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Peptides of Azascrine
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The synthesis of the cis and trans forms of the cyclic dipeptide of O-diazoacetyl-DL-serine is

described.

The discovery of azaserine (O-diazoacetyl-Leserine, 1)
as the metabolite of a Streptomyces sp. marked an im-
portant step in the chemotherapy of cancer (2,3). It was
the first of a family of amino acids and peptides such as
0-diazo-3-oxo-Lnorleucine (2, DON, 4), alazopeptin (3)
(5) and azotomycin (4) (0.7) with the unique diazo group
to be isolated from Streptomycete cultures. Azaserine has
found some limited application as a chemotherapeutic a-
gent in certain forms of feukemia (8).

—
N-N=CH-CO-O-CH,-CI-COO~

NIL, !

Since the synthesis of azaserine was reported (9a,b), a
number of analogs, as for example, the 2- and 3-methy!
derivatives were synthesized and subjected to sereening for
biological activity (10). None showed significant activity.
This suggested that the role played by azaserine has specific
requirements with regard to the size and stereochemistry.
To some extent, this may be rationalized on the basis of its
well-known function as a “glutamine-antagonist”™ as eluci-
dated by Buchanan and associates (17).

A comparison 0-diazo-5-oxo-L-norleucine and one of its
peptide forms, azotomyecin showed that the latter was more
active and was tolerated by patients better (12). In a
microbial system such as Bacillus subtilis, the peptide
forms 3 and 4 show greater activity than DON. It was
postulated that the increased activity of 3 might be be-
cause it could be a preferred transport form of 2 (13). In
the analogous case of azaserine, no such peplide derivalives
have been available for comparisorn cither through isolation
or synthesis. Asa {irst step in this direction, the synthesis
of a cyclic dipeptide form was considered. [Uis expected
that such a cyclic dipeptide structure would confer greater
stability to the molecule and be potentially capable of
generating azaserine in the body.

DL-Serine methyl ester was converted to a mixture of
the cis and trans forms of 3,6-bis-hydroxymethylpiper-
azine-2,5-dione (5) (14,15). The mixture was separated by
fractional crystallization with the cis form being the pre-
dominant isomer (60-80%).

Acylation of the cis isomer of 5 with chloroacetyl
chloride in chloroacetic acid gave the bis-O-chloroacetyl
derivative (6). Treatment of 6 with sodium azide in aqueous
dioxane afforded the 3,6-bis-O-azidoacetyl derivative (7).
Catalytic hydrogenation of 7 in a neutral solvent (aqueous
cthanol with cither Pd-C or Pt-catalyst gave a mixture of
products but in the presence of two equivalents of hydro-
chloric acid, the bis-O-glycyl derivative (8) was obtained as
the crystalline dihydrochloride. On diazotization at 0-5°
with sodium nitrite and acid, 8 gave the bis-O-diazoacetale
9 which was obtained as a faint yellow crystalline solid.

In an alternative scheme, base-catalyzed reaction of 5
(cis) with the p-nitrophenyl ester of Z-glycine in dimethyl-
formamide gave the bis-0-Z-glycyl ester (10) which under-
went hydrogenation in the presence of two equivalents of
hydrochloric acid to form 8. This approach was found to
be superior to the scheme described above, especially for
the synthesis of the cis 8.

The cis 3,0-diazoacctoxymethylpiperazine-2,5-dione
showed the expected spectral propertics- uv:  max 250
nm; log 19, 4.53 which was completely lost on treatment
with acid; ir: 3100, 3050 (NH), 2060 (N=N=CH) and
1680 ¢cm™! (ester) and nmr (DMSO-dg): 7 1.60, broad,
2NH; 7 4.62, singlet 2-CHN, 5 7 5.70, broad, 2-CH-CH,-0

and 7 5.85, broad, 2-CH-NH. .
N~_.0O
H,N —C -H — OR
& i 07N
CH,0H H

5, R = H (cis and trans)
6. R = CICH,CO- (cis and trans)
6a, R - Br CH,CO- (trans)
7. R = N,(H,CO- (cis and trans)
8, R = HN,CH,CO- (cis and trans)
9, R = N=N=CH-CO- (cis and trans)
10. R = CHCH, O-CONH - CH, CO- (eis)
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The first sequence of reactions was repeated with the
trans isomer 5 with some modifications which were necessi-
tated by its lower solubility. 'The bis-O-bromoacetyl de-
rivative (6a) was prepared Lo achieve a more facile displace-
ment by the azide. However, the yicld of 6a was not as
high as that of 6 (trans) and the latter was therefore used
in the scheme. The trans 3,6-bisdiazoacetoxymethylpiper-
azine-2,5-dione (9) separated as a cryslalline solid during
the diazotization step. Its spectral properties were very
similar to those of the ¢is isomer and in agrecment with the
assigned structure.

The two cyclic peplides are being subjected to antitumor
evaluation.

EXPERIMENTAL

Melting points were determined on a Thomas-Hoover apparatus
and were uncorrected. Spectra were obtained using the following
instruments:  Beckman DB (uv), Beckman Acculab 3 (ir), Varian
A60A with TMS as internal standard (nmr) and Hitachi-Perkin
Elmer SMU-6E (mass spectra).

3,6-Bis-hydroxymethylpiperazine-2,5-dione (9) (14,15).

The following is an improved procedure for 5. A solution of
DL-serine methyl ester hydrochloride (5 g.) in methanol (50 ml.)
was passed through a column (2.5 x 25 ¢cm) of weak base type ion
exchange resin (such as Amberlite 1R-45,50-100 mesh) which has
been previously washed with 5% aqueous sodium bicarbonate (250
ml.) followed by water (300 ml.) and methanol (200 ml.). The
effluent and the methanol wash (100 ml.) were concentrated to an
oil which was kept at room temperature for 3-5 days. The semi-
solid mass was triturated with a mixture of methanol and ether
(1:1) and filtered. The solid (2.1 g., 75%) was recrystallized from
hot water to give the trans isomer of Bas a colorless crystalline solid,
m.p. 284-285°; (reporied m.p. 285°, 15); Yield, 0.67 g. (24%).
The mother liquors on evaporation gave the crude cis isomer which
was recrystallized from methanol; m.p. 228-230° (reported m.p.
228-230°, 15), yield, 0.8 g. (32%).

3,6-Bis-chloroacetoxymethylpiperazine-2,5-dione (6 cis).

A mixture of cis (1 g.), chloroacetic acid (4 g.) and chloro-
acelyl chloride (2 ml.) was stirred at room temperature for 4 hours.
The mixture was diluted with water, the solid filtered and crystal-
lized from aqueous methanol; m.p. 210-211°, yield, 1.4 g. (75%);
nmr (trifluoroacetic acid): 7 1.6, broad, 2-N{{; 7 5.2, broad,
2-CH-CH,; 75.7, 8, 2-CH,CL

Anal. Caled. for CygHy,ClN2Og: C, 36.76; H, 3.98; Cl,
21.67; N, 8.53. Found: C,36.44; H, 3.75; Cl, 21.95; H, 3.75.

A mixture of trans 5(1 g.), chloroacetic acid (4 g.), chloroacetyl
chloride (2 ml.) and 8-10 drops of sulfuric acid was stirred for 2
days al room temperature with occasional warming to maintain a
clear solution. The product (6 trans) was worked up and crystal-
lized as above; m.p. 214-215°, yield, 1.4 g. (75%).

Anal. Caled. for CygH;,Cl;N,O4: €, 36.76; H, 3.98; Cl,
21.67; N, 8.53. Found: C, 36.48; H, 3.73; Cl, 21.41; N, 8.35.
3,0-Bis-bromacetoxymethylpiperazine-2,5-dione (6a).

Trans 5(0.5 g.) was stirred with bromoacetic acid (3 g.), bromo-
acetyl bromide (1.5 ml.) and sulfuric acid (2 drops) at room temper-

ature for two days. The mixture was diluted with methanol and
filtered; m.p. 188-190°, yield, 0.72 g. (60%).
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Anal. Caled. for CyoHp2BraN,Og: €, 28.35; H, 2.84; Br,
38.22; N, 6.76. Found: C, 28.55; H, 3.08; Br, 37.92; N, 6.93.

3,6-Bis-azidoacctoxymehtylpiperazine-2,5-dione (7 cis).

A solution of 6(cis, 1 g.)in 50% aqueous dioxane (25 ml.) was
stirred with sodium azide (2 g.) for two days. After concentration
to dryness and trituration with water, the solid was filtered and
crystallized from aqueous methanol, m.p. 157-158°, yield, 0.9 g.
(86%).

Anal. Caled. for C1oH;2Ng0Og: C, 35.30; H, 3.55; N, 32.98.
Found: C,35.25; H, 3.57; N, 32.78.

The trans isomer 7 was prepared in an analogous manner except
that the solvent was dimethylsulfoxide-water (7:3, 10 ml.). The
product crystallized from methanol as colorless needles, m.p. 175-
177°, yield, 0.65 g. (60%) from 1 g. of 6 (trans).

Anal. Caled. for CioH;2NgOg: C,35.30; H, 3.55; N, 32.93.
Found: C, 34.97; H, 3.44; N, 32.70.

3,6-Bis aminoacetoxymethylpiperazine-2,5-dione (8 cis).

The cis 7(1 g.) was hydrogenated in 50% aqueous dioxane (100
ml.) and 1N-hydrochloric acid (6 ml., 2 eq.) in the presence of
Adam’s catalyst (0.2 g.) for 30 minutes. The mixture was filtered
and the filtrate concentrated to near dryness. Addition of ethanol
gave a crystalline solid which was recrystallized from ethanol, m.p.
204-206°, yield, 0.6 g. (57%).

Anal. Calcd. for C10H13C12N4061 C, 3325, H, 498, Cl,
19.63; N,14.51. Found: C,32.98; H,5.11; C1,19.48; N,15.51.

The trans isomer of 8 was prepared and erystallized in a similar
manner; m.p. 203-205°, yield, 0.6 g. (60% from 1 g. of 7).

Anal. Caled. for CIOHISCI2N406: C, 3325, H, 4‘.98, Cl,
19.63; N, 15.51. Found: C, 33.42; H,5.05; CI,19.33; N,15.32.

3,6-Bis-diazoacetoxymethylpiperazine-2,5-dione (9 cis).

A solution of 8c¢is (1 g.) in water (20 ml.) was cooled to 0° and
treated with 1N hydrochloric acid (0.4 ml.) and sodium nitrite
(0.4 g.). During one hour, the absorbance (250 nm) rose to 50,000
units (unit = volume x dilution factor x absorbance reading). The
solution was neutralized with sodium bicarbonate and extracted
twice with a mixture of phenol and chloroform (3:1). The com-
bined organic layer was shaken with water (10 ml.) and a mixture
of cther and hexane (1:1, 100 ml.). The aqueous layer was freed
from organic solvents and freeze-dried. The solid was taken up in
a mixture of methanol and chloroform (1:2, 20 ml.) and applied to
a column of Florisil (25 g.) prepared in a solvent mixture comprised
of chloroform, 9 and methanol, 1. Elution of the column with the
same solvent mixture gave the major band. Concentration of the
fractions gave a crystalline solid which was recrystallized from
ethanol, m.p. 213-215°, yield, 0.24 g. (30%).

Anal. Caled. for C1gH;oNgOg: C, 38.71; H, 3.25; N, 27.09.
Found: C, 38.52; H, 3.53; N, 26.93.

For the preparation of 9(trans), a solution of 8 (trans, 0.25 g.)
in water (5 ml) was cooled to 0° and treated with 1N hydro-
chloric acid (0.2 ml.) and sodium nitrite (0.2 g.). After 20 minules,
the crystalline solid was filtered and recrystallized from water; m.p.
233-235°, yield, 75 mg. (35%); A max, 250 nm; Log E, 4.52.

Anal. Caled. for C19H gNgOg: C,38.71; H, 3.25; N, 27.09.
Found: C,39.01; H, 3.11; N, 27.24.

3,6-Bis-Z-glycyloxymethylpiperazine-2,5-dione ( 10).

To 5 (1 g.) in warm dimethylformamide (25 ml.) was added
Z-glycine p-nitrophenyl ester (4 g.) and triethylamine (0.3 ml.).
After 24 hours, the solvent was removed by concentration under
reduced pressure and the residue crystallized from ether and then
from methanol to give the desired product, m.p. 181-183°, yield,
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2.2 g (70%), nmr (DMSOdg): 7 2.50, broad, 2-N/: 7 2.63,
singlet, 2-Cglls; 7 4.90, singlet, 2-0-CH,-Cglls; 7 5.70, broad,
2-CH-CHy; 7 6.10, doublet, 2-CH,-NH.

Anal. Caled. for CogH,gN4019: C,56.11; H,5.07; N,10.07.
Found: C,56.25; H, 4.89; N, 10.30.

Calalytic hydrogenation of 10(1 g.) was carried out in aqueous
cthanol (30 ml. (1:1) containing 1N hydrochloric acid (4 ml) in
presence of Adam’s Catalyst (0.2 g.) for 2 hours. The mixture was
fittered, the filtrate concentrated to dryness and the solid crystal-
lized from ethanol, yield, 0.4 g. (60%). The product was identical
with 8 (¢is) in all respects.
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