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Advances in the Chemistry of Ethynyl Ketones

R.L.Bol'shedvorskaya and L.I.Vereshchagin

The review deals with problems of the reactivity and the chemical properties of ethynyl ketones. The bibliography
includes 201 references.
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I. INTRODUCTION

Ethynyl ketones have been attracting increasing interest
not only in view of the wide variety of their chemical pro-
perties and synthetic possibilities but also owing to their
biological activity, particularly their capacity to suppress
the growth of various fungi. However, hitherto no
reviews have been published on the chemistry of ethynyl
ketones with the exception of one1 on methods of synthesis
of these substances. This review is a first attempt at a
systematic discussion of the available literature data for
the chemical properties of the ketones in which the car-
bonyl and ethynyl groups are conjugated.

The review covers the periodical literature up to
February, 1971.

II. REACTIVITY OF ETHYNYL KETONES

The chemical behaviour of ethynyl ketones is in general
determined by the presence in the molecule of three reac-
tion centres—the carbonyl and ethynyl groups and the
hydrogen atom involved in the triple bond. The triple
bond is known to be less reactive than the double bond in
electrophilic addition reactions (addition of halogens,
ozone, and peracids2) and more reactive in relation to
nucleophilic agents (alcohols, amines, thiols, etc.) 2~6.

The reactivity of the ethynyl group in ethynyl ketones is
not due solely to the electrophilic properties of the triple
bond alone but depends also on the electron-accepting
carbonyl group conjugated with it:

As a result 1,2-, 3,4-, and 1,4-addition reactions are
characteristic of compounds of this type. Whereas amines,
alcohols, and malonic ester add in the 3,4-positions8"10,
hydrazines and semicarbazides (these are much stronger

bases and nucleophilic agents than amines) add preferen-
tially in the 1,2-positions. Hydroxylamine, which is a
weaker nucleophilic agent than hydrazines and semicar-
bazides but stronger than amines, can react simultaneously
with both electrophilic centres1 1.

A wide variety of reactions makes it possible to employ
ethynyl ketones as the starting materials for the synthesis
of heterocyclic systems. One must note that a particular
mode of reaction is determined not only by the basicity of
the substance being added but also by the structure of the
ethynyl ketone.

III. HYDROGENATION

Depending on the method of hydrogenation, the addition
of hydrogen to ethynyl ketones can occur either stepwise
with intermediate formation of vinyl ketones and subsequent
more far reaching transformation or in a single stage with
formation of a reaction product involving the carbonyl
group alone. All the methods of hydrogenation of ethynyl
ketones described in the literature can be combined in
three groups.

1. Catalytic Hydrogenation

Selective hydrogenation of ethynyl ketones depends
primarily on the nature of the catalyst. Thus the use of
relatively inactive catalysts (colloidal palladium12, palla-
dium deposited on silica1 3 or calcium carbonate 1 4" 1, and
Raney nickel16"18) makes it possible to stop the hydrogena-
tion process at the stage involving the addition of one mole
of hydrogen per mole of the substance hydrogenated.
Further saturation with hydrogen leads to the hydrogena-
tion of the double bond and other secondary reactions1 9.
The order in which various groups in ethynyl vinyl ketones
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of the type R-CH=CH-CO-CsC-R 1 (I) are hydrogenated
depends mainly on the nature of the substituents R and R1.
The unsubstituted ethynyl vinyl ketone (la) and also ethynyl
methylvinyl ketone (Ib) are hydrogenated on the Pd/CaCO3

catalyst initially at the triple bond with formation of the
divinyl ketone (II) (yield 76%) 20~22:

R-CH=CH-CO-C—C-R1 + H, -»RCH=CH—CO-CH=CHRi

(I) 00

(la, R=R'=H; 16, R=CH,, R'=H;

IB, R=H, R' = CHS)

In the hydrogenation of the ketone (Ic), the first mole of
hydrogen adds to approximately equal extents to both triple
and double bonds; subsequently CH2=CH -CO-CH=CH -CH 3

(20.6%) and CH2=CH-COC3H7 (25.5%) are formed. More-
over, in the first stage, the CO group is also reduced with
subsequent isomerisation of the secondary a. -ethynylalcohol
to the ketone (III):

CHj=CH—CO—teC—CHS -» CH,=CH—CHOH—C=C—CH,->
-> CH8=CH—CH=CH—CO—CH,

(HI)

Isomerisation is observed also in the hydrogenation of
disubstituted ethynyl vinyl ketones. Selective hydrogena-
tion of unsubstituted ethynyl vinyl ketone can probably be
accounted for by the favourable conditions for the adsorp-
tion of the ketone on the catalyst via its triple bond. In
this case, steric hindrance results in the reduction of the
CO group alone21.

In the hydrogenation of oct-l-en-3-yn-5-one on
Pd/CaCO3, hydrogen adds in the first place to the vinyl
group
preferentially the cis -configuration

16 Unsaturated ketones obtained catalytically have

2. Chemical Reduction

Ethynyl ketones are readily reduced by nascent hydro-
gen (zinc + acetic acid) and also by lithium aluminium
hydride. The first method is frequently used to reduce
the triple bond to a double bond. The reaction takes
place in an aqueous alcoholic solution after the addition of
catalytic amounts of copper sulphate23'24:

CHS—CO—C=Q~R > CHS—CO—CH=CH—R

(IV)

-• R—G=C—C (OH) — C (OH)—C=C—R

CH, CHS

(V)
(R=CH,, Q.H,, QH.)

Together with vinyl ketones (IV), small amounts of
ditertiary diethynyl-α -glycols (V) are formed. Aryl-
substituted ethynyl ketones are hydrogenated under these
conditions to saturated ketones24; the vinyl ketones
obtained by this method have preferentially the trans -
configuration.

Lithium aluminium hydride25 and complexes of the type
Li+[(RO)2A1H2]

 2 5 '2 6 reduce ethynyl ketones smoothly to the
corresponding ethynylalcohols.

Dibenzoylacetylene (VI) reacts with lithium aluminium
hydride in ether or tetrahydrofuran (THF) in different
ways at 0-25°C and at -80°C: 2 7

C,H6CHC==C— COCH 6

HO

C,Hj—CHG=C— CH—

OH OH

C,HjC0C=CCOC,H6

\
\\

CH

• C,H6CHCH

OH

OH

=CH=CHC,

(VII)

3. Electrochemical Reduction

The reactivity of ethynyl ketones in electrochemical
reduction is determined by the presence of the electron-
accepting carbonyl group, which increases the capacity of
the triple bond for reduction by an electronic mechanism28.
Whereas an isolated triple bond combines at a mercury
cathode with only one mole of hydrogen, the activated triple
bond in di ethynyl ketones combines with two moles to form
the saturated ketone (Vm):2 9 '3 0

(VIII)

The reduction of disubstituted ethynyl ketones is fre-
quently accompanied by the dimerisation of the vinyl
ketone (DC):30

C,H6COCH=C-C«H,

~* C,H6COCH=C—C,HS

C,H6—CO—C=C—C.H, - '• C,H6COCH=CH—C,H5

(IX)
CHjCOCHr-CH-CA

" C,H6COCH,-CH-CeH5

The photochemical reduction of 5,5-dimethylhex-3-yn-5-
one (X) in isopropyl alcohol has also been described31:

GH3 OH OH HO OH

H O H -> C H . - C — C - C H , + ( C H , ) s C - t e C — C — C — C H ,

H,C CH,

CH,-C-C=C-CO-CHs

CH, (X) HaC CHS

OH
\ /

OH

+ (CHs) sC—C=C—C—C—C=C—C (CH,),

H,C CH S

IV. ADDITION OF HYDROGEN HALIDES

The activated triple bond in ethynyl ketones is capable
of combining equally readily with both nucleophilic and
electrophilic agents. Whereas the hydrogenation of
ethynyl ketones proceeds via consecutive stages involving
the addition of initially one and then another mole of hydro-
gen, the reaction with hydrogen halides terminates in the
first stage. The halide ion adds to the β -carbon atom of
the triple bond, in agreement with the generally accepted
ideas concerning the electron shift in unsaturated ketone
molecules32. The addition of hydrogen halides to ethynyl
ketones usually takes place in chloroform or a mixture of
acetic acid and chloroform 33~35; in some cases, copper(I)
chloride was added33'36. With strictly equivalent propor-
tions of the starting materials at -40°C, the reaction
takes place stereospecifically with formation of the pure
cis -isomer3 4 '3 7 '3 8. A slight excess of the hydrogen halide
or an increase of reaction temperature to 20°C results in
the formation either of the sterically pure trans -isomer or
a mixture of cis - and trans -isomers (depending on the
hydrogen halide used) M:

riiL· p-R—C,H4CO
\

OH OH

p-R—C,H4— C O — Ο Ξ Ξ Ο - R + HX -

(R=H; OCH,; Cl

X=CI; Br, I)

\\ /

c=c

- ϊ ϊ--» p-R—QH4CO
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Cis- and trans -aryl 2-chloro-l-deuteriovinyl ketones
were synthesised under analogous conditions34:

ArCOC=CH+DCl — ArCOCD=CHCl

It is believed that the initial reaction stage is nucleophilic
attack by the halide ion on the triple bond 3 4.

Ethynyl ketones are also capable of adding the elements
of HBr from LiBr solution in acetic acid3 8 '3 9:

- [-C=C-]

Br- [LiBr]+

2. [—ΟΞΞΟ] + CH3COOH -»CH,—C —

Br-[LiBr]+ °f
[-C=C-]

ΐ
— [—CH=CBr—] + LiBr + CHjCOOLiBr" [LiBr]+

It has been established that the rate of reaction is limited
by that of the first stage and depends on the electron-donat-
ing properties of the substituents at the triple bond. As
the electron-donating properties of the substituent become
more pronounced, the reaction rate constant falls, in
agreement with the reaction mechanism proposed 9.

In the hydrobromination of the symmetrical ethynyl
vinyl ketone, HBr adds to the triple bond only20'40. It has
been shown40 that the reaction begins with the protonation
of the oxygen atom in the carbonyl group and can be regar-
ded as 1,4-addition:

OH
H+ I

CH2=CH—CO— C s C — Η ; £ CH»=CH—C—G=C—Η <-

CH 2 —CH=C—C=C—I

OH

• C H a = C H — C = C = C -

OH

CH,=CH—CO—CH=CHBr

The reaction takes place stereospecifically in a saturated
aqueous solution in the cold with formation of the cis -
isomer.

V. ADDITION OF HALOGENS

Halogens are added to ethynyl ketones either in
ethereal solution41'42 or in the absence of solvent on
heating37'43. The reaction with chlorine takes place only
when gaseous chlorine is passed through the fused ketone:

o-R—0,Η4—C=C—CO—C,H5 + Xa -> o-R—CeH4—CX=CX—CO—C,H5

(R=H,C1; X=Br, I, Cl)

The addition of a second halogen molecule was not observed
under the above conditions.

The bromination of silylethynyl ketones in chloroform
leads to a mixture of the cis - and trans -isomers of
«β-dibromovinyl ketones (XI) (yield 70-75%):

+ Br2 -» R3SiCBr=CBrCO-CHa

(XI)
(R=CH 3, C,HS)

When two moles of bromine are allowed to react with
the ketone, a mixture of αβ-dibromovinyl ketones and the
corresponding tetrabromoketones (yield 15 — 20%) is
formed44.

Symmetrical ethynyl vinyl ketones are brominated first
at the double bond and then at the triple bond with formation
of the tetrabromide (XII):

R—CH=CH—CO—C=C—R + Bra -> RCHBrCHBrCOC=C—R 2ϊϊ
-* RCHBr—CHBr—CO—CBr=CBr—R

(XII)
(R=H, CHS)

This difference between the reactivities of bromine and
HBr can be explained by the different site of electrophilic
attack owing to the different nature of the attacking reac-
tant. While the hydrobromination reaction is regarded as
1,4-addition with participation of the CO group,· the
bromination reaction is regarded as 3,4-addition and the
authors believe it to be purely electrophilic20'40.

Ketones of the type RCOC=CCH=CH2 are brominated
non-selectively at the triple and double bonds simulta-
neously. The comparatively high rate of addition of
bromine to the triple bond, which is usually relatively
unreactive in relation to bromine, is striking. Evidently
the presence of the carbonyl group increases the reactivity
of the triple bond, but this influence is difficult to account
for if one regards the addition of bromine as an electro-
philic addition reaction. It is more likely that, as postu-
lated by Chelpanova et al.45, nucleophilic addition takes
place in the bromination of ethynyl vinyl ketones.

VI. ADDITION OF AMINES

The reaction of amines with ethynyl ketones has been
known for a long time. As early as 1904, Watson46

established that amines add to ethynyl ketones as readily
as to vinyl ketones. However, the exact structure of the
products was not determined. Somewhat later Andre47

and then Bowden and coworkers 3 7 ' 4 8 and other investiga-
tors 49~58 demonstrated that the products of the addition of
aliphatic and aromatic amines as well as ammonia to
ethynyl ketones have the structure of α/3-unsaturated
β -aminoketones (XIII):

— N —

R—C=C—CO—R' + Η Ν / -> R—C=CH—CO-R'

(R=H, Alk, Ar; R'=Alk, Ar)
(XHI)

The aminovinyl ketones formed are polarised to a very
high degree. As a result of the increase of the negative
charge on the oxygen atom and of the positive charge on
the nitrogen atom, the dipole moments of the aminovinyl
ketone increases sharply .

/R' Λ'
R—CO—CH=CHN «. R—C=CH—CH=k

V o_ V
As a result, the reactivity of the double bond relative to
nucleophilic agents decreases and a second mole of the
amine is not added. Only in a single study by Hoffmann60,
who employed pyrazole and its derivatives as the nucleo-
philic reactant, diadducts were obtained together with
monoadducts. However, the formation of diadducts was
demonstrated spectroscopically without their isolation in
a pure form.

Ethynyl phenyl ketones react with ammonium carbonate
in aqueous alcohol to yield pyridine derivatives (XIV): 6 1 ' 6 2

C,H5—CO-C==CH (NH^CO, -* CeH6—CO-CH=CHNHa +»
C H . 0 0

One should note that ethynyl ketones react with amines even
at room temperature in the absence of any catalyst in both
protic and aprotic solvents. The rate of reaction depends
not only on the basicity of the amine5 4 '5 8 but also on the
structure of the ethynyl ketone involved in the reaction.

The stereochemistry of the addition of amines to ethynyl
ketones was studied in only one investigation63, where it



R—C=C—CO—CR'=CHR' + HN
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was shown, on the basis of the ΧΗ NMR data for the reac -
tion mixture, that the reaction of ρ-tolylacetylene with
a -phenylethylamine yields the cis - and trans -isomers of
£-(l-phenylethylamino)vinyl-£-tolyl ketone [(XV) and (XVI)]
with the cis -isomer (XV) predominating:

X"
(XV) (XVI)

The stability of the cis -isomer can be explained by the
formation of an intramolecular hydrogen bond 6 3.

Conjugated ethynyl vinyl ketones combine smoothly with
amines at room temperature via the triple bond only4 8 '6 4 '6 5:

MeCOC=C—CH=CH, + HN<^ -»MeCOCH=C—CH=CH,

X - N -

?—C=CHCOC=CHR"

- N - R'
(R=Alk, Ar; R '=H, Alk; R '=H, Alk)

Diketones of the acetylene series readily react with
amines, forming aminovinyldiketones (XVII):66"69

Ο,Ηϋ—CO—CsC—CO—C,H5+HNR'R' -» C,H5-CO—CH=jC—CO—C,H5

— N —
(XVII)

Aliphatic and aromatic amines add to symmetrical
diethynyl ketones of the type R-C=C-CO-C=C-R'
preferentially at one triple bond with formation of amino-
vinyl ethynyl ketones (XVin):30'70"82

R—C=C—CO—C=C—R + HNR'R' — R—C=CH—COC=C—R

R--N-R' (XVIII)

(R=H, Alk, Ar; R'=R"=H, Alk, Ar)

The deactivation of the second triple bond in relation to
nucleophilic agents can be explained by the formation of a
conjugated system analogous to that in compound (XVI),
which evidently greatly weakens the conjugation of the
carbonyl group with the second triple bond80.

The reaction of diacetylenic ketones of the type
R—CCOC— C^CR' with secondary aliphatic amines leads
to the formation of 2,6-diaryl-4-pyrones (XEX), where
R = R' = Ar: 8 3

— N —

H,O

I

. [RCO—CH,—CO—C=C—R]

i

/(XIX)

RCOCHiCOCHiCOR*- R-COCH/X)CH=C—R

- N -

(R=C,H.)

When 1,5-diarylpenta-2,4-diyn-l-ones were allowed to
react with aromatic amines, 2,6-diaryl-4-arylamino-
pyrans (XX) were obtained; it is believed that they are
formed via a stage involving the nucleophilic addition of
the aromatic amine to the triple bond nearest to the

83

carbonyl group with subsequent cyclisation :
H.N-C.H. ^ArCO—C=C—C=C—C,H 6 •

HNC,HS

ArCOCH=C—C= C—CHs

i Τ
ArCOCH,—C—C=C—C,H6

II
N-C,H 5

N—C,H5

(XX)
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On the other hand, treatment of 4-alkyl-l-benzoyldi-
acetylenes (XXI) with pyrrolidine leads to the formation of
diamino - derivatives of biphenyl(XXII) together with the
normal addition products (ΧΧΙΠ):84

C,H6—CO—G=C—C=C—R+HN
\ .

(XXI)

N — ^ V - Ν + C,H5—CO—C=C—CH=C—R

C.H6

(XXII) (XXIII)

In a -ketoacid esters of the acetylene series (XXIV) con-
taining in the molecule two adjacent electron-accepting
molecules, the triple bond is even more reactive with
respect to nucleophilic agents. Secondary aliphatic-
aromatic amines, morpholine, piperidine 5, as well as
primary aromatic amines86 and aromatic amines contain-
ing other functional groups in the ring (aminophenols,
aromatic aminoacids, anisidines, and others)8 7 readily
add to the triple bond of these compounds even at room
temperature:

R'/
R—C=C—CO—COO—CjH6 + HN

R "

»R—C=CH—CO—COOC,H6

R " - N - R '(XXIV)

(R=Alk, Ar; R ' = H , Alk, Ar; R*=Alk)

Aniline adds to the triple bond of ketoacids of the type
R-CO-C=C-COO-CH3 in the β -position relative to the
keto-group88:

C,HS—CO—C=C—COOCHj + C,H5NHa -> C,H5—CO—CH=C—COOCHa

Η—Ν—CeH6

Ethynyl ketones with the structure R-CO-CSCX, where

X = SiR3, SR, NR2, or C

OH
are of special interest,

since the presence of functional group can alter to some
extent the mode of addition of nucleophilic agents to the
triple bond. When trialkylsilylethynyl ketones react with
methyl- and diethyl-amines, only products the formation
of which is probably preceded by the cleavage of the Si—C
bond according to the mechanism

R' R <
=C—COCHS + HN

\ R'
RsSiN

\r
+ NR'R"CH=CHCOCH3

were isolated instead of the expected compounds. On the
other hand, the interaction of the ketones investigated
with aniline yields the expected anils R 3 S i C = C - C - C H 3 . 8 9

NC6H5

The addition of amines to ethylthio ethynyl ketones
1 2 3

R-CO-CSC-SC2H5 can take place in principle in the 2-
and 3-positions. It was found that, as for ethylthiopro-
piolate esters 9 0, the addition of an amine to ethylthio-
ethynyl ketones x in fact takes place in the 2-position:

Κ
CHjCO—CsCSCjHs + H N ^ -> CHj—COC=CHSC,H5

Ethynyl ketones of the type >N-C=C-CO-R, where the
electrophilic properties of the β -carbon atom are greatly
enhanced, behave quite differently. The reaction of such
ketones with amines at 20 °C leads to α/3-unsaturated
β -diaminoketones (XXV):92

 R,
/

RCOteCN + H

(R=H, Alk; R'=Alk)

/

N
RCOCH=C

(XXV)

\ r
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The interaction of secondary a -ethynyl-y-ketols with
primary and secondary amines leads to the formation of
β -aminofurans (XXVI): 9 3

—N—

RCH (OH) — C=C—COR' + HN
\

• RCH (OH) —C - CHCOR' -ι

(XXVII)

X. /N\
,ΟΗ,ΟΗ

(XXVI)

It is believed that initially nucleophilic addition of the
amine to the triple bond takes place with subsequent
cyclisation of the resulting aminovinylketol (XXVII) to the
β-aminofuran (XXVI). When acted upon by secondary
amines, tertiary γ -ketols are converted into β-furanones
(XXVIII):93

°v
R \ κ Rx '
_ >C—teC—COR' + HN( ->

L. x Ry

- R '

OH
(XXVIII)

(R=Alk, R'=Alk, Ar)

Monosubstituted ethynyl ketones react with inorganic
salts of tertiary amines, forming quaternary ammonium
salts (XXEX) in high yields (87-1 . 94,95

RCO—CE^CH + [(R')3NH]+CI- -> [RCOCH=CHN (R')s] Cl"
(XXIX)

(R=AIk, Ar; R'=AIk)

According to spectroscopic data, the compounds (XXEX)
have the trans -configuration95.

VII. ADDITION OF HYDROXYLAMINE, HYDRAZINES,
SEMICARBAZEDES, AND OTHER NITROGEN-CONTAIN-
ING COMPOUNDS

As already mentioned, hydrazines and semicarbazides
are stronger bases and nucleophilic agents than amines
and therefore they react with ethynyl ketones mainly via
the carbonyl group. Hydroxylamine occupies an inter-
mediate position and is therefore capable of attacking
simultaneously both reaction centres1 1.

Thus the reaction of />-anisylbenzoylacetylene (XXX)
and other substituted benzoylacetylenes 4 6>6 2 '9 6 in an
alcoholic alkaline solution proceeds with formation of
3 -(Ρ -anisyl) -5 -phenylisoxazole (XXXI). In an acid
medium, the attack on the carbonyl group is facilitated
and 5-(P-anisyl)-3-phenylisoxazole (XXXII) is formed11'97.
Directly opposite results were obtained when the starting
material was p -anisoylphenylacetylene (XXXII):

NH2OH OH

(XXX)

C6H4OCH3-/>

H4OCH3-/>

P-CH3OC8H4COC=CC6H5

(XXXIII) ^ (XXXI)

Ferrocenyl-substituted ethynyl ketones98 and also
esters of ^y-acetylenic α-keto-acids" and α/3-acetylenic
y-keto-acids88 behave similarly in the reaction with
hydroxylamine. In the reactions with symmetrical disub-
stituted ethynyl vinyl ketones (XXXIV), the formation of
isoxazole derivatives is accompanied by the subsequent
addition of a second hydroxylamine molecule to the double

bond and, depending on the reaction conditions, the iso-
meric isoxazoles (XXXV) 10° and (XXXVI) 1 0 1 can be
obtained:

C , H 5 C E E C — CO—CH=CH—C,H6 + 2NH2OH -^
(XXXIV)

-π—CHR—CHR'—CeH6 C,H5—CHR—CHR'~

(XXXV) iXXXVI)
(a) R=NHOH, R ' = H ; ( b ) R = H , R'=NHOH)

The reaction of l,5-diphenylpenta-l,4-diyn-3-one (XXXVII)
with hydroxylamine in an aqueous alcoholic solution
involved the formation of Δ -isoxazoline (XXXVIII) as the
only product101:

H 5C 6—CSC—CO— C=C—C 6 H 5 + NH2OH ·—*-

(XXXVII)

H 0 \

C 6 H 3

(XXXVIII)
Ν

(XXXIX)

Prolonged heating of the isoxazoline (XXXVIII) in xylene or
an aqueous alcoholic solution with distillation of water
yields 3-phenyl-5-phenylethynylisoxazole (XXXIX).

In most cases the interaction of hydrazines with ethvnyl
ketones proceeds via the carbonyl group. Mono-6 2 '9 2 ' 8

and di-substituted6 2 '9 6 '9 8 '1 0 1 '1 0 2 ethynyl ketones and
a -diketones68'98 as well as γ -ethynyl-α -ketols103 give rise
to the corresponding pyrazoles (XL) in a yield of 70-80%:

R—CO—CsC—R' + NHj—NH—R' -, R—C—CsC— R' -* II

N-NHR" \ N /

R"

- R '

(R = H.Alk, Ar, —COOR; R ' = H , Alk, Ar, v-COCeH5, —C(OH)/, —Ν (R)2)

Depending on the experimental conditions, the reaction
of l,5-diphenylpenta-l,4-diyn-3-one with hydrazine hydro-
chloride gives two different products. In aqueous ethanol
solution, the azine (XLI) is formed, while in absolute
ethanol the product is 3(5)-phenyl-5(3)-phenylethynyl-
pyrazole (XLII): 1 0 1

C,H6teC—CO—C=CCeH5 + N2H4 • HC1 C ' H ' O H + H ' ° t
| abs. c.H.OH I

i N " H - H U

 [ C 5 H 6 ( C = C ) 2 L C = N - ] 2

(XLI)

(XLII)

l,5-Diphenylpenta-l,4-diyn-3-one reacts with an excess of
hydrazine in boiling absolute alcohol to give a mixture of
the hydrazones (XLIII) and (XLIV) in proportions of 3:2:

N - N H , N - N H a

I!

QHJCEEC-CO—CsCCeHj
N.H.

I!
C e H 6 - C - C H 2

I!
CeH6CH2Ci

I

~ " '

(XLIII) (XLIV)

The interaction of l,5-diphenylpent-l-en-4-yn-3-one
(XXXIV) with anhydrous hydrazine in absolute alcohol
gives rise to a mixture of the pyrazoles (XLV) and
(XLVI) : 1 0 1 C,H5—CH=CH—CO—CEE^C—CeH6 + N2H4 -^

(XXXIV)

C,H5—CH—CH2—

* H2N—NH

(XLV)

Η

'-Ο,Η6

2N—NH

(XLVI)
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In contrast to the ethynyl ketones discussed above,
esters of phenylethynylglyoxalic acids (XLVII) react with
hydrazine derivatives and aromatic acid hydrazides
according to the same mechanism " as with amines:

C,H5—C=C—CO—COOR + N,H8R*

(XL VII)

(R=Alk; R'=Ar)

=GHCOCOOR

NHNHR'

When trialkylsilylethynyl ketones react with hydrazine,
the products are not pyrazoles but hydrazones, which are
converted in the presence of an excess of the ketone into
the azines (XLVm):44

R3SiC-C-COR' + NHa-NHa -> R,Si-C=C-C=N-NH s ->.

R'

R,SiteccoR' ^ (R 8SiC=C-C=N-)i (R=R'=Alk)

(XLV1II)

The reaction of silylethynyl ketones with 2,4-dinitro-
phenylhydrazine and 3,5-dinitrobenzoylhydrazine termin-
ates in the hydrazone stage. The hydrazones obtained do
not cyclise with the corresponding pyrazoles under the
influence of acetic anhydride and acetic acid and char
under these conditions104. Thus the trialkylsilyl group in
the a -ethynylhydrazones is in fact an obstacle to their
cyclisation.

In the reaction with ethynyl ketones, semicarbazides
behave like hydrazines. Thus phenylsemicarbazide gives
rise to pyrazoles (XLIX):105

R_C=C—CO—CH, + CdH6NHNHCONH,

R I

H3C—' Ν
\ N /

I
CONHCH5

S0% CH.COOH

+ [CHsNHCONH],

(XLIX)

The only product of the condensation of guanidine with
ethynyl phenyl ketone is 2-amino-4-phenylpyrimidine (L): 6 2

C,H s COCsCH + N H a — C — N H ,
II

NH

(L)

Urea and thiourea derivatives react with ethynyl
ketones in ethereal solution in the presence of concentra-
ted sulphuric acid to give the corresponding derivatives
of dihydropyrimidines (LI):1 0 6

R — C s C - C O — M e + RNHC (X) NHR*

>CHS

* ' _ N N — R '

(LI)

(R=AIk; R ' = A l k , Ar; R"=Alk; X = O , S)

ADDITION OF ALCOHOLS, PHENOLS, THIOLS,
AND THIOPHENOLS

Whereas the addition of amines to the activated triple
bond of ethynyl ketones takes place readily in the absence
of catalysts even at room temperature, the addition of
alcohols is possible only in the presence of a basic cata-
lyst. The reaction with terminal ethynyl ketones does not

stop at the stage involving the addition of one mole of the
alcohol but continues until the formation of the acetal of
the corresponding 0-ketoaldehyde (LII) (yield 60-75%)37'97:

RCOC^CH + R'OH RCOCH.CH (OR'),
(LII)

(R=Alk, Ar; R'=AIk)

The reaction was carried out in the presence of sodium
alkoxide at 0-5°C.1 0 7 The formation of alkoxyvinyl
ketones was not observed under these conditions. Primary,
and secondary alcohols add to disubstituted ethynyl ketones
in the presence of both alkoxides9 '3 7 '1 0 8"1 1 0 and tertiary
amines n o with the exclusive formation of the monoadducts
(LIII):

R— CO—C=C—R' + ROH -> RCO-CH=C—R'

OR
(LIII)

(R=Alk, Ar; R'=Alk, Ar)

The addition of alcohols to phenylbenzoylacetylene in
the presence of potassium hydroxide takes place with the
cleavage of the initial ketone to acetophenone and potassi-
um benzoate n 0 . It is interesting that alcohols add in the
presence of BF 3 as the catalyst. Thus dibenzoylacetylene
reacts with alcohol in the presence of BF3, yielding
3-alkoxy-2,5-diphenyldihydrofuranone (LIV) as the sole
product111:

sCCOC,H6 + ROH

OR

C,H5—C=C—CH—COC,H5 I

OH OH -"

OR

HJ

(LIV)

OH

—CHCOQHs

.OR

One should note that the addition of alcohols to ethynyl
ketones is stereospecific like the addition of amines * ' 1 1 4 .
For example, the reaction of isopropyl methylethynyl
ketone with methanol in aqueous potassium carbonate solu-
tion yielded a pure α/3-unsaturated cis -β -methoxyketone,
which did not isomerise under the reaction conditions.

The reaction of cyclo-oct-2-ynone with deuteriated
aqueous methanol in the presence of potassium carbonate
gives 2-deuterio-3-methoxycyclo-oct-2-enone (LV) con-
taining a small admixture (less than 10%) of the non-
deuteriated product113. There is no doubt about the
cis -configuration of compound (LV):

(LV)

T h e addit ion of phenols to ethynyl k e t o n e s in t h e p r e s -
ence of sodium p h e n o x i d e 3 7 o r p y r i d i n e 1 1 4 t a k e s p l a c e
sluggishly and always r e s u l t s in the format ion of a mono-
adduct:

R—C=C— CO—R' + Ο,Η6ΟΗ -• R-C=CH—CO—R'

Oc,H6
(R=H, Ar; R'=Arj

In the reaction with alcohols and phenols under analo-
gous conditions, silylethynyl ketones are cleaved at the
Si-C bond89.

Thiols and thiophenols add similarly to alcohols and
phenols, and in both cases only the monoadducts were
isolated3 3 '3 7 '1 1 2 '1 1 3:

R—C=C—COR' + R'SH -> R—C=CHCOR'

SR«
(R=H, Alk; R', R'=AIk, Ar)
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The reaction takes place at room temperature in the pres-
ence of alkali metal alkoxides 37»112>113

j alkali, and in a few
cases also in the absence of the catalyst65. Thiols add to
symmetrical ethynyl vinyl ketones at the triple bond in the
first place and then at the double bond65:

R—CH=CH—CO—CsCH + RSH -• RCH=CH—COCH=CHSR +
+ RCH (SR) CH a —CO-CH=CHSR

The study of the stereochemistry of the addition of
thiols and thiophenols to ethynyl ketones showed that the
reaction is rigorously stereospecific and takes place in
accordance with the trans -addition rule, yielding the cis -
adductsonly3 7 '1 1 2 '1 1 3.

DC. ADDITION OF ACIDS

As with amines, alcohols, and thiols, the addition of
acids to ethynyl ketones is a nucleophilic process; the
anionoid fragment of the acid is directed towards the
β -carbon atom of the multiple bond. The addition of an
arenesulphonic acid to the triple bond of ethynyl ketones
was first described by Kohler and Barrett , who treated
benzoylphenylacetylene with toluene-/)-sulphonic acid and
isolated two stereoisomeric sulphones (LVI). Somewhat
later Bowden et al. 3 7 obtained similar results in the reac -
tion of ethynyl phenyl ketone with the same sulphonic acid:

C,H6COC=CR -f p-CHsC,H1SO iH
( R = H ,

cis- and trans*

—CH,-p
(LVI)

The addition of acetic and benzoic acids to ethynyl
phenyl ketone in the presence of basic catalysts takes
place fairly smoothly and yields the acetate (LVIIa) and
the benzoate (LVIIb) respectively, which are mixtures of
the cis - and trans -isomers1 1 6:

CeH.COCsCH-

CeH6COCH=CHOCOR

(LVIII)
(a) R = C H 3 ; (b) R=C a H 5 )

Treatment of ethynyl phenyl ketone with an excess of
acetic acid in the presence of triethylamine yields the
diacetate (LVIII).

The addition of acetic acid to 3-(o-hydroxyphenyl)-l-
phenylprop-l-yn-3-one (LD0 in the presence of polyphos-
phoric acid at 100°C leads to the flavone (LX): m

—Ο + CH,CO0H

(LIX) s/\/
ο

(LX)

The reaction of hydrogen selenide and also of selenols
with ethynyl phenyl ketone takes place successfully without
a solvent and a catalyst and also in ether in the presence
of catalytic amounts of pyridine. The yield of selenovinyl
ketones (LXI) reaches 60-80%:11R

RCOCH=CH—SeR
(LXI)

RCOCsCH 4- RSeH

In contrast to the acids discussed above, the addition of

diesters of phosphorous and phosphorothious acids to
ethynyl ketones takes place only at the carbonyl group
without involving the O C bond*19'120:

R'COC=CR" + (RO), PH
II

X

(RO), P_CR'-C=C-R·
II !

X OH

(X=O, S)

The reaction of ethynyl ketones with sodium azide,
investigated by Nesmeyanov and Rybinskaya121'122, which
leads to the formation of either triazoles or isoxazoles
depending on the reaction conditions, occupies a special
place. Thus ethynyl propyl or ethynyl phenyl ketone
reacts with sodium azide in dimethylformamide (DMF) to
give the corresponding triazole (LXII).121 On the other
hand, the reaction of ethynyl phenyl ketone with NaN3 in a
proton-donating solvent proceeds with formation of 5-
phenylisoxazole (LXIII) and a small admixture of the
sodio-derivatives of benzoylacetaldehyde and aceto-
phenone 2:

C O

N^N

R—COC^CH (LXlt)

|j 0 + CBH5COCH=CHONa + C6H5COCH3

(LX1I1)

This difference between the reactions of ethynyl phenyl
ketone with the azide ions in DMF and a protic solvent can
be accounted for by a change in the conditions governing
the stabilisation of the carbanion (LXIV) formed as a result
of the nucleophilic attack by the azide ion on the triple
bond. It is suggested that in aprotic solvents the lifetime
of the carbanion (LXVII) is long enough for its cyclisation
to the stable triazolyl anion system (LXV):

(LXIV)

(LXVI)

In proton-donating solvents, this carbanion can be pro-
tonated, which apparently results in the formation of an
unstable intermediate—cis - β -azidovinyl phenyl ketone
(LXVI), which, owing to the favourable disposition of the
carbonyl and azide groups, is converted into the stable
heterocyclic system of 5-phenylisoxazole with evolution of
nitrogen. However, one cannot rule out the possibility
that at low pH ethynyl phenyl ketone reacts with HN3 to
give a 1,4-addition product, from which a mixture of the
cis- and trans -isomers [(LXVII) and (LXVIII) respectively]
of azidovinyl phenyl ketone is formed as a result of a
prototropic rearrangement:

EECH + HNS [
C,H5, N s π

(LXVII)

(LXIII) Γ V/1

L C.H.CO/ X N - N

Ο,Η^Ο^ / Η

C=C
N N - N t

(LXVIII)

trans- β -Azidovinyl phenyl ketone is quite stable under
the usual conditions and can be isolated, while the cis -
form is unstable and decomposes spontaneously with
formation of 5-phenylisoxazole (LXIII).



232 Russian Chemical Reviews, 42 (3), 1973

Ethynyl ketones react with NH3 in chloroform to form
isoxazoles (LXD0 and not triazoles1 2 3:

(LXIX)

X. HYDRATION

The addition of water to disubstituted ethynyl ketones
has been known for a long time. As early as 1899, Nef41

obtained dibenzoylmethane by treating benzoylphenyl-
acetylene with concentrated sulphuric acid. This method
has been used in many other investigations4 7 '1 0 8 '1 0 9 '1 2 4"1 2 6

and regardless of the nature of the substituent led in all
cases to /3-diketones (LXX):

R—COC=CR' Τ ϊ ΐ § £ - * RCOCH2COR'

(LXX)
(R, R'=Alk, Ar)

Monosubstituted ethynyl ketones are not hydrated in
concentrated sulphuric acid; in dilute sulphuric acid, the
reaction proceeds only on heating in the presence of
mercury salts with formation of a. -diketones (LXXII)
instead of the expected α -ketoaldehydes (LXXI):37

C»HsCOC==CH

CSH 5COCH=CH(OH)

C6H5COCOCH3

(LXXII)

C6H5COCH2CHO

(LXXI)

However, the study of the reactivities of compounds of the
Δ 3-cyclohexane series showed that, together with the main
products, which are α-diketones, the isomeric β-keto-
aldehydes (LXXIII) as well as their conversion products—
the methyl ketones (LXXIV) and acetals (LXXV)— are
nevertheless formed in comparatively small amounts127:

RCOteCH
1

RCOCHaCHO

RCOCOCH3

RCOCH3

(LXXIV)

R=

RCOCH2CH (OCH3)2

(LXXV)

The products of the hydration of symmetr ica l ethynyl
ketones in dilute sulphuric acid on heating in the presence
of m e r c u r y sa l t s a r e y-pyrones (XIX):7 0»7 5»1 2 8

a -Ethynyl-y-ketols are fairly readily hydrated in dilute
sulphuric acid and in an alkaline alcoholic medium in the
presence of mercury salts as well as in the presence of
amines in protic solvents 93»103

) being converted under
these conditions into /3-furanones (LXXVm) in 80-90%
yield via the β -diketol (LXXVII) stage. In aqueous dioxan,
the yield of furanone is scarcely 50%:

\ C - C = C - C O - R ' + HOH

OH

\cCOCHsCOR
V I

OH

(LXXVII) (LXXVIII)

The addition of water to dibenzoylacetylene in the pres-
ence of mercury salts in an acid medium and in the pres-
ence of aliphatic amines in an aqueous alcoholic solution
results in the formation of l,4-diphenylbutane-l,2,4-
trione6 8.

By analogy with the available literature data for the
mechanism of the hydration of unsaturated acids1 2 9 and
ketones1 3 0"1 3 2, two possible mechanisms have been pro-
posed133 for the hydration of ethynyl ketones in an acid
medium:

I

(a) CeH6—C=C—CO—C,HS + H+

OH
OH

C«Ht,-Lc=J
OH

C - C , H 5

(b) C,H5—C=C—COC,H5 + H+

— — ^ CeH6C=CHCOC,H6

OH

> C,H5C=CHCOC,H6

C«H5COCH2COCeH5

In the first case, the rate-limiting stage of the process is
probably the transformation of the phenylbenzoylacetylene
oxonium salt and in the second case a proton adds to
phenylbenzoylacetylene. Having measured the rate con-
stants for the hydration of ethynyl ketones of different
basicities, Noyce and Debruin showed that the hydration
of phenylbenzoylacetylene proceeds via a stage involving
proton transfer from the acid medium to the a -carbon atom
of the triple bond [i.e. via mechanism (b)]. Probably the
interaction of symmetrical diethynyl ketones (LXXEX) with
hydrogen sulphide can be interpreted likewise. The
reaction in absolute ethanol takes place with formation of
2,6-disubstituted thio-y-pyrones (LXXX):128'134

ο

R—C=C—CO—C=C—R + H2S

(LXXIX)

(R=CeH6; CH3)

R-C==CHCOCsC—R

SH
(LXXX)

R—c=c—co—c=c—R Hg«

(R=Alk, Ar)

(LXXVI) R / \ 0 / \ R <

(XIX)

Probably water adds to one t r ip le bond with formation of
the intermediate ketone (LXXVI), which then cycl i ses to
(XIX). Similar r e s u l t s w e r e obtained in the hydration of
asymmetr ic diacetylenic ketones (XXI) by dilute sulphuric
acid in the p r e s e n c e 8 3 and a b s e n c e r of mercury salts:

ο

R—CO—C==C-C=C—R'

(XXI)

dil. H.SO.
Hg'+

(R=C,H 6 ; R'=AIk, Ar)

XI. MICHAEL CONDENSATION AND RELATED REAC-
TIONS

The most typical property of ethynyl ketones is their
capacity to undergo the Michael condensation with com-
pounds containing active methylene groups. The nucleo-
philic agents can be not only carbonyl and carboxylated

substances of the type O=C—CH2—C=O, but also the cor-
responding nitriles, nitr ο -compounds, and sulphones.

The interaction of ethynyl ketones with malonic ester has
been investigated in greatest detail. By analogy with the
reactions discussed above, it might have been expected
that ethynyl ketones involved in the Michael condensation
would form α β -unsaturated ketones. However, in most
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cases cyclisation products—derivatives of α -pyrones
(LXXXII)—were isolated and not the open-chain compounds
(LXXXI):10'135-138

RCsCCOR' + CH2

•RC=CHCOR' "I

'_ CH (COOCaH6) J

(LXXXI)

II
ο

H J C O O C /

(LXXXII)
Ο

The interaction of ethynyl ketones with malonic ester
has been suggested10 as a method for their identification.
However, in studies on ethynyl furyl ketones, it was found
that the reaction is not general1 3 9.

Michael condensation involving ethynyl ketones took
place smoothly in an alcoholic medium in the presence of
traces of the corresponding sodium alkoxides. When the
reaction is carried out in the presence of an equimolar
amount of sodium alkoxide or metallic sodium, its course
changes. Thus the reaction of diethyl methylmalonate
with phenylbenzoylacetylene yields under these conditions
the "normal" adduct—4,4-diethoxycarbonyl-l,3-diphenyl-
pent-2-en-l-one (LXXXIII) together with 3-methyl-4,6-
diphenyl-2-pyrone (LXXXIV) and ethyl 3-methyl-4,6-
diphenyl-2-pyrone-5-carboxylate (LXXXV).140

Compound (LXXXIV) is a product of the decarboxylation
of the ester (LXXXin) or (LXXXV):

C eH sC=C—COC,H 5

CH — C -

COOCjH.,

(LXXXIII)

\

C,H5

(LXXXV) (LXXXIV)

It is suggested that the pyrone (LXXXV)—the "anomalous
reaction product—is formed from the "normal" adduct
(LXXXIII) according to the following mechanism:

V
HSC,-C=C»

H3C—C^-C=O
I I

H 5 C 2 O O C O C 2 H 5

H3c-<j:e c =
- (LXXXV)

H 5 C 2 O O C O C 2 H 5

The interaction of malonic ester with the ethynyl vinyl
ketone CH3CH=CHCOC=COR in absolute t-butyl alcohol in
the presence of catalytic amounts of potassium t-butoxide
involves the formation of the intermediate open-chain
product (LXXXVI) which subsequently cyclises as follows:

CH3CH=CHCO—C=COR +
Ο

C O O Q H j -

(LXXXVI)

(R=AIk)

The antibiotic griseofulvin was obtained from ethynyl vinyl
ketones and coumaranone via this reaction124.

The intermediate formation of the zwitter-ion (LXXXVII)
in reactions of ethynyl ketones with γ -picoline and related
compounds has been postulated141:

COR

+
2CH=CCOR -> HC

I _
C—CH=CCOR

(LXXXVII)

H N / / > = C H — C H = C — C H = C H — C O R

COR
(R=CH 3 , Ο,Η5, p-CH3OCeH4, O-C1C,H 4 —)

Probably ethynylfurylmethanol (LXXXVIII) reacts similarly
under the influence of activated manganese dioxide142:

MnO,

CHOHC=CH

C0C«H,0

(LXXXVIII)

An interesting reaction of ethynyl ketones with esters of
a -aminovinylcarboxylic acids (LXXXIX) has been
described61:

HC=C—CO

CO2R" R

- R + CH

OR"

/ i I
-> C—CH=CH-C—C=O

H2N R'

(1ΛΧΧΙΧ)

C-R'

NH2

t
OR"

R—COCH=CHNH—C=CHCO2R" eO—C=CH—CH=-.C—C=O·

J. J I „,

R / \ N / \ R .

R X / OH

COOR"
OR"

I
O=C—CH=CH—C=C—C

H2N

(R, R'=Alk, R'=C,H 5 )

θΝΗ,

In principle, this reaction can proceed via a mechanism of
the type of Michael condensation (I) and via a pathway (2),
where the amino-group adds to the activated C=C bond.
The study of the physical and chemical properties of the
final reaction products [pyridine derivatives (XC)] demon-
strated unambiguously that the reaction has mechanism (J).

The low probability of the addition of the amino-group
of aminovinyl ketones to the triple bond of ethynyl ketones
can be accounted for by the reduced basicity of the amino-
group owing to the conjugation of the lone electron pair of
the nitrogen atom with the carbonyl group143.

Pyrroles and indoles, which have similar structures,
react with ethynyl ketones via the hydrogen atom in the a -
or β -position in the ring1 4 1.

Another characteristic instance of this type of condensa-
tion is the formation of pyridones (XCI) by the reaction of
ethynyl ketones with cyanacetamide (XCII): 137>144

COR
/

R — C O — C s C - C , H 5 + NCCH2CONHa -» CH

(XCII)

NC

I
CH_CONH 2

I

H6C, R

OH

N—OH

(XCI)

NC—! Ν

OH

The reaction of phenylbenzoylacetylene with ethyl
phenylacetate yielded 3,4,6-triphenyl-2-pyrone145, while
the reaction with methyl α -cyanopropionate in the presence



234 Russian Chemical Reviews, 42 (3), 1973

of an excess of sodium alkoxide gave the a -pyrone
(LXXXIV) and a small amount of the unsaturated nitrile
(XCin):115

C,H,;COC=CCeH5 + CH.CH—COOCHj -»

CN

C e H 5 - C = C H - C O C , H 6

H,C—C—COOCH3

CN

CeH5—C=CH—COC6H5

HSC—CH—CN
(XCIII)

HSC
•/\/

11
ο

(LXXXIV)

Methyl a -cyanoacetate reacts with phenyl benzoylacetylene
via the mechanism

2C eH5CsCCOC,H5 CeH5C=CHCOC,H6

+ ^ NC—C—COOCHj

NC—CH,—COOCH3 HSQ—C=CHCOC,H 6

A change in the ratio of the initial reactants does not affect
the course of the reaction1 1 5.

The condensation of unsubstituted ethynyl ketones with
acetoacetic ester takes place quite differently. The final
product of this reaction is a derivative of ethyl salicylate
(XCIV):146

RCOC=

(R=Alk)

— C O O C J H J ,)—COOCjHs

OH

(XCIV)

The addition of methylcyclohexanone (XCV) to ethynyl
methyl ketone in the presence of sodium hydride proceeds
via a stage of internal aldol condensation with subsequent
dehydration and formation of 10-methyl-2-oxo-Δ 1,9;3,4-
hexahydronaphthalene (XCVI): m

CH H S C X

c" + <

λ

CH3 CHS

(XCV) (XCVI)

An example of the condensation of ethynyl ketones with
compounds containing an active methylene group is pro-
vided also by the reaction of phenylbenzoyl acetylene with
dimethyloxosulphonium methylide (XCVII), which takes
place in dimethyl sulphoxide solution at 20 C with forma-
tion of l-methyl-3,5-diphenylthiabenzene-l-oxide
(xcvm):1 4 8

O H6C,V > \
Τ /CH3 γ >,-C,H6

C,H 5COCsC—C,H 5 + CH 2 =S<^ -> | |

(XCVII) ' ^ S \ c H

(XCVIII)

XII. DIELS-ALDER SYNTHESIS

Ethynyl ketones are extremely active dienophiles in
Diels-Alder synthesis. Thus butynone, the simplest
ethynyl ketone, reacts readily at 50-120°C with butadiene

and many of its homologues (isoprene, piperylene,
dipropenylene, and di-isopropenylene), yielding dihydro
benzophenones (XCK):

CH3COCsCH + CH2=C—C=CHa -!ir-

( R = R ' = H , Alk)

R—if >,—CUCH3

11

(XCIX)

Ethynyi propyi ketone and ethynyl phenyl ketone enter
into a Diels-Alder reaction with butadiene under similar
conditions 149>150. The reactivity of disubstituted ethynyl
ketones in this process is somewhat lower2 2 '1 0 0 '1 5 1.

The condensation of ethynyl methyl ketone with
chloroprene, bromoprene, and 1-chlorobutadiene at
80—125°C in benzene solution gave high yields of the cor-
responding halogenodihydrobenzophenones 152>153.

Petrov and coworkers 2°'154, showed that in the reac-
tions between butadiene and isomeric hex-2-en-5-yn-4-one
and hex-l-en-4-yn-3-one (C, b) the process involves the
unsubstituted multiple bond, preferentially in the first
case and exclusively in the second, regardless of its
nature. The addition of butadiene to pent-l-en-4-yn-3-
one (C, a) and hept-2-en-5-yn-4-one takes place exclusive-
ly at the double bond:

CHR'=CH—CO—CaC—R + C H i = C H — C H = C H 2

(C)
\ /

(a) R=H; (b) R=CH3

Ethynyl ketones react fairly readily with cyclopenta-
diene 150>Ϊ55>156. The condensation with cyclohexa-1,3-
diene takes place with greater difficulty and is accom-
panied by the splitting off of the endoethylene bridge with
formation of acetophenone and ethylene155:

coch3

3 + H2C=CHS

On heating in acetic acid solution, ethynyl ketones
condense with methyleneanthrone (CI), the final product
being 3-substituted mesobenzanthrones (CII):157

CHa

I I + HC=CCOR

(CI) (cm

Dibenzoylacetylene, which readily condenses with dienes
in ether or dioxan, is used as a dienophile similarly to
ethynyl monoketones18»158.

"Indanocyclone" (CHI) reacts with dibenzoylacetylene in
ethyl acetate at 160-200°C to form l,4-diphenyl-2,3-
dibenzoylfluorenone (CIV):159

•N-
c=o +

X/\n/X/'

(CHI)

COQH,

(CIV)

The condensation of diacetylacetylene with butadiene
could not be achieved, since the initial diacetylacetylene
decomposed under the reaction conditions 16°.
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Silylethynyl ketones do not react with cyclopentadiene16

probably owing to the deactivation of the critical bond
under the influence of a-n-pn -conjugation with the silicon
atom. However, these studies show at the same time
that silylethynyl ketones condense with hexachlorocyclo-
pentadienone at 150—180°C with formation of hexachloro-
silylbicycloheptadienyl ketones (CV) in a yield of
15-30%:161

= CH3,C2H5; R' =

XIII. ADDITION OF 1,3-DIPOLAROPHILES

1. Addition of Diazoalkanes

Ethynyl ketones react fairly readily with diazoalkanes,
which are powerful nucleophilic agents. The reaction is
general for ethynyl ketones and is regarded as dipolar
1,3-addition to the triple bond62'162"1**:

R'-

R—CO—CsC—R' + R"CH—N=N

R"-

-COR R'

NH
X N /

R"

Η

-COR

(R--=Alk, Ar; R '=H, Alk, —COOCHS; R"=H, C H , = C H — , CH3)

Ketones of the type RC=CCOC<:R react with diazo-
alkanes to form 1:1 and 1: 2 adducts [(CVI) and (CVH)
respectively]163'168:

R_C=C-CO-C=C-R -hR'CHN,

•co-

NH HN

•COC=CR

\ N /
• \ N /

-Ν' -Κ μ Η

(cvm
(R=-.H, CeH5; R'=H, CH 2=CH-)

Diazomethane adds to l,6-diphenylhexa-2,4-diyne-l,6-
dione (CVIII) at only one C=C bond with formation of
4-benzoyl-3(5)-benzoylethynylpyrazole (CIX):168

C e H 6 CO

+ CH2N,

<=CCOC6H6

(CVIII) (CIX)

2. Addition of Nitrile Ν -Oxides

Like diazoalkanes, nitrile Ν -oxides and nitronic esters
react with ethynyl ketones according to the dipolar 1,3-
addition mechanisms. BenzonitrileN-oxide (CXI) add to
unsubstituted ethynyl vinyl ketones at both multiple
bonds 17°:

H 5C-

CHa=CH-CO-C=CH + C.H»—CH=N -» Ο

(CXI)

Ν
—CO—!

In the interaction of monosubstituted ethynyl vinyl
ketones with benzonitrile Ν -oxide, 3-nitrobenzonitrile
Ν -oxide, and diphenylnitrylimine, the less substituted
multiple bond is the more reactive1 7 0. Hept-2-en-5-yn-
4-one (CXII) reacts with diphenylnitrylimine both via the
double bond and the triple bond, forming a pyrazoline
(CXIII) and a pyrazole (CXIV):171

CH3CEECCOCH=CHCH3 + CeH5CH=N=N—CeHj

(CXII)

jj— C,H6 CH3CH=CHCC

Ν

-C,H5

H 3 C / X N /

C e H 5

(cxiir)

H 3 C / X N / '

(CXIV)

C,H5

The reaction of butynone with the methyl nitrolic ester
of ethyl nitroacetate (CXV) yielded 82% of the correspond-
ing aziridine derivative. Its formation is probably associ-
ated with a rearrangement of the substituted 4 -isoxazoline
(CXVI) obtained in the first stage of the reaction via the
general dipolar 1,3-cycloaddition mechanism172:

H. /COOEt

CHiCOCsCH + II

O ^ X O C H S

(CXV)

/

(CXVI)

COOEt

CHsCOCOCH-CHCOOEt

\ N /

OCHj

XIV. ETHYNYL KETONES IN ORGANOMAGNESIUM
SYNTHESIS

The interaction of vinyl ketones with organomagnesium
compounds has been investigated by many Soviet and
foreign workers. In particular, special studies have been
made on the effect of polar and steric factors on the ratio
of the 1,2- and 1,4-addition products1 7 2"1 7 4.

The literature data for the involvement of ethynyl
ketones in organomagnesium synthesis are not quite so
systematic. It has been suggested175 that the 1,4-addition
of organomagnesium reagents to vinyl ketones proceeds
via an intermediate stage involving an unstable chelate
complex (CXVII). In ethynyl ketones, this type of steric
distribution of reacting molecules is difficult owing to the
linear configuration of the — C=C group and therefore the
main reaction pathway should be 1,2-addition to the
carbonyl group:

R"

Bisdiazohexane (CX) reacts with benzoylacetylene as
follows

s C H + N2CHC4HeCHNa

(CX)

NH HN
(CXVII)

Indeed, as early as 1907 Kohler176, showed that phenyl
magnesium bromide enters into the 1,2-addition reaction
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with benzoylphenylacetylene and into the 1,4-addition reac-
tion with its vinyl analogue. Subsequently, studies of the
interaction of ethynyl ketones with aromatic 177»178

> ali-
phatic 1 7 8>1 7 9, and acetylenic 178>180>181 organomagnesium
compounds and also of silylethynyl ketones with Iotsich
reagents1 8 2 showed that in most cases the main reaction
products are tertiary a -ethynyl alcohols (or diethynyl
alcohols):

R—CO—C=C—R' + R'MgBr
' nt
ι—1\

|
OH

(R=R'=Alk, Ar; R"=Alk, Ar, HC==C—)

Traces of unsaturated ketones (1,4-addition products)
were detected chromatographically in some cases 1 7 8 .

As a result of the presence of bulky substituents at the
carbonyl group, the main reaction pathway becomes
1,4-addition. Thus mesitoylphenylacetylene (CXVIII), in
which approach to the carbon atom of the carbonyl group is
hindered, readily condenses with methylmagnesium iodide
and with phenyl - and mesitylmagnesium bromides via the
mechanism183:

2 , 4 , 6 - ( C H 3 ] l 3 e i p
( C X V I I I )

The condensation of mesitoylmesitylacetylene with
methylmagnesium iodide yields two isomeric products,
namely the cis- and trans -isomers of β-methylmesityli-
deneacetomesitylene (CXEX):

i(CH3)3-6,4,2 + CH3MgI -
-» 2,4,6-(CH!0sCH^OCH=C(CH3)C,H!1(CHs)3-6,4,2

(CXIX)

Another instance of 1,4-addition occurs in reactions of
dibenzoylacetylene184 which can react, in principle, with
Grignard agents via the following pathways: (1) two
consecutive 1,2-additions; (2) two consecutive 1,4-addi-
tions; (3) a combination of consecutive 1,2- and 1,4-addi-
tions. In fact, the reaction with CeH5MgX takes place via
mechanism (2), since hydrolysis of the reaction mixture
yielded tetraphenylfuran (CXX), meso-dibenzoyldiphenyl-
ethane (CXXI), the thermodynamically unstable cis-
dibenzoylstilbene (CXXII), and a small amount of trans-
dibenzoylstilbene184. This is probably due to the high
reactivity of the allenolate (CXX1II), which is an a/3 -
unsaturated ketone with a sterically accessible β -carbon
atom:

H5C6—CO—C=C—COC6H5 + C6H5MgX *•

MgX(-«-)O

XMgOs C 6 H 5 C - C 6 H 5 C6H5MgX X

C 6 H 5 C O C H — C H — C O C 6 H 5

H 5 C 6 C 6 H 5

A further 1,4-addition to the allenolate (CXXm) leads to
the saturated diketodienolate (CXXIV), the subsequent
hydrolysis of which yields the unsaturated diketone (CXXII),

the saturated diketone (CXXI), and tetraphenylfuran (CXX).
It is interesting that the main reaction product is cis -
dibenzoylstilbene (CXXII) when hydrolysis is carried out in
effective contact with air. The formation of cis -
dibenzoylstilbene is minimal if the reaction is performed
in an atmosphere of nitrogen.

The differences in the modes of addition of the Grignard
reagent to dibenzoylacetylene and phenylbenzoylacetylene
cannot be accounted for solely by steric factors. Indeed
the electrophilic properties of the triple bond in dibenzoyl-
acetylene are greatly enhanced under the influence of the
strong inductive - / effect of the two benzoyl groups.
Phenylbenzoylacetylene has only one acetylenic carbon
atom in the β -position relative to the carbonyl group, the
electrophilic properties of which are somewhat weakened,
in relation to dibenzoylacetylene, by the electron-donating
influence of the phenyl group1 8 4:

o=c-«-I-c=c-L-»-co O=C*Z-C^C-I*-C6H5

Mono- and di-substituted ethynyl ketones readily enter
into the Reformatskii reaction with a -bromoacetic esters
in the presence of metallic zinc, forming β -hydroxyacid
esters (CXXV) in a yield of 45-62%:1 8 5 > i 8 6

R—feC—CO—R' + BtCHR'—COOR" ——-• R—C=CCR'—CHR*—COOR-

OH

(CXXV)
(R, R'=Alk, Ar; R\ R"=Alk)

XV. REACTIONS OF THE ETHYNYL HYDROGEN ATOM

The mobility of the hydrogen atom in monosubstituted
ethynyl ketones is due not only to the nature of the triple
bond itself but also to the presence of the electron-accept-
ing carbonyl group Treatment of ethynyl ketones with
ammoniacal solutions of silver(I) and copper(I) salts by
the usual method yielded the corresponding silver and
copper acetylides, which can be used as starting materials
for the synthesis of various disubstituted ethynyl ketones
(CXXVI) and monosubstituted arylacetylenes i 8 8:

-I + CuC=CCOC6H5

(cxxvti

1,4-Dibenzoylbutadiyne (CVIII) has been synthesised by
oxidative dihydrocondensation from benzoylacetylene168:

(CVIII)

The capacity of ethynyl ketones to give rise to acetylides
on treatment with powdered potassium hydroxide permits
their employment for the synthesis of the simplest homo-
logues of aliphatic a -ethynylketoalcohols (CXXVII) under
the conditions of the Favorskii reaction1 8 9:

CHS—C—CsCH + CH3COCH8
CH3COC=CC (CH8)2

OH

(CXXVII)

Mercury derivatives of ethynyl ketones can be obtained
with the aid of K2HgI4 in alcoholic alkali1 9 0:

2RCOC=CH + KaHgI1 -+ RCO(C=C)aHg

The ethynyl hydrogen atom in the ethynyl ketone mole-
cule can be readily substituted by the halogen on interaction
with potassium hypobromite m :

> CH6—CO—C==CBr
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XVI. VARIOUS REACTIONS

Apart from the reactions already discussed, a number
of interactions of a non-general type have been described
for ethynyl ketones.

Acetylphenylacetylene readily combines with mercury-
(II) chloride in saturated aqueous sodium chloride solution
to form a crystalline substance (CXXVIII) which is fairly
stable in an acid medium but decomposes readily on heat-
ing to the initial compounds192:

C,H 6C=CCOCH, + HgCl, C,H6CCl=CHgClCOCH,
(CXXVIII)

When phosphorus pentachloride is allowed to react with
ethynyl ketones, there is both addition of chlorine to the
multiple bond and substitution of the carbonyl oxygen by
chlorine. The mode of reaction depends on the reactant
ratio and on the structure of the ethynyl ketone. Thus the
reaction of PCU with benzoylphenylacetylene yields a mix-
ture of products consisting of l,2,3,3-tetrachloro-l,3-
diphenylpropene (CXXIX), 2,3-dichloro-l,3-diphenylprop-
l-en-3-one (CXXX), and compound (CXXXI):

C,H5C=CCOC6H5 + PCI s

+ CtH5CCI=Ca—COCsHj

(CXXX)

CtH5CCl=CCI—CClj—CtH5

(CXXIX)

With acetylphenylacetylene, two products are formed-
3-chloro-l-phenylbut-3-en-l-yne (CXXXII) and 3,3-
dichloro-1-phenylbut-l-yne (CXXXIII) in proportions of
3 : 1 : 1 9 3

C,H6C=CCOCHS + PC15
s C C C l = C H j + C,H 5—C=C—CCI,—CH,

(CXXXII) (CXXXIII)

When ethynyl phenyl ketone reacts with sodium thiosul-
phate in a polar solvent in the presence of acid, the thio-
sulphate residue adds to the triple bond194. The reaction
takes place on heating with a 69% yield of the vinyl ketone
(CXXXIV):

C,HSCOC=CH + NajSjOj C,H6COCH=CHSSO,Na
(CXXXIV)

Diacetylenic ketones (CXXXV) react with sodium disul-
phide in methanol to form cyclic acetonylidenedithiols
(CXXXVI) in quantitative yields195:

Sp-jS
CHSC=C—C=C-COR + N8.S,-» I L C H _ c o R

HjC^ "

(CXXXV)
(R=Alk, Ar)

(CXXXVI)

The interaction of ethynyl ketones with phosphorane
(CXXXVII) and its derivatives leads to the corresponding
ethynyl vinyl compounds (CXXXVin):196

R—C=C—CO—R' + (C»H5)s P=CHR'
R-C=C-C=CH-R·

R<
(CXXXVII) (CXXXVIII)

(R=C,H6; R'=CH5; R"=CO,Alk, Ar)

Nightingale and Carpenter197 carried out the Willgerodt
reaction with acetylphenylacetylene using morpholine and
sulphur and obtained a 51% yield of a compound to which
they attributed the structure of y-phenylethynylthioaceto-
morpholide (CXXXIX):

CHj—C=C—CO—CH 3 + HN
II \ /

s
(CXXXIX)

AUT
(CXLI) (CXL)

Ozonolysis of the morpholide (CXXXIX) resulted in the
cleavage of the molecule to benzoic acid, but the attempt at
hydrolysis to phenylacetic was unsuccessful. Later
Bacchetti et al . 1 9 8 demonstrated by infrared and NMR
spectroscopy that the main product of this reaction is
4-(2V-morpholonyl)-2-phenylthiophen (CXL) with a small
admixture of the isomer (CXLI).198

Apart from the reactions involving the multiple bond and
the carbonyl group, ethynyl ketones can also enter into
reactions involving substituents. For example, when furyl
phenyl ethynyl ketones (CXLII) were nitrated in acetic
anhydride, 5-nitrofuryl phenylethynyl ketones (CSLIII)
were obtained. It was noted that the rate of nitration
depends to a considerable degree on the benzene ring
substituent conjugated with the furan ring1 9 9:

X + HNO3

Ac,0

(CXLII) (CXLIII)

(X=H, CHj, Br, Cl)

The haloform cleavage of ethynyl ethyl ketones takes
place fairly smoothly with formation of substituted
propiolic acids (CXLIV). 20° The reaction can be used as
a method for the synthesis of a -ethynylcarboxylic acids:

R—C=C—COCH 3 + NaOBr -> R—C= C—COOH
(CXLIV)

(R=Alk,Ar, —CH=CH»)

The crotonic condensation of ethynyl methyl ketones
with aldehydes in an alkaline medium has been used to
synthesise symmetrical ethynyl vinyl ketones (CXLV):201

C8H6C=C-COCH3 +
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