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1. Introduction

For peptide sequence determination by mass spec-
trometry, the value of N-permethylated peptide deri-
vatives has been well established (for a review, see ref.
[2]), and a number of methods have been developed
to accomplish N-permethylation. The original Kuhn
method, employing methyl iodide and silver oxide
[3—5], has now been generally replaced by the Hako-
mori method [6—8], which makes use of methyl
iodide and a methyl-sulfinyl carbanion in dimethyl-
sulfoxide. The latter method was found to be success-
fully applicable to a larger variety of amino acid re-
sidues than was the Kuhn method. Recently, a tech-
nique similar to the Hakomori method has been
suggested [9] which uses dimethylacetamide as sol-
vent and a base generated from dimethylacetamide
and sodium hydride.

A method previously known for O-permethylation
of carbohydrates [10] has been proposed by Coggins
and Benoiton [11] as effective for N-permethylation
of peptides. This method appeared to offer a practical
advantage over the former techniques: a simple hetero-
geneous mixture of methyl iodide, sodium hydride,
and the peptide derivative in dimethylformamide pre-
cludes the prior preparation of a reagent. For this
reason, the Coggins-Benoiton procedure was adopted
in our laboratory as the preferable method for N-
permethylation, and was found to be successful for

* Part XIX in the series ‘“‘Determination of amino acid se-
quences in oligopeptides by mass spectrometry”; part
XVHI, ref. [1].
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most of our problems. For example, the largest pep-
tides yet examined by mass spectrometry, of 18 and
22 amino acid residues, were analyzed after permethyl-
ation by this procedure [1,12].

However, with these reaction conditions, we en-
countered C-methylation of some amino acid resi-
dues under certain circumstances, particularly when
working with sub-milligram peptide quantities. Some
examples here will demonstrate the drawbacks of
permethylation according to the method of Coggins
and Benoiton [11]. In the following discussion, the
advantages and disadvantages of the various methods
proposed for permethylation of peptides will be
evaluated.

2. Experimental

For permethylation by the Coggins-Benoiton tech-
nique, the peptide derivative (1—10 mg) is dissolved in
0.2 ml of dimethylformamide. Sodium hydride oil
suspension (50 mg) is rinsed three times with ether,
then added to the peptide solution, followed by 0.1 ml
of methyl iodide. After one-half to one hr, at room
temperature with stirring, the mixture is added to
water and the product extracted with chloroform.

Conditions for permethylation of peptides by the
Hakomori method have previously been described [8].

Mass spectra are determined with an A.E.I. model
MS 9 mass spectrometer.
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3. Results

The aspartic acid residue is the most susceptible to
the side reaction of C-methylation, an example of
which is illustrated with compound (1). Permethyla-
tion by the Hakomori method gave the expected
O,N-permethyl derivative (2), the mass spectrum of
which is shown in fig. 1. The structure was confirmed
by this spectrum, and no abnormalities were observed
except the reluctance toward methylation of the e-ni-
trogen of lysine (see m/e 370) which has previously
been noted [5].

Ac.Asp.Lys(Ac).Ile.Val.Gly.OH ¢))

Ac.Me)Asp.Me,Lys(Ac).Melle. MeVal.MeGly.OMe
(2

By comparison, use of the Coggins-Benoiton condi-
tions as described above (using deuteriomethyl iodide)
produced a derivative which gave the mass spectrum
of fig. 2. A significant observation is the lack of the
expected fragment Ac.NCD3A§p.+ at mfe 192, Instead,

0CD4
the predominant product contained one additional
CD3 group (m/e 209), and was even accompanied by
a smaller amount of a higher homolog (/e 226).
C-methylation of aspartic acid residues has also been
observed in the following peptide derivatives:

RCO.Glu.Leu.Leu.Val.Asp.Leu.Leu.OH 3

Ac.Val.Ala.Val.lle.Asp.Ser.Gly.(Ile.Asp.- @
Ser.Ser.His.Pro.Asp.Leu.Lys.OH)

Ac.Asp.Orn(Ac).Val.Tyr.Ile (Tha*.Pro.Phe.OH)(S)

One and two additional C-methyl groups were also
found in the glycine residue of the methylation pro-
duct of compound (1) (see fig. 2). A similar C-methy-
lation of glycine, to give alanine or a higher homolog,
has been observed for the insulin derivative (6) and
the bradykinin derivative (7). C-methylation of glycine
residues has also been obtained with the Kuhn method

T Residues in parentheses were not observed in mass spectra
of the permethylated derivatives.
* Thienylalanine.
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[9], although this method has already been generally
discontinued for peptides for other reasons [8,13].

Ac.Gly Ile.Val.Glu.GIN.(Cys(SO;H). . . .OH)  (6)

Ac.Orn(Ac).Pro.Pro.Gly.Phe.Ser.(Pro.Phe.Ormn-
(Ac).0OH) N

The glutamic acid residue of compound (3) (and
also of (6)) had a tendency to incorporate one additio-
nal methyl group, but to a lesser extent than the as-
partic acid residue of the same peptide derivative.

4. Discussion

Although the Coggins-Benoiton reaction [11] is a
very simple and effective method for peptide N-per-
methylation, the results presented here indicate that
caution must be taken in the interpretation of mass
spectra of the resulting derivatives, particularly when
they contain aspartic acid, glutamic acid, or glycine.
For example, C-methylation of an aspartic acid resi-
due gives a homolog which may be erroneously iden-
tified by its mass as an O, N-dimethylglutamic acid
residue. Likewise, glycine may be converted to N-
methylalanine; the resulting mass spectrum is no
longer representative of the original peptide.

The products of the side reaction pointed out
above have not yet been characterized: it was con-
sidered that an additional methyl group could be
introduced by O-methylation of an enol, e.g.

.. .NME-(liH-CO. L .NMe-(f:g. .., but this
Me

cannot account for the two methyl groups (in addi-
tion to N-methyl) occasionally introduced in glycine
residues; thus C-methylation is the only remaining
possibility.

The products resulting from such C-methylation
may be recognized and distinguished from naturally
occurring homologs by use of deuteriomethyliodide,
as was done for the example of fig. 2; but if a peptide
is known to contain one of the problematic residues,
especially the more reactive aspartic acid residue, it
seems best to choose an alternative method of per-
methylation.

The reaction of Kuhn [3], which is successful for
the N-permethylation of peptides [4], utilizes silver
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oxide and methyl iodide in dimethylformamide. This

reaction was originally inconvenient because of its three-

day time requirement, but this was later shortened to
three hours by maintaining the reaction mixture at 50°
in a sealed tube [5]. However, artifacts which limited
the general usefulness of this method were produced
with peptides containing aspartic acid, glutamic acid,
methionine, and tryptophan [8,13].

The methylation method of Hakomori [6,7] has
been modified [8] to produce clean N-permethylated
peptide derivatives after 1 hr reaction with methy!
iodide and a methylsulfinyl carbanion in dimethyl-
sulfoxide. This procedure was found to be successful
for the largest variety of peptides; none of the arti-
facts produced by the Kuhn or Coggins and Benoiton
methods have been encountered. Thus it seems that
the Hakomori method is still the most generally use-
ful. The only inconvenience of this method (which
may be avoided by use of the Coggins and Benoiton
method, where applicable) is the additional step of
preparing a carbanion catalyst by reaction of sodium

hydride and dimethylsulfoxide at elevated temperature.

The significant difference between all methylation
techniques is not in the solvent, but rather the base
which is employed. In the technique of Coggins and
Benoiton, the base is sodium hydride in suspension.
Although dimethylformamide has usually been used
as solvent, this reaction may be accomplished in
dimethylsulfoxide, whereby C-methylation is also ob-
served. The Hakomori method utilizes sodium hy-
dride for the preparation of a reagent, the resulting
base being a methylsulfinyl carbanion and not sodium
hydride itself. It is the difference in base which must
account for the degree of reactivity of the various
methods.

Another technique for permethylation of pep-
tides uses dimethylacetamide in place of the dimethyl-
sulfoxide of the Hakomori reaction [9]. It has been
suggested that this technique (which uses a reaction
time of 1 hr) gives a cleaner peptide derivative than
that obtained by the Hakomori reaction, although
this may be due to a difference in reaction times
(ref. [9] quotes only the original application of the
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Hakomori method to peptides, which involves a reac-
tion time of 12 hr [7] ; recent work has shown that
prolongation beyond one-half to 1 hr leads to de-
composition of the peptide derivative). This reaction,
however, is still a “Hakomori”” reaction in the sense
that a base is prepared by prior reaction of sodium hy-
dride with the solvent; and as with the Hakomori tech-
nique, no undesired artifacts have been reported.
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