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Our invention relates to the method of making @ NH,
g-hydroxy-«-amino acids, and to certain new &
g-hydroxy-a-amino acids produced by that mome—{ CH.0H + IR-CO0H ——
method. . '

Among the amino acids which have value as ' B
foods :are certain g-hydroxy-e-amino acids. It é_—_-o
is commonly accepted that at least one of these
g-hydroxy-a~amino acids ‘(threonine) is included
in the ‘so-called “essential amino -acids” which

1

(o] IllH
R’—g—OHC—é—CHqOH + 2H;0

are necessary for growth if not for the main- 10 . 1
tenance of life; and others have food value. An ester amide

In carrying out our invention, we start with a -
g-amino-polyhydroxy-~alcohol, either -dihydroxy Next we oxidize the A2-oxazoline ‘or ester amide
or trihydroxy but preferably dihydroxy, of the - S0 produced by treating it with an oxidizing agent
following general formula: 15 lying between ferric chloride and pérsulfuric acid

inclusive in the series of oxidation-reduction po-

1 NE. . g : .
w | : ) tentials. Such oxidizing agents include: metallic
HOHC—(—CH,0H permanganates, for éxample an alkali-metal per-

R Rt . manganate, an alkaline-earth permanganate, or

zine permanganate, in an aqueous medium of any
reaction, whether alkaline, acid, or neutral;
chromiic oxidizing agents, including chromic acid
CrOs, metallic -dichromates, and 'metallic -.chro-
mates, such ag sodium dichromate, in an acid
o5 medium; oxidizing acids, including, in addition
to the chromic acid already named, persulfuric
acid, chromic acid, and nitric-acid; lead peroxide;
and ferric chloride. (For instance, see “Oxida-
tion ‘Potentials,” by Latimer, published in New
York by Prentiss Hall Inc., 1938, pp. 293 et seq.)
This converts any methylol group in the oxazoline
or ester amide to a carboxyl group, by -a reaction
as shown by one or the other of the following two

in‘which R represents a member of the class con- 20
sisting -of hydrogen and the lower alkyl :groups,
and R! represents a member of the class consist-
ing of hydrogen, the lower alkyl groups, and the
methylol group. A number of such alcohols are
commercially available and are relatively .cheap;
and these are effective 1o yield some-of the most
desirable of the final products obtainable by our
invention.

We first acylate this imitial -g-amino=polyhy-
droxy alcohol ito protect both the amino group 30
and a y-hydroxy group, while leaving unprotected
at least one methylol group; by treating the al-
cohol with -an aeyl-containing compound of the

class consisting of carboxylic acids of the follow- formulas: '
ing-general formula: 3B 5
) R:—COOH i‘a ' _ i"
in which R? represents a member of the class O/ x N , 0/ \N
consisting of lower alkyl groups, the phenyl group, 40 é (’; é X (‘; .
and the tolyl group; and their acid anhydrides HC-—C-CH;0H [_(3_] . ——+ HQ——0C-C00H + H;0
and acid chlorides. According to whether one or 1'; I'u o;égérzjltng R Rt
two molecular equivalents of the acylating com- ©
pound is used, we produce either a A%-oxazoline, R
by going one step beyond simple acylation and |
splitting out water to produce a ring closure, or 45 '=0
an ester amide, in accordance with oné or the 0 NH :
other of the following two reactions: R o_mo—b_omom + 101
_oxidizing
) NH; 1 agent
HOHC—J:—OH,OH+ R:-COOH —— 50 L
- bo
R o] NH
9% Rﬂ—gh—O—HC—é—C’OOH-+ H;0
of 3 85 B A |
H‘:Jué—CHfOH + 2850 # In-these egquations, if R! is the methylol group
R Ri T it is -at the same time changed to the :carboxyl

A A%02a20ling ; .group;but obherwise it is -unchanged.
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After this oxidation to convert the methylol
group or groups to a carboxyl group Or groups,
the acid produced is hydrolyzed to deacylate it;
by heating in an aqueous solution of a mineral
acid, such as sulfuric acid or hydrochloric acid
or hydrobromic acid. The reaction removes an
acyl group (after first opening the ring in the
case of the oxazoline) and adds two molecular
equivalents of water, and forms the hydrolyzing-
acid salt of the desired p-hydroxy-z-amino acid,
illustrated by the following two equations using
hydrochloric acid as the hydrolyzing acid:

(0]
iﬂ
o Sx
e §COOH + 21,0 + HOl —
R 1
HCLNH:
HOHO—&—CO0H + R-COOH
R R
€3]
R?
(|3=0
0 ey
rdo—mo—b_co0m + 2,0 + HOl — s
R R
HCLNH,
HOHC—U—COO0H + 2R—COO0H
Rt

If initially R! was the methylol group, so that
in Equations 5 and 6 it was changed to the
carboxyl group, then in Equations 7 and 8 it re-
mains the carboxyl group. In that case, this sec-
ond carboxyl group may be removed by heating
the product to drive off carbon dioxide and leave
hydrogen where R! was. This heating may be
done before or after the final step, now to be de-
scribed, or (if desired) before the deacylation
step.

The final step is to remove the hydrochloric
acid, and thus convert the mineral-acid salt of

the p-hydroxy-e-amino acid into the free g-hy- ¢

droxy-e-amino acid. This may be done by treat-
ing the salt with any convenient base, such as
sodium hydroxide, ammonium hydroxide, pyr-
idine, or aniline.

The following are examples which illustrate
our invention:

Example 1.—a-Methyl serine
a~Methyl serine is represented by the follow-

ing formula;:

© NH,

HOCH;——&—C OOH
Hy

To produce o~methyl serine, we start with 2-
amino-2-methyl-1,3-propanediol. We place 189
g. (1.8 mols) of it, 219.8 g. (1.8 mols) of benzoic
acid, and about 1500 cc. of xylene in a suitable
flask, desirably equipped with a moisture trap
and a water condenser. This mixture is refluxed
at about 170° to 180° C. until no more water col-
lects in the trap; which usually requires about 96
hours for the quantities given; although with
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4
smaller quantities it is possible to reduce this
time of reaction. 'The heating for the refluxing
is conveniently done in an electrically heated oil
bath, but this is incidental. During the reflux-
ing a reaction occurs as follows:

(10)

NH;
HOCH:——J}—-CHZOH + CeH—COO0B ——
Hs
CeHs
/é\
[0} N
éHg—-—(E——CHzOH + 2H,0
Hs

The reaction product thus obtained is 2-phen-
yl-4-methyl-4-methylol-A%-oxazoline. It may be
recovered in any suitable manner; for instance,
by chilling the mixture after the refluxing, to
crystallize the reaction product, and recovering
that crystallized material by filtering. For more
complete recovery, the filtrate obtained may be
reduced in volume, by evaporation under reduced
pressure of the xylene used as a solvent, and re-
peating the chilling and filtering. The yield of
the crude oxazoline is about 80% of the calcu-
lated amount. This crude oxazoline melts in the
range from 86° to 101° C. To purify it, the oxaz-
oline may be recrystallized from a solution con-
taining 100 cc. of 959% alcohol and 240 ce. of
water per 100 g. of the crude oxazoline; by which
recrystallization a purified oxazoline is obtained
melting at 103-104° C. The yield of this purified
oxazoline is about 67-69%. On analysis the
oxazoline showed 7.43% nitrogen, as against
7.33% calculated nitrogen. This oxazeline is be-
lieved to be new with us.

The oxazoline thus obtained is now oxidized.
To do this, we place 57.3 g. of the purified 2-
phenyl-4-methyl-4-methylol-A2-oxazoline, 8 g. of
sodium hydroxide, and 900 cc. of water in a suit-
able flask, and while vigorously stirring the mix-
ture we add 63.0 g. of potassium permanganate in
small portions at a sufficiently slow rate to prevent
the temperature from exceeding 40° C. It is
usually takes about 90 minutes for the reaction
to be complete. The reaction yields 2-phenyl-4-
methyl-4-carboxy-A2-oxazoline, and is an oxida-
tion shown by the following equation:

ayn
CeHs

VAR

o} N

3(|3Hz——é—CHQOH + 4KMnOy —~——
Hs

CeHy

&

X
O/N

| :
SCHz——'é—-COOK -+ 4MnO; 4+ KOH 4 4H;0
H;

The manganese dioxide, obtained as a precipitate
in the mixture resulting from the reaction, is
filtered off.

Then the filtrate is acidified with aqueous
hydrochloric acid, and the acidified mixture is re-
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fluxed for 9 hours. A hydrolysis occurs as:shown
by the following equation:

12)

CsHz

N
o
CHa——é——COOK 4+ 2HCl 4 2H0 —

‘HCI-NH; (o]
HOCH;—&—COO’H + Cst—‘g——’OH + KC1
H; .

“The resultant mixture is now cooled ‘to room
temperature, and filtered. The filtrate ‘is sub-
jected to evaporation under reduced pressure, to
leave a solid residue. This residue is twice taken
up in 20.cc. portions of water, and the water then
removed by evaporation under reduced pressure,
in order to eliminate excess hydrochloric acid.
Then the residue is taken up several times, con~
veniently about three times, in 20 cc. portions of
absolute alcohol, and the =alcohol removed by
evaporation under reduced pressure, to eliminate
any water. The residue remaining is the ‘hydro-
chloride shown in Equation'12, with some potas-
sium chloride mixed with it; and is in dry form.

This dry residue is now extracted first with a
200 cc. portion, and then with a 100 cc. portion,
of hot 95% alcohol, to take up the hydrochloride
but to leave the potassium chloride behind. The
two extracts are combined, cooled to room tem-
perature, and filtered. To the filtrate is now
added a suitable base, to produce neutrality or
slight basicity; and for this we conveniently use
about 30 cc. of freshly distilled aniline. The ani-
line (or other base) changes the hydrochloride
to the desired free g-hydroxy-e«~amino acid, which
in this case is a-methyl serine. :

This «~-methyl serine is suitably recovered from
the filtrate. This is conveniently done by letting
the filtrate stand for 24 hours in .a refrigerator,
to cause the a-methyl serine to crystalize; where-
upon it is recovered by filtration and washed with
several small portions of absolute alechol. An
additional amount may :be recovered by allowing
the combined filtrates to-stand in the refrigerator
for several days longer.

The total yield, with the quantities given, is
approximately 23 g. (or about 64:5% .of ‘the theo-
retical). On .analysis it shows 11:69% nitrogen;
as against 11.67% calculated.

Example 2.—a-Methyl serine

Example 1is repeated, :save that double the
amount of ‘benzoic acid is used. Instead of get-
ting the 2-phenyl-4-methyl-4-methylol-A2-oxa~
zoline as the intermediate, as shown in Equation
10, the reaction in this case yields an ester amide,
as-shown by the following formula:

as
‘NH;
HOCH—C—CH;0H 4 2CtHi=COOH :vors
H;
CsHy
Cl}=0
o am
CeH&--&——OCH;—é—-—CHzOH + 2H;0
H;

The ester amide thus produced is treated in the

same way the-oxazoline is treated in Example 1, '
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and 'yields as a final product the same a-methyl
serine. : .

Frample 3.—s-Ethyl serine

a~Bthyl serine is represented by the following

formula;
) NH;

-HOC«H;;—('J—-COOH
2Hy

Example 1 is repeated, save that instead -of
using 2-amino-2-methyl-1,3-propanediol ‘we use
a molecularly equivalent amount of 2-amino-2-
ethyl-1,3-propanediol. 'This produces 2-phenyl-
4-ethyl-4-methylol-A2-oxazoline as an intermedi-
ate, with a yield of about 72% ; and with an anal-
ysis-of 6.85% nitrogen, which agrees with the cal-
culated value.

This 2-phenyl-4-methyl-4-methyloy-A2-oxazo-
line is now oxidized, in ‘the same way that the
2-phenyl-4-methyl-4-methylol - A2 - oxazoline is
oxidized in Example 1, and gives 2-phenyl-4-
ethyl-4-carboxy-A2-oxazoline. This last-named
compound is then deacylated, in the same way
that the 2 - phenyl - 4-methyl-4-carboxy-A2-oxa-
zoline is deacylated in Example 1, to give as a final
product the desired a-ethyl serine, of Formula 14.

The purified a-ethyl serine melts with decom-
position at about 265° C.; it shows about 10.45%
nitrogen on analysis, as against 10.52% cal-
culated; and it is obtained with a yield of about
75%.

Both intermediate oxazolines and the final a-
ethyl serine produced by this example are be-
lieved to be new with us.

Example 4—a-Ethyl serine

Example 3 is repeated, save that double the
quantity of benzoic acid is used; in the same way
that Example 2 repeats Example 1. This gives
the same final product as in Example 3, a-ethyl
serine; but instead of an oxazoline as an inter-
mediate, it gives an ester amide as an interme-
diate, corresponding to that referred to in Exam-
ple 2 and shown in Equation 13 .save that the
ethyl group replaces the methyl group.

Example 5.—a-Amino-a~-methylol malonic acid

This e-amino-ae-methylol malonic acid has the
following formula:

a6 NH;

‘HOH:;O——JJ——C O0H
(E.O OH

To produce it we start with trishydroxymethyl-
amino methane. We place 24.2 g..of this, 24.4
g.-0f benzoic acid, and 100 cc. of xylene, in a suit-
able flask, desirably provided with a moisture
trap; and reflux the mixture, desirably over an
open flame but with the flask protected by wire
gauze, for about 18 hours, by the end of which
time the moisture has usually ceased to collect in
the moisture trap.

Upon this refluxing a reaction occurs as fol-

lows:
(16)
) NH; .
H-OC,Hr-—é-vCHzOH + CtH;~COO0H ——
OH;0H
CoHs
AEN
oy
CHz—é"*CHE ox =+ 2H;0
CH0H
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The reaction product thus obtained is 2-phen-
yl-4,4-dimethylol-AZ-oxazoline. It may be re-
covered by chilling the mixture after the refluxing
is completed, filtering, and saving the precipitate,
which is the oxazoline; and, if desired, increasing
the amount of oxazoline recovered by reducing
the filtrate in volume to about 25 cc., by evapo-
ration, and filtering again to recover more precip-
itate. The yield of crude material is about 37-39
g., which is about 899% to 94% of the theoretical.
The crude material thus obtained melts: at
125-128° C.

Purification may be obtained by recrystallizing
two or more times from acetone, and decolorizing
with activated charcoal. The yield after the sec-
ond recrystallization is about 25-27 g., with an
observed nitrogen value of 64.7%, which agrees
with the calculated value. The purified oxazo-
line, which we believe is new with us, has a melt-
ing point of about 131° C.

This oxazoline is now oxidized. To do this,
about 20.7 g. of the purified 2-phenyl-4,4-dimeth-
ylol-A2-oxazoline, about 3 g. of sodium hydroxide,
and akout 300 cc. of water are placed in a suitable
condenser, and while stirring it vigorously about
42 g. of potassium permanganate is slowly add-
ed—sufficiently slowly that the temperature is
never allowed to exceed about 40° C. It usually
takes about 4 hours to complete the reaction,
which yields 2-phenyl-4,4’-dicarboxy-A2-0xazo-
line, or rather its dipotassium salt, and is as fol-
lows:

(o} N
3(‘)Hz——é—CHzOH + 8KMn0Oy ——
(EH:OH
CeHs

o” Ox

3(‘3H2—4‘/—COOK + 8MnO; + 2KOH + 8H30
00K

The manganese dioxide, obtained as a solid in
this reaction, is removed by filtration; and the
filtrate is subjected to evaporation to reduce its
volume to about 150 cc. To this reduced-volume
filtrate we now add about 100 cc. of concentrated
aqueous hydrochloric acid, and reflux the mixture
for about 8 days. After this refluxing we cool
the mixture to room temperature, and filter; and
evaporate the filtrate to dryness under reduced
pressure. To remove excess hydrochloric acid we
take the residue up two or more times in 20 cc.
portions of water, and remove the water by evap-
oration under reduced pressure; and to remove
any residual water we treat the residue succes-
sively three or more titnes with 20 cc. portions of
absolute aleohol, and remove that by evaporation
under reduced pressure. )

The residue then remaining is extracted suc-
cessively with at least two 75 cc. portions of hot
959, alcohol, and the extracts are combined. The
combined extract is cooled to room temperature,
and filtered. We now add a base to make the fil-
trate neutral or basic; as by adding 10 cc. of
freshly distilled aniline. This produces the de-
sired free a-amino-e-methylol malonic acid;
which we believe is new with us.

This is recovered in crude form by permitting
the mixture to stand in a refrigerator for 24 hours
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8
after the addition of the aniline, and then filter-
ing it and washing the precipitate with several
small portions of absolute alcohol. This gives a
yield of about b g. of the crude malonic acid
(about 34%).

To purify this, we dissolve it in about 50 cc. of
water, filter it, and add 100 cc. of methyl alcohol
to the filtrate; which yields about 3.5 g. of a white
mafterial, which is the purified «~amino-a-meth-
ylol malonic acid. Analysis shows 9.51% nitro~
gen, as against a calculated. value of 9.40% on

"the basis of C4H7OsN. This malonic acid gives

a strongly positive ninhydrin test; and decom-
poses at about 247° C,

This a-amino-a-methylol malonic acid prob-
ably has value as a food in itself; but its main
present utility appears to be as an intermediate
for the formation of the highly valuable serine.
While we have not yet worked out the most effec-
tive method of producing and isolating serine
from it, we have produced products which con-
tain serine by heating the «-amino-e-methylol
malonic acid to a point where carbon dioxide is
evolved; which indicates decarboxylation by the
removal of carbon dioxide from one of the car-
boxyl groups to give the desired serine, which has
the following formula:
(18) NEH;
HOOH,-(':H—COOH

Serine

Example 6 -—Serine

Serine is represented by Formula 18 just above.
To a mixture of 18.2 g. (0.2 mol) of 2-amino-
1,3-propanediol in 200 ml. of water containing
20.0 g. (0.5 mol) of sodium hydroxide is slowly
added, with stirring, 56.0 g. (0.4 mol) of benzoyl
chloride. A reaction occurs, to produce the ester
amide, as follows:
19
NH;

HOOB,—(EH—CHzOH 4 2C¢H;—C—Cl 4 2NaOH —

CﬂHﬁ

=0

0 11111

I
CaHs—-C——OCHz—(lJH-—CHzOH -+ 2NaCl 4 2H30

i)

The ester amide is suitably recovered when
the reaction is complete, as in earlier examples,
and may be used (with or without purification
as by recrystallization from alcohol) in the sub-
sequent oxidation step.

This oxidation step, to oxidize the methylol
group of the ester amide to the carboxyl group,
is carried out by placing the full amount re-
covered of the crude (or the purified) ester amide
in about 300 ml. of water, and adding 125 ml. of
concentrated nitric acid (which is a slight excess
of nitric acid) sufficiently slowly that the re-
action proceeds without violence—desirably at a
temperature between 50° and 90° C. It is some-
times necessary to warm the reaction mixture to
start the reaction. After all the nitric acid has
been added, the mixture is heated in order to
complete the reaction and to remove most of the
excess nitric acid. The oxidation by the nitrie
acid produces N,O-dibenzoylserine, which has
the following formula:

(20) CgHj

d=o
o - ILIE
- CsHs—pJ-—O CH:—&H—COOH -+ 2H:0
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hen 100 ml, of ‘concentrated hydrochloric acid
is added, and the mixture is refluked for aboub
five houts; which hydrolyzes off the two benzoyl
groups, and gives serine hydrochloride. The re=
sulting mixture is cooled to room: temperature,
and filtered; and the filtrate is evaporated to dry-
ness. The residué remaining, which is the serine
hydrochloride, is twice taken up in water, and
the water is removed by évaporation, preferably
under reduced pressure. The residue is now
practically free from hydro¢hloric acid, This
residue is dissolved in the minimum amount of
999 methyl alcohol. "To the solution thus pro=
duced is added sufficient pyridine to change the
serine hydrochloride. to the ‘free seérine. On
standihg, the serine precipitates out, and may bhe
recovered by filtration.

Emamp'le 7 —Seriiie

Example 6 is repeated, save that one mol -of
p-toluyl chloride is used instead of two mols of
benzoyl-chloride. ‘The p-tolyl-amide of 2-amino-
1,3-propanediol is first produced, and is suitably
recovered, by separating it from the co-present
water. This p-tolyl-amide is mixed with several
parts of xylene, and the mixture is refluxed at

about 170-~180° C. in a suitable flask, desirably -

equipped with a moisture trap, until nd moie
water colleets in the trap. During the refluxing
a reaction occurs to give 2-p-tolyl-4-methylol-A2-
oxazoline, which has the following formula:

21) GH;

C
o’ Ny
(JJHz—J?H—CHQOH

This oxazoline is now oxidized with nitric acid
by a procedure similar to the oxidation described
in Example 6, but desirably with the addition of
a trace of a vanadium compound (such for in-
stance as ammonium meta-vanadate) as a cata-
lyst. The oxidation produces 2-p-tolyl-4-car-
boxy-A?-oxazoline, which has the following for-

mula:
63
&

(EHz—éH—C 00H

22)

This is now suitably hydrolyzed, as with hydro-
bromic acid, to produce serine hydrobromide;
from which the free serine may be obtained by
treating with aniline.

Example 8 —Serine

Example 7 is repeated, save that acetic anhy-
dride in acetic acid is used as the acylating agent
instead of p-toluyl chloride in sodium hydroxide.
The acylated product obtained after the reflux-
ing and the removal of water is 2-methyl-4-
methylol-A2-oxazoline, which has the following
formula:
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b omon
‘This oxaz'o‘l'i‘ne i§ oxidized, convéniéntly with

nit¥ie acid in the same way thé oXazoline in Ex-
ample 7 was oxidized, to yield 2-méthyl-4-car-
boxy-A2-oxazoline, which has the following for-
mula:
(4) 1}‘]13
, BN
v ’\N

L,HT—AH—COOH
This ‘oxazoline is hydrolyzed in the same way 45
ihe hydrelysis was obtained in Example 7, to
glve serme as the ﬁnal product.

- EBEzample § —Threonme

} Threonine ‘is represented by the followmg
formula

(25), . OH NH,

CHs—éH—-LH—C -Q-0H

To prepare ‘this, we Start with 2r—’am1no-‘1 3—
putdnediol. - We first acylate this by treating 26.3
£. 40,25 mol) of i with 22.0 ¢. @:28 mol) of acetyl
chloride in pyridine. The acylated product is
heated to remove water; as described in Example
1; to produce 2;5-ditmethyl-4-methylol-A2-oxaze=
11ne ‘which hias the following formula
@ CH,

X
O/ N

cHG—JJH—('JH—CH,OH
This is oxidized in the same way as the 2~
phenyl - 4 - methyl - 4 - methylol - A% - oxazoline
was oxidized in Example 1, but in this case gives
2,5 - dimethyl - 4 - carboxy - A? - oxazoline, which
has the following formula:
@7 CH;

VAR
(o} N

CHa——(l}H-——(lJH—COOH
This latter oxazoline is hydrolyzed, in the same
manner as the hydrolysis is produced in Example
1, to give threonine hydrochloride, from which
the desired threonine (which is a-amino-g-hy-
droxy-n-butyric acid) is obtained by treatment
with a suitable base, such as aniline.

Example 10.—a-Ethyl serine

As in Example 3, we start with 2-amino-2-
ethyl-1,3-propanediol. To a mixture of 11.9 g.
(0.1 mol) of this with 200 ml. of water containing
10 g. (0.25 mol) of sodium hydroxide is added,
with stirring, 28 g. (0.2 mol) of benzoyl chloride.
Reaction occurs, and after removal of the water
the reaction product is an ester amide having
the following formula:

@8) C¢Hy

=0
\m
CaHs—g—O CHz—é—CHnOH
oHs

This may be called 2-ethyl-2-benzoylamino-3-
benzoxy-propanol.

This ester amide is now oxidized, to convert its
methylol group to the carboxy group. This may




2,556,791

be done by treating 34.3 g. (0.105 mol) of it with
14 g. (0.14 mol) of chromic acid (CrQOs) in sul-
furic acid solution; which produces an oxidation
that converts the ester amide of the initial alco-
hol to the ester amide of a-amino-g-hydroxy-a-
ethyl propionic acid—in other words, to the ester
amide of a-ethyl serine. This ester amide, which
is ' O,N-dibenzoylethyl-serine, has the following
formula:
(20)

tm

0 \
CcHs—llJ—O CHg—é—-C O0OH
3Hs

When the oxidation is complete, the mixture is
made basic with sodium hydroxide, and filtered.
The filtrate is made strongly acid with hydro-
chloric acid and refluxed, in order to produce a
hydrolysis which removes the two benzoyl groups.
‘When the hydroylsis is complete, the mixture is
cooled and filtered, and the filtrate is evaporated
to dryness under reduced pressure. The residue,
which is the hydrochloride of a-ethyl serine, is
treated with several portions of water and then
with absolute ethyl alechol, as described in Ex-
ample 1, to remove hydrochloric acid and water.
Then the hydrochloride is treated with aniline,
to produce the desired free a-ethyl serine,

As the foregoing examples show, the oxazolines
and the ester amides used always have at least
one methylol (or primary-alcohol) group attached
to the same carbon atom as is the nitrogen atom,
and the p-amino-polyhydroxy alcohols used
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always have at least two alcohol groups attached
to the same carbon atom as is the nitrogen atom
and at least one of those alcohol groups is a
methylol (or primary-alcohol) group; and so by
the terms “g-amino-~polyhydroxy aleohol,” “oxa-
zoline,” and “ester amide,” we mean g-amino-
polyhydroxy alcohols, oxazolines, and ester
amides of that type. -
The p-hydroxy-a«-amino acids produced by the
present invention all have at least possible value
as foods. In addition, they are effective as buffer
reagents in various preparations, such for in-
stance as in cosmetic preparations.
We claim as our invention:
a~Amino-e-methylol malonic acid.
- JOHN H. BILLMAN.
EARL E. PARKER.
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