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ABSTRACT.

The formation of amino acid fatty esters using
18—C;own—6 is discussed and compared with previous
methods. Initial results indicate that the method would
be viable. Thus the use of the K' salts of N-protected
amino acids, 18-Crown-6 and the appropriate alkyl halide
gives rise 1o the N-protected amino acid ester 1in
moderate to good yield, providing there is no steric
hindrance.

The use of 18-Crown-6 as an N-terminal protecting group
in peptide synthesis is studied. In solvents such as as
MeCN or CHCls, oligomerisation occurs. This is shown to
be due to an intramolecular hydrogen bond between the
NH. ' group and the imine nitrogen of the O-acyl isourea
derivative.

The use of a dipeptide complex inhibits the formation of
this hydrogen bond to a certain extent. Combining the
use of a dipeptide complex with a polar solvent
inhibits oligomerisation but gives rise to
unwanted amino acid derivatisation. There 1is reaction
between the complex and the DMSO at the N-terminal end.
The carboxylate ion group actg as catalyst in the
reaction betweén DCC and DMSO to give an intermediate.
The mechanisﬁ of this reaction is propased.
Subsgtitution of DMF as solvent leads to suppression of
both oligomerisation and derivétisation. Therefore,

addition of a dipeptide complex and DCC solution to a



solution containing an amino acid ester and TEA at 0°C
leads to peptide bond formation. Optimisation of the
~conditions is still required, however the synthesis of

an Enkephalin derivative has been achieved.
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CHAPTER ONE. INTRODUCTION.

1.1 PEPTIDE SYNTHESIS.

l.l.l History.

The first simple peptide derivatives were synthesised by
Curtius in 1881 (Curtius 1881), but it was not until
1302 +that 1t was rechnised that the structure of
proteins was best represented by chains of amino acids
linked +through amide bonds (Hofmeister 13902). Thesé
endeavours were invan attempt to reproduce the work of
nature. However, the aims of peptide synthesis became
more pragmatic and synthetic peptides were prepared for
the study of the specificity of proteolytic enzymes.
The 1solation of pure oxytocin by du Vigneaud et al.
(Pierce 1952), followed by the determination of 1its
structure (du Vigneaud 1953a,b) and its total synthesis
(Tuppy 1953) gave unprecedented . impetus to the
development of synthetic procedures. Similarly, the
elucidation of the structure of insulin by Sanger showed
that peptide synthesis would be useful to medicine in
the study of peptide hormones which regulate the life

processes (Sanger 1953).

1.1.2 Protecting Groups.
Simple amino acids have two functional groups and
either c¢an react giving a large number of products,

unless one function is "deactivated" or "protected" (see

-18-~



1932 (Bergmann 1932). This group could be removed by
catalytic hydrogenation at room temperature and
atmospheric pressure and gave relatively harmless by- .
products whilst leaving the peptide bond intact. The
other methods of removing this group are sodium in
ligquid ammonia or acidolysis (Sifferd 1935; ,Ben—Ishai
1952). The benzyloxycarbonyl group 1is regarded as the
cornerstone 1in peptide synthesis history because if has
the ability to protect the chiral integrity of the amino
acid during fhe synthesis. It stimulated further
research 1into both acid- and base-labile protecting
groups to overcome specific problems in the syntheses of
complex peptides. The most important acid-labile groups
developed are the tertl butyloxycarbonyl (Boc) group,
the o-nitrophenylsulphenyl (Nps) group and the
biphenylisopropyloxycarbonyl (Bpoc) group (Carpiné
1957a; b; Anderson 1957; McKay 1957: Goerdeler 1959;
Zervas 1963; Sieber 1968a; b). The most important base-
labile group 1is thé 9-fluorenylmethyloxycarbonyl (Fmoc)
group which has become much used in the synthesis of
peptides cdntaining up to 74 amino acids (Carpino 1970;
1972; Wu 1987).

There are five main types of amino protecting groups
{listed in Table 1.1) and which 1ype is used 1is
dependent on the amino acid to be protected, the
sequence of the peptide to be synihesised and the

protocol to be followed.

-20~-



scheme 1.1). Further complications occur when the side
chain also carries a functional group. However, groups
which "deactivate" one or other of the functional groups
in a way which requires harsh conditions to remove them
are of no use 1n peptide synthesis. Hence protecting
groups which are inert to the reaction conditions of
peptide synthesis, and yet can be removed‘easily using
mild conditions, without breaking the peptide bond, are
required. The first peptides produced had blocking
groups which could not be removed 'without the
degradation of the peptide bond and thus the first
problem to overcome was that of removable protecting

Eroups.

Scheme 1.1 Possible Products from the Coupling of Two

Amino Acids.

NH,CH,CONHCH,COOH

CHy  CHy
NH,CH,COOH | NH,CHCONHCHCOOH

CHj
+ — NH,CH,CONHCHCOOH
CHs oy

NH,CHCOOH NH,CHCONHCH,COOH

Polymers

This was done with the discovery of the

benzyloxycarbonyl (Z) group by Bergmann and Zervas in

-19-



Table 1.1 Amine Protecting Groups.

Group Type Example Applications and Conditions
A Formyl Sufficiently stable towards both
Carboxylic {For) alkalli and anhydrous acids. Use-

Acid

ful in the synthesis of some
small peptides and intermediates
not of value in the synthesis of
larger peptides.

Trifluoro
acetyl
(TFA)

Introduced via the anhydride.
Cleaved by mild alkali or NaBHa.
Gives interesting reactions and
is not recognised for its use in
higher peptide synthesis.

Phthaloyl
(Pht)

Stable to acids and hydrogeno-
lysis thus hydrazinolysis only
method of removal. Peptides thus
protected cannot be treated with
alkali due to ring opening
giving a product which is not
easily cleaved. Introduced using
N-carbethoxyphthalamide in weak
alkaline solution.

Aceto-
acetyl
(Aca)

Introduced by reaction with
ketene then saponification of
the esters. Stable to acids but
cleaved with eg. hydroxylamine.
Not found general application.

Maleoyl

Not suitable for use in routine
synthesis. useful in reaction
with thiol groups. Introduced by
reacting N-carboxymaleamide in
mild alkaline conditions. Stable
towards TFA. cleaved by treating
with dilute alkali followed by
aqueous acid.

Chloro-
acetyl
(Cla)

Introduced by chloroacetyl
chloride. Cleaved with
l1,2-phenylenediamine or
Limited significance.

thiourea

Dithia-
succinoyl
(Dts)

Stable to acids and photolysis.
Selectively cleaved by reductive
procedures in presence of 0.5M
triethylamine. Introduced using
ethoxythiocarbonyl amino acid
t-butyl esters and chloro-
carbonylsuphenyl chloride.

-21-




Table 1.1 continued.

B:
Urethane
Type

Benzyloxy|Iniroduced via the chloroformate

carbonyl |[Cleaved by acidolysis and

(Z) hydrogenolysis. Substituents in
the ring help with purification.
Some give increased stability to
acids and so are useful for side
chain protection. Some render
the group more sensitive to acid

9- Base labile protecting group.

fluorenyl |Can cause solubilisation

methyloxy|problems. Elimination is

carbonyl |[accomplished at room temperature

(Fmoc) using piperidine. Stable to acid
Of more use in solid phase than
in solution phase.

Furfuryl Introduced by reaction of

oxXy- furfurol with isocyanatocarbonic

carbaonyl acid esters. Cleaved by TFA or

(Foc) catalytic hydrogenation.

Diiso- Stable Lo all common cleavage

propyl- methods used for. N-protecting

methyloxy|groups. Cleaved by liquid HF at

carbonyl 20°C in presence of anisole. Has

(Dmc) received scant attention.

Iso- Acid labile comparable to t-Boc.

boryloxy-{Has found some use in synthesis.

carbonyl

(Ibc)

t-butyl- |Acid labile. Most commonly used

oxy-— group along with Z group.

carbonyl |[Introduced with the ditert.-

{Boc) butyl-dicarbonate.

2-(4-bi-phenylyl)propyl(2)oxycarbonyl

{Bpoc)

useful for gquantitative
deprotection of large peptides
because the methyl protons are
easily detectable by NMR.
Introduced by the azide or
active ester. Cleaved by TFA in
DCM or by hydrogenolysis.

2-(4-pyridyl)propyl{(2)oxycarbonyl

The presence of the nitrogen
increases the protecting groups
stability to acids, the
substituents also influence it.
Cleaved by Zn in AcOH, electro-
lytic reduction.

-22~




Table

1.1 continued.

C:
Sulphur-/
Phosphorus-
Containing
groups

2-nitro-
phenyl-
sulphenyl
(Nps)

Introduced via 2-nitrophenyl-
sulphenyl chloride. Cleaved in
weakly acidic medium, when
t~-butyl residues are unaffected. |
Has found wide application. Also
cleaved by thiolysis.

4-toluene
sulphonyl
(Tosyl,
Tos)

One of the earliest N-protecting
groups used. Cleaved by HI and
PHal in AcOH at 60°C and Na in
ligquid ammonia. Introduced by
4-toluenesulphonyl chloride.
Partial decomposition of Arg,
Cys, Trp and hydroxyl amino
acids occurs during cleavage of
this group. Important for side
chain protection, especially for
Arg as the tosylguanidine bond
is cleaved by liguid HF.

Diphenyl-
phosphine
(Dpp)

Diphenylphosphine chloride used
to prepare the protected amino
acids. Can be used with all
melhods of condensation.
Slightly more acid labile than
Boc group.

D N
Alkyl
Groups

1Triphenyl

methyl
(Trt)

Introduced using trityl chloride
Only alkyl group of importance
for Na protection. Causes steric|
hinderance to the carboxylic
group but coupling using DCC,
DCC-HOSu or DCC-HOBt give good
yields. Cleaved by hydrogenation
but it is preferable to use weak
acids.

E:
Oxo compound
derivatives.

Benzyl-
idene
derivs.

Introduced via the benzaldehyde.
They are transient protection
for (9 —amino groups in the '
preparation of Na-protected
diamino acids. Cleaved by
treatment with bromine water
nitrous acid in acetic acid. If
Tyr presenti, the application of
Bromine water 1is not feasible.

or

Table compiled from Geiger 1981 and references therein.

In

protecting group also promotes

solution-phase

peptide

synthesis, the carboxyl

solubility of the amino




acid or peptide and helps in the purification.of the

products. The choice of which proltecting group to use

for +the carboxylic end is dependent on the overall

protocol that 1is going to Be used. Table 1.2 lists the

various groups used for protection and the possible

cleavage methods.

Table 1.2. Carboxyl Protecting Groups and Their Methods

of Cleavage.

Protecting| Cleavage Uses and Disadvantages
Group Method
Trimethyl |Hydrolysis in Temporary protection to aid
silyl acidic, basic solubilisation and prevent
esters or neutral carboxyl ion reaction.
agqueous media Formed in situ.
t-Butyl mild acid In combination with amine
esters conditions. HCl|protecting groups which are
in organic cleaved by hydrogenation.
solvents, TFA Sitable to the mild condition
or HBr in AcOH |used to cleave the Bpoc, Nps
and Trt groups. Especially
used 1f peptide has sulphur
containing amino acids.
Diphenyl mild acid Used only sparingly. Prepare
methyl conditions, TFA|from diphenyldiazomethane -
esters hydrogenolysis this is a deterrant to its
use.
Trimethyl |mild acid, 2N More stable to acid than
benzyl HBr in AcOH, tert. butyl esters. Used in|
esters TFA combination with more acid
labile amine protecting
Eroups.
Phthal- mild acid, 2N Preparation involves several
imido- HBr in AcOH steps, therefore they are
methyl not generally used though
esters they have great versatility.
L




Table 1.2 continued.

Benzyl and|hydrogenolysis. |Benzyl ester not completely
p-Nitro- Zn in AcOH for |stable under conditions used
benzyl p-nitrobenzyl for removal of Z group.
esters esters when p-nitrobenzyl esters more
benzyl esters stable to acidolysis. Benzyl
are present. esters used for side chain
protection on Glu and Asp.
4-picolyl |Hydrogenolysis.|hydrogenolysis can be slow
esters Electrolytic leading to side reactions.
reduction, Na Useful group for purific-
in liquid ation enhancement of
ammonia, sapon-|intermediates and products.
ification.
Methyl treatment with |many side reactions can
esters alkali, non- occur when using alkali, but
basic nucleo- they can be minimised.
philes.
Phenyl peroxide anion |no racemisation is detected.
esters solvents such as MeOH and
EtOH should be avoided to
prevent transesterification.
Poly- saponification |has some advantages of SPPS
ethylene and allows purification by
glycol differences in molecular
size.
B-p- B-elimination, only one of this type to
toluene treatment with |have been used in a complex
sulphonyl |cyanide ion. synthesis.
ethyl
ester
Phenacyl sodium thio- Prepared from phenacyl
esters phenoxide, bromide and a carboxylate
Zn in AcOH salt. Used in SPPS to attach
the first amino acid to the
resin.
9-anthryl-|{CHsSNa in hexa-|not been put to use in
methyl methylphosphor-|syntheses.
esters amlde.
2-tri- quaternary the Z group tends to form
methyl- ammonium hydantoins under these
silyl- fluoride in DMF|conditions. Benzyl esters
ethyl partially cleaved and
esters disulphides disproportionate
Useful in some instances.

-25-




Table 1.2 continued.

2,2 - photolysis. this method of cleavage and
dinitro- - thus this type of group has
diphenyl- . ' developed only slowly.
methyl

ester

Table compiled from Roeske 1981 and references therein.

All these types of protecting groups give. an
overwhelming choice for the chemist when setting out on
the synthesis of a complex peptide, on how to achieve
the best possible results and the simplest purification

procedure.

1.1.3 Peptide Bond Formation.

The maln reaction in peptide synthesis is acylation of
the amino group of one amino acid by the carboxyl group
of another to form an amide bond. The presence of
several functional groups in an amino acid and the
necessity to maintain the integrity of the chiral
centres during coupling are what makes peptide synthesis
much more complicated than simple carboxamide formation.
Many methods have therefore been developed for peptide
bonc formation under mild conditions. All these methods
are based on the electrophilic acylation mechanism of
the NHz:2-R involving activation of the a - carbonyl
functionality of N-protected amino acids and peptides.
The electrophilicity of the carboxyl carbon is usually
enhanced by electronegative groups attached to it.

These reduce its low electron density still further and



come 1n two categories: 1) replacement of the hydrogen
and 2) replacement of the hydroxyl group. Category 1)
is typical of active esters, anhydrides, iminoanhydrides
and acetals, Category 2) is typified by azides,
diimines, azoles, acylamines, thioesters, acid halides
and cyanides. The reactivities of the main types of
acylating agents are 1in the order: RCONR'< RCOOR'<
RCOOCOR'< RCOHal and within one type the reactivity-is

dependent on R.

Scheme 1.2 Two Mechanisms by which an Amine Will

Displace a lLeaving Group.

U

R-C=0 -
a) Concerted. ) —> RCONHR + HX
H-N-H
L~
R
@
b) Two-Step. R-é—/>(>
o S e . ,
RCOXRHR—> | 38, ~ROONHR
' + HX
LR

Generally, the acylating power of RCOX increases with
the ability of X to depart and is therefore dependent
on the acid strength of HX. There are two mechanisms by
which the incoming amine group displaces the 1leaving
group X (see scheme 1.2); one being a one step procedure

and the other a two step. The intermediate in the two



step mechanism has never been directly detected or
trapped, but kinetic evidence points to its existence
~ 8 -10

with a lifetime of 10 to 10 seconds (Bodanszky

1976 ; Jakubke 1966; Johnson 1967).

1.1.4 Coupling Reagents.

Reactive intermediates such as acid chlorides and acid
anhydrides were used for amide formation before the
birth of peptide synthesis, and so were used initially
in the formation of peptide bonds. HQwever, along with
the new methods of protecting the functional groups, new
methods of bond formation were evolved. Curtius
developed the.classical method using azide derivatives
which is still in wuse today (Curtius 1902), whilst
Fischer used the acid chloride method which is rarely

used now (Fischer 1903). The mosti popular method was

the use of acid anhydrides. Mixed anhydrides were
proposed by many investigators, all using different

components to activate the amino acid but using the same
general procedure. Goaod results were obtained using an
alkyl carbonic acid - protected amino acid mixed
anhydride, the best being - the sec, butylcarbonic
anhydride (Wieland 1951; Boissonnas 1951; Vaughan 18951;
1952) .

Another method of activating the amino acid, proposed in
1955, was that of using an activated ester such as the
nitrophenyl ester or the N-hydroxysuccinimide ester

{Bodanszky 1955; Anderson 1963; 1964).
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The most attractive approach though had to be the use of
"coupling reagents" which could be added to a mixture of
both partially protected amino acids or peptides (one N-
protected, the other C-protected). The most successful
of these must be N,N'-dicyclohexylcarbodiimide (DCC)
which was introduced by Sheehan and Hess (Sheehan 1955).
There have been attempts to replace DCC with more
efficient or less drastic materials, but it is still
leading the field along with its water soluble variants.
The more recent l-ethoxycarbonyl-2-ethoxy-1,2-
dihydroquinoline (EEDQ) and 1—i;obutoxycarbonyl—2—
isobutoxy—-1,2-dihydroguinoline (IIDQ) are used to form
mixed anhydrides in situ. They are readily prepared,

easily stored and cause no discernible racemisation

{Belleau 1968; Kiso 1973).

Scheme 1.3 Proposed Mechanism of Action for DCC.

C]
, L Ho e
R'N=C=NR' Z—= R'NH=C:=NR’
, RCOO®
v 0]
s o , it ,
RCO),0 <RCOOH RNSE?C;ISR _ RNHC[}JR
. (b) (G) —l (C) R'C:O
R'NHIC'NHR' .
0 ‘ NH,CHCOOCH,
a=0-acylisourea Voo
b= Acid anhyaride
c=N-acylurea RbONH?}?COOC% R'NHCNHR
d=Peptide SO
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DCC has become the most commonly used coupling reagent
for peptide synthesis because as a dehydrating agent it
aids the elimination of water between two amino acids.
Its by-product N,N'-dicyclohexylurea has low solubility
and thus can be easily removed from aqueous media. Its
mechanism of reaction is thought to follow scheme 1.3

{(Kurzer 1967 and references therein).

1.1.5 Solution Phase Peptide Synthesis.

Solution phase peptide synthesis can be done in two ways
- stepwise addition and‘ fragment condensation. The
lutter allows for more flexibility in the choice of
protecting groups and coupling methods used and has been
applied successfully to the syntheses of peptides up to
about 60 amino acids long (Gross 1979). Larger peptides
made by this method are impeded by an increase iﬁ the
occurrance of racemisation, poor solubility and 1low
coupling speed, thus increasing the possibility of
irreversible side reactions {(Sieber 1970; 1977, Geiger
1969; Ivanov 1976).

Stepwise addition of amino acids to the peptide chain
permits the use of excess acylating component to drive
the reaction close to completion. However, with
incremental chain elongation, proof of the peptide
homogeneity becomes less accurate.

There are four common methods of stepwise synthesis:

A: The peptide is attached to a soluble polymer whereby

the most important feature of solid phase, the
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facilitation of the separation of intermediates, is
combined with the important feature of solution phase,
having the reactions occurring in a homogeneous phase.
The best polymer foqnd was polyethylene glycol with a
molecular weight from 2,000 to 20,000 dalton (Mutter
1972) .

B: Incorporation of an ionisable group into a protectéd
peptide makes it possible to adsorb it onto aﬁ ion-
exchange column. Thus intermediates can be purified by
washing. This is known as the "handle" method (Young
1973). Two groups proposed for this were 4-
dimethylamino-4'-hydroxymethylazobenzene (p~dimethyl-
aminoazobenzyl alcohol) and 4-hydroxymethylpyridine (4-
picolyl alcohol). Esterification of a peptide carboxyl
group with one of these alcohols followed by protonation
gives a cationic centre which will bind to cation
exchange resins such as sulfoethylsephadex (Wieland
1968; Camble 1968; 1969). This method can be applied to
segment condensation as well (Bratby 1979).

C: !'In situ’ synthesis. This 1is similar to the solid
phase method in that the intermediates are purified by
precipitation from the reaction solution by addition of
a carefully chosen solvent in which the peptide product
is insoluble (a "non-solvent"”). For a simpler execution
of this method a centrifugg tube with a standard taper
joint was used so that both coupling and deprotection

could be carried out in this ‘"reactor” which also



permitted the removal of solvents by evaporation in
vacuo (Bodanszky 1973; 1974).

D: Synthesis without isolation of the intermediates
attracted wide interest. Early schemes used the water-—
soluble carbodiimides for the rapid s&nthesis. A

protected heptapeptide was secured by this me thod

(Sheehan 1965). The use of N-carboxyanhydrides made
exceptionally rapid chaln elongation possible
(Hirschmann 1967). However, the isolation of the

intermediates does lead to a better understanding of the
methods used and an insight into the possible mechanisms
involved, even though it is usually a slow and
repeltitious process,

There 1is an upper size limit beyond which amino acid
analysis will fail to show whether coupling of a
frequently occurring amino acid did occur or not. For
practical purposes, this size limit is between 15 and 20

‘residues.

1.1.6 Solid Phase Peptide Synthesis.

The repetitive eharacter of the chain elongation process
prompted speculation about the mechanisation of the
procedure (Bodanszky 1960). The realisation of these
ideas came simultaneously from Merrifield and from
Letsinger (Merrifield 1963; Letsinger 1963). In both
methods, an amino acid was attached to an insoluble
polymeric support and the chain elongation was then

carried out (see scheme 1.4). It 1is only the version
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proposed by Merrifield that has developed into a major
discipline - Solid Phase Peptide Synthesis (SPPS). The
polymers used és the solid support are gels rather than
real solids. The reactions occur inside the beads as

well as outside and so the solvents musit be such that

Scheme 1.4 Steps Involved in Solid Phase peptide

Synthesis.

0 R
! O
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R
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0 v Coupling
COCNHCHCONHCHCOOCH
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these beads swell so as to allow the reactants to
diffuse in and out of them. The desired intermediates
and products can easily be separated from the by-
products and excess reagents. Since 1its introduction,
this method has given enormous stimuli to the field as a
whole and has been used to prepare many hundreds of
peptides of varying size and function. The main
advantages of this method are: high speed; no
insolubility problems;bconvenience of operation and the
ability to automate the whole procedure. The main
dicsadvantage comes from product microinhomogeneity
caused by either repeated incomplete couplings or
decomposition of the product during the final cleavage

(Sharp 1973:; Marshall 1973).

1.2 CROWN ETHERS.

1.2.1 History.

Macrocyclic polyethers were first synthesised as early
as 1937 by LOttringhaus and Ziegler (1937), but it was
no£ until 1967, when Pedersen published a detailed paper
on the synthesis and properties of Crown compounds, that
their use in many fields of chemistry started (Pedersen
1967a) . Pedersen obtained 2,3,11,12-dibenzo-1,4,7,10,
13,16-hexaoxacyclooctadeca-2,11-diene {(dibenzo 18-Crown-
6) as a by-product in the reaction of mono protected
catechol and dichloroethyl ether. This was found to be

due to some non protected catechol present in the
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reaction solution. Studying the properties of this
compound showed that there was a marked increase in its
solubility in methanol in the presence of NaOH. The
complex thus formed was shown to be stable and soluble
in non polar organic solvents. It was postulated that
these complexes were formed as a result of ion-dipole
interactions between cations and the negatively charged
oxygen atoms symmetrically placed about the polyether

ring.

1.2.2. Characteristics.

To test this hypothesis, Pedersen synthesised 49
macrocyclic polyethers and studied their complex
formation with various metal salts and put forward the
lmportant charactepistics of crown compounds which have
been used as the basis for many studies since.

1. Many of the macrocyclic polyethers having 5 - 15
oxygen atoms, formed stable complexes with most metal

salts ;

Figure 1.1 Structural Elements of Crown Ethers.
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2. The stability of these complexes depended on tihe
relationship between the ionic radius of the cation and
the cavity in the macrocyclic polyether;

3. Various inorganic salts of me tal cations were
soluble in many organic solvenis, including non polar
ones, in‘the presence of the macrocyclic polyethers.
These compounds weré named crown compounds because of 1)
their chemical structure and 2) the appearance of the
complex, which resembles a crown placed on an ion. They
consist of a series of lipophilic and hydrophilic
stuctural elements (see Figure 1.1). The behaviour of
this type of compound in hydrophilic media can be
likened to that of a fat droplet in water (an
endolipophilic cavity 1is formed) see Figure 1.2a. In
lipophilic media, polarisation is reversed, assuming a
degree of flexibility in the backbone, and the compound
behaves like a water droplet in o0il (an endohydrophilic
cavity is formed) see Figube 1.2b (Vogtle 1979; Weber
1981). In most cases, the 1lipophilic cavity would be
too small for the uptake of a lipophilic guest molecule.
However, the hydrophilic cavity 1s 1deally suited to the
uptzke of cations. The ligating oxygen atoms in this
cavity are located in a regular, coplanar manner and
they contact the cation located in the centre at an
arithmetically calculated interatlomic distance {as shown
by the K'-18~crown-6 complex, see Figure 1.1).

This means that they are stable to entropy which is not

the case for the linear polyethers. However, the
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stability and selectivity of crown complexes is
dependent on the dynamic behaviour of the system,

composed of the ligand, the cation and the solvent.

Figure 1.2 Crown Ethers Behaviour in Different

Surroundings.

a) In Hydrophilic Media.
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\/\ I
0
b) In Lipophilic Mgdia.
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1.2.3. Thermodynamics.
Complexation is not a simple one step reaction between
cation and ligand. It often includes a series of steps

such as removal of one (or several) solvent molecules
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from the coordination sphere of the cation and
conformational rearrangements of the ligand,
particularly when the ligand 1is a wultidentate one
(Weber 1981).

The complexation reaction of crown compounds is

described by the equation:

(L)aorv + (M™",mS) v 2 (LM ")eosv + mS
| (Hiraoka 1982)
where L represents the crown compound, M™' the cation
and S a solvent molecule. An important value for these
reactions 1s the stability constant, which is normally
glven by:

K = Kenfofu = [L,M""]

fo [L1lM™")
Many different methods of measuring the stability
constant have been gsed, and they include NMR (Timko
1974), calorimetric titration (Izatt 1969; 1971; 1976)
and electronic spectrometry (Frensdorff 1971; Wong 1970;
Shchori 1975). It has been shown that for monovalent
cations and crown ethers the values of log K depend on
the cation diameter, and the maximum value is found with
K' whose diameter is closest to the cavity size of 18-
CIrowrn ethers (Izatt 1976) . The soivent plays an
important role in complex stability. Frensdorff‘<
measured the stability constantis for alkali metal

complexes of wvarious crown compounds in melhanol and on



comparing these values with those obtained for the same
complexes in H:20, they were found to be 1,000 to 10,000
times larger (Frensdorff 1971). This is because
methanol is a weak competitor for coordination compared
to H2:0. It is 1less able to dissolve a cation in the
‘absence of the crown ether than H:z:0. However, the
relationship between cavity size and cation diameter 1is
similar to that found in Hz0 for crown ethers with ring
size 14 to 18 atoms.

There are few stability constants reported for solyents
other than methanol and wafer. It may be expécted that
K values will increase for small cations in low polar
sclvenls because of decreased competition between the
solvent and the crown compound. However, the situation
is complicaled by the effect of the counter-ion because
of ion pair formation. Matsuura and co-workers
determined the K values of dibenzo-18-crown-6 complexes
of alkali metal salts by electroconductivity
measurements. They used solvents such as dimethyl
sulphoxide (DMSO) , N,N-dimethylformamide ( DMF) and
propylene carbonate and found that there was no
correlation observed between the K value and the
dielectric constant of +the solvent (Matsuura 1976).
They also found that the K value decrecased with an
increasing number of donors in the solvent.

In the complexation of primary ammonium ions and NHa'.

hydrogen bonds play an important part and hence have an
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effect on the stability constant of the complexes. Cram

et nl. determined the K value in CHCls for;
. + Bu'NHs'.SCN~ —2—» Bu*NHs'.L.SCN~

Some crown compounds with rigid cavities containing
donor atoms in the correct arrangement for the hydrogen
bonds had K values to 10,000 times greater than that of

pentaglyme (Timko 1974; 1977).

1.2.4. Kinetics.

Although much 1s known about the thermodynamics involved
in complexation reactions, the same cannot be said for
the knowledge of the kinetics. In general, the
reactions of alkali and alkaline earih metal ions
proceed rapidly and diffusion is considered to be the
rate determining step. Measurements have been made of
the complexation rate constani (k:) and the dissociation-
rale constant (ka). By wusing 23Na—. 3QK—. 87Rb—and
'?*°Cs-NMR, the movement of the cation in and out of the
complex can be seen directly. Shchori et al. employed
this method in their investigation of the kinetics of
complexation between dibenzo-18-crown-6 and Na' in
dimethyl ether. They found that the chemical shift of
“*Na in the complex was nearly equal to that of solvated
Na‘, but that the width of nuclear quadrupole relaxation

of 1he complex was 25 times greater than that of a

+ N
solvated Na because of the steric asymmetry around the
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ion. Thus they were able to obtain values for k: and ka
from the mean lives of both species of Na' in solution
{Shchori 1971).

There 1is a close relationship between the activation
energy and the conformation of the complex. This has
been shown by Shchori (1973) when they observed
approximately the same value for the activation energy
of the dissociation of dibenzo-18-crown-6 complex 1in
DMF, methanol and dimethyl ether (12.6 * 1.0 kcallmol).
This value is in agreement with that reported by Truter
et al. for the activation energy of the conformational
change in the crown ring during the complexation (Bright

1970; Bush 1971).

1.2.5. Molecular Recognition.

All this must be taken into account when trying to use
crown compounds for molecular recognition, where a
ligand must select and bind a specific substrate out of
a group of possible substrates. This binding makes use
of all kinds of intermolecular interactions;
electrostatic interactions are the most important in the
fixation of cationic species such as metal cations,; but
when  the  substrate is some other form of cation,
hydrogen bonding, van de Waals forces, short ransge
repulsions and steric hinderances also have to be taken

into account.
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The simplest molecular cation is the ammonium ion‘and
this cannot be discfiminated from the potassium ion by
size very effectively. MHowever, there 1s a difference
in the charge distribution; the ammonium ion is
tetrahedral and the potassium ion 1is spherical. 1t has
been found that the cryptund X 14 Lhe optimul receplor
for the NHs' ion as it can sit in the cavity. The
tetrahedral arrangement of the nitrogen binding sites 1is
ideal for the formation of hydrogen bonds with the
NHa ' ion (Lehn 1978a; 1978c¢c) . However, a primary
ammonium ion cannot sii in the cavity of cryptand X for
steric reasons. This cation requires a trigonal
arrangement of hydrogen bond acceptors as f{found in 18-
crown-6 and the crown compound Y (Lehn 1977b). Both of
these can distinguish between primary and secondary

ammonium ions. This property has been used by Barrett

et al. (1978). They selectively acylated secondary



amines in the presence of primary ones by complexing the

primary amines with 18-crown-6.

| 0(\0/1 (\E/ﬁo

0

LO\)O H/Nk/o\)N\H |

18-Crown-6 . Crown Compound Y.

Crown compounds do not just complex with cationic
species. Even without building complicated - host
molecules, neutral molecules can .be complexed. This 1is
found in nature in such systems as the base pairing of
nucleic acids {(Jones 1980) and the interaction between
enzy@e and substrate. The first complexes of this Lype
were reported by Pedersen (1971). They were of thiourea
and related molecules and crown ethers. The
stoichiometry of these complexes with neutral guests

liey between one molecule of polyether and one to six

v

molecules of the other components. The exact nature of
these complexes is unclear. In +these complexes the
neutral molecules contain an NH group which hydrogen
bonds with the oxygens of the crown compounds. However
there are polar organic molecules which do not contain

amine groups, but are still able to form complexes with



crown compounds. For example, Gokel et al. (Gokel
1974; 1977) prepared the complex of acetonitrile and
18-crown-6, but the X-ray analysis of the crystals
formed was difficult due to the changing stoichiometry.
This has been found to be a good method of purifying 18-
crown-6 because it remains pure upon distillation of the
acetonitrile in vacuo. Another neutral, polar organic
compound which has been shown to complex with 18-crown-6
is dimethylsulphoxide (Marji 1987) which is activated by
the crown compound in its reaction with aromatic amines

to form quinoneimmonium dyes.

1.2.6. Applications to Organic Chemistry.

Considerable attention has been Paw to crown compounds
since their specific characteristics may prlay a
significant role at the interface of synthetic chemistry
and life science. There are four possible functions
which can be utilised and these are:

1) selective capture, separation and transport of a
cufion;

2) solubilisation of 1norganic sall;

3) activation of the anion, and

2) solubilisation of alkali metal.

Any one of these four functions huas been applied in
fouirteen main areas of chemistiry; organic, syntheses,
analytical chemistry, drugs, polymer syntheses and

electrochemistry to name a few.
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Specifically, in ofganic chemistry, all four functions
are used in studies of reaction mechanisms and kinetics;
whilst in organic synthesis functions 2), 3) and 4) are
used in phase transfer catalysis and syntheses involving
inorganic salts. Organic synthesis 1is the area where
most progress has been made in the application of crown
compounds because of functions 2) and 3). The
nucleophilicity and basicity of the anion are increased
because 1t 1is not solvated, but a ’'naked’, activated
ion. Thus the anion can attack a sterically hindered

reaction site which a solvated anion cannot due to its

size. The advantages of using crown compounds are:
1) cheap inorganic salts can be used in organic
syntheses; 2) non-aqueous homogeneous reactions can be

uchieved by solubilisation of inorganic salts or alkali
metals in non polar or low polar solvents; 3) reactions
proceed under mild conditions and 4) reactions with
sterically hindered substrates can be carried out.

The main disadvantages for the use of crown compounds 1in
organic syntheses are: 1) some crown compounds are toxic
and 2) they are felatively expensive. Despite this,
crown compounds have found use ip many types of organic
syntheses, 1though many are st1ill in the experimental
stages. Some reactions in which c¢rown compounds have

been used are described in Table 1.3.



Table 1.3.

Examples of some Organic Reactions in which

Crown Ether

s are Utilised.

phase transfer
catalysis.

Reaction |Reaction Example and Comments Ref .
Type Conditions
Saponifi-|2,4,6-trimethyl- Sterically Peder-
cation benzoic acid t-butyl |hindered ester |sen
ester. KOH/ DC18C6 in|gives no reactn|1967
toluene 110°C, 5Shrs. when refluxed
for 5 hrs with
xs KOH in nPrOH
Oxidation|toluene to benzoic reaclions can Sam
acid. KMnO4/DC18C6 in|be done using 1972
benzene, room temp. solid-liquid

fluorene - fluorenone

very good yield

Hiraoka

cyclopropane. CHCls,
NaOH (50%),DB18C6 (1
mol%), room temp.

Oz, KOH, 18C6 in oblained. 1982
benzene.

Reduction|ketone to alcohol the addition of {Matsuda
NaBHas, DC18C6 in crown ether 1973
toluene, reflux 5 hrs|increascd the

formation of
the alcohol to
greater extent
than eg diglyme

Substit- |a) Electrophilic. Almy

ution racemisation of 1970
optically active cpds Guthrie

Roitman
Wong
1971
b} Nucleophilic. vield: with c.el|lLandini
CeH172Br to CsHi-21, 80-100%; 1974
MI(aq.), .01 eq crowni{without <4%
ether, 80°C L
RBr to ROAc. KOAc 2eq|R = benzyl, Liotta
18C6 (cat.) in MeCN/ nCeHi13s, nCsHi2,|1974
benzene 2-CsHi
Elimin- a) PhCH=CH: to 1,1- Makosza
ation dichloro-2-phenyl- 1874
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Table 1.3 continued.

EFlimin- B) elim. of TosOH by |anti elim. pre-|Bartsch
ation both syn and anti dominates in 1974
elim. pathways. tBuOK|presence of c.e
tBuOH, 18C6 syn elim. pre-
W_ Pk " Ph dominates in
Q. — K+ "‘O‘" its absence.
OTes syn anti
Condens- |PhCHaCOCHs to Landini
ation PhCH{(Bu)COCHs. nBuBr, 1974
DC18C6, NaOH(aq), 80°
1.5hrs.
Isomer- t addition of Mastor-
isation dhr - tetraglyme nick
instead of 18C6|1872
tBuOK/18C6, DMSO. had no effect.
Peptide BocTrpGlyQOEtL to no racemisation|Chorov
synthesis|BocTrp(Z)GlyOEt. occurred under |1976
PhCH:0CO0CeH«NO:z 1%eq|{these conditns |Klaus-
KF 2eq, 18C6 leq, ner
t-Pr:NNE, MeCN, 4hrs. 1977
Cleavage of peptide gave better Tam
from resin. vields than 1977
18C6/KCN 1-10eq, DMF, |[NaOH in dioxane
25°C, 8-16 hrs. -water or PhSNa
in DML,
Polymer—- |using acrylic acid. obtained degree|Yamada
isatlion 80°C, KQAc, 18C6 init|of polym. <14. 1976
Formed by successive nucleophilic
additions of acrylate anion whose
nucleophilicity was increased by
complexation of K'.

1.2.7.

Phase Transfer Catalysis.

ln addition to homogeneous 1iquia phase reactions which

employ
welght
amounts of
catalysis.

transfer

between an aqueous solution

one

crown

catalysts

or more

ether to an

crown Compounds can
Not only

can crown

in
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organic phase, but also in solid-liquid catalysis
between solid inorganic salt and an organic phase. This
type of solid-liquid phase transfer catalysis, where the
use of an aqueous solution is not required, is specific
to crown compounds and cannot be performed by well known
phase +transfer catalysts such as quaternary ammonium
salts and phosphonium salts.

Phase +transfer catalysis using these salts was first
described by Starks (1971; 1973), Makosza (1973) and
Brandsirom (1969). An éxample of this type of reaction
is cyanation. The reaction hardly proceeds when two
liquid phases {an aqueous solution of NaCN and aﬁ
organic solution of halocalkane) are heated and stirred.
Addition of small amounts of phosphonium salt, however,
leads Lo rapid cyanation. In the overall reaction, the
rate determining step 1s the substitution reaction 1in
the organic phase. Liquid-liquid phase transfer
catalysis using crown compounds follows a similar
scheme. However, solid-liquid phase transfer catalysis
utilises the ability of a crown compound in an organic
solvent to dissolve normally insoluble, solid inorganic
salts in 1he solvent by the formation of a complex.
This process can be applied to compounds which are
hydrolysed, or react with water,becaﬁse it proceeds under
absolutely aphydrous conditions. Not only is the

reaction simpler, but so 1s the work-up.
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1.2.8. Host-Guest Complexation.

One of the main guestions in host-guest complexation is:
"To what extent does a guest organize 1its host upon
complexation?"” Although thg oxygens of a polyethylene
glycol ether host are collected, they are
conformationally disorganized until they complex with a
suitable guest. When the chain is formed into a ring
though, the number of possible conformations 1s greatly
reduced. Thus it is that crown compounds form complexes

several kcal mol ' more stable than their open chain

Figure 1.3 Conformations of 18-Crown-6 with and without

K'scN ™
Ty o
0 0 O.
Q}/HH‘% KSCN} K* )
0 Ci Y
<\O\_> \//O\)

counterparts. This reorganization of the host molecule
has been shown by Dunitz (Dunitz 1974a; 1974b; Dobler
19744a; '1974b; 1974c¢; Seiler 1974) with the crystal
structures of 18-crown-6 and of its K'SCN complex (see
figure 1.3). Cram and co-workers have used this ability
of crown compounds, = to select the compound for

inclusion,-= to study many related areas 1in molecular

-4 9-



recognition and host-guest chemistry. One of their main
areas of research 1is 1into opticully active hosts to
discriminate between optical isomers of biological
compounds such as amino acids (Cram 1981; Kyba 18973a;
Hiraoka 1982; Sousa 1974; 1978). They wutilised' the
optical isomerism by restricted rotation (atrop
isomerism) which 1is caused by the binaphthyl group of
crown compound Z. In the complexation between a chiral
crown ring and an enantiomeric guest, the stability
constant 1is larger for the complex with the diastereo
isomer that has a more fitted complexation and thus the

sclectivity arises. This work has been applied to

Crown Compound Z.

separation techniques such as liquid-liquid
chromatography and solid -liquid chromatography where
the functionalised crown compounds are immobilised on a
silica gel or polystyrene support. They have also
appried this work to Lhe synthesis of enzyme models and
1o asymmetrical reactions, for example, lhe synthesis of
an optically active crown compound which models the

binding site of substrates to enzymes (Kyba 1973b).



Recent work by Sasaki and coworkers (1985) has taken a
similar approach by using functionalised crown ethers as
an enzyme model for peptide synthesis. They have used a
crown ether bearing one thiol and one thio ester with a
N-protected amino acid, as it was shown that thio-
bearing crown ethers enhanced the rate of the thiolysis
of a-amino ester salts. This is based on the fact that
the NHs' group of an amino acid will complex with the
functionalised crown ether and thus bring the carboxylic
group into close proximity with the thiol group on the
side chain. The next step is the S to N acyl transfer
which occurs at an enhanced rate due to the
intramolecular nature of the reaction. They have
synthesised a tetrapeptide by this method (Sasaki 1985).
This shows that amino acids complex readily with crown
ethers.

Another approach to the use of crown ethers in the study
of biological systems hasAbeen used by Temussi and co-
workers (Castiglione—Morelli 1987; Temussi 1987; Pastore
1984). They ha?e studied the conformation in solution
of opioid peptides Dby Nuclear Magnetic Resonance
Spectroscopy. It is generally_ believed that these
peplides undergo a conformational ordering when they
change from the aqueous environment of the transport
fluid to the apolar one of the membrane lipids.
However, there is difficulty in studying these peptides
by NMR Spectroscopy in apolar solvenis because of their

insolubility and a polar solvent such as water, although



representative of the transport media, does not have thé
properties hypothesized for the active sites of these
peptides. Temussi and co-workers have overcome this
problem by using an equivuleny amount of 18-crown-6 1in
the CDCls solution of the peptide. Thié also overcomes
any aggregation problems. The NHa' group of the peptide
complexes with the 18-crown-6 and thus the peptide 1is
taken into solution. They believe thati this mimics the
opioid receptor site, becaﬁse all models based on the
properties of rigid non-peptide agonists point to a
highly hydrophobic pocket containing a specific anionic
subsitlte. Thus the CDCls mimics the hydrophobic pochet
and the 18-crown-6 the anionic subsite (together with
the counter-ion). There are some limitations to this
method due to the imposed conformation on the residues
closest to the crown ether, but they have been able to
show that Enkephalins, for example, form folded
structltures 1n apolar solvents and therefore propose. that
these folded stiructures aré also found in the receptor
site. This compares well with other work on these
peplides using energy calculations (Isogai 1977; DeCoen

1977; Momany 1977).

1.3 BACKGROUND.

1.3.1 Amine Protection.
The approach we decided upon was 10 use the simplest

crown compound which would complex with an amino acid



and use this as a protecting group in peptide synthesis.
Thus we chose 18-crown-6 whose cavity 1is the correct
siie for the primary ammonium 1ion- and it 1s available
commercially in a pure form without being too expensive.
The use of DCC and 1its water -~ soluble derivative
enabled us to compare our work with that in the
literature because there has been consideruble inroads
into the mechanism of action of DCC with many compounds'
(see for example DeTar 1966a; b; c¢; Burdon 1966; Lerch

1971; Pfiizner 1965).

1.3.2 Ester Formation.

The use of Crown Ethers in the formation of N-protécted
amino aclid esters was carried out following a similar
procedure to that of Roeske (Roeske 1976), to see if
the method could be applied to the formation of fatty
esters. These usually require harsh conditions and give
low to moderate yields..We chose to use 18-Crown-6 here

because it gives a stable complex with the K' ion.



CHAPTER TWO. RESULTS.

2.1 Ester Formation.

2.1.1 Introduction.

Durst has shown that the use of 18-Crown-6 in the
reaction solution enhanced the esterification of
potassium salts of carboxylic acids {Durst 1974) .
The p-bromophenacyl esters were oblained in 90 to 98%
vyield when usiﬁg 0.05 equivalents of 18-Crown-6. The
method was also used for the synthesis of acid
anhydrides and an oxazolone (Hiraoka 1982; Dehm 1975).
Studies by Roeske and coworkers (Roeske 1976) have
shown that crown ethers could be used in the addition of
N-protected amino acids to chloromethylated resins. The
work was based on the effects that a complex between the
amino acid potassium salt and the crown ether would have
on Lhe reactivity of the carboxylate ion. The formation
~of the amino acid K' salt enables the crown ether to
form a complex, thus allowing solubilisation in organic
solvents. This enhances the nucleophilicity of the
carboxyl anion as it is "naked" in organic solvents. In
a polar solvent such as waler, the negalive charge on
the carboxylic group 1is partially neutralised by a shell
of watlter molecules around the anion. The negative
charge cannot be shared by the genefully non-polar

organic solvent moalecules; thus 1lhe anion is said to be



"naked". This facilitated the reaction with
chloromethylated resins: there was no solvation energy
barrier to overcome.

It was believed that this approach could be applied to
the formation of N-protected amino acid esters,
especiaily those of long alkyl chain esters. These are
difficult to obtltain because many eslablished methods
rely on haviﬁg the alcohol componenli present as Lhe
solvent and are therefore not readily applicable to long
chain solid alcohols. Other methods require the use of
N-protected amino acids and. coupling reagents. The
vields are moderute to good, bul a further step of N-
deprotection 1s required and Lthe reaction conditions
need to be anhydrous. Direct ascid-catalysed
esterification using methanesulphonic acid in a fatty
alcohol melti is i1he procedure proposed by Penney et al.
(Penney 1985) which gives moderate to high yields for
slearyl esters.

Following the results obtained by Roeske, a sludy was
carried out using acetonitrile or N,N-dimethylformamide
as the solvents in an attempt to form various types of

ester of different amino acids.
2.1.2 Reactions in Acetonitrile.

A: Boc Val.
Pre-formation of the K' salt of the amino acid was

accomplished by neutralisation of a solution of Boc



ValOH in aqueous ethanol, using 1 equivalent of 1N'KOH.
The salt was thoroughly dried by lyophilisation, then
suspended in MeCN and one equivalent of 18-Crown-6
added. Once the solution had become clear, an excess (5
equivalents) of methyl iodide was added. Upon refluxing
overnight, a precipitate formed which was later
characterised as the ’KI - 18-Crown-6 complex. After
extraction of the reaction residue, in EtOAc, with acid,
alkali and water, an 1H NMR spectrum showed the presence
of only one product, characterised by signals at
& = 0.87 and 0.94 (valine methyls), d = 1.43 (Boc
methyls), S = 2.10 (CpH), 5§ = 3.71 (methyl ester),
& = 4.20 (CaH) and & = 5.02 (NH). This product was
obtained in 92% yield by weight (38ai, see Appendix
Eight).
Repetition of the reaction using p-nitrobenzyl chloride,
gave a crude yield of the ester of 98% b& weight. The
'H NMR spectrum characterised the product as Boc
ValOBzNO: by signals at & = 0.9 and 1.0 (Valine
methyls); & = 1.5 (Boc methyls); & = 2.1 (CgH); & = 4.3
(Cali); &8 = 5.0 (NH); & = 5.2 (Benzyl CHz2) and &§ = 7.5 -
8.0 (p-substituted aromatic ring). There was a trace
of the stading material presenltl, as shown by larger
integrals for the peaks at & = 5.2 and & = 7.5 -8.0
(38ai1i, see Appendix Eight).
The use of tertiary bulyl chloride as the esterifying
component gave no yield. Both 'H NMR spectiroscopy and

TI.C showed no signs of reaction. Even when the lertiary

-56-



butyl chloride was used as the solvenl and was therefore
present in large excess there was no ester formed. This
was probably due to the steric hindrance between the
tertiary butyl methyls and the Valine methyls.

Following these results, the synthesis of a fatty ester,
namely the octadecyl ester of Boc ValOH, wag‘attempted.
One equivalent Bromooctadecane was added to a solution
of the salt and the solution then refluxed for 4 hours.
The solvent waé evaporated 1in vacuo, Lhe residue taken
up in EtOAc and: extracted with acid, alkali and water.
After drying over Naz50a and removal of +the solvent,
the residue gave a crude yield of 27% by weight. "H NMR
analysis of the residue showed that some starting
bromooctadecane remaiﬁed. accounting for 9%, in the 'H
NMR spectrum. This was shown by the presence of a
triplet at & = 3.41 from the -CH:Br, and slightly larger
integrals for'the peaks at &§ = 1.62, 1.31 and 0.89 from
the CreHsv—. The product was identified Ey the
following signals: & = 5.02 '(lH d NH); & = 4.20 (1H
m CaH):; & = 4.12 (2H m OCH2); & = 2.12 (1H m CpH); & =
1.62 (2H m CH2CHs); & = 1.43 (9H s Boc CHs's); & = 1.31
{30H m CH:2"s); & = 0.97 (3H d Val CHsd) and 0.89 (6H m
Val CHsu + CHsCHz-) (38aiii, see Appendix Eight).

Having obtained a method by which ester formation, in
the absence of steric hindrance, proceeded with good
yvield, except for the stearyl ester, il was decided to
attempt the formation of an active ester. However, when

a reaction with 1-fluoro-4-niirobenzene was carried out,



there was no formation of tLhe expected Boc ValdeNOz.
Only di-nitrophenyl ether was obtained from the reaction
mixture. An LH NMR spectrum of the product showed
signals at & = 8.30 and 7.18, typical of a para-di-
substituted benzene ring. The Mass Spectrum gave M m/zv
= 260 and Elemental Analysis gave C 55.37 (55.39), H

3.16 (3.089), N 10.68 (10.76) consistent with the formula

Cl 2H3N205 .
oo,

B: Boc Phe.

Following the same procedure as for Boc Val, the
formation of the fatty esler was attempted. Thus 1
equivalent of the amino acid salt and 1 equivalent of
18-Crown-6 were dissolved in MeCN and 1 equivalent
bromooctadecane (CiesHyBdadded. The solution was brought
to boiling and allowed to reflux overnight. After
extraction of the reaction residue in EtOAc with H:20,
Brine, NaOH, Brine and H:0, the yield of +the crude
product was 55% by welight. The_xH NMR spectrum of the
extraclted malterial showed the product by signals at
6 - 0.87, 1.30, 1.76, 1.85, 3.40 and 3.53, attributed to
the CHs and CH:z's respeclively, of +the fatty alkyl
chain. The integrals indicated the presence of starting
bromooctadecane in the residue. This was quantified by

the two triplets at 8 = 3.40 and 3.53 in the ratio 1:1



from the starting bromooctadecane and the product,
respectively. The other signals are: & = 1.43 (Boc
methyls); 6 = 4.06 (CaH); & = 5.0 NH; & = 7.12 - 7.25
(Aromatics) (38biii, see Appendix Eight).

The formation of the methyl and p-nitrobenzyl esters
followed the same trend as obtained for Boc ValOH
reactions, but with lower overall yields. Hence the
methyl ester was formed in.78% yield by weight, with an
'H NMR spectrum showing signals at § = 1.4 (Boc
methyls); & = 3.1 (CpHz); & = 3.7 {(OMe); & = 4.5 (C.H);
5 =5.0 (NH); & = 7.0 - 7.4 (Aromatics) {38bi, see
Appendix Eight). Crude p-niilrobenzyl ester was formed.
in 71% yield by weight but again, the 'H NMR spectrum
showed that this was contaminated with starting material
to 47%, thus giving an overall yield of 37.6% of the

esler (3Bbii, see Appendix Eight).
2.1.3 Reactions in N,N-dimethylformamide.

As thé formation of amino acid falty esters gave rather
poor yields in acetonitrile, the reaction was repeated
in DMF.

The pre-formation of tﬁe Boc ValO K' salt proceeded as
before, giving 100% yield. When this salt was suspended
in DMF and 1 equivalent 18-Crown-6 added, tihe Solutioh
cleared after 1 hour of stirring at Room Temperature.
One equivalenlt of Cisla+Br was 1t1hen added and the

solution refluxed for 4 hours. Upon removal of the



solvent and extraction of the reaction residue in EtOAc
with acid, alkali and water, a crude yield of the ester
of 70% by weight was obtained. Analysis of the reaction
residue by "H NMR specliroscopy showed no starting
material remaining.

Repetition of the reaction using Boc PheOH gave a 74%
yield of the ester by weight and againllﬂ NMR analysis
showed that there was no CisHa2Br present in the
extracted reaction residue. The 'H NMR data for both of
these reactions is identical to thal obtained from the

MeCN reactions, except for the absence of starting

material signals.

2.2 Oligopeptide Formation.

2.2.1 Introduction.

Our study into the use of crown ethers, namely
18-Crown-6, as protecting groups for the amine function
of amino acids was carried out to see if this could be
used in peptide synthesis. This would give a synthesis
method which requires very mild conditions for the
protection and removal of the amine protecting group. A
change in pH and washihg with a KCl1 solution would

remove 18-crown-6 effectively.
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Table 2.1 Chemical Shift as a Function of Temperature
for Complex (la) in CDCls.

+

Temp. °C NHs CaH 18Cr6 CpHs OH
-75 7.27 4.35 3.53 1.57 -—-
-50 7.25 4.42 3.54 1.54 -—-
-30 7.26 4.48 3.7113.57 1.59 -—-

-5 7.24 4.57 3.60/3.69 1.61 |10.70

3 7.23 4.56 3.65 1.61 110.74

21 7.22 4.61 3.66 1.61 }10.70

B 27 7.22 4.62 3.66 1.61 {10.62

35 7.22 4.65 3.67 1.61 |10.38

_->45 7.21 4.68 —§i67 1.61 |10.40
50 7.21 4.69 3.67 1.61 ! -—-

Firstly the formation of a complex was gccomplished. In
the case of Alanine, this was done by dissolving 1
equivalent of the amino acid (5, 0.112 moles) in
agueous EtOH and adding 1.1 equivalents of the
appropriate acid (either HCl or TosOH). The salt formed
was dried, suspended in CHCls, 1 equivalent of 18-Crown-
6 (29.6g) added and the suspension stirred until it
became clear. Evaporation of thg solvent gave a white
powder, the 'H NMR spectrum of which showed one set of
signals at & = 7.11 (3H, s, NHs'); 4.42 (1H, m, CaH);
3.59 (24H, s, 18-Cr-6) and 1.61 {3H, d, CpHs ),
consistent with the expected structure for the complex.

To see if these signals were the average of two sets of

signals corresponding to the complexed and free forms of
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the components, a temperature study was carried out. As
shown 1n Table 2.1 , the amino acid signals remained
sharp and wunique, even at -75°C. However, the crown
ether gave two signals at this temperature; one being a
multiplet and the other a broad singlet;

As there was no corresponding splitting in any of the
other signals, it was assumed that the equilibrium
between the free and complexed forms was faster than the
NMR time scale even at -75°C. The splitting seen for
the Crown Ether signal was put down to a conformational
equilibrium between two types of cavity: one where all
the oxygens pointed inwards and one where three of the
methylene groups are turned slightly inwards. This 1is

shown in Figure 2.1

Figure 2.1 Proposed Conformational Equilibrium for

Complexed 18-Crown-6.

As the complex appeared to be a stable entity, it was

reacted wilh the c¢coupling reagent, DCC, in solvents such
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as MeCN and CHCla,Bdk of which are commonly used 1in
peptide synthesis. It was hoped that under these
conditions peptide bond formation could be carried out.
However, the first task was to-find out whether the two
compounds would react in the way proposed for ’'normal’
N-protected amino acids, ie, via the O-acyl isourea

intermediate (Jones 1879).

2.2.2. Reactions using DCC.

When one equivalent of DCC was added to a solution of
complex (1b}) in MeCN, precipitation occurred readily.
Filtration of the reaction solution yielded 33mg (57.5%)
of white powder, later characterised as dicyclohexyl
urea (DCU) by comparison qf the IR and 'H NMR spectra

with those of an authentic sample. Thus the 'H NMR

spectrum gave the following in CDCla: & = 1 - 2 (CHz's
from cyclohexyl rings); 1) = 3 - 3.5 (CH's from
cyclohexyl rings); § = 5.0 (NH's) . The IR spectrum

showed NH stretch at 3350cm ', CH stretch at 2930 and
28500m_1, C=0 stretch at 1630cm ' and NH deformation at
1575cm

Upon standing, 15mg of alanine dipeptide complex (26% of
the starting amino acid) precipitated from the clear
reaction solution, as shown by the "H NMR spectrum with
signals at & = 8.71 (NH), & = 4.26 (CaH, Ala2), & = 3.84
{(CaH, Alal), & = 3.52 (18-Crown-6) and & = 1.36

(CpeHs's). The dipeptide was filtered off and the

_63_



solution solvent evaporated. Analysis of the reaction
residue showed that all DCC had been consumed, as
indicated by the absence of an infrared signal at 2120
cm ' (N=C=N). The residue was dissolved in DCM and
extracted with water. Lyophilisation of the water

extracts gave (35mg) of a solid which was shown by 'y

NMR spectroscopy Lo be tetrapeptide (80%, accounting for

68% of the starting amino acid), the remaining 20%
consisted of other oligonmers which could not be
characterised by NMR. The di-, tri- and tetra-peptides

isolated accounted for 95% of the starting amino acid.
The reaction was repeated in CHCls and followed directly
by 'H NMR spectroscopy by using the deuterated form of
the solvent. The same work up procedure as wused for
MeCN was employed here.

Oligopeptides thus obtained were identified by FAB Mass
Spectrometlry, as ‘the trimer lM’ less CU 496 ; the
Letrauamer [M’ less Cl1 567) and the hexamer [M* less Cl1°
709]. It could be thal other oligopeptides were present
in the mixture, but they remained undetected by FAB Mass
Spectral Analysis. This was probably due to the
remaining traces of DCU present in the water fraction of
Lhe reactltion residue. This interferes 1in tlthe analysis
because it can be 1onised more readily than peptides
under the conditions used.

Bolth the above reactions were repealed using the alanine
Yosylate complex (la) to establish whether the

counter-ion had any effect on the stability or
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reactivity of the complex. By using the same reaction
conditions, it was shown‘that the amounts of starting
complex remaining at the end of the reactions was larger
than with complex (1bB), thus indicating that the Cl had
a destabilising effect.

The reaction of complex (la) with DCC in MeCN yielded no
DCU precipitate in the first % hour. The reaction
residue when extracted after 16 hours with water gave a
mixture containing 80% of the starting material, 17% of
the dipeplide complex and 3% of the tripeptide complex,
as shown by the 'H NMR spectrum. It must be emphasized
thét all percentages quoted are approximate because of
the presence of immeasurable traces of higher oligomers
in the 'H NMR spectra, as indicated by a series of small
NH signals.

The reaction in CHCls also gave no precipitate after %
hour reaction +time. Upon extraction of the reaction
residue with water after 24 hours and lyophilisation, it
was found thalt 66% of the starting material had not
reacted. The 'H NMR spectrum also showed 16% of the
dipeptide complex, 14% of the tripeptide complex and 4%
of the tetrapeptide. |

Having shown that the tosylaté ion stabilised the
alanine - crown ether complex, (la) was used in a study
where the amount of DCC was varied. It was hoped that a
change in the product ratios would be seen.

The reaction beiween complex (la) and %¥ equivalent DCC

in MeCN was compared with the reaction containing 1
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equivalent each of DCC and complex (la). Both reaction
solutions were fiitered after % hour to remove the
precipitated DCU. The reaction containing % equivalent
of DCC yielded 7% of the expected DCU, whereas the
reaction with 1 equivalent DCC gave 32.5% of the
expected DCU. Both reactions were left stirring for 22
hours before being dried, taken up in CHClas, extracted
with water and lyophilised. 'H NMR analysis of the
water fractions showed that there was 30% of the
dipeptide and 7% of the tripeptide present with 63% of
the starting materianl 1left, in the reaction using %
equivalent of DCC. Analysis of the residue from the

reaction containing 1 equivalent DCC by '

H NMR
spectroscopy showed that there was 38% of the starting
material remaining and two products were present: 32%
dipeptide and 30% tripeptide.

A further reaction, containing complex (la) and 2
equivalents of DCC showed, when analysed, no remaining
starting material. This was indicated by the lachk of
the complex NHs ' signal, a broad singlet at & = 7.27.
There were several oligomers of varying length, although
these were difficult to charac}erise ‘and quantitate,
because of extensive signal overlap.

Thus the use of % equivalent of DCC reduced the extent
to which oligomerisation occurréd, but did not eliminate
it.

A further study was carried out 1in MeCN and using

oomplexasﬂaﬂbto compare the effect of the counter - ion
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and reaction time on the product ratios as obtained from
the 'H NMR spectra of the water washes. The results
from this study are shown in Table 2.2, Some anomalies
were found in these results, for when using complex (1lb)
and % equivalent DCC, there was more starting material
remaining in the reaction left for 24 hours than there
is in the reaction left for % hour. This can be
explained by the presence of water in the reactions,

most probably from the solvent.

Table 2.2 Results from the comparative Study of Three
Complexes varying the Time of Reaction and DCC

Concentration in MeCN.

Cpx| % ea, Xhr. 1 eq, %hr. % eq, 24hr. 1l eq, 24hr.
la 42% monomer 33% monomer |69% monomer 9% monomer
34% dimer 44% dimer 23% dimer 63% dimer
23% trimer 22% trimer 8% trimer 27% trimer
>100% urea 70% urea >100% urea 58% urea
I1b |52% monomer |25% monomer|53% monomer |21% monomer
36% dimer 45% dimer 35% dimer 46% dimer
12% trimer 30% trimer |11% trimer 32% trimer
13% urea 33.5% urea |19% urea 33.3% urea
3b |93% s.m. 87% s.m. 299% s.m. 86% s.m.
7% 6a 13% 6ba <1% ba 14% 6a
12% urea 12% urean i19% urea n.a.

To try to explain the results obtained in mechanistic
terms, the reaction between methylamine hydrochloride-
crown ether complex@and DCC was folloﬁed. This, 1t was
hoped, would show the part (if any) played by the

counter-ion in the reaction leading to DCU formation.
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2.2.3 Reactions using = Methylamine Hydrochloride

Complex.

Three reactions were carriéd out. Firstly, 1 equivalent
of complex (2) and % equivalent DCC were dissolved in
CHCls and the reaction followed by IR spectroscopy.
There was no . precipitation or formation of DCU, even
after 24 hours stirring at room temperature, as shown by
the unchanged intensity of the N=C=N signal at 2120cm
in the IR spectrum.

To half of the solution, 1 equivalent benzoic acid was
then added. Within 25 minutes, there was precipitation
of DCU, which was collected after 24 hours (30mg, 28%).
"H NMR analysis of the reaction residue after 48 hours
stirring at room temperature showed that the main
product was the benzoic anhydride, with 7% of N-
methylbenzamide. The main product was éharacterised by
comparison of TLC, and "H NMR spectroscopy with an
authentic sample.

The results from this reaclion showed that the
oligomerisation of amino acid complexes seen in the
previous experiments, necessitated that the amine and
carboxylic groups belong to the same molecule. This led

to the reactions described in the next two sections.

_.68_



2.2.4 Reactions using the Vilsmeier Reagent.

It was assumed that the oligomerisation reaction was
occurring via the O-acyl isourea derivative proposed as
ithe intermediate of DCC mediated peptide bond formation.

It was also thought that the deprotonation of the NHs '
group, a mechanism required to obtain the free NH:
group and hence formation of amide bonds, would occur
via an hydrogen bond between the DCC nitrogen and the

NH-' (see Figure 2.2a).

CHy. ® .H
| | 3NEC
Vilsmeier Reagent. CH3 C[@ Cl

The oligopeptide synthesis reaction was repeated, using
the Vilsmeier Reagent instead of DCC as the coupling
reagent. The Vilsmeilier Reagent contains one imide
function bearing a positive charge. [t 1s similar to
DCC and should react in a similar way but the positive
charge on the nitrogen would not allow the formation of
thé hydrogen bond between the protonated amine group and
the 1imine nitrogen (see Figure 2.2). There would be
electrostatic repulsion betweep the two positively

charged nitrogens.
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Figure 2.2 The Mechanism of Action of a) DCC and b) the

Vilsmeier Reagent with the Complex 1b.
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When an aliquot of Vilsmeier Reagenti (see 4.2.5) was

added to a CDCls solution of complex (1b) at room
temperature, there was prompt formation of an amide
product. This was shown by the appearance of a doublet
& = 8.6 and a multiplet at & = 10.34 in the 'H NMR
spectrum. The disappearance of the broad signal at & =
7.6, coming froh the NHs' of the complex, indicated that
reaction had taken place at the amine end. The proposed
structure of the product 1s shown in Figure 2.3a. This
was confirmed by decoupling the doublet of doublets a &
= 10.34 due Lo an NH. Both the doublet at & = 8.60 (due
to the -CH=N) and the multiplet at & = 4.82 (due to the

CaH) collapsed.



Figure 2.3 The Products Obtained with the Vilsmeier

Reagent.
CH H oS @ .
3:N®=C: X gNH3c;Hc:O _®.CHy o
@) CHy .© “NHCHCOOH ® CH, 97¢N. 7 ¢l
Cl IH . 3 H (:H3
3

When the reaction was repeated at -44°'C (Fujisawa 1983),
there was formation of the expected carboxyl derived
adduct (Figure 2.3b) as shown by a singlet at &§ = 8.2
and a broad singlet at &8 = 7.6 in the 'H NMR spectrum of
the reacfion. This compound remained in solution
without decomposition for at least 12 hours at room
temperature.

This reaction showed that the presence of a positive
charge in the coupling reagent stops the oligomerisation
reaction of the complexes by preventing the formation of

the Hydrogen bond of Figure 2.2a.
2.2.5 Reactions using 6-Aminohexanoic Acid Complex.

Since il was found that the oligqmerisation reaction was
initiated by the formation of the hydrogen bond (as
shown in Figure 2.2), the reaction using 6-aminohexanoic
acid complex was tried. If 1he hypothesis was correct,
increasing the distance between the 1{wo functional
groups - the amine and the carboxylic acid - would

prevent the intramolecular hydrogen bond and hence



oligomerisation. As was shown in section 2.2.3, there
was little formation of amide bonds when the two
functional groups are 1in different molecules. However,
when the two functional groups are attached to the same
carbon atom, intermolecular amide bond formation readily
occurs.

Thus 1 equivalent of complex (38 and 1 equivalent of DCC
were thoroughly mixed in MeCN and left stirring for 24
hours at room temperature. A maximum of 10% of ‘the
expected DCU was recovered after this time. Extraction
with water and 1lyophilisation gave a residue which, as
shown by 'H NMR spectroscopy., contained 86% of +the
starting complex and 14% of the N-acyl urea derivative
(ba). The "H NMR sbectrum showed signals at & = 1.31,
1.55 and 1.72 from the (CH:z2)s and some DCU remaining in
the reaction residue after extraction; & = 2.23 due to
the CaHz; & = 3.57 from the 18-Crown-6; & = 7.89 from
the NHs' and & = 8.32 due to the NH of the N-acyl urea
derivative (6a). The other signals from the N-acyl urea
derivative overlapped with those from the starting
material. There were no signals corresponding 1o the
anhydride. This could be due to the rearrangement of
the complex 1on pair or concentiration effects. This 1is
discussed fully for the dipeptide oomplexés in DMSO in
chapter‘Three; Section 3.3, uand shown in Scheme 3.7.

The results from this experiment showed that increasing
the distance between tL1he two functional groups of the

amino acid eliminates the ollgomerisation reaction.
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2.3 DMSO Derivatisation.

2.3.1 Introduction.

From the above results, i1t was decided that a change 1in

the solvent wused for the reaction was required, if
stabilisation of the DCC-complex O-acyl isourea
derivative was to be accomplished. In particular, it

was thought that by increasing the polarity bf the
solvent, the formation of the destabilising
intramolecular hydrogen bond would be reduced in favour
of intermolecular, solvent - solute hydrogen bonds. 1t
was also believed that the complex needed to be of a
dipeptide rather than an amino acid. This followed from
the results obtained with the 6-aminohexanoic acid
complex. Therefore the reactions of GlycylGlycine
complexes with DCC in DMSO were carried out. Reactions:
using Glycine complexes with DCC in DMSO were also done
for comparison purposes. All the reactions in DMSO were
followed directly by 'H NMR spectroscopy using the
deuterated form of the solvent and using the solvent

peak as internal standard.
2.3.2 Reactions at 0.02M Concentration.
There was no detectable consumption of DCC 20 hours

after 0.0]1 mmoles of GlycylGlycine complex were placed

in an NMR tube with 1 equivalent of DCC in 0.5ml



DMS80O-de. After 25 hours there was a new species 1in
solution, &as shown in4 the spectrum by a triplet at
5=8.60 and a doublet at & = B8.38 with the same
integrated area. The ratio between this new product and
the starting material reached 3:5 and remained thus for
the next 70 hours. When the reaction was repeated on a
larger scale, the product was isolated by HPLC and shown
by Mass Spectrometry and 13C NMR to be the N-acyl urea
derivative of the dipeptide complex (6b). The presence
of one, large nOe at the DCC N-C-N carbon upon
irradiation of the NH doublet at &=8.38 and a Mass
Spectral base peak at m/z 214 confirmed this structure.
These results were obtained when the counter-ion was the
Tosylate ion; however similar results were gainéd when
the chloride ion was used instead, the only appreciable
difference being a faster formation of t1he N-acyl urea
derivative (20 hours, as compared to the 70 hours with
the tosylate ion).

It was concluded that atl this concentiration, the
combination of polar solvent and dipeptide complex was

sufficient to suppress oligomerisation.
2.3.3 Reactions at 0.2M Concentration.
The reaction concentration was increased tenfold

because there was no carboxyl activation at 0.02M. This

was shown by the reaclions involving NSu which have no
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ester formation. This is described in detail in section
2.3.4.

There was immediate precipitation of DCU on'the addition
of 1 equivalent of DCC to a DMSO-de solution containing
0.1 mmoles of complex (4a). However, a peptide product
did not appear in the spectrum until the reaction had
been running for 20 minutes. This was indicated by the
appcarance of two triplets with the same intensity at
6=8.38 and 6.47. The concentration of +this product
increased in the following hour, though not at the same
rate as the consumption of DCC. The product ceased
forming when all the DCC had been consumed and resumed
upon addition of another equivalent of DCC. When this
Loo had been consumed, tLthere was 20% of the starting
material remaining, the rest having been converted to
a major product (70%) &and diketopiperazine (< 10%).
Upon repetition of the reaction on a larger scale the
product was 1solated and shown by Mass Spectrometry to
be Lhe dipeptide - DMSO adduct (5a) with a base peak at

m/z 193 (|Me2SNHCH2CONHCHzCOOH| ") .

S ®
X (CH3),S NHCH,CONHCH,COOH
(5)
When the reaction was repeated using complex (4b), it

was found that there was agaln i1mmediate precipitation

of DCU, but this time there was no formation of any

~]

[o4}
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peptide product for the first 1% hours of the reaction.
As the last  of the DCC was consumed, two
triplets of equal 1intensity appeared at &=8.88 and
7.40. They were from a compound later identified as
the DMSO-peptide adduct (5b). There was no further
change in the reaction until a second equivalent of DCC
was added. This induced precipitation of DCU and a
parallel decrgase in the starting complex concentration.
At the end of the reaction, there was 20% of the DMSO -
dipeptide adduct (5b) and traces of diketopiperazine
(109, the N-acyl urea derivative {(6b) and the
tetrapeptide - DMSO derivative (11b), with 70% of the

slarling complex remaining.
2.3.4 Reactions using N-hydroxysuccinimide.

These reactions were done 1) to see if there was
carboxyl activation and 2) if aclivation took place
whether it would compete with the formation of the DMSO-
dipeptide adduct. When the concentration was 0.02M,
thgre was not formation of the expected ester. This
showed that activation of the carboxylic group did not
take place. When the concentration was increased to
0.2M, and DCC was added to a solution of complex (4a)
plus NSu in DMSO-ds, there was formation of a peptide
product within 5 minutes. This was shown by the

appearance 1in the 'H NMR spectrum of a triplet at & =

9.00 and a singlet at & = 2.71. These signals cpntinued



to ‘increase in intensity for the next 45 minutes. At
this time their intensities steadied and two more
triplets appeared at &§=8.39 and 6.38. These increased
in intensity and after another 30 minutes an additional
two triplets appeared at &=8.75 and 6.39. DCU was
produced at the same rate as the peptide products. The
products obtained in this reaction were isolatedl and
shown by Mass Spectrometry to be.the succinimide ester
of the complex (7, m/z 494, 18%, NH & = 9.00, CH:'s & =
2.71); the DMSO-dipeptide adduct (5, m/z 193, 17%, NH's
§ = 8.39, 6.38) and the succinimide ester of the DMSO-
dipeptide adduct (8, m/z 290, 15%, NH's & = 8.75, 6.39)
(see Appendix Eight for Stiructure).

Similar results were obtained when complex (4b) was
used.

Iln both cases, when two equivalents of NSu were used,
there was 1ncreased quantities of the esters to 25%,

though the reaction produced the same products.

2.3.5 Reactions using Methylamine Hydrochloride

Complex.

A series of reactions were done using complex (2) to
elucidate the part played by the carboxylic group in the
formation of the DMSO-dipeptide adducts (5).

One equivalent of DCC was added to a 0.2M solution of
the complex (2) in DMSO-ds¢. 7There was no DCU formation

and no detectable complex derivatives, even after 40



days. When 1 equivalent of acetic acid was added,
however, a quartet at &=6.83 and a doublet at &=2.67
appeared 1in the 'H NMR spectrum within 10 minutes.
After 26 hours, this was the major component of the
reaction solution and shown by Mass Spectrometry to be
the DMSO -methylamine adduct (9) (see Appendix Eight for
Structure).

The results from these experiments indicated that the
carboxylic group was needed for the formation of the
DMSO adduct and that 1t was acling as a catalyst in the

reaction.

2.3.6 Reactions using Glycine Complexes.

These reactions were carvied out for comparison
purposes. It was thought that oligomerisation would
occur, bul to a lesser extent than obtained in MeCN or
CHCL s .

The reactions were carried out in a similar way to those
already described, for example, 1 equivalent of complex
(33b) was dissolved in DMSO-de (0.5ml) and 1 equivalent

1

DCC  added. The reaction was_ followed by H NMR

speclroscopy, initially at a concentrution of 0.02M and

within 3 minutes two signals appeared at & = 7.23 (d)
and & = 3.96 (m) . After 10 minutes, a triplet appeared
at & = 7.54 in the 'H NMR spectrum. These two sets of

signals were characterised as coming from the N-acyl
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urea derivative (6d) and the DMSO-glycine adduct (34b),
respectively.

One hour after the addition of DCC, another triplet
appeared at & = 8.69 and a doublet at & = 4.11 which
were assigned to the NH and the CaHz, respectively, of
the DMSO-Glycine N-acyl urea derivative. There were
smaller peaks which were not identified. Comparison of
their chemical shifts with those from authentic samples
showed that these were not the dipeptide nor its DMSO
adduct. Furthermore, the reaction containing 1
equivalent of NSu gave no active ester indicating that
there was no carboxyl activation. Thus it seemed
unlikely that the dipeptide and 1its derivalives were
being formed.

The reaction containing 1 equivalent of NSu at
0.02M concentration gave rise to the formation of a
compound within 10 minutes. This was 1indicated by the
appearance of a triplet at & = 8.69 and a doublet at & =
3.81 in the 'H NMR spectrum and was proposed to be the
N-acyl urea derivative of the DMSO-glycine adduct. The
intensity of +these signals increased slightly before
becoming constant. After 20 minutes, a doublet appeared
al ) = 7.15, which was due Lo the N-acyl urea
derivative. After 55 minutes of reaction time, two more
signals appeared in the spectrum; a triplet at &§ = 8.31
and a broad signal at & = 7.53. These signals increased
in 1intensity at the same rate and were due to the

reaction product of dehydration of three molecules of
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NSu (30) and the DMSO-glycine adduct (34), respectively.
There were no signals from the dipeptide. The formation
of the N-scyl urea derivative of DMSO-glycine adduct
before the formation of either the DMSO-glycine adduct
.or the N-acyl urea derivative of the complex indicated
that the NSu was catalysing the reaction. Both these
compounds formed first when no NSu was present 1in
solution.

These reaciions showed thal at & concentration of 0.02M,
the oligomerisation reaction was greatly reduced, and
lhat the addition of NSu stopped it altogether.

The reactions were repeated at a concentration of 0.2M
using both complexes.

Within three minutes of the addition of 1 equivalent DCC
to a DMSO—de solution containing 1 equivalent of complex
({33a) and thorough mixing there was the appearance of
two triplets at & = 8.63 and 6.50 which had different
integrated areas. The triplet at &8 = 8.63 remained
constant througﬁout the reaction period, whereas that at
& = 6.50 increased in intensity. The latter was found
to be from the DMSO-glycine adduct (34) (see Appendix

Eight for Structure).

After 10 minutes, a further triplet appeared at & = 8.40
which slowly increased in intensily. The two minor
products, with signals at & = 8.63 and & = 8.40, were

characterised as the dipeptide and the DMSO-dipeptide

adduct (5) respectively.
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When the reaction was repeated with NSu in the solution
there was immediate formation of the glycine complex
active ester as shown by the appearance of a signal at &
= 8.07. There was also the formation of the bMSO—
glycine adduct within 5 minuﬁes. as indicated by the
appearance of a triplet at &8 = 6.50 and a doublet at & =
4.44, After 25 minutes reaction time, the concentration
of the complex active ester (35) bégan to decrease and
appeared to be reacting preferentially to the starting
complex. There was formation of the dipeptide ester, as
indicated by the appearance of a triplet at & = 9.00.
There was also formation of the DMSO-Glycine adduct
ester, indicated by the triplet at &§ = 7.10, partially
overlapping with the tosylate proton doublet.

The reactions were again repeated, this time using
complex (33b) at a concentration of 0.2M.

Three minutes after the addition of DCC to the reaction

solution a doublet appeuared in Lhe "H NMR spectrum at

S = 7.28 and was accompanied by a smaller triplet at
§ = 7.67. The concentration of these products increased
over the entire reaction period. The products were

later characterised as the N-acyl urea derivative (6d)
and the DMSO-glycine adduct (34), respectively.

Other signals appeared during the reaction. A triplet
at & = 8.75 was later identified aus coming from the N-
acyl wurea derivative of the DMSO-Glycine adduct. The
rest of the signals, doublets and triplets coming-

between & = 8 and 9 were not characterised as it had
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been shown that the conditions.were not those required.
It may be that some of +the signals are from the
dipeptide and its derivatives.

The reaction containing NSu showed the immediate
formation of the complex active ester (35). It was
assumed that the broad signal at & = 9.36 was from (35)
through comparison with the spectra of similar esters;
It was shown that the products were the DMSO-glycine
adduct (34, triplet at &8 = 7.25) and the active ester of
the DMSO-glycine adduct (36, triplet at & = 8.92). The

active ester (35) remained constant for the rest of the

reaclion. This may be attributed to either: the
presence of water i1n the reaction solution, which
hydrolysed the ester as it was formed or the

preferential reaction of the ester to form the dipeptide
and 1ts derivatives. Ten minutes after the addition of
DCC to the reaction, a triplet appeared at & = 8.39 in
the 'H NMR spectrum, coming f{rom the dipeptide complex.
After 2% hours, there were signals from NH's at & =
8.82, 8.23 and 7.98 which are most probably from
oligomers although their structures were not proven.

These reactions showed that the use of a polar solvent
largely 1inhibited oligomerisation, but gave rise to

derivatisation of the amino acids by 1lhe solvent.



2.3.7 Other Reactions Carried out in DMSO.

The following reactions were done so that a comparison
could be drawn between the reaction mechanisms of the

complexes and that of Boc amino acid and dipeptides.

A. Boc Amino Acids with DCC in DMSO-ds

When 1 equivalent of DCC was added to a DMSO-ds solution
of Boc Alanine at a concentration of 0.01M, therg was
formation of fhe corresponding anhydride. This was
indicated by the appearance of a doublet at &§ = 7.47 and
a multiplet at &8 = 4.11 in tLhe 'H NMR spectrum. There
was also the formation of the N-acyl urea derivative,
{DCC-NH at & = 8.12 and amino acid NH at & = 6.86).
After 56 hours, the N-acyl urea was the major product,
with all Boc Alanine being consumed.

The reaction was repeated at two different
concentrations, 0.05M and 0.2M. The results were
similar, except at these»concentrations, there was slow
formation of a second peptide product, which after 19
hours had reached 7.5% of the total products present.
By comparison with the DMSO-glycine sample, it was
believed that the signals ait & = 7.79 and 4.87 were due
to the DMSO-alanine adduct. The removal of the Boc
group may have been accomplished by the activated DMSO-
DCC derivative. (See Chapter Three, Section 3.3 for the

discussion on lhese results.)
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The reaction of a Boc¢ amino acid with DCC ét a
concentlration of 0.2M was repeatéd using Boc GlyOH to
give a better comparison with the complexes and the Boc
dipeptide reactions. Thus Boc GlyOH (17mg, 9.7x10" °
moles) was dissolved in DMSO-ds and 1 equivalent DCC
added. The solution was mixed and placed 1into an NMR
tube. As expected, two signals were seen in the
spectrum of the starting material, coming from the E and
Z forms of the Boc amino acid. Within 5 minutes there
was formation of Boc Glycine anhydride and N-acyl urea
derivative. The appearance of a triplet at & = 7.23 in
the 'H  NMIt spectrum indicated the presence of the
anhydride, whilst the doublet and triplet at & = 8.14
and 6.70 respectively, indicated the N-acyl urea
derivative. After 45 minutes reaction time, the
anhydride concentlration had steadied and the second form
of Boc Gly (E) had begun to react to form its N-acyl
ureca derivative. After 2 hours, 1t was clearly visible
at & = 8.26, 4.31 and 4.05. At the end of the reaction
27% of the starting Boc Gly remained, the rest having
been converted +to the'N—acyl urea derivative and what
was assumed to be the oxazolone. This has been shown
to be a possiblé product from the reaction of Boc amino
acids with water - soluble carbodiimides {Benoiton
1981). As therwas no anhydride remaining at the end of
the reaction, il was assumed that a second molecule of
DCC had reacted with the anhydride to give the N-acyl

ureua and the oxazolone.
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When Boc GlycylGlycine was used, the reactions at 0.02M
and 0.2M both gave the same results, the only difference
being the percentage of products obtained. At the lower_
concentration, there was more N-acyl urea derivative
produced than at the higher concentration. Thus the N-
acyl urea derivative gave signals at & = 8.34, 7.88 and
3.91, the second NH triplet overlapping with the
starting material at & = 7.00. After 8 days there was
86% of the N-acyl urea in the 0.02M reaction and 68% in
the 0.2M reaction. Again, all the anhydride had reacted
to give the N-acyl urea and what was assumed to be the
oxazolone, as shown by the broad signal at & = 6.39.

These reactions showed that the formation of the N-acyl

urea derivative in DMSO was not via the O-acyl isourea

intermediate, instead some, 1if not all, was formed via
an independent mechanism (see Chapter Three, scheme
3.4).

B. Reactions of DCC with other moieties.

The following reactions were carried out in order to
verify the mode of activation of the DCC and the DMSO.
The - first reaction followed was that between DCC and
NSu. This was to ensure that the NSu was not catalysing
the reaction by activating the DCC.

Four hours after the addition of DCC (20.7mg, 1x10 °
moles) to a DMSO-de solution of NSu (11.5wg), there was
the appearance of a small signal at & = 5.38, indicating

that DCU was being formed. There was no sign of any



product from the NSu. However, after 17 hours, there
were signals at & = 8.31, 3.19, 2.73, 2.65 and 2.58 in
the 'H NMR spectrum, in the ratio 1:1:3:2.5:5:5. The
product proposed was the product obtained by the
dehydration of 3 molecules of NSu with one of them ring
opening (30), as this has been shown by Gross and Bilk
to be a product from the reaction of DCC and NSu (Gross
1968; Rich 1979). This occurs especially 1f active
ester formation 1is slowed by steric hindrance. The
addition of AcOH to a reaction solution like above led
to the immediate formation: of the succinimide ester of
AcOH. Thus in the 'H NMR spectrum, there appeared
signals at & = 2.76 (s CHz) and & = 2.30 (s CHa). This
was the only product at the end of tthe reaction and
accounted for 24% of the starting material.

The second reaction was between DCC , AcOH and a base,
n-butylamine, in DMSO-de with and without 1he presence
of 18-Crown-6.

One equivalent DCC (21.4mg, 1z~:lO_4 moles) was added to a
DMSO-de solution of AcOH (5.7ul in 0.5 ml), followed by
1 equivalent NHz2Bu (9.9ul1l) and 1 eqguivalent 18—Cr§wn—6
l26.7mg) when necessary. |

Both reactions showed the slow formation of the N-acyl
urea derivative of AcOH (6¢), wiph signals appearing at
& = 8.31 and 1.97 in the 'H NMR specltrum. The reaction
without 18-Crown-6 also showed the slow formation of the

amide at & = 7.88. These reactions indicated that 18-
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Crown—-6 acted as a protecting group for the amine group

so.that amide formation did not take place.

2.4 Reactions of Complexes in DMF.

2.4.1 Introduction.

From the results obtained using MeCN and CHCls, it was
decided that a more polar solvent was required. As
discussed in section 2.3.1, a polar solvent would favour
solvent - solute hydrogen bond formation. This would

stabilise the complex when reacting with DCC. However,

with the use of DMSO as solvent, although
oligomerisation was inhibited, derivatisation of the
amino acid with the solvent took place. Having

established that the reaction mechanism leading to this
derivative involved the activation of solventi by DCC
(¢see chapter Three), a polar solvent without a potltential
reactive site was required. To this end, N,N-
dimethylformamide was chosen because it 1is a polar
solvent commonly used in peptide synthesis and it
contains an amide function which is not as potentially
reactive as the sulphoxide group.

Initially, the stability of the complex with DCC in DMF
was tested. Thus 1 equivalent of DCC (206.3mg) was
added to a solution of complex (4a) (568.7mg, 1x10 °

moles) in DMF (5ml). This gave a concentration of 0.2M.

Within » hour of reactltion, precipitation of DCU
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occurred. When: the reaction was repeated without
stirring, there was no precipitation of DCU for the
first hour. After 18 hours, the solvent was removed
from the second reaction, the residue taken up in DCM
and filtered before the 'H NMR spectrum was run. This
showed the presence of two products; the DMF-dipeptide
adduct [12b, 17%, signals at & = 3.83, 4.04 {CaHz's); &
= 8.68 (NH);-G = 2.71, 2.87 (DMF-Me's) and & = 8.23
(DMF-CH)]: and the N-acyl urea derivative (6b, 18%).

The remainder of the material was starting complex.

Tuble 2.3 Yields Obtained of the Tripeptides
Synthesised.

Product Yield % (Yield % Rxn
By wt. By NMR No. *
GlyGlyGlyOEt 45 .0 58.5( 1
" 67.0 63.8| 2
g 70.0 66.7| 3
" 43.0 21.1| 4
" 33.0 18.7] 5
" - 50.0] 6
" - 11.1| 7
GlyGlyPheOMe 33.0/ ~ 33.3| 8
GlyGlyC. +OMe 47.01 - 9
GlyGlyCi 4OMe 64.0 100.0| 10
GlyPheCi 4OMe 81.0 -— | 11
GlyPheCioOMe 82.0{  -- { 12

¥ See Section 4.3.12, Table 4.12.
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2.4.2 Reactions of Dipeptide Complexes with Amino Acid

Esters.

As complex (4a}) was not derivatised by DMF to the same’
extent as with DMSO, the reaction of the complex with
various amino acid esters was altempted.

The first reaction was between complex (4a), DCC and
GlyOEt. One equivalent of DCC (206.7mg, 1x10 ° moles)
was added to a DMF solution containing complex (4a)
(568.6mg) . A second DMF solution containing 1

equivalent HC1.GlyOEt (139.6mg) and 1 equivalent TEA

(140ul) was wadded after 5 minutes, causing immediate
precipitation of DCU. After 2 hours stirring, the
solution was filtered and the solvent removed. The
'H NMR spectra showea that the reaction residue

contained 40% of the starting complex, 27% of the
starting ester and 33% of a peptide product, later
identified by Mass Spectrometry as the ester complex
(13a, M' 483 | NHa*CHzCONHCHzCONHCHzCOOCHzCHsJ).

The reaction was repeated using varying ratios of
complex to ester, the results of which are shown in
Table 2.3. From these results, it was concluded that a
ratio of 3:1 dipeptide complex 1o ester gave the highest
percentage of fhe .crude -desired tripeptide (70%). In
order to facilitate isolation of the product from the
starting material and hence carry out a quicker
determination of the reactions characteristics, we used

an aromatic or a fatly amino acid ester to replace the
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GlyOEt ester. The use of these amino acid esters would
facilitate the HPLC purification procedure by changing
the chromatographic properties of the tripeptides.

In the first instance, the ester chosen was PheOMe(HC1l).
This was reacted with complex (4a). There was formation
of the tripeptide (33%), but also formation of trace
amounts of the DMF derivative and a high percentage of
the starting material remaining.

In an attempt to overcome the formation of the unwanted
by-products, two conditions were changed. Firstly, the
reaction temperature was lowered to 0°C which gave rise
to fewer by-products. Secondly, the use of the water
soluble derivative of bec~ 1-(3-dimethylaminopropyl)-3-
ethyl carbodiimide hydrochloride (wsecdi) - with
hydroxybenzotriazole (HOBt) also increased the purity of
the reaction and gave less starting material at the end
of t1the reaction.

A decrease 1in the reaction temperature meant an increase
in the reaction time from 1-2 hours to a minimum of 6
hours. However, even with the improved conditions, the
formation of a tripeptide using Phe as the ester moiety
gave low yields (30%). This was most probably due to
steric hindrance between the O-ucyl 1isourea and the
benzene ring of the phenylalanine.

When the fatty amino acid ester was used in the modified
synthesis procedure, the producti was obtained in 64%
vield by weight and the ' NMR of the reaction residue

bshowed it to be pure.
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When the dipeptide complex was changed to the GlyPhe
complex, the yields by weight improved (reaching 82%),
although the product was not pure and HPLC was required
for purification purposes. This showed that there was
no steric hindrance caused by the Phenylalanine when it
contained the carboxylic group, only when it contained
the amine group.

These reactions also led to the finding +that by
dissolving the reaction residue in DCM and extracting
with a saturated solution of KCl, the crown ether was
removed from the complex. This 1s a simple and mild
deprotection step.

Furthermore, the reactions carried out showed that
selective peptide bond formation was pqssible when 18-
Crown-6 was being used as an amine protecting group. To
verify this, the synthesis of an Enkephalin derivative

was carried out.

2.4.3 Synthesis of [Tyr-obz]'-[a-aminodecanoyl]®-
Enkephalin Derivative.

One equivalent of TFA.GlyPheC.0.0Me (26.6mg, 5.12x10 °
moles) and 1 equivalent TEA (7.1ul) were dissolved 1in
DMF (2ml). One equivalenlt wscdi (10,6mg) was added to a
DMF solution (2ml) containing 1.4 equivalents of Complex
{23) and 1 equivalent HOBt (7.8mg) and cooled to 0°C.
The two solutions were mixed and left stirring

overnight, slaowly warming to room temperature. Removal
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of the solvent after 24 hours and extraction of the
residue in DCM with Hz0 and KCl solution gave a 1:1
mixture of the starting ester and the desired
pentapeptide, as shown by ‘H NMR spectroscopy after
purification - by Cis reverse. phase HPLC. The
pentapeptide product gave by Mass Spectrometry m/z 716
(ITyr(Bz)GlyGlyPheCi00Me]) and had an 'H NMR spectrum
showing the NH signais at: & = 8.73 Cie, 8 = 8.48 Phe,
& = 7.33 Gly“ and & = 5.51 Glya. The signal from the
NHs ' of the Tyrosine was too broad to be seen.

Thus 1t has been shown that 18-Crown-6 can be used as

amine protecting group 1in peptide synthesis.

2.5 Formation of Oligopeptide Complexes.

The formation of amino acid and dipeptide complexes has
been shown to be facile (Mascagni 1987; Hyde 1989).

Work by Temussi et al. (Pastore 1984) on NMR Studies of
Opioid Receptors in a Simulated Receptor Environment,
led to the attempt to form complexes of larger
peptides.

This could also be of use if this method of peptide
synthesis was applied to fragment condensation.

The formation of three peptide complexes was undertaken.
Firstly, HC1l AlaGlyGly was complexed with 18-Crown-6.
This gave a clear solution of the complex in CDCls, one
set of signals in the 'H NMR spectrum and an Elemental

Analysis of the complex containing 1.5 molecules of H:z20.



The formation of a clear solution in CDCls indicated
that complexation had occurred. Similarly. when the
tosylate salt was used, 'a clear solution was obtained.
Two batches of the acetate salt of Mets—Enkephalin were
complexed with 18-Crown-6. The first batch gave a
cloudy solution and the second gave a clear solution.
This was due to the presence of water in the second
sample, most probably present as water of
crystallization. This enabled the Crown Ether to
solubilise the peptide in CDCls readily; 13mg of the
complex dissolved in 0.8 - 0.9ml1 solvent.

The 'H NMR dauta for these complexes is shown in Table

4.3.



CHAPTER THREE. DISCUSSION.

3.1 Ester Formation.

"There have been reports of esterification reactions
which are enhanced by the use of crown ethers. For
example, 1in 1974 Durst repérted the fast esterification
of potassium salts of carboxylic acids (Durst 1974). He
used 5 mol % 18-Crown-6 in acetonitrile or benzene, when
forming the p-bromophenacyl ester. The desired product
was obtained in 90 to 98% yield when refluxed for 10 to
30 minutes. A similar method has also been used to
obtain acid anhydrides and also a 1lactone ( Hiraoka
1982} Dehm 1975).

The reaction is thought to go through an SNi. pathway, as
shown 1in Scheme 3.1. The reaction occurs with ease
because the anion 1is "naked”. In apolar solvents, a
charge is said to be '"naked'" when there are no molecules
which can associate with 1t and ’'share’ the charsge.
Thus the anion has increased nucleophilicity and this
enhances the reactivity.

This method was applied to the attachment of the first
amino acid Lo chloromethyl polystyrene resin for use in
solid phase peptide synthesis by Roeske (Roeske 1976).
This had been achieved previously by using one of the
following methods: 1) the £riethylammonium salt of amino
acid derivatives in refluxing EtOH; 2) the tetramethyl

ammonium salt in DMF atlt room temperature, and 3) the
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cesium salt of Boc amino acids in DMF at 50°C. Only the
use of cesium salts gives quantitative esterification.
This is required so as to eliminate the possible side
reactions of reagents or amino acid side chains with any
reactive <chloromethyl gro@ps' remaining. Gisin found
that the cesium salt of amino acids was the most

reactive with the chloromethyl resin (Gisin 1973).

Scheme 3.1 The Reaction Pathway Proposed for Ester

Formation.

] i O 9 l:IQ 9 81
(H3C)3COCNHCHC o §K® (H3C)3COCNHCHCOC -R?
S e R3

© @
+ X g K

R]

X—7 —R?
R3

The method devised by Roeske used the potassium salt of
Boc amino acids, 18-Crown-6 and the chloromethyl résin,
initially in various solvents af 100°C for 18 hours.
The use of the potassium salt was suggested by its high
association constiant with 18-Crown-6 (logK. = 6.10), as
opposed to the cesium salt (logKs = 4.62) which 1s the
most reactive with the chloromethyl resin. The yields
obtained by Roeske ranged from 91% in EtOAc to 100% in
DMF . When the temperature was lowered to 50°C, the
yields rénged from 5% in E1OH, to 96% in DMF. Thus the

best results oblained were in DMF at 100°C and using 2
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equivalents of 'amino acid salt and 18-Crown-6 to 1
equivalent of resin.

The aim of our wo;k was to apply this method to the
synthesis of aﬁino acid esters, especially fatty ones.
The latter are difficult to prepare in good yield and
using mild conditions (Penney 1985). Since published
work indicated that MeCN and DMF were the best solvents
for this type of reaction, we carried out the synthesis
of esters, firstly in MeCN, as this solvent can be
removed easily at the end of the reaction. The
formation of the methyl ester of Boc ValOH was carried
oul to ensure that the method could be applied to
esters. The yield obtained was 92%, indicating that the
procedure could certainly be applied to simple ester
formation. Repetition of +the reaction wusing Boc Phe
gave a yleld of 78%. This lower yleld may be explained
by the steric hindrance of the benzene ring on the
approach of the anion to the alkyl halide. The yields
of c¢rude p-nitrobenzyl esters were similar to those for
the methyl esters.

When the formation of the tertiary butyl ester of Boc
Va . OH was attempted, there was no reaction. This was
most probably due to two factors. Firstly, steric
.hindrance between the terfiary butyl and +Llhe valine
methyls would stop the approach of the anion to the
alkyl halide (see Scheme 3.1, R', R°, R’ = CHs).
Secondly, the stability of the tertiary butyl cation

would inhibit the reaction because of the cnergy

_-96_



required to revert this stable entity to the ester.
Even when the tertiary butyl chloride was used as
solvent, and was therefore in large excess, there was no
reaction. As this did not occur, it was assumed that
the energy barrier to ester formation was too great to
be overcome. As the resulls obtained were good, 1if
there was no steric hindrance, the method was applied to
the synthesis of fatty esters. Both Boc ValOK and Boc
PheOK were reacted in turn with bromooctadecane and

18-Crown-6 in MeCN. We obtained yields of 27% and 55%

respectively. The 1low yields were put down to the
charactlteristics of the solvent, therefore we repoated
both reactions in DMF. Here we oblained yields of 70%

for Boc ValOCis and 74% for Boc PheOCias.

Penney et al. proposed a simple procedure for the
synthesis of amino acid fatty esters (Penney 1985).
This was achieved by the methanesulphonic acid catalysed
reaction of amino acids in an octadecanol melt. This
gave Yyields in the range 40 Lo 90%, depending on the

amino acid. Methods previous to this depended upon the

alcohol component being present as the solvent, and
therefore were not readily applicable to solid, long
chain alkanols. (Penney overcame this by using a melt
of the fatty alkanol.) There were two potentially high

vielding methods, one of which involved the use of the
cesium salt of the amino acid and the appropriate alkyl
halide (Wang 1977). The other involved the use of the

amino acid and alkanol in the presence of a coupling



reagent and catalyst (Dhaon 1982). The main drawback to
these methods is the need to use harsh conditions. A
further deprotection step,which gives the added hazard
of racemisation, is also required.

The results we obtained compared favourably with
Penney's results. Our method required milder reaction
conditions and the use of only one equivalent of the
alkyl halide. Penney's method has the advantage of not
requiring a further deprotection step, but 1t does
require an excess of the alkanol. Comparison of the
proposed method with that of Wang et al. showed our
method LlLo be inferior. The yields were lower and the
reaction required elevatea temperatures. The cesium
salts of N-protected amino acids or peptides react
readily with alkyl halides in DMF al room temperature,
but reaction times vary from 30 minutes to 17 hours.
The advantage of‘our method over this one is that the
Potassium salts of amino acids are easier to produce
(Wang 1977). The use of carbodiimides and 4-
(dimethylamino)-pyridine in ester formation has been
shown to give moderate to high yields of a variety of
esters, but in some cases, racemisation occurred. This
was greatesti with Boc AspOH and Boc GluOH (Dhaon 1882).
Our method of ester formation is of limited use as it
cannoi compare, as yet, wilth established methods for the
synthesis of methyl or benzyl esters. However, 1t does
provide a way of making fatty estlers in moderate to good

yield without the use of harsh conditions. There 1is
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potential to improve the method so that it becomes the

simplest way to synthesize fatty esters.

3.2 Oligopeptide Formation.

In the reactions carried out in an attempt to find the
conditions required Lo use 18-Crown-6 as an amine
protecting group, DCC was used as the coupling reagent.
The mechanisms of reaction between DCC and amino acids
are well documented, (for example, Kurzer 1967; DeTar
1966a, b, c¢; Burdon 1966). Thus any reaction done with
the complexes could easily be compared with those of
'normally protected’ amino acids.

Once the complex 1s in solution, the protonated amine
group 1s in equilibrium between the free and complexed
fo;ms. We tried to determine the exchange rate but even
at -75°C, we did not detect any expected change 1in the
"H NMR spectrum. The splitling of the signals into two
distinct peaks was not seen. This 1is indicative of a
slow exchange rate. However, there was slight
broadening of the signals, indicative of a medium to
fast exchange rate. Thus in the first approximation, it
could be concluded that the exchange rate between 1ilhe
free and complexed forms was fastier than the NMR time
scale at 300MHz at room temperature. Having concluded
this, the complex was reacted with DCC in MeCN or

CHCLls.
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Previous work has shown that DCC reacts with N-protected

amino acids to give the anhydride, N-acyl urea and
dicyclohexyl urea. It has been ‘proposed that the
intermediate 1is the O-acyl isourca (Jones 1979; See
Scheme 1.3). The results obtained from our work have

been interpreted under the assumpiion that the O-acyl
isourea was the intermeaiate .obtained during the
reactions of the complexes with DCC in MeCN or CHClas.

These reactions led to oligomerisation. The formation
of di- and tri-peptide derivatives showed that under
these conditions, the 18-Crown-6 was not acting as an N-
protecling group. 1t "was auctlting as & solubiliser,
making the amino acid available 1in solution to react
with the carbodiimide. The complex reaction with DCC
would thus give the O-acyl 1isourea which would then

react with one of the nucleophiles 1in the reaction

solution. In the ‘normal’ conditions of peptide
synlhesis, the most prominent of Lhese nucleophiles 1is
"the amine group from the second amino acid. Since, 1in

the conditions we employed, we obtalned oligomers, even
in the absence of a second amino acid component, the
free amine group had to be supplied bf the complex.

Thus the first question we tried to answer was: how does
deprotonation, and hence deprotection occur? One
hypothesis was that one of the other nucleophiles
present 1in the solution was deprotonating the amine
group. These other species were Lhe counter-ion and the

DCC. Thus a study of their effects 1in the reaction
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conditions was carried out. Firstly, we considered the

counter—-ion; being "naked" 1in the reaction solution, it

had increased nucleophilicity. To ensure that the
countiter—-ion was not reacting with DCC and then
deprotonating the amine group, reactions using the

methylamine complex (2) were carried out. As there was
no change in the absorbance peak of N=C=N at 21200m-x in
the IR spectrum, it was concluded that ' the counter-ion
was not reacting with DCC. However, when benzoic acid
was added to the reaction solution, the prompt formation
of DCU and benzoic anhydride showed that the carboxylic

acid moiety reacted with DCC in the predicted fashion.

Scheme 3.2 The Proposed Mechanism for the Formation of

the Vilsmeier Adduct.
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the Formation of
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Scheme
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There was also a small amount of N-methylbenzamide
obitained which indicated that deprolonation of the amine
had also occurred. However, either the equilibrium
between the free and complexed forms of the amine lay
towards the complexed form or the formation of anhydride
was faster than amide bond formation. 1t was concluded.
from these results that the mechanism by which
oligomerisalion occurred contained a step involving both
the amine and the carboxylic [functions of the same
molecular species. If it was otherwise, then more N-
melhylbenzamide would have been formed.

The results obtained from the reaciions of the Vilsmeier
Reagent wilh complex 1b at -44°C indicated that the
oligqmerisation process involved the NHs' and the imine
of the DCC in an hydrogen bond. This hydrogen bond
cunnot form when lhe Vilsmeier Reagent was used because
the imine nitrogen 1is pésitively charged.

Al room temperature, t1he N-adduct from the Vilsmeier
Reagent (see figure 2.1la) was formed because the
equilibrium between the free and complexed forms of the
amine group lay more towards the free form than at
-44°C. The mechanism proposed for the formation of the

N-adduct of the Vilsmeier reagent 1s shown 1in Scheme

3.2.
The mechanism leading to the oligomers, involving an
intramolecular hydrogen bond, was further verified by

the reactions using 6-aminohexanoic acid complex (3).

The only product obtained here was the N-acyl Jarea
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derivative, which indicated that the two
functional groups had not only 1o be on the same
molecule, but also attached to the same carbon for
oligomerisation to occur. This 1s because the mechanism
goes through an O-acyl isourea derivative which then
forms an intramolecular hydrogen bond. When the usual
routes of amide bond formation and acid anhydride
formation are inhibited, then the N-acyl urea derivative
forms slowly. The mechanism of the reaction is shown in
Schewe 3.3

DeTar and co-workers have shown that simple carboxylic
acids form i1onic dimers or higher aggregales in solvents
such as MeCN (DeTar 1966). The DCC would react wilh tlhe
ion pair to give the 1onic aggregate shown in Figure
3.1. This has been applied 1o the complex and DCC
reactions, as shown in Scheme 3.3.

Figure 3.1 The lon Aggregate

Reaction Between

R
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\C/
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reacted in a similar way. After formation of the O-acyl
isourea, the presence of an amine function gave rise to
oligomerisation. As the ©6-aminohexanoic acid complex
gave only slow formation of the N-acyl urea derivative,
it was concluded that the 18-Crown-6 could protect the
amine group of an amino acid in t1he presence of DCC.
This was only possible, though, if the two functional
groups were not attached to the same carbon atom. For
peptide synthesis, this would require the use of at
least a dipeptide. The work continued using a dipeplide
complex because this contained Lthe same number of atoms
in lhe backbone as 6-aminohexuanoic acid aund il was hoped
that it would ?eucl in a similar way.

As a corollary to this, a tri- and a pentapeptide were
both complexed with 18-Crwon-6, to show that the method
used for complex formation was not limited 1o amino
aclds and dipeptides. Both the tri- and the
pentapeptide formed 1:1 complexes and gave clear
solutions in CDCls. This could be useful if applied to
fragment condensation method of peptide synthesis
(Sieber 1970, 1977; Geiger 1969; Ivanov 1976). This
wethod oflen has problems with solubility of the larger
peptide fragments and 18-Crown-6 may be a way of

overcoming this.
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3.3 DMSO Derivatisation.

From the results obtained in MeCN or CHCls, it was
concluded that an intramolecular hydrogen bond was the
cause of the 6ligomerisation reaction. It was

thought that the use of a polar solvent, such as DMSO or

DMF, may stop this since both solvents favour the
formation of solvent - solute hydrogen bonds, over
solute - solute ones. The use of a dipeptide complex,
as described before, should also eliminate the

intramolecular hydrogen bond by the increased distance
belween the two functional groups. Thus a combination
of u dipeptide complex and a polar solvent (DMSO) should
eliminate the oligomerisation reaclion. However, amino
acid complexes were also reécted with DCC in DMSO to see
if Jjust a change 1in solvent was sufficient to eliminate
the oligomerisation.

The reaction of dipeptide complexes with DCC in DMSO at
a concentration of 0.02M gave rise Lo the N-acyl urea
derivative after 20 “hours, as judged by 1H NMR
spectraoscopy. It was thought that the N-acyl urea could
not be coming from the rearrangement of the O-acyl
isourea because there was no carboxyl activation at this
concentration. This was indicated by the lack of ester
formation when the nucleophile NSu was added to a 0.02M
concentfation solution of the dipeptide complex and DCC.

The mechanism shown 1in Scheme 3.4 was proposed which
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gave rise to the N~acyl urea via a concerted mechanism,

not dependent on the O-acyl isourea intermediate.

Scheme 3.4 Mechanism Proposed for +the Formation of

N-~Acyl Urea Derivatives.

(3

© C) - -0
x> éNH?CHzc:ONHCHzcogH —— X éNH3CH2CONHCH2C\Oe
/

. . ®
RN=C=NR RN=CzNR
H

O
SIS .0)
XeéNHC;)CHZCONHCHZQO o X iNHfﬂCH?CONH%:\IZ%O
R'N-C-NHR’ | R’U\C/

0 “NHR'

Thus 1t appeared that at Lhis conceniration (0.02M},
oligomerisation had been suppressed. However, peptide
synthesis 1s usually carried‘out al high concentiration
to reduce the risk of side reactions. Thus as there was
no apparent activation at 0.02M concentration, the
reactions were repeated at a concentration of 0.2M to
see 1T activation would take place. The rapid formation
of only the DMSO adduct (5) when complex (4a) was
reancted with DCC in DMSO, showed that oligomerisation
remained suppressed at higher concentration. However,

protection of the amine function wuas still not feasible
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because of the reaction between 1he solvent and the
amine function.

The influence of the counter-ion on complex stability
was evaluated by the use of the chloride ion as well as
the tosylate ion. Thus when complex (4b) was used 1in
the reaction at a concentration of 0.2M, DCU was formed
without any accompanying formation of peptide products.
Only as the 1last of the DCC was consumed did any
products other than DCU appear in the 1H NMR spectrum.
This was due to water present in the reaction solution,
and will be discussed fully later.

The formation of the DMSO adduct indicated that the
crown ether was not offering protection. However, the
addition of the nucleophile NSu into the reaction
solulion showed that the carboxylic group was behaving
as a ‘'normal’ amino acid, because there was prompt
formation of the active ester. Thus at this

concentration (0.2M), the carboxylic group was being

activated. The active esters never reached large
proportions 1in the reaction solutions, most probably
due to the presence of water. This 1s discussed more
fully later. To ensure thal the 18-Crown-6 was not
activating the amine group in some way, the reactions

using n-butylamine, acetic acid and DCC were carried out
with and without 18-Crown-6. The results showed that
the 18-Crown-6 was definitely acting as a protectling
group, not an activator Lo Lhe amine function. This was

shown by 1lhe slow formalion of the amide when no crown

-108-



ether was present bul there was no such reaction when
the crown ether was bresent.

As seen 1in the oligomerisation reactions 1in MeCN or
CHCla, the carboxylic group had to be on the same carbon
for the deprotection of the amine group to occur.
Therefore to see if the carboxylic group was
participating in the deprotection of the amine group in
some way 1in the reaction in DMSO, they were repeated
using the methylamine hydrochioride coﬁplex (2). There
was no reaction between the complex and DCC , and no
derivatisation occurred in the reaction solution until
acetltic acid was wadded. At this time, the DMSO-adduct
(9) formed. This proved that the carboxylic group was
needed for derivatisation to occur.

Having found thatl dipeptide complexes were derivatised,
amino acid complexes were reacted under the same
conditions to see 1if oligomerisation would still occur.
Firstly Llhey were reacted at a concentration of 0.05M to
see 1f t1here would be carboxyl activation. The products
obtained were the N-acyl urea derivative (6d), the DMSO
adduci (34) and later the DMSO adduct of the N-acyl urea
derivative (6f). This showed that only a change in
so0lvenl was sufficient tov elim;nate oligomerisation.
The inclusion of NSu in Lhe reaclion al 0.02M
concentration, stopped the formation of the N-acyl urea
derivatives, but not Lthat of the DMSO adduct (34). The
formation of the N-acyl urea derivatives was prevented

by giving the activated DCC an alternative pathway. The
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presence of NSu means that the activated DCC can react
with éither the complex or the NSu. It could be that
compound 30 was Dbeing formed, but iny in minute
amounts. There was no carboxyl activation because there
was no ester formation.

These reactions were repeated at the higher
concentration (0.2M), where there was facile formation
of the dipeptide (4), its DMSO adduct (5) and the DMSO
adduct of the complex (34) when no NSu was present. The
use of complex (33b) also gave the tripeptide and its
DMSQ adduct. This 1is explained later. When NSu was
included in the reaction solution, there was prompt

formation of the active ester, followed by the DMSO
adduct (34), the dipeptide (4), 1its DMSO adduct (5) and
traces of highér oligomers. Here, it appeared that the
NSu had increased the oligomerisation reaction. This
was due to the active esters reacting with the free
amino acid. [NSu derivatives are often used as the
uactive esters in peptide synthesis {Anderson 1964;
Bodanszky 1984 ). |

All these results can be explained using the work of
DeTar with carboxylic acids and carbodiimides as a
model. DeTar showed thét organic acids form ion pairs
in organic solvents {(DeTar 1966b). He proposed the
formation of ion pairs in organic solvents in preferencé
to a six-centred reaction becuuse of the increased

reactivity which accompanies the increase in aciditly.
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In DMSO, the complexes are surrounded by a solvation
shell, which gives rise to solvenlt separated ion pairs.
The DCC will react with the ion pair as before to give
the ion aggregate, shown in Figure 3.1, but the solvent
separated version. The nucleophiles presenﬁ in the
reaction solution then react with this ion aggregate.
There are four nucleophiles present - waler, amine, DMSO

and NSu. These are discussed in turn.

Scheme 3.5 Solvation of the 'Naked’' Ion by Water, and

the Subsequent Hydration of DCC.
RCOOH + R'N=C=NR’'

|
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Water. This was present in the reaction solution as an
impurity, coming from either the complex or the solvent.

In the case of complex (4b), the water came from the



complex where it was present as water of
crystallisation, as shown by Elemental Analysis. This
water impurity was presumably associated with the
"naked" anion and formed a solvation shell around it.
The wéter molecules became polarised by the negative
charge and were therefore more able to attack the
electrophilic carbon of the activated DCC, giving.DCU.
As more DCU was formed for complex (4b) before any
peptide products appeared, 1t was concluded that a)
there was more water present, and b) the water was
reacting with the DCC preferentially. This 1is shown in
Scheme 3.5,

Amine. This was present in the reaction solution
because of one of the acid - base equilibria shown in
Scheme 3.6. As this was a component required in peptide
formation, the product obtained from its reaction with
the ion aggregate would be  a peplide. Under the

conditions of the reaction using the dipeptide complexes

though, the other nucleophiles were more reactive and so
only traces were found of higher oligomers.
Furthermore, the amine reacted with the activated DMSO

(discussed under DMSO) to form the DMSO adducts. The
formation of these adducts was a fast reaction capturing
any free amine in solution. This acted on the
cquilibrium to give more free amine, and thus the DMSO

adduct became the major producli of the reaction.
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Scheme 3.7 The Proposed Mechanism for DMSO

Derivatisation, Using Glycine Complexes.
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DMSO. Work by Moffatt et al. showed that DMSO reacted
with DCC 1in the presence of acid (Pfitzner 1965;
Fenselau 1966; Burdon 1966; Lerch 1971). They showed
that ithe oxygen from the DMSO was quantitatively
transferred to the DCU. The inlermediate they proposed
is shown in Figure 3.2.

In their work, this intermediate was atiacked by an
alkanol and an aldehyde was obtained. In our work, it
wus proposed that this intefmediaﬁe was altacked by the
free amine which would lead to the DMSO adduct, as shown
by Scheme 3.7.

lFvidence that the proposed intermediate was involved in
the mechanism came from the Mass spectrum of the
reaction residue. A peak at wm/z = 285 corresponés to

structure (40) (see Figure 3.2).

Figure 3.2 Intermediate Between nCC and DMSO as

Proposed by Moffatt.

R'N:(E-NHR'

0

S® x©
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N-hydroxysuccinimide. The presence of this in the

reaction solution gave the activated carboxyl group an
alternative pathway. The formation of the ester was the

fastesl reaction. Thus the active ester was produced
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The formation of the DMSO adduct continued as before,
though some molecules were presenti as their active
ester.

To ensure that the DCC was not activated by NSu; the
reaction of these two compounds was carried out. The
only product seen iﬂ the 'H NMR spectrum after 17 hours
wus (30), obtained from the dehydration of three
molecules of NSu with one molecule .undergoing ring
opening. This product has been shown to be formed when
active ester formation was slowed by steric hindrance
{Rich 1979). Thus some compound (30) could be seen in
the reactions of glycine complexes with DCC and NSu.
This was due to the steric hindrance of the crown ether
rings of the ion pair. However, for the dipeptide
complexes, NSu molecules could be incorporated inio the
solvation shell and therefore come into closer contact
with the ion pair or aggregate. The reactions of
‘'normally protected’ amino acids with DCC in DMSO have
not been well documented, therefore the reactions using
Bce Glycine, Boc Alanine and Boc GlycylGlycine with DCC
were carried out for comparison. The results obtained
were as expected but led to a fqrthev question: why was
the anhydride formed with Boc compounds bul not with the

complexes? This may be explained by 1lhe rearrangement

ol the complex ion pairs. Once the DCC had been
activated by the carboxylic group, the ion pair could
form in a head 1o tailil conformation, due to the
positively charged amine group. There may be salt



bridges formed in the dimeric form. As described
before, in DMSO the 1on puirs were solvent separated.
This would lead to the facile formation of the DMSO
adduct. The Boc compound 4anhydrides reacted further
to produce the N-acyl urea derivative and the oxazolone
because there was excess DCC present 1in the reaction
solution. (Only % equivalent of DCC is required to form
the acid anhydride.) The oxazolone was an expected
product from the reaction containing a protected
dipeptide but not ffom the reaction containing a
protected amino acid. It was obtained because amide
bond formation was hindered (Benoiton 1981) . Thé
deprotection of Boc Alanine at a reaction concentration
of 0.2M may have been brought about by the DMSO-DCC
adduct. This contéins a positive charge which could
attract the NH to donate its electrons. The products
would be the DMSO adduct, CO: and a tertiary butyl
derivative of DCU. A mechanism for this reaction is
proposed in Scheme 3.9.

This work showed that the use of a polar solvent and a
dipeptide complex was enough to eliminate
oligomerisation. However, the solvenl needed to be
altered to one which did not contain a reactive centre
like the sulphoxide group of DMSO. A polar solvent
commonly used in peptide synthesis is DMF and this does
nolt contain as potlentially reactiveagroup as DMSO. It

was hoped that oligomerisation would remain suppressed
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with the change in solvent and also no derivatisation
would occur.
Scheme 3.9 The Proposed Mechanism for the Removal of

the Boc Group with the DMSO-DCC adduct.
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3.4 Reactions in DMEF.

The study was continued in DMF, following the results
oblalined in DMS0O. The reaction of complex (4a) with DCC
in DMF overnight led to 17% of the DMF adduct and 18% of
the N-acyl urea derivative (6b). This showed that the
two compounds were relatively stable towards each other,

at least for the first hour. [t was believed that the
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DMF adduct was being formed by the same mechanism as for
the DMSO adduct (see Scheme 3.7). 1t was concluded that
if an amino acid ester was added to a solution of
complex and DCC within the first 15 minutes, peptide
bond formation may occur. The formation of a peptide
bond is a faster reaction than the formation of either
the DMF adduct or the N-acyl urea derivative. When the
addition of an ester and TEA solution to a complex and
DCC solution was carried out, there was prompt formation
of DCU, indicating that peptide baond formation had taken
place.

The optimum conditions for the reaction were found to be
3 equivalentys of complex and DCC (Lo 1 equivalent of

(]

Ui

ter and TEA. It was believed tlhat there was an
equilibrium p;esent.

When the concentration of Llhe esler. and hence TEA, was
increased twofold there was a decrease in the yield of
ithe desired product. This could be due to the fact that
the free ester was co-precipilating with the TEA.HC1
salt as the solution was too concentrated.

Thusyit appeared that selective peptide bond formation
had been achieved using 18-Crown-6 as the N-terminal
protecling group.

The method was 1ried using various combinations to see
if it would have general application. However the use
of phenylalanine methyl e¢stier gauve a low yield. This
was most probably due to the steric hindrance between

the benzene ring and the i1on aggregate. The presence of
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two crown rings and the cyclohexyl moieties in the ion
aggregale would inhibit the approach of the bulky amino
acid esters to the reactiion site.

Formation of tripeptides other than those witith the
phenylalanine as the ester, proceeded well. Especially
when modificatiqns to the procedure were made. The use
of the water soluble carbodiimide (wscdi) 1improved the
purity and the yield of the reaction. This has been
shown before in the formation of symmetrical anhydrides
(Bodanszky 1984). Whilst the inclusion of 1-
hydroxybenzotriazole inhibits any racemisation. This
addition inhibits racemisation because the 1lifetime of
the reactive O-acyl isourea or symmetrical anhydrides
is reduced. The HOBt concentration remains almost
constant throughout the reaction and this accelerated
the entire process. It also converts the highly
activated carbodiimide intermediates to the less
reactive esters of HOBt which are less likhely to give
side reactions. Thus 11 provides alternative pathways
Lo the same product {(Bodanszky 1984).

The successful synthesis of an Enkephalin derivative
showed that the procedure  using lS—Crown—G as a
protecting group was viable, Lthough obviously
refinements are required before the method could compete
with established procedures. The strongest points 1n
its favour so far though, are the simple protection and
deprotection steps. Repcated washing with a saturated

solution of KCl removes the crown ether effectively.
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CHAPTER FOUR. MATERIALS AND METHODS.

.1 Materials.

18-Crown-6 was supplied by Aldrich and purified using
the method develoézd by Gokel (Gokel 1974). The crude
ether was dissolved in MeCN with warming. On cooling
the crystals were filtered off and pure 18-Crown-6 was
oblained by warming under reduced pressure on a rolary
evaporator.

DMEO was distilled under vacuum (31°C, O0.5mmHg) and kept
in the dark over type 4A molecular sieve.

DMSO-de was supplied by Aldrich and stored in an
airtight container over type 5A molecular sieve.

DCC was distilled under vacuum (92°C, 0.3mmHg) and kept
in & desiccator.

DMF, HPLC grade was supplied by Aidrich and used
without further purification.

MeCN was stirred with CaH: which was added in small
portions until Hz: evolution ceased. The solution was
ithen decanted of f and fractionally distilled, the
fraction distilling at 81-82°C/760mm Hg was collectlted
and stored over type 4A molecular sieve.

NS5u was supplied by Aldrich and used as supplied.

All solvents used for HPLC were HPLC grade, filtered

through a 5um filter and degassed before use.



4.2 Preparations

4.2.1 Boc L-2-aminodecanoic acid (29).

One equivalent 1-2-aminodecanoic acid (i.8727g, 0.01
moles) was dissolved in a mixture of tertiary butanol
and water (1:1) and the pH adjusted to 12 -13 using 5N
NaOH. 1.5 equivalents of di-tertiary-butyl-dicarbonate
(3.2738g, 0.015 moles) in tertiary-butanol (10ml) was
added with stirring and the pH kept between 12 and 13
for % hour. The solution was stirred for 3 hours before

the pH was adjusted to between 4 and 5 using citric

acid. The solution was extracted with ethyl acetate
(3%30ml), dried over sodium sulphate then evaporated to
dryness. The crude product was oblained as an oil.

'H NMR analysis of the product gave the following data:
5 = 0.88 (t CHa), & = 1.27 (bd CHz2's), & = 1.45 (Boc
Me's), 8§ =1.84, 1.68 (CgpHz2's), & = 4.30, 4.09 (CaH's), &

= 5.183, 6.50 (NH's). There are Ltwo sets of signals due

1o the two stereo isomers of Boc Amino Acids, ie E and

Z .
4.2.2 Amino acid - Crown Ether Complexes.
A general method for the formation of amino acid - crown

ether complexes is as follows:
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Table 4.1la Quantities Used in the Preparation of Amino
Acid Complexes. '

Amino Acid Wt (&) Acid Wt (g) [18CH6 Wt|No. Moles gComplex
Alanine 1.0000} Tosylic 2.1350| 2.9670 1.12E~2 la
Alanine 1.0000 HC1 0.4090| 2.9670 1.12E-2 1b

NH3CH3 .HC1 1.9000 -—— -—- 3.9146 1.48E-2 2b

Caproic Acid 1.0000 HC1 0.3056| 2.01489 7.62E-3 3b

Table 4.1b Elemental Analysis and NMR data for Amino
Acid Complexes Synthesised.

E.A. (theoretical

Cpx |value in brackets) |[NMR (&) . Yield
la |C 50.02 (50.27), 7.8 2H d 8.3Hz Tos Arom; 66.6
H 7.53 (7.48), 7.27 3H bd NH:’; 7.12 20 d
N 2.76 (2.67). 8.3Hz Tos Arom; 4.25 1lH m

Ca.ll; 3.65 34H s 18C6; 2.31
3H s Tos Me; 1.6 3H d 6.9

Hz CpsHo
1b IC 46.26 (46.21), 11 }H bd OH; 7.11 3H bd 96 .4
H 8.33 (8.27), NHs ; 4.42 1H m Ca.H; 3.59 -
N 3.47 (3.59) 30H s 18C6; 1.5 CH d 8.8Hz
CpHs
3b [C 50.05 (50.05) 1.42, 1.53, 1.68 6H 3m Cl: 87.6
H 8.84 (8.87) 2.54 2H t CH=COOH, 2.74 2H
N 3.31 (3.24) m CHz=NH., 3.61 18C6, 7.12

3 s NHs'. 10.08 1K bd OH

2b |Not available due |2.38 3H q CHs, 3.54 ?SH s 100
to hydroscopic 18C6, 7.63 5H bd NHa
nature of compound

One equivalent of amino acid was dissolved in H20/EtOH
(5:1) and one equivalent of the appropriale acid added.
The solvent was removed and the salt thoroughly dried.
The salt thus obtained was suspended in CHCls, 1

equivalent 18 Crown 6 added and the solution stirred

until it became <clear. The solvent was removed 1in
vacuo, giving a white solid. For complexes using p-
toluenesulphonic acid, the solid obtained was
recrystallised from hot LEtOAc - FEtOH. The complexes
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using hydrochloric acid required no further
purification. See Table 4.la for the quantities used in
each synthesis and Table 4.1b for the Elemental Analysis

and 'H NMR data.

4.2.3 Dipeptide - Crown Ether Complexes.

One equivalent of the dipeptide was dissolved in H20 and
1 equivalent of the appropriate acid was added. The
solution was stirred for 30 minutes before
liophilisation. The crude salt was then taken up in
ethanol, 1 equivalent 18-Crown-6 added and the
temperature raised to 30-40°C with stirring to aid
solubility. To the cool solution, EtOAc was added
dropwise until the solution became cloudy. On standing
the complex crystallised out. See Table 4.2 for
Elemental Analysis and 'H NMR data.

Table 4.2a Elemental Analysis Duta  for

Complexes Synthgsiggg;

Dipeptidej Acid 18C6 Elemental Analysis Yield %
(wt g) (wt g)|(wt g) (Cpd)
Glygly TosOH [9.9912|Theory: C 48.538 H 7.09 N 4.93 33
5.0000 7.1985 Found: C 48.59 H 6.97 N 5.05 {(d1a)
Glygly HC1 2.0005|Theory: C 41.79 H 7.62 N 9.15 80
1.0000 0.2760 Found: C 41.78 H 7.88 N 6.09

(with 1.5 Hz0 present) (4b)
Glyphe TosOH }0.1546|Theory: C 54.90 H 7.04 N 4.25 67
0.1300 0.1113 Found: C 54.48 H 7.22 N 4.21 (20)
TyrGly TFA 0.0379|Theory: C 54.39 H 6.42 N 3.96 -
Bz Found: C 54.38 H 6.60 N 4.07
0.0635 of salt (23) i
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4.2.4 Oligopeptide - Crown Ether Complexes.

One equivalent of the oligopeptide was dissolved in
H20/EtOH (4:1) and acidified with Llhe appropriate acid.
The solvent was removed, the residue suspended in EtOH,
then 1 equivalent of 18-Crown-6 was added. The solution
was stirred with EtOAc being added until the solution
became clear, before evaporation of the solvent.. The

"M NMR data is shown in Table

Table _4.2b__ 'H_ NMR__Data_  for Dipeptide

synthesised.

_Complexes

Cpx H NMR Data (&) Solv.i
4a 8.65 1H t NH Gly DMSGC
7.47, 7.11} 4H 2d Ar Tos
3.86 2H d CaH:2 Gly
3.61 2H s CaHz Gly
3.52 24H s CH:2 18C6
2.30 3H s CHs Tos
4b 3.50 24H s CH: 18Cb DMSO
3.58 2H s CaH: Gly
3.52 2H d CaH2 Gly
7.79 3H sbd  NHs' = Gly2 |
8.91 1H t NH Glyl |
20 9.30 1H d NH Phe CDC13
7.83 2H d Ar Tos
7.27 13H m Ar/NHs Phe/Tos CHC1
4.65 1H m CaH Phe
3.93 1H m C.H: Gly
3.58 s CHa 18C6
3.13 - 2H m CeH:z Phe !
2.34 3H s CHs Tos
23 9.61 1H t NH Gly CDC13
7.38 SH m Ar Bz
7.15, 6.92| 4H 2d Ar Tyr
4.05 2H m CsH's Tyr + Gly
3.69 m CHz2's Gly + 18C6
3.00 2H m CpH: Tyr
J
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Table 4.3 1H NMR Data for the Oligopeptide Complexes

Synthesised.
Complex Yield{1lH NMR Data (&)
Enkephalin 100(9.81 NH 3.85 CoeH Gly
Complex 8.29 NH 3.73 CaH Gly
7.94 NH 3.54 CHa 18C6
7.13 Ar + NH.' 3.14 CpH: Phe Tyr
6.85 Ar 2.80 CpH2 Met
4.43 C.oH Tyr 2.56 C H: Met
4.25 CaH Phe/M 2.00 CHs Met
4.03 CaH Met 2.40 CHs Acet.
Tos 96.4{1.54 3H d CpgHs Ala |[7.13 2H d Ar* I'cs
AlaGlyGly 2.30 3H s CHa Tos |7.19 3H sbd NH, Ala
Complex 3.63 s CH: 18C6|7.73 2H d Ar Tos
3.90 5H m Ca.Hs All 7.94 1H t NH Gly
9.46 1H t NH Gly
HC1 10018.71 1H t NH Gly 13.84 5H m CaJHs All
AlaGlyGly 8.31 1H t NH Gly |3.52 24H s CH: 18C6
Complex 8.10 3H s NHs' Ala [1.39 3H d CgHs Ala

4,2.5 Vilsmeier Reagent (28).

PCls (3g) was added in small portions to an excess of
N,N-dimethylformamide (DMF) at 0°C with stirring. The
solution was left at 0°C for %¥ hour with no stirring. A
white precipitate formed which was the Vilsmeier
Reagent. When required, it was filtered, washed .with
ether und immediately transferrced to the recaction vessel
with a glass spatula ({Hepburn 1974) . The "H NMR
spectrum in CDCls gave:

& = 2.59, 2.74 6H 25 =NMez, & = 7.84 1H s N=CH

peY

-127-



4.2.6 Boc Dipeptide Esters.

One equivalent of the relevant Boc amino acid was
diésolved in DCM and 1 equivalent DCC added. The

solution was cooled to 0°C with stirring.

Table 4.4 Data for the Boc Dipeptide Esters Synthesised.

TLC solvent system = 9 parts DCM to 1 part MeOH.

Dipeptide Est. S.M.'siEster WtiYield Rf|1H NMR Data (&)
Wts. |No.moles |% w/w
BocGlyGlyOEt|BocGly GlyOEt|{ 61.0(0.64({8.64 t 1H NH
1.0000 0.7975 6.60 i 1H NH
5.714E-3 . 3.86 d 2H CaH:
3.61 d 2H C.H:
3.53 s 3H OMe
1.37 s S¢H Boc
BocPheC140Me | BocPhe Cl40Me| 83.4|0.23{0.87 t 3H CHa Cis
0.2730 0.3025 1.23 s 20H CHz2s Cia
1.029E-3 1.41 s SH Me Boc
1.63 S 2H Csz Cia
3.07 t 2H CpHz Phe
3.69 s 3H OMe
4.33 m 1H Ca.H Ci4
4.52 m 1H Ca«H Phe
4.99 bd 1H NH Cia
6.31 d 1H NH Phe
7.24 m 5H Ar Phe
BocTyr.B2GlyOEt |BocTyr GlyOLt 85.9{0.63}1.2 t 3H 'CHs Et
Bz 1.39 s 9H CHa Boc
0.5000 0.1880 3.01 d 2H CpsH:2 Tyr
1.346E-3 3.97 m 2H CaH2 Gly
4.19 gq 2H CHz: Et
4.34 m 1H CaH Tyr
4.95 bd 1iH NH Tyr
5.03 s 2H CH: Bz
6.35 t 1H NH Gly
6.91 d 2H Ar Tyr
7T.13 d 2H Ar Tyr
7.38 m 5H Ar Bz;

One equivalent of the relevant amino acid ester salt was
dissolved in a minimum of DCM with 1 equivalent of TEA.
The two solutions were mixed and the reaction left
stivring overnight. Evaporation of the solvent gave a

residue which was taken up in E1OAc, extracted wiih HC1

-128-



(0O.1N, 2x30ml), Brine (2x30ml), NaOH (0.1N, 2x30m1).
Brine (2x30ml) and H20 (2x30ml) and dried over Naz250a4
before evaporation.

The 'H NMR data, Rf &nd yield by weight are shown 1in

Table 4.4.
4.2.7 l1-2-Aminodecanoic Acid Methyl Ester (18a).

MeOH (5ml) was cooled in an ice bath and 2.5 equivalents
of SOClz: (0.49ml, 6.7x10‘3 moles) added slowly down the
flask wall. One equivalent of 1-2-aminodecanoic acid
(500mg, 2.67x10 ° moles) was added, the solution left
stirring until it became clear and then refluxed
overnight. Evaporation of the solventl yielded a white
solid which was recrystallised from hot EtOAc, yielding
766mg, 71%w/w.- ' NMR analysis of the solid was

consistent with the expected structure of the ester.

& = 0.83 (3H L CHs) S = 1.25 (12H bd CHz's)
6 = 1.82 (2H m CH2CHs) & = 3.77 (3H s OMe)
S = 4.06 (1H m CaH) & = 7.25 (3H bd NHs')

4.3 Heactions.

1.3.1 Boc Amino Acid Fster formation using 18-Crown-6.

A general method for this reaction is as follows:

One equivalent of the N-protected amino acid was

dissolved in aqueocus ELOH containing one equivalent of



1M KOH. The solution was stirred for 30 minutes, the
solvent removed and the salt thoroughly dried. This was
then suspended in acetonitrile or N,N~dimethy1formémide
with stirring, 1 equivalent of 18-Crown-6 added and the
solution stirred until clear. An excess of the
appropriate halogenated compound was added and the
solution brought to boiling. The reaction was followed

by T.L.C. (saolvent: 9 DCM, 1 MeQOH).

Table 4.5 Products obtained in the Boc Amino Acid kster
Syntheses using 18-Crown-6.
f
iN-protected Yield
Amino acid RX (%) Product Solv. | Cpd.
Boc Val OH |Mel 51 92 BocValOMe MeCN 38ai
pNO:CsH.F 2} -- {O2NCeH.):20 !MeCN --
C+HeNO:C1 1%| 98 BocValOBzNO: [ MeCN 38aii
MeaCCl b4 = I === MeCN -
- xs| --~ _———— MeCCl -
Ci1sH32Br 1y 27 BocValOQOC: s MeCN 38aiii
- 70 " DMF "
Boc Phe OH |Mel 51 78 BocPheOnMe MeCN 38bi
C7HsNO2C1 1% 71 BocPheOBzNO: MeCN 38bi
CiesHs2Br 1| 55 BocPheOC1 s MeCN 38biii
- 74 " DMF .
_

On completiion, the solvent was removed and the residue
taken up in EtOAc, the undissolved residue being
filtered off; the solution extracted with HCI1 (1M,
2x20ml), Hz:0 (2x20ml), NaOH (2x20ml) and brine {(2x20ml)
dried over sodium sulphate and evaporaled to dryness.

Products and yields oblained wre shown in Table 4.5, the

"M NMR data in Table 4.6.
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Table 4.6 H NMR Spectroscopic Data for the Boc Amino
Acids Esters Synthesised.

Product ‘H NMR Spectroscopic Data (&)
Boc Val OMe 0.87 3H d 6.1Hz Val methyl
38ai 0.94 3H d 6.1Hz Val methyl
1.43 S9H s Boc methyls
2.10 1H m CpH
3.71 3H s Methyl ester
4.20 1H m C.H
5.02 1H bd NH
Boc Val OBzNO: 0.90 3H d 6.1Hz Val methyl
38aii 1.00 3H d 6.1Hz Val methyl
1.50 9H s Boc methyls
2.10 1H m CpH
4.30 1H m C.H
5.00 2H bd NH + impurity
5.20 2H dd Benzyl CH:
7.5 - 8.0 d p-subst. benzene
ring H's
Boc Val QCio 0.89 6H m C.Hs + CHusCH:z2-
38aiii 0.97 3H d C Ha
1.31 30H m CH:'s
1.43 SH s CH» Boc
1.62 2H m CH:CHa .
2.12 1H m CpH
3.41 t -CHazBr SM
4.12 2H m ~-CHz20- Product
4.20 1H m C.H
5.02 1H d NH
Boc Phe OMe 1.40 9H = Boc methyls
38bi 3.10 2H m CpH:2
3.70 3H s Methyl ester + EtOAc!
4.50 1H m CaH |
5.00 1H bd NH |
7-7.4 5H d + m Aromatic H's !
Boc Phe OBzNO: 1.40 9H s Boc methyls
38bii 3.06 2H d CpH:
5.00 1H bd C.H
5.17 2H s Benzyl CH:
7.55 1H d NH
7.11-8.17 10H Aromatic H's
Boc Phe OCis 0.87 4H t B Cis methyl + imp.
38biii 1.38 48H s Cie CHz's + imp.
1.43 9H s Boc methyls
1.76 + 1.85 2H 2m Cis CH:2CHs
3.06 1H bd t CuaH SM or Prod.
3.40 + 3.53 1H each 2t BrCH:- or -OCH:-
4.06 1H t CaH SM or Prod.
5.00 1H d NH
7.12-7.25 3H m Aromatic H's
Ci12HsN:20s 8.30 d B8.73Hz p-subst. aromatic ring
7.18 d 8.75Hz H's
L . L
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4.3.2 Reaction of Amino Acid Complexes with DCC in CHCls

or MeCN.

The amino wcid complex was dissolved in the appropriate
solvent and 1 equivalent of DCC added with stirring.
After % hour, the solution was filtered to remove any
precipitate, and left stirring for the allotted time (X%
hour or 24 hours). The solvent was evaporaled and the
residue. taken up in CHCls (5ml) which was washed with
H20 (2x5ml). The water fractliion was lSophilised and the
CHC1ls fraction was dried over sodium sulphate and then
evaporuatled to dryness.
"H NMR analysis of the H:0 fructions led Lo the data
shown 1in Table 4.7. A typical "H ONMR spectrum 1s shown
in the example below of the H20 fraction from thg
reaction between complex la and DCC in CHClas.
S = 1.2 m CpgHs's, & = 1.8 m Trace lmps., & = 2.2 s Tos
Me, &6 = 3.5 s 18-Crown-6, & = 3.9 - 4.0 m CaH's, &§ = 4.0
4.3 m Call’'s, & = 7.1, 7.5 2d Tos Ar, &§ = 7.9 2 bd s
NHs ' 's prods, & = 8.1 bd s NHs' S.M., & = 8.2 t NH tri /
tetrupep, & = 8.6 d NH tripep., & = 8.7 d NH dipep,
§ = 8.8, 8.1 m NH tetrapep.
The CHCls fraclion gave the following "H NMK data:

& =1 -2 m CH. DCU, & = 5.2 d NH DCU, & = 3.

(61}
I

18-Crown-6.
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tions in MeCN and CHCls.

4.7 Complexes used and Products Obtained from the Reac-—

Cpx Solv. % DCU DCC Time No. moles % Prods
30 mins| eqs. (hr) (in H:0)

3

la MeCN | ~---- 1 16 4.566x10" 17 Di
3 Tri
80 SM

32.5 1 22 1.908x10 * 32 Di
30 Tri
38 SM

4

7.0 0.5 22 1.906x10° 30 Di
7 Tri
63 SM

CHCls -——= ] 1 24 1.903x10" % 16 Di
| 14 Tri
4 Tetra
66 SM

MeCN 34.2 1 24 21 Dbi
: 18 Tri
61 SM

30.7 1 24 46 Di
33 Tri
21 SM

19.2 0.5 24 35 Di
12 Tri
53 SM

33.5 1 0.5 43 Di
29 Tri
28 SM

13.1 0.5 0.5 33 Di
11 Tri
56 SM

1b MeCN 66.4 1 0.5 2.565x10 ‘| 58 Di
29 Tri |

10 Om

>100 0.5 | 0.5 30 Di |
20 Tri |
50 SM |

1b  {MeCN '’ 57.8 1 24 2.565x10 '| 64 Di
i 28 Tri
8 SM

>100 0.5 24 23 Di
7 Tri
70 SM

3b MeCN -——=—- 1 21

o

.315x10° %1 13 NaUrea
87 SM

11.

~1
=
(=)
(]

12 NAUrea
88 SM

12.3 0.5 0.5 17 NAlrea
83 SM

37.2 j 0.5 l 24 1289 SM




Tuble 4.8 'H NMR Duta from _the Reactions belween the
Vilsmeier Reagent and Complex 1b.

A: Complex 1lb at Room Temperature.

T T
5| 10.33]10.24 8.60|8.1914.79|3.35|3.08|3.0212.81}11.54
Int 4 7 3.5 15 3 85 20| - 44 44 8
Res NH OH CH CH| CaH| CH2| CHs} CHa| CHa|CpHs
dd s d s m s 2s s s d
26| COOH 26| DMF 26,18C6 26| DMF| DMF 26

B: Complex 1b at -44°C.

Int 2 2 12 15 2] 5 Gi 34 35% 5
i ¢ ——
Res NH CH CH| NH.' C.H C.Hl CHa CHa CHs 1 CpHa Cada;
bd d s s m m 2s s s d

26 26 7 27 26 27 26 DMF DMF 26

4.3.3 Amino Acid Complexes wilh Vilsmeier Reagent 1in

CDCla.

One equivalent of complex (100mg, 1lb = 2.565x10 ° moles)
was dissolved in 3 ml CDCls and taken to Lhe appropriate
lemperature. An aliquot of Vilsmeier Reagent was added.
A sample was taken for 'H NMR analysis at the end of the

reaction. The data thus obtained is tabulated in Table

4.8.
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4.3.4 Methylamine Hydrochloride Complex with DCC and

Benzoic Acid in CHCla.

One equivalenl of Methylumine Hydrochloride complex was
dissolved in CHC13 and 1 equivalent DCC added. The
reaction was followed by 1.R. Spectroscopy. There was
no change over the entire reaction period. The final
spectrum showed the data: 3200 - 3100 cm = NH stretch,
3000 - 2800 cm ' CH stretch, 2120 cm ' C=N stretch DCC,
1615 cm ' NH deformation, 1470 cm = CH deformation, 1450
cm © CHCls, 1350 cm = CH deformation, 1100 cm CHC1s,
1300 - 1200 cm ' C-O stretch.

To the above solution was added Benzoic Acid. The
reaction was followed by "H NMR specltroscopy. The
following data are from the spectrum taken at the end of
the reaction:

& = 7.93 2H m: Benzoic acid ortho H's, & = 7.49 1H
benzoic acid para H, & = 7.33 2H w Benzoic acid meta
H's, 6 = 7.18 Benzamide Aromatiics + NH, & = 7.00 3H bds
NHaf cpx, 6§ = 3.48 18-Crown-6, & = 2.80 CHs Benzamide, &
= 2.29 3H g CHs cpx.

Rutio of starting complex to product is 16:1.

4.3.5 Dipeptide Complexes with DCC in DMSO.

These reactions were carried oul al lwo concentrations,
both in the NMR tube and on the bench. The quantities

used 1n each case are tabulated in Table 4.9.
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The general procedure for Lhe NMR reactions was as
follows:

One equivalent of the purified dipeptide complex was
dissolved in dry DMSO-ds (0.5 - 0.6ml) and treated with
1 equivalent freshly distilled DCC. The solution was
thoroughly mixed and 'H NMR speclira taken every 5
minutes for the first hour, then at regular intervals
for.the next day. 'H NMR data fFfrom 1lhese experiments
are tabulated in Appendix One, along with the reactions
involving NSu.

An equivalent method was employed when the reactions
were repealed on the bench, as shown in Lhe foullowing
general method:

One equivalent of complex was dissolved in DMSO (5 or
10ml) and treated with 1 equivalent of DCC (freshly
distilled). The solution was mixed thoroughly and left
to stand for the required length of time. The solutions
were not stirred in an attempl to duplicate the
conditions obtained during an "H NMR experiment.

When NSu was present in the reaction it was dissolved

with the complex before addition of the DCC.

4.3.6 Meihylamine Complex wilh DCC in DMSO.

One equivalent of Methylamine complex (34.7ng, 1){10"4
moles) was dissolved in dry DMSO-de (0.5ml) in the NMR

tube and 1 equivalent bDCC (20.6mg) wdded. The solution
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was thoroughly mixed, then "HONMR spectra tuken every 15
minutes.

The same procedure was followed when a) catalytic
amounts of AcOH (2.5ul, 4.33x10°° moles) and b) 1
equivalent AcOH (5.7ul) were added to 1Lhe reaction
solution. The results from these experiments are

tabulated in Appendix Two.
4.3.7 Glycine Complexes with DCC in DMSO.

A similar procedure to thal used in section 1.3.7 was
cmployed, for example:

One equivalent of complex (33&  1x10 ° moles, 24.1lng)
was dissolved in dry DMSO-de (0.5ml) and 1 equivalent
DCC (20.6mg) added. The solution was thoroughly mixed
then 'H NMR spectra were taken every 10 minutes. The
quantitiey used are listed in Table 4.9. The 'H NMR
dala obtained from these reactions, and those using NSu
in the reaction solution ware Labulated 1in Appendix

Three.
1.3.8 Boc Protected Compounds wilth DCC in DMSO.

A general method for Lthese reacliony i shown below.
The quantities used in cach reacltion are given in Table
4.10.,

One cquivalenlt of 1he Boc amino acid or dipeplide was

dicsolved in DMSO-du {O.5ml) and ellther 1 or %



equivalent DCC added. The reaction was followed by 'H

NMR speclroscopy. The data obtained from these

reactions is tabulated in Appendix Four.

Table 4.9 Quantities used in _ the Complex Reactions in
DMSQO .

NMR Reaction Bench Reaction
Concentration 0.02 0.2 0.02 0.2M
No. moles 0.00001 }0.0001 |0.0001 0.002
Volume 0.5 0.8 5 10{ml
Cpx 4b 4.3 . 43.3 43.3 865.8 | mg
Cpx 4a 5.7 56.8 56.8 |1137.3|mg
DCC ' 2.1 20.6 20.6 | 412.6|mg
NSu 1.2 11.5 11.2 4650 |mg
Cpx 2 - 34.7 -= -—img
AcOH -- 5.7 -- ~=1ul
Cpx 33a - 24.1 -- --|mg
Cpx 33b 3.8 37.7 -- --\mg

i

Boc compound Volume Concn| No. mol; Wt.} Wt. DéE—ﬁ
ml M i mg N
Boc AlaOH 0.50 0.10| 5.29E-5 10.0 10.0
Boc AlaOH 1.10 0.08| 5.72E-5 10.9 11.3
Boc AlaOH 1.10 0.05 5:725—5§7 10.9 5.5
Boc AlaOH 1.10 0.05] 2.2E-4 41.6 '45.;'!
Boc GlyOH 0.75 0.20| 5.71E-5 10.0 11.8
Boc GlyOH 0.50 0.19| 9.7E-5 17.0 21.0
Boc GlyGlyOH 0.50 0.02] 1.0E-5 2.3 2.1
Boc GlyGlyOH 0.50 0.20| 1.0E-4} 23 2% 20.6 |
1 H S |
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4.3.9 Miscellaneous Reactions in DMSO.

A) Al the reactions were followed by "H NMR
spectroscopy and were carried oul wusing the general
method below:

One equivalent of DCC was dissolved 1in DMSO-de and 1
equivalent of the other reagents added. The reagents
und the quantities used of each are shown in Table
4.11. The data oblained from these reactions are

tabulated in Appendix Five.

Table 4.11 Quantities of Heagents used in the Miscel-

laneous Heactions in DMSO-de at a Concentration of
0.2M.

Reagent DCC AcOH NH2Bu 18C6 NSu
Reaction mg ul ul mg mg
1 20.9 5.7] 9.9 26.7] --

2 21.4 5.7 9.9 ~- --

3 20.7 -- -- -- 11.5

4 20.7 5.7 -- -- 11.5

4.3.10 Dipeptide Complexes and DCC in DMF.

One equivalent Complex 4a (568.7mg. ix10 ° moles) and 1
equivalent DCC (206.3mg) were dissolved in DMEF (5ml).
Stirring the reaction solution ufforded a precipitatle
after % hour, whilst non-stirring did nol. The rcuaction
was left overnight before evaporation of the solvent.
The residue was taken up in DCM and [{iltered. The "H

NMH spectrum of the residue guve the following:
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§ = 1 - 2 m CHz's DCU, &6 = 2.29 5 Tos Me, & = 2.71,
2.87 25 DMF Me's, & = 3.52 & 18-Crown-6, & = 3.66,
3.87 2d CaHz S.M., & = 3.83, 4.04 2d CaHz's product, &

= 5.58 bd NH DCU, &§ = 7.10, 7.47 2d Tos Aromatics, &

7.66 bd NHs' S.M., & = 7.94 s DMF CH. & = 8.13, 8.58,

8.23 +traces of by-products, § = 8.68 t NH S.M. +

Product, S = 9.23 bd NH product.

Possible products: N-acyl urea derivative (6b),
DMF-dipeptide product (12).

See Appendix Eight for Structures.

4.3.11 Reactions of Dipeptide Complexes with Amino Acid

Esters in DMF.

The general procedure employed for these reactions 1is
described using the example below.

One equivalent of the complex 4a (568 .6mg, 1x10“3 moles)
and 1 cquivalent of DCC (206.7mg) were dissolved in DMK
(3ml) .

One equivalent HC1.GlyOEt and 1 equivalent TEA were
dissolved in DMF (2ml).

The 2 solutions were combined and left stirring for 2
hours before removal of the solvent. The residue was
taken up in DCM, filtered and dried down before an lH
NMR spectrum was run. The reaclions carried oul are
listled in table 4.12, along with the yvields and the

quanitities usecd.



Modifications of the above procedure were also used.
They included:

1) The reaétion was carried out at 0°C instead of Room.
Temperature;

2) 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide HC1
{wscdi) replaced DCC as the coupling reagent;

3) The reaction time was increased to a minimum of 6
hours;

4) HOBt esters, prepared in situ, were used to prevent

rucemisation.

Tauble 4.12 Chemicals and the Quantitics used in _ the
Reactions in DMF to form Tripeptides.

Rxn|Cpx|Eq mol wt, EstérlEq. Wt. Coupl' wt.| TEA Prod
No. mg mg i Reag. mg ul
1 |[4da 1(1.0E-3 568.6 14 1 139.Bi DCC|206.7|140.0 {g;
2 i4a 2]2.0E-3) 1137.0 14 11140.9 DCCl4a12.6 140.0; 15a
3 !4a 3|3.0E-3} 1706.7 14 1jl141.4 DCC|616.9 140.0i 15a
4 {da 1|{1.0E-3 568.5i 14 21280.6 DCC|206.7(280.0 15a
5 j4a 1/1.0E-3 5?0.9 14 31418.8 DCC|{206.7i420.0 15a
6 jda 313.09E-3} 1705.0( . 14 lfi39.b DCC|309.5 140.0} 15a
7 {4b 3|3.0E-3] 1298.7 14 1/139.6 DCC|309.5|138.0 15b
8 |4a 3{3.0E-3] 1706.0 16 1j215.7 DCC|309.5|140.0 17a
9 |4a 1{1.0E-3 568.6 18a 11294.0 DCC|206.1{140.0 19a
10 |4a 1|1.0E-3 568.3 18a 1/293.6|wscdi|207.8{140.0 19a
11 |20 1|7.6E-5 51.2 18a 1] 22.3|wscdi 15.1 11.0] 21a
12 |20 1|2.3E-4 148.3 18b 1i 53.2!wscdi! 51.1{ 31.0 21b

The "H NMR data obtained from these reactions is

}

tabulated in Appendix Six.
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An example of this is:

One equivalent of complex 4a (1x10”° moles, 568.3mg) and
one equivalent wscdi (207.8mg) were dissolved in DMF
{3ml) at 0°C with one equivalent HOBt (135.1mg). One
equivalent 18a (293.6mg) and one cguivaleni TEA (140ul)
were dissolved in DMF (3ml) and added to the first
solution. The solution was allowed to siir overnight
before the solvent was removed, the residue taken up in
DCM and extracted with H:0 (2x5ml) and KCl (saturated,

2x5ml), dried over Na:5S0. and evaporated to dryness.
4.3.12 The Synthesis of an Enkephalin Derivative.

One equivaulent of TFA.GlyPheCioOMe (26.6mg, 5.12x10
moles) and 1 equivalent TEA (7.1ul) were dissolved in
NDME (1 - 2ml). 1.4 cquivalents TFA-Crown-Tyr(Bz)Gly
Complex (50.8mg, 7.2x10° " moles), 1 e¢quivalenl wscdl
{10.6mg, 5.12x10 ° moles) and 1 equivalent HOBt (7.8mg,
5.12x10 " moles) were dissolved in DMF (1 - 2ml) and
cooled to 0°C. The two solutions were combined

and left stirring overnight. Upon evaporation of
the solvent, the residue was taken wup in DCM and
extracted with Hz0 (2x10ml) and KCl solution (saturated,
2x5ml). The combined washings were then extracted witih
DCM (1x5ml). The combined DCM solutions were dried over
Naz2S0as before evéporatiunl Weight oblained = 50.8mg

(90.7%w/w) .
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"H NMR analysis of the reaction residue showed a mixture
conlaining both slarting materials, the desired
penlapeptide and traces of by - productls.

Purification was achieved by 2 runs down a Dynamax 300
Cis column on an HPLC systiem. Two gradients were
employed with the 2 solvenis as H20 with 0.1% /v TFA
and MeCN.

Gradient One: 0% MeCN to 100%Z MeCN ‘in 30 minutes.
Collection of +the main peak at 23 minutes gave a 1:1
mixtiture of the pentapeptide and the starting tripeptide
ester. Rerunning this fraction using Gradient Two: 20%
McCN to 100% MeCN in 1 hour and collecling the peak at
27.5 minutes gave the pure pentapeptide.

The 'H NMR Spectrum in DMSOss gave:

9] 8.73 bd NH Cio, & = 8.48 d NIl Phe, &6 = 8.18 s ?, & =

8.10 m Bz, &§ = 7.77 d Tyr Ar, & = 7.63 t Bz/Phe Ar, & =

7.41 m Bz/Phe Ar, & = 7.33 t NH Glyd, & = 7.20 m Phe Ar,

@]

= 6.96 d Tyr Ar, & = 5.51 L NH Glyy3, & = 5.07 s Bz
CHz, & = 4.63 m CaH Tyr, &§ = 4.22 m CuH Phe, & = 3.99 bd

CaH Ci0, & = 3.80 m CaH2's Gly, &

5.62 5 OMe, & = 3.00
m CegHa Tyr, & = 2.82 wm CpH: Phe, & = 1.56 m CHzCHa. Cio,
& = 1.24 bd Clz's Cio, & = 0 84 L CHs Cio.

The Mass Spectrum gave:

w/z 716 M' Tyr(Bz)GlyGlyPheC:oOMe,

m/z 626 M'-Bz,

m/z 368 GlyPheCi100Me and Tyr(Bz)GlyGly.
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4.4 Other Reactions used.

1.4.1 Resolution of d,1 N-acetyl-2-aminodecanoic acid.

d,l-N-acetyl-2-aminodecanoic acid (4.9202g, 2.0057x10 °
moles) was suspended 1in 250 ml Hz20 containing the
indicator phenol red. LiOH solution was added dropwise
to the stirring solution until it became red and clear.
Acylase 1 (grade II, 133mgs) Qas added to the solution
which was then allowed to stand in a water bath at 38°C
for 5 days. During the reaction the pH was monitored
und re-adjusted with LiOH solution. Aliquots of Acylase
1 were walso added at a rate of 10mgs a day. The
solution was filtered after 5 days and the solid
cbtained was impure 1-2-aminodecanoic acid. 1004 yield
(1.8728g). Recrystallisation from AcOH gave 1Lhe pure
acid, melting pointl = 225°C (decomposes). Ild] = 30.8°.
The solution was acidified wiith 1M HC1l and then
fillered. The solid was dried and was the d-N-acelyl-2-
aminodecanoic acid. 92 .1% yield (2.2667g).

41.4.2 RRemoval of an Ester Group.

The crude protected Compouﬁd was cooled to 0°C and KOH
{3N  in  H2:0/EtOH 1:1, 20ml) added. After 5§ minutes
citric acid was added until the pH was 4 to 5. The
solution was extracted with DCM (2x10ml) which was then
dried over NazS50as and evaporated down. The free acid

compound was recrystallised from MeOH/H=20, filtered,

1



washed with H:0 and dried thoroughly. The free acid
compounds obtained and the yields are shown in Table
4.13.

Table 4.13 Free Acid Compounds Oblained After £Ester
itemoval .

Starting Material| Weight Product Yield| ‘H NMR Data (&) |
(mg) (% DMSO-de
BocTyr(Bz)GlyOEt 549.80|BocTyr(Bz)GlyOH 99.9| 8.20 t NH Gly
7.38 m Ar Bz
7.18 d Ar Tyr
6.88 d Ar Tyr
6.82 d NH Tyr
5.07 s CH: Bz
4.11 m C.H Tyr
3.79 m C.H: Gly
2.91 m CglHz Tyr
2.66 m Csz Tyr
1.27 s CHs Boc
BocGlyGlyOEt 870.00 BocGlyGlyOH 88.0|] 8.01 t NH
6.96 t NH
3.75 d CaH:
356 m CuHa
1.37 S CHs B()-’;]'

4.4.3 Kemoval of a Boc¢ Group.

The crude protected peptide was dissolved in 60% TFA in
DCM and left stirring for % hour. 7The solvent was
removed using a rotary evaporaltor with ethanolic KOH in
the 1rap. The peptides obtained from this reaction are
listed in Table 4.14 along with the "H NMR data.

5.

J.4.4 Purification Procedure for Compound
The c¢rude rcuction residuc wias taken up in acelone and
filtered to remove DCU. The solvent was evaporated off
und the residue taken up in MeCN and [iltered agaln to

remove DCU. EtOAc was added dropwise to the solutition
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until it remained cloudy, it was then cooled until it
became clear. The solution was decanted off. The
residue was taken up in acetone and warmed. The residue
would not go into solution so Lthe solvent was again
decanted off and the residue 1lhoroughly dried.

Elemental analysis gave: C 39.83 H 6.27 N 7.32.
Theoretical values: C 39.839 H 5.98 N 7.16.(including
1.5 Hz20 molecules)

'H NMR data: & = 8.5 1H t SNH, & = 6.56 1H t CONH,
& = 3.84 4H m CuHz's, & = 2.08.3H s NCHa, & = 2.00 3H s
NCHs. There is also 1ihe counter-ion present in twofold
excess at & = 7.47, 7.10 8H 2d Tos Ar, &§ = 2.29 6H s Tos
CHos .

Mass Speclroscopy Data: m/z 193 [M+HJ+, m/z 133

NHs ' Cllz CONHCH = COOl1 .

Table 4.14 Peptides obtained from the Removal of the Boc
Group..

i
Compound 'H NMR Data (&) |
PheC, sOMe 7.20 m Ar  Phe 3.13 m CpH: Phe |
7.13 d NH Cia 1.56 m Ch. Cia I
4.31 m CaH Phe 1.20 m CHz Cia |
4.8 m CaH C:a 0.80 t CHa» Cyia )
} 3.59 s CHs OMe ;
PheCioOMe as above.
Tyr(Bz)GlyOH 8.79 t NH Gly 4.00 m C«H Tyr
7.40 m Ar Bz 3.86 d CaH: Gly
7.19 4 Ar Tyr 3.05 m CpH2z Tyr
6.96 4 Ar Tyr 2.88 m CpHz 1yr
I 5.08 s CH: Bz
—.d
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CHAPTER FIVE. CONCLUSIONS.

5.1 Ester Formation.

For the general synthesis " of amino acid esters, our
method compares unfavourably with Lhose from literature,
for 1t requires the use of more expensive reagents such
as lB—Cran-G and N-protected amino acids. The method
proposed by Penney requires the use of free amino acids,
thus making it more versatile.

Other literature methods, which use N-protected amino
acids, also have an advantage Iin thal better yields are
obltained at lower reaction temperatures.

However, the method we have developed has been shown to
give good yield in the synthesis ot fatty esters. The
yvields oblained with octadecyl halide compare {avourably
wilth those obtained using other methods. The udvantuges
of our method are:

1) the wuse of a reaction solvent. In the method
proposed by Penney, a melt of the fatty alkanol was used
as solvent and reagent. In the method here proposed we
use DMF as reaction solvent. This means that elevated
temperatures are not required in order to melt 1the fatty
alihanol, and

2) enhanced reactivity brought about by the crown ether
which gives shorter reaction times.

However, a further study 1s required on this procedure

lo optimise the conditions and improve Lhe yields.
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Some parameters which could be in?estigated are:

1) Temperature. A study could be carried out to
correlate reaction temperature with reaction yields.
2).Cutalysis. This would show whether the Crown Eilher
could be present in smaller amounts and act as a
catalyst. This would most probably increase the
reaction time, but if shown to be more effective would
make the method more economically attractive.

3) Non - protected amino acids. This would be'
desirable because it would remove both protection and
deprotection steps. This too would make the method more
economically viable.

1) Other esters. The study cowuld be continued into the
formation of other esters by this method. This would
entail the oplimisation of conditions and finding a way
to overcome steric hindrance when it occurs.

5.2 Oligomerisation and FPeptide Synthesis.

The study into the use of Crown Ethers as N-terminal
proltecting groups has led to i knowledge of the
mechanistic pathways involved in Lhe reactions of amilino
acids complexes with coupling reagents such as DCC.

It has also given rise Lo a procedure by which
protection with 18-Crown-6 occurs. The optimal
conditions required for peptide synthesis were DMF as
recaction solveni at 0°C for 18 1o 24 hours at a

concentration of 0.2M. The subsequent deprotection was

~148-



found to be repeated washing of the reaction residue in
DCM with a saturated KCl solution.

This work could be contiuued 1in many ways, as listed
below:

1) The oligomerisation reaction of amino acid complexes
with DCC in MeCN or CHCls may find application in the
formaution of polymers, if a way of controlling the
extent of the oligomerisation can be found;

2) Investigation to find the oplimum conditions for the
stepwise synthesis of peptides. The conditions {ound
for the synthesis of a tripeptide may need modifications
for the synthesis of higher oligomers. This could be
looked into by the synthesis of a serilies of
larger peptides (for example, penta- or decapeptltides) to
see if any change is required in the reaction
conditions;

3) Repetition of the tripeplide synthesis using other
coupling recagents, to altempl Lo improve the yield and
purity of reaction. I has been found thal by
substituting the DCC with ils waler soluble derivative,
tan improvemen i in the yield wils; oblained in the
svhntlthesis ol GlyPheC:1 :0Me lripeptide. (The vield
increased from 47% to 64%.) The reaction residue was
clcecaner,

4) The complex formation methodology could be applied to
larger peptides and utilised in the fragment
condensation procedure. Here the Crowrn ¢clher may

increcase the solubility of the larger peplide [rugments
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and hence increase the possibility of the reaction
occurring. The main problem for fragment condensation
of large segments is the low molar concentration of the
components being coupled. For example, Lthe synthesis of
the 104mer (the "S"-protein of Ribonuclease A) involved
the condensation of a 44mer and a 60mer which gave low
vield and there was difficulty with purification
(Hirschmann 1969). It bas been shown that using the
principle of excess Increases Lhe yield though for large
segments this may not always be possible, which 1s when
the use of a Crown Ether muy enhance the reaction.

5)

5 Modiflficulions 1o the Crown lther, by the inclusion

of functional groups, may have an advantageous effect on

Lthe coupling reaction. This nay include enhanced
rcecactivity. It may also be of usce during the work up
procedure, by increasing the insolubility of 1he metal
ion — crown complex.

6) The method could be applied to the Merrifield
protocol of so0lid phase peptide synthesis. The complex
could be used in a similar way to Boc or Fmoc amino
ucids and any excess would be washed out of the resin at
the end of the reaction. A study into whether amino
acid complexes react the same as dipeplide complexes in
DMF would have to be carried out Lo msake this possible
use of the method more versatile and viable.

7) The waddition of a chromophore onto the crown ether
could lead to use of the procedure in the continuous

flow peptide synthesis method as detection would then be



possible. It may be that the potentiated "conductance
method of on-line monitoring could be applied to the
crown ether reaction {Walker 1989). It has been
shown that the complexation of K' ion by dicyclohexyl-
18~-crown-6 in methanol leads to a reduction in
electroconductivity (Frensdorff 13971a}.

This work has given rise to a procedure for the
synthesis of peptides using amino aclids non-covalently
protected with crown ethers. Both tLhe "protection" and
"deprotection" steps are carried out in extremely mild
conditions. The protection occurs in EtOH/EtOAc
solution and Lthe deprotection occurs wilh ropouted
washing of Lhe reaction residue in DCM wilth a saturated

solution of KCl - a very mild deprotection step indeed!



APPENDICES .

Notes .

The data tabulated within the first [ive appendices are

referenced against DMSO-ds.

The signal from incompletely deuterated DMSO-de was used

as internal standard.

The spectra following ecach of the tables are

representative of the reactions tabulated.

Signals from the CH:z's of DCC/DCU appear between & = 2
and 1 and were immeasurable. Therefore they have not

been included in the tables.

The time is in minutes unless olherwise stated.

h = hours.

[oR
t

days.
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Appendix One.

A.1.1 Tos Di Cpx + DCC Reaction at a Concentration of

0.02M.
5/8.66) 8§.6(8.37|7.81]7.48(4.00/3.88}3.62)|3.52|2.28
t 7.11
10)0.92| -- -- -- 2.5| ~-- |1.83{1,83{20.8(|2.17
1 h{1.00|vis |vis -= 2.5{0.1711.67{1.67 x 12.17
27% h 0.71 0.28{0.28] -- |3.28|0.57|1.43]2,00 x |2.86

52 h{0.28|0.43|0.43]1.71(2.57]0.86(0.57)1.43 x {2.00

71% h{0.2010.50/0.50]2.50|3.00/1.00{0.60(1.60 x (2.30

NH NH NH| NHa Ar|CoHs |CoHa |[CoHa| CHz{ CHs

S.M. 6b 6b|Both| Tos 6b[S.M. |Both|18C6| Tos

Spectrum taken after 71% hours.

fos
e
126 )| eccrory

: . CHy's /j
Tos /
W,
: —_—
2
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A.1.2 Tos Di Cpx + DCC + NSu Reaction at

Concentration of 0.02M.

.5

™
(4]
b

[y
S

11 h{d.25 2, 0.5, 8.5 3 0.

41% h|0.141.67({0.38|5.71(7.19/0.28(3.71 x 10.5214.04(6.18

NH NH NHa |NHa |Ar CaHa |CaHa |[CHa {CHa {CHa |CHa

s
Ta SM Ta SM Tos |7a SM 18C6}7a NSu |[Tos

* no integrals available.

Spectrum taken aftep 11 hours.

CH,

sm 'ff;
; Tos
Ar occ/ocy
b cHy's
N Tos
He
NSu _)
(sm
NSu }
&

1

.

7 § | : H 3 1 1

o
-
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Cpx + DCC Reaction at a Concentration of

A.1.3 Tos Di
0.2M
t/ 68 8.62 8.38 7.41 7.00 6.47
5 7.25 -- 41.50] 16.75 -
15 5.33 -- 31.80) 13.20 -
20 5.00 0.20f 31.20| 13.00 0.20
25 4,50 0.67} 28.70] 13.00 0.83
30 4.20 1.00} 27.70| 13.00 1.00
35 3.80 1.33f 26.70| 13.00 1.33
45 3.00 2.00} 25.20| 13.00 2.40
55 2.88 2.44] 25.70] 14.40 2.60
65 2.20 2.80f 22.60] 14.60 2.80
85 1.70 3.30( 22.60| 15.10 4.00
$ 105 1.37 4.25| 23.50] 17.00 5.25
% 145 1.12 4.75| 22.50| 16.00 5.00
* 165 1.25 5.00f 23.00| 16.70 5.00
12% h 1.43 4.50] 20.10| 14.50 4.80
NH NH NH. ") “Ar NH
t t ot d t
SM S5a Tos Tos 5a
Spectrum taken after 35 minutes.
;‘:'SONHi
(G

18Ce

¥ integrals not
accurate due to
broadening of
signals on precip-
itation of DCU.
Notes.

1. The CaHz signals
are at &§ = 3.90

to 3.52 and cannot
be measured due to
overlapping.

2. 18-Crown-6 is at
5§ = 3.52.

3. Tos Me is at & =

2.25.

DCC/0fU
Tos CHys

=)

w0

o—
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A.l1.4 Tos Di Cpx + DCC + NSu Reaction at a

Concentration of 0.2M.

t\6 |9.00(8.75/8.61/8.39/7.88/7.36|7.00/6.38]/4.30({4.23]2.71}2.48
3| 0.5 --116.5 - --186.7(32.0 --1 1.6 --]1 3.1(59.9
10 1.5 -~-113.0 -- --179.5{32.0 --1 2.5 --| 7.5(55.0
18] 2.0 --1{13.0 - ~--180.0:32.C --; 4.0 --!l11.0!52.¢C
20| 3.0 --112.7 --| vis(80.3{32.0 --] 5.6 --112.2{50.8
251 3.1 --111.4 --1 vis{81.0(32.0 --1 5.2 --113.4139.7
30 3.5 --[11.5 --| vis|[78.5(32.0 --1 6.5 --116.0(48.0
35| 4.0 --{11.0 --] vis|78.0(32.0 --|1 6.5 --|17.5145.0
41| 4.0 --|11.0 --| vis|78.0(32.0 --1 7.0 --118.0(44.0
45| 5.0 --1{11.0 --| o.5|81.0|32.0 --| 8.0 --120.0({43.0
50| 5.0 --1 9.0 --| 0.5]78.0]32.0 --1 6.0 --120.0]42.0
55| 4.5 --1 9.0 --| 0.5{78.0(32.0 --| 8.5 --121.5(40.0
60| 4.2 --| 8.4| 0.8} 1.7(83.3(32.0 --110.5 --119.4(39.5
65| 4.6 --| 8.4] 1.31 0.8(80.4(32.0( 1.7(10.1 --120.638.7
80 3.4) 0.9} 6.9] 1.3] 0.4|74.3|32.0| 2.2| 6.0| 1.7]22.1]37.2
135) 3.3} 1.9} 5.7) 2.8} 0.9163.5)32.0} 5.2 7.5| 4.7)28.2)38.6
240) 3.3 1.8! 5.3] 2.4} 1.0/63.0(32.0{ 5.3| 5.3] 4.3,27.7{38.2
16%h} 2.8 2.3| 5.6 2.8| 2.0|64.5{32.0| 4.8 7.1| 5.6(24.4(38.1
NH NH NH NH NH| NHa Ar NH|CaHs |CaH2| CHa| CHa

t t t t bd + d t d d s s

7a 8a SM S5a 10| Tos| Tos|8/5a 7a 8a|7/8a SM

Tos Aromatic doublet at & = 7.00 was used as internal
standard due to overlapping of the DMSO signal with NSu
starting material signal. The signals broadened due to

DCU precipitation.
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Spectrum taken after

Tos Tos
Are ] Ar
will
o i~

16%

hours.

DCc/ocy
CHy's
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A.1.5 HC1 Di Cpx + DCC Reaction at a Concentration of

0.02M.

t/5{8.73(8.62{8.38{7.95|3.95{3.85{3.52
5/2.00 -- -- bd --14.00 x
1512.00 -- -- bd --14.00 b
2012.00 -- -- bd --14.00 x
30)1.94 -- -- bd| vis;4.00 X
45/1.88|0.06]0.06{5.35]0.12|3.94 x
60[1.87{0.06{0.06|5.94/0.12{3.81 x
11011.76}0.09(0.09{5.76|0.17(3.76 x
NH NH NH| NHa |[CaHz2|CaHa| CHa

t t d bd d d s

SM 6b 6b SM 6b SM|{18C6

Spectrum taken after 110 minutes.

rr—-i\i\\\\\\\‘\\ :fsa occ/ocy

RN
9 8 7 E\W% 3 2 k{\‘



A.1.6 HCl Di Cpx + DCC Reaction at a Concentration of

0.2M.

t\&| 8.94| 8.65) 7.76| 7.22

leq DCC 90|26.00| 1.70184.70| 2.00

2eq DCC 5118.50] 1.25{56.50]| 1.25

20(17.50| 1.00|54.50f 1.00

13hr|17.30( 5.00|56.00f 5.30

NH NH NH, NH

SM 5b SM 5b

There was anly DCU formation up to 1% hours with 1
equivalent of DCC.
Precipitation of DCU broadened signals, making the

integrals 1naccurate.

Spectrum taken after 13 hours with 2 equivalents DCC.

";:_,‘D ;L"N); : Ckﬂa': :ﬂ)fé occ/ocu
-
'Jh JSD
\ ~ ~
I T T T [ - -
9 g - 7 5 S }. .'3 5 1r
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.7 HC1 DCC Reaction at
Concentration of 0.2M.
t\&5[9.43 8. 7.64 4.27) 2.752.
5| 0.5 20. 59.5 - 2.0171.
251 1.5 19, 65.0 - 5.5|66.
30f 2.0 18. 64.0 - 6.0(65.
35y 2.0 18 82.7 vis 8.0(85
40 1.0 16. 57.0 0. 7.0]63.
501 1.5 15. 55.58 0. 7.0(63.
60| 1.5 11. 56.5 0. 8.0/62.
65| 1.5 14. 54.0 1. 9.0(57.
75| 1.3 13, 55.0 2. 10.0(55.
175} 1.0 10. 41.5 2. 9.5]68.
300] 1.3 11. 42.5 2. 9.055.
Addition of second equivalent DCC
415 1.3| 1.3{10.7} 5.3| 1.3(41.3 5.3 2.3 2.7 11.3(64.
420( 1.0} 1.7)10.0| 6.3} 1.7(32.3 6.0} 2.7 4.0| 12.0|65.
425y 1.0| 2.0 8.7 6.7} 1.3]33.3 6.7 2.7 3.3| 13.3]62.
19hr} 0.5 1.5y 4.0} 6.5| 2.0({15.0 6.0f 1.5 4.0 10.040.
NH NH NH NH NH] NE» NH!CaHa,) CaH: CH.
t t t t bd 2t d m s
7b 8b SM 5b 10 SM| 5/8b 7b| 5/8b| 7/8b

Spectrum taken, after 19 hours.

18L6 NSu

CpHy's

/ NSu
To/8b

Dec/ocu




Appendix Two.

A.2.1 Complex 2 + DCC Reaction at a Concentration of
0.2M.

Spectrum taken after 110 minutes.

t\&| 7.87] 3.17| 2.38
0 39 4 36 e
i ] occ/
15 34 20 30 ﬂwp/
25 33 21 30 | @,
35 35 21 30
110 33 21 30 —~—
NH. " CH| CHs
S m
cpx DCC cpx

A.2.2 Complex 2 + DCC + AcOH Reaction at a

Concentration of 0.2M.

t\5112.00i{8.40|7.67|6.83|3.17({2.67)2.38|1.92

[&4]

10.0} 0.5}17.0 --] 9.0 1.0{15.0}35.0

10y 11.0( 0.5}17.0} vis| 8.0 1.0|14.0{34.0

204 11.04 0.5{14.0{ 1.0{ 7.0 2.0{13.0{34.0

30| 11.0| o0.5(12.0| 1.5{ 7.0| 3.0}{12.0{33.0

45hr| 12.0| 1.5|25.0] 7.5 --117.0{23.0|39.0
OH NH| NHa NH CH|{ CHa| CHa| CHa

s d s q m d s s

AcOH 6c| Cpx 9| DCC 9| Cpx|AcOH
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Spectrum taken after 45 hours.

BCo AcOH
-

/ occ/ocu

A.2.3 Complex 2 + DCC + <cat. AcOH Reaction at

Concentration of 0.2M.

t\§(12.00|7.54]6.88(|2.69(|2.42|1.92

10} 14.036.0 --} 1.0134.0}47.0

20| 14.0(35.0 --1 2.0|33.0{46.0

30| 14.0|34.0| 1.0 3.0132.0(45.0

451 14.0(31.0| 1.5] 4.0(28.0|43.0

60| 16.0{31.3| 2.0 6.0/28.0(49.3

75 18.0(34.0| 4.0 6.0|30.0;52.0

90| 16.0|28.0f 4.0 8.0|24.0(46.0

105| 13.0|25.0| 4.0| 9.0|21.0(|46.0

120 18.0|28.0| 5.0;12.0|24.0|52.0

150 18.0)27.0} 6.0|16.0|23.0 -

285| 12.0112.0} 5.3{13.3(12.0|37.3

360( 11.3(12.7| 4.7{14.0|11.3|38.7

OH| NH» NH| CHa| CHa| CHas

AcOH| Cpx 9 9| Cpx|AcOH
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Spectrum taken after 6 hours.

1806 3l ey
(I I KU /

AcOH

-

occ/ocu
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Appendix Three.

A.3.1 Tos Gly Cpx + DCC Reaction at a Concentration of

0.2M.

t\5| 8.63(8.40[/7.40/7.00(6.50{3.77|3.57[2.19

3| 1.0| --ls7.3|27.3| 1.7| 4.7]23.3|39.3
10{ 1.0| 1.3l42.7|27.0| 5.3{ / / l36.7
200 1.0| 1.8(57.6{36.8| 6.8| / / |s1.8
so| 1.0| 1.8|56.8|37.2] 6.8] / / |s1.2
40| 1.0| 2.0|56.4]36.8| 6.8 / / |50.4
120| 1.0| 2.0|59.0|39.5] 7.5| / / |s4.5
92h| o0.5| 1.3l30.3[20.0! 4.3] / / |32.0

NH NH| NH, Ar NH|CaHa {CaHa| CHa
t t| +Ar d t d d s
6f 4a|{+34a|l Tos| 34a 6d SM| Tos

Spectrum taken after 30 minutes.

Tos 18C6 Tos
Ar"c Me
NP!,_'
e N
0CC/
DCu
NH'S - \‘/
"D
T I 1 T
8 3 2
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+ DCC +

A.3.2 Tos Gly Cpx NSu Reaction at
Concentration of 0.2M.
t\&5( 8.63| 8.07| 7.54( 7.00]| 6.50! 4.44] 4.27| 2.75| 2.48
51 vis 4.7} 33.3 - 0.3 0.3 3.3 9.3 44.7
12| vis 7.0 17.5 - 0.5 1.5 5.0} 14.0] 26.0
20| vis 8.3| 20.0 - 1.0 4.0 7.3, 20.7| 32.0
251 vis 8.0} 21.3 - 1.0 4.0 6.7 21.3| 31.3
30| vis 7.7] 20.0 - 1.0 4.0 6.7 21.3| 31.0
45| vis 7.3 20.0 - 1.0 4.0 6.0 21.0{ 31.3
60| vis 6.7 12.0 - 1.3 4.0 5.3 21.3} 32.7
180| wvis 4.5 14.0 - 0.8 3.0 4.0 13.3]| 24.7
26.5h| vis 1.6} 10.6 - 0.6 2.0 1.8 10.0} 25.0
NH NHa NHa |Ar+NH NH| Ca.Hz| CaHa CHa CHa |
t bd bd d t d s s ]
6f 35a|SM+Ar| Tos/ 6d 35a 34a|7/35/ NSu
+ 34a| 36a 36| SM
Spectrum taken after 26% hours.
Tos 18C6 NSu NSy | Tos
i’ 7/33561 sm?}
J [\
Cotty's occ/acy
-
(n"z‘ 9
a/?g"é, ~ RN/./ \
NH
Y, NE;\i\\TZIm o

7

Lo
i
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A.3.3 HCl Gly Cpx + DCC Reaction at a Concentration of

0.02M.
t\&| 8.69| 7.54| 7.23| 4.11| 3.96| 3.48] 3.11
3 -- - vis - vis 56 4
10| --| wvis| 0.5 --| o.5 56 4
15| --| o0.2| 0.4/ --| o0.a] s1.2] 3.8
20/ --| o0.4| o0.4] --| o0.4| 51.2| 3.8
25| --| o.a] o.8] --| o.af s51.2| 3.8
30| --| 0.5 1 -- 1 61 4
s0] --| 0.5 1 -- 1 64 4
60| wvis| 0.75| 1.25| --| 1.25 65| 4.25
80| wvis| 0.8| 1.2| vis| o0.8 52| 3.2
110 0.16| 0.5 1| 0.16| 0.83| 42.7| 2.3
NH| NH| NH| Cu.Hs| C.Hs| CHa CH
1 t|+ NHs d d s m
6f| 34bled+SM|  6f 6d| 18Ce|DCC/U

Spectrum taken after 110 minutes.

occ/
BC6 by
(-
s
! Coy
—_— — _
NH NH || NH eNHy ~lied
¢ QLAAA?D l ;v v
—— (BanSa
: T T 1 T T T T
9 8 7 | 6 ‘JI A 3 2 1
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A.3.14 HC1 Gly Cpx + DCC + NSu Reaction
Concentration of 0.02M.
t\&) 8.69| 8.31| 7.91} 7.53| 7.15| 5.56 3.81{ 2.60
4 - - - - - - -~ 7.50
g 0.16| - -- - --]1 0.25 0,16} 7.16
20! 0.33 -- - - vis| 0.33 0.33| 7.16
31, 0.31; : -- - --| 0.08; 0.4% 0.38; 6.77
43| 0.50 - - -~ 0.16| 0.67 0.50( 7.16
541 0.50] 0.08 --{ 0.08| 0.16f 0.83 0.67| 7.33
65| 0.50| 0.16 vis| 0.16] 0.25| 1.00 0.83}1 7.16
76| 0.50| 0.16 vis| 0.16{ 0.25| 1.16 0.67) 7.16
87| 0.50f 0.16| 1.33| 0.16| 0.25( 1.16 0.67] 7.16
NH NH NHa NH NH NH CaH CHa
t t bd bd d d d s
6f 30| cpx+ 34b 6d DCU 34b NSu
Spectrum taken after 87 minutes.
;
18C6 NSu ocu
N
’/—\\ d
i I
Q"f' %o 1 g Mt
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A.3.5 HC1 Gly Cpx + DCC Reaction at a Concentration of

0.2M.

t\&| 9.00| 8.85f{ 8.75| 8.55| 8.43{ 7.67| 7.50| 7.28| 4.20| 3.96

3 -- vis -- - -~-|% vis --1 3.00 --| 3.00
13 --| 0.67 vis vis --1 2.70 --| 4.00 --1 3.33
20 visjy 0.33 vis vis --]1 3.30 vis| 6.00 vis| 4.67
25 vis| 0.33 vis{ 0.33 --1 8.30 vis| 6.70| 0.67] 5.33
30 vis| 0.67 vis| 0.33 --1 4.00| 0.67] 6.70| 1.00( 5.33
35] 0.33] 0.67) 0.33] 0.67 --1 3.30] 1.00| 6.70| 0.67| 6.00
40} 0.33| 0.67| 0.87| 0.67 --1 4.00{ 0.67) 7.30| 1.00| 5.32
45| 0.37| 0.50; 0.37| 0.37| 0.25| 3.50| 1.00| 6.70| 1.00 /
50{ 0.67 0.67| 0.33| 0.50| 0.67| 5.30| 1.33|{ 9.00| 1.186 /
55| 0.67} 0.50f 0.33| 0.67| 0.67| 4.67| 1.33| 8.70| 1.16 /
60| 0.67( 0.50| 0.33| 0.50| 0.33| 4.67| 1.50| 5.30| 1.16 /

135) 1.33| 0.50| 0.50| 0.67{ 1.16| 3.67| 1.67]10.00| 2.50 /
NH NH NH NH NH NH NH CaH CaH
m t t t t t d m m
? ? 6f ? ? 34b ? 6d ? 6d

Spectrum taken after 135 minutes.

18C6 oty
[

Gdip's ’
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A.3.6 HC1 Gly Cpx + DCC + NSu Reaction at a

Concentration of 0.2M.

t\&8| 9.36] 8.92{ 8.39| 7.75| 7.57| 7.25| 4.33| 3.80( 2.81| 2.56

2 vis] 1.00 - bd --1 0.50}] 1.00] 2.00f 1.50;25.00

10 visy 1.50] 0.33 bd --| 0.67( 1.00{ 3.30| 1.30(26.70

15§ 0.50] 3.00| 1.50)12.0011.00] 1.00| 2.00{ 8.00| 3.50{39.00

20 0.50} 3.00} 2.00(12,00}11.00) 1.00} 2.00| 8.00| 4.00{39.00

25| 0.50| 3.50f 1.50(12.00/11.00{ 1.00} 1.00| 9.00| 3.50(37.00

30| 0.50) 3.50| 2.00}11.00/12.00] 1.00| 1.00(10.00} 3.00{37.00

45] 0.50} 4.00( 2.,00{11.00!/14.00| 1.00{ 1.50[11.00| 2.50|40.00

NH NH NH NHa NHs NH| CaHa| CaHa CHa CHa
t t t bd bd t m m s s
? 35b 307 35 SM 6d 350k SM 35b NSu

The reaction was followed for longer, but the integrals
were immeasurable. This was due to the precipitation of
DCU broadening the signals. Other signals appeared at
§ = 8.82, 8.23, 7.98 and 2.78 which could be due to

oligomers, their esters and DMSO derivatives.

Spectrum taken after 45 minutes.

—
wce NSu
[N

occ/ocu
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Appendix Four.

A.4.1 Boc AlaOH + DCC Reaction at a Concentration of

0.01M.

t\&| 8.12| 7.47| 7.06| 6.86| 5.50| 4.31| 4.11| 3.90

15y 0.50| 0.50| 3.00| 0.50| 1.00f 0.50} 0.50] 3.00

60y 1.20| 0.80| 1.60{ 1,00| 1.60| 1.00f 0.60} 3.00

56h| 5.00 - --| 4.00| 1.00] 5.00 -— -
NH NH NH NH NH CaH CaH C.H
d d d d d m m m
6g 3%al SM 6g DCU g 3%a SM

Spectirum taken after 1 hour.

Ci's
| Bp

beesl uccr/ocy
ocu Ha's

~—



A.4.2 Boc AlaOH + DCC Reaction at a Concentration of

0.05M.

t\&s| 8.17| 7.79| 6.92| 6.58| 6.25| 4.29| 3.87

2 -= --1 2.701 0.42 -- --| 3.17
80| 0.15 --1{ 2.464} 0.42 --1 0.15| 3.07
130| 0.30 --1 2,69 0.34 --]1 0.30} 3.21

19.5h| 1.30f 0.10| 2,80 6.20f 0.10]| 1.3C; 3.60

NH NH NH NH NH CaH C.H
d d d m m
6g Z| 6g E| SM Z| SM E| 6g E| 6g Z SM

Spectrum taken after 19% hours.
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A.4.3 Boc AlaOH + DCC Reaction at a Concentration of

0.2M.
t\&| 8.12| 8.00] 7.79| 7.23]| 7.00| 6.87| 5.25| 4.87| 4.31]| 3.87
3] 0.50 - --] 0.50(22.50122.50 -— --1 0.50]24.50
14.5h| 8.00 --1 2.00) 2.00(12.50} 5.50] 1.50| 2.00| 6.50[21.50
18h| 8.50| 0.50 2.00i 2.00113.50 -~1 2.50| 2.50} 7.00|18.50
NH NH NH OH NH NH C.H CaH Ca.H
d d d bds d d m m m
6g ? 22 3%a H20 SM DCU 22 6g| SM

Spectrum taken after 19 hours.

el

l
!
J
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A. 4.4 Boc GlyGlyOH + DCC Reaction at a Concentration of

0.02M.

t\&6| 8.34| 8.03| 7.88( 7.00] 5.57| 3.91| 3.74} 3.55| 3.19

15 --] 1.67 --| 1.50 - --] 3.33] 3.33| 3.50

30 vis| 1.42 vis| 1.28 --1 0.14; 2.86| 2.86| 3.60
T

60| 0.14) 1.28) 0.14] 1.14 --1 0.28] 2.86| 2.71| 2.86

155] 0.23] 1.35] 0.23]| 1.35 vis| 0.47| 2.65) 2.65| 2.82

210| 0.29| 1.23| 0.29] 1.23] 0.06| 0.58] 2.47}| 2.76| 2.41

25h| 0.88| 0.70| 0.82| 1.35| 0.17| 2.58| 1.41| 2.94| vis

8d) 1.641 0.27! 1.64| 1.54| 0.18] 4.18| 0.236| 3.54| vis

NH NH NH NH NH} CaHa| CaHz| CaHa CH

6h SM 6h SM DCU 6h SM SM|DCC/U

Spectrum taken after 25 hours.

I~

U}

I T
2 1
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A.4.5 Boc GlyGlyOH + DCC Reaction at a Concentration of

0.2M.

t\&| 8.34| 8.00| 7.88| 7.34} 7.00( 3.82| 3.77| 3.53| 3.32

5 vis| B8.50 vis --j 7.00 --117.50118.00 --

15( 0.50| 8.00} 0.50 vis| 7.00] 1.00)16.50(16.00| 0.50

30| 0.57| 8.60| 0.57| 0.29| 8.00| 1.43{18.60{18.60| 1.14

45| 0.751 7.50f 0.75] 0.25{ 7.50| 1.75115.00;15.00) 1.75

60| 1.33| 9.67| 1.33| 0.67| 9.33| 3.00}19.67(19.67| 1.67

22.5h| 5.00{10.00| 5.00| 1.00(13.00|14.00{20.00(29.00| 4.00

8d} 5.25) 2.50| 5.13 -~-| 6.63|16.25| 4.75[15.25 -

%

NH NH

[
v
>

NH NH| CaHa| CaHz| CaHa| CaHa

o
o e

6h SM

39 EM 6h SM SM 339

Spectrum taken after 22% hours.
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A.4.86 Boc GlyOH + DCC Reaction at

a Concentration of

0.2M.
t\&6(8.26| 8.14| 7.23| 6.91{6.79(6.70(4.31(4.16{4.05} 3.81
5 --|1 0.50{ 0.50{20.50 --10.50 -- - --1 1.00
11 --1 1.00} 1.00(12.00 --10.70 -- -- --! 2.70
17 --1 1.00| 1.30(11.70 --11.00 -- - ~--1 4.00
30 ~--1 2.00| 2.00{10.67 --11.67 -— - --1 5.30
45 --] 2.70| 2.0010.00 --]12.00 -=-] vis| vis| 6.70
120| vis| 4.00} 1.50| 7.00 -~-13.00] vis| vis| vis| 8.00
250]1.00| 9.00| 1.30110.00 -~-13.0010.5010.5011.00112.50
24.5h|2.50113.00 --] 4.0012.00{12.0(2.50{1.00]3.50/15.50
8d|1.00( 6.50 --] 2.50(1.50({6.50]2.00{1.00(3.00(10.50
NH NH NH NH NH NH|{CaH2 |[CaH2 CH CH
d d t t t t m m m m
61 E| 61 Z 37Tb SM|6i1i E|6i Z[{6i E 22161 E[6i/21
Spectrum taken after 8 days.
/
\ . -
CoH2's
NH's KHY
b o [sm
2
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< — T R — Jm:ume's
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A.5.1 18-Crown-6 + DCC + AcOH + NH:2:Bu

Appendix Five.

Concentration of 0.2M.

Spectrum

Reaction at

t\&5| 8.31| 6.29| 3.19( 2.71] 1.97| 0.88
Addition of AcOH to reaction
10 -~ --| 13.0} -~ -- --
25 1.0 --] 13.0 - 1.0 --
40| 1.0 --| 12.0 --{ 1.3 --
55 1.5 -~-7 12.0 - 2.0 -
Addition of NHa2Bu to reaction
5 1.5 53.0 8.0 15.0 3.0 19.0
15 1.5/ 53.0 7.0l 15.0 3.0] 18.0
30 1.5 5§3.0 8.0} 15.0 3.0] 19.0
45 1.5] 64.0 8.5 17.0 4.0 21.0
60 1.5y 63.0 8.0 16.0 3.0 18.0
20h 1.7 41.83 6.7 13.3 5.3 17.3
8d 5.0| 48.0 4.0 14.0 14.0| 21.0
NH NHa CH CHa CHa CHa
d s m t s t
6¢c|{Amine [DCC/U|Amine 6c|Amine
taken after 20 hours.
cd occroc
@'r\
N
%i tHy
(6
1%: ) sm)
tH,
n)
f”" —
u.JU -

L

a



A.5.2 DCC + AcOH + NHz2Bu Reaction at a Concentration of

0.2M.

t\&| 8.27| 3.92) 3.46| 3.31| 3.15| 2.69| 1.96

15 0.7 0.7 0.7 0.7) 11.3] 16.0 1.3

30 0.5 0.5 0.5 0.3 9.3} 13.7 1.3

45 0.5 0.5 0.5 0.5 8.0] 11.5 1.5

60 0.5 0.5 0.5 0.3 7.5| 11.5 1.5

80 0.7 0.7 0.7 0.7| 10.0| 15.3 2.0

120 1.3 1.0 1.0 0.5| 11.0f 21.0 3.0

165 1.5 1.5 1.5 1.0{ 11.0| 22.0 4.5

210 1.2 1.2 1.2 0.8 10.0f 17.6 4.0

7d 7.0 7.0 10.Q -- 4.0] 21.0}| 19.0
NH CH CH CH CH CHa CHa

d t m m m t s

6¢c 6¢c 6c DCU DCC|Amine 6¢c

Spectrum taken after 165 minutes.

~
l:‘:t
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0LC/0CY
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of 0.2M.

A.5.3 NSu + DCC Reaction at a Concentration
t\&5{10.31/8.31(|5.38 1913.11)2.98|2.73§2.65(2.58(2.31
4 8.0 -- -- -~/ 5.0{15.0 -- -- --144.0
10 8.0 -- -- --] 5.0]15.0 -- -- --140.0
22 8.0 -~ -- --1 4.8(14.5 -- -- --148.0
50 8.0 - -- --| 4.8|17.6 -- -- --148.0
4h 8.0 --| vis --| 6.4}119.2 -- - --149.6
17h 8.0 .61 1.6 4.8| 8.0|20.8} 4.0| 8.0 8.0(41.6
OH NH NH| CH- CH CH{ CH:| CHa| CH2| CHa
s t d m s m t s s s
SM 30| DCU 30| bcu|bcc/ 30 30 30|SM +
DCU DMSO
NSu OH signal used as internal standard due

overlapping of the DMSO and NSu CH:

signals.

Spectrum taken after 17 hours.
|
cHy
N NSy
oH H —
NSQ) oces) Hew,
D) %Lﬂg
— L IE !
— T 3 i
N"\ ]”\\b U ' “ k 0(C 70CY
_,J ) 0 o) U \ J ;
A ) W N,
T T T [ T T
0 9 8 N T L 3 2 1
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A.5.4 NSu + DCC + AcOH Reaction at a Concentration of

0.2M.

t\&| 5.51| 3.30| 3.15| 2.76| 2.56| 2.30| 1.86

20 1.5 5.0] 27.0 2.5] 74.0 1.5y 34.0

30 2.0 7.0 27.0 4.0 72.0 2.0} 34.0

45 2.5 8.0| 28.0 4.5 71.0 3.0| 34.0

225 4.5 12.0} 19.0y 16.0} 50.0f 11.0} 30.0

-NH CH CH CHa CHa CHa CHo

m m
DCU|DCC/U|DCC/U 31 NSu 31| AcOH

Spectrum taken after 225 minutes.
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Appendix Six.

"H NMR Data of the Tripeptides Synthesised.

Product 'H NMR Data (5)
GlyGlyGlyOEt({8.75 NH 2t Prod| 4.21 CHa: q Et SM
Complex{8.47 NH t SMj 4.08 CH: q Et P
8.13 NH: bd TEA|l 3.83 C<.H m Both
(DMSO-d6)}{7.83 Nils bd SM| 3.06 CHz m TEA
7.49 Ar d Tos| 2.28 CHs s Tos
7.11 Ar d Tos, 1.22 CEa m Et/TEA
GlyGlyPheOMe [8.67 NH 2t Gly| 4.48 Cu.H m Phe/P
Complex|8.54 NH bd TEA| 4.28 C.H t Phe/SM
8.39 NH d Phe| 4.00 C.H m Gly
(DMSO-d6) |7.86 NHas bd SM/P| 3.67 CHa s Est SM
7.47 Ar d Tos| 3.58 CHa s Est P
7.11 Ar d Tos| 3.53 CH: s 18Cs
7.28 Ar m Phe| 2,28 CHs s Tos
GlyGlyCi«OMe[9.44 NH t Gly| 3.69 CHa s Est
Complex|7.70 Ar d Tos| 3.53 CH: s 18C6
7.01 Ar d Tos| 2.21 CHas s Tos
(CDC13)(7.58 NH d Cie| 1.65 CHz m Cie
7.31 NHs bd Gly| 1.16 CHa m Cia
4.28 CoH g Cis| 0.77 CHs t Cie

3.88 CaH m Gly

GlyPheC,40OMe |9.44 NH d Cia 3.87 CaH m Gly
Complex|8.00 NH d Phe{ 3.73 CHs s Est
7.79 Ar d Tos{ 3.56 CHa s 18C6
(CDC13)({7.10 Ar d Tos| 3.26 CpHza m Phe
7.27 Ar m Phe{ 2.95 CpHa m Phe
4.66 CaH m Cie Pl 2.29 CHs s Tos
4.56 CoH m Cisa SM} 1.71 CHa m Cire
4.37 CaH m Phe Pj 1.25 CHa m Cia
4.29 C.H m Phe SM| 0.87 CHa t Cia!
1
GlyPheCi00Me|3.48 NH d Cio} 3.72 CHa s Est
Complex[8.09 NH 4 Phe; 3.57 CH:z s 15C%
7.78 Ar d Tos| 3.27 CpHa m Phe
(CDC13)|7.10 Ar d Tos| 2.97 CpHz m Phe
7.27 Ar m Phel 2.30 CHs s Tos
4.62 CaH m Cio 1.77 CHa m Cio
4.30 CaH m Phe 1.24 CH: m Cio
3.86 CoH m Gly| 0.84 CHs t Cio
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Appendix Seven.

Mass Spectral Data of Relevant Products.

cpd

Mass Spectral Data (m/z)

603
339
214

[§NH2CHa CONHCHa CONRCONHR ] *
[ NHa CHa CONHCHa CONRCONHR ]
[ NH2CHa2 CONHCH2 CONR ]

6e

399
274

[ (CHa) s SNHCH2 CONHCH 2 CONRCONHR ] *
[ (CHa) 2 SNHCH 2 CONHCH s CONHR )

193
148
135

90

[ (CHs ) aSNHCHa2CONHCHa2COOH]*
[ (CHs. ) sNHCHa2CONHCH: )"

{ (CHas) aSNHCH2CONH3 ]
{(CHa)aSNHCHa1"

5b

193
177
133

90

[(CHa)zSNHCHzCONHCHzCOOHl'
[ (CHs) 2 SNHCH 2 CONHCH 2 COH ]
{{CHa)2SNHCH2CONH] "'
((CHs)aSNCHa]"

7a

494
230

[%NH;CH:CONHCH:COON(COCH:)a]*
[ NHaCH 2 CONHCH 2 COON (COCH3 ) 2 )

7b

as for 7a.

290

[ (CHa) 2 SNHCH2CONHCH:COON(COCH:z)a 1"

247

145

[ CH»SNHCH:CONHCH: COONCOCH2CHz2 )"
[NHa2CHaCONHCH2COON] *

28

[¢1}

[(CHs}sSOC(NHCeH11}=NCars:]"'
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Appendix Eight.

Structures of All Numbered Compounds.

cee Qpen D) o= Ol

O
§ = 18-Crown-6 NSu = HON’C CHZ
"C-Ci,
0
0
l! 6
a Xz CH3 %"O
0
b X= Cle
R'=CgHy

S ®
1 X § NH3 CHCOOH
CHs

© ®
2 Cl §NH3¢H3
O ® .
3 X %NH3CH2CHQCHZCHZCH2COOH

©
Lo gNH3CH2CONHCH2COOH

© ®
5 X (CHs),S NHCH,CONHCH,COOH
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10

X(CH3bSNHCH2CONHCH2COON

RCO

, g ' s, @
R'NCONHR a R= ClgNHjCHﬂg~
: ®
b R= XegNH3CHQCONHCH2-
¢ R= Ckb“
o5 @
d R= X gNH3CH2"'

® ®

© C)
f R= | X (CH3),SNHCH,~
g R= (CH3):COCNHCH-
O CHy
2
h R= (CHz};COCNHCH,CONHCH,-
o
i R= (CH4);COCNHCH,-
_COCH, -
%NH3CHZCONHCHZCOON CotH,
COCH,

“COCH,

C] ®
X (CH;),S NHCH,

2 R
HNC\(:IH
-C.~ N,
H- H

C7

R

o
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1

12

13

14

15

16

17

18

19

20

X2 (CH3),S NHCH,CONHCH,CONHCH,CONHCH,COOH

© C)
X" (CHa),NHCONHCH,CONHCH,COOH
C] ®
X %NH3CH2CONHCHZCONHCHZCOOCH2CH3
e @ |
C) ®
Tos gNH3CHZCONHCHZCONHCHZCOOCHZCH3

© ®
CI"NH3CHCOOCH,
CH,

O

®
Toseg NH3CH,CONHCH,CONHCHCOOCH,6
CH,

O

@ ®
Cl- NH3?HCOOCH3 ad n="7
CHjy

@ .
Tos gNH3CHQCONHCHQCONHC‘ZHCOOCH;,
(CHa)n
CH,

©
Tos §NH3CH2CONH(IZHCOOH
CH,

O
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o
oy Tos gNH3CHjCONHQHCONHQHCOOCH3

CH2 (lCHz)n
~ CH,
H\éi\cco

/ \
22 & |

\9/0

0

“CICH4l;

€] )
CF4CO0 g NH3CHCONHCH,COOH
23 CH,

Q

0

CH,
O :

© C) |
24 CF3C00 - NH3CH,CONHCHCONHCHCOOCH;

O ™

LO5 @
CF,C00 §h%h?HCONHCH%KN%%}ycONHQHCONHQHCOOCH3

- CH, CH,  (CHy),
[::] [j:] CH,
0
CH,

O
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26

27

28

29

30

31

32

33

34

CHy o H

4

SN=C!
CHj -© “NHCHCOOH

CH3

CHy O
H3CC-0-CNHCHCOOH
CHy  (CHy),

CH,

CH3NHCOCGHs

®
XgéhthHchOH

H3C-g2 =NHCH,COOH

H4C”
X@
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0

XeéNH CH, COONC (M
35. 3 e
0
H.C. @CH
3 3 2
6 H3CS l:)HCHZCOON\C Ehe
X 5
0 R
37  ({H3C)3COCNHCHCO),0 a R=CH3. b R=H
0 R

38 (H4Cl,COCNHCHCOOY

a R:CH(CH3)2 I Y= CH3
b R:H2C i Y:CHz@NOZ
|||Y:(CH2)]7CH3
0

39 ((H,C)3COCNHCH,CONHCH,CO),0

4o j‘R'N:g-NHR'
0
s® x©
' H,C CH,
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Appendix Nine.

Copies of the papers published, or accepted for

publication, from this work.
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1. CHEM. SOC. PERKIN TRANs. it 1987

The Use of Crown Ethers in Peptide Chemistry. Part 1. Syntheses
of Amino Acid Complexes with the Cyclic Polyether 18-Crown-6 and
their Oligomerisation in Dicyclohexylcarbodi-imide-containing Solutions

Paoclo Mascagm. Carolyn B Hyda Mario A. Charalambous, and Kevin J. Welham
Department of Ph i

Y. School of Pharmacy, University of Londan, Landan WCIN 1AX

The synthesis of amino acid complexes with the cyclic polyether 18-crown-6 and their solubility
properties in organic solvents are described. Oligo homo-amino acid peptides have been prepared using
the crown ether complexes and dicyclohexylcarbodi-imide as coupling agent. The mechanism leading to
the formation of the oligopeptides has been discussed and proved to involve the transferring of one N-H
praton from the crown ether complex to the carbodi-imide nitrogen.

Sincx their discovery by Pedersen,’ crown cthers have found
increasing application in the ficlds of organic, inorganic, and
analytical chemistry.? Their most striking characteristic is the
capacity to form stablc complexes with inorganic salts, which
then become soluble in vanous organic solvents including
nonpolar oncs.!? This ability is not restricted 10 inorganic
specics only; charged amines have also-been shown to enter the
cavity formed by the donor stoms (N or O) of crown-type
ligands."? In the latier case H-bonds as well as ion-dipole
inleractions have been considered responsible for the stability of
such complexes.? Thee obscrvations led some authors*® to
exploit the complexation ability of crown ethers for sclective
acylation of sccondary amincs in the presence of primary ones.

The usc of crown cthers as protecling groups suggested by
this experiment is, in our view, extendable to other classes of
compounds such as amino acids; thus peptide synthesis, both in
solution and solid phase, inplies sclective masking of the laiter
at the amino group. Should this approach be feasible, in sirv
protection could be performed which would result in a
substantial shortening of the overall synthetic process.

Recent results sccm 10 substantiate this approach.® Thus,
following the original idea of Cram and his co-workers,* crown
ethers bearing thiofunctions were prepared and shown to
function as enzyme modcl in the synthesis of peptides.®

We report here the synthesis of amino acid oligomers as
pant of a wider study on the applications of crown-type ligands
to the ficld of peptide and macromolecular synthesis.

The mechanism of oligomerisation is proposed by analysing
the behaviour towards dicyclohexylcarbodi-imide (DCC) of
scveral amine and amino acid compleaes with crown ether.

DCC is commonly used as coupling agent m peptide synthesis
and its mode of action is shown in Scheme 1.7

Experimental

18-Crown-6 was purchased from Aldrich Chemical and used
without further purification. M.p.s are uncorrected. One- and
wwo-dimensional n.m.r. specira were tuken on a Varian XL-300
instrument; chemical shifts refer 10 internal tetramethylsilane as
standard.

Fast-atom bombardment mass specirometry was performed
on a VG Analytical ZAB-1F double-focusing mass spectro-
meter. The samples were applied to the probe tip in a
thioglycerol matnx and bombarded by 8 keV Xenon atoms.
Full scan spectra were recorded in ca. 7s.

Alanine Hydrochloride Crown Ether Complex (1a)—Alanine
(1 equiv,; 1 §. 1.12 x 10" mol) was dissolved in water (S ml) and
HC1 (1.1 equiv.; 0.4502 g, 1.06 m!) was added. The solution was
stirred for 0.5 h and then lyophilised 10 give alanine
hydrochloride in 1007, yield. The hydrochloride (1 equiv.; 1 g.
7.96 mmol) was suspended in chloroform (5—10 mil) and 18-
crown-6 (1 cquiv.) added. The solution was stirred until it
became cleat, then the solvent was evaporaied off 1o give a
powder in 977, yicld, m.p. 149—150 °C (Found: C,46.3; H, 8.3;
N, 3.5. C,,H,,CINO, requires C, 46.2; H, 827, N, 3.6%.% M*
(less C17) 354; (CDC1,) 11 (Y H, br), 7.11 (3 H, br), 442 (1 H,
m), 3.59 (30 H,s),and 1.5 (3 H,J 8.8 Hz).

Alanine Tosylate 18-Crown-6 Complex (1b).—The tosylate
complex was made in a similar way, but tolucnc-p-sulphonic

NH, - CH(R¢)- COOR®

R'-NH-CH(R%)-COOH+ R®-NeCaN-RY ——» R'-NH-CH(RY)- ¢ —-1———-..1. peptide + DCU

R'-NH-CH(R?)-COOH

RIaCyHy,

DCUSRY-N-C-N-R!
H o H

?
R*-NH-CaN-R?

NH, - CH(R®) - COOR®

0cu + [R'-NH-CHIRTI - COL,0

Scheme 1.
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324
) a;xsct”
° { NH,-CH - COOH biXx 150"
[1}] '

.
cn‘{ NH, - (CH,) ¢ - COOH
@
e M GH;
X { NHy=[CH-CO-NH], -CH- COOH
(3)-(6)
3)n=1
&) n=2

(5)nel
(§) ne5

X = CI°, 507

i = Crown ether

acid was used. The complex was recrystallised from ethanol~
ethyl acetaic mixtures in 77% yield, m.p. 123—125 °C (Found:
C, 500, H, 7.5, N, 28. C;,H,,NO, S requires C, 50.3; H, .5, N,
2.7%,) 8CDCL) 78 (2H, d, /8.3 Hz), 7.27 (3 H, br), 7.12(2 H,
d, J 8.3 Hz). 4.25 (1 H, br), 3.65 (34 H, br), 231 3 H, s), and
1.6 (3H,d, J 69 Hz).

6-Aminohexancic Acid Hydrochloride Complex (2)—The
syathesis was identical to that of (1a and b) and gave 889 of the
complex, m.p. 105—107*C (Found: C, 50.0; H, 88 N, 3.3
C,4H,,CINO, requires C, 50.0; H, 8.9; N, 3.2%); §CDC1,) 9.76
(3 H, br), 6.86 (3 H, br), 3.40 (29 H, br), 273 2 H, m), 253
(2H,4, /8 Hz),1.67(2H, m), 1.55(2 H, m), and 1.43 (2 H, m}.

Alanine Dipeptide Complex (3).—This had m.p. 192—194 °C;
M* (less C17) 425, 8(['H,]DMSO) 8.71 (1 H,d, J8.5Hz), 8.1 (3
H, br), 4.26 (1 H, m), 3.83 (1 H, m), 3.52 (25 H, br), L33 O H,
d,/ 7.1 Hz),and 133 (3 H,d,J 10 Hz).

Alanine Tripeptide Complex (4).—This has M * (less C17) 496;
3(CDC1,) 10.37(1 H,d, 794 Hz), 1004 (1 H,d,J 7.5 Hz), 7.15(3
H, br), 451 (1 H, m), 4.46 (1 H, m), 3.7 (26 H, br), 335 (1 H,
m), and 1.57 (9 H, three pantially overlapping d).

Alunine Terrapeptide Complex (5).—This has M* (less C17)
567, 4(*H,JDMS0) 8.72 (1 H,d, J 1.7 Hz), 8.51 (1 H,d, J 8.7
Hz),8.27 (1 H.d, /9.6 Hz).4.37 (1 H, m), 427 (1 H.m\4.19(1 H,
m), 385 (1 H, br), 3.55 (27 H, br), and 1.45—1.22 (12 H,
partially overlapping d).

Reaction beiween Vilsmeier Reagent® and Alanine Hydro-
chloride Complex (18)—The Vilsmcier reagent was prepared by
adding PCl, (3 g) in small portions 10 an excess of DMF a10°C
with stirring.® A precipitate formed which was the Vilsmeicr
reagent. The complex (1s) (100 mg) was dissolved in CDCl, (3
ml) and the solution cooled to —40 °C. An aliquot portion of
Vilsmeier reagent was filiered, washed with dicthyl cther, and
immediately transferred, with the aid of a glass spatula, 1o the
CDCl, solution. It was not possible 1o transfer known
quantitics of the Yilsmeier reagent since the latter is extremely
hygroscopic and decomposes very rapidly in the presence of
moisture. The CDCl; solution was-allowed to cquilibrate for L h
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turned into clear of one equivalent of
the cyclic polyether l&crown 6. The crystals oblained after
solvent removal and recrystallisation from the appropnate
solvent were shown by mass spectromelry, 'H nm.r., and
clemental analysis 1o be those of the amino acid salt complex
with the crown cther, (18).

The reactivity towards DCC of the amino acid thus blocked
was tested in acetonitrile and chioroform.

When onc equivalent of DCC was added 10 a sotution of (1a)
(100 mg) in itrile & large precip readily formed. This
was isolated (33 mg) and shown to be dicyclohexylurca (DCU)
by comparison with an authentic sample. From the reaction
mixture after an overnight of stirring at room temperature
alanine dipeptide complex (2) (15 mg) was isolated. Analysis of
the mother liquor revealed the following. (i) Based on the lack of
i.r. absorption at 2 120 cm', it was concluded that virtually al)
DCC had been consumed. (ii) The pH of the solution was 2.9,*
identical o that of the mixture prior to addition of DCC. (iii)

- Solid (35 mg) was isolated after exiraction with water and

Iyophilisation. FAB mass specirometry and n.m.r. showed that
this solid contzined ca. 80% by weight of the alanine
tetrapeptide (S). (iv) Small of peptides of duffe
length were seen in the spectrum of the reaction residue. (v) The
dipeptide and the tetrapeptide thus isolated accounted for ca.
95% of the initial amino acid.

When the ion was rep d in chl
different results were obtained. This is illustrated by the
following example. Complex (Ia) (50 mg) was dissolved in
CDCl, (0.5 mil). The solution was then treated with one
cquivalent of DCC and the reactioa followed by 'H n.m.r. over
a period of three weeks. Representative spectra of this time-
dependent cxperiment are illustrated in Figure 1.

The appearance of doublets in the § 7—11 range confirmed
the formation of peptide bonds. Subscquent to the addition of
DCC and vigorous shaking of the n.m.r. sample, the spectrum
(Figure 1A) had a signal at & ca 9.7 which further analysis
showed 1o be the dimeric species of the alanine complex. Three
other doublets of lesser intensity were secn between § 7 and 11,
Occasional runs in the lollowing five days indicated that the
composition of the mixture was still changing (Figurc 1B and
C). No lurther changes were scen in the shape of the spectrum
after this time (Figure 1D). The reaction was assumed 1o have
gone to complction. Scparation of dicyclohexylurca and
treatment of the oily residue with (i) water and (ii) acetonitnile
yiclded alanine tripeptide complex (10 mg) with crown cther
(4). The analysis of the remaining pepudes was carried out by
n.m.r. and mass sp Y- ional correlation
spectrum  of the reaction mixture revealed a number of
couplings between the NH and a-protons, consistent with the
presence of scveral oligomeric specics of alanine. FAB mass
spectra of the reaction residue wese more difficult 1o interpret.
Thus small amounts of by-products, and in panticular dicycio-
hexylurea. appcarod to d;scnmmnlc against the more abundant

upon of the reaction some
pepudcs were positively identified: they were the tri- [(4); M*
fess C17, 496), tetra- [(S); M* less C17, 567), and, hexa-peptide -
[((33 M*less Q1 , 709] of alanine complex with crown cther.

7 1eti

(b) Alanine Tosylate Complex with 18-Crown-6.—The
complex of alaninc tosylate with the crown ether, (1), was
prepared in a fashion identical to that described for the

at ~ 40 °C before a sample was taken out for n.m.r. analysis.

Results
(a) Alonine Hydrochloride Complex with 18-Crown-6.—
Suspensions of alanine hydrochloride salt in chloroform readily
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corresponding hydrochloride complex. The effects caused by
the substitution of the counteranion on the reactivity of the
amino acid complexes were investigated in the following manner.

* A portion of the solution was diluted with waler (2 vol) and the pE
measured using 2 pH-meter.
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Figure 1. 'H Nm.r. specira of 2 reaction of (1s) in DCC containing
€D, solution: A, aficr addition of 1 equivalent of DCC; B, afier 1 h

from addition of DCC: C, afier 24 b from addition of DCC; D, afier §
days from beginning of reaction

The complea (1a or b) (100 mg) was dissolved in acctonitrile
(5 ml) comaining 1 equivalent of DCC. Afer 05 h
dicyclohexylurea was coliected by filtration, dried, and weighed.
The clear solution thus obtained was stirred for & further 24 hat
room wemperature, alter which time the solvent was evaporated;
the oily material thus oblained was taken up in chloroform and
extracied with water. The waler extracts were then lyophilised
and cheched by n.m.r for their amino acid content. The
chloroform Juyers werc also checked and shown not 1o contain
any unchunged amino acid or derivatives. Following this
procedure we were able 10 conclude that, although the 1wo
complexes produced oligomeric species in virtually the same
1elative ratio, the tosylaie was more stable in the presence of
DCC. Thus the n.m.r. spectra of the water exiracts showed. the
presence of di- and tri-peptide in 2:1 ratio, with unquantifiable
traces of higher peptides, and ca. 257, of unchunged (Ib) us
compared to only 5% of the monomeric hydrochloride
compler.® Funthermore, ca. 355 of the eapected uwrea was
obtained fiom the reaction involving the tosylate compound,
whercas 887 urca was recovered from the hydrochloride
complex reaction.

(c) N-Methylamine Hydrochlotide Complea with 18-Crown-
6.—When irorgznic or organic salts are solubilised in organic

* The ratc of oligomerisation appeared 10 be dufcrent when the
solutions were vigniously stirred The reaction carned out in CDCI,
wus slower when compared with that of wdentical mixtures stirsed in »
Aask with the sid of magnelic bars
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- solvents, the counteranion is present in solution as an active,

‘naked’ anion which is not solvated. Becausc of this characier-
istic the electron-donating ability of the anion is increased, i.e.
the nuclcophilicity and basicity of the anion are enhanced.

Fearing that the complex counteranion in its highly activated
stale may participate in the scaction mechanism, we in-
vesugalcd the behaviour in chioroform of dicyclohexylcar-

lutions of (1) N-methylamine hydro-
chlondc complex wnlh crown cther, (2) the latter and benzoic
acid, and (3) benzoic anhydride plus the methylamine complex.
Here is 8 summary of the results obtained from the three
reactions.

When equimolar of the N-meihyl hydro-
chloride complex and DCC werc dissolved in chloroform no
dicyclohexylures pr ipitated from the solution even aficr 24h
stirring at room di g that the two reag
were stable in solution in the presence of one another. That the
‘naked’ chloro ion was not reaciing in this condition was alsa
confirmed by the ir. spectra taken of the reaction mixture. Thus
the intensity of the DCC absorption at 2120 ¢cm~' did not
change upon addition of the methylamine complex, nor during
the 24 b period of stirting a1 room temperature.

Surprisingly the addition of benzoic acid 1o a chloroform
solution of N-methylamine hydrochloride complex and DCC
did not resull in the complcte conversion of benzoic acid inio
the amide derivative. Thus aficr 48 h of vigorous stirring 3t
1oom temperature the solvent was removed and the 'H n m.r.
spectrum of the oily product thus obtained showed the piesence
of N-methylbcnzamide and benzoic anhydride (formed during
the reaction) in 1:14 ratio.

Identical results were oblained upon treatment of chloroform
solutions of the complex and DCC with benzoic anhydride. The
latter is the condensation product of iwo molecules of benzoic
acid. Such a condensation is often carnied out with the aid of
DCC and in peptide ch:mmr, the amino acid anhydride is
regarded as a possible active inter of the coupling siep
medialed by DCC (Scheme 1).

Following the experiments with N-methylamine it became
apparcnt that the polymerisation process seen in the case of the
alanine compleacs tahes place 1ia un intermediate involving the
amino group, the curboaylic group, and DCC and that the
former two groups must belong 10 the sume molecule.

(d) 6-Aminohexanoic Acid Complex with 18-Crown-6.—In
order to confirm the latter conclusions and 1o establish if the
number of covalent bonds separating the amine and carboxylic
moiclics plays any role at.all in the reaclivity of these amino acid
compleacs, the behaviour of 6-aminchexanoic acid complex
with crown cther was investigated in the reaclion condnions
which yield oligomerisation. The complex (2) was prepased
from suspensions of the amino acid salt and crown cther and
shown to be homogencous by elemental unalysis and 'H n.m.1.
Complex (2} and DCC in equnmolax amounts were thoroughly
mixed in chloroform or acctonitrile and the solulions were
stuirred for 24 h. Only traces of precipitaicd dicycloheaylurca
were collected a1 the end. Typical amounts corresponded 10
10%, of ihe urea eapecicd from compleie conversion of DCC.
The amino acid componcns of the reaction mixture were then
eatracted in water and afier Iyophilisation the extracts were
cheched for 6-aminohexanoic acid oligomers. The n.mur.
specirum revealed that the water extracis conluined the
majorny of the amino acid molccules still in the intact form:
only 5% of the latier had been converied into the dipeptide.

Discussion

The couphng reaction between the umino #nd carborylic
groups to form the amide band requires the presence in solution
of the amino companent as & frec basc. In order 1o eaplain the
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Scheme 3.

mechanism of polymerisation of the amino acid complexes
shown Hhere, it is necessary to find out which is the mechanism
that produces the free amino end, out of the RNH, * salt The
results scem to indi thatan i lecular rearrang, is
involved in the fatter mechanism. Furthermore, the data relative
to the methylamine complex cule ut the presence in solution of
the equilibrium NH,* = NH; + HC] with DCC and, or traces
of water acting as catalyst. Thus, should the contrary apply, 3
complete conversion of benzoic acid (or benzoic anhydride) into
the corresponding amide would take place. A possible reaction
mechanism that takes into account the experimental data is
shown in Scheme 2 where the amino acid complex and the
amino acid complex adduct with DCC are in ¢cquilibium with
the corresponding uncomplexed ion pairs. Because of the close
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proximity of the NH, * to the DCC nitrogen in the adducts (7)
and (7a), 1 hydrogea-bond bridge can be formed between these
two centres. This results in a redistribution of the positive
charge, which is no longer concentrated on the amino acid
nitrogen, and consequently a weakening of the clectrostatic
interaction between the counteranion and NH,'. The
equilibrium between (7s) and the ncw species (8), in which the
chloro atom forms an clectrostatic interaction with the DCC
nitrogen, provides the necessary free amino group for the
coupling reaction. Supporting evidence [or shis hypothesis came
from the reactivn between (1a) and the Vilsmeier reagent ® {9).
The latter is known to form adducts'® of the type of those
betwcen cirborylic acids and DCC (Scheme ). Furthermore,
the presence of the positive charge on the CaN* moiety would
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prevent hydrogen bonding and hence polymensation, with the
assumption that the proposed mechunism holds. And indecd
addition of alanine hydrochloride complea to CDCI, solutions
containing ficshly prepared® Vilsmeier reagent produced the
wanied adduct (10) but no polymerisation ook piace as
indicated by n.m.r. In Figurc 2 the''H n.m.r. spectrum of the
Luter solution after stirring overnight at room temperature
shows 1wo scis of pcaks atinbuted 1o the frec amino acid
complex and to the adduct (10). No wraces of polymenic form
could be detecled in the spectrum.

In the light of these conclusions the experimental resulis
presented above are readily eaplained Thus the limited
reaclivity of the 6-uminoheranoic acid complea towards
oligomerisation follows the almost tota) lack of hydrogen
bonding between the aitrogen on DCC and the amino group in
the complea. The spacer group (CH;), introduced in the amino
ucid prevents close contact between the acceptor and donor of
the hydrogen-bond thus stabilising the adduct (7c).

Identical reasons apply 1o the N-methylamine case. Here the
lack of covalent bonding between the amino and the carboxylic
groups does not allow the DCC 10 come closc 10 the NH, * and
hence deprotonation of the amine cannot take place.

On account of its darger size, ‘naked’ tosylate jon should
display greater stability than that of the smaller chloride ion in
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sohvents of low polanty This characienstic should make the
108y laic 1on in (1) less readily available for the formation of the
specics (8) thus eaplaining the presence of lurger amounts of
unchanged monomer found in the reaction mixtures of the
tosylate complex.

Conclusions

With 1he objective of establishing the scope and generality of the
use of crown ethers as non-covalent blocking groups in peptide
synthesis, we have investigated the mode of action of amino
acid—crown ether in DCC~oniaining solutions. The
results presented indicate that oligomerisation of s-amino acid
compleaes takes place in solution and proceeds via the cyclic
intermediate (7a) A hydrogen bond between the amino group
nitrogen and the DCC nitrogen ultimatcly causes the
‘deprotection’ of the former and its coupling to the carboxylate
of a sccond amino acid unii. Upon repetition of these same stepis
oligomerisation is achicved.

Because of the nature of their mode of action, the reactivity of
these compleacs is achieved al the price of sclectivity. Thus,
using the experimenwal conditions here cmployed, it secms
difficult to control the reaction and hence produce sclective
coupling between amino acids of different kinds On the other
hand the elucidation of the i hanism clearly indicales
that coupling rcagents, having structural characieristics
dificrent fsom those of DCC, can be used, in principle, for the
sclective formation of peptide bonds.
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Introduction

In a previous communication1 we have described the synthesls and
characterisation of amino acid comple#es with Crown Etkers. The
objective of the research was to study their behaviour in organic
solvents 4n the presence of those coupling reagents commonly
eaployed in peptide synthesis. Using dicyclohexylcarbodiimi&e
(DCC) in acetonitrile' or chloroform we have found that the
alanine derivative (1) reacts to form oligomeric species. The
wechanism of the reaction has been elucidated and shown to
involve an intermediate in which the carboxyl and NII3+ groups are
simultaneously linked to DCC via a covalent and an hydrogen bond
Arespec:ively (2). Thus activation of the carboxylic group and
deprotection of the NH3+ can occur, providing the basis fqr the

formation of pepride linkages.

In this paper we have gone on to explore the role of solvent and
reactant concentrations in order to find e method for controlling
the formation of oligomeric species. We have synthesised
glycylglycine complexes with 18-crown-6 (3) and studied their

reactivity with DCC in dimethylsulphoxide (DMSO) solutionms.

Both solvent and substrate were selected in order to avoid the
destabilising effects of the hydrogen bond on the activated
carboxyl - DCC adduct (2). Thus the replacement of the amino acid

with a dipeptide displaces the NH + from the site it occupies in

3

structure (2), Furthermore, the use of DMSO, a solvent known for

its donor propertfes, should favour solvent - solute hydrogen

bonds over intramolecular ones.
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