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The chart treces sre indexed by nurbering, from left
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The -roduet from the melt of glycine(10 z.) and
~ venzoyl giycine(10.5 g.), heated in tie open. The

sroduct crystalliazed from & boiling ister extract of
resction nixture, on m.ltmiian and gooling.

This sample wos acpos;tad Trom the eold mmﬁ.
obteined ufter the ramwai of sazple 1) a‘buw, and
allosing the rnmw to stand overnight.
The bulk residue from the aolymrimum in m nelt

of nyem(m B.) s bansoyl a;mm(m.s 8e)ed Bte srep'n.

4. paaple of tho ban"ovl g).ycins W shove,
The bulk reomm from the second prepavation of the

~ glyoine and benzoyl Zlyoine polymerisation product.

il L
-

n

8
: wm, for ons week b 180"0.

Product fros the yolymerisstion of glyeine(5 g.) and

_zmmallutw(&' #ni.)[w vppear ,mw]_ N noested ia a

nemled tube at 140°C,, for four weeks,
Product fron munz glycm(& ge) alone in & onlo&
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| 1) ’l‘hu polytoréaatim of glyaim(s g.) in hydrochlewia

.3}

-

R 8.

.m Ho. ] (mﬁmmé).
8

*nm produet from the ,,zox,,mmuum of gl.ycim(m z.). »
wnen m&m 4in Mphan:glmim, in & acaua tube for
em, at 150"0. o

blammo(ﬁ g.) wae fwated with mtar{i m.} in s uﬁlm
’tm at 160‘_“%, Tor 48 hours. The insoluble residus '

- was waghsd with water and sloohol, end ceatrifuged

down and dried. This seaple was taken Iroa ths dettom

o tha contriruge tube,

Polyzlyeine I sreparod b:.r ihe mMarimtim of

Ads etoﬁ.;senmim(i@ g.) in \mtar(s su’). vy mung

in & sosled tiube :m' & vours at mo%. |
SoR trace 4) above. mm;&hm tmurmm

'_ tup of tm cmtriruga tum.

um( 3 =l em.), heated mled &t :m.a"c a4

howrs, This aample oo taken x‘mn the top ym’."itm of
7' the carius tude, wnich ma hoen muxu 3.1::3;1« at WG..

Uee trece 1) sbove, %Wﬁﬂammm
vottom ef the carius tubo, which m cmwm aazm
st 160%,

The sass resction Bixture as a}.mm m ;umaa rw m

 hovrs. 'rma saw,pﬁ.a m taken from ﬂw amw qu,um, at

140 C., pertion of tm mf.w tube,

Jd
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a&m* e, 3 (aommm)

_&)

Hee "brace 3) wbowe, the .m...xglo vas takcn f:-am !;hu
102?61:‘ poriicn of the anri»aa t‘zm. shigh cantanm

- uou.a at w%. |

The m reaction pixture was Heated for 14 hours.
This samplse was takan Ircit the ummr portim ot the

- cooled reaction Lixt:

6)

n

-a:-}'

Use trace 5) shove, this canple was teken from the
Lower portica of the resqtion uixture,

The sese Teacti on mixtm wag veatss fop 24 houm ‘
8t 140%Cs. Thip sungle was taken fron the waensd solfid
extroctel :rmn the t.nm reaction uixtm.

Tm saue reaction mixture was nested at 2009¢, mr

" ‘2& uaun. This sanyls was the ?mlk J;m aoj,wum

uight peptiies af alyui*'w, wh:’mh ware salmla in hot

water, bub could be ,m«-ipxtum froa tne cold melution .
by aaam cth«zwl. |
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2)

The lmli mm gmamt :‘ron the pclmx*&ut&om ed‘

- giyeine (40 g} in concentrated Ldroshlorie aoia(16 u.)

by Feeting in a sealsd tude "t 166‘0 for 4 noure,

l?vlywh mim XL, pmpamé. by wpaatca mpmiyimmn :
tm splutions in seturated &qmm calolium enlamm N
mlutum l:y t*m uﬁ&i%«m »r mtaz-. |
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1)

Im..yslwim 1I{demuts), pwgsred by rcpattea
pmipxmum Tron sclntion 1n 700 aquaow smc

am.ormu m.uticm, on the adsition or watar, .
.%lyzl_mina I7{thick hexagonul Nimmtalu),"

from the repeated mpmcipiutim from uamtien im

saturated wm"o 8 calcim chlorm wlniem. by Wnter.

- Folyzlreling, gmymd Wy tha .:m.%pimmon of & 6%

golutioy of 0ly"zlycmo T in 707 axywoaw zing ﬁh&mda |
somtim(ﬁ nt,). by 60 ml, of in&uatrm lxairj.t. a:ml
washed with industrisl spirit, | '

Polyglyeine yrepered by wcmuuting 5 ale of ::.07»
30&&10& o I‘bly_:lyci:w I tu 700 aqueoum sim m’wnrida o
soiution, w 80 al, of 1must:~m spirit,

'Polg&&yam. from t‘m polymerisation of glyamo(m.) -

in conceritrater rdrectilorie mm(m.) iz & seuled
tube at 1‘35"0. for B4 hours. The m;pu won mm m

the top crust of tm mntﬂrmd water. zmamm o

Nﬁim. A

Dikstopiperasize(s g.) and umtorta als) hested sealed
at 16000, for 4 Lourm. »,m samEple Wwep taium rmm the
ntcr and ez’xmol washed, weter insoluble mnﬁm.

umwpmmmm, mpm rrcm gl cino nnﬁ» glfcel. )
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CHAEL 2 qﬂj. (mtimwd)

"‘)

&)

uikswpimuim and woter{ ¥ #e tma 8§ al.) beated
- sealed at 160°C, for & hours. She am;lt iﬁ tuken trau

~ the alcohol ana water washed residus.

mketamwmaim{w 2e) snd wates(7 ul.) heated sealsd
for 6 nowrs at 1609, The sample 1s tuken from ths
washed insoivble residus. N R
Eolyg&ycim, prephred by ‘boil.tng wmnmry-aMSm
antydride in mﬂ&im. |

) Felyglyoine, preparod. £ron cnrbenmxyaglfaina anh:rdx'm

mzymariutim in the ; ,,;menec of water vn,wm-, at
M!‘ﬁ tmymﬁum.

1)

F “‘r{

) mw giycim'. (ﬂu»nino)

Glycline Myﬁroc nioride, ore; mma Iw" the f'rost nethod,
Glyciie Ethyl Beter Hydrochioride ( 3t 165%C. ).
Digiyeine ﬁvdrnchmrm, Pmat mthod(?.tpt. 1889C, ),
Bﬁket.opixmmsm, xmwaraﬁ .f.“wn Jlveins m& mm .
@l&cﬁmm Mxpom.onmn Hmvatc, (nm. m@c.) .

amylgucme x"‘ydrechlcridﬂ hydrate t&m- 141"0.)
lecylslycim Mhyl Im&o@ 2&&3@0&@&&. pmm
by the onhott, mm.m Roeklaaﬁ m Dnm EGM
(Ept. 185-180 % S



&,

mm fo. 7T.(continved) : |
3) Giyeylglrcine ethyl Sater rmacmﬂmm (ﬂm zwf’c.)
4} DE dyeyiglycing, mwnmzm rm etiwnol/‘fntw,
[rpt. mesfo.(a. Y
| -5 .A*rlmlgljcm Btoyl Beter &;dmmoridm(m. 816%.)
' | ) mglycyxgm retne ﬁat‘wﬁ. ter Tyirosiioride, (Rpt. mwc)..

1) Wyéylglﬂim » [Mpt. 200 -~ m(d) )
- 8) Pentaglycylglyeine. |
3) - Penteglycylglycine msthyl sster mommm.
4) folygiyeine 11, repeated reyrecipitation from
o m&uﬁim in oalciwm chisrids. . -
&} seomm;m 1, ex. ammmmm(m.) heated
in wattx*(ﬁ ml.), in & amieﬁ tube m ,rz*o%. for & bowre.

i

l o 1) z‘auwaﬂuﬂm ar *lmm&(w a.} in ¢omanmua
 phesphoric scid(16 al.) heated in t.ha open at zm% |
:‘.‘oz‘ 10 mimx%a. m ewgla wag Mm m the h@t www»

maim" imlmﬁ)kx mmm. ,

2) Soe trace 3) slove, the susple was texen tm the solid
' wmah or: muxum on cw}.m fmt nf tho mmt hat wmar.
o utmuon ar the renction xixtwe. L

. | | i;) :,Eaae trace ﬁ) ahow;. eioposu fm m rs.;mm-ea somﬁm
. on atm&im over: 131;#;, ‘ '




- CEART Yo, 9 (cm'cmm).
&) 4 saugle t&hﬁl fron the second "'ot wator soluble
| fraction A | _
5 uee | trace 4}, uwoiid extracted fion me rixm: hot
| water extractioh so.ution, on sciing exooss ethanol.
6) Jee trace 5), uolil exiracted fran tie second hot
' zater extfacﬁinn colution, ux:x' adding alcool.

GHART Toa 310a |
- 1) Pommriaatwﬁ of glycine(L0 z.) asd c,onc&nmwﬁ
| pusagiorie acid(20-al,) heated in the open for 30
zinutes at 170°C, & ssmple of tue tlack water insoluble
,Qrﬂa*wt. . :
8) Gee trace 1), lesflete demai‘&ed on r:oolmg fron the -
ot water extraction. .
5y Hot 'mter mamc‘z’. polyuer fyoe t.‘w golmriautim of
. Riyeine (40 g.) 1n phoephoric mo1d( al.), driék in
' : - -air. The saBple wao tnkan Trom the srey betton rusiam
~of the sontoifuged produmt.. | |
4} See Trmce %), sampls trken from the dark top cmmt o&' .
the dried mzwimgaa >roﬁmt. .
.:13) Ses trece 3), & growmd unorasnted samyle of th& mw
water solubles porti«m af the prodmt. ,
8) ee trace 3), mr nolecular velpht vestids from the
| seccnd Lot weter extmctim of the raactiuthm

7y e trace &), . y,,;.oaited on &fving ethunel to the ..,olu fon
- rwm the aucozul amrmtim._ |

o wm

V-
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&)

8)

| o)

7)

b S arimmtm of r«‘lgci R8s ¢ W.) in ;w,*m'ic scid
{18 23.) Ly rontine 1 the open &t 5&%‘ ~REGLE tm
tie restdus on cooling tie thisd 7ot water sxtract.
g tm& 1) ubevey .epomit a‘t talasd 4 tmmiw the
filtrate Trom atove o M axees at**nml‘
see trece 1) stove, sciid dopositec on cooling fm
the fonrtlh Lot water o *i:}':iet; extraety toe gui le vom
woed an aﬁim tsd M rtmtx*&z‘w;u*g ﬁm
}”‘0&:*: a:iim!,im of oioninel(s0 g in prasaieric meid

{6 510, by heating 1o a cesled tube st 170%C., tor
a1 “@ 8. The :mwle m wm rron e fieet
mryamuimum of % & Lot water soluvie m{sum.
Thio seanpdeo ﬁzmm_; Imm;;mazl lsalletn ndes t;;wa ‘
almtmn u‘iwa“ »co,‘_.mo | o
PoL i "“ihisﬁim'i w ml.,,mhfsm »ﬁ .) 33 ,)imapharm Mi&
{a: m,}, by hesting conied nt. m for B4 Lottty

,}m ssxple wns taken rmm the am wiatyr salxm.w

o truce 5) sboves TRAE s ;,Q.qa wag teken from %‘m
hulk fmtex* wa &zm TR Pmt. 4
m).mviwtmn of gxamiww Ze) in ,;mmm ncid(i MJ# ‘
by ’mmsim; wﬁa& at M’?‘%. Tor &4 mm. m mat;.m
wixture woo mv,wmma Sith hot. waters the m&::mm- '

‘ymi Stated &a em:s.i% ﬁltem m s mm ﬁha wmmm

oliomwend o ﬂm, ‘Tm.‘&& aw,»za wod than wmaa.
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CHART B, 18. . | |
- 1) ihis sumple was towiht to be glye:rlgl.jnltw ath;rl -
wtor ‘Wmm«wida, but was gnown by t‘m aingle
. ctyem anslysis to be totauy eamerto& o
dwlyc,ﬁ.m hydmahlormu. N
%) Hot water soluble 4’mlygl.fciuc n, obtainod from the
| wreparation of Mtoyxgmzm, by the dimerisation
oi’ g&rcine in leveal. _ ,
:}) uiglycim hydmchlerida, pm,pané vy tohe ”mt mmc,. |
4) The saaple was taken frou tm dried Lrown 51‘:&!50 |
| obtained during the pmmtian of dmw;»ipemim,
. from giyolne and glysode
5) Glyoylglycins etnyl ester hydmehinrlﬁa, ,;mapumd b;r
| the method of uchott, .erikin, oskland and Dumn.
- 8) G]Jciﬁﬂ ‘mﬂx‘mmorxdo. prepared bv the nethod of
¥rost.

This chart was one of saversl traces usde for samples
of Polyxlycine 11, mpmcipimued tron aolutim in
c&}.r-im c:hloride maiaﬁion bty water, The cinim tpnd. m\b '
30 inches wr rour. Jhe nusbers on b shart refor %o Shis
| m aniy. The ‘tushers m the circle refer to the |
'nmem yesks given in the uw on page Oa{ Zxp, 16)e

'I'M nEAT horisontal J.ma i m attmpt to &ru & Desn
bacmam 3.m1a o : o
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INTLODUCTION, _

Tho Polyglycines are of interest because they.
are related to nylon and the polyanides, and to,ﬁhs_
proteins, They rpaaﬁblo nyion in having @mine,—ﬂne,
end groups, and the chains are formed through
peptide..RCO;NEn,'11nkag¢a. The knoyn'Pblyglxcinoa
are not fibre forming, as products with the required
degree of polymériaation have not been péeparedp' o
. they have a low degree of pol&mcrisation, about
10 -« 20 is”thb'uaually-fecordsd valus for the
number averags degres of polymerisation. The degrse
of ﬁolyneriaation or‘the fibre forming poliyamides
is aboux 200. The polyglycines nay be regarded 28
the aimplest proteins, in that they only contaxn one
anino-acid apecies, and this is the siq}est one,

| Peptides of glycine have been Imown for many
FCOITS. The earliest recordod preparation of a
glycine polymer was that of Curtius 1(1888) The
earliecst recorded preparation of'Polyglycinz was
by-ﬂaillard§6(1914), He‘obtaingd s water insoluble
horny pdlymer. The}discovery’that Polyglycine
existed in two different forms, two different

crystal}inc modificltions, waé Qade.by'neybr and .
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G0%2(1934). They showed that the two forus had
different X-ray 4iffraction patterns. This work
was revived by Elliott snd Malcolm®®(1956), who
showed that the two Polyglycines had different
In:rarea Spectra, Thp polymers wers named
Polyglycine I and Polyglycine II. Polyglycine I
waa-bel&}ved to bé related to the structure shown
by silk. Pauling and Corey 5(1951) postulated &
“pleated sheet" structurs, in which the chains .
were extended, and the structure showed & two-fold
screw sxis. Polyglycine II did not have & structure
which could be related to any otﬁer known peptide,
_or protein structure, A struchure has. been postulated
by Crick and R1ch®®(1966), in which the chains
 vere hexagonall& packed, =nd extended, the
~strﬁctuio ehowed a three-fold screw axis., The
strgctﬁral relationships, and the relative
‘stabilities or~thé twe forme 1s not known. No
other crystalline modificationa of Polyglycine
have’ becn discoveredP in particular no alpha
helix structure has heen observed. The alpha
_ helix structure is comion among the proteins.

The purpose of this work was three-fold.-
1) to:uce if any new rorﬁé or‘Pblyglyéine could be

found.,
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2).to detefﬁine whether the tranéition bétwéen
Polyzlycine I and.Polyglycina II wag reveraibla.. :
3) if possible to obtnin infortietion: 1¢ading to a
better‘toundation for the auggostea atructura fot’
 the two crystalline forms of Felyglycine.

¥any methods or'pr,paration of both forms or -
Pblyglycino have besn examined.‘ﬁ new low molacular h
weight forn of Pblyolycine II‘has Leen dlscovcred.
| Thin unlike Polyglycinn II is aoluble in hot water.»;'
The atudy of the palymerisation of glycine in
phoaphoric acid.solution may aleo yield & high _ 
molecular weight form of Polyclycine 1. The |
4 1nvoatigation of the varioua polymeriaatione has &
also. produced evidence of the relative stabilitiou,
of tha two forﬂs ot Polvglycine. In 81l tna casaa
of tho direct poiymeriaation or gl;cine which htve'
| been oxaminad, Polyglycine s g was ulwaya obtainad
a8’ the initial‘groauct. Prolonged reaction, then
‘éonvertéd £n§ Fblyglyciﬁe»llbihfo ?blyglycine I,
Analysis by'p;pér chromatography of the reﬁction'
yrodncte of the polymeriaation of : lvciné'in
hydrochloric acid, showed that dlketogiperazine
was proaent in the reaction mixture, This could
only have been prodnced by the cyclic polymerisation

of two molecules of glycine.
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' It has not been possible to confirm the -
transition between ihe two Pbiyglycines;dbservad.f“
by leggy and Mkomkigl(l%fi). There aid not =
appear to be & true transition between the two
forus. “he results strongly 1nd1catedvthat
Polyglyeine I 1§.a netgstable form atxall
tenmperatures, with respect to Polyglycins I,

Yhe Xeray diffraction examination of the
products of varioue polymerisations has ehown
that nany‘preyarations contalned mixtures of
bath Polyglycine I and Polyglycine II, It was not
Vfound possible to‘prepare any single crystal '
specimens of either forn of Polyglycine. &
probable method for obtainiﬁg single crystals has
besn obtéine&.fbr.both forms, of low molecular
weisht water soidble peptides. The cryétalline
quality of the syecimena hﬁs been examined unﬁer
thg éiegfron‘microscopé. The growth during repegtedA
recrystallisations qf}Pblyg;ycine iI has also been
studiéd, This growth has been shown to paes through
several atages, showing different crystal shapes.
during the rccryatallisatioa. The best crystalline
aamples chowed near hexagonal leaflets. The hot ‘
‘water soluble low molecular weight specimen alao

ahowed Lexagonal learlet shape. This supporteﬁ tho-
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structure proposod by Crick and Rich. ‘The
. spacings dbtaineﬁ rron ths xprav powder ghotographs
'agrced with the gropaaed ptructuro also, The
_ mderocrystels were then subjected to i-ray
powder Aiffractometry. The éhért trace shoved that_
.although agreemant was good for all the specings

of the_bropoaeﬁ,atrgctgre, there'wero ssveral
‘additi.onnl spacinge prgsient which could not ve
accounted for by'the'yfoposed structure. Attempts
have been made to provide an alternative structure
withoum-&ny,sucﬁesé; .Ths‘étructurg'aeamed to be

too démplicaﬁedhto b§ solved by powier diffractometry,

An A-ray axaminetiqn of tho lower pcptidea has
" 8130 been carried sute. The powdcr diffractometer
traca for the pentaglycylglycine peptide. showed
considerable Bimilarities to that for Poryglyecine 1I,
The powder diffractometer trace Qr'diglycylglycine
peptide was not of the same structurc as that
obaerved by Bernalgs(lgal); although his umaterial
was & hydrate. The material examined vas not hydrated.
The samples of Polyglycine I which were

_pregered were of poor cryetalline cuality. “The
"x—ray pouder photographs and the diftractometer
fracea yfelded little new information on the
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possible structure, The hotograshs and traces
showed only broad peaks and bands, but the 3.45 A,
peak.bbgerved by &stbury at a Dragz engle of 12° 55,
‘has been shown to occur consistently at 13° 6'(3.40 A.).
The unit cell for thaﬁstiucture is certainly not
the monoclinic cell propoaeﬁ by Asﬁbﬁryg’g‘(1948).
The hot water soluble Polyglycine I, of low molecular
weight, would have yielded bottei crystale if there
had bean sufficient time for theif yreparatian.‘

t.Ths bonzéylpen;aglycylglycine, obtained from -
the bblymerisation_bf glyeine and bvenzoylzlycine,
pentnglycylgiycine. end the product from the '
polymerisation of «lycine in phosphoric acld were
_unusual, The X-ray diffractometer truces of these
waterials showed low Braég.apgle rerléction-. Such .
low anzie reflections ha&e not becn cbserved for
glycine peptices po the knowledgo.of‘thc suthor.

A systematic X-ray study of tie metlyl and

éthyl eaters of the lower zlvcine pepﬁides‘waa
unsuccersful, The preparation of single crystals
using aqusdﬁa éolvents, produced good crystales but

the esters hiad boon extensively hydrolysed,




 SUMMARY OF PREVIOUS WORK
b e e -



SUMNARY OF PRI WORK
,,mr ARTON OP LYCINE POLYMERS
A) W

The nrnut nttupt to polnouu ;lyei.na diroetly, -
was ndo 154 Kohlor (1865)“ who hested glycine in a stresm

o b.ydmehlor&c acid gesy h obtatned a gr«n fluorescent

ﬁroanot whiock was mainly Z,HikotoplperuMa‘ lhn .
Abdertalden and Komm (1924)4, bested giyotne, slone, 1n
~sealed tude at 160°C, they obtained gl;am mnymag, |
- Q,Mﬁutoptpomim, as the main brodﬁét 'ton.thor with some -
polyglyoine. | |
Glyoine was also fomnd to polymerise when hested n
‘ high bouing toivcntl. E.ms wma Xratn (1924)67, hntoc -
.glyetno and phonel in unlod tnhu. m produot of |
'Z.S-Mkctepipomim wu 6btained in good yield. U-ing
| 'mcmz, Balbians and Trasoiatts (1900)'2, also cdtatnes
 ~_"; Z,Hmwpiporum, only 2 small amount, and a horny asterial

" whioh was insoluble in au the normal mvm- and gave -

£lyoine on hydrolysis. Tats rucﬁ.en was mtnvung;toa Ty
Matllard (1911, 1914)%5" 86, 1o concluded that the yields or
- oyclio mb:dridc g pelymer vu-ua mh the Mno of mmm



md the conditicns, whothor h'utod'unhd or in the open.
Ee obtained th. horny yolm md -lmml that if the slyclno

" was first dissolved in um, amma with mmoa end uma

to 170%C, z,mmpmrum wes cbtained in 864 yields
The latter has simo been disputed. "1'!10 io'thnd generally
- used to prepare 2,5#&&0%»1”#“1“ is one using slyecl
 deacrided by Samnte (1942)1%3, wn wodified Ry Schott and oo
workers (1947)1%%;  the yie1d for this e 628,

Curtiua and Benrath (1904)%°, obtatned 2,5-¢1kntop1pa-
‘asine end glyeim peptides, mainly the pentapeptide, Wy |
hnttng giyc!m in & uﬂd tub. at a huaa m;porntm. '1-'1;-:
.a180 obtained o nixturo of the B-beusoyl derivatives of the
dt-, trjlm,, .totra.-o and Rexepeptides of glycine, Wy hntlpg the
~ silver salt of zlycine with bemsoyl chloride, or by heating
gmm »ith R-—bmzoyi glyeine ester, or 'l‘éwmlcimlmo&he.r ;
‘ﬂu chief product was the l—bemm derivative of the ha.- .
peptide. The degrees of polynoriution of thess products vu
based on an elementary mlly-h, aad was nat to 'bo muy |
ulhi upu. 4 ,

l-w (1956)%? stuated the polymerisation of gmmo
in aqueous ndh.,,_ 3; found that polymr;utieu could be made
to oocnr by heating with Wéhlaxfié ac,té in a gealed tube
at 140° . m mmot vas poliglyo;n‘o I. 'n:c yield of
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polymer depended on the ratio of glycine te hydreohlorio aoid.
The optimum proportions were 5 gas. of alyoine to 1 ml. of -
10K, aoid.  No pelyslyvise was formed at 130%, and 1t the

~ tubes vhich had been heated st 140°C were kept ot 130° for
- 24 houre, the ytnu of polymer was veduced, unnﬁd i
conditions for the reaction qppcmd te be a temperature a'bau
MO c nnd the prum of cl.veuu n a solid phase. By&roehlcne '
mm was not essential to thn resotions phospheric soid, | o
monm- ehloruc, and udhu hyuuidn were crfoctin mu:-u, |

" or the umtim could be cmied ont usimg ntor only. 'E.ydro- '

ckloris oeu gm the b«t yield and qmnty ot pol.nez . The
reaction eould alse be carried cut at ,:mnp'herio pressure. |
‘Suffolent water was added to the mixture of glyoize wsd hydro~
ohlozta mld ts Mmlvc all the solid at the boiuns point.

m nolutacn was rdlmd. for 2 hours, nd thon evaporateds

Ho gmm upmm, glycine 414 asparate if the sclution was
evaporated before renuxinc. The bouing point ef the solutien

" rome steadily as the utu' was mwa&, and the residus beem

wmninm vheoun. i‘hc tupoutnro was hold at 150-16@"0 for ..'
fw hom 'm preduet s M utrwtca vﬂh ntor. Palya-

‘ glycim wes ebhinod et tho yield nriod greatly. o It appen'd 4
that during m mﬂwng mc lonr poptuu were Tormed, aul
thoir prcunco utorrorcd vith tho orntnlhation of glyeine,



‘s0 that a supersaturated solution was obt.uind, which could
be heated to a temperature at which the glycine could pelyi.ru. '
») mowmsermes | |
| ‘ﬂu results obtained for the polymerisation of di-, and'
tri-poptidu of glycine were eonmsng. Herzog and Kiahn |
(1924)7, founa that iyoylslyoine was converted alnost
' quantitatively into the corresponding anhydrido on heating in
a sealed tube with m-oresol at 105 Ce They oburvcd that
Ivolmrtaﬁuun cf the tﬂpe_pu‘eﬁ under the saeme conditxom wan
more complicated, without giﬁng any more d‘oﬁnu Abderbalden
and Eomn (1924)% investigated the polymerisation of |
8lycylglyoine and diglyoylglyoine when h-atud in utcr m
scaled tubes at 160°C. They found that both peptides gave
substantial yield of diketopiperasins. Haillwnd (1914)85
olaimed that an agueous extract obtained from hesting ¢1ycino
m &lycarol contained dikotopipammo and triglmlglyeino.
Qn standing, this extract deposited the hqupapttdo of glyc;ng
as .u- whito solid. When fhls precipitation was eonplqtc the
aQUeoUs }iqnmr ne lenéor gave the bit;rot reaction, showing
that the tetrapeptids had been used up. The polymerisation
may have ceased at this stage, bBecause of the mﬁlubtuty of
the hoxo.p_opttd@ This obmervation suggested "thit |
amtomvpruma .ﬂw’hd resdily with agusous solutions of
&lyoyl ptidns &t room temperature. It sscmed that oit!;or
dikstopiparazine reaotod only r.tth the tompcpudo, or that
Adberbalden end Komm 4id not have favourable cenditions for
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vater, and would not pm' through & dlalysing 'n,'.s,.,;.;  He
a44 mt record the natm of these produotn. ) Poly;kma and -
i Vornehng’.n (19a9)98 heated ammyap.u-zm in water at 170%.
at. 200 to 400 a‘h. PresSsure., - lﬂm‘é dftbo'éielic dilin was

hyd.rolyud te gl.yu!no but ubout 25% m eomrortod to an inaolublo

| . yolyglyoim. ' hggy (1953)88 ttudioﬂ the diketopiperasine-water

| aystu in donil at tnporaturou batnm 180°0. md 60 c.  The
yield of polymer at 180° . aepmm on the tim of huti.ng and
~ ‘the propertiona of the rn,ctmt,n. ‘The eptm time of heaun_g_
‘was 3 = 6 hours, and the optimm proportions 1= 2 parts of
water per 2 parts of diketopipsrasine. Prolonged heating
reduced the yleld owing to hydrolysis of dikmtopiperazins
to giycino. which was partially deoccmposed to mnim
carbonste and other wnidentified products. He also deternined
| that mdor the same conditions glyoins and ﬂigl:cyl;lwm did
not yicld polynr, ‘but glyoylglyoine gave 18% of polmr ‘l'hqu
- he mggum the fenov!.ng steps for the polauranti.om- v
‘ 1) diketopiperazine —-—>gxyoy1gxymm. ' |
' 2) . 81:'0!181!01!” + dmtopivwﬂm 4 tmmmmm
“or in gensral |
(sly)n + dlxetopiperasine ¢ (0y),,,
3)  elyoylglyatae —>glyoine.
4) glyaim = maonium carbonate eto.

%hen hocmo of reactions (1) and (3). the concentration of



dione in the aquaoua phese fell below a b‘rta‘in value,
reaction (2) was roversed, and the smount of polywer was
reduced, It was not possidle to test whether reaction (2)
wns reversible decause of the steady b,vdmlyain, dut the

' results of m-mmm and Koam end of Maillard givan above
suggested that this was the case. The reaction was then
studled et temperatures between 60°C. and 149°: At 140%.

' the reaction wes coaplete in 2 daye, st 120°C, thie required
3 wealsy st 100°%C. 14 weeks' hum:g d14 not completa the
mction; at 60°c. 3 months' hoating produced seme palwry‘
at 40 . thnro #ac no sign of polymer aftor tto yoars. - The
reaction was studied at 140°C. when the 1rrm1b1@ |
decomposition to ammenium carbonate etc. which occurred at
180°C. was inapprecisble. It was shown that from 19 hours |
onwards the agusous shase contained only mofoplpefaﬁho

and glycine, togothez: vith & amall smount of ammonia.
Replacement of 10;‘ of the dﬂmtopimndm by glycylglycim,
accelerated the ingtial’ stages of ‘the reaction, about 405
 polymer being obtained after 7 “hmn's. But analysis of the
aqueous ph,aéo showed that the dogroe of. jolmerisaﬁon of the
aolixﬁio th“- was hetween 1.5 and 2 for the first 30 heurs,
showing that glyoylglyoine was being formed by hydrolysis of
diketopiperaa:lne as quickly as 11: was ‘bemg consumed m the

| fornation of polymer. A similar oaﬁalytio affect m lbovm
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by small amounts of acids and bases. This work sﬁpportod the -
resotion (1) 4n the mechaniam above. | B
The rohtién between solid glycine, solid diketopiperazine
and polyglyoine, in the presenoe of water was quggected by leggy
. to bo:- _
o > 140%.
g.lyoi‘.vno‘ 5=====§ polyglycine

<140%.
~ (slow)

' 2,5-dlketop11§ox;azino
Ixi th‘e prosoﬁoo of an aqueous phase, diketoﬂppraainé was
" unstable 'with respect to glyocine and polygljoine' at all
tcmporaﬁura;. From the degree of polymerisation of polyniora'
_obtalned from heating at 120 = 180°%C., the heat and entropy of -
| formation Qf the ‘poptidc bond in gsolid.- polyglyoine was calcﬁl_ated

a8 3.3 koal. mole ' and 17 oal. mole™" dogrn_q, respsctively.
The degree of polymerisation of the products varied from T.9 at

100°C. to 12.6 at 180°%.

n) FROM GLYCINE ESTERS

' The first successful preparation of a polymor of glyoine
vas roperted by Curtius (1888)41 He found that 1t puro
: 'glyoino othyl ostor was allowod to utand alone, or in 'olut:lon
in dry ethor or d.ry chlorofom at room temperaturs, ‘
diketopiporuino and a product which gau the bigrct reastion
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' _wa; 'obtained.. This reaction was typ:loai Qf pr'otcin; and
polypaptidn, tho compound obtained ho called Biurot bsu. |
Thu oempmmd was later shown by F‘isehar (19!2’6)53 to consist
principally of the ethyl ester of g);voino tetrapaptide (III).

: m
o ' °° \ch
’ / CHH2 'CO'
NH,y CH, .C00C fig | N

\,Hﬂe’c“a‘cp(m'“ch)?m "C-C0% g

(rar)

Thn.rol'a‘nvo :yiolds Et.the .two products .uro fo_uxm fe depend
on the purity of the g’.lyoini ethyl ester, and on the mode of
polynriantion; . Pure dry sster afanding in qir gavo: biuret
| base together with 30% of cyolie dimery 4in abmolute ether the
yiold of dimlr fell- to only ons bureent. «
curtiuu obtained -unilar resulits using the nothyl utor
of glyoine. Fischer and Foumoau (1901)5' showsd that when the
diketopipernim obtained by Curt:lus was treated with acid or
alkali, for a ahort tino, tho rmg was. opcned uth the tomati.on
of glyoylglyoine (MH} .cnz.co.m.cnzcoﬁ) | .
‘Curtius thought that the tetrapaptide ester was the ond
, produot of the reaotion, but more roeont uork by h'ankel and
‘Katohalski (1939, 1942)57' 58 hap ‘shown that higher papuau
were formed, when the rqaation» times were prolengede They =
' used methyl, _aﬁhyli, :_lgo,-b,nfyl, and higher esters of glyeine.



Summ.

10w

They found that glyam othgl ester,. when kept at room |
tcnp.raturc for 5 months yioldcd higher pcptidu as well as -
the Curtius produotn. and aftar oxtmtion of tho lattor w!.th
‘hot water a horny imscluble material reasined. This matertal
gave & positive biurot. and ninhydrin test. Zeisel estimation
_of the tmim.l ester gmup gave a DP of 10. to 35. Under
similar conditions the methyl astnr govc polmrt of higher _'
'mlooular uight than the othyl or i-obutyl esters. Frankel
and Ketchalakd (1942)7% %9 olaimed that the polymers pmsuad
-~ above -undojrwmt further condensation at higher temperatures,

- 130%. to 150°%. to give etill higher polymers, e.g. 110-

. glycine methyl ester or 42-glycine Totl;y'l ester. Bﬁt the work .

)111

of Sluyterman end Kooistra (1952 ‘and Sluyterman and

~ Veenendaal (1952)"‘3 h:m ocast doubts on the alkoxy content

|  estimation as a measure ot the degres of polymrhution of

: Amch polymers. _ N

‘rha ontcu of glycine cunnot in gemral be condensed
te give good: Yields .or;highgr peytidu,» a large Pm.Portiogx is
. _oonvertid into diketopiperasine. Baﬁi‘al. Frankel, Friedrich
and Katchalski (1948)23 obtained a good yield of polymr having -
a TP of 20, by the condensation of the ostyl sster of glycine.
It ‘v‘u not possible to detect any diketopiperasine formation in
tho reaction. | | |

The rate of condcmution of the eateu was found to be.
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remarkably sensitive to sxperimental conditions, traces of

o  dmpurity acted as ocatalysts. Korshak, Poroshin and

Kosarenko (1954)7° have made & detailed study of the kinetios
of thé pdlxoonclennﬁbn, and have studied tﬁo effects of
various catslysts. 'Th‘q-have studied the ostalysing sffects :
of aar'bon. dioxido, acetic acid, strong mimsl aaids, ethanoi, 2
peptide esters, and the carbmto. ‘I‘he condmation of tho o
utm was also uhm 0 bs mnrkodly lmitivo to the nature of -
the solvent by Frankel and ntamun (1943)58' and Tompa |
'(1955)"5‘ |
E) FROM PEPTY nﬁ ESTERS |

| 'r& dip@ytido esters were not .teund suifublé for the
preparation of polypeptides. The cyolisation rexction
preamm;., giving an almost quantitative yieia of
diketopiperazine. Fiacher and F@um“ﬁ (1901 )51" observed
the formation 'of a quantity of water msolublé material 3iv1ng'
2 positive biuret resoction, whan aycilglyai.ne osthyl sster was
heated at. 190°C. or kept in chloreform solution at 25°C. The
| mechanism of ‘thc‘ polyoondemation of ﬂyﬁylgl‘yo;na'othyl sster
has been studied by Komrenko, 'Pémahm, and x'us'ming (1959) 76+

. The raaotion leading to cyolisation of the peptide ester
eould bs avo:ldod ‘by using the tripeptide or highor poptido |
esters. Diko;ppipcrauna could oply then be formed by chain.
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i dogrgdstien. 'I‘ho oondmtiem of tripoptide ut-rs was ﬁrat '

r.mrm by Fischer (1906)°%, e found that heating

diglmmyoino uthyl ester at 100°C. resulted im the

‘ ﬂél&ﬁ«n of »thml, and the .proémuon of the hexapeptide |
ester in 70% 'yiolé.b-'md a mélablci-. i!pﬁ&m of higher mﬁdo :

'utorl of glyeine. Figcher shoved that the h‘inpoptidn esters
cendonud nlovly to mlolubla hi;hor paptido utau on prolonged

3 h.uti.ng. o _ | - ‘

| Passu snd Wilson (1942)7 confirmed the work of

g ibderhaldon and Podor (1916)%, who showed that & solution of
diglyoylalyoine dethyl ester in methanol alowly deposited the

| hnnpepu@ ester, «at: room teugporat\&t..‘ " The condensatien

' eogked at this stage sinoe the product was insoluble ji.n"nathmol. -

The tri-, and hexapsptide esters when heated at 102° to 130°C.

. for 3 weeks, ylielded a mixturt of ihe tri- and honj_’optidq potorﬁ..

" fupuotiioly, and en insoluble 4r¢¢i&_‘u‘o of average chain iduth |

of 96 mudﬁ-; ' The chain length -u measured by. s modified
Zeinel mthod, mﬁ eonﬁmd by titration and Van Slrh mlno-
nitrogm amly;is. They ooneluﬁod that the species preunt

ﬁz thb reaction nixtuu r«ctoa tmly with itself, so that only -

B : ptptidn containmg 3 6. 12.0‘.’0., rosiduu wore formed. ‘I‘ho

ovidenon for this aomption m hu& on thoir olaim te huw :
obtained a pu_ro dpdmgpogtida ntfer. dut this my.havo ‘bun s
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mixture of nons- and dedeca-peptide esters. ¥o turthor
ﬁillmo has coms to liéht to uubport the theory, or ié-‘ |

show that the eondmatlm of the tripcptido esters diffirl

fron that of the sinple difunctional mino—aeidn,

posiiulated by Carothers (1931)33 and Flory (1946)56

Sohraws and Restle (1954)'% working on the peptide
'catura of other emino acids, found papudu eontaining 9y 15,
18 und 21 Tesiduss 1n the produst frem tripeptide ester
oamlensation. The molecular weights wers estimated by ultra
violet mmd mm.a sbsorption measuremeats of the !—2,4——
dinttrophenyl du;vativn (Sanger [ 1945 ] ’02)0 : Thm the
reaction followed the expsoted course. They alse ‘fomd that
the peptide chains were degraded during the oourse of the
‘reaction, espsoially en prolonged beating, to diketopiperasines.
Abderhalden and Schwab (1921)5 found diketopipsrasine in the
prednst of eonﬂmauon of dlalyoylglyoim mthwl m.r. Thh -
~ denolymrintien effect lmtcd the eise of the polyun ebtnincd, A
and, the presence of ukocopimmm in the pmam mmm.a |
end. group dctmination of -olooxnu’ weights.
. Ress, Tong and Young (1954)‘°° studied the kinatics of

B thm rato of eondonution of d:lglyoylglnm mtnyl utor ta tho
wupepuao ester, at o° 25° und 60°C. - The resstion was round
0% second order’ vith respect to tripeptide ester. The

-1

entrgy of ueuv-ation‘ngs.s kcal‘. mlo o The r.mnon s .
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followed by weighing the proeipitaf_cd hexapeptide sster at
intearvals, or tiﬁmtmg ‘the residual tripaptide in solution.
| ‘I‘ho rate o! oonﬂamatlon of the hoxapoptidc utor was tound
to ‘be very slov. L

Curtius wmmd triglmlglycim othyl eater, Biumt
bass, and subjeotsd it to ﬁ'natiemal pmipitaﬂon, until thof
‘baaiq egquivalent vol@t oormmnaod to the oaloulated valus.
Heating this material at 100°C. in vasuo, produced s water
insoludble produsct which he dcqigmtod the octapeptide. .
TFiecher '(-1906)5 3 preparsd the ‘éorx.iipnndiu mothyl :uﬁr vy
stepwiss synthesis, but found that it would nmot ymi.i-u;‘on -
prolonged heating at 100°C. He repeated Curtius's work and
found no polymer after 8 hours heating at 100°C..

Sluyterman and Kooistra (1952)'"", ant Sluyterman
and Veenendasd (1952)''3 retnvestigated tne polyuﬂuttcn- :
of the tri- and tetrapeptide-esters of dyoine. They confizeed
the work of Pacsu and Wison (1942)°%, that the tripeptide
meihyl ester reedily lost methamol at 100°C., yielding tasoluble -
polymer, and showsd that under the same _eond,iﬂqna‘ the .
w;@.ﬁm ester lost mathanol -iéwly, deoreasing to 0.5%
aflier & 200 hour induoticn pertod. This verified Flesher's
work. The final product oontained 10% of water Lnnolu'bh
un1tor1§1 (=OMs content 0.79%) which was promd to ds a
- pollyglycine ester. = The obn,mod £all .zu n;ethnnl content
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wsulnly due to aethyl group wat!.on. If the

wmmt:mc estar was heated at 185° c. (Mpt.-1s 205°e.), or

in methancl at 100°C, the main pmd\aot was & water molublo |

"wlumr. and a little lmomo, thia aheu& that under thou

' cmditiom aawlmuﬂon oeam«l lero tuﬂn.y than utmvl '

gruup migration. | | o
The tatrapsptide ntu'u are ltrmnzly unreastive, N

)mdlur canditim lu!.hhlo for tho rndy oondensation ot tr:l-,

or hexapeptide esters. anford et a1 (1956)% statad inat this

: -utubinty u&ght bc dus tm s dispesition of the emino md ester

| araup: ot adswmt nalcouln ia tho omtal, whieh m).a be

wnlavourable for resction. Aleo the higher lsttice g,

' B‘l& has a Mpt. of 265°¢.. . Osl_‘q_hls s !pt. of 111 _G.-_. may

be a contributing faoctor. The lsttice forces being oomi'd.r- -

| ably veakened at 185°., allews condensation of the end groups

to oosur, m in solution at 100° tho foross are mofhctin. |

At 160"0. tho nitrogu stom of the amino group of one solecule ‘

docu not approach olouly muh ta th. euhom mm atm of

‘m a&:aont aolesule to cffnt condensation, but mm |

-g,roup nmuen taku pheo borero the atoms m alm mm.

| ‘ltcbhyl group niguuon oscurrs by thu uthyl o-hr grevp. ;

migrating te thn pri-try smine group, of the same nelocuh h: .

;L intrmh:mln rommmt.v The preduct is & Mttor ion.
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triglycine methyl ester. ‘ .
> CByuH.CH,C0. WU .CB,.CO.NH.CB 100D
n-numm;mm. o

Thils x'mtim mValMaton tho alkoxyl method of
dﬂkmimtioa of the dog'n of polmriution. m Van Blyko
ustihod is unreliable in this case, since it is mpeuiblo t0
eliininate fres C‘bhﬂl or Mhyl utor groups ﬂﬂ.oh would
'm1tqu. " The presuncs of dikstopiperasiue in the produsts
: a‘luof'mdu—' snd group determinations of the degree of
pell.:umatm umeeurato. 'rhcu'in alao the possibility of
hnlmtoin formation, ae discussed below for l-on’bew
tn]vllrid. polymerisations. v’l’hil again will in‘ulidato snd- | |
@mp determinations. Mush deubt has been onst en ‘the valuss
given for the d‘grau_ of polymsrisation in this sestion. . m -
‘hijth values recorded for the déu;’a of polymerisaticn e
Prbadly false, since no tibre forming polymers have been
" obtained. The dﬁrﬁo of polymerisaticn necessary for fibre
forastion, by oomparisen with the polyanides, is sbout 200,

‘Leuchs and co. (1906, 1907, 19@3)8"' 81, 82 plrn&
thy H-earboxy anhydride of dyoine (glyoma-nm) from glyeins
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by the following methods- |
' o aqe alkall

¥H,CH,.CO0H + CH,.00001 — wey CH,00CNHCH, COOK.
g 3+ 0% - ¥ 2
| = 0°%.

oxoess, . methyl .' o

[30012 ] ' ohlereformate - CB, - €O__
—  CH,0OCKHCRRCOOY > 0+ cEm

40%.. | | 60°c . BH - GO |

o | glyoine-NCA

The resction with methyl chlerefermate in sold aqusous .11:;'11.
was ossentially by the mthadv of Fisoher and Oﬁte (1903)54’ 5.5.
Treatusnt with excess thionyl chloride st 40°C. converted the
¥-carbomethoxy-glysine into the unstable aoid ohlorde. This
emnpéund underwent rm closure at 60°C. the exoess thienyl
chloride wan sm\ntmowsly naove& wder Mwa Pressurs.

'l‘hal product was not always eryttlumo. but samtmn upnutul
as an oil. This was overscome ty using phesphorus pmtnohlorm.
irstead ;nt thioxvl chloride. A modiﬂoutien by Bergmsnn nnd.
Zervas (1932)25 used dengyl chlorotomato, in phcc of methyl
chloreformate. This method uﬁm.phosphpm pemtachloride
 produced better results, but the produot still had to be
carefully purified before use. Parthing (1950)*% used

acetio anhyd.ridc as & lélvcnt for‘ the reaction 'it,h thionyl
chloridé. | The mixture was boiled for a }fow seoonds only, ha

| olaimed & yield of 9% for glmino-l{cia. ) ”
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Other methods have been evolved for the preparation.

| of glyoine-NCAs- -

W

R

o)

Curtius and Steber (1921, 1922)*2 used tho partiad
‘hydrolysis of malonio diester. They converted the
- half ester to the hyd,ifad(l and converted this to the

aside, with nitrous sold in ether. The ethereal
solutfon wes then refluxed gmng the NCA. This methed
has bean modified by Hurd snd Busss (1951 y,

Pushs (1922)5 prepired the NCA d~phergl glyeine by

direot aotion of phosgane oa B-phenyl glyaine in cold
aquecus alkali. This compound vas wausually stable to
water. The method was modified by chy (1950)%2,
Basley (1950)'", and Farthing for the preparation of less

stable NCA's, including glyoine HCA, by the use of dry
‘inért solvents such as toluens, dioxans and tetrhydro-

tixran‘.ﬁ )

) s‘mmm (1950)49 used the disedium salt of H-ou‘hev -

alyum. Thia was prepared by tru‘hunt of an

agueous -olution of the glyoine with a molsr qmnﬂty .
- of sodium oarbonate, md pmipﬁation of the salt by |
_methanol. The salt was mmmdod'm sthyl scetate or

: d:lom snd treated vith phaagono or th!.onyl chloride

giving the ROA. This hn bun nodified by Prichu'd

99
.(1950) .
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©"the polymarisatien of glyolne-NCA has bewn sarried
out 4n & mumber of ways. Abon_ﬂ;o,mitin; ;_Sdmt, it loses -
carbon dioxide readily, giving ‘polymers. Sigmund and N
: Vunly (1926)'06 ﬂublilo& lyemo-lm without polynorlution
at 50° to 130%. and 0.5 to 10 - ;n»nm-o. Lmhs obtmoa
'polyglyam by treating the HCA with a 11ttle water at Toom
temperature.  Wessely (1925)"7 showed that the higher the
gropertion of water ihe smaller the melecular weight of the
_mtuo;; u- nthum by foﬁwl titrati.on of the 'ui.m md
groups. . Beoker and Statmarn (1953)%4 showed that in aoid er
alhnao solution glyoine uz the ujor pmduet. At the neutral -
point polymsrs ware cbtsineds polymerisstien vas most repld ia
phosphate buffers, less so in c‘itr.‘a_to‘ arsenate, and maleate
wuffers. Other solvents or mmtoé- for polymerisation,
are alfoé_hel. bansens, ,x'utxe!‘:mm saturated "vith vater, or
o‘r(dnie bases. The yrédmts dcpmd on the type of Mtiitor’ -
md on the ratio of tho cmmtruuona of ¥CA md mithtor.
!’ho eon:tnuﬂon of the pmdmta from suoch polynriut:lom is
doubtfal.  Sluyterman and Labrayere (1954)"2 olaimed that the
polmu had hgdmtoin gronpl at the anino emd of the chnm, o.g.

N - ¢0
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| !'hoy feuml th:t tho produot cnvo coleur rnotiens . for
Mmtom compounds with plorio uoid md dhn. Al:o thc
--'aeicuo snd dasioc grouys m f.hc polmz nro not found to be

: oquivnlmt. ~ The evidenoe 1- not very ‘-tmng but hydantoin
fomtl.en is certainly possible when cmpmmd- of the type |
n_-co-m-, ‘undnrgo nn;m; gt tho.n-co bond. Bulhrd, Bmferd
and Woymouth (1954)"4 sbowed that when glyoine-NCA was o
polqnﬁriu&' in 11%!&11: bromide solution, -bydantain acetio -

wid, see below, m smong the prodwt-. 61!2 co\ o
' ' ¥.CH oum

2
| m co/

Hydantein acetic acid
_and cyolio -hmpo,:ptuc-; !ﬁuly ard co-workers (1952)”a
showed that the alkaline hydrolysts of carboasthoxyslyeylglyoine
gave s ures oocmpound. | | o

] 'I

. , o A - )
: CHS.Or?iﬂ.Gnecongocnzncqﬁﬂ *H&OB""-"') N
co . o* GHJW( -
: m.cx.z.coon' ,
Ures compound

This compound could have been formed oily vis a hydantoin
compound, and could itself de con,vu_."tod to hydantoin scetio


http://IH.OS2.COCB

_ aoid with concentrated hydreohloris meid.

WH.CH,.CO0B . OH, - ©O

2 {HCL N o
co T e——y " NJCH,,,CO0H
' \H - ooms. = | S "
«CH,eCO0 m - Co
Goldsohmidt and Wiok (1952)62 nhond that mn glyc!;no esters

ware treated with phosgens at 100°0. thn heoyanato was formed,
but whem glycylglyoine ester was 8o tmtod, the ester of i
!mhntoin acetic aoid was formed. B

352.032.000.0285 + 00012 °~> 030-.032-;000‘02}15 + 002 + 2HCY
' an isooyanste.

—

-nm «CH .GO.DR.GH .600.0235 + COC1

2 2 2

- BC1 ‘I’“a '
WELOH, .coo.c:aa5 — L co/u.cn .coo.czas __

C;Hz - 00.01

N - CO | ‘
' T % HCL -
E . The sater of hydmtoin
aostic acid.
The polymsrisation of glyos.m-anm provides & method of |
o’bta!.ning hi.gh mlaeular vdght pol.ymrn - Scae eontrol oan
be mrtoa ovor thc ebgru ot polymerisation of the productn. o
- ‘l‘ho products probably however contain hqd-mtom tcmimtipns
o the ohains. | |


http://aE.CH2.COOH
http://lf.CB9.COOH

a) |

. b)

.m ca .GOJK.OK GOOH + C1.CH

Sm.

G) MISCELLANEOUS GLYCINE PRPTIIR SYNTHREES

‘Pischer M_Ottq (1903)551»'.30”&1»1. 4o synthesise all the
glyoine peptides, up to and inoluiimg the hexapeptide.
Glyoylgiyoine was condensed with chlorasetyl chlorids

in aqmoun solution to form chloueotylglmlglyotno (x) -
and on tmlting this compound with squecus ammonia, |
ohlorine was replaced by sn amino group giving
a1glyoylelyoins () | |

oG8y 2.00.Q1

mulwoinc

c;;cné.qo.m.cgz.cq .nn.cnz.caek

(x)
.co.m.caa.coi?s
()

Rmetit_ion'of the bmuu gave nn fha pdptidu up to
the ho;n;'wpﬁdn.‘ Beyond the hexapsptide the polymers
wers insoluble in water so tlu_i this method cculd not be
expleysd for high molesular weight products. It bas . -

- bewn used i.n this thesis for the propuuumrbt _

diglysylglyoine.

An application of the cmms rmtion of wid. uidop

with amines (Curtius and Sieber)*? and Curtius




" and 6o. (1930))%3 was repirted by Magse and .

~ Hofwana (1949)%.  p1a1yoy1giyetne &raranido' T

' bydroehlerma was ruotod with sodium wmt. to givo_'
the aoid al:ld‘ tddttien of alkali 1iberated the free ‘
tripopudo nido, which condenssd to & polynr of |
;glyoino.

| nad
>ncx.n(m.ca .co)3n3

HCl .n(xa'_.qnzco) FH.HEHCL -
* a.cz + Hao.

The resotion oscurs since 'tlu hydra,iidg group reacts |

more readily with nitrous acid than doss the amino

group. This metkod has also besn used to prepare |

‘oyolis peimoru of glycine. Shmhm and Riéhm .
(1954)"’7 dmupona the aside of diglmlglyom at
high dilution. they 1solated a crystalline compound,

in 42% yiol-d, which they assumed was cyclo-triglycine. |
The aimilarity in properties of this compound and

" that obtaimed by Ballard, Bn&for& and !.yiouth (1955)‘13 led

toa umvutintien, whish uhoﬂ& it to be & oyolio
hexaglyoine, Sheshan, Goodnan and Richardsen (1955)198

| and Bamford and Weymouth ~(1955)22.‘ : 'm latter work.u also

found that pemtaglyoylglycine aside also formed a
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oyclic hexamer when allowed to decompose 1n dilute

| solution.. chuntion ogourred mors readily at the -

houpoﬁtldn atage than a"t. th 'ltripepti,d-_c stage, thus

- 41lustrating that other factors in addition to mere

chain length determined the esse of cyolisation. -

| 2—@&15-5-&@11@» wes synthoatnd by Cook, Heilbron

and uvy (1948).  clyoine mide was treated with -

oardon diiulphido in the presence of. potaniun
'cnbomto. Aoidiﬂoution of the resulting

dithioou‘bmato {a) gavo z-thio-s-th.‘.mlm (l)
CR co.xm

- \ 2 2 fKZ - (‘:O
. + ¥H,C1
mzcaaco.me 05, ~> NHCSS Y n\ / . xc:
x2c03 (A) zHC1 |
| (3)

‘l'hq obtainld a orude polulyoinc by uﬂumg the |
product (B) in pyridine. The aogua of pol.:mnution'
estimtod by - plmr analysis md Van Slyke snino

nitmm, was about 9. A similar produoct was odtained

. Yy roﬂuxmg (B) in mthanol, Cook and 140'7 (1950)36

L The monothio analogue thinsolid«2,5-dicne was prepared

by Aubert, Joff'am and Enott (1951 )'0, by the action of
phosphorus trishloride on H-thicn-carbosthoxyglyoine:~
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cnz-coon'j_mxs) cuaf.co ‘ e
=2 | 7| tnesodie-2,5-dione
NH.CS0.CH ¥ -8 '
25 .
| \ /.

In rwitor~7‘_'at 100°C. this gave an insoluble ‘o.mo‘xﬁ_-phou:

powder balieved to be polyalycine.

0ré (1960)°> reperted the direst condensation of
glycine amide to give po].yglyamo. The pure amide

~ prepared by the method of Bergell and Vulfing ‘(1910)"6

or Chambers and Carpanter (1955)°4 or ccamercted
glycinmmide hydroohloride mixed with ammonium nydroﬁdo |
was used. The amide, or in the latter case the mixture,
was heated along at}100°c‘. in a sealed vessel for 20

hours. The product was dlalysed and lyophilised to

remove small polymi'a. The average molecular v:oighti‘
of the produnts was dotami.nud by & modified Vnn Slylu

method .m &ave a IP o: 33,  Soluties of the polymer
n. 60% um\n brma-, squecus mmuen, and titration

by the Snrmon fonel uthad. gave veluss for the IP.
of 29 to 40. A ‘i‘ho mn'o-rod spoem showed the
mduets to de Po].nlyoim.



. The ﬁrnt X-ray emina‘bion of polypaptidoa was ocarried
.out by Senel (1931)77, o examtned the ortginsl preparations of
Pischer, he only verified that the products wers eryltanme.
" Bernal (1931)26
| glypylglyoim, a,s—dikgtopipornﬂm anf diglyoylglyoins. ' Ho‘
found that thezo were two orystalline 'tbmﬂsl of glyoine o and

amim& the orystal atruoturu of glycine,

a ’ thr“ erymnim modifioatim or glycylglyom,e( ' B

' and 5, tut dihatopiporazino ma diglmlclwim sxisted in on:ly
one i'orn. Mm orystals belonged to the momcunlo uystam,
except in the dase of X—glyuylglyeino and dtglyoylglyoine. Ho
also !omd that tho diglwylglyoim .ery_ut;llinod with 2 moles

of water per mole of p&ptmo. The dj,glyoylslycine and ¥ -
glyoylglyeine crystals belonged to the orthorhombio system.

@vom: | |
- Bemal oarried oixt a preliminary examination and shdwdd ‘
the existance of two orystalline modifications, theol-form
normel glycine end the f -form obtained by the precipitstion of
bglycine solutions by alcohol. Hengstehberg and Lenel (1931 )‘58
proposed a atrmturo fox«(i-glycine, which has w.’moo beenn found
to be inocorrsct. Albrecht snd Corey (1939)5 showed thatdf-
glycihe- consisted of almst planar molecules, hydrogen bonded
in sheets, they muggested that the gwitter ion struoture
accounted better for the hydrogen bonding, but the evidence was
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mt oonclusive. The crystal stmtﬁre has since buﬁn ﬁfinod
by Harsh (1958)87 ‘The crystal Ot-ruoturon of the P~ and ¥ -
glycines have been exmined by Iitaks (1958, 1959, 1960, 1951)73
It was found tha.t _glyoine had th- same ltrwtuﬂ all thm .
mdiﬂoationo but it was diffo:nnt‘ly hydrcgun bomicd to 1t
neighbours in emch. '

DUETOPIFERACIE |
" Corey (1938)38’ showed the cryustal structure of |

dibtopipn‘razina belong,odf to the ‘u'lonoo‘linic systea, }’21/3,-

Ho. 14, z - 2. ~ He showed the 202 reflection was very ﬁrhoﬁeu,

Proving that the molecules wuat lie virtually in the 202 planes

and the uélocnloi themselves must bs planar. The molecules |

were holdrtoga‘il_mr by hydrogen bonds.

c:m:rw:.&m | o
Bumal gave tho un:lt cells and apuoo groups of thru

" modifications, the~-, and B~ forms were meabere of the
monoclinic uysm. thoar-tom was orthox-hcnbio. The B -form
wes oxmined by Hughes and iioore (1949)70 The gz'y:tals were
shown to belong to the uonoclini.c system, wpaco gﬁoﬁp a2fa,
‘the number of mlea per unit cell 2 = 8, The molecules vere
fcund to have the configuration of the Mttor ion, this was.
»establiahod by the disposition of the lwdrogon bonds. ‘The
hydrogen t;onda vere 50 marigod as to bind the struoture
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together, im a1l directions, and so dictated the mode of pa&ing
of the 'miocuié;; ‘mw moloi:ulos wore coplanar except Afcr the |
iﬂ - gronp, which was lying 0.64 Ex. ocat of the plans of the
othor atom. o . _
' The cr,yltulo were pmm fram solutiem in sixtures of
n~propyl aloohol and water. The o -form was alwaye obtained
at first, as ylates., Ropcaeed attamptu' oventually produood '
a fcw nudles of the ¥ - form, md finally one crop of crystala
were of the [ -form of mo_dloa,. It was ot known which of .
the thros forms was"«stablo‘ at rous temperature, but ‘h.'at'ingl
the -, or Y - fom':'v for 24 hoﬁr'u a}) 1Q5°Ga ganirertéd them
tnto the oL~ form. | |

’l‘ho Yond lmgth for the © - i bond was not found to be
atnormally short, Corey md Coe. .had_ obtainad & valus of about
: .4- A in‘o(;-gm}'.ne and diketopipo'ram This agz;osd with
the work of nonah\w (1950)74 whe found fron} oleotron density
®eps mat the ¢ - ¥ bond was mmal in ( )~alanine.

Hughu and Biowas 69 fumd thut i.n°( «-glyeyl@!.yoim
- the enrborwl carbon atom, and tho throo -atoms to which 11; was
attached, were within 0.03 A. of a common phno, but the
Q(warbm atom was not exactly 1:\ this plane, its politi.bn

éorrcapomied to a rotation of 5 or 6° around the C' - ¥ bond.
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»qammnmm;

—glmlglycim hu one of the shortut recorded hyﬂrogm
‘bonds, 2.67A., m& was found with s devistion (ot=C = ¥ - 0)
of 22°.  Again the C-I¥ baud was norual, 1.47A. ‘

aL YCING:

' Bermal determined the wnit osll and space group of
| aMumm, and showed the existance of 2 moles of
“water of orystallisation por mole of mtida. The efysms
*bolongod to the orthorhomdic syotem and oontainad 4 molscules

per unit cen. . He only found cne orysm typu on
. procip&.tation ﬁth oiﬂur watu- or aloohcl. _
At thin point, work on the orystal structure of the
| lmar mptidu m cmu!. , Huahoc ma Bimu59 mrl: on tha L
K- fem at glyaﬂglyomo has mt yot bum pnbliehcd. thin 1“
. v'iwrk was ntartod in 1949. 'rn. ﬂmtm o!’ thou puytidu
18 by no noans simpls. lmy difﬂoulties ars enomturod

R working with pcptida- abovo diglyoylglyeim:-
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a) Pure popudu can only be proparod by Y atmise

¢)

'_ nymhuh, tiau'e are ne d:.roet mthoda of centrolled .

polynulntiem.
It :I.es not sasy to obtain well eryctnlim ep.cimu of

“the pnptiﬂn. m mthua- or preparation lead to

cryntanim pew&ou, 'hieh can onl;y be racryttulnnd
in the form of mioro-crystals. '!’ho highu' one aseendn

 the paptide niriaa tho =ore diffioult 4t bccolm; to

obtuin o guitadle solvmt tor recr,yataniuticn.
Ovdm; to the mplouty of the structml,and the lnrgt
unit cell, of the peptides 11; ${a not possidble to obta,in

~valuss for the space grsup md‘u_m.t oell dimensions from
X-ray powder photm;ph-. The only method availadle is |
“to use single crystal x-ra} measurements. For this |
_Teasen it was do&doﬁ to greu single cryetals of the :'

ester hydrochlorides of the paptid.al. The ester hydro-
Bhlormu could be obtained in a ahmmntamphically pum
gtate. !’ha lower mnbers m sharp mltmg well _ |
cmtalline nmteriala, aua they can be easily rocrystauined‘
The structures cannot bs fu- remvod from that of the

. parent peptme, wnd would tmd to appremh the. stmetura

of the plmt as the degree of polymorisation _of the peptide

.Mrcaud‘. ‘




- These compounds were first pmpnred by Kraut snd

Karmmn (1865)73, and !'rcat (193:2)6O _They are not to be
oonfused with glyeylglyeim oempounde. Thay are iéloéulni"-
compounds of glyci.na and the glycino halide, whioh have -
orystallised out in equimolcoular propcruons- The gmeral
method of preparation was to dissolve eqninmlocular uantities
of thn two components in water on hoating and to allow the
solution o cool. A £4% yield of the dig].yeim hydrohalide . -
_was cbtained. Tha melting point of the hydrochloride was

185 - 187°%. | -

The orystal strupture of aiglycine hydrochleride wae
invcstigntﬁ by Hatn and Buerger using three dimensional
Péttenmi projecﬂon mthoda.' .V?I'ho unit cell and cpace group
wers determined. The crystals were shown to bs oﬂM&ombin, B
'.‘\v.,ith ‘qystmuc}‘absemaa chnrnetoriﬁio- of the space group -
1‘21 21 2' ’
" again refinsd by Rahn (1960)65 Stmiler results vaze feuml :

the unit co).:l. contained 4 moles. The structuve was

for the hydrobromide, Duergsr, Barney and Hatn (1956)%°.
Again the structure was refined by Hahn (1959)64.



The analysic for elements and the detemsination of
wd groupes of polyglyoines Bad shown that the aversge degres
of -g;olmnutim of the polymer varied accoriaing tc the means

. of preparsticn. "’!hc first xé-ny study of the polyglyoines
was carvied out by Neyer and Go (1930)%.  They obtatned
X-ray powder pho_tosr-nha tor glysine, glyaylglycine,
diglyoylelycine, triglyoylelyeine, tetraglyoylglyoine, the
. penta-, hexe-, hepta- and eata-pfcptﬁo‘a snd for polyglycine.
They used the Curtius 15 cendensation of glyoine ethyl ester
ohlorafcm to obtain bluret bese, this material s they
found,left u water insoluble residus, which was soluble in
liths;m brm“ solution, aud gave the X-ray disgram of

. polyalycine. The lower popt!.des wers prepared by the .

lctopr!;u oendmutim of glyom atlwl nur and -cotyl

| gyciue _oﬁm ester. Polyglyam was. propnroa by the

© Leusha™ BT “32 carbomsthory anbydride method. The

) | mhydrﬁo wu polymrisoa in the prucmo of utar md
'py:-:m In botk pmdueti they found free mm nd groups
wimtma that it was not a cyclic anhydride, but &
polyglyoine. 4 The pxoaunt in elther case lmod X-ruy lima
amiogéui with those of the cota~peptide. The polymers. |
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w}dra not :oilu?lq in 1ithiuwm bromide, sulphuric éém, ér othoi S
. high polymer aélvenf.s{ ‘ |
 The X-ray dlagram for the 4totm.mpt1{1. showed seversl
 rings of about equal intensity and rings at 4.15 A. snd 3.12 A.
MGh were much stronger. In the case of the hexa- and
hoi)tt-mtm.'i th'o: 415 Ao reflection was tht‘st\rongast, the
intensities wers the i'avmo for the tetrapeptide. They
‘nmntod that thy t.ls Ao lim, he,’mg very mtuue, maant
that the struoture was siaple, and that the a.tons were
manpd 1n plmu, s'pec.d at 4.15 Ao’ apu"b. "l‘ho aimplest
arrwgamt m z‘or the chains to be arranged m a sig ug
~ fashion in thesa plenes, as in knratm. ~ The pm&uots of
.the enhydride polmiution wore smnar in thair X-ray N
- ‘utmtum tp'tho hepta~peptide. The 'product obtg.mod;- uaing o
hot midlm eavé a diffeunﬁx-m pattarn, 2o reflection
oeourmd at 4.15 A., nmtoad roﬂeotiom qppearod nt 4.4 A.
- and 3.45 A. This could be diasolvtd 1:1 litM\n bremidd _
B solution, and praoapituted by 'nt.r. s yroduct gave 'tvhg |
, nare ususl Jb-m pattern -hwmg a ﬂ::rong 4.15 A. xing. |
Th. mtmal nbieh layor md Go obtainod from tl;a
ncx ana hot pyridm, ehowing strong ronoetiom at 345 A
(M=) and 4.4 A. (®s.), has besans known as Polyglyvine I.
“The: produat which they bbﬁn;gd from ‘solution of Polyglyoine I
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in 11thive broside solution, showing reflections at 4415 A. |

~ (ves.) and 3.1 A.(m), has b'cam lmomn a5 Polyglyaine II. |

The mt-mn witch they aallod heptaglyoylelycine, ammro L

| tran the photograph to bo a typiesl mmu of ?olxglyeine II, D |

and 8 11t41e Polyglyoine I. The hexaglycylelyeins photogragh

- shows -the rhua,s tor ?olulycino_n'a@; o B |

’ The existancs of the two forms of p,elyglyoihé wan

forgotten for about 14 yoars. Astbury and coworkers (194&)9

and Astbury 1949)6,, revived interest in the pelyglycines.

They repeated Yeyer and Go's work, and found that polymerisation.

ot glyoine-FCA in hot m:ldlm or éth&). acetate gave

Polyglyoine I. M proyoua a struocture for Polyglyoi.ne I,

© see later. The results nggestoa that Palyglwim I had an

extended f-configuration. Bamterd ot al (1955)' T put N

forward possidle stmétma for Polyglycine 1I snd determined

 that this could only be obtained by precipitation of solutions °

ot Polyglysine I. They also pointed cut that NMeyer and Go's »

" Polyglyoine ehows in plate I was ammuro ot rolwwm

and II. cri.&: and Rieh (1955)'39 2180 proposed s struoturs

for ?olyglyoim IX. ALl the matulﬁtod structures werc baged

on tho x-ra.y povd.r photegraphs which show only three or four

.notvarylhsrprmga." S N
Ueggy and Sikorski (1956)9‘ cxmi_&.nod hoth forms of

Poljrgiyﬁné. .' The i'?’o;yglyci.aq'l', \'ue" ‘pz-epam’d by “tho‘ .
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pulymriiaﬁon. of ',@wino in Mmhlérto soid.  The
_ Polyglycine n wag prepared by dissolving the Pelyglycine I
in @ saturated aguéeus solution of oaloium chlorids, and
presipitating by water st 20%. mum under the
‘électron micromcops of the mmymm IT cryatals s!mml
thew 0 be almost hezagonal. Slow proomitutim of the wost
soluble portion of the Palnlycm- 4 § ruulm in thin
hexagonal leaflets, showing growth steps. The beight of
the steps was estinatod from the length of the shadow on
the micrograph, and wis formd té-'bu lei’c' than the 40 Ae
o.lcuhtod for a polymer or DP = 12.2, but this was the i)?
| of the bulk polymer, and not the mlubh fmotian. %‘hc
growth utapq wers ‘dus to the wrmoa of ldlul.o@uttm in
the orystal, end wes to be expeoted from the nan-howogensous
nature of the polymar. The densities of the polymsrs wers
detersined and 1% was found that the density mum as the
number average d‘w of polymsrisation increased. Thus two
| -mm of Folyglycine I showed ®'s of 8.4 ani12.2, the }
mensured amuxe. vere 7.459 and 1.486 gns. per ml. ,
rnpnﬁvoly- 'I‘ho Polyglyecine Iz,huving a w of ?0.6, had & |

-domi‘hy of 1.475 gus. per ml. .
' The cmly othar pnbluhad work on ﬂu dimrnhin of
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. 'mmzyem vas the work of Oré (1960)93 who obtainsd
n:txwru wt the Polnlycims from the pnlmrintion of
- glycanmiat {see mathods -o_f prcparaﬁon of polmlycmc). o

.
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ZHOPTRTIRS OF PQL '
!ﬂn ?elmxemn sre hoth ahite infuelble newdou.
"I'hv am imolublu in ﬂu covmon nyamgm bond ‘bnuking -
solvents, a\wh as phenol, weter, dissthylformenide and fomic -
sotd, They are soluble in coneentrated nineral soite, |
- :lncludw phouphorie aaid. and in eaturated aquoous o
solutione of lithium chlorido. bmnide, iodide md
* thicoysmate. Simtlarly in ssturated salstm chloride and
" ‘thiocyanate, in sino chloride, and 1n sodiwe nitrate. The
. f?olyglycm I 1is least soludle, the mixtm hu to ba hauteﬁ |
“ 'to hslp mlu‘km, whereas Folygiycine n wnl diuwlvo at room
tmpomturc Pmtpttutiou of aolutm of oither form givu
. '.Po).yglycim IT only. !cm and $ikoreki (1956)9‘ olamd
‘that 4f & solution of Folyglyoine 1 in aqueous asturated
caloium chlorido was moolpitatcd at temwaturu bo'cnen

- 60°C and 100° ¢ by mter) o adxed produot oontaining both -

nolymru waB obt;md _ Below 60 c P@lyglyom II was ebtai.md_-
- alons. This has now ’b«n ‘checked md no trace of Polyglyeine |
1 m bem fm«l at ey tanpomturo ‘betum 20% uul 120 ¢ ‘
wder a wide mioty of praoipitation condiﬁm. uew nnd _
" Sikorski also .med that 12 the type II polymer was heated. n
water at 140°C, 1t ua pertislly converted to type x. Censs
, convams.on hau b«m couﬁmd a.nd shown to oacur at’ any |
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~ temperature between 60°C and 160°C in a varisty of'aolvmtn
i:uidos water. 'mey alno statsd that Polyglyaim T was
probably a matastadle t‘cm, this has now besn confirmed.

 Densitiegi-

' The dmsities vero dstemined by Negey and Sﬂmuki:- |
?o];;glyum sype r ~IL
| Moo averags P 8.4 2.2 " 1046
. Demsity gwfos 1.469 10486 4TS

showing um the domt.v mrnua with the w.

W" . . -
| . The arystel shapes were sxamined under the eleotron
niorosecpe by Mogey and Sikerski. Polyglycine I consisted
of flat m‘alhlogrm, of axial nts.o 0.9, and acute mlo‘ of
70°%. . Polyglynim I showed orystals which wers almdat trus
hexagons. |

The mmm. spo@tu #f the two formm of ?olyglywim
 were studied by Elliott (1953)‘7 and Elliott and mmm |

. {1956)43 The original work aave Dbands at 1648 on!
1632 o (a-o stratohing bm), 1558 and 1521 m“’ (:-n
dofamtion) end 3293 and 3301 ca (B stretening) for
?alyglyem I. It ws htor rulisad thst the first valua
avau in each uﬁ was. dua to Palyglyem b # 4 pruent v.- -
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impurity. Polyglycine I, theS-ferm, was cbtained by |
casting films fm dichlorscetic seld or triﬁmmetic
acid,  The wave nusbers of the infrared shaerption vends,
u wll as axamm in a partially oriented semple, oouylod .
with the proumo of a amng 1. 16 A. X-ray reﬂeotion,
{Bamford ot al (1953)18) 1ndiut¢d an oxtmﬁoa ehuia. The
rolygms.m 1T, preeipitatg& from 1ithiun bren&dq. £8V8 1o
1.16 A. reflection and was certainly not fully axtmded in
itm structure. ('m complete spectra are chom mbposite)
The R-H atrotehm bend for Polyglyo&m II, at 3290 Ty m&
thc weak aoowpanying bmﬂ. at 3095 om , vere wuch stronger
~ than in any uther mﬂw&iu peptide. - The wave nueber of the .

| O-ObmdinPolyclycimnmmhhﬂ.ghchmm o
| P ~structure, ulthou@ the valm or 1630 om -
only fmmd in ,B-polypeptmn.

' A band was found at 1685 o™ ' 4n Polmlmmo I. this

was thought by ,mrou and nuott (1951 7 to be a folded form |
‘of Polyglyomo proeont tegother nth the ﬁ-—fem. nmval of |

mlowmdvu

tha small mtid-a, discovered by Ballnrd and o0. (1954)'4 -
redused the intensity of this line, but 1t was certatn that th.f |
lim is duc to Polyglyeim I, (Mord ot al (1956)21)

bnml mld be mad.e to diaappon on eanvmien of the polymer. to c

Polyglyolno IY. They also st;tad that the band goul_d not be

" made %o rq_appuf, on reconversion of the P'ol'ulmm‘_ II into
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- form I, se :l_f oould not be due to 'mitiaé;' %o éomuﬁ were
given of the methed used for the conversim. 'L‘ho ‘mntfgmo
of the two forms of Pelmnm. and the pressnce of
impurities probably explain the differences in the spectra
obsarved by Hurd, Bauer and Klots (1953)'2 and Bleut and
Linsley (1952)°7, and the above werkers. Bleut and Lineley.
_considered that the 1015 on~! band was ohgucmuti_c of _ﬁ&a .
tsaisesl g o | |

Ad tio of oto:.
Polygl:mim abnorhs wm. basio, ds.root ma Aiapereed ﬂyn

The polsmr m i*elyglyom yrmna frm glycmo-!ca, and
my havo b-en a mixture of hotb forms, . It -m found tbnt' o

)‘6 showed tiat )

the abmmion of sotd dyes was mly 61% of the ayp-rmt

-amino groma eontem, Yy Van Slyko dotemimt.im. Alao AL o
.' the polynars wers acatylam. tho m uptalm was rotmcod by
about tbz ema amount m the Van 81;#. Mno gmup content.
They eenoludoﬂ that some of the end aroupn in the pol,ymor .

~ were imccnsiblo to both tho dya mlaoulos and m mtylatm
 mixture. Meggy and Sins (1956)9° cbrerved a similar effect

. for polymers yrepared from 2.5—dikot0p1manno. 1ommam
' 1 absorbod enl: 42} of the thwrotioal qummy of Orum Iz,
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Summ,
| Py.{ 1N

end heating the polymer mma this to 1‘3%. " Polyglyoine 1X
sbsorbed Orange I Qqus.n:lmt to the total umm;& mim
goups in the poljmer, and this abuwxmon wis ot affected B
by heatxng. ‘ mwy alm ahowed that the dyed material had the

. Sume X~vay Mﬂrwimn pattemn s the undyed amterial, for
- both pelymers, and ne dye dufrmton ;linnn sppesred. 'mms
the dyo taken up did not elter .ihc erystsl otruotures The
theory that dye was absorbed only in the 4mwhm regions
of textile fitres, ses Spesiaan ot a2 (1946)''%, ourd not ve
‘ i’ppliud m the case of the M@ly ornmuno Palyei’ybim XX,
The dye must hava bom ubaorhoa in orystalline regions of the
 polgmer. Ths low dye uptake of Polyglyoine I is exosptionsl,
since rwzan, wool, #1lk and other insoluble muinn bave bun

found to combine with ma dyes .’m mmmta oomuponding
%o the oontent of basis mupig ' There i m'mimtion for
this peoulisr dehaviour, | |

Apart frem the formation of sn asetyl compound
'mmuma a‘bévé. tinw is no record of any derivatives of |
either Polyglyoine 1T or I having hoén xgupwod. The major |
aiffioulty in ;ﬁtpnpﬁm any resotions s,nva;im‘ the polymers,
1.- the finding o_f.a'-pt‘ntabio polmu* wivaﬁty _tﬁa mly useful
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ones are concentrated acide, or salt solutions. A possidle
compound with cuprmn;h solution has been prepared in this
thesls. o B |
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LHEORIES OF THE STRUCTURES OF THE POLYGLYCINES
™he crystai struoctures of the Polyglycim ﬁvi ﬁot
yot .bup determined booz‘mn :l.t"ims noﬁ yot been possible to
~obtain well orystallized specimens. | Folnlﬁlm IX can bu
orystallised :Ln hexagonal nicrbcr'fctai-‘l,' but Palyglyéinc 'I.
carmot be reprecipitated fram eolution as suoh. A1l the
orystal structure werk which has been ocarried out has been -
baged on X-my‘; powder phofogr:phns and infra red spectra.
This has resulted in muoh intelligant guess work with nttla
oxpmtal svidence to back 1% up. .
| - lcypr and Go (1934)92 a_ugguttd that in the Pelyglyniﬁo
T t.ypc strustura, since the {.15 A. reflection was so a'tirpng, -
that the ohains were arranged oo that the atoms lay in shests
spaced at 4.15 A. apart. |
' POLYGLYCINE X
Mthu’ry and co. (1948}9 studisd the povd& phetographt-
ot Polyglyuim I« The pelym was that obtained from
| lynine-mlk and het pyridinﬁ. ‘l‘hsy assigned Polyslycim
a tatstive rectangular cell, a = 4.36 Ao (or twice this
valus), b = 3e44 A, o (the fidre axis) = 7 A.approximately.
This was later revised by Astbury (1'949)e to wcerd,ﬁlth the
work of Bunn and. Garner ‘(1947)3“_ on hytrogen bonding in
pélyﬁ_mas'., . Thay tuu;;d that the distance between hydrogen
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bonded chaine was 4.77 A. Aatbury fomd that the intex'plmr ’
speoing in Polyglyolm was 4.36 A., this was eonnldmb]y

| hw than the ohain asparation whioh was pro’bably eloao to '
: __that in the polyanides. He sseumed. therefore that the

hw\lrogm bonds were ‘not nemi to the ahseta of ohainn but
were inclined as ehom:e

gd plane in the 47T e

. sins of the T RE T e
plane of the . side 3‘.‘441. , of hydrogen
chaim  —----eoc ‘ =< ‘bonds E

. . opacing | _\\ \ .
‘ \ &36 Ao \ .
- vbaokbons \_ '

The sngle ¥ = sin™' [ 4.36/4.77 ] = 66°. Taking the . .
fully extendsd residus longth 25 3.67 A. [ ap deternined by
Corey (1940)*7] astbury oslculeted the densdty of Polyglyoine
I to be 1456 gn. per co.  This valus agroed falrly well mh o
the mescured value -ef 151 gue per eo. Faul:l.ng and Couy s
(1953)°7 oaloulatea the intensitios in a powder photegraph
of Polyglyeim 3 baned on the umnptim that the chains had
om antipurallcl pleatod-ahnt configuration and that the ab
plans was that pcstulatodv by Astbury. i‘hoy roportnd that '
the agresnent betwsen the observed and calculated valuss of
the intensitiss, was good mo.u@'to.lgs.'eign the given
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stryoture to Po).mlyom I. They gave no dw;iia of -'t;_hn_
enloulations, | | ’

Bamford and 6o. (1953)'8 pam-a out trm the
' d1ffraction pattern of Polyglyoine I ahowed a specing at
116 As A uﬂeotton eama@ at this spacing in ether
polypeptides and silks, and wan shovn to be thé 006 reflestion
(o wes the moleoular chain axts), thus £2 ?olyglyem r
consisted of omtandod polmpﬁdo ohains a atmng reﬂec'bion
- would be axpeotod at or near this spmins. whether the atuim
were pacied in a ruotmulnr oy wlounio onlle

The structures yroposed wers surprising, owing to the
: 1&!'30 value oMaQ.ned for the £ibre idm‘emy period. If
Pauling and Corez's (1953)%7 value of 7,23 A., dertved fran
measurements on emall pmiaae. wae acoepted, then the ehd.ns
in the polymer ovuld rot be fully extended. If the band
mlis or distances in the polmx; wore dzt’ﬁrmt from thoie '
in mmall psptidesn, then the ﬂbm_ period may bo noar t0 7.0 A
and the cheine fully extended. The f£ibve peried did mot -
 corpespond to the pleated sheet valus of 6,68 A. and mcoording
to the ideas of Pauling and Corey (1951)'%
ro:grovmt an mntabig configuration. e Mst Amportant factor
in determining the etability whe the staggering of the bonds.
In the 1ight of work on ',Bﬂ-jpow-h-alnﬂini, Pauling wnd Covey

the stmtur- would
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(vsss)” suggonted that dond staggering was not as _Mxtm‘b. -
and put forward two hﬁdiﬂ.@i'plutod ﬁnt;u with uﬁmw, :

. periods of 7.0 A. ;(m'tipmuol)."md 6.5 A (mmliol)a e
period of the ferner sgresd closely vith the cbesrved Fepest
in m:alzmm I, Thus 44 .pp-.'.m that the ehalne in
Polulyotm I were not Mly m«m&m. but mc -nghuy |
collapsed from the extended wmtm. as Bmoﬂ“d by Mrord

- mﬁ 6o (1956)30 ' !’ho packing of chains wao sssentially nimuar

~ to that tn fpoly-L-alanine, S -poly-¥-methyl-l-glutsante, and
Boabyr and Tussch silk. The bagio unit was $hav shows by
Mt\mry (1949,)a anu the uparauén ‘of hydrogen fbondn‘m in
SVETY QAR \Mmm 47 and 4.8 A but tho other dimensions
uried t‘wa rolwﬁr to polymer. ' ‘
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The struoture of Polyglwm IX wen Pivet ‘mmtuutoa

by Bemtord ot ol (1955)'7.  They foust that Polyalyoisie II 14
. not show a spaoing n it x-rny ditfmmm patiern oemspom— '
ing to 1416 A The two foums of Pelyglycine eould mot
therefore have arinen frem different ways of packing extended

'or nearly m-md ehainss They memm fron this that the
emm in the two forus xust have had diftcrcm oanﬂwaﬂom.
They found ¥hst the obains in Polyglyoins IY could not be fully |
mm&. limc tau would have muimd the 4413 A: 1ine t0 be
the 100 uﬁcouam and the mext utumt 3.1 A. line, the 010
refledtion, in ordsr to obtain & reastnadle mlmﬁm packing.
The wmawi intenaities for thu mmumt vere tmmd to bo
sach dufmmt n'w the obmma vuluuu The 4415 A. nyuimc
spreared to be dus 4o plmu vhioh nn Wanol. or mam so.
to the fibre axiss ¥hay found thet films wads by um‘um "
the polymer in s mivture of forwle ao0id and oalotum ehloride,
and then drying ofe the tams,o :aid, wuld be mma produsing
“,"“ orientation of the Polyglyeine X, Zoray duvestigation of
Aheee filne ehowed thut the 4415 A opacing was provably - |
equatorisl rather $han meridiensl, Hot relling of the filus -
whioh ware shewn to eentain no f-material, predused s sll
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smount of the deudly ortented A-torm. The mean Gizection or
the ohain axis was found o lie in the tirection of rollings
- The high intenaity of the 4415 A mt_’.luﬁm shévod that the
slectron density had o vir,y naried p'm'omn; u»tl 4415 A, |
They comoluded that this vas m”.mmtiau'o: layers of

. pammo ohatns, as did Meyer and Go. They alse stated

~ that an hoxagonsl urq'y was possidle, but excluded the A -helix,
‘whioh would bave given hexagenal packing, since the clese
spproach of chains in tMg _ stm%ﬁu wuld have givim qn", |
{mpossidle valus of aboub § gme per aa. ‘for t;ho, dounﬁy» ‘rhiy o
-md(‘tho' two ,mfmu;y _-tmtuu'o'_ of thou ﬁopond for
pollypoptu_c vth.nic.- thay nrq. the 85&.’7 hnns,. and the maufaﬁ.
parallel polar sbest. (Ref. mu'mm'(wsc)“. uuuu amd
| eérﬁy (1951)95). ~_Both of theme structues wers proved
mttﬂuﬁetmg ‘sines ,u.'.m.» would give x-épy pattern

~ whick agresd with tu‘ut’qb.uma.  They d.'nd euggest that in ]
the case of mtzez., helix, 42t o triolinto oell vas possible, |
but suggested that this ocould not be varified until 'a_ﬂm_
pattern sould be o‘btﬁmd. I’rm'thc -m‘rk‘ on the rolling ot'
f11ne, they suggested that the molesules of Polyglyotne I were |
£o1dad, and Vhat on polling a mi;oé,w:fa pulled out into the
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: ,8 Qfomh; ' 'rm c«q pmuntod -hem ttmg maumo tor u
oonﬂan'miou ef m pﬁlypoptldo oluin in ralulw!.m 1, Uh!ah o
wan mmiac m thon aceepted Tange of strustures,

. The moptcd utm%\uw or I*olyglyomo 12 wae Mpom
by Ortek and Rich (1955)39 They proposed that al) the
polypdpttdo obains m tho utmotm were )branol. md oaeh
ond hud a threefold gorew m-. ﬂ'ho c!um were molwd in an
hexagonal arTays ‘anoh ohain being mrmn bonded to each of it |

ix ndah\\om Thess hydmm Yonds hy mmy ptrpmdxoulw o o

¢o tha sorew axis, -nd ran in omral dimtim, and not worely
in ene Mmtion as in tnoﬂ»ummm.

| The maoatwn uamg the x-axis im porpmalm;r 1;0
tho adamr axis, tho Mn Tuns vomwany. Tho :‘n:ld\u ad
the bottom of m«ﬁwo shows the peptide group imumd st
abeut 35° to the mu uic, havlnc its plane perpendicular to |
the plam of’ tlm paw. ‘i'ht Aydrogan bords run in an mﬁui'b. o
series fyon one oell to the next, ptmndieuhr to the paper, ‘
Joining renidues of adaumt oh!.m The atems of thase
'ruid\»n all no on an mlmua 1nthn. . There s . seaond
‘sunh mm of lathea 301 Ae higher 1n the ifnmm.'m -

. these run at an mcu to thc paper owing to the 1200 rotation of

Ahe sorev axis, At 39 A. huhcr the hthu are again ropeated,
- min at an angle to the pnmr. Adove this tho struoture ﬁc
hmtod. m umtanoaaphic anorapuen avan Yy Oﬁcx and
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Rie_h waa 8 = 4.8 A.; @ % 943 Asy the #pmo g‘#o‘up wan,PB, s
omtaming one residus per twotrid tmit. . ™ anleulgtcd'
density was 1,54 gms por co., the observed density acording
te Dmtord was 143 gme pOF 004y mammrdww Moggy was
A1-47‘5. @. por 0. This nj not very goéd "ng.'nwcnt. but
Criok and Rioh peinted out that the calculated density vas
often § « 108 higher than the cbwerved valus., The structure
was Dullt socording to the etandend Pauling and ceriyw bond -
distances and argles, The hydrogen bond distanoe, nitrogen
o oxygen, was u‘ 11ttle ehort at 2.76 _A,, but ﬁq aﬁ'ca‘ptabh
scoording to Donahue ‘(1952)45. The hyamgm dond was altiogt
stralght, | 8inoe 11; contained no mm.é oarben atom, they
paintod cut that $hq Mtror image structure, space group P}a vae '
quily mm‘_u. They osloulated sl) the apacings end
mmmm expeoted tf&u the ttéudtuie. and found a goed
qualitative agreament w‘,lt_"h thophotégﬂphs obtained by Baﬁnforﬁ
and oo The very stvong 4.15 As xiqnoéeion they u-m.d the
index 1070, The 3.1 A. refleotion was mainly due %o 1072,
sproing 3.09 Ae with & small oenmwt}m from 0003, the | |
strangth of the reflection was considered to bo due to the
 4nolined planes of thi puptido groups making up 't‘lw lathes, .
Thay point out that although they are confident that this is
thﬁ aWturo,_ or the structure ie closely related "tb the given
structuse, there 18 a family of posaible strustures of this
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gweral type. A1 these would have in comuon polypeptide
backbones with threefeld sorew axes, aad a regeat of about
 9udhe Mmm at s strusture 1n uhzxeh one or th» &.m
was witharm and roplaeed, ;wming in tho oppotno direction,
showed that tke structure would have s aimilar X-rey ;M:tcm .
%o that obtained. They stae that only s very dstailed
atmtur‘é study would anadle one 'to say whether the given
| structure, whioch appamd to bo the aimplut, was correot or
1 'only a first mrezination. A

- Crick and llieh dstermined that only Polyglycine could
Lorm such a lattice, since there 18 no room for side chains
fn the structure unless some of the bhydrogsn bouds are broken.
my did not mee any resson why a single Folyglycine chain
| should take up this strusture, and cmluaddtthtt it mntbo '
 distated by the intersotion betwesn neighbewring chains, which
‘would inpose an exast threse teid screw axis. 'lﬁ'ey thought |
that the reasen why & fibre photograph bad not been cbtainsd .
~ was probedly that my prooess to preduse oriemtation vmuid
tnd to atxitph. ihe strusture and it wﬁ:ll,. ‘then pass over to
ihc more extanded ,é-a-fem of Polyglycine 1. |

THE ot-BRLIOAL e OF POLYGLYCINE
No othtr forms of Polymom; have bun diwovemd.
In pnrts.cuur m m Ras fmd the ol-helix rom whieh has
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" besn ocbserved 'Afm‘ other polmptidu and proteins. Bamfora . |

and 00.'7 etated that the only evidence which mupported the
existance of such 8 form was the observation of parallel
dichréiem of he NE-band in a epecimen which had besn
stretohed in polystyrene, Bamford and co ‘(i953)'8._ More
‘recent cbesrvation had suggested thiat this say bave been a
“éz-o-e P ~structurs", sincs the Cs0 band aoooupmmg the
ddchrote Ni-dand had the B -rather than the S-frequenoy.
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'CHE SEARCH FOR METHODS OF pgmxpmmme POL_Y_QLYQI@ I

FROM SOLUTION, S | E o o

‘SUMMARY OF RESULTS.- | |

- | The investigation was carried.out with the aim;:'A-

- of obtaining good crystals of Polyglycine I, and also

- to see whether any other forms of Polyglycine

' could'be found.‘It'has not been found poeeible-to

hobtain well defined Crystals of Polyglycine I by

| this means,' and no new forme of Polyglycine have {},

been found. The inveetigation hae provided information

about the relative etabilitiee of the two forms of

APolyglycine. ‘ N
Solutions of Polyglycine I in aqueoue saturated

'calcium chloride eolution have been precipitated by

'Aa wide variety of precipitants. The uee of water ae

a precipitant resulted in Polyglycine II being

'obtained,at all temperaturee between 15°C. and

120 C . This did not confirm the work of Neggy and

Sikorekigl(igss), who found that 1 preoipitation

was carried out at temperaturee above 60°C.; the

product was. a mixture of Polyglycine I and Polyglycine II..'

_Below 60°C. they cleimed.that only Polyglycine II

was obtained, and at 100 C. only Polyglycine I

.vwas preoipitated. Thc reaction hae been fully

investigated over a wide range of precipitating
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conditione, but 1n all casee enly Polyglycine II

- has been dbtained."4'

Precipitation of the Pblyglycine 1 solution
in calcium chloride solution has aleo been carried
: out. using, methyl and ethyl alcohol and glycerol as

. "precipitants. In these casea the maaor part of the V

‘-precipiﬁated polymar was Polyglycine II, but the xpray ‘

photograph of the proanct ahowed that it also contained
a 11ttle Rblyglycine I. Varying the conditions of o

’; precipitation had little»effect on’ “the proportions off:I."

B the two polyglycinea obtained. ﬂethyl alcohol used as~;gj;-
the procipitant produced the most eaaily aeparated |
product, and this also. contained the highast
.proportion of Polyglycine I, as 3udged from the

| ;intenaitiee of the’ x-ray lines. The ethyl alcohol

gave a product Which Was a sticky maea. and was ver&
‘.dirficult to separate frcm aolution. Glycerol gave |
" an easily aeparated product, but the Polyglycine I
;X-rav lines wers 2ot very intense. i, N
Precipitations of the polymer aolution in calcium
L chlor1da solution by dimcthylformanids. anﬁ>by
'O.Bsaammonia solution, were found to produce only
7"Polyglyc1ne 1I.  j;'A‘“A L | ; R o
Aqnsous zinc chloride(?O%) was used‘aa a eolvent ?

' for Pblyglycine 1. Precipitation of thia solﬁtion
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| by ﬁatciowas'cariicd o&t éﬁ various fomﬁcfatures;' _ -
. fThe results were identical with thcae obtained for vk _"
| solutions in calcium chloride. Polyglycina 11 only |
| 'was obtained at all temperatures. . ', e
. Precipitatians of soluticns of - Po]yglycine I in
"zinc ehloridc aolution by thc rapid addition of -
.,ethyl alcohol in large excoss gavc a product which
showed.ill defined X»ray lines for Pclyglycine I
‘only. An X-ray diffractomcter'trace taken at a 1ator
date confinmcd that this material was ill defincd
crystals of Polyglycine I containing only very: littleﬁf
- Polyglycine II. 'l’hc mixing of the alcohol and the
lpolymer solution resulted in the evolution: of much
iheat. No such heat evvmution wae noticed in- thc case
of precipitation by uater. Preciyitation.by nixtures
- of alcchol and waﬁer and by the slow addition‘of
“,alcohol resulted in mixturcs of both Polyglycinea
being obtained. . '
o dolutions of Polyglycinc I in conccntrated acids,
N such as hydrochloric acid, sulphuric, nitric, or |
- pnoaphoric acids. when prccipitated by water,‘.j"
'_produced only Polyglycinc II. Similar resulta were ‘
obtained on precipitation of solutiona or Polyglycine II
- 4n these me&ia. ' ) | o

Cuprammonium hydroxide was aisc found to be a
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, solvent for the Pblyglycines. It was found that
sone form of Pblyglycine-cuprammonium complex could
tbe grecipitated from the eolution by othyl alcohol.
Ths A-ray photographs Showed that the producta ﬁf a
 tobta1ned from the two forms of ?olyglycine differedi:“?fi;;
) in the 1ntens1ty of one X-ray line, A blank o |
: precipitation of cuprammonium hydroxide solutionﬁby
“etnyl slcohol, confirmed that the precipitateé |
'3obtained Were trua complexes and not mixtures of 5

"the Polyglycinee and precipitated cuprammonium j_

 }hydrox1de derivatives. The alcohol precipitated

o productm were decomposed by dilute sulphuric acid.jtit -
,:The product from Polyglycine I showed that considerabletfi“
“change had occurrea, the. polymer had been changed L
'to a mixture or Pblyglycina I and Pblyglycine II. L:;
Thia 18 evidence that the etructure of Polyglycine I
16 at least partlally rotained in thie particular
"_solution. The reaidue from Polyglycine II, gave
Polyglycine II only on decompoetion or the complex.v?
o Polyglycine I‘and IT were both dyed a pale blus
 fco1our, by copper ions, on boiling with a. saturated
aqueoua aolution of copper sulphate. The polymer
did not diaaolve in the solution. The X-ray ’
photogxuphs of the dyed: yroducta ahowed no lines for
vcopper. The product from.Polyglycine II ahowed a
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"weak line at 5.45 A. charaeteristic of Pblyglycine I.'xf,’”

Heating Polyglycine II in the aaturate& copper

' -sulphate solution at 7200. for 24 hours produced

‘no change in sﬁructure. Thus the Caneraion of the
' Pblyglycihe II 1nto Polyglycine I must’ have been 1
‘temperature dependent. The. Pblyglycina I nnltxhl!n
"obtained.from a golution in zinc chlorida by “

- fprempitation by alcohol, wes 8lso boiled with the

‘-copper-su;phate;solution.uﬁhg polymer hecgme dyed a .~:;
'  a¢eper‘qub*thaﬁ.in'éithérrcf‘thévabave éasee; Thié;_,'.
:aeemed to indicate that more eite& were avail&ble |
in.this for coordination with copper ions. The
f'absorptien.of copper 1ons was’ in all cases raveraible.
.the copper could be removea by warming with dilute
“sulphuric acld. No change wae observed 1n the X-ray
%etructure of the Pblyglycine I, ex zinc chloride |

'soluxion, on tha removal of the copper ions.
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: 4' stcvssxon oF mz.snms.- :
The cnly eucceasful method ror ths pvectpitation
" of Polyglycine I from the soluxions-af Pblyglycine, Waa}
| that using zinc chlorida soluxian as the polymar )

- solvent, and ethyl alconol ae the precipitant. This
gave. only 111 defined crystaha ’ and cou1d<not be f
Amade to produce good crystgla of Polyglycine I.‘

. Even this material eontainad a 1ittle Polyglycine 11,
The poor qnality'of the product seems. to Andicate
 that precipitation of crystal nuclei occurs rapidly,~

':and that the rate of nucleation.greatly emzeeds the N
rate of growth of the crystals. The actual time R

rntaken ror a precipitate to appear was as long’ ae -

}‘10 minutes. This seems to 1ndicate that the Polyglycineﬂi“”
13 preaenx 1n solution es a metaatable form, this ‘

 will be slwvm o be Polyglycine 1, and that the

‘»thermal energy released by the heat of mixing of

'~’the solutiona; is surficient to accelerate ‘the

| conversion to the 8table Pblyglycine I. ‘The alternativeg:A'
theory is that the strucutre is partially retained -

in solution. This theory would not account for tha
'precipitation of a 10% soluxion of Polyglycine 11,

k by alcohol, giving Polyglycine 1 as. the prcdnct. Al

Zother‘precipitating agente produce Polyglycine II S

o only from solutions of PolyglJcine II, except o
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“methanol which produces a mixture of both ferms off‘ 
;Pblyglycine.t‘j~ ‘ . L

. The tranaition reported by neggy end Sikorski.

| (1956) was definitely not dbserveda Tha conditions v‘

- .jwere suffieiently varied that if stech a transition.,‘

had exieted 1t would have been discovered. The '
vclaim that a’ transition temperature, in th@ region ;
ef 60°C.w exists for the two forms of Polyglycine
;13 refuted. Eviﬂence will be preaented to. shew that ‘
Polyglycine II 19 a metastable form and.that no trne f“'
~transition occura between the Polyglycinee. |
In the cases of the twolpolymer solvants dealt -
with abovc, the high heat of‘mixing lxi diluxiﬁn, is .
'.uniquc to the precipitgnts methanol and ethanol. No fr"}”]
 puch strong heat evolumion is obaerved with the other o
precipitants, all or which give Pb&yglycine II only, ‘,"'
f_or at. best only a little Pblyglycine I, It ig of )
1nterest that Polyglycino II 1s much more soluble.
'1n mineral acids, and disaolvea much more eaeily than
 fPo1yg1ycine I. Thle would be expected 19 Pblyglycine  ”  ;
© II were the metaatable form._,' _ o
': The formation af & complex of‘both Pclyglycinea
"with cuprammonium hydroxiae ie aleo interosting. The "
| only compound of Polyglycine which has»been repoited,‘ .
'13 a partially acetylated polymer. Bamford et a1.16(1954).i
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jﬁhe'xpigﬁ'phobbéfaphs@ahowgd that thé'strﬁptﬁreé of = -
fthe'éompleies‘erm bothﬁPolyglycineeunxﬁ wére Vebyi “
eimilar, the lines only differing in intenaity and
;‘not 1n position. The decOmpoeition of the eomplexes
. showed. that the Pclyglycine 1 structure had been
fpartially retaihed in the complex, but part of it
..:had been converted.into Polyglycina II. This neane Q; ‘
 i.that the Polyglycine I structure 13 partially retained

-4n soluxion in cuprammonium hydroxide, at 1eaat.,It

“19 not‘possible to say et which stage the partial
'change occurs. A furthe#investigation would be.
"E;neceasary to ascertain,the poinx of conversion."' '
The heating of the Polyglycines in saturated .
i copper sulphate eolution, reeulted in the partial

"";eonveraion‘of Polyglycine II into Polyglycine I,

’ This also supports the idea that Polyglycine II 19 |
"‘the metaatable form. also it suggests that the f;' o
conversion.ia temperature degpdent, although the
_,ﬁcopper aulphate may act 8s ¢ catalyat « If the .
) Pblyglycines are heated for any 1ength of time 1n o
- any of the salt solutiona or acids used, ‘they are

S aubstantially degraded, thua it ie 1mpoasible to teil

if converaion hae occmrred.;»»‘

Thc evaporation or solutions of the Polyglycines o
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in aaturated aqusous calcium chloriae aolution,.‘
'produced yellawiah white delxquﬂscent selide. These
;solids were fcund to be thay amorphoua, nnd ao the
'polymers were aasumed to be present 1n aolid soluxion :'
‘ 1n hydrated calcium chloride. No complex ccrrespondingl
to the cuprammanium,complex could‘b:::gfzrecipitation |
}of the two Pblyglycinea 1n zine chloride or calciﬁm i

‘chloride aolutions by alcohol.;w
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. The Polyglycim I used in thewe &xperimenta
‘was prepnred by the dircct pclymorisatmn of
 glycine 39‘.‘ 'rhe po&ymariaati,om were carriea out -
4n h.vdrochloric acid. 'rho progortions of glx cme to- "
- V‘:I.O normnl -acid wem 5 gms. to 1 ml.. Poly: erisationo".
- vere carried out 1n saaled tu‘bns haatod at MOGC. o
: fox» 24 hour.. 'X!Iw polymer obtained was waahed tr-ee
ot acid vith vator, _wuhed with aleobol, and driaa
Cina vacuum deaic:cator. - o
1) PRrbIPIﬁ‘M'IOI« or z-oummcx E m‘ou SO»UTIO"H Iﬂ
..meWPhD Aam,ous cw m c,m,omms. = AT
o.. I"recipit&tion at ditﬂemnt tcmpomturea. -
| A ten porcent aomticn ot Polyglycina 1 in
-aaturatea aqucoun calc:l.um chlorido WEE - yrepared.
- ml. portiam of . thia solution were glucad in
'centrifuge tibes . in a watar bath . 1n1t1a11y at
' 3o°c.. These solutions were }precipitated ‘by the .
o additian of § ml, portions of dietillqd water, the
,mixture zaa \vetLl stlm*ed dur:lng and aftez* pmciyitaticm.
‘Fnrtnar precipitntiana were cxrrisd éut at 1o°c. |
;mtewala betwetsn 30°C. ana 90°c.. A final-
Precipiﬁationx wws carried out at 99°0 'l'he ,
precipitated yroduct wae centrifuguds down, m each

” ‘caae, washed with water until rree of ca:tca‘.um
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'fchlgridé, wﬁnhdd‘vith gicbﬁoi; and dried over

. calcium éhléridqiundor vecuuR.. An X-ray powder =
'f'photdgravh of each tpé¢1men'was takéh.‘&ll'the -
photegrapha werq identical, and showed only the
,‘apacings for Polyglycine II. no Potyglyczno T 11naa,,f'f

appeared.

E 'b. Pracipitation to different dilumiona.- L
”'5_ A further aet of procipitatione of a 10% |
n'aoluiion ot Poiyglycine I An calcium cnlorids, was - f'

carried out at 100°C.. This time 5 ml. portlonn or ;’«-

;tha polymer eolution were precipitatad by's, 10,'

85, 50, 78, and 100 ml, portion; of. distilled vater._ o

(1.&. dilutiona or 1‘1, 1.3, 135, 13 10, 1.15, 1.20.). |
It was thought that the concentration of calcium - ‘..
fchlorida. and 1ts ratio to thc concentration or wator |
might have affected the precipitation. But again only ..
, Pblgglycine 11 was dbtainad. '_ | . ,4
A,c. Pracipitation from solutions containing lower

p concentrations of - Pbiyglgcino..

A % aoluxion. woight ror voium., or Poiygzycino.‘~"

1 in.aaturatad calcium chloride solution was |

't‘propnred. . ml. portiona of txis aolution wero ;’;:'
[Lprocipitate&, at 100°C., with varying voiunau of e
‘;water, as befora. Again nll the products ahnwed tho . |

X—ray pattarn. eharacteristic ot Pbiyglycine 1Y only.; 
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When a 5 ml. portion of the aokution was precipitated
:with 5 .1. of . vater, there waa a ~0 minute delay
Vbetore s procipitate appeared. The prccipitate
obtained showed ' the“lenring efrect"markedly; This
efrectvia-charactcristic of platelet cryatals.‘e.g.
clays. On cooling the solution t}ia erfect was |
masked by rurther precipitat;on. The xpray phptdgrgph -
" ghowed no sﬁarpen 1ines in this éase,'whgn cdmpaped‘
with tie osngr products. It sppesved that thé'fnitial4f
precipitata waa of better cryatalline qnality th&n “
,‘tha bulk or ths prccipitate. All the tuhea were kept .
| tn.thc water bath at 100%, for 45 minutes %o ensure -
*that preoipitation waa coupletad at 100°C.wﬁ, hij

e mh, gpproximnte eoidbility o Polyglycine in’

calcium chloride salumion. v

A~5 Y portion of 10% poiyglycine in‘saturnted
.]aqnaoum calcidm chloride required 5.1 ml. or watat
‘Ato commance precipitation. The water water wae addad “

elowly over a yeriod or Lours to allow ror any dclay ,

in precipitation. Thns at the point of precipitation ‘ |

the aoluxian containcd dbout 28% of ealcium chloridc
by weight, = - .
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.-fA,saturate& tolution of‘Polyalydino I 1n saturated s =

5 aqueoun ealcium chlorido was then praparad . It

E was found that the aoluhility of’ the ?olyglycine
.Nvae apprﬁximntely 210 gme. per 11tre or saturatcd
| calcium chloridn. 5 ml. of this ‘solution was ‘

| 'preoipitatad by 5 ml.’ of water at 100°C.. This
| again ahowcd only tha x-ray diagram of P@lyglycino~11.,_f‘:

Preclpitation above 100%‘.

10 ml, cf 10% Polyglycine in saturgte& cqlcium
.ohloride was placad 1n & toat—tuba, und this was o
   1010§@& into 8 wvide Curius tube containing 10 nl. ,::} 7

| of water. The tubo was earerully ssaled, and placed :

Jin an’ oven.ut 110°G. and allewsd to reaoh this stoady-: "

B temperuturc. The - tube was then iaverted to allow th@

twe :olutions to mix, and precipitation to occur.
_ The product rron tuis prccipitation wes also
belyEIYGino 1T only. This wasxn;.repeated.with a 5”

. golution, and & saturated eolution of the polymer..v. AR

_fffPolyglycine 1T was the only produﬁt. » ,
£ Prepnr&tion or . possiblo Polyglycine and cqlcium

S chloride eomplex.v_
A 10% aolution of polyner in calcium chloride
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“ndaS Aeft stanuing in & boil;ng water bath.Aun the

| water evaporateu orf tne solutinn bccame nmore
.'visco‘s, until fina;¢y a preci)itats wus thrown |
' idown. it was thun allowcd to stand and cool. Tﬁg"
-‘:precipitatt Was cantrifuged ofr. Tha sugernatant}
'H_;liqiﬁd was diiuxed rtth water‘but no polymer waa ;‘
"_~preclpitated. oome of the peste 1ike residne wae
A;:hrayed.'tha photograph was dsvoid of any~1xnea.

.‘Lna remuinder of‘tne paata waa stirred with water.

311t &1Laolvea &t firat, but than a alight preciyitnte_ L

'showina aome "leafing" ﬁaa dbtainod. him gave the.;~
- wxsray pattern or Polyglycine II. B

:2),?RLCI§IQ ‘IOHd oF SOuuflﬂhJ OF PO, YGu&Cqu "w
huLUhA?;h HWLAOLU FALL!LI IinPILp UOMUTION BY
w{.v.uv A-fu O'lu.‘x. uu.ﬂ u.&.u u. o

1. ¢recigitation hy athyl alcohol., . _
' : ﬁ Sﬁ zolati n of the rolyglycine 1n calcium . :
chlorids aclution, waﬂ greciyitated~by 25 ml._of

.'etgyl alconol. ;hia wug: founﬁ to be tha mintwom

',qpantity of ethanol,which would.induce yrecipitation.

It W87Alm9 found best to add’ tha pol mer oolution to - y’

,the alcohol; etheg;wiae a gummy nass was obtained,.
ijhich atuck to thu atirring rod.\The aolid ras ,"'
ﬂfcontirfugea down to a gummy masa._This raszdue
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: gaie' a.n X-ray diagram chowing ohly'a airruse ring
.sat a‘bout 4.15 A.. It was not stable, but deconpoaed
4 1n the air. This may have been a Polyglycine aml
.‘;.‘ealciun chloride complex. ’ I
A 5 ml. portion of. a 5% aolution of the polmr
- Vus treated with 50 n}.. of ethanel. There was &
e volminous precipitatei, part of which diaselved on ‘
/ vwashing with water. This left a fme thite residw
”'-for sbout ene qnarter‘of the inigial. bulk. “The X-ray

4photograph shawed lines ror both Polyglycine I ‘and II. S

’-;_A11 attenpts to obtain pure Polyglycine I in this

. way gave only nixttres of both fom; variations

“.ﬂ,Of the concentration and the tonporature up to soc. -

Awsre tried. i‘his mthot! was a‘bandomed because or the

- o tmsatisractqry natnre or the prec:pitates. "

Precipitation by nathyl alcohcl. »

| 5 ml. portiens of 5% polyner m saturated |
'ealcium chloride was easily precipitated by the R
addition of 5 ﬂl. of methsnol. The yroduct wes a fine

- white powder. . A:n X—ray photograph shewed it to be

. Polyglycine 1z onlsl. A further 5 ml. portion of the

polymer solution vas treated with 25 nl, of" msthanol. .
. The. Z—ray gh;otograpm of the precipitatea product

' fshowed strong ?olyglycine II .unes, ans only teak

"Palyglyciae I lines.
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A5 ml, portion of a saturdtcd polymer io;ntion
was precipitated by 25 ml. of methanol.'Thislaga;n,
geve a product showing wgak.Polyglycihe vapgay '
lines, and strong lines for Polyglycine 11,

Thz'produgt dbtuinod-QQAthia reaction was much
easier to'saparate; than in the case above. Thore |
‘was no tendency for gus formation. The relative
intensity of the X-ray lines, indicated that 1t did
not‘producafso‘gregt a proportion of Polyglycine I, -
~ s precipitation by'éthanol; - '

113, Precipitation by'glycerolw'

A 6 ml, portion of a 5% polymer solution was
precipitated by 10 mli 6r‘g1yceroi. The precipitate
‘was washed with alcohol, and éried in vecuo, over
caleium chloride. The X-ray phbtagfﬁph showed lines
_ for Polyglycine II only.

5 ml, portionﬁ of a saturated polymer solution
véro'precipitated'by 10, 15,,and 25 ml. of glycerol
respectively. The X-ray photographs showed that o
addition of 10 ml, precipitated Polyglycine iIxonly.

In the remaining cases, the .45 A, lins for
| Polyglycine I appearad'bux'was very weak, All the
precipitationa were carriedvout.aﬁ_foom téhpartturc;
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This method again,did'not'proﬁgbejgurficicnt
P°1V81y¢1n°v1 to varrdnt fnrther investigation.

1v. Precipitation ‘by dimathylformamidc.~ | .
© Both 5% and saturatod solutions of Polygl;ycine |
were precipitated.by 10, and 20 ml. portions or
'dimathylrormamide at room temperaturo. The producta
vers washed with watcr and alcohol. Tha X-ray 3
,'diagramp 1n both,cases ehowed only Polyglycine~II _'J
“linee. o | ,
:v. Pracipitation by O.BB-ammonia aolution.—
Precipitations of B ml., of 5».'polymor aolpmionn
. were yxlmi carried out, using 5 ml, of O, Bsuammonla
solution at roou tempernture. The proauct was always o

Polyglycine II only.  .

s) ?R‘?CIPI"‘ATION OF Poumwcxzm :vmm uouu'noxs m
‘ bxvmy PERCENT A.QUEOUS ZINC cm.omx: sohumow.
Precipitation by water, ' o
A eoventy pcrcant noluxion, woight for'weight, o :
of zinc chlorido 1n water WAS prepared. This ‘was _f
Mus@d to prepare a 55 aolution of Bolyglycine. 65 ml,
' portions of this goluticn~wora treqted:with various '

‘volumes of watér. It was found thg£¥thg‘raﬁioﬁ.of f
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eoncentrationa of ainc chlaride to water was’ 1'51,
at. tho point of vrecipitaticn. A pr~c1y1tate wgs N
| dhtainad on: standing ovcrnight at 18°C.. 25 mm. or.‘
'water was found to prodaﬁa almost completc S
‘precipitation or 5 ml, of the yolymor-solumibn.‘fho |
‘ratiox of cancentrationa of zinc chloride to water
"was then 1 64. Precipitation wae carrie& out’ at
'18, 40, 60, 80 and 100 G.. In allvcaeaa the groduct
;dbtained'wus always ?biyglycine II only. ¥he ‘
| ~,recipitatiou.at 100°C, required addition of move . -
- than 30 ml. or water for'oompletion. : o
' ‘b. Precipitation by ethyl alcohol.
g ml. portions of the polymer eolution in :
zinc chloride eolution, wereAprecipitated.by 5, 10,

15, 20 and 25 ml. portions of ethanol. No precipiuteﬂf

was dbtaineﬁ‘in the firet two cases,:but hsavy
Becipitates were dbtained in the laat two cases.

All the grecipitationa wers carried.out at 2000..

The X-ray phvtogrnphs or the producta. ahowed that

- the samples prccipitated.by 15. and 25 ml. of ethanol

were not. Pbiyglycinc 11, The linos were. characteristic

an poaition and relutive 1nteneity of those expected
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- for Polyglycine I, A blank precipitation of the .. ..
ia;vzihc‘chioridq'goiﬁtioﬁ by'§l§oﬁbi brb@gcddénlyya.ﬁ
o very :iight prééipitaté on iohg Qtandins.:wﬁo
—ﬂ;samplea obtaincd were palc yollow powders. The _‘ "
products are. undouhtodly Polyglycine, since thoy 1
. are soluble in atrong salt soluxions only. The
"Xpray 1incs are not very strong nor, very Bharply
1def1ned, thus the samples aré not very well ‘ o
vcrystallined. oo
| A.iOn.POLyglycino aolutaon waa round to give
3 eimilar resultu, to- “the 5% solution. It was found
that for a 5 ml, portion of polyglycine aoiution.
rapid addition of 60 ml, of ethanol produced only
| Polyglycine I, If the alcohol was adngd slowly in
small qnantities, the péoducf cbnt@inéd some
Polyglycine I, bvut was moatly Pblyglycine II. It
was noticed that on adding the alcohol the eolution
became quite hot, 1.0, L high heat of mixing
Adﬁition or small quantities of ethanol, less than

, ’20 ml., lad to coagulation or the precipitato. In

" these caaea the product wan always a mixture of
' Pblyglycihe I and II, Dilution of ‘the a&cohol
vith water bqforgraddition to the polymer solution,
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fe#niféd 1ﬁ‘dn1y7901y§1yéinshir béing.obtained;
Similarly sddition of alcohol and then water
‘resulted in mixtures of both forms deing obtained,
'iith a pradominunée ofﬁ?olyglycihe II, This happened
‘unless the addition of water had been delayed until
cénaiderable yrécipitntion«héd occurred, Th@ heat

of ﬁixing on adding water alone is not so great as
that producod on adding nlcohol alone, or alcohol
and water mixtures. B

o The_Polyglycine I’obtainga ﬁ&fth1s;méthod, was
‘ -of very poor cryétaliino qnnlxty; £h1¢\can be seen -
Trom the difrractometer trace (Charf 4, ttitha ond.) .
The trace also ahowed the pvesenco of mmall
anantities of Pblyglycinc I aarwell. The poor
‘quality suggests the rapid growth of cryatal nuclei
from solution, the rate of nucleation fqp~axceedins
thb'ri€610f growth‘of the nuclei. The sctual time
taken for visible pracipitation to occur vae aa 1ong a
as ten minutes, Thia seemed to 1ndicate that tno ‘
'Polygly¢ine'wau present in.eolution as the motastnble'.‘
Poiyglycine II. The thermal energy released on |

mixing with alcohol, accelerated the conversion to
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;tnc stable Pblyglycine I High 1oca1 henting'@n
nixing prodncss rapid nuclcation, bn& i- not
surficiently tustained to cncourage growth of the -
nuclel. | . | o
| A soluxion of Polyglycina II(iO%) in aqpsous  ]-
A ;70% zinc chloride soluxian was made uw.. nl. of
thnis aolution was pracipitato& by 40 ml. or aleohol, '
| ithe‘product was Pelyglycino I. ugain much‘hsa$ wtl
’1evolvad and precipitation‘wun alow. Precipitation '
| of thia soxutien with mixtures or alcohol ana water

gave Polyglycine I1 as before. Precipitnticm by
_*methanol g&ve a mixture of both forns,ot Polyglycins. ‘
" The precipitation of u solution of Polyglycmno |
“1II by alcohol to give Pélyglycima I, means tbat .
~ the. convarsion cf Torm ﬂnat havc occurrad bn
precipitation by the alcohol. Tho ﬂolution of Uhe o
polymor could not.havo contuinea Polyglycin@ I B
nucled, unleae ‘they were formod durtng the ,‘
preparation of the Polyglycine 1T aolution in the ,
"fztnc chlaride. This not lixely since if the rornation"'
xof 2 aoluxion raqnired the canyernion of Fblyglycine':

o I (so114) to Polyglycino I(in solution), then the

Pblyglycine I would bo nore oaally dissolveé in ths

“ .,:1nc chloride than ‘the Polyglycine 1T, The obeervod

f‘factn aro~that Polyglycine 1T 1a almost twice us
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zoluhle, and ‘much more easily soluhle,in strong

salt solutions, than Polyglycinc I(aee Sec. Exp 11 ).

3) PHECIPITATION OP POLYGLYCIKE FRQ% SObUTIGRS Iﬂ
' CONC:NTRATED MINERAL ACIDS, '
& Hydrochloric acids.— |
‘ An approximately 10% aolution of Polyglycine I,
in concentrated,hydrochloric acid, was made up in

' . the cold, solution was very elov, 5 ml. _portions of

this solution'werc precipitatod by both othunol
.'and wnter. The reactionn'werc cnrried oux nt room
: teﬂperaturo and at 100%. In all cases the product h
| gave the Xpray diagram ot Polyglycina 1T only.-
"‘Thcre waa no Polyglycine 1 .in tha prodncta. not |
ovon.thoae pracigitated bv aleohol. Thele‘cxperiment& 1p
L were repeatcd ror a 105 Polyglycine I#Eolution in
'hydrochloric acid. The aolutlon of this yolymer
wus much easier, and it wau muoh gﬁt more quickl&
"'dissolved. The products or precipitation ﬁero aguin; A
‘ only Pblyglycine II. | D . T
b. Nitric seide- . . . .
A 10% uolution, approximately, of Pblyglycine I
_1n.n1tr1c a¢1ﬁ.waa'propared. The soxuﬁion required )
heating to dissolve thc polymer.whena 5 ml..portione"

~ of this- solutimn wera pracipitnted by water at room
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_temperature ‘and 100%.. The product was Polyglycine
'iI}only Tna>p£écipitate showed 2 fair."léafing
effect” but ths Xpray linee were no shnrper than
usual. The acid had.attacked the polymer ‘and greatly
'doaraased the yield of. prodnct.
G, Bulphuric ‘golde~- ‘

An approximately 10% aoluxion or Polyglycina I7

. 1n ccncentrated sulphuric acid was prepared. The

'"7:'polymer had to be heatod to fncilitate solutian,v

thus the yields on pr@cipitation were low, owing to
acid attack of the polymer. The solution was. -

‘?precipitatea at room temporature and 100 C.; The
prodpct was Polpglycine II only.

4) PRECIPITATION OF THE Pomomtcnms FROM SOLUTIONS
IN CUFRALMCNIUN HYDROXIDE. ~ ' -
A solution or cuprammonium hydraxide was prepared
by thu aeration or notallic coppar in: 0.88-ammon1a,"
. thus avolding the,presence of sulphate ions in the
soluﬁian; | , - " | B
It was found thét Polyglycine II wag about twice -
as soluble as Polyglyclne Iin thgéuprammonium
,.hydroxidc solution. Precipitationa of these solutions



SOLUTION OF THE
POLYGLYCINES |IN
CUPRAMMONIUM

HYDROXIDE SOLUTION.

1. POLYGLYCINE I/C UPRAHMACON WM SOLUTION
PRECIPITRTED RY ETHANOL.

2.RESI'DUE ABCYE TREATED WITH DiLUTE
JuLPMuRIC AC\D.

3. chc.ucmeilc,u"eﬂnnoman SowuTiON
PRECIPITATED BY ETHANOL

L. RES\'DUE ABOVE TREWTED WITH DWLUTE
SuLPHUWRIC ACLID.

5. CUPRAMMONIUN SOLWUTION
PRECIPITATED 8Y ETHANOL.




| Expe 1. -
C-Rhm
A_by ulcohol gave bluo-pnrple coloured yrocipitates.
 The lpray ﬂiagraMs of theae precipitates showed |
‘that the vositions or nll tho lines werc 1ﬂnntioal'_
_”for both Polyglycine I and Polyglycine II derivod. ]
producto. The only dirferonco was 1n the inteneity SR
, of tho third ring from tho contra. Thia ring was |
- mush atrongor on thgbhotograph ot tho precipitato o

ﬂ~lrrom POIyglycino I and cuprammonium solution.'
' ~'A.b1ank precipitation or cupranmoniun hydroxide

soluxion by alcohol guve a green product. The X—rny
;vdiagram or this product showed . number of lines ,
| which aro not pronent on the othsr photographa. fl”
- There are some Iinon_comnon‘to,)nxh‘all,thrae ' 
'fbhotograyhs howoﬁor; Tho iino-which‘dirforod ih
'tintensity on the pracipitnte photographs wua ,
'coincident with the very strong line of: Polyglycine
I, (4. 15 A.) .The next. 1ine outward n-om this
| ”corrooponded to the otrong'lin7kor Polyglycine I
(3.45Aw)’ this line was comson to all the photographo.‘,
Thc modiumoatrength linc or POLyglycine I1(3.1 Aa)
was a port of the doublet which occurred as tho next
‘lines moving outward on . the pattern, Thin doublet
o ocourlod ‘on both procipitato photOgrayhs but waa .
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1,'¢tronger in thnt rrom Polyglycine I. Ho such‘ | .
~;doublot appearad on the blgpk photograph. Oomparinan

of th@ pclyner photographs with that of the blank,
&howed that the polymer containing precipitatea,v

‘,‘wcra not n.rcly mlxturos of -the. Polyglycines amd

the compound precipitated by the aMition oﬂhcohol to |
'.dupranuoniun lﬂluxion. Th@ blank phntogruph ahowed S
’nnny difrarant linoa . fron tne other two photozrapho. , 
These 1lines differed markodly in both position and”
'1ntansity. from 11nea on the other photographn. Thus
‘the Pblyglycinot had rorned compounda with the
 ‘cuprammon1um hydroxide. , .

The precipitate dbtainad froa ths solutien or
ths polyuers in cuprammonium a@lution wae then o
'decompoaed by the addition of dilute aulphuric aeid. ,
’~This 1eft s white rosidus in both cnsea. The realdu&s o
were wuahed with water and alcohol and driea ovor o
calcium chloride in vecuo. The X»ray photographa for | .
each sanpla waro taxan. Thz reaidnn from the procipitate .
which had initially contained Polyglycina 1, wam
‘cansiderdbly changed. It now contained»both - |
'.Pblyglycinn I and Bolyglyoine II. The rcaidus from B
the procipitata which had 1n1t1a11y cnntainéd _ '
g Pblyglycinc II, was unchanged erter decomposition

‘” ‘0f the complex. Theee reactions were carried eut onza';»
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a 'qu?ai_itati'vé soale, the bplymer golutions being |
about 5%, _weight for volume, in the cupmmqﬁi’um
.aolution. Each sollut'ion vasprecipitated by about
30 nl. of ethanol. v'l‘ho precipitates were decompoeed
by 5 ml. cf ZN. mﬂ.phurio acm. Attempta to repeat
- the reactions on & quantitats,ve scale, did not
" produce well crystalline aamples. The k-my photographs } .
ghowed only weak diffuse lines. -

N Saturated aolutionn of both Polyglycine I and
iPolyglycino II in the cuprummonium aolution were
pmpared at room. temrerature. 7] ml. portiona of ,

: thase solutions ware precipitated at room temperature,

by 25 ml. portioma or etmnel. The X-m photographa
- o‘btainec}/ror these ;precipitntea were montica‘l. ‘I’hey
'ware alao 1dentical with the photographs obtained |
in the quantitutivo oxporiment abovc. A1l the '
‘photogmphs showed one 1ntense, but d:u'fuse, 1ine ]
at 5.45 A,(the outer rmg for Polyglycine 1.0, The
" renaimn; weak linea were lower Bragg Angle, longer

'spacihga. 'l‘hese precipitates were then decomposed :
“by 5 ml, of 2N, sulphuric acia. Bome polymer waa .
'procipitated, but 1n too small a quant.ity rox' an-

- X-ray photograph. For ‘the purpose of this Mvestigation'
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this reaction was & failure, but 1t does show that

compounds of ths Polyglycines can be prepared.

5. THE EFFECT OF SATURATED COPFER SULPHATE SOLUTION
OH ’I'HE POLYGLYCINES, _

| Polyglycine I and II are Yoth dyed by copper
ions to a_pa1¢~blueAcolour.‘on.boiling.with a
~ saturated aqueous solution of copper sulphate. The
Xbray diagran of the blue polymer 9hows no difforance
1h,position or 1ntonaity of the htn,Polyglycine -
“lines. Ko extrg.linea appemred’ for the copper., The A
Polyglycine 1 dyed polymer, ghowed P01yglyc1ho I lines
only, The dyed Fblyglycino 1x phatograph, dhowed
that some change nad occurred te Polyglycine I,
the 3 45 A, 11ns had aypearad. Treatment of the
blue golymera vith 0.88—ammon1a eolution made thc
colour a 1ittle deeper, Treatment with 10% sodium
hyﬂroxﬁdo-eolution, chnnged thc blus colour to pink.. -
28 in the biuret resmction. ‘ 8
| 0.5 gRn portiona or Polyglycine I and I1 were
" heated at 72"0, in the open, for 24 hou.ra, with
S5 ml, portions or saturated coppor sulphate acluxion.v
Tha blue dyed polymers gave the X-ray 11nea for
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.'Poiygiicine I and ?blyglygxn@‘II.reapoctiveli.n,Thé
aon#ersion of Polyglycign I1 ﬁuét thsuqfdfo have
bsen temperature dependent, The supernatant liqni§
| gahtgincd no water insoluble polymer. rle‘poiypoi'_‘
B obtained frem the preaipitatiéh ot a'selution of .
Pblygiycine I, 1n 70% aqnoous zinc chloride solution,'
by alcohol; was alao boiled.with tho saturatad copper
 su1phate nolution. This polymer was unchanged by the
"dyting, and guvc a Polyglycine I X-ray photograﬁh. ‘
”The polyner waa dyed & dseper blue thnn in tho |
prevﬁtns-two cases.'Tha uddtion of anmonia to the
auspenaion 1ott an even deapor blus resldue, the
:-supornatmnt aolution.wan pink, The additian of sodiwm
hydroxido solution aiaaolved thu pelymcr leaving a
: 'clear pink aoluticm. 4 '
| mhs eopper 1onn abaorbed by'the polymere could}
b removed by warming with dilute sulphuric acid,
leaving the white polymer, Thus the absorption was -
iovorsible.'lt aphanred'thst the polymer prepared  |

"'from the zinc chlorida selution had more &vailablo

sites for dbscrption of copper ions, than di4 thc
'othar polymeru.

Y S ' —??



SUHHARY oF RESULTS.-

The ;products of the yolym@risation of gly@ino
iﬁ ton normal hydrochloric acid solut:lon, prodiucaﬁ.
tvo distinct solid lnyors on. cantarifugint. The o
bottom of *t;hc tuhe contamad a gritty, dense

L polymer, and above th:ls tnarc was | lnyer of 1ess

dense, noge gelatinona polymar.- 'I'he less dense_
layer 'became mcreas.tngly more difﬁcult to | | |
A' “ centriruge down, aa washing with water contimmd. o |
Beth tne iight and heavy fractiom gave x-ruy |
- .photegrapms vhich lhowed tho profhce of both )
Polyglycine I snd Polyglycino II. The reaction o |
-'timu Tor tho polymeriaaticn were ayatematically

o ‘varied, and the praductn from each reaction

emined. It waa :round thnt Polyglycine II wus o
| _ the initial product. of the reaction. This was thsn
R _convertca 1nto Polyglycim Ion mre prolongcd o
-. heating, Dik@topiperazma vum also found in the ) )
products.
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'DISCUSSION OF RESULTS.-

This work is the firét obeervation'of the _
intervention of Polyglycine II as an intermediate,
in the fromation of Polyglycine I. The previous
workers, see Experiments dbelow, hgvé stated that
Polyglyéine'I only was formed, The work also shows
that Polyglynine 11 1a first formed in aoluxion, and
 not 1n the solid state, The formation of Polyglycina
I probgbly.occurrs 1n.the B80lid state by.converaion
of the Polyglycine II(solid),‘previously rormea.'This.
cénnot eébily-ba proved; end is éertainly“not proved -
in this work, The work also shows that the Pblyélycine A
1 prepared by this method contains about 5§ to 10%
of Polyglycine II, in order that the eray‘lingg '
should appear, This diécdv@ry does not however .
invalidate the wor3~done in experimehtal section. i.;
-since this work compared the relative 1ntensities |
of the X-ray lines before and artar reactionu.

The dikctopiperazine which-waa found in the

polymerisation products, was elso present to the -



‘ Exp'o» 2.

extent of 5 to. 10% of the product. The presence ofr
| thie diketopiperazine has been conrirmed by a B
chromatographic analyeis of the roaction produete; ;
Thie product could ‘only have been produced by the o
cyclieation of two molecules of glycine. It is not o
}poesiblo to'eey what_part\the diketopiperazlne plays -

in the reaction.,

EXPERIEENTS,
_' 4 The polymerisayion.og glycine in 10N. hydrochloric
'lacid.waa first observed,by'ueggyeg. He found that »

- the highest yielq of_bolymer~wae;given by using

1 ml. of iON; ‘acid for'every 5 ém.-or glycihe. This 'f:“;

| mixture was heated in a eealed tube at 140°C., for
| 18 houre. Thie gave Polyglycine I, reference

91. This reaction waa repeated |

Meggy and oikoreki
many times, and it was observed each time, that in -
' 1solating the polymer some of . the producte settled_ .
;out leee readily than the. remainder. The cooled |

‘tubes were opened, and the polymer waehed out with*‘

" hot dietilled water, The suspension of polymer wae”i’:l"k

‘then contriruged down. ‘The polymer settled out easily’f"
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but formed two distinct laycrs. The bottam of the |

' tube contained a dcnma gritty'powder, and above this'
 "3 more gelatinous, 1888 denaeilayer. on waahing with
weter this less dense reaiﬁue; became lese easily
‘ 6éntriruged’down.»theﬂsivo washing ﬁith'uhtor;;,'
framovihg_th hydrochléric aci@, made this lighter
residus e#en;morb aifficult to‘caﬁirifugovdown
eompletely. It was also noticea that on adding
- ethanol, to finish the washing, the gelatinous
residue became aggegated into rlocka. It was thmn
‘ poasible to centrifuge thc reaidue &own complbtoly.
Somc of the lightev residua trom tha p@lymorisation _

- was pipetted off from the centrifugad rasidua. Thie

lighter-anapension was dividedAinto two parts. One
- part uaé‘waehéd.vith water only., The other was washed
with first water. and then slcohol. Both rsaiduas ’

_were then dried ovmr calcium,chloride 1n vacus, Tho J.- e

- x;r:y photographs ot the tvo rosiduem were compared
' with that of tha gritty polymcr. Tha gritty polymer
sheiun faint Polyglycine II linss, tognthor with
the main Polyglycina I linsa. The two’ extracted,

';reaiduun, were. also mixtures @r Polyglycine I and II.'
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| The Polyglycine II lines were ralatively inore |
1ntenae 1n these samploa. This ehowed that Polyglycine
1.11 was formed as an intermediate in the polymeriaation.'
' It was decided to tny to determine at vhat
' stage in the reaction, that the Polyglycine 1T

- was fcrmed. 5-gm. portions of glycine and 1 ml.*

',portions of 10N, hydrochloric acid,‘were ‘sealed um
4n glanﬁ tubea. These tubes were placed 1n a )
glycerol bath st 140°C.. The solidzglycino began |

to dissolve arter ‘two hours heating. After four
hours hsating the solid/iiquid 1nterfaca became -
. "upzy." After five hours, the supernatant liqui.d
bscanme distinctly cloudy, the volume of solid
glycina,had diatinctly decreased., After six'houéd,
o white solid formed in the supermatent liquid. After |
»aevon houra, ths rirst tube’ waa removed from thc _ |
haating baﬁh, and rapidly cooled, Tho eo;id.formed
| in the aupernatant liquid was oxtracteduwith a
 1ittles water, the extract centrifuged down, and‘thb.‘
résidub x-rayed.‘This;phbtograph~showe& thé lines’
for Polyglycinc II only. The undisaolvcd aolid was
.aleo extracted>with hot water. The prcduct ahawed '
lin@s for Polyglycine I and other spotted lines,
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" These spotted lines were cha:ﬁéteristic'ot“tho;lines ’
,rbr"glycinefand rof diketobipérazine._The producta '
from this ‘reaction have been 1nvestigatod by
chromatography, see experimental sectidn 13.. Thia _
also showed that thc product contained.dikatopiporazine.
. After nine to ten~hours heating thc undissolve&
| ‘solid slowly disaolved, or reactcd. rorming & cloud
or polymar' aolution was completa after eleven )
hnura. On. continuea heating no further vieible
" changes occnrred. Tubes were renovsd at eleven, |
‘ fouﬁteon, and eighteen hours. The last tube was : a
‘rengved after 24 hours, the product gave the Xpray
photogng‘h ef Pblyglycine II togather with weak
'linns for. Polyglycina 1z, o
This expcriment-was répeated usins electrical

:heating in place of the glyccrol, to give better ﬂ'
“temparature control. The temgerature was got to

- 140 C., using sn air oven. The rate for reactiom .
 had increased slightly when compared with the -
proyious expgrimant. mhe.produpt Obtainad atterﬁ .

v'aévén,houré»hcating’wah waahéd“with'wat@r, untii -
_'.rrac from acid. It was then wadhed with ehhanol,
,  and. dried.in vacuo over calcium chloride. Thg



- Exp. 3; 

Al
difrtacﬁéagtdrltraco thwed:sgmogcoﬁvhraiﬁnief -
the Polyglycine 11, first formed, ixiﬁo Polyglycine
I, hed occurred. The dirfractometer trace, ﬂee
Chart 5, at’ thc end, showed ‘the change far better N
than the photographs. The product rrom the tUbe

. withdwavn after elev&n hnura, was. separuted 1nto

‘the settled and uneettled residubu. Thb unsettled
‘reaiauc X-ray photegraph, snowed 8 mixxuro of" both?

rorms of Polyglycino wer76reeent, bux th@ Polyglyoinc

I lines had increaaed in strength, _with longer

.} heating The eettlad residue aleo showed a mixture

of both Polyglycines. but tho'Polyglycina 1 line was
-not as 1ntonae as that for the.xltx!lﬂ uneottlod‘

' reaidue. The ;ﬁiil yiulds were. 0.038 gr. for

the unlettled roa:ldue. and 9.43 gn, for tm aettled
residue, a total of 0.465 gma.. Thia comparad.with

e value or 0.22 gm. atter 7 hours heating. The

. tube heated for fourteen.hours, was also similnrly T .

V’ extracted 1nto tvo portionm. Again ths unmettled

residue ahowed an 1netease 1n«tne 1ntensity of
'tho 3.45 A, Polyglycino I 1line, The product still
contained appreeidble qunntities of Pblyglycine iI,
The yield or this roaidue was 0.375 gm.. The 3



-
zZ3
.mO R
E & *
5 8 {=
-— X
e °
wl o
ME vy
>z
- = . 1o
o Y
>~
: a 4 <
b U : o
) o<
| S s S S FPA

7

10LAR
YT€LD

<

\\v‘

Wi

o

. OF
T e

TINE




Exp. 2
-8

Qetiibd‘residué‘ﬁhowed.a mixtvna‘of‘both'formé bf ,

; jP@lyglycinc, snd" again the 5,45 A, line was lees

'1ntenso than that anown for the settled reaidue.;":\
The yzala.was 0. 64 gm.. The total yield was 1 Olsgm..'
The tubo vithdrtwn arter oighteen honrs heating,‘

. was akko extractea to give two rcaiduzn. Tho |
dirrractometer traces show that the polymor haa ;‘ ~
~boen almost entirely converted into Polyglycine i. ,
- The settled and unsettled reatduaa 'aid not show '
‘any llna intcneity differencea, buz the 3.45 A. |
11no 1. now more intcnsa than the 4.4 A‘ lino,'
ahowing that eanvernion\waa almoat complate.’Tha
yield was 2,00 ga, | | "
.:.A Thm nolar yield curve ror the reaction 1is shawn'
apposite. this aasumes.thnt the average d@gree of
“polymerisat;on of the Polyglycine is 10. Whis is the
value givon‘for stock Polyglycino I, prepared £rom .,73

'g;yc;pe'and;hydrochleric,acid, The;nethed uded to .

. deternine this value was that given by #c@gﬁsg.” |
It was rounﬁfto_be’impossfbia to oxtiﬁguidh thpi
| Pblyglycine 11 11nes~coﬁplately;'rrbm ﬁhgvbrodncti y

- Pol&glycino,I. If'hogtiné,wés'¢ontinued rbr'iohggr ?

periods the yields were decroased, presumably dus -
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~'.tb"hyarelysis, and pide reactibna, and the~Poly- _,f‘
,g;ycine 1T 11nea remainad. 1t appears thnt all the )

- Pblyglycine I prmpared by thia method contains, = |
‘- rmn 5 to 10 percent er the Polyglycim 1,
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. This polymarisation occurred by 'Y similar i

| mechaniem to that.in the previous section.
Pblyglycino II waa obtained rirst or all, ana this
was converted 1nto Polyglycine I on prolonged_' |
heating. Tha proportiona of ths tuo‘polymers.
’present 1n the product depanded on the volune.ot
the 1iquid phase, e.g. tha volume of glycerol added."
- Thc yrolonged holting of the reaction mixturevdid
not 1ncroase the. concontration of PolyzLycine I
obtained. #here the volume or glycerol added was
large, & greater proportion of Polyglycine II was .
obtained in ‘the prodnct. 7o obtain an appreciable
proportion of Polyglycine I, a amall volume of
glycerol was required, 3 nl. pavrb‘gm. of glycine,
The rate of reaction at this concentration wee
decbeaee&. It ap.eared that the Polyglycihe 11

wag only converted to‘Polyglycina I,'whsn its
concentration in the glycerol solution reached a
certain limit. This limit was not Achaivegzn ‘
BOIﬁzions»éontaining more than 5 ml, of 31&90;01,.
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per 5 éﬁ. of glycine. vimilarly to the previous

.polymeriaation, the prosance of solid glycine at

‘the reaction temperatire was eneential,_and‘
polymerieation appearsd to occur in the liquid

: 1phaac. o *

| The poiymerisation of glycine in mixtures

of glycerol and water, gavo lower yielda of

‘Polymer. Ths product in all cases was Polyglycine II

"only. Although the vielas of Polyglycine II wers low,

the crystalline auality was very good, as was shown }

by the - aharp X—ray—lines. Increasc of the concentration

of vator in the ayaten, lowered tha yield of

- pelgmar; uritil the use of a 85% glycerol/water
“solution, produced a yleld of asbout 1% aftor 19

h .daya haating at 140°G. An X-ray-photograph of some

of tho wet reaction mixture ahowed lines for glyclne -

'and dikotopiparazine, ae well as very weak ?clyglycineA”’
1T 1inee. Thus aa tae activity of water 1n,tha

1eyatem 1ncreased the reaction 1ead1ng to polymer

formaticn wns,repretaod, and aiketopiperazins.'as

' formed in brefefenée to lolyslycine I,

The ¢orreqpond1ng polymorilation of glycins 1n
glycél, which gave diketopiperazine, ulao gnve 2 smally'
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.,’qnantity or hot vator soluble polymar. This polymer
inhowea the ”1earing effect” on alloving to cool |

.and cryatalliaa. The X—ray pnotograph 5howed that .

, thia polymcr was Polyglycine II. This 13 the rirst

w’reported casge or s low molocular waight polymor “1

having a polyglycine II structure. This means that

,3Hoither the ow molecular veight polynors crystalliae :

' 4n the Polyglyca.no IT form only, or osherwise they

exhibit 1somorphism, like the highzr polymern.

Therbrown rluorescent material pﬂoduced during 4J3
| the yolymerisation of glyoins in glycerol hes aleo
been examined, Axtsm@tsAwere made tq extract this
: bféﬁn colour fron the iblutionviemainihg after the |
‘ Pol&mér.hadVbseﬁ.aepanated. It waﬁ&oﬁnd that aéatoncjj_’
- daid. extract some of tha ‘brown colour. rrom the ;
solutian.XOh evaporating orf the acestone rrom this
extract, a thick brown 011 ramnincd. Tho ramaining
~.colour could tnen be oxtracted.by tneAnddition or
‘ether to the aoluzion. The ovapqration»af the ether
from thiu extrgctvlért a bfowa/green flﬁoreacént oil, -
The acetono muat hava reaated with the compounds |
. present in the aolution, since extraction with

. ether was posaibls after addition of.the‘acctone,
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T but had.not been possible initially. Jeither ot the R

'. oils ohtained could be made to crystallise. Thia ,
workvagresd'with the observadion orjﬁaillurd(19i4)86,
that the brown‘matefiai contained two components.
VSimilarly, the soluxion from the preparation of
diketopiperazine,‘by the polym@riaution oqélycinc

in glycol, containad tLhrown coloured product.

This aoluzion.was treatad,witn threa times its
 vo1ume or'acetone. a chocolate brown precipitate
slowly settled out. Most ot the colour wag removed
fron ths\zolu&ion on the rormatiqn of this |

' precipithte. ﬁho X~ray yhotograpﬁ of the crystall;ne
depoait, showod that it was neithar glycino nor - .
dikatapiparazine, neithes was it & mixture of theae_

two compounda. B

nxscusumx oF asstrms.- o
¢ Tha polymorimation of glycine in glycerol and
 glyaol, waa 1nvout1¢atcd as early as 1900 A.D..-»- .
“In the maa& of slycine eand glycorol, tho producta }1"
ebtainnd vnre aﬁataﬁ to be diketopiperazino and
. hemy Pelyglyeme. This work was carried out by
Baibiano and Trmciatti(lgoo)m, by heating the
’reaction mixture in & sealed tubq‘at.17099. The -
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groduct was said to ba a "?olyglycine?since it‘was
1nsoluble in the usual orgsnie eolvcﬂte, and could :
be hydrolysed.to glycine, Maillard(igll,1914)35’85,‘
verified the atove wbrk,‘ana showed that glycins
diaéélﬁcd iﬁ water, and diluted with glyderol;'gave
an 865 yield of. diketopigerazine on heating at 170°C.;
»This work set out to determine which form of
rolyglycine was obtained tn,thig reaction. It_has
beeh'ghcwn that either form caqée.obtgined.,Tho,
volume of the glycerol, pr glyéerdl/bater mixﬁ@rg,
added determined the uropbrtiah& of each form of |
polymer dbtained. A spmall volume of 11qu1dAphase ;

' also reduced the rate of reaction. Dilution of tho
glycerol solution,.by'wutsr, reaulted 1; a decreaae
of the yleld of Dolyglycine, end resulted at 75%
:‘dalution, in formation of diketopiperazine, This
agrced with the work of Lail¢ard except 1n the yield.,
The yiald obtainsd was much lower, This could have
been due to the lower resction tamperatureyof 140°C. .
The increase of th§ activity of water.ih the system,
resulted in the repreaeion of polyuer formation.

and prefcrential formation of diketopiperazine.‘

The usual method for the prqparation of
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diketcpiperazine, is from the polyuerisation or '
‘glycine in glycol, in the ratio of 1 #me or glycino
to § ml.of glycol, Lven tnis diiution by the glycol.
nhas produced some water solﬁbleffolyglycinc 11, but
only soluble in hqt water. This agtariél‘haa not bean'
obscrved before, o |

The brown materisl which wag obtained as @ by '
product in the poldmeriaation of glycine in glycsrol,
or glycol, has not hitherto been examined. This
has been because the material could not be separnted,
from the solution. ¥ ‘his material haa now been shown |
to be'separdblb from both sclutions. In the case of
the glycqr§1 aqiution.(?hc'prpductextracfed by the
.etﬁor, is probably not in thefsgme forn aa‘it.was
origihally present in solution, Eeactiop with the
acetone has occﬁrred,iotnérptae 1t would have been
'extractable by'emher'iﬁitially.‘Acﬁive'methylene
groupe,or amine groups, ere known to rcact with scetone,
In the case of the glycol solution, a cryetalline
regidug vas obtained on extraction with acetone,
Thé‘Xpray-diagpam for this is recorded, and shown
to be a new by—product. It was d@éided that the
furthur exploration of this meterial wag outside the
‘scope of this thesis. o '
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EXPLRIHENTS.- '
1.?olymeriuation 1n 100 percent glycerol.-
5 gu. Of glycino wete heataa with 5 ml. of .
pure 100h glycerol, in a aealed Carius tube, at
140°C, in an air oven, The time of heating wae 27
hoﬁrs,,the‘tuDQIwas removed froh\thg oven and
allowed‘to:cobl slowly. The tdb¢ was opsned, and
the product washed out with hot a1stilled ivaté‘r,r
_thié.slurry’wag centéirﬁgad‘d0wn;ffhs bromm
supernatant liquid was kept for;cxamigationglthe'
80lid was washed several tines with_wdter,.analthen'
washed onge_with‘alcohbl.‘The*reamdue was then dried
in vacﬁn over calcium chloride, The residue was & '_'
) vary pale bufs colour, The X-ray'photopraph showad |
that it was a mixture of ?olyglycine I ana II,
“with & greater proportion or Polyglycine II. J

- 2, The effect of hﬁating for a longer time.-

‘ 5 gr, portionl of glycinc and 5 nl. portions
or glycerol were &ealed up in tubea,:x and heated .
at 140°C, for'the rollowing times,
. B 24 hours.- the product was 1aoiated as bofor@. It -
showea some "leafing" on centrifuging down. The X-ray .
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:‘pbotbgraph eﬁowbd" oniy iiﬁeé 'forv Polyglycine' I, ‘
The molax- yield aaaming the pclymer had & degree o .
of polmerisatiun of 10, was 2.695 . L
b. 48 hours.-. The product wag a very gals bui‘t' colour, |
“the colour of the aolution 1n tne tube had. becone,
much darker, than in the case. above. The x-ray .
‘ photogngbh of the product showed: that it was &
:mixturs of Polyglycine 1 and 11. The Polyglycino I
linea were mera intense. The molar yield was 12.6 %.
Co T2 houre. The aolution in the tube was almost 'black.’ .
The reaidue obtainod was 8 pale burf colour. The ' B
" X=ray pattern was the aama as ror speciman Bo nbove;
'I‘hero was 1o, Mcruse of intennity of the Polyglycim
X 1ines. The molar yield vas 12.2 % ,
d., & daya.- The uolution in the tubo w#s again very
' dark. The residue was distinctly buff ‘coloured. It ‘} h
‘again ga.vo tha X—ray diagmm for a mixtum of ‘both
Polyglycine I and II, andagain them was no 1ncmam
. in the intensity of the Poljwlycino 1 lines. The
'molaxf r;:;gld was 11.8 %, ‘ ,
It uae concluded that ‘thé're'action produced
folyglyeine I as the initial product éngv/bhht '.thia‘
this wae converted to Polyglycinefz; The yleld of
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polymor 1ncreaaed for heating times of ug-to 48 hours.
- Polyglycino I uaa formed after 24 hours heatins. Tho
,_concontrution dia not 1ncreaae approcinbly after thia
| ::rirst eppearance, Tnis may have been duo to. the etrect
 of the coupeting aiue mctionn, ‘which tanaea o
‘.,dscrgaae ths yield on‘lager hsnting, an& darken ths
L colour of the reaction nixture, | o
; 2. The erroct or varying ths ratio of the concentrntien
~of glyeine to 5lycerol. o
1) 5 gm. of glycine and 2 ml. of pnre glycerol,
ware sauled up together, and heated at 140°C. for
4 daya. Thc aoluxion,in the tube was . ;ale golaen
brawn colour, and tho separatod product was alaoat 4
wmu. The X-ray aiagm of the,’prodwt ehmvoﬁ lines -
- ror both Polyglycine I and II. Ths intenaity or tho "
outer 3445 Am 1ino for Polyglycine I, apyeared to bo
" : more intenss than in the yrevious exporimcnta. Tho
'molar yield was 8.9 %, - :
1) B ghe of glycine and 1 ul, of qucorol were alao
| h@ated sealed at 1400 o Tor. 4 dayn. The'glyvarol'Wts
- not dblo to wet the glvcino complotcly. The dry ‘ ,
’glycine did not polymeriae. The nolar yield was ﬁ.ﬁ %."'.
'Tha Xbray diagram ahawed lineu for Pblyglycina I and II; ¥
o with only a 1ittle Polyglycine L P
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111) 5 gm, of glycine and 10 ml. of glycerol was

' heatea.tor 72 hours at 140 C. The solution was very
discoloured, a dark.brown. The polymer‘waa a fate
burf colour. The X—ray pattern shoved a mixture of
both P@lgglycincs, but the mixture containod.a
greater proportion or Polyglycine IL. The molar
yield was 15.9 Ko |

A_ The minimum coqééntratian of glycerol necessary,

. per 5 gm. of glyciﬁe. was 2 ﬁi.; Thia'ensured
complats wetting or the glycine, and a reasongble
yisld of prodnct. The molar yield was inceeased by |
altering the glyccrol concentration to 10 m1, per |
5 g, of glycine, bum the proauct did not contain ~
‘the aame proportions of the two golymers. Incrcase
of the‘concentratiun of glycerol.produced a graater
proportion of Polyglycine II1. The solution is much
diecoloured at thia cnncentration. It 15 suggested
that the Poly{lycinc II is attacked by a side reaction,
and is not eonvertad to Polyglycine I, The formation
of Polyglycine IIvappeareﬁ to take slace much more .
rapidly at this conventration. The minimum orAélyéerol
" i8 neceasary to obtaig an appreei&ble quantity of |
Polyglycine I.in-tﬁyf;odncq,-rﬁe rate of reaction
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ét *his concentration is dccreéaod;‘hb"is.ahownjby
the yield. ' | " B
| From the work in the preceeding.saction 1t
seemed that the time of heating did not appreoiably
affect the proportiona of the two polymers fnrned.
The concantratian of glycerol in the mixture had
rar greater efrect. It is smggeeted that the formation |
1n1t1a11y_of Polyglycina II tukeu_place.ipvtha ’ |
‘ glycorol eolutibn,'thia would account for fhe
1ncreaee reaction vatc on diluxion with glycarol._A
Thus the rate or tarmation of Polyglycinu IT is
" proportional to the volume of the liqnid phase. It
may‘be that the Polyzlycine 1is only formcd‘wh:n "
the concantration of Polyglycine 11 in the glycerol, h
| veacnes a certain limit. This 1imit 13 not achoived
1n solutions containing more than 5 ml. or glycerol,
per 5 gm. of glycine, owing to the ratca of competing |
reactions. | » ‘ ‘ ‘ ‘ :
4. Polymerisstion of glyéinogin glycefol‘énqkétor '
mixtures, | S | : |
. Ve 4 gm. of glycine and 2 mnl, of s 50% glycerol
“and water mixturo vere hoated‘scaled at 140°C., for
4 daya, 'The molar yiold of. yolymar was 10,8 ¢ N. The
product gave the X—ray pattern foxr. Polyglycine II
only.‘”hg.product showed some "1ear;ng“ and the x—ra& <
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linea:were‘quitefahnrp.

We

10 gm, of glycine and 10 ml. of 50% glycerol

and wamer nixttre, were'heated‘sealed at 140°C, fér

4 days., The molar yield of poiymer was 10,6 %, The

. product was entifely Polyglycine II.

X

10 gm, of siycine.and iQ nl, of 50% glycerol
end water mixture, were heated sealed at 140°C. for

6 days. The molar yield was 16,5 %. The reactimn

. eolution wag very little discoloured, only a pale

yellew colour. The polyuer obtained was pure white.

Thie eeemed to be an excellent method for the

- preparation ef‘Polyglycino_II by«d;rect polymerisation

of glfcine. The~aample showed sharp X—:ay iines,

T

Lo

10 gm. of glycine and 10 ml, of 37%’% giyeerel
and water mixture. were heated sealed at 140°C., for
9 daye. The ‘molar yield or‘polymer was. 8.5 % . Thoi
X—ray pattonn ehowed»lines for Polyglycine II only.

10 gm. or'giyciﬁe and 10 ml, of 25% glycerol
and water.nixture,“eere heated sealed at 140°C. for
7 deye. kxamination of the hot reaetion mixtﬁre.
showed that unlike the other proparaniona. there |

‘was no solid polymer. The not solution was & pale
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buff colom:'. On coaling a ao],:ld crystalliue?éut, o .‘
growing alowly rrom,nnclei. The cola tube was .
-opened and aone of tha hnt resiauc was X-rayed.
:Tha photograph ahoued epotted rings- ror glycino and
_dikotoplpcrazina. hoct of this 80114 wase aoluble in
. hot water, The residue was washed with‘watar anid
'ulcohol. Tnis rcsidus ahoucd the X»ray patborn ror '
Polyglycino II. The rolar yiel& was however 1388
then 1 Ko ihis experiment was repcated and heating
continncd for 19 days. Thc pol,mer yield‘waa etill
ohly about 1 .- | | |

These rcactiona are of 1nterast since thsy are
the firlt recorded cxamylea of tha diroct proparation
of Polyglycine II, 1n a yuro state. All other mathoda ,
of preparation or Polyglycine II. have been carrioa
out xndirectly via.Polyglycina I. i

| mwmxou OF THE Bnow sowrxon OBTAINED mmma
1HE POLYY. muuxmr op GLYCINE m GLYLEROL m |
DURING THE POLMJ\Im.‘PIOJ OF GLYCINE I GLYCOL
“Thé brown supernatant 1iquid Which was produced =
- dnridg the polym§31§£t;on or'glycinqyiﬁ-ioo~%jglycgrol,:ﬁ
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‘showed & green fluorescence. Attempts woraAmgdévto‘
'~exﬁrict'thié"biéwnFcolour rrom.thn}salutia@.vzthdr;
was firet ﬁried.as an axtracfion medium, this'did ’
| nbi axiraet'thércoldur, and no uolidVrenainedfbinz

._:xtxnnxtnn the avaporation of the ether. It was:

- found that a more hydroxylic solvent was neceuaary._”

Ir -about tbree times its volume»of acetone, was
v:added to thg brown solution. eome of the,colour was _

extracted 1nto the acetone Layer. The evaporntion

L of this acetona axtract, left a thick brown oily

- residue, This oil conld not be made. to cryatalliso._

~ The soluxion remaining artar the acetone oxtractiom, '

was a pilc brown colour. This remaining colouerns ,;"

then extracted‘by the additian of ether, The -
| evaporation of thc ethereal extract left & | ‘
._brcwn/greon rluorescent 0il, whis o1l occupied a
greater volune than the rirat aily extract. ThisA
#scond oil ‘could not be mgde to cryatnlliaa. The
.acetono sust have Teasted with compounda in the
solution, and not acteu moruly as an extracting T -.
‘. medium, ror the so‘mtien to be ether extractable, . |
' at the second attempt. | _
| During the. preparatiun of dtketopiperazine B
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| Continued from page 15. S : :
No.  ring dlam, mis,  spacing A, . strength.,

7 60,5 4,83 .
e 7.5 £.59 '

o 75.0 £.38 n

10 81,3 2,25 w

11 8T . 8.13 w

~ THE THRE. GTRONGULY X-RAY LINES FOR DIKETOPIPERAZINL.=

1 270 6.3 | s
2. . a5 - &8 - m
3 o . B3.8 B VB
THE THREE STRONGEST H~RAY LIES FOR GLYCINE,-

1 30,5 413 e
3 46,9 2,58 B VeBe
3 720 2,45 m

'THE X-RAY LIii. FOR T DRIED BRGWN GLUDGE FOUND IN THE
- SPENT GLYCOL. | | B "

No. diam, mme, spacing A, strehgth -material
2 " . . 3809 ‘ " 4015 . VeBo POG. II. -

.. B850 . 3.1 w spotted D.K.P,



from glycine and.glycol.‘by the Schott, Larktn,
Rockland, and Dunn®% method, a similer brown
naterial was prodnced. Tr&atmant ‘of this soluzion,
“with dbout ‘three times’ 1ta volume of acetons, causea
the slow formation or & chocolata brown precipitate,  ;j
'on thn walla or the aoparnxing funnel. Tho precipitate4
was cryatallina, and 1tc removal from the nolution, '
rcmoveﬂ aluoat all the brovn eolour. Ths precipitato
. was cantriruged down washed.with aXzeNEk acetone
['ana dried- in vacuo over caleiim cmorme. The - aolm
. WRS lprayed, ths photograph showed many 11nea._Aﬁ
.compariaon with similar phatographs for glycin@
'and diketopiperazine, showed thnt this mutorial was
| diatlnctly dirfarent. | S o IR

| THE XPRAY LINEG ¥OR TBE anown ACKTON mmc'r PROK C

‘ THE P&J’ARATION 0}? DIKFTOPIPE‘RAZINE.- = L |

| ﬁo. ring diam¢ mma. spacing Angstroms strength =

1 8.5 - . BuBE Cw
2 52,6 a0 ' ves.
3 6.0 447 - m
4 59,2 . . 45 s

5 ad9 B2 v
6 546 - . 5.09 v

Continued.opposito.
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I the spent glycol from the diketopiperazine

'praparatibn vas aliowed to stand for several daya,

8 heavy brown sludgg‘settled.oﬁt{ Some'or this

sludge was dried out in an. air ovbn. Ths~X~ray‘

photograph of the material, showed the strong '

4.1a A nﬁb of “Polyglycine II, and two other weak

spo”ed lines. 'lhe spotted 1ines were found. to be

‘the strongeat 11:1@3 for diketopipemzino at 643 A.

o.nd 3 1 A, by compariaon of the measured photographs. |

It wae found that during the working up of the

) diketopiperazine :t'rom the reaction aolution, af'tar

it had been decolourieed by boiling with charcoal

in water and riltorlng hot, the filter paper always _

becme clogged with a fLine precipitate. ‘J.'hie precipitate |

had quite a different appearance rrom the diketopﬁperazine.

It Waa acraped of.’r the filter paper and heated vith .

large excess of water. This x-emoved any ad.hering | |

'diketopiperazine, ¥hich Would, have remained in aolu’cion.

The solid residue was then centriruged dovm, washed |

with watsr and alcohol and dried in vacuo over

 calciwm chloride. Thie materiel shomed the X-ray

pattern of Polyglycine 11 only. ?h:?.sl polym_er could

net nave been Polyzlycine 11, since thie 1s insoluble
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~ in all solvants except strong aqusouﬁ salt
_solutiuna. Th&t mntarial had pauaed tnrough a -
-riltgr_paper~1n.tho,hot aqusous‘aolutiontgf the
dione, dﬁring:the working hp. Glyeine peptides
‘having a degree cr polymarisntion of up te—six -
are soluble in cold water. This product is only
soluble in a hot soluxion. Thisg uuggeata-thnt it is
a peptida of degroe or polymerisation grenter thnn
; 5 dhut leaa than 10, which crystallisea in thc
41blyg1ycine II atructure. Euillardse 1aolat¢d 8
tetrapeptide and a hexapeptido from thia pruparatiun,
which he founa to be ;nsolublerevanﬁin boiling’water,
but was soluble in an alkaline molution. This
discovery of a low molecul#r weight peptide having
fa uonglycine II type structuro, qgrees with that |
round.in.ths prodncts from tha polymerisation or
gljcine in hydrochloric aeid, nae Exp. 2..




- Exp. . '1.
.

1% YOI xuﬁgxgﬂ OF GLCIIF

The polymerisation followed the same gencral
coures as the polymerisntione in hydrochioric acid
aﬁd.gl&cerol. Polyglycine I and Polyzlycine II
. were bbtainedzaﬁ prdducts.'D&ketopiperazineﬁw@aA

kfcund,i# the solution prbdﬁcéd'by-waahing‘cuz the
‘resction mixture with water, The reaction rate was
'much a1qwer, than i the previous poiymatisations.
.Tﬁe polyméf;egtiog‘or glycine in anhydrous phencl
gave no solid insoludble product, but Bhis may have A
_bern due to the short time of Leating, Reactions
wera carried out in ‘phenol and ‘water mixtures. The
'reactions uaing the water rich phuse of the '
phenol/iater system did not produce any 4nsoluble
 prodncta. hn phenol rich yhaae whcn used in the ’
“ reaction aia produco aolid.Pnyglycinc on prolongad
‘,fhzuting. At equilibriun, at Toom temperature, the .
E activity‘of water in the two phaaes is the same,

| but at 140°G. the system approaches more ideal

fbeharﬁomr. The critical soluxion tenperature for. tha
phsnbl water systgm, i 67°b. Thus tho activity of

f wntar is uuch lowar ln the phanol rich phaaa at 140 C.,V ;]‘f
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‘than in ths'water'bich bhasé.’The Prodﬁctibn of
4Polyglyc1na I only apyeared to be oxceptional..3'- i
The more usual product wae & mixture of Polyglycine
. I and Polyglycina 11, with Polyglycins I prademincnt.
| The proportion of Polyglycinc II in tho prodnct
was dependent on ‘the volume or the 11nuid phase,c .f.‘
polymerisation Gn glycerol, whero 1ncreaae in the |
volume or the liquid phase increaaed the proportion fn'
of Polyglycine 11, | '
The nature of the dark brown by—praducts o

' obtained in the reaction eolution were not
-1 inveatigated, A thick water inaolublo tnr vum
”obtamea, which vmuld not cryatallim. A1l the
eaction tuhea showod much internal pressure whan
l;opened, the nuturo or the reaction producing this 3
"prosauro 15 not known. ﬂb ammonia, or methylanine .
fodours could ba deﬁected on’ bpsning the tubas. rhén_“‘

' manner in which the-tdbe cantentu eff@rvesced on

o releaaing the pressure suggeated that cnr%nn

-'fdioxiﬁe was. diseolved in the phenolic aoluxion. 4

‘The raistng of tue reaction temperature to 16000. fﬂjv

~.resulted 1n the axplosion ot the tubos aftor one

- or two weeks hcating
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- Thc diketapiperazine found 1n tha reaction

products cculd only have besn producad during thn |
‘~.polymurisgti0n roactlon, or as a result of hydrolyais o
- of the Polyglycins formed. ’

‘uxgcuauxon OF THE RASULTS.- L
| This reaction was rirst 1nvoatig§ted.by Horzog 4 o
and Krnhn(1924)67. Thoy hentea glycine in’ crasol, o
“in the ratiom of 1410, at 190°C, in s sealed tuba.f

B Tho glycine was rapidly. ccnvorted to diketopiparazine, .

..-giving & good yiald, Thiag work wae Intended a:\an

" . extension Qf tho esrlier work, end as anvexim¢ﬁationi
 orrthe affect of water on the glycine and'phdhol
. aystem. The rosultn obtained showed very strong .
.‘agreomcnt with the results obtained.with the previous
L polym risation aystems. Thia ‘peinforces tha gqnaral |
'mechuniam proposed for the direct golymerisation"
of rlycine. The pnesencc of diketopipcraxino in’ thb

products also agroee with the previous results.
ExxEﬁlhENTS.-

. POLY&E SATIO& OF GLYCINE IN ANKYDROUS PHENOL.=

5 gm. of glycine and 5 ml, of phenol were
heated in a ‘sesled tube at 140°C, for 40 hours.
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‘The tube was thonzallowad to cool, openad, and the
contenta waahed out with dimtillcd hot water. Thore =
Lwas no wutcr insoluble residuo. The aoluxion,waa than
treated with tw1cs ita volume of othnmol, a heavy

precipitata settled out, This material‘wao extrenely‘l%”

soldble 1n wator. It/was precipitate& several timea
from aquncus aolution by alcohol, to remove any
'Mphenol. Ths X-ray diagram.showed only linsa tor
. glycine. | ' |

o poz.mmswzox OF GLmnm IN PHENOL AND mmn. -
| A eaturatad soluxion of phonol in water was :‘
fprepare& at room tamporaturc. 1.0. a.two phasc
oyatom. Thus it was possible to pipettee crf ‘
'eolutions of. phpnol in water which wero eithei, }:”:
‘pdich in phenol, the lower phaae, or rich 1n wator,  :" )
~ the upper phaso. G
&. Polymerisaticn ﬁaing tha solution from the water J »A-‘»
| }r:lch phase,- - |
B &, of glycine and 10 ml. of. thc aaturntea

B solution of phenol tn water, upper phaeo, weroxsealed»,f '

up 1n & Carius tube. The tube was heated;at 140°C. N

. fop 40 houru. The contents or tha tube were
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B
trea&sd as sbove and again there was ne vuter :’ :
'1nnolub1c residno., pecipxtation.by alcohol z&ve' -
 omly glycive. o L |
| b. Pblymeriagtion uming the solution rrom the Hr“'
' phenol rich phaue. - , | " L
5 gm. of glyeine an& 5 ml, of the saturated .' 
4_jf 'aOlution or water 1n phcnol, woro hoated sealed j’;'“'A
P fat 14o°c. for 4 weeks.: Thc-contents or’tho tuhe
"-‘beeame a brown colour. and there was mnch prcssura e
‘-,on opening the tube. The soluxion appeared to |
_contain~much dianolved gaa. which offorvéeced orr
on opcning the tﬁhe. Thore Was no odour of ammonia,
and it was presuned that the gaa vas carbmn dioxida.‘ :
The contents er the tube were extracted with hot
_:aiatilled.watcr. white 1naoluble residus rematned
uniiaselved. Thia reaidue was centifuged down,
waahed with watary and ethanol, and driea, in the B
_,unual way. The yiald was 1,105 gm.(ES%). The   ;:
. X;ray pa&tern for this produot showed the linéa for.
"Polyplycine 1 enly. Thc aifrraetomoter traca chart
‘/E, ‘does show the preaenca of trmoes of PblyglycinuII.
- Thp”aqpeoup solution from thetqboyg.reqoﬁion wa§_ 

,”aséanted'§:f'tren the peﬁtp;fuggd-maliﬁ,aﬁdfqilohod’
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to sfm i‘br 2 weoks, s small quantity of ‘me;
'aolid was deposited.‘The X-ray diagram or this
aolid was very epotted, no conpletwrings werc
~ visible, only partsof rmgs. Conpariaon with
L etandard photogrgpha for glycine'ana diketopiperazine, .
. showed that naterial wAS»diketopiporazino. The e |
" . glycine used in the wuction was of A. R. quality,
.-‘thus the diketopipemazine must huva been fornsd
during tha renction. u: B . |
e ‘The ofrect of the time of heating '
| 6 gm. portione of glycine. and 6 ml. portiona '
cf the uppsr phase of tho phenol/hator solutien,
were sealed up together, and heated at 135 Ce ror
the rollowing times.- . |
- 1) 6 weeks.~ O, 22 gn. of insoluble Polyglyc.me 11
_ wWas dbtained. The reaction took place much more
, alowly thise time: no aolid polymer wago viaiblo in .
the 1iquid for the first three weakt of hoatmg. -
The yield was alaocbnsidsrably reduced.‘ '
= 11) 7 weeks.~ 0,7 gm, of pelymer was ohtained, Thia '
. material ahowed.atrang-x-ray lines for Pohyglycine
11, andchak linos for Polyglycine I, only the
3.45‘&0 llna was at. all dintinct.-
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111) 9 wesks,- 0.9 .. of polymcr was Obta;ned. The
x-ray'diagram showed strong lines for Polyglycine
11, anﬁ weak lines for Polyglycine I. o
| All the tube- ahowea much prcaaure or gas, on
ogening; Tho formation of polymer-in the liqpid 1n
the tuboa took place nuch mnohe slowly 1n tnis case.
Thc conversion or the Polyglycine II, riret formod,

1nt0 Pblyglycine I, also $ook plaoe mnch moro elowly."‘i'

THE anscm OF VARYING TKE<GL&CIHL TO Pﬂnﬁon/namnn e

‘. aAmIo.- ' , | | ,
' a0  -5 gm. of glycins and 1 ml, ot aoluxion of wator :
in phanol, the upper phase, wes hoated sealed at
= 14o°c. for 6 weeks, The vield of Polyglycine was
0,71 gma. The Xkray*photograph shcwed that ‘the B
| _material ccntatned lines ror both~Polyelyc1na X f
 and II $8 about equnl intensities, |
4T,b) ; 8 gm. or glycine and 2 ml, of the solution,.f:'
o vcra naated aetlcd at 140°C. for 6 wseka. The
‘yield wag 0,63 gm.. The X-ray phatograph shoﬂod thst
' both forms of Polyglycino were prenant. bux the ‘
Pblyglyeine I 11nua‘were 1ena 1ntenae thnn thoac }  §;

sh@wn 1n.a) above,
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5 gm. of‘glycine ana 10 ml. ar th@ ealuxion,_“ -
. WEs hcatsd acaloa at 140°C. for & weekn. Tho yiold :
‘of polymor vas @.44 gm.. rhe x-ray~photozraph ahowad

~ lines for P@lyglycine II. only. o ‘ N :
5 g/ or glycinc'and 10 ml. or tha nolution of

.‘phenol in*water. the ;glgg_nmg!g, wna heated oealod
, nt 140°c. for«é weokn. Tho tubo was opened, shawing

somc preasuro, and tha‘aolideaohed out‘with hat wnter. ;"

N A'very amall quantity ot mixed brown and'whita solids
'-romainea 1nsoluble 1n ths water. The mixed Bolida

were. contrifused dewn ana tho aqueoua solution

'decanted off,. Ths brown nolid vas solﬁble 1m ethun@l.

1t was prabdbly an okidation product of the phanol. ;

. The white sol1a remained insoluble. The qnantity of .

the solid was too small to obtain an Xbray phatosrtph.'g

_o), 5 gm. of glycine and 57m1. or thc lower phasa

v_soluxion4was hoatedAsealed at 140°C¢ rar five weoks.-“,‘;

'»fﬂb 8o0lid water innoluble prodnzt was obtained.-

seccnd -ample waa heated for 9 weeks. This also

produccd no 1naoluble rooidue. Tho»aolutiona fronm

"both experiments deposited glycine only on standinz.
” ,und treating with alcohol, '

Thoae exporimenta ahowed thnt it waa pousible L

<to obtain both pure Pblyglycine I and Polyglycine I!,,

"simply by varying tho ratio of the concentration of
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gi&cing.to,water 1njphenbi s@tutién.'ﬁnlymerisatgon
 of glycine in the phenol in water‘a@iutibn,'wus '
much less ready. Attempts weve made to increase the
reaction rate by cargying,out.tﬁe pglyherisation'f
A a£ i&d°c..'Thia was not euccaasful,'the tubes |
uaually explodad aftor sevoral days hcatina. ‘
UP01yglycine I waa obtaincd only if the groportionu |
were 5 gm,ror_glycinc~§e‘1_- 5. ml, of water in

_ phenol selu&ibn;‘at temperatufas'abova 140°c,




SUNMARY OF stums.- o
Glycine was heated in a sealed tube at 1'ro°c..
’ The reaulta were not reprodncible, this ves
iprobdbly'aue to variations in the moisture eoﬁtent |
of the glycine usell, One eample gave a low yield
of polymar, whigh proved to be Polyglycino I Th@ |
‘polymcr wat diacoloured a pale burf co]aur. The ’:“ |
polyner %lao ahcwed the "1enring effect." this hnd 1?w
Vprcvioualqh;hought to be a characteristic of
Polyglycine II namples. The X;ray lines of the
material wcre quite ahary, but the dirrractometer
N trace ahowad that thm material was only of littla~
better crystallinity. It was found that if the |
; 'glycine had been previounly dricd over calcium |
- chloride 1n a vacunm deciceator, no polymer was )
| «obtained on heating. sealed, Glycine taken from the
.“atorage bcttle always gave Pblyglycine I only on.
heatipg, thc<y191¢ was alwuye<vory.;ov. The hgatingj.
) onglycine 1h'water-at’140°0. for a'weei gave no
" polymer. !hen the suma mixture was heated aealcd "
4at 160° C., the product was always the mixture of
- Polyglycino I and Pblyglyvine 11, This material
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'ﬁahoiéd'a di%isidn'éf‘eaeiiy andzléasueaaiiy,°
 ;contr1ruged matcriul. The aolution was also ehown

‘to contain diketopiparazine.- R
'fnzscussron OF RLQUBTS.- - |
| The reaults showsd that the glycine would not
_ ‘po1ymerise unlesa there woro traces of moiaturo. 
v:present. thua the water acted ue an 1n1t1ator.

This wua in ugroemont with,the reaulta obtained
~p7fron tho polynoriaatian of glycino in hydrochloric S
37ac1a. where thc polymer first appelrcd in the 11qu1d

:phase. Ths morely damg glycin@, gavo a prﬂdnct or |

; Pblyglycinn I only. The glycine which had been ff3
'hegted with.watar. gavo the product contalning
Pohwglycine T and Pblyglycine II. This agr@ed*with o
'the 1dea that no Polvglycine 1 was rormed'unlesa '
 tha concontration of tha Pblyglycine 1x 1n the .

solution reached a cevtain level. Thia reactionKhaa '
also followed the propoaed.aeohanisn for polymoriaation,.
| 'but in the casqéf the dnmp glycine the rate ot convaraioh‘
. of Polyglycine II into P@lyglycine I bas been
'1ncreaaed‘becauso thc volume of the 11qn1d phase waa
very small. |
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EXPERIMENTS = |

 Curtius and Benratn®® showsd thet when glycine
was heatedAalono at a high temperature it polymerisod,
giving pept;aessoflglycine:anﬂ diketépiperazino a8
fha produsté. They'aeaﬁmod thatvthc peptides‘weré

. mainly the pentapeptide. This work was rollowed up ‘

".by Abdarhalden and Komn (1984). They haated glyeins

in & sealed tube at 160°C. end obtained Polyglucinc

‘ and dikotopiporazino. This work hae ‘been repeated
in order to dotermine the strucﬁure of the

"Polyglycine dbtained._ o
&, & gm, of ‘stock glycine (A.R.), was heated sealed
| at 1|e°c. ror two weeks . The tube contained a dark
brown aticky mass, this was wnshogéﬁx with hot water,
-A buff coloured water 1nsoluble polymer was obtained.
The yield was 0,32 Bles The product ahowea the -
"laaring effect“ ‘but the Xpray photograph ahovod
~ that 1t was Polyglycine 1 only. The dttfractometor
chart trace,.see cha:t a,'algo showed that the ,
- residue ﬁaa pure Pbl&giycineVI. The éolymnr wﬁsi of
comparubla purity torthat obtained rrcm glycine ‘-,
‘ :and water in phenol, see chart 5. |
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‘b, A similer portion or‘glycihonas neated sealea".
at the sane time as' a) above, and for the same a
.length of time. The contents of this tubo were
& dark brown 1iquid, with'a high. viscos:l.ty. on
dilutibn with water no 1nsolublo produnt remained.

~The tubes a) and b) showed only a little 1nternn1
preasurs on opening. |

" Ce 5 gme of atock glycine was heated seiﬁed at
150°u. for 4 days. The product was pure P&lyglycine ; S
d. 5 gm, of stock glycine was dried ovor calcium
.chloride in vacuo. Thig waz placed in a sealed tube
and heated at 150°C,, simultaneoualy with c) above,
The reaction was 80 8low that hnating was continned
‘for 3 weeke. Therc was no water 1nsoluble residue.u
e, 20 gm. of glyo;ne and 4 ml. of water'was heated
at 140°C. for one week. There was no rcaction."

f. 20 gn, of glycine and ¢ ml. of water wag. heatea

-aealed at 160°¢C, ror 48 hours. The water insoluhle -
reaidua could be separated 1nto two portione on
centriruging. The 1esa easily centriruged down

’ portion’was dacante& off and ccntrifuged down
separately, This product was shown to be Polyglyclne II.

Trom 1ts diffractometer trace, gee chart 3,
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’l‘he. moré.eéaily contriﬁiged msidim, give an
X.-ra.y dirfractomster trace showing lines for both
Polyglycine I and Polyglyaine II, the conccntratien- '
of the Polyglycine I wes greater then the |
rolyglycine 11, ‘I'he supernatunt. aolution rrom‘ |

: the centrifuging down was: also axamineﬁ. A |
chromatogram (butg\ol,pyridine, water, L1sisls uppor
phase), showea that the solution containea

/ dikctopiporazinc. This must have been t’emed 1n thev'_ o

: course ot‘ the rcmt:lon of thn Pelyglyciﬁo I,




‘~SUKMARY OF THE RESULTS.- | | |

| Tho work of Curtius and Benrath(1904)4o‘showed

. that it wta poes1b1e to polymerise glycing end the
. ethyl estor of hippuric scid. ‘They did not eucceed
in pelymerioing glycina end hippuric acid, bonzoyl

- glycine. Thg polymer which they obtained was claimed

to De tn.'benzoyl derivative of pentuglycylglycina,‘.,A'

7an the basis or an elomcntary analysie. Thia method
of analysla is unrelidble in this instance. Thc‘
figures ahown below give the percentages of carbon -
and nitrogon 1n.the benzoylated derivativea or o
'glycine hcxapoptide,and.ths decapeptide, o

| 'Bcnzeyl- Gé Carbon(lQ atoms)éQ%, Nitrogen(s)le.gﬂ.
* Benzoyl- Gy ',,r::(av 8T, (10)20.28%.

”f;Thnm the porcontages of carbon.and nitrogen vary very»L”‘

 13ttle for the addition of four glycthe wnite,
It has now been found poasible to polymerise o
‘ glycine and benzoyl glycine. The polymeric product
- was soluble in hot water, but dvysfalliéadAoutﬂoh'
cdoling;'Thuq it was a 19w.molecular weight peptide,
and not‘a Pp1yg1ycine. The prbduct was hOmogenéeub
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since it could be crystalllised without éhange. ‘The
X-roy photograph showed the intense 4,15 A, line of
'\Polyglycine II, and the strongest line of‘b@nzbyl
glycine, and only ons other 11no. None of the othor
strong lines of henéoyl glycine were present,
Qhowingbthat the material was not a mixture of
Senzoy; glycihé and_Poiyglycine II. The product'.
appears to be the benzoyl d&rivative'b:’?blyglytino"
II, This ha§ bsen confirmed by studying the
X-ray aiffractomoter chart tracea rorvthe naterials, -
The naximum possible numbsy average degree of |
polymeriaatiqn yas determined. The value obtained
was Szt 5.8, thus it 4&id not quite correspond to
the pentaghyéylglycine of Curtius, this sseumed that
.thé product was completely'benzdylated. The
relatively easy solubility of the material, considering
the degree of polymcrisation, can be explained. The
fbenzoyl derivative would.not have the zwitter ion
| otructure, and would therefore be zore soluble,

" The pelymerisationn carried out in sealdd tubes,
vcre such.that thc proportions of glycinc and vator
would have given a polymeric product'in the presgnce

of an acidvcatalyét. In the‘présence of the benzoyl.
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glycinc the aolﬁbility of tho glycino was 1ncreu3ea.
and no solid phase was prescnt at the reaction
_temperature, and no polymer was formed, thn tho"i‘
molap ratio of glycine to benzoyl glycino was |
increased, and henting prolonged, somo Pblyglycina II |
wae obtained, tagether with a trace of Polyglycinc I.
This reaction again supported ‘the 1dea that ,
Polyglycine 1 was the initiel product of polymerilation,
" and that this was only converted to Polyglycine I,
wnan a 11m1ting eoncentration or Polyglycine II

was raached. | | ‘ f

C Bimiler roaults ware obtained whan glycins and C

' phthalyl glycine were heated in a eecaled ‘tube. The
natural acidity of the benzoyl ana phthalyl v:
?'dcrlvativen, eeemed to aid the the polymerisation f

of the glycine, but the 1ncrease 1n the aolubility
'or the»glyclne, restricted the polymor formed to
Polyglycine 11, only. Ths-hydrolyais of the benzoyl
and phthalyl glycinea was not very rapid even at
1BO°C. Thi- was not expected from Thormodynamics.‘



MELT POLYHERISATION OF
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EXPLRIKENTS.-' » B

a, Pblymeriaatian by heating in the open air,-

10 gn. of glycing and 10,5 &R, or benzoyl
,glycinc(molar ratioa 2.3 to 1) were ground up
»“together in a mortar. The mixture vae heatad in the
‘opon at 190%C. whsn it becane aolten. It was )

- naintained at this temperature ror about 5 minutes,

‘:with constant atirring. The mixture becane a very
stire paate. This was then allowed to cool. The

"cold solid was broken up and boiled with,ﬁoo ml, ot

.‘wntor, and one gram or animnl eharcoal, anﬂ riltered;i
hot. This gave a brown product, a second | |
recrystallisation fromlhot7water‘and-chabceal gnva
a ﬁuft‘powdar. This was driod in vacuo over calcium
chlarids. Tho yield was 0.8 gRee The melting point |
of the product wes between,zao° and 290°C., that

of the-Curtius prodnct was 880° te 285°C.. wlth
docompooition. The x~ray photograph of the material,
showed lines at.- Y

Nb. ring aiam, mms, strengthtv spacing A,
1 19,8 "‘ .v.s." - 4,15

2 | 26,5 | , m* 5.20

3 28,3 o m, - B.00

The line no, 1 correspondad oxactly to the 4.15 Ao
line for Polyglycine 1I, The other Pblyglycino II
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1inc, 19 at 3 i A. thie lies betwsen,the 11nns 2
and 5, which could have been masking 1t. Line 2
| coincided with a mtrong line on the anay diagram
1ror benzoyl.glycine. The other etrong lines of the .
| benzoyl glycine diagn:n.did not appoar. The product Co
" was most cortainly not just Polyglycina IL, It,was |
homogeneous since 1t could be recryatallined tr0m
.'water without changa. Thg degree of polymeriaation-
was determined by titration against caustic soda,”
f arter the addition of rormel, according to the
"methoa of Keggy(lgos) 8, Thie naauurcd tho maximumv.
pasaible valus of the dcgrma of polynerinaticn,"
~and gave a valuo of 6.5. this assuned thnt thc
material was completely'benzoylated.-
~ The filtrata from’ the reaction was allowed to
v'stand, this daposited a.rurther erop of product.
a This sppeared to be identical.according to the
 X;ray photograph.with the/first crop of material. "
o An X~ray ditfractometar traco. seo chart 1, ahowad '
" that there was some aifference. It alao showsd: that
the first produced mqmarial showod,IOW'angle apacings

Thcee diffractometer traces are furthsv éealt with
in section 1?..‘ '
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b, 'Polmr‘ia&tian 'b& neating in & gealed tube,-
i) 4.5 gm, of giyeine and 1,79 e;n. of banzéyl
glycine were aealad up in 7/tu'be together with
1w, ef water. The tube was heated at 140°C, for
sleven hours. A11 the solm dissolved. An
. extremely mmall quanti.ty of water :lnsoluble rcsic’ma
" wns obtained, on washing out the tube with hot water.
11) &mila.r propoz'tions of gljc:l.na ‘and benzoyl
o glyeino (mole mtioﬁ‘l) were sealad up with 1 nl.
of water and heated for 40 hours at 140°c. The yield
- of watem 1nsolu'b1¢ product was conaiderably incmased,'
0.44 gm. being obtained. The product was a pure h
white pou&ar. This gave the x-my dlagram for ’
Polyglycine II and a faint Se 45 x\. 1ine ror
Poiyglycina I. '
| 111) Equimolecular quantities of glycine and
'benzoyl glyeim. 5.9 gm. of the mixture, wero
d.iasolved 1n the minimum of wa.tor at the boll,
this required 1m., The same prOportiona of |
| solid mixture and water ware placed in & tube, ‘
. sealad up snd heated at 180°C. for 1.6 hours,
A the solid aissolved at 180%8, The reaction ‘
tube contained rose coloured cryataln and solution. "}
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Thwas crystulm gave tb@ X»ray yhotograph for -
| ‘benzoyl glycine only.
|  The polymers 6bttineﬁ’by this method were
distinctly of the Polyglycine IT form mo lines:
dus to benzoyl groups could be detected, in the
-Xprny'diagram. The - photogaphs showed, lines for
Polyglycino Il and I only._

Pblymerisation of phthalyl glycino and glyaine.-
Bﬁating in’ a sealedhtube.-'_

8.2 gm. or phxhalyl alycino and Be 0 gm. oz

glycina. sqpimplecular quantitiaa, were agalod up
in a tube together with 8 ml. of wuter@‘The.ﬁubg
was heated at 180°C. for 1.5 hours, All the solid

had dissolved in th@ hot BOLutian, wnich.remuxned,..‘

o colourlasa. Cry-tala vere dsposited on’ cooling.

s The X~ray photogrgph of thsse crystals ahowca
| that they were phthalyl glycine only.

205 gm. aﬂi phthalyl glyeine and 4.5 gm. or
glycine. andl ml. of water were heated in a sealad
tube at 140°C, for it houra. about 25 mgm. of
water 1nsoluble polyner vas dbtained. Thie.gave tho

- X»ray photograph of Polyglycine 11 only. The

'molar ratiox of the reactantm was 6 mole or 3lycine
to 1 mole of phthalyi glycine.
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This reaction seemed to procesd on exactly similar
‘lines to ths benzoyl glycine and glycine polymerisstion,
In both cases much longer heating woulﬁ be required
to produce significant quantities of polymer. The |
presence of the two derivatives of glycine in the
regetion mixtures does at least initiate siov
polymerisation reactions. The rate of reaction is
inereased compared with the polymerisetion of
zlycine in ’watei-, thus :thé compqunda of glycine
can act as 1n1-tiitar'a' and- or @talyata for the
~ reaction. The ;;rodﬁcte are not however pure peptides,
but must contain some benzdyl ‘or phthalyl termina.te‘d o
molecular chains, | o




'QUKI!RY 0? R SULTQo‘
Ths'yolymeriaation of diketopiperazine has been

.shoWn to procped by the same general meghod as has

- Ah@en prdpoeéd for the other polymerisa%ion methods,

?biyglycine'II has heén.rouhd 1n‘§he groducts; when

' the mixture ﬁas only“been‘heated‘for & cshort time,

4 bours. When heating was prolonged, at 170°C, for

6 hours, pure Eolyglyéine I was obtained as the
product. The usual effect was shown on increasing

ths ratio of the concentration of water to
diketopiperazine in the raaction mixture. The 1ncreaso
of‘this rutio, decreased the raactian rate, and
increased the concentration of Polyglyctngzi in the
rcactian mixturo. A comparison of the diffrgctometer'f
traceu of the reaction producta with that for»yure
diketopiperazine phowed a mtrikwng phenamanon. In
all caaee only sone or the etrong.diketOpigarazine
1tnes appenred in the reaction product traces. Some

- of the dikatopiperazine lines were completely absent,

This was not a caaa where the inteneity or the trace

due to dike%Opipernzine ae a whols had hcen reduced.

bux one whero only selective peaka were gresent.
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DIGCUSSION OF RESULTS,=- | |
. The polymerisation of diketobiperaziné in water
was first reported by Polyekova and Vbresohagin(1949)98.
Ti:ey ahowed that if the reactants werevheated, at -
170%C, under 200 to‘400 atm. pressure, about 25%
of the diketoplperazine was converted«to ?olyglycine.
Eeggx(lgbs)as showed that the use of high pgcesures
was not necessary, and cﬁrried out poljmeriaatiohﬁ
at texigpemt.uré; viween eo'°oé ‘and 180°C., by heating -
in Carius tubes. He Shoﬁea.thét the yiadd of
. Polygiycine iauidependent on_the tiha.or heating and
the ratio of wafsrggo diketopipérazihe; The presence |
- of water was found to be e&s@ntialrfor.renction to
occurr, The optimum proportions wers rbuhd'to be
0.5 to 1 part of water, to one part of dik@topiyorazina.
Mo .olymer was formed 1if tuis ratio exceeded 6:1 .
The formati.n of polymer wan rapid, the maximum
yield was acheived in 3 to 6 hours at 180°C, He
suggested that an approximaté-oqniitbrium.wah
‘rqpidly estdbliehcd'ﬁetween the solid polymer and.
the diketopiperazino in solution, and that polymer
furmation ceaged at this point. The balance of this
reaction wae continucusly disturbod by hydrolysis
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and decéhﬁoaition reactions. He élaa calculated .an
approxinato valus for D F, for the x'eaction.-_. .
soliad diketopiperazine -> solid polyner, at 18006..
.fThis_ggvu & valuq rar‘ék,F.s =260 cal.(lPProx,).
o Thuu‘thg polymer 15 the atable.phaae, into which
ths‘diketopiperazine 15 convorted at 180 c.. The
margin of etabiltty is amall. bux he states that
at 140°C. polymer is still the stable solid yhaae."
. Thc second paper Ref. 89, ahowed that [&,F changed |
very 11ttle with temperaturo. Thus in the presence
of an’ aqueoua phase, dikatopiperazina&wpuld:be |
expacted to be unstable with respect to glycine and
yblyglycine at all temperaturoa.

The resction has been examined in order tc

"-j determino whether 1t rollowad the same courae as the

" other polymeriaationﬁ‘ In order to determina whsther
Eblyglycine II,wae firat rormed the renction was
carried out at 160°C, This meant that the reaction
wes complete in 8 {0 12 nours. Thc reaction did
;rollow tho-ganoral pattern, Polyglycine 1I waa
‘.formed tirat. But the method of rormation tram
diketopgerazine nay be difrerunt from prevloua

 thcoriee of the reaction mechsnism,
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The dirfractonstﬁr traces have shown, by comparison
ﬁith diketppiportzine traces, thnt in allvthe
poiymeriéatianl.ohly sone of.tﬁe diketopiperazine
lines appeared, Only cerﬁain of ths_strong_iineé‘
hn#e bocn'reauced in 1nt6naity.'see Chart 5, Thiﬁ
lsamod to indicata that the Polyglycine 11 1e
 ‘formed in.the aolid state at the expans¢ of’ solid
'}diketopiparazina. The Polyglycine II. being rormed |
by a rearrangcment of the diketopiparazine lattice
along one at lcast. ot 1ta cryataliographic axee.
fj It thia‘reactipn gccurrcd 1n sqluxion,it would be
~ expected that soﬁe'diketopiperazine would have
- renainad in 1ts original crystnlline state, this is
not obnerved in thc traces. These observatians urc |
‘entirely new, and may have a considerable bearing |
- on the elucidation or ths struoture of Polyglycine
i1, and ths auxhor regrats thnt they‘were not dbtnined
'at an earlier stage in the investigation, so that
morc concluziona conld have been raachod.
| The reaction wae also carried out at 170°0..
‘80 that the reaction could run to completion. The
product was pure Pelyglycine I,'Thia was the hest*l
; method for the preparation of‘bﬂre Polyglycine I,  ‘
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| "7'!hi¢h,6f tﬁnso vhicﬁ.hsve been in{eutizutéd in thisA

: thests, The. ditfractemeter traco,uoc Chart 8., showed
:‘ that althvush the main lines wore qnit¢ sharp. the

| remainiyg 11nes wera present as broad'bande of 11nea.
“~,Thia material vas produced speciricnlly for a stuﬂy .A
oﬁ the atrudture of Polyglycino I, this is dealt
. with in the section on X-ray. dirfrﬁétion of the
JPolyglycinen, seo Sec. 16,0,

 EXPERINENTS.-

. Tha'expérihbnté were éarriéd-out’by heat1ng in
gealed Carius tubes, in an Qif’oven.'mhe:hot tubés
_were withdrawn at the end of the reaction, allowed"
- to cool, opencd. and‘tho contenta extracted.with hot
vutar, Tho cold water insoluble reaidus, WAB wmshsd
threo timos with cold water, anqénce with ethanol,

. snd centrifuged down..Thc residue was dried in vacuo
| ‘over calcium chloride. | |
’-a. ,10 gn, of diketopiﬁerazine and 5 ml, 6t'wator,
wers heated ssaled at 170°C, for 6 hours, The yield
of polyner was 6,08 gm, of pure Polyglycinel . The
aiffrectometer trace , see Chart 8y uhowea no traéel
of Polyglycine 11 lines. The ctystal;ine quality of

thia sample was not high, but it was t.e best obtainable.
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b. 5 go. of dikstopiperaziné and 5 mi; of water, ;:
was hcated soaled at 160° Cey fOP rour hours, The |
dirfractometer'tracs, see Chart 5., of the preduct,
showed a very strong 11ne at 4.15‘A.;for Polyglycine
II. Peaks also occurred at 4.4 A.(m), and 3.39 A.(s),
these were chamctermm: of Polyglycine I, The

_ remaining peaks were all dna to diketopipertzine.

Ce 5 gm, of diketopiporazine and 2 5 nl, of watér.
‘was heated for 5 hours at 160°C, The diffractometer
trace showed that the yreviously etrongl&.iﬁ 4o line
had now become'qp;té weak, and the Polyglycine I
lines predominant. The diketopiperazine 11neexnere' -
also of reduced intensity. |

4. ‘10 Bm. of dmkatopiperazine and 7 ml. orvwater*
was heated at 16000. for 6 hours, Avgain the
Pleglycine I 11nea were predominant over thc‘

' Pblyglycine II lines, The diketopiperazine lines
were-atill»preaonﬁ. ihe effect orian,extra one howrs
heating had,becn compi%ely offeet by the 1ncre£so
in the proportion of water present as compared with

reaction ¢, above,
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TiE ggg':mxsmzon OF GLY@INE IN mgs;m‘uc ACED,
SUMEARY OF HEuULTJ.-
This method of polymerieation is the onln

reliable mothod.ror the polymerisation of glycins
at normal pressupss. It has: been shown that both |
forms or Polyglycino can be obtained by heating 1n
| the open. This method of heating the reactants in a
melt, in the open, is the best method for the
production of low molecular w&ight forms of Polyglycine

I and II . Reither of these low umolecular weight forms .‘
Thave been obaerved berore. It secmed that heating in -
the open or in a sealed tube produced polymer '
-’containing material of a wide ramge of degreea of
polymerieation, it may also be poaaible to obtain
“high 1 molecular welght producta aa well, The polymerisation .
followed the genoral mechanism, Pblyglcins IIi'baing
formed first, and then Pblyglycine I, The
diffractometer trace for one‘product,<shoved the
presence of partially con?ertea,diketdpipe}azine; in
the prodnat, this has been confirmed by~chrcmatography.
This material like that obtained in the case of the |
polymeriaat;on of a1ketopiperazine, see 56c, Ty

showed only some of the'strong x—ray peaks exbected.-
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A peéuliaf'ﬁrodﬁct vas also bitained; wh&en.
‘was hot water aolubla, and showed. long, low .
Bragg angle, Xpray difrraction Spgcinga. This
raterial 1is probably 8 Iow molecular weight
vpolymer. ""_ __' ' .

Tha hot‘water aoLﬁble form or Polyglycine II-

7 could be rocryatallised rrom boiling water. The
| crystals nbtaineﬂ were: very thin.hexagonal 1eaflets.
- of micracryntal dimensians, only visible undsr the

~felectron microocope. The hot waﬁer so¢ﬁble form -

ot Polyglycine I wa#&leo examined under‘the electron 

microacopo but showed_no distinct cryatal habit.,"

: jnxacusézon OF REGULTS.~ | " i

P This method of polymerisntion is only tha second-"

O rccorded mathod ror the polvmarieation or glycine

at atmospheric preesuro. The other method was that

recorded by‘leggy(1956)89, for the'polJmerieaxicn wf

. of glycine in. hydrochloric acid, Thio new nethod ie
_ superior as regards.thc yielas dbtained, and the ‘

'“variety of peptides obtained, This method’ 1a the
‘best method for the’ preparation of low molecular'

' waight forns of Dboth Polyglycinea- Theae low
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moleéular wéight'hejtideduhnve not been observed
befors. This method of pblymériaafion’ncads further
snvestigation, it should be easily poszible to obtain
» bgttarAcrynt£1a or_both forms of.Fq;yglyciﬁe,Vof |
iow moloculkrAweight.'It nay eVQn\be podsiblq to

~ obtein aingle cky@%al.speéimens‘in this way. The

well dorihedLhexageﬁal microcrystels of hot water
.boluble'Polykiycinc II; soe'Sec. 14,,appeired to be |
the same matqrial a8 wasg obtained.by Eeggy and |
.Sikornk1(1956)91. in a chance greparation wni&h |
) thoy oggider@d waa Polyglycine II, of high molccnlar
weight. Xo dietinct crystal habit wag shown by tho
:'Polyglycino I, 1ow molecular weight, under the
alcctron microacope._ :

| The polynerisation can be controlled and can be .
. mjde to glve a wider range of peptides, of wiaer
degreos of polymerisation, and in greater quantitiea,[ 
than anJ other ‘method. This method would be ideal
'for the study'of tho aechanism of the direct
polymerisation of glycine, The peculiar lowwmplgculéf“
‘weight product showing low Bragg'angle X;rly ,
reflections. Hee Sec. 17., should also be rurther
.invcatigated. '
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The polymariaation follownd thn gen@ral mechnnism
proposod for the other direct.polymeriaations of
'glycine.<Pblyglycino~II was fornmed first and thia‘:»
wﬁa'éoﬁvdrted intouPc;yglycine Ion morévgroléngod
h@ating.-Dikctoyiperazihe whibh hns béen partially.

N convertod into P01yglyctne II, has been round in one
yof tho products. Boe bhart 9. showing the aiffractomotorv
‘traces The prosence of dikotopiperazine in the
 product has alno boen lhown by'chronatography.

l' This partially converted dikctopiporazine trace o

 ,can be -compared with similar traces obtained in .
:section Teoe In conmon'vith thaeo tracou, only eomo

1‘or th@ diketopiperazine 11ncu appear, Thie ausgssts -

| iagain thnt at 1caat somo of tho 31ycine 1a conrcrtaﬁ

| jrirat to dikotopiperazme and thon to 'Polyglycine 11,

It ia not posaible to aay at thia atage whethar this :

' :_roaction 1s~intermed1ate in the main polymoriaation._i .

“»or 18 a competing aidc reaction. . : o

| Tha polymerisation was also carried Out 1n sealed

Carius tﬁbﬂ.w The prodnctn were. alwayn the uamo  ‘

"- _nixture of polymers as ebtained,by hcating in ths

‘oppn. It-was_howavar n@ticsdvthat_a 11ttlo'or the
product was insoluble in saturated mquecvs calciwm =~ .

s
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fchloride aolutian. This suggested that aome . higher

~ moleocular weight products, then the Polyglycinea,
wore also present in these producta. Thia would~be
a very 1ntoreating and. important aiscoVer ir it

provad to be truc.

EXPERIRENTS.—

" Pblymorieation by heating in thqupan-. ‘
B ?rolininary e;porimenta wero ‘carried ouz by
heating glycino in 86% phoaphoric acia in the open
air, The boiling point or tha phosphoric aeid alone
was 1so°c.. Addition of even small quantitias of
glycine raised the boiling point to 168° c. If the f.
| haating vas cararully controlled 80 that the B
tamporature ramaimed at 165°C.; 1t was pesaible to f
boil off much of the water formed on polymerisstion. -
This could.be‘done_without'the;eolution’beéoming . .
black and charﬁed,'The optigpﬁ proportions were
found to be 40 gus. of glycine to 10 al. of 85§

‘ phoaphoric acid. Tho acid was heated to near 1ts

' bo111ng proint and’ the glycingé&dod.alowly. Whan .
-the sddition of glycine was complete, heating was
_continued with constant atirring. Tke.ﬁixture'or’
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, undissolved glycina and aolution beaame rirmt or all,

a pale brown colour. This colour elowly deepened..A

| little of the RASSs waa extracted and allowed to cool.:’;.,

'It set to s hard yollav rlunroscant BAS6, containing |
cryatals of glycin@, all or tnis nass was soluble
| in water, Haating was ¢ontinuad until thn mass
- became suddenly viacoun. Tha maes vas than alloted
to cool somewhgt, and then boiled end stirred wnn N
hot water.»Otherwiso on completo cooling 1t set to
a hard glasa." The soluticn was allowed to cool -
and tho solid polymer centriruged down. The polymor
Coowas waahed with water and alcohol, ‘and dried in :
w‘vncno. ?.5 gm.(lv%) of gr¢yiah whito polyner was
obtained. The XArgy dirrraction trace showed that
.this~mﬂterial had a Polyglycine II atructure. It '
was found that about 10% of this matarial was‘ ‘,‘
'4'aoldblo 1n near: boiling water. The. 1nsoluble rcsiuuei
was fliltered orr, and the filtrate allowed to cool. -
‘j.A.cryatalline d@poait ‘which showed pronounced
- "leafing" was obnaiped from the filtrate. The x;ray
u'difrraétometer trace,of this material ahowed1that it<.
~'alac’shpped aVPolyglyciﬁe'II_;ypa aiructufe.

" This hot tater‘eoluble,x;nd therefore low
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moleoular‘weight. Polyglycine 11 Qas'racnyetuilised
- by rediasolving in hot watsr. The recryatallisad .

specimen showel. more pronounced "1eafing" Tho;» e
electron.mioroscope showed that thig material
conxinted of thin hcxagonal leaflets showing
nore pronounced growth ateps and.better general ,
_ definition than tho mnterial obtained Trom glycine .
and hydrochloric acid,

A repeat of the abmve experiment ehowed that if
hthing was - qontinued, paat tha point at which the.
‘solution becnme vieccus, the mnss became Very dark,'
almost black, The insolﬂble»product~waa a distinct
grey . colour,‘nnd the X~-ray photograph ehowéd that
both Polyglycina I and 11 were present, Thia crude
r.product was extracted.by boiling with water. The
riltrate»from the extraction, depoaited a pale '
buff “leafing" matorial on cooling. Thia was found
to e Polyglycino 1T only. This material was .
contrifugec down and the mother liquor troated with'
an eqnal volume of ethanol..A.dspoait wasg obtained :'
'from thia eolution on standing This residuo gave
a characteriatic Polyflycinu I k—ray photograph.’

This is the firat recorded occurrence of a low
‘f'fmolecular weight ’ cold water eoluble, Bblyglycine I.
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| It'hga'ﬁésn.pbeviously thoughi that the lower
\:molecular weignt polymers crystaliised only in the
‘Polyglycine 1z form. This precipitation by athanol |
of Polyglycine I from aolution, azrees~w1th the
results obtainod.by preciritating soiutionu or
'j'Palyglycine in saturated aqucous ‘zine chlorida |

. .solution, by na&ohol, and obtaining 111.dcrined

jPolyglycine I, 1t seened thut the’ pracipitant
‘determinsd the form of xolyglycine dbtainod. Tho
Polyg¢y¢ine I dbtainchin this case was ’

| crystaliographlcaliy woll deflnod..  _

" 40 gme of glycine was added slowly‘tc S'ml. of
f naar boilinn phoaphoric acid, heating was continued |
until the nass atnrtcd to thicken, hsaxing was
.stoppea and.water added 1mmediately, about 150 ml.. A
_The hot aolution waa riltered, the filtrate deposited
~ Polyglycine II on cooling. Tho eozid residue was
’troateﬁ with another 150 ml. or'water and boiled.
The hot aolution was again riltered. A second hot
waster soluble residue was obtained on cooling. Thb

=28y diffractometer trace, see Chart 10.; of this
matgr;il was unusual, it showed a superficial

,resemblnnce to that for triglycylglycing(04); bﬁt‘ h



4‘but the Qat?brnsﬁd;d not correspond on closer
exéminatién. éhe gattehn a;ﬁo showed peaks at",
31 h. and 14 Aey 2.6, low Bfagg anglés,‘Seé ﬁéc. 17§;
The aplecimen use: for thie trace had beé‘n o‘t;tainéd
by centrifuging the material down onto a icroecopo ;
cover 8lip, and 80 1t may'hava been more oriented

Lan usdal. The hot»water soluble Foiyglycine II,
difiractometer trace, obtaineﬁ from a similar
possibly oriented sample, showei a very‘strong 4015 By
' ﬁe&k. The othcr qunglycinc I1 pesks wepe.or’reduced :
vinteneity cOlparéd.witn othsr‘trﬁcés. S0 peaké werev |
obaervéé at low Brag‘ angles. Since these crystallitea,:
were ahown to be thin haxagonal leatleta, ﬂhis
‘aug"osta that tue 4.15 A, reflection is due to é 5et
of epacinga in tne crystala which lieapn tne generalv
‘direction at right anglcs to the plane of thn '
hsxagons. Thc mother 11QUur'fr01 tnia eecond hot -
water ‘wpsh was, treated with an eoual volume of
alcohol, a spall deposit was obtained on stanﬁing.
'The dirfractometor trace of thia aaterial, see Chart
- 10.. showed Pblyglycina I linea togcthar with the
two low angle 5pac1nga- which had blen yrcviously
‘obeervod. These substances which give rise to the

law"anﬁlo sgacings nay be Mmu"molecular waight
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'._prtids-phoaphntcs, or lgrgo-unit cell size. The
':hot vater 1nsolﬁble residue, ramaining uf%ar tha
_ftwo oxtractioms, was a mixture of Polyglyeins I
_and II, When this reshdue h;d.dricd‘oux in ite |
‘centﬁirﬁgd fub§,¢thc top,portioﬁ was a*ﬁuph_dark@r:,’“
.- grey colour thtﬁytﬁg boftoﬁ, The diffraqtoﬁ¢ter
- trace ron’this'topvcrugt; shoﬁad Polyglycine;l
lines and the weak 3, 10>A. bsak of 'r’oiyglyémc ;I;
~ but no sign of the very strong 4.15 ¥ peak.
b, It was thought that it might be pessible to
partial)y fractionate the yrqducta,:by eucqessivc '
. ailution of the‘phdophdpic acid solution ofithc
reiction producta, with water, Thna.aolgl.foflf
glyciho and.16 ml. of phcgphorio acid ﬁere heated -
tbgetheﬁ until thc“mass'bécame dark broﬂn, and the
temperature rose to 170°C.. 150 ml. of hot water was
added to the hot mass and the mixture brought to’ the
.boil, and riltered hot. Yhe filtrate was allowed to
‘'stand and cool. The hot water insoluble residue |
wag then extractad three more timed with auocpssive :
150 i, portionu'of hot water. 411 four of the |

- filtrates deposit&d solida on cool&ns Thio nolid
was centrituged ofr, and the mother liquors allowed

"to atand overnight. Depoaita were obtained from eomo
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of thege solutionu. 1_;ter centriéuging down these
o deposits, the ziother liqpora wers than treated with

 an cqunl volunc of ethanol. Dopoeits were obtained '

from all the aoxutxons on atanding. k—ray diffractometer

- traces were obtained to 1dent1fy the producta, ses

" Chart 11.. The reatlts obtained sare sumzsrided below.
vFraction.l.- L ,

'iha hot wgtér'##iuple mgteiial was Polyglycine -
11 only. The dépbsit obtained oﬂlstdndmng contdined
?olyglycine-I. In sddition atropg_lineq-wére pregent’

'.icorrespohding to some of the stroﬁg 1ines in | '

:as.ketopiporazinc, 888 Chart 9. . This . trace may he
comyared with those obtained from tho polymerisation

| 7or diketopiperazine in water, lee tece 7ee nxactly
'tho BaLS 11nes appear atrongly on bothveeta of tracen,

' excopt for the line at 13° 48','which does not appoar
et all on this new chart. The extract trom this

| solution on addins alcohol gave a matorial which

_showed peaka for Polyglycine I, anqéther peaks .

| which it haa not been round possible to 1dent1fy at

. all. No other eimilar peaks have bean found in any

~ of the yeptides or eaters ntudicd,soe Bec. 15..
Fraction IIe- - - '

The hot water soluble portion showe@ lines for .
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 'both Fblygijcine i‘and;il . ﬁo dépoait waa dbt¢1ne&‘
 on utanding. Treatment of the mother. 11qnor with
alcohol gave [ depoalt ahowing Polyslycine II  ,
:jlinos only, uca Chart Qe |
‘V,Fraction IIl.- ,
| ~ The hot watar solﬁhle fraction showca Polyglycinag
1 andII lines, but contsined more Pblyvlycine II |
then th@ Fractien II above. The dspoait frqm aolution .
“on ntanding, and the dcposit prodnced on adding
alcohol are both Pblyglycino ‘11, the traces are
'1dent1ca1, soe Chart 11, . ’
,4Fraction IV.-4 ‘ ‘ :
 The not water soluble fraction was Pblyglycino o
‘, II only. ilo dcposit was dbtainad on standing Tha .
;depoait dbtained.on adding ethgnol was Polyglycin@ L
4l'II only.. L | ’
"The hot water 1nsolﬁblo rasiduo.- " -
This gave the dirfractometer trace of a mixture
ot Polyglycine I ana i,
Ce Axtompta were nade ta improve the yiela of the’
reaction by henting under reduced prmeaure. This was
not successfull, . | o R
';ﬁ. . The most certain method ot dbtaining Polyglycine ;:

11 only fron this reaction 13 to increase tho
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concentration of phosphoric acid with roapect‘to

5the concentration of'glycine. It waa round that ir

‘20 am. of glycine and 10 ml, of acid were hnated o

"'together, all the glycine diasolved in the acid,

Heating was continued unxil thc maes became &ark
brown., It was rouna that all the material obtained
was solnble in hot water, and poseaueg the Polyglycine '
 II type structure. Ths yiela was 4 gm.(s%).
~ The degree of polyneriaation.of thin material
' 48 about 6. This would be expocted.rrom 1ts |
-aolubility. Inaufficient of the hot water<aolublo
‘,Polyglycin» I was obtuined to: meature ite degree
of Polynerisation. but 1t must be closa to that of
1the Pblyglycinc II, of law m@lcculsr toight. .
POLY!&LRIUATIOH OF G.bYCINE AND PHO..:PHORIG ACID IN
SUALED Tvssd.--; - | oy
20 gm. of glyeino and 5 ml, or 85% phoaphoric _.'
aeid was sealed up in a bariuw tubn, andheateﬁ in
an air oven at 14700., for 22 houra. The reaction
mixtura was gxtractoa‘with hot water rrom the tube. .
The-aqncous oxtract was boi&ea and-riltered hot. The
" hot water 1nsolub1. residus was a mixture of

Polyglycine I and POLYSIYCinQ II. The hot filtrato
deposited & ”1eaf1ng” solid on cooling. Tae '
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- dirfraatomaﬁer traca showec that hhia also was a-
nixture of ro*yglycine I and IX. The motho liquor

from this extraction depneited Polyglycine I only
on stending. Ths yield of hot water 1naolub1c '
naterial was 3.5 gn.(lVW).;.‘~

A second tube prepared as ubove, was hsatod at
f170°C.Arar«21-houra.'The product wagéxzramely hard
and.difficult to remove tron the tubo. he hot water
‘washsd 1naoluble residue was almost pure POlyglycine
i. Thc polymer was distinctly grey in colour,. The -

. hot water soluhle fraction showed pronounced 1ear1ng,

‘an X-ray trace, sse Chart 11, uhawed this to be pure
: Pblyglycine Il Thm electron micvoscOya showed this
-.matorial to consiet of well defined hexagonal _
, lea.fla-tq. see Sac. ‘14.. Th@ cryatu_lline-quality of
the!s,ieariets'wan,imprdqu.by reé#yitallisttion
from hot water. The fotal yield of pélynor ﬁy thig
method is better than that obtained from glycinc snd A'
hyarochloric acid. The yisld of hot water soluble o
naterial is ccrtninly greater., The purity of thc |
Pblyglycine I couid be ohtained by raising the
temperature of tha,rcaction e 1t was found that
whon the hot water insoluble material, which had been
hot water waahsd, yﬁa diésolved.xn saturated a@uéoua
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calci'mi chloride eoiution. it was not cobpletely :
soluble, A little of the material remained imdissolved,
This suggests that the material contaiz;é _traées, of
higher molecular weight polymers than thgnormal
Polyglycine I and II, Any water soluble by products
or lower molvséular weight material would have been
femovéd on extraction with hot water. This has only
been observed with the material obtained from the
‘experiments carried out in sailed tubes. .The "
quantity of materisl obtained was too small to he
separated and studied,
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The polyglyeines were £iret heated ary in the -

. open and ‘sealed in glags tubes, There was no '
; ;ntcrconvers1on.or form in-o;ther~c§se.vThere wﬁd.;;t~ 7
"a 3% loss of weight in the case of bBoth polymers,

on heating in the open, This m st first thought

| ' to be due to the moiature rogain of the polymer.

repcattns th@ h@ating 1n & sealcd tﬁbe, similar 1oaaes

| were notod, bux tha polynar did not aypear at all

“dgmp. and therc waa no sign of moisture in the tﬁbe. o

The tubcu aia show some pressure on hcttinz. Tha\‘
: X-ray photographs showod that there had been no

”chnnge of cryatalline form and.no apprecidblc ‘

: decreaae 1n cryatulllne Qnality. The polymers were
discoloured arter heating. gs though sone aecomposition
had occurred. Since the prodnct was not homogeneéus.

an regarda its chain length. it was assumea that some j"*
of the lower peptiden which were known to be present .
had been de@ompoaod. o |
| The cénversion of ‘Polyglycine II.into Pbl&glycinc
.I oceurred'ut a11 tem§ér$ture$ above 72°0..on heating'
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~in @ sealed tube with water, The rate. of conversion

at 72°¢C, qu‘very slow, 1eatrthanf50%,completé after
six weeks, Ralsing the temperature of the reaction
frém,72°c. te 120°C, produced a substantial inéroase
in the rate of reaction. Raisingvthe-temperaturé by

a fufther‘30°'to 15000. produced approximately a |
'31£ £01d'aecrease 1ﬁ'the'time of reaction. ilmost
pure Polyglycine I was obtained;after 27 hours |
heating. | |

Ths comparitively 1arge tenperature range 6ver

_~which the converaion occurred, sup,orted tie idea -

' that ?olyglycina I 1s a metastable fom, and that

. thure was no true transition between the two formu. )
*Alaguthq‘cdnveraion occurred only in one directién,
Qolyglycine_II beiﬁg c¢nverfea’to Polyglyéing I, It
was'not found poééibie-to‘heverae the conversion )
‘botween the 1imits of 20°C, and 160°C,, Keiﬁher was
it found poasiblé“tb camﬁlgﬁely'femovﬁithe ?olyglycina.
II‘Bpray 11h§s. éompietely from Folyglycine I'samplga,
by heating in watér. It-is-auggeated that the stable
form of some of the lower peptidee( D.P's 6-12), .
wnich\are present in this product, is the Folygl&cinc -

- I1 type etructure. It has been ehown that tihe .
| lower water soluble peptides_cryatalliseé in this

formg»It isfalao shown in thisfaection that if,tho
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etock'Pbly31 c1ne I, is haatéé in water at 10066.{
and the solution filtereduhotg on- 00011ng a solid
crystallised out. “his solld showed the "lealing"
effect, and had tic structure of Polyslycine Ii, as
aho'n‘by the X-ray photograph. The eléctron;micrographs :
afﬂthia‘materialg'havo ehown that the crystals were
| thin hoxégonal leafleté,for neayr hexagqnalvin forme |
*.The.elécfrbn micr&graph§ of these»biaten,'bf leaflets,
'are very eimilar to thoae Obtained by Keggy and
‘uikoraki(igsﬁ)gi, and ghow tho same step gruwth.
This agraes with' their sug estion that although
..tha polymer WaSB derivcd Trom Polygiycina II, 1t was
”‘in ract of lover molecular wei@ht, and chaln 1engfh,._
than true Polyglycine Ii.;This ig’ cartainly true of
. the material obtuined here, since it ia uolublc in -
hot water. . ) -
| - Hcating Bﬁljglycine b inAa eaturated agueous
eolutien of calcium chloride, hyﬁrblyseh the polymer;’J
comgletely, no’ eoii&;renidue was obtainec. weuting
in a - E05n or a 10w.aqneoue calcium chloride aoluxion,‘
did not slter the structure of tha Polyglycine I,
“hare was no Increaee in the 1ntensity‘cr the

A:rolyglycine II lines on the h»ray photograph..‘ha
' heatinp of Polyglycine II in a saturated uauaous
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calcium chloride eoluiion.'alao groduced‘no aogid 
| 9roducta. Heating in a 20% solution 1eft a water -
'innoldble residus. The kpray photogragh.of thin.'
shawad. that a little of tha Polyglycine II had
been convmrtod 1nto Pblyglycina 1. Heating in a 10%
'aolution resulted in a.product, which shawe& tho \
Y=ray lines for Pblyglycine II only. No conversicn
having occurred in this case, The cancsntrations of
the caleium-chlorido solutiqna were»carerully chosan.'
It ﬁas found dufing the preoipitations or‘sdlutiani“
of Polyglycine in saturatea agqusous calcium chloriﬁe.';
that the Pblyglycine II obtainad, hegan to be }
,yrecipitated, whsn the conccntration of the calcium
"chloride solution was dbout 18%. Thus at about the
H~L20h concentration, the polymer wau soluble in the
calcium chloride uolution, whereas vith,the 10%
aoluxion tho polymer was 1nsoluble. Thus it seemcd ‘A.»

that tha “olyglycina 11 wust first diasolvc before e

'umdergoins the change of rorm. The Pblyglycine I

ie however hydrolyaed.in 20” calciun chloride. ev«n

at 78°%C, | | :
- deuting th@ ?olyglycinea 1n 100% glycevol

5solumion gavu exactly the eame reeulta as hoating

' in: wator. The Polyglycine II being exteneively

3
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convortad into Polyglycino I. The losa of polyucr

Was much 1ess using glycerol. thmn,in tna correaponding
. renctiona using wator. The change wag again 1rreveraiblo.  '
":Polyglycine I remaining unchanged on haating in
the glycerol. The xprg; 11naa fov the residuo o
»‘dhtained by heating Polyglycinc II in zlycerol, L
showed linen for glycine, this aluo agrees vxth the .
| reuults ohtazned using water, |
‘ “ H@ating in anhydrous formie acid, rusuited,in

_ *aomo slight convcraion ot Polyglycine II, 1nto .3' -
. Polyglycino I. Heating Pblyglycinc I in, this medium

’ resulted 1n no change or torn. It wes ala0~not1cea
'1that the . Polyglycino II was very roadily attacked
by th@ rormic aoid, boing hydrolysed to glycine.-
:The formic acid did.not reﬁct as easily with.the _
"Polyglyclne I. This aguln is in agrc&ment with thc
idea that Polyglycine II is the m&tustable,.énd

o thun more reactiva torm ot Polyg£y¢1ne.

nzoouaszow o REbULTd.- , | |

It ia signiticant that the conversion of the
"Polyglycino II to ?olyglycine I is not rcveraible,
This fact, ana tha large temperature range over which*

'convernion ‘can ocunr atrongly suggeats that the
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?olyglyciné IZ is'the nesastable fors of thé:poiymGr,I
'this would agree with the ccncluaiona reached in
T 1.. There ia certainly hﬂ “true transztmcn
.ltempafnturérbetween the two Polyglycines. It is
also eignificant that no convorsion cccurred on
heating ”olyglycine 11 in - thc ary stato, it seems
'that tho convareion is dcpendent on the Polyglycine
II being dissolved in solution, snd being reforned
as ?olyglyciné~I,_eithei'in‘the golution, or when ;
1£}comes~out of solution, Although»it 1n‘gemeraliy
assumed that the two Polyglycines are identicel when
| in aolutlon. Thun thc water or glycerol acts as & |
'eatﬁlyst for the conversion or form. " ,
Tiie prasence of the 1ow molecular weignt |

 £01'31ycine II, tn the atock Polyglycine 1 may
'; exylain why‘it was found 1mvossible to completoly
‘convort 511 the Polyglycine IT to Poiyglycine I. ‘

It may be tdat eomo of thia lov molecular weightA“

polymer 1gbtable at high temporaturaa in the
Pblyglycine II form, The loss in weight on hnating

'} the polymera in the dvy state nay be dus to the -
‘decomposition of lower molecu;ar voiqht polymera.
The cenveraion on-heating in calcium chloride soluiion
also showed thmt the Pol*glvcine II diaaolved borore '

converuian.
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a. Heating the Polgzlycinee in the ouen aire=
uamplea of “o relyecine T and I were hegted 1n
*aﬁ air oven at 140°C, for geriods or tine up to
4 weeks, The X-pray ﬁowder’@hétographa for both
polymora'éhowed1nc‘changé'1n bithci thé‘pdsition of
“the lines qr'their’intansitiés._Thgaémpiee fctained 
their own structures. The samples heated for a week
 be mOrs, became a buf? colour, this discolouring was
rore sronounesd 1n the case of Pbly@lycine I. Thie
suggoste& that aome decomnoaitiun had occurred.
'Jeatiﬂg for 4 weskn, raaultad ;n significant loaﬂei
of weight of the golymer, Thece losses were 3% for
}Poiyz;ygina I;‘and ap»tor Polyvlycine II. This work
' agreéd'with'tﬁe'Work of Ee -y and "1me(1936)9°, who
'found that the absorptian of dye decreased on ! cating
. the pOlﬂﬁ@P, Bt that the crystal structurc rexained:

unchangea.

bs Heating dry in sealed Carius tubes,~
Both Pblyglyéineuwwaro~heated dry in sesled
"tubog for three weeks st 140°C.. Again‘nbhéhangc in
the X-rny’diagramz of aithervpolymer wus observed.
'Thevbrognctsrasaumod similar coXours to thoee
‘ Obtaiﬁbd onfheating in the open. In both cases the f

loss of polymer was about the«eanq‘aaidbtainedron |
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' heuting 1n the open, Anere waa soiie internal

Apreasure 1n the tubes whan opened in~the col&.

fhe contenta of ‘the tubea wero auite dry, an& there,‘

- Was no moisture cOndenaad on the tube walla. The

. loss 1n weight could not~tnerefore be accounted.for~

a8 & loa of water. It ia aauumed that en prolongcd 

"heating some af tnc polymer uccompolod, tnus

A‘ qpcounting ror thz re@ugtion in thc dye dbaorptidhi

“Thp pblyméf which decbmposaé'wau‘prnbdbly“the

lower molecular weiqht componenta or the non homogunaoua

”olyglycinea.»

Polyglycino I neated with yatér in a Cartus tuba.- |
2 gm. of rolyglyoina I, ex glycine and
hydrocﬁloric acid,vwaa sealed up together with

'31 ml. ot water. Tho Qariua tube was heatea tor

18 hours at 140°C. ”hc h-ray diapram of the w&ter Co

and alcohol waahed prqdnct ohowea nc change in tne 

_ Polyplycihs I structure There was hoever a alight

reauction in the intenmity of the lines’ aue to

"Polyglycine II, which'was reﬂent as an 1m9urity.

1 g0, of Polyglycino I and 5 ml, Of Water was
hsated sealed for 3 weekd at 72%, The'k—ray

_photograph showed'no change 1n tha Polyglycine I

;»atructura. s



THE TRANSITION
OF POLYGLYCINE IT
TO POLYGLYCINE I.

DNE &RAM PORTIONS OF
POLYGLYCINE JT wWeRE HEATED
SEALED TOLETHER WitH S wli.
PORTIONS OF WATER,

1. 2 weexs , AT 71?—-

2' 3 " F = 72?

Lo b O |, 120G

§e¢ 27 Hours, |50°C.. :
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d. Polyglycine II heated in wnter in & Caviuu tube.-.'.'
1 gm., or Pblyglycine 11 was heatod in & nealed -
~ tube together with 5 nl, of water at 72°C. for
t.veeks.-Tha product waa washed with water and alcohol{‘
 }ana dried wvor calcium chloride in vacuo. The xpray
N diagran shawod that no changa 1n atruaturo had -
occurreds - | ' |
1 gm. ag PolyglycinoII and 5 ml. of water<wan
fhnatad aoalod nt»78°c. for 5-uaekn. The product ‘
showed 8. weak x-ray 11no st 5.45 A. characteriatia
of Polyglycino I. Thus somo~or the polymer ‘had
. changca 1ts ntructur&, buttho change was by no
monns conpltte.‘
S1 gm. of Polyglycins II and 5 ml.- or water
. was heated aeiied st 12000. for 6 days. Tho X-ray |
diagram of the produot again showed that converaion
to Polyglycino I had occurred, butthia conVQrsion
wag 1ncomploto. ths 4.15 A. line ror Pblyglycine II
was atill very strong. _ ‘
1 gm. of Polyglyoine II and 5 nl. cf water was e
"homa sealed at 150°C, for & days. The X-ray
" . ahowed that the intensity of the 4.4 A. nnd z, 45 A,

~1ines. ror Polyglycine I raa loes than those in thc
3'pravﬂ¢ua exanple, Thus raising the temperaturo by

- 10%, had not appreciahly altered‘thés gte of react;an.-~ '
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1 gm. of rolyglycine II and 5 ml, of water weg
heated sealed at 150°C. for 27 hours. The k-ray ”
- photograph of this pﬁoduct ahowed anly a faint
trace of 4.15 A, syacing ot Polyglycino II, in the
44 A, band for Folyglycine I. Eaiaing the o
temperature by a further 20°C, had made e consmero.ble
f 4difference to the rate for the converaion of the
.;kblyglycinsil. o )

The hyﬂrolysis productl of th@ Polyglycinzu on -
hag@ng in vater. | | -
The hcating with water of the Polyﬁl cinesvwéé N
‘repeated to dctermine the Products of the hydrolyaia
of tho poptidza. aomc 10% of the polymer=was 1oat
on heating 1n.tba J,::'enn.o!t:m reactionn. There was no
- apy reciable presaurea -in the cold tubes, and the
E solid was not discoloured, a8 1n the case of dry heat.j‘
,‘Thus 1t~waa‘a43umad that hydrolylis ha& occurred.
2 gn. of Polyglyeino I and 2 ml. of ‘water wac _
' hzated aaalaé at 140°C; ror threa waekn. Tho yield '
4f water 1nsoluble, unchanged, polymer was 0,97 gm.. ."
tTﬁe X—ray‘photograph of thia réterial showed.only |
Polyglycine I linea aa axpected. The soluxion

.;ﬁgcantcd frcm this rosidua wes aixqwea to stand,
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Often fiurey praciﬁitataa hm been dewaitad fvom
this so‘lut:!.m. 'rhc grecigitatc oht:imd .‘m ‘this cnu
was emtrif*agad off and gave only nnoua;h mterial
for zm X-ray apecimen. wm spott,ea ynotagra‘..h
| o‘buimd ccmp&md wen with that for *Metopipsminm
- Thus n’s least mme or tho Polyglvcino I is dacouposad. :
to diketopipsvazme. | . R
?ol.yglycine II wan hcated with wat.or. 3 Foe 18 'and
2 ml.. in a aealct. tﬁba at 140°C., tox' 3 vﬁcks. The
yield ot Mmlublo polvmr wos 0.65 Mo again ahmving
mmamble losa. The contrimwgex rasidue wua vsed - }
 as.en X—-m apecmen. ‘whilst atili wet, bafore wasm.ng. -
The photograph snowod that some of the yolmr had
bceu canvertad :I.nto :myglvcixw I, and oowe glycinc "
- way alao presemt in ‘ma product. ‘Ihere was no tracc; "
of my Mketo aipcrazine. ‘Eha solution dacantod from |
.the cmts‘ lrugea :product c‘id not glive a ,praclpimtc

. on standing. This seenad to indicate that ths |

mecmniu or h.ydrolyain is dirforsnt in the ca_ne of

= xolyglycine 11, azm. glvcino and not dikatopi,)omzm

- 1s the end pmduet. ’

. ijse uaulta were mcidmtu to tne mm ‘
‘ mve;:tigutim anﬁ have not boen tonowad up. It 13 N
'recom iendec tha’c ths resulw rhomd ‘be rollcm:& up

s th@ effect has been m,mutedly obaervad

u
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S r. ‘The effect of heating the Pblyglycincs 1n-

nqunous calelum chlorid@ solution.-"
} . 1 gn. portions of Polyglycine I ver@ hnated
lwith.s ml. portions of eatuwatud, 60%. and 10%
 aqucou: aoluxiona of caicium chlorida at. 72°G. for
'”h7 weeks, 2 weeku. and 7 wceka respectively. The.
" heat1ng was carriod out 1n aealod tubes. In the case
of the 5aturated aolution, the polymar diasolved
completely, alfter dbout e veeka, thare was no solid
rasidus on cooling, and no precipitata on adding
water to the reaction mixture. The polymer had been
comgletely hydroxyaed. The 20% solution aid not
dissolvo all tho polyner, thil coneentration was
choscn ua that at whieh precipitution of solutionl
of the Pplyglycinep, 1n»cqlciun chloride 5o¢ut1¢ns,.
'conmenced. The admié‘feaidus‘waa céntrifugad off, |
and‘washed.with aoa, calciun chioride aolutibn;‘thep
water, and then ethanol, and dried over caddium
chloride in vacw. The yield waa,0.56 .. The v
X~ray photograph»showed that th¢re had been no
increase in inténsity of the Folyglycine 11, 1npurity;
11nes..Heating in the 10% solution also qhowed no
changa in the X—ray pattern. '
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1 gm. portione of Polyglycina II and. 5 ml.

Hportions of saturated, 05 s ana 10%, solutions ot
;aquoous calcium chloride, were heated seﬁléd at 72° c., ”
- for 7 weoka, 2 weeks, and 7 weeke reapectxvely. ’ |
The polimer dissolvad completely in tha saturated
;SOLutian, and,no 1nsolﬁb1e material covld be obtained
 Qn grecipitatiou of thc aolution with water.,Again
hydrolyai§ had 6égurreé. Thﬁ‘pblymar‘ﬁaafn6£ v9ry |
m}mble in the EOSS'aolutimi. “he yi'eid of insoiubie o
reeiann wae 0 Gu ﬂm., the X—ray Qhotograph.or this .
1sawgle Bhowe& strang Polyglyclnc I lines, & vcry

weak u.46 A line Tor zolyglycxna I was almo preaent.'f 
Thus sone converaion of foru.had.cccurrea. The

polymer wae not soluble in the 10% aolution; the
‘f:residug obtained ahoweu only k—ray linss for }olyglycinc o

i II. Thun although this reaction brings dbouz tha

converaion of ths v91yglycine lI, tuis converaion 15 '
- not extensive at 72°C.. The rate of hyﬁrﬁlysis or
. ﬁoxyglgcine II ig papid at 72°C., 80 this i not a.

 yractica1 methoa.for 1nterconveraion.
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ge T PO.VGLYCTRK - CIATED TN GLYiOL. -
1 ame of rolzzlvcina I, and & ml, or 100%
glycerol. wae-heated opsn for V'days’at 72°@.
_Ehe‘insolﬁﬁlc product zave the Heray lines for
Tolyslycine I only. B
2 gm. of Polyglvycine 1 anﬁ 2 nl, of 100.
ﬁlycerol was heatec gealed at 1?0°C. fcr o weuks...f‘
The Z-ray photograph for the insaluble residue
showed lines for ;olyglJcina»I cnly.
1 gite of Polyzlyeine Ii, and § ml. of 100f
7lycerol, was heated in the open at 72°C. for
7 {ays. ?heix-fay'photogfaph<br the_inaolﬁbl&
residup showed lines for Yolyglye:ne Il only.
2 ;im. of "—‘o'iyv?lycvinc 11 anﬂ 2 nl. of 1000
’31vcerol was heated in a aaaled tube at 170
a_for ¢ weeks, The water inaolublo g@idue gave the
- d-pray pattern for a mixture of Yolymzlycine I and 11,
showing consiaerdble ccnveraﬁon of fovm.had occunrod.
The ghoyodragh~alao showea spot*ed linee for glyeine,
“he acti‘n of glycerol 8id not difrer frcm that
| of water, except that the loss or_poiymer wag nuch
less. 7he yleld in both cages was 1.9 gm.. The
, polymer wag purs white, and the solutién»dnly sligﬁtly
. coloured. | | | | o |
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h. TREATYSNT OF THE ?OLxchb:ﬂES»axrg ATHYDROUS
- PGRUIC ACTD.- L SRR |
. 0.2 gte of To&yglycine I was adned to Ly ml. of

1hynrous forzic acid, in tue cold. The ﬁixturo was

 's11owed to stand, -ha inaolublo golymer residne was
. cenﬁ}ifuged off,. The xprqy hotograyh ror this
éhowed folyglycine I linei only. Thc aolutian Ny
sich had been decantee orr, waa treqted.with L
- water and allowem to atand, and then alcohol,
~ Ho solid waa ueyosited in eitnsr caee. ﬁhorc waa
| littlo loss of polymer.; |
N 0.2 gn. of &oLyglyciue I whs addod to 4ml, of
anhyﬂroua rorm1¢ acid, nnd tha mixture haate&.to
disaolvo the palyger. Tha not, soluxion was allowod‘l
to etand overnighx. A nnnll qpnntity of depoait wasfiT;
| ‘centriruged off. This gave the i-ray pattern for t “
o olxglycins I only. The uolution was trotted with
water and alcohol but ﬁid not yield a furthor
Qdegceit. the lons of polymer vas sbout 75%. ‘
0.2 gm. of “olyglyctht II wna added to 4 nl. or '
’ formic acid, in the cold, nuch ‘heat was evolved,

and dbout 755 of the polymsr disnolved. Tho
centrifuged 1naoluble residue was a mixture of

.Polyglycine II and a 11ttle Polyglycinc I, The x-ray
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photograph alao shovea apotfe& linee for ~1yc1ne.'
The sclution which had been’ decamted, a1a not -
,deposlt & residuo on dilution with-wnter. Tne loss
of polymer was about F0%. _

- 0.8 gm. of Pblyglycino II and 4 ml.or formic
acid wore»mixed and heuted. Thc hot Bolution wau
‘ 111oweé to atana‘overnight,‘a»vory.enall qnantity
Llor‘aoiid was depbbited. The X»ray‘photograph.of thié_i

aolid ahawed strong linas for Polyglycine'll, nnd.a |
*weuk 345 A. line ror Polyglycine I. Adqition of
water and alcohol to the decanted aoluxion aid
'_ not induce further precipitution. The loss cf |
pol ‘mer was 80 to 90 % . ' ' |
‘ The conversiqn or ?olyglycinc II 1nt6 ’olyglycina 1 :
v'-did not take place very readily in this medium. The
7formic acid hydrolysed the ?olygl;cine II very -
| readily,“bux aia not react 80 oasily with the ‘
- Polyglycinn I. ;ho product or tho hJﬂrolysia or.

dscompoaition'was glyoine.

1o UTOCK POYOLYCTN T dmw ™ RaT:Re= .
The stock Eolyglycine T dbtained by’the L
5 polymeriaation of. glycine tn hydrochloric acid,'
- was heated to boiling in.wator. Tha hot solution
was rilterea at ‘the pump, through filter,paper. Th§¥1 .
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.solution.di& not'filtef'éiuiiy'or rapidly, Tpe,r
hot filtrate was allowed to stand sand cool slowly
at room temperature. After two or three hours s |
crystalline precipitate was obtained. Thie showed
the "leafing" cffcct very strongly. This hot water
‘soluble product was cantriruged doun, yamhsd-with -
~ cold water and driad, in vecuo over calcium chloride.
The X-ray photograph,for»the matorial nhevad lines
ror Palyglyeine II only.: Somo of the unccntrifuged
suspension 1n thc mother 11qpor, was placed on an.
electron micremcope grid. The crystallitas were
hexngonal ylatoa, ahqw;ng growth steps, see Sec.14d..
‘._This polymer was iéw moleéulhr weight Polyglycinb 11,
'since it was hot water aoluble. Thia matcrial is '_
‘,thua present in all thg atock Polyglycino I, prepnred
in this menner, The mnter&al 1s eomparﬁble with that A
.obtained from giyuinn and phoaphoric acid p@lymor "
: preparations. This naterial is obtained in much
lower yields than the glycinc/bhosphoric ncid
:’polymer. '




 SUMNARY OF. RESULTS.- |

| Initial experimenta with tho aquaous suspenmiona
or the two Folyglycinecg and univeraul 1ndicntor, ' |
gshowed that the two polymers had diatinctly’difterent
" characters. The Polyglycine I suspension was acidic,
‘pﬁ.-é, thieas_the‘Polygiyc;ﬁa 1I suspension was |
neutral, pH 7, to the indicator., The Pbiyglycine I,
golid, was dyed pink by the indicator, the molid
Polyglycine II, wase not dyed at all. It was of
interest to note that, Pbiyglyc;ne~I,which,haﬁ”bégni
“heated, gave a brown colpur,iin:thc aoluiion; when
indicators was addec to a suspension 1n~wa£er. The
solution only Lecame pink on heiting,'Thn-colour |

;tiven on haating, was & very dark'pihk. almost red,-

Polyglycine II which had been similarly heated, gave . =

a green cdiour in agueous euspénaion on adding'
‘univeraal indicator. The Pblyglyctne 1 had been

. arfacted bJ'being heated, The Polyglycins 11 :

: preqipitated from agusous zine chloride, gave a
“green colotr, pH #, in.éQﬁnéﬁa suupenéioh.with thé
1nd1cator, on heating the - suspenaion this colour |
became greenish yellow, pH 6.5 + The polymers had ,
retaian ions from the aoluxiona‘;n which they had
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' Eéqﬁ'pfaparéd;fk Donﬁan'memﬁr;n§ étfoot'i¢6'
‘operative, Eol;glycinc 1 had retained hydrogen
1&ns from tho hydrochloric acid. Ths ?olyglyclne II, ,
ﬁad.retaina¢ hxtzugun 1ons of aither calcium or .

zinc, depondtng on' the solvent used for its '

', praparation. The Pblyglycine Il had bs&n partially
converted to the ctlcium on zinc aalts. The ealciun 4
and zine eantont;,of ths two Pblyglycinc 11 apecimensi‘ :
wero determined. The Polyglycins II precipitate& -

from caloium chloride aolution, contained one

polymer molecule in every nine as the cnlcium salt. L

The polymer precipitated i om solution in zinc
o chloride contained one pﬁlynor molecule in cvery -
three or four molecules as ths zinc salt. This

lattcr-valua wae almoat,dodble the rormer>vulue.; [

ERTL umnws.- , | ,

A suspenuion of 0.2 gm. of stock *olyglycinc I
in 5 ml. or diatilled water, was treatad with onc
drop of B.D.H. Untvorsnl 1ndicator. A aimilar
Buapension of Rolyglycinc i1 waa made up. and again
one drop of imdicator added. Thc haatea Polymers ji
had been heata& at 10000. ror 15 weeko. Similar
‘eusgensions had bann preyared and 1ndicator adﬁe&._‘

‘In the caee of Pblyglycine II precipitated from



¥xpe 10,
Ll e

.cglciun chloride aolution, the polymcr had‘been - ?

. partially canwerted to the calcium aalt of the

‘aclid form of Polyglycine II. This had probably 3
been caused by the production of somo calcium oxido
during thc working up or the polyncr. z.aimilar .
-oxplanation can‘alno be. appliod,to thm partial |

zinc sglt«of Polyglycine I1, It 13 aleo of 1ntareqt
that tﬁwPolyglyCine II 1s not dyed by the indicator
whoreas th..Polyglycine I is 4yed, The releaso of
hydrogen ions by Pblyglycine I, and Polyglycine II,
'prepared fron zine chloride, wai enhanced by hﬁatins.

THE EETERHII{ATIOH OF TRE CALCIUN CON‘I‘ENT OF . |
 POLYOLYOINE II,- |

The folyglycine II used was the stock‘polymor
proparad from Palyglycino T, The Polyglycine 1

- was dissolved in aaturated celcium chloride~solution

~ and precipitatad by'an cxcess of water. It was washcd
three times with water and twice vith alcdhol, and -
dried over calciun chloridc in vacuo,
Hetnod.-
The aVQrage degree of’ polymerisation for this
type of polymer is D.P.x 10, The calciim ions
| present would be attached to the polymer as the

calcium @alt.or the carquylic‘acia,_The calcium
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, conteht expiaﬁéed éa 4 ratio of th@ﬁbolymprf

cancantration would be.~

(ca] , 0 , 2
" [polymer ] 'Sea» 147

 Thie would be the maximum velus, |

14, was dccided.to use s.D.T.A. to doternine =
“the calcium content. Thus 1 ml. of 0,01 Wi .D.T.A.' .
' solutian 13 equivalont to 0.4008 mgm, of"calcium,

or 10° mgn of calciun 1ona reqnirc 85 ul. of this
soluxien ot E.D.T.A.. This is contained in 1.47 gm;
cf polymer, bux aince tho calcium ion cuncentration

. was not 1n all probdbility a'naximum. it was aqcided
to ume alightly aore~polyncr, nauely 1.75 gr.s This
polymer wis extracted with 10 ml, of Qﬂ. hydrochloric"
acid, and oentrifuged. 5 mle’ of the auparnatant

, 1iquia was pipetted ofr 1nto & 50 ml. flask, and.

N mede wp t0 the mark with dintilled water. Ten
minilitre aliqnota of this solution were pipette&
“off. The 1ml, of 2N, acid wndth each of those

‘ contained was nautraliued by th@ sddition of 1 ml.
~of aN, sodium hydroxids, a further 1 ml, of this
solution was added to muko the eolution surriciently
tlxaline. Thia solution was thon titratad ugainat

the 0 o, E.D.T'A. ~solution using murexidé indicator.

Tha titratton was carried out using a mierodburctte. o
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_bampleeﬁwéfa titrated dircct1$ y1th1th§ E.D.T.As . .
ﬁolﬁtian, and also & backftiftaﬁion.ﬁethod.ﬁaa 'f
tfio&;lTha alkaiins 10 21l. aliquot wns”trééﬁed with&
a pipattce 5 ml, porticn of the M.D.;.A. uolu&ion. |
;ana the excess E.D.T.A. was back titrataﬁ with

ﬁ/lOO. calcium chlovida solution. 4 blank titratian R

 waa carried oute Identical resulta'wetc obtainsd.by-.

' “either method.

R&uULTS.-" _ , |
. wt, - or weighing botile + P;G. 11l = 8.8517 gm.
'to of ‘ ’,', . ,’ + EOG. 11 finally ﬂwmmg

" wt. of Polyglycine II in the - 31.7467 .
- .contrifuae tube -

;Thia is th@ vaight or polymer 1n 100 ml. or

solution, 4, hydrachloric acid solutiqn.,‘J‘
. Tiprations.- | |

 Blamk titration 0,07 &l of L.D.T.A. solution
‘required, ,

?}Diract titration of the polymer aolution.-

 10 ml. or‘the oxtract roquired 5.48 nl. -of 6 01u.;
| o | BJD.T, A. molution.
Bacx titrat;on of the polymar soluxion.-.:

10 ml. oftne cxtract +5 ml. of the IS.D.T.A. soluzion o

reqnired 1.52.m1.'of O.01¥, calchum chloride aqlution.:l"
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'{ Thus the m.n.m Am equivalent %o the. ealciumAin ths  "'
extract‘was [5.0 - 1.52] = .48 ml, . -
Titration of the ealciun chloride o@lutidn;-'

10.0 ml. of the solution of 0,01 N, 5.0, w F' vere o
.requirod tor 10 nl. cf tho calcium.chlorido aolution.;-
Thns ths culcium chloride soluxiun was truly 0. 01”. ‘
Cnlculatian.- : ' ' |

Thm calciun in 10 ml. of the extract required
[3.48 -6.0? ] = 3.41~ml. of 0.0iN; B.DuTehe solution |
This 18" squivalent to [3.41 x o.woaj = 1,362 mgn. of |
ealcium.~ ,
_ Thua<100 ml, of the extruct woul& contain 1&.63 ng,
ot calcim, but this is contsined in 1.7467 & of
Polymer. Thus the ratiox of molocu;ea_or calcimm to
helecul;s of polymer is .- B |

[Ca] _ 13,62 x 587 _ 0.1144

[polymer ] 4 x 10%x1.7a67 - |
Thcre:ore the[ Ca ]/[pélymor]:#il . 8.74

Thus only one polymer molecule in nine is prasent
| &8 the calcium salt, the remainder are present as
the acid, | |
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T:IE DLTEMIMTIGN 01? ’I‘HE ZINC Cbﬂ'l’l:l\l‘l‘ () ‘

P‘O..YG" NOINE II BIL CIPITATEL FROE uO.uUTIC»N IN

*AC.U‘..OU..: ZINC- CIILORIDE, , R |

The Polygiycina 1% used was the stock polymer.

| precipitated from & aaturated solution or Polyglycino
I m &quaous xine chloride ('70}% solution, by the

., sddition of excus wator. “The’ polymer wn washod

' with water and aleohol :nd dried ovor oalcium

chloride in vacw. .
mnon.- o
1. 89 gn. of polymer was waighed, out 1nto a
| "centrirugc tube, This was extracted wam 10 ml,
of 2N. hyarochloric acm, and centrifugsd down. ,
| 5 ml, of the augernatanu solution was pipettad off,
and madc up . to 50 ml.. 10 ml. aliq_uota of this
solution wers withdrawn and ailuted with 50 ml. -
of watcr. 5 ml. of amonia and - ammonim chloride
buffer of Pl 10 was added. The solution was titrated
With 0,017, B.D.T, A. ‘solution, ,to solochrome dlack
4 mdicator. ha end point bemg taken as & true clear
blue colour of the aolution. A micro-‘burettc waa
used for the titration. | |
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Rcaults.-
| 'wt. of weighing bottla + polymer initially = B,3545 gm.
: wt. or weighing bottle + polymer finally a_g,gggang.
.wt. of polymer in the cantriruga tube - = 1,3983 gm,
“Titratione.- | | - |
' 81ank titratiﬁn'ruguiéedlbne drop of 0,01 Ne B.D.T.A,
solution, - | |
| 10 ml, of th@ extract molutian requireﬁ 6.8 al, of
ths 0 01 H. E, D.T Ao solution.
Calculation.-
. The zinc in the 10 ml, of the uxtract reqnired
' 8.8 ml. Of O 01 N, E.D. '1‘ A. Bolution.
Now 1 ml, ot O.OIAH. FoDoToAs ia @qpivalent to
0.,6538 mgm, cf zinp.
‘ Thus 100 mle of'tha extract is equivalent to
, [6.$rx_10:x 0.6558 ] mgm, of zinc.' | :
' The nnmbef:6r;moles.6f‘polymer per‘mdle of zinc is.-"
[ zn ] _ 68 x 0,6538 x 588 o 04286
" {polymer ] = 65.38 x 10° x 1,8983 o
Thus the ratio_ig.l ¢ 3.504, or ‘one to.féur « Thus

one polymor~molecuié in three or four, ia prcsent :
as the sinc aalt. Tiiie is double that shown ror the
o Polyglycine Ir precipitatod.from calcium ehloride.
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THE GO.UBILITY OF THE POLYGLYCINES IN GATURATED

AQUEOUS CALCIUM CHLORIDE..

The solwbllities of Polygljcine I and 1I, heve .
been de£érmiﬁed in‘aqncoua, neut#ql, saturated o
calciuwm éhloride splutlon: ?olyglyqihe‘I vias npt .
very solublefin;thé'in,thé cold solution, ihﬁa ‘
in order to adequateiy compare the solubilities'or-"'

tho polymera the determinations ‘were carried out at
'100°C. in & builinw water bath, 25 ml. pﬁrtlans of

' calcium chlorido solution;waa pipotted 1nxo tvo o
'v.bcgling.tﬁbea, and plgpgd in the_boiling tayer-bcth.__?ﬁ‘
Th# ﬁoiymer Waa;ﬁoighed'qttvby thb~d1frercné¢'h§thnﬁ?r_
"and adced tb»the'eolvont; with stirfing. Thé addition ;
of polymer was continned wtil a small qnantity of
the golymer remained undisaolved. This method only A
vgave an’ approximgtc valuc~ror the polyner solubiliitiés,
bnx in euch case preliminary trial aeterminations,
reduced tho quantity of ‘excens 1nsoluh1e polymer to
. & minimum, It was 1mposaible 0 centrifuge down.ths -
".undiaaolved nolid without cooling the 1iquid below L

100 C.. The solution of either polymer was very-alow
at temperatures below 100%C, end so it vould.have o

begh very dirficult to determinc the point at which

solntion ceased,at n.lower temperature~
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EXPERINENTS,
a. Polytlycina - . .
The polymer-used was the materinl obtained from |
the polymerisation of glycine in hydrochloric acid. :'-
Tha polymerisation mixture was heated at 140°C. for R
.24 hours in & eealad tube, , ,
5 2765 gm, of Polyglycine I was adaed to the
25 ml. portion of calcium chloride solution, before
the polymer céasad to aiaaolve.VTnns ‘the solubiligy
of the Polyglycine I was 211 gn. per litro of |
vsaturated aqueous calcium chloride solution at 100°C..
‘This golution was irreversible, since Pblyglycine II,
_was obtainod on cooling the solution, and on
' precipitation of the 8olution by water,
De Polyglycine II.- _
~The polymer wag stock Pclyglycino 1I, preparea
by the precip;tation of solutions of folyglycine 1
in saturat¢¢~gqus6us calcium chloride ablution at
_réom temperature, b& excess water., | -
18,1870 gm, of Polyglycine 1x wag added to the‘
2b ml, portion of calcium chloride solut:on. bororef.
'solution of the polymer ceased. The solubility of-
Polyglycine Il was 485 gm, per litre of saturated
agueous calcium chloride at.100°c. The dissoiuxiénf'

. in this case was reversible, Polyglyeine II was
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obtained ori cool-ixig, or: 61’1 ;Siecipitation byA wa.texi-. a
’I'hua th.s P@lyglycine II was about tﬂica as aoluble -
as the I’oly,glycin& I. 'I’his would be expcctcd if |
,_Polyglycine 1 were the ata'blo rorm or tho polymor,
and Polyglycine II .the metnstablo rom.- '.l-'hiu is in
agmemant with the work on thc formation or the
. polymers, md on thtu' mtemonversiom inn various |

 8solvents,




B -1- . “y

This'work hna baon carried oux as a follow up
to-thc work of ﬂeggy and oims(1956)9°. Theee workera
~ showed that Polyglycine I nbsoﬁbed only 42%. of th@ '
' theoretical quantity. of orango 11 dye, whereas '
Polyglycine II abnorbs orange I1I ognivalent to the )
- total terminal amino groups in the polymer. They also
showed that the Xﬁrny diagrams or the ayad polymera
were 1ﬁont1cal with thoso of the undyaﬂ polymere.
A Thn polymara used in the dyeing oxperiments.ware
-‘washod.with a sodium,acetata and acctic acid.buwfer |
'or pﬁ S5¢1 & Tha polymers used.were stock Polyglycino I.
'_ex glycine und hydrochloric acid, Polyglycina II, |
U ex qalciun chloride, and Polyglycinsrll ex zinc
chloride, | . |
0.05. 0.01, and 0.2 gm. portios or each polymer

' were troated with,lﬁ ml, of a solution of the

 pod1um salt»of‘orange.ll. containing\a.s gms pOr
k 1;tré. The mixing of ﬁolqur ahd‘dye'soiﬁfibnfias
carried out in & water bath at 80°C, from etocks
'ka§t<1n the waterbath, The system was alidwedlio _
'~”stana in the bath for 30 minutes ‘after mixing; The ‘\ 
_;'suspenaion of” dyed polymer was then centrifuge¢ down,
iilnd washed once with water and once with ethankl. N
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The dyed residue was dried in vacuo over caleiun
chloride.  | ,‘ _'

- The X-ray diagrams of &ll the samples ‘showed no
change in the X=-ray diffraction pattern on dyeing.
There was no alteration in the Xpray spacinga of. ths
polymers, and no‘trace of any 11nesrdu§ to orange 1I.
This must mean that the dye neither disturbs the
structure~of'the~polyﬁer, nortdoeélit take up a
f regular arrengement in the polymer, Nechenical |
mixtures of dye and-Pélyglﬁcine 1 were madg up to
see whht concentration of ﬁandomly diapcrged dye
was necessary for its X¥ray diffﬁactiqn pattérn '
to appear. It was found that Polyglycine containing
 15% of dye was required to show an orangé o
' d@iffraction pattenn, ths lin@s even then were very
weak, and ccrtain of the atrongor orange II lines '
coincided with the Polyglyclne I lines, The 1inoa
for e 30% mechanicg; mixture were_by.no meagns |
strong dnd-could’eagily be lost by underexppeurér
of a photograph, Thb'Xﬁray dirfractometer was used
a8 & more eensitive neans of dotermining the preaence
of orange II diffraction lines. The traces obtained
with the above samples are shown opposite. The traces

’showéd'that thgulower angle lines for orange II, 4id
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just appear on‘thc'ls% mixture of dye in polymer;
The dyed pdlymors st1ii‘&1ﬁ nqt‘show anyraiteration
‘in position_oﬁ 1ntensity of the polymer peaks, and
no peaks for orangg 1I, These anﬁpies should have
contained more than 26% of dye, end if this had besn
arranged regularly throughoux the polymer lattice,
diffraction p@aks for its structure would have '
.appeared. o N |

. The Polyglycinc I, obtained from & solution
in zine chlorido by precipitation with water, showed
a peculiar phenomenon on dyeing. The soluxion |
containing the dyed polymer wag allowed.to stand..A
| Avdepog;t of orange hair like crystalz was obtainead,
It was found that this deposit was soluble 4n Quch.‘
diluted supernatant bolution, dilution Qas carried
'out with water;'dn:wafming but were reformed on
cooling. An X;ray diffractomoter trace of the hair
crystala showed X-ray lines for Pblyglycine II,
,together with many other wgak 11n¢s,.some of these
lines correepoﬁdc& to orange II lihea. There is one
strong line which corrgﬁponded to a strong line in
thp orange iIvtraca.ﬁut the othgr strong lines of
the orange II patterh’dia not appcar.gs strong lines.
This material is.most ﬁrobdbly a chplex compound of

the dye and low molécﬁlar welght Polyglycine II,




Tho products from tho polyueriution Of Elycimf - |

in hydrochloric acid, ratio & gm. of glycine to B

1 mi, or concentratod acid, were analysed by

. paper-chromatography; The moving phaso used‘was,

‘zbuxanol, acetic acid, andlwater, proportiona

"'» 60:15:25, It was’ shown that tha crude reaction f"

product diaaelvcd Ln 8 littlc water. gave a Spat

Z,J{ ror unéhanued glycine ’ vith a lmng trail of. -

v'spots for low molecular weight polyncra, when - '

i 'sprayod with ninhydr&n roagont. ‘The paper wag then.ff
'; chlorinnted by euspenaion in gtsccuu chlorine for |
: 10 minutes. allowed ta stana in air overnight. andA‘
‘..than dipped 1nto a mixturn of 1% starch and 1%

- f,fpotaasiun iodido solution. according to the mgthoa AR

~ of Rydon snd Snith(1952)101. It was found that the
. reuetion product containcd diket@pipcrasine, which'
| appoarod on tna popor 88 a blue~purple spot when

" treated as above. The chromatogram was carried out .

1 fiw1th s diketopiparazine control apot. The accepted )
'7Vren¢tion mechaniau for this polymerisatlon, rer.
nezzy(1953,1956)88'89; 15 that polymerisation |
ffioccurs’via glycylglytine. tha chromatograms showed -

-“that this vau not neceasarlly the camo. Tho origxnal f:;.
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glycine waa chromatographically puro, so that the
' diketopiperazine must have been rormed during the

"regctimn. It wes not possible to dotermine whether

- the reaction mixture also containad,glycylglycine,

gince in this particular sdlvent aystsn, the R,
valus of glycylglycinc.was too cloee to that for  '
glycino.- ' B |

Butanol, - pyridine, and vator, propcrticns
‘1,1,1(-uppervphaae), this 414 not improve the

separétion_of g1ycy1g1yc1ng’gnd glycine enough,
' .Pﬁenql,vand‘watef,.proporticns-ini. was @180
. tried as & solvent system, It was fbuﬁd ¢1ff1cult
y",t‘o use ‘the ehlorination method of epot detection,
since the backgrounn colour‘wus nlways too high. .
ﬂ Spraying with ninhydrin ehowed that the trail which.
'.;:with ths tiret aolvent, had tollowed thc glycine spoﬁ;"
“wes now ahead of this apot. This would be expected S
'ir the trail were due to low nolocular wcight : ;W”“<'
. polymers, 8ince the Rf vuluea-or the polyners “l
',-would be munh higher in this aolvent systen. A@ain
the aeparation of the glycine angé&ycylglycina |
‘apotgugbt sufficient. Attempts‘were made to replace
ths chlorination mnthoa of detection, by anothsr |
‘mathod. Thg Papers were exposed,to 1odino vapour,

. this was not aucceseful, again the background 1ntenaity
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was too high. A method of datection which was found
to. be uaeable, was to Ieat the paper at 12000. |
overnight, - The polymers charred. Bux arter thia

the apotm would not react to any of thh sprays,
«although thqhackground 1ntenaity'had been reduced,

The product trom the polymerisation of glycine
in phenol/hater(lower yhaao) was: aimilarly'ahown to :
contain diketopiperazine. and other unidcntified
spots of higher Rr values, The solvent used.waa
.‘butanol, pyridine, and water,
 The product from the polymeriaation of 80. gm.
of glycine in 16 ml. of‘phoaphoric acid, by heating
.1n the open, was also ehown to contain diketopiperazine. 
: Using ths sane solvant an ahove. .
The polymerisation of glycine 1n.hydrcchloric

acid 1n aealed tﬁbaa was examinea‘by~making,a
Achromatogran of the prodnct obtained arter various
'timea of heating.. Attor three hours only a very

quak spot for aiketopiperazine was detedted. The |
';chlorinatea 1ntonsity or the spot increased slighxly s
for heating timea'up to 6 hours. There was then a. |
marked 1ncrense 1n 1ntenaity artcr 8 houra heating, ‘
,ithia‘ia the timc in the reaction st which solid ;

'Polygl"oine II 15 obtained. Th@ eolvent ayutem ﬁsed
;“vas butanol, pyridtne and water. niketopipsrazine
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R was still presenﬁ aﬂter 50 houra heating of the .

: rsaction mixtura. The polymsr~had been almost o
- colplatoly convsrted 'to Felyglyc1n¢ I by this tine,  f
see Exv..dec. 9.. There was no reﬂucti@n 1n.ﬁhe |
11ntenaity of th@ spot artcr the sud&en 1ncrease
farter 8 hours heating.-“ L | A

This work provea that dikotopiperazine is -
pr@duced during nany of ths direct polymerieation
reactions of glycino. The work slso shows that )
the dikeﬁopiperazina*is produaod during . the . :
preparation of Polyglycine IX 1n tha.polymsrisation
raaction of glycina 1n hydrochloric acid. Tha
diketopiperasino 15 not produced during the
.conwerlion of ?olyglycinc 11 1nto Polyglycine I,
1sinoe it vouldynot then hava appaarod B0 early 1n
: tha reaction.ﬂ_ ST ' o




: UHLKRY OF THE RESULES.-

‘ - One ot tha major aimu of thia work was to prepare
o hoxagonal cryntala of Pblyglycine II, and to define
the conditions neceesary tor their praparation. This
_i nim has bean achieved on ‘the’ mlcrocr@&nllino acale.

| Polyglycine I preparod by any of the mothoda R
| given in this thaniu. appeared under the electron . b.
microacope as very small 1rrogular1y shaped particlea.. '
No definite cx-ystal habita could bc obaervcd. The .
only ?olyglycine I sgecimon which shnwed any distinct
“cryatal shnpe, waa that proparcd by tho slow

- _polymerisatlon of glyeino in phenol, Sec, 4. p. 5.

.;Thane crystala ahowed rectangular clenvago, euggeating‘
. that at least two or the grystal axee were &t right f
angles. The flat laminae were heavily striated, along
their 1ength. None of tneac thin’ leminae could be

: mede to give aloctron dirrraction patterns. Ths
Polyglycinq I prepnred by other mathods,slvays o
'contained sdme very—thin 1am1nae showing moire fringee,
thiu muterial was only'preaant 1n small quantitiea, h
Thsae laminae could be made to prcduce hexagonal

;spot diffraction pattorns. Thgse laminae apyearad to
‘be Polyglycine 11 cryatals present as an impurity.

- 1.e. P@lyglycine Iz wmch had. not veen eonvez-tea into
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Polyglycine I, Comparison or the naterial, ana the
dirfraction patterns prodnced by 1t, with th@se tor
| Polyglyeinc o g showed that this was probable. Also -

.on hcating the ?olyglycino I in watcr, to boiling,, ' |

and filtering hot} &“leafing"crystallino depasit
‘waa obtainod. on cooling the filﬁrato. Tnna material
| was round to be & 1ow~molecu1ar weight reptdde, whieh :
had crystalliaed in the Pblyglycino II structure, see
SGC. 9, p.16 « The e}gtron microacoge showed that

o A_those leaflets were'very thin hoxagena. They o

. appeared to be truly hexagonal, and also showed

dietinct growth atepa. his material must have. baan
: presonx in tns eruds Pblyglycino I, it eould.not ‘
have been producod during th@ brief'boiling in water..‘?i
| Fractional crystallisation or Polyglycine II.
'precipitated trom aolntions 1n calcium chloride
solutions, Beo: ﬁcc.i, produced the beat qpality
specimen of high'molgcuia: weight quyglycine II,
Tﬁe_crystaia obtainéd wére not‘wc&i~der£n§d haiagonb,
but they did ehow hexagonal growth steps. A similar
f, fractionation was carriea out from solutions in 70%
aqnaous zinc chloride solution, Tha products panaed
'thpough a aeriea of crystal shapes during the
fractionation. The crude prqduc£ gonsistpd'or‘

"puff-balls", spherical phrticles, whichfwére"
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1aphsrical purticlen conmiating prbbdbly of aggagaten ':
of crystallitcs, prodns@d by tha rapid preoipitatimn,v”
chr&cipitation.ar the natorial, producod "donuts” A
the eentroe or thc pu!f-bslla” beaama incrcuaingly
f; trnnmparunt to the clectron beam,-wnilat the edges
"‘or tho partieloa ranninoa thiek. ‘Some of the. eryatala; 
| a@pcarod.to have holee right through the ccntre, '

| hence the- comparison with the Ameriean ring doughnut,
In the next stages of rraotionation the “donuts“: o
took up un hzxagonal shapo. witn rounded ‘coners,
but the crystals atill rcmaincd.very thick. 1n tho '
 final stagna the eﬂgea or tha"donuts" appearad to
. grvw outwards, this new growth.was ot tho tcrrneea,
or stapped type. This growth appeared to occur at

" the exponme or thn thicker edges of the Ydonuta",

. ‘The thick. rough hexagons appeared to be the limiting

form for thia materinl. since furthor cryatallisntion
| _produoed.no change. | ' |
' The best crystels or hot vater soluble.low
molocular weight Polyglycine 1I, were dbtninea
from the ppoduct of the volymerisation of glycine
in phcéphoric'acid, see Soc.’B.. This mﬁtarial ;
‘ahowad the Polyulycine II Xkray'structure. The
microcrystala dbtained on recryatalliaation or
‘tho,crnde material from hot water, wore very thin
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 " hexagonal learlets, and ahowed very diatinct growth

_ stepe, Theee crystala woro extremeley well defined,

o and.were of far better quality than could.be obtainsd
by ‘the repeutsd precipit&tion of trus Polyglycinc II,
rroa oalcium chloride solution. This watcr eoluble '
_polymer voula nd:31ve an electron. aiffraction spot
' pattern,, vith th@ plates 1y1ng tn the plane of tho

| -f“ﬁtilm, or sloctron microacopc grid.

“The hat watsr aclﬂble Pblyglycine,l, abtained
| 1from,the glycine and phosphoric acid polymerisation,; ,
dia not show eny reguiar cryutal shape under the ‘““
"'electron microscope. Thia matorial was not howevor .
-reerystalliesd ainca only 2 very snall nnmpla was h
.' obtainad | .
DISCUSSION os' nmsums.-‘
i " The electron’ microscope has ehown that the |
hot water'aoluble matcrial is the beat cryatalline
',sanple»which has boen obtained ror Polyglycino II.
-Thia indicatea that thia 1s the best. method ror
1 obtaining macrocrystala or Pblyglycine II, suitablo;' 5
for X-ray examination. The preduct from glyeine and :
lphosphoric acid polymeriaation produced a greater ‘
,proportion of thia material than . any other mathod..~‘
}This naterial may also Produce a well defined j  ;'  '
;cryntalline zample of water soldble Polyglyclne I. :‘
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Tne electron diffraction results were
extremehy disappointing. The‘eiectron'mlcrdacope
usad did not make it possible to sccurately ofient
the specimen, The ﬂpecimen could oniy be placed on
the grid with its axis at right angles to the :
electron beam, The snmplea of Polyglycine 11
j_ which did ahaw electron ditfraction spot patterns
were too 1rregu1ar t0 dctarmine;thair_orientation. }
It was signiricant that the water soluble Pblyglyciﬁe('
11 did not give & difrraction pattern when placed
at right ‘angles to the electron bean, This could
mean that the axis in the d;pection of the electron".
besn, 1s-ﬁot at right angles to the other two axes., .
Thns thc'Polyglycine'II may not have‘an hexagon31 ‘
structure- but is possibly triclinic. A more
thnncnsh investigation of ‘the’ electron diffraction
“patterns would be reqnired at different-orientationa,
_;beforo any definite cohplﬁsidns could dbe reach§d,

EXPERTUEENTS =
&, Electron micrdacbp§'techn1qucaaf o
The elsciron microscope used was the Phillips
nodel F.H. 1003.. The kilovoltage used to, study
the Polyglycine specimona was 80 kv., unless otharwise'
etated. The specimena of both-Polyglycine I and
Poiygiycinc”ii{ Wure £opnd to be‘peffectly stable
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in thc olectran beam<at this kilovoltago. S

b. Spooinen preparation.- . . |
 The opeoimena wers prepared using 'Y replica
techniqnn. Drops ot qqugous suapansionu of the . .

;polymers wers spread on pieees of rrechli cleaved o
mica. Thn water wan thzn avapnnated orr 1n anarm |
'ur ovam. 'rhe dried mica sqmru worc thnn pluced |

Cldma ahnﬂnwing unit. Th&n tilm» or carbon, and matal,
'aithcr gold or ;tnxtxxn palladium, were than | ‘
 dcpoa1tod on -the specinens undor vncuun. Tho filma

‘tuarc than rloatod.otr the mica aguares on water,

Qzand collooted on copper grids. This mothod vas ,
prerarred since 1t gave nore even pnrticlo
-distribution, than the ncthod of aroppins an .

" aqueous uuspenaion on to prupared earbon. filume o
supported on copper grid.. Thio mothod 15 nofmally
'_used tm preparc x'opn:cu.a of the apccimna. A'i’he L

,AAactual npccimon remaining behind, stuck to the mica,'

'. on rloating ofr. The emthod was used in thia case
tinitially, with th@ 1ntention of prodncing raplioas.}‘
but it was round thlt ths polymor adharod mora readily

R to tha cafbon film, than*so the nica. The method -
’ thun produccd a norual spoeiman coutaining some o
-vrqplicaa. The epecimens were thua 1dsa1 for atuﬁy, -
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Tha photogriphs - ghown, have a. magnification
- of approximately 12,000: » except for tho
roll@wing photographn.
Peila. top photograph, mgn.tz:lcutioﬁ 40,000z,
Pelln, left hand smc photogmym, |
mgnirication appmxiutely 20,000x
plde, magnirieation 50,000:. | |
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: .by electron, difrraction. microacopy, or rsplicate
"techniqnee. Ths difforence in optical dsnsity |
.u between even ths thin speoimens,ﬁnd the aurrounding
‘metal and carbon £ilm, wae amplc for one to see
‘whcthcr or not a replica was being examined.
Ce Electron diffraction.- A
‘The electron micrcscope was equigeé with |
shccial dirfraction pole piecea, these gave muchf'
‘better results than the high resolution pole pieces.
‘Tha‘séecimon,could only be rotated about an ak;s7 N
trough the diamﬁtér of the specimen grid. Thus the
’ 1orientution was limited to one plane of the |
'_specimen, aince the specimens were thtn platas,-'
Aviaqaclay in the plene of the apecimen grid.ylt ‘
. was hot possible to compietély orient the singla‘
- cryatal specinens. Thie meant that a dctalled study:
of the electron dirfraction ot thc single cryetals;-

-'wae not possible.

kLECTROH’LICROuCOPY or THE POLYGLYCIJES.—L-> _ .
Neggy and. 81korak1(1956)91 obtained a ainsle
chance preparation of Polyglyéine II, which when |
' ‘exuminod.under the electron.microacope showed
“thin hexagonal leaflet microcrystals, ihe exact
‘dctailn of this prcparation wars not known, but , ‘
1_'ths naterial was thought to hqve-beenvp:ecipitated‘:‘
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POLYGLYCINE II,.-

Obtained by repeated reprecipitation by water,

of solutions of the polymer in agueous saturated

calcium chloride solution. Crystals obtained from

the seventh reprecipitation,
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‘ rrom L ncluticn in saturated aqusoul calcium ohloride .
,aolutiono Thnm sl@t precipitation rrom calciun
inchl@rido solution. and gine chloride selutiun.wnn
B ;tttenpted, uaing vater as the precipitant. It wns

 founa that ir tha procipitation'Wtu carric¢ out

. slowly at 80°- 90°c.. the initial prccipitute

' ahu'ed considerdble'"lcaring" cfrcct, but on coolingg o

: the hot soluximn, or on centriruging down the

2 procipitatc. tho rate of nnclcation was ao grcat

- that thase leatlota did not’ graw. Ths boat mathod
. of preparing geod crystals or Polyglycine II waz ?J
by the rcpcate& precipitation of the polymer rrem |

‘”'aolutions in eithom cnleium chloride or zine chloride
' uoluxien, byfwater. Aboum six repraeipitutiang _4

- were required.to dbtnin the. material shown in thc'f"”

'_ _phot9graph oppoaito. Thcue cryatala wore not very_
. well defined hexagons in outline, but they a1d =

lshow heéxagonal shaped growth step-, or terrqe&u. o
. t,Thia\material was obtained using calcivm chloridé'
) aeluxion as the ‘solvent. A similar set or o
'. procipitationn was carried out using aqueoua 70”
 gine chlaride a8 the solvent. The prcduct showca
hexagonal ouxlinn, bux the crystala vera much, _ :
fh'thicker than.had been obtsinsd by~the previmus method.   '
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4n exanination was carried out of the foras in which -
the polymcr'was preciyitated. It vaa round that th1 P
. use of aqnoaus sine chlotids. inntcud of. ealcium  .
.chlorido waa tound to meke no differonco to tho L
cryatnl ahapea of the products obtnined on ’
 ,pracip1tationvby-water. It wan round that tho shapoa

"or the microcrysta&s obtainad differed.&ccording'to b -

Athc raxe of’pracipitation, and the number of timcs . 
which the yrecipitato had’ boen recrystallised. A |
1 primury rapid precipitation.of tha polymer from
the salt solution produced nphericsl purf-balls s
»fnrthor roprseipitation whether fast orlulaw,‘

".convertod these into "d@nuta” The centres of the

“purr-balla" bocame 1ncransinsly transparent to the
electron bean, whilst the edgcs remained thick. Thiop
- Was thought at firnt to be an optical 111usion. but -
several “aonutn" wers round which had been split in

halr. thc shadoua showed diatinct depreasiona 1n tne.»,7

o centrel. Sone ”donuts" appearod to have holes right :5f[

. thrcugh them In ths next atage, the "dennxs"
':started to take up an hexagonal ‘shaye, definite

| sidaa und roundad conners appeursd. Finally the |
odges of the hexagonnl “donuxa" appoarcd to grow

“outwardb, this new growth boing of the tnrraead

: type, and . ahowing distin@t haxagonal ahaped
’fterracet. Thin outward;growth appeared to occur at



Exp.14,
=10be

POLYGLYCINE I .- ex., glycine and water in phenol,
heated at 14000. for 4 weeks,

POLYGLYCINE I.- ex, glyeine and hydrochloric acid
polymerisation, Polyglycine II present as an impurity
showing Noire fringes.




POLYCGLYUINE IXI, ax, Caleium chloride

seven reprecipitations,

shov

LI

LXDe 14,

w]lOfe-

thick and

solution after

thin hexagons,
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the exponse of the thicker edgoa of tho "donuta”
which bocomc or more even optteal dennity when o
viawed 1n the electron,beam. These rather thick
near hoxagons were the limit for the material, B |
rurthor~raprecipitations produccd.no further-ehangc.vl‘7
Prasipitutior from zinc chloridc solution l"' )
resulted in producte which rcached thc thick
"danux”stage, and‘rinally atopped at tho thick

"donut" with rounded cornera stage. Tha pracipiatione ; L

from ctlcium chlorido soluxion producad thﬂ bcttor ?5f
thinner ‘edged hzxagonn. o , -

Pblyglycine I obtaihed frcm the polymeriuation |
of glycine and hydrochloric acid.uhﬁved cenuidcrdblo l"
| qunntities or ths ”purrdballs" and ”donuts”. nhowing

- that it contained s0ms PolyglJcinc II. The remainder

of . the matorial was very~ama11 1rregu1ar shapoad
pieceu. The Polyglycine I obtainad from tho

3 polymariaation or glycine in phanol, showed L3
'complutely aifrorent ‘form. Yo “purr-balln" or .
”donuts" were preeent. The material conaiatoa of
extremnly thin strongly atriated 1nminae, showing [.
rectangular cloavage. ‘Most of thia material was of
 .amu11,a1zc. There werse gresent one‘or ;wg.larga |
tlat'iimin@e,vper whole grid, fhiéh‘were3pr0bably
Polyglycine 11, none showed a hexagonal shape and
charncteristic growth,stcpa. alno much of the |
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POLYGLYCINE I, ex, glycine and phenol/water, showing

rectangular cleavage.

I
|

POLYGLYCINE I, ex, fycine and hydrochloric acid,
showing a decomposed FPolyglyeine 11 puff-ball,
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small materinl Van clumped together. This occurrs&
' too often to be fortuitous, and it was aSSumed that
: thzse clumpa-were the remains of’Polyglycine Il
| 'l"puff-balla“ or-"donuts" Thnn agreeing with the othur
experimental work showing that Pblyglycine II was '
.‘"‘tirst formed, which vas then converted 1nto Polyglycino I.‘,
’i-$hovsizo ot the c;umpa was about'thausame as thatEof.
the ‘"puff-ban's“ -"rnfe fact -thet this breakdom of the -
Polyglycine I atructure was 8o draetic indiceted “

. that the structnrel of P@lyglycine II and Pblyglycina I

E were widoly dttferont. Tho ?olyglycine I obtained |
f,frcn the polymerisation of piperazine-zbs-aions, :
”;diketopiperazine in water produced & similer grodﬂct
to that or the polywer rrom glycine anu yhenol. Very
little Polyglycine IX wase preaent, as laminse, but
:"ths same dscom@osed puff balls appeared. ' o

| ELGCTHON DIFFRACTION.- o '

It was not found possibla to dbtain electron f

‘diffraetion pattorns from the thick hexagans or

o Polyglycine II. kany of’tho eamplea were tried

without any auccess. Even the thin edgea and corners |
would'not give a dirfrnction»pattcrn. Thus 1t seemed

~ that the cryatéls were in th@’wr&ng orientétion 10

R produce a diffraction pattern, and it was not just

‘ questlon or apecimen thickness. Onc very thin '
- lamina, which ehowed koire fringes, did produce a
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POLYGLYCINE I, ex, glycine and water in phenol, 140°C,

4 weeks, heated sealed, Sample and diffraction pattern,

(probably due to Polyglycine II impurity)

POLYGLYCINE 11, ex, calcium chloride solution, precipitated

by water, GSanmple and diff'raction photograph,
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& diffractiog,photdgraph,'this”vasAa‘chbinéd Qinglé
crystal and bowaer typé ﬁhotograph. Ths‘rihgs were
due to the gold shadowing metal. The remnining |
velactron difrraction pntterns were abtaineo only
'from 1rregu1ar apecimens. from whioh 1t was not
possihlc tordetermine the speciman orientation.‘ .
Thaue putterns do howevor show an hexagonal arrangum&nt |
of the spots, o . |
Pelyglycine I eamplss—obtained by the different
methods were aleo examined. The prsceoains photographa '
":showed that this material was rar lean well. dofined, |
- a8 rcgards cryatallinc quality; thln the Polyglycine II.vl
'Thn best formed aanple was thgt derived rron.zlyctne |
and phbnol/iatar polymcrisatiﬁn. 1t required one
‘months heating. ane or the thin striated laminne
" could be nade to produce asrfraction photographs, -
The ghotographa which'were dbtained were produoed
by the 1argo flat 1am1nae, which.had shown Hcir@
.fringeq.‘ﬁgxagonal spot patterns~were obtained.
Thgxpatterns'dbtained and tﬁe_ﬁeasonsagivqnijbavé, .
' lcd us‘tévbelsive‘thﬁt this material was Pélyglycina IIff*
bresent aa‘aniimpuiity. ' -
little progress could be made with the electron
diffraction'agmplgs since it'was not pqseible to io‘"
sure of the orientation of the samples. It was also
not easy to alter tpp orientation, except 1n'ohc plane,



HOT WATER SOLUBLE POLYGLYCINE Il.- ex. Zlycine and

hydrochloriec acid, Lower sample 0Ol tained from the

first recrystallisation,
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Ths homogensity and tha cryatalline qunlity ot both
_polymers would necd improvemont, espsciully'in tho
cage of Polyglycine I, berore anJ‘uerious renults

could be obtaineﬁ.

NATER JOLUBLE PEPTIDE JHOWING ”HE POLYGLYCINE Il
BTRUCTURE, - L
The naterial obtaihed from the polymerisation
jof glycine in hydroéhlbric acid, was predominantly"
Polyglycinc I. The oxamination unaer the electron
_nicroocopc and the. X»ray results showod that it tlno
contained some Folyglycine II, I was found that at
leact some of.this-?olyglycine II could be extracted
by boiling the crude product with water, _filtoring, |
and allowing the filtrate to etand and cool. A
"leafing" a@liﬁ'waa-ﬁepbsitad. Thie solid.iaﬁ'léf£ |
én thé méther~1iqpor, an& drops placedLOQ‘preparédw‘
carbon grids, and later clean mica ntiipé;'Thg |
examinﬁtion:dr-thbsé grids uhder the'biocfrbn:
“microacope Showed that the material conaisted almossA» 
entirely of very thin hexugonal plates, or nearly |
}hexagona; platea, These plates were so thin that the
contrast betwsen the_ap&cimon.and,the supporting £ilm
wﬂ§ sq‘low‘thnt fécusaing wae aifficult. The
B photogréphic_hggati&ealébtdined wa?a'aléo very
‘dirficuit to préni.ﬁThe photogréph@ do show diatinct
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HOT WATER SOLUBLE POLYGLYCINE II,~ ex glycine and

phosphoric acid, heated in the open, Product from
the first recrystallisation from water,
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'il;,tep grawth at the ngen. It was tound thut unlike

Athe othor Polygly¢ino II apecimemn, ths samplse -
i;vere very eanily burnt up by the electron.beam.,‘ |
" THe kilovaltage had to be reduced to 60 kv.. Thase i
specimsns greatly ragpblcd the apecimena used by -
keggy and Sikoraki(lgss)gl Th@ product nust be '
vater solublo. IQW'noleculnr weight peptida. ' '
<uhowing the Polyglycine II strusturo. This would
‘ caccount for the ease vith which 1t could.be burnt
up in the elctron beam. Thic material wes very |
'_uinilar to trua Pblyglycina II in ita behnvﬁour |
»on attempted electron dirfrnction. ﬂb Bpot |
patternu ‘could be obtained with»the platelots |
lying 1n the plano of the sriduat right nnglos to
‘the olactrcn beam.l |

aimilar mnterial of better cryatalline qnality

wes obtained fron the polymariaation of glyeinc
‘1n ghosphoric acid salutien. The qnantity or matsrial
_obtaine&ﬁaa much graator. The cryetals were extremely

 1th1n hoxagonnl platez, und showed great detail of

 step grcwth and growth dialocationa. This natarial

s ccrtainly the most promising material for a
single cryatal invoatigation of Polyglycino 1T,
‘Again no electron diffraction photographs could be
obtained with the platelets perpendicular to the

~ electron buam direction."




| GLYCLIE, |
PO u“R “xiomocmm.a

| k-ray powder ghotoaraphs wara taken uaing
bséth a nine centimetre Unicam pcwdcr camera, and
.a-flat plate camera, -ith ab centimetre sgacimon “
to plate distance. The following peptidea were
examinad.-_
:~.5-dikatop1per&zine, ' '
'giycylglycine hydrochlanide monohydrate,_"
glycylglycine methyl ester hydrochloride.
- glycylglycins etnyl ester hydrochloride,
aiglycylglyclne. o . , ,
fdiglchiglycine mcihyl ester~hydrochloride, ' 
diglycyl lycine ethyl eater hydrochloride.,“

-

'.triglycylglycina,'

L ,’mtaglycylsljem, "

., pentag1ycy1g1yc1ne methyl ester~hyﬁrochloride. -
'v.aauination of the photo*rapha Bhawed that certain

‘dirfraction Lines were coﬂmon to more tham qne

f peptide photograyh. uttempts wcro nade to determine ;:,*

the etructuraa af the polymars rorm thess photographs,’
making use or the Ito mcthod. Thiu wan not succeaaful

¥1n a siﬁgle case. The reason for this waa thought to B



B

‘be the”extensive'overlhpging of the X-rgy linebtof
. &Ny one pqumer. and th@Asystematic abscéncea, due
- tovglids planes or screw axes, whichithéue'loier

.aymmctry utructur§a.may be eapectedﬁto,oxhibit.

XPRAY’DI?FRAC"OhLTRY.-
It was thought that the X-rey powder Qho’cographsv
obtained dbove could have been improved upon by the
uae of a camera of greater resolving power, The uso
of the X-ray diffractometry nethod 1mmediately
'suggcatea itaelf. A Solua-%chall dirfractometer
" wae used} this 1s equivalept to & powder camera of
)ttwenty~centimgtrén'radiua, ThaquékAppiitions'énd
" relative 1htaﬁaitiés weré récordéé ubing an E&liotf |
'mlnvoztmeter type chart recoMer[I:ote.- the pen
of the recorder movee ‘in an.arc, thia hae - to'bo
;taken into account when the line ponition is ;1<'
dotsrmined fron the fiduciary marker. Thie fiducigry
marker. marks at four degree 1nterva18 along tho
.4ttop edge of the ohart IR The epccimena used were ,
compressed pellets,3/16" damster and 1/16" thicks -
. The chart traces showed much more detadl than the
Jhotogahs and could be more readily compared. To o
~ the authors knowledge there is no published date on .
' tha'Xsrny poﬁdei lines of thsaellower‘peptideb,,and 
as full o set of'data as poséible hag heenlinciuded
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in this work and it is hoped that it will be of
uge to fuxnré worker;.:Thn'anay diffractométer
trécea, contact copies_bf the ofigipal traoeg,'>
are siown in Charts 12 and 15 st tae end of the
"<thesis.
The 1ethode usel for the greparation of ths

sgccimena and the results obtained are. shown belowg.

1) Gm{cnm.
The sample used was B.D.H. analar quality
glycine. The diffractometer trace was included
for compariaon purpomga only, in orden,to show

‘its“preeence,in other preparations,

2) DILGOPIPEAZT L,
' Thia wes prepared from analar glycins, by
\_heatxng An glyceral, according to: the wethod of
| chott, Larkin, Rockland and Dunnlo4 This trace

) has also been 1ncluﬂed as a ¢om9arison trace.

3) ewcmﬂ» HYD‘ROCHLORIDE. | | |
' This was vrepared from analar glycine by the
" method. of Fronteo. Thie sample was prepared as an :
internediate in the breparation of diglycine -
hydrochloride., The diffractometer trace wae used to

s show that the diglycine hydrochloride was purc.‘
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4) GLYC!KE *‘Th'YL e TJ.Z I.YD’(OCHhOriIDu. ,
_ | Thc snmpla was propnred by the aethad of
" Greenstetn and #n1t2%%, The. melting point of the .
. produot was 145°C, The accepted value is. 145-148°C.¢"
'-i.A chromatogran ShOch that it centained traces or a
| glyc:lne but no glycixxo lines \vere found in the
.diffractometer trace. This trace wap again used

- for compariaon only.

5) nmm[cmm Hmmcmomm.. | |
- The proparation WRS carried out saccording to
~ the method or Frosté? the me;ting point of the
. prodﬁct wao'186°c. agr§ed"with this workers vaiua.
' Thia'material is not to be conru&ed with.glycylglycint
hydrochloride, it is rormoa‘by the cryatallisatian
together of glycine andiglycino»hydrochloride. The

| diffractometer trace was used ror comparison with .

that obtained from 2 hydrolysed nample of glycylglycine.l

ethyl ester hydrochloride, eee Appandix I, The
cryatal structure of" thin compound has been studied
in detail by Buerger and Hann >0 | |
6) GLYCYIGL.YCINI& IYDROCELORIDE MONOH%RNI‘E.A : o
'A This waa Jrepaered by the partial acid hydrolyaia ;
| or dikotOpiperazine with concentrated hydrochloric '
‘ acid, by the method of Mscner ana Fom-neauf’l

The diffractometer trace was usod to determine the
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. purity of glycyiglycino ethyl ester hydrcchloridc,. ‘
.ana to see which x-ray 1ines, ir any, could be

-'attributed 1o the glycylglycine backbone. Work haa

- also bann carried out on the crystal structure of |
:glycylglycino, by Berualgﬁ, who distinguished three
_dirferent crystalline modifications, the oy By and ¥
forme. The structure of the ?bform haa been determined

70, and thoy are utill working on

“by Hughes and ﬂoore
the «x-form structure. Tha strncturo of glycylglycine
hydrochloride monohydrutc does not reacuble any of
‘the three accepted structures ror glycylglycine.
HThere 13 howevar a distinct azreomant in line
-pomition, with three tines in the pattonn for
fglycylglycine ethyl estar hydrochloride. The
peaks which.are cammon to both patterns are,-

_o° Gy .HCl ngo ezm.xm. - d/n A. |
"142°  8'(s) . 12° 6 (m) 3.67
13° 18'(s) 13° 15" (v.8.)5.55
18° 45'(w)  15° 45'(m) 2.84

7) GLYCYLGLHCINE ETHYL EbTuR HXDROCHLORIDE.
Thls 9pec1men wag prepared.by the eeterirication
of some of the glycylglycine hydrochloride monohydrate :
_ prpp@red abéve; Th§ method‘ﬁsed'for tha'prepgrﬁtioﬁ
~was thet of Schott, Larkin, Rockland and nunn1¢4.'
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The specimen hed a meltimg point of 185-186°C., this
agreed well with the value obtained by the above
workers. Thc»prodﬁct was also chromatogfaphicnlly
pure, Coapariécn,or the Diffractometer tragevobtaine&
with that of glycylglycine hydrochloride monohydrgte,
ehowsed that nome of this materisl was present as an
impurity. This éomparison aia shdw that'the structures 3
_were somewhat siﬁilar. in thaf‘thcy have some lines

~ in common. These common lines were at first thought
to be due to the ionic hydréchlotiae lattige, but
fﬁrther‘1n#eatigation’showed that no such linee
apgeared in the eeter:Jdrochlbridea of diglycylgiycine.
'Thnn they ara probdbly a8 function or the glycylglycine
group in theas~compounds. Itlis,unlikely thet the

- peptide chain woulld take ccntrol of the structure
‘aavéarly as the tripe;tidé-afage.'Tﬁis is borho out
by the X-ray pattarn ror this peptide being totally
disaimilnr'to the true polyuegtidc X»ray pattern."

8) GLXCYLGLYCIﬂE EBTHYL EETER HEDROCHLORIDE.'- ‘
| The author wes not able to find any published |
idata.on'thia compound.,. ﬁavéral hehhoda of.pﬁ@pdﬁation‘
were attempted, all attempts were mada using

glycylglycina hydrochlorids monohydrate as the
atarting material.
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vidthod 1le= so.gm.(o;zs moles) of glycylglycine |
hydroéh;oridc monohydrate was boiled with aob'ml; ;A
of risthanol, made one normal with respect’ to
'.-nyarocn:mrie acm, until sll the crystals had
"'diauclved. The methanol was evaporutcd off in vacuo
un£11 the volume ha§ been reduced to $0 mi.. Dry ether
 was gadad'to precipitatonthe'product,-?hbrcryatals'
:  obtained were'filtéreéﬂff af_the.pump, and washed

iith sther, fho‘cryataIS were recryatillised.froh |
20 ml, of methyl aloohol, the yield was 18 gm.. the
. mo:u;ing point was 129°C., Variations of this method -
using different proportions of.hydrachloric acid
were tried. The~broduci 1h'each caseihad'a melting -
. point»ofllegiiéc.. A phase change appeared tevmccui
| on melting,the sqmple appeared to shrink, evolving
water, started to melt, changed to smaller crystals
i‘énd tﬁsn,melted;ﬁThc,Xaxayvpat#ernlor'thié matérial’._
~ showed stkbng'réfle¢gions of all the prominent ltnéd"'j v
of glyeylglycine hynrochloride nonohydrate. There-: -
were no other strong reflect;ona.présant.»This
suggeatea ﬁhat thb sample was only partialij nath&latéd{'
The remaining weak reflsctions which ‘could not be N f
atbribnxod to the hydroehlenidn menohydrato are dus ;i,;f‘

to glycylglycin. methyl ester hydrochloride. A N
ehromatogram(butanol,pyridine.wator;1:131 upper phagg)_'_

of the product conrirmed the presence of glycylglycine
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'quroehloridc hydrate. 1t ix a.80 showed g,faatéh;"{

- moving spot having & aimilar kr value to that for
glycylglycine sthyl_eater hydrochloridg. ",~ ;
Lethod 2;- The méthod used above for thé preparation

“ of" glycylglyoina eth;l ester throchlorida WES - triea,

© tuls again gave 8 nixed hydrochloride hydrate and :
“ester hydrochlgridp-product, with the same gelting_ |
point, o LT

- The x-ray raflectiona assumaﬁ duc to the methyl

.'.esteﬂ hydrochloride ao ahow a auperficial rceemblenceuv
to refloctions for the ethyl eater hydrochlorias. 4 ‘

”Thil would'be cxpected since the structures must.be

j'similar. The rerlectiona are however too veak to -

'v, draw any derinite concluaions.

) 'Thcre 13 no obviéuz reason Why thc methyl estor ;.

vhydrochloride should be difficult to prepare in s o
puro stata. unless it is much.more easily hydrolyaed o

.'f than the corresponding okhyl eater hydrochloride. B

9) DIGLmewcm Ee
This was preparca by the anmonolysio of "
chloracotyl 31ycylglycinc'accord1ng to the nethod
of Abdorhaldeni‘ The chloracetyl glycylglycino
_ was prepared. from dikétbpiperazine by the method of -

50

l:Fischor e This method also produces traees of othor

‘higher pepti&e;. Thesa were ramoved by several
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-v:rscrystallisatinns from hot aquaous ethanol. The , 
higher pnptiden~were 1naoluble in this uedium o The
product had a mon:mg point of 246°C, with 3
docompoaition. A chromatogram(butanol. pyridine and
water,lololg u@per phase). showed that the product ‘
was chromatographieally pure, blow recryatalliaation
from dqucous ethanol, in a doaiccatér'ovér caiéium
rlchloride _produced good aingle cryatals. & single
'cryatnl X-ray examination or thcae crystals was

'fnot attempted, eince this material had been.previously
26, The method of preparation |
 was the same as that unod.tor this 1nvestigation.
Bernal alao atated that no other crystallino modiricationa
'were abserved. The X-ray powder dirfractonster trace
‘wae therefore merely taken as a means of compariaan
witn thoac ot tha corresponding'methyl and- ethyl
estor hydrochloridea. It has becomc apparant during
4'tha writing up of thin work that ths material obtained

',did,not havo a atructurc corresponding to that

proposed by'Bornnl. The Bennal cell has th@ following |
2&1mansions.- - | . T
8= 22,0 Aoy D= 9.8 Auy ¢ = 4.7 As, B 90° |

" Thus the unit cell belongs te ‘the ortnornomnc

system, and containe rour moleculoa. Tha compeaition %

~of the matepial 1e-given as diglycylglycine dihydrate ,
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31 20° 48" 2,18 A, V.V, | =
32 21 - 6 . 2,14  m, S5theorder of 1).
35 81 30  2.10 VeVeWwe
3¢ 22 12 2,06  V.V.w.2nd. order of 9).
8% 285 3 1,97 = w.  5th. order of 2).
%6 34 6 1,89  v.w. 2nd, order of 11).
37 24 27 1.86 VW, o
88 25 3  1.82  v.v.wifiths SF4SE o 8):
39 26 B4 179 V.w, ggg:-gﬁgg: gg i??'
40 26 54 1,75 VoWe &
41 27 42 1,66 v.ws] 6th, order of 2).
42 28 6 . 1.64 v;w:}d -
48 28 30 1.62 . V.VeW. |
4 29 BT  1.54 VeVeWs 7the order of 1),

keye= 4 signifies a doublet, sh. signifies a shoulder

BERNAL CELL

HKL 6, 4/MmA.  &n A(observed).
100 2° o' 22,0  sbsent, |
010 .4 30 ' 9.8 9.4
001 9 2% 47 449
200 & 80 9.8 10,77
020 - 9 2 4.9 . . 4.95
002 19 .8 .35 2,36
110 4 B4 9,0 . " 9,10

011 10 30 4,23 . 4.08
101 © 9 39 4,60 | 4.40
111 10 34 4418 4.08
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B BAY
No. Bragz ©° 4/n A, strength comment .
1 4°6'  10.77 VeVeWe
g - 4%er 9,94 m,
3. 4. 51 9,10 Vo8,
& 6 3 7480 we | ,
‘5 B 12 5,40  w, .~ 2nd. order of 1)
6 9 0 4,93 VeVoW, | 4208, order. of 2)
7079 18 479 vaewd
84 .' 10 - s 4.40 -.Vbﬂ.‘ .
9 10 50 4,08 Vegs
160 11 3 4.00 VeBe , Lo
11 12 b5 5.68 n 2nd, order of 4)
12 12 34 8.9 m. 3rd, order of 1)
14 15 5 = S5.40  VeBs S
14- 13 24 3.32  w, sh. 3rd. order of 2)
16 185 30 ... 5.8  w, she | |
16 14 12 35,14 w }a-
17 14 86 - - B.09  .w. )
18 14 3  ®mO5-  m,
19 15 0 - 298 W
20 156 12 S.94  VeWeW
8L 15 24 8,90 B ow iden of B
22 16 34 2,70 - VeBs '} 4th,0brder of .1}
88 17 9 261 ' m, o o N
84 18 '8 2,48 m, = 4th, order of B) - -
25 18 33 242 v.w, }&»Sx{d. order of 4) -
26 18 45 2,539  w. ) .,
27 19 6 . 2,38 - vewe
28 19 18 - 2,35 ©  v.w,
29 19 B39 2,29 v.w.
30° 80 9 T R.22 . vV,
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[G3.2H 0.]e Calculation of ‘several values of hkl
 ror thia cell. showed differences between thc observed
and the calculated X»ray spacinga of 1 to 10%.
calculated density(l 486 gn./ml.) for this cell,
was about 1% low compared with the obearved valus
 of 1.518 gm./hl.. Thie is uqugel since the calculated
' donbity 1s usua11y-h1gh compared with the observed
, value. The ernora.in the spacings are too large to-
he accounted for as experimental error, ‘also the
structure. doss not account for a very strong -
spacing observed at 11°’\3'(4;oo A))e A similer ;
trace using & chart speed of 30" per hour ehawcd»  '
no trace of a peak_at £€2.,0 A,, Tho first peak _-
sppearsd at 4° 6'(10,77 A.), It may be that the
a-axis 18 a screw diad since none of the odd
reflections for hOO appear except as poasible
weak reflections, whereas the even orders |
appear down to h = 14, Some of the polymernwas..-'”
melted to éee ir Water,ot cryetéllisationlﬁéé »
- evolveds ne qchdenéatién.ﬁas observed in the cold
part of the capillary. Thers can:bc no doubt that
this material is diglycylglycine snd that it is a
vdirforent crystalline form from that ébsqrvod by
.Berhai. It is probable.thatlthia foru is not hydratsd.‘
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mﬁmmaaspo

TEBREBRBL L

28

89

Bragg 0° d/n A.‘
g% 15,79
7 CBJTE

. 7,

8
8
9

10

10 -

11
12

18
18

13

14
14
14
15
16
47

18

18 -
19

20
20
21
21

22
.82

48"
‘42
57

15

36
3
4

24

30
o

21

53

6

50
48
15

&
230,
6

.18
1

36

15

24
4

45

. | 9 _'

5456
5438

- B.16
4,90 -
4,40
4,25
'B.87
X0
.'8460
BB
. 3,35
. 3,16
 B,08°
' 3002 .
2,93
2,78
256

2,48

8,45
2.58

2'. 25

2.21
2.14
. ‘2'03 '

et
| Lss

strength
- VeBe

Vo ﬁ‘o '

VeVeWe
v.v.". L

We

We

W
'. VeW¥Ws: )

vm.

- Be .

 VeVaWe
 VeVeW,

Comment. =

o V;‘Ve‘o,.‘

VeWe
V.
VeBs
: 'v;w.:
B

aiglypx:glycina (m)
(common peal, Yy

' 5th, order of 1).

2na. order of 8).
2nd, order of 3).

" 7th. opder of 1)?

. compare With -

Polyglycine II. |



No. Bragg ©°

30
5
o2

33
.54;
. 35

- 36

37
38
39

0

41
42
43

23°
24
24
25
25
£6
27
27

29
30

32
33
34
36

18
16
45
18

zo!

3
42
6

48

24
56

9 .

o
15

d = doublet .

nd/hﬂAo~
1,93

1.89

| 1.84°
v1077‘

1974
1 . 68 .

1,65

1.67

1,43
1.41
1,38

1,30

'strength
VeWe

ToVeWe
VeVeWe
band.

VeVeWe

| VeVeWe
VeVeWae |

VoW,

:v;w&-

v;v;W6

V'.V.i.

(2nde. order of gg.A

Sec.lé.
«11ibe

Comment.

rd, order of 2

3rd. order of 3).

L VeVeWe
VeVeWe
VeVeWs
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”hiu is yrobably a new form of this peptido, time¢ '
da1a not allow a fuller nvcatigaticn. |
10) DIGLYLYLGLYCIIE LTHYL BSTER HYLEOLE&ORIDE .
~ This compound was yrepared rrom diglycylglyoine '
| aa obtained above. 5 gm. of diglycylglycine-tas ,
ra:luxed.togcther with b ml.ipr concentrated
hydrochloric acid and 160 ml. of absolute ethanol.
i 11ttle of the peptide remained uwndissolved, this
was riltored off and the clear solution evaporated
 ~dovn under vucuun, to ubout half its volume. The
reshdue in the rlaak Was then treated with R ml.
f?‘or ethor and allowed to stmnd overnight. The
‘crystaln which,had doposited.were riltered orf ut
the pump, and washed saverul times with cthor.
The yield uau S gmey the nslting point of tna
‘ product'was 216°C. This agraed very wall with thc
valus obtained‘by Rydon and. Jnithlol. A chromatogram
| using butanal. pyridine and'vater(iticig upyer phuse)
as the moving phaec, ehowed that tha material was
pure, The A-ray powder dirfraction traco certainly
| _ahowcd no linas dus to diglycylglycins. Strong
'peaks occurred on the difiractometar trnco at low
}4 Bragg angles. . very strong peak occurred at 2° 48'
' ‘(15.79.A.)‘but‘only'two very'waak ponsibla highor
'<arder paaks. th@ firth and tha sevonth .ppcared..
bom@ of the'peaka showed aecond and third order



Sec.15,
flza-

No. Bragg¢° d/naA. atrength Comment,

1 8% 38" 14,5 vess

2 4 48 9,20 VeVaWe

3 6 3 7,30 Ve8s.  2nd, order ofl),
4 7 6 6,28 . VeVeWs ‘ |
5 8 24 = 5,27  VeVeWe. o
6 9 12 4,82  w, . 3rd, order of 1).
7 9 456 . 4.87 V.¥. 2nd, order of 2).
8 10 24  4.85  W. | |
9 11 12 3,95  VaWe

10 11 36 5488 VW

11 12 4 L Be6T  VeWe

12 12 42 3450 "o

13 12 54 3.45 we ; |

14 15 33 5,81  w,  §ong. order of 4)7
15 14 30 3,08 veWwe - ..
16 15 33, 2.88  v.w.  5th, order of 1),
17 16 18 2,74 Vowe o
18 17 80 2.565] Tows

19 18" 0 2,496 | band

20 19 18 2.3¢ - v.v.W,

21 19 30 281w, |

22 20 42 2e18  VeVeWs .

{7¢h, order of 1;
(3rd, order of 4

)
K
34
Pt
(<]
o
0
.

Q
L&

V.’v.w .
v.v.‘w‘ " compare. Polyglycine II

24 21 57 . 2,06

25. 25 0 198 . gay,we (200) 2.08 Ao
26 25 45 1.91 VeVeWe

27 24 30 1.86  v.V.W,

28 26 B3 178 . VeVeWs

29 27 45 1,66  V.veWe .

30 28 18 1,68  VeveW,

31 30 3 1,54 VeVaWe

o
0
R
[ ]
I
Q
! ot
.
O
V]

VeVeWe




}.’pro 15.
-18= .

" reflections but. no other higher order reflectiona
‘.appearod. Axteupts have beun nade to dcterminc a
unit cell.tor'thia compound but without any‘aucceéa;
An‘attemyt to groﬂ ningio cryétals from a dilute .;
solution in aqueous ethanol produéed gpod'crystals,
-but analysis showed thatvtheae were sbout eoﬁ or
less of the ester hyarochlorido, and that hyarolyuia
hed occurred in polution.
11) BIGLYCYLGLYCIRE HFTBYL boTLR HXDROCHLORIDE.
' Thiarcompound.was prepared in the aameAway as
_the previous compound, excépt'that”the ester '
hydrochloride crystallimed out on standing without
the addition of ether. The cryatals obtained wers
"nearly rectangular thin plateé. Tho yield rrom 4 gm,
of peptide was 3 gme Of ester. hydrochloride, .the
melting point of the product was 196°C.(Rydon and
 Smith quoted & value of 197°C.). 4 chromatogren
ahowed thin to be free from tripeptide. The X-ray
dirfractoneter trace‘hgain showed very strong low
angle reflections, in this cese a reflection appeared
at 3° 3'(14.5A.). This reflection is repeatéd down
to the seventh order, except for the S8ixth order,
which 1s absent. In fact thb firet and second ordeé
peake for this reflection ars the only very strong
peaks shown. It is poéuiiar‘that a reflection



'No. Bragg {°
9% 18"
56
30
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T T T O T
go'm_-iam»ampo

9
10
1

11

12
12

12

13

15

15
16

16

17

17
17
18
19

21

21

22
on
23 57
15

25
27

27

8

19
20°
20
21

20

51
3
o

27

48

21
0
39

54
6

30

45
21
53

. BT
42 .

o RORE

30

- atrength '.

v.v.wb,

Voﬁo
”. ‘
' v.v.vo

VeWe

V«o VeWeo

VeVeWs

VaVeV¥We

" VeVeWe

We
VeWs

o VeWe

VeWe
VeWe .
VeWe

S 2Y.C

VeWe

'VQWQDOH
. V.Wg A. ":

band,

. Vefie G PO waah
°e /Ra 4 (10624'.V050)0"

foc.15.

-1%a~-

- Comment

ditto.

N 'VQVQ'WQ .

) w% and. order or 2). .

Wopo} , ,
we8he)

2nd, oi'&qr of 8)."
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ocours at 2,09 A, g'piﬁiiar reflection at g;ba A
;15 aﬁggestod'as the 200 reflection f6r the Grick
etructurc for Polyglycine II. A similar rerlection
alao occurs in the diffractometar tracc racor&ed |
for diglycylglycine ethyl eater-nydrochloride. No S
 auch.rcf1ect1on occurs in the trace recordad for .

Aaiglycylglycine. 3

12) TRIGLXCYIGIECINE. o ,
This sanple was prapared by tho Fischar mathod. h

' - Diglycylglycino was treated with chloracetyl

chloride, to. rorm the chloracetyl.compound Ammonolysis -

'or the chloracetyl compound gave triglycylglycina.
'The maxerial obtained was . white microeryutalline
 powder, The matertal darkened when neated to 220°C., .
' and melted at 262°0., this agreed well uitn the f' |
valua given in Beilstoin. This peptide is only
sparingly baluble 1n cold water, but 1t is solﬁble
in hot water..A.chromatogram(butanol,pyridine, and
| -water) showed that the material was puro. Ths x-nay
: ditfrgetom@ter traco showed four prominnnx 11nss,
and two 1005 proninent onea. Nb low angle peaks
’occur. The prominent peaks oceur at 9° 56'(4 45A.)(m).:
10°30" (4. 254 ) (m), 12648'(5.48A.)v.e.. 1a°e1'(3 34A.) .
(v.s.). The 1a°21' peak. 15 also shown by the material
obtained.rrau waterwashing of the product rrom the



, ::25 .
. 8h : ahoulder.

VoW, )

SBC.iSQ e
«148=

, ,aﬁn.A. " strength  Comsment,
1. 2%70' . 23,10 w.eh, |
2 4 18 - 10,58 vew, .
3 86 45 Be56 ° VoW .
4 7 21 6,08  VoWo . e
'5 8 18 _ BJ34  v.owe  8° 21' peak present
6 9 3 ' 4.64  vVew.sh, 1B Gﬁif'ﬁcl' :
7 10 6 4,28  w.sh. |
'8 10 81 4,20 - v.B. 10 aa'Polyglycin& 11
o1 4 590 vaw. esue.n01.
10 11 30 3.87 - We o S
11 11 54 3,72 W 3.78A, Polyglycine II.
12 12 27 367 VeWs B L
13 13 0 343 VW
14 13 45 324 We
15 14 0 - 8419 VeWe. o A - -
16 14 24 3,10  v.ss  14°24'Polyglycine II, .
7 15 9 2,95 .. I -
18 16 3 2,75 VW
19 16 54 - | 2,66 w.
20 17 45 . 2,85  w. S <
.21 18 45 2.9 w, 18°43"Polyglycine II,
28 19 24 8,32 . v.w. = 19°24'Polyglyeine II.:
28 20 48 247 vwe I
2% 21 21 2,12 v.w,
21 45 . 2,08

fs,oéa.ro;yglycinp,xx. P

Note.~ This dirfraction pattern 1: dealt with mora

‘j.v'fully under a comgarison*with that of Pblyglyeine 1T, .
and more accurate rcsulta are shown there. See Sec.l?.. o
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polym&risation of glycine in- phnaphoric acid o
-(aea hxp. 8.). There are howavar no other X—ray o |
peaks heldjin common by both,these conpounda. Thero_".
afe.ohly first and second ordor'peﬁkﬁ préseht in the
trace, no higher order peaks occurred. Thcre is no
2,08 A, peak, and the pattorn difforn entirely from .
thoae of the higher peptides. The pattern does not
bear any reaeﬁblencee to any of the 1over peptidaa
either.,
- 18) TBTRAGLYCYI&LYCINE. | |
There was insufficient time to prepare samplea.
- of this peptide, or any of 1t3 esters.
14) P}:NTAGLYCYIBLYCINE
This anmple was prepared by the method of

Pischsrso

o 4.8 gm.zof‘diglycylglycine methyl ester
hydrochloride was dissolved in 150 ml. of hot dry
methénol, and 30 ﬁl. of & aolutibn of 3 gm, of
sodium in 200 ml, of absolute methanol weve sdded.

. The methanol was then distillied off on a boiling

hydroxi

réaidue; this mixture was heated on a water bath

water‘bath 0 ml, of water and 10 ml. of 2K sodium :
deéZquion were mixed and addcd to the ary

for 5 minutes to hydrolyse the ester, 10 ml. of oN
acetic acid and 250 ml, of water were added and the

m;xture boiled and filtered. The very alight residue
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could'noﬁ be removed from the filter papéf. The
~_.f11trate was allowed to stand overnight in a

;rerrigerntor, . white microcrystalline deposit . |
was obtained. The yield was 1,7 gm, (47%). The
]crystala'were diasolved'in 800 ml, of’bciiihg,ﬁdtc:,
and the solution cooled and filtared. This |
| recrystalliaed material vas ahown to be chromatograﬁhically

'lpure, running as a gingle spot with ga.tailing. The
results obtained rro# the titrhtiqﬁlofifhs ‘ o
carboxyl end groups in formaldehyde solution, using Ny
aodium hydroxidz and phenolphthalein conrirmed that
 :th1a compound vas @ hexapeptidn. The Yeray
diffractometer trace for this material showed a
~ atrong aimilurity to that for Polyglycine II.
Btrong peake occurred at 10° 31" sna 14° 24!, |
correaponding ta spacings~at 4.!0.&, and 3,10 A, ,l"
»rospectivaly. mhe corresponding values ror o ,
Polyglycine II are 1o° 38'(4.15A.) and 14° 24'(5.10.A.) o
: The lattor peak is of much lawer 1ntennity in the. "_' |
‘ Polyglycine II traca than 1n that Tor pentaglycylglycino.‘
Q-It is peculiar that the rormer p¢ak has a lower valuo |
’, for the angle ¢ 1n this cauc, but thiu 1ow valuo ‘,_’)f 

- 18 also shown vy the corrasponaing line in the trace =

:.tor benzoyl pentuglycylglycine, but ia n@t ahown by
the low molocular weight peptides obtained from the
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No.  Bragg 0° d/;nw&.“ _strength  Comment,

1 g% s 16,356 m.
2 5 18 = 8,34 w. .
3 7 18 6,16  V.We
4 7 BT 5.5 we .
'8 8 21 5,31  v.w. - 8%°18'G.-Peptide.
6 9 87 4,69 v.w.sh, 9%7' Gs-Peptiae.;
4 9 51 . 4,49 VeBe .
8 1091 4.34 m.ah.
9 ‘1031 4,20 m.p. 10° 38" PolyglycineII.
10 10 45 4,11 mep. -
117 10 57 - 4,03  vew.sh,
18 1112 8.95 v.w.sh,
~18 1124 = 3.88 w.p.
14 1154 3,72 VeB.De
15 12 54 3445 w,

16 13 12 B.37 VoS
17 1410 3,16 w. . ' |
18 14 24 3.10. m,  14%24'Polyglycine II, .

19 15 8 2,96 vew, o T
80 16 30 ©  2.89 v.w,

.21 1557 . 2,81  vewe .

22 1633 2,70 vewe

23 4712 . .61 V.W.

@
[ o%)
°
O
o

24 17 48 2,52 vew, 17945*66;Pept1de. o
25 18 10 - ' 2.47 w.
86 .19 3 2,36 v.w.

27 1936 - £.20. v.n
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: '_.Nb.. Bragg O° _'d/n A '.etrength . Comment.
'“28;AAﬁ20 30" ~;‘§2.61. L VeWe B
29 21 6 244 . v.w,
B0 2186 - 2,00 . VW,

31 23 21 1.9 VeWe
32. 0 26439 - 1,78 VW,
33 2848 - 1,60 . VWe.
B4 B9 4B 1,55 °  VeWe

35 2957 1.5 - . VW
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polymerisation of glycinc in phoephoric acid. This

differonce is however only juut beyond the 11m1t of

experimontal orror, approximately 6'of &rc. Thnn the

'structure of pentcglycylglycine closely resgmblcs o

that of Polyglycine II, see Bxp. 16.. |

15) ?ENTAGLYGYDGLYG:HE KETHYL KOTER HYUROCHLORIDE,
Crude pentaglycylglycine nethyl eater hydrochloride,'
'waa prepared by the first part of thexmathad une&
- for the pentaglycylglycine polymerisation. The
crude he#apeptido ester in solution in mothnﬁbl,
1a'daqantedlfr0m.aodiuﬁ chloride gn&h¢ya§orated to
| diyneéé in vacuo at 40°C.;Th$ sﬁlid,f§aidue is :
extractod with chlorotorm, the residus remaining V
= 15 hexapeptide methyl ester hyﬁrochloride, and
‘ higher pcptidc eaters. This residue is then extractedi',‘;
"with‘boiling water, and.the 1nso£ﬁble higher poptides.>.
filtercd off, at the pump. The filtrate was. then
- cooled and troated with a 1ittle ether and allowod .
. to stand overnight. A deponit of white amorphou:  ' 
:powder was obtaincd. The yi%}d was 587, Tha material ,”'
melte with decomposition ‘at about 240°C.AA L |
‘chromatogrem showed that the product pqntaiqéd adm5;  .
| hzxapcptidc. The X-ray»dif“ractometer»tra@e éonrirmedi
this, showing low 1ntenoity peake for the hexapeptide. o
' The peake of ‘the hexapeptide methyl eater hydrochloride'
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are sasily distinguished from the hexapeptide

yeaks. by conparison of the two tracea. The
henpoptide ester h.vdrochloride ahown strong pesks
it 2° 43'(16.25A.)(m), 9° 61’ (4.491«.)(?.3.). 10° 45’
| (4118) (m), 12° M'(S.?%.)(v.s.)o 15°'12" (5.57) (vasu)e
It is 1nteresting that thia material showa a ‘.’Long
apacing, not ahom by the hoxapeptme, soe .
Bxp, 17.. This s the 3° 45'(16.254.) (m) reflection, o
, th:ls is more intense than tha low smgle zspacinza 4 |
. ghown by pentaglycylglycinm C




The rcsults obtainod in this aection ware

taken.from diftraotemeter traces run at both throa

| '}1nches per hour chart speed, and thirty'inchas per

hour. The accuracy of tha rasulta ie better on the
-leng faster chart traces, ror thn strongor nore

‘oasny distinguishzd peaks, than on the mhortar slow
traces. ‘For the woaker peaks, the acouracy~was not

"improvad.by using thc raater cnavt spoed, The peaka o

. were much less easily distinguishnd from the
‘background radiation trace. and thoiv'maxima much

- '1eas easily detormined. This can“bafaeen by~

omparison of thg 1ong and the short dnarts shawn
fror ths sample or recryatallieed Pblyglycino 11,
‘29&132@91@&;1& ,

' It has been ahbﬁh'in-the experimental section‘
that 1t'iaa éxtremely ditficﬁlt to obtain pure‘° 
lamples of Polyglycine I, free of Polyglycina II.l

It was. evdn nore difricult to dbtain well crystalliaed

-spocimenq of Polyglycine I. The best specimen was
"abtainéd.by ths‘polymerisation of aikatobiperazinQ
in water( see Exp. $6Ce TepPeBs)s This sample
showsd only a very weak peak at 10° 37° (40154, )

corresponding to the very strong peak of Pc;yglycine II, |

Thug it can‘be eafely sesumed that all the othepr
peaks are due to Polyglycine I only. Tho peaks are
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30 [ 40
42

48
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.‘Aaf.rength = '”Commont.
VeWe ,
Vo8B, Ast.'bury 8 4.%.(10" 5')

¥ poi?&i%}ﬁ&ah!%“é%

! w.
'v.q. Ast'bury s 5.45A.(12°55').

"gide chain. spacing

: ‘i.p. Not. due to Polyglycine 11
. V.Bh. o A ’

VeWe sh,

‘VQWC'Bho

vo'Wopo

. VeWeDe.

VeWeBh,

V.Weshe
VoW not due to Polyglycine I1
*WeDe intensity too high,

VoWe '
VoWe posa_’i'ble 2nd, order. of1)

VeWe

We . o 2nd. Ao‘rder o 2) (2. 18A-) . .
v o

We

W -

VeW.8h.2nd order of 3)(2.054.).

. VeWeDoe

VeWe.8h, ‘ i
v.w.sh.2nd. order of 5)(1.70A. ). |
VeWeDe
VeW,8h,
V.¥. band]

. VeWepPe. 2nd.order of 9)(1 45 A.)

v.w.,band] band width 2°18', 2nd,
order of 11)(1.:561\.).

v.w.banﬁz 1.16A, reflection for
41040',{006) quoted by Bamfo &‘d

~ 2nd. order of 15)(1.174.0(4a1
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key to results ahown én p.'za.-
eh = shouldc; attached to tne peak markc& with 8 Pe
the peakz markcd\as beling not dua to Polyglycina II,
~ are those 1n>wh1ch Polyglycine I shows eimilar lpacings.:
These éeaks cannot posaibly be duo to Polyg;ycine 11,
aince in compariaOn with the nost 1ntensc Polyglycine II
peak, thene peaks are too 1ntense.

The valuasvof 9 given for tho nhoulders are neasured‘f o

‘at the mid ,goint of the ehoulder. |
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nét'at allvicll defined. The maiﬁ strong peaks

vhich havé been observed previously by ather

: workera are quito clear. Tho~weaker peuks, sore of

which have not been previously~obaerved, showed

| some splitting into aeparate peaka. On all the .

”powd@r phntographs they appaared aa broad banda. i'

Conaider first of all, the short three inchea

| fpar hour chart for thia Polyglycino I¢ The chart

showed no distinct peaks at 1owor anglea then

0 = 9%( pee Chart 84). Thn very weak peak at “

o= 9° 9 is not very distinct either. ‘The chart B

'ohovn wua only one of aevcral run trom the same f

polymer specimen: only those peaks which appeured |

50n sore then ons chart are recerded in the results

fshown,oppoaite thia page. The strong pesk at 10° o' N

(4.36 4.) corrosponde to the 10° 5'(4.4 A.) peax |

‘recorded by Bemford et alia(1956)17 ana Astbury’

et alia(1948.1949)9’ " ‘The very shrong peak at

13° 8'(s. 4GA.) also agreed with ‘l:he peak recorded

by the above workers at 12° 55" (3.45A.). The

‘»agraement 1n this caae wna not IO good, the |

fdirrnrence 1s-outsido ths‘oxperimental error of -

6' of arc, This pagk is cansiatantly of highar

",Bragg angle than previously dbserved. It is suggested
that since the provioualy'obeerved results have been
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3 obtained rron photograghs, the measuerad peak 15 m :
ract tha mean of three peaks as nhom on tho trgco.
: !l’he peak o‘bservea by thé othor vrorkers at 41° 40'
(1.26 A.), m in fact s brosd band extondins over
1° 30", tho mea.n centre’ or the band 1s at 41° 33"
(1.16 A.). There is & ai.milar band at 38°% &' to

| 34° M'( & band width of 2° 18 )s this vend is elso B

vex»y weak. Thera is a \vegk but distinct poak at .

g7° 12 (1,694.), this peak has not been recordsd
,t'bofore.‘ TIqu are also five other diat.inct new

. peaks, - o o
11° 54*( .57 A.)_vi."" o

14° 187( 3.12 A.) .

19° 9V (235 A wi) - .
o , C twin ~poaks :
19°. 51'(3.27 Al) we) |

K- ‘v ' ‘ v
'20 89 (2’18 “') e bana, poasibly containing L3

- | Atbenpts to ﬁ.t these o‘asarved new lines to the -

structure propoaed by Ast‘bm'y, of & moncelinic cell,
‘were not successful, ’I'he calculated values of the -
Bragg anglss for the eelootod retlections or the o
Aatbury eell(see Ref. a.) aia not agrae at all well -
‘ vith the o‘baerved a,ngloa. It waa thought thut this
| might have been due to’ the limited accuracy

| obta:lnabla rrom theac aman charte so a thirty

V.anhee per hour chnrt traco vas made. -



. No. Bragg o° d/n A,
4,58
454
456
413

- - . gs

BEBLEE

EERE L

1M O
o0 ® 3

&

g®
9

10
10
11
11
o1
18-

13

14
14
14

14

.15 
16

18
18.
19

19

19
19
20
21
21

o

21

18
40
8

36

59

18

-0
18

34

52

28
o
42
57
4
10

<1
45
45
i1

86

£8

55
2z .
e
. 23

27

6

56 -
-

10

.8  4

. B.81

2.28
2.17

o 2.13

2.11

| 2.09
2,06

2.04

1,98
ioee
1,68 &

stx_fehg{h..'  Comment,

. v;.v.o'o. |

. V;Vo'o

. | VeBs Aeccpted value 4.4&.

.v.p. Paasiblc Polyglycine II
' atrbngost penk. R

.- weshs
3,767 - WePs
3,70 * p;p.,"
- 3.62; w. LT . o
5.359 ves. Accepted valus 12058°'(3.46A.).
8,19 we o E
‘,- 3.14 * 'c ,
3,06 * w,
8,000 W,
2,89 .. W.sh,
2.7’? WeDe
2.40 VoW,
BeBT aFeBtet
2,856 ‘VeWo
2.34 . V.l. e
.29 ¢ .Wo

* w, ] &\do Qrdér‘ Or 1)(2029A.) o_:
**%89%, 2nd, order of 3)(2.184.).
) YeWe oo o R

VW
VoW, A
Voweshe
VeWeDe
VaWe
AL

vow. 2nt order‘of 9)(1.59A,) L
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- No, Bragg ° ‘d/n As  strength. Comment.
31 . 27° 25'  1.67  v.w.sh. .
B2 27 4L 1.66  V.W.De
35 27 58 1.64  Vow,
34 89 2 1.59 VW,
35 [ 29 13 v,
[ 29 45 1 *5%  pana.}

L 86 0 15 1.53  v.w. 22%: g:ﬁ:; gg i?%1.saa.).
;Wwal53‘-%““[“&¢M#@Mrw5MLM&L.
38 33 81  1.46 ViWe . S
39 28 .38 _ -1.25  v.w, 514, order of 7)(1.23A.).

40 39 47  1.20 vew. o
| 41 (40 20 149 bXn! . Jband contained peakg, ,
42 4 0 118 v"‘p'mgggaoisbgﬁge:ttgén i
43 41 20 1.17  v.¥.p. Bamford's pesk at 41°4o'
44 [ 41 38 1.6  v.w]
L - . band
- Hotes-

. denotee-batter def&neﬁ peaks. o



The raaulta of. the thirty inches per hour =
chart trace conrirmed ths differance: 6baorvad |

E ahove. Tho results are ehovn oppoaite; again a f{

series of aanples vere ﬁsed and the peaks recordea

' appeared on more than one chart. Thie trace alao |
veonfirmud that the very atrong peak sppeared at

12° & (3.39 A.) as oppoaed ton’ the value dbtained |
~ from the p‘uotographs of 12° 55" (s 45 A.), by Aatbury' i
and Bamrord. and ueyer snd Go°%, In the light of

this 1mproved X-ray pattenn it can be easily seen.
that the Btructurc suggeated by Autbury does not

account for the dbserved peaks.

Th@ unit eell 15 certainly not orthnrhoﬂbic. It

'v was therefore aasumed.that 1t was nonoclinic as
:isuggested.by Aatbury, and his propoaed cell was
modified 6o that & = 4.8 A, end angle Buer®ar,
 :th1a gave a.peak at 10 8’ as ths 100 reflection._
"-Then either,- S U -
: o10 = 11° 89" _',ana b= B.71 A, o
| {9001 =150 8' amd ¢ = 3,68 A‘.}‘ |
{bowz 15°, 8' andb = 5.39 Ao
%001 = 11° 59* - and ¢ = 5.59 Ao
‘either set of valuss for b and o prodncad some sory

of agrocment with thc obaerved refloctions.ror 3
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reflectiona of ths typo hOl, but broke down
| completely for roflactions of the type hkl. This b
seemoa to suggest that the unit cell was triclinie..
 Pauling and Cm-ey(was)g" suggeatea that the |
structure was an antipurallel pleated sheet
structuro, with the ab-plane sssentially as postulated
by Astbury, with a £1vre identity period of 6.96 A |
to 7.0‘A., the normal valueu for axmall pcptides
being about 7.25 a.. I this 1s the correct |
structure the chains are not«rully extenaed. Axtemptm
\to,fit either or_thgzlimiting\valucs for.ths ribre -
idénftty'pericd into the thay<diagrdﬁ‘as a'OQO _
ratlection results 1n values for 8020 which are
much toglows A better figure for the fibre 1dentbty

: period 13 6.79 Ago This then makes 00205 13° 8'(v.ess), L

1assuming & monoelinic cell. This 4id not nge |
valuea ror 0, for reflections 1nvolving k, which
'agraea with thone o‘btai.ned rrom the chart.
CQECMQJIQH@, -

| Ths structures whichkhave been propoued for
Polyglycine Ido not ‘agree with the results dbtainsd&“'j”'
ffhero. There 13 nordoUbt that the material used here
is that which is knovn as Pblyglycino I, The unit
_cell~is,certainly not orthorhombic.,and it most
‘ceptainlyris-hot'the monoclinicAcqil pnoﬁbsed‘by,‘


file:///ised
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Astsury. A thorough 1nv§st‘1gatian of posaible

3 m for tho. angle .&. the monoél.inié ‘a_ngle. for -
‘values close to’66°, the moet promising'ialué-was
found to be P = 67°.21", but this velus did not
produce agreemonx with thc dbserved valuaa for
rcflecticnl of the type hkl. Thna it is euggested
that the true struspSu ie triclinic.

Thia work cannot be further*axtended by‘powder :

| photography, or by powder ditfraotometry. The bcat‘ B
';aamplee of the matorial whach hﬂwgbean dbtainsd are
_ qnly poorly oriegted and.definad microcrystals. |
- It is éusQe&tg@ thatuan;éttggpt he mﬁde‘tq]dbtaiﬁ
 single crystals. by rqcpymtu@iiaétiqn of the hot

water soluble Pblygijcine'I ovtaiﬁéa from the

' polymétisution of glyétnézin rhoaphéric-gcia, see
Exp. Sec. 8, Pe 6u0 This material ia the first
'rccordeﬁ tnutance of & hot water 3oluble low |
molecular weight polymer, assuming the Pblyglycine I
structure. and is worthwhile inveatigating xn ite -
| _own right._;~;‘ .

K "EQL}E’ ”!mm X 1!  | | | |
' This mafarial wasAdbtained in a'ﬁtoh,betteﬁ
-fcrystalline form than the Polyglycins I. It was '
f found that the repeated reprecipitation of the

.peptidc, rrom solutian in saturated aqncous calcium»l‘”'
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',chiofids'aolﬁtion, by yaté#; gave & well crystallised -
product. The m;teriﬁljconsiqtgd of"thin_hexggon31 ' |
platelets of‘micrccrystailinéfsizé. It ﬁao[nbt
 found possible to grow single sasll orystals by this
tmethod. - -

B X-ray dirfractometer truees of saveral epeclmans
 'ot the microcryatala were obtainod; the peaks L
dstailad overlear are only thosa vhich appeared on
more then one trace. ‘There is no doubt that this

, material wés pure Polyglycinc II. A comparison o
was made with aimilar énarts ror both Polyglycino I |
" and Pentaglycylglycine. run at chart tpaeds of

three and thirty 1nchaa per hour. Thia showed that 4
‘flit was not cgntamingted by sithernof these peptides,
" The structure proboied by Crick‘and Rich(1955)39‘

;is reviewed in the Summary or Previous Wbrk. This
1nveatigation‘waa embarkad upon 1n order to confirm
_'this propesed structuro.,

o The short three'inchas per honr charts ahowed
'initially qnite good agreesment with the proposed
"atructure. Beven‘of thc.tiret eleven peaks of the
proposod structure were accurataly accounted for,
within one percent in teras. ¢r d/h veluse. These
'peaks were (100) {(101),(102), (ooa) (103) (110) (112),~ |
The peake(lu). ana (201) vers about 2% nigher on
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30

g0 oo
.9 a1
10 36
1110
11 30
11 36
11 47
12, 4%
12 57
13 . e7.
15 36 -
313 47
14 18
14 B4
14 38
6. 3
80
1w 44
18- 0
18 19
18 38
-18 42
19 18
(19 3
{10 48
‘80 - 46
21 3
21 10
(21 14
(21 24
21 33
{22 12

4,87

4,17
5,96

3.82

350
B.44

. 3431
3.28
3,25

5,14
5410
' 2,05

2,97

8,56

2,58 |

2,80

2.41

| 2,40
2,34
2.30 -

2.28
2e17
2.14

2,13
- 2.18
- 2.11

£2.09

2,04

=RAY POLUCR DIRFRACTION PATTLEN

‘ d/n Ao ‘
.. 4.75 .

| EIPQ 160
-Baw

streng‘bh. Conment.

‘Vew.  Crick and>hichApeakn
VW, are given below,.

wv.s. (100)10°88'(4.15A.0-

VeVeV¥W,
We

. (-

we  (101)11%2' (5,784 )+
\ B T B

VeVeWe

Ve¥e8h, )

- _W.Po'

.. ah.

. ‘m.Po

. Pe 1021&4°24'§§ 10
*n,p. gog %pQSe ‘09

" We8he

VeWe

) VoW,

sw.  (108)18° 5'(2.48A.) .
VeWae . ’ o
aStblet o

We . - (110)18743% (2,404, )+
vowe . (111)19°24'(2.384.)%

Cew. o (118)21°12'(2.18A.)e

. (400)2 07(25013.)5§
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Yo,  Uragg 09’:¢/hA, .'?At;énsth., Conmﬁﬁt{,;

e 88" 2,01 - svew, - (201_.)22033,"('9-52‘»?)5? :

%1 .83 0 1,98 . - v.w,? 2nd, order of 4)? .

82 235 10 . 1,96  vew? .

33 25 35 . 1,98 %w.  2nd, order of 5).

34 25 50 1,91 v.w.? 2nd, order of 6), :

085 85 B8 1,907 vew. (113)24°2'(1.898.) @, .
36 e4 14 1,98 ew, T

| .,*‘ denotes b'e»’r.te_r def'inec peé.ks. o

? denotes 1ll defined peaks,
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- the chart than on tha propoaed.values. The (113)
| peak was ditficult to aaeign owing to threo
reflectionm Occurring’on the‘chart-at abont,the *
right ponition. | R
_ " The thirty 1nches por hour, long, traces vero
: ‘obtained in order to fix thp pontions of the
| ditrractions pcaks more accuratoly. They uhowad .
h howaver,that the poaka which had been previously N
"considerad as esingle peaks, were in fact multiple
‘peaks in many caaes. The best dnfined exumples of ‘“v
this fine strvcture of the peakn occurrod at
values of‘O of about eleven and rourtoen degrees,
see Chart 13.. These multiple peaks are fioe due to
statiétieai srror, or variétion of thsvx-vay'fﬁbo‘
: output, sinco they nppear in the same placc on
":everal tracea. The hexagonsl structure proposad
.by-Crick and Rich requircs that the (1012) peak
8t @ = 14° 24"y should be stronger than the (ooos)
peak at @ = 14° 26', On the chart trace shown a
peak doss ocour at 14° 24'(m) but there is a
stronger and better defined peak at 14° 58'; The
_proposed structure does not account forAthia peak |
at all, Neither does the structure account for the .
second peak at 11° 30’, There is also a signifiéamt |
dirference betwecn the valua of hn 9 praposed for
the (111} peak, 0 = 190-24', and tho peaks dbservad .
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at 19° as'(w) and 19° 15 (v.w.). Aaain at the
reflection for ths (118) peak,~0 =»21 12, is the '

proposed valun, but the chart showod that there are .

. two posssble-paaks, o= 21° ' sna 21° 20's The
proposed (200) reflection at 21° 50' has ne
correeponding peak on tho chart, bud a peak»does |
occur at 21° 58' Thc'intensitiaﬁ of cach of the
'pr@posed rerlectlonn have been calculated.by Crlck |
: nand Rich,_these«valuaa-were obtained frem Grick.
The calculations took 1nto account tha multiplicity
of the reflections. The intcnaity of tne(eoo)
reflection should.bo lov@r than that of the
'neighbourins peaks, ths ¢hsrt uhows that it it in
fact about the sane as that of the neignbouring |
peaks, If this paak is not that ror the (800)
reflection it cannot be accounteﬁ ror by tha
'proposed structure. A.band occurs on the chart at
22° 12' to 22°- 35", this should contsin the
 proposed (201) reflection at P = 22° 38'. This |
rerlectian should in fact be of the same 1ntensity s
as its ncighhours, wheream the obs@rved intensity |
is much lower, There are twin pesks on the chart at
2°35' and 24°14'. The proposed (113) -pacing has a

¢ valus of 249; 1', This would 1ie in the very wealk

_band between these two peaks, There are no other
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' reflectidns 1nAthe structire to ioébunt'ror thebe
'observea peakz. The ga° 85 peak is the second order .
.reflection of thc peak at @ = 11° 50', ons of tha

© other peaka.not accounted ror.

A.critical comparison of the pe&ke observed on

- —tha chnrt and the pcaks expected from the proposed

_structurc ahowed that distinct differences existed.
- Over the rango of o valuaa atudied there are P

. total of elovan possible predicted reflections rrom
the pro;osed atructure. Seven of the reflectionn :
occur tn thc correct position, 1.6, within tuo
percent ot the &/n value, theae are. marked thus @., ‘
.The remaining two proposcd roflectiona do not hawa
a corrouponding reflection on the chart, and are f‘ 
: murked thus ‘#¢ There are in addition eleven other
distinct peaka on the chart which cannot be accountcd B

" for by the propoeed.structure. Tho»prqponad

strncture 13 nost certainls not that or the matcrial .

T of the spacimcn. The poasibility that ths structure

wna hoxagonal but of slightly dirferlng dim@nsions
rrom thoss propoaed. haa been examlnaa. Slight
,~changen in ‘the lengths @r the axes or the hexaganal |
i it huve not preduced a better agraemant betwecn

‘the predicted spacings and thoae dbserved. ,
 &1ectron micrographs‘of tho material showed that ths~‘
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crystals had at least an hexggonai Crose.séction in
the ab=-plene, The poasabzliiy existe that the
) material is not homopeneous,lbut 48 in fact a mixtura
1 of two or more cloaely related cryatalline formn or |
Pblyglycine II3 i.e. that Polyglycine I1 oxists 1nA
'j_two'br more solid‘phasea. Crick and Rich atatéd |

" that their proposed structure was only the simplest

. member of a whols.family of related structures, The

exanination of posdib1e~sizea or cell showed that
if this were so the poasible structurea could not
" e hexagonal, if the material consisted of more than
one phéaeg the phases must be of closely related
gtructﬁres, since they can’cryata;lise togakher,
and these crystallisations can be repeétea withoux
"alteration of the anay pattem, A.criticalv’.
compariaon.with the observed diffraction trace for
thc~pentaglycy1giyc1ne samples'ehowed disiinct |
simi}aritica of basié structure, - the electron
micrographs of the two materials are very similar,
This material does not however contain any low
molgcular weight,pentaglycylglybine~peptido since
thia.wouldnbe'eaeily soluble in the dilﬁted |

<.ca1cium chloride solution resulting from the
precipitation of the FOIyglycihc Il, It was auggeatéd
by Crick in a priva£e4comunication. that the
'étructure_might deviate from that proposed if the
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.»Abolymer chaing r&n‘ﬁoth up and aovp.zagxnxxxgjx;;
in either a random or & regular arrangement
L throﬁghout'fha afruéturc. The regular érrangemént
of the chains running uy and down the structure of
the ccll would bc expected to produce some extra
apacings. o |

' The remaining explanation is thut ths structure
15 a,distorted hexagonnl arrangement, and it belonge -
to the triclinic eystem. Attempts have boan nade to
- vary the anglea between.thc a.b, and c axes or the
' cryatala, but withoux any better agreements being |
obtained. Thia method is 1n any case a'vcry haphlzavd

approach. and is not very likely to be successful.

. The invostigation.of the structura by Bamford et

alia ehowed that the extended chatn and the -
unrotated parallel_polar aheot,etructurgl; could .

be excluded on the grounda of thé'iine'intensitlcs

N being wrong for the strongest retlections observed,

They'did however sugbest & third alternative
,atruoture, the 2, 2, ‘helix of Donshue™ >, This B
structure gave line 1ntensitioq_1n general
‘agréoment with those observed, but th@y a1a not
agree in detail, In.p&rticular no 2.75 A, rerlection'
| 'was observed, corresponding to the residue repeat,

' ?he material investigatqd,also showed no sush

reflection. Thoy‘did state also that if the éell
~was triclinic this reflecticn would not be observed,
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'_since there woukd‘be no corrosponding lattioo point.‘
Tho prodiotod density for. thia structure was howovorff
'L1.67 gm./hl. whereas tho ohserved density is only
,1.43 gm./ml..- |

CONQLUSIONJ,

Tho atructuro 13 certainly not as oimplo as that f,:.f*

~proposed by Crick and Rich. Tho powdor photographs
| jand diffractometer traces obtained from this
.1 material are probably the best that can be obtained.
.Tho only way to obtain tho true atructure 1s by the
method of single cryatal Xpray analysis. This
‘.highor molecular weight Polyglycino 11 does not
. easily lond itaolf to tho preparation of oinglo
crystals. It would prdbably be botter to try first
to prepare eingle crystals of the low molecular
weight Polyglycine II obtained from tho polymerisation
of glycine 1n phosphoric acid, this can ‘be obtained |
" easily as K very good microcrystals. The |
pentaglycylglycine can also be obtained in a
~crystallino form very easily oince it 1s hot water

”, aolublo. A oingle crystal 1nvestigation of thls

z."material, which shows a ‘closely related diffraction f
pattern may help to elucidate the structure of |
Polyglycino 1T, The pontaglycylglyoine otructure may
in fect be 9!1m1t1ng-structure above which all the

- higner polymeray take ‘up the Polyglycine II. form. On )
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E .‘ the other. hand the Pelyglycine 1T forl may itsel:
; be a ni.xturc ot two phasas.




”he compounda which uhowev 1ow hragg angla
o rerlsctions in’ th‘ir anay pattenns were all in .

the low moleculgr weighh class, “ha avorug¢ degrec

>of polymeriaation or each or tha productn was 1n tact
about aix. Tﬂo materials were, the product of tho
‘golymeriaation or benzoyl glJcine and.qucine. a
»benzoyl pentuglycylglycine, the- 3roduct of the .
jpolymerisation or glycine in.phoaphoric acid,.an‘.ifgf-
pentaglycylglycino 1beelf' Although the three i3 

dirfractian traces showed nomo initial aimilarity.;

v", ‘th1a )rovcd to be only a euperricial resamblence on

,..closer Inspection. ?he short three inches per hour ,~ 
:traces were repeateu using a.chart dpaed of. thirty
tnchsg por.hopr. This imprpvcd the_accuracy'vith- |
 which the low‘aﬁgle péf1éct1ons édﬁ;ﬂ ﬁé,ﬁp&éﬁfod;”i 
;.but‘did'not‘gréétiy'improve the Saéé of beaburemeﬁﬁ'l.
of the 1ess 1ntenso neaks, ilo definite relationships
"hetween any of tue tlirce diffraction patternu "_
could be drawn from the results, but tne patterns
- are interaating eince they are the firat dbservcd

specimena to give such 1ow angle reflections. 1t
ooomod.almoat as thoush these etructurea exhibit a ,

superstructure. .



1 Thia material was obtainea by tho polymeriaation'
. of glycine and.benaoyl glycinc, see .Exp. Sec. 6..‘
';The X~ray ditrraction trace showed a paak at 1° 64'
28,0 A.(m), thia correeponds to & peak at 1% =9* on
‘the trace oﬂ tho product rron the polymerisatién of"
,glycine in phoaphoric acid. The aecond order of thia

. paak appeured at 3 9Y, 14.1 A..the third order at

4 45", 9.3 Aoy the aixth.ordcr at 9° 31', 4.67 A.,_’,;
and the eighth Order st 12° 49", 5.47 Auo None of
_these higher ordarfpeaks wero atrongcr than very
:weak. The strong peaks on the - trace occurred at
10°'34'; 4.18 A.(v.a.). this corresponda to the
'10° 38", 4.15 A.(v.s.), peak for Polyglycine II,
4and‘pentaglycylelyoine. Thc remainder of the peaks ‘
on thia trace aro'wenk or very weak. The paaks ars

’ shown opposite.

| Thiu manerial waB obtained from the product of _F'
,the polymerisation of 40 anm, of glyeine in 5 ml. of f
fconcentratod phosphoric acid, This matorial was '_
’~;extracted by thc secend waah with hot watar, of ths .
"V'reaction mixttre, see Bec. 8.,p. bee This material
‘ gave an X-ray dirfraotion.pattern showing several
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iice Lragg ©° aZnA, . strength. Comzent,
1 1% 34' 28,0 - m.  1° 29'peak in G/H,PO,,
2 3 4 185 ¥miet
3 & 9 14,1 - w.  ©nd., orier of 1),
4 4 45 23 VeVelie  Ord, order of 1).
b 'b 0 B.80 VeVeW, 5° 6' pesk in G/Hs 4°
6 5 18 8.5 vevews . 5° 9" ,, 1n e/nzyo .
7 ‘ 6 40 6.65 ’ Y.v.w.?_ -
'8 B 39 3412 V.V.W. ‘ z-a ' Y
‘64he © er of 1 .
9 9 31 4.67 VeVeWo 354 ak in C/‘j{

10 10 54 4.18 ves. '1o°as' 4,15, )pealt 1%
1111 10 5.96 w,  11910'(w) pedk in Gg.

12 11 23 B3.89 w.

13 11 36 3,81  w.ch. 11%36'(w)peok in O uu G/ﬂap%
14 11 45 B.76  w.sh, a ~ -
1518 0 371w, 11%6" (w)peak 1in Gg.
16 18 12 2,64  w.sh, ] o
17 12 .27 557  vew. 12%29"(w)peak in Oy
18 18 49 3,47 - v.w, Bth, order of 1),
19 13 6 5.40 - vew,sn,1204R'souk in C/ii0,,
20 18 17 2.35 VeWeslle
21 13 46 .84  V.wesh.l 3°46'(w)peax in %
22 13 66 3,20  V.W. »
25 14 16 3,13 Vew. -
24 14 S0 .08  vew. 14°26'(m)peak in G.
20 14 34 3,06 _v.w. ' -
18 3 2.7 e ~
26 17 . 7 2.64 vew. 17°10"(v.w.)peak in G/i wé.
27 17 20 2.59 v.y. 17°26'(v.v.)peak in G/H,
18 . 4 2,48  v.r. 18° 0 (v.w.)paax in G/IisPO4.
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strong lines. Thb férat p&ak.appegrad at a.Bréég
angle or'1° 39', 26,7 Au(v.es.),s thia corresponds
to the peak 1n benzoylpentaglycylglyc1ne. The |
 second peak was at 3° 26, 13.6 A.(m). this was the ]
second ‘order peak for the first rerlcction. Tho _
next strong peak appeared at 13° 42', 5.8 B.A.(v;s.).
this could have hecn the eighth order peak of the
first peak, the error'being only threg psrcent. 1n o
the value for a/n.. There are threc possible peaks .
at 14° (B'y Ba17 Au(m), 14° 24‘. 3,10 A*(m), 14° 25",
3.06 A.(m). A 14° 24' pesk, 5.10 A.(m), appaarcd in

' the trace for Polyglycino I1I, and ror p@ntaglycyl-

glycine, A strong peek qlso nppeared at 15° 184, 'l
2.92 A.(v.n.), this correspends to the ninth ordcr
of the firnt peak. Apart from the one peak*mcntionad
gbove. the trace showed no resﬂblonce te that or

either Polyglycine Ii or Pentaglycylglycinc.

N
e

~ Tnis material was the aame as that uaod ror '
'the work of Exp. Sec. 15,. The diffraction trace
"although aifferent from ihat of Polyglycine II,
,stowed (] considerdble number or comnon peaks., TH§
: pattenn aleo showad many high order rsflections or
’.th@ low angle reflections. The first reflection

occurred at 10 53', 25.8 A.(m.sn.), the second at
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etrength., . Comment.

nm.sh, shoulders to the ~ero,
n.ah. mndeviated beam peak,

v'. Vo'bo

' vew. 2nd, order of 2).

v.v.w:3rd. order of 2).
V.W. 4th, order of 1).
VeWe | ' :

VeWe SRR
ve.8.Poiyglycine I1I(10938'),
"~ 5th, order of 2).

* w, 3ra, order of 3).
* w, Polyglycine 1I(11%2').
" We L. P ) .

'¥ew. 7th, order of 1),
VeWe

v.W.D.6th, order of 2)
VeWeDo '

VeVe

® '*o v 3!’11. Ol‘der of 1) 0. R

W

* m, Folyglyeine II(14%24').
L We . :
‘ . v.'. * . .
* v.w. 8th, order of 2).

 *w, 4‘ o : :
* w, Polyglycine IT(18%3').
" w. Folyglycine 11(19°24').‘

' 7th. order Of 2 *
4th. order of 3).-

. V.W. bando
VeVoW,

vetrebond Dolyiglyciune 11(£1930°).
. VeVeWw. Polyzlycine 11(.2°38'),

*7.VeW. Gth. order of 3).

VeWeband,
VW, Polyglycino 11(840 1').
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 2° 7', 20.94A.(n.sh.). The firet reflection occurned
aa the fourth, seventh, and eighxh ordern. The second
rerlection occurred as ths seccnd, third. ritth, and thc
-sixth,to the tenth ordera. The fourth order was '
abaent. The very strong pesk at 10°v39', 4,15 Agy
‘correnponﬁad to the firth ordsr of the second peak,

This paak also corre»pondeﬁ to the vary atrong peak

in th@ Polyglycing II.t:aee.vA medium atrength.peak |

. at 149.26', 3,09 A., in the trace corresponded to

the 14° 26', 3,09 4., peak in Polyglycim' I1, both

- being ot similar 1ntensities. Thc comparis@n of tho

pattern with that for Toiyglycine 11, ta shown.in

" the table of reflections, shown opposite. Some :

‘attompts have been made to interpret this aiffracticn
ﬁattern in terna of‘"‘hdxaﬁonaiXStrﬁctuie, without
 .suacesB. The first and second,peaks are certainly
main.spacinga aince. nhuy are repeatsd to vary hiah
orderl.llt ie hcwever very aifficult to aaaign

| third apacing ror the unit call. The 11.7 A.
rcflection, does not show the same certainty of

high orgder repctition. This trace certainly showu ‘
that ‘the structure of Pantaglycylglycinc is no
simpler than that of Polyglycine II. The eaae with |

which.fantaglycylglycinc can be cryatalliaea seems
to sugiest that this material would be ideal for &



’ ‘Ijo 17¢ :
-Q—

bingm cr"atal }:-ray investigation. The etructm]
would e extrenely 1ntercet1ng 1n view of the low -
angle ap&cmga, and in viaw of the simiiarity or
the st:mcture with t‘mt of Polyglycine II. . .
: Polyglycine IT certninly does not chow any low angla o
rcflectiom, all thc e.ampxe.a which have bBeen
prepared dy the autb.or have been checl.ed to enaure ‘
that thic is so. |







THE GEARCH ron NEW FORMS OF mmcaz.mm
The seareh fer now flores at Polysmmo has ,
not yielded any new crystalline meas,ﬁeaum of
the polymer, almouzh this does not prwluda the
existence of new roma. The methods of preparetion

bave all yielded products which were nen-hmgmom. -

- a8 regards thairchninlength- When it has been

' ‘pasai_blc; to carry tle regetion to completios, the

| ond brodur_;t of meut‘v of the polymer preparationg has
been Polyglycine I. The xéxyﬂye‘zm 1 does howsver,
contain & small grantity of Pﬁlyzlycim I3 11:. has
mver dbeen pouiblc £6 remove the X-ray Aiffrsctien
lines of Polyglycine 1I, completsly froa the X=ray  '
phbtezmph of any. Poljgi&cmfg I quémn. This has
been amuptéd by prolenging the z;éacuém im by
hut.’mg Polyglyeim I m mioua tolmm. Both of

| tmu nethom lmro bmm shmm to oonvert Pelyglyeim
11, er degree. er pehneriutmn e:‘ 10, mw
Pelml.ycim I. The inwasity et tie Polulwino I1 |
"lines ahm, by tha Polyglycine I, have baen reductﬂ.
by this means, but iz.ov@,r completely eliminated. The
| :mmta rmm ‘heating Polyglycine I, ‘in water, has
shown tlmt convomioﬁ of the ?ﬁlmlya&nc II into |
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B Polirglycing I nas been q‘u,tt'e: mpm. 1t soeks

_‘ thcretei'e that the l?oiyglycin&- b eqntainn a form -
" of Polyglycins II, which i not easily capsble of
conversion to Polyglycine I,‘ or ‘its rate of conversion
is much slower than in the case of norm

Polyglycine II( reference .- Exp. Sec, 9). It is
sugguted that the Polyglycine II obtained on .

cooling the hot filtered aq,mém exdract of
‘Polyglyocine I( rcxmnc‘o- .- Exp. Sec. 9) uay be

this more stable form oi' 'Palyglyc.ine II. This
naterial like that olbtainad rron the hot aqusous
extract from the polymerisation of glycins in
‘phosphoric sciaf refemnee.—_ﬁxp. Sece Ba)s i8 |
dastinctly diftorent fx_!o'n. noresl Polyglycine I,

It is soluble in hot ‘mtcr, whereas normal ?olYBlygim |
11 is only soluble in strong agueous salt :solut&ona..
It dces liowaver chot the snw heiagonal atmétm,-
with grovth steps. um:sr the clectmn microscops.

The X-ray diffraction photogmphs are 6180 idantical.
It is a peptide of lower molecular weight than normal
Polyglycine IX. The degres of Amly‘ncri:aation must bs.
in the r&gion of 6 to 10 for the material to be water
soluble, It ie poseible that thd lower peptides of
glycine although having their own a.istinct structure
when cryetalliaed alont, crystalliae out rrcm the |
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reaction #ixture as nixed crystals, having the
atrusture of Polyglycim 11, The atructum of tha
lovcr molecular welght peptides showe thﬂ stronz
4.15 A, spmcmg of Polyglycine II; tor cmplo
glycme hamoptide(reference.- Exp. Sec, 13) end
the benzoylated peptida( reforence.- Bxp. Sec. 6.) -
uhown in thil thesis, and t]:w penta-. hexe=-, and
hepta-—peptidoa of glycine investigated ‘by Reyer and
Go°2, It may therefore be that the steble structure
of these lower peptides is the Polyglycine II
structure in preremnco to ths Polyglycine I
stmtwo. Although 1ow uolacular weight Polyg}.ycim
I has also been obtained from the product of the
polynar;'utim of glyeine in | phba.phor'ie‘ acid, o
Hom'woik would have to be done on this point to -
, 'ba sure that thia vas 0. A Taw tnntative experiumts' '
wers earried out on the cryatallipation of low ;
rolecular waight peptide uixtma. but t.he mnge of
peptides available wae oo small to reach any

conclusions. The not water solub}.e rom of

. Pclyglyeim 1I vms extracted rron other swplu of

Palyglycina I us well &s those obtained as deaeri'bcci '.
~ above, it was also obtained from the residus from
" ‘the preparation of diketopiperazine, The best yield

is obtained from the 'm”mn product of glycine H
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and phosphoric acid. o other saiple or water
soluble }olycflycine 1, than that dlncmbed above,
was obtained, _
The exauination of the reaction in which - |

. glycine is directly Qoiy&ierfised to Folyglycine

has also yieldsd infornation aﬁout the reaction
mechnniam. It hias becn Bhowﬁ, in several of the
methods uaeu, that t.re r olyglycine Il,éorn was
obtained as me 1nit1a1 product. In ‘the study or

the polyrerisation of glycine m :wdrochloric acid

( reference.~ ixpe. tece. 2.) it has been cbserved that
the ;‘ol_yglycine Il was formed in the liguid phase,
it was also confirmed that solid gly*cihe. nugt dbe
sregent in the reacticn mixture for polymer to be
forned. The .Polyglycine I1 formesd initially was
then banvertad izrh§ Yolygiycine I, in the reaction |
nixture, by wore prolonged heating. Thé trsmaition
of :.olyglycme iI into Yolyglycine I does not occur
‘on heating the dby polyner. 'fhe presence of & liquid
ghage is essentialx in order 40 bring about the
traneition, Z'l'hia traﬁaition wili de more .rully'
discuased later. The effect of dry heat on the
’olyglycincs hao been’ carefully studiec. kegggy and
\S:Lmsgo found that» heating Yolyglycine I reduccd ite

absorption of the dye Orange II, by about 53, The
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| cﬂ‘ec’c o.f' ary heat hes been shown to produce no
: czmnge 1n the d-ray structure of elthor form of
' zolyglycino. It is possible that the tmmeition of
Polygl,fcim II into Polyglycine 1 does occur in
the solid phase, aned tlmt the water or #liquid
yaane, metely‘ acts as a cai:glyst. There is soxie
support for this 1d§a since .the' transition occurs -
at tempemtma down to 72° C., wheresx the Jolubinty”
of Polyglycine 11 would be very low, in aqucous media,
liowever in contradic:tion of . this, if x*olyglycine II
is Bested with 205 agueous calcium chloride solm:.icn
at 72%C. it is found that some of the poﬁex‘ is |
_ converted into Folyglyeine I. no ?;on_vc;rsion occurred
«us‘ing 10% calcium chloride -aointion. The polymer
was known to de Juét -aolluble.h in the 205 sblution at} ~
this temperature, and i‘neoﬁ:bla in the 104 solﬁtidh'. L
|  The producta of. the polymerisation of glycine
| in B,;drochloric acid have also bevn shown to contain
:-:?di}setopiperazmc.' G‘hia was suapecte& f‘rom some of
'the ‘.—ray photographs of polymeriuation procmcts,
and wna confirned by chromtographic exaninaticm
of -the» reaction products. The diketopiperazine in _
the resction mixtui:'e could have béeﬁ yroduced at
two poeaible 3tngem in the reaction . Firstly, in’
the 1nitia1 fomation of Polyglycine Il frfom
' glypina. This does not agree with the maction.
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mchanlu preposed Yy heggy , whereby the gljciné |
was initially polymuriwd t.e glycylgiycine. He slso
showed that the addition of glycylglycine to the
reacuon mixture, resultea in an :l.ncrease or the
reaction rato. an& gave this as the main z'eaaon tcr '
proposmg this mitial atep. Secén&ly it:is |
' postulatod that, tho mlationship between ,
diketopipe;-azino and Polyglycinc. is a reveri’ablc.
ring-chain equilibrium, which is distumbed by the
hydrolysis of diketopiperazine to glycine. No . .
diketopiperazine is present in the solid phase of
the redction mixture. It is not possible to say
which of the two Polyglycines is in equilibrius
with diketcpipemine'. From the work of l&eggyea, _
Polyglycine, it was not then known that two forms .
wers pmnént. was thought to be in equilidrium with
a saimted solution of diketopiperazine. Thus |
perhaps the relationship ﬁotﬁm the Polyglycines
and diketopiperazine can be represented ‘by -

glycine «e=> P.G, II ~é9-a.-> P.Go 1
8 : 8 -4
Ag, Wn.g.P. /A“

Now A, =Gy +N\oy .
and from the work of Heggyaa AG 18 ebout -500 cal.
.0, very small, Almso froa the ralative solubilitiee
of Polyglycine I and II 4in s—aturawa aqueena calcium
chloride solution, which gave a valun o:r ubout 1:2



Lige.
-7

the value of A Gy is approximately -RT.ln 2,
Thus A0, = (8 x 43¢ x 2,305 % 0.30)
AG = =580 cale
" Thus §t is jossible that the value for AGQ may be
very small wnd may approadh zero, Hence the
equilibrium stlution for the reaction, could be
5a£urateé witn.diketQQiperaziﬁé, the éolubility

of diketopiperazine is 105 at 100°C, in water. On
cooling the reabtion mixtu;exthxs,dikstopiperazine
would crystallisc out, its solubility in water is
only 1.4 7 at 20°C, This‘coulﬂ‘accpunt for the
prenen&e of very weak liunes for diketopiperazine

in the ﬁ-ray diagrgma-of some pr the golid pblymers.
?he polymerisation of aiketoJiperazine in water
(roference.~ ixp. ¢c. 7) shows tiat this polyweris-
ation followe the sase general m&chanium.xs that
a-own above, But the X»rgy:ditfraetometer‘traceé of
the rcabtion’pgoaucta shew that in all cases bnly
somc of the strong diketopipersazine 1ine§£re present,
and only certain line intsnsisies have been reduced.
This seeus to indicate that the Polyglycine I1 formed
initially is formed in the s0l1d state at the |
expdnse of Ciketopiperazine, aolid. The Folyjlyeine
II seems to be forued by resrrangement of ths

aiketopxperazine‘hattiqu aiong:qne, at 1eéat, of its
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erystullographic axes, If this rcaction.occurred
‘in solution it wculd be expected that some
dikstopiparazina wbuld remain in its orlginul
 crystalline state; this is not obacrvad on the
tnacae. This ’;rtial.vaakening of lines in the

hpray pattenn of dikztcpiperazine hes also been
'observed in producte cbtained from the polymerisation B
of glycine in phoaphoric aeid. Thia reaction also
occurse by the typical mechanian ror—diroot _ |
polynsrisation of glycins. This discovery ravours
.v_tho rirat proposeal, and nay indicate that A
glycylglycine cyoliaes to diketopipiierazine very .
readlly, and that the diketopiperazina ring is only
opened under strcngly.acid.conditionl, Thua _
‘diketopiperazine is thg}praferr»d,intermediate,,to_
glycylglycine, in thc polymerieatian aoéh#nisn. |
iTho intensity ar tho'dikotopxparasino lines continues -
to diminieh ac the Polyglyeins II tormcd initielly
is converted into Polyglycine I, thus 1t;13 not

s significant intermediate in the interconversion
reaction, The rolar yield cnrva for thc polymerination<.
of glycine in hydrochloric acid is typlcal for & - |
n reaction which is au$ocnta1ytic, it also shows an

' initfal induction period. The polymerisation of glycine

'1n.glycarol and glycinn 1n yhmnol follows oxactly
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tne sane ynttonn as tha glyclnc nnd hydrochl@ric

acid polymsrieatimn, exaept that the rate ar‘paly!ar"
formation is much reduedd, It loann thorcrore thut
the laquid phnse of the ra&ctian mixturc aets as
combined solv&mt and catalyat for the polyusrisatien.
f The conversion of tho initislly‘formed Polyglycinn
‘II mto Polyglyeine I wae more complete m the case
of polymerieation of glycine in hgﬁrochloric &ei& ’ K
'than in the case of the cthar—polymerisationu., |
“The polymsrisation.er glycine in glycerol .
(rererence.- Exp. Sec. 8.), showed that the -
proportions of Polyglycin@ I and II in the yrcdnct
dspend@a on the valuna of' the liquid.phgse. Where
a 1arge vo1une-or‘glycéﬁa1 wés added the?reactidn
rate uas.incroased but & high yroportion of 2
Pblyglycine II was cbpained in ths prnduct. CeBe
Expe Goce 3 pe 10(111), Whmere the proportions were
a8 in reaction (1)p;9,,.5\gm‘par 2 nl..'thé régctian N
prate uhavdecreasad,'ﬁut 8 higher proportion of
Folyglycine I was obtainsd. It appsers that the
formation or Polyglycine II 13 dependsnt on havins
a lurge voluna of 1iquid phase, in the presenee<or
solid glycino, this woald OQCR to 1ndicate that
the Polyglycine IT 13 rorned in solution in the
;1qn1d phnge. 1% also shows that the conversion of



Pblyglycind'll'into Pslyglﬁciﬁcvi only occurs when
its concentration 1n the mixturo, or in the liqnid
phase, reachss & eertain limiting'Value. ?blynorisation
of glycino 1n glycerol ddlutod with water. gave a
lower yield or polymer. and the ptodnct in thozs
cases was always Pblyslyginc II Qn1y. Uaing;%ﬁ%

| glycerol in witer;\molofrgtidi‘élyéihg:‘glyéerOIs |
water, 0,748 § 0.019 & 0,25, the yield of pélmr
~was less than 1$, and an X-ray photographaor ﬁhe<wtt
reaction pixture ahowed lines for glyaino and
dikatopipcrazine as wellAua thn waak Polyglycina II
lines, Thus: an the activity of water in the :ysten '
inoreasedithe reaction lesding to polymer :ormation
was rqﬁreladd. Dik&topip@r&éinc-wns formod instead |
of Polyglycine II, Thie 18 in agreenent with the |
uaunl nothod of preparatian of diketopipcvaxine from
glycine in exceas glycol. This,roﬁction WS alto
found se prodﬁae small quantitios of Polyglycins II

. uhieh was. soluble 1nwhot-water and so of low
‘molscular woigh;. The brown fluorescent material -
producedzin‘thedo~polyneriaﬁtibﬁs will be discussed
separately. It is.bf intefost thnt'glycine c|d aiso
be polymerissdt to diketop#pérazine by heating 700
gu. of glycine in 8.5 1, of glycerol. The hot 160°C,
solutidn;contains'noraolid diketo#iperazina, thi:'



Disc.
~1l-

‘only crystallises out on cooling. If however the
_high eolvent ratio is reduced solid Polyglycine I
and II are obtained. - B | .
The polymsrisation of glyéinelin thé‘pﬁenal richx
phase of ths phenol water syetem( reference.- Exp. i
bec.v4.). followed the aéma'courso aa the other .
reactions discusaeu above, It was round taat a very ;.
well crystalline sample of Polyglycine I, could bc v
obtained by this method, The slow rate an fornatien ,4
| of’the polymar aided the growth of Polyglycina T
'cryntallitea, A1l the aamgles obtained by othcr

.“-polymeriuation reactionn wore shapclesa m&ossa~or

. crystallitss; the sanpAea obtainod by thia method

did at least ahow'roctangular cleavnge. Binco no
method.ror the precipitetion of high molccular weight
Polyglycinc I, as good crystala has been foundv, ‘this
nethod, could,be~made:to gro&Uce thq best product as
regards cryatallxne qunlity. Ths nore usual product
rrom.this reaction was a mixture or‘PoLyglygine I,
'toééthorfwith some Polyglycine II. The propdétionu'
of Polyglycine II cbtained in this reaction, again
depended on the volime of the 11quid phase. Tarry
"producta were produced in-addition to polynor, and
the tubes sh@wed much Sressure on oponing, -carhbon

dioxide gas wasg: diasolve&.uhﬂcr preeaure in the

| uolution. The tarry products were soluble in etnanol.‘,f



'.uiac.f'

1w

"fhe’ solution from the resction was sllowed to standd.
’ber ﬁic weekh,-and e solid“whichﬁﬁaa daposited wés
»ina gxamiﬁed'bj‘X_ray dirfracticn. ThaAeolid
contaihéd glycine and diketopiperazine . This.agnin.
agreed with the results obtained from the other .
polymerigation methoda. kolymeriaaticna aia not -
occur in anhyﬂrous phanol, or in the water rich’
phase of the phenol water ayntem. This nay have bcen
because the reaction rate was much slower in these
nedia, ﬁt,é@uilibrium at :oém.temgérature,‘tha
activity of water ia_the sore in both phases of the
shenol water aystém.«ﬁ$ 140°C, the aqi?miapproachea
more idesl beheviewr, the eritical eolution |
(tempergture is at 67°C,. The activity of water is
mueh lower'in tha phanoi rich @kase atw140°ﬁ;, than
in the water rich Qhﬂdé. Thus tiie reaction may not
tahe plaece in the water rica pLaee.

_ The Pformation of “olyquciﬁe by tho yolymerieatian
of glyc;na.in the varicus.media, may safely he aasumed
to éonfdrm to one pattern of reactions, Ehn.réte of
reaction appears to depend on the activity of wétar 
in the mediﬁm at the reaction temperatuée,-and ﬁpon
the other conatituents of the reaction nedium, The
large differences in rcaction rates observed with

different medla cuggests that the media actg as &

catdlysts, This is most certainly true in the case
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of.polyneriﬂatibn of glycine 1ﬁihyﬂroehloric-aeid.
‘A.sogondfractor should also be considered, namely
the‘aolvontAactipn:or‘thn~nddiuﬁ uugd.'Thq'reéctian ’
occurs much faster 1n»hydrbchlor1c-acid, the ov#rall
yilelds of polymer are highér and the proportion of
Polyglyeine I is gr@ater, ‘than in the cass of other
media, Acids and aalt aoluxiona are knawn to be good -
solvents fgg thp Pblyglycings at ordinary temperatures,
mkxkexnk, Thé other m@dia stﬁdiod. are not solvents
for the Pblyglycinoé‘at ordinary tempénatﬁrés at least,
tlthcuthfthcyfia& act as solvents at elavated
timpératureq. The formation of Polyglycine I from
Polyglycine II has'bqen :hmvn'tc'rgqnirc tho‘prosenea 
- of an iqneaua‘phana. Thas 1t‘16iprdbdble that this
.'§onv§:ai¢n.ii speeded up in the presence of a detter
solvent than water. Water has been shawﬁ,by Megay®®
to act as a solvent at 140°C, Itlthia’rcacfion rate
is igcroaaéd’then £rom Le Chatoliers Principle, the
rate of formation of Polyglycine II may also incresse.
The increase of the cencentrutian of acid above the
aptimnm proportionn was shown by Neggy to lead to
lower yields or polymer. He nnoved that excess acid
brought all the glycine into solution at 140°C..
Glycine nunt be~pros&nt ao a solid phaso ror
" Polyglycine to be formed, because /G ;q only

Aalightlyuneggtive-:or“this reactidn, ané it becomes
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positive for solutions of glycine. Thus the aamm -

t_aor acid boyona & certain 1imit leads to & dacraaao

in the rate of rarmation.ef Pblyglyeins 11, The
,aetivity of water 1n thn system then controls the -
rate f formntion of Polyglyeine II.x!iuxmuttilxx:~._
troa.zlycino. Ths—pwnuenco of water in the systun |
-ssomt to be essential for polyneriaatiqn to ocowr,
R ~since no polymer was cbtalnea from solutions of |
" mixtures of glycine and anhydrous phenol. The heating

_o& élyéinc alone(refernce.- Exy. 8ec.'5.) also

 showed that en aqnaous-phnne was necessary for
polyncrisntion to occur Glycerol ia capable ot
raplacing water in the reaction, aince it is
hyﬂroxylie and a good eolvent for the reaction.
Ph@nol.althnugh;hydroxyl;e 18 not sueh a\goog
solvent as water or glycerol, for either the
Polyglycines ovlglyoina.‘Tha obgservation that
‘diketopiperazine appears as an intorme&iate in the
reaction further/canhlicates the 1nterpretation of |
the mechaniasm for the re&ctionw
The polymerisltian of glycins by heating alone

also gave Pblyglycine 1 enly. The reaction was alay,
B 165k§ at 17086.. Thiq bcactiop is very tempormﬁnzhl'
" and seemed to depend on the glycine being slightly
damp with weter. Sincé'i&térVié'ro?m@d;auring the



Ulsc.
;T

course of the polymerisation,,ﬁhe reaction ia'

" probabyy &uboaatalytic. The bolyner froﬁ‘this rodcfion -

showed & considerable "learing ertect"A again it had

‘been allowed to grow ulowly. L o
The polymcriuation of glycin@ in phesphoric acid

st atmospheric prsaaure has been lhown;to’produca

both Pblyglycine Ianda II according to the 1ength ,‘

of time for which the reaction was allowed to

proceed, The novolty of this mnethod was in the

range of polymers of’dirferent degrees of .

polymerisation, ﬁhich.can.be-dbtained. Inibarticular‘

forms of both Polyglycine I and Polyglicine II of

low molecular weight were obtained, thessbamples weve

'  ot'veny good cryttallinpkqnality.'Ths polymerisation

could also be carried out in sehked tubes as well,

the products waia égaiﬂ-ofiq wide range or'dpgreet¢

of polymerisation, In éa:tiﬁtlar it showed that it

.-might be posiible to obtatn.polymefp of higher

molecular wsightizthtn ths folyglyéinds obtained here.

The reaction mechanism appeared to be very similar

to that propoased for the other polyueriaation

methoda. The product was also shown to contain the

.partially convertad.aiketopiperazinc which‘hnd‘beenv

cbserved in the products from some of the other

polymerisations, This polymerisaticn reaction can
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e controlled., ao that Polyglycine I1 only 13
nbtained. Thn.u mthod &130 vields the best yield
" of low molecular weight ?olyglycine«s. It is the
only"polmiisgtmn whieh"m produced a 1ow”
molecular weight form of Polyglycine I, It has
2180 produced another new low moleculapr welght
polyner showing low Bragp_t angle spacings, and thus
- a large unit cell, 'rhe only other xuthod which m
been recorded for the prepavration of Polyglyci.ma
'by polymriaation at. atmoapheric pmaaure. This 18
the method of keggyag, using glycine and hydrochloric
acid, which he states to be of low and varia‘blo
viela, 'I'hta new mthod is much supax-ior as regurds
the yleld obtained,

The ,d.:lmét polymerisation of giycixm seém& to
foliow the seme general mochanism in all the cases
exaxmined, The presence of the diketopiperazina |
shawing sope X-ray 1ines of m&wed mtonsitr. in -
some of the products, showa that it is an 1nt.amed1ate |
in the 'format.ton of Polyglycine II, It also suggests
that the Polyglycine II is not formed in solution,
but is formed by direct polymerisation of the |
4dikotop1perazine in the soliid state, If this is so
‘the reaction may be catalysea by acid catalyats, since
such a catalyet would ’be expeotaa to causa ring
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opening of the »ﬁ.iketbpipomzine. It bas been shown
that increasing the volums of the liquid phase
has steppé& tﬁo' reacﬂdn at the diketopiperazine
stage, no further }pclymerisation ‘b"aing possible,
The investigation of this reaction is far from
compicto, and it is not possible to reach any firm

conclusions at this stage.

It was found that ali the polymerisations of
glycine in glycerol( reference.- Exp. 5ece 3.7,
o produced & brown fluorescent material in addition
to the polymer. This mmai was soluble in the
‘glyeerol, and in the waker used to sxtract ‘me o
materisl from the Cariua tﬁhe.; Tﬁia brewn colour
could be partially extmc‘bed. ri*ém tha sélut‘ion,' by
the addition of ecetons. ‘The acetone extract was
evaporated down leaw;rin"t & thick dark browm oil. |
The ramiining brown eolem"‘ in the aquasous éolutiop,
| could then be removed by the eddision of ether. The
extraction of itm sdl-ution initially with éther.
had not been effective. Thus the acetone must have
‘reacted with soms compound in the »aoluiion.. 'ae‘-we.ll

as acting as an'oxtracting redium, Acetone will
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react with éompounde cont#ining #ctiv& wetlhiylene
-groﬁﬁs, br am1n§ groups. The evéporation of the
othercal extract left a brown green fluorescent 011,
It was not possible to induoce either of taese olls .
%o crystallise. Uiis olbséevation agrecd mtn the.

. 6uggestion of maillard, that the brovm nateridl
eonsistpd of two compoimds. These ciis can be easily
separatod and would provide en interesting topio.ror“

ressarch,

CLYCOL,.

During the preyaration of diuetopiperazins
" by neating glycine in glycol( refepence.- Exp. Sec. 5.), |
the glycol gredually Lecame & dark rcd?brcva coiour.~ |
. This colour could be extracted by the sddition of

Z to four tiumes the volume of¢acetons. In contrast
to the material discussad,ahove, tnis naterial _
scparated on ghe walls of the vesoel auv&_dark bhrown
oryétallige.preéipitate. A 1ittle colour utilll ,
' rexained in the glycol layer. Tﬁe X—ray~difff&ct1§n
| photogreph showed that this material was netther
glyciﬂe not diketo ,i)erazine, nor was it = mixtura

of these comgounds. The line pattenn couid not he ‘
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'reluted to any of the ﬁcptidos or geytide oatcr‘»f e
uatterns which-have becn obtainsc. ihis material 13
easily acparateu and may nelp to elacidate the _
"mechhanism of the dimerisation reaction. It may also
‘hclp to exgluin ths low yields of dihotcgiperazine :
obtained in this reaetion. 1t wou;d be far less |
troﬁbleaomc to-deal-with.than th& oila obtained4
above, and would,be even more rewarding aa - topic

for invaetigation.

It has bcen.shown.that this transition of

rolaglycine II into Pblyglycin@ I occtrs in the
golymerisation reaction& involving the diroct
polymorisation off alycine. The tranaition occurrad
at 140°C. 1n a varlety of solvents. .

It was olainad by heg y-andkuiko-skig;, that 2 |
| ‘aolution of Polyglyclno I in saturated aqnaous'
.‘ calcium chlobide solntion, when prccipitated by .
water at temperatures above s0%,, gave & product
containing aone Pblyglycino I, Below 60° C. Palyglycine
If only ‘was precipiiated from the polymer aolutian.'
They did however state that folyglycinnixl dissolved
in calelun chloride at 100°C, and precipitated at 100°C,
ggvé'Pblyglycine xI'on1y. no ;raﬁsitidn had océurrad.
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This work has been axtbnﬁively checked, and no
 trace of such a transition has been found. The
precipitation has been studied at tempsratures
between 60°C. and 120%.. At all thgséftamperhfurcs-

Polyglycine II only was obtained, The concentration

of the Polyglycine solution, the oxtent of dilution
vith:wgteé, and the pﬁ o: ths‘bolyQEr Bolution weraf*"
varied, still mo transition was observed. The olain
-thht:thnro 1s‘g transttion temperature at ao°c. is
therefors arroneo#nu |

| ?@ﬁcipitatiqnlof‘the»Pblyglyciné'l aoluxioﬁ,in
saturated squeous celcium chloride solution, was
carried out using & number of other precipitantl.' |
vﬁothyl and ethyl alcoholarnnd glycerol prodnce&
products which contained some Polyglycine I 25 well
as Polyglycino 11 . . Variation‘of the precipiation
conditions had little affcct ‘on the proportions or
the two polymers obtained, Precipitaticn by othyl “
alcohel,proauced 'Y gun like mass, whioh'was o
extremely aifficult to separatc. The uaa of
dimathylformamido end 0. Ba-ammania as 1recipitanta
gave Polyglycine Il only 88 products, ,

Aqueous 707 zinc.ghloridolsoiution was 8ls60

nsed'as d';bivcnt_for rolyglycine I, Precipitation

' of this solution by water under various éénditions,
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and et temperatures between 20°C. and 100%C. produced
only Polyglycine II.‘Précipitation of this pblyﬁer -
sclution by othyl ‘alcohol produced a produnt whlch
ancwea 111-dofined, diffuse, X»rny'lines charncterintic'
of Polyglycine I'only. The diffuse character of the
peaks on the diffractometer trace cﬁggcateﬁ,thﬁt the
naterial was not véry'wdll crystallinb.'Thevpéor |
crjﬁtﬁlltno qnality*of‘tha‘prodnct suggoatca thht
~£ho precipitation had cccurred rapidly, and that the
rate or;nupleation had greatly exceeded tho'patc ot
erystal growth, The precipitant ;aa added rapidly,
but the time taken for a prccipitnto to appear was
usually gbout 5 to 10 minutes, An exces: of ethyl
- aleohol, 6O nl.. per 5 ml. of polymer solution, |
was roqnircd for ths prectpit;tion of Polyglycine I.
It was»noticed thnt the uixture becane vory hot, 1.e.
& high heat of mixing, just after mixing the aolutions.

" It is not possible to say what form the Fblyglyclnc
is present as in the polymer soluxian. Bothu the
Polyglycine I and II are only defined as crystalline
. solids. Folyglycine II is the form in which the |
Polyglycine usually crystallinas out, firat of all,
froa the solution, It has been shown that this is thé
aotastdble rorn, bux the‘rate of conversion to the ,
'atdb;e Polyglycine 1 form, ii;oxtremély slow at'roéu-'

‘temperature. Thus tvere are several posaible
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explsnations for the precipitation of Polyglycine
1 airecf.ly from the :olﬁmm; The high thermal
cnergy released as ths heat of mixing may cause .
aurtleiently 1ntenao 1ocnl heating in the solutiun :
to either sccelerate tho‘cqnvopticp.ot-ipittally
precipitated Pblyglycinn 1I, or even result in
the direct brobipitation of the ttablc.Pblyglyeing I,
Alternatively the specific effect of the zinc ions
and ths etﬁaﬁql.hnvé to be considered. The ginc lons
(2nf+) ney catalyse the tfansformntion~or Fbiyglycihe
~ IT to Polyglycine Ir Or ugain it nay cause the direct
preeipitation of Pblyglycino I. ainc chloride solution
‘ 10 distinctly aeidic. and also zinc lons ehow an
enhanced,gbility to-coordinata with nﬁtregﬂn s Colle
 :1nc chlaride-and;pyridinm aalta, bimilar argunents
can be msde out for. catalysis»by eththolt. It '
cannot be argued that the Polyglycine I structure
yvas gartially rotuinna in tolution, since & solutian‘
0t Polyglyeine II on procipitation by alcohol, alao
fgave Pblyglyeine Ias the preduct. ‘All the other |
‘precipitating agqntshawe produced products of
‘ Polyglyeine IT enly from solutions of Polyglyeine II,'
except mothanol, which- prodnced a mixture of both
:rorms or thc xolyglycine. It is not pozaible at this

ttage to deternino the rorn in which the bolyglycinn
is presant in solution, or to atate the axantx
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mechanism for the precipitation reaction, The sffect
canaot be merely due to the ethyi‘alcohol'pfecipitant.
since with calcium caloride solﬁtionsvof thh,pqiﬁmor;
only mixtures of Polyglycine I égdeI were obtained.

| Cupramsonium hydroﬁide-sélufioﬁ‘was adio found
to'be'é'sblvent for the Polyglyeines; It waa found
that some of the Polyglycino could de precipitltea
from the uolution by ethyl alcohol 28 a cuprammonium
conplex. The products obtained from solutions of
Polyglycine I and Polyglycinc II, diftercd only in :
the intcnsity or one line in their X-ray photographs.'
Theae products Lave been ahnnn ta be truo complex
compounds. They arﬁbr intersat uin@e thla 10 ons cr
the Tew pcco:ded.caseu of coupouna.fbrlation by the
APolyglycinss.ATho coiblexes were'dcchpoée&‘hy the |
action of dilute sulphuric acid, Thb‘prodﬁctb showed,.
that in the caae‘of.roiyglycine.l, cénaiderdblé
change had occurred to Polyglycine II, the Polyglycine
II complex gave Polyglycine I only, This showed

that the Polyglycine Xf I sfructurc hag At»ledst
basn partially retainoa‘in'tha'cuprammbnium\aolumlqn.

Heating the Polyglycines in the open 8lr oven |

resulted in no interconversion. There was howevav)'
a 35 loas in weight in bath cases. This was at Tirst
thought to be due to the noiatura ‘regain of the
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‘Oait‘mer. i:'ﬁ ropeating the expermenta, but tihis tige
mwbing in & sealed tuha, siniler loeses in wei,ﬂ,ht
were n,otad. The polymer Gid not appear to be at all |
damp, nor was there any trace of molsture on the walle
of th: tube, The tubes in both cases showed sone |
prea:;ui'é on opening, The Z-ray photograyhs of the |
Vprc‘)dm:ta' showed that no interconversion had occurred,
‘and the sharpness of this lines showed that there

had becn no appmciable change in crystgliine-

quality, both Polyzlycines had however bacome & pole |
BUFT colour. It was assumed that some of ihg lower
pc‘ptide.a which have beeri shown to be present had
aecomposeu.

| ﬁolygl,;cine 1 neated in a sealed tuﬁbe with watar,
showed no change in crystal structure even on
prolénged heating, although the Yolyglycine II lines
{qhich were always preéent' in the material, 4i&
decrease mﬁ.bhtly, in intensity, on prolonged hesating,
it was not pomi‘ble 20 eliminate these lines
ccmplet.ely, by heating with water. Yolyilycine II

was converted into Polyglycine I, at least partially,

" at 81l temperatures betwsen 72°C. and 150%C., on
beatm{; with water in a sealer, tuhe. The rate of
conversion at ‘?2°C. wos, very slow, mieing the

. temper atugg to 120 °C.; produced a con.smerable
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increase in the rate of conversion, RAiaing“thg‘
teﬁperature a further‘sc°c. produced a sixfold
&ecrease in the time required to produce the same -
 yie3d of Polyglycins I. Thus u the Polyglycine II
which was presént in tﬁe»Eblyglyciné I were “normal”
Polyglycine II, it would be expected that it would
~ be gonvertad’comploté;y<to Polyglycine Ion
proiaﬁged heating., This suggests that the Polyglycine
 II, in the Polyglycine i, is the ion mo1ecu1ar' |
weight naterial vhichkcan.bé separated from it
by solution in hot wzter. This lov molccular welight
naterial nay be gtabdble in the Pblyglycine 1T
structnrc, and not aﬁ.‘ecta& by heating,

Tha comparitively largo tenperature renge over
which the canvers:lon of Polyglycine II inte
Polyglycina I occura, ausgests that there 1s no true
| transitiqn temparature for this conversion. The
Polyg],ycine II is & metsstable form, This is
' supported by the ractAthdt ths conversion can only

ve carried but-in-one direction, rrom5Polygiycinq~II
‘ to Polyglycine I, The only method availublezfor the
conversion of Polyglycine I indo Polyglycine II 18
by the precipitation of & aolutionvor the polymor.
_Tho fact th&t Polyglycine—ll is present as an
intermediste in the formation of Pblyglycinp,l.slsc'i't
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aupp,ovrta the ides that it is the- m&tastable form,
Thé 88lubility of Polyglycino ‘II in all the soliren;ba
1nv¢atigat,ea ias ﬂwﬁ._yis much greater than that for
Polyglyoine‘ I, This agam would be the case irf '
Polyglycine II weré metmta'blq.ﬂ This is shqnm in the
case of ayqlutions of the polyser in calcium chloride
solution. The solubility of Polyglycine II is
about twice that of Pol:}glycinex I, |

 The mgueous solutions obtained from heating the
polymers :1n water were also eéxamined. It was found |
that in'_ the caso of Pol;’rglycing';,_ sonme of the
polymer had been decomposed to diketopiperazins. -

In the case or_ Polyglyciﬁe I, the agueous solution,
nont.&ined only glycine. Thus it 48 poesihle that tho
two Polyglycines are decomposed Sy difrorm._t
mechanisms, -

- The Polygi:‘r’cines were also heatfe,d .in a ‘utur.ated,
20%, and 10% mlnti‘oix. of caléﬁu_n chlonida{._in waté‘r.
The nc.tmted,: solution con;plotely hydrolysed the
pbl:ymers even at 7290. ’I'he r&sultixié solution was
unfortunately not examined, Hsating the polymers in
 the 20% solution resulted in some ‘hydrolysis. |
Polyglycine I remained unchanged, but uoxée paly‘m;r 3
was lost. Polyglycine II was Apantian;} »converted- into
Polyglycine I. It was kuown that at 100°C. the |
Polyglycine II wae only just soluble in 205 calcium



Disc.
3T

éhldride. aolutvi.cm. Thus fhu ‘rate or iﬁtar;ﬁﬁvcrﬁion o
would bc expcc'tod to‘bﬁ slow if ,11‘. oocutsred: in the -
“solution, Heating Polyglycme I m the 10% solution
rnultad in no ehange a:r strmtm'o. Heating '
_Polyglycine II in 10% calcium chloride, in which it
would de aolubie oven at 140°C,, also produced no
" change of structurc, or no conversion to Polyg,lycine '
I. This seemed to con.firm that at laast in this cage,
the conversion of Polyglycine II into Polyglycine I
takes placo. in solution, | .

When the Polyglycines webe heated in glycerol,

~ the re_;ulta were similar to those for heating in irater.

The loss of polymer was much less in this ease. The
_product ohtained from Po1§yg1ycine II showed lines for
glycine in its X-ray photograph. thus contimmz

that it is hydrolyued to glycine.

Heating in axmydroul formic ac:ld comrertad

Polyglyc;me Il, partially, into Polyglycinc I. |
4P01ya lyc:me I ns inchanged 'by heating in this redivm,
it wae found that the Folyglycine II was very readily
attvacked by the formic acid, whmé?s the Polyglycine 1
was not so raaduy ettacked, This again would be in
agreenent with Polgglycins II being the metastebis,
and therefore more resctive form of Polyglycine,



Fblyglycine I,- :

. The eﬁparimental work has shown that it is
exiremnly airficult:to obtain pure,'wnll“érwstalliséd
'»samplea of Polyglycine I. The best sample of pure |
:Polyglycine I, was dbtained by the polyneriaatlon

of diketopiperazine.in'watar( rafor&gge.--Ezp. Sece 7)e ;:

' This material was obtained as ill defined micro
crystals, showing'no‘diatinct crystal,sﬁaposlar;
crystal cleavages. This matefial-dig however show a
' very eharp and distinct X ray difrractomoter trace.
The beat defined cryetals of Folyglycine I‘were
obtained from the po;ymerisation of glyeine in
~pk;anol_(referema,- EXps Uec. 4.)e The materisl
showed only factangular cleavage, and no distinct
crystal shapes, under the electron microscopef
reference.- Exp.. vece 14.). The X-ray diffrectomoter
trace for this naterial was not so weli defined as
Tor the above sample. mha:remaiminé,ﬁieparationm

of Polyglycine I were shown to be 1mpure; in that
they contained sonme Polyglyéine 11, Some of this
Polyglycine II impurity could be extracted by hot
water. This material was shown to de a low moleculah
wefight peptide showing thie Polyglyeine I1 structure.
It was found that(iﬁ iaa possible to precipitate
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& low molecular yelsht form of L>01‘§rglyc1né I alao.
Yhis ;xatérial way obtained from the polymerisation |
of glyéim iq' phosyhoric acid in the bﬁen asir.
(reference.—ixp, $6C. 8.)e ' |
| | Phe folyglycine I,cbtamed from t}m polyméfis&tion_
of dikstopiperazine in water, haa' ‘beén cxamin&&‘ in -
detail, The diffractometer hes shown that the’ |
‘aiffraction 'peaka, are in fact more complicated

than has bean observed hithertoo by the use of
)omler camera.s. This .'m due to thc. graater peak”
resolv:hg power o‘ the dirrractometer. “he most
ai:;nil‘icant result fram this mveetigntion. wua
.tne dmtinct dif:r‘erenoe in the position of one or

the -strong peaka, '?hen conpared with the mzmlta
obt.aincd trom the photographas. The peak appemd
consistently at 13° 8' (a.a%.)(v.a.), the value

given by ast‘bur;/et a118%? ana by banford et alial?
ofd Lieyer and. Gogz, was 12° 55! (:3.45 As). Bome of

the other pem{a which ha.d hithertos been thought to
be rinite, .31d in fact pcuseas a tinc atructure.

| peveral atmcturea have becn pro_posed for

olyglycine I, but none have ’been derinitely
confirmea, Tho firat structtre was propossd by
Ast'buryﬁat alia ae Telng orthorhombic. Tnis structm

was later moaified,.,amurye. to a nxonoclinxc cell,
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The X-ray results which hve been chtginéi}l here
cest conaiderabls doubt on this utmtum. The -
unit cell is certainly not orthorhombie, thia can-
be rea&i‘ly shown, Neither do-ea it correspond to
a monoclinic cell, based on_a‘. nodir_ied Astbury '. |
cell, Reflections of the type hOl, could be made -
to correspond rgnsonably .’vell to the médified ’
- monoclinic cell, but the hggp;ament broke dowa
completely for reflections of the type hkl, This
suggested that the unit cell was triclinic,

Pmmg' and Corey®’ suggested an anti parallel
plutod shest structure, with an ab-plane enaazmuuy
as propoaca by Aatbury. The ﬂbm 1dsnt1ty period
wae propmad as 6.9&. to V.GL.. Attempts were male
to £it either o:z‘ theto limiting values for the
i ﬁbm 1dentity peried into the x-m aio.gmm as a
020 reflection, resulted in valuss of ¢ 020 which
were much tocﬁow. A 'bettar figurc for the fibre
: 1dent1ty period was 6.79A.. This val.ue is very low,
_ the normal value for smpll peptides is about 7.88A..
This then makes § o20™ 18° 8'(v.s.), aseuning a |
monoclinic cell. This 414 not give valuss tor 9, ‘
for reflectiens involving k, which could be mad.e to
agree ‘with the obsarved values,

It is concluded from this work that the structure
" has not ‘been aolved. This work ca.nnot be rurther
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extended by Foder photogrephy, since the X-rey
pattern is too complicated for solution. It is
ouégcat,éd that an attempt be made to obtain eingle
crystals of Polyglycine I, This Aéould possibly be
‘done by recrystallisation of the hot water soluble
Polyglycim* I obteined from the pblyme‘riantion of
glycine in phosphorie ucid.. This new low molecular
weight Polyglycine I ahould be mvaatigated in it.s
own right in any case,

po1ygnyeinc II,- | |

~ This muteria‘l"uraa obtained in much better
defined crystalline form than Polyglycine II,
The nmicrocrystals 'yere obtamed by the reputad'
réprecipitation: of the peptide, from solutiona in
- satureted agqueous caleium chlorids, by-n.ter.r The
yroduct conais*bed of thin hexsgonal 1eaf‘leta, under
the e}gtron microacope. The several stages by which
these platslets wpre obtained, whersby the crystals
" c¢changed their Vahape‘ quite radically, have also been
. observed mader the e}?}tron. microécope. The normal
précipitatcd Polyglycine II is present in the
Ypurf- ballY rom. Thess"puff-balls” have besn shown ,
10 diaintegrato completely on conversion to
| Polyglycline I, no lazfge particl‘ea of Polyglycine I
were found, It has becn found that in all cases the
. Polyglycine I hes always been obtained as emall
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. irregular particles. This indicates that the change
of crystalline form involves a large chgnga of the
shape and or the dimenaiona of the wnit cell of |
the Polyglyeine II. A eubstantial proportion of th&
‘lav molucular weight, water soluble Pblyglycins i1

"1l&l obtaimﬁa rro- ths polynnriaation or glycino in

phoaphnrme acid.in the open. This matcrial could bo
rocrystallinea from hot watera The nicrocrystals .
obtained, were shown to bb very thin, when compared
with the above material, hexagonal leaflets, showing
very dietinct‘hexggon&l growth steps,and dislecations.
The X-ray pattern of this material conrimed that it
was Pblyglycine 11, Thiu,new maﬁorial was undoubtedly

the materisl studled by Meggy and Sikorski®l,
' The electran aiffraction photogeaphs which have
been obta;ntd ustng.thia aatirial, have been of
little use in elucidsting the structure of the |
Pd;yglycine.II. The thin'h@;agonSuaha the thick&r o
hexagons would not give slectron aiffraction
- patterns, The orientation of the hazagons'waa 1n the
plene of ths~gr1d, &t right angles to the elcctran
beam, The porticns of the polymer which could be
~ induced to give spot diffraction patterns were not

. recognissble as porti@ns of the crystals. The fact
 that the Polyglycine II, whether of low or high .
molecular teighf,ia,presont as hnxagonal.piatea'
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‘_supportn the hcxagomnl structnre proposed‘by
Crick and Rien®®, The fact that no electron f
. dirrractiqn,photag(pbn could.bofobtninod‘with:
vtho ;ryétals 1ﬁ the given orientation, does not
'hawsver'ﬂapport this structure. | N
| The Xpray dirfraotometer trann of the naterial
obtainad.trom tho~rsprac1pitationa from calcium :
chlorids solution, has been examined in detail. The ;'.‘
shott Sv;nghsa per houn thrt traces showed good -
‘iﬁreohant«with the Cfickyima R;ch propbacd-atrﬁcpure;
The 30 inches per hour traces showed that thevpcakn_A
ihichhad"prpviéusly’beeﬁ eonsiénro¢ as single peaks,
| were inifact multiple péaks in n;hy’cnaea,'e,g.'az
| 9'¢ ~11° ana 8149 Ths'multipie peeks were not due
to atatistieal error, or variation of the anay tube
| output, sinco«thoy wore dbtnined,eonnistontly-an o
.. several traces, It haa‘bcen aho:n.that although the -
Crick and Rich structure can account for some of the
bllnea observed, it leavos.many lines unaccountod for,:
Tha dinensions ef the hexagonal cell have been :
- alightly chenged without producing any bettor
agrocmantywith.tha observed lines. The erystals do
at'least'show a hexagonal cross section in.the plane
containing two 6f ths'axea of the wnit cell, Crick
and Rich stated that ﬁhc mroponed structure was only
 the oimplest nenber of & whole family of related .
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structures, Thus it 18 possible that Polyglycins II
is not homogcnaoﬁs, but is a mixture of ‘two- or mors
closely 'relatca ci-ystéliine solid phases, The '
examination of gomaible uwmit cell uizes has ghown |
that i thid wero 5o, the possibdle structures could
.nat be hexagonal m.though they must 'be closely '
rslated since the mnterial can be crystallisad without
chmgo of the X-ray p}ttom. A criticnl comparison
with the observed Qitrraction trace for the
pontaglyéylglycim(t}ﬁ) lhowcd distinct similarities
of basic strmture. The material considered here
cmnot contain any pentaglycylglycine since this
vould be sehmle 1n diluted ealcim chloride aolution.
It hnu been auggeated by Crick in a private
= commmmieation, that the structure night aevinﬁo'
from that propesed ir tho polymor chains ran ‘bath up
and dom, in either a random ‘or reguhr arrangmnt
thronghout the structum. 'mo regular armngemnt
of the chain& rmming up and down the structure or
the mit cell would be expeeted to produce some
extra spacings, | |
The renaining explanation is that the structure .

is a distérted lwxagonal arrangemont, and it belonga
to the triclinie ayatem. Attempts hmre been mde,

without aucceas, to veary the angles between the a,'b,

. and ¢ axes of the wystala, no. better agreement was
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~ obtained with the obaerved 11nes. 'l'hia method had
enl,y a alight chance of euccesm | ,

| The conclusions to be drawn from this work are
that the Crick and Rih structure camnot belc-’onfirmed. _

‘The only method for solving the structure,is to |
'prépamv single owstnlzs specimens, _-This could be d-one'
using t.he low molecular weight, hot jmtex' ‘aolﬁble
matertal. The preparation of single crystals of

& euitable size for analysis showld not be very

difficult, If this approach fails it should be

even easier to prepare single crystals of the

pentaglycylgilyeine and determine the structure of

" this materisl. It may then be pnsaﬂél,e to Mtéryolata

the structtre of Polyglycﬂmé II. The ’péntuglycyl- |

glyecine stmwtm may in fact be a .nmiting .

| 'atrvxéturé, _above vhicix all the the higher' polymers

take up the polyglycine II form. In other words the

- unit cell ét the ‘_'-atrw,ture is ’datémme,ci' jby ‘the
-sizp of the glycine mmué ahﬁ n.ot' by *t.ha 'aizé, 'oi‘.‘
the molecule as a whole. k | .

THE X-RAY IHVE&TIOMION OF THE LOW HOLECULAR |
WEIGHT PEP’I'IDES OP GLYCI}TE.

. A search of the lltemtm revesled that little
- work had been dome on the structures of the low

molecular weight peptides of glycine, obher than



Disc. |
-35-

glycylglyeine and diketopipemzine. An exam.tnation
of the x-ray phictographs showed thnt certain
asffraction lmcamnjere comuncn to Rore thnn_-ono |
peptids pattern. Attempts were mads to determine the

structures of some of the lower peptides by msking
| use of the Ito method. The X-ray pgtter‘ns_ wore |
very complicated, and the lines showed extensive
oierlapping of ~_ozie another, The structures were
not capable of .aoluﬁion from the X-ray powder
'photogz’-z";phg. .ehovihg that the crystals were of
low eyinmetry+ The Xeray poydcr daiffractometer
produced traces showing better resolution of the
overlspping peak‘sv.f The charts showed much' more
detail than the photographs and could be more
readily compared, The Fulleat possihle set of
X-ray data for each polymar .spécimen has deen
included to aserve as comparison cho.rte for future
workers, Considerable difficulty wan experienceﬁ.
in obtaining pure sanplee or BsBome or the peptidoa.
.8, glyeylglycins mathyl ‘ester hydmchlorme. No
recorded data could be found on the pmpa.mtion of
this particular peptido ccter hydrochlerlde.

Diglycylglycine was mymﬂ according to 'the
nethod of Abdez'hnmenl. The product was shown by

Bemnf to be a hydrato of diglycylglycine, he alao
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ohowed that the unit cell for the material was
ofthorhombic, and gavé'thé unit cell dimensions., |
The materialzwhich vas'bbtainad,fcr this work wag
certainly not hydrated. The X-ray diffractometer
" trace showed that the unit cell was not orthorhoﬁbic;.'
A determination_p; the dcgree of polymerisation
of the maierial gave a valus of 3, A chromatogran
showed that the material was homogengous, The
diffraction pattern showed a distinct syatenatic
abaaence-for-oddvrorlectiona of the type hO0.
There is iittle doubt that ﬁhis'natorial is
diglycylglycine, The crystal structure of this
maferial is quite different from that of the
naterial 1niea§igatcd.by'norna1. It was found to bhe
too difficult to detérminé the'unit éell for this
néw atructure‘iThia new form of diglycylglycine
does;roquire turthen investigation, ahd a eritical
comparison with the Barnal naterial should be
.~ carried out, The methyl qnd~ethyl eefer hydrochlorides
of diglycylglycine have also hceﬁ studied®, The
powder diffraction traces were again too complicated,
and the cryatals of tookm low a symmetry, for the
solution to e carried out by the Ito uethod.
Attempta~to obtain single crystala of these conpounds'

from solutions in aqusous ethnnol, ‘produced good
crystals, but analysis showed that they had been
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7 extensively hydrolyud in aolution. 1emmg only
}about 33% of the ester hydro&hlorme. The neltmg
~ points of thsss materials were unchanged on
recrystallisation. Thus 1t is assumed that the
sster hydrechloz"id.e and tne-hydrolyain products
are capablo of forming mix‘od' cwktalsf sind 80 no o
'change in molting point would occur, Axyruture
work on the preparation of singlo crystals of thoae |
i compounds should take this effect into account. The
ester hyﬁrochlqrmea are by tarl- the bLest defined
‘crystalline compounds of the iowler'peiptmea. ‘and
aincc they can forn mixod crystala with tne producta
of hydrolyeis, thoy must be of closely. mlated ‘
‘ crystal structure, The powder au'rraeteuter traces
t@r tm ethyl and methyl esters of diglycylslycine
showed low Bragg sngle epacings, O = 3°(approx.),
' giving }_ipacixiga of 14 to 16 A,. These ‘spacings are '
| repeated at higher orders. A reflection elso occurs
in bo’t.h' 'yattem iuj, ..2.\09&,1 a r-_-cfl,..acii‘on -at 2,084,
~-was recorded i‘or; Pdl'yglyéiz_w I1I. This reflection '
did not appesr in the trace foir diglyoylglyeiné.
The powder aiffraction t.mce for triglycylglycino'
| ehowea ne low mgls peaks, the firat peak appemd

at 9° 12'(4.824.). The trace showed four prominent
pesks, The peak at 13" 21', also 6cc’unred in the

truce for a low moloculur weight. product obtained
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from the polymerisation of glycine in phosphoric
acid by water washing the product, The remaindsr of
the peaks on.thc two traces were entiraly‘difrerent.
Ihe triglycylglycine trace ahowed only firat and
aecond order penks, and no peak occurred at 2.03A..
The trace differad.entirely from that of the higher
ptides. , , -

Peutaglycy&t&ycine gave a powder diffraction
'.trace which showeﬂ.atrong aimilaritiea to that for
‘Polyglycine 1I, strong pesks occurred coincident
with the strong Polyglvcine 11 pcaks. Thia»mnterial
 also ahnund traces of 111 defined low angle peaks,
| The more accurate resultis shown in Exp. cec. 17.,
showed that many of the peakt of ;bw'ahgla, ware
present in higher ordersy rerlections were shown
up to the m order. I&ttemptc were made to mterpret
this pattern in. terme of an hexagonal strtctune
without success. It was possible to detsrmine two of
" the main apacings but the third spacing is not eo
well defined, The structure ot‘?entaglycylglyclnolis
certgxnly-ﬁo simpler than that of Polyglycine II,
The two structures are however closely related. The

eage with which pentaglycylglycine can be recrystalliacd
BUZEISES tnay this material could be more easily

. obtained as single crystele then the hot water

' soluble Pblyglycine II, The investigation of thit
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- material would be of interest vecause of the low
fragg angle epacings, and beceuse of the close
redationsnip with Pclyglycimefll. This close
‘structural Pelatisnship, prompts the suggestion,
that the low rolecular ﬁeighx peptides, of degrecs
of polymerisation between say 6 and 10, tend to
crystallise in the Folyglycine Il structure, this
tendency uay be enhanced when the peptides are not
homogensous, An 1mbure‘aample of pentsglyoylglycine
metiyl ester hydrochlor;de.éoa@aminntod with some
pentaglycylglycine, was also prepared. The
diffractoneter trace‘or this naterial chowed that
" the ester hydrochloride géquatrcng‘IOW'Bragg angle
_reflectiénx ut 2° 43'(16.86A.). This spacing is not
shiown by pentaglycylglycine, and is more intense than
tho low angle reflections shown by pentaglyaylglycmné.
‘The presence of low angle ep;cingé-in.the '
diffractomatef traccs'or'tha benzoylpentaglyc&ln
glycine, and the product of ﬁblymeriaaﬁion of
glycine in phooyhoric acld, have béen detected,
Those casples are the £irst observed specimens |

of the polymers of glycine'to give such low angle

' spacings. The unit cells wust either be very large
or otherwise, the structurss oxhibit e kind of

- superstructure, The low angle peaks which hgve been
obtained in this work are too strong to be neglected,
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and are repeated to very high orders, thus they |
ﬁusc be geniune refiections, The apparatus used for
this inyeatigation vas not designed for accurate use
at very low anglea. it is suggestsd that further
»1nvestigntionn should be undentakon to see if thare
are sny more very low angle spscings, and to obtain
the mors accurate resultis rbquirad‘roy‘ full
inventigetion ot‘tho obaervéd low gngle rarlectionb..
| The bengoyl pentaglycylﬁiyein@ referred to above
‘was preparsd by the diveét polyﬁarimation of the
. benzoyl glyocine ana'slyéinﬁ in & melt, The work of
Gurtius and Benreth®
wu¢ not possible. The materisl obtained showed a

, suggested that this reaction

dﬂftraetion,patternn closely resembling that fob
Polyglyoine II. The pattern aleo showed one line
which coineided with the strongest line in the
pattern for benzoyl glycins. Bimiler polymerisation
reactions carried out in naaléd tubes produced no
bvenzoyl pentaglycylglycine, It wes found that the
reaction mixture contained no s0lid glycine at the
‘reaction temperature, thus the presence of benzoyl

glyeine in the resction mixture, had incressed the
Bolubility of the glycins. toms Folyglyeine II was

obtained when the molar ratioc of glycine to'banzoyli'

glycine was 1n¢reaued, this polymar‘ﬁas'latar.found
to contain traces of Polyglycine I as well, Similar



Dise,
will-

results were obtained for the polymerisation of

glyeine and phthalyl glycine in eealed tubes, The
acidity of the bensoyl aend phthalyl derivatives

poemed $0 aid the formation of polyﬁer,'ﬁut the
increased solubility of the glycine, restricted the
polymer formed to Polyglycine II, only. The hydrolysis |
of the bengoyl and phthalyl derivatives was not as
extensive as was expected from thermodynamics,

The dyeing of the Polyglycitie I and II by
Orange II dys, Adid not affect the structure of
either polymer. No chenge was observed in the
peak positions or intensities of the dyed polymer
diffractometer traces, o lines were obaerved for
the dye diffraction pattern, Thus the dye did not
take up a regular arrangement within the crystel
structures of the polymers, Hiiﬁﬁiix&i& neither did
it aleturd ihe structures of the polynmers, lechanical
mixtupres of the Folyglycines and Orange II were
Prepared to show the lowest concentration at which
the dye lines were visible in the ﬁifrractometer trace,
The minimunm concentrétion of dye necesasary was 15%
by weight, The X-ray 1ines for the dye wers just
visible at thie concentration. Thus since the dyed
polymers contained more than 25% dye y the X?ray lines
for thiﬁ»concantrat;on, would have sppeared if the
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dyo'molecules had.besn preasent in n'regu}ur
arrangémant. The Soxvtion romaining after dyeing
&Ol?glelne Il obtaincd rrom zine chloride, and
centrifuging'oft the dyad polymar. was allowed t¢
stand., Oraﬁge hair like crystals wcre depauited from |
this solution, Thie depoait was salublo in the
'4nnpernatant solution, on dilution with water, and
wnrming, dbut wefa rerormed on cocling. The xpray
' diffraatomater trace ror this matarial, showed 1inos
- fop.PolyglycingiiI, together with many other weak
xinaa,,quq,of‘which coi:esp&ndodto br§n36 IT lines.
Only one of'tha'strong Orange XI”linoa'waa yraéonﬁ as
.a strong line, This material 19 most yrcbﬁbly s |
¢omplex comyound Of ths dyo und.low molacular weight
-~ Polyglycine II, | |

‘ “ha'Pblyolycina **'pfécipitnted from golutions

in calcium chloride eolutians. hae been shown to
contain caleium bOuna to one gulymer noiecule in
‘aine 9oiymer moiacules. The calcium is thought to

‘be present as the oalcium elt. The remaining
Polyner is greaent_aa the acid. dimilar results
wore shown for tha ;blygiycina 1z preoipitnté& from
705 aqueous zinc chloride aolution. One polymer -
'moleculo 1n evury three ér tour was tound t0 be
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present as the zinc anlt, Thus some kind of Donnan,

nenbrane orfcct 1a operative, so that the

o Polyglycinn is capable of rotaining ions from tha ‘

~ solution,

(APPENDIX 2.).

A single orystal 1n§éatigatibn of an 0ld sample

- of glyeylglyeine ethyl epter hydrochloride, revealed
that it had in fact been hydrolyacd to give
aubatantially diglyeine hydrochlorids. The ﬂtructure
of this compound has been 1nveacigated by Dusrger
sandﬁﬂyhnéo; but.thofresult-.which have been dbtained

do et leasnt oonfirm the allocetion of thpfﬁnit cell

| - and the apace group propossd by these iorkoru. The‘

mélting polnt'or'thia materisl was‘idantiaéi with
_.that of glycylgi!;atglycina othyl sster hydrochlorido.
and the material was ohromatographically'pure. Thn
-:meltlng point haa reqainod the same as the eatei
fhyﬂrochlorida melting yoint because of the rormation '
of mixed crystels, as waa obearvod in the case of
"aiglycylglycina methyl ester hyaroohloride, The

. oingle chromatogram a@ot was due to glycino only

‘This egain confirms the ease with which the ester
hydrochlorides may'bc hydrclysod, and undsrlines tho.

o trap into which one can fall whzn oxamining these

campounds.



Thia work was mdortaken Jointly vith ,
Dr. A. B. chgy m& Dr, B. L. Tonge. Ky own part

- in the investigation was reatricted to the pmﬂuetion
and intarpretation of the X»—rsy powder photagmpha

of the eomnlexed Polyglycinea. The results showed

~ that the abserbed cobalt did not tako up & regular
arr&ngement 1n ths structures of eithar Polyglycine
I or II. No tram ot my X-ray lines dua to cobalt
m o‘bsema. The x-my pattem of the Polyglycines

. was alse m&utm‘bad, ‘on complexing with the .cobalt,
These results are ceuyarabia with those obtained

by dyeing the Polyglycines with Orinzxﬁ II. '




1). Preparation of aingle'crystila'of the low

'moleéular4weigﬁtiPolygiycino:II, obtained from

the products of the polymariaation of glycine in

phosphoric acid. This should be possibie using the

: method of aeparation given in this work.

2) Preparation of single crystals of pentaglycyl—

glycine. This again should be eanily possible 1n,.

view of the aoiubinty' of the peptide. .

‘ '5) A single cryetal oxamination of the single

crystala,or hot water eolﬂblc Polyglycine 11,

and of pentaglycylglycine. '

4) An electron diffraction 1nveatigution of the

microcrystals of Polyglycine I and’ Polyglyeine II |

ahould he carrieu out, Cryatuls of both the hot

' water soluble formns and tha water insoluble rorms |

of both polyglycines ahculd.bo examined. The

| successful.production of spot‘diffraqtion patterns
‘would bé'of grgaﬁ helprin olucidating the

structures of tﬁe polyglycinés.: o .

,-5) The polymerisation of glycine in phosphoric acid
may yleld small quantities of higher polymers than

the Polyglycines used in this work. Gmall quantities

of this material have becn obtained,

~ 6) The inveaiigation of the polymerisation of

diketopiperazine in water has shown that certain g



- Kec,
Y-Q.

of the diketopiperazine xsray lines dieappeared

| before the others during the reaction. A thnnungh
1nvest1gation of tlis polymer;sation may_aged light
on tﬁ@ nechanism ot fho polymerisationrof .
diketopiperazine, and on tho structure of
Polyglycine II. . L

' 7) The polymers“which'ﬁave been obtained areAby'no
neans homogeneous as regards molecular chain length.
An attempt should be made to fractionate the |
ﬁolymerisation products. It is difficult to obtain
suitable solvents for thla proceass a‘poaaxble method
would be an adaptation of the Baker and wzlliama 82
ﬁathod_or ftactionation. tob the determfnation of
ﬁdlacular weightfdiatﬁfbutiono. The solvent non
solvent system could be a@nb@ﬁnlcglciun chlofido and
yapgr solutions. The pqumer'voﬁid'precipitate ou£
resdily onto the ghdns beads in the column.’ziﬁn§>;
it shows a proncﬁnced,tqndenéy tafstick'firmly to
glase oh ﬁrécipitatioh_fron‘aolution. The polymer

- could then be eluted from the glass beads by the
agusous calcium chloride molution solvent; This
nethod would provide only small qusntities of ,’

 peptides but theze would be sufficient for X-ray

| poudor photographa, electron microscopy, inrra-red
meaaurenenta, and chromatography. " »
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3) Chromatography of the Lowcr peptides using phonol
and water(itl) as the moving ahaae haa been attempted.
and nas besn siown to move the higher peptidcs.
pentavLJc,lgljcine and dbove. The chlorination

~_method for aeVeloping the spots doea not work for
this system. An altsrnative method ie to heat tho
paper Btronaly‘w“en the peptide spots will char.

This vill again aia the identificamion of polymer
‘fractiona." | | |

9) The fractionation proceduee deacribec above,
night possibly dctermine,whetho: or not Pblyslycine
II consists of more than one phaée;'

10} he polyméiisation of glycine in glycerol end the
| preparation of diketopiperazinc lias shown that side;
reactions occunraa 1n addition to polvmerieation.
The pide reactions leave 2 brown resiaue, this is

moatly di.etopiperazino together with some low
molecular welgnt I olylecine II, sunpended in- tha
glycerol or glycol,. ilso a brown naterisl is
lef't discolvel in the glycerol or glycol. It hss
been shorn that this material could be partially
extracted with acetone; The reuainder of the coiouh :
could then be extracted vith ethor. The X-rey
pouder Girffraction trace of the waterial extracted
liby acetone is siven, but the experinent was not

fqliowe& up, {n investication cflthis brown material
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mizht lelp in detorzining the mechanism of the
formatlon of diketobiperazine in this reaction.

It,miaht also lead to & net’ od.for 1mproving tha‘j
low yields of thza reaction.
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inold asmpie of slyeylglyciie ethyl ester

h&dfochlorida.was usec to determine its‘cfyaﬁai}
atrhcutre.'whe q&teri&i whe recrys;alliaed; the
product obtained ﬁuﬁha welting point of 162° ..
Tﬁe nelting point of;glycylglycin§'éthyi.eétcr_-
nydrochlorida is givén in ihs iitergturclasf
181% to 182°C,. llence it was Qasunéd that the
subatance Was-glycylglycine etﬁvl eéﬁer,hydrochloriﬁe.~
Lowever 1in the‘éoursevor”the X~ray investigation,

it wes found that tiie Gimensions of the unit cell
‘gava a crystaliographic ﬁeniity of 1.684 My PBL CCoy
whercas t* 1e meaaulrea density vas found to be

1,595 gu. per cc., by tus wink and flout .m,iod;

in earbon totruch&orﬁdo. togetber with a little |
-1odobenzene. The ‘substance nppeared to ba homogoncouafi.
fron a.yaper_chromatogram. &helinfrg-red spectrum
¢iffered from thét 6f_glyeine,§s did the X-ray
'diffractdmotermtracs. Tﬁc tofalvéﬁalysia and .
' Gorenson titration showed tnat~theAeubs£aﬁce'was a’
moiecular compound of glycinq and:glycine
hydrochloride, This hLud buen formed froﬁ ,
'glycylglycxﬁe eth&l estei nydrochIOride by hydroiyaie"
Qdur ng ctorase. i full structural dn&lJBiS of thls
;comgound has be: n.rcportec by Iuerner and L&hn“"éo
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Hoﬁever it weo decided to couplete the sA=-ray
enalysin of tie gga¢§ group und tiie it cell for
335 structure. | |
- sn ojtical goniometrical at_dy o varnieé oux
in oraer to QCthuiﬂC tﬁe yogitionﬁ of t@e exes of
tus crysxal, ord %o detgrui.o Of HuUCH a8 possible
cbout tbm uyn ctry of the crys tals ;hc resalt of
thio irvuwtiuution'srowed tuat thé fnfee axes
werse OrtLOVQLal, and tnat tha long Y-a :is was a
tw@fold rotation axie. The uajoritj of the crystcle
czhibited an clongeted hhbit.'faVOuplgg either the
tetragonal | or orthornoubic cystens, It aid not show
' any'or tic prism: fuces norrially asaocitnted with
{iae tetruganal @yatem. as najor foces, mhe major
-préon zone 1uces wexe those usualiy ahown.by the
ortuorhombic byatem.

1}.‘“'@'1»;: Git =.§Lu Mot

u_grelimanary aerica of oscillation yﬂctographa
waa‘taken using SEVCraL Pystuls. ane best forued
tygic&i crys;uis were  then sqlccteu for a Getailed
examilaticn. “he cryotal syétim tG which ihe eryetals
_‘belonge@ was detcrnincd by oscillation photograpﬁa
‘takcn for ecuul angles of oacillution on either 31de
of bacn aais «n tarn.. ncle 1uotognaghs ahoweu tua

diffraction spots to be symmetrically axeposeﬂ about
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each vertical oscillation axis in turn, each axis
was at nihety degrees tb the other.sThis snowe8
that the directions cicsen as sxial airections
were the. true axial directions. 4 further examination
of the photographs showed tuat in all thteé caseés
. the distribution of the diffraction apots dbout the
'A quatorial layor line was aymmetrical with respect
- to both.poaipion and indensity. The axes were thus
orthogenal, and aince'the layer line spacing for
_'each axis was difrerent the crystals ‘belonged to o
| the orthorhombic system, ' |
DETERMINATION OF 'I'HE UNIT G&&, |
| Leasurement ot tns distance between the 1¢yerA'
" lines on each oncillation photograph gavs auvalue |
ror the unit cell dimension 1n the direction ussez
a8 the oscillatlon axis, The valuas dbtainod for .-
the three axial directions ware -

2= 8.2 A 8% = 0,19

LR 5485 4. p»c’:-. 0.288

c =17.9 fia . Cc* = 0,086
The ratio of .;f
aebrc = 1.02 I A 3.35 . o ‘
This gave values accurate to about 1p. A more
exact measurment was made by using<the standard .
_method or'refinemunt. The values dbtained above

were useu to &raw & reciprocal lattice. Oacillation
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photbgraphs‘were dﬁtaih¢d for~oac11;ations of
~seven and & half degres angleé on either side of -

" each axis, i.e. the saxis was set in the direction‘(

of the Z-pray beam, The phétograph obtained éhbwod

a symwetrical aistridution of diffraciion‘spots

j abouxlthe #orticnl'axis. The'distnnce;betwecn |
paire of gyvmetricaily ylaced Spots on the zero

layer line was meaaurea.' ke wes used to detormino

'tha Bragg anglo 0°, 1 €. 886 if it were o powder
photégunph. The indices hkl, for each pair of spots

- was deterg;nsd by plotting on the reciprocal lattice,.

Thué‘knoving the hkl valuem for the spot and its |

corresponding Bragé ahgle, it was-poésiblé‘to

| calculate‘tho'aiial dimension, of the axis lying

in tho e PRy beam, Lor that particular value of

0. xnis was carried out for each axiu in tum.

Graphs werc-plotted for each axial 'iraction of

.'the values obtained for each axial dinension,

. against-sin‘e. For hiqn valuas of @ this wes taken

as a atrgignt 11no, andrthe,graph extrapolated to

9 = 90°, ihis gave the true values for the axial
dimensions. ‘Yhe raaulta';-., o '

| AOCURATE UNIT CLLL DL L TONG -

4 = 8,004 2 0,01 n
b = 5,31 £ 0,01 A,
¢ =18.02 £ 0,01 A, .
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ALK IUTION OF 5% LOACK GHOUE,

LA series of*pﬁotogr@phs'vere taken by

oscillating the ¢ry§tal sbout the Y and 2-¢xeu,
| . a8 vertical oscillation axes, through4lnglcs of o

| 15 i 10° inxervals. Thsse photographn were
plotted on the reciprocal 1att1ce. The 1ntenait1ea'
of each.diffraction apet were graded by eye, and aA
- reciprocal net drawn showing the intensities at
each lattice point. This showed that reflsctions
werciaégcmaticaily absent along'the three ax;él
difections{»éad only élqng these three gifabtionas”
Thus tha~¢riu£aialbélohg'tolfhe'sgnce gf°°p'P213i21’,
'_:ana show i two-fold Séréw‘axis,along each of the .
axiel directions. A calculation of the density of
the crystals from the molecular weight of the
s&batance, the volume of the unit cell, as determincd
dbove, and asauling that the unit cell contained |
- Tour mpleculea, &ave a valus of & =.1.684 g, per.éc,;
This compared with the practically determined |
density of 1. 595 gm. per ce. THUS M0 CRIGIN:L
UATURIAL VOULD DOT FOSSIBLY HAVE BN
GLYCYLGLYCINE FAHYL *r.«.:'rm HYDROGELORIDE,
' The material‘was homoveneons gince it could,be
recryetalliaed wothout changc of mclting pointp and
it wes chromatographically pure, Aureinvpatigation h

of the matericl was carriedvout,
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Tho result of an elemsntary amlyaia.- :
Carbon 25.58 % | '
Hydrogen 6,08 %
Witrogen 15.'62 %
Chlorine 18,62 % |
Ethoxyl 4455 %r(thia‘waa reducea.to 0.59~? on
“ d.ryinc over calc:lm chlorido in = d.caiccator.) '
This did not agree with the calctﬂ.ntsd valnes for
glycylglycine ethyl antor hydnochloriac.
{ am,ymwcmn ETHYL Lu¥ER HYDROCHLORIDE.- -
Carbcm 56.65 % o
Hydrogen 6.62¢5 76 !

. vﬁitrogon 14.85 %
Chlor!m 17,82 %‘3
Ethoxyd 22.9 % ]

The observea nitregen t0 em.orinc utiox ot the

4 .

material was 1.9?, tm would cormspmm to a poptide
| containing mm mim ot glyeine. A nunbcr of possi’ble
,' structures such u glycylglycinc Ilydrochloride and

mixturea of this and thc etnyl ester hyd.rochloride,

| er ‘this and the ethyl and mum ester hydrochl@rides .

etc, wore eminod. ’Z’hc above valnm aid not fit |
nny of tha mixturea. or glyaylglycinc Iryd.rochloridc
alone. 1t vould riot fi:b compomd.s ef glycylglycmo
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hydrochloride and ethanol or methanol either.

| A chroiatogranvcohoaring the materisl with a
'vnumbor of othor glyeylglycino compounds and glycine
showad that. the material.could not bo aoparated.fron

-glycine. It ren parallel with a- glycinc contvol apot

in a’ noving phaao or butanél, acetic acid, and
wuter. or in butanol, pyridino, nnd wator. av in
phonol and wator. Tho infre-red spectra of glycino
;and the nateriul were not ths enno. they differcd

-.markadly It waa than realisodehut had happenod. |
".Ths glycylglycine ethyl cuter hydrochloride had

© become damp at 8omRe stlgo dnrins‘storago, and hsd

‘; been hydrolysed to ethnnol. zlrcino and hydrochloric

‘acid. On recrysttlliution of the materiel, the
mixture was of tho cérrect proportionn to give tha

6o and‘Kraux and

conpound describeﬁ.by Frost
Hartmenn 7; namely diglycine hydroohlorido,‘ "4_
(cgnsnoz).acl.. The theoretical mgurea for the
: ;analysis of thia nmaterial wers.- |

Carvon - 26.57 % -

Aﬂ?drOSQp 5491 %

: mtrogeri 5.0 £
| Chlorine 19.05 %_Q » |
:hxoept for tne hydrogen fﬁgure, theae vnluea 311

sgree vithin one percent vith the valuos ohtained -"c

et
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.. ror the unknown'matéiial;.ﬂlso the nitrbgen to |
 chlorine ratio would be two as for & digeptide. .

The cryetal. structure of diglycine hydrochloride .
has becn investisated dy. Juarger and uahnag’oo.

| “hey ahowed that the. crystale had orthorhombic. |

'symmetry, and systemntic absccnces characterintic‘

of the space group FE, S 121,"hs unit cell had the
following dimensfons.- | |

a= 8.15 4.~ Unknown s - 8.094 A,

_b=18,05 4. - . ¢ = 18,08 A,
/ e= GB4A . bm= 5.31.&.'

‘fﬁqasuhaa donsiiyf;- ‘ _
@ = 1,561 gm. per ml,  d x 1,505 gn. per ml,
A - at 230
_ :GaleulatedAdensity ansuming 4 noles per unit call ',"‘
was d = 1.579 gu. per ml.. . , R -
' The meterial was therefore witzout doubt tdenticel
vith diglyeine hydrochloride. s the cryatal was
allowed to stand in airg a series of oseiliation |
photographs showed that it wferwent a continuous '
lattice expansion, presumably absorbing water.‘Aa
this lattice expanaion cpntinucd; it‘wag found that
it was nojlonger'poséibie~to dbtéin syrmetrical
: oscillation Dhoto srephs, Thus for oscillations
about the vertical y axis, with the former x -axia
' 1ying along the A-pay heam,-1t~vasvfound'that ths
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dﬁfraction gpots were no longer aymae‘trically.
aistributed sbout the vertical axis of the photograph.
Thus the position of this axie had changed, in that
it was no 1ongor at right anglou to the othor two
axes. 'J’the aymmotz-y of the photograph about the
-eguatorisl layer line had -also been destroycd.

The structuro seenad to be taking up e monoolinio .

or triclinic structure. This expansion of the lattice'
‘was 8till continus.ng montha laterz,

_ Dirfmctometer traces of powder opeeiuns o:‘.‘
the unknown zmaterial are shown togsther with ~

similar traces for related compounds on the
Chart 12. ’
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It was thought that it was possible to

recrystallise the methyl and ethyl esters of
slycylglycine and diglycylglycine from soluxions

‘in aqueous alcohols. It has been found that the

ester hydrochlorides areAextenaively'hydrolyséd
in.thia éblvent. The methyl ester hydrochlorida

of diglycylglycine gave & product which contained
only-zs% of the ester hydrochloride-on recrystall-
1sation.A31hilar results have been obtained for ﬁh@
ethyl ester hydrochloride; and for the correaponding
glycylglycine compounds;'The eetehafare very easily
hydrolysec to the peptides in solution , and on
recrystallibation the popfidea and ester
hydrocnlorides ssemed to form mixed crystals.

ilence no depression of the melting point of the
recrystallised product was dbsgrved;» |
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(Reprinted from Nature, Vol. 198, No. 4885, pp. 1084—1085
June 15, 1963)

Cobalt Complexes of Polyglycines

1" binding of cobalt to proteins and polypeptides
- hus been shown to occur in a number of cases, particularly
-under conditions of high alkalinity, where ligation occurs
with amido groups in addition to the terminal functions'.

In the course of our investigations on the chemical
reactions of the polyglycines I and II%, we noticed a
- difference in the ability of these isomers to form complexes
with metals, pa,rmculmly cobalt. The structures of the
polyglycines® differ in that polyglycine I (prepared from
piperazine-2,5-dione and water at 180° for 6 h) is an
almost fully extended B-polypeptide, whereas polyglycine
1T (prepared by precipitating polyglycine I from & solution
in & strong electrolyte) is a folded structure having a
3-fold serew axis, the chains being packed in a hoxagonal
areny.  In both structuves a large proportion of the
terminal groups would boe available for co-ordination with
a cobalt ion.

The uptake of cobalt from solution in excess of con-
centrated ammonium hydroxide was followed using.a
radioactive tracer technique’ using cobalt-60. Poly-
glycino T (degres of polymerization (DP) about 12)
absorbed 3-2 moles cobalt per mole polymer, wheroas poly-
glycine IT (DP about 12) only absorbed 1-1 moles cobalt
per molo polymor. From the shapo of tho ahsorption
isothorms, the accessibility of cobalt into tho polyglycine TT
lattice appears to be limited by electrical or diffusion
phenomena characteristic of the uptake of dyo by a
natural or synthetic polypeptide. No irrogularitios wore
found in the case of polyglycine I.

These results suggest that a cobalt (III) ion, possibly
also co-ordinated by ammonia molecules, connot be
readily accommodated by the three-fold screw axis, but
can be fitted into the more extended polyglycine I strac-
ture. X-ray diffraction photographs of the polymers
and their respoctive complexes show a small lengthening
of the unit spacing only for the conversion of polyglycine
I into the cobalt complex.

Meoggy and Sims* showed that polyglycinesI absorbed
orange 1I equivalent to only 42 per cent of the ftotal
terminal amino-groups, whereas polyglycine IT absorbed
the theoretical amount of dye on the terminal residues.
In neither case was the X-ray diffraction pattern dis-
turbed on absorption of dye.  Earlier, Bamford and his
co-workers® had commented on the ready absorption
of certain dyes on the amjde groups of a B-polypeptido
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The chart traces are 1ndexod‘by numbering, fron left

to right across the sheet, and fron the top to the

bottom of the aheet.

1) The product fron;the melt of glycine(10 g.) and
danzoyl glycina(lo.o g.), heated in the open. The
product crystallised from a boiling water extract of
'reactiqn mixture, on filtration and cooling;:

- 2) This sample was deposited from the cold filtrete

obtained after the reﬁcval'of sgrple 1) above, and
allowing the filtrate to stand ov&rnight. |
8) The bulk. residue from the polymerisation in the melt
of glycine(10 g.) end benzoyl glycine(10.5 g.).1 st. prep'n.

4) A sanmple or the beﬁzoyl glycine ﬁaod .8bove,

=) The.bulk residue from the 3econd preparation of the

glycine and benzoyl glycine polymeriaation product.

CHART No, 2. .
1) Product from the polymerisation of glycine(s ) ana

Phenol/water(o al,)[the upper phase]. heated . in & -
qealea tube at 140 C., fcr four weaks.

2) Product from hzating glycine(s g.) alone in & sealed

- tube, for one week at 180°C.



.'3)

4)

o

2,

. CHART Ho. 8 (continued).

The product from the polymerisation or‘slycine(io g.).

~when heated in diphenylamine, in a sesled tube for
8 weeks, atl 150°¢, 4
Glycine(5 g.) was heated with water(l ml.) in & sealed

tube atj160002.jfor'48 hours. The insoluble residue
was washed with water and ﬁlcohol, and centrifuged

down end dried. This cemple was taken £rom the bottom

of the centrifuge tubs. | |
Polyglycine I prepared by the polymerisation of
diketopiperazine(10 g.) in water(s ml.), by beating
in & sealed tube for 6 hours At 170°¢. |
Sae'traéa 4) above., This sample was taken from $he

top of the centrifuge tube,

CHART Noo 3, .
1) The polymerisation of glycine(5 g.) in hydrochloric

2)

"_3)

ecid( & wl. conc.), heated sealed at 140°C, for 7

hours, ?his~eamp1e~waa taken from ﬁha top portion of

the carius tube, which hed been totally liguid at 14000..
tee trace 1) above, This sample was taken from the
bottom or the carius tube, which had contained s0lid

at 140°C, | | S

The sane raactibn mixture as above was heated‘fbr 11"

hours, This sample was taken from’ thc uppar 1iqpid, at

140 G., portion of the carius tudbe, -




4)

7)

8)

Se

CHART No, 8 (continued)

- Bee trace 3) above, the sanple was taken frdm the

1ower portion or the carius tdbe, which contsinea
solid at 140"0.

The aame rea.ctioﬁ nixture wiw heated for 14 hours.

"Thia sanple was taksn from the upper portion of the

cooled reaction nixture.

Cee trace 5) above, this sample was taken from the

lower portion of the resction mixture. |
The sams reaction mixture was heated for 24 houﬁml

at 140°Cs. This sample wae taken xifom the washed solid
extracted from the total éeac;idn mixture, |
The same resction mixture was heated at 800°C, for

24 hours. This sample was the bulk low molecular
weight peptides of glyctne, whidh were aolublo 1n.hot
water. but eould be preclpitate& froi the cold aolution ,

'  by addtng othanol.

1)

The bulk washed product from the polymerisation of: |
glycine (40 g.) in concentratcd hydrochloric ccid(IGAml;)4

by heating 1n a sealed tube at 150°C. for 24 hourm.

Pblyglycine 11, pragared'by repeated rcprecipitation

- from solutiann 1n saturatoa agqueous calcium chloride'.

saluxion, by the addition or vatar. ,



4

CHARY Fo. 4(eontinmd)

)

5

6)

7

Diketopiperexzine(s g.) and water(b ml.) heated 'saaloa

1)

‘ Aresidue.

: Polyglycim 1I{dcnuts), propared ‘ny ropetted

preej.pitation :trom solution in 70% aqusot;ﬂ- z.inc;
chioride solution, on the aﬁdition of water.
Polyglycm II(tnick hoxagonal mi’crocryatals) .g |
from the mpcatoﬂ mpmcipitntion frou solution in |
satmtad aqmus calcium chlopide a@luion, by uter.

 Polyglycine, prepared by the precipitation of & 5%

solution of Polyglycine I in 705 aqueoua r.inc chloride
solution(5 ml.) by 60 ml. of industrial apirit, and

‘mheﬁ with indﬂstrial spirit.

Polyglycine prepared 'by precipitating § al, of 104
soiution of . Polyglycine I in 70% agueous sinc ch.l,orida
aoiution, by 60.m1, ct industrial spirit,
Polyglyeine, from the polyuerimtion of glycina(ﬁg.)

Ain concentrated hydrochloric acid(1ml.) in & sealed

tube at 155"0. for 24 hours. The. amn;pla was taken from -

~ the top. cmxat of the cantx-ifuged water insoluhle

| at 160°C. for 4 hom-s. The quplo wos t.akan t’rom t.ht
water anc. ethanol waahed, watey.- 1nsoluble maidue.

‘mketcyipemzm, prepmd. rrom glycine and glycol. -



5.

CEART Nob, (continued)

3) Dikotopiperazine-and.vater( % g ana 2& 1l ) h@ated
sealed at 1eo°c. for 5 hours. The sample ig taken fron
the alcohol and water washed residus, '

4) D;ketopiperazine(lo g.) end water(? nl.) heated.ﬁeale& ‘
for 6 Lours at 160°C, The‘samplé'ia_takcn from the .

" washed insoluble residus. -

5) Folyglycine, prep-.red by boiling carbenzoxy—glyelne
anhydrida in pyridinc. '

. 8) Polyglycma, pregared rrom carbenzoxy-glycino anhydrme |

polynmerisation in tho preeence of water vapour, at

room tempserature.

CHLET fio, 6.

1) Analar glycine.(B.D.H.) ,
: 2) Glycine iiydrochioride, prepared byvéheiﬁréat iathoda
3) Olycine Ethyl Beter Hydrochlorido ( Ipte 145°0§). '
4) Digiycine Hydrochloride, Frost method(lipt., 1869C. ).
5) Diketopiperazine, prepared from glycine and glycol.
8) Glycyiglycine Myarbhloride Hyarate, (Mpt. 14196,),

CHAR? Wo, 7,

1) Glycylglycine Hydrochloride hydrate (¥pt. 1419¢C.)

2) Glyecylglycine Bthyl Ester~Hyﬂrdchloride, prepar&&.
by the Schott, lLarkin, Rockland apd Dunn mojhod,
(Lpt. 185-186 o 9




CHART ilo, 7.(continued)

)

4)

8)

6).

5)

Glycylglycine Lethyl Loter H&aroéhloride;(ﬂpt;i1$9°C.)»
Diﬁlycylglycine, recryatallisad fron ethanol/%atmr, .
(xpt. 24 6°C.(d 1.

Diglycylglycine Bthyl Bater Hyﬂrochlorido.(lpt. 216 C.)
Diglycylglyeins Lethyl Ester liydrochloride, .(Mpt. 19600).

1)
2)

%)
o

Triglycylglycine , [¥pt. 280 - 270°C(a)],
Pentaglycylglycine, |

‘Pentaglycylglycine methyl ester hydrochloridc.

Polyalycine iI, repeated reprecipitatioﬁ from

solution in caloium chlorids." | :
Polyglycine I, ex, dikotppiparazinc(lOg.) haated _

in wator(5,m1.), in a cealed tube at 1709C, for 6 hours.

CHART To, O,

1) folymerisatien of glycine(BO«g.) i concentrated

o phnaphoric acid(is al,) heated 1n thc open.at 164°G.1 ‘

#

for 10 minutcs.‘Tho sauple waa»taken from.tho hot utter e
~ washed inscluble residus, -

Bee tréce 1) abd#a, the aample“wns taken fréi'tha solid .

which cr‘atallised on cemling out of thc rirat<hot wateyr

- extragtion of the reactian mixtura.

Sae trace 2) nbovo, depaeit rrom the riltered uolution

_on standing ovcrnight.

1 .
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CHART No. 9 (continted). .

&) A.samgle.takﬁn frem the sacond hot water adlﬂb;a
fraction | .

5)~'See‘tpa¢e‘4),'soliﬁ extracted from the firat hot

water axtrgctiéﬁ solution, on adding excess ethanol.

6) GSee trace 3), s0lid extracted from the second hot

water extraction solutidn. onuadd1ng,alcohol.

CHART o o |

1) Polymerisation nf'glyéiuo(zo g.) and concentrated

- Phosphoric acid(20 ml.) heated in the open for 30
ninutes #t 170%, £ saﬁple of thefblaék water insoluble
pmdnc't.; | , | . |

2) Uee trace 1}, leaflets depoéited'onvcooling‘trbﬁ the
hot water~ex£raét10n. . ‘

3) liot water waeheﬁ po1ymsr from the polymerisation of
glycine (40 g;) in phosphoric “acia( Sml, ), driéd in
air. The sample was taken fronm the grey bottom rmsidu&
of tge centrifuged product. C

4) See Trace 3), sample taken from the dark top- cruﬂt of
the aricd centrifuged product.

- 8) see trace 3), a ground.unormented sample of tha hot

water soluble portion of the precéuct.

'6) Cee trace 3), low molecular weight Jegtidc from thc

| aecondAhot #ater extraction of tha raactioqmixture.

7) Ses trace 6), deyosited on adaing ethanol to the aoluximn
from the second extraction, , - - H




8.

1)

4)

5)

‘ "rhis sample shmeu hexegonal learlets under tzm

| Jee t.me 8) a’bcvc. This nmplc was takon fm tha

?olmefia&tj.on. of gl,;*éine(ao Te) in ghobpm::ic acid

A (16-@11.) 'ﬁy hea,ting in the open at 1649C, Jample from

t“w residus on cooling the th;trd mt water extract.
Yes trace 1) shove, teponit obtahad on ¢reating the
riltmte fron afbove with excaa 3 ethmol.

Gee troce 1) above, aolid depomited on caoling from

tie feurth hot water soluble extract. the ampla was
msed as oriented by centrifugimg down,

Tolymerisation of glycine(Z0 ge) in phcapheric :cid

(5 m1.), by heatirg in 2 sealed tube at a.?o"c., tor

21 hours, The sumpla is taken from me tiret
Arecryatallimtian of the Lot water aoluble fraction,

electron microscope,

Polymerisetion of glycine( <o g.) in phoaphemc acld
(6 w1, ), by zxe»,,ung cealed at 1070 Ce ror 84 houre,
ﬁ“us aample ma taken r?om the hot water goludle

-. polymar.

bulk v&tcx' nahod palymar. ,- ,
.Polmmntian of glycine(s 3.) in phmpmric &cia(l ul.). 5

| ’b.v Matm'* sealed at 14700. for 24 noura. The roactiw

mixture was sxtracted. 7i%h hot wntar, thn polyner

- preci 1t&te~d 6n cooling ﬁltere& ere, and tna solution
ailowed to stand, @hia samples was than dsposited,




CIIAI'ZT zlg. ]g, .
.1) This sample was thouwht to be glycylglycine ethyl

ester deroch;oride, ‘b\;t was shown by the a.’mgl_q -
- erystal anal:‘,rais to be totally converted to
diglJcine hydrochloride, ) |
2) Hot water soluble Polyglycine II, obtained from the
preparation of diketopiperazine, 'bJ the &1mrimtion
of glycine in glJcol.
3) Uiglycine bq,rdrochloride, pmpared by thne Frost muathod.
. 4) The somple was taken from the dried brown ‘sludge
obtained durizig the preparatioh of diketopiper&ziﬁe, . ."
fron glyeine and glycol, | |
5) Glycylglycine ethyl ester hvdroehlorlde, prapareﬁ by
,’ the metho& of wchott, Larkin, Rockland and Dunn,
- 8) ‘Glycine hydrochloride, prepared by the method of

_ Fmsto

CHART No, 13, |

~ This chart wes one of several traces made for sanmles
ot Polyglvcine II, reprecipitated from solutions in
- calcium chloride solution by water, ‘The chart spced. wau

30 inches per hour. T g num‘bggg on Qg_ gm;_‘g refor m &M
chapt gn;x The numbers in the circle refer to the |

num“sered. peaks given in the list on page 8af Bxp. 16)

"'The near horizontal line is an attempt to draw a nean

- background level,




