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Antibiotic Formycin and Structural Elucidation of Products by Magnetic 

Circular Dichroism Spectroscopy1 
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T h e  d i rect  me thy la t i on  of f o rmyc in  (9) has furn ished t h e  t w o  monomethy l  derivatives, 7-amino-l-methyl-3-(,!3- 
~-ribofuranosyl)pyrazolo[4.3-d]pyrimidine (10) a n d  7-amino-2-methyl-3-(B-~-ribofuranosyl)pyrazolo[4,3-d]pyri- 
m i d i n e  (12). An unequivocal  assignment of t he  above structures was made  by a compar ison of t he  magnet ic  c i r -  
cu lar  d ichro ism (MCD) curves obta ined for t he  m o d e l  compounds 7-amino-2,3-dimethylpyrazolo[4,3-d]pyrimi- 
dine (6) a n d  7-amino-1,3-dimethylpyrazolo[4,3-d]pyrimidine (7) w i t h  the MCD spectra of 10 a n d  12. T h e  un- 
equivocal synthesis of 6 a n d  7 was accomplished by r i n g  annu la t i on  of t h e  appropr ia te ly  subst i tu ted pyrazole 
precursors. T h e  synthesis of 1,3-dimethylpyrazolo[4,3-d]pyrimidin-7-one (8) a n d  2-methyl-3-(/3-~-ribofuranosyl)- 
pyrazolo[4,3-d]pyrimidin-7-one (11) was accompl ished by a n  unusua l  displacement of t he  exocyclic amino 
group in 1 N sod ium hydrox ide 

The antibiotics formycin and formycin B were isolated3 
from Norcardia interforma and f ~ u n d ~ - ~  to be C-nucleos- 
ides which were isomeric with the naturally occurring nu- 
cleosides adenosine and inosine, respectively. These anti- 
biotics are of considerable interest since they are C-nu- 
cleosides and belong to the same class of compounds as 
~howdomycin ,~  pseudouridine,8 and py ra~omyc in .~  Formy- 
cin has demonstrated inhibition of Ehrlich carcinoma, 
mouse leukemia L-1210, Yoshida rat  sarcoma, HeLa cells, 
and X a n t h o m o n a s  oryzae as well as some antiviral activ- 
ity.3,12 Formycin 5'-triphosphate acts as a source of bio- 
logical energy13 and ribopolynucleotides with formycin 
replacing adenosine, a t  the binding site of t-RNA to ribo- 
somes, have shown14 no mistranslation of the messenger. In 
fact, formycin has shown the ability to act as a substrate for 
a number of enzymes specific for adenosine, including aden- 
osine kinasell and, unfortunately, adenosine deaminase.1° 
The resemblance of formycin to adenosine is thus appar- 
ent in many biological systems. Since formycin is such an 
excellent substrate for adenosine deaminase, this would 

suggest that  although formycin hydrobromide has been 
found to exist in the syn conformation, there must be a 
population of formycin in the anti conformation in solu- 
tion and in uzvo. In fact, a recent X-ray study15 has re- 
vealed that formycin, p e r  se, exists on the average some- 
where between the classical syn and anti forms (amphi 
formlG) in the solid state. A recent study has established 
that adenosine derivatives in the syn conformation are not 
substrates for adenosine deaminase and this prompted us 
to initiate a study17 designed to restrict rotation around 
the glycosyl (carbon-carbon) bond of formycin and in- 
crease the per cent of nucleoside in the syn conformation. 

The isomeric purine nucleosides, when alkylated on an 
imidazole nitrogen. form salts with a positively charged 
heterocyclic ringla which can then undergo a facile ring 
opening.lg However, formycin presents a unique opportu- 
nity to alkylate a ring nitrogen of a bicyclic nucleoside 
without the usual quaternization. These alkylated deriva- 
tives of formycin should be chemically very similar to 
formycin and yet the 2-alkyl derivative should exhibit 
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Table I 
Ultraviolet Absorption Spectral Data  for Some 

Substituted Pyrazolo [4,3-d]pyrimidines 
PH 1 pH 11 MeOH 
Amax, Amax, Amax, 

Compd nm B X 10-9 nm B X 10-8 nm B X 10-8 

9 

3 
5 

7 

2 
4 

6 

12 

10 

11 

295 
232.5 

282 

305 
241.5 

278 

305 
270a 
258 
234 
305 
270 
260 
231 
302 
236 

284.5 

10.15 
8.28 

7.80 

9.45 
12.55 

6.96 

9.80 
4.90 
6.54 
15.10 
11.24 
5.90 
6.05 
10.95 
6.32 
7.03 

9.30 

302 
234 

282 
282.5 
230 
315 a 
303 
295 a 

278 
278 
255a 
316a 
304 
294 
232 
3178 
305 
2950. 
237 
314. 
301 
2930 
232 
310a 
299 
291 
228.5 

7.90 
17.90 

8 . 4 7  
7.66 
13.70 
6.04 
9.30 
8.80 

7.89 
4.49 
2.72 
6.20 
10.10 
8.65 
8.50 
8.45 
12.90 
11.24 
5.61 
3.93 
6.46 
6.19 
6.51 
8.60 
13.80 
12.70 
7.05 

304 
293.5 
286. 
230 
278 
290 
230 
315 
303 
297 a 
233 
272 
276 
255 
3160 
304 
294a 
232 
317a 
305 
2958 
237 
3148 
301 
293 
231 
283 

7.20 
10.55 
9.88 
5.87 
8.96 
6.00 
6.88 
6.04 
9.48 
9.08 
9.62 
6.48 
4.49 
3.00 
6.54 

10.19 
8.65 
7.84 
8.85 
13.80 
11.80 
6.05 
3.65 
6.18 
5.75 
5.20 
10.15 

a Shoulder. 

some steric restriction toward rotation around the glycosyl 
bond and decrease the population of nucleoside in the anti 
conformation. 

Results and Discussion 
Since alkylation of formycin could lead to a number of 

products, depending on the pH of the solution and the al- 
kylating agent used, we selected conditions designed to fa- 
cilitate preferential alkylation of the pyrazole moiety. The 
monosodium salt of formycin was prepared and then alk- 
ylated by the addition of excess methyl iodide. Chroma- 
tography (tlc) of the reaction mixture revealed the pres- 
ence of three products. The two major components were 
isolated and purified by dry column chromatography 
while the third product was not isolated, since it was esti- 
mated to be present in only a very small quantity. There- 
fore, with the isolation of two products, we were required 
to establish the actual site of methylation for each prod- 
uct. 

The initial structural elucidation studies5 of formycin 
and formycin B confirmed the similarity of their ultravio- 
let spectra with the ultraviolet spectra of the correspond- 
ing 7-substituted 3-methylpyrazolo[4,3-d]pyrimidines.20 
This prompted us to synthesize the appropriate 3-methyl- 
pyrazolo[4,3-d]pyrimidines [7-amino-1,3-dimethylpyra- 
zolo[4,3-d]pyrimidine (7) and 7-amino-2,3-dimethylpyra- 
zolo[4,3-d]pyrimidine (S)]  in order to establish the actual 
site of methylation of formycin (v ide supra). It has been es- 
tablished that the most facile synthesis of the pyrazolo[4,3- 
dlpyrimidine moiety can be accomplished by ring annu- 
lation of the appropriately substituted pyrazole precur- 
sor.20,21 Therefore, we selected 5-cyano-1,3-dimethyl-4- 
nitropyrazole22 (3), which had been prepared by the nu- 
cleophilic displacement of a chloro group by cyanide, as 
our starting material for the synthesis of the model com- 

Scheme I 
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pound 7. The nitro group was reduced with sodium hydro- 
sulfite to furnish 4-amino-5-cyano-1,3-dimethylpyrazole 
( 5 )  and treatment of 5 with formamidine acetate afforded a 
good yield of 7(Scheme I). 

The synthesis of 3-cyano-1,5-dimethyl-4-nitropyrazole 
(2) by a similar route was then initiated. The synthesis of 
3-chloro-1,5-dimethyl-4-nitropyrazole was accomplished, 
but repeated attempts to displace the chloro atom with 
cyanide in dimethylformamide under the same and even 
more forceful conditions as those that yielded 3 were not 
successful. The synthesis of this compound (2) was finally 
accomplished by methylation of 5-cyano-3-methyl-4-nitro- 
pyrazole21 (1). The isomeric 5-cyano-1,3-dimethyl-4-nitro- 
pyrazole (3) was also formed but only in a very low yield. 
The nitro group of 2 was reduced with sodium hydrosulfite 
and ring closure with formamidine acetate yielded 6. 

As stated above, when this investigation was initiated, 
we had expected to ascertain the actual site of methyl- 
ation of formycin by a comparison of the ultraviolet spec- 
tra of the formycin derivatives with the ultraviolet spectra 
of the model compounds 6 and 7. However, unlike the 
closely related pyrazolo[3,4-d]pyrimidine ring system, the 
ultraviolet spectra of the model compounds 6 and 7 were 
found to be very similar (Table I ) .  Therefore, a compari- 
son of the ultraviolet and pmr spectra of the monomethyl 
derivatives of formycin (vide supra) and the model com- 
pounds 6 and 7 allowed us to make only a very tentative 
assignment of structure for the specific methylformycins. 

Formycin has been reportedl3 to be fluorescent; there- 
fore, owing to the difference in their structures, we ex- 
pected the methylformycins to produce dissimilar fluo- 
rescent spectra, However, fluorescent spectra of the meth- 
ylformycins and the model compounds 6 and 7 were ob- 
tained and no definitive conclusions could be drawn as to 
their unequivocal structural assignment. 

We have recently observed a very close similarity be- 
tween the magnetic circular dichroism (MCD) spectra of 
7 -methyl purine23 and 7 - (6 -D -ribofuranosyl) purine2 * in our 
laboratory, MCD should theoretically provide more infor- 
mation than that obtained by the usual spectrophotomet- 
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ric techniques owing to negative bonds and the increased 
sensitivity to changes in electronic structure. This sensi- 
tivity of MCD spectra to the precise chromophoric struc- 
ture has been shown to provide definitive spectra for iso- 
meric compounds, e .g . ,  the N-methyl (1, 3, 7, and 9) de- 
rivatives of purine. Therefore, although the MCD spectra 
of 7-methylpurine and 7-(p-~-ribofuranosyl)purine are 
very similar, there was observed a significant difference 
between 7-methylpurine and the isomeric 1-, 3-, and 9- 
methylpurines. This prompted us to obtain the MCD 
spectra of 6, 7 ,  and the methylated formycins. The MCD 
spectra (Figure 1) have provided a very clear distinction 
between the two methylated derivatives of formycin and 
allowed us to make definite structural a s ~ i g n m e n t s . ~ ~  

Of particular interest is the fact that  the spectra ob- 
served for 7 and 1-methylformycin are very similar to the 
spectrum observed for formycin, p e r  se.  Since the spectra 
for 6 and 2-methylformycin are so dissimilar to those of 
formycin and 1-methylformycin, this would suggest that 
formycin in solution under the present conditions proba- 
bly exists predominantly with the proton residing on the 
N-1 nitrogen of the pyrazole moiety. I t  is of interest that 
s t u d i e ~ ~ ~ , ~ ~  on the tautomerism of formycin, per  se, by 
I3C nuclear magnetic resonance has revealed that proto- 
tropic tautomerism can be a function of temperature and 
solvent. Therefore, although MCD spectroscopy may be 
very useful in the elucidation of tautomeric structures, 
considerable effort must be expended in this area before 
any of these preliminary observations can be corroborated 
and firmly established. 

On treatment of 6, i, 10, and 12 individually with 1 Ai 
sodium hydroxide a t  reflux temperature, the position of 
the ultraviolet maxima was found to shift to lower wave- 
lengths in each case. In view of the structures assigned 
these compounds (Scheme 11), a Dimroth rearrangement 

Scheme IIo 

"2 

HOC@ r c e  

HO OH HO OH 
9 \ 10 

" O c a  
HO OH 

11 
HO OH 

12 

a All nucleosides have been drawn in the syn conformation, al- 
though 9 and 10 probably exist predominantly in either the anti 
or amphi conformations as per the Discussion Section. 

was not deemed possible. This prompted us to conduct 
the reaction on a larger scale with 7 and 12 and the isolat- 
ed products were identified as 1,3-dimethylpyrazolo[4,3- 
dlpyrimidin-7-one (8) and 2-methyl-3-(P-D-ribofuranosyl)- 

{'.\, 7-Amino- 3 -methyl -pyrazoIo - 

I I 
I 

I 

\ [ 4 , 3 - d ]  pyrimidine 

\ 

I 1 I I 
240 260 Ahm) 300 320 

Figure 1. MCD spectra of some pyrazolo[4,3-d]pyrimidines. 

4 

L 
X - 
E 
.4 

a 

4 

I? 
X 
c 

0, 
4 

4 

n 

X 
b 
c 

0, 
4 

pyrazolo[4,3-d]pyrimidin-7-one (11). The conversion of an 
amino group into a hydroxyl function under basic condi- 
tions is not normally observed in heterocyclic chemistry, 
although this conversion has been reportedzs to occur for 
3-methylguanine uia an apparent nucleophilic displace- 
ment. The possibility of a ring opening followed by ring 
closure could not be demonstrated, since chromatography 
(tlc) of the reaction solutions of 7 and 12 revealed only 
starting material and product. Apparently, in this case, a 
nucleophilic displacement of the amino group by base 
does occur. 

I t  has been observed that 12 exhibited a higher T/C 
against leukemia L-1210 than 10, although whether this 
difference is due to a difference in conformation (syn or 
anti) or their ability to act as substrates for specific cata- 
bolic and anabolic enzymes. etc., will be determined by 
additional studies. 

Experimental Section29 
3-Cyano-1,5-dimethyl-4-nitropyrazole (2). 5-Cyano-3-methyl- 

4-nitropyrazole (1, 5.0 g) was dissolved in water (100 ml) contain- 
ing sodium hydroxide (1.4 g) and to this solution was added 3.76 
ml of dimethyl sulfate. The solution was stirred for 45 min and 
then extracted with CHC13 (2 X 200 ml). The combined CHC13 
extracts were washed with HzO (100 ml), dried over magnesium 
sulfate, and evaporated to  dryness in uacuo. The white solid was 
dissolved in a minimum amount of boiling MeOH and allowed to 
stand a t  0" for 16 hr .  The solid which had separated was removed 
by filtration. The filtrate was evaporated to  ea. half volume and 
the solid was again collected by filtration. The presence of a very 
small amount of 2 and 3 was detected in the filtrate by tlc. The 
combined solid was dried a t  room temperature in a vacuum des- 
iccator over phosphorus pentoxide to yield 3.78 g (69.2%) of 2. An 
analytical sample was prepared by three recrystallizations from 
EtOH-H20, mp 113-114". 
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Anal. Calcd for CsH&J4Oz: C, 43.38; H, 3.64; N,.33.72. Found: 
C, 43.39; H,  3.98: N. 33.61. 
4-Amino-3-cyano-l,5-dimethylpyrazole (4). 3-Cyano-1,5-di- 

methyl-4-nitropyrazoIk (2, 1.0 g) was treated by the same proce- 
dure (A) which yielded 5. The product was recrystallized from 
H2O for analysis to yield 0.23 g (28.8%) of 4, mp 144-145". 

Anal. Calcd for CeH8N4: C, 52.94; H,  5.93; h', 41.15. Found: C, 
52.68; H,  6.13; N, 41.20. 
4-Amino-5-cyano-1,3-dimethylpyrazole (5). Method A. 5- 

Cyano-1,3-dimethyl-4-nitropyrazole30 (3, 2.5 g) was slurried in 
boiling HzO (25 ml) and then stirred rapidly during the gradual 
addition of sodium hydrosulfite (8.7 g). The temperature of the 
reaction mixture was maintained between 75 and 80" by the rate 
of addition. After the final addition of sodium hydrosulfite, the 
solution was filtered immediately and then allowed to stand a t  0" 
for 16 hr. The solid was collected by filtration and recrystallized 
from HzO to yield 0.58 g (28.2%) of 5. Recrystallization from H20 
produced an analytical sample which was dried in uucuo a t  100", 
mp  116-117". 

Anal. Calcd for CSH8N4: C, 52.94; H, 5.93: N. 41.15. Found: C, 
52.70; H,  5.91; N, 41.28. 

Method B. A solution of 3 (1.66 g) in 100 ml of MeOH was hy- 
drogenated a t  1 atm over 5% Pd/C (0.8 g). After the calculated 
amount of hydrogen had been absorbed, the mixture was filtered 
through a Celite pad and the pad was washed with warm MeOH 
(2 X 50 ml). The filtrate and washings were combined and evapo- 
rated to dryness. The crude product (mp 115-118") was recrystal- 
lized from H2O to provide 5 (0.95 g, 69.8%), mp 117-119", identi- 
cal in all respects with the sample obtained from method A. 
7-Amino-2,3-dimethylpyrazolo[4,3-d]pyrimidine (6). 4- 

Amino-3-cyano-1,5-dimethylpyrazole (4, 0.18 g) and formamidine 
acetate (0.2 g) were heated in EtOH (20 ml) a t  reflux tempera- 
ture for 2 hr. The EtOH was removed in ~ a c u o  and the resulting 
solid was recrystallized from H2O to yield 0.14 g (65.170) of 6.  An 
analytical sample was prepared by two recrystallizations from 
H20, mp  289-290" dec. 

Anal. Calcd for C7H9N5: C, 51.52; H ,  5.56; N, 42.92. Found: C, 
51.75; H,  5.49; N,  43.20. 
7-Amino-1,3-dimethylpyrazolo[4,3-d]pyrimidine (7). Method 

A. 4-Amino-5-cyano-1,3-dimethylpyrazole (5 ,  1.06 g) and for- 
mamidine acetate (1.15 g) were heated in EtOH (50 ml) a t  reflux 
temperature for 1 hr. The EtOH was removed in uacuo. EtOH (50 
ml) was added, and again evaporated to dryness with this proce- 
dure being repeated three times. The residue was added to EtOAc 
(200 ml) a t  reflux temperature and the small amount of insoluble 
material was removed by filtration. The filtrate was reduced in 
volume to ca. 100 ml and allowed to stand at  5" for 16 hr. The 
yellow solid was collected by filtration and recrystallized from 
EtOAc to yield 0.6 g of 7, mp 242-244". 

Anal. Calcd for C ~ H ~ N E :  C, 51.52; H,  5.56; N, 42.92. Found: C, 
51.49; H,  5.50; N,  43.20. 

Method B. 4-Amino-5-cyano-1.3-dimethylpyrazole (5, 0.5 g) 
and formamidine acetate (0.58 g) were dissolved in absolute 
EtOH (50 ml) and the solution was heated at  reflux temperature. 
The reaction was monitored by tlc; after 3 hr an additional por- 
tion of formamidine acetate (104 mg) was added. The reaction 
mixture was heated a t  reflux temperature for an  additional 1 hr 
(total 4 hr). The reaction mixture was evaporated to dryness and 
the residue was then dissolved in hot EtOAc (ea. 100 ml), filtered, 
and let stand at  room temperature for 18 hr. The crystalline ma- 
terial was collected by filtration and air dried to yield 7 (0.53 g, 
88.5%), mp 242-244". This compound was identical in all respects 
with the sample obtained by method A. 
l-3-Dimethylpyrazolo{4,3-d]pyrimidin-i-one (8). 7-Amino- 

1,3-dimethylpyrazolo[4,3-d]pyrimidine (7 ,  1.1 g) was added to 10 
ml of 1 N sodium hydroxide and the solution was then heated a t  
reflux temperature for 3 hr. The solution was allowed to cool a t  
room temperature, and Dowex 50W-X4 was added (ca. 10 ml of 
washed resin) with stirring until the pH of the solution was ea. 7. 
The resin was removed by filtration and washed with 40 ml of hot 
HzO. The filtrate and washings were combined and evaporated to 
dryness, EtOH (50 ml) was added, and again evaporated to dry- 
ness, The resulting solid was dissolved in hot HzO (30 ml), all in- 
soluble material was removed by filtration, and the solution was 
allowed to stand a t  5" for 18 hr. The solid was collected by filtra- 
tion and dried a t  110" in Gaeuo to yield 0.38 g of 8, mp  303-304". 

Anal. Calcd for C7HgN40: C,  51.22; H, 4.88; N, 34.15. Found: 
C,  51.19; H, 4.89; N,  33.99. 

2-Methylformycin (12) and  1-Methylformycin (10). Formycin 
(9, 4.0 g) and sodium (0.44 g) were added to EtOH (100 ml) and 
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the mixture was stirred to effect a clear solution. Methyl iodide (1 
ml) was then added and the solution was stirred a t  room temper- 
ature. An additional quantity of methyl iodide (1 ml) was added 
at  the end of the first and the second hour and the solution was 
then stirred for an additional 16 hr. The solid was removed by fil- 
tration, recystallized from isopropyl alcohol, and dried to yield 
1.13 g (24.4%) of 2-methylformycin (12). An analytical sample 
was prepared by two additional recrystallizations from isopropyl 
alcohol and dried in uacuo a t  110", mp 205-206". 

Anal. Calcd for CllH15N504: C,  46.98; H ,  5.37; N,  24.91. 
Found: C, 47.01; H,  5.51; N, 25.16. 

The filtrate, after removal of the 2-methylformycin (12), was 
evaporated to dryness following the addition of silica gels1 (3 g). 
The residue was applied to the top of a dry column (silica gel, 1.5 
X 24 in.) and eluted with the upper phase of an ethyl acetate-l- 
propanol-water (4: 1:3) mixture. The fractions were monitored 
with tlc on SilicAR 7GF in the same solvent system, fractions 
containing only the compound of Rr 0.48 were collected and com- 
bined, and the solvent was removed in vacuo. The solid was re- 
crystallized twice from EtOAc-MeOH and dried in uaeuo a t  110" 
to yield 0.16 g (3.8%) of l - m e t h y l f o r m y ~ i n ~ ~  ( lo) ,  mp foams 170- 
173", dec >200". 

Anal. Calcd for CllH15N504: C, 46.98; H,  5.37; N, 24.91. 
Found: C, 46.79; H,  5.69; N, 25.03. 
2-Methyl-3-(~-~-ribofuranosyl)pyrazolo[4,3-d]pyrim~d~n-7- 

one (11) (2-Methylformycin B). 2-Methylformycin (12, 0.4 g) was 
added to aqueous 1 N sodium hydroxide (10 ml) and the solution 
was heated a t  reflux temperature for 3 hr. The solution was 
cooled to room temperature, Dowex 50W-X2 (H+, 10 ml, pre- 
viously washed with 100 ml of HzO) was added, and the mixture 
was stirred until the  pH was adjusted to ea. 4. The resin was re- 
moved by filtration and washed with boiling H20 (50 ml). The 
combined filtrate and washing was evaporated to dryness. and 
EtOH (50 ml) was added and removed in uacuo. This process was 
repeated again and the resulting solid was recrystallized twice 
from a mixture of MeOH-EtOAc to yield 0.064 g (16%) of 11, mp 

Anal. Calcd for CllH14N405: C, 46.85; H,  5.00; N, 19.87. 
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T h e  iso la t ion a n d  character izat ion of several cyano adducts  lla-e of 1-subst i tu ted pyridinium salts 10 i s  de-  
scribed. These represent the  f i r s t  examples of t h i s  t ype  o f  compound.  In addi t ion,  t he  f i r s t  Reissert- l ike com- 
pound (12a) from pyr id ine  i s  reported, Con t ra ry  t o  earl ier suggestions, t h e  t i t l e  compounds are re la t ive ly  stable. 
An explanat ion o f  t h e  s tab i l i t y  o n  t h e  basis of in teract ion of t h e  N subst i tuent  with the  reactive d ihyd ropy r i -  
d ine r i n g  i s  presented. 

The synthesis of stable, simple dihydropyridines has re- 
ceived increased attention recently.2 Such compounds are 
of interest t h e o r e t i ~ a l l y ~ ~ ~  and as precursors in synthetic 
applications.2 ,4 

I t  has been shown that cyanide reacts with 1,3-disubsti- 
tuted pyridinium salts 1 to afford the corresponding 4- 
cyano adducts 2.2 Only salts related to 1 yield isolable 

I 
R 

1 
I 

R 
2 

R = a l k y l  
X = CON&, CO,Me, 

products.2 That  adducts of other salts were not observed 
was assumed to be due both to the low electrophilicity of 
the salt and the lack of resonance stabilization of the cor- 
responding cyano adduct which is only possible in species 
such as Z5 

While 3-unsubstituted pyridinium salts 3 had been 
found to  be unreactive with ~ y a n i d e , ~  related reactions are 

CN, COMe,  COPh 

0 N+ 
I 
R 
3 

R = alkyl,  aryl,  acy l  

known. Thus, the corresponding quinolinium adducts (4, 
5 )  have been known for many year~ ,69~ while l-alkoxy- 

CP; 

I 
M e  

4 

and 1-amidopyridinium salts 6 yield transient cyano ad- 
ducts which decompose with loss of an alcohol or amide to 

1 R  
R 
6 

I 
R 

R = OR, RNCOR' 
produce cyanopyridines.8 In contrast to Gauthier's results, 
cyano adduct 7 was found to be stable in DMSO.9 

CN 

b I 

I 
Me 
7 

Within the last several years it has been reported that 3 
(R = alkyl or aryl) reacts with cyanide to  afford dihydro- 
bipyridine 8 or its oxidized derivatives.l0Jl Although 

3 - -CK H N X K R  - 
a 


