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ABSTRACY

A gensral method for the synthesis of Ne-benzoylamino aoid
amides involving sslactones as internmsdiates has been developed,
These azlactonss vers converted, in a ons.step opesration, into
N-bensoylamino acid amides in high yields by subjecting them to
hydrogenation under slevated hydrogen pressures (32+55 psi) in
anmoniscal sthanol using Raney nickel as catalyst, BHeBensoylamino
avid ni.ﬂo'u were then successfully hydrolysed toc the corresponding
F-bensoylenino scids and amino acids in sufficiently high yields
under different oconditions.

The aslactones prepared by the condensation of different
aldehydes and ketones with hippuric aocid were s 2«phenyleis
bensal-5-oxasolons (62%), 2~phenyl-i-(p-methoxybensal)-5-oxazolone
(80%), 2-phenyl-4~(3',4'-dimethoxybenssl)-S-oxasolons (71%),
2-phenyl-4-(p-scetoxybensal )-S-oxasolone (80%), 2-phenyl-i-
(3'-methoxy-4'~acotoxybenssl)=S5«oxasolone (75%), 2~-phenylei-
cinnsmylidene«S-oxasolons (60%), 2-phenyl-ie(2'«furfurylidens)-

S-oxamolone (48.3%), 2-phenyl-ieisopropylidens-Se-oxasolone (39%),



2-phenyle4=sec. tutylidene-5-oxanolone (328), 2«phanyle=i-tutylidene-
S5-oxasolons (16%), 2-phenyleimisodutylidens-S~oxasolone (30%) and
2-phenyl-impropylidene-5-oxagolone (42.4%).

NeBenzoylemine acid amides prepared in excellent yislds
(72-100%) wers : Dl~N-bensoylphenylalanine amdde (95%), DlwNe
bengoyl-O-methyltyrosine amide (77.5%), Di-Nebenszoyle3, s ~dimethoxy-
phanylelanine amide (78%), DleNebensoyltyrosine amide (100%),
DL-N-benxoyl=3-net hoxy=4rhydroxypbenylalanine axdde (83.5%),
DL~Nebangoyl-§ ~phenylnorvaline anide (75%), Di~B-bansoyl~f -furyl-
alanine amide (74%), Dl-N-bensoylveline amide (84%), DL-N-benzoyliscleucine
snide (72.68), Dl~N-bengoylnorleueine awide (768), Di~B-bensoylleucins
emide (74%8) and Di-N-benzoylnorvaline amide (75%). Of thess, DimK-
bensoyl-O-pethyltyrosine amide, Di-N-bensoyle3,émdimethoxyphenylalanine
amide, DL=N-bengoyl=3-methoxysf=hydroxyphsnylalanine amide, DL-N-
bengoyl=§ ~phenylnorvaline amide, szuabonsoyl-ﬁ «furylalanine amide
and Di-N-bensoylnorvaline amide, ars being reported for the first timse.

N-Banzoylamino acid amides, on mild hydrolysis with hydrochloric

acid (36%), were converted to ths corresponding K-bensoylamino acids
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in high yislds, The N-bdonsoylamino acids so ottained were i
bbﬂ-mylphmylulmim (98.8%), ;p&m»yl-Mbyltyronm
(75%), Mn.unmlma.bdmtmmmurmm (95%), ﬁ%ma-
bensoyltyrosine (89%), &;Nabsnmyha-mtw#WmWh
alanine (Wi),‘nlnn-btmoylc-g ~phsnylnorveline (s08), ;l:»ﬁ-
benzoylvaline (M),amx»bmmlimlmm (953):Mbmwyl~
norleucine (M).%L-H«-hmwynmcw (83%) and DieHebenzoyl~
norvaline (85%). Di-N-Bensoyl--furylalantne (808) was obtained
from the corresponding amide by hydrolysis with sodium hydroxide (30%).
Dl-Y=-Bansoyl=3, {-dimst hoxyphenylalanine is being reported for the
first tive. o v ber 0 F o
Excellent yields (73-1008) ot}\mm scids vere[obtained from
N-bensoylamino acid amides by hydrolysis with hydrochloric acid
(36%) on heating under reflux. The amino n;ni'iis thue prepared werse:
DM~phenylalanine (90%), D!-O.—Mtwlty;oii;a (76%)y Di~3,4-diwsthoxy-
phenylalanine (84%), Dl~tyrosine (ﬂéi). DL 3=met hoxy=/hydroxy-
phenylalanine (80f), m,-nv:m”(seox), Di~isoleucine (90%), DL-norleucine
(85%), Di~leucine (88%) md Dlenorvaline (82%). DL-§ -Phenylnorvaline
(96%) was obtained by ;hn hydrolysis of the et;nolponﬁiag axide with
sodium hydroxids (30%) while barium hydroxide (16%) was used for the

preparation of m,-f% «furylalanine (73%).
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ol =Amino asids are the constituents of proteins and

therefore they are essentisl for mutrition, In aidition they ere
required for the synthesis of polypeptides. Uith possible use of
essential amino acids as dietary supplements for the emrichment of
food and increaging ressarch sctivities in these fields, synthetio
amino scids are incressingly in greater demand.

Although all of the amino acids that ocour in proteins
can be obtained from protein hydrolysates, it is in many cases con-
venient {0 obtain them by synthesis. The choice of the route of
synthesis ususlly depends upon the aveilability of the starting
matoriala bearing the desired side chains,

Thare ars a mmber of wethods for the synthesis of amino
aids vith different scope and limStations so that sowe amino aoids
can be synthesised better by one partioular sethod in large quantities.

One of these methods employs aslactones as intermediates
to obtain a mmber of naturally ocouring ol-swino.acids. Aslactone msthod
may be considered as the best one for the syntheses of phanylalanine and
tyrosine. DBut the main advantage of this msthod over others is that it

affords acyl derivatives of amino soids ss intermediates which are very
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useful in resclution of &l-smino acids.
The following is a short description of the various
wvucds need far the syntheses of axlactones snd their conversion

to o/-amino acids.
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INTRODUCTION

1. AZLACTCNE SINTHESIS

"£~0zns0lin-5«0nes{I) have alsc been referred to a»
S-oxasolonas and oxagol~S-cnes, 2,4i~Disabstitutedw2-oxasolin-5-ones,
vhidaare regarded as anhydrides ofo{-acylamino acids, are cormonly
known ss sglactones. Thay can converisently be classified into two

groups, ssturated and unsaturated, as shown in formuleell and I1I,

CH—0C H
z'g 3 lac Ra’ —-?-0 agc-c —?UB
%c/o KQ? n\\c/o
B R? ;'p
I X 111

EREPARATION OF AZLACTONES,

Seversl methods availabtle for the preparation of sslactones
have been reviewed by Onﬂor‘. A trief acoount is given in the
following paragraphs:

(1) Aslagtontisstion of apol-soylsmine soid:
ol~Acylamino acide can be converted into azlactones under

the folloving conditions:



(s} Action of an woid ankydride, either alone or {n acetio
a0id as solvent, on and~acylenmino scid (or, occcasionally, s ﬁn
{=amino acid),

{b) Action of an acid snhydride or acid chloride on the
sodium ealt of eno(~soylamino ecid (or fraec(~amino acid) in aquecus
solution.

(¢) aotion of sn acid anhydride or chloride cn an d-acylemine

asid in pyridine solution,

R-CH-CO, 1 —CH— Gl
00, (ne0) 0 R-CH—Ce0
NHCOR nc?w"fl"* N

NeOAo Xe”
"

Of thess msthods the first is the most convenient and the
only one generslly used,

Since the unsaturated aoylumino scids are not readily
availabtle, nons of these methods is useful for the preperation of

unsaturated aslactones.

The resction of an aldehyde with an acylglycine in presence

of acetic snhydride (end usuvally sodium scetats) is referred to as



the Erlenmeyer aslactons synthesia.

Acoording to Erlenmeyer the reaction procesds in two steps

as shown in the equationss

ArCHO + ?afcazn &!‘?H-—?ﬂcaaﬁ Arm-?-—c-u
S B
COoR COR

-0

Experimental data indicate that the intermediate involved
in this synthesis contains an extrenely active methylene group snd
therefore is the aslectons formed hy ths sction of soetic anhpdride
on the acylglyeine. Thus the actual condensation takes plece betvesn

the aldelhyde and the so formed aslactons rather thap the scylglycine,



H--CO Cl;— Go0 Y —
gﬂz of — : /g Argio 1 (g
con i i

2-Fhenyl-oxasolones usually ars prepared hy heating a mixture
of 1 mole sach of aldshyde, hippuric acid, and freshly fused sodium
aostste with 3 moles of acstic anhydride on a water bath for warying
lengthe of time,

(441) B

The action of seetio snhydrido on an 0(-&0)'1”1!10—@ «~hydroxy

(alkoxy or acylexy) acid produces an unsaturated azlactons.

R CH— GHOOCH R-CH— CH— €O RGHG — (=0
oas i A om k0 W
" R# GOCL 7 — H\\c’
CoR (NaOAc) kn ‘R”

The firat step in this transformation is the conversion of
the acyl derivative into the correspording satursted aslactone. This
saturated eslaotone possesses an extrenely active o ~hyirogen atom

vhich splits out with the @-mbﬂtituont under very mild conditions



to form the unsaturated aslastone,

/
The conversicn of an (< ~haloacyl)~amino acid into an

unsaturated aglactons s not bteen studied sxtensively. A proposed

pochanisnm is shown in the eguation below:

Rﬁﬂa-—— zg— ﬂOzﬁ o Roﬂ-e—ﬁ ——z-o ﬂCHﬂg — /z-ﬂ
~Q N N\
m L T
3/ CHR Gﬂaﬁ

Hosides the abovs four mesthods of preparetion of aslactones,
& rumber of other methods bave 2lso deen developed,
Azlactones are also obtained Yy the reaction of a dialkyl or

dieryl formsmidine with acylglycine and acetie anhydrtdcz.

RM-gE e E00H g0

51 NHCOR By

R’NHGH*I? ——C'}-O
K\\c o
|
R

Potassium carbonate (or bicarbonate) is an excsllent caulyct.s



for the condensation of aldehydes with hippuric secid andis, in
ssveral respects, supsrior to sodium acetate used in the standard
procedurs. In the presence of potassiue carbonate the condensstion
takos pleace without external heating, It is coeplete in a short
psriod of time and gives appreciably higher ylelds than those
obtained by standsrd methods.

Tristhylamine has alsc besn employed as a catalyst in the
formtion of uhctonn’" 5‘

Weygand et azf have symthesised 2-trifluoromothyl«f~nmsthyl-

S5-oxazolone using trifluorcscetic anhydride and anhydrous trifiuoro~

asetic ecid as sbown in the llowing squations.

CHOHOO M {CF,C0),0 CHyCHCO, B 5001 G, CHCOCL
— B, By ]
1&3 CF. 602}! .&HC‘G@F BHCOCF,
-4 3 3 3
l(cénn) N in THP
CH,CHCO.H, HN(CgH, ),  CH,GHCOCL
WFB NBGOCPZ
in THF



The o{~slkyloxisino seids combine resdily with an

arylaldehyds to make available & large mmber of aslmtmsv

using the usual conditions.

mw.ﬁ R BaOAC N,%c/a
NORY i
ﬁf-ﬂ
ROR?

Although aliphatie aldehydes do not readily undergo
Erlenmeyer reaction, the lower nombers react readily in the absence
of sodium acetate or acetic nnhyarma vith 2ephenyl-S-oxasolones
and its derivatives in a type of Perkin-Erlenseyer reaction. Reaction
also readily oceurs with aromatic aldehydes and some ketones (loc.oit),
Unsaturated aslactones are prepared from 2-aryl-4~haloumsthylene-
S=oxagolones by resction with organv-metallic compounds, compounds

with an acidic H and compounds whioh undergo Friedel-Craft's ruot.iun9.

CLGHC — 0e0
C.H
P L5,

I
Fh

e GHSGK-('}—— Cnp

N
n



S-Acylemino scids react 4in the presence of tristhylamine
with ethoxycarbonyl chloride (as also with dicyclohexylearbsdiimide)
to form tmctonaas .

Synthesis of aglactonss has alsc been effected by cyslodehyd-
ration with sulphur trioxide ccqownm. Condenmtion of appropriate
aldehyde with hippuric aeid in the presence of ﬂetmamg«-soa complex
on a stoam bath for 15«20 minutes afforded the desired aslactoms. The
complex containing sulphur trioxide (30%) can be prepared by the
addition of ldquid sulphur trioxide to HCON-Me, et 0~5° (1ec.eit),

Bohringer ot al'! carried out aslsctone aynthesis by refluxing
a mixture of hippuric acid and ethylorthoformate in asetic anhydride

at 140-150° for ons hour.

HO(OE&)S + (.:nacoza Ao O M-?——ﬁ-ﬂ BaCit 5
ERCOFh 140—15$! B\} J
c
|
Fh
IIx
HO-CE-?-—-?-O 3062 m*cu-F—?w AMgX S m-?—?uo
N P N
| i !
Fh Ph Fh

1v v
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Bydrolysis of (1I1) with K NaOH at room temperature afforded
(IV) which when wvarmed slightly with S0C1, gave {(v). Different
aslactones were prapared fvom (V) by reaction with different Grignard

reagents,
The oyolization'? ofo{-haloacylamine acids to give aslactones

have been accomplished by treating with bsnsoic anhydride and sodium
bensgoste at 100° and dsmadistely distilling the preduct in vacuo(method A),
or treating with POCL, and lutidine Sn GigCl, et «15° (method B),

Bodes et 311.3 obtained the aslactones by the cyclisation of

o{~ssylamine soid hydragsides in pressnce of acetic acid-acetic enhydride

aixture.
i
MH-? — C-Kﬂ-ﬂﬂa Ach-Acm RO}II?-*—('}'O
Bz 0
N\
i
Fh

Woodward et 1'% have reported that the reastion of hippuric
acid vith isoxazolium ealts to give enol esters wes accoxpanied by
aslectone formation.

Harry ot 1? tave hesn mucsessful in converting one
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aslaectone into anothor hy exposure to ultraviclet light.

AcO CH_~0—CeD) Ae ~C—C=0
o 2
AcO . ' T

, AcO oy \g/

A solution of D(+)=2,4~dimathyles~(3!, 4{=diavotoxybonsyl)-5-
oxazolone in dioxane wias irradiasted for & :'iuya in a quarts flask with
a high pressure mercury arc ultraviolet lamp. The solvent was removed
in vacuo to yield DIe2,3«dimethyleim(3',4'-discetoxybenzyl)=-5-oxasolons.
D(+)=2, 4rDimethyl=4=(3,4" ~dimsthoxybonayl)=5-oxazolone vss similerly

convartsd to its Dl-analogue.
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1X. AZLACTONES IN(«~AMINO ACID SYNTHESIS

Aslactonss have besn employed as intersediates in the
synthesis of {~amino mida‘é"w. There ars thres general methods
of reduction and hydrolysis by which the unsaturated aslactonss end
acyleminosorylic scids cen be converted moo(musm}wm-. These
are as under:

1. Sodium or sodiuz amalgan and water or ethanol,

2. Hydriodfc mcid, red phosphorus in acetic scid or asetic anhydride,

3. Catalytic hydrogenation.

Bﬂww
W0 7 W S~ Acmoo
B9 CORY M,
b \ /
Rﬂﬂa?ﬂm
A
COR?

1. The reduction of ol=bentoylaminoscrylic soids with an

squivalent amount of sodium amalgam (3%5) haw originally deen
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desoribed by Erleneyer'’'. Thus phenylalsnine vas prepared

according to the following schame:

0,8,~CHO « CH _COOH CHCliet— Go0

6" 2 €h,60) ,0 65
R e b AN 1 m,
t cﬂ,ml R%

6 5
061!5
BGBSGHG?‘OOOﬂ Na=it 6 503 CHOOOH Gono, H0) CH CHCOG%
HHCOOs g mocé& sa2

This method has besn improved in several vays 20,91‘ In an
improved pmmmm,o(‘-bmaoymm;:ropionic acids are obtained in
62-80% yields by treating aguecus solutions of the sodium sslts of
o(~bensoylaminoscrylic acids with a large excess of sodium amalgan.
However, reduction with sodium smalgsm is not alvays satisfactory as
Ewphenyl=k~(31,4', 5 '«trinsthoxybenme] }=5-0xazolone is not radncodzz’ 3
uhmo(vmoymm'P = (4~mothoxy-1-naphthyl)~acrylic ecid gives
only a 108 yie1d®4, ol ~Bensoylamino-( ~indolecrylie acids®™> 27 ent

28

o{-bmuylaino-(—’* ~pyrroleacrylio ecides™ are &lso not reduced satis-

factorily bty eodium amalgax, FReductions have besn carried out ty
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sodium and ethmoz,%’ 27,29,30 which hydrolyses a considerable
proportion of the reduction product to the free amino acid as well.
Tryptophans has been synthesised by this procedure®C. Fhemylacetyl-
pherylalanine vas obtained in 90-95% yield by the reduction of

o =phenylacstaminocinnanio acid by sodium smalgan' 3%,

2. Harington and Barger - peported for the first time the
use of & mixture of hydriodic acid and red phosphorus as a reducing
agent for bensoylaminosorylisc acids and accomplished the synthesis
of thyroxine, in whioh an alkalins agent could not be esployed.

Lamb nd Robson>> snd Harington and MoCarthey’ have isproved the
yislds by the addition of acetis acid and acetic anhydride to the
reaction mixturs. Free amino acid is produced dirsotly with acetic
anhydride containing reagent and alkylphenyl ether linkages are
cleaved at the same time. Aslastones can be used satisfactorily

but the best results have been obtained frow acrylic acids or esters.
Hydroxybensal oxazolones, which are destroysd by alkalies, are
moothly reduced by hydriodic acid and red phosphorus in acetio
anhydride. This reagent has besn applied successfully to obtain

a mumbdber of amine acids in good yhldn”" 38 « In 1955 Baltassi and
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Devis’? synthesised s—mvuystfm starting with S-phenylei~

sthoxymsthylene-5-oxazolons according to ths following scheme:

Qzﬂ OCHe{ —Cud ) ﬁ,GK SCHeC —(u0 ,
] R Gﬁﬂﬁﬁ'ﬂgﬁl 6 2 {1
N,’}?/O Pyridine HQ?/o i
Cgls Cells
CglisCH SCHROCO0H 4 0 L 5 B 5— CHCOGH
mw6n5 2.HBr -] Bﬂz
Jmecéuﬁ

A mixture of equal amounts of constant boiling hydriodic
soid and acetic anhydride i3 an oxcellent solvent, and, by its use,
the reaction could be made to proceed omoothly anmd to yield a clean
product which could b worked up without d1iffioulty’?, The reaction,
i.e., the reduction and the oilmlbanml hydrolytic removal of the
bensoyl group, wvas complete after boiling for 1.5 hour,

3. Catalytic reduction has been used tc a limited extent
ondyd®43, Reduction, using a catalyst, is the most satisfactory

reaction, except whers other reducible or catalyst-poisoning groups
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sre present, Thus catalytic hydrogenstion could not bs used in
the syntbesis of thyroxine’¥ or for the reduction of pyrrols
nmm-“. Carter ot ul‘.” have reduced densoylaminocrotonic
acid aszlactone smoothly over platinrum catalyst in glasial acetic
acid containing 1 mole of vater. It has been suggested?! that
the saturated sszlactones formed first hydrolyses immediately since
it {s much more resotive than the original coxpourd.

In 1948 Attenturrow et al™’ used Ransy nickel catalyst to

ottain threonine acoording to the following scheme:

(%60)20 * m;zcocm. - ea,-c u 0—Cwh
O e, Contooltos , T é\\c/"’ slcobol .
{
Cells
GBSWWZBS cns.-mmacoacauﬁ
,:m Reney Ni, o ém NaOlL
00C gfig COCeH,
ca’-?u-?mma

OH ﬂﬁg
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A mumber of naturally occuring olswino acids can be
preparsd by the reduction and hydrolysis of aslactones, Aszlactone
mothod is the best method for the syntheses of phenylalanine and
tyrosine. The min advantage of this method over others is that
it affords bensoylamine aoide as intermediates, which ocould be

uesd for the resclution of the amino acids and for other aynthetic

parposes.
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III, CATALYTIC REDUCTION IN AMINO ACID SYNTHESIS

Erlenseyesr 4in 18923 10 46,47 suggested for the first time
the uses of reductive aminstion in the synthesis of amino acids.
He obtained the aslactons of ol-bensoylaminocinnamic acid hy the
condensstion of bensaldehyde with bensoylglycins. Hydrolysis
of the aslactons yislded o ~bengoylaminocinnamic acid, which on

catalytic reduction followed hy hydrolysis gave phsnylalanine,

C,H.CHO + GH, —COOH 0,8, CRuG —Cud
s Gy 5Ot 5.0
M ? LY. ?
Coc,H
s
Cells

C_H, CHaCuCOOR C CHCOOR O R _COCH
6'15 1.H./Cat, 6”5“2 65
kn L tfCut M, .

, ZR0
coch,

ol «Acylamincoinnenic soids have also been reduced bty
sodfun nnlmw"w tut over &ll yield was only 3 psroent in

case of tyrosine.
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Eaney Nicke] Cetalygt:

Catalytio reduction of o{~soyleminocinnamic acid has
also been oarried out by bydrogenstion at 80 stmospherss of
preasure and st room tempersturs in the presence of Raney mn:.x.".
Welablet and Lytt1e°%*5? nydrogenated stiyl o ~nitro- (5«-
(3-indols) prepionate in the presence of Haney nickel catalyst

to nthyl%tryptophnmto which yielded tryptophane after hydrolysie.

CHCOGES CHCOORG
@@% 569 (O T4 w2,

They have also obtained leucine and glutamic scid by
reduction and hydrolysis of asmoiumm-(%~mmmmpmm
and o(-nitroglutmto respectively using Raney niokel as catalyst.

&“52 prepared valine Yy Raney nickel ostalysed reduction

of t.ho{; ~form ofo ~nitro- [;a,()’ ~dimsthylacrylic ester in 47 percent

yield,
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cH
c 3
| 2 | l
CH,-C—CHCOORt W, /B H ~CH-CHCOOBS  H,0 O 4=GH-~CHCOOH
| By 3 ey 3 ]

Mord et a1°> prepared isoleucine and alloisoleucine from
sthyl o(-nitro-@ umthyluF ~sthylacrylate which on Rsney nickel
catalysed reduction snd subsequent hydrolysis yislded a mixture
of iscleucine and alloisocleucine in 91 percent yield, Wt glycine
(9%) was aloo obtained as & side product showing that to certain

sxtent hydrogenclysies also occured,

0y G,
CH CH,~CuC~CO0EY  1.H, s/ CH,,CH,,CHCHCO0R CH,COOH
No, 26,0 NH,, NE,
(91%) (s%)

Akabori et -15.‘ prepared dl-ornithine by Raney nickel
catalysed reduction of I ~carbethoxy- Y -nitrotutyronitrile in
mothanol st 100° and 75 stmospheres of pressure. Acid hydrolysis

of the ester gave ornithins monohydrochloride in 51 percent yield.
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CRCHCHOOM  H Ay 680 CR,GO00M | ?a OF,CH, CHCOOR

An slternative schens by the sams workers was the Raney
nickel catalyssd rsduction of”l,Y-dicarbethoxy-) ~nitrotutyronitrile
in acetic anhydride st 100° and 80 atzospheres of pressurs, vhersby
sthyl o ~earbethnoxy-ol,§ ~diacetanidovalarate wss obtained, This en

a0id hydrolysis yielded ornithine wmonohydrochloride in 99 percent yield.

coos G008t
CH,CH -e-cmm o, ca CH, =G=COOES G, 08, G, CHC00H
CH k ,, . B
Cﬂ m z,ﬂﬁl Eﬁz
cocn3 éoca,

ol ~Oximino~ P-phonylpymviu scid was reduced to ol~amino-
@-pbnvlpropinm scid by Gaudry and Melvor’> using Raney nickel
cm“u

-ccom R Gi WGOGH
Cells _@Z C¢
noa Hy 5
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Raney niokel has boen used to reduceol-~phenylasoscotoscetate.
A large exount of Remey nickel in methanol was used to reduce the
A«phenylhydrasone of scetoacetic oater ylelding ethyl threoninate
in 63 perosnt y1eld°®57, 4 more Mofle reduction lesding to stbyl
threoninate was also deseribed in which the comptund reducsd was

ethylol~-asetyl-ol =phenylezoacetete,

CH,-GD»-(I)-OGOM CH

zm 2

Warner and Mns& prepared ornithine by catalytic hydrogenation
of o{»phenyltwdruom of § wacetanido-§ ,8 wilioarbethoxy-n=ttyraldehyde

in pressnce of Raney nickel.

?008!:
Pb—ﬁﬂ-N-OBCBzcﬁe-?-mCOOBj NHCOCH

8, fit/ ,
Coose T TR (Icom
N
N0

HCY o ('mgcnzmz coon
Rﬂz,ﬂcl. mz



Knoop and Ossterlin®” in 1925 for the first time ocarried
out oatalytic hydrogenation of a nunmber ofo{~ksto asids to amino
acids using platimm or palladium on oardon as catalyst in the

presence of apmonia.

R COOH ReCH-COOH
oss

Using this method they aynthesised tiw following amino
acids in about 65 parosnt ﬂdﬂa sxcepting the last three which
vers obtained in very low yields,

1. d-pminotutyric scid

2, o -imino- Petrissthylpropionic acid
3. Aspartic scid

4 @Qubtamic ecid

5. o «Anino- o{-phanylacetic acid

6. FPhenylalanine

7. Jl-Aminophenylmtyric acid

8. [ -amino~ P -phenylpropionic asid
9. Y =Amino-Y ~phenyliutyric sotd

10. £ -Aninobutyric acid

60

Aubel and Bourguel ™ developed a similar procedurs amd

obtained alenine by shaking the amsonium salt of pyruvic acid with
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aqueous amponia in an etmosphers of hydrogen using colloidal
palladiue, The colloidal psiladius was sba&lﬁsm with sterch,

Desnuelle and mengtotm also employed colloidal
palladium for the preparation of glycine by reducing smeonium
salt of giao:tylic acid in amonis in sn atmosphere of hydrogen.
The amino acid was obtained in only 8 percent yleld,

Sohosnheimer and Ratnerﬁa slightly modified the Snoop
and Qesterlin method. They prepared & number of emino ecids by
carrying out the reduction of keto acids in 50 percent aleohol
with palledium in presence of ammonia. Ths yields, even wvhen cal-
culated on the basis of the keto acids, were good except in the case

of alanine and sspartic acid.

Apino pojd 2yield.
Alanine &8
Phenylalanine . 84
Tyrosine 82.8
Norleuoine 73
Glutewic scid B4.2
Aspartic acid &b

Palladised oharcosl has baen snployed®® for thue preparetion

of N-methylphenylalanine in sbout 80 percent yield. A mixture of



phenylpyruvic acid and an aqueous solution of methylamine in
7C percent ethanol was hydrogenatod at 3 atmospherss at 25° in
rrasence of palladised charcoal. After the removal of the catalyst

N-psthylphenylalanine vas obiained from the filtrate.

cucu-a-cum +H 8, /Pa/c/ B, 08 ,CRO00H
6’8 2" W3 Eg*i . ""i""’ a
9 AL, K,

Isumiya ot 014 have preparsd the Nesliylamino esters

by reducing smino acid esters in presence of aldshydles.

OMy-CH-COORL | CH0 R [P/ CH,~CH~GOORt

Nﬁz ﬂm
3
Hartung ot 81567 ohtained satisfsctory yislds of emino
acdds or their esters by reducingu(-oxirino acids or their esters
using palladium on carbon ir ethanolic hydrogen chloride at room

tempsraturs and at a hydrogen prumn‘ot 10 atmospheres.

R~C-COOH @ng) ReCH~COOR
Ko By M,
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They successfully prepered the follewing amino acids from the

corresponding oximino scids or their esters.

Amino pedd Wm&s&___. —tyield
€,PC1, in HOL

Alanine
A=Aminotutyrio acid
Norvaline
Isoleuoine
Horlsucine

Aspartic acid
Glutamic acid
FPhenylalanine
O-Mothyltyrosine
Tyrosine

% % 2 &% TR ES

RRBRIABHIII

num& preparsd succossfully & rumber of amino acids

ty reducing squecus suspansions of phenylhydrapcnas of ol«keto acids
with palladium on carbon (or palledfum or platinum) at room temperature

and pressure.

Ph

R-G~COOH R-CH-COOR img
X XV N,

Ni-Fh

The following amino acids were synthesised by thie

method using palladium on carbon (5% Pd).



Awino scid £ yield
Glycine 96
Alanine 92
Valine 85
Norleueine 94
leucine 87
Isoleucine 83
Y~Aminovaleric acid 93
Phenylalanine 88
O-Nethyltyrosine 95

mrkai‘or& prepared dl-threonine hy the reduction of
sthyl diazoatetoacetate in the pressncs of platinum as catalyst.
The amino acid ester obtained was hydrolysed with bariuom hydroxide

to give the anino acid in 39 percent yield.

CH CHy
L2 B, /Ay | 1. Ba(0H) o
?-0 -—2—-——9 m-;l) ﬂ!}!ﬁ-ﬁﬂwm
C-COORL CHCOQEL a2k} !
VAN } ma
N—N NH,

Alanine vas prepared by palladium catalysed hydrogenation
of pyruvic scid phenylhydragone by Ankorvo.

Vanzyl et nl?‘

reduced diethyl Y «hydroxy-£ ~nitrobutyl-
acetamidoualonste with platimm oxide and hydrogen in the pressnce of

a 1little hydrochloric acid. The reduction product on hydrolysis with



hydrochloric aoid end on subseguent decarboxylation yielded

S~hydroxylysine monohydrochloride in 20 percent yield.

Go0sY o
G- CROH,CR,~C-CO0BY 1. Vi oz mmn O o CHCOGH
B0, OH micocs; 2. nnz,ﬁm mz

Kidwai and Devasia'> developed a method for the
synthesis ofc{-amino mcids, involving 2,4~dimabstituted-5(4H)-
{nddasolones as internediates, The unsaturated 2,4-disubstituteds
5(4M)~-1ixvddagolones vere reduced to saturated imidezolenesin high
yields by catalytic hydrogenation, The saturated inidszelones
wero then successfully hydrolysed to the corresponding scylanino

acid samides, eoylamino acids and smino asids under different conditions.

R'?:?"‘co Hyy PA(S5C0, Jor Ptog_) R""f’:“.’*“c"
W G, o0et R N

R h
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The following saturated imidaszolones were preparsd

by this method uaing palladium on strontium carbonate as catalyst:

Inidagolone .3 T30
2=pheryle=/lmbengyl=5 (m;-zﬁ.dmlom 63.5
2-Phenyl=i{~anisyl-5(4B)-iwidasclons 82.4
2-Phenyl-i~sec . utyl-5 (48)~imidauclons 71.9
2-Phenyleé-isopropyl-5(4H)-inidasolone 4.9
2, bmmnluﬁim‘-mulolm 59.5
2-Bensyl=4~anisyl-5(4H)-inidssolone 64,6

Flatinum oxide catalyst was also employed for the
reduction of unsatursted imidasolones to saturated ones at room
temperature and under atmospheric pressurs. Only Z~phenylei-bensy-
1idene-5{4H)~imidagolone and 2-phenylei~(p~hydroxybensylidene)-
5(41)~-imidagolone were hydrogensted by this method.

Saturated 2,4-disubotituted-5(4H)-inidasclones vers
hydrolysed with berium hydroxide to amino acids. Fhenylalanine,
C-msthyltyrosine and valine vere prepsred by this method in 67.9,
58.9 and 31.9 percent yields respoctively.

o — '
mim ?o a(I:ucom 4 OCOCH . NH,

40% Ba(0H)
DF 2T,

§G/



DISCUSSION



DISCUSSION

FREPARATION OF AZLACTONES

Aslactones obtained from aromatic aldehydes have been
prepared Yy heating a mixturs of 1 mole each of aldelyds, Mppuric
acid, and freshly fused sodium scetate with 3 moles of acetic
snhydride (6moles in case of saturated sliphatic aldehydes) either
on an slectric hot plate and then transferring to a steam bath or
directly on a toiling weter bath for varying lengths of time. The
length of heating varied from ten minutes to two hours. In seversl
pro;:an’tiom good yields havs besn obtained with a shorter reaction
time (ten to thirty mimtes), pelydroxybonzaldehyds and pemsthoxy-
bensaldehyde gave 80% yield of the azlactons by heating the resction
oixture for fiftesn and thirty minutes respectively.

Saturated sliphatic kotones required even longer time (two
to six hours) of heating at reflux temperature to complets the
resction. The ylelds obtained were much lover (32-39%) than those

in the case of aromatic aldehydes.

Saturated aliphatic aldehydes generally heve given lov yields



Qaﬂu

in the aslactone synthesis ranging from 16 to 42 percent. As waas
the case with satursted aliphatic ketones, sstursted aliphatic
aldehydes also required heating at reflux temperaturs but with
& shorter resction time {twenty mimates). Anhydrous lead scetate
has bBeen used in place of fused sodium sostate in the preparstion

of szlsctones from saturated aliphatic aldehydes.

(a) Isolstion;

The aslactonss bave usually besn isolated eithsr by cooling
the resction mixture send resoving the azlactone ty fiitretion or
by pouring the cold reaction sixture into water, allowing the
axcess acetio anhydride to decozpose, and collecting the aslactons,
In sove cases (saturated aliphatic aldebydes), after decomposition
of the excess acetic anhydride by water, the aslactones have been
extracted with boiling light petroleum othsr (bp 40~60°) which
on evaporation yielded the aslaotons in crude form. Aslactones
from propionaldehyde, tutyraldehyde and isobutyreldehyds have besn
obtained in this wanner. Aislactons fyom o‘bhylﬁthyl ketone has
been obtained hy the distillation of ths etharsal extract under

reduced pressure.



(b) Purification:

The azlactones have boen purifiod by recryatallisstion
from a saitable solvert., Tinis aslectones prepared frow bensaldehyde,
3, {rdincthoxybenzaldehyde and furfuraldehyde were reorystallised
from bansene, Mothyl alcohol was employed for the recrystallisation
of azlactonss obtained from proplonaldehyds, Mutyraldehyde and
isotutyraldehyde. Aslactons from vanillin was purified Yy recrystallisation
from glacial acetic acid. Certsin solvent mixtures have also bean used,
8.8., othyl scetate-sthanol and chloroform~cthanol for the recrystallisation
of aslactones preparsd from p-methoxybenzaldehyde and cirmemsldehyde
respectively, Ethanol was used for the recrystallisation of the
azlectones prepared from p-hydroxybensaldehyde and acetons., Table 1

shows the res:lts obtained,
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REDUCIION OF AZLACTONES

Unsaturated ezladtones and scylasincacrylic ecids have
been converted tool-wluo acids by reduction snd hydrolysie.
Reduction can be accomplished in throe general vays:

(1} Chamicsl redustion with sodium or sodium amlgan in weter
or sthanol,

(41) Hydriodic acid in presence of red phosphorus and acetic scid
(or scetic anhydride),

(431) Catalytic hydrogensticn over Pt or P4.

{1) Chomicel reduction is not always setisfactory as soue
arlactones are not reduced at all while in other cuses the ylields
are often very low,

(11) Reduotion and hydrolysis by treatment with hydricdic
acid and red phosphorus in agetio acid or acetic anhydride was first
employed in the synthesis of thyroxine and vith the exseption of
tryptopbans where this method is inapplicabls, wost of the amino
acide have been syrthesised by this method.

(441) Oatalytic hydrogenstion followed by hydrolysis has
been used to a limited extent only. Pt and Pd are the cutalysts so
far employed for this purposs. The use of Raney nickel satalyst has

been studied to a very limited extent only.
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Aslectones as such do not undergo tatalytic reduction
et low pressures of hydrogen (45«65 lba/sq inch), Wt scylsminossrylic
ecids and their anides can be redused smoothly.

The sequence of reactions leading to amino acids from
aslactones generally fnvolves four steps, i.e,,

(a) hydrolysis of the aslactone to acylaminoacrylic acid
(b) conversionto unsaturated acylanino soid amige 99102
(e) reduotion to saturated acylsmino acid amide’

(a) hydrolysisto amino aotd

B.C!id':—- ?‘0 Rﬁ!-ﬁ-(‘:%ﬁ
R0 ~8) NH 1) IS
¢ 1
1 COR?
R'

RCH=G-0 ROR ,CHCO
] Gﬂﬂz m-) 2) lmﬂ (a)

KH hllﬂ
&OR' ooR?
RCHg?KGOOH



T

The isolation of intermedistes st each step resuite in
lowering the yisld of ths amino acid. Another drewback of this
method is that Pt and Pd ars very sensitive to impurities, Moreover,
they are very costly, thus making this method uneconowiesl for lerge
scale preparation of sminc acids.

The present study with nickel catalyst as & redusing agent
in alcoholic ammonia was undertaken with a view to find & genorsl
method which could combine the three steps wetnioned sbove. Kickel
catalyst besides Boing cheaper ooculd also be safely employed for
large scale preparations. Morsover, it is sasy to prepare and is
less ssnsitive to impurities.

We have observed that reduction of szlactones with nickel
catalyst in the pressnce of alcoholic amxonis at slightly elevated
hydrogen pressure snd room tempersture afforded acylamino acid amides

in high yields and in a one step operation.

ROHeG— Ge0 ROH, CHORH,
' YA i 224 brdrolyees
in alo Wiy COPn

acid or alkali , Yej lux
BOBRGHBOO!!
| Hydrolysis, mnz?acum
NHCOPh o

2
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Bydrolysis of the amides with concentrated hydrochloric
acid during 12-18 hours at room tempersture resulted in the formation
of acylamino acids in nearly quantitative yields,wheress hydrolysie
with concentrated hydrochlorie acid under refiux tempersture gave
awino acids in very good yields.

In cases where asidic conditions vere undesirable, alkaline
hydrolysis with sodium hydroxide or barium hydroxide, choosing
appropriate conditions, was used. In most cases excellent ylelds

of amino scids wvere obtainsd,

(1) B-Pepzoylamino woid amidess

Azlactones as such do not undergo catalytic hydrogenation at
room temperature. However, it has been found that the reduction of the
aslactones can be made to procssd smoocthly and rapidly in alecoholic
ammonias in the presence of freshly prepared Reney nickel catalyst
under slightly elevated (2 to 3 atmosrheres) hydrogen pressures and

at room tempsrature to fore bensoylemine acid amides in suffioiently

high yields.



In actusl practice the aslesctone (3-6g) was suspended in
about 100 ml othanol (95%). in excess (about 10 =l) of oncentrated
ammonia (sp gr 0.888) was then added slongwith freshly prepared Raney
nickel catalyst (usually 2-4g). Ths reduction was carried out in a
Parr cotalytio pressire hydrogenation apparatus under 4ifferent
hydrogen yressures (32-55 lba/sq inch) snd varying lengths of tive
(1 to 16 ir). In all cases reduction was stopped when there was no
more hydrogen absorption. 7The completion of the reduction was also
indicated by the change in colour of the resction mixture {i.e., it
becomes colourless). After disoonnecting the flask the contents
were hested on a boiling vater bath in order to dissolve the
precipitated bensoylaxino acid amide and filtersd hot, The catalyst
was washad thoroughly with boiling ethanol to free it from any
adhering bensoylamino acid amide, The filtrate and washings were
taken to dryness under reduced preasurs and the residue so obtained
was orystallised from a suitable solvent to give benscoylamino scid
amide in sufficiently pure form and high yield,

Nickel catalyst used was freshly prepared from a (50-50)

MQh+Mnm alloy (#DH) using the standard method, Suspension



d
of the powhred aslsctone in ammoniecal ethanol serves the purpose

woll and 4t 4s not &} all necessary to have a olear seluﬁon of
the aslactone before subjecting it to hydrogenation. Ammonia
was taken in excess to suffice the anmide formation. In most cases,
e.g., densoylphanylalenine amide, bengoyl-3,i~dimethoxypbenylalanine
snide, denzoyl-O-methyltyrosine smide, benroyltyrosine amide and
bangoyleJ-nethoxy~{~hydroxyphenylalanine anide, the banzoylawino
a0id anide was obtained in the form of a white precipitate vhioh
necsssitated the hesting of the reaction mixture on a wvater tath
in order to dissolve it, In case of aliphatic bensoylawino acid
axides, benzoyle S«phenylnorvaline amide and bensoyle(> -furylalanine
amide, the bensoylamino acid amides remained in eclution. Even then
thess were heated to bomng and wers filterad hot., The catalyst
was nlm vashed thoroughly with boiling ethanol to free it from
any adbering bensoylsaino scid anide.

Aliphatic bensoylamine acid anides were formed in less
time (1 to 9 hr) while the time taken bty aromatic bensoylemino
acid amides vas more (3 to 16 hr). The yields were uniforaly bigh

(72-843) and in sowe cases they vere even almost quantitative



(benzoylphenylelanine smide, 95%; densoyltyrosins smide,nearly 100%).

Most amides were purified bty recrystellisation from 95%
sthanol, DBenzoyl-O-methyltyrosine amide was recrystallised from
glecial acetic soid while some aliphatic bensoylaming acid amides
vere recrystallised from dilute ethanol (305 to 80%). Teble II

shows the results obtained.
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BYDROLYSIS OF THE BENZOYLAMINOG ACID AMIDES

Acid anides on treateent with an acid or alksli are
converted to carboxylio ecids, Thus K-bensoylamino ecid amides,
obtained from aslactones in a one step operstion Yy reduction in
alooholic smmonia over Raney nickel catalyst, were hydrolysed with
an acid or alkali to the corresponding K-bensoylamino scids under
milid conditions. Hydrolysis of the amides under more drastic
conditions gave amino acids directly in excellent yields. In wost
cases the hydrolysing agent used was 36% hydroshloric aeid while

in soms cases sodium hydroxide or barium hydroxide were employed.

(a) N-Bengoylemine scide:

Conversion of an Nebsngoylamino acid amide into the
corresponding N-bengoylamino acid was umially ceaxried cut by warming
the former with hydrochlorie acid (36%) either on a boiling water
tath or a sand bath until a clear soluticn was obtained and then
leaving the resction mixture at voom temperaturs for warying lengths
of time (12-18 Ir), Hydrolysis of H-—b.nmyl-P-thlmim anide
was acoomplished by varming it with sodium hydroxide solution (30%)

on a sand bath till the evolution of ammonia cessed, It was then



acidified by dropwise addition of hydroohloric acid (36%) with
cocling and vigorous shaking.

NeBensoylamino scids wers ory;tullind Wy diluting the
reattion mixture with water, They wers further purified by reory-
stellisation from dilute etianol (20-808). H-Sensoyle >«furylalenine
was recrystallised from water, R«Bunmlnlﬁm, Nebensoylnorleacine,
K-bengzoyllaucine and Ne-bengoylnorvaline were obtained in a well
orystalline form frow the reaction mixtures and nesded no further
" purifieation. The ylelds wers gensrally very high, i.e., 60 to 98.8%
except that of N-bensoyl«O-methyltyrosine which gave & 75% yield,

Table II1 gives the results obtained.
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(b) pwino scids:

Awino acids were obtained directly from Nebsnsoylsmino
acid emides by heating thes st reflux temperature with hydrochlorie
acid (36%) !br"nrying lengths of time (1.5-6 hr), The awino acid
hydroehlorides 80 obtained wers treated with silver oxide vhich
made the fsolation of free amino scids easy. Ths precipitated
silvar chloride was removed from ths resction mixture by Filtratien.
The traces of silver dons left in the solution were removed
completely ly passing water-washed hydrogen sulphide gas through 4%,
Thus anino aoids were isslated in almost pure fora,

Alkaline hydrolysis was carried ocut vhers acidic conditions
were undesirable. Thus dle{ ephenylnorveline was obtained from the
corresponding K-bensoylamino ecid amide by refluxing it with sodium
hydroxide solution (30%) for 24 hr and dilute hydrochloric acid was
carefully added in order to sdjust the pfi to the iscelectric point
of the amino acid. Similarly dle {B-mmn.m- anide vas heated
under reflux vith 16% barium hydroxide solution for 24 hr to yield

the corresponding emino scid,



Nearly all the amino acids were crystellised from
dilute ethanol {40~85%) except dl-O-methylityrosine which was
crystallised from boiling water., The yislds of the amino acids
86 obtained wers gencrally very high and in some cases nearly

quantitative, Table IV shows the results obtained,
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BXPERIMENTAL



EXPERIMENTAL *

I. SYNTHESES OF AZLACTONES

A mixturs of bensaldehyds, 10.6g (0.1 mol), hippurie
acid, 17.9g (0.1 xol), fused sodium acetate, 8.2g (0.1 mol) and
ecetic anhydride, 28.3 mi (0.3 mol) was heated on an electric hot
plate t411 it melted completsly. The flesk vas then transferred to
s steam bath and heated for two hours., At the end of this period 40 m)
sthanol (95%) vas sadded slowly with cooling under cold running water
and thorough shkaking., The mixture was then allowed to stand overnight.
The crystalline product thus ssparated was filtered on a Buchner under
suction, washed with two 20-ml portions of ice-cold ethanol and finally
vith two 20-ml portions of boiling water. The product on drying weighed
_ 15.6g (62%), wp 165-66°. It was recrystsllised from bensens, mp.167-68°,

(11t% up. 167-68°).

2. 2-Phenyleée (p-methoxybengal)=Suoxasolonss

A mixture of anisaldehyde, 13.6g (0.1 mol), povdered

* Melting points are uncorrected.



bippuric acid, 17.9g (0.1 mol), powdered freshly fused sodinm

scetats, 8,2g (0.1 mol), end asetic anhydrids, 28.3 =1 (0.3 mol)

vas wvarned on & water bath for 30 minutes. Yellow orystals soon

began to form and the whol; 1iguid mass twcane solid, Vater was

added slovly to decomposs acetic lnh;dridc. The orystalline material
was filtered, washed with 80F sthanol and dried. This was recrystallised
from ethyl acetate-ethanol ;xixturo (20:1). The golden yellow needles

thus obtained were filtered, dried and weighed 22.3g (80%), mp. 157-56°

(2167 wp. 158%).,

A nixture of hippurie acid, 43.3g (0.27 mol), acetone,
116 g (2.0 mol), ascetic anhydride, 64.9 ml (0.9 mol) and freshly
fused sodium acetste, 24.6g (0.3 mol) was hested under reflux at
110° for 6 hours. In the early stages of the reaction a pasty soldd
ssparated, which slowly dissolved yielding a pink aolution. The s0lid,
vhich separsted viwn the cooled solution was poursd into a large
volume of water, was oolioctd, uashed vith aqueous sodius bicarbonate
to remove bensoic acid and recrystallised from alcohol. The oxasolone

wvas obtained as yellow nesdles, mp 99-100° (14674 mp 99-100°) whioh



weighed 21.1g (39%).

Aostic azﬁxyari;io, 56,6 1 (0.6 mol) was added dropwise
over & period of 10 min to » stirred suspension of hippuric acid,
17.9¢ (0.1 1) and anhyirous sodium mcstate, 8.2g (0.1 mol) in
270 =l of ctmfmthyx uetone and the mixture vas thsn refluxed
under anhydrous conditions for 2 hr. About 230 nl of the ketope
(bp 80-84°) was distilled; the oily residue was diluted with 150 ml
of water and solid sodium bicarbonnté was edded until sffervescence
censed, The aglactons formed was extracted with other cnd distilled
(bp 170-190% et 10 =x/Hg) to yield a pola yellow oil, which partly

sclidified ard turmed pink on keoping for some time. The yleld was

8g (32%).

A mixture of veratraldehyde, 16.6g (0.1 mol), hippuric
aeid, 17.98 (0.1 wol), fused sodiun scotate, 8.2g (0.1 mol) and

acetic arhydrido, 238.3 ml (0.3 wol) was hested on an elestzic hot plate.



As soon as the mixture liquified cowplstely, the flask was
transferred ¢to o steaw bath and heated for 2 s At the end of

this period, 50 ml of slcohol was added slowly while cooling the
fiask, After allowing the mixture to stand ovarnight, the crystalline
produet was filtered and washed on the Buchner with two 20-ul
portions of ice-cold alcohol and finally with two 20-xl portions

of boiling water. On drying, the product weighed 21g (71%) and
selted at 147-48°, After recrystallisation from bensene, the

osasolone meited at t§0~51°(11t?6 np 151.52°),

pHydroxybensaldetyds, 12.2g (0.1 mol), hippuric asid,
17.9g (0.1 »0l), and snhydrous sodium acetete, 8.2g (0.1 mol) were
finely powdered and mixed with 28.3 ml (0.3 mol) of acetic anhydride,
The nmirture was bested on a boiling water tath for 15 mimutes. On
cocling the aslactons formod a solid ceks, This van powdered, washed
first with bot vater and then with dilute alcobol. The ¢rude aslactone
was diesolvad in chloroform snd precipitated by the addition of light

petrolsum sther (bp A0-60°). Tt was recrystallissd frow dilute slcohol
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to give yellow needles veighing 24.5g (80%) and melting

ot 171-72° (34616 wp 172.73%).,

An intimate mixturs of vanillin, 15.2g (0.1 mol),
bippuric acid, 17.9g (0.1 mol), and freshly fused sodium scetate,
16.4g (0.2 mol) was treated with 28.3 nl (0.3 mol) seetic anhydride
and hested on a water bath for 15 minutes. The reaction mixture
was the ground up with wvater, filtered, and the precipitate washed
seversl times vith water. The orude product was erystallised from
glacial ecotic scid and formed yellow needles. 7The aslestons thus

obtained melted at 188-89"(11t2%ap 185-85°) end weighed 22.1g (75%).

A mixture of n-butyraldehyde, 17.3g (0.24 mcl), acetic
anhydride, 56.6 =l (0.6 wol), hippuric acid, 35.8g (0.2 mol), amd
anhydrous lead acetats,’2.5g (0.1 mol) was hested under reflux for
20 min and the clear ersnge sclution was then poured into water (600 ml).

After fev hours the gumey product wvas extrected with five 80-ml portions



of boiling light petroleum ether (bp 40-60°)., The petroleum ether
extract on evaporation gave a ysllow solid (7.2g) 16%) which melted

ot 5455°. Reorystallisation from methanol gave colourless plstes,

wp 56-87° (14t]7 mp 57°).

A mnixturs of Ssobutyraldehyds, 17.3g (0,24 mol), hippurie
soid, 35.8g (0.2 mol), scetic anhydride, 56,6 ml (0.6 wol), .md
anhydrous lead motata.‘ 32.5g (0.1 mol) wvas heated undar reflux for
20 min and the clesr orangs sclution was then poured into water (600 ml).
After some hours the gussy product wuas extrascted with five 80-ml
portions of bosling 11ght petroleum sther (bp 40~600). The petroleum
sther extract on evaporstion gave 13,6 g (30%) of a red solid, melting

st 86-87°. Hecrystallisation from methanol raised the melting point

to 87-28° (1t wp 87°).

A »ixture of propionaldehyde, 15.5g (0.25 mol), hippurie

scid, 35.8z (0.2 wol), ecetic anhydride, 56,6 ml (0.6 wol), and



anhydrous lead acetate, 32.5g (0.1 mol) was heated under reflux for
20 win and the olear orange solution was poured into 600 nl of water.
After some hours the gummy product was extracted with five 80-ml
portions of boiling light pstroleum ethar (bp 40-60°). The
petroleun ether extrast on evaporation gave 18z (42.4%) of an orange

00144, wp 81-82°, Recrystalligation from methanol raised the melting

point to 83-84° (t! wp 84°).

A wixture of cinnavaldehyde, 26.4g (0.2 mol), hippuric
acid, 35.8g (0.2 mol), anhydrous sodium scetate, 16.4g (0.2 mol), and
acetic anhydride, 56.6 ml (0.6 wol) was beated on a boiling water bath
under dry condltions. After fev mimites of heating an intense yellow
colour developed which changed to orange and after 10 min a clear
solution was obtained. The flask was removed from the water bath and
kept at room temparature, Un cooling s mass of orangs c¢oloured crystals
wvas odtained, Water was added under cooled conditions to decompose
acetic anhydride and also to dissolve sodium acetate. This was then

filtersd, washed with plenty of water and then five times with 95%



ethanol to remove urrescted cinnamsliehyde, The aslactons thus
oMtained was crystallised from chloroform-sthamol mixture to give '

orange coloursd nesdles elting at 151-52° (11870 wp 152°) and

A mixturs of furfursldehyds, 19.4g (0.2 mol), hippuric
acld, 35.8g (0.2 mol), arhydrous sodium acetate, 16.4g (0.2 zol), and
acetic anhydride, 56,6 nl (0.6 mol) was heated on a boiling water bath
under dry conditions. After 10 min the solution became clesr. On
cooling it solidified to form an orange maes of crystalsg, Water was
then edded to decompose acetic anhydride and to dissolve sodium acetate.
The erystalline material was filtered,washed with plenty of water and
then five times with 953 ethanol to remove traces of unreacted
aldebyds, After crystallismtion from benmens, the aslactons vas
obtained as golden yallow needles, mp 170-71° (11t79 mp 171%). It

weighed 23g (48.3%).
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BYDROLYSIS OF AZLACTONES

I1. PREPARATION OF N-RENZOYLAMIBO ACID AMIDES

Powdered 2«phenyl-/-bensal-S-oxaszolons (6g) was
suspanded in 100 pl of ethenol. To thie 3g freshly preparsd Raney
nickel catalyst was added alomgwith 10 ml of concentrated emmonia
(ap gr 0.8688), This was reduced under & hydrogen pressure of 50 1be/sq
inch 4n a Parr cetalytic hydrogenstion apparatus. After 9 hr when
there vas no more absorption of hydrogen, the flask was discornected
and the contents heated on a boiling water bath to dissolve the
precipitated benzoylamino acid amide and filtered hot. The catalyst
vas vashed with two 50-ml portions of boiling ethanol. The combined
filtrate and vashings wers evaporated to dryness undor reduced
pressure and the residue thus obtaeined was crystallised from ethanol
(95%). The crystalline material was filtered and dried, mp 197-98°

€0, 81

(24£59%" up 196° & 198°), y1e14 6.1z (95%).

Anal. Calod for 01631602!12 1§ 0'7106" 5,5.9'7; ﬁ,‘lO-“.

Pound 0’71 032’ H,G.O'?} K, 10.70 .
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2. Dl=N-Pengoyl-O-methyltyrosine smide:

Powdered 2«phenyl~4~(p-methoxybenzal)=5-oxazolons
(6g) vas suspsnded in 100 xl of ethancl. To this freshly prepersd
Reney nickel catalyst (3g) was added alengwith 9 ml of concentrated
axwonia, This vas reduced under a hydrogen pressurs of 37.5 iba/sq
iovsh. The reduction was complete in 15 hr, The amide was worked
up in the usual manner when 2.7¢ of the crystalline product was
obtained, mp 215216° . As the amide was sparingly soluble in hot
alcohol therefore some of the product remained adbering with the
catalyst, The catalyst wae therefore washed on the Buchner thrice
with 10=nml portions of warm glacis)l scetic aeid in which the product
was soluble. The acetic acid washingswere then diluted with 50 al
of ethanol (95%) and left for cryltunuﬁion overnight. The orystalline
material which separated was filtered, washed thres times with 15-ad
porticns of sthanol and dried. It weighed 1.95g and melted at

215-16°, Total yield of the amide was 4.65g (77.5%).

Anal, Caled for 0‘.’8180332 $ C,GB.MI 306008} N,9.40 .

Fourd 0,68-05} 3,6008' N’905‘¢
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3. DicB-Bengoylveline awide;

Powdered Zwphanyl-i~isopropylidene-5-oxasolons {6g)
was suspended in 100 ml of sthanol. To this freshly prepsred
Raney nickel catalyst (3g) was added alongwith 10 »l of concentrated
ammworiia., This was reduced under a hydrogen pressurs of 38 lba/sq inch.
The anide wvas worked up in the usial manner. IThe white ;rynaum
msterial thus obteined melted at 213-14° and veighed 4.4g. A second
orop of orystals (1.14g) wvas also obtained Yy concentyating the
mother liquor., Heorystallisation from ethanol raised the melting
point to £220-21° (146,77 mp 218-197), The total yield of the amide

wAS 505“ (8“)0

Anal, Celed for 01251602”2 L] G,”iaa H."t”’ H,?ﬁ.?ﬁ .

Found 6565336’ H”’o%i ﬂ,‘izcﬁie

2-Fhenyle/e 890 butylidens-5-oxamolone (6.5g) vas
suspended 4n 100 ml of sthanol containing liquor amponia (10 ml)

and freshly prepared Raney nickel catalyst (ig). This was reduced
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under a hydrogen pressurs of 53 1be/sq inch, The reduction wes
complete in 4.5 kr. The mf.ont;‘;;::ﬁed on a boiling water bath
and filtered hot, The catalyst on the Juchner was washod twice
with 50-ml portiens of boiling ethancl, The combined filtrate and
washings were svaporated to Arynoss under reduced pressure snd
the residus was crystallised from £7 wml of othancl (35%). The
erystalline product wee filtered, washed with two 2j-ml portions
of ethanol (35%) and dried in air. The smids thus obtained melted
at 206-7° and weighed 4g, Mothar liquor on concentration yielded
another 0.65g of the produst, The total yiald was 4.65g (72.6%).

Recrystallisation from ethanol (35%) raissd the selting point to

215-16° (11t7° wp 215-16°),

Found C,66.37; H,7.51; },12.08.

Powdered 2-phanyl-é~(3',4'~dimethoxybenssl )«5-oxasclons

(3.6g) was suspended in 100 ml of ethanol, Raney nickel catalyst (2g)
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vas sdded alongwith 10 ml of concentrated ammonis and it was
reduced under a hydrogen pressurs of 42 lbs/sq inch, After 3 hr
the reduction was complets, The amide was worked up in the usual
narmer, The residue was crystallissd from 50 ml of sthanol {95%).
The amide thus obtained melted at 195-96° and weighed 2,0g. Mother
liguor on soncontration yielded another 0.8z of the product. The

total yleld was 2,.8g (78%).

Pound 6.66.08; ﬂ;6031} N,Oom o

6. PL-N-Bengoyltyrosins swmide:

Powdered 2ephanyl~é-(p-acetoxybensal)eS-oxasolone (6g)
vas suspended in 100 =) of etbanol containing liguor amsonis (10 md)
and Raney nickel catalyst (3g). This was reduced under a hydrogen
pressure of 40 1ba/sq. inoch, The reduction was complete in 16 hr.
The product was worked up 4n the ususl manner. The residue was
crystallised froe ethanol (95%). The amide thus obtained on drying

melted st 238-39° (113! wp 238%) and wetghed 6.4g. The yield was



"56-

nearly quantitative,

inal, Caled for 0165‘60332 H O,fﬂ.&; 157 5,909 .

Found 3367-‘15 K}’o&} ”’90691»

Powdersd 2ephenyleir(3'enethoxy=4~acetoxybangal)=
S«oxauolone {6g) vas suspended in 100 ml of ethanol containing
liquor ammonia (10 ml), Raney nickel catalyst (3g) and reduced
under a hydrogen pressure of 55 lba/sq. ineh, The reduction was
corplete in 8 hr., The lnid:ia:orkod up in the usial mamner, The
residus was crystallissd from ethanol (95%), The amido thus

obtained melted at 209-10° and wedighed 5g (83.5%).

Anal. Galed for Cy.B, 0N, 1 C,64.96 B,5.73; §,8.91.

Found G,SSQ’B’ &5&&1) 3,91»11 .



8. DIzN-Pengoylnorleicine geide:

Powdored Z-phenyleirtatylidene-S-oxazolone (5g) was
suspended in 100 wl of ethanol containing liquor ammonis (10 ml)
and freshly prepared Raney nickel catalyst (3g). It was reduced
under a hydrogen pressure of 37 1lba/sq. inch, The reduction was
complete in 2 hr. The m&:’;\a\osorkod up in the praviously described
sanney, The residue was crystallised from ethanol (30%). The
erystalline amide thus obtained on drying weighod 4.1g (76%) ard

melted st 143442 (11452 mp 140-41°).

inal. Caled for 6‘331802”2 ] 0.66-66; H’?O?, 3'114960

Mﬂd 3,66:.758 H‘?‘sgi n,“.”n

9. Dick-Bengoylleucine smidg:

Powdered 2-phenyle/~isobutylidens-5eoxasolone (6g)
vas suspended in 100 ml of ethanol containing liquor amwonia (10 ml)
and fresbly prepared Raney nickel catalyst (3g). This was reduced

under & hydrogen pressure of 32 1bs/sq. inch. After 1 hr the
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W&S
reduction was complete. The amide)vworked up in the ususl manner,
The residus was erystallised from ethanol (95%). The axide thus
obtained on drying weighed 4.8g (74%) and melted at 171-72°

(11,2 wp 170°).

Mv Caled M G‘,H‘gozng 3 0,65»66; ’%7“9’ N"’c%'

Found C, 66,773 H,7.4hs B,11.82,

Powdersd 2-phenylei~propylidene-S-oxasolons (5g) was
suspended in 100 nl of ethancl followed by the addition of liquor
anponia (10 wl) and freshly prepared Raney nickel catalyst (4g).
This was reduced under & hydrogen pressure of 41.5 1be/sq. :hwh..
The reduction was cowplete in 3 hr, The mdoiia:orknd up as before,
The residue was crystallised from ethanol (80%), The amide thus

obtained on drying weighed 4.1g (75%) and melted at 180-81°,

Aml, Caled for 01381602132 t 0,65.43; H,7.32; M,12.72,

Yound C,65.52; B,7.513 §,12.93,



Powdered Z-phanyles-cinnamylideno-5-oxazolons (5g)
was guspended in 100 ml of ethanol, To this freshly prepared
Raney nickel catalyst (3g) was added alonguith 10 ml of liguor
ammonia. This was then reduced under & hydrogen pressure of
52 1ba/sq inoh. The reduction was complete in § hr. The flask
vas disconnected, the coum:u boiled on a water bath for several
nimtes and filtered hot. The catalyst was thorcughly washed with
boiling ethanol and the combined filtrate and washings were taken
to dryness under reduced pressure, The residue thus obtained
was crystallissd fros ethanol (95%). The dried amide weighed

4.0g (75.5%) and melted at 160-61°,

Ansd.Caled for CyaHo 0Ny + C,73.05 H,6.75) K,9.46 .

w 6’7309‘ K’é'”’ ﬂ’9l“ ®

‘2. v o~ - - s

Powdered 2-phenyl-4~{Efurfurylidens)eS=oxszolons (5g)



wvas suspended in 100 ml of ethanol, To this freshly prepered

Raney nickel catalyst (3g) and 10 ml of liquor amsonia wers added,

This was hydrogenated under a hydrogen pressure of 45 1ba/sq inoh.

It took § hr to complete the reduction. The flask was then disconnecsted,
contents toiled on a water bath and filtered hot: The catalyst was
thoroughly washed with doiling ethanol and the combined filtrate

anl washings were evaporated to dryness under reduced pressurs.

The residue thus obtained was crystallissd from ethwnol (95%).

The orystelline amide melted at 198-99° with deccmposition and

woighed 3,5g. Mother liquor on goncentrstion yielded 0.5g wore

of the product. The total yield was 4.0g (74%).

Amal, Caled for 0143“03)!& $ C,65.11; B,5.42;3 K,10.85 .

Found 6,65.42; 3,5.“3 3.10.6 -
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11X, PREPABATION OF N-BENZOYLAMINO ACIDS

1. Plek-Pengoylphenvlalenine:

DIL~N-Bengoylphenylalenine smide (2g) was taken
in 40 wl of concentrated hydrochloric acid in a round bottowed
flask and varmed on a vater batk until a clear sclution vas
obtained, The flask was left et roon teaperature for 18 hr,
Aftervards the orystalline product was filtered, washed with
vater and dried, when it weighed 1.8g. The filtrate was diluted
with 60 ml wvater when « sscond erop of crystals (0.18g) vas
obtained, The total yield was 1.98g (98.8%), On erystellisation
from ethanol~water mixture (20:1)’ the benzoylarino scid melted

at 184-85° (115476 o 1a7.88° & 182°),
Anal. Caled for CycH, 0.F ¢ G,71.36; §,5.61) N,5.20.
Fm c,'ﬂ |23, B.SC”' u,’."h

2. Diei-Bongovi-O-methrltrresion:

Di~N-Bensoyl-O-methyltyrosine amide (2g) was taken



in 40 ml of concentrated hydrochloric acid, heated on a sand

bath for 5 min and then left at room tempsrature for 4 hr, After
this period it was 4iluted with 30 ml of water and again left at
room temperature overnight. Cryatalline bensoylamino aecid thus

| obtained was f£iltered, washed thoroughly with weter and dried,

wp 170-71%, yield 1.4g. 4 second crop of crystale (O.1g, mp 165-66°)
was obtained by concentrating the mothsr liquor under reduced
pressure to sbout 20 ml. The total yield of the benrcoylawmino

acid wvas 1.5g (75%). Beorystallisstion from 70% ethanol raised

the melting potnt to 17576(11¢50 ™ mp 178-79° & 136-37°).

Anal. Caled for 6178170‘.” ] C'&'233 H,sl&; B,A.&B-

Found 6,68-51} H.S.GS; n"two

3. Ple¥-Sensoylvaline:
Di.N-Bansoylvaline amide (2.25g) was sispended in
45 ml of conosntrated hydrochloriec acid, warmed on a hoiling water

bath till a clear solution was odMtained and left at room temperature
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overnight (12 hr). The contents were diluted with 40 ol of
vater and again left at room temperature for .6 hr. Whits
transparsnt needles were filtersd, washed with thres 20-wl
portions of water and drisd. The benszoylamino acid thus obtained
meltod at 147-48° (14t mp 132.5%) and vetghed 1.25¢. Mother
liquor on concentration yielded another 0.76g of the product.

The total yield was 2.01g (89%),

Anal. Caled for 612111503!! 1 C, 65,143 H,6.83; §,6.33.

med G,65o33; 3’6’8" Npéou.

4o DiN-Bensoylieoleycines

Di~N-Bensoyliscleusine anife (2g) vas sucpended in
40 m) of concentrated hydroehloric acid., This was warmed on a
water bath t4ll a clear solution wag obtained and thon left at
roos temperaturs for 4 hr, The ¢ontents were d{luted with 30 ml
of wvater and again left at room temperature overnight, This wus
svaporated Lo dryness undsr reduced pressure and the residus

vas orystallised from ethanol (80%). The bensoylaminoe acid



obtained on filtration weighed 1,5g and welted at 135-36°

88

(146°279%° wp 138-30% & 118%), & eecond crop of orystals (C.4g)

vas obtained on concentrsting the mother liquor, The total yield

whs ’098 (95’)-

Anal, Caled for c“swo,i 3 C,66.38; H,7.23; N,5.95.

Found G.%o”i H’?Cs" ﬁ,é.‘h

Fowdered dl-N-dengoyl-3, {~dimathoxyphenylalanine
amide (2g) was suspended in /0 sl of concentrated hydrochloric
acid, warmed on e« water bath until a clear solution was obtained
and then left at room temperature for 4 hr. The contents were
then diluted with 25 ml of water and again left at room temperature
overnight. The orystalline bensoylaxino acid was filteraed, washed
with thres 10-ml portions of water and dried in an oven at 80°.
The dry crystalline bensoylamino acid weighed 1.9g (955) and melted

at 175-76°, On recrystsllisstion from 205 ethanol, the benscylamino



acid melted at 180-81°,

inal, Calod for 618'{.‘905“ 1 G.65.64; 515.82’ N,S.RO-

Found G,Gﬁ. ] 8.5;60; B.s.‘zu

6. DieB-Bensoyltyxosine:

Finely powiered dleN-bensoyltyrosine amide (4 g)
was suspenied in 60 ml of soncentrated hydrochloric acid, Ths
aside immediately wont into solution., This was left et room
tenperature for 4 hr and then mm;a with 40 ul of water and
again left at room tempsreature overnight. The contents wers
mpoutod to dryness under reduced pressurs and the residue
wvas orystallised from ethanol (80%). Denzoylawino scid obtained
on drying in an oven at 60°, melted at 194-95° (114%%16 g5 195.9°
& 182°) and weighed 3.6g, The mother liquor on concentration
Yielded another 0.05g of the producst. The total yield was

Anal, Caled for 016H15°48 1 C,67.36; H,5.265 N,4.91.

Found 0,67.57) &5.393 N, 4.73.



Dl~HN-Bensoyle=3~-pethoxy=4~hydroxyphenylalanine amide
(2g) wae suspended in 40 ml of concentrated hydrochloric aecid,
The mixture vas warmed on a sand bath 411 a clear solution was
obtained and then left st room tamperaturs for 14 hr. The
crystalline bengoylamino acid was filtered, washed with three
10-ul portions of water and dried. It melted at 160+61° ant
weighed 1.4g (70%). Recrystallisation from ethenol raised the

rolting point to 162-63° (11459 5p 164%).

Anal, Celed for Givli?.?ﬁsﬁ t C,64.76; H,5.4; Nyhedds .

Found ggﬁ‘h583 3,5-2!; K,&eﬂ?,

8. Dl~N-Beogozinorienoine:

Di~N-Bensoylnorisucine amide (2g) was susponded in
40 ml of concentrated hydrochlorie acid, warmed on & boiling water
bath t111 a clear solution was obtained and then left at room

temparature overnight. The grystalline msterial thus separated
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wis filtered and washed with water free of hydrochloris acid.

On Arying it weighed 1.6g (80%) and melted at 135-36° {1&&?0 zp 134°).

Aral, Caled for 013&‘7033 t C,66.38; B,7.23; ¥,5.95.

Found ﬁ' 66.‘9} H,?o% N; 5.88.

9. Di=N-Bengoylleycines

DrL-N-Bengoylleucine audde (2g) was s:epended in 40 =l
-of concentreted hydroshloric acid., This wvas verved on a dolling
weter bath till a clear solution was obtsined and then loft at
room tenperature for 4 hr. The soclution was diluted with 30 ml of
vater and again left at room tempersture overnight. The orystalline
material thus separated was filtored and dried. Yt waighed 1.66g (83%)

and molted at 138-39° (11¢90 mp 137-41%),

Anal, Caled for C, M ,0.K 1 C,66.38) B,7.234 ¥,5.95.

Found 0'66‘57] &7-3‘} 3350780



10. Ploii-Benzoylnoyyelinas

Dl~B-Bonsoylnorvaline emide (2g) was suspended in
40 al of concentreted hydrochloric acid, warmed on a luke warm
water bath till a clear solution wus obisined and then left at
room temperature overnight. 7he erystalline benmylw acid
separsted was filtered, washed with two 10-mi portions of water
and dried. The dried material weighed 1,7g (85%) and melted st

£1-52° (11456 op 152.5%),

Anal, Caled for Cy.flycO.N 1 C,65.143 H,6.83) §,6.3.

Fourd 0,65-213 H«} 60?’] N'6Q35 o

1. DL-E- e ina:

DL~-N-Bengoyl-§ =phenylnorvaline amide (2g) was suspended
in 40 ml of concentrated hydroehloric mcid. Thie was warnad on &
boiling weter bath t411 a clsar solution was obtained and then left
at room temperature overnight, The crystalline meterial thms

ssparatsd wvas filtered, washed with three 10-ml portions of water



and dried. It mslted at 189+00° end weighed 1.8g (90%).
Rearystallisation from ethanol raised the melting point te

191-92° (14t2® op 197.5%).

Anad, Calod for CygHyoOuis C,72.72) Hy6ubs ¥p4a?72 -

Found C,72.57 3,6.42} B,4.9.

mpﬁ-&nmyl-@ ~(2-furyl)-alenine avide (2g) was
varped on a free flame with 15 nl of 30f sodfum hydroxide solution,
"The heating wae stoppsd when the svolution of arwonias esassd, The
contents were acidified ly dropvise addition of cepsertrated
hydrochloric acid with vigorous shaking and thoreugh eooling.
Bensoylanino acid crystallised out on cooling in a refrigevater,
The crystalline material was filtered, washed several times with
water and dried. The orude bensoylamino acid weighed 1.62g (80%).
end melted st 155-36°, Recrystallisstion from water raised the

welting potot to 162-63° (14677 mp 162°),
inal, Caled for 01‘81304? 1 0,64.86; H’Soagﬁ 3.504 .
Found cp“‘“’ H’Sl“. 3.5-‘3-
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V. PRAPARATION OF AMIKD ACIDS

1. DicPhenylnisnine:
DI~}-Bensoylphenylalanine amide (2g) was refluxed
with 60 ml of concentratsd hydrochloric scid for § hr and then
left at room tempsrature overnight. Next morming benzolc acid
whioh sepsrated was filtered and washed thres tines with 10-ml
portione of water. The combined filtrate and washings were
svaporated to drynese under reduced prossure, The residus was
dinsclved in 30 ml weter and treatsd with silver oxids (2g). The
contents were warsed on a water bath for 1 hr with frequent shaking
ad filtered. The filtrate was treated with watsr-washed hydrogen
smlphido gas to remove traces of silver, Boiled on a free flame
for few mimtes and filtered., The olear filtrate was evaporated to
drynese under reduced pressure, The residue was dissolved in 15 ml
vater, ethanol (40 ml) was then added and ths smolution left for
erystallisation., The amino scid which orystallised out was filtered,
vashed thrae timss with t0-ml portions of ethanol (95%), dried and

veighed 1.11g (90), mp 274n75° dos (Lt)® mp 263-65°).



Anal. Caled for 09811023 ] 0,650‘5’ H,én“‘ H,Bawo

m 6.65055’ H’ 6.”’ H, 8.68.

2. MoO-Methyltyrosipe:

Di~B=Bansoyl-C-nethyltyrosine anide (2g) was refluxed
vith 60 »1 of concentrated hydroohloric acid for 4 hr and then
laft at room temperaturs overnight, DBenzoic acid which separated
wvas filtered, washed vith throe 10.ml portions of water and the
filtrate evaporated to dryness under reduced pressure. Thias
process of evaporation under reduced pressure was repeanted twice
by adding 20-m) portions of watsr each time. The residue thus
obtained wes worked up in the manner as described in the case of
phenylalanine. The residue thus obtained was dissolved in oxness
of water till a clear sclution was formed. The solution was
concentrated till crystallisation started and then kept in a
refrigerator overnight to complete the crystallisation, The
crystalline amino acid obtained in this manner was filtered, washed
with three 10-al portions of sthanol (95%) and dried when it weighed

0.75g and melted at 264-65° dec (2143 up 277-79°%). A second orop
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of orystals (0.25g) wae obtained on concentrating the mother
liguor to s small volume and then diluting it with ethanol (95%).

The total yield was 1.0g (76%).

Found O, é o"} H,G.S"s ﬁ,&-% -

3.. Dl~Valine:

DL~Y-Bensoylvaline amide (3g) was refluxed with 80 ml
of coneentrated hydroohleric acid for 1.5 hr end then left at room
tespsrature overnight. Bensolic acid thus separated was filtered
and washed with two 15«al portions of water. The combimed filtrate
and wvashings wore svaporated to dryness under reduced pressure.

The udduac::orm up in the manner as described before. The
filtrate thus obtained after removal of silver ions was evaporated
to dryness under reduced pressure. The residue wes dissolved in
sinimun amount of water, sthanol (40 ml) was added and this vas

Jeft for orystallisstion, 7The amino a¢id thus crystallised vas

filtered, washed with three 10-ml portions of ethanol (95%) and



dried in an oven st 80% mp 291-92° dec, (14t7% wp 293°),yie1d

1.5g (nesrly quantitative),

Amal, Caled for c,%aan 3 C,51.265 H,9.46; K,11.96.

Found C,51.13; B,9.49; B,12.03.

4+ DlcIsoleuoipe:

Dl~N-Bansoylisoleucine amide (2g) was refluxed with
60 ml of concentrated hydrochlorie acid for 2 br and then left at
room temperature overnight, Bensote scid thus separated vas filtered
and vashed with three 10-ml portions of water. The filtrate was
evaporated to dryness under reduced pressure. The residue wes
worked up in the usual zanner. The residue tus ottained after the
rexoval of silver ions was dissolved in minimum amount of water
followed by the addition of 50 ml of ethancl (95%) and kept for
orystallisation, The apino acid thus orystallissd was filtered,
washed with three 10-ml portions of ethanol (95%) and dried in an

oven at 80°. This weighed 0.75g and melted st 270-71°(11tY° mp 278-80%4ec).
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Another 0.25g of the protuct selting st 260-61° was obtained
on concentration of the mother liquor. The total yleld of the

amino acid was 1,0g (905).

Anal. Caled for 6‘6&‘3083 | 6:54-961 &9&923 ”,1&.‘8 »

Found C,55.03; H,9.8%; K,10.8.

Dl=N- Benizoyl-3, i~divethoxyphenylelanine amide (2g)
was refluxed vith 60 ml of ccncentrated hydroohloric secid for 6 br
and then left at room temperaturs overnight. The reaction mixture
vas vorked up by the general procedurs adopted in the case of
phenylelanine. The crystalline aminc acid thus obtained was filtered,
washed four tiwes with 10-ml of ethanol (95%) and dried when it
weighed 0.9g end welted at 241=42° with decompesition (1474
wp 249-50° dec)., Mother 1iquor on concentration yielded another

0.25g of the product. The total yield was 1,15g (84%).

Ansl. Caled for G."H‘SO‘H ] 055807’ 5063“' ’.6,22 o

Fourd G, 59.03; 3’6096’ 3,6.1&
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6. Dl=Tyrosine;

Dl~N-Bensoyltyrosine awide (2g) was refluxed with
€60 ml of conoentyated hydroohloric meid for 5 hr and then left at
room tenpersture overnight., Benzoic acid which sspareted was
filtered and washed with thres 10-ml portions of water, The
reaction mixture wvas worked up as in the caso of phenylalanine.
The filtrate thus obtained af$er reroval of silver ions vas
svaporated to dryness under reduced pressure, The residue thus
ottained was di-wind in minisue amount of vater followed by the
addition of 50 sl of ethanol (95%) and left for crystallisstion
in a refrigerator overnight. The arino acid thus crystallised was
filtered, washed with thres 1C-al porti/m of ethanol and dried
vhen it melted at 306-7° wibth decompo.iuon (ut3° wp 295°) and
weighed 0.9g. Mother liquor on concentration gave snmother 0.22g

of the amino acid, The tots)l yisld was 1.12g (88%).

Amal, Caled for 0931’93N 4 0.59066’ K,Go”} N,?.'YS.

Pound €,59.98; H,6.43; ¥,7.96 -



DL~N- Bongoyl=3-nsthoxy-4-hydroxyphenylalanine anide
(Rg) was refluxed with 60 2l of concentrated hydroohlorie acid for
6 hr and then left st room temperature overnight. The isoletion of
the anino acid was done 4in the same manner as in the case of
phenylalanine. The amino acid thus obtained was filtersd, washed
with three 10-ml portions of ethanol (95%) snd dried in an oven at 80°,
The amino acid on amag weighed 0.8g and melted at 245-46° vith
decomposition (11874 up 255.56° ae0), Mother liquor on ecncentration

yielded ancther 0.27g of the awino acid. The total yleld was 1.07g(80%).

Anal, Calcd for Gmnuo‘li 1 C,56.87; B,6.16; 8,6,.63.

Found 6,56099) 3,6.33 !i,é.Qly o

8. M~Norleucine:
DL-N-Benzoylnorleucine amide (2.5g) vas hested under
reflux with 60 ml of concentrated hydroehloric acid for 4 hr and then

left at room temperature overnight. Bensoic acid which separated vas



filtered and vashed vith three 10-ml portions of wster. The
conbined filtrate end vashings were worked up as desoribed in
the previous cases. The amino acid obdtained in this manner
melted at 284-85° vith decomposition (1867° mp 297-300°) and

weighed 1.2g (85%).

Anal, Calcd for c6ﬂ'302“ $ 00540%, &9-92’ ﬂ,‘!O.&o

Found C,55.155 H,9:73; §,10.64.

9. Pl=leycine:

Di~N-Bansoyllsucine amide (2.5g) was refiluxed with
60 =l of concentrated hydrochloric acid for 3 hr and then left at
roor temperature overnight. The reaction mixture was then worked
up in the usual manner, The amino acid obtained in this way weighed

1.2g (887) and melted at 286v87° with decomposition (1183° mp 293-95° dec).

Found 0,510-87; 3’9095‘ N,10.59 .



10. DleNorvaline:
Di~tie Bensoylnorvaline awide (2.4z) was heated under
reflux with 60 ml of concentrated hydrochloric acid for 2 hr and
then left at roon temperature overnight. Benmoic aoid thus separated
was filtered and weshed with three 10-pl portions of water. Ths
combined filtrate ard washings wers taken to dryness under reduced
pressure. The residue vas digsolved 4in minfeum amount of water and
neutralised with agmonia, Ethanol (40 »l) was edded to this solution
and it vas kept for erystallisation in a refrigerator overnight. ZThe
whits shining plates of the amino acid wers filtered, washed with
thres 16—--1 portions of ethenol (95%) and dried in sn oven at 80°,
The amino acid thus ottained weighed 1,05z (82%) and melted at

284-85° (11t wp 29145° de0).

Aml. Caled for 053"0211 $ C,51.26) H,9.46; N,11.96.

m". 6’51.‘7, B,90”3 3’12.1‘.



11, Blz  ~Fhenyinorvalines

DN~ Bensoyl~ § «phenylnorvaline suide (2g) was
yofluxed with 100 ml of sodium hydroxide solution (30%) for
24 hr. The mixture was them nsatralised by dropwiss addition
of dilute hydrochleris aeid accompanied by thorough cooling
and vigoreus shaking., 7The solution was concemtrated under reduced
pressure until the volume was sbout 30 ml, Ethanol (10 ml) was
sdded and this vas then left for crystallisstion dn a refrigerstor
overnight. The orystaliine amine acid thus obtained was filtered,
vashed with two 10-ml portions of ethanel (95%) and dried when it
melted st 239-40° with dscomposition (11t76 wp 203-6° dec) and
weighed 0.9g. Mother liquor on concentration ylelded 0.35g more

of the smino acid. The total yield was 1.25g (96%).

Apal. Caled for 3"31502" } 0’&.”} B'?OW, n.70250

w a,&‘”; H’?.”l 5,7028-



12 01 P (- Farnd)-alapine:

DL~-N~Bangoyl=P - (2-furyl)-alenine anide (2g) vas
refluxed with derdum hydroxide sclution (16g in 100 ul water) for
24 hr. At the end of this psriod it was diluted with 100 =l of
vater and carbon dioxide was passed to remove barius as barium
carbonate. This was filtersd, washed with water and the comtdned
filtrate and washing were evaporated to drynses under reduced
pressure, The residue thus obtained wvas crystallised from
ethanol (808). The orystalline amino stid so obtained melted at

256-57° with decomposition (11627 mp 260° des) and veighed 0.8g (73%).

Anal, Calod for 073903! ¢t C,54.19; H,5.85; §,9.03.

Found 0,54.383 ﬂ,ﬁ.?j: R,9.44.
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