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B. Methyl Ester 4b.—By a procedure similar to that used on
4a, the methyl ester 4b was obtained in 729, yield upon treatment
of the anhydride with methanol, mp 117-118°, [«]®p +3.2°,
[o] a5 +1240° (¢ 0.63, methanol).

Anal. Caled for CiHyN:SClO, (348.9): C, 48.20; H, 6.07;
N, 8.03; S,9.19. Found: C, 48.23; H, 6.23; N, 8.16; S, 9.13.

C. Methyl Ester 4b from N<«-Benzyloxycarbonyl-S-2-amino-
ethyl-L-cysteine.—Twelve grams of N¢“-benzyloxycarbonyl-8-2-
aminoethyl-L-cysteine (0.04 mole), prepared according to the
procedure of Lindley® (mp 212-213°), was esterified in 90 ml of
anhydrous methanol plus 60 ml of 2.5 N methanclic HCI at room
temperature overnight. After removing the solvent under
vacuum, the product was crystallized from acetone with ether.
The crystallized compound weighed 13 g (939,), mp 117°.

N«-Benzoyl-N«-benzyloxycarbonyl-S-2-aminoethyl-L-cysteine
Ethyl or Methyl Ester (5). A. Ethyl Ester 5a.—The hydro-
chloride (4a, 7.4 g, 0.0204 mole) was suspended in a mixture
of ethyl acetate (100 ml) and ether (100 ml). A solution of 3.1
g of KyCO; (0.0225 mole) in 180 ml of water was added with
stirring. The organic layer containing the free base was separated
and treated with 2.8 ml (0.024 mole) of benzoyl chloride and a
solution of KyCO; in water (2.9 g in 120 ml) with stirring for 30
min. Several drops of pyridine were added. The product in
the organic layer was washed with 0.1 N HCI, 29, KHCO;, and
water. After the organic layer had been dried over anhydrous
Na:80s, the solvent was removed under vacuum. The product
was crystallized from acetone with petroleum ether to yield 4.62
g (53%;), mp 94-96°, {«]?p —37.8° (¢ 1, ethanol).

Anal. Caled for CHyuN2SOs (430.5): C, 61.37; H, 6.09;
N, 6.50; S, 7.45. Found: C, 61.11; H, 5.88; N, 6.32; S, 7.15.

B. Methyl Ester 5b.—Similar treatment of the methyl ester
hydrochloride 4b gave a syrup which failed to crystallize but
which could be converted to the crystalline amide as described
below.

Ne-Benzoyl-N-benzyloxycarbonyl-S-2-aminoethyl-L-cystein-
amide (6) .—The syrupy methyl ester 5b, prepared by benzoylation
of 13 g (0.037 mole) of 4b, was dissolved in 200 ml of anhydrous
methanol, and the solution was saturated with anhydrous am-
monia at 0°. After the solution had been kept overnight at
room temperature, the product was obtained by evaporating the
solvent and was recrystallized from methanol with ether plus a
small amount of petroleum ether to yield 5.0 g (about 609 for
each step; 349 over-all), mp 117-119°, [a]¥Dp —41.2° (¢ 0.23,
methanol).

Anal. Caled for CyHzNsSO, (401.5): C, 59.83; H, 5.77;
N, 10.46; S, 7.98. Found: C, 59.18; H, 5.77; N, 10.41; S,
8.04.

N«-Benzoyl-S-2-aminoethyl-L-cysteinamide Hydrobromide
(7)—Two grams (0.005 mole) of the benzyloxycarbonyl com-
pound (6) was treated with 12 ml of 309, HBr in glacial acetic
acid at room temperature.’ After 45 min, when the evolution
of CO: had ceased, ten volumes of dry ether was added to precipi-
tate the hydrobromide. The product was crystallized from
methanol with ether to yield 1.2 g (699,): mp 182-184°, [a]%D
—22°, &% —175° (¢ 1.23 water).

Anal. Caled for C.Hy;gN3SBrO; (348.3): C, 41.18; H, 5.20;
N, 12.07; 8, 9.20; Br, 22.94. Found: C, 40.88; H, 5.16; N,
12.08; 8, 8.92; Br, 22.82.

N=-Benzoyl-S-2-aminoethyl-L-cysteine Ethyl or Methyl Ester
Hydrobromide (8). A. Ethyl Ester 8a.-—The benzyloxy-
carbonyl compound (5a, 4.3 g, 0.01 mole) was treated with 11.2
g of 309 HBr in glacial acetic acid.® The evolution of carbon
dioxide ceased after about 15 min, at which time dry ether (120
ml) was added to precipitate the ester hydrobromide as an oily
material. This ester resisted crystallization from all solvents
tried. It was precipitated from ethanolic solution by dropping
into a large volume of dry ether and dried under high vacuum to
give a white, glassy, hygroscopic solid: 2.62 g (69.5%): mp 62~
65°, [a]¥D —49.5°, [a]Ps0 —378° (¢ 1.5, water).

Anal. Caled for CHyN.SBrO; (377.3): C, 44.56; H, 5.61;
N, 7.42; S, 8.49. Found: C, 44.31; H, 5.53; N, 7.22; S, 8.24.

B. Methyl Ester 8b.—Removal of the benzyloxycarbonyl
group by similar treatment of the syrupy methyl ester 5b gave
rise to another noncrystalline compound. The latter was con-
verted to the crystalline free acid by treatment with trypsin
(see below).

N«-Benzylidine-S-2-aminoethyl-L-cysteine (9).—Five grams of
AEC (1, 0.025 mole) was dissolved in 25 ml of ice-cold 1 N LiOH.
To this solution, 2.75 ml of benzaldehyde (0.027 mole) was added
under vigorous stirrng. The product started to separate as
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thin plates after about 10 min of reaction. The whole mixture
was kept at 4° for several hours and the product was filtered and
washed with water followed by ethanol to yield 4.95 g (78.5%),
mp 168-169°, [«]¥p —27.2° (¢ 0.53, 0.1 N NaOH).

Anal. Caled for CaHieN:048 (252.3): C, 57.12; H, 6.39; N,
11.10; 8, 12.70. Found: C, 57.26; H, 6.23; N, 11.29; 8,
12.58.

N=-Benzoyl-S-2-aminoethyl-L-cysteine (10).—The benzylidine
derivative (9, 4.5 g, 0.018 mole) was benzoylated in the presence
of an equivalent amount of 1 N NaOH at 0° with benzoyl
chloride. During the reaction, it was necessary to maintain a
weak basic condition with added NaOH in order to avoid the
dissociation of benzaldehyde from the «w-NH, group. After
benzoylation was complete, the benzylidine group was removed
by acidification of the reaction mixture to pH 1 and warming at
55° for several minutes. The mixture was then washed four
times with ether and neutralized to pH 6.2. Evaporation of the
solvent to one-third of its original volume followed by refrigera~
tion resulted in the formation of needlelike crystals. The ma-
terial was recrystallized from water to yield 1.1 g (23%,), mp
219-220° dec, [«]¥p —58.6° (¢ 0.67, 1 N HCI).

Anal. Caled for Ci2HisN2SO; (268.3)2 C, 53.71; H, 6.01;
N, 10.44; 8, 11.94. Found: C, 53.64; H, 6.11; N, 10.64; S,
11.75.

To establish that the benzoyl group was on the «-NH; rather
than w-NH; group, the product was allowed to react at pH 2.5
with excess ninhydrin.? Since there was no CO; formation from
the product 10 in contrast to S-2-amnoethyl-L-cysteine (1) and
DL-valine, used as controls, it could be concluded that the com-
pound was an a-benzoyl derivative. This same observation
serves to prove that 9 is an - rather than an «-benzylidine
derivative.

Compoud 10 was also prepared by fryptic hydrolysis of Ne-
benzoyl-8-2-aminoethyl-L-cysteine methyl ester (8b) at pH 8.0
in aqueous solution (enzyme-substrate, 1:3000, by weight).
After the completion of the reaction, as indicated by no more
comsumption of NaOH by the reaction mixture, the solvent was
evaporated under vacuum. The product was taken up with a
few milliliters of absolute ethanol, precipitated with ether, and
finally crystallized from water as described above, mp 209-211°.

Anal. Caled for CiuHieN2SO; (268.3): C, 53.71; H, 6.01;
N, 10.44; S, 11.94. Found: C, 52.61; H, 6.19; N, 10.25;
S, 10.96.

Registry No.—1, 4099-35-8; 2, 13618-73-0; 3, 13618-
74-1; 4a, 13618-75-2; 4b, 13618-76-3; 5a, 13618-77-4;
6, 13639-91-3; 7, 13618-78-5; 8a, 13618-79-6; 9, 13618-
80-9; 10, 13619-05-1.
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J. Biol. Chem., 141, 627 (1941).
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Although a number of papers have been reported on
the synthesis of purines from imidazole derivatives,
there are few reports? in which purines were prepared
by the ring closure of the pyrimidine starting from

(1) This paper has been presented at the 86th Annual Meeting of the
Pharmaceutical Society of Japan, Oct 22, 1966, Sendai, Japan.
(2) E. Shaw, J. Biol. Chem., 188, 439 (1950).
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5-amino-4-imidazolecarboxamide (AICA).3-7 On the
other hand, the only example of purine nucleoside
synthesized from 5-amino-1-8-p-ribofuranosyl-4-imidaz-
olecarboxamide (AICA-riboside)®—!! is inosine (V),
which was prepared by the formylation of AICA-ribo-
side followed by cyclization.'?—* However, the con-
version of AICA-riboside to other purine nucleosides
has been little investigated owing to the less availability
of AICA-riboside. Since this compound, the starting
material of the present investigation, became more
available from the culture broth of the mutant of Ba-
cillus subtilis,” the synthesis of various purine nucleo-
sides by the ring closure of AICA-riboside with a suit-
able agent had been extensively studied.

In the previous papers,’®¥ the authors have re-
ported the synthesis of guanosine and its derivatives
from AICA-riboside by two methods, viz., by using
benzoyl isothioeyanate or sodium methylxanthate as
ring closing agents.

The present paper describes a simple method for the
synthesis of hypoxanthine (I), 2-alkylhypoxanthine,
xanthine (II), or their ribosides from AICA or AICA-
riboside, respectively. We have found that AICA was
condensed with ethyl formate in refluxing ethanol in
the presence of sodium ethoxide to give I, although in
low yield. A similar reaction’®!® of AICA with diethyl
carbonate gave II? in 259, yield. 2-Methylhypoxan-
thine?-2t (III) and 2-ethylhypoxanthine (IV) were
prepared by the reaction of AICA with ethyl acetate
and ethyl propionate in 32 and 399, yields, respec-
tively.

This procedure was successfully extended to the
synthesis of inosine (V), 2-alkylinosine, and xanthosine
(VI). AICA-riboside was treated with 4 equiv of
ethyl formate in ethanolic sodium ethoxide solution to
afford V, in 749, vield, whose ultraviolet and infrared
absorption spectra were found to be identical with an
authentic sample. In a similar manner, AICA-ribo-
side reacted with diethyl carbonate to give VI in 759
yvield. VI has been prepared by the deamination of

(3) A, Windaus and W. Lagenback, Ber., §8, 683 (1923).

(4) E. Shaw and D. W. Wooliey, J. Biol. Chem., 181, 89 (1949).

(5) A. H. Cook, I. Heilbron, and E. Smith, J. Chem. Soc., 1440 (1949).

(6) T.Ichikawa, T. Kato, and T. Takenishi, J. Heterocyclic Chem., 2, 253
(1965).

(7) Y. Yamada, I. Kumashiro, and T. Takenishi, Abstract III, 19th
Annual Meeting of the Chemical Society of Japan, Tokyo, March 1966,
p 253.
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Soc., 1648 (1959).
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(1959).
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(13) G. Greenberg and E, L. Spilman, J, Biol. Chem., 219, 411 (1958).
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1825 (1967).
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(19) E. C. Taylor and R. W. Morrison, J. Am. Chem. Soc., 87, 1976
(1965).

(20) R. K. Robins, K. J. Dille, C. H. Willits, and B. E. Christensen, ibid.,
75, 263 (1953).

(21) E. Richter, J. E. Loeffer, and E. C. Taylor, ibid.,
(1960).
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guanosine with nitrous acid,??=?% by the reaction of
1-8-p-ribofuranosylimidazole-4,5-dicarboxamide  with
sodium hypobromite,? and by the oxidation of 2-mer-
captoinosine with hydrogen peroxide followed by alka-
line hydrolysis.¥ However, these methods were of
little preparative value. The present procedure seems
to be superior for the large-scale preparation of VI since
the product was isolated in good yield and by a simple
procedure. Condensation of AICA-riboside with ethyl
acetate afforded a good yield of 2-methylinosine (VII).
The structure of VII was established by the conversion
to III on treatment with 1 N hydrochloric acid and by
the fact that its ultraviolet absorption spectra were very
similar to those of V and that its nuclear magnetic
resonance spectrum in pyridine showed the signal of
the methyl group as a sharp singlet at = 7.01. Simi-
larly, reaction of AICA-riboside with ethyl propionate
and ethyl n-butyrate gave 2-ethylinosine (VIII) and
2-(n-propyl)inosine (IX) in 60 and 389, yields, re-
spectively. The nuclear magnetic resonance spectra
of both the nucleosides showed the presence of ethyl
and n-propyl groups, respectively.

When 5-amino-4-carbamoyl-1-(2’,3’-0O-isopropyli-
dene-B-p-ribofuranosyl)imidazole(Ip-AICA-riboside) %%
was allowed to react with methyl formate, 2’,3’-O-iso-
propylideneinosine (X)® was obtained in 859, yield.
Furthermore, the isopropylidene derivatives XI, XII,
and XIII of VII, VIII, and IX were readily synthe-
sized in good yields.

A mechanism for the formation of 2-alkylhypoxan-
thine derivatives is postulated in Chart I, in which the
ring closure appears to proceed via the N3-acyl deriva-
tive. Attempts to convert AICA-riboside into 2-phen-
ylinosine by means of methyl benzoate resulted in fail-
ure, giving starting material.

CHarr I
H,N: - H,N:
X S
R (II H
R— %\QR:; 1 R1
0
”IN> e WD
RN Il\I
1 Rl

The two 2-alkylinosines and their isopropylidene de-
rivatives thus obtained may be converted to some bio-
logically interesting purine nucleosides and nucleotides.
Details of the results will be reported later.

(22) P. A. Levene, J. Biol. Chem., 85, 437 (1923).

(23) J. M. Gulland and T. F. Macrae, J. Chem. Soc., 662 (1933).

(24) P, A, Levene and W. A, Jacobs, Ber., 48, 3150 (1910).

(25) G. A. Howard, A. C. McLean, G. T. Newbold, F. S, Spring, and
A.R.Todd, J. Chem. Soc., 232 (1949).

(26) G. Shaw, D. V. Wilson, and C. P. Green, ¢bid., 2650 (1964).

(27) Ajinomoto Co., Inc,, Netherlands Patent, 6,409,142 (1965); Chem.
Abstr., 68, 5731 (1965).

(28) A. Hampton, J. Am. Chem. Soc., 83, 3640 (1961),
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TasLE I
0
588
R,
Rt values in

— Compd--—— solvents® Yield, Empirical ~—0C, Y%— —H, %— —N, %—

No. R: Re Mp, °C {a]%D, deg A B % formula Caled Found Caled Found Caled Found
v H C:Hs >250 0.76 0.63 39 CrHsON; - 1/;H0 49.41 49.89 5.06 5.48 32.94 32.92
VII Ri* CH; 165-166 —50.0 (¢ 1, H:0) 0.57 0.35 78 CuHuOsN,-1/:H:0  45.36 45.20 5.19 5.05 19.24 19.21
VIII Rf CqHs 179-181 —42.2 (c 1, H20) 0.63 0.46 860 CHisOsNy - 1/¢H:0  47.91 48.06 5.53 5.58 18.63 18.44
IX Rf n-C:Hr 150-151 —48.8 (¢ 1, H:0) 0.70 0.59 38 CuHisOsNy-1/oH:0 48.99 48.93 5.98 5.70 17.56 17.66
XI Ip-be CHs >240 —84.5(c2,0.1 NNaOH) 0.85 0.69 88 C1H1s05N; 52.17 51.80 5.83 5.74 17.38 17.20
XIx Ip-Rf C:Hs 212 dec —80.5(c2,0.1 NNaOH) 0.89 0.77 68 CuHOsN, - 1/2H0 52,17 52.37 6.09 6.16 16.23 15.81
XIII Ip-Rf n-CsHy 215-216 —79.0(c2,0.1 N NaOH) 0.90 0.83 60 CisHapOs N, 54.85 54.84 6.33 6.39 15.99 15.84

« Rf = g-p-ribofuranosyl.

b Ip-Rf = 2',3'-0O-isopropylidene-g-p-ribofuranosyl.

¢ Paper chromatography was carried out on Toyo

No. 51 filter paper by the ascending method. Solvent systems: A, n-propyl alcohol-ammonia (28%)~water, 20:12:3 (v/v); B, n-butyl

aleohol-acetic acid~water 4:1:1 (v/v).

Experimental Section®

General Procedure.—The starting material and the ethyl ester
of aliphatic carboxylic acid (5-10 equiv) were added to a stirred
solution of ethanolic sodium ethoxide (prepared from 7-10 equiv
of metallic sodium and ethanol), and the mixture was refluxed for
2-3 hr. The product solution was diluted with water and neu-
tralized with Amberlite IR-120 (H* form). In the cases of VI,
VII, VIII, and IX, the pH of the solutions must be adjusted to
3. Paper chromatography showed a single spot in the synthesis
of purine nucleosides. After the resin was removed by filtration,
the filtrate was concentrated under reduced pressure. The
crude product was recrystallized from water (except for com-

pound II). Yields, properties, and analyses of the new com-
pounds are summarized in Tables I and II.
Tapre IT
ULTRAVIOLET SPECTRA
— Mmax mu (B}——————
No. pH 1 pH 7 pH 13
IV 252 (10, 100) 252(10,400) 266 (10,300)
VI 253 (11,900) 251.5(12,700) 258 (13,100)
VIII 252 (8,400) 251.5(9,800) 258 (10,600)
X 253 (12,300) 251.5(12,900) 258 (15,200)
X1 252(12,200) 251 (13,000) 257 (14,200)
XII 253 (12,400) 251 (14,800) 257 (13 600)
XIII 254 (12,600) 252(13,700) 258 (13,600)

S-Amino-4-imidazolecarboxamide (AICA).—5-Amino-4-imid-
azolecarboxamide hydrochloride” (16.2 g, 0.1 mole) was dis-
solved in 150 m! of water, and to this stirred solution was
added portionwise 8.4 g (0.1 mole) of sodium hydrogen carbon-
ate. The solution was evaporated to dryness under reduced
pressure below 40°. The resulting free base of AICA was ex-
tracted with hot ethanol, and the extracts were evaporated
in vacuo to give 10 g of crude product. Crystallization from
ethanol with charcoal afforded 6.6 g (529,) of white crystals, mp
168~169°.

Anal. Caled for C:HON,: C, 38.10; H, 4.76; N, 44.44.
Found: C, 38.45; H, 4.51; N, 44.78.

Hypoxanthine (I) .——To a solution of ethanolic sodium ethoxide
(prepared from 1 g (43 mg-atoms) of metallic sodium and 25 ml of
ethanol) was added 1 g (7.9 mmoles) of AICA. Ethyl formate
(2.96 g, 40 mmoles) was then added, and the mixture was
refluxed for 3 hr, After 50 ml of water was added to the reaction
mixture, the resulted clear solution was neutralized by adding
portionwise Amberlite IR-120 (H* form), The resin was re-
moved by filtration, and the filtrate was concentrated in vacuo
to precipitate crude crystals, which were recrystallized from
water to give 0.59 g (429) of pure sample. This compound was

(29) All melting points are uncorrected, Ultraviolet absorption spectra
were taken with a Hitachi EPS-2 automatic recording spectrophotometer,
and infrared absorption spectra were measured with a Jasco Model IR-8
spectrophotometer. The nmr spectra were measured with a Varian A-60
using tetramethylsilane as an internal standard.

confirmed to be identical with an authentic I by comparison of
their ultraviolet and infrared absorption spectra.

Xanthine (II),—One gram of AICA was treated with diethyl
carbonate in a manner similar to that described for I. Purification
of the crude product was accomplished by reprecipitation from
aqueous sodium hydroxide with dilute acetic acid: yield 0.3 g
(25%).

Inosine (V).—To a solution of ethanolic sodium ethoxide
(prepared from 0.8 g (34.9 mg-atoms) of metallic sodium and
40 ml of ethanol) was added 2 g (7.74 mmoles) of 5-amino-1-8-
p-ribofuranosyl-4-imidazolecarboxamide (AICA-riboside), fol-
lowed by the addition of 2.29 g (31.1 mmoles) of ethyl formate
to the clear solution with stirring. When the mixture was re-
fluxed, a precipitate soon formed. After 3 hr, it was diluted with
50 ml of water. Examination of this solution by paper chroma-
tography showed a single spot, the starting material no longer
being present. The solution was neutralized to pH 7 by adding
portionwise Amberlite IR-120 (H+form). The resin was removed
by filtration and washed with water. The filtrate and washings
were combined and concentrated to dryness in vacuo. The
residue was crystallized from water to give 1.55 g (74%) of an
analytically pure material, which was identified by direct com-
parison of ultraviolet and infrared spectra with those of an
authentic sample.

Xanthosine (VI).—Two grams (7.74 mmoles) of AICA-
riboside was dissolved in a solution of ethanolic sodium ethoxide
(prepared from 1.2 g (52.3 mg-atoms) of metallic sodium and 40
ml of ethanol), and to this solution was added 4.57 g (38.7
mmoles) of diethyl carbonate with stirring. The mixture was
then heated in an autoclave at 120° for 2 hr. At the end of the
reaction, the precipitate was formed. After 100 ml of water was
added, the clear solution was adjusted to pH 4 with Amberlite
IR-120 (H* form). The filtrate, after removal of the resin, was
concentrated in vacuo to afford a crude product, which was
crystallized from water, yielding 1.68 g (74%,) of a pure sample.
This compound was shown to be in good agreement with an
authentic sample by comparison of physical properties.

2’,3'-0-Isopropylideneinosine (X).—A solution of 5-amino-4-
carbamoyl-1-(2’,3’-0-isopropylidene-8-p-ribofuranosyl)imidazole
(Ip-AICA-riboside, 5 g), ethyl formate, and metallic sodium in
ethanol was refluxed and worked up in the usual manner, yield-
ing 4.4 g (85%,) of pure material. This compound was proved
to be identical with an authentic sample?® in all physical prop-
erties.

Registry No.—IV, 13591-88-3: V, 58-63-9; VI,
146-80-5; VII, 13591-89-4; VIII, 13591-90-7; IX,
13591-91-8; XI, 6670-90-2; XII, 13591-93-0; XIII,
13591-94-1; AICA, 932-15-0; AICA-riboside, 2627-
69-2.
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