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A new process suitable for large scale synthesis of the antitumor-antiviral agent, 2-@-D-ribofuranosyl-4-se- 
lenazolecarboxamide (selenazofurin, l), has been developed. Thus, 1-0-acetyl-2,3,5-tri-U-benzoyl-@-D-ribofu- 
ranose (3) was converted with cyanotrimethylsilane and stannic chloride to the crystalline 2,5-anhydro-3,4,6- 
tri-0-benzoyl-0-D-allononitrile (4) without chromatography. Cyanosugar 4 in ethanol was treated with hydro- 
gen selenide gas to afford stereospecifically the unstable 2,5-anhydro-3,4,6-tri-0-benzoyl-~-D-allonoseleno- 
amide (5) which was converted in situ by ethyl bromopyruvate to the stable ethyl 2-(2,3,5-tri-O-benzoybp-D- 
ribofuranosyl)-4-selenazolecarboxylate (6). Selenazole ethyl ester 6 was deprotected with sodium methoxide 
affording methyl 2-~-D-ribofuranosyl-4-selenazolecarboxylate (7) which was aminated with ammonia to pro- 
vide selenazofurin (1) or with other amines to provide N-substituted selenazofurin amides. 

J. Heterocyclic Chem., 23, 155 (1986). 

Z-~-D-Ribofuranosyl-4-selenazolecarboxamide (1, CI- 
935, selenazofurin [ l]), the selenium analog of tiazofurin 
(2, CI-909, 2-/3-D-ribofuranosyl-4-thiazolecarboxamide [Z]), 
recently synthesized by Srivastava and Robins [3], has pro- 
nounced antitumor activity in animals and broad spec- 
trum in vitro antiviral activity [4]. 
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Selenazofurin is 5 to 10-fold more dose potent than tiazo- 
furin in several in vitro and in vivo antitumor screens and 
in biochemical studies [5], although presumably still act- 
ing by a n  analogous mode as tiazofurin, which is inhibi- 
tion of inosine monophosphate dehydrogenase (IMPD) via 
the intracellular metabolite, selenazofurin adenosine 
dinucleotide (SAD) [6]. 

Larger quantities of selenazofurin were required for fur- 
ther preclinical development and Phase l studies. Al- 
though the syntheses of tiazofurin and selenazofurin from 
Robins’ laboratories [2,3] were appropriate for small quan- 
tities of the C-nucleosides, the general process utilizing as 
a key step the base catalyzed addition of liquid hydrogen 
sulfide or hydrogen selenide respectively, to 2,5-anhydro- 
3,4,6-tri-O-benzoyl-/3-D-allononitrile in a n  autoclave, was 
not suitable for the preparation of kilogram quantities of 
these compounds. 

Parsons et al. of Starks Associates, Inc. [7] has modified 
this key step in the preparation of tiazofurin by the use of 
gaseous hydrogen sulfide in ethanol instead of liquid hy- 

drogen sulfide as both solvent and reactant. This modifi- 
cation a t  the crucial step greatly increases the safety of the 
process due to the greater ease of manipulation, control, 
and elimination of the need to use a large excess of hydro- 
gen sulfide in a n  autoclave. However, a significant advan- 
tage in the chemistry of the reaction was not observed 
since a n  a,@-anomeric mixture of the desired 2,5-anhy- 
dro-3,4,6-tri-O-benzoyl-D-allonothioamide was obtained as 
in Srivastava et al.’s tiazofurin synthesis [Z] as well as 
Srivastava and Robin’s selenazofurin synthesis [3]. 

In our desire for a synthesis of selenazofurin suitable for 
the preparation of large quantities, we have sought to eli- 
minate liquid hydrogen selenide but also have attempted 
to modify the reaction conditions to alleviate the forma- 
tion of the undesired a-anomer of 2,5-anhydro-3,4,6-tri-O- 
benzoyl-D-allonoselenoamide, thus eliminating costly 
chromatography in early steps. 

Chemistry - Results and Discussion. 

We have discovered that the rapid addition of one equi- 
valent of hydrogen selenide to a saturated solution of 2,5- 
anhydro-3,4,6-tri-O-benzoyl-/3-D-allononitrile (4, Scheme I) 
in ethanol a t  room temperature in the presence of 4-(dime- 
thy1amino)pyridine catalyst rapidly and cleanly produced 
the desired 2,5-anhydro-3,4,6-tri-O-benzoyI-/3-D-allonosele- 
noamide (5). There is a short period of time (less than 15 
minutes) in which the reaction solution contains only sele- 
noamide sugar 5 but decomposition rapidly takes place 
producing a mixture of unidentified side products [8]. Tlc 
indicates in addition to these side products, the reappea- 
rance of the initial starting material, cyanosugar 4, s u g  
gesting that it is in equilibrium with selenoamide sugar 5. 
In  earlier experiments in which the a-anomer of 5 was 
formed, we had attempted to separate the a-anomer from 
the /3-anomer, 5, by column chromatography as in the pro- 
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Scheme I 
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cedure of Srivastava and Robins [3]. This afforded a rather 
low yield of 5, its precursor, cyanosugar 4, and a red colo- 
ration to the column also suggesting that hydrogen sele- 
nide is eliminated from 5. The complete conversion of 
sugar 4 to the selenoamide 5 can be detected by carefully 
monitoring the reaction by tlc and a t  this point the reac- 
tion is quenched by the addition of a n  equivalent of ethyl 
a-bromopyruvate. 

The selenazole ring formation is also a rapid reaction 
cleanly affording ethyl 2-(2,3,5-tri-O-benzoyl-&D-ribofura- 
nosyl)-4-selenazolecarboxylate (6). Parsons et al. [7]  have 
used a cation ion exchange resin in their cyclization of 
2,5-anhydro-3,4,6-tri-O-benzoyl-a,~-allonothioamide with 
ethyl bromopyruvate to scavenge the liberated hydrogen 
bromide which was thought to catalyze the anomerization 
of the resulting ethyl 2-(2,3,5-tri-O-benzoyl-/3-D-ribofura- 
nosyl)-4-thiazolecarboxylate. In the case of our synthesis of 
the selenazole sugar 6, the immediate presence of hydro- 
gen bromide does not appear to catalyze anomerization or 
be deleterious to the reaction in other ways. However, the 
reaction is neutralized on its completion as determined by 

We have found that the cleanest reaction of cyanosugar 
4 with hydrogen selenide occurs when exactly one equiva- 
lent of hydrogen selenide has been added. Most often 
though, a slight excess of hydrogen selenide is inadver- 
tently introduced into the reaction solution and in these 
cases an equal excess of ethyl bromopyruvate is added. An 
immediate precipitation of polymeric selenium is observed 
and on analysis of the reaction mixture we can detect ethyl 

tlc [lo]. 

pyruvate. Hydrogen selenide appears to be a strong 
enough reducing agent to reduce ethyl bromopyruvate to 
ethyl pyruvate with the formation of selenium and hydro- 
gen bromide. Asinger and Schmitz [l i ]  have noted the un- 
expected reduction of bromoketones with sodium hydro- 
gen selenide to afford the parent ketones and selenium. 
Furthermore, sodium hydrogen sulfide reacts with a-chlo- 
roketones to provide high yields of a-mercaptoketones 
whereas the reduction reaction takes precedent if a-bro- 
moketones are used. The use of ethyl a-chloropyruvate 
may be useful in these C-nucleoside formations. In ano- 
ther experiment, we found that addition of gaseous hydro- 
gen selenide to a solution of the cyanosugar 4 and ethyl 
a-bromopyruvate afforded an immediate heavy red preci- 
pitate and tlc examination indicated no selenamide forma- 
tion. This result indicates the necessity of removing excess 
hydrogen selenide or adding excess ethyl a-bromopyru- 
vate to obtain a high yield of the selenazole sugar 6. Addi- 
tion of an appropriate excess of ethyl a-bromopyruvate is 
the best procedure since removal of excess hydrogen sele- 
nide by reduction of pressure andlor passage of argon 
through the reaction solution removes little hydrogen sele- 
nide and the time required for this operation allows de- 
composition to take place as noted above. 

The  one pot reaction leading to the stable selenazole 
sugar 6, after neutralization, filtration and extraction pro- 
cedures, provided crude material containing 75-88% of 
the desired 6 as determined by its isolation in a pure state 
via a short, rapid chromatography purification procedure. 
The  crude product contains only selenazole sugar 6 and 
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polymeric material. The a-anomer of 6 cannot be detected 
by tlc in the crude material. 

Selenazole sugar 6, isolated as described (without chro- 
matography, 75-88% purity), can be treated directly with 
methanolic ammonia to provide crude selenazofurin (l), as 
reported by Srivastava and Robins [3]. This direct conver- 
sion generally requires chromatography to obtain pure 
material. We have found that deprotecting the crude reac- 
tion mixture with sodium methoxide allows easy removal 
of methyl benzoate and other impurities by decantation or 
extraction procedures to afford relatively clean methyl 
2-/3-D-ribofuranosyl-4-selenazolecarboxylate (7). This pe- 
nultimate intermediate can be aminated directly to pro- 
duce selenazofurin; however a short, rapid column chro- 
matography procedure to obtain pure 7 is useful for large- 
scale runs. In this manner, pure selenazofurin can be ob- 
tained by recrystallization. 

Thus, larger quantities of pure selenazofurin can be ob- 
tained via this three-step synthesis from cyanosugar 4 in 
41-47% overall yield. 

Our approach to a process suitable for larger scale syn- 
thesis of selenazofurin is dependent on the availability of 
the requisite cyanosugar 4. Although cyanosugar 4 is not 
commercially available, its synthesis has been reported 
from at  least five laboratories [12]. Certainly, the most 
time honored process is its original synthesis from l-bro- 
mo-2,3,5-tri-0-benzoyl-D-ribofuranose and mercuric cya- 
nide as reported by Bobek and Farkas [12a] in 1969. Most 
early C-nucleosides as well as  tiazofurin [2] and selenazofu- 
rin [3] were synthesized from cyanosugar 4 obtained via 
this procedure or slight modifications thereof. The  disad- 
vantage of this process for larger scale synthesis is that ex- 
cess, dry gaseous hydrogen bromide is passed into large 
volumes of toluene or benzene containing 1-0-acetylsugar 
3 with careful control of temperature. Solvents are remov- 
ed by evaporation under controlled temperature and pres- 
sure to afford the bromosugar which is not stable, cannot 
be stored, and must be reacted immediately with excess, 
toxic mercuric cyanide. After extraction procedures to re- 
move mercuric salts, crude cyanosugar 4 is generally puri- 
fied by chromatography procedures and even then cyano- 
sugar 4 is often difficult to crystallize. 

We have eliminated the intermediacy of the bromosu- 
gar and its inherent problems in purification and stability 
by directly reacting 1-0-acetylsugar 3 with cyanotrimethyl- 
silane in the presence of anhydrous stannic chloride to 
provide cyanosugar 4. Our conditions, although not opti- 
mized, required only several minutes reaction time, a fil- 
tration and extraction procedure, and crystallization to 
provide pure cyanosugar 4 in greater than 80% yield. Se- 
veral recent reports describe similar reactions in which 
acetylsugar 3 is converted to cyanosugar 4 with cyanotri- 
methylsilane and catalysis by Lewis acids [12e,d]. Both of 

these procedures are  small scale reactions utilizing chro- 
matography to obtain high yields of cyanosugar 4. 

We have attempted the catalysis of 1-0-acetylsugar 3 
and cyanotrimethylsilane with trimethylsilyltrifluorometh- 
ylsulfonate (TMSTt), which may be the catalyst of choice 
for Vorbriiggen type glycosylations [13] since its strength 
as a Lewis acid is just sufficient to promote acyloxonium 
formation of acyl sugars and it has less tendency to react 
with silylated heterocycles. Furthermore, a facilitated ease 
of workup with TMSTf-catalyst is available as compared to 
stannic chloride catalyst. However, in our case, a complex 
reaction was obtained which suggests a need for the Lewis 
acid to complex with cyanotrimethylsilane for cyanide dis- 
placement of the 1-0-acetoxy group to proceed cleanly. 

The  novel, penultimate selenazofurin intermediate 7 is 
also useful for further chemical modifications. As evidence 
of the utility of 7, we have reacted it with amines to afford 
N-substituted 2-/3-D-ribofuranosyl-4-selenazolecarboxa- 
mides. Methyl amine and hydrazine react with 7 to pro- 
vide crystalline derivatives 8 and 9 whereas n-butylamine 
and N,N-dimethyl-l,3-propanediamine derivatives 10 and 
11 were not crystalline and were not obtained in a n  analy- 
tically pure state. Reaction of selenazole ester 7 with hy- 
droxylamine hydrochloride or its free base give complex 
mixtures. 

IDsos of selenazofurin amide derivatives 8-11 and their 
penultimate intermediate 7 against in vitro L1210 leuke- 
mia cells were greater than 1 mg/ml(>  M) as  compar- 
ed with selenazofurin’s IDso of lo-’ M [14]. Selenazofurin 
amide derivatives 8 and 9 and intermediate 7 were not ac- 
tive against NCI’s P388 in vivo leukemic mouse model a t  
200 mglkg whereas selenazofurin had a % TIC of 170 a t  50 
mglkg [51. 

In summary, we have described the development of a re- 
latively safe, high yield process to the important antitumor 
and antiviral agent selenazofurin and certain of its N-sub- 
stituted amides. This process is suitable for larger scale 
synthesis. 

EXPERIMENTAL 

Melting points were determined on a Thomas-Hoover apparatus and 
are uncorrected. Mass spectra were determined on a Finnigan 4000 Mass 
Spectrometer with INCOS 2300 data system using direct introduction, 
electron impact at 70 eV and 150’. ‘H nmr spectra were obtained at 200 
MHz using a Varian XL-200 or at 90 MHz using a Varian EM.390 with 
tetramethylsilane as an internal standard. The presence of exchangeable 
protons was confirmed by the addition of deuterium oxide. Optical rota- 
tions were determined using a Perkin-Elmer Model 141 polarimeter with 
a 10 cm, 1 ml micro cell. Uv spectra were obtained on a Cary C118 uv Vis 
Spectrophotometer. All compounds had infrared spectra (potassium bro- 
mide) consistent with their structure as  determined on a Nicolet 250X 
FTIIR. Elemental analyses were determined by the microanalytical labo- 
ratory of this department and by Galbraith Laboratories, Inc., Knoxville, 
TN. TIC was performed using E. Merck silica gel 60 F-254 precoated 
glass plates (0.25 mm). Flash column chromatography was effected using 
E. Merck silica gel 60, 230-400 mesh. 
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2,3-Anhydro-3,4,6-tri-0-benzoyl-~-D-allononitrile (4). 

A stirred solution of l-O-acetyI-2,3,5-tri-O-benzoyl-~-D-ribofuranose (3, 
40.3 g, 80 mmoles), 1,2-dichloroethane (100 ml), and cyanotrimethylsi- 
lane (15.84 g, 160 mmoles) was treated in one portion via a syringe with 
anhydrous stannic chloride (20.8 g, 9.33 ml, 80 mmoles). The darkening 
solution was stirred for two minutes then poured into saturated sodium 
hydrogen carbonate (800 ml), and stirred five minutes @H 7). Chloroform 
( I  9 was added and the emulsion was filtered through celite. The chloro- 
form layer was separated, dried (magnesium sulfate) and evaporated 
under reduced pressure (15 torr, 40') to a light orange syrup [15] which 
was crystallized from ethanol (charcoal) to afford 4 (30 g from two crops, 
80%) as long white needles; mp 77-78' after drying at 0.05 torr, 60' for 
two hours; [ag + 24.4' (0.5 chloroform). 

Anal. Calcd. for C,,H,,NO, (471.45): C, 68.78; H, 4.49; N, 2.97. Found: 
C, 68.77; H, 4.45; N, 2.88. 

Caution! 

Due to the toxic nature of hydrogen selenide (even more poisonous 
than hydrogen sulfide), the following reaction and its workup should be 
performed with great care in a hood with strong, forced ventilation. 

Ethyl 2~2,3,5-Tri-0-benzoy~-~-D-ribofuranosyl~4-selenazolecarboxylate 
(6). 

A mixture of 4 (612 g, 1.30 moles), 4-(dimethylamino)pyridine (12 g. 98 
mmoles) and absolute ethanol (6.0 9 was warmed to 45' with stirring to 
obtain a complete solution [16,17]. Argon was dispersed through the solu- 
tion as it was cooled with a water bath to 20". The cooling bath was re- 
moved and the resulting suspension was treated with gaseous hydrogen 
selenide (approximately 30 minutes, 108 g, 1.33 moles) via the argon dis- 
persion tube [18,19]. During the hydrogen selenide treatment, cyanide 
sugar 4 gradually dissolved and the reaction exotherms to 23'. TIC of the 
greenish-yellow solution indicates a complete and clean conversion of 
cyanide sugar to the selenocarboxamide sugar 5 (201. The hydrogen sele- 
nide flow was replaced with argon and the solution was immediately 
treated with ethyl a-bromopyruvate (293 g of 90% purity, 1.33 moles) 
causing a red precipitate to form. This mixture was stirred for 0.5 hours, 
neutralized to pH 7 with saturated sodium hydrogen carbonate solution 
(2 9 and filtered through a bed of celite. The cake was washed with etha- 
nol and then chloroform. The reddish-yellow filtrate [21] was evaporated 
under reduced pressure to a thick red syrup (15 torr, 50.60') which was 
dissolved in chloroform (2 9 and washed with saturated sodium hydrogen 
carbonate (1 9, water (1 PJ, and dried with magnesium sulfate. Evapora- 
tion of the dried chloroform solution (15 torr, 60.70') provided 826 g 
(98%) of the crude, blocked selenazole nucleoside, 6, as a thick red 
syrup. 

A portion of the dried syrup (12.8 g) was dissolved in a minimum 
amount of toluene-ethyl acetate (101) and placed on a column of silica 
gel (130 g, 70-230 mesh, packed in toluene-ethyl acetate, 1O:l). Elution (4 
mliminute) with toluene-ethyl acetate (1O:l) provided the tlc pure [22] 
product in 500 ml of eluent following 500 ml of forerun. The fractions 
containing pure material were evaporated under reduced pressure (15 
torr, 60') to afford 10.1 g (79%) of 6 as a light yellow syrup. A sample 
dried at 0.05 torr and 100' for one hour provided a hard light yellow 
foam, (ag -34.7' (1.07 methanol); X max (methanol): 229 nm ( E  39,917), 
259 (7322); pmr (deuteriodimethylsulfoxide): 6 8.85 (s, 1, C,H). 

Anal. Calcd. for C,,H,,NO,Se (648.51): C, 59.26; H, 4.20; N, 2.16. 
Found: C, 59.44; H, 4.21; N, 1.89. 

2-~-D-Ribofuranosyl-4-selenazolecarboxamide (1). 
Method A. 

A solution of syrup 6 from the previous reaction (93 g, 79% purity, 114 
mmoles) and methanol (250 ml) [23] was saturated at 0' with ammonia 
and then heated in a Parr pressure vessel in a steam bath for six hours. 
The bomb was cooled, vented and the resulting solution evaporated 

under reduced pressure (15-20 torr, 60'). The residue was coevaporated 
two times with methanol and the dark brown syrup was dissolved in hot 

water (SO', 150 ml) and extracted with ethyl acetate (3 x 100 ml) [24]. 
The aqueous layer was treated with charcoal (10 g) and filtered through a 
bed of celite. The light yellow filtrate was evaporated under reduced 
pressure (15-20 torr, 60') to provide a light yellow foam (29 g, 83%)  [25] 
which was dissolved in methanol (SO', 200 ml), absorbed on  silica gel (50 
g, 70-230 mesh), and placed on  a column of silica gel (250 g, 70-230 mesh, 
packed in chloroform, 7 x 15 cm). Rapid elution (10 mliminute) with 
chloroform.methanol (4:l) provided the majority of the product in two 
liters of eluent [26] which was evaporated under reduced pressure (15 
torr, 60'). The resulting light yellow residue (27 g) was crystallized from 
2-propanol [27] to afford 25.0 g (71 %) [28] of 2-P-D-ribofuranosyl-4-sele- 
nazolecarboxamide (1). as faint yellow crystals, mp 130-131 O ;  [a];? 
- 20.8' (1.01 water); pmr (deuteriodimethylsulfoxide) 8.75 (s, 1, C,H), 
7.58 (bs, 2, CONH,); (deuteriodimethylsulfoxide-deuterium oxide): 4.88 6 
(d, 1, H,,  J = 5.0 Hz); X max (95% EtOH) 259 nm ( E  6263). 

Anal. Calcd. for C,H,,N,O,Se (307.19) C, 35.19; H, 3.94; N, 9.12. 
Found: C, 35.38; H, 3.94; N, 9.12. 

Method B. 
A solution of 168 g (521 mmoles) of the methyl ester 7 in 2.0 rof metha- 

nol was cooled to approximately 10' and treated with anhydrous ammo- 
nia gas for eight hours. The solution was allowed to stand at room tempe- 
rature overnight. The tlc (silica gel, dichloromethane-methanol, 5:l) indi- 
cated complete conversion to the desired product. A very small amount 
of a red solid was removed by filtration. The filtrate was evaporated 
under reduced pressure and the residue was recrystallized from 2-propa- 
no1 and dried at 40' under 0.5 atmospheres to give 136 g (85%) of the 
product, mp 128-130'. 

TIC (silica gel, dichloromethane-methanol, 4:l) showed this material to 
be homogenous, R, = 0.2. The nmr of this material was consistent with 
the assigned structure and matched that in the literature (31; 'H nmr 
(deuteriodimethylsulfoxide): 6 3.5-4.1 (m. 5, H-5', H-5", H-4', H-3', H-2'), 
4.80 (d, JH-I'.H-T = 4.6 Hz, I, H-l'), 4.86 (t, J = 5.4 Hz, I, 5'-OH, 
deuterium oxide exchangeable), 5.01 (d, J = 5.2 H z ,  1, 2'-OH or 3'-OH, 
deuterium oxide exchangeable), 5.35 (d, J = 5.6 Hz, 1, 2'-OH or 3'-OH, 
deuterium oxide exchangeable), 8.77 (s, I, H-5); [a]:: -20.7 (c 1.07, 
water); uv (methanol): max 215,259 (t 17500, 5700) min 240 ( E  4290); ms: 
mie 309 (M' + H). 

Anal. Calcd. for C,H,,N,O,Se (307.2): C, 35.19; H, 3.94; N, 9.12; 
Se, 25.71. Found: C, 35.07; H, 3.94; N, 9.04; Se, 25.84. 
Methyl 2-~-D-Ribofuranosyl-4-selenazolecarboxylate (7). 

A gummy suspension of 206.3 g (75.0% pure by hplc, 239 mmoles) of 
the blocked ethyl ester 6 in 700 ml of methanol was heated and stirred on  
the steam bath until solution occurred. The solution was allowed to cool 
to room temperature during which time a finely dispersed oily suspen- 
sion formed. To this suspension was added 17.2 g (318 mmoles) of so- 
dium methoxide. The addition was slightly exothermic and resulted in a 
brown solution. The solution was stirred at room temperature overnight. 
TIC (silica gel, toluene-ethyl acetate, 1O:l) indicated that no starting 
material remained. To the reaction solution was added 100 g of Dowex 
50 W x 4 resin (H') (washed with methanol) and the suspenion was stir- 
red for one hour. The resin was filtered off, washed well with methanol, 
and discarded. The filtrate and washings were evaporated under reduced 
pressure to give a two phase mixture. The upper, more liquid phase 
(mainly methyl benzoate) was decanted. The remaining brown viscous 
gum was triturated twice with ether. (The methyl benzoate was combined 
with the ether triturates and upon standing yielded some desired product 
as a solid). The brown viscous gum was treated with approximately 1 l'of 
warm ethanol and triturated. A dark brown material was filtered from the 
suspension. TIC (silica gel; dichloromethane-methanol, 1O:l) indicated 
that the dark brown material was mostly slower moving impurities in the 
filtrate and was discarded. To the ethanol solution of the product was ad- 
ded 250 g of flash silica gel (230-400 mesh) and the ethanol was removed 
under reduced pressure to give a solid. 

The above reaction was carried out three other times with 185.1 g, 
246.0 g, and 189.0 g of ethyl 2-(2,3,5-tri-0-benzoyl-~-D-ribofuranosyl~4- 
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selenazolecarboxylate (6, 75.0% purity) as the starting material. The only 
difference between these four reactions was the amount of sodium meth- 
oxide required to maintain the molar ratio above. 

The four crude reaction products adsorbed onto silica gel were pooled 
and placed on a column of 2600 g of flash silica gel (230-400 mesh) pack- 
ed with dichloromethane. The column was eluted with dichloromethane 
containing gradually increasing amounts of methanol (first dichlorome- 
thane-methanol, 50:1, then 40:1,30:1,20:1, 1O:l. 5:1, and finally 2:l). The  
appropriate fractions were combined and concentrated to give 262 g 
(85%) of product as a solid. Recrystallization from ethyl acetate gave 168 
g (55%) of the product. TIC (silica gel, dichloromethane-methanol, 1O:l) 
showed this material to be homogenous, R, = 0.3. 

Recrystallization of 2.00 g of slightly impure material from 50 ml of 
ethyl acetate, and then drying the resulting solid at  60' at reduced pres- 
sure gave 1.51 g (76%) of the product as a cream solid, mp 113.115'; 'H 
nmr (deuteriodimethylsulfoxide): 6 3.4-4.0 (m, 5, H-5'. H-5", H-4', H-3', 
H-2'), 3.78 (s, 3, CHJ, 4.80 (d, JH.~, .H.~-  = 4.6 Hz, 1, H-1'). 4.89 (t. J = 5.4 
Hz, 1, 5'.OH, deuterium oxide exchangeable), 5.01 (d, J = 5.0 Hz, 1, 
2'-OH or 3'-OH, deuterium oxide exchangeable), 5.42 (d, J = 6.0 Hz, 1, 
2'-OH or 3'-OH, deuterium oxide exchangeable), 9.08 (s, 1, H-5); [a]:' 
- 14.4O (c 1.18, water); uv (methanol) max 214, 260 (c 14400, 5300) min 
237 (t 3730). 

Anal. Calcd. for  C,,H,,NO,Se (322.17): C, 37.28; H, 4.07; N, 4.35. 
Found: C, 37.23; H, 4.06; N, 4.23. 

N-Methyl-2-~-D-ribofuranosyl-4-selenazolecarboxamide (8). 

Gaseous monomethylamine was bubbled into an ice bath-cooled solu- 
tion of 7 (2.00 g, 6.21 mmoles) in 100 ml of methanol for 15 minutes. The 
solution was stirred at  0' for three hours and then concentrated under 
reduced pressure. The resulting syrup solidified on standing and was re- 
crystallized from 2-propanol. The solid was dried at  60' over phosphorus 
pentaoxide at  0.01 torr to give 1.34 g (67%) of the product as a cream 
solid, mp 152.154'; nmr (deuteriodimethylsulfoxide): 6 2.75 (d, J c H 3 . N H  = 
5 Hz, 3, CH,, coalesces to singlet upon addition of deuterium oxide), 
3.5-4.1 (m, 5, H-5'. H-5", H-4', H-3'. H-2'), 4.81 (d, J H . I ' . H . ~ .  = 4 Hz, 1, 
H-l'), 4.84 (m, 1, OH, deuterium oxide exchangeable), 5.0 (m. 1, OH, deu- 
terium oxide exchangeable), 5.3 (d, J = 6 Hz, I ,  OH, deuterium oxide ex- 
changeable), 8.15 (br q, 1, NH, deuterium oxide exchangeable), 8.72 (s, 1, 
H-5). 

Anal. Calcd. for C,,H,,N,O,Se (322.17): C, 37.39; H, 4.39; N, 8.72. 
Found: C, 37.67; H, 4.65; N, 8.56. 

2-~-D-Ribofuranosyl-4-selenazolecarboxylic Acid, Hydrazide (9). 

To a solution of 7 (2.00 g, 6.21 mmoles) in 50 ml of methanol was ad- 
ded 1.24 ml(39.1 mmoles) of anhydrous hydrazine and the solution was 
stirred at room temperature for  five hours. The  solution was concentrat- 
ed under reduced pressure to give a gummy residue. The residue was dis- 
solved in methanol, treated with 10 g of flash silica gel, and the methanol 
was removed in uacuo . The resulting powder was placed on a column of 
100 g of flash silica gel packed with dichloromethaneimethanol (4:l). 
Flash chromatography using the same solvent mixture gave 1.5 g of a 
foam which was recrystallized from ethanol. The solid was dried at 60' 
over phosphorus pentaoxide at  0.01 mm to give 1.2 g (60%) of the pro- 
duct as a cream solid, mp 161-163'; 'H nmr (deuteriodimethylsulfoxide): 
6 3.4-4.1 (m, 5, H-5', H-5". H-4'. H-3', H-2'), 4.40 (s, 2, NH,, deuterium ox- 
ide exchangeable), 4.73 (d, JH. I . .H .~ '  = 5 Hz, 1, H-l'), 4.78 (m, 1, OH, deu- 
terium oxide exchangeable), 4.90 (d, J = 5 Hz, 1, OH, deuterium oxide 
exchangeable), 5.27 (d, J = 6 Hz, 1, OH, deuterium oxide exchangeable), 
8.63 (s, 1, H-5), 9.30 (br s, 1, NH). 

Anal. Calcd. for C,H,,N,O,Se (322.18): C, 33.55; H, 4.07; N, 13.04. 
Found: C, 33.70; H, 4.29; N, 13.06. 
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i t  is certainly desirable to contain all hydrogen selenide in the reaction 
solvent. 
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realized by keeping the pressure vessel a t  ambient temperature for 48-72 
hours. 

(241 Deblocking of selenazole 6 under these conditions provides both 

benzamide and methyl benzoate as side products which are essentially 
completely removed by the extraction procedure. 
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