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I« INTRODUCTION

The resolution of glutamice acid 1s of conslderabdle
interest for many reasons, g«&lutamic acid, although avalle
able commercially in small quantities, In usually prepared as
needed in most laboratories, %uﬂlutmic aclid is commerclelly
avalilable in large quantities, but it 1is a byeproduct of the
mamfacture of wheat starch (1) and the processing of sugar
beets (2), and hence 1ts supply is limited by the quantity
of these products manufactured. Since g;-glutamm acid 1s utle
lized, as the monosodium salt, in large quantities as & cone
diment, 1t is possible that 1ts demand may create an incenw
tive for the preparation of synthetic glutamic acid. Should
such & synthesis prove feaslble, a method of resolution which
is readily adaptable to large scale production must be develw
oped to yleld the commercially desirable Leglutamic acid.
D«Glutamic acld is relatlively tasteless a:a without nutrie
;ienal value,.

At present the resolution of %aglutwic acid is eme

ployed to obtain g«glutamm acid only, sinee the supply of

(1) !ﬁ. Je Blish, “‘%‘haat Gluten", in Anson and Edsall, eda.,
Advamgﬁﬁin Pva@gin Chemistry®, Academic Press, New
York, 1 vole pe 3504

(2) Co L.’Roya:l: tlnited’atams Patent 2,373,342 (1945).
Abstracted in ﬂ;ﬁi; iﬁp 4510 (1924-55
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Leglutamie acid is meeting the demand, and since DLeglutamie

acld 1s much less accessible than Lwglutamic acide.

Interest in g»glntamm acld was aroused to a high level
during the last decade and a half by the work of KBgl and co=
workers, DsGlutamic acid, according to Kbgl (1), is present
in malignant tissue in a quantity proportional to the mallige
nancey of the tumor tissue. Thils abnormal presence of ‘;_);-
glutamic aeld in tumor tissues is an uncomplicated explanae
tion for the formatlon of such tissue. However, most workers
in the field do not macept Kbgl's theory, and do not accept
his experimental results as valid (2)., K8gl's work did
stimulate interest in the "unns tural® gwglut&mia acild in the
field of cancer research, and it 1s certain that much more
work would be done if gﬁ-gf;lutsm ie acid were more convenlently

accessible for inclusion in experiments such as those dealing

with animal feeding and tissue metabolism.

Ko reports were found in the literature presenting an
actusal resolution of underivatized gé-glutmie acid. Either
the Cwcarboxyl or the amino grb&rg was blocked, thus dlse
rupting the zwitterion to make possible the necessary
diastereomeric salts or derivatives of gg-glubamie acld.

(1) F( K&g;?; and H, Erxleben, Z. physiol. Chem., 258, 57
1 .
(2) J. 229355.13@1', Canger Research, 10, 65 (1950).




wBw
This required the removal of the blocking group by hydrolysis
or hydrogenolyslis after the separation of the dlastereomers
had been achieved. This over=sll procedure involved timew
consuming steps which were costly in material and which it
was desirable to eliminate. A simple, repid method of
resolution for Dleglutamic acid is mch needed, and it 1is
the purpose of the experiments which follow to determine
whether or not the maihod presented fulfllls these require=

ments .

It was reported by Fearing (1) that (e)2eaminobutanwlweol
could be used to resolve DL~glutamic acld, This small scale
rur yielded 2% of the g,;;ﬁtania agid, recovered from a
diastereomeric salt, angbaaﬂ of the Leglutemic acld, recovered
from the mother liquor. It was ataggﬁ that (=)2«aminobutane
leoleD=zluteamate formed a crystalline precipitate, while its
diaa£;¥aamar, (-)awaminobutanwlnolﬁ%rglutamata, formed an oll.
It was considered worthwhile to investigate this method, since
it involves the resolution of underivatized DL~glutamic acid,
ard rapidly glves a good yield of grgluxanae aold.

The literature was searched for methods of resolution of
emino acids which do not require derivatization of the amino

or the carboxyl group of the amino acid; for some

(1) Re Ba Fearing, Organic Bpses and Cther Agents for Amine
Acld Resolution, Unpublished Phe De Thesis., Ames,
Tova, lowa State College Library. 1951. p. 84
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experimental results which show the need for both antipodes
of amino scids, especially of glutamie acids for methods of
resolution of ££yg1utamic acid and methods of resolution by
L=glutamic acld; and for methods of resolution of racemic 2=
:ﬁinabutanwl*cl. & review of methocs of resolution of amine

acids in general is found in the thesis of Fearing (1).

The initlal purpose of the investigation descrlbed in
this thesls was to determine the reproducibillity of the rese
olutlon of DImwglutamic acld with {~}2waminobutanwleols After
the successful completion of this study, the determination of
the solubility characteristics of the dlastereomers, (=)2e
am1n0butan~1~m1ﬁ§rg1utamate and (u)awﬁwinebutanwlnolmérgluw
tamate, was undertaken, Since (+)tartarie acid, the commerw
cially available enantiomorph, yields (e)2«aminobutan~leol,

a pathway to (t)2e-aminobutan=lecl was sought in order to
facllitate s resolution of g%rglukamia acid which would yleld
predominantly érglntamlc aecldy Finally the possible applica-
tion of Z2eaminobutanelecl to the resolution of other amino

acids was investigated.

{1) R« Be Foaring, Organic Baseés and Other Agents for Amino
Acld Resmolution. Unpublished Ph. Ds Theslis. Ames,
Iowa, Iowa State College Library. 1951le ps Se



II., REVIEW OF LITERATURE
A+ Btudles Requiring DeAmino Aclds

1. Natural sources

Only 4n the last twe decades has adequate experimental
evidence been presented for the presence of g«amino acids in
nature, Previously the conditions under which the occurrence
of g-amina aclds in natural products was established often
left doubt as to the possiblility of racemization, which would
produce a misleading specific rotation (1). However, the
1solation of ggfalanine from the nonprotein fraction of the
mushroom Bolelus edulis is accepted as well authenticated and
racemization during isclation was unlikely (1,2)s The dise
covery of graminm aclds In antiblotics such a8 penlclllin,
gramicidin, tyrocidine, and gramlecidin 8, in the alkalolds of
ergot, and in the capsular substance of several bacteria has
recently focussed attention on the general distributlon of

gyamino aclds in neture.

(1) A, Neuberger, "Stereochemistry of Amino Aeids", in Anson
and Edsall, eds., "Advances in Protein Chemistry",
Academic Press, New York, 1948, vols. l, pe 563,

(2) E. Winterstein, C. Reuter, end R, Korolew, Landw.
Versuchs=3tat . 13280, 5&1 (191%)« Original not seen.
Abstracted 1n J., Chem. Socs Abstracts, 0L, 433 (1913).
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Early c¢laims of the isolation of gramino acids from
natural soureces were reviewed by Neuberger and were discounte
ed for technical reasons (1). Regently the hydrolysis of the
capsules of Baclillus anthracls yieldeﬁ arglutamic acia (2,3)

since the capsule was composed of a high molecular welght
polypeptide of D-glutamic acid {4« The capsular substance
of Bacillus mesentericus was found to be a high molecular
welght polypeptide of gyglutamia acld as determined by

the 1solation of only grglutamia acid from the capsular
substance which had been purified by dialysis {(5). Bruckner
and Oskoléas (5) hypothesized that the parallelism between

the virulence and the capsulee«forming capaclty of the anthrax
bacillus aaﬁ be explained on the basls that the basic materilal
of the capsule strongly protects the capsule agalnst the
effects ﬂf‘%fpblypapt&ﬂe proteases of higher organisms.

Jenkins and Clereszko (6) found that whereas the

(1) A. Neuberger, "Stereochemistry of Amino Agids", in Anson
and Edsall, eds., "Advances in frotein Chemistry",
Academic Press, fiew York, 1948, vols. 4, p. 363.

(2) ngﬁr?ckne§ and G. Ivanoviecs,; Ze phgaiaig Chema, ggz,
281 (1937) .

(3) ¢ » Bruckner, G Ivanovics, and M, K, Oskolds, Magyar

Chems Folyol atzagi, 1313%%25?%§u0?r131na1 not seen.
PROETE - -
%h; We %. ﬁanby and k. ﬁ.§%§don, Biochem. v %%; 297 (1946).

5) Ge Bruckner and M. K. Oskolds, Acta CHIV . ediensis
Acta Chem, et Phys., /N.8s/ 1, Ye Original not
seene Abstracted in C.h., Q&} 7&22 (1947}«

(6) L. T+ Jenkins and L, S5 Clereszko, J, Biols Chem., 191,
305 (1951).
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extracgllular polypeptide of Bacilluas subtilis was composed

of only gyglutamia aeid, the cellular glutamiec acld was ér
glutamic acide Chargaff (1) found only Leglutamic acid and
Leaspartic acid in Corynebscterium éiphtherise and ‘hytomonas

tunefacisns, an etlologlcal agent of plant tumors, Relativee
ly large guantlities of gramine acids were found 1in the aeid

hydrolyzates of the cells of lactobaclllus arabinosus and

Baecillus brevis, a smaller guantity in the cells of Torulopsis

utilis, and none in the cells of Penlicillium chrysogenum (2,3)

Unhydrolyzed cells of Baclllus brevis, added to the diet of

rats, led to the excretion of Dwamino acids, mostly D-aspartle
aeid, in the urine (3).

2e Tumor protein

The controversial question of g?amina aclid content in
tumor protein was reviewed through 1949 by Miller {(4). After
carefully considering the evidence in the literature for and
ageinst KBgl's hypothesls that D-amino aeids appear in tumor
protein, Miller arrived at the conclusion that KBgl has yet
to unequivocally prove his hypothesis. Since 1949 much has
been published concerning this hypothesis, and some of this

21} E. Chargaff, J. Biol. Chem., 130, 29 (1939),

(2) M, S. Dum, M, N, Camien, S. nkman, and H, Block,

(3) ¢, M, Stevens, *+ Ees Halpern, and R, P, Gigger, J.
Blol. Chem., 190, 705 (19515,

L) ITRY r, Cancer Research, 10, 65 (1950).
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literature will be presented beesause of its bearing on

grglutamic aclds.

Kbgl fed rats having chemicslly induced btumors water
containing D20, and after 17 days of feeding found an equal
quantity of the deuterium in both the 2? and the érglut&mia
acids that were isolated from tumor hydrolyzate (1), Rats
with chemically induced tumors were fed deuteriaﬁggfglutamie
acid and after 5 and 1% days of feeding, analysls of the
tumor nrotein revealed that the deuterium éentant of the é?
glutemic acld was practically nil, but that of the g?glun

tamic acld was definitely above experimental error (2).

‘Subocutanecus injections of deuterioﬂggﬁglutamata in

rats having benzopyrene-induced tumors indicated on analysis
of the tumor protein that the deuterium content of the grglu»
tamic acid was much higher than that of the %rglutmﬁic acide
Injection of deuterio-Dwglutamic acld resulted in a high cone
tent in the tumor protein, whereas injectlion of dauterie~%¢
glutamic acld produced no ﬂeutariaﬁgrglutamie aclids There=
fore, XBgl (3) concluded that D-glutamic acld was directly
used in the protein synthesis, and that there was no enzyme
cavsing s Walden inversion of grglutamie acld to Deglutamic

acid during the protein synthesls.,

(1) », KBg1, A. Js Klein, H, Erxleben, and G, J. van Veersen,
Rec. trave chim., 69, 822 (1950).

(3} i o 8iie

M
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Not unrelated to KBgl's conclusion is Mayer's statement
which points out that foods conta’ning albuminolds also conw
taln small amounts of gfamina acidss The harmful effects of
these aclds are neutralized by matural elimination or by dew
amination in persons with normmal hepatic and rensl functions.
However, in persons having hepatie or renal malfunctions or in
those having a precanﬂerous focus, Ek@lut&mic acld accumulates
at certain points and changes the stereochemlcal structure of

certain proteins which act in tissue formation (1).

glutamic acid was estimated in the plasma of 80 patients
suffering from malignant growths (2). The mean concentration
was elevated markedly above the normsl levels In patients
wlth benign growths, the level of glutamic acld in the ph sma
did not differ significantly from the normal.

In an enalysis of normal and tumor tissues of 6 patients,
Mond~1fo and Camboni (3) noted that in the hydrolyzates of
neoplastic tissue there is a greater quantity of some amino
scids than in healthy tissue of the same origine The most

consistent differences were found in the contents of glutamle

i’abst’;racted n Qe t; . 1951) o
(2) ¢ 4. J. McGanity and | Mcﬁenry, Can, Med. Assoc. J,.

2%28(1951)* Griginal not seels ADSLTacted 1IN C.A,,
2
(33\?‘&

(1) C, Mayer, aris Msd., gl, 135 1951). Original not seen.

{1952),
ondolfo and V. Cambonl, Bolle s0cCs itals Dlol, spers,
26, 131 (1950)« Original not seen. Abatracted In C.Ae,

iL, 9551 (1950).
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acld, threonline, and tyrosine, which were always higher in
neoplestic tissue, The amount of grglutamic aclid was higher
in normel tlssue than in neoplastic tissue in quantities
which were someiimes higher and at other tlmes lower than

those of L~glutanlc acid.

In contrast to the concept of an abnormal abundance of
Bwamino acids at tumor sites, D»kryp*ophan and Dolysine, when
uaad in a dlet to replace the “nntural" L»tryptcph&n and La
lysine, strongly retarded the growth of spontaneous mammary
tumors of & strain of mice, Penicillin and aureomycin were
fed to suppress intestinal bacterial growth which might have
been the source of enough Letryptophan and gplysine to glve
inconsistent results (1). aﬁQWQVQr, KBg1 dig not e¢laim that
all Dmamino aclds were present in tumor tissue in abnormel

quantitiea,

3« Bacterial greﬁucts

Baclllus brevig which generates the polypeptide antie

biotlecs, tyroeldine and granlcidin, that contain Deamino aclds
is incapable of the utilization of Devaline, De~alanine, and

D-glutamic aold unless glucose is present (2). Fifty per cent

(1) A. E+ Cessler, X, 8. Me«:ﬁwt{, amsx Me C, Parkinson,
Exptl. Med, Surg., 8, 168 (1950

-
(2) a5 3, Konikova and N, N. Dobbert, Biakhimigag %2, 115
(19 8). Qriginal not seen., Abstracte Ae, 42,
7852 (1948) . ===
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of the amino &cld content of Bacillus brevis protein 1ls of
the gnaenfiguratian, and practically the same proportion of
gnamim aclds is found in the protein regardless of whether
the bacteria are grown on glucose and énglntamie acid or on

glucose and Deglutamic acid (1).

In addition bto gramicidin end tyrocidine, gramieidin 8
and polymyxin are recently discovered c¢yclic polypeptide
antiblotics which contalin D-amino acldss The interesting
guestion is raised as to whether the g—amina acids are necw
essary for the cyclle structure and for the antiblotic active
ity of these polypeptides, or whether gwamina aclds can be
substituted for the %—e.mine aclds without changing the basic
structure or loesing antiblotic activity. Gramleldin S, the
lowest in molecular weight of the four, 18 considered to be
a cyclopentapeptide, or posslibly a cyclodecapeptide. The
structure or gramlicidin S8 is considered to be (na(m(;npvalyl)u-
L~ornithyl=LeleucylwDmphenyla mrrglwgz,«pralylw) oceurring in a
closed peptide chain once or twice (2).

Harris and Work (3,4) have synthesized peptlces related

to gramicidin 8 in an effort to determine whether or not

(1) A. S+ Konikova and N+ Ne Dobbert, Bilokhimiyae, 13, 115
(1948)s Original not seen. Abstracted "Ty“c: . 42,
7832 (1948).

(2) H, Consden, A. Hs Gordon, A J, Pe Martin, and R. L. M.

Synge, Bilochems Jeyigl %9 (19 ?)n
i} PRES HaWr s and T+ 3+ Work, Blochems J., 46, 196 (1950).
(L) Inid,, pe 582,




]2
Epphanylalanina 18 neecessary for antiblotic setivity. The
antibscterial aativity of %rlauey1~£~phanyla1anylﬁ5»pra11na
mothyl ester was equal to that of gylauaylgéfghaﬁylalanyln
L-proline ethyl ester. Likewise dk(érvalyl)ﬁgﬁarnithylw
Eyleucylfgyph@nylalany1~£ryral1na me thyl ester had the same
antibecterial activity as =(Lwvalyl)-DLwornithylebeleucyls=
%rghenylalamylﬁ&ygrmlina ethyl esters A tenfold inéraasa in
inhibition was achisved over the former pentapeptide by
tosylating the fres amino group of valine. The resultant
tosylated pentapeptlide methyl ester &nd a tosylated pentae
peptide amide were approximately 0.2% as effective as gramie
¢idin 8. This work and simlilar experiment: led Harris and
Work to conclude that the presence of gpamin@ acld resldue
alone did not give rise to the antibacterial sctivity in the
cyclic polypeptidess Thely tosylated pentapeptide amide and
ester presented only the ¥amine group of ornithine as a {ree
reactive group, just as does gramicldin S. The tosylated pene
tapeptide amide is about as close to the structure of gramie
cidin as 1s possible without cycli-ation. Therefore, Harris
and Work postulated that the blologleal activity of gramle
¢idin 8 1s intimately related to its cycllc structure. The
key questlon of whether Dephenylalanine is essentlal to the
eyelic structure awalts 1lts answer In the actual synthesis of
gramicldin 8 itself., An effective ring closure method for a

e ntapeptide awalts discovery.
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lie Inhibition

In some cases the atyplcal isomers of amino acids exe
hibit interference with the normal metaboliam of amino acids
in general. Both.gwwalane anﬁ,gylauciae inhiblted the growth

of Lactobaclllus arabinosus and Egeherichia cgoll strains when

added to a medium containing the usual full complement of
amino acids (1,2,3)s Aecording to Merio (4) subcutaneous or
oral administration of valine and norleucine in 5«15 g. quan=
titles was effective In controlling infeetions The configew
uration of the valine and norleucine was not given. The dew
sirability of determining which isomer is responsible for

this effect 1s apparent.

D-Glutamic acid, D-lysine, and Dearginine had an antie
bacterial effect on Staphylococcus gureus (5,6). DL-Tryptow=

phan is not as effective in mesbting the growth requirements

of Lectobaclillus ergbinosus as half as much Letryptophan (7).

(1) S. W, Fgg,(ﬂ;&ﬁ%ing, and Ge Ne Bollenback, Je Blols Chem.,
; 19UiL) & '
(2) Héigixng and S. We Fox, Ja Bielﬁ,ﬁham., 160, %29 (1945).
(5) Ye K@%i%ﬁg?i’ M. Fling, and S+ W, Fox, Je Blol. Chenm., 12&,
’ 35 ] .

(ho) a% 3.!’10' Minerva med., 8; i’;’s’ég?él l&g}l’;) Origiﬂ&l not
seen. Abstracted in C. 11, 09 1 .

(5) Es Jeney, Hung. Acta Fﬁyaggl@, 1, 12 (1948).

(8) E. Janeyabcrvasakﬁlap 5y 1L, ig?ﬁ;g&gu?%gug?riginai not
seen stracted In g%g s S ' »

('7) J. mggﬁr@aaott,’ﬁ. 8. Se Wéigegt‘ Ce Mo Lyman, and
Ke As Kuiken, J, Biol. Chem., 178, 727 (19495,
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The atyplcal forms of alanine (1) and serine {2) are inhibe
1tory toward the growih of Escherichia coll. The ciliated

protozoan Tetrahmmena gelell 1ls inhiblted by g—laminﬁ, g-»

valine, and Dephenylalanine (3)s Jeney (L) postulated that
the two amino acids of penicillin llberated during the course
of 1ts action were pvesponsible for its antiblotlc effect.
The ggaminm acld residue of peniclllin is essential to its
antibocterlal sctivity since thﬁ}gpanalog glves no such
effect (5}«

In a rather unusual phenomenon, exhiblted by lactow

baeillgguﬁannitmyaaus, glyeine &nd‘géraarlna were capable of

irhibiting the intereonversion of §? and gralan&nﬁ; in the
presence of elther inhibitor, both enantiomorphs are required
by the bacteris (6). Camien and Dunn hypothesized that the
greater reduction of D-amino acid aectivity than of gramino
acid activity, as 1llustrated by lactlc acid bacteria, is a

general phenomenen (7).

{1) Y. Kobayashi, M, Fling, and S« W, Fox, J. Biol, Chem,,
i, 331" (1048] .
(2) Be Ds Davis and We Ks ﬁ&&s‘a, Je Am, Chems. Sot,., I_l_’ 1865

1949) «
(3) 0. We Kidder and V, C. Dowey, Proce. Natl, Acad. Scil.,

255 37 (1947) «
&k) « Jeney, Hungs Acte Physiol., 1, 142 (1948).

5) Ve duvignﬁaug, ¥. 0, Larpencer, Re W, Holley, As H.

° Iivermore, and J. R. Rachele, Seience, 10k, 431 (1946).
(6) E{:ﬁ;;ﬁg}amian and M. 8y Dunn, &f ﬁi@:; Cheme, 1 i. 553
(7) ﬁgiﬁgﬁﬂgmien and M, S, Dunn, J. Blol, Chem., 184, 283

1950) .

.
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Evidence for the inhibitory effect af‘é&amina acids in
animals is less clear than that for bacteria, but & prepon=
&emﬁa@ of evidence Iindicates that competitive inhibition
dces take place., Wretlind (1) noted that at a level of 206
in &8 purified dlet 10 %«mma acids gave a greater growth
response in rats than a level of 30 or LO%. A mixture of
éwamim aclds duplicating the amino acld composition of
§ =lactoglobulin supported the same growth in miee as did whole
protein, whereas the feeding of certain DLwamino acids in the
mixture impalired the growth response (2), In rats &wl@ucim s
~tryptophan, and =aspartic acid prevented growth in comparison
with the émisgmm A3) e gﬁ-serim did not present the clinical
and pathological alterations glven by DL-serine (L), DL~
threonine and gléwphanylalanma in amounts equlvalent to those
present in 2% hydrolyzed casein aggravated a nigcin-tryptow=
phan deficiency in rats (5)e In liver tissue slices from
60 day old rats gmthionim inhibited the uptake of L~
methionine (6).

(1) Ky Ae Je Wretlird, Acta Physiols Sa&nd. {1 43) «

Originel not scen, stracte 191;.8)..

(2) E. Brand and D« K. Bosshardb, Abm;ma . 2

Am. Chem, So¢ Maaﬁit,, Do saﬁ”fiﬁhayﬁ

{(3) ¢. E. Grahe Se ¥ er, H, Ky Waltkoff, S+ M. Saper,
We Go Biblm* and Ee Io Pentz, J, Bs.a:t,, Cheme, 185,

97 (1950) «
(L) ¢ . Artom, W, H, Fishman, and R. Py Morehead, Proc. Scc.

Exptle Blol, Med., 60, 28l (1945).

(5) L, g ﬁﬁﬁea Lo M. am&emsn Wu Le Bz*iaka@n, and C. A
Elvehjam, Jﬁ Biols Chemas, 1 73 (19’-&8 »

(6) Le Ve Simpson and H., Tarver, Arch. Biochems, 25, 384 (1950).

gara,
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That the retardation of growth is probably due to the
inhibitlon of proteases is supported by enzymlc inhibition
experiments, grleuﬁina inhibits the hydrolytic behavior of
peptidases from several types of muscle (1), D-Histldine,
~phenylalanine, ~alanine and «isoleucine compebtitively
inhiblted the action of carboxypeptidase isolated from beefl

panereas (2).
5e Metabollsm

In experimental and developmental uses of mixbtures of
amino acids in nutrition, the noneutilization of the "une
naﬁural”‘gffnmma of certain of the essentlal amino acids 1s
a troublesome problem in a manner very closely related to the
inhibition phenomena previously mentlionede Tryptophan is
utilized in both the g? and grfarms by rats, but only the Le
form 1s used by manj hence, assays of proteln preparations
wilth rats may not zive a clear pr@diaticn of thelir wvalue for

human beings with reg rd to tryptophan (3).

Rats utilized g%raminq acid mixtures in caesein and casein

hydrolyzates at a slow rate compared to casein hydrolyzates

(1) E. Abderhalden and R. Abderhalden, Fermentforschung, 16,

5 (19,-}2)1&
(2) E, Elkins-Kaufmen and Hs Neurath, J, Biol, Chem., 175,
89% (1948). |

(3) A, A. Albanese, "Frotein and Amino Acld Requirements of
Mammals®, Academlic Press, New York, 1950, p. 68.
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containing the same Leamino acids (1)s At the levels fed, no
symptoms of toxlelty were poduced, but a slight depression

of growith may have occurred,

The problem of feeding certain DLwamino acids in diets
and media, the DLwform belng the only available pure form,
may be solved by replacing them with the corresponding o«~keto
acld and a nitrogen source, The X-keto analogs of valine and
isoleucine, as the scole sources of these amino aclids, promote
excellent growth in rats (2)« They may undergo asymmetriec

amination in vive to supply the correspording g«ramino acids.

The mammalian clrculatory syat@m is capable of removing
D-amino a2cldss. Boulanger isolated a gmamina acld dehydrogenw
ase from defatted hog kldney powdeyr which acted rapldly on
D-glutamic seld but did not act on Leglutamie acld (3).

The presence and exact functions of gmpeptiﬁasm and gmaminn
acid oxldases and dehydrogenases in animal systems has not

been adequately explained . (ly).

(1) ¢, Bs Ramasarma, L, M. Henderson, and C. A, Elvehjen,

Ja Nutrition 1 g_g;y 177 (19&-9;'»

(2) Wy G» Rose, Las Ce Smith, M. Womack, and M, Shane, ¢,
B101, Chens, 281, 307 {194,9) «

(3) P, Boulanger, Compte rend, s0Ce Dlole, 1 521 (1943).

(L) B, Waldschmidteleltz, Ergebn, BENZymIOrsSChs, ‘gﬁ 19%
(:;.Zh&h Originel not Seens stracte em. Zentr.
1li,

IT, 1719 (1943}«
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Homogenlzed kidney from rats deflelent in vitamin Bg
exhibited only one third as mnchmgramino acld oxidase active
ity as did normal rat kidney homogenates (1). A supplement
af‘graminm aclds to vitamin Bg deficlent rats greatly de=
pressed dletary nitrogen utilization. Simultaneocus admine

istration of vitamin Bg completely overcame this effect.

The phyaslologleal functions of glutamie aclid are of
prime importance. Well=Malherbe (2), considering the sigw
nificance of glutamie acid for the metasbolism of nervous
tissue, stated that the three enzymlc reactlions involving
glutamic acld (deamination, transamination, end amidation)
might perhaps be integrated into a system for the delonlzation
and removal of intracellular ammonim. Glutamic aeld 1s the
only anino acld oxldlized in the brain to any appreciable
extent by a specific enzyme, Transamination of glutamic acid
serves a8 a buffer system which takes up the sudden influx of
Nﬁ§ and insures its gradual disposal during restitution. Glue
tamic acid ig known to maintain the respiration of nervous
tissue, and mey also be necessary for maintaining 1ta.funchion.
It may also exert, through its speclal activity, its influence
on the permeability of the nervous cell membrans, If grg1un

tamic acld were to appear at the sites of such reactions, 1t

(1) Ko Le ﬁrmﬂtrﬁng G. Feldott, and Hy As Lardy, Procs Soc.
xpbl,

5y 4 {1950)
Z?%ln5%3V52§ E“J 5&9 (1950}0
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might affect thelir efficiency. Such a possibility has yet
to be experimentally clarified.

The previously mentioned experimental work emphasizes
the definite need for investigations utilizing‘gramine acids
as well as ér and g%?amina aclds. Such Investigations ocan
be expedited by an ample supply of gfamina acids, made avall=
able by simple resoclutions.

Be Resolutiona of Unsubstituted Amino Aclds

1, Di,«lysine
DL-lysine

Kearley and Ingersoll {1) found that the crystallizaw
tion of the diastereomeriec lysine (+)edibenzoyl hydrogen
tartrates from 2e~propancl gave physieally distinet salts
of gylyaina anﬁ,ér&yaina. The gylysiﬁa salt precipltated
firét as a hard crust of hexagonal plates with an 82%
yield, and within an hour after its removal, a Té6% yield of
the éﬁlyain& salt preeiplitated as fine fraglle needles. A
third smaller crop was rich in the g?aalt. If the two
dlastereomers crystallized together, the crop was dissolved
in the agqueous Z2«propancl for reprecipitation. One ree
crystallization was required for the graalt and two rew

erystallizations were required for the Lesalt. Decomposition

(1) Fo J+ Kearley and A. W. Ingersoll, J. Am, Chem, Soc., 73,




w20
with hydrochlorie scid permitted recovery of the resolving
agent and the active lysine hydrochlorides. NeAcetyle?,b=
dibromo-L-tyrosine and a 17% water solution of DL~lysine
gave a cryatalline preciplitate of the E?lysina salt while the
gylysin@ gsalt remained in the liquors. The yleld of the éf
lysine salt was 84%, and the yleld of L-lysine hydrochloride
was 67%.

g%rLysinm was resolved with %rglutamia acid by Emmick (1)
An 86% yield of crude Lelysine-Lwglutamate-Hp0 precipitated
from an 84% methanol Sgiution ﬁ;on seeding. Purification
through a bed of Dowex 50, elution withyﬁﬂupﬁ, and the
addition of the calculated emount of HCl gave Lw»lysine
hydrochloride upén the addition of ethanol. A; 82% yield
of 95% optlcal purity and 98.5% chemical purity was obtained.

« DLeGlutamic acid
=

High quality D-glutamic acid was prepared from the DLe
compound by the specific enzymic decarboxylation of Lwgluw

tamie acid using a decarboxylase prepared from Escherichia

coli cells {2). The enzymic reaction required li hours,
and the recovery of Deglutamlic acid requlred dilution,

centrifugation, evaporation to dryness under reduced

{1) R. De Emmick, United S‘cates Patent 2,556,907, (1951).
Abstracted in G.A.., 525 (1952) «

(2) M., N« Camlen c ure, and m. S« Dunn, Arch.
Blochem., aé 220 (1950) . —
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pressure, solution, filtration and saturatlion with HCl to
yield g?glutamic acld hydrochloride. The over-all purified
yleld of D-glutamlic acld was 584 after the pH was brought to

3«2 with ethanolamine and after recrystallization.

Osteux and Boulanger (1) used sedimented Clostridium
welchil with DL-glutamic aclid and got a 67% yleld of D-glu-
tamic acld by a procedure similar to that of Camien, McClure,

and Dunne

So specific are amino acld oxidases and decarboxylases
that they can be used to determine the contamination of one
optical isomer by the other to less than 1 part in 1000 (2).
Enzymic resolution methods gave optlcal isomers which cone
tained less than 0¢l% of the enantiomorphe. Of 15 commercial
samples checked, only three showed a purlty equivalent to
those mepared by enzymlc resolution, and 12 contained O.6e=
1643% of the enantiomorph.

The first observations that some moldas aspecifically
utilize érglutamic acld were made in the latter part of the

last centurys It was observed that Penlcillium glaucum

utilized the Q?glutamia acld; consequently, the Deglutamlc

{1) R, Osteux and P, Boulanger, Bull. socs chim. biol.,
22, 1059 (1950).

(2) A Meister, L. Levintow, R. B, Kingsley, and J. P,
Oreenstein, J. Blol. Chem,, 192, 535 (5951).
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acld was recovered from the medium (1,2). Pringsheim (3)

found that Asperglillus nigser preferentially utilized L-glue

tamiec acid in its media. Fhrlich (l}) used a yeast strain
in the presence of glucose to utilize the Leglutamic acid and

leave the gmform in the medium.
Co Eesalutiéna wilith Unsubstltuted Amino Acids

A synthetic racemate of cilse2=(l-carboxylbutyl)=3,le
urayl@nét&tr&hyérathlophana {blotin) was resolved with L~
arginine (5). The D-salt was precipitated by diluting the
water solution with 4 volumes of 2wpropanol and cooling.
Decomposition with mineral acid gave bilotine. The other
dlastereomer could he obtained by the concentration of the

flltrate.

While d~oxymethylene camphor and decamphorsul fonie
acld were found adequate Iin the resolution of amall quanw

titles of K,F=diphenylef~hydroxyethylamine, they were

(1) E. ﬁf?ﬂlg@)and E. Bosshard, Z. physiol. Chem., 10,
13 18 .
(2) A, ﬁenazzi and G. Applani, Gazz. chim, ital., 24 I,
370 (1894)+« Original not seen, Abatracﬁed in Jg

Cheme Socs Abstyracts, 66, 498 (1&

{ ) H. Fringsheim, 2 siol. Chem., T% 96 (1910).
% ; Fe« Ehrlich, Bioaﬁam. Zes 63, 379 (
Ke iﬁlkers a olf, United States Patent

141 (1948). Abstracted in CoAe, 42, 6381 (1948).
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inadequate for large scele preparation (1). gfﬁlutamia acid
was successfully used as a resolving agent. The pure levow
rotatory isomer was obtalined from the less scluble glutemate
in 60% yleld, whereas the other enentiomorph was obtained
from the mother liguor in 39% yield.

The previously mentloned resolution o6f underivatized
lysine with L-glutamic acid alsc fits into the ecategory of

resolutions with unsubstituted amino aeids (2).

Although pyroglutamie acid 1s not truly an amino sacid,
1ts close rels tionship to glutamlc acld merits mention of
1ts use as a resclving asent. Dearborn and Stekol (3)
formed pyroglutamic socild frm@.érglutamia acid, and with it
resolved dlw~phenylethylamine, dlw-2~aminooctane and dle2e
aminoheptane., One diastereomer precipltated, while the other
was not recovered, but was decomposed in the concentrated

mother liquor with WaOH to yleld the optically active amine.

(1) J«. Weijlard, K, PPister, E, F. Swanezy, C. A, Robinson,
and M+ Tlishler, J. Ams Chems SocC., s 1216 (1951}u}
M. Tishler, Private communlIcatlion, 1952,

(2) Re D. Emmlick, United States Patent, 2,556,907 (1951).
Abstracted in Ced., 46, 525 (1952} .

(3) Re J. Dearborn and Je Ae Stekol, United States Patent
2,528, 267 (1950). Abstracted in G.A., 45, 2984 (1951).
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Ds Resolutions with Enzymes and Derivatired g%ralutamic Acid

1. Paggin
When needed for experimental work In these laboratories,

ggglutamic acld had been resolved by a procedure based on the
specific formation of earbab@nzoxyﬂénglutamic acid anilide
by papain, which was activated by cysteine (l)., Optimum
conditions for the pH and the buffer concentration were detere
mined in these laboratories, and were applled to the proce=
dure (2). The yvileld of Deglutamic acid was 50%, while the
%rglutamic acld was not recovered, since 1t is commerclally
available. Filg. 1 presents the serles of reactions in the

procedure, which is time consumlng. The incubation alone

required T2 hours.

2. Purified hog kidney enzyme

Purified hog kidney enzyme specifically hydrolyzes
ﬂwaeylateﬁmér&mina acids, thus presenting s method of resolve
ing Nﬂécylatedwggyamina éeids. This procedure has been ape
plied to g@ralanine, -met hionine, =valine, =threonine,

»isoleucine, =~serine, =leucine, waspartic, and «glutamle

(1) 9. 8. Fruton, G. x(v. ir‘ging, and M. Bergmam, J. Blol,
Chem,., 133, 703 (1940

(2) s"‘w““( g'r;m and Y. Kobayashi, J. Am. Chem. Soce, 73, 353
1951) .
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acids (1), and hence has been applled to a greater variety
of amino acids than any other single method. Ilarge scale
preparatlions can be convenlently carried outj for example,
8«10 kilograms of fresh hog kidneys were treated to yleld
enough of the enzyme in 5«8 days to hydrolyze 100 moles
of Neacylated methionine. Chloreoacetylation 1s advantageous
since the chloroacetylated amino aclds hydreolyze at a much
faster rate than do the acetylated. The chloroacetylated
smino acld was subjected to the purifled hog kidney anzymb,
with the progress of the reactlion being followed by the
ninhydrin=C0, procedure. When the analysls indlcated that
é?glutamia acid liberation was completed, these steps were
carried out successlively: acidificatlon, decolorization,
concentration, and precipitation with alechols Recrystale
lization from water and slcohol resulted in a L0-55% yielad
of the %paminc acid,.

The gramina acid was isolated by evaporating the mother
liquor to dryness 1n vacuo, extraction with ethyl acetate,
evaporation to dryness, solutlon in ecetone, evaporation of
acetone, hydrolysis with HC1l, and adjustment of the pH to
3,2 with Li0H. The yield was from 30-60%. The advantages
attributed to this method of resolution are simpliecity,

(1) V. Bs Price, J. B. Gilbert, and J. P. Greenstein,
Je Biol. Chem., 179, 1169 (1949).
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rapidity of operation, and the possibility of working with

unlimited quantities of the materlal at low coste

Carbcbenﬁaxyaggyglutamic acld has been substltuted
for chlﬁroacetylmg%?glutamia acld to yleld a more readily
isolated compound and a purer grglutamic aclid, which was made
possible by the recovery of aarbobenzoxyﬁgsglutamie acid
through catalytic hydrogenation (1)s These advantages are
welghed against the disadvantages of higher cost and a much
slower enzymatilc reaction. The ylelds were 83% grglutamia
acid and 77% ggglutamic acide. Glutamle acid was the only

anino acid for which this deviastion would worke.

E+ Resolution of g%ralutamic Acid by Fractionation

1. Strychnine salt

Em1l Flscher (2) resolved benzoyleDL=glutamic acid for
the first chemical resolution of DLeglutamic aclde The
strychnine salt of banzoylggrglut;;ie ecild precipitated,
whille the salt of benzaylﬁ%rgiutamie acld was not recovered,
but was decomposed by NaOH to yleld benzoyl~Le=glutamic acid‘
from the mother liquor. A 15% yleld of D=glutamlc aeid

was achleved upon HC1l hydrolyslis of the benzoyleDeglutamie

(1) L, Ievintow, J. P. Greenstein, and Rs. Bs Kingsley,
Arch. Blochem. Biophys., E%, 77 (1951).
(2) ¥-Fischer. Bers, 22, Pi51°71899) «
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acid., This procedure, which included benzoylation, salt
formation and fractionatlon, strychnine recovery, and hydrole
ysls, offers few advantages. The low yleld and the undesire
ability of strychnine are strong disadvantages. Winter
adapted this resolution to p«nitrabanzeylngémglutamic acid (1)
Repeated crystallization of the strychnine salt yielded pw
nitrobenzoylfgrglutamie acld, which was hydrogenated to pe

aminobenzoyl«D~glutamic acld.

2, Quinine salt of pyroglutamic scid

Glutamie aclid, when heated up to the melting point,
loses a molecule of water to form pyroglutamie acid.
Sugasawa (2) dehydrated géfglutamiu acld to farm‘gérpyrew
glutamic acld, which was reacted with quinine to form the
guinine salt, The quinine salt of g:pyroglntamic acid, the
dlastereomer which preclipitated, was decomposed snd separated
by successive treatment with alliell, aclid, and absolute alcoe
hols. PFifteen per cent hydrochloric acid formed g?glutanic
acid from the gvpyreg:;lutamm aclde The é—-glutamic acid was
isolated by a similar treatment of the mother liquore.

A modification by Hillmann and Elles (3) simplified this

(1) He Cow ?ﬁinwr, Je Ams Cheme SoC. 62 3266 (19&0)»
(2) S, Sugasawa, J, Pharm, S0Cs Nep %EZ 93l (1926).
Original not seen. Kﬁsﬁr&cfeg in 21, 2664 (1927).
(3) a{ gﬁ%}mann and A. Elles, Z. ph siole Ch ems, 283, 31
1
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procedure considerablyes Plecrie acid formed a quinine plcerate
after decomposing the quinine salt of grpyraglutamic acid.
The insoluble quinine plcrate was removed, leaving thaigy
pyroglutamle acld 1n solutions, Hydrochloric acid hydrolysis
~ ylelded grglutamic acid hydrochloride as befores The yields
were raised to 65% grglutamie acld hydrochloride from L)%,
and to 37% L-glutamic acid hydrochloride from 30% o

%2+ Supersaturation and precipltation

This ingenlous preparatlon of radloactive optiecally
active glutamic acid 1s not, in a strict sense, a resolutlion.
It might be called a resolution from the standpoint of the
radlioactive glutamie acld, sinse 1t began as optically ine
actlve and {inished as optically active lsomers. However,
this was achieved at the expense of noneradloasctive, optiw
eally active glutamle acld. The synthetle radiocactive DL~
glutamic acld was dlssolved with a guantity of noneradio=
active4grg1utamie acld hydrochloride equal to the yleld of
radioactive gyglutamic acld hydrochloride possible from the
DL~eomnound (1)s Upon cooling, radicactive Deglutamic acid
hyﬂrmchlnrida separated from the supersaturated solution.
After recrystallizatlon and treatment wlth NH)OH, radicactive

Deglutamic acld was obtalneds The radloactive Leglutamle aclad

(1) P« KBgl, J. Halberstadt, and T« J+ Barendrezt, Rec.
trave ohim., 68, 387 (1949). P
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was prepared by the same procedure, In each case a 102.5%
vield of the optiecally active, radloactive hydrochloride was

reported.

li» Paper chromatography

Paper chromatography, with lemethyle{f=phenylisopropyl)=
amine as a solvent, showed a difference in Hf values of 0.02
for D= and Leglutamic acid (1)» The difference was considere
ed to be in part due to the asymmetric character of the céllu~
lose, While not a working resolution, this separation is a
step toward an ideal type of resolutione-the separation of
optical isomers by the retention of one of the isomers on a

chromatographic column,
F,. Resolution of Some Amino Alcohols

1+ (~)2eAminobutan~leol

The reaction of equimolar amounts of (+)tartaric acid
and racemlc 2eaminobutan«l-ol in water resulted in the pre-
cipitation of (e)2-aminobutaneleol (+ )hydrogen tartrate (2).
The addition of calclum hydroxide to this salt formed insole

uble ealcium tartrate and left (=)2~aminobutan«lwol in a

(1) M, Kotake, T, Sakan, N, Nakawura, and S. Senoh, J. Am,
Qhem; 8@0" 22’ 2975 (1951).

(2) R. B. Fearing, Organic Bases and Other Agents for Amino
Acid BResolution, Unpublished Ph. De Thesis. Ames,
Iowa, lowa State College Library, 1951. p. 37.
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water solution, from which 1t was separated by fractlional

distillation.

2, (+)2-Aminobutaneleol

(+)2( Benzylanine)butan-l=0l was prepared from racemiec
2«benzylaminobutan~l=o0l by resolution with mandelic scid (1).
(P 2-Aminobutan-leol oxalate was formed from the (+)2-
(benzylamino)butaneleol by the action of oxalic aeid, Hp,
and Pd0ye 4Alcoholic KOH precipltated potassium oxalate from
an aleohol solution, leaving (+)2-amincbutan~leol which was
purified by fractional distlillations The specific rotatlion
was +9.8°%. |

3+ Related compounds

Similar compounds, some le-phenyleZ-methylearalkylamino=
lepropanols (2), and threcep-nitrophenyle2eamino=l,3«propanse
diol (3) were resolved with (+)tertaric mcid. The (+)~

tartaric acld salt was decomposed with alkali,

(1) A. Stoll, J. ??yar, and A. Hofmann, Helv, Chim. Acta,
26, 929 (19437, ~
(2) 137G, Farbenind. A. G., British Patent 318,488 (1928).
Original not seen. Abstracted in C.h., %&. 2240 (1930).
(%) B, Ikeda and H, Ikeda, J. Sci. Researech, Inst, (Tokyo).
8 (1951)« Original not seen, ADstracted iR Ceha,
, 9000 (1951). 0
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I1I. EXPERIMENTAL PROCEDURES AND REBULTS#
A+ Resolution of Z=Aminobutanwleol

1s {=)2-Aminobutan~leol (+)hydrogen tertrate

A procedure which 1s essentially that of Fearing (1)
was used to prepare this optieally é@tiva salt. Malllnchkrodt
(+)tartaric acld (930 g., 6.2 moles) was éisaelﬁaﬁ in 1500
mle of water, and to thilis was added Commercial Solvents
2egminobutan«l=ol §553 gy 642 moles) with vigorous stirring
and coolinge. For thls reactlon the 2e~aminobutan-l-ol was
distilled under reduced pressure in order to remove a yellow
im@urity. After the dark red solution was cooled overnlght
in the refrigerator, the first erop of long sllky crystals
was collected and washed with 500 ml. of absolute ethanol,
which removed a red-brown coler, The initial crude yileld
was 1458 g., 57%, of («)2~aminobutan=leol {(+)hydrogen tare
trate monohydrate, m.pe. 1013°. Suceeeding crops of the long
allky crystals were collected by further cooling the mother
liquor and later by concentrating the mother liguor and
adding absolute ethanol. All crops were recrystallized by

# All melting points are uncorrected

(1) Re B« Pearing, Orgenic Bases and Other Agents for Amino
Acld Resolution. Unpublished Ph., D Thesls, Ames,
Iowa, Iowa State College Library. 1951. p. 37.
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dissolving them in a minimum of hot water, followed by ihﬂ
aeddition of absolute ethanol. The mddition of ethanol forme
ed a precipitate of long needles, whereas water alone formed
8 hard salt cake which was difficult to remove from the cryse
tallizing dish. Some of the crude product (L6l g.) was dise
solved in 220 ml. of hot water and 250 ml. of 95% ethanol
were added. After overnight standing, the recrystallization
vielded 373 ey S0F of theory, ma.p. 1023-103°,

E‘];B: +10.5° + 0.02° (Water, C,5, 1:2)
The specific rotation was the same as that reported by
Fearing (1). A tabulation of the recrystallized crops is
presented in Table l. A total of T99.1 g« of the 2=-amino-
butanwl-ol f+)hyérogsn tartrate was collected. A specific
rotation of +10.5% was found for 489 ge., which is a yileld
of 62% of pure (=)2eaminobutanelwol (+)hydrogen tartrate
monohydrate. Crops having specifie rotations of +10.5°,
+1046°, or +10.7° were found sultable for the preparation of
(=)2=aminobutan~l=0l which was used for the resolution of
DI-glutamie acid. Thus a yleld of 53l g+, 68%, was avallable

for the preparation of (=)2e-aminobutanel-ol.

(1) R. Ba. Fearing, Organic Bases and Other Agents for Amino
Aeld Resolution. Unpublished Fh, D. Theslis, Ames,
Iowa, Iowa State College Librarys 1951, ps 37.



Table 1

Crops of

(~)3~Am1nabutan~1*ol (+)Hydrogen Tartrate

L4
Crop Yield | [=<]
) (8. b
1 373 102¢w-103 10.5°
2 9645 102 103 10.5
E» 28.0 103=10l 10.6
65 40 1 euiaz 33.0
5 59 .G t5
6 | Edz» 9899
g 3.0 98..3,{;0 .14_
11.0 58-99 19 Z
9 70 98«100 1946
10 h. «0 3*?3 10 .;6
11 1%.0 6 23%.8
12 2 102«103% 105
%ﬁ 1240 102«10% 3.0.7
1340 91=92
12 31.0 =98 17 E
1 39,0 115«130

#* Water, C,5,

2=2. Temperature 23«24°,
All specific rotations were posltive,
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24 {=»)2«Aminobutan=leol |

{~)2=Amincbutan~l-ol (+)hydrogen tartrate monohydrate
(340 gap 134 moles) was dissolved in 850 ml. of 70% methanol,
and calcium hydroxide (132 g., 2.36 moles) was added in pore
tions until the pH became 10.5. After 4 hours of stirring,
the suspension was flltered, and the calclum tartrave was
washed with 500 ml. of HpO. The combined filtrate and mother
liguor were fractionated with a 50 om. column. The fraction
boiling between 42° and OJp mme and 55° and 0.2 mm. was
collected. The yleld was 106.7 g.

- [J8% = <9.4° *0.03° (1=2)

The density, 0.9443, indicated that the liquid was 92%
Zeaminobutan-l=ol and 8% water. This caleculation was based
on the assumption of a linear relatlionship between the denw
sity and the coneentration of Zeaminobutanel«ocl and water.
Fearing (1) reported a density of 0.9390 and a specific rota=
tion of «9.,92° for the pure compound. The yileld of (=)2e
aminobutan-l~ol was 83% of the theorstical. A concentration
of 1.9% of (w)amaminabutan~laol was found in the water frace
tion of the distillate; therefore, the 92% solution was not
purified further tc prevent additional lose of the product.

(1) R. B+ Fearing, Organlc Bases and Other Agents for Amino
Acid Resolutions. Unpublished Phs De Thesls. Ames,
ITowa, Iowa State College Library. 1951« pe 39.
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This solution was found satisfactory for the resolution of

Dimglutamic acid.
o
B, Resolution of DI~Glutamic Acld with (~)2eAminobutan~liwol

ls DIL~Glutamle acld
E= ~

%rﬁlutamie acld was racemized acecording to a modification
of the procedure of Arnow and Opsahl (1). General Mills L
glutamic acld (500 gs., 3.4 moles) was heated at 190«195° for
i hours in a liter round bottom flask warmed with a heating
mantle., Immediately after the heating was stopped, 770 ml.
of 20% HC1 (4.2 moles) were added. A condenser was attached
and the black solutlion was refluxed for l hours. The hot
solution was then decolorized with 12 g. of NHorit A and
filtered through a steameheated funnel. After overnight
standing the Tiltrate ylelded a large crop of orystals which
were washed with 500 ml. of 12N HCl, 500 ml. of absoclute
ethanol, and 100 ml., of ether. The yleld of g%?glutamia acid
hydrochloride was 25 g., 68% of theory, m.p. 198°. The
mother liquor was brought to a pﬁ'of %.2 with concentrated
ﬁa&ﬁ solution to recover any'ggyglutamic aelid which dld not
precipltate as the hydraehloride. The 1425 ge of g%rglutamia
acld hydrochloride were dissolved in 600 ml. of hot water, and

(1),L{ gﬁ §rnew armd Jo. Co Opsahl, ¥, Blol. Chem., 134, 649
1

-
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;5N NaOH was added until the pH reached %.2. The crystals
were filtered after overnight standing and were washed with
500 mls each of cold water, ethanol, and ether. The yleld
was 320 ges; 95% of theoretical. Raaryatailisatimn from water
resulted in 270 g. as a first crop. After all crops of ﬁ%f
glutamic acid were collected, the yleld was 350 g., 70% of the
starting material, m.p. 194°.

EJ27 = 040° % 0.04° (6N HCL, C,5, 1-2)

In a second run this procedure was modified to elimine
ate the lsclation of the hydrochlorlde. After the refluxing
with 20% HCL was completed, 20 g+ Darco animal charcoal were
added. The mixture was flltered through a hested funnel.

To the Ffiltrate was added 50% ﬁaéﬁ until the pH reached 3.C.
The finanl volume was 1500 mls After overnight standing file
tration resulted in a crop of brown crystals which were im=
mediately recrystallized from 2000 ml., of water with the
addition of 5 g of Darco. A yleld of 330 g., 66% of the
starting materiasl, was achleved from this simplified prow-
éadurea

<1 2% =0.0° *0.01° (6N HG1, C,5, 1-2)

2s (=)2<Amincbuten«l~ol~Deglutamete and (=)2-aminobutans~le
TISLETUTHNETE =

Seversl runs were made by this procedure. The results
from two such runs are presented in Table 2. A typleal run

followss
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DL-Glutamlic acid (7345 2+, 0.5 mole) and 92% (-)2~-aminoe

butan=il=0l (485 ge, 0.5 mole) were stirred vigorously, and
20 ml. of water were added In small portions. The reaction
was noticeably exothermlic. The syrup was heated with stirring
on a 60° water bath until‘all of the g&»glutamie acld had

dissolved except a trace. The syrup was filtered through
No. 1 filter paper in a jacketed Blichner funnel heated with
ﬁclu vaporse. 1t was necessary ta‘usa LO mle of hot water to
wash the syrup through the filter paser. The filter paper
gained 0«9 g+ during the filtration, indlcating that 0.9 g.
of gggglutamic acid did not react. Enough absolute ethanol
was added to the filtrate to bring the volume to one liter.
Some of the ethanol was used to wash the filter paper and
furmel, After twenty hours in the refrigerater, 240 g
were collected as a first crop, m.pe. 139-142°,

(<] ga = «1.1° * 0,04° (Wwater, C,5, 1=2)

This first erop waa aa% optically pure based on values found
for (n)2~am1nabutanal*alfgeglntamata and (=)2eaminobutane=le
oluérglu%amats4 The second crop was collected one day later
vielding 40 z., 68% of theory, mep. Upbe147%.
[T 8 = «3,3° * 0.04° (vater, C,5, 1=2)

The third crop was very small, while the fourth, fifth, and
sixth crops were (*)E*aminabutannlwelﬁgfglutam&te: Later
erops were optically impure. All crops were washed with ab-

aolute ethanol and were dried in & vscuum desiecocator,
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%34 D=Glutamic acld and beglutanic acld
= =

D-Glutamic acid was prepared from («)2~aminobutanel=ole
grglutamate by the dropwise addition of 12K HC1l to & solution
made by dissolving the salt in & relatively small volume of
water, When a pH of 3.2 was reached, two or more volumes of
absolute ethanol were added to make the grgiuzam&a acld nearly
insoluble while the («l}2eaminobutan-l-ol hydrochloride rew

mained in the ethanol solution. A typleal run follows:

Twenty~five grams of (~)aaaminabutannlualfgrglutamata
were dissolved in 100 ml. of Hp0 and 12N HCl was added to
bring the pH to 3.16 T 0,04, A relatively large proportion
of the HCl was added in the pH range between 3.8 and 3.6 al=
though the pH of the water solution of (=) 2=gminobutan-leole
D=glutamete was 7.0. Absolute ethanol (200 ml.) was added to
the sus-enslion and 1t was filtered within ten minutes. The
grglutamia aeld was washed with 200 ml, of abswluté ethanol,
and the washlngs end the mother liquor were allowed to stand
at room temperature for the preeipitation of further c¢cropse.
A total of 15.0 ge, 967 cf theory, were collected.

[<] 35 = -31.0° * 0%  (énw Hci, C,2 1-2)

A 1.0 g. sample of («)2-aminobutan-leoleLeglutamate ylelded
Deb g of Imglutamie acid, 97% of theory.

[=] §5= +31.0° t 0.1° (6N mHC1, C,2, 1-2)
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Further data concerning the recovery of glutamic acid
is reported in a later section. This specific rotation,
#31.0°, was the same as that of a known sample in 6N HC1.
The literature value was +31.2° (1), but 1t wes taken with
8 l} decimeter polarimeter tube. The constanta reported were
for the diastereomeric salts and the D=glutanic or érglntamie
acid without recrystallization, Reecrystallization was not
necessary in this procedure because the {(e)}2waminobutan~leol
hydrochloride was very soluble in the alecohol solution.
Table 2 presents the results of the two runs., Yields of
68% and 64% of theory were obtained for («)2eamincbutanele
oleD-glutemate, and 26% and 32% of theory for («)2eaminow
hutan~1~u1ﬁ§~g1utamat¢. Some observations made during these

runs followg

Beeding was tried with both diastereomeric salts on
several occaslons but did not affect the order of precipe
itation. For instance, sfter a crop of {m=)2~amincbutanwle
alﬁgrglutamata was separated, seeding was attempted with
(-»)auaminabutanuluﬁlegnglutmaﬁe., However, the next ecrop

was (w)Euaminobuhanmlﬂﬁlﬁ%mglutamate;

2=-Propancl was tried in place of ethanol as & precipe
itating agent. It caused the simultaneous precipitation of

both diastereomers.,

(1) Cue Lo As Schmidt, "The Chemistry of Amino Acids and
Proteins™, Charles C. Thomas, Springfield, Illinois,

194, pe 1175.
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Table 2
Resolution of g-—ﬁlubamia Acld with (=)2«Aminobutaneleol

% of Theoretical® [, of (=)2-° [BG_ of®

Crop  YsPe Yileld _ Yield of  AmiRobutan-le Glu¥amic
Ce e Disstereomer ol Glutamste Acid
ran o gell2 2.0 1.1 °
2 l&éwﬂ#? Lo 68 3% ~31.00
a 107-110 0.1 |
112‘*115 10.0 17 =10.1 +31.0
5 112-11 T «0 12 Y +31.0
6 115«11 40 T -9 o2 +28.6
g 129-132 0.5 w5y
128=132 277 ~gua 41147
9 110-115 2.7 «8.6
Run 2
1 U516 38.0 6l -3 ')3 «30¢5
2 100~105 1640 27 “Fe +30,2
a 340 5 ~947 +28.1
310 *5 .2 "3 017

& L~Glutamic acid with a specific rotation of +28.6°
Was purified to a specifie rotation of +31.0 in an
yvield by one recrystallization, and hence is
included in the yield.

b (water, C,5 ‘1=2).@ The temperature range was from
Eagﬂnzh&* ' ng

¢ (6N HC1, C,l.5~l4, 1=2). The temperature range was
from 92038, ) &
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The time elapsed bhefore the first crop of crystals was
removed d1d not seem to affect the quality of the first large
precipitate. It was negessary to remove this large crop bew

fore the next would form.

{m)Zwﬁminaﬁutanwlwalﬁgrglutamate was mildly hygroscopic,
whereas (w)Ewaminahut&nwlma&ﬁﬁwglutam&tﬁ was 8trongly hygro=
scopic and was sctually deliaueaaent when the atmosphere was
high in humidity.

Ce Solubllity Experimanta with (=)2~Aminobutaneleol-D=
Glutamate and («)2e-Aminobutan-leol-I~Glutamate

1. (m}Zwﬁminnhutan«lwﬂlﬁgyglutamata

D-Glutamic acid (3.7 g., 0.025 mole) and 92% («)2-aminow
butenel=0l (2.0 g+, 0.025 mole) formed a syrup upon the ade
dition of 1} ml, of H,0. Heating to 60° in a water bath re-
sulted in a nearly complete solution, Filltration through a
heated funnel removed 25 mg. of unreacted Deglutamiec acid,
Mmepe 205«206%, Heating at 60° on a waterﬂgath removed all
of the excess water feasliblej; then absclubte ethanol was added
to the syrup. A white precipltate formed immediately. The
yield waa 5.0 g., 83% of theory, m.pe. U7«148°.

(K] 3% = -3.3° * 0.0° (water, 0,5, 1=2)
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Fearing (1) reported the specific rotation as =3.2°, and the
melting polnt as il 6=147°.

A small scale reactlon was carried out to clarify the
role of water in the salt formation. A 0,025 molar run by
the previously mentioned procedure resulted in s 68% vyield,
MeDe 1&?~1&9°; The reaction took placeé with only the 0.002 g.
of HpO present in the 2eaminobutan~lwol. This plus the fact
that heat is gilven off from stirring of Zeaminobutan=leol
with glutamic acid Indicated that wabter was not neseessary for
sdlt formatlion, but the reaction required water for complew
tion. The salt formation for the resolution of DL-glutamie
acld left & small amount of the DLwglutamic aaiﬁhgh the fil=
ter paper, and this residue 1nﬁ1;;£¢d that an excess of (=)

2«gminobutan«l«0l was not present.
2. (w)2~ﬁminehu%anm1ualﬂgyglutamate

L-Glutamic acid (147 g+, 0.1 mole) and 92% (=)2eaninoe
butan=l=ol (9,7 g+, O+l mole)} were stirred with 22 mi. of
water in a 60° water bath until solution was nearly complete.
Upon filtration 0,025 g. of Leglutanic acid, mep. 198-200°.
were removed f{rom the Sywﬂpﬁ  After the evaporation of some

of the water, 2,0 mls of absolute ethanol were added, and

{1) R. B. Fearing, Organic Bases and Other Agents for Amino
Acid Resolution. Unpublished Ph. De Theslis. Ames, Iowa,
Iowa State College Libfary. 1951. pe 854
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the solutlion was placed in the refrirerator. No lmmediate
preciplitate was noticeable at tihils point as it was for (u)2e
aminohutanﬁlwalﬁgfglut&mate; A milky-white oll which formed
did not crystallize so the ethanolwwater solvent was distilled
in vacuo as much as feasible, and Z~propancl was added to the
syrups The white oll, which formed immediately, changed to a
sticky solid. After two days a very dlfficult flltration
vielded 20 ga., 85% of theory, of (n)&n&m&nabuhanwlnalﬁ%ﬁglu«
tamate; mepe 115«117°,
Ansle Calc'd. for CgHpoOgNp: N, 11.85
Found: N, 11.82 (micro Kjeldahl)
[<] g‘?' = «9.7°% 0.,02° (Water, 0,5, 1=2)

Fearing (1) reported that (w)zwaminohutanmlum1%§~g1utamate
formed an oll which d1d not crystallize., While this salt
crystallized only with dlfficulty, 1t dld form a clearly dew=
fined sollid compound. However, there was a great difference
in the ease of precipitation between the dlastereomers, («)2m
aminobutanulwalﬂ%mglutamste and (o)awaminahufanmlaalﬁ%n
glutemate. Emmick (2) reported a monohydrate for érlysina*
Leglutamste. Such a possibility is ruled out for (w)2eamino=

butanwlwelﬁgfglﬁtam&ta because of the nitrogen gnalysls and

(&) R. B. Fearing, Organlc Bases and Other Agents for Amino
Acid Resolutions Unpublished Ph. D, Thesls. Ames,
Iowa, Iowa State College Library. 1951. p.Sl.

(2) By Ds Emmlok, United States Patent 2,556,907 (1951).
Abstracted in CeA., 46, 525 (1952).
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the nearly quantitative yields of’%rglutamia acld separated
from the salt. The sample for elemental analysis was dried
over ?205 at the temperature of refluxing chloroform at 0435
mm. The sample for optical analysis was dried over GaCla at
room temperature st 20 mm.

5« The approximate solubllity of the dlastereomers separately
and together

An indicatlon of the relative solubllity of the dlastere
eomers was achleved by adding the solld to a solution of 83%
ethanol by volume. Two ml, of absolute ethanol and 0.40 ml.
of water were pipetted into each of two 100 x 13 mm. test
tubes equlpped with rubber stoppers. The tubes were immersed
in & nmineral oll bath to the level of the ethanol solutlione
The s0lid was added in small portions with stirring until a
small visible quantity remained undissolveds Then the bath
was brought up to 70° and allowed to cool. When no more solid
would dissolve, the loss in welght of the sample bottle was
used to determine the approximste solubility. The volume of
solvent in the tube dld not visibly change. For («)2-amino=
butenel=oleD-glutamate, 29.4 mge dlasolved in 2.4 ml. of the
83% ethmnolrby volume. For (~)2~aminﬂbutanplaclegrglutamata,
25.5 mg. dissolved in 2.4 ml. of the ethanol solution. These
solubilities, 1.2 gs per 100 mls and l.l g+ per 100 ml,,
respectively, indicated that thevre was no significant
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difference in the solubllities of the diastereomers at this

concentration.

An indlcation of the sclubility behavior of one diasters
eomer in the presence of the other was obtained by starting
with & welighed amount of one diastereomer and adding the other
until solution took place. Then enough of the first diaster
eomer was added untll a small quantity of the scolld phase was
present. In one typlcal experiment approximately 0.30 g. of
{u)Quaminmbutanalmelwgrglutamate were suspended in 2.l ml. of
834 ethanol by volume, and 0,386 ge of (=)2-aminobutaneleole
grglﬁtamata were sdded to effect solutions Then a small quane
tity of the former salt was added. The temperature was ralsed
from 25 to 75° after each addition. The weight of the ()2«
aminobutanmlnoiﬁéyglutamata was 043108 g« Thus 16 g« of (=)
2»&m1nebutan~1~almgrglut#mate were required to dbring 1% g. of
~(~)2--aminebutan--l—ml-%nglutam&t;e into solution in 100 ml. of

82% ethanol by volume.

The reverse procedure of solubllizing (=)2eaminobutanw
l=ol<L-glutamate with (=~)2-aminobutan-l-ol-Deglutamate was
8lso carried out. A relatively large quantity of the gf
glutamate was required in order to have some of the solid
phase present. In this case 043897 g« of the L-glutamate

were required to bring 0.7630 g. of the Dwglutamate into
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solution. Whereas there was 1little difference in the soluw
bility of the diastereomers alone with a change in temperaw
ture, the dlastereomers together showed a marked change in
solubility with & change in temperature. The differential
appeared to be greater in the case of the %rglutamata solum
bilizing the Deglutamate. On the basis of 100 ml. of 83%
ethanol solution by volume, 1l g« of the érglutamata were
brought into solution by 31 g. of the ggglutamate.

L. Variation of solubility with ethanol concentration

The solubilities of the diastereomers were studied over
a range of ethanol concentrations in an effort to determine
the effect of the ratio of ethanol to water on solubllity.
(~)2~Aminebutanwlﬁa1~gfg1utam&te (047000 g+) and (=)2-aminoe
butan=leol~L-glutamate {07000 g.) were each placed in a
20 ml, rubber-stoppered test tube with 10 ml. of 97%¢ ethanol
by volume. The suspension was stirred vigorously and then
was heated from 20% to 40° in e minersl oll bath. After the
80l1id had smsettled, 1.00 ml. of the solution was pipetted into
a tared 10 ml. Erienmeyer flask, Then 0.50 ml. of water was
added to the test tube, forming 9.5 ml. of & 91% ethanol
solution by volume. After stirring, warming, and cooling,
1,0 ml. was removed for & sample and 0.5 mles of distilled

water were added to the test tube, forming 9.0 ml. of an
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B86.5% ethanol solution. A continuation of this procedure for
lower concentrations ylelded the samples for Table %, All of
the samples were taken at 24°, The samples were weighed and
dried to constant weight at a temperature of 70-80°, Ethanol
was added after sach welghling to facilitate drying. From the
welght of the dry residue, the welght percentage of (»)2e
aminobutanwl-ol=D-glutamate or {«)2-aminobutaneleolel=gluta=
mate was caloculated. W¥elting point determinations proved
that decomposition had not taken place. Table 3 presents the

resulta of this experiment.
De Resolution of 2-Aminobutan~leol with ﬁpalutamic Acid

1. (+)2«-Aminobutanelecl«leglutamate

General Mills Lwglutamic acid {29 ge, 2400 moles) and
Commerclal Sclvents vacaum distilled racemic 2~amincbutane
1«01 (178 gs, 2400 moles) were dissolved with 180 ml. of
water in a 70° water bath. The syrupy solution was filtered
through a heated funnel to remove a small emount of undise
| aalvad_%fglutamie acide. ZEnough absolute ethancl was added to
bring the volume to two liters, and the 1liguid was cooled in
the refrigerator. Seeding with (»)amaminobutanulwelaéy
glutamate crystallirzed the first orop of (+)2«aminobutan=le
olwlL=glutamate. The crystals were washed with absolute
th;£01u The yleld was 150 g., 6L4% of theory, m.ps 1U6-147°.



Table 3

Solublilities of (- )2~Amincbui;annlmolwgaalnﬁamato

and (- }&u&minobutanulwoJ.«L-»Glutamata
in Different Concentrations of Ethanol

% Dry % pry
% Bthanol {w)2wAminobutaneleole (m)2wAminobutaneleols
by Volume gwﬂlummta by Welght %-leutamte by Weight
97 0,15 Ool4d
1 3 2.2
T 643 3T
81 Te5 6.0
1 6. 9
7 6y 2.1
61 640 .
56 Lo
51 Loy
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Anal. Calc'd. for CgHpaOgNz: N, 11.85
Found: N, 11.89 (mlcro Kjeldahl)
E§]§3:=-+§.a° t 0.04° (Water, C,5, 1-2)

These values are in olose agreement with those found for the
enantiomorph, (=)2-aminobutan~leol-Deglutamate, which had a
rotation of «3.3° and an m.ps of Ub6=147%. A mixed melting

point with (=)2-aminobutanelweol-Degluteamate was depressed.

Further corops were collected by allowlng the mother
liquor and the ethanol washings from the previous erop to
eool in the refrigerator. After no more precipitation oc-
curred the mother liguor was concentrated in vacuo with a
water pump and a 60° water bath. Absolute ethanol was added
and a further erop was collected. This procedure was repeated
until ﬁha last two crops were precipiteted from a sclvent of
Skelly A, Skelly B, and absolute ether., The remainder of the
salt, 15%, did not crystallize from any solvent tried. The
final yleld of (+)2-aminobutan-lecl=Le-glutamate was 150 g,
6% of theory, and that of (»3Ewaminabutanalmalﬁgng1ukamata
of 96% or more optiecal purity was 63% of theory. Table L
lists the crops and thelr rotations.

L-Glutamic aeid (147 ge, 1.00 mole) and 2«aminobutaneleocl
(89¢0 ge» 1400 mole) were mixed with 80 ml. of water and the
volume was diluted to two liters with absolute ethanol. A
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Table L

Resolution of Racemic Z2-~Aminobutaneleol
wihh.grﬁlutamie Acid

Crop Yield % of Theoretlcal Yield [#)p
(2e) . of Diastereomer
1 150. 15 e
2 53:6 & «g;%
z 6.1 12 5
5540 : =0l
5 2540 11 LA
6 20;0 9 “Bna
g 172 -lie
7540 32 ~9~g
9 33 +2,
10 3;2 +0.7
11 . Q.0
1 16.2 ¥ it

# (Water, C,5, 1=2) 0 00
Temperature range, 22 «25
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yield of 116.1 g. of (+)2-aminobutan~leol-L-glutamate of 85%
optical purity was recovered, Reerystallization from 60 ml.

of water and 1940 ml. of absolute ethanol resulted in 101.2 g.
of a 96% optical purity. Recrystallizetion from 100 ml. of
water and 1900 ml. of absclute ethanol yielded 95.0 g., 81%,

of optically pure €+)anminﬁbutawwlﬂolwéfglutamate; In another
molar run 156 ml. of water and 1850 ml. of absolute ethanol

gave 8340 go, TO% of theory, of optically pure Leglutamate.

2. (+)2«Aminobutanelw=ol

(+)2~ﬁminobutanﬂlualﬁ§wg1utamata (50ge, 0+21 mole) was
dissolved in 150 ml. of water and the solution weas brought
to a pH of 3.2, the iscelectric point of glutamic acid, by
the dropwise addition of 12N HCl. To aid in the completemess
of the precipitation of E?glutamia acid, 200 ml. of absoclute
ethanol were added., A total of 30.1 g. of %rglutamie acld
was collected, which is 97% of treory. The water-ethanol
solution of (+)2-aminobutan-lecl was soncentrated by evape
oration in vacuc. Calcium hydroxide was used in conjunction
with anmonium hydroxide to raise the pH to 10.6. Three
volumes of absolute ethanol were added and s small amount
of solid was separated by fi;tration. After evaporation

in vacuo the final yleld was 1l.4} g., 61% of the theoretical.
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The specifiec rotation cempared favorably to +9.8% reported
in the literature (1).
3 §5= +9.7° T 0.02° (1-2)

In addition to the above method for decomposing the
(+)2=aminobutan~liw~ol hydrochloride, two others were successe
fully used to give good ylelds of (+)2=aminobuten=leol. In
one the glutamic acid was removed at its 1iscelectric point
in an ethanol suspension and the cold mother liguor, whiech
contained the (+)2-aminobutan=lisol hydrochloride, was
brought to a pH of 10.7 with ¢old alcoholic NaOH. Evaporae
tion and filtration ylelded an alecoholic solution of (+)2=
aminobuten=l=ols In the second method, cold alcoholic NaCH
was added to the (+)2-aminobutan~leolel-glutamate suspended
in ethanol until the pH beecame 10.8, gﬁa insoluble sodium
glutamate was removed by filtration, and the (+)2~aminobutan-

lw0l was recovered from the alcohol.
E, Reactlon of ZeAminobutan~l-ol with D-Glutamie Aecid

This experiment was earried out to check the results of
the reactlon of 2~aminobutan~leol with leglutamic acld and to

prepare the fourth dlastereomer, Q*)Ewaminabutanwlwelﬁgf
glutamate.

(1) A. Stoll, J. Peyer, and A. Hofman, Helv. Chim, Acta,
26, 929 (1943).
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D-glutamic acid (1447 2o, 0410 mole) and Commercial
Solvents 2eaminobutaneleol (8.9 g., 0.10 mole) were dissolve
ed with 15 ml. of water on a T0° water bath. The syrup was
filtered with the ald of 15 ml. of HpU, and 220 ml. of abso=
lute ethancl were added to the filtrate. A flocculent white
precipitate formed immedliately. This white precipitate was
0.6 ge of ggglntamic ecld, which was removed by filtration.
The second crop of crystals was 11.6 g. of 38§ optically
pure (n)amamiaabukan»lwmlggyglutamatﬁ. Recrystallization
from 30 ml. of weter and 470 ml. of absolute ethanol yielded
942 go, T8% of theory, m.p. Upbe147°.
[<]25 = =3.2° £ 0.02° (water, C,5, 1-2)

The mother liquor from the first crop was cooled with
dry ice, and 1.0 gram of 69% optieally pure (e)2eaminobutane
1&@1fg¢g1utamat@ preclplitated. Three evaporations and the
addition of absolute ethanol falled to cause further precipw
ltation, Finally Z2epropanol was added to the sﬁrup, and a
gum formed immedlately. The 2-propanol was decanted from
the gum, and the gum was drled over CaCls, in & vacuum des-
iccator at 0.5 mm. ylelding 2.8 g., 2% of theory, of the
erude material. The deliquescent white compound was then
dried for 90 minutes over P205 at & pressurs ofxogl mm. and

the temperature of refluxing chloroform, m.p. 98-104°.
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[0 292 49.5% £ 1.0° (Water, C,3.03, 1-2)

These results checked with those found with the resoclution
of 2»am1nobutanelwclﬁéaglutamata. The (+)2~aminobutan=leole
E&gluiamata was more difficult to isolate than was (w)2eaminoe
butanﬁlwalﬁégglutamata, but this cculd probably be alleviated

by & larger scale preparation.

Feo Attempted Resolution of DL-Aspartic Acid
with (»)2~Aminobutanel=ol

An attempt was made to apply the method successfully
used with glutamlc acid to aspartic acid, the other dilcare
boxylie amino acid.

Natlonal Anlline DL-aspartic acid (6465 gey 0.05 mole)
and 96% («)2-aminobutan=1l-0l (l.46 g+, 0.05 mole) were
stirred on a 60° water bath with 2 ml. of Hp0 until a syrup
formed. Thils reaction a~peared to be more exothermic than
the reaction of DL-glutamlc acld with {~)2-aminobutan-l-ol,
The addition of 100 ml. of absclute ethanol and storage in
the refrigerator falled to produce crystallization so the
solution was concentrated in vacuo at room temperature.
When the volume was reduced by half, 2J, g. of («)2eaminoe
butan~l-0l aspartate were collected on a Bfichner funnel,
MeDe 128-13%2°, Two grams of the aspartate were dilssolved in

5 mle of water and enough 12N HCl wes added to bring the pH
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t0 3.0, the iscelectrie polnt for aspartic acid. Enocugh
ethanol was added to bring the volume to 440 ml. The yield
of aspartic acld was l.2 ge., the theoretical amount.,

<3 222 420.0° * 0.4° (6N o1, G,2,69, 1-2)

The value reported in the literature for Leaspartic acid in
6N HC1 is +24,6°(1); thus this preparation was of 70% optical
puarity. The rotatlon is of the opposite direction from that

of glutamice acid prepared under the same conditionse.

Several other attempts to resolve the DL-aspartle acid
did not meet with success. However, the above results indiw
cate that the separation might be accomplished 1f the proper
solvent were found.
G+ Attempted Resolution of DL-Fhenylalanine
with {(~)2-~-Aminobut®Er-leol
gﬁmyhanylalanina did not form a salt with («)2-amino=
butan=l-ol. It was recovered unchanged from the reaction
mixture.
He Attempted Resolution of g&rLeueina
with (=)2~Aminobutan«l=ol
E&*Leuaine also does not possess encugh acid strength

to form a salt with {(~)2-aminobutan-l-ol. This difference

(1) Co Ls A+ Schmidt, "The Chemlstry of Amino Acids and
Proteins", Charles C. Thomas, Springfleld, Illinois,
191#“ ps 1175



557w
in salt forming abllity of leucine and glutamic acid was
11lustrated by the followlng expe riments

General Mills Leglutamlc acld (14e7 ges 04100 mole),
Dow DL-leucine (1341 g+, 04100 mole), and Commercial Solvents
2-aminobutan~leol (9.} g¢, 0,105 mole) were warmed with 50
mle of water on a 60° water bath for %0 minutes. The sus~
pension was filtered and 12.9 ge, 98.5% of the starting
material, of g&rleucine was recovered. The leucine showed
no optical rotation indicating that no contaminating B~
glutamic acid was present. The filtrate was brought :; a
pH of 3.2 with 128 HC] and 300 ml. of absolute ethanol were
added. A yileld of 12.6 g. of Leglutamic acid, 86% of the

starting material was recovered.

<7 i’«": +31.0° ¥ 0.1° (6N RC1, C,k, 1-2)

No leucine contaminated the Leglutamie acid recovered from

this reaction. 3Such a purifieation procedure could be used
to purify glutamle ar'aapﬁrtia acld from less acid contame

inants,



uﬁ&w

IV. DISCUSSION AND CONCLUSIONS

The resolution of DLeglutamlc acid with {«)2wamino=
butan=1l~0l has been proved teo be reproducible and to give &
good yvield af‘grglutamis acld« The following equations
present the essential steps in the preparation of grglutamia
acld, beginning with the resolution of 2eaminobutan=leol
and following with the resolution of ggsglutam&e acid with

(=)2=aminobutan=lecl.

OH Hy GOOH Hy
ExC=0H 'Kz H=Cw(H 32
+ - s + R
HOw(=H HNH, ﬁo*I*a HylwGek
00H Ha0H 00~ H 408
(H)tartaric dleZeamino= (w)2eaminobutanel=ol
acld butane«leol {(+)hydrogen tartrate

YO@ ?ﬁ;

H=C=0H OH.
Ca -+ 2 ¢

Calcium (t)tartrate {(«)2waminobutanwl«ol
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COH QH o0~
f | 3 ? ?HB
CH H CH
t 2 -+ ? “9 + 2
H HE. RelleH + H Ha(wH
Fra ?32 3
? SH Qﬁ wi 2 HEGH
COOH JOOH
DL-glutamiec (=)2-amino= («)2~aminobutan=leoleD=
T aeld butan«lw=ol glutamate -
fﬂQE ?H; HC1
to pH 5-3
fHa ? 2
fﬁa + ¢1m+ Hsﬁ..r.ﬁ —
Hn?»ﬁﬂa *EEQH
COCH
D=glutamic (=)2=aminobutan=leol

acld hydrochloride

This resolution is very economical in comparison with
other methods for the resolution of g%gglutamia acld since
(+)tartaric scid, racemic 2eaminobutan~l-ol and calcium hye
droxide are all avallable commercially and since few steps
are invelved. The two resolving agents, {({)tartaric amcid
and (~)2-aminobuten-l=ol, can be recovered for recyecling.
grglutamia acld can b prepared within three days, allowing
overnight cooling in the refrigerator for the orystalliza-
tions. If (=)2=-aminobutan~l-ol were kept on the reagent

shelf, the preparation of grglutamia aclid eould be carried
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out within 2§ hours to give a good yield in comparison with
other methods. These statements would also apply to érglu»
tamic acid 1f it were to be resolved with (+)2-aminobutan=

1«0l

At no time during thils resolution were any of the optie
cally active compounds exposed to any reagent which would be
likely to cause racemization. Calecium hydroxide is not sole
uble enough to give a high hydroxlide lon concentration,

which could cause a serious problem 1ln this respect.

In other resolution procedures recrystallization is
necessary for an optlically pure compound, but in this proe
cedure the first large erop of the dlastereomer 1s optically
pure, and the glubtamic acid precipitated by adjusting the
pH to the iscelectric point is optically pure.

Two of the difficultlies encountered during the resolue
tion were caused by the sensltivity of the diastereomeric
salts to heat and water wvapor. The long exposure to heat
above 80° resulted in the decomposition of some of the (~)2-
aminebutanﬁlwalngrglutamate or (~)2~aminobutan~1~al~§r
glutamate, which was a handicap in the drying of the salts.
(~)a-aminabutan-1¢olggmglutamate is hygroscoplc, and (=)2=

aminﬁbutan~1»u1~érglutamata is deliguescent.



bl

The salt formation of glutamie acid with 2-aminobutane
le0l offers the possibllity of separating glutamic acid from
impurities which will not form & salt with 2e-aminobutan-l-ol
nor dissolve in the small volume of water used as a solvent,.
Hence, the following flltration would remove the impurities.
Those contaminents which would dissolve in the syrup probe
ably would not precipitate at the 1soelectric point of glue

temie aclide

acld would be advantageous in the preparation of Deglutamie
acld for experimental use, or for the preparation of é?glu”
tamiec acld free from eantaminétian of other amino acids for
exacting work such as mleroblologleal assay, where even very
small qu&ntitiaa of some contaminants, such as occur in the
commercial product from natural sources, are very undesire
able. Resolved synthetic g%rglutamim aclid would avold such

contamination.

A new resclution of 2~aminobutan~l-ol was presented.
I-glutamic acld formed the salt, L+)3waminobutanm1~olﬁgy
glutamate, which &ryatalliﬁaﬂ a3 a large crop, and from
which.gfglutamia acld ean be recovered slmost quentitativelye.
While the over-all yield of (+)2-aminobutan~l-ol is not
high, the unpreclipltated salt can be decomposed for the re-

covery of the starting msterlals. If a commerclal synthesls
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and resolution were developed for [=-glutamic acid, some of
the resultant grgluﬁamic acld coulg‘be used to resolve 2w
aminobutan~l~=0l to replece recyclizing losses of the latter,

while little or no %rglutamie acid 1s lost,

gualutamia acid and 2e~aminobutan~l~ol led to the same
type of differential precipitation of diastereomers as did
Leglutamie acid with 2e~aminobutan~lw=ol. In these two reace
tions all four of the optical isomers of glutamic acid and
2-aminobutan~l=o0l were encountered. The two antipodes of
greatest interest are (~)2~aminobutanw1~a1egrglutamata and
(+32~amin0%utanw1»elﬁ§»glutamata, since they are the ones
which made up the initial large crop of crystals when ()2«
aminobutan~leol and %fglutamia acld were used as resolving
agents. When («)2eaminobutan-leol was used as & resclving
agsent for DLeglutamlc acid, the (w}2~am1nnbutan-1~c1@gr
glutamate formed the large crop. If (+)2-aminobutan=le-ol
resolved DL-glutamlc acld, (+}anuminebubannl-alqérglutama%a

would make up the large erop.

The solubility experiments with {«)2«aminobutan~l-ole
Deglutamate and (~)2-aminobutaneleol=l=glutemate did not
;rov&de a good explanation for the 1n;%1a1 large preclpe
itation of (*)Ewamimabutan»l»ol»g?glutamate in the resolu-
tion of glutamic acid with (=/2eaminobutan=-l=ol. The solu=
hllity tests with the indivi&ﬁal dlastereomsrs indicated no
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significant difference in the quantity dissolved in aqueous
ethanal; The diastereomers together in a solution indlcated
that (*)2~amino%utanwlualfgeglutamata should have crystale
lized first, since the gyglatamata had & greater solubllizing
effect on the grglutamata than that of the grglutamata on the
gfgiutamate. Since 2~aminobutan~leol haa two polar groups
and glutamle acid has three polar groups, the relationship
of the configuration teo the interionlic bonding probably ls
the governing factor in tha order of precipitation.

Heating (=)2-aminobutan~leol over Pz0g in a drying pistol
dld not cause & significant loss in welght, 1nﬁieat1ng that
& hydrate which would lose water to Pp0s did not form. The
nitrogen anelysis also proved that a hydrate which would not
lose water to sts did not form, While («)2«aminobutanele
elng?glutamate erystallized readily when formed from its
optiecally active components, {w)auaminebutanﬁlualné?glutau
mate crystallized only with great diffioulty. The %?gluu
tamate was much more hygroscoplic than the g?glntamatoy (+)2=-
Amimabutanmlwniﬁgpg1utamatm, the enantiomorph of {(w)2wamino=
butanelmol=L-glutamate, was more hygroscople than (=)2-
aminabutam;wnlw,%*glutamam. These facts point to a differ-
ence in the affi;ity for water. It 1s conceiveble that the
(n}znaminabutanﬁlmaljgyg1utamate binds & greater share of the
water than (-)2~aminobutan~1~a1~grgluzamat$, hence foreing

the D«glutamate out of solution.
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These solubllity experiments emphasize the necessity of
not plecing reliance upon the solubility behavior of the
dlastereomers alone in solvents. The resolution of glutamie
gcld with (=)2-aminobutan«l=ol would not have been discoverw
ed on this basis, since the solubllities of the disstereomers

were sapproximately the same in the ethanol solutions,

The application of the resolution with Zeaminobutanwle
ol to other amino aclds appears to be limited by the acild
strength of these aclds, Even the necessity for a blocking
group should not exglude 2eaminobutan«leol as & resolving
agent because of 1ts abundant supply and its simple resoluw

tion.

Aspartic acid, which formed a salt with 2eaminobutan=l=
0l, d4id not follow the crystalllization behavicr of the glue
temic acid salt. An optically impure &raspartia acid was
obtained under the conditions for which g-glutamic acld was
obtained. The fact that ggﬁglmtamia acld 1s a racemic
mixture and g%rasparhie acid is a racemic compound may have

signifiecance in this connection (1).

(1) E. Be Dalton and C. La A Schmidt, Jde Bl@;. Cheme, 10 »
549 {1933) .
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Ve SUMMARY

l. The llterature concerning the occurrence of Deamino
acids in nature, the resolution of underivatized aminc
aclds, the resolution of glutamic acid, and the resolution

of 2-aminobutan-lwol has been reviewed.

2. The resoclution of 2~aminobutan«l«ol with (+)tartarie

acld was studied.

3« The resolution of DLeglutamic acid with (=)2-amino=-

butanel=ol has been shown to be simple and reproducible.

e Solubility experiments showed that the diastereomers
(m)2~am1nebutan~1~@1ﬁ§7g1ut&mate and (=)2~aminobutaneleol=
&rglutamate were about equally soluble in agueous ethanol
Individually. The two dlastereomers together were much more
soluble than would be expected from thelr individusl solu-
tbilitias» The aaluhilising effect of (w)2eaminobutanel=ole
Le~glutamate on the (=)2-aminobutan-lwoleD-glutamate was
;feater than the solubilizing effect of ?;)E»aminabutannln

ol«D-glutamate on the (~)Z*aminobutan~1*91~grg1utamata.

5« The resolution of 2eaminobutanel-ol with ILeglutamic

acld offered a convenient preparation for (4)2~aminobutanele

ol, which in turn could be used to resolve DL-glutamic acld
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to give a good yleld of L-glutamic acld.

6+ The resclution of 2-aminocbutan~le«ol with Deglutamie
acid followed the pattern of the resolution with,gygiutamie

acld,.

T« The four optieal isomers of Zeaminobutaneleocle
glutamate were 1lsolated during these resclutions; two of

the isomers were characterized.
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