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This invention relates to novel pseudo esters
of gamma keto carboxylic acids. More particu-
larly, it relates to the pseudo esters of saturated
aliphatic gamma keto carboxylic acids, such as,
for example, levulinic acid, and to methods for
the preparation of these new chemical com-
pounds, and the provision of such a proecess and
the recovery of such products is a principal ob-
ject of the invention. '

Other objects of the invention will in part be
obvious and will in part appear hereinafter.

The invention accordingly comprises the sev~
eral steps and the relation of one or more of such
steps with respect to each of the others thereof,
which will be exemplified in the process herein-
after disclosed, and the scope of the application
of which will be indicated in the claims.

By the expression “pseudo ester” is meant a
compound that (1) is isomeric with a normal
ester, (2) has properties unlike those of the nor-
mal ester, (3) yields the same acid and alcohol
as the normal ester does when hydrolyzed, and
(4) in general, can be isomerized to the normal
ester.

Pseudo esters of aromatic gamma keto acids are
described in the chemical literature. Reference
is made to pages 445-447 of volume 56 (1934) of
the Journal of the American Chemical Society
for the pseudo methyl and ethyl esters of a
p-bromobenzoyl acrylic acid, and to pages 1537-
1541 of volume 63 (1941) of the same journal
for the pseudo methyl esters of substituted
benzoyl benzoic acids. Evidence is presented in
both of these publications to show that the de-
seribed pseudo esters may be regarded as lactones
of hypothetical gamma hemiketol acids, and have
the indicated common five membered ring struc-
tureX :

o—’
=C C—Ry
NN
(o] OR;

(oY)

O

wherein R1 and Rz are alkyl or aryl groups.
The double bond between the 3 and 4 carbon
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atoms is fixed in the acrylic acid pseudo esters;
in the pseudo esters of the benzoyl benzoic acids,
the double bond presumably alternates with a
single bond because the carbon atoms are in the
benzene ring.

We have discovered that pseudo esters of
levulinic acid, none of which have hitherto been
reported, can be prepared by the catalytic addi-
tion of alcohols to alpha angelica lactone, which
is generally regarded as having the indicated
structure I1

HgC——-——C’H (In
O= C—CH;
0

The new compounds thus obtained are formed
by the addition of the alcohol (ROH) to the
carbon-carbon double bond to yield structures of
type III.

H:0——CH: . am
0=C_~ C—CH;
0 OR

wherein R is a hydrocarbon radical selected from
the group consisting of alkyl, aryl, and aralkyl
radicals. . .

It will be noted that structure III may be re-
garded as a lactone of a hypothetical gamma
hemiketol acid, and that its ring system is the
same as that of the pseudo esters of the gamma,
keto acids mentioned above, except for the single
bond between the 3 and 4 carbon atoms in place
of a fixed or alternating double bond.

In support of this structure of the pseudo esters
of levulinic acid, the following should be con-
sidered: (1) That the catalytic addition of alco-
hols to the aliphatic carbon-carbon double bond,
though not a well-known reaction, is not an im-
plausible one; (2) the ring structure is essentially
the same as that fairly well established for the
pseudo esters of other gamma keto carboxylic
acids; (3) the calculated molecular refractions
of the pseudo esters, based on the Auwers and
Eisenlohr constants and the present ring struc-
ture, agree with the observed values; and (4) if
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the acid -chloride of levulinic acid, obtained by
treating the acid with thionyl chloride, and
which probably has structure IV,

H;C——CH; awv)
0= (B—-—CH;
0 o

is reacted cold with an alcohol under conditions
that prevent rapid isomerization of pseudo ester
to the normal form, there is obtained a pseudo
ester that is identical in its physical and chemi-
cal properties with the pseudo ester obtained by
catalytbic reaction of the same alcohol with alpha
angelica lactone in accordance with our in-
vention.

Reference is made to page 1751 of volume 2 of
the secendredition- ¢1943) of: Gilmanis <©rganic
Chemistry,” rpublished by John *Wiley & ¢Sons,
for a discussion of the Auwers and Elsenlohr
constants mentioned above.

The pseudo esters of levulinic acid are chiefly
distinguished from the normal-esters'by*the-ex-
treme ease with which theyrmay.be:.saponified.
In fact they saponify so readily;as comparedwith
the normal forms, that the proportion-ofrpsendo:
ester in a neutral mixture of both.types.can he
rapidly and accurately determined’ by. cold:titra-

" tion of the mixture with standard alkali solution.
The physical properties of the pseudo esters-differ

10

15

cence of sbout ¥% hydresgen &hloside.

.20

4
chloride for example, are preferred because of
the ease with which they may ke removed from
the reacted mixture.

The acid catalysts that promote the addition
of alcohols to alpha angelica lactone also acceler-
ate the isomerization of the formed pseudo ester
to the normal ester. The pure pseudo esters can
be rearranged quantitively to the normal forms
by the action of the acidic catalysts. This iso-
merization is quite slow at room temperature with
traces of the catalysts, requiring weeks for com-
pletion, but becomes progressively more rapid as
the temperature and catalyst concentration are
increased. For example, complete isomerization
of pseudo to normal ester can be accomplished by
heating the ester with the corresponding alcohol

Jorsabout.one.hour at.abeut:180°% C..in the pres-
{Under a
given set of conditions, however, the rate of iso-
ymerization appears always to be less than the

. rate of formation of the pseudo ester.

TIn-general,~ecatalyst concentrations can be se-

rlected.that will provide practical rates of pseudo
=gster: formation:without excessive isomerization

25 ofttherpseudo-ester during the reaction period.

These concentrations will vary, depending upon

_-*the_partictlar-alcohol and catalyst used. Table

“1"illustrates the relationship between kind of al-
coholzand near-optimum catalysts concentration

from those of the corgesponding normal esters 30 when hydrogen chloride is the catalyst.
Lable 1
1 B ! R
! S e . <HOLIn 1| Ydeldiof-| .:Pssudo-
1T Aot @ms;-of ["Gms«0fi | ‘Gmus. of e n
Kind of Alcohol * Reactmn Total Esterin .
o . «aleohol. | Lactone | HOL Mixture “Esters ! [ Total:Esters
B i A TBer Ccntx F Per'€ent| Per Cent
dsopropyl- - 20, #2756 :0.006 0.013 90. 190
iyl 20 “2n51 ~0.040 ~0.084 92 90
N-bub¥l. - s 20 27.5 0.025 0.053: 790 62
- sechubyl oL 20, 2.8 0.300 063 - 98 95
methyl isopropyl earbinol 28 "5 0.300 ~0.54 - ~92 .98
moethyl isobutyl earbinol 28 276 203300: 1.0:64 : 795 295
p-hexyl____ <28 ~20: 6 0,025 0. 045 +90, 68
cyclohexyl. <28 275 ~0:038 0.069 =95 90
benzyl .. 728 27:8 | w025 307048 592 66
phenol ... ,25 25 0, 01(l A0.020 80 100

sgndtthe *diﬂ‘érencés are fairly '-cdnSis;tent.‘ “The
boiling ‘points 6f the pseudo esters-are-eéither
-about’ thessame -or-slightly higher: than-these~of

the normal esters, and the densities and refractive 5

indices of the former are cansistently somewhat
higher than those:¢f the latter.

The pseudo esters of lsvulinic acid will find
many uses in the solvents field. In particular,
“eyclohexyl pseudo:levulinate has very: powerfil
-solvent action on paints and-varnishes arid makes
an excellent.paint remover. .Most of the;pseudo
esters of “the lower ‘alcohols are.also effective.
“The pseudo esters:dissdlve copper axide films from
“copper-restoring ‘the bright metal surface with-
‘out attacking the metil. ' The pserrdo esters of the
“lower ‘alcohols are compatible Wwith nitrocsllitiose
“lacquers. “The pseudo-esters of*the higher-alco-
hols will be- ef‘fectlve piastimzels for:ester-goliible
-gums and .plastics.

~Suitable. .catalysts “for preparing the, psetfdo
esters .of levulinic ‘acid’ in accordance .with’.the
princibles 6f our invention are the strongly acidie
-ones commonly.use€d"in. esterificition reactions.

‘Examples 6f these are-hydrogen chloride, hydro- .

~gen.bromide, stlfuric acid, bhosphotic. agid, aro-
~matic.silfonic_aeids, and. monothloracetic_acid.
<In.general, any.strong acid appreciably soltble.in
“the reaction mixture is satisfactory for this, pur-
~pose. _The volatile catalysts,.such_as. hydrggen

0
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“The "féllowing _procedure :for preparing “the
pseudo esters of levulinic acid from alpha. angel-
ica'lactone axd alcohols. is apblicable to the alco-
hols-in general except for methyl, .ethyl, and
Dzpropyl alcohol. ~Catalyst is dissolved in the se-

“letted alcohol . until “the latter - contains about
‘double’ the concentration of catalyst:that is ge-
sired in the reaction mixture ¢f alcohol and alpha
-angelica lactone, An excess of the alcoliol con-
taining the catalysts:is.then added.to a given vol-
.ume 0f the.angelica lactone at. room temperature.
“For example, this may be about an equal volurae
of isopropyl and the butyl-alcohols, and abomut one
and.one-half, volumes of ‘the higher alcshols,up
‘to and-including ‘those containing eight carbon
.atoms. The mixture is allowed to stand. “The re-
- attionisstrongly-exothermic. Fven when the re-
-action mixture is held in uninsulated glass flasks,
and:its.volume is only about 50 ml., its tempera-
‘ture may rise to about 60.to 80°°C. over a.period.of
-about two hours; and then drop to room: tempera-
‘ture ~in -about-an equal ‘period of ‘time. “Good
yields of the pseudo esters are obtained when the
-catalyst concentration is so-adjusted that the
foregoing rate and extent of temperature change
oceurs spontaneously. . Too, nruch catalyst, caus-
ing a more rapid rise in temperature, or too littie
catalyst, which causes the temperature rise to lag,
results’in réduced . yields. of, pseudo_ester. “About
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four hours after mixing the reactants together
the catalyst is either removed from the reaction
mixture or inactivated. If it is a volatile one, such

as hydrogen chloride, it may conveniently be re- :

cold with tenth normal aqueous sodium hydrox-
ide solution, using phenol-phthalein as indicator,
to determine the proportion of pseudo ester pres-
ent. The remainder is assumed to be normal

moved from the reaction mixture by passing a 5 -ester. The mixed esters are diluted with an equal
stream of dry air through the latter. If it is a volume - of the corresponding alcohol. Semi-
non-volatile one, such as toluene sulfonic acid, carbazide hydrochloride in amount slightly in
it is preferably neutralized and inactivated by - excess of that required to combine with all of
shaking the reaction mixture with solid sodium .. the normal ester and an equal weight of finely
carbonate. The reaction mixture, either freed of 10 powdered potassium acetate are added to the
volatile catalyst by aeration, or neutralized with - . alcohol-ester mixture, which is allowed to stand
a weak base such as sodium carbonate to inacti- - with intermittent shaking for about one day at
vate the catalyst, and filtered to remove solids, is- . room temperature. The mixture is then diluted
then fractionally distilled under reduced pressure. - with diethyl ether, allowed to stand for about one
The pseudo ester mixed with some normal ester. 15 hour to permit complete precipitation of ether
is collected over a boiling point range of about’, - insoluble materials, and then filtered. The fil-
2°C. - trate is fractionally distilled under reduced pres-

To obtain substantial yields of the pseudo esters sure, and pure pseudo ester, which has a higher
from methyl, ethyl, and n-propy! alcohol, it is boiling point than either the alcohol or ether, is
necessary to modify the foregoing procedure. gg collected over a boiling point range of about 2°.C.
One satisfactory way of doing this is as follows: Purity of a pseudo ester of levulinic acid may
_ The alpha angelica lactone is diluted with at be determined from its saponification number,
jeast two volumes of diethyl ether, and preferably cold titre, and constancy of boiling point. Cold
three or four, before the alcohol and catalyst are titre and sapomﬁcatlon number are conveniently
added to it. The mixture is allowed to stand un- 25 determined by first mixing a weighed sample of
der a reflux condenser until the reaction is com- -~ the ester with a small volume of distilled . water
plete, which preferably requires ‘about four hours. and titrating the mixture at room temperature
No external heating is required. The mixed with tenth normal agqueous sodium hydroxide
esters may then be separated from the catalyst, solution, using phenolphthalein indicator. When
diluent, and unreacted materials as described in 3g the pink color end point first perists for about one
the preceding paragraph. - -minute, the titre is ready. More tenth normal
"~ Table 2 lists the operating conditions and prod- alkali solution'is added until there is present an
uct yields in making the lower pseudo esters by excess of about 10%, based on the calculated
the dilution method. ‘ ‘ . ' normal ester present. The mixture is then re-

Table No. 2 o
. . - | Yield of Pseudo

e || mme || ome B BB
o . , Percent Percent
rhethyl ... 25 100 25 0.100 92 :
ethyl.________ 25 100 25 0.050 90 50
nepropyl.__.... 25 100 25 0.050 92 38

Increased yields of pseudo esters from primary 45 fluxed for one hour, acidified with a measured
alcohols in general may be obtained by diluting excess of tenth normal sulfuric acid, boiled gently
the reaction mixture with a nonreactive low boil- for about two minutes to expel carbon dioxide,
ing liquid such as diethyl ether. Also, the use then quickly cooled and back titrated with tenth:
of such diluent with any alcohol is an added ad- normal sodium hydroxide. The saponification.
vantage in the large scale preparation of the 50 number is calculated from the total alkali con-
pseudo esters because it suitably controls the re- sumed during both cold and hot saponifications.-
action temperature. If catalytic addition of the If the correct saponification number is obtained
alcohol to alpha angelica lactone on a large scale for a given ester, then the ratio of cold titre to
is not carried out under a reflux condenser in the total titre is taken as the proportion of pseudo
presence of a relatively low boiling diluent, some &5 ester present.
other means of preventing overheating of the The addition of organic hydroxy compounds to
reaction mixture must be used. alpha angelica lactone to yield pseudo esters of

Separation of a pseudo ester of levulinic acid levulinic acid appears to be a general one for all
from its mixture with the corresponding normal such compounds that will yield normal esters of
ester cannot easily be accomplished by fractional 60 levulinic acid by a conventional method of pre-
distillation because the boiling points of the two paring esters. This includes primary and sec-
forms are so close together. Separation of one ondary -alcohols, whether monohydroxy or poly-
form from another in a mixture of the two can hydroxy, and whether aliphatic or aromatic. It
be effected, however, by taking advantage of the has been observed that the secondary alcohols,
fact that the normal ester has a carbonyl group 65 such as isopropy! alcohol, cyclohexanol, and
whereas the pseudo ester does not. Reaction of phenol, together with such reactive primary al-
the mixture with a “carbonyl reagent” such as cohols such as allyl alcohol and benzyl alcohol,
semicarbazide, or phenylhydrazine, preferably form pseudo esters with alpha angelica lactone
the former, affects only the normal ester, con- more readily than do the ordinary primary al-
verting it into a derivative which can be sepa- 70 cohols. Table No. 3 lists some physical proper-

rated from the pseudo ester because of a distinct
difference. in solubility or boiling point. The
following procedure, using semicarbazide, is fre-
quently successful.

. A weighed sample of the mixed esters is titrated-

ties of a number of pseudo esters prepared in this
way. - Properties of most of the corresponding
normal esters are included for comparison. - All
of the listed esters were found to have the correct
saponification numbers.
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. Table No.-3 "

i N | B P Molee- | Refrac-

R CgREELL - Refractive STl Fyes

: Ester L Dénsity ¢ ular tion
e ' - cfeIndexs | PERSEVL ) B | oalod
mé‘thyl A 8091 Q. @15 ntm 1.4925 1.04957| - "31752 3157
meth: )2 90-92° C. @ 15:mm 1.4390 1.1071 30.90 | 30.93
1sopropyl gn). 103<105° C. @ 15 1,4220 . 0. 9842 40.80 40,81
isopropyl : 103<105% C."@ 15 mni. 1.4300 1.0151 40:22 40.16
n-butyl (n)_ 112-114° C: @-15: 1. 4290 0. 9735 45. 59 45.42.
n-butyl (p) 113-115° C. '@ 15 1.4343 [ 0.9985 |  44.80 44,79
secs butyl 113-115°°C. @ 15 1425071 - 0.9670 45:51 45,42
s6¢: butyl (p . 113-115°.C.:@ 15 T 1. 4361 -1:0108 44:50-. 44.79
allyl ()" __ 106~108° C. @ 10 1 1.4413 . 1.0277 40.03 40,34
allyl o). .- K -] 106-108%'C. @ 10 ‘i 1.4525 1.0677" 39.46 39,70
methylisebutyl carbi ’ 1.4384 0.9828: |, . 53.56 54.02-
méthyl lsopropyl carbiiio 1.4435 1.0013 49,30 49. 40
cyolotxyl (tn) . ooz 1. 4595 1.0308 | ° . 52.43 5246
cyclohexyl: (D)o 1.4668°1 - 1.0632 |.  5L.66 ‘51,82 -

hedyl ( 1. 5059 1.1190 50.97 51.07

iyl (p e P eoiiisiio: 1. 5131 1.1467 50. 34 50.34

afi .
2 Pseudo.
"3 Méagired af 20° G. “with £hé'D line' of sodlum hght
4 Méasm’éd at: 20°'C. refatv?e to alter 4T C

of pseudo from nérmal levullnlc aeid est,‘ and
4y 1somerlzat10n OF Toleeular rearrangement of
the pseudo éster into its normal form T

Example 1-

S1Xf5y grams_of: thlonyl chlor
dropivise to 50 eranis bf levilinic deid contained:
in. a 200 ml. glass flask at such a rate that the
témperature of the reaction mixture did not ex-

'The neutra11zed reactlon mlxture was then fra.c-

tionally distilled . urider  reduced pressure, ¢
55 gmns. of an ester fraction bo111ng at 1061083 ¢ A
ab 10 min. was colleéted. ~ Thi§ fraction s i
t0 92% of the theoretigal yield of addltl P
uct, had a saponificition number of 158, and'

- was found to be. 75% pseudo ester

30

35

ceed 50° C. About one-half hour was required:

for the addition. The reaction mixture was thei™

held at about 50° C. under a reduced pressuré of
about 30 mi. of mercury to remove hydrogen
chloride, sulfur dioxide, and excess thionyl chlo-"
ride. The crude levulinyl chloride thus obtained
was added slowly to a vigorously stirred mixture
of 125 ml. of methanol and 50 grams of finely
powdered:dry Sodium carbonate so that the'temi~
perature of thé mixturé did not excéed about-30>
C. aor did-ifs pH fall bélow about 6.7 Aftér ali’
the levalinyl chloride was added; the mikture was
stirred. at room’ fempergturé for an‘additional
thirty ' minutes. - Theé reaction mixture was-di=
Tuted withi about 200 ml. of etliér and!filtefed to
remove the insoluble salts: - The ethér-and-exéess
methanol were first evaporatéd from the filtrate
under réduced: pressure and the residusl ester
“was fractionally. distilled at 15 mmm.  pressure:
There ‘was thus-obtained in: 62% “yield ‘4 fraction
Boiling'at 90-92° C. which was 92% psSeudo ester:
The ethyl,- allyl, and n-propyl esters were also’
prepared insimilar fdshion. In‘all three of these
latter préparations, the yield of mixked esters Wwere
low, being only 25 to 30%: based on the levulinic
acid-taken, but ‘the:proportions of pseudb esters
preser!t ‘ranged froir 90 to’ 92% EIRREEAE S

E:L‘ample 2

solved in 25 ml. of allyl alcohotl, and-to this sol~
tion "at room tempergture was- added- 25 ml-of
alpha- angelica -lgetone.
the mixfure rose slowly:to a maximum-of about
80°>.C..over a period of about two hours and then’

dropped to room: temperature in-about an equal
. The catalyst-in’ the tegction ikture was-

time.
carefully neutralizéd with an-equivalent amoiitit

The- temperature- of -

40

-tassium. acetate.

Ea:ample 3.

Forty grams of the addition’ product obtained
in Example 2;1.e.; mlxed pseudo an
esters of levulmlc ac1d was dlluted with'
allyl alcohol and then mixed With 15 Erditis ‘each
of powdered semicarbazide hydrochloride and po-
‘This mixture was-allowed-to-
stand :with intermittent shakmg for one day,
theii - it was-dihited with 100-ml. of &ther, fitéred
to ¥émove insollible products, including the ¢rys-
talhne semlcarbazone of normal allyl levuhnate,
and frae’smnally distilled ‘undeér-vacutm. After:
the ethér and allyl aléohol wére remeoved; 25°

~ grams’ of ure pseudo allyl ester was collected ¢

45

50.

55

60

85
One gram of p-toluene sulfonm dacid-was dls‘ ‘“:

70

of sodium methylate dissolved:n allyl-aleohol- 75

10 mm. préssure over the boiling point range of
106=108° C.- This product had a-“cold’ saponfli-
cation-huniber-of. 160, 4 density of 1.0677 at 20>
C: (referred: to-water at 4° C ), and a refractlve
1ndex of 1. 4525 at 20° C.

E:cample 4

thy grarps of pure-psesudo- methyl levulinate
was diluted with 100 ml.  of methanol- contain-
ing 1 gram of ‘hydrogen chloride, and the result=
ing:solutien- was refluxed for one-hour ‘at atinos<

pheric pressure.: At the end of this time the cold:
alkali titre of the mixture was equal to the hy«
drogen chloride present.” Fractional ‘distiliation
of’-the *mixture -at- 15 mim: pressure- vielded 47
grams of pure normal methyl levulinate -boiling:
at 89:91° C. The recovered ester had no appre=

_ciable cold alkali titrs, € saponification: nulibsk

of 130, a: density -of 1.0495 at 20° C,; and a re-

: fractlve index of 1.4225 at 20° C

Since certain: changés may be made!in carry-r
mg out the above method without departing from’
the scope of the invention, it is intended that =l
matter cohitained: in thé above description shall
be. mterpreted a8 lllusfratlve ‘and noﬁ m a hmit‘-—:
ing-sense. ’

Having described our 1nvent10n what we cldim’
as new and desire to'secure by Letters Patént ist-

1/ Thé process “of fofming:a psevudo’ ester of
levullmc acid-which ¢omprises Téaeting a}pha P
gelica lactone, in the presence of an aeid’ catalyst' :
With: ai! organie: hyarexy: compound of{he-gen-
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eral formula R—OH, wherein R is a hydrocar-
bon radical selected from the group consisting
of alkyl, aryl, and aralkyl radicals.

2. A process according to claim 1 in which the
catalyst used is hydrogen chloride.

3. A process according to claim 1 in which the
catalyst used is p-toluene sulphonic acid.

4, In the process of separating a pseudo ester
of levulinic acid from a mixture of said ester with
the corresponding normal ester, the improvement
which comprises reacting said mixture with a
carbony! reagent selected from the group con-
sisting of semicarbazide and phenylhydrazine,

5. The process of forming a pseudo ester of
levulinic acid which comprises reacting alpha
angelica lactone, in the presence of hydrogen
chloride and at least two volumes of diethyl ether
based on the alpha angelica lactone, with an
organic hydroxy compound of the general for-
mula R—OH, wherein R is a hydrocarbon radical
selected from the group consisting of alkyl, aryl,
and aralkyl radicals.

6. Pseudo esters of levulinic acid having the
structure

H3C—-——CHa
0=C —CHjy
/
(o} OR

where R is a hydrocarbon radical selected from

the group consisting of alkyl, aryl and aralkyl 30

radicals, which pseudo esters are characterized
by extreme ease of saponification, as compared
to the corresponding normal esters, and which
can be quantitatively rearranged to the corre-
sponding normal esters by heating them with the
corresponding alcohol in the presence of hydro-
gen chloride.

<t

10
7. The pseudo allyl ester of levulinic acid hav-
ing the structure

H;C——CH;
0=C /C:CHa
(o) 0C3H;

8. The pseudo cyclohexyl ester of levulinic acid
Having the structure

H:C CH;
O=é C—CH; CH,—CHa
o] 0~—C CH3
\CHz—Oﬁq

9. The pseudo phenyl ester of levulinic acid
having the structure

H;C—+CH,
Ozé é—CHa
No? N

DAVID P. LANGLOIS.
HANS WOLFF.
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