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2-Alkoxy-2-amino acidsl) and 2-acetoxy-2-amino acids are known as structural

Za-c) .
which

are physiologically important. However, only a few synthetic methods of these

elements of naturally occurring Ergot Alkaloids such as Ergotamines

amino acids have hitherto been reported, owing to their poor stability to heat,

acid etc.. These have been prepared: by heating 2-benzylideneocxazole-5-ones

3a,b),
3

with alcohols by treating 2-acylamincacrylate with alcohols containing

hydrogen Chloride,4a’b) or with alcohols and mercury (II) acetate, followed by

demercuration with sodium borohydrides)' by the conversion of 2Z-methylthio-2-

amino acids to 2-methoxy-2-amino acids.éa’b)

These methods are rather unsatis-
factory in the product yields and/or in the tedious procedures for the prepa-
ration of the starting materials.

In the present communication, we wish to report a new synthesis of 2-
alkoxy- and 2-acetoxy-Z-amino acids (III) by anodic oxidation of 2-ethoxy-
carbonyl-2-acetamidoacetic acid derivatives (IT) which are easily prepared by
the reaction of diethyl 2Z-acetamidomalonate (I} with alkyl halidss, followed by

saponification of the one ester groups.
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A general electrolysis procedure for a preparation of 2-methoxy-2Z-amino
acid derivatives [RZ:CH3 in compound (III)] is as follows. Compound (II) (0.1
mole) was dissolved in 30 ml of methanol, to which sodium salt of compound {II)
(0.0005 mole) was added. The solution was electrolyzed at 15-20°C using 2 cm2
of carbon ancde which was placed 0.5 cm apart from carbon cathode. An electro-
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Table
Compound (I1I) Compound{III)
rl RZ  vield(%) Mp.(°C) ! R Yield(%) Mp.(°C)
H CH, 89 syrup &) PhCH, C,H, 79 102-104
CHy  CH, 97 40-42 CH, (CHg),CH 80 71-73 ©)
CZHS CH:,> 91 80-81 CH2=CHCH2 CH3 83 Syrup d)
(CHj),CH CHy P g5 81-82 PhCH, COCH, 85 Syrup &)
PhCH,  CH, 96 97-98

a) nmr in CDCl3 (TMS as internal standard),s 1.33(t,3H),2.12(s,3H),3.39(s,
3H) ,4.28(q,2H) ,5.57(d,1H),6.9-7.4(broad d,1H). b) Methyl ester c¢) Electrol-
ysis current was 50mA. d) nmr in CDC13,6 1.33(t,3H),2.09(s,3H),2.4-3.3(m,
2H) ,3.30 (s,3H) ,4.26(q,2H) ,4.9-6.0(m,3H) ,6.9 (broad s,1H). e) nmr in CDClg,s
1.23(t,3H),1.99(s,3H),2.10(s,3H),3.25 and 4.29(AB q,2H,J=13Hz),4.16(q,2H),
7.2(m,6H).

lysis current was maintained at 250 mA during the electrolysis. After the theo-
retical amount of current (130 min. as a two-electron transfer) was passed, the
electrolyzed solution was neutralized with acetic acid. The solution was evapo-
rated to dryness in vacuo, the residue was dissolved in ethyl acetate, then the
ethyl acetate solution was washed with a small amount of water. The ethyl
acetate layer was dried over MgSO4,2and the solution was evaporated to dryness
in vacuo to afford compound(III)} (R :CHS) which was pure enough for elemental
analysis without further purification. The electrolyses in ethanol and iso-
propanol also proceeded to afford 2-ethoxy derivative [R CZHS in compound (III)]
and 2-isopropoxy derivative [R -CH[CHS)2 in compound (III)] respectively. 2-
Acetoxy derivative [RZ.COCH3 in compound (III)] was similarly prepared by anodic
oxidation of compound{II) in AcOH-AcONa. The structural elucidation was
carried out by NMR and mass spectra, and elemental analysis. For example, ethyl
N-acetyl-2-methoxyphenylalaninate had m.p. 97-98°C. NMR, IR, and mass spectra,
and elemental analysis are as follows: NMR in ChClg, & 1.33 (t, 3H, J=7 Hz),
2.04 (s, 3H), 3.22 and 3.88(AB q, 2H, J=13 Hz), 3.30 (s, 3H), 4.26 (q, 2H, J=7
Hz), 6.4-6.6 (broad s, 1H), 7.23 (s, 5H); IR (nujol), 3300, 1740, 1675, 1530
cm 1; mass spectrum, m/e 265 (M ); elemental analysis, found: ¢, 63.11; H, 6.99;
N, 5.28. 14 19 4N requires: C, 63.38; H, 7.22; N, 5.28.

The yields were satisfactorily good in all cases with quantitative current
efficiencies as listsd in Table. In these reactions, rearrangement and elimi-
nation were not observed. Furthermore, no Kolbe dimer was detected at all.
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The use of Pt anode gave almost the same results as those in carbon anode. How-
T or BF4_,
the starting material being completely recovered from the electrclytic solution.
The cyclic voltagram in this system indicated that the solvent was oxidized at

more cathodic potential than the oxidation potential of the substrate.

ever, the alkoxylation did not proceed at all in the presence of Clo4

The detailed mechanism of the electrode reaction is uncertain. However,
carbonium ion (II!') route via a two-electron transfer would be favored over

7)

radical route which involves the recombination of the alkoxy or acetoxy

radical, a short-lived radical, with the radical generated by an slectron trans-
fer to the substrate (I1)., If the reaction proceeds via the radical route, a
lower current efficiency would be observed than that obtained in the present

8
study.

®
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-2e 1 | 1 i
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@
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Thus, the carbonium ion (II'), which would be stabilized as immonium ion
(II”),Q) would react with nucleophile to give the product (III).

This electrochemical synthesis will serve as a useful method for preparing
2-alkoxy- and 2-acetoxy-Z-amino acids in high yields from the common starting
materials. Furthermore, 2Z-alkoxy- and 2-acetoxy-2-amino acids are attractive

as synthetic intermediates of unusual amino acids83, 10a-d)

Acknowledgement

The authors thank to Drs. T. Takayanagi, I. Chibata, and
M. Matsucka for their encouragement throughout the present study.

References and Footnotes

1. Naturally occurring 2-hydroxy-2-amino acids are listed in the Table of '"Hand-
book of Biochemistry" Edited by R. C. Weast et.al., B-12 (1970).

2. For example, a) A. Hoffman, A. J. Frey, and H. Otto, Experientia, 17, 206
{(1970); b) A. Hoffman, H. Otto, R. Griott, P. A. Stadler, and A. J. Frey,
Helv. Chim, Acta, 46, 2306 (1963); c) P. A. Stadler, A. J. Frev, H. Otto, and
A. Hoffman, ibid., 47, 1911 (1964).

3. a) G. Lucente, F. Pantanella, and A, Romeo, J. Chem. Soc., 1264 (1967); b) G.



194 No. 5

10.

Lucente, A, Romeo, and G. Zanotti, Chem. § Ind., 1602 (1968).

a) G. Lucente and D. Rossi, Chem. § Ind., 324 (1973); b) R. K. Olsen and A. J.
Kolar, Tetrahedron Lett., 3579 (1975).

C. Gallina, M. Maneschi, and Aurelio Remeo, J. Chem. Soc., Perkin I
(1973).

a) U. Zoller and D. Ben-Ishai, Tetrahedron, 31, 863 (1975); b) K. Ogura, I.
Yoshimura, N. XKatoh, and G. Tsuchihashi, Chem. Lett., 803 (1975).

The mechanism of this kind of electrode reaction have been discussed. See,

1134

’

for example, L. Eberson, "Carboxylic acid', in "Organic Electrochemistry",
M. M. Baizer, ed., P. 469, Chapter XIII, Marcel Dekker, Inc., New York, 1973.
The electrolysis in CHSCN-HZO system gave 2-acetamide product, Ritter reaction
product, which is a strong evidence for cationic intermediate.
Stabilization of carbonium ion by amide group is discussed in '"Azacarbonium
ions" by F. L. Scott and R. N. Butler in "Carbonium ions™ G. A. (lah and P. R.
Schleyer, ed.,, 1643, Vol. IV, Wiley-Interscience, New York, 1973.
a) D. Ben-Ishai, G, Ben-Et and A. Warshawsky, J. Hetr. Chem, 7, 1289 (1970);
b) D. Ben-Ishai, I. Satati, and Z. Berler, .J. Chem. Soc., Chem. Comm., 349
(1975); ¢) J. Altman, R. Moshberg, and D. Ben-Ishai, Tetrahedron Lett., 3737
(1975); d) H. Poisel and U. Schmidt, Chem. Ber., 108, 2524 (1973).



