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This invention relates to esters of aliphatic poly-sub-
stituted 2,3-epoxyacids or glycidic acids wherein one or
more of the substituents is unsaturated. The invention
further relates to methods of producing such esters.

In our copending application Serial No. 595,059, filed
July 2, 1956 which has been abandoned, we have de-
scribed mew aliphatic poly-substituted aldehydes. The
preferred methods described for producing such alde-
hydes include process steps wherein esters of aliphatic
poly-substituted 2,3-epoxyacids are formed, As pointed
out in our copending application" Serial No. 595,095,
fixed July 2, 1956 which has been abandoned, the esters of
epoxyacids having saturated alkyl substituents possess
characteristic odors and flavors which render them use-
ful in the production of perfumes or perfumed products
and flavoring agents.

It has further been discovered that if one or more of
the aliphatic radicals in the compound is unsaturated,
the odor and flavor characteristics of the compound are
markedly enhanced and frequently differ considerably
from those of the corresponding saturated compound.

The compounds of the present invention are therefore
aliphatic poly-substituted alkenyl-2,3-epoxyacid esters,
or aliphatic alkyl, alkenyl-2,3-epoxyacid acid esters. If
desired, the aliphatic group of the ester may also be unsat-
urated. Accordingly, the compounds of the present in-
vention may be said to have the composition represented
by the following formula

R—C/ \CH—-C OOR”

R’

where R and R’ are aliphatic groups and at least one of
them is unsaturated and R” is an aliphatic group which
may be either saturated or unsaturated, The preferred
compounds of the present invention are disubstituted in
the 3 or beta position and the alkenyl group is a branched
chain group as represented by the formula

[¢]
R—CH:C—C/—>CHCO OR"
Rl RII

where R, R’ and R” are alkyl or alkenyl groups. Such
compounds may be called aliphatic 3,4-dialkyl-2,3-epoxy-
4,5-enoic acid esters. Unsaturation may also occur in
the alcohol moiety of the ester group.

The principal object of the present invention is to pro-
vide a mew class of compounds consisting of esters of
aliphatic polysubstituted 2,3-epoxyacids containing at least
one alkenyl radical. .

Amnother object of the invention is to provide new
compounds characterized by their pronounced odor or
flavor and consisting of unsaturated aliphatic-polyalkyl-
2,3-epoxyacid esters.

A particular object of the invention is to produce esters
of aliphatic 3,4-dialkyl-2,3-epoxy-4,5-enoic acids.
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The compounds of the present invention vary consid-
erably in odor in that some possess a fruity odor, others
have a berry-like odor, while still others have what may
be described as an herb-like or woody odor. The de-
velopment of such odors is quite unexpected in glycidates
containing only aliphatic substituents. The particular
odor developed in any compound is found to -depend
largely upon the nature and location of the various al-
kyl and alkenyl groups present. The aliphatic group of
the ester has an important influence upon the character
of the odor. However, in all cases it appears that the
intensity of the odor is materially increased and its char-
acter modified when one or more of the substituents of
the acid is unsaturated. In particular, the olefine link-
age between the carbon atoms 4 and 5 has been found
to exert a marked effect upon the odor properties of the
compound. Thus while the methyl- 3,4-dimethyl-2,3-
epoxy-hexanoate has a pronounced and useful berry-like
odor, the corresponding unsaturated compound methyl-
3,4-dimethyl-2,3-epoxy-4-hexenoate has a characteristical-
ly stronger and somewhat different odor. The geranyl
and citronellyl esters of the foregoing acids indicate simi-
lar properties in that the esters of the saturated acid are
substantially odorless, whereas the esters of the unsat-
urated acid possess strong mocha or caramel-like odors.

The alkyl groups which may be present in the unsat-
urated 2,3-epoxyacid ester compounds can be wvaried
greatly. . Among the alkyl groups which may be pres-
ent are methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
pentyl, hexyl, and the like as well as their various

- branched chain isomers. In general, however, the alkyl
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groups usually contain from 1 to 4 carbon atoms.
Typical of compounds of the class to which this in-
vention relates are the following:
' Methyl-3,4-dimethyl-2,3-epoxy-4-hexenoate which has
a berry-like odor and may be represented by the formula

(¢}
CH;~CH=C—C——CH~COOCH;
CH; CH;,

Ethyl-3,4-dimethyl-2,3-epoxy-4-hexenoate has a berry-
like odor and the formula

CHg-CH:C—O/—\CH—-COOCHg—CHg
CH; CH; :

Isobutyl - 3,4-dimethyl-2,3-epoxy-4-hexenoate has an
odor which may be described as maple-walnut and is rep-
resented by the formula

/o
CHs—CH=(’J—O——\cH——C 00 CH,—('JH—CHa
CH3 H3 GH3

Allyl-3,4-dimethyl-2,3-epoxy-4-hexenoate has a pun-
gent fruity odor and may be represented by the formula

o)
0H3—CH=C—C/——>OH—O 00CH;—CH=CH,;
CH; CH;
Ethyl - 3 - methyl-4-ethyl-2,3-epoxy-4-hexenoate has a
berry-like odor and is represented by the formula
/ o\ -
CHy—CH=C——(C~——CH—CO0O0CH~CH;
Hg H3
H;
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Fthyl-4-methyl-3-ethyl-2,3-epoxy-4-hexenoate has
odor of licorice and the formula

the

0
/N
OHy—CH=0—C——CH—CO00CH;—CH,
CH; CH;
CH;

Ethyl-4,6-dimethyl-3-ethyl-2,3-epoxy-4-heptenoate has
a woody odor and the formula

o
7\
CH;—CH—CH=C—C-——CH—COOCH;—CH;
H; CH; | Hy

CH;

Ethyl-3,4-dimethyl-2,3-epoxy-4-octenoate possesses an
herb-like odor. It has the following formula

(o]
7N\
OH;—OHy—CHy—~CHA=C—C——CH—COOCH,—CH:
CH; CH;

Geranyl - 3,4 - dimethyl-2,3-epoxy-4-hexanoate has a
strong mocha odor and may be identified by the formula

N
CH—C H=C-——C£—- CH—C 0O CyHy(geranyl)
H; CH;

Citronellyl - 3,4-dimethyl-2,3-epoxy-4-hexanoate has a
powerful caramel-like odor and the formula

(o]
CH;~CH=0— C—/——\E CH—C O 0 CyHip(citronellyl)
H; CH;

The unsaturated glycidates of the series to which this
invention relates may be prepared by reacting an ap-
propriately alpha substituted alpha, beta-unsaturated ke-
tone with an ester of chloracetic or bromacetic acid in
the presence of an alkaline condensing agent such as so-
dium, sodium methylate or other sodium alkoxides, so-
dium amide, and the like. For convenience and ease of
handling it is preferable to employ anhydrous sodium
methylate as the condensing agent but satisfactory re-
sults may be obtained with the other agents described.
If a specific ester is desired and a sodium alkoxide is
used as the condensing agent, then the chloracetic acid
ester must be derived from the same alcohol as the alkox-
ide. Otherwise, a mixture of both esters of the glycidic
acid will be obtained. Such mixtures are sometimes
preferable, particularly when blended odors are desired.
However, in many cases where the boiling points of the
esters differ snfficiently from each other, it is possible to
separate them from such mixtures by fractional distilla-
tion. It is also possible to convert a lower alkyl ester
of the glycidic acids of this invention to a higher boiling
ester by a trams-esterification procedure in which, for
example, the methyl ester is heated with another alcohol
in the presence of a catalyst such as sodium, anhydrous
sodium methylate, and the like with elimination of meth-
anol and formation of the new ester.

The reactions by which products of the present inven-
tion are produced may be represented by the following
equations:

]

R—-CH=(ID—(|'J [¢]

Rf Rll

(NaO CHy)
—
CICH;COO0CH;

N\
R—0B=0—L—CH—C00CH;
R’ R”
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R—CH=C~CO
R/ R

(NaO CHy)
—_—
CICH3;COOR"

0
N N
R—CH:C—(——-—CH—COOR"’-}-R—-CH:C— —CH-COOCH;
R’ Ui Rl RII
(3

(NaO CHy)

N
R—CH=C—C—/——-CH—COOCH3 —t
R/"OH

RI RII
/0\
R—CH=C—C——CH—COOR" -+ CH;0H
R! RH

The alpha substituted alpha-beta-unsaturated ketones
required for the preparation of the compounds of this
invention are not commercially available but may be
prepared by the reaction of an aliphatic aldehyde with
an aliphatic ketone containing at least four carbon atoms.
The resulting hydroxy ketone may then be dehydrated
to the desired alpha substituted, alpha, beta, unsaturated
ketone with for example iodine or anhydrous oxalic acid.
Reactions which may be used in producing the unsat-
urated ketones employed in the preferred method of pro-
ducing the compounds may be represented in the fol-
lowing equations:

1CY) OH
R—CHO + R—CH—~CO—R"” — R—-(tJH-:—GH—CO
KOH i
7 RII
(5)
R—CHE—CH~CO — R—CH=C—CO
| | Todine or
H R’ R"” ozlicacid R’ R"

Either alkaline or acid condensing agents may be used
and in general, the alkaline agents are preferred. How-
ever, in carrying out the reactions of Equation 4 or 5
above, if R is such that the aldehyde has a branched
chain in the alpha position and R” of the ketone is
methyl, an acid condensing agent is preferred in order to
assure attack of the aldehyde upon the methylene group
of the ketone.

In order to illustrate typical procedure which may be
employed in accordance with the present invention, the
following examples are cited.

Example 1

968 gms. of acetaldehyde were added with stirring at
0-5° C. in 6 hrs. to a mixture of 4752 gms. methyl ethyl
ketone and 33.6 gms. potassium hydroxide dissolved in
166 gms. methanol. After stirring for one hr. at 0-5°,
40 gms. oxalic acid was added and the precipitated po-
tassium oxalate removed by filtration. The unreacted
methyl ethyl ketone was then distilled out to 94° C. (pot
temp.=156°). After cooling to 100° C., an additional
40 g. oxalic acid was added and the mixture again dis-
tilled to give 2080 g. crude product (plus some water)
distilling from 80-170° C. The water was separated
and the product redistilled to give 1276 g. 3-methyl-3-
pentene-2-one distilling at 137-142° C.

1176 gms. 3-methyl-3-pentene-2-one and 2083 gms.
methyl chloracetate were cooled to —10° C. and 1037
g anhydrous sodium methylate added in portions with
cooling and stirring during four hours while not permit-
ting the temperature to go above 0° C. The tempera-
ture was then slowly raised to about 30° C. in about 3
hrs. and the mixture allowed to stand overnight. The
mixiure was again heated gradually to reflux tempera-
ture and maintained at reflux for about one hour. After
cooling to about 30°, about 60 g. of acetic acid were
added until acid to blue litmus paper. Then 600 g. wa-
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ter were added, the oil layer was separated and the prod-
uct distilled. Unreacted ketone plus other by-products
were recovered in the fraction distilling from 45° C.
to 100° C. at 20 mm. pressure. Then 1030 g. of methyl
3,4 - dimethyl-2,3-epoxy-4-hexenoate was obtained dis-
tilling from 83-111° C. at 5 mm. pressure. Upon re-
distillation the bulk of this material distilled from 87—
97° C. at 5 mm. pressure,

Example II

98 gms. 3-methyl-3-pentene-2-one and 73.5 g. ethyl
chloracetate were cooled to about —10° C. and a solu-
tion of 13.8 g. sodium in 205 g. ethanol was added in
about one hour with cooling and stirring while keeping
the temperature below 0° C. The temperature was al-
lowed to rise to about 25° C. and after stirring for 2 hrs.
again heated to reflux (85° C.) and maintained at that
temperature for 1 hr. 162 g. ethanol was then removed
by distillation until temperature of reaction mixture
reached about 100° C. The mixture was cooled to about
30° C. and 1 g. acetic acid added (until acid to blue litmus
paper) followed by 500 g. water. The oil layer formed
was separated and distilled. Unreacted ketone plus other
by-products were recovered in the fraction distilling from
51° C. to 77° C. at 20 mm. pressure and then 40.4 .
ethyl 3,4-dimethyl-2,3-epoxy-4-hexencate was obtained
distilling from 114° C. to 128° C. at 20 mm. pressure.
On refractionating this material the bulk of it distilled at
60-70° C. at 2 mm. pressure.

Example 111

76.6 gms. methyl-3,4-dimethyl-2,3-epoxy-4-hexenoate
was heated with 157 g. allyl alcohol and 2.34 g. anhy-
drous sodium methylate. The temperature of the mixture
was gradually raised to 120° while distilling out 145 g.
of a mixture of methanol and allyl alcohol. The residual
material in the flask was then cooled to about 25° C.
and treated with about 100 g. of 3% acetic acid and
about 65 g. benzene. The benzene layer was separated
and after removing the solvent the residual oil was dis-
tilled in vacuo. There was obtained 47 g. of the allyl
ester of 3,4-dimethyl-2,3-epoxy-4-hexenoic acid distilling
at 104-8° C. at 5 mm. pressure.

Example 1V

51 g. methyl 3,4-dimethyl-2,3-epoxy-4-hexenoate, 88.9
g. isobutyl alcohol and 1.4 g. anhydrous sodium methyl-
ate as catalyst were heated in a flask fitted with a frac-
tionating column while distilling out the methanol formed
in the reaction. As the temperature of the mixture was
raised from about 98° to 125° C. there was obtained 52.8
g. distillate consisting of a mixture of methanol and iso-
butanol and distilling from 67° C. to 108° C. Cooled the
reaction mixture to about 25° C. and added 1.6 g. acetic
acid until acid to blue litmus paper, followed by 200 cc.
saturated salt solution. Separated the oil layer and dis-
tilled. Obtained 47 g. distilling from 121° C. to 134° C.
at 10 mm. pressure which on redistillation gave 38.9 g.
isobutyl 3,4-dimethyl-2,3-epoxy-4-hexenoate distilling at
95-97° C. at 2 mm. pressure.

Example V

51 g. methyl 3,4-dimethyl-2,3-epoxy-4-hexenoate, 138.8
g. geraniol, and 1.9 g. anhydrous sodium methylate as
catalyst were heated at about 100° C. in vacuo in a flask
fitted with a fractionating column until methanol ceased
to be evolved. The excess geraniol was then removed by
distillation and the residual material in the flask cooled
to about 25° C., treated with dilute acetic acid until acid
to blue litmus paper, and extracted with benzene. The
benzene was then removed by distillation and the crude
product distilled to give geranyl 3,4-dimethyl-2,3-epoxy-
4-hexenoate distilling at 140-142.5° C. at 0.6 mm. of
pressure. The product had a pronounced mocha-like
odor.
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Example V1

51 g. methyl 3,4-dimethyl-2,3-epoxy-4-hexenoate was
reacted with 141 g. citronellol and 1.9 g. anhydrous so-
dium methylate according to the general procedure of
Examples IV and V to give citronallyl 3,4-dimethyl-2,3-
epoxy-4-hexenoate distilling at 136-7° C. at 0.5 mm. of
pressure. This material had a strong caramel-like odor.

Example VII

According to the general procedure of Example 1,
isobutyraldehyde was reacted with diethyl ketone and
the product dehydrated (in this case with iodine instead
of oxalic acid) to give 4,6-dimethyl-4-heptene-3-one.
The material distilled at 74-78° C. at 15 mm. pressure.

721 g. 4,6-dimethyl-4-heptene-3-one was reacted with
894 g. methy! chloracetate and 444 g. anhydrous sodium
methylate according to the general procedure of Example
I to give 440 g. methyl 4,6-dimethyl-3-ethyl-2,3-epoxy-4-
heptenoate distilling from 100° to 103° at 5 mm. pres-
sure, :

Example VIII

When 4,6-dimethyl-4-heptene-3-one was reacted with
ethyl chloracetate and anhydrous sodium methylate, a
mixture of the methyl and ethyl esters was obtained from
which the ethyl ester was separated by careful fractiona-
tion. It distilled at 77° C. to 80.5° at 2.4 mm. pressure.

Example IX

3-methyl-3-heptene-2-one was prepared (according to
the general procedure of Example I) by the condensa-
tion of n-butyraldehyde with methyl ethyl ketone fol-
lowed by dehydration of the hydroxy ketone (in this case
with iodine instead of oxalic acid).

309.3 g. 3-methyl-3-heptene-2-one was reacted with
425 g. methyl chloracetate and 212 g. anhydrous sodinm
methylate according to the general procedure of Example
I to give 311.4 g. methyl-3,4-dimethyl-2,3-epoxy-4-octeno-
ate distilling from 106° C. to 110° C. at 5 mm. pressure.

Example X

Reaction of 3-methyl-3-heptene-2-one with ethyl chlor-
acetate and anhydrous sodium methylate gave a mixture
of the methyl and ethyl esters from which the ethyl ester
was obtained by careful fractionation. It distilled at 68—
72° C. at 1.1 mm. pressure.

Example XI

3-ethyl-3-pentene-2-one was prepared (according to the
general procedure of Example I) by the condensation of
acetaldehyde with methyl propyl ketone followed by de-
hydration of the hydroxy ketone (in this case with iodine
instead of oxalic acid). The material distilled at 153-9°
C.

449 g. 3-ethyl-3-pentene-2-one was reacted with 286 £,
ethyl chloracetate and 136 g. anhydrous sodium methyl-
ate according to the general procedure of Example L
122.2 g. of a mixture of the methyl and ethyl esters of
3-methyl-4-ethyl-2,3-epoxy-4-hexenoic acid was obtained
distilling at 108-117° C. at 10 mm. pressure. Careful
fractionation gave the ethyl ester distilling at 69.5-74.5°
C. at 2.3 mm,. pressure.

Example XII

4-methyl-4-hexene-3-one was prepared (according  to
the general procedure of Example 1) by the condensation
of the acetaldehyde with diethyl ketone followed by de-
hydration of the hydroxy ketone (in this case with iodine
instead of oxalic acid). The material distilled at 161° C.

112.1 g. 4-methyl-4-hexene-3-one was reacted with
71.5 g. ethyl chloracetate and 33.9 g. anhydrous sodium
methylate according to the general procedure of Example
I to give 56.4 g. of a mixture of the methyl and ethyl
esters of 4-methyl-3-ethyl-2,3-epoxy-4-hexenoic acid dis-
tilling from 113° to 123° C. at 20 mm. pressure. Careful
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fractionation of this material gave the ethyl ester distilling
from 69° to 71.5° at 2.3 mm. of pressure.

While numerous typical compounds of the series to
which this invention relates have been specifically re-
ferred to or described above, and preferred methods
described for producing such compounds, it will be ap-
parent that many other compounds embodying the pres-
ent invention may be produced. Moreover, it is pointed
out that the odor of the compounds varies over a wide
range in both character and intensity depending upon the
type, location and the relative positions of the various
substituents in the carbon chain as well as those of the
ester group. Those compounds having relatively high
boiling points ordinarily possess less odor and accord-
ingly compounds containing no more than about 20 car-
bon atoms are preferred for most purposes. However,
even the higher boiling compounds and those containing
more than 20 carbon atoms may be used as blending
agents or modifiers in perfumes and perfumed products.

Tt will also be evident that the unsaturated ketones
used in the preferred methods of procedure described
may be produced or obtained in any suitable way and
it is possible that the epoxyacid esters themselves may
be produced by methods other than those herein described.
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In view thereof it should be iinderstood that the par-
ticular: compounds referred to above and the methods for
their production described in the various examples cited
hav been chosen for the purpose of indicating the general
nature of the invention and are not intended to limit the
scope thereof.

What we claim is:

. Lower alkyl-3,4-dimethyl-2,3-epoxy-4-hexenoates.

. Lower alkenyl-3,4-dimethyl-2,3-epoxy-4-hexenoates.
. Methyl-3,4-dimethyl-2,3-epoxy-4-hexenoate.

. Citronellyl-3,4-dimethyl-2,3-epoxy-4-hexenoate.

. Isobutyl-3,4-dimethyl-2,3-epoxy-4-hexenoate.

. Ethyl-4-methyl-3-ethyl-2,3-epoxy-4-hexenoate.

. Ethyl-3,4-dimethyl-2,3-epoxy-4-octenoate,
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