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YANOETHYLATION 1s a versatile reac-

tion and could be successfully utilised to
synthesise a variety of organic compounds hav-
ing different structural features, A number of
compounds which readily undergo cyanoethyla-
tion include amines, amides, alcohols, phenols,
mercaptans, esters, ketones and others such as
boranes, arsines, phosphines, and silanes. These
are mainly catagorised under N-, O-, S-
cyanoethylations and nuclear or C-
cyanoethylation. Several books and reviews
have been written on cyanoethylationi=3,

In this article a brief account of the work done
in our laboratory has been descnibed, which
shows how this reaction could be utilised to syn-
thesise vanous types of compounds including
those which are of pharmacological interest,
those which occur in nature and also those pos-
sessing novel heterocyclic systems.

Generally, acrylonitrile or a substituted acry-
lontrile-is employed in this reaction which is
carried out in the presence of a base like aqueous
sodium hydroxide, saturated sodium bicarbo-
nate, Triton-B, trie:[hy]amine, etc., or under acid
conditions, as for example acetic acid. The g -
propionitriles thus obtained are hydrolysed to
the corresponding B -propionic acids which
could be cyclised in the presence of PPA to afford
cyclised compounds like dihydroquinolones,
chromanones, indanones and others.

The above method has certain limitations and
drawbacks. For example, due to inaccessibility
of substituted acrylonitriles the synthesis of the
above heterocycles having substituents becomes
almost impossible. Further as their synthesis
involves more steps, the yield of the final pro-
ducts get reduced. Often the intermediate § -
propionitriles cannot be hydrolysed even under
the most drastic conditions and further attempts
to obtain the above heterocycles have to be aban-
doned. Another difficulty encountered is that

some of the compounds such as secondary
amines, dichlorophenols and others undergo
cyanoethylation with great difficulty or not at
all.

An elegant and convenient route for the syn-
thesis of the above heterocycles in fairly good
yields (25-309%) was developed in this laboratory
which 1nvolves the direct condensation of the
nucleophiles with « R-unsaturated acids, such as
acrylic, «-methylacrylic, crotonic, B, -
dimethylacrylic and cinnamic acids, in the pre-
sence of PPA at 100-120° for 4-5 hr. A striking
example of this i1s 4-hydroxycoumarin, which
fails to undergo cyanoethylation under various
experimental conditions, but easily reacts with
«,B-unsaturated acids to afford the correspond-
ing pyranopyrandiones in fairly good yields?,

N-CYANOETHYLATION

Cyanoethylation of aromatic amines has been
studied earlier! as well as by us using different
experimental conditions®>-?. The resultant B -
propionitriles were hydrolysed to the corres-
ponding 8-propionic acids which were cyclised
in the presence of PPA to afford dihydroquino-
lone denvatives.

Chloro- and dichloro-anilines required the use
of catalytic amounts of cupric acetate or cupric
chloride for cyanoethylation to occurs. In the
case of o-nitroaniline, the cyanoethylation
occurred only in the presence of Triton-B, where-
as m-nitroaniline reacted in the presence of
cupric acetate in dioxane. The p-isomer how-
ever, failed to react at all even under various
drastic conditions?.!o,

p-Aminoacetophenone afforded the mononi-
trile in the presence of cuprous chiornde whereas

the dinitrile was obtained in the presence of
Triton-B¢.
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Many other alkyl substituted aromatic amines
underwent cyanoethylation in the usual manner,
the nitriles thus obtained were utilised to yield
different type of heterocycles as shown below!!,
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When 3-amino(3',4'-dimethylphenyl)-4-
cyano-3-pyrroline (lII, R= 3’ 4'diMe)} was
treated with triethylorthoformate, the corres-
ponding 3-ethoxy-methyleneiminopyrroline
(IV’) was isolated, which was then heated in
pyridine in the presence of NH, OH—HCI to
afford 4-amino-6,7-dihydro-5H-pyrrolo-(3,4-
d)pyrimidine-3-oxide (V)il.
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Condensation of §-anilinopropionitriles with
dicyandiamide in the presence of potassium
hydroxide in methyl cellosolve yielded s-triazine
derivatives!® (VI), some of which are known to
possess Interesting pharmacological properties
hke diuretic!?,
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Amines react directly with acrylic acid in the
presence of PPA to afford the required dihydro-
quinolones in one step. This reaction was also
carried out with other «,B-unsaturated acids,
when in most cases the corresponding amides

were isolated, instead of the expected dihydro-
quinolones. The amines studied for this reaction
were dimethylanilines, dichloroanilines, nitro-
anilines, aminocoumarins, indolines and
carbazoleg’-I3,

The reaction of phenylenediamines with <, 8-
unsaturated acids in the presence of PPA
afforded a variety of interesting compounds as

shown below!”.
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o-Ni{roaniline reacted with acrylic acid in the
presence of PPA to give a dihydro<4-quinolone
denivative (XX). Reduction of XX yiclded 8-
amino-2,3-dihydro-4-quinolone (XXI]}, which
was condensed with different acids in the pre-

sence of PPA to obtain imidazoquinolone
derivatives (XXI])!s,
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With «-methylacrylic acid, the corresponding
amide was obtained, while with crotonic acid
three products namely the corresponding cis-and
trans- amides and 2,3-dihydro-2-methyl-8-nitro-
4-quinolone (XXIII), were 1solated.
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m-Nitroaniline failed to react with any of the
«<,B-unsaturated acids, whereas p-nitroaniline
gave the corresponding 4-quinolone derivatives
on reaction with acrylic and crotonic acids!s,

The reaction of acrylic acid with 6-
aminocoumarin gave 3H-pyrano(3,2-f)-6,7,8,9-
tetrahydroquinoline-3,9-dione. However, with
crotonic acid the corresponding amide was
1solated 20,

The reaction of tetrahydroquinoline with
acryhic acid afforded two products as shown
below?!,
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In order to investigate the mechanism of
this reaction, the benzo(i, j) quinolizine-1-one
(XX1V) was reacted with acrylic acid in the
presence of PPA. However, the reaction failed to
occur, indicating that XXV was formed inde-
pendently in the reaction. The formation of XXV
can be explained by a Michael type of addition
on the nitrogen atom followed by ring closure
and a Friedel-Craft acylation at the *6° position
of tetrahydroquinoline and subsequent cyclisa-
tion to form a cyclopentane ring, both the named
reactions occurring concurrently. Heating tetra-
hydroquinoline with «-methyl acrylic or cro-
tonic acid in the presence of PPA did not give
compounds analogous to XXIV but only com-
pounds similar to XXV were isolated.

p-Aminoacetophenone reacted with acrylic
acid to yield 9-acetylbenzo(J, j)quinolizine-1,7-
dione (XXVI). However, with crotonic acid only
the corresponding dihydroquinolone was
1solated?0,
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The reaction of indoline and 2-methylindoline
with acrylic and crotonic acids yielded two pro-
ducts XXVII and XXVIII (R = H or alkyl)!"»!3,

O
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Similar results were obtained in the reaction of
hexahydrocarbazole with acrylic acid, when two
compounds XXIX and XXX were isolated.



Current Science, July 5, 1982, Vol. 51, No. 13

However with crotonic acid the reaction failed to
take place!7.!8

50 5T

N
XA1X AXX

Many N-alkylquinolones are important not
only because of their occurrence in nature but
also because they exhibit interesting pharmaco-
logical properties. The above facts prompted us
to investigate the reaction of secondary aromatic
amines with < g-unsaturated acids in the pre-
sence of PPA.

The reaction of N-methylaniline with acrylic
actd afforded 2,3-dihydro-N-methyl-4-
guinolone which on dehydrogenation with Pd on
charcoal 1n diphenyl ether gave N-methyl4-
quinolone (XXXI) which was identical with the
alkaloid, echinopsine??.

O
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Similarly, analogs of echinopsine were synthe-
sised using different N-substituted antlines like
N-cthyl and N-phenyl anilines with «,g-
unsaturated acids.

An interesting reaction is the condensation of
N-methylaniline with cinnamic acid in the pre-
sence of PPA to afford an indeno(l,2a)indene
derivative (XXXII). A reasonable mechanism
for its formation is presented below?3,

The reaction of cinnamic acid and styrene in
the presence of PPA also gave the same com-
pound (XXXII).
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Another usefulness of the cyanoethylation
reaction is illustrated 1n the synthesis of aza-
steroids as shown below?4:
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O-CYANOETHYLATION

The O-cyanoethylation of various phenols?s
hydroxybiphenyls?®, hydroxycoumarins?’=32,
hydroxytlavones33, hydroxychromones33, using
different catalysts like Triton-B, sodium

hydroxide solution (109), sodium bicarbonate
solution, yielded the e-propionitriles which were

i
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hydrolysed to the corresponding propionic acids
which in turn were cyclised to the corresponding
chromanone derivatives.

o-Hydroxyacetophenone with acrylonitnle in
the presence of Triton-B gave two products, the
corresponding o-propionitrile (XXXIX) and the
cyclised product—a benzopyran denvative
(XL), whereas salicylaldehyde under similar con-
ditions afforded three products (XLI-XL1)3%,

The cyanoethylation of resacetophenone with
acrylonitrile was carned out in the presence of
anhydrous AICl;and dry HCl gas, when instead
of the corresponding dinitrile a dihydrocou-
marin derivative (XL1V) was isolated. Similar
results were obtained in the case of 24-
dihydroxy-3-methylacetophenone0,
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Me QC
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The reaction of 2,3-dimethylphenol with
acrylonitrile under identical conditions gave a

mixture of 2H-1-benzopyran-3,4-dihydro-7,8-
dimethyl-6-propionitrile-2-one (XLV) and 3-

(2°,3'-dimethyl-4’-hydroxy)phenylpropionitrile

(XLV1). The former was then hydrolysed and the
resulting propionic acid was cyclised to yield

cyclopenta(f)-1,3H-benzopyran-1,2-dihydro-
5,6-dimethyl-3,9-dione (XLVII)¥,
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Similar results were observed i1n the case of

2,5-dimethylphenol.

The cychisation of 24-, 34- and 3,5-

dimethylphenols with crotonic acid gave the cor-

responding 2-methyl-4d-chromanones
(XLVIII)3s,
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However, some Interesting results were

obtained in the reaction of 2,3-dimethylphenol
with « -methylacrylic and crotonic acids, where
the cyclopentabenzopyrandiones (XLIX) were
1solated ¥7.
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Similar results were obtained in the case of
2,5-dimethylphenol®’.

Dichlorophenols which failed to react with
acrylonitrile yielded the dichloro-chromanones
on direct reaction with acrylic acid in presence of
PPA3S,
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The reaction of 4-hydroxycoumarin with <, 8-
unsaturated acids yielded 2,3-dihydropyrano-
(3,2-C)benzopyran-4,5-diones (L)39. OO ~ O\ro
= L
O
LTt L1

a: Ry = R; =R3-H;b6: Ry =Me, R, =R, =H;
c: Ri=R;=H; Ry =Me; d¢@ R;,=H R, =
R;=Me;e: Ry =R, =H,R; =Ph

Likewise 6-methyl-, 7-methyl-, 8-methyl-, and 6,8-
dimethyl-4-hydroxycoumarins furnished the
respective  pyrano-benzopyrandiones in good
yields39,

The reaction of 6-hydroxy-4-methylcoumarin
with acrylic acid yielded two products, one of
which was found to be pyrano-pyrandione deri-
vative (LI) and the other the corresponding
acrylates0,

L1

However, with «-methylacrylic and crotonic
acids only the corresponding acrylates were
tsolated.

7-Hydroxycoumarin with acrylic acid gave
two products, one of which was found to be a
linear isomer (L11) and the other an angular one

(LI11)%0

Similarly with crotonic acid only one product
analogous to LII was isolated. However, with
< -methylacrylic acid the corresponding acrylate
was obtained. The reaction of 7-
hydroxycoumarin with 8,8 -dimethylacrylicacid
in the presence of PPA afforded a brown thick
oil which could not be purified. Hence the above
reaction was carried out in the presence of
anhydrous ZnCl, and POCI; at room
temperature when a compound LIV was
obtained?.

O O 0~0

The reaction of 7-hydroxy-4-methylcoumann
with acrylic acid yielded three products LV-
LVII.

0 0 o On0
Me Me &
LV}

0

LV LVi |
With <-methylacrylic acid and §,8-
dimethylacrylic acids only the corresponding
acrylates were isolated. The use of crotonicacid
led to two products, anajogous to LVIand LVII
respectively40,

The condensation of acrylic and crotonic
acids with 7-hydroxy-2-mcthyl-» 6-hydroxy-2-
methylchromones, 7-hydroxy-: 6-hydroxyflavones
and 7-hydroxyisoflavone yielded only the
corresponding  angular benzodipyrandione
derivatives?o,

When 2,7-dihydroxynaphthalene was reacted
with acrylic acid instead of the chromanone
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derivative, 1,2,11,12-tetrahydro-3H,I10H-
naphtho (1.2-b:7.8-b") dipyran-3,10-dione (LV11{,
R = H) was isolated. Similarly with crotonic
acid LVIIT (R = Me) was obtained?!.

LVIl

The reaction of other dihydroxynaphthalenes
failed to occur gives only tarry material.

S-CYANOETHYLATION

o~ nm~, and p- Thiocresols were cyanoethy-
lated with acrylonitrile in the presence of aque-
ous sodium hydroxide to afford the
corresponding S-propionitriles which were hyd-
rolysed and the resulting acids were cyclised with
H,SO, to yield the corresponding thiochroma-
nones. In the case of 3-(3’-methylphenyl)thio-
propionic acid two thio-chromanones (1.1 X and
LX) were 1salated+?,

Me S S
O Me
L1X L X
C-CYANOETHYLATION

The cyanoethylation of the methyl and ethyl
ethers of phenols (like cresols, dimethyl-
trimethylphenols) was investigated using acry-
lonitrile and « -methylacrylonitrile in the
presence of anhyd.AlCl; and using sym-
tetrachloroethanc as solvent. The propionitriles
(LX1) thus obtained were hydrolysed with
hydrochloric acid to the corresponding
proptonic acids (1.XII). Cyclisation of the latter

was effected with PPA to obtain the correspond-
ing indanones (LX),

O
MeO@\j Me O
LX“ R:COZH

To study further redctions on indanones. the
reaction of a typical indanone, viz. 4,5-dimethyl-
6-methoxy-indanone (LXI1V) with amylnitrite
was carried out, when a 3-isonitroso denivative
(LXYV) was isolated, which on heating with 35%
formaldehyde and hydrochloric acid yielded the
1,2-indandione (LXVI). The latter reacted with
3-hydroxy-4-methoxy-J-phenylethylamine to
afford a spiroisoquinoline derivative (LXVII)
which ts structurally related to alkaloids like
ochotensine.

R
MeO R,
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Me
LXIV‘, R'FRZ:H ,

LXYV, R’IRZ =NOH,

LXVLRIRQ: O

The cyanoethylation of dimethoxynaphtha-
lenes was studied under similar reaction condi-
tions. 2.7-dimethyoxy- and 2.7-diethoxy-naphtha-
lene reacted with acrylonitrile and « -methy lacrylo-
nitrile to directly yield phenalanone derivatives
(LXVIH) instead of the expected dimtriles?!,
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The other dimethoxynaphthalenes (1,5- and
2,3-) gave the corresponding dinitriles which
could not be hydrolysed under different experi-
mental conditions46+,

Reaction of acrylic acid with 2,3-
xylenolmethyl ether in the presence of PPA

afforded the same inden-l-one (LXIX) as that
obtained via cyanoethylation, hydrolysis and
subsequent cyclisations.

Me
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However different products were isolated on

ROQUTE-A
ME
MeO Me MeO
b B
HOE
HO,C
ROUTE-B2

@ "2 PP~ MeO
HOzc

2.5- and 3,4-Xylenolmethyl ethers afforded
similar results.

The reaction of acrylic acid with I,5-
dimethoxynaphthalene gave two products, 1,2-
dihydro-5,9-dimethoxy-3H-benz (¢} inden-3-one
(LXXI) and 2,3-dihydro-5,9-dimethoxy-1H-
benz(e)inden-1-one (LXXII), whereas with «-
methylacrylic and crotonic acids compounds
analogous to LXXII could only be isolated 4.

direct reaction with «v-methylacrylic acid and
from the acid obtained by hydrolysis of the
nitrile formed with «-methylacrylonitrile.

The reaction of the same phenol methyl ether
with crotonic, 8,8-dimethylacrylic acid and cin-
namic acid yielded indanones analogous to the
one obtained with «-methylacrylic acid.

OMe OMe
9,
o LTl L0
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LX X1 LXXII

The reaction of 2,3-dimethoxynaphthalene
with «,g-unsaturated acids gave a mixture of
two isomers, identified as dimethoxybenz(e)-
indanone (LXXIIl) and dimethoxybenz(f)-
indanone (LXXIV) derivatives?.

1L “
T
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The reaction of 2.7-dimethoxynaphthalene
with acrylic acid gave a mixture of two products
which were assigned structures as 4-methoxy-
| H-phenalene-1-one (LLXXV) and 4.9-
dimethoxy-IH-phenalene-1-one (LXXVI) on
the basis of spectral-analytical data.

Me e
MeO Me M Me

O e e
LXXa LXXb

From the above results it can be seen that the
course of the reaction followed with simple
acrylic acid and substituted acrylic acids is differ-
ent giving rise to two different types of inda-
nones. With acrylic acid itself the rcaction has
proceeded first vig the Friedel-Craft alkylation
(route A), followed by ring closure, but with
substituted acrylic acids. the Friedel-Craft acy-
lation occurs first and is followed by alkylation
(route B). Both these reactions take place at the
position para to the methoxy group.



648

Current Science, July 5, 1982, Vol. 51, No. 13

LXXV,R=H:
Lxxyl,R=0Me.

With crotonicacid 2,7-dimethoxynaphthalene
gave only 4,9-dimethoxy-3-methyl-2,3-
dihydrophenalene-1-one (LXXVII).

O e

MeO OMe

LXVII

2-Methoxybiphenyl reacted with acrylic acid
in the presence of PPA to yield a propanone
denvative (LXXVI1II) instead of the expected
indanone?S,

Ph
UMe
MeO . 0,
Fh

LXXVII

The same biphenyl with «-methylacrylic acid,
under similar conditions afforded 2,3-dihydro-6-
methoxy-2-methyl-5-phenyl-1 H-inden-1-one.

The reaction of acrylic acid with o-, m-, p-
cresol methyl ethers, resorcinol dimethyl ether
and 2-methyl-resorcinoldimethyl ether yielded
the corresponding indanones3s,

It can thus be seen that the cyanoethylation
reaction using an acrylonitrile or the modified

procedure employing direct condensation with
an < ,g-unsaturated acid could be successfully
utilised to yield a variety of interesting
compounds,
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SEMINAR ON POLYMERS FOR SURFACE COATINGS: RECENT DEVELOPMENTS

The Oil Technologists® Association of India, Southern Zone is organising a seminar on“Polymers for Surface
Coatings: Recent Developments™ on 27-28 November, 1982 at Hyderabad, The salient topics proposed to be
discussed during the seminar are: (i) Polymers and their role in coatings vis-a-vis improved protection against
corrosion (11) Polymers and their status in application to new areas of deveopment like off-shore exploitation,
atomic power reactors and space exploration (1it) Newer types of polymers to meet ecological and economy
requirements, e.g. water soluble vehicles and powder coatings, UV and electron beam curing systems.

Experts will be invited to give a lead lecturers and research papers on original work will also be presented.
Abstracts (300 words) of research papers proposed to be presented in the seminar are invited for inclusion in
study material. Registration fee for OTAI members 1s Rs. 50/- and for non-members Rs. 100/ -, Last date for
sitbmitting abstracts and for registrations is 31st August, 1982, Further particulars can be had {from Dr. P. S,
Sampathkumaran, Convener, Seminar on Polymers, OTAI Southern Zone, Regional Rescarch Laboratory,

Hyderabad 300 009.
AWARD OF RESEARCH DEGREES

SRI VENKATESWARA UNIVERSITY, TIRUPATI: Ph.DD. (Mathematics)—Sri K. Venu Raju; Ph.D.

(Zoology)—Sn G. Vemananda Reddy.
KARNATAK UNIVERSITY, DHARWAD: Ph.D). (Chemustry)—- Shri M. C. Divakar, Shri Patil Shiva-

nanda Bhimanagouda,
ANDHRA UNIVERSITY, WALTAIR: Ph D. (Botany)~ S8t Kandbella Chandrasehhara Naidu
KAKATIYA UNIVERSITY, WARANGAL: Ph.D. (Zoology)~-Sri V. Lakshmipathi, Sri. K. Rajender.
OSMANIA UNIVERSITY, HYDERABAD: Ph.D. (Physics)— Sri J. Sadanandam; PPh.D, (Chemistry) -
Sri B. Bharat Kumar; I’'h.D. (Botany)—5Smt. Farzana Akhtar,




