
Azapurine Nucleosides. 2 

5-Amino-4-carbamoyl- l-(3-D-ribofuraiiosyl-v-triazole (14). KOH 
(0.28 g) was dissolved in H20 (3 ml), and cyanoacetamide (0.42 g) 
in DMF (30 ml) was added. The mixture was cooled to 0°, and tri-
0-Bz-j3-D-ribofuranosyl azide16 (13, 2.44 g) was added. The mixt 
was stirred for 3 hr, and the solvent was evapd in vacuo. Na (50 mg), 
previously dissolved in MeOH (30 ml), was added, and the reaction 
mixt was kept at 0° for 60 hr. After neutralization with Dowex 50 
(H+) and filtration, the solvent was evapd and the residue was tritu­
rated with EtjO (3 X 50 ml). The residual semisolid was crystd from 
MeOH (5 ml) to yield 0.59 g of product (46%). Recrystn from MeOH 
gave the analytical sample: mp 159°; [a]ISD -100.2° (c 1, DMF); uv 

*-max7 2 3 4 (£ 890°)> 2 6 1 n m (8600); nmr (DMSO-d6) 6 7.1 and 6.5 
[s, broad, 4, 4-NH, and 5-CONH, (exchange with D,0)], 5.8 (d, 1, 
/,<>2' = 5 Hz, H,). Anal. (C8H130,N,) C, H, N. 
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utilized to avoid selective formation of the a-anomer. Fu­
sion of the trimethylsilyl derivative of 7-methylthio-v-tri-
azolo [4,5-cf] pyrimidine10 with 2,3,5-tri-O-benzyl-D -arabino-
furanosyl chloride11 gave a syrupy mixture which was im­
mediately treated with methanolic NH3. The maj or compo­
nents were isolated by column chromatography and frac­
tional crystn and tentatively identified by their uv and nmr 
spectra as 7-ammo-3-(2,3,5-tri-0-benzyi-|3-D-arabinofuran-
osyO-i'-triazolo [4,5-cf]pyrimidine (3) and 7-amino-2-(2,3,5-
tri-O-benzyl-a- and •0-D-arabinofuranosyl)-i>-triazolo[4,5-<2]-
pyrimidine (5). The site of glycosylation was assigned on the 
basis of uv spectral comparisons of 1,3, and 5 with 7-ami-
no-l-methyl,12-2-methyl,13and -3-methyl,14and other ring 
N-substituted v-triazolo[4,5-d]pyrimidines (see Table I). 
The anomeric configurations of 1 and 3 were determined 
on the basis of their nmr spectra (Table II) and optical ro­
tations. 

Azapurine Nucleosides. 2. Synthesis and Antiviral Activity of 
7-Amino-3-a:-D-arabinofuranosyl-j>-triazolo [4,5-<2] pyrimidine 
and Related Nucleosidesf 

Clive W. Smith, Robert W. Sidwell, Roland K. Robins, and Richard L. Tolman* 

ICN Nucleic Acid Research Institute, Irvine, California 92664. Received January 19, 1972 

Fusion of 2,3,5-tri-O-benzyl-D-arabinofuranosyl chloride with 7-methylthio-v-triazolo[4,5-d]pyrimidine 
and aminolysis in methanolic NH3 gave a mixture of several benzylated 7-amino-v-triazolo[4,5-d]pyrimi-
dine nucleosides [1, 3, and 5 (anomeric mixture)], whose structures could not be unambiguously assigned 
on the basis of spectral properties. Treatment of the same glycosyl halide with sodium azide in refluxing 
acetonitrile gave the corresponding benzylated a- and /J-arabinofuranosyl azides (6 and 7). Subsequent 
resolution of anomers and ring closure with cyanoacetamide and KOH in aqueous DMF gave the anomer­
ic 5-amino-l-D-arabinofuranosyl-4-carbamoyl-v-triazoles (10 and 13) which could be converted to 3-a- or 
-j3-D-arabinofuranosyl-v-triazolo[4,5-d]pyrimid-7-one. Dehydration of 10 or 13 with p-toluenesulfonyl 
chloride in pyridine gave 5-amino-l-a- or-(3-D-arabinofuranosyl-4-cyano-v-triazole (17 and 20), which 
was subsequently converted to 7-amino-3-a- or-/3-D-arabinofuranosyl-v-triazolo[4,5-c?]pyrimidine by a 
multistep procedure. Rigorous spectral comparison of the unequivocally synthesized a and (3 nucleosides 
with the products of the fusion reaction showed them to be identical with 3 and 1, respectively. Deben-
zylation of the nucleosides could be accomplished at either the v-triazole or the v-triazolo[4,5-cf]pyrimi-
dine stage. The structure assignments are confirmed by uv comparisons and nmr spectral data. 8-Aza-a-
ara-A (4, 7-amino-3-a-D-arabinofuranosyl-v-triazolo[4,5-d]pyrimidine) showed significant antiherpes 
virus activity in cell culture experiments. 
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Table I. Uv Spectral Comparison of Some 
A^-Substituted-7-amino-v-triazolo[4,5-d]pyrimidines 

7-Amino-v-triazolo [4,5-d]-
pyrimidine 

Scheme I 

iacid .neutral 

1-Mefhyl" 
2-Methyl* 
3-Methylc 

2-/3-D-Ribofuranosyld 

3-j3-D-Ribofuranosyld> e 

3-a- and (3-D-Xylofuranosyl/ 
1, 2, 3, and 4 
5 

284 
281 
264 
286 
263 
263 
262 
286 

285 
291 
277 
297 
278 
279 
279 
295 

"See ref 12. &See ref 13. cSee ref 14. <*See ref 6 and 8. eSee ref 
5. /See ref 7. 

Table IL H-l ' Chemical Shifts of Various Anomeric v-Triazoles or 
v-Triazolo [4,5 -d] pyrimidine Nucleosides 

Chemical shift, ppm, of the 
anomeric proton (H-l') 

Compd 

7-Amino-3-(2,3,5-tri-0-benzyl-D-ara-
bmofuranosyl)-v-triazolo[4,5-d]py-
rimidine 

3-(2,3,5-Tri-0-benzyl-D-arabinofur-
anosyl>v-triazolo [4,5-d]pyrimid-
7-one 

5-Amino-1-(2,3,5-tri-O-benzy 1-D-
arabinofuranosyl>4-carbamoyl-i'-
triazole 

5-Amino-l-(2,3,5-tri-0-benzyl-D-ara-
binofuranosyl)-4-cyano-v-triazole 

7-Amino-3-D-arabinofuranosyl-v-tri-
azolo[4,5-d]pyrimidinea 

3-D-Arabinofuranosyl-v-triazolo-
[4,5-d]pyrimid-7-onea 

5-Amino- l-D-arabinofuranosyl-4-
carbamoy 1-v- triazole2 

6.50 6.75 

6.45 6.70 

6.05 6.50 

6.05 6.55 

6.15 6.50 

6.15 6.65 

5.80 6.10 

a Solvent: DMSO-<26 (with internal reference DSS); all others, sol­
vent CDC13 (with internal reference TMS); measurements were taken 
on a Hitachi R20a nmr spectrometer. 

In an effort to improve the yield of the desired nucleo­
sides (1 and 3) and to provide an unequivocal structure 
proof, an alternate synthesis was investigated. Glycofuran-
osyl azides have been prepared15'16 from the corresponding 
glycosyl halides by nucleophilic displacement with azide. 
These azido sugars can be cyclized with suitable reagents to 
Mriazoles17-19 and then to v-triazolo[4,5-d]pyrimidines.8 

Treatment of 2,3,5-tri-Obenzyl-D-arabinofuranosyl chlo­
ride with sodium azide in acetonitrile gave an anomeric mix­
ture of the corresponding azides. Silica gel column chroma­
tographic separation gave 2,3,5-tri-O-benzyl-a-D-arabinofur-
anosyl azide (6) and the j3-anomer (7) (1:3). The anomeric 
configurations of the products were determined by compar­
ison of their nmr spectra (Table II) and optical rotations. 

When the a-azide (6) was treated with KOH and cyano-
acetamide in aqueous DMF at room temp, there was only 
one isolable product (10). The /3-azide (7) underwent a simi­
lar reaction to give two products, 10 and 13, which were 
separated by silica gel column chromatography in a ratio of 
14:1. The major product (10) was identical in all respects 
with the product of the a-azide cycloaddition reaction. This 
unusual rearrangement and its mechanism is the subject of 

in 
a separate investigation. 

Comparison of the uv maxima of 10 and 13 with the 
spectral maxima of 5-amino-4-carbamoyl-l-methyl-v-tri-
azole13 and 5-amino-4-carbamoyl-3-methyl-v-triazole12 per­
mitted identification of both nucleosides as /V -̂glycosyl tri-
azoles. Since isomerization to the pyranose sugar could not 

BOHf 

BO 

SCH-; 

+ CO 
B= benzyl 

NH2 NHo 

ROHgC ^Ov 

RO/1 

RO 

1 R= B 

2 R= H 

+ 

BO 

have occurred in the presence of the benzyl blocking groups 
the two products of the 0-azide addition reaction were as­
signed the structures of S-aminc-l-(2,3,5-tri-0-benzyl-a-D-
arabinofuranosyl)-4-carbamoyl-v-triazole (10) and the cor­
responding j3-anomer (13). 

Ring closure of 10 with diethoxymethyl acetate21 gave 
3-(2,3,5-tri-0-benzyl-a-D-arabinofuranosyl)-v-triazolo[4,5-
c?]pyrimid-7-one (8) in good yield. Similarly, the j3-azide 
(13) could be converted to 15. 

The uv maxima of 8 and IS were in good agreement with 
the spectral maxima published for the ribocongener, 8-aza-
inosine.8'22 

Dehydration of the carboxamides, 10 and 13, to the cor­
responding nitriles, 17 and 20, was attempted using several 
different reagents, (e.g., pyrophosphoryl chloride,23 phos-
phoryl chloride24) but the highest yield of product was ob­
tained by treatment with p-toluenesulfonyl chloride in py­
ridine at room temp.24 

Cyclization of either 17 or 20 with diethoxymethyl ace­
tate and methanolic NH3 furnished the corresponding 7-
amino-3-(2,3,5-tri-0-benzyl-D-arabinofuranosyl)-v-triazolo-
[4,5-d]pyrimidine (3 or 1, respectively), which were identi­
cal in every respect with the nucleosides obtained from the 
fusion reaction, thus confirming the site of glycosylation 
assigned tentatively on the basis of the uv spectra. 

The benzyl blocking groups could be removed from the 
8-azainosine analogs (8 and 15) by catalytic hydrogenation 
or Na-NH3 (the former method is preferred) to furnish the 
free nucleosides, 9 and 16. Debenzylation of the 8-azaaden-
osine analogs (1 and 3), however, was difficult:]: and gave 
poor and erratic yields of the free nucleosides 2 and 4. The 
carbamoyl nucleosides (10 and 13), on the other hand, 
were debenzylated easily by either method to give 12 and 
14). 

An alternate synthesis of 4, suitable for large-scale prepa­
ration and avoiding the difficult debenzylation, was ac­
complished by acetylation of the carbamoyl nucleoside 12 
to the corresponding triacetate 11 and dehydration to the 
triazole nitrile deriv 18 with p-toluenesulfonyl chloride in 
pyridine. Ring closure and deacetylation of 18 gave 4 in 
good yields. The 8-azainosine analog (8) could be obtained 
similarly by ring closure and deacetylation of 11. 

Nmr spectral comparisons of anomeric pairs of nucleo-

$ Decomposition occurred which presumably involved cleayage of 
the glycosidic bond since 8-azaadenine could be isolated from the 
reaction mixture in small amounts. 
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Scheme II 
BOHgC BOH-C ^<X N. *U°^h 

ROH2C ^ 0 . 

O 

ROHgt 

8 R = B 
i " R = H 

RO> 

RO 

f N. 

3. R= B 
~4 R= H 

RO 
H o N ^ s 

H2N<r N 

o 
110 R=B 
,jn R = Ac 
1.12 R=H 

R O ^ O 

RO 
hUNv^N. 

N C ^ N 
J7 R= B 
J8 R= Ac 
19 R = H 

RO^po. 

13 R = B 
1.4 R = H 

R O H 2 C / ° 

RO 
20 R -- B 

Ac = Acetyl 

B = Benzyl 

O 

^hAh/ 
-* ROH^C^.0 

RO 

RO/ 

J5 R=B 
16 R = H 

Ok 
->• ROHgC .-O-. 

RO 
J_ R= B 
2 R - - H 

sides revealed that the anomeric proton of the /3-arabinofur-
anoside always came downfield from the anomeric proton 
of the a-arabinofuranoside (Table II). This observation is 
consistent with the reported trend in ribofuranosides25 that 
the chemical shift of the anomeric proton of a Cl'-C2' 
trans nucleoside appears at higher field (usually around 6 
0.5) than the peak observed for the anomeric proton of the 
corresponding CI'-C2' cis nucleoside. 

The anomeric configurations of the free v-triazolo[4,5-c?]-
pyrimidine nucleosides were unequivocally established by 
periodate oxidation, followed by borohydride reduction 
and oomparison of the optical rotations of the products 
with those of the ribofuranoside analogs which had been 
similarly oxidized and reduced.20 Additional supportive 
evidence was derived from the fact that 8-aza-a-ara-A (4) 
was found not to be a substrate for calf intestine deami­
nase, whereas the (3-anomer (2) was a substrate.26 

Antiviral Evaluation. A 24-hr monolayer of human car­
cinoma of the nasopharnyx (KB) or continuous passaged 
rabbit kidney (RK13) cells were exposed to 100 CCIDsa'ml 
of types 1 and 2 herpes simplex virus, type 3 adenovirus, 
vaccinia virus, myxoma virus, pseudorabies virus (all DNA 
viruses), and type 3 parainfluenza virus and type 13 rhino-
virus (RNA viruses). Concentrations ranging from 1000 to 
1 /ig/ml of each compound were added within 15 min after 
the virus. Disposable plastic microplates were used for each 
antiviral experiment as previously described.27 Antiviral ac­
tivity was determined by observing inhibition of viral cyto-
pathic effect (CPE) after a 72-hr incubation at 37°. Anti­
viral activity was given a numerical virus rating (VR) taking 
into account the degree of CPE inhibition and cytotoxicity 
as described previously.27 Using this system, any VR of less 
than 0.5 was considered insignificant; a VR of greater than 
0.5 was significant and indicative of definite antiviral activ­
ity. 9-|3-D-Arabinofuranosyladenine (ara-A) was tested as a 

Table IIL Comparative in Vitro Antiviral Activity (Virus Rating)" of 
8-Aza-a-ara-A (4) and Ara-A 

Virus 

Type 1 herpes simplex 
Type 2 herpes simplex 
Pseudorabies 
Vaccinia 
Myxoma 
Type 3 adeno 
Type 3 parainfluenza 
Type 13 rhino 

"Seeref 27. 

Ara-A 

0.7, 0.9 
0.8, 0.6 
0.5, 0.6 
0.7, 0.9 
0.8, 0.8 
0.0, 0.0 
0.1,0.2 
0.1,0.1 

8-Aza-a-ara-A 

0.8, 1.0 
0.8,0.8 
0.0, 0.0 
0.8, 0.8 
0.0, 0.0 
0.0, 0.0 
0.2, 0.3 
0.0,0.1 

known active control in each experiment for comparative 
purposes. 7-Amino-3-a-D-arabinofuranosyl-v-triazolo[4,5-
c?]pyiimidine (4, 8-aza-a-ara-A) had significant antiviral ac­
tivity, which is summarized in Table III. This activity was 
essentially equal to or greater than that of ara-A against 
the herpes and vaccinia viruses. All other compounds tested 
in this series were inactive. The relative cytotoxicity for KB 
and RK13 cells was approximately the same as that of ara-A. 
Considering the fact that 4 is extremely insoluble, the anti­
viral activity is particularly significant. 

Experimental Section § 

Silyl Fusion Procedure with 7-Methylthio-v-triazolo[4,5-(i]py-
rimidine. 7-Methylthio-v-triazolo[4,5-d]pyiimidine (2.5 g) was 

§Melting points were determined with a Thomas-Hoover appara­
tus and are uncorrected. Optical rotations were determined with a 
Perkin-Elmer 141 polarimeter with a 1-dm path length. Ultraviolet 
spectra were recorded on a Cary Model 15 spectrometer and it 
spectra on a Perkin-Elmer 2S7 spectrophotometer (KBr pellets). 
Chromatography solvent mixtures were v/v. Microanalyses were 
performed by M-H-W Laboratories, Garden City, Mich., and by 
Galbraith Laboratories, Inc., Knoxville, Tenn., and are within ±0.4% 
of calculated values. Evaporations were carried out under reduced 
pressure with bath temp below 40°. 
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heated under reflux with an excess of hexamethyldisilazane (HMDS) 
containing a catalytic amt of (NH4)2S04 until complete soln was 
achieved (0.5-1.0 hr). The excess HMDS was removed by distillation 
under reduced pressure, and the residual crystals were used without 
further purification. 2,3,5-Tri-0-benzyl-l-0-p-nitrobenzoyl)-D-ara-
binose (7.8 g) was added to 150 ml of CH2C12 presatd with anhydrous 
HC1 at 0°. After 2 hr at 0°, the precipitated p-nitrobenzoic acid was re­
moved by filtn, and the filtrate was concentrated in vacuo to a syrup 
which was dissolved in toluene and evapd to dryness in vacuo. The re­
sultant 2,3,5-tri-O-benzyl-D-arabinofuranosyl chloride was added to 
silylated 7-methylthio-v-triazolo[4,5-d]pyrimidine, and the mixture 
was heated at ~120° under aspirator vacuum for 45 min. The brown 
syrup obtained was dissolved in methanolic NH3 (100 ml, satd at 0°) 
and allowed to stand in a sealed vessel at room temp for 2 days. The 
soln was evapd to dryness in vacuo, and the syrupy residue was chro­
matographed on a silica gel column eluting with CHCl3-acetone (4:1). 
The first nucleoside material eluted from the column (1.9 g) 
was shown by pmr and comparison with authentic compds (see be­
low) to be a mixture of 1 and 3 from which 3 could be fractionally 
crystd (1.2 g, 16%). Further elution gave 7-amino-2-(2,3,5-tri-0-ben-
zyl-D-arabinofuranosyl>v-triazolo[4,5-<i]pyrimidine (5) as a syrupy 
anomeric mixture (1.5 g, 21%): uv \ g g x ' 286 nm (e 9200), ^ f £ H 

295 nm (e 9400). Anal. (C30H30N6O4) C, H, N. 

7- Amino- 3-( 2,3,5- tri-0-benzyl-0-D-arabinofuranosyl)-i>-triazolo-
[4,5-d]pyrimidine (1). 5-Amino-l-(2,3,5-tri-0-benzyl-(3-D-arabino-
furanosyl)-4-cyano-v-triazole (20, 0.5 g) was heated under reflux in 
diethoxymethyl acetate (10 ml) for 4 hr. The yellow soln was evapd 
in vacuo, and the resulting syrup was dissolved in methanolic NH3 

(50 ml, satd at 0°) and allowed to stand in a sealed vessel at room 
temp overnight. The soln was evapd to dryness in vacuo, and the 
residue recrystd from CHCl3-ligroin to give 1 as white needles: mp 
165-166° (76%); [a]25D -48.3° (c 1.0, CHCl3);uv \ P " ' 262 nm (e 
10,300), ^ * ° H 2 7 8 nm (e 11,300). Anal. (C30H30N6Cg C, H, N. 

7-Amino-3-(3-D-arabinofuranosyl-v-triazolo[4,5-d]pyrimidine (2). 
A soln of 7-amino-3-(2,3,5-tri-0-benzyl-(3-D-arabinofuranosyl)-7-v-
triazolo[4,5-d]pyrimidine (1, 1.0 g) in 2-methoxyethanol (100 ml) 
was hydrogenated in a Parr hydrogenator at 40 psi and 50° for 24 
hr using 10% Pd/C (1.0 g) as catalyst. The mixture was filtd, and the 
filtrate evapd to dryness in vacuo and recrystd from H 2 0 to give 
0.35 g of 2 (68%): mp 212-213°; [a]25D -24.0° (c 0.5, H20); uv 
xmax 2 6 2 n m (£ H.300), \ P " 7 a n d " 277 nm (e 10,700). Anal. 
(C^H,2N6Cy0.5H2O) C, H, N. 

7-Amino-3-(2,3,5-tri-0-benzyl-a-D-arabinofuranosyl)-i'-triazolo-
[4,5-ii]pyrimidine (3). Treatment of 17 by the same procedure as 
in the prepn of 1 gave 3: mp 63-65° (27%); [<*]25D +84.5° (c 1.0, 
CHC13); uv \£H i 261 nm (e 11,600), X ^ f ? " 278 nm (e 11.300). 
Anal. (C30H30N,O4) C, H, N. 

7-Amino-3-a-D-arabinofuranosyl-i'-triazolo[4)5-<i]pyrimidine 
(4). Method 1. 5-Amino-l-(2,3,5-tri-0-acetyl-a-D-arabinofuran-
osyl>4-cyanc-v-triazole (18, 0.35 g) was heated under reflux in di­
ethoxymethyl acetate (10 ml) for 4 hr. The orange soln was evapd 
to dryness in vacuo, and the resulting amber syrup was dissolved in 
methanolic NH3 (50 ml, satd at 0°) and allowed to stand in a sealed 
vessel at room temp for 2 days. The soln was evapd to dryness in 
vacuo, and the residue recrystd from H20 to give 0.13 g (75%) of 4: 
mp 239-241°; [a]2SD +128.8° (c 0.3, H20); uv \gHx" 261 nm (e 
12,900), ^ x

7 a n d "277 nm (e 12,100). Anal. ( C ^ N ^ O , ) C, H, 
N. 

Method 2. Treatment of 3 (0.4 g) by the same procedure as in 
the preparation of 2 gave a product identical in all respects with 4 
from method 1 (45%). 

2,3,5-Tri-O-benzyl-D-arabinofuranosyl Azides (6 and 7). 2,3,5-
Tri-O-benzyl-D-arabinofuranosyl chloride (9.8 g) was dissolved in 
acetonitrile (125 ml) and heated under reflux with NaN3 (10.0 g) 
for 2 hr. The mixture was filtered, the residue was washed with 
CHC13, and the filtrate and washings were combined and evapd in 
vacuo to give a tan syrup (8.9 g). This was chromatographed on a 
silica gel column eluting with Ugroin-EtOAc (9:1). Two major syr­
upy components were obtained; the first was identified as 2,3,5-tri-
O-benzyl-a-D-arabinofuranosyl azide (6) (1.8 g, 21%): [a]2SD 
+111.5° (c 1.0, CHCg; ir 2115 cm"1 (azide). Anal. (C^H^NjO,) C, 
H, N. 

The other major component was 2,3,5-tri-0-benzyl-(3-D-arabino-
furanosyl azide (7, 5.5 g, 62%): [a]25D -118.2° (c 1.0, CHClj);ir 
2115 cm-' (azide). Anal. (C26H2,N304) C, H, N. 

3-(2,3,5-Tri-0-benzyl-a-D-arabinofuranosyl)-7-oxodihydro-v-
triazolo[4,5-d]pyrimid-7-one (8). 5-Amino-l-(2,3,5-tri-0-benzyl-
a-D-arabinofuranosyl)-4-carbamoyl-v-triazole (10, 1.0 g) was heated 
under reflux in diethoxymethyl acetate (20 ml) for 4 hr. The 

orange soln was evapd in vacuo, and the resulting amber syrup was 
dissolved in methanolic NH3 (100 ml, satd at 0°) and allowed to 
stand in a sealed vessel at room temp for 18 hr. The soln was evapd 
to dryness in vacuo, and the residue was recrystd from MeOH-H20 
to give white crystals of 8 (0.8 g, 79%): mp 109-110°; [a]"D 
+89.8° (c 1.0, CHC13); uv \MeOH 256 nm (e 9200), \gHx» 278 nm 
(e 10,200). Anal. (C30H„N5Os) C, H, N. 

3-a-D-Arabinofuranosyl-7-oxodihydro-v-triazoio[4,5-c?]pyrirnid-
7-one(9). Method 1. 5-Amino-l-(2,3,5-tri-0-acetyl-a-D-arabino-
furanosyl)-4-carbamoyl-i>-triazole (11, 0.8 g) washeated under re­
flux in diethoxymethyl acetate (10 ml) for 4 hr. The yellow soln 
was evapd to dryness in vacuo, and the syrupy residue was dissolved 
in methanolic NH3 (50 ml, satd at 0°) and allowed to stand in a 
sealed vessel at room temp for 2 days. The soln was evapd to dry­
ness in vacuo, and the residue then was recrystd from EtOH-ligroin 
to give crystals of 9 (64%): mp 174-176°; [a]2SD +106.5° (c 1.0, 
H20); uv \ g « x ' 255 nm (e 9500), \P^ X

7 254 nm (e 9500), x P " x " 
276 nm (e 10,500). Anal. (C,HuN5Os) C, H, N. 

Method 2. Treatment of 8 (0.5 g) by the same procedure as in 
the preparation of 2 gave a product identical in all respects with 9 
from method 1 (80%). 

5-Amino-l-(2,3,5-tri-0-benzyl-a-D-arabinofuianosyl>4-carba-
moyl-v-triazole (10) and the (3-Anomer (13). 2,3,5-Tri-0-benzyl-(3-
D-arabinofuranosyl azide (7, 17.0 g) was added to a cooled soln of 
KOH (3.2 g) and cyanoacetamide (4.8 g) in H20 (25 ml) and DMF 
(250 ml). The yellow soln was allowed to slowly warm to room 
temp over 3 hr and then evapd to dryness in vacuo. The residue was 
dissolved in MeOH (100 ml) and the soln was neutralized with Dow-
ex 50 (H+), 100-200 mesh. After filtn, the filtrate was evapd to dry­
ness in vacuo and the residue partitioned between H20 and EtOAc. 
The organic layer was evapd to dryness in vacuo, and the residual 
syrup chromatographed on a silica gel column eluting with CHC13-
acetone (9:1). 5-Amino-l-(2,3,5-tri-0-benzyl-a-D-arabinofuranosyI)-
4-carbamoyl-v-triazole (10) was obtained as white crystals (14.7 g, 
72%): mp 69-71°; [a]25D +60.3° (c 1.0, CHC13); uv \gH 1 262 nm (e 
11,100), \ ^ ° H 235 (e 9500) and 259 nm (9300), \ g » x " 2 3 7 (e 

11,700) and 262 nm (11,400). Anal. (C2,H31Ns05) C, H, N. 

The minor product, which was the first component to be eluted 
from the column, was obtained as a syrup and identified as 5-amino-
l-(2,3,5-tri-0-benzyl-/3-D-arabinofuranosyl)-4-carbamoyl-v-triazole 
(13, 0.9 g, 5%): [a]2SD -43.0° (c 1.0, CHC13); uv \P|*X> 261 nm (e 
10,800), ^ * ° H 236 (e 9100) and 259 nm (8300), M $ a » 237 (e 
9950) and 261 nm (9100). Anal. (C29H3lNs05) C, H, N. 

Compound 10 was obtained as the sole product on treatment of 
6 with cyanoacetamide by the above method (85%). 

5-Amino-l-(2,3,5-tri-0-acetyl-a-D-arabinofuranosyI)-4-carba-
moyl-i'-triazole (11). 5-Amino-l-a:-D-arabinofuranosyl-4-carbamoyl-
v-triazole (12, 0.25 g) was acetylated by standard procedures using 
acetic anhydride in pyridine to give, after recrystn from CHC13-
ligroin, 0.27 g (75%) of 11: mp 89-91°; [a]2SD +59.5°(c 1.0,CHC13); uv 
*-max 2 3 4 ( e 9 3 0 ° ) a n d 2 6 1 n m (8300), *.™e£H 236 (e 9500) and 
258 nm (8500), \P**X" 236 (e 8500) and 261 nm W00). Anal. 
(C I 4H 1 9N,0,)C )H,N. 

5-Amino-l-a-D-arabinofuranosyl-4-carbamoyl-Mriazole (12). 
Method 1. Sodium was added, in small portions, to a stirred sus­
pension of 5-amino-l-(2,3,5-tri-0-benzyl-a-D-arabinofuranosyl)-4-
carbamoyl-v-triazole (10, 4.0 g) in liquid NH3 (100 ml) until the 
deep blue color persisted. The color was discharged by careful addn 
of NH4C1, and the reaction mixture was allowed to evaporate to dry­
ness under a stream of N2. The solid residue was triturated with C6H6 

(50 ml) and then was suspended in elution solvent [EtOAc-«-PrOH-
H20 (4 :1 :2 , upper phase)], and the inorganic salts were removed by 
elution from a silica gel column. Recrystn from EtOH gave 1.2 g 
(61%) of 12: mp 147-149°; [a]25D +131.7° (e 1.0, H20); uv \ P " X ' 
235 (e 8100) and 260 nm (7700), \P^ X

7 a n d " 234 (e 8600) and 
258 nm (8000). Anal. (CJi^fiJ C, H, N. 

Method 2. Treatment of 10 (1.0 g) by the same procedure as 
in the preparation of 2 gave 0.47 g (95%) of 12 identical in all re­
spects with the product obtained by method 1. 

5-Amino- l-(3-D-arabinofuranosyl-4-carbamoyl-v-triazole (14). 
The same procedure as for 12 (method 1) was used starting with 13: 
yield 75% as a freeze-dried solid; [<*]2SD -19.3° (c 1.2, DMF); uv 
^max'7 '11 2 3 4 (e 8000) and 258 nm (7800). Anal. (C^l3Sf>,) C, 
H,N. 

3-( 2,3,5-Tri-0-benzyl-(3-D-arabinofuranosyl> 7-oxodihy dro-i'- tri-
azolo [4,5-d] pyrimid-7-one (15). The same procedure as for 8 was used 
starting with 13 (79% as a syrup): [a]25D - 39.8° (c 1.0, CHC1,); uv 
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\g^x
l 255 nm (e 8100), X^eOH 2 5 5 n m ( e 8 4 0 0 ) ) j ^ u 277 nm 

(e 9200). Anal. (C3fi^ifi^ C, H, N. 
3-/3-D-Arabinofuranosyl-7-oxodihydro-v-triazolo[4,5-d]pyrimid-

7-one (16). The same procedure as for 2 was used starting with 15 
(60%): mp 195° dec; [a]25D +75.0° (c 1.0, H20); uv \P^X ' 255 nm 
(e 6800), XPJ^1 275 nm (e 7500).Anal. (Cfl^fi5) C, H, N. 

5-Amino-1-( 2,3,5-tri-0-benzyl-«-D-arabinofuranosyl)-4-cyano-v-
triazole (17). 5-Amino-l-(2,3,5-tri-0-benzyl-a-D-arabinofuranosyl)-
4-carbamoyl-v-triazole (10, 1.1 g) was dissolved in dry pyridine (20 
ml) and treated with p-toluenesulfonyl chloride (1.5 g). The soln was 
left at room temp overnight, then H20 was added, and the soln was 
extd with EtOAc. The organic layer was washed with H20, dried 
(Na2S04), and then evapd in vacuo to give a syrup which crystd after 
standing several days. Recrystn from MeOH gave the analytical sam­
ple (0.8 g, 75%): mp 114-115°; [<*]"D +72.3° (c 1.0, CHClj);ir 
2220 cm"1 (ON); uv X^eOH 231 (e 10,800) and 251(sh) nm 
(8300). Anal. (C^H^O, , ) C, H, N. 

5-Amino-l-(2,3,5-tri-0-acetyl-a-D-arabinofuranosyl>4-cyano-v-
triazole(18). Method 1. l-(2,3,5-Tri-<9-acetyl-a-D-arabinofuran-
osyl)-5-amino-4-carbamoyl-i>-triazole (11, 0.5 g) was dissolved in dry 
pyridine (10 ml) and treated with p-toluenesulfonyl chloride (0.75 
g). The soln was left at room temp overnight, then H20 was added, 
and the soln was extd with EtOAc. The organic layer was washed 
with H,0, dried (Na2S04), and then evapd in vacuo to give 18 (0.34 
g, 72%) as a syrup: [a]"D +51.7° (c 1.3, CHC13); ir 2220 cm"1 

(ON); uv \ ^ x
7 227 (e 10,500) and 250(sh) nm (6600), \PJ^X" 232 

(e 8100) and 250(sh) nm (6600). Anal. (CI4H17N50,) C, H, N. 
Method 2. 5-Amino-l-a-D-arabinofuranosyl-4-cyano-i'-triazole 

(19) was acetylated by standard procedures using acetic anhydride 
in pyridine to give syrupy 18 identical in all respects with the prod­
uct from method 1. 

5-Amino- l-a-D-arabinofuranosyM-cyano-v- triazole (19). The 
same procedure as in the preparation of 12 (method 1) was used 
starting with 17 to furnish 19 (32%): mp 167-168°; [a]"D +141.3° 
(c 1.0, H20); ir 2220 cm"1 (ON); uv j ^ ' a n d 7 228 (e 9900) and 
252 nm (6800), \P"X" 231 (e 9000) and 252 nm (6800). Anal 
(CJluXflJ C, H, N. 

5-Amino-1-( 2,3,5-tri-O-benzy l-(3-D-arabinofuranosyl>4-cyano-v-
triazole (20). The same procedure as for 17 was used starting with 
13 (77%): M"D -31.3° (c 1.0, CHC13); ir 2220 cmM (ON); uv 
X ^ | ° H 230 (e 10,200) and 250(sh) nm (6700). Anal. (C29H29N,0^) 
C, H, N. 
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In recent years considerable attention has been paid to the 
synthesis and biological study of 1,2,4-benzothiadiazine 1,1-
dioxide derivatives and related compounds, owing mainly to 
the interesting diuretic activities found in some of them.1 In 
marked contrast, the homolog heterocyclic system, 1,2,4-
benzothiadiazepine 1,1-dioxide, has been scarcely considered. 

tThis paper should be considered as paper 10 of our series on ni-
trilium salts. For paper 9 see ref 14. 

References 

(1) C. W. Smith, R. L. Tolman, and R. K. Robins, 162nd National 
Meeting of the American Chemical Society, Washington, D. C, 
Sept 14, 1971, abstract MEDI16. 

(2) S. S. Cohen, Progr. Nucl. Acid Res. Mol. Biol, 5 (1966). 
(3) F. M. Schabel, Jr., Chemotherapy, 13, 321 (1968). 
(4) R. W. Sidwell, Progr. Antimicrob. Anticancer Chemother., 2, 

803 (1970), and references cited therein. 
(5) J. Davoll,/. Chem. Soc, 1593 (1958). 
(6) J. A. Montgomery, H. J. Thomas, and S. J. Clayton, /. 

Heterocycl. Chem., 7, 215 (1970). 
(7) W. W. Lee, A. P. Martinez, G. L. Tong, and L. Goodman, Chem. 

Ind. (London), 2007 (1964). 
(8) W. Hutzenlaub, R. L. Tolman, and R. K. Robins, /. Med. Chem., 

15, 879 (1972). 
(9) R. S. Tipson, /. Biol. Chem., 130, 55 (1939); B. R. Baker, 

Chem. Biol. Purines, Ciba Found Symp., 1956, 120 (1957). 
(10) R. Weiss, R. K. Robins, and C. W. Noell, /. Org. Chem., 25, 

765 (1960). 
(11) C. P. J. Glaudemans and H. G. Fletcher, Jr., ibid, 28, 3004 

(1963); C. P. J. Glaudemans and H. G. Fletcher, Jr., "Syn­
thetic Procedures in Nucleic Acid Chemistry," Vol I, W. W. 
Zorbach and R. S. Tipson, Ed., Interscience, New York, N. Y., 
1968, p 128. 

(12) A. Albert and K. Tratt, /. Chem. Soc. C, 344 (1968). 
(13) A. Albert, ibid, 2076 (1968). 
(14) A. Albert, ibid, 152 (1969). 
(15) J. Baddiley, J. G. Buchanan, R. Hodges, and J. F. Prescott, 

ibid, 4769 (1957). 
(16) R. Carrington, G. Shaw, and D. V. Wilson, ibid., 6864 (1965). 
(17) R. E. Harmon, R. E. Earl, and S. K. Gupta,/. Org. Chem., 36, 

2553 (1971);./. Chem. Soc. D, 296 (1971). 
(18) G. Alonso, M. T. Garcia-Lopez, C. Garcia-Munoz, R. Madro-

nero, and M. Rico, /. Heterocycl. Chem., 7, 1269 (1970). 
(19) H. El Khadem, D. Horton, and M. H. Meshreki, Carbohyd. Res., 

16,409(1971). 
(20) R. L. Tolman, C. W. Smith, and R. K. Robins, /. Amer. Chem. 

Soc., 94, 2530 (1972). 
(21) R. J. Rousseau, R. K. Robins, and L. B. Townsend, ibid, 

90, 2661 (1968). 
(22) J. A. Montgomery and H. J. Thomas, /. Org. Chem., 36,1962 

(1971). 
(23) M. Greenhalgh, G. Shaw, D. V. Wilson, and N. J. Cusack, J. 

Chem. Soc. C, 2198 (1969). 
(24) K. Suzuki and I. Kumarkivo, British Patent 1134974 (1968). 
(25) R. L. Tolman, R. K. Robins, and L. B. Townsend, /. Heterocycl. 

Chem., 4, 230 (1967), and references cited therein. 
(26) L. N. Simon, R. J. Bauer, R. L. Tolman, and R. K. Robins, 

Biochemistry, 9, 573 (1970). 
(27) R. W. Sidwell and J. H. Huffman, Appl. Microbiol, 22, 797 

(1971). 

Cignarella and Teotino,2 by condensation of ethyl ortho-
formate with o-aminomethylbenzenesulfonamide in propyl­
ene glycol, obtained in 51% yield a product to which they 
assigned the structure of 2,5-dihydro-l,2,4-benzothiadiaze-
pine 1,1-dioxide. The reaction, however, was not applicable 
to other ^-substi tuted sulfonamides such as o-aminometh-
ylbenzenesulfonmethylamide or -sulfonphenylamide. More 
recently, another group3 has successfully applied this scheme 
of synthesis to obtain 7-chloro-2,5-dihydro-l,2,4-benzothia-
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A new method of synthesis of 2,5-dihydro-l,2,4-benzothiadiazepine 1,1-dioxide derivatives via nitrilium 
salts is described. A number of the compounds were tested for acute toxicity and CNS activity in mice, 
and it was found that rc-hexyl-substituted derivatives effectively antagonized MES seizures. 


