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Studies on Pyrazines. Part 22.' Lewis Acid-Mediated Cyanation of Pyrazine 
N-Oxides with Trimethylsilyl Cyanide: New Route to  2-Substituted 
3- Cyanopyrazines 

Nobuhiro Sato," Yuji Shimomura, Yoshie Ohwaki and Ryo Takeuchi 
Department of Chemistry, Yokohama City University, Yokohama 236, Japan 

Reaction of  3-substituted pyrazine 1 -oxides with trimethylsilyl cyanide in  the presence of 
triethylamine in acetonitrile gave the corresponding cyanopyrazines, yields of which depended 
remarkably on the substituent. Electron-donating groups enhanced the cyanation with high 
regioselectivity to 2-substituted 3-cyanopyrazines, whi le a chloro substituent suppressed the 
conversion. Addition of zinc halide to the reaction mixture, in most cases, increased the reactivity 
and improved the regioselectivity. On the other hand, the N-oxides carrying an electron- 
withdrawing methoxycarbonyl or N- butylcarbamoyl group underwent the cyanation, wi thout need 
for the Lewis acid, t o  provide a mixture of nearly equal amounts of 2-substituted 3- and 5- 
cyanopyrazines. The latter compound was exclusively obtained when 3-methoxycarbonyl- or 3 -  
cyanopyrazine 1 -oxide was treated with diethoxyphosphoryl cyanide. 

Owing to their versatility as synthetic intermediates, especially 
for chemotherapeutically useful pyrazinecarboxamide deriv- 
atives,' cyanopyrazines are attracting considerable attention in 
pyrazine chemistry. A common method of introducing a cyano 
group into the pyrazine nucleus relied on nucleophilic dis- 
placement of bromopyrazines with copper(1) cyanide com- 
 pound^.^-^ This methodology, however, suffers from certain 
disadvantages, including the relative inaccessibility of such 
reactive halogenopyrazines and the requirement for the cyan- 
ation to be conducted under harsh reaction conditions in most 
cases. Although the Reissert-Henze-type reactions, which in- 
volve treatment of heteroaromatic N-oxides with acid chlorides 
and a cyanide nucleophile, are efficient methods of the 
preparation for cyano derivatives of a variety of  heterocycle^,^.^ 
so far as is known pyrazine N-oxides have resisted those 
cyanation conditions. On the other hand, a divergent procedure 
for the preparation of the corresponding cyano compound from 
pyridine,'.' pyrimidine ' ' and quinoxaline N-oxides consists 
of treatment with trimethylsilyl cyanide in the presence of 
triethylamine in refluxing acetonitrile or dimethylformamide 
(DMF) at 100-110°C. In our studies directed towards 
development of functionalization of pyrazine via the N-oxide, 
we have also reported a new synthesis of 2-amino-3-cyano- 
pyrazine 2a from 3-aminopyrazine 1-oxide la  by the above 
cyanation in the latter s01vent.I~ Success in the regiospecific 
preparation prompted us to extend the cyanation to other 
substituted pyrazine N-oxides. In this paper we describe how a 
nearly exclusive synthesis of 2-substituted 3-cyanopyrazines is 
achieved by Lewis acid-mediated cyanation of 3-substituted 
pyrazine 1 -oxides 1 with trimethylsilyl cyanide (TMSCN), as 
well as two examples of regiospecific conversion, l h  and lj, 
into the 2-substituted 5-cyanopyrazines by treatment with 
diethoxyphosphoryl cyanide (DEPC). 

In terms of toxicity and cost of the reagent, the procedure in 
which TMSCN was generated in situ from trimethylsilyl 
chloride and sodium cyanide in DMF appeared to be more 
convenient than the procedure using TMSCN itself. A careful 
work-up on our earlier synthesis of compound 2a, however, 
revealed that a considerable amount (12%) of cyanation 
product 2a underwent further condensation with the solvent to 
afford 2-cyano-3-[(dimethylaminomethylene)amino]pyrazine 
5. When compound l b  was treated under the same conditions, 
no pyrazine compounds could be obtained, probably because of 
extensive decomposition. A most surprising outcome was seen 

1 

1 4  a ;X = NH, 
b;X = OMe 
C; X = Ph 
d;X = Me 
e ; X = H  
r ; X = C l  
g;X = CONHBU 
h;X = C0,Me 
i; X = C 0 , H  
j; X = C N  
R' = C N , R 2  = R3 = H 
R' = R3 = H, R2 = C N  
R' = R2 = H, R3 = C N  
X = N=CHNMe,,R' = C N , R 2  = R3 = H 
X = NMe,, R' = CN, R2 = R 3  = H 

2 
3 
4 
5 
6 

in the cyanation reaction of compound lf, which yielded 2- 
cyano-3-(dimethylamino)pyrazine 6. Presumably this com- 
pound came from the initial formation of intermediate 2f, 
followed by displacement of the chloro substituent, perhaps 
facilitated by the adjacent electron-withdrawing cyano group, 
by the solvent. Indeed, independent treatment of compound 2f 
in DMF under the similar conditions gave compound 6 in 58% 
yield. 

Instead of the above reagent/solvent system, direct treatment 
with TMSCN in acetonitrile was performed in order to avoid 
the intense solvent effect of DMF. Reflux of compound la  with 
3.5 mol equiv. of TMSCN in MeCN for 6 h in the presence of 
triethylamine (TEA) led, after work-up with ethanol, to a 
mixture of compound 2a and the 6-cyano regioisomer 4a in 93 
and 6% yield, respectively. To establish the structure of the 
second product, we carried out an alternative synthesis of 
compound 4a from 6-aminopyrazinecarboxamide. Conveni- 
ently, the isomeric disubstituted pyrazines were unambiguously 
distinguished by their coupling constants between the ring 
proton in the 'H NMR spectrum.2n In this manner, the identity 
of cyanation products from other substituted N-oxides was 
confirmed. 

Inspection of Table 1 shows the clear substituent effect on 
reactivity. Electron-donating groups facilitate the cyanation 
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Table 2 Cyanation of If with TMSCN in the presence o f  Lewis acid" Table 1 
diethylaluminium cyanide 

Cyanation of pyrazine N-oxides 1 with TMSCN, DEPC or 

Product and yield (z)' 
Substrate Method" Time (t/h) 2 3 4 

la  

Ib 

I C  

Id 

l e  

If 

Ig 

Ih 

l i  
Ij 

A 
B 
C 
D 
E 
A 
B 
C 
D 
E 
B 
C 
D 
B 
C 
D 
B 
C 
D 
A 
B 
Bk 
C 
D 
E 
B 
D 
B 
C 
D 
E 
B 
B"  
D"  

6 
6 
6 

18 
6 

18 
6 
6 

18 
6 
6 

18 
18 
18 
18 
18 
18 
18 
18 
I8 
18 
18 
I8 
18 
18 
I8 
18 
18 
18 
18 
18 
18 
6 
6 

98 C.d 

93 * 
81 
49 
24 
0 

43 
76 
34 
35 
46 
65 

5 
38 
51 
0 

12' 
0 
0 

68 
0 
0 

25' 
0 

28 
21 
0 
0 
0 

- 1  
0 

0 0 
0 6 
0 0 
0 0 
0 0 
0 0 
0 19' 
0 0 
0 0 
0 0 
7 01 

1 1  0 
1 0 
2 2 h  
3 0 
0 0 

19 
18 
0 
0 0 
0 OJ 
0 0 
0 -0 
0 0 
0 0 
26 0 "1 

0 0 
32 0 
33 0 
63 0 
0 0 
0 0 

24 0 
48 0 

" A :  With TMSCN in D M F  at 1OCLllO"C. B: With TMSCN in 
refluxing MeCN. C :  With TMSCN and 2 mol equiv. of ZnBr, in 
refluxing MeCN. D: With DEPC in refluxing MeCN. E: With 
diethylaluminium cyanide in refluxing benzene. ' Unless otherwise 
noted. yields of each component were isolated by column chromato- 
graphy. The yields were 
determined by GLC using a 2:< OV-275 column (2 m) at 18&260 'C. 
'' Recovered starting material: 167(,. 350/,. The relative ratios were 
determined from the 'H NMR spectrum. Recovered starting material, 
34";,. ' This material was compound 6. Recovered starting material. 
7 I",,. DBU was used instead of TEA. I Obtained as a mixture with 3 
yield of N-butylpyrazinecarboxamide.' Recovered starting material, 
7",,. ' At room temperature. 

This yield includes 120< of by-product 5. 

more easily than does the parent N-oxide le, while a chloro 
substituent suppresses the substitution reaction. The use of I ,8- 
diazabicyclo[5.4.0]undec-7-ene (DBU), which sufficed as the 
base (instead of TEA) for the cyanation of the less reactive 3- 
chloroquinoxaline l-oxide,12 was not as effective in the reaction 
of compound If. Another feature in the cyanation of the 
substituted pyrazine N-oxides is a high regioselectivity for the 
substitution on the carbon x to the N-oxide function, unlike the 
case of non-regioselective chlorination with phosphoryl tri- 
chloride.Is O n  the basis of work previously reported from this 
laboratory,' ' a mechanism for the formation of products 2 and 
4 is outlined in Scheme I .  The key step is the second nucleophilic 
attack by the cyanide ion at the C-5 carbon of intermediate 8 t o  
form the common intermediate 9, which undergoes competitive 
dehydrocyanation to give the p- and x-cyanated products. The 
predominance of x-substitution in the present cyanation is 
caused by the reduced second attack of the cyanide ion on 
species 8 because of its shorter lifetime. In other words, 
elimination of hydrogen from intermediate 8 is more enhanced 

Product and yield 

Lewis acid equiv. 2f 4f recovered If ("6)  
Molar Unchanged substrate 

ZnClz I 
ZnBrz 0.1 

I 
2 
7 

7 L  
L 

ZnIz 1 

SnCI, I 
TiCI, I 

I 
3 
L 

27 
12 
68 
76 
68 ' 
1 1  
74 
61 
67 
19 
0 

7 - 
0 

1 
-0  

0 
I - 0 
0 
0 
0 

7 

17 
33 
14 

1 
1 " 

78 
9 
g h  

5 
0 

7 
I 

" T h e  yields of components were determined by HPLC using a C , ,  
column eluted with water MeCN (9: I ) ,  unless otherwise noted. ' These 
are isolated yields by column chromatography. ' In the absence of TEA. 

1 

L 

c 
- Me3SiOH 

/ 

SiMe, 
0, 

7 

2 

TEA Me3SiOH + Me3SiCN 
Me;SiOSiMe3 + TEA HCN 

Scheme 1 

by the more strongly electron-withdrawing cyano group than 
by the chloro substituent. 

By analogy with the well defined mechanism from kinetic 
studies of the reaction of pyridine N-oxides with acetic 
anhydride," including their behaviour in the Reissert-Henze 

the sequence to intermediate 8 will be initiated by 
the reversible formation of N-( trimethylsi1oxy)pyrazinium salt 
7 ,  followed by the rate-determining nucleophilic attack of the 
cyanide ion at the electron-deficient carbon x t o  the N-oxide 
function, leading to species 8. Conceivably, the electron- 
withdrawing substituent could enhance the cyanation because 
the resulting electron-deficient intermediate 7 should be more 
susceptible to nucleophilic attack. The logical deduction, 
however, is clearly opposite to the observed reactivity so that 
the preceding process to intermediate 7 is concluded to be the 
rate-determining step. Namely. the nucleophilicity of the N -  
oxide oxygen governs the cyanation in a different manner from 
that of pyridine N-oxides. The inertness of the pyrarine series 
results from the combined electron-attracting effect of both the 
substituent and the additional ring nitrogen atom pcircr to the 
N-oxide function. 

The above mechanism suggested that activation of the N -  
oxide oxygen in substrate If is the key effect on the cyanation. 
Addition of Lewis acid to the reaction mixture resulted in the 
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formation of compound 2f. It is obvious from Table 2 that the 
cyanation proceeds stoichiometrically with a weaker Lewis acid 
in the presence of TEA in contrast to the zinc iodide-catalysed 
addition of TMSCN to aldehydes and ketones giving cyano- 
hydrin trimethylsilyl ethers." The best yield was obtained by 
using 2 mol equiv. of zinc bromide. This procedure successfully 
improved the yields of the cyanation products from substrates 
1M. In comparison with cyanation by TMSCN alone, the 
Lewis acid-mediated reactions are distinguished by complete 
suppression of displacement on carbon p to the N-oxide 
function. This aspect is attributed to prohibition of the second 
attack by cyanide anion on the intermediate 8, resulting in 
exclusive formation of a-cyanopyrazines uia the direct pathway. 

An electron-withdrawing group should reduce the nucleo- 
philicity of the N-oxide oxygen more than does a chloro 
substituent. Nevertheless, achievement of the cyanation in 
substrates lg, lh and l j  even under conditions without a Lewis 
acid was rationalized to the a-carbons suffering a strong 
electron-deficiency induced by both their substituent and the 
ring nitrogen atoms as shown in Scheme 2 for the case of 

I 
0 -  

t 

S i M e 3  0 - 
10 

.::,'.Me 

NC I 
0 -  
11 

I 

N C  H i f O M e  

1 

SiMe3  0. 

I - MeJSiOH 

12 

3 
Scheme 2 

q N \ F O M e  

y : 
0- 

l h  

0 

13 

0 
I 

0 -  

SiMe3  0, 

8h 

1 
2 

substrate lh. Therefore, cyanation on the ring carbon precedes 
trimethylsilylation of the N-oxide oxygen, the reverse of the 
sequence shown in Scheme 1. This clearly explains the curious 
regioselectivity shown on cyanation of substrates l g  and lh .  
Namely, an initial cyanation occurs only at the C-5 carbon, 
intermediate 10, and this gives anion 11 since interaction at C-3 
with the bulkier TMSCN is strongly impeded by the adjacent 
substituent. Trimethylsilanol as the leaving group from silox- 
amine 12 undergoes condensation with another molecular of 
TMSCN to furnish, in the presence of TEA, hexamethyldi- 
siloxane and triethylammonium cyanide (see the final equation 
in Scheme I ) .  The anion of the latter salt is a smaller species 

than TMSCN and can attack the reactive carbon C-3 in the 
form of zwitterion 13 without steric problems resulting in nearly 
equal formation of products 2 and 3. Conversely, formation of 
compounds 3c and 3d is probably attributed to steric inter- 
ruption by a phenyl or methyl group on the attack of cyanide 
ion on the intermediate 7, taking account of the progress of 
cyanation which depends on the nucleophilicity of the N-oxide 
oxygen. 

Pyrazinecarboxylic acid N-oxide li, which was expected to be 
cyanated via the trimethylsilyl ester, led to the formation of only 
a tar-like material on treatment with TMSCN. Despite com- 
plete consumption at room temperature after 6 h, cyanopyrazine 
N-oxide l j  afforded 2,5-dicyanopyrazine 3j, in only 24% yield; 
however, the product was almost pure. This enhanced regio- 
selectivity results from a marked difference in reactivity, 
probably owing to the strong electronic effect of the cyano 
group of substrate lj, between the C-3 and C-5 carbons. 

Although improvements were achieved in the cyanation of 
substrates 1 M  and lf, the addition of Lewis acid had no effect 
on their yield in the reaction of compounds le and lh .  Numerous 
examinations with other cyanide compounds showed that 
diethylaluminium cyanide and DEPC ' were effective for the 
cyanation of compounds la, lb, lh and l j  as seen in Table 1, 
whereas benzoyl cyanide, tributyltin cyanide, and toluene-p- 
sulphonyl cyanide failed to achieve the transformation. Because 
of its synthetic utility, DEPC is the reagent of choice for 
regiospecific formation of compounds 3h and 3j, which should be 
formed in a similar fashion to that postulated for cyanation with 
TMSCN. However, here the leaving group is diethylphosphoric 
acid, which must be directly trapped with TEA without reacting 
with other species. Consequently, the secondary cyanation to 
yield product(s) 2 is completely suppressed, probably by the 
absence of reacting cyanide ion in the reaction medium. The 
exclusive cyanation observed in the case of substrate 1 b is caused 
by promoted abstraction of hydrogen from the corresponding 
intermediate 8 due to the stronger reinforcing effect of the diethyl 
phosphate group. As a cyanation reagent, TMSCN is found to 
be the most powerful nucleophile; DEPC is less reactive than 
TMSCN and can give regiospecific cyanation; and diethylalu- 
minium cyanide shows poor reactivity as can be seen in Table 1. 
Finally, investigation by molecular orbital (MO) calculations in 
order to explain the observed regiochemistry is now in progress 
and will be reported at a later date. 

Experimental 
M.p.s were determined using a Buchi 535 apparatus and are 
uncorrected. B.p.s are uncorrected. IR spectra were recorded on 
a JASCO IR-8 10 spectrometer. NMR spectra were obtained 
with a JEOL JNM FX-90Q (90 MHz 'H, 22.5 MHz 13C) and a 
EX270 (270 MHz ' H, 67.8 MHz 3C) instrument with solutions 
in (CD,),SO, unless otherwise noted, containing Me,Si as 
internal standard. J-Values are given in Hz. 

2-Amino-6-cl,unopyra=ine 4a.-Phosphoryl trichloride (0.2 
cm3, 2.1 mmol) was added to a stirred solution of 6- 
aminopyrazinecarboxamide l 4  (0.1 g, 0.72 mmol) in dry DMF 
(3.0 cm3) and the resulting mixture was stirred and heated at 
5&60°C for 45 min. After cooling to room temperature, the 
mixture was evaporated and the residue was suspended in water 
(3 cm3). The slurry was refluxed for 1 h, during which time it 
became a solution. The precipitates which formed on cooling 
was filtered off, dried (in air), and sublimed at 180 T j l  mmHg 
to give compound 4a (0.48 g, 55%) as yellow tiny needles, m.p. 
201-203 "C (from EtOH) (Found: C, 49.5; H, 3.3; N, 46.4. 
C5H4N, requires C, 50.0; H, 3.4; N, 46.67"); v,,,(KBr)/cm-' 
2230 (C-N); 6,7.17 (2 H, br s), 8.10 (1  H, s) and 8. I5 ( 1  H, s); 6, 
116.64, 126.29, 135.01, 137.45 and 155.54. 
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N- Butj'lp?.raiinecurbo.ramide 4-0.uide 1g.-A slurry of 
methylpyrazinecarboxylate 4-oxide Ih (2.32 g, 0.01 5 mol) in 
butylamine (45 cm') was stirred and refluxed until a clear 
solution had been formed (0.5 h). After the mixture had been 
heated for a further 0.5 h, the solvent was removed and the 
residue was recrystallized from propan-2-01 to afford compound 
l g  (2.74 g, 9370) as imbricate crystals, m.p. 156 "C (Found: 
C, 55.3; H, 6.7; N, 21.6. C9H13N302 requires C, 55.4; H, 6.7; 
N, 21.5%); vmax(KBr)/cm-' 3310 (N-H) and 1660 (C=O); 
GH(CDC13) 0.97 (3 H, t), 1.42 (2 H, sextet), 1.63 (2 H, quintet), 
3.48 (2 H, q), 7.80 (1 H, br s), 8.17 (1 H, dd, J 1.7 and 4.0), 8.39 
( 1  H, d, J4.0)  and 8.84 (1 H, d, J 1.7); 6,(CDC13) 13.71, 20.11, 
31.50, 39.44, 133.78, 135.42, 145.64, 149.77 and 160.93. 

General Procedure of' Cyanation of Pyrazine N-Oxides 1 with 
TMSCN or DEPC.-(A) In DMF. A mixture of an N-oxide 1 
(1 mmol) and freshly powdered 97% NaCN (0.15 g, 3 mmol) in 
dry D M F  (6 cm3) containing TEA (0.7 cm3, 5 mmol) was 
purged by passage of argon, and trimethylsilyl chloride (0.5 1 
cm', 4 mmol) was added via a syringe at below 30°C. The 
reaction mixture was stirred and heated at 10&110 "C for the 
period given in Table 1 and was then concentrated to give a 
dark oil. The residue from substrate l a  was only stirred in 
EtOH (10 cm') for 0.5 h at room temperature and the mix- 
ture was then evaporated. The prcducts were separated by 
chromatography on SiO, and elution with hexane-ethyl 
acetate (6: 1 to 2: 1). The proportions of product isomers were 
determined by the method shown in Table 1. 

(B) In MeCN. TMSCN (0.48 cm3, 3.5 mmol) was added under 
argon to a mixture of a substrate 1 (1 mmol) in dry MeCN 
(6 cm3) containing TEA (0.7 cm', 5 mmol) in the previously 
described manner. The mixture was refluxed and stirred for the 
time given in Table 1. The solvent was evaporated off and the 
residue was worked up in the above manner. 

(C) In MeCN in thepresence of ZnX,. A mixture of a substrate 
1 ( 1 mmol) and ZnX, (0.1,l or  2 mmol) was purged by passage of 
argon after evacuation of air, and then MeCN (6 cm3), TEA (0.7 
cm3), and finally TMSCN (0.48 cm', 3.5 mmol) were added. The 
slurry was worked up in the previously described manner. 

(D) In MeCN wirh DEPC. The procedure was the same as the 
above method (B) except for the use of DEPC in place of 
TMSCN. 

The following compounds were obtained by the above 
procedure. 

2-Amino-3-cyanopyrazine 2a. As pale yellow needles, m.p. 
192 "C (from water) (lit.,' 192 "C); vm,,(KBr)/cm-' 2225 (CrN); 
6,7.34 (2 H, br s), 7.98 (1 H, d, J 2.2) and 8.34 (1 H, d); 6, 1 1 1.61, 
115.89, 133.71, 147.25 and 157.06. 

2-Cyano-3-methoxypyrazine 2b. As needles, m.p. 55 "C (from 
hexane) (lit.," 55-56 "C); v,,,(KBr)/cm-' 2230 (C=N); 6, 4.08 
(3 H, s), 8.44 (1 H, d, J2.4)  and 8.61 (1 H, d); dC 54.88, 114.47, 
118.32, 137.98, 145.78 and 164.33. 

2-C?~ano-6-metho.~yp~razine 4b. As tiny needles, m.p. 80 "C 
(from hexane) (Found: C, 51.4; H, 3.6; N, 30.1. C6H5N30*$H20 
requires C, 51.6; H, 4.0; N, 30.1%); v,,,(KBr)/cm-' 2230 (CrN); 
6, 3.98 (3 H, s), 8.66 (1 H, d, J 0.7) and 8.79 (1 H, d); 6, 54.34, 
115.83, 124.87, 140.64, 140.80and 159.49. 

2-Cyano-3-phenylpyrazine 2c. As needles, m.p. 9 6 9 7  "C 
(from hexane) (Iit.,I9 94-96 "C); vm,,(KBr)/cm- 2230 (C-N); 

2.3) and 8.84 (1 H, d); 6,(CDC13) 1 16.39, 127.98, 129.02, 13 1.14, 
134.34, 142.98, 146.48 and 157.10. 

2-Cyano-3-methylpyrazine 2d. B.p. 105 "C/30 mmHg (Kugel- 
rohr) (lit.,5 125-1 26 "Cj50 mmHg); v,,,(neat)/cm-' 2220 (CrN); 
0,  2.74 (3 H, s), 8.70 ( 1  H, d, J 2.4) and 8.86 (1 H, d); 6, 21.41, 
115.78, 129.16, 142.86, 147.86 and 157.49. 

2-Cyanopyrazine 2e ( 3 e A e ) .  As a liquid, b.p. 10&101 C/17 
mmHg (lit.,5 116-1 17 Cj50 mmHg); vmax(KBr)/cm-' 2240 

6,(CDC13) 7.57-7.59 (3 H, m), 7.98-8.01 (2 H, m), 8.65 ( I  H, d, J 

(C=N);6,8.90(1 H,dd,J1.3,2.3),9.00(1 H,d ,J2 .3)and9.26  
(1 H, d, J 1.3); 6, 115.96, 129.83, 145.84, 148.30 and 148.73. 

2-Chloro-3-cyanopyrazine 2f. As tiny needles, m.p. 48 "C 
(from hexane) (lit.,20 48 "C); vmax(KBr)/cm-' 2240 (C=N); 6, 
8.85 (1 H, d, J2.3)  and 8.88 (1 H, d); (5, 114.39, 129.61, 143.99, 
147.71 and 150.40. 

N-But?~l-3-c .yanop~ru~inec.arb~~.r~~~1i~e 2g. As needles, m.p. 
100-101 ' C  (from hexane) (Found: C, 58.7; H, 5.9. C l o H I z N 4 O  
requires C, 58.8; H, 5.99;:); v,,,(KBr)/cm-* 3210 (N-€3) and 1740 
(C=O); GH(CDC1,) 0.97 (3 H, t), 1.43 (2 H, sextet), 1.78 (2 H, 
quintet), 3.98 (2 H, q), 8.81 (1 H, d, J2.6), 8.89 (1  H, d)  and 9.42 
(1 H, br s); 6,(CDC13) 13.71, 20.18, 30.35, 38.85, 122.89, 144.51, 
147.72, 148.28 and 163.74. 

N - Bu ~ 3 1 - 5 -  c~anc~p~raiinecarbo.uanz ide 3g. As needles, m. p. 
71-72 "C (from hexane) (Found: C, 58.8; H, 5.9; N, 27.7. 
C , 0 H l , N 4 0  requires C, 58.8; H, 5.9; N, 27.4%); v,,,(KBr)/cm-' 

t), 1.43 (2 H, sextet), 1.65 (2 H, quintet), 3.52 (2 H, q), 7.76 (1 H, 
br s), 8.86 (1 H, d, J 1.3) and 8.51 (1 H, s); 6,(CDCl,) 13.71, 
20.09, 31.48, 39.51, 115.02, 132.65, 144.98, 145.86, 146.02 and 
161.17. 

Methyl 3-c.4'arzo)pyra_inec~~irb~).~~~l~t~~ 2h. As tiny needles, m.p. 
76 "C (from hexane) (Found: C, 51.3; H. 3.1; N, 25.9. C,H,N302 
requires C, 5 1.5; H, 3.1; N, 25.82,); vmax( KBr)/cm-' 2240 (C-N); 
6,(CDCl3)4.13(3H,s),8.9O(1 H,d,J2.3)and8.91 (1 H,d);h, 
53.15, 115.27, 129.74, 145.41, 146.86, 147.54 and 162.24. 

Methyl 5-c.yanopq~ra=inrc.~~rb~~.u~f~itr 3h. As pale yellow flakes, 
m.p. 95 "C (from hexane) (Found: C, 51.4; H, 3.1; N, 25.7"); 
6,(CDC13)4.10(3H,s),9.04(l H,d,J1.3)and9.41 (1 H,d);6, 
53.21, 115.62, 131.98, 144.82, 145.84, 148.23 and 161.96. 

2,5-Dicyanopyrazine 3j. As prisms, m.p. 193 "C (from EtOAc) 
(lit.,2 ' 188-1 89 "C); v,,,(KBr)/cm-' 2240 (CsN); GH(CDC1,) 
9.04 (2 H, s); 6,(CDCl,) 1 14.01, 132.72 and 148.17. 

The following materials could not be isolated or obtained in 
sufficient quantity for analysis so that only their NMR spectral 
data are given. 

2-Cyano-5-phenylpyrazine 3c. hH(CDC13) 7.5 -7.6 (3 H, m), 
8.08-8.1 1 (2 H, m), 8.94 ( 1  H, d, J 1.3) and 9.14 (1 H, d); 
G,(CDCI,) 115.83, 127.62, 128.82, 129.45, 131.64, 134.54, 142.50, 
147.62 and 154.84. 

2-Cyano-5-methylpyrazine 3d. 6, 2.61 (3 H, s), 9.01 ( 1  H, d, J 
1.4) and 9.06 (1  H, d). 

2-Cyano-6-methylpyrazine 4d. 6, 2.66 (3 H, s), 8.77 ( 1  H, s) 
and 8.89 (1 H, s). 

3300 (N-H), 2240 (C-N) and 1660 ( G O ) ;  6~(CDc13) 0.97 (3 H, 

2 - Cyan o- 3 -[(dime t h y lam in onie t hjhw e )urn ino] p j w z i n e  5.-A 
mixture of compound 2a (49 mg, 0.4 mmol) in D M F  dimethyl 
acetal (1 cm3) was refluxed and stirred for 20 min. After cooling 
to room temperature, the mixture was evaporated. The residue 
which solidified upon storage was recrystallized to give 
compound 5 (47 mg, 6675) as tiny plates, m.p. 86 "C (from 
EtOH) (lit.,22 86 "C) (Found: C, 54.7; H, 5.2; N, 39.9. Calc. for 
C,H,N,: C, 54.9; H, 5.2; N, 40.0%); v,,,(KBr)/cm-' 2225 (CrN); 
6,3.09 (3 H, s), 3.18 (3 H, s), 8.09 (1 H, d, J2.2), 8.32 (1 H, d) and 
8.56 (1 H, s); 6, 34.57, 40.64, 116.54, 122.22, 137.61, 146.44, 
157.12 and 159.60. 

2-C~~ano-3-(dimethylumino)pyra~ine 6.-A mixture of com- 
pound 2f (0.425 g, 3 mmol) and TEA (2.1 cm3, 15 mmol) in dry 
D M F  (18 cm3) was heated at 100°C for 18 h and then 
evaporated to dryness. The residue was subjected to flash 
chromatography on S i 0 2  with hexane-ethyl acetate (7: 1 )  as the 
eluent to afford an unidentified material (2 mg), 6,(CDC13) 1.29 
(9 H, t), 1.58 (6 H, s), 3.73 (4 H, q), 7.88 ( 1  H, d, J 2.0) and 8.20 
(1 H, d); 6,(CDC13) 13.33, ?9.72,44.02, 132.86 and 145.35. 

Compound 6 was obtained as the second fraction (0.261 g, 
58"/;,), m.p. 46 C (from hexane) (Found: C ,  56.6; H, 5.3; N, 37.7. 
C,H,N4 requires C, 56.7; H, 5.4; N. 37.8?,,); v,,,(KBr)/cm ' 
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2200 (C=N); hH 3.25 (3 H, s), 3.36 (3 H, s), 8.00 (1 H, d, J 2 . 2 )  and 
8.38 ( 1  H, d); 6, 39.28, 39.49, 111.00, 117.88, 133.32, 145.62 and 
155.37. 

Acknowledgements 
T h a n k s  a re  due t o  Miss Shiho  Nagao for her participation in the  
initial stage of this work. 

References 
1 Part 2 1. R .  Takeuchi, K. Suzuki and N. Sato, Synthesis, 1990,923. 
2 ( a )  G. W .  H. Cheeseman and E. S. G. Werstiuk, Adu. Heterocycl. 

Chern., 1972, 14,99; (6)  G. B. Barlin, The Pyrazines in The Chemistry 
o j  Hetcvwcjdic. Compounds, eds. A. Weissberger and E. C. Taylor, 
Interscience, New York, 1982, vol. 41, p. 279. 

3 K. H. Schaaf and P. E. Spoerri, J. Am. Chem. Soc., 1949,71,2043. 
4 R .  C. Ellingson and R. L. Henry, J. Am. Chem. SOC., 1949,71,2798. 
5 G. Karmas and P. E. Spoerri, J.  Am. Chem. Soc., 1956,78,2141. 
6 N. Sato and R. Takeuchi, Synthesis, 1990,659. 
7 E. Ochiai. Aromatic Amine Oxides, Elsevier, Amsterdam, 1967, 

p. 269; A. R. Katritzky and J. M. Logowski, Chemistry of the 
Heterocyclic N-Oxides, Academic, London, 197 1, p. 300. 

8 W. K. Fife, .I. Org. Chem., 1983, 48, 1375; Heterocycles, 1984, 22, 93; 
W. K. Fifc and B. D. Boyer, Heterocycles, 1984, 22, 121 1. 

9 H. Vorbriiggen and K. Krolikiewicz, Synthesis, 1983, 316. 
10 T. Sakamoto, S. Kaneda, S. Nishimura and H. Yamanaka, Chem. 

11 H. Yamanaka, S. Nishimura, S. Kaneda and T. Sakamoto, Synthesis, 

12 C. Iijima and A. Miyashita, Chem. Pharm. Bull., 1990,38,661. 
13 N. Sato, J.  Heterocycl. Chem., 1989,26, 817. 
14 F. Uchimaru, S. Okada, A. Kosasayama and T. Konno, Chem. 

15 N. Sato, J .  Chem. Res., 1984, (S) 318; (M) 2860. 
16 S. Oae and S. Kozuka, Tetrahedron, 1965,21,1971. 
17 D. A. Evans, L. K. Truesdale and G. L. Carrol, J.  Chem. Soc., Chem. 

18 S. Harusawa, Y. Hamada and T. Shioiri, Heferocvcles, 1981, 15, 

19 Bristol-Bankyu Research Institute, Neth. Pat. Appl., 6 404 841, 1964 

20 B. Camerino and G. Palamidessi, Br. Pat., 928 151, 1960 (Chem. 

21 I. J. Krems and P. E. Spoerri, J.  Am. Chem. SOC., 1946,68,527. 
22 A. Albert and K. Ohta, J.  Chem. Soc. C, 1971,3727. 

Pharm. Bull., 1985,33, 565. 

1984,68 1. 

Pharm. Bull., 1971, 19, 1337. 

Commun., 1973, 55.  

981. 

(Chem. Abstr., 1964,62, 16270). 

Absfr., 1963,59, 12821). 

Paper 1/01 194D 
Received 13th March 1991 

Accepted 24th June 1991 


