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Synthesis of %he immune-~specific, polypeptide-like hapten of the
anthrax-subtilis bacilli group. A synthetic proof of the constitution of
natural polyglutamic acids. ’

by V. Bruckner, M. Kajtar, J. Kovacs, H. Nagy and J. Wein
From the Organic Chemical Institute of Zotvos University, .Budapest.
Tetrahedron, 1958, vol. 2, pp. 211-240, Pergamon Press Ltd., Lendon

Statement of Problem.
Some time ago Ivanovics and Brackner (1) reported on the isolation of
the immine~specific substance of the anthrax baeillus capsule and have

shown that this substance represents a biuret-negative polypeptide which pro- .
_ duces a high yield of D(~)glutamic acid-hydrochloride upon hydrolysis with

hydrochloric acid. Simultancously it was discovered that various gram posi-
tive, aerobic, mesophiiic spors carriers {for example, B. subtilis, previocusly
called B. mesentericus) excrete a substance in their nutrients which is easily
isolated; it seemed to be identical with the specific capsule suistance of ‘
anthrax bacilli (B. anthracis). Hereafter these two polypeptides will be
referred to as anthrax-polypeptide (APP) and subtﬁis-polypeptide (sPP).
Later tests {2,3) have positively proven that beth polypeptides are
constructed of glutamic acid residues only, i.e. they represent mox{t:tonous
polypeptides, as had been suspected following first examination (1,4). It
has been proved that AFP ‘possaasea @ D-configurative uniformity (3,5) (con- .
sequently it is an optically purs poly-D-glutamic acid), while SPP, which
can be isolated from the nutrient medium of B. subtilis gruwn in accordance
with the originsl methed (1), seeins to contain about 853 D-isomeric and 153
L-isomeric glutamic aeié. residues (5). Recently it has even been discovered

that the proportion of D amd Igiaomric conponents of SFP is strongly de-
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pendgnt on the metind ¢f cultivation of an identical strain of BE. subtilis,
so that the incorporated L-glutamic acid residues may in some cases amount
%o 80%. However, SPP preparations whose content of L-glutaric acid residues
is strongly in excess of 15-20% have not yet beoen tested serologically. On
the other hand, it has besn discovered that SPP obtainable by means of the
original method (1) shows as marked a serologic reaction as APP: Solutions
of both polypeptides show a precipitating reaction (1) with anti-anthrax
immne sera down to a dilution of 3.2 X 105, According to immmne-biologic
tests APP as well as SPP (obtainable by means of the original mathod (1) are
to be considered immune-szecific haptens (semi-antigens) of the anthrax-
subtilis bacilli group.

It was inferribls from the results of a specific degradation to which
APP and SPP were subjected that both polypepticdes constitute gamma-poly-

. glutamic acids (III) (7). The reliability of this conclusion was first proved
" - indirectly by the analogous aegraqation of synthctically prepared alpha-poly-
- L=glutamic acid;gamémethylester and its D-antipode: alpha-gamma-diamino

‘" butyric acid (in the forn of its diflavianate), which is the degradation

- product characteristic of the alpha-glutamyl bond, could be obtained, while
'bet.a-fomyl propionic acid, the characteristic degradation product of the

gama~-glutanyl bond, could be proved neither preparatively (for example as
p-nitrophenyl hydrazone) nor chromatographically (8,9). Recently a direct
proof of the usefulness of constitution-determining degradation was estab-
lished, and this by means of the synthelically accessible (10) alpha gamma-
poly-L-glutamic acid methylester, which is distinguished by constant altern-
Gilon of alpha and gammt-glutamyl linkage in its peptide chain. In this case

both of the e::'pmi‘cev:l~ degradation products were actually obtained preparatively.
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, { It was decisive in eonatitutionodet.eminationrof APP and SPP that the
| ‘ synthetic alpha-poly~glutamic acids b+ characteristically different from APP

: ’ or SPP, not only by virtue of the result of the specific degradation, but "

s_' also in respect to their propertiss (i.e. very pocr sclubility in water,

ne

positive biuret re~ction, racemization in alkalins soluticn, no serologic
reaction). This refutes the report of Hanby et al (3,11) that APP contained
predominantly alpha-glutamyl bonds (and thai the APP ordiginally isolated (1)

YA YT o yres

1 contained these exclusively). (12,13)
; After first searching for the most suitable way in the L-sers.es, the

' final step in constitutional proof has now been conducted: The synthesis of
APP, i.e. of gamm-poly-D-glutamic acid (IIIb). Simultaneousiy with the last
mentioned preparations and independently of us, Waley (14) also has accomp-
lished the synthesis of gamma-poly-L-glutamic acid (IIla). Waley used the

. J . sams dipep’gide derivative as key substance for the synthesis as we did (see
%~ | " below: IL~-L-start dipepjhide; Ia); furthermore, essentially the same direction \
‘ a was taken in synthesizing the latter. Beside the gamma-poly-glutamic acid of
4 the D and L series we have also synthesigzed gamma-poly-(gamma-L-glutamyl-D-
. T 1 glutamic acid)(IfIc). This type of stereo-isomeric gamma-poly~glutamic acid,

which can simply be called masoid gamma-poly-glutamic acid (IIIc), is dis-

tinguished by the fact that L and D-gamma-glutamyl residues constantly a.ltern-;

+ o g m v s

ate in its peptide chain. This product was meant especially for.comparison
with SPP.

Lloda

\ General plan of the syntheses. '
{ -

: The synthesis of Above-mentioned-thres sterec-isomeric gamma-poly-
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;F . | 4 glutamic acids were phased as follows. At first the gamma~glutamyl-glutamic-~-
; g - 'acid-zlphsalph:'v;dimthylomrj(lﬂ)‘l of the correspondiﬁg steric series was
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" -synthesigedy these threes ztereo-isomsric dipeptide derivatives are designated
'. below as I~Lestart dipsptide (Ia), D-Destart dipeptide {Ib) and L-D-start
,"dipdptido (ic), respectively. ~Then the bifunctional start dipeptides, by

. means of a previous activation of their carboxyl group or amino group, were

subjected to intermolecular polyacylation‘ xhich led to formation of gamma-
poly-glutamic acid-alpha-methylsster (II). s conversion was accomplished

- in as concentrated a solution as possible, ixti ordor to minimize the possibility

of formation of cyclopeptides. From the structural viewpoint it could be

. .: assumed that in the polyester the terminal icarboxyl or amino group is still
-~ existant in its activated form (cf. for example the formulas XVI, XXI and XXX),
- however, in the course of production of /fres poly acids from corresponding

polyesters such groups are again converted to free carboxyl or amino groups.

\

" In the production of fves polyacid (III) xhe polyester was subjscted to alka-
- lins saponification, then the polyacid was separated first in form of its
. difficaltly soluble copper B ‘ialt, liberated frem the latter by hydrogen
- sulphide, p\_wiﬁed by means of dialysis and thus freed of lower oligopeptides,

and finally produced from the solution by freeze dryingi\mlt should be
mentioned that polyesters in dimethyl-formamide soiution a.«;iocia.tc strongly

with this solvent, and are water soluble; this fact made possible the inter-

polation of an aqueous dialysis in comnection with the polyester.
. Synthesis of the stereo-isomeric start dipepiides.

Wwe (12) ’havo already given a full account (as has bsen done independently
by Waley (14) of the synthesis of the L-L-start dipeptide, i.e. the gamma~L~

V7 glutamyl-l-glutamic acid-alpha alpha'~dimeihylester '(Ia.) A few differing

observations are glvcn by way ot the mlogous ayntheais of the D-D-start
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The synthesis of the D-D-start dipeptide, i.s. of the gamma-D-glutamyl- e s“'
D-glutamic acid-alpha alpha'-dimethylester (Ib), which was conducted in exact " "

imitation of the synthesis of the I-L-start dipeptide (Ia), took the follows

>
I .. &
0. Yo Nl # ke

ing course. Carbobenzoxy-D-glutamic acid-gamma~hydrazide (IV) was coupled o
2 % via (non-isolated) azide (V) with D-glutamic acid-gamma-benzylester (VI) to 4 4
‘ ‘ carbobenzoxy~gamma~D~glutamyl-D-glutamic acid-gamma’-benzylester (VII). The :;g

directly resulting crystalline product was, according to expectations, con- 7' ;
; benzylester (IX), which could not be completely removed even by repeated I

. 3
taminated with a 1ittle carbobenzoxy-alpha-D-glutayl-D-glutamic acid-gamma'= ?

¢

;

&
identically synthesizad L-L-product VII is in conflict with the observations :‘

made by Waley, who reported that upon reaction of L-acid azide V with the L=

Ay 2 S 51 A

bauzylester VI to form the derivative VII of the l~L-start dipeptide, tue s

structure-isomeric IL-I~derivative IX does not result simultaneously, or ‘t:hat : 5
it is not contained in the crystalline rsaction preduct. In spite of the B

we
fadiad At paay e e [ Ly
@

-5 : light contamination of product VII the synthesis was continued successfully.
' The next step was the coversion of product VII (in msthanol solution) with
; . diazomethane to carboben.so_:q—éanm-D—glutanv];-D—glutamic acid-alpha alphat-

«
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= "” j recrystallization. This result, which maturally also applies to the totally-

dimsthyl-gamma®-benzylester (VIII), which was obtained directly in crystalline | 7
fors and which could very casily be recrystallized from methanol, whersby the
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coanversion product of the structure-isomeric components, carbobenzoxy-alpha-
D-glutamyl-D-glutamic &cid-gawms alpha!-dimethyl-gamma'~benzylester (X),

T

remired almost completely in the mother liquors. The hydrogenolysis (Pd-

PP R T RALICR TN TTY

10 " animal charcoal, methanol) of derivative VIII finally produced gamma-D-glutamyl-

D-glutamic acid-alpha alpha'-dimsthylester, i.e. the D-D-start dipeptide (Ib),

,,,«
TIRR
s

' whose paper chromatographic analysis showed that the admixture of structure-
- isomeric compound XI ameunied to & maximum of 0.5¢. The crystalline L-L-start
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dipeptide (Ia) contains 1 mole of crystal water (12), as also found by Waley

(14). We have determined, contrary to Waley, tmat the crystal water cannot
‘ be removed by ordinary drying (&cept perhaps in the vacuun pistol at a

moderate temperaturs) wdthout sscondary transformation. Of course this also
. applies to the D-D-start dipeptide (Ib). ‘

By the method described above the I-D-start dipsptide also was syntha-
sized, i.e. gamma~-l~glutamyl-D-glutemic acid-alpha alpha?!~dimethylester (Ic);
the first step consisted of converting the I-azide (V), which had been freshly
prepared from carbobenzoxy-L--glutamic acid-gamma-hydrazide (IV), by means of
D-glutamic acid-gamm-bengylester (VI) into carbobsnzoxy-gamma-L-glutamyl-D-.
glutamic acid-gamma'-benzylester (VII). Again all,intermed.:iate pmducts; with
the exception of I-azide {V) which was not isolated, proved to be well-

" erystallizing compounds. ' '
. Conversion of thz stereo-isomeric start dipeptides into gamma-poly-

. - glutamic acid-aiphaomethy]:eaterl (1II), the correspending storeo-isomeric forms.

Following conversion of the carboxyl or amino group into s reactive groub,

. the intermolecular polyacylation of the bifunctional start dipeptide (I) could
- .* be accomplished easily, leading to the polyester (II). This activation, which
- . in this case happened simultaneously with the intermolacular conversion, tock

pia.ce in four different ways (method 1-4) in respect to the I-L-start dipeptide
(Ta). In connection with the more costly D-D-start dipeptide (Ib) and the
L-D-start dipsptide (Ic) only two and one method, respectively, werzs used
(methods 2 and 4, and method 2, respectively).

{1) The first method represents a commensurate alisration of a process

_ which las already been stated: At Zirst cb.rbobenzoxfy—gamma-l.-glutamyl-l.—

glutamic acid-alpha alphat-dimethylester (XII) was produced from the L-L-start
dipeptide {Ia}, then according to Boissonnas! msthod, converted to the mixed

e o o e - ——— e e - - Y e o mr—— e —— -
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ester anhydride XJTII by reacting with chloroformic acid-ethylester in ice cc;ld
dimethyl formamide solution im the presence of 1 mole of triethylamine. The B
mixed ester anhyd?'ido, while in its ice cold solution, was subjected to hydro-
genolysis following addition of Pd-animal charcoal. This process was not
effected in a closed container, for reasons which have already been discussed
eleeihere (12), tut was conducted with a current of hydrogen. The yield of

00,5, which was determined in the escaping gas, did not cease at 1 mole, a

sign of the fact that under the prevailing test conditions there occurs not

only hydrégenolysis of the carhobenzoxy group (XIII-->XIV-->XV), but also

‘marks the start of intermolecular polyacylation of the resulting tdfunctional

derivative XV (XV--3XVI). In order to further the latter process, and after -
the yield of CO, (totaling 1.36 mols) had practically ceased, the reaction

" mixture was mildly warmed (60°C) following addition of 1 pole of trietnylamine.

It 48 to be assumed that the mixed anhydride XV is able to transfer not only

the acyl group of the I~L-start dipeptide (H2N-A-CO-) to an amino group, tut

also —- if in smaller proportion — 1¢s carbethoxy group. In the latter case,

. however, the intermolecular polyacylation stops, since the N-carbethoxy group

cannot be hydrogenolyzed. Although this premtwre cessation of intermolecular
polyacylation cannot be avoided, the tast results nevertheless show that the
polydispexrse conversion product XVI also contains components of relatively
high molecular weight.

Taking into consideration the observation of Boissannas and Schumen (17),
that the formation of ester anhydride from a carboxylic acid anion and chloro-
formic acid ester is not essentially hampered by the simultaneous presence of
free amino groups, the aforementioned procedure could now be simplified, in
that the temporary blocking of the amino group of the L-L-start dipeptide
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(T2-<>XIZ) for the purpose of production of the mixed esteric hydride XV

.. * could be dispensed with. The formation of the polyester XVI also occurs when
" ‘an ice cold sélution of dimethyl-formmide of the L-I-start dipeptide (Ia) is
first treated with 1 mole of triethylamine and 1 mole of chloroformic acid-

' othylester (Ia-XV) and then, following admixture of a second mole of triethyl
amine, is mildly warmed (XV-XVI). It should be noted that the polyester was

obtained in water soluble form, follovwing evaporaticn of the solvent, and
therefore can be dialysed against water. In order to mirimize the possibility
of N-carbalkoxylation during the second reaction phase, another test utilized

isopropylester (18) instead of chlorofcrmic acid-ethylester; simultaneously
and prior to the reaction the dimethyl-formamide solution of the I~L-start
dipeptide (Ic) was dehydrated by maana of azeotropic distillation with toluene.
Here, %tco, the -formation of the polyester (XVII) progressed smoothly; however,
o " the increaae in yield was negligible (43.5$, against 38.5% of the theoretical
f' - yield). It was found, however, that free poly aclid purified by dialysis could
N 08 obtained in a better yield from this polyester (see table 2), a sign of a
larger fraction of higher molecular components in this polyester.

(2) The second method, utilizing Wieland and Bernhard's (19) peptide and
polypeptide synthesis, was applied to all three atereo-isomeri;sﬁart dipep-
tides. Accordingly the carbobenzé:qr derivative of the L-I-, D-D- or L~-D-start
dipeptide (XII from Is, Ib or Ic) was converted via the mxed anhydride / with
thiophenol to thiophenylester XVIII, and from it the hydrobromide of the start

dipeptide-thiophenylester (XIX) waz formed by means of glacial acetic acid-
hydrogen bromide. When ita amino group is liberated in acetone sclution by
rezns of triethylamine, then iia resulting primary product XX is subjected to
intermolacular polyacylaﬁoﬁ, ‘lsading to the polyester XXI, a i:rocess that
can be furthered by waraing (see formula on page 217).
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f 2) The third method is based on processes first used.’by Sheehan and ‘ g /ﬁ
; Hess (21) in the synthesis of di- and tripeptides. As is known, a dipep;.i:q; ’ g V
j can be produced by this method in such a way that an amino acid with a pro- = - 4 ?"j
' ' tected (for exampls, acylated) amino group X}_KII) and an amino-acid ester (XXIII) 4 ; ‘.
"-0 - * can be condenssd by means of dicycloherylearbodiimide (XXIV). The reacﬁon | ? ;
| }-"' § § takes place at room temperature, whereby the byproduct dicyclohexylurea (XXVI) §
- 1 § results, in addition to the dipeptide derivative XXV. (See formula on page 218). | g;% ‘
-'- ; : The macha.ni_ci of the condensing effect of dicyclohsxylcarbodiimide (and - % %
: " other carbodiimides) was explained by Khorans (22). We are dealing with the : § :.
'L, . i actiyation of the carboxyl group, the first phase of which consists of the . r 1 a
| . following: The reaction components with a free carboxyl group take on carbo- ?
diimide, whereby the O-acylated iso-urea derivative (XXViTa) s formed, which 3
. is inherently able to transfer its acyl group to amino groups. It was con- :
J I cluded that this method, which could serve in the development of a single E
; peptide bond, cculd also be used in poly-autocondensation of the bifunctional " '
‘ ﬂ start dipeptide (I), provided the free amino group ~ in spite of its nucleo- ;g:
K { philic nitrogen atom -~ does not decisively prevent the formution of the FE ‘
. j reactive intermediate product (XXVIIb). Such a compstitive raacftion would lead E § i
1 to the formstion of a guanidine derivative (XXVIII), vhich is probably stable, ‘
- ? - and thus would bring about a tpmina:tion of the intermolecular polyacylation “ i ‘
In: . process, “ '
) « Model tests with dicyclohexylearbodiimide and various primery amines have
; d shows that formation of guanidine derivatives is impossible under the test ‘ ?:
-': conditions used in connection with poly-autocondensation of the start dipeptide f j
- SN (). This is confirmed by tests with the I-L~ ard D-D-start dipeptide (Ia and ;
Ib): If dicyclehaxylcarbodiimide (YXIV) is dissclved in the dimethyl-formamide L
soiution of the start dipeptide (I), the result after a few minutes, even at L E
b ot o S AT 5.3 St R i 2 RS B
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A mon temperature, is tm: crystallinc ptacigit.atio.. e\f dicyclchmlnrea { XIVI\
3 e.s e. sign oi‘ pels-auwmndamﬁon (uo formla on page Pl&), The filtrate

-~ .

coata.imd tha gam-paiy»wutmic cidruyhs-metmrlestsr (Ila) o Ehe gad. -
poly-n-gmﬁn&a &c:&d«:lplm»mt;xyienozc (IIb)’, mspecﬁimxy, tmicn eoul.d ba

.- - -~
(‘ >

-~

I shaul,d ?:a noted here tha.t the mbodiimido metcsod for praduction ot
mmtewus polypzp*.‘.ides ’sax Eested for the rirat time d:xring syntheaie oi'

- .- = ~

(s) ma f urth method: wan davemped IrOn tha po’.ypOpade aynthesis of

chi“aﬁd H&yakau (&3) According to. the crigj.nal process of the japaness
3d.en..ists, an oliaopepuide eates' s fa.rat. transfomed to N-.arbotba.ophenya. S »
der}.vatin by mns ot chlomthiofamic ar:idupharwleata (0100506115), theg the
es’ber gr&lxp is subjcctad to acld aaponifkation, aml finally the benf‘ane- .
pyridine aoluéion o2 N-carbstb.cphmyl oligopeptide (m) is wmed. whereby
thmpolypeptids {XXX) 1s fomd itk cepa*ation of ‘earbons dioxyﬂe and thio-
phenoL As is knoun. w2 are deﬁing here uith ths activaﬁon -of the a.mino

g:oup, the P’*"me88 WhiCh lﬂdS %o ﬂw NIJPGPMG can be formlatsad ‘bhuQ.
(see formxla. on page 219) ' < .

?omany a po]speptide is formed here, whoae (teminal) awino group

‘ ocvzrs in carbothiophem]ized fam, howsver, such groups can bo readily re-

geaerataé to free am.no groups ever by a mildly alkaline hydrolysis.
Preliminary tests nho‘tted that there is aleo a carboxyi group whick m be
”activatesd“ '.dth ch&omthioxc”mic aciduphenyleater in t.sa prasenae of txi-
auhyhud.m, nhweby the ﬁ.rst result should be a nﬂxed axmy:ride of the qypa
m It was thmfore 4;9 bs Q:qaentmi that Nagnchi'a and Hava}s:_,:a's method .
Gould be applied dimcti;r to the start dipepti.da with ch.orothj ogormi‘. acixi

‘._\ =

o p}wnyluter in tha precmw ci triathwlnim, thm may. Pemlc, aside ’rom the
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ﬂ-carbothicphewl start dipeptide (IIIX, A as in XVIII) s the mixed. anhydrido f_i
XHII, which would be capable of intemolecular pomcylatiaa, just as the N- L
carbothiophezwl start dipeptide (KXII) Tetts uith the L-L~-start dipeptide .

{Za} showed the following: 1If a auapehsion of the L-L-start dipeptit_ie is

sixed with a nsarly equimolecular amount of chlorothkioformic acid-phenyleéie‘z" -
_in ics cold, iri‘ethylanﬂ.na-containing chloroform, and the nixture is shaken, - -
than a considerable poriion of the used start di.bepf.ide will immediately dis- -

solve through self-heatiug of the mixture. From the solution a colorless

- product ("primary conversisn product®) is isolated; if the benzené-pyridine B

goluticn of this substance is warmd (90°C), then a gradual liberation of a-
aubstance of hish moleculer mﬂ.ght takes place, which, according to its
properties and analytdc:il data represents the gamna-poly-L-glutamic acide

’ alpha-metlwleater (X1).

Since the labile "primary conversion produci:,” which probably is non-
homcgsnecus, has not been wholly: dofined as yet, we have started further ex~
aminaticrs, in order to clarify the foregoing reactions, and which shall be

_Gis2ussed izter. For the time being. it should be noted that the whols pro-

cedure is much more complicgtegl. Mixed anhydrides ¢f the type IXXI namely

. cannot be isolated, siace they shift to carboxylic acid-hydrides (XXXIII)

immediatoly follcwing formation. It is assumed that this shift is comnected

with disproporticning, which px;ogz'eaae"s in accordancs with the equation
LT e XXTIT f XXXIV: (seé- formila on page 220) '

It should be possible to immediately intercept tixe heretofore unknown
anhydride XXXIV whoze capa.bi‘.l‘ity for a‘:d.stence seems very questionable, by

means of amino gmnpa, whereby,  in addition to carben dioxyde and thiophenol, .

tiwre should form an N-carbothiophenyl derivative (type XXIX). It has been

discussed elsewhers (24), Jjust what conceptions can be arrived at regarding

'
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the composition of the "primary conversion product® and about the mechanism

- Lof ita conversion to polyester (IIa).-

‘":’?:; " - Supplementally to the aforementioned four methods it should be repeated
" “that Waley (14) hae effected the synthasis of the L-L-start dipeptide (Ia),

- . hﬂependently. He has also aceomplished a poly-autocondensation of the L-L~

: atart dipeptide to gam-poly-b-glutamic acidvalpha-methylester (IIa), and

; this by means of tetra-etlvlpyrophoaphite, i.e. with a method first used by
‘{»Andorson et al {25) in peptide synthesis. It should be noted that the gamma-
... polysleglutamic acid (IIXa) obtained by Waley (14) by saponification of the
_*polyester, contains 0.6% bound phosphorus. We have duplicated the process

* “exattly, and found it less satisfactory than methods 1-4. It should further
. ‘be noted that Waley to date has not reported on the synthesis of the D-D-start
:,dipcptj.do (Ib) exd the L-D-start dipeptids, nor on their poly-autocondensation.
L " Couparative degradstion of the synthetic gamms-poly-I~glutamic acid-

S ‘ - alpha-methylester,

L In oxder to obtain & corresponding eomparison with APP and SPP esteri-

. « ﬁ.ed with methanol, @ma-palydf-glntamc a..id-alpha.-methylester (113), pro-

duced by the second ms.noa, was converted with 1isuid ammonia to the

' corresponding polyamide (IIs; R equals Ni, instead of R equals .ocn3), then

.. subjected to Hofann's degradation and iimediately. hydrolyzed with Kydro-
», ‘. chloric acid. Fream the hydrolyzate beta-formyl prc;pianic acid was isolated
.7 in the form of its p-nitrophenylhydrazone; '\hereas‘aipha gamma~-diamino butyric
acid, the degradation product (8,9) characteristic of the alpha-glutamyl bond,
could not be demonstrated. ’ is is known {7), the identical degradation of the
] -po.mmthyleste* producod from' APP and SFP resulted in the same conclus:.on,
| ‘ uhich has been eonsiderod as proof of tha predoni.n.ance of gamna.-glutanvl bonds.

*
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Production of gamma-poly-glutamic acids from the corresponding
4 polyesters, ( . -1 H
o It has been meationed that, in order to obtain frse polyacids, the - .- | ]
. £ Tariously produced polyesters were subjected to alimline saponification, amd f,“;: ‘ ]
< . the polyacids were isolated via their difficultly soluble copper(II)salts - - ﬂ i
; One mist take into-account that during these operations final carboxyl and -
% 4 ‘amdno groups may be liberated, which should occur in blocked form ia the | ‘.
s ' ; synthetic polyester (for examples XVI, XXI, XXX), but a regeneration of amino 4‘
, o groups which possibly combined with gusnidine groups (type XXVIIT) during the T
; : -.c.ogrsa of the third method can hardly be expected. i : ’=
| " The stereo-isomeric gamma-poly-giutaxic acids obtained in the above . D
manney, 1.0.. gamma-poly-L-gintamic acid (IIIa), gamma-poly-D-glutamic acid % 3
: J - ) (IIIb) and mesoid gamma-poly-glutamic acid (IIIc), represent snow white pro- fé ‘
] f _ . . "ducts resembling down, wiiich are easily aolublg in water; they do not show a é -:
l 1 T ‘ biuret reaction, and theiz"‘ninhydrin reaction is only very weakly positive in - s ei .
i i o comparison to gamma-L-glutamyi-L-glutamic acid (for quantitative data ses the : %
: test chapter). - ‘A'll of these properties are equally applicable to APP and SPP. '*'% :
The question preseﬁt_;a itself here, whether the slkaline saponification of 1 fg 3
gaum-poly-glutanie acid-alpha-methylester might mot be accompanisi by an F %
7 i intramolecular, partial alpha—--gamm transpeptidization. Battersby and %
o ; Robinson (26) namely have. found that alkaline saponification of the ethylester | § :
; of N-acetyl-diglycyl-alpha-L-glutamyl-glycine-hexylamids (partial formulas: L 4
| XXXV) is connected with a far-r;aching alpha-~--gamma tranepsptidization (and f
, § " complete racemization), so that a mixture of stmct;ureoisomeric pepride XXXVIT 3
| and TOVIIT is produced, in which the dorivative with s gams-glutamyl bond F '
. g ™ even predomimates. This process xzay bs wmmplained thus: A 2:6-diketcpiperidine 5 :
: derivative (XXXVI) is produch' by means of transitional cyclization, which, a.s L
3 |
. -
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;:1,\:; _ secondary ad.d amide, undergoes a hydmlytic ring cleavage (VI T XV Ty
. XIXVIII) (see formula on. page 221). In this comnection it should be noted

that intramolecular tmapeptidization of structure-isomeric glutaqmyl peptides
(typa IXXVII and IIIVIII) with & free carboxyl group has been effected in our

. ¥ N b o7
T ITIR TR T IR S LS EMTS yH

inst.itute previousl.y (27), ~although by means of a different method, and this

in both directions (dpm(ﬁgam) Thereby the intermediate cyciic compounds
;= (type XXXVI) wers obtained in crystalline form and their bi~directional hydro-
‘lyticring opening (IXXVII¢~-XXXVI-->XXIVITI) (under the effects of dj luted
* 1ye) was proved beyond a doubt (28). '

(W s r )
Vet
ok by A ane .

 Since, according to our experience (28), this transpeptidization always:

§ 7 produces a mixtue in which the ganma-glutanyl compound (XXIVII) exceeds the 4
s alpha-glutanvl compound (IIIVIII) by approximately ten.f.old, it will not be
g ';‘ necaas&ry to ant‘l.cipate an extensive gamma~~3»alpha transpeptidization upon R it

NP 1K)
1, .

sa.ponification of gam-poly—glutamic acid-alpha-methylester. Moreove*, the oot
sam~§alpha transpeptidiszation is mde more difficult hsre by the fact that : ]
during the approach of the e;teriﬁ.od carbo:wl group of a gama-glutaml
reaidno (xxviz, C00CH3 instead ‘6f COOH) to the respective nitrogen atom, two

N

an i ey Yy

O -long cha.ins uz and Q) must. eo-v*..bra.te. Conversely, one can ant:.c:.pate that

..,,
- -

VX npon alkaline saponitieation ef an alpha-poly-glutamic acid-gama-ester

PIRE R RCS

e

- \partial form_.a xxxv) tho necessary chain vibration will dccur more easily

. . . and for this reason an alpba—-)gama transpeptidization will take place more
. .-. effortlessly.

asnprp €.

5. Infull accord with théss conclusions, Volcani (29) bas found tiat an

S A htey

enzym isolated by him, which 8peciti¢ally splits gamma-I~glutamyl bonds,

B eRerotr

' .' degrades. our aynthotic gam-poly-&-glutamic acid (IIIa) up to 95% to L--

‘ ’ glutan_ic ‘acid. ;l'hia way be*-taken as proor of a very low percentage of alpha-
' 7 _glutanyl bonds in this synthetic product, and also as proof that no important
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racemization has taken place during the course of the synthesis.

Moreover, the optical purity of some of our end products was tested by .

complete hydrolysis with hydrochloric acid; the specific rotatory power of the

e

1 Pttt
._w:'h N

resultant glutamic acid was only slightly lower than that of optically pure' ]

.
‘S

L or D-glutamic acid. These tests mst be repeated on a larger scale and \

Rib 23 ot 3

extended to all end products. It should be mentioned here that gamma-poly-IL-

glutamic acid (IIIa.) obtained by the second method showed the specific rotatory o (I
power of Lalph;‘ 4 equals =23.8% in water, while the specific rotatory power
of its natural antipode (IIIb), i.e. of APP, measures Lalph;\D equals #23. 5

This excellent agreement could hardly be considered a strict proof of the - ; l ;
optical purity of the synthetic product, since the specific rotatory power ¢ ':
éepends on the molecular weight of the polyacid; an ironclad ‘determiration of | %
molecular weight has not yet been accomplished, however (see below). |
As in all syntheses of materials of high molecular weight, polydisperse
products were formed. It was stres;ed that preparations of higher mean mole- }
1 cular weight should be removed from the mixtures bty means of comstant dialysis ok
— unless this decreses the yield ~- if they can no longer be partitioned
paper chromatographically (phenol-water) and remain immovable at tne starting .
point. Dependable determinations of the mplecular weight of m;r products are
still lacking; for the time being their average m;.ecular‘weight has been con-
cluded from their amino nitrogen values (van Slyke), just as this had been done .
_previously with APP and SPP. The aminc nitrogen values of our synthetic end’ :
products fluctuate (depending on the extent of the dialysis, which had to be i
curtailed in some \casea dus to shortage of materials) between 0.16 and 1.5% ;

(in connection with the mesoid polyacid (IIIc) only a preparation with the

i afbo 53 A

amino nitrcgen value of 2.9% could be obtained so far, due to shortage of - &

vaterials), while the amino nitrogen values of APP and .SPP preparations
' 15
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| . obtained by the original isolation method (1) showed a fairly constant
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ST 0.18-0.208. Due to the splitting of the Neterninal gamma-glutamyl bond,
;L} which has been observed (30) in connection with van Slyke's method — at
- 10&.;1; in the case of oligopeptides =- the average mledhr weights, which
R ; are ‘measured by amino nitrogen ‘values, are probably distorted to unx:ea.lity
. ’N; .toﬁrd ‘tl;o lowsr values. T‘he‘ extent of this distortion is shown elsewhere

. .”i—;(u). Nevertheloas the ratio of their average molecular weight my be

LA

e appro:d.mated from the amino nitrogen values of natural polyglutamic acids

o
Doy v

) " obtaimd by the original method (1),~~ provided van Slyke's determination is
N effected on all samples under exactly identical test conditions. This com-
‘ parative evaluation of relative molecular woighﬁ is admissible with the
ﬂ‘ __natural products, pecause they are practically homodisperse. On the other
... band, this comparison is hardly valid in dealing with the polydisperse syn-
';'_'f--:theti; products  (unless it be a comparison of one with the other, or with APP
,:iﬁ : " or SPP), eapecially since th? average molecular weight has .no real value
without lmowledge of thé quantitative disiribution of the indlvidual compon-
B ants. Ho;f‘ever, if the bossimlity of presetice of cyclopeptides is ignored,
A then it may bs assumed, without c;mxnitting a gross error, that, for example,
) - & synthetic polydisperse gamm-poly-glutamic acid with an amino. nitrogen
_value of 0.5% (calculated xgnle;:ula.r weight 2800) may contain components whose
. _- molecular weight reaches that of the natural product (m nitrogen value
. 0.2%, caleulated molecular weight 7000). In this connsction it is to be
- assumed that the real molecular weight may amount to six times the value
" which was computed from the amine nitrogen contents by means of van Slyke's
method (24)e .
In the nsar future we plan to make an ironclad determination of the
vaverage‘ molecular weight by means of otl‘xer.n'nt‘hods.. At present, tests with
EVTIREIE
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larger amounts of starting mateiial are under way, whose first goal is tlie

production of gamma-poly-glutamic acids of much higher molecular weight and
a closer approach to homodispersity.

As long &8 the tests with larger starting amounts are incomplete, a final
decision cannot be made on the most reliable method of synthesis among the

four mentionod above, since this evaluation is interdependent on the molecular }

‘weight, the yield (computed from the start dipeptide) and the assured means
of production. Moreover, the optical purity of all emd products must be

tested on larger amounts of the substances. Judging by test results to date, .

_ which are sumarized in Table 2, the first method with utilization of chloro~ " -

formic acid-i-propylester seems to be the most favorable (yield 9.u% of the: ‘
theoretical yield, appliied to¢ the start dipeptide; amino nitrogen after van ‘
Slyke 0.64%). ‘
Serologic comparison of the isomeric gamma~poly-glutamic acids with
APP and SPP, respectively.

Prof. Ivanovics (Microbiological Institute of Szeged University) has
subjected the synthetic, stereo-isomeric gamma-poly-glutamic acids to serologic
tests and has examined polyglutamic acids of other types in the same maaner,
which also were synthesized in our institute. Professor Ivanovics himself
reports on these tests in detalil (see .appendix). In this connection it saould _
be stressed that solutions of gamma-poly-D-glutamic acid {just as solutions of '
APP and SPP) diluted up to 1()6 showed a precipitating reaction in antianthr&;z

immune sera, while this reaction did not occur with gammui-poly-L-glutamic acid.

Simultaneously, the polydisparsity of the synthetic products was proved by
means of serologic tests after Ouchterlony (31).

It remained to be determined that all properties of the synthetic gamma- -

poly-D-glutamic acid correspond-to those of anthrax polypeptida. On these
' ' 17
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. grounds and the results of previous degradation tests (7) it may now be
_ afﬁ,md that the anthrax pol;vpeptide is to be considered as being gamma-poly-
: D-glutaiie acid (IIIb). By the synthesis ot this polyglutamic acid the total
’ '.s’yqthe‘sis»of a natural hapten has been aceompliahod for the first time.
| In regard to the constitution of the subtilis polypeptide it must still
) be decided whether we are dealing here with a mixture of gama-poly-D-glutamic
. :(‘;f:acid (I11b) and ;gama-poli—l.-giutanﬂ.c acid (IIIz), or whether glutamic acid
‘:*.f ‘J'eomponentz_ of opposed configuration may occur in association in one poiypeptide
:i’ c{ﬁin. According to observations made by Prof. Ivanovics the mescid gamma-

-

poly-glutamic acid (IIIc) also showed a positive serologic reaction. Conse~ -
f. o .quently, the posad.bility of agsociated occurrencs of D and L-glutamic acid

' ~ components in the peptide chains of SPP camnot be ruled out a priori.

~r

Finally it #hould be stressed that only gamma-poly-D-glutamic acid and
mesoid gamma-poly-glutamic acid showed \a positive aemlogic reaction, while
heretofors tested po]y-glutamic acids of different oonstitution have proved to
be inmctive serologically _
Description of tests.
Synthesis of the start dipeptide (I) and its carboxyl-activated derivatives.
"(a) Synthesis of the L~L-start dipeptide (Ia) and its deriyati:ves.
l-l-start dipeptide; gamma-I-glutamyl-L~-glutamic acid-alpha alpha'-
dimethylester (Ia). The synthesis of these compounds has already been des-
cribed by us (12), and independently by Waley {(14). Differing observations
‘were pointed out in the theoretical pa.rt.‘ |
Carbobenzosy~gamm-L-glutanyl-L-glutanic acid-alpha alphal~dimethylester -
. (XII; I-l-forn). See our previous paper (12). Meiting point 109-110°C.
‘ Elghg]%o equals -28.3 (c.o"gqa'ls 11.8; msthanol).
. ) : T . 18 .
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Carbobenzoxy-gamma~L-glutamyl-gamma ! -L-glutamylthiophenol-alpha alphate
dimethylester (XVIII; L-I-form). An ice cooled and stirred solution of 3.49 g
of carbobenzoxy-l-L~-start dipeptide (XII) in 20 ml of absolute tet}ahydmmraﬁe
was first mixed with 1.12 ml of absolute trietlwlamine,A then, uithin_ 15 mimtes,
a mixture of C.77 ml of chloroformic acid athylester and 2 ml of ab.solute '
tetrahydrofurance was added drop by drop. After sn additional 15 minutés a
solution of 0.87 ml of thiophenol in 3 ml of absoluts tetrahydrofurane was
added drop by drop (within 30 mn;n:ea) to the mixture, wiich was permeated ‘
with crystals of separated triethyl ammonium chloride; the m‘.xtur.e was stirred
for another hour at room temperature and then allowed to stand for 14 hours.
Now the mixiure was dried under reduced pressure (bath at 25°C), the residue
then washed on the filter, first with a total of 140 ml of water, then,
following suction drying, with 20 ml of petrolether, and finally stored over-
night in the vacuum exsiccator over Py05 and. paraffin. This crude product

(3.6 g) was initially recrystallized from €0 ml of a mixture of equal parts of

benzol and petrolether (melting point 124-126°C). Following one-time re-
crystallization of this produci, 2.73 g (64.6% of the theoretical yield) of an
analytically pure substance with a melting point of 134-135°C was obtained. -
Lalpha :?O equals ~9.6° (c equals 4.0; tetrahydrofurans)..
- Cag Ha 0g Np S (530.6)
Reported: C 38.85, H 5.7, N 5.3, CH30 11.7
* Found: C 59.0, H 5.7, N 5.7, CHBQ 11.9

Hydrobromide of the gamm-L-glutamyl-gamma'~L-glutamyl-thiophenol-aipha
alpha'-dimethylester (XIX; L-L-form). 3.5 g of the pure L-L~thiophenylester
XVIII was “lssolved in 35 ml of absolute glacial acstic acid-hrdrogen bromide

(10% HBr), the solution was allowed to stand for 1 hour, then mixed by stirring
L 19
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with 100 ml of absol}&te other, whereby the hydrobromide XIX separated ac a
sticky product. Following pouring off the fluid, the product was treated
thrée times with 100 ml. of absolute ether each, causing it to turn into a
powder. This was washed twice more with 50 ml of absolute ether each

. (suspension, ponring of£); thea dri.ed‘in the vacuum exsiccator over ;sulxnric

'acid:(B.O g) “The pnoduct. 4s very hygroscopic. attempts at crystallization

- were unsuccessml

i - Y Syiithesis of ‘ths D-D-start dipeptide (Ib) and its derivatives.

‘ Carboﬁeuzoxy—l)—glntamic acid-gamm-hydrazide (IV; D-Form). The compound
‘‘was produced in the sanie manner as the corresponding derivative of L-glutamic .
. acid (12). First the hydrochloride of D-glutamic acid>gamma-methylester

. (30 g; melting point 156-158°C; Lalph;}) equale -24.2%(c equals 9.35; water)
' was obtained from D-glutamic acid-hydrochloride (52 g), then 28 g of the

* - ester-hidmchloride yielded carbobenzoxy-D-glutamic acid-gamma-methylester,

vwhich was mixed with hydrazinhydrate while still in its crude form. The
'initiallj resulting , crystalline carbobenzoxy-D-glutamic acid-gamma~hydrazide

l (27 g; 64% of the theoretical yield) melled ath 168-169°C (decomposition) and

was suited for further treatwment. After one-time recrystallization from
aqueous alcohol (1:2) an analytically purs product was obtained which melted

at 177-178°C. {.alpha %0 equals #£11.5° (¢ equals 10.75; n~hydrochloric acid).
Ci3 Hip e; N3 (295.3)
Reported: C 52.9, H 5.8, N 14.2
Fourds - C 52,3, H 5.85,N 14.1.

D-glutamic acid-gamm-~bengylester (VI; D-Form). By use of the method
described in the production of L~-stereo-isomers (12), 22 g of D-glutamic acid
yielded 13.8 g (398 of the theorstical vield) of D-glutamic acid-gamma~-benzyl-
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ester with & melting point of 167-168°C, wiich had been recrystallized once

from water and which was suited for further treatment. The melting yoi.nt re= , -

mined constant after several rscrystallizations. Lalphaﬂ equala -28 l°
(¢ equals 9.8; n~hydrochloric acid). A

Cyp Hy5 O N (237.25)

Reported: € 60.8, H 6.3, N 5.9

I

Found: C &0.65,H 6.2, R 6.1

Carbobenzozq-gamma-D-glutﬁnvl—D-glutamic acid-gamma'~benzylester (ViI;
D-D-Form). Produced in an analogous manner to the stereo-isomeric I~l~product
(12) from 23.7 g of carbobenzoxy-D-glutamic acid-gamma-hydrazide (IV) with a
melting point of 168-169°C and 18.9 g of D-glutamic acid-gamm-benzylester {VI).
The yield of directly resulting crystalline product was 21.4 g (61% of the
theoretical yield, upon deduction of the unchanged .benzylester, 2.2 g). .
Melting point: Drawn 153-1599C, after sintering 136°. Although the product
is rendered impure by the structure-isomeric compound IX (sez the general part
and elsewhers (12), further treatment was nevertheless wntimed\. For the
purpose of analysis a sauple (2 g) was recrystallized cace from alcohol (10 ml).
Melting pvint 160-162°C, after aintering 156°. [alpha equals 6. 7° ( e equals
4.7; methanol).

Coy Hag Og Ny {500.5)

Reported:s © 60.0, H 5.6, E 5.6

Foun_d: C 59.6, H 5.7, N 5.6

Carbobenzoxy-gamma~D-glutamyl-D-glutamic acid-alphs alpha'-dimothyl-
gammua ‘~tenzylester (VIII; D-D-Form}. 7 g of mh@mw—gam_mglutaml-f)-
glutaric acid-gamma-bengylester LVII) with o melting point of 153-1599C {see
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tir&poi:t )t 3.16-117% whm an,Jected jm the matho& us»c‘ an T the p*oduct.xon

-~

ﬂom}mthsml tor aml;'ﬁic. Helting Zoint 119-1206 La.lpha:\ 3) equalﬂ: #7.2°

~

- AR IR

s a.QLacetic e%ﬁar)x LT L N =

627 HspOg Ny - (j25) L
nepwted: c 61035, H 6.1, mso 11.7 -

CFewd: G617, H 6.1, G0 nve a

Previoue data z }.2) on-the apociﬁ.c totatory ?a]ue of the L-L-anuipode .

_‘wt bc revinei on the basia of rew c&rbrol detomi.natione to [alpha:) 'D eqnals

’\'-

“7o1° fc equala\ 5.5, acetic estsr).

D-D—start dipeptisie, gamma-l‘»g.utanwl-l}-gmtamie &cid-alpha alpha'~
dimthylester {(iv), 8 ¢g of tha above produet (VIII) with a melting point of

»,-7 -~

_neee Yielded. 3. Ig (a;s of the: thsorctical 7isld). of ‘the D-D-start. as

>, papeidc Ib) ty mana o? the mathod dee*riﬁed in comection with ‘the producﬁion
'.‘.--wr :thc mmtm dipaztida; {x2) (17). e directdy resulting erystziline
product, Haahod first. with m&hamlnethar, ~then uiﬂ: etbor, melted upen sznter-

...ng and ra.pd.d. heating a.t 129-130"0. The product cgnta:i.ns l mole of crysta_

0

13 equals ;3.30 (e equals 4,863 methancl) Previaus data (32)
ori the specific rotatory value of the L—I.-&nt.ipode mst be revised on the basis
[ I) equals ~2.2° (¢ eqnals 4.72° methanol).

G12- st 37 st 320 {322.3) g e N

Repor‘;o&.‘ ¢ z.m, H 6:9, N 8.7, qa,o' 19,2f

.
-

compoundn I a.nd VIIT (D-bmform), “and
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0.50), and a mach smaller and only very wekly colored spot of the alpha-D-

T e N e A L S R T I S AL TR T

of the D-D-start dipeptide (Ib). 0.3 g each of product VII (D-D-form) wi;l:hr “F
a melting point of 160-162°C and its methylated derivative {VIII; D-D-form) .. -
with a melting point of 119-120°C were hydrogenolysed (Pd-animal chazjcéa;i.,“",“ e
10% Pd) in 80% acetic acid (25 ml). The filtrate was boiled down under re- i .
duced pressure and the two residues, along with 0.3 g of the D-D-start di- o -
peptide (Ib) with a melting point of 129~130°C were dissolved in 50 ml of water :
each, 0.0l ml of each of these solutions was chroratographed. Solvent: .
Acetic acid-n-butanol-water 1:4:5; ascending chromatography on I‘Iactaerey-Nag‘gi ‘
paper #518; development with ninhydrin, Substance VIT yielded two slightly
fused spots, distinguishable by their differing inténsity, Ry equals 70.21-0'.21;,_
which points to the presence of gamma-D-glutamyl-D-glutamic acid and a.lpha-D-‘_'
glutamyl-D-glutamic acid. Substance VIII showed a very intensely colored spot
of the gamma-D-glutamyl-D-glutamic acid~alpha alpha'-dimethylester (Ry equals

glutamyl-D-glutamic acid-gamma alphat-~dizethylester (Rt equals 0.34). In
connection with substance Ib the spot Re equals 0.50 is very intensely colored; -
while the conciderably smaller spot Re equals 0.34 barely reached the border -
of sensitivity (about 0.2 gamma) of the ninhydrin reaction of the alpha-D- ,
glutanyl-D-glutamic acid-gamma alpha'-dimethylester {XI). Consequently this '
impurity in the D-D-atart di;peptide {Ib) with a melting point of 129-130°C
amounts to less than 0.5%. ' '

Carbobenzoxy-gamma-D-glutamyl-D-glutamic acid-alpha alphal-dimethylester

(XIT; D-D-form). By utilization of the method used in carboxylatien of the
L~l~start dipeptids, 2,65 g of the DeDestart dipapt:ide {Ib) yielded 1.68 g

(47% of the theoretical yield) of its. carbobenzoxy derivativ& (XII) in an sna-
lytically pure ztate. l’elting point 109-110°C, Lalph:‘ D equals £28.3 (c equsls

-

9.8; methanol).. .

23
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Carbobenzo:q;gam-D-glixtamyl-gama'-D-glutamrl-t'rﬁ.ophenol-alpha alphate
dimothylester (XVIII, D-D-form). With the method used for production of the

. gterec-4sousric Ieircompound (VILL; L-Leform), 1.54 g of the carbobensoxy-D- | B
- l‘? n-etm dipeptids produced 1.15 g (61.7% of the theoretical yield) of the D-D- ‘

3 compound (XVIII) in an amalytically pure state. Melting point 133-135.

o " . ¢ Hydrobromide of tHe gamsa~D-glutauyl-gauma'-D-glutamyl-thiophenol-alpha

, P *‘ ilpha'-dimethylester {XIX; D-D-form). From 1.1 g of the D-D-thiophenylester
' IVIII, u‘cilizing the production msthod of the hydrobromide XIX (I~L-formj, the

;'{ - crude D-D-tvd.robromide (XIX) was obtained in form of 2 hygroscopic powder of
: ] - nearly quantitative yield.

4 ,(c) ‘Synthesis of the L-D-start dipeptide and its derivatives. o -

' ’ "< A11 steps were in imitation of the synthesis of the L-I-start dipeptide

b > . - ‘ " and its derivatives. In the following, only the amounts of material, yield,

q method of crystallization; analysis data and physical constants are given.

: ) ,' Carbobenzoxy-gamma-1~glutamyl-D-glutamic acidwgama'-benzylester (viI;

; .. : V 4 _‘ L-D-form). From 11.8 g IV (L-form) and 7.7 g VI (Duforzn) 8 g (L7% of the

» * theoretical yield) of the crude product. Once recrystallized from 180 ml of

. . ‘ ] acetic ester-ether (1:1) 5.24 g5, from the mother liquor an additional 2.2 g

v - ‘ mlting point 135-137°C. Oncs more recrystal]ized from acetic ester: Melting

4 point 137-138°C. | alph;.})) eqm,s -1.12 (c oquals 8.9, msthanol).

L N © Cos Hag Og Ny (500.5) - .

-, | Reported: C 60.0, H 5.5, N 5.6

3 " Founds € 60.1; H 5.5 ¥ 5.3

' g w Carbobenzcy~gama=L-glutamyl-D-glutamic acid-alpha alphas-dimethyl-gammat-
;- E < bensylester. (VIII; L-D-form).. From 7.4 g VII (L-D-form) k.1 g (528 of the

_‘ £ theoretical yield) VIII. (1-D-form) with @ melting point of 104-107°C. Re~-
1B | &
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crystallized from absolute acetic ester (12 m2) 3.15 : wi.r.h a melting point
of 107-108.5°C. [alpha’)D equals £0.95 (o equals 11.5; acetone) '
' 627 Hyp Oy Ny * (528.5) . ‘ IR T
Reporteds G 61:35, H 6. 1, N 5.3, CHy0 .7 S et

. Fgund: "¢ 61.6, H 6.3, N 5.3, CH;0 12.0

- ’ -
- N
- oA PN

 L-D-start dipeptlde, gamma-L~glutanyl-D-glutanic acid-alpha alphat-

dimethylester (Ic). From 3.1 g VIII (IPD-fom) 1.2 g (663 of the theorettcal
yield) of I~D-start dipeptide once reﬂrystallized from methanol (7 mi). -
Melting point v,3~ua°c.[a:phﬂ D! equals ,138.6 (c equals 5.5; methanol)

T Clp Hyp Oy N, (304.3) ' s ‘

. Reported: N 9.2, Ci;0 20.4
N 9.4, CH30 20.3
The chromatographic examination of the px oduct's uniformity was conducted

Found:
as in the case of the D-D-start dipeptide and furnished the same result.

Carbobenzoxy~gamma-L~glutanyl-D-giutamic acid-alpha alpha'~dimethylester

- (XI1; L-D~-form). -I-‘mm 1 g L-D-start dipeptide (Ic) 0.5 g (35% of the theoreti-

cal yield) of the crystaliine crude product; ;‘?rom 4 ml of absulute acetic ester-
ether (1:1) twice recrystallized 0.35 g with a melting point of. 136-137°".' s
[alpha. 17 equals £4.3° (c equals 8:2; methanol)
Cao Has Og By (438.4) .
] Reported: C $4.8, H 6.0, N 6.4
Found: - C 55.0, R 6.1, N 6.7
Carbobenzoxy-gamma-L-glutanyl-gama ' ~D-glutamyl-thiophenol-alphs alphai-

dimethylester (XVIII; I~-D-form). First, an oil permeated with crystals




: rasulted from 3 g or the carbobenzom-L—D-start dipeptide {(XII; 1~D-form)
: ambjected to the process used ixz the nroduction of the stereo-isomem.c I~I~
Nconpound (XVIII, I.-L-form) This oil vas disgolved in acetic ester, and the

* ;-solut.ion ﬁ.rst shaken in water in order to remove the triethyl ammonium

s .}chloride, then drieu (NaQSOI') and finally condensed under reduced pressure.

‘t.\l *_

B £y
~-\"

. 3 ‘ Tho resultant oily residue crystallized slowly upon trituriation with absolute

5 ~ether. The crystamne product. was first recrystallized once from absolute
methanol-ether (l‘l;) s then once rrom absoluta mathanol. The prodo.ct (0.65 g;

o :-aj\; 9h° ‘De to ghomga of materiala furtier purification was omitted.
277 Hyarobremide of the gamm-L-glutanyl-gama!-Doghutanyl-thiophenol-alpha

;lpha'-dimethylester (xn, L~D-form} ., By use of the method for production of
‘ 7 hgdrobronﬂ.de XX (L-L-fom) s 0,82 g of I~D-thicphenylester XVIII yielded crude
H h L-D-hydrobromide (XIX) in the form of a }vgroscopic powder in a nearly quanti-
tativo yield, . - _
. : . N - Conversion of the atere@-i,a‘-:.‘eric start dipeptide (1) and its denvatives
to gamm-poly—glutanﬂ.c ac:.d—a.;.ph&-methylester of the respective conflgurat:.on.
"lrst method. (a) . Production of L-po]yester (IIa or XVI) from the .
" carbobenzoxy-L-L-start dipsptide {XIT; I-L-form). In a double-necked flask’
- -a solution of: 1.46 g of caébobenzom—gam-bglupanwl-h—glutamic acid~alpha
alphat~dimethylester {iI I; L-L-form) in 3 ml of the purest, waterless
= dimethyl formamide, umdar exclusion of moisture, by ice ccoling and stirring,
was mixed first with 0.47 ml of absolute triethylamine, then drop by drop with
a mixture of C.32 ml chlorofc.rinic acid ethylester 'and 2 mi dimethyl formamide.
Stirring was gcn%:immd for 10 moYre sinates. Then the solution which was per~
« neated with fhe crystais of separated triethyl ammnium chloride, was mixed
with 0.5.g of Pd-anizal charcoal (10 Pd); oo neck was stopped With a gas

- —— = —
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wash bottle filled with concentrated sulfuric acid and equipped with Geissler's
potash apparatus of known weight. Now a slow current of hydrogen (1 bubble per
second) was allowed t6 pass through the mixture under constant ice cooling

It could be determined by temporary interruption of the hydrogen supply an& i
veighing of the potash apparatus that within 5 hours. about 1 mole (0.15 g) of
CO, had escaped. Since" the’ yield of CO, ha.d ot ceased at this stage, the

-

treatment was continued. After an additional 25 hours the escape of €O, was' :
.pra.ct:.cally completed- and amounted to a total of 1.36 mole (0.20 g) Now the
'mixture was centximged, the aediment washed once by soaking in 3 ml dimethyl-
fomami.de and’ subsaqueut centrifugaticn. The unified solution, after addition

"or 0.1..7 ml of triethyla.nine, was allowed to stand for 3 hours at room tempera-

3 tnre, then uarmed to 6o°c for one hour and finally boiled down (bath 80°C) in
& v‘cm (20 m), whereby & viscous trown oil was obtained. This was thorough]y

: ;tzituriated 8 td.mes in I.Gfml of absolute ether each, then stored in a’ vacuum

exsiccator over sulfm'lc acido Tha rcsultant product, which was greyish due

" to the adhering datalyst, wcighed 177 mg" (18.6% of the theoretical yield when "

applied-to the carbobenzd’q-L-Ir-start dipoptido, about.-9,3% if applied to the

_ I~L-start dipeptide). . ‘l’hc crude product (po]yester l-a.) was treated further

without. purificatien. ' ,
(b} Production of the I~polyester (ITa} directly from the L-Lestart
dipeptide (Ia). By means of chlorcformic. acid ethylester. A sclution of 2.0 g

of the L-L-start dipeptide (Ia) in 11 ml of dimethyl formamide was first mixed

by stirring and cooling (~4°C) with 0.87 ml of triethylamine, then drop by drop
with a mixbwre of 0.53 ml of chloroformic-acid ethylester and 3 ml of dimethyi
formamide. Stirring was continued for anofher 15 minutes, then the precipitated

tristhyl ammonium chloride was quickly filtered by suction and washed twice
) oz .

lead-in tube reaching the bottom of the flask, the ot.her was connected td.th a :
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4 ' viith'ﬂ 2'nl of dimethyl formmide each time, The wash fluid was united with the
IR - til’crate and compressed to about l. xnl in a high vacuum (bath 0°C). This solu-
-‘ . tioxi was mixed With 0,87 ul of triethylamine and warmed to 40-60°C for & hours,
‘ then a_.Iq.owed to stand ovemi_ght, whereby a slight% crystalline separation tecok.

- place. Ignoring the latter, the mixture was boiled down completely in a

“ < vacium (vath 80°C), ‘the residue was dissolved in 5 ml of methanol, evaporated

P N
Ealy
) .

'*‘;‘" ;m‘ce more under reduced pressure and the last process was repeated. The re-
o ‘:”‘{: aulting reddish~brown, viscous oil (2;7 g) was dissolved 1n 15 ml of water, the |
. solution was dialysed (cellophane) for L6 hours against a total of 2 1 of dis-

tilled water (in four parts), then subjected to freez> drying and tis solid
~polyeater stored for 24 hours in the vacuum exsiccator over P205. The sand-
_“- T co].orod, amorphous product (polyester 1-b) weighed a total of 688 ng. (38.8% of
B the theoretical yield); it vas treated further without purd i cation.
[06 Hy 03 N]h - Eué'”‘]h
S Reported GH30 2L.7.F
,’f:j-_‘--'-.-Founa: " GHi0 22.0 f- "
' L By means of chlorotom.ic acid-i-propylester. A solution of 2.0 g of the,
‘ L-L-start. dipeptide 1n'12 ml of-absolute dimethyl formamide wes  mixed with
" 3 ml of- absolute toluol and, compressed to about 6 ml in a vacuum (8 m; bath
50°0), then the partly precipi.tated substance was dissolved again by addition
.of 6 ml of dimethyl fommide and mild warming. The solution was mixed first
-with 0.87 ml of ‘riethylamine, then, accompanied by strong cooling {vath -10°C),
" stirred drop by drop with a mixture of 0.72 ul of chloroformic acid-i~propyl-
" ester and 2 ml of dimetkyl formamide. Stirring and cooling contirmed for
another 20 minutes, then 'tri;ethylanine (0.87 ml) was added and gradually .
- brought jl;O' room tempemﬁufe. Now the ,solution,' perueated with crystais (tri-
ethyl ammonium chlor.'{de)‘ was warmed to 50°C for 3 hours, then to 70°C for one
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hour and then boiled down ina vacuun (10 fm), The residue was trimria.ted

with 30 ml of absclute ether and the mixture stored ovamight in the refn.gera.—

tor. After pouring ofr the eother, the viscous product, permeated with crysgz;.lg?
was absorbed in 20 wl of methanol, the mixture was vigorously boiled down ina ;
vacuum, and this process repeated once more. The residue was dissolved in 25 L»‘m
ml of distilled water, the solution first dialysed (cellophane) against 3% 1

of distilled water (in 4 parts) for 72 hours, then frozen dry. The. sand- ‘
colored, amorphous product (polyester 1-—b‘) wd.ghed 773 mg (i3 5% of the theo-.

retical yisid), . '- . o o .

[06 lg 04 “[\q [1“3‘1“—1
Reporteds: CHBO 21.7 .
. Found: - CHBO 2.0

Second method. gamma-L~glutamic acid-alpha-methylester (IIz, or XXI).

To a solution of 3 g of crude hydrobromide XIX (I-I~form) in 3 ml of absolute

acetone 1.8 ml of absolute triethylamine was added under exclusion of mistm;y
and the solution allowed to stand for 24 hours. Ignoring the crystalline . :
separation (triethyl ammonium bromide), the major part of ﬁhe fiuid was dis-.
tilled off by means qf a heat bath (100°C), then the oily resi;lue was warmed -
for 3 hours at 100°C urder exclusion of moisture. After cooling, the viscous
residue was covered with 150 ml of absolute ether and stored in the refrigera--
tor for 12 héurs. This caused the product to harden to such a degree that it
could be trituriated (under ether) to a fine powder. This was centrifuged,
then washed irn the centrifuge 3 times with 70 ml of ether each, 3 times with

30 ml of water each, 3 times with 50 ml of acetons sach, and firally twice with

50 ml of absolute ether each. The nearly colorless product thus obtained

 (I~polyester 2) was dried first by air, then in the vacuum exsiccator over P50c.
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R G : Yiold L0 mg (22,26 of the theorstical yield applied to carbobenzoxylated
_ i ) thiophenylestor XVIII, about 6.8% appl:.‘.ed to the L-L-start dipeptide). *
B Taned], e, |
I : . ;i Reporteds © 50.4, H 6.3, N é.s,'cn3o 21.7
B | \ U Ronds G 496, B 5.7, N 9465 GH30 219
el e -
E A L .
3 " E T : . gamma~poly-D-glutamic acid-alpha~methylester (IIb, or XATI). The crude
. . ,4 - .Wbmﬁde XIX {D-D-form) obtained from 2.1 g of carbobenzoxy-gamma-D-glutamyl- 2
| E «] : "." gamma '~D~glutamylthiophenol-alpha alphai-dimethylester (XVIII; D-D-form) was
] 3; _;f' ‘converted by means of the aforementioned method. The product thus obtained
‘; g T (D-polyester 2) weighed 139 mg (23.4% of the theoretical yield applied to
3 3 _ ' carbobenzoxylated thiophetnjlester IVIII, about 7.2% appiied to the D-D-start
3 ; , , @ . ~'dipeptide) .
_ R RN mesoid gamm-poly—glutamic aci.d-alpha-mathylester (IIc, or XXI). The
": '-.' 1 . "“ ;‘crtide hydrobmnﬂ.de XIX (1~D-form) obtained from 620 mg of carbobenzoxy-gamma-
‘ e '_::,n-g'iut;;wl-gamm'-D-glutanwlth:.opheml-alpha alpha'-dimethylester {XVIII) was
. ; ﬁ ‘ conveftsdin the aforementioned zanner. The product thus obtained (I-D-poly-
'; . * : estor 2) weighod 220 ng (65.8% of the theoretical yield applied to carbobenzoxy~
: " “lated thiophenylester XVIII, 4.1% applied t; tue L~D-start dipeptide)
l :'i F Third method. gamma-poly-L~glutamic acid-alpha-methylester (IIa). 2.3 g
. (0.11 mole) of freshly ciastilled dicyclohexylearbodiimide was dissolved in a
X ‘ i 5 solution of 3.2 g (0.1 mole) of the L-L-start dipeptide (Ia) in 6.5 ml of di-
: J methyl formamide. -4 strong self-heaiing followed, and about 10 minutes later
: ’ ,' } % q separation of d:tc-syqlohfxylurea comenced. The reaction mixture was heated
4 B f g under exclusion of moisturs for 4 hours in a boiling water bath, then cooled
E : off. The diéyclbhe:vlureai (1.7 g) was filtered off by suction and washed on
, -3 im S . R e i
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the f1lter with ice cold dimethyl formamide. The united filtrate wes evapo- .
rated under reduced pressure (20 mm; bath 90°C), the viscous residue was '
digested repeatedly with a total of 200 ml of absolute ether until it cmsﬁbl?c‘l_"i
into a powder. The product thus obtained (2.4 g) represents a miSctu_ra of the .-

amorphous polyester (L-polyester 3) and crystalline dicyclohexylurea (retained .

amount calculated at 0.8 g). Yield of polyester about 1.6 g (56.3% of the

theoretical yield). Since the urca derivative could not be completely removed,.
the mixture was directly utilized for production of gamma-poly-L-glutamic acid.

gamma-poly~-D-glutamic a:cid-alpha-metkvlester (IIb). 1.35 g of the D~D-
start dipeptide (Ib) yielded, by the aforementioned metixod,' 1.3 g of a powdery.
product, which represents a mixture of the aﬁorphous polyester (D-poluester 3)
and crystalline dicyclohexylurea (about 0.5 g).. Yield of polyester about 0.8 g
(66.7% of the theoretical yeild)., The product- was utilized directly for the
production of gamma-poly-D-glutamic acid. ' '

Fourth method. gamna-poly-L~glutamic acid-alpha-methylester ina). An
ice cooled suspension of 3.22 g (0.01 mole) of the L-L-start dipeptide (Ia) in/
15 ml of absolute chloroform was first mixed with 1.39 ml (0.0L mole) 6F tri=-
sthylamine, then drop by drop by sheking with 1.45 ml (0.01 mol-e) of chloro-
formic acid-thiophenylester. 4 considerable part of the converted substance
dissolved immediately by self-hesting. The mixture was shaken by machine for
L hours in a closed container, the unreacied start dipeptide (0.55 g) filtered
out, the filtrate shaken twice in water, once in diluted hydrochloric acid,
twice more in water, 1‘;hen dried with Na,S0, and finally boiled down at room
temperature under reduced éressure. There remained a yellowish, viscous oil
which was turned into powder by repeated trituriation with ether. This "pri-
mary conversion product,"‘weighing' 1.3 g, could not Be .crystallized. It was

. . <o, 3
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( The "primary comrersion product" (1.3 g) was dissolved in & mixture of
h ) of abaolute pyridine and 16 ml of absolute benzol. 'a*iithin a few minutes

¥
“’* a slight turmdness uaa noted. The mixture was heated :.n a bath of 90°C under

i,

exclnsion of moist.ure, whereby the separation of the substance progressed and
the major porti.on of the product adhered to the walls of the flask as a £ilm;
tha aolutd.on turned a dirty yellow. After 60 hours the separation of the pro-

e duct vaa practically coipleted. The substance was isolated in the centrifuge,

washod seva-al times with absolute acetone and then with absolute ether, and
fina.lly dried in the vacuum exsiccator over sulfuric acid. The polyester thus
;»?obtai,ned (L-polyester i) represents a lightly sand-colored, amorphous powder.

"+ “Yield 610 ig (25,7% of the theorstical yield applied to tho I-L-start dipeptide,

. ‘loss the part that was not converted), For the purpose of analysis, a sample

R was; dissolved in méthanol, precipitated with ether, centrifuged, and dried in

" s vecuun platol over ;05 firet.at roou temperature, then at 76°C.

Lcé Hy 03 ﬂ [1&3.11.]

‘. Reporteds . ¢ S 5044, H 6.3, N 9.8, 0':130 217
| Fewnd: € 49.5, H 6.1, N'9.9, G0 21.0

Degradaticn of gamma-poly-L-glutamic acid-alpna-methylester for the pur- ‘
pose of constitutional determinmation. 100 mg of the polyester obtained by the
second method (L~polyester 2) in 10 ml of liquid amonia was allowed to stand
in a bomb tube for 72 hours at room temperature; during this time the substance
dissolved almost completely. after the ammonia had escaped from the opened tube,
the solid z;esidue’ was washed in the cantrifugal tube twice with 50 ml of water
each, twies with a homogenous mixture of aleohol and ether, and finally thres

times with 30 ml of absolute sther ezch. The white, amorphous polyamide (IIa;
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R equals NH, instead of OCHB) s dried fi>st by air, then in the vacuum exsiccator

over P05, waighed 62 mg (69.3% of the theoretical yield). A smll sample i‘q;' -
analysis was drvied for 5 houz'a more in the pistel over P05 at 80°c. . o '

LcsﬂstN:;] [}33

Reported: N 21.8
Found: N 20.6

It should be mentioned that the polyamide produced iu the same .saymer

- from SPP via the methylester contained the same amount of nitrogen (20&0%)(32)

50 mg of the polyamide was treated with 0.98 ml of 2,68% aikaline sodium
hypochlorite with frequent rotation, first for one hour at room terperature, ;
then 15 minutes 'a.t 60°C, whereby the substance dissolved zlmost completely.
After addition of .lO ml of 6n-7hydmchloric acid the solution was boiled with ‘
reflux for 30 mimutes and then evaporated under redvced pressure. The residue ‘
was dissolved twice in 2 ml of water each, and the solution boilvd Jdown under’
reduced pressm;a. The residue thus cbtainsd was mixed with 1 ml of a freshly
produced eolution of p-nitrophenylhydrazine in n-hydrochloric acid, which lad
been saturated at room temperature. The mixﬁre_ was dipped for a few seconds
into a bath of 70°C and allowed to stand for 15 mimutes under ice cooling. The
beta-formylpropionic acid-p—nitropneny:.‘xgvdrazlne, which had separa.ted in
crystalline form, was filhered off by suction, washed on the filter iwice with
1 ml of ice cold water eac.h and finally dried in the vacuum exsiccator. If.
weighed 20 mg and melted at 172°C. A single recrystallization from 1 ml of
water produced an analytically pure product, whick melted at 177°C in agree::xeni;;
wi;th the literature (33) and did not show a depression in a mixture test with
an authentic preparation wiih & melting point of 177°C.

30 ng of the pelyamide was treated with sedium hypo-hlorite in the afore-

mentioned manner, and the solution diluted to 4 ml with water. One half of this
33
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.- »;tcr 2 hou'& The cocled off soluticn was exterded in the appara.tus with ether

Ior tha purposa of removal of bels-formylpropionic acid, then steamed dry under
grqduqed pres mx . The residue wss mixed with 5§ ml of ice cold, fuming hydro-

.-eloric acid, ti. separated NaGl filtered off and the filtrate evaporated wider
- ~reduced pz;.easure.‘ This treatment of the residue with fuming hydrbchloric acid

f was ‘continued until separa.tion of NaCl ceased. The final residue of both
eamples has o.:.as@lved in 1 ml of water each and 0,01 ml from each of the solu~

-xtions snbja"ted to paper chrematogra.phy. { lgscennmg chromatography on Wa.
‘ﬂpap_er £y solvent n~tutanol-glacial aestfic acid<water 4:1:5; development with

O

rﬁ.nhy:irin)kuWniIe the control test clearly shuws the spot of alpha gamma-
diamﬁz&x;mg*‘ig a:ié :.?,n aé itien to the spot gr glutszé..i. acid, the original

P

samzﬂa m.;l&é i',o pfeduee é"* t;i;‘sz mntioued ?pai /
‘ Mcﬁﬁa sf gm-»pglawglutmc -asime ("’TI\ of different configuraticon -

from th:. cﬁmasporﬁiag psbestm;

53&?’{,3;.& szisssﬁties of 293-1&0@ ug of the various paiyestam ssve beatsd

-

with & 30-200F esvess @" $,35-5208 for ene Bouw i tne sheam balh, then the
solntion was £iltered, if n3sessary {Jor exampla, iz’. traating the polyester
ohiained bty the fourth method for the purpose of remwing the undissclivad

dicyclaksm‘luruﬁ then the soppee 331% of Bha polyacdid was precipiilsted as

pH 6 {adjusted with hydrechleric acid or seds lyve) with a satavaied seintion
of copper{iiilmifate. The eopper 32il w3 conirifuged and washed 34 times in

© the cw.t-&@aga Wik {; 5331 awount of L8 wld wsier, ‘Tha moish pracipitats
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amounted to 1 ml per 10-15 mg of saturated polyester. This solution was

o

saturated with nydrogen sulfide, the excess of the lattc;r removed with an au.r ,\ ‘
current, the precipitate was centrifuged and washed twice in the cmtﬁmge,_ : . :
with a small amount of water. The solution, united with the wash water; was T E
clarifiéd by filtration, if necessary, then dialyzed against distﬁ.n;ed water
by means. of a cellophans membrane (dialyzing hose). Dialysis was carried out;.-
until the chloride reaction disappeared; the total quantity of exterior water;
which had been changed 8-12 times, as a rule amounted to 12-15 ml to each mg )
of started polyester. The remaining solution was compresseo:. to 10-20 ml ina
vacuum (bath 30°C), then subjected to freeze dryirg. Copper(IT)sulfide which- -

+
”

>,

-

might have been carried over in colloidal form coagulates during freeze drying

and may be removed completely by dissolving the residue in water, filtration

. -

and re-freezing.

The poly-glutamic acids thus obtained répresent snow-white, downy promc‘.:'s,

which are very easily ﬁo;.ubie in w;ter.- They do not show a biuret reaction — =

in agreeme-nt with APP and SPP -,.their rinhydrin reaction is only weakly posi-

tive -~ in comparison with gamm-L-glutamylel~glutemie acid; while the limit

' of sensitivity in the reaction (tested on paper) lies at about 0.2 gamma with

the latter substance, thne synthetic gamma-poly-glutamic acids show a 13imis of

about 10 gamma, in some cases as high as 20 gamma. SPF obtained by thg ordigivak-

msthed (1) hes a sensitivity limit of at least 25 gamma. Table 1 shows 2 fow

test data; it should be noted that the ylelds do not apply to the started poly- -

sster hud the corresponding start dipeptide, and this 2lso in those cases where

pal;vcanklenaatiéﬁ wzs carried out with the derivaiive and not the start dipep-

-

+ide,

.35
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; : Table 1
"'“:-Pi'epared pmduct N Started polysster Obtained gama.-poly ~glu. J
' - Method Amaunt (mg) Amowat (mg)- HoN-N (%) Yield (%)

. “‘ (l)gam-poly-l.-g]n. :L-polyaste‘r l-a 176 L 1l

MR @ pmpolrign, Lpete b 68 ® 138 7.
R | E () pumepoly-Leglu. Lepolyester 1-b' 762 . 138 0.60 9.8
B q o0l 2 gamaepely-Leglu, : L-polyester 2 - a0 1.5 3.9
8 LU (5) gamacpoly-I-glin. Lpolyester 3 ~1600 L2 0d9 | 6.3

b | O smpyen, Ty a2 m o 7
i<?>*sam4-w-?-w-..v-mwemz'--l'.'.flss' L% Lo sk
B ' ' o (0.8 (Lh)*
- (8) gam-po.y-D-gln. D-polyester 3 ~ 900 S & 0.16 6.3

F

b s A

oDy et

b

ey
Y AT S e st e
i

. (9)mesoidgamma-:- - - :
. : @ .- poly glu... -~ L=D-polyester 2 220 . 70 3.6 1.3

——_— RVRTRON

" o .
SV AT RS B R WK b aie,

. "% product (7) repestedly dialyzed, #¥ product (9) repeatedly dialyzed -

- © - Al gama-poly-»glutamic aclds listed in table 1 show a considerable poly-
dispersity.. This was dsnonatrable not. only with the serologically active poly i
acids by means of Cuchterlony's test method (31) (see the appended report by &

‘ . Ivanovics), ut also in all products by chromatcgraphic examiration. In as-
- cei;ding chromatography - (solvent phenol-water 7:3, development with ninhydrin)
: we obtained strips emnnting from the application point and drawn out in the
. direziion of tra.vel.., By ﬁn'ther fractional dialysis of these products fractions
. were dialyzed out -ﬁ1930 chromatograms at constant running time (20 hours)
showed shorter and shorter strips (emanating fx;n; the point of application) 3

until finally the chromatogram of the undialyzed residue consisted of ons X
: ) p 3 .
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. Firstly, entirely ashless preparations can hardly be obtained by purification

fanﬂ.c acid residues. Table 2 summarizes a few data of the elementary a.na.lysis,

“H 5.9, N 9.55), which correspond to 1 mole of bound water to every glutamic

single, sharply delineated spot at the point of application.

Water and ash constituents are quite readily bound by synthetic ganma-

poly-glutamic acids, as they are by APP and SPP. This has-two consequences:

by means of ordinary dialysis, and secondly, the bound water can only be Te=
moved sufficiently fast by drying in the high vacuum pistol at 110-120%¢; -
however, at this temperature there already occurs a wsak decomposition, as -
evidenced by slight coloring of the snow white product. The ash contents of
our preparations fluctuated between < 0.0% and i.S%. Due to the strong ten- '
dency to bind water a strict control of ’c-he end preduct by means of eleqlen’::azy—,
analysis is not possible; it was determined, however, that the products re- A
snlt.ing. fron freeze drying contain (after storage for 2L hours in the vacuﬁ{n

exsiccam over P205) almost enfctly 1 mole of bound water to every two glu—

the drying method is shown in the last colmnn.
It should be noted here that Valey (M) furnishes anmalytic da.ta of hls
synthetic gamma-poly-IL~glutamic acid, also obtained by freeze drying, (C 40,9,

acid residue (reported: C 40.8, H 6.2, N 9.5). We did not observe such a
combination with SPP or APP, nor with our synthetic products; however, this

was found to be the case in synthetic alpha gamma-poly-glutamic acid (10).

It should be mentioned further that the low content of met:hon'l in some pre~ -
paprations, which points to incomplete saponification of the polyester, does

not constitute an insurmountable error in the synthesis. Due to the small =~ -

start:.ng quantitie§ with which we had to cope we utilized the mildest saponifi-
cation method poéaible, in order, to prevent possible splitting of the pepti.de
chain.




Table 2

——

" Productien
_ - .method

~ .

C H N
2 2 g

Ash

CH30 (sulfate)
Z Z

‘Drying method
over P05

- 22 mm

: (table 1)

’ ») :2 B
‘.. 4 -
gamma-poly-leglu. = 6 %
i - I &
‘ gl
T sibtispelipeptids 1
- {CyoBy 0N B0 g - . -

12.8 5.4
“08 507 10.2 0.0

b2 6.2-10.2 1.5

1.0

104

0.0

2.2

l.2

43.7 61 10.3 1.2° 0.0

§3.8 5.5 0.1
'k;.e‘i"s.sé 10.2 :
1‘6_{5 ' 5°5 0.8 .
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2L hrs 20°C .

25 hrs 20°C
5 hrs 110°C

2, hrs-20°C
1 hr 100°C

8 hrs 100°C
24, hrs 20°C
2}, hrs 20°C
24 hrs 20°C
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: ' . APPENDIX e
Comparative serologic tests of synthetic polyglutamic acids of S .
’ ‘different constitution. T . . ST

by —G. Ivanovics
Hicmt;iologi.cal Institute of Szeged University

By means of repeated intravenous inoculation of rabbits or horses with '
encapsulated anthrax bacilli killed by heat, immne sera ars obtained, which )
show a precipitating reaction with solutions of natural polygluta..nﬁ.c acids up. - -
to a dilution of several millions (1, 2, appendix). By natural polyglutamic -
acids are meani the polyglutamic acids isolated from anthrax bacilli (B.. .
anthracis)(anthrax-polypeptide) and the polyglutamic acid obtained from the -
mtrient of other-aerobic, mesophilic sporebearers (for example, B. subtilis)

(subtilis polypeptide). Both polypeptides demonstrate the properties of a -

hapten (semi-antigen), i.e. their parental dispensation is not followed by :
formtion of an antibody (2,3, appendix). .
As a gupplement to the constitutional discovery of the anthrax-polypeptide: 3

and subtilis-pelypeptide made by Bruckner et al, synthetic polyglutamic acids =~ |

of varicus constitution were tested for thedir serologic activity. The test

was accomplished with rabbit and horse sera containing anticapsular immme oo

" bodies; a subtilis-polypeptide preparation isolated by the original msthod «
(5, appendix) served as a comparative substance. Test results are listed in’
Tables 1 and 2. Table 1 contains results of experiments made by means of the "
ring test and the ager diffusion method. These data show that a horse serum ;
containing anticapsular irmune bodies is precipitated only by gamma-poly-D- 4%
- glutamic acid and the mesoid gamma-polyglutamic acid. Polyglutamic acids of }
@ different constitution remained completely inactive, although this initial -
(3 qualitative test was carried oub with a moderate dilution of 1:1000. »
. 39 . 1:
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: It should be noted further in comnsction with the data of these tables that

.~ emino nitrogen values (ascertainsd after van Slyke) are given for the indi-
47 widual preparations, instead of their average molecular welght.
‘ Table 1 ‘

AL L 1l 5 Ko oremar v ot vty rgers

M | Constitution of " Method of synthesis- Amino-N Serologic activity
RO - Muta.mic acid _: _ (literature dana) 4

R ¢)) gaxma-poly-D—glu. C h(metdz) . L5
S (2) gam-poly-D-glu. By ‘ 4 (method 4) . 0.65

Sl A AT 2R,
D)
A ) B
£ g ot getas o e

54 } "
rEppas s

'-‘ " . | (3/ mesoid gamma-poly-glu- L o 2.9

N N W

: '+ () gamm-poly-L-glu. 4 0.36

= .ff; (5) alpha-poly-I-gla. 6 0L - -

ﬁ e alpmepolyDeglu. 6 0.2 - |
] B ' (7) alpha gemma-poly-L-glu. _ 7 036 -

o “+ -(8) alpha gamms-poly-Degln. 7 0.3 -

; - - - Qualitative tost of ‘serologic activity of polygiutemic acids of different >

L 5 :eggstitution with anti-anthrax horse i;mmne sera. Dilution 10°.

- . Table 2

- Substance . Utilized Precipitation Amount of antibody precipi-
T immme serum titer(millione) tated from 1 ml serum ng)

rrta voms s

s 6 AT Y o

Subtilis-polypeptids  Babbit~F - - 0.2 -1
} S mawbit M. 2.5 ~ 11231
' % Horse 971 2.5 _ 9L5
g ” Horse~AS : 3.0 1790

b

:":' - . gauma~poly-D-glu. - . Rabbit-P no precipitation

I Rabbit 46 2.5 819 3
MR . . i
S : Horse 971 2.5 881

&

T - % - Horse=AS 3.0 ' 1710

: 1
3 mesoid gamme-poly-glu. Korse-AS 20 . 1030 ;
| w0 :
: : - — T




A S oo 2
.y

) .
B I g e S petetesr bt e Kovers

118 425

CYLN A

(I TPEA ST

ORI
.

b el En_x.;«‘,&f%‘b‘f fad

Table 2: Quantitative, comparative test of serological activity of gama-poly-

D-glutamic acid (Table 1, No. 1), mesoid gannna.«-poly-ghtamic acid (Table 1, e { A
No. 3), and subtilis-polypeptide (amiro-N 0.20%). b

b e
P Ty Y s 2 U

_ Table 2 shows results of the quantitative, comparative tests of -serplogiqi 3
activity of subtilis-polypeptide isolated by the original method (5, appev 'ﬁx),
of gamm-poly-D-glutauic acid (Table 1, No. 1) and of the mesoid gamma-polye-

glutamic acid (Table 1, No. 3). It appears from these data that the Whetic'
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ga.nnna-poly-D—-gluianﬁ.c acid precipitates horse immme sera in as high a dilu’t.iép -

as subtilis-polypeptide; the maximal amounts of separated antibo'dy are also: ;
fdentical. The mesoid gamma-poly-glutamic acid showed a slightly weaker o g j
activity in horse serum than gamma-poly-D-glutamic acid. In rabbit serum 46 : E
‘only a portion of its a.zit-ibody content was precipitated oy gamafpoly-D-glp- 1 %
tamic acid. Oddly enough rabbit serum P, whose precipitation titer was fairly | &,
low, as determined with subtilis-polypeptide, did not show any precipitating E ?

reaction whatsoever with gamma-poly-D-glutamic acid. The fact that the anti- -
body of this immune serum, produced 15 years ago and stored since, was still .
able to react specifically with gamma~poly-D-glutamic acid, was proved by its
positive inhibition reaction. In determining this inhibition reaction, a pre~ i
cipitating reaction of subtilis-polypeptide and rabbit serum P, effected under
optiml ratio conditions, served as a basis. This reaction was neutralized
complately by 150 pe of gamma-poly-D-glutamic acid, partially by 30 pg. -For
the 'sake of completeness it should bs noted here that none of the poly-glutamic

acids marked as serologically inactive in Table 1 had any effect whatever on
the precipitating reaction of rabbit serum P and subtilis-polypeptide, not
even in the amount of 650 pg.
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G Aforementioned finer differences noted batween the serologic' action of

O subtilis-polypeptide, gamme-poly-D-glutamic acid and mesoid gama—poly—glut#nﬂ.c
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R acid, may be caused by variations in average molecular weight or the dispersity

\i“ot those polgpoptides. These variations are sasily recoganized by.means of

; ;'Ouchterlony'a agar diffusion msthod (8, appendix). While in the case of subti-
li.a-polypeptide there occurred a less than 1 mm wide, very distinctly marked

;‘f»recipitation ‘Zzone at a distance of 3 ma from the edge of the bore hole con-
taining the immune serum, the tnrbidnesa caused by precipitation in the case

T b of synthetic gama-poly-D—glntamic acid appeared in the form of a 3 mm wids,

1nhomgeneous atripe, whose edge had advanced almost to the edge of the bore
}:ole containing the immne serum. This differeace indicates that subtilis-

. polypeptide is fairly homodisperse, while synthetic gamma-poly-D-glutamic acid

< a
A
=

~represents a strongly polydisperse mixture whose major part consists of com-

h_ ‘_ponents having a lower molecular weight than the major components of subtilis-
e - po}:ypeptide. This difference _ahould also explain the variable action of
‘ _ ‘ subﬁh&po]épéptide and gamma-poly-D-glutamic acid in respnct to rabbit serum
o ." P In this connection earlier observations (9,10, appendix) should be brought
“os out to t.he effect that anthra.x antibodies, depending on rabbit or horse passage,

RESEN
.,«
N

may react aifferently, even thoug; thelir specificity is identica.l.
. Experinental »rysulta summarized in Table 2 are to be supplemented by

. ;:ow;:luaiona reached -in.i'.est.ing of sera which had been absorbed.by serologically
active polyght‘amic.acids. JTests to this effect, carried out with horse serunm-

2p 3 GBS LI &y by 1
. - v

" AS, resulted in the following. Table -2 shows that synthetic gamma-poly~D-
- Q.utanic acid precipitates practically the same amount of antibody from horse
-\ sorum 45 as subtilis-polypeptide (1790 and 740 pgs the suall difference can
_be ascribed to a test error). The fluid, obtained after centrifugation of the
: precipitate, could not be brought to rene.sd precipitation either by addition
ot subtilis-polypepﬁde or of synthetic gamma-poly-D-glutamic ac:.d. Mesoid

gam-poly-g]ntamic acid :epar&ted only 1030 pg of antibody, but after rentri-
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the reaction of the anticapsular anthrax antibody is structurs~-specific in

- -

fugation of the fluid and addition of 725 pg ot.'. subtilis-polypeptide an addition~
al 687 pg of antibody was precipitated, so that the total amounted to 1717 pg.: -

mhL

However, once the antiboéy had been precipitated from the horse serum bfz t'hgi. N
mesoid gamma-poly-glutan_sic acid under optimal ratio conditions of both solutiéng*g,,
additional mesoid gamma-poly-glutamic acid did not cause renswed precipitation ]

~ e

from the centrifuged fluid.

In suming up it may be said that the results of serologic tests ars in R

complete agreement with those of chemical experiments oa the immne-specific, ’

polypeptide-like hapten of the anthrax-subtilis bacilli group. lviéreovc:iz*g,j in g

“¥

our opinion these test results demonstrate a very interesting example of immune-~ =k :

specificity. It is clearly evident from the results of serologic teststhat -- % %

respect to.the constitution of polyglutamic acids, since of the latter only -
gamma-poly-glutaric acids of correspending configuration show serologic activity,
but not so alpha.“or alpha gamma-poly-glutamic acids. Furthsrmore this reaction 8
is stereo-:specific to a degree {qhich has yet to be discoversd, since ol the’ :
gamma-poly-glutamic acids c;nly gauma-poly-D-glutamic acid and mesoid gamna-po];f—
glutamic acid are serologically :active, while gamma-pely-L-glutamic ecid shows

no serologic activity. Wnether or not the weak serologic activity of mesoid

D A ARt ML N T

IR A e BN e TR A TR I S St g

CA AR

gamma-poly-glutamic acid is r‘e'a.l]y to be ascribed to its own constitulion, i.e.

to the presence of 50% gf gamma-L-glutamic acid rasiduer, must be reaffirmed

IR RN

by additional. teats, since the substance tested here had a much ‘higher Sontent
of amino nitrogen (i.e. probably a much lower molecular weight) than gamm-
poly-D-glutamic acid. -

O R AT AN (i

Methods.,

Tdead W VRN IR TION

The subtilis-polypeptide used for comparisén»was isolated in accordance -
with the original method (5, appendix).
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' The rabbit immune sera were prepared by Tomesik's and Ivanovics' method.

‘**-:ot’ thésé (desigm*t;ion: 'P) had been produced in 1940 and stored since that

time, while the other (14'6) was made just prior to the start of the experiments.
‘rhe horse immune sera were prepared by the Institute of Vaccine Product:.on
.+ ("Phylaxia®, Budapest) in 1910, and this by inoculation of horses with live,

L. avimlent, encapsula.ting anthrax bacilli.

T

~ In order to determine the precipitation titer, dilution series according

o to the principle of double dilution wers prepared from the solution of the

" substance to be tested, and 0.2 ml each of these samples were mixed with 0.2

“*“ml each of the serum, wbich had buen diluted 1:2.

Incubation: 48 hrs at 4°C.
The serolegic inhibition reactions were conducted by a method similar to

that employed in determining the precipitation titer. Samples of subtilis-

. polypeptide zolution diluted to the degree of optiml precipitation were mixed

" first with varying amunts of polyglutamic acids to be tested, then with the

*

in 5 ml of ice cold brine each, followed

_serum.

The quantitative precipitation tests were carried out as follows: In a
cocled cantrifugal tube, 1 ml of serum and 25 pg of the substance to be tested

wex‘; mixed in 1 ml of solution, the mixture was stored in the refrigerator for

_ 48 hours, then the precipitate was centrifuged off and washed twice by soaking

* » repeated centrifugation. The pre-

cipitate thus obtained was decomposed according to Cleghorn's and Jendrassik's
Y method (ll?' appendix) and its nitrogen content was ascertained with Nessler's
’ reagent by means of three parallel determinations. Product nitrogen pg 6.25

ués' designated as the quantity of precipitated antibody.
The diff.sion of the polypaptides was tested by Ouchterlony's method (8,

appendix) in agar gel prep«med from buffered brine contaim.ng % agar. The
edgos of the two bore holaa containing the serum and the solution of the sub-

stance to ‘m tosted were 9 mm apart

Pl



