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Selective N-Methylation of Dehydroamino Acids and
Peptides

Daniel H. Ricu*, I. Tam. P. MATHIAPARANAM, J. GRANT
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Unsaturated amino acid residues are found in many peptide
natural products (e.g. 1a—d) and often impart unusual confor-
mational chemical or biological properties to the molecule.
Selective methods for modifying the unsaturated residues,
such as N-methylation of unsaturated amides in the presence
of normal amide bonds, would be useful for the synthesis
of this portion of the unsaturated peptides because N-methyl-
ated f-substituted amino acids (e.g. 2a—d) are often difficult
to prepare or use in peptide synthesis.
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For the synthesis of the unsaturated cyclic tetrapeptide ten-
toxin® it was necessary 1o develop a method for selectively
N-methylating a dehydrophenylalanine residue (1d) without
methylating other amide bonds or causing base-catalyzed
rearrangements. We report here the results of the study
to develop this procedure and present cvidence that the
reaction procecds cleanly and with retention of configuration
about the double bond.
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Treatment of Boc-dehydroamino acid methyl esters 3-10
with anhydrous potassium carbonate and methyl iodide in
dimethylformamide or with potassium carbonate and
dimethy! sulfate in acetonitrile gave the N-methylated pro-
ducts 11-18 in good yicld (Table 1). The reagents must
be carefully dried since water retards methylation and
reduces purity and yield of product. Although the reaction
can be conveniently monitored by N.M.R. and T.L.C,, it
was necessary with some larger peptides or hindered residues
(e.g. 8) to isolate and remethylate the product in order to
achieve complete reaction.

Peptides containing glycine residues such as Cbz-Phe-Gly-
OEt (19) and Cbz-Leu-Gly-OEt (20) were not methylated
under these reaction conditions. These peptides are N-
methylated (predominantly on the glycyl nitrogen) when
stronger bases such as wet silver oxide® or sodium hydride are
used. Strong base also is known to catalyze hydantoin forma-
tion (21) especially on Cbz-protected peptides (e.g. 19 or
20) during either hydrolysis” or N-methylation®. No hydan-
toin formation was detected when peptides 19, 20, or 6-10
were subjected to our N-methylation conditions indicating
that the procedure probably can be applied to many systems,
including the natural substance, to prepare derivatives.
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The effect of N-methylation on the double bond configura-
tion was studied. Methyl esters of Boc-( Z )-dehydrobutyrine
(22) and Boc-( E )-dehydrobutyrine (23) were prepared and
the configurations assigned on the basis of the chemical
shifts of the vinyl and methyl protons (Table 2). Z-Substi-
tuents of acylated amino acid esters are known to be de-
shielded with respect to the E-substituents®. N-Methylation

Table 1. N-Methylation of Protected Amino-acid and Peptide Esters

Educt®
3 Cbz-AAla-OMe
(4) Boc-AAla-OMe
(5) Boc-AVal-OMe
(6) Boc-Ala-AAla-OMe
i) Boc-Ala-ABut-OMe®©
(8) Boc-Ala-AVal-OMe
9) Boc-MeAla-Leu-AAla-Gly-OMe

(10} Boc-MeAla-Leu-(Z)-APhe-Gly-OMe
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of the Z-isomer 22 gave only ( Z )-N-methyldehydrobutyrine
methyl ester (24, 84%,) while methylation of the E-isomer
23 gave only the corresponding ( E )-N-methyl isomer 25
(89%). Similarly, methylation of the protected tetrapeptide
10 (Z-isomer) gave the N-methyl-Z-isomer 18 in 89 yield.
The corresponding E-isomer was not methylated under these
conditions and was recovered unchanged in high yield. These
results established that N-methylation of dehydro residues
under these conditions does not change the configuration
about the double bond.

Potassium carbonate was pulverized and dried -at 200° for 24
h before use. Methyl iodide and dimethylsulfate were filtered
through alumina, distilled, and stored under argon. Acctonitrile
was distilled from P,0Os. Dimethylformamide was distitled from
calcium hydride under reduced pressure and stored over molecular
sieves. T.L.C. was run on silica gel G plates eluting with benzene
(80)/ethyl acetate (20).

Typical N-Methylation procedures are given below.

Methyl i-Butoxycarbonyi-N-methyldehydrovalinate (13):
Potassium carbonate (227 mg, 1.65 mmol) and methyl iodide
(0.15 ml) were added to a solution of methyl -butoxycarbonylde-
hydrovalinate (5: 109 mg. 0.48 mmol) in dimethylformamide (1.5
ml) in a pressure bottle. The mixture was stirred vigorously for
72 h under an inert atmosphere at 25°, then diluted with chloro-
form, and filtered. The solvent was removed by evaporation in
vacuo and the residue distilled (Kugelrohr) to give the N-methyl-
ated product as a colorless oil; yield: 94 mg (84%,): b.p. 85°/0.3
torr.

Ci2H2:04 cale.  C€59.24 HE870 NS5.76

(243.3) found 59.22 8.74 6.00

Methyl  i-Butoxycarbonyl-alanyl-leucyl-N-methyl-( Z )-dehydro-
phenylalanylglycinate (18):

Potassium carbonate (110 mg, 0.8 mmol) and methyl iodide (1.0
ml) were added to a solution of methyl ¢-butoxycarbonyl-alanyl-
leucyl-( Z )-dchydrophenylalanylglycinate (10; 58 mg, 0.108 mmol)
in dimethyformamide (4 ml) in a pressurc bottle. The reaction
mixture was stirred vigorously for 72 h, diluted with ethyl acetate,
and filtered. The filtrate was washed with water, I N citric acid

Product? Yield (%)
(11) Cbz-MeAAla-OMe 79
(12) Boc-MeAAla-OMe 84
(13) Boc-MeAVal-OMe 84
(14) Boc-Ala-McAAla-OMe 76
(15) Boc-Ala-MeABut-OMe™© 85
(16) Boc-Ala-MeAVal-OMe 82
(17) Boc-McAla-Leu-MeAAla-Gly-OMe 71

(18) Boc-MeAla-Leu-(Z)-MeAPhe-Gly-OMe &9

“ Satisfactory microanalysis, T.L.C., N.M.R,, and LR. data were obtained.

 But = Butyrine or aminobutanoic acid.
¢ Both E and Z isomers.

Table 2. 'H-N.M.R. Data of Protected Dehydrobutyrine Esters and their Methylation Products*

Butyrine Derivative On-n p-u
Boc-(Z)-ABut-OMe (22) 6.52

Boc-(E)-ABut-OMe (23) 6.04
Boc-(Z)-McABut-OMe (24)

Boc-(E)-MeABut-OMe (25) -

678 (q, J=7.5 Hz)
6.67 (q, J=7.2 Hz)
608 (q, J=7.2 Hz)
6.70 (q, J=7.2 Hz)

dy-n

205 (d. J=7.5 Hz)
1.81 (dd, J=0.09/7.2 Hz)
202(d, J=7.2 H)
1.78 (d, J=7.2 Hz)

* Chemical shifts are expressed in ppm relative to internal TMS. The spectra were obtained with a Bruker-HX90E spectrometer

in deuteriochloroform.
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solution, water, sodium hydrogen carbonate solution, water, dried
{MgSOy), and evaporated in vacuo to give the N-methylated
product; yield: 53 mg (89";): oil.

CisH42N405 cale.  C6152 H7.74 N10.27

(546.7) found 61.82 7.68 1047
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