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ABSTRACT 

The C-nucleoside analogs 3-/3-D-erythrofuranosyl-6,7-dimethyl-l-p-tolyl- 

pyrazolo[3,Cb]quinoxaline (5) and 1-(p-chlorophenyl)-3-/3-D-erythrofuranosyl- 

6,7-dimethylpyrazolo[3,Cb]quinoxaline (7) were prepared by the dehydrative 

cyclization of the polyhydroxyalkyl chain of 6,7-dimethyl-3-(D-arabino-tetritol-l- 

yl)-1-p-tolylpyrazolo[3,4-blquinoxaline and 1-(p-chlorophenyl)-6,7-dimethyl-3-(D- 

ar~bino-tetritol-l-yl)-l-p-tolylpyrazolo[3,4-b]quinoxaline, respectively. The struc- 

ture and anomeric configuration of compounds 5 and 7, as well as of their 2’,3’-iso- 

propylidene acetals were determined by n.m.r. spectroscopy. The mass spectra and 

biological activity are discussed. 

INTRODUCTION 

The chemistry of C-nucleosides has received considerable attention recently, 

owing to the biological activity of such naturally occurring analogs as showdomy- 

tin, formycin, and oxazinomycin2. The biological importance of these compounds 

has prompted the exploration of routes leading to the synthesis of C-nucleoside 

analogs. The synthetic members of this class of compound are not so common as 

N-nucleoside analogs, owing to the difficulty in preparing C-nucleosides from 

anomerically functionalized C-glycosyl compounds. The synthesis of C-nucleosides 

by the dehydrative cyclization of the polyhydroxyalkyl chain of saccharide hetero- 

cyclic analogs has been used3-5 as a route for the facile synthesis of these com- 

pounds, but, in the past, lack of knowledge about the anomeric configuration of the 

products militated against the extensive use of this reaction for C-nucleoside syn- 

thesis. 

Pyrazolo[3,4-blquinoxaline derivatives are of biological interes@, but the sac- 

charide analogs have not been thoroughly investigated, although the carbohydrate 

residue strongly modifies the solubility properties of the aglycon and introduces 

further chiral centers, and thus contributes to the biological activity. In the present 

*C-Nucleoside Pyrazolo(3,4-blquinoxaline Analogs, Part IV. For Part III, see ref. 1. 

000%6215/84/$03.00 Q 1984 Elsevier Science Publishers B.V. 



86 W. A. E. SALLAM, S. 41. E. ABDEL MEGID 

work, two types of saccharide pyrazolo[3,4-blquinoxaline substituted in the 

pyrazole were prepared, and converted ir.to the corresponding C-nucleoside 

analogs. The anomeric configuration and the biological activity of these com- 

pounds were studled. 

CHO 

HCOH 

MC NH> HCOH 

I 
t HOCH t HCI ’ k2N-NH R 

Me NH2 
HCOH 

HCOH 
1 R = Me 

2R - C 

CH,CH 

HCOH 

CH20b 

39 = Me 

4R = Cl 

Scheme 1 

5,R = ve,d= 4 

6 R = ~c, R’,R’ = CMe2 
, R = CI 1 R’ = H 

8R = Cl, R’, R’ = CMe> 
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DISCUSSIOK 

Condensation of 4,5-dimethyl-o-phenylenediamine, D-&cero-D-gulo-hep- 

tose, and p-tolylhydrazine hydrochloride (1) afforded 6,7-dimethyl-3-(D-arabino- 

tetritol-l-y1)-l-p-tolylpyrazolo[3,4-b]quinoxaline (3) in a one-step reaction. Treat- 

ment of 3 with boiling methanolic sulfuric acid solution under reflux gave the C- 

nucleoside analog, namely, 3-P-D-erythrofuranosyl-6,7-dimethyl-l-@olyl- 

pyrazolo[3,4-blquinoxaline (5) (. see Scheme 1). Its ‘H-n.m.r. spectrum showed the 

anomeric proton as a doublet at 6 5.19 (5,1,~, 6.9 Hz), but the anomeric configura- 

tion could not be ascertained7 from this large value of the coupling constant, How- 

ever, the isopropylidene derivative 6 showed the anomeric proton as a singlet at 6 

5.82, shifted farther downfield than the rest of the sugar protons. The zero value of 

the coupling constant (J1,,2,) is in agreement’ with a trapas arrangement between 

H-l and H-2 of the /3-D-erythrofuranosyl group formed. 
Additional evidence for the P-D configuration was obtained from the value of 

the difference (AS) between the chemical shifts of the methyl signals of the 2,2-di- 

methyldioxolane ring; the difference 0.20 (1.656 - 1.456) between the chemical 

shifts of the two methyl protons of 6 is consistenta*’ with the B-D configuration. The 

high-negative specific rotation of 5 ([a]$’ - 121.5”) confirms’0 the P-D configura- 

tion for 5, and illustrates the inversion at C-l’ of compound 3 during the dehydra- 

tive cyclization process. 

Condensation of 4,5-dimethyl-o-phenylenediamine, D-glycero-D-gulo-hep- 

tose, and (p-chlorophenyl)hydrazine hydrochloride (2) afforded l-(p-chloro- 

phenyl)-6,7-dimethyl-3-(D-arubino-tetritol-l-yl)pyrazolo[3,4-b]quinoxaline (4). 
Treatment of compound 4 with boiling methanolic sulfuric acid solution under 

reflux gave the C-nucleoside analog, namely, l-(p-chlorophenyl)-3-/3-D-ery- 

throfuranosyl-6,7-dimethylpyrazolo[3,4-b]quinoxaline (7), whose ‘H-n.m.r. spec- 

trum showed the anomeric proton as a doublet at S 5.20 having J1P,2, 7.2 Hz. The 

anomeric configuration of 7 could not be ascertained7 from this large value of the 

coupling constant. However, the isopropylidene acetal8 showed the anomeric pro- 

ton as a singlet at 6 5.80, in agreement7 with a tram arrangement of H-l’ and H-2’, 

that is, the /3-D configuration. The difference AS = 0.199 (1.661 -1.462) between 

the two methyl signals of the 2,Zdimethyldioxolane ring of compound 8 confirmed 

the /3-D configuration. Similarly, the high-negative value of the specific rotation of 

compound 7 ([(~]z -1OsO) confirmed1o the P-D configuration for compound 7, and 

the inversion at C-l’ of compound 4 during the dehydration process, 

The dehydrative cyclization of polyhydroxyalkylpyrazolo[3,4-blquinoxalines 

is a stereospecilic process, giving the favored j3 isomer having a trans arrangement 
between the bulky, base moiety and the 2-hydroxyl group of the furanosyl group 

formed. This steric requirement may be the reason for the preponderance of the /3 

isomer from the dehydrative cyclization of heterocyclic polyhydroxyalkyl analogs 

having the D-arabirao configuration, with inversion of the configuration at C-l’. 

Substitution on the base moiety did not change the steric course of the reaction. 
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X = Cl or Me 

Fig 1 

The ‘H-n.m.r. spectra of compounds 3 and 4 showed an identical pattern for 

the D-arabino-glycerol-l-y1 sidechain. The small coupling constants for the protons 

on C-l’ and C-2’ (J1f,2P 2.3-2.8 Hz) indicated a gauche relationship, whereas H-2’ 

and H-3’ showed large coupling constants (.I 2,,3t 8.0-8.1 Hz), indicating the anti- 
parallel disposition. These values are in agreement” with the favored, planar zig- 

zag conformation for the D-arubino configuration (see Fig. 1). 

The mass spectrum of compound 3 showed the molecular-ion peaks, M and 

(M + l), at m/z 408 and 409, respectively. The fragment at m/z 347 (BCHOH- 

CHOH) is obtained by cleavage of C-2’-C-3’ of the polyhydroxyalkyl chain at- 

tached to the base (B). The abundant peaks at m/z 317 and 318, corresponding to 

the ions BCHOH and BCHzOH, arc formed by McLafferty rearrangement of the 

molecular ion, which is characteristic for the fragmentation of heterocyclic, 

polyhydroxyalkyl derivatives . l2 The peak at m/z 317 was the base peak. The peaks 

corresponding to the base moiety (B) or its protonated forms BH and BH2 were at 

m/z 287, 288 and 289, respectively. The protonated-base fragments BH and BH2 

are formed by rearrangements of hydrogen from the sugar hydroxyl groups to the 

heteroatoms through the unshared electrons13, and are of major importance in 

identifying the base moiety and its substituents. 
The mass spectrum of the C-nucleoside analog 5 showed the molecular-ion 

peaks, M and (M + l), at m/z 390 and 391, respectively. The peak at m/z 317, cor- 

responding to the fragment BCHOH, was the base peak; it demonstrates the pre- 

sence of the carbon<arbon linkage between the carbohydrate and the base moiety 

that is characteristic of C-nucleosides ‘3-15 . Further elimination of CO from this ion 

gives an additional path to the BH2 ion (see Scheme 2). Another characteristic ion 

for C-nucleosides was shown at m/z 331, corresponding to the fragment 

BHCHzCHO that is formed by fragmentation of the O-C-l’ and C-2’-C-3’ bonds. 

Further fragmentation gives an additional path to the BH ion. 
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Scheme 2 

.+BHC Hz 

m/z 302 

The mass spectrum of compound 4 showed the molecular ion M at m/z 428 

and 430 in the ratio of 3: 1 for the isotopes 35C1 and 37Cl. The peak at m/z 367, cor- 

responding to the fragment BCHOHCHOH, is obtained by cleavage of C-2’-C-3’ 
of the polyhydroxyalkyl chain. The fragment l2 BCHOH, obtained by cleavage of 

C-l’-C-2’ by McLafferty rearrangement, was at m/z 337, as the base peak. The 

fragments BHCHzCHO and BCHzCHO were at m/z 351 and 350, respectively. 

The fragments containing the base moiety, B, BH, and BH2 were shown at m/z 
307,308, and 309, respectively. 

The mass spectrum of the isopropyhdene acetal8 showed molecular-ion frag- 

ments (having the isotope ratio of the chlorine) at m/z 450 and 452. Loss of a 

methyl radical from the isopropylidene group gives the tertiary carbonium ion (M 

- CH3) at m/z 435, stabilized by two adjacent oxygens atom; further elimination 

of acetic acid gives the ion at m/z 375 (see Scheme 3). The elimination of acetone 

from the isopropyhdene group gives the 2’,3’-epoxide ion at m/z 392, which, by 

loss of a CHO group, gives the ion at m/z 363. The peaks BCHOH and BCHO, 
characteristic for the carbon<arbon linkage, were shown as base peaks at m/z 337 

and 336, respectively. 

Biological activity 
Compounds 3, 4, 5, and 7 were tested in vitro against KB cells (a human 

epidermoid carcinoma of the nasopharynx; cell culture). Compound 3 was active at 

a dilution of 100 &mL, and 4 was active at dilutions of 100 pg/mL and 10 pg/mL. 
The C-nucleoside analogs 5 and 7 were active at 100 pg/mL dilution. Tests for 
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biological activity in viva of compound 3 against mouse leukemia P388 indicated 

toxicity. The C-nucleoside analog 5 was inactive against L-1210 lymphoid leukemia 

(LE). 

Srheme 3 

EXPERIMENTAL 

General. - Evaporations were performed under diminished pressure below 

60”. T.1.c. was conducted on silica gel (Kieselgel G, Merck) with 3:l benzene- 
ethanol. 1.r. absorption spectra were recorded with a Unicam SP 1025 instrument. 
‘H-N.m.r. spectra were recorded with a Nicolet 470-MHz instrument, using intcr- 
nal tetramethylsllane as the reference. Mass spectra were recorded with a Finn&an 

6100 Data system gas chromatograph-c.i.-c.i. mass spectrometer. Combustion 

analyses were performed in the Department of Chemistry, Purdue University. The 
in vitro, KB biological tests were conducted by the Cell Culture Laboratory of the 

Purdue University Cancer Center. The compounds were tested as suspensions in 

dilute, aqueous dimethyl sulfoxide. The in viva leukemia 3PS31 and LE tests were 
obtained through the screening program of the Drug Evaluation Branch, Division 
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TABLE I 

CHEMICAL SHlFTS(@ ANDFIRST-ORDERCOUPLIKGCOXSTANTS(IN Hz) FORCOMPOUNDS 3,5,AN6 

Prorons 3 5 6 

Sugar protons 

H-l’ 

H-2’ 

“5.54dd 
J1,,2, 2.3 

JI’.OH 7.2 
?.6d 
J,‘,2’ 2.8 
V.13m 
?.15dd 
.12,,3, 8.1 

H-3’ 

H-4’ 

H-4” 

OH 

me2 

I 

3.71m 
J3’,4’ 3.0 

9.47m 
‘3.49q 
J,,,, 5.8 
J4,,4” 10.5 
5.31d 
57.2 
4.77d 
55.1 
4.47d 
J6.5 
4.37t 
J5.5.5.2 

Protons of the bad 
H-5 8.30s 
H-8 8.29s 
C&-6 2.52s 
CH3-7 2.50s 
ar-CH-( 2.398s 
H-A 8.03s 
H-A’ 7.98s 
H-B 7.44s 
H-B’ 7.42s 

‘5.19d 
Jts.2’ 6.9 
?.20 
J,‘,2’ 6.9 

‘4.91dd 
J6.2 
C4.91t 
J5.1,6.0 
‘4.46m 
‘4.46m 
4.35dd 
J,‘,4’4.4 
3.87dd 
&‘,4” 2.2 
J<,z,* 9.2 

5.26d 
J6.4 
5.13d 
J3.9 

8.23s 8.25s 
8.22s 8.23s 
2.48s 2.53s 
2.47s 2.52s 
2.395s 2.431s 
7.99s 8.01s 
7.93s 7.93s 
7.43s 7.36s 
7.41s 7.34s 

b5.82s 

5.56d 
J2,,3’ 6.0 

5.26t 

1.6% 
1.456 

AS 0.200 

“In dimethyl sulfoxide. bin CDCI,. CCD,C&D added. d6,7-Dimethyl-l-ptolylpymzolo~3,4-b]- 
quinoxaline: 



92 W. A.E. SALLAM,S.M.E. ABDELMEGID 

of Cancer Treatment, National Cancer Institute, National Institutes of Health, 

Bethesda, Maryland 20205. 

6,7-Dimethyl-3-@-arabino-tetritol-1 -ylj-I-p-tolylpyrazolo[3,4-blquinoxaline 

(3). - A solution of D-glycero-D-&lo-heptose” (5 g) in water (200 mL) was heated 
with 4,5-dimethyl-o-phenylenediamine (3.2 g), (p-tolylphenyl)hydrazine hydro- 

chloride (1; 20 g). and acetic acid (5 mL) in a sealed flask for 10 h in a boiling-water 

bath. The flask was cooled and opened, and the yellow precipitate was filtered off, 

washed successively with water, 50% ethanol, and ether, and dried; yield 3.5 g 

(36%). Recrystallization from propyl alcohol gave yellow needles, m.p. 248-250”, 
[a];’ -32.7” (c 1.1, pyridine); RF 0.28; vk:i 3420,330O (OH), 1620, 1560 (C=N), 

and 1530 (p-disubstituted benzene); mass-spectra1 data (selected ions): m/z 409 (1, 

M + l), 408 (4. M), 347 (2, BCHOHCHOH), 331 (2, BHCH,CHO), 319 (4, 

BH,CHOH), 318 (24, BHCHOH), 317 (100, BCHOH), 289 (15, BH& 288 (9, 

BH), 287 (18, B), 285 (B - H), 274 (6, BH2 - CH& 273 (14, BH - CH& 272 

(8, B - CH& 262 (23, BH - CN), 260 (B - HCN), 246 (5), 91 (lo), 77 (5, Ph), 
and 44 (18); for ‘H-n.m.r.-spectra1 data, see Table I. 

Anal. Calc. for G2HUN404: C, 64.69; H, 5.92; N, 13.92. Found: C, 64.85; 
H, 6.08; N, 13.69. 

3-~-D-Erythrofuranosyl-6,7-dimethyl-I-p-tolylpyrazolo[3,4-b]quinoxaline 

(5). - A suspension of 3 (1.8 g) in 8% methanolic sulfuric acid solution (300 mL) 

was boiled under reflux, with stirring, for 48 h, whereby complete dehydration was 

obtained (one spot, RF 0.55). The solution was diluted with hot water, the 

methanol was evaporated under diminished pressure, and the yellow precipitate 

obtained was collected, washed with water until neutral, and dried; yield, 1.2 g 

(71%). It was recrystallized from methanol-benzene to give yellow needles, m.p. 

240-242” (mixed m.p. with 3, 228-230”), [a],$” -121.5” (c 1.3, pyridine); v:“,’ 3420 

(OH), 1560, 1595 (C=N), and 1520 cm-’ (p-disubstituted benzene); mass-spectra1 

data (selected ions); m/z 391 (5, M t l), 390 (17, M), 373 (2, M - OH), 331 (15, 

BIICH,CHO), 319 (4, BH&HOH), 318 (17, BHCIIOH), 317 (100, BCHOH), 

316 (3, BCHO), 315 (4, BCO), 302 (3, BHCHZ), 289 (8, BHT), 288 (5, BH), 287 

(12, B), 274 (5, BH2 - CH& 273 (10, BH - CH3), 272 (2, B - CH& 263 (4, BH2 

- CN), 262 (17, BH2 - HCN), 260 (4, B - HCN), 144 (3), 91 (25), and 77 (11, 

Ph); for ‘H-n.m.r.-spectral data, see Table I. 

Anal. Calc. for CZHZ2N403: C, 67.68; H, 5.68; N, 14.35. Found: C, 67.52; 
H, 5.73; N, 14.20. 

3-(2,3-0-lsopropylidene-~-D-erythro~ranosy~)-6,7-dimethyl-l -p-tolylpyra- 

zolo[3,4-blquinoxaline (6). - A solution of 5 (50 mg) in dry acetone (50 mL) was 

treated withp-toluenesulfonic acid (150 mg), with stirring. After 24 h, t.1.c. showed 

the reaction to be complete (one spot, RF 0.76). 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 50 mg (91%). It was recrystallized 

from methanol<hloroform, to give yellow needles, m.p. 194-195”, [&’ -64.2” (c 
1.2, chloroform); for ‘H-n.m.r.-spectra1 data, see Table I. 



C-NuCLEOSIDE m.4Lotis 93 

TABLE II 

CHEMICAL SHIFTS (8) AND FIRST-ORDER COUPLING-CONSTANTS (IX Hz) FOR COMPOIXDS 4,7, ASD 8 

Protons 4 7 8 

Sugar protons 
H-l’ 

H-2’ 

H-3’ 

H-4’ 

H-4” 

OH 

CMe2 

“5.56dd 
‘5.57d 
J1,,*2.81 

“4.1Sm 
‘4.16dd 
J2,,3, 8.0 

I 

3.72m 

J,‘,4’3.0 

“3.47m 
‘3.49q 
53’ 4” 5.9 
J& 11.0 
5.37d 
Jl.4 
4.8od 
J5.4 
4.73d 
56.5 
4.4m 

Protorn of the based 
H-5 8.47s 
H-8 8.46s 
CH3-6 2.50s 
CH3-7 2.4% 
H-A 8.01s 
H-A’ 7.96s 
H-B 7.67s 
H-B’ 7.65s 

“5.19dd 
J6.9 
‘5.2Od 

57.2 
“4.9Odd 
J2’,3, 5.0 

4.47m 

4.36dd 
Js,4’ 4.5 
3.87dd 
J,‘,@ 2.3 

5.28d 
J6.4 
5.15d 
J4.3 

8.40s 8.43s 
8.38s 8.41s 
2.45s 2.55s 
2.44s 2.53s 
7.94s 8.01s 
7.87s 7.94s 
7.68s 7.52s 
7.66s 7.50s 

b5.8tk 

5.54d 
J2,,3’ 6.0 

5.26m 

4.18m 

JY,~, 0 
J3ss4”3.6 
J,p,< 10.6 

1.661s 
1.462s 

AS 0.199 

“In dimethyl sulfoxide. bin CDC13. ‘CD$O,D added. 81-@-Chlorophenyl)-6,7-dimethylpyrazolo[3,4- 
blquinoxaline: 

A R 

Anal. Calc. for C&Hz6N403: C, 69.75; H, 6.09; N, 13.01. Found: C, 69.66; 

H, 6.22; N, 12.90. 
l-(p-Chloropkenyl)-6,7-dimethy6-3-(~-arabino-tetritol-l-yl)pyrazolo[3,4-b]- 

quinoxaline (4). - A solution of D-glycero-D-gulo-heptox (2 g), 4,5-dimethyl-o- 

phenylenediamine (1.3 g), (p-chlorophenyl)hydrazine hydrochloride (2, 9 g), and 
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acetic acid (3 mL,) in water (200 mL) was treated as for compound 3; yield 2.1 g 

(43%). It was recrystallized from propyl alcohol, to give yellow needles, m.p. 264- 
266”, ]a];’ -31.4” (c 1.02, pyridine); RF 0.24; Y,“:; 3440, 3320 (OH), 1605, and 

1580 cm-’ (C=N); mass-spectral data (selected ions): m/z 430 (1.6, M), 428 (4.8, 

M), 367 (7, BCHOHCHOH), 351 (6, BHCH,CHO), 350 (10, BCH,CHO), 340 

(15), 339 (44, BH,CHOH), 338 (57, BHCHOH), 337 (100, BCHOH), 336 (22, 

BCHO), 335 (11, BCO), 309 (BH;?), 308 (14, BH), 307 (25, B), 293 (6, BH - 

CHs), 282 (19, BH - CN), 274 (14), 273 (48, BH - Cl), 115 (18), 111 (15), 91 

(20), 77 (15, Ph), 43 (83, CHsCO), and 41 (16); for ‘H-n.m.r.-spectral data, see 
Table II. 

Anal. Calc. for CzlHzlC1N,04: C, 58.81; H, 4.94; N, 13.06. Found: C, 58.85; 

H, 4.97; N, 12.76. 

I - (p- Chloruphenyl) -3-P-D-erythrofuranosyl-6,7-dimethylpyrazo~o[3,4-b]- 
quinoxaline (7). - A suspension of 4 (1 g) in 8% methanolic sulfuric acid solution 

(240 mL) was boiled for 50 h under reflux, with stirring, and monitoring of the reac- 

tion by t.1.c.; complete dehydration was found after 48 h (only one spot, RF 0.57). 
The solution was diluted with hot water, the methanol evaporated, and the yellow 

precipitate filtered off, washed with water, and dried; yield 0.5 g (53%). It was re- 

crystallized from methanol to give yellow needles, m.p. 261-263” (mixed m.p. with 

4, 238-240”), [&’ - 108” (c 1.2, pyridine); vE; 3400 (OH), and 1595, 1650 cm-’ 

(C=N); for ‘H-n.m.r.-spectral data, see Table II. 

Anal. Calc. for &2H22C1N403: C, 67.68; H, 5.68; N, 14.35. Found: C, 67.52; 

H, 5.73; N, 14.20 

I-(p-Chlorophenyl)-3-(2,3-0-isopropylidene-~-D-erythrofuranosyi)-6,7-di- 
methylpyruzofo[3,4-b]quinoxaline (8). -Compound 7 (50 mg) was dissolved in dry 

acetone and treated with p-toluenesulfonic acid (150 mg) as described for com- 

pound 6; the yellow precipitate obtained was recrystallized from metbanol-chloro- 

form, to give yellow needles, m.p. 205-207”; mass-spectral data (selected ions): 

m/z 453 (5, M + 3), 452 (11, M3’), 451 (10, M35 + l), 450 (31, M35), 435 (9, M - 
CHs), 394 (9) 393 (26, M + 1 - CH3COCH3), 392 (25, M - CH,COCH,), 391 

(59, M - CH,COO), 367 (7, M - CH3 - CH,COO), 375 (15, M - CH3 - 

CH,COOH), 365 (33), 364 (29) 363 (84, M - CH3COCH3 - CHO), 352 (16), 

351 (20, BHCH&HO), 350 (48, BCH,CHO), 349 (20), 347 (lo), 339 (39, 

BH,CHOH), 338 (45, BHCHOH), 337 (99.8, BCHOH), 336 (100, BCHO), 335 

(34, BCO), 334 (17) 309 (BH~), 308 (19, BH), 307 (71, B), 282 (13, BH - CN), 

281 (6, B - CN), 280 (15, B - HCN), 274 (21, BH2 - Cl), 273 (97, BH - Cl), 
272 (26, B - Clj, 156 (23), 116 (19), 111 (15, C&&l), and 77 (14, Ph); for ‘H- 
n.m.r.-spectral data, see Table II. 

Anal. Calc. for CZ4HZ3ClN403: C, 63.93; H, 5.14; N, 12.42. Found: C, 63.73; 

H, 5.26; N, 12.47. 

ACKNOWLEDGMENTS 

The authors thank the Purdue University Biochemical Magnetic Resonance 



C-NUCLEOSIDE ANALOGS 95 

Laboratory for the 470-MHz spectral measurements, which were supported by 
NIH grant number RR 01077. Thanks are also due Dr. Markley for providing the 
necessary facilities, Dr. R. Virudachalam and Patricia Hoyos for recording the 
spectra, and Professor R. L. Whistler for making the combustion analyses and 
mass spectra available. Finally, he accords thanks to Dr. L. Jacobsen, Cell Culture 
Laboratory, Medicinal Chemistry Department, School of Pharmacy, Purdue Uni- 
versity, for KB tests, and the National Institutes of Health for the P388 and LE 
tests. 

REFERENCES 

1 M. A. E. SALLAM, Nuclem. Nucleot., l(1982) 297-313. 
2 S. HANESSIAN AND A. G. PERNET, Adv. Carbobydr. Chem. Biochem., 33 (1976) 111-188. 
3 M. A. E. SALLAM, J. Chem. Sec., Perkin Trans. 1, (1982) 557-562, and references cited therein. 
4 M. A. E. SALLAM, Carbohydr. Res., 67 (1978) 79-89. 
5 M. A. E. SALLAM, R. L. WHISTLER, AND J. L. MARKLEY, Carbohydr. Rex, 87 (1980) 87-97. 
6 N. P. Buu-HOI, J. N. VALLAT, G. SAINT-RUF. AND G. LAMWI.IN, Cbem. Ther., 6 (1961) 24.W50. 
7 R. U. LEMIEUXANDD. R. LINEBACK,AWIU. Rev. Biochem., 32(1%3) 155-184. 
8 J.-L. BARASCUT, B. L. KAH, B. BAYNER, C. TAMBY. AND C. TAPIERO, J. Heferocycl. Cbem., 10 

(1973) 1069-1070. 
9 J.-L. IMBACH, J.-L. BARASCUT, B. L. KAM,ANFIC. TAPIERO, Tetrahedron L&f., (1974) 129-W. 

10 C. S. HUDSON, J. Am. Gem. Sot., 31(1909) 66-86. 
11 D. HORTON ANDM. J. MILLER, .I. Org. Chem., 30 (1965) 2457-2459. 
12 M. A. E. SALLAM AND S. S. SAUDI, J. Carbohydr. Chem., l(1982) 129-144. 
13 J. A. MCCLOSKEY, in P. 0. P. TSO (Ed.), Basic Principles in Nucleic Acid Chemistry, Academic 

Press, New York, 1974, p. 209. 
14 T. HUYNH-DINH, A. KOLB, C. GOUYEITE, AND J. IGOLEN,J. Org. Chem., 40 (1975) 2825-2830. 
15 L. B. TOWNSEND ANDR. K. ROBWS, J. Heterocycl. Ckm., 6 (1%9) 459-464. 
16 N. K. F~ICHTMYER, Methods Carbohydr. Chem., 1(1%2) 164-165. 


