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S ATY.. .. Introduetion’ Cr

_ The structural 1nvestlgation oi a polypeptide
‘»1nvolves isolation af the substanoe in a pure state,L»'
 ‘;fb1lowed by the determinaxion of‘the relaxlve amounts :
¢,and the order of the amino acids in the molecule. The :
problems of isolation and amino anid eomposition haVe |
~f.-been greatly simplified by the introductlon of counter- '

‘Vchrrent distrihution and ion—exchange chroma*OSraPhy

- 7}With pure materials ayailable, the sequence of" the amino R

aeids can be studied by partlél hydrolysis with acid orf

-enzymes, and by stepwise chemical desradation._a.number T_fif

_.:of methods are availahle permitting the latter apprOach;A5; ﬁ

‘fﬂto be used, but generally the degradation can remove inﬂl'{'F

i; turn only a few amino aeid residues before complications:  r“

?_‘occur.i It seems desirable thereﬂore thax the peptide

‘“flchain should first be specifically cleaved at known po:l.n‘bs

’-j_-"-along its length and the various isolated fragments then

studied by the stepwise pmcedure. The object of some i
'of the reseamhes to be. deseribed was to diseover methods e
iy for specifieally cleaving ke peptide chain at- those

"points whcre glutamic acid and aspartic acid residues ‘




| oceur.

It was planned that any methods found to be suc- ;

re. _fceesm with simple model peptides ahould be tested on .

.Aia naturally occurring polypeptide :ror an aaeeasment of 5"3 o
. their tme velue. The polypeptide choaen ror this

-.i_:"f‘purpose was tymcidine A, which 1s readily available, it

" and can be obtained pure. <A1 the. struct‘ural fe,mr“

wh § "'fo:t‘ this mlecula are kncwn save ones it was 110* known,

whether the glutamio acid

' : ‘, and aspartic acid residues present were linked into

3 g:""the peptide chaln h‘y their side—ehain or their aL.-carboxyl,"‘__

o '_‘Sroups, e The study o:t‘ this problem foms the first

"part of the work deseribed in thls thesis.\ e




= R rhchemnnr of Tyrocidine HydrooMoride .

L .('(a) Earll Work

(1) Isolation o st s i s )
( In 1939 Dubos (1) descri’bed the preparation imm
autolysed cultures or B, brevie, of a substance which

L ".exerted a bacterio;tdal e:tfect on eertain micro-organiams{

S ';;The aetive substance eould be precipitated in elose e
.-"'_'.asaociation w:u:h a pmtein by adjusting the filtered
. culture mediuns to PH. 4.5 with hydmehloric seid.

_'The precipitate wae aoluble in neutral buffer, but if
. :A‘heated or treated with pmteolytic enzymes \vas rendered
5 _insoluble. ’l‘his treatment did not in. any way effect |
- itslyticor bacterioidel pmperties._,i Tt seened prob- % ol

able therefore that the active aubstanee waa not a pro—

Q:‘tein and that the pmtein with which n was aasociated ;':

determined ita aolubility properties. » '.l‘his proved ta

e ‘be the case. Jo

i Of the two procedures which have been pu‘nliehed (2,'
"3) for the further rraetionatio,n of this material the A

s o :jsimplest empleys solvent extraction with 95% ethmol,

" ;fwhioh 1eaves the protein undissolved. | The latter fracsion




j_',_}(':did not ‘possess the bactericidal ‘owers ot the original
;"_mixture, whi}.st the aleohol solutlon on dilution with

aqueous soaium chloride afforded & precipitate which Was

A nf.,'-"fully active. ‘l‘his crude pmduct, which was inaolu’ble

: ;""j{in wa.ter, but aoluble in acetone and alcohol was 03119‘1

' .-';tymthricin.

'.!‘ymthxd.@in was further fraetionated by Hotchkiss s

: f'and Duboa (4-7), and these anthors auoceeded in isolating

two crystalline compounds fmm u, designated gramicidin
;~and tymcidine. frhe 1atter ia a basio aubstance and

S e present in the mixture as the hydmchloride, whilst

;";':fthe fomer 1s a neutral antibiotic. : .411 processes for ;- __
0 the i‘ractionaticn of tyrothricin are. hased on this dii'f.—-.

' erence. - 'rhus, after removing fats and waxea fmnx tyrow-'_ ,'; |

‘v'f"._\thricin by ether extraetion, fthe gramicidin wa.s eztracted
':"'1nto 1 1 acetone-ether whilst the crude ty:mo&dine hyd:m-»
‘chloride remained insolu’ble. 5 This portion, about 85%
. .;'faf the tyro’chricin, was. diasolved ;m boiling ethanol, |

L e precipitated as the crystalline hydmchloride by

o :addition of ethanolic hydrogen chlomde. i After recryatal- i
: Alisa‘bion from methanol 'bhe t:y:mcidlne hydmckﬂ.oride was

% ot obta:.ned aa :Cine calourl ess needles meltms unsharply 3“&




B ».“'-,:with decomposition at’ about 24o°c (oorr.), [&"‘25- -101"

e (c..m ;m 96% alcohal) ‘l‘he y'ield of tyrothricin vuieai -
Cowen the di:t‘i’erent strains of B.brevis, and with the -

eulture methods. , More than 0 5 g /1 has ‘oeen produced

”'?’[by the B. G. atrain. — When fractionated by the above

' "methods a eontent of appm:d.mately 10-20% gramicidin, | :
iand 40-605% tyrocidine hydrochloride was 1ndicated :m t

tymthricin, of which perhaps two—-tht‘rds could ordinar-— prk

i1y be obtained inmcwstalline form. * - The. portion of

e ; tyrothricin unaccounted for appears tc be largely made

s “up of "gramieidin-—like" :Lmd tyrociu.., e-like" components,.

o .-"-_apeakmg in both o chemieal and. ‘biolosiﬂal sense.

'Ehe above method of fractionatlon may be summarieed |

o R {'in the followmg scheme (Hotchkiss, 8)

PR _.};'B brev:ts B G. g R ,

o 'Peptone cultnree e
S i g acid
S PH4.5
: ~:...Prec1pitate o
&, aloohol
oAl Alcohol extract . e S ,
i, Rl bria
s Precipitate (Tymth.ricin) P gt Camtly® WS
3 ' acetone—ether e

Wy soluble part  _ N f_'insolul;ie part
r'ystallisation"_" .crystalliaation
Coycfrom cacetone. il oo - from aloohol 2 H01
. .f:--;f;‘~.-‘.,Gremie1d1n LT T rysgetdine T
A & v LR o e _,hydrochlaride. ‘
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~_.An attempt by Gordon, Martin and Synge ‘GG fractionate | |
}-tvmthricin by partltion chromatography on . silica gel '
-3;(9) resulted in imperfect separation...-“ ’ '

(ii) '.l‘he Chanistx;y of unfractlonateddmcidlne s
gdrochloride A B
The investig.ations of R. D Hotehkiss (10), and in--

‘ '___f.dependent work by HiN, Ohristensen et al (11). showed
o that tyrocidine kwdmchloride Was the salt of a poly- e

'?-peptide.w In the course of these qtudies gramicidin

'-:_i.was ehown to be of 1ike nature, but the results for thxs e
e ;substance will not 'be presen'l:ed her;—.. : It should be .
-noted that the tymcidine hydrochloride used by these

fand subsequent workers unt:s.l 1947 was not a chemical

T "individualv Synge and Tiselius (17) showing in tha‘h year

o :that the. material isolated as above was '@ famly of

e -'tyro cj_dines- ! The results obtained on the unfractionated . :

.'jmaterlal are. conseq_uently only of Q_U.alitatlve value. %

Flectrometric titration of intact tyrocidine hydm*;'_-- .

Crgtt ehloride by Hotchlciss (10) showed the presence of basie

amino groups, and also weak acidic gmups, probably phenol—"_t;

»-'itic s:mce acetvlated tyrocidine was neutral Tryptophan

i .,,.;and tyrosine were estimated colorimetrically, and the

.....
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_;";.preaence of amide-grouns was indlcated bv the ammonia :

j "_'!';.-‘-produced on. brief h:,'drolysis. Hotchk:.ss and Dubos (7)
'.-"ﬁon the. basis of the elementar& compositlon of tyrocidine
"ﬁ‘fhydmehloride sugg,ested an emp:.rical fomula A |

. " "5663 3 13 13.}101 eorresponding to a. minimum molecular
L .‘-_,?weight 1267. ; DeteMJnations oi‘ the weak aciulty and
| eaally hydmiysable ammenia by Hc't;chkiss (10) indicated
g"fthat the true wolecular weight is 2534 or some: miltiple:
ML, ‘of this.g The same worker studied by titration the
'Tn-fl’\rhyamlyqis products of the polypeptide anc‘i his results
_indieateci that it contams about twenty 'amino acld resid—
'T_ues, mdicatmg tryptophan, tyrosine, 'md aspartic acld, |
‘?".‘-flThese are apparently combined :m such a way that tm
Wbasie amino gmups, fhree amide groups, -and one oarboxyl
| -or pheno:l ie gmup are free in the molecule of weight |
_ '«,2534.‘ *.'L‘he minimum um,t pmposed by Ghristensen et al
(11) on the basis of 1ndependen1; mrk was in reasonable
: ';'agreement w:.th that suggested 'by Hotchklss above. Chrlsten-
| '-’. .. 'sen gave evidence for the preaence in tymcidine hydm«—'f”’ :

'.Hj.“‘_.\.:chlomde of phenylalanine, alan:!.ne, and bas:Lc amino acids

) ‘"hgi_:m addltion 'bo those found b;y Hdtchklss. oy 3 . ’
S ',Phe 1im1ted study of the amino acid composition of




.-'{"'the poiypeptide oarried out ‘bv the above workers was ex-

. _j,;-‘_tended by Gordon, Martin and Synge (12), who studied the

pro duets of acidic hydrolysis of tyrooidine hydrochloride £

] 'b:Y partxtion chromatogra'ohy. : The follow:l.ng amino acids

-;,'i_were ieolated :t‘:com the hydmlysate, and oharacteriaed as

"\-vv;~thelr aeetyl derivatives- phenylalamne, leuclne, Pmline,-i
...."valine, tymsine, rnlthine and glutamic aeid. 3 Addition_

'-“':-_ jal evmence Was obtamed :t‘or the occurrenoe of tryptophan

“f"f-‘-and aspartle aciu, but the preqenee of alam.ne could not

'.-\.Ibe confl:maed.y '.l‘he o:m:xthmne was isola‘bed as’ 3.1:3 diacetyl

. 'derivatz.ve, and this a.ppearf* to ‘oe the :f.’lrst isolation

4o ,'..of ormth:r.ne hy ac:.d:.c hydrolysm oi‘ a8 polypeptlde. The ._'__'-"',f"

g v 'reooverv of tryptophan i‘rom the hydrolysates was very

2t fvarlable, mmilar results belng obtained when tryptophan;
o in admixture with other amino acids, was heated with aeld 3
-:'-under the oondi tions of h‘yd‘rolysis used ;,or tyrocidine |
'hydmchloride. -‘ 'Phe errors :m th:.s wo:r-k entirely preVented
tne stoiohlometrio caloulatlon of a‘ “minimum moleoule"

‘-'_-of tyrocidlne hydrochloride. : 'l‘hese autnors ooncluded

l_'_:however tha"t; 11 the results for tryp‘kophan and ammonia,

A.__-_“as determmed by Hotchklss (10) were comblnea with those, ;
f'_'they nad obtmned i‘or other constituents, 88..]_05% of thev--'

. ,',;__'.nitrogen oi‘ tyrocidine hydrochloride had been identiﬁ. edf:.’}_fé :._




fQ; 1n its hydrolysate- bty e R S
e No*t only did this work sueceed in 1dentifying more & i
\=."_;?amino aems 1n the polypeptide, but gave evidenee of R

*{*their optlcal configuration. The. phenylalanmne isola*-ffrf

2 -.ed had mainly the D-—configura‘tian amz the ather azmno

.acids were mainly of the I:-—form Lipmann, Hotehkiss
'iA'fA,and Dubos (13) had previously shown by enzymatie assay

‘tf with D~amino acid oxidase thax tyrocidlné appeared to

h“_\:f-;contmn D-amino aclds amounting to 15 of its total

nitmgen-g The total amount af D-amlno acld (13‘% of

‘:"'-':_.z'{the total nitrogen) found by Gordon, l‘uartln e.nd Synge

‘_:'Ij.':(lé) was 'thu in abreement with thls Value.

The work whioh has been discubsed so far was admirs---;"'"f’f

"“,ably reV1ewec1 b;y Hotchklscs (8) :m 1944, who showed that |

5 _-.-ell the aVailable analysesx were ;m iair agreement with

:___tha 26 nitrogen unit menticned afm ve. '_ At that time,

1 __‘-;however, no reliable figure could be g:wen for the mole~'

©outar s welght of. tyrocldine.hydrOChlorlde-. Ogston (14)

7'_.had axtempted the determination in dilute’ dLetic acid

_" ' -'.?‘;wz.th the ultracentrifuge. Sedlmen't:atmn was elow and

_"_:,comparable in magnltude with diffusn.on, and the molecul«-' :

re ar wen.gh‘h could only be estimated as pmbably between




1 ooo z,nd 3,000- : 1;1"1*0“"’9""1‘ on

ﬁffatoms

.he b&ﬁlﬁ of'26 nltrogen -.:?

Q;n Lhe molecule the analyaes Lndicntedfa poly—ﬁ GL;ﬁj?

' '\”f?i?pcptide?composed of 3'pheny1alan1ne and 3 ammonia

:Hg?rosidues, 1nd 2. re51dues cach of glutamic acid, aSPartlcyfff

wﬁ??%acid{fornithlne,_tryptOPhan, tyroclne, proline, leucanefgffi

. ”ﬁﬁf_naﬁvnline. Such a structure, 1ess 22 molecules of o

"13]giwater, would have the empiricul formula 0127 166”26026’*;:2€

"ﬂf:fdouble molecule prevzously deduced from thf

”";"lcul&ted

ielementary

TiifscomQOSltlon'ﬁxone' Hotchkiss visual{zedi likely

'"57fjarrangement of the residues,cs al peptidé chaln 1n

'ffffpresumﬁbly formed 1n &:cycle- The t“° basic groupa

a3f;'fch lgx-cmino and carboxyl groups were combxned,‘¢”

;be fre@ to

-;ﬁof the ornlthlne 51de cha;ns were qald L‘

'-qiaccount for Lhe baszc nqture of th( mclecule, Qnd three [fﬁf

i}of thc four acldic 81de chxlns of the dicarboxylic

f[f?acids were presumably combLned with ammonia cs amide '

‘“;;groups.:; The free weak acid group found when tyrocldlnejj«f

'Iﬁjihydrochlorlde was tltrated with alkali 1n alcoholic

4"“;}f§olution was thcunht to be elther andror-side chain




: arboxyl_from on@ oi the dlcwrboxyllc clds, change:h,h”nw

“QQf:fof thp original Opinion that thi grouplng waa phenollc._Qa?

";f?;fby th" availabllity of Lhe more precmse analyses required
*3ﬂf?for these 1arger moleculgs, they could be said to have H

,’7?ffof tyrocxdlne wae vubiishrd in the year fOllDWin€

,The assumption and apyroximqtluns whlch had bcgn

;the draWLnS of the broad Structural Outlines, ;;éﬁ

More 1nformatlnn about the amlno r‘,c:Ld comuosltlon

'j‘ﬁ5fﬂotchk1qs L review hy Chrlstenson et al (15). These izfggf

"1j‘workers rwmovcd all doubt about the presenco of aspartlcif§°z

” ;ff§acid in tyrocidine by isolatlng thzs amino acld, aq the i::ff

_:;j;gﬁbenzcyl derivqtlve frOm the hydroxysod polypeptlde-;fi; 7i;

“ffﬂffimhey also examlnpd uhe hydrolyqate by microbiological el E

“f 3assay mnd iound that the small qmaunt of 1rypt09han ?{fﬁﬂf*

;hiigwhlch qurvtved

fﬂas of thr Luform. | An 1mportant

'*f'goutcome oi these new uxperimeni was the withdrawal

......

'f*fby Christensen ev al.-of their earliwr claim thmt

.7.§ ;alanine was present in tyrocidlne, thus bringlng tﬁeir;?fffﬂ

'"f:?work Lnto agreemenm with thﬂt of Gordon, Martln and

’;?ﬁ;fbynge (12)
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3 ;w:}ﬁpaper Whloh followed, by Christensen (16), i e
,-if}bn thé free fune 10nal groups of tyrocidlne uhowed?ﬁi;ffﬁi¥i
.z ;quite clearly thﬂ% the only amino group preseni 151 ¢:tf5f¥f
r ?z;;the¢5-amino group of ornltbine. : The orniihina 3
-“ﬁblresidue was converted praetlcally completely to Aﬁ Sl
f%L—arginine residue by tho actlon of S-methylisothiourea;ﬁflg;

¢§withaut produclng detcctabla qnanmzties of other alkyl _iﬁif

=*?guanidlnlum,00mP°“n55~ : Further, treatment ef _
*~?;fftyrocid1ne with p*tolucnesulphonyl chloride, followed :
”~_;j{by acid hydrclysls,qnd aoetylﬂtlon enabledti-acetyl~6#~ fHFfﬁ

-fjig(p_tolunne,oulnhonyl)~L~ Ornithine to be 1soiated. a

"f:@f;An alkaline hydrolyqate of thc tosylamed tyrocldine
'Liiﬁgave no evidcnca for the presence of the _;;“i ‘_
.if,ﬂ—p-holupnesulphonyl deriVatives of the other amino '

ffff&facids present 1n tyrocldlne.;; The absenec of any

‘‘‘‘‘

13~;:orniih1ne, gqve strong support to the view, that the

'“f‘;molocule is cyclic.‘ Thlo work also showed that the 7gi;{ilf

af%nhenalic hydroxyl group of tyrosine is free in the ;Eﬁ;;fﬁjé

-._;-'if'ipolypeptide. Whvn tyrooidine Was treated w“h
”TFfP~toluenesulph0n¥1 chloride in Pyrldlhe’ f°11°wed
fj}by seid hydrolysi¢ of thc product 0-(v—toluenesulph0n¥1)éiﬁf;

a:?Q;Q-L-tyro iné*was isolated from thm rc ultant mixture.i'”"“”fy




7 ITu(b)«Isolation and- cheracterisation of o single peptide,

,,,,,,

The tyrocldlne hydroch?orlde used 1n the foregoing

‘ATVQBtudies hﬂd been repeatedly recrysballised, mnd the’E ;~fj;

2 ff}constancy of its phy81cal and ohemic@l properties

"’*fflndicatea hOmogenelty. . However- ‘Synge and Tlsell““

‘ ij(17) considered th@t the produet might still consiat

3Vlﬁfof two or more differen$ peptides crysta11181ng

-

nﬁ5ttogether 1n~proportions unohanged by crystallisatlon.;f j{£f

'1‘5They therefore subjected tyrocidine hydrochlorlde to

tffgqﬁborption analy51s, u51ng first the fronbal analysis

'Lijjifmethoa of’ miselius.:x~'

Fronfal analyszs on ch¢rcoal immediately showed

.....

’*ﬂthat a_number of components were present, moreover

Ejﬁthe increasang iluoreseence of the effluent solutlon

‘”;fln U.V. led them to suspcct that the succossive

'*Piicomponentq had ngfferlng tryptophan con‘oentqQ Three

':jéﬁcomponents were recognised only the first two belng

“j;sharply dcfined.; Adv nxage vias, taken of the Rrhlich

”Vigieolour test%ﬂor tryptophan When th@ 1eaSt Strongly

'Qadsorbed component (I) gavc no colcur reactlon, whereas ﬁ;“f

'5;;components (II) and (III) gqve colours, whlch however f-h¥f%

V’”Jizwere nov 1dent1cal. Recycllng of the components on a

B "".,-.
S "‘~. PSR S




:1;:§sim11ar column gcve Lhe same type of pattern, qhow1ng o 3y
f._';[ffgth‘.s,t it was very unlikely *Lhet the chdrcoal had had ah
‘:?ifieffect on the tyrooidine, and thwt the mmterial was insiiéfﬁ
.“ilfifcct heterogeneous.f~ lthough frﬂntal analysis °OU1d  §:27%
Eﬁtffbe used to 1solate component(I), the overlapping of jf;*qff
: :3}zzones common to this procedure (18) made 1t necessarj1’°’ﬁ“
;f?to use elutlon nnﬁ displdcement development to separate
cg;the more sfrongly adnorbed componcnts.: Elution with
‘-:i;ethanol separated components (I) ﬁhd (II) on a column i;_*ﬁ}
"ﬁi”which was not overloaded.” Component (III) was finallyfff€s;
‘?iﬂ;;?diSP1&Ctd, u81ng sttaric ccid in ethahol. ;_Qhéﬂffﬁ7
:hiff*ecoveries werc 1ow when simple elution waé used‘s
ff[(3o~40%), but 1ncreased to 73% Wlth stoarie acld as

F?V?idisplacing agent.q,p,f v1[f;x”fﬁx”“*”{f-'fog{ffj{fcfﬂ§7ﬁ"!A

Before diucussing the characteristics of the

““jadlfferent components it is 1nterest1ng to note that :
1"ciftyrothricin, the parent mixture-from.whieh tyrocldlne ;ti;;
iﬁci?f}hydrochloride and grcmicldln were ieolated,‘was also fi;;ii
'%iﬁ;{!subaected to fron%al analysis., Hydrolysis of tho ;

fff:fntotal products from the ana1y51s, together with two

-ﬁ”ffaelds already known to be present in cither gramicldzn{;?_?




' f‘iﬁ_or tymcidine. - Any Peptides other 'I:han these two
fin tymthricin must therefare have similar amino acid

"N eompos;.tions.

Gharacterisation of the tyroeidine oomponents (I), i ,.-'
: '-'-_'(IJ:) and. (111) was a‘t;tempted, but apart fmm their
f -_g_'i_?colaurs with Erhlieh's reagent and dlffering fluor»

by escence no striking difference could be detected 1n

=, their pmpertiee. They were. all obtamed as gumﬂ:.

e -'which, upon hydrolysis and paper chromatography,

e _‘f_f_--'revealed the. presence of all the eight anino aeids -:

.eommon Yo tymcidine,.(omithine, valine, 1eucine,
'-___..;_-phenylalanine, p:roline, tymsine, glutamle acld and

‘\'_-"&Bpartic aczd) in each hy droly Sate' - Tl‘b'ptophan Waﬁ,‘,,-.z'l_'.,
Ty _-fdestmyed during the period of hydmlys:.s. Further-—:-.‘-:_- Bl

' more the relative propcrtions of the amino acids did :

_ “':-f:ﬁ"'not seem very different in- the different fractions. o

 Pedersen and S:ynge (19) attempted to ascertain the -
_ '-_"'.f:molecular weights of the tyroeidine components, and
S .';'_'1also of unfraetionated tyrocz,dine hydrochlaride, by e

diffusion experiments 1n aqueous acetic acid and

ethano'hcsoluticns.; The:lr data. augges‘bed :f.’or the _: __

f:lattex:/molecular weight of 1900-5100, a wide span




'fffiifwhlch included the flgure calculated by Hotchkiss

”3”15(8) for his postul&tad molecule of 19 amlno acids,

\’:‘”ﬁfF&}fﬂnamely 2473 for the free unhydrated base¢ ;'$§€h7%f~g‘i”

:Tiidlﬁferent cemponents of tyroeidine.dld not differ

';;5ffmuch from.one another*in their diffusion character»_ffsff

"H;fjﬁistics,and their molecul&r weights were also thought

e

eixn the range given above.

"iﬁ:iﬂadsarptian‘experiments thus deflnztely established}Qi

kathe L11stence Of BGVeral utyrocidines" Whlch‘differ

' 35f1n their tryptaphan conxent. : Thls undoubtedly

'*Qlﬁfaccounxs in parL for the very varlable flgures found

"’ffjfprevioquy in quantit t;ve dexerminatiﬂns Of

”;fftyroptephan on unfraction@ted tyrocidine, the partlal

'71j}destru0t10n of this amzno acid however under

"f‘condi%ions of @cidic hydrolysis, must alsa be tnken f-ﬁ”y

‘g:;jilnto qccount.1?;5’"“ﬁl

1he heterogenelty of tyraciaine hydrochlorlde f;?i;;

'lef;was also demonstrabed by craig, Gregory and Barry

Qﬁﬂ(20), who fractiqnutedjpolypepfide by countercurrentfi}ff;

, iaistribut1on (C C. Do 21), using & small hand operatedféffil

Q”-;ﬁfgmaehine.-- After several hnndred transfers the

'*7ffdistribution pattern 1nd1c@ted a mlnimum of iive




"'?i?;eomponents, of wh3ch three could be 1solated in

lfffcrystalline form. The tryptoPhan ccntents of the

‘:ifﬁla%ter dlifered, one contvined little tryptophan,

13? Whereas the other two contalned apPreclable amounts ; fiif

'hiof this amino acid. The otner amxno acids in the

f*’}three fractlons were the same; wnd corresnonded WLth“foﬁf

\those ior unfractionated tyrocldlne,

Tyrothricln and gramlcidin were also subjected ;ﬁgfﬂﬂ

'-:‘-.'-;.f'to c c.p. at this tlme. | The la‘bter wa.s shown s T

-”;*if}contaln fOur PePtiaes, three of Wthh were isolated,5°f 3ﬁ

”*ﬁﬂwhnrods the former contalned at 1east uhree more }“;Qifli

Ef,ipeptides not present in either gram1cidin or

3f5f?tyrociaine' ‘ Altogether then, at 1east eleven

"7??£dif£erent polypeptides had been separated from

"Vf;i tyrothricin.,; Counxereurrent dlstributaon was thus 5_;7”;

'ffshown capable Qf eparatlng mixtures of clesely

‘--related palypeptides, indeed the method showed

fffresolv1ng power vhere cher methods had failed.u _fﬂ*’7'f

C’*ffThiS‘WQs elearly demonstr@ted in the case of.

'ffgramicidin whioh eould noﬁ be resolved by‘lronmal

 .:;}fana1ysis(l7). -;

Qne difflculty in the early work was the Small.f?aiﬁ\

):’tnumber of trunsfers and hence the numbcr of _Q“F-“":'”ﬁ
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_;j'\"',_extrwtions, which could be applied by hand operation. .

£ »"_._:_'Thus, 1f two substmces with very sz.milar structures

"r‘_:-j‘were present 1n a mixture being, studied the pair

":‘fimight not be. separated 1n the»limited distribution.

: The number of tubes present in the apparatus is also

f'jé\.f,-limportant :tor efficient fractionation. : In a machine

) with a small num'ber O:E‘ tubes the spréadlng oﬁ the

] bands wh:kch occurs with 1arge numbers of transfers

2t "j__'?'_z"ean oi’ten canse difticulty..‘ With these pointa in *.- g

V.gf<jmind Craig designed S improved form @f *he aPPara*““

o :f‘:eontaining 220 tubes, which waa autamatically operated
" ":'-at each stage of the distribution (22)‘ i ¥ AREh S R S

uaking use of this apparatus, Battersby and Graig

i :'(23) were able to isolate from tymcidine hydrochloride S

,-'bhree maaor components aalled tymcidines A, B, and C.

i f",-.?compariaan of the relative absorptlon o;f the three

' omponents at 290 m/u showed that part of the differences.’__'
’fjbetween them could be. ascribed to. differenees An', ﬂ,_
' .',“":_tryptophan or tyrosine eontent.-_—; After hydrolysis

| and paper chromatography B and 0 gave strong spots

iy "'correspondlng to mptophanv Whﬂ-st 5 gaVe only a

) .f:fain‘b spot ﬁn this posw.tion.. All three gave




ﬁfldlstlnct SPOts corrosnonding to phenylalanlne, 19“°inetiﬁiv
v .";.“tyrosine, valme. proline* Orni ‘*hme’ gmtamm acid

';;fand %spartie heid. :

':'?umhe tyrocidlne A obmainud from the first dlqtri-fif¥ﬂ 

'5;fbuolon was exten31vely fractionated by further c G D. ‘
'-!fwln two dllierent solvent uystems' in Lhe flrst system

;filGOO bransfers were apPlied !nd in the second. 2140

.....

:éiﬁ;tr&nsferss The final product contaxﬁed no, tryptOphan{ﬂ;é

'%7}jbut all the other amlno acids mentioned above Were

iw;fstlll presentcl The pure polypeptlde was obtained

  ;fierysta11ine as the hydroohloride and this salt had
T md 240-242° [b‘] '~111°(c 1.37 in 50"’{’ e*haml) e
\ﬁikfftmhe analytlcal figures for fol: H;N and LL a reed well ' ‘
 ii?vith the em@irical formula ct6‘87 13 13.HCL corres~;ﬁf' 4
i{_pondlng to a minimum molecular weight oi 1307.‘ : ;
%f- lFEeterm1nation of the free amino nitrogon by Van‘Slyke'Qﬁ%i
“'Eiﬁmethoﬁ gave a value which agrced with the presence of ts.
":i:iga s1ngle primery amlno nroup in a mol, wt. of 1307. ;.lﬁiﬁ
'cAmide nxtrogen was debermined hy hydrolysinu the salb
"”73? 1ﬂ hydrochloric aeid, and CStlmaﬁan the ammonin fnrmed.’i:
fm:ﬂf::The amount found, corrasponded to two amide groups s

;;:;ii‘in a mol. wt. Qf 1307*11 In a separate experlment




“.fthe ammonia wasalsolabed and characterlsed as f“ff

'55“famman1um chlorlde. Fina“ly iﬂ these etperlmrnts

'5Qipolypﬁpu1dc,L”*

"” was &otermlned by compleoe hyﬁrnlysms followed

f]on the inbaot tyr001dino A, the U.Va absnrption was

~'"_:umesa.ssm.r'er-i, mnd 1t wa .sbown Lh@t one re%mdu@ oi

*3ityrosiae 1n'a mlnimum molecular veigh* oi 1307
.'"Tﬁcoula wccount conpletely Eor the absarntian of the

7

The amino ac1d<oomposition of tyrccidlne A

s 3by fractienation o:c ‘bhe hydrolysabe by c c‘D

'?éfjAll ths constlmuent aminn &clds were “O%dlly

,'*}7isolwted erystalline from ﬁha variauslsepﬂrﬁhed

'f.fbands in thﬁ‘machlnc save as partl acld whﬂch was;fﬁjf?fff

':5ﬁieharacter1ch by the method cf Van Slyke et Jl (2 ) kﬁ55ﬁ

3 &fgﬁhe amcuntm of Lhe diflerent‘amlno %cids nreseni

VWere calculmhed from thﬂ areaq under +ba CuTVE

axlfobtavned frau.%he diatrlbutlon.; ﬂh%m@l%r vroportions}~“"

ifound, on the basis af d molecular weight of 1307

iijfor tyroeldlne A nydrochloride were phenyl&lanxne

'-fﬁf3 aoleq, and mole each of teru'ne, lelnp,

”757leucine, prolln@, ornithine, glutamic cCld ond

':fffaspwrtie wcid.g Agreement betwcen the amount of




| amino acid reeovered, and the theoretieal quantity on- o

| this basis wes for the most pars: $°°d' Hl‘h°“5h in:

" : iisome cases the weight reccvered Was lower than the

theoreti c al- chever, no ather amino aoids cou:l.d

Al ’f\-‘"be detec‘ted ‘ny C 0 33.. or paper ahmmategraphy ﬁ'é e

- _.OPtiCal :E’om °f the iSOlated amino acids showed that = g

o _'the L-—form had been abtained 1n all cases exoept thatﬁj_

et Phenylélanine-» The' OPtical rotation in this case

- :-corresponded te two mdl‘es‘csi:‘ the ]3- Wi't:h one of A

In ‘bhese experiments mueh more evidence ss.aa pres—

"vented m support ci’ the view that the polypeptide was L E

7 of a cyclic nature.. & Mild acetylation of tyrocidine : iy
A with acetic anhydride in P)'ridine gave ‘bhe cr.’v’stalline';

,N-diacetyltmcidine A, map. 289-292 ¥ and this

? produet Was shown to he neutral in reaption.v. Thus

there can be no free carboxyl gmup in the molecule..-_

| "',"!'."Ba'ﬁtersby and Gralg (25) also treated the poly:peptide

with l-£1u0r0-2 4-dinitrobenzene, and’ showed tnax this ot

"reagent attacks tyroeidine A onlyA at two points,

.-.the terminal amino group Of Omithine' a“d the

' '._phenolie hydroxyl group oi tyrosine. ‘ From the




R SR

‘ffgfhy@rolys d producf a.eryatalline dinmtroPAenyl

'““1f(DﬁP) derLVative Qf ornlthine waa 1uola%ed’ aé

Cad e S wum.. LN
fvgbho monuay&reehlorldelw : hown bo be theél- 4nd

; i;;not thbo<-DNP~de“1Vatlve by the axnhydrlnaco method 7i,gf‘

fi](Oé) Furthermorc uha~1yarolys to whon exam}ned

=ﬁ“by p per uhrOMQtG ¢¢pny showed no pohs eorrevpondlnmjfﬁ~3f

:'%fto orn;thlna or tyrou¢ne,.however two new.spo

kS

“*IfficorreSpondlng to¢S-DHP~orn1th1ne @nd 0~DﬂP~tyroq ne

"”fiwere 1ound.u A]l the other amlno‘aclds we o Present_if?ﬂlﬂ

:,unchmnged. Thus noo<~ @mino group occura free in R o

3%

'*fiﬁgroap of ornlﬁthe, alao %hb phen@llc lvdrcfyl

‘7fgr0xp of byrosxne 1s Lree 1n the 1ni cu poptide.

:Fy;Theso repulmu are in mgreomeni wzbh tho insolubility‘:f'“}'

*i§ofiﬁyrocld1ne A xn arneous sodnum CMrbonate and its

'ffﬁiready bolubllltv 1n aqueous $0u1um th”Odee-

On thu basi& 01 thld evidance thgée woxkers

'fgfconcluaed uhw the molecule must be cyclle and

~pat ¢orward the %mlno acx& residue formulp 0&

‘ij[ftyrocidine A as (D—phenylalanzne)2(L~phenylalanlne),3;




"*kﬁ}ﬁ(L-qsparagxne or Lulsoqsparuglne), whmch correspondaﬁ”‘”T

ffto the empir;cdl formula 066387013N13

As qhown.previously, attempts to determlne

"tﬁzithe moleculqr Weight of tyrccidlne by diiferent

::1imethods gaVe very Varlanle values probably due t° i

"fgthe known tendency of thla type of uubstanee ta

'rfjaqsoclate, dnd also to hold olvenx of crystalll ntion. 2

5"dﬁowever, fojloﬂing Lhelr work on the isolatien and

"ftlfcnar&cterlsahi°n of tyrociiine A,,Battersby and

“ri;Craig (25 26) put forward a meLhod xor the deter~1f5

'.aﬁi*minamlon of the molccular-weighbs oi polypeptldeS-

 yﬁfTﬁ1S is hased on partial pubstltutlon of a pOIY"5:7A

3ffffunctional moleeule followed by iracticn&tloﬂ Of

,*:ffithe resulban$ mlxture by C.C.D. Regardang theij?

V;pdrtltlon r&tio (K) as’ an overall balance of the

"*ffﬁihyarophobic 'nd hydrouhllic properties of the

.;thqubstance 1% can be seen th&t any change affecting

,;Ld polar group in a aolute molecule Nlll have a

.'T7fstr1k1ng effect on the partition raLio. 3;iﬁf‘~

t‘?ﬂflseveral polar groups ‘are. 1nvolV9d, eaoh Wlll

"f“i7produce its own contribution to the change 1n.K,-

*473 ftne v&rlous stages of qubstitution 1n a polyfunctlonal:




'hfmolecule should thus be seyarable by g 0'3‘5“7 ¥R'A;: ;:-Ti
. If a Partinl suhstituticn of a polyfunctional p

\;[{molecule ib carried out leaVLng sowe of the startxng 54?“5”

'Tﬁﬂ;materlal unchanged ohe mono— and dm—substituted

.,f}produobs woula be expccmed to oocur. Distributlon

3?fhof the producb in a: sulbable qystem wauld then give

f';?a nﬁhber of bands, dependlng on the nnmber of

‘fJﬁfunctlcnal groups able to react w1th the substltuting

**f}&freageni. W1Lh one group, two hands mould be expectedg' .

‘sznamely unchanged startlng material %nd the mono~_.;4l{*"”

”f1ftsubstituted der;vaiive.; with two groups, four

' ‘3§bands in.the pa%tern are possible. Qne band

'Pl;containxng the dimubstituted product would be

ngﬁfurthest removed from th t conua1ning the unchanged

:-.Qj«material..- Two possmble 1ntermediate monosubstltuted

-7:?fproducts would be expected to have VGTy 31milar

.ffpartition ratlos and could form overlapplng bdnds

"ﬂunless a’ very hlgh number of transfers had been

.73;f}applied. . The monosubstituted product would be hffﬂVf"QfE

:°¥fi;expected to lie next to the unehanged materlal, the

%ﬁdisubstituted product next to the monosubstltuted.v3ﬁ g

'i;;AnalyQis for the substituting group 1n a particular




: band would then give the moleeular weig,ht, smee the

iy number o:t‘ substituents 1s kxmwn from the posa.tion o:f:‘

:..‘.:Q'the band in the dl stnbution pattern. o One difficulty‘:i"
' ..-‘,f-’of course is that the monosu‘nstltuted ma’t;vmal might

| f;reaet much mare rapidly than the startmg materlal,

'8 L‘A and unlnss speﬁial precautians are taken tne i‘ormer |

”,iff‘mlght nc‘b be dete:ted in ‘l;hn ﬁ.zml mlxture. : Tﬂe

: "..”‘-,'results are therefore normally eenf:s.rmed n:y earrylng

. cut a second P".r‘tlal reaction uung dliferent functional

3 ;,groupo :m tme molecu.t.e. s

Whan applied to tyrocldme A, 'hwa partial reactianai

| ”were used, namely methanolys:i.s and treatmenh w:r.th

e Saager"s reagen‘h, {1pfluom~2,4—dinitmbwzene (FINB)

5 ;.In the 1‘11’81: casp, pure tymoidine A ‘was treated mth

: '-r-j-.methangnc hydrogen chlorlue anél azstribution of the

,_-"_‘:j“iczystal.l.ine pmduct baVe two well s@parz.ted nands.

w .:'-0118 vaed to be unchanged tymcldiﬁe A “h’ll.a..:‘h the

'--‘.'"cther contalned a pmdu¢t fomed by methmolysn.s of

| f',‘_.(me or more amz.de resldues. : Gn the bam_ cf the abova

2 "argummt the new produot Was interpreted as hemg 'the 51‘

R '--‘fmono-»methylester, sn.nce 11: lay nex’c to the unchanged

'i'm&tﬁl’i’ﬂl, I‘mm the methoxyl content a molecular Weight




e e

”flof 1300 was inchaied. Tho amxde~mitrogcn content

'lfj;correupond@d approxim&tuly ta half th@t found for flﬁ'g_’:w~

! "pﬁthe original peptide, thu methanalyui had convewteQQV

.f;one ~GONHEnguP t° a “”CGUCHS grcun.- Thlq vmlue waaf“”~m<

g Jffrln &1rect agreement with the minlmvm mqlocul eightilT:*

4 ; of 1270, derlved _’{,‘rom "“Jllll‘l() ﬂ@lﬁ &nalysis.

Gonflrmation Of this result wau obtalned by partial

substitution of tyrocidme A wi bh m)r\m v:hlch mn attack

7‘;fthe<§-am1no greup of the ornithlne rcszdue wnd the

.,\_ (,

'“*;Q;phenolic hydro vl grcup oi the terHLﬁe re51due.;f?f ;“' p

i ;Dlstribution of the Droduct g&Ve hhree well scparared g]}fl;

”5ifbands. Sincs thn flrst band proved to bo unchanged

(1;iityrocidlne A, the next bwnd, yellow 1“ colevr, Wau

:::fllnterprated as be:ng the mono~subst1&uted ﬂnme—tyro—;4.f3.{

'Wf;cldine A. Thls was cevfirmed by hydroTy 1s and paperi}g-m?

"A; chromatography. From the known moldr extlnction

o 5% .~.;f}icoeff1c1ent (e) of N-Dmb demvatwes’fr b 350:% qnd_f;{:'_

\ifsthe b%orption of ﬁ—DNP—tyrocidlne éi&t thia wave—i;*.

”’3;1eng+h, 1% was posaible to calcvlate?the molcbulﬂr; V7f: 

1@{weight which was found to be 1620.~¢;Thauqn thlq falue: f;h?

'”'3ﬁffor the mnno DNP~derivat1Ve oi a peptide of moleculnr,f‘vrn\




S e

e

e j;';‘weig,ht 1270 (i e., that correspenu'ing to the free

2 7% -..’base) it confirms that the minimum molecular \veight e

,'*o:ﬁ‘ 1270, derived from amino acid and elementary analyses,
'A“‘lis 't;he true molecular welght of tymcidlne A; :

< The next b-and in the pattern contamed the fulJ.y L
,.;!substituted m?-fymc:l dlne A. _ Again usin# absorption

: ’T-t‘measurements, a: v'alue oi‘ 1840 was obtained for the L Bl

',jmolecular weight of the N O—dlsubstituted tyrocidine A.QTY~'

Vﬁﬁmhlo value 1s somewhat higher than tne theoretlcal

.;fié%'ure (1503) for the N O—-disubst:z tuted DNP deriVative

i TW of a peptide o:t‘ molecular welght 1270., 2

The detenmnation of 'bhe sequenoe cf the amino

""‘-'-aclds in tyrocidine A was aceompllshed by Paladini and

"“Cra:Lg (273), uslng partial hydrolysis.ll When the poly-.—f:' s
5 peptide Wab partlally hydrolysed for three hourq at A
 ' 8000 :m 10 N—hydrochloric a.eid, fa, complex mixture of

Peptides was obta:t.ned, whioh were clearly “’ep&l"-l‘bed by _' e

i.::_;the uqe of C (‘ D.; and ion exohenge ohromatography. The;ﬂ o

- 'many small peptides whwh were isolated and thoroughly

- ':Oharacterised by analysis and moleoular Weig,h,t

- ![deteminqtlons (25), were> then studied by the methous

: .employed 'by uanger and Ius colleagues 1n their work




g

-'=fon the structure of 1nsu11n (27b)~ ,~In’thisfﬁafk““'w

"777fa11 the linkﬂges shown'ln the qtructure (I) below ? ('”

.Q:were @st&blished. .Moreaver, by 1solatxon of the

"Lphenylalanlne from & number of the small peptides

'itwo Dhresidues and the one L-re»idue were dxstrlbutea

: * 5 : .’::'.
" as shown.

o Levalime Gt i S Teleuwedmeoo iy v

© 0 Ieglutamic aetd . 1 Ieprolime . .

w‘x\~ ‘ ';‘ﬂa'~v tf’-'.‘.}“:t,cep:ree.enrt:aa —CO-NH~AQ
L-aspartie wcid L-phenylalanine &l R g

Dﬂphenylalaninef.fﬂﬁfié" .
(I) ¢he sequence of amlno acids 1n tyrocldine A"f f2€éf

The only unknawn feature in thls structure is the

mode of linkage of the glutamie acid and osp&rtic aeid




5,fresidues 1n the molecule* : Each pos esses two e&rbcxyl}gff?x

”~§ffgroups and 11nkage could oecur in each case through

”“5Peptides from bacteria, far example the Poly D—&lutamica"“

:*-.?ﬁjjaeid from}B.subtilis.-, Ths study Of this remalnlng POlnT»*ﬁl

-
e
s -
N
x
5
"N
2
X t
2 C1e




-vf;}f(iixjgihéysﬁéaifi¢*F;géiéﬁ?6fgéé?£idé§Liﬁké;hyﬁéﬁéﬁi¢aifﬁéﬁﬁé,gjg1;

. 43(&) §pecific fission at peints in the peptide chaln ?;ﬁ;;

' “:?remote from either end.

| Peptides may be degraded for structural study by
:f;purtial hydrolysis with aaids and enzymes, nnd by stepw1se
'3~ degradat1on from the ends of the chaln. A number nf _
,'" f7gmethods are avallable which permit the latter approach tozi;i
“?{f;be used- The structure of a small peptide however 1s‘ >
"ﬁf;more readily datermlned by these methods than that ofl
”*a'ﬁfi;a large one and.for this reason it 1a desirable that " the';iﬁi
.:;];;;psptide chaln should be cleaved speclflcally at known»;_féfﬁf
F1 'f#pcints along 1ts length.¢¢igw?;fg4“ff ~{ff ‘ .,_,‘ ~  R,
s s Elliott (28) appears to. have been: the first 40 study;ﬂ?%
";ithis problem, and succeeded in cleaving the Peptidé‘éhainf:%;
_(*%in silk fibroin at the serine residues.-; This protein =
'fﬂ?was chosen for study because of its avallability, its ;
a??iirelatxvely simple amlno acid composition, and lts hlgh
'"Hbﬁ¥ser1ne content. Bergmann et alt (29a) had Ob erved ;iﬁfil
Jfﬁ?tne migrwtlon of acyl groups 1n acyl der1Vst1ves of £

SV;ffaubsuances hav1ng an amino grO“P and an hydroxyl group

' “ﬂ-on adjacent carbon atoms.;. The migratlon Of the acyl




"«‘:'ﬂ'rw?-__igroup :f‘rom m."l,rogen to oxygen, a,nd ‘the reverse
"'"-"-"'-:;ransfomation. imrglves a, munher of ateps shovm ’by

X ---"-'re"_these Warkers ‘ac be as follows (29b)

G

el ;cﬂ‘fiffﬁﬁﬁé;ffi']?ﬁ s Hew*-cn-ﬁw.ﬁ:*'*”'”';°”
Shd e R b iy L
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’*gﬁuliott aimed to convert the . peptidyl form (11) of -
'.the serzne residues 1n silk fibroin to the 0 peptldyl
;form (IV), and to hyﬁrolyse the resultlng proﬁuct at fhe»

;" es%er llnkages.; Desnuolle and Casal (30) hnd shown

_‘that in- protelns the peptide bonds involVLng the nltrogenﬁfff

‘L:atoms of serinezand Threonlne were more 1abile th¢n other5

ﬁpeptzde bands Ho ¢ eid hydrolyszs, anﬂ 1nterpreted thelr

‘1resu1ts on 51milar lines. , LN i,
The reagents used previcusly to brlng about the"“

 Na0 acyl ﬁigration had bean of 8 rather arastic nature.,'

fl(P6153800173?than011e HGL): and 1t was easential tor Work:"z

::; 1n the protein fleld that & reagent Should be found whlch;
’xwould effect the rearrangement wibhout causmng fisalon 3

'fof peptlde bonds. : Reitz anﬁ coworkers (31) have shown

. fthat if proteins are treated for a short period with

'*ffathydrous sulphurlc acid no peptide bond fission occurs;cﬁiﬁ
lEllmctt‘s scheme utllized mhese condlmions in the first /
_7srep, wubsequent stages are shown.belowq 1 2 l
' ;“(1) Treatment of silk fibr01n Wlth concentrated
fsulphuric acid, Whlch vave 'Stage I protemn' e |
“2(i1) Acetqutlon of the product at pH5 to glve sﬁage?n i;;i
 :7II protein'-~- o ' .
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(111). Hydrolysis o:ﬁ‘ the 1ai,ter wi'bh dilute alkali , e
-:f.’omz_ng Stage III 'acetyl peptide mixtura' ‘ "
'I.‘he reactlons used throuphont ma,y be illustra:bed

-

qs follows:

GB
o Mg,

¥

?0 e R ?o A g .ﬂ.{f '; f‘, G " ‘_ %
(IJHR' B s (IIHR' V. Stago protein v
W B s SRR e e

N i

Hy = ?h - co-rm ~ GHR"
- NHAG ":f? IBa( OH) 2

Stage 1I p'roteln 3 ‘ A

"z‘t"‘ s % X ,‘.;;; .

| 2 o 3}1 ..co..nn..cHR..

&

+ A T Y g Stage m 'acetyl peptide

'?H”““H"ww‘@ﬁmzéﬁéw%@%ﬁﬁﬁaifé



Treatment o: 311k flbr01n with 97 5% sulphurquyfff_-;;ﬂ

.;55;5mcld at 21 for 3 d@ys g&VQ a product which h&ﬂ thé?ﬁ§ ¥  48

"5_“expected propertles for the preptldyl 1orm.-fjrqf§jf;j7;.?ff

*{'g{fexamplb the amino nitrogon Value (9 Qﬁ) waS much

'L*nghlgher mhan that of rilk flbr01n 1taelf (0 55&)

'%f?hi$ v&lue was much raduced on keeping the nroduut:}ij”'ﬂt

lﬂfat pHQ for several hours as weuld be expected due to l;;ﬁf);f

ﬂ?ﬁrearrangoment to the aneptldyl form.i Elliott

’l feut1mated that the number of uerlne r931duas 1nvolvaﬂ

fo:jln fhe tran%formatlmn was 62% of fhe tot&l number

:Preseni.;;{;f.fauﬁx S e

The 'Stage I proteln' Was then treatgd Wlth ﬁcetieéff f;

" 'Vifau/hydrido ¢n acetate buffer at xﬁﬁ which brotht

";iilégabout @cefylatlon of mosh of the amlno groupm, on?y

o ! smali 9roportien reslst¢np ﬁhls treatment.¥ ﬂéviﬁm

"Gjﬁéfbloek@d the nltrOfen atoms 1n thls way, hydrolyulw of

i ¥the 0-pept1dy3 bonds was p0581ble Wlth dllute alkall,:-flfla?

..jWLthaat reVQrsal oi the orlglnal rearJangement. ;1;;;'“

.: £The reuu1l1ng ‘Stagc II proteln‘ W&S hyﬁralysed by

"”*:3: gtreatmont With exees“ alkali for i 5 hours when tbe

$ef iexpected number of carboxvl groqu were releaacd.“_~““'“'”‘:"

.........

‘tA thhe Jast %tep qlmo convertod an lndlfidlSlb]e qub tanueff?ﬂi”




7‘ff1nto & product of Whlch 860 of the nltrogen was

”?idlfquIble. Elliott s attempts bo substltute the fﬁj;h~

"7;j£}am1no groups in 'btage I proteln' w1th l—fluoro-(,,_’%;:”"

; .,;.‘:‘;.::L:‘_.4ddin1trobenzene Were no‘t who]ly successful as ‘the

:ﬁinumber of such groups introduced Was much lower than

Lfﬁiexpocted. However Partlal hydrolV81s of the DNP-=STagefiw*‘

~? fI pratein' Wlth acld gqve a mlxture of DNP~peptides,

jffwhlch afber separatlon and complete hydroly31s yielded

"~?;DNP-ser1ne 1n each case.a,§}

Ell:mu’t'c method h'z.s not yet been applied to _‘ I AW

"5Q3pther qubstances by w0rkers in the proteln and poly—Q*-"fﬁ‘fw

» ”*ﬁ}fpeptide fleld and ths may be beeause the rearrangement Zf Q*

:'”f ;and subsequent hydrglysls nifect only about 60% oi the

f:jserlne re31dues.uq,tgy

A second 1nterest;ng example of ihe Speciflb flSSlon jffi

_ 1;‘pf a peptlde bond was dlscovered by du Vigneaud et gl ‘fff,f
"517(34—36), durlng their studles of the structures of

't‘l§0xytoc1n &nd Vmsopre381n.gf ”hey showed that treatment

”'-f_7of the hormones or thelr performic dcld ox1dation productq' A

;71w1th bromlne water cauSed Q eleavage of the peptlde bond

f'?{between tyros1ne @nd the amlno dCld 301ned to 113 earboxyl

ffgroup. If bhls reactlon is found ta be general for

'7,fatyrosyl peptides it w1ll clearly be a most valuable one.fﬂiff




III (b) aelectlwmaChemical Degr&datlon of peptlde chaxns

from the amino and earboxyl ends.4;ai lfh.-H;\-.

The presenee 0f free funebional groups at the ends ﬁi f
'Fafiabtack by chemieal reagents, and a number of methods
5 f}have been deseribed in whlch chemical reagent is ?ﬂ‘TA‘”M”“

_amtachéd to the termlnal amlno acld and in %ubseqnent N

f:steps the 1at+er 1s removed from the chain-:; A method ‘“"u':
.ffls satlsfactory only if it involves few stages, if Lhe S
f¢ireact10n3 us ed t each stage proceed speciilcajly and 1n
”i}fhigh yleld, and 1f the conditions throughoux are:mlld
:E?Qenough to leave the remalnder of the peptide ehaxn
i'{funwffeoted. - The older methods u ed hgve baen rev1ewed
‘f‘fby Fox (35),‘anﬁ the more recent develoPments by Khorana,;é;:
'?(36), 3ince this latter publioaticn (1952) eeveral useful;&:j
%fproccdur a8 hnve appeared in Lhe literature.“fﬁ~ff'ﬁ_ :

o All the methods used in th@} nepW1so degradatlen
"'gﬂ of pept;de ch@lns wh;ch have been devcrlbed so iar may‘?f ifi
‘:*;:fbv drvided Lnto two grouns..  . e ,  ' 'f 3 - _
f,f }(a) The termlnal peptidé bond is rendered l&blle by a

fundamental structural chunge 1n the term1ua1 amlno,@eid}




miﬁﬂ(b) A chemical reageni 1% attachmd To the froe functlzna1£ f§

_jilfgroup of Lhe terminal amlno acid, ¢nd cleavage of thenﬁ;#

A.‘b

Vjvﬁ;the htached residue and the uermﬂnml amlnc acld.‘w;ffffi

u'fabegradatlan fram the amlnn end. «;1:

'1-;ﬂ}(1) Tha uge of Aryl Iqozyﬂnates or Isothiocyqnate

f:;“Bergmann, wlekeley wnd Kann (37),1 howed thwt phenyl

“ fﬁiuooy%nate ( (VI) X*O) reacted Wlth Ihe amlnc group of

““gi,an %mino 101d db room temperature or below to yleld ,gfhif'“ﬂ

'miﬁlfproduet% whlch gaVe hydantolns by hyﬁr01YS1q-

: Ph ch+ H2N CHR co-zm—- —-—-)Ph-NH—- cx NH-« uHR co-ma- .'l}i:-‘.'fi‘i

' ?&f 1Drocedure was lnvestigmted by Abderhalden and Brockmanv'f”ﬁa

. R el Y m - "“‘H-R R e
T I W S ZE] A 1 o - . . "o P + NII_’ ' ~

. Wiy~ CHE = 00 S

b e e T Gy

B

SR fii‘(VIII)

Ai'5iThe p0531b111ty of usnng thls reaction aq a stepW1se

75(38).,L Results on ﬂamnle synxhetlc pentldes, us;nh‘__tfi':V‘

“;:math nollc hydrogen uhlorlde 1n th@ hydrolyQ1q gtep,

l?{showed that although the termlnal amlao a01d wa% split

'fihoff as the 3~uhenylhyuqnt0Ln, peptlde bonds furthcr s

f:”Ti nglong Lhe ohaln were also hydro]ysed to .umall exzent. il




*ﬁff::The mebhod has Sane been improveu by Tdman (39) usxng
n;t?;iphenyl 1soth100yan3te (VI X—S)..t Thls ubstance reacts T}?%
:;;#?w1th the amlno group oi B! peptide at about pH9 fa form ”. :
I-“*T ?the phenylthiocarbamyl derlvative (VII X;S). Cleavage ;fﬁii
of ‘bhe l&‘bter 1n anhydrous nitrome‘bhzme qaturabcd With e
l h fhydrogen chloride affords the 3—pheny1th10hydant01n by
E(VIII, X=S), and the hydroehlorlde of the amlno &cld
Q::for peptlde l cking uhe terminal amlno acid";-'vn
: E&man s method has bgen studied more fully ohan
' f§?dny other, “nd albhough applied quccesafaily bo a numher:ﬁf;;
':'of 51ﬂple synthetio peptides,:pertaln difflcultie are |
1 ﬁencountored when used on larger molecules.;_ Landmana,xiﬂ‘

"‘”“fffﬂrake and Dlllaha (46) uged the methoﬂ to de%ermlne the'ﬁQfﬁ;

.ﬁbut 1n neliher cas;fwas it po sible to conblnue the
.ﬁ‘tdegredatlon-_: It was only partly SuccegSful in thé o
'f%degrqdatinn of the hexapeptlde f.ayla.nylglycyfl-’ﬁ'iiblI\ﬁlé‘sIMI'”t""":~‘":   :'~

7 lylalanylalanlne 1iberatea durlng the transformation of A

' J*EQlebumln ;nto pl%kalbumin (4lf) &nd Of OXidl*ed .
”-1f{;vascbre sin (34),. fh@se difflcultles are due to tho
x;itlmpo’g*bllity gt preseni of forming the thlohyaant01n

'V'frlng wihhout ca u51np e uma11 degree Of Peptide bond 11% 1on.,




-*EThe very 1ow sglubillty of the nhenylthioc%rb&mvl

~-li_derivatﬁrcs of peptlde wam an.inztlal dl advantwge of

'“?ffhls otep-,- Despite these dljflculties however the

& T_}the m€thod 81nce the cleav ge step h@d to be C&rrled ouf;;ff;

fusmng a suspenqlcn 1n anhydrous ac1d.; Fraenkel—Conrat’i
'Uimnd Harris (4lb) have shown howeverﬁ Lhat o GOlubiOﬂ
fﬁof the derlvatlveq 1n aqueous acld awy be employed Ln

}method is & valuable one, mnde more uQ sinee pager_-""'

iff;chromatogrnphic method% are now QvallabTe for the

":f¥ident1fleat10n of the 3-phgny1thiohydan101n derlvatlves f-';f

jof amlno ¢cldm.f\'

"“]f(ii5? ®ié1gii4xahﬁﬁé£éééwﬂis?;w T

A“fmhe poqsible use of Lhese substances Ln the

:stepwiqe degradatlnn of peptlde chalns Wau 1nve tl”ﬁﬁCd(w-;ff

"oy thrana, and Kenncr and Khorana (42), who react@d

VQTfthe sodium salts of peptldes aL room temperature with

jdlalkyl xanthates. (IX, = cn ).;;-§




va"The m-thioncmrhalynxy Qurithivo (?)*1A13h re formgd

QRIS (o A
- v -':A_ ".‘ AT

_@RD Gh*mR’+f12~an~434Wk—aﬂu 5 PH-CH{*LQJH,;'

',__."f,_ﬂ"«za- GHR" - 002 SR ' R
():3 : o e

¥ R«Ll

: /N

:,;'*‘2“ "‘i}"‘ c%ﬁ* ‘JOJ

'7@re ““1r1y ﬂﬁlﬂhlﬁ Ln organic mn1V¢na { nd cnn Lhuv

.) .

”ﬁifhe separ te irow any unreacted gentlde by oxtructinn

3?01 (u) ;nto owyanle alVOnts, genﬁrally etn lﬂmcetﬂt

.:jfeontnLnlng Acetic *eié 5“Th9 ﬁﬁrzvqtzves (k) are fmlrly

o a ;hyura en chlor;ue, u& n E&m&n'uim@thoﬂ, va#ier 31@AV359

';;uoluble ql T 1n ,nh5drou3 1nert qolvpntﬁ, %nd when.their_ff;.

fﬂqolutiau ‘; ydrous nitromethane isg treat@d:with

-']ioccurs th n w1ﬁh th@ 5Laaluble nhenylthiooﬂrbnmyl

lﬁéerivatlves (VII, X—a), :Tm]ncﬁ tgp hydroohlor,ae af

‘w;ihe devraded neatldc or.&yino acad ig inﬁnlubln the

af sluble eyolie 1nnermedtwha (prcsumably XI}, cﬂn be

olated, and the terminel @mguo ﬂcid regcnerﬁted 4ficr by

'qua parzod af hrlef hydr@lyux ‘{3?Th1 ‘aethod sepmﬂ tu be

’1

lfffann Qf:hh@ bpst dN“ll&bl? &nd h@s been anplie fkggcgssiullyif

gl




3§ ;to a number of slmple synthe%mc peptides.“.;‘“ ‘

.(ili) Formanlon of N—dlthlocwrboxypgntides., =55'.'

Thé reaction of carbon disulphhka under slkaline
"7gcond1t10ns W1th Lﬁevamlno 0'rmm oi a peptide to giVe the
ij—dlthiocarbbxy/peptide (XII), %nd suhqequent removal

;-:of uhe Lerminal qmlno acld as 8’ 4‘&1kyl~2~thlothiazolld--‘“:‘

' ':f;5-one (XIII), Was utillzed by Levy (43) in & °eheme oi

“flgdegrad%tion, shown below

o fﬁﬂz GHR . CO—NHr +-cs? A&Eﬂl&; NH . CﬁRE;,?é;N§;1 %

‘_NH———~CH—R :

b e o +—NH3—",;,.-
4GB . O, ol

\/ .Clg"

LTSRS . B )

‘;bfmhe reactlon waq shown to occur thh ~1mple uynthetlc;ﬁ;f:7
ﬁﬁtpeptides, but ws ihe formwtlon of (XII) @nd the cleevage s
',3¥qtep qre carrled out 1n the same aqueous solution,'A .

“;ﬁfcontaminetxon of the degraded peptide W1th the oriwLnal

A i-fPeptlde 1s n0331ble. “f517

Jf'(IV) Tha uae of 4-carbonebhoxy—2~n1trofluorobonzene.'

fhe 1niroduction of thls reagenL by Holley qnd Holloyj?7

” ‘f;f(44) for the stepwmse degradatlon of peptide chalns dlifer




s

“53“.iram thnlapproaches dlscuq ed S0 f,r but Sbill 1nvolVesz o'

-i;fCH 0%@,7

”“flﬁf}73}7f‘

 __the use of cyclic 1niermed1ates.:‘ The steps 1n the ‘ié"

_ldegradncion may be outllned a8 fojlowb-}*n>. :

W L ._R_'; HQO HSOH g

2.(HR .bO ﬂn. HRf¢iCOe' NQHLO Sy
-, SR M Y e then HCl

5 CH:OOC’7H1=;f“mF+NH

PR3, e
.254QK£Y§5

~ f“g:

'j50n3oo;iﬂf‘w'“:'NH CHR CO.NH CHR 5 co-.'ﬁ

,n. bHR co NH CHR';.GO-';tv ‘;- - g,»; .
SR e e | or 15 mlne at 70

(xvx)isi}}-.fﬁ ok

rnt . ”7*'Q,’fs_ff‘ ﬁ‘:fi,fépéaf ;;ﬂ*s
4 \\\VH B NH bHR' LO~ " e e T
o ff o s f. £}

:cﬁ°ooc'
i ~——co

mvm o

3

.'ﬂ?4-Cmrbomethoxy~2~n1trofluorobenzene (XIV) gives pr&ctloally :

';ffqugntltetlve ylelds of the N—(4 carbomethoxy —2~nitronheny1)

i peptide (XV) wfter reaction with the neptlde for 24 hours_”ff

'at 35o ) After mcmdiflcation, the derivaélve 1s renoved




‘{fby flltration or eerqction, %nd in. thls way unreacted

v.vfﬂpeptlde is. not carried forward, nor do inorganlc qalts.i:f":

"ﬁaecumulnte.f The odium salts of (Xy) 1s smoothly333 -
’{ reduced by c%tulytlc hydrOgenatien over platlnum oxlde,_~7f:
'ffand ﬂffordp after neumz&lisa%ion the N-(2-am1no~4~carbo;;t;'}

-methoxyphenyl) peptide (XVI), Cycll,ation to 7-carbomethoxy%
‘:1.3 4~d1hydro~2(IH)—qulnoxalone (XVIL) takes place raFLdly

i in aqueous solution, and 1s complete 1n 5 hours at room -
 ' temperature or' 15 minuhes at 70 B Tho aparingly goluble-fi;
 '  61hydroqn1noxa1one 1s flltered off, %nd the precess cen ) e

:‘V;be repeated on the resmdue obtmlned from bhe flltrate

'1_:Sby evaor@tlan.;* Dihydroqulnoxalones &re nlcely

?{ycryetallzne compounds, and are - identlfled by comparlﬂon

{ wiLh authentlc:aamplos prepared ﬂlrectly from amino ;f,

":i facids. o Th0 derlvatlves reta1n thelr optlcal actmvity

-w"’f,when prepared under these conditlvns.v ‘“-A

= The method has beon uucceusfully applied fo the ;  1=

Jdegradation or smmple synthetle peptides on.a smqil
';'scule, %nd 1n the&e the average yield for eaeh amlno

'"ﬁ;'acld resgdue removad was clqimed to be - 84%;,~-Thls would
ﬁfpermit repetltlon for 10 amlno acld resxdue% w1th an

. over-all yiald of l?ﬁ, and the repetltion for ?O amlno »{ﬁgg;




Faclds w1th an over—qll yield of 3% , Sbffaffthéi»ff‘f

":degrtdatlen has only been 1pplled to neptides contalnlng~f'

1"jthe smmpl@st amlno %clﬁs, &nd the yleld4mdy fall when

Ifmcre oomnlex reéidues are present. The sulphur e OF
7 fc0ntain1ng qmlno acmds, cysbelne, cystlne, or mebnionlne
”mlght well Cause dlfflculty in the reductlon step, but

”thl 1s not 1nsurmountable._ The presence of amlno or

: xfhydroxyl groups on the 31de ohnlns of certaJn wmlno aCldo  ?;

| ﬂfwill lead fo orhor problems arlglng from the 2— mino-4-ﬂf}7f”

- arbomethoxyﬁhenyl groupq pubstituted 1n these pos1t10ns;#ff5

=4 i]The apnlicqtlon of thls methcd to 1arger naturally occurlngﬁQ

'15peptides lb awazteﬁ wmth much 1nterest. g.’ﬁgf3

'Degrndatio'n .:t-‘r'om fthe-' ‘Carboxyl end'. At
Thls e prwed %o be I‘elatively LIRS, icult, auhough
,Q=Severa1 methodo have been prOPooed.‘ The Older methods ff

}whlch have bcen revmewad bv Fox (35) probably suffice
:only for the Ldentlficatlon oi the c¢rboxyl end group,

..-the fol]ow1ny procedures %owewer do ofxer hope that at

:ﬁ';,gleast sevef&l mtages of a glV@n degradatlon may be posaiblefﬂ

"from Lhe oarboxyl end. f:A'




‘.}!léﬁﬁff:f 

f(v;;fmhé'Bergmaﬁn;zéivasfneéfaaaiibn:(4551; !GV ;

The benxoylated peptide ester (XVIII) 1s cnnverted?:'f*”
vfﬁmhrough uhe hydrazide ané azxde to the benzyl-urethane'“'f: 
»%.(XIX)¢’; Hydrogenatlon of the latter glves the aldehyde!i*.f"
"?:with one lesq carbon than the termlna1 amlno a01d. F.Az';.
'.-The benzoyl peptlde amlde (XX) 1s left as a reéldue,
and the pxoces% oan then be repeated.: f 3,~,f'._~
: ‘ I‘IH : Far v HNOZ o
Bh bO.T\!‘&I . CHR P, C‘O . R' —-—-—-—-—) Ph CO ZTH CHR L«O I‘IH '1\i1{2———ﬁ:{:
(XVILI) ' | ‘ : A e

PhszOH N L o
S Pm CO.NH BHR NH co o cqg Bho

'*i?hgcé,ﬁﬁ PR C@N3 20
P (XIX)

'f 2/Pd SO L i |
T §0.NH - R CHD+—NE3+ 002+-Ph 2 CH

, : 3 _ .
.V{fln 4tJtl:Ls way Bergmann and Zervas successfully degraded the,f.ﬁf

‘)jtebrapeptlde glycyl-&-&lanyl~L—leucyl~L~wlut%mlc acld..:  
‘- whe 1?olat10n of(?~am1no/propianic aldehyde 1n the first

- 'Tf step of Lhe degradation %hows that the sxde chaln carboxvl

 7_;group of glutamic “Gld does not cause dlfficulties in :
’ﬁ5,the degradmtlon when the 1d+ter is the termlnml amlno

~i£acld,'an 1mportqnt aquntage of ihl method. fﬂﬁ; a5




- “46- :

Schlack and KumPf (46) were the flroL workerq to ? 1f;9(

“’7f;jatuempt the degraagtion of peptide chaLns from the

ﬂﬂ:EQcarboxyl end by way of thlohydantolns.;~ In their method,?;r\
)3¥ an N~acv] peptlde 13 hcatod with acetié anhydrlde and ;
A ?ammonium thlocyan¢te to form (XXI ) which docomposes
;readlly 1n alkall to the thloh danto;n (}XII ) derxved
hisfrom the Lermlnal amlno %cld and the de Tﬁduﬂ peptlde.fﬁ;::w

i ‘ ity :
_;._‘ AV _._‘ o
K _c,o mi 5 cma .\ CO?H +1;‘z1 NCS -----7 w‘.u*—- cn R (xxx) 0T h

lI‘IH
o ¥ "m :

: 'TQAlthough used successfully on model d1~and trlpeptldes

'°- by the orlwlnal workers, one questljns the usefulness

CTffof the mpﬁhod when appllpd Lo 1arger naturally occurlng""
ffmolecules, 31nce the condltlmnq and reagentq used _'
Tﬂ¥$hroughout are. v1gorouu onesul Moreovar Lho yleld of .

";  thio/hydanto1n by Lhis method 1s for from quantltative.;ij
: ;The methed h%w been ra-examlnod by Wha]@y qnd ”at -

(47}and leb° (48). :%”he former workers showed ihwt
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Tl (xm ij-a}kd'u used l:g Schlack B

s the hydrolytlo iis icn oigKumnf vas: unnecesqarlly drastlci; :

A' lfand that much more dllube ulkali‘wmﬂﬁ sufflce._ Acid

7tﬁhydrolysls however appears tm be preferaoie in thls ;4 My
. Q&tep to %lkalxne hydrolys¢s Wthh Leadg to oyenlng ' .

:foi the thxohyd ntoln rlng. (49, 51) T'Thc fln 1ngs ofl*
k aPtiSt and Bull (49a) th&t the method appe&rs to fgll

g7fwhen qsp%rtlc aCld,v lubamic acld, lyq ne or arglnlne o e

wfiec: BN 3

“fj';iorm the end groups, and tha’ cryqtal?lne thichyaant01nu St

-:]ermm hLatldJne and arginine have not b cn prepared, aro

""-.:also mpor’cant (ﬁ9b) As a qualitm,we method for

-}fifend group determlnaimon at appears useiul, and hnq

Vfgfgiven uneqnlvooal resul s on lysozymc, bovxne Qlwsma

jiglbumln, and ovomucoid (50) The 1dentificatlon of

”: the thlohydanmoins 1s now greatly Slmplified bY PaPer

’ “-Lichromatogr¢pbic methods."

Aﬂhempts to form acylth1ohydant01ne 1n hlgh yleld

5,~Hunaer mlld eonﬁ:tions were made by Kennor, Khorana and

| f]fhhendm%n (bl), vsing dlphenylﬁhosphorolsothloey@natfdate

 ;'(XYIV).,‘ Their method Of degradatlon may be shown

L 28 fo?Jows._:ﬂ:'-




“L;-‘;»zis;

R

o Wpent ok TR Ctl el e pobeR e Mg by e ‘;;f_
R.CO am cur{'. ,00?4_“10‘{5 m,p --»h CO.NH gm'. 0. Q’.13<O
xxm) el 3 B (mv) “‘m i P "OPh
rm.._cu 12 OH-g (,O.li‘\_w SGHGRYS L G0, W GHE co I \/3 |
b ' é-~'_\gsg'¥_ e LR EE o L OPh
+NH N Ly AT e T
(x va) (v

2

*?A ;olutlon of the trleihylammonlum alt of an N-aey3~fij
H‘”E peptld9 isg, treated W1th the rca enu (XYIV), g mlxed ‘H
.3unhydr1de.z Tho anlon (XXIII) 01 the relatlvely wcdm‘
\“_;oxyach dxhﬂlaces the 1sothiocyanate 1on formlng aﬁ“;j ;f“;;i
-  f&cyl-phosphate (XXV), which 1n ourn 1s attacked by "
*.the 1eothlocyanate ion g1V1ng the d981red acyl—=
ff;b;sothlocyanate (XLVI) i The bubseqnent 1 omcrlsatlon”‘
ft7 ?of (XXVI) into the. cylthmohvdant01n (XXVII) 1s i
‘ :=effecfiVC1y 1rreve531ble, and so the wholg nroce S
':;goes bo completian.'f A namber of mele acy1thlohyd¢n—} ;ﬁle
"{;ﬂtomnq were urcpared 1u hlgh yleld (87—1007) ;
.?1;F0110w1ng Lhe reoulte of Uhal@y and hqtson (47), :
iiiithe acylthmohydant01ns were hydroly%ed by two eqvlvnl@nt
;foi O OIN vodlum hyarox1de for 30 ﬂlnuteu at room
7RH~Lemparature, whmch gave sathfactcry but by no meéns
quuantltaflve ylel&s of the de31rcd products.; It y

: 'ffound thab the th;ohydantoln rlng 1n both (XXYlI) and




.i{i*49;;'ftﬁ,_:,;:;

"ﬁ(XXVIII) is: attacked by alkall._. The method had only

'}beeen applied to peptides conxalnLng the slmnlest amlno ¢

ﬁ{,%01ds, and dltflculiles may arlae 1n thoqe cwses where

,_;aspartlo @cld or glubamlc a01d form.the end group‘_‘_(fi.\:_

-”Desplte these drawbacks however the method seems one

| ffof the beat yet propGSLd ior stepwise de radatlon

| ‘?erom the emrboxyl end of the peptide chaln.;'fj“i'; 

{'7 =(VII) The use nf Carboﬁl~1mides. ,Jﬂhrﬁff?ff-“'

| Khorand (52) discOVGred ﬁhat N-acyl-peptldes

ai{freact with d1~p-tolylcarbod1— inmide (XXX) at room fn;g?ffid

.;f”ﬁtemperature to give acylureas (XXIX) 1n good yleld.

iol. N__c__N. Tol »———-~9 Tol NH« LD .N’ Tol SRR o B

i —GONH om co(mx)

'yf:~00 H"FTOI IMH. GO LNl . chﬁl“éo=ﬁmfwoi~?*f95ffff ¢ o
i (xxwx) -;<f;.f‘ ey T ]
s 08 Tol~—p G6H4M .;;--

‘«V“he acylurcau &1@ immed;ately split by cold dlluta P

'3alka11 to form (XAXI), Qﬁd the degrnded peptlde Or

:“iamino %cld'fdlkallnc hydroly519 of (kXXI) llberates

"”the termlna] amlno acld. The condztmons used are




"”,1juma11 synthetlc peptides.i? A dimtlnpt dlsadVﬂntage 1s

o
= fmild, and the method h@u been applie& to a number of

"77that the degraded peptlde 18 sometlmeq serlouﬁly contJmeVVQU'

S :Lna,'tod wn.'Lh 'Lhe startlné" mterldl (35 51)

e ‘<_ -V-'III:1;;,)”__.'_;«"1)egi~aa‘s;fi on. 'b'-y -ema"ia.-z.muaaﬁ;o'n;. ps e

A novel method for the degr@datlgn oi peptide

ﬂff}chalnq from the carboxyl end was 1nuroduced by

“fifBQi sounas (53) Him seheme Whlch 13 b Sed unon the

*.work of Llnstead et al (54) may be deplcted ag- follows.fi;€ ?
,',_X.NH .um' .oo KH czm COEH --}X.NB .GHR'_ .co..};m CHR 0 GH
% (mu) (XXXIII)

+CO

e HCl
x . MI . CHR' .zoua} <~-———-—-—-— X* NI{ . um' » CO H+ I\IHB
(XXXV) i e = (mxw) +R cao+0h OH

L X_.diniizonhenyl or Ph GH ,o CO- .°_  ' Sanic o8 NS
The protected peptlde (XXXII) 1s electrolysed 1n

%nhydrouq-methmnol at @ for 1~3 hourq, to form the

'H"JK{'methoxywcompound (XXXIII) Brief aeld hydrolys1s:ifi’*j

 t§(2Oﬁ HCl, 15 mlnq, 1000) of the latter 1iberates the

3«;_:{:



L BRI

. }faldehyde, and the amide functlon 15 converted to % 2

‘Lcarboxyl group, &nd the degraded peptlde (XXXIV) may

‘7?;;be iaoluted.»j When . totally hydrolysed portlon of

1-:?(XXXIV) is coapared on . paper chromatogram with the _‘;u‘;

"“§f hydro1ysis products of the orlginal PePtide (XXXII)'

' ‘g}ithe m;aslng spot corvesponds to the G—%ermlnal amino

“[ﬁacid in’ (XXXII)._i fhe degreded peptide may be. further uh

:_'dnodlca’ly oxldlsed to give (XXXV), and the procedure

 frepeated.1s~mhe mothod has the sdvdn¢qge that it can e oa g e

“.ibe uqed on very smnll quantltles (a few mgm,; and has
'??been puecessfully used to degrade[trlpeptide.. oo far

ijonly peptides containLng 81ﬂp1e amlﬂo acids have be@n"'

‘ ”fused sa‘models'"when hydroxy-amlno a01ds are present,\

h'inghydrochloric &Cld.'”

;‘?non-apeclflc hydroly31s may occur 1n the treatment with'¥::~;

It w111 be se@n irom.the foreg01ng outline that
'};che more promising method of ﬁtepwiue degr datlon of

 cha1n.g Alhho“@h many Of the methods have bcen appliodﬂavﬁ:ﬁ

'3~succes¢fally to smmple svnbhetlc modelo, the &Sses°mentfj

{oi their true vqlue in structural studies can only be

'~~b.judged vhen Lhey have been trled on larger naturally '

’r”occuring moleculcs.
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o -52_ o

v \ NH2—CH GOQH -

H - (‘H - 0021{
(xm) ( 2)2-002Ft

CQQCHQPh CIEO Bepmmady ol g (I30 D i ‘ 2CI‘IZ,]F’h
NH"?‘H"COQH NH-CH-——OO-—NH-(l}H

(XI.IX)

-- ,::1%?*40032@;;

A e o «~a, 1;"f (xLIII)
CEPR R B s GERG L et A
' L e . (x[,ym)
NH H-00 —NH — (I}H b "f---m-ca-—co—-uﬂ-?ﬂ-oozcaarh
(CH2)2002E1: L (XLV)(CHz)éco .NH2 CHZ 06H4.0H
_%mxn) = C6H4.0H g s

8..-‘.

NH- H——CO-«-NH——?H-C()zH
(n.vx §01i2)é00 NH2 CH2.06H4 .OH

. _-"_‘x'iﬂz'.‘acl}nﬁ-cob‘c:aélvh-

032-06H4-0R T
. xmv), R-CH2Ph Fi—,,.l_?fl_r-‘__. |

The preparation of N~Bmzowtaminyl-L-Jm sine (XINI )jj:é"' o




P i‘f’*»5#’?‘%@5‘&%1:'3311 s-'ecsti'onlj.:i;

o ”hc work Wthh 1s to be descrlbed fallq un;o

*l{gtuo parts.-ffwhe first deals With the llnkage of the

5 ';'mpartlc acld and glutamc ‘lCld resldues in tyrocxdlne A.
i ?Th*e qecond part coverq the chemicak methodq WhJ.Ch h:;»ve o]

_'been dev:.fsed wi'th the mb.]ect oi‘ speclfic%lly cleav:mg

e .»:.f-fbhe peptide chqin a‘b known po:.n‘ts along its 1ength. e S0

"_yj(a). The elucidatlon of the mode of linkape Qf the

}aspartic acld and glu*bamlc acid res:Ldues 1n 'bvrocid:x.ne A. r;‘-::A?,
¥ I‘b w1ll be ap"oarent from the descriptlon of the S
3 ~'~fchemica1 features of ‘tyrocidlne A whioh hza,s already

'been given tha,t aqparqgine (XXXVI), glutz—)mxne (XXXVII),

S iséo peruglne (XXXVIII ) and isogluta.mlne (XXXIX) residues :

; =:‘":ma.y occur 1n the polypeptide. . It oaemed -Lherefore

- .-},that a. solutlon to 'thlS problem might well be obtalmd

":"11‘ tyrocldlne A wa.s wubmi Lted $o. th@ rzofmam'l degr,dation,

::md the product subqequently hydroly eﬁ. ’ Under theqe 3

;Tcouaitionq structures (XXXVL) and (XXXVII) vould be

a .fj.’oxpe-,eted to g:l.veot,(a -diamlnopropionlc acid and o( b’ N e

il ';‘.dia,mnobutymc ta,oid respectmely, whllst tho dlternative

’;'}struetures (XXXVIII) and (XXXIX) sheuld yield acetaldehydef}ﬁ

i a,nd B-formy Lproplonic acid respectively. e




‘ ":i,-co NwaGH— co Nn—.i5ZM fff H2N “eH - uoza

. f?ﬂ;-co NH~ o 6o, NH-f;Z{a?"

A ?(kxxvzl)

:5;: d @ ~dlaanoproplonlc acid.-f*f

HzN.— OH - 00 H

2.
(CH )? NH2

(om) j600, ng

o, -alauinobutyric acids .

o “-_]-co NH— CH 00 mHZ - Sl e o Samal, 7 e TR

, = s e
 CH 27 - CO 1TH-'__;_ S

| *tji_-‘(xgw,cvm> M %cetaldehyde

‘-.E:~oo ﬁH- O e co NH2 5, SR H02 }-(cn )2 c&o

(GH - LO NH~

2)2

'f‘i‘ii(xxxxx) 2 .,f';:,fj -B?-formylprbpionle acid.-:7fif

™

EAIn V1ew of tno 61¢flculty in preparlngfber01dlne A inf;xfffi

"7§f quantity,‘1t wau deolded to cqrrv Gut %hu prel;antry

‘ﬂ{{j;exaeramentq on u 31mp1e synthetlc peptlde oi gluqulne.f,;p'?

”:fNﬁBenzoyl~gluf9m1nyl~L—Lyr031ne (XhVI)twas chosen because;5“

:éfterSLne eemed to be the only amlno aéad in: tyrocldxne

H“_t A lllely 40" 1nlerferc i the ﬁoimann reactlon (55)




‘ X -':[‘"Lhyl L‘glu[:drﬂate (#XI,) ‘W’as pxyepared by h.h.e Aoy S

'""j;method of Nillex and’ W&elbch (56).. Attempts t0.-

‘?fTbsnyoylafe (XL) using benzoyl chlorid< anﬂ potassium i

'~ gfcarb0n@te gave very nns atl factory roqa1hs, Uﬂ—etayl

'3f N—bengoy1~L-g1utamate (XLI) belng produc@d only 1n

= dbout 30 yleld..' Thebe dlffzculllos WQre to e

5-{9xpecteﬂ however as th@ rebulu oi paxtlal racemlsatlonf[;jf3”

st et

i*lunder th@ alkallne oondltlops uaed (57) ;A:pultable fE’ﬂ G

 ¢(‘1;methOd oi nreparlng (RLT) was iound however by usmng

. ,the oondltlonq of Heghoéus (98) ior the preparatlou ofﬁ. _"ﬁ

| the eorre pondlng 3’—ethy1 N-bonAryloxycarbonyl—L-f1
‘3Fglutamnte. A no]ullon oi B’—ethyl-LHglutamate (XL)

f;n water eonta:nln sodlum bicmrbonate and magneqlum

'i¢.ox1de when tro@ted v1th a sllght exceqa of benzoyl

:3f0hlar1de at 0 gave Ef—nthyl Nabcnzoyl—h—gluﬁamdte -’“':'

“7]>Q(XLI) in qatisiactOry yield-

, ﬂ';”he ilrat method of preparlng the wlutqm1nyl
71 dipeptide (XLVI) from (ALI) and the benzy] esier of

3 L-fyrosxne (XLIII) 1s shown An tho 1eiL hand llmb cf , l;a. |

‘:Jflg. l.; The 1atber conponenf (XLIII) was prepared

ol fln aamlxture with ths benzyl ester~benzvl ether ol

5i_?;L~tyroqlne (XLIV) by a modlflcatlon of a rccent methodf




fx%SGQiif :

' ‘qk_of dlr@ct esterxilcatlon usxng n—toluenesulphonlc

 f  01d us Cdtdlyst (59) The two produotq wore readily :'“é'w

Q?qepar@ted by v1rtue of tho dlfferlng solubilitles of

_uhelr hydroohlorldes 1n ethanoL. Both eqters Wcre

ihydrolySGd to tyr031ne by mlld troatment with dllute

-'fﬂﬁfhy&rochlorlc chd, Whlch Ju 1n accord w1th the known 5“*

"'Tfsensztiv1ty of benzyl ethers to &Qldlc hydrmlysls (60).T

55Also the benzyl proups 1n both tyroq;ne deriVJtlveb

R(XLIII) and (ALlV) were cieaved uuantitatlvely oy

"15hydrogenatlon over pdlladiumrcharcoal catalyst at. 

:;room temperﬁtuxe Wlthouﬁ the phenalic nueleug sufierlhp;fff:'

"'[reduatlon.'

| Coupllng oi (XLI) and (XLIIl) was aceompll,hed
};by the mlxed anhydride method (61) The components 3f1‘
';!were diusolved in dloxan—toluene to avold racemlsatlon.;~J
“{?(Vaughan, (62)), and a falr yleld of th@ dlpewtldtﬁt’t{ﬂ
‘ ﬁf‘?‘nethy] H~benz0ylglutamyl—L—Lyroslne benzyl e&tef
‘(XLVII) was obtalncd : ﬂtalytic hydrOﬂcnation oi

‘ f(XLVIT) 1n ethgnol- J ciai acetle acxd uqlng pa]ladium—f*‘” :

3 “:‘charcoul catalygt aliorded 8’ xes&n vhich on crystalllﬂ&- fZi;

'f:jtion irom aqueous-othdnol gave'wj-etayl N-benzoyl 1utamy3

'-f5f~L-tyr0$1ne (YLVIII) Ln low yield Wrowtment of 'fﬂf”%ﬂw




‘"":f(XLVIII) with saturateﬂ alcohollc ammonlﬁ Ylelded a

g ;product,-~ poxtion Of whioh dftcr hydrolygl ,nge a f]:f

fpositlve tést fOr ammonla (63), thuq 1nd1cat1ug}that |
Iilat leaQt somo of the glutamlnyl dlpeptlde (XLVI) hwd

'fjbeen formed,- The other route to thlq latter oompound,

-ff“repreqented by the rlght hand llmb of flb.l. was less

-‘"uuccessful, for althaugh Lhe dlpeptlde 3f~ethy1 ﬁ—benzoy]—;f;

bt glutamy1~L~tyro 1ne ben yl ester-benzyl ether (XLIX)

'iconld be prepared 1n Lhr qame Wdy ss uoed 1n the:}7

".;prepmrztlonnof (XLVII), dl#ftculty was experlenced

"flwhen &ttempts were made to nydrogenate the former

f{ecmpound¢.f Compleue removal oi the bonzyl grouys

'1;,:by catalytlc hydrovenatlon did not oecur, desplte_kf

2 Q

"---g;u31ng platlnum oxlde and palladzum ohnr30¢1 in succ &ﬁlon ¥Qﬁ

’\as catalquw.'f~The sma?l amount of 1c1dic product

'_.jlsolated waq dlxierenb irom (XLVIII)

The amlde derlved from (XLVIII) by the flrst
?‘mebhcd Was submltted to ths Hofmqnn degradatlon, uQ1ng
fgsodlum hynocblorlto to @VOld halogenatlon of the phnnolic; f

'. nncleuM.: U81ng a ci:igh'l: pxcesq 01 the reagenb qolution,§  <

, “77(1 2 eqnivalcnfq of sodium hypochlorlte/amlde group)

'”“(55) the reaction was cnxrled out mt 70—80 3~$he Ei-'i




Gt TR

' product was isolated and hydrolysed,,and a.portion
.;?of the hydrolysate chromatographed. In adﬂltlan to

"if?the spats»correSponﬂing %o glutamic anld and tyrosine,\_-""

a new spot in the right posltlon for ol ; 'qudtamlno- "

}:fbutyric acld was preuent._ Tyracidlne A, which had |
:iibeen thamned pure by fractionaxing tyrncldine hydro~   ﬂ
fchloride by C C D. (23),‘was treatea w;th sodlum hypo-;
 chlor1te uslng the condltlons whleh had been found sueess-
. 3fu1 on the 91mp1e modél.-, The Hofmann degradation pro~;
- 5;fduct when hydrolysed and éxamlned by two—dlmensional 5»
e paper chromatography, gaye no evidence that elther d ,@
e mdiaminopmplonlc ac:Ld orx,)’—-diamlnobutyrlc acid were
‘Tlpresent 1n the hydrolysaxe. Methanol had however been
 Tused as solvent and as thié was iound to react w1th the
,;soélum hypochlorlte, the experiment was repeated using L, 8
'*- purif1ed dioxan (64) as solvent.‘ The' hydrolysare when _. 
'-.chromatographed agaln showed no épats acrregponding 1o f
. ;the desired ba91c amino aCldS.v However, a,new spot in;f'
' ?the rléht p081t10n on the chromaxogram for glycine was ?t»"
:?;noted.‘ This amino acld is not a constltuent of
"3-f};tyrocidlne A, but a p0351b1e source 1a ;rom the aspara-;”‘~

iifﬁglne resldue (XXXVI) by the followiﬂg reactlons'i-?'u‘v7




=00, i = CH GOWNH - OBX”.  <CO.NH - (I}II - CONE-"
_'_,‘»(xxv:t) CHZ- co xm2 A T ek R CHy— NH

Gee '«"092 H,"Z-iw"-.;}‘ci-i 002.& s o L e R i DR

002H

Hivher allphatlo 9m3neé are.kuown to be largely
'EOXIGlBGd to nltrlleq by an exceqs of Bynobromlte (6))
n‘;An &ttempt to hydrogenate the 1nterm@dlate nltrlle S
f;'iwhlch could arise by thls series of reactlonﬂ; was.
 fmade -in a_sepéfate expeliment.‘ The Hofmann degrwcatlonQPELi
J“ product of tyroaldine i uaq hydrogenated prlor to fiM = '
f{thydroly31 uqlng aney~nlckel as: cataly T @the activityﬁsg‘
‘Qilof “hnch.hmd becn previously demonstrated 1n the‘f ‘ -
"succebsful rmductlop of cyanowcetlc ester. The product3  5':
~-.."?__f:frOm the hvdrogenation waq then hydroly ed and chromat0~;f’
fq graphed' the spot GOYlQSpOﬂdlng to glyclne was tlll
i‘present, furthermore no new 8p0t 1n the rlght 0031t10n
. for d~ 3 ~61am1nopr0plou1c &Old had been produced..-
_f Attentlon w&s next turned to the pOS&iblllty thwt y
;:flfi%oagpqr&glne-(XXXVIII) and iaoglutdmlne (XXYIX) rObldue :‘¥i2




S e

;6may occur ﬁn tyrooid1ue A. N‘Benzoyl~DL—1sod pﬁfégiﬁe*'“

""f(LVIG, ilg.2 ) was ubmitted to Hofmann degradation

':;'Ewna the product hydrolysed, nglng Barker'< eondltionSQTQ':f‘f

ﬁ?(66) for the formatinn mnd 1aolat10n of scebaldchyde
, _gfrom 130aanaragine derzvativeus Also N—benzoyl-DL~.r
: 1soasparag1ne @ -anlllde (L) was uqed Ln extended

"f?.lnvestlgatlons, and was; prepared irom N~benzoyl—DL—

 4isom%pdrag1ne (LVla), and anlllne by fhs mlxed anhydride: 5’*

.ﬁiv‘"method. o s

'1 4Ph—P0-Nh ~-CH CGNH2 (1)NL 3 ”teh—comﬂ cn —:CGNHQ it

(Z)GLLQQE

(vaa) CH -co?n 4g3§{p,u

Haﬁl

> "'1

':iAcetaldehydo was produced from both model ﬂubstanceu"“

- 3.(LVIﬁ) and (L)under the above condltions,vand was

i;ea81ly 1qolated on a very emdll acale, and chwracterlsed'*

’~‘-ES'1ts p~n1br0phenylhydrnzone.lf ‘he degrddatlan was

' f thGn &ppll@d to tyrocldlne throchlorlde, belng more

freadlly availxbla thwn tyr001d¢ne A, but no trace of

.,Aacetaldehyde could be detected. l Qn aecount of the

(L) ;.1cH =00, wa‘yh’ﬂig;ﬁ

flfroadv productmon oi acetaldehyde by Hofmann degradat;on,:'.”A

"fiiollowed by . hydroly31u, of (LVIa) &nﬁ (L), 1t wae '“”“\”

“ ¢,$hnght~th@t.th17 result £rom tyr001dlne hydrochlorldo _'5




"1was more rollably negatlve than the expexlments
fdfdeserlbo ,above 1n whlch tho basxc &mlno acldq

“'44 Bu—dvamlnopronlonlc acid and d;,u‘-alnminofbutyrlc lfa: ‘

'7}3iﬁacld haﬂ been sought. Thus it was deoidod tOY'tu {f"

.?:}effect of varylng the conccntrntion oi OBr on N-bemzoyl~fj,f

"?fglutam1nyl~L~tyrosmne (XLVI) to fxnd the best conﬂ9n1r

7:f:t10n for the productlon of d ,B’~d1amwnobutyrnc acld.~

" A muoh improvod prepar@tlon of (XLVI) was found

”)~when the mlddlo rouue of fig.l. wau ugod to prepare MoP e:,ﬁ

E  0f (XLVI) for the trlal exneriments. N~Bonzoyl~L~. ”;E~if'h

.,l‘.gluxan1no (XLI[) was nrepdred in very good yleld by o

':'5treatlﬂg wf-ethyl N_benzoyl-L—glutamate (XLT) with

‘”aqueouq %mmonia at room temnerature Thas product was

Lmhen coupled by the m1xed anhydrlde method w1th the benzyl%?-f

'JL_ ester of L—byr031ne (XLIII), uslng dloxanyoluene as

.!before to av01d racemlqatlon.;i N“benZOYlglutamlnyl_..J:“

",fL-tyrosane benayl ester (XLV) wav ohtzlned 1n three cron

‘}:gwhlch diifereﬁ 1n their Solublllty proyprtles dnd m.p." ; ;f?

“:wTh”t wll three were 1n fact (XLV) Was ahown by hydroLyelng{fjj

':-portiﬂas of them, @nd ~xam1n1ng the hydrolyq&tes by

-‘paper chromatography. bpotq correspondlng to glutamlc

'}acid and tyr031ne were obtelned 1n each case.;lione~grop.,ufff




S60=,

§Wab c&malytlcally hvdrovenated 1n ethanollc sclutlnn :

ing pﬁJIadlumrcharcoal cabalvvt, nnd EQVe N-ben?oyl—fz*““f”

**{glumamlnyl-L-byr031n@ (XLVi) 1n oxcellent ylela.%fLA._g}fi;;ﬁ

}"porti()ﬂ Of.‘ 'bhe product was hydrolyuod U.nder ac:.dic -: e
,jconditianq, and the glutamzc acld qnd tersine were e
.Jsep%rated by paper cbromatogranhy 1n the uy%tem formlcF:;.

/aec—butano&/water. f Thp portlon oi the pmper F

";j"_OOIl'tcbln"ng 'th(* Glu“tamlc ‘5401(} W&S cub Cﬂl’t, elu‘ted “‘113}1

‘water, and Lhe glut&mle a01d recovered from the aqueoas»;;ﬂ?”

"':eluate by cvaﬂoratﬂan. q‘ho optlcal robation was

?~Zdeterm1ned on @ so]ublon of the glubammc ocxd thalned,fﬁ”fji

‘i:[dJD--~20 3 (C l 479 1n q-ﬂz?ﬁl).., Thls value assumes:;?f”f

- that the glutam1c 801d was eluted as the’ hydrochioride-t

'”ffL~vlutam1L 01d has [4]22 éa—-f3l 2 (bl O 1n GE-ﬂCl)

:1f(67);;f Thls result quggests that the glutamlc a01d

EﬂffreSLdue 1n (XLII) had been partldlly raceml ed durlng

. :Lhe formathn of (XLV) by th@ mlxed nnhydr1&e methad,;ign.,_

nlthough tho publl,hod prec utianq were taken to Evbld  ;1»§-

‘jsuch racemlsatlnn.

When the Hofmann degraaatvan of (va1) was };s“"
-repeated using anreasmng cnncentratlonO'of Obr , 1t

'7¥ﬁwas found that, quite couur@ry to the 11terature (35),




”i;ﬁan exeesa of qodlum.hypobromlte glVf‘o th@ best erultqQ:ﬂ'

"?W1th thxs type 01 oompound, 5 ”he best yield of

,31~diam1uobutyrlc acld obta;ned was of the order

: 3of 20 o Judged by the 1ntensity of tho spotﬁ on thefi."”“

7paper chromatogram. } The COLditl)nq Whl h had glven

.,s.

’”"f-thls yiald were Lhen u ed on pure tyrocldlne A.yelmher

ﬂlhydroly&ate when examxnod by two dlmenolonql paper
';7chromatography showed th&t two ngw spots had becn  %;.’

produced by uh@ Hofmann reactlan, the poaltion of

';Whlcﬂ colnclded exuctly W1Lh thOSe of<x ,@ -d11m1n0~'gf’f'&:?

;;Proplonlo acld and ci B*-dlaminobutere ncld on a

;repllcata paper chromatogram, { The spot corresyondlngfgfjﬂi?

"‘fto glycfne and already noteﬁ on a previous chromatogramggkfggg

”;(0,58) w&s also present on thls paper.- In addltlon
 the 1ntenslty of the ornithlne spot had becn much

'.dlminlshed, whereas the glutamac a01d spot was much

'.stronger than usual. Th1¢ result supyortu both 1ggﬂ,?j;:if 

~ -bhe chromatographic ev1dcnce ﬁh t tbe abovo spot is

'.fﬂlvcine and 9130 1is mcthcd oi formatlnn irom the

”‘  asparag1ne r981due, glven on psq,g If the meohanlsm o
Zsuggested there lo oorﬁect tne 5‘~amino yroup of

?gfornlthlne vould be etpected Lo behave sxm;larly,: :




.::iand glutdmlu auld woula result frOm tho ornlthine r931due.“'w

”fﬁ;:The paper chromatogrmm aiso %howed that thg tyr051ne spot 5::

7 ﬁhad dlsappeared, the other amlno mc1ds whlch oocur 1n

'?ff*tvr001d1ne A were 11 present

In ordor to establl h that +hg spot .correspnndlng

‘fjto d ,@-4U£mﬁnnprop10nlc acxd, 3na d ,B‘~ﬁ1@m1nobutyrlc-f;

'mcid were 1n f&ct the e baslc amxno acids it waq necnssary
.to 1%011%@ and chmracteri"e them. : q‘he plcnate waq

'.,chosen qs a, sul“t.able derivatwm' and t;hal. from L«oﬁ b”—-

i.quiaanobutyrlc acid ig: known (68) f 1he plcrab@ of

‘”L—o( @ -dl&m1nopr0p10nic acld was prepmred, qnd mlcro—fi

'5analy51s o; the derlv&tlve g&ve flgures 1n close agreement

“5ffw1th tho e for the d:nicrate monohydrate' although the

;__monoplcrate hemlhydrute could nct be exeluded by @nal3sieffa;

if}aloﬂe. The m.p (141 5 ~144 ) of the\mmoclmen rObe on .

'stunding to 184 and a repeated mlcroanmlysi on thi«fhl
"{asgecimen gave figures whlch agreed closely W1th those
;ffound ou the lower moltlnb form. :’The moleculmr weight
i of thc ﬁerlv&tlve MPltlﬂb at l84“—was determlned by a

fspectrophotomotrio memhod due to Sprlnget al. (69), the
 5;rosu1ﬁ obbalned uhOW@d thau the diplcraue monohydrate hddl ;:

l'fbcen formed. Thus L—* ,@ —alamlnoproplonlc acld formu ajlff

RS




dlplcramé monohydrate, whlch 10 dlmorphoug, the 1ower

'5 ;me1t1ng belng converted to the hlcher mrltlﬂg form on

. standing. _-7“?ﬁfﬁff’7yf"fuf *_Tﬁ°53;-?:“§gfi'i““““"“'“

\f-merCLﬁan A was submltted to- Hoim&nn degrad&tion

ﬁ *L,us1ng the condltlors of the preceedlng experlment f;mné,ﬂ

'ixihydrclyqate when examlﬁed by two dlmenqzonal p per

T-chrmaatography, showed that the supp03ed d ,Gi—dlﬂmlﬂc—f;?«;;

2

‘proplonlc &eid and c(,%’-dlamlnobutyrlc @cid wpre _igﬁj; )

¥f present “o Lhe extent of some 20—25 mgm. each (5% yield).?.

 :"fOne half of the hydroiysate was chromatowraphed 1n the

:~u:system 1ormlc acld/qoc~butanol/water, ana the ba81c

;Mj&m1ﬂ0 &clds Were 1sola ed Irom the paper oy elutlon

\\

-Jjwith wator. They were lhen sep&rated Gn a further='f
; ?paper—chromatogram uqmng the syaten 9hen°1/water/ammon1a;;J;f
'dgthe portions containlng the ba81c amlno aclds sought

'Sbel cut out'and sopﬂrately eluted.;i tvapordtlon

' ‘fiifof the aqueouq clu(bes g Ve residues Whlch were traated

'f,with n;cric a91d.j” Thc res;due from the suppOsed
o d @u.dl&mlnonroplonic 1016 ylelded a plcrate the m.p.  _,1

‘ £0£ Wthh lnd1cabed that 1t was L—}';@3~dlamkn0pf0?10hl°

‘iacld diplerute.monohydrate (1ow melt:ng Iorm).;j Whe m.pggtll‘

”;_wan ralsed to th t of the anghtr meltinﬂ form 1n &amlxture




“x{w1th an nuthentic amnlc Qf thms ferm.,_ The SupPOQGd

,X-_dlamlnobutyric aé d. avo i plcrﬂue whose m.D. and,t‘-,b

'ff?'mlxed m p." howea 1t to be L-<i;7'—dmeLnobutyrmc &cid YQJQ;'

agdinlcrame.

Eettor dvidence thdt<x ,Q‘*dllmlﬂopropiOnlc'ECld

» *ff_was nresen? in thu hydroiysate wws obtalned by 1on—exohange

5f5jchromatovraphy of the remalnlng half (p.657 using IRC~50

fj;(?O)bﬁ 0rn1th1ne,‘_ ;U‘~dlaminobutyr1d dCid, and ;f;ﬂ?‘

,@‘-dlmmlnoproplonlc &016 were shown to be retﬂined on

'fﬂ: a buffer frae column of - thi *reqln at pH d 7, When 1t

 ]was olubed wmth water. f Thege amlno acmd vere 2
*l.;quantltatlvelg removed bv elutlon with hydroohlorle

*fgwcid &hen »he hydrolygab * bovo was treated 1n th67 '

:stame way, and hhe'qcidlc eluate exwmined by two

'“ﬂdimen31onul paper chromatography 1t was apparent that

i 1osses of tho ba51o mlno ac1ds aad oooured durlng The

: elutlon of thc column with water ome 7b (based on the f??1~3

‘7 *orig1nal e,tlmate, p.és) being lost Lﬁ ThlS way.;vf~

~;”1K vertheless 1t xas pOs31ble To i«olate them from the

ancldlo elunte by papernchromatogra uy ana cluu104 wmth

'iwater as bafore.;fiThe plcrute of the suppo»ed d ,¢5-d1~;,37f:




o '.j'“,' =6 "l'- o

"énd mlxed m p. to oe L~o( p wdiamnnopropionic aCLd
-}dlpjerate manohydrabe, (1ow meltlng form) ';jzﬁgFf[
The fact thab o( ’ @-—-dlamlnanropionlc ~0J.d and

,)*f» -dmmxnobutyrlc: aacz.d 8,1’1».::6" "by Hofma,nn degr&detmn

tyrocid ‘ne A, follovred by hyarolys.z.s, shows clear]y

: ', 'bhu:b a s z*ar;.zglnc (_X}.XVI ) *md 1uta.nn ne (XXXVII ) res:L due ,., ..

‘Qif"‘.oc*cur in the“ polypepude, a,nd Lt foJ 1ow ‘tha,t *l'he

1111kage of 't;heﬁe azmrvo dela .I..’O. the peptide 0?15"131 1"3 in

‘__"both cases ’oy way Q.L ‘bhe o(" ~04rb<>xyl group. 3
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(IV) (b) .:The speclflc i1931on of peptlde 11nk9 bx;ch;mloalz:“‘J
f A posgiblo mbthad for ’pGCJllcallyﬂcleaving the‘
'77fpeotide chmln at tne nltzo en atOMS of sspartlc acid dndlﬂ‘y

'7;iﬂlutamlc wcwd LﬂVOlVGq fquT the rearraneement of theﬁfﬁ:*-*“

' ;":-"'i-norma.l A -—aspartyl a,nd ol -glu*tmnyl pep‘bldes (LVI,n-‘ 1 A
i 1 tepive the a—anur—jsomns(n_v n= landa) :
‘Jand 2)/r¢opoct1vcly.;f The lutt@r possess the group

A ;i“0f a PePtlde chain only 1n the nature of the group Rril?‘
H’ingﬁThe mcthodq whleh are available forithe selectlve y
%I’Omoml o;f 'bhe C-T,ermlna,l I’P‘%ldu@,‘: ::mct Of ‘«’hleh ‘m ;
."{fioutllne has already bc¢n glven (SCéFP 4‘F5”9 should ;}fizi
“';;thereforc br apolic@ble to truetures of - th1° type, ‘; :
?the pentide chaln b01ng cle¢vod os Lndloatcu 1n (LV).{r.gﬁrﬁ

Lf(l) The rLarrangement of aspartyl and glutngyl prtlﬁe

S The obvxous 1ntermodlate ;or the I&qnlred fearw%ngé;f*; 

:*g{ment is the Jmide of type (LIV), the rcwdy hydrolysls of f?

A ;.T'whlch unds\r Iﬂlld_d.lk"‘llne cczml l:lﬂl’lS .L.J er n,dy vve]‘[ ‘ ’

': ;known (Tltherley a d btubbq ({1) ) : It remqmnvd to viii.iii

‘.1‘stablish that the dcglred hyarolys1 product oi type‘ o
‘.”7eii(LV) was obtnlnxd n S8, factory yleld.;‘ Attaék by

'J‘ 1hyﬁr0xy1Fon on 1ho above 1m1de ghculd be governed 13 fV;;“:'




i O St Lo

% f}gpart by the relﬁtlvc electronhlllc chardcter of the

?N{a g eater ext nt on the<x —carbonyl group (corrOSpondlng?;q

"fhfto bho Qtron&pr c)rboxyj grouy) Tho amounu of the

:*-quacidlc peptide oi type (LV) formed by th@ hyuroly,la_fff'

“’Qioi the 1mlde would thus be expectod to be greater thqn |

'7*ithat;of the 1qomerlc &Cld of type (LVI) Howgver

*lfthlﬂ‘dlr@ctlon of r;ng opﬂnlng,_the deq¢red one in

e *¥5th18;case, may be &dvorsely affected by sterlc hmndrance;$*-'

”7[;3\(0;,, mery and Gold (72) Vi

‘hzﬂCherbullez pnd Chambers (73) hydroly ed DL-
"fbenzamldosuocinimlde (LIV&) with hot saturated barlum

lﬂhydrox1de ‘and ObLQLnLd N-benzoyl—DL-3sp&ragine (LVa)

’:iﬂgfbut the yield was not recorded.@ B%ttprsby (74) howod ?fizﬁﬁ

,. that those cond;tl,uq %re unnece snr:ly dr&btlc, uﬂd

......

"ff?jhydrox1do'or equa11y oifectlvely w1th narm D 28 N~ odiumﬁ°> ‘

rbonate.;: Almost a quaniltatxve Yield was obtalned off} f

nroduct whlch was mﬁlnjy the deqlred benzoylnqparaplnefﬁi"

'“ﬁ(LVa), though o, small amount oi Nubenzoyl-DLvl pnr?glne
<f(LVIa) wad aloo obt11ned.. Cherbuliea and Chambers '

f%;(lOC.Clt ) prc ared_the 1mide (LIVa) by heatmng benzoyl- ; )




:"!f;a%par@glne CLVa) at 200 , bux 1t was noceasary for the
_tpresent purpoae to flnd n °u1table method for its .
:'hprepqration us1ng much mxlder Condltlﬁﬂ%.“‘ Autempts
 iigﬁ:ff? fwere thereforc made ta cyellsc N-henzoyl—DL—iQOabparaglne‘.
.‘J'fgethyl ester (LII&) to the relpted 1m1de (LIVa) under :
' ‘,01d1c C)ﬂdltlona.ffwA_ olutlnn ol fhe LaO%Sp&rdglne gff;
 ii5:der1vat1ve 1n qnhydroua nltromcthdne when treated at | |
0° mth dry hydrogen bromae fc)iled to glVe the mide-" e
; fthe same r@su]t was obtalned when a qoLutlon of uhe

3_;'RIJOTQP%T8g1n” dorlvahlve ln absolute ethanol was treated

‘“ fwt 0 w1th drv hydrogen chlori ‘ oy
' A suitably mlld methoﬂ of preparmblénrfas found {i fjﬂf
:éhOWPver iol?om&ng the obbervatlon of B&ttersbJ (74) l. |
'i*thnt N-benzoyl~DL~1soasnaraglno ethy] eqter (LII&) when :
ﬁtreated with O 5 eqnlvalent of dllute sodium hydroxide,rvtff{
ilvor w1Lh sodlum ethoxxde 1n eLhdnel, g e the des;red 2
'“f{flmide (LIVa) These rsact1ons are probab“y 1n111aied
' 'ﬂ by remoij oi &’ nroton tQ givv (LIIIa), followed by
:fcyellsation.; Aueordmngly N—benzoyL—DL-1s0dspdxagxncv

fethyl ester (LIIa) W&u warmod at 506

w1th an excesu of
'”f}j?O 28 N—sodium.carbonato ln order that the formatlon of

f ;}fthe 1mide @LIVa) and subsequent hydroiy 1u'coald be ' flf .




7-Q"ach1eved Ln one operatlon. . The acldic products,'

) “fmixture of N-benzoyl—DL—asparagine (LV&) and N—benzoyl—f{ﬂi?ﬁ

.iDL~isoaeparag1he (LVIa) were i olaued and an assessment

'”ffof the composition of the mixture waq made“ J For this'“

?purno e pure u9901mens of (LVa) and (LVIa) were requiredyl;”l

ff‘and Were orepared ny the actiou\of ammonld on N—benZOJl—~h“ .

&i»%f,bL-asnartlc anhydride (LVIIa) The two amldes (LV@) f;..

1'~fwnd (LVIa), obhdlned 1n this way dlfier appr901ably

"\-;qln their acidlc strengthswnd were therefovo separable

"3 vfhy fr&ctlonal nreclpltatlon from sodium oarbonate-'

T;gflar er amount of the 1aoaspmrﬁgLne (LVIa) waq obtalned

"3Lgthan the asparagine derlvaulve (LVa) ‘ Thls result 13‘

x”{iin wocord w1th the relatlve-strengthu of tha two carbonylfﬂff

% f”groupg concerned (cf p 70).ﬁ_ Tr1al experiments with

*fmlxtures of the pure amldes (LV&) and LVIa) showed thatj}w?-'

-;complete separatlon Vould be aehlcved by dddltlon of
a so]utlnn oi the mlxture to a, column of IR‘4B reutn

':(1n the chlorldc phase) (cf Drake (80) ), und elutlﬂg

7*the TOSln wmth N~&cet;c acld followod by N—h droohlorlc:f~13:

'*m:iacld. The 1soaqp“xag1ne derivqtive (LVI&) belng the

“'ﬁ;weaker m01d was eluted wzth tho ﬂ—acetlc aold.‘;;ﬁhp; o

'  1'_m1xture of (LV%) and (LVIM) obLa1ned by uhn alk&llno




'i; hydrolys1q of (LIIa) was shown by thiq procedure to

ﬁg“lconhaln some 65@ Of N_benzoyl—DL—asparagln@ (LVd)

In oﬁder to be sure that all the benzoylasparag:ne

“f7hmd been produced by rearrangement durlng the alkallne

77‘;hyﬁroly31s of (LII&) F oy was neceqqary to how that the

l@F-ethyl N—benyoyl-DL-aﬁpartate (LIa) uaed 1n Lhe

:;f{preparation of (LIIa) was in ;ae% free from the<x -ethyl

”*ﬂ}oster (LIX&) It was also neceSSary to how that no 1f£ ff“

"igﬂrearranpement had occured 1n the formatlon of (LIIa)

-’fffrom.(LI%) by'the mlxed anhydrlde method (61) G ~ethvl

fff?fﬂwben?oyl-DL-abpartate (LI&) was iractlonatea by counter~ff[lﬁ

'Qiicurrent distrlbution wlone dnd wn wdmlxture w1th the' gt

e ~ethy1 cster (LIX':) (gmphs T ‘and II reSP0°’“1"e"5’)‘ "

.:llﬁ,olnglp peak was obtalned 1n the flrst caoe and two ;ffi"'d

”p“-peak& 1n the seoond, thus show1ng that the @ -éthy]

1{f_N~benzoyl~DL~asp4rtate (LIa) was pure..* Theci -ethyl

":N”benzoyl'DL“aSpwriate (LIXa) was prepared by Lhe ;f}** B

'5 °actson of abqolute ethanol on N*bcnzoy]~DL~a p rtlc _E

'*f-anhydride (LVII&), and was nbtajnod almost pure by

e ;fractiunal extractinn (Le Quesne and Young (81) )

bt ff‘It was eomnlehely purifled by counterculrent dlstrlbutlonJ

"ﬁia(graph III) Eoth pure bqterﬂ (LIa) and (LIK&) weze




”':ff;converTed to the correspondlng dmldo esmer° by thL mixedh~ ik

'f '-qanhvdr1de method, whlch were shewn to be homogeneoub'uff.fﬁfﬁé

3 ffand 01fferent, and thus must be (LII&) and LXa)

peotjvely, : Thus rearxangement has not occured by
: ,rway of the mltcd ax hyerdes, but only 1n the trﬂatment
ffof (LII&} w1tn &lkﬁllq ' ' w3 '

In order\to qtuﬁy the rearrangement further the

“f,tfethyl e%ters (LIIb) and (LXb) of N~benzoyl—i;—1nd—@ _:fﬁﬁ5 f*%

'T*f}BLwaspartylg1701ne n—hexylsmlde were prepare& Lrom o

Ltfimethod usn.nb ethyl chloroformdte dnd glyclne n»hexvldmldeifff“

".fE(LKILR H) The glyQan nrhexylamidé (LXII* R H) was

"ffyprepared from the known compuund phthqloylglycylphlorlde

tfn7(82) 1na n—hexylamine. : The nhthaloyl group ﬁas removea Vh

" from ‘the. rcmul’blng pmha.loy:t gl.vciﬂe n—-hexyl%mide b.V

°'fjtreat1ng tth comnound W;th N-ethanollc hydraZJne hvﬁr&te;f;f-

"f'Bcth PSieIB (LIIb) oné (LXb) were Lr¢ated with worm ff‘”*“”\

'-O 28 Nevodium caruonuue and th@ ncidic prcducts wera'*-:- :
"firactlonated by countercurrent dlstributlon (gravh« e

>*;1V %nd VI respectlvely).ux Thc component (K 1 05)

_jwhich was present to the eernt of ?5% 1n each Cdsa S e

'fﬂwas as 51gned the structure (LVb) 51nce it had the
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”Tfflower parbltion r io xn the buffered uolvent system
D j"-:(."zm.c?x must be the stronger 3015' ~ Thls was confvrmed by
"J7»5101610 hydroly31s (83) Of Lhe ester (Lllb) Of “nequIVOLQJ

~:a”,f,_..fs*t:z'u.c*l”.u.re-,- to r*nre “the acld (LVIb): WhICh was ld&ﬂulO&l

A_'Tgféwith the WQaker mCid (K 5 15 ) from the reazrangementa : »
tuﬁﬁiﬂ?Thp otructureq of both aclds (LVb) and (LVIb) Were ﬁ”” "
n ’f:}.conf1rmcd by syntheSLs from N-benxoyL-DLaaspartlc v 4
Tiqnhydrlde (LVIIa) &nd glyCLne n—hoxylam1de (LXII R-H),
‘U;,the weaker acld (LVIb) prpdom1nated ln.uhe proauct.vfg“nf“
' The fact that bo h estem ('LI.{b). ;nd (LXb) a.re T
.‘!fSrearranb@d by alkali Lo give mlxtures of (LVb) and
| "f:f(LVIb) of“much the same comnositlon’ﬂugpests thab
”rhlf51mple hydro]ysis of the ester vroup 19 not a8 serlous(:;f~“ :
o ’7;sido reaction 1n the aspartlc acld serles. When the'
-A’i §alka1mne hydroly31s of both esteru (LIIb) anﬁ(LXb)
"ﬁf;was interrupted 1t was posaible to 1aol&te tha 1mide*;fi%?”::
'7ff(LIVb) irom the reactmon alxture, thnn hydrolys1s of
:;the 1mldo is the rate controlling sten 1n the aspartlc; Tf
13{\ac1d serleﬂ.i*f7?ﬂ :‘” AL o
~‘_' In order to ﬁee il rearrangemenb 6ccurs 1n the
 :iaapérag1nyl serxes, N-benzoyl—DL-dsparaglnylfﬂLycxne‘.

“*“”5n~héxy1amldo (LXIb) was rrepared from N-benzoyl—«—DL—-*;fﬂﬁ4if




'f;f,jinspartylglycine nrhexylamide (LVIb) and WMﬂOﬂld by

~P7f'jthe mlxeﬁ anhydrlde metnod A bample of (LXIb) was

7-5warmed w1th 0 28 ﬂﬁsodlum carbonate a8 in- the previous w80 S

“53 .experimﬁn$s, and : further portion shaken wzth 0 IN~“.:"h ’

' ’"fgﬁodlum hydroxlde auer 5@veral hﬁurs. - In both cases

"};ﬂabout 89% of the materlal remalned unchanged by thls'fl"A"”

: ”uﬁ; tre1tment. Thnt rearrangement hwd oeeured to a small

e xtent however was showv by fract¢on¢txon of the comblned

.’*72,acidlc materlal from the two experlments by counter— f¢“ww“”

F?i?cuxrént distrlbution (grdph VII) The same two f5  o

':ﬁiipeaks Were obtalned ﬁs 1n thc rearrangement of the

flﬁester (LIIb) anﬁ (LXb); Lhe component Dreqen& to HL;AJ_ R

"*rﬁ.ﬁthe exxent of 75% as uhe rearrangcd Lcld (LVb)

In the glutnMLc acld~ erles the alkalxne hydro]ysis

;t;nf an opticwlly active peptide, N—acetylglyoylﬂnlycﬂl—d iy

'; 3-L—g1uLamy1g1yane nrhexylamlde euhyl oster (LIIf

:{*was qbudied, and the prepar&tion of thlu cmmpound Wlll

', ‘be brisfly discussed. . F:Lrsi:ly the. Lrlpejptide b’ﬁ.-ethyl

 ‘ bcnzyloxycmrbonylFTycylgly0V1—1~glutqmate (LIe) was

;_Qprepared by the mlxed anhydrlde method frOm bcnzyloxy— 5*;p

;;_{7fcarbony1g1ycy1 Lycxnc (84) and'Z’~ethyl~L-@1ui@mete

-%-_(XL , fwg l.) (JG)._V“ThC product W&S fractloﬂated by - &




u;ficounLercurrent diqtrlbution and gave a sxngle peak, ;[:MN

.m'ﬂf(granL VIII).L% The urxpeptldo (LIe) waq then coupled{%fiﬂjﬁﬁ

ﬁthh glycine n—hexylwmlde (LXII R H) by the ulxed

“ bﬁ’_anhydrlde method.: The coupled product, Nnbenzyloxy-51 “

!N’gcarh0nylglyoylﬂlycqux—h—glutamylglycine n—hoxyl%midefﬂlzf'};

: “{!ethyT esber (LIIc) could not be used as such 1n the

"*flidtudy of the alkallnc rearranbcment of tho glutamle

  1&01§ re31ﬁue bocauﬁe We eléy et al. publlshedxuerles;ff‘“

7aiof papers after bhls work Waq well aQVanced ghowing that.?ff"‘

'“xigbcnzyloxycarbonyl groqu may be 1nvolved 1n otherai’fﬁ““

'fﬁﬂ“jrearrangements (85)..: The protectlve group was "';

“”V}igtherefore remDVed by hydrogonatlon, mnd the produet

cﬂ'hourq-_aqueous odium carbonate ma% not used 31nce the

'ﬁiacetylated with acetlc anhydride 1n aqueous solutlon s
.to glve the desired acetyltetrﬁpephide (LIIi) Thls  ?3;£“’?

'i.oompound was shaken with 0 IN-sodium hydroilde for SGVeral

‘f-“

' ?;g1utamylpepL1de esberu appear to be more re31stant

.‘A;lthan.the aspartyl analogues.'; From the Buldic productq };1;.

2 qN—aoetylglycylglycyléanL~ glut@mylg]yclne nvhexylamldeiﬂ;Qf}
': 4(LVf) was 1solated in 56% yield..\ mham 1t wa the- L

1 f”reurranged peptlde was shgwn by 133 &Oldic trongth,'}t 5t 5

w ijk 3. 45,,this structure being confirmed by Fnodic-fi'
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L.rdXideigﬁ; goee bectlon IV (b) (ii) )._- A produc1 1somo¥1§; f
wmth {DVf), and probably thp Weaker ac1d (,VIf), wws .
also 1solabed'-the sma]i qu%ntity anllablp howeVer amd,
iLq difficulm solubillty prOperLies precluded satigfﬂctory »
30 {.ﬂidentificmtion. The produc'b (LVf) isolated was Optlcally
ffinaetlve, raoemlsatlon was Lo be expectea however under o
"f;the qlkallne condltlons used. ;, . _ . .  i ._...-

The yield of rearronged pentide (LVf) As in good |
reoment w1th that obtained by treatmn& N~benzoyl-o(-55ji;

'k°:3fDL-glutamyl«lycino n~hoxylsm»de ethjl esfer (LIId) with

~uf__-“'O IN qodluu hvdroxide and fraotLonatlﬂg the aeldic

J:nroducts by oountercurxent dlstrlbution (Batt@rsby (74)).,wﬂﬁf

“f:}fmhiq worker isolated.a S¢all amount of neutral matter

f,durnng Lh@ alkalwne hydrolypis of (LII&), and showed 1t
:“i{to be unchangod 0 ter' rlnp e]osure Lo the imldc (LIVd)
| Lherefore the rate controllwng tep 1n thb gluoamio }37?':f
‘ji;'déld series, in conbrast to the %spartic acid serios..gf}fifiF
: . ? The yleid of rearranged peptide (LVd) obtalned by the_fi;
’:ﬁamkallno hydroly31g of (LIId), 13 appreciabiy lower tnwn
uﬁjlﬁ&t of the qgiartyl %nalogue (LVb) obbaln@d Ln the same: ; fﬁ
1-_f€way Lrom the oster (LITb), One or boLh of the follOWIHg

:f_factorq may be reSpon3¢ble for thls dlfferenee'-ig*'

.(!




iii(s) the desired dlrection of rlng.openlne st thco(~0drb0ﬂjlfi
'”fﬁégroub 1n,(LIVd) s ‘only sllghtly favoured over thejnﬁffff;ff?
'i@ialternative dlrectlon, (b) simple hydrolygls of the i
;--JOSLGT ”TOMD iﬂ (LIId) eompetea'uloaniuqntlf wmthfj' '.;'

17~c¥0119atx0n to bho 1m1de (LIVd).: . ow€ver, esmeriijcatlon i

A.fbf tho ocmd (LVId), followeﬁ by alknllne hydrolyq1 |
7§;;would rivo a better ovor—mll Jleld oi ﬁhe 6681r0d

;ffyeptldo (LVd).~

(IV) (b) (lL) Whe &peelfic flS°10n of“U'—éiﬁ%amyiiﬁébtidéé;{;lfjf~i

In.order to show thmb the group ~co NH.. GHB.”;'
..._"_500211 Y'thh oecurs 1:1'13' -‘glu’bmnyl pentides 1s szxsceptlble
ito jh& degr%datlon by the methods avamlable fOr the 7“ '
‘\“*_ﬂgﬁelectlvg rcmoval oi the C-uermznal ?esidue (cfgp44-),w'j7
if}ﬁ;the anodic oxidatzon (Bozssonna (53) ) oi seVeral
3;fpeptldes prep&red wbove was studlcu; N~acetyl-
 1 v%g)ycylglycy1—7>DL~g1utamylglyclne nwhexylwmide (LVf)
“~f1¥was anodlcally oxidlsed «n anhydrous methanol and tha
'Eproauct vas hydrolysed and chromatorraphed.ir The
' chromabowram showed that the glutwmle a01d fcsmdue,ff"n
a_h&s been ajMOSL compleLely destroyed, and that no
A'iiinew um¢ﬁo aoid had bonn produced; Nnbenzoy14XLDL¥

R
S .




fi’gluta.mylg]ycj,ne n—hexylama d@ (LVc‘i) when &1m11c3.r1y o

troa‘bed showed the same resul'b° ‘ 1n this c zse the oo

‘:;."fzgluta,mic acld reqiduo had been oompletely deltroyed. »:

However N—benzoyl—o&—l)b-gluLamylglyclne n-hexylam:.dc

':'-',_"(I‘VId) dui’ered from (LVf) and (LVd) on anodie oxz.datlon. el

‘-:_:. Ai’ter hydrolysm and ChrOmd.’tOgra,phy Of the pro duc “bs, L

”?'?ﬂit wos found that glu;umlc a0id had been &1m°ST

$ >'f"“f'_.complete]y d@ptroyed, vflth the product:.on of, a. new

':T,. -amlno acid (proba’oly 04 --amir:o-—?;’ -methoxybutyric c.r.d

ﬂ}(LXIII) ) These réactlon% m“y bo 1llustrated bv fgg:j;fii;

*-7{9,ithe followxng equatiﬂn

._».::'__‘I\TII.{‘H LOZH _.__) N11.011.0{3113 »»--——-9 R 00211-1- CHD

| (cnz)z.va WHR/ (CHQ)Z.CD.NHR' :.ﬁaff (cnq)éco " 2%
‘“;(Lva) ”5j:gf$t“:j;a Bigﬁp;j:}ff“i:-+CH30H+NQ?CHO.CO Hif{f
-+mq3-+ Nng.c6ﬁl3.ﬁ_;ig
B O o Rl (,G : . ﬁC‘l % : &
*WHL T GO NHRY 5 NH cn 605, NHH' F **R €0, H*hﬂa . GH. 0, ijf
i (éHP)ECOEH J (cng) OCH3 ;‘ (cnz)aoon _
i:(LVId) e :[f3;:?:f P ‘0”2'00 s &X“Diff
+NH2.06113’A\‘_"‘; ,

R= Phy R'= CH,4 O (CH,, )5Me it A

g




'}"{iThe bchuv¢our oz.Lhe grovp'~00 N »C”H LO H in: (LVd)

-1fon anodlc oxidatlon ig thus seen to be the same as

”“ffthat of the G~Lerm1nal resi&ue Ln a neptido chaln.f;?-'tb

1fl§[“h1ﬂ result 1 e prouisihg one 1n that 1t gles hope

’ﬁ”thst speoiflc c]oavage of the peptlde chwln »n bbructuresff_;
:f;isuch as (LVd) may be achlevcd by appllcation of anodlc 1
if:oxzd tion Oﬂ a m cro-sLQTe under the rlght condltl)ns.;f.'
‘ In order to Ptudy alternatlve mcthodq %n attempt
f7zqwas made to devrude the Deptlde N—ben7oyl-ﬁ'—Db—plubany1~;g;i
.ut;glyclne n—hbxylamlde (LVd) by Lhe Bergmqnn~&eran method.';f;

'f(45) (ef.p +5 ), ‘ portlcn of uhe peptldo (LVd) waq

 f:fester1i1ed w1th methan011c hydrowen chlorlde by heatlnp

"ftﬂat 50 fOr 5 houru.; The neutral prcduct obtq1ned Waq

“.. monoh d-rate

jf;shnwn tc be dlmethVI N~benzoyl—DL~gluiamate (LXIVS

- ’-":‘i,;"Pb CQ Mi' H'COPH R ._en,_;_,_e,cm 59 Bh. co 1\:}3 cx .COOGII
vV Y 3 Q‘JO .NH l»{l II
: _.‘,.»(L d) \ (CH 2);¢ co, mu GH? 6 13(5}{1\7) (Wo) GQOGJ
n?m mL

P GO LI, 0 GOL NI VT
(LW) (w@,co NH.HﬁP

‘T‘.}{~DL~ﬂlutqmyl&1hyﬂra21de (LXV) in the normal may.

3 H 0
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Undoubtealy Lhe condltions of esterxflcat;on arc too&ffi
f.stic, and mllﬁer mcthods W1ll hwve Lo hc u&ad L et
'fprepare the mono~mothw1 oster OV:(LVd) for the first
iﬁstep 1n thn Bergmmrn—Zerwas degradatlan‘:,A satlsf%ctory;tlf
fmethod of esterlflcatlon mlmht be by tho uue of ix Tt
.;E;dlazomathane, or po sibly by the uuo'oi methanollc
.' J|throgcn CthrldL %m room temperature. In thls laLLer ﬁ
 f5fconneet1on th@ aspartyl @nﬁlogue (LVb ilg.E ) avo a \
“:ffqati xctory yiwld oi The mono—athyl eqtéf”(ZXb) by
H:itroatment w1th eLh nollo hydro en oh1or1de &t room
hempc athrei 'A5~ﬁf€ff;5f“f?"f'x?‘ - 4

e wa

1"

zfia(IV). (h) (111), Thc structure and attemptcﬂ rcarrangement of[fﬁf}ﬁ*

.l‘,;

tYrocldlne methyl ester. j;&if*lﬁﬁ ﬂa§3'«n

Mg ok

' Battersby wnd uralg (25) (pq25) ahaved that if: g
'j iTvo1ut1onxD£ tyroﬁldine A hydrochlorlde 1n methanol wastfail
' 77treatod O witn dry hydrogen chlorlae for a short'h
;tlme, methanelysm of ono of the ﬁwa wmlde 0r0ups present;”
.-foccumed-; ;1 It was rot kﬂown at that tlme hovever whichi‘
iresxdue hﬁd beon afxected by thms treatment The
‘“;product obtwlned by pqrtlal me h@nnTy 1s of tyroelaine

-_A.;n'thx way is: cwllxd tyroeldine A mebhvl ester;;andgiw




'3:1t was of 1Pueres? he comPﬂre the prodvct obivined5' “\’

ﬂ'ffbv ﬂofﬂmnn de rad tlon iol?owvd by hvdrolyelg, of_;iffff

r"th::.s compound with tthe ob%mlned 1n the_ ame way [j ffLi<

””Efrom Puro tyrocldlue A, thcse from the 1aifcr hﬁvejft‘-’.

¥ K

,ilbeeﬂ shown to be d.,@ *ﬁl&ManprOUlonlg 901& andtx ﬁra‘AJJNpq

:“_{dlmenobutyriv acid (p.é? ).: Conanuently Lyrocldlnc

‘TfA mcLhJ1 ester w&s uubaectea to Hofmann degradation uulng

"*Vl;the condltlons found to be uuccesqiul for the degrmdatlon

b __“Q;L tyroclc'line .A (13.120 ). ‘T‘ho product was hydrolysed

53?with convmﬂnt bo¢1ing hydrochlorlc acid at ll@o._nnd

' h”fthe hyﬁr033¢ate exmminﬂd by LWO“dlmen°l°nal paper

'u 1§fchromat0grauhy 1n the tvo pystems descrlbed on p Hﬂ .f;f;,f?“

'-ffThe chromatogram sbowea the qPot correuponﬁinc to

,@ —ﬂ:%mlnenroplonlc acid and tnl colnclded in.»
itlon w1th thwt frnm an authentmc sample of th103 ;' 
C; baSiC‘dU1l0 301& on 8 replicate cﬂromatOgr&m.gn The.
SDOt eorreapondinn to glyclne, and alre dy notcd when
'if1yr001d¢ne A wap dcgrmded in the same way,if<s qléq

,[ufpreseﬂﬁ. No spot corr@spond:ng tocg g -diamlnobutyrlo;;f"‘

‘ﬁ;Aaelu vzq present on t iy chrom&togram. f The fact that

.fQ* @ —dlamlnopr0ﬁ10nlc acld hqd b en produced by Bofmann E:1f

1ldograd@t1an, folLoweé uy hydrolywls, of tyrucidlna A




| chlorlde.;:gﬂi“‘

.4:f;;84?5;{jﬂ";

ﬁ,}f mathyl ester, ShOWa cJearﬁy that the aqparagine residue'ﬁfl

(XXXVI, 9.54 ) 18 prcsenm Lﬂ Lhis compound'.the probable?ﬂf@ﬂ

'”fgﬂ nresence 1n the hydro;yuate of glyclne supports thls

conclu31on.: Thc absence of‘d 'Kf-dlqmlnobutyrle acld
1n the same hydro3yqabe shows that the glutemine reszduefff{l

(XKXVII p.5+ ) iS not prcsont 11 tyr001dlno A methyl

L Ee Lcr,' and Ih .Collow 'let methano.l.y-si oi' the glut »mlne

r981due had occured 1n the 1n111a] Lreatmenﬁ 0¢ a'mebhanollc

“Ff_solutlan of tyroeidlne A hydrochlorlae wwth hvdrogon

am
\,. .

The glutmmlc 401& residue in tyrocldlnc A mcthyl
ester should thus be rearrangcd by alkall 1n the way which-}:t

descrlbed above for th@ 31mplo 1utamyl peptlde

han boon‘i

ester the asparaglne reszdue should be 1nrgely un&ffectedffg

by thls treatment(of.p.?G) Exploratory experlments_?-
have been begun Wlth thls obaeot 1n Vlew.,1 A 1qrger-
,mount of'tyrocldlne & methyl sster was prepared 1nd
separated from unch%nged tyr001d1ne A by oountercurrent
distrlbublon (25;.; A portion oi the product was qhaken ::f
W1mh O Ianoélum hyaroxldo, and uhe acidlo produets vere Lyt

fractlwnaicﬂ by countercurrent dlstrnbutlon in a buffered

A.solvent syvrem.;‘ The dlstribuhion pahtern dld nﬂt show'  B
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e S 2 st o
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aiserete pedkg, but rathor a broad band- thls Jndlc&teé

o

th t %t 1east two companenio are present, Whlch 1s toz-“

be eypecbed if rearfanu ment h&u occured.;_ Further work

1s necessary on- the fr&ctmonation of theso %Cldlc prOGugtsf;;

2

by countercurrert d1&tr1butlon, for example other solvent ﬁf;

a s

syotems wljl hmve tc ba studied.
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' ‘(‘Iv“.)'_f;_(-b’-) 'f, (iv) The prep-zrg,xtion F»nd alknllne clcavage of j.';

‘*_‘.L-acylpyrml Ld-u.-one det*ivatz.ves f.‘mm;

ok-glutamll ;pephdes. i,

The J"orma‘tion of ‘the a,cylpyrroiidonc de:m vat:x.ve

".-(TJ}{‘KIX) from the correspondmg d*bih‘bﬂ%tl}’l penude

. . (‘D}’XVIII), fol]owed by qllcallne hydrolvsz,s of ‘the
_‘.fcrmer, Provides 2 al'hemm‘blve mcthod 1*0 the one already

given (p.bq ) for specificallyclbavm the peptide chain*‘,.- x

Two directio*zs m‘: hydmlys‘if‘ are 9ossible, a::, illustrated

,_ia(LX:XIX), "8 "’iV'ne; msc 't;o fisgion pa:’oducts on. the One e B
:hfmd cxnd to I’E—"GOVOI"@Q startlng' I]l'l,tel‘.i.v.ﬂ. un 'bhe other.‘-._:_'."_f"

éfR—co-NH-oH-co-NHw ________._> R-c.oi-ﬂ Fit CH i CO-NHR'

o 5 (GH?)Q"’O?H CK /0112 (me)

"»".(I‘.XXVIII) l A el RO T
A N O RNl = lg}h,_ )
; R‘-"""‘““ i m‘ el B

(IAXX;) AR PR S 5 ) s

This second appmach to the problem of speciﬁcally‘j“

"4"‘01 eavmg the pept*ide cha:m at the nitrogen a'bom of glut...“ , 2 %

B ;‘amic acid is s:meler 'bha'n the first (p-b" ) in "»‘hat only';f’

4-\..;1two stages are involved. : A study of the formation and _5-ff




"*-hydmlysiss oi‘ ac:ylpyrmlldones Was, uhereiox'e, mlders R

2 takeﬂ In the forma‘clon oi ac.ylpyrrolldones from }" “f J

k i-._‘compozmds of t,ype L}JWIII the poss:.bllit:y of cycliaa— ,':

"-tion ta the 1m1de (L}&XX), must not be overlooked.;_ ;
The prei erentlal formatlon of the acia R 002H is '

Ato be expected durlng the alkaline hydralysa.s oi‘ the aoyl- N

' '.""pyrmlidcrle (LXXIX), s:mee the earboxyl grou;p o:t this .;,' -

acJ.d, belng gene.t'ally theo( -carboxyl. gmup oi’ an amlno ‘L

"-"'.»acJ.d, is strongex- »han the)’-@arboml group oi the

'I:«,'.glutamlc: acld res;.aue. ; Agam,‘however, a‘btack by hydmxyl,}’
1ons on, the acylpyrrolldene (LXXIX) to give the expected
ac::.d Ii.m2H in thlb way could be sem.ously ai'facted ‘oy

L _”";.si.erlc hlndrance (?2). St il M e

King and Spensley (88) prepared tne acylpyx'mlidone )
'-(Lxxxn) by warming the ao:.d (foxxz) with an excess B
f“.-:thionyl chlorlde to 50 e In ’chis case, only acylpyrml—_;-_

e :-A-Iidone :tcrmatlon 1& poss:.'ble. A2

'  -va02~06 4«—CO-NH-—(I)H-—(}020H2Ph NO 2'0534*"0“‘—]“""?’{‘002"‘12?"’ |

: i (CH ) Excess SOg L M
2 2 e =,
(Lm) I SH 30012 (Lmu) \(,41

" The results obtained by Kanewskaja (89) however =




NH—(GHz)B-COQH

o 'at '-mbhi-'~tein}g>éi'ature,' i

: suggested that if theo( -glutamyl peptme (LXKVIII)

fwere treated under these conditions ‘the 6-—membered ring

' (Lm) could well be :formed 1n addit:c.on to the éesired
- "'_acylpyrrolldone (LXKIX) ‘ s

' (a) excess %012 WA e i T
2 ) excess 50012,35 i \ o R A
(LXXXIII) vl N ..(-m:;x'nv)_ R %
Ph N |

_ﬁH (GH2)4-002H

(a). ..ei'c'ése-" 'éocxg .
(b) exeess 30012,0—1 . 7 '_.'I-"

"This worlcer trea‘ted the acid (LXXXIII) with an excess of
'_thienyl chloride at mom temperature and obtained the '

'_ correspondmg acid ohloride. : wnem the 1a‘b1:er was: hea:ted. _
" at 35 cyclisatian oc:curred a.nd a 70“" yield o:t‘ N-benzoyl-‘_:?; :
piperidone (LXXXIV) was obtained. " Ring; elosure was much' _
) e%ier however in the case of 'bhe acid (LXXXV) which gave :




o an 80% vield o:f.’ N-—benzoylpyrrolidone (LXXXVI) when |

ER treated with an excess of thmnyl chlorn.de at 0-—1 g and

.'i;a quantitative yi eld of the acylpyrrolldone resulted

_‘ .when the reactn.on was carried out at room temperature. |

E .Kenner and blayton (90) have shown more recen‘tly tha’c

: when a solution oi‘ the o(—glutamyl pep't::l,de (LXXVIII

R=0H3.66H4.302.NH CH2.00.NH ?H cH .Céﬂs, R'=-CH2.00.NH C-‘GHll)
"?i‘,in dimethylfomamide is trea’ced with thionyl ehlomderff

(l 2 equiv.) and pyridme (2 4 equlv ) at 20 for 2

fhours the oom'esponding :l.mide (LX)LX) 1s fomed in 74"".
._'.ii:yield. It seemed, therefore, *t;hat a suitable method‘:
-"”-_-"might well be :L‘ound for preparing the acylpyrmlidone
‘(me) fmm theo(—glutamyl peptide (LXXVIII), without

-:-‘.'A...the formation of ‘bhe 1mide (LXXX), by using an exceas

e of thionyl chloride at 0°

In order to examine this reaetlon and also ’to

' determine the yield of the acid R. 002H :t'ormed by alkaline

| hydrolys:.s of the exﬁected aoylpyrmlidone (I.mx),it

; -, was necesaary 'l:o prepare suitable glutamyl peptides to

_ serve as models. o In the s:tmplest ease, 5—carbethoxy—l-

\ .benzoyl—DL-pyrmlid~2—one (LXVI) Was fomed fmmo(-ethyl

PPN N..‘benzoy]_..m.glutamate (I.Ixc) The latter compound




" (Lm)

'f é905t;f  
’lwas prepared in admixture with theb’-—ethyl ester (LIG),
'fﬂ\"from N-bmzoyl—m~94utamie anhydride (Lvnc) and ethanol,

"['.Ph ooam : R co Ph.G‘O .NH CH. 002Et

o Ewh

v, (LVIIc) “’Hz)z . °°/ (LIXc) (032)2-"02‘* _
'-:._'-’I’hGON »-—»—-»cﬂ-co Et ?‘3312! 'j"rlhc H oo
__ L s RHL00 K on
ol 0-1‘2., 2H

5 ,"'~_.§:_'fThe two lsamerie esters (I.IXe) and “(LIc) were separated

by eountercurrent distribution, (graph IX). 'I‘heo( -ethyl R
_ ﬁ.ester (I;IXea was treated with 14 equivalents of thionyl
"'.;,chloride at 0-1 for. 15 hours. and save an B4 yield of.

gt 5—carb«ethoxy~1-benzoyl—m-pyrrolid—z-one (LXVI) When i

a solution- of; (LX91) in ethanol wae t1trated with gonkt

: ._""__'fequn.valen‘b of O l N sodlum h:ydroxide :Lt was found that

-_:.':about 0. 4 equlvalent of alkali was consu@ed quwkly,

'"‘??'-.but thereafter the rate a‘b whlch alkali was. consumed

o decreased. ‘The neutral product 1solated after hydmlysisff -

.-_"';-was shown to be diethyl N—benzoyl-m-glutamate (LFIIIc, '

: '_.,'--'Fig 2), pmbably formed by the base-catalysed ring; open-—
ing of (vax) with ethanol.,_ In & further experiment e
'-":fetnanalic sclut:.on of (x.xvx) was' tltra‘ted with o. 64




e Tl e
: equival ent o:ii‘ 0.1 N -sodn.um hydroxide, and the products' i
% were separated into an aeldie and a neutral fraction.
From the :Eormer, ’benzoic acia was obtained 1n 3410 yield.‘.
| ‘_“',.'l‘he neutral pmduct m ethanolic salution wae treated .
| "mth O 36 ec;mi*«ralez'ul;r of 0.1 N-—sodlum hydronde,‘ when
_-'__'_.:alkali was oonsmmed very slowly, from the hydrolysis
 products diethyl N-benzoyl-mmglutamate (LVIlle, fig.2)
X was isolated a.s before. The iact tha,’c the dlethyl
ester is formed 1ndicates elearly that ethanol is un-
: suita,ble as a solvent for the alkaline hydrolysis of
R j?__g(vax) | When a solution of (LIVI) in purified gioxen E
| -Af: and wa‘ter was treated with l equ:.vdl.ent of 0..1. N-aodlum
:?..hydroﬁ.de, a 46 yield of ben.aoic ac:.d was obtained. o
L _' The effect:of. thionyl chloride on N—benzoyl o(-IIL— ‘
fglutamylglycine n-—hexylamide (LVId) at 0 was next stud~ p # "
l""'_:ied. (L’\TId), prepared as described on. p.l48, Was treat- .
: -"A;'_ed at O~1 with 20 equivalents o:f‘ thlonyl ohloride for :
~:20 hours. ". The neutral pmduct from the reactlon was '
T ’_'obtained in 96% yield, and on analysis gave figures which
| ,.j_-agreed closely with *those for the acylpvrrolidone (LXVIII)
-:"-In further experiments, samples of (LVId) were treated '
"_-';j-::for varving lengths of tlme wi th 20 equivalents of
I -:’~_.,"-th10nyl chloride.* Af*her 2 hours, only a small yield




i '_ ”(34%) of the neutral product was obtalned,_the yleld

“after 10 and 15 Xours. was 1itt1e different from that’ ob-. e
‘_,tained after 20 hours. © Finally s portlon of (wva) -

 was. treated at -20 with 20 equivalents of thionyl

2 f{chlaride for 19 hours, a 90% yield of neutral product

e g ;"'(LVd)

s being thained in this case.. cig

A '~"R"‘ e ﬂ iy b
;éo 'y, excess 30012 X a3 Eo
;'N -C‘H-OO-NHR’ 02? ﬁf-g § ?H-co-NHn' - H—CH o co
; w5 ST : '
i 2 ,2“ TR \CH2 -
(md) a3 e (vam) | (uva)fs_

R~002H HN —— rlsﬁnoo-mn' i
A (Lx:tx)
o\ /032 _

”.;-Naéﬁ'f 
o,

R..co-NH..CH --002H ' \ é-co -NH—GH-CO -NHR'
Lo iy
'-?-‘.a.-.gh- ~ R'..-cnz;eo.NH CéﬁiB

‘ “ﬁ_ The'neutrdl produet obtaiﬁéd by treatiﬁg.(iVId)
T at 0-10 with 20 equlvelen‘bs 0:f' thmnyl chlorlde for 20

';w Jhours, was dissolved Ln aqueeus dioxan, and the solution

ti‘trated with 1 @2 equ:LVaIen‘l:s of 0.1 N-sodium h;ydroxide




| '—-f—over 20 minutes. ’ Af'ber hydrolysis in this wav, the

3 'neu’sral and the acidic fraetlons were separated, and

i the former was shmwn to be the pyrmlid-2-one deriv:a.tive_

v _‘(T..XIX).'.. me the acidic products benzoic acid was s

’fisolated in 36}6 yield. It Was thought at tms time
‘that the acidic material remaining after removal of the ]
-'_'benzoic acid was (LVId), arisn.ng by attack ‘by hydroxyl
‘ion on the alternative carbonyl gmup in (LXVIII)
'._;.However, when this materlal was fractlonated by counter-."": -
current distmbutmn (graph X) twé components were seen -
lto be present._ One component, (K 0. 47 49%), was N-p
fbenzoyl -y -IIL—glhimylglycine n—hexylamide (mrd) The &
:nother component X" 2 7, 51"‘%) was the weaker isomeric
‘acid (INId) The acid (I.Vd) can only arise in this
f,.ﬂ;jseries of reactiona by the alkaline hydrolysis of the

_'1ntemedmte imlde (LIVd) This. fact, together with

‘."‘»_'-"\_;derivatlve (LX.I’X) abave, shows clearly tha,t treatment |
'of the a(—glutamyl peptide (LVId) wz.th a;n excess of thlonyl

__chloride a‘b 0-1 for 20 hours results m a mlxture of

,'t'he acylpyrmlldone (vanx)and the: imide (mva)
.. -THe relative amounts of (x.va) and- (vad) fomed




5 . _x - o~ " = TR xS
SR e s Sty

by the alkaline hydmlysis of the tmide (LIVd) are not

0 :"F'VAknown at present thus, despite knowing the amount of

e I‘i -benzcyl —7- mnglutamylglycine n—hexyl amid e (LVd) fo rmed <

i by hydrolysis of the total neutral fracta.on above, it is

' 'not poss:xble to calculate the amount of the im:.de (LIVd)

'.T:V"\present. | A.R.Batteraby (74), however,‘ showed that e
o alkal:me hydmlys:Ls of the ester (LIId; ﬂg.2) gave a e

b -.jm:l.xture of (LVd) and (‘L’VId) Whlch contalned 57% of the g o

“~'former. _ The acid (LVId) may arise from the ester (I‘nd)f{:’__}‘”'-.

: e one or hoth of tm ways, namely, simple hydrolysrls of g

= i'ﬂ"_the ester group in (LIId), or: hydrolysis of the imide

_(LIVd) If simple hydmlysis of the ester gmup in

: ‘. “'r’(I.IId) is not a serlous side reaction, a maximum value
3"ff:for the amount of the imide (LIVd) in- admi““re With

» :j"lthe acylpyrrolidone (LXVIII) abOVe can be calculated,
" since'it is then assumed. thax alkallne hydrolysis of the" ;

4 -';imide (LIVd) alone giVes 8 mixture of Wthh 5730 is’ (LVd)

'“7:,*mhe amount of N-benzoy1~wtnn—glutamylglycine n-hexylamidep.?f

A (LVd) preeent was calculated fmm the area under the

-aurva (K 0 47) 1n graph X and fmm this the amount afthe ";ﬁ ; 4 &

: ;»:__'.'imide (LIVd) preeent originally in the mixture was cal-;;?.jjj e

S "oulated to be 38% Ii"simple hydrolysis of the eater :




"group ;m (mm) occurs, hydrolysis of the imide (LIV‘d)
ifi.alone would give a mixture of (LVd) and (LVId) which Sl
f~ffconta1ned more than 57“ of (LVd), and if this»higher f?:ﬂ.i:f
 j Value was used to calculaxelthe aﬁount of the 1mide
\'C(LIVd) in admixture with the acylpyrrolidone (LXYIII)

~7clear1y a smaller amount of the 1m1de would be indicated;,;ﬂf

"oThua the amount of imide (LIVd) (38%) which has been

b 5cglculated to be present in- the mixture is a maximum

_ j-f}véLue.} The minimum amount of the anylpyrrolidane
(vanx) must then be 62,a. Taking this value of 62

' -:for the amount of acylpy:tolidone 1n the mixture and

h”:-ifknowing the amount of benzoic acid réleaseﬁ by hydr01yaisf-r;

‘hvt;;?it is. poesiule to oalculate that the maximum amount ST,

j-;jacylpyrrolidone (LXYIII) whioh undergoes fission ia 58%, 

o and et Least 42% is rlng opened. ;

e It is hoped to be able to fractlonate the mixture

“r“of the acylpyrmlidone (vanr) nd the. :unide (lea) by

,'°4-countercurrent distrlbution, if % separation ean be : j37

| qphxeved, the hydrolys1s of (LXYIII) can be repeated and:.i*'

;T .‘.the yield of benzoic acid determined.; Isolation of e

et ~.‘1;1'1@ imide (LIVd) and subaequent alkallne hydrolyeis

"_would give-the rélative amounts of the isomeric aoids ~f17;j




;';-‘ﬂ-,~(LVd) and (LVId) formed' it would then be possible to
: ascertaln whether simple hydrolysis of the ester group f""}
. -;J\\is a ser:x.ous side reactlon :m the rearrangement of
| '-."lffglutamyl peptlde esters with' alkall. . i w i g
. ~ A Treatment of the°(~glutamyl peptide (LVId) with |
R excess of‘ tmonyl chloride at 0° for :Lo and 15 hrs.
.   ‘and also at -20 ior 19 hours gawe a.hlgh yield of the'
mixture of the acylpyr:mlidone (LXV’III) and the 1mide
: '(LIVd) in all three cases.‘ The neutral products were“'
;@sseparately hydrolysed with 0 1 N~sodium hydroxide, and{'
the yield of benzoic e.cid WaS determmed. , The re*;ults i
'-"ﬁ.{-obtained, wh:l.ch are. tabulatad below, show that the acyl-j._.__':'f.
:j pyrrolidone (LXNIII) content of all four neutral pro—_~g] *“

-ducts is much the same.: At

Lt R e, T S S e el g | ivrara o [0
.cmdu?i"“*‘ matter,(LXVIII )+(LIVd) venzoic acid|

iV, $00L,, - AL .34 % Pl sete WOE

-e-?(ll.o, 2 hrs.z.'. . Ko

410 hrs.. Lt o el @ s A S B e
15 hrs"“:‘if';.-f:f ST T R (WAL N S

qo0 ey -, LR S ORI 036,087 |
"8“1"' BO8LG .o LR :‘90%. £, B 33 0 sb;.f

"20 2+ 13 hrs.-._ | TRRENGRRA  Piaiaits SREEE L U Tl N

i FiE.3. The action of thionyl chloride under difi’er,..'_, e
SR ent conditions on the e(-glutamyl Pelztige)i .

S anr 2




The 't‘.m acylpyrrolldones (LXVI) and (LXVIII)

'ﬁ ,-which haVe been described in the foregoin& para-:-'_f' i

.~graphs are sn.milar :m that the acyl, gmup 13 benzoy]_} 5 i
: in “both cases. ’ It was 1nteresting, therefore, ik

: ..-;?to prepare another aoylpyrrolidone in which the

‘_'4‘5.f,‘_benzoy1 group was replaeed by an N-—acyl amino acid

-‘-.residue. Theo(-earboxyl gmup O‘f the latter 18

S lstmnger than the 7‘ -carboxyl g;roup of the glutamic
If’acid resldue and, in the absence oi OVerpowering '

steric hn.ndrance, , cleavae,e of the peptmde cha.in

> ,"‘should occur in prefe:r ence to :ring opemng of the

ilﬁi"%’rmlidone mng on t:r-eatment w:.th alkali.._

: The anylpyrrolidone, %diethylcarbamoyl-l-—. N
‘;.benzoylglycyl—m-npyrmlid~2-one (LXXVI), was prepared

S frow N-henzoylglycyl-o(-m.glutamylai ethylanide. (mer)

: anct thionyl chloride.“{.. '.I.‘he preparation of (LXXIV)
‘2 "and (LXXVI) may ’be 111ustrated bv the follow:.ng ‘

' f‘jfomulae. -




| ““-';_"AIR-GOzH + HQN H-»GO‘?Me

et

[ (Gﬂz)z“wzme}
(mm)

iy NH-—CH—CO2Me

S - ‘“:‘v A : g co \ o o, 1Y
NH”GHMOO e e Ha o 5 NH«CH-—GO A
il ﬂ o T, R g i mnn”h

- (cH y -co.msrt N L - (CH,): ~co
o 2&; ‘NEE,CL. coom;, _,__.2 3 _ZH

‘m‘” T,

r'm-eﬁ..co-umz | excess _‘,j 7 ", “ﬁ—-—m—-—-— (llH-OO -NE1:2
(°H2)2‘°°2H T Ry AL 1/ CH?. (LHVI)“.‘_-"}

5 '3 ol S TR o
T gd i, PR S Ty, M S VB ¢ lon

‘R'= Ph-CO-NH-GHp-' = .= = = - (43%) (23%)




': ;$9;:at;'~

I‘Benzcylglyclne (LEX) was coupled w1th dlmethyl nﬁqglut-i‘w ;i
"1 ;amate-(LXXI), u81ng tha mlxed anhvdride methmd, and ‘
'ithe resultlng dimethyl N-benzcylgiycyl~BL-g1utaMate

(I.XXII) vms hydrolysed by treatment with N-sodium :

| _;_i".z;'hydroxide at ;mc;m temperatux'e to glve "Imbenzoylglycyl-
i m-glutamie acid (Lxx:tu) —Benzoylblyc:vl~u(- and -b’-_{." L
I}L«glutamyldlethylamide. (LXXIV) and (I:XXV) respective-*-f-";' L
';1y, were formed from (LXXIII) and dlethylamine by the g

",:mixed anhydrlde method.; Theo( —diethylamide (I;XXIV)
ﬂ;separated almest pure when th@ m:xture of (LXXIV) and o
': (LX‘;&V) Wwas treated with ethyl acetate. 2 Thls aame aczd.{ L

. precin1tated flrst when a.solutlon_of the mlxture of ;_}sz_

"lifthe acids 1n sodium hydroxide was partially acldified,_;;f?

' 3_}‘1 ;‘i} -and is thus shown to be the weaker aeid. Treatment of'*_\_::-f
Fa (Lmv) with en excess of -thionyl ohloride at'0-1% for .
*fjf17 hours gaVe Sﬁdiethylcarbamoyl—l—benzoylglycyl-ﬂb» :

1 fffpyrrulid-Q-one CLXXVI) The alkallne hydrolvsis of g
-“fthiﬂ latter eompound with.O.l N~sodium hydroxide was ﬂ:? iﬁf
f7?carried out as described for (LXYIII) After hydrolysisclhf

 : fthe neutral fraction was removed dnd the sodium salts H ‘“

_:'_-_f'of the acj_ds }2,0021{ and (LXXIV) Were dissolved :m water~

.'~if:the solution was then partislly aCI&iflud to preclpltate.ifff




":kﬁéidé;"?-

the weoaser acid (anv) More acld wes’ then added
 :$0 the solutlon to glve two crops of benznylg ycine
| (LXX)~ The yield of (LXXIV), iormed by ring opening
'_;.’-oi‘ *Bhe acvlpyrmlldone (LXXVI) wi'bh allcal:.,‘ Was iound

':fto be only 23%, whereas that of benvoylglvolne, iormed f: 

 7by dlrect fission of the peptide chain, was 43p;ﬂ:

qulthough the acids (LXXIV) and (LXX) recovered in

'hthls wax account only fbr some two»thlrds of the acylni.

k. "-pyrrolidone (z,mx), it is qui‘be clear th*a.‘b a valuable

' _amount of speciflc fission does oecur.\ Indeed, sinee

(LXYIV) is readily isolated and only a small amoum;

: was obtalned it suggests thax the main attack by

e _'1?hydronr1 ion on’ this :particuj,ar acylpyrrolldone (L?XIKVI)

_1oecurs at the benzoylglycine resxdue. s
i It will De apparent i‘rom the results which have 2 gy
JQbeen given thax the acylpyrrolidone route is one of
- cons1derab1e promlse fbr specifioally dleaving the |
7z  peptide chain at the nltrogeﬁ atom of glutamic acid.-

?[Mbre work is raquired howeVPr, on this approach to the 7Q:f

fproblem, and the formaxion and alkallne hydroly31s of affv '

flarger.number and Vquety of acylpyrrolidones will haVe o e e

e 0. be studied before the true Veﬂ ue of thi.a method is

'known




A Notes on theExpeximental Saction e

\:""Analyses are mainly ’bv Iv‘ir. B S.Noyea of Bris‘l:ol

“ "";j“"Unlversity-:.‘: Analytical Samples were dried a.t 100

-f'"-;'in vacuo over phosphoric oxide, unless othemse

: :'-«'55,';stated. Evaporations were carried out at. 40

| under reduced pressure. Congo.-red Wae the. indic-— G e

ator used for aeidiflcatlons, unless otherwiee
sta‘bed. _ i ' -
* Denotes that the compound was prepared by

Dr. A.R Battersby. :




A nzgenmmtal Section R e

(a) The Hofmann degradation of jyrocidine A,
o e A' e el v S including models._
: ':_'-';_'h’-sthll L-.glutamate. (XL). H K. Miller and T Waelsch(56)

A stream of dry hydrogen ehloride (32 g.) was
a8 passed into absolute ethanol (480 ml ), the solution

;ﬁcooled 'bo room temperature, and L-glutamic acid (48 3 g )'J

i added. 5 ’I‘he suspension was shaken until complete aolu.-_"" 15

'-:__tion occurred (about 20 minutea) 'I‘he solution was

wf.-"f.dlluted to: 1380 ml.: mth absolut‘e ethanol, and tri-

-. ;‘;'_-‘f.'ethylamine added dropwise until ° test ponartion was -

-}-alkaune. After standing a:t: 0-5 for 16 hours the

b ...~solution was filtered, and the sol:ld washed with cold

o absolute ethanol, then ether, and dried in vacuo.

‘?'1(48 5 8‘-) m.p. 177 ’.Ehis was recrystalliaed from k.
'.'f-water~ethan°1 (1 6) at 0 %5 give (m) (371 g., 65%)

f’.j’m p. 194-5 Miller and Waelsch reoord m.p. 194

yoki? ¢ -Eth;l N-Benz011~L—g1utamate (Xﬂl)

_.,;'.?(ef. Methad :{:‘or the benzyloxycarbonyl derj.vgtive.

v B HegHotus (58) i




Y-Ethyl-&.-glutarnate ()G‘_.) (18 4 s.) Waa diasolved

\'-_,'in water (140 ml,.), and sodium bica:rbonate (:l. .04 g 3 i

o -';added, followed by light magnesium oxide (8 g ) !l‘he

'"7,-‘-;mixtura waa atirred vigorously, eooled 1n 1ce-Water, and»._"

' ’.'-benzoyl éhloride (23.6 g., l 6 equiv.) added over 25

}fminutes.. The mixture was stirred for'a further*10

  {7f[m1nutes only, ‘the solid: filtered off._and the filtrate >j;;;

""\:,-":-_shaken with ethar (15@ ml ) 'l'he aqueous la.yer wgs L
;"g?:;acidified, and. the precipitaxea oil taken up in’ 3 T

::f-'portions of ether (2 x 150 ml., 50 mL ) ‘]_‘he ethereal oy

"*fsolution was-washed with water, dried, and evaporated
7y +he Tesid e’ aftef stemdm

) .....

hG '-'This was recrystalliaed by disaolving in hot ethyl acet"'i;u‘:\,i : _'.' \

ate (75 ml ), and adding petml-ether (60/80 ) (80 ml )
{,;iwnen crystallisa‘tion waa well underww the mixture was

Tff}cooled to 0%, and. further portions (tatal, 350 m.) of -

5.'petm1-»ether were added OVer seVeral hours (15.04 g ),

.p. 81—84 . after prevlous Sintering.,_, A i’urther re..

___,-f‘,--f.éerystallisation in the aame wa:r gava quethyl Nubenzcyl— :
""-'f_{-ifL~slutamate (X1) - a4 &5 48%), m.p. 87-—87, 50 (l‘ound '
"*’{Rin sample drie& at 56° c 60 5,_H 6 2, X, 4 s. ;;

1705N requires c 6@ 2 H, .l, N 5 1%) ) e
Whm reerystallised from 10 aqueous ethanol the




R

1';.:m.p. fell to 72-75 ) which mse to 85-86° on ‘a further -
recrystallisation from ethyl aeetate/petml-ether._— At-s;f,*._'

) "."'l_‘tanpted preparations of this compound using potasaium

"""’f'carbonate and benzoyl chloride (1 equiv.) in dioxan, s
: added over 2 hours, gave very unaatisfactory results,

, _.'Qily products, difficult to crystalliae resulted, fmm

-‘_i.._"which (XLI) 'vas o’btained :m about 1 yield. o

' :K.-Bmgoxl..b-glutamine (XIJII)

_ A solution ofa” ethyl N-benznl-l.-glutamate (IDI) i
(8 g ) :Ln aqueous ammoma (250 ml., d» 0 880) waa kePt

AT - Well-stoppered flaak at’ 45 for four days.._‘: ’l‘he '

i " f;:mlution was evaporated to dryness in vacuo, bath temp-—

| "-,era,ture 40-50 3 and the residue dissolVed in water (30

ml) The aqueous solution was acidiﬂed. and the

."_;_precipitated oil erystallised after standi.ng at o" i’or 5

mveral da;ys. 'I‘he pmﬁuct was collected, Washed with

. ‘:.‘f\ a 111‘1'»18 Water, and dried in vacuo.;. (5 4_9 g.), m,p. IR

"---‘_-__;.,"151-152 v ai’ter sintering at 128° R further recrys“al"

: 'i‘:f’-plisatlon fmm water gave N-‘benzayl-L—glutamine (XLII)

N ll 2%) B

"“>'cryetallisation from the same solvent.:.. (Pound. O 53 0:",:"?.'}?

Ll By Wy 11.3.: 0123140411 requires c, 57 65 H 5.6-




Benurl Ester of I..Tpnsine ("xmn) and the Benzygl Ester-—
Bengg Ether of. L—Tymsine (:xmv) e

3 'VI"‘”:ﬁ(c,f. H.K.Miller and H.Waelsch (59))

I‘o a aoluticn of dx'ied p-toluenesulphonic acid

ras (22 5 g. y :m wm redistilled benzyl aloohol (228 mb. )__;_ -
P -i":._'..'was added L-tyrosine (21.8 g,), and the mixture heatad -
8t 100° for 30 minutes with oocasionsl shaking. Ester-\

; _l'iﬂeation was eontinued by diatilling in vacuo with a.

: ba.th temperature not greater thgn 130 TO the residue
‘“{'_waa added fresh portions (190 ml ) of benzyl alcohol '

f*-f;_',:"\-and p-toluenesulphonic aeid (0 8 g ) ;. and the operation ;?f 5

:’_;_*;frepeated. “ 'rhe resulting hot maas Was transferred to a /

_;‘--..{:'__g-mortar, and- rubbed succesaively wim ether (300 ml: ), and f{'

water, 3_ The cmde solid was then thomughly ahaken

:-“ith POtassium carbonate mlution (50 ml., 3031,) i’or S

'--';"-':,30 minutes, and the snspension extracted wi‘bh chlomi’om

7;'_,"_(500 ‘ml. ).. After fil‘bration the residue was ogain ex"
,'-,Z,ftraeted with e further portion. (500 ul., ) of chldmﬁm'

then dried in Vacuo, (8.4 g.)_ : T e
| The chlomform solut,ton was dried, and evaporated

F ".i',,'..in vacuo with the exelusion of moisture. bath tgmperatur °.«7"Fl 4

- 5o° !L‘he residue was diasolwmd in cm.om.fom (25 ml ),
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: w‘fand ethem'(lOQ s ) added.u The solution'was aaturated o
o ,.'?'-';.with dry h.ydmgen chloride, a mrther porticn (100 ml )

"“"’:":“}Ivof ether added, and allowed to stand e;h () ovemight, o
zifgkahe solid (20.7 2. ) crystallised trom boiling. ethanol J
,.I‘.’;~Alg‘-:(90 ml ), gaVe the benzyl ester—benzyl ether of I""fyro.-
,_"._~",l.'.?:".:sine hydmchloride (X’LIV) (2»16 g., 4,9%), m,p. 187.199 »

_“ a.fter sintering at 187°, raised 1;0 211 hv a fumer re-_:‘f
crystallisation from ethanol. ,. ('.l‘he m.p. varies with the

. : {iv-.'_.irate of heating) (Found, j.n sample dried a.t 110° ‘ ‘
"' j'fc, 69. 2; H, 6. ) x 3 5.; 023 23 3§ JHOL requires <, 69.4,f2{;
H, 6*1' N 3 575) 'Phia compound (XT;IV) absorbed 2 moles'.;?,,,_{_.:;

S h.vdrosen nn micmhydmgenatmn, using palladium- By

375_,'.01151‘00&1 as eatalyst,

'ro the mother-liquar waa added a further portion ey,

=l  _;f(4o ol 5] of ethanol, fbllowed by ethyl acetate (250 m1 ) s

] '-'{-‘\ftﬁr etanding a.t G ovemight the benzyl ester of L-

, _V,'::.tyI‘OSine }wdmchleride (XLIII) was collected, (7 69 g )
  ?ffm P' 196‘197 i unchaneed by recrystallisation. ) (The
".f'm p. Va;ries “'ith the rate Of heating) '!!he residue

i obtained 'by avaporation cf the mother—liquor was cryst al.-

sl "1ised from ethanol-ethyl acetate t:o give tm further ‘.

” -,Zi.crops o:t’ (KLIII), (3 3 s.,, m.}). 193 ke and 1.29 g., m. p.




T ff_i~»;189-190 ) respectively. (Total yield of (n.:rn)

12, 28 g . 38,«1) (l?ound in sample dried at 110

i ,-63 0, H. 5 9, N, 4 4., °15"1 n 1101 requirea c, 62.4,
| H, 5.9 N, 4 6,«7) (mn) a‘bsorbed 1 mole of hydrogen

ﬂon micmhydmgmation, using the smne catalyst as above.".-g-'-
Portions of both’ esters(XLIV) and (xn:rn) were heated ;

with ZN-hydroohJ.oric acid for 3 hours. '.l'he hydmlys- W

e ates, vmen examined by paper chmmatography; Shbwed

thad: tyrosine was present in each

; N-Bmzoylglutamingul:-txm sine Benz;_rl Eat ers (xx.v)

Tu an ice-oold solution of N-bmzoyl-h»glutamine
';.(}mII) (3 5 g.) and triethylamine (1 9 ml. 3 1n dioxan

' _'(650 ml.) snd toluene (200 ml ) was addsd ethyl cmoro-if, T

a'l."_'l,:fomate (1 52 g.)' and the sclution was stirred for "

;f 20 minutes at O . ;_ A solution of the benzyl ester of

_}_'sz.-tymsine hydmchloride (xmn) (4 3 8) and triethyl- e
amine (1.9 ml ) in dioxan (450 ml ¥ and tcluene (20 m1. )

i wa.s added and stirring continued :E'ox' a. further 2. h.rs. 2 3

a.t o° The tri ethylamine hydrochloride was ﬁltered

‘_;_.;off. and the filtrate concmtrated in Vacuo, bath

temperature 45 ,' smdl.l portions of water being added to




_ assist in the removal of the organic solvent. ‘I‘he i
suspemsion waa extracted with two portions o:ﬁ‘ ethyl
-"\{ace'ha,te (mo ml., 200 m), filtered, and the aolid

' ""éﬂloelleuted and dried in vacuo. “1.815'g.y: m.p~ 166-168"

g ra:laed to 191-191 5 ‘by reerystallisation thrice fmm

w"l.’if',ethanol. < (Found. G: 55«1’ H’ 5 8 N 8'0' c28ﬂ2906N

.:*!»J,_.‘-requires C, 66 8 H, 5 8 N 8 3%)

‘rhe ethyl aeetate solutian was extracted succeesive-

ly with aqueous sodlum carbonate, hydmchloric acld, T .l

/ol _.and water, dried and: ev‘aperated in vacuo. ‘rhe residue

‘ ;~.'(3 57 g.), .p. 122—130 was recrystallised :t‘rom aqueous-,f"
ethanol (5096. 50 ¢1 ), and the solid eolleoted (2.42 8- )

oy ,,m.p. 126—139 ' which ﬂawed at 163 Fractional

_ crystallisation ef this produc'l: from the same solvent el B
i :,"mixture gave two empa, melting at 152-162° and 131-135

5 ‘respectively. % 8

: 10 mgn. specimens of the two cropa oi’ neutral mater.._‘i"l_;‘}_
“ J-.g"iel, together with the water-ethyl acetate insoluble e o

':""'-'fpmduct, ,were hyamlysed in’ 20% harchr*oc:mﬂrjLe a"id in.

¥ sealed tubes at 110 for 15 hours. | Paper-ohromato—

g ?‘_,._'graphy of the hydrolysates in the system fomie acid/

& -."‘f-.i_-é‘.aecubutanol/w;ter showed them all to contain tyrosine ",
e ‘_»'fand glutamic acid., ('.Eotal yield of (XLV), 5 39 g.,?G%)
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"r-_-Benzo 1 i_utaminp-n-tymsme (xx.vx)

A solution of N-bmzoylglutaminyl..};,_tymgine bmzyl‘:-;‘.'_{ =~_‘.":_--':f;

ol -'-”i-'-j.f'}.:?seater, () (0.92 8+ part of the foregoing product.

.:p. 191-191 5 ) in ethmol-—glaeial acetic e:cid (3 1)

' ,;,.;,ii(lSO ml Vs and water {7 ml ) was shaken Wi‘th Pallﬂdlum'”

_ficharcoal (19%, 0 7 g.)y and hydmgen.: Hydmgenolysis
-":\_"_,of the benzyl gmup occurred smoothly, the theoretical

e -.1w1ume of the h;rdrog:en being taken up in 12 minutes. o i,

"_mhe catalyst was i’iltered off, washed well with ethanol ,

'-’:and the i‘iltrate evaporated o dryness m vaeuo, ‘nath

'._ftemperature 50-60 #: ‘J.‘he residue, _a colourless gum, Leemt

?-__-',was disaolved 1n aquecus sodlum earbonate, from which o

| a:fter acidification, the produet crystallised (0 ?18 g.,;‘

i -;,-196%) m. p. 162-167 . Recrystallisation thrice from s

- ,'f':‘_'"_fwater ralaed the m.;ia.Ato 157—168 5 Pt (Found. G 57 7’
H 5.9, N 9 2,. Loas on dryins at '120", 5 4.

621}:23 SN ...1*120 req_uires G, 57 2, H, 630 N 9 5, o
Hzo, .1396 A portian o:ﬁ‘ the produet {&0.6 mgm ) was

8 ’."--Tchloric acid (110 ml ) under nitrogen for 48 hours. Lo

""v‘.‘rhe residue after evaporation Waa diasolved 1n water

(1 ml ), the aolution spread over th.e starting line on’
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two Whatman No.542 filter papers (24" x 24"), end the
chmmatograms were deVeloped in the system formie acid/.
Asec—butanol/water for 33 hours. 'l‘he portions contain- -
ing glutamic acid were eluted with water, and the
aqueous elua‘ke on evaporation yielded 25.9 mgu. of a
white crystalline Tresidue upon which the optical i.'otat-
ion was determined. , [0(]17 = -20. 3 (C 1.479 in |
BN-HCZL), after oorrection for a blank The blank sol-
ution was obtained by running two clean sheets of the |
same filter paper in the same solvmt aystem and eluting
a strip of appropriate width from . each. ‘ Ev«poration

of the- ‘combined aqueous eluatea gave a residue (3 4 mgm.),
the solution of which in BN—hydmchloric aca.d nerved

_. for blank readings.x

Attempted Syntheses of N—Benzoylglutgni _yl—L-ﬁEosiné
(XLVI) ‘ny Alternative Routes.—-»

COupling of X—ethyl N-bmzoyl-L-glutam:ate (XLI) |
tith (XI;III) and (XLIV) in the same way as described |
abOVe for the preparation of (XLV) gave - y=ethyl N-- "
benz_oyl_glutamyl-‘b—tymsine benzyl ester (XL_VII),, and
X-#-ethiyj;. N_—b mzoylglutamyl-n-tym sine benzyl ‘ester-




*;j.benzyl ether (xmx), respeetively.. The fomer cryst-

L falnsed trom aqueous-ethanol a8 ‘rods- (5? )y mips 1=
':143 5 v raised to 147-148 5 'by further reerystallisa-,g |
| '*-f';.tion fmm the same solvmt.‘ (Found' G, 68 0, H 65 o, 7

ok Ns 1 030332e7n2 requires c, 67 7, H, 6.1 N 5 3%) &
Hydmgenation of (XLVII) in ethyl aleohol glacial ‘
acetic acid OVer 10% palladium-charcoal e:ave an almoat |
.;:":v_quantitatiVe yield oi’ Y—-eth’yl N.bmzoylglutamyl-n-tym-‘-*
‘{-I'.-..aine (mv:u), as a. resin. Grystallisation fmm
aqueous—ethanol gave neadles (36%), .p. 133-—135 g § 5

i "'<‘--11-:'_:raised to 140—141" by further recrystalliaation. (round.*-

-_;'fj{c 59 2, H, 6 o. 320, by drying at 129", 3 8 equiv. et s
'.‘.469. 23 26°7N2. 20 requires G, 60 O; H 6 1, _1-120, 3 9,J
et f:equiv. 460 Founa: N, in sample dried. at 120", 5.4

.‘_“"023 2667‘N2 requires ﬁy 6 3%) Treatment Of (XLVIII)

-k with aatura‘bed alcoholic ammonia for 2 days a't 30 gaveﬂf

“an oily product which 1atez- solidified (70%), | .p. 123_ S

"'"_"126 KX flowing at 130~131 Hydrolysis of a ;portion

: A'-:‘of the pmduct, followed by treatmmt with alkali gave ¢ 3

,': a8 positive teat for ammom.a (63) indicating tha,t a.t

Aol fomed. :

~1east some of the glutaminyl peptide (xmnt) had been P




e _ester-benzn ether (n::x) crystdlised fmm aqueous..lﬁ;._}_,_ i

ST ":~x‘iiethanol as roaettee of needlea (55%), .p. 95-96 .

'f.-.'-[-‘,raised %o 132 5—133 by recrystallisation twice from;j -

'[;'the same solvent.\ (med 1n saznple dried at 78° iy 5 O

H 6 2, If, 4 .5%) Hydmgenation of (XI:II) in ethyl

.':.‘}81‘301”1 613@131 acetic acid. over platinum oxide gave

"5 _,"only about’ 30% of an ac:i.die p:mduot, wmch, after re—'"

Ajv_:_j.crystallisation twiee from aqueouu-etha.nol had m.p. 154 y

depressed in admzxture with (:xt.vn:[) mhe neutral

pmdxzct crystallised from agueous-ethanol as needles, -
m.ps87.5-95.5"" : Hydmgenation over 10%’ palladium-

5 ,,';oharooal resulted in one mle of hydmgen being abaorbed ,

' indicating that the’ 1n1tial hydmgena‘bion OVer platinum

' "-'.oxide had erVed the Gv-benzyl group. : The acidio produc‘b

L (oA ocrystallised in smell yield from aqueous-cthanol

as needles, m.p. 130-140 depressed in admisture vaith

--(4

S N-Benzcyl-m-iso p gine f*»Anilide (I»)

To an :lce-eold solution of N~—benzoyl-mn-isoaapargine




| '(LVIa, fig 2) (1 34 g.) and triethylamine (0 8 ml )
 '*in dimethylformamide (30 ml ) was added ethyl chloro-fiﬂf"'
:_-ffomate (0 54 mlb) and the solutlon stirred for 20 '

h gf‘mtnutes at. o° Redistilled aniline (0. 57 ml») was

.‘:_iadded, and stirring contmnued for a further 3 hours ﬂt< » f"

ﬁ‘0°; uumhe solution was quporaxed 10 dryness in vacuo,;:f_ 5
';bath temperature 70 4 and the residudybil treated with'; ;»'

qReous potassium carbonate‘ : The insoluble matter T

g .l_g solidified, and Was fil‘bered off (o 33 g ), mp., 224— L

225° Orystallisatmn from ethanol, and then aqueous TR
.‘gdlmethylformamide afforded ﬂ-benzoylhﬂn—isoaaparagine
: ;e-aninde/as needles (o .19 g., 10%). m p. 248-249 v

_{(Faund 1n oamyle drled at 110 '-C 65 4’ H, 5.4, N 13 8.5 :]

4 1751171\:3 3 requ:.res c, 65. 65 H, 5 5, N, 13. Em)

fHofmann Degraéation of the Amide derived from (XLVIII)

To the amide (62 mgm.) was added an loeygold hypou;* ~~

,'.':,iehlorlte solution (4 ml., 012, 1 2 mole, QH . 4 Qq_uj_v.)_ ”

:,Prepared by passing ehlorine (0 3 g ) 1nto Water (30 m1 )l;:

\:containlng 38(05)2 8H20 (3 79 S )e After shaking for .‘A_
. ‘19‘»"’91'61 mimites almost ‘hhe wholé. of the solid dissol'Ved.v
‘H‘;;The solution ‘Was Warmed o 70~SG° for 20 minutes, the : 3




--::’jrequ::.site amcunt ci‘ G.II\I sulphumc aeid then added tO

"-.precxpmate 311 the Ba' il.ons.‘{ ’l‘he barium eulphate

4 "':.",“was eentmi’uged down, washed well with ethanol Aand hot

e water, and the eombined supematant 1iquid evaporated

‘f-'in vaeuo to an oil, which Was hydrolysed .tn constant
; -’,'boiling hydmchloric acid (3 ml ) in a. sealed tu’be at
'110 for 24 hours. ',l‘he hydrolysate was eVaporated 170

. -_ dryneas, dissolved in wa’cer, and the solution extracted

£ thrlce w:Lth ether. . Attempt s tO precipita‘te any baeic |

b amino acid from the aolution as the picrate were un-p e

» e successfu]__ paper...ehromatography of the hydmlys‘u!ie

:'_="1n the syatem phencl/water/ammonia gave 8’ spot (Rf 0 68)';[

brown in colour, turning purple, corresponding to

srge?

,Y--diaminobutyric acid. e 1 el

Attemgted Degradation af Tyrocidine A using muivalent o, B

1 -r'g;.Amounts of Hmehlorite or gmobmmite. po S

;___.'-f"('i) Essentially the same pmcedure as above using pure B

' tymcidine A (0 13 g.) and_ barium hypochlorite
'.'Vsolution (5.0 ml., (312, l 3 mole, OH & 15 equiv.), 4

R methanol being used to keep ”bhe polypeptide in solution.:‘;

; L'y..',rhe solution was heated at 70-80 for 20 minutes, then




R 85-97 for one hour. Paper—chmma‘togra;phy of the -

.",hydrolysate 1n the tm systems iormic acid/sec—butanol/

-.j.ponding tooc ,Yudiammobutyme ac:n.d (o(,?f«-D A.B ) or ‘ g
'“.',ot,@-»diaminopmpwnic acid (&,@«D‘AuP ) 5 Tm unidenti.-u;v
o ,‘ :Ei ed spots were however present on the base llne, ;possib--j, .

! ~'~1y tmhydrolysed peptide, s:l.nce on further hydrolyais

‘.-Ionly one remained. Ornithige was detected, as were

"all the other axruno acids, which occur 1n tymeidine A.,

~_'_:(Memanol was later shovm ‘t:o be unsatis:t‘ac.tory aa

- solvent)

§ '(ii) '.i‘he eXPeriment was repea,ted using pure tymcidine ;
| (0 26 - ), and barium hypobromite solut:l.on 1.1 ml,, L

2 ...'_,“}31.2, 1 3 mole, OH " 16 equiv ), jgurlfied dioxan (64)

:»-"belng used as solvent._ ‘l‘he aclut:non Was heated at 50-;_ ,
550 for. 20 minutes, then at, 80-900 for A hour.,f: Paper-_'f,-f'--‘
i chromatography o:t‘ the hydrolysate 1n the two aystems |
:used in (i) agaz.n gave no evidence i‘or the presence of |
,Y-D ,A.B. oro(,(g,u&} A.P. A An unldentli‘Led spo‘t; (Rf 0 22,
‘43) in the syatems respectlvaly wa.s noted which was _
.\pmba’bly gxycine since thls amine acld oould be added to )
5 Aﬂfthe hydrol.ysate and snn only one spot occurred in this ;.",'f'._f:
a positien af'ber two dimensional chmmatography.;_ In a




further experiment using the same coneentpations (ex—» N
""Aul""cept that sodium hypochlomte was used ), the spot
A '_.;}'"_:gcorresponding to glycine was again observed bu‘t: no ‘
’j‘;:"’f".spnts corresponding to oL ,Y-D A.B. oro(,(g-n A.P. were
e . '-:present, wheri a portmn o:ﬁ‘ the product was hydrolysed, j‘ni
";and chroMa‘bographed &n the two systems. The remaim.ng;;
'.""’.A'}‘portion was hydmgenated over Raney-nlckel, then hydm-‘, H
\ j,lysed. Paper~ehromatography af this hydrolysate showéd
.‘-"v,ﬂthat the spot correspondmg to glvoine was stlll present, 5
"-"i.ffurthermore, no new spot oorrespondmg to o( ,(3-—D.A.P

' had been prod"uceda.

Attempted Isolation o:f Aeebaldelqyde :Erom the HOmenﬂ

o .‘ngradation Produet Qf Txmeidlne A._. v Tk B

(a.) Eﬂgeriments with modela (ef. (66))

. (i) Hoﬁnann de_g_radation ef N-benzo;gl-ﬁb—iso asparagine

4 (LVIa fig.z) : ‘Ii—ben"oyl-m-isoasparagine (0 33 g )
| .]A.A'.-was dissolVed in 2N-sodium hydroxide (4.1 ml.) and %0

_..'_‘the salution was added lO&—COld soaium hypobromite Pl

(4 i ml., Brg, 1.1 mole, oH™ v 12 equiv.), prepared sy -y
addlng bromine (1 L mly ) to 2N-hodium hydmnde (524 5m1 ).

P ',?Bhe salutmn was heated at 50 fOI‘ minutes, t““ at




o) _'_i;,the end of this period for OBr with Btareh/pgtassium

ﬁiodide were neggtive.v Sulphuric acid (20 e 48 equiv.)_ . i
; "--"(16 ml ) were then added, and the aolut:wn slowly dis—,_- k. s,

z fi_:ftilled imto p_nitmpnenylhydrazine solution (3 ml ),

__prepared ‘by dissolving p-—nitrophenylhydrazine (9.17 g )
_-_-.1n water (6 ml ), with a few drops of eono.hydmchlaric

"."’acid- The precipi'ﬁa‘be, a red so).id, was Gollected.

' '”_..".(21 2 mgmv.), m.p, 159-170 . M:tempts to erystalliae thia |

: _,substance i‘rom aqueous-ethanol Were unsucceasful l‘he

) .f_l'filtrate was evaporated ta dryneaa in vacuo, 1eaving a

' "'ye]low salid, which was crystallised from aqueous-ethanol

| (8 5 mgm )' m-P- 113-114 raised to 124-125 in admixture
5% _,:':-wj_th an authentie Balﬂple oi’ acetaldehyde-p—nitmphenyl__

"..-"hydrazone (m.p. 128~129 ) 'i‘rial experimen.ts showed

T "_'{that 1f aeetaldehyde was heated wn:h sod:x.um hydroxide

";under the above oanditions, _the solutlon acidified and 7t
'.""dlstilled, only low yie'l.ds cf very impure aeetaldehyde-

) R pgnitmphenylhydrazone were cbtained.- Recavery as

':""-‘the p-m.tmphenylhydrazone was 800& however (75") if

: ’bhe SOdlum hYdmxlde was trea“ded w:l.'hh an e:xcegg of sulph- o

kN '-uric acid before the addition of acetaldehyde, the' aol-s‘

ution then heing distilled. |




(ii) Hafmann degradation 01‘ N—bmzoyl-m.-iso 2. argm.ea
- g, ilide (L) ‘I’o an ice-co].d solution of the \
':-ﬂaniliue \L) (6 .(39 g.} in purified dioxan (30 ml ) and |
_'_‘_,_-_:'_'_l";iwater (7 mIL ) Wa.s added an ice-celd hypobmmite sol-— B
'-if_l__._,..-.}l,'thﬂ (1 75 ml., Br2, 1 mole, 0}: Yy :Lo m;_uiv-) ,]_';r"l_;ie"._l
| '-“solu’ci r:m Was hoatad a‘b 50 :f:‘or 10 mlmxtes, negative ' : :
ety being obtained a‘c 't:he end of this ;{Jeriod for OBr.- -t
- '};j__':_:mough sulphtu"ic acid (98%, 20 m}_ ) to- make the m1u~ '."
tion. about 2% N with respect to sulnhurie a,cid was {
_..ffadded, and the, solution was, s}.owly distilled 1nto P
»nitmxmmylhydrazine solution prepared as abo\re. : A.--‘- |
| falnt ye]_low preoipita'te we.s nated a,t the beginning af | :
,_f’;"'he dlst:bllaticn. Tlxe reagent solution was concantrated
k l&.-':'_:.n vacue ’m remave dioxan, and the final volume broushf;: i
I “\["to 5 ml. by the additien of water. The cryqtals e d
.i"'-Qz.foxmﬂd were oollected (26 5 mgm ) m-p- 119-120 Pl A
-'?j.:-_'solution in aqueous-—ethanol (65 0 75 ml ) deposited
| a small amount of 2 red selutlcn on cooling, which Was i
| remowzd by filtratwm Additlon of aqueous«-ethanol .
T (25%, 0,8 mly) to the ﬁltrate yielded acetaldehyde- .
"":'. .':,‘j)«-nitmphenylhydrazane (14 mgm., 28,:) m.p. 124 v raised:"
0 126.5° in agmixture With m authentic samplea- ol ST




| _ ”ij The purified dioxan when tested alone under the a-.  f';
'~'.bove conditions yiélded no acetdldehyde._v- et 2% i

¥ (b) The Hoﬁnaxm degradation of _tymcidlne gydrocmoride

4o An ive-—-cold solution of tyrocldlne hydrochloride

" .:';_(2 2 g..‘ oontaining about 0 7 g-, tyrocidine A) in P“I"“;f'f o

,n.ﬁed dioxan (6 6 mi. ) and water (4 4 m1 ) was treated

Lf'.;t.'with zﬂ-sodium hydroxide 20.75 mL.). A0 ice-cold
“hypobromite solutlon (2 ml‘, Br2, l 2 mole, OH y 15 :
' 'equiv ) was then added, and the solution allowed t0. stand"*f-‘ :

'f_7::-at 0 fbr 10 minutes. It was then heated at 50 for

1 5 minutes, exceas aodium hypobromite being removed at |
"ﬂthe end of this period by the addition of sodium metar
 bisulphits. The solution,_made acid with sulphuric

acid (2835, 26 ml ), was distilled :mto p-—nitm«phenyl-—-q'.

“'hydraz1ne solution QVer five minutes, but no precipitaxe

‘fWas obtalned. The solution remainlng after distillation ”"ﬁ

| ;,ﬁ:was refluxed ﬁor 7 hours, and agaln distilled into p--

”5ftnitrophenylhydrazlne solution, but no precipitaxe
'foormed._} f:' et wT ' '

;QThe Hofmann Degraditien of V—Benzqy}glutaminx}4L-tyrosinebvZ

(XLVI)




’l‘o a. solution of (JiLVI) (0 l g ) 1n purified di-:_' -

| "_n--l;;'_'oxan @ m. ) was added an ice-—-cold solution Of sodium

"‘-j"._‘hYPObromite (3. m:L Bx‘zs l 2 mole, OH 'y .8 equi" ) The.”'.” |

';'isolu’clon Was cooled to- G o‘Ver 30 minutes, th@ﬂ heated?ﬁ""

ok at 70-80° for 20 minutes- ~iThe solvent wa.s remved in" T

e Vacuo, and the residue hydrolysed 1n constant bOiling e

"-"_'{-"’\;5.hydmch.1.oric acid (7 ml ) in- a sealed tube at 110 forf‘l‘ i =

‘_15 hours. The residue obtalned ‘oy eVaporation was dried

thorcughly in high Vacuum, and extracted with dimethylw_f y’:f .

'-ﬁ'?."'fomamide (3 ml ) to remove sodium chloride. '.L‘he di-— '

methyl:t‘omamide solution was eVaporated to dryness in

' ..»-_-.fvaouo, and tha residue dissolved :m water (0 6 ml )

"‘--‘-_'j.‘we further samples o:t’ (XI,VI) (0 oL g.) were trea‘bed ex-‘_

x4 f,actly as abmre, except that the volumes o:t‘ hypobromite

' u»}were increased to 3 ml and 6 ml. respectively.,..g

Examinatioxi of all three hydrolysates by paper—

-.'chmmatography' in the i‘ormic aeid/secabutanol/water } s St B

| --vi;‘.system showed that o(,)’-D.A.B.: (Hf, 0.05) was present in;

""'_'each moreOVer 'bhe amount increased Wi'th 1ncreasing

| oneentra,tion °f sodium hYPObmm1te. ".' The intensity of_-._-f" N

T_the sppts indicated yields of . Y-D A.B. of 5, 10, and

'20% respectively.
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. I.""'Hofmarm Degradation of Tymaidine A.

'I‘o a solution of pure tym eidine A (0 3 g.) :m

tpurifled dioxan (20 ml ) was added an ice-——cold solution |

"“of sodium hypobromite (23 ml Brz, 15 mole, OH - 100

equiv /amide gmu;p) The solution was then treated !
| exactly ae in the dee;radation of (XL.VI) above‘ ] "_'Tl'fie_'-':“vf: Wi :
f'iff'.fina,l. reaidue Was dlsmlved 1n water (1 5 ml ), and ’
the solution eJramined by twondimensional paper-ehmmato-—l-ﬁ.,
.graphy in ’ohe systems described cm Do IIQ~ A. standard i
solution of ornithine, ,zr-D A.B. and a(,(&»-D A.P. was run
f.'on a. secnnd paper 1n the sama way.; The chromatogram -

‘»';i‘rom tymcidine A showeﬁ clearly the presence of two

":':.l_new basic amino acids, (Rfa 0-08 0 69 and 0‘06 0 56)

1n the systems respectively, eoincid:.ng in posu:ion with,
f ,y-D A.B- (Rf’ 0°08 05 67) ando( (_2,-1) AP (Rf, .0 .05 . 55)

”""""-':‘on the replicate chromatogram.. ® new spot (Rf, O 24, e

'-f_:'O 46), already noticed on a previous chromatogram (see k :
P m) and probably glycine (Rgs O 25, 0. 49) was ‘algo -
" present. " No spat carrespandn.ng o, tyros:.ne could be . Es

,~j.-~detected but all the other ammo acids common to tym.."jg ot

| cidme A Were Prasent._-‘ The concentration of omlthine

WaS reduced, and that o:t‘ e‘lutammc acid increased. '""i';j"’l‘hel-




'-":'~'yie1d of either o< ,3*-1) A.B. or ol ,{3-]) A P ' did not 8ppear

. f:ﬂto exeeed 10% |

\;.?;L-ﬁ(yldiaminobuﬁyrie aoid dipicggte “ mixture

CE o Ia-ok b’-diaminobutyric acid monohydrochloride (0 .05 g )

“5sf=jand pinric acid (0.17 &. ) Was dissolved in’ hot water

g "(5 ml ) The dlpicrate, as ye'l.low needles, was col--,- ,,;'-.:f\;
‘-Q{lected (0.17 g., 91%), .p. 1814182 dec., (sintered
""--fl"128°) The m p. was unaltered &m recryétallisation ;

-:t‘rom wa,ter. _. (D.w Adamson (68),' records m p. 180-1 )

gl -;--.;L—-O( ﬁ-di aminopmpionio acid dipicrate mone};ydrate

L d,ﬁ-diaminopmpionic acid monohydmchloride (O .05 g )?‘_;L. g

- "“Was dissolved in Water (2 ml, ) and a solut:l.on of picric |

| _‘ :g‘.acid (0 .18 & 5 in ethanol (1 5 ml ) added. : The yellowi;_

crystala (rhombs) were callected and washed with picric:‘-- '
?acid solution (0.177 g‘,A85 >’, 5N 141_5 -‘144 dec.f“

(sintered at 1370), unaltered on further recrystallisa—-’"' i

J ‘:‘t:t.on from picric acid solution.; (Found., C, 3L5, H, 2,95
N 19 6. Loss on drying a‘b 110 B 2 8% 0151'1140161‘38.HQO";A-;_;_;’

| .«'\_V-‘-;_}req_uires C 31.1, H, 2 8 N 19 3, 30 3 2/43




On standing in air for several days the m p.Aof thei*'?J

. _ﬂchStals rose to 184 dec.,(rhombs) (Fbund. G, 31 3',3
CH, 3 2 ¥, 19. 8%) e R T

| ‘fig;?U‘v. andlysisron ﬁhe 1axter 3pecimen, .p. 184° (cf._
iw; r(69) ) A solution of the picrate in alcohol
}Tt;(17-15 mgm /1itre) showed maximum absorption at 3575
: ;?A where D = 0 961. Thernfore the molecular weight

7lffor the monopicrate =, 284 3 (Theor. for monopicrate

.,.i 55520 342), and the moleeular weight for the diPicrate ;?~ 
Fed e ‘569 6 ('.l‘heor~.f°1‘ diPicrate'Hzo = 580). The molexi

'-iwjextinction coefficient (max.) for pierlc acid at 3575 A ff ”*

S es Tound. o be 16,140-3;\ The Values for the ‘“"le"ular

, weight were confirmed exacﬁly by determination of the f‘ s B

i;;ahsorpt1on of the picrate and of picric acid at 3800 A

'ijﬁ;€3 800 fbr picric acid Was fbund to be 12 950.~»:

ﬁlfIsolatlon of basic amino aclds aﬁter the Hofmann

j] gg adation of tyrocidine A. ﬁ Tyrocidine A (4 5 g ) ;;;3}

5*iﬂwas used, and the degradatlon carried out exaptly as

iabove.:‘ A.préllminary examination of the final hydroly-fgf;i

'fdfsate by two—dimensional paper chromatography indicated

} ‘]Jﬂthat d*X;D A,B., and.&wﬁ-D A;I were present to the "jmf';
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| '?fextent of 2o~25 mgm.1eaph (5% yleld)
One hglf of the solution was spread evenly across
'the starting 11nes on.. 12 Whatman No.l filter papers

"'-(24" x 24") and run :m iorm:l.c acid/sec—butanol/water

J ‘77‘_‘;'1'01- 16 hours. 'l‘he por'tions containlng the: basic amino -

‘f_'facids were elu‘l:ed with water (300 ml /paper), and
~ evaporation of the to‘lial eluate in Vacuo gave a olear

| gum (4‘.1. 8 mgm ) 'l‘his was dlssolved in water (1 ml )

 end chxomaxographed on 2 large Whatman No.l filter

| :Papers, in. the system ‘Phen°1/waten/ammonia for 13 hours.7,yf

VA.Portion oi the paper when sprayed With ninhydrin Showujjf

. eda slight GVerlap of the ornlthlne and «;x;n ABy i

§ .;-"}‘\the d,ﬁ ~D.A.P be:.ng well-separated i‘rom them.,, ‘Théi"“-;._}‘.' B

4 = | "4portions of the paper contaming the ‘bwo latter basic

"‘emino ac:.ds were out, out, separately eluted with wa’cer,

: ‘and the aqueous eluates eVapora,ted 1n Vacuo.»_ The eluate

: ---‘cont*alnlng e( T—D A B, ylelded a res&due (3 8 mgm. ) s

‘.7;Which was' d18501Ved in. water (0 3 ml ) and saturated -
,-".:_"_aqueous picr:nc acid solution (4 2 ml ) added. Y After S oy
.f_'f:-':s'tanﬁ:hng at 00 for :tour days, the crystals were collected,a:l

e (8 mgm ), fn.pa 180~182 , undepressed 4in- admixture with

" v'an authentic sanmle of I: olY-D A.B. dipicrate (m.p.
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e - '181—183 ) prepared in the same way.- 4

bimif} e,rly, Vthe oL,/B-I) A.P.-elum:e yielded a resldue

(8 3 mgm ) which wag dissoZLVed 1n water (0 k; ml ) and

' f'fj?:_'saturated aqueous pieric aeid solution (4.0 i, ) added.

{;No crvstallism:mn occurred at 0 3, but on. reducing the

ff-volume 1;0 1 5 ml in vacuo a crop Of crystals Was obtain-

e (23 mgm.), .p. 118-125 T with a small portlon melting_v 5

e ';fat 145 Ai'ter heing thomughly washed w:u;h ether,

. the. crystals were aried (3.1 mgm Y. ui. p. 131-145 : after

"";lsinterins at 123 raised to 179—181 dec. in admixture

-'fwith an a‘.uthentic sample of I:-.v_ ,/3 D5 Al P dipicrate.H20

(higher melting :t‘orm) ‘l‘he m.p. of the specimen rose

P 170..175 on. standing in siv :for 24 hourS- 4 When a’

'”?_-'mixture o:t' the two :f;‘oms of :r,.-o(,/s-n A.P dipicrate H20 ot

V'was gradua’l.ly heated, fuelon took place at 179-—181 v "

e <'that is, at’ the. melting point of the higher mnlting fom..f‘f_j.':"’

The: retnaining half of the selumon (p,laS) was ad-
,;usted to pH 5 3 with 2N-sodium hydroxide (5 ml ), ‘
‘ j'eva@c.*az'za.'t;eciy and the dried residue freed from sodlum 1___'

'l'.»ch'l.oride bv trea,tment with dimethylformamide, and

‘“"dissolved in water (20 ml ) Thp solution Was run on

to a, eolumn (18 5 em. x 1 8 cm.), of IRC-SO resin




"--'buffered at pH 4» 7 (70) and which had been previously

‘:.Well WR.Shed W’ith Wa‘ter ‘t;o rem-Ve buffer.__, After e.lu..

. tion with water (300 mL.), the column was successively
o f,.elu‘bed with 0. 51 N-—hydrochloric acid (65 mL. ), and

0.1 N,_hydmcmOric aeld (150 m1 ) {Dhe residue ob--

i .'_'tained after evaporatlon oi’ the acid eluate was freed

"'"from sodium chloride, dissolved in watcr, and a nortion f

"‘};', I-run v‘t;wo-dlmensionally on a Paper-chromatogram 1n the two T

A used: prekusw . 14). - The chmmatosram showedfr'.‘_’i_{};:'?

"r-;’-;:'&"the 'bhree well-—separated spots oi ornithine, o\, (4 -D A.B._}.fﬁf "

by ;l‘and °(' 9“'13 A, P-’ the colour intensities oi‘ the 1atter

two corresponding to 2 and 1 5 mgm. respectively, (10 -
‘.-'-.;12 5 mgm of each were expected, see p.l?.‘s) |

The basie ammo a.cids were then 1solated from the

;_,rexna:tning part of the solution 'by paper—chromatography

;'f;zm exactly the same way as deseribed o8 P~1‘?-3 T e}. :
:o(v ?S;-D A.B. residue Was dissolved in water (0 5 ml ), L,
_'and picric aeid (10 mgm.) added._’l, .After standlng at

4 'oo overnight, the crvstals were collected (4 3 mgm )

.p. 179-—180 5 s Reeryst-ﬂ.lisation from water (0 .1 ml )

| ]._j}?fyielded 3.0 mgm., Wapi 182 B 184" dec. (s:r.ntered at

e .'»'f'_';-':_.134 ). The nixed m.p. w11'.h authentio L-—c&,( —D.A.B. ;‘;-.5_7

.....




' -£>_dipicrate (m.p. 180-182 dec ) was 180—182° dec.._ :.

£t ‘vl,l(sm'bered 1!80) The 0‘: /3-13 A i’- 1”‘»91‘3‘19 Waﬂ dlssolved

< in Wa'l:er (0 4 ml ) and picmc ‘B.C:Ld (1() mgm ) in etzhanol

e (0 2 ml ) added..-_" The volurae was reauced in vaeuo to

"~about 0 4 ml., and after s’canding *3,1; 0 the crystals

'_'_f_wex-e eollucted (2. 4 mgm. ), mips 131° (Slﬂtéred 1180%

_ralaed to 132-140 ('untered 1300) in admlxture with an

authentic sample of L-—cc, ﬁ-—D A.P dipicrate.ﬂ20 (low

i"'me’lting .torm, m p. 141-142 ) All SPeGimenS decomposed |

'iat 144-147°

The reeav‘ary af the basie amlno aCldG as the di-» Lt

.;_-;pxcrates Was checked as, follows. oo o m.xture of omith:.ne

(5 mgm ), L-—»o(, Y-D A B. () mgm ) and L—o(, ﬁ-—D A.P. _(3 mgm.)«f?’.

-}-__wg,s separated on a, paper ehmmatogram m the phenal/

"»"-'water; ammonla. system, and the two 1atter bas:.c amlno

: ..._acz.ds reccvered as ’bhe dlpicra‘bes, hy the above method.

© 0 fhe yleld oi Timey 0. A B dlpierate was 9 -9 mgm (53

'A.'ra Pe 173--177 5 (s;.ntered 1150) that cf L-oc /B-D A.P. G
R diplcr,-_{te'HQO WaB 6 7 mgm (54#) " m.p. 140"'143 dec., :

w:.th gome melting, a‘t: 118°




(b)(i) ‘l‘he rea.rrangemmt of aspartyl and gutamy_
; peytide ' in o '

> Q-—Ethy_l N»Bmﬁoyl-ﬁl.«aspartate (LIa.)*

: A sclution of@—ethyl-lim—aspartate hydrochloride
(9 9 g., 0.05 mole ) (x’uitti (76), cf. Golemgn (77) )

4l and a.nhydrous potassium .carbonate (10 4 g., 3 equ:l.v i

1n water (40 ml 1 Was stirred vigerously at 0% whilst B
f'benzoyl ohloride (7 g ) m dloxan (20 .. ) was added

'durmg 1 5 hr. Ai‘ter ‘be:mg stirred i‘or a further 2 hrs.,

1 at 0 X1 'hhe solutwn was made alkaline with potassium

| 'carbonate (0.37g.) and extracted with ether (3 %100 ml. )
'I-,The aqueous layer was acldified, and extracted with ethyl

| ‘:‘acetate 3 x 100 ml ) - The 1atter extract after being

.washed with Water, dmed, and eVe.porated ylelded a

| ~'.--'pale yellow gum (13 l g ) When crystallised fmm 10%

| :aqueous ethanol (300 ml ) thls product gave {S—ethyl
_-N-benzoyl-m-aspartate (9:99 8. 75%) mipe 104-205°.
' .A'ZT'A sanmle recrystallised twice i‘rom the sa:ne solvent :
gave diamond-shaped pla‘tes, m.p.‘105-107° (chnd* s
0,58.9; H,5.6; N, 5 o.__ 131{150511 requires C 58 9, H,5. 7,"{;
LU R o PR
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A porticn of the fmnal proauct was fractionated

'fﬁby caunterculxent dlstrlbution (30 tranufers) between ,L i

;5ehtyﬂpcetate and %queous phosphwte buffer made from

3 (20 Vol) and 0 SM@K HPO4(1 VoJ)., One

"‘?ﬁslightly shewed peak (pzrtltlon ratio KO 77) (gruph I)

: ivaq obtalned, indloatmng the presence oi 31ngle

“_;[component for whlch K 1ncrease with 1ncreaszng

"fﬂx"concentratiﬂn. 3 The presence of two components in a*ﬁ;er"{

e A._f_':'-:mlxture of ‘t:heB -e“bhyl eater (LId) a.nd ‘hheo( -ethyl ester

'fllig(LIXa) (K2 0) was clearly visible after 30 transferu 1n4¥ ,

~Tthe same 901VenL system (grauh II).

R 2 ':"":.‘ - e
i (s 3

' ‘Action of Ammonia on N~Bengoyl-DL=aspartic Anhydride:

bR S o B RN

”tzA utream of dry ammonlw was passed into a solutlonﬁf437“

%o ”oi the anhydrlde (6 78) (Lawson, ({8) 37 ln uarm dloxan 7~-?”?

ffjf;(280 ml ) uniil precipltatlon ceased.Hf The gummy

5ﬁ_:”ammonium alts vere ireed from dloxan by decantatlon,:;“"""

Aigsolved in wa’cer (105 ml), and acidzfled.:._.;:,Th_e;jff

"”fijprecinltate, a mlxture o; N benzoyl-DL-l o&swaraglne 7ﬁf3“"f

‘fi(LVI&) and N benzoyl—DL-"sparaglne (LVa) (6,79 ) h?%f“;




:'mp.195 5 .3 The mlxture was dlssolved 1n 0 2N4 odium f

7\1-Tcarbcnate (186 ml l 3 eqniv),‘and portions of 1 15

‘”';}N~hydrochlorlc acld (?3 9. ml 4 zml, Sml) wer@ added to jfi»f

tl?arecmpltwte three fraotions (4 04g, m.p.199 0 93?: m. p.

.ﬁ”‘ff194-196 5 after 31nuer1ng from 180 v ¢nd 1.61g,m P'i?':ij?f;

-:i 188‘189 'y ro%poctlvely). ﬂ The last vas almost puref»1 “;y
.,;N~benzoyl-DL-asparag1ne Cocker (79) TGCﬁrds m.p. 190_1910 q;;

 ]‘The first fraction Was agaln dlssolved 1n aqueous sodlum

""V,fcarbonate (1 25 equlvband hydrochlorlc a01d (O 9 equiv.)_:*75

f;jiwas aﬁd@d*'N benzoyl—DLwlsoasparaglne qepdrated a» needles;;i

' J5;m.p. ?03_ 09 ’ unehangpd by rocrysta]tisatlon from 10%~

ff] aqueous ethanol. (Found, 1n materlal drled at IklOO Ciff::f*i

':1;55 8 H,5 2 N 12 0%, equiv., 243 CllH 204 2 requlres

il 035549 H,s 1 N, 11 9°”~ equw-, 236)- . This amlde was

'5-5reOOVered unchqnged (90%) after beinb Warmed for 3 hrs. St :

\:er=at 50-60 thh O 28N—sodium carbonate (3 equlv‘)

ﬁixtures of N~henzoy1—DL—%aparag1ne (LVa) with up

"‘:fto 30% of N benzoyl—DL-lsoaqparagina (LVI&) melted at

'””}ea.l90—192 ¥ after sinterlng, higher proportions Of the

'1soauparﬁg1ne ralsed the m p. o.g, 40% of the isoasparaglnef“

';”[ 5w1th 60% of the asparaglne derivatlve melted at 192 5-193 .;ii




.....

’*130~.,_;;i;«a:

”15D1et{y1 N—Benzoyl—DL-aspartmte (LVIIIa)

Ly

N—Benzoyl—DL—mspartlc acld (1g) (Cocker, loc.cxt)

"W»A{wap treated 1n absolute ethanol (20 ml ) With dry

'_lhyﬁrogen chloride, and then heated under reflux for

l hour' ‘_ The dles ber (l 0422:»'!84’6) 1 Ol"},ted in the

*5fusuai way, crystaillqed from ether—light petroleum ws!j;fof

>5f=%jroqettes of” needles, m.p. 75-77 unchanged by recrystqll—;{f

iﬁisution.,(Found, 1n sample dried at 65 .'C 61 6 H 6 5,14(

N ¥ 4
*

et ,,oz;;.gechyi‘-.::iv‘;i;ar;z*ayi:ﬁneasmf{atg .‘(:’nzfjéa) T

N~Benzoy1~DL—aspartlc anhydrlde (2 lg ) in absolutegg_f

”5~ 1ethanol (50 ml ) was heated under reflux Ior 3 hrs.~J~7?7**9

"ff?ﬂmha gum obtaLned by evaporatiqn of tho solutlon wos

f{‘fdlssolvcd ln ether and extracted w1th 4 portlons

";{(3x9m1.‘and 20 ml ) of 0 28—N qodium c rbonate.. The

°fyj%ether waq dried and evaporated to 1eave a gum (0 214g¢) :

4_f;whlch crysta?llseﬁ irom ether-light petroleum to glve V'

t"'ﬁthe dlethyl ester (LVIIIa) m.p. 75~77 alone or 1n

:7fadmlxture w1th the foreg01ng product.r ;;;mf;i, §gf;”f“"* H




'i~*ﬂThe four elkallnu extra&ts on 1cid1fioab10n

,"QC_;ylelded 0113, all of Whleh slowly OrVQtﬂllised except

‘:”- ﬁ£that frou the flrst extraet, Lhe qolids from the secOﬁdr¥f5;;

.'ijf?third and fourth cxtr%ctq were collcctod erarately

Stes 43g,'m.p. 103-104 566g, m.p. 164-105 “03 283g, Pt iy
;'I“{m.p. 104-106 3 respoctuvely) The combined cryqtdlllne?iﬁi:
".ﬁiﬂfiproﬂuct was coMpletely freed from the 3 ~ethy1 1somer il i;
,,¢; %(LIa) by countereurrent diutrlbutlon (58 tr&aners)
U';between ethyl qcetate and phosphate buffer deqofibed
‘”fi:on p.l. " The distribntlon pattern howed “one qlighflj
H'iﬂskewed peak (K2 0), (graoh III) The solutlons from
->i{}tuhes 38~51 were comblned, the sepalated aquecus layeroiyffzi
.{;lwas acidified and thoroaghly extraeted wmfh ethyl acetate.:;;
'if.;;The upper layers from theqc fubeu and the extracto were. -
_:?drled and evaporated to a gum (l.Og) i Phlo orystalli°edff;ﬁ

"55;irom waLer uo glve the<x—ethy1 ester'“gbrlsms (0 7858-),_ i'é

M 111-112 5° (Found. C; 58 8, H,517, W5, 3. °13H15

MTllyrequireq C 58 9, H 5 7, N 5 3#), the mlxed m.p. With the fi}i{
:f1g6-1somer (LIA) was 80»95 'w7?7iLA?if’”; wrnn SiEA

Z'=1plﬂiBeﬁzqﬁl;pL;asparaginé”EtnylVEs%ér.(ﬁxa)}iﬂ?f7"

A sﬁlrrvu &olutlon of tho acld (LIX&) (O 26g ) 1n

: iy g ;jdioxan (?0 ml ) and chloroform (4ml ) was troated at 0° .j;f&f




Y

 ~{w1th trlethylamlne (0 14 ml ) %né?eiﬁ%i chloroformate‘fff*EqT

,ﬁﬁg(o by m] ).W After 20 mlnutes an excess oi aqueous

lyéammonlg (O 2 Ml‘vd 0 880) Wau;added Jnd stirrlﬂg

'"iwae contﬁnued ior »further 2 hour% whllat the reactlon e

,mlxture warmed to room ﬁemporatuve.;. After the audltlonfif

ﬁfof w&ter, thc.so]utloﬁ was made JusL a01d to JLtmuu, andfiy

'?iQV¢porated to 5 ml, the mddltlon oi water qnd evaporatlon }77

e

iﬂ'were ropeatod. Thu neutral uroducts were cxtr¢cted

 °was washed w1th water, drled and evaporatpd to ]eave f ffﬁf#f
*ﬁi»a white solld (O 208g, 80%) Recryata1li ed from Syt

‘.VTQ'WLter 1t ylelded N—bonzoyl—DL-aspara 1ne ethyl ebter

'ifaq ro ette jof 1on nDOGILS, m p. 152~1b4 (Found" ;
a C 59 3, n 6 9 N 10 4, 613H1604N2 quulrcs c 59 1,,n

'5FEH 6 1, N 10 Gp) In admlxtnre w1th itq 1gomer, N—benacyl-fi

:ﬂDL~1b0?Spdr glne cthyl nsher (LIIa) tho"m p. wae l32~-
-Tﬁlaq° _mé’;ii,iYJ;ﬁfifQ?;T;i'ﬁj’-iﬁ?lj_:}lgiuf“‘”'”"

o

'Atfemptcd Cyclxsatlon of Benzoyl-DL~1 oaspdrﬁpine Lthy]

*';Tbter (LII&)* under Aclﬂlo Condltlonn.f'

'Q(a) j‘ o]utlon oi unhydrou -(LIIQ) (O lpm.) 1n anh«drau
:  niLromethane (10ml ) was treated mt 00 for one mlnute w1th

',flmlow stream oi dry hvarogeﬁ bromlde.y' Aiter Landlng

\f:fflnto ethyl acetate (totnl volume 110 mL ), and th extragt




:~i;at room temporaturo in the dmrk for 16, hrq, the yellow f,ﬁfki

';~fr§?fsolut10n had dopositeﬁ cryqtols (71 mgm), shown to be

':'1{the ammonium and//6r.meth lamlue hy&robromlde dormved
“1 1rom the nltromethane.,(c f. Albertson & Hc&ay, (75) )
'5{?The nltromethane was removeu 1n Vaeuo and the ‘Te 1due

*purtltloned between emhyl aceh& € and °od1um b104rbonmu§u‘

’:gyfsolutlon.i The neutral iracblon (84 mgm.) w s very

;f}ljbcuur@d on seed¢n0 W1th the authentlc iﬁidé (LIV&).Hg;iﬁfffgé
‘f(b) Dry hyarogen ohlorlde wae bubbled for 5 minutes 1ﬂto g;
uolutl n of anhyﬁrous (thd) (0 Jg)ln Qbso uto ethano] ‘ =

L#fi(35 m],}f t 0 Aften standlng at room temperaturo for:”
”ﬁ 16 hra, the woLutlon was evaporated to acgum Wthh was -
‘“ é§p;raLéd 1nto two fractian by troqtment with ether.if;

| fOne, readlly olub]e (40 mgm ) Was the cruae dlcthyl ‘
;ﬁl}eqter (LVIIia) m n. 70 5-72 5 ES raLsed to 72 5~74 5

’hfiln admixture with an authentlc sample. E The second,,égf\w(

‘1?3;sp&rlnﬁly so;uble (39 mgm.) was a mlxtufe oi ammonluunﬂ

‘* i?chlor1de and qtartlng materlal. u};fwa‘3ffF“;fflﬁf?”
*%7Action 01 Bﬁsed on N-Ben‘011~DL~isoasparaFlne Ethvl Lster.

iy (MI"‘) ‘_ e Al T

a"

e

" The eﬁter (0 5%) wab warmed mlth O 28 N-qodlum ”Qfﬂ




~:wL34- ,,.“‘"'

'-Tcdzbonate (21 m!.r% equmv ) aL 50 ior 3 hr.-durlng

Aqwhlch o complete wolutlon was obtalnod. : After varm;ng gtfff

~ ffor a further 3 hr. at 50 by the olutlon was adausted

'5? to pH7, extranted with ethyl Ocetate (3x60 ml ),'ié_;ﬁf;ﬁi5'3

...;,iﬁconcentraied to lO ml., and acldifled.;" The product

: .cryqtalll%ed as ncedles (34b mgm.) m p.'190-192°

"i'i;fafter sinterlng at 175 A POTthH (9 9 mgm.) was i?ﬁ?ikiﬁ

-fﬂ:dlssolved 1n vater (lOmla), and run onto Sl eolumn

'Qj(lcm : 150m) of IR—4B r931n Which had be,n washea

o '7iﬁ;rthorough1y wixh N—hydrochloric a01d and dlstllLed water,;f}@i

;}The column Was elutea with N—scetlc ¢01d (50 uﬂ ), ana

,*;then with N—hydrochlornc 8016 (30 ml ) \The; latter

fffeluted the asparaglne der1Vative (LVa) (6 4mgm, 65”)‘;.111“_&

' rlal exgarlments with synthetlo mlxture oi the two

'f:amldes (LVa) and hVIa)had shewn that complete separatlonﬁﬁﬁgg

"f” as achleved under these condltlona, Lhe weaker scid

..iga(LVIa) belng eluted w1bh the N—acetlc a01d.:;iQ;;57;,

~{?f¥alxpxne n~Hegy1amlde. (LXII h__H)r-n—pryltmlne (37 7g,f;;:j;

ljf{fE mol ) in dloxan (100 ml ) uas added ovor 4@ m1nut@

| j'(ohechan and Fr&nk (82) ). in dloxan (500 m1 )~dnd

 7§ich1oroform (300 ml ) at O° ' The qolutlon wau-ev porated :




'Tfélﬁﬁﬁgxﬁf]ﬁi’fd??ﬁfﬁ :
.f'”;mo one—thlrd bulk, and dqueous sodlum blourbonute sl &
‘ 3h*$olnt10n (0 5ﬁ, Il ) was ddﬁed- : The PTQCiplﬁ@ted °°1ld if!;
'f*;m p._157 151 wns washed wmth water, &nd recrystalllsed :

,f}ﬁ?rrom 500 qqueou& ethxnol (Il ) to vlve phthaloylglycane :
-'r'}fn—hoxvlsmlde a8 needles (34 2g, 73%) m.p. 165"166 raised_7?5

ifj;by furthpr reerystalllsatlon from the same u01VenL o _Q‘ﬂw73
"5* 5166-167 ¥ (Founﬂ"\ 66,55 H,7:25.¥,10,2.° chH ¥3t2£,:€;§f;:f
'.irequlres C 66 6, H 7 O, N 9 7#) oo _‘”; ?;:i:l~f
"_’ A solutlmn of the for 301ng product (32 4g g 1n |
;;fiefhanl (700 ml ) was heaued under refluw ior ] hour w1thf?”%
“:E?;N-eth%nollé hydrazine hy&rate (113 ml ).- The cooled )
":jsolutlnn was illtered, and evaporated to dryneqs.f Thej; E B
H“?gf}r331due wa.s treatcﬁ w1 h warm N-hydroohlorlc q01d (600m1‘),5f1
;bhe preclpltatod Dhthalnydrazide removed by flltratlon,
”}and the oolublon.evaporabod to gum After beinp
"L**ftaoroughly drled (P20 ), the wum was cry talllsed from.;j7fgy:
"“Affkethqnol-athyl acetate (l lO) to glve ﬂlyelpe n»hexylaulde )fff
5 7,tinydrochlorlde a8, hygroscoplc pl&tes (1] 35g, b2p), m.p.' Sy
3 ..i249 (aeeomr, qfter considerable Lntervng at 95 ) R
 Tl}vf(Pound, 1n muterial dr1ed at 78Q C 49 3, H,lO O ?equl§.;i 7

'f"fifg19q. cgﬂlgow Olreqalr@d 0, 49 3, H; 9 8a oqulv.. 194 5)..,,f”“'
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After many expermmentq 1n whlch the eii@ct of

L?fjgjemparaturo, reactldn tlme, and polvent waq studled the

.....

"}ifollowlnp uatiafxctory procndure was used.': A v1gorously ’

'-f75btirred solution of benzyloxycnrbanylglycylglyclne (21 7g) *§

‘-'ff(Bergmanu and Zervas (84) );,and trleahvlamine (12 mL ) ~T?j

'fi?ln chloroform (210 ml ) Wﬂw tre“ted at O Wlth 9thyl

“ﬁ”fich]oroiormate (7 8 ml ) Aitez 25 mlnutes a solutlon 3

oi’)’ ethy].-—»l;-ghlh%mate (XL. ,J’lg]_) (21 4g ) (uhller <3nd

7;Waelscb (56) ) 1n N-sodium hyaroxlde (118 ml ) qnd waterATij

71(220 ml ) was addad, and @lirring waq contlhued for 2 hr

i‘fxfat O and 3 hr at room temperature.- After belng flltered5f€

'~lthe aqueous onﬁ chloroiorm layers were beparated, and

'ffzthe 1diter was washe w1th aqueou 'ammonia (l 5 : 2 X 100 3*“

nﬂﬂffml ) dnd water (100 mj ) : ”he dried chloroiorm olutlon':<&

'7 ;"waq evaporated to a neumral num whlch Wag nat furthpr_F7

wfﬂ;#examlned, ¢ All the wqueou$ so]utlonm wereicomblned and &fll?

'aoldlfled. : The praclpltabed 011 rupldly crystalllmsﬁ,
5;and thc olld wag rbcrystalligcd from water'(170 ml )

"f;ﬁto give the trlpentide (LIe) (8 4g,?47} m.p. 144-1460 7 J

'ff;unohqnged by recryqtdlllsmtlan from.water. (Found"’

‘13;;;0 53;9, H 6 1,,N 10 0% equlv., 424.‘ 19 2508N requires




v .4;357;_‘__,-_--~:, _

c 5.)-9: H 6 0, N 9 Q%I'equlv_’ 423). :

The tripeptld@ (LIe) (Qg ) wa iractlonated hy

'f; “countercurrent dlstrlbutloh (100 tranéfers) between

'”fﬂfsec-butanol qnd aqueous phOSQhwte bufiez m&de from

'fo 5M~KH 0,(9: Vol.) and 0, 5M—K2HPO (1 Vol ). ,{f slnwle !

Vﬂ]peak was ob1a1ned (h 2 O), (graph VIII) The uolid

*f Q1ecover@d from tubes 64 83 1n the éame way as befor fﬁﬁ':

:5”;was eryqtalllsed from wauer to give the Lrlpeptlde

'ﬁf:ﬁ(LIe).aS'ﬂeedleS (l Sg), -p-_l5l‘353 4 When 0hr0m&t°“ fﬂ’“

-f ,igraphea on whatnxn No. l paper.w1th uoc—butanol (100 Vol )

**;jj%,nd aqueous mﬂmonla (3%, 40 vol ) as the solvent system,

-thls proauet hud RFO 61, benzyloxycarbonvlglycylplyelne 5:2{

wiffi: hﬁd R 0 38 ln the same solvent.

'";;ffGenerol method tor Prnparatlon of Glyplne n—Hexylamldes of

fle/cyl A&pertic and Glutamlc ﬁcid Mono-esterg.g-f?quwolution{

'?iuj_7of tho mono~osier (5 mmol ) 1n dtoxan,(BG ml ) and

[5{,chloraform (15 ml ). was stlrred at o With triethylamine

;ﬁ;f(D 7 ml ) and ethyl utiorororma e (O 48 ml ) Aftcr‘

, :?20 mlnuto ~a, iurther portlon (0 7 ml ) of trlethylﬁmlne'ji;f;

ff; was added, followed 1mmpd1htely by a’ solutlon of gly01ne

in-hexylamlde hydrochlorlde (Smmol ) Ln dloxan (15 ml )

" fj3nd water'\l mlﬁ) The mixture was’ stlrxed for 2 hr ato ”f




W 4138”;”Yli;r ::J’? %
ﬂ\znZﬁ'rﬂt e I Al o TR . LA &5
“froom - temperature. and £1na1]y adauuted to pﬂe w1th

5;_"‘_,:Ahvdrochlorlc aoLd‘jt Water (50 ml ) Wdu added mnd the

gchloroform wnd dquan were evaporated.._ Tho Oll Wthh

""'Z'Separated was extT&cte& 1nto ethyl acetate (3 X 100 m1 )

W“'ﬂgdnd tho extrqet was washed w1th 2—N hydrochlorxo acxa  . ‘v

4‘"~*;Q(10 m1.), gqturated aqueoue qodium blcarbonmte (15 ml ), : Ji.

wrxnd flnally W1th water. : Tvaporatlon oi the ered extract
”7L1eft the couplod product as gum.,# Unohanped mono—ester

o (ra 25%3 was rGCOVered from the alkaline cxtrwcta y

‘3ﬁ":acid1f1C¢tlon. The foTloWlng ﬁeptldes Werc PT@P&red hy

«fthls m@thod'*ﬁf N

“';>

""riﬁﬁ(a) NwBen29¥1~dﬂﬂL~aSDaxtxgglyclﬂﬁ n~nexyl&m1de ethxl esterif9

'ff;(;iiﬂ)f{ erystalllged a long needles (80% bm:ca on

"f unrecovered mono ester), m.p¢ 99-102 ralﬁed by rocrystn?l-‘fﬂ

w”ﬁ 'iq¢t10n thrice from aqueouq ethnnol to 105*107 (Found-T”

'”th 10 4%), ;?5{;;-'"- Sl R SR TR

: (b). N—DenzqyluéeDL~aapartvlg%xpine n»hexyl4mlée Lthy;,eé%eff;

“;4  (be).__ (60 )}erystallisod as flne nnbdles m.p. 2»87

: ' ”“7after 1ntering (Eannd ln materlal drled at 560 0 61 9,

'“*3143,7 7, N 10 1. Czlﬁ ogu requires €, 62 _2; H.? 7, N 10 4/)




:ﬁ“Thls esber was aloo pr@pdred hy dl$5”1V1nF Lh°

-'3fﬁcorr0390nd1ng ac1d (LVb) (0 116g ) 1n ethdnol (10 m] )

.ffcentaLﬂing dry hjdrogen chlorlde (1 3 ) and aLlOWLng Fals g

”””fjthps olutlan t0~utwnd at room tempexature for 21 hr..,'”"'

lzf*CryoLalllsauion oi the neutral matter from aqueous:  i

;;‘if:(c) NuBenleQ_yoqrbonxlglxcylglycvLAK-Lfglut@;ylglycine

‘*5ffnﬁhexylﬂmlde ethyl ester (Liie) - was prcpared aq abovo,

'";ijmn dloxan (100 m] ) and to]upne (70 mi ) to av01d

'7fﬁfrucem1qat10n (V&ughmn (63) ).% The peptlde oryutallised

E¥from wqueou% ethanol as rosetbes oi needles (76 ), m.P..::‘.y.
fk114?"146 ’ dfter qinterlng, [*]ﬁ=43 (C 4 88 1n ethanol),f};f
gf;"(Found. C 57 6, H 7 3, N 12 2. ?7 4108N5 requlres C 57 5r¥fi

._;{E:H’7 3, N 12 43)

'E'N Benzoll*“'and“B*DL‘&Spartylglyclne n—Hexylwmldeu.'k_.V"”'JJ

e __(LVIb) and (LVb) —a Eo]utlan of 1ymne n-nhexyl‘unz.de

'”. whydrooh1orLde (O 7£g ) and trlethylamlne (l 05m1y 2 ?qulv )
‘fln dloxan (35 ml ) Hnd ehloroform (10 ml ) was warmed ﬂt — =
'?ﬁ540 for 4 hr. w1th N~benzoyl~DL-asnart1c dnhydrxde (0.82g )~

“‘Whe %olvento'wore evapor&ted vlth occa51on81 edditlon of ji“"




"*?:?E(LVb) crystaliiseé as; ncedles (86 msm )’:m.P' 163”164

-ﬁfggigo;,lff“

\;ﬁfwatar (Totml 40 m? ),i,nd the an l éqn@ous solutlon Qaq
v fja01dif1ed and extrdcted w1th ethy] ace te ( 3 X 70 ml )
::fAfter bemng W& hed Wlth water, the extract waslshaken wmth
1! &n exco s of 2 Nﬂaqueous ammonla.fy'The alhallne soTHtlon
xV:fwaq 81ﬁlfled ”nﬂ thc 011 uhlch waq preczplfateﬂ nradue]ly?:z
"fcrySUallloed (1.09g, 77p), m.p. 120—16” A portlon ’ ‘
' }:(0 3g) w&s 1raot10naued by ccuniercurrent dlstribution ;;
,;1:(40 tranafer ) beLwocn ethyl acetate (8 Vol ), n~hutanol
.i:(Q Vol ) Mnd aqueous phosphate buffer (11 2. Vol ) mude .

.....

ﬁfffrrom 0 5mmKH 0, (11 vol. ) e o 5~mr HPO o 6 Vols Y
;Vf:Two pe aks Whlch were almost comp]etely separatea werev: Geaied
“Qobtalned. (K 1.05, 43ﬁ' K 5.15, 57p) (g rgph IV) fh?ﬁl}frﬁgé
- .1}aqueou% layer irom tubes 13—27 (Kl 05) was &Ciaigi d;‘;nd.
f*i;then sbmken again W1th the organic 1cyer from these tubes;
‘i 1ol1owod oy two eXuractlong w1bh ebhyl acetate.ii The

J““comblned extracts were qh&kun w1th dn excess of godium e

arhonﬂtevgolutloﬂ, and the separateﬁ aqueous nhdso:f““’~‘“"

.T-i;aCldiflﬁd. I—Benzoyl-E“DL“QSP&Ttylglye’ne n-hexylumlde

.“':ﬁf(aocomp"’ unchanged bt recrystallluatlon from water
. (Pounas 0,60,5; H, 7.25 N,lo 9%;. equivs, »372-- 019}‘27 :
?.5 ?reqnlre& 2 60 5, H 7 2, n 11‘1%5 cqulv., 377 ) Isolationf]
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| T wof tha materlwl from tubes 30—f2 (K).lB) 1n the s&me way

” fy1e1ded‘N-benzoylﬂK-DL—aspartylg]ycine n-hexylam1de (LVIb)

' "‘3(;Ixmgm.) as heedles, ﬁ.p. 179-180° (decomp ), unchanged oo

"f;ifby recryﬁtalll atlon irom water (Pound C 60 3, H,? 1,

: 25 N 10 9& cqulv., 368)

The eeuer (LIIb) (l ) was bOllCd w1th acetone (l?;ﬁml)j

tfi.wator (8 5ml ) and conoentrated hydrooaloriu ae1d (3 Sml )

':“ﬁfor 2 hr{, and the nroducts werv separd*beﬂ 1nto ﬁn acidio ;fé3

“‘]fimnd a neutrul quotlon aq usval Who iormer, crystalLlsed &

ﬂ,fiifrOm waber,;gaVG the we%ker acid (hVIb) (O 3842@40 ) m p. 5.f

“f:%175‘176 5 ralqed to 1(6 5-177 1n admixture wlth the

a{gforeg01ng 3ample-v;§ﬁ;xlf5-

'::Vf}.N-Benzqyl—DL~Aquraglnyl¢1ye1ne n-Hoxylamldo (JXIb)._—fLQ]J”'

1

“; T:Th1q wa -nrepared on +ho l mmol. scale irom tne related acldf'

' 3#(LVIb) as. for the am1de (LXa) mho orgunlc so]VenL vias. .hf;

7rfremOVed ov evaporatlon in VAOHO, and the resultant

lsuspenqlon mdsusted to pH7 with qodium blcarbonate. After ;gf

Tfo;belng thoroughly qhaken the Solld vas. fthered off. ‘nd

ﬂtffiresusmended in 0 001 N~hvdrochlorlc acxd.,ﬁ Afmer belng

'ffwaashed Wlth vater the nroduct cry»na[llqed fron aqucouQ—fa.a”'

ff.jethwnol to glVe tho qsparaginyl peptide (LXIb) 33 11ne

"‘ffineedles (66%), m.P‘ 18&-185 5 raised by one recryqtalll%a-ﬁf?




fion ir0m1hc same SOlVFﬂi to 186*1&7 (Found*-e 60 l,;; ;
ﬂ,? 6, N 15 3. quQSO&N requlres C 60 6' H 7&5,_? 14 96)

’ “Thg. estor (LIIb) when treated wi Lh .sa'tura‘tecii alcoholio
?-émmonia at room 1empexature ;or 4 day yield@ nuutral :
l 1ra¢t10n from Wthh tho a»nmr&ginyl pentido (LXIb) was _ |
- isolated (1?0) by cr*stallisatlon from aqueou ethanol.g;\AiF
rhe m.p. 183~184 Was unchunoea 1n m,dm,p, ture with the ;f{*f;

foreg01ag product.z~;kiﬁ“:

N-Aeetxlglycxlglycyl«bL—glutagllglyo1ne n—Hexylamlde

Ethvl Ester (LIIf). T ;fA olutlon of tne beazyloxy—iy7fwjf°

ol :“ I

&rbonyltetrapeptide (LIIe) (6g ) in methanol (?SOml L
g.mr'c:o:at,,.un:t.nb blaciai acetlc %Cld (O 8m1 ) was qhakenlﬁhjiqu
wmth hydrogen and palladlum.oxlde (O 4g ) untll thc ‘
evolutlon of curoon dloxlde eeased.“?‘The filter@d*““Wﬂ‘!
%olutlon was evaPOrated to - gum, end treated with

“f water (QOOM1 ) The jnsoiuble mabter (l 7lg ) waa ﬁ""*

.....

illterea off wnd crysnalliqed from aqueous ethanol to Bt :
afford unchanged starting material (1 55g ) m p, 133“142°i255
<smtermg ah 120 ), raised to 140-144 (a:t‘ter mntemng)?{:?[?,f:;
in admixture with authentlc (XLVIIe) The aqueous:fggf:f"’
filtrate above was shaken With acetxe anhydrlde (160 ml )f;fif

:V at a tempelature below 45 for 20 mlnutes. After




R
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:fﬁ]{addlng 8, furthez portlon (30m1 ) of acculc anhydrzdo

i fqhak*ng waw connlnuod for a fuvther 5 mlnutes, and the ;g*

olution was alTowed to stand at room temperature for

'31 3 5 hr, The gum cbtalnod by evaporﬁhlon 01 tho 3olutlon %

"‘*Twas cryqtalllsed from watev (70m1 ) mo yleld the aeetylte~1 f

'" iftrapept1de (LIIf) (] zg ),‘m.p. 19&-10& Treatment of

-'{fthe mother-lnquorl from this crop with QCGtiC annydrlde e

'Q:(GOml ) 1n the sane way ylelded a oecona crop ef (L If)

"7f:.(0 Sg;)‘m.p. 188—195 ) and conceniratlcn of thc flnal

.m5:.ﬂofhor—11quox yielded a thlrd crop (O 64& ) M‘P-v187- '%ﬁ;“ :

"Q1180°(totq1 y1elé 2 ﬂ4g.,((8%), based on unrecovered

'“ §Ts+art1n9 mJteri&l) The flr t crop, recryqtal]iaed"57357'»

,'EﬁthCe from N&tev gave need3em, . p, 193 5~194 56 ,iu;f:f -"
.l_.f‘.t?','(T‘ound: ¢, 53 9, H 8 0; N,15 L i 3797 5 mquims g e
.})C 53 5, H,? 9, N 14.9ﬂ)‘ 5f9$} f” 7 oo s

'3 xAct1on of Bdses on the Tsters %nd Amides of Aspartyl_%*htf'*

j:'-".".::""'-Pep'b::.des.._..--;»_(ct) On N-benzOyl—u~DL~ aspartylglyclne

»hexylamnde eth 1 ester (LIIb) Thl$ estew (0 71g

"':Was stlrrcd w1th O 28 N— odlum earbonate ( Snl., 4 eqnlv )

~€f3at 40 .% AfLer 2 br. the undla olved 011 was removed, _;-fjf

_f;‘ulssolvcd 1u emhanol (0 Snl ),‘and returnod to the

"F"reactlon mlxtureﬁ A cloudy "oiutlon Was Obidlnbd




Effwhioh rapldly became cleqr.a After 4 hr., tho nooled

%7;“soluILon was adauqbed to pH7, frecd from neufral m%tter

'1;(12mgm ) by extrzeticn with ethyl acetate, aad aoidlfledJ}fiﬂ

: ' The nreclnltnted oil vApldly cryst&lllsed (0 63g.,95é

};m.p.155—157 (deoomp, after sﬂntcring).;ﬁ ﬁ s@mple

"=ff(0 %g ) was fructlonated by counfercvrrent dlSurlbutlon

'77(40 transfers) (graph V) u31ng the smme qolvent °ywtem %EVii
 ia 'u%ed prev1ously for the separmtlon of the wcidic '

:i{;@mparﬁ31 pegtldes (LVb) and (LVIb).“ Tha Saﬂe two

iffpewkq were ob sined.x. Prom one (Kl 05, 75 ) the Strongeri?:

-.[hfaeld (LVb) waﬂ 1soLateG &b oeiore, T p. 160-162 (decomp )gif‘

\”ﬁéalone or 3v ndmixtur@ Wlth the ewrller samule. The

:7ﬁ other p9ak (Kg 15 ?5%) ylelded thc weaser %Cld (LVIb)

‘=f2¥fm,p 177—179°(decomp ) ralsed to 178~180 Ln admiy(ure ;rf2}7

 Lw1ih ihe earlzey qample.;-f-?fo
"jih a econd experlment on the B2 me scale, The

’@jm&terlaj (O lﬁg) undls olved ﬁfter 2 br.‘wa collacteﬁ"f’j

'b{‘}iaﬂd wgshed w1th water 3 Ib orv 1lisod frum aqueous

5ethanol to afford DL~beﬂzam1do~su001aoygly01ve nrhctyl*fﬁj:At-

w5” amlde (LIVb) o8 75? ut prlnms, e P- 4J“150 (F”Uﬂd'

C 63.1, H 7.3, 019 25 reqalres C 63 5* H 7 O%) :




L4p

(b)a On N—bena;yl—@~DL«asparuylplycmne n”hexyldmldg f.!i 5“'“

ethvl este;.(LXb) Thld W&S Lreatsd as abave on

"1/5_ncale, the matorl&l rbmalnlng unﬂ15»oqud_albe

\i“3 Bhr.fwas r@moved and cryst&lilsed frog aqueov ebhannl

i-ffffta gavv the imide (LIVb)(37mgm.) m p,148—149 @1039 or

"’~.7;oonbuinod the weaker &016 (uVIb) by qulabion of the \*'”‘E"M

',isoluto from tube% £9—38 as earller~'m.p 175 5—1760 \;;{1ﬁﬁ

'ﬁ( ) On N—benzoy1~DL~asparaglnylglycine n—hexylamlde(LXIb)

“,j}Ammonla was qlowly evolved wh@n thls penfide (0 1g ) was T

”i’ﬂﬁshaken v1g0rouslv w1th O l N—,oﬁlum hydrox1de (Sml., 3 }<f€%i

ﬁ}equiv.) for 6 hr. at room tempcrature Unchdngod

';lﬂ adm;xture w1th thc foregomng product.- The mother—liquoro;

from the 1m1de Were addeﬂ Lo uhe ma;n alkallne solutlon,

”7whlch was bhen warmeﬂ %t 50 £or'a furthef hour.,( The
Mf;acxﬂlc products (legm ) 1solabed as be;ore, \eré |
‘;tﬁfractloumbed hy counmercurrent dlsbrlbutlon (40 trzl fér&)f?f
 ”(graph VI) in. tne aolv nu sys*pm.uSwd 1n the DTEVlouS ok Jf
{;;exgerlmeni.g TWG peaks (K¢1 05 T7ﬁ‘ .15,236) Were 1fgg?;;i3
':Lgobhalned corresponﬁlng to mne zsomerlc &Qlds (LVb) .

'k’igg*mnd (LVIh) It :as conilrmed that he 1aater band

'”:ijralsed to 17b 177 1n admlxture thh an authbntlc

ample. ,l :-. 4




,,,,,,

*?Aotartlng maherial (8 mgm.) Wﬂu flltercd oif, and the

Gty and an, %Clﬁic fractlon (l 0Pm,.) a.p. 1d9~151

'~7'the prev10u° exparlment. The

i fmlth an nuflantlc a%uplo.ﬁ

. o

= B . g
e 3 ST

2

;;acmdle orouuots (Jdmgm ) m.p. lﬁ3~1m5 5 wero recovered

'\5ﬁffrom tho f;ltrate ag' bofore. f’u”“'"

xx. ,seemm por‘L:mn of Lhe pep&.x.de (L‘{Ib) (o 1 % ‘;;:-:5“ e

'Hﬁfwas thth xor 6hr. at 56 w;bh 0 25 N—bodlum Carbonate t_'n

- ..~\ 5

V(3 EM1., 3 eqnlv ) The produets were worked up wS

gbeforﬁ to ylelﬁ un°h6n€ed defﬁlﬂg mamerlal (79 m&m.;\”.i'f

'VT”he uno novtioas oi dCl&lC mwterlol werc comb;ned

"‘uqnd frwctzanated by countercur:ent dlStrlbutlon (AO

"f tran fers) (gr&px Vll) in- the solvent- ystem uwed vn

;a;eae under the tvo peaks

.{@;obtalﬂsd (K .ijand 5.15) shwwed that the two eompononts;;gh3
__were prcseﬂb approxlmately 1n the ratlu 3 1 espectlvely";f”’
| mho soluto Tecovered tron Hubes 15-26- (%15 09) Vhs Ehe

"stronger a01d (LVb) m.p. l)7 3—1"8 alcne or’ln:ﬂdmthureﬂﬁ"f

AL

fﬂétion7ox‘3a&es on the Lsters cf GLutamyl Peptldes.j;r.«:

%

3?H0n N-acetylg;ycylglyoyl~d~b-g3u1 my1g1y01ne n—hexvlamide
"ethyl ester (LIIf) ?‘This es*er (2Q3lg‘) wassshaken for Giff-
'ﬂ56 hr. at room.temperature with 0 1mN nod¢um hydroxide $

'7:(62ml., 1 2 equlv.) The alkaline soLution was extracted"d




e ";. 3 ?-f: "’i{ l:‘*."%-1.4-7%%‘5;:-{":-:L ]

1th ethyl acetate (2 w 50m1w), adjusted bo pH5 und

S

‘f}concen rated Lo 15 m,..‘ On wcldlflc tion of the j?i Zv{;ffo
‘r:&olutlon N—acetyl 1ycy1glycv14?LDL~g]utamylglyclne
'sq»hexyl mlde (LVf) sep@rabed aa plates (l 22&-, 56%);

’”:iﬁm.p. 186~190 Jfals d uo 19465—19)~5 by TGGTX L 1 iﬁdfi§ﬁ€%;;

0

‘”;}from water, ld) ~l° ( :l? 4 1n 3w2 @Qﬂlvv Of

37;Qaqueous Nach) Tound° L Jl 5, H 7.4, N 1).6% eqplv.,qu%”'
:2439 ﬂ19 33 7H5 rcqu;res G 51*), H 7.); N 15 8p

\

‘f feqn1v, 445), it had pK&, 3 45 bJ potonbiometrlc
S &txun in water. Q§¢anh RI). ; " _ ‘
‘ The mothar*liquor rron (LV;) qu concontrabed to

‘ijljffg"g~185~187 (af*er sjnterlng), and the 1inal mother~11quor

. ¥

’; wa3 evaporated Lo a o‘u.m. Thlﬁ wzs workéa *%rouph
5f}d1methylformadeo elh@nol,'and eihyﬁ weefdte LO remove
4”f?1norgmnlo sal,'; and aflordod an amornnous bollﬁ (182
 ¢;§mgm‘) which con axngd ‘an: apnrccl&blc amount o ch7or1de ik
”53;10n, out 10 dodlum ion.‘“ The secoad crop anove,‘ﬁ- “ 
GTYdLﬂlllued fron water,”vave needles ( 93 mbm.)_ j¥-
l'(xcund'iequlv., 446) mcp l94~19) deprOQbed 1n

:*'55_,;adm1xture with (LV{) povtlon of this maberl L was.

“Tﬁ;{ ;fcomgletely‘hvdr03yqed by belnb hma "; th 6N~h@drochloric

R A




s e

: ”“;k:a01d for 20 hr. at lLOo Thg presence in® the hydrolysate

"i:of glutamlc acld glyclne and nuhexylamlne was shown by

"~%paper>chromatography.x; 5’713

“;ifﬂN—Benzlewéan&dr—DL-glutamylgllpine nrﬂexylamldes (LVId)

S

- qand (LV&).l,'* These were prepared irom 01yelne n—hexyWauldé&

.-'_‘_'i.-‘hydrocmorme (LXII' R H) (9 Sg ) and N-benzoyl—DL—

: f?]-glqumi0 anhydrlde (EVIIc) (II 7g¢) (Babtersby(74) )a' .

‘ 1n the way uqed abee for the aspartyl andlogucs.:jhj‘;ﬁf"”f”
'"Durlng the 1solqt10n of the acidic Uroduots as bpfore

‘:ffa portlon (8 91g ) failed to dissolve 1n the vo]ume

"wf_(l 5 lJ of ethyl acetate uqed 1n the eeractlon.;ﬁ'

":g:(Recryqta]lisatlon from 30% aqueous ethanol (1 3 1) gave s

':;(LVId) (7 79g.) m p. 184 o (Battersby (74) reOOrds m‘P-} fffh¥

'°]184-186°) After abakmng the aqueouo phaqe agaln wmih

'»-;ethyl acetate (2 x 100 M1 )’ th@ Orgmnlo I&Yers wereiﬂ“?"'

-"7f'cOmb1neﬁ and cxtracted w:th 2 N—sodium hvdroxxde

13(3 X 25 ml ) A01d1fication of tho alkaline solutlon
_'afforded a mlxture of (LVId) and (LVd) (9 Sg.), whjch mas
?dls olved 1n O 25 N—sodium.carbonate (170m1 l 76 squiv )

1quwnd N-hyarochlorlc n01d (24 Sml, 1 Ol eqniv ) added to

§f7g1ve a iurther cr0p of (LVId) (l Gg.) m.p. 183 5 -»u~"A-r

';f- 184 5 » The mother 11quor was acidified, nnﬁ the '




produc'l; cryst'a.lln.sed from 30% aqueous ethanol (12011)1 )

.~1;o g:.ve (INd) (5 Bg ) m.p. 128-132° (Battersby (74)




’5$ ( ) (b)(ll). The specific f1 51on of3’~glutamyl peptides- ?fi;

e
¥

"7f';;f(a) Anodlc oxldatlon. (301 sonnas (53}) (01.p5° )-;ﬁj:
'l.fif-Ice cold solutions of N-benzoy1~d-and~beL—glutmmy1—2.?{}}{f
""'"i".'«rlycme n—hexyl nnidc (LVId) a:nd (LVd) (“LO mgm-) in
‘f;;anhydrous methanol (3m1 ) here ano&lcwlly oxidlqed
tfgjfor 6—7 hours, (100V, 75?3) An Lce—cold uolution s ie
.T’fi¥of N«acetylwglycylglycyl~K~DL-glutFmylglyc3ne n*hexyl“ifffit
 €f;?am1de (LVf) (Smgm )1n anhydrous methanol (3Ml L was ?‘»ii{“#
'A"""‘:«._mmilq,rly oxid:l. (,d ior 12 hours, (1oov° 10-20 mA)
| 7'7;The qolutiono were ovnporated to drynegs in vaouo, and )
:lfthe residues hydro?yued w1th constmnt b0111ng hydroch]orle'
_ f}ilacid (sml ) 1n pealod tubes at 110 for 16-20 hours.
‘7§The hydrolysatgs were ohromatogrnphed on Whatman No.l
'Q@fllmer pmper in the uystem formic a01d/sec—butanol/wqtor;'ﬁé
"EThe chromabogran from N-benzoleK~DL-glutamylglyclne |
ﬁnrhexylamide (LVd) ghowed Lh@t the ont correSpondlng to
:figlutamlc‘ocid nad dlsappeared, whercqs that from (LVI@)
'f;showed that olut&nlc mcid had been almost eomp]etely ‘i
52 “idestroyed with the production of a new amlno acld, |
| t*fprobab]y'd.—amlnodzkmethoxybuuyrvc acld. In the case .
tf:i;fOf (LVf) the glutumlc acid r981due had beén.almost ;if V‘ﬁ%?'
~”feompletely destroyed bui no new amino gcld h&d bﬁeﬁ f:iL!$ ‘

4 I.;:'-_proauced. % ot T




(b) Bergmann-—Zervas Degradation. (45) (cf. p._45 )

A solutlon of N—bezuoyl-b’-lm—glutwnylglyclne n"hex-—v

.'\'ylamide (LVd) (0 g ) :Ln anhydrous methcmol (lbml ) con- _t
: ,,tainmg dry hydrogen chlomde (O 6g ) we,s heatﬂ a’c 50

| ‘~‘for 5. hou:cs. Phe realdue obtamned by evaporatlon was.

"‘dlssoIVed 3.n ethyl aceta‘be (30ml ) and tne so.l.uuon ex-—

: tracted success.wely with aqueous sodlu;m blcarbonate (5%

.10m1 ), hYdmchloric aoid (O QN, )ml ), and f_;_na]_]_y with -

. water.- Ai‘ter bemg, dri ed, “bhe ethyl aceuate solution. |
was evaporated to a gum (0 3g., 85‘/«), which crystallised |
from aqueous ethanol te gnre dn.methyl N-benzoyl~m- j~.;\ ) 3

"‘glutamate monohydrate (LXIV) as needles (O .1‘73., 48,6)“" .
| j'-':gff':n p. _82-83 5 o raised ‘t:o 80-—85 by :t‘urther recrystallis-f-

.ation :f:‘rom the same solvent. 4] (Found, in sample um ed at'_”_' E A

°-° 56-6 H, 6 4, ,4 7) A solutlan of the dimethyl

‘ﬁ,ester (Lxxv) (0 5 g ) in ethanol (5 bml ) was added

dmpwn.se W:Lth shaking 'ho hydraz:me hydrate (0 6 ml.,

'_‘-"100%, 10 equiv ), during, ‘5-—10 mmutes (ef Le Quesne

b fl;;f.and Young (86)) A:fter standmg for 20 hours a‘b room ,

temperature, the so.l.ution deposited N-benzoy]...;m‘,- ‘, Vo o

*ffjglutamyldlhydrazide (ny) (o 47 g. 94&) m.p. 1714173 £




-rzise'l ’l:o m-nz

;by recrystalllsatlon fram ehhanol, (Found. 6,51 6'=*5f}fifif

"?fjconstant bolling hydrochloric acld 1n a sealed tube

o

‘ﬁat 110 for 20 hour _{ The hydrolyaate was chromato-:;;ﬂﬁ“?

"f{graphed 1n the qmbtem.formlc acid/sec~butanol/water,.ﬂf;L 

ffnnd the chrom&togram showea two spobs correspondlng to

P
)

 ~5glutach 2e] d and hydraZ1ne,t;jﬁﬁgg




(V) (b)(ﬂhl) &he struoturo and attempted r@arranpoment

of jyroeidlne A methvl esLer.;rﬂ45ﬁl"'f““f“:

o (;:-'z)‘*- _Hcsfmami...dégratiozi' of ’,’sheﬁ -méth:{rii' esher -
r*ﬁimyracidlne A meihyT @ster wau prepared 1n the way e
1;‘_._},‘._..,._dcqcrlb@ % by Bamemby and c;mig (25) A portion (0 05g )
'*“;?ﬁof the methyl ester wws subazeted to Hofmann degradatlon
";flfwith qodium.hypobromlte Ln exactly the same way as- ,
"'T""-""‘."f:'descmbea abovo (p.x?_o) for ‘bhe deé"rad&tlon of ’cy:l:*ocld:!-nem.’f"'i
*;i;;Af The flndl pro&uct was hydroly ed, ana examlned by i
::f?two dlnen31ona1 paper chromatograDhY 1n the*¢ame is%em
ﬁ;iused on P IM—-»; The chromatoxr&m ShOWEd the aiStIHCt

qpot ofo( @—dlamnopropionlc 'Lcn.d" no evidence vras

:v;obtained for the prorenee ofo(;z’—diamlnobutyric Old 7lﬁf

 ;1n the hydrolyﬂahe.*“i

Tﬁ;(b) Attem@ted rearrangcment. _ TJrOCldlne A methyl ester

 '9¥1;(0 Sg ) was ehaken at room tempermture With O.IN-sodlum
'ffﬂhydroxide (12.1 ml., 3 28qurv.), water (° ml ) being

=1 added qfter l hour. The clear solutlon obxalned after ??ifiﬁ

.:i3 hours Was qllowed to qtand for % further 3 5 hours,~fgff’“
Jfand then &eidified w1th hydrocalorio ,Cld.: After s‘bzmdinb

m;fi@t O for 15 houru‘the ucidic producto were co lected,
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dried 1n vaouo, ana then fractiovaﬁed by counfercurrentﬁuiiHi

distribuxlan (QG transfers) betweeﬂ ethyl acetate and

aqneoue phosphate buffer, m@da from 0 EﬁKﬂzPO ( 1 Vol )ﬁj"

ana O 5 M.ZHPO (l 6 Vol ), _ The distribution patbern

was a broad band 1ndmc&ting the presenoe of wt least

A .o - l.__. -
two componenta. x,:vw
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) (b)(lV) Tho prepWX@tman nnd alkaLlne cle&vage Qf

i'fl-acyl—z-nyrrolldono deriV&tlves frOMonglutamgl poptides.;'f

e fThe nreppratlon of S—carbethoxlel-bonyoylwhngﬁyrrolld_g_;m ¥
; t‘-onc. (LXVI),-‘.__ Sty -A N, ; 7 B prosy- i)

uethy3 N—bonzoyl~wL—glutamate (LIXO) ~f' Nmbenzoyl

-ff~DL-gluLamlc &nh drld@ (LVIIe) (3g ) (Babter;by (?4) ),':;; ?
‘;;va¢ suspendud Ln dry ethanol (60&1 ),iand fhe mixiure
?iﬂrefluxcd on’ 9 water bmth,_u clear. o]utlon Was obtalnea
'f:;after l hour,' After w ;uith@r 2 hours tnp solutlan
-f;:was @vaorated 1n.Vquo to n gum (3 89@»), whlch wastiiﬂm&m
'151fd1qso1vgd 1n ether (20ml ) &nd the so]utlan extractcd‘“ﬁ
"u{ﬁsueceqslvely'w1th O 25 N—sodlum carbondhe (3 x lel,rl,7;7 "
K?;ESml) The ethereal salutlen waﬂ washed, drlod qnd
::upetroleum ether (6@/80 ) to glve dleahyl N-benzoyL-DL~; ;?-;%5
';afglut@mate (LVIIlc) (0 1023 ) T p.;72 S~73 “reised t6° :33’“'1
L;i};?ﬁ-?g by recrystalllsatlon ir@m aqueau 'ethanol.:  J f“ff{f'
‘”'%(Abdernaldea %nd Ros,ner (8{) record n.p. 7i—78°)
The four alkdllne extr Ctn were &Cldlfl&d ana 921-
{{?_fQQVP omls ﬂave the 1ast one.if The ilrst three cxtractq
F‘f'wer@ combjned, unﬂ thc mlxture wa extracted w1th ﬁthyl

‘ “}j{acetate (total Vol 1;6fm;;q,f- After belng dried the j'“

. . SR Sy ;'."'ﬁ
S, & ‘ b X ~ e N




lf?ﬁothyl ace%ate qeluulon wa% GV@POIdted to (2 78g.)

'”ﬁThe gum was ;rwetlouuted by countercurreat dlstrlbutlon

'fﬂ“aqueouq phoqphate buffcr made r0u O 5> %—KH2P04 (11 Vo3 )

”ffdnd 0 5 W;KQHPG (1 6 Vol ) ’ ”he combLned 1ower 1ayer3

‘”~ jfrom ﬁubeq 20-40 were acidifled, uhaken agaln w1th the;}ﬁ5'f~

-‘zﬁﬂffupper 1ayerq from these tubeu, and then extr&ctcd wmth

; ::f3 further partlon of ethyl acetate.-t The upper 1ayers

Lf';frOﬁ the tubeq and the extract were comhlned, the solutlon f 

}tfwa hed w1th B llttl@ water; @nd evaporateﬂ 1n vacuo.

IQ}fThe product,clj-ethyl N-benzoyl~DL~glutamaLe (LIXC),

;5f5was obtaLned as a gum (1 8lg, 50 Sf)s Wthh COUl@ ﬂOt

" f§ﬁfbe 1naueed to erystallise.,” It was purlfled for analysis

.."'.,“.f"by .,hort pa.'th dlstlllatlon (Found: T,5.0% 0141117 5

irequires N 5 3p).1” “he solute from tubes 2~18 was

-?i&olated 1n the same way, and gave a Wum (0 45g.,12 5/)

”fffwnich crystalllbed from aqueons ethanol Lo 01vebf~ethy1

'”fN_benzoyL-EL-glutqmame (LIE) m.P- 110”112 A ralqed to

»{5112_114 -Jn qdmixbure with an autbentlc eamble oi
f;fi(LIc) m.p. 115—115 i .i .* ._,”’ .i '~
-;»'"% nhe fourth extract above was shaken with ethyl .
WQ;;facetate (3 X 25 ml ) AfLer belng Wawhed and dried 'iﬁ¥:'J¥

o




ﬁtho qolutlon 1n ethyl ﬂcetate wau vvqporated to gum, i,
|  wh1ch erybhaljisnd from waﬁer to glve N~benzoyl—DL- \
"nglutmm;c ﬂcld menohydrabe (0 302g., 8 5%), 3 ¥ p.,Q7 5--_'-~’“?

.A'.'_",‘ipor‘t:x.on o:f the o(-e‘bhyl ester-(mxc) (0 28g ) was sha}

fﬁlln & stonper$d veseel w1th thionvl chlorlde (lml., 14 equlv )
'”;wz&t Q:, (ci King anﬁ Spenslcy (88) ) After sevoral s
‘i}ﬂiminutes a clear qolutlon waq th%lnea, dﬂd thls was .
"“'ftallowed to stand au O-l for 15 hORTb.;f The thlonyl

_fchloride was removed by'evapor&tlon 1n %@cuO, flrstly

 ?at Oovand flna3ly at 30° | The rc81due, qn 011, wasif
'Qﬁfdlssolved 1n ether (7m1 ) and the so]utlon extraeted o
4.{Q ¥w1th aqueou sodlum blcsrbon&te (Bﬂ-, Bml ) After
:fijbeinﬁ washed With water the ethereal solutlon was drled ﬁ;iff

1  mnd evapornted 1n vmcuo to & eolonrjesq gum (0 218g.,. _
'-T"?;84%) The gum cr&ntaillsed irom ehher/petroleum ether ;;;;{
 i?ff(60/80°) (1 7’ 11 ml ) to give 5-cerbethoxy—l—bcnzoyl o
’.%; ~DL-nyrro11d 2~one (LXYI) (0 1#8? ) m.n._54—)9 After;fT f
w' ftbeing recrystéllised three tlmes from aqueous ethanol ;;f1if;
~"'--:;,f‘tho proﬁuot had m.p-,55 5—580(P1ﬂt£1315) (Found, in h

_j; samnle drled at 35 64.8 H 5 6 N 5 6. 14 15 4




e \gé-quﬁgé{é};'_sqt;;gif, : ,5 8 N 5 4;o).

"“ﬁétAlkallne hydrOLy51s of 5—cnrbethoxx—1—benzoyl-DL— ‘

'jf;pyrroi1d~2~one (LXVI), - A solutlon of the aeyl-,

fﬁ;;fpyrrolidone (LXVI) (O 13g.) 1n ethanol (3 5 m] ) was

JiAtltrated W1th 0 IN—qodium hydroxzde (5 Ol ml, l equiv )

T

:wjover 20 mlﬂutc , phenolphthaleln belng used as Jnllcafor.'fﬂn

5,

 ,f,'0 4 equlv.:of alkall was conaumed quickly, but thereafter e

“ﬁ ffthe rata of %1k°11 consumptlon decreased.* The ethanol

fwag removed by evaporgtion 1n vacuo, mnd the nsutral

,‘ff»product extrdctpd 1nto ether (2 x 5 ml ) Tbo ethereal:uﬂv

'“5fq03vt10n waq washed and drlsd, and evaporated to a gum'gj:

5?7(0 041g., 26%),‘whlch crv alllsed iron aqueou% ethanol fuuﬁ

"ﬁ*to give dlethyl N—benzoyl*DL“glu‘amate (LVIHO"flg'Q )

';;tm.p.'77 79 ; nndepressed 1n admlxtvre with an authentle
_' In a further experlment the aeylpyrrolldone (LXVI) -
‘2(0 292g ) was dl solved 1n ethanol(BmJ ),-ana bhe 1.4_
.Vf;solutlon titreted w1th O IN-sodlum hydroxlac (O 64 equlv{giff

_12;7 2 ml ) over 15 mlnut@b- ' mhe ethanol was removed in

A in?CuO, and the OLly aqaeous mlxture extracfed W1th etherl_ﬁgF

31(15 ml., 10 ml ) The aqueous solutlon uas ooncentrateoil'"

 '-? sllghtly by evaporatlon 1n V@cno, and aoldliied' benz01c:;f:4




“iﬂngth 0 IN—soalum hyuroxide (A.O Ll., 0 36 eqnlv.), u31ng

4 ~-‘t-‘-;’59f1-»i¥ o

ffa01d (29 7! mgm,.%f%)‘“rystalllaed, m p-vll?~3260 Afterff?j;

ljlbelnb recry talli%ed from water the m.p._rose to 119 5- 2

fl2l°, undepressed Jn adm:xiure W1th an %uthenmlc sample.f{ﬂfé
The ethereal nxiract pbove Was waqhed w1th W&ter,-[af'

’:{drled, and evaporﬂteﬁ Jﬂ V&cuo to a gum,~(0 l)ﬂ ).,_;mh§“~f'ﬁ

':latter wau dlssolved 1n 9thanol, qnd tihrated J ~&bove"ﬂ"*1

- i
T f
iRy 3 s

'ﬂlphenolphohuleln @s 1nd10ator.: Alkall was eonsuued only
'  very ulowly, 1n conscquence the last portion (2.6 ml )

: Was added altogether, and the uolutlcn xllowed to Sh&nd
Jfat room tenderature for 3 5 hours.i The ethanol wa

'ﬂremOVGd by evaporation 1n vacno, and thp aquecuﬁ solutlon

‘{?extr¢cted with ether (lOmJ., ml ) After belng

j;fwasheﬂ w1th water and drled the ebhbreal qolutlﬁn was

lyégovaporgﬁed LQ drynes. the r931due (33 mgm.) crvstalllpeﬂ
~5fifirom aqueous ethanol to glve dlothyl N—benzoyi-DL~
f.'f'_glummate (LIIIIc), . 76.5-78 ‘, '

k9 In n separate experlmenL a qolutlon of the 4oyl;;\

'";pyxrolidone (LXVI) (20 4. mgm) in purifled lean (64)

\._3§ (0 5 ml ) and water (1 O ﬁﬂ ), was titr ted with ﬁngj?fl5{ !

ffO;IN—sodium hydroxide (O 8 ml., 1 equmv) over 10

'f'anutes. The dloxan waq removed by GV@poratlon 1n j?




3'.—'_1."6[0‘::—. e

‘:’S:-. ’

yl acet&te (? 10 ml ), ach extrac» Was waﬂhed

Af{fW1th % 1ittle water, and the washlngv Wernl daed to

"43ﬁ-tne aqueouu solutlon.-. The 1atter Was concent*ated ;;

“;?slightly by vvapormtlon 1n Vacuo, &Clﬁliﬂd, gnd

e xtracted Wlth petroleun c her (40/50 ) (3 30 ml )

;;iTthtxtr cts wcre comblned, driod, qnd.evwnoratea in’

<Q fvacuo, ben201e acid (4 4 mgm., 46ﬁ) was obtﬁlned, m.p, |
.;115~121 Tho recovery oi benzoic qc;d by thls ~g%§£34?7“«
,i{procedure was checkeﬁ by dlssolv1ng portion (10 4mgm.)i,”§73

'fln water (6 ml , ana extract:ng Th? qolutloa w1th
f~,petroleum ethor in the way descrlbed above)B 4 mgm.A;{;f:f¥?;n
;(BOp) 01 benz01e 3016 was recovered in this way.,[fﬁ$;"“°w

'iymhe yield of benzo o ld recorded 1n this experlment

’-a-fhae been cmrrecteu 1n aucoruance wlth thlﬂ reQOVery.

'*f;The l—benzoxl-DL—gz_;olld~2-one derlvatlve (LXVIII)

:;iaj;iOrmed from N—benzcyl—[ ~DL~g;utamxlplycine npheﬁy]&mmde‘:“}”

"*:QQ;(LVId) N;benzoyl~ :-DL—Qlutqmyl ]ycine nwhexylamlde

::(LVId) (zg ) was shaken for  evaral mlnute, W1th thmonyl— g
"chlorlde (7 3 ml. 20 equlv ) lﬂ a stoppered vessel at ';fﬁgf
"QOO (89) Almoqt complete solutlon was obtqincd at »

' f5the end of thlq perlod ‘dnd thls was allowed to stand




A-Tfat O-l for 20 hourh f ihc reddl h—bfoﬁﬁ é61ﬁ%i6ﬁ7"J

r;gH Was ev@porated mS descrlhed on p|57 . ¢ nd the T681ﬁu9

.5iiﬁfpart1tloncd hetween ethyl 4oet%te (150 ml ) and aqupouwéjfé;;

*:;”sodlum blcnrbonate (2% bOMZ ) The pthyl ﬁcetgtojv‘

' Tf[Was washed with waLer, drved, and evaporated to drvness ;;i#;ﬁ

-:ﬁln‘vaeuo, the r951dae (1 83g, 96ﬁ) wa% crystalllsed

......

'*fkproduct (L Olg.) n.p. 158—160_; unaltered on a further

v;ffrecrystallisatlon from ethyl acehate. ::”he prouuct

......

‘ﬁ:was rechstal7lsed irom 35% aqueous ethano? (ohﬁrcoal),

'*'}fand was obta1ncd a8 almost eolourless need?e l m p.a}ﬂ:“"“ﬂ

u-ff;156-157 . raised to 160 5~161 5 by further recryqta]11satlona

'5'from ethYI qcetate. (Found' G 64 7, H,? 2 H ll 5-? :+-075:7?“

.“7ﬁf020Hp704N reaulres G 64 3, H,? 3, H ll 3&).

Three lnrther experlmenia were oarrled ouL in

(""I,:Wthh pQI"t'LQl'lu_(O 04&:'3 Q 58;., O 53,,) of (LVId) were

'°”ﬁtre&tea separuﬁe]y w1th thxonyl ohlmrlde (20 equlv ) @t

’“?j70~1 ; or 2, 30 dnd 15 hovrq respectlvoly.; ﬂbe tuionyl

EQCMlorlﬁc was removea as descrlbed dbOVP, and thoiﬁ;ﬁ*
'~;neutral products Were extractca ano ethyl acetaue
aporatlon Df tna golutlons 1n ethvl aceuate vave

_j'lJu mgm-, (36%), 0 45g., (wzfa), dnd o 45g.,(9a )) of




'aﬂthe neuural produotq Ln the three ease° rospectlvely.iiff
F;nally a portxo& (lg ) of (LVId) w@s treated as7'
| ﬂ abnvﬁ Wlth thlunyl chlorlde (2.7 ml, 20 eqnlv ) a |

*.f—20 for 19 hours. After r@moval of " the thlonyL -ﬁ

i“<ka,fchlcr1de, the neutr@] produots werc extraCuad lnto

Eﬁ_fjethyl ncetate, and obtalnéd by evaporaflon 01 the 7Qﬂ"

““Ji{.gsolutlon (0 85g-ﬂ )'

-I-Alkallne hydrq;yses 01 the neutral eroductc Obtalned_;;“”-)'\

'.fﬂ;by tho‘ otLon of tuxmnyl chloride on N~benzoyl—«—DL- i

'VQ_;L“wlutamylglyelve n—hegylwmlde (LVId)

ﬁ7(a) 3, Oi bhe products obtainad by u31nb thionyl chlorlde

P AR B

£ e (20 GQulv ) at O for 20 hours. 3,f&‘;:}“ff;lkfalfjf"* ("?f"“

A solutlon o”umhe neutral products (0 5g. m.p. e

......

.....

"“Z

}‘1 Oa equlv ) over 20 mlnutes. Wne dioxan was

5 4 remaved by evaporﬂtion 1n vacuo, and the aqueou&

‘M:alkallne solutlon was extr&cteé w1th ethyl avetate

\"-25(2 x 100 m] e s &Lter belng washed w1th wator and

IVt;gdrled, Lhe solutlon 1n ethyi aeetabp was evaporabed

n!??”%o a Whiie cryotalllﬂe rasldue (O 166g.,46 ), whlch

.iag ab reorysballlsed fraﬂ ethyl &cetate/petroleum ether




g ...153_ T o |

 ff}(60/8O ) to ﬁlve Thc nyrrolld—?-on@ d@rwvatlve

”?ﬁ(LLIX) m. p.-lO@-JlOO, as readleu¢ (Faund-iin oample 'fi; 5fff

i or .
 ar1ed df 76 c,ss 5, H,q.l; N 14 8 cl3ﬁ230,N

Tfjtgwpo requlrea c 56415 H; 8‘7, N, 15,1¢., m.p._QO-gl ,;;;;.;;:

‘ ; whlch (SN flowea_a+ 103—104 o 3

*.}iacldlc proévets rere collectea bJ flltrﬂtlon, drlﬂd, SIS

mhe aqueou9<aika1tne uolutlon W%u caneentra+sd

;;Fsllﬂhtlv by GV&pOTuthﬂ Wn vqcao nu acldlfibd‘z} TheHJT-l

7'aﬂﬂ extracted W1th warm pctroleum cther (3 x 40 m] ),“f\ﬂi}fk

'f?the 1nsolub1e fractlon (O 18 ., had m.p. 149—151 .§J~9fi\fhﬁﬁ

"'““:ilAfteriextractnng the mQﬂ@OU fmltrate wlth petrolcum S o S

Cﬁﬁkether (2 x 40 mi ), the extraets wexe camb¢ned, driediﬂf%n;;w

| *:fnnd eV@oorafed 1n vaovo, ben201c a01d (59 mgm. 35ﬂ),_{f¥ Pl

7a,ﬂxm.p. 120 5~121 e Was thalned.xf The aqneous illtr&te;7f§f:“

'-5;twas eXuracted qgaln with ethyl acebate'a(lOG ml, 80 mL)

:fjfth@ extracts were chbiﬂeﬂ drmod and @vaporated to a

-“ﬁggum (51 mgm.);?? ”he Latuer was comolnea w1th the

- a ;mc1d1c preducuﬁ (0 18g ) whlch were 1n%o»uble 1a

fipetroleum etber, and the ulxture was rructionabed by;*

'°5 fcoun¢ercufxent dlstrlbutLOﬂ (50 Lr¢nsfer“) (graph X)lfﬁf;gff 

fib@tween ethyl scetwte (4 VOl )7 n-butdnol (1 V03 )

'”:fﬂiand aQueous nhcsphafe bu;ier (5 5 Vol ) ﬂﬁde from




e
‘ '50 5 M—»KH PO (4 Vo] ) and o 5 u—xzﬂro (2 8 Vol ).

‘”TffTwo oomnlctoly sepdrated peaks wene obtalnod, the Lo orme
'5ﬁ soTute recovered ;rom tubes 8—25 (K 0 47, éQp) (88mgm*;5ﬁ%fii
T:litheor. 113 mgm irom area nnder curve) Ln the way b

'{;descrLbed Oﬁ nlso W¢s crywua111sed from 30p agneone.
aeth&nol (3 mi ) to glve h—ben50y1~2f-DL- lutmelg1y01nc 5t

= ‘»;n—hex;)ﬁamﬂe (LVd) m.p. 118 5-—123 I'alsf=d o 106-139

';721;};by one recrystalllsatlon frcm.the same salvent-'the “p:

Lo e .p. was unalmerua }n ddmnyture Wltﬂ an muthenilc pake
'.".':sample of (INd), m.p. 128-132_ .'_-

.fij;j; The.aolube recovered irom tubes 29-45 (K c.?,l.-5':i

.'l51%) (9@ mgm.) ln the Jame Way Was recrystalllsed fiom ‘ :
""""" fif;BO% aqueovs etho 0] to glVe N—benaoyl~ f~DL~glutamy1—.,?5“‘;f
:ﬁfglyclne nuhexyWamlde (LVIL) m.p. 182 5—183 raLsed
"~£to 183-183 5 1n admiiuure w1th an’ wuthentlc samp7e
;";fdf (LVId) me, 184—184 50 (The proparstlon of (LVd)
  i@nd (LVId) 1s dcscrlbed dn p:ﬁs‘)

' #1‘(b) - Of the Lroducte obtalneﬁ by uaing thlenyl ohloride

~¥(20 equiv) wt 0 for lO, and 15 hours resnoctlvelz.

bolutnon ‘in aqueous lekan o* n19~t0tal nev ral
?f;_produetc obt»ined 1n both experimen$g were tluratod w1th
0 IN— od;um h droxlde (l aaumv ), and Lﬁb beu301c %omd




| “f}(c)- Oi tho mroducts obbalned by uulnb thlonyR ehloridejfﬁfi;

o ‘» -165-

ot 1sol&ted iﬂ the-way descrlbed Mbove under (a) The
Vw@ighss oi benzoic dCld obtalned 1a th@ two c ses
Ffwere~149 3 mgm., (33 6%),-and 50 8mgm’, (JBﬁ):jfc'

aiv = &
g W

-

'?gff(20 equiv) at -260 for 19 hours.;3gﬁi'°

L8

The total neuhral products obt@ined wer@ ﬁlqsolved;fff%ﬁ

'5f1n aqueouq leX&F ad the solutlon titrated wlth O IP~'Z7“

)?;j:sodluu hydroxluc, (1 equlv ), uen201c ach (94 mgno33“

‘ g and the solutlon waq evaporaueﬂ 1n ve cuo. Ben201c acxdfw[Vfg

v‘jwas igolatea as abovv' m«p- 139“120 5

‘ @o ensare thab benzoic ac1d qu not loot 1n the e

e

_”gabOVc eyperlmonts durnﬂg the evaporatlon of Ln@
Tﬁpolutlon ';u netroleuﬂ ether a Dortlan of ben201o cld

*?t(15 5 mgm.) was diosolvmd ln petroleu& eLher (90 ml )

"ﬂf(l) 3 mgmm, 99ﬂ} femalned after evapcrwtlon.$gf?f'"“"

‘”fTB-Dlethylcarbamgzj~l—benzoylgjy;yl*DL~errolid~2~one (LXXVI)?

'f:;fﬁlmethyl N—benzoylglyoyl—DL~giutamate (LXXII) - A stirred{

:-5solutlon or bcnaoylglycnne (L»“) (91) (0 179 .) and

:1 }ﬁr1gthyLdmlne (o 14 ml ) Ln dloxan (l5'ml ) and tolucne

"Tfi(Y ml } waq treat@d at 0 wzth‘ethyL chloroformate (O.lml )~g




fr '155- e 5',}’_._}-_';?' b
’:"‘.-Mter ?0 ’ﬂlﬂmes, ; u)lu‘tu)n af dlmethy] 1)L-g1u1:,3md1,e,i__._, it
,\ hy&ro0h1or1do (bXXI) (92) (0 Qllg ) and trlethyldane;yzﬁ

‘:AQ:f(O 14 ml ) 1n dloan (LO ml ) and wnter (O.Gle ) wasfw"" ',

’:ffmﬁadded, and stlrrlng was cont¢nued fox a Turthar 5 hour°,fﬂ}]§

'_?;Whllﬂt the ‘bath warmod to room teap ratuve. fﬁThe}::7' 

7~giiorgan10 solvent wa removcd by evApormulon Lﬂ V&cuo,

'?-Q,ffwater was qdded and thﬂ eVdporatlon waq repeated.'=;mhe);\£

avaqueous sus men31on was extracted w1th ehay1 acetate

:Q;T(Q x 10 ml ), and the qolutlon 1n ebhyl aeetate de ; :

o extr&cted w1th hydrochlcrtc acid (O IN»,!Z ml ),u :13‘

:Tfollowcd by aqxcouq odlum blcarbonute., Th@ 301”f10n Lﬁfﬁff

,was wash@d w1th water, drled, and cVapordted to a gum‘,ﬁﬂYlgf

”:ﬁf(o 2193., 65%), whlch nrystallised on. tandlng &

‘~'gﬂnecdles.3_ The prodvct wam recrystalllqed from ethyl

"%acetate/petroleum ether (60/80 ) (3 4 7 ml ) to glve

'”,_dlmethyl N_benzoylglycyl—DL—glutamnte (LXXIl) (O 1ﬂ3g )f -,

';z.m,p. 109-113 ral ed to 117-138 by furfher recrystalllsa

itan fr om: uhe same solvenf. (Found"C 57 O, M oL 1,

9

;ﬁ{“;N 8 0. 1632O06N requlreq C 57 l, H; 6 0, N 8 BP)..

”ﬁ;,N~bgnyoylg1vcs1—ﬂL~g1ut%mic acld (LXXIII). Skl To a solutlon 2

' '3fo£ the forego:nw pvoduot (LX 1T) (0 59 v, ln methahol

:"f(S nl ) waq added aqueoub sodlum hydroildc (approx N- )




&l ~ ;(8 9 ml., ca.. 6 equw‘).' md the Solutlon was &“ 10‘”"“"1

"-f:ﬁto stand at room tem=erature for 48 houre. The

”}Jmethanol was vemcved by evaor@tion 1n vccuo,/and
”:Ithe aqpeou% nhuae &Oidlfled' N-ben?oylviyc l—DL—glutamlc
ffaaeid (LX>III) cryst&illsed au needleb (O 38g.; 84p),

, m.p._219 vy unchanged by recrystalllsatlon frcm water. |
(Found" 54 45 n 5% 1, 9 a q11:1.v.,‘15) 5. 14 16061“
~f@requ1reu b 54 5, H 5 2 N 9 1p, equiv. 154 1).o ;

’"QQfN~BenzoxlgwycyL-ap‘:nd JU—DL-glutanxldiethviamlde. (L XIV}{}@

13 3

- ff&nd (LXXV) :: To a stlrred solutlon of N«bengoylplyvyl

;if;i, L_glutnmic a01d (LXXIII) (6 ng ) and trlethvlamlne-E'. '

“lw,f(z 8 ml ) 1n ohloroform (200 ml ) una dlmethvlformwm1de

"1 ,(110 m] ) @t 0 was addcd ethyl chloroformate (2 0 ml )

: 7f, ;!fter 20 minutes a. solutlon oftdlothylamlne hydroehlorl&e_ﬁg-

,Tm;(Q 18g ) and triethylﬂmlne (2 8 m] ) Ln chloroform (90 mJ )

) was added, and stirrlng W@S contnnued ior u iurther 3

"*{;-ﬁhours at O The solutlon xan'eVPporated to dryneqs 1n ia

| vaeuo- W@tcr (25 nl ) was aadeﬁ.and the evauor@tlon ‘
-i:frepéated.; ther (20—30 ml ) was 1dﬁed to the- residue,‘

f fand the aqueouaAsuspcnuion thractcd w1bh ethy] acetate | »
‘”f(ZOO ml ) :.The undih Othd solld (l 775., . p._l79-182 ):2f:

"ffwas fllbered oxf, and cryut@lllsed from eth&nol to plve QWV':




:t j*N—benzoy1g1ycyl~,”~DL~glutamyldlethblamlde (LXXIV)

Y;{;(l 54g Sh m.p.-182—184 o raised to 183 5-184 5 by

A”‘fffurther‘recrasialL:satLon from the same qolvent.:;;

75(£ound' U, 59 a5 u,s 93 -1, 11 7, eqan-’ 355" 18H95°5W3

‘~f"':_requlreb L, 539 5,:§I 6 9, N 11 6% equlv-, 363)

The aqpeeus shdS? Vds extraeted w1 h w further '\

"J;Q?Dortloﬂ (50 ml ) of ethy3~acet~ie, thelntter was combwned “?T;

"’ffwith the. £irst. ektract (totml Vol 200 ma); and tne

‘~‘solut10n 1n ethyl acetate wa% extracted w1tn aqueous

-’qipotasgium cﬁrbonute (Sm 30 ml ) The aqueouq phase

A*-fon acldlfloqtlon pr901pltated an 011 whloh cxy talji%edng{fﬁ?

.f{on standlng a% 0 for 2 dﬁys, (3 29g ) m p..87~92 Yy

A--fequlv.. 388., Thls w& ,treated wmth hot ethyl acetdt@.._he”;t

“5j(250 ml.), the undiqsolved solld (0 94g. m.p. 114—130°)ff”‘P

o flltere& ofi as before, &nd the solutlon in ethyl

'affacetaie wa extracmvd W1th three portions (3 l ml G+5 O};};i\f

"f"ml. water), 6 2m1., 5 2 ml ) of 0 5N—sod1um hydroxlde.;yf”;a}f

ﬂff}The aqueous dlkallne extraetu on ac1dlflcatlon a]l

"ﬁfjiyleldcd 011% Wthﬂ erystal}lsed on_otwndlng ”t 0 73”‘

(0,298 m.ps 85-—880 049708’ m.p.so-ql 103 32255. £

~?%‘m.p. 84-86 i respectlvely.‘. A portlon (0 756% ) Of th@bf553ﬁﬁ

-lerystalllne product, m.p. 90-91 , from the second




Qjextract was dlssochd in 0 5 N~qod1um hydroxldp (4 4ml.,‘;¢”*

’ ;}f,xl OS equle mnd portlons (0 5? ml. and i) 7 ml ) of

'"{fN~hydrochLor10 acla were added two preclpltute twc

Efﬁi'frmoilons (0 132§., m-P, QO-95 0 4379" m.p. 87"91 )’

lThe 1attez crystalllved Lrom water to give N—bunzoylp]ycvl
28 Ay 3-rosco|ri: needies,

v g o 2’ -DL“‘° lu'bamyl/di gthy"! azmlde (LXXVZ[ m.p .108-111 ( Found

(I"=-_1n sample drlen at 76° c 5‘1 4 3 H, 2 q N 11 +- ,)

L od .'-equsw 31,7.:'\‘"‘5")’ £20 A '5 ' ‘. ‘

% Tho portlan ol the nroduct (O 94h. m.p. 114-130 );}5735

%*“;{above wa6 showa to be a mlyture of (LXXIV) and (uXXV)

'ﬁj:ﬁby adﬂlng to a solutxon of th@ mixture 1n 0% 5 N~qod1um .

"l?'ﬁhydroxlde (5 2 ml., l equiv) yorLloas of N—hydroohlorioj'““

of | ﬁﬁ‘016 (l 0 ml., Q 5 ml., 0 56 m] ) tO nreclpltate three i

"”f;(l 1 ml., a @qulv.);and ﬁ—hydrochiorlc acld (3 x 0 15

filraotlons, (O l99b., m.p. 154—16f O 214g., m p. 90~_3¥_,ff*
96 O 203 n,hlm.opa QO"<)4 )I’E‘SP&)C’% Lvely‘ ": The ilrst

‘iractlon was redibqolVed 1n O 5 N—@odium hvdroyide

' '5«}ml ) ad&ed to DTCCIDltLLe thre@ fractlons as b fore.;‘}ﬁ“"°

:‘i;ThL first-two ¢1actions woro almast pure %ample& of

.:;$181 5 ) The last iractlon (0 056%.) was shown to

:--.';(Lxx:w), (o 04 3y m.p. 182—184 'y o 057g., n.p. 181—»-

| ‘:3‘;be largely N-benzoylglycyl~3f-DLagJuTnmyldlathvlamlde




3,(LXXV) by 1t% m.p. 92_95 ; (Total Jleld of (LYXVI) %nd

2ajf5;ﬁiéﬁhyicarbamayiélebéﬂé@yiQij&MiéﬁﬁéQ&fiblia;é;bﬁéfﬁXXQii:;&

"'---“zs«benzojlglycyl-o(-:DL~g. u‘tamyldlubh'rlamlde (LX‘*’IV)(l 28g ) g

'»7fﬁwas Mhaken w1th thlonyl chlorlde (10ml., c&. 40 eqn;v )

>f1n a well stoppered vessel at 60 for several manutes

K

“.ﬁdur1ng xhlch qlmost comgl@tlon solutlon was obtalned._;"'

:7; ‘The solubion vas. aliowed to stand at 0-1 for 27, hours, ) h

*f;.the thlonyl chloride then belng removed by evaporatlon 9?35

'lfa:in vacuo at 0 .j. The resxdue W&b partltloned bothen

’fethvl acetwte (60 ml ) and saturated aqueous sodium 3'\u55

’} ,b1carbonwte (30 ml ).,. ifter belng washvd w1th mater,

7.qund driéd tho solutlon;in eﬁhyl &cetate st @vapor"ted

'ug;to a brown reuln (1 1@., 90%), whlch cryqtalleed irom

-iethyl acetate To give S—dlcthyJcarbamoyl—l~benzmylvlvcyl

H '~DL—nyrr011d—2—one (LAXVI) a° prlsms, m.p.141-1f3

‘;r&lqed to 144 5-145 5 by Qne reerystalllsation from‘-

a:}:othyl acetate. The m.p._was unaltered by fnrther

'. '160rybﬁa1l1oat1?n from the ame solvent (Pound L 62 7,»u-

'.fQH b 6 N 12 5 C BH?3 4 3 rcqulreq C 62 6, H 6 7, ﬂ 12 2%) :~f

§ " esy




3 'A1ka11ne hydralyal oi 5~d1ethylc rbamﬂyl;i—béﬁZEyigiyqylwffff

'-_}_—DL_pyrrolid~2—one.(L?AVI)

]LUA solutlon of the foregomng product (LXXVI) (O 836g ) 1n &5

’f7ﬁnur1fied dlcxan ( mi ) and wa%er (2 ml ) was twtratcd f?~"°'L

'f, w1hh O 1N— odmum hvdroxldp (27.2 ml., 1 1 equlv ) dver

el f30 m_nutes.‘h The solutlon vas evaporated to dryneqs 1n   :

Sinieg

:.fﬁvacuo, dnd the realduo wam extracted wlth hot ethyl

"f»acetate (60 ﬂl ), followed by etﬂer (30 ml ) The,

. und1 olved mOlid was: dissolved in water (5m1 ), anﬁ thei}'j’

Eso1ution oxtraoted with ethyJ aoeiwte (3 x ;0 ml ),
-Heqch @xtract belng thoroughly b%CkWBQhed with smdll
 :portions of water.ﬂ. The washlng ﬁnd aqueous ghase

:«fwere comblnad qnu the sojutlon.(now mbout 10 nﬂ. 1n 3

T”fvolume) wag pqrtiafly &Gldlfled by adding N—hydrocﬁlorle

-5Jcia (o 9. ml, 0.33 equiv Yo Ait@r'standtng ot.0° for

':.f15 hours N-benzoylglvcyl—EK-DL—glutmmvlrdlethylamlde

7;§(LXXIV) (0 2OQg 23%) Was co1lected m.p.f 78 5~181 5 g

*Qralsed to 182-18% ln %dmleure w1th an authenLlc '
samp1o of (LXXIV) ';Aiter reerystallleatlon from‘?l.ﬁ
-';ethenol ‘the m.u. was 182~183 P O
' 10 the mother liquox, Wthh was partl&lly &Clﬂliled f‘

Q'was added marc N—hvdroohlorlc ac;d (0 9m1., O 5J equlv),




'-F‘..'lbenzovlglycine (LX‘X) (O 137&-,) e 0’01‘: wmed m.p. 18?-: :

= 4Bty depressed in. admtxture wi'Lh (LXXIV), but raloed

5;§?to 184-—186ia in admixture with an authentlo sample oi

n‘ffbenzoylgly01ne m.p. 186-188° ' The mother 1:quor from~7“'

;f jthls orop was ruduced to half volume by evuporatlon Ln

 .sv&cuo but desylte saedlnn v1th (LXXIV) no crystalLlsatlmn ;fﬁ%

j'*f?i“occureﬁ-f The mother llquor was acldlfled and a furthcr

.~ }cr0p (0 06& ) of rather impure benzoylglycine was thdluea;f{f

,t:‘m.p, 165—1720, r@iseﬁ to 183—185 in admixfure with an

“"';3Qaunhentlc samnle., After belng recrystalllsed once

:;rom water the m.p. of the qpecimcn was 173~5 Total

' :y19ld cf benzoylglvcene, .lQ?g. (43%)._{;;"

U3 SN
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