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Abstracte

Five simple diketopiperazines have been prepared in good

t 3 /

vield in extending a similar investigation made by Sannie.
They were obtained in a satisfactory state of purity, indicat-

ing the suitability of the method for such purpoéeso

Fifteen mixed diketopiperazines have been prepared by a
similar reactioﬁ, using different methods in general for isol-
ation of final prcduct. The yields obtainable are reasonably
satisfactory. Purity of products in some cases, as judged by
colour and melting point, is open to improvement by much more
exhaustive investigation, but generally has been of a reason~-
able order. It has certainly been high enough to demonstrate
that the method of carrying out the reaction is suitable for

the preparation of mixed diketopiperazines.

Dielectric constants of acetic acid solutioné of three
simple diketopiperazines have been measured. The data obtained
show that the compounds studied are sufficiently polar to form
solutions of higher dielectric constant than the solvent, which
itself had a fairly high value. It has also been shown that
with increasing molecular weight, the effect diminishes due to

the increased influence of the larger alkyl groups.

Investigations have been made of the hydrolysis of a num=-

[
ber of mixed diketopiperazines by N%Cl and by NNaOH. In some



iii,
cases hydrolysis was not accomplished, and in one other case
success in accomplishing the reaction was variable. In other
cases, hydrolysis either gave much more of one dipeptide than

the other, or both possible products were formed in more nearly

equal quantities.
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INTRODUCTION

2,5=diketopiperazines have attracted considerable atten-
tion in past years as derivatives of amino acids and dipetides,
being capable of synthesis from both types of compound. HAmino -
acids and peptides gemnerally are known to contribute to the
building up of protein molecules. The question was investigated
by many workers as to whether diketopiperazines also played such
a part, since various members of the series have been isclated
along with amino acids and peptides in the degradation of proteins

by acids and alkalis.

It is possible to use many simple diketopiperazines to
prepare the corresponding dipeptides by_hydrolysis. In certain
instances workers in the field have pubfished accounts of the
hydrolysis of mixed diketopiperazines to dipeptides. The theory
has generally been held that a mixture of two possible dipeptidesr
is inevitably formed. It was with the object of determining
whether hydrolysis of mixed diketopiperazines derived from aliphatic
monamino.-monecarboxylic acids was in any way selective that this

part of the work was undertaken.

It has long been known that amino acids, peptides and pro-
teins form solutions in aqueous solvents in which the dielectric
constant is not only higher than that of water, but also that the

increase follows a linear relation to concentration of solution.
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Amino acids and peptides are known to give solutions of lower
dielectric constant than solvent when the latter has a di-
electric constant less than 20. Although contemporary opinion
does not seem to regard diketopiperazine rings as such to be
present in the structure of protein molecules, it was considered
worth while to determine what information might be derived from
measurement of dielectric constants of solutions of some ﬁem-

bers of the series.
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REVIEW OF THE LITERATURE

THE CHEMISTRY OF 2,5-DIKETOPIPERAZINES.

2,5-Diketopiperazines are mentioned throughout the liter-
ature with respect to their methods of preparation, their pos-
sible relationship to proteins, their chemical reactions (most
particularly hydrolysis), and instances where they have been
formed, either as by-products or as intermediates in some re-
action not necessarily designed for their preparation. In this

review, attention will be directed mainly to:-

T - Their methods of preparation, with some mention of
other cases where they have reported as being
formed as intermediates or as by=-products in the
preparation of other substances.

IT = Their hydrolysise

IIT- Their possible importance to the study of proteins.,

I. Preparation of 2,5-Diketopiperazines.

The simplest substance in this class is 2,5-diketopiperazine,

frequently called glycine anhydride. The first report of pre-
paration of this substance was published by Curtius and Goebel,
who reported that it was formed by the treatment of glycine with
ethyl alcohol and sulphuric acid (1).

_?HL—COOH + C,HOH ——> (H=Co0CHs +H, 0
N
NN
LG cCo
2 CHi—CO0CHg —> T T+ 2GHs 0k
NH:. OC\N/QH"
| N7



Ly
Other methods reported by Curtius and Goebel for con=
version of glycine were (a) heating glycine in a current of
hydrogen chloride, (b) by heating glycine at 150°-170° with
glycerine, (c) converting glycine to its ethyl ester and leav-

ing in contact with water.

c-l:ch_ooH + Hel —=> ?f,_-—c’;oog

(a) NH VH,- ClL
H
a GHumcooH 4&&13 HL%/N\EO +aHo +2ah0
- |
N11:I3.C1 OC’\N/QH“
-
_ Lot N
(v) O-Q_C",H;_ Cooy ==ty H,,C’N\C.D + X H, O
NH, ‘ ‘
OC’\N/C’H"'
=+
_ c — CooC,H
R
NHy NH L
N
2 ‘CHL-COOC}_qu — H:.Cr/ \QO + Q\CAHSOH
NH, NN
H

Emil Fischer and Fourneau also synthesised the substance
by method (c) above (2), and Fischer with his associates car-
ried out a long series of researches into methods of synthesising
it and other members of the series. They found that 2,5=-
- diketopiperazine could alsc be formed from glycylglycine ethyl
ester by (a) heating to 190° (b) standing in contact with water
(c) treating with a saturated alcoholic solution of ammonia, or

(d) treating with sodium ethoxide solution (2).
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R
N
(a) T—H,_— CO-NH—CH_~COOC, _He %9 Hl{ll/ Neo + ¢ _HOH
a H,0
(v) NH» DQ\N/CHu
H

CH, —CO—NH-eR,-CooC Hy +NH; — ,C“»”‘C-O'i\iH"C—HrCO'NM)
\

(c) 'S
CH=CO~NH-CH - Co- NNy N
/ILHL COTNH=E R0 P — {«\L?/N\‘CO + NH,
NH..
\ oQ.\ N/CH,_
4

Fischer also obtained the substance from chloracetyl=-
glycine or chloracetylglycylglycylglycine by warming with
concentrated ammonia solution (3).

?HL‘CO-NH-CHL~C@0H~+NH3-wme>?H;“Co~NH—QH;(DQH'#Hcl

Cl NH.

by
Q;.H,,—Co—-NH-CH): COOH S Hz_?” o 4 M0
NH. O &y H.

4

In a later investigation, Abderhalden and Klarmamn con=-
densed the substance withe< -bromoisocaproyl chloride, by
heating with thionyl chloride, possibly in an attempf to build
up more complex ring systems. The product, 1,l-di (& =bromoi-
socaproyl)=2,5-diketopiperazine, on treatment with alccholic
ammonia, merely reverted to a mixture of the original glycine

anhqgride and leucinamide (L),
< [ KW

/Q\. [ - ) ) ﬁ“
HN WH o+ 2 CHsv e -eH=co- B

N - 7 CH.” L

s B
H, ©O i

o W

CRe\ - cwn,~ cu ——cgws\{c /f\/—c,&—gH»c,H,— CH 4 2H B,
C ( —_ L J .
cHs 7 B He O én Chy
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g-—- g’.\ [ANEY
CHav p-cn-ch-co- 4 N—co-eH ~CH,m C{‘CH + 4=-NH;
CHB’ V \C —c b 5
B H, o
O Wi
BN NH 4+ 2 T2 Scpocn,-cu—co-NH, + 2HBx,
\'Q,"“C- C’HB » }
H, O NH,

Bergell, in an attempt to convert glycylglycine chloride
to glycylglycinamide by the action of agueous ammonia, obtained
instead 2,5-diketopiperazine as main product and only traces

of the desired amide in a state of impurity (5).

2 %HL“CO‘NH“CHL.- co-¢l + NH;

NH}_ ‘ N
AN F CONH, 3 21
HL% Cl..O SUE C“‘;HL—‘C,O"NH“CHL" T L
OC—\N/QHL NHL
H

Abderhalden and Komm also succeeded in preparing the sub-
stance from glycylglycine by each of the following procedures
(a) heating to 150-160° for several hours with water in a
sealed tube (b) heating with dilute hydrochloric acid or sul-

phuric acid or (¢} by refluxing for several days with water (6).

H
. C/N\A/’?
CHa— CO=NH-CH,~ COOH . H»\ 77+ HoO.
NH. Q\N/QHL
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Levene and his associates carried out extensive investiga-
tions in the chemistry of 2,5-diketopiperazines, and reported
that when studying the catalytic effect of the enzyme erepsin
(nowadays regarded as a mixture of dipeptidases) on the hydrolysis

of glycylglycine, this dipeptide formed glycine and 2,5-diketopi-

perazine (7). _ : "
H C—/N\C-O oH
c CH NH
4

Lichtenstein in a study of conversion of amino acids and
dipeptides to diketopiperazines by heating inwnaphthol to
135°=140°, found that glycylglycine could not be converted to

the anhydride (8).

& German patent describes the preparation of the substance
by passing ammonia into a benzine=benzens solution of glycine

ethyl ester hydrochloride at low temperature (9).

Sannié succeeded in preparing the substance by heating
glycine with ethylene glycol (10). Schott, Larkin, Rockland
and Dunn (8L) describe a procedure similar to that of Sannié,
in which they stirred glycine with hot ethylene glycol for
about one hour, but the yield of product is much lower than
that obtained by Sannié's method (less than L0%, compared to

h5"67%) °
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3-Methyl-2,5-diketopiperazine, or glycylalanine anhydride.

Fischer and his co-workers prepared this member of the
series by an exteﬁsion of the methods established earlier for
the synthesis of the first member. The reactions were (a) treat-
ment of glyecyl-D-alanine or its hydrochloride with saturated
alcoholic ammonia solution at low temperature, and (b) heating
chloracetyl-DlL-alanine ethyl ester with a saturated alcoholic

ammonia solution to 100° (11,12,13).

Jx)
N
(a) (HL—CO-NH-EH=-COOH >Hz_7/’ \lw + NH,
CH. . ¢
NH}. 3 QC\N/C,H C!/3
H

(b) <;;Hz,-e,0~/vﬁ~5:/-/-<1@0<:2_/-45 +ANH
) A’jCHB
H,,"”T” \ICO + CLHSOI’{ +- /\/HL*CZ.
O C\N/CH"CI“B

“
Lichtenstein, in his study of the effect of heating

amino acids with g¢ -naphthol found that DL-alanylglycyl-
DL-phenylalanine formed 3-methyl-2,5-diketopiperazine along

with DL-phenylalanine (8).

CHz—CH —CO-NH=CH = CO=NH=CH—CcOoH
{

N Ha l}cgfmﬁ/’ CHy - P
[tat” " co s CHo- ClE ~ COOH
\ ( + @‘ Y
O < N/C"“"*Hs '- « NHy

H



%
Sanni&'s method of heating amino acids in ethylene glycol
(10) resulted in formation of the compound when a mixture of

glycine and DL-alanine was so treated.

He
CH.—~CO0OH Crig-CH - COOH @ - R,_C/N\c_o
| I
+ T
NH, NH,. oc CH-CH
NN7
H

Abderhalden and Komm also prepared it by several methods,
~ for example, they isolated it from the hydrolysates when dog
hair had been heated for several hours at 150°-160° with 1%
hydrochloric acid (1L4), and when silk fibroin had been sub-
Jjected to prolonged action of concentrated hydrochloriec or 70%
sulphuric acid below 25° (15). He also prepared it from
alanylglycine by heating to high temperature with (a) water,

(b) dilute acids (6).
H

CHy=CH = CO-NH-CH=COOH 4 . om0 D
2
NRF, — OQ\N/CH-Ct‘Lg
H

Bergmann described an indirect preparation of the com-
pound from glycylserine methyl ester. The latter, with thionyl
chloride, formed o< —glycylamino7@-chloropropionyl chloride
hydrochloride methyl ester, which in turn was converted to
3-methylene~2,5-diketopiperazine by the action of concentrated
aqueous ammonia. Catalytic reduction of this anhydride gave
the 3-methyl compound (16).

C‘?H;w— NH-CH— COOCH;  spel, GO NH=CH = COOCHy

+ -
NH. CH, 0K NHpcl CHy O
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H

C\li\_- CO-NH-CH = COOCH, . Ny
NH3.¢.{ CH,CQ oc C=dq4H,
\N/
kl
i\ N
~ -~ ~
e™ %o M o 7 cH
N Oy H e
N H

H
Bergell attempted to synthesise alanylglycinamide by
the action of aqueous ammonia solution on o =bromopropionyl-
glycine. The amide, if formed, was not sufficiently stable
to be isolated, and the only product of the reaction was a

small yield of 3-methyl-2,5-diketopiperazine (5).

Ievene and co-workers reported its formation as a result

of the catalytic effect of erepsin on the hydrolysis of alanyl=

glycine and of glycylalanine (7).

3-Isopropyl=2,5-diketopiperazine, or glycylvaline anhydride,

Preparations of this compound have been made by Fischer
and his associates, from appropriatedipeptides and on protein
hydrolysis, by Bergell and by Lichtenstein. Fischer's pre-
parations were carried out by treating glycyl-D-valine hydro-
chloride with saturated alcoholic ammonia at low temperature
(17), by heating DL-valylglycine to its melting point, (18),

and by hydrolysing elastin with strong hydrochloric acid, and

isolating the compound from other products in the hydrolysate (19).

'~
ChHn— QD'NH'-?H—COOH FNH, > HLC”\]\%O

+ =~ -~
NH,.C1 CH(eHs), oc " CH(CHy),

H
+ NH,C)L + H,©
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@H ) CH—CH—CO- NH-CH,~COOH
3)5 i

NH, \LM

H
N~
H,¢” o 4+ H.©

oc /c,H—CH(.‘iHa),,

N N

H

Lichtenstein prepared it by heating DL-valylglycine to
135-140° in o< =naphthol (8). Bergell was studying the action
of ammonia on (o< -bromovaleryl) glycine amide (5). Aqueous
ammonia had hardly any action, but on heating to 120° in a
sealed tube with alcoholic ammonia the dikeﬁopiperazine was
formed along with the dipeptide amide,
@HB)LC“*%H“CO—NH"C—HL——COO{—)%&fw Hzﬁ/ﬁ\tg + H0

H S
NH, @c\N/cH-*CH(CHB)h
H

@Hs),,cn—w ~CO-NH-CHu=Co-NH, 2 NH;
) \L
x|
Hye= Vo o - Vi, £
2] + @Hj ). CH= FF;~C&~M#~6{{E;W°NM& - Ny, Ens
O y-CH ~CH(CH3), NH,
H

3=Secs butyl=2,5-diketopiperazine, or glycylisoleucine anhydride,

Abderhalden, Hirsch and Schuler effected its synthesis
from glycyl-D=isoleucine, by first converting it to the methyl
ester, and treating the latter with concentrated ammonia sol-
ution (20).
Sy~ -NH - CH=COOH CHa—Co= NH”%HwQQOC"“a
NH CH-CHy TP NHL GH =<t

-

C Hs CoHg
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H
CH,- CO-NH-CH —CO0OQH, N
[ - du—c NH, o e o +CH,0H.
NH, | ta | \ —CH-C |
OC\N/C’H ] :..iS
C‘:_HS H C.H?>

3=Isobutyl-2,5=-diketopiperazine or glycylleucine anhydride.

Numerous preparations of this compound have been carried
out in the laboratories of Fischer, Abderhalden, and Lichtensteing
Fischer's methods weres-
(1) Conversion of L-leucylglycine to its methyl ester
and treating the latter with concentrated methyl

alcoholic ammonia solution (21).

@Hs)LGH'C My~ 'CH =CO-NH-CH,~ COOH —> @HQLCH‘ CH,~ /C/y ~CO-NH- CH,- COTCH,
NH

+ NH
H
@H NK ) (‘."N\c
3)7_&/—1--CH;/C/—/-—Ca»/v/-rCHfCaoC//E i T 7° +CH,0H
NH, Oc, , fH=Cthoth (e#s).
H

(i1) Hydrolysis of elastin with 70% sulphuric acid,
esterifying the hydrolysate with ethyl alcohol
in presence of hydrogen chloride, and treating the

ester with ammonia in alcohol (22).

(iii) Shaking DL-leucyl chloride hydrochloride with

glycine ethyl ester, and evaporating the solution
with ammonia (23).

(&Hs),ch-ch,-chco-crt HN-CH,~Cone, Hy —>(eHs)ch- ca-

CH=CO-NHN-CH,-CoOC, Y
- J v
NH;- ] | s

Hy T
+ HC,
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@HQCH CHQH T CO-NH-CH, - Cooc . + NH,

NF! Yal \ﬂ
H
e NN

Hy ¢o
OC\N/QH—CHiwCH(CHQL
H

+ CLHOH + NH, . C)

(iv) Heating glycyl=DL=~leucine or DL-leucylglycine to
the melting point (2L , 25).
C,?HL~CO-NH~ fH~ COOH
Py " / \
NH, CHy- CH(CH,), H C ' +H,0
oot OC U1CHLCH0WQL

!

@H{)QH CH,~ CH~CO (NH=-CH,- CDOH‘/// g/’
NHL
(v) Refluxing L-leucylglycine with quinoline (the

DL-compound was formed) (2).

Abderhalden and Komm also obtained the compound by heating
various dipeptides, polypeptides, and blood protein in an auto-

clave, thus:-

(i) Glycylleucine and leucylglycine each formed the sub-
stance when heated with water to 150-160° in a
sealed tube (6),

(ii) ZIL-leucylglycyl-L-leucine, glycyl-DL-leucylglycine
and DL=leucylglycylglycylglycine were each heated
in an autoclave (26).

(CH),C M-t CH = CO-NH=CH,- CO~NH=6H =C o0/
NHL lf@M& Cé@ CHEH),

Hﬁ/Nww’ @ﬂ CH ~ CH, ~CH~ COOK
+V~3)Z« ]

l
\N/CH\ CH,y- C/’//C/fj)z— NH,_

H /I)

\

ocC
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CHy=CO ~NH-CH=~CO-NH-CH - copH
he N I %wz

, (I) + /CH?, Coot

NH, CH, - CH(CH3) N

@/@)&aﬁ—c%— gH—c O-NH ~CHy=CO ~NH~CH, - Co=NH-CH, - cooly

NH,

\

v

/ CH,-CO- NH-CH _-cooy
I)+
NH,

(iii) Isolation from the hydrolysate after blood protein

had been heated with water at 180° for seven hours (26),

Lichtenstein converted each of the following peptides (8)
to the anhydride by heating to 135-140° in o =naphtholi=
DL=leucylglycine; DL-leucylglycylglyeylglycine;

glycyl=DL=leucine; DL-leucylglycylglycines
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The overall equations for the conversion of the two dipeptides
are the same as with Fischer's method no. (iv) above. The con-

version of the other peptides is as shown below:=

@HB)LC,H - CH,—c\:H——co—- NH-CH,~ CO- NH~CH,~€¢O = NH-CH - Coopy

NH. l“@a«é‘

N

N~
H.¢”" Tco
Ll | 1 ’QHL—C(,% NH = CHy-COOH

CH=CH.—CH(CHs)
OC\N/ _ ’ NH.
o (@)
@H.B)LCI.f #CH},‘~ (,:,"' “C(’? - NH' CHL’C(,?’NH"C/?(L"‘ CQO/L/
J/&a&wf

NH,
’jf + CH, ~ cool
S

3,6~Dimethyl=2,5~diketopiperazine or alanine anhydride, was

prepared by Fischer, Preu, Pellizzari, Bergmann, Lichtenstein,
and Sannié., Fischer's preparations were carried out by the

following reactionss-

(1) Heating D-alanine ethyl (or methyl) ester for 12
hours or several days at 100° (27).

(ii) Condensing D-alanyl chloride hydrochloride with
D=alanine ethyl ester, neutralising with sodium ethoxide and

saturating the free ester with ammonia at 0° (27).
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(iii) Esterifying alanylalanine and treating with
alcoholic ammonia in the cold (27) (28).
(iv) Allowing DL-alanine ethyl ester to stand for
several weeks, or, better, by heating to 180° in a sealed
tube for 2k hours. (29). The reactions for those proced-

ures are as represented by the equations below.

. . x|
(1), (iv) NN
Q2 CHy- GH =CO0CH, — C Ry Q‘O + 2 ¢ Hon
NHy 0C  H- s
H

(11)CH3—ICH = CO-CL+ HN-CH=COOCH, s CHy=CI = CO-NH=CH= COOC,H,

-‘. - .
NH,.0) CH, NHypel  CHs
CH,=Ci4 - - - -
H,y C,—: Q_O NH C{H CDDCLHS CoLHON CHB-%H_CQ- NH‘%H"COOCLHS
NHg‘C] T N/_/L (—n) C.Ha
() H%5(T) + ¢ H,oH i
(11i) »e

T 25 (T) 4 cumon

Preu's method was to heat DL-alanine to 180° in a stream
of hydrogen chloride (30), while Pellizzari effected the syn-

thesis by heating DL-alanine hydrochloride with ethyl benzoate (3L).

™

N
2 CH —-cH—CooH é - CH —C/ \Q
A 3 —_— 3 \“ \o +2H.0

H
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Bergmann carried out an indirect synthesis of the com-
pound from alanine and serine. These two amino acids were
condensed fo form a compound 06H1103N201,H01; the product
was converted to 3-methylene-2,5-diketopiperazine by ammonia,
Reduction of this unsaturated material by catalytic hydro-

genation gave alanine anhydride (16).

When Lichtenstein heated DlL=alanyl-DL-alanyl-DL~leucine
to 135%-140° with e -naphthol (8), DL-alanine anhydride and

Dl=leucine were formed.

CH3—§/4—CO—NH~<,’;’H-CO~ cCH—CooH

NH, CH CHy~CH CCHj)l
\]/LZM-
A )
CHS—-?H (l'io . + @H-s)}_CH‘CHL‘C‘iH COOH
H

DL-Alanine was one of the amino acids whose behaviour
Sannid studied; on heating with glycol DL-alanine anhydride

was formed (10).

H
o NX
2 (",H3-}C’,H—€OOH %ﬁ&é:? CHB*?H co +2ah,0
NH, OQ\N/QH"C_HB

H
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3-Methyl=6-ethyl=2,5~diketopiperazine or alanylbutyric anhydride,

Sannié describes the preparation of this compound in his
paper on the heating of amino acids in glycol, by carrying out
the reaction on a mixture of DL-alanine and DIL- X -aminobutyric

acid (10).

L NN
CHy—CH = COOH = CaHgm GH—COOH g CHCH 20 2 H,0
Hy=CH + - i!\lH Abad s l | 2
H

3=Me thyl=6=isopropyl=2,5=diketopiperazine or alanylvaline anhydride,

By convertirg D-alanyl~D=valine to its methyl ester and
subsequently treating the ester with ammonia, or by heating
DlL~valyl-DL=alanine to its melting point, Fischer and Scheibler

obtained this diketopiperazine (17).

H
CHy-CH-CO~NH-CH—-COOCH, YN
.3/\,/}: Co-NH CIHH(CHf Hs s CHGH T o + CH;0H
2~ y .
3/, OC\N/C/-/—C’M(c,t,/j)L

| s
@%)&C/V‘ic/‘/*(iO“N/'/-fﬁ‘CQQ/L/ WKW’ CI) + HLO
NH CH 7

2.

3=Methyl-6-sec.butyl=-2,5=-diketopiperazine or alanylisoleucine

anhydride, was prepared by Fischer, Hirsch and Schuler. Hy-
drogen chloride was passed into a mixture of D-alanyl-D-
isoleucine and methyl alcohol, followed by the'action of methyl

alcoholic ammonia at low temperature (20).
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QH3—%H-—QO—IﬂH—%+r—QOOH-jﬁI€>cnk~?H«ao—NH—?H—cwocH3

NH. %H'CH3 Nﬁycf CH-CH,
C Hg ) C Hg
| N
(I) +NH, —> CHs*TH co + CH,0H + NHC)
OC N/ H—?H“CLHS
R s

3=Me thyl=6~isobutyl=-2,5-diketopiperazine or alanylleucine

anhydride.

Abderhalden obtained it from the hydrolysis of hog

bristles by 1% hydrochloric acid,

Fischer obtained it in low yield by the prolonged
action of concentrated ammonia solution at 25° on D--
bromoisocaproyl-D-=alanine, and by warming L=leucyl=D-
alanine to 100°, A better yield was obtained by ester-
ifying the latter dipeptide, followed by the action of methyl
alcoholic ammonia (21). He also effected its preparation by

heating DL-leucyl-DL-alanine to about 250° (25).

Lichtenstein's conversion of peptides to diketopiperazines
by heating in o< =naphthol was effective when applied to DL~
alanyl-DL-leucine and DL-alanyl-DL-leucylglycine (8). The
method of Sannif when applied tc a mixture of alanine and

leucine also produced the anhydride (10).
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@Ha)L@H—CH,; CH = CO-WH=GH=COOH

2 NH
B C’Hj * g
| Iy
CHs-C\ﬂ o + NH,Br + H,O0

! eH,-CR(CHs),

Ho (D)

o N
, 1,0
f"?’ N o g - - -@-/7""600/.{' /00 @‘ + }—L‘
), CH-CH,-GH -CO NH- /

oV 250°
NH,. CHy
f g N ( ) 4 CHy0MH
@Hs)lCH—cHz_—ng»CO-NH~§H«¢O&CH5 R I/ 3
NH, CH

/3510, (T H

) o om-coon B2 (T )+ Ao

(eHy),eh-CHy-CH-co-NHGP

(1t ),c ke, CH=CO=NH=CH=Co-NH-CH- CooK Po42] [T )+ CHocoon
N/L/g, CH} Nf‘/L

a,,/"/j"‘/b/‘/""td)(/f*/ + @,ﬁj}b C:H-C)/L/,;- ,,:JH_ C OO
NH, NH,_

G B Y

A
W%(L) + AMH, O

3,6-Diethyl-2,5~diketopiperazine or o< =amincbutyric anhydride,

Preparation of this derivative has been carried out mainly
by Fischer and Raske (28 , 32) and by Sannié (10). Tischer's
syntheses were mainly applications of the usual reactions on

the corresponding dipeptide;-

(1) Heating the dipeptide to its melting point.
(ii) Converting the dipeptide to the ester hydro-
chloride, neutralising and allowing the ester to

stand for a prolonged period of time.
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(1ii) Better than (2) above--by the action of alcoholic
ammonia at a low temperature on the dipeptide ester
hydrochloride.
(iv) Samnié obtained it by heating % -amino butyric

acid in ethylene glycol (10).

v

UV

(1) L, Leat, "] + Hoo
NH,. s oc_ CH CHe

H CI)

(i1)
C,He~ CH=CONf= Gh~ ~Co0C H, > @:) + C, HsOH
/Vh& C 2 Mg
(iii) .
Cz_/v’s—-i{-l*C-O*NH’gH‘COOCz,Hs- /\//./3> @j)+cbl450H +NH,C]
A%Gdfl CLHS ‘
(iv)
C Hy-CH~COOH C" 2H.,
2 g etz (L) + 2H0
b .

3,6,Diisopropyl=2,5-diketopiperazine or valine anhydride.

Syntheses were performed by Fischer and associates from
DL-valine and from L-valyl-D-valine (17 5 18). Krause ob-
tained it by allowing DL-valine ethyl ester to stand or by
heating the ester in a sealed tube to 180-190° (33), and
Slimmer by allowing the ester to stand (35), Sannié also

obtained it from valine,

H
AN
Fischer, 6 o @H,g] CH-CH4 1= +2H, 0
Sannib:- = (6/7/3) - CH coort ’ Ch-CH(CH )
/VHL BN V/ 3

,
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Fischers: c

(CH3)cH-CH=CONH-CH=COOH o (TYy+ W,0
Krause, Q@HQ,_CH" CrH*‘COO CQ_HS - &L) -\—;LCLHSDH
Slimmer: - %“4L

3-Isopropyl=6=isobutyl-2,5=-diketopiperazine or leucylvaline

anhydride.

Fischer and Scheibler prepared this compound by the fre-
quently mentioned method of esterification and ring closure
from the dipeptide (17)., Krause obtained the diketopipera-

zine by raising a mixture of DL-valine and DL-leucine to 3L0°

in an evacuvated tube, and alsc by heating a mixture of the
two amino acid esters at 180°=190° in a sealed tube (33).

Maillard also prepared it from DL-valine and DL-leucine (36).

@f@ ),CH = CHh—CH = co-NH-~ 5:#/ - COOC, Hy

Fischers NH,. \L CHEHs),
N
- ~ ‘
Gﬁﬁfﬂ“@%ffg fo +C,H0H
@ oy SHeH (CHs5),
Krause ; H )
s (C/—/ﬁ))*c 1= Ctym §1 = COOH (CHs),CH- GH=COOH
Maillarde N, Ny
@’ )+ M0

Krause: @HB)LC#- G/;i*(f#“‘ C@OC; /7/5 C(f/?’j)_,‘C/“/"/C/‘/ - QQOCL/L/.S
o \i N,

(I) + C;;_,C,L_HSC)H
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In a study of the catalytic hydrolysis of goose feathers,
Sadikov and Zelinskii reported the hydrolysate to contain this
diketopiperazine, along with those derived from phenylglycyl-

glycine, prolylleucine, and methylprolylproline (37).

3,6=Disec.butyl-2,5-diketopiperazine or isoleucine anhydride,

was prepared by Ehrlich., He heated isoleucine above its melting
point, and found that a certain amount of decarboxylation to
the corresponding amylamine occurred, although the diketopipera-

zine was the main product (38).

N
N
/ ‘\
I C
2 C;\/‘/S"C/‘/—/C/‘J'* CoOH _._.‘W_-)Cl‘ﬁﬁzgl.—c\“ © +aH, 0
] 3 e —C.H
CHy NH, 0Cl N ) C‘él:: -
H ’

Gkhg~;fﬁ*§H-GOOH
CHz NH.

Oy Hg=Cl = CHum Nl CO,

3-isobutyl-b-sec.butyl-2,5-diketopiperazine or leucylisoleucine

anhydride was isolated by Abderhalden and Komm from the hog

bristle hydrolysate (26).

3-Methyl-3-ethyl-6-isobutyl-2,5-diketopiperazine or leucyliso-

valine anhydride was isolated by Sadikov after hydrolysing
blood albumin with 4% sulphuric acid at 220° in an autoclave

(39 , LO).
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3,6-Diisobutyl=2,5-diketopiperazine or leucine anhydride.

A considerable amount of attention has been paid to the
preparation of this homologue, particularly in the early years
of the present century, and more especially by Fischer. His
methods were: (i) esterification of the dipeptide followed by
action of ammonia (21), (ii) (with Koelker) from L-leucyl-D-
leucine or D-leucyl-L-leucine (L1), (iii) allowing DL~leucine
ethyl ester to stand for a month, or by warming this ester with
sodium ethoxide on a water-bath. He found it better to heat
either the DL- or the L-ester in a sealed tube to 180-190° (29),

and (iv) by raising the DL-dipeptide to its melting peint (42).
(cHs),c-chy-cH- cO-NH=-CH~ COOCLHs  NH3s

i NH CH,~CH[cH.
eman: “’L‘?“ o + C HsOH
( ) Oyt d = erys CH(CHS),
/
(FhQ)CH CH o~ CH CO-~ NH-Cﬁi ceoH QID + H.0
/\//—},_ CH CH[Cﬁj)
(iii)

@Hg} CH = CHrm g-; COOC,He a:) + 2.C, H OH
NH.

Cohn also prepared this diketopiperazine by prolonged action
of hydrochloric acid on casein (43., Ik , L5), and by heating
L-leucine at 235-2L0° in a current of dry hydrogen chloride (the

DL-anhydride was obtained) (L5).
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M

73 T ¥ e P N
DA@HB),ZCH'CHV’?H ~COoH A ) CCH;)LCH—C/'/L- C/j \E:o
N, Koot l o
oOC N/CH—CH,;LH (CHg)L
H
+ 2H0

Maillard prepared the substance synthetically by Cohn's
method above, and by hydrolysing plant and animal proteins with
boiling sulphuric or boiling concentrated hydrochloric acid
(L5,46). Other reports of its preparation by protein hydroly- rfi?f;;
sis have been made by various workers. TFor example, Ritthausen
obtained it from grain protein hydrolysate (L48), Abderhalden
by hydrolysing casein with hydrochloric or 25% sulphuric acid

and iy heating horse haemoglobin with hydrochloric acid.

Salaskin prepared the compound by prolonged tryptic diges~
tion of horse haemoglobin (L9). Hydrolysis of plant and ani- -
mal proteins to give the anhydride was reported by Hlasiewitz
and Habermann (51). Syntheses were reported by Kohler (3L), S
Krause (33), ard Destrem (50). Sannié's technique of heating
amino acids in glycol was successful in the case of leucine,

as were the other applications mentioned in this review (10).

All of the diketopiperazines reviewed up to this point,

other than the simplest member of the series, have been of the

-
-~
-type H}.C.‘/ \C o or ?-TH ~ j« O °
L. R
C)C\\[V/’ H=1 O<:\\~N’}vki
H

H
<) )
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R in the compounds so far reviewed is an alkyl group, and in
type II the R groups may or may not be identical. Numerous
cases have been reported in the literature in which the R group
is some other type of organic radical, and some instances have
also been reported of compounds having R groups in the 1l,l-
position. Most of the diketopiperazines whose preparations are
reviewed in the following pages are of types (I) and (II), where
R represents any organic radical other than alkyl, and some re-
ference is made to a few isolated examples of type (ITI) R de~

noting various types of organic radical).

2-R

~

R~

=y ) .

1!

™ N—(\u

H
~

=z
\

Glycylproline anhydride.

Fischer condensed L-prolyl chloride with glycine ethyl ester.
He converted the resulting prolylglycine ester hydrochloride to
the free ester with sodium ethoxide; the product was then made

to undergo ring closure by the action of alcoholic ammonia (52).

H, Hy wWMM—EH
i >
L QO 1 HN-CH cooc g L )/CO NH=CH,y = 00 CoH

H le
L
" )

H. /Lc.o NH= CH_-COOC,H,
H C}I)

T Hy

L)+ ey — HL{ D+ CuHsOH

(I) + CszaN& —_ + C N O0H + /s 01

Hy!
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Levene and his co-workers obtained the compound by
digesting gelatin with trypsin continually for a period of 15
months (53,5li). Abderhalden and Komm (1li) also reported its
isolation from the hydrolysate obtained by digesting edestin
with pancreatin for three weeks; they also obtained dihydroxy-
prolylglycine anhydride when hog bristles were heated with 2%

hydrochloric acid in an autoclave for 10 hours (26).

Alanylproline anhydride.

Fischer and Suzucki carried out its preparation by heating

DL-prolylalanine to 225° (55).

Ay Ho
H
H l\ ]/
“t‘\ ; > NN, FHO
4 \
H,! CO_NH_(‘_H——COOH l
N { ocC NH
R CHy \/C{/
CH,

3-Phenyl-2,5-diketopiperazine or glycylphenylglycine anhydride.

TFischer and his co-workers obtained this compound by warming

DL-phenylglycylglycine with alcoholic HCl and treating the re-
sulting ester with alcoholic ammonia (32), and also in small

quantities when phenylglycylglycine was melted (32).

c:p-’c,H—co-—NH—G-HL-—COOH C iz P-GH = CO-NH-CH, -COOC, K

NH,. +HQ NHy.er (T)
i+
N
@:)+/v/7i3 —_— qb—?f \/co + CoHsOH + NH )

~H @r)

CP*E/:; CO~NN~-CH,~COOH (IL) + 40
X | 5



28,
Its formation was also reported by Sadikov and Zelinskii

in the catalytic hydrolysis of goose feathers (37).

3-Benzyl-2,5-diketopiperazine or glycylphenylalanine anhydride.

Fischer's school esterified glycyl-=l-phenylalanine, and ob-
tained the diketopiperazine by treating the ester hydrochloride
with alcoholic ammonia (56,57). Abderhalden and Komm obtained
the compound when glycyl-DL-phenyl-alanine was heated with water
at 150-160° for six hours in a sealed tube (6), and Lichtenstein
obtained it when he heated glycyl-DL-phenylalanine to 135-140°

in o<¢-naphthol (8).

- _ P L] - 2 A NN
CFHL co-H ‘;’H" COOCLHS_NHJ Pt Ch GC 4G HOH + VHLCY

+ - ——
NHs. ) CH,~ (I) OCL py At
H
?H;—&O-/\//‘/'-?H*COOH S (1)+/712’0
My, CHy- P

3,6=Dibenzyl=-2,5-diketopiperazine or phenylalanine anhydride.

Levene and his associates prepared this compound by heating
DL-phenylalanine methyl ester to 170° (58)., It was also pre-
pared by Sasaki's method, mentioned and discussed more fully

on page 35 of this review.
H

N
2 gh=cH,~ = COOCH, /¢ c,b—cH,;c"_R/ \70 + 2CH,OH
NH, O yH ~CH - b

H
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They used a similar method to prepare 3,6-diphenyl=-2,5-

diketopiperazine, or phenylglycine anhydride, when they heated

the methyl ester of phenylglycine in a sealed tube at 160° for

nine hours (58).
)

— N~
CP c) CC> .
2 Cj>~cl;]-|-QOOCH3 Lot~ “‘ + 2CH,0H

N Hy N/)U‘* P
H

3-Benzyl=b=methyl-2,5~diketopiperazine or alanylphenylalanine

anhydride,

This compound was isolated by Abderhalden from the hydrolysate

after hog bristles had been hydrolysed with 1% hydrochloric acid (26).

Several diketopiperazines derived from serine have been pre-~
pared, mainly by Abderhalden and by Bergmann. Abderhalden and

Bahn prepared 3=(2-hydroxymethyl)-2,5=diketopiperazine (glycyl-

DL-serine anhydride) by esterifying glycyl-DL-serine and bring-

ing about ring closure of the ester to the diketopiperazine (59).

/N\
e, C’.O‘NH-C{-H“ Cc00C, Hg HC)-CH;?H C N
— a { ‘
CHO1 C.

H
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3~Hydroxyme thyl-6~benzyl-2,5-dike topiperazine (phenylalanyl-

serine anhydride) was prepared by Bergmenn as follows: -
N-(o< -acetaminocinnamyl )=DL-serine on reduction gave a
syrupy material., The syrup was hydrolysed to the dipeptide
phenylalanylserine by heating for five minutes with SNHCL,
The dipeptide reacted with methyl alcohol in presence of hy-
drogen chloride to form the methyl ester hydrochloride, which
in turn was converted to the diketopiperazine by the action

of a methyl alcoholic solution of ammonia (60).

p-er= ¢ = CO-NH=CH~CooN : cp-eHaehi-co~ NH~CH~Cook
w..,___% H,,,O (T)
NH CO~CH, ChyzOH e A i, eny-oH
CHzOH - - H-=CooC
@:) +l+1. 30 P -CHN (h-co NH- 67 H, CE)
NHs,CZ CH-OH
N
~N ' .
@) WHss cp-cin-Gl GO + CHzOH +NH, 1 .
QQ\N/CH.-CHZ;OH
H

Mention has been made on page 265of a few diketopiperazines
derived from proline. Three other such compounds derived from
this amino acid ares -

(1) DL-prolylvaline anhydride, isolated by Abderhalden.

and Komm following upon the hydrolysis of blood protein
by heating with water at 180° for seven hours in an auto=-

clave (26),
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(ii) Proleucylleucine anhydride

:>~ both isolated by
(iii) Methylproline anhydride

Sadikov and Zelinskii, following the catalytic
hydrolysis of goose feathers (37).

(iv) L-Phenylalanyl-L-proline anhydride and (v) de-

hydrophenylalanyl-L-proline anhydride, both pre-

pared by Bergmann (61),

Lysylglutamic acid anhydride,

Greenstein adapted the method so often used by Fischer,
of dipeptide esterification followed by ring closure.
Lysylglutamic acid was allowed to stand for five days at @°

in a solution of ammonia in absolute methyl alcohol (62),

HuN~ CHu EH- CHom CHy s CH - COmNR-CH™ CHy - CH = COOH
g\[H COON
=

i
@Q«H‘g N OI‘}

HuN~CHu= LHy= CHy- CHy- CH = €0 N H = GH™ CHy CH- COOCH,

NH- COOCH,
4
~

| NH,
oy

4 ACH; OH

~CH - COOH

Hbf\)-CHLjCHL" CHL-{;HL“ %H co
@Q\N/&H‘C«HL

H
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Glutamic acid anhydride.

This compound was obtained along with other products by

Blanchetigbe from glutamic acid by heating the latter with

glycerine in a current of hydrogen (63), w
e HLM~§H"‘CHL-CHL—QCMDH ﬁﬁ%ﬁgy Hoacwﬂﬁ;cm;éﬁ'\ko 2 HL O
CCON @C\ N/CH“CH?; eiHa,-— COOH

Glycyl=-l=glutamic acid anhydride. 1

Abderhalden, Weichert and Haase trcated the diesthyl ester

of chloracetyl-L-glutamic acid with ammonia (6l4).

CHy~ O~ defd ~C - CH - E0CC, H. .
) k /\// CCOC z/é 2. 2.t g ‘f'é”«‘zNHS
) 00C, Hg é’

-~

/N\ ) .
g + NH €} + 20, Hs OH
oc\N/aH~qu€H;L00H

H
Glycyl-l-asparagine anhydride,

Levene and Steiger prepared this compound by leaving
chloracetyl-L-asparagine (65) in contact with concentrated

ammonia solution for several days.

3-(p-hydroxyphenyl )=2,5-diketopiperazine or glycyl-L-tyrosine

anhydride, was isolated from the hydrolysate which Abderhalden
and Komm obtained when they left silk fibroin in contact with
concentrated hydrochloric or 70% sulphuric acid at a tempera-

ture below 25° (15). The same compound was made synthetically
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by Levene and Steiger by the action of ammonia in ethyl

alcohol upon chloracetyl-L-tyrosine ethyl ester.

N
CH,~co-NH-CH=-CopoC, N [ Ha/}w ~<h )
? * ) — > 5.J2££;29 b ( 1
C\ CH—(_JoH oc,\N/c,H,_
14

FCaHgOH + NHyCL

D-Arginine anhydride, D-lysine anhydride, and DL-diamino-

propionic anhydride were prepared by Tazawa by the action of

methyl alcoholic ammonia on the hydrochlorides of the amino

acid esters. (66).

N
g N~ NH-CHar €Hy= €, CH=COOCHy 4 aNH;

e -
H,N NH . €Y
H
NN
H N\/C-__N H._QH R CH\,‘&HL“‘ Ci-l" o ’/2/\//1
Mo CHyo NI -C
H,N OC\N/CH'@"’L CHy- € NI \WH,
H

F2CH 0N + &ANH

;)_H}N*'CHL"CHL’GH)_bCHL" ?l" - COO CHB + ;LN H3

l/ NTH_B.C?"

H
N
u,_N-cuyc”:H;cm,-CH;fH €o

OC\N/CH- Qﬁ;,"CHL’ Cﬁa- CHL’N’;’&
H
+ 2CH, 0H + 2NH Y
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2 L?H;.— CH— LoOCH;

| & ) +aN Hy — H N-CH,~ éﬁ \Co

H

+aCH,0m +ANHLCL

Most of the 2,5-diketopiperazines reviewed so far have

been made by application of some of the following synthetic

methodst=
(i) Dehydration of an o< -amino acid.,
2 ‘)?"’CH —COOH Q—c\ﬂ kj\c’[a 12 L O
NHL OC_\N/C,H"R
H
(ii) Condensation of two molecules of an amino
acid ester.
H
~ NX
s - _ Q@2_p C.{:) .
R K-CH=COOC Hs R ™o . +2C H. 0N
) > CH -6
R
(iii) Dehydration of a dipeptide. .
i~
‘, NN
ReGH=CO-NH=¢H~COOH _ Regh o+ o
NH,. K O\ MR

~
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(iv) Elimination of an alcohol molecule from a

dipeptide esters

H
~ N
R-cH—co-NH-¢H = cooc Hs R-cff  ¢o ¢
NH R T e
» CH-
OQ\N/
H

& method was developed by Sasaki in which anhydrides of

N
Bro-c o
the type ] | can be synthesised from 2,5-dike-
OQ\N/QHfﬁw o
H Q‘CﬁN\co
topiperazine, and compounds of the type I from
“ o cH-Ar
N/
Q-¢n M o H
the type ] ] + Ar represents an aromatic radi-
C’\N/C”H"'

cal. The method consists in heating 2,5-diketopiperazine

or a monosubstituted homologue with an aromatic aldehyde,
using a mixture of anhydrous sodium acetate and acetic an-.
hydride as condensing agent; the derivative formed is unsat-

urated.

?
PAu-cHo + H‘L?/N\co

He- Arn
oc\ /C/-/z_ + O
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The unsaturated linkage can then be reduced, if desired, by
treating the condensation product with zinc and acetic acid
or other suitable reducing agent. Other workers have found
it convenient to apply Sasaki's method. Using these proced-

ures, the following 2,5-diketopiperazines have been prepared:

(i)  3,6-Dibenzal=-2,5-diketopiperazine and 3,6-dibenzyl-2,5e=

diketopiperazine,

Sasaki made the first named product by condensing
benzaldehyde with glycine anhydride; reduction then gave the
second compound (67). This latter was also prepared by Levene

and co-workers on heating dl-phenylalanine methyl ester to

170° (58).

(ii) 3=sec.butyl-b=benzyl-2,5-diketopiperazine (leucylphenyla-

lanine anhydride).

Sasaki condensed benzaldehyde with 3-sec.butyl-2,5-
diketopiperazine. Reduction of the condensation product

yielded the phenylalanine derivative (68),

(iii) 3,6-difuryl=2,5-diketopiperazine (furylalanine anhydride).

Sasaki applied his method to the synthesis of this
substance by condensing 2,5-diketopiperazine with furfural.
The 3,6~difural compound thus formed was reduced to the furyl

derivative (69).
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(iv) Kuster and Kbppenhgfer utilised Sasaki's procedure in

preparing 3,6-(dipyrrylmethyl)-2,5-diketopiperazine.

These investigators carried out the condensation bet=-
ween pyrrole-o&< -aldehyde and glycine anhydride, fol~

lowed by reduction of the product (70).

(v) Deulofeu utilised Sasaki's technique to synthesise

dihydroxyphenylalanine anhydride., 2,5-=Diketopiperazine

was made to react with 3,L=-dihydroxybenzaldehyde, form=
ing the diacetyl derivative of the dihydroxybenzal com-
pound. Reduction of the latter gave the anhydride of
diacetyldihydroxyphenylalanine, which was hydrolysed with

hydriodic acid to give the required anhydride (71).

Ho '&\ CHaycoo 7
A HO <: 7 cHO ¥ H“%/ (To @HBCO)L CHzc00¢ >—CH—‘C/ !’:9 /..OOCCH3
goceH
OC\‘fi’}:H (?;) oc o= J s
H H
v
/40 1
CI) 5% ; ? - Ha\_)"CH —CH \Eo + 4 CHicooM
0/ ;4 Cﬁ/—<’ >OH
\N/
H

A more complex type of structure which contained the
diketopiperazine ring was prepared by Ravenna and Bosinelli
(72)e On applying the procedure so often used by Fischer and
Abderhalden to synthesise a diketopiperazine by heating a di-
peptide, they obtained, on heating asparagylaspartic acid for
several hours at 210° in an open vessel, a substance which they

chose to call 2,5-diketopiperazinediacetic anhydride.
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The product was found neither to melt nor decompose on heating
to as high a temperature as 320°, They believed that its struc-
ture might be either A or B below, and that B was more likely

to be the correct structure.

[
C
oc ——N" e iy CHa. H..C /CH'“*—-N\ Co
| \ | [ o< o CIH
c [R—, IO
BQ —~—— ¢ N - Co o N CH L
e \C_/

o
One instance has been reported of the occurrence of a 3,6~

Gisubstituted 2,5-diketopiperazine in nature. Saville and

Forster (73) isolated from a species of lichens a substance

which they named picrorocelline. From an investigation of its

properties they concluded that its structure was
CHsz
eH )
T NN
Pp-cq —eH  CO
i oo
¥ OCH,

p-Phenylalanyl=D-arginine anhydride,

Bergmann and Koster used Fischer and Abderhalden's method
of acting on a dipeptide ester with ammonia to prepare this
diketopiperazine. The hydrochloride of D=phenylalanyl-D-arginine
methyl ester was allowed to react with ammonia gas for several

days at room temperature. The hydrochloride of the anhydride
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was formed, but only in 25% yield (7h).

Cp-CH,- cm Co~NH- ¢H-COOCH;

NH
NH_,, ey LH» CHy- CHy NH-CQ -
N N
i,NH3
N
¢—CH;<{—/H o g, FEHOH N
1
oc CH=— CHy=CH, ~ CHy- NH - c/ =
SN/ SNH
H

(é@ ZZe yv»&éé@“ﬁézaz@gég)

Bergmann and Zervas developed a procedure for the syn-
thesis of dipeptides which has since come to be referred to
as the "carbobenzoxy® method. Carbobenzoxy chloride is made
to react with an amino acid. The carbobenzoxy derivative can
be converted to its acid chloride, and this can be condensed
with another amino acid to form a carbobenzoxy dipeptide. If
desired, the latter can be-chlorinated, and the resulting
chloride condensed with still another aminc acidj; the process
can be repeated until a chain consisting of the required
number of amino acid residues is obtained. The product is the
carbobenzoxy derivative of the polypeptide. Catalytic hydro-
genation removes the carbobenzoxy group as toluene and carbon

dioxide, thus liberating the free polypeptide (75).

P-ct OCOCIF PN-CH=COOH __5 dp=CH,-OCONH=H—COOH 4 f el
K (;L) '%

A()C’H-e,oaﬁ
CT).Q Pty OCONH-CH-COCL _ My > Pk, -0co- Nk -C =C0- NH-CH-COOH 4 [7¢)

2 C/I ) R R
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Greenstein made use of Bergmann's carbobenzoxy reaction
to synthesise some diketopiperazines derived from cysteine,
cysteine and aspartic acid, and cysteine and DL-tyrosine.. The
equations for the reactions are as shown below, and the names
assigned to the diketopiperazines are the names given by

Greenstein (76).

f-ss—u-a M co-Cl
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@) e adie MMJ{ N}—/a' T C/—/L«- SH
N
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L’- (ablectotic ) oé € H = CHy=5H
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3,6=bis(2-hydroxyethyl)=2,5-dike topiperazine.

Several accounts of the preparation of this compound have
been published. ' Britton and Livak prepared it by refluxing the
hydrobomide of o< ~amino- ¥ =butyrolactone at 75° with potas-

sium acetate in absolute alcohol (77).

H
+ - — N
H}_(‘:__.. ci4—NH; & _— Ha—cH,;cH,;fH Co
N +2CHs-cooK
3 . CH~CH,~CH, ~ O
H,f'\ /CO 0 NN H-CHy -
0 H

+aKBr +2CH-COOH
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Snyder and his co-workers obtained the compound by car-
rying out a catalytic hydrogenation of the phenylhydrazone

of ¢ =keto- ) -butyrolactone at 100° under high pressure (78).

N

= ~
2 H»‘}““"Cr N-NH<p HO~CHy-CH - CH TO
U4 H, P
L ‘ Co H ac CH- QMo CHym O

H
T p-nHL
Armstrong also prepared the compound from o =amino- X -
butyrolactone, but the latter was only an intermediate formed
in a sequence of reactions. Initially he condensed acetamido-
malonic ester with the phenyl ether of ethylene bromhydrin,

and converted the product to the lactone (79),

> 00C
C".OC)C;,HS e coo z,HS
P C Db ~co-NH-GH=CH,~CH, -0~
CHy-cO-NH-CH 4 Buay- CH~CH s O~p —=3 CHy-co- NI 2~CH, ~0-4p
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CI) f%%éﬁ%ﬁi; L%H»‘CHx-§H~100HM 4 CO,+ CHy=COOH + ¢p-0H
Gunel ‘Feeodt- NH,

OH Cﬂ)
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H < C o
b N\
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Mention has been made on pages 4O and !l of some sulphur-
containing diketopiperazines derived from cysteine. Other
diketopiperazines, derived from the amino acids homocysteine
and methionine, were described in papers published by Du Vigneaud

(80) and Snyder (81).
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Du Vigneaud and his co-workers prepared DL~homocysteine
anhydride, the L~compound and the D-compound, and converted
each of these to the Se<benzyl derivative., Details of the

synthesis were as followss-

DL-Homocysteine anhydride -- The thiolactone hydrochloride

of DL~homocysteine was treated with dilute alkali at room

temperature.
<+ - AT ]
C;Ha,méH—’N”g‘S " er’l C\H N ;;L) 4+ Ne.Cl +H,O
a0 L
e ko 7 WSS 00
N
~
HS"CHL"CHL-—CT-; <o
2L —>

|
.OC\WV/CH-CH;fH;SH
H

D-Homocysteine anhydride -- D=Homocysteine thiolactone

hydrochloride was allowed to stand with sodium bicar-
bonate solution. The free lactone thus liberated would

then react sipilarly to that of the DL~compound as shown

above,

L~-Homocysteine anhydride -- The same procedure was

followed as for preparing the D-compound,

S-Benzyl-DL=homocysteine anhydride.

DL-Homocysteine anhydride was condensed with benzyl

chloride in presence of magnesium oxide.
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S-Benzyl derivatives of the D~ and of the L~ compounds.

Sodium, benzyl chloride and ammonia acted on the respec-

tive D~ and L-anhydrides.

H
N~
CP—CH;_—CI“," HS-CH,—CH, - Cl’H C‘O
OC' CH"‘CH,: (’,HQ_‘gH +CZ'CHL—<P

~ N/
H
No+ NH
" \L o 3
P-CHL-S~CH-CH.- T e + Na.Cl + NH,Cl
o< N/CLH- eHL~ CH»‘S'QH’:#D
H

Snyder and Chiddix effebted the conversion of 326-bis

(chloroethyl)=2,5-diketopiperazine to S-benzylhomocysteine

anhydride (81), and to 3,6=bis 2=(lL-morpholinyl)ethyl -

2,5-diketopiperazine (82), and of 3,6-bis(bromoethyl)-2,5-

diketopiperazine to methionine anhydride (81l); they also

brought about the interconversion of 3,6-bis{bromoethyl)=-

Z,S-diketopiperaziné and 3,6-divinyl-2,5-diketopiperazine

(81).
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He. Fischer, Neumann and Hirschbleck heated o< =amino=

2, li~dimethyl-5=carbe thoxy-3-pyrroleacetic acid with acetic

anhydride, obtaining the corresponding 1,Lh=diacetyl anhydride

(83). WH>
CHs— CH—COOH 2
2 lL L. + Hmco)o
QL H 000Ny T EHy ,
C
%@'CHS
1
/N\\
Chsy §"§ i ¢ Se 1 & CH5= 200N
! | |
C HSOOﬂ_—iKN/)‘\'HE ; E’F{,{ ey ;?"%5
H o0&/ Y} \
{ H — Oy’:‘: -
CO~Cly,, oy N7 £00%8s
4

Sarcosine anhydride.

Siegmund and Liedl prepared this compound by adaptation

of the methods of Fischer and Abderhalden (85):=

(i) By heating sarcosine ethyl ester in a bomb tube at

170° for 20-2L hourse

ek
N
PN
2 %Hvaaacgﬁ Pu? cOo 4 2C, HOH
NH > !
\ OC\N/C—H&-
C
Ha |
CHa

(1)
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(i1) By subliming sarcosylsarcosine under vacuum at a
température below its melting point,

e%l»m—-w:o- N=—CH,~ COOH

f;}H éH3 — (I> T H‘LQ
CH4

(iii) Attempts to esterify sarcosylsarcosine by means of
ethyl alcohol and hydrogen chloride were unsuccesse-

ful, the anhydride being obtained instead,

CHy—CO= N =CH,= COOH

N H CHa Lats o (I ) +H, 0
1

+ Hey
CH,

Abderhalden and Schwab reported preparations of diketopiper-
azines having an amino acid residue linked to one of the nitrogen
atoms of the ring (86), Conversion of DL-alanylglycylglyeine to
its methyl ester, followed by the action of ammonia in methyl
alcohol, was reported as forming DLvalanyl(glycylgLycine) an-
hydride and glycyl(glycylalanine) anhydride; similarly, DL~
leucylglycylglycine was reported to form DL-leucyl(glycylglycine)

anhydride.



2 €H3~§,H-co~ NH-CH,-CO- NH-CH,~ COOCH,

NH~
\LNHs
l;! H
STV ~
S D
foXe H-CH-
OC_\N/CHL “"\‘/ 3
é.O cCo
‘ )
CH-CHy Ha
NH. NH,

L9,

@Hi)g,éf‘/“cﬁzolc’/#*i@“ NH-CH, ~CO~NH-CH ~CooCH,

NH, g
\iNHg
N
e o + CHyOH
ol
e \N/ Ha

[
CO-GH =CHa - cH(CHs),

NH;.



500

II. Hydrolysis of 2,5-Diketopiperazines.

Emil Fischer, Abderhalden, Bergmarm, and Levene have esach
contributed to information derived from studies on the hydroly-
sis of diketopiperazines by the action of acids and of alkalis.,
Other investigators who have either made a study of the effect
of such reagents on specific diketopiperazinés, or made use of
their reaction, are (i) Euler and Petterson, (ii) Dakin,
(iii) Ravenna and Bosinelli, (iv) Sasaki, (v) Kurt Meyer,
(vi) Siegmund and Liedl, (vii) Kawai, (viii) Sreenivasaya,
(ix) Yaichnikov and Spiridinova, (x) ‘Snyder (xi) Fraenkel-
Conrat, Cooper and Olcott, (xii) Parskin and Nikolaeva, and

(xiii) Lichtenstein.

The hydrolysis of 2,5-diketopiperazine might yield the

dipeptide glycylglycine or the amino acid glycine. Similarly

a substituted diketopiperazine of the type H
2 N~co
-CH
OC"\N/ H-R
H

where the R-groups are identical, might yield the corres=-

ponding dipeptide R=CH-CO~NH-CH~COOH or the amino acid
| /
WH, R
R-CH-COOH, Where the R-groups are not identical, one dipeptide
/
NHo

might be formed, or a mixture of two dipeptides, or a mixture
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of the two amino acids., A similar possibility might result
]
Y
o C’,\N,CH -R
Y
and equations for such possible reactions are given below,

from the hydrolysis of diketopiperazines of the type#H

4 |
’ - -
ReCH X0 Hy0 R-¢H-CO-NH-GH=COOK , R-LH=CONH=GH=CO0H
| \ —l, ’, F AH R
ol . CH-R' NHy, ” =
H
H ) )
Mo NNco  HWO GHRCOTNH=CH=COOH | Rocpimco-NH -ty CooH
@(’; IH 7 ;. < NP
O
\N/
H

Some information on these possible reactions has been sub-
mitted in the published work of the above mentioned investi=
gators, although in most cases they merely report the actual
products obtained when hydrolysis of a specific diketopipera=
zine does occur under the conditions used. In this review a

summary of work carried out by these workers is made,

The work of Emil Fischer,

Fischer and Fourneau found that 2,5~-diketopiperazine was
hydrolysed to glycylglycine by concentrated hydrochloric acid,
either by allowing the anhydride to stand in the acid, or by
heating with the acid (2). Fischer found that hydrolysis oc=

curred more readily with N.¥aOH at ordinary temperature (23).



H,c” o + HO ?H;Q@— NH-CH,-COOHM
2=
gcC é«HL NH,_
\N/
H

In submitting 3,6-dimethyl-2,5-diketopiperazine to the

action of alkali, alanylalanine was obtained, details being

as unders=

The anhydride derived from D-alanine was hydrolysed to
a nmixture of D-alanyl-D-alanine and DL=slanyl-DlLe=alanine (27).
!
The anhydride derived from DL-alanine was hydrolysed by NNQOH

to DL.~alanyl-DbI=alanine (28).

The anhydride derived from DL-alanine hydrolysed at room

temperature to Dle~alanyl-DL-zlanine by the action of O.h&ﬁaOH (23).
1

’\
N
H3m G 79 +H.o __5 CHCH=CO-NH—GR-COOH
0 CH-CHy NH-, CHs
4

3,6=Diethyl-2,5=-diketopiperazine yielded <X -aminobutyryl-

o< =aminobutyric acid when warmed with dilute alkali at 37° ¢ (28),

N v
Cafl” ) i ?0 THO > G}Hg«—c;,w ~co-NH-CH =COOH
NN

h
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Fischer found 3,6-diisobutyl-2,5-diketopiperazine, derived

from DL-leucine, very resistant to the action of alkali (23),
and in order to effect hydrolysis he found it necessary to heat
the anhydride with hydrobromic acid at 100° in a sealed tubej

the product was DL-leucyl-DL-leucine (L2),

H
H N
@;’3) CH-CH,~ 61ch0 NH - @H -COOH @Q__@Hg) CH-CHy CM jo
/Wiz. CH,; ¢ 1 (CH3), 0c N H=CHy CH (tHy)
N

3=Methyl=-2,5=diketopiperazine was hydrolysed to alanine

hydrochloride and glycine hydrochloride when Fischer and
Abderhalden heated it at 100° in a sealed tube with hydro-

chloric acid (11).

l
o NS ‘
HLCl C\O 2K+ 2H0 5> CHy=CH —COOH + CHom COOH
CH~CH NH LV NH,c.z
C)Q\‘N’/ iy
H

3=Isobutyl=2,5=diketopiperazine, derived from DL=-

- leucylglycine, was guite difficult to hydrolyse with alkali,
Fischer and Schrauth found that prolonged shaking with di-
lute alkali over a long period of time was necessary to ef-

fect opening of the ring, and both dipeptides were obtained

(87).

e e a0, ey cH-CH,H- cO-H-CH <O
oé_\ /ihma «C.H(CHQ NH},
b +
«%ZHQ_—CC)*NH”%H'COOH

NH. ?H? u
CH{CHs),
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3~Methyl-6=isobutyl-2,5-diketopiperazine was also diff-

icult to hydrolyse with alkali, and when warmed with dilute
sodium hydroxide at 37° C, several days were required for the
reaction to take place, Fischer and Schrauth reported the
products to be a mixture of DL-leucyl-DL-alanine and DL-alanyl-

DL-leucine (87),

\
H,o T -CH-co-NH-CH-COOM
et o 5 (CH) cH-CH I
> o QH’[C.H) NH. 3
oC CH- » 3/, +
N7 —COON
I CHz=CH - Co- NH=CH
NH, 5>
CHICHs),

The Work of Abderhalden.

Abderhalden and Rossner described 3-isobutyl-2,5-diketopi-

perazine as being resistant to hydrolysis by ﬁ§aOH (88), (ef.
Fischer, p. 53), while treatment with 25% sulphuric acid gave
not dipeptides, but a mixture of glyvecine, ammonia, and ol =
ketoisocaproic acid. Presumably'DL—leucine was formed initially,

and then underwent oxidative deamination to the o< =ketonic

acid.
N H,0
he” co PO s, b)), c-chu-GH=COOH | GHmCOOH
ocl; g;.gn.aa,—w (cHs), NH,. ' NH .
NN
H

@/L{Z)ACH-(;H&—]CH*COOH s eHs) CH-cl-co-cooy + NH,
/V/L/L
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An investigation into the problem of possible hydrolysis
of dipeptides into amino acids occurring, as soon as the di-
peptide was formed en opening of the ring, was made (89).
Conclusions were drawn that in individual cases, opening of
the diketopiperazine ring took place much more readily than
the further hydrolysis of the dipeptide, and that opening of
the ring could take placé at pH values of the same order as
those found in biological fluids., In the case of 2,5-diketopi=-
perazine, the 3-methyl-compound, and the 3,6-~dimethyl-compound,
partial hydrolysis occurred at room temperature when these an-
hydrides were allowed to stand in a solution with an initial
pH of 11.40. Equilibrium was reached after 160 hours, when
the pH was found to have dropped to a value of 8,50 (cf.

Yaichnikov and Spiridonova, p. 62 ),

Abderhalden and Bahn found results of considerable ine-
terest from a study of the hydrolysis of some mixed diketopi=
perazines derived from serine (59). (cf, Bergmann, p. 56 ).
Three such diketopiperazines were hydrolysed with 10% sulphuric
acid solutions=

DL=leucyl=DL=~serine anhydride formed DL=-seryl=DL-lsucine.

glycyl=DL-serine anhydride formed Dl=serylglycine.

L-Tyrosyl=L=-serine formed L-seryl-L-tyrosine.

H
/N\ H.0 _ _CH-COOH
Ho-cH,-CH €O N—?€>H0—CHX—%¢1—¢0 NH ’H
d
0t /(’,H-QHL—CHCCHZ)}_ NH, sy
B cH (CHS)Y,

H




56.

/,l\\‘l\
Ho-cl.~CH To H,,o> HO-—QH,,—C‘,H*CO“NH“CH;"COOH
OC\N/CHL NH,
H
HO~CH,~ C,ﬁ \TO HLO> HO*CH}-?C'/‘/*‘C@”NH— ICH ~CO0H
CH
/ H NHA [ 2.
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The Work of Bergmann.

Bergmann and Mickely studied the effect of hydrolysis on
two diketopiperagzines derived from phenylalanine, namely pheny-
lalanylserine anhydride (60) and phenylalanylarginine anhydride.
The latter, on standing in water for five days gave a 90% yield
of phenylalanylarginine, and the former was hydrolysed to
phenylalanylserine by shaking with barium hydroxide solution

for 2L hours {(cf. Abderhalden above).

-
P-eH,~CH O NH + H.O
%
- ‘C.
OC\N H-Ch,~CH,=CHa~ NH SNH,
H
j/ sNH
-
By Ol = COmNH = CH = CHy= Cl= A= Ty
AL COOH
2
A
a7 x _NH-CH ~COO
q"‘?“v?"’ co H20 5 cp-ch-CH-CO-NH 51/1 H

: ~CH,-OH
OC\N/CH 5
H
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The work of Levene.

When protein hydrolysis is carried to completion, a mix-
ture of amino acids is obtained. Most of the amino acids have
at least one asymmetric carbon in the molecule, namely the
- =X -carbon atom; a notable exception is glycine, All the other
amino acids have the L=configuration on the o< ~=carbon atom when
the hydrolysis is effected by means of acids or enzymes. Alkali
hydrolysis, however, produces the DL-amino acids. This is at-
tributed to racemisation of the o< =-carbon atom of the respec-

tive amino acids, during the hydrolysis, by the alkali.

A considerable portion of Levene's career was devoted to
racemisation studies, some of which were made on 2,5-diketopipera-
zines, not necessarily for purposes of hydrolysis, but he and his
co~workers did carry out a number of such hydrolyses as summarised

below.

In a study of the diketopiperazine derived from glycyl-L-
proline, Levene and Beatty found that glycine and L=proline were
produced when the anhydride was heated at 150° with concentrated

hydrochloric acid (5h).

‘H), Ha H Hy
H o ?Hz,_ C_,CDOH + AL ! H
Hz_ +- l-il_ ; NH'L_ hll.. N COOH

.

cO |
LY ‘
C)CK\C//

Ha
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Reference has already been made to the experience of Fischer
and of Abderhalden, in so far as finding that not all diketopipera=-
zines are hydrolysed wifh equal facility, particularly with alkali
(23, Lh2,87 5808)., Levene, Bass and Steiger sought to find what con-
clusions could be drawn from the effect of structure of the sub-
stituted diketopiperazines on rate of hydrolysis (90). In this
work they compared the rates of hydrolysis of 2,5-diketopiperazine
(glycine anhydride), l-methyl-2,5-diketopiperazine (glycyl-
sarcosine anhydride), i,b-dimethyl—Q,S—diketopiperazine (sarcosine S
anhydride), 1,4-dimethyl-3-methyl-2,5-dike topiperazine (N-
methylalanylsarcosine anhydride), and 1,hudimethyl~3~isoprppyl- |
Z,S-ketopiperaziné (N—methylvalylsarcosine anhydride), in a

medium of pH 13.l.

The first three of the compounds listed were hydrolysed
rapidly, glycine anhydride more rapidly than glycylsarcosine
anhydride and sarcosine anhydride. The Nemethyl groﬁps of the
latter two seemed to have the effect of\lowering the rate of

hydrolysis, a conclusion which seemed well supported by the

observation that N-methylalanylsarcosine anhydride and N~me thyl-

valyl sarcosine anhydride were hydrolysed much more slowly.

In another investigation, Levene and associates carried

out studies on the rate of hydrolysis of the following diketopiper-

{
azines in O,SWNaOH at 259 (91):-
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(1) glycyl-D-alanine anhydride
(i1) glycyl-Leasparagine anhydride
(iii) glycyl-DL-valine anhydride
(iv) glycyl-Deisovaline anhydride
(v) glycyl=Leleucine anhydride
(vi) glycyl=L-phenylalanyl anhydride
(vii) glycyl-D-phenylalanine anhydride

(viii) glycyl-D-tyrosine anhydride

No attempt was made to identify hydrolysis products,
and they assumed that the reaction did not proceed beyond
the stage of dipeptide formation. They concluded that (i)
was much more easily hydrolysed than the remainder, and of
the remainder, (ii) and (v) were the most rapidly hydrolysed,
(vii) seemed less stable than (viii), and (iv) was the least

readily hydrolysed of all,

Other Workers.

Euler and Petterson (92) carried out a study of the sus-

ceptibility of glycine anhydride to acid and alkali, using
solutions of pH range 0.10-9.96 at 60°, They found that the
rate of hydrolysis was least at pH 4.9, and increased more
rapidly with increase of pH than with decrease of pH from this

value.
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Dakin found 3-isopropyl-6-sec.butyl-2,5-diketopiperazine

resistant to hydrolysis by dilute acids and alkalis, due to

inability to effect solution. Hydrobromic acid (specific

gravity 1.L8) however hydrolysed the compound completely to

D-isoleucine and D-valine (93),

- - ~Coot
_N< H.0 CuHs~CH = GH I
@H;),_CH-CH <o —ils CHy NH2
+
ocC QH'CH—C;__HS
NG (), en-en-coon

H /VHL

Ravenna and Bosinelli (72) obtained asparagylaspartic

acid when the compound they named 2,5-diketopiperazinediacetic

anhydride was hydrolysed in the cold with barium hydroxide

solution.
co
S /C'H N\ H.0 CH,~CH - CO-NH~CH ~COOH
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Sasaki hydrolysed furylalanine anhydride to furylalanine

by boiling with barium hydroxide solution (69).
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Kurt Meyer and Mark obtained N=benzylalanine when 1,)-

dibenzylalanine anhydride was boiled with concentrated hy=-

drochloric acid for 12 hours (9L).

N~
“n co eH N CH-
CHyCH +2H,0 2.-cH.~ NH ci: coot
>

Siegmund and Liedl found that the best procedure for hy-

drolysing sarcosine anhydride to sarcosylsarcosine was to warm

with barium hydroxide at 30°. A yield of 70% was obtained (85).
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Kawai accomplished hydrolysis of glycyl=DL=tyrosine an-
hydride by refluxing with 25% sulphuric acid solution for 1l

hours (95),

H
Hé{fN\$O iﬁ@>§Hf{ooH +.H0<:>4H;§H-CODH
N




Srinivasan and Sreenivasaya

Like Abderhalden, these investigators made a study of the
effect of alkali concentration and of the possibility of the
resulting dipeptide being hydrolysed to amino acids (96). Their

findings were as followsi-

Glycine anhydride was hydrolysed to glycylglycine by dilute
alkaliz if the alkali was stronger than 0.01N, the di-
peptidé was hydrolysed to glycine.

Alanine anhydride was likewise hydrolysed to alanylalanine,

but the latter was not hydrolysed under the same conditions,

Yaichnikov and Spiridonova studied the hydrolysis of glycine

anhydride by N HCL at 15° and 95°, The progress of the reaction
was followed by taking samples at intervals of hours and days,
keeping the volume constant by adding water. The samples were
neutralised with Q.2N NaOH and titrated by Sorensen's formol
method (97). They concluded thate=

At 15°-. hydrolysis to the dipeptide was rapid during the

first 15 days, reaching completion in 25 dayse

A% 95%-- Hydrolysis to the dipeptide was complete in one
hour. The dipeptide was hydrolysed 4o the amino
acid, but more slowly, and incompletely. At ad-
vanced stages, the volume of NaOH necessary to
neutralise the samples began to decrease, seemingly

an indication that the reaction was being reversed.
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Snyder and Chiddix obtained DL-S=benzylhomocysteine by

refluxing the corresponding diketopiperazine with hydrochloric

acid for 7 hours (8l). They also prepared o< =amino= ¥ =

butyrolactone hydrochloride by heating 3,6-divinyl-2,5-dike=

topiperazine on a steam cone with 20% hydrochloric acid, and

by refluxing 3,6-bis(2<hydroxyethyl)=2,5-diketopiperazine

with concentrated hydrochloric acid for 23 hours (82),
N
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Fraenkel=Conrat, Cooper and Olcott studied the effect of

SNQCI on 3,6-dicarbanilyl-2,5-diketopiperazine. They found the
{

anhydride quite resistant to the reagent at 1209, but hydrolysis

did occur at 150° (98). They did not report identification of

products beyond stating that aniline was formed in the hydrolysis.
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Parshin and Nikolaeva studied the hydrolysis of the dike-

topiperazine derived from Lehistidine to the dipeptide by acids

[ !
and alkalis., They found %HZSOH at 37° satisfactory, but %NaOH
was less convenient, because it gave free histidine and unchanged

anhydride (99).
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5]
Lichtenstein and his associates obtained N-glycyl-N-(m-

hydroxy)phenylglycine when L-(mnhydroxyphenyl)=2,S-diketopipera~

zine was kept at 30° for 3 days in @NaOH (100).
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III. Possible Relation of 2,5-Diketopiperazines to

the Study of Proteins.

Mach controversy has raged as to whether 2,5-diketopipera=
zine rings (as such, or in some modified form) constitute part
of the molecular structure of proteins. Many experimental find-
ings have been presented which were claimed as evidence in fa-
vour of the theory, and many which were claimed as evidence to
the contrary. It can be truthfully stated that the net result
of all such investigations is such that no conclusive proof,
either in favour or to the contrary, is available. In more re-
cent years, however, it might be true to say that the general
consensus of opinion disregards the theory that the ring forms
part of protein molecules. This disposition is based on the
fact that, while the presence of the ring in proteins may not
have been conclusively disproved, no convincing proof of its

presence has as yet been demonstrated.

The first suggestion that the diketopiperazine ring was
an integral part of the protein moclecvle was made by Emil Fischer.
In hydrolysing horse haemoglobin with trypsin and pepsin, 3,6~
diisobuty1-2,5~diketopiperazine was one of the products obtained.
Fischer concluded that the diketopiperazine ring must therefore

be present in the original protein molecule (L2),

Much later, Abderhalden commenced a long series of researches
to determine whether definite proof could be obtained for this

theory.
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The Work of Abderhalden.

Initially he sought means of distinguishing between poly-

peptides and diketopiperazines in protein hydrolysates (102).

He found that 2,5-diketopiperaszines could be reduced to the
corresponding piperazines, whereas polypeptides were unaffected
under the same experimental conditions, When Abderhalden ap-
plied this fact to silk fibroin partial hydrolysate, he was able
to isclate 2-methylpiperazine. From this observation he con-
cluded that 3-methyl-2,5-diketopiperazine was present in the

fibroin molecule.

Whatever doubt may exist about the latter diketopiperazine
being part of the fibroin molecule, no doubt could exist about
its presence in the hydrolysate. Abderhalden isolated the an-
hydride after silk fibroin had been left standing in contact
with 70% sulphuric acid at 37° for three days (103). Hawving
isolated the compound, Abderhalden made a study of its behav-
iour towards a hydrochloric acid solution of pepsin, and a
sodium carbonate solution of trypsin. 4t any given time, the
extent of hydrolysis was no greatef than when hydrochloric acid

alone or sodium carbonate alone had been used.

Reference has already been made in the literature review
to the isolation of some 2,5-diketopiperazines when hog bristles
were heated in an autoclave with 2% hydrochloric acid, and when

blood albumin was heated with water in an autoclave (1h).
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Abderhalden did express the opinion in this work that the or-
dinary anhydrides, comprising two amino acid residues, were
formed during the hydrolysis by secondary reaction from inter-
mediate polypeptides. As supporting evidence for this belief,
he cited the conversion of polypeptides to anhydrides by heat=

ing in an autoclave.

When a number of 2,5-diketopiperazines were heated with
a solution of picric acid in sodium hydroxide, a mahogany-
red colour developed; peptides and aminc acids did not give
this reaction (104,105). The reaction was positive when ap-
plied to peptones and to most proteins. Abderhalden concluded
that these resulis were a clear demonstration of the presence
of 2,5-diketopiperazine rings in the protein molecules, the

anhydrides being in the keto form.

A further attempt was made to support the theory in a
series of oxidation studies performed on silk peptone, some
2,5-diketopiperazines, and some dipeptides (106). These were
all treated with zinc permanganate solution. The results are

summarised belowg=

0
2,5=diketopiperazines —— > oxamide,
0

Dipeptides — an unidentified product (I), but
no oxamide.

Silk peptone —————> oxamide + (I).
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Abderhalden regarded these results as good evidence for
the theory, certainly for the structure of silk peptone. The
fact that egg albumin and casein both gave oxamide and (I),
while gelatin and serum globulin each formed oxamide only,
appeared to be still further supporting evidence. It should
be stated, however, that in a later paper (107) in which several
dipeptides wsre shown as giving no oxamide, three polypeptides
containing glycylglycine residues did produce some oxamide along

with (I).

On pageSS s in the review of the literature on diketopipera-
zine hydrolysis, mention was made of Abderhalden's study of ring
opening and dipeptide splitting when the anhydrides were placed
in a solution of pH 11.L40 at room temperature., He found similar
behaviour for silk peptone and casein (88). The picric acid
test was positive at first, gradually diminishing in intensity
(104,105). While adducing this behaviour as one more support-
ing point for the theory, he did say that in some proteins the
ring might revert to a more labile modification. Furthermore,
stability of a protein would be dependent on the nature of the
amino acid residues comprising the ring. Such opinicns were
expressed to account for the fact that albumincids, such as
keratin and fibroin, were less susceptible to hydrolytic action

by enzymes than were other types of protein.

In an attempt to elucidate to some extent the steps involved

in protein hydrolysis, Abderhalden studied the action of N%Cl
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and of #NaOH on elastin and gelatin at various temperatures.
He formed the opinion that polypeptides were produced first,

~and the amino acids later. This investigation did not give
any indication of diketopiperazine formation. Nevertheless,
still adhering to the belief that the rings were part of the
structure, Abderhalden concluded that the study of the action
of acid and alkali gave no insight into the behaviour of such

rings (101),

It was inevitable that the behaviour of diketopiperazines
in presence of proteolytic enzymes should be investigated, in
view of the problem they presented concerning protein studies.
As a first step in this direction, Abderhalden and Schwab sub-
Jected the product which was believed to be DL-leucyl(glycine
anhydride) to the action of trypsin and erepsin. Hydrolysis

was reported to occur, leucine being split off by hydrolysis (108).

Attempts were also made to ascertain if the behaviour of
diketopiperazines in the animal body.could give more tangible
evidence of their significance in relation to proteins. Abder-
halden fed DL-leucylglycine anhydride and glycyl-D-alanine an-
hydride to dogs. The former appeared in the blood stream after
80 minutes, showing that no hydrolysis had occurred in the di=-
gestive tract.s The maximum concentration was reached in the
blocd stream after 5 hours, and the substance had disappeared

after a total of eight hours after feeding. Eighty per cent
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of the anhydride was recovered from the urine, and ncne was

found in the faeces.

The latter of the two anhydrides, however, gave the im-
pression of having been utilised to a much greater extent (it
must be borne in mind, as Abderhalden pointed out, that it is
more sehsitive to the action of alkali). The urine contained

glycylalanine, but no anhydride (109).

Despite these results, Abderhalden still upheld the pos=
gibility=~-if not, in his view, probability-=-of the anhydride
ring system being present in food protein. To justify the
theory against the background of the results, he susgested
that linkage of the rings to other amino acids might modify
the ring system so much, that on splitting off side chains,

the ring would be ruptured to form dipeptides.

Further work was instituted to determine whether the pre-
sence of amino acid residues on the imido nitrogen atom of the
ring would confer greater susceptibility to enzyme action (110).
OglﬁNaOH, SN@QOH trypsinkinase, and erepsin were all used on
the anhydrides examined., In each case a tripeptide was formed,
Abderhalden submitted these results as strong evidence in sup-
port of the theory. The results appeared to him to meet the
objection that ordinary diketopiperazines were resistant to

enzyme action.
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Shibata and Tazawa had stated that pepsin should be cap-

able of bringing about hydrolysis of diketopiperazines derived
from basic amino acids (lysine, arginine, histidine), Those
derived from acidic amino acids (aspartic, glutamic) on the
other hand, should be hydrolysed by the enzymeé trypsin, papain,
cathepsin. Abderhalden, Weichert and Haase repeated this work
of Shibata, and extended it to a wider rangs of anhydrides.
The enzymes used were dipeptidase, polypeptidase, trypsinkinases

and pepsin (64).

Despite a wide variation of experimental conditions,
Abderhalden obitsined nothing but negative results. Repetition
seemed to indicate hydrolysis of glycyl-L-glutamic anhydride‘
by trypsinkinase. The extent of hydrolysis, however, only seemed
to proceed as far as 15-20% of original substrate. TFurther
repetition on carefully purified materials gave completely nega=-
tive results, The decomposition previously observed must have
been due to the presence of impurities. From these experiments,
Abderhalden concluded that no very definite evidence existed
to show that anhydrides derived from acidic amino acids could

be split by pepsin preparations from different sources.

Finally, in experiments where a wide variety of diketopi=-
perazines were fed to rats and rabbits, all the anhydrides were

recovered unchanged from the urine (111).
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The Work of Bergmann.

Bergmann proposed a theory that the diketopiperazine ring
underwent some changes, and that proteins were built up of com-
plex cyclic structures involving secondary as well as primary
valences., Mixed crystals were also postulated as being in=-

volved (112).

In an effort to gain an insight into the structure of the
fish protein clupeine, Bergmann, Zervas and Koster sought to
determine whether the arginine component was in diketopipera-
zine form (113). They made a separate study of Dephenylalanyl-
D=arginine anhydride. This was found to racemise very rapidly
in solution, and to undergo autohydrolysis to the corresponding

anhydride, which itself did not racemise in solution.

Clupeine, under the same conditions, was found to show a
much lesser degree of racemisation. Bergmann felt certain,
therefore, that the arginine in clupeine was not in the form
of an anhydrides Some significance was attributed, however,
to the fact that some racemisation of the protein did take

place, whereas the dipeptide mentioned above was not racemissd.

The Work of Gavrilov,

This investigator has shown much interest in the possibil-

1ty of diketopiperazines being part of the protein moleculeo
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From a standpoint favouring the theory, he stated that the ex-
tent to which they would be present in any given instance varied
according to the type of protein, being greatest in gelatin,
least in sturine (11l). He stated that hydrolysis of gelatin
by autoclaving at 180° required at least 2l hours, whereas the
amino nitrogen content of the protein hydrolysates was the same
at the end of 9 hours as at the end of 3 hours., Diketopipera-
zines appear to be more difficult to hydrolyse as the molecular
welght increases; he attributed the longer reaction time for
gelatin therefore, as being due to slower attack on the dike=
topiperazine rings which he thoughtiould inevitably be part of

the gelatin molecule,

He went on further to state fhat dipeptides formed in hy-
drolysis did not originate from opening of the anhydride ring.
The latter, he claimed, did not form dipeptides, but in a neu=-
tral solution any dipeptide produced from breakdown of ldnger
chains (or other structures) would form systems of type dipep-

tide: anhydride.

In a later report, Gavrilov stated that when hydrolysates
produced by enzyme actiqn (pepsin, trypsin) are heated in an
autoclave, diketopiperazines are not formed. From such obser-
vations, he supgested enzyme hydrolysis breaks down both poly-

peptide and diketopiperazine structures (115).

Experiments were also carried out on collagen, in which this
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protein was heated at 180° with 1.5% sulphuric acid under a
pressure of 10 atmospheres (116). From examination of the
hydrolysate, Gavfilov drew two conclusions, that collagen had
more diketopiperazine rings in its structure than gelatin has
(117), and that two types of such rings were derived from phen-
ylalanylproline and phenylalanylglycine.

Gavrilov took issue with the claims mede by Abderhalden
(111) and Waldschmidt-Leitz (133) that ordinary diketopipera-
zines were not attacked by proteolytiq enzymes. He maintained
that after heating with aniline, the anhydrides became more
susceptible to the action of trypsinkinase, but not to trypsin

or erepsin (118).

Other Workers,

Sadikov and Zelinskii isolated diketopipera;ines‘from
goose feathers (37)s They reported that diketopiperazines
could be converted by cold concentrated hydrochloric acid to
a more complex ring structure which they cdl led dipeptines
For example, valylleucine anhydride formed a product which they
Jjudged to have the structure.

M1/ —=CO =t = CH(CH, )

? /

°
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Some of the anhydrides which they isolated from the hydrol=-
ysate were related to proline. They concluded that the protein
of goose feathers consisted of peptines and proline rings, to-

D)

her with other complex cyclic structures of unkrown characiere

4
gev

Goldschmidt and Steigerwald tried to obtain a more intimate
knowledge of protein structure by treating various wroteins with
sodium hypobromite solution at 0° (119). The reagent was re-=
ported as reacting primarily with protein, and secondary re-
action with products of alkaline hydrolysis was discounted as
unlikely. They felt confident that few amino groups were pre-
sent in whole protein, and that the conditions were so mild that
any possibility of oxidation or nuclear halogenation was not
likely to be significant. The peptide linkages were known not
to be affected, but diketopiperazines reacted rapidly. The
proteins underwent degradation. The degradation was interpreted

as being due to diketopiperazine rings.

Levene, like Abderhalden, favoured the anhydride theory of
protein structure, and tried to prove it (120,7). Reference
has already been made to the reported conversion of dipeptides

to amino acids and anhydrides by erepsin,

Pfeiffer and Angern also tried to uphold the theory. They
reported that amino acids, polypeptides, and diketopiperazines
formed complexes under the influence of neutral salts. Such

findings indicated to them that these compounds must possess
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residual valences; they expressed the opinion that the same
residual valences might play an important part in the building

up of proteins (121).

Dakin sought without success to demonstrate the presence
of diketopiperazine rings in gelatin (122). He tried to make
use of Sasaki's condensation of aromatic aldehydes with glycine
anhydride (68), He found, however, that not only gelatin (rich
in glycine) but other proteins containing no glycine reacted
with benzaldehyde. The condensation products failed to give
the biuret reaction, and benzaldehyde could not be liberated

from them.

Wrede and Brusch departed from the usual hydrolytic method
of protein degradation. They acetylated proteins first, then
reduced the products (123,124). Among reduction products they
identified 2-methylpiperazine and 2=isopropylpiperazine. These
were presumed to have been formed from glycylalanine anhydride
and glycylvaline anhydride, which they felt must be present in

the original structure.

In a discussion of what might be a possible struchure of
silk fibroin, Kurt Meyer and Mark (9L) visualised the molecule
as conslsting of four principal valence chains of glycylalanine
residuess these four chains were visualised as having a spiral
shape. They speculated that glycylalanine anhydride could as=
sume a form whose shape and size would be in close agreement

with the data which seem to be pertinent to the silk fibroin.
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Kuzin and Polyakova studied the effect of formaldehyde,
acetaldehyde and acetone on the conversion of glycine ethyl
ester to 2,5-diketopiperazine (125). These did not appear to
have any effect. However, the jeld was almost doubled when,
in place of these carbonyl compounds, glucose, fructose or
galactose was used, all of which have a potential carbonyl
group in their structures. Compounds closely related to these
simple sugars but having no potential carbonyl group (e.g. man-

nitol), were found to have no effect.

They concluded that the potential carbonyl group of the
simple sugars activated the hydrogen of the amino group in: the
ester, forming an unstable intermediate. Such formation, they
argued, would accelerate condensation of the ester. They pro=-
posed the theory that in living matter similar conditions would

bring about formation of peptides and diketopiperazines.

The remainder of this section of the literature review
embraces work carried out by various investigators in which
the effect of enzymes on diketopiperazines has been studied.

Studies in this category can be classified in two main groups;-

(1) Experiments in which positive results were claimed.
Such results were either presented by the investi-
gator as evidence in support of the diketopiperazine
theory of protein structure, or could be cited as

such by anyone favouring the theory.
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(ii) Experiments producing negative results. These re-
sults were either submitted as disproving the theory,
or could be used for this purpose. In one such study,
however, the author of the paper did not regard his
negative results as necessarily disproving the theory;
he merely stated that extreme caution must be exer=
cised before applying the anhydride theory to protein

structure,

(1) Experiments in which 2,5-diketopiperazines were claimed to

have been hydrolysed by proteolytic enzymes.

Blagowestschenski reported that enzymes prepared from beans
were capable of synthesising diketopiperazine derivatives from
amino acids. Powdered seeds of Phaseolus Mungo, L. were allowed
to stand in glycerol solutions of leucine or glycine in presence
of toluene. The amino nitrogen content decreased over a four
week period, and in the case of leucine a crystalline material
reported as resembling 3,6-diisobutyl-2,5-diketopiperazine was

extracted from the solution (126).

Blancheti8re published an account of formation of diketo-
piperazines when natural and denatured ~OValbumin were subjected
to hydrolysis by trypsin. They were not formed when hydrolysis
was effected by pepsin (127). He also studied the action of
pepsin and of trypsin on the gladin of wheat; his conclusions

were that diketopiperazine formation occurred to a much greater
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extent from gliadin than from albumin (128).

Shibata and Tazawa (129) claimed that hydrolysis of diketo-
piperazines by proteolytic enzymes was dependent on enzyme con=-
centration, Abderhalden repeated and extended this work and ob-
tained completely negative results. Fuller details of Abder-
halden's contradiction of Shibata's work were outlined on p. 71

of this review,

Tazawa extended this work to a study of the effect of cry-
stalline trypsin on glycyl-D-glutamic anhydride. He reported
that this compound was hydrolysed by trypsin, and that the
hydrolysis was not affected by the pressnce of other amino acid
derivatives (130). In another publication he contradicted
Abderhalden's negative results on the action of enzymes on L=
histidine anhydride (131). Tazawa said that the compound was
hydrolysed by pepsin at 370, but not by trypsin or papain. As
a check to ensure that the hydrolysis by pepsin was not caused
soldly by the hydrochloric acid but by the enzyme, he made a
separate studyvof the action of the acid on the compound at 379
The anhydride was not hydrolysed by the acid, so the hydrolysis

appeared to be due to the pepsin.

Ishiyama exposed three acidic anhydrides (glycylaspartic,
glycylglutamic, and aspartic) to the action of trypsin (132),
£11 three were reported to be hydrolysed, especially when the
trypsin had been activated, but other proteolytic enzymes had

no effect, Glycylglubtamine and pyrrolidone anhydrides he found

very resistant to enzyme action. The validity of these results
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was rejected by Waldschmidt-Leitz (133).

(ii) Experiments in which proteolytic enzymes were without effect

on 2,5-diketopiperarines,

Waldschmidt-leitz and Sch;ffner failed to detect any hy-
drolysis of glycine anhydride by pepsin, trypsin, erepsin, pa-
pain, or yeast autolysate (133). The experiments were performed
under the conditions regarded as the most favorable for the res-
pective enzymes. They maintained that, in those experiments
of Abderhalden where enzyme action was stated to be dependent
on acid or alkali concentration, the results were inconclusive,
Abderhalden's experiments, as Waldschmidt=Leitz pointed out,
were carried out at a pH outside the range of activity of body

fluids.

Waldschmidt-Leitz proceeds further to cast doubt on the
possibility of diketopiperazines constituting a building unit
for proteins in view of their resistance to enzyme hydrolysis.
Since silk fibroin and keratin are remarkably resistant to en-
zyme action, however, he acknowledged that several types of
structure must exist, depending on the type of protein. With
the knowledge available, he believed that protein material

resistant to enzyme action may be rich in diketopiperaziness

The validity of Ishiyama's results was rejected by

Waldschmidt=-Leitz and Ggrtner on the claim that they were erron=

eous. OSupport was offered for their claim by their failure %o
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effect hydrolysis of aspartic anhydride and glycylglutamic an-
hydride by trypsin, carboxypeptidase, protaminase, chymotrypsin,

whole pancreas extract, erepsin, or papain (13h).

Kawai failed to hydrolyse glycyl-DI=tyrosine with pepsin,
erepsin, glycerol extract of kidneys, yeast press juice, takadi-

astase (95),

Morel and Bay were unable 1o culture microorganisms in media
where diketopiperazines served as the only source of nitrogen.
As examples, Sterigmatocystis nigra and Rhizopus nigricans were
unable to utilise the compounds (135). Also, four species of
saccharomyces only showed negligible growth compared to growth

in presence of glycine.

Akabori and Maeda failed to hydrolyse diketopiperaszineacetic
acid with trypsin or papain (136). In view of Shibata's state-
ment that opening of the ring was dependent upon enzyme concen=
tration, they repeated the work with larger quantities of enzyme;

no hydrolysis occurred.

London and Kotehneva (137) sought to throw further light on
the problem by determining whether glycine anhydride could be
utilised in the body; if it could, they hoped to determine the
manner of utilisation. Glycine anhydride was injected intra=
venously into dogs. No hydrolysis occurred as the substance
passed through the organs; the only result produced seemed to

be an increase in the polypeptide content of the bloode
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Parskin and Nikolaeva found that IL-histidine anhydride was
hydrolysed to DLehistidyl-DL=histidine by acids and alkalis,
and that the rate of hydrolysis was unchanged on addition of
pepsin (99)s They concluded that any diketopiperazines formed
in protein hydrolysis was purely a side effect. They fed a
number of diketopiperazines subcutaneously to rats and rabbits,

but all were recovered unaltered.

4

A publication by Greenstein is worthy of note (138). The
diketopiperazine derived from Lelysyl-lL-glutamic amide was com=
pletely resistant to pepsin, trypsin and papain. Greenstein
stated that resistance of anhydrides to enzyme hydrolysis did
not necessarily discredit the diketopiperazine theory of pro-
tein structure, but that caution was necessary before applying

the structure to proteins.
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Dielectric Constants of Solutions of Amino Acids,

Peptides, and Proteins,

& considerable number of measurements were made by Devoto
and his co=-workers, and by Wyman and his co-workers, of dielec-
tric constants of amino acids and peptides (139-119)., Within
the ranges of concentration studied, a linear relationship was
found to connect increase of dielectric constant with concen=-

traticn, and can be expressed by equation (i) belows

D= D+ R — (1)

D = dielectric constant of solution
p = dielectric constant of pure solvent

concentration of solution

C
g = dncrement of dielectric constant with concentration.

The value of g is characteristic of the amino acid or peptide
in question, and is usually close to 23 for monaminomonocarboxylic
acidse. It can be much higher for the acidic and the basic amino
acids, and still higher for peptides. Furthermore, the value of
§ is more or less constant for a given substance in these classes,
irrespective of the solvents the solvents used were mainly water,
20%, LO%, 60% and 80% aqueous ethanol solutions, and 2,58 M sol=

utions of urea in water.

Equation (i) was valid irrespective of the frequency at
which the measurements were made in the case of the amino acids

and peptides., 2,5-diketopiperazine showed a negative value (=10)
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for 5 in waters this was interpreted as being consistent with
its amide character, the cyclic structure of its molecule,
and the absence of the zwitterion structure. The observation
was also made that, in solvent media having dielectric constant
of 20 or less, the value of D was apt to decrease with amino
acid concentration; the decrease was attributed to a tendency
for zwitterion structure to be depressed in solvents of low

dielectric constant.

The linear relationship was found to be valid in the case
of protein "solutions® provided the frequency at which the mea-
surements were made did not exceed 2.4 x 10 cycles. Above
this frequency, dielectric constant was found to decrease linearly

with concentration.

Wyman found a rather interesting relation between the values
of § for glycine and peptides of glycine residues; the value of
S was related linearly to the number of glycyl residues, from
glycine up to the heptapeptide. A copy of his graph is appended

il’l Figo 10
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Hydrolysis of Acid Amides.

Amides of the type R-CO-NHp can be hydrolysed to the cor-

responding carboxylic acid in either acid or alkaline medium.

R-CO-NH, + H0 —> R-COCH + NH3°

Very little information is available on the mechanism of the
reaction, but Ingold in his text on organic reaction mechanisms
(150) has proposed a mechanism, basedﬂon studies made by Reid
(151). It can be seen by inspection of the above equation that
the -NH» groué attached to the acyl radical is renlaced; Ingold
regards such a reaction as analogous to what he calls acyl oxy-

gen fission.

When any type of fission reaction occurs in basic or neu-
tral medium, Ingold symbolises the mechanism as "BY; when fis-
sion occurs in acid medium, the mechanism is symbolised by "AY,
&n acyl oxygen fission taking place by the B mechanism is des-
cribed by BAC’ and similarly when the fission proceeds by the
A mechanism, the symbol ﬁAC is used. 3Such reactions, however,
might be unimolecular or bimolecular; complete representation
of the mechanism is achieved by such symbols as BAG19 BA029
Apcl, 4,025 unimolecular reactions are designated by 1%, bi-

molecular reactions by #29,

Ingold describes alkaline hydrolysis of amides as BACzS

and on this basis the detailed mechanism which he proposes is

as follows:=



(’IQ—cooH + NH, ooty Rocod + NH;)

If the R group contains any electron attracting groups, the
reaction is accelerated, whereas electron releasing groups
retard the reaction. If any part of the R group is capable
of exerting a steric effect, the reaction is retarded re=-

gardless of the polarity of the group.

Acid hydrolysis is generally quite slow, and the mech=-
anism is stated by Ingold to be AA023 the detailed mechanism

proposed is thusi-

o) R

+
G- NH, + H === ¢ N

Q_._._’—-o-—
R R
Q @
o l ) .
H,0 + ¢~ NH,y olry B fn, ﬁgg_}E H.S—C N
‘ - l A’é"ﬂd‘ /IZ
R ot R
- ' +
R

Substituents have little polar effect, but when suitably sit-
uated have a strong steric effect, which retards the reaction

independently of their polarity.
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Experimentale

I - Synthesis of 2,5=Diketopiperazines.,

A11 the diketopiperazines prepared were those derived from
monaminomonocarboxylic acids. Two types were made, simple --
made by condensation of two molecules of a single amino acid,
-- and mixed --obtained by the condensation of a molecule of
one amino acid with a molecule of another amino acid. The me~

thod was essentially an extension of Sannig's technique (10).

Simple diketopiperazines,

Those prepared were 3,6-dimethyl-2,5-diketopiperazine from
DL=alanine; 3,6-diethyl=2,5-diketopiperazine from Dl= ¢ - amino
butyric acid; 3,6~diisopropyl-2,5-dike topiperazine from DL~valines
3,6=diisobutyl-2,5-dike topiperazine from DL-leucinej 3,6=disec.
butyl-2,5-diketopiperazine from DL-isoleucine. The overall re-

actions are as shown in the following equationss=-

N
2 CHy=CH~ o0 M et N el
’ NH.. —> % lo + 2H.0 )
~C :
C>c\‘N’;LH Ha o
H
i~
—~ N
R C,H~cH—CoOH —> Cz.Hs‘?H co + 2AH, 0
NH, oc\N/c:H-C’a_HS
H
H
N\
et
A@H.a);_@H-ICH— cool ‘ CCﬁg)‘;Cﬁ-lCH Co + 24,0
NH, OC_\N/CH—CH[C/?'})L

H
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i@%)LCH\ﬁH,_— /CH ~ COOH N
-~
N, —> @Hz)lCH-CHL‘TH o
OC\N /CH-C/-/;CH(C/@)L
H
+~RH, 0
N
2 C K~ CH - CH~coow CQH~CH—CH o
) / — 2y TaAH. O
CHy  INH, CH, [ /
OC\N/CH—CZZ, CHg
H 3

Preparation of 3,6=dimethyl=-2,5=diketopiperazine,

Materialss-
DL~Alanine 12 grams (0135 mole).
ethylene glycol L5 c.ce
water 30 ce.ce

The materials were mixed in a flask fitted with a tube
to serve partly as a rough fractionating column as well as-a
means of removing the water originally present in the mixture
and given off during the reaction. Although nc effort was made
to fractionate the distillate, its reaction was tested with

litmus and found to be basic. The mixture was heated to 180°

e 1850@

Solution was complete when the reaction temperature was
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reached, The solution was kept at 180°=185° for 33 hours,
during which period the solution became straw colouwed and
somewhat fluorescent. A% the end of the reaction period the
reaction mixture was allowed to cool to room temperafure and
then refrigerated for L8 hours. The straw coloured, fluores=
cent, supernatant liquid was fildered off by suction from the
white solid which had separated, and the solid subssquently
washed with small quantities of ethyl alcohol, followed with

small quantities of ether.

The yield of product was 6.k grams = 7.2 grams, or 66.8=-

75% of theory.

Preparation of 3,6=diethyl=2,5-diketopiperazine,

Materialss-

DL= o¢ maminobutyric acid 11 grams (0,107 mole).
ethylene glycol 36 coCo

water 2L ceoce

The materials were heated to 180° = 185°, the tempera-
ture maintained for 3% hours, and the product isclated in

exactly the same manner as described in the previous preparation.

In each of two consecutive experiments the yield was 6,5

grams or Tl.6% of theory.
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Preparation of 3,6-=Diisopropyl=-2,5-diketopiperazine.

Materialss-
DL-valine 8 grams (0,069 mole)
ethylene glycol 25 CoCe
water 15 c.cCe

The materials were heated together under the same ex=
perimental conditions and the same procedure followed for
isolation of the product as outlined fa the two previous

members of the series.

The yield of product was L.1-l.9 grams, or 60.6~72.2%

of theory.

Preparation of 3,6-diisobutyl=2,5-diketopiperazine.

Materialss=-

DL=leucine 7 grams (0,053 mole)
ethylene glycol 18 c.co

water 12.ceCo

The same experimental procedures for reaction and isola-

tion of product as described above were used.

Yield of product was 3.5«=L grams, or 70=-80% of theory.
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Preparation of 3,6-diisecbutyl=2,5-diketopiperazine.

Materialss=

DL~isoleucine 7 grams {0,053 mole),
ethylene glycol 18 ceco

water 12 c.Co

Using the same conditions and isolation methods, a yield

of 2-3 grams, or L0=60% of theory was obtained,

Attempts to synthesise the above diketopiperaszines, using
the monethyl ether of ethylene glycol (ethyl cellosolve) or the
monome thyl ether (methyl cellosolve) as solvent instead of the
free glycol were given a cursory preliminary trial and abandoned.
The amino acids were recovered unchanged; presumably the boil-
ing points of these liquids are too low to enable a high enough
temperature to be reached for the reaction to take place. In
those instances reported in the literature where the syntheses
have been carried out directly from aminc acids, temperature has
evidently been an important factor. Lichtenstein's use of of =
naphthol at 135=140° appears to be the lowest practicable temp-
erature for the conversion; in other cases a temperature of at
least 150° has been necessary when carried out in presence of a
liquid; otherwise, much higher temperatures have been required,

€.g. the melting point of the amino acid.

The question might arise with respect to the possibility

of using other liquids, e.g. a high boiling petroleum fraction
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or a high boiling coal tar fraction. No doubt this would be
feasible, but consideration has to be given to the insolubility
both of the amino acids and of the anhydrides in those liguids;
his factor would necessitate the development of a stirring de-
vice of such a nature as to prevent any settling of solid dur-
ing the heating period. Achievement of such an object at any
time would present a little difficulty, arnd would not in any
event surmount the problem of insoluble product coating the
surface of unreacted amino acid, a phenomenon which would in-
troduce uncontrollable variables into the reaction, with pos-

sibly wide variation in yields.

With these considerations in mind, and since solution did
occur at higher temperatures in the glycol, the possible use of

other liquids was not investigated further.

Purity of products.

The diketopiperazines derived from the amino acids used
usually have very high melting points and sometimes melt with
decomposition. The temperatures observed for the products were
all found to correspond fairly closely, but not always exactly
to the literature values. As these temperatures are very high,
it was decided to have analyses made on the compounds in order
to determine their degree of purity before embarking on the
preparation of other members of the series. The analyses were
carried out by an analyst in the Department of Chemistry, Uni-

versity of Minnesota; details of the results are recorded in

Table 1.
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TAELE 1.

Analytical Data for Simple Diketopiperazines.

C% 574 N%
Substa ce theor. found theor. found theor. found
alanine anhydride 50,7 50,89 7.0 722  19.7 19,25
o ~aminobutyric 56,1y 56,77 8.2  B.46  16.5 16459
anhydride
valine anhydride 60.6 60,9 9.1 9,19  1h.l 13.96
leucine anhydride 63.7 6L.0T 9.7 995 12,4 12,57

isoleucine anhydride 63.7 63.96 9.7 9,90 12,1 12,86

The agreement between the theoretical values for carbon,
hydrogen and nitrogen content and the values actually found is
comparable with that encountered in most organic compounds, in-
dicating that the products were in a sufficiéntly high degree of
purity for the observed temperatures to be used as a reasonable
criterion of identity in subsequent preparations of members of

the diketopiperazine series,

Mixed Diketopiperazines.

The oX =amino acids used for preparing this series were
glycine, DL-alanine, DI~ <X =aminobutyric acid, DL=valine, DL~

leucine, and DL-isoleucine. The diketopiperazines made weres-

(1) 3-methyl-2,5-diketopiperazine
(2) 3-ethyl-2,5-diketopiperazine

(3) 3-isopropyl-2,5~diketopiperazine
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(L) 3-isobutyl=2,5-diketopiperazines
(5) 3-sec.butyl-2,5-diketopiperazine
(6) 3-methyl-b-ethyl=2,5-diketopiperazine
(7) 3-methyl-6=isopropyl=-2,5-diketopiperazine
(8) 3-methyl-6-isobutyl-2,5-diketopiperasine
(9)  3-methyl-6-sec.butyl-2,5~dike topiperazine
(10) 3=ethyl=6=isopropyl-2,5-diketopiperazine
(11) 3-ethyl-6-isobutyl-2,5=diketopiperazine
(12) 3-ethyl-6-sec.butyl-2,5-dike topiperazine
(13) 3-isopropyl=6-iscbutyl=2,5-diketopiperazine
(1L) 3=-isopropyl-6-sec.butyl-2,5-dike topiperazine
(15) 3-isobutyl-6-sec.butyl=-2,5-diketopiperazine

The equations for the respective reactions are as follows;-

V- cm-coon g-cH-coor M55 amo
+ —
NH NHL OC\ N/CH“'IZ
H
C/) ﬁ = ~CHs
@ R = -Cuts
by R = —CHy—CH (CH3),
CH3 //\/\C a4 o

/ ~CH o *

(é)_(g/ ,?'/C’H—COOH_/_ R=CH -COOKH K ! J 2 )
NH, NH, OC\N/ H-

H

M

@ R

@ R o

(8 R = ~Chs [ R = -cth-culems),
R

’ g = ~Crg ! "= -CH-C,Hs
& ’ CHy

=ty 5 R = -, Ms

!

[t

—C,Hs )

Y

- CH(CHs),
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The reaction was superficially different in this series
from what obtained in preparing the simple diketopiperazines,
During the reaction periocd, effervescence was noticed, presum-
ably due in some measure at least to the water formed as by-
product of the reaction boiling off; this effervescencé was not
observed to any extent in the previous preparations. In the
previous series the reaction time was set at 3% hours arbitrar-
ilys; in this series, the end of the reaction time was judged by
the failure of a sample from the reaction mixture to give a blue
colour with copper hydroxide. Sannié used this test in his
preparations. #&s long as a blue colour was obtained with the
copper hydroxide, free amino acid was judged to be still pre-
sent. On the basis of this test, the period during which the
system was kept on temperature was in most cases less than 3%

hours,

It was also necessary to alter the procedure for isolating
the final products, except in the case of (13) and (14) above.
When the same method of isolating the compounds was tried as
used for the simple anhydrides, losses were very serious, es-
pecially in (1)=(5) inclusive. No doubt the losses can be at-
tributed in part to greater solubility of the mixed diketopiper-
azines in ethyl alcohol, but this in itself need not always be
a serious deterrent, because careful washing of a filter cake
with small quantities might be performed without too great a
loss in yield. A much more serious factor seemed to be associ-

ated with the formation of an oily material as a by-product of
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the reaction, especially in reactions (1)- (8) inclusive,

Since diketopiperazines are not generally soluble in ether
or in hydrocarbon solvents, trials were made in which these sol-
vents were poured on the filter cake’to see if any one of them
could be of any avail in ridding the filter cake of adhering oil,
before or after draining off as much glycol as possible by suc-
tion filtration., These trials were unéuccessful; the only re-
sult was formation of a pasty mass which could not be filtered,
and in some instances the oil seemed to form a separate layer

when these solvents were added to the cake.

The oil presumably exerted a solvent effect on the products,
and when the filter cake was washed with alcohol as in isolating
the simple anhydrides, it is possible that a solution of the oil

was formed having a still greater solvent effect on the product.

In the account of the heating of the reaction mixture for
simple diketopiperazines, mention was made of the fitting of a
distillation tube to the reaction flask. When this was used
in the mixed series, the reaction toock a longer time than when
carried out in an open flask. Not only was it necessary to
maintain the reaction temperature for a longer period,'but a
longer time was needed for the reaction temperature to be reached.
The exact reason for this was not investigated, but it may quite
well have been due to a partial refluxing action slowing down the
escape of the water from the system. In view of these circum-

stances, it was decided to dispense with the tube and use an

open flask,
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Temperature control was more difficult for this series.
In making the sirple compounds, a small flame was all that was
needed to keep the system at 180° - 185° C once the temperature
had been reached. No such ease of control was encountered when
similar methods were adopted for the mixed compounds consider-
able fluctuation of temperature occurring at all times. This
experimental detail was resolved by cérrying out the heating

in a wax bathe.

In certain instances Sanni& was able to perform his con-
versions at lower temperatures than were used in this work.

In the project of this problem, the control test with copper
hydroxide was more definite at the higher reaction temperature,
i.e. definitely positive or definitely negative., In some small
scale trials at lower temperature, tests over a period of time

were often rather vague and indefinite.

Preparation of 3-methyl-2,5-diketopiperaszine.

Materialss=
glycine 5 grams (0.67 mole)
DL-alanine 5.9L grams (0,67 mole)
ethylene glycol 5L c.c.
water 30 c.c,

On heating the mixture, solution was complete at 110° C,

and no solid separated out again during the heating periode
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Boiling of the water occurred shortly after solution was com-
plete and continued until it was all driven off. On reaching
180° - 185°, most of the original water seemed to have boiled

out of the solution, but effervescence commenced in this range

and persisted for more than an hour. Evolution of the water
eliminated in the chemical reaction may have been a contribute

ing factor to the effervescence,

& reddish~brown colour began to develop between 1700 and
18093 becoming progressively deeper with continued heating.
On testing samples of the solution with copper hydroxide, the
test was positive as long as the effervescence persisted. The
test was negative after thé solution had been at 180° for 1%=

2 hours.

&%t the end of this time, as much of the glycol was dis-
tilled off as possible under reduced pressure. The residual
solid and dark red oil were refluzed with 50 c.c. ethyl alco-
hols a varying amount of white solid did not dissolve, and
was removed from the dark coloured solution by suction filtra-
tion and washed with further small quantities of hot alcohol.
The undissolved residue might quite well have been glycine

anhydride, but was not investigated further.

Ebout one half to two thirds of the alcohol was distilled
off and the residue in the distilling flask refrigerated 2 hours.

& pasty solid separated which was filtered and drained as much
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as possible without washing., Although the filter cake was
pressed in an endeavour to assist the draining process, some
dark oily matter remained with the solid. The solid was spread
in a thin layer on a large piece of filter paper and after 24
hours had dried to a hard, brittle powder of a slight brown
colour. Storage in a vacuum dessicator did not accomplish any
noticeable change in colour, although some lightening did seem
to take place when it had been expésed to the atmosphere for

several weeks,

Further small quantities of solid separated from the fil-
trate when the latter was refrigerated 2L-l8 hours, but the a-
mount was small and the purity questionable, and the material

was rejected,

Yield of main product was 5.3l grams, or 62.,5% of theory.
This was the yield ultimately obtained in each of two consecu=

tive runs.

Preparation of 3-ethy1—2,5~diketopiperazine.

Materialss=

glycine S grams (0,67 mole)
DL~ o -aminobutyric acid 6,85 grams (0,67 mole)
ethylene glycol L5 cece

water 30 c.co

The materials were heated together in the usual manners
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A%t 170°C the solution turned the usval dark reddish brown colour,
and the effervescence persisted for about LO minutes at 180°C.
The reaction time was 2 hours. The ethylene glycol was distil-
led off under reduced pressure, and the dark residue refluxed
% hour with ethyl alcohole The undissolved solid was removed

by filtering, and the filtrate refrigerated L8 hours.

The weight of solid which separated during the refrigera=-

tion was 5,04-5.59 grams, or 53.5-59.15% of theory.

Preparation of 3=isopropyl-2,5=-diketopiperazine,

Materialss=
glycine 5 grams (0.067 mole)
DI-valine 7.8 grams (0,067 mole)
ethylene glycol L5 c.ce
water 30 cscCo

Solution was complete during the initial stages of the
heating, but at 130°C a white solid appeared over the entire
surface of the bubbling liguid and also round the wall of the
flask, just above the edge of the reaction mixture. This solid
was completely redissolved when the temperature had reached
160°C; at this temperature the solution began to acquire the
customary darkening in colour, and the effervescence was very

slow.

On reaching 180°C, the effervescence became nuch more
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vigorous; after one hour at 180° - 1850, the effervescence
seemed to have ceased, and the copper hydroxide test was nega-
tive., At this stage the glycol was distilled off under re-
duced pressure, leaving a dark brown coloured residue which
was now refluxed % hour with 50 c.c. ethyl alcohol. The undis-
solved solid was filtered off and washed with two 25 c.c. por-
tions of hot ethyl alcohol. The volume of the combined fil~-
trate and washings, dark brown in-colour, was reduced by about

1/3 to % by distilling off some of the alcohol.

Refrigeration of the alcoholic solution for 2l hours re-
sulted in separation of a white solid. The solid did not set=
tle to the bottom of the flask, but formed a mass in which
the mother 1iquor was occluded, and filtration was extremely
protracted. The attempt to filter as it stood was abandoned.
The mass was detached from the filter, mixed with a further
25 C.Co of ethyl alcohol and the whole refrigerated a further
2ly hours. The consistency of the mixture was no different
from before, and filtration was no more rapid than in the first
attempt. Some ether was added to the filter cake in an effort

to speed up the filtration, but without success.

The ultimate yield of product was 5.8 grams, or 55.8%
of theory. The product was a white solid, slightly tinged with

yellow.

In another attempt to prepare this compound the same dif-

ficulty of slow filtration was encountered. The cake was re-
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moved and spread out on a large piece of filter paper, but
over a period of 48 hours very little loss in weight had oc-
curred, indicating that separation of alcohol from the solid
was extremely difficult. The material was mixed with some
ether in a beaker; the reddish brown oil separated in consider-
able amount from the solid, but did not dissolve completely,
if at all, in the ether. Despite this heterogeneous condition,
the mixture was placed on the filter and drained by suction.
The filtration was much more rapid than in the previous pre-
paration, and the solid residué on ﬁhe filter was much whiter

than the previous product. The weight and yield were the same.

Preparation of 3-isobutyl-2,5-diketopiperazine.

Materialse-
Glycine 5 grams (0,067 mole)
DL-leucine 873 grams (0,067 mole)
ethylene glycol L5 ceco
water 30 c.c.

The mixture was heated to 180° - 185° as usual, and solu-
tion was complete throughout the entire heating period. The ef=-
fervescence persisted for 1% hours after reaching the reaction
temperature. When the reaction temperature had been maintained
a total of 2 hours, the copper hydroxide test was finally judged

to be negative; the solution possessed the usual dark colour.
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In distilling off the glycol under reduced pressure, care
had = . to be exercised to prevent frothing of the solution
with consequent loss of yield. In one experiment, the dark
coloured residue was refluxed with 75 c.c. ethyl alcohol, the
dark solution filtered to remove the small amount of undissol-
ved solid and the latiter washed with small quantities of hot
alcohol. The combined filtrate and washings were distilled
until about 70 c.c. of ﬁhe alcohol had been removed, and the

residual solution refrigerated L8 hours.

A solid separated out which was filtered and washed with
ather. As was the case with the 3-methyl compbund, some dark
coloured oil separated from the solid on the filter. - Addition
of a little acetone to the filter cake seemed to dissolve the

oil and wash it into the filtrate. The product left on the

filter was slightly brown in colour.

Yield of product was 5.36l; grams, or L7.34% of theory. In
another trial using the same procedure up to and including the
refluxing with alcohol and filtering off the undissolved solid,
the isolation procedure was altered beyond this point. Distil-
lation of alcohol was continued until no more could be driven
off. Fifty c.c. acetone was added to the dark coloured residue
in the distilling flask, =nd the whole refrigerated L8 hours.
The resulting suspension was filtered and washed with cold ace~-
tone. The solid product remaining on the filter was much whiter

than in the previous trial.

he yield was 5.35L grams, or L7.26% of theory.
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Preparation of 3-sec.butyl-2,5-diketopiperazine.

Materialss=
glycine 5 grams (0.067 mole)
DL-isoleucine 8.73 grams (0,067 mole)
ethylene glycol U5 cace
water 30 cscoe

The effervescence persisted for 2 hours after the reaétion
temperature (180°-185°) was reached. The copper hydroxide test
was judged to be definitely negative % hour later, and the sol-
ution possessed the usual dark colour. Frothing was particularly
serious when ﬁacuum distillation of the glycol was attempted.

In order to minimise the possibility of losses due to frothing,
it was necessary in one of the trials to distil some of the
glycol at atmospheric pressure before resorting to vacuum dis-
tillation. The dark coloured residue was refluxed with 50 ce.c.
ethyl alcohol. As in the previous preparations where glycine

was one of the amino acids used, a small amount of solid remained

undissolved, was removed in the usual way and washed with two

25 c.c. portions of hot ethyl alcohol.

The combined filtrate and washings were reduced about 1/3
to% in volume by distilling off some of the alcohol. The dark
coloured solution was refrigerated 24-36 hours and filtered by
suction. In one trial, the solid on the filter was light yellow

in colour, the colour being lightened somewhat by washing wih a
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few drops of acetone, and the yield was 5 grams or 45.3% of
theory. In another trial a few drops of ether were used in
an eifort to remo#e the coloured matter adhering to the solig,
but without success. The cake was drained at the suction pump
- as much as possible and then spread out on filter paper. At
this stage, the =oliid was dark brown in colour, but after stand-
ing overnight had chaunged to a light brown or yellowlsh brown

colour, and was rather brittle,

The weight of product was 6.3 grams or 55.6 % of theory.

Preparation of 3-methyl=-6-ethyl-2,5-diketopipsrazine.

Materialss-

DL-alanine 5.9 grams (0.067 mole)
DL~ =-aminobutyric acid  6.85 grams (0,067 mole)
ethylene glycol L5 ce.c.

water 30 cecCo

Solution was complete when the temperature had reached
120°C, At 180°C the effervescence had ceased and the cepper
hydroxzide test was negative 50 minutes later; the solution at
this point had become a light, golden yellow colour. Removal
of the ethylene glycol by vacuum distillation left a light yel-
low solid residue in the distilling flask. Warming the solid
slightly with 30 c.c. ethyl alcchol dissolved out the colour.
Partial solution of the solid occurred in this treatment, but

some separated out again on cooling, and addition of 80 c.c.
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of ether caused further precipitation. The suspension was
allowed to stand overnight and then filtered by suction,

leaving a white crystalline solid on the filter.

The yield of product was 6,06=6.68 grams, or 58,3-6L.3%

of theory.

Preparation of 3-methyl=-6-isopropyl-2,5-diketopinerazine.

Materialss=
DL-alanine 5.9l grams (0,067 mole)
DL-valine 7.8 grams (0,067 mole)
ethylene glycol L5 c.c.
water 30 c.Co

Solution was complete at 110°C, but a white solid separated
out on the surface of the solution at 130°; at 170°C +this had
almost disappeared except for a small fragment which, however,
had comple tely dissolved on reaching the reaction temnerature
of 180°C. After 80 minutes at 180°-185°C, the reaction was com-
plete, and the solution had turned to a reddish brown colour,
al though it was still transparént. As much of the glycol was

distilled off as possible under reduced pressure.

The residve was heated with 30 c.c. ethyl alcohol for 30
minutes, and, after cooling, 70 c.c. ether was added and the
whole allowed to stand overnight. The dark colour had been

dissolved out of the solid by the alcohol, and remained dis-
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solved in the ether-alcohol mixture. The suspension was fil-

tered and the white solid washed with ether.
The yeld of product was 5.25 grams or 4b.3% of theory,

In another preparation the effervescence had ceased and
the copper hydroxide test was negative after 50 minutes at
180°-185°C, The solution at the end of this time was of a
light straw colour. The glycol was evaporated under vacuum
and the residual solid refluxed 30 minutes with 30 c.c. ethyl
alcohol, Solution was complete, and the alcoholic solution
was of a reddish colour similar to that observed in the glycine
series. On cooling, 70 c.c. ether was added and the mixture
allowed to stand overnight. The white solid was filtered off
and drained at the suction pump. A further quantity of solid
separated from the filtrate on standing, and was recovered by

filtering and draining at the suction pump.

The yield of product in this run was 7.33 grams or 6L.68%

of theory.

The yield of second crop recovery was Q.) grams or 3.53%

of theory.

The total yield was 68.21% of -theory,
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Preparation of 3-methyl-6-isobutyle=2,5-diketopiperazine,

Materialss-
DL-alanine 5.9h grams (0.067 mole)
DL-leucine 8.5 grams (0,067 mole)
ethylene glycol L5 coc.
water 30 c.Co

Solution was not complete until a temperature of 177° had
been reached. After 1 hour at 180°-185°C effervescence was ob=
served to have ceased and the copper hydroxide test found to
be negative, During removal of the glycol under reduced pres-
sure the mass in the distilling flask turned to a darker colour.
The residue dissolved completely on refluxing with 30 c.c. ethyl
alcohol, giving a dark coloured solution reminiscent of the
glycine series. Seventy c.c. ether was added, causing a bulky
white precipitate to separate out, and the mixture left stand-
ing overnight. The precipitate did not settle as had the pre-
vious two compounds, but formed a mass with solvents presumably
adhering to the particles., Suction filtration was very diffi-
cult, and the cake was spread out on a large sheet of filter
paper to allow adhering solvents to evaporate., Evaporation
was slow, the time taken for the solid to decrease to constant

weight being 6-8 weeks.,

Weight of product obtained was 7.82 grams, 64.27% of

theory,
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Preparation of 3-methyl-f=sec.butyl-2,5-dike toniperazine.

Materialse—
DL~alanine 5.9 grams (0,067 mole)
DL-isoleucine 8.5 grams
ethylene glycol L5 c.c.
water 30 c.co

Most solid matter had didolved by 120°C, but a certain
amount remained undissolved until 160°C, Effervescence had
ceased and the copper hydroxide test was negative after about
one hour at 1800"18500e The solution was a clear golden syrup
colour, and nothing precipitated out even on cooling to room
temperature. The glycol was removed as completely as possible

under reduced pressure, leaving a pale yellow sold,

Only partial solution of the solid occurred on reflux-
ing with 30 c.c. ethyl alcohol, but the colour was dissolved
out completely. Seventy c.c. ether was added, causing further
precipitation. After standing overnight, the precipitate had
settled, It was filtered and drained at the suction pump and

recovered as a white solid.
Yield of product was 7.l grams or 58.34% of theory.

Second crop recovery (white solid) from filtrate was 1 gram,

or 8.22% of theory.

Total yield was 66.56%.
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Preparation of 3-ethyl-6-isopropyl-2,5-diketopiperazine.

Materialsee
DL~ oX -aminobutyric acid 6685 grams
DL-valine 7.8 grams
ethylene glycol L5 cec.
water 30 ce.cCe

A11 materials were completely dissolved by 180°C, and the
time necessary to keep the solution on temperature was 75-110
minutes. At the end of the reaction time the solution was only
of a very pale yellow colour, and a precipitate separated on
cooling. The glycol was removed in the usual manner, leaving
a light brownish yellow residue in the flask, Refluxing + hour
with 30 c.c. ethyl alcohol only effected partial solution, but
all the colour was dissolved out. Eighty c.c. ether was added
and the mixture allowed to stand overnight. On filtering, a.

wnite solid was obtained.

Yield of product was 7.38 grams, 60.6L% of theory.

3~ thyl-b=isobutyl=2,5=diketopipsrazine,

Materialsi=
DL~ ot =aminobutyric acid 6.85 grams
DL-leucine 8.5 grams
ethylene glycol U5 cec.

water 30 co.cCo
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The reaction mixture was heated to 180°~185°C and main-
tained for one hour; solution had been complete at 170°C, The

solution was slightly golden yellow in colour, and the solid

remaining after the glycol was evaporated under vacuum had a

slight yellow tinge. On refluxing % hour with 30 c.c. ethyl
alcohol practically everything dissolved, some white solid se-
parating out on cooling. Ether (80 c.c.) was added, the mix-

ture left standing overnight and then filtered. Evaporation
of solvent in the Buchner flask due to the vacuum caused more

solid to precipitate out.
Yield of main product was 9.706 grams, 73.53% of theory.

Height of second crop recovery was l.75L grams, 13.3%

of theory,

The total yield was 86.83% of theory.

Preparation of 3-ethyl-6-sec.butyl-2,5-diketopiperazine,

Materialss-
DI~ ¢ =aminobutyric acid 6,85 grams
DIL=~isoleucine 8.5 grams
ethylene glycol Ii5 c.ce
water 30 ceCo

The materials were completely dissolved at 17500, having
a sort of brownish yellow colour; it was found necessary to

keep the temperature at 180°-185°C for about 60 minutes.
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Evaporation of the glycol under reduced pressure left a creamy-
yellow solid. Refluxing with 30 c.c. ethyl alcohol gave com=
plete solution, to which was added 80 c.c. ether. On standing
overnight, the solid was obtained white on filtering. Some
Tiltrate evaporated due to the vacuum and some more solid pre-
cipitated. This was filtered separately and found to be more
yellow than the main product. On standing, however, it became

white,
Weight of main product was 7.607 grams, 57.88% of theory.
Weight of second crop was 1.2L5 grams, 9.45% of theory.

Total yield was 67.33% of theory.

3=i sopropyl=6=isobutyl-2,5-diketopiperazine )
( - These were made
3=isopropyl=6=sec,butyl=-2,5-diketopirerazine )

by the same procedure as outlined for the simple diketopiperazines,

in yields of 45.7-80% and L8-6L% of theory respectively.

Preparation of 3-isobutyl-b=sec.butyl=2,5-diketopiperazine,

Materials:
DL-leucine 8.5 grams
DL-isoleucine 8.5 grams
ethylene glycol L5 c.ce

water 30 coCe
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'The reaction mixture had to be kept on temperature for

70 minutes, and solution was not complete until the mixture
had been on temperature for fully 30 minutes; the colour of
the solution was aéort of golden brown. When as much glycol
as possible had been removed after completion of reaction, a
yellow solid remained. On refluxing with 30 c.c. ethyl alco-
hol for 30 minutes the colour was dissolved out, but solution
of the solid was nowhere near complete. To the suspension was
added 80 c.c. ether, and the mixture left standing overnight
and then filterede A white solid was collected on the filter,
and the filtrate was observed to revert to a reddish brown colour
on standing. Some yellow solid separated from the filtrate as
solvent evaporated in the Buchner flask, but on filtering off

it became white,

Weight of main product was 10.31 grams, or 70.38% of

theorye.

Weight of second crop was 1.98 grams, or 13.53% of theory,
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IT- Measurement of Dielectric Constants,

The apparatus used was constructed according to the design
proposed by Bender (152). The diagram of the electrical cir-
cuit is shown in Fig, 2. The instrument actually comprises
two portions, a resonance circuit and a power supply circuit,

and details of the parts are listed below:~

Resonance circuit.

R, - resistance, 150,000 ohms

Ry, - resistance, 40,000 ohms

L, _ FEF choke, 2.5 millihenris,

Ly - inductance consisting of 5 turns of no.26 enamelled
wire closely wound on a 1% inch diameter L-prong
moulded coil form.

- condenser, capacitance 0,001 mf, 450 wv,

Co = condenser, capacitance 0,01 mf, L50 w.v.

QA = condenser, precision variable type, consisting of

3 gangs, each of 150 mmf capacitance,

Cx = ‘the dielectric constant cell, described in more
detail on p.il9.

K = a Bliley crystal, type MC-7, freguency 2000 kilocy=
cles, the whole mounted in a crystal socket and a-
dapter,

B - O6E5 tuning eye, mounted on a 1 inch 8=-prong socket.
The tube functions both as an oscillator tube and

as a resonance detector.
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Power supply circuit.

T =« power transformer

03 - oil filled condensers, each of capacitance 6 mf,
600 volts.

Ly - chokes, each 10 HY, 80 Mi, 20 ohms.

D =~ 5Y3GT power tube, mounted on a 1 inch 8-prong

socket.
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FLGURE 2,

ELECTRICAL CIRCULT FOR DIELECTRIC CONSTANT

MEASUREMENTS (As proposed by Bender).




