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with water. Evaporation of the ether solutions gave 114 mg. and 
179 mg., respectively, of an amorphous light brown powder 
which would not crystallize from methanol. Acidification of the 
basic extracts in both cases, yielded reddish tar. 
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Syntheses of nucleosides of chloropurines, 6-benzamidopurine, theophylline, Ne-benzoylcytosine, and benzi- 
midazole are presented. The method developed involved the direct condensation of the heterocyclic imino 
compounds such as free acylaminopurine, chloropurines, theophylline, Ns-benzoylcytosine, and benzimidazole 
with acylglycosyl halides in nitromethane containing hydrogen halide acceptors to give the corresponding crys- 
talline, acylated nucleosides. 

The reaction described in this paper provides a new 
synthesis for purine nucleosides and analogous com- 
pounds, particularly for the glycosidation of hetero- 
cyclic compounds having an iniino group, e . g . ,  purines, 
pyrimidines, and benzimidazoles. 

Several methods have been reported previously 
for the syntheses of purine nucleosides. In  the first of 
these Fischer. and Helferich2 condensed silver 2,8- 
dichloroadenine or theophylline with 2,3,4,6-tetra-O- 
acetylglucopyranosyl bromide to give 2,8-dichloro- 
9-(2’,3’,4’,6’-tetra-~-acetyl-~-~-g~ucopyranosy~)aden~ne 
or 7-(2’,3’,4’,6’-tetra-O-acetyl-P-~-glucopyranosyl)the- 
ophylline. 

Davoll, Lythgoe, and Todd3 observed that tri-0- 
acetylpentafuranosyl chlorides, due to their increased 
stability, gave higher yields of nucleosides than the 
corresponding furanosyl bromides. Another niajor 
improvement was the introduction of the use of chloro- 
mercuri derivatives of purines, rather than silver purines 
by Davoll and Lowya4 The third major improvement 
was the introduction of 0-benzoyl blocking groups, 
rather than 0-acetyl for the sugar moiety by Kissman, 
Pidacks, and Baker.5 

Sato, Shimadate, and Ishido6 proposed a method 
for the synthesis of purine nucleosides by melting a 
mixture of 1,2,3,5-tetra-0-acetyl-~-~-ribofuranose with 
purines in the presence of p-toluenesulfonic acid or zinc 
chloride in vacuo. 

Robins and co-workers’ have also reported the 
condensation of certain 2,3-dihydro-4I-I-pyrans with 6- 
substituted purines in the presence of a catalytic amount 
of acid to give the corresponding 6-substituted 9-(tetra- 
hydro-2-pyrany1)purines. 

Schramm, Grotsch, and Pollmann* observed that the 
condensation of adenine with D-ribose in the presence of 
polyphosphate ester gave adenosine. A riboside of 
uric acid was synthesized from tetrakistriethylsilyluric 
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acid and tri-0-benzoylribosyl bromide in the presence 
of silver perchlorate by Birkofer, Ritter, and Kuhl- 
thau.@ Spongoadenosine was prepared by the con- 
densation of 2,3,5-tri-o-benzyl-~-arabinofuranosyl chlo- 
ride with N-benzoyladenine, lo but Coxon and Fletcher” 
observed that the condensation of 2,3,4,6-tetra-O- 
acetyl-a-D-glucopyranosyl bromide with niercuric cya- 
nide in nitromethane gave 2,3,4,6-tetra-O-acetyl-P-~- 
glucopyranosyl cyanide. 

Our method of synthesis allows us to eliminate the 
step for formation of the metal salt of purine or benz- 
imidazole, the preparation of heavy metal salts being 
generally quite difficult. This reaction assured us an 
improved yield 2040% higher than the conventional 
processes. 2,4,6, l2 

Ri CHzOAc 

Ia, R, = RZ = 
Rj C1 

11, AC = -CCHs; 
I1 

b, Ri = Rz = C1; 0 
Rs = H X = C1 or Br 

C, R1 = Rs = C1; 
Rz H 

d, R1 = C1; 
Rz Rs = H 

AcoHd AcO 
IIIa, R1 = RZ = OAc Rs = C1 

b, R1 = Rz = C1; R3 H 
C, R1 = R3 = C1; Rz H 
d, R1 = C1; Rz Rs H 

(9) L. Birkofer, A. Ritter,  and H. P. Kiihlthau, ib id . ,  9 ,  155 (1963). 
(10) C. P. J. Glaudemans and H. G. Fletcher, Jr., J .  O w .  Chem., a8, 

(11) B. Coxon and H. G .  Fletcher, Jr., J .  A m .  Chem. Soc., 86, 2637 

(12) J. A. Montgomery and H. J. Thomas, Advan. Carbohydrate Chem., 
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(1963). 

17, 301 (1962). 
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The condensation of a purine wlth acylglycosyl halide 
in a solvent medium containing a hydrogen halide ac- 
ceptor gave purine nucleosides in a good yield. 

The condensation of 2,6,8-tri~hloropurine’~ (Ia) 
with acetobromoglucose (11) was attempted in solvents 
containing various metal salts. Thus, when 2,6,8- 
trichloropurine was condensed with tetra-o-acetyl- 
glucosyl bromide14 in nitromethane containing mercuric 
cyanide a t  room temperature, 2,6,8-trichloro-9-(2’,3’,- 
4’,6’-tetra-O-acety~-~-~-glucopyranosy~)purine ( I I Ia)  
was obtained in a few per cent yield; however, in boil- 
ing nitromethane this nucleoside was obtained in 61% 
yield. Oxides and weak acid salts of metals were used 
as the acceptors for hydrogen halide in this reaction, 
and it was found that particularly suitable hydrogen 
halide acceptors are those which are reactive with 
hydrogen halide without formation of water. IVitro- 
methane, n-heptane, and acetonitrile were also used in 
this condensation; nitromethane was found to be 
most satisfactory for the purine nucleoside synthesis. 
2,6-Dichloro-9-~-~-ribofuranosylpurine, the key in- 

termediate for the synthesis of some 2,6-disubstituted in 
purine ribosides, was previously prepared by the 
condensation of bis(2,6-dichloropurinyl)mercury with 
tri-0-benzoylribofuranosyl chloride. We synthesized 
2,6 - dichloro-9- ( 2  ’ ,3 ’,4 ’, 6 ’-tetra-0-acet yl-P-D-glucopyra- 
nosy1)purine (IIIb) from 2,6-dichloropurine16 (Ib) 
and acetobronioglucose (11) in boiling nitromethane 
containing mercuric cyanide. This crystalline nucleo- 
side was obtained in yield of 79%. 

The synthesis of 6,8-dichloropurine nucleoside was 
not reported in the literature. This compound is one 
of the most important key intermediates for the prepa- 
ration of 6,8-disubstituted purine nucleosides and was 
synthesized in order to improve the preparation of 
purine nucleoside, Since the chloroniercuri 6,8-di- 
chloropurine was soluble in water and its silver salt (IV) 
was insoluble, silver salt and 2,3,4,6-tetra-O-acetyl- 
glucopyranosyl bromide were mixed in boiling xylene to 
give 6,8-dichloro-9-(2’,3’,4’,6’-tetra-O-acetyl-~-~-g~~~~- 
pyranosy1)purine (IIIc) in 23% yield. 6’ inxylene 

c1 

AcO 
N y y c l  ‘N N + 

Ag OAc 1v 
NH2 

This nucleoside was obtained in 360/, yield by the 
direct condensation of 6,8-di~hloropyrine’~ (IC) with 
acetobronioglucose (11) in boiling nitromethane con- 

(13) J. Davoll and R. A. Lowy, Aduan.  Carbohydrate Chem.,73,2936 (1951). 
(14) R. U. Lemieux, Methods Carbohydrate Chem.. 4, 221 (1963). 
(15) H. J. Schaeffer and H. J. Thomas, J .  Am. Chem. Soc., 80, 3738 (1968). 
(16) G. B. Elion and G. H. Hitchings, ibzd., 78, 3508 (1956). 
(17) R .  K.  Robins. abad., 60, 6671 (1958). 

taining mercuric cyanide. Since the C1-6 atom is much 
more reactive than the C1-8 atoms in the free purine, 
it  is logical to  assume that the chlorine atoms of the 
corresponding glucose would show a similar difference 
in reactivity. According to this idea, l7 8-chloroadenine 
nucleoside (V) was synthesized by the reaction of 
acetylated 6,8-dichloropurine nucleoside with alcoholic 
ammonia a t  100” in high yield. 

In  a model experiment of 6-chloropurine nucleoside’s 
6-chlorop~rine’~ (Id) was heated in nitromethane con- 
taining mercuric cyanide with acetobromoglucose (11) 
to give the crystalline product of 6-chloro-9-(2’,3’,4’,6’- 
tetra-O-acetyl-P-D-glucopyranosyl)purinez’J (IIId) in 
good yield. 

We synthesized 2,6,8-trichloro-9- (hep ta-0-ace tyl-P-D- 
gentiobiosy1)purine (VI) as model experiment for the 
preparation of nucleoside containing a disaccharide 
which was first prepared by Wolfrom, McWain, and 
Thompson.21 

OAc OAc 

A d  Q AdQ 

OAc OAc 
VI 

The crystalline product was directly obtained by the 
condensation of 2,6,8-trichloropurine (Ia) with hepta-0- 
acetylgentiobiosyl chloride22 in the boiling nitroethane 
containing mercuric cyanide, though the same nucleo- 
side was not obtained by the procedure of Fischer and 
Helferich.2 

Siniilarly, the condensation of 6-benzamidopurineZ3 
(VII) with acetobromoglucose (11) in the boiling nitro- 
methane containing mercuric cyanide gave crystalline 
6-benzaniido -9 - (2’,3’,4’,6’- tetra- 0 -acetyl-@ - D - gluco- 
pyranosy1)purine (VIII) in a good yield. 

Theophylline nucleoside was first prepared from the 
silver theophylline and acetobromoglucose in boiling 
xylene by Fischer and Helferich. 7-@-Ribofuranosyl- 
(18) (a) G. B. Brown and V. 9. Weliky, J .  Bzol. Chem.. 404, 1019 (1953); 

(h) B. R. Baker, K. Hewson, H. J. Thomas. and J. A. Johnson, Jr., J .  078. 
Chem., 22, 954 (1957); (c) J. A. Johnson. Jr., €1. J. Thomas, and H. J. Schaef- 
fer, J .  Am. Chem. Soc.,  80, 699 (1958). 

(19) A. Bendich, P. J. Russell, Jr., and J. J. F o x ,  zbzd.. 76, 6073 (1954). 
(20) G. M. Blackburn and A. W. Johnson, J .  Chem. Soc., 4347 (1960). 
(21) M. L. Wolfrom, P. McWain. and A. Thompson, J .  Am. Chem. Soc., 

(22) E. Pacsu, Ber., 61, 1508 (1928). 
(23) A. Kossel, 2. Physzol. Chem., 12, 241 (1888). 

84,4353 (1960). 
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0 
I I  

NHCCsH5 

0 
II 

YHCCeHs 

FHzOAc 

aN> N H + AcO QBr 
OAc XI 

H d C N h  
in nitromethem tbN> N N  

H AcoHd AcO 

VI1 
+ 

CHeOAc 

AcO Qr 
OAc HoHd HO 

OAc 
VI11 

AcO (2J 
OH 

XI1 

1 

OAc 
theophylline6 was prepared by melting a mixture of 
theophylline and tetra-0-acetylribofuranose in the 
presence of p-toluenesulfonic acid in vacuo and fol- 
lowed by deacetylation with methanolic ammonia. 
We found that 7-(2’,3’,4’,6’-tetra-O-acetyl-~-~-gluco- 
pyranosyl)theophylline~~~4 (X) was obtained by the 
condensation of theophylline (IX) with acetobromo- 
glucose in good yield. Under similar condition the 
condensation of theophylline with 2,3,4-tri-O-acetyl- 
ribopyranosyl chloride25 gave 7-8-~-ribopyranosyltheo- 
phylline. 

ride in boiling nitromethane containing mercuric 
cyanide, 1- (tetra-O-acetyl-/3-~-glucopyranosyl) -4-benz- 
amido-2( 1H)pyrimidone (XIV) was obtained in good 
yield. 29 

NHCOCeHs 
NHCOCeHs 
I 

H d C N h  

in nitromethane 

XI11 + 
CHzOAc 
I 

- fl 
Ac 

AcO Ql I 
OAc 

XIV Acou AcO 

6Ac 

Experimental 
2,6,8-Trichloro-Q-( 2 ’ ,3 ’ ,4 ’ ,6 ’-tetra-O-acetyl-~-~-glucopyranosyl- 

purine (IIIa).---A mixture of 3.7 g. of I1 (X = Cl), 2.5 g. of mer- 
curic cyanide, and 5 g. of anhydrous calcium sulfate (Drierite) 
waa added to a solution of 2.2 g. of Ia in 100 ml. of nitromethane 
dried by azeotropic distillation. The mixture was refluxed and 
stirred for 3 hr. excluding moisture. The reaction mixture was 
filtered hot and the filter cake was washed with 10 ml. of hot 
nitromethane. The filtrate was combined with washings and the 
combined solution was evaporated to dryness in vacuo. The 
residue was obtained as white crystals from ethanol. Recrystal- 
lization from ethanol gave 3.7 g. of I I Ia  (68%), m.p. 168’, un- 
depressed by admixture with an authentic sample. 

The other preparation of 2,6,8-trichlor0-9-(2’,3’,4’,6’-tetra-O- 
acetyl-8-D-glucopyranosy1)purine by the condensation of 2,6,8- 
trichloropurine with 2,3,4,6-tetra-0-acetylglucopyranosyl halide 
in inert solvents containing various hydrogen halide acceptor is 

OAc 
X 

bAc 

One of the analogous compounds 1-D-ribofuranosyl- 
5,6-dimethylbenzimid~ole~~ has been discovered to  
evince a vitamin Bl2 like response in rats. 1-Glycosyl- 
benzimidazoles were obtained by the condensation of 
chloroiiiercuribenzimidazole with acylated halogeno- 
sugar in boiling xylene and followed by deacetylation 
with methanolic Under similar condi- 
tions benzimidazole (XI) was condensed with aceto- 
bromoglucose to give the powdered acetylated nucleo- 
side, which when deacetylated with methanolic am- 
monia gave 1-p-glucopyranosylbenzimidazole (XII)27 
in good yield. 

Similarly, when N6-benzoylcytosine2* (XIII) was 
treated with 2,3,4,6-tetra-O-acetyIglucopyranosyl chlo- 

- - -  
shown in Table I. 

Silver 6,B-Dichloropurine (IV).-To a solution of 4.8 g. of 6,8- 
dichloroDurine in 50 ml. of aqueous ethanol was added 50 ml. of 
dilute aqueous ammonia solution containing 4.4 g . of silver nitrate. 
The white product was collected by filtration, washed with cold 
water, ethanol, and finally with ether, and dried an vacuo over 
phosphorous pentaoxide, yielding 7.2 g. (9601,). 

6,8-Dichloro-9-( 2,3’,4’,6’-tetra-O-acetyl-p-~-glucopyranosyl)- 
purine (IIIc) A.-The crystalline product of 9.5 g. of I1 (X  = 
Br) was added to a azeotropically dried suspension of 7.2 g. of 
IV and 5 g. of Celite in 300 ml. of xylene. The mixture was re- 
fluxed and stirred for 2 hr. excluding moisture and filtered hot; 
the filter cake was washed with hot chloroform (three 70-ml. 
portions). The filtrate was evaporated in vacuo; the residue was 
extracted with chloroform (200 ml.); and the extract was com- 
bined with the washings. The combined solutions were washed 
with 30% aqueous potassium iodide (two 25-ml. portions) and 

(24) J. M. Gulland and T. F. Macrae. J .  Chem. Sac., 662 (1933). 
(25) H. Zinner, Ber., 88, 153 (1950). 
(26) N. G. Brink. F. W. Holly, C. H. Shunk, E. W. Peel, J. J. Cahill, 

and K. Folkers, J .  A m .  Chem. Sac., 7 2 ,  1866 (1950). 
(27) (a) J. Davoll and G. B. Brown, ibid., 78, 5781 (1951). (b) A. J. 

Cleaver, A.  B. Foster, and W. G. Overend, J .  Chem. Sac., 409 (1959). ( 0 )  

Britieh Patent 690,119; Chem. Abelr., 48, 6471a (1954). (d) A.  W. John- 
son, G. W. Miller, J. A. Mills, and A. R. Todd, J .  Chem. Sac., 3061 (1953). 

(28) D .  M. Brown, A. R. Todd, and S. Varadarajan. J .  Chem. SOC. ,  2384 
(1956). (29) J. J. F o x  and I. Wempen, Advan. Carbohydrate Chem., 14, 283 (1959). 
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7-- II---- 
X g. Ia, g .  

Br 6 . 2  3 . 3  
Br 6 . 2  3 . 3  
Br 6 . 2  3 . 3  
Br 6 . 2  3 . 3  
Br 2 . 1  1 . 1  
c1 1 . 9  1 . 2  
Br 4 . 1  2 . 3  
Br 2 . 1  1 . 1  

HX acceptor ( g . )  

AgzO ( 4 . 0 )  

Hg(CN)z ( 4 . 0 )  
Hg(CX)z ( 4 . 0 )  
Hg(CN)z ( 1 . 2 )  
Zn(CN)Z ( 0 . 6 )  
AgCN (1 .5 )  
KCN (0 .6 )  

AgzO ( 4 . 0 )  

TABLE I 

Solvent (ml.) Drierite, g .  

CHaNOz (100) 5 
CHaNOz (100) . . .  
CHsNOz (100) 5 
n-C?Hla (110) 5 
CHaCN (60) 3 

3 CHaNOz (80) 
CHaNOz (100) . * .  

3 CHsNOz (80) 

water (two 25-ml. portions), then dried over anhydrous sodium 
sulfate, and filtered. The filtrate was evaporated to dryness in 
vacuo. Crystallization of the residue from ethanol gave fine 
needles: yield2.5 g. (207,); m.p. 236"; [,]~OD -37" ( c  1, chloro- 
form); Y (KBr) 1750 (C=O ester), 1590, and 1570 cm.-l (C=C 
and C=K). 

Anal. Calcd. for Cl~HzaClzS,O*; C, 43.91; H, 3.85; S, 10.79. 
Found: C, 44.04; H ,  4.01; N, 10.77. 

B.-A mixture of 1.7 g. of I1 ( X = Br), 2 g. of mercuric 
cyanide, and 4 g. of anhydrous calcium sulfate (Drierite) was 
added to a solution of 0.8  g. of IC in100 ml. of nitromethane dried 
by azeotropic distillation. The mixture was refluxed and stirred 
for 2 hr. excluding moisture. The product was isolated exactly as 
described for the corresponding IIIa. The residue was obtained 
as white crystals from ethanol. Recrystallization from ethanol 
gave 0.8 g. (36%) of IIIc, m.p. 236". 

Anal. Calcd. for ClpH~oClzN~Oo: N, 10.79. Found: N ,  10.77 
8-Chloro-9-p-~-glucopyranosyladenine (V).-The crystalline 

product of 0.8 g. of IIIc was added to 15 ml. of ethanol saturated 
with ammonia at  0". The solution was heated in a steel tube at  
100" for 2 hr. The solution was evaporated to dryness in vacuo 
and the crystallization of the residue from water gave 0.4 g. 
(78%) of V: m.p. 220" dec.; [,]loD +34" (c 1 ,  0.1 N HCl); Y 
(KBr) 350&3200 (OH and NH), 1650 (NH),  1600, and 1575 
em.-' (C=C and C=N). 

Anal. Calcd. for C11H1&lNaOs: C, 39.83; H ,  4.25; N, 21.11. 
Found: C,40.03; H,4.49;  N, 21.00. 

In the paper chromatography. [n-butyl alcohol saturated with 
water, water saturated with ammonium sulfate-isopropyl alco- 
hol-water (79: 2:  19)], this nucleoside gave a single spot, and the 
hydrolysate gave the spot of 8-chloroadenine. 

2,6-Dichloro-9-( 2 ',3 ',4',6'-tetra-O-acetyl-p-~-glucopyranosyl)- 
purine (IIIb).-A mixture of 6.2 g. of I1 ( X  = Br), 4.5 g. of mer- 
curic cyanide, and 5 g. of anhydrous calcium sulfate (Drierite) 
was added to a solution of 2.8 g. of Ib in 100 ml. of nitromethane 
dried by azeotropic distillation. The mixture waa refluxed and 
stirred for 2.5 hr. excluding moisture. The product was isolated 
exactly as described for the corresponding IIIa. Recrystalliza- 
tion from ethanol pave 6 g. (79%) of IIIb, m.p. 162", [O(]"D -84" 
(c 0.5,  chloroform). 

10.94. 

- 

Anal. Calcd. for ClaHzoC1zN400: N,  10.79. Found: N,  

6-Chloro-9-( 2 ',3 ' ,4'6 '-tetra-0-acetyl-p-D-glucopyranosy1)purine 
(IIId).-A mixture of 8.2 g. of I1 (X = Br), 3 g. of mercuric cya- 
nide, and 5 g. of anhydrous calcium sulfate (Drierite) was added 
to a solution of 2.9 g. of Id in 100 ml. of nitromethane dried by 
azeotropic distillation. The mixture was refluxed and stirred for 
2.5 hr. excluding moisture. The reaction mixture was filtered 
hot and the filter cake was washed with 20 ml. of hot nitromethane. 
The filtrate was combined with the washings and the combined 
solutions were evaporated to dryness in vacuo. The residue was 
extracted with chloroform. The extract was washed with 30% 
aqueous potassium iodide and with water, dried over sodium sul- 
fate, and evaporated to sirup. The sirup was crystallized from 
ethanol. Recrvstallization from ethanol gave 5.2 p. (55%) of 
IIId, m.p. 168%. 

Anal. Calcd. for Cl~HzlCllrj40a: N, 11.55.. Found: N, 11.57. 
2.6,8-Trichloro-9-(hepta-O-acetyl-~-~-gent~obiosy1)pur~ne (VI). 

- - 

. .  
-A mixture of 3 g. of hepta-0-&etyl&ntiobiosyl chloride, 1.2 g. 
of mercuric cyanide, and 3 g. of anhydrous calcium sulfate (Dri- 
erite) was added to a solution of 1 g. of Ia in 50 ml. of nitroethane 
dried by azeotropic distillation. The mixture was refluxed and 
stirred for 3 hr. excluding moisture. The product was isolated 
exactly as described for the corresponding IIIa. Recrystalliza- 
tion from ethanol gave 1.6 K .  (45%) of VI, m.p. 157", [PI'OD 

I - .  - 
-27' (c 1 ,  chloroform). 

Anal. Calcd. for C,1H36C13N,017: N ,  6.66. Found: N, 6.47. 

Refluxed 
time, hr. 

1 
1 
2 
2 
4 
4 
1 
3 

IIIa, g. Yield, '% 
2 . 2  27 
1 . 1  14 
5 . 0  61 
0 . 2  2 
1 . 4  51 
0.8  27 
2 . 5  44 
1 . 3  48 

6-Benzamido-9-( 2 ',3 ',4',6'-tetra-O-acetyl-p-D-glucopyranosyl)- 
purine (VIII).-A mixture of 4.1 g. of I1 ( X  = Br), 3 g. of mer- 
curic cyanide, and 5 g. of anhydrous calcium sulfate (Drierite) 
wm added to a solution of 2.4 g. of VI1 in 200 ml. of nitromethane 
dried by azeotropic distillation. The mixture was refluxed and 
stirred for 3 hr. excluding moisture. The product was isolated 
exactly as described .for the corresponding IIId. Recrystalliza- 
tion from ethanol gave 4.0 g. (750j0) of VIII, m.p. 171a, [ c Y ] ~ O D  

$6" ( c  1 ,  chloroform). 
Anal. Calcd. for C ~ B H Z ~ N ~ O ~ ~ :  N, 12.29. Found: N, 12.19. 

7-( 2 ' ,3',4',6'-Tetra-0-acetyl-p-~-glucopyranosyl)theophyl~ne 
(X).-A mixture of 4.1 g. of I1 ( X  = Br), 2.7 g. of mercuric cya- 
nide, and 5 g. of anhydrous calcium sulfate (Drierite) was added 
to a solution of 2.0 g. of IX (monohydrate) in 100 ml. of nitro- 
methane dried by azeotropic distillation. The mixture was re- 
fluxed and stirred for 3 hr. excluding moisture. The product 
was isolated exactly as described for the corresponding IIIa. 
Recrystallization from ethanol gave 4.8 g. (94%) of X,  m.p. 167", 
undepressed by admixture with an authentic sample. 

Anal. Calcd. for C Z ~ H Z B N ~ O ~ ~ :  N, 10.98. Found: N, 11.06. 
7-~-~-Ribopyranosyltheophylline.-A mixture of 2.4 g. of 

2,3,4-tri-O-acetyl-or-~-ribopyranosyl chloride, 2 g. of mercuric 
cyanide, and 3 g. of anhydrous calcium sulfate (Drierite) was 
added to a solution of 1.5 g. of IX in 100 ml. of nitromethane 
dried by azeotropic distillation. The mixture was refluxed and 
stirred for 6 hr. excluding moisture. The product was isolated 
exactly as described for the corresponding IIId.  To 2.2 g. of 
amber gum was added 50 ml. of methanol saturated with am- 
monia at  0". The solution was refrigerated overnight and then 
evaporated to dryness. The residue crystallized from aqueous 
methanol gave 1.35 g. (57y0) of 7-p-~-ribopyranosyltheophylline, 
m.p. 235-236", [ , ] ~ O D  -33" (c 1 ,  water). 

Anal. Calcd. for C12HlBN406: C, 46.15; 11, 5.16; N, 17.94. 
Found: C, 46.44; H, 4.90; N,  17.77. 

1-p-D-Glucopyranosylbenzimidazole (XII).-A mixture of 7.4 
g. of I1 ( X  = Cl), 2.5 g. of mercuric cyanide, and 5 g. of anhy- 
drous calcium sulfate (Drierite) was added to a solution of 1.2 g. of 
XI in 100 ml. of nitromethane dried by azeotropic distillation. 
The mixture was refluxed and stirred for 4 hr. excluding moisture. 
The reaction mixture was filtered hot and the filter cake was 
washed with 20 ml. of hot nitromethane. The filtrate was com- 
bined with washings and the combined solutions were evaporated 
to dryness in VQCUO. The residue was obtained: 5.5 g. (637,) of 
light yellowish powder from ethanol. To 2 g. of the powder was 
added 100 ml. of methanol saturated with ammonia at  0". The 
solution was refrigerated overnight and then evaporated to dry- 
ness. The residue was crystallized from ethanol. Recrystalliza- 
tion from aqueous ethanol gave 0.8 g. of XII ,  m.p. 211-212", 
[OLI'OD -4" ( c  1 ,  water). 

Anal. Calcd for C l r H l ~ N ~ 0 5 :  N,  10.00. Found: N, 9.90. 
1-( 2 ',3 ',4',6'-Tetra-O-acetyl-p-~-glucopyranosyl)-4-benzamido- 

2(1H)-pyrimidone (XIV).-A mixture of 0.9 g. of I1 (X = C1) 
and 0.7 g. of mercuric cyanide was added to a solution of 0.6 g. 
of XI11 in 100 ml. of nitromethane dried by azeotropic distilla- 
tion. The mixture was refluxed and stirred for 20 hr. excluding 
moisture. The product was isolated exactly as described for the 
corresponding IIId. Recrystallization from ethanol gave 0.7 g. 
(46%) of XIV, m.p. 260"' [ o L ] ~ ~ D  -15" ( c  1 ,  chloroform). 

Anal. Calcd. for C26H27K3Oll: N ,  7.70. Found: Y,  7.30. 
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