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Preparation of Modified Nucleosides from Glucosamine: Rapid and Efficient Formal 
Total Synthesis of Several 2'-Deoxy C-Nucleosides 
Michael E. Jung,* Ivan D. Trifunovich, John M. Gardiner, and Gary L. Clevenger 
Department of Chemistry and Biochemistry, University of California, Los Angeles, California 90024, U. S.A. 

Formal total syntheses of several 2'-deoxy C-nucleosides have been accomplished in a short and efficient process 
using D-glucosamine as the starting material. 

Owing to the central importance of nucleic acids in all growth 
and propagation, the nucleosides which comprise them offer a 
target for structural modification in order to develop new 
chemotherapeutic agents. In particular, the introduction of 
modified nucleosides can often affect cell growth in useful 
medicinal ways. For example, the C-nucleosides tiazofurin, 
showdomycin, pseudouridine, formycin, etc., have shown 
therapeutically useful antitumour properties, while certain 
structurally modified nucleosides and simple bases, 5-fluoro- 
uracil, ribavirin, AZT (3'-azido-3'-deoxythymidine), are 
strong antiviral agents.1 In order to make these and other 
similar analogues available on a large scale, chemists have 
worked for years on the development of new methods for their 
preparation. Of particular importance is that the starting 
material be inexpensive and available in very large quantities 
and that the syntheses be short and high yielding. We now 
report the formal total synthesis of several 2'-deoxy C-nucleo- 
sides, e .g . ,  2'-deoxytiazofurin (Sa) , 2'-deoxyshowdomycin 

(Sb), and the C-nucleoside analogue of 2'-deoxyribavirin (Sc), 
by a process in which the key intermediate, 2,5-anhydro-3- 
deoxymannurononitrile (6), is prepared rapidly and efficiently 
from the readily available D-glucosamine (1) (Scheme 1). 

Treatment of D-glucosamine hydrochloride (1) with sodium 
nitrite in aqueous acetic acid produced the aldehyde chitose 
(2) in excellent crude yield.2 Conversion of the aldehyde to the 
oxime (3) was best carried out by treatment of the aldehyde 
with free hydroxylamine (prepared by treatment of its 
hydrochloride with sodium methoxide) in methanol for 
several hours at 25 "C to produce (3) in very high crude yield. 
Treatment of the triol oxime (3) with toluoyl or benzoyl 
chloride in pyridine afforded the triester nitriles (4a, b) in 
good yield.3 Generally it was best to perform these three steps 
without isolation of the intermediate aldehyde or triol oxime, 
going directly from (1) to (4a, b) in one pot. For example, the 
overall yield of (4a) from (1) was routinely 60% for the three 
steps while that of (4b) was greater than 70%. Elimination of 
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Scheme 1. Reagents and conditions: i, NaN02, HOAc, H20; ii, NH20H-HC1, NaOMeMeOH; iii, ArCOC1, pyridine; iv, DBU, CH2C12, >95% ; 
v, Hz, Pd/BaS04, EtOH, 65%; vi, HCVH20, dioxane on (6b). 
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the (J-acyloxy group was accomplished in >95% yield by 
treatment of (4a, b) with 1,8-diazabicyclo[5.4.O]undec-7-ene 
(DBU) to give the unsaturated nitriles (5a, b). Reduction of 
these unsaturated nitriles could be carried out under several 
different conditions. However, catalytic hydrogenation 
proved to be the best process for this transformation. Catalytic 
hydrogenation of (Sa) over Pd/BaS04 in ethanol at 25 "C 
furnished a 65% yield of a 2:  1 mixture of the desired 
p-anomer (6a) and the a-anomer (7a). In like fashion, the 
benzoylated alkenic nitrile (Sb) produced (6b) as the major 
product. These mixtures of anomers could be separated 
readily by flash chromatography on silica gel. The structures 
of (6a) and (7a) were confirmed by comparison with the data 
(m.p., NMR) given for these known compounds.4 It is 
important to point out that the undesired a-anomers (7a, b) 
can be converted into an approximately 1 : 1 mixture of the 
desired (J-anomers (6a, b) and the a-anomers (7a, b) by 
deprotonation of (7a, b) with lithium di-isopropylamide 
(LDA) in tetrahydrofuran (THF) followed by kinetic protona- 
tion. Thus with recycling, the overall yield of (6a, b) from (5a, 
b) can be much higher. Compound (6a) has been converted 
into 2'-deoxytiazofurin (8a) in three steps5 and into the 
C-nucleoside analogue of ribavirin (8c) in three steps,6 both in 
good overall yields. We have also been able to hydrolyse the 
nitrile of (6b) to the corresponding acid (9a) under the 
conditions used in rib0 series, namely HC1 in aqueous 
dioxane.7 By carrying out this hydrolysis under milder 
conditions, we were able to isolate the corresponding primary 
amide (9b) in good yield. As expected, treatment of the acid 
(9a) with diazomethane in methanovdiethyl ether affords the 
methyl ester (9c). Our spectral data for the acid (9a) matches 
that reported for this compounds which has already been 
converted into 2'-deoxyshowdomycin (8b) in five steps.9 Thus 
these three potentially useful antitumourlantiviral agents (8a, 
b, c) are readily available in reasonable quantities from the 
inexpensive precursor glucosamine by short sequences using 
this chemistry. 

It should be pointed out that this is one of the first syntheses 
of C-nucleoside derivatives that utilizes all six carbons of a 
hexose starting material in preparing the key six-carbon 
intermediate, e.g. ,  (6). Normally most syntheses of C-nucleo- 
side derivatives start with ribose (which is itself prepared from 
glucose in several steps, the key one being loss of a carbon 
atom) and add one carbon (usually cyanide on the derived 
protected robosyl bromide). 1 0 ~ 1  Further transformations of 
these intermediates are currently underway. 
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