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INTRODUCTION

Investigetors in meay lields of sclentiilc recenrch
have peen probing the nroteln molecule 38 It ocours in tox-
ias, enzymes, hormones, sntlbiotlces and meny Lypes ol virus.
The study and syatheslis of reletlvely simple peptideg has
contributed enoramcusly to a betier understandlag of Lhe oro-
teln nature of many of these naturally occurriag, biologi-
gally netlive principlos.

Interest iun pracilical methods for the synthesisc of nep-
tides is lncreased by the discovery of the peptlde asture of
gramleidin {1), tyrocidin (2), cad diplococeln (3), iumpor-
taat #substances with aatlidiotle propertiez. The structure
of CGramicidin & has been thoroughly Llavestignted by Dynge
and co-workors (4) who have shown 1% t5 be a cyelie Poly-
peptido, possessing a :requence of amino aclds as follows!

Levalyl-L-oralthyl-L-leucyl-D-phenylelanyl-L-prolyl-.
Harris and %Tork (8) have atteupted to prepare synthetie
pentapentides relsted to Gramicidin S. They found that
L=lcucyl~L-phenylalsanyl-l proline inhiblted the growth of

Ee aureus and L. bemolyticus at dilutions of 1:1000. They

—-——"

obsePVed no significant diiference in the antibaoterial
activity of the "anstural®™ and "unnstursl” 1lsomers. In this
connection, 1t may be of sase interest in the study of the
mechanism of zmcilion of the sulfonamilies, that a peptide which

containe p-asinobensolc acld hwe bee: found in yeast (&)



Harrington (7) has srhown that thyroxine cman be iso-
loted froa the thyrold gland Dy hrvirolysis with bovium
hydroxide, axt the anino acld 1s ontnlaed in racenlc oru.
Tre nrotelin thyroglobulin, to whkich thyroxiae is attached
throush a peptide liakage, ylelde, Le-thyroxine on hyrdroly-
gie with the ald of »ensin and trypsia (8). ‘tecording to
tre precent ¢o.ception dlleodotyrosline ond thyroxine are
linked togreiler to form » mentlde wileh 1o ~cobinstion wlih
othery auino eaclds, foraus thyroglebulln. Yhen thyroglobu-
11 vndergeoes hyarolysis, ithe intaci nortide is releesed
1utn tlhe blood stroeam (9).

Ttuldizo prve been mre of the lan viveo syvnihesgis of

W

peptider. Borsook ~ad Fuffmen (10) heve nreseatal very
interestling dJdatn basaed on thersodynsmic conslderations.
They consldered the formstion of DlL-leuecylelvelne from
M-leucine and glyclnes /74 the pH of the tissues nll the
reactoats are in the neuiral form, snd thelr lonization
constants can be ignored. Using the relationship,

AF° = -RT1nK, where AF is the frec energy of formmtion
and K i8 the equilibrium constant they determined the
equilibrium conztant from the volues of AFP to be 298.1.
It is assumed that AF 1 solution 18 not lilkely to be
significantly different fro. that oi the sollds. The

reaction is siven an:

glycine {so0l1id) DL-leucin=z (solid)9 DL-leucylglycine «
1’520 (11@)
Fp = (=114,420)~-(-52,720) - (-89,020)-(99,.40)=7520 cals.



From w!ich K, the equilibrlum constant, is 10”85, Tne
equllibriun of the rencile: lies g0 far oo the slde of
hydrolrala, thet it is procitically cervitain that the syn-
thesis of the »entide bond froom salne acldes of this type
in vivo can take placo ounly wihen it 1@ assoclated with
another eaergy-yieldling roeectlone The work of Cohen and
MeGilvery (11,18), =ceus to subfianiisle these thsrmodyna-
mic considerstiois. These workers siowed that rat liver
sglices or howmogensies omn gynthesize p-aminohippuric acid
from pecslao=-benzolce acld nod zlycine. The reaction does
not proeeed ancorobloally wor in tie pregence of oxidation
iakibitors. The energy for the formnilon of the neptide
bond is derived frowm oxildantive processcs snd probably pro-
caecds tirough @ high energy phosphorylated intermedinte.
Friedberz (13), uring labeled isoiorncs, cmphasized iLhe
pctivily of the intestinel wall ia poplide synihwesis.
.xecellent revicws of the carly work on tho chemlistiry
of ihe neptides cen be found In the collected papers of
Fischer (14), sad of Abderialden {158). Bergma 1 has pre-
sented » review of the fleld up to the year 1823 (1) and
Greenstein hos sumanrized the iltersture up to 1848 (17).
The first claim for the smthesls of a peptide was
mrde by Curtius (18), who propared benzoylglycylglyceine
but wns unable 4o debanzoylote hie product to obtain the
deslred glycyslyclne. The first successful synthesis of
a poptlde wes accomplished by Flascher in 1901 (19). 1@
synthesls involved the partial hydrolyeis of 2,5-diketo-



piperazine with fuming HC1l, ylelding glycylglycine <HC1.
The free racemlic peptlde wan isolnted by preparing the

sllver 821t and decomposing 1t with hydrogen sulfide.

R

1 HOL - R-({H-'GG NHCHR-COOH
Conce.
I‘JHE ¢  HClL

Ly

Greenstein (20) in llkc monner prepsred L-cystinyl-L-cystine.
This method of eynthesis is limited to the prepar-tion of
symmetrical dipeptides. If an unsymmetrical anhydride is
used, n alxiure of two dipepildes 1z nroduced asand grost
difficulty 15 encountered in the sepnretion of the product.
To overcome these disadvantages Fircher (21) resorted to

the of=haloacyl derlvative of an salno ncid, e.g.

R~CHEX«CONHCHR "COgH My 5 RCH-CONHCHR'COgH

He thus prepered diglyeylglycine; and by using this methed
in conjunction with others he obte ined the octadecapeptide
(12).

L=leucyl-triglycyl-L=laucyl=~occtaglyecylglyeine
By the same route Abderhalden aad Fodor (£3), prepered

e nonandecapentide.
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Bertio aand Malor (24) devised aa sltornste asthod for
repleciag the <-halogon by the suaino groups The halogers ted
pertide is tr ~2ted with sodium szide, thus ropleocig the
F=Ylogen by the azido group. Tubsegusat estnlytlie hydrogena-
tioa redueoas the laxaitter 0 the amdnd Jroube.

The £-haloncyl ralide procedure il.avolves many prectical
gifficulilens. It can be used only with sono-amino mcldis.

Ia certnin lnrtances, trectsent of the haloran-subs i tuted
amide with axcess of anmwmonls resulis in hiydrolysiz, to the
correspondiags hydroxyleamide (25).

Peptldes puch a8 phenylalenylslyeline eoan be preperad

o0aly in poor ylolds by trile weithod becsuse of dehydrohaloe

penctlon by the oxesss of nooaonis o Tors o 2lanssdde (26).

Cutig=CH 3*5‘«}?-{"‘,'-??}'5(3{?2%5

C ol g=CH g =CliBp=C =& CE o0 Ogh
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1f, hrowever, ther: 1s procsent a p—amiaa or € -amizo

group, 2 dipeptide ester resultse (27).

e ﬁﬁg*ﬂﬁgﬂﬁﬁ~g*08ﬁ3 ~Ea0 > ﬁﬂg'ﬁﬂs‘?ﬁ*CQNHCRQ’?H~GOQHQ
Mo Mg i o

£

This mathod wes succeasfully used by Flacher and Abder-
halden in treir synthesls »f large, longe-chained polypeptides.
Tre 8zlactone synthesis of pepildes was introduced by

Bergmenn end ¢co=-workers (26). This ucthod ie basad on the
Erlenmeyer synthesis of fLeanino =cids (£8). An arowtic
nldehyde ls condensed with an Neacylated glyecine in tic pre-
sence of a dehydrating agent to forwm an azlnctone (oxazolonc).
It was found that tlre azlsctones, oltiough stable toward

eold wator, resct vigorously with amineg. Crtaolytie hydro-
genation and romoval of the Neacyl radiesl yields the de-

sired dipeptlde:

COgil
&ﬁﬁﬁ-ﬁﬁ = ? ? 2 0+ ﬁﬁa~ﬂH-CHQ~Cngﬁﬂgﬁ >
¥ = ?-0
CH 3
Azlactone of d-acetmaino- L-Glutamic acid

cinamic acld

Gﬁﬁ5~ﬁﬁ = ?'-COJH~?K-SKSCRQCOQH

1y . R:F{"ie. LE Cgf’?nw ;e +
Cﬁﬁ 5“"{’1‘: had ?"CG&I{‘ IJ!&"‘.#E*BLEAQCDQ}}
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L-phenylalanyl-~L-glutamle acid
D—phsnylalanyl-L—gluﬁa&ic acld

The azalacione procedure made poseible the synihesis
of peptides c¢ontainling coaplex acids which eould ot be ob-
tained by the earlier methods of Flacher. Unfortunstely,
during the hydrolysis of the acetyl group other ports of
tre nentide molecdle ore alsn atlacked. A more verlous ob-
jectlion is the formstlion of the DL-peptlide mixture. A
good method for the synthesls of pure optleally active pep-
tldes was found la the "Barbobenzyloxy" Synthesis (30). By
this imetlod Bergmann was able L0 wrepare any peptide con-
tainlng siaple or compleX amlno aclds. The amskling of the
amino group is effocted by a lchotten-Baumenn technique
with CgligClHg-0-C-Cl; the benzyl est-r of chloroforalc acid.
The removal of ghe masking group is accomplished by cota-
lytic hydrogenolysis, producing toluene, carbon dioxide and
the free aanlao groupe. Tihiis amethod affords access to pure
optically sctive peptides thet hoave been ured aos substirates
for studles on the noture of enzyme action, and for inves-
tigrtions of physico~cheaical properiies of peptides con-
teinlng more than one dissociated amino group and one dis-



EOQC-CH2~CE2~?K~COEH-P €6H5~CHE—O~%-Cl -9biZO-NH~?ﬁ-GHgCﬁECOBH
BGQC-CKQ-CH2~%K~CGEB-r cgﬁ5~snz~o-ﬁ-cl -%>sz0~&ﬁ-?E-CEQCHECDQE
NHg 0 COgH
CbzO~-clhiloride

Glutamic Acid

tQokt

) H
Aeg0y  CbzO-N- Q 2 0 NHg-CH-CHoCligCOsEL
e}
?02Et
H0gC~CHgClig-CH~Ul=CHgCligCOpkt NaQk , HOgUCHGCH o-CH-CONH=CH =
| ait  Hooh, HO20CHaCHe™ ]
HHCb2O XHOCbz COgH

CHoCHo=COoH (B
2CHg~COg ‘LE%?

Glutamylglutamic Acid

rmong the vorkers who have successllly eaployoed Bergmann's
procedurs are Duna (102), I'ruton (100), Greeastein {104),
Hapringto . {32) du Vigneaud (33), and thelir co-workers.
However, cerltaln practical difficulties limit the arnnlicabi-
1ity of ﬁ@r@manﬁ'a methods For examrle, sulfur-containing
paptlides co .ol be trested lan the usual measer. Large axe
cess of palladium cotalyst must be eunrloyed In hydrogonoly-
8is of ilhe ecarbobenzyloxy group #nd ilhe ylelds sre noor.

The blocking group may alternatively be removed under
more drastic conditions. In the nroparrtion of gluthathione,
glutamyl-cysteyl-glycine, barrington an.: Mead (32) used rhos=-
prhonium iodide zad du Vigneaud nad ¥iller (33) sodium and
liquld samonia to remove the masring group. Another disad-

vaentooe in the Bergmenn mothod i the werked tendency for



the carbobenzyloxyamliao-acyl chlorider to decompose to the
Necarboxy (Leuchs') a hydrides. Furthermore, tho scyl
chlorides are generally olls and the carbobenzyloxyamlno
aclid derivetives cannotl be obtalaned in ¢ ystalllae form
readlilye.

In nlace of the unsctiable chlorides, the corresponding
acid azlides have been acmnloyed., These are noif isolosted
after prepnration by the interaction of hydrazine s2nd the
anter fsllowed by treatment of the hydrarlde with nitrous
aclde. Imacdirte coupling with 2n a2mino scid 18 necessary
to svold losses ithrough rearransementis,

‘nother seheane for nrotecting the amlno group has been
recently deseribed by two independent grouns of workere (14,

sroup heg been ured as & masking

Ko

35), in whieh the phthalyl
group in the preparestion of smines and smino acldes. Ing
and Manske (38) rerorted the cleavr e of Heallyl phtheli-
mides with alcohollc hydrazine hydrate, a resction firet
obrerved by iliadenhausen (37). The followlng equation illus-

trotes the method (35):

NgHCIR-COgH + phthalic enhydride __ [::I::>;-yr~canv —

1) Hgiig - HgpO

) {"l}
éxnr} R R c
. N-CH ‘8 *3*?"-!. ~CH<HaCH=-COCH 4 @?I-CHR-Q‘CL



1C

Ion exchnng
CH-R-(O0 H=-LHR T -COH resin ¢
\ IR-4E

-HC1

->

ﬁgg~caa~§-$-cfﬁ'~cazn

The aavantages of the phithalyl moethoed l1ie in the ovzilo-
BLlity of phihalic anhydride sad the ersge of cryetzllization
of the phthalyl usrivatives. Although the cerbobenzexy smino
acice ore un: Leble, the prhilalyleamine eyl chlorider are
steble, crycitallizeble sollde obtainsile in 80 per ceal vield.
fn inleresting ute of loa exchonge recint ifr renorted by Thee-
ren aad Irenk (385) for conversion of the peptide hydrochloride
to Lhe iree peptlide. bxiensive ure of this method 1ig not re-
noried, mad 1t rezalac 1o e seen Low arnliceble L1 +117 be-
come aspecially in pregeriag e higher peptldes.

Shemin enu Herbst {(38) have devised = peptide synthesis
iavolving £ -keto scids:

S 0
JHmbo=tEg THE-Clg
CH- v-?-kacgl’ + Cﬁsc‘" #HE — {'hé//c”(r0¢£§* CI‘E&;*C___ {‘? o
5 7 ,

LIE“‘ w((O=(im 3 N (”/

Chs

RCH-COpH JHC=CH3 R

) i . |
“THo 5 CHy =€ (% - N-CER=COgF 5 Cﬁg?~ﬁ~ﬁ~c-ﬂogﬁ
TECOCH, b8 1
W
. oxime reduction czw?u Pﬂé—q‘-GOgP

AI'?% 2 HH 2
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By this & thod a numbor of preptldes conisining slmnine
have been prenarade 1the liamil:=tion of this method lles in

L

3

wrepor-thion of the pyruvyl intermedisztes. This synile-
ay have biockemical significnnce since Herbst and She-

sis m
{29) rerorted s bischemiceal synthesis of DL-alanyl-als-

min
nins from pyruvylalrnine by transsamlinstion.

Polymsrization resctlicns Lave alse been renc: tasd in the
prenvarations of nolypevntides. Hetehalsixl obte al. (40) re-
ported the igol-tion ol ¢ rolylysine obisined {ro.io -carbo-
bengyloxy~-L-lysine snhydride. 1his lavter substece, Lf
dried 1g vacuo at 105° melts and un .wrgoes rapid polywori-
zantion, ylelding a »olycsrbobenzyloxylyziune, » ich i water
s0luble aad hydrolyzed by trypsine It aay verve se o andel
L proteln resonPohoe

A o maeromoeloculsar polypepilde ol vie 8tructure:

12026»;233:} (q-qn-zﬁ;\ 7 -g-;z:{z@"an:,g},.m.g
R R i
wlth lorge valuecs of o hes been syathesized by “oodwerd and
Tohirem (21). A8 yot, Lhis goatkhesiz hos had oo nroactiesd
utility 2ad nrobably will be of extrexely limited use in
preparian an bural peplides.

In 211 of the wothods timt have been described, except
Ficerer's and Herbst's, the frze amino neld is required at
the nutset. 2 more deslrable syathesis would iavolve the
glamul Lanoous Ioraedlion of Lhe neptide and the amino ncid.

The Tollowving 18 o very bricf resume of the baciground of a



gynthesis of the type which ig ihe basle of thls thesle,
The prepar-tion of oximino acide wng asccouwplished by
the Bouvenult and Locguin {(44) alireszaiion of substltuted

acetocetic esters by Haulin (42):

R
]
ciﬁ‘ -‘n; -l i ‘ 1 f H:-JY :
i3 (ﬂ CH=COp Et %RSQOE i ifi"( %Qgi‘i
o) aged He(H

This reacticn s limited to thore substituted aceto-
pcetlic esters where R 1s ar alkyl or an unsubstituted benzyl
£X0UPe.

£ more generally appliceable method for syntheslizing
oXimine eelds, ureful in thre prenoretion of compounds vhere
R i a riglhly substituted sromstic nucleur, wse rerorted by
2aryry {(46). In this modified nrocedure, nitrosstion of a
subgtituted cslonlic or peetoacetic ester is meccomnlished by
maans of an alkyl alirite =24 fodium cthoxide. The yields

abtalnsd are bhetween 60 par cenit to 75 per cent.

R-CI(COgit)y _HaOLit, E-om W BUOIO o ey
B~G=COOB N:0
Bo0=C028 4 muon + 2 meon
i§ -~ OF

Barry was able 1o obLtaln Lirter yields when the alkyl ni-
trlte and Lhe substituited walonlo acld fntesracied 1o the

presences of Lhydrogen chloride. By this mothod Motiocks {(47)
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succesefully nrepared such complex oximino aclds as
ﬂ- (344-dicthoxyphenuyl) wf~ax1min0pre§ionic acld and ite
methylenedioxy annlog.

The pee with which oximino ~cids are synthesized and
converted into the corresponding amino sclds by hydrogena-
tion suggested the possibllity that they could be used in
the synthesis of peptides. Haalia using Hertung's condi-
tions for hydrogenation (79) (psllsdlum chloride »n charcoal
in acidified ethyl alcohol)} could obtain a number of amlino

peide 1a falrly good ylelde.

R=-G-COgH Ho, 5 R-Cli~-COgH

Mnttocks used the eame procedure in the prepar-tion of
anino nclds with subsiituted aromatic nucleli.

It was observed by Bouveault aand Loecguin (44) that
loss of COp and HgO and formetion of nitriles res: lt when
K-oximino mclde are hested with Jilute uineral scids. Waters
and Hertung (50) found that the oximino aclds were resistant
to alkeline hydrolysis. Bouveault and Locguin {(49) succeed-
ed in hydroiyzing these nclids by & cumbersome procedure en-
nolying 85 per cent foralec acld and lead cheamber crysials.
I{ wone Cesirable at the tlame to obtain Lhe keto acids which
could be converted to acyl chlorldes znd coupled with anino
aclda. Dubseguent oxlminatlon and reductlon would yleld s

dipeptide. /. procedure of ithis type was developed by fhe=-



14

min and Herbst (38). All atteumpis to nrensre the ideal

intermedizte R-C-(GOCL were unsuccessful (50).
5-0H

Ia 1038 ~2dieins and Heeve (51) developed asynthesis for
threoniae depeadlag on the catalytle reduction oi the
O=cthyl ether oif oxlumlnoacetloscetie oster. Thls preparatlion
iadicnted that 1t 1 nosslible to prepare O-cthers of the
oxinmino acids from which the acld c¢hlorides could be Ob=-

terinad ns shown by Waters (50).

hd %‘G § F"C"'CQ 3 :’;o .- ﬁ"-— b T 95 ¢ I ?
R % Qot y B8 ot % COCl gH COot N
H=-0H NH-OR" W=y =it? Niig
ReG=COMHE=-CHRY ' -C 00l ~CH=CONH CHER'"=CO0.I1
r’(';{ iH=CIiR CQOat 5 8(‘5 CONH CER Cf')bl

The lor er alkyl oximlno ethers hnve been gyatheslzed
by the trectment of the oxime with an alkyl lodide in the
pregence of sodium ethoxide., The first O=-alkyl ether of =n
netoxime «as prepared by Trapesonzjeng (5882). Heyer and
Ceresole (53) in 1882 and Janny 1883 {(54) prepared tre O-
benz 1 other of acetone oxime. Froviously Conrad aand Bis-
eroff (585) hed prepared the benzyl ether of oximinoma-
lonie eetor. The evidencs favoriag the present day posi-
tion regardiag the structure of these U ethers ig presented
by Taylor and Baker (58).

Lantzsch (B7) prepared a group of oximino cthers of
oximinoacetlce and proplonlc sclds by heating the oximino

acid with ehloracetic acld with agueocus potassium hydroxide



for a8ix to oight hourse

Ho thorough investigntlion of the eatalytic deanlkyla-
tion of oxlimino ethers has bee: renorted. Jones and Major
(58) using rlstinum oxide in agueous ethnnol contelinlng hy-
drochloric neld, studied the reduction of the hydrochlorides
of O-mottrylacetoxime, O-cgthylacotoxlue éﬁd Q-metryldletryl-
vetoximo. The nroducte obtalaed corresponded to Q,+=-dialkyl

hydroxyauine, according to the eguation:!

H
1%’-<|: = H-0R''' .« HO R-(lzxi-?a-OR" '
Kt Rt!

~# tendency to clesvege with formation of 4 C)l wae also
noted. The catalytic reduction of sryloximino groups by
Jonus and HMalor under the same conditiong ylelded prin~ry
and secondary awines along with unrecovered oxlmino ether.
tdking and Reeve (59) reduced cotalyticelily aa eshoximino
groun in ilhelr synthesls of threonlne. The conditlons em-
ployed rerc drastic; they used a pressure of three hundred
atnoSpheres sad a tewpe:rature of 90°%. Haney nlckel was the

ataolyste.

Tho use of the beuzyl group to wi&x the lsabile oximlino
group war sugrested by Waters and Forituag (DHO) beceuce of
the oase of catalytic debouzylations noted in other coapounds.
Ipatiev (C0) found thet benzyl alcohol could be converted Lo
tolucne nnd dlbenzyl usisg 2.0 irs: catalyst at 350° znd 96
atuwsvheres, hosenmund (€l1) cleaved benzyl beaizoante ianto

toluene aad beagolce acld with pvalladivum on brrium sulinte
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in xylene solution. £ few yoars loter (62) Rosenmund ex-
tended the reduction to mendeloacetries. 2Prllsnding on
beriua £.lfate vap esnleyed by tws Japsuese workors (83) in
the reduction of 2cetals of benzadehyde. / Germen pontent
(84) reports the caotnlytic debenzylstion of ethars. Benziyl
and bengal derivatives of surnors have bee: 8nl1it L moane

of mlstinua black (885). Preudenbsrg mad go-workers fouand
thet benz-ldincetonegluceose, 1f hydrogennted in ethansl, did
a0t eplit as resdily as in scetic ncidese Todium and nleohol
ware effactive in tie reduction of there benzylisted sugsars,.

Bengylidene residuwes hnve beén crtnlytlically removed
fros suzars by meane of palladium (66). Ficchsr emnployed
pallesdium 1o acetic acid mccording to Lhe nrocedure of
¥reudanberg in the debenzylatlion of bonzvlated sugere.

Bam:d on tre exreriences of Flocher end Froudeanbersz, Sorg-
anrn aad Jorvaes (30) devoloped tieir clessicsl reduction of
the cerbobenzyloxy group in their peptide gynthesise. The
procedure also lavolved the use of mthanol together with
acetic aeld.

AB montioned proviousiy du Vigneaud (33) u ed sodiunm
and liquid smmonia, while Larrington (32) euployed nhosphon-
ium lodide to remove ihe earbobenzZ loxy group.

Errtung ond Crossley (68) consldersd pailicdiuam to have
g gronter Jdebsnzyleting actlon than nlotinum. Thelr experi-
monte utilized both metale o vported o1 charcosl. It was
found thei pallsdized-charconl catalyzed debenzylation more

ravidly than pleilaum-oxide or nlotinum bleck. In £ ane
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ceses the use of plstinum interferes with the debenzyla-
tion by reducing the aromatic ring.

Ian thelr studles of crialytic debenzylatlions of 0= and
N~ beuzyl groups in the presence of palladiunm, Snltely and
Buck {(70) found that alkyl groups in the AK-position of
benzgyl aloeohol have s satablllzing effect, which is Btill
more nronounced with tarboxy sad suino groups. Tubsititution
oni the srountic rings witl -OH, -OMe, -llg, -Cl, -1Hz and
CHyp facilltates debenzylztilone

On the other hand, more extended sronntlc systeme as
4-phenylbenzyl, sre uore lsbile than the benzyl groupe.

Tride observetlion suszeste that the 4-phenylbsngyloximino -
group aay be euployed in the peptlde syntheslis Lo be desg~
eribed below In cases where the debenzylation i difficult.

Simonoff (71) effected debenzylation usiag palladium
cntalysts and presented a thorough revisw of the eninlystis
that hnave been used for this proress., Mattocks (72) ob-
tained guroatitsative ylelds in debenzyletling %-&enzy175~
alanine by using a platimume-palladiug aixture.

The use of lReney nickel =z n dedbenzyl-iling ceotalysy
was studisd by Vanr Duzee and Adiziae (73) in thsir general
survey of the hrydrosenclysils of ctheres Thaece suthors
showed Lot benzyl otheras airce wore eaplly h drogenolysed
than othear typed of ethers. They uwred reactlon teuperature
ovar 1000C.

"hile the debenzyletion of U-benzyl others i rendily

accomplished, the reductlion of the oxime laval ves apacial



18

conditioas., In meutral solvente ti® oximes lilke the ni-
trites are converted to secondery anines when hydrorens ted.
Heptung and co-rorkera (74) reco mended the additlo:n of three
or wore equivalents of hydroger c¢hlorldes to the alcoholice
snlution of the oxime. Under these coaditions high yields of
the orimapy amines are cbtaincd. Glecial acetlic 2cid has
beorn ufed 28 ithe solvent and iis benaliclsl effecis are »re-
sumably due to the forumtion of oxime acetstes which, sccord-
ing to horenmund and Flankueh (78), are reduced ia higher
yields 1o the »nrimary sasaineg than the frae oximos,

i nane oad Adiking {(76) found that oximes rescted with
hydrogen over anlckel under wlld eonditioas. The reaction
hesan at room tosperature and wog gulte exothermice The
finnl topersiure of the bomb rose to 40° or 50° without
extarnal henting.

Paul {77) found th-t aldoximes under normal coxdlitions
could e reduced with Heney nickel., A mixture of primery
and secondary anines res. lted and the nrovortion of secone
dary amine formed wag coneiderable. Ii ausonia wag added
to the rescilon mixiure secondsry smine foruntion wrs sup=
presfed.  Thlis observation wes used, as wlll be showa later,
in i@ reductlon of tho benzyloxliaino group lu alkaline
gedias However, under higher pressures, ketoximes vaore
reduced to primoary swines, predoudnantly, with yields 80-

9% per cent st TOPC »ad 50 atunoevnheraes.
In the reduction of L -oximlno mclds according to Har-

tung's procedurs, Houlin (79) observed that during the
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hydrogenation, one-halfl of the theoreticsl nuount vae taken
up ranridly, the remsinder regulired four to flve times longer
periods of shaking. Hamlln postulated the intermediste
forustion of the imine. Vaters (50), however, found thot
the imine is not foraed, but rether an equal mixture of the
completely reduced F=oxiuine ncld and the unrsduced nro=-
ducte Waters considered that the free amino aeid formed
scitod ap en sntlicatalyst and thug elowed down the reduction.
taaver (78) uwsed a variety of procedures end c¢stalystes for
reduction of the benzyleximino group to the free asine.
Horever, he could not obtain pure products possessing the
properties of the desired peptldes. Woaver suggested the
foraation of dikeionineraginegs 1n oxnlanatlon of hiec re-
aulte. Apparceatly debenzylation toock nlace readily but the
reduction to the pepilide stage wes dilifficult,
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RECE-RCE AIM

Previous reporis from these laodorstories indiczte the
pozribillity of synthesiziag pepildes by o new rouite. Weaver,
uslng the K-benzyloximine acids described by ¥aturs, seil
out to prepare peptider by the followlng wmethode:

g-%-aggﬁ CrligllioCl

> i~ ~COgH 89Cia
NaOEt 1

1=OF T=DCHGO N or FClg
i
; sk ‘w’o - X I LS. LI L ™ %7 ¥
R=G-fi~C1 B -Cl=COoF o R-G-G-N-CUR'-COgH _(I') |
. HEg y O Pa
GCH,-Cglig OCERCgY g
I
ﬁ—CE-ﬁ-—;;E%Gi{ﬁ '
O
Klg COglHt,
The procedure was srown to be femslble up te the siage

indlested I. The reduction of 1, although teking up the cal-
calcted soount of hydrogen 4ld not form the expecited pure
dipeptide, but rather ylelded largely the corres-onding dike-~
topiperazines. Thoge resulte, thoush unexpected, -ere en-
couragl:ing In thet thoy suggested ihat the pepilde undoubtedly
vag Tormed durlng the reduction and before cyelizetion. Cy-
clizetion probably wlll unot occur witl intermodistes for
hizher peptldes.

This thesle descoribes the following:

1ls The coupling of &£ ~benzyloximino escid chlorides



wlth aalao scids under varlous conditions,

Lo he pardfication and seporstion of H-ol-benzloxi-
ming acld derivatives of amlne aclds, dipenptides, nud tri-
nontl dosg.

Se Htudies in the reduction of the benzrloxizino groupe.

4. The 1solation and preneration of dipenildes and

5. fttesple to nrepere Ligher neptidos,.
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EXPERIMENTAL SECTION

INTEREEDI A TES

In the preparntlions Lo be described loter, the followe
ing ecommereially obtainable clomleals were used! builyl
aloohol, phosphorous pontazehloride, beazyl chlorlde, sihyl
znlonnte, benzaldehyde, oihyl scetrte, pesiroleum sthor,
glyeine {(Eastans Kodask (Co.), DL-zlralne {Zastuan Xodek Co.),
DL-lsuclias (Eastman Kodak (pe)e. Ethyl aslonnte obtained

froa Dastwen Xodak Co., woe re-distilled prior Lo use.

e n=Butyl nitrite.

¥,

a=Butyl nitrite, prepared according to the direction
of Haxlin (79) wos etored in the refrigerator and re-dle-

t111ed beforec use.

Be Malonlc Usters

Fthyl benzylaalonzle.

The preparniion of ihis compound is described in OQrgen-
ic Gynthesis (80). TFor the presont study it was syanthesized
by two neihods.

1. 2 8light sodlfioction wro suployed o siapllify the
iznlation o the substancoe.

In o Z-1iter, S-neck round boittom flessl., {iitted with
an efficliest silrrer, dropping funnel, zand o condenser, snd
provided =ith a dryiag tube, war placed o liter oif ebsolute
eleohol (distilled frou wsgaeslum othoxide). Forty-olix
greas (2 moles) of sodium ritbon wee added sredually (one

hour). Te¢ the hot refluxing solutlon vac added nll =t once,
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Seart

480 groams (I moles) of redistilled ethyl malonate. X~ white
curdy precipliste war forseds The zdxXture wes heasted and

Z gsraos (£ moles) of benzyl cohloride, as surspaested by

9

2
vecver (738), was added slowly over » noriod of one hourse.
The reasction mixture wes refluxed for 24 h»ours nand 2llowed
te conl ofter which ethanol sstureted with hydroszen c¢hloride
was added until the recctlion nlxture w28 neutral to molst
1itmuse The salt wer removed on a large Buchner fuonel and
wached with three 50 al. rortions of conmercial ethanol.
From the filltrate and washlings, the excess elhanol vss re-
aoved under reduced pressure (vater pump), using o three-
Titer modliled Clalsen flask. The residue was Lronesferred
Lo 7 gne-liter modified Cleisen Flagh snd disillled. %he
first {raciion, the excess ethyl mrlonnte (bz un to 174°)
was recovered and approximntely I45 grems (by 174-8) of
ethvl bearylmelonnte wae oblainod (688 yileld). £A dork rod-
dioh viseous llgald, -resuaadbly othyl dlbenzylsclonste, re-
g faed in Lhe flaske

2. lgher ylelde of ethyl bLenzylmelonnte vaore obtained

R}

by the followling melhod (81):

s

CeHsClC + Chp(COgHt)y _HeOUt o ColigCHmCil(COg¥t),

Pdf Pt

LUESIN

One hundred groas (403 sole) of othyl ~alonoie, drled
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by distilling undor reduced pregosure frosa aanhydrous sodium
ernrbonate, and TO grooe (G066 mol.) of froshly dietilled ben-
zaldehyde vere mlxed snd & grame of niperidine added. The
alxiure woap hept Ia o stonpered flask for two days and heated
an a wnter bath for 12 lours. The resction saixture war taken
up in ether, weched flrst with wator, then with dilute hydre-
ehloric seld, dried ovepr ahydrpous sodium sulfate, 2nd dle-
t1i1led under raduced nrascurc.  The benzalmalonic ester was
enllected at 185-188/11 mm. The yleld wsg snhout T70-80 per
ceat. It snlidified upon cooling. One mundred gmrase (o2 mol.)
of ethyl benzalaalonste war dissoslved In an equal volume of

B - oy P . T*, e m
athanol {(8573) and hydroresnted on the Farr apmaratur 2t 80

- « o 550 g e ) iy . [ U R BN - it e e -y Y s oo e 5 o R %
wounds snd room bedaperature.  Flwve groow 28 10 por ceal Pde

a4
P
g
-
b ed
o
3
o
Fy
%
P
3
Ly
*
o
22
]
3

Chhaveonl contalnulag 15 srams of chloronlath
56 for ihe vreparatlon) was used to effect the hydrozeantion.
The nroduct «ad gworged up Iun the ususl msnnaer and yields

rasged bDotween BO-GB por conte.

Ceo Uxiwmino sciug

The oxnladno oolds wideh were uved af starting uaterisls

f 2

vers prepared by the alkoline altrovatlion procedure of sube-
ctituted maloale cuiors Jdeseriied by Harry (4€). It was ob-
gerved that & vaer, pure product rze outalucd by carryl.ys out
the roaction at =109, 24 zuall excess of buiyl aliriie wae

emnloyeaed Lo dnsure cowplole alirontitlione

ﬂL?h@ﬁyl~$~Qximin®proﬁi0nim acld

To = two-liter, ithres-acck, round boittom flark eguinped
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with an officient stirrer, dronping funnel, snd a coaden=-
sopr beering a drying tube, wae added one liter of absolute
nlcohol. The flack wac chilled snd 11.5 groos {85 equive)
of sodium was added all at once. After the evolution of
hydrogen was complete, 185 graas (.5 mole.) of ethyl ben-
zylomlonate was added to the *ot mixturse, which wng cooled
with & Dry lce-acetone beth to -10°9, snd 111 grams (.58
mol.) of fresrly distilled butyl nitrite was added slowly
80 that the teapernture did not rise over -10°. The mix-
ture wag iransierred to a two-liter Clalsen flask and the
butanol oad sthanol were rexoved under reduced pressure,
Six~bhundred ml. of water was added, the zixture cooled to
009 and crrefilly neutralized with concentrated hydrochloric
scld, and then extracted with 10 »ar cent sodium hydroxide.
The alkellne solutlon was heated on & hot plate for an hour
to hydrolyze the ester. The alkalline so’ution was cooled
and added to a2, lce~BCl sluske The tan preciplitote was
collected on & Buchner funmnel, dried in alr and recrysisl~
l1ized frow petroleum sthere. Yield, 90 per cent.

The original unterlial meltied as resorted by Weaver (78)
168-169°. However, after two recrystallizations from ethyl
acetetoe=-petroleun ether (1:10) o felntly taa product was

obtained that melted at 176°.

&=Oximonobutyric acid

Et-CH(COgEL)y HaOEL . Et-C-G0gEt  NeOH Et-(=COgH
Buo 0 feor” ? frmon
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The procedure deseribed wuler /élﬁh@ﬁglafoaxiﬁinmprm~
plonic seld war followed. Yields obtelined were essentially
those ro orted by “eaver (78). The commound sfter recrysisl-
1ization froa ethyl zooteto-pobroleuws ether wmelted =4 183~

154%.

o ~0xizd oproplonic seld

!
N0
Tris compoundd =af prepared by the acthod of Inglls and
Kaight (82) 1In ylelds of 71 por cent of the theorotical.
ffter recrystallization froa ethyl acotnie~peirolsus sther,

the <ompound melted at 1781309,

fﬁ{ﬁ-ﬁitroﬁhaa%1)~J¥¢xim1ng sonlonic acld
RJE Propi;

{o=iidg "cﬁﬁé}'ﬁgﬁ-ﬁﬂﬂﬂgﬁ

b

This compound was obtained through the courtesy of Dr.
Orenr Klioze (B3)s It was Lapure end was recryetsllized from
ethyl scetate=-poiroleum ether Lo give a pale tan powder melte~
ing 150-1609.

II. THE BIUIZYLATION OF £=OXIMIND ACITE

De Benzyloximing rfeids

The benzaylation of the F~oximine melils was oorried out

necording %o the procedure deseribed by eaver (78). 2
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8light woddfication wos found to yleld 2 clesner »roduct.
The ethor extreotion »uo elliminecied by the fpolstlon of ihe
sodiuvg salt of thﬂ«f«h&aﬁgl@xiaiao aaidy s ocould be wagnhod

free of the benzyl aleohel and the unrencted bensgyl chloride.

/tfh@ﬁyﬁﬂf;bﬁﬁﬁLlﬂxi%ﬁﬁ@§?@§iﬁﬁi¢ agld

In & one lliter, S-nech round bottom Mark equinred with
e stirror cnd dryling tube were pleced SO0 wle of conwmpeisnl
absolule ethanol nnd 11.5 gress {8 sgquivelent) of fresrly
virepered sodlua ribbos. “flor the sodlum hnd dissolved, 48
gramg («35 wmole) of finely @ulV@yiE%ﬁwﬁayhﬁﬁgi*f“ﬁﬁi%iﬂ@~
proplonie neld was sddoede Thon the sixture was hosted to
refluxliag and over =« perlod of Tive ndaules, 84 groaams (8
wole) of venzyl eciloride -as added snd the refluxing cone
tinmed for Whree hours. aag~hundred zle of B0 poer cent po-
trnedtun hydroxide in 85 nor cent ethanol weeo added and ihe
mixture concentrated undor reducod pressurs Lo Jdrynesgs. The
Produet waf fuspended in cthey and transierred to » Duchnoy
Tunnel and washed five tlaes wlth 80-ul. poritions of sthor.
“he {1llter cake was tealen up in wnier and the free meld mre-
cipfiated by addlition Lo crushed ice and ryldroenloric acid.

e product was practlically white snd welghed 48.0 grome

(685). hoecrystallizstion from a ueous etlsanol gave n pro-

duct Lhat meliod nt TR-600. Tatere (580) reported 70-800,

£-Benrrloxialnobutyric acid

In a 800 2l., two-neci, round bottom flask fiited w»ith

a roflux condeagser besring s dryisg tube, and a <roppliag
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funnel, wes placed a solution of 540 grawe of Ampx Ll notrity -
ric scld (04 mols)} in 200 wl. o1 absoclute ethanol contalaing
06 sguivelonts of sodius sthoxide. The {lask wes heated on
a2 water bhoth Lo rellux teaparature and 7.9 greams of boazyl
chloride wae added quickly. Refluxisng wes coontlinwed for
three hours, aiter which time the mixture wag concenirated
under wvaouum to » viscous peagte. Thaen 15 mle of B Dor cen
Hall and 100 mle of wmator were added and the slxture wng ex-
tracted with ether. The nlkallne layer wanas separsted and
carefully nsutralized in the rrecence of cerushed leco, The
prociriiete 28 oollected pasghed with water sanid dried In sir
and in » deslcocator. It hed a rlight gresenish ooclor. The
rroduct a8 Lelken upn in 1Y *ﬁ4%§(§0 ml), trested =itk ohar-
conl snd reprecipitated by the addltlion of aslde. Thse driled
rrpduct eni vhite, velghod 768 gzinun (875 ner sent) snd

molted nt 86.5°. weaver (78) revorted 86°.

£L-Benzyloximliwproplonic _seid

CHa=C=COLEY  _ E4Da CHnCmCOalit  HaOH ot
3 2 > Clpf=toght HalH, Hx0
y;;..g\}; angﬁﬁgﬁtl g j?! A
A *GCHLC e
Aekiglglig
T, =C~C0gH
H
‘uChp
Celig

Seven groag {(«0D mole) of ethyl L-oxiuinopropionate

preparod by Ynters (0H0) was dissolved Ln 100 al. of absslute
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ethonol contoinliy 075 equivelentis of sodium ethoxide. To
the refluxiag alxture »as adisad 2.0 ~rroas (078 m0l.) of
beazyl ohloride and tho reflux teuapersture s teined for

an additional three hours. The excess 2lceshol was rouoved
under vacuum and 100 sle of & por ceal HWaldPF vpe edded and the
egter war Baponified by haeatlaz =t 88% for 45 alnutes. After
cooling, the alkeline solution was extracled with ether and
the benryloximino acid crrefully preciplisted in the usual
maiier. Repreciplistior of the dried £-benzyloxiuinopro-
pilonie acid and drying in an evacur ted deslceator over

PO

2 0+ 34
melting nt 75-74%. vwenver (78) reported 73-74C.

yielded 8.2 grerae (7845 per cent yield) of product

/6~{O-§1traphenyl)-J;hemzyloximinopraplaﬁic acld

7 Ny CEg-G-COgE HaOEt N\ CHe -C=COal
(2‘4 TCghgliigl \ “h

TOK 10(1!“1;:'-(3 e
~ N 5102 N ‘1“32 At i3 ¢ Gy

Five groms («022 mol.) mf’ft(e-ﬂitrmw%enyl)-fiexiﬁinc—
proploiiic acld was Lenzyloted in Lthe mous.or desgerlbed abovoe.
The yield was 6.2 groas (89 per cent). /fter three recry-
siallizetions from ethyl acetate-petroleum ether, = pale
yellow, wicro-crysinlilliane cowmpound wae obisined which melted
at 11L0-1119, Heutral equivalent: cslculsted, 3133 found,

S0, 310.

e MNecrysislilizations mfgﬂ-bEﬁzylaximin@ acide

The compound »ns disrolved 10 8 alalmum amount of dry



30

ethyl 2cetnte (driasd over anhydrous magaesiua carbonate and
dloctilled) aad Lo volunes of anhydrous petroleun sther wasg
addad. The cloudry soslution wee filtered and cooled. Occa-

PR

sionzmlly, it was neceseary to evanorate some solvent to Inl-
tinate crystallizotion. The filtration step usually remnoves
the colored deenaposition products of the L-henzyloximino

acids.

IT1I., GEMEEAL SLTHOD FOR PREP LIPIO. OF ACID CHLORIDFR

In o J-neck {lag of 250 ml. capacity, Fitted with an
efyicient sechariecnl sitlrrer, laserted through & tightly
fitted o+1llapr of rubber tublag v vlacad 01 @mel of the

peazrloxialao rolde To one noek of the flasis was atlached

# caleciuwz chloride tube 1in series vwitlh z2a ~tischusnt to the
water punpe. bout 130 &l of sahydrous ether wag added to
disegolve the benzyloxinlne ~cid. Otirriag was begun and the
waLar puns furaed one. The evaporaticn of the ether under
reduced pregssure lowered the temperature of the flesk to
5-10°. Thereupon, <011 moles of PClg wars added at ouce, as
rapidly as porsible, and the flagk -a8 storppored to exclude
moleture. FHRarid stlirring was continued for an hour Jduring
which time the €L, 70Clg, and ether were being removed by
dlstilleations The pump was then turned off and the aixture
was allowed to stend a2t room temperature for one hour in
the stoppered Ilaske L was filtered through a eintered-
glarps Tunvcl Lo romove any wunrencled nhosphorous penta-

chloride 2nd the filtraie vag concentrated under the water
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munp with gentle waruing on 2 water beth Lo vouove the
1ngt trecas of 101, and POClg. The riraw-colored residusl

oil, which wmane substentlially pure benz loxiainoseld chloride,

e

®an toke un 1w 100 mle of sahydrous ether; Lhis aslution
was a oconvealent fors in whieh to uwse the acld chloride.
fueh solutlons in Ilasg-sitoppersd contalners have been
stored in the refrigerator for asore than 21 daye wlthout
snrrocinble deterioratlion. The aeid ¢iloride was not iso-
1=ted because 1t deconpesed portially upon distilliastion.
e acld erlorides conteining the amido grourp ¢nn not be

distilled =2t all,

IV, METHOIDE FOR PRIPARATION OF PUPTIUE INTLRMUDIZTES

fo  Bodlum hydrozide method

R-g-CoG1 HaOH R=C~CONH=CHR ' =COgH
N RTCH=COgH R

N ¥ g Y N e :
OCRQ—Lﬁ};a ?sﬁ'gg Qéiegﬁﬁﬁs

Into & 280 ml. round-bottom, throg neck flask iltted
with an efficiasand mochkaslcal siirrer, and & dropning funael,
786 ml. of 23 Ha0H and 0.04 noles of the anino smeid wvas in-
troduced. ¥Fhen stirring was begun, the asine seld went into
solution. The salution wes cooled (659) while 100 ml. of an
etheral solution containing 0.02 wmoles of the acid chloride
wins added over s poriod of thirty mimates. After the addi-
tion, the mlxiure wore well gtlrred Tor 1.5 hours and alloved

4o enae Lo room tomnorature. fare should be taken thzat the



mizture remaing s lightly alkaline.

The etheral layer wrs separsted and extracted with
three B0 wle portions of O.1H HH4O0H. The aswsoniacsl solu-
tion ol the aalde va® well cooled and then edded dropwlse
with constent stlrring o a berker cortalning crushed ice
and 10 ml. of concentraved I'ICl. An smorphous precipltaie
lamedliately formed.

In some inetences, hovever, the produci sepsrated out
o8 & vhite viscous weterial which solldifled ¢ =an amornhous

s0lid 2fter siaondlag overalght in the cold.

B. Magnesium oxide method.

tnother procedure which geve excellent results wes sug-
gested by “heehan and ¥rank (35).

£ solition of 0.02 moles of the acid chloride in 50 ml.
0! dry ethor wag added dropwise during thirty mlmates to o
stirred, cooled (5°) suspension of 0.04 w0les of the amino
ancld and £ greas of magoetium oxlde In 76 ml. of water. The
mixture wos gtirred for 1.5 hours. The mixture wes then
carefully seldiiied with hydrochloric ncld. The etherel
layer wae seprrated and the sgueous layer was further sx-
itracted with two additional rortione of ethar. The combined
aetheral exwracis were sheiken with three 50-ml. portlons 0,171

H40H and precliplisted ss degcribed above under mothod A,

ﬁLPh@ﬂglw&~benzyloxﬂminsprapianylﬁlgcine

Celipllig-G-COogH PCly ., Cglighp=C-C0C1 glycine

N
N OC}&Q"CGﬁﬁ
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H=OCK 5= H o

Three grams (.011 mole) of fiphamyl-%FbGHZylaximln0~
proplonic acid was {reated with phosphorous nentachloride in
the sannor deseribed z2bove. The othereal solutlon wag eal-
lowed to resct by the szodiuwm hydroxide acthod (Hothod A
described above) »ith the alkaline m lution of 3.0 graas
(4043 mole) of glycinse. The yleld was 2.8 grews (77.5 per
cent) ai'ter recrystallizaiion frou agusous sthanol and de-
siceatiosie Using auvthod B, the ylelds were lacressed 1o
90=02 per cente The co.mound selied 2t 97°C.  ¥Yeaver (78)

roportad $6-97°C.

ﬁLPhsnyl—d—benagloximiaoprﬁpiaﬂyl~DL~al&nine

>
>

Cﬁﬁs-cgg-%-cgey ?Clp s (acid chloride) DL-alanine
|
N O=CHRCgH -
Cﬁg
¥ " i "
cﬁhﬁﬁﬁg*%~ﬁﬁﬂﬁ~ﬁﬁ~ﬂﬂgﬁ

&

Obﬂz-ﬁﬁﬁs

¥Five grems (019 a0led of ﬁlph@mgl-d—%emzyl&ximinopra»
nlonic nela was converted to the acid ¢ loride in the usual
marao e Jelng the sodluam hydroxide wsethod, the acld chloride
woas allowsd to resct with an excess ol Di-alealoe (5.0 graoe,

o356 olelde The product oblalacd, welghlay Bed groams (83.5



&

per cent), war recrystallized fron ethyl acetate-petroleum

ether and melted at 112°, veaver (78) reported 112°.

fiﬁhamyl-K-b&nzgloximiHopﬁggiomyl~1{-)1ﬁunin

Cgﬂsﬁﬁg~%~ﬁﬁgﬁ PCls , (mcid chloride) L(-)ieucine
]
\
OCHgCeHg

D
7

COol! o
2_3 “¥y . r 2t ey ’ 3 N /{)ﬁa

/ H 37
;i CHy
OCHgCytg

Using the general method, 5.0 grome (.019 mol.) of
? «phenyl-~henzyl-oximinopropionic necid «ars cnaverted to
the acid chlorids and was allovwed to renct by Method B with
an excens o7 L(=) leucine (4.5 praas, 034 mol.). £ yollow
viscous m-torlal seperrnted which eolldified after standing
overaight ia the colde After reerystmllizatlen from ethyl
ncetato~peiroleun sther the white sworphous product welghed
6.1 greas (84 per cent) nnd nelted at 86-87°. wesver (78)

reoried 86=57°.

ﬁ-(/aphﬁﬁy1~d-b&ﬁ2?lﬁﬁimiﬂﬂp?ﬁ?iﬁnyl)‘ﬁﬂ?éﬁ&lﬂﬁ@

- ¥ & « bl “ . . X Ay
G§B5cﬁ2-ﬁ-c02ﬁ PClg ; {z=cid crloiride) Adrenalone >
i
AN

OCHg-C.Hg
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Three preas (011 mole) @!‘/ﬁrﬁaﬁ* “A~beng Loxizlnopro=
plonic nold ot convertod 1Ia the usunl way W ithe smcid chlo-
ride. %o & 20D mi.'ﬁ%?ﬂﬁwn*”a, rouvnd bottos fl2ek, agulnped
with oo oefflcicnt vtdrrer enu Sropping funiel wore pdded 4.3
prras {&02Y) of rdressloas hydeoatloride (obinlined throwgh
the courtens of Dre Je ¥e Oproguel, 50 #l. of woter and sufe
fictost 17 BalF to noulrellzs bot) the amine hydrochleride
ead dlgrolve Lhe adeass Rl The sulutlon turned o deep
yoellow., Whe $legs wak welleorolod extaornally 2nd the other-
gal eslutlon contalnlng the seld ohlorlde wos adied Srone

vize wiilh rapild siirringe “ftor oo hour 1Y HC1 was sdded
2lowiy Lo the oooled aixture until (he yellow ooslor was dlise-
nlargeds The prosduct =20 adirecled with ath ar, and 1he
ether solutlon war dried ovor salivdrous sodiuam oulfete. Toe
move? of the oslvest 1ot o visoous @ra@uENh rasidus which

wind Lelen un bn owera ethyl ecoobeto, Weslad wlih Sueher, oad

rraciplitetad by the additlion o7 patroleun a2thoer tn the o0ld.

ey Whros recryelallizetions oo ethyl scetaic-dDatroloun
gty sowbitg slorosryotailics 203d war abtaliaed (245 gpreas,
58.% mwr oast yiold) mhioh smlted evaprply o t 170°%.

ol iow antor 1o dua o Lho artian of



alkell upon the free phenolic hydroxyls, accomnanied by oxi-
dation, with the foraation of an ortho guinoid structure.
Hence the amide prepared above should be inscluble in [C1 angd
give a yellow-colored solutlon in the presence of alkall.
The compound possessed these properiics.

Analyele, § dltrogent calculnted, Cpghyg, NpOg, 1, C.473
found ¥, 6428, 6.27%.

A-Benzyloximinopropionyl=-Dl-alanine

Chg-G-C0gl PCls (aeid ciloride) Dl-slanine |
i
\ 9
OCHp=Cg R,
e
CH -G -CONR-CH-COgH
q

Five promg (.026 mol.) of d=bonzyloximinopropionic acid
was converted to the acid chloride In the usual wmanner. Us-
ing the sodium hydroxide mothod, tre acld chloride was al-
lowed to react with an excess of DL-alanine (5.0 grams, .0856
mole)e The white product was recrystaslllzed from agueous
gthanol sf{ter troztment with Huchar. The yleld waes €.2 graus,

91 per cent. It amelted st 117°. Veaver (78) rerorted 118°,

A-Be:zviorximinobutyryl~L({~-)leucine

CHyzCHp=0=COgH PCLg (CH3‘Cﬂg~%*CQCI) L{-) leucine .

AN oy . A 1 =% 3
ﬁﬂﬁgbﬁﬁﬁ ﬁﬁffzc@}ig’
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?G%§CH3
CHg=Clip~GoCoh=ClicTi, iy

i
\OCHgﬁﬁﬁs

Four graas (.015 wmol.) of A-benz loxlminobutyric scid
was converted in the usual woy to the neld chloride. Using
the Mg0 mcthod, 11 was a2llowed to rerct with 440 groms
(o035 wols) of L{=)loucine, 'The product wes recrystallired
fros cthyl acetate-~-petroleun ether, yield 4.8 greme (87.5

per cent). It welted st 87°. weaver (78) renorted 87°.

/ﬁ(m-xitrcphanyl3-ﬁ;b@nzgloximinaprapionyl-L(~)1¢uaine

‘Cﬁg”%‘ﬁvgﬁ 90155 (acid crlorida) L(~)~ieucina;,

Ny

NOCRgCgHg
-?‘gﬁg
COpll
. |~ fFHy
-C -t VI W {7 =4 ¥
bf.fe C’; O {NI?CLQC\L
\ QCHgCﬂﬁa

Three grams (0095 molel of /ﬁ(@~mitr¢ph&nyl—l;banzyw
loximinopropionic aclid was converted in the ususl wmoanner
to the acid ehloride. The ethereal solutlon conteinlng the
aclid crloride was droppasd slowly into 2 rapidly stirred,
well-cooled solutlion of 3.0 grame (.023 mol.) of L{-)leu-
cine 1u B0 wmle of 21 HalH. o dark brownish ter was formod.
It was taken up ia ether and dried over anhydrous sodium
suliate. 211 atteupts to crystellize the artorial felled.

iy wes iasoluble in mcids and alkali.



)

It is assumed that the o=-aiirorhenyl group acts as an
eloctron sink as doses the A~benz loxlmino group. 1t is well
known that coampounds such as 83H-H0-C0gH lor e COp spontane-
ously. Similarly, compounds of the Lype C@E5~§*Gﬁ~ﬁﬂgm
are readlly decarboxylated. It is then Pﬂﬁﬁm&%ﬁly safe to
aggume, theat the f{(o~ﬁitrophenyl)-ﬂﬁbﬁnzylcximinoprapionic
acld was decoarboxyloted by the action of PClg and the un-
stable 2-(o~nltrophenyl)-l-benzyloxininoethane forued,
resdlly polymerized.

£ repetition of this experiament using an ncetone-Dry
Ice betl to prevent decarboxylation ylelded the saue tar
and sn nlkell soluble materlial. Thies aclid nelted ot 92°
and had a neutrsl eculvelent o7 307. lence it was tre ori-

ginal compounde.

ﬂ*(/yphez”qu’ﬁﬂﬁﬁ loximinopropionyl)~homsvernirylamine

Coflg=Clig-C-Cogh PClg o (acid crloride) houo -
N V@rqtrg1~
Qﬂhgﬁﬁﬁﬁ aml
(f?ig
CHxO Hij=- &n -c;|- CHglalig
0 u

“CHy Cglig
Three grams (.011 mol. ) of /Lph&ny1~K~h@azgloximlﬂopraﬁ
plonic acld was converted In the ususl wanner to the ncld
chloride and ras allowo. o resct directly with 10 grams

(055 mole) of nomoveratrylamise with cooling. After thor-



ough mixing, the tube wns slloved to remaln gstoppered in the
cold for one hours Vifty mle of water wns sdded and tre ox-
cees amlne weoo neutrallzed wit' dilute hydroctloric aeld
with eoollnnme. The ethereal le er was separsted, dried over
anhydroug godluwm sulfats. ~Tier resoval of the solvent, the
viscous recidue wmae taken un in ethyl acetnto-potrnlens ether
(1:18) end allored to erystallize slowly In the cold. Re-
pested recrystallizations yilelded white needles, welphing
SeB srame (79.5 por cent) melting ot 3a%,

Anelyels, BN; onlce, CgplpgligO,, ¥, 6.87; found X, €.68,
6.58.

/i?henyl-ﬂ;bemz;1cximi&eprepiomyzglgeylglyeine

Method A3

i
§

Cglg CHp=C-COUH Clg=COgH PClﬁa {acid cllortide) glycine >

N oow p
ﬂbﬁzcﬁﬁﬁ
B
Cglg CHg=C=C=!=Clig=C30
non %B
Cgtt ™ n :|‘ |
CeligCHGO =1 CHg
COQH

Your grams of /LpﬁenyluK;b@ﬁzylaximimopwapiemylglycine
was oconvorted o the neld chlorides The acid chloride nfter
removal of POClg and hel under vacuum, could be precipitated
frou an ethereal solution by the addition of petroleuwnm ethlor
(30-€0°). liowever, because of the difftcult’ involved 1in

the menlipulstion of the acld chloride - it becomes vllicky



when in condect =ith tre molsture of the z2ir - 14 wae found
expodient ot to 1lsolete 1t, bhut rether to ¥eep 1t In ether
witil uced. Using the sodium hrdroxlide method, the seid
chloride wes rllowed to renmct with 4.0 crems (.0B3 mol.) of
glyecine, eare belng taken to keep the temperature sround 10-
15° to prevent hvdrolysis of tho diamide formed. After con-
pletion of the recctlon {one hour), the ether was removed

by evaporation In » current of nir and the mixture was eocoled
to 0%, znd carsfully neutrsllzed with dilute hydrochloric
acld. The zusorphous precipltets wes flltered, dried and
rocrystelliced from ethyl ccetate-patroleunm ethsr. The dio-
mide wae ot very soluble in cold ethyl acetate and this dir-
ference 1n #olubllity wos uwred o romove any unrescted gonge-
mide thot was present. The white diamlde melted 182-1849,
weighed 3,1 graas (68 por cent). Heutral equivalent (from

ethanol) calculeted: 383, found 37¢, 330.

Hoethod B:

Cgly CHy-C-COgH PCls 2 B CHaeC=C

0Cﬁ2~86§5
¥e T N IHg=CHg«C=iH=Clig=C0g im (r1)
2 [ ) ....:m ;’%HL w

HH == C20

(£) + (1I) 5 Cglig ﬂliig-{,”:’-ﬁi{}:%‘lﬂ-ai:ﬁ@{;ﬁ);'éE&Q%Eg@@aﬁ
H-JCHg~CgHg

Thres aad five-tenths grams (.013 moles) ﬁf/cphanyl-f-
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venzyloxluinoproploailc zeid was converted lo the usual way

to 4.0 acild chlorido. Tour grams (035 mol.) of diketepi-
perazine wae hydrolyzed accordlng to Fischer's procedurs

(£2) ts the sodiuam salt ol glyeylsglyelae by allowing ihe
diketopipsraziae o fla.xwl al rooa teapsroturce for Ciftecn
minutes in tre presence of 80 ul. of BL Sal,  The acld chlo-
ride wos alloved L5 react with glyceylslyelias, tihe product
isolxted and regrystallized Ln the maner dezcrlbed above.

Yield 4.5 grauss (90 por seat). HMeltlig poiat 1828-184°,

%-{ﬁlphenyl—K—benavlaximinqpropionyl)-p~aminab¢nzoic acld

Calo=CH pm{l=~{0,H P 4 , - 1y -
ghig 2 i 2 Cls s {acid chloridge) i gmi;o_?
HOClig=Cglig onE0s’

ﬁgﬁﬁ-cﬂﬁuﬁ-ﬂaﬁﬁ~c%ﬁ4~ceﬁﬁ
ﬁ&
Qcﬁg~ﬁﬁﬁg

Four grame (.015 mol.) of /aphﬁnyl—KQbenzylaximiﬂaprm-
ploniec acld was converted to the acid chloride. Using the
godium hydroxlide method, the zecid chloride wae slloved to
roact with 4.0 graas (.03 mol.) of p-aminobenzolc acld.
Yield, B.0 grams (88.5 per cent), mcliiling point 86° upon
recryetallization frou othyl sceilate-potroleum sttrer. Heu-
tral esquivalent by back tltratlon 376, 3783 calculs ted,
368,



H=(A-prenyl-K-beazyloxlalaopropioayl)-pP-onl wehbenzo1-217¢yt -
£lyeine.

N-{/-phenyl-K£=~bengyloximinopronionyl )= ~auinobenzoyl-tri=-

Ggﬁ§~eﬁg~%~Eﬂ-ﬁﬁ-egﬂé‘¢03ﬁ PQ1§;>(asia chloride) glyevlglycine
) rd
i}
N\ w ity . "-yi
Ui}iif} "(.fﬁ" 5

H
;2~%-caaﬁ-uahéﬁaﬁ-cxﬁ»u-aﬁ-QHECﬁgx PClsy {(mcid crloride)
%
W

C:
C:u
o
U
]
ey

i ‘ glyeylglyeline

0
. ¥ ' [} SR P < . NH=CH =0 1 .00
Cgllg=CHy-G-CONH-Cg 4 ~CO(HH-CHg=C ), ~iH=CHpCO i

1. Four grams (.01 mol.) of ﬁu(/Lphauy1~xlbanzyloximina-
pronionyl)-p-asinobenzolc acld was converted to the acid
chloride in the usual msanner. One hundred ml. of ashydrous
ethor contelining the zcld ekhloride was alloved to remct by
the podium hydroxdlde wethod with Z.0 ~reas (023 nol.) of
sclyeyiglyeline, sodlium sali, ~nd the trismide wne worked up
as nreviously described. The nroduct canme down as & viscous
materisl which slowly solidified. After recrystisllirzation
fro: ethyl scetate-petroleunm cthor, = wrlie nowder welpghing
Ge% groms was obtslined whiclh melted =t 61°,

2. Ths sbhove rrocedure wre propeated using the ssme
giantities. The product obteiaed selted st 02-05%. Re-
pertad recrystallizetions did ol substantially alter the

melting proints. The neutral equivalent of the substnnce ob-
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toined from Run 1 wes 412, 415 {(cale., 499)., The neutral
equlivelent of the rubstance obisired fron Run 2 weo 420, 422,
Beeause of the complexity of the wmolecule not too much oan
be srcertained froa nn exsawsinetlion of the f.E. +¢ is poscibdle
trnt incomplete renciion of the acld chloride with the gly-
eylslyeine would result in a mixture of the original monamide
«1th the trismide. Another poscibility 12 the hydrolysis of
the trisaide to some exient. Ho solvent or comblnation of
solvents wne effective in fractionally cryctallizing any of
the canponeats. The .X. indicates thnt soms triamide 4id
formy Lt ow becoues desirable to work out a amethod by which
these noly-amld sny be obtslined in = nure state.

fn attenpt was made Lo prepare a pentsmide, the fore-
munner of & hexapeptlde, whose properties would be suffi-
clently dliferent from the lower poly-smddes o allow {race
tional separnticn. Accordingly, 2.0 graus (anbout 004 M)
of the itapure triawmide was converited to the acid clloride
and allowed Lo rosal by the sodiun hydroxlde method with &
groas (#0158 wol.) of glycylglyeine, rodiwa selt. The pro-
ducet woao voriked up ia tho ususl aroneyr and zelted over a
rasge, 60-83%. Recrystmllization froa =thyl scetalo-petro-
loun etbor (1:1) ylelded itwo sractions?! Tractlon < molted
st 80-85%: Iraction D {ethyl scotate-petrsleum eiher lo-
goluble fraction) softesed 130-1382 and melted ~t 1€8-168%,
This type of behavior wac found Lo be charactoriesile of la-
pure Poly=-auides. Jeoulral voulvelent of fractien B: calc.,

610; fouad, 513, 523,
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”Jhau 1-A~benzyloxlalwpronionylrlyeyl=~1yecyl - =Dl -phenylalea-

CgHg-CHg=0-C0gH  PCly | (mel ' g Lepheavialanylely—
645 2 phi 5.5 lac d echloride) DL-phenylelanylgl
. ceylglyeine B
QChEC{;}RC’

o il
Gehs~aﬁ2~0~00h~ﬁaﬂﬁg*ﬁeﬁr

l/ COHH=C ﬁg*%*w! T} i c{}igﬁ
;'E{ECE‘EQCE«’;;& O

One and nine-tenths rams (008 wol.) of /—phezz;,?l-v(u
benzyloximinopropilonylglycylglycline was converted to the
scid erloride in the usual manaar. Fifty ml. of zn athsereanl
solution conlalanling the zcld chlorids wag alloved Lo renc
ft 02 with 146 graus (.008 wol.) of DLephenylalenylzlyeyl-
glycine, The product oblaianed (1.5 grams) aclted nt 172-
173°, 10 degroes lower then the origisnl meterial. Recry-
stallization froa athyl scotete-petroleaum ether yielded a
compound that meltied at 180-183°,

it would seem likely that the acid clloride »ms& unoi ob=-
tained and further studies gre necesver;y ia order 4Ln devise
improved methods for ithe preparation of acid ohlorides of

the higher poly-amlides.
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Ve FPYBROGEIAPION BTUDIES

It hes boro assunmcd (84) that the reduction of the “xl-
alne groupn follore o stepwlae coursge alullrr o et of the
convereglon of the nitrile Lo the froe saine. ¥inans 2nd
sarins (84) studylng the hydrogesrtion of sitriles i:n neuw
trel golution found thot o alxture ol priszsry suad secoadrry
anlises Llr foraede Tihay nproposed the following exnisantios

For the secnudery amice forsstioa:

RCH H Re{3{3H Eo ECHg M.
: T “ By BUHgiH,

R-CH=IH + R(HgiH

By oy BeCH3N-R + NHg

ReilHSNwk g hllig=dH =k

Tre aldludne roscts with the prlasry amiae Lo the anme Tashion
ag snn nldehyde, lesdicg Lo a Sehiff's bese whieh then under-

fuorther peductlion L0 the pecondory mal e

G
2
&

Copatiers ond Jones (88) found thrt with nlatiium oxide
s plald of the vrimory manlne 2ry be Incrersed by using
glaeinl seeilic acid =g o ¢alvents lHartusg (74) obinlned

igh wlaelde o7 tre prlaery salqe by wsing polledliusm on

Jeriie snd adding one egulvelent of hydrogen ehloride to
the %3("'?€1 uced 22 the nolvent. In thelr zxudles o the
Lydrocensiion ot oxises, Hartune and co=vorkers (74) recoo-
geaded tre nddition of three or sore ogulvelents of hydrogen
ehloride Lo the aleobolle aslution of the oxime.

» wes nolnted out in the Iatroduction, Wenver (78)
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attempted to hydrogenste amides of A-benz;loximino aeids to
thre Neamino ncids amides. Table I sumaarizes his amcthods
and res.1liss

From "eaver's hydrogenntion exrerilments no consistent
method could be ascertalined. Thue in Bxperisment 2, using
10 per cent £d on charcoal and glaciel ncetle meld =8 tre
golvent, no hydrogenation occurred. However, ian Experliment
6, presusnsbly under ithe same conditions there wese token up
66 ner cent of that calculated for reduction to the dipep-
tides. Also, & comperison of Experlments 3 and 10, reduc-
tions that were llkewlse c¢arricd out under identicsl condi-
tions, shows that resulis are not consistent: in Exporiment
3 no hydrogenation occurred, wheresas, in Experliment 10 e
sl xture of peptlde and diketoplperazine is suspecied. Never-
thelessg, Ixperiment 11 is of interest becsuse of subsequent
findings to be reported herewlth. Teaver explained the for-
antion nf the diketopiperazines by way of the ceihyl ester

of the (-benzvloximino ncld amides, as follows:

Rwﬁw@ﬂﬂﬁwﬂﬁﬁwﬂﬁgﬁ Pd, Ho > H*?E-GO%B-&EH~CQQEt

. . . EtOR~-HC1
N=QCH i
] i gCﬁI 5 gﬂig

-E4OH

It was sug-ested thnt if 1t were possible to reduce



VUL LU LY OR8N

a1 SR o 1 (¢ )rogea 3.
«deid go adng O& o2 TOH-HOMN BT Db 1§
TP POTABBE T
- S3PUPOXL B
FWO~I 4O OU ce o028 TIOMHOSH ¥OT =P 4
ap13
~dod gou sqonp
-DX7_0G @G
~-dn ©y Lxoeys 96 o4l HOSE I Leuwuy 6
eatqufieu o2 o HOWK W Aouwy 2
Cy zo oy |
-dn Lxoewy /e o2 o0 29y 128 Ay =P L
Sy zo eauy
~dn Lxooyy ¢ [z oz o4 oYy 19 40T 0PI 9
s4a14-Fou oe o2 HOME 40N 0-Pa G
suiRssedyiogaxIp ‘84
pownss eonpoad o oO% THH-HOAW %0 0-PL ]
‘94
eaty=Pou o2 002  TOH-HOM 401 o~od £
eaty-Beu o2 o0k vy 19 WO o~pa @
oa3y-BFau v o® BOMY %01 o-pd 1
e3TnGLy "732252533 "duay  Auearoq 184190 *t:mmg

Ly

(8l) HEAYER X SOOHIMHE HOYLIYNEOOWIAH

TR0 ¥RV E



48

the ester formation elther by carrying out the hydrozenation
in aasother solvent or by adding weter to the resctlon mixe-
ture, the azpunt of the free peptide formed would be in-
crenseds, Lxperiment 11 iadleated thot this spnrosch many be
e frultful cne. Unfortunstely the mmount of woater added was
not renorted.

In the light of these raaultﬁ; it now becomes desirable
to study the effect of the solvent and the influence of the
presence of water upon the course of the reactlion. Another
conelderatlion iz finding o sultable and pracitical conditlon
under which the conversion of the benzyloximino group to the
amino group may be effected. High teapersture and nressures
sre to be avolded, 1f possible, to prevent any alterstion of
the free pentide molecule. It war therefore deelded to
study the hydrogenstion rriverily sl room teaperature and
first st 50 pounds pressure oda a Farr apporatus.

The ure »f verious organic solvents, to be described
below, was unfruitful. ~fter repesti.g sove of Weaver's
expaerigents, it wags decided that 2 new sttack wop necessrry.
winaas and Adkias (84) and Ppwk (87) studied the conversion
of nitrites to priamsry solnes, welng s nickel cotalyst.
Sinca with nickel scid could not be eanloyed to minimize
secondary aminoe formamtlilo , they carried out the reduction «s
quickly =8 poseible and dlssolved sone anhydrous ammonis
in the solvent to suppress the actlon of the aldimli e with
the already=-formed prianry =mulsce. Using thie line of attack,

it wos rensoned that asueous alkelil could be ured o8 o
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solvent end ausonlis cdded to suppress secondary amine for-
mrtlon. The nlkaline nit of the solution must he malntained
13 order to keep the &K-benzyloxlumino sncld 11 solution,
2lso, diketopiperazine formeition would be unlikely. In
addlition the isolestion of ithe poptides would be greatly faci-
litetaed ar indlentod below.

The work of Coha (88) ard of tchaldt snd co-workers
{(89) has shown trot almost every anino acid hne one pk be-~
twesn pll 2.0 znd pH 2.8, o nd another between pH 9 and nH 10,
The slaple samino aelides have 1soslectrice polnts near pl 6,
wiile those contalning an additionnl aalno or earboxyl group
have lsoeleciric points at different p= values.

rteccording to the classical theory the isoslectiric point
corraesponds to ainimunm digsoclistion. Another theory, the
amnrlion (zZwitter loun) theory based upon ithe wori of Debye
and hitckel (89), conziders the isoeleciric noint to corres-
nonad Lo maximel charge, flnee the axmphion ie blvelent whlle
the s.lon and ecstion are uanivalente Thue, according to
Coln, tre pF of the waXxXimal clorge, except for histldine
(wvhere Lt is 3.9), lies between 5 and 7 for the amino aclds.
Trhie mey be of physiologic significaace slnce it ls close

to the pH of the tlssues., The exact expression is given:

pM' = (pKy + PKg)
2

Froa a study of the pK' valuns of peptides, "imass (20)
and Creenstein (91) found that the pX' values of the pep-



tides sre closer together than the corresrondisg amine -~clds.
The distance between the functional grours 1o 2 factor whrich
influences thelr dissoclotion. The lonlzation of peptides,
for example, (akos ploace within a ervover range of pE than
iz the osse for the ladividual components. Hence in solu-
tion the mepildes wlill be alanlwally disrocinted, or mnxi-
amlly charged, aldway betwesn the pE' 5¢ the particulasr
amino and carboxyl groups.

In the isolation of the free popildes we have sosumed
the followiag segquenca. The reduction of the benzyloxlmino

aclid anldes s offected 1n apnroxisntely O0.1H HH40H solutlon:

:I; .
R-C-COy [y _Pd-Cs Ho L-CH-COg + LH4OH + Cglig-Chy
S Hy -
H-0CHgCgH THy

The pk' of the amino roup of the free peptide is about 8.5
tre pK' of HH OH in 0.1% solution is 9.2. Thus, the pK'

values apnrosch each other, s2ad 2o ocullibriusn as t exict:

-+
R-CF=COp WHg + Ho0

7

R=CH~C0g + [ 0H
' &e

A~

However, the equllibrium ie silirted to the laft sz the solu-
tion i concentrated snd the amsonis ovaporsted leaving the
free peptlde as a residue. Tric iz thoe baegls for the iso-
lation nrocedure of the free neptides used in this work.

Tre compleieness of a hyJdrogeaatlion experiment wer de-

termined by Interrupting tho renctlon, wlthdrawing & ml. of
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the mixture, filtering and acldifying vith a few drons of
concentrated hydrochloric scld. If no cloudiness or nreci-
plinte foracd, it was agsumwed thet the reaclion was couplete.
In comporative hydrogenntiou s.udles, using definite
agountes of ¢atalyst, startisng meterial, solvent and leagih
of tiae, the reaction slxture was guaatitestilively transferred
to & beaker, filtered, precipltsted, dried and welighed. The
precipitate in all cases was the unrescted stariting msiterial
as deicrmined by the melting point. It hoe been nnticipited
that some debenzylated product would be present, slnce de-
bengylation is avsumed to occur readily and 4o be the {irst
stagze in the reduction {50). Hence, one can speculato on
the porelibility of the hydrogenatlion of the benzyloxiaino
group in agueous aaacniacal solutioc s, followlng & route
other thea the gensrally=-accepted oue. One pnatl thet 18
posgible, but uwol proved, 1is eg folliowe, based o.. ithe work

of Jones and Yajor (58):

C;ﬁ ~CHlgy=C=U0iHH-CHap=C0pH He c Ee-CH=CONH=CE CQal?

50~CHg=Cglig dB
S OCHg-Cglig
Hp B.«E?,v5-(3§§2-(;R-—»C’Z??‘{HGHECQQZE + CHgCelig

HEOH ol A

or

——

Cﬁﬁﬁ-ﬁﬁg-(i?Ii*Cﬁf—IE-C}éf 5.?021’3 + I'iOﬁﬁa-Cﬁﬁﬁ

JHg
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CelgCHL0H Pgw-c 5  Cgligliy v Hpo
3
&2
The benzyl alcohol is reduoed in the presence of palla-

dium on chercosl to tolusne snd wateore The converslon of
benzyl alcohbol to toluene and waicsr has been discussed in
the Iatroduction, requiring more drastic cosditions. 1t
srould be notod that the subatence "2" would be soludle in
agid = would not appesr in the precipliste formed upon the
addition of seld to the rescilen wmixture. Tieverthelegp, the
amount of unreccted starting material coauld be used a8 a
criterion for Jjudgling the efilcunay of a catalyet in the

hydrogonntion experimoentse



VI, PEELIMINARY DEDUCTIO BEEATIRIWIIES

£11 reduction experiments carried out in this work wers
perforaed on A Parr apparatus with 2 3 t5 4 1b., prassure
drop (for 01 mol. of starting mnterial) ss messured on
gruge sitached to tre apparnius.

1. Three graae (011 nols) @i‘/ﬁﬂﬁeﬁyl-“ﬁbemz?laxi&04a~
propionyl=-glyecine was Adlssolved in 100 ml., of absolut
ethenol conteaining 3 ml. of concentrated 10l. Three grons
of 10 ner cent Pd=C ocntalyst ner then added nnd the mlxture
ghaker at B0 r»ounds »nressurs 2t room lemperature for three
hours. 4o uptake of kydrﬂgen vafg noted. Thier exreriment was
repeated usisg o 20 par cent catalysi snd 8tl1l1 there was uo
pressure drop. “he sinrting asterial was recovered by fil-
toriag off the ecatolyst and romoving the solvent.

2. Three gramg mf/4*pheﬁyl-d-hammylaximiacpropi®x314
glyeiie (011 mol.) war dissolved in 100 ul. of mothanol
containing O mle of concentreoted Ol snd 3 grass of 20 psrp
cont Pd-C was added and hydrogeantion czrried out oo cbove.
Ho untakeo of hrydrocen ws noted.

3. Uging tre above jusntlilos mf,ﬂtykemylﬂﬂﬁbenzytaxi-
mlaoproplonyl-glycine, crialyst {20 per cent) and hydro=-
crloric acid in 50 per ceni ajueous ethanol, uo appreciable
uptake of hydroges was observed. The cetalyst was removed
by filtrstien and the solvent evaporsteds The original
mnteriel woe recovered unchanged.

4. ¥hen tho above exporiment waf repested uslig 0.2

grams of Pt blrek prepared by the hydrogenntion of chloro=-
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platliaic ncld Lu situ, no appreclesble asount of hydrogeu
wai Loies Ups

5, Tollowlag the method oi Karrer and heynewsnn (98),
Se8 prouae of /&phﬂnyl-4~beuz§1@ximinapr@piwﬂy1-glycylgiycine
(«01 mole) was dissolved in 200 wul. of abzolute octhanol,
with the subsequent addlilon of 12 xnl of L0090 30 alcololie
hydrosen chloride. Two gramg of Pd Dlack wme used as the
cohalyBie lHydrogon wss diffused through the repidly-stirred
solution at €0° for & hours. /fter reaoval of the cotslye
and concent otlon of the solvent to £8 aml. anhydrous ethar
ves eddod. Ho preclplitete wos formed. Hence, no compleie
Fydrogenatlion ccourrvaed, howevar, a faint odor of toluens wmzs
detected. emovel of the cetalyst and s8olvent yleldsd a
nroduct melting at 178-180°%. The presence of the debenzy-
1+ted product ag 8 contamlinnnt would explain the deprescion
ol the neliing polnt. Three and one~half craae of starting
metertal, réyreﬁeﬁting 28 por cent, w&s recoversd,

Ge Three nnd eight-tenths greas {01 mol.) afzékphenyled’
-benryloximlnoproploayglyeylglyeliae was digsolved in 100 ml.,
of dioxane containliag & mle.e ol concenirated HCL. ihram and
one-half grems of 20 per cent Pd-C was added and tre aixture
wees subjected Lo hydrogenuaitione. There was no hydrogen up-
teake miter three hours.

The sbove six reducilon experimenis werse sufficient to
indicate whal the hydrogenation could not be ecarried out
uader the noranl c¢oaditlog of Lrdrogea pressure and teancra=-

ture. IFurtheraoroe, these experlilmente, cerriod out ss a
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continurtion of Wenver'o study of the problem, confirmed
what o313 hnve becn rnticipoted froo o theoreticzal approach.
Hore nnd aore 1t has beca reallized that the solvent has slg-
alfiernt eiicct on the rate of renctionc. Thus, Hugh ©.
Taylor (100) hes shown klactlenlly thet the rote of hydro-
castioa ‘¢ proporiionsl to the reie of chozlisorpllon of
ware,en «ad tho subsltence Lo be hydrogenated, ou the cate-
lyat 2ad the rate of rewoval of the hydrogoennied product
fros the surisrce of Lhe calolyete I this light ve can
viguslize tle polscalig oi the catolyet and aﬂe slow rai

of hydrosonation of naptides coutolaling the benzyloximine
group in 2 solvent such ng absolute ethanol. The peptide-
hydrochlorides are 0t too scluble In ethanel and ag they
are formed by ths hydrogsnation nrocess, they ore not roadl-
ly desorbed. Thus the producis iahlibit further reduction

by mnpiing ths potive npaiches 20 tle surfaces of the catn-
l1yat. Theoretically therefore, the presence of rater should
speed up the rate of Lhe recction since the lower molecular
welght peptides epre guite g2luble in agueous medis rnd Lhe
deporption rate would incresnce. These consldorations suge
gested the ure of wanter and avuconiz rg the letter would

(1) carry tie starting assterisl il:ito solution ans (2) count-
eract the foramation of geconder; amlines o6 previously 1indl-

cnted.
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Palladlum-~charconl Uatalyst (74)

t—u-n"

Aine grams of charcoal, previeusly hested with dilute
nltric acld, vashod free of acid with distilled . sier, wos
dried aad powdered, added Lo 200 mle. of dlstliled waitcr cone-
tainiing 1.0 gram of pallediue obloride, C.le® a d 280 sraus
of sodium acetale. The wixiure wos hydrogoasied ot BO

nounds pressure oa the Parr appapstus for one houre. The
cztnlyst was {lltered, washad Ifree oi chloride with dis-
411lad water, drlioed well and {inely nulverized, Ii was
storad Lo a2 tightly stoppered Lotile sad Rept L & vecuwud

daslicea Lol .

Pallcodiun blacl {(08)

Pour and two~tenthe srese of mellediunm chloride was
added to 40 e of distilled woter coolalining 3.0 ml of
conegntroted hydrootlorice acld and the slxture war honted
witil ecomnlete eclution was effected. I4 was then mixed
with 25 ml. of 33 per cont forualdelyde and cooled 4o -109.
The dxiture vas thon gqaken w41th BO wle of 80 por ceni adH
for teo miautes keepilng the tenperature between 0°-30°,
at which tisme the palladiiua black precipiiated. The flasgk
was warmed for one-quarter hour st 60° and the superaatant
liguld twrned yellowbrowi:e The Pd was filtered, washed

frec of chloride, dried ond finely pulverized.

Azmﬁ(} :1i éﬁ. (Tgi m;}}’ a t

Hine grams of charcoal and 1.0 gram of palladium

#(The Coleman and Bell Co., Norwood, Ohlop)
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chlioride, C.7. vere suspended in 150 mle. of water, and 10 ml.
of eoncentrated aswonla was edded. The mizture was shaken
on the Porr arnpar-tue 2t 50 pousds prescure Tor ¢wo hours.
The ceialyst mas filverad, washed free of azonis, dried and

mlverized.

PAd-Pt mixed cotalyests

Hortuns'e procedure (74) wac followed excent for the
addition of 0410 to 0415 grame of chloroplantinic aeld,
1Pt Clg (Baker and “damsmon) te the pellsdium chloride be-

Tore hydrogennilon.

Meutral Catalyst

Trhe directions for the preprration of Hartuang's cals-
1vet (74) rere followed except ithat no sodium acetate. w s
added to the suspeusion. The hydrogenntlion was carried out

for three hoursga.
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DL-Phenvlalanine
Three grame («011 mole) of‘/thﬁnyl—ﬂﬁhunzylﬁxiﬁina-

propionie scld woe diosolved 1n 100 wle of distilled wnter
by the dropwise pdditlion of coucentreted aunonla. /After come
plete golutlon, 10 mle of addl tional concentrsted nuronla
wee odded. Then 3.0 grame of Pd-C catselyst wee added and
the aixture hrdrogeasted for twe hours o . the Parr sprrratus.
4 trree pound dror in pressure occurred. (Theorctlcal: 75
liters, equivalsat to &F/1llter % 75 liters = 2f). The sus-~
ponded eatelyst war reroved by filltretion and the clsar
agueous solution had a girong odor of toluene. After dis-
tiiling ofl the water, the s0lid remalalng iIn the {lask was
taken up in methanol and procipiteted by the addition of
snbydrous ethor. Tield 1. rand, U4 nsr canie The com=
pound welied ot 263-265°. Tie melting point reported (92)
273%, Tre benzoyl derivative of Dh-phenylalanine, pre-~

prred in the usual way mclted 185-186° (reported (28) 1&5%).

DL~Phenylale srlelorcine

Pour -rau8 (#0128 usol.) of f-phenyl-A-bearyloximiaopro-

ploarl - glyeloe was dilessolved Lo 150 mle of water conte. -

jmh

1y 2e0 mle 27 concentrnted a omonle. Throeos and one-half
srans of 10 per ceat “d-C eatalyst var susponded in tho so-
Tution rnd the alxture Irdrosonnted for e howrs. The cntae-
lyet wasz resoved by filiratior and 1.0 @le o7 the cloar

fllernte was plpotied out of the solutlon and acldified as a



Last for cowplete redaction.  Slace Lheore wes oo appnrent
toudlncee, the resciion was cosldsred counletes The {il-
trote wne Lreasferrasd Lu a 2500 al. distilling Mlagk, fitted
villy & salde oy coadendeor and o recelivicg fMlas, and wop
enscentrated under reducced prsustre wsl.yg & slesa bathe. The
polld rosidue wrs britwreted In metlhanol, snd stlher was
added o sgsure coaplole preclipiitetions After colleaection of
the nroduact 0. & suctlon faunel, Q.05 rrass was nleced be=-
twee: Lyo watch glagses 200 wee tesved [or susonlum ion by
meang of molst lituwus sad concentrated sodiuwn hydrexide.
Trhore weo 00 viaible change Lo golor of the molst Litmus

el the srtoprlal epponred Lo be the Iree paptide. Yield,

Ater slanding for a aonth iIn a storperod conlalaer,
r oaeltlog colnit ras token and found Lo be 28509. Jlaelytieal
ety wes conslodent with Lhei calouleited for the dlhydrato.
dfver drying errelully over PoOg, ithe coapound derkened ot
250-2586° an: melied st 271-273°% to o dork red liquid. Fle-
ehier 2.4 Bleak {02) reoporied dorieaing at 205° aad & melt-
ing polai 273°%, Lurning to 2 dork red ligquid. fialysis:
salculotad for Cjyyly 4l 0, SHgO! 4, 1045 fouud 10.2, 10.4.
Pheaylelenylglycine, calouloted for 632K145363‘ Hy 145

per cent, found 1.6, 12.5.

DL - Alaivl = DL - Alanine

Three and five-toalhs graums (013 mol.) of A-benz loxi=
minoproplonyl ~ DL - alsanine wag reduced as above, using

aquoous awoonia (100 ml. water, 3.0 wl. of concentrated
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amaonial) and 3.0 grams of 10 per ceat Pda-C catslyst. A
Ze5 1be drop ia pressure wos observed after one hour. The
igolation procedure w=as tho same as described under DL-
preaylalenylglycine. ¥Yield, 1.9 grams 0 per cent; sinter-
ing nt 190° and melting 277-278° (uncorr.) Flscher and
Kautzsch (93) rerorted 276° (corr.). /inmlysis: calculsted

for (:6!’2122§QQ3§ 3‘1; 1?055 found?$ l?o@, 17.1 per cent.

DiL.-Phenylelaayl=-DL=Alenine

Trree and one-ralf grams (.01 mol.) af,/zpheqyl-/-beu-
zvloxinlnoproplonyl-Dh-flanine +ns reduced in 100 ul. of
water contalalag 3.0 mle o7 coacentrried aqmonin, uslng %.0
grame 10 per cent Pd-C eatelyst. Tre hydrogenstleon wans
comple. & In one hour. The nroduct wng ilgclated in the ususl
marcere Yield, 240 groae (87 per ceat), mep. 240-243° with
decomposition.

Fischer and Blasnk (84) reported sinteriug at 2350%, and
melting at 241°% with decomposition.

Analysis, calceulsted for Clgﬁlﬁgﬁaa‘ Ny 11.9, found:
11.1, 113

DL=-"renylalsnyplyveylplycine

Three and eight-teaths prams of J=phenyl-A-be zyloxi~
sminoproplonyl-glyeylslyeire (401 wnl.) wee disrolved in
100 mle 21 water coatalning 2.5 ale 0f conceatrated smaonla,.
Using 345 grams of Hartung's 10 rer cent Pd-0 catmlyst, the
hydrogenstlion took one sand one-hali rours. The lsolation

wae similar to that previously described. The comround had
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a s8light yellow color and wag dissolved in hot water and the
geolution wans Lreated wlth charcozl, filtered and concen-
troted by evanoratio . of the water. Yield 2.2 grams (73 rer
cest). Thre product uzelted at 283-236° »1th decomporition.
Fischer (96) reported 235° (Decompe); Slgmund sand Yeeseley
(97) rerorted 225-230° (d); “heehan amd Frank (35) rerorted
221-223°% (4d).

Is snother run using the ammonls crtalyst on gimilar
guantities of starting asterisls, the /Cgh@ngl-ﬂ;bsnzylﬂxi—
minoproplonylalycylglycine was hydrosennated 1a 40 mlnutes
(2-34 presrure drop). Yield 2.8 graas (90 per ceitl), Helt-
ing point 235° (a) Aralysisi? caleulnsted fgr'€13317§394:

4, 15.13 found® 14.5, 14.8.

In tre coaversion of the benzyloxialao group to the free
smino groun by cstalytic hydrogenstion the following fac-
tors might e consldered 28 Influencing the rete of hydro=-
gonationi

(1) HNeture and structurce of substituente on tre ecar-

bon besring the venzyloximino group,

(2) #ature of the catalyst,

() ‘“olvent, pH.

An endesvor was mede Iln the folloring experiments to study
eanch of these faclors vepnirtely. The coupcunds used 2nd

their syambols are given in the folloring table:
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TABLE II
A-BE 17 YLOXIVINO ACIDE AND AMINIG

Coanound Tymbol HeWe
. S

I /ﬁphenyl-ﬂ;beﬁzyloximiaa proplonic acid Pa 269

II /Lphgﬁyl~¢L benzyloxialnopronlionylglycine PheC 326

11T A-benzyloximinopropionyl-DL-Ale:xl e p-2 264

Iv /Lpﬁ@ufla‘-bauzylozimiﬁe proplonyl-
L{-) “eucine PL-1. 375

¥ /5~pkeny1—K-E&mmylﬂmimiﬁmprm@i&ﬂyl-
clyeylglycine Pr.c.c 38

&

Experiament 4

RKeeplng tre catalyst, solvent and pH constant, the struc-
ture of the subslance Lo e hydrogenated was varied. Using
01 moles of ecowpounds 1 to V ineclusive, the hydrogenation
¥rs ecnrried out in the usual we ner for 45 minutes using the
ammonia catalyst. After the allo ted tiwe, the hydrogenation
was stopned, the catalyst removed by filtrrtlon, and the fil-
trote acidlfied. The precipitate was corefilly collected
with ainlmua loss, dried and welghed. The resulis obtalaed
are given in Table 1II.

Froa the resulis obialued, 1t is apnare st tlat the pre-
seace o a benzyl group on the cerbon-bearing the benzyloxi-
mino group decreases the rote of hydroge sation. Thus III A
was coupletely converted, whereas, PA war hydrocensted to =

rolatively sunll extent.
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TABLE I1X

IVWFLUL.CE OF ETRUCTURE O IIYDROGL " 7TIo A 7E

o Amtl «0L mol, ) foaount Tareescted Per Cent
Compound Start) (Isolasted) Lydrogens ted

Ao i it ——

I P 27 grams 2.0 24
IX PIC 33 1.9 36
ITI As 2.6 0.0 100
1v PAL 3.8 0.9 77
v PIGG 3e8 0.8 7o

Lnxperimgent B

In this experiamont, the reolvent, pH and the subsieace

to be hydrogenzted were wept condtant wiile the crtalysg,

P
e}

X

vrepared three diifereni wove, war verlied. The renulte are

L2

sumserized in the next tedle.

?fﬁnx B};E x Xfr

I FLURNCE oF CAPALYT ¢ 70 TYE TYRROOTLATION RATE

Tescriptios of Substance FTmount  LaLeTecov.on | % Lydro-
(atalyst (10%) ) {Start) hydrogenation gensted

2

Heutral - Pd-C A2 2.€ zZrems 1€ 38

o

irrtung's Pa-C £ 2.0 0.7 73

tamonle d-C 22 2.6 Hoae 100

1% cen be see: thot the difference 1n cetivity betwesn
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.

Hertung's Catolyst and the Aawnia Cotalyst is not too

£

garked, uwhilile therc is8 ¢ 2igailicnnt difference heiLwenn the

neutrsl crialyet and the other itwo. Heace, the method of
¥ 3

21

preparing the catalyst influenced the rate of the Liydro eam-

&

Liorne

Experiment C

Thic experizment hod 28 1its oblsctilve, the study of the
effect of the pli on the rete of hydrozenations. Three and
three=-te the crems (.01 mole.) of PA.Be. was dissolved in 38
mle of 05 per <ent ethanol and oa equal volume of =nier was
added. The 8olution became cloudy. Throe grams of 10 per

got Pd-0 catalyst was added. 1In the run containiog 3 ml.

concentis tod aawonia, the #clullion was clear. Time, oae

?‘.{JL;I%Q
T BLL ¥V
TFFECT OF pH OF THR K/ TF OF HYDROGTUATION
¥edlun Ltaount tmteligCOV:: ] S & e -
7Bml. RoO-Ethanol sat.heeovired  § Hydre
con%aiﬂing {Started) anreacted genated
- 33 grams 3.0 grame -
Z mle couc. (Cl Sed Sl -~
3 mle conce iiHg Ses 2.2 33

The use of agueous ethanol was necess~ry to bring Fr.C.
into s&olution. It does not seewm reassnable that the rre-

sence of ethanol in tris experiment was the rate detormialing
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factor, but rather the pH. It may algo be argued that in
the ¢are of the neuiral mnd acld wedia runs, the Tl
wae not completely dissolved but in 2 colleidal state.

From the above exnaoriments it say be concluded that
optiiosam conditlons for tlre hydrogenatlon of s benzyloximiao
group which 18 alpha to a carbonyl, carboxyl, or earbaamido
group would be: 1) hydrogenstion ia 2 solvent in which
both the unhydrorenated and hydrogenated products nre guite
gscluble, 2) use of a Pd-C prepared under alkelline eondi-
tions, 3) possibly an alkaline amedium which alght enhance
the reactivity of Pd-C. ilo 2itenmpt was mrde to study the
effects of tempersiure because of the 1ability of the pen-
tide linkange towards hydrolysls. Ltudles ifnvolving in-

crexged Nressures rwvere ot mnde.

Addendun

DI, - Phenvlalanyl - L(-) Leucine

Three and oane~half -roue (009 mol.) of /§~ph@ug1¢ir
beazvloxiulano-prorlonyl=-L(-) leucine was reduced usil g the
aasonie cotalysl (3.5 grams) ia 100 al. of vater contalining
3«0 mle 0f a concentrated a.moniec. The reduction toock 75
minutesr for s tliree-pound drop i~ pressure. Yield 2.% grame
(89%). The compound, nfter prolonged drying over Py0g, sin-
teraed =2t 180-1820 and selted 225-287° (uncorr.)s Fischer
and Blask (94) resorted two coupounds fer DL-pheaylalanyl-

leucine: "p" sinteriag at 186° and woltiag 196° (corr.);
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"R" sintering 2t 210° and melting 274.5°%. It would seem
from our results that coapound "B" corresponds to DL-phenyla-
lanyl-L(-) leucine. ~nalysie, czlculsted for 0155393?5203;

Hy 10,1 per cent; found: 9.5, 9.7 per cent.
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Studics have been cerrded out o Lhe mreparetion of
pontides withoutl the leslintlon of the interandlsie =cld

chlerides. -~ disamlde was praparedes

A study of the Iydrozenation of the benzyloxlming group
wen corried out. It wes found thet the peptides cone
talalng Lhe benzyloximing group ¢an be hydrogounted iun
sausous suasonlacal sedlium In the precscuce of 10 por cout

P eantalrst end 10 ner cent Amaonle P8-C o1 roon toow

porsture ol B0 pOoundE DIrosoulre.

s ,

fompthod for laodlating free peptlides wne devised involv-
fag the ufe of ajqueous 2ssonisonl medin ~ad eveporatione.
A pming nreld, n dipentlde, snd ¢ trlivneptide cere pro-

pErade

Tesi-guentitetive studlies on the rate of hydropenstion of
the bersyloximine group revealed thai the rnte war de-
peadent uron the aediuwg, pll, snd aode of praperatios of
entalyste A Rigk slkaliline pi snd use of 7d entalyots
oravered in an eliellse sediz pave optiszel raesults 1a

tha hydrogonn tione

Ableapies 10 prepusre bipher polypeptldes wore unstccessful.
An unguccoessful sitieant was ande Lo oryntallilize froge

Lioanlly & mixture of polyamides.
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