NEW COMPOUNDS
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Tagl [

N-5-p-BROMOANTLINOMETHY LHYDANTOINS

o Caled, “g-e—m . = ot
Substitnted hydantoin Mp, °Ce yield? Formnla (& 11 N & H N

5,5-Dicyclopropyl? 210.5-212" 89 (16H,sBrN;0. 52.76 4,98 11.54 52.98 5.11 11.4G
3,5-Diethyl 1211237 70 C14H,5BrN;0, 10,42 5.33 12.33 149.63 5.49 11.95
5,5-Dimethyl 196-196.5 76 C,»H,:BrN;0,7

5,5-Diphenyl 190-192" 77 CaH,sBrN;0.* 60.56 4.16  9.63 60.36 4.40 9.8l
5,5-Di-n-propyl 154.5-155" 82 CgH22BrN;O. 5218 6.02 11.41 52.48 6.20 11.25
5-Ethyl-5-phenyl 160-161). 5" 85 CysH,sBrN;0. 55,68 4.67 10.82 55.79 4.88 10.63
5,5-Hexamethylene 200-200. 5 42 CygHzoBrN;0. 52.47 5.50 11.47 5241 459 11.45
Hydantoin® 178 5-1797 90 CoH,0BrN;0. 42 3,45 1479 42,36 3.71 14,94
Menthonespiro® 246-246.57 85 CsHyBrN;0. 55,89 6.42 10.29 55.87 6.23 10.11
5-p-Methoxyphenyl 168-16S. 5" 87 C1:H,6BrN;0; 52,32 4.13 10.77 52.40 4.29 10.88
5-Methyl-5-p-chlorophenyl” 1997 74 C:H,ysBrCIN;O. 49.96 3.70 10.28 50.16 3.75 10.27
5-Methyl-5-isobutyl 166-166. 5" 86 CysHooBrN;0. 50.8%6 5.69 11.86 51.16 5.92 11.93
5-Methyl-5-pentyl 134" 86 CisHouBrN;0, 5218 6.02 11 41 52.18  5.090 11,42
5-Methyl-5-pheny] 152.5-153" 50 C:HBrN;0. 5456 4.31 11.23 3457 433 11.31
5-Methyl-5-(2-thieny) 155-156" 89 CHBrNGOS 4788 471 11.05 47.26 3.96  11.06
5,5-Pentamethylene” 223.5-224 5 84 CysH s BrN;O. .15 515 11,93 51.16 5.37 11.53
5-Phenyl? 186-186.5 $2 C1eH,4BrN; 0. 53.35 3.92 11.67 53.61 4,13 11.51
5,5-Tetramethylened 190.5-1917 77 C:H,6BrN;O. 19,72 477 1242 49,95 5.03 12.55
5+(p-Tolyl) 181-1827 St C):HeBrN,0. M50 40510 1123 5158 4.53 11.08

= All melting points were deterniined using a Mel-Temp apparatus and are corrected.
mixture were of high purity, and the percentage vield reported is of unrecrystallized product,

¥ The products as obtained from the reartion
¢ Carbon and hydrogen aunalvses were

conducted by the Schwarzkopf Microanalytical Laboratory, Woodside, N. Y. Nitrogeu analyses were by the semimicro Kjeldahl

method and were determined by Vietor Krimsley and Eric Steinberg of this laboratory.
shortly after refluxing had begun, and the reaction mixture was refluxed for 30 min.
¢ This compound was reported.?
7 Recrystallized from ethanol-dimethylformamide.

crystallized from aqueous ethanol.
repeated recrystallizations.
used as the reaction solvent.

the method described by Goodson and co-workers.®? Equimolar
quantities of the hvdantoin, p-bromoaniline, and formaldehyde
were refluxed for 1 hr or less in ethanol solvent following the
procedure previously described.2 The products were obtained
upon filtering and cooling the filtrate and are reported in Table I.
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Several physiologically active polvpeptides, such as levomyein,?
actinoleukin,* echinomycin, and quinomyein,” have been shown
to possess one or more quinoxaloyl moieties. This prompted the
preparation of a series of N-(2-quinoxaloyl)-a-amino acids (Table
I) for testing as antitumor agents.

(1) We gratefully acknowledge support of this work under National
Institutes of Health Grant GM-11968.

(2) Paper XII of this series: E. Brill and H. P. Schultz, J. Org. Chem., 29,
579 (1964).

(3) H. E. Carter, C. P, Schaffner, and D. Gottlieb, Arch. Biochem, Bio-
phys., 58, 282 (1854).

(4) M. Ueda, Y. Tanigawa, Y. Ogami, and . Umezawa, J. Aniitbiotics
("Lokyo), AT, 125 (1954).

(58) W. Keller-Schierlain, M. L. Mihailovie, and V. Prelog, Hels. Chim.
Acta, 43, 305 (1959).

(6) T. Yoshida, K. Katagiri, and 8. Yokozawa, J. Antihotics (Tokyo),
Al4, 330 (1961).

(7) J. I. Shoji and K. Katagiri, (bid., Al4, 335 (1961).

* The produet precipitated out of solution
¢ [iecrystallized from aqueous acetone. / Re-
» Recrystallized fromn ethanol.  # Lit.2 mp 194.5-195.5°, after
E A mixture of ethanol and dimethylformamide wax

Experimental Section

Ultraviolet absorption spectra were determined with a Bausch
and Lomb 505 spectrophotometer at concentrations of 5 mg/l
of 959 ethanol. Amino aeids utilized were of CP grade, pur-
chased from Manu Research Laboratories.

2-(p-arabino-Tetrahydroxybutyl)quinoxaline Monohydrate.---A
solution of 1505 g of suerose, 432 g of o-phenylenediaming, 1600 i
of water, and 480 ml of acetic acid was stirred and refluxed fir 2
hr while air was bubbled through the solution. Cooling the
solution at 10° for 12 hr gave 213 g (19.9%) of light brown
crystals, mp 189-190° (lit. mp 188°% mp 190-191°%). The
material was used without further purification.

2-Quinoxalinecarboxylic Acid.—Sodium hydroxide (140 g3
was dissolved i a solution of 200 ml of 3097 H.O. nud K00 ml of
water af 5% After warniing the splution to room temperature,
107 g of 2-(p-arabino-tetrahydroxybutylquinoxaline monohy-
drate was added, and the mixture was stirred while warmed
carefully to 75°, at which time the reaction became self-sustain-
ing. The temperature was carefully maintained at 80 == 1° hy
use of an ire bath until vigorous reaction ceased (about 30 min};
stirring and heating at 80° of the light yvellow solution was
continued for 1 hr. (If the solution were dark and/or if golid
were present, 25-11 portions of 30% H:0. solution were added
with continued stirring and heating until the solution was a clear,
light vellow color.) The solution was transferred to a large
beaker, stirred, and cooled to 0°, and then neutralized with 111
ml of cold (07} H30;. The precipitate was filtered, then
redissolved in a solntion of 30 g of KOIT in 500 ml of water.
The basic solntion was treated with 5 g of decolorizing earbon and
of filter aid, filtered, and then added to a stirred, cold (0°) soln-
tion of 30 ml of Hs80; in 1 L. of water. The precipitation was
repeated to give 46 g (667;) of light vellow material, mp 200-201°
tdec. The product conld be recrystallized fromm hot water or
ethanol, mp 215° dee (lit.5 mp 210°). However, the per cont
vield and quality of 2-quinoxaloy! chloride obtained in the sub-
sequent procedure wuas the same whether precipitated or re-
crystallized material was used.

N-(2-Quinoxaloyl)-1.-a-alanine.--A mixture of 2.94 ¢ o Lo~
alanine, 180 ml of water, 9.9 g of NaHCO;, and 6.55 ¢ of quinox-

(8) IL. Maurer and B. Scheidt, Bere., 67, 1980 {1434).
(a3 1), Horcan and M. J. Miller, J. Org. Chem., 30, 2457 (1963).



TapLe 1

N(-2-QUINOXALOYL)-a-AMINO ACIh DERIVATIVES

Reac-
tion
N-(2-Quinoxaloyl) — Caled, % Found, %—————— time, Yield,  Recrystn [alp, deg (¢, °C)
derivative of Formula C H N S C H N S hr 9% solvent® Mp. °C dec (¢ 1, aq 5% NaHCOz) AR% PO my (¢ X 1073 AWZEOU my (¢ X 1072

Ammonia CoH:N,0 Kunown?® . .. - . L. ... 3 85 B 203.5-204° .. 207 (1.77), 243 (3.75) 316 (6.73), 324 (6.81)
L-Alanine CeH, N304 58.8 4.52 17.1 58.9 4.53 17.3 3 59 W 237-238 +123.7 (26.0) 206 (0.85),244(2.01) 317(3.69), 328 (3.80)
p-Alanine CreH 11 N;30; 58.8 4.52 17.1 58.9 4.40 17.3 3 56 W 236-237 —132.6 (26.0) 206(0.85),244(2.01) 317(3.69), 328 (3.80)
pL-e-Aminobutyric Ci;HisN;O;  60.2 5.05 16.2 5.9 5.08 16.3 6 73 E+4+ W 216.5-217.5 207 (1.71),244 (3.29) 319 (5.28), 327 (5.68)

acid
L-Aspartic acil Ci:H N;3O5 54.0 3.83 14.5 53.9 408 144 ... 5 51 W 199-205 +50.6 (27.5)  206(2.90),243(2.57) 318(9.13),326(9.71)
1~-Cysteine CeH) ) N;0,8  52.0 4.00 15.2 11.6 51.5 3.85 15.3 11.8 5 26 DMF + W 213.5214.5 —132.8(27.0) 206(2.48),244(3.92) 319(6.46), 328 (6.69)
L-Cystine-(N,N’- CauHgN¢OeS: 52.2 3.656 15.2 11.6 52.2 3.68 14.9 7 46 K (abs) 207.0-207.5 —84.6(27.0) 207(4.55),244(7.03) 320(13.3),327(12.0)

bis-2-quinoxaloyl)
pr-Kthibnine Ci:H7N;O0:8  56.4 5.37 13.2 10.0 56.8 5.45 13.4 9.8 3 51 E4+ W 181 .5-182.0 ... 206 (2.64),245(3.98) 278 (8.07), 318 (6.40),

328 (6.93)

1-Glutamic acid CyH,3N;0, 55.4 4.32 13.9 55.1 4.51 13.7 8 383 E+4+ W 214-215 +20.7 (20.0)  207(2.16),244(3.72) 320(5.51), 328(5.39)
L-Glutamine CuH14N,O, 55.6 4.67 18.5 556.6 4.81 18.4 5 53 W 1908.0-198.5 +46.0(24.5) 207(2.28),244(3.82) 318(7.05), 328 (7.40)
Glyvine CiHyN;0; Knowne ... . L. . .. 3 65 W 230-231¢ - 207 (2.46), 244 (5.51) 320(10.0), 327 (10.1)
1~-Isoleucine Ci:H1 N0, 62.7 5.96 14.6 62.5 6.15 14.8 4 74 Y4+ W 1833189 +90.7 (20.0) 206 (1.55),244(3.56) 318(6.17), 328 (3.80)
L-Leucine Ci:Hi7 N304 62.7 5.96 14.6 L. 627 612 144 ... 5 56 E4+ W 212.5-214 +59.0(22.0)  207(2.83),244(4.90) 320(8.86), 327 (8.86)
1-Methivbnine CuH,N;O;S  55.1 4.95 13.8 10.5 54.9 505 13.9 10.7 5 62 E4+ W 193-195 +9.3 (20.0) 206 (2.29), 244 (3.72) 320 (6.47), 327 (6.89)
pr-Norlenvine CuHir N3Oy 62.7 5.96 14.6 62.8 5.D2 14.7 3 714 LE4+ W 169-169.5 L. 206 (2.8Y),244(3.87) 318(6.23), 326 (6.95)
pr-Norvaline CiaH 1z N;0O5 61.5 5.53 15.4 61.5 5.74 15.4 3 55 W 189 .5-190 . 207(1.71),244(2.88) 319 (4.34), 327 (4.68)
1-Phenylalanine CigHi:N;05 67.3 4.71 13.1 67.2 4.81 13.1 8 72 T4+ W 160-161 —26.7(22.5) 207(2.59),244(4.47) 319(8.21),327(8.39)
L-Serine CieH N3Oy 55.2 4.24 16.1 55.3 4.40 15.9 8 50 A4+P 186.5-187¢ +75.7(26.0) 206(2.11),244(2.44) 319(5.99),327(6.13)
D-Serine Ci2Hn N304 55.2 4.24 16.1 55.2 4.46 15.9 8 46 A4+ P 1861874 —R7.8(26.0) 206(2.11),244(2.44) 31H(5.99), 327 (6.13)
1~-Threonine C;:H13N:0, 56.7 4.76 15.3 56.7 4.65 15.2 3 73 L4+ W 212-212.5 +109.0 (27.5) 207 (2.03), 244 (3.30) 319 (5.82), 327 (5.46)
L-Valine CullisN;0;  61.5 5.53 15.4 61.3 5.79 15.0 4 87 K4+ W 16.5-197.5 +96.1(22.0) 207(2.35),244(5.03) 317 (8.85),327(9.42)
bl-Valine C1aH15N;04 61.5 5.53 15.4 61.7 5.3) 15.4 4 87 E4+ W 208-209 . 207 (2.35),244(5.03) 317(8.85),327(9.42)

© A, acetbne; DMF, limethylformamile; F, 959, ethannl; PP, 30-60° petrolecum ether; W, water. * 1. Yosioka and H. Otomasu [Chem. Pharm. Bull. (Tokyo), 5, 277 (1957)] give mp 200°.
¢ Lit. mp 226° dee. 4 Lit." mp 224° dec for pr-scrine.
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208 NEW COMPOUNDS

aloyl chloride® (mp 113-115%) was stirred at 25° for 3 . T
colorless mixture turned dark red in 30 min then became light
yellow in 3 hr.  Various amino acids required 3-8 hr for this color
change. The solution was treated with decolorizing earbon and
filter aid, filtered, and brought to pH 4 with concentrated HCI,
cooled at 10° for 12 hr, and filtered to give 6.94 g (85.5%) of
white powder, mp 230-231°, [a]%®D +19.7° (¢ 1, aqueous 57
NaHCO;). The product was reerystallized fromn hot water to
give 4.80 g (59.4%) of analytically pure material, mp 237-23%°,
[e] 2D 4+123.7° (¢ 1, aqueous 59, NaHCO;).

(10) H. C. Koppel, I. L. Honigberg, R. 1, fpringer, and C. C. Chang.
J. Org. Chem., 28, 1119 (1963).

The Acetylation
of 1-(8-v-Arabinofuranosyl)cytosine'

Aprrarpo I Marninez, Wittiam W, Leg,
AND Lron Goobpatax

Life Sciences Research, Stanford Research Instilule,
Menlo Park, California 54025

Received November 19, 19635

The tri-O-acetate (IT) and the tetraacetate (III) of 1-(3-p-
arabinofuranosyl)eytosine (I) have been prepared as compounds
that may be pharmacologically more useful forms of T which has
antitumor properties.? The tri-O-acetate was obtained by selec-
tive acetylation of the hydrochloride of I under mild conditious.
Standard acetylation conditions readily converted I to IT1.

NHR
N
(‘/J\N
ROCH,
0
RO
RO
LR=1R=H
ILR =Ag; R =1
IR = R = Av

Experimental Section?

1-(2,3,5-Tri-O-acetyl-3-p-arabinofuranosyl)jcytosine (II).--A
solution of acetic-trifluoroacetic anhydride was prepared by

(1) Tlds work was carried out under the auspices of the Cancer Chemo-
therapy National Service Center, National Cancer Institute, National Insti-
tutes of Health, Public Health Service, Contract No. PH-43-64-500. The
opinions expressed are those of the authors and are not necessarily those of
the Cancer Chemotherapy National Service Center.

(2) (a) R. W. Talley, and V. K. Vaitkevicius, Blood, 21, 352 (1963); (b)
J. 8. Evans, E. A, Musser, L. Bostwick, and G. D. Mengel, Cancer Res., 24,
1285 (1964): (c) J. E. Evans, L. Bostwick, and G. D, Mengel, Biochem.
Pharmacol., 18, 983 (1964).

(3) Melting points were determined on a Fisher-Johns apparatus and are
nuncorrected. Anhydrous MgSOs was used as the drying agent. Paper
chromatograms were run by the descending technique on Whatman No. 1
paper and the spots were located in Rad4 units with adenine at 1.00. The
solvent systems were: A, l-butanol-water (saturated); B, water: C, 1-
hntanol-acetic acid~water (5:2:3). Thin layer chromatograms were run on
silica gel HF plates with a solvent system of methanol-CHCl (1:4). The
spots on plates and paper were detected by ultraviolet light. Optical rota-
tions were determined in 1% solutions in N,N-dimethylformamide at 21.6°
»sing the sodinm p line. The nmr spectra were determined with a Varian
A-60 spectrometer, using CDCls solutions containing 4% Si(CHazs as
internal standard. The spectra of II and III were compatible with their
stractures,

Vol. ¢

mixing 190 g (U1 mmoles) of triffuoroncetic anhydride and 30 ml
(0.52 mole) of acetic acid and allowing this solution to stand ot
room temperature for 50 min. The solution wux cooled and
slowly added (over about 10 min) to a solution of 5.0 g (107
mnioles) of T-HCY in 35 ml of triflucroacetiis acids so that the
temperature did 1ot rise above 10°.  After 30 min at 10° and
about 12 hr at room temperature,® the clear solution was cooled
and the teniperature maintained below 253° during treatment with
5.5 wl of absolute ethanol to decompose excess anhvdride.
After 0.5 hr at room temperature, the solution was evaporated
in vacuc (water-bath temperature 40-50°). The residue was
dissolved in 60 ml of water and neutralized to pH 6 with solid
NaHCO;.  The aquenus solution® was extracted with two 450~
ml portions of c¢thyl acetate” which were combined, dried, and
concentrated to abont 90 ml to afford 2.36 g (60%,) of highly
crystalline IT, mp 189-190°, homogeneons by thin layer ¢hiroma-
tography. Evaporation of the ethyl acetate filtrate afforded
0.82 g (2177) of amorphous product, mostly IT with a trace of less
acylated material. A third ethyl acetate extract of the aqueons
solution afforded 0.47 g more of material that was composed of
IT and less ncylated material in about equal amouuts,
lecrystallization wif produet from a previous mn with ethyl
acetate afforded the nnalytical sample of II: mp 189.0-189.5°;
A (1) 2,00, 3,00, 3.20 (N=H), 5.72 (C =0 of acetate); N, 276
nig (e 13.8 X 10%); Ao’ 233 mp (e 8.1 X 103%), 270 (9.1 X 10%);
NI 274 mu fe 10,0 X 10%); [a] +68°. The methyl protous
of the O-acetates were located between = 7.83 and 8.01. It was
homogeneous by thin layer cliromatography! and by paper
chromatography in these solvents: A, Raq 144, anud B, Kaa

2.4,
Anal. Caled for CupleNyOs: €, 48.8; 1II, 5.19; N, 11.4
Found: C,48.5; H, 5.22; N, 11.5.

1-(2,3,5-Tri-O-acetyl-3-v-arabinofuranosyl)-.V *-acetylcytosine
(D). --A solution of 4.70 ¢ of T-HCI in 180 ml of dry pyridine
was ireated with 18.0 ml of acetic anhydride (slight warming).
The resnltant solntion was left avernight (about 20 hr) at room
temperatire and was then evaporated in vacuwo (bath temperature
45-50°).  The residue was treated with 20 ml of absolute ethaiol,
diluted with 150 ml of toluene, and again evaporated to dryuess.
The residue was partitioned between 300 ml of ethyl acetate and
75 ml of water. The ethyl acetate laver was washed with water,
dried, coucentrated to 50 ml, and then diluted 10-fold with
ether. The product which crystallized was collected, washed
with ethyl acetate-ether (1:10), and dried to afford 5.86 g (855)
of I, mp 171-172°, homogeneous by thin layer and paper
chromatography. Recrvstallization from ethyl acetate-ether
afforded the analytical example of I11:  mp 171-171.5%; 202 (u)
3.15, 3.23 (N-H), 5.72 (acetate); Non' 247 mp (e 11.2 X 108),
202 (9.0 > 10%); N27 247 my (e 16.4 X 103), 208 (8.6 X 10%);?
At 275 mpu fe 105 % 10%); [a) + §7°. The methyl protous
of the O-acetales appeared at r 7.84-8.01; the N-acetyl, at =
7.67. It moved as a single spot in thin layer chromatograns
(I?; 0.90) and on paper in these solvents: A, Raa 1.75, and C,
Raa 1.35.

Anal.
Found:

Culed for CHuN3Oq: C, 40.6; H, 5.15; N, 10.22,
C,49.5; H, 5.23; N, 9.86.

Acknowledgment.—The anthors thank Dr. Peter Lim and
his staff for the nltraviolet and infraredl spectra, optical rota-
tions, nud paper chromatography.

(4) The hydrocbloride of [ was soluble in trifluoroacetic acid it not in
acetic acid, acetic anhydride, mixtnhres of these two, or in the solntion of
acetic~trifluoroacetic anhydride.

(53) Aliquots were periodically examined by thin layer chromatography
for completeness of reaction. Compound II (R 0.66) was readily distin-
guished from less acylated products (B¢ <0.5).

(6) In one preparation of II, the product was left in water overnight. The
yield of 11 was low, suggesting that considerable amounts of II had hydro-
lvzed.

(7Y Eshyl acetate cannot be replaced by CHCl:. It was inefficient for
extracting the quite water-soluble II from the aqueous phase.

(8) J. Berdnek and J. Pitha, Collection Czech. Chem. Commun., 29, 625
(1964), have reported the ultraviolet spectra in ethanol for 2’,3/,5-tri-0-
acetvleytidine (Amax 243 and 268 mpu) and Nt-aceryl-27,37-8/-tri-Q-acetyl-
eytidine (Amax 249 and 299 mg).
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