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6-CHLORO-3-/I-~-ERY-fHROFURANOSYL-l-PHENYL- AND -1 -p-TOLYL- 

PYRAZOLO-[3,4-6]QUINOXALINE* 

ABSTRACT 

The C-nucleoside analogs 6-chloro-3-/3-o-erythrofurano~yl-l-pl~enylpyrazolo- 
[3,4-b]quinoxahne (5) and 3-/3-D-erythrofuranosyl-I-~-tolyipyrazolo[3,4-h]quinoxa- 
line (10) were prepared by dehydration of the polyhydroxyalkyl chain of 6(7)-chloro- 
l-phenyl-3-(D-rc~-crhillo-tetritoI-I-yl)-pyrazolo(3.4-h]qu~noxaline and 3-(o-al-crhino-te- 

tr~tol-l-yl)-1-~-tolylpyrazolo[3,4-6]quinoxaline, respectively. The structure and 
anomeric configuration of 5 and 10 were determined by hrgh-resolution, n.m.r 
spectroscopy_ The mass spectra and biolo_gical activrtics of some of these compounds 
are discussed_ 

INTRODIJCI-ION 

Current research in nucleostde antibiotics’-3 has stimulated interest in the 
synthesis of C-nucleoside analogs’ of a variety of heterocycltc bases, which are more 
amenable than Wnucleosrdes for biochemical Investigations, due to the grerrtcr 

stability of the carbon-carbon than of the carbon-nitrogen linkage towards hydrolytrc 
and enzymic reagents. The synthesis of C-nucleoside analogs having pyr,.tzoloqurnoxa- 
line and triazole moiettes, by dehydrative cyclrzatton of the polyhydroxyalkyl charn 
of the corresponding saccharide hetcrocyclic derivative, has been reported recently’ -5. 
The use of high-resolution, n.m.r. spectroscopy for thcu- anomcrw determinatlonh 
can increase the utility of this method for C-nucleoslde synthcsls. 

Pyrazolo[3,4-h]qulnoxaline derwatives are of blolo_rical interest. Some of 
these derivatives have pharmacological properties and show tuberculostattc actrvrty 

ii1 ritt o’, but the chemotherapeutic propertlcs of saccharide pyrazolo[3,4-hlquinoxa- 

lines have not been thoroughly investigated. In this work_ two types of saccharrdc 
pyrazolo[3,4_b]qumoxalme derivatwes, substituted in the base moieties, have been 

*C-Nucleoside Pyrazolo[3,LCl?lqulnoxalinc Analogs, Part II For Part I, see ref I 
**To whom enquiries should be addrcsscd 
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prepared. and converted into their C-nucleoside analogs. The structure and anomeric 

configuration of the latter were determined by n_m.r. spectroscopy_ The biological 

activity of some of these compounds IS reported. 
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AceCylacion of 5 with acetic anhydride-pyridine afforded the diacetyl derivative 
6, whose n-m-r. spectrum showed two methyl signals at S 2.03 and 2.13, attributable 
to two acetyl groups. The anomeric proton of 6 appeared as a doublet, centered at 
6 5.60, having J 6.0 Hz. This coupling-constant value made the anomeric assignment 
of compound 6 uncertain’. However, the high-resolution, n.m.r. spectrum (360 MHz) 

of the isopropylidene derivative 7 showed the anomeric proton as a singlet at S 5.85, 
consistent”-” with the trans arrangement of H-l’ and H-2’: which is in agreement 
with the ~-~-ef-~h-o configuration. 

Addltional ewdence for the /I-D configuration was obtained from the value of 
the difference (da) between the chemical shift of the methyl signals of the 2,2-di- 

methyldioxolane ring: the difference of 0.20 (1.662 - 1.462) between the chemical 
shifts of the two methyl protons of 7 is consistent’s-20 with the P-D confi_guration. 

The 6-chloro substituent on the pyrazolo[3,4&]q uinoxaline moiety was proved 
by comparing the aromatic regions of the high-resolution, n.m.r_ spectrum (360 
MHz) of 7 (see Fi,o. 1) \\iith those of the phenyl analog 15 (see Fig_ 2). The latter 
sho\ved H-6 as a doublet. centered at S 5.30, and H-7 as a doublet at S 5.20, having 
J,,, S-5 Hz. The presence of H-6 downfield to H-7 is attributed to its proximity to 
the glycosyl ring, which has a deshielding effect’ ‘. However, the spectrum of com- 

PC0 GAc 

15 

H-58 Ph 

- _ 
I 

Fig. 2. N m-r. spectrum, at 360 MHz, of 3-(2,3-di-0-acetyl-~-D-erythrofuranosyl)-l-phenyl- 
pyrazolo[3,4-blquinovaline (15) (high resolution of the base moiety). 
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pound 7 lacked the lower-field doublet assigned to H-6, and showed a small downfield 
shift for H-7, due to the electronegativity of the neighboring chlorine atom. 

~-(D-ar-crbirzo-Tetritol-l-yl)-l-p-tolylpyrazolo-[~,4-~]quino~ali~~e (S) was pre- 
pared by the reaction of D-,ol~CLJ~o-D-gz~/~o-heptOSe wtth o-phenylenediamine and p- 
tolylhydrazine. Acetylation of 8 with acetic anhydride-pyridine afforded the tetra- 
O-acetyl derivative 9, whose n.m.r. spectrum showed the four acetyl groups as four 
methyl smglets, at 6 1.97, 2.07, 2.13, and 2 20. The p-tolyl methyl group appeared <LS 
d smglet at S 2.47. 

Refluxing of 8 with methano!ic sulfuric acid afforded the C-nucleosrde analog, 
namely, 3-8-D-erythrofuranosyl-l-p-tolylpyrazolo[3,4-~]quinoxaline (IO). Acetyla- 
tion of 10 by refluxing with acetic anhydride afforded the di-U-acetyl derivative 11, 

whose n.m.r. spectrum showed two methyl signals, at S 2.07 and 2.15, attrrbutable 
to two acetyl groups. The different substitution at the base moieties of 6 and 11 did 
not show any appreciable change m the coupling constant of the anomeric proton 
Compound 11 showed the anomeric proton at 6 5.80 as d doublet having J, ,.Z, 6.4 Hz. 
The same value of the coupling constant was obtained for the phenyl analog’, and 
consequently, the anomeric configuration could not be ascertained. However, by the 
same method of anomertc assignment, the lsopropyhdene derivative 12 was prepared, 
and its high-resolution, n.m.r. spectrum showed the anomeric proton ‘1s a smglet 
at b 5.66. The zero value of the couplin g constant for the anomeric proton of 12 
proved unequivocally”*‘2 the trans arrangement of H-l ’ and H-2’. that is, the /I-D- 
e~-~‘t/zi-o configuration. The difference. LIB = 0.201 (1.662-l-461), between the two 
methyl signals of the 2 ,Zdlmethyldroxolane ring of compound 12 confirmed the 

/3-D configuratton. 
From the foregoing results, rt seems that the stereo-course of the dehydratton 

process of saccharide pyrazoloquinoxaline analogs is not affected by substrtutton rn 
the base moiety. The /I-D configuration is the favored one for the liberated C-nucleo- 
side, and is obtained by inverston in the configuratton of C-l of the D-czr-ctbi~zo- 
tetritol chain. This Inversion was confirmed by cd. studies for the phenyl analog’. 
The r~ anomer, obtained without inversion, was not detected in the products by t.1.c. 
The preponderance of the /I anomer may be explained by its hrgher conformational 
stabtlity during the acid-catalyzed, dehydrative cyclization process. The bulky, base 

B = substituted pyrazolo C 3.4-b]aumOxal!ne moiety 

Fig. 3. The preponderant conformers of anomerlc pyrazolo[3,4_b]qu~no~aIlne C-nucleoside analogs. 
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TABLE I 

Kn TEST FOR PYRAZOLO [&+b]QUhOXALIXE DERIVATIVES 

Concenrraricw EDso 

Cornpound 
1.2 

Soherrr 
dd. 
EtOH 

5 

dil. 
MeGO 

14 6 

dd. diI. 
Me&O EtOH 

100 

10 

1 

0.1 

0.01 

10 04 03 06 14 
09 03 01 03 15 
17 13 13 I2 14 
16 14 12 11 15 
19 13 13 12 13 
20 13 14 13 15 
IS 20 14 13 16 
19 19 15 14 14 
19 IS 15 1.5 16 
20 17 16 14 17 

moiety is positively charged in the acidic medium, and, accordingly, tends to occupy 
the equatorial /?-position rather than the axial g-position, by the reverse anomertc 
effecG3, as indicated by the ‘E conformer (see Fig. 3), which is predominant for 
purine nucleoside?, and this is in agreement with the value for J1,,?* (6.4 Hz). 
Additionally, the r* anomer has a nonbonded, s_rtz-axial interaction25 between the 

bulky. axially attached, base moiety and the C-3’ hydroxyl group, which would 
provide a confornational-instability factor. 

The mass spectrum of compound 5 showed the molecular ion at m/r 282 and 
254, due to the chlorine isotopes; the base peak at ~?J/z 77 represents the Ph group. 
The spectrum showed the characteristic fragments of the pyrazoloquinoxaline C- 
nucleosides’; BCHO’H, BCHO, and BCHz as strong peaks, with their chlorine- 
isotope fragments (see Experimental section). The fragments BH and B were more 
intense than expected for common C-nucleosides6, perhaps because of the bulkiness 

of the pyrazoloquinoxaline moiety. The mass spectrum of the acetyl derivative 6 
showed the molecular ion peak at rlr/r 466 and 465. The base peak at KU/Z 43 corre- 

sponds to a CH,CO group. 
Biological activity studies for compounds 1, 2, and 5, as well as their phenyl 

analogs’ 13 and 14, showed cytotoxicity i/z vitro to Ka cells (see Table I). The C- 
nucleoside 5 showed stronger activity than its acyclic precursors 1 and 2 Compound 6 
was inactive. The different ED,e values for these analogs may be attributed to a 
solubility factor. 
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EXPERILqENTAL 

General. - Melting points are uncorrected, and evaporsttons were performed 
under diminished pressure below 60”. Thin-layer chromatography (tic.) was con- 
ducted on silica gel (Kiesel gel G, Merck), with solvent cl, 3: 1 benzene-ethanol, or 
solvent B, butanone saturated with water. 1.r. absorption spectra were recorded 
with a Unicam SP 1025 instrument. N.m.r. spectra were recorded with Varran T- 
(60 MHz), EM-360, and NTC (360 MHz) instruments, using internal tetramethyl- 
silane as the standard_ Mass spectra were recorded with AEI MS-902 and DuPont 
MS 21-492B spectrometers. Combustion analyses were performed in the Department 
of Chemistry, Purdue University, W. Lafayette, Indiana, U.S.A. 

6(7)-Chtoro-I-phetzyl-3-(P- D -arabino-tetrirol- I -J f)pyt-a=olo C3,4_b]qlritlosalirleJ- 

(1 ami 2). - A solution of D-gl)cet-o-D-grrlo-heptose (2 g) in water (150 mL) was 
heated with 4-chloro-o-phenylenediamine (1.5 g), phenylhydrazine hydrochloride 
(8 g), and acetic acid (2 5 mL) in a sealed flask for 8 h in a boiling-water bath. The 
flask was cooled, and opened, and the yellow precipitate was filtered off, washed 

successively wth water, 50 o/0 methanol, and ether, and dried: yield 2 g_ Recrystalliza- 
tion from propyl alcohol gave yehow needles, m-p. 230-232”; I~:,R: 3300 (OH) and 
1600 cm-’ (C=N). T.1.c. showed two spots, RF 0.32,0.28 (solvent ~1) and 0.68,0.61 
(solvent B). The two spots could not be separated by fractional recrystallization from 
propyl or methyl alcohol. 

Anal. Calc. for C1sHr7C1N404- C, 57.0; H, 4.3; N, 14.0. Found: C. 56 8; 
H, 4.3; N, 13.7. 

6(7)-C/~foro-~-plze~~y~-3-(tetra-O-acet~f-D-arabino-tetritof-~-~~l)-p~~r~~~o/o[3,4-b]- 

quitlosalirzes (3 mzd 4). - A solution of the mixture of 1 and 2 (0.2 g) in pyrrdine 
(4 mL) was treated with acetic anhydride (4 mL) for 24 h at room temperature; it was 
then poured onto crushed Ice, and the acetate was filtered off, washed with water, 
and dried; yield 0.2 g. It was recrystallized from dilute methanol, to give yellow 
needles, m.p. 157-l 5s O; m-s., accurate measurement of the molecular-ion peak: 
Found 568.135 (Calc. 568.136). 

Anal. Calc. for C,,H,,CIN,08: C, 57.04; H, 4.40; N, 9.85. Found: C, 57.05: 
H, 4.67; N, 9.63. 

Deacetylatioiz of the acetate mixture 4 aid 5. - A mixture of 4 and 5 (10 mg) 
was treated with 20% methanolic ammoma for 24 h at room temperature. Evapora- 
tion of the methanol gave yellow needles which showed two spots at the same XF 
values as those of the mixture of 1 and 2. 

6-Cl~~oro-3-~-D-eryti~rofirr-mlosyl-i-phet?y~~?ra~olo~3,4-b]qui~lo_~-alitle (5)_ - A 

suspension of the isomeric mixture of 1 and 2 (0.5 g) in 7’x methanolic sulfuric actd 
(300 mL) was boiled under reflux for 72 h; complete dissolution occurred within 5 h. 
The reaction was monitored by t.1.c.; complete dehydration was found after 72 h 
(only one spot). The solutton was poured into hot water, the methanol was evaporated 
under diminished pressure, and the yellow precipitate obtained was collected, washed 
thoroughly with water until neutral, and dried; yield 0.4 g. It was recrystallized from 
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methano!, to give yellow needles, m.p. 188”; t.1.c. showed one spot, R, 0.86 (solvent 

S). For compound 5, vzz{ 3390 (OH) and 1605 cm-’ (C=N); mass-spectral data 
(principal peaks): I?Z/Z 282, 284 (20, 15; M), 323, 325 (26, 14), 310, 312 (19, S; 
BHCHO-H, where B = 6-chloro-1-phenylpyrazolo[3,4-blquinoxaline moiety), 309, 
311 (73, 23; BCHO-H), 308, 310, (16, 19; BCHO), 293, 295 (IS, 17; BCH,), 281, 
283 (19, 3: BH,), 280,282 (1 I. 6: BH), 279,281 (25, 19; B), 254,256 (71, 12; BH, + 

H - CN), 255,257 (9,23; BHz - CN), 93 (32, PhNH,), 81 (74), and 77 (100, Ph); 
accurate measurement of the molecular-ion peak: Found 382.083 (Calc. 382.083). 

_&al. Calc. for C,sH,sClN,Os: C, 59.68; H, 3.92; N, 14.66. Found: C, 59.46; 

H. 4.09; N, 14.20. 
6-C/lloro-3-(2.3-di-O-acet_~l-~-D-~~~ tjn-ofrrratlosy~)-I-p/retlyjpyra~oioC3,4-bI- 

qrrinosafim (6). - A solution of 5 (0.1 g) in pyridine (2 mL) was treated with 

acetic anhydride (2 mL) for 24 h at room temperature; it was then poured onto 
crushed ice, and the acetate was filtered off, washed with water, and dried: yield 
0.10 g. It was recrystallized from methanol, to give yellow needles, m-p. 145-146”; 
n.m_r_ data (60 MHz, CDCI,): S 2.03 and 2.13 (dt 6 H. 2 CH,CO), 4.17 and 
4.63 (2 q: 2 H, ABX system of the methylene group at C-4’, J3,.s, 3.5 and fx,,1,. 

4.5 Hz, with a Seminal coupling-constant of 10.1 Hz), 5.60 (d, 1 H, H-l’, f,.,z, 

6.0 Hz), 5.SO-5 95 (m, 1 H, H-3’), 6.25 (q, 1 H, H-2’, f2,,s, 5.0 Hz), 7.19-S 50 

(m. S H, aromatic protons): mass-spectral data (principal peaks): /lr/i 466, 468 

(I, 1; M), 348, 350 (S, 2: M - 2 OAc), 347, 349 (23, 10; M - H - 2 OAc), 

309. 311 (1. 1; BCHO-H), 30s: 310 (3, I; BCHO), 279, 281 (3, 2; B), 256, 258 (64, 

3: BH, + H - CN), 255,257 (2, 17; BH2 - CN), 115 (19), 93 (12, PhNH?), 8 1 (38), 

77 (13, Ph), and 43 (100, CHsCO); accurate measurement of the molecular-ion peak: 
Found 466.102 and 468.104 (Calc. 465.102 and 468.102). 

Anal_ Calc. for C,,H,,ClN,O,: C, 59.22; H, 4.05; N, 12.02. Found: C, 59.10; 
H. 4.06: N, 11.92. 

6-C/r~Ot-O-3-(~,3-0-iJoprOp~~~~fe~l~-~- D -er~~tilrofiu-a/rosyI)-I-p/le?l) /pJ-rarolo [3,4- 

b]quirro_wlifze (7) - A solution of 5 (60 mg) in dry acetone (20 mL) was treated 
with p-toluenesuifonic acid (300 mg), with stirring. After 1 h, t.1.c. showed the reac- 

tion to be complete [one spot, RF 0.83 (solvent B)]. The mixture was poured into an 
ice-cold solution of sodium hydrogencarbonate, and the resulting precipitate was 
filtered off, washed with water, and dried; yield SO mg. It was recrystalhzed from 
methanol, to give yellow needles, m.p. 198-200”; n.m.r_ data (360 MHz; CDCI,): 
6 1.462 and 1.662 (d, 6 H, CMel, zlS O-20), 4.14 (q, 1 H, H-4”, J,..,. 3.7 Hz), 4.211 

(d, H-4’, f,.,,. 10.6 Hz), 5.23 (q, 1 H. H-3’), 5.57 (d, 1 H, H-2’, .fa.,s. 6.0 Hz), 

5.S5 (s, 1 H, H-l’), 7.34-7.74 (m, 5 H, Ph), S-23-5.27 (t, 1 H, H-7), S-39 (s, 1 H, H-S), 

and 8.41 (s, 1 H, H-5). 
Anal. Calc. for CzzH,gC1N403: C, 62.55; H, 4.54; N, 13.17. Found: C, 62.35; 

H, 4.32; N, 13.41. 

3-(D-arabino-~etritoI-l-),l)-~-p-toi_v~p~~~a~oio[3,4-b]qrrifzosalirze (8). - A solu- 

tion of D-gfJce,-o-D-gufo-heptose (1.5 g), o-phenylenediamine (0.8 g), p-tolylhydrazine 
hydrochloride (5.5 g), and acetic acid (1.5 mL) in water (200 mL) was treated as for 





96 M. A.E.SALLAhf,R.L. WHISTLER,J. L.MAFUCLEY 

128”; t.l.c_, R, 0.96 (solvent B); n.m.r. data (360 MHz, CDCI,): 6 1.662 and 1.461 
(d, 6 H, CMe,, d6 O-201), 2.425 (s, 3 H, tolyl CH,), 4.151-4.197 (m, 2 H, H-4’,4”), 
5.249-5.258 (m, 1 H, H-3’), 5.574 (dd, 1 H, H-2’), 5.859 (s, 1 H, H-l’), 7.25-7.854 
(m, 4 H, AB pattern of the aromatic p-tolyl protons), and 8.191-8.288 (m, 4 H, 
H-5,6,7,8)_ 

Anal. Calc. for C,,H,,N,O,: C, 67.66; H, 5.68; N, 14.36. Found: C, 67.71; 
H, 5.51; N, 14.08. 

Biological tests. - Compounds 1, 2, 5, 13, and 14 showed cytotoxic activity 
towards K, cells (a human, epidermoid carcinoma). The in vitro cytotoxicity test 
was performed by the Cell Culture Laboratory of the Purdue University Cancer 
Center. The compounds were tested as suspensions in dilute, aqueous ethanol or 
dilute, aqueous drmethyl sulfoxide. Compound 6 was inactive. 
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