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SYNTHESIS OF ACETYLENIC KETONES

A. S. Zanina, S. I. Shergina, UDC 542.91:547.385.1
I. E. Sokolov, and I. L. Kotlyarevskii

A general preparative method of synthesis of acetylenic ketones was devel-
oped based on acylation of terminal acetylenes with acid chlorides in the
presence of Cu(I) chloride.

The high reactivity of acetylenic ketones in reactions with nucleophilic reagents
makes them valuable starting compounds for synthesis of heterocyclic systems [1]. TFrom
them can be obtained aminovinyl ketones, B-diketones, and f-diols [2]. In connection with
this we have continued our investigation of catalytic acylation of terminal acetylene com-
pounds with acid chlorides (AC's) in the presence of Cu(I) chloride, since this reaction
is a convenient way for obtaining acetylenic ketones [3-6]

R—C=CH 4+ R'—COCH '—(E-:(%* R—C=C—CO—R"

El

M (1) (1

R = Me,COMe, R'=i-Pr (a), t-Bu (b); R =Me(n-C¢H,;)COMe, R' = i-Pr (c), t-Bu(d); R =Me,-
COMe, R' = MeCH(n-Bu) (e); p-NO,C¢H, (f), p-MeC¢H, (g), a-naphthyl (h), R = (CH,),COMe, R' =
Ph (i), p-NO,C¢H, (j); R = Me,COMe, R' = Pr (k), n-CzH,, (&), n-C¢H,, (m), n-C,H,, (n),
n-CzH,, (o), R = Me,C(OMe)C=C, R' = i-Pr (p), t-Bu (q); R = Me,C—~C=, R' = t-Bu (r); R =

[
0 0

NS

CH,=C(Me), R' = t-Bu (s); R = MeOCH,, R' = t-Bu (t); R = Ph, R' = i-Pr (u), t-Bu (v), p-
MeC.H, (w), a-naphthyl (x); R = CH,=CH, R' = t-Bu (y).

Reaction was carried out in benzene, toluene, or CCl, at 20-70°C under a nitrogen flow.
Solvent selection was determined by reaction conditions and by the possibility of separating
the starting acetylenes from the reaction products under GLC contrel. As the base Et;N
(1.2-2 moles per 1 mole AC) was used. The amount of CuCl was varied from 0.05 to 2 mole

per 1 mole of acetylene compound (Table 1),

Analysis of experimental data indicates that reaction of methyl ethers of acetylenic
carbinols (Ia, c) with the AC's of branched aliphatic acids (IIa, b, e) proceeds vigorously
in the presence of catalytic amounts of CuCl and the best solvents are benzene and toluene.
Upon using CCl, the yields of ketones (IIIla, c, d) decrease.

Among the AC's of aromatic acids the most active is PhCOCl. Thus, reaction of the
corresponding acetylene with PhCOCl proceeds exothermically and is complete in 1.5 h. The
yield of ketone (IIIi) is 90.7%. For other aromatic AC's the reaction temperature must be
increased to 50-75°C and the time necessary for complete reaction increased from 1-2 to
5-11 h. The same conditions are necessary for acylation of phenylacetylene with p-MeCg¢H,*
COC1 and the AC of 1l-naphthoic acid.

Institute of Chemical Kinetics and Combustion, Siberian Branch of the Academy of Sci-
ences of the USSR, Novosibirsk. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khim-
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With AC's of acids of normal structure a secondary reaction is formation of ketene
from the AC in the presence of Et N. In the presence of catalytic amounts of CuCl it pre-
dominates over acylation. We succeeded in obtaining acetylenic ketones (IIIk-o) only
with a twofold excess of CuCl relative to the acetylene. Under these conditions Et,N is
completely bound in a complex with CuCl.

We have found that this complex can be used repeatedly in acylation of acetylenic com-
pounds. After reaction termination the reaction mixture was poured off from the complex
and subjected to the usual treatment. To the complex Et N and acetylene (Ia) were added
and reaction was carried out again. This series of four experiments was carried out with
the acetylene Me,C(OMe)C=CH and the AC C.H,,COCl. The yield of the corresponding ketone
even increased from 61.37 in a first synthesis to 71.57 in the fourth, and decreasing the
CuCl amount from 2 to 0.5 mole per 1 mole of acetylene decreases the yield of ketone (III%)
to 45.67.

Beside reacting individual AC's of acids of normal structure with Me,C(OMe)C=CH, a mix-
ture of AC's obtained from industrial synthetic fatty acids (SFA-7, 9) was also used to
give a mixture of ketones with yield of 807.

With the goal of functionalization of acetylenic ketones and widening the area of their
application we decided to test the proposed method for synthesis of diacetylene and vinyl-
acetylene ketones.

Reaction of the methyl ether of the diacetylene carbinol Me,C(OMe)C=CC=CH with the
AC 1-PrCOCl or t-BuCOCl is complete in 30 min. However ketones (IIIp, q) were isolated
with yields of 50.0 and 67.7%, respectively, due to their extensive resinification during
distillation.

Vinylacetylene hydrocarbons are less active and reaction time increases to 10-20 h
and the temperature to 50°C. Vinylacetylene successfully reacted with t-BuCOCl only in
the presence of equimolar amounts of CuCl. It should be noted that this reaction can pro-
ceed in 18 h at 50°C upon using catalytic amounts of the chelate [(CH,)(C H,;;)C(OCH;)C(NH)=
CHCOC(CH,);]1,Cu [3]; however, the yield of ketone (IIIy) does not exceed 55.8%.

The low activity of vinylacetylenes is explained by the low solubility of the intermed-
iate acetylides in the reaction mixture. This is confirmed by our experiments on acylation
of acetylene. In spite of a wide variation of reaction conditions for acylation, we were
not able to obtain ethynyl ketones with acetylene.

The presence in the IR spectra of ketones (IIIa-f) with absorption bands at 2210 em™*

(—C=C~) and 1680 cm~! (C=0), and elemental analysis and GLC data confirm the structure of
the previously unknown compounds.

EXPERIMENTAL

IR spectra were recorded in CCl, on a UR-20 spectrometer. GLC was carried out on
Chrom-4 and Chrom-5 instruments with two columns: 120 x 0.4 cm, 0.5% PEGA on glass (0.2-
0.25 mm), and 360 x 0.3 cm, 5% SE-30 on inerton AW, with nitrogen as carrier gas, at 110-
160°C. Methyl ethers of mono- and diacetylene- carbinols were obtained by the methods of
{7, 8] and isopropenylacetylene by the method of [10]. CuCl was previously purified by
washing with 57 H,80, and alcohol followed by drying under vacuum.

Reaction of the Acetylene Me,COMeC=CH (Ia) with AC's (general methods). a) To a mix-
ture of 2 g (0.02 mole) of CuCl in 100 ml of benzene with stirring in a nitrogen flow 19.6
g (0.2 mole) of acetylene (Ia), 40.0 g (0.4 mole) of Et,N, and 25.3 g (0.21 mole) of t-Bu:
COCl in 50 ml benzene was added. The mixture was stirred for 3 h at 60°C and cooled. Then
100 ml of water was added and extracted with benzene or ether. The organic layer was washed
with dilute HC1l, water, dried above CaCl,, and by distillation ketone (IIIb) was isolated.

b) To the complex prepared from 19.8 g (0.2 mole) of CuCl and 11.2 g (0.11 mole) of
Et,N in 100 ml of toluene, 9.8 g (0.1 mole) of acetylene (Ia) and 11.6 g of n-CgzH,,COC1
was added. The mixture was stirred for 6 h at 45°C in a nitrogen flow. The toluene solu-
tion was poured off of the complex, treated as above, and by distillation ketone (1112)
was isolated. The remaining complex was again introduced into a reaction.

2310



Reaction conditions, yields, properties and results of elemental analysis of acetylenic
ketones (IIIa-y) are shown in Table 1.
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HIGHER N-ACYL-L-AMINO ACID DERIVATIVES

K. A. Kochetkov, Zh. S. Urmambetova, UDC 542.91:547.466:547.296'564.3
V. M. Belikov, and Z. B. Bakasova

A preparative method is proposed for obtaining higher N-acylamino acids by
reaction of free amino acids with fatty acid nitrophenyl esters. It was
shown that these acids can transport positive ions through a liquid lipo-
philic medium. A direct method is proposed for obtaining fatty acid &4-nitro-
phenyl esters by boiling 4-nitrophenol and the fatty acid in xylene in a
Soxhlet apparatus in the presence of an acid catalyst.

Higher N-acyl-L-amino acid derivatives possess lipophilic and hydrophilic properties
which determine their practical applications [1, 2]. Their structure resembles that of N-
acetylamino acids, which are metabolic products, and they are hydrolyzed by acylases [3]
to amino and fatty acids that are metabolized by animals. The slow hydrolysis of N-acyl-
amino acids may have practical applications in feeding ruminants, which rapidly decompose
free amino acids [4] in their rumens, thus lessening the nutritional value of food. At
present capsules containing food supplements, such as amino acids along with fatty acids,
chitosan, and other fillers [4], are given to animals as protection against factors in the
rumen.

There are many well-established methods for obtaining N-acylamino acids [5-8]. How-
ever, a comparative study of these methods [5] has shown that each one has some drawbacks.
Moreover, none of them affords high product yields when a wide selection of acidic, neutral,
and basic amino acids are wused as starting materials, which limits their use. A seri-

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of the USSR,
Moscow. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 11, pp.
2555-2560, November, 1990. Original article submitted February 13, 1990.
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