,152 /3-hydroxy-,152 /3-alkoxy-, 15V53

and /3-(dialkylamino)-propionic acids 152»154; it is also ob-
tained by the following reaction152»155:

NH4SO3OCH2CH2CONH2 - CH 2=CHCONH 2 + NH4HSO<.

The -CH2CH2CONH2 group, when located on the nitrogen
atom of the pyrrole ring, is also eliminated under certain
conditions 1 5 6. Boiling of amides of /3-aryloxypropionic
acids3 3 and amides of 2-car boxy ethyl aryl sulphones60 in
aqueous sodium hydroxide gives the corresponding phenols
and arylsulphinic acids:

ArOCHaCH2CONH2 — ArOH,

ArSO2H.

The removal of the 2-carbamoylethyl group from esters of
phosphoric acid has been studied ^, 4 1, 4 3.

AW-Disubstituted acrylamides are obtained from the
corresponding amino-acid amides (but not anilides) by
heating the latter to 180-220°,136»137»154 for example:

( C J H ^ J N C H ^ C H J C O N C C J H B ) , -* (C 2H 5) 2NH + CH2=CHCON (QjHa),.

The piperidide of β-piperidylpropionic acid cannot be
separated, as it spontaneously decomposes with the forma-
tion of the piperidide of acrylic acid1 3 6:

2 C5HnN + CH,=CHCOOCH3 — C6HI0N—CHsCHjCO—NQH,,, -•

It is noteworthy that when the diamides of NN-ai-
-(2-carboxyethyl)aryl sulphonamides are heated with 10%
aqueous sodium hydroxide solution, the corresponding
monoacids are obtained in 60-76% yield, and not the
expected diacids70"72»92»93:

ArSO2N (CH2CH2CONH2)a -> ArSOaNHCH2CH,COOH.

When the diamide of MV-di-(2-carboxyethyl)benzenesul-
phonamide is heated with a 10% aqueous solutions of am-
monia, AT-(2-carboxyethyl)benzenesulphonamide is obtained

in 70% yield; under these conditions, the AW-dicarboxy-
ethyl derivative remains unchanged70.

As Rodionov and Kiseleva157 have shown, when ΛΓ-ben-
zoyl-|3-phenyl-|3-alanine is treated with acetic anhydride,
cyclisation to the tetrahydropyrimidine derivative is
accompanied by the formation of considerable amounts of
benzamide and cinnamide:

C,H6CH (NHCOC,H5)CHSCONH2 -> C,H 5 CH=CHCONH 2 +C e H s CONH 2 .

Cinnamic acid has been separated from the reaction mix-
ture obtained by the action of acetic anhydride on the amide
of iV-ethoxycarbonyl-|3-phenyl-/3-alanine. Rodionov and
Yavorskaya144 have shown that, when /3-phenyl-j3-(i\r-ben-
zoyl-iNT-methyiamino)propionamide is heated with oxalic acid,
the main reactior product is cinnamide. When Ν benzoyl-
-/3-piperonyl-/3-alanine is heated with thionyl chloride,
followed by treatment with ammonia, β - pipe rony lac ry lie
acid is formed158. Under the same conditions, JV-benzoyl-
-/3-(l-naphthyl)-/3-alanine gives 0-(l-naphthyl)acryl-
amide1 5 9. Cyclisation of the amides of W-methoxycar-
bonyl-, ΛΓ-acetyl-, and iV-benzoyl-/3-piperonyl-/3-alanines
gives 0-piperonylacrylic acid in addition to the correspond-
ing tetrahydropyrimidines 158. The dehydrobromination
of amides of β -substituted propionic acids has also been
studied1 6 0"1 6 2.

The pyrolysis of 2-carbamoylethyl hydrogen sulphate155

and of j3-alkoxypropionamides i e 3>1 6 4

> leading respectively
to the formation of acrylic acid and its nitrile, have been
reported. The reaction of 2-carbamoylethyl hydrogen
sulphate with alcohols gives the corresponding acrylates 1 6 5.

4. NITRILES OF β -SUBSTITUTED PROPIONIC ACIDS

Acrylonitrie is formed in 75-80% yield when |3-halogeno-
propiononitriles are treated with ammonia166, potassium
carbonate167, alkali hydroxides168"171, sodium cyanide 1 7 2,
tertiary aliphatic 1 6 6, 1 8 8- 1 7 1 and primary aromatic 166>173

amines, and also some heterocyclic bases166»174. One of
the main methods of preparing acrylonitrile is the dehydra-
tion of /3-hydroxypropiononitrile 1 7 5.

Decyanoethylation of /3-alkoxypropiononitriles occurs
when these compounds are subjected to reduction1 7 6"1 8 0,
hydrolysis181"183, hydration 1 8 4 or pyrolysis 1 8 5, or when
they are treated with organomagnesium compounds186. The
same reaction occurs on reduction187»188, hydrolysis189, and
pyrolysis185 of bis-(2-cyanoethyl) ether, when it is heated
in the presence of sodium formate 1 9 0 or with an aqueous
solution of ammonia183. An attempt to cyclise the dicyano-
ethylation product of decan-l,10-diol to the correspond-
ing iminonitrile by Ziegler's method was not successful,
decan-l,10-diol being formed again in 90% yield191. When
cleavage of the bond between the 2-cyanoethylgroupandthe
oxygen atom occurred, the following were observed amongst
the products of cyanoethylation: diethylene glycols 192;
poly(vinyl alcohol) 1 9 3>1 9 4; some monosaccharides 1 9 5 and
polysaccharides 196>197; alicyclic 198, aromatic178»199, and
heterocyclic200 alcohols; and phenols35»36»81»176»185»201"207.
The product of the interaction of acrylonitrile with benz-
aldehyde in an alkaline medium eliminates acrylonitrile208.
Other instances are also known of the breaking of the bond
of the 2-cyanoethyl group with an oxygen atom in acid185»209

and alkaline "5,187,209-214 m e ( j i a t Alkaline agents act as
catalysts accelerating both the direct cyanoethylation of
alcohols and the reverse reaction2 1 5.
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In the preparation of acrylonitrile from 2-hydroxypro-
piononitrile, the latter is sometimes esterifiedandthe acrylo-
nitrile is eliminated catalytically or thermally 1 7 5 ' 2 1 6" 2 2 2.
For example:

CHJCOOCHJCHJCN • CH,COOH+CHa=CHCN,
j=CHCN.

The removal of the 2-cyanoethyl group from phosphoric
acid esters has been studied «-43,223-245

Decyanoethylation is observed when /3-alkylthiopro-
piononitriles are hydrolysed by alkali2 4 6, or when they are
treated with organomagnesium compounds247; decyano-
ethylation also occurs when bis-2-cyanoethyl sulphide is
reduced by Vyshnegradskri's method187. Sulphones con-
taining a cyanoethyl group are unstable in an alkaline
medium and are readily decomposed by dilute alkali at
room temperature to give acrylonitrile 60»248. In the cyano-
ethylation of l-phenyltetrazoline-5-thione, facile decyano-
ethylation of S- and JST-isomers was observed249:

C,H5—N—C—S—CH2CH2CN

Ν Ν
V
Ν

C,H5-N—C=S

' Ν Ν — C H 2 C H 2 C N

Υ
C,HS-N-C=S

I I
Ν ΝΗ

"V

Many investigators 188,211,250-257 have studied the mobile
equilibrium in the cyanoethylation of ammonia with acrylo-
nitrile and have established the proportions of products of
mono-, di-, and tri-cyanoethylation in relation to the reac-
tion procedure and the proportions of the initial compounds.
The products of this reaction undergo decyanoethylation on
storage250, whenheated211»252'258, on catalytic reduction188»254,
and when treated with ammonia252 »255 »259. Di- (2 - cyanoethyl) -
amine gives N-(2-cyanoethyl)acetamide253 with acetic
anhydride; with phthalic anhydride at 200° it gives cyano-
ethylated phthalimide64; and with perylene-3,4,9,10-tetra-
car boxy lie acid at 230° it gives the dicyanoethy lated di-imide
of this acid2 6 0 '2 6 1. When di-(2-cyanoethyl)amine reacts
with chlorotriphenylmethane, a molecule of acrylonitrile is
eliminated262.

As is well known, hydrazine hydrate reacts vigorously
with acrylonitrile, adding four molecules of the latter.
However, when this product of the tetracyanoethylation of
hydrazine is distilled under a high vacuum, it loses two
molecules of acrylonitrile and is converted into a mixture
of isomers of dicyanoethy lated hydrazine211. Dibenzoyl-
-(2-cyanoethyl)hydrazine is formed by the action of benzoyl
chloride on wns;yra-di-(2-cyanoethyl)hydrazine283. Kost
and coworkers observed that, when (2-cyanoethyl)hydra-
zine is heated with mesityl oxide, 3,5,5-trimethylpyrazo-
line and acrylonitrile are formed264. It is known that
N-cyanoethylated hydrazones undergo decyanoethylation in
an alkaline medium265, as do dicyanoethy lated guanidines
on cyclisation266.

The decyanoethylation of some N-substituted /3-amino-
propiononitriles on distillation indicates the weakness of
the bond between the cyanoethyl group and the nitrogen
atom250»254»267"270. When the product of cyanoethylation of
JV-methyldodecylamine is heated for several hours at 250-
275°, it decomposes almost quantitatively into the initial
amine and acrylonitrile2 7 1 '2 7 2:

CH3 (CH2)UN (CHa) CH2CH2CN -> CH3 (CH2)nNHCH3 + CH2=CHCN.

When dicyanoethy lated ethylenedinitramine is heated
with aqueous alkali, the initial nitramine is formed in
82% yield273:

>NCH2CH2N<

/ XCH,CH2CN
• O2NNHCH2CH2NHNO2 + 2 CH2=CHCN.

Decyanoethylation is observed when some (3-alkylamino-
propiononitriles are heated in the presence of water; it is
also brought about by catalytic hydrogenation275, by hydro-
lysis in an acid medium276, and by other reactions2 7 7 '2 7 8.

On being heated, /3-(diethylamino)propiononitrile decom-
poses into diethylammonium chloride and acrylonitrile 27V80.
Quaternary ammonium salts obtained from j8-(dialkylamino)-
propiononitriles smoothly eliminate acrylonitrile on pyro-
lysis168,281; in the presence of alkalis the reaction is rapid
even at 100°. The yields of acrylonitrile and amines are
as high as 90-95%. When the product of cyanoethylation of
2-amino-2-methylpropan-l-ol isalkylated with ethyl iodide,
acrylonitrile separates2 8 2:

HOCHjC (CH3)2NHCH2CH2CN + CjH5I - . HOCH2C (CH,)2NHC2H,HI+CH2=CHCN.

Methylation of /3-(benzylamino)propiononitrile with a
mixture of formaldehyde and formic acid gives NN-di-
methylbenzylamine in 38% yield283:

C,H6CH2NHCH2CH2CN+2CHiO + 2HCOOH -•

-» C,H5CH2N (CHJ, + CH2=CHCN + 2CO2 + 2H2O.

Under the same conditions, the products of monocyano-
ethylation of tetramethylenediamine and hexamethylene-
diamine are converted into the corresponding tetramethyl
derivatives of the diamines284.

When the products of dicyanoethylation of a number of
carboxylic acid amides are heated, especially in the pre-
sence of basic agents, iV-monocyanoethy lated amides are
formed3 5 '6 4 '7 0"7 2 '8 1»9 2 '9 3 '2 5 0 '2 8 5"2 9 3:

RCON (CH2CH2CN)2

RSO 2N (CH2CH2CN)2

• R C O N H C H J C H J C N + C H 2 = C H C N ,

> RSO2NHCH2CH2CN + CH2=CHCN.

Alkaline hydrolysis of AW-dicyanoethylated sulphon-
amides gives the corresponding N-monocarboxyethylated
derivatives in yields up to 70 -72 .92 .93.285.294-296

RSO2N (CH2CH2CN)i! — RSO2NHCHsCHiCOOH.

Under these conditions arylsulphonamides containing aryl
and cyanoethyl groups at the nitrogen atom lose the cyano-
ethyl group297. Decyanoethylation may occur in the syn-
thesis of ΛΓ-cyanoethylated polyamides298.

Recently, great attention has been paid to the decyano-
ethylation of the products of ΛΓ-mono- and MV-di-cyano-
ethylation of amino-acids and their derivatives35»81»145'
205-207,250,278,299-3i3- W h e n t w o c y a n o e t h y l groups are

attached to a nitrogen atom, the first is removed more
readily, and under milder conditions, than the second.
By a suitable choice of reaction conditions, either one or
two groups can be removed from the dicyanoethy lation pro-
ducts. Some reactions of ΛΓ-mono- and 2SW-di-cyano-
ethylated α-amino-acids, such as hydrolysis and cyclisa-
tion, are accompanied by decyanoethylation.

Some investigators 3 1 4 consider that the cyanoethyl group
may be eliminated from dicyanoethy lated aromatic amines,
when these are cyclised. Decyanoethylation products have
also been observed after the decomposition of /3-arylamino-
propiononitriles in acid or alkaline media1 6 7»2 5 0 '3 1 5"3 1 9.

842



Vol.35 No.Π RUSSIAN CHEMICAL REVIEWS November I960

Some derivatives of iV-(2-cyanoethyl)pyrrole lose the
cyanoethyl group when they a r e heated with sodium ethylate
in absolute ethanol at 150°. When j3-(5-ethoxycarbonyl-3-
-formyl-2,4-dimethylpyrrol-l-yl)propiononitrile is r e -
duced by Kishner ' s method, 2,3,4-trimethylpyrrole is
formed 1 5 6 .

When heated in a vacuum to 250°, l,3-di-(2-cyanoethyl)-
indole eliminates acrylonitr i le, giving a quantitative yield
of 3-(2-cyanoethyl)indole, which is not decomposed by dis-
tillation in vacuum 7 3 . When heated with a concentrated
solution of potassium hydroxide, iV-(2-cyanoethyl)indole is
hydrolysed to the corresponding acid; the decyanoethyla-
tion product, indole, is also formed in 10% yield. Under
s imi lar conditions, some derivatives of N-(2-cyanoethyl)-
indole also give the corresponding indole derivatives 7 4 > 3 2 0 .
Under certain conditions Ar-(2-cyanoethyl)indole can form
indoline and acrylonitr i le 3 2 1 » 3 2 2 . Heating of cyanoethylated
benzimidazole with aqueous solutions of acids or alkalis
leads to benzimidazole 8 0 , and when 5-amino-l-(2-cyano-
ethyl)tetrazole is heated with aqueous barium hydroxide,
5-aminotetrazole is formed 3 2 3 . Pyrolysis of l-(2-cyano-
ethyl)-6-methylpyrid-2-one gives 6-methylpyrid-2-one and
acrylonitri le 3 2 4 .

The cyanoethylation products of the following compounds
have been decyanoethylated: pyrrol id ine 3 2 5 , derivatives of
pyrazole 3 2 6 » 3 2 7 , piperidine 2 5 1» 2 7 8» 3 2 5, morphol ine 2 5 4 , ana-
bas ine 3 2 8 , phenothiazine 3 2 9» 3 3 0, its benzo-derivative 3 3 1 and
oxidation product 3 3 2 , phenoxazine 3 3 1 , phenoselenazine 3 3 3 ,
t e t r a h y d r o h a r m i n e 3 3 4 ' 3 3 5 , 2-hydroxyquinoxaline 3 6 6, isocyan-
ur ic a c i d 3 3 7 , dihydrobenzthiopyranoindole 3 3 9, and pteridine
der ivat ives 3 3 9 . Attempts to remove the cyanoethyl group
from l-(2-cyanoethyl)-l,2,3,4-tetrahydro-4-ketoquinoline
by means of bases have been unsuccessful. However,
when this compound is t reated with a mixture of concen-
trated hydrochloric acid and an excess of acetic anhydride,
l-acetyl-l,2,3,4-tetrahydro-4-ketoquinoline is obtained 3 1 4 .

The bond between the 2-cyanoethyl group and the
phosphorus atom has been studied in the mono-, di-, and
tri-cyanoethylation products of phosphine, and also in
their Ρ-substituted derivatives. Although Rauhut and
coworkers 3 4 0 were unable to remove the cyanoethyl group
from the compounds mentioned above, other w o r k e r s 3 4 1 " 3 4 4

have shown that Ρ-cyanoethylated compounds can be decyano-
ethylated.

Halidesof tri(2-cyanoethyl)tin a r e obtained by the action
of halogens on tetra-(2-cyanoethyl)tin; under certain con-
ditions the nitri le group is hydrolysed and two cyanoethyl
groups a r e e l iminated 3 4 5 .

If a carbon-carbon bond is formed in cyanoethylation,
it is usually very difficult to remove the 2-cyanoethyl
group 2 5 0 » 3 4 6 " 3 4 8 . Under certain conditions, succinic acid
dinitrile (the product of cyanoethylation of hydrocyanic acid)
decomposes into hydrocyanic acid and acrylonitri le " V 4 9 " 3 5 1 ,
the latter being obtained in up to 94% yield. Alkaline hydro-
lysis of tricyanoethylatednitromethane gives y-ketopimelic
acid, anda molecule of acrylonitri le is e l iminated 2 1 1 . Some
C-cyanoethylated compounds eliminate the cyanoethyl group
under the conditions of the Fischer reac t ion 3 5 2 .

Because acrylonitri le is readily eliminated from /3-sub-
stituted propiononitriles, the 2-cyanoethyl group can be used
as a protective group. It was used in this way for the c r o s s -
-linking of two pyrazole nuclei by means of a methylene bridge
attached to the 4-positions of both r ings 3 2 6 » 3 2 7 ; it has also
been used in the synthesis of secondary amines 2 7 1 » 2 7 2 , pep-
t i d e s 3 5 3 , and monoesters of phosphoric a c i d 2 4 5 . 2-Cyano-

ethyl phosphate has been widely used in the synthesis of
phosphate e s t e r s 2 2 3 " 2 4 3 . When the diesters of phosphoric
acid formed a r e treated with mild alkali (barium hydroxide
or 3 Ν aqueous lithium hydroxide at 100° for 15min), acrylo-
nitri le is eliminated and the monoester is formed. This
method of phosphorylation is used in the synthesis of a
number of nucleotides:

A-OH+HO-P-0-CHaCHjCN *-"»"-*-™-"" ,

OH

Ο Ο

II II
A - O - P — Ο — C H J C H J C N » Α—Ο—Ρ—OH + CH2=CHCN,

OH OH

where A is a nucleoside residue.

Attempts have been made to use acrylonitrile for block-
ing sulphydryl groups of proteins306»354. The reaction in
which AW-dicyanoethylated products are decyanoethylated
has been used as the basis of a method for synthesis ing
some N-monocyanoethylated compounds that are difficult
or impossible to obtain by direct cyanoethylation with
acrylonitrile «,"a,"s,aeof aoi#

5. ALKYLATIONS WITH THE AID OF β -SUBSTITUTED
PROPIONIC ACIDS AND THEIR DERIVATIVES

The readiness with which β -elimination occurs in the
β -substituted propionic acid ser ies suggests that many
alkylations carr ied out with the aid of β-substituted p r o -
pionic acids and their derivatives proceed through a stage
in which unsaturated compounds — acrylic acid, its es ter ,
amide, or nitri le — a r e formed. This has been con-
firmed by studies of the mechanism and kinetics of these
reactions1 6 7»1 6 8»1 7 1»1 7 3»2 1 3»2 7 9»2 8 0»3 1 8»3 1 9»3 5 5"3 5 7.

When £-(methylthio)propionicacid is treated with hydro-
chloric acid, it forms di-(2-car boxy ethyl) sulphide and
dimethyl sulphide 3 5 8 . Under s imilar conditions, the hydro-
lysis of the methyl e s t e r s of /3-(methylthio)- and /3-(ethyl-
thio)-propionic acids proceeds in the same way3 5 8»3 5 9;
methanethiol and ethanethiol can be obtained by alkaline
hydrolysis of these e s t e r s . When ethyl /3-(methylamino)-
propionate is heated to 130-140°, AW-bis-(2-ethoxycar-
bonylethyl)methylamine is formed 3 6 0 :

+ CH 3 NH a .

When 2-carbamoylethyl hydrogen sulphate react s with
aliphatic and heterocyclic amines, carbamoylethylation of
the amines takes p l a c e 1 5 5 . The amide of iV-(2-carboxy-
ethyl)-/»-toluidine is formed when the following compounds
a r e heated with />-toluidine in water at 100°; the amides
of /9-(alkylamino)- and /3-aryloxy-propionic acids; the
amides of iV-mono-(2-carboxyethyl)-a-amino-acids and the
diamides of AW-di-(2-carboxyethyl)-a-amino-acids; ana-
logous derivatives of 0-alanine; and sulphones containing
the 2-carbamoylethyl group 6 0 » 3 6 1 " 3 6 3 .

The products that have been obtained by the reaction of
2-carbamoylethyl hydrogen sulphate with alcohols and
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phenols include acrylic acid, j3-alkoxy- and β-aryloxy-
-propionic acids and the esters of these1 6 5. β-Arylpro-
pionamides react with α-amino-35 and y-methyl-a-amino-
-pyrimidines81 according to the following scheme:

NHa

I
C H J C H J C O O -

It is interesting that when the 2-cyanoethyl ether of
2-naphthol is heated in benzene in the presence of alkali,
the 2-cyanoethyl group is transferred from the oxygen
atom to a carbon atom and l-(2-cyanoethyl)-2-naphthol is
formed202,36*,365. An analogous reaction occurs with doubly
cyanoethylated resorcinol2 0 2. When 1-phenyltetrazoline-
-5-thione is cyanoethylated, the S-isomer is converted to
the iV-isomer249. Attempts to transfer the cyanoethyl
group in the indole ring from the nitrogen to the β-position
have not been successful75.

When diethylene glycol192, acetamide211, arylsulpham-
ides70»72»92»93»366, α-amino-acids304»307»311, and phenylaceto-
nitrile 3 4 8 are heated with their dicyanoethylation products,
the 2-cyanoethyl groups are redistributed, and monocyano-
ethylated derivatives are formed, for example:

ArSO2NH2 + ArSO2N (CH2CH2CN)2

C,H6CH2CN + C,H6C (CN) (CHsCHjCN),

2ArSO2NHCH2CH2CN,

• 2 C,H,CH (CN) C H j O ^ C N .

Acetophenone with its tricyanoethylated derivatives gives
mono- and di-cyanoethylation products348. When unsym-
-di-(2-cyanoethyl)hydrazine is treated with phenylisocyan-
ate, a certain amount of sym-di-(2-cyanoethyl)hydrazine
derivative is formed367.

The occurrence of mobile equilibrium and reversibility
in cyanoethylations is particularly well exemplified by the
reaction of acrylonitrile with alcohols 175>210"212»250>368. When
β-alkoxypropiononitriles are heated or set aside with aliphatic
or aliphatic-aromatic alcohols in the presence of alkalis or
alkoxides, transcyanoethylation occurs2 1 3 '2 5 0»3 6 9 '3 7 0:

ROCH2CH5.CN + R'OH -• ROCH2CH2CN + ROH.

|3-Alkoxypropiononitriles behave in the same way under the
conditions of Vyshnegradskii's reaction1 8 7. Some β-alkoxy-
propiononitriles are used as cyanoethylating agents35»81'182

2(H,202,2i3,250,37i-377 Bis-(2-cyanoethyl) ether has been used
for the cyanoethylation of hydrogen sulphide378, thiols and
thiophenols379, ketones380, and aromatic amines201»374.
2-Cyanoethyl esters have been used for the cyanoethylation
of aliphatic amines3 8 1, benzene2 1 9 '3 8 2, resorcinol (in the
nucleus)383, pyrrole3 8 4, and piperidine385. Much work
has been done on N-substituted /3-aminopropiononitriles as
agents for the cyanoethylation of alcohols 1 6 8, 3 7 1

} malonic
ester 3 7 6, triethyl phosphite386, dimedone387, aliphatic371

and aromatic1 6 7 '2 0 1 '2 0 6»2 7 9 '2 8 0»3 7 3 '3 8 8"3 9 1 amines, indole73,
piperidine371, 9,10-dihydrophenanthridine392, morpholine376,
pyrazolines393, and pyrazolones394. β-Halogeno- 25° and
β-hydroxy-propiononitriles250 are used as cyanoethylation
agents, as are also some products of the cyanoethylation of
nitrogen-containing heterocyclic bases250»383.

With the exception of C-cyanoethylated compounds, other
β -substituted propiononitriles (β-halogeno-, β-alkoxy-,
β-aryloxy-, and /3-alkylamino-propiononitriles, S-cyano-
ethylated compounds, iV-mono- and AW-di-cyanoethylated
amino-acids, AW-dicyanoethylated arylsulphamides, cyano-
ethylation products of peptides and proteins) react with

aromatic amines in water at 100° to form decyanoethylation
and transcyanoethylation products 70-72,90-93,167,201,202,205-207
213,250,279 ,280 ,302-304,318,319 ,335,355,356,373,374,388-391,395.

XCH2CHaCN + ArNH2 - ArNHCHjCHjCN + X H ,

where X = halogen, RO, ArO, RS, ArS, ArSO2, RNH,
(R)2N, HOOCCH(R)NH, etc. The reaction of β-substituted
propiononitriles with 2-amino- 3 5 and 4-methyl-2-amino-
pyridines81 has been studied.

Products of the cyanoethylation of alcohols and aliphatic
amines have been used instead of acrylonitrile in the reac-
tion with phenylhydrazine for the synthesis of 3-amino-l-
-phenylpyrazoline396. The reaction of j3-(dimethylamino)-
propiononitrile with />-tolylhydrazine proceeds in the same
way397.

The use of β-substituted propiononitriles as cyanoethylat-
ing agents sometimes makes it possible to obtain cyano-
ethylated compounds when acrylonitrile cannot be used or
when it gives low yields250.

6. MECHANISM OF β-ELIMINATIONS

In most of the papers cited in this review, ^-elimination
was not the object of the investigation, but was only ob-
served in studies on other problems. There are only a
few papers in which some conclusions have been drawn as
to possible reaction mechanisms or in which reaction kine-
tics have been studied4 0»1 7 1 '2 1 3 '2 5 0»2 7 4 '2 8 0 '3 1 8 '3 1 9 '3 5 5"3 5 9. These
scattered data may be used, together with the general prin-
ciples of the mechanisms of elimination reactions3 9 8"4 0 1, to
set up an approximate scheme of possible mechanisms for
the reactions considered here.

The most important and the most widely studied class of
β-elimination reactions in the β-substituted propionic acid
series is that in which cleavage occurs under the action of
basic agents. These reactions appear to proceed by a
bimolecular elimination mechanism (E2) with an "El with
B-like" transition state, in which rupture of the C-H bond
precedes elimination of the β-substituent:

B:""X Η—CH—x

β CH,-Y

B--H-CH X

CH,—Υ

CH—X

where X = COOH, COOR, CONH2, CN; and Υ = halogen,
RO, ArO, AcO, H2PO3O, (R)2N, (R)3N*, etc. However, it
can happen that, under favourable conditions (low basicity
of the agent B, low activating effect of the group X, and the
presence in the β-position of substituents that facilitate
rupture of the C-Y bond), there is a change to a synchronous
or even El -like bimolecular elimination mechanism401.

The activating effect of the group X on the rate of elimi-
nation decreases in the order CN > CONH2 > COOH, COOR.
The particular ease with which decyanoethylation occurs in
comparison with the removal of the 2-carboxyethyl, 2-car-
bamoylethyl, and 2-alkoxycarbonylethyl groups appears to
be due to the high negative inductive effect (-/) of the
nitrile group.

The scheme proposed by Bekhli280 for the cleavage of
β-dialkylaminopropiononitriles by a monomolecular mech-
anism (El) does not appear to be valid. It was later shown
that this reaction does not take place in the absence of
basic agents213. It is also known that ammonium salts
have little tendency to undergo cleavage by an El mechan-
ism4 0 1.
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To explain the catalytic effect of water on the decyano-
ethylation of /3-alkylaminopropiononitriles, a scheme has
been proposed in which the water molecules act as a "proton
carrier" 2 7 4 :

RNHVCH2CHCN < * RNH, + C H , = C H C N .

••O.-H
Η

However, it is most probable that an E2 mechanism also
operates here.

The scheme for nucleophilic bimolecular elimination does
not appear to cover /3-elimination reactions of β-hydroxy-,
/3-alkoxy-, β-aryloxy-, j3-acyloxy-, and j3-mercapto-
-propionic acids and their derivatives in an acid medium.
The elimination may proceed through an oxonium ion. How-
ever, because of the lack of experimental results, it is not
possible to advance a more detailed mechanism.

Challenger and coworkers have described a very interest-
ing reaction of this type358»359. Xhey observed that, when
/3-methylthiopropionic acid or its methyl ester is boiled
with 6 Ν hydrochloric acid, extensive cleavage occurs with
the formation of dimethyl sulphide and di-(2-carboxyethyl)
sulphide. They propose the following mechanism for this
reaction, which they have confirmed by numerous experi-
mental results:

CH3SCH2CH2COOH + H+ ̂  CH3SHCH2CH2COOH,

HSCHoCHXOOH HSCHXHXOOH

CH.

CHjSCHjCHijCOOH

(CH3)2 SCH2CH2COOH -> (CH3)., S+CH2CH2COOH ,

HSCH2CH2COOH+CH2CH.3COOH — H++S(CHsCH 2 c6OH) 2 .

Up to now numerous pyrolytic cleavage reactions of
/3-halogeno-, /3-hydroxy-, /3-alkoxy, and /3-acyloxy-pro-
pionic acids, and their esters, amides, and nitriles have
not been studied at all. It may be supposed that they pro-
ceed by an "intramolecular elimination" (£») mechanism
with a cyclic transition state, or by a radical mechanism
similar to that of other pyrolytic eliminations 4 0 1 . How-
ever, cleavage of β-substituted propionic acids and their
derivatives occurs at 150-250°, that is, at a temperature
100-200 deg lower than the temperature required for pyro-
lysis of the simplest alkyl halides, alcohols, and esters.
This is probably due to the greater ease with which a hydro-
gen atom is eliminated from the propionic acids, arising
from the effects of the carboxyl, ester, amide, and nitrile
groups.

In conclusion it should be noted that at present it is
still not possible to explain all the regularities and iso-
lated anomalies of ^-elimination. For example, the
present review does not consider possible causes of the
greater mobility of one 2-cyanoethyl group in the products
of ATiV-dicyanoethylation, the effect of the /3-substituent on
ease of cleavage, isolated cases of carbon-carbon bond
rupture, etc. More serious experimental work is re-
quired, with the use of physicochemical methods and kine-
tics studies, for the elucidation of the mechanism of
β-elimination in the ^-substituted propionic acid series.
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This review is devoted to the gibberellins — a new
class of natural compound, the ever increasing interest in
which is due to their high physiological activity as phyto-
hormones.

The present article will be concerned with the chemical
and biochemical aspects of the problem of the gibberellins.
For a detailed analysis of the various physiological changes
which can be observed in higher plants under the action of
gibberellins, the reader is referred to several papers
which have appeared in Soviet scientific literature1-8.

I. GIBBERELLINS - NATURAL PHYTOHORMONES

The gibberellins, tetracyclic carboxylic acids, the
structure of which is based on the hydrocarbon gibbane (I),
were discovered by Japanese scientists investigating the
reasons for the "bakanae" disease of rice ("foolish seed-
ling disease"):

As long ago as 1898, Hori9 established that the hyper-
trophic growth of the vegetative organs of rice seedlings
which is typical of "bakanae" is caused by a fungus, the
conidial stage of which was later named Fusarium monili -
forme Sheld., the ascomycetous stage being named
Gibberella fiijikuroi Saw. In 1926, Kurosawa showed10

that a similar physiological effect was produced by treating
the seedlings with a culture medium of the fungus, free
from mycelia, and in 1938 Yabuta and Sumiki11 isolated as
a crystalline material the active principles of the culture
liquid of Gibberella /., which they named gibberellin A and
gibberellin B.

Subsequently the Japanese biochemists intensively
studied the chemical structure and physiological properties
of the preparations isolated, but their work only became
known outside Japan in the 'fifties, when it gave an impetus
to the development of studies in the field of gibberellins in
other countries.

The first success in these investigations was the develop-
ment of methods for the chromatographic purification of
the crude preparation of gibberellin, which allowed Curtis
and Cross 1 2 and also Stodola and coworkers13 to isolate a
pure substance with a high physiological activity, which
was named gibberellic acid (GAc) or gibberellin A3 (GA3).
The methods of fermentation and isolation which were de-
veloped out of Cross and Stodola's studies formed the basis
of the industrial method of making GAc and made it an
available substance14»15. Somewhat later, two other pure,
physiologically active substances were isolated from the
crude gibberellin preparation: gibberellins A :

 1β"« and
Aj ι?-« (GAj and GA^t, and from the culture liquid of new
strains of Gibberella f. the gibberellins A* (GA4)

 1β~21, A,
(GA,)22, Ag (GAJ22, and A10 (GA1O)2S were obtained (see
Table 1).

t The numbering of the first three gibberellins is determined
by the order of their elution from columns during chromatography
on a Celite 545 : Norite A mixture (1:1). The numbering of the
other gibberellins (see below) was determined by the sequence in
which they were isolated from natural sources.
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