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NEVI IdETHODS FOR THZ SYNTHESIS 

AND CYANOPYRIDINE NUCLEOSIDES 
0 F BASE SEN SI T I VB CY AN0 PYRI blI DI NE 

Celeste A. Schlieper, James blemple* 

SDS Biotech Corporation, Uorld Headquarters 
7528 Auburn Rd, Painesville, Ohio 44077 

Abstract: Four cyanonucleosides, 6, 11, 16 and 21 
have been prepared using three synthetic methods 
that are particularly suited to the preparation of  
base-sensitive nucleosides. 

The attachment of the cyano group to purine and 
pyrimidine bases has been an important objective for 
nucleoside chemists due to its small size and unusual 
chemical properties. ( 2 )  
a bioisostere of the carbonyl oxygen atom. ( 3 )  
work we have become interested in the possibility of 
replacing the carbonyl oxygen with cyano in pyrimidine 
as well as purine nucleosides. In this connection 
analogs of uridine, cytidine, thymidine and guanosine 
are of interest. A few c anonucleosides are known 
such as 5-~yanouridine(~’ in which the thymine methyl 
group is replaced by cyano. The 6-amino group of 
adenosine has been replaced by cyano in work reported 
recently involving CuCN induced displacement of the 
6-methylsulfonyl group or in much better yield the 
6-iodo group (5b) of purine ribosides. 

The major obstacle to preparation of cyanonucleo- 
sides is the instability of the cyano group under conditions 
normally employed in deblocking riboside derivatives. An 

(6 ) illustration was encountered by Townsend and co-workers 
when they attempted to prepare 6-azatoyocamycin by reaction 

The cyano group is considered 
In our 
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370 SCHLIEPER AND WEMPLE 

of N-acetyl-2',3',5~-tri-O-acetyl-6-azatoyocamycin 
with ammonia or sodium methoxide in methanol. In 
these attempts, the nitrile group was converted to an 
amidine in the presence of ammonia and to the 0-methyl 
carboximidate in the presence of sodium methoxide. 
These workers succeeded in preparing 6-azatoyocamycin 
by conversion of the carboximidate to the corresponding 
thioamide using NaSH, followed by desulfurization with 
HgC12-triethylamine. 
ered by Fox and co-workers when they obtained cytidine 
from the reaction of 2-0~0-1-(2,3,5-tri-0-acetyl-$- 
D-ribofuranosyl)-~-pyrimid~necarbon~tr~le with 
ammonia. ( 7, 
as a leaving group in a nucleophilic displacement reaction. 
Yet another reaction mode was encountered when 9-(2,3,5- 
tri-0-acetyl-$-D-ribofuranosyl)purine-6-carbonitrile 
was treated with ammonia resulting in an unusual rearrange- 
ment to N4-( $-D-ribofuranosyl)pyimido[4,5-d]pyrimi- 
dine-4,8-diamine. However, in certain cases in which 
a relatively stable nitrile group is involved it is 
possible to prepare the cyanonucleoside system by deblock- 
ing the correspondin ribosi.de triacetate derivative using 
the usual NaOMe-MeOHT4) or NHj-MeOH(9) conditions. 

In view of the presence of the cyano group in the 

An interesting result was encount- 

In this instance apparently cyanide serves 

biologically active nucleoside antibiotic, toyocamycin, ( 9)  

as well as in the antibacterially active mesoionic 
nucleoside recently obtained in o u r  work, (1') we were 
interested in finding new methods for the preparation of 
cyano substituted nucleosides. Three such methods have 
now been developed. The first uses a mild NaHCO MeOH 
procedure for deblocking of cyanonucleoside triacetates. 
The second method involves (CF C0)20-pyridine induced 
dehydration of a deblocked nucleoside carboxaldehyde 
oxime derivative and the last procedure uses a similar 
( CF3C0)20-triethylamine induced dehydration of a 
deblocked nucleoside carboxamide. The critical feature 
of these oxime and amide dehydration reactions is the 
use of the reagent (CF3CO)20 for generating a labile 
tris trifluoroacetate derivative of the ribose moiety 
which makes possible the use of very mild deblocking 

(10) 3- 

3 
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CYANOPYRIMIDINE AND CYANOPYRIDINE NUCLEOSIDE SYNTHESIS 371 

conditions in the final step leading to the free cyano- 
nucleoside. Using these methods, four cyanonucleosides 
have been prepared. Thus, the cyano group was introduced 
in place of the carbonyl oxygen atom at the &-position 
of the pyrimidine nucleosides uridine and also 3-deaza- 
5-azauridine. The 4-hydroxy substituent of the anti- 
bacterially active 3-deazauridine(l1' was replaced by the 
cyano function. Finally, the 2-deaza isostere of the 
antibacterially active ~-cyano-3-oxido-1-(6-D-ribfuranosyl)- 
pyridazinium") was synthesized. 
tial starting materials for the preparation of these 
nucleosides, were the corresponding cyanopyrimidine and 
cyanopyridine bases. To our surprise, none of these cyano 
substituted heterocycles had been reported. Methods were 
developed for the preparation of t h r e e  of these nitriles, 
including one cyanopyrimidine and two cyanopyridine bases. 

Of importance as poten- 

RESULTS AND DISCUSSION 

1,2-Dihydro-2-oxo-l-( 8-D-ribofuranosyl )pyrimidine- 
4-carbonitrile ( 6 )  serves as a close structural relative 
of both uridine and cytidine. This compound bears a 
reactive electrophilic site at the 4 position o f  the pyrimi- 
dine ring and thus has the potential to undergo covalent 
binding to target macromolecules. The triacetate derivative 
3 ,  has been prepared previously in a 4 step sequence 
starting with 2 -hydr oxy  -4 -methyl pyr imid ine . ( 7) 
considered the possibility of direct synthesis of this 
triacetate from the cyanopyrimidine base, &using the 
silyl Hilbert-Johnson reaction. (12) 
2, was readily prepared by dehydration 
2-hydroxypyrimidine-4-carboxaldehyde oxime (1) using 
(CF3C0)20-Et3N. 
in air at room temperature attesting to the electrophilic 
reactivity at the 4-position. However, it is sufficiently 
stable to withstand a rapid recrystallization from aqueous- 
ethanol which was found to be the most convenient way of 
purifying this nitrile. In this manner analytically pure 
2 was obtained. Ribosylation of 2 using the silyl Hilbert- 
Johnson procedure went smoothly affording only one detectable 
isomer which was obtained in 730% purified yield. 

tie 

The desired nitrile, 
of the kr.3wn (13) 

This compound evolves HCN on standing 

The 1,2- 
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FHfNOH 

H 

1 

CN 
I - 0- - 

H 

2 

C N  

3 

dihydro -2-0x0-1-( 2 ,3,5-tri -0-acetyl-6 -D-ribofuranosyl 1- 
pyrimidine-4-carbonitrile structural assignment, 3,  was 
confirmed by conversion of 3 to uridine upon treatment with HQ 
and water in methanol. ( 7 )  
to give the desired cyanonucleoside, 6, using the N a H C O  bleOH 
or other deblocking conditions were unsuccessful. 

Attempts to deblock the triacetate 

3 -  

An alternative approach to this cyanonucleoside was 
considered involving dehydration of the known nucleoside 
carboxaldehyde oxime, 4. ( 7 ,  
has previously been reported using acetic anhydride as the 
dehydrating reagent. However, this method, of course, 
also results in acetylation of the three ribose alcohol 
groups leading to the same nucleoside triacetate, 3,  that 
we have now prepared by the silyl Hilbert-Johnson procedure. 
Use of trifluoroacetic anhydride as  the oxime dehydrating 
reagent, (14)(15) would result in formation of the tris 
trifluoroacetate derivative, 5 .  The trifluoroacetate 
groups were easily cleaved under mild conditions - for 
example by simple treatment with methanol at low temperature. 
Triethylamine was added to neutralize any acid produced in 
the reaction. The triethylammonium-trifluoroacetate salt 
could be removed owing to its greater solubility in chloro- 
form-hexanes. Attempts to separate the salt by column 
chromatography on silica gel resulted in some decomposition 
of the cyanon.ucleoside. The purified cyanonucleoside, 6, 
as reported(7) earlier for the triacetate derivative, 3,  
did not give any appreciable nitrile absorption in the IR 
spectrum. However, the odor of HCN was detected upon 
treatment of 6 with hydrochloric acid in aqueous methanol 
and uridine was isolated from this reaction. 

Such a dehydration procedure 
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CH=NOH 

CAo 

4 

CN 

5 

MeOH 
Et N 3 

___+ 

CN 

Treatment of me thy1 6-hydr oxypyr imidine -4-carboxy - 
late ( 7 )  (I7) with hexamethyldisilazane followed by ribose 
tetraacetate and SnCl4 gave only one nucleoside derivative 
in high yield according to NlVIR and TLC analysis of the crude 
reaction product. 
1-( B-D-ribofuranosyl) -6-pyrimidone derivative, 8, rather 
than the 3-(p-D-ribofuranosyl) isomer based on literature 
precedent with related silyl Hilbert-Johnson reactions. (18 )(19) 

Treatment of this material with methanolic ammonia gave clean- 
ly the deacetylated amide, 9 .  The structure of this amide 
was confirmed by subjecting it to the' Hofrnann rearrangement 
with sodium hypochlorite resulting in formation of the known ( 1 9 )  

3-deaza-5-azacytidine (12). The required cyanonucleoside, 11, 
was prepared by treatment of the amide with trifluoroacetic 
anhydride and pyridine ('O) in dioxane followed by lliethanoyl- 
sis of the labile tris(trif1uoroacetate) derivative, 10, 
using methanol-sodium bicarbonate. This cyanonucleoside 
was sufficiently stable to withstand purification by column 
chromatography on silica gel in contrast to o u r  experience 
with 6. 

MeOH are effective in deblocking cyanonucleoside tri- 
ace t a t eF, (4)(9) many instances have been observed in which 
treatment of an acylated cyanonucleoside with NH -MeOK or 
NaOMe-P.leOH did not Rive rise to the corresponding deblocked 
cyanonucleoside. (6-8)'o)(21) We have found that the NaHCO 
MeOH approach is preferable to NaOMe-MeOH or NH MeOH in the 
synthesis of cyano substituted nucleosides(lO) and also certain 

This is believed to be the 4-carbomethoxy- 

Although examples are known in which NH3-MeOH or NaOMe- 

3 

3-  
3 -  
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374 SCHLIEPER AND WEMPLE 

HoX!H 
11 10 

1 

other base sensitive nucleoside systems. Two illustrations 
of the NaHC03-MeOH method for deblocking cyanonucleoside 
triacetates are examined here. 1,2-Dihydro-2-oxo-l-($-D- 
ribofuranosyl?pyridine-~-carbonitrile (16) serves as a 
close structural relative of 3-deazauridine, a potent anti- 
bacterial nucleoside. (") The required cyanopyridine base, 
14, was prepared by a trifluroracetic anhydride induced 
rearrangement of the commercially available and relatively 
inexpensive 4-cyanopyridine-N-oxide (13). The cyanopyridone, 
14, was converted to the riboside triacetate derivative, 15, 
using the silyl Hilbert-Johnson procedure. Deblocking of 
this triacetate using NaHC03-MeOH at room temperature gave 
a mixture of two compounds according to TLC analysis. The 
desired cyanonucleoside, 16, was obtained crystalline. The 
mother liquors from these crystals were subjected to column 
chromatography on silica gel eluting with CHCl 
additional cyanonucleoside, 16. 
underwent substantial decomposition during the chromatograph- 
ic separation. Although this compound was not obtained 

MeOH affording 3 -  
The lower Rf by-product 
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c;" 

b 
1 3  

(CF$O %O 

0 

& H 

14 

MeOH 
N a H C O 3  
- 

analytically pure, NMR and IR evidence points to an 0-methyl 
carboximidate derivative. 

We were interested in preparing new mesoionic systems 
bearing cyano substituents. It appeared that the b-cyano- 
3-oxidopyridinium riboside as well as the 4-cyano-5-oxido- 
pyrimidinium riboside triacetates should be accessable using 
the silyl Hilbert-Johnson approach. Initially we set out to 
prepare the pyridine system. The required 3-hydroxy- 
pyridine-4-carbonitrile (18) starting material was unknown. 
Recently an efficient synthesis of 3-methoxypyridine-b- 
carbonitrile (17) has been reported. (22)  Treatment of this 
compound with iodotrimethylsilane (23) gave two compounds of 
interest including the desired 3-hydroxypyridine-bcarboni- 
trile (18) and the betaine, 19, which is presumably formed by 
reaction of 18 with methyl iodide generated in situ during 
the course of the reaction. W data obtained for these 
structures including the N-methyl betaine, 1 9 ,  was useful in 
providing an unequivicol structural assignment for the betaine 
riboside, 21. The silyl Hilbert-Johnson procedure was effect- 
ive in the synthesis of the triacetate, 20. A high yield (81$) 
was also achieved in the NaHC03-MeOH induced deblocking step 
although some decomposition was noted in this procedure 
resulting in the formation of a deep red reaction color. 

The four nucleosides prepared in this work, 6 ,  11, 
16 and 21 were evaluated for antibacterial activity in vitro 
against E. coli and in vivo against a systemic E. coli 
infection in mice and were found to be inactive. 
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r!i e 

17 

CN 

Hexi+ 
21 

18 

1 
CN - 

N a H C O  

MeOi-I 

20 

I 
Id e 
19 

EXPERIIENTAL 

I eltin?, points were obtained on a Thomas-Hoover 
melting point apparatus and are uncorrected. Routine NhR 

spectra were obtained on a Hitachi Perkin-Elmer R-24B 
spectrophotometer. High resolution 90 IvMz NIvTR spectra were 
obtained on a Varian EX-390 spectrometer or a Bruker WHgO 
spectrometer. Infrared spectra were recorded on a Perkin- 
3lmer 297 spectrophotometer and UV spectra on a Cary 118 
U V - V I S  spectrophotometer. 9. Merck silica ge l  60 (70- 

230 mesh) was used for column chromatography. iieagent grade 
solvents were obtained from commercial sources and used 
without further purification. \/hen necessary solvents or 
reaeents were dried by appropriate methods. Methanol was 
dried by distillation from magnesium. DbIF was dried by dis- 
tillation from calcium hydride. Dioxane was dried by distill- 
ation from potassium metal. Pyridine and triethylamine dried 
by storaye over potassium hydroxide, and 1.2-dichloroethane 
was dried by distillation from phosphorous pentoxide. 
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1.2-Dihvdro-2-oxo~yr~midine-4-carbonitr~le (2): 1,2-Dihydro-2- 
hydroxypyrimidine-4-carboxaldehyde oxime (1)' 13) (62.5 g) was 
added to anhydrous dioxane (400 ml) and the mixture cooled in 
an ice bath. Trifluoroacetic anhydride (134 ml) was added 
(2 min)and the mixture stirred 15 min at 0-5°.Triethylamine (193ml) 
was added dropwise (1 h) with cooling. The clear red solution 
was allowed to stir 3 h at room temperature and then placed in 
the refrigerator overnight. The dioxane was removed under 
reduced pressure and the residue dissolved in chloroform (500 
ml). Methanol ( 2 0  ml) was added. The solution was cooled and 
filtered to give a pink solid (44 p). 
tion of the product takes place on warming in water, it was 
possible to improve the purity by recrystallization from 
aqueous ethanol. The crystals were washed with ethanol and 
ether and dried under vacuum at 70' for 6 h to give 2 (32 g, 
59%) : mpr blackens-decomposes at approximately 200°; 'H "R 
(DMSOd6, TMS): s 12.6 (broad singlet, lH, D20 exchangeable) 
8.37 (d, lH, J=6Hz); 7.00 (d, l H ,  J=6Hz); IR (KBr)i 3300- 
2600, 2255, 1645, 1620, 1595 em''. 
C, 49.59; H, 2.50; N, 34.70. Found: C, 49.7; HI 2.2; 
N, 34.4. 

Although some decomposi- 

Anal Calcd for C5H3N30i 

1,2 -Dihvdro -2 -ox0 -1 -( 2,7,5 -tri -0-acetvl-B-D-ribofuranosvl ) - 
gyrimidine-4-carbonitrile ( 2 )  I 1 ,Z-Dihydro-2-oxo-pyrimidine- 
&-carbonitrile ( 2 ,  0.61 g) and (NH4l2SO4 ( 5 0  mls) were added 
to hexamethyldisilazane (10 ml) and the mixture heated at 
reflux for 2.5 h. The excess HMDS was removed under reduced 
pressure and the residual oil dissolved in 1,2-dichloro- 
ethane (15 ml). Ribose tetraacetate (1.60 g) was added 
followed by SnC14 (0.65 ml). The solution became warm. It 
was stirred 2 h at room temperature and then poured into 
saturated aqueous NaHCO (150 ml) and CH2C12 (150 ml). The 
aqueous layer was extracted with CH2C12 (2x150 ml) and the 
organic layers combined, dried (Na2SOb) and concentrated to 
an oil which was placed on a silica gel column (3/4" diameter 
x 12" long) eluting with hexanes-CHC1 -CH3CN (4:313). 
fractions containing product were concentrated to an oil which 
was dried 3 days at 70' to give 3 (1.4 g, 73%) as an amorphous, 
hygroscopic white solid: 

3 

The 3 

'H NhlR (CDC13, TMS)rb8.35 (d, J=7 Hz, 
lH), 6-74 (d, J=7 Hz, lH), 6-07 (d, J=3 Hz, lH), 5.55-5.4 (d,d, 
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378 SCHLIEPER AND WEMPLE 

lH, J=6 Hz, 3 Hz), 5.30 (t, 356 Hz, lH), 4.65-4.35 (m, 3H). 2 . l b  
(s) and 2.10 ( 8 )  (gH). IR (KEW): 1750, 1680; UV (MeOH):Xmax 
251 nI?l (€2700), 340 (2000). Anal Calcd for Cl6Hl7N308l c, 
50.66; H, 4-52; N, 11.08. Found: C, 50.0; H, 4.6; N, 
10.8; C, 49.8; H, 4.5; N, 10.6. 

1,2 -Dihydr o -2 -ox0 -1 ( 2 , 3 , 5  -tri -0 -acetyl-P -D -ribofuranosyl - 
pyrimidine-4-carbonitrile ( 3 ) :  (25 mg) was dissolved in 
methanol (1 ml) and 12 NHCl (0.1 ml) added. Hydrogen cyanide 
gas was detected immediately. The solution was all.oved to 
stand 30 h at room temperature and then concentrated to dry- 
ness. Toluene was added to the residue and evaporated (2 x 2 
ml). The residue was triturated with ethanol and the resulting 
solid recrystallized twice from 95% ethanol to give white 
crystals (10 mg): mp 164-65'. The mixture melting point of 

1 this material with uridine is 164-65'. The H NMR spectrum 
was identical to that of an authentic sample of uridine. 

-14 - 1,2 -Di hydro -2 -ox0 -1 - ( B -D -ribofurano s--a 
carbonitrile ( 6) : 1,2-Dihydro-2-oxo-l-( 2,3,5-tri -0- 

acetyl-$ -D -ribofuranosyl )pyrimidinecarboxaldehyde 
~xirne(~) (4, 2.70 g) was added t o  anhydrous, peroxide free 
dioxane (60 ml). Triethylamine (8.2 ml) WEE added and the 
mixture cooled in an ice bath. (CF COI2O, (4 ml) was then 
added dropwise ( 3 0  min). The ice bath was removed, the 
remainder of the (CF COl2O (2.3 ml) was added and the solu- 
tion stirred at room temperature for 1 h. A cold solution 
of triehtylamine (5 ml) in methanol (50 ml) was added and 
the whole immediately evaporated on the rotary evaporator 
below room temperature. The residue was dissolved in chloro- 
form (500 ml) and hexanes (250 ml) were added. Standing in 
the freezer gave a precipitate which was collected, dried under 
vacuum and then dissolved in warm acetonitrile ( 5 0 0  ml). This 
solution was filtered and the filtrate concentrated to 35 ml. 
The resulting precipitate was redissolved in warm acetonitrile 
( 5 0  ml) and the warm solution filtered. Cooling gave a precipi- 
tate that was collected, washed with chloroform and dried under 
vacuum at 80' overnight to give 6 (2.3 g ,  88%): mp 147-149': 
'H NMR (DMSOd6, TMS), g8.95 (d, lH, J=7 Hz); 7.02 (d, lH, J=7 
Hz), 5.67 (broad singlet, 1H superimposed on a D20 exchangeable 

. . .  

3 

3 
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muItiplet,lH) 5.28 (t, lH, J=5 Hz, D20 exchangeable) 5.0 (m, lH, 
D20 exchangeable),4..05-3.5 (m, 5H); IR (KBr): 
3100 (w), 2245 (very weak), 1675 ( s ) ,  1655 ( s )  cm'l; 

C, 45.80t H, 4.61; N, 16.03. Founds C, 45.9; H, 4.3; 
N ,  15.8. 

3480, 3350 ( s ) ,  
UV (ivleOH)t 

250 nm (shl), 341 (4500). Anal Calcd for CloHllN3O5* ~ H20: 

1,2 -?X hydr o -2 -ox0 -1 - ( B -D-r i bo furanos yl pyrimidine -4 - 
carbonitrile (6, 50 mg) was dissolved in methanol (2 ml) 
and 12 NHCl (0.20 ml) was added. Hydrogen cyanide gas was 
detected immediately. The solution was allowed to stand 30 
h at room temperature and then concentrated on the rotary 
evaporator. 
The residue was triturated in ethanol to give crystals. The 
solid was collected and recrystallized twice from 95% ethanol 
to give white crystals (22 me): mp 164-165. The mixture 
melting point of this material with uridine is 164-65'. The 
'H NMR spectrum of this material was identical to that of an 
authentic sample of uridine. 

Toluene was added and then evaporated (2 x 2 ml). 

vl 1.6-Dihvdro -6-0x0 -1 -( 2.3.5-tri -0-acetvl-8 -D-ribo- 
furanos y1) p~imidine~-carbox_ulate (8) I Methyl 6-hydroxy- 
pyrimidine-b-~arboxylate(~~) (7, 6.1 g) was silylated in the 
usual way. The resulting oil was dissolved in dichloroethane 
(75  ml). Ribose tetraacetate (12.0 g) was added and the 
solution cooled using an ice bath. 
dropwise ( 5  min) and the resulting solution stirred 45 min at 

3 room temperature and then poured into saturated aqueous NaHCO 
(300 ml) and methylene chloride (300 ml). The layers were 
separated and the aqueous layer extracted with CH2C12 ( 3  x 300 
ml). 
trated to a g u m  (17 g) that was sufficiently pure to be used 
in the next step. NMR analysis of this material indicated the 
presence of  80-90$ of the desired nucleoside triacetate, 8, 
along with some ribose tetraacetate. There was no evidence in 
this NMR spectrum for more than one nucleoside isomer. 
of this crude material was purified by column chromatography on 
silica gel eluting with hexanes-CHC13-CH3CN (4~4~2). In 
this manner the ribose tetraacetate was removed affording 8 as 
an amorphous, white solid: 
7.13 ( s ,  lH), 6.08 ( d ,  lH, J=4 Hz), 5.6-5.25 (m, 2H), 4.33 

SnC14 ( 5 . 0  ml) was added 

The combined organic layer was dried (Na2S04) and concen- 

A portion 

'H NMR (CDC13, TMS):g8.42 ( s ,  lH), 
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(broad singlet, 3H), 3.94 ( s ,  3H), 2.05-2.1 (m, 9H); IR 
(KBr): 1750, 1690 cm-’; UV (MeOH):)max 292 nm ( 6 3 0 0 0 ) .  

1,6-Dih~dro-6-o>ro-1~R-D-ribofuranosvl)~~rimidine~- 
c- carboxamide --- 19 : Crude methyl 1,6 -dihydro -6 -ox0 -1 - ( 2,3,5 - 
tri-O-acetyl-B-D-ribofuranosyl)pyrimidine-Ic-carboxylate 
(8, 1.7 g )  was added to cold methanol (85 ml) that had been 
saturated with ammonia. Stirring was continued (30 min) as 
the solution was allowed to warm to room temperature and then 
for another 3.5 h at room temperature. The solution was 
concentrated to 10 ml. Crystals formed. These were collected, 
washed with ether and dried under vacuum at 100’ to give 
analytically pure 9 (0.90 g, 81%)~ mp 188-190°z ’H NMR 
(DMSOd6, TMS):68.91 ( s ,  lH), 8.02 ( s )  and 7.80 ( s )  (2H, D20 
exchangeable), 6.85 ( s ,  lH), 5.96 (d, 5=2 Hz, lH), 5.57 (d, 
J 4 Hz, lH, D20 exchangeable), 5.24 (t, 5.4 Hz, lH, D20 
exchangeable), 5.07 (d, J=5 Hz, lH, D20 exchangeable), 4.30- 
3.50 (m, 5H); IR (KBr): 3430, 3350, 3240, 1690, 1670 cm-l; 
UV (MeOH):hmax 292 nm (€3000). 
C ,  44.28; H, 4.83; N, 15.49. Found: C, 44.1; H, 4.6; 

Anal Calcd for C10H13N30: 

N t  15.5. 
4 -Amino -1.6 -dih-vdro -1 -( I3 -D-ri bo furanosvlM -D?/rimidone ( 12 ) : 
1,6-Dihydro -6-0x0 -1 -( I3 -D-ribofuranosyl )pyrimidine 4 - 
carboxamide ( 9 ,  542 mg) was dissolved in w a r m  water (10 ml). 
The solution was allowed to cool to room temperature and 2.9 
ml of a 5.25% solution of sodium hypochlorite in water was 
added. This solution was stirred 15 min at room temperature 
and then brought to reflux where it was maintained for 30 min. 
The solution was concentrated to dryness under reduced pressure 
and the residue stirred with water and filtered. The resulting 
crystals were recrystallized from water and then dried over- 
night under vacuum at 60’ to give 12 as white crystals (180 mg): 
mp 236-38 (literature (I9) mp 237-39); ’H NhR (DMsOdg, DKISOd5): 
$ 8 . 3 5  ( s ,  lH), 6.60 (broad singlet, 2H, D20 exchangeable), 5.90  
(d, lH, 5.3 Hz), 5.04 ( s ,  1H) superimposed on a D20 exchangeable 
multiplet from 5.54.7 (3H), 4.3-3.5 (m, 5H); IR (KBr): 3375, 
3200, 3600-2000, 1635 cm’’; UV (H20, pH &):Amax 216 (~34000), 
257 ( 5 8 0 0 ) .  
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CYANOPYRIMIDINE AND CYANOPYRIDINE NUCLEOSIDE SYNTHESIS 381 

1.6-Dih~dro-6-oxo-l-(8-D-ribofuranosvl~~~imid~ne~-c~bo- 
nitrile (111: 1,6-Dihydro-6-oxo-l-( 8-D-ribofuranosyl )pyri- 
midine-4-carboxamide (9, 2.71 g, 10 mmol) was added to anhydrous 
dioxane (40 ml). Pyridine (4.4 ml) was added and the mixture 
was cooled in an ice bath. It was then stirred vigorously while 
(CF CO)20 (4.0 ml) was added (2 min). 
continued (20 min) with cooling. 
then added. 
and then 2 h at room temperature. The solution was poured into 
a cold mixture of NaHCO (20 g) in methanol (250 ml). After 
stirring 30 min the mixture was filtered and the filtrate 
treated with AmberliteR IRC 50 (5 g) with stirring. 
filtered off and the filtrate concentrated to an oil. This 
entire procedure was repeated on a 20 mmol scale using 5.42 g 

of the starting nucleoside carboxamide. The oils obtained 
from the two procedures were combined and chromatographed on a 
silica gel column (2" diameter x 24" long) eluting initially 
with CHCl rF!!eOH (12 11). The solvent polarity was gradually 
increased to 511 chloroform-methanol. Fractions containing 
p.oduct were combined and concentrated to a gum that was tri- 
turated with methanol-ether to give crystals. These were 
washed with ether and dried under vacuum at 50' to give 11 
(4.5 g ,  5976)s mp 129-131; 'H NMR 
7.25 ( s ,  lH), 5.90 (d, lH, J=lHz), 5.60 (d, lH, 5-4 Hz, D20 
exchangeable), 5.30 (t, lH, J=4 Hz, D20 exchangeable), 5.10 
(d, lH, J=4 Hz, D20 exchangeable), 4.2-3.85 (m, 3H), 3.85- 
3.5 (m, 2H); IR (KBr): 3490, 3460, 3320 ( s ) ,  3120, 2250 (w), 
1660 cm-l ( s ) ;  

(11, 188 (41, 181 (31 ,  180 (321, 164 (111, 162 (81, 161 (421, 
150 (61, 133 (211, 132 (131, 123 (81, 122 (1001, 121 (14); UV 
(MeOH): Amax 29b nm (e3600) .  
C, 47.43; H, 4.38; N, 16.60. Found: C, 47.3; H, 4.5; 
N, 16.3. 

Vigorous stirring was 3 
More (CF3CO)20 (2.0 ml) was 

Stirring was continued another 10 min at 0-5' 

3 

This was 

3 

(~~.~sod6, TMS)r$9.03 ( s ,  lH), 

MS: m/e: 254 (1$),253 (M:, 11, 223 (11, 192 

Anal Calcd for C10HllN305: 

1.2-Dihvdro-2-oxo~:id~ne-4-carbonitrile (14): 4-Cyanopyridine- 
N -oxide ( 24) (25 g )  was added to trifluoroacetic anhydride (150 
ml) and the mixture heated in a sealed tube for 7 days in an oil 
bath maintained at 110'. After cooling the tube was opened, the 
contents filtered and the filtrate added dropwise (1 h) with 
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382 SCHLIEPER AND WEMPLE 

stirring and ice bath cooline to methanol (300 ml). 
ing mixture was filtered and the solid washed with methanol 
and ether to give the crude product (10 g). 
lized from aqueous ethanol using a charcoal decolorization to 
give needles (6.0 g). This material was recrystallized again 
from aqueous ethanol to give tan needles that were dried over- 
night under vacuum at 60' (4.3 g ,  175): 'H NNR 
( UklSOd6, TMS) : 8 12.3 ( s , lH, D20 exchangeable ) , 7.63 (d ,  J:7 Hz, 
lH), 6.97 (d, Jz2 Hz, lH), 6.49 (d, d, J:7 Hz, 2 Hz, 1H); IR 
(KBr): 3200-2300, 2240 (w), 1690, 1675 ( s ) ,  1625 cm'l; MS:m/e 
121 (751, 120 (Bit, 851, 93 (7), 92 (1001, 77 (2), 76 (51, 75 
(31, 66 (71, 65 (251, 64 (251, 63 (7); W (rJeOH):hmax 331 nm 
(~4600). Anal Calcd for C6H4N20: C, 60.00: H, 3.36; N, 23.33. 
Foundr C, 59.9: H, 3.1; N, 23.3. 

The result- 

This was recrystal- 

mp 278-280°; 

1.2 -Dihydro-2-oxo -1 -( 2.3.5-tri -0-acetyl -B -D-ribofuranos - 
yl)pyridine-4-carbonitrile (15): 1,2-Dihydro-2-oxopyridine- 
4-carbonitrile (14, 4.8 g) was converted to its O-trimethyl- 
silyl derivative in the usual way. The oil was dissolved in 
dichloroethane (100 ml). Ribose tetraacetate (11.85 g) was 
added and the solution cooled using an ice bath. 
ml) was then added droprvise (10 min). The solution was stirred 
30 min at 0-5' and then 1.5 h at room temperature. It was then 
poured into saturated aqueous NaHCO 
( 3 0 0  ml). The layers were separated and the aqueous layer 
extracted with CHZC12 (3 x 200 ml). 
layer was dried (Na2S04) and concentrated to an oil that was 
placed on a silica gel column (2" diameter x 30" long) 
eluting with hexanesCHC13-CH3CN (5:3:2). The product was 
found in fractions 8-16 (13 g, 86%).  Fraction 10 was 
obtained analytically pure : mp 94-95' ; 'H NWR ( CDC13, ThlS) : 
67.78 (d, J=7 Hz, lH), 6.92 (d, J=2 Hz, lH), 6.40 (d, d, 5-7 
Hz, 2 Hz, lH), 6.26 (d, J=4 Hz, lH), 5.55-5.25 (m, 2H), 4.42 
(broad singlet, 3H), 2.14 ( s ) ,  2.12 ( s ) ,  2.10 ( s ) ,  (9H); I H  
(KBr): UV (MeOH): 
bmax 335 nm (~4900). Anal Calcd for C17H18N,og: c, 53.97; 
H, 4.79; N, 7.40. Found: C, 54.0; H, 4.7; N, 7.4. 

SnC14 (4.95 

(300 ml) and CH2C12 

The combined organic 

3 

2240 (w), 1755 ( s ) ,  1680 ( s ) ,  1605 crn-': 

l.Z-Dihvdro-Z-oxo-l-(B-D-ribofuranosyl)DvridineJC-carbo- 
nitrile (16) : 1,2-Dihydro-2-oxo-l-( 2,3,5-tri-O-acetyl-p- 
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CYANOPYRIMIDINE AND CYANOPYRIDINE NUCLEOSIDE SYNTHESIS 383 

D-ribofuranosy1)pyridine-k-carbonitrile (15, 10.0 g) was 
dissolved in methanol (1.5 1) and NaHCO (15 g) was added. 
The mixture was allowed to stand at room temperature for 18 
h and then filtered and the filtrate added to AmberliteR 
IRC 50 ( 2 0 0  g). 
filtered and the filtrate concentrated to an oil. Ethanol 
(50 ml) was added followed by ether. 
(2.7 Q, 40%). This was recrystallized from ethanol-hexanes 
and the white plates dried under vacuum at 50' over the week- 
end to give 16 (1.5 g )  I mp 14-4-45°; 'H NMR (DMsOd6, TMS) # 

68.20 (d, J:7 Hz, lH), 6.97 (d, J=2 Hz, lH), 6.54 (d, d, J = 7  
Hz and 2 Hz, lH), 5.95 (d, J=2 Hz, lH), 5.55-5.25 (m, lH, D20 
exchaneeable), 5.254.9 (m, 2H, D20 exchangeable), 4.1-3.6 
(m, 5H); IR (ICBr): 3440 ( s ) ,  3340 ( s ) ,  2240 (w), 1660 (s); 
MS: m/e 253 (0.5%), 252 (M?, 2F), 234 (11, 179 (101, 163 (lo), 

120 (391, 115 (121, 103 (311, 92 (42); 
nm (65000). Anal Calcd for C11H12N205: C, 52.38; H, 4.80; 
N, 11.11. Foundr C ,  52.5; K ,  4.5; N, 11.2. The mother 
liquors from the above crystallizations were combined and 
subjected to chromatography on a silica gel column (2'' 
diameter x 30'' long) eluting with CHCl3-r~1eOH (1011). 
containing product were concentrated affording more 16 
(1.5 g )  isolated as a white solid: mp 141-143. 

3 

After stirring 30 min this mixture was 

Standing gave crystals 

149 ( 5 ) s  145 (71, 133 (351, 132 (131, 122 (81, 1 2 1  (100)s 
UV (Me0H)r Amax 3,?6 

Fractions 

3-Hvdro~~DW idine-k-carbonitrile (18 and 4-cvano-3-oxido- 
1-methvlDsrridinium (19): Iodotimethylsilane (90 m l )  was heated 

(UV (MeOH):  Amax 304 nm (€5500)) added. 
stirred at reflux for 3 h and then concentrated to dryness 
under reduced pressure. Toluene was added and this evapor- 
ated (2 x 150 ml). 
in methanol (50 ml) and the resulting solution concentrated 
to dryness. Methanol (50 ml) was added to the residue. 
After stirring the mixture was filtered and the filtrate 
concentrated to a yellow-orange solid that was then re- 
crystallized from ethanol-ether to give crude product, 
11.0 g. The mother liquors were saved and used in the 
isolation of 3-hydroxypyridine-4-carbonitrile. The 11 
grams of crude material were dissolved in methanol (200 ml) 

at reflux and 3-methoxypyridine-4-carbonitrile (15 g )  (22 1 
The mixture was 

The resulting red solid was dissolved 
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384 SCHLIEPER AND WEMPLE 

and NaHCO added to neutralize the solution. The solution 
was concentrated to 35 ml, the salt removed by filtration 
and the filtrate applied to a silica gel column (3" diameter 
x 12" long) eluting with chloroform-methanol (3:l). Fractions 
containing product were concentrated to a solid which was re- 
crystallized from ethanol to give 19 as yellow needles that 
were dried at 40' for 3 days under vacuum (3.6 g ,  24G): rnp 
237-240° (Aec); 
7.70 (d, lH, J=7 Hz), 7.33 (d, d, l i i ,  J=7 HZ and 1 Hz), 
4.01 ( s ,  3H); IR (KBr): 3120, 2220, 1615 cm-l; UV 
(Me0H)Xmax 229 nm (€22,900), 253 (58001, 372 (7600). 
Anal Calcd for C H N 0: C, 62.68; H, 4.51; N, 20.89. 
Found: C, 62.6; H, 4.4; N, 20.7. 

3 

'H NMR (DMSOd6, TIITS): 2 7.82 (d, lH, J.1 Hz), 

7 6 2  

The ethanol-ether mother liquors described above were 
concentrated and the residue placed on a si l ica g d  cdmn(i' 
diameter x 30" long) eluting with CHC13: MeOH (6:l). 
The fractions containing product were concentrated to dry- 
ness and the residue dissolved in water and the pH adjust- 
ed to 6 with NaHC03. 
collected and dried to provide 18 (6.0 g, 45$). This was 
sufficiently pure for the ribosylation step. A portj.on 
was recry:.t&llized from ethyl acetate-hexanes and the 
crystals dried under vacuum at 80' overnight to give the 
analytical sample I mp 163-165'; 'H NMR ( D M S O ~ ~ ,  TMS) : 
611.6 (broad singlet, lH, D20 exchangeable), 8.48 ( s ,  lH), 
8.22 (d, lH, 555 Hz), 7.66 (d, lH, J=5 Hz); IR (KBr): 
3200-2100, 2235 (w), 1605 cm'l (w); UV (1l'ieOH)Amax 306 nm 
(€5200). Anal Calcd for C6H4N20: C, 60.00; H, 3.36; 
N, 23-33, Found: C, 60.3; H, 3.1; N, 23.3 .  

Crystals were formed which were 

4-Cyano-3-oxido-1(2.3.5 -tri -0-acetvl -B -D-ribofuranos - 
yl)-Dyridinium (20): The 0-trimethylsilyl derivative of 3- 
hydroxypyridine-4-carbonitrile (18, 3.6 g> was prepared and 
the oil dissolved in dichloroethane ( 3 0  ml). Ribose tetra- 
acetate (9.5b g )  was added, the solution cooled in an ice 
bath and SnC14 (3.9 ml) added dropwise ( 5  min). 
was stirred at 0-5' for 1 h and then poured into saturated 
aqueous NaHCO (500 ml) and methylene chloride (500 ml). 
The layers were separated and the aqueous layer extracted 
with methylene chloride ( 3  x 300 ml). The combined organic 
layers were dried (P'a2S04) and concentrated to an o i l  which 

The mixture 

3 
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CYANOPYRIMIDINE AND CYANOPYRIDINE NUCLEOSIDE SYNTHESIS 385 

was redissolved in StOAc (50 ml). Standing eave crystals: 
6.5 g (57';6). A portion of this material was recrystallized 
from chloroform-ethyl acetate and then from methanol to 
give the analytical sample which was dried overnight at 50': 
mp 153-155; 'H NLlR (DIdSOd6, TMS): 8 8.05 (d, 1H, J=1 Hz), 
7.87 (d, lH, 526 Hz), 7.5'4 (d, d, lH, 5.6 Hz, 1 Hz), 6.25 
(d, lH, J=4 Hz), 5.6-5.25 (m, ZH), 4.8-4.35 (m, 3H), 2.11 
( s ,  9H). IR (KBr): 2220 (w), 1745 ( s ) ,  1610 cm-'; UV 
(I4eOH): Xmax 232 nm (623000), 253 (shl), 376 (7200). Anal 
Calcd for C17H1#208: C, 53.97; H, 4.79; N, 7.40. Found: 
T ,  53.8; H, 5.1; N, 7.2. 

4-Cvano-3-oxido -1 ( ~ - D - r i b o f u r a n o s v l ~ w i d i n i w n  (21 1 : 
4 -Cyan0 -3-oxido -1 (2,3,5-tri -0-acetyl -B -D-ribofuranos - 
yl)pyridinium (20, 5.0 g )  was dissolved in methanol (500 ml) 
and NaHCO After standing 44 h at room 
temperature, the NaHCO 
50 (35 c )  added. This was stirred 1 h at room temperature 
and filtered. The filtrate was concentrated to 5 ml and 
ethanol (10 ml) added. Crystals settled out. These were 
washed with 1x1 EtOH-ether and dried under vacuum at 80' for 
2 days to give 21 (2.7 e,  81%): 
TMS): S8.10 (d, lH, J-1 Hz), 7.80 (d, lH, 5.6 Hz), 7.60 (d, 
d, lH, 5-6 Hz, 1 Hz), 5.66 (d, 5.4 Hz, 1H) superimposed on a 
D20 exchangeable multiplet at 5.7-5.9 (lH), 5.25-5.5 (m, 2H, 
D20 exchangeable), 4.25-4.0 (m, 3H), 3.8-3.6 (m, 2H); 
(KBr): 3350 ( s ) ,  3160, 2235 (w), 1610 cm'l; UV (BIeOH): 
Amax 231 nm (~20,600), 254 (shl), 373 (7,190). 
for CllH12N205: C, 52.38; H, 4.80; N, 11.11. Found: 
C, 52.1; H, 4.9; N, 10.9. 

(2.5 e )  was added. 3 
was filtered off and Amberlite' IRC 3 

mp 176-178'; 'H NLIR (DMOd6, 

IR 

Anal Calcd 
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