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The synthesis of the antibiotic azaserine, O-diazoacetyl-L-serine, has been accomplished by selective diazotization of O-

glycyl-L-seriue.

This intermediate was prepared by the reaction of N-carboxyglycine anhydride with N-carbobenzoxy-L-

serine followed by debenzylation or, less satisfactorily, by sulfuric acid isomerization of N-glycyl-L-serine.

In a previous communication from these labora-
tories,! the isolation from fermentation cultures of
a Streptomyces of azaserine, an antibiotic which
inhibits the growth of various neoplasms, was re-
ported. Degradation studies? have shown that
this antibiotic is O-diazoacetyl-L-serine (V). We
now wish to describe the work leading to the syn-
thesis of this unique compound.

The synthetic route which was chosen for the
preparation of this substarnce coniprises the prepara-
tion and diazotization of O-glycyl-L-serine mono-
hydrochloride (III). This compound, which has
not been described previously, has been obtained
by several methods which are described in this and
the following paper. Throughout the work, most of
the reactions were performed with both pL- and vr-
serine and hereafter the term serine refers to both
series.
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Although preferential acylation of the hydroxyl
group of serine has been effected in strongly acidic
media,® the esterification of a serine derivative in

(1) J. Ehrlich, I.. Anderson, G. .. Coffey, A. B. Hillegas, M. A
Knudsen, H. J. Koepsell, D. T.. Kohberger and J. ¥. Oyaas, Nalure.
173, 72 (1954).

(2) 8. A. Fusari, T. 11, Haskell, R. P, I'rohardt and Q. R. Barte,
Turs JournNar, 76, 2881 (1954); S. A. Tlusari, R. . Frohardt, A.
Ryder, T. H. Haskell, D. W. Johaunessen, C. C. Elder and Q. R.
Bartz, ¢bid., 76, 2878 (1934).

(3) Cf. W. Sakami and G. Toecnuies, J. Biol. Chem., 144, 203 (1942).

which the amino function is protected by an easily
removed protective group was considered to be
the most versatile approach to the introduction
of the glycyl group or a suitable precursor. This
was accomplished by the use of N-carboxygly-
cine anhydride (VI) as indicated in the diagram.
When a solution of N-carbobenzoxyserine in diox-
ane or ethyl acetate was warmed with the Leuchs
anhydride (VI) in the presence of one equivalent of
hydrogen chloride, a reaction took place with the
separation of crude O-glycyl-N-carbobenzoxyserine
hydrochloride (II) as an oil. It was possible to
obtain a small amount of the O-glycyl-N-carboben-
zoxy-DL-serine hydrochloride in crystalline form al-
though it was preferable to hydrogenate the total
crude product and to isolate the resulting O-glycyl-
serine monohydrochloride. This condensation was
difficult to control in large scale preparations. Side
reactions could not be avoided, and although an
excess of N-carbobenzoxyserine was used, some
glycylglycine and probably higher polymers were
formed. Over-all yields of III in the two steps were
20-409.

As an alternative to the use of a protective group
in the serine molecule, the possibility of effecting
the transfer of a glycyl group from the nitrogen to
oxygen atom was explored. Although the forma-
tion of the oxazoline and its conversion to the ester
is a well known procedure, and has been used for
the preparation of O-benzoylserine, this method is
not readily applicable to the amino acyl compound.*
A more suitable 1ieans of carrying out the acyl shift
has been described by Elliott, in which N-peptidyl
residues were transferred to the adjacent hydroxyl
group in serine-containing proteins.* In applying
this procedure to N-glycylserinie the peptide was
dissolved in cold concentrated sulfuric acid and
after prolonged standing the reaction mixture was
processed to furnish crude O-glycylserine sulfate
which was used directly in the subsequent diazoti-
zation step. This procedure, like the foregoing, is
not well adapted to large scale preparations.

The O-glycylserine monohydrochloride (III)
in both the pL- and vL-series has been obtained ana-
lytically pure by crystallization from an aqueous
solution by the addition of alcohol. The infrared
spectra (Fig. 1, a and b) show well-defined ester
bands and no amide absorption. While these co-
pouuds are stable in acid solutiou, they rearrange
rapidly and completely to N-glycylseriite in neutral
or alkaline solution. Thus O-glycyl-pL-serine niono-

(4) Attempts in this direction have been described by M, Bergmann
and A, Miekeley, ¢f al., in Z. Physiol. Chem., 140, 128 (1924); 143, 108

(1925); 146, 247 (1925).
(3) D.F. Elliott, Biochem. J., 850, 542 (1952).
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hydrochloride at pH 7.5 for 24 hours gave a 949
yield of N-glyeyl-pL-serine.

Diazotization of the O-glycyl ester (IIT) must be
performed within a very narrow pH range. Unlike
other diazoesters which have been prepared by di-
rect diazotization, the product in this case is an
amino acid which cannot readily be removed from
the reaction mixture as it is formed. This reaction
was carried out by allowing an aqueous solution of
the O-glycylserine monohydrochloride to react with
nitrite ion at a pH between 4.5 and 5.0.

The reaction was allowed to proceed, usually at
room temperature, until no further increase in the
ultraviolet absorption maximum at 250 mu was ob-
served. The reaction rate was much greater at
lower pH values, but concomitant destruction of
the product resulted in lower yields. A surprising
feature of this reaction was the finding that the use
of a several-fold excess of the nitrosating agent sig-
nificantly improved the yield, despite the fact that
selective diazotization of one amino group was re-
quired. The product was isolated by adsorption
on activated charcoal and elution with aqueous ace-
tone, a procedure which was developed for the iso-
lation of the antibiotic from culture filtrates.?

The yield of O-diazoacetylserine produced in the
reaction as measured by inhibition of the test or-
ganism Kloeckera brevis was considerably lower than
that calculated on the basis of ultraviolet absorp-
tion at A 250 myg. This indicated that other diazo
compounds were formed in the diazotization, and
evidence of the presence of another, highly unstable
diazo compound was obtained in the chromatog-
raphy. This material, however, could not be iso-
lated or identified, and no other products were
characterized.

The O-diazoacetyl-pL-serine (V) obtained in
this process was recrystallized from water by the
addition of alcohol, m.p. 133-155° dec., A0 250
my, log 4.30; the infrared spectrum is shown in
Fig. le. This material has one-half the activity
of azaserine in the K. bdrevis growth inhibition
assay.

The synthetic O-diazoacetyl-L-serine was identi-
cal in all physical and biological properties with the
antibiotic azaserine; the infrared spectra (Fig. 1d)
are superimposable. The position of the diazo
group in azaserine has been firmly established by
the isolation of O-acetyl-L-serine and O-glycolyl-
L-serine after reduction and treatment with dilute
aqueous acid, respectively.? This structure proof,
together with the identity of the synthetic and fer-
mentation products, serves to demonstrate une-
quivocally the constitution of the compound ob-
tained in this synthesis, eliminating the possibility
that diazotization had occurred at the «-amino
group of the serine.
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Fig. 1.—Infrared absorption spectra of: (a) O-glycyl-pL-
serine monohydrochloride; (b) O-glycyl-L-serine mono-
hydrochloride; (¢) O-diazoacetyl-pL-serine; (d) O-diazo-
acetyl-L-serine, azaserine (in Nujol mulls, arrows indicate
major Nujol bands.)
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Experimental

N-Carbobenzoxy-L-serine (I),—Large quantities of this
compound as well as the corresponding derivative of pL- and
D-serine were required in this work; since published proce-
dures® gave only moderate yields, it seems desirable to de-
scribe the procedure used.

In a 1-l. beaker, cooled in an ice-bath and containing a
stirrer and pH electrodes, was placed 44.3 g. (0.42 mole) of
L-serine ([a]?D +14.4° ¢ 10in 1 N HCl) and 212 ml. of 2
N sodium hydroxide. To the well-stirred solution, which
had a pH of 9.8, at 5-8°, was added a small amount of ben-
zyl chloroformate from which the toluene solvent had been
removed. At 10-15 min. intervals, portions (4-5 g.) of
benzyl chloroformate were added; as the pH of the solution
fell to 9.0, sodium hydroxide (1 N) was added dropwise to
shift the pH to 9.8-10.0. The alternate addition was con-
tinued until 80 g. (0.46 mole) of benzyl chloroformate had
been added. The pH was then maintained at 10 for 0.5
hour at 10° in order to hydrolyze any O, N-biscarbobenzoxy-
L-serine. A total of about 450 ml. of 1 N sodium hydroxide
was usually required. The basic solution was extracted
with 150 ml. and then 100 ml. of ether.

The alkaline aqueous solution was placed in a 2.1. beaker,
1 1. of ethyl acetate was added and, with vigorous stirring,
the solution was acidified to pH 3 by the careful addition of
30-35 ml. of concd. hydrochloric acid. The layers were
separated and the aqueous layer was extracted with 250 ml.
and 150 ml. of ethyl acetate. The combined ethyl acetate
solution was dried over magnesium sulfate and concen-
trated ¢» vacuo at 50° until a considerable amount of crys-
talline N-carbobenzoxy-L-serine had precipitated.

The solution was gently warmed to redissolve the product
and was then allowed to cool. The product was filtered,
washed with a little ethyl acetate and air dried at 50°,
weight 47 g., m.p. 114-118°. The mother liquor was con-
centrated further ¢z wacuo and a second crop was obtained,
weight 32 g., m.p. 113-116°, total yield 79 g. (78%). Re-
crystallization from ethyl acetate gave a pure product, m.p.
117-119°, [«]®D +5.8° (¢ 6 in acetic acid).

O-Glycyl-N-carbobenzoxy-pL-serine Hydrochloride (II).
—To a suspension of 12 g. of N-carbobenzoxy-pL-serine in
100 ml. of dry ethyl acetate containing 4 g. of anhydrous
hydrogen chloride was added 5 g. of N-carboxyglycine an-

(6) J.S.Fruton, J. Biol. Chem., 146, 463 (1942); M. Bergmann and
L. Zervas, Ber., 68, 1196 (1932).
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hydride.” The mixture was heated for 0.3 hour at 60° and
was then allowed to stand at 25° overnight. The ethyl
acetate was decanted from the gummy precipitate and the
precipitate was washed with hot ethyl acetate. The gum
was dissolved in 25 ml. of absolute alcohol and the solution
was evaporated to dryness in vacuo, leaving 13 g. of viscous
oil. (In most cases this oil was used directly in subsequent
reductions.) The oil was dissolved in ethanol and fraction-
ally precipitated by the addition of ethyl acetate and ether.
Some of these fractions could be crystallized from methanol
and then recrystallized from methanol-ethanol to yield 140
mg. of O-glycyl-N-carbobenzoxy-pL-serine hydrochloride,
m.p. 182-184° dec. The infrared spectrum had sharp
bands at 5.67 4 (COOH); 5.78 u (ester); 5.92 wand 6.5 u
(amide); 13.2 and 14.4 u (associated with carbobenzoxy).

Anal. Caled. for C;3HiOsN.Cl: C, 46.92; H, 5.15; N,
8.42. Found: C, 47.22; H, 5.22; N, 8.57.

O-Glycyl-pL-serine Monohydrochloride (III).—A solu-
tion of 25 g. of O-glycyl-N-carbobenzoxy-pL-serine monohy-
drochloride in 100 ml. of water was shaken with hydrogen
and 1 g. of palladium black catalyst for 2 hours at 3 atm.
pressure. The catalyst was removed by filtration and the
aqueous filtrate was concentrated in vacuo to a small volume.
Ethanol (100 ml.) was added, and the clear solution was
warmed and allowed to stand; 8 g. (549, yield) of O-glycyl-
DL-serine monohydrochloride separated as fine white needles,
m.p. 159-161° dec. The infrared spectrum is shown in Fig.
la.

Anal. Caled. for C;HON.Cl: C, 30.23; H, 5.58; N,
14.11. Found: C, 29.97; H, 5.77; N, 14.04.

The decomposition points of this compound and of the L-

isomer varied considerably with the rate of heating. On.

paper chromatography in a ¢-butyl alcohol-acetic acid—
water mixture (50:25:25), this compound had an R; value
of 0.27 to 0.32. The chromatograms usually showed traces
of other ninhydrin reacting substances which are probably

due in part to the migration of different ionic.species.and. to.

the rearrangement of O-glycyl-DL-serine to N-glycyl-DL-
serine.

Rearrangement of O-Glycyl-pL-serine Monohydrochlo-
ride.—To a solution of 2 g. (0.01 mole) of O-glycyl-DL-serine
monohydrochloride in 50 ml. of water was added sufficient
1 N sodium hydroxide solution to give a pH of 7.5. The
solution was allowed to stand overnight, acidified to pH 3.5
with dilute hydrochloric acid and then neutralized to pH 7
with ammonium hydroxide. The solution was evaporated
in vacuo to a small volume and absolute ethanol was added.
An oil was obtained which slowly solidified. Two crystalli-
zations fronr water—ethanol' gave smail white needles, m.p.
196-196.5° dec., yield 1.5 g. (949%). The infrared spec-
trum confirmed the identity of this product as N-glycyl-pL-
serine (IV).

O-Diazoacetyl-pL-serine (V).—To a solution of 990 mg.
(5 meq.) of O-glycyl-pDL-serine monohydrochloride in 30 ml.
of water was added a solution of 863 mg. (12.5 meq.) of
sodium nitrite in 20 ml. of water. After standing for 0.5
hour the solution was shell-frozen and lyophilized. The
residue had an absorption maximum of Ei‘?’m 152 at )\2;2
250 mu. It was dissolved in 10 ml. of water and chromato-
graphed on a column (22 mm. dia.) containing a mixture of
15 g. of Darco G-60 charcoal and 15 g. of Celite 545. The
column was washed with 130 ml. of water and was then
eluted with 29, aqueous acetone. After 90 ml. of clear
eluate had been obtained, 50 ml. of pale yellow eluate with
a positive ninhydrin reaction was collected. This second
fraction was shell-frozen and evaporated iz vacuo to yield
161 mg. of yellow powder, E}%_ 842 at A2 250 mu. This
material was recrystallized from a mixture of 1 ml. of pyri-
dine, 1.5 ml. of alcohol and 0.3 ml. of water to give 70 mg.

(89%) of yellow crystalline product, E}?m 1140 at )\g;?{ 250
mu (e 19,700; log ¢ 4.3), m.p. 153-155° dec. The infrared
spectrum is shown in Fig. lc. This substance showed one
half the activity of azaserine (175 times the standard) in the
K. brevis assay.

Anal. Caled. for C:H;O4N;: C, 34.69; H, 4.08; N,
24.27. Found: C, 34.75; H, 4£.28; N, 24.02.

(7) Prepared by the method of V. V. Go and H. Tani, Bull. Chen.
Soc. Japan, 14, 510 (1939); C. A., 34, 1971 (1940).
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0-Glycyl-N-carbobenzoxy-L-serine Hydrochloride (II).—
To a suspension of 25 g. (0.105 mole) of N-carbobenzoxy-
L-serine in 200 ml. of dry ethvl acetate containing 8 g. (0.21
mole) of hydrogen chloride gas was added 10 g. (0.1 mole) of
N-carboxyglycine anhydride. The mixture was warmed to
50-60° for 0.5 hour during which time all of the solid dis-
solved and a large amount of gas was evolved. After one
hour a colorless oil began to precipitate. The mixture was
allowed to stand overnight, the solvent was decanted from
the oil, and the oil was washed with hot ethyl acetate. The
product was dissolved in 50 ml. of ethanol and the solution
was evaporated to dryness vielding 22 g. (67%) of pale
yellow oil.

O-Glycyl-L-serine Monohydrochloride (III).—The 22 g.
(0.067 mole) of product from the above reaction was dis-
solved in 100 ml. of water and was shaken with 200 mg. of
palladium black catalyst for 2 hours at 2 atm. of hydrogen.
The catalyst was removed by filtration and the filtrate was
concentrated ¢z vacuo to small volume. Absolute ethanol
(100 ml.) was added and a colorless oil precipitated. The
mixture was warmed to 40° and the oil solidified. The
solution was cooled and the solid was filtered, washed with
alcohol and ether and air-dried to yield 5 g. (37%) of white
crystals, m.p. 152.5° dec. The product was recrystallized
from water—ethanol to give small white plates, m.p. 161.5°
dec., [a]®D 4+10.4° (¢ 5 in water). The infrared spectrumn
is shown in Fig. 1b.

Anal. Caled. for C:H;;O4N,Cl: C, 30.23; H, 5.58; N,
14.11. Found: C,29.99; H, 5.70; N, 14.12.

O-Diazoacetyl-L-serine; Azaserine (V).—A solution of
990 mg. (5 meq.) of O-glycyl-L-serine monohydrochloride
in 75 ml. of water was treated with 1.54 g. (10 meq.) of silver
nitrite at 25%. The mixture was shaken for 15 minutes and
the dark silver chloride was removed by filtration through
Celite. Sodium chloride (150 mg.) was added and the silver
chloride was again removed. The clear yellow solution,
free of silver ion, was shell-frozen and lyophilized to give a

light tan powder, weight 900 mg., E1%_ 449 at A520°250 my.
This solid was dissolved in 10 ml. of water and put on a
column (22 mm. dia.) containing a mixture of 11 g. of Darco
G-60 and 11 g. of Celite 545. The column was washed with
2 holdup volumes (120 ml.) of water and then with water
containing 29, acetone. The eluate giving a positive nin-
hydrin test (50 ml.) was collected and evaporated to dryness
from the frozen state to yield 266 mg. of vellow powder E}Z;’m

907 at )\;Ifg 250 mu. This was recrystallized from water and

alcohol to give 170 mg. (209, yield)ﬁof yellow greeu crystal-
line solid, m.p. 153-155° dec., E'% 1125 at A9 250 mu

lcm max
(€19,500; log e 4.29), [¢]¥D —0.6° %= 0.6 (¢ 5.0 in H:0).
This material had the infrared spectrum shown in Fig. 1d,
identical with that of azaserine.? It showed complete ac-
tivity (830 times the standard) in the K. brevis assay.}

Anal. Caled. for C:H;04N;: C, 34.69; H, 4.08; N,
24.27. Found: C, 34.74; H, 4.39; N, 23.93.

Rearrangement of N-Glycyl-pL-serine (IV) to O-Glycyl-
pL-serine (III) and Diazotization.—N-Glycyl-pL-serine
(2.4 g.) was added slowly with constant agitation to 38 ml.
of 1009 sulfuric acid at 0°. The clear solution was allowed
to stand at 25° for 3-5 days. The mixture was cooled to
—30 to —40° in a Dry Ice-isopropyl alcohol bath and was
added cautiously to 500 ml. of anhydrous ether at —30°.
The white hygroscopic precipitate was filtered rapidly,
washed with dry ether, and dissolved in 50 ml. of water.
Barium hydroxide solution (1 N) was immediately added
dropwise until a pH of 4.5 was reached and the barium sul-
fate was removed by means of a small basket ceutrifuge.
A cold solution of 1.2 g. of sodium nitrite in 130 ml. of water
was added in portions with stirring over five minutes. After
standing at 0° for 0.5 hour and at 25° for 4.5 hours, the
solution was chromatographed on activated carbon as de-
scribed previously. The O-diazoacetyl-pL-serine (V) thus
obtained was recrystallized from water—alcohol to give yel-

low crystals, yield 150 mg., E'% 1000 at AEQ 250 mu.

1 cm max
The material had an infrared spectrum identical with that in
Fig. 1c; the K. brevis assay (175 times the standard) was one
half that of azaserine.
Rearrangement of N-Glycyl-L-serine to O-Glycyl-L-serine
and Diazotization.—Two and four-tenths grams of N-glycyl-
L-serinie (m.p. 201-202°, {«]¥D —9.2°) was treated cxactly
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was obtained. The infrared spectrum and microbiological
assay (330 times standard) were identical with those of
azaserine.

as in the above rearrangement. Diazotization of the L-
compound gave 106 mg. of crude O-diazoacetyl-L-serine

vy, E{Zm 1065 at A0 250 myu. After recrystallization

max

from aqueous alcohol, a value of E1% 1140 at A0 250 my

1cm max DEeTROIT 32, MICHIGAN
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Two methods for the preparation of O-glycyl-L-serine monohydrochlonde, the intermediate in the synthesis of the anti-
biotic azaserine, are presented. The esterification of N-carbobenzoxy-L-serine with a haloacetyl halide or anhydride and an
azide displacement of the halide group followed by hydrogenation and debenzylation has given a moderate yield of the de-
sired intermediate. Alternately, the esterification of N-carbobenzoxy-L-serine with mixed anhydrides of carbobenzoxy-
glycine and various acids followed by debenzylation, gave satisfactory yields of O-glycyl-L-serine monohydrochloride.

Selective diazotization of O-glycyl-L-serine has produced azaserine.

D-serine.

In the preceding paper,! the preparation of O-gly-
cyl-L-serine monohydrochloride (II1I) by two meth-
ods and its diazotization to the antibiotic azaserine
(V). has been described. Since a more suitable
method for the preparation of this intermediate was
desired, other potential syntheses were investigated.
This paper describes two additional methods for
the preparation of the intermediate. As with the
previous work, all the reactions were first carried
out with DL-serine. For comparative purpeses O~
glycyl-D-serine monohydrochloride also was pre-
pared and converted to O-diazoacetyl-p-serine..

While the direct introduction of the amino acyl
group into a serine derivative has been successful,
as described in the previous paper, in the present
work it has been found more advantageous first to
introduce an amine precursor or protected amino
group and subsequently generate the amine.

NHCHnggR

These reactions have also been carried out with prL- and

drogenation of the azide and carbobenzoxy groups
in the presence of hydrogen chloride.

The reported instances of serine derivatives in
which the hydroxyl group. of serine is esterified are
limited,?—* and the O-halo- or O-azidoacetylserine
derivatives have not been previously reported.

In the present work the reactions of chloroacetyl
chloride, chloroacetic anhydride and bromoacetyl
bromide with N-carbobenzoxy-L- or DL-serine (I)
have been- studied. A diversity of anhydrous sel—
vents have been used in the presence or absence of a
tertiary base.. In. the. pL-series, crystalline. prod-
ucts could be obtained in every case, while in the L-
series, due to increased solubility and lower melting
points, nearly all of the reaction products were oils.
It was possible in the L-series, however, to obtain
small ameunts of crystalline product from three of
the reactions which enabled characterization of

l 0 Pd, H, 0
Chbzo ) f HCI f
HOCH,CHCOOH ———————> NHCH@OC}&{CHCOOH ——> NH,CH,COCH,CHCOOH
| l
HNCbzo Cbzo HXNCbzo -HCl NH,
I 11 111 \
i 0 1
_ Pd, H, N.CHCOCH,CHCOOH
XCH:CCL N:CH,CCl HCI ol H : :
O 3y 2 le_I2
I v
(XCH,C).0
: 0
3 NaXN; i 0, H; f
.\'CH:COCH&{HCOOH — N3CH2COCH2[CHCOOH HCI-NH,CH,COCH,CHCOOH
HXNCbzo HXNCbzo HNCbzo
Iva, X = Cl VI VII
IVb, X = Br

One of the methods developed for the synthesis
of O-glycylserine monohydrochloride (II1) involved
the preparation of O-haloacetyl-N-carbobenzoxy-
serine (IV), a nucleophilic displacement of the hal-
ide group by the azide ion and a subsequent hy-

(1) J. A. Moore, J. R. Dice, E, D. Nicolaides, R. D, Westland and
E. L. Wittle, THis JourN~aL, T6, 2884 (1954).

every intermediate. The reaction of chloroacetic
anhydride with N-carbobenzoxy-pL-serine in re-
fluxing benzene or ethyl acetate without a base
(2) W. Sakami and G. Toennies, J, Biol. Chem., 144, 203 (1942).
(3) M. Frankel and M. Halmann, J. Chem. Soc., 2735 (1952).
(4) R. L. M. Synge, Biochem. J., 33, 1624 (1939).
(5) M. Bergmann and A. Miekeley, Z. physiol. Chem.,
(1924).
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