RESEARCH ON POLYFUNCTIONAL OXIDES
VII.* STUDY OF THE REACTION OF SOME ESTERS OF
4,5-EPOXY-2-HEXENOIC ACID WITH ALCOHOLS

M. S. Malinovskii, L. P. Glushko, UDC 547.717
and N. I. Pokhodenko

Esters of 5(4)-hydroxy-4(5)-alkoxy-2-hexenoic acid were obtained by reaction of esters of
4,5-epoxy-2-hexenoic acid with alcohols in the presence of acid catalysts. It was estab-
lished that the reaction proceeds selectively in the presence of small amounts of BF; with
predominant opening of the oxide ring on the side of the ester group,

We have previously studied the reaction of some esters of 4,5-epoxy-2-hexenoic acid with ketones [2]
In the present communication we have studied the direction of opening of the epoxide ring in esters under
the influence of alecohols in the presence of acid catalysts (H,SO,, KU-2, and BF,). As in the case of other
epoxides [3, 4], the reaction of the above oxides with alcohols may proceed with the formation of isomeric
alkoxy alcohols with the following structures:
CH;~—~CH—CH— CH=CHC00(32H5
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The reaction of the oxides with alcohols in the presence of BF; gives primarily isomer I (Table 1), and
isomer II is formed in 1.5-2% amounts, according to the results of gas—liquid chromatography (GLC). Ina
detailed investigation of this reaction in the presence of other catalysts (H,80, and KU-2), it was shown that
the reaction conditions have a great effect on the selectivity of the addition of the alcohols; depending on the
reaction conditions, a second isomer is formed along with product I. The ratio of the isomeric esters was
determined by GLC (Table 2).

The structure of the alkoxy alcohols obtained was proved on the basis of IR and mass spectroscopy.
The IR spectra of the alkoxy alcohols contained absorption bands characteristic for the C =0 group of
esters (1723 em™!), C=C groups (1650 cm™), and OH groups (3450 cm™!) linked by an intermolecular
hydrogen bond. We established the type of hydrogen bond by IR spectroscopy. The presence of a hydroxyl
group was also confirmed by acylation of ester IV with acetyl chloride in chloroform in the presence of
pyridine.

The mass spectrum of ethyl 4-ethoxy-5-hydroxy-2-hexenoate (IV) contained intense peaks with m/e
CH,—CH,
+ | l : »
45 (CH;CH==0H), 85} CH C=0|] and159(H,C,+=CH—CH,COOC,H;). The absence of ion peaks with
\\8 7 )

+ .
m/e 73 (CH;CH = C,H;) inthe mass spectrum confirms that the hydroxyl group is attached to the carbon
atom in the 5 position and that the ethoxy group is attached to C,.

*See [1] for communication VI.

Dnepropetrovsk State University. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No, 2,
pp. 164-167, February, 1974, Original article submitted January 30, 1973.

© 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

143



08s%°1 | $¥50°1 | (9) g11—011 0% ferd g0 (T go) 49
06SF1 | 89¥0°1 | (9) 911—ST11 gl 09 20'0 (1w 1°0) t4d
009%'1 | £320°1 | (9) gg1—611 g 08 %00 | (Tui‘g) *OS*H
009%'T | 8890°1 () 901 g 09—0¢ 980°0 (T 1‘0) *OS*H
0% 09—08
g86y'1 | 98¥%0°1 | () 9Ti—h11 0% 174 g10'0 (B1) &1
| . . D, | of0Ul ‘apt
. yfsumi g =X0 10 151e120
o 191 3
H\e &Ww%%m el P , :Aﬁm ) UOROEA| yopopos|  junoure B
0 oney SRS T SuOTIpuOS *11d%g

TouBylo I Ym
oyeouaxXoy-g-AxodF -G ‘Y TAUIA JO Uo1loesy o} jo sjonpoid ‘g IIdVL

% 689 gLie | €6 739 ORHD 06571 w0 | (®) e
e g9 gr'is | v'e ¥'19 FO%H'D geSH'] ey | Aw foi—sot
vy 687 S5'67 L8 L8 *QUTHeD Syay'l 6v60'T | (8) 16—96
4 9'es £8'2S 68 63 OMHYD 098%'1 w0l | (1) S01—01
£g 858 10'e9 88 9'69 YOFTHD GBSyl £v0'1 | () €01—301
1§ 6'8% 01'6% L8 8.9 YOUHED 0637'1 89¥0'T | (g) 16—96
0g° 835 06'2S 16 8'69 FOTHMD SLGH'Y 9z0't - | (g) 1810zl “
) !
, | caw | wm aw | %H | %o [N P ‘ _
Syra ] ! *
# ‘PISIX ey [eorndurg T P (wux) O, Sep nE_
30 HO
L]
Y00OHI=HD—HD—HI—*HO PIOY OTOUBXIY-Z-AXON[B-F~AX0IpAH-G JO sIo}sq "1 ATAVL

144



The correctness of the proposed structure was also proved by a chemical method — by conversion of
ester I to the known 4-ethoxyhexanoic acid [5].
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Thus, opening up the epoxide ring in esters of 4,5-epoxy-2-hexanoic acid with alcohols in the presence
of BF; occurs on the side of the ester group; this is in agreement with the influence of the inductive effect
of the methyl group.

EXPERIMENTAL

The IR spectra of films of the substances were recorded with an IKS-14 spectrometer (NaCl and LiF
prisms) at 700-3700 cm™!. The mass spectra were recorded with an MKh-1303 spectrometer at 100° with
an ionizing voltage of 30 eV. Chromatography was carried out with a UKh~1 chromatograph with a 3-m-
long column with SE-301 on NaCl; the carrier gas was hydrogen, and the flow rate was 50 ml/min at 150°.
The esters of 4,5-epoxy-2-hexenoic acid were obtained by the method in [6].

Ethyl 5-Hydroxy-4-ethoxy~2-hexenoate (III). The reaction of 9 g (0.059 mole) of ethyl 4,5~-epoxy-2-
hexenoate and 28 ml of ethanol in the presence of 0.2 ml of BF; etherate at 50-60° gave 4.6 g (50%) of a sub-
stance with bp 120-122° (2 mm), ng 1.4575, di® 1.0276, and Ry 0.28 [in ether-hexane (1:1)]. Found, %: C
59.8; H 8.9. Cy H;40,. Calculated, %: C 59.4; H 8.9. Compounds II-VII (Table 1) were similarly obtained.

Ethyl 5-Hydroxy-4-ethoxyhexanoate (IV), A 4.04 g (0.02 mole) sample of ethyl 5-hydroxy-4-ethoxy-
2-hexenoate was hydrogenated with hydrogen over Raney nickel. The theoretically calculated amount of
hydrogen (450 ml) was absorbed. Distillation of the reaction mixture gave 3.6 g (88%) of an ester with bp
105-107 (4 mm), nfY 1.4370 and d} 1.0110. Found, %: C 58.9; H 10.01. Cy H,O,. Calculated, %: C 58.8;
H 9.8,

Ethyl 5-Bromo-4-ethoxyhexanoate (V). A solution of 5.6 g of PBr; in 20 ml of CHCl; was added drop-
wise to a solution of 5.5 g (0.027 mole) of IV in 10 ml of chloroform, and the mixture was heated for 12 h
and poured into water, Workup gave 3.2 g (45%) of a substance with bp 118-119° (5 mm), n]'go 1.4630, 47
1.2051, and Rf 0.68 [hexane—ether (1:1)}]. Found, %: C 44.8; H 7.2. CyH;4BrOs. Calculated, %: C 44.9;
H7.1.

Ethyl 4-Ethoxyhexanoate (VI). A 2 g sample of zinc dust was added to a solution of 2.1 g (0.008 mole)
of 5-bromo~4-ethoxyhexanoic acid in 10 ml of glacial acetic acid, Neutfralization of the reaction mixture
with NaOH gave 0.5 g (35%) of a substance with bp 97° (3 mm) and r%’ 1.4470. Found, %: C 63.8; H 10.1.
CyHyyO;. Calculated, %: C 63.5; H 10.0.

4-Ethoxyhexanoic Acid (VII), Ethyl 4-ethoxyhexanoate (VI) was heated with 10 ml of 0.5% alcoholic
KOH, and the mixture was worked up to give VII with bp 115° (2 mm) and nzo 1.4525. The physical constants
of the product were in agreement with the literature data [5].

Ethyl 5-Acetoxy-4-ethoxyhexanoate (VIII). Acylation of 1.1 g (0.005 mole) of IV was carried out with
18 ml of CH;COOCI in 15 ml of chloroform in the presence of 8 ml of pyrldlne The mixture was worked up
to give 1 g of VIII with bp 110° (3 mm), n{ 1.4360 and d2° 1.0061. Found, %: C 58.2; H 8.8; MRy, 63.69.
Cy,Hp,0;5. Calculated, %: C 58.5; H 8.9; MRy 62.34.
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