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ABSTRACT.

The preparation and mass spectrometry of permethylated peptide
derivatives was investigated. Procedures for the modification of free pep-
tides prior to permethylation were examined. Acetylation with methanol+‘
acetic anhydride was found to result in partial esterification of the peptide.
Specific cleavage of the C~terminal residue was also observed; a mechanism is
proposed for this reaction, Esterification with HCl inmsthenol followed by
acetylation of the peptide ester gave a mixture of products due to random
methanolysis dhring the esterification. Methods of acetylating free peptides
were examined, and it was found that the use of water + acetic anhydride at
room temperature resulted in rapid quantitative acetylation, with no signific-
ant side reactions. Reaction of an ethereal solution of diazomethane with
the acetyl-peptide gave quantitative esterification with negligible byproduct

formation.

Use of dimethylsulfinyl sodium in dimethylsulfoxide, and methyl
iodide for the permethylation of peptide derivatives was investigated., Suit-
able conditions were found for the preparation of the reagent and for its use
in the permethylation reaction. Substitution at existing ester groups was
found to occur during the permethylation, and the products were partially
characterised, Use of the free acetyl-peptide rather then its methyl ester
eliminated this side reaction. Introduction of more than the expected number
of methyl groups was observed. This extra-methylation was found to occur
mainly at specific residues, although some random methylation was observed.
The conditions of permethylation were adjusted to minimise extra-methylation
and limit it to specific sites in the molecule. Peptides containing aspartyl
residues undergo chain cleavage; the products of this reaction were ide;tified
and a mechanism proposed for their formation. The permethylation reaction is

discussed in relation to the formation of these artefacts; it is thought to



involve deprotonation of the peptide to form a multiple anion. Reaction

conditions are suggested to eliminate these side reactions.

The mass spectrometry of permethylated peptide derivatives is dis-
cussed and the mass spectra of peptides of known seqQuence reported, The mass
spectra show the sequence-determining fragments as the principal ions. This
observation is rationalised in terms of the negative-inductive effect of the
N-methyl groups. The simple procedure for interpreting the mass spectra of
permethylated peptide derivatives is outlined, together with the use of minor
fragmentation modes in identifying the molecular ion and sequencing peaks.
Deuteriated methyl iodide, high resolution mass spectrometry and the detection
of metastable transitions can all be used to confirm the deduced sequence.

The techniques developed were applied to 2 mixture of free peptides
isolated from cheese; the three peptides present were sequenced. The results
were confirmed by high resolution mass measurement and permethylation with
deuteriated methyl iodide.

The present state of peptide sequence determination by mass spect-

ometry is evaluated and possible future developments discussed.
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HISTORICAL DEVELOPNENT,

Protein Structure:

Hiaéorically, the determination of peptide sequencesfits into the
classical chemical approach to the study of the covalent structure of
proteins,

The polypeptide structure of proteins was first proposed inde-
pendently by Emil Fischer and F, Hofmeister in 1902 (ref. 1). They postulated
that ®—amino acid residues were covalently linked by amide bonds through
their X—amino and carboxyl groups, to form a linear molecule made up of a
sequence of amino acyl residues, This remained ﬁnsupported by significant
chemical evidence until the determination of the complete covalent structure
of insulin by Sanger and his co-workers between 1945 and 1955 (ref. 2).

The approach used in this classic study is essentially that used up to the
present day, It involves the fragmentation (by at least two methods) of the
large protein molecule and the separation and isolation of the peptides
produced. The sequence of amino acyl residues in these is then determined
and the overall sequence of the original protein molecule is deduced from this
information.

Thus, the key to protein structure is the determination of the
sequences of a large number of small peptides, usually available only in
micro-amounts in their pure state, As with protein structure, basic strategy
in determining peptide sequences has not changed since the early work in the
field. The several methods originally used (ref,. 3) are still those normally
used today, though techniques have been refined,

Chemical Methods:

One general approach is to chemically modify a terminal residue,
completely hydrolyse the peptide and identify the "labelled" amino acid.

There are procedures for both N-terminal (ref. 4) and C~terminal (ref. 3) amino



acids, Similar information can be gained by using proteolytic enzymes such
as the exopeptidases, carboxypeptidase A which liberates C-terminal amino
acids and leucine aminopeptidase which is specific for N-terminal amino acids.

The most useful approach to sequencing peptides is due to Edman
(ref. 7) and involves the removal, one at a time, of the N-terminal residues
from the peptide and identification of the amino acid removed at each step.

This is the only chemical method yet devised for such sequential degradation,
although its usefulness has been extended by modifications since its original
introduction in 1950, Briefly, the peptide is treated with phenyl isothiocyan=-
ate to give a phenylthiocarbamyl derivative at the N-terminal residue; treatment
with anhydrous acid specifically cleaves this modified residue, finally giving

a phenylthiohydantoin of the amino acid and the remeining peptide chain, which
mey then be subjected to another cycle of reactions., After each cycle, the

amino acid split off is identified. Decreasing yields for each cycle generally
limits to between six and ten the number of residues whose seqQuence can be
determined in this way,

Edman (ref, 8) has described an automated modification of his
procedure, for application to intact protein molecules., Sixty N-terminal residues
were sequenced using only 0.25 pMmole of myoglobin., Each cycle of reactions was
performed with a yield of 98%. The "Edman sequenator", though commercially
available, has not yet made a great impact on methods of sequence determination.
It cannot be used for small peptides, as it depends for its successful operation
on the insolubility of the protein in all solvents used,

Use of modifications of the Edman method is the best procedure available
at present for determining peptide structure. Combined with the general approach
to protein structure already outlined, it has enabled the determination of over
four hundred protein sequences with a length of thirty or more residues, from
a wide variety of sources (ref. 9). The complete structure of a protein

molecule containing 1320 amino acid residues has been reported (ref. 69). Despite



this, the determination of the amino acid sequence of a protein cannot be
considered a routine matter and the methods described have definite and some=-

times serious limitations, outlined in the following section.

Mass Spectrometry and Peptide Sequencing:

Although the principles of me2ss spectrometry were demonstrated in
the first years of this century, mass spectrometers adequate for organic
chemical use have been available only since the early 1950's. ‘In fact, it
in only in the last ten years that organic chemists have made extensive\use
of this technique,

The advantages of mass spectrometry over more classical techniques
are usually given as the requirement of only a small sample size (for even
a complete unknown) and the provision of a large amount of informetion about
the molecule in a short time, Samples in the order of 10 to 100 jg are
routinely used and a few hours' work provides data such as molecular weight,
elemental composition and structurel information.

However, potential advantages of mass spectrometry in the deter-
mination of peptide sequences do not lie in small sample size or in shorter
analytical time, despite assertions to the contrary (e.g. ref. 59). Mass
spectrometry can, at best, only match the 20 nanomoles to 1 micromole
routinely needed for the successful sequencing of penta~ or hexapeptides by
modifications of the Edmen technique (ref. 10), while concurrent handling of
' many peptides considerably reduces the "per peptide" amnalytical time by normal
methods, so that mass spectrometry is not considered to offer significant
advantages in this area,

There are, however, several limitations of classical sequencing
methods, One restriction is peptide size: normally only six to ten residues
can be determined (ref. 1, p. 144). A much more serious limitation is the lack
of universal applicability of the Edmen method., It cannot be used on peptides

with blocked N—-terminal residues, such as acetyl= or formylpeptides or those

un



peptides with pyrrolidone carboxylic acid formed from an N~terminal glutaminyl
residue during isolation,

Neither is the Edman method suited to the detection of new or unusual
amino acid residues, making one large area of peptide chemistry particularly
unsuited to classical sequencing methods. That is, the determination of the
structures of naturally occurring small peptides, such as some antibiotics and
fungal metabolites, These compounds frequently contain unusuzal or entirely
new constituents and even common residues are often linked by other than the
normal peptide bonds,

In these areas mass spectrometry potentially has something to offer
the protein chemist. It is uniquely applicable in the verification of the

sequence and purity of synthetic peptides where methods involving degradations

mst be avoided if unusual artefacts are to be found with any degree of reliabil-

ity (refs. 34, 43).

Modification of Peptides:

Before peptides can be examined by mass spectrometry, the inter-
related problems of their low volatility and lack of thermal stability must
be overcome., Although free dipeptides (ref, 11) and tripeptides (ref. 12)
give mass spectra containing molecular ions, extensive artefact formation,
such as cyclisation to dioxopiperazines (ref. 11) occurs, often dominating
the spectra,

The low volatility of free peptides has been ascribed to their
zwitterion character (ref. 13) and to hydrogen-bonding involving the amide
groups (ref, 14), Early methods of increasing volatility relied on the elimin-
ation of the zwitterion nature of the molecule by acylation of the N~terminal
residue (ref. 15), usually followed by esterification of the terminal carboxyl
group (ref. 13); or on reduction of the peptide to give the polyamino alcohol
(ref. 16) or polyamine (ref, 17), More recently, methylation of the amide

nitrogens of acyl peptides was introduced to eliminate intermolecular hydrogen-



~-bonding (ref. 18).

Early Studies:

The development of mass spectrometry of peptides has occurred in
several distinct steps., Starting in 1958, pioneering studies were carried
out (see Table I). As organic mass spectrometry wes in its infancy, these
involved little more than cursory examinations of a few derivatives of simple
synthetic peptides to see if mass spectra could be obtained and what type of
information they could be expected to give,

The studies of Biemann and his co-workers (refs, 16, 17) on the mass
spectrometry and gas liquid chromatography (GLC) of reduced peptides appeared
very promising., The very volatile derivatives fragmented in such a way es to
give information on the sequence of the original peptide. However, with
increasing use of the direct insertion probe, there was no longer a need
for derivatives of such volatility. Modification of the peptide by reduction
was probably considered too drastic a procedure and this approach has not
been pursued,

In the work of Heyns and Grutzmacher (ref. 15) concepts were
introduced that had a great influence on later developments. They realised
that the acyl group, originally used to eliminate the zwitterion nature of
the peptide, gcted as a marker for ions containing the N—terminal residue
of the peptide. Secondly, they noted that characteristic ions are formed
due to cleavage on both sides of the carbonyl group of the peptide linkage
and that identification of these ions in the mass spectrum of a N=trifluorocacetyl-
-peptide methyl ester was sufficient to establish the amino acid sequence. Work
in the field has since relied heavily.on these two observations.

At about the same time, Weygand and Prox examined the combined
GLC-mass spectrometry of mixtures of N—trifluorocacetyl-peptide methyl esters
(ref, 67). The peptides were derived from oligopeptides by partial acid

hydrolysis, These two workers also stressed that the sequence of a peptide
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ref.
ref,
ref.,

ref.

ref.

ref,

ref.

13
16
17
19

20

15
21

ref, 67

an N=trifluoroacetyl—=tripeptide methyl ester.
polyaminoalcohols and polyamines from di-—,
tri—- and tetrapeptides; combined GLC-MS,

N—trifluoroacetyl—-peptide ethyl esters,
several di=— and one tripeptide.

N—acetyl—-peptide ethyl esters and polyamino—
alcohols from di— and tripeptides,

N—acetyl—peptides, N—trifluoroacetyl—peptides,
up to a pentapeptide,

N=trifluoroacetyl—=peptide methyl esters, up
to a pentapeptide; combined GLC-NS.



was defined by the ions formed due to cleavage on both sides of the carbonyl

groups of the peptide bonds,

Naturally Occurring Peptides:

The next development was the use of mass spectrometry to examine a
number of naturally occurring peptide derivatives, needing little or no prior
modification, For most of these compounds, normal chemical studies had led to
partial or complete structures (see Table II), The series of papers by Lederer's
group at the Institute of Natural Product Chemistry in France, working in
conjunction with A,E,I, Laboratories in England, represented a fundamental
breakthrough as the first use of mass spectrometry in determining the sequence
of oligopeptides of unknown structure. A particularly exciting discovery was
that "Fortuitine”, a peptidolipid of molecular weight 1359 containing nine
amino acids, gave a mass spectrum in which the sequencing peaks were the
principal ions (ref. 27).

In the naturally occurring long-chain N—acyl=oligopeptide methyl
esters examined by Lederer's group, the principal mode of fragmentation
observed was rupture of the peptide bond., It was soon shown that there was
no basic difference in the fragmentation modes of short and long-chain N—acyl
derivatives of synthetic peptide esters, However, with the long—chain N—acyl
group, fragment—ions containing the intact N—terminal residue and part of the

peptide chain were shifted to higher mass and were thus more easily recognised

(ref. 36).

Acyl Marking Groups:

The determination of the structure of fortuitine and subsequent study
of acyl—peptide derivatives led to a rash of papers stressing the importance
of identifying by mass spectrometry those fragments containing the intact
N—terminal residue, The climate of thought at that time is exemplified by
McLafferty's generalisation that "the structure of a linear molecule is deter-

mined unequivocally by using only the possible fragments which contain one end of
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MASS SPECTROMETRY OF NATURAL PEPTIDES
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"sporidesmolides", cyclodepsipeptides.
"angolide", a cyclodepsipeptide.

a partially hydrolysed tripeptide
alkaloid,

"peptidolipin NA4", a cyclic hepta-
peptidolipid.

"fortuitine", a nonapeptidolipid.

a pentapeptidolipid.

"peptidolipin NAoO",

"mycoside Cyn", a tripeptidoglycolipid.
"isariin", a cyclic pentapeptidolipid.
"isariin",

"stephlomycin S", a cyclodepsi-
hexapeptide,

"isariin".

"ostreogrycin A", a cyclodepsipeptide.



the chain" (ref. 38).
Special methods of marking the N-terminal residue were proposed for easy
recognition of sequencing peaks in low resolution mass spectra, usually
involving N-acyl substituents of characteristic composition. Other
authors proposed recognising sequence peaks by routine high resolution measurement
of' the entire spectrum, followed by computerised interpretation (see Table III),
Peptides used as examples in computer-aided interpretation of mass spectra
were generally synthetically derived, though two groups (refs. 34,41) used
derivatives of "isariin", a naturally occurring cyclic pentapeptidolipid.
Their results confirmed the structure proposed by Wolstenholme and Vining
(ref, 30) rather than that suggested by Kiryushkin (ref. 32), both of which
had been inferred from mass spectrometry.

Altﬁough very promising, the computer-aided interpretation of the
mass spectra of peptide derivatives has fallen into disuse because of the
lack of uniiersa.l and reliable methods of preparing peptides for mass

spectrometry.

N-methylated Peptides:

At the beginning of 1967, mass spectrometry was normally limited to
small peptides of six or seven residues made up of simple, non-polar amino
acids; even then it was difficult to interpret the spectra in terms of sequence.
The single exception to this generalization was the aptly named "Fortuitine”,

This was a peptidolipid isolated from Mycobacterium fortuitum and

was known to be an N-acyl-oligopeptide methyl ester, The preliminary

structure (I) had been proposed ?'* (over page).

G (All abbreviations for structural formulae are in accord with the IUPAC-IUB
rules: see Biochem, 5, 2485 (1966)).



cH-3( CH2)nCO—Val—Va.l—Val—Thr—’l‘hr—Ala—Pro—OMe
Ae
( I) n=18 . 20.

Mass spectrometry of fortuitine gave a mass spectrum containing two molecular
ions at m/el331 and m/el359, due to the homologous fatty acyl substituents.

The spectrum consisted predominantly of the sequencing peaks corresponding to
cleavage of the peptide bonds and allowed the complete structure to be determined

as:

°H3( CHZ) nCO—Val-‘—Leu—Val—%fal-l-Leu—T1|:I—{P!I1r-A1a-Pro—OMe
Me Me Ac Ac

(11) n=18, 20.

In retrospect, the exceptional volatility of this compound can be attributed to
the presence of three amino acid residues with substituted amide nitrogens: the
two N-methylleucines and the proline,

In the light of this structural feature of fortuitine and the fact that
derivatives of several synthetic hepta- and octapeptides were not volatile enough
to give mass spectra, J. Van Heijenoort, working with Lederer's group, proposed
that the factor limiting the volatility of peptide derivatives was intermolecular
hydrogen-bonding through the —CO-NH- groups (ref, 14). It was found that acyl
peptides could be quantitatively converted to N—methyl amides, —CO-NMe—, thus
eliminating the possibility of such interaction (ref, 44). The expected increase
in volatility of these N—permethylated derivatives resulted in useful mass spectra

from much larger peptides (refs. 45 and 48). But now an unexpected problem became
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IDENTIFICATION OF SEQUENCING PEAKS.

ref,

ref.
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L2

long—chain acyl groups; mixed
homologous acyl groups,

mixed cajco/bn3co groups; mixed
CHB(cnz)Bco/bDB(cnzjaco groups.

aryl groups containing a hetero-
atom with fixed isotopic ratio.

separate spectra of CH3CO,CD300

derivatives; use of CF_BrCO; high
resolution measurement "and computer
interpretation,

high resolution measurements and computer
interpretation.

high resolution measurements and computer
interpretation.

high resolution measurements and computer
interpretation; acyl group containing
2 halogen atom; aryl group.

high resolution measurements and computer
interpretation.

automated metastable detection, high
resolution measurements and computer
interpretation.



epparent: successive sequencing peaks decreasedin intensity with increasing
mass and ions beyond a certain point (ten to twelve residues) were too weak to
be observed (ref, 45),

This search for a means of increasing the volatility of peptide
derivatives was to lead to an unexpected bonus: the mass spectra of permethylated
peptide derivatives consist almost exclusively of sequence peaks resulting from
cleavage of the peptide bond (ref, 45). It is this simplification, even more
than the increase in volatility, that makes N—permethylation such en important
technique in the sequence determination of peptides by mass spectrometry.

Several groups have adopted this procedure and unknown peptides, both
naturally occurring and from proteins, have been successfully sequenced (see
Table IV)., Because of the simplified spectra of the N—methyl derivatives and
the fact that the amino acid composition of the peptide was usually knowm, high
resolution measurements were not taken, Lederer (ref. 43) has used mass spect-
rometry of permethylated derivatives to locate and identify artefacts in synthetic
peptides; the nature of these artefacts, some residual N-methoxycarbonyl—peptide
and & threonine present as a benzoate, was such that they would probasbly not have

been found by normal degradative sequencing techniques,

Other Approaches:

As well as the developments outlined above, several other approaches
to the mass spectrometry of peptides have been tried, with little success so far.
Two research groups in particular should be mentioned, because of their continued
work in the field.

A series of German paperslon the mass spectrometry of N—trifluorocacetyl-
peptide methyl esters have been published, based on the original work of Stenhagen
(1961, ref. 19). GLC was used in conjunction with mass spectrometry to separate
and identify small peptides (di=—, tri— end tetra—peptides) from partial acid

hydrolysates of oligopeptides, and the sequence of the original peptide was then
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TABLE IV,

PERMETHYLATED UNKNOWN PEPTIDES.

ref. 43
ref, 47
ref, 48
ref. 46
ref. 49

ref, 50

ref, 51

ref. 52

ref, 68

pentadecapeptides; gramicidns A and B,
tetrapeptidoglycolipid; mycoside Cbl'
tetradecapeptide (10)? stendomycic acid.
heptapeptidolipid; esperinic acid,

octadecapeptide (10); from pig
immunoglobulin ¥=-chain.

heptapeptide (6); from the zymogen
of phospholipase A.
docosapeptide ™™ (6); from pig*
immmoglobulin ¥=chain,
octapeptide; from silk fibroin,

tetra- and octapeptides (7); from
feline gastrin.

cyclodepsinonapeptidolipid; viscosin.

the number in brackets indicates the number of residues
successfully sequenced, if less than the total.

docosapeptide, i.e. twenty-two amino acids.
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reconstructed (refs. 53,67). The structure of one naturally occurring cyclodecapeptide
has been deduced in this fashion (refs. 53,54,55). This method has also been used

to check "failure sequences" in oligopeptides synthesised by the Merrifield solid
phase technique (ref, 53), but such a degradative approach in the search for

artefacts in synthetic peptides is questionable,

Shemyakin and his co—workers in the U,S.S.R, have also done 2 considerable
amount of work in this field. A series of papers on the mass spectral fragmentat-
ions of synthetic compounds pioneered the study of depsipeptides by mass spectrom-
etry (refs. 61,62),

In 1965 Shemyakin apparently independently realised the significance
of mass spectral fragmentation at the peptide bond (Heyns and Grutzmacher, 1963.
refs. 15,21) in the sequence determination of oligopeptides (ref. 63). This
concept was déveloped in a number of papers in 1965 and 1966. The Russian
workers then embarked on a systematic study of all the characteristic details
introduced by each individual amino acid into the general pattern of the mass
spectrum of acyl-peptide esters (ref. 56). Although a vast amount of work
on synthetic peptides was done (ref. 59) and much useful chemistry of peptide
derivatives was elucidated (refs., 57,58,64) there has been a singular lack of
application to unknown peptides, Only two structural determinations have been
published by the group: that of isariin (ref. 32), which hes since been shom
to be erroneous, and that of staphlomycin S (ref. 33). In a recent review
article (1970, ref, 60), mention is made of the successful sequencing of three
peptides from the partial hydrolysate of a protein; detailed results have not
been published.

The aim of this group has been to develop mass spectrometry as a tool
for the routine sequencing of small peptides from proteins, Reasons for doing
this have been given: "mass spectrometry, with its great saving in time and
in requirement of material used, is a major advance in the determination of the

amino acid sequence of proteins" (Shemyakin, 1966 ref, 59). Any advantage of mass



spectrometry in protein analysis in either of these respects is dubious. In
trying to compete on equal terms, rather than attack complementary problems
not susceptible to normal chemical methods, Shemyakin and his cc—workers

have a difficult task. Only time will tell whether it proves to be impossible.



2, INTRODUCTION.

The aim of this investigation was to develop methods for the use of mass
spectrometry in the sequencing of peptides for the determination of protein
structure., VWhen work began, the only unknown peptides successfully sequenced
by mass spectrometiry were a few naturally occurring peptidolipids and
depsipeptides. These compounds were suitable for mass spectrometry without
any modification and were available pure in relatively large amounts, Partial
or complete structures had previously been proposed from ordinary chemical
evidence in most cases (see Table II, between pages 9 and??),

In protein chemistry, a routine sequencing procedure must be app-
licable to submilligram quantities of relatively impure free peptides. The
mothod should be both simple and fast in order to cope with the large number
of peptides produced in the study of each protein, Thus, much of the work that
had been done on the mass spectrometry of natural peptide derivatives was not
relevant to this investigeation,

Several research groups had published the results of studies of syn-
thetic peptides undertaken with a view to the use of mass spectrometry in
protein sequence studies, There were three basic approaches, differing in
the peptide derivatives used. Shemyakin et al. (ref, 56) used n—decanoylpeptide
methyl esters and had embarked on a study of the individual contributions of
each amino acid residue to the mass spectra of the peptides; the German group
(ref. 53) used GLC and mass spectrometry of N—trifluoroacetylpeptide methyl
esters from the partial acid hydrolysates of oligopeptides; finally, Lederer's
groﬁp had recently studied the mass spectrometry of permethylated acyl-peptide
deriviatives of some naturally occurring and synthetic peptides (ref. L4 ,45,47,
48). None of these procedures had been applied to free peptides isolated from
proteins,

The first epproach we considered was the use of a series of consecutive



chemical pretreatments to modify each possible type of polar functional group

in a peptide. The use of permethylation by Lederer's group eliminated the need

for such individual steps; it seemed a simple procedure that would achieve the

aim of blocking all functional groups and so increase the volatility of the peptide.
It was decided to study the preparation and mass spectrometry of these N—permethyl-
ated derivatives,

The original Kuhn peptide permethylation procedure using silver
oxide and methyl iodide (ref. 44) could not be applied to very small amounts of
peptide, despite improvements in experimental conditions (ref. 45). A second
technique, due to Hakomori (ref., 104) and Vilkas (ref. 47), seemed more promising
in this respect as well as offering other advanteges (ref. 65). This technigue
used the dimethylsulfinyl carbanion of Corey and Chaykovsky (ref. 70) and
methyl jodide. A detailed study of this permethylation procedure and its
application was undertaken,

The relevance of this line of investigation has been considerably
increased by subsequent developments, Three research groups have reported the
application of mass spectrometry of permethylated peptide derivatives to
protein chemistry (refs. 49,50,51,52). Such derivatives have been found to
give very simple mass spectra consisting almost exclusively of sequencing
peaks due to fragmentation at the peptide bond (ref., 45). Nass spectrometry
of other types of peptide derivatives has not been successfully applied to the
determination of protein structure, Moreover, although other permethylation
procedures were developed and used (refs. 49,52,71), that of Hakomori and Vilkas
is considered to be the method of choice as the only one in which no artefact
formation has been reported to occur (lLederer's group, Sept. 1969; ref. 66).

No free peptides from natural sources have been sequenced using derivatives

perrethylated by this procedure,

Note added in proof: Lenard and Gallop (ref. 72) have reported the partial

sequences of two heptapeptides from enzymatic digests of a protein, determined

by mass spectrometry of derivatives permethylated using the Hakomori-Vilkas procedure.



3. MODIFICATION OF PEPTIDES FOR PERMETHYLATION.

A, FUNCTIONAL GROUPS NEEDING PRIOR MODIFICATION:

Permethylation of peptides containing free amino groups results in
the formation of quaternary ammonium salts. Because of their charged character,
these compounds have low volatility and decompose pyrolytically in the mass
spectrometer (refs, 43,45). Using the Hakomori=Vilkas permethylation procedure,
the quaternary ammonium iodide would result. On heating under vacuum in the
mass spectrometer, the tertiary amine would be released. This in itself may
not necessarily hinder the production of a mass spectrum, as is shown by the
normal behaviour of histidyl residues which are gquaternised in the side-chain
(ref, 43). However, the presence of a charged group at one end of the
permethylated peptide molecule would give it detergent-like solubility
properties which would prevent its isolation by extraction into chloroform
in the work-up after permethylatioﬁf

Such quaternisation reactions can be prevented by acylation of the
free amino groups prior to permethylation. In the past, the acyl group in-
troduced at the N—terminal residue had a dual function: to eliminate the
zwitterion character of the free peptide and hence increase its volatility, and
to act as a marker identifying ions containing the N—terminal residue, This
latter function was necessary because the many fragmentation modes of acyl-
pepﬁide esters led to complex mass spectra, A variety of N—ecyl groups were
tried, each offering some advantage in identifying the "sequence peaks" (ref.
73; see Table II, between pages 9 and 11). The mass spectra of permethylated
peptide derivatives are so simple that use of an N—acyl group as a marker is
no longer necessary. The N—acetyl derivative is adequate for permethylation.

Other functional groups in the side-chains of amino acids introduce
complications. Prior to permethylation, arginine-containing peptides must be
modified by treatment with hydrazine to give the corresponding ornithine

containing peptides (ref. 43), and sulphur-containing peptides desulfurised with

The peptide Ac-His-Ser-Gln-Gly-Thr-Phe was permethylated; massspectrometry of
the chloroform extract failed to show evidence of any product (Exp. (53)).



Raney nickel (refs, 43,74). Peptides containing cysteic acid behave normally
(ref. 50). In this investigation we have not dealt with peptides containing
arginine or sulphur amino acids., Hydroxyl groups are O—methylated, while free
carbxyl groups in sidechains and at the C—~terminal residue are esterified in

the permethylation reaction (ref. 43). In spite of this, esterified acyl-peptides

have been used for permethylation.

B. DERIVATIVES PREVIOUSLY USED:

Three groups of research workers have published mass spectra of
permethylated derivatives of naturally occurring free peptides., Lederer's
group have prepared acetyl-peptides using methenol + acetic enhydride to
selectively acetylate amino groups while any hydroxyl groups present remain
free (ref. 45). Geddes et al. (ref. 51), and Agarwal et al. (ref. 52) perm-
ethylated the acetylpeptide esters produced by treatment of the peptide with
HCl in methanol followed by acetic acid + acetic anhydride, The methods used
by these three research groups were duplicated as carefully as possible and the
derivatives produced from 2 simple peptide examined,

Reaction with methanol + acetic anhydride: This is known to give simultaneous
acetylation and partial esterification of peptides (refs. 73,75,76,77,78), while
transacylation involving the hydroxyl group of serine residues has also been
shomm to occur (ref. 77). Use of this reagent is not considered to give
cleavage of peptide bonds (ref. 78); Alpin found no evidence of cleavage

of peptide bonds, though mass spectrometry of the crude reaction.products
showed ions of mass greater than the expected molecular ion (ref. 73).

Mass spectrometry of the products from the reaction of methanol +
acetic anhydride with Leu=Gly-Leu and DL~Leu—Gly—Phe showed evidence of the
introduction of two acetyl groups into the molecule (Exps. (1) and (2)). This
was not subsequently observed and can be atiributed in this case to the use
of temperatures up to 50° in the vacuum evaporation of the reagents. MNass

spectrometry of the crude reaction products from treatment of Leu—Gly—Leu with



methanol + acetic anhydride indicated that rupture-sf at least one peptide bond
in the molecule had occurred,

Reaction with & simple amino acid, phenylalanine, gave three products.
Acetylation was complete in less than an hour at room temperature, but the
formation of the other two products continued, Preparative TLC yielded
acetylphenylalanine and acetylphenylalanine methyl ester. The third compound
could not be isolated (Exps. (4) and (5))?

Treatment of DL-Ale—Gly—Gly with methanol + acetic anhydride for five
days at room temperature led to the formation of six ninhydrin-negative products.
Preparative TLC, followed by mass spectrometry of the isolated.compounds,
identified Ac—Ala—Gly—Gly-OMe, Ac—Ala—Gly-OMe and Ac—Gly—ONe. Two of the
isolated compounds would not yield mass spectra (this had previously been noted
in other cases; (see Exp. (54)). After permethylation, one of these compounds
gave a mass spectrum showing it to be Ac—Ala—Gly—Gly; the other did not give
an interpretable mass spectrum, though an Ac-Ala—Gly-Gly— residue was clearly
present in the molecule, The last of the six products could not be isoclated
as it was unstable in methanol solution., Analytical TLC showed that it de-
composed to give Ac—Ale—Gly-OMe and Ac—Gly-OMe (Exp. (6) ).

Studies of the formation of these byproducts on treatment of DI—Ala—
Gly-Gly with methanol + acetic anhydride showed that acetylation was complete
in one hour at room temperature and that the levels of other products became
significant after three hours (see plate 13 and 14, Exp. (11)). Complete
esterification did not occur even after several days.

In general terms, reaction of a peptide with methanol + acetic
anhydride gives complete acetylation within an hour at room temperature; some
esterification also occurs, as had been previously noted, A novel observation

is that the C-terminal residue of the peptide is specifically cleaved to yield

b .
Useof the Rydon-Smith chlorine-starch/potassium iodide spray (ref. 80) involved

the exposure of the TLC plates to gaseous chlorine. Nass spectrometry of the
subsequently isolated compounds showed the N-chloro compounds, which were
remarkably stable,



an acetyl-amino acid methyl ester and the acetyl-peptide ester of the remainder

of the molecule:

Ale—G1y—Gly acetic anhydride

S, Ac—Ala~Gly—Gly—CVMe + Ac—Gly—ClMe
rd
methanol

Ashley and Herrington (ref. 75) postulated that esterification of amino acids
with methanol + acetic anhydride involved the formation of the azlactone, A

similar mechanism could explain the selective cleavage of the C—terminal residue

of a peptide:
Ac—Ala—NH—CHz—CO-NH—CHZ—COOH acetic - Ac—Ala—NH—CHZ—CO—NI:LCI-!z-CO
anhydride 7 0
/
T > (W
(1) CE~CO
slow
Ao—AJ.a—NH—CH2—CO—1\'—CH Ac—Ala—=NE—CH —CO—QF—CP
fast 2 2\
/\co = /co
T
(1II1) CHy=(=0 (I1)  CHy¢—0
OH



Reaction of the mixed anhydride (I) with methanol would yield the acetyl-pepiide

ester, Reaction of methanol with (III) could proceed as follows:

CHB\.O'/H
e A ok e s - .
Ac—A_'La—NH—CE:Z—B LN—ChZ\ Ao—Ala—NHE-CE; g—oa.3 +, KO
/CO Sy i
(111) CH~(-0 and N—=CH
| R
/%_,:O’Cﬂ%
CH—C—0 N
3
NH-CH ;~C0=-0CH I-CH— CO-
(l;= 5 3 Cﬁ CHz=CO OCH3
0 H—C=07H
i — &
CHy

The unstiable compound that decomposed in methanol solution to give Ac—Ale—Gly—Qle
and Ac—Gly—OMe could have the structureb (111).
Esterification follﬁwed by acetylation: Both Geddes et al. and Agarwal et al,
used methanolic HCl to esterify the free peptides. The strengih of the HCl was
not specified by Geddes et a2l; this was taken to indicate that they did not
consider it to be ecritical and 6 ,2N HCl was used in duplicating their procedure.
Agerwal et al., specified 0,1N HC1l in methanol.

Esterification using HCl in methenol was first used on amino acids
by Emil Fischer in 1906 (ref. 81) who used a saturated solution, about 13N KCl.
The procedure has frequently been used since and complete esterification can
be attained using much lower concentrationsof HCl (ref. 82). The rate and
extent of esterification depend on the concentration of HCl and on the temp-
erature; 0,1N HCl gives complete esterification of carboxyl groups in 24 hours

at room temperature (ref. 79). Methanolysis of peptide bonds occurs to 2 sign-



ificant extent even under these conditions.

Esterification of DL—Ala-Gly-Gly according to Geddes and Agarwal was
performed under conditions rigorously excluding moisture., Esterification
was virtually complete but methanolysis had occurred in both cases, though
far more extensively with the use of 6.2N HC1l (Exps. (19) and (20)).

The products of the esterifications were acetylated under the con-
ditions specified by each author. Analytical TLC of the final products showed
that the expected Ac—Ala~Gly-Gly—-OMe made up about 70% of the total products
when Agarwal et al.'s procedure was used and a2 much smaller proportion in the
other case. The level of byproducts corresponded to the extent of methanolysis
observed in the esterification step, being much worse where 6.2N HCl in methanol
had been used (Exps. (7) and (8)).

To summarise, the three methods previously used to prepare peptice
derivatives for permethylation all give byproducts, Use of methanolic HCI,
even in low concentration, has caused extensive methanolysis of the peptide,
Treatment of the peptide with methanol + acetic anhydride can yield the pure
acetyl derivative, if conditions are strictly controlled, though a variety of

-

side reactions can occur.

C. ACETYLATICN OF FREE PEPTIDES:

As already noted, it is not necessary to esterify free carboxyl groups

of the peptide prior to permethylation; acetylation alone is necessary.

The characteristics of a suitable acetylation procedure are as follows:
the chemical steps necessary must be applicable to small amounts of peptide, there
must be an absence of side-reactions and the product must be readily isolated,
preferably by evaporation of the coproducts and excess reagents. It is
desirable that the acetylation should be complete in only a few hours. Several
room-temperature acetylation procedures using volatile reagents were tried on

DI~Ale~Gly-Gly and the products examined.



Use of equal amounts of acetic acid and acetic anhydride proved entirely
satisfactory; however, acidic peptides such as Phe—Asp—Ala—Ser—Val would not
dissolve in this reagent without the addition of water and the heterogeneous
reaction was very slow (Exp. (47) ). Addition of water to acetic acid + acetic
anhydride also gave a low level of byproducts, but the reaction did not go *e
completion and the isclated product contained significant amount of free peptide
(Exp. (12) ). The most satisfactory procedure was the use of equal amounts of
vater and acetic anhydride. Side-reactions did not occur to a significant extent
and reaction was rapid and quantitative at room temperature. On addition ef the
acetic anhydride to the aqueous sclution of peptide, a heterogeneous mixture was
formed, Shaking at room temperature resulted in a clear, homogeneous solution
after about 20 minutes when acetylation was also complete (Exp. (13) ). It was
possible that cleavage of the C—terminal residue could have occurred by a
mechanism similar to that with methanol + acetic anhydride, giving Ac—Ala—Gly-OH
and Ac—Gly—OH as byproducts. These compounds were not detected. The products
of reaction for 21 hours at room temperature were esterified with diazomethane
and re-examined by analytical TLC for the corresponding esters; these were
not present (Exp. (132) ).

Use of water + acetic anhydride to selectively acetylate the amino
group of tyrosine was reported as long a2go as 1932 (ref. 123). It is a standerd
procedure for the selective acetylation of amino functions in the presence of
hydroxyl groups (ref. 83). It possessed this advantage of Thomas' method using
rethanol + acetic enhydride, while not giving the byproducts of that method for
the peptide studied. Conditions for routine acetylation with water + acetic

anhydride are given in the experimental section, p.bk.

D, ACETYL-PEPTIDE ESTERS:

All three groups of research workers who have published mass spectra

of permethylated peptide derivatives have used acyl-peptide methyl esters for



permethylation, Lederer's group also permethylated free acetyl-peptides which
they considered equally suitable for permethylation (ref. 44). This unnecessary
use of the esters of acyl-peptides was perhaps due to the previous use of the
unpermethylated acyl-peptide esters as the standard derivatives for mass
spectrometry.

A rapid method for synthesising pure esters of acetyl-peptides on
a micro-scale was required in order to study their permethylation products,

The procedures of Geddes et al, and Agarwal et al. had been shown to be
unsatisfactory (see previous section, p.25 ). Several other esterification
procedures wefe examined,

HC1l in methanol is the standard reagent for esterifying amino acids,
peptides and proteins (ref. 84). The reagent is prepared by bubbling dry HCl
gas into absolute methanol, by the addition of acetyl chloride to absclute
methanol (ref, 85), or by addition of concentrated agueous HCl to methanol
(ref. 86). Various concentrations of HCl have been used, the saturated (13N HC1l)
solution of Fischer giving way to 0,01N HC1 (ref. 82). Methanolysis of the peptide
is always observed (refs, 8,,87,88), although the use of 0.1N HCl in absolute
methanol was found to minimise methanolysis while giving quantitative esterific-
ation in 24 hours at room température (ref. 79). N to 0 acyl-migration involv-
ing the hydroxyl groups of serine and threonine also occurs (refs. 77,88).

The peptide Phe—Asp—Ala—Ser—Val was treated with methanol + acetyl
chloride, then acetylated. Mass spectrometry showed the presence of Ac—Phe—

Asp—Cle and Ac—Phe—Asp—Ala—(OMe as well as the expected esterified acetyl-peptide
Me Me

(Exp. (14) ). Vhen DL-phenylalanine was treated with this reagent under identical
conditions, only 50% esterification occurred (Exp. (15) ). Complete exclusion of
moisture and extension of the reaction time to 33 days with DL—Ala-GlyQGly left

little unreacted peptide, but four ninhydrin-positive products were formed

(Exp. (16) ). The reagent did not give complete esterification in a reasonable



time and resulted in significant degradation of the peptide.

Addition of 2,2’ - dimethoxypropane to the methanolic HC1l had been
shomm to accelerate the esterification of amino acids and fatty acids (refs.
86,89,90,91). This chemical acts as a water scavenger, generating methanol in

the process and thus accelerating the esterification :
K c 2 .
20 + (CH3)2 (OCH3)2 —_ CH50H + cnjco CHy

Methanol + acetyl chloride + 2,2' -dimethoxypropane was used to
esterify DL-phenylalanine. No unreacted phenylalanine remained after 3 days,
although the esterification resulted in the formation of several ninhydrin-
positive products (Exp. (17) ). This is possibly due to condensation of the
phenylalanine methyl ester in the absence of water to yield oligopeptide esters,
a process that should be accelerated by the presence of a water scavenger (ef.
formation of the tetrapeptide ester on standing glycine ester in a suitable
solvent at room temperature in the absence of water, (ref. 92a)). Also, a red
gum was produced in increasing quantity throughout the reaction. Use of the
same reagents on DL-Ala-Gly-Gly gave similar results (Exp. (48) ). No unreacted
tripeptide remained after three days at room temperature, but several ninhydrin-
-positive products were formed, These could have been due to methanolysis of
the peptide, or to condensation reactions yielding polypeptides (ef. production
of the hexapeptide ester from standing glycylglycylglycine methyl ester in
methanol at room temperature, (ref. 92b)). A red gum was produced in increasing
quantity throughout the reaction and was apparently identical with that from
reaction with DL-phenylalanine.

Dry methanolic HCl was generated and used for esterification under
conditions which rigorously excluded moisture. Two strengths, 0.1N KCl and
6.2N HC1l, were used on DL-Ala-Gly-Gly at room temperature. The progress of
the esterification was monitored by TLC. No unreacted peptide remained after

6 hours and 3 hours respectively. In both cases several ninhydrin-positive



products were formed by this time; this was attributed to methanolysis of the
peptide and was more extensive with the stronger HCl solution (Exps. (419),(20),
(21) and (22) ). Another method for the esterification of peptides was used by
Wilcox (ref. 78) and Hormann (ref. 77). They used metheanol + acetic anhydride
for twenty to thirty hours at room temperature to produce acetylated, esterified
peptides. Under these conditions the reagent gives extensive artefact formation,
as we have seen (p.22 ); moreover, it is known to give only partial esterification,
as was observed on p. 22 (refs. 76,77). An N to O acyl-migration involving serine
residues has also been observed (ref. 77).

Diazomethane is known to esterify rapidly and quantitatively in
solution at room temperature, Its use to esterify amino acids and peptides
had been reported as unsatisfactory owing to methylation of the nitrogen

atom (refs. 93,94), although it had been used to esterify trifluoroacetylamino

acids for GLC, apparently quite satisfactorily (ref. 95). The N to O acyl-shift
observed with other esterification procedures does not occur with diazomethane
(ref. 88).
‘ Esterification of Gly-Val and DL-Ala-Gly-Gly with diazomethane gave
rise to products with several extra methyl groups in the molecule (Exps. (23)
and (24) ). There was no indication of the site of this methylation, which
could in theory occur either at the enol form of the amide carbonyls or on the
free amino group. Acetylation of DL-Ala-Gly-Gly was followed by treatment with
excess diazomethane, Analytical TLC showed the only significant product to be
Ac-Ala-Gly-Gly-OMe (Exp. (25) ); no unesterified peptide remained. MNass
spectrometry of the crude reaction products showed the major product to be Ac-Ala-
Gly-Gly-OMe; there was a minor amount of compound with an additional methyl group,
as well as a very small amount of another product not simply related to the acetyl-
-peptide ester (see Fig. 31 , Exp. (39) ).

This was the most satisfactory preparation of the acetyl-peptide ester

of all the ‘'methods investigated. Methanolysis did not occur, there was a low level



of byproduct formation and the esterification was repid and quantitative.



4., THE PERNETHYLATION REACTION.

A. PREPARATION OF THE DIMETHYLSULFINYL CARBANION:

The dimethylsulfinyl (dimsyl) carbanion was first prepared.by Corey
and Chaykovsky in 1962 (ref. 70) as a cloudy yellow-grey solution in dimethyl-
sulfoxide (DMSO). This carbanion is a very strong base; it reacts rapidly
with oxygen, carbon dioxide and water, and these mst be rigorously excluded
in its preparation and subsequent use (ref. 96). Because of the low acidity

P that of triphenylmethane (refs. 97,98), generation

of DMSO, estimated to be 10
of the carbanion requires the use of a strong base, The reagents most commonly
used to prepare it are metal hydrides and metal amides (ref. 99); in this cese,
one of the products is a gas, hydrogen or ammonia, which is removed from the
reaction system ensuring quantitative generation of the carbanion,

The dimsyl carbanion is usually prepared as its sodium salt in DNSO,
according to the original method of Corey and Chaykovsky. This involves heating
finely powdered sodium hydride in DMSO at 65° - 70° under nitrogen, until
hydrogen evolution stops after about forty-five minutes. The carbanion solution
is very sensitive to heat, and prolonged heating or the use of higher temperatures
leads to extensive decomposition (refs, 70,100), The thermal decomposition of
the dimsyl carbanion in DNSO has been studied by Price and Yulkuta (ref. 101).

They found that heating 1M solutions at 80°C for several hours led to extensive
decomposition: the solutions turned dark red-brown, a white precipitate separated
and volatile products were evolved, These volatile products were identified as
mixed dienesand dimethyl sulfide, The rate of decomposition at 9700 was such

that after thirty minutes 17% decomposition had occurred, while after five

hours 60% of the carbanion had decomposed., At temperatures above 100°C, the
initial reaction became violent, Solutions of dimsyl sodium are relatively

stable at room temperature under nitrogen, losing about 8% of their activity

per week (ref. 100). The carbanion has also been generated without external




heating, using sodium hydride in DNMSO and an ultrasonic generator to disperse
the reagent (ref. 102). The chemistry of the dimethylsulfinyl carbenion has
recently been reviewed by Durst (ref, 99).

Generation of the dimsyl carbanion for permethylation has been desecribed
by Thomas (refs. 46, 65) and involves reaction of sodium hydride and DNSO at 100°C
for five minutes. This could be expected to lead to partial decomposition of the
carbanion, We found that permethylation of DL-Leu-Gly-Phe using dimsyl sodium
in DMSO generated at 110°% gave 2 partially methylated product (Exp. (26)).

Since it was intended to carry out many permethylations, the dimeth-
¥lsulfinyl carbanion was generated on a larger scale according to Corey and
Chaykovsky at temperatures not exceeding 68°¢ (Exp. (27)). Over-heating to
100°C 1led to decomposition of the carbanion as evidenced by the strong odour
of organic sulfides and the appearance of a yellow colour. Use of a heating
mantle led to localised overheating and similar decomposition. The derk-grey
solution of dimsyl sodium was stored under nitrogen at ~20%¢ (ref, 100).

Dimsyl sodium in DMSO was also generated on a smalle; scale "in situ"
immediately prior to use, at temperatures not exceeding 70°C (experimen?al

section, p.b64 ).

B, REACTION CONDITIONS :

Because the first step in the permethylation involves deprotonation,
the reaction must be performed in an aprotic solvent such as DNSO. The dimsyl
carbanion is an exceptionally strong base and deprotonation reactions involving
it will be rapid; virtually instantaneous deprotonation of an acid as weak as
triphenylmethane has been reported (ref. 1C0). The subsequent reaction with
methyl iodide will also be favoured, as anions have been shown to be weakly
solvated and very reactive in DMSO. Considerable rate enhancement has been
observed in many similar reactions using DMSO as solvent (ref, 103).

Use of the dimsyl carbanion in permethylation was first described by



Hekomori (ref. 104), who used it to O-methylate complex carbohydrates; it

gave a completely methylated product where standard methods failed, Vilkas
(ref. 47) adapﬁed its use to the 0- and N-methylation of a peptidoglycolipid
for mass spectrometry. Both of these authors used relatively long equilibration
times (ten minutes to an hour) with equivalent amounts of carbanion, prior to
the addition of the methyl iodide. Thomas (refs, 46,65,66) used dimsyl sodium
and methyl iodide to permethylate a wide variety of peptide derivatives; add-
ition of the peptide derivative to a large excess (ten to fifty-fold) of dimsyl
carbanion was followed immediately by addition of methyl iodide. Reaction
times following the addition of the methyl iodide ranged from twenty minutes
(Hakomori) to twelve hours (Vilkas); Thomas used a time of one hour. In all
cases the reaction was terminated by the addition of water.

As difficulty had been encountered with the preparation of pure

acetyl-peptides, acetylphenylalanine methyl ester was used to examine per-
methylation conditions. A solution of dimsyl sodium in DMSO which had been
stored for eight weeks under nitrogen at -20°C was uged. The equilibration
time with dimsyl carbanion was varied from thirty minutes to two minutes
before addition of the methyl icdide and the subéequant reaction time with
methyl iodide, from sixty minutes to four minutes (Exps. (28),(29) and (30)).
Although complete N-methylation was observed in all cases, masg spectrometry

of the reaction products failed to show significant amounts of the expected

molecular ion from AcyPhe-CMe, A variety of ions of higher mass were observed,
Me

Use of dimsyl sodium in DMSO prepared "in situ" immediately prior to use gave
a similar result (Exp. (31)), eliminating the possibility that decomposition
of the stored carbanion was at fault,

Permethylation of acetylphenylalanine under the same conditions and
examination of the products by mass spectrometry showed molecular ions due

to AcyPhe—OMe and a homologue with an extra methyl group in the molecule (Exp.(32)).
le



el

There was no evidence of significant amounts of the products cobtained from
permethylation of acetylphenylalanine methyl ester,.

Addition of the peptide derivative to the dimsyl carbanion followed
by immediate addition of methyl iodide and a subsequent reaction time of about
ten minutes seemed satisfactory reaction conditions: these were routinely
used throughout the remainder of the investigation and in every case gave

complete N- and O- methylation.

C. PERMETHYLATION OF ACETYL-PEPTIDE ESTERS:

The dimethylsulfinyl carbanion reacts with esters in two ways (ref. 96).
The carbonyl group of the ester can undergo nucleophilic attack by the dimsyl

i gl At i v i o st e sl
R—%—%Me — R—%—O@-%—CHB + OCHg
Cag Ch, | craslh
g 0 0
R-C-gr-5—ciy

Such B-keto sulfoxides are readily alkylated at the X-carbon atom (ref. 105).
On the other hand, if the X-carbon atom of the ester has a labile proton or

if carbonyl addition is sterically hindered, then deprotonation predominates:

R:C Hzg—-OMe dimsyl® R—gH-%—OMe eR-CHszMe

Many esters undergo both reactions. On addition of methyl iodide, the

anions will be methylated.




It was found that permethylation of acetylphenylalanine methyl ester

failed to give the expected AcyPhe~OMe, and the mass spectra indicated some
hie

form of substitution at the ester group (Exps. (28) to (31)). The exact nature
of the products could not be deduced from the mass spectrum, although there

was evidence of sulfur-containing ions, which could have arisen as follows:

CH3CO- N—EH R 0—@ — Cl—bg N- CHR—%—Q—’ %{143
]—Q -

gH3 /

CHGN- CHR-%—CHSC
CH?’ \C =0 'H3 }_bcéHg) Cl”b b
C}—Q—S:O c1—13

After a suitable esterification procedure had been devised (see p.29 )
acyl-peptide esters were permethylated and the products examined. Mass
spectrometry of permethylated Cbz=Gly-Pro-Gly-Gly-Pro=-Ala=-ClMe showed the expected
molecular ion accompanied by an ion of equal intensity 10 mass units (m.u.)
higher, The spectrum contained the expected sequencing peaks up to the C-terminal
residue (Exp. (37)). Recognition of the molecular ion of the expected product
would not be possible because of additional intense ions in the same region.

Permethylation of Ac—Phe—Asp—Ala—Ser—Val—OlMe resulted in a very
Ole

complex mass spectrum, with indications that the ester group of the aspartyl
residue had also undergone side reactions (Exps. (33),(34) and (35)). In both
cases, permethylation of the free acid of the peptide resulted inthe expected

product, The spectra are compared in Figs. 1 and 2, overleaf,
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Mass spectrometry of permethylated Ac-Ala~Gly-Gly-OMe gave two
spectra with molecular ions at m/e 329 and m/e 339 (Exp. (39) ). However,
in this case the spectrum of permethylated Ac-Ala-Gly-Gly-OH (Exp. (38) )
showed the molecular ion at m/e 329, 28 m.u. higher than the mess of the
theoretical product, AcTAlatGlyrGly—OMe. Both these products were hydrolysed
in acid, Analysis showgz N%zetﬁzlglycine and N-methylalanine plus small
amounts of the free amino acids and several other ninhydrin positive compounds.
The enalyses were identical and did not help explain the unusual nature of
the parent compounds (Exp., (40) ).

The permethylation of acyl-peptide esters is further complicated

by the possibility of intra-molecular nucleophilic attack, yielding cyclic

products such as:
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R-N-C HR‘—CO-N—CHR{—%Me
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This compound would be susceptible to further methylation at the N=4 and C-2
atoms. Evidence was cbtained of such cyclisation at both ester groups in

the permethylation of Ac—Phe-Asp—Ale—Ser—Val—-OMe (Exps. (33),(34) and (35) ).
ie

High resolution mass measurements on the ions 10 m.u. higher than the expected

molecular ions in the above examples showed that these ions could have
resulted from intramolecular cyclisation followed by the introduction of four
additional methyl groups. On this assumption, mechanisms could be written for
many observed metastable transitions,

In an effort to characterise the artefacts produced in the permethyl-

ation of esters using the dimsyl carbanion, methyl benzoate was permethylated



under the usual conditions and the crude reactior products analysed by mass
spectrometry (Exp. (42) ). As well as unchanged methyl benzoate, several
other products were observed; one of these was the dimethylated B-keto
sulfoxide, Other products were not identified; they did not occur when
benzoic acid was permethylated (Exp. (41) ).

Although it was not possible to characterise artefacts from the use
of acyl-peptide esters, their formation could be prevented by permethylation
of the free acid, 1In all cases, this gave excellent mass spectra with the
expected molecular ions accompanied only by higher homologues due to the
introduction of more than the expected number of methyl groups. In the
strongly basic dimsyl sodium solution, the carboxyl group will be completely
deprotonated, Nucleophilic attack cannot occur at the carbonyl of the carbox-
ylate anion, On intrecduction of methyl iodide into the mixture of peptide-
-anion and dimsyl carbanion, competitive reaction will occur, preferentially
with the strongest nucleophile, the dimsyl carbanion. The weakly nucleophilic

-COOO will react very much more slowly than the other nucleophiles present:

0o
CH3-SCHy

Q
—0—CH—
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Significant esterification of the carboxylate anion will not occur until virtually

all of the dimsyl carbanion has reacted.
The use of acyl-peptide esters for permethylation and mass spectrometry
should be avoided., Artefact formation obscures the molecular ion region in all

cases, while the presence of more than one ester group in the molecule results




in complex'and generally uninterpretable mess spectra. Unchanged ester remsains,
offering some hope of successfully sequencing peptides containing pre-existing

ester groups, although knowledge of likely artefacts is essential,

D. INTRODUCTION OF EXTRA METHYL GROUPS:

In cur experience, use of the Hakomori-Vilkas permethylation always
resulted in the introduction of more than the required number of methyl groups
into the peptide molecule. This "extra-methylation" has also been observed
using other permethylation procedures., Agarwal et al, used the anion of
dimethylacetamide with methyl iodide iﬁ dimethylacetamide., They observed
partial extra-methylation of a glycine residue in a tetrapeptide; this was
prevented by reducing the amount of base present in the methylation reaction
(ref. 52)., Thomes, working with Lederer's group, used a2 simple heterogenous
mixture of methyl iodide, sodium hydride and acyl-peptide in dimethylformamide
to prepare permethylated peptides (ref. 49). He observed extra-methylation
of a number of different residues in a variety of peptides; extra-methylation
could not be avoided using this reagent., Thomas found that the Hakomori-Villkas
permethylation procedure gave permethylated peptide derivatives with no in-
dication of extra methyl groups (ref. 66).

He also noted that there are two possible sites at which an additional
methyl group could be introduced into an N-methylamino acid residue: O-methyl-
ation of the enol form, or methylation of the &k -carbon atom. He eliminated
the possibility of O-methylation on the grounds that it could not explain the
two methyl groups occasionally introduced in glycine residues (ref. 66), Agarwal
had stated it to be C-methylation, but published no supporting evidence (ref. 49).

It was found that permethylation of acetylphenylalanine using fresh
dimsyl carbanion resulted in extra-methylation (Exp. (32) ), end mass spect-
rometry indicated that an extra methyl group had been introduced on the

& -carbon atom., Permethylation of Cbz-Gly-Pro-Gly-Gly-Pro-Ala gave a




mixture of products showing molecular ions at m/e 672, 686, 700 and 714

(Exp. (43) ). The theoretical prbduct has mass 658. Use of deuteriomethyl

iodide under the same conditions showed that up to nine methyl groups had been
introduced into the molecule during the permethylation, compared with the five
theoretical sites for methylation (Exp. (44) ). Permethylation of Ac-FPhe-Asp~ :
-Ala-Ser-Val followed by mass spectrometry showed the principal product %o

contain a single extra-methyl group on the aspartyl residue; extra-methylation

had occurred to only a very minor extent on the other residues (Exp. (47) ).

Site of Extra Methylation:

In order to determine the site of extra-methylation, Ac-Gly-Gly was
permethylated and examined by mass spectrometry. About thirty percent of the
product had an extra methyl group in the C-terminal residue. The product was
hydrolysed in acid and N-methylglycine and Nemethylalanine identified in the
retio of 2-3 :1, (Exp. (49) ), indicating that the C-terminal glycine resicue
had been methylated on the ™-carbon atom,

In another experiment, acetylglycine was repeatedly rermethylated, and
mass spectrometiry showed that about twenty percent of the product contained an
extra methyl group. Examination of the mass spectrum indicated that the extra
methyl group was on the ®&X-carbon atom. Acid hydrolysis and anelysis identified
N-methylglycine and N-methylalanine in the ratio of 2-3 : 1 (Exp. (50) ),
confirming C-methylation.

The analysis of acid hydrolysates of extra-methylated compounds would
not be expected to show direct evidence of the O-methylated compounds. These

are sensitive to acid and would be demethylated in the hydrolysis: (see over)
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Thus extra O-methylation cannot be ruled out. However, the weight of evidence
suggests that it does not occur: there was no evidence of an a2dditional O-methyl
group in the mass spectra of permethylated Ac-Gly-Gly, Ac-Gly and Ac-Phe; further-
more, the amount of N-methylalenine found in the acid hydrolysates of permethyl-
ated Ac-Gly-Gly end Ac-Gly was sufficient to account for the amount of extra-
-methylation detected by mass specirometry and detailed examination of permethyl-
ated Cbz-Gly-Pro-Gly-Gly-Pro-Ala showed that the N-terminal glycine residue was

methylated on the X=-carbon atom, not on the enolate O-atom (Exp. (46)).

Residue-Specific Extra Methylation:

Re-examination of the mass spectra of the permethylated derivatives
of Cbz-Gly-Pro-Gly-Gly-Pro-Ala and Ac-Phe-Asp-Ala-Ser-Val showed that two types
of extra-methylation had occurred. The residues underlined had been specifically
extra-methylated to an extent of at least eighty percent; as well as this,
several of the other residues had been extra-methylated to a much lesser extent.
For example, the N-terminal phenylalanine of the second peptide was about five
percent extra-methylated, while the glycine residue in position 3 of the
Cbz-hexapeptide was about thirty percent extra-methylated. This much less
extensive methylation was termed "random" extra-methylation.

It was thought that extra C-methylation might be due to deprotonation

of the X-carbon atom after methylation of the previously deprotonated nitrogen



atoms. This sequential ionization is suggested because a multiple anion
involving neighbouring atoms is unlikely on energy considerations and initia
deprotonation of the amide nitrogen would be expected to be more favourable

than deprotonation of the ®&-carbon atom., The dropwise addition of methyl iodide
to the solution of dimsyl carbanion and peptide hitherto employed would
accentuate extra-methylation according to this mechenism., By the same token, if
the solution of dimsyl carbanion and peptide in DNSO was slowly added to a large
excess of methyl iodide, the rapid preferential methylation of excess dimsyl
carbanion would minimise segquential ionization.

A solution of dimsyl sodium and Cbz-Gly-Pro-Gly-Gly-Pro-Ala was
added to vigorously stirred methyl iodide, using a micrometer syringe, Mass
spectrometry of the permethylated product indicated that extra-methylation had
occurred almost exclusively at the glycine residues in positions 1 and 4. High
resolution m2ss measurement and metastable detection indicated that the N-term-
inal glycine residue was permethylated at the ox-carbon atom, only (Exp. (46)).
Ac-Phe~Asp-Ala-Ser-Val was permethylated under similar conditions and gave a
mass specirum indicating that extra-methylation had occurred at the aspartyl
residue to the extent of about fifty percent: the other residues were not extro-
methylated (Exp. (48) ). Thus the so-called "random" extra-methylation was
eliminated in this way.

In practice, it was found that rapid addition of a large excess of
methyl iodide to the vigorously stirred solution of dimsyl carbanion and peptide
in DNSO was more convenient and equally efficient in this respect. Under these
conditions, the permethylation apparently proceeds via 2 "multiple anion"

mechanism, The dimsyl carbanion deprotonates the peptide molecule:

CH3CO~N-CHR-CO—¢N-CHR-CORN-CHR-CO-C
C] € ©



On addition of methyl iodide, excess dimsyl carbanion would be neutralised end
the peptide methylated at the anionic sites,

Residue-specific extra-methylation occurs at carbon atoms that are
more easily deprotonated because of their environment within the molecule. In

the aspartyl residue, the carbanion:
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which could be formed at a C-terminal glycine residue. Similarly, at the

glycine residue next to a prolyl, the carbanion
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which could be formed at

other glycine residues. Extra-methylation of glutamic acid residues would
also be expected.

It was observed that even at these sites, extra C-methylation was not
quanti£ati?e. Sufficient destabilisation of the carbanions must still exist
in the multiple anion of the peptide to prevent their complete formation in the
presence of dimsyl carbanion. The use of a sodium hydride/acyl-peptide/methyl
jodide mixture for permethylation would ensure complete reaction at these sites
via a2 sequential mechanism in which the readily ionizable groups (-NH-, -OH,
-CO0H) would first be methylated, followed by deprotonation of the carbon atoms

in the favoured sites; these would be completely methylated, as Thomes observed



(ref, 66), Partial or complete methylation at even less favoured sites could
also be expected, but this would take place slowly under the reaction conditions
he used, This method is more prone to C-methylation because it involves 2

different (sequential) reaction mechanism.

2. SPECIFIC CHAIN-CLEAVAGE:

Partial cleavage of the peptide chain in the permethylation reaction
has been oﬁserved by Thomas (ref. 65) and Agarwal (ref. 106); in both cases,
the Kuhn permethylation procedure employing silver oxide and methyl iodide
was used, The cleavage occurred at glutamic acid residues and involved the

formation of a pyrrolidcne:

Ac=Glu—Glu—Ala~GIn=Ala=Tyr—Gly
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Products due to cleavage at the other glutamic acid residues were also formed
(ref, 106). Thomas and Lederer at first ssoribed fhis to use of silver oxide
contaminated with methanol (refs. 43,45), but subsequently observed the same
cleavage using pure silver oxide (ref, 65). Artefact formation at aspartic
acid residues was also observed by both groups under these conditions,
apparently due to cyclisation of the aspartyl side chain followed by extra-
methylation (ref. 106)?

cf. cyclisation artefacts at aspartyl residues using the Hakomori-Vilkas
permethylation procedure, p.36.




Ve have observed chain cleavage at aspartyl residues, Permethvlation
of Ac-Phe-Asp-Ala=Ser-Val under the usual conditions was followed by mass
spectrometry (Exp. (47) ). Three distinct spectra were observed as the sample
was heated., This was attributed to specific cleavage of the peptide chain, the
first two spectra being due to the products formed., High resolution mass

measurements enabled structures to be proposed for these:

]
CH, CHy CHaCHy Chs CH
CH Chy U Upthy 43

COOCH; OCHg C"B CH,

CH
CHIOONCHCON Fg CHCON—CHCON—CHCON—CHOO0C Hs

Permethylation of the original acetyl-peptide was repeated, using deuteriated
methyl iodide, when three analogous spectra were also obtained (Exp. (51) ).
Thorough investigation of the first two spectra confirmed the structures shomm
above. In both cases, the third spectrum was that of the expected product,
extra-methylated in the aspartyl side-chain,

Partial chain cleavage had occurred specifically at the aspartyl
residue. fhere was no evidence of extra-methylation in either of the fragments
formed. The spectrum of the lower mass fragment was obtained "probe-out" at room
temperature, indicating that the cleavage had not occurred on heating the sample
in the mass spectrometer., The cleavage was not observed on permethylation of
Ac-Phe-Agp-Ala-Ser-Val-OMe under the usual conditions (Exp. (35) ) , and occurred
to a reduz:d extent under conditions minimizing sequential ionization (Exp. (48)).

The structures of the products formed, together with these observations
point towards a base-catalysed Hofmann elimination resulting in cleavege of the
peptide chain (see Fig. 3, overleaf) . This may proceed via the quaternary amide

(III), in the presence of the strong base ﬁa, in this case the dimsyl carbanion.
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Fig.3 Permethylation of the aspartyl-containing peptide.
Pathway A: chain-cleavage via the guaternary amide

Pathway B: C-methylation of the aspartyl side-chain




The specific chain cleavage would be due to an unusually labile proton
on the carbon atom B to the amide nitrogen in the aspartyl residue. The
ebsence of extra C-methylation at this site in the fragment (V) indicates that
chain cleavage of the quaternised peptide occurs simultaneously with deproton=-
ation of the carben atom,

On mixing the acyl-peptide with the dimsyl carbanion, some initial
carbanion formation in the peptide will occur, leading to a second reaction
pathway (see Fig. 3, B)., Formation of uncleaved permethylated peptide, with
an extra methyl group in the aspartyl side chain could be explained by this
deprotonation of the carbon atom B to the amide nitrogen, prior to the addition
of methyl iodide. This would result in extra-methylation of this carbon atom:
the positive inductive effect of the introduced methyl group could prevent
abstraction of the remaining proton.

Quaternised amides have been reported (ref. 107); they are sens-
itive to water, regenarating the alkylated amide. It is possible that every
amide nitrogen atom in the peptide is quaternised in the permethylation and
that injection of water yields the observed N-methyl products. The small amount
of expected product, the uncleaved permethylated peptide without extra methyl grouns.
formed in the above reaction could be taken to indicate either that gquaternisation
is not complete, or that not all gquaternised peptide (III)(Fig. 3) undergoss
the elimination reaction,

It now becomes epparent that the formation of the carbanion (VI)

(Fig. 3) which leads to C-methylation of this peptide is less favourable than ot
first thought. The proportion of the acyl-peptide which did not form a carbanion
is represented by both the cleavage products and the intact permethylated peptice,
From the total ion current observed for the three spectra, it was estimated that
only 20-30% of the acyl-peptide was C-methylated (cf. p. 40 ). *

The observation that the aspartyl-ester peptide is not significantl

cleaved reinforces this interpretation. Such en ester with 2 labile proton on



the o=-carbon atom would be guantitatively deprotonated on mixing with the
dimsyl carbanion (ref, 96), Furither evidence supporting the mechanism
proposed is the increased chain cleavage observed on addition of dimsyl sodium
e

to a mixture of peptide ester and methyl iodide (Exp. (36)). Such reaction

conditions would favour the sequential elimination reaction.

F. SUMMARY :

[ ————

Clearly, the Hekomori-Vilkas permethylation procedure is not as

problem-free as an examination of the literature would suggest. Thomas (ref. 66)
reporied that "none of the artefacts produced by the Kuhn or Coggins and Benoitin
methods have been encountered”. Here it has been shown to produce these arte-
facts of chain-cleavage and extra-methylation, as well as artefact formation at
ester groups, However, in contrast to the methods examined by Thomas, artefact
formation is not an unavoidable side-reaction of the Hakomori-Vilkas permsthyl-
ation technique. The side-reacticns are not quantitative and, with an under-
standing of the probezble mechanism of their occurrence, reaction conditions can
be chosen which will minimise, if not entirely eliminate them.
Artefact formation at ester groups was eliminated by the use of the
free acid of the acetyl-peptide. Both extra C-methylation and specific chain
cleavage are due to excess dimsyl carbanion and under the usual reaction condit-
ions occur only partially; e reduction in the amount of base used from the
present fifty-fold excess to a small two or three-fold excess should prevent
these side reactions. The dimsyl carbanion solution used by Thomas in his ;
investigation of the Hakomori-Vilkas procedure was prepared at 100°¢ (refs,
46,65), and would therefore have been partly decomposed, This inadvertant use
of a much weaker solution of the carbanion probably explains why he did not
observe artefact formation. Generation of the carbanion at a lower temperature

with a smaller excess of sodium hydride would allow precise control of the

amount of carbanion used.



All the evidence suggests that N and C-methylation of peptides is not
as difficult as at first thought (ref. L44) and that the dimethylsulfinyl carban-
ion is a much stronger base than is necessary. A weaker anion of the correc%
strength would permit complete N and O-methylation, while eliminating the side-

reactions of chain cleavage and C-methylation:

9 o
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Agarwal used the anion of dimethylacetamide for permethylating peptide derivatives:

extra C-methylation was observed which could be prevented by reducing the amount of
base used (ref, 52)., The anion of dimethylacetamide apparently suffers the same
problem as the dimsyl carbanion in that it is far too strong a base, Use of

weaker anions such as the dimethylsulfonyl carbanion of Corey and Chaykovsky

(ref. 96) should be investigated.



5. KASS SPECTROMETRY OF PERMETHYLATED PEPTIDE DERIVATIVES.

The side reactions observed do not prevent use of the Hakomori-vVilkas
procedure to prepare permethylated peptide derivatives, provided conditions
are chosen to minimise them, Optimum conditions involve the use of the free
acid of the acetyl-peptide, conveniently prepared with acetic anhydride + water,
followed by permethylation using a small excess of dimsyl carbanion, Additicn
of the acetyl-peptide to the dimsyl sodium solution should be followed immed-

iately by rapid addition of excess methyl iodide.

A, FRAGMENTATICON MODES:

Permethylated peptides show an extreme simplification of fragmentation
modes in the mass spectrometer when compared with acetyl-peptide esters, as first
observed by Thomas who stated: "Because of the resultant simplification of m2ss
spectral fragmentation, N-permethylation can even be advantageous for the seguence
determination of simple peptides where volatility poses no problem" (ref. L5).

The mass spectra of acetyl-peptide esters are complex and special techniques

are required to recognise the peaks containing sequencing information; in
general, these sequencing peaks are not the most prominent peaks (ref. 56).

There is a large volume of literature on the fragmentation of acetyl=peptide
esters; the data has been reviewed by Lederer and Das (ref. 108) and Shemyakin
(ref. 58), but these results are not generally applicable to the mass spectrometry
of permethylated derivatives,

The principal fragmentation mode of permethylated peptides is rupture
of the peptide bond; the ion corresponding to subsequent loss of the carbonyl
group is not observed. The spectra thus consist almost exclusively of sequenc-
ing peaks resulting from cleavage of the amide bond, This simplicity in the

resulting spectrum is dramatically illustrated by a comparison of the mass spectra

Ne HKe Ne L=
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of Ac-Phe-Asp-Ala-Ser-Val-Clie and the permethylated derivative ACT;he
u H
lie Ume

e,



(Fig. & overleaf; Exps. (14) end (37)).

Lederer's statement that "the simplification of the spectra cobtained
by permethylation is certainly in part at least due to the decrease of pyrolytic
reactions as a result of the lower temperature used " (ref. 43) is not an
adequate explanation of the cdominance of the seguencing fragmentation nodes
in permethylated peptides. The example given by Lederer (refs. 43.,45) was
a benzyloxycarbonyl-octapeptide, and the complexity of the spectrum of the
unpermethylated ester can now be recognised as due to thermal fregmentation of
the protecting group. Aplin et al (ref., 109) have since showm that the aryl
carbamate is pyrolysed to benzyl alcohol 2nd the isocyanate at. temperatures

greater than 200°C : -

O
@-CHZOI(II—NH—etc. heat @-CHZOH + O=C=h-ete,

Permethylation of the octapeptide enabled volatilisation at a2 much lower temp-
erature and the absence of thermal fragmentation of the benzyloxycarbonyl group
resulted in a simplified mass spectrum., The two spectra shown in Fig. 4 were

obtained at sample temperatures of 230°C and 220°C respectively; such a slight

lowering in temperaiure would not be expected to result in significently less

pyrolysis.
Ions of the {type R—$-CHR'—CSB are more abundant in spectra of N-methyl-
Ne
ated peptides, while ions of the type R-}=CHR'appear to be entirely absent,
Ne

Shemyakin (ref. 58) found that the second "aldimine" type of ion was not formed
directly from the molecular ion in the mass spectra of acetyl-peptide esters,
The relative sbundance of an ion is dependent on both its ease of formation

and the ease with which it undergoes further fragmentation, so that the absence

of aldimine-type ions in the mass spectra of permethylated peptides could be due
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either to & decreased tendency for the fragments formed by cleavage of the peptics

bond to lose a carbonyl group, or to an increased tendency for the aldimine-ty
fragments to undergo further fragmentation, or to a2 combination of both. The

two reactions concerned are:

X—N-C HR-CO-N :_J’ LHR= O

I\'Ae Me \[
D
¥—N—CHR—-C—— | =CHR + (CO

I\I/Ié Me

L
X—N—CHR—C=0 + II\I=CHR

[\’/Ie - Me

The introduction of an N-methyl group with its negative inductive

effect (ref. 111) would therefore decrease the tendency for the first reaciion

and increase the tendency to further fragmentation; it is possible that this

latter effect predominates as significant loss of CO is observed at the N-term-

inal residue., The relative abundance of aldimine-type fragments would be

lowered by both effects, while at the same time increasing the intensity of

fragments corresponding to rupture of the peptide bond. An electron-withdrawing

group at the nitrogen atom of the amide bond would also favour the initial

peptide bond cleavage in the molecular ion:
X——N—CHR—C

[}'-—CHR——COOMe
r\lfle Me \l,

Y—N-CHR-C=O  + -N—CHR-COOMe
I\I/Ie Me



Thus, the predominance of amino acyl itype sequencing peaks in the
spectra of N-methylated peptide derivatives can be rationalized in terms of
the recently discovered negative inductive effect of the methyl group; althougnh
the methyl group was regarded as electron-donating, it is now thought the observec
phenomena ere due to solvation effects in the reactions studied (ref. 111). The ef?
£
Y

ect of 2 methyl group on unimolecular reactions in the ga2s phase is that of an

electron-withdrawing substituent.

Cnly two other fragmentation modes are normally significant in the mass
spectra of permethylated peptide derivatives: loss of OCH3 from the C-terminal
ester of the molecular ion, and loss of HOCH5 from the side-chains of serine
and threonine methyl ethers., The loss of OCHs (31 m.u.) from the molecular
ion can be contrasted with the loss of HOCH5 {32 m.u.) from the molecular ion
of acyl-peptide esters. An analogous loss of OCH3 from the side chains of

-Asp- and -Glu- does not occur in the permethylated derivatives. The loss

ile Clle

of I-IOCH3 from the side chains of -S?r- and =Thr- is alsc cbserved in the mass
Qe Qlle

spectra of acyl-peptide esters (refs. 43,58).

B, INTERPRETATION OF SPECTRA:

The mass spectra of permethylated peptides are readily interpreted in
terms of the amino acid segquence; knowledge of potential artefacts from the
permethylation is essential to a correct and reliable sequence determination.
Briefly, the mass of each N-methylaminoacyl residue is unigue, with the ex-
ception of leucine and isoleucine which possess isomeric side chains, The mass
différences between the intense ions due to rupture of the peptide bonds therefore
correspond to particular amino acid residues in the original peptide., Usually,
the interpretation is performed starting with the N-terminal acylamino acid
fragment ion and working upwards through the spectrum, bearing in mind the
other possible individual fragmentation modes,

The first (low mass) sequencing ion will show an accompanying peak




28 m,u., lower due to loss of carbon monoxide, which will be the major peak for
an N-terminel pyrrolidone (ref. 50). Serine or threonine residues will lead %o
peaks 32 m.,u. below the sequencing fragments for those residues and all others
up to the molecular ion. Sequencing peaks from the rupture of peptide bonds
involving the carbonyl group of proline residues are sometimes weak or entirely
absent (refs. 43,112; cof., Exps, (43) and (46)).

The molecular ions of permethylated peptide derivatives are often
very weak (e.g. ref, 66; Exps. (48) and (52)) and sometimes entirely absent
(ref. 52)? The molecular ion is located by searching for peaks 31 m,u. apart,
resulting from loss of OCH3 from the C-terminal ester group of the molecular ion.
There is a general dropping off in the intensity of successive sequencing peaks
towards higher mess (ref. 45) and the combination of this with the lower intensity
of the molecular ion makes the identification of the C-terminal residue difficult,
There will often be some uncertainty as to its identity.

The sequence deduced from the mass spectrum can be confirmed and
ambiguities resolved by repetition of the permsthylation using deuteriated
methyl iodide, In this way, naturally occurring N-methylamino acid residues
will also be identified (ref., 113). High resolution measurements are not
necessary for the determination of the amino acid sequence (ref. 45) end at the
relatively high mass range involved could do little more than confirm the
interpretations already made. However, the identity of the ﬁ—terminal residues
can be readily checked by accurate mass measurement of the first few sequencing
peaks, In the case of new or unexpected amino acids, high resolution mass
measurements may be necessary,

If sufficient sample is available, the detection of metastable trans-
itions (ref. 42) for the sequencing peaks would be useful, especially in
locating parent ions. The probable molecular ion is often too weak for this

In this latter case, failure to recognise the molecular ion can probably
be attributed to the use of the acetyl-peptide ester for permethylation.



technigue to be used; in any case, the zbsence of metastable transitions would
only be supporting negative evidence as these may be absent even for fragreni

ions.

C. UNKNOWN PEPTIDES:

The techniques developed in this investigation were applied to a
naturally occurring free peptide isolated from an alcohol extract of cheecse by
gel filtration, followed by ion exchange chromatography using a pyridine-zcetic
acid buffer, High voltage paper electrophoresis at pH 6,4 indicated that the
' peptide was homogenecus, Amino acid analysis of a twenty-hour acid hydrolysate
indicated that it contained Aspy Ser, Glu; Gly, Ala, Val, Leujf‘"

One milligram of the freeze-dried peptide was acetylated and permeth-
ylated using deuteriated methyl iodide (Exp. (52)). On mass spectrometry of
the product, a series of complex spectra were obtained, Examination of the mass
spectra indicated that three peptides were present. Because of the very similar
volatilities of the peptide derivatives, there was considersble overlap in the
spectra; by multiple scanning of the spectrum as the temperature of the sample
increased it was possible to identify the individual spectra, which are shom
overleaf, Figs. 5,6 and 7., It was estimated that the peptides (I),(II) and (III)
were present to the extent of about 20%, 70% and 10% respectively, in order
of decreasing volatility.

Sequences could be readily assigned to the three peptides, althcugh
the molecular ions were very weak and uncertainty as to the identity of all
three C-terminal residues existed. High resolution mass measurements on key
ions confirmed the N-terminel residue for each peptide. Another sample (2mg)
of the peptide was acetylated and permethylated using methyl iodide. Mixed

spectra were again obtained; the three spectra obtained by repetitive scanning

The co-operation of Barry Richardson of the New Zealand Dairy Research
Institute in supplying this cheese peptide is gratefully acknowledged.
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showed the expected mass shifts for the proposed sequences and are also shovm
in Figs. 5,6 and 7, lietastable detecticn confirmed the sequence of the third

least volatile peptide, present in minor amount.

(I) Glu-Vel-Leu-Asn
(II) Asn-Glu-Asn-Leu-Leu

(1II) Ala-Pro-Phe-Pro-Glu-Val-Phe

(™ Leu or Ile; these cannot be ditinguished by m2ss spectrometiry.)

An unusual fleature of the mass spectrum of permethylated acetyl-peptide
(II1) (Fig. 7) requires some comment, The relatively intense ions at m/e 848 and
/e 845 are not normal sequencing peaks; they occur at intervals of 65 m.u.
and 92 m,u. from the preceeding seguencing peak av m/e 753, mass differences
which do not correspond to an N-mgthylamino acid residue. The mass shift in
the two spectra of the peptide indicated a content of 18 deuterium atoms in
each fragment, compaered with the 18 deuterium atoms in the (1-31)" peak a%
m/e 94L. These facts led to the conclusion that m/e 8418 and m/e 845 are

derived from the molecular ion by the loss of N-terminal fragments:
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Geddes e% al, (ref. 51) have reported a phenomenon similar %o tae

£

fragmentation A. An intense non-sequencing peek in the high mass region of

3]
o

the mass spectra of two permethylated acetyl-octapeptides was in each case
epparently due to loss of the two N-terminal residues of the peptide, involving
a hydrogen transfer to the higher mass fragment which retained the charge:; this
was confirmed by high resclution mass measurement. Cbviously, such anomalous

fragmentation could seriously interfere with sequence determination from low
resolution spectra.

The peptides (I) and (II) had 2 high content of the trifunctional
amino acids glutamic acid and asparagine, resulting in a higher mass and lower
volatility than might have been expected for the number of residues in each,

The presence of a single free glutamic acid residue in each of the three peptides
accounts for their identical mobilities in the high voltage electrophoresis

and for their concurrent isolation by ion-exchange chromatography.

Of the possible artefacts of the Hakomori-Vilkas permethylation
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exten® -nly at the C-terminal asparagine residue in peptide (I). The possi
that chain cleavage at aspartyl residueas had given several fragments from a
larger peptide was excluded by high resclution mass measurement of the N-term-
inal acetylamino acid residue fragment ion of each compound, together with the
correlation between the spectra derived from the use of deuteriated and undeut-
eriated methyl icdide. Asparagine behaved satisfactorily and was unequivocally
located; its location is not straightforward using normal chemical techniques
(ref. 114).

These sequences were determined without prior knowledge of the amino

acid content of each peptide. In fact, the analysis of an acid hydrolysate

cannot distinguish asparagine (and glutamine) residues from the corresponding



free acids, and could not have been expected to detect the amino acids derived
from the minor peptides, (I) and (III), On reflection, it is probable that a
fourth, much larger peptide was present in the original sample. Gel filtraticn
had indicated a molecular weight of two or three, thousand for the peptid
applied to the ion exchange column; amino a2cid analysis of the isolated peptids
showed serine and glycine to be present in large amounts, but these were not
in the peptides sequenced; finally, a proportion of the acetylated peptide
preparation would not dissolve in DMSO for permethylation.

The ease with which the individuel sequences were determined, in spite
of the similer volatilies of the permethylated derivatives and the wide differenc
in the amounts present indicates t.he sensitivity of mass spectrometry and

ol

demonstrates that the technique cen be applied in protein analysis, whers

o)

relatively impure peptide preparations are the rule rather than the exception.



6. CONCLUSION.

As yet, the use of mass spectrometry to determine peptide seguences
is not a routine method in protein chemistry. Several groups of research

workers have used m2ss spectrometry to sequence the permethylated derivatives

i

of free peptides from natural sources (Table IV, between peges 14 and 156), Four
rermethylation techniques are in use, all of which present problems, Derivatives

can be made from small amounts of impure peptides,

-

his investigation has examined in deteil some aspects of the most
prorising method for the preparation of peptide derivatives for mass spectrom-
etry (ref, 65): that is, acetylation of the free peptide, followed by
permethylation using the Hakomori-Vilkas technique (refs. 47, 104). Several
artefacts were found and reaction conditions adjusted 4o minimise their

occurrence; three naturally occurring free peptides were sequenced. With

the xmowledge gained, there is no theoretical objection o the use of mzss
spectromstry of these permethylated derivatives in the structural determination
of proteins,

The limitations of the mass spectrometry of permethylated peptides as
a method of sequence determination are no greater than those of the normal
chemical technigues. They are complementary procedures: mass spectrometry
has been used to sequence peptides with blocked N-terminal residues (ref. 50),
to distinguish acidic amino acid residues from their amides where the dansyl-
ation technique failed (ref, L9) and to confirm a sequence proposed on eguivocal
chemical evidence (ref, 51).

Mass spectrometry can normally be used to determine the sequence of
about ten amino acid residues in a peptide, Though peptides containing up to
twenty-two amino acids have yielded mass spectra (ref. 50), the intensity of
each successive sequencing peak decreases towards higher mass and ions beyond

a certain point, about m/e 1400-1600, were too weak to be detected (ref, L5).



Although it is desirable to know the amino acid content of a peptide, with the
use of permethylated derivatives this is no longer necessary for sequence
determination, as we have illustrated (cf. Shemyakin, ref. 56). The seguenc-
ing peaks are readily recognised as the principal ions in the spectrum,

The pain restriction on the use of N-rethyl peptide derivatives is
due to the residues which must be modified prior to permethylation: +the sulfur
containing amino acids cysteine and methionine, and the basic amino acid
arginine, Technicwes exist for their modification, applicable to the small
amounts of peptides usually encountered in protein chemistry (refs. 43, 74,
115), though these do not appear to be completely setisfactory.

The realisation of the potential of mass spectrometry in the seguencing
of peptides appears to lie with the development of the use of permethylated
derivatives, Other approaches, such as the use of decanoyl-peptide esters
or trifluorcacetyl-peptide esters, offer no advantages in any respect: the
preparation of the derivatives requires as meny pretreatment steps, they are
less volatile and give complex m2ss spectra that are difficult to interpret.
Even with the relatively simple spectra obtained from permethylated peptides,
there is no substitute for wide experience in the use of the technique and
the resulting intuitive judgment,

Each peptide is chemically unique and the potential pitfalls are well
illusirated by the case of the pentadecapeptides, gramicidins A and B. Lederer
(ref. 43) found that the permethylated derivatives gave mass spectra up to and
including the twelfth residue, but that the tryptophan residue in position 9
had a mass 30 m,u., greater than expected, due to the introduction of an extra
-CMe group. Extensive investigation ruled out the possibility of a pre-
existing hydroxyl group in the residue, The tryptophan in position 11 in the
same molecule behaved normally, Permethylation of synthetic gramicidin A
gave an identical result, However, use of another permethylation procedure

vielded the expected derivative in position 9 (ref. 65). In this case, the




e was known; in the case of an unknown pept

seguence of the peptid ide, the
result would not have been recognised as an artefact.

Thus, although m2ss spectrometry of permethylated peptide derivetives
m2y be routinely used to sequence unknovn peptides, the results musi be regarded
with caution; the method is probably more reliable than the existing chemical
sequencing techniques which can 2lso be misinterpreted.

Cne disadventage of mass spectrometry for peptide segquencing is the
high initial cost of the instruments. The equally acceptable "wet" chemical
techniques available 'for protein analysis, on the other hand, may be set up in
any laboratory, simply and at low cost. With both methods, considerable
experience is necessary to obtain routine, reliable results (ref 1). Nass
spectromeiry is unlikely to become the sitandard method of sequencing peptides
until equipment costs are drastically reduced.

There are several possible developments in the application of rmass
specirometry that could occur in the near future. Vhen improved instruments
with increased sensitivity become availeble, we can look forward to the com-
plete sequencing of the large pertides than can now be volatilised; for
example, a mass spectrum has been obtained from the complete A-chain of
insulin showing the five N-terminal residues (ref. 50): the ions beyond that
roint were too weazk to be detected. Alternatively, increased ion intensity
may be attained by the use of ionization methods other than electron-impact,
Cyclopeptides and simple peptide derivatives have recently been studied using
a field-ionization source (refs. 116, 117); +this forms ions of lower excit-
ation energy and usually results in an increase in the intensity of the
molecular ion. The intensity of ions resulting from simple fragmentation
processes is also increased at the expense of fragmentations involving re-
arrangements, Permethylated peptides have not yet been examined by field
ionization mass spectrometry, but the required increase in intensity of the

sequencing ions and the molecular ion may be obtained in this way, Chemical



ionization (ref, 124) is potentially able to offer these same advantagss,
together with an increased ionization efficiency.

It is possible to obtain high resolution measurement of complete m2s:3
spectra in'a very short time using an on-line computer to process the outpu
from the mass spectrometer, These installations are available and their
widespread use in conjunction with high resoclution double-focussing mass
spectrometers is not far off. The advantages of complete high resolution dnata
in the sequencing of peptides are twofold; such measurements are valuable
confirmation of the elemental compositions of the sequencing ions and hence
of the deduced sequence; further, the data can be used to unequivocally dis-
tinguish individual sedquences in mixed spectra derived from permszthylated
peptides of identical volatility (ref. 51).

Another combinzation that has been available for some time is gas-

|_I

iquid chromaztography on-line to a mass specirometer, Using GLC-MS, mixtures
of volatile compounds can be separated and the mass specirum of each component
obtained, This technique has already been applied in the sequence analysis

of peptides, principally by German workers (refs. 53,55,67). The mixture

of peptides in the partial acid hydrolysate of an oligopeptide were converted
to the trifluorocacetyl-peptide esters, and examined by GLC-MS. From the low
resolution spectra, the sequences of the di- and tripeptides cculd be deter-
mined and the sequence of the parent nonapeptide derived (ref. 53). Even

in the most favourable cases, the upper limit for the GLC of these trifluoro-
acetyl~-peptide esters is a tetrapeptide. The use of permsthylated acetiyl-
-peptides for GLC has not been investigated; <they are considerably more
volatile than simple derivatives of peptides and their separation according
to mass on a gas chromatograph using temperature programming should be
routinely possible up to hexapeptides at least. This would be a more effic-
ient version of the partial separation of mixtures obitained by fractional

distillation in the mass spectrometer. The effluent could be directly




enalysed by mass spectrometry, or the fractions collected and examined. The
use of such purified permethylated derivatives would greatly reduce the amoun®
of peptide required for successful mess spectrometry, This could be combined

with repid high resolution mass measurement of the complete spectra; computer-

0

-aided interpretation of the resulting deta would probably be desirable, e
pecially with the mixed spectra likely to result from each GLC fraction.

Clearly the mess spectrometry of permethylated peptides has great
potential for automated sequencing of proteins. In the ultimate, it may be
possible to acetylate and permethylate the enzymatic digest of a protein,
separate many of the peptides by GLC 2nd determine their structures by mass
speciromeiry. Once set up, use of such a2 method would be simple and r pid
and the elimination of technigues such 2s ion exchange chromatography and gel
filtration would minimise the amount of asmple needed,

In the more immediate future, the opinion expressed by Schroeder
(ref, 118) that "It may well be ... that high resolution mass spectromeiry
will becomz the method of choice for sequence determinations within a few
years" can becoms reality only when the methods of making derivatives of
peptides for mass spectrometry become sufficiently relisble and well under-

stood for routine and universal application.



EXPERINENTAL

Sources of amino acids and peptides are quoted in the text,
Abbreviations used are: "N.B, Co." is the Nutritional Biochemical Corporation,
“Sigma" is the Sigm2 Chemical Cempany, "M.R." is the lann Research Labor-
atories Division of Becton-Dickinson and Company, "BDH" is British Drug Houses
Ltd., England, All solvents and volatile reagents were purified by distill=-
ation, MNelting points were determined using a Reichert ho»-a,aue microscops
Literature values quoted are from Heilbron's "Dictionary of Organic Compounds"
4th edition 1965, unless otherwise stated, Reactions and work-up of the preducts
were performed at room temperature to minimise side-reactions, unless otherwise
stated, "Dried under vacuum" indicates that the product was evacuated to £0.5mm Hz
on a rotary oil pump with a liquid-air vapour trap; the pumping was mzintained
throughout, usually for 20 minutes to 30 minutes.

Thin-layer chromatography, development in a single directiion, was
used to check the identity of reaction products and estimate the progress of
reactions., Rf values are guoted relative to the solvent front=Rf100, All
layers were dried overnight at room temperature and were not activated prior
to use, The chromatograms were developed in filter-paper lined tanks pre-
-2quilibrated overnight with the developing solvent, Solvent-systems used and

their abbreviations are (ref. 119):

solvent A: chloroform (85) methanol (10) acetic acid (5)
solvent P: ethyl acetate (5) pyridine (5) acetic acid (1) water (3)
solvent Q: 4-butanol (65ml) isopropanol (15ml) water (20ml) chloroacetic acid

_ (38)
solvent BAW, A4:1:1v/v: n-butanol (4) acetic acid (1) water (1)

solvent BEW plus 1% Hic:

The developed chromatograms were dried in an air-stream at room temperature,

prior to spraying. Two spray reagents were used:
"ninhydrin/bd(OAc)z" according to Bieleski and Turner (ref.120),
and "Cl,- 1% starch/4%KI", according to Rydon and Smith (ref.80).

-




These sprey reagents could be used consecutively, the ninhvirin/ﬁd{CAc}2 firs%:,
though this resulted in 2 high background colour with +he Cla-ﬁ% starch/15%KI
spray.

Copies of the chromatograms were i2ken using ammonia~developed
print paper. The plates were placed layer-dovm on the paper and exrecsed undsr

1

a 400 watt mercury-vapour lamp at zbout 8" for 20 seconds. The COpy Was
developed in an atmosphere of ammonia end was sizble over the entire period of
research, Vhere necessary, the chromatograms were merked before copying.

For the analysis of hydrolysed permethylated beptides, two dimensional
TLC on cellulose layers was used, A modification of ithe method according to

Haworth and Heathcote (ref, 121) proved satisfactory for the identification

of Ne-methylamino acids, After development, the chromatograms were Sprays=d

o o 3 ; ; ; , 5 e
with nlnhyarln/Ca(C&c}z; on heating the sprayed chromatogzram to less then 4100°C

or standing overnight at room temperature, N-methylglycine gave a slow-developing
colour and N-metihylalanine was not detected (compare with ref. 122). On heating
o 130°C both these compounds were detected. Colours were much slower +o develep
on spraying after dsvelopment in the acid (first) solvent only, though a lower
background colour was obtained, Spraying after development in the ammonia-
conteining (second) solvent gave a high background colour., The Nealkyl-amino
acid 3pray‘according to Sheehan (ref, 122) was also used, Free amino acids were
not detected. N-methylglycine gave only a faint yellow colour, while N-methylal-
anine gave an orange-red colour.

All mass spectra were obtained using an AEI NS902 mass Spectrﬁmeter.
A11 reported metastable transitions occurred in the field-free region between
the earth-accelerating plate and the electrostatic analyser, All mess meas-
urements were within + 3 parts per million of the theoretical value for the
elementel compositions listed. Where mixtures of homologous compounds were
examined, the proportions of the constituents were estimated from the ratios of

the molecular ion intensities.,



Free peptides were routinely acetylated using (per mg pepiide)
water (1ml) and acetic anhydride (4ml); the heterogeneous solution was
shaken at room temperature for 2 hours, then evaporated to dryness at
room temperature under vacuum ( £ 1mm Hg). The residue was dissolved in
vater and re-gvaporated,.
Peptide derivatives were permeihylated using the dimsyl carbanion
of Corey and Chaykovsky. All operations were carried out under dry Oz-frec,
Coz-free nitrogen until the reaction was stopped by additicon of water,
Details of the conditions of perticular permethylations are given in the
text; the following is a more detailed description of a typical permethylaticn.
Generation of the dimethylsulfinyl sodium (Gimsyl sodium) in
dimethylsulfoxide (DNSO): NaH/oil dispersion (20mg, 50% NaH) in a two-
necked 410ml B4k "Quickfit" round-bottomed flask was pre-rinsed three times
with sodium-wire dried petroleum ether ("O -100°¢ fr raction), decanting the
superpatent, A teflon-coated stirring bar wes added end the flask was
connected to 2 vacuum/hiﬁrogen line and the other neck was "Suba" sealed,
Final traces of petroleum ether were removed by evacuating the flask on a liguid=-
a2ir trapped vacuum pump to & O,5mm Hg., The flask was then filled with nitrecgen
by re-evacuating and flushing with nitrogen, twice. Dry Dis0™ (0.20ml) was then
injected onto the NaH, using 2 dry 1ml syringe. MNagneitic stirring was main-
tained for 1 hour with the flask on an oil bath at 6500. A paraffin filled
U=-tube was used as a non-return valve to release the hydrogen evolved. The
resulting gray-green solution was removed from the gil bath, the by-pass valy
sealed off and positive nitrogen pressure re-applied. The solution was cooled
by stirring at room temperature for 5 to 10 minutes.
Permethylation: The dried acyl-peptide derivative (1-5mg) dissolved
in DMSO (0.2ml), was injected into the cooled dimsyl sodium solution, rinsing the

® DMS0 used was dry, specially prepared for silylation by Pierce Chemical
Co., supplied in a "Suba" sealed bottle under nitrogen.



flask and syringe with DMSO (0.2ml). After 5 minutes stirring at room
temperature, chilled Iz-free CHsl (O;}Oml) was injected rapidly into the
vigorously stirred solution of dimsyl sodium and acyl-peptide in DNSO0. The
gray-green solution at once turned light browm. .Affer a further 10 minutes
stirring at room temperature, water (1ml) was injected into the reaction
mixture, The {iwo-necked flask was opened and the reaction mixture extracted
with several small (1ml) lots of chloroform, The chloroform extract was
washed with several small (2ml) lots of water and the chloroform evaporated
at room temperature under water-pump vacuum. The residue, usually a light
yellow oil, was applied to the direct insertion probe for mass spectromeiry.

If necessary, the product was applied as a solution in chloroform.

ACETYLATION WITH YETHANOL ACETIC ANEYDRIDE,

Thomes, et 21, (ref.112): "The peptide is treated with methanolic
acetic anhydride (4:1 v/v)... the N-zceiyl derivative is isolated after~a few
hours at room temperature simply by evaporation of the solvent and the reagen

Evidence of diacetylation:

Exp. (1) A small amount of DL-Leu-Gly-Phe (N,B., Co.) was epplied to the direct
insertion probe for mass spectrometry., A spectrum was obtained at about 20000,
end the identity of the molecular ion and several expected fragments was con-
firmed by mass measurements, A sma2ll amount of compound m/e346 (i.e i + 11)
was also detected,

To DL-Leu-Gly-DL-Phe (2.2mg) was added methanol (2ml) and acetic
anhydride (0.5ml), The solution was kept at room temperature for 26 hours,
then.evaporated under vacuum at 50°C. The product was applied to the direct
insertion probe for mass spectrometry.

The spectrum obtained showed ions at m/e 391, corresponding to
Ac-Leu-Gly-Phe-OMe and m/e 433 diAc-Leu-Gly-Phe-Olie in almost equal amount

(Fig. 18).
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Exp. (2) A small emount of free Leu~Gly-Leu (li.R.) was applied
inserticn precbe for mass spectromeiry. Distinct specira were obtained: that
of leucine (M atm/e 131) 2nd that of Leu~Gly-Leu (X" atm/z 301). A small
amount of material with m/e 312, i.e. X + 11 was also detected,

To Leu-Gly-Leu (i.R) (4.4mg) was added methanol (4.0ml) and acetic
anhydride {1.0ml). A clear soluticn was formed after ten minutes stirring
at room temperature. This solution was kept at room tempersature for 20 hours
and evaporated at room temperature. The product was dissolved in ethyl acefate
and applied to the direct insertion probe for mass spectiremetiry.

As the temperature of the ion source was raised the spectrea of

the following compounds appeared in the order:

e
N-acetylleucine methyl ester
N-acetylleucine
N-acetylglycylzglycine methyl ester
N-acetylleucylglycine methyl ester

e

N-acetylleucylglysylleucine mothyl ester”

e

-

There was evidence of NM+42 (i.e. diacetyl) compounds in these spectre.)
Although Ac=-Leu-Oie could have arisen from free leucine contaminating the tri-
peptide (see Exp. (3) below), the dipeptides were not present initially and were
due to methanolysis of the peptide.

Exp. (3) Leu-Gly-Leu M.R. (2.7mg) was dissolved in 0.15N agueous ammonia (200pl).
Analytical TLC (250m silica gel G; solvent P; sprayed ninhydrin/Cda(0Ac),
showed two ninhydrin-positive components of Rf's 57 and 65. A single streak

(36 m1) of the peptide solution was applied for preparative TLC (250m , silica
gel G, pre-run; solvent P; sprayed with mask, ninhydrin/Ca(OAc),). Zones

Rf L7-62, Rf 62-72 were marked, eluted into methanol, evaporated at roonm
terperature and dissclved in 0,15N agueous ammonia (1COJpl). Analytical TLC
(conditicns as above) showed complete separation of the ninhydrin positive
components. The compound from the zone Rf47-62 had Rf 58 and co-chromatographed

with authentic L-Leucine (¥,R.). Thus, Leu-Gly-Leu (M,R.) was contaminated



rze leucire.

added acetic anhyéride (1 ml). The solution was kept at room temperature;

aliguots (1.0Cml) were taken at once, 1 hour, 2 hours, 3 hours and 2. hours
after the 24dition of the reagent, evaporated at room temperature and dissolved

in 0,15N aqueous amronia (100 ml1).

Luplicate amalytical TLCs (250;; silica gel G; solvent P; sprayed
ninhydrin/ Cé{Oic)o and Cl- 1% starch/ 1%KI) showed thres
ninhydrin-negetive products, Rf 70, 85 and 25. The 2 hour and 3 hour aliquois
were pcoled and preperetive TLC was performed (250pm silica gel G; solvent 2;).
The layers were partly mesked and spreyed (Cl,- 1% starch/ 17KI). The unsprayed
ereas of the three zones Rf 68-728, 82-92, 92-1C0 were eluted with chloroform
endé taken to dryness at room temperature, The products were dissolved in ethyl
acetate (50}11) and analytical TLC (copﬁitions as previously) was perforrzd.
The compounds in all three fractions chromatographed at the solvent front and
were yellow-green in colour, Apparently these were the N-chloro compecunds
(see m2ss spectrometry, below), Each fraction was applied to the direct insert-
ion probe in ethyl acetate for mass spectrometry.
Fracticn Rf 70: gave mixed spectra of N-acetylphenylalanine and N-acetyl=-
~ll-chlorophenylalanine,
Fraction Rf 85: gave mixed spectra of N-acetylphenylalanine methyl ester
and N-acetyl-N-chlorophenylalanine methyl ester,
Fraction Rf 95: gave no mass spectrum,
Exp. (5) Attempted isolation of minor product Rf 95 in solvent P, Rf 45 in
solvent A,

To DL-phenylalanine (BDH) (10.2 mg) was added methanol (4 ml) and

acetic anhydride (1 ml). The solution was kept at room temperature, Aliguots

(0.5 ml) were taken at 20 minutes, 50 minutes, 1 hour 20 minutes, 2 hours 20

-




minutes, L hours 20 minutes, 6 hours 20 minutes, 25 hours, 72 hours end 14 days.

The alACUOué were taken to dryness at room temperature, then dissolved in 0,154
aqueous ammonia (100 M1).

. Analytical TLC (250m silica gel G; solvent A; sprayed ninhydrin/
Cd(OAc)2 and 0*2-1% starch/1%KI) showed three ninhydrin-negative
products, Rf 40, 45 ané 70. The 6 hour, 25 hour and 72 hour aliguots wers nco
and preparative TLC was performed (500pm silica gel H, pre-run; solvent P;
sprayed with m2sk with 0.05% methanolic morin) and zones of Rf60-75 and RPEO-4CO
were marked and unsprayed areas eluted with chloroform, evaporated at room
temperature and dissolved in ethyl acetate for analytical TLC (250mM silica
gel G; solvent P; sprayed 012-1¢'starch/1mA . The product from the zon=z
Rf80-100 contained a single compound of Rf90 co-chromatographing with
Ac-Phe-0¥e; +the product from the zone Rf 60-75 confained a2 single compound
of Rf72 co-chromatographing with Ac-Phe, There was no sign of the expncizd
minor product of Rf95,
The ethyl acetate solution of the product from the zone of Rf80-100

was rechromatographed (500 silica gel H, pre-run; solvent A; sprayed with
mask with 0.05% methanolic morin), Zones Rf 15-50, Rf50-7-, Rf75-9C were
marked and the unsprayed areas eluted with chloroform, evaporated at room
temperature and dissolved in ethyl acetate for analytical TLC (250 silica
gel G; solvent A; sprayed 012-1% starch/1%KI) A compound of Rf 65, co-
chromatographing with Ac-Phe-OMe was found from'zone Rf 50-70 and to a lesser
extent in the other two zones, There was no evidence of the expected minor
compound of Rf 40-50 (Solvent A) in any zone.

Isolation and Identification of Products of Reaction with DL-Ala-Gly-Gly:

Exp. (6) To DL-Ala~Gly-Gly (Sigma) (102mg) was added methanol (4Oml) and acetic
anhydride (10ml) and megnetic stirring was maintained until a clear solution

formed (40 minutes). After 5% days a2t room temperature, the solution was



taken to drymess on the rotary evaporator under vacuum (S 0.3 mm Hg) at
room temperéture. A yellow oil remained.

The product was dissolved in absolute methanol (10.0ml) and two-
dimensicnal analytical TLC was performed (h}d aliquot; 250u silica gel G;

solvents 1st Dimension A, 2nd dimsnsion BEW plus 1% H Ac; sprayed ninhvérin/

Cca(Oac), and Cl,-1% starch/1%KI) (see plate 1),  Six ninhydrin-negative
products were detected,

Preparative TLC (500p silica gel H, pre-run; solvent A; sprayed
Glz—ﬁ% starch/1%KI) was performed using 600 jl (6mg) of the products in meth-
anol for each plate, FPlates were double developed in pairs. One plate from
each peir was sprayed and zones marked accordingly on the other (see plate 2),
Zones were eluted with methanol, taken to dryness at room temperature and
dissolved in methanol (100ul). Analytical TLC (2504 silica gel G; solvent 4
double developed; sprayed 012-1% starch/1%K1)(see plate 3) showed that frections
1, 2, 3, 5. and 6 were rosonably pure. Fraction L, from the zone of Rf LO-45
apparently containing two compounds, was found to contain roughly eguzl amounisz
of the products in fractions 2, 4, 5 end 6. It did not contain the compound in
fraction 3. Contamination from the other zones rust be ruled out, especially bo-
cause of the absence of product 3 with the most similar Rf value,

The isolated fractions were applied in methanol to the direct insertion
probe for mass spectrometry.

Fractions 1 and 2: did not give mass spectra.

Fraction 3: gave the spectrum of acetylalanaylglyclyglycine methyl ester
(Fig. 8).

Fraction 4: analytical TLC showed this to be a mixture not suitable
for mass spectrometry.

Fraction 5: gave the spectrum of acetylalanylglycine methyl ester
(rig. 9).

Fraction 6: gave the spectrum of acetylglycine methyl ester (Fig.10).
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H:Lgh Resolution Data:

n/e 202 = CgH, &1\‘201*

Metastable Transitions:
/2202 ——> m/e171—->n/e1L3—>n/a114

nhydride on DL-Ala-Gly-Gly (Exp. (6)).

Expected Elemental Compositions:

Cglly, 50,
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Plate 1. Products of reaction of Plate 2, Preparative TLC of the
Ala-Gly-Gly with methanol plus acetic same reaction products (Exp. (6)).

anhydride (Exp. (6)).

T

Plate 3, Analysis of isolated pro- Plate 4, Esterified, acetylated
ducts of reaction of methanol + Ala-Gly-Gly according to Geddes,
acetic anhydride with Ala-Gly-Gly et al. (Exp. (7)).

(EIP- (6))&




rfermethylation of fractions 1 and 2,

- —

To NaH/oil dispersion (23mg, 507% Nel) pra-rinsed thres timss wiilh
petroleum ether and dried under vacuum, was added dry DMSO (0.2ml)., Nagnetic

= ) . ) .
stirring under nitrogen (65 min. 70 -55 C) gave a grey-green solution of

2

imsyl sodium in DNSO which was cooled briefly (5 min.) 2t room temperature,

f

Fraction 1 or 2 was thoroughly dried under high vacuum on a liguid air trapped
pump, dissolved in a“v DiSO (0.2 ml) and injected into the DiS0/dimsyl sodium
solution, After gentle magnetic stirring at room temperature ( 5 min),’

chilled I,-free CH5I (0.3m1) was injected very rapidly into the vigorously
stirred reaction mixture, After a further 10 min, stirring at room temperature.
water (1 ml) fas injected to stop the reaction. The product was extracted

into chloroform, washed well and evaporated at rcom temperature,

Products from the permethylation were applied in chioroform to the

direet insertion probe for mass spectrometry.

permethylated acetylalanylglycylsglycine (Fig.

ction 2: gave no interpretable specirum.

ESTERIFICATION AND ACETYLATION, .

Two sets of slightly different conditions have been employesd.

A, Geddes, et al. (ref, 51):

eptide methyl esters were obtained by dissolving the peptide
(about 10 micromoles) in excess of reagent (41 ml) prepared by bubbling dry HC1
through methanol. The solutions were kept in sealed ampoules overnight at

room temperature. The ampoules were opened and the reagents taken off under

vacuum,
" N-acetylation was achieved by dissolving the residue (10 micromoles)

in excess (1 ml) of acetic acid-acetic anhydride (1:1, v/v). The solutions wsrs

kept in sealed ampoules at room temperature for 4 hours, The reagents were taken

off under vacuum in the precence of NaOH,
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Fig. (10) Mass spectrum of "Fraction 6" from the action of methanol + acetic
anhydride on DL-Ala=Gly-Gly (Exp. (6)). :
Expected Elemental Compositions:

High Resolution Data:

m/e131 = 0539N03 <:51-19Nc>3
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Fig. (11) Mass spectrum of permethylated "Fraction 1" from the action of
o methanol + acetic anhydride on DL-Ala-Gly-Gly (Exp. (6)).
High Resolution Data: Expected Elemental Compositions:

m/8329 = C15H27N305
m/e28, = C 4 }H22N 30# . | Al
n/e229 = Coty N0,

Compare with Fig, (30) between pages 92 and 93.



Zxp. (7) Trial on DL-Ala-Gly-Gly (Sigma)(2.0 mg); for the esterification

dry methanolic HC1 (6.2N)was used as dezcribed in Exp. (19). After analytical

E

TLC (see plate22),the methanol solution was evaporated at room temperature a

thoroughly dried ( £ O.5mm Hg, liguid-air trap, 20 min).

To the dried residus was added acetic acid (1.5 ml) and acetic

anhydride (1.5 ml). The solution was stirred for ons hour 2% room temperatuze,

he solution was evaporated at room temperaturs, The

Afier a further 3% hours,

preduct was dissolved in methanol (100 ml)., All anzlvses were performsd with-
- 4 -

n two days and showed no change in the pattern or proportions of products

e

over that time.
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"The peptide was esterified (0,1N methanolic HC1 at 20° for 12 hr), acetylaied
(acetic anhydride + acetic a2cid (1:1) at 20°C for 12 nr) then permethyleted’.
Exp. (8) Trial on DL-Ala Gly Gly ( Sigma)(2.0mg): for the esierification
dry methanoliec HCl (0.1K) was used &t room temperature for 12 hours as describ-
ed in Exp, (20). After analytical TLC (see plate 22), the methanol solution was
evaporated at room temperature and thoroughly dried (£ 0.5 mm Hg, liquid-
2ir trap, 20 minutes),

) Acetic acid (1.5 ml) and acetic anhydride (1.5 ml) were added to
the dried residue. The reaction mixture was stirred at room temperature for
12% hours, evaporated at room temperature, redissolved in distilled water (4 ml)

and re-evaporated, The product was dissolved in methanol (100 ml). All analyses

were performed within two days and showed no change in products over that tims,
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Analysis of the Reaction Products from Exns, (7) and (8).

Anglytical TLC (ZEQ}A silica gel G; solvents A, BEW plus 1% HAo;
sprayed ninhydrin/Cd(OAc)z and 012—1% starch/1% KI) (see plates 5 and ) was

g the product of acetic acid-water-acetic anhydride a2nd diazome-
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thans on DL-Ala-Gly-Gly 2s a refersnce compound (ses Exp. (25)). No ninhydrin-

positive material remained in either product. Both procedures had led to by-

product formation, apparently prineipally due to methanolysis in the ester-
ification step as the level of by products was much worse from the procedure
of Geddes, et al. This is in agreement with the analysis of the esterification

step (see plate 22), The expected product, Ac-Ala-Gly-Gly-Clie mekes up abou®

70% of the total products using Agarwal, et al.'s procedure.

v 3 o L3 P I O P A 2 ar 3wt
the Products of Reagtion with Vethanol + Acetic anhydride:

COMPARISON OF FOUR ACETYLATION PROCEDURES:

Exp. (9) Four samples of DL-Ala-Gly-Gly (Sigmz)(2.2 mg, 2,5 mg, 2.3 mg, 2.4 mg)
were weighed out and the acetylating reagents were addsd to each one in the order
given: methanol (3,1 ml) acetic anhydride (0.8 ml); acetic acid (1.5 ml) acetic
anhydride (1.5 ml); water (1.5 ml) acetic anhydride (1.5 ml); acetic acid (1 ml)
water (1 ml) acetic anhydride (1 ml). The four reaction mixtures were stirred
for 2 hours 10 minutes at room temperature, evaporated at room temperature,
dissolved in methanoi (1 to 2 ml) and re-evaporated. Each product was dissolved

in metheanol (100 mM1) for analytical TLC (250p silica gel G; solvents A and

BAW L:1:1 v/v; sprayed ninhydrin/Cd(OAc),, Cl,=-1% starch/1% KI)

In 2ll cases more than one ninhydrin-negative product was formed. FReac~

tion with water + acetic anhydride and water + acetic acid + acetic anhydride
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-Gly-Gly according to Geddes, et al,
and Agarwal et al. Solvent A
(Exps. (7) and (8).

LS

Plate 7.

Plate 6. Esterified, acetylated Ala-
-Gly-Gly according to Geddes, et al.
and Agarwal et al. Solvent BEW + 17%HAc
(Exps., (7) and (8)).

Plate B.

Comparison of products from treatment of Ala-Gly-Gly with methanol + acetic
anhydride and according to Geddes et al. and Agarwal et al. (Exps. (6),(7) and

(8)). Solvents A and BEW + 1%HAc.
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ave very low amounts of byproducts (Rfs 11,52 solvent 36,54 solvent BAW)

I}
.

2s well as the expected N-acetyl-tripeptide (Rf 3 solvent A; KEf 25 solvent

With vater + acetic acid + acetic anhydride, there was a large amount of

unreacted tripeptide remaining
Compound R 25 solvent BAW, tentaiively identified from its Rf value
as Ac-Ala-Gly-Gly-Oie,was found in the products of reaction with acetic acid +

acetic anhydride as well as with methanol + acetic anhydride,

Byproduct Formation in Acetylation Reactions:

Acetic acid plus acetic anhvdride:

Exp. (10) To DL-Ala-Gly-Gly (Sigma2)(5.0 mg) was added acetic acid (2.5 ml) and
acetic anhydride (2.5 ml). After 8 minutes stirring at room temperature, 2
clear solution was formed., Aliquots (0,5 ml) were tzken at the following

+imes

LF AL B

8 minutes, 1 hour
24 hours, The aliquois were evanorated at room %femperaturz in less
minutes, dissolved in distilled water (3 ml) end re-evaporated at room temperaturs

The product from each aliguot was dissolved in methanol (5OJ41) for anaLJ,Lcal

TLC (250}4 silica gel G; solvents A, BEW plus 1% EAc, BAW L:1:1 v/v, E). sprayed

3

ainhydrin/Cd{OAc)z, Cl,~1% sterch/i% KI)(see plates 9 to 42). Ninhydrineros-

itive material was only present in the 8 minute aliquot; only a very minor
amount of byproduct formation was observed; the mzjor product chromatographed
a5 a single spot in all four solvents.

ethanol plus acetic anhydrid

Exp. (11) To DL-Ala-Gly-Gly (Sigmz){5.2 mg) was added methanol (4 ml) and
acetic anhydride (1 ml). After 20 minutes stirring at room temperature, a
clear solution was formed., Aliquots (0.5 ml) were taken at the following

times after addition of the reagents: 20 minutes,¢i hour, 3 hours, 6 hours
10 minutes, 24 hours. The aliquots were evaporated at room temperature in

less than 4 minutes, dissolved in distilled water (3 ml) and re-evaporated



Plate 9. Reaction of acetic acid + acetic Plate 10. Reaction of acetic

anhydride with Ala-Gly-Gly. Solvent A acid + acetic anhydride with
(Exp. (10)). Ala.-G-ly-—Gl Solvent BEW + 1%HAc
, . (10)).

ﬁ-uj l'-\,—— U r
1@ o 25

e Ala- Gly-Gly

f

Plate 11, Reaction of acetic acid + acetic ' Plate 12, Reaction of acetic
anhydride with Ala-Gly-Gly. Solvent acid + acetic anhydride with
BAW 4:1:1 v/v (Exp. (10)3' Ala-Gly-Gly. Solvent Q

(Exp. (10)).




at room temperature. The product from each aliquot was dissolved in methanol

(50 1), Analytical TLC (250p silica gel G; solvents A, BEV plus 1% H Ac;
sprayed ninhydrin/bd(OAc)z and Cl,~1% starch/1% KI)(see plates 13 and 4),) showzd
that no ninhydrin-positive material remained in any aliquots. The product firs®
formed (Rf 3, solvent A) gradually decreased in concentration over the 24 hour

period, while the levels of four other products (Rf 13,27,52,62; solvent é)

increased,’ One product, Rf35 in solvent A, appeared to have a low but constant

Viater plus acetic acid plus acetic anhydride:
Exp. (12) To DL-Ale-Gly-Gly (Sigmz) (4.4 mg) was 'added water (4.5 ml),
acetic acid (1.5 ml) and acetic anhydride (1.5 ml). The peptide dissolved at
once, The solution was kept at room temperature and aliguots (0.5 El) were
P
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taken 2t the following times afier addition of the reagents: 1 minute; 1 hour,

3 hours, 6 hours, 2i hours. The aliquots were evaporated at rocom tempera
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sprayed ninhydrin/Cd(OAc)z, Cl,-

g
that unreacted (ninhydrin-positive) peptide remsined at a significant, constant
level from 41 hour onwards, No byproducts were destected. The reaction gave only
the desired product, but did not go to completion,

Water plus acetic anhydride:

O
Exp. (13) To DL=Ala-Gly-Gly (Sigma)(5.3 mg) was added distilled water (2,5 ml)

eand acetic anhydride (2.5 ml). Although the peptide dissolved at once, the
reaction mixture was heterogeneous. After 20 minutes shaking at room temp=-
erature, a homogeneous solution was formed. Aliquots (0.5 ml) were taken at
the following times after addition of the reagents: 40 minutes, 1 hour, 3 hours,

6 hours and 24 hours, The aliquots were evaporated at room temperature in
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Plate 13, Reaction of methanol + acetic  Plate 14, Reaction of methanol + acetic
anhydride with Ala-Gly-Gly., Solvent A anhydride with Ala-Gly-Gly. Solvent.

(Exp. (11)). BAW 4:1:1 v/v (Exp. (11)).

e

\Plate 15. Reaction of water + acetic Plate 16, Plate 15, sprayed initially
acid + acetic anhydride with Ala-Gly- ' with ninhydrin/Cd(QAc)z. Unreacted

-Gly. Solvent BAW L:1:1 v/v, sprayed peptide remains at a constant level.
Cly=1% starch1ZKI (Exp. 12)). (Exp. (12)).




less than & minutes, dissolved in distilled water (4 ml) and re-evaporated aZ

rcom temperature, The product from each aliquot was Gissolved in methanol (50;4“

A

- - PR 4 o ’ =
Amalytical TLC (250)4 gilieca gel G: wsolvents A, 'BAW L1111 w/v; sprayed miphyirin/

ce‘(o_;xc}z, '{:1:3-1?;'. gtareh/4% KI){cee platez 18 $0 20) showed thet no ninhydrin-
~vocitive material rerained after 1 hour, Only the expected product (Rf 3, sol
A, Rf 28 solvent Eﬁ;)ﬁili. v{v) wes dotected., The resction gave a high yield o
the desired azeityl-peptide with minirum by-product formation.

ieck for Chain-cleavape at the C-terminal residue:
Exp. (132) Two semples of DL-Ala~Gly-Gly (Sigm2)(5.3 mg, 6.3 mg) were weighed

out and acetylating reagents added as follows: <+to the first, (5.3 mﬂ) distille

4

fad
o

vater (2.5 ml) and scetic anhydride (2,5 ml); to the second, (6.3 mg) acet

ecid (3.0 ml) and 2cetic anhydride (3.0 ml), Both reaction mixitures wers stirr

kept a2t room temperature for 1 hour, and re-evazporated to dryneszs ail rocm

d in methancl (500 ml, 600 ul) end
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aliguots (100)41 each) taken for analytical TLC. ¢he remaining solutions

4]

were made up to about 1 ml with methanol, esterified with ethereal diazomethan
(2 millimoles) for two hours at rcom temperature and evaporated at room temp-

erature, The products were dissolved in methancl (2CO u1, 290);1) Analytical

TLC (250p silica gel Gy solvent A, sprayed n*nhvdrln/Cd(Onc)z and 612 i% starch

1% KI)(plate 21) was carried out under identical conditions after the final
methanolic saturations had been standing at 3°C for 1 day. DNo significant
byproducts were detected in either case,

ESTERIFICATICN PROCEDURES:

Methanol/acetyl chloride:

The Fischer esterification generating the methanolic ECl by atdition

of acetyl chloride to methanol (ref.85).

ed

=

After standing 21 hours, both soluticas wa:



!

Solvent A

Plate 17. Reaction of water + acetic Plate 18, Reaction of water + acetic
acid + acetic anhydride with Ala-Gly=- anhydride with Ala-Gly-Gly. Solvent ‘

-Gly. Solvent A (Exp. (12)). BAW 4:1:1 v/v (Exp. (13)).

mamas o B

~

Plate 19, Reaction of water + acetic Plate 20, Plate 19, sprayed with
anhydride with Ala-Gly-Gly. Solvent A, ninhydrin/Cd(0OAc),. No unreacted
sprayed Cl,-1% starch/1%KI (Exp. (13)). peptide remains after 1 hour (Exp.(13)).



Exp. (14) To Phe-isp-ila-Ser-Val (M.R.)(5.1 mg) was added methanol (5.0 ml) anc
acetyl chloride (ﬁOO)Al). The peptide dissolved at once., The solution was kept

at room temperature for 19 hours, evaporated at room temperature, dissolved in

meihanol and re-evaporated,

the dried product., The reaction mixture was stirred a%t room temperazture for
two hours, evaporated at room temperature (15 minutes) and applied %o the
direct insertion probe for mass spectrometry.

A series of spectra were obtained as the temperature of the ion

source increased (see Figs. 12,13 and 14):

at 170° - 190°C: mixed spectra of Ac~Phe-fgp-Cle and Ac-Phe-Asp-Ala-OMe wers obicinad
e e
at 200°¢: the spectrum of Ac-Phe-Asp~Ala~Cle was obtained.
Qe
) 0. . : ; ,
at 230 = 2:0°C: A sirong spscirum of the expscted product, Ac-Phe-A%p—Ala-S?r-
(Va fidm

-Val-Cle was obtained,
No other vroducts could bz detected.
Exp. (15) To DL=R -phenylalanine (3DH)(2.5 mg) was added methanol (2.0 ml) and
acetyl chloride (50 ml). The amino acid dissolved at once. The solution was
zept a2t room temperature for 163 hours, evaporated at room temperature and diss-
olved in C.15N aqueous ammonia (200m1). Analyticel TLC (250 silica gel G;

solvent BEVW plus 1% HAc; Sprayed ninhydrin/Cd(Cﬁc)z) showed equal 2mounts of

unreacted free phenylalanine (Rf 52) and phenylalanine methyl ester (Rf 72).
Exp. (16) To DL-Ala-Gly-Gly (Sigmz)(3.9 mg) was added absolute methanol (3.C m1)
and acetyl chloride (1CO al), The peptide dissolved at once. The clear solut-
ion was kept at room temperature for 33 days, evaporated at room temperature,
then dissolved in methanol and re-eveporated several times. The product was
dissolved in methanol (500 M1). Analytical TLC (250m silica gel G; solvent

BAW L:1:1 v/v; sprayed ninhydrin/bd(chc)é) showed only a very smzll ‘amount

* Absolute methanol was prepared according to Vogel, 3rd Edn, p. 169.
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Fig. (13) Spectrum of obtain=d at 205°C from the crude product from
esterified, acetylated Phe-Asp-Ala-Ser-Val (Exp. (14)).

The spectrum is that of Ac-Phe-Agp-Ale-Cie with molecular ion at m/e 421.
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of unreacted peptide (Rf 20)., However, four ninhydrin-positive products werc

found in roughly equal amounts: Rfs 33,36,40 and 44, This was taken to show

]

8

Use of 2.2'-dimatnoxy; opane :

Esterificetion according %o G.C. Uhle (ref. 90) 2,2'-dimethoxypropans

is added to The reaction mixzture to act as a water scavenger.

Studies of the progress of the esterification were performed:

Exp, (17) To DL- B -phenylalenire (BDH)(5.5 mg) was added absolute methancl
(1.5 ml) ,acetyl chloride (1CO ml) and 2,2'-dimethoxypropane (1.5 ml). The eecid
dissolved at once, Aliguots (0.25 mi) were taken at the following times aftsr
addition to the reasgents: 4 minute, 1 hour, 4+ hours, 24 hours and 77 hours,

The alicquots were evapcrated at room temperature (in a few seconds) dissolvesd

re-evaporated several times. The resicdues contained an
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in methanol (50 uml) . Analytical TLC (250m silica gel G; solvent BEV plus

W
— e st

1% HAc: sprayed ninh;drir/Cd(OAc)z} showed that no unreacted phenylialanine

remained after 77 hours, MNore than cne ninhydrin-positive product was formed.
The red gum-like residve was produced in increasing amounts from 4= hours to

77 bhours., It was not positive to ninhydrin and a solution in dilute agueous
ammonia vas light yellow, changing to red on acidification.

Exp. (18) To DL-Ala-Gly-Gly (Sigma)(5.6 mg) was added absolute methanol (1.5 ml)
acetyl chloride (100 m1l) and 2,2' -dimethoxypropane (1,5 ml). The peptide
dissolved at once, Aliquots (0,25 ml) were taken at the following times after
addition of the reagents: 41 minute, 1 hour, 47 hours, 24 hours, 77 hours.

The aliquots were evaporated at room temperature (in a few seconds) redissolved
in methanol and re-evaporated several times. The residue contained an
increasing amount of red gum, The product from each aliquet was dissolved

in methanol (50 al). Analytical TLC (250m silica gel G; solvent BEW plus

1% H Ac; sprayed ninhydrin/bd(QAc)z) showed that no unreacted peptide rermained



after 77 hours. The red gum-like residue had Rf 80-85, was produced in incresas-
ing arount from 43 hours to 77 hours, was not positive to ninhydrin, was yellow
in alkaline sclution and red in acid. It was apparently identicel with the rec
gum preoduced in the resction with phenyleienine. A compouné (Rf 22) was the
first product. A second compound (Rf 28) becams 2 significent procuct after
hours when the reaction was still incomplete: the two were present in
equal amounts after 77 hours when no free peptide remained.

- L. -
1

Esterification with dry methanolic hydrogen chloride:

Two veriations of ihis esterification mzthed had been used in prep-

ering peptide esters for acetylation and permethylation prior to m2ss spectrom—

Generation of dry methanolie hydrogen chloride:

All-glass, oven~Gried apparatus was used. Concentrated sulpnuric acit
was run onto lurps of sodium chloride, Tae gas evolved was dried wi
ted sulphuric acid, then bubbled into anhyérous, sbsoluie methanol (65 m1) whieh
was ccoled on ice, Afier one hour the weighit gained by the methanol solution
vas recorded (14.9 g). The solution of hydrogen chloride in methanol was 6.2N.

Ao esterification after Geddes, et al (ref. 51):

"Dissolve the pepticde (about 1G)meles) in 1 ml of the resgent prepared by
bubbling dry #C1l(g) through methanol, sezl and leave overnight at fgom temper -
ature”, The stirength of the methanolic HC1l was not specified; this was taken
to mean that it was not considered critical.

Exp. (19) DL-Ale-Gly-Gly (Sigme)(2.0 mg) was dried under vacuum ( £ 0.5 mm Hg;
liquid-air vapour trap 30 minutes) and suba sealed under dry nitrogen. Anhydrous
methanolic HC1l (1.C ml, 6,2N) was injected onto the peptide, which dissolved

at once, The clear solution was kept at room temperature for 13 hours, evapcraied

at room temperature, redissolved in methanol and re-evaporated several times,

The product was dissolved in methanol (100ul) for analytical TLC (see over).



B. esterification after Agarwal, et al (ref. 52):
W, S . S ) .
"0,1N methanolic HC1 2t 20 C for 42 hours".
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\. 2

[zt
W
o
-
P
ro
(&)
—
&)
L‘ 1
1
—
1-.3
()
0
ﬁ
L
;_.l
i
——
w
;.Jn
o
H
5]
S
—
n
»
s}
2]
{t
-
)
L]
QJ
1]
| a2
)
s

ilicuid air vapcur trap; 30 minutes) a2nd suba seczled under dry nitrogen.
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in methanol an re-evaporated several times, The products were each dissolved
in methanol (100ul).

Analytical TLC (250p silica gel G; solvent BEV vlus 4% HAc,

double-developed; sprayed ninhydrin/Cﬁ(OAc}?) (plate 22) was performed _the
sare day. At lsast three ninhydrin positive products were found.
TV aw

e - T i - = - 3 = e 3 - - £
6.2N methanolic HC1 has 122 4o more extensive methenolysis of 4he pep

AXE - % L5 +1 -y o) - S - I =N
o] HCl. In both cases there was virtuzlly no unrcacted pentide left.

FAc; spreyed ninhydrin/Ca(Oic),, Cl,-1% starch/?% KI) showed that as well as
The ninhydrin-positive products (Rfs 18,23,29) thers was one not positive to
ninhydrin with Rf L7, in higher concentration in the products from reaction
with 6.2N methanolic HC1,

C. Study of the progress of reaction, esterifying with dry methanolic HC1:

Exp. (21) DL-Ala-Gly-Gly (8igm2)(3.1 mg) was dried under vacuum ( £ 0.5 mm

b
4

g; liquid air trap; 20 minutes) and suba sealed under dry nitrogen,

W

Anhydrous methanolic HC1 (1,5 ml, 6.2N) was inject2d 2nd +he pep*ide dissclved
at once. The solution was kept in a dessicator at room temperature. Aliquots
(0.20 ml) were taken by dry syringe av the following times after addition of
the reagent: 1 minute, 1 hour, 3 hours, 6 hours and 24 hours., The aliquots
were thoroughly dried at room temperature and each aliquot was dissolved in

methanol (50 ul).



Exp. (22) DL-Ala-Gly-Gly (6.1 mg) was dried under vacuum ( £ 0.5 mn Hg,
liquid=-a2ir trap, 20 minutes) and suba-séaled under nitrogen. Anhydrous methanol
(6.0 m1) was injected, followed by anhydrous methagolic ECL (100l , 6.2N). The
poptide dissolved at once, The solution was kept in a dessicator ai rcom temp-
erature, Aliguets (0,5 ml) were taken by dry syringe at the following times

aftor addition of the reagent: 1 minute, 1 hour, 3 hours, 6 hours and 24 hours.

Analytical TLC (QEQ}L silica gol G; solvent BEV plus 1% HAc; sprayed

1

ninhydrin/Ca(0Ae),)(see plates 23,24) vwas performed the sare day. The patiern

ninhydrin-positive products are formed. Tne compound first formed has Rf 18,
the second Rf 15 and the third Rf 24, No unresacted peptide remainsd afier 3
£ter 6 hours using 0.4N ECL in msthanol,
At this svage, extensive mathanclysis has cocecurred with toth reagenis.
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An ethereal solution of diazomethane was prepared as follows:

Methyl cellosolve (35 ml) diethyl ether (25 ml) and 60% agueous potassium
hydroxide (10 ml) were chilled in ice., Ne-methyl-N-nitroso-toluens-p-sulphon-

amide (2,14 g) Qas added and the mixture chilled in ice for a further 415 minutes,
On gentlé warming an ethereal solution of diaz omethane distills, recovery gbout
15 mls containing about 0.2 g (5 millimole) diazomethane,
Exp. (23) A small sample of Gly-DL-Val (N.B.Co) was introduced on the direct
insertion probe for m2ss spectrometry. The specirum obtained at 200°C showed the
expected molecular ion of m/e 174 and no peaks of higher mass.

Gly-DL-Val (NBCo) (1 mg) was suspended in methanol (2 ml). An ethereal



Plate 21, Check for chain cleavage in Plate 22, Esterification of Ala-Gly-Gly
reaction of acetic anhydride + water with O.1N and 6.2N HCl in methanol.
with Ala-Gly-Gly. Reaction products Sprayed with ninhydrln/bd(OAc)

treated with diazomethane (Exp. (15a)) (Exps. (19)and (20)).

by

Plate 23, Study of the progress of the = = Plate 24, Study of the progress of

reaction, esterifying Ala-Gly-Gly with the reaction, esterifying Ala-Gly-

0.1N HC1l in methanol (Exp. (22)). -Gly with 6.2N HC1l in methanol
(Exp. (21)).




solution of diazometane (2 ml) was added, The peptide at once dissolved with
vigorous evolution of gas; excess diazomethane was added and the solution lef:
in ice for 1 hour. Excess diazomsthane was removed by gentle varming end the

solution evaporated at room temperature, The produc
to the direet inserition probe for mess spectromstiry.

VI e ] b P Zocao e ooy - . 5
ed spa2cira observed coniained the series of ions: the expect-

[S
)
\D
B

ed molecularion m/e 188, and icns a2t r/e 202, 216 and 230. Initielly m/e 215

3

w2s the most intense of these, though afier a2 short time +he ratios of intens-

ities settled at 10 to 2 to 1 t0.05. The mess svectra did not indicate the

Exp, (2k) DL-Ala~Gly-Gly (Sigma)(3.0 mg) was suspended in methanol (2 ml).

o d

Excess ethereal diazomsthane (5 ml, 1% millimoles) was added ané the yellow
suspension stirred for 30 minutes ai room tempersziure, ZIxcess dizzomethane

— - - - <7 - 3 3 - - - - S - —— &y
wasS removed dy gentlie warming and the soluticn evaporated 2t room tempersiure,

7 3 8 - T4 ua + 3 ) +3 v o = = i Aoy
<42 resicue w2s applied %o the direct inseriion probe for rm2ss specirometry,

The mixed spectra obitained at a sample temperature of 160°C showed
the expected molecular ion at m/fe 217 and equally intens2 homologous icons at =ie
m/e 245 (Fig, 16). The mass specira did not indicate the location of the
extra methyl groups. An intense ion at /e 242 and its horologue at m/e 256
cculd not be explained,
Exp. (25) To DL-Ala-Gly-Gly (Sigma)(3.3 mg) was added distilled water (4.0 ml),
acid (1.0 ml) and acetic anhydride (1.0 ml). The peptide dissolved at once. The
solution was kept at roonm temperature. Aliguots (1.0 ml) were %aken 2 hours,
L hours and 6 hours after the addition of the reagents, evaporated at room temp-
erature, redissolved in methanol (41 ml) and re-evaporated twice. The product

from each aliquot was dissolved in methanol (1.1 mls) and an aliquot (100ml)

removed for analytical TLC (250}; silica gel G; solvents BEW plus 1% HAc,

BAW 4:1:1 v/¥; sprayed ninhydrin/Cd(OAc)2 and Clz-iﬁ starch/1% KI). Acetylation

-y



Fig. (14) Mass spectrum of Ac-Phe-Asp-Ala-Ser-Val-Cie;

Olle QAc
sece Fig, 4 between pageslL§ and 50 ,
High Resolution Data: Expected Elemental Compositions:
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Fig. 15 Mass Spectrum of Gly-DL-Val ireated with diazomethane (Exp. (23)).
Theoretical molecular ion for Gly-DL-Val-Ciie is at m/e188,

High Resolution Data:
m/e72 = C,H, N

The fregment I}TH-CH2-C-'.:—‘.O+, m/e72 is not present.
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was at least 95% complete in all three aliguots and no significant by—pfoducta
were detected,

Excess ethereal diazomethane (5 ml, 1% millimoles), generated as
previously described, was added to each of the methanol solutions of the acet-
ylation products. The yellow solutions were left at room temperature for 1 hour.
excess diazomethane removed by gentle ‘warming and the sclutions evaporeied at room
temperature. The products wers each dissolved in methanol (10Q}4L). Analytical

TLC (250)4 silica gel G; solvents A, BEW plus 1% H Ac, BAW 4:1:1 v/¥, 9;

spreyed ninhydrin/Cd(OAc), and Cl, -1% starch/1% KI) showed that the small amount
of free peptide had given rise to at least two ninhydrin-positive products,

while the acetyl peptide had given a single ninhydrin negative product.

i

RVETHYLATION, USING THE HAKOMORI-VILKAS TECHNIQUE:

4 by - . P ] , & o
%p. (26) ZExzperimental conditions sccording to Thomas (refs. L5, 63)-_

=1

To DL-Leu-Gly-Phe (NBCo.)(2 mg) was added methanol (2 ml) and acetie
enhydride (0,5 ml). After 28 hours stirring at room temperature the solution
was evaporated at 50°C, dried under vacuum ( £ 0.3 m Hg) et 60°C 2nd "Suba" sealed.

To NaH/oil dispersion (80 mg, 50% NeH) pre-rinsed several times with
dry hexane and dried under vacuum, was added dry DNSO (0,8 ml) under nitrogen.
The temperature of the reaction mixture was raised to 110°C, and quickly cooled
to room temperature. A portion of the grey solution (0.2 ml) was addedby
syringe to well-dried Ac-DL-Leu-Gly-Phe (2 mg) under nitrogen. After 15 minutes
stirring at room temperature, chilled Iz—free CH31(0.3 ml) was injected into
the reaction mixture, After a further 1 hour 4O minutes stirring at rocm
temperature, water (1 ml) was injected to stop the reaction. The product was
extracted into chloroform, washed, evaporated at room temperature, and applied
in chloroform to the direct insertion probe for mass spectrometry.

The initial spectrum contained a strong peak at m/e 448 but the

relative intensity of this peak dropped and a fairly satiafaétory spectrum was
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Fig. 16 Xass spectrum of DL-Ala=Gly-Gly troated with diazomethane, Theoratical
molecular ion for DL-Ala-Gly-Gly-Ole is at m/e217.
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Fig. 17 Mass spectrum of permethylated Ac-Leu~Gly-Phe showing partial
methylation (Exp. (26)).



of the peptide bond. However, in the region of the expected molecular ion
at m/e 436, which was absent, there were a number of other strong ions. There
was no sign of peaks 14 m.V¥, higher than the expected sequencing peaks, but
there was evidence of pe2ks 14 m.au, lower indicating that the compound wes
not fully methylated.

Examination of the spectrum of the acetylated peptide from above
prior to rermethylation showed no unesterified Ac-Leu-Gly-Phe, A spect?um
corresponding to Ac-leu-Gly-Phe-0Oile was obtained, though the expected molecular ion
at m/e 391 was accompanied by ions of almost equal intensity at m/e 401 and m/e
433 (Fig. 18).

Although Thomas' reaction conditions had not been exactly duplicated,
especially in the acetylatiecn which had gone on for longer time and been worked
up at higher temperatures (500-6000), these poor results led to an examination
of other methods of acetylation and the conditions for generating the carbanicn,
Exp. (27) Large scale prepartion of dimethylsulfinyl cerbanion: according to
Corey and Chaykovsky (ref. 96).

NaH/o0il dispersion (2.15 g, 50% NaH) was rinsed three times with dry
hexane, decanting the supernatant, ZFinal traces of hexane were removed under
vacuum. Dry redistilled DNSO (20 ml) was injected under nitrogen. Iagnetic
stirring was maintained at 6,.°c - 68°C for 1% hours, when evolution of gas had
ceased.b A liquid paraffin filled U-tube was used as a pressure-release valve.
The product was stored under nitrogenat -20°C. The product was a dark-grey
cloudy solution., In contrast to the description given by Corey, no yellow
colour was observed, though traces of product in the reaction vessel went
yellow on exposure to air or on overheating.

Permethylation Conditions:

To investigate conditions for permethylation pure acetylphenylanine
methyl ester was used:

.
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Fig. 18 Kass spectrum of DL-Leu-Gly-Phe treated with methanol + acetic
anhydride (Exp. (1)).
High Resolution Data: Expected Elemental Composition:
m/el33 = 0221‘:31“306 022H31N306 (diacetyl)
m/e156 = Cgily), N0, Cgiy, N0, (moncacetyl)



Methanol (150 ml) was added to DL- @ -phenylalanine (BDH)(5.0g). The
mixture was chilled in ice and thionyl chloride (20 ml) was added dropwise with
stirring., The clear solution formed was refluxed for 3 hours, then evaporated

nder vacuum, The pale yellow solid was recrystalised from ethanol-diethyl ether,

o o

£

3 ; 3 s e ok 0= == C :
‘he fine white crystals decomposed at about 150 °C. Literature valus 4158 C, deccume,.

=]

A solution of the phenylalanine methyl ester hydrochloride was
neutralised with sodium bicarbonate and extracted with diethyl ether. Evapor-
ation of the ether gave a yellow oil which went solid on standing.

Methanol (10 ml) was added to this solidl(1.0 g) followed by acetic
anhydrics (0,7 ml). After 3 hours stirring at room temperature, the solution
was evaporated under vacuum. The white so0lid remaining was dissolved ih
chloroform and washed successively with 1N HCl, 5% N ECO3 and distilled water.
After drying, the sclution was evaporated,

The white solid product was analysed by TLC and mass spectrometry and
shorm to be pure acetylphenylalanine methyl ester.

Acetylphenylalanine methyl ester was permethylated under a variety of
conditions, using the solution of dimsyl carbanion in DNMSO previously generated
(see Exp. 27) end stored ai -20°C for eight weeks,

Exp. (28) Acetylphenylalanine methyl ester (2.3 mg) was dried under vacuum

( & 0.5 mm Hg, liquid-air trep, 30 minutes) then "Suba" seazled under nitrogen.
Dimsyl sodium in DN3O (0,2 ml) was added by syringe. After stirring 30 minutes
at room temperature, chilled Ié—free CH5I {0.30 ﬁi) was added dropwise by syringe.
After a further 1 hour stirring at rodm temperature, water (1 ml) was injected

to stop the reaction. The product was extracted into chloroform, washed with
water, evaporated at room temperature and applied to the direct imsertion probe
for mass spectrometry.

The expected spectrum, molecular ion at m/e 235 was obtained briefly
on insertion of the probe, This was quickly replaced by a similar spectrum in

which m/e 235 and those fragments derived from it which still contained the ester



group (N=91, li=91-42, k=73) were missing (Fig. 19). Several new pesaks appearecd

]

ot

at mass up to m/e 284. High resolution measuremsnts showed some of these to be
sulphur containing. A&pparently some form of substitution had oscurred ai% the
ester group. q

Shorter ecuilibration time with dimsyl carbanion:

Exp. (29) Acetylphenylalanine methyl ester (3.5 mg) was dried under vacuum then
"Suba" sealed under nitrogen, Dimsyl scdium in DNSO (0.20 ml) was added by
syringe. The solution was stirred at room temperature and chilled, I,=free
CH5I(O.BO m;) was at once added dropwise to the solution., After 1 hour
stirring at rcom temperature, water (1 ml) was injected to siop the reaction.

The product was extracted into chloroform, washed, evaporated a2t room temp=-

erzture and applied to the direct insertion prcbe for mass spectromstry,.
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xpected molecular ion a2t m/e 235 came up at & sample temperature
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of 70°C, but was quickly replaced by ions at mfe 245, 259 (Fig, 20). The metast-
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m/e 204, 245 and 266, No metastables were detected for the ion at m/e 259.
Dropping the energy of the ionising electron beam also indicated that m/e 253
vas a molecular ion, 25 all other peaks in the spectrum decreased markedly in
intensity with respect to it.

Short equilibration time with dimsyl sodium and reduced reaction time with

methyl jodide:

Exp. (30) Acetylphenylalanine methyl ester (2.9 mg) was dried under vacuum and
"Suba" sealed under nitrogen, Dimsyl sodium in DMSO (0.20 ml) was added by syringe.
The solution was stirred at room temperature and chilled I2*free CHBI (0.30 ml)

was at once added, After L minutes stir;ing at room temperature, water (1 ml)

was injected to stop the reaction, The product was extracted into chloroform,
washed, evaporated at room temperature and applied to the direct insertion

probe for mass spectrometry.

A spectrum including the expected molecular ion at m/é 235 was observed
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Fig. 19 Lkass spectrum of permethylated Ac-Phe-Ole, 30 minutes with dimsyl

sodium and 1 hour with methyl iodide ’“-p (28)).

High Resolution Data:

m/e281 = 015'23 10,8 n/e260 = C,gHo,N0,
n/e266 = C, 0,8 n/e24f = G, H, N0,
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Fig., 20 lass spectrum of permethylated Ac-Phe-Olie, 3 minttes with dimsyl
sodium and 1 hour with methyl iodide (Exp. (29)).
High Resolution Data:
n/e259 = _C16H21N°2
m/e245 = 015H19N02

m/e235 = 13 17N0 and C15H2302
n/e176 = C,4H,,NO

m/e162 = C, _H, .0, - therefore not due to incomplete methylation.
Metastable Transition:

m/e21;_5 —> n/e176 (~C,H0)



for e short time. The principal spectrum had ions up to m/e 337 (Fig. 21).
In general the product was the seme as from the previous two permethylations,
despite the very short reaction times,

Use of freshly generated dimsvl solution:

Exp. (31) ©Nel/oil dispersion (20 mg, 50% NaH) was rinsed three times with dry
oo 3 o o . " s i i
petroleum ether (80 - 100 C fraction) decanting the liquid. Final traces of

etroleum ether were removed under vecuum, and the flask "Suba" sealed under

L5

nitrogen. Dry DiSO (0.20 ml) was added by syringe. A liquid-paraffin filled
U=-tube was used 2s a pressure release valve, The mixture was stirred at 650
for 65 minutes, then cooled to room temperature, Acetylphenylalanine methyl
ester (2.5 mg) was added, After five minutes stirring, chilled Iz-free CE}1
(0.30 ml) was added dropwise, Stirring was continued at room temperature for
1 hour, Vater (4 ml) was injected to stop the reaction, The produet was
extracted into chloroform, waeshed, eveporated and applied to the direct inser-
tion probe for mass spectrometry,

The expected snecirum was obtained "probe-cut" over a prolonged tirs.
The molecular ion at m/e 235 vas accompanied by an ion at m/§ 24,9 about 25% as
intense, The spectrum was similar to the "expected spectra" obtained from the
three previous permethylations, although the higher homologous peaks were absent
in the previous spectra,

On heating the sample at 4120°C the molecular ions vanished and a new
spectrum was obtzined (Fig. 22). Some peaks were common to both spectra. The
molecular ion eppeared to be at m/e 323, Although it was difficult to interpret
the spectrum exactly, it clearly arose from a compound substituted at the ester

group of the acetylphenylalanine methyl ester,

Permethylation of Acetylphenylalanine:

Exp. (32) Methanol (10 ml) was added to DL~ B -phenylalanine (BDH)(1.0g).
Acetic anhydride (0.7 ml) was added to the stirred suspension. After 30 minutes

stirring at room temperature, the solution was evaporated., The solid residue
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Fig. 21 kass spectrum of permethylated Ac-Phe-Cie, 3 minutes with dimsyl sodium
‘ and 4 minutes with methyl iodide (Exp. (30)).
Fetastable Transitions:

m/e323 —> m/e260

m/e309 —> n/e2ib
n/e29, —> m/e2ib
n/e284 —> m/e265 (strong)
2%
7
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Fig. 22 Nass spectrum of permethylated Ac-Phe-(Cile, 5 minutes with dimsyl

High Resolution Mezsurements:

m/e263 = €y H4gMp05 m/e228 = 015H1BN0
1/e260 = C, gHooN0, n/e218 = C, PP
n/e259 = C,4Ho, N0, m/e216 = Cyy,Hy g0
m/e2l, = C15H18N02 n/e176 = C,4H,,NO

sodium generated "in situ", 60 minutes with methyl iodide (Exp. (31)).



wzs dissolved in 0,1N agqueous NaQOE, washed with chloroferm, acidified and ex-

tracted into ethyl scetate, The ethyl acetate solution was washed with dilute

e

acid and water, dried end then evaporated. The white solid product was driesd
under vacuum at EOOC. Analytical TLC in four solvents revealed only ons comn-
ound, chromatographing in the position expected for acetylphenylalanine,

NeB/oil dispersion (24 mg, 50% NeH) was used to generate dimsyl socium
in DiSO (0.20 ml), as previously described. Acetylphenylalanine (3.2 mg) was
adéed under nitrogen. After 5 minutes, chilled I,~free CH5T (0.30 m1) was
added by syringe to the stirred sclution., After 1 hour stirring at room temp-
erature, water (1 m1) was injected to stop the reaction and the product was
worked up and applied to the direct insertion probe for mass spectirometiry.

A strong spectrum was obtaired, "probe-out" at room temperzture

(Fig. 23). This was interpreted as due to a mixture of two homologous comp-

ounds with molecular ions at m/e 235, 249. The retio of intensities was 3:1. On

heating the ion source, rrobe in, only two weak ions with m2ss higher then

m/e 249 were ocbserved, at m/e 323, 263, lNetastable detection indicated that these
did not arise from the same compound, An ion at m/e 323 had been observed in

the spectra of permethylated acetylphenylalanine rethyl ester,

ZRIETHYLATION OF ACYL-FPEPTIDE ESTERS.

Perrmethylation of Ac-Fhe-Asp-Afla=-Ser-Val-Olie:
Ciie
Exp. (33) Phe-Asp-Ala=Ser-Val (M,R.) was esterified with methanol + acetyl

chloride end acetylated with acetic acid + acetic anhydride and a portion of
the product was examined by mass spectrometry, as previously described (see

Exp. (14)). This showed the expected spectrum of Ac—P}w-Agp-Ala-SEi-Val-m&e
e c

with molecular ion at m/e 649,
This product (about 2 mg) was dried under vacuum ( £ O.4 mm Hg, liquid-

2ir trapped pump, 30 minutes), "Suba" sealed under nitrogen, and dissolved in

DNSO,
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Fig., 23 Nass spectrum of permethylated Ac-Phe-CH, L minutes with dimsyl
sodium generated "in situ", 60 minutes with methyl iodide (Exp. (32)).

Cn further heating of the sample, ions were observed at:

n/e325 = Coptins N 3 and m/e263 = C‘h,‘.h_--.‘z9I\;2Ci3
Metastable transitions:

1/e305 —> r/s263;
Thers was no r2iastable corresponding to m/e323 giving rise to m/e263.



Fai/oil dispersion (21 mg, 50% Ka¥) was used to generate dimsyl sodium
in DMSO (0.20 ml) as previcusly described, heating for 66 minutes at 70" to 50 C.

After cooling to room temperature, the dried diaceiyl-peptide diester was added

L3

in DMSO (0.4 ml) by syringe. After 5 minutes, chilled I ~Tree cx—:51 (0,30 ml) was

m

dded dropwise to the vigorously stirred solution. After a further 20 minutss

stirring at room temperature, water (1 ml) was injected to stop the reacticn,
the product extracted into chloroform and applied to the direct insertion probe
for mass spectrometry.
As the temperature of the ion source was increased, there was some

; o o i (o} o 2
evidence of spectra at about 135 C and 185 C. At 2207 = 230°C an intense
spectrum was obtained with no obvious molecular ion (Fig. 2h)., This spectrum
was very different from that of the permethylated acetyl-peptide (see Exp.(47),

-

Fig. 41) although the normel seguencing pezks are present in both spectra up t
and including the seryl residue., Obvious differences in this spectrum are the
intense ions at m/e 428 and m/e 543 and the ebsence of the theoretical molecular
ion(s).

Exp. (34) Phe-Asp-Ala-Ser-Val (M.R,)(2.7 mg) was suspended in methanol (3.0 ml)
and acetyl chloride (40 ml) added., The peptide dissolved at once, After standing
at room temperature for 18 hours, the sclution was evaporated at room temperature.
Acetic acid (1.25 ml), water (0.50 ml) and acetic anhydride (1.25 ml) were added,
the solution stirred at room temperature for 2 hours, evaporated at room temp~
erature, dissolved in water and re-evaporated. The product was dried under vacuum,
"Suba" sealed under nitrogen and dissolved in DﬁSO (0.40 ml).

NaH/0il dispersion (20 mg, 50% NaH) was used to generate dimsyl sodium
in DMSO (0,20 ml) as previously described, heating at 7a°-58°c for 1 hour, After
cooling to room temperature, the dried acetyl peptide ester in DMSO was added by
syringe., After 10 minutes; chilled I2-free CD3I (0,25 ml) was added dropwise to
the vigorously stirred solution., After a further 12 minutes stirring at room

temperature, water (1 ml) w== “9'-cted to stop the reaction, the product extracted
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Fig. 24 Nass spectrum of permethylated Ac~Phe-As
of cyclisation at both ester groups. b

High Resolution Data:

m/e347 =
m/e 361
m/el;28
m/ell6 =
m/e511
m/e 543
m/e547
m/e561
m/e571
m/é?25

m/e739=

]

CygHa3505

C19H25N205

C23t30M30g
C2§H32N306
027H35N403
Cags9M,07
Co7M39",%8
028H41NL08
€ 50M,3,07
€ 59t59Ns0g
ChOH61N508

normal sequence ion
normal sequence ion
cyclised at aspartyl
normal sequence ion
cyclised at aspartyl
cyclised at aspartyl
normal sequence ion
normal. sequence ion
cyclised at aspartyl
cyclised at both esters

cyclised at both esters

275
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p-Ala-Ser-Val-Qile (Exp. (33)). The spectrua shows evidence

Netastable Transitions:
m/e5h3 ——> m/ch28
m/eShs —> m/e511
m/e 739 ~——> m/e571
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"early" spectra, At 220°C a strong spectrvm was opteined, which 4id not sheow

A

the expected molecular ion, thougn there were several intense icns in thi
region (Fig. 25). A notable feature is the absence of any evidence o
ester et the aspartyl residue, which should give a fragment ion at w/le 353,
Although the expected sequencing peaks up to and including the seryl residue

are present, there are many other sironger ions which cannoi be readily

Exp. (35) To Phe-Asp-Ala-Ser-Val (M.R.)(2.0 mg) was added water (2.5 ml) and
acetic anhydride (2.5 ml). The heterogensous mixture was stirred at room temp-
erature for 2 hours, and the resuliting clear solution was evaporated at room

idue redissclved in water aznd re-evaporaied.

e, th

(4]

r

(1]
]

The product was dissolved in methanol (2,0 nl) and chilled at <2070
Ethereel diazomethane (6 ml, .002 mole) generated from N—methyl-N-nitro§otoluens—
p-sulphonamide as previously described, was added and the yellow solution left
at room temperature for # hours, then evaporated, dried under vacuum ( £ 0.5 mr¥g,
liguid-2ir trapped pump, 20 minutes) "Suba" seazled under nitrogen and dissolved
in DMSO (0.45 ml).

NeH/oil dispersion (25 mg, 50% NeH) was used to generate dimsyl sodium
in DNSO (0.20 ml) as previously descriﬁed, stirring at 67° to 60°C for 1 hour.
After cooling to room temperature, the acetyl-peptide diester in DMSO was added
by syringe. After 5 minutes, chilled Iz-free CH31(0.30 ml) wes added rapidly
to the vigorously stirred solution., After a further 10 minutes stirring at
room temperature, water (1 ml) was injected to stop;the reaction, the product
extracted into chloroform, washed, evaporated and applied to the direct insert-

ion probe for mass spectrometry.
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Fig. 25 liass spectrum of perdeuteriomethylated Ac-khe—A?pmAlamﬁer-Val—ONc (Bxp. (34)).
Jhle

Fig., 26 MNass spectrum of permethylated Ac—Phe-AgprIﬂwﬂer—Vulncﬁc (Exps (39)).

e

See Fig. 2(b) between pages 35 and 26 .
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Alohough the temperature of the ion source wes raised slowly. there

was no evidence of "early" spectra, At 200° to 230° C, a strong spectrum was
obtained, which appeared to be a complex mixture of compounds (Fig., 26). The

moleculer ion region contzined a series of peaks, that at rn/e 7&:4 having the

Parmothylation by addition of dimsyl socium in DISC to 2 mixture of CH,I

Sad ¥ A

(36) To Phe-Asp-Ala=Ser-Val (}.R.)(2.0 mg) was added methanol (2,C ml)
and acetyl chloride (40ml). The peptide dissolved at once, After 17 hours
at room temperature, the solution was evaporated, Acetic acid {(1.25 ml) water
0.5 ml) and acetic axhydride (1,25 ml) were added to the residue, After
stirring for 2 hours at rcom temperature, the solution was evarorated and

- Az -

ried under vacuum ( &£ 0.5 mmig, liguid-air trap, 30 minutes), "Suba" sezled

s

under nitrogen and dissolved in DMSO (0,40 ml).

NeB/oil dispersion (23 mg, 50% NeK) was used to generate dimsyl
sodium in D30 (0,20 ml) as previously described, heating for 68 minutes at
?2° to 6500. The solution was ccoled to room temperature and injected into
a vigogously stirred solution of Iy=free CHEI (0.30 ml) and the acetyl-peptide
diester in DiSO (0,30 ml). After a further 10 minutes stirring at room:temp-
erature, water (1 ml) was injected, the product extracted into chloroform, washed,
evaporated and applied to the direct insertion probe for mass spectrometry.

As t}'ﬁ temperature of the ion source was raised, two distinct, very
strong spectra were observed., These made up the bulk of the sample, At about
220°C a third strong spectrum was obtained (Fig. 2?). This wes relatively clean’
though due to a mixture of several compounds, Eight molecular ions were observ-
ed, at m/e 687, 6951, 701, 705, 715, 729, 745, 759. The rest of the spectrum
was very comple;, although there is evidence of a reduction in the extent of

extra-methylation compared with Exps. (33), (34), (35) and (47).
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Fig. 27 Nass spectrum of permethylated Ac-Phe-A p-Ala=Ser-Val-Cie, adding dimsyl sodium to a mixzture
‘of methyl iodide and peptide; eight Mle  molecnlar ions are anpprenL (Exp. (36)).

High Resolution Measurements:

n/e729 = 03?H55N501Ocyclised at aspartyl + L4 x CH2, also m/e557 = 29 )1W10?
m/e715 = C%H53 5 0,pcyclised at aspartyl + 3 x Ci,, also mn/e543 = Coglisgh, 04
m/e701 = 35 51 501Ocyclised at aspartyl + 2 x CH,, also m/e529 = G, M 57%
n/e705 = 35 55 5 0,gexpected uncyclised molecular ion + 1 x CH,, also HVthG = CpgllyyNa0¢
m/e691 = 03#H53N5010expccted uncyclised molecular ion, also n/el32 = Coalt 50506
lietastable Transitions:
; m/e 745 —> m/e543 m/e705 ~—> n/elhb
n/e729 —> m/e557 m/e691 —> m/el32 and n/e?,7 (expected sequencing ions)
n/e715 —> m/e543 m/06B87 ~=> m/el28

m/e701 —> n/e529

sl



ermethylation of Cbz-Cly-Fro-Gly-Gly=Pro-=-Ala-Clie:

L)

Exp. (37) Cbz-Gly-Pro-Gly-Gly-Pro-Ala (M.R.)(2.0C mg) wes dissolved in metkanol
(2 ml) and chilled at -20°C, Ethereal diszomethans (6 ml, ,002 mole), senerated
from H=methyl-N-nitrosotoluens~p-sulphonamide as previously described, was added
and the yellow soclution left at room temperature for 4 hours, then evaporated,
dried under vacuum (.6 0.5mm Hg, liouid-air trap, 30 minutes), "Suba" sealed
uncer nitrogen and dissclved in DKSO (0,45 ml).

NaH/oil dispersion (21 mg, 50/ Nal) was used to generate dimsyl sodium
in DNSO (0.25 ml) as previously described, stirring at 69° to 62°¢ for 1 heur,
After cooling to room temperature, the Cbz-pentide ester in DNSO was added by
syringe. After 5 minutes, chilled Iz-free CHEI (0,30 ml) was rapidly injected
into the vigorcusly stirred solution., After a further 10 minutes stirring at
room terperature, water (1 ml) was injected to stop the reaction, the preduct
exvtracted inte chloroform, washed, evaporated at.roE: terperature and applis
to the direct insertion probe for m2ss spectrometry.

The spectrum obtainzd at 210°C contained the expected seguencing
jons up to and including the prolyl residue in position 5 (Fig. 28). The
expscted molecular ions at m/e 686 and m/e 700 were also present, but sirong
ions at m/e 740, 696, 679, 64k and 613 were present that did not occur in the
spectrum of the permethylated Cbz-peptide (cf. exveriment (43); Fig 35 ).

Permethylation of Ac-Ala-Gly-Gly~-CH:

Exp. (38) To DL-Ala-Gly-Gly (Sigme)(5.0 mg) was added water (2.5 ml) and acetic
enhydride (2,5 ml), The heterogeneous mixture was stirred at zio.om temperature for 3=
hours, the clear solution evaporated at room temperature and the produc% dried
under vecuum ( § O.3mm Hg, liquid-air trap, 20 minutes) and a portion applied

to the direct insertion probe for mass spectrometry. The spectrum obtained at

a sample temperature of 1?0°C showed only the expected product with molecular ion
at m/e 245; there was a strong M + 1 peak ( Fig. 29). The remzinder of the

product (4 mg) was "Suba" sealed under nitrogen and dissolved in DHSO (0.4 ml).



Fig, 28 Mass spectrum of perumethylated Cbz~Gly~Pro-Gly-Gly-Fro-Ala~Oiie (Exp, (37))
See Fig, 1(b) between pages %5 and 36 . ;

Hiéh Resolution Data: i'etastable Transitions:

n/e710 = c}?HShNGOB molecular ion m/e 710 —3> n/e679

m/e700 = 655H52N609 expected molecular ion m/e710 ==y /570

m/e686 = 03#H50N609 expected molecular ion m/2710 ~=» m/ol 73

w/eb79 = 026H51N60? m/e710 — OMe m/o686 = /570

m/ebhly = 033H5?N607 molecular ion /2586 2 /el 73
]'n/9613 = 0321'1#9?{606 YD/CEL!.F - 0]::‘.‘_! :.‘-'. ti?..“it:ib ].C‘S f{i]' l'/",t,lné, GJ;.’.; Fi g £ I\-Ot (:ll",'ti'?ctf';d.
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Fig, 29 Hass specirum of Ac-Ala-CGly-Gly-0 (Fxp. (38)),



Naii/oil dispersion (26 mg, 50% NaH) was ussd to generate dimsyl sodium
in DISO (0.25 ml) as previously described, stirring 2% 60°C for 65 minutes.
After cooling to room temperature, the dried acetyl peptide in DNSO (0.5 ml)
was added by syringe. After 5 minutes at room temperature, chilled I -frse CE.T

£l

{0.30 ml) wa2s ranidly injscted into the vigorouzly stirred solution., Afisr a

further 10 minutes stirring at room temperature, water (1 ml) was injecizé to
stop the rez‘-.ctlion, the product extracted into chloroform, washed, evapcrated and
a2 vortion applied to the direct insertion probe for mass specircmstry.

The srectrum obtained had the molecular ion at m/e 329, 28 m.u.
higher than the t.uore tical product (Fig. 30). Examination of the .spsctrum
showed that extra-methylation had occurred only in the C-terminal glycine
residue, Several unexpected ions occurred in the spectrum, at m/e 311, 185,
18L . 170 and 169,

Permethvlation of Ac-Ala-Glv-Cly-QClie:

Exp. (39) To DL-Ala=Gly-Gly (Sigmz)(5.1 mg) was added water (2.5 ml) and acstic

de (2,5 mi). The heterogenecus mixture was stirred 2t room temperzture for

..‘.

anhy
3 hours, the eclear solution evaporated at room temperature and the product re-
dissolved in water and re-evaporated., The residue, Ac-Ala-Gly-Gly, was dissolved
in pethenol (2 ml) and chilled at -20°C. Ethereal diazomethane (6 ml, .002 mols)
genereted from N-methyl-N-nitrosotoluene-p-sulphonamide as vrreviously described,
was added and the yellow solution left at room temperature for 3% hours, then
evaporated, dried under vacuum ( 0.5 mm Hg, liguid-air trapped pump 20 minutes)
and a portion of the product applied to the direct insertion jsr-'obe for mass
spectrometry. The spectrum obtained at a sample temperature of 160°C showed

the expected molecular ion at m/e 259 accompanied by a small amount (estimated

£ 2%) of the homologous compound with molecular ion at m/e 273. A similarly:
weak ion at m/e 303 could not be accounted for (Fig. 31). The remainder of

the product (4 mg) was "Suba" sealed under nitrogen and dissolved in DNSO

(.45 ml).
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liass spectrum of Ac-Ala-Gly-Gly-Cie (Exp. (39)).

High Resolution Data: m/e303 = €4 0Hp4 505

260



NaH/oil dispersion (25 mg, 50% NaH) was used to generate dimsyl sodiunm
in DNSO (0.25 ml) as previously described, stirring at 6c°C for 1 hour, After
ceeling tec room temperature. the acetyl-peptide ester in DNSQ was added by syring

After 5 minutes, chilled Iz-frae CHSI (0.30 ml) wes repidly injected into the

()
1
|J
5]
o
W
2]
@0

vigorously stirred selution, After a further 1/ $irring at room terp-
erature, vater (1 ml) was injected to stop the reaction, the product extraciscd
into chloreform, washed, evaporated and a porticn applied to the direct insertion
prcbe for m2ss spectrometry. The spectrum obteainzd at 140°C was the sape as that
from permethylated Ac-Ala-Gly-Gly, with the molecular ion 2t m/e 329, Cn
further heating of the ion source the ions at m/e 311, 185, 184, 171, 170 vor-
ished. At the same time, new ions appeared at m/e 339, 308, 284, 213. Although
this spectrun(see Fig. 32) was in many respects similar to that obtained from

errethylated Ac-Ala~Cly-Gly, metastzble detection showed that the ions hars

'y

o

ifferent origins,

(el

4

ivérolvsis and Analvsis of Permethvliated Ac~Ala=Clv~Gly-0H and Ac=Ala-ClveGlv~Clle:

Exp, (40) Afier moss specirometry, permethylated Ac-Ala-Gly-Gly (about & mg) znd
Ac~Ala=-Gly-Gly-Cile (about 4 mg) were each hydrolysed in HC1l (20,2.%; 25 hours
at 12500), filtered, evaporated under vacuum at 5000, redissolved in water and
re=-ecvaporated several times, The residues were each dissolved in water (100};1)
and Lul aliquots teken for analysis.

Analytical TLC on cellulose layers according to Haworth and Heathcote
(ref, 121) was performed, One-dimensional TLC of the hydrolysates (LOOp
ceiluloée NN300; solvent 2-propanol/butanone/4N EC1 65:15:25 v/v: sprayed nin-
hydrin/Cd(OAc), and heated at 120°C) (plate 25) showed the presence of free
alanine and glycine as well as Nemethylalanine and N-methylglycine, in both cases.
Two-dimensional TLC (solvents: according to Haworthland Heathcote; sprayed
ninhydrin/bd(OAc)z and heated at 120°C)(plates 26 and 27) was performed, with
the plates developed concurrently. The pattern of products was identical in

both hydrolysates, although that from permethylated Ac~-Ala-Gly-Gly-OMe had higher
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Fig. 32 Mass spectrum of perrethyleted Ac-Ala-Gly-Gly-Cle (Exp. (39)).
High Pesolution Data: detastable Transitions:

r/e33%39 = 017.20-.5 b

/ =
m/e308 = C,gHycN;05 n/e339 ~—> /8199 —dm/e125—>r/s"
n/e298 = Caniip, 3{30&_ r:/ijo —> 1/e’199 —n/z%1l—>/5
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=S Lt = 4"1-2 5
miaq4QQd - O
/6498 = Cq .15‘ 2u3
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Fig, 33 lass spectrum of permethylated benzoic acid (Exp. (41)).



N-Me-Ala

ﬂl-?de- Gly
Gly

'Plate 25, Hydrolysed permethylated
Ac-Ala-Gly-Gly-OMe and Ac-Ala-Gly-Gly=-OH,
Solvent 2-propanol/buttnone/HCl

(Exp. (40)).

Plate 26, Hydrolysed permethylated " Plate 27. Hydrolysed permethylated
Ac-Ala-Gly-Gly-OH (Exp. (40)). Ac-Ala-Gly-Gly-OMe (Exp. (4O y =
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gvals of irss alanine and glycine, Therz was a significant srount of ni

f

vositive compound with Rfs similar to Taurine in the hydrelwvsate from Ao-Ala-Gl=

Gl:y"‘ O ¥
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sodiuvm in DiSO (0.25 ml). stirring at 64 C for 1 hour., After coolins to room

terverature, the benzoic acid in DNSO was added by syringe, Affer 5 minutes,

[
L

chilled I ~free CH,T (0.30 ml) was rapidly injected into the vigorous
solution, Afte= a further 10 minutes stirring 2% rcom temperature, water (1 ml)

et extracted into chloroform, washzc
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neating the sampl. e to 160°C.

Permethylation of Kethyl Benzoate:

Exp. {L2) liethyl benzozte (3.7 mg) was dried over concentrated sulphuric acid
then dissolved in DVS0 (0,45 ml) under nitrogen,

NaE/oil dispersion (25 mg, 50% NeH)was used to generate dimsyl sodium
in DNSO (0.25 ml) as hreviously described, stirring at 72o to 65°C for 1 hour,
After cooling to room temperatures, the methyl benzoate in DNSO was 2dded by
syringe., After 5 minutes, chilled I,-free CHBI (0,30 ml) was rapidly injected
into the vigorPusly stirred solution, After a further 10 minutes stirring at
room temperature, water (1 ml) was injected to stop the reaction, the product
extracted into chloroform, washed, evaporated at room temperature and examined

by mass spectrometry. :

Using the direct insertion probe, a series of spectra were obtained
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Fig. 35 Permethylated methyl benzoate, at 130°C (Exp. (42)).

High Resolution Data:
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and 35). High resolution measuremants and metasiable deteci-

(

ion were performed using the direct insertion probe and the galliumeinlet svstem.
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es Figs.
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cctrum of methyl benzoate, specira of several other compcunds
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were evident, These included 2 dimethylated R ~ketow-sulfoxide, compounds with a

sulphide group replacing the ester a2nd 2 compound with only a single oxygean aad

no sulphur. It was not possible to estimate the ratios of these products ez

Permethylation of Coz=-Clv=Pro-Cly-Gly-Pro=-Ala:

Exp. (43) NaH/oil dispersion (20 mg, 50% Nal) was pre-rinsed three times with

dry petroleum ether, drisd under vacuum and "Suba" sealed under nitrcgen. Dry

\0

DKSO (0.20 ml) was added by syringe, the mixture stirred at 6“ C for 9C m
then cooled to room tempersture, Cbz-Gly-Pro-Gly-Gly-Pro-Ala (1.R.) (1.6 ms)

CH,I (0.30 ml) was injected drop-
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was added, After 5
wise into the vigorously stirred solution, After a further 60 minutes stirrin:
at room temperature, water (1 ml) was injected to stop the reaction and the prod-
uct extracted into chloroform, washed, evaporated and the residue applied to the
direct insertion probe for mass spectrometr;

A spectrum was obtained at 200°¢ showing a series of hémologéus peaks,
with molecular ions at mfe 672, 686, 700 and 714 (see Fig. 36). The principal
fragment ions due to rupture of the peptide bond also showed homologous peaks
14 m.,u. epart, There was apparently extensive non-specific extra-methylation.

Perdeuteriomethylation of Cbz-Gly-Pro-Gly-Gly-Pro-Ala:

Exp. (44) NaH/oil dispersion (20 mg, 50% NaH) was used to generate dimsyl
sodium in DMSO (0.20 ml) as previously described, Stirring was maintained for
80 minutes at 68° to 57°C. After cooling to room temperature, Cbz-=Gly-Pro-Gly-
Gly-Pro-Ala (M.R.)(1 mg) was added. After 5 minutes, chilled CD3I (0.30 ml) was
injected dropwise into the vigorously stirred solution, After a further 63

minutes stirring at room temperature, water (1 ml) was injected to stop the
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Metzs

36 lass spectrum of vermethylated Coz=Gly-Fro=Cly-Gly=-Fro=ila
(sce previous p=age).

n/e220 = C,oH,, N0,

n/e317 = Cy7tips o0y These elemental compositions fit for the
/eli02 ¥ sequencing peaks as merked on the mosa
m e“-ﬁ-O = C2‘1‘I.2S:.=‘U: s;ectm;n.

H‘/?I'-L?E’ = u?&-"jjh— 06

m/e685 = C,, H N0,

e
ot
e
0
=)
w

teble Trans

m/e686 ——> n/e5

m/e 700 ——> mn/e58
n/ebB6 —> m/ei73; m/ebRE —> m/el02;
n/el73 ——> nfeit7: n/el02 —> n/e220;




reaction and the product extracted into chloroform, washed, evaporated and the

residue applied to the direct insertion probe for mass spectrometry.
. e et o o e Lo . 4
3o vl L = o - w > - . . s - — [ L £ .
A spectrum was obtained ait 200  to 220 °C, with molecular ions at m/e
690, 707, 724 and 741 (see Fig. 37). The principal fragment icns due to rupture

of the peptide bond also showed peaks 17 m.u. arari., Extra-methylationthad
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Exposure to dilute aeid:

Exp. (45) The permethylated Cbz~-Gly-Pro-Gly-Gly-Pro-Ala prepared above was

g

dissolved in chloroform (5 ml) and shaken briefly with two small amounts (5 ml

£ 1N aqueous HCl. After evaporation at room temperature, the product was

applied to the_direct insertion probe for mass spectrometry.

A spectrum was cbtained at 200°C, identical with that of the per-
methylated compound that had nct been exposed to acid (see Fig. 36, above).
Inverse permethylation of Cbz-Gly-Pro-Glv-Gly-Pro-Ale:

Exp. (46) FaH/cil dispersion (22 meg, 50% NaH) was used to gemerate dimsyl sodium
in DNSO (0,20 ml) as previously describesd, stirring for 58 minutes at 66°C. After
cooling to room temperature, Cbz=Gly-Pro-Gly-Gly-Pro-ila (M.R.)(2.4 mg) dissolved
in DNSO (0.40 ml) was added by syringe. The solution of dimsyl/peptide in DNSC
was stirred at room temperature for 20 minutes, then slowly injected (over 410
minutes).into vigorously stirred Iz—free CHEI (0.40 ml) using a micrometer syringe,
After a further 25 minutes stirring at room temperature, water (1 ml) was inject-
ed to stop the reaction. The prodﬁct was extracted into chloroform, washed,
evaporated and applied to the direct insertion probe for mass spectrometry.

A spectrum was obtained at 220°C with molscular ions at.m/e 672, 686,
700 (see Fig. 38). Examination of the spectrum showed that one extra methyl
group had been introduced into each of the glycine residues in positions 1 and

4, Extra-methylation at these sites was about 90% complete, Introduction of

extra methyl groups at other sites was not significant.
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added to excess methyl iodide (Exp.

Fig. 38 Mass spectrun of permethylated Cbz~Gly-Pro-Cly-Gly-Fro-Ala; the dimsyl scdium + peptide was

(46)).

The spectrum shows specific extramethylation of the glycyl residues in positicns 1 and 4,

High Resolution Data:
m/e192 = ¢, H,, NO

132

Netastable Transitions:

n/e220 ——> m/e192 (strong)

which is consistent with extramethylation of the &= C atom of the N-terminal glycyl resicue,

G0



Permethvlation of Ac-Phe-Asp-Ala-Ser-Val:

Exp. (47) To Phe-Asp-Ala-Ser-Val (},.R,)(2.4 mg) was added acetic acid (1.25 ml)
and acetic anhydride (1.25 ml). After 65 minutes stirring at room temperature,
the peptide had not dissolved; distilled water (0,5 ml) was added and the peptide
dissolved at once, After a further 65 minutes stirring at room temperature, the
solution was evaporated at room temperature, redissolved in water and re-evapor-
_ated,

NeH/oil dispersion (20 mg 50% NaH) was used to generate dimsyl sodium
in DXSO (0.20 ml) as described above, sitirring for 85 minutes at 5.° to 68°¢.
After cooling to room temperature, the dried acetylated peptide dissolved in
DNSO (0.40 ml) was added by syringe. After 5 minutes, chilled Iz-frce CHEI
(0.35 ml) was added dfo;wise to the vigorously stirred solution, After a
further 20 minutes stirring at room temperature, water (4 ml) was injecied %o
stop the reaction and the rproduct extracted into chloroform, weshed, evaporated
and applied to the direct insertion probe for mass specirometry,

Three distinct spectra were obteined as the sample was slowly
warmed, at 90°~100°C, 150°-160°C and 180°-220°C (see Figs. 39,40 snd 41).

The last of these had molecular ions at m/e 691, 705 and was due to the ex-
pected product, molecular ion at m/e 691, and a homologue., The principal
frapment ions due to rupture of the peptide bonds also showed an homologous
peak 14 m.,u, higher,

Examination of the spectrum showed than an extra methyl group had
been introduced principally in the aspartyl residue to the extent of about
80%, Extra-methylation occurred only to a minor extent in the other residues.

Inverse Permethylation of Ac-Phe-Asp-Ala-Ser-Val:

Exp. (48) To Phe-Asp-Ala-Ser-Val (M,R.)(3.0 mg) was added acetic ecid (1.25 ml)
acetic anhydride (1.25 ml) and distilled water (0.50 ml). The peptide dissolved
at once. After 55 minutes stirring at room temperature, the solution was evap-

orated at room temperature, redissolved in water (1 ml) and re-evaporated twice,
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Fig. 4O Spectrum obtained from peymethylated Ac-Phe-Lsp-Ala-Se
sample temperature of 155 C (Exp. (47)).

High Resolution Data:
m/e198 = CoHy oNO,

m/el26
n/el 57

sequencing peak as shown,

Ca0t325%7 M - OCH,
Co4H35N50g " the molecular ion, as shown.

r=-Val at a



then "Suba" sealed under nitrogen,

NaH/oil dispersion (21 mg, 50% NaH) was used to generate dimsyl sodium
in DNSO (0.20 ml) as previously described, stirring for 65 minutes at 67°C. After
cooling to room temperature, the dried acetylated peptide dissolved in DNMSO (0.40 ml)
vas added by syringe and the solution stirred at room temperature for 20 minutes.
The DNSC solution of dimsyl-peptide was then slowly injected into vigorously
stirred I,-free CHEI (0.30 ml) using 2 micrometer syringe. Addition of the
0.6 ml of solution took 12 minutes, After a further 7 minutes stirring at rcom
temﬁerature, water (1 ml) was injected to stop the reaction, the product was
extracted into chloroform, washed, evaporated and aﬁplied to the direct insert-
ion probe for_mass spectrometry,

Three distinct spectra were obtained as the temperature of the ion
source was increased. The last of these was obtained at 220°C and had molecular
ions at m/e 691 and 705; i.e. the theoretical product and a higher homologue
(see Fig. 42). The principal fragment ions due to ruptﬁre of the peptide bonds
also showed homologous peaks 14 a,.m,u. higher, Examination of the spectrum
showed that one extra methyl group had been introduced exclusively in the
aspartyl residue to the extent of about 50%.

Permethylated Ac-Gly-Gly-OH:

Exp. (49) To Gly-Gly (BDH)(2.0g) was added acetic acid ( 5ml) and acetic

anhydride (5 ml)., The suspension was stirred overnight at room temperature,
filtered and washed with concentrated HCl and acetone., The white solid product,
dried over P2 05, had a melting point 1780—18000. Literature value for Ac-Gly-Gly,
187°-189°C. Analytical TLC showed only one ninhydrin-negati%e component. Mass
spectrometry of the solid product, introduced via the direct insertion probe,
showed the expected spectrum with molecular ion at m/e 174. There was no

evidence of any other compound.

Permethylation: NaH/oil dispersion (20.5 mg, 50% NaH) was pre-rinsed three times

with dry petroleum ether, dried under vacuum and "Suba" sealed under nitrogen.



Fig. 41 lass spectrum oblained from permethylated Ac~Phe-Asp-Ala-Ser-val at 220°C (Lxp. (47)).
See Fig, 4(b) between pages 49 and 50,

Dimsyl sodium + peptide was added to excess methyl iodide,

Metastable Transitions:

/el ——>
m/el32 —>

n/eb67l —~> n/cbl?;
n/e561 —> m/e529;
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Fig. 42 Mass spectrum of permethylated Ac-FPhe-Asp-Ala-Ser-Val at 220°C

(h:{p. (14-8) ) .

w/e361 ——> m/e20l —> n/e176 ——> m/e132
m/e347 —> m/e20 ~——> m/e176 —> m/e132
n/e660 —> m/e628;
n/e547 —> m/e515;

loss of methanol from seryl side chain,
loss of methanol from seryl side chain.



Dry DMSO (0.20 ml) was added by syringe and the mixture stirred for 80 minutes
at 72°C to 60°C. After cocling to room temperature, Ac-Gly-Gly (5.0 mg) was
added. After stirring 5 minutes, chilled I,~free CHyI (0.30 ml) was added
dropwise, The stirring was continued at room temperature for 80 minutes,
water (1 ml) was injected to stop the reaction, the product extracted into
chloroform, washed, evaporated and 2 portion applied to the direct insertion
probe for mass spectromeiry. A spectrum was obtained at 70°C to 80°%C (s2e
Fig. 43). The expected molecular ion at m/e 216 was accompanied by an ion at
m/e 230, Exemination of the specirum showed that exira-methylation was con-
fined to the C-terminal glycine residue and had occurred to the extent of
about 30%.
Hydrolysis: The remainder of the permethylated Ac-Gly-Gly (about 3 mg) was
refluxed with 6N HC1l for 18 hours, evaporated under vacuum at 60°C, re-dissolved
in water and re-evaporated several times, The product was dissolved in water
(100)4L) for analytical TLC.

Ac=Gly-Gly (2 mg), the same as was used for the permethylation, was
hydrolysed under identical conditions and dissolved in water (100 mi) for analy-
tical TLC,

Analytical TLC: Two-dimensional TLC on cellulose layers, according to Haworth

and Heathcote (ref. 121). With some modification, this was found to be satisfact-

ory for the analysis of N-methyl amino acids. Analysis of hydrolysed Ac-Gly-Gly

showed only glycine, Rfs 37 and 8 for 1st dimension, 2nd dimension respectively.
Duplicate analyses of hydrolysed permethylated Ac-Gly-Gly showed two

ma jor components in the ratio of 2-3:1. The more intense of these had Rfs 46

and 14, was positive to ninhydrin/Cd(Oic)é both with and without heating and also

positive to the N-Alkyl-smino acid spray of Sheenan (ref. 122). The other had

Rfs 62 and 20, was positive to ninhydrin/td(OAc)z only on prolonged heating and

was positive to the N-alkyl-amino acid spray of Sheehan, Comparison with stand-

ards identified these as N-methylglycine and N-nephyialanine
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Fig. 44 MNass spectrum of permethylated Ac-Gly-OH (Exp. (50)). -

High Resclution Data:

m/e159 = 075131\‘0
m/e145 CgH, 4 NO
m/e100 = C_H, NO

510
n/e 86 = chHBNo
m/e 58 = CBrISN

m/e L]J-'. F 02H6N

Metastable Transitions:

3
3

expected molecular ion

1-‘.—(':00(}1{3

m/eBS—CHZ-——-—CO

n/e159 —> m/e128 —> m/e100 —>m/e58 (all strong)
n/e1l5 —> m/et1il —> m/eB6 —>m/ell,



respectively. 4 very small amount of free glycine was also detected.

Permethylated Ac=Gly-0H:

Exp. (50) To glycine (4AR)(1.0g) was added acetic acid (5 ml) and acetic
enhydride (5 ml). The suspension was stirred OVanight at room temperature,
filtered and the filtrate evaporated at room temperature. The residue was
dissolved in the minimum amcunt of hot water. On cooling, clear crystals
vere deposited., These were dried over P205. Nelting point 210°-211%.
Literature value for Ac-Gly, 205°-208°¢. Analytical TLC showed only one
ninhydrin-negative component.

Permethylation: NaH/oil dispersion (B89 mg, 507% NeH) was used to generate
dimsyl sodium in D¥SO (4.0 ml) as previously described, heating at 65°C for

1 hour under nitrogen. After cooling to room temperature, the dimsyl sodium
in DMSO solution was added by syringe to a solution of Ac-GlyI(1Oh mg) in
DMSO (1.0 ml) under nitrogen. After stirring for a further 10 minutes Eo 75
minutes at room temperature, an equivalent amount of chilled, I,-free CH3I
(0,218 ml) was injected and the stirring continued for 2 hours to 17 hours at
room temperature. "This procedure was repeated four times. On the last occasion,

excess CH,I (0,40 ml) was used and water (1 ml) injected to stop the reaction.

2
The solution was saturated with NaCl when a browvm oil came down, This was ex-
tracted into chloroform, washed, dried and evaporated at room temperature. The
product was a yellow liquid.

A portion of the product was used for mass spectrometry, The sample
was introduced as a vapour through the gallium inlet system. The spectrum
obtained (see Fig. L4L) showed the theoretical molecular ion at m/e 145 accomp-
anied by an ion at m/e 159. Examination of the spectrum indicated that an extra
methyl group had been introduced on the oX=C atom of the glycine residue to the
extent of about 20% to 40%.

Hydrolysis: The remainder of the permethylated Ac-Gly (a2bout 100 mg) was

hydrolysed with HC1 (20.2.%, 3 ml) in a sealed glass ampoule at 108°C for



66 hours. The solution was filtered, evaporated under vacuum at 5000, re-
dissolved in water and re-evaporated several times, The product, a yellow
gum, was dissolved in water (2,0 ml) for analytical TLC.

Analytical TLC: TLC on cellulose layesrs, according to Haworth and Heathcote,
Nixtures of glycine and N-methylglycine, alanine and N-methylalanine were used
as stan@ards. One dirensional TLC of the hydrolysed, permethylated Ac-Gly
(hOQ}L cellulose MIN300; solvent 2-propanol/butanone/4N EC1 65:15:25 v/v;
sprayed ninhydrin/Cd(OAc)2 and heated 2t 120°C) (plate 28) showed the presence
of N-methylglycine and N-methylalanine in the ratio of gbout 2 to 1. Traces
of alanine andlglycine were also detected,

Two dimensional TLC (solvents: according to Haworth and Heathcote; sprayed

ninhydrin/Cd(OAc}z and heated at 120°C)(plate 29) confirmed the presence of

these compounds only. Standard chromatogresms using authentic compounds were
run at the same time (see plates 30 and 31).

The ninhydrin/Cd{OAc)z spray gives slightly different colours with
each of these compounds when examined immediately after heating. This aids

in their identification.

SYNTHESIS OF N-METHYLALANINE: according to Fischer and Bergmenn (1913) ™

Tosylation: DL-alanine (BDH)(0.15 mole) was dissolved in 3N agqueous NaOH(100 ml)
and p-toluenesulfenylchloride (0,20 mole) added, Stirred for 1 hour at 6500.

A cleer solution formed. The product was precipitated with HC1l (concentrated,
30 ml) and recrystalised from hot water. The fine white crystals had melting
point 1360—13900. Literature value for p-tosylalanine, 1380—13900.
N-methylation: The p-tosylalanine (14.5g, .06 mole) was dissolved in 3N

aqueous NeOH (65 mls, 0.18 mole). Dimethyl sulphate (12.5 mls, 0.13 mole) was
added dropwise with vigorous stirring. After a further 25 minutes stirring,

-

concentrated ECl (8 ml) was added.

*see "Chemistry of the Amino Acids", Greenstein and Winitz. Vol 3 pp 2756=57
(Wiley & Sons1961).
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Plate 28, Hydrolysed permethylated Plate 29, Hydrolysed permethylated
Ac-Gly-OH, Solvent 2-propanol/butanone/ Ac=Gly-0H (Exp. (50)).
HC1 (Exp. (50)).

4
-

Plate 30, Plate 31,
Standard chromatograms run concurrently with Plate 29. Sprayed ninhydrin/Cd( 0Ac)2
and heated at 120 C (Exp. (50)).




The white precipitate was dissolved in 1C% acueous K2003 (100 mls)
and acidified with concentrated HCl, The solid white crystalline product
was dried over 15’20,j and had melting point 950 to 10000. Literature value for
p=-tosyl=N=methylalanine, 1 22% .
Recrystalisation from petroleum ether/acetone gave a product of melting point
95° to 100°C. Examination of a sample by mass spectrometry showed this to be
2 mixture of N-methylated and unmethylated p~tosylalanine.
Hydrolysis: The product (5.9 g) was hydrolysed with concentrated HCl (23 ml)
in a sealed glass ampoule at 108°¢ for 40 hours, On cooling, a solid separated
out and was removed by filtration, The filtrate was evaporated and recrystal-
ised several times from ethanol/diethyl ether, The product decomposed =2t
135°-140°C, Theoretical for N-methylalanine hydrochloride, 165°C (decom-
position). Analytical TLC showed the prcduct to be conteminated with a small
amount of free alanine,

CHAIN CLEAVAGE.

Perdeuteriomethylation of Ac~Phe-Asp-Ala-Ser-Val:

Exp. (51) To Phe-Asp-Ala-Ser-Val (M.R,)(2.5 mg) was added acetic acid (1.5 ml),
water (0.5 ml) and acetic anhydride (1.5 ml). The solution was stirred at room
temperature for 1 hour 4O minutes, evaporated under vacuum at room temperature,
redissolved in water and re-evaporated, The acetyl peptide product was dried
under vacuum (  O.3mm Hg, liquid-air trap 20 minutes), "Suba" sealed under
nitrogen and dissolved in DMSO (0.4 ml).

NaH/oil dispersion (25 mg, 50% NaH) was used to generate dimsyl sodium
in DNSO (0.20 ml) as previously described, stirring at 65° for 1 hour. After cool-
ing to room temperature, the dried acetyl-peptide in DMSO was added by syringe.
After five minutes, chilled I,~free CD3I (0,28 ml) was injected dropwise into
the vigorously stirred solutiocn, After a further 20 minutes stirring at room

temperature, water (1 ml) was injected st stop the reaction, the product extracted



into chloroform, washed, evaporated and applied to the direct insertion probe
for mass spectrometry.

Three distinct spectre were obtained as the ion source was gradually
heated, The first was obtained 2t room temperature "probe out" and had molecular
ion at m/e 257 (see Fig. 45). At 150°C. probe-in . & second spectrum with molec-
ular ion at m/e 475 was obtained (see Fig. 46). High resolution mass measurementc

and metastable detection were in agreemont with structures based on the spectrz

obtained from the permethylated compound. All ions had the expected deuterium contex

.~ m

On further heating, the spectrum of perdeuteriomethylated Ac-Phe-Asp
Ala~Ser-Val was obtained.

UNKNOVWN PEFTIDES.

Exp. (52) an agqueous solution (1 ml) of the unknown peptide (1 mg) was evaporated

to dryness at room temperature and thoroughly dried at £ 0.5mm Hg on a licuid-~
air trapped pump for 40 minutes., Water (1.25 ml) was added and the residue

dissolved; acetic anhydride (1.25 ml) was added, The solution was swirled

at room temperature for 3 hours, then evaporated under vacuum a2t room temperature;

water (1 ml) was added and the solution re-evaporated several times. The residue
was thoroughly dried under vacuum ( £ 0.3 mm Hg, liquid-air trap, 30 minutes)
at room temperature, the "Suba" sealed under nitrogen.

NaH/oil dispersion (23 mg, 50% NaH) was used to generate dimsyl sodium
in DNSO (0.2 ml) as previously decsribed, stirring at 65°C for 1 hour and the
solution cooled by stirring ten minutes at room temperature. The dried acetyl-
ated peptide was dissolved in DNSO (0.4 ml ; an insoluble residue remained)
and added by syringe; the carbanion/peptide solution turned emerald green.
Chilled, I,-free CD31(0.3 ml) was at once injected rapidly into the vigorously
stirred solution., After a further 10 .minutes stirring at room temperature,
water (1 ml) was injected to stop the reaction, the product extracted into
chloroform, washed, evaporated and applied to the direct insertion probe for

m2ss spectrometry.
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Fig. 45 Mass spectrum obtained from perdeuteriomethylated At-Phe-Asp-Ala-Ser-Vzl,
sample "probe out" (Exp. (51)).

-

High Resolution Data:

m/e257 = C4),H44750,0g m/e166 = L_N202D9
n/e207 = Cyptiy 4 NO,D5 m/e137 = CqlighD,
n/e184 = C,4E,NOD, m/e12L = csy?wzovg
m/e479 = Cyq ”.\033
HCO=-
CH —>I<—CD3FIIQ—>6—CQSer(DCD3)->i<——-CD3Ya|—*—->I+0w;>|
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Fig. 46 iass spectrum obtained from perdeuteriomethylated Ac-Phe-Asp-Ala-Ser-val,
at a sample temperature of 150°C (exp. (51)).

High Resolution Data:

m/ell1 = H17N307D1 5 m/e325 = cmugN 0¢Py o
m/e382 = 01?}1“‘_1\*2071312 m/e239 = C“HﬁNOLDg

All elemental compositions were in agreement with the proposed structures,



As the zample temperature was raised, a series of mixed spectira were
obtained between 180° and 260°C (Figs. 47,48 2nd 49). Repeated scanning of the
spectrum showed that three peptides were present and enabled their spectra to be
separated by inspection (Figs. 5,6 and 7 , between pages 53 and 54 ). The
secuence=determining fragment ions were obvious as the most intense ions in
the spectra; the molecular ions were weak, but were detected with reasoneble
confidence., The final spectrum showed molecular ion at m/e 966 and contained
intense anomalous peaks at m/e 836 and m/e 863, The deduced Sequences were
(in order of appearance):

I Glu=-Val=Leu=-Asn

IX Asn=Glu-Asn-Leu-Leu

1XY Ala=Pro=-Phe=-FPro-Glu-Val-Phe
The experient was repecated under identical conditions using a second sample
(2 mg) of the same unknown, permethylating with CHEI. The product was anplied
to the direct insertion probe for mass spectrometry.

A series of mixed spectra were again obtained at sample temperastures
of 180° to 26000. Repeated scanning of the spectrum allowed the three separzte
spectra to ﬁe identified (Figs. 5,6 and 7 , between pages 53 and 54 ). These
were more intense and the molecular ions were readily located.

All the sequencing peaks showed the expected mass shifts when
compared to the spectra using deuteriomethylated derivatives., This confirmed
the proposed sequences. The anomalous peaks in the third spectrum were found
to contain eighteen deuterium atoms and were identified (see p. 54).

In both experiments, high resolution mass measurements and metastable
detection were used to confirm the deduced structures, These are marked on

the appropriate spactra,
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Fig., 47 Nixed mass spectra obtained from the permethylated cheese peptides at a sample temperature of 155 C
(Exp. (52)). Predominantly peptide (I) with molecular ion at m/e627; see Fig. 5(a) between pages

53 and 54.
High Resolution Data:
= i i i e )~
m/e200 CyHy, N0, which is Acﬁ;G u(Ohe)
m/e313 = Cy5Ha5N0, which is A@h[;m_u(or.:.e)-.h[l;:al«

The corresponding spectrum from the perdeuteriomethylated mixture gave the following:
High Resolution Data:

- m/e206 = 09H8N04D6 which is AcTLglu(ocr:})—
3
m/el..52 = 022H26N306D12 which is Ac-rGlu(UCDE')—rVal—l—Leu
CD3 CD5 CD3

r

Metastable Transitions:
n/e651 ——>n/ely52——ym/e 322
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Fig. 48 HKixed Mass spectra obtained from the permethylated cheecse peptides at a sample tempersture of 200°C
(Exp. (52)). Predominantly peptide (II) with molecular ion at m/e797; see Fig., 6(a) between pages

3 and
The corresponding spectrum from the perdeuteriomethylated mixture gave the following:

High Resolution Data:
m/e208 = Cotly gN203Dg which is A g;n(cnj) o

23 1Y OSDZA. which is Ac—Egan(CD5)2—EG1u(CCD5)—EAsn(CD3)2—
3

CyoHp, NgOgD,,  which is Ar‘-gg;n(c:n}) —Tgiu(ocnj) Asn(CDB)z—ELeu—

m/e536

il

m/e666

Metastable Transitions:
n/eB30 —> m/eb66 ——> m/e536
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Fig. 49 Mixed mass spectra obtained frem the pernmethylated cheese peptides at a sample temperature of 260°C
(Exp. (52)). Predominantly peptide (III) with molecular ion at m/e945; seeFig. 7(a) between pages

53 and 54.

Netastable Transitions:

n/e640 ——> m/es83 —> m/e386 —> /8225

The corresponding spectrum from the perdeuteriomethylated mixture gave the following:

High Resolution Data:
m/e131 = C,H.NO,D which is
6 273

N

n/e228 = C, H,,

203]33 which is

m/e 392 °21H22N3°z}’5 which is

Metastable Transitions:

Ac——TAla—-
CcD 3
Ac-—[-&la.——-Pro—
CD 3
A Ala~—Pro-—FPhe —
Dy

n/e768 ——>n/e652—> m/el89 —> m/e392



Permethylation of His-Ser-Gln-Gly-Thr-Phe:

Exp. (53) To His-Ser-Gln-Gly-Thr-Phe (M.R.)(1.5 mg) wes added acetic acid (1.25ml)
- the peptide dissolved at once - water (0.5 ml) and acetic anhydride (1.25 ml).
The solutién was kept at room temperature for 2 hours, evaporated at room temp-
erature, redissolved in water and re-evaporated, The acetyl-peptide product

wes dried under vacuum ( § O.3mm Hg, liquid-air trap, 20 minutes), "Suba"

sealed under nitrogen and dissolved in DNSO (0.4 ml).

NaH/o0il dispersion (21 mg, 50% NaH) was used to generate dimsyl sodium
in DNSO (0.20 ml) as previously described, stirring at 67°C for 1 hour, After
cooling to rooﬁ temperature, the dried acetyl-peptide in DMSO was added by
syringe. After 10 minutes, chilled Iszree CH3I (0.30 ml) was rapidly injected
into the vigorously stirred solution, ,After a further 10 minutes stirring at
room temperature, water (1 ml) was injected to stop the reaction, the product
extracted into chloroform, washed, evaporated and applied to the direct inserti-
ion propbe for mass spectrometry.

There was no evidence of any spectrum at source temperatures up to

300°C. e Aty

It was found that some compounds eluted from TLC ebsorbents would not
give mass spectra, e.g. Exp. ( 3 ) : neither leucine nor Leu-Gly-Leu eluted
from Silica gel G with chloroform would give a mass spectrum., Exp. (6 ) :
the compound in "fraction 1" eluted from silice gel H with methanol would not
give a mass spectrum, After permethylation, the eluted material gave the mass
spectrum of permethylated Ac-Ala-Gly-Gly.

A peptide was applied under various conditions to the direct insertion
probe for mass spectrometry.

Exp. (54) Mass Spectrometry of Leu-Gly-Leu:

A, A small sample of Leu-Gly-Leu (M.R.) was applied to the direct

insertion probe for mass spectrometry.
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Fig. 50 Mass spectrum of Leu-Gly-Leu (M.R.) (Exp. (54)).
Expected molecular ion at m/e301. '
High Resolution Data:
m/e312 = Cy 5togN0,
m/e301 = C1hﬁ27N304 the expected molecular ion.
Spectra obtained on strong heating of Leu-Gly-Leu epplied under various
conditions showed m/e265 as the apparent molecular ion:
High Resolution Data:
m/e265 = CypHp3305 m/e222 = Cy4HgN205
Metastable Transitions:

m/e265 > m/e222; mn/e265 —> m/e209

The molecular ion m/e265 apperently is a bicyclic pyrolysis product from the
tripeptide formed by the loss of two molecules of water.



The spectrum obtained had molecular ion at m/e 301, with some N + 11
at m/e 312, On heating to above 22000, an ion at m/e 265 was observed (Fig. 50).
B A small sample of Leu-Gly-Leu (M.R.,) in 10% isopropanocl was applied
to a layer of silica gel H. The sample was eluted from the layer with methanol.
evaporated and applied to the direct insertion probe in 10% isopropanol.

Initially ions at m/e 86, 114 were obtained. On stronger heating, an
ion at m/e 265 was observed, There was no sign of the normal spectrum with
molecular ion at nv% 201,
c. A small sample of Leu-Gly-Leu (M.R.) was dissolved in 0.1N aqueous
HCLl and applied to the direct insertion probe for mass spectrometry, evaporating
the solution with a hot air stream,

The expected spectrum was not obtained, though on heating above ZOOOC,
an ion at m/e .265 was observed.
D. A sm2ll sample of Leu-Gly-Leu (M.R.) was dissolved in 0.415N aqueous
ammonia and applied to the direct insertion probe, evaporating the solution in
a hot air stream,

The expected spectrum, with molecular ions at m/e 301, 312 was obtained.
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