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SYNTHESIS AND PMR PROPERTIES OF SOME
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Abstract- A number of new B-N-alkylamino acids have been synthesised from N-acctyldehydroalanine.
and their chromatographic and PMR properties examined. A selected peptide S-DNP-glutathione has
also been subjected to alkaline degradation and the formation of dehydroglutathione has been shown by
PMR.

INTRODUCTION
DEHYDROALANINE has long been postulated as an intermediate in the degradation of
cystine residues in proteins, after treatment with alkaline solutions. The formation of
the final products of degradation, lanthionine,! lysinoalanine? and ornithinoalanine?
and B-aminoalanine® can only be easily explained by a preliminary decomposition of
the cystine residues to dehydroalanine residues, followed by addition of thiol and
amines e.g. cystine, e-amino groups of lysine or ammonia.

Whilst direct evidence has not been obtained to substantiate the presence of this
amino acid residue during the decomposition, much indirect evidence that it occurs
is available. In particular, the presence of free organic bases or thiols in the alkaline
medium has been shown>~7 tolead to a variety of products, dependent on the structure
of these materials. )

The absolute identification of these final products requires their synthesis as model
compounds N-Acetyldehydroalanine or its ethyl ester has been used to synthesise
lysinoalanine? and lanthionine® and some B-sulphoamino-acids® !'® and N-acetyl-
B-aminoalanine have also been prepared.’'-!3

The purpose of this paper has been to extend the range of B-N-alkylamino-acids
prepared in this way and to determine their electrophoretic properties and charac-
teristic PMR spectra, and to further examine a selected peptide of cysteine in order to
determine by a PMR technique the presence of the dehydroalanine residue after
alkaline decomposition.

RESULTS AND DISCUSSION

The synthesis of acetyldehydroalanine as given in Greenstein and Winitz!® was
found to be more difficult and gave no better yield than the method of Kil'disheva'*
which is a one step procedure. The formation of amine adducts yielding the a-acetyl
derivatives of the amino acids proceeded smoothly, but isolation of the product in a
crystalline form was impossible without prior removal of all traces of excess amine.
Volatile amines were removed by repeated rotary evaporation, non volatile i.e.
ethanolamine, by extraction of the basified reaction mixture with organic solvent.

Clear electrophoretic separation of the substituted f-amino-acids from one another
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TABLE 1. NEW - N-ALKYL-at- N-ACYLAMINO-ACIDS ACNH CH—CO,H
\ o Required %, Found %
R, R, Yield % m.p.°C CH® CH,? '\“’
C H N C H N
Et* H 66 164-5 451 335 438 833 1459 4388 83 1447
Pr H s5 167-8 449 335 51-0 85 149 50-6 843 143
But H 49 170-1 448 333 534 89 137 5357 862 1366
Amyl H 46 174-5 450 333 554 925 1295 5542 899 1271
Et Et 50 1634 457 342 51.86 90 1425 525 89 1385
EtOH H 52 166-7 443 323 439 728 1446 442 743 1476
¢ Crystallized as monohydrate.
® Chemical shifts in ppm from DSS.
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TABLE 2. NEW B-N-ALKYLAMINO-ACIDS H;N—CH—CO;H
/ Required 9 Found %,
R, R, mp.°C CH* Cﬂz—N<
C H N a C H N Cl
Et® H 1545 404 34 338 79 158 200 3427 17 1597 1986
Pr H 1656 381 324 388 81 151 1945 392 815 155 19-54
But H 177-8 36 323 428 865 1425 1805 4269 856 1415 1818
Aryl H 1834 374 324 456 90 133 1685 4562 91 1338 1680
EtOH® H 157-8 338 373 296 74 1385 175 300 749 140 17§

¢ Crystallized containing 0-5 mole H,O.
b Crystallized containing 1 mole H,;O.
¢ Chemical shifts in ppm from DSS.
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can be effected over a wide range of pH. When present in protein hydrolysates,
however, some overlap occurs with other amino acids (Table 3). It can be seen that at
pH 1-85 the Rm values for a homologous series of basic amino acids are separated by
a characteristic distance, while the diethyl and $-hydroxy-ethyl derivatives lie at
intermediate values.

TABLE 3. RM VALUES OF NEW BASIC AMINO ACIDS RELATIVE TO GLYCINE
AND ALANINE AT pH 1-85

Amino acid Rm (to Glycine) Rm (to Alanine)
B-Ethyl-amino-dl-alanine 1-13 1-3
B-Propyl-amino-di-alanine 1-07 1-21
B-Butyl-amino-dl-alanine 1-00 1-12
B-Amyl-amino-dl-alanine 095 1-065
B-Diethyl-amino-dl-alanine 1-04 1-16
B«{(Hydroxyethyl)}-amino-alanine 1-1 1-23

Effective separation of all the amino acids in a protein hydrolysate can be effected
by careful choice of electrophoretic pH (e.g. pH 1-1 for the butyl and amyl products).

Synthesis of the B-diethylaminoalanine product from the acteyl derivative, was
obtained pure by the method outlined, failed. All attempts to hydrolyse it resulted in
partial breakdown to give two products on electrophoresis, alanine and a product
with the expected electrophoretic properties of the diethyl derivative (Table 3).

The PMR spectral data of the a-N-acylamino-acids is given in Table 1. Alkyl
methylene groups are not given due to poor resolution of the overlapping groups
(except the propyl derivative). The 6-methylene protons all occurred at approximately
3-12 ppm relative to DSS, while in the free amino acids at about 3-15 ppm to DSS.
The a-CH proton signals are all quartets, deshielded to approximately 450 ppm as
would be expected due to the carbonyl group.!” The coupled splitting of the B-CH,
protons overlaps in all cases with the y-methylene protons to give a 12 line multiplet.
Expansion yielded separation of all 12 lines and treatment of the —CH—CH , group
as an ABX case gave agreement with expected values on computer analysis.'® The
PMR of the amino acids themselves are also very characteristic'® 2° and could be
treated as ABC cases. The exception to the general finding are the protons of the
hydroxyethyl compound which are at slightly lower field. This could be expected if the
hydroxyl group is ionically linked to the acylamino group and removal of the acyl
group does indeed shift the CH—CH, protons further downfield (0-3 and 0-5 ppm).

PMR data of dehydroalanyl protons is not readily available. However, the trans-
formation of S-DNP-glutathione to dehydroglutathione is readily followed by
PMR. The spectra of S-DNP-glutathione showed the characteristic positions of the
dinitrophenyl protons 7-76, 8-36, 8-83 ppm and the CH—CH, for the cysteine residue
at 475 and 3-61 respectively. After elimination however, all these absorptions
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disappeared and were replaced by a doublet at 5-48 ppm which integrated as 2 protons
with respect to glycine.
This compares favourably with the absorption of a-acyldeh
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at 578 ppm) and acyl-dehydroalanylethylester (6:21 ppm).

It may be possible in view of the separation of the signals of the 2 dehydroprotons
from all other common PMR signals of amino acid in D,0, to use this approach to
identify the same characteristic splitting in alkali treated proteins of high sulphur
content and so obtain independent physical evidence of the formation of dehydro-
alanine from cystine under these conditions. Further work on this is being carried out.
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EXPERIMENTAL

M.ps were taken using a hot stage microscope and are uncorrected.

PMR spectra of the amino acids were recorded in D,0 on a Varian 60 spectrometer with DSS as internal
standard. The ethyl derivative was examined at pD 10-1 all the others were examined at pD’s between
8-0 and 8:5.

Chemical shifts are quoted in p.p.m. relative to DSS.

The PMR of acetyl derivatives were recorded at I00MHz using a Perkin Elmer R14 with DSS as internal
standard at neutra! pD.

Acetyldehydroalanine was prepared by the method of Kil'disheva et al. m.p. 198-200° (lit.'* 198-200°).

S-Dinitrophenyl-glutathione was prepared by the method of Sadeh et al.'® modified as follows :

Glutathione (1 g) was dissolved in 01 M KHCO, (10 ml) and fluorodinitrobenzene (0-65 g) in McOH
(5 ml) added. After stirring (10 min) at room temp. MeOH was removed at room temp. and the S-DNP-
glutathione precipitated by addition of dilute HCl to pH 2. Recrystallisation from water yielded 09 g
(90%) m.p. 211° (lit.* m.p. 211°).

Preparation of p-N-alkyl and N-acylamino-acids. Acetyldehydroalanine ($ g) was dissolved in a 30%,
soln (50 ml) of the amine in water and kept at 40~50° for 72 hr.

The excess amine was removed by rotary evaporation and repeated washing with water followed by
further rotary evaporation. The yellow oils were treated with acetone and chilled to precipitate the amino-
acid derivative which was recrystallized from MeOH/Et,0. Yields and m.ps are in Table 1.

Preparation of B-N-Alkylamino-acids. The N-acyl derivatives were refluxed with 15 fold excess of 2 M
HCl for 3 hr to ensure complete removal of the acyl group. The soln was evaporated at 40° to dryness and
water washed repeatedly and evaporated again. The residue (after taking up in a little water) was applied
to a column of Amberlite 1R4B to remove excess HCI and the eluate evaporated to small bulk. The amino
acids were precipitated as monohydrochlorides by addition of acetone and chilling then. Recrystallized
from water and acetone. M.ps are in Table 2.

Synthesis of 2-(2'-hydroxy-ethyl}-amino-1-acetyl-DL-alanine. Acetyldehydroalanine (5 g) was dissolved in
a 209 ethanolamine soln (50 ml) and kept at 45° for 72 hr. The soln was basified with NaOH, extracted
with EtOAc several times, passed down a column of Amberlite IRC50 to remove sodium ions and evapor-
ated at 40° to small bulk. The product was precipitated by addition of acetone (Table 1) then hydrolysed to
the amino acid as above.

Prepuration of dehydroglutatione from S-DN P-glutathione. S-DNP-glutathione (60 mg) was dissolved in a
1:1 mixture of D,0 and DMSO—d (0-5 ml) and made 0-5 M in NaOD by addition of 40 %, NaOD in D,0.
The soln rapidly became dark brown and was kept at 40° for 3 hr prior to filtration and PMR spectroscopic
examination (Varian 60, DSS).

Acknowledgements— The authors would like to thank the International Wool Secretaniat for a grant to
one of us (P.C.), Dr. J. J. Garcia-Dominguez for helpful discussions on the synthetic work and for obtaining
the 100MHz spectra of the N acyl amino-acids and a spectra of a-acyldehydroalanylethylester synthesised
in his laboratories. We would also like to thank Mr. B. J. Dale of Bradford University for computer
analysis of the amino acids and discussions on PMR data.



Synthesis and PMR properties of some dehydroalanine derivatives 4773

REFERENCES

M. J. Horn, D. B. Jones and S. J. Ringel, J. Biol. Chem. 138, 141 (1941)

Z. Bohak, Ibid. 239. 2878 (1964)

K. Ziegler, 1. Melchert and C. Lurken, Nature 214, 404 (1967)

R. S. Asquith and J. J. Garcia-Dominguez, J. Soc. Dyers and Colourists 84, 155 (1968)

R. S. Asquith and A. K. Puri, Text. Res. J. 39, 95 (1969)

R. S. Asquith, A. K. Booth and J. D. Skinner, Biochem. Biophys. Acta. 181, 164 (1969)

R. S. Asquith and P. Carthew, J. Textile Inst. (in press)

A. Schober), l'er. Dtsch. Chem. Ges. 80, 379 (1947)

? W. Behringer and E. Fackler, Ann. 564, 13 (1949)

0 Q. Sus, German Pat. 831 998 (1952)

' S.C.J. Fu and J. P. Greenstein, J. Am. Chem. Soc. 77, 4412 (1955)

2 |, Z. Eiger and J. P. Greenstein, Arch. Biochem. 19, 467 (1948)

'3 0. Gawron and G. Odstrechel, J. Am. Chem. Soc. 89, 3263 (1967)

'4 Q. V. Kil'disheva, L. L. Knunyants and L. P. Rasteikene, Bull. Acad. Sci. U.S.S.R. 231 (1955)

'S T. Sadeh, M. Sokolovsky and A. Patchornik, J. Am. Chem. Soc. 86, 1212 (1964)

'6 J. P. Greenstein and M. Winitz, The Chemistry of the Amino Acids p. 860, Vol. 2. Wiley (1960)

7 F. A. Bovey and G. D. V. Tiers, J. Am. Chem. Soc. 81, 2870 (1959)

18 J.A. Pople, W. G. Schneider and W. J. Bernstein, High Resolution N MR Spectroscopy, p. 132. McGraw-
Hill, N.Y. (1959)

9 Q. Jardetzky and C. Jardetzky, J. Biol. Chem. 233, 383 (1958)

20 R. B. Martin and R. Mathur, J. Am. Chem. Soc. 87, 1065 (1965)



