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I. INTRODUCTION

The a-~-amino-f~hydroxy acid, B-phenylserine, 1is closely
related in a structural sense to the naturally occurring amino
acids, serine, phenylalanine and threonine. Phenylserine has
not been demonstrated as a constituent of proteins, However,
its chemlcel rezsctivity, in conjunction with the conditions
customarily employed for proteolysis and for isolation of the
resultant amlino acids, would render such a task difficult.

Phenylserine has recently attracted attention in the
microblological field by virtue of its properties as an anti-
metabolite., The simultaneous finding in several laboratories
that the compound is an admirable synthetlic precursor for the
antibiotie, chloramphenicol, is not unrelated. In snother
direction, there are increasing indlcatlons that phenylserine,
or, more closely, its 3,li-dihydroxy derivative may be involved
actively in the blosynthesls of adrenaline. These varied
features make phenylserine, lts derivatives and 1ts analogues
of worthwhile concern from the chemical, pharmaceutical and
biologlcal standpoints.

Due to the presence of two asymmetric centres in its
molecule, phenylserine can theoretically exist as two diaster-
eomeric palirs of enantiomorphs. Althouzh one diastereomer has

been well known for the past six decades, the existence of
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the other has been the subject of much contention. Some of the
synthetic methods which have been employed may lead not only %o
phenylserine, but also to the a=hydroxy-f-amino acid, phenyliso-
serine, thus further complicating the sterecisomeric picturs.
The confusion in the phenylserine literature is increased by

the frequently insdequate characterization of starting compounds
and products in respect to both purity and steric form. Similar
uncertainty surrounds the materlials which have been used in
past biochemical studles,

A rapldly growing interest in this fleld 1s reflected in
the appearance of as many publicatlions during the past three
years as In the preceding half century. In thls 1light, the
need 1s evident for a comprehensive review dealing with all
phases of phenylserine chemistry which have been studied in
the past. As part of this thesis, an attempt to meet this
demand has been made. Particular attentlion has been given to
reported findings of a controverslal or dublous nature, and,
where apperent, points merlting reinvestigation or potential
arsas for new research have been indlcated.

The initial purpose of the investigation described in the
present thesls was to effect the synthesis of racemic chloram-
phenicol from phenylserine, and then to attempt the prepara-
tion of analogues of possible chemotherapeutic value. The
first objective had been successfully attalned when the interest

of several industrial groups in the saze problem became clearly
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manifested. To avoid undesirable duplication of effort,
attention was turned to the disputed phenylserine diastereomer,
a derivative of which was fortultously encountered during
early work on synthesis of the antibiotic. After the identity
and steric configuration of this compound had been conclu-
sively established, an analytical method was sought by which
1t could be readily distinrulshed from the well-~known phenyl-
serine. %ith this in hand, i1t was possible to investizate
conditions in synthesls whieh governed the ratlo of the two
phenylserine dlestereomers produced, and thus to shed some
licht on the mechanism of reaction. A method for separating
the dlastereomers in isomerically pure form followed, Finally,
the preparation of derivatives sultable for enzymlc resolution
was undertaken, since the four individual enantiomorphs thus

to be obtained are of considerable interest for future bilo-

chemlical studies.



IT. REVIEW OF LITERATURE
A. Methods of Synthesis

1. Condensation of srometic aldehydes and glyelne derivatives

The feasibility of reacting benzaldehyde with glycine
became of concern during a perliod when the Perkin type con-~
densation was recelving considerable attention. Curtius and
Lederer (1) noted formation of benzylamine and carbon dioxide
upon heating the two substances at 1309, Pléchl (2) observed
reaction in presence of acetlc anhydride, but was unable to
obtain a discrete product. Although these studies provided
clear evidence of reaction capability, the need was epparent
for less drastic conditions to permit isolation of interme-
diate products.

Erlenmeyer (3,&) found that benzaldehyde readily con-
densed with glycine under influence of sodium hydroxide in
aqueous ethanol. Rapid clarification of the initially formed
emulsion, attended by slight warming, was succeeded by

clouding and formatlon within thirty minutes of a crystalline

T. Curtius and G. Lederer, Ber., 19, 2Lt2 (138¢).
J. Pléchl, Ber., 16, 2815 (IBU3).

E. Erlenmeyer, Jr., Ber., 25, 3445 (1892).
Z. Lrlenmeyer, Jr., and ©. Frihstick, Ann., 28L, 36 (189L

PN Oy P
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paste; which set completely solid after several hours. Vhen
this material was fillter pressed and washed repeatedly with
warm ethanol, the alcohol=-insoluble sodium salt of N-benzal-
phenylserine was obtalned.

From the ethanol washings was isolated N-benzallsodiphenyl-
hydroxyethylamine, a substance which constituted the main
reaction product when three instead of two moles of benzal~-
dehyde were reacted with one mole of glycine (1); in this
case, small amounts of the more soluble lsomeric N-benzaldi-
phenylhydroxyethylamine also were recovered from the alcoholle
mother liquors. The free racemic bases, 1sodiphenylhydroxy-
ethylamine, m.p. 129°, and diphenylhydroxyethylamine s MePoe
163°, were readlly obtained on acld treatment of the benzal
adducts, and were well characterized by detalled investiga-
tion (2). As a result of interest in their morphine=-like
properties, these compounds have been further investigated
recently (3).

The sodium salt of N-benzalphenylserine was recrystal-~

lized from hot water with only slight attendant

(1) B+ Zrlenmeyer, Jr., Ann., %gz, 70 (1899).
(2) ®. Erlanmeyer, Jr., Ber. 1866 (1895), T% 295 (1896);
30, 1525, 1527, 2896 TT897); 32, 2377 T1899);
E Er%gg" 307’3113 (1299)‘ 1d, 07, 329
Se snmeyer r., and A, Arno Ann., 307, 329,
3h2 (1900). —
(3) J. weijlard, K. Pfister, #. ¥. Swanezy, C. A. Robinson
and M. Tishler, J. Am., Chem. Soc., 73, 1216 (1951).
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decomposition (1). Treatment with acetic anhydride in the
cold gave a~acetamidocinnamic acld, together with O-acetyl-
N-benzalphenylserine, m.p. 169-170° (dec.), the latter being
further characterized as its crystalline sodium selt. Trans-~
formation of N~benzalphenylserine sodium to benzallisodiphenyl-
hydroxyethylamine occurred upon treatment with more benzel-
dehyde and sodlum hydroxide. Free N~benzalphenylserine was
not prepared, since cold aclids split out benzaldehyde thereby
liberating phenylserine.

The following sequence was offered to explain formatlon

of phenylserine (2):

Cip+C00H CHy+COOH
I NaOH |
Céﬂ;-CHG + H2N Céﬁg'CH=N
benzaldehyde glycine benzalglycine (as Na salt)

CeHg*CHO | NaOH

CoHg* CHOH+CH+COOH
l
Cllg » CHOH* CHNHp + COOH HOAC CoHge CH=N

rhenylserine -06HBCHO benzalphenylserine
(as Na salt)

The first intermediate, the sodium salt of benzalglycine, was

presumed too soluble to permit 1ts lsolation prior to further

(1) %. Irlemmeyer, Jr., and L. Frihstick, Ann., 28, 36 (1894).
(2) E. Erlemnmeyer, Jr., Ann., 307, 70 (1é9§}
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reaction (1). With long reaction time, or with excess benzal~

dehyde present, an alternative reaction path was followed,

due to tautomerism of this adduct (2):

Céﬂs'CHFN-CHZ-COOH — = 06H5°CH2'N=CH-COOH

06H5~CHO NaOH

06H5-0H~N”CH-06H5 + OCH+COOH Cbﬂs-CHO CéHE-?H~N=CHc003H
|

—~—
CeHe«CHOH ’ slyoxylic CyHe+CHOH
675 acld 6°5
benzsalisodiphenyl-
hydroxyethylamine
NaOH
10Ac
HOAc -06H5-CHO
CrHsCHNH COOH CH,0H
6”5 | z l + 2
CgHg+CHOH COOH COOH
oxalic acid
isodiphenylhydroxy- (1solated as glycolic

ethylamine Ca salt) acid

Evidence for participation of the tautomer was provided by
isolation, from a partially reacted condensation mixture, of
benzylamine (2), which was also formed on heating isodiphenyl-
hydroxyethylamine at 130° or higher (2,3). Thus two alterna-
tive sources were provided for benzylamine noted¢ in studies

of Curtius and Lederer (h). However, efforts to prepars the

Ee. Erlenmeyer, Jr., Ann., , 70 (1899).
%, Erlemmeyer, Jr., DBer., 1866 (1895).

. Yrlenmeyer, Jr., Ann., %%%, 205 (1904).
T. Curtius and G. Ledever, Ber., 19, 2lt2 (1886).

PN T
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tautomer from benzylemine and glyoxylic or dichlorosacetic acid
were unsuccessful (1).

Phenylserine, thus prepared, crystallized from ethanol-
water as shimmering colorless plates of the monohydrate,
m.p. 192-193° (dec.) (2), 193-194° (dec.) (3). Drying at
100° gave the anhydrous amino acid, m.p. 195-196° (dec.) (1,2),
190° (dec.) (3), poorly soluble in water and insoluble in
alecohol. It formed a hydrochloride {(not characterized) and a
poorly soluble violet copper salt.

Treatment of phenylserine with acetic or benzoic anhy~-
drides yielded the corresponding "lactimide" (azlactone);
initially formulated as a diketopiperazine (2) or as an

a=lectam (3):

?c
o= /N\s
06H5-C 9 ? 0 CGHS-CH=G<—;C=O
0=C__ C=CH+C¢Hg N
N |
| Ac
Ac

This was converted by action of alkalies to the acylamido-
cinnamic acid, which on prolonged basic hydrolysis decomposed

to ammonia and phenylpyruvic acid (3):

(1) E. Zrlemmeyer, Jr., Ann., 307, 70 (1899).
(2) L. Lrlenmeyer, Jr., Ber., 25, 345 (1892).
) E. Erlemmeyer, Jr., and E.

ruhstick, Ann., 28, 36
(1894).
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G He * CHOH: CHNH, + COOH Ac20 - 0655-0H=?———?30
| N .0
NoZ-cH;
Na0H
HC1
NaOH v
GgHy+CH,C0+COOH < C6H5'CH“?~GOOH
NH*Ac

Repetition of Pldchlts work (1) also gave an azlactone (2).
With nitrous acid; phenylserine gave a solution which appeared
to contain phenylglyceric acld (2), whiereas, on heating with
dilute sulfurlic acid, the molecule was decarboxylated and
rearranged to phenylacetaldehyde (3). These reactions sube
stantiated the structure postulated for phenylserinse.

Zerly attempts to isolate the second expected dlaster-
somer® of phenylserine were unsuccessful (2). On a later
oceasion (3), the mother liquor from acetic acid cleavage of
a large batch of benzalphenylserine sodium was slowly evap-
orated during some weeks at room temperature %o a crystal

mass. Practional solution of sodium acetate present, and

#* This compound is denoted henceforth in thls manuscript
as allophenylserine, not only to avoid confusion in
nomenclature, but also for reasons set forth on
P 178o
(1) J. Pldchl, Ber., 16, 2815 (1883).
(2) E. Erlemmeyer, Jr., and E. Frithstick, Ann., 28L, 36 (189L).
(3) E. Erlenmeyer, Jr., Ann., 307, 70 (léquT
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erystallization of the residue from ethanol~water led to
shining colorless needles of a monohydrated hydroxyamino acld.
Drying at 100° caused slight decomposition, with some
vellowing. Irlenmeyer mentloned that melting occurred at
188° (dec.), without specifying whether hydrated or anhydrous
material was used, and cited no elementary analyses for
elther. Warming with acetic anhydride gave a "lactimide",
but in insufficient quantity for characterization. The
copper salt differed considerably from that of the sarlier
described phenylserine in forming bright blue small plates,
approximately eight times more soluble in water. Concentra-
tion of the above mother liquor on a water bath caused
extensive decomposition, to which fact Erlenmeyer attributed
his earlier failure to 1solate the new amino acid.

On the basis of comparative solubilities and ease of
crystallization, phenylserine and 1isodiphenylhydroxyethyl=-
amine were consldered to possess the same steric configura=-
tion as racemic tartaric acld, i.e. by modern terminclogy,
threo, whereas allophenylserine and diphenylhydroxyethylamine

were related to mesotartaric acid, i.e. erythro configura-

tion. (1). At that time, these contentions lacked adequate
experimental foundation.

The factors operating in glycine-benzaldehyde

(1) E. krlenmeyer, Jr., Ann., 307, 70 (1899).
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condensation, which led to formation of the phenylserine or
diphenylhydroxyethylamine diastereomers in quite unequal
anmounts, were of interest to Lrlenmeyer. Size, nature,
distribution and orilentin;; influence of other substituent
groups in the resascting molecules were postulated to be of
vital import. The formation of a partiecular isomer was
reasoned to depend not on the structure of the product, but
rather on the nature of the starting materials, and the con-
ditions under whlch they reacted. It followed that feillure
to securse a specific sterlic form by one route dld not
necessarlly preclude 1lts exlistence, but Instead suggested
the value of search for an alternative path to the deslred
product. These views are of interest because of thelr
accord with modern organic chemical theory and practice.

Erlenmeyer was unable to generallze the benzaldehyde~
glycine condensatlon as a method of preparation for g-asmlno-
B=hydroxy acids (1)./ Other amino acids, such as phenylalanine,
tyrosine, leucine and aspartic acid, gzave with benzaldehyde
only the corresponding a-keto acid and isodiphenylhydroxy-
ethylamine (2), with no isolable trace of phenylserine
analogue.

Na0H

ReCHNIp+.COCH + 206HSCHO'————>'R-CO-COOH + C6H5'CHOH-CHEHE-CGH5

(1) BE. Erlenmeyer, Jr., and ©. Fridhstick, ann., 284, 36 (189L).
(2) E. Erlenmeyer, Jr., Ann., 307, 70 (1é9§5; 337, 205 (1904);
Ber., 30, 2894 TIT97)%
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Aliphatic aldehydes condensed with themsslves rather than
with glycine. "Other aromatic aldeshydes were equally disap=-
pointing in behavior. Sallcylaldehyde and vanillin did not
react, presumably due to interference by the anilonic phenoxide
hydroxyl group. Anlsaldchyde, cuminol and piperonal yielded
very small amounts of hydroxyamine base, but no a=-amino-fi=
hydroxy acid.

Only o=-methoxybenzaldehyde showed reactivity towards
glyecine comparable to that of benzaldehyde (l1). Condensation
proceeded more slowly, probably due tc steric hindrance, and
separation of the two benzal adducts required more care. The
internedlate N~-benzal-o-methoxyphenylserine sodium salt was
derivatized as the monohydrated O-acetyl compound, mep. 216°
(dec.). o=Methoxyphenylserine monohydrate, iridescent
plates, m.p. 179° (dec.), and di-(o=-methoxyphenyl)~-hydroxy-
ethylamine, m.p. 136°, each were isolated in only one dlaster-
eomeric form, the proportion varylng with condensation time.
The former was characterized as the hydrochloride, & grey-blue
copper salt and as the acetamido azlactone, m.p. 1560.

A slightly different approach in phenylserine chemistry
cormenced with the studles of Rosenmund and Dormsaft (2), who

sought a general method of synthesis for a-smino=-B-hydroxy

1) E. Prlenmeyer, Jr., and F. Bade, Ann., 337, 222 (1904
2) X. ¥. Rosenmund and I. Dornsaft Ber., , 1734 (1919

)e
e
Arb. Pharm. Inst. Univ. erlI 12, 73 (1921).
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acids., Althougch condensation of aromatic aldehydes with K-
carbethoxyglycine ester gave only a=-Necarbethoxyaminocinnamic

esters, another modification of the firlenmeyer method proved

Iia
Ar«CHO + HpC*COOR—— Ar+CH=C-COOR
Etx0 |
HH*COOR HN+*COOR

more frultful. Aromatic aldehydes, wherein any phenolile
hydroxyl groups were [irst carbethoxylated to prevent salt
formation, condensed with glycine ethyl ester in ether under
influence of sodium during 2li~i8 hours. The resultant N-
arylidene adducts were readily converted to the desired
phenylserines,

In the case of benzaldehyde, the usual intermediate
insoluble sodium salt was cleaved with acetlic acid to give a

fiphenylserine”, which was reported to crystallize from water

Na
Cgilg*CHO + HpCeCOOC,H
5 2] 2”5 Bt,0
NH,
CgHg* CHON* CHNHp * COOH < 10AcC Cetlg® CHOM* CH*COONa
~CgHgCHO |

N=CH‘06H5

as colorless needles, m.p. 192° (dec.). Degree of hydration
was unspecified. Preparation of azlactones alrsady described
by Erlemmeyer, by reaction with acetic or benzoic anhydride,

was the only mode of characterization. Since thls treatment



-1 -

destroyed molecular asymmetry, structural configuration of
this "phenylserine" can not be related to those of Erlenmeyer.
p~Methoxyphenylserine, which decomposed on treatuent with
strong acids and similarly syntheslzed from anisaldehyde,

was described'as colorless hydrated needles, m.p. 185-186°
(decs) when dried.

With carbethoxylated hydroxyaldehydes, very little sodium
salt was formed, the intermediate consistins predominantly of
the corresponding unsaponified ethyl ester, which remsained
dissolved in the ether. After arylidene cleavage by alcoholic
hydrogen chloride, the ring-carbethoxylated hydroxyphenyl=
serine ethyl ester hydrochloride could be isolated, or sapon=-
ification with cold 1 ¥ sodlum hydroxide could be effected to
give the desired phenylserine analogue upon final neutraliza-

tion., Compounds thus prepared included the followings

CoHg+CO3 CHOH»CHNH3C1+COO0CoHy  HO CHOH.CHNHp+CCOH
p~ethylcarbonatophenylserine p~hydroxyphenylserine
ethyl ester hydrochloride needles or plates
374 yield: m.p. 181° dec. p. 217°

(free ester, m.p. 12°)

CH30
HO O CHOH*CHNHp * COOH

vanlillylserine needles
m.p. 195° (dec.)

CoHg +CO4 HO
02H5-003 GHOH*GHNHBCl'Coocaﬂs HD<<:::>>CHOH°CHNH2°COOH
3,h-diethylcarbonatOphenylserine 3,)i=dihydroxyphenylserine
ethyl ester hydrochloride granules

me.p. 151-152° (dec.) m.p. 205-210° (dec.)
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In preparing 3,lL-dihydroxyphenylserine, otherwise denoted as
DOPS and of 1interest as & potentlal blologicel precursor of
adrenaline, final saponification was effected under hydrogen
to avoid otherwlse repid atmospherlc oxidation under the
alkaline conditions employed.

Diphenylhydroxyethylamine analogues were not reported by
Rosenmund and Dornsaft in thelr papers on condensatlon
studies, No attention was glven to the possible formation of
dlastersomers of the varlous phenylserine analogues prepared.
Clarificatlion of these two aspects has yet to be effected by
further investigation.

Attempts to convert an aliphatlic aldehyde to an a-amino-
f~hydroxy acid have remained unsuccessful. Proplionaldehyde
supposedly gave a product formulated as 02H5~CH(NH-GHZCOOH)2,
although no structure proof was offered, nor were processing
conditions such that isolatlon of such a moiety would be
likely (1). It was reported some years later (2), that
phenylacetaldehyde falled entirely to condense with glycine.,

The 1inefflcilency of Erlenmeyer'!s method for synthesizing
phenylserine was apparent from a reported yield in one case of

only 13% (3). 1t was remarked by Forster and Rao t-at the

(1) K. %. Rosenmund and H. Dornsaft, ber., 52, 1734 (1919):
Arb, Pharm. Inst. Univ. Berilm, 12, 73 (1921).
(2) P. Knoop, F, Ditt, W. Hecksteden, . Maler, W. Merz and
R. Hérle, Z. physiol. Chew., 239, 30 (1936).
(3) E. Ab?eghg%den end S. Buadze, Fermentforschung, 8, 487
1920).
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prescribed procedure gave 1sodiphenylhydroxyethylamine cone-
sistently as the sole product (1). The finding that 60-65%
yield was readily attainable when cold ethanol was used to
wash the intermediate benzal sodium salt suggested that
earller poor results were due to rearranging action of sodium
hydroxide 1n the hot ethanol originally specified for washing.
A mechanlsm somewhat différent from that propounded by
Grlenmeyer was offered %o expléin the side reaction, without

any supporting experimental data, or regard for ZLrlenmeyer's

CoHg+ CHOH* CH(N=CH*CglHg) * COOH ——> CgHg+CHOH.CHp « R=CH-Cgly + CO,

¥=GH2
CéHS-CHOH~CHNH2~06H5 + CH20 < CeHS-CHOH-CH-Céﬂg
extensive study of the problem. The hydroxyemino acld, with a
melting point of 200-202° reported for anhydrous material, was
redesignated as "trans-phenylserine®, in view of the simulta-
neously claimed discovery of the dlastereomeric "cls-phenyl=~
serine" (see p. 27)., For derivatization, preparation of
Erlenmeyert!s a~acetamido~- and a=-benzamidocinnamic acld "lsoc~-
timides™ was repeated. Whlle Erlenmeyer's observation of allo-
phenylserine as a by-product of glycine-benzaldehyde condensa~
tion was noted, it was dismissed with the comment, "but the
substence was not analyzed, and further reference to 1t has not

been made by any other investigator" (loc. cit., p. 194l4).

(1) . O. Forster and XK. A. N. Rao, J. Chem. Soc., 1943 (1926).




-170-

EBfforts to prepare a dlketopiperazine of phenylserine
were unsuccessful, Interest In synthesizing this derivative

stemmed from earlier work on plcrorocellin (1), to which the

structure of a phenylserine diketopiperazine had been assigned.

This compound, lsolated long years before (2) from an African

CéHg'CH(OCHB)'?H-NGH3-?O
CO-—NH-—CH*CHOH'Céﬂs

lichen, Rocella fuciformis, is the only slmple phenylseriné

derivative which has been reported to occur naturally.

The nomenclature employed by Forster and Rao (3) wes
poorly chosen. Use of the term "trans" implied rigidity of
bonding between a~- and B~ carbon atoms of phenylserine wherse
rotation 1s actually free. That such was the actual concept
of these workers was clear from their utterance concerning
synthesis of a-benzamldocinnamic acid "lactimide" (loc. cit.,
p. 19L5)¢

We find that the same substance is produced from

Erlemmeyer's acid by a much milder method, namely,

action of benzoyl chloride suspended 1n sodium

carbonate solutlon, thus emphasizing the surprising
facillty with which removal of water takes place

when favored by the cls~relationshlp of the hydrogen

atom and the hydroxyl group in trans-phenylserine.

This unfortunate misnomer has continued to appear in subsequent

(1) M. 0, Forster and W. B. Saville, J. Chem., Soc., 121,

816 (1922).
(2) J. Stenhouse and C. E. Groves, Ann., 185, 14 (1877).
(3) M. 0. Forster and K. A. N. Rao, J. Chem. Soc., 1943 (1926).
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literature (1,2,3,L). Forster and Rao were also evidently
unfamiliar with the fact that ¥rlenmeyer himsell, more than

two decades earlier, had considered the "lactimide" formla-
tlon erroneous and had adopted the {ive-membered cyclic
azlactone structure as being in better accord with experimental
observations.

Further improvement 1ln Erlenmeyer's synthesis of phenyl-
serine was described in a German patent (5), whereby conden-
sation was effected iIn an entirely aqueous medium, in presence
of a minimal quantity of sodium hydroxide. The intermediate
N-benzalphenylserine sodium salt was hydrolyzed directly
without isolation, strong mineral acids being used 1in place of
acetic acid. While this simplifled procedure was claimed to
increase yield to 70%, no nention was made of the stereo-
chemical problem.

The Rosenmund-Dornsaft variation of Irlenmeyer's phenyl-
serine synthesis was reinvestigated and extended by Dalgliesh
and Mann. The condensation of dicarbethoxyprotocatechualdehyde

with glycine ethyl ester was advantageously modified by use of

(1) H. D. Dakin, J. Biol. Chem., 140, 847 (1941).

(2) D. G. Doherty, J. E. Tiotzman and }. Bergmann, J. Biol.
Chem., 1L7, 617 (19L3). -

(P) J. 5. Fruton, Advances in Protein Chemistry, 5, 17 (1949).

(L) E. E. 'lowe, "Properties ol Amino Aclds", in Greenberg, ed.,

"Amino Acids and Proteins", Charles C. Thomas,
’ Springfield, Ill., ¢1951, p. L3,
(5) Ges. fiUr Kohlentechnik m.b.H. German Patent 632,L2].
July 8, 1936,
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excess sodium %o provide maximum surface for reaction (1).
Final yield of 3,h-diethylcarbonatophenylserine ethyl ester was
found to depend markedly on condensation time, decreasing
rapldly after 2l hours. The carbomethoxylated aldehyde proved
much less satisfactory than 1ts ethyl homologue. Derivatives
prepared of the above free ester included the monohydrate,
m.p. 138-1399; hydrochloride, m.p. 152-153°; picrate, m.p.
152°; normal oxalate monohydrate, m.p. 14.0-141° (2). Alkaline
hydrolysis of the ester hydrochloride gave 44 overall yileld of
free 3,l-dihydroxyphenylserine, m.p. 219-221° (Rosenmund and
Dornsaft (3) had listed m.p. 208-210°), characterized further
as an orange picrate, m.p. 90-92°. Hydrolysis of the oxalate
by refluxing with dilute acectle acid caused decomposition,
with peper chromatography revealling no DOPS in the hydrol-
ysate (1).

| N-Methyl=3,li=dihydroxyphenylserine (adrenalinecarboxylic
acid) was of pharmacologlcal interest in view of 1its inter-
mediate relation to edrensline and 3,l-dihydroxyphenylalanine
(poPA) (2,4). Treatment of 3, -dlethylcarbonatophenylserine
ethyl ester with diaszomethane gave only unchanged reactantsg

action on the former of benzenesulfonyl chloride failed to

(1) ¢. E. Dalgliesh, J. Chem. Soc., 9C (1%949).

(2) ¢. B. Dalgliesh and I'. +, Mann, ibid., 65 (19L.7).

(3) K. W. Rosenmund and H. Dornsaft, Ber., 23: 173 h (1519):
Arb. Pharm. Inst. Univ. EerlIﬁ- 73 (1921).

(L) F. G. Menn and C. L. Dalrliesh 7’¥ﬁrc, 158, 75 (19;6).




give a crystalline derivative, which, it had been hoped, could

be N-methylated. Tinally, sarcosine ethyl ester was success-
fully condensed with dicarbethoxyprotocatechualdehyde under
Rosenmund~Dornsaft conditions. Althourh nelther the resultant
N-me thyl=3,li-diethylcarbonatophenylserine ethyl ester hydro-
chloride nor the free ester were obtainable in crystalline
form, purification was seffected via the corresponding picrate,
m.p. 114°%; acid oxalate monohydrate, m.p. 157° (dec.) or normal
oxalate monohydrate, m.p. 147° (dec.). Attempted hydrolysis of
the acid oxalate with sodium or barium hydroxide under hydrogen
was unsatisfactory. Althouch refluxing the crude hydrochioride
with dilute acetic acid under nitrogen was also unsuccessful,
similar treatment of the acid oxalate achieved effective sapon-
ification to give adrenalinecarboxylic acid, m.p. 233° (dec.);
in 47 yield from initial aldehyde. The compound was moderately
water soluble, gave no crystalline picrate and reacted
positively, but more slowly than DOPS, in the ninhydrin test.
The mechanism of the reaction leading to adrenaline-
carboxylic acid was obscure. Schiff base formation was
considered out of the question, even thouzh two moles of
aldehyde were required for condensation to proceed. The
suggested reaction route involved hemiacetal-type inter-

mediates.,



- 21 =

C|H2'CO":)02H5 - C'H2'CO{)02H5
Ar«CHO + NH'CHB ArOCHOH-N'CHB
Ar «CHO
« +CHCONCAE . 1o CHCOf
Ar«CHOH ? con 235 -< Ar.CHOH ?H C?QCZHS
NH-CH3 Ar-CHOH-N-CHB
HO CoHg+ €04

HO<:> CHOH'?H'COQH Ar = 02115-003 <_——>
NH-CHy

Further study was made of the scope of the Rosenmund-
Dornsgsaft route. Veratraldehyde or plperonal falled to condense
with glycine ethyl ester (1). Yo satisfactory reaction of
veratraldehyde and sarcosine nitrile or ethyl ester occurred
under a wide variety of conditions (1,2). 3,h~Carbonyldioxy-
benzaldehyde reacted vigorously with ~lycine ester in absence
of both ether and sodiumﬁ rmach heat was evolved and an orange
resin formed (1). The two compounds in ether alonec rapildly
pave a8 turbid solution from which a vellow 211 denosited.
This was not further investigated.

The condensation of p-nitrobenzsidehyde with slycline

ethyl ester was examined more closely (2). After four days

(1) ¢.. E. Dalgliesh and ¥, G. Mann, J. Chem. Soc., 658 (1947).
(2) C. E. Dalgliesh, ibid., 90 (19497%
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standing in presence of "molecular" sodium, compound A, con=-
sidered to be a 3Schiff base, was 1solated from the ether fll=-
trate. Thils substance isomerlzed upon overnight storage to a

possible oxazolidine structure, compound B (379 yield from

=021 CgH, + il —CH+C00CHs

e 0 NH
=01+ CH], + CHOH+ CH+CO0C pHy Nen”
i
N=CT+CgH), *0p-p Cgll, +1105-p
compound A, m.p. 850 compound B, m.p. 139°

starting aldehyde). Refluxing B with dilute acetic acid
decomposed 1t to p-nitrobenzaldehyde and glycines by contrast,
alcoholic hydrogen chloride at room temperature gave the ex-
pected p=-nitrophenylserine ethyl ester hydrochloride, m.p.
185°, in 64# yield. This was saponified almost quantitatively
by cold dilute alkall to p-nitrophenylserine, m.p. 188° (dec.),
which was easily roeduced by catalytlie hydrogenation over
palladlum~charcoal to p-aminophenylserine, m.p. 205-207°
{dec.), BDoth hydroxyamino acids were readily recrystallizeable
from water and gave strong ninhydrin reactionsg the p-amino
compound was described as being easily oxidized.

Attempts to condense p-nitrobenzaldehyde with glycine in
agueous alcohol under influence of sodium hydroxide were un-

successful (1). Vigorous reaction occurred, with liberation

(1) D. W. vwoolley, J. Biol. Chewm., 185, 293 (1950).
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of ammonia and development of a dark red color. Acidification
led to a product markedly low in nltrogen content, and which
on working up, gave & small amount of still impure material
with properties of an amino acid end high antibacterial
activity. However, an Rp0.08 on paper chromatography in 0.1 X
hydrochloric acld-phenol indicated p-nitrophenylserine (Rp0.68)
was absent,

To obtain a compound of assured threo configuration,
analogous to that of chloramphenicol, phenylserine was nitrated
directly (1) by the procedure already found effective with
phenylalanine (2). However, not only did the resultant mono-
hydrated p-nitrophenylserine show the same melting range
(188-195°) as the Dalgliesh (3) product (192-195°), but the
absorption spectra curves were mutually superpossble with
identical maxima.

The vlew that an oxazolldine was not produced in conden-
sation of pe-nitrobenzaldehyde and glycine ethyl ester was
expressed on the basls of infrared spectra determinations in
which lines characteristic of & Schiff base werc observed (L.).
However, which of the two Dalgliesh intermedlates had been

examined was not made clear.

An interesting new modification of the Erlemmeyer path

D. Billet, Compt. rend., 230, 1358 (19%50),

E. Erlenmsyer, Sr., end A, Lipp, Amn., 219, 179 (1883).
C. E. Dalgliesh, J. Chem. Soc., 90""'(1971'9%.

E. D. Bergmenn, M. Genas and H. Bendas, Compt. Rend.,

231, 361 (1950).
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to phenylserine was presented by Bergmann et al. (1). Ouite
surprisingly, condensation occurred when glycine esters and
aromatic aldehydes in the correct proportions werc merely

dissolved in methenol or ethanol at rcom temperature, no other

Tabls 1

Products of Condensation ¥Tlithout Basic Catalyst

%r er
Substituents ?HOH ?HOH
® o RY.CoN=CH-AT  RI+CNH3Cl
$ooR COOR
Ar R R? M.p., oC. 3:’1.'})., CC.
Phenyl methyl hydrogen - 185 (dec.)
p-Nitrophenyl ethyl hydrogen 148 190 {dec.)
p-Nitrophenyl methyl methyl - 132
m~Nitrophenyl methyl hydrogen - 131
p~Cyanophenyl methyl hydrogen 2756 (dec.) =
2,6-Dichloro~
phenyl methyl hydrogen 128 196

basic catalyst being required. Reactlon was often manifested
by a temperature rise. In some cases, intermediates precip-
itated out, which, upon careful hydrolysls with elcoholic

hydrogen chloride, gave the ester hydrochlorides of the

(1) 2. D. Bergmann, M. Cenas, asnd H. Bendas, Compt. rend.,

231, 361 (1950).




substituted phenylserines. Although neither analytical data
nor procedural details were provided, the oplinion was expressed
that the varlous products were stereochemically alike. Thls
method was significant in having led to an g-methylphenylserine
derivative for the first time, presumably with alanine 1n

place of glycine as a starting material.

2. Amination of phenvlglveldle acid derlvatlves

The feasibility of preparing phenylserines by treating
phenylglycidlc acids with ammonla or amines has been investl-

gated at periodic intervals. The value of studies made on this

C¢Hg «CHOH-CHX+COOH R = hydrogen, alkyl
or aryl
a~halo=-8~-phenyl=-f~hydroxypropionic X = halogen

("phenylhelolactic") acid

—> 06H5°CHNR2~CHOH0000H
base phenylisoserine
(2 forms)
CEES'CH——-CHOCOOH "C6H5-CHOH°CHNR2'COOH
phenylpolyeidic acid phenylserine (2 forms)

approach has been diminished greatly by general use of
isomerically impure starting materisls. Consequently, the
uncertainty was inecreased as to which of four possible racemic
substances was produced. Furthermore, insufficient attention

has been devoted to examination of products for presence of



more than & single isomer, or to rigld proof of structure.

Allophenylserine, reported as a minor product in glycine=
benzaldehyde condensation, was also claimed to arise via the
phenylglycidic acid route (1,2). While addition of ammonla
in the cold to the sodium phenylglycidate derived from oily
"phenylchlorolactic" acid gave only phenylisoserine, m.p. 220-
221°, similar reaction starting from the solid "phenylchloro-
lactic™ acid isomer yielded a new phenylisoserine diastereomer,
m.p. 2}1°, as the main product, with recovery from the mother

ligquor of & compound apparently identical with allophenyl-
serine. Surprisingly, repetition of the last reaction at
higher temperatures produced only the phenylisoserine of m.p.
220~221°, Mere change of temperature thus influenced not only
mode of epoxide ring opening, but also steric configuration of
the product.

Addition of aeniline, phenetidine, piperidine or phenyle-
hydrezine to the two racemic sodium phenylglycidates and to
one optically active form gave compounds which were formulated
as phenylisoserine derivatives (2). By econtrast, reaction of
methylamine or dimethylamine with "phenylchlorolactic™ sacid
supposedly led to substituted phenylserines (3). Treatment of

various phenylglycidic esters with ammonia reportedly yielded

(1) . Zrlenmeyer, Jr., and L. Frithstick, Ann., 284, 36 (189L).
(2) =B. Irlenmeyar Jr., end C,. Barkow Ber., 1 (1906).
(3) ¥, Fourneau, Bull. S0C. chim. /"] (1907).
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no product isolated in worthwhile quantity (1). Knoop clearly
showed that "phenylchlorolactie" acid, or its acetyl deriva-
tive, reacted with methylamine to give 1In r00od yield not the
anticipated N-methylphenylserine, but N-methylphenyliso=-
serine (2)., Phenylzlycidic acid was suggested as a necessary
intermediate., Proof of structure was afforded by acid perman=
ganate oxidatlon to c-methylaminophenylacetic aclid. Despite
this indication of reaction course, this type of reaction was
patented on the premise that nitrogen of the attacking amine
became attached to the same carbon from which halogen was
displaced (3).

Confusion over the course of the phenylglycidic route
was heightened by Forster and Rao (L), who reported prepara=
tion of "cig=-phenylserine" by emmonium sulfide reduction of
"g-triazo-B-hydroxy-g~phenylpropionic" acid and by treatment
of sodium phenylglycidate or cinnamic acid chlorhydrin with
ammonia. The following reasction sequence (later proved

erroneous) was presenteds

06H5'0HOH10H01'COOH ———Q'Céﬂg-CHOH-CHH3-GOOﬁ

¢ N |

CéHg’C%—?H-COONa —_— CéHS'CHOH-CHNHE-COOH

"cis-phenylserine®, m.p. 230-0

(1) X. W. Rosenmund and . Dornsaft, Ber., 52, 1734 (1919):
Arb., Pharm. Inst. Univ, BerlIn, 12, 73 (1521).

(2) F. Knoop, Ber., 52, 2200 (19197, -

(3) Btablissements Poulenc Fréres. French Patent 532,L65,
Abstracted in C.4., 18, 989 (1924).

(4) M. 0. Forster and K. &. N, Rao, J. Chem. Soc., 1943 (1926).




Synthesls of the corresponding methoxyamino acid in like
fashion was also described. Whille several derivatives of each
produet were made, it was noteworthy that neither the free
hydroxyamino acid nor its O-methyl analogue could be azlacton-
ized, lack of such reaction being attributed to "cis" relation-
ship of hydroxyl and amino groups within the molecule.

The structure of "cis-phenylserine" was formulated by
Forster and Rao on the basis of questionable rationalization
rather then experimental proof. Addition of hypohalous acids
to cinnamic acid was taken to be unidirectional, effects of
geolsomerism being neglected. Freedom of rotation around a
single carbon-carbon bond was not considered. Conclusions as
to reactlion mechanism were based on faulty use of planar
projection rather than three dimensional molecular models.

The already contradictory reports in literature of the pre-
ceding two decades concerning the nature of products formed
in phenylglycldic amination recelved no consideration.

The complaint by Forster and Rao that "Erlenmeyer's
whole treatment of the subject 1s most bewildering" reflected
gross errors in their interpretation of the paper by
Erlenmeyer and Barkow (1), which they vigorously criticized.
Erlenmeyer's use of individual "phenylchlorolactic" acid and
sodium phenylgzlyclidate lsomers was overlooked. 'hile thelr

partial recognition of the effect of temperature on the

(1) E. Erlenmeyer, Jr., and C. Barkow, Ber., 39, 791 (1906).



reaction course was apperent, formation of allophenylserine
as a by-product was not mentioned. In one instance, an
optically active phenylisoserine copper salt described by
Drlenmeyer was btaken to be a phenylserine compound. Such
omissions were crystallized in the view (1) "we can only
conclude thet phenylisoserine (m.p. 220~-221°) may be erased
from the literature, the substance under thut name being
incompletely purified cis-phenylserine".

In repeating the work of Forster and Rao, Oesterlin (2)
showed that since "e¢is-phenylserine" gave phenylglycine upon
permanganate oxidation, 1t was in reality a B-amino acid,
one of the two dlastereomeric phenyliscserines, the second of
which (m.p. 270-280°) Oesterlin reported he had also prepared
for the first time. Phenylglycidic acid was considered a
requlsite intermedirte in aminatlion of "phenylhalolactic"
aclds. Accordingly, Fourneau's methylemino and dimethylamino
hydroxy acids (3) were classified as phenylisoserine
derivatives, but no oxlidative proof of structure was mentioned
for these particuler substances. Without reference to
Erlenmeyert!s findings on the subject, Oesterlin stated that
reaction always led to phenylisoserine derivatives, regard-

less of solvent or temperature, yet he described formation

(1) M. 0. Forster and K. A. ¥. Rao, J. Chem. 3oc., 1943 (1926).
(2) M. Oesterlin, Metallbérse, 19, 1 Tl ‘
(3) E. Fourneau, Bull, soc, chim., /1 7, 1, 549 (1907).
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on one occaslon from phenylgolycidic acid and ammonia at 0° of

an impure product which clearly contained an apprecisble propor-
tion of & phenylserine, jud;ing from 1ts behavior on perman-
ganate oxidation. Lacking both analytical data and literature
cltations, QOesterlin's paper scarcely Jjustified his concluding
statement "so dass, jetzt samtliche l Phenyloxyaminoséuren,
entsprechend den belden aliphatischen Serinen, bekannt sind",

In some instances, Oesterlin's work has escaped the
attention of later writers, who have continued to refer to
"cig-phenylserine” (1,2). Synthesis of compounds listed as
phenylserine derivatlves, by treatment of a=-bromo-S~hydroxy-
f-phenylpropionic acid or its p-nitro- analogue with verious
aliphatic amlnes, was described without structure proof or
knowledge of earlier work belng a;parent {(3).

The studies of Fourneau and Billeter (li) have partially
resolved earlier contradlctory findings in this area. It was
reported that ammonia and primary aliphatic aminez reacted
with phenylglycidic ester in two well defined stages to give

first of all phenylglycidic amides, then, by opening of the

(1) 1. D. Dakin, J. Biol. Chem., 110, 847 (19Lh1).

(2) E. E. Howe, "Properties ol Amino Acids", in Greenbers, ed.,
"Amino Acids end Froteins", Charles C. Thomas,
Sprincfield, Illinols, ¢l1951, p. L3,

) 8. Baighe?,gﬁé)ﬁ. Galnd and J. ¥, Ray, J. Chem. Soc.,
7 (193¢C).
(4} B. Pourneeu and 1. R. Billeter, Bull. soc. chim., /5 7,

7, 593 (19k0).
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ethylene oxide bridge, phenylisoserineemides. Secondary ali-

phatic amines behaved in similar fashion, but without an

RNH OH
/N RNH, |
CéHs-CH“CH-CO°NHR >'C6H5'CH'GH'CO'NHR
A
RNHZ
RaN Qil
AN RoNH | |
CéHSGCH‘—CH'CO-OCZHB C6H5'CH~CH-CO'NR2
ArNH2
HO NHAr
| ] R = K or alkyl
C CpHgeCH*CH+CO* NHAP Ar = aryl

observable intermediate stage. Aryl amines ylelded N-
substituted phenylserine esters, no amidation occurring. A
number of N-arylated phenylserines prepared by this route
are shown in Table 2.

Permanganate oxlidatlion was found unsatisfactory as a
method for distinguishing N-arylated phenylserines from
phenylisoserines, both undergoing complete degradation of
the side-chain. Replacement of hydroxyl with chlorine in
emide derivatives, followed by hydrogenolysis, gave a phenyl=-
proplonamide, so that location of the amino group was not
achieved., Attempted thermal decerboxylation proved no more
indicative, deep=-seated decomposition leading to phenyl=-
acetaldehyde with N~dimethylphenylisoserine, and
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Table 2

R=-Aryl Phenylserines

N-substituent M.p., °C. Ref,

Phenyl 156 (a), 158 (a), l-isomer 187 (a) 1

ester 73-75, amide 206 2

methylamide 183 2
o=Tolyl oil (b) 2
m-Tolyl 212-213 2
p-Tolyl 216-217 2
p-Ethoxyphenyl 167-188 (a), l-isomer 207 (a) 1
o-Methoxyphenyl oil (b) 2
p-Hethoxyphenyl 216-217 2
p-Carboxyphenyl 240 (b) 2
p-Acetamldophenyl oil (b,c) 2
a-Naphthyl unstable in air (b), emide 126 2
f-Naphthyl 20l 2
Phenyl, methyl oil (d), emide 171-172 2
6-Methoxy-8-quinolyl 120-130 (dec.) (b) 2
o-Aminophenyl dihydrate 176 (dec.), ester 131 3

triacetate 189 3

(a) Originally described as phenylisoserines (1)
(b) Crystalline sodium salt prepared

{c) Deacetylated acid unstable in air

d) Crystalline potassium salt

(1) E. Grlenmeyer, Jr., and C. Barkow, Ber., 39, 791 (1906).

(2) E. Fourneau and J. R. Bllleter, Bull. soc, chim., [25 ,
11 593 (191;0).

(3) ¢C. C. J. Culvenor, W. Davies, J. A. Maclaren, P. F. Nelson,
W. E. Savige, J. Chem. Soc., 2573 (19h95.
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to acetophenone with N-phenylphenylserine. Phenylserine 1t
self ylelded bernzaldehyde and methylamlne, as well as carbon
dioxide. Flnally, constltutlion of one product in each serlas
was demonstrated through catalytlc reductive deaminatlon to

knowﬁ compounds by refluxins with pallaediuwn in tetralin., It
06H5'CHN(CH3)2-GHOH-COOH R (CH3)2NH + 06H5~CH2-CHOH-COOH

CéﬁgtﬂﬁOH'CHNHCéﬁs-CODH —_—> CéHS'NHZ + CéHgtCHOH'CE *COOH

was presumed from the course of these resctions that other al-
iphatic aminations would gilve rise to Nealkylphenylisoserines,
whereas aromatic amines would produce Nearylphenylserines.,

The thought was apparently not entertained that amina-
tion of phenylglycidic compounds might actually involve paral-
lel attack on both a- and f-carbon atoms, with formetion of
phenylserines and phenylisoserines in the same reaction, their
proportion varying with reaction conditions. Yor was any
attention paid to steric form of the starting phenylglycidic
ester with 1ts potentlal effect on production of dilastereomers.
The sltuation was aptly depicted by the statement (1); "Nos
connalssances sur les acldes phénylaminolactiques possibles
sont encore fragmentaires, et la question mériteralt ume

étude compléte dont le présent travail n'est qu'une amorce®.

(1) E. Fourneceu and J. R. Billeter, Bull. soc. chim., /75 7,
1, 593 (1940).
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Exlsting knowledge and uncertainty conecerning the parent
hydroxysmino acids was also summarized appropriately (loc.

cit., p. 595):

En résumd, on connalt d'une maniére certaine ltune
des phénylisosérines fondant a4 2300, trés probable-
ment ltautre phénylisosérine fondant & 280°, et la
phénylsérine fondant & 198-200°, Les phényliso-
sérines d'Erlenmeyer (F. 220° et 210°) sont vrai-
semblablement impures. Une autre phénylsérine
d'Erlenmeyer, fondant 4 189-190°, nta pas é6té re=-
trouvé ultérieurement.

3. HMercuration of cinnemic acld derivatives

The apparent intermedliacy of phenylglycidic acid
structures in amination of "phenylhalolactice" acid derivatives,
with consequent possible formation of phenylisoserines, as
well as the desired phenylserines, has bsen noted. Procedural
variations have been sought which would avold the olefin oxide
ring closure involved and resultant uncertainty over nature of
the products. A promising approach to this end was besed on a
sequence of known reactlons: a-mercuration of a suitable a,B-
olefinic acid in alcoholic solution, replacement of mercury
by halogen, amination, and finally cleavage of the ether group

with hydrobromic or hydriodic acid.

( - ] |
~-C=CH«CO0H (SAc) -?-?H-COOH 4§§§~>--C-?H-COOH
+ |
CH30 HgOAc CH30 HgBr
iBra
{ | |
~C=CHCOOH HBr ~c-cHecoon _VH3  _g.om.
[ 1 h [ -~ [ ?H GOOH

HO NH, (HI) CH30 Vi, CH0 Br



Although successfully employed for preparation of
aliphatic q-amino=f-hydroxy acids, thils method proved unsatls-
factory for aromatic anslogues. Methyl cinnamate was easily
converted to the corresponding a-bromo-p-methoxy ester, but
hydrolysis of the latter {o the parent acld was attended by
troublesome side reactions (1). An isomeric a-bromo;B-methoxy
acid, obtained with free cinnamic acid as the starting
material, was aminated without difficulty, but cleavege of the
product with hydrogen bromide or lodide was reported to give
only cinnamlic and bromohydrocinnamic acids, instead of a
phenylserine. Addlitional interfering effects were encountered
when p-methoxycinnamic ethyl ester was used in the seqience.
Demercuration with bromine was accompanled by nuclear substitu-
tion. Although ring attack was svolded by use of lodine, the
a-lodo acld obtained could not be reproducibly aminated.

Some disecrepancies in the work of Schrauth and Geller
were revealed by Van Loon and Carter (2). The initisl mercura-
tlon reaction was shown to produce a cyclic mercuri-anhydride

structure which was slowly transformed to a linear polymer.

l = L -

CéHS'CH-GH-CﬂO 06H5-0-0H~C-0-
CHBO Hg-0 AcO= CH30 ?g 0

X

(1) W. Schrauth and H. Geller, Ber., 55, 2783 (1922).
(2) B. J. Van Loon and H. E. Carter, J. Am. Chem, Soc., 59,
2555 (1937).
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Regardless of whlch mercury adduct was bromlnated, mixtures of
the two stereoisomeric a~bromo-f-methoxy aclds were formed
rather than a single isomer, although thelr proportion varied
somewhat according to temperature and type of 1llumination
used. Partiasl separation was effected on the basis of solubil-
1ty differences 1n aqueous sodium carbonate. Both crude prod=-
ucts were successfully aminated to glve the two O«methyle

~ phenylserines (1l). The less soluble isomer B, m.p. 253-254°
(dec.), was obtained directly; isomer A, m.p. 231-233° (dec.),
required extensive purification via its K-carbobenzoxy deriv-
ative (2). Vhen these methoxyamino acids were treated with
hydrogen bromide, B-phenylnaphthalene was produced; instead

of either of the phenylserines (for details, see p. LO).

L. Reduction of oximino compounds

Synthesls of "erythro-f-phenylserine” was recently de-
scribed, starting with a-oximinobenzoylacetic acid (3). This
compound was hydrogenated in & reportedly stereospecific
manner over platinum oxide in mixed hydrochloric~acetic acids

C4Hz »CO+C +C000zHy —= CHg » GH»GH-CO0CHy — C4Hg* G+ CH+ COOR
NOH OH NHp+HC1 OH NHZ

(1) H. E. Carter and E. J. Van Loon, J. Am. Chem. Soc., 60

1077 (1938). -
(2) H. E.(Cgﬁt?r and We. Ce. Risser, J. Blol, Chem., 139, 255
19041).

{(3) I, Elphimoff-Felkin and H. Felkin, Compt. rend., 232
2h1 (1951). S b=
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at room temperature. The resultant ester hydrochloride, m.p.
186°, was converted by potassium carbonate solution to the free
ester, m.p. 81-830, which decomposed on standing with forma=-
tion of benzaldehyde. The hydroxyemino acid, obtained by cold
hydrolysis of the ester hydrochloride with alcoholic potassium
hydroxide, was reported to melt at 260°, and to form a hydro-
chloride, m.p. 212°. Satisfactory ldentification was conside
sred to have been achlieved when it was found that heating of
"ervthro=-f-phenylserine® with benzoyl chloride gave the same
azlactone as arose from phenylserine similarly treated. An
N,0~diacetyl ester, m.p. 126-127°, from action of hot acetic
snhydride on the ester hydrochloride in presence of sodium
acetate, and an N,0-dibenzoyl compound, m.p. 167~168°, were
also mentioned. Derivatives of the erythrophenylserine were
stated to be generally less stable than those of the well~
known phenylserine. No experimental evidence for purlity of
the vearious compounds prepared was provided,

This route to the phenylserines has alsc attracted the
attention of other investigators (1;2). However, data con-
cerning efficiéncy of the variocus synthetic steps and the

ratlo of dlastereomerlic phenylserines formed have not yet

become available.

(1) w. G« Clark, T. A. Gelssman and R. I. Akawle. Private
communication, 1950,

(2) A. M. Mattocks and W. H. Hartung, J. Am. Pharm. Assn.,

, 18 (194h6).

W. Ho Hertung and Chang. Private communication, 1951.




- 38 -

5. Other methods

In an effort to circumvent low yields of the Roesnmund-
Dornsaft approach, Dalgliesh tried to find entirely new
paths to the phenylserines (1). Attempts to utilize the
Erlenmeyer-Plochl method of amino acid synthesis, with a
view to effecting suitable addlition reactions to the double
bond cf the product, were frultless. Reactants tested
unsuccessfully included sarcosine, its benzenesulfonyl
derivative or its anhydride with veratraldehyds. Veratral-
dehyde condensed as anticlpated with glycine anhydride and
with creatinine, likewise 3,L-carbonyldioxybenzaldehyde with
Nemethylhydantoin, but addition to the resulﬁant olefinic link
could not be achleved.

The possibllity of a synthesis based on acetamidomalonilc
ester was also investigated, this compound having given good
results with other amino acids. Although the reactants
yielded no worthwhile product in organic media, benzoyl
chloride reacted directly with the free sodio derivative to

form a benzoylacetamidomalonic ester. That this was probably

o=c-00235 °‘ﬁ‘°°2H5 Bzo'ﬁ-ocaﬂs
-:'~NH-Ac e ?~NH-A¢ _— ?-NH-AG
00062H5 0000235 00002H5

(1) ¢. E. Dalgliesh, J. Chem. Soc., 90 (1919).
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the unwanted O-benzoyl compound followed from lack of carbonyl
reactivity and faclle hydrolytic or hydrogenolytic cleavage
to acetamidomalonic ester,

A promising route based on known adrenaline syntheses
likewise proved abortive. Benzylmethylamine and 3,l~-dihydroxy-
phenacyl chloride gave N-benzyladrenalone in high yield as a
monoethanolate, This was converted to the gumy tribenzyle
adrenalone, lsolated as a glassy hydrochloride and plierate,
and as a crystalllne oxalate diethanolate.

| CH206H5
3,44~ (HO) ;C¢Hy«CO+CHyCL —-—e»-3,&-(Ho)20633~co-032é-033

ngééﬁg
3,l4-(C4HECH0) pCgH*COCHp + NeCHy

Bromination of tribenzyladrenalone gave an uncrystallized
resgin from which no erystalline product could be obtained
after bolllng with potassium cyanide,

Dalgliesh remarked that the Strecker type synthesis
sppeared to be lnapplicaeble to the phenylserines. The

06H5-CHOH'CHO I C635-CO'CHQOH

requisite starting phenylglycolaldehyde was known to rearrange

with ease to a~hydroxyacetophenone.



B¢ Chemical Resctions

1., Acid cleavage

Althourh 1% was known earlier that phenylserine (1) and
p-methoxyphenylserine (2) were decomposed by strong acids, the
first systematic study of cleavage products was made by
Bettzieche (3). Ammonia, carbon dloxide, phenylacetaldehyde,
phenylpyruvic acid and B-phenylnaphthalene were formed on
refluxing phenylserine with 10% sulfuric scld, the last product
in up to 65% yileld when reaction was effected in a bomb at
160-170°, A reasonable reaction course was suggested by

Cartor and Van Loon (l), who investigated action of both

CéHs-CH-CHoCOOH 06H5'0H~CH=X
Lol 1,2-rearrangement !
RO NHo : g COOH
l—COZ
06H5'0H20COOCOOH 06H5°CH2'CH=X
2 moles -C0o e molesl—ZHéO
Y
OgHg*CH+C0.C
?H—O
06H5-0H2 R = H or CH3 X =0 or NH

+ Erlenmeyer, Jr., Ann., 307, 70 (1899).

%. Rosenmund and H. Dornsaft, Ber., 52, 173l (1919):
Arb, Pharm. Inst. Univ. Berlin, 12, 73 (1921).

+ Bettzleche, Z. physiol, Chem., 150, 177 (1925).

+ Lo Carter and ». J. Van Loon, J. Am. Chem. Soc., 00,

1077 (1938).
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sulfuric and hydrobromic aclds on phenylserine and 1its two

O-methyl derivatives. Isolation in small amounts of & new
product, a~keto=p3,5-diphenyl-y~valerolactone, the only one
detectable on acid treetment of phenylpyruvic acid, showed
that the latter was not a precursor of phenylacetaldehyde,

as mizht otherwise be assumed, and that two distinet decompo-
sition paths were involved, with the one leading to pB-phenyl-
naphthalene preeminent.

Indication that the atove sequence was not thse only
psth of acid decomposition was recently provided (1). After
refluxing phenylserine with gleclal acetic acld for thirty
minutes, 63% recovery of glycine was effected. No mention was
made of other cleavage products simultaneously formed.

The hydrolysis of N-acetyl-penitrophenylserine has been
effected by overnight refluxing with 6 g}hydroéhloric
acld (2). A 713 yleld of crude p-nitrophenylserine indicated
that scission of the hydroxyamino aclid dié not occur to any
appreclable extent. Whether this result was due to gtablliza~
tlon by the nuclear nitro group, or toc the naturs of the acld

andéd reactlon conditions employed was not investigated,

2. Alkaline clsavage

Tne reactlon of phenylserine and its derivatives with

(1) G+ Weltnauer, Gazz. chim. ital., 81, 156 (1951).
(2) D. W. Woolley, J. Ciol. Chem., 185, 293 (1950).
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alkall has been studled in some detall. High recoveries of

benzaldehyde and glyclne were achieved when phenylserine was
stean distilled with 107 sodium hydroxide (1). If escape of
benzaldehyde was prevented by use of reflux conditions, N=-
benzalisodiphenylhydroxyethylamine, moderate amounts of oxallce
acid; end traces of benzylamine were formed by further inter-
action of the two initial cleavage products. These findings
were aptly in accord with Irlemieyer's origlnal reaction se-
quence for condensation of benzaldehyde with glycine (see pe 7).
Although free phenylserine was rapldly decomposed by
hot sodium hydroxide, the N~tosylated derivative proved
relatively stable. Ammonis, benzylamine, 1sodiphenylhydroxy-
ethylamine, benzaldehyde, benzyl alcohol, p~toluenesulfonic,
benzoic and phenylpyruvic acids, tosylglyclne, glycine and
unchanged N=-tosylphenylserine were demonstrated in small
amounts only after more drastic treatment in a bomb for five
hours at 200° (2). Steam distillation of N-benzoylphenylserine
with 8% sodium hydroxide reve only benzoic acld, benzaldehyde
end glycine es well as unchanged starting umaterial, whereas
N~hippurylphenylserine boiled with 15% sodium hydroxide also
yielded traces of hippuric acid.

Phenylserine phenylhydantoin and 1ts derivatives were

(1) F. Bettzieche, Z. physiol, Chem., 150, 177 (192%).
(2) P. Bettzieche and R, Menger, ibid., 172, 56 (1927).
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decomposed in comparable fashion by L N sodium hydroxide at

70° (1). Only small amounts of benzaldehyde were obtained from

CgHly " OH+OH —C=0 ————> Cgll5+CHp+C0-COOH + CgH5+NH:00+Nip

AcO NH\C/N- CoHg

¢
saturated phenylhydantoin, whereas from its O-acetyl deriv=-
ative or the related benzalphenylhydantoin were recovered
80% of the calculated quantity of phenylurea and 70% of
phenylpyruvic acid.

3., Direct esterification

The scant attention glven in early work to esterifica-
tion of phenylserines was reflected in brief mention of only
the ethyl ester hydrochloride, which was not charsascterized
with certainty (2,3,&). Interest in phenylserine derivatives
which could be used for chloramphenicol synthesis has led
recently to preparatlion of several esters and thelr salts.

In genseral, the well-known Fiacher technique, with minor

(1) M. Bergmann and D. Delis, Ann., 45€, 76 (1927)

(2) E. Ab?erhg%den and 3. Buadze, Fermentforschung, 8, 467
1920). -
(3) F. Bettzleche and R. llenger, Z. physiol. Chem., 172,

el (1927).
(4) D. ¢. Doherty, J. B, Tietzmen and M. Bergmann, J. Biol.
Chem., 147, 617 (1943). —_—




veriations, has been employed to secure the ester hydro=-
chlorides, which were lsolated and characterized in some
cases. In other instances, the ester hydrochlorides were
converted by mild alkaline treatment directly to the free
esters (Table 3)., Without specifying method of resoclutlon,
Vogler (1) has described conversion of g-phenylserine, MePo
183-186° (dec.) (th;geoz -50,2 £ 2°, ¢ = 2 in 6 N hydro~
chloric acld, =32 + 2° in water), to L-phenylserine ethyl
ester hydrochloride, m.p. 88-90° ([_q;gle = «30.2 ¢ 29,

¢ = 2,009 in water), in 90% yleld. This was treated with
smmonium hydroxide to obtain an 83% yleld of the free L-ester,
m.p. 62-63° ([c._%lB = 4+ 15,6 + 19, ¢ = 2,109 in methanol).

i, Azlactonization

Azlactonization of phenylserine by heating with acetic
or benzolc anhydrides was effected by numerous investigators
after Erlenmeyer. Reactlon of the amlno acid with acetie
anhydride to give a 75% yield ol a-acetaminocinnamic acid
szlactone, m.p. 1510, was found to require twenty-four hours
at room temperature, as opposed to fifteen minutes at 70° (2).
The same compound was obtained when phenylserine was heated

with acetic anhydride and pyridine, under which trestment

(1) K. Vogler, Helv. Chim, Acta, 33, 2111 (1950).
(2) M. Bergmann end D. Dells, Ann., 458, 76 (1927).




Table 3

Phenylserine Esters and Ester Hydrochlorides

Hydrochloride Free Base
Beter %4 Yield M.p., ©C. 4 vield(a) M.p., °C. et
Methyl - 156 75 62 (1)
Ethyl - 137-139 - - (2)
- - 86 8l (b)  (3)
- 138 {e) 73 86 (1)
91 136-137 - - (%)
n-Propyl - 129 72 57 (1)
n-Butyl - 116 81 52 (1)
n=-Dodecyl - 110 67 50 (1)

(a) Based on starting phenylserine

(b) Acid oxalate, m.p. 136°

(c) Initial formation of phenylserine hydrochloride, m.p.

1579, was noted,

(1) ¢. Carrara and G. Weltnauer, Cazz., chim. 1tal.,

856 (1949).

Chen.,

, 617 (1943).

19,

(2) D. G. Doherty, J« E. Tietzman and M, Bergmann, J, Biol.
léz
t1,

(3) Cs G AIBGI'

B. Asero, B. Camerino, R. Sannicold and

A. Vercellone, Chimica e industria (Milern), 31,

357 (1949).

(4) XK. Heyes and G. Gever, J. Org. Chem., 16, 269 (1951).,
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other a-amino acids were converted to a=-acetamino ketones (1),

?Hz H?-CO-CH3 ?H‘CO~CH3
R¢CH+sCOOH ——=> R'?°COOCH3 —_—> R*CH-CO-CK3 + CO0p
cooH

R = alkyl or aryl

Heating N-chloroacetylphenylserine with acetic anhydride
produced chloroacetaminocinnamic acld azlactone, m.p. llho,

which was of use for syntheslzing various dehydropeptides (2).

R =H or -CH?*CHZcCOOH

O Hg " CHOH« CH+ COOH
NH.C0 « CHyC1
Ac..0
2"\
NH,
CHg e CH=C—G=0 ——2——> C¢ig+CH=C=COOH
X 0 HoN+CH, 0O+ NH
N/ 2 2
|
CH,CL
amino
acld
Y R*GH+COOH R+ G+ COOH
H.*CH=CCONH e (H= 00 .
Cgly " CR=G O s G Hy * CE=C+CO - NH
C1CH,+CO+NH H, N« CT,,00 « NH

The problem of geoisomerism in azlactonlization of phenyl-

serines received no attention prior to the work of Carter and

(13 H, D, Dakin and R. West, J. Biol. Chem., %§, 745 (1928).
(2) M. Bergmann, V. Schmitt and A, Mlekeley, Z. physiol.
Chem., 187, 26l (1930).
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Risser (l1). Regardless of which O-methylphenylserine was
heated with acetic anhydride (fifteen minutes at 100°), the
product erystallizing out on cooling consisted of the well~
knovn a-benzamldocinnamic acid azlactone I. A new less
stable isomeric azlactone II was obtained in crude state
upon dilution of the mother llquor wl th ice water, and was

purifled via ths corresponding a-benzamidocinnamic acid II,

OgHgCH=G— =0 = CgHgCH=C+CO0CHy
N 0 HC1 HN-CO+CyHz
? — ester I, m.p. 1i7-149°
CgHe crude ester II, m.p. 70-80°
azlactone I A020 Na0H
mepe 165-166° HC1
CprHeN
55 CgH + CH=C + COOH
)
HN‘C00C6H5

azlactone 11
MeDo lh.é"lll-so acid I, MePo 229‘2300
acid II, m.p. 199-200°
Only azlactene I was produced when benzoyl chloride or acstic
anhydride plus pyridine was used for cyclization, or in the
event of prolonged heating.
Acetlc anhydride treatment has been used to synthesize

other azlactones from phenylserine derivatives (Table l).

Azlactone formation has served as the basis of a qualitative

(1) H. &. Carter and W. C. Risser, J. Blol. Chem. 139
255 (1941). ’ S
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Table L

Azlactones from Acylated Fhenylserine Peptides

Azlactones Mep., °C. Ref.
Carbobenzoxyzlyecyldehydro=

phenylalanine ij1-142 (1)
Benzoyldehydrophenylalanyl-

dehydrophenylalanine 182-190 (1)

Acetyldehydrophenylalanyl-
dehydrophenylalanine

Acetylbis{dehydrophenylalanyl)=-
dehydrophenylalanine

Acetyltris(dehydrophenylalanyl)=
dehydrophenylslanine

a~Chloroproplionyldehydro=-
phenylalanins

18,-186 (a)
191’193 (dGCQ)

233-235 (dec.)
ali7-2l9 (aec.)

syrup

(1)

(1)

(1)

(2)

(a) Geolsomers

(L) D. ¢. Doherty
Chem., 1L7, 617 (1943).

(2) J. pP. Greenstein, V. g. Price and P, M, Leutherdt,

J. Bilol. Chem., 175, 953 (1948).

; Jo Bs Tletzman and M, Bergmann, J. Bilol.



test for @=-hydroxy-a-emino acids (1). The sample was heated
briefly with benzolc anhydride, the product dlssolved in
agueous alcohol and treated dropwise with 0.5% aqueous perman-

genate, Instant decolorlzation constituted a positive test.

5. N~Substitution: peptide synthesis

N=Acyl derivatives were effectlvely employed to separate
the diastereomeric O-methylphenylserines (2,3). Reversal of

isomer solubility order was encountered in passing from the

Table §

N-Acyl~0O-methylphenylserines

Acyl Steric Free Acid B=Phenylethylamine salt
Group Foru (a)
Mopo, OC. Mopo. oC.
N-Benzoyl A 166-167 | 184-188
N-Benzoyl B 220222 169-171
N=Carbobenzoxy A 103-105 132-135
N~Carbobenzoxy B 1L.0-142 80-86

(a) Arbltrarily designated dlastereomers, relative configura-
tion unknown.

(1) M. M. Botvinnik, G. Ya. Gaukhman and I. $S. Severin,
Doklaedy Akad, Nauk. S.S.S8.R., 65, 269 (1948). Oririnal
m

not seen. ADStracted In C.A., i3, 2124 (1949).
(2) He D. Carter and &. J. Van Loon, J. Am. Chem. Soc., €0,

1077 (1936).
(3) Hs E. Carter and W. C. Risser, J, Bilol. Chem., 139, 255

(1941).
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acylated acids to the corresvonding shenylethylamlne salts.
Since the same phenomenon was observed with N-acylated O-
methylthreonines, threonines and a~amino-p-thiol-n-butyriec
acids, it appeared that phenylethylamine might be penerally
applicable in separation and purification of such lsomerie
palrs.

Wumerous N-acyl derivatives of phenylsezrine have been
synthesized (Table €), in many cases by use of the Schotten-
Raumann technique. The influence of acylation conditions on
the nature of the product was reflected in sarly llterature.
Benzoylation of phenylserine 1n sodlum carbonate solutlon was
stated to glve predominantly a-benzamldocinnamic acid azlac-
tone, along with a small quantity of material, m.p. 160°, which
may have been N-benzoylphenylssrine (1). Attempts to prepare
N,0-dibenzoylphenylserine, by treatlng the N-benzoyl compound
with benzoyl chloride in sodium bicarbonate solution, were
fruitless, only the azlactone being formed in minor amounts (2).

Uncertainty as to reaction course in acylation of phenyl-
serine has been eliminated in part by recent astudies of
Weltnauer (3). Only a single product, the yellow a-acetamido-
cimnamic acid azlactone, nm.p. 1530, wag obtalined when scetie

anydride was used under anhydrous condltions, regardless of

(1) M. 0. Forster and K. A. ¥, Rao, J. Chem. Socs, 1943 (1926).
(2) F. Bettzleche and R. llenger, Z., Physiol. Chem., 172,

56 (1927).
(3) G. Weltnauer, Gazz. chim. ital., 81, 156 (1951),




Table 6

N-Acyl Derivatives of Phenylserine

Acyl Group % Yield M.p., °C. Ref.
N-p~Toluenesulfonyl 88 191-192 (1)
N-a-Bromoisocaproyl 75 115-120 (2)
N-Chloroacetyl &5 155-157 (2)

- 167 (3)
N-a=Chloropropionyl 25 161 (L)
N-Benzoyl 65 158 (5)
- 156 (6)
- 160-161 (7)
N-Acetyl 65 - (6;
, - 152 {7
¥,0-Diacotyl - 1h1-1k2 (7)
N~Dichloroacetyl 37 IZO (8)
73 10l (6)

(1) F. Bettzleche, Z. physiol. Chem., 150, 177 (1925).

(2) =. Ab?eghg%den and 5. puadze, rermentforschung, 8,
1920).

(3) M. Bergmann, V. Schmitt snd A. Miekelsy, Z. physiol.
Chem‘, 187, 261{. (1930).

(4) J. . Greenstein, V. E. Price and F. M.,Leuthardt,
J. Blol, Chem., 175, 953 (1948).

(5) F. Bettzleche and R. Menger, Z. physiol. Chem., 172,
56 (1927).

(6) D. W, Woolley, J. Biol. Chem., 185, 293 (1950).

(7) G. Weltnauer, Gazz. chim, ital., 0L, 150 (1951).

(8) D. Billet, Compt. rend., 23L, 295 (195C).
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temperature or whether pryridine or other anhydrous solvents
were present. In agueous solution under Schotten-Baumann con=
ditions, a white substance was produced in small yisla {(1,2).
Despite the fact that this materiel displasyed the same chemlecal
and physical properties, including melting point alone and
mixed, as the azlactone, 1t was formulated as a "lactimide",
althourh no evidence was advanced to support this obsolete
structurse. From earller preparation of the azlactone in
colorless form under anhydrous conditions (3), and from easy
dscolorization of the yellow form by recrystallization from
methanol, Albertl and Vercellone have concluded that the
"lactimide" and the azlactone are identical (lt). Treatment of
phenylserine in aqusous medium with acetle anhydride under
allzaline, neutral or acid conditions gave; as wall as the
"lactimide™, a mixture of l-acetyl and XN,0-dlacetyl deriv-
atives in good yield, the relative proportion varying with
conditions (1). An interesting exemplary procedure described
formation of 51 grams of crude acetyl compound, m.p. 138-10°,
from addition of acetic anhydride to & bolling agueous solu-
tion of 50 grams of the hydroxyamino acid, the monosubstituted

product crystallizing readily from water and the diacetyl

fe Weltnauer, Cazz, chim. ital., 81, 156 (1951).

G. Carrare and C. weitnauer, ibid. 1% 856 (1949).
Rergmann end D. Delis, Ann., 4 é é (1927).

Ce Go Alberti anc A. VereeTTEhe Timice o industria

(1ilen), 33, 359 (1951).

P P

T B
St St Nt Ot
g
E
L]




-53 -

derivative belng worked up from the mother liquor through
dioxane-ether. When phenylserine was refluxed with ;lacial
acetic acld, decomposition ocecurred.

Benzoylatlion proceeded along similaer lines., Only a-
benzamidocinnamic acid azlactone, m.p. 167-168°, was produced
by action of benzoyl chloride on phenylserine in presence of
pyrldine, 3chotten~Baumann conditions gave almost exclusively
N~benzoylphenylserine. The N,0-dibenzoyl compound was
reportedly obtained in an impure state, but procedural deteils
were lacking. Weltnauer concluded that in strongly alkaline
medla monoacylation prevailed, whereas mostly diacyl deriva-
tives formed under weakly alkaline, neutral or acldic condi-
tions.

N-Acylphenylserines are of some interest as a potential
source of oxazolones, which would be of use In effecting
epimerization, i.e. proceeding from the phenylserine to the
allophenylserine series, Oxazolone formation was not noted
in treatment of N-benzoylphenylserine in ether with thionyl
chloride, only the unsaturated szlactone being produced.
Similar negative results were reported in another investiga~-
tion (1). 1In this case, thlonyl chloride acting on g:N-
acetylphenylserine ethyl ester was belleved to give chiefly

the corresponding p-~chloro compound.,

(1) K. Vogler, Helv. Chim. Acta, 33, 2111 (1950).
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Various acyl de: wvatives of phenyiserine ethyl ester
(Teble 7) have been preparsd. These were of interest both
as synthetic intermediates and as compounds of possible
chemotherapeutic value,

Particular attention has been glven to N-dlchloro-
acetyl-p-nitrophenylserine, which differs from chloramphenicol
only 1in having a termlnal carboxyl instead of a hydroxymethyl
group. The samo product resulted from Schotten-Baumann
dichloroacetylation of p-nitrophenylserine, regardless of
whether the latter was obtained by direct nitration of phenyl-
serine, or by the Rosenmund~Dornsaft route (1). Direct

r‘m.COaCfﬁma
2-02N~06Hu-GHOH°CHNH2~COOH-————a» QfOEN-CGHh-CHOH-CH-COOH

me.pe 175°: 27% yield

nitration of N-dichloroascetylphenylserine gave only amorphous
products (2). Better results were reported from cold fuming
?H‘Ac ?H'Ac
CgHg+ CHOH+CH+COOH ———> E-OgN-CéHh‘CHOH-CH-COOH

m.p. 186-1870: 629 yield

$H-co-03012 %ab
R-0pN+CglH) «CII0N+ CHe COOK <———— p-0pN+C4H), « CHOH« CHo COOH
m.p. 158-162° : 724 yield m.p. ? ¢ 71% yield

%lg D. Pillet, Compt. rend., 231, 293 (1950).
2) D

W. Woolley, J. Blol. Chem., 135, 293 (1950).




- 55 -

Table 7

Phenylserine Zthyl Ester Acyl Derivatives

Acyl Group % Yield vp.,%Ce Method Ref.
L-N-Acetyl (a) 86 120-122 Ac,0, HOAc, room temp. (1)
N,0-Diacetyl (b) - 168-169 unspecified (2)

91 169-170 Acp0, heat or CgilW 3)
K-Dichloroacetyl 96 153=154 acld chloride, sther (L)
86 1&9-150 Sehotten-Baumann (5)
65 150 methyl dichloroacetate  (6)
K-Dichloroacetyl- 5l 166-187 Acp0, nggﬁ, reflux (L)
0-acetyl 80 183-185 Acx0, CgHgN, room temp. (5)
N-p-Nitrobenzoyl 71 119 Schotten-Baumann, Me,CO0 (6)
N-p-Aminobenzoyl 76 195 nitro compound reduction (6)
N-p~-Toluenesulfonyl5sh 103-10L Schotten-Bawr:am, Me,CO (6)
E-3,5=Dinltro- 8l 149 Schotten-Dav mn, Ke5C0 (6)
benzoyl -
N-p~Chlorobenzoyl 5 106-107 Schotten-Eaumann, 1fe,C0 (6)
N-p-licthoxybenzoyl 75 131 Sehotten-Baunann, Me5C0 (6)
N-Z-Chlorocincho- 07 178 Schotten-Baumann, Me5C0 (6)
ninyl

0
(a) [Th;gz = 0% 1° (¢ = 2,006 in methanol)

(b) Fuming nitric acid gave ¥,0-diacetyl-p-nitrophenylscrine,
m.p. 122-124° (2).

(1) XK. Vogler, Helv. Chim, Acta, 33, 2111 (1950).
(2) C. G. Albertl, B. Asero, 5., Camerino, R. Samnicold and
A. Vercellone, Chimice e industria (Milan), 31,
357 (1949).
(3) ¢. Carrara and C. Weltnauer, Gazz. chim. ital., 79,
856 (1949). '
(L) ¢. Carrara, F. ¥. Chiancone, V. DtAmato, E. Ginouhliac,
C. Martinuzzi end G. %eitnauer, ibid., 80, 709 (1950).
(5) C. F. Huebner and C. R. Scholz, J. Am, Chem. 50€., 73,
2089 (1951).
(6) J. Blachi, S, Contini and R. Licherherr, Helv. Chim. Acta,
3, 274 (1951).
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nitric acid treatment of crude N-acetylphenylserine, hydrolysils
of the nitro product by refluxing with 6 N hydrochloric acid
and Iinal Schotten-Baumann dichloroacetylation.

An alternative approach has involved ethyl ester deriv=-

etives, N-dichloroacetylphenylserine ethyl ester with fuming

§H-co.CHc12 ?H-CO'GHCIZ
CgHg+ CHeCH+ COOCoHy CgHg*GH+CH-C00C oHs
OH OAc
$H~CO'CH012 $HoCO-CH012
2-02N~cénh-?ﬂ-cﬁocooczﬁs 'B—OZH-Céﬁh-?H-CHcCOOCZQS
0+NO, OAc
me.p. 130-131°: “86% yield m.p. 127-128°: 92% yield
mepe 177-178° ?H'CO'CHC12 181-183°

MeDs
91% yield R-0pN+CgH) «CHOH+CH+ COOCyHy 12 4 yield
mixed m.p. 179-181°

nitric acid at =30° underwent simultaneous ring end side~-chain
nitratlon, hydrolysis according to the selective Kunz technique
being used to remove the fB-nitrate radical to give N-dichloro=-
acetyl-p~nitrophenylserine ethyl ester (1), To demonstrate
that no epimerization had occurred, this compound was slso
prepared by similarly nitrating N-dicloroacetyl-0O-acetyl-p~
nitrophenylserine ethyl ester, with Kunz hydrolysis as before

(1) G. Carrara, F. M. Chiancone, V. D'Amato, E. Ginouhliac,
C. Martinuzzi and G. Weitnauer, Gazz. chim, ital.,
80, 709 (1950).
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to cleave the O-aceiyl group. Somewhat different conditlons
wore employed in another study (l). N-Dichloroacetyl-QO-
acetylphenylserine ethyl ester was nitrated at 0° with fuming
nitric-sulfuric acids to give a hemihydrated product, which,
upon hydrolysls with cold 1 N methanolic sodlum hydroxide,
yielded not only the desired He-dichloroacetyl-p-nitrophenyl-
serine, but also a-dlchloroacetamido~p-nitrocinnamic acld

ethyl ester, the latter with interesting acidic propertiss,

gH.CO-CH012 NH«CO.CHC1p
C6H5~?Hecﬂ.cooczag ————e»-B—ozw.céﬁh-§ﬁ-éﬂ~coocans-l/zngo
QAc OAc

m.ps 108-109°: 78% yield

|

i Ni+C0CHCLy ¢ NH+C0+CHCL,
p-0,N+Cgl), *CH=C+CO0C,Hg  p=0,N-CgH) « CHOH-CHCOOH

m.p. 151-1559: 2L% yield m.p. 173-1759: 687 yield

due to conjugative effects. Attempts to effect acid hydrol-
ysis of N-dichloroacetyl=-p-nitrophenylserine were unsuccess-
ful. Huebner and Scholz attributed the differences which
they observed betwcen thelr N-dlchloroacetyl-p-nitrophenyl-
serine and Woolley's preparation, in respect to crystal form
and melting point (mixed m.p. 158-165°), to the presence of

impurities in the latter instance.

(1) ¢. F. Buebner and C. R. Scholz, J. Am, Chem. Soc., 73,
2089 (1951).
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Table 8

Phenylserine Peptides

Peptide % Yield M.p.,°C. Route Ref.
Glycylphenylserine 80 188 (dec.) amination (1)
DL-Leucylphenylserine 61 206 (dec.) amination (1)
N=Benzoylglyeylphenyl=- Schotten~

serine 16 143 Baumann (2)
N-Carbobenzoxyglycylphenyl=- Schotten~

serine ethyl ester - 149-151 Baumann (3)
N-Carbobenzoxyglycyl=-

phenylserine - 161-163 hydrolysis (3)
N-Carbobenzoxyglycylde~

hydrophenylalanyl-

phenylserine - 168-170 azlactone (3)
N-Benzoyldehydrophenyl-

alanylphenylserine - 180 (dec.) azlactone  (3)
N~Acetyldehydrophenyl~

alanylphenylserine - 226228 (dec.)azlactone (3)

N~Acetylbls(dehydrophenyl~

alanyl)phenylserine -
N-Acetyltris(dehydrophenyl=-

alanyl)phenylserine

monohydrate -

223=225 (dec.)azlactone

199 (dec.)

azlactone

(3)

(3)

(1) E. Abderhalden and S. Buadzs

(1926).

(2) F. Bettzieche and R. Menger, Z. physiol, Chem., 172,

56 (1927).
(3) Du G Doherty

Chem., 117, 617 (1943).

, Fermentforschung, 8, 487

J. 5. Tietzman and M. Bergmann, J. Biol.



This group of studies indicates that the short route
followed by Billet to K-dichloroacetyl-p-nitrophenylserine or
the parent acld ls the most practical. Protection of side-
chain functional groups during nitratlion 1s not essential,
reaction oceurring without sasppreciable epimerization.

Phenylserine peptides and acyl peptides listed in
Talle 8 were prepared by aminatlon of the corresponding a-
halcacyl compounds, by use of the Schotten-Baumann technigue,

or via the szlsctone method.

C¢Hg « CHOH*CHeCOOH CgHy* CHOH+CH-COOH
| I
GéHS'GH=C———C 06H5-63=?.CO
N R+CO.NH
0
R R = alkyl or aryl

Reaction of phenylserine with phenyllsocyanate, under
conditions similar to those of Schotten-Baumann acylation;
gave a 75% yield of the N-phenylureido derivative, m.p.

19 -195°, which cyclized almost quantitatively with hydro-
chloric acld to the corresponding saturated hydantoin;

meps 220° (1). Acetic anhydride in pyridine thence produced
in good yield the O-acetyl derivative, m.p. 166-167°, which
brief ftreatment with ammonium hydroxide converted quantita-

tively to benzalphenylhydantoin, m.p. 255°, readily

(1) M. Bergmann and D. Dells, Ann., 458, 76 (1927).
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Ceﬁsogﬁ-?H-COOH 06H5~?H-QH-COOH
0H }IHZ 0H NH\ o /NH-%HS
l 5
b « (T == He —0=0
o = ot o
yd N
g g
0 0
CéHS'CH=?———§=g . CéHs-Cﬁé';H g Z .
M A Ce™s LA oS
il Il
0 0

characterized by faclle catalytic hydrogenation to the phenyl-

hydantoin of phenylslanine.

Several phenylserine hydantoins were prepared by direct

condensation of aromatic aldehydes with hydantoin, in the

course of a recent study designed to correlate structure with

reactivity of aromatic sldehydes (1).

X+Cgly, «CH=O0 + ‘:‘r'JH-rm\
Co-NE”

X+ Oy H) *CH=C — NH,

The nature of the

T ) -
_ . XeCgHy czz cx xm\co
F co-vm”

|

Ko Céﬁu CH-C =-NH

X-Céﬂh'CH- ——NH\

co co | CO
co-NE' ~=——= g0 (o-ug’ —— or; co-Na”~
phenylserine hydantoin
(1) A. P. nill;gs and J. (e Murphy, J. Ors, Chem., 16

954 (1951).
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Table 9

Phenylserine Hydantoins

X % Yield % Aldehyde Keps, °C.
recovered

p-NO5 87 11 253-254

m=N0» 79 21 216-217

H 22 77 213-21i;

183-185 (a)

() Low melting dlastereomer crystallizes more slowly from
water.,

nuclear substituent affected hoth the yileld and type of prod-
uct formed, by its influence on the positive character of the
carbonyl group and consequent susceptibility of the latter to
nucleophilic attack. The following order of reactivity was
observed: p-NOp) m-NO, »HEY p-CH30 ) p-{(CH3),N. ¥ith aldehydes
containing the last two sroups, no phenylserine derivative was
proéuced; indeed, only negligible amounts of unsaturated
hydantoin. Results were explained on the basis of

resonance and electronic effects in both the starting

aldehyde and intermediates formed: for exam,le, rracter

‘X@-czwo < > K-@-oz&uo
"x@cﬂ~o“~ < > x-@-ﬁﬂ-o‘
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contribution by form A with p-nitrobenzaldehyde would enhance
susceptibility of the carbonyl group to nucleophillc attack
and also stabilize the aldol product, whoereas with gfdimethyl-
eminobenzaldehyde the influence of form D would effectively
block reactlon. Trilethylaminc snd plperidine were equally
effective as baslc catalysts. Aldol formation was facilitated
by mlléd reaction conditions, greater amounts of unsaturated
product forming with increasing reaction time and concentra-
tion of base employed. The interpretations of this study
are of significance Insofar as they can be extended to other
condensetion reactions whereby phenylserine derivatives are
produced.

Treatment of phenylserine with dimethyl sulfate resulted
in deep=~seated decomposition (1). Apparently, no simple N-
or O-methyl derivative was formed. Isolation of ordinary
betaine and tetramethylammonium salts, as well as a 1little
cimeamic acld, from the reaction mixture showed that cleavage
of both C~C and C-~N bonds had occurred instead. The erroneous
interpretation was recently made (2) that Dakin had prepared

a true betalne of phenylserine.

. D. Dakin, J. Biol. Chem., 1L0, 847 (1941).
E. 5. Jowe, "Properties ol Amino Acids", in Creenberg,
ed., "Amino Acids and Proteins™, Charles C. Thomas,

Springfield, Illinols, ¢l951, p. 43.

o
[AV I o
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6. O0xidation

Isoserines have been distingulshed from serines by
treatment of thelr N~acyl derivatives with lead tetrsace-
tate (1), Under t.e conditions employed only the N-aecyliso-
gerines were cleaved. Unreacted oxldant was estimated lodo-
metrically.

~CHi-CH+COOH =CHeCGHO + COp
-éﬁ éH -%H

Oxidation with potassium permangenate was used by
Desterlin (2) to differentiate phenylserine from the phenyl-
isoserines. The former gave only benzaldehyde and ammonia,

vhereas the latter were dsgraded to phenylglycine.
CéHS-CHOH-CHNH2~COOH‘———%>- 06H5~CHO + NH3
GéHS-CHNHZ-CHOH coo —= CéHS CHNII, *COOH

The method proved inapplicable to N-aryl or N-alkyl deriv-
atives, with benzole acld and benzaldehyde the only products
in either series (3).

(1) . Knoop, F. Ditt, W. Hecksteden, J. Maler, W. Merz,

R. Harlv, Ze physiol, Chem., 2 30 (193 ).

(2) M. O0ssterlin, lets Tse, 123 1929)

(3) %. Fournseau and T, 5{Ile%er, Bull, scc. chim., ZTE;?
1, 593 (191;0) .
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Chloramine T was found to be a useful agent for oxidative
decarboxylation of phenylserine (1), With the D-antipode of
the hydroxyemino acid in citratc buffer at ph L-3, L-mandelic
acid could be obtained, via the intermediate mandelonitrile,

CéHS-CHOH‘CHNH2~COOH + 2Ts.NCl-Na

C6H§-CHOH‘CN + COp + 2Ts-NH, + 2NaCl

providing that the latter was speedily extracted {rom the

medium to minimize racemization.

7+ Reduction: chlorampheniccl synthesis

An early instance of reduction of phenylserine derivatives
invelved treatment of the ethyl ester hydrochlorilde with Gri-

gnard reagents (2). Phenyl magnesium bromide gave

YOI o CHNIL. » RMgBr I «CHNH.
C g, He * CHOIL+ CHNH, « CO0C, By ——=———3>~ C¢ g+ CHOH*CHNI, «CR,0H

R = CgHy or CgHgeCHp

1,1;3-tr1pheny1-2-m1no—1,3-propanediol, m.p. 154-155°, in
liog yield. Benzyl magnesium bromide was less effective,
yielding only 13% of 1,1-dibengzyl=2-amino=3-phenyl«l,3-
propanediol, m.p. 126-127°,

(1) K. Vogler, Helv. Chim. Acts, 33, 2111 (1950).
(2) P. Battzieche and K. HMonger, Z. physiol. Chem., 172,
6L (1927).
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Revelation of the structure of chloramphenicol (1)

focused attention on the possibllity of using phenylserine as

Ni+C0+CHC1p
02N<i::j>?H-CH-CH20H Chloramphenicol

OH

a synthetic precursor for the antliblotic. Accordingly, in a
number of independent investigations, phenylserine esters
were reduced in up to 76% yield with lithium eluminum hydride

in enhydrous ether (2,3,L,5,6,7) to phenylserinol. This was

CéHS-CHOH-CHNHZ-COOCEHS-———é> CéHq-CHOH-CHNH2°CH20ﬁ
converted to chloramphenicol by methods already described (8).
Catalytic hydrogenation of phenylserine ethyl ester over

Raney nickel was described in detall in a recent patent (9).

Similar reduction wes claimed not only for esters of ring

(L) M« C. Rebstock, H. M. Crooks, Jr., J. Controulis and €. R.
Bartz, Abstracts of Papers, 115th Am. Chem. Soc.
Meeting, De OK (190T) s
(2) c. G, erti, B. Asero, B. Camerino, B. Sannlcold and A.
Yerﬁg%lone, Chimica e industria (Milan), 31, 357
1949).
(3) G. Ca?rafa)and G. Weltnauer, Gazz. chim, ital., 79, 856
1949).
(L) K. N, P, Shaw and S. W. Fox, Abstracts of Papers, 118th
Am. Chem. Soc. NMeetins, pe 26N (1950).
(5) K. Vogler, Helv. Chim. Acta, 33, 2111 (1950).
(6) K. Hayes and G. Gever, J. Org. Chem., 16, 209 (1951).
(7) C. F. Huebner and C. R. Scholz, J. Am. Chem. Soc., 73,
2089 (1951). ‘“
(8) J. Controulis, . . Rebstock and ¥. M. Crooks, Jr.,
ibid., ;;, 263 (1949).
(9) ¢. W, Noersch (to Parke, Davis and Co.). U. S. Patent
2,538, ?92. Januar'j;' 23, 1951.
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substituted phenylserines, but also for verious allophenyl=-
serine esters. No information was provided on the physlcal
properties of products or startlng materiala, or on the origin
of the latter.

The feasibility of improving efficlenty or of curtailing
the nunber of steps from phenylserine to chloramphenicol by
use of an appropriately substituted derivative has also been
sbtudled, IH,0-dlacstylphenylserine ethyl ester, with 1ithlum
aluminum hydride in ether-chloroform, gave, among other pro=-
ducts, one melting at 132-13h°; which did not depress the
melting point of authentic N-acetylphenylserinol (1). Treated
in similar fashion, N~dichloroacetyl-p-nitrophenylserine gave,
after Alorco chromatograsphy, a non-crystalline gum in which
the antiblotic, in racemic form, was probably the predomi=-

nating constituent, as Indicated by Shigslla paradysenteriae

assay (2). The selectivity of lithium aluminum hydride in
reducling such polyfunctional compounds was established by

Felkin (3).

(1) 6. Carrere and G. Weltnauer, Cazz. chim. ital.
856 (1949). ’ s L2
(2) ¢. P, Huebner and C. R. Scholz, J. Am, Chem, Soc., 73,
2089 (1951},
(3) H. Felkin, Compt. rend., 230, 30l (1950).
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C+ Blochemistry

1. Animel feeding experiments

Study of the blochemical properties of phenylserine was
initiated by Dakin (1). Substantial amounts of hippuric acid
were recovered from the urine of cats after subcutaneous
injection of solutions of the hydroxyamino acid, with no other
product demonstrated, Simlilar results were obtained upon
feeding phenylserine (2), or its higher homologues (3);
y=-phenylthreonine and §-phenyl-f-hydroxy-norvaline to dogs.

On the basis of these findings, f-oxidation was postulated as

Clig» CHOH+ CHIH, - COOH CHge CHy ¢ CHOH« CHIH,  COOH
0 0
#

CoHg*COOH + CH,NH,+COOH CeHgCHy*COOH + CH,NH,*COOH
\ i

CgHgCO « NH.CHp +COOH CgHgCHp+CO*NH.CH,+ COOH

the cardinal feature in metabolism of q-amino-B~hydroxy acids,

with concurrent liberation of glycine in the intermedlate step.

(1) He D. Dakin, J. Biol. Chem., 6, 235 (1909).

(2) P. Xnoop, Z. physlol. Chem., _g_a, 151 (191l).

(3) F. Enoop, T EI%E, W. Hecksteden, J. Maler, . llerz,
R, l#rle, ibid., 239, 30 (1936).
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Armstrong and Lewls (1) polnted out that, in earlier
animal feeding experiments of Dakin and of Knoop, recoveriles
of hippuric acid were sufficlently low to leave uncertain
whether all phenylserine was metabolized to benzoic acld,
Using synthetic dlets with which it was possible to detect
formation of either phenylelanine or tyrosine from possible
dietary precursors, they found that not only dld phenylserine
have no growth promoting activity for younz white rats, but
that it was actually slightly toxlc as part of the limited
ration. It was stressed, however, that these results did not
preclude the possibility that allophenylserine, which these
investigators had unsuccessfully trled to synthesize, might

serve 1n lieu of phenylalanine or tyrosine 1in the diet.

2. Intermediary metabolism: relation to adrenaline blosynthesis

It was first pointed out by Friedmann {(2), who established
the structure of adrenaline, thet some proteins might con-
ceivably contaln p-hydroxyphenylserine or its N-methyl derive

ative, HNuclear oxidation of the latter in vivo would give
R-HO-Céﬁu-CHOH-CHNHZ-COOH-———a» EfHO«Céﬁh-CHOH-CH(NH-CHB)-COOH

3;&-(Ho)206H3-CHOH-GHZNH~CH3«e—3,&-(Ho)206H3.CHOH-0H(NH-CH3)-cooa

(1) M. D. Armstrons and J. D. Lewls, J. Blol. Chem., 180,
89 (1950).
(2) E. Friedmain, Beitr. chem. Physiol. Path., 8, 95 (1906).
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"Adrenalinsaure®, from which the hormone 1ltself could arise by

enzymatic decarboxylation. However, the apparent susceptibility
of phenylserins to B~oxidation led Knoop to feel that the
hydroxyesmino acid was unlikcly to be the blological adrenaline
precursor (1).

The alternative view that adrenaline might derive from
tyrosine was regarded poorly by Rosenmund and Dornsaft (2),
because of known facile metabolic side-chalin degradation with
the latter, and because 1lts addition to macerated adrenals
failed to increase their vasopressor activity. Two new possible
routes of adrenaline synthesis were presented, wlth phenyle
serine, or its 3,li~dihydroxy derivative (DOP3) as hypothetical
Intermediates. The first started from phenylalanine, as shown
in Fig. 1, whereas the second path proceeded from 3,L-dihydroxy=-
phenylalanine (DOPA) in similar fashion. It was further
speculated that both DOPA and DOPS might be normal constituents
of protelns, but not easily demonstrated due to lability under
usual conditions of isolation and protein hydrolysis.

‘hile welcoming synthesis of DOPS &s a potential contri-
bution to knowledge of the mode of adrenaline formation,

Knoop criticized the scheme of hypothetical precursors out-

lined above, both for want of direct experimental evidence,

(1) F. EKnoop, Z. physiol. Chem., 18‘%, 151 {191h).
(2) K. W. Rosenmund and H. Dornsalt, Ber., 52, 173l (1919):
Arb._ Pharm, Inst. Univ. Berlin, 12,773 (1921).
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CéHS‘CHz‘CHNEQ'COOH-———9-CéHE'CHZ-CHZ'COOH-———%>06H5-CH2~COOH

phenylalanine B=phenylpropionic acid phenylacetic acid
?H
-C0 - R _ glyclne
CédS Y CHNH2 COOH
cooH
\
Céﬁs'CHOH-CHNH2~COOH CéHS-CO-COOH
phenylserine { clyeine ~C05 phenylglyoxylle
CgHCHO < I aeld
btenzaldehyde
3,&-(30)206H3-CHOH~CHNHa-COOH CéﬁS-COOH
3,i-dihydroxyphenylserine (DOPS) benzoic acld

3,&-(30)20633~0HGH-CHNHCH3-COOH-—e>3,u-(Ho)zcéaBoCHOH-CH2~NHCH3
Mruttersubstanz des Adrenalins® adrenaline

Pig. 1 Rosenmund-lornsaft Scheme for Adrenaline “iosynthesis
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end for its failure to consider such known facts as the p-
decarboxylative degradation of fatty acids, absence of phenyl~
proplonic acid from animal metabollsm, and stability of
phenylacetic acid toward further biological degradation (1).
Rosenmund and Dornsaft (2) then defended their hypothesis on
the grounds that adrenaline was not necessarily the sequel of
& normal amino acid degradation, but more probably arose by

an anomelous path more akin to those encountered in bacterial
msestabolism. Low hormone content of the adrenal medulle favored
such a view. EKnoop closed the argument (3) by underlining the
need for further investigatlion rather than hypothesization to
clarlify the picture, but simultaneously speculated thet
tyrosine might yet prove to be the biologlcal adrenaline
precursor, since its failure to increase the vasopressor
activity of macerated adrenals would not of necessity parallel
lts actlon in the intact organ, nor was its B-oxidation in the
side~chalin improbeble.

During succeedling decades, little attempt was made
experimentally to verify or to discredit the Rosenmund-Dornsaft
hypothesis for adrenaline biosynthesls, partly due to
accunulation of evlidence which seemed to support alternative

routes. An isolated report (li) noted that subeutaneous

« ¥noop, Ber., 52, 2266 (1919).
« W. Rosenmund and H. Dornsalt, Ber., 53, 317 (1920).
Knoop, Der., ;é, 716 (1920).
. Guggenhelm. TDie blogenen Amina", Karger, Basle and
New York, 1940, p. [31,
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injection into rabblts of DOPS up to 100 mg. per killogram was
without effect on arterial blood pressure or blood sugar level.
Recent resurgence of interest has resulted in en extensive
series of papers dealing with this phase of phenylserine bio-
chemistry.

The decomposition of phenylserine and p-hydroxyphenyl-
serine by animal tissues has been investigated by Werle and
his group (1,2). Under aerobic condltions, oxygen uptake, but
no emmonla evolution, was observed with both compounds 1in
presence of gulnea-plz liver or kidney slices at pH 9.0-9.&,
but not at pH 8. Orguan extracts were more asctive than slices
in attacking p-hydroxyphenylserine, but hardly affected phenyl-
serine, thereby sugzesting two distinct enzymes to be involved.
Althoush no procducts werc isolated, B-oxidative cleavage
according to Knoopts scheme was considered to have occurred.
Under a nitrogen atmosphere, phenylserine showed no sign of
degradation. By contrast, p-hydroxyphenylserine was rapidly
but incompletsly decarboxylaeted at pH 7.1 by extracts from
guinea-pig or rabbit kildney, beef kidney, psncreas or adrenals;
and horse adrenals. Dialysis of materlal precipitated by
ammonium sulfate achieved some concentration and purification

of the enzyme, which differed sharply from other mammalian

(1) E. Werle, S. Brininghaus, Chang-Tok, 0. Ehrismann, E. V.
Pechmann, W. Peschel and A. Zabel, Angew. Chem., 60,
51 (19k8d. =
(2) =, Werle and W. Peschel, Biochem. Z., 320, 1 (1949).
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amino acid decarboxylases in 1ts loss of activity upon stand-
ing for a few hours, and 1n its stimulation by ascorbic acid,
or by 10™3 M cyanide (10‘2 1 inhibiteds 10'” U had no effect),
On the basis of these findirgc, the questlon of p-hydroxy-
phenylserine or DOPS decarbozylatabllity in relation to
adrenaline formation was deemed worthy of reinvestigation.

At that tine, DOPS attracted t}: Iinterest of Blaschko and
co=-workers, in the course of ti  ir studles on amino acld

decarboxylases. With acetone-dried preparations of Sirepto-

coccus faecalls R, which posseased é—tyrosine decarboxylase
activity, carbon dloxlde was slowly evolved under anaerobic
conditions to an extent corresponding to h?% DOPS decarboxyla=-
tion (1,2). Pharmacological assay of the incubated solution
on the arterisl blood pressure of the spinal cat and on rat
uterus muscle showed that l-noradrenaline had been simultane=-
ously produced in ammounts corresponding closely to the carbon
dloxlde liherated. Dy contrast, DOPS, alternatively nared nor-
adrenalinecarboxylic acld, was reported to be unalfected by
extracts of guinea~plg adrenals or kildney, the latter contain-
ing g—DOPA decarboxylase. Thls negative findiry; was inter-
preted to mean that DOP3S wes unlikely to be a precursor of

adrenaline or of noradrenaline. The N-methyl derivative,

(1) H. Blaschko, P. Holten and G, H. S. Stanley, Bilochem. J.,
L2, xi1viii (1948).
(2) He. Blﬂscm{o, P. Holton and G. He & St&nley, Brit. J.
Pharmecol., 3, 315 (1948). -
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adrenalinecarboxylic acid, was not decarboxylated by & number
of mammalian tissue extracts, nor by bacterial enzyme prepara-
tions (1,2). The general failure of N-methylamino aclids to
serve as substrates was attributed to their inability to
combine with the codecarboxylase, pyrldoxal phosphate, to glve
the Schiff base seemingly involved in enzymic decarboxylation.
Alternative schemes for adrenaline blosynthesis have been

presented by Beyer (3), with detailed discusslion of each step

CéHS-CHO + CH,NH,+COOH
benzaldehyde glycine

CgHs + CHp * CHNHp »COOH ——7 > C¢He + CHOH+ CHNH, » COOH
phenylalanine pgenylserine
?
p-HO*CgH), +CHp»CHNHp «COOH — > p=HO+G¢H), + CHOH * CHNHp * COOH
tyrosine P-hydroxyphenylserine

3,l4=(HO) 5013 + CHy « CHNHp + COOH — -3, b= (110) 2C4H), « CHOH« CHNH, +COOH
DoPA DOPS

'

3,11.-(H0)206H3~CH2-CH2'NH _r 3,&-(}10)zcésh-czzoz{-cxaz-mz
dihydroxyphenylethylamine noradrenaline

3,1.].-(HOZ)CéHh'CHOH-CHE‘NH-CHB
adrenaline

(1) H. Blaschko, Blochim. et Blophys. Acta, %, 130 (1950).
(2) H. Blgécﬁgo,(gésHjBurn and H.Langemann, Brit. J. Pharmacol.,

1 O)e.
(3) K. 4. ﬁeyer, Advances in Chem. Ser. No., 2, 37 (1950).
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in relation to supporting experimental evidence. New
significant experiments concerning the phenylserines were also
descrived. The oxidatlion of p-hydroxyphenylserine to DOPS was
observed to occur rapldly in presence of phsnol oxidase.
Contrary to the findings of the Blaschko group, it was noted
thet phenylserine, p~hydroxyphenylserine and DOPS were
decarboxylated by guinea-plg, cat or dog kidney under anaerohblc
conditions, at speeds paralleling that for DOPA. At pH 6.5,
with dog kidney homogenate, rates were in the order phenyl-
serine > DOPA )>)DOPS. With guinea-pig kidney homogenate,
where DOPS was decarboxylated least, addition of the corre-
sponding amines caused inhibition of degradation for bvoth DOPA
and DOP3. 1Injection of DOPS into the artificially ischemic
kldney in a cat, followed by release of circulation, resulted
in a well=sustained sharp rise in blood pressure. After
return to a low level, further intravenous injection of DOPS
caused a still greater blood pressure increase., Upon intra-
venous injection in dogs, phenylserine, p-hydroxyphenylserins,
DOPS eand adrenaline were increasingly active in raising blood
pressure, whereas DOPA had no action. These results were taken
to be good presumptive avidence that the observed vasopressor
effects were due to decarboxylation of the phenylserines.

In favoring the phenylserine route to adrenaline, Beyer
consldered blological condensation of benzaldehyde and glycine‘

not to be unlikely, although other paths to the various
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possible phenylserine precursors were readlly conceivable.
The feasibility of this step has become more worthy of consid-
eration with the discovery in liver and kldney of various
animals of an enzyme, named glyclnogenase, which hydrolytically

cleaved P~hydroxyamino acids (1). The facts that disruption

R! R?
| |

R"-?~CHNH2~COOH > R"-C=0 + CHzNHE-COOH
0H

R* = H or CHy R" = H, CHs, 02H5 or CéHS

proceeded at the same rate under aseroblic or anaerobic conditions,
and that B-hydroxyvaline was among the compounds disscclated
by the enzyme, tended to contradict Knoopts B-~oxidation hypo-
thesis for hydroxjamino acids, It is of interest that allo-
threonine was attacked as well as threonine, suggesting lack
of enzyme stersospecilficity with respect to the P-carbon atom.
Glycine was determined by a selective colorimetric micro-
method (2). The ketonic cleavage products from the various
hydroxyeminoacids were individually identified: in the case of
phenylserine, benzaldehyde was trapped in the Conway diffusion
apparatus as the p-nltrophenylhydrazone (3). It was observed

(1) A. E. Braunshtein and G. Ya. Vilenkina, Doklady Akad. Nauk
S.S.8.R., 66, 243 (1949).
(2) B. Alexander, G, Landwehr and A. M. Seligman, J. Biol.
Chem., 160, 51 (1945). R
(3) G Yazlgié?nkina, Doklady Aked. Nauk S.S.S.R., 69, 385




that activity of the enz me was sharply lowered by cartonyl
reagents, but was unaffected by experimental Bg-avitaminosis
in the rat liver.

In the light of Beyer's findings, the effect of fresh
gulnea~ply kldney extract at pH 7.l on DOPS under anaerobic
conditions was reinvestigated (1,2). Carbon dioxide was
liberated slowly, with concurrent formatlion of an equivalent
quentity of l-noradrenaline, which was determined pharmacolog-
icelly by 1ts pressor action and its differential effect on
normal or denervated nictitating membrane in thie spinal cat.
Extracts of gulnea-pig liver, dog liver and kidney showed
progressively less decarboxylatlive vower. FPFallure in earlier
runs was attributed to use of small amounts of tissue extracts,
too short an lncubation time to observe carbon dioxide forma-
tion and %to not having tested for pressor activity. In a
summary of substrate specificity requirements for amino acid
decarboxylases (3), DOPS, 3,L-dihydroxyphenylethylamine and
p-hydroxyphenylethanolamine were brlefly conslidered as
possible adrenaline precursors. However, in a more extended

review on biosynthesis of the hormone (ly), Flaschko favored

(1) K. H. Beyer, H. Blaschko, J. H. Burn and i, Langemann,
Nature, 165, 926 (1950).

(2) H. Blaschko, J¢ H. Burn and H. Langemann, Brit. J.
Pharmacol., 5, 431 (1950).

(ﬁ) H. Blaschko, Proc. Koy. Soc. (London), B137, 307 (13950).

(4) H. Blasehko, "Blosynthesls of Adrenaline s in Pincus and
Thimann, eds. "The Hormones", Academic Press, New
York, 1950, vol. 2, p. 617.




a specific path which excluded DOPS, becausse of its slow rate

N-CH B=~=0H
l————-—3—>-epinine-————-——1

tyrosine —=DOPA —==dihydroxyphenylethylamine adrenaline
[-———esnoradrenaline———j
8-0H N~CH3

of enzymic decarboxylation compared to DOPA, although he
recognized that there was no experimental evidence for
ocecurrence of B-hydroxylation after decarboxylation, nor for
participation of epinine in the sequence presented.

The latest publication by the group at 0xford descrited
demonstration of noradrenaline in the urine of rabbits intra-
venously Injected with DOFS, after establisiment of dluresis
by an initlal dose of water (l1). The transformation still
occurred in adrenalectomized animals. Tlo adrenaline was
eliminated in either case. Pressor substances were not
obtained from urine of normal animels, nor from that collected
after Injection of adrenallnecarboxylic acid. These findings
provide further suppcrt for the implication of earlier in
vitro studies that DOPS may be the natural precursor of nor-
adrenaline.

Another recently tested spproach involved partial exhaus-
tion of the glandular adrenaline store in fasted rats by

subcutaneous injeetlion of subeconvulsive doses of insulin (2).

(1) C. Co Schmiterléw, Brit. J. Pharmscol., 6, 127 (1951).
(2) €. G+ Van Arman, Am, J. Physiol., 10, &Té (1951).
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Although glucose was fed after a definite interval, spontene-
ous recovery of the adrenaline store did not occur within six
hours. Phenylserine, phenylalanine, tyrosine, tyramine, syn-
ephrine, epinine, noradrenaline and adrenaline did not permit
regeneration of the mdrenaline store during the six hour re-~
covery period, whereas partial recovery was 1lnduced by a come
plete diet, an amino acid mixture or DOPA. Toxle symptoms
were observed both with phenylserine and DOPA In the doses
used. Further study was deemed necessary to learn whether the
81x hour recovery period was sufficiently long for the various
compounds to show their effect.

The fact that none of the phenylserines have yet been
found in proteins or other naturally occurring compounds con=
stitutes a major argument against their postulation as inter-
medlates in adrenaline biosynthesis. Even if this objection
1s overcome, the problem of firmly establishing the site and
nature of each chemical step leading to the hormone is complie
cated by the diverse intermediary metabolic paths which
phenylserines appear to follow, as well as by the complexity

of the enzyme preparations used for in vitro investigation.

3, Microblological activity

Study of the actlion of phenylserine on microorganisms

commenced with the work of Beerstecher and Shive (1), who

(1) 5. Beerstecher, Jr., and W. Shive, J. Biol. Chem. 16&l
53 (1946). ’ =




- 20 =

observed that the compound competitively inhibited utilizsa-

tlon of phenylalasnine in Escherichia coll, Lactobacillus

arabinosus 17-5, and Streptococcus faecalls R, with anti-

bacterial indices of 1000, 200 and 2C0 respectively. Toxie
effects of greater than 3-10 mg. of shenylserine per ml, of
medium to E. coll were only incompletely reversed by phenyl-
alanine. fTryptophan was one tenth as effective as an antag~
onlst of phenylserine or B-2-thienylalanine, with progres-
slvely lesser effect at higher inhivitor levels, and no
effect at high phenylalenine concentrations. This suggested
that tryptophan was & precursor of phenylalsnine in the
organism. Toxlelly of phenylserine was one tenth thst of
f=2=thienylalanine.

Tyrosine was more active thsn phenylalanine in reversing
p~2-thienylelanine inhibitlon of %. coll growth, but in no
way decreased phenylserine toxicity. Phenylpyruvic acid
interfered with neither antimetabolite, It thus appeared
that while p=2-thienylalanine prevented direct irreversible
oxlidation of phenylalanine to tyrosine in the organism,
phenylserine interfered with a different unknown metabolic
pathway (1). Upon Gaily transfer in a& medium contalning
phenylalanine, L. coll became increasingly sensitive to

tyrosine, untlil one part in thirty milllion completely blocked

(1) E. Beerstecher, Jr., and W. Shive, J. Blol. Chem., 167,
49 (1947).
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growth (1). In levels required for normal devslopment of
other specles, phenylalanine completely and non-competitively
eliminated tyrosine toxicity, but phenylserine enhanced it.
Thus, tyrosine had a controlling role in blosynthesls of phenyl-
alanine, wvhose utilization was disturbed by rhenylserine.
A mutant strain of 1. coli was unable to utilize glycyl-
phenylserine in place of 1ts required exogenous phenyle-
alanine (2). The peptide likewise falled to display any
sparing action on the anatursl anino acid regquirement,
Phenylserine has teen found to cause 507 inhibition of

Pseudononas aerusinosa growth at a level of one mo. per mi. (3).
£ &

This was of chemotherapeutic Interest, aince few compounds
have bhecen found with pronounced inhlbitory action on this
infective orgenism.

Interest in antimetabolite actlvity of phenylserine
sharpened when announcement of the structure of ehloram-
phenicol (L) showed the similarity of the two compounds.
Extensive investigatlon of the Joint effects of the antibiotic,

phenylserine and other amino aclds followed (See Table 10).

(1) E. Begrste{ach?rs'Jr., and W. Shive, J, Blol. Chem., 1(7,
27 (1947),
(2) 8. simmonds, L. L. Tatum and J. S. Fruton, ibid., 169,
91 (1947).
(3) G, J.(Maitf)m and J. N. Moss, Am. J. Pharm., 12L, 169
1949).
(k) 1. C. Rebstock, H. I's Crooks, Jr., J. Controulis and
(e« R Bartz, Abstracts of Papers, 115th 4m. Chem. 30Ce
¥eeting, p. 9K (15097,
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Table 10

Combined Action of Chloremphenicol, Phenylserine and Other

Amino Acids on E. coll

Cysteine Serine Phenyl- 8-2-Thienyl- Chloram-

serine alanine phenicol

Glycine x(6) x(L,5) x(5) (6) x(5)
Aspartic Acid +(6)  +(L,5) +(5)  x(6) +(5)
Alanine X(4,5) 0(5) 0(5)
Phenylalanine o) X(1) X(1) 0(6)
Tryptophan o(ly) X(1) X(1) 0(5)
Tyrosine ofly) +(3) X(2) 0(6)
Phenylserine +(6)  +(6) X(6) +(5)
B-2=-Thienylalanine X(6) +(6)
Cysteine +(6) +(6)
Chloramphenicol +{6)  +(5) +(5) +(6)

X = antagonism, + = synerglism, 0 = no modification of toxicity

(2) B
(@) s
(S) c‘

C.
(6) b.

Begrs%ecfe§ Jr., and V. Shive, J. Blol. Chem., 16,
3 (1946
Beerstecher, Jr., and W. Shive, ibid., 49 (19&7).
Beerstecher, Jr,, and W, Shive, THId IE% 527 (1947).
D. Davis and %. K. Meas, J. Am. Chem Soc., 71, 1865
(1949).
Mentzer, P. Meunler, L. Molho-Lacrolx, Compt. rend.,
» 241 (1950).
Mentzer, P. Meunier, L. i¥olho-Lacroix and D. Billlet,
Bull. soc. chim. biol., 32, 55 (1950).
¥olho and L. Molho-Lacroix, ibid., 32, 680 (1950).
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Other noteworthy relatlonships, not apparent in Table 10,
were also discovered (1,2). Inhibltory power diminished in
the series chloramphenicol, p=2-thlenylalanine, cysteine,
serine and phenylserine, Although p-2-thienylalanine, cystelne
and serine each strongly fortified action of the antibiotie,
phenylserine was =20 synerglstic with chloramphenicol that
growth did not occur at all. Nethionine falled to modify
toxicity of chloramphenicol, showing behavior of cysteine was
not dus merely to its sulfur content. Phenylalanine antag-
onlism to chloremphenicol was reported only for L. coll which
had previously developed some tolerance for the antibiotic.
Growthi curves obtained with the amino aclds were simlilar to
those of controls, whereas chloramphenicol markedly modified
both slope and height. Data were insufficlent to judge
whether antagonisms were competitive or not.

Implications of the findings were dilscussed at length.
The effect of structural modificatlion on properties of a normal
metabolite was remarkable. A single change produced an
antagonist, whereas two simultaneous changes led to nullifica-
tion of interactlon. Thus, serine was antagonized by alanine,

but not by phenylalanine, while phenylserine was antagonized

(1) C. Mentzer, P. HMeuniler, L. Molho-Lacroix, Compt. rend.,
g%g, 241 (1950).
C. Mentzer, P. Meunier, L. Molho-Lacroix and D. BEillet,
Bull, soc., chim. biol., 32, 55 (1950).
(2) D. ¥olho and L. WMolho-Lacroix, ibid., 32, 680 (1950).
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by phenylalanine, or the lsosteric thienylalanine, but not by
alanine. Serine and cysteine were qualitatively alike. Chlo-
ramphenicol was apparently too far removed from alanine or
phenylalanine to be antagonized thereby.

Chloramphenlcol was considered correlated best with.g~
serine and least with f-~2~thienylalanine with respect to sime-
ilarity in relations of antagonism and synergism, In this
regard, phenylserine was intermediate between the antiblotilc
and Be2-thienylalanine., The fact that chloramphenicol showed
synerglsm with the amino aclds was not teken to mean that
mechanlsms of blological action were the same, since two anti-
metabolltes acting on different enzyme systems could readily
display additive effects. In fact, unlike character in growth
curves and interactions with other amino aclds favored dissim-
ilar mechanlsms. However, two distinct modes of bilological
functionality were clearly evident, although others may well
remaln to be eluclidated. One was assoclated in some unknown
way with B~chalcogen substitution, as reflected by similarity
of chloramphenicol, cysteine, serine and phenylserine as
regards glycine antagonism and aspartic acid synergism. The
other, typlfied with B-2-thienylalanine, which lacks =
hydroxyl or sulfhydryl, involved direct interference with
phenylalanine metsbolism. Phenylserine was considered to
particlpate in both mechanisms, by virtue of its p-hydroxyl,

and as a phenylalanine antimetabolite.
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The critical importance of strain and species of
organism, composition of medium, and type of datum assembled
in respect to experimental conclusions drawn was apparent in
an investigation designed to show whether antibacterial
properties of chloramphenicol derived from antimetabollte
action (1). Whereas phenylalanine, and, to a lesser degree,
tryptophan and tyrosine non-competitively overcame toxlc

effects on L. co0ll of up to one microgram of chloramphenicol

per ml. of a glucose-salts medium, antagonism disappeared
when larger amounts of antiblotic or a syntnetic amino acid
medium was used. With a strain of L. casel requiring both
phenylalanine and tyrosine on synthetic amino acld medium,
only the former compound antagonized chloramphenicol. Phenyl-
serine showed anomalous behavior in that, at low levels, it
inhibited growth of an E. coli mutant which specifically
required exogenous phenylalanine or _henylpyruvic acid, but,
with increasing concentrations, actuslly stimulated growtli,
This unusual effect was encountered only when suboptimal
amounts of shenylalanline were prescnt and not with the wild
type B. coll, nor with L. casel., Woolley stressed the fact
that results were most understandable when the organism

employed specifieally required the metabolite under study.

(1) D. Woolley, Federation froc., 9, 219 (1950); J. Biol.
Chen., s 29 .
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The effect of stepwise alteration in chemical structure
on antibacterial activity and phenylalanine antagonism was
revealed in an examination ol compounds ranging from phenyl-
alanine through various phenylserine derivatives to chloram-

phenicol (Table 1l1).

b NH+CO+CHCL,
: . 14243+ AT . o
CHg + CHOH + CHNH, « COOH R-NO,+CgH + CHOH.CH+ CH,O0H

1 = g=-CHp0H for a-COOH 3 = f=0H for B~-H

2 = N-Clp0H:CO for N-H i = p-NOp for p-H

It was noteworthy that phenylserine was the only compound
involving a singlé structural change which showed antimetab-
olite activity. Wlth progressively greater alteration in the
phenylalanine molecule, non-competitive and frequently
irreversible antagonlsm emerged, along with increasing anti-
bacterial potency.

Woolley showed some doubt concerning steric purlty of
the phenylserine derivatives used, particularly in relation
to the observed bacteriological results. The uncertainty was
subsequently increased by the differences observed in prop-
erties of his N-dlchloroacetyl-p-nitrophenylserine preparation
and one synthesized by another route (1). Other investiga-

tors have reported no antibacterial sctivity for p-nitroplienyl=-

(1) C. F. Huebner and C. R. Scholz, J. im. Chem. Soc., 73,

2089 (1951).
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Table 11

Toxielty end Phenylalaninc Antagonism of Compounds Intermediate
in Structure Petween Chloramphenicol and Phenylalanine

E.coll
Compound Change Thenylalanineless  wild GLype
Tox= Anteg- Tox~ Antag-
lcity onism lcity onism
N=-Dichloroacetyl- replaces
phenylalanine 2 phenylalanine e 0
Phenylalaninol 1 0 0 + slight
w
p-Nitrophenylalanine Iy 0 0 ++ slight
e
Fhenylserine 3 ++ c ++ C
N-Dichloroacetyl-
phenylalaninol 1+2 0 0
p~Nitrophenylserine 3+l ++ NC ++ NC
N-Dlchloroacetyl-p-
nitrophenylalanine 2+l + NC 0 0
Phenylserinol 1+3 0 0 0 0
N«Dichloroacetyl-
phenylserine 243 0 0 0 0
N-Dichloroacetyl-
phenylserinol 1+2+3 +4+ CI +4+ slight
NC
N=-Dichloroacetyl-p-
nitrophenylscrine 2+3+) ++ c + slight
NC
p-Nitrophenylserinol 143+ ++ cI ++ 0
N-Dichloroacety11¥—
nitrophenylses nol 14243+l 4444 NG
(Chloramphenicol

+ = toxic, 0 = non-toxic, C = competitive, NC = non-competitive

CI = competitive at low, irreversible at high concentration
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serine prepared by two different routes (1), N~dichloroacetyl-
p-nitrophenylserine {2) and the ethyl ester of the latter (3).

Phenylserine was most recently used as an antimetabolite
in an investigation of the trvptophan-nlecotinic acid path in
E. coll (). Nicotinic acid was found to be very weakly
antagonistic, while ornithine did not affect phenylssrine
inhibition.

Studies have been made on the metebollsm of chloram-

phenicol by E. coli, Bacillus mycoldes, Bacillus subtills,

and Proteus vulgzaris (5). With each organism, both p-amino-

phenylserine and p=-nitrophenylserline were reported among
eighteen decomposition products demonstrated by paper chrome-
tography and by chemlical technigues, ®ive bilological
degradation pathways appeared to be involved, the relative
importance of each varying wlth the organism.

In all bilochemical work with phenylserine and its deriv-
atives, insufficient attentlion has been paid to the relation
between elther optlcal or sterie form and blological activity.

Possible presence of allophenylserine in preparations used,

(1) D. Eillet, Compt. rend., 230, 1358 (1950); 231, 293 (1950).
(2) C. F. Huebner anc C. R. Scholz, J, Am. Chem. Soc., 73,

2089 (1951).
(3) ¢. Carrara, 7. i{. Chiancone, V. D'Amato, X. Ginouhliac,

C. HMartinuzzi and G. Weltnauer, Gazz. chim. ital.,

80, 709 (1950).
(L) ¢. 1eThay, Bull. soc. chim. biol., 33, 17, (1951).
(5) G+ N. Smith and C. 5. Worrel, Arch. Diochem., 28, 1,
232 (1950). '"
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while deemed doubtful, is not to be excluded. The report that
inhlibltory properties of g-serine were not connected with é—
serine metabollsm, insolar as the latter did not antagonize
the former, is significant (1). This findlng may point the
way to an explanation of the seemingly diverse biological
activity of phenylserine. The possibllity that anti-
phenylalanine activity may well reside specifically in g-
phenylserine, with only the guform behaving in the same
unknown fashion as D-serlne, has not Loen tested. Uor has the
effect of elther enantiomorph on g-serine metabolism bsen
investlgated. Studles have yet to be extended to pure allo-
phenylserine, to various heterologues, to the lsosteric B-
phenylecystelne, preparatlion of one diastereomer of which was
recently described (2), or to the thio analogues of c¢l.loram-
chenicols It would also be of interest to investigate whether
phenylserine, 1ts lmmediate derivatives, or analogues could be

offectively employed in culturing Streptomyces venegzuslae to

throw light on the path of chloramphenicol biosynthesis, or to

secure new antibiotic substances.

(1) B. D.(Dagiﬁ and V. K. Maas, J. Am. Chem. Soc., 71, 1065
1945).

(2) a. 1. Co‘ok Ge Harris, I. Heilbron, J. Chem. Soc., 1060
(19@3;.
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. Enzymic peptide cleavarze

While investigating whether enzymes could hydrolyze
poeptides contalning amino acids not found in nature,
Abderhalden and Buadze (1) incubated glycylphenylserine and
DL-leucylphenylserine with yeast juice at pH & and 37°.
Development of slight negative optical rotations, constant
for the former substrate after two and one-half hours, and
for the latter after twelve and one~quarter hours, suggested
that enzymatlc cleavage had indeed occcurred. Further confir-
mation was provided by isolation of glycine as its ethyl ester
hydrochloride from the first hydrolysate, together with small
amounts of material which elementary analyses and low optical

activity suggested may have been slightly resolved phenylserine
ethyl eater hydrochloride.

D. Steric Configuration

The configuration of phenylserine obtained from benzal-
dehyde-zlycine condensatlion became of concern with the
demonstration that only one of the four stersoisomers of
chloramphenicol possessed antibacterial activity (2). Although

earlier investigators had considered the hydroxyemino eacid

(1) =. Ab?erhg%dan and S. Puadze, Fermentforschung, §, 487
1920). -
(2) M. C. Rebstock, H. M. Crooks, Jr., J. Controulils and
Q. R. Bartz, Abstracts of Papers, 115%th Am. Chem.
Soc, ieeting, Ps OK (1043
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thus formed to be a single racomic 1somer, VWoolley presumed
that the material wes a diastereomeric mlixture, since it was
formed from two optically inactive substances (1). Efforts to
establish whether his various derivatives were asterically pure
met with fallure. Oxidation of chloramphenicol to N«dichloro-~
acetyl-p~nitrophenylserine for comparison with synthetic mate-
rial could not be effected. Successful transformation of
phenylserine intc a chloramphenicol intermedlate of known steric
form (2,3,h,5,6,7) gave the first experimental proof of its
threo configuration, which had been stipulated by Erlenmeyer

on less firm grounds long years before (8). Supporting

IquZ 1"712
CyHy o e CHe COOH > CyHgCHe + T CH,0H
OH OH
oH l NH-CO+CHC1,
CgHg"CHeCH+COOH R-0,N+CgH) +CHeCH-CH,0H
OH OH

evidence was provided by conversion to threoc~phenylglyceric

(1) D. W. Woolley, J. Biol. Chem., 185, 293 (1950).
(2) C. G. Alberti, B, Asero, B. Camerino, R. Sannicold and
?igﬁggcellone, Chimica e industria (Milan), 31, 357

(3) G. Caiigig)and G. Weitnauer, Gazz. chim, itsal., 79, 856

(L) X. N. F. Shaw and S. %. Fox, Abstracts of Papers, 118th
Am. Cheom., Soc. Meeting, P. ON (1950).

K. Vogler, Helv. Chim. Acta, 33, 2111 (1950).

Cu P. Huebner and C. K. Scholz, J. Am. Chem. Soc., 13,
2089 (1951).

K. Hayes and CG. Gever, J. Org. Chem,

E, grlenmeyer, Jr., Ann., 30%, 70 Tlég

16, 269 (1351).

o~~~ —
-3 O\
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acid on treatment with nitrous acld (1). Studles with indi-
vidual optlcal isomers have thoroushly confirmed the fact that
phenylserine 1s effectlively a& structural analogue of threonine
(2), D-Phenylserine reacted with chloramine T to give mandelo~
nitrile, from which.grmandelic acid was obtained by acid hy~

drolysis. Thionyl chloride actlng on the Neacetyl ethyl ester

COOH
HpN+CH CN GOOH

HG*OH — HC*OH — HC*OH  D-(-)
(=) Iéns bgHe Oyl

GOOC Hy 0020y GO0, Hy GOOH
HyN-CH Ac*NHCH Ac*NH*CH HoNeCH  L=(~)
(+) Hf+OH ———= HQ*OH —— HC-01 ——> CHp

CoHg ééﬁs CoHg CeHy

of éfphenylserine gave the corresponding B-chloro derivative,
which, upon catalytic hydrogenation and subsequent acid hy-
drolysis, was transformed %o gwphenylalanine, characterized
further as the nasylate. Thus, configuration was established
unequivocally through the use of reactions which avoided at-
tack on the asymmetric center under study in a given sequence.
To date, yields from the Rosenmund-Dornsaft route have

been too low to permit study of the steric course of the

(1) D. Billet, Compt. rend., 230, 1074 (1950).
(2) X. Vogler, Helv. Chim. Acta, 33, 2111 (1950),
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reaction, No more than a single racemlc form was encountered
with any of the ring substituted phenylscrines thus

prepared (1,2). When p-nitrophenylscrine obtained br this
nethod failed to exhibit antibacterial activity, it was thought
that possibly the substance was of the erytliro configuration,
i.e. that it might be penitroallophenylserine (3} It was
further hypothesized that spatlial arrangement of groups would
favor the erythro configuration in the intermedliate oxazol-
1dine stgucture postulated by Dalgliesh. This view was sub-
sequently criticlzed on the basls that neither thecretical nor
practical grounds would exclude formatlon of sn oxazollidine
from & threo precursor ().

The steric form of DOF3, prepared according to the
Rosenmand-Dornsaft pr cedure hus been related to noradrenaline
In an interesting wanner (5). It was reported that the
hydroxyamino ecid preparation Lchaved like a single dlaster=-
eomer, i.e. gg-él or ggjgg*. In view of enzymic stereo-

speclficity observed in all cases thus far with amino acid

# Capital letters refer to configurations about the a-carbon
atom; small letters designate the B-carbon stom.

(1) C. E. Dalgliesh and F. 4. Mann, J. Chem. Soc., 658 (1947).
(2) C. ©, Dalgliesh, ibid., 90 (19497,
(f) D. Billet, Compt. rend., 230, 1358 (19%50).
{4) 2. D. Bsr%§ann, i, Genas and M. Bendas, 1ibid., 231, 361
1950},
(5) 1. Blaschko, F. Holton and G. H. 5., Stanley, Biochem.
b2, x1viit (1948); rrit. J. Pharmacols. mj 18y,
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decarboxylases, only the g; or gg forms were considered open
to attack by tissue preparatlons. Since l-noradrenaline was
produced almost quantitatively, 1t was reasoned that the
starting DOF5 was the Dd*ul antipodal mixture exclusively.
It was suggested that tic prefix "allo" bte reserved for naming
the st1ll unknown E;jgg isomer. Further correlation with
known reference compounds was not achleved, the rclative
conflguratlon of l-noradrenallne belng unknown. Simllarity
of results with DOPS preparations from different laboratories
Indlcated their probable identity of configuration (1,2).
Little 1s known concerning the stereochemistry of phenyl-
serines prepared by other methods. The new Bercmann
approach (3) has interesting possibilities as a source of
erythro as well as threo compounds, in view of the particulerly
mild reaction condltions. The counfiguration of N-arylphenyl-
serines, the only class of products currently obtainabls by
emination of phenylglycldic acld derivatives, 1s yet obscure.
Although both diastereomeric O-methylphenylserines have lesen
produced via the mercuration method, nelther has heen
correlated with known reference compounds. Catalytic reduction

of a-oximinobenzoylacetic acid was recently reported to lead

(1) €. H. Beyer, H, Blaschko, J. M. Burn and H. Langemann,
Nature, 165, 22€ (1?50).

(2) H. Blasciko, F. H. Burn and M. Langemann, Brit. J.
Pharmacol., 5, 431 (1950).

(3) E. D. Bergmann, }. Genas and I, Bendas, Compt. rend.,

231, 361 {1950).
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preferentially into the erythro series (1), but further

experimental date are needed to substantlate this claim.
L. Heterocycllc Analogues

Wilth the finding that phenylserine wass a satisfactory
starting polnt for synthesis of chloramphenicol, interest has
understandably been given to the prospect of preparing
hydroxyamino aclds wherein the phenyl group was replaced by
an isosteric heterocyclic nucleus. Such compounds would be
worthy of investigation not only as potential sources of new
antiblotic analogues, and adrenaline-type compounds, but also
as likely antimetabolites in themselves.

The first phenylserine heterologue to be synthesized was
B=2=-furylserine (2). No product was obtained when furfural
and glycine were subjected to action of sodium hydroxide in
water or aqueous alcohol. Iiowever, treatment with potassium
hydroxide in cold ethanol gave a clear pink solution from
which the expected Schiff base salt precipitated slowly during
the ensulng 2lL=72 hours refrigeration. Acetic acid cleaved
this Intermediate to furfural and furylserine, which was
presumed to possess the threo confliguration found in phenyl-

serine simllarly prepared. The maximum yleld attained of 8%

(1) I. Elphimoff-Felkin and Il. Felkin, Compt. rend., 232,
21 (1951).
(2) K. Hayes and G. Gever, J. Org, Chem., 16, 269 (1951).
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involved a three day condensation perlod at 10°C. Attempts %o
run the reaction in methanol, in which the 3c¢hiff salt was
soluble, falled, Treatment of furylserine with benzoyl
chloride in presence of alkall gave an azlactone, m.p. 1700.

Esterification of furylserine was possible only under
closely controlled conditions. Decomposition occurred when
ethanol saturated with hydrogen chloride or when temperatures
greater than 30° were used. Likewise, unrecrystallized furyl-
serine gave only an oily ester in low yield., A successful
approach involved allowing furylserine to stand 1in dilute
alcoholie hydrogen chloride solution for five days at room
temperature. The ester hydrochloride was not obtained,
decomposition occurring upon attempted concentration. Iowever,
neutralization of the ester hydrochloride solution with sodium
ethoxide permitted isolation of the free ester in 739 yileld.
Although this compound decomposed slowly, its acid oxalate
proved quite stable.

Furylserine ethyl ester was readily reduced by lithium
aluminum hydride to furylserinol, in the manner employed with
phenylserine ethyl ester. The amlnediol was totally acylated
without difficulty, then nltrated smoothly in good yileld.
Although the resultant nitro compounds gave satisfactory
analytical data and ultraviolet absorption spectra closely
related to those of S5-nitro-2-furfuryl esters, they could

not be induced %o crystallize. Further processing was not
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described, nor was any mention made of bilologlcal tests with
the various intermediates. The over-all resaction sequence
is sumarized in Fig. 3.

By use of the (erman patent procedure for phenylserine
synthesis (1), the thiophene analogue has been obtained with
relative ease (2). Glycine condensed rapildly with 2-thienal-
dehyde in presence of aqueous sodium hydroxlde at room tem=-
perature, precipitation of the Schlff base salt commencing
after half an hour., After overnight standing, trituration of
the solid cake with concentrated hydrochloric sacid produced
white erystals of 2-thienylserine, m.p. 178-179%, in 79%
yield. As with furylserine, a threo configuration was pre-
sumed. No derivatives of the new hydroxyamino acid were
reported, synthesis of the thiophene analogue of chloram-
phenicol having already been achieved by another route (3).

(1) Ges., fiir Kohlentechnik m.b.H. Cerman Patent 632,l2}.
July 8, 1936, v

{(2) G. Weltnauer, Gazz. chim. ital., 81, 162 (1951).

(3) G. Carrara and G. Weltnauser, Ibid., 81, 12 (1951).
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I1IT. EXPHRIMENTAL PROCEDURES AND RESULTS¥

A. Preparation of Phenylserine by Condensation of Benzaldehyde
and Glycine

1, Condensation In ethanolic sodium hydroxide

Condensation was effected according to the method of
Forster and Rao (l). To a mecheanically stirred mixture of
18.7 g. (0.25 mole) of glyeine and 53.0 g. (0.50 mole) of
benzaldehyde, from a freshly opened bottle, in 150 ml. of 33%
ethanol at 10°was slowly added a cold solution of 35.0 g.
(0.87 mole) of sodium hydroxide in 100 ml. of water. Agita-
tion was continued for twenty minutes, during which the turbid
emulsion became homogeneous and clear. Upon standing for
forty minutes, a white pasty material precipitated, leaving a
syrupy yellow supernatant. During further sgitation for ten
minutes, the entire reactlion mixture set to a viscous paste.

After overnight standing at room temperature, the
condensation product was filtered off and washed with four
125 ml. portions of cold ethanol, a rubber dam belng emploved
each time to press the cake as dry as possible. ZEach filtra-

tion required from one to three hours, with No. 1 or No. 50

¥ A1l melting polints are uncorrected.

(1) ¥. 0. Forster and K. A. N. Rao, J. Chem. Soc., 1943 (1926).
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Whatman paper and regardless of whether the mixture was at
room temperature or prechilled in an ice bath. The pH of
the fourth alcoholic wash still exceeded 10.

The filter cske was drled in air, then extracted with
four 100 ml. portions of boliling water, with filtration, tvo
leave only a small residue of N-benzaldiphenylhydroxyethyl-
amine., The filtrate was cooled to room temperature, acid-
ified with 35 ml. of glaciel acetic acid end extracted with
three 100 ml. volumes of ether to remove llberated benzal=-
dehyde. The aqueous layer was concentrated in vacuo. Four
crystal crops were filtered off during distillation to curtail
troublesome bumplng. The final filtrate, which approximated
50 ml. in volume and smelled strongly of acetic acid, was
discarded.

The four crops of crystals were comblined, dissolved in
175 ml, of boiling water, and, after filtration, treated with
175 ml., of ethanol. Following storage at 59 for two hours,
the resultant iridescent crystals were filtered off, washed
with several portions of ethanol and dried in air to give
18.6 g. (37% yleld) of phenylserine monohydrate, dec. pt.
195%, 197° (separate determinations: bath initially at 191°,
3 minutes heating). Two further crops of erystals were
obtained from the alcoholic filtrate upon concentrating, each

amounting to only 0.9 g. (2% yield) and each decomposing in

the same range as the first crop.
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2. Condensation in agueous potassium hydroxide

To & mechanically stirred solution of 375 g. (5.0 moles)
of glycine and 420 7. (7.5 moles) of potassium hydroxide in
1250 ml. of water at 20° was added 1061 g. (10.0 moles) of
benzaldehyde from a freshly opened bottle. Temperature of
the reaction mixture rose to a maximum of 30° in fifteen
minutes, and foll gradually thereafter. Turbidity disappeared
within thirty wminutes. During a four hour period of sgita-
tion, the viscosity of the dark yellow liquid increased
substantially, but only a small amount of 1nsoluble suspensold
was visible. After overnlgit standing at room temperature,
the mixture was a thick pale yellow paste.

The mechanically agltated paste was treated with 500 ml,
of concentrated hydrochloric acid in several small portions.
Temperature rose to 43° momentarily. The observed pH h.? was
ad justed to 5.7 by addition of 30 ml. of concentrated ammonium
hydroxide. lixing was continued with ice bath cooling until
the temperature had fallen to 5°. The resultant granular
slurry was suctlon-filtered, and a further 250 ml. of water
was passed through the cake to partly displace the dark
orange filtrate, which was surmounted by & layer of benzal=-
dehyde cleaved from the condensation intermediate by action
of the acld.

The pale orange filter cake from acid treatment was

washed by mixing well with four 1250 ml. portions of boiling
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95% ethanol, suction-filtration being employed each time. The
now faintly colored calte was simmered briefly with 2007 ml. of
bolling water and suction-filtered; approximately one fifth of
the material falled to dissolve. This residue was treated
with a further 1000 ml. of boiling water as before, but it
hardly diminished in quantity. The wster-insoluble resldue
was dlscarded, since its ready solubility in methanol, whence
it was precipitated anew.on addition of water, suggested di=-
phenylhydroxyethylamine rather than phenylserine.

The combined hot acuesous extracts, whereln precipita-
tion of crude phenylserine had alrcecady commenced, werse stored
at 5° for three da.s, then suction-filtered with the aid of
a rubber dem to zive a yellow filtrate and a buff-colored
filter cake which was somewhat sticky and smelled of benzal=-
dehyde. This cake was washed by simmering with 50C ml., then
two 250 ml. portions of methanol with suction-filtration each
time. The first hot methanol wash, orange in color, dissolved
almost half of the cakej the other wmethanol washes, almost
colorless, had scant apparent effect. The methanol-insoluble
creamy powder was taken up in 1500 ml. of bolling water; the
resultant pale yellow solution was suction-filtered to
remove dust, reheated to 90°2 and treated with an aqual volume
of bolling ethanol.

After overnight storege at 59, white lustrous crystal-

line plates were flltered from the 50% ethanol slurry, and
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washed filrst with 500 ml. of 507 ethanol, then 250 ml. of 95%
ethanol. Thus were obtained, after drying in alr to constant
weizht, 168 g. (17% rield) of phenylserine monohydrate first
CTOpD .

The orange benzaldehyde-water filtrate from the acild
treatment yielded only red tars upon concentration, as well
as light colored powders which, by thelr infuslbility,
appeared to be malnly potassium chloride. Likewise, woriing
up the 95% ethanol washings failed to zive any more phenyl-
serine.

Stepwise concentration in vacuo of the aqueous filtrate
from crude phenylserine, the methanol washings and the 50%
ethanol filtrate from the first crop, respectively, led to
seven crystalline fractions, totallins 148 ., which were
combined and recrystallized from 50% ethanol in the manner
describved above for obtaiuing the {irst crop of phenylserine.
This gave 99 g. (10% yleld) of sscond crop then, after sub-
zero storage of the filtrate therefrom, 2h g. (2.4 yleld) of
third crop, as white microcrystalline powders.,

Decomposition points were determined sirmltasneouzly for
the avove first crop wmaterlal, for a mixture of this with
flrst crop phenylserine monohydrate obtained by the Forster
and Rao procedure, and for the latter substance alone as a
control., Triads iInvolving the above second and third crops

were run similarly. All zamples decomposed in the rang
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190-193°%, with initlal bath temperatures of 174-179°.

Samples of first crop phenylserine monohydrate were
desiccated over anhydrous magnesium perchlorate at 10-15 mm,
and 50-60° to constant weight during twenty-four hours.
Dehydration was accompanied by some loss of lustre and
shrinkage.

Ansl. Calecd. for C9H1103N'H20: H 0, 92.05

Found: Hp0, 9., 8.8

3. Condensation in aqueous sodlium hydroxide

Condensation was effected according to the German patent
procedure (1), with minor extensions. To a mechanically
stirred solution of 30.0 g. (0.40 mole) of glycine and 2.0 gz.
(0,60 mole) of sodium hydroxide in 100 ml. of water at 152 was
added 8L..9 g. (0.80 mole) of benzaldehyde, from & freshly
opened bottle, wlth external water bath cooling at 15°.
Tewperature rose to a maximum of 21° in seven minutes, and
declined gradually thereafter. The emulsified resaction
mixture became homogeneous and clear in 12«13 minutes.
Viscoslty increased steadily and formetion of suspensoid
particles commenced. Rapld relation and finsl solidification

to a cheesy mass occurred within i5 minutes,

(1) Ges. fur Kohlentechnik m.b.H. Cerman patent 632,42l.
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After standing overnight at room temperature, the solid
condensation cake was fra;mented, and, with steady aglitation
and external cooling at 15°, L ml. (0.60 mole) of concentrated
hydrochloric acid was slowly added. The lumps disintegrated
as a whilte precipltate of phenylserine was gradually thrown
down, During mixing for one hour, tlie phenylserine agglom=-
erated into olly pellets approximating 1-2 mm. in diameter.

Following overnight storaze at 5°, the crude phenylserine
was flltered off and sucked as dry as possible with the ald of
a rubber dam. The straw-colored filtrate, at pH 3.8, was
separated from the surmounting benzaldsehyde laver and treated
with an equal volume of ethanol. Vhen overnight refrigeration
failed to induce [urther deposlition of yhenylserine; this
maferial was discarded. The Tilter cale was fragmented and
washed by mixing well with three 250 ml. portions of boiling
95% ethanol, the resultant thin slurry being suction-filtered
each time. The white microcerystalline phenylserine thus
obtained was dried over anhydrone at 50-60° and 10-15 mm. to
a constant welght of 50.5 =« (704 yield).

The ethanol=washied phenylserine was recrystallized from
1000 ml. of lhot 507 aqueous methanol in the manner descrited
in earlier runs (5.3 g., 907 recovery) and then from 900 ml.
of hot 50 aqueous ethanol to give finally L2.8 =. (853
recovery fr5m the original 50.5 g.) of anhyirous phenylsarine

as shimmering plates. The comblned alcoholic recrystallization
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filtrates were concentrated in vacuo to a moist residue, which
was talken up in 80 ml. of bolling water and treated with the
same volume of hot dioxane. Overnight refrigeration, filtra-
tion, washing and desiccation led to 9.0 g. (18% recovery)
more of phenylssrine as fine white microcrystals {dec. pt.
195°, bath initially at 177°9).

The combined 957 ethanol washings from the crude phenyl-
serine were concentrated in vacuo to 100 ml., then treated with
100 ml. of ether. Filtration, ether washing and drying of the
precipitate thus formed gave 11.2 . of white powdery crystals
whilch showed a strongly positive ninhydrin test. This material,
upon recrystellization from hot 66% aqueous dioxane, yielded
a further 2.3 . (5% yleld) of anhydrous phenylserine (dec. pt.
1899, vath initislly at 177°).

L. Attempted synthesis of B=2-furylserine

The condensation procedure was modelled on that of the
Ferman patent method for preparation of phenylserine (1). To
a mechanically stirred solution of 15.0 . (0.20 mole) of
glycine and 12.0 g. (0.30 mole) of sodium hydroxide in 50 ml.
of water at 15° was added 38.L . (0.1.0 mole) of freshly
distilled colorless furfuraldehyde, with water bath cooling

at 15°. Temperature rose to a maximm 25° in two minutes and

(1) Ges. fiir Kohlentochnik m.b.H. German patent 632,42l.
July &, 1430



declined gradually thereafter. The emulsifled reaction
mixture clarified completely in the same time interval and
assumed an orsange color which increased in Intensity to
brown during fifteen minutes. Ho precipliation was observed
during three and one-helfl hours of agltetion. After storage
at 59 for L2 hours, the reddish brown syrup was still clear,
It was therefore dlscarded.

B. Preparation of Compounds Concerned in Transformation
of Phenylserine to Chloramphenicol

l. Phenylserine methyl ester hydrochloride

4 vigorous stream of dry hydrogen chloride was passed
throuch a suspension of 9.0 g. (0.045 mole) of monohydrated
phenylserine (recrystallized first crop material) in 90 ml.
of absolute methanol for two hours. Speedy solution of the
amino acid was accompanled by evolutlion of sufficient heat to
promote gentle refluxing, with temperature falling slowly
thereafter. o crystallization occurred upon overnigcht
storage at -15°. The clear colorless solution was concen-
trated in vacuo to a crystalline residue which was dissolved
in 50 ml. of warm methanol. Upon treatment of the methanol
solution wit" 300 ml. of ether, two layers formed with rapild
crystallization ensuing at the interface. Overnight storage
at -15°, filtration, double washing with ether and drying at

50-60° gave 8.6 z. (B1% yield) of phenylserine methyl ester
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hydrochloride as white iridescent flakes, m.pe. 160° (dec.),
unchenged by recrystallization from methanole-ether. Analytical
date were obtalned on & larger batch similarly prepared.
Anal. Caled. for CjqH,)0,NCl: W, 6.05; C1, 15,30
Found: N¥, 6.11, 6.08; Cl1 (gravimetric), 15.31,
15.38, 15.33

2. Phenylserine ethyl ester hydrochloride

Syntheslis of this compound was effected in the manner
deserihed for the methyl homolosue, starting with absoclute
ethanol. An 85% yield of product was obtained, m.p. 1409,
unchanged by recrystallization from ethanol-ether, Ansalytical
data were obtained on a larger batceh simllarly prepared.

Anal. Calcd. for G, H 0,NC1: N, 5.70; ¢1, 143

Found: ¥, 5.61, 5.70; Cl1 (gravimetric), 1l.32,
14.32, 142

3. Phenylserine methyl ester

A vigorous stream of dry ammonla was passed through a
sugpension of 11.5 g. (0.050 mole) of phenylserine methyl
ester hydrochloride in 200 ml. of ether for fifteen minutes.

-The ester hycrochloride dissolved, and temperature fell

* N analyses in thls investigation were effected by I'r. J.A.
McMillan, the Kjeldahl micromethod being emploved in
all cases.
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rapldly due to evaporation effects, The well granulated ammo-
nium chloride which precipltated was removed readily by
passage through & fluted fllter, the salt being freed of
adherent ester by flushing with several portions of warm
ethicr. Tvaporation of the combined ether filtr:te and wash-
ings in a dry alr stream gave 9.} g. (974 yield) of crude
phenylserine methyl ester, me.p. 60-610, as white granular
crystals., Recrystallization from a lilf mixture of hot ether-
cyclohexane yielded long whilte needles, m.p. 62°.

Angl. Celed. for CygHy303F: N, 7.17

Found: N, 7.1, 7.20

li. Phenylserine ethyl ester

Phenylserine ethyl ester hydrochloride (12.3 g., 0.050
mole) was treated in the manner descrited for preparation of
phenylserine methyl ester to give 9.9 g. (95% yield) of crude
phenylserine ethyl ester, m.p. £2-83°, as large white plates.
Recrystallization from hot cyclohexane steadied the melting
point to 83°, with decline occurring to 81-82°, after storage
for ten weeiks 1in a desiccator.

Anal. Calecd. for GyiM)g04N: N, 6.69

Found: N, 6.53, 6.65
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5. Phenylserine ethyl ester directly from phenylserine

In one run, phenylserine monohydrate was treated in
ethanol with dry hydrogen chloride in the fashlon described
earlier. The residue reseining after distillation of the
ethanolic hydrogen chloride was taken up in ether and con-
verted to the free ester with ammonia in the manne: already
described. Yield of several crystal crops, melting in the

range 52-84°, totalled 91.

6+ Fhenylserinol from phenylserine methyl ester

In an oven=dried all-glass assembly consisting of &
500 ml, three-necksd flask Titted with dropping funnel, oil-
sealed Isrshberg stirrer and reflux condenser with attached
drying tube, 2.28 p. (0.060 mole) of lithium aluminum hydride
was suspended in 50 ml., of sodium-dried ether. With steady
agitation, a solution of 3.90 . (0.020 mole) of phenylserine
methyl ester in 225 ml. of dry ether was added slowly via
the dropping funnel. Thirty minutes after evolution of
hydrogen from the falntly sreenish-yellow turbid reaction
mlixture had ceased, excess lithium alwiinum hydride was
destrored by slow addition of 200 ml. of ether saturated with
water, followed by 10 ml. of water. After mixing for a
further fifteen minutes, the creamy slurry was suction-

filtered to glve & colorless ether filtrate and white powdery

cake.
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The ether flltrate was concentrated in vecuo below L0°
to a yellow oil, which was taken up in 10 ml. of hot ethyl
acetate, suctlion=filtered to remove dust, warmed almost to
the bolling point and then treated with 10 ml. of cyclohexane
to produce a faint turbidity. A yellow oily layer separated
on cooling. The mixture was seedsd with phenylserinol, rapid
deposition of a flocculent precipltate ensulng upon further
cooling to «10%, Suetion-filtration, washine with three
2 ml. portions of ethyl acetate-cyclohexane (1l:1l) and drying
at 50-60° yielded 1.37 g. (419 yield) of phenylserinol as a
white powder, m.p. 88-90°. Thrice recrystallized dl-threo-l-
phenyl=-2=~amino-l, J-propanediol has been reported to melt at
86-87° (1).

The white filter calte obtained after the reduction was
extracted with three 100 ml. portions of boiling ethanol.
Concentration of the extracts In vacuo ylelded a yellow
viscous oll. Working thls material successively in chloro-
form, ethanol-ether, and ethyl acetate gave oniy orange gums
and infusible resldues from which no more phenylserinol was

obtained.

(1) J. Controulis, M. C. Rebstock and H. M. Crooks, Jr.,
J. Am. Chem. Soc., 71, 2463 (1949).
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7« Phenylserinol from ohenvlserine ethyl ester

In an oven-~dried all=~glass assembly consisting of a
500 ml. three-necked flask fitted with an oil-sesaled
Hershberg stirrer aﬁd Soihlet extraction unit surmounted
by a reflux condenser with attached drying tube, 5.93 z.
(approximately 0.16 mole) of finely powdered lithium
aluminum hycdride was suspended in 250 ml. of sodium-dried
ether. After & Soxhlet cup lined with Fo. 1 Whatman paper
to reduce porosity and containing 10.46 g. (0.0500 mole)
of phenylserine ethyl ester had been placed in the extraction
chamber, agitation and heating over a water bath were
initiated in such a way that siphoning cccurred at roughly
four-minute intervals. Hydrogen evolution diwminisned after
7% minutes, The water bath wss removed at th: closec of two
hours and, to destroy excess lithium aluminum s ride, ten
1.0 ml. portions of water were introduced via tne Soxhlet
cup, with allowance for two siphonings between additi-ns.
A further 100 ml. of ethsr was added to compensate for
evaporstion loss. After the deposit adhiering to the f{lask
wall had been loosened with the aid of a stiff wire, refluxing
with agitation was effected for a further half-hour, then
250 ml. of 104 aqueous sodiun hydroxide was slowly added,
and mixing was continued for five minutes longer.

The basic emulslion was cleaved in a separatory funnel,

and the aqueous layer wes extracted with five more 250 ml.
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portiong of ether., The combined ether extracts were concen-
trated¢ in vacuo to a straw-colored syrupy gum, which was

taken up in 37 ml. of hot ethyl acetate and trsated with 27 ml.
of eyclohexane to produce a faint turbidity. DBy cooling at

5O for threc hours, washin: twice with fresh solvent mixture
and érving at 50-50°, 4.12 g. (497 yield) of phenylserinol

was obtained as snow-white microcr;stals, m.p. 88-89°, un-
changed by recrystallization from ethyl acetate-cyclohexane.

Tre ether-extracted alkaline aquecus layer was treated
with 50 ml., of 507 sodium hydroxicde, the concentration of
base thus being raised to approximately 16%, in an endeavor
to secure more effective solubion of aluminum hydroxide
present. ‘hen gelatinous emulsions were encountered upon
shaking with ether, the mixture was diluted with 100 ml. of
water. Six more extractions with 250 ml. portions of ether
were carried out, and the combined ether extracts were treated
as before to give a further 2.1 z. (267 yield) of micro-
erystalline phenylserinol, m.p. 58-89°.

The basic layer was diluted with water to 500 ml. and
shaken with 200 ml. of methylene dichloride. The resultant
stiff emulslon showed little siszn of cleavage on standing
and was accordingly discarded. Concentration of the ethyl
acetate-cycloherane flltrates to a small amount of oil, which
was worked up with ethyl acctate and crrelohexane in the de=-
serlbed fashlon, gave 0.12 r. (1.1 vield) of less pure

phenylserinol, m.p. 086-88°.



- 11l -

8. N-Acetvlphsnylserinol and l,0-diacetylphenylserinol

Phenylserinol was acetylated in the manner outlined by
the Parke, Davis and Co. group (l). A sauple of 1.07 g.
(0,000l mole/ of phenylserinol was hected with 10 ml. of
acetic anhydride in a water bath at 70 # 2° for fifteen
minutes. Acetic anhydride was removed in vacuo to give a
clear pale yellow viscous syrup which was taken up iIn 10 ml.
of hot ethanol and again concentrated to dryness. Rubbing
with 10 ml. of hot cyclohexane gave a white gummy paste
which was dissolved by addltion of 10 ml. of hot ethanol,
After filterin: off dust, cooling at 0° for 30 minutes, and
again filtering, 0.43 ge (279 yield) of crude H,0-diacetyl
compound, m.p. 161-164°, was obtained. Recrystallization from
boiling water gave N,0-dlacetylphenylserinol, as =littering
clusters of large white polyhedra, m.p. 168-169°. Twice
recrystallized from ethanol, dl-threo=-N,0~-diacctyl-l-phenyl=-
2~amino-1l,3-propanediol has been reported to melt at 168«
169° (1). Treatment of the ethanol-cyclohexane filtrate
with 10 ml. of cyclohexane, followed by cooling snl rilira-
tion led to a second 0,12 g. (7% yield) erop of less pure

N,0~dlacstyl derlvative, m.p. lS&-lého.

(1) J. Controulls, M. C. Rebstock and H. M., Crooks, Jr.,
Je Am. Chen. Soc., 71, 2403 (1949).
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Addition of a third 10 ml. volume of cveclohexane to the
ethancl-cyclohexane filtrate produced 0.10 g. (7% yield) of
a fine white powder, m.p. 120-1309, containinz a few large
colorless denss crrstals, m.p. 134-135°. Recrystallization
of this material from hot ethyl acetate pave small white thin
parallelopipeds, m.p. 131-132°., Two forms of dl-threo-N-
acetyl-l-phenyl-2-amino=~1,3-propanediol have been reported (1),

melting at 136-137° ana 1LL-145° respectively.

9., Triacetylphenylserinol

This compound waes prepared by a modified Parke, Davis
and Co. procedure (1). A solutisn of 7.91 z. (0.0L7 mole)
of phenylserinol in 60 ml. of acetic anhydride and 60 ml. of
pyridine was allowed to stand at room temperature for L8
hours, with occasional sheking, then was concentrated in
vacuo to a brown syrup. This residue was taken up in
100 ml. of warn ethyl acetate, the resultant solution heing
washed subcessively with 35 ml. of 5% hydrochloric acid to
remove pyridine, 15 ml. of water snd 25 nl. of 57 aqusous
sodium bicarbonate. The washes were back-extracted in order
with 25 ml. of ethyl acetate. The combined ethyl acetate

solutions were dried over anhydrous sodium sulfate, then

(1) J. Controulis, M. C. Rebstock and H. M. Crooks, Jr.,
J. Am. Chem. Soc., 71, 2463 (1949).
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concentrated 1n vacuo to a pale amber gum from which solvent
vapor bubbles had ceased to emerge., A solution of the gum
in 50 ml. of hot ethyl acetate was treated with 80 ul. of
hot Skelly B. As temperature decllined, the mixture clouded
and split out a lower pale orange oily larer, which set to

a hard crystalline mass upon overnight storage at 50,

The crystal ceke was fragmented, flltered, washed with
cold solvent and d ried to give 10.39 . (757 yield) of tri-
acetylphenylserinol as long blunt-ended white needles, m.p.
80-819, Concentration of the filtrate in vacuo and working
up the gum as before yielded a further 1.89 s. (14% yleld),
m.p. 80-81°, and 0.57 g. (L7 yield), m.p. 79-80°, as second
and third crops. Twice recrystallized from ethanol-petroleun
ether, dl-threo-triacetyl-l-phenyl-2~amino~l,3-propanediol
has been stated to melt at 79-80° (1).

10. Triacebtylphenylserinol directly from phenylserine ethyl
ester

With the Soxhlet technique descrived for preparation of
phenylserinol, 4.18 z. (0.020 mole) of phenylserine ethyl
ester was reduced with 2,28 g. (0.060 mole) of lithium
aluminum hydride. To the resction mixture quenched with

5 ml. of water was added 100 ml. of acetic anhydride and

(1) J. Controulls, M. C. Rebstock and Y. II. Crooks, Jr.,
J. Am., Chem. Soc., 71, 2463 (1949).
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100 ml. of pyridine. After most of the ether had been drawn
off in vacuo, the mixture was allowed to stand at room

temperature, with occasional shsking, for 42 hours.

£
The gelatinous mixture was suction-filtered with some
difficulty during nine hours. The residual bluish paste,
after double washing with acetic anhydride-pyridine (1l:1),
was discarded when qualitestive tests showed it to be predomi-~
nantly aluminum acetate. The pale brown flltrate was con-
centrated in vacuo to a heavy syrup. Addition of 100 ml. of
hot ethyl acetate, followed Ly five days standing at room
temperature, threw down more aluminum acetate, which was
again removed by filtration. VWhen Skelly B added to an
aliquot ol flltrate produced two layers and no crystals,
even after prolonged cooling, Iin vacuo concentration was
again effected to an orange gummy syrup, in which the odor
of pyridine had greatly diminishied. The gum was dissolved
in 50 ml. of hot ethyl acetate, and, after removal of 0.2l .
of infusible material, belleved to be lithium acetate on the
basis of a brilliant brick-red flame test, 100 ml. of cyclo=~
hexane was added. Further filtration at this point eliminated
0.1 g« of brown gum, leaving a straw-colored filtrate, which
became turbid upon addition of 100 ml., of Skelly B.
Overnight refrigeration at 5% gave a mumy vellow
crystalline mass surmounted by needles 5 rm. or more in

length. The latter wore carefully suspended without disturbing
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the gum, filtered, washed twice with cold solvent mixture and
dried at 50-60° to give 1.26 . (227 yield) of triacetyl-
phenylserinol as snow-white needles, m.p. 01-829, undepressed
upon = mixture with material prepared from phenylserinol. A
further 1.5L ~. (26% yield), m.p. 79-81°, was worked up from
the filtrate of the first crop, but the gum from which the

latter had been skimmed was dilscarded.

1l. Triacetyl-p-nitrophenylserinol

Processing here was according to the Parke, Davis and
Co., method (1). With steady agitation and tempersature
maintained at 18-20°, 2.93 g. (0.010 mole) of triacet 1~
phenylserinol was fed in small portlions during eight minutes
into 8 ml. of fuming nitric acid (d. 1.h6) previously
decolorized with urea, Alter 30 minutes total mixing time,
2 volumes of ice were added to arrest reaction, then sodium
bicarbonate in small portions until evolution of carbon
dioxide ceased. Four extractions with 25 ml., volumes of
ethyl acetate were performed, and the combined extracts were
washed witl: water, drled over anhydrous scdium sulfate, then
concentrated in vacuo to s pale yellow pumn., This gum was
dissolved in 10 ml. of hot ethyl acetate, treated with the

same volume of Skelly B and stored at 5° overnight.

(1) J. Controulis, .. C. Rebstock and . 4. Crooks, Jr.,
J. Am. Chem, Soc., 71, 2463 (1949).
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By rubbing with a rod to accelerate crystallization,
filtering, washing twlce with cold solvent mixture and drying,
1,23 go (369 yield) of crude triacetyl-p-nitrophenylserinol,
m.p. 125-132°, was obtained as a faintly yellow powder. By
merely washing this product with hot ether, the melting range
was raised to 138-141° or alternatively, to 10-143° by &
single recrystallization from benzene~ether, in elther case
a white granular sclid being produced. Recrystallized from
acetone-petroleum ether, then twice from ethanol, dl=-threo-
triacetyl~l~p=-nitrophenyl=-2-amino=1,3=propanediol was
reported to melt at 140~143°, and, with two more recrystalliza-
tions from water, at 146-147° (1).

12. g;ﬁitrophenylsarinol

Nitration of 2.93 g. (0,010 mole) of triacetylphenyl-
serinol was repeated according to the procedure described
in the preceding section, with advantageous replacement of
ethyl acetate by methylene dichloride for extraction of the
neutralized nitration mixture. The gum obtalned by in vacuo
concentration of the water washed, sodium sulfate-dried
methylene dichloride extracts was hydrolyzed by heating with
LS ml. of concentrated hydrochloric acid on a boiling water

bath for two and one~helf hours. After being washed with

(1) J. Controulis, K. C. Rebstock and H. M. Crooks, Jr.,
Jo Am. Chem. Soc., 71, 2463 (1949).
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ether, the acid solution was concentrated in vacuo to a pale
yellow gum which was dissolved in 6 ml. of béiling water and
treated with solid sodium bicaribonste (0.5 g.) in small
portlons until carbon dioxide evolutlon ceased and the pH
approximated 8., After overnight storage at 5°, the clear
.;queous solution was extracted with three 5 ml. volumes of
ethyl acetate., Vorking up this series of extracts in the
usual manner led only to a small amount of gum, which was
discarded.

The aqueous layer was adjJusted to pH 11 by dropwise
addition of 50% sodium hydroxide and extracted three times
with ethyl acetate as before. Flocculation commenced in
the sodium sulfato~dried yellow extracts upon standing at
room temperature. After overnight storapge at 50, filtration;
washing with a little cold etihyl acetate and drying at
50-60°, 0.63 g. (30% yield) of crude p=-nitrophenylserinol
was recovered as a white powder, m.p. 138-140°. Recrystal-
lization from 15 ml. of hot water gave 0.48 g., m.p. 140~
1&10. A superficlal yellow to orange color slowly developed
in the material upon exposure to light. Recrystallized from
water, dl-threo~lep-nitrophenyl-2-emino-l,3=-propanediol was
reported to melt at 139-141°, and, with further recrystalliza-
tion from water, at 141.5-142.5° (1).

(1) J. Controulis, M. C. Rebstock and H., M. Crooks, Jr.,
J. Am. Chem, Soc., 71, 24163 (1949).
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13, N-Dichiloroacetyl-p-nitrophenylserinol (recemic chloram=-
phenlcol): synthesis and bioassay

Dichloroacetylation was carried out according to the
Parke, oavis and Co. method (1), with only slight modification.
With a gentle stream of dry air drawn through the reaction
mixture to sweep out methanol formed, 0.212 z. (0.0010 mole)
of p~nitrophenylserinol was heated with 3.0 ml. of methyl
dichloroacetate on a bollln;; water bath for tvwo hours. Aftar
removal of excess ester in vacuo, the orange-yellow pum
produced was washed by simmering with three 10 ml. volumes of
Skelly B, then dissolved in 3.0 ml. of hot ethyl acetate and
treated with 3.6 ml. of Skelly Ti. When refrigeration at 5°
for two hours gzave only oll, methanol was added to effect
solution, & smell amount of inssluble matber was filtered off
ané the filtrate was concentrated to dryness in vacuo. The
orange residual oll was teken up again in 3.0 ml. of hot
ethyl acetate, the sligl.tly turbid solution vcing stored at
50 overnight. Filtration, dropwise washing with 1.0 ml, of
cold ethyl acetate and drying at 50-60° led to 0.1L2 g.

(L% yileld) of N-dichloroacetyl-p-nitrophenylserinol in the
form of hard snow-white microcrystals, m.p. 150-151°, Hixture
with an authentlc sample of racemic chloramphsnicol (m.p. 151~

152°) did not depress the melting point. Twice

(1) J. Controulis, i. C. Rebstock and Y. i’y Crooks, Jr.,
J. Am. Chem. Soc., 71, 2463 (1949).
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recerystallized from ethiyl acetate-petroleun etiier and twice
from water, dl-threo-.-dichloroacetyl-l-p-nitrophenyl-2=-amino=-

1,3-propanediol was stated to melt at 150.5-151.5° (1).

Table 12

Microbiological Assay Results (2)

Orgeanism DL-Chloramphenicol D-=Chloramphenicol

=  KS-II-87 (Parke Davis X=-2791)
L, coli {26) 5.0 (a) 2.5
5. aursus (FDA=-20%3) 5.0 2.5
B. subtilis (III) 3.3 1.25
7. pneumoniae (PCI-602) 1.7 1.0
P, vulparis (84.27) 1.7 1.0
1. tuberculosis (607) 17.0 10.0

(a) Expressed as micrograms of antiblotic required to inhibit
the test organism

The results of mlcroblologlcal assay, presented in Table 12,

showed that the product was epproximately one half as active

as the D form of the antibiotic.

(1) J. Controulls, M. C. Kebstock and H. M. Crooks, Jr.,
J._Am. Chem., Soc., 71, 2463 (1949).

(2) p. B. Collngsworth, The Upjohn Co. Private communication,
1950,
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€. Characterization of Allophenylserine

1. Allophenylserine ethyl estor hydrochloride

A mixture of 23.5 r. of third crop and 30.9 z. of second
crop phenylserine from potassium hydroxide-catalyzed glycine-
benzaldehyde condensation was suspended in 540 ml. of absolute
ethanol in an all~-zlass assembly consisting of a 1000 ml.
three-necked flask surmounted by a gas inlet tube and reflux
condenser with attached drying tube. A vigorous stream of
dry hydrogen chloride was passed through the suspenslon
during four hours. Complete solution occurred during twenty
minutes, and sufflclent heat was generated to induce gentle
refluxing. As temperature gradually declined to room level,
preciplitation of fine white crystals set in.

After refrigeration at 5¢ for three hours, suction=-
filtretion, washing with cold ethanol, then ether, and drying
at 50-60°, 2.7 g. (3L% yield) of allophenylserine ethyl ester
hydrochloride, m.p. 175-176° (dec.), was obtained as glittering
fluffy white Tlakes. After two recrystallizations from
absolute ethanol, the material decomposed sharply at 176°.

Anal. Calecd, for Cj3jH;¢O03NCl: N, 5.70; c1, 14.43

Founds N, 5.73, 5.773 Cl (gravimetric), 1L.30,
.39, L0
Concentration of the ethanollc hydrogen chloride filtrate

and treatment with ether led to a 11.9 g. (164 yield) second
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crop, m.p. 110-1509, and a 12.6 s, (177 yield) third crop,
m.p. 135-141°, of mixed ethyl ester hydrochlorides. Similar
processing of tall crops of crude phenylserine prepared
according to the German patect method (1) also led to varying

amounts of allophenylserinc ethyl ester hydrochloride.

2. Allophenvlserline ethyl ester

Allophenylserine etliyl ester hydrochloride (12.3 g.,
0.050 mole) was treated in ether with emmonia gas in the manner
descrired for preparatlion of rhenylserine methyl ester. After
removal of ammonlum chloride, stepwise evaporation of the
ether solution gave a 3.9 . (37% yileld) first erop, as long
white needles, m.p. 86°, a 3.1 g. (30% yileld) second crop,
m.p. 869, and & 2.6 g. (257 yield) residue, m.p. 85-86°,
Recrystallization of the three crops from 250 ml. of cyclo-
hexane led to £.7 g. (91% recovery) of small shimmering white
crystal flakes, m.p. 83=-84°, fallin- o 82-83° after storage
in a deslccator for a week. A mixture of phenylserine and
allophenylserine etiiyl esters melted in the rance 63-71°,

Anal. Calcd. for C11H 5032 N, 6.69

Found: 17, 6.6L, (.66

(1) Ges. fur Kohlentechnik m.b.H. German patent 632,42l.
July 8, 1936€.
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3. Allophenylserinol

By using the Soxhlet technique described for preparation
of phenylserinol from phenylserine ethyl ester, L.18 g. (0.020
mole) of allophenylserine ethyl ester was reduced with 2.28 g.
(0,060 molo) of 1lithium aluminum hydride. The reaction mix-
ture; quenched with 10 ml, of water, was filtered through a
Soxhlet extraction cup, and the fillirate with a further 100
ml, of ether was used to effect extraction of the insoluble
residue in the standard Soxhlet menner for one hour, The
ether extract was concentrated in vacuo and the yellow oil
takken up In 10 ml, of ethyl acetate. Crystallizatlion com-
menced upon addition of 0,25 ml. of cyclohexane, 0.25 ml, of
chloroform and 0.5 ml. of Skelly D. By overnight storage at
59, filtration, cold ethyl acetate washing and drying at 50-
60°, 0,98 g+ (30% yleld) of allophenylserinol was obtained as
glittering white thin pletea, m.p. 104-105°, Concentration of
the filtrate in vacuo; solution in chloroform and precipita-
tion with Skelly D gave 0.1l g, (L& yleld) of a less pure
product, m.p. 99-102°, Recrystallized from chloroform, dl=-
ervthro~l-phenyl=2-amino~l, S5~-propanediol was stated to melt at
104-105° (1).

A second Soxhlet extraction of the reductlon residue with

200 ml. of ether for two hours, with subsequent processing

(1) J. Controulis, M. C. Rebstock and H, M. Crooks, Jr.,
J. Am. Chem. Soc., 71, 2163 (1949).
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in similar fashion via ethyl acetate and Skelly D, led to a
first crop of 0.47 z. (1.7 yield), m.p. 105-106°, and a secsnd
erop of 0.19 g. (67 yield), m.p. 102-104°, 4 third extraction
of" the residue, effected by thorousch mixing with 150 ml. of
ether, followed by filltration, and processing of the extract
as before, ylelded a further 0.20 ~. (6% yield), m.p. 103-
104°., Only a small amount of gum was obtained from further

extraction of the reduction residue with hot chloroform.

L. N-Acetylallophenylserinol

Wonoacetylation of allophenylserinol was effected
according to the Parke-Davis method {(1). A sample of 0.310 .
(0.0019 mole) of allophenylserinol was shalken with 1.0 ml. of
acetic anhydride. Spontaneous warming, but no crystallization
occurred on subsequent cooling. The clear sum produce’ by
in vacuo removal of acotic anhydride was taken up in ethanol
and again evaporated to dryness. Crystallization of the
residue from ethyl acetate-cyclohexane gave a first erop of
0.233 g. (607 yield), m.o. 106-108°, and a second erop of
0.053 o (1L% yield), m.p. 107-108°, Recrystallizstion of
the combined crops from ethyl acetate produced 0.205 . (80%
recovery) of N-acetylallophenylserinol as clustered slongated

white tablets, m.p. 108%. After recrystallization from ethyl

(1) J. Controulls, k. C. Rebstock and ., U

. Crooks, Jr.,
J. Am. Chem. Soec., 71, 2463 (1943).
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acetate, g;*erythro-ﬂ-acetyl-l-ph@nyl-e-amino-l,3-propanediol

was reported to melt at 106.5-107° (1).

5. N,0-Diacetylallophenylserinol and triacetylallophenyl=-
serinol

Processing was in accord with Parke-Davis methods (1), A
solution of 0.658 g. (0.0039 mole) of allophenylserinol in
2.0 ml. of acetic anhydride was heacted at 100° on a water bath
for thirty minutes. The pale brown gum remalining after
in vacuo concentration to dryness was dissolved in 10 ml. of
hot ethyl acetate, then treated with 30 ml. of ether and G0 ml.
of cyclohexane. After cooling to 15°, filtering, washing
with cold solvent mixture end drying at 50-60°, 0,550 g. of
cream=colored slightly sticky powder, m.p. 96-111°, was
obtained. Reerystellization twice from benzene and once from
ethyl acetate finally produced 0.288 ;. (297 yield) of N,0-
dlacetylallophenylserinol, as square or octagonal tablets,
m.ps 109-110°. Twice recrystallized from ethyl acetate, dl-
erythro~N,0-diacetyl-l~phenyl=2~amino~l,3-propanedlol was
stated to melt at 110-111° (1),

All solutions and residues from the diacetyl derivative
werc collected in methanol, concentrated to dryness in vacuo,
and allowed to stand 1n 2.0 ml. of acetic anhydride plus

2.0 ml., of pyridine for four days. The cum remaining after

(1) J. Controulls, M. C. Rebstock and . M. Crooks, Jr.,
J. Am, Chem. Soc., 71, 2463 (1949).
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removal of the acetylating agents in vacuo was crystallized
from 10 ml. of ethyl acetate to give 0.340 . (307 yield) of
triacetylallophenylserinol in the form of long thin needles,
m.p. 116°. Treatment of the filtrate with Skelly D ylelded

a 0.183 g. (16% yield) second crop, m.p. 115-116°., After two
rocrystallizatlions from ethenol, dl-erythro-triscetyl-l-
phenyl~2-amino=-l,3-propanediol was reported to melt at 115=
1169 (1).

é. Allophenylgerine

Hydrolysis of 9.828 &+ (0.0L00 mole) of allophenylserine
ethyl ester hydrochloride was effected by addition of }41.00 ml.
of 1.95 N (0.0800 mole) sodium hydroxide and 2.0 ml, of
ethanol, with standing at room temperature and intermittent
shaking during 90 minutes. The clear solution was treated
with 3.37 ml. (ca. 0.040 mole) of concentrated hydrochloric
acid to sive ca. pH 5, rapld crystallization occurring during
the operetion. After overnight storage at 59, suction-
flltration, two washings with 10 ml. volumes of ice water and
drying in air at room temperature to constant weight, 5.583 g.
(777 vield) of allophenylserine was obtained as an interwoven
fibrous mat of long slender thread-like needles, with texture

comparable to asbestos.

(1) J. Controulis, M. C. Rebstock and H. M. Crooks, Jr.,
J. Am. Chem. Soc., 71, 24163 (1949).
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No significant decline 1n weight occurred upon desiccation over
snhydrone at 50-60° and ca. 0.1 mm. during 16 hours. Upon re-
erystallization for analysis from hot water with slow cooling,
the same crystal form was obtained.

Anal. Caled. for CgHy;03Nt N, 7.73

Founds ¥, 7.64

Samples from different preparations decomposed in the range
189~l93°;'depend1ng on heating rate end initisl bath tempera-
ture. No depression was noted upon admixture with phenylserine.

D. Partiasl Separation of Phenylaerine and Allophenylaerine
via Ethyl Ester Hydrochlorides

l. BEffect of recrystallization on ratlio of phenylserine
dlastersomers

Crude phenylserine was prepared according to the Cerman
patent (1), with two steps in the procedure chenged., Acidifi-
cation of ths lntermedlate condensation product with concen-
trated hydrochloric acid was effectad after only four hours
standing, instead of the 2l hours specified., After three hot
sthanol washes in the already described anammer, thse crude
phenylserine was drled in air at 50-60°, rather than over
anhydrones in vacuo.

Solution of 5.00 g. portions of crude phenylserine was

effocted In 25 ml. volumaes of water by mentle slmmering. To

(1) tes. flir Kohlenbechnik m.b.H. Cernman patent 632,12k,
July 8, 1936,
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each hot solution was added 25 ml. of hot organic solvent,
the mixture being allowed to cool slowly to room temperature
before overnight storage at 5°. Filtration and drying in ailr
at 50-60° led to data assembled in Table 13.

Table 13

Recovery of Crude Phenylserine on Recrystallization

Solvent added Recovered phenylserine
Ge
None 3.26
Methanol Lol
Ethanol L.72
Acetone .50
Dioxane 5.16

A vigorous stream of dry hydrogen chloride was bubbled
through a suspension of 2,500 g. of the crude phenylserine
noted in the preceding section in 25 ml, of absolute ethanol,
until the initially rising temperature had again fallen to
room levels. The solution was then stored at 5° for 2l hours,
with occaslonal agltation. Suctlon-filtration, washing with
a 1little cold ethanol and drying gave 0.432 g. (13% yield) of
impure allophenylserine ethyl ester hydrochloride, m.p. 166~
168° (dec.). Storage of the filtrate for nine days more at

59 led to & further 0.236 g. (7% yield), m.p. 174° (dec.).
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Under these conditions, material obtained by recrystal-
lization of crude phenylserine from water slone yielded only
0,02l £. (0.7% yield) of crude allophenylserine ethyl ester
hydrochloride, m.p. 160~169° (dec.). Similar processing of
phenylserine, obtained by recrystallization of crude product
(2% recovery) first from 20 ml. of 50% methanol per gram,
then from 20 ml. of 507 ethanol per gram, gave no allophenyl-
serine ethyl ester hyarochloride. 1In this case, phenylserine
ethyl e~%er hydrochloride, m.p. 139°, was worked up from the

clear sclution in 897 vield,

2. Solubilities of diastereomeric ethyl ester hydrochlorides

Solubilities of these compounds in absolute ethanol were
estimated approximately frowm observations made in the course
of recrystallization operations. Vith dioxane (refluxed and
distilled over sodium) and acetone (distilled from potassium
permanganate and dried over potassium carbonate), procedure
was more speciiic. Solutions containing excess fres solute
were neld at the specified temperatures with frequent shaking
for at least one hour, after which measured volumes of clezr
supernatant were withdrawn, evaporated to dryness at 100° and
the residues weighed. A different approach was necessary with
phenylserine ethyl ester hydrochloride in dioxane at 95°,
solubility being so great that high viscosity of the solution

precluded accurate volumecliric transfer. In this case,
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Table 14
Solubilities of Diastereomeric Ethyl Ester Hydrochlorildes (a)

So0lvent Temperature BEthyl ester hydrochloride
oC. g./lOO ml.

Phenylserine Allophenylsaerine

Ethanol 80 >100 5.0
5 > 13 1.2-1.5

Acetone 55 22 0.06

7‘5 0.014,

Dioxane QE 160 0,15

1 o7 0.05

(a) Method of determination is described in text.

welighed portions were added to a measursed volume of solvent
until a tracs of undlssolved materiel still remained one hour
later.

3. Attempted separation of ethyl ester hydrochlorides via
dioxane

Second and third crops of ethyl ester hydrochlorides from
the run in which allophenylserine ethyl ester hydrochloride
was first encountered were thoroughly mixed., A sample of 12.0
g+ was simmered with 15 ml. of anhydrous dioxane. Complete
solution occurred within 30 minutes. Passsge of the solution
through 8 steam~jacketed sintered glass pressure filter was
initially very slow and ceased entirely with occurrence of

crystallization on the under side of the sintered plate.
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h. Partial separation of ethyl ester hydrochlorlides via
acetone

A sample of 12.8 g. of the mixture noted in the preceding
sectlon was simuered with 100 ml. of anhydrous acetone. An
eppreciable proportion remalned undissolved after ten minutes.
The mixture was easlly passed through a steam=jaciteted
pressure filter, whose ilnnsr chamber was held at approximately
80° by drawing steam throu~h the outer jackst under reduced
pressure, Washing ol undissolved material was effected by
similar passage of two 25 ml. volumes of bolling acetone.

The insoluble residue was dissolved by passing 50 ml. of
hot ethanol in three pertions through the filter under
pressure. The pale yellow solution, a large part of which
was accidentally lost, was treated with 25 ml. of ether and
stored overnight at 5°, Filtrution, washing and drying
yielded 0,20 g. of allophenylserine ethyl ester hydrochlorids,
mep. 177° (dec.).

The pale yellow acetone solutlon was trested with 75 nl.
of ether and stored overnizht et 59, Filtration, washing and
drylng produced 9.13 g. of slishtly stlcky crystals, m.p.
96-139°, smelling of mesityl oxide. Reerystallization from
15 ml. of hot ethanol with addition of 150 ml. of ether led
to 791 . of crude phenylserine ethyl ester hydrochloride as

white odorless crystals, m.p. 137-139°,
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Similar processing throush acetone and ethanol was used
to split allophenylserine 2thyl ester hydrochloride from
scveral other batches of crude phenylserine ethyl ester hydro-
chloride.

Table 15

Partial Separation of Ethyl Ester Hydrochlorides

Starting material Allophenyliserine impure phenylserine
&t ester HCL Lt ester KOl

VEae, %0 MePe,°Ce Vte, ge MeDe,%Ce Wt., ra FiePe,y2Ce

3743 138-141 3,6 177 30.9 138=-1l10
1,98 138-157 0,62 177 1.03 137-139
15,7 135-150 1.2 175 11.9 137-1h0

5. Lffect of phenylserine othyl ester hydrochloride on solubil-
ity of allophenylserine ethyl ester hydrochloride in acetone

Phenylssrine ethyl ester hydrochloride (1.000 ¢.) was
dissolved in 8,0 ml, of dry acetone by simmering in a reflux
assembly. Allophenylserinc ethyl ester hydrochloride
(0,100 go) was added, and simmering was continued for a
further rive minutes. The hot mixture was suction-filtered,
1.0 ml. cold dry acstone being used to complete transfer of
the undissolved allo compound to the filter funnel. Drying
gave 0,026 . and 0.030 ~. of allophenylserine ethyl ester

hydrochloride undissolved in two such runs,.
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L. Papsr Chromatography

1. Phenvlserine and allophenylserine

Faper chromatogra hy was studied as a means of detecting,
roughly estim«ting and distinguishing the phenylserine
dilasteroomers. The caplllary ascent technique of Williams and
Kirby (1) was employed, with some modificatlions. Aqueous
solutions generally 0.1% (W/V) in elther isomeric hydroxyamino
acid, alone or mixed, were used in exploratory runs, other
coneentrations beins used as subsequent occaslon demanded.,
These were stored at 5° when not in use, to minimigze growth
of microorganisms. Finely drawn pipettes, into which the test
solutions had Dbeen allowed to rise by caplllarity, were
touched to points at least 1.l cm. apart along & line 3.0 cm.,
from the narrow side of a 20 x 27 cm. rectangle of No. ki
Whetman {ilter peaper. Care was taken to place only & single
drop of solution per spot, and to hold spot diameter in the
range of 0.5-0.7 cm. Filter papers were cylinderized by
stapling, with the long sides not guite touching. The
¢ylinders were stood uprisht, sample spots near the bottom,
in screw-capped wide-mouthed chemical jars (6 in. dismeter,

12 in. tall) containing 125-150 ml. of solvent, consisting

of the clarified upper water-poor layer of various two-phase

(1) R. J. williams and ", Kirby, Sclence, 107, L81 (1948).
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mixtures described subsequently. When the solvent front had
approached the upper edge of the cvlinder, a line was pencllled
across it; the cylinders were then inverted and dried in air

at room temperature {one hour) or under an infrared lamp at
50-60° (20 minutes). Stables were clipped and the opened

sheet was sprayed uniformly with 0.24 (W/V) ninhydrin solution
in n-butanol saturated with water. ¥lnal oven drying was
effected at 80° for 10-15 minutes.

The ethyl ester hydrochlorides, while giving good
ninhydrin tests in agueous solution, falled to respond on
papergrams, In this case, only a single trial was made with
the upper layer from a mixture of 600 ml. of Skelly D, 350 ml.
of methanol and 50 ml. of acetone.

A mumber of solvent mixztures tested for ability to
separate the free hydroxyvamlno acids showed little promise
(Table 16). Althoush partial separation was achieved by
n-butanol-hydrochloric acid-acetone, the mixture was not
investigated further, since corrosion of stables necessitated
thread-stitching of the paper cylinder. While neither acetone
nor concentrated amnonia elone in butanol-water vere effective,
striking difference in the extent of wigration of »henylserine
and allophenylsecrine was observed with a mixture of the four
components. The proportion of each solvent necessary for
optimum separation was determined by testing various acetonse

and ammonia levels (Table 17). In subsequent use of paper
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Table 16

Ineffective Solvent Mixtures 1ln Paper Chromatography of
Phenylserine and Allophenylserine (a)

Components of mixture, ml.,

100 R
n-BuOH H,0 HOAC Me,CO CgHgN Con. 5% Bt Diox= (b) &
B NH,0H NaOH Bu-CO ane

250 50 116
200 250 50 3-l0
200 150 50 7-50
200 100 100 52-55
200 150 25 25 36-39
200 140 30 30 L,5-49
200 150 50 3L-37
200 150 25 25 2l -28
200 150 50 25-27
200 100 27=28
100 100 200 -l
200 200 13-16
200 35 165 18-22
200 160 20 20 11-15
200 175 25 26=27
200 150 25 25 30=32
n=-BuOH 5% HC1 Me5CO 100Rp
Phenyl- Allophenyl-
serline serine
200 200 g=40 9-52
200 160 o) go-%u %5-68

(a) Single sheet runs with duplicate spots of each isomer in
0.1% solution, the last seven runs also including a
mixed solution 0.1% in each lsomer,

(b) Rp = distance from starting line to centre of spot

distance traversed by solvent front from starting line
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Table 17

Effect of Acetone and Ammonia Levels in Paper Chromatography
of Phenylserine and Allophenylserine

Components of mixture, ml. 100Rp
To. of n-BubH H,0 MepC0 Con. Phenyl- Allophenyl-
saemples (a) NHﬁOH serine serine A(b)
6(2) 200 190 5 5 2l-26 15-21 5-8
3(1) 200 135 5 10 23-2 16-18 6-7
3{1) 200 185 10 5 28 18-21 7-10
6(2) 200 180 10 10 2£«30 19=-20 8-10
3(1) 200 170 10 20 28-30 18-20 8-11
3(1) 200 170 15 15 3a-35 21-2l 10-1l
2(1) 200 170 20 10  34-35 22-23 11-13
(2) 200 160 20 20 5-39 23-26 11-15
3(1) 200 1o 20 Lo L7-50 33-34 1l-16
2(1) 200 170 2% 5 ho-f1 28-29 12
5(2) 200 150 25 25 -l 28=32 13=-1h
2(1) 200 100 25 75 51-5 ho—iu 10-11
2(1) 200 ﬁo 25 125 8«61 L8-53 8-10
3(1) 200 1lo 30 30 2-i3  28-30 12-15
3(1) 200 130 35 35 L7-48  34-36 11-13
3(1) 200 1o Lo 20 52-53  L3ah) 8-10
10(l;) 200 120 Lo Lo s4-58 L2-hS 10-12

(a) Value outside parentheses applies to number of samples of
each lsomer: solutions 0.1% in each isomer alone and
mixed were used; value inside parentheses indicates
the number of sheets and different batches of solvent
mixture tested.

(b) Diiference in 100Rp values for adjacent spots of the two
isomers
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chromatography as an analytical tool, the upper layer from a
mixture of 200 ml. of n~butanol, 150 ml. of water, 25 ml. of
acetone and 25 ml. of concentrated ammonium hydroxide was the
solvent of choice, with 3-C hours allowed for ascent. A
photorraph of a btypical papergram 1s presented in Fige 3.

In preparing paper sheebts for chromabtography, several
Teatures were found to be of concern. Growth of mlcroorasnlsms
in the amino acid solutlons led to anpearsasnce of extrea spots
and streaks on the developoed paper grams. Yo lateral inter-
Terence effects were obsorved with as many as thirtesn samples
per chsot. Use of morzs than a single drop of solution per
spot resulted In i:rregularly shaped final spots. l'ourh
standardization of 1initial spot diameter was essential for
effective comparison of solutions of known concentration with
unknowns. When stapling the paper into cylindrical form,
care was taken that edges did not contact or overlap, other-
wise the solvent front bLiecame bowed on climbing. Unless the
solvent mixture was clerified by addition of a few ml. of
approprlate organic solvent, varylng amounts of aqueous layer
settled out, with resultant irregular spot misration.

Points of teclnlgue in finsl development of tlhe chroma=~
togranms also proved to be Iimportant. Spots were lirhter in
hue, with poorer border definition, when wet paper cylinders
were dried at 100° instend of at lower temperatures. Sensitiv-

ity in respect to detectatble amino acld concentration was
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Fig. 3 Paper Chromatography of Phenylserline, Allophenylserine
and Glyclne.
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lower with 0.1 ninhydrin solution than with 0.2%. Spot
colors developed too slowly (60~Q0 minutes) when final drying
was carried out at 60°, whereas undesirable pink flushing of
the whole sheet frequently occurred at 100°.

With the butanol-wetcre~acetone~-ammonla mixture, the
developed spots were initlally orange-brown in color, darken-
ing to violet in the course of & day or more, then zradually
fading 1in several weeks. Phenylsorine spots were generally
elongated ovals with slightly less color intensity than the
circular allophenylserine spobvs. Border definition was
sulllslontly sharp to permit pencll delinsation.

Mixed solutlions containing both phenylserine and allo-
phenylserine were tested over a wide range of concentrations.
A barely visible spot was obtalned with elther hydroxyamino
sacid at as low as 0.01¥ concentration in solution. The spot
was 3411l discrete when as much as 2.57% of the other isomer

was present in the same solution.

2« Threonlne and allotlreonine

By use of the technique described in the preceding section,
three aspots each of 0415 {W/V) solutions of threonine and allo-
threonine were placed on paper sheets. The solvent mixture
wilich successfully separated phenylserine and allophenylserine
was employed, with a five an¢ one=half hour ascent period,

Ninhydrin development was effected as Lesfore.
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Threonine gave 100Rp values of 18, 18, 1§ and allo-
threonine 13, 1!, 1l resnectively. The spots were a vivid
blue=violet in color, with well defined bvorders. Their shape
was circular and areg smaller than with phenylserine dlaster-
eomers run at the same concentration.

I'e Bffect of Condensation Time on Phenylserine Diastereomer
Content and Yield

1. Observations on the condensation reaction

Several batches of phenylserine were synthiesized according
to t~ Nerman patent procedure (1). The quality and quantity
of each reactant used were the same a8s in the earl . cr de=~
scerlved run. The electrically driven Hershberg stirrer was
operated at the mxaimum speed cormensurate with avolding
serious loss of the reactlon mizture by splashing.

New phenomena were broushit o light when the reaction
course was observed closcly under these conditions. As in
parlier runs, benzaldsiyie was added all at once®™. One
minute later, the resction mixture was turbid, somewhat
viscous and uniformly emulsified. Tempseraturs had rlsen

from 15% to 17°9. After three minutes, with temperature at

Time perilods subseguently noted are counted from this
addition.
(1) Ges. fur Kohlentechnik m.b.H. German patent 632,42k,
July &, 1936,



- 1&3 -

20-229, %tlie emulsion suddenly set to a curdy thick white paste,
and the agitator was brought to an abrupt halt. The material
gradually redlssolved upon nixing with the ald of a glass rod
and hand-turning of the stirrer shaft. After 5-0 minutes, the
stirring motor was again turned on at high speed. At this
time, temperature reached the maximum of 25% and deelined
gradually thereafter at a rate varying with the water turnover
In the external cooling bath. After 12~13 minutes, the reaction
mixture was a completely transparent viscous light svrup. No
further change was apparent up to 25-22 minutes, when precipi-
tatlon commenced enew. In 20-32 minutes, the mixture rapidly
attained so0lidity and temperature rose lo; The sgltator slowed

gradually in this instance before finally stopping entirely.

2. Observations on acid cleavage of insoluble intermediates

The insoluble materlal finally formed from condensation
of benzaldehyde and glycine was allowed to stand at room
temperature for different periods of time with various batches.
Concentrated hydrochloric acid (50.0 ml., ca. 0.6 mole) was
then added dropwlse from a burette during 30 minutes. The
condensatlon cake was fragmented with a spatula and mixing
was effected with a heavy slass rod to minimize local concen=-
tration of the acid. An external water bath at 159 was used
for cooling throughout the operation. The Hershberg stirrer
was turned on at maximum speed as soon as reduction of lump

slze permitted.
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With two batches which were sallowed to stand only one
hour from the time of benzaldehyde addition, & thin white
slurry, with few lumps, was present at the closs of acldifica-
tion. Thickenlng to & smooth paste occurred during further
agitation for 30 minutes. Then, new lumps gradually developed,
attaining a diameter greater than one cm. in another 30
minutes, and leaving a clear pale yellow supernatant., Thse
mixture was chilled to 50 and stored at this temperature for
two hours. Suction-filtration (very slow) was then effected,
the cake beling pressed as dry as possible wlth the ald of a
rubber dam. A faintly yellow transparent aqueous filtrate,
at pH 3.1 and with only a few ml. of supernatant benzaldehyde,
was thus obtained.

Three batches run wilth four hours elapsing between benzal=-
dehyde addition and acidification showed a different behavior.
During 60 minutes of high speed agitation after acidification,
the few lumps remaining of the insoluble condensation mate-
rial totally dlsintegrated. As precipitation of fine particles
occurred, the reaction mixture gradually thickened to a stiff
paste. In this case, no tendency to agslomerate into new lumps
was apparent, After cooling and storage at 5° for 1-2l hours,
the paste was suction-filtered, a rubber dam being used as
before. By contrast with the one hour run, filtration was
rapid and yislded a pale yellow transparent filtrate at pH lj~

Le7 completely devold of supernatent benzaldehyde. Zven the
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white filter cake smelled only 8lightly of benzeldehyde. In
one case, the fllter cakse was broken up, mixed agaln with the
filtrate and acidified to pH 2.8 with concentrated hydrochloric
acld. By dropwise addition of 50% sodium hydroxide, pH was
then raised to 5.6. Upon filtration, the filtrate was again
obtained free from all visible traces of benzaldehyde.

With two runs in which acldification was elfected after
8 2& hour condensation period, lumps of the initial solid werse
fragmented with more difficulty. During the 60 minute agita-
tion perlod, the acid cleavage product precipitating gradually
agslomerated lnto olly pellets, 1-2 mm. in diameter and
smelling strongly of benzaldehyde. One betch was stored over-
night at 5°; the other was treated with 100 ml. of ether which,
upon further agitation for 30 minutes with external ice bath
cooling, gave a thick smooth white paste, surrounded by free
aqueous supernatant. 1In both runs, suctlion-filtration
proceeded slowly and ylelded a clear aqueous layer surmounted
by a substantial quantity of benzaldehyde.

A strong benzaldehyde smell prevalled fromx: commencement
of acidificatlon with a batch which had stood for 60 hours
after addition of benzaldehyde. In this case, lumps of the
initial condensation material were quite hard. Their dissolu-
tlon was facilitated by addition of 150 ml. of ether during
acldificstion and the subsequent one hour agitatlion pericd,

Further processing and behavior were in every way similar to
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the ether-treated 2l hour bLatch.

The cake remaining after acidification, cooling and filtra-
tion was fragmented and washed by mixing well wlth three 200-
250 ml. volumes of boilin~ 795% ethanol, with filtration of the
resultant thin slurry and suction of the crude phenylserine
- cake as dry as possible each time with the alid of a rubber dam.
In the case of one four hour condensatlion run, the fragmented
cake was initially hand-stirred with only 100 ml. of bholling
95% ethanol. The thin slurry which first formed quickly
stiffened to a paste sufficiently thick that the containing
besker could be iInverted without loss. Addition of a further
150 ml. of boilins 95% ethanol was necessary to give a filtrajle
slurry agein. When the frarmented cake from & 2l hour run was
treated with boiling 957 alcohol in the same portionwise
fashion, mere slurrying occurred and no sudden stiffening to
a paste. Subsequent etharnolic washing on these two batches
was carried out as with the others. With all batches, alcohol=-
washed crudse phenylserine was dried to constant weight over
anhydrone at 50-60° and 10-15 mm. Yields in typical runs ere
summerized in Table 18.

Ethanol washings were distilled 1in vacuo to concentrates
In which ilic zreoportlon of benzaldehyde present varied in
accord with the quantity split off during hydrochloric acid
treatment. Thus, with four hour runs, all cleaved benzal-

dehyde appeared at this stage. With other runs, the amount
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Takle 18
Yield and Diastereomcr Content of Zrude Ethanol-Vashed
Phenylserine
Condensation  (rude product Isomer fraction (a)
time, hrs. -
Wte, o 7% Yield Phenylscerine Allophenylserine
1 33.4 6 0.55=0.60 0.1.0=-0.15
ly L3 61 0.80-0.85 0.15=0.20
2l 52.7 73 1.00 0
60 49.0 68 1.00 0

(a)} Procedure given in next section

corresponded to that mechanically retained within the lilter
cake prior to alcoholic washin~. By treatment of the ethanol-
benzaldehyde concentrates with ether in the mammer described
earlier, slightly colored amorphous materials containing
varying amounts of the phenylserines were obtained. These
were checked by paper chromatography, but usually not
processed further.

Some aqueous flltrates from the acidification step were
distilled in vacuo to a damp crystalline mass, which was
extracted three times with 100 ml. volumes of boiling meti:anol.
The residual sodium chloride showed negligible traces of the
phenylserines when subjected to paper chromatogzraphy.

Amorphoug powders obtained by concentration of the methanol



- 148 -

extracts contalned varylng small amounts of the two phenyl-~

serine isomers, as indicated by paper chromatography.

3. Diastersomer content and yield by paper chromatography

Paper chromatography by the technique already described
was used to estimate the proporiion of phenylserine and
allophenylserine present in the products of the various
condensation runs. ior this purpose, three mlixed stendard
control solutions werc prepered. L:ch of these contalned
phenylserine, allophenylserine and lycine at levels of
0.2%, 0.1% and 0.05% (W/V) respectively. In early runs,
only the 0.1% controls were used, in duplicate or triplicate,
Subsequently, all three controls were employed, with one
spot of each per shest, To facilitate later comparison,
control spots were spaced uniformly across the sheet, with
non-ad jacent duplicates of up to five unknown samples also
distributed along the same starting base line. Seversal
dilutions of a given unknown were used where uncertainty
existed as to its content of phenylserines, otherwise dilu-
tions were set to give developed spots of approximately
the suame area as the 0.17 control. Repoeat runs at different

dilutions were made when results were inconclusive.
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The results of paper chromatography applied to ethanol=-
washed crude phenylserine from batches run with different
condensation times were summarized in Table 18, The values

presented in Table 19 are based upon similar examination not

Table 19

Approximate Total Yield and Dlastereomer Content

Condensation Total I somer fraction % Glycine
time, hrs., % yield unrescted
(a) Phenylserine Allophenylserine

1 60 0.5%=0.,60 0.10-0,15 15=20
N 80 0.00-0.85 0.15-0.20 5-10
2l 85 0.96-0,98 0.,02=0,0l 2=l
60 80 0.9(=0,98 0.02-0.0l 1-2
(a) + 5%

only of the maln ecrop of each batch, but also of smorphous
fractions obtained by working up ethanol washings and aqueous

filtratos.

G+ Separation of Phenylserine and Allophenylserine
via Solvates

1. Crude sodium salt

A sanple {(8.72 g., 0.0l18 mole) of anhydrous ethanol-
washed crude phenylserine, which had besn prepared with a one

hour condensation period (i.e. L0-=45% allophenylserine), was
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fed into 25.0 ml. of 1.925 I (0.048 mole) sodium ethoxide in
absolute ethanol. %hen rapld caking occurred, a further 25 ml.
of absolute ethanol was added and the mixture was gently
sirmered for five minutes. Dy standing overnight at room
temperature, filtering, twice washing with ethanol and drying,
9.40 g. (96% yield) of fine white powder was obtained.

Paper chromatography showed that the product was a
mi xture of phenylserine and allophenylserine sodium salts,
the ratio of the two lsomers being scarcely changed with
respect to the starting material. In the ethanol filtrate
were detected roughly 0.150 g. of allophenylserine, 0.005-
0.01 z. of phenylserine and 0.025-0,05 z. of glycine.

2. Recrystallizetion tests

A series of 1.000 ;. samples of the same crude phenyl=-
serine noted 1n the preceding secctlon were dissolved in
10.0 ml. volumes of water Ly warning in a water bath. The
solutions were treated with 0,1-1.0 volume of coicontrated
ammonium hydroxlide and then with 0-3 volumes of acetons,.
These tests were discarded when no crystallization was
observed after L& hours at 5°,

Other test solutlons, prepared in the same way, were
treated with equal volumes of various organic solvents and

stored overnisht at 5°. C(rystal crops were subsequently
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filtered off, washed with cold solvent and dried over anhydrone
at 50-60° and 10-15 nm. Reco§eries, and observations on
lsomer content based on paper chromatography, are presented
in Table 20.
Table 20

Recrystallization of Crude Phenylserine (a) from
Cne Hour Condensstion Run

Solvent Crystalline product Filtrate
% Recovery  1somer content lsomer content
Water (b) 28 ca. 95% P slightly more A than P
504 Acetone 63 slightly more A slightly more P than A
than P

504 Hethanol sl slightly more P slightly more A than P
than in crude

50% Ethanol 75 slightly more P 8lightly more A than P
than in crude

504 Dioxsane 67 ca. 65% A predominantly Pj
ca. 0.02 g. A

A = allophenylsorine, P = phenylsecrine
(a) ca. 55% Py L5% A

(b) TJ000 g. crude in 10.0 ml. of water: no organic solvent
added.

3. Phenylserine monohydrate

A 2.500 g. sample of phenylserine, shown by paper chroma-
tography to be lsomerically pure, was dissolved in 30 ml. of
boiling water. The hot colorless solution was suction-filtered

to remove traces of lint, raised egaln almost to the boiling



—152-

point; and then, with steady swirling, 30 ml. of boiling
ethanol was slowly added. The mixture was seeded when cooling
to 5° during four hours falled to initiate crystallization.
Rapid depositlon of iridescent flakes followed. TUnder the
microscope, these were seen to consist of thin well~formed
hexagonal plates, layered like mica. Overnight storage at 5°,
filtration, washing with 10 ml. of cold 50% ethanol and drying
over snhydrone at 50-60° and 10-15 mm. during 18 hours gave
2.175 g. {874 recovery) of anhydrous phenylserine.
Anal. Calcd. for CgHy;03N: N, 7.73; neut. equiv., 181.2
Found! N, 7.72, 7.853 neut. equiv. (formol),
181, 182, 183
Other samples of phenylserine, similarly recrystallized,
were allowed %o dry in air to constant weight after filtration
and solvent washing. The monohydrate thus obtalned was then
desiccated over anhydrone at 50-60° and ca. 0.1 mm. during
16 hours. |
Anal, Calcd. for 09H1103N'H205 Hy0, 9.05
Founds Hp0, 9.01, 9.10, 9.05

L. Allophenylserine hemidioxanate®

A 2.500 g. sample of fibrous allophenylserine, prepared
by cold alkaline hydrolysis of the corresponding ethyl ester

The prefix "heml" 1s used to indicate a combining ratio
of one molecule of dioxane to two molecules of
allophenylserine.
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hydrochloride in the manner already described, and shown by
peper chromatography to be Isomerically ﬁure, was dlssolved
in 35 ml. of water by gentle simmering during ten minutes.
The hot colorless solution was filtered to remove lint, raised
sgain almost to the bollins point, and then, with steady
swirling, 35 ml. of boiling dloxane was added. Steady deposi-
tion commenced of plitterins needles, which, under the micro-
scope, were found toc be falrly long blunt-ended individusl
rods., Overnight storage at 5%, filtration, washing with 10 ml,
of cold 50% dioxane and drying in air to constant weight gave
3,001 ;. of allephenylserine hemldioxanate. Desiccation over
anhydrone at 10-15 mm. end 50-60° during 18 hours decreased
the weight to 2.998 g. (97 yleld). No further weight loss
occurred when the materiesl was heuted at 77° under ca. 0.1 nmm,
over phosphorus pentoxide in an Abderhalden dryer for two hours.

Ansl. Caled. for CgHy;03N+1/2C 80 N, 6.22; neut.

equiv,., 225.2
Pound: N, 6,05, 6.21; neut. equiv. (formol),
229, 231

The formation of this interesting compound was also
observed under the microscope. A few milligrams of allophenyle
serine were dissolved in a drop of water on a slide by puddling
with a {ine glass rod. A cover slip was placed over the
preparation to curtail evaporation. A drop of dioxane was

then introduced under the cover slip from e capillary pipette.
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Within a few seconds, long rods commenced rapid growth from

the periphery of the clear solution inward, until, individually
and in clusters, they pervaded the whole droplet. INo such
phenom=non was observed when acetone, methanol or ethanol were
substituted for dloxane, nor when allophenylserine was replaced

by phenylserine, threonine or allothreonine,

5. Allophenylserine hemihydrate

A solution of 11.12h . of allophenylserine hemidioxanate
in 100 ml, of boiling watsr was gently simmered for five
minutes after the odor of dloxane was no longer detectable in
the emerging steam (ten minutes in all) and then cooled rapidly
under the celd water t ap, a glass rod being used to rub the
flask walls briskly at the same time. Rapld precipitation
occurred of hard glittering tablets, which the mleroscope showed
were thick perpendicular-sided hexagonal prisms. Overnight
storage at 5°, filtration, washing with small volumes of
ethanol, then ether and air drying cave 5.972 z. (637 yield)
of allophenylserine hemihydrate. The materlal was recrystal-
lized for analysis from boiling water with fast ice bath cooling
and only ice water washlng prior to alr drying at room temper-
sture., W%Water content was determined by desiccating a sample
over phosphorus pentoxide at 77° and ce. C.1 mm, during ten

hours. Nitrogen determinations were effected both on the

hemihydrate and the dried material.
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Anal, Calcd. for 09H1103n-1/2H20: N, 74373 120, L7k
Found: N, 7.3L; H»0, L.85
Calcd. for C9H1103N: Ny 773
Found: N, 7.70
The aqueous filtrate from which the hemihydrate was first
isolated was ralsed to the volling poilnt and then treated with
an equal volume of bolllns dloxans. After overnirht storage
at 50, filtratlon, washins and drying, 2.8506 ¢. (2065 recovery)
of allophenylserine hemldioxaenate was obtalined.

6. Recryatallization of allophenylserine from verious solvents:
possible exlistence ol other solvates

A solution of 5.196 ¢. of allophenylserine in 55 ml. of
bolling water was allowed to cool slowly to room temperature
with frequent swirling. A white seml=~gelatinous mass composed
of long thin flbrous needles, frequently bundled, slowly
formed. Overnight storage at 5°, filtration, washing twice
with 10 ml. volumes of ice water and drying in air at room
temperature to constant welght led to 3.299 p. (607 recovery)
of anhydrous allophenylserine. This material suffered no
further weisht loss on desiccation over anhydrone at ca. C.1 mm.
and 50=60° during five hours.

The aqueous filtrate was concentrated to roughly 2% ml.,
cooled to room temperature and then treated with an equal

volume of ethanol. After storage at 5° for four hours, there
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was obtained a thick white =lurry which, under the mleroscops,
was observed to consist of bundlss and star-clusters of chort
sharp-pointed needles. #iltration, washing with cold 507
ethanol and drying in ailr to constant weight gave 1.315 3.

(2% recovery) of anhydrous asllophenylserine. This weight

was unchan;ed by desiccatlon over phosphorus pentoxide at

ca. 0.1 mm. and 77° durinc ten hours.

Another recrystallization filtrats contalning pure zllo~
phenylserine was seeded with a few crystals of the hemihydrate,
treated with an equal volume of ethanol end stored at 59 over-
night. A crystal crop was recovered in which no form other
than the thick hexasonal prisms of the nemlhydrate were
observed mlcroscoplcally.

The aqueous filtrate Irowm alkaline hydrolysis of allo-
phenylserine ethyl ester hydrochloride (described on pe 128)
was treated with an equal volume ol ethanol (65 ml.) and stored
overnizht at 50. A small iridescent mat, whlch was filtered
off (very slow), was found under the microscope to consist of
Jagged~ended parallel-sided thin grooved plates, some of which
were partly cleaved to individual needls forms. Air drying
to constant welght at room temperature gave 0.230 g. of a
solvated allophenylserine (ldentity established by paper chroma-
tography). The material was dried at 77° and ca. 0.1 mm. over
phosphorus pentoxide. A weisht decline of 8.5% 24 haen

observed when uniortunate wmechanlcal loss of the entire sample
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occurred {calculated welrht lose for monohydrate, 9.05%).

A solution of 2.500 ;7. of sllophenylserine in 50 ml. of
boiling weter was trested with 50 ml. of bollins ecetone and
allowed to coocl slowly to room temperature with frequent
swirlins. A heovy slurry of lon thin Tibrous thread-like
needles formed. Overniyht storare at So, filtration, washing
twice each with 10 ml, volumes of 507 acetone, acetone, then
ether and drying over anhydrone for twelve hours at 50-60° and
10-15 mm., vielded 1.818 . (73% recovery) of anhydrous allo~
phenylserine. OSimilar desiccation of alr-dried semples obtalned
by the same route was observed to cause no apprecisble welght
loss. A further recrystallization from water-acetone was
carrie¢ out for analysis,

Anal. Caled. for CgHy1040: T, 7.73; neut. equiv., 1€1.2

Pound: N, 7.54, 7.62; neut. equiv. (formol),
181, 181

Other samples of allophenylserine were recrystallized from
water~-ethanol and water-methanol in the manner just deseribed
for water-acetone. The i1aterials recovered were deslccated
dlrectly to the anhydrous state in the usual manner, without
intermediate alr drying at room temperature to check for
solvate formation. These solvent mixtures wers not tested
further when recoveries were noted to be substantially less

than that vias water~acetone,
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7. Isolation of pure diastereomers from crude phenylserine

Fractionation of 89.2 g. of crude phenylserine from a one
hour condensatlon run was effected in the light of observations
made on behavior of tlie individuel hydroxyamino acid diaster-
eomers and mixtures during recrystalllzation from different
solvents, The material, shown by paper chromatography to
contain LO-l5% allophenylserinc, was first recrystallized from
890 ml. of boiling water to r~ive a 26.7 z. (307 recovery)
phenylserine fraction containing less than 5% allophenylserine,
The aqueous filtrate, heated to the boilinr point, was treated
with an equal volume of boilings dioxane. rom this treatment
resulted a 3.0 g. (394 recovery) fraction of allophenylserine
hemidioxanate contalning rouchly 5% phenylserine. The 50%
dioxane filtrate was concentrated in vacuo to roughly 170 ml.,
heated to the bolling point, and treated with an equal volume
of boiling ethanol. This led to 18.9 g. (21% recovery) of
phenylserine whersin bare traces of allophenylserine were
detectable, The 50% ethanol filtrate was shown to contailn
about 6.5 g. (7% of original starting materiasl) of hydroxy-
amino aclds by paper chromatography, with only slishtly more
phenylserine than allophenylserine present,

The two high shenylscrine fractions were combined and
twice recrystallized from 504 ethanol in the usual manner.

The crude allophenylserine dloxanate middle fraction was
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recrystalllized once from 50% dioxene and then converted to
the anhydrous form by recrystallilzation from 504 acetone. All
recrystallization filtrates were combined, concentrated in
vacuo to 200 ml. and treated hot with an equal volume of
ethanol. After removal of the mixed tall crop thus obtained,
the filtrate was again concentrated (LO ml.) and treated with
ethanol to obtain a second mixed tall crop, the filtrate from
this being discarded. Final estimated recoveries of phenyl-
serine and allophenylserine, shown to be isomerically pure by
paper chromatography, and of mixed tall fractions are summarized
in Tsable 21.

Table 21

Fractlonation of Pure Dlastereomers from Crude Phenylserine

Fraction Phenylserine Allophenylserine
Wee, g Vt., g. § Recov- Wt., 2. % Recov~
ery ery

Phenylserine 36.5 36.5 Li - -
Allophenylserine 2.0 - - 2.0 27
Tail crops 15.2 9.1 10 6.1 7
5.dp 3.2 Ly 2.2 3
Tail filtrate 2. 1.2 1 1.2 1
Totals 83.5 5040 56 33.5 38
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£. Decomposition temperatures of phenylserine and allophenyl=~
gerine

The effect of inltial bath temperature and heating time on
the decomposition temperatures of the two hydroxyamino aclds and
their solvates was studled. Samples of esch material were
tested with two or three different initial bath temperatures,
and with a sample of anhydrous phenylserine run simultaneously
each time to provide & basis of comparison. The approximate
times elepsing between insertlon of the sanple into the bLath
and attainment of the decomposition temperature were measured

with a stopwatch. Results are collected in Table 22.

He Derivatives of Phenylserline and Allophenylserine

1. Hydrochlorides

Fach of the pure anhydrous amino acids (1.812 g., 0.0100
mole) suspended in 18 ml. of dioxane was treated under anhydrous
conditions with a brisk stream of dry hydrogen chloride for
fifteen minutes. Solution, accompanied by evolution of hest,
was complete withirn five minutes, and temperature declined
thereafter. The clear solutions were diluted with equal volumes
ol dloxane and e¢ther was added untll cloudiness developed.

After scven hours at 5°, the products were suction-filtered,
washed with ether and dried iIn alr at 50°, &Zach was recrystal-

lized by dlssolving in 10 ml. of methanol at room temperature,
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Table 22

Decomposition Temperatures of Phenylserine and Allophenylserine

Run Temperature, °C. Heating
No. Compound time, min.
(a) initial (b) vyellow soft gas
la P anhydrous 172 175 182 183 5.5
P monohydrate 172 181 185 186 8.0
1b P anhydrous 180 185 188 189 i.S
P monohydrate 180 188 190 191 5
lc P anhydrous 188 190 191 192 2.5
P monohydrate 188 190 192 193 3.3
2e P anhydrous 176' 180 183 183 L.8
A hemidioxanate 176 178 181 (e) 3,8
A anhydrous 176 183 184 18l 6.0
2b P anhydrous 187 189 190 190 2.5
A hemidloxanate 187 188 189 (e¢) 2.0
A anhydrous 187 190 191 191 3.3
3a P anhydrous 179 186 190 190 3.0
A hemihydrate 179 181 191 192 3.7
A hemihydrate,
dehydrated 179 181 186 190 3.0
3b P anhydrous 185 186 187 187 3.0
A hemihydrate 185 186 187 187 3.2
A hemihydrate,
denydrated 185 186 187 187 2.3
lla P anhydrous 183 188 160 190 2.5
A anhydrous 183 190 192 192 3.3
F + A anhydrous 183 185 189 130 2.3
b P anhydrous 192 19 196 196 1.7
A anhydrous 192 19 197 19 2.0
P + A anhydrous 192 193 195 19 1.5

P = phenylserine, A = allophenylserine

(a) Run no, indicates the sets of sanples tested simultaneously.
{(b) Initial bath temperature
(c) Shrivels quickly after softening.
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adding ether until cloudy and refrigerating for four hours,
with filtration and drying as before. Further recrystalliza-
tion from ether-acetic acid did not change the decomposition
points appreciably. Both compounds had the form of blunt
needles or blades.

Table 23

Disstereomeric Phenylserine Hydrochlorides

Series Yield Mepe, °Cela) % ¢l (b) % N
Wt.,ce % Crude Rxtzd. Caled. Found Caled., Fourd

Phenylserine 1.918 88 163 160 16.29 16.15 6.4l 6.31

16.22 6.39
Allophenyl- 2.030 93 163 159 16.29 15.99 6.4l 6.43
serine 16.10
Mixture - - 159 - - - - -

(&) All with decomposition: initial bath temperature 150~155°,
i~5 minutes heating.
(b) Mercurimetric

2. Ester Hydrochlorides

Isomerically pure anhydrous phenylserine (3.62L g.,
0.0200 mole), suspended in the appropriate aleohol (36 ml.),
was treated under anhydrous conditions with & vigorous stream
of dry hydrogen chloride for 2.5-3 hours, with sufficient
heating to meintain gentle reflux. Complete solution of the
amino acid occurred within five minutesa, accompanied by evolu=
tion of heat. Except 1n the case of the lsopropyl derivative,

optimum recovery was achieved by concentrating the alcoholle
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solution in vacuo almost to dryness, with care to avold excess-

ive hesting, taking up the residual oil or paste in a small
volume of the hot parent alcohol, and rapidly adding ether to
incipient crystallization. The isopropyl compound started to
precipitate after 1.5 hours of hydrogen chloride treatment, at
the close of which 1t was redissolved by addition of an squal
volume of boillng isopropanol (no ether added). The resultant
ester hydrochlorides were lsolated followlng overnight refrig-
eration, suction-filtratlion, washing with ether and drying in
alr at 50°. Smell second crops were obtalned from the filtrates

by repeating the concentration procedure outlined above,

Table 2l

Phenylserine Lster Ilydrochlorides

Bster Yield (a) Mo % cl(e) %N
hydrochloride Wt.,z. % ©C.(b) Calcd. Found Calcd. Found
Methyl o360 9l 160(dec.) 15.30 14.99 6.05 6.00

15.03 6.01
Ethyl L.796 98 140 3 1h.61 5.70  5.61
171 5.66
n-Propyl 4.679 90 131 13.65 13.30  5.39 5,18
13.62 5.21
1-Propyl L.ooh7 95 164(a)  13.65 13.3k  5.39  5.31
13.51 £.35
a) Total yleld of crude product, first and second crops
b) Values clted are Iir the first crop of recrystallized

material.
Yercurimetric
M.p. 165° {(dec.) noted with enother larger batch

o~ oy o~
20
vt o r fSr g g
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For analysis, the first and second crops of each crude
product were combined and recrystallized from a minimum of hot
parent alcohol, with ether added to the point of inciplent
crystallization. The ester hydrochlorides were recovered 1n
the range 92-97%. The melting point of the isopropyl compound
rose only 1° (comparing first crops), and those of the other
ester hydrochlorides remalned unchanged. NMicroscoplc exam-
ination showed the four substances to be of the thin hexagonal
plate form, the methyl and isopropyl derivetives favoring a
diamond~-shaped modification and the ethyl and propyl compounds
being frequently elongated to blades.

Samples of isomerically pure anhydrous allophenylserine
(3.62 7., 0.0200 mole) were treated in the manner just

described for phenylserine., Varisastions encountered in times

Tahle 25

Alcohol=Hydrogen Chloride Treatment of Allophenylserins

Alcohol Time (min.) for Final vol.
solution erystal- reaction ml.
lization
¥ethyl 5 15 150 90
Ethyl 5 15 150 126
n-Propyl hs 60 2l.0 72
i-Propyl (a) 150 180 300 G0

(a) After 120 minutes, 2y ml. more of i-propanol was added to
promots solutlion.
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observed for solution of the amino acid, for the start of
precipitation of the ester hydrochloride from the hot alco-
holic solution and for total reaction, as well as the volumes
of boiling appropriaste alcohol finally added to dissolve the
precipitated product are summarized in Table 25. No ether was
added prior to refrigeration and isolatlon of the first crops
of erude products. Small second crops were obtained in the
way describsd for phenylserine ethyl ester hydrochlorides.

All four compounds were in the form of hexagonal or parsallelo=-

gram plates.

Table 26
Allophenylserine Ethyl Ester Hydrochlorides

Ester Yield (a) M.p. % Cl (c) % K
hydrochloride™Wt.,g. #  PC.(b) Calcd, Found Caled. Found
Methyl L.185 97 180 (dec.) 15.30 1L.98 6.05 5.98

15.00 6.05
Ethyl L.733 96 178 (dec.) 1.3 1484  5.70 s.gﬁ

.71 5.
n-Propyl 5.031 97 160 13.65 13.32 5.39 5.21

13.45 5.27
1-Propyl (d) 5.069 98 159 (dec.) 13.65 13.60 5.39 g.g%

(a) Total yield of crude product, first and second crops

(b) Values cited are for the first crop of recrystallized
material.

(¢c) Mercurimetric

(d) M.p. 1650 (dec.) noted with another larger batch, ester=
ified during 40O minutes, after recrystallization
from isopropanol alone
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Recrystallizetion was agaln effected from the parent
alechol-mixture, with 82-9L recovery. The melting points of
the ethyl and isopropyl derivatives rose by 1° and 2°
respectively, the others undergolng no change (comparing first

crops).
3. Esters

Portions (0.0100 mole) of the varlous phenyls-rine and
allophenylserine ester hydrochlorides, noted in the preceding
section, were converted to the corresponding free esters by
treatment with emmonia sas in ether, by using the procedure
described earlier for @repafation o phenylserine =ethyl

ester., After removal of ammonium chloride, the ether solutions

Table 27

Reactants for Zster Synthesis

Zster hydrochloride Whey o Hther, ml.
Methyl 2.317 115
Ethyl 2.457 123
n-Propyl 2.597 130

i-Propyl 2.597 130




- 167 =

were evaporated to dryness in a dry alr stream and the crude
crystalline products werc recrystallized from ether-Skelly D
directly. Second crops were obtained by further additlon of

Skelly D %o first crop filtrates, without coneentration.

Table 28

Phenylserine and Allophenylserine Esters

Ester Yield (a) Mepe N Crystal
¥t.,g. % °C. (b) Caled. Found form
Phenylserine

Hethyl 1.470 75 62 7.17 7.09 needles
7015

Ethyl 1.602 77 84 6.69 6.5% mica plates
6.5

n-Propyl 1.900 85 &9 6.27 2.18 needles, blades
22

i-Propyl 1.976 89 75 6.27 2% needles, blades
2

Allophenylssrine

Methyl 1.77 89 110 7.17 7.1% mica plates
Tl

Ethyl 1.937 92 86 6.69 6.50 needles
6.57

n-Propyl 1.996 89 63 6.27 6.2& needles
6.2

i-Propyl  1.896 85 75 6.27 2.27 needles
«30

(a) Total yileld of once recrystallized product, first and
second crops

(b) Values cited are for the first crop of twice recrystal-
lized material.
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Tor analysis, first and second crops were combined and
recrystallized from ether-Skelly B. Single crop recoverles
were in the range 71~91%. The melting points of phenylserine
isopropyl, and of allophenylserine methyl and isopropyl esters
were unchanged} those of the other esters rose only 1° (compar-
ing first erops).

i, Alkaline hydrolysis of ester hydrochlorides: abssnce of
epimerizatlion

Proparation of allophenylserine by hydrolysis of 1ts
ethyl ester hydrochloride with 1.95 N sodium hydroxide at room
temperature has already been described. Another batch of the
same starting material (9.828 g., 0.0400 mole) was treated by
the same procedure, with an extra feature. Prior to acidifi-
cation, li5 ml. of dioxane was added to the alkaline solution,
which remained clear. As the pH was adjusted to 5 with
concentrated hydrochloric scid, rapid precipitation of the
hemldioxanate occurred. This adduct was subsequently recov-
ered in virtually quantitative yield (8.96¢ z.) in a single
crystal crop.

Isomericelly pure phenylserine ethyl ester hydrochloride
(9.628 g.) was hydrolyzed by the same technique, l;3 ml. of
ethanol being added prior to acidification. Thus, 6.480 g.

(81% yield) of phenylserine monohydrate was obtained in one

Crope
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Paper chromatography was used to check isomer purlty of the
above crystal crops in 2.5% (W/V) aqueous solution, and of the
undiluted filtrates from which they had been obtained. Only
the expected 1somers were detected in each case.

Several batches of impure phenylserine ethyl ester hydro=-
chloride, from which most of the &llo 1somer hed been removed
by passage through acetone, wers combined and recrystallized
from ethanol-sther. A sample (G.828 g£.) of the recovered
material was subjected to alkaline hydrolysis in the same way
as the pure isomer. By use of paper chromatography the
erystalline phenylserine monohydrate obtained (6.30L g.) was
found to contain ca.l% (0.06 g.) of allophenylserine, and the
filtrate ca. 0.l . of thls isomer. Thus, the starting

material was contaminated with roughly 7% of the allo isomer.
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IV. DISCUSSION AND CONCLUSIONS
A. Phenylserine from Condensation of Benzaldehyde and Glycilne

In early pheses of the investigation, a method was sought
by which phenylserine could be obtalned in reasonable quantity
with a minimum of manlpulation, and by which analogues might
be prepared. First, the Forster and Rasc modification (1) of
the original Erlenmeyer procedure (2) was tested. Cold ethanol
washing of the condensation intermediate was found to be poorly
effective In removing excess base, as well as time-consuming.
Yield of the final product was only moderate.

Reaction of benzaldehyde with glycine in presence of
aqueous potaasium hydroxide occurred more slowly, possibly due
to greater solublility of intermediate potassium salts involved.
Phenylserine was obtalned in lower yield and purity. Recrys-
tallization of the erude product was impeded by the presence
of by-products, probably diphenylhydroxyethylemines.

The German patent procedure (3) proved to be eminently
satisfactory. The cindensation procseded smoothly and inter-

mediate processing offered no difficulties. Phenylserine,

(1) M. 0. Forster and K. A. N. Rao, J. Chem. Soc., 1943 (1926).
(2) E. Erlenmeyer, Jr., and B. Frihstiok, Ama., 28L, 36 (189L).
(3) Ces. fir Kohlentechnik m.b.H. German patent 5%2,&

July 8, 1936.

L
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uncontaminated by aminol bases, was produced in good yleld,
Anomalous recovery of 103% upon recrystallization was noted,
but was considered at the time to be due to incomplete
dehydration.

Seemingly minor points of processing are of concern.
Banzaldehyde which has been exposed to atmospheric oxidation
or which 1s otherwise impure frequently fails to condense
with glycine. he material may be redistlilled or drawn from
a freshly opened bottle, the remalnder of whose contents are
adequately protected by sealing the screw top well with plastie
tape. Agqueous flltrates from the crude csaske retaln phenyl-
serine in amounts varylng with pH. Loss at this point is
reduced by use of an equivalent quantity of hydrochloric acid,
which is predetermined by titration of an aliquot against the
sodium hydroxide stock solution used to dissolve the glycine
initially. EKlution of phenylserine on hot alcoholic washing
varies with the amount of aqueous phase left in the crude cake,
as well as with the volume of alcohol used.

Decomposition temperatures of the various phenylserine
fractions fell in the range 189-1970. Degree of hydration,
mode of preparation or number of the crystal crop had little
apparent effect. Reproduclbility was poor, varlatlon occurring
with both temperature and duration of heating. Thus, no

indication of more than a single isomer was provided.



A lone attempt to extend the Cerman procedure to synthesls
of p=2~furylserine was unsuccessful. Other workers (1) have
recently reported slimilar inabllity to condense furfural wlth

glycine in presence of aqueous sodium hydroxide.
B. Transformation of Phenylserine to Chloramphenicol

Phenylserine was successfully converted to the racemlc
form of the antibiotic. The sequence of reacticns found most
satisfactory for the purpose is summarized in Fig. l, with
the yield for each step indicated. The overall yield of the
process approximated 8%. Only cursory attention was given to
improving the efficiency of the last three steps, procedures
for which were first set forth by the Parke, Davis and Co.
group in their classic synthesis of chloramphenicol (2).

The main crop of phenylserine prepared by the German
patent procedure conslsts of a single pure dlastereomer, a
fact for which conclusive evidence 1s presented later in this
discussion, The transformation to chloramphenicol, to which a
ﬁgggg configuration has been assigned (3), clearly establishes
phenylserine as & structural anelogue of the natural amino

acld, threonine. This feature is of advantage for synthesis

(1) K. Hayes and G. Gever, J. Org. Chem., 16, 2069 (1951).

(2) J. Controulis, M. C. Rebstock end H. I, Crooks, Jr.,
J. Am. Chem. Soc., lgi 263 (1949).

(3) 1. C. Rebstock, H. M. Crooks, Jr., J. Controulls and
Q. R. Bartz, ibid., 71, 2458 (1949).
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?HQ 8 ?HB'CI
CéHE'QH'CH-GOOH 5% 3;66H5'§H'CH-COOCZH5
0H OH
phenylserine phenylserine ethyl
ester hydrochloride
95%
NHp 76 y JH2
» . . — W . i 1 3
CéHS ?H CH«CH,0H < CGHS ?P CH COOCZHS
OH OH
phenylserinol p%§§§lse§ine
ethyl ester
93%
V}FE-AG . §H2
* . 077 307& . T} » . e M1 o YIT
0635 ?ﬁ cH C“EOAc > p-0,N CéHu ?H CcH CH,0H
OAc OH
triacetylphenyl~ p-nltrophenylserinol
serinol
h 7

N-dichloroacetyl=-
-nitrophenylserinol
%racemic chloramphenicol)

NH-C0+CHC1,
R-0pN*CgH), * CHeCH*CHy0H g

H

Fig. I Transformation of Fhenylserine to Chloramphenicol
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of the antiblotlc, since 1t obviates troublesome =z~ aration of
isomers at the aminediol stage.

Phenylscrine ester hydrochlorides were obtalned readily in
excellent yleld, nlcely crystalline form and high purity. These
compounds are not appreciably hygroscopic and can be stored
indefinitely at room temperature. The Tillmann procedure (1)
for conversion %o the frec esiers, by trestment with 2%
ammmonia in cold chloroform, was found poorly applicable, due
to formation of ammoniuwm chloride in troublesome colloidal
form. Transformation 1s effscted without such manipulative
difficulty by bubbling ammonia gas through an ether suspension
of the ester hydrochlorides. The free hases are easily
isolated in high yleld subsequently. The recryastallized
esters may be kept in a desiccator over anhydrone for some
weeks, although, even then, declining melting point suggests
deterioration. Impurs products, or those open to the atmos~
phere, degenerate niore rapidly to oily gums suelling of ammonia
and bengzaldehyde. In view of this instability, 1solatlon and
storage of the intermediate ester hydrochlorides 1s deeoned
more practical than direct converslon of phenylserince in large
quantity to the free esters, even though the latter course

mives higher ylelds and involves less manipulation.

(1) 6. Hillmann, Z. Naturforsch., 1, 682 (1946).
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Reduction of phenylsecrine esters with lithium aluminum
hydride was‘accomplished via modification of procedures used
by the Xerrer group with other amino acld esters (1). Intro-
ducticon of the ester by way of Soxhlet extractlon is a
convenient way of controlling resction vigor. On onc occasion
when water was added through a droppling funnel to the reaction
mixture to destroy excess lithium aluminum hydride, small
flames and sparks {lickered through the ether slurry, with
carbonized areas appearin; on the {lask well. Thus, the
danger of violent explosion at this point is noteworthy. By
contrast, decomposition proceeded quietly when ether saturated
with water was used. VYields of phenylserinol were only
moderate on moegt occasions. Inefficient extraction of ths
aminediol from the lithium-aluminum residues 1is consldered
to be the cause, rather than incomplete ester reduction. This
contention 1s supported by the recovery pattern observed in
the case where twelve ether extractlons gave a 767 yield.

Hot ethanol or chloroform are poorly effective as extracting
solvents. An attempt to proceed, without 1solation of phenyl=-
serinol, directly to its triacetyl derivative, although falrly

successful, was btime-consuming end somewhat lmpractical from

(1) P. Kerrer, P. Portmann and M. Suter, Helv, Chim, Acta,
31, 1617 (19L8); 32, 1156 (19L9)%
P. Xerrer and P. Portmsnn, ibld., 31, 2088 (1942);
32, 1034 (1949).
P. Karrer, li., Suter and P. Waser, ibid., 32, 1936 (1949).
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the standpoint of cost. To achieve better yield, other
solvents should be tested, as well as the possibility of
solubilizing the interfering aluminum hydroxlde by use of
citrate, tartrate or other complexing agents.

Elimination of erythro compounds was achieved at the
N,0-diacetylphenylserinol stage by the Parke, Davis and Co.
group (1). This derivative is no longer importent in the
phenylserine route to chloramphenicol, in which only threo
compounds are encountsered. (Good yields of the Ne-acetyl and
N,0-diacetyl derivatives are not always attained, due to
formation of mixtures upon attempted partial acetylation.

By contrast, trlacetylation proceeds almost quantitatively.

As slready remarked by the Parke, Davis and Co. group,
triacetyl-p~nitrophenylserinol is not easily purified without
loss, and acid hydrolysls of the covering groups without
isolation, 1s the more practicel approach. Both thils step
and the final dichloroacetylation operation need further
study to improve recoveriss.

Shortly before the findings of this study were reported

(2), arnouncement was made of work along the same lines by two

(1) J. Controulis, M. C. Rebstock and H. M. Crooks, Jr.,
J. Am, Chem., Soc., 71, 2463 (1949).

(2) X« N.F, Shaw and S. W. Pox, Abstracts of Papers, 118th
Am., Chem. Soc. Meeting, P. 20N (1050).
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groups in Italy (1,2). Subsequently, additional papers in
the same vein appeared in the literature (3,4,5,6). It had
originally been planned to use knowledge acquired from the
phenylserine-chloramphenicol sequence in attempting the
synthesia of heterologues and other derivatives of possible
chemotherapeutic value. However, in the face of clearly
indicated interest in problems of thls sort displasyed by
various pharmaceutical groups, attention was returned to
phenylserine itself, with which promlsing new leads had

already been obtained.
C. Characterization of Allophenylserine

As already discussed under REVIEW OF LITERATURE,
Erlenmeyer contended that benzaldsehyde~zlycine condensation
produced not only phenylserine, but also minor amounts of
1ts expected dlastereomer. Later investigators neglected

or falled to verify this contention.

(1) ¢. C¢. Alberti, B. Asero, B. Camerino, R. Sannicold and
A, Vercellone, Chimica e industris (Milan), 31,
357 (1949).

(2) &, Carrera and G. Weltnauer, Gazz. chim, 1tal., 79,
856 (1949).

(i) K. Vogler, Helv. Chim. Acta, 33, 2111 (1950).

(L) K. Hayes and G. Gever, J. Org. Chem., 16, 269 (1950).

(S) C. F. Huebner and C. R. Scholz, 3. Am. Chem. SOC., 13,
2089 (1951).

(6) G. W. Moersch (to Parke, Davis and Co.). U. S. Patent

2,538,792. January 23, 1951.
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On one occasion, tall crops of phenylserine from potassium
hydroxide-catalyzed condensation, which showed the same
melting range but much finer crystalline form than first crop
materlial, were treated with hydrogen chlorlide in ethanol. It
was of particular interest to observe the unexpected preclpi-
tationof an ethyl ester hydrochloride which was in appearance
quite different from that of phenylserine. The same phenom=-
snon was encountersed when tall crops from the German patent
procedure were used. The new compound was readlly converted
to its parent ester by treatment with ammonis in chloroform.
The probability that the two substances were isomers of the
corresponding phenylserine derivatives was first suggested by
analytical data. Confirmatory evidence was provided by
lithium aluminum hydride reduction of the new ester to
dl-erythro-l-phenyl-2-amino=-1,3-propanediol, which was further
charscterized as 1ts N-acetyl, N,0-dlacetyl and triacetyl
derivatives by use of Parke, Davis and Co. procedures (1).

The free hydroxyamino acid, named allophenylserine because
of 1ts obvious structural relation to allothreonine, is
easily prepared by cold alkaline hydrolysis of the ester
hydrochloride. Although its decomposition temperature, alone
or mixed with phenylscrine, falls in the same range as that

of the latter, allophenylserine is individuslly distinct in

(1) J. Controulis, M. C. Rebstock and H. I

. Crooks, Jr.,
J. Am. Chem. Soc., 71, 2463 (1949).
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its crystal form.

Findings of this investigzation partially justify
Trlenmeyer's early claim, insofar as it 1s reasonable to
suppose that he obtained allophenylssrine considerably
contaminated with the less soluble phenylserine, from the
mother liquors of benzaldehyde-glyclne condensation.
Towever, crystallization studles, discussed later, polnt
%o the improbablility of his having prepared lsomerically
pure allophenylserine by mere recrystallization from
water-ethanol.

D. Partial Separatlon of Phenylserine and *llophenylserine
via Zthyl Zster Hydrochlorides

After characterization of sllophenylserine, 1t was of
obvious interest to ascertaln just how condltions of benzal-
dehyde=-glycine condensatlon could be modified to produce
this dlastereomer in quantity. 5SHefore such investigation
could be pursued, the problems of distinguishing and sepa-
rating the compound from phenylserline required attention.

Crude vhenylserine was prepared by the German patent
procedure (1) with only four hours standing allowsd before
acidification of the condensation intermediate, instead of
the prescribed twenty-four. To determine whether recrystal-

lization of the product from various medla broucht about any

(1) Ges. fiur Kohlentechnik m.b.H., German patent 632,52l.
July 8, 1936.
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separation of the hydroxyamino acid diasterecomers, conversion
to the ethyl ester hydrochlorides was used. Allophenylserine
ethyl ester hydrochloride precipitating out was weighed. That
remalning 1n solution was estimated on the basis of rough
colubllity data, and thus & tentatlve indlcatlon of isomer
content in the coriginal cruds product and the recrystallized
fractions was provided., Recrystalllzatlon from water lowered
sllophsnylserine content from no greater than 307 in the

erude materisl to less than 104, Likewlse, successive recrys-
talllzation of crude product from 507 methanol and 50%
ethanol gave crystals apparently qﬁite devcild of allophenyl=~
serine. Dioxane showed promise of utllity in zlsaning up

tall fractions contalning allophenylsserine from mother
liquors, elthough this solvent again ;zave anomalously high
recoveries,

At this point, ths méans were avallable for securing a
pure phenylserine head fraction and for recovering a taill
fraction of increased allophenylssrine content., By treating
the latter with hydrogen chloride in ethanol, varying amounts
of pure allophenylserine ethyl ester hydrochloride were
obtainable. With an eye to further fractisnation of the
mixed ethyl ester hydrochlorides then recovered from ethanol
mother lliquors, the solubllitles of the individusal ethyl
ester hydrochlorides in varlous organic solvents were compared,

Although the allo compound alone proved to be poorly soluble
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in dloxane, it dissolved readily in the presence of 1its
diastereomer. lanipulative difficulties arising from high
froezing point further disqualified dioxane as & separating
golvent. The possibility that acetone mlght prove suitable
wag suggested by a report that the ethyl ester hydrochlorides
of threonine and allothreonine differed greatly in their
solubilities in this solvent (1). The two ethyl ester hydro-
chlorides in the phenylserine series also showed wide
solubllity differences in acetone, but, curlously, order was
reversed, the allo compound using the less soluble., Again,
solubility of allophenylserine ethyl ester hydrochloride was
found to rise in presence ofphenylserine ethyl ester hydro-
chloride, but not to as great a degree as in dioxene. While
of use for augmenting stocks of allophenylserine ethyl ester
hydrochlorlde, acetone passage was not entirely satisfactory,
since 2 substantial fraction of phenylserine derivative with
an estimated 5-10% allo content remained.

The scheme of 1somer separatlon devised on the basis of
the foregoing observations 1s summarized in Fip. 5. Several
disadvantageous features are visible. Recovery of each
isomer in pure form is moderate, but incomplste. Too many
operational steps are involved to permlt more than a rough

estimate of isomer content in the original crude condensation

(1) D. F. Elllott, J. Chem. Soec., 589 (1949).
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crude condensation

product
507 MeOH
50% LtOH
50% dioxane
tall crops
St0H
+ TC1
ﬂeaco
\ y
residual mixed allophenylserine
ethyl ester ethyl ester
hycdrochlorides hydrochloride
NaOH NaOH
HC1 HC1

/

phenylserine

A
tall crops

\
allophenylserine

Fige. 5 Partial Separation of Phenylserine and Allophenyl-
serine via thyl OUster Iydrochlorldss
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product. Thus, & detalled study of the condensation reaction

1ts581f is not facilitated.
E. Paper Chromatography

The problem of isomer estimation similarly arose in
studies on synthesis of threonine and allothreonine. In these
cages, a solution was found in the form of a microblological
assay method specific for E:threonina (1)s Whereas the
likelihood of finding an orgenism requiring phenylserine or
allophenylserine for growth appeared to be small, the prospect
of developling an asssy method based upon competitive inhibil~
tion of phenylalanine or threonine utilization ssemed more
reasonable., However, paper chromatography, given first
attention in view of 1ts simple technique, speed and low
cost, was found to satisfy all needs of this study.

Phenylserine and allophenylserine are separated on paper
chromatograms by use of the upper water~poor layer from a
mixture contalning by volume 50% butenol, 6.25-7.5% acstons,
6.25-7.5% concentrated ammonium hydroxide and the rest water.
For optimum results, acetone level i3 critical over s small
range, wnereas the amount of ammonia has much less effect, exe~
cept at relatively high or low lsvels. Outside the specified

limits for these components,, separation of the two lsomers,

(1) K. Pfister, E. £, Howe, C. A. Robinson, A. C. Shabica,
E. W, Ploetrusga and M. Tishler, J. Awm. Chem, Soc.,
7, 1096 (1949).
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reflected in ARp values, 1s less extensive. The migration

of one isomer 1s not influenced by that of the other,
regardless of the relatlive conecentration of elther. As 1s

now well known, Rp values vary somewhat with such factors

ng dilfferent solvent batches; grade and grain of paper and
external temperature. Any difficulties arising in thls regard
are readily avoided by running sultable controls along with
unknowns. The more serlous effect of sample pH is of no
concern here, slnce the solvent mixture employed 18 effectively
buffered,

The paper chromatographlc technique 1s qualitatively
useful over the concentration range 0.01-2.5% (W/V) with
elther diaatereomer§ 8.fe oOne part of allophenylseriné in
250 of phenylserine 1s detectable when a 2.5% solution is
chromatographed., For approximate quantitative work and for
comparison purposes, solutions containing 0,05-0.2% of the
glven hydroxyamino acid are satisfactory. Greater snalytical
accuracy and precision, not sought in this study, could be
achieved by use of standard volumetric micropipettecs for
dispensing solutions on the paper sheets, and by estimating
areas of the ninhydrin-developed spots photometrically. The
sensitivity, 25 mr. or less; is an obvious advantage,

The paper chromatographlc method proved to be a powerful
Yool 1In this investigation. The effect of changing reaction

condltions In benzaldehyde~zlycine condensation on ratio of
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dlastereomers in the crude product was readily followed.
Frocessing losses became controllable. The efficlency of
schemes devised to separate the isomers and the isomeric
purlty of various fractions thereby obtained were easlly
checked, The possible applicablility of paper chromatography
in simliler fashion to other organic reaction studies is thus
worthy of consideration.

The solvent mixture used with the phenylserines was found
also to be effective 1ln separating the structural analogsues,
threonine and allothreonline. No attempt was made in this
case to vary the proportion of solvent constituents in order
to attain maximum ARp. With only slight improvement in
this direction, the method would be of value for following
lsomer content 1n threonine synthesis, especially with
production on an industrlal scale. Similar investigation
of other amino acids with more ihan a slngle asymmetric
centre, ¢.g. 1soleucine, hydroxyproline, would be of
interest. Paper chromatographic separation of peptide

dlastereomers has already been achieved (1).

(1) J. W. Hinmaen, E. L. Caron and H. N. Christensen, J. Am.
Chem, Soc., 72, 1620 (1950). -
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F. Effect of Condensation Time on Phenylserine Dlastercomer
Content and Ylield: Possible Reactlon Mechanism

In some early condensation runs by the German patent
procedure (1), only four hours, instead of the prescribed
twenty-four, were allowed to elapse between congelation of
the insoluble intermediates and acidification. When crude
products were converted to ethyl ester hydrochlorides, more
allo compound was obtained than expected. This was the first
indication that condensation time was related to diasteroomer
content. Closer examination of the situation became possible
after the paper chromatographic method had been devised.,

Total yleld of the phenylserines is only moderate with a
short condensatlion time, due to incomplete reaction (indicated
by presence of unreacted glycine). The high 7ield obtained
with a 2, hour period is fully in accord with the claims of
the Germen patent (1l). VYield appesrs to fall slightly with
& longer condensation time, possibly because of slow side
reaction leading to the diphenylhydroxyethylamines.

The effect of condensatlon time on the allophenylserine
content of erude products is striking. Wwith a one hour
perlod, allophenylserine is formed to an extent comparable
to phenylserine. W1ith increasing condensation time, the

allophenylserine level falls rapidly, the compound no longer

(1) Ges. fur Kohlentechnik m.b.H. German patent 632,l2l,
July 8, 1936.
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being demonstrable in the crude product when a 2l hour interval
is used, The smaller amounts of this dlastercomer then
produced remaln dissolved in aqueous mother liquors or are
eluted during hot ethanol washing.

This course of events partly explains why earlier inves-
tigators were unable to secure allophenylserine. TForster and
Rao (1) specified 2l hours prior to acidification, whereas
Erlenmeyer's procedure (2) vaguely called for a standing
period of several hours. In the latter instance, with more
procedural steps involved, the likellhood of losing allo-
phenylserine by solution was correspondingly greater. 1In
this light, it is open to question whether allophenylserine
was present in preparations synthesized by other workers
according to elther of these methods. The proximity of
deccmposltion temperatures of the two isomers, alone or mixed,
and the lack of other sultable means of differentiation here=-
tofore, are features which would have complicated recognition
of allophenylserine, even had 1t been encountered as a major
product.

The problem of easily syntheslzing allophenylserine hes
been solved. Yield of this isomer, as well as of phenyl-

serine, could be improved by slightly modifying the

(1) M. 0. Forster and K. A. N. Rao, J. Chem. Soc., 1943 (1926).
(2) E. Erlenmeyer, Jr., and E. Frihstick, Ann., Zég, 36 (1894).



- 188 «

procedura to curtall losses to the aqgueous filtrate or to the
ethanol wash. If desired, refinements of paper chromatographlec
technique, suggested in the preceding section, could be
employed to secure analytical data more accurate than the
obviocus approximations presented in Tables 18 and 19. O0Of
greater potential Interest would be the study of the conden-
sation time-isomer ratio relation in other similar reaction
systems. The recently reported synthesis of B=2«thienyl-
serine (1) along lines of the German patent procedure (2)

is worthy of relnvestigation. The possibllity of preparing
~rther heterocycllic serine dlastereomers 1s also attractive,
particularly {rom the chemothcrapeutic standpoint.

Mechanisms offered in the past to explaein formatlon of
phenylserine from benzaldehyde end glycine have been
discussed under REVIEW OF LITERATURE. N-Benzalglycine in
anionic form and the sodium salt of N-benzalphenylserine
were postulated as Intermediates, wlth only the latter
claimed to have been isolated., It 1s clear from observa-
tions made in the course of this investigation that the
reaction is by no means as simple as supposed hitherto;

and that probably still more intermediates are involved.

(1) G, Weltnauer, Gazz. chim, ital., 81, 162 (1951).
(2) Ges. fiir Kohlentechnik m,b.H. German patent 632,421,
July 8, 1936.
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A tentative reaction path, which reasonably explains the
findings of this study is presented in Fig. 6. It 1g to be
emphasized that for conclusive verificatlon, the scheme still
requires the asctuel isolation and characterization of
individual Intermedlate compounds.

When high speed acltatlon of the condensation reactants
was effected by means of a Iershberg stirrer, precipitation
of & new substance was observed after 2-3 minutes. This
phenomenon, not reported by other investigators, did not
occur with slow mixing of the reactants., If the initial
reaction is heterogeneous, the lncreased surface ares
resulting from finer dispersicn of the benzaldehyde droplets
could be responsible. Thus, with slow stirring, concentra-
tion of an early intermediate could remain low, as a result
of its undergoing further reactlon. At higher speeds,
momentary preciplitation of this intermediate would follow
from the fact that its solubllity value had been exceeded.
The more rapld final conszelation of the reaction mixture
occeurring at higher stirring rates (30 instead of kS minutes)
shows the influence of this factor.

It is reasonable to suppose that reaction cormences with
nucleophillic attack on the benzaldehyde carbonyl group by
the glyclne nitrogen, followed by loss of a proton from the
latter. Acquisition of a proton by the oxygen of the former

benzaldehyde part of the adduct, elimination of the resultant
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hydroxyl group, with a concurrent electron shift from the
nitrogen, and, finally, loss of another proton from the
nitrocen would lead to the Schiff base anion (I) of benzal-
glyeine. At high concentration, thls moiety would precipitate
from solution as its scdlum salt.

To arrest reaction at this polnt, and thereby to facilitate
isolation of the first solid 1ntermedlate, several approaches
merit considerction. Dilutlon of the reectlon mixture with a
less polar aprotic solvent, e.p. dioxane, or adjustment of
pH toward neutrality (dry ice) might be of value. Alterna-
tively, the purpose might be better served by initial uee of
lower pH, of a weaker basic catalyst or by operating at a
lower temperature to decrease reaction rates. Once isolated,
the compound could be readily checked for ldentity with
sodium benzalglycinate.

The rapid redissolving of the first intermediate could be
related to base~catalyzed formation of an a=-carbanion (II1),
of which several contributing forms are depicted in Fig. 6.
Nueleophllic attack by II on another molecule of benzaldehyde
would proceed in a non-stereospecific fashion to gilve IIT
{(two geolsomeric peirs of diastereomers). IHxtensive preclpi-
tation of sodium salts from ITII with rising concentration
would correspond to solidification of the condensation
reactlon mixture after 30 minutes. Some dissolved ITI could

undergo cyclization to give the oxagolidinecarboxylate
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structure (IV), for which four diastereomsric forms are
equally possible and whose sodium salts may also be poorly
soluble, A certain amount of unreacted I could also be
present. Such a combination of features would aptly explain
why acidificatlion after & one hour condensation period leads
to free benzaldehyde in fair quantity, roughly equal amounts
of phenylserine and allophenylserine (but not in high total
yield), and some free glycine,

If the lnsoluble condensation intermediates are allowed to
stand for four hours, acldification 1s no longer accompanled
by appearance of free benzaldehyde 1n the medium, even at pid
2.,8. As lumps of the condensation material slowly disinte-
grate, anothor new substance 1s thrown down., Its precipita-
tion occurs to a rreater extent, and the yield of phenylserine
finally obtained 1s greater, when sufficlent acid 1s added to
pive pH h~5 than when pll is adjusted to ca. 5.7, the approx=-
imate isoelectric point of phenylserine., Vvhen this acidifi-
cation product 1s washed with hot ethanol, benzaldehyde is
split out and & crude phenylserine remains in which the
proportion of the allo lsomer 1s relatively low.

A reasonable explanation for the processing behavior
Just described cean be offered with the ald of the sequence
in Fig. 6. %With the passage of time, increased conversion
of ITITI to IV could occur. Under the influence of the

hydroxyl ion present, there could arise a small amount of
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the doubly charged anion V, in which coplanarity of the
carboxylate group with the oxazolidine ring is worthy of
note. Under conditions of equilibrium, return of the proton
to the li-cerbon of V would proceed with due regard for steric
conslderations. Thus, formation of VI, in which the (3-phenyl
end a-carboxylate groups are trans to one another, would be
favored, rather than the corresponding cis-oxazollidine

gtructure. If the sodiunm salts of IV and VI were less soluble

than those from III, the former would slowly increase in
quantity at the expense of the latter to a point where III
would be a minor constituent of the condensation cake. Under
such circumstances, acidification would give the free
2,5-diphenyloxazolidinecarboxylic acids, with the l,5-trans
form predominating. Poor solubllity of this compound 1In the
aqueous reactlon medlum at room temperature would impecs a
further ring-openling reaction, In the course of ethanol
washing at higher temperatures, hydrolytlc cleavage would
lead to a crude phenylserine of low allo content,.
Isolation of the acidificatlon product in a four hour

condensatlion run should not prove too diffieult, sinces 1t

isplays moderate stabllity. Its observed solubility in
504 methanol or 50% ethanol may prove epplicable to its
purification. Whether the compound is an oxazolidinecerbox-
ylic acid or whether it contains a C=N link could ?ossibly

be checked by examination of infrared absorption spectra.
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Behavior in the casc of & 2l hour or longer condensation
period could be correlated with a further transformation of
VI to the sodium salt of Nebenzalphenylserine (VII). Acid
cleavage of VII, proceeding in the same fashion as with III,
would lead exclusively to phenylserine. Only small amounts
of allophenylserine would arise simultaneously, from hydrol=-
ysis of residual quantities of earlier intermedlates,

Some consideration was given to other possible reaction
mechanlisms for the synthesls of phenylserine and allophenyl=-
serine. One 1lnvolved 2-phenyloxazolidonej another included
2=-phenyl«3=aziridinecarboxylic acid., HNelther route proved
as saﬁisfaotory as the one just described for closely
correlating experimental observations,

Reference has been made under REVIEW OF LITERATURE to
Erlenmeyer's studies on the dliphenylhydroxyethylamines, which
form as by-products in the condensation of benzaldehyde and
glycine, and which can constitute the main products 1if
reaction conditlons are sultably changed. A threo configura-
tion was recently shown (1) for isodiphenylhydroxyethylamine,
which 1s the predominating diestereomer obtalned by this
route. The preferentlal formetlon of this compound 1s
reasonably explained by extension of the reaction ssquencs

postulated earlier for synthesls of the phenylserines.

(1) J. weijlard, K. Pfister, B. F. Swanezy, C. A. Robinson
and M. Tishler, J. Am. Chem, Soc., 73, 1216 (1951).
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Steric conslideratlions may again be invoked in dealing with

the reaction between II and benzaldehyde, whlch would give

c':oo" ¢oo”
CH (11) _CH (VIII)
o o "o e
05H5----<l}+ ¥ Ti0H === CEHg 00 H= C6Hg -~ C=C -~ H
H CeHs H CgHg H CgHg
isodiphenylhydroxy-
ethylamine

ly,5=trang=-diphenyl=2-oxazolidinecarboxylic acid (VIII) rather
than the corresponding c¢ls compound. Isodiphenylhydroxy=-
ethylamine would result from acld cleavage of VIII.

S8everal purposes could be served by further lnvestiga-
tion of the glycine~benzaldehyde condensation., It may prove
possible to arrest the reaction sequence at some intermediate
in such & way that high yleld could be attained without
epimerization of the allophenylserine precursor. In this
regard, use of bases other than sodlum hydroxide to catalyze
condensation might lead to desirable shifting of equilibria
between intermedlates, as a result of solubllity changes.
Epimerization may possibly be avoided bylemploying a weaker
bese in the system. Experiments should ala§ be run to deter-
mine the influence of reactlion temperature. A better under-
standing of the reaction mechanism, to be geined in such a
study, mey permit extension of the reactlion scope in a

beneficial manner,
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Recent work (1,2) on interconversion of the individual
stereoisomers of threonine and allothreonine via oxazoline
intermediates points the way to solution of the same problem
in the phenylserine serles. However, an easier approa&ch may
lie through the reaction sequence presented for synthesis of
the phenylserines. If this scheme be valld, then overnight
standing of a well-agltated mixture of allophenylserine and
benzaldehyde in aqueous sodium hydroxide should result in
epimerization via the oxazolldine intermediates V and VI.

If such be the case, phenylserine would be obtained upon
acidification of the reactlon mixture. It would be of some
commercial importaence 1f eplmerization of sllothreonine could
be effected in the same manner.

G. Sepearation of FPhenylserine and Allophenylserine

: via Solvates

The problewm of separating phenylserine and allophenyl-
serine at the hydroxyemino acid level became simplified with
peper chromatography avallable to follow the progress of
fractionation. It was recently reported (2) that the sodium
selt of threonine is much less soluble in ethanol than that

of allothreonine, a finding which proved well-suited to

(1) D. F. Elliott, J. Chem. Soc., 589 (19L9); 62 (1950).
(2) K. Pfister, C. A. Hobinson, A. C. Shabica and M. Tishler,
J. Am, Chem. Soc., 71, 1101 (1949).
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separation of these isomers. In this investigation, & limited
parallel was observed with the phenylserine dlastereomers.
Althoush the sodlium salt of phenylserine dissolved in ethanol
to a lesser extent than that of allophenylserine, hoth are so
pocrly soluble that they show little promise for separation
purposes, Further, slight sclssion of the molecule occurs
under the basle conditions involved.

Portions of erude phenylserine (Li0-}5% allophenylserine)
from a one hour condensation run were recrystallized from
different aqueous~organlc media. Paper chromatography of the
varlous fractlons thus obtained revealed a useful solubility
pattern. Although phenylserine 1s less soluble than allo-
phenylserine in water or aqueous alcohols, the order of isomer
solubility is reversed to a moderate extent in 50% aqueous
acetone, and very sharply in 504 aqueous dioxane. Better
recovery is achieved via 50% ethanol, but the allophenylserine
content of the crystal crop is only a little less than that of
the starting materlal, whereas with watsr alone, although
recovery is lower, the product contains much less allophenyl-
serine, WwWith 509 acetone, the level of allophenylserinse in
the crystal crop improves somewhat; in 50% dioxane, this
isomer 1s precipitated almost quantitatively. Total recovery
1s satisfactory in both ceses. An explanation for this
solubility behavior resulted from a study of the individual

hydroxyamino aclds, with samples whose lsomeric purity hed
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been established by paper chromatography.

Phenylserine was well characterized by Erlenmeyer (1).
In thls study, the substance was rochecked, both in the
anhydrous state and as the monohydrate, in the course of
preparing control samples for analytlcal work, and while
examining behavior of the compound on recrystallization.
Treatment of hot aqueous solutions of the cbmpound with an
equal volume of hot ethanol has been found highly satisfactory
for achlieving final purification, excellent recovery and good
crystalline form.

In the early part of this investigation, dioxane was
considered merely as a satlsfactory agent for recovering
phenylserine tallings from aqueous mother lliquors. However,
in two instances dlscussed earlier, recovery was observed to
exceed 1009. The reason for this anomaly became clear with
the dlscovery theat allophenylserine and dioxene combine in a
2t1 ratio %o form a poorly soluble compound. The adduect
precipitates rapidly in nicely crystalline form when a bolling
aqueous solutlon of allophenylserine is treated with an equal
volume of boiling dloxans. NMixture at lower temperatures
sometimes leads to troublesome gelation.

The fact that evacuation et moderate temperatures does

not cause removal of dioxane from the addition compound

(1) E. Erlenmeyer, Jr., and E., Frihstiick, Amn., 28, 36 (1894).
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indicates strong binding of the solvent molecule. However,
when an aqueous solution is simmered gently, the odor of
dlioxane is readily apparent in the vapors. If bolling is
continued for a few minutes, the dioxane is completely
expelled and the free amino acld can be recovered in anhydrous
form from the solution.

The infrared absorption spectra of anhydrous dioxane,
and of Nujol mulls of phenylserine, allophenylserine and allo=-
phenylserine hemldioxanate were sxamined. Phenylserine and
allophenylserine in the anhydrous state show general similar-
ity, with only minor changes apparent in allophenylserine
hemldloxanate. In the dloxane adduct, 1t is noteworthy thet
the many broad absorptlon bands characteristic of diloxane are
no longer readily apparent. Observation of such drastic
alteration makes untenable an easrly view that allophenylserine
hemldloxanate might be a clathrate compound. The possibility
that the substance mey be an oxonlum type salt is open to
consideration (1).

The abllity of allophenylserine to unite with dloxane is
of considerabls practical value to phenylserine chemistry.
It provides the means by which this otherwise difficultly
accessible hydroxyamino acid can be readily separated from 1its

lsomer, and by which recrystallization can be effected with

(1) P. Karrer, "Organic Chemistry", Elsevier Publishing Co.,
New York, 1950, Lth English ed., p. 24b.
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high recovery.

By recrystallization from hot 50¥ acetone, allophenyl=-

" serine is obtained with good recovery in the anhydrous state
as a bulky fluff of fine thread-like needles. The some form,
with slightly lower recovery, results from slow cooling of hot
aqueous solutions. By contrast, if a hot water solutlon of
allophenylserine 1s suddenly chllled, or if clear solutlons

at room temperature are permitted to evaporate, dense hexagw
onal prisms of the hemihydrate are produced.

The form in which allophenylserine is obtained from 50%
ethanol varies according to other processing factors. Short
needles of anhydrous material resulted ln one csse where a
clear aqueous solution of the hydroxyasmino acid was treated
wilith ethanol at room temperature. On the other hand, only
the hemlhydrate was produced under similar circumstances
when & 8eed of thils erystalline form was initially added.,

On one occasion, additlon of ethanol to an aqueous allophenyl-
serine solution contalning sodium chloride caused precipita=~
tion of 8%till another solvate, in the form of rafted needles,
which may have been a monohydrate. This materiasl, unfortu-
nately destroyed, was of some historical interest, since
Erlenmeyer had claimed isolation of an allophenylserine mono-

hydrate under comparable conditions (l). Reasons for the

(1) E. Erlemnmeyer, Jr., Ann., 307, 70 (1899).
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probable lsomerie Impurity of his material have already been
discussed,

A few minor points concerning recrystallization of allo-
phenylserine merit brlef note. Although more scluble in water
than 1ts l1lsomer, allophenylserine in the anhydrous fluffy form
1s poorly wettable and hence dissolves slowly. Considerable
simmering ls required to prepare concentrated solutions. In a
recent report (1) on preperation of "erythrophenylserine",
this substance, as well as phenylserine itself, was stated to
decompose on boilling, even in neubral medias, wlth liberation
of benzaldehyde, On some occasions In this investigation,
aqueous solutlons of the pure phenylserine diastereomers have
been concentrated at atmospheric pressure with no sign of ap-
preclable decomposition. The technique which has been de-
scribed for recrystellization of allophenylserine from 509
acetone (mixing while hot, intermittent swirling) is designed
to avold gel formation and to furnlish the compound in readily
filtreble form. Ether washing is advised to eliminate traces
of mesityl oxide, the odor of whilch 1s sometimes faintly
apparent.

By the use of integrated data from recrystallization
experiments, the crude produets of one hour condensation runs

were effectively separated into lsomerically pure fractions of

(1) I. Elphimoff-Felkin end H. Felkin, Compt. rend., 232,
2l1 (1951).
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phenylserine end allophenylserine. A typical fractionation is
sumnarized in Flg. 7. Processing by the route outlined offers
no particular difficulty and requires little actual working
time. Recoveries of each isomer are excellent (values in

Fig. 7 are related to the initlal erude product, with no
allowance made for the fact that tail c¢rops cen be reworked
with subsequent fractionation runs).

A brief study of the decomposition temperatures of
phenylserine and allophenylserine, as well as of their various
solvates, was made In order to reemphasize the relative
insignificance of this physlcal property as a criterion of
purity, lsomeric or otherwise, of the phenylserine disster-
eomers. It is to be noted that time and duration of hesating
are factors affecting the decomposition temperature consid-~
ersbly more than degree of solvation or isomeric purity, and
that the testing of mixtures gives scant information of value

with these compounds.
H. Derivatives of Phenylserine and Allophenylserine

Phenylserine hydrochloride, me.p. 1570, has been mentioned
as an intermedlate in conversion of phenylserine to 1ts ester

hydrochlorides (1). Kore recently, "erythrophenylserine”

(1) G. Carrara snd G. Weitnauer, Gazz, chim. ital., 79, 856

- (1949).
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hydrochloride, m.p, 212°, was briefly noted (1). Neither com=
pound was characterigzed by analytical or other data.

In this study, the hydrochlorides were readily prepared
by brief treatment of the lsomericazlly pure Individual hydroxy-
amino acids in anhydrous dioxane with dry hydrogen chloride.
Addition of ether to the resultant clear solutions precip-
itated the products in high yleld. Recrystallizatlon could
not be effected from fresh dioxane in which the compounds
were poorly soluble and showed signs of decomposition on pro=-
longed simmering. FPurification was effected via methanol=-
ether, with short contact time and avoidance of elevated teme
peratures to minimize possible formatlion of methyl ester hydro-
chlorides. Each hydrochloride decomposed at ca. 160°,

In the early phases of this investigation, phenylserine
methyl and ethyl ester hydrochlorldes were prepared from
phenylserine monohydrate. Allophenylserine ethyl ester hydro-
chloride was obtalned &s an unexpected by-product from proce
essing phenylgerine tall crops. When it became possible to
check 1somerle purity of the amlno acids by peper chromato-
graphy, repetition of these syntheses was deemed in order.

The fact that the various ester hydrochlorides were then
obtained in almost quantitative yield 1s sattributed in part

to use of enhydrous starting materials, and higher temperatures

(1) I. Elphimoff-Felkin and H. Felkin, Compt. rend., 232,
21 (1951).




- 205 -

during hydrogen chloride treatment. In the sllo series, 1t
may prove possible to curtall reaction time by initial use of
larger volumes of the respective alcohols., The two serles of
ester hydrochlorides are quite stable, not hygroscopic, and
crystallize well,

The melting points of rhenylserine methyl, ethyl and
propyl ester hydrochlorides were observed to be slightly
hisher then those recently reported by other workers (Table 3).
The differences may reflect greater isomeric purity. The
"phenylserine® methyl ester hydrochloride, m.p. 185° (Table l);
which was obtained vlia condensation of glyclne methyl ester
with benzaldehyde in methanol (l); may prove to be identical
with allophenylserine methyl ester hydrochloride, m.p. 180°
(dec.). Likewise, "errythrophenylserine" ethyl ester hydro-
chloride (2), m.p. 1860, seems to correspond with allophenyle
serine othyl ester hydrochloride, m.p. 178° (dec,). waever;
in both cases, data which would permit certain correlation
were nol provided,

The varlous ester hydrochlorides in bhoth series were
converted to the corresponding free esters by treatment with
armonia gas in ether. Yields were good, but slightly lower

than in earller runs where second crops were recovered by

(1) E. D. Bergmamnn, ¥. Genas and H. Bendas, Compt. rend.,
231, 361 (1950). - -
(2) I. Elphimoff-Felkin and H. Felkin, Compt., rend., 232,
2h1 (1951).
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concentration of filtrates. The melting points of phenyl~
vserina methyl, ethyl and propyl esteors checked well wilth

those recently clted by other workers (Table 3). he 1dentlty
of "srythrophenylserine" ethyl ester (1), m.p. 86°, with
allophenylserins cthyl ester, m.p. 86°%, is= uncertain, due %o
lack o informatlon on the former substance.

The possibility of securing the respective optical
isomers of phenylserlne and allophenylserine most rcadily by
selectlve enzymatic hydrolysils of the esters attaches particw~
ular importance to this group of derivatives. THilghly effec~
tive resolutlon procedures involving acitlon of pancreatic
preparations on racemic isopropyl esters have recently been
reported for phenylalanine (2) and for methionine {3). Once
resolution 1s accomplished, 1t would be of interest to trans-
Torm both.gy and &-phenylserine to optlcally active Inter-
mediates in the chloraunphenicol serles of compounds, in
order to concluslvely correlate configuration of the anti-
biotic with that of natural amino acids,

Since enzymatic resclutlon of amino aclds via their
esters Involves lsolation of the unchanged D-ester, and then

1ts hydrolysis to the D~amino acld, it was of interest to

(1) I. Elphimoff=-Felkin and H. Felkin, Compt. rend., 232,
241 (1951).

(2) X. A. J. Wretlind, J. Bilol. Chem., 186, 221 (1950).

(3) ¥. Brenner. Swiss Patent 200,037. Ray 16, 1950,




- 207 =

gzcertain whether cold alkaline hydrolysis of phenylserine and
allophenylserine ester hydrochlorides was accompanied by
gppreciable epimerizetion. Faper chromatography, which under
the conditions employed would have detected &s llttle as
0.1-0.2% epimerization, showed no trace of unexpected lsomer
In the hydrolysate from the ethyl ester hydrochloride of
either phenylserine or allophenylserine respectively.

Twe minor features of interest were encountersd in the
course of alkellne hydrolyslis experiuents. Allophenylserine
was recovered quantlitatively as the hemidloxanate when
dioxane wes added tc the alkaline solutlon of the etliyl ester
hydrochloride just prior to finel acidification. When
phenylserine ethyl ester hydrochloride residues Irom the
early acctone separatbtlon scheme were hydrolyzed, allophenyl-
serine corresponding to ca. 755 of the starting materisl was
demonstrated in the hydrolysate by means of paper chromato-
graphy. This velue checked well with an earlier estimate

(5-10%) based on approximate solublillty data.
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V. SUMMARY

1., The literature concerning the phenylserines was
reviewed with respect to methods of synthesls, chemical reac-
tions, and potential blochemical significance. The problems
of steric configuration and heterocyclic analogues were
considered. Apparent contradictory findings and possible
areas for future research werc indlcated,

2+« The most sultable route found for phenylserine
synthesis was that described in Germen patent 632,42, by
the directions of which benzaldehyde was condensed with
zlycine in aqueous sodium hydroxlde. Advantages of the
method are high yleld, faclle processing and less side
reaction.

3. An attempt to extend the German patent procedure to
synthesls of fB-2«furylserine was unsuccessful.

li. Phenylserine was converted via lithium aluminum
hydride reduction of its esters to racemic chloramphenicol.

A threo configuration for the hydroxyamino acid was thus
demonstrated. The advantage of this route to the antiblotie
1s the fact that the various intermedlates bslong to a single
ateric series,

S. It was found that, although condensation of benzal-
dehyde and glycine furnishes phenylserine as the maln product,

small amounts of a more soluble diastereomer also form. This
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was demonstrated when Flsascher esterificatlon of condensation
reaction tall crops ylelded a new ethyl ester hydrochlorides,
much less soluble than that of phenylserine. (Cold alkallne
hydrolysis of thls ethyl sester hydrochloride produced a new
hydroxyamino acld, which was named allophenylserine after
converslon of 1ts ester to erythro intsrmediates 1in the
chloramphenlicol series had established its structural relation
to the amino acid, allothreonine.

6. Phenylserine and allophenylserine were individually
but incompletely recovered from crude condensation products
by making use of the inversion of thelr solubility relation
observed in proceeding from the free hydroxyemino acids to
the corresponding ethyl ester hydrochlorides.

7+ By use of a mixture contalning n~-butanol, aqueous
ammonla and acetons, phenylserine and allophenylserine were
effectively separated on paper chromatograms. Optimum condi-
tlons were established for employing paper chromatography as
an analytical tool witi: these lsomers.

8. Threonine and allothreonine were also separated on
paper chromatogrems by use of the same solvent mixture.

9. With the aid of paper chromatography, an investigation
was made of the relatlon of phenylserine diastereomer ratio
in the crude products to the time allowed for benzaldehyde-
glyclne condensation. With & one hour period, allophenylserine

was formed to an extent comparable to phenylserine. With
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increasing condensatlon time, the allophenylserine level fell
rapidly. The compound was no longer demonstrable in the
erude product wren a 2l hour interval was used, under which
conditions the yleld of phenylserine approached a maximum,
New intermedlates in the condensation reaction were recog-
nilzed, but not isolated.

10. A reaction mechanism was offered to explain why
phenylserine and 1sodiphenylhydroxyethylamine, both possessing
a threo configuration, are the preferred products of glycine-
bengaldehyde condensation, rather than their respective
diestereomers. Posaible gpplications to furthser research
were supgested.

11, Solvates of allophenylserine were prepared with water
and with dioxane, in which the ratio of hydroxyamino acld to
solvent is 2¥l for both compounds.

12. With paper chromatographic control, isomerically pure
phenylserine and allophenylserine were fractionated with good
recoverles Irom the crude product of one hour condenseation
runs. Effective separation was based upon the finding that
although allophenylserine 1is more soluble than phenylserine
in many aqueous solvent mixtures, its dlioxane adduct is very
poorly soluble,

13. The decomposition temperatures of phenylserine and
allophenylserine, as well as those of thelr various solvates,

and of their mixtures, were observed to fall in the same close
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temperature range, 8o that this physlcal property is of no
value as & criterion of isomeric purity.

1. The hydrochlorides of phenylserine and allophenyl-
serine were prepared by treatment of the individual hydroxy-
emino acids with hydrogen chloride in dioxane.

15. The methyl, ethyl, n-propyl and i-propyl ester
hydrochlorides of phenylserine and allophenylserine were
syntheslized according to a modified Fischer method in almost
quantitative yleld,

16. The various ester hydrochlorides were transformed to
thelr respective esters by treatment with ammonia in ether.
The prospect of securing the four optically actlve hydroxy-
amino aclds by selesctlive enzymic hydrolysis of the esters
made these derivatives of interecst.

17. Cold alkaline hydrolysls of phenylserine and allo-
phenylserine ethyl ester hydrochlorldes was shown, with the

aid of paper chromatography, to proceed without epimerization.
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