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Selective Removal of the

N-Chloroacetyl Group in Peptides

By Kjell Undheim* and Per E. Fjeldstad, Department of Chemistry, University of Oslo, Oslo 3, Norway

The N-chloroacetyl group can be removed from amino-acids and dipeptides in two steps as follows.
acetamide and a pyridine-2-thione are initially condensed in agueous sodium hydrogen carbonate.
tion product in cold trifluoroacetic acid undergoes cyclisation with concomitant liberation of the amine.

The chloro-
The condensa-
Effects

of substituents in the pyridine system and in the amine have been studied. The best reagent was found to be

3-nitropyridine-2-thione.

RECENTLY we reported that alanine can be N-acylated
by a thiazolo[3,2-a]pyridinium-3-olate and that the
adduct is readily cleaved in trifluoroacetic acid (TFA)
to give the original reactants without racemisation of the
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amino-acid.2 This observation suggested the possi-
bility of selective removal of an N-halogenoacetyl group,
used as protecting group in peptide synthesis, by
treatment with a thiolactam. Hitherto reported
methods for the removal of a such group require more
vigorous reaction conditions. Thus, heating N-chloro-
acetyl peptides with o-phenylenediamine leads to intra-
molecular aminolysis of the initially formed N-alkylated
phenylenediamine® A recent report described the
selective removal of the chloroacetyl group by reaction
with thiourea in ethanol followed by heating in aqueous

1 Part XXVIII, M. Gacek and K. Undheim, Tetrahedron,

in the press.
2 K. Undheim and P. O. Tveita, Acta Chem. Scand.,

25, 5.

1971,

solution; this leads to an intramolecular amidinolysis
of the intermediate S-substituted thioformamidine.
The method has been improved by the use of N-sub-
stituted thioureas® In our studies using pyridine-
2-thiones and related compounds we have investigated
substituent effects in the pyridine system, the nature
of the heterocycle, and the influence of the amine
system on the cyclisation which leads to amine liberation.
The required model compounds (Scheme 1) were pre-
pared as shown in Scheme 2 by condensation of chloro-
acetamides (20) with pyridine-2-thiones (19) in aqueous
sodium hydrogen carbonate. The pyrimidine (8) and
the benzoxazole (9) analogues were prepared similarly.
As shown by chromatography, the conversion into the
required product is almost quantitative. Most con-
densation products crystallised exceptionally well,
especially those derived from 3-nitropyridine-2-thione,
including the dipeptide esters (13)—(15). N-Chloro-
acetyl-L-alanyl-L-phenylalanine, required for the pre-
paration of (12), was available by application of the
mixed anhydride method to N-chloroacetyl-L-alanine
and L-phenylalanine. The N-chloroacetyl dipeptide
ester intermediates for the preparation of compounds
(13)—(15) were prepared similarly from the respective
L-amino-acid precursors by use of dicyclohexylcarbodi-

imide as the condensing agent.
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Rate studies for the intramolecular aminolysis were
conducted in TFA at 20 °C (Figure). In the case of the
amino-acid derivatives, which were all of the L-con-
figuration, the progress of the reaction was conveniently

3 R. Holley and A. Holley, J. Amer. Chem. Soc., 1952, 74,
3069.

4 M. Masaki, T. Kitahara, H. Kurita, and M. Ohta, J. Amer.
Chem. Soc., 1968, 90, 4508.

5 W. Steglich and H. G. Batz, Angew. Chem., 1971, 88, 83.
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followed by the change in optical rotation at the sodium
pD-line. In a few cases the amino-acid liberated was
isolated and was found to have suffered no or very little
racemisation. The presence of the thiazole (22) in the
TFA solution did not interfere to any extent with the
specific rotation of the amine liberated. Alternatively

4

Cleavage of optically active N-(2-pyridylthio)acetyl-amines in
TFA at 20 °C measured by observing the sodium p-line rotation

the progress of the reaction could be studied by n.m.r.
as described later for the anilides (16)—(18).

The effects of some substituents in the pyridine ring
were first investigated by use of the phenylalanine series
(1)—(7). In the unsubstituted pyridine (1) an equili-
brium position is established after some time between
the amide (1) on the one side and the thiazole (22) and
the amine (23) on the other. With a 3-methyl (2) or a
3-hydroxy- (3) group the reaction is complete after
6 and 10 h, respectively. The rate is still greater
(25 h) with the 3-nitro-group (4), and the 5-nitro-
isomer (5) does not react. The nitro-group in both
these isomers would be expected to have a similar
weakening effect on the nucleophilicity of the pyridine
nitrogen atom. The second nitrogen atom in the
pyrimidine (8) should also exert a similar electronic
effect; like the benzoxazole (9) it did not react under
these conditions. The major effect of the 3-substituent
is therefore a steric one. Presumably the coplanar
3-nitro-group will favour conformations of the S-side-
chain in which the carbonyl carbon atom is close to the
ring nitrogen atom. As expected, the cyclisation is
sensitive to non-bonded interaction between the car-
bonyl side-chain and a 6-substituent in the pyridine
ring. Thus the 6-methyl derivative (6) did not react
nor was the influence of the 3-nitro-group in (7) sufficient
for the reaction to proceed.

Having found the 3-nitro-derivative (4) to be the most
reactive, we used 3-nitropyridines in all the subsequent
work. The aminolysis rate (Figure) for the valine (11),
the phenylalanine (4), and the alanine (10) increases
in this order in accord with the decrease in steric inter-
action from the substituents on the 8-carbon atom of the
amino-acid. The steric influence of the B-substituent
in the amine is further illustrated by the alanylphenyl-
alanine dipeptide (12), which was deacylated at about
the same rate as the alanine (10). The esters (13)—
(15) behave in the same way, the reaction times being
70 min, 3-5 h, and 4 h, respectively; cf. 60 min, 2-5 h,

J.C.S. Perkin I

and 4 h for the amino-acids (10), (4), and (11), re-
spectively.

The anilides (16)—(18) were prepared for the study
of the effects of electronic changes in the amine system
on the cyclisation reaction, as the para-substituents
do not exert a steric effect. N.m.r. was used to de-
termine the reaction rate in TFA by observation of
the disappearance of the methylene proton signals at
< 6-0 and the appearance of a new signal at = 2-6 due to
the C-2 proton in the thiazole ring. The reaction time
for the para-nitro-derivative (18) was 15 min, that for
the anilide (16) ca. 2 min, and that for the methoxy-
derivative (17) ca. 1 min. These data are interpreted
to mean that protonation of the amide group, which is
favoured by an electron-donating p-substituent, is the
rate-determining factor. The importance of having an
acid present which is strong enough for protonation was
also suggested by the failure of attempts to cyclise (4)
in acetic acid solution. Very little reaction was ob-
served after 4 days. A reaction sequence is suggested
in Scheme 3.
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N.m.r. spectra were recorded on a Varian A-60A in-
strument and t.l.c. was run on silica gel 254 in the system
BuOH-EtOH-NH-H,0 (4:1:2:1).

The N-(2-Pyridylthio)acety! — Devivatives (1)—(11).—
A solution of the N-chloroacetyl-L-amino acid (25 X
107® mol), the pyridine-2-thione, or pyrimidine-2-thione,
or 2-mercaptobenzoxazole (2-5 X 107 mol), and sodium
hydrogen carbonate (1 g) in water (15 ml) was heated at
40—50 °C until t.l.c. showed the reaction to be complete
(2—3 h). Acidification of the solution to pH 4 with HCl
led to slow precipitation of the product. Further data are
given in the Table.

N-(3-Nitro-2-pyvidylthio)acetyl-L-alanyl-L-phenylalanine
(12).—The required N-chloroacetyl peptide was synthesised
from N-chloroacetylalanine and phenylalanine by the
mixed anhydride method. The peptide thus obtained
(1-25 x 10 mol), 3-nitropyridine-2-thione (1:25 x 1073
mol), and sodium carbonate (1 g) in water (25 ml) were
heated at 40 °C for 3 h. Acidification to pH 4 with HCl led
to precipitation of the title compound. Further data are
given in the Table.
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Syntheses of the N-(3-Nitro-2-pyridylthio)acetyl Dipeptide
Methyl Esters (13)—(15).—Dicyclohexylcarbodi-imide (1-1
X 1072 mol) was added to a solution of the N-chloroacetyl-
L-amino acid (102 mol) dissolved in tetrahydrofuran (50
ml) at —5 °C. After 2 h at this temperature the r-amino-
acid methyl ester dissolved in chloroform (50 ml) was
added and the resultant solution was kept at 0 °C over-
night. Water (20 ml) and acetic acid (2 ml) were then
added and the precipitated dicyclohexylurea was filtered off
after 1 h at room temperature. The organic phase was
then separated, the aqueous phase was extracted with
ethyl acetate, and the combined organic solutions were
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After 1 day the chromatogram, which showed the presence
of (1), phenylalanine, and thiazolo[3,2-a]pyridinium-3-
olate, did not change further. The solution was then
evaporated, water (10 ml) was added to the residue, the
pyridine derivative was extracted into chloroform, and the
aqueous solution was evaporated to leave the white
crystalline TFA salt of phenylalanine, [«]?*® —10-7°
(1% in H,0). The TFA salt of reference L-phenylalanine
gave [«],* —10-8° (19, in H,0).

Cleavage of N-(3-Nitro-2-pyridylthio)acetyl-L-phenylala-
nine (4).—A solution of compound (4) (107 mol) in TFA
(5 ml) was left at 20 °C for 4 h, then evaporated at reduced

Properties of products

Found (%) Calc. (%)
— - - A -
Formula C H N C H N

C16HN,0,S 61-0 5-35 85 60-76  5-1 8-85
Cy,H,N,O,S 62-15 54 82 61-8 55 85
CieH 5 N;0,S 53-45 4-05 11-55 532 4-2 11-65
Cy6H; 5 N;0,S 53-05 43 11-6 53-2 4-2 11-65
C;H N,O,S 62-0 5-4 8-4 61-8 55 85
C,,H;,N,0,S 54-7 4-35 11-25 544 4-55 11-3
CysH s N;O5S 56-75 475 13-4 56-95 445 13-3
CysH;6N,O,S 60-4 4-6 8-0 60-65 4-55 7-85
C1oH;N;0,S 42-0 3-85 14-7 421 3-9 14-75
CyH  N;O,S 45-8 4-9 13-5 46-0 4-85 134
C1eH,oN,04S 52-9 4-85 1295 5275 465 12:95
CyoH,,N,O5S 54-0 5-25 53-8 4-95
CgoH o N,O4S 54-3 4-85 53-8 4-95
CysH 6 N,O6S 56-0 5-65 55-7 55

1sH11 N3O, 54-2 395 1445 5395 3-85 145

wHN,O,S 527 425 129 5265 41 1315
C,3H;,N,O,S 46-95 32 16-85  46-7 3-0 16-75

* Specific rotation determined in EtOH.

Solvt. for [alp 20 (°)  Yield
Compd. M.p. (°C) recryst. (1% in TFA) (%)
(1)  152—154 H,0 +92:7 85
(2) 187—188 EtOH-H,0 +100-2 94
(4) 200—210 EtOH +166-5 83
(5) 196—197 EtOH +109-4 69
(6) 114—116 PhH —70-6* 91
()  154—156  EtOH-H,0 +129-9 91
(8)  154—155 H,0 +27-7 89
(9)  190—192  EtOH-H,0 —7-6% 84
(10)  193—194  H,O —57-7 67
(11)  153—154 EtOH-H,O +29-7 90
(12)  189—191  EtOAc-PhMe —77-6 93
(13)  168—170  EtOH —85 45
(14)  189—191  EtOH +85-3 40
(15)  180—182  EtOH-H,0 +25-7 57
(16)  146—147  EtOH-H,0 90
(17) 143—145 EtOH 78
(18) 213—215 EtOAc 92
dried (Na,SO,) and evaporated. The N-chloroacetyl

dipeptide methyl ester thus obtained was added to a mix-
ture of 3-nitropyridine-2-thione (1072 mol) and sodium
hydrogen carbonate (3 g) in acetone-water (1:1; 50 ml).
The reaction solution was heated at 40 °C for 2 h before
cooling and extraction of the product into ethyl acetate,
from which the product was isolated after drying and
evaporation. Further data are given in the Table.

N-(3-Nitro-2-pyridylthio)acetylanilines (16)—(18).—A so-
lution of the N-chloroacetylaniline (1072 mol), 3-nitro-
pyridine-2-thione (1072 mol), and sodium hydrogen carbon-
ate (2 g) in acetone-water (1:1; 50 ml) was heated at
50 °C for 3h. Most of the acetone was then evaporated off
before addition of water (25 ml), which led to slow pre-
cipitation of the product. Further data are given in the
Table.

Polarimetry.—The rate of cleavage of compounds
(1)—(15) in a 19, solution in TFA at 20 °C was studied by
recording the change in the sodium D-line rotation.

Preparative studies are described below.

Cleavage of N-(2-Pyridylthio)acetyl-L-phenylalanine (1).—
(1) (107 mol) dissolved in TFA (5 ml) was kept at 20 °C.

¢ H. Meguro and T. Konno, Agric. and Biol. Chem. (Japan),
1968, 32, 518.

7 C. L. Bell, R. S. Egan, and L. Bauer, J. Heterocyclic Chem.,
1965, 2, 420.

pressure. The residue was triturated with water (15 ml)
and the yellow 8-nitrothiazolo[3,2-a}pyridinium-3-olate
(22) formed was extracted into chloroform. The colour-
less, aqueous solution was evaporated to leave the L-phenyl-
alanine TFA salt (83%), [«],* —10-5° (1% in H,0).

Cleavage of N-(3-Nitro-2-pyridylthio)acetyl-L-alanine (10).
—The reaction as before was run in TFA at room temper-
ature for 2 h and gave r-alanine TFA salt in 999, yield,
[a]p2® +6:0° (1% in H,0); of. [«],2® +6-1° for reference
alanine TFA salt.

Cleavage of N-(3-Nitro-2-pyridylthio)acetyl-L-valine (11).—
Reaction in TFA for 6 h gave r-valine TFA salt in 959,
yield, [a] % +31-3° (1% in H,0). The specific rotation
is the same as that of the reference compound.

Cleavage of N-(3-Nitrvo-2-pyridylthio)acetyl-L-alanyl-L-
phenylalanine (12).—The reaction was run as before for
2 h. r-Alanyl-r-phenylalanine thus obtained had [u] %
+36-3° (1% in H,O at pH 5) (lit.,® 37-5°).

Compounds (3),% (19b),7 (19d),® (19¢),% (19f),® and (19g) *°
were synthesised according to literature methods.

[2/2122 Recived, 11th September, 1972]
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