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solid recrystallized from methanol. The product, 5.4 g (47%), 
mp 156-158', crystallized from methanol as colorless needles 
(analytical sample, mp 158-159'). 

Anal.  Calcd for CIaHI1NO63: C, 59.75; H, 4.24; N,  5.36. 
Found: C, 59.67; H,  4.33; N, 5.39. 

3-Carboxylthiarolo[3,2u]pyridlnlum Bromide (XVIII) .-Keto 
sulfide (I, R = H, R' = 3,4-(OH)&&) (1 g) was heated on a 
steam bath for 9 hr with 10 g of polyphosphoric acid. The mix- 
ture which contained XV was diluted with ice water, 20 ml of 8 
M nitric acid was added, and the solution was heated for 12 hr 
on a steam bath. After the mixture was cooled, the product was 
precipitated as the tribromide salt by addition of a solution of 
bromine in 48% hydrobromic acid. The orange-brown precipi- 
tate was collected and dissolved in dry acetone. After 15 min, 
the bromide precipitated as a cream powder, mp 285' dec, yield 
0.55 g (55707,). The analytical sample was crystallized from 
methanol-ethyl acetate: mp 287' dec; A,,=, q (log e), 311 
(4.17), 304 (4.06), and 229 (4.16). 

Anal.  Calcd for CaHaNSOzBr: C, 36.94; H, 2.33; N, 5.39. 
Found: C,  36.94; H, 2.39; N,  5.46. 

2-Carboxylthiazolo[3,Z~]pyridinim Bromide (XVII) .-The 
reaction of 5.58 g of 3',4'dihydroxyphenacyl chloride with an 
excess of 2-bromopyridine in 10 ml of tetramethylene sulfone 
afforded 12.0 g of a light gray powder which was allowed to react 
in water solution with 2.2 g of potassium hydrogen sulfide. The 
gummy precipitate solidified when triturated with acetone af- 
fording a tan powder, mp 1%' dec, yield 4.0 g (40% based on the 
phenacyl halide). The tan powder (0.5 g) was heated on a steam 
bath for 13 hr with 10 ml of polyphosphoric acid and, after dilu- 
tion of the polyphosphoric acid with ice water, the crude XV 
present was oxidized with 8 M nitric acid and the bromide salt 
of the acid XVII was isolated as in the case of the isomer XVIII. 
The product was obtained from methanol-ethyl acetate as a 
buff powder: mp 270-274' (darkens a t  200'); yield 0.05 g (4% 
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over-all from the dihydroxyphenacyl chloride); h,,,, mp (log e), 
310 (3.86), 277 sh (3.62), 260 sh (3.60), 228 (3.93), and 201 
(4.08). 

Anal.  Calcd for CsHBNS02Br: C, 36.94; H, 2.33; ?v', 5.39. 
Found: C, 36.95; H,  2.40; N, -5.63. 

pK. Determinations on Acids XVII and XVII1.-The determina- 
tion of the pK, for the 2- and 3-carboxylic acids (XVII and 
XVIII) was carried out by titrating aqueous solutions of the 
bromides with standard sodium hydroxide solution and measur- 
ing the hydrogen ion concentration with a pH meter. Since only 
relative pK. values were required for our purpose, it was assumed 
that the pK, was approximately equal to the pH when one-half 
of the volume of hydroxide needed for complete neutralization 
had been added. By this method both acids XVII and XVIII 
were shown to have pKa values of 2.3 f 0.2. 

Registry No.-I [R = H, R' = 3,4-(OH)zC6H3] 
13134-60-6; I (R = H, R' = l-Bu) hydrobromide, 
13134-61-7; I1 (R = H, R' = t-Bu) perchlorate, 
13169-24-9: VIIb bromide, 13134-62-8; VIIb perchlo- 
rate, 13134-63-9; VIIc bromide, 13127-29-2; VIIc 
perchlorate, 13134-64-0; VIId bromide, 13134-65-1 ; 
VIId perchlorate, 13134-662-; VIIe perchlorate, 
13134-67-3; VIIf bromide, 13134-68-4; VIIf per- 
chlorate, 13434-69-5; VIIg bromide, 13221-14-2 ; 
VIIg perchlorate, 13134-70-8; IXb, 13131-71-9; IXc, 
13134-80-0; IXd, 13134-81-1; IXe, 13134-82-2; IXf, 
13134-83-3; IXg, 13134-84-4; XIa, 13134-85-5; XIb, 
13134-86-6; XIc, 13127-33-8; XId, 13127-34-9; XIe, 
13134-87-7; XIf, 13134-88-8; XIg, 13134-89-9; XVII, 
13169-29-4; VXIII, 13134-90-2. 
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Marked activation of the chloro group to nucleophilic replacement by ammonia and amines by the N-oxide 
function was demonstrated when the reactivities of chloropyrazine and 3-chloropyrazine-1-oxide were compared. 
Similarly enhanced activation by the N + 4 0- was observed when 2-chloro-3,6-dimethylpyrazine and 3-chloro- 
2,5-dimethylpyrazine 1-oxide were compared, although dialkyl substitution further retarded over-all aminolysis. 
3-Chloropyrazine l-oxide heated 2.5 hr (120') with aqueous ammonia gave a good yield of the 3-amino deriva- 
tive. However, when the reactants were heated 16 hr a t  140°, aminopyrazine and 2,3-diaminopyrazine were 
formed also. Heating chloropyrazine with 
benzylamine produced benzaldehyde and aminopyrazine in addition to the expected benzylamino derivative. 
2-Benzylamino-3,6-dimethylpyrazine underwent similar cleavage and benzaldehyde and 2-amino-3,6-dimethyl- 
pyrazine were isolated. 

A reaction sequence accounting for these products is suggested. 

I n  connection with another investigation, informa- 
tion was required on the reactivity of chloropyraeine, 
the alkyl chloropyraeines, and their N-oxides toward 
ammonia and amines. Aminolysis of chloropyraeine 
and alkylchloropyrazines has usually been conducted 
under fairly severe conditions, e .g . ,  heating in a sealed 
vessel for 16-24 hr or longer a t  elevated tempera- 
tures. 2-7 Arylaminopyraeines have been prepared 

(1) (a) Presented in part in Abstracts, 148th National Meeting of the 
American Chemical Society, Chicago, Ill., Sept 1964, p 54s. (b) To whom 
correspondence should be addressed: Reeearch Division, Hoffmann- 
LaRoche, Ine., Nutley, N. J. 

(2) A.  E. Erickson and P. E. Spoerri, J .  A m .  Chem. Soc., 68, 400 (1846). 
(3) G. 1%'. H. Cheeseman, J .  Chem. Soc.,  242 (1980). 
(4) A .  E .  Hirschberg and P. E. Spoerri, J .  Oru. Chem., 86, 2356 (1881). 
( 5 )  H. Gainer, M. Kokorudz, and 1%'. K. Langdon, ibid., 16, 2360 (1961). 
(6) 1%'. B. Lutz, S. Lazarus, S. Kutchko, and R.  I .  Meltzer, ibid., 4B, 415 

(1 964). 
(7) (a) B. Camerino and G. Palamidessi, Gosr. Chim. ItaE., BO, 1807 

(1980); (b) L. Bernardi, G. Palamideasi, A. Leone, and G .  Larini, ibid. ,  91, 
1431 (1961); (c) F. Chillemi and G. Palamidessi, Farmoeo (Pavia), Ed. Sea.. 
18, 566 (1983). 
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by boiling the chloro compound with excess amine at  
temperatures over 200O.a 

In  the previous paper in this s e r i e ~ , ~  N-oxide activa- 
tion was demonstrated in nucleophilic displacement of 
the chloro group by hydroxyl, although this effect was 
not as apparent when alkoxide was the reagent. Re- 
cent descriptions of the preparation of 3-aminopyrazine 
l-oxide1° and the amination of 3-chloro-Bmethylpyra- 
eine 1-oxide" suggested similar halogen activation by 
the N -c 0 since milder conditions were used to  effect 
the amination. This report presents the results of an 
extended examination of the comparative N-oxide 
activation and the influence of alkyl heterocyclic ring 
substitution on the nucleophilic reaction. 

(8) J. D. Behun, P. T. Kan, P. A.  Gibson, C. T. Lenk, and E. J. Fujiwara, 

(9) B. Klein, E. O'Donnell, and J. M. Gordon, i b id . ,  39, 2623 (1964). 
(10) G. Palamidessi and L. Bernardi, Gazz. Chim. [tal., 9S, 339 (1963). 
(11) W. B. Lutz, S. Lazarus, 5. Klutchko, and R. I. Meltzer, J .  Ore. 

J .  Ora Chem., 86, 4981 (1961). 

Chem., 89, 1845 (1984). 
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The preparation of aminopyrazine in 87% yield from 
chloropyrazine required a t  least 16 hr a t  140". By 
contrast, when 3-c hloropyrazine 1-oxide (1) was 
heated with excess aqueous ammonia a t  115-120' for 
2.5 hr, lo 3-aminopyrrtzine 1-oxide (2) was formed in 
good yield, but, when 1 and ammonia were subjected 
to the more usual aimination conditions (140" for 16 
hr), a mixture was obtained from which aminopyra- 
zine (3) and 2,3-diaminopyrazine (4) were isolated. 
At temperatures and heating times between those cited 
above, mixtures of differing composition were obtained, 
containing two or all three products in varying propor- 
tions, depending on the experimental conditions ap- 
plied. The products, after chromatographic separation, 
were identified by elemental analysis, conversion to  
known derivatives, comparison by thin layer chroma- 
tography, and identity of their infrared and ultraviolet 
absorption spectra with authentic specimens. 

To account for these products, 3-aminopyrazine 1- 
oxide (2) was assumed to be the pivotal intermediate 
(Scheme I). On one hand, deoxygenation of 2 would 

SCHEME I 
0- 0- 

1 2 4 

1 1 
@Cl - f j I N H 2  N 

3 

yield 3. On the other hand, by an as yet undetermined 
mechanism, 2 was converted to another intermediate 
which subsequently formed 4. Support for the latter 
transformation was obtained when 3-aminopyrazine 
1-oxide was heated with aqueous ammonia a t  140- 
145' for 16 hr and only 2,3-diaminopyrazine was 
isolated. On the other hand, the absence of amino- 
pyrazine under these conditions suggested that 3 was 
formed following removal of oxygen from bchloro- 
pyrazine 1-oxide and the resulting chloropyrazine 
underwent ammonolysis. The intermediates leading 
from 2 to 4 are still speculative, although several 
hypothetical structures can be written.'* The un- 
expected formation of 4 was of considerable interest. 
2,3-Diaminopyrazine had been prepared by heating the 
difficultly accessible 2-amino-3-chloropyrazine with 
a m m ~ n i a ' ~ , ' ~  or by dehalogenation of 2,3-diamino-5- 

(12) A referee suggested an addition-elimination reaction, shown below, 

9- ?* 

which seems pertinent and miby also have mme bearing on the deoxygenstion 
observed in this and other experiments. Experiments to test this hypothesis 
are in progress. 

(13) R. C. Ellingson and EL. L. Henry, J .  Am. Chem. Soc., TO, 1257 (1948). 
(14) F. C. Muehlmann and A .  R. Day, ibid. ,  T8 ,  242 (1956). 

bromopyrazine.7a Now this useful intermediate can 
be prepared in a two-step synthesis from 2-chloropyra- 
zine. l6 

Attempts to prepare n-butylaminopyrazine (111) 
in reasonable yield by heating chloropyrazine with n- 
butylamine under reflux for periods up to 16 hr were 
unsuccessful. Formation of n-butylaminopyrazine in 
spectrophotometrically detectable quantities first ap- 
peared a t  5 hr, as indicated by the development of 
absorptions a t  246 and 334 mp without any absorption 
or shoulders a t  275 mfi.15 n-Butylaminopyrazine was 
best prepared in 74.5% yield by heating the reactants 
in a sealed vessel for 8 hr a t  120". By contrast 
n-butylaminopyrazine 1-oxide (XIV) was readily 
formed in 60% yield when 1 was refluxed with excess 
n-butylamine for 30 min. 

Comparative N-oxide activation was similarly ob- 
served when other amine types such as hexylamine, 
aniline, benzylamine, piperidine, and dimethylamine 
were used. In  general, the ease of amination of 3- 
chloropyrazine 1-oxide increased with increasing boiling 
point of the amine, e.g., increasing chain length in ali- 
phatic amines, and with increasing amine basicity. 
It was also noted, in every example studied, when 
amination of the chloropyrazine or alkylchloropyra- 
zine N-oxide was attempted at  elevated temperatures 
in a sealed vessel, mixtures were obtained containing 
greater or lesser amounts of deoxygenated pyrazyl 
halide or amine which could be demonstrated by thin 
layer chromatography but were difficult to isolate and 
purify. This was particularly true in the preparation 
of 3-dimethylaminopyrazine 1-oxide. A good yield of 
the compound was finally obtained by heating 1 and 
aqueous dimethylamine briefly (1 hr) a t  120". Simi- 
larly enhanced reactivity of 3-chloro-2-methylpyrazine 
1-oxide during the preparation of 3-dimethylamino-3- 
methylpyrazine 1-oxide, with liquid dimethylamine, 
had been reported without comment by Lutz, et al." 

The synthesis of benzylaminopyrazine by heating 
chloropyrazine and benzylamine without solvent a t  
atmospheric pressure was accompanied by another, 
unexpected by-product. During the work-up, the 
odor of benzaldehyde was detected. This was iso- 
lated and its identity confirmed as the 2,4-dinitro- 
phenylhydrazone. Although aminopyrazine was not 
isolated, its presence was demonstrated by thin layer 
chromatography. Presumably, partial cleavage of 
benzylaminopyrazine had occurred. Similar cleavage 
was observed during the synthesis of 2-benzylamino- 
3,6-dimethylpyrazine. In  this reaction, the other 
cleavage product, 2-amino-3,6-dimethylpyrazine, was 
also isolated and identified. Mechanistically, this 
development is obscure. The reaction is being exam- 
ined in greater detail and these studies will be reported 
later. 

To determine the influence of ring alkyl substitu- 
tion, 2-chloro-3,6-dimethylpyrazine and its N-oxide'69'6 
were used as model substrates. The results indicated 
that, although ring alkylation in each series further 
retarded amination, N-oxidation did enhance the rela- 
tive reactivity of the halogen. The results are sum- 
marized in Tables I and 11. 

(15) B. Klein, N. E. Hetrnan, and M. E. O'Donnell, J .  Ow. Chem., 18, 
1682 (1963). 
(16) R. A. Baxter, G. T. Newbold, and F. S. Spring, J .  Chem. Soc., 1859 

(1948). 
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T.ABLE I 
AMINOPYRAZINES 

No. 
I 
I1 
I11 
IV 
V 
VI 
VI1 
VI11 
IX 
X 
XI 
XI1 
XI11 

RL RI 
H H  
NHz H 
H H  
H H  
H H  
H H  
H H  
H H  
CHa CHa 
CHa CHa 
CHa CHa 
CHa CHa 
CHa CHa 

R' 
NHz 
NHa 
NHCiHo 
NHCaHis 
NHCaHs 
Piperidino 
N(CHs)z 
NHCHsCsHs 
NHz 
N H C I H ~  
Piperidino 
NHCHzCsHs 
N(CHa)z 

Reaction 
time, hr  
16 
16 
12 
18 
1.25 
3 

16 
1 

29 
46 
30 

2 
8 

T, 
OC 

140 
140 
120 
140-145 
Reflux 
Reflux 
140 
Reflux 
160-165 
140 
Reflux 
Reflux 
200 

Yield, 
% 

87 
42 
74.5 
75 
$1 
64 
76 
49 
65 
81 
72 
35.9 
37 

Bp (mm) or 
mp, OC nlsn 

117-118" 
205-206 
148-151 (17) 1.5476 
134 (2.0):32 1.5335 
135-136* 
3&37C 
88-90 (8)d 1.5680 
68-69 
112-1 14' 
127-128 (5) 1.5360 
136-1311 
96-96.5 
100 (2O)P 1.5338 

Formula 

GHsNc 
CsHiaNa 
CioHirNa 
CiaHoNa 
CgHiaNa 

CiiHiiNa 

CioHiiNa 
CiiHirNa 
CiaHisNs 
CsHiaNa 

C 

43.63 
63.54 
66.99 
70.14 
66.23 

71.33 

67.38 
58.01 
73.21 
63.54 

Analyses, %- 
-Calcd- -- 

H N  C 

5.49 50.88 43.81 
8.66 27.79 62.92 
9.57 22.44 66.96 
5.30 24.55 69.66 
8.03 25.79 66.23 

5.99 22.68 71.55 

9.05 23.57 67.02 
7.97 18.45 58.09 
7.09 19.70 73.28 
8.67 27.79 63.89 

.- 
-Found- 

H 

5 .51  
9.13 
9.86 
5.40 
8.07 

6.15 

9.53 
8.09 
7.83 
8.74 

- -- 
N 

51.10 
27.70 
22.63 
24.76 
25.82 

22.65 

23.92 
18.57 
19.60 
27.52 

0 Reference 3 gives mp 121-122'; ref 2 gives mp 118-120'. 
d Reference 3 gives bp 64' (1.2 mm). 

* Reference 21 gives mp 135.5-136.2'. 
e Reference 4 gives mp 111-113'. 

Reference 6 gives melting 
f See footnote 28 of this paper. point of the HCl salt. 

Reference 5. 
TABLE 11 

AYINOPYRAZINE  OXIDES 
0- 

N O .  

XIV 
xv 
XVI 
XVII 
XVIII 
XIX 
xx 
XXI 
XXII 
XXIII 
XXIV 
xxv 
XXVI 

R' 
H 
H 
H 
H 
H 
H 
H 
CHs 
CHa 
CHs 
CHa 
CHs 
CfI8 

RI 
H 
H 
H 
H 
H 
H 
H 
CHa 
CHs 
CHa 
CHa 
CHa 
CHs 

R' 
NHz 
NHGHg 
NHCsHia 
NHCHzCaHs 
NHCsHj 
Piperidino 
N(CHa)z 
NHz 
NHCbHp 
NHCsHir 
NHCHzCsHs 
Piperidino 
N(CHa)a 

Reaction Yield. MP, 
time, hr 

2.5 
0.5 
0.25 (3.25) 
3.75 
3.75 
2 
1 
6 
6 
1 
6 
1 
24 

T, OC % 
115-120 75.3 
Reflux 60 
Reflux (ethanol) 93 
Reflux (ethanol) 92 
Reflux (i-AmOH) 38 
Reflux 73 
120 93 
120 79 
Reflux 76 
Reflux 37 
Reflux (BuOH) 40 
Reflux 73 
Room temp 

Reference 10 gives mp 175'. See foot'note 30 of this paper. 

Cheeseman3 concluded, on the basis of the compara- 
tively similar ultraviolet absorption spectra of 2- 
amino-, 2-methylamino-, and 2-dimethylaminopyra- 
zine, that aminopyrazine in aqueous solution existed 
mainly in the amino form. A comparison of the ultra- 
violet absorption spectra of 3-aminopyrazine 1-oxide 
and 3-dimethylaminopyrazine 1-oxide showed similar 
spectral differences and bathochromic shifts on proto- 
nation and suggested that 3-aminopyrazine 1-oxide 
also existed predominantly in the amino form. This 
was also true of the 2,5-dimethyl homolog. The 
infrared spectra of both 3-aminopyraxine 1-oxide 
and 3-amino-2,5-dimethylpyrazine 1-oxide exhibited 
the twin absorptions a t  3400 and 3350 em-' (symmetric 
and asymmetric N-H vibrations) characteristic of the 
primary amino group and an absorption a t  3180 cm-I 
(H bonding?). The 1655-cm-1 ("2 bonding) vibra- 
tion observed further supported an amino structure. 

Experimental Section17118 
Preparation of Amin0pyrazines.-Following is a general de- 

scription of the procedure used for the preparation of compounds 
I, 111, IV,  V I I ,  IX, X. Chloropyrazinelg and excess amine were 
heated in a stainless-steel bomb (Table I gives heating times and 
temperature). The cooled product was made alkaline and 

'C Formula 
175-176" GHsNaO 

64.5-66 CsHixNaO 
83.5-84 CiaHirNaO 

124-126 CiiHiiNsO 
165-166 CioHoNaO 
124-125 CgHiaNsO 
149-150 CsH&"O 
239-240 CsHoNaO 
104-105 CioHirNaO 

82.5-83.5 CizHziNaO 
195-196 CiaHisNaO 
73-75 CiiHiiNaO 
72-74 C8HirNaO 

7- 

---Calcd. 
C H  

43.20 4.54 
57.80 7.29 
61.49 8.78 
65.65 5.51 
64.10 4.81 
60.30 7.31 
51.70 6.52 
51.70 6.52 
61.53 8.78 
64.54 9.48 
68.10 6.5s 
63.72 8.27 
57.46 7.83 

-Anal 

N 

25.29 
21.54 
20.88 
22.44 
23.50 
30.20 
30.20 
21.53 
18.82 
18.33 
20.28 
25.13 

-7 

yses, % 
--Found- 

42.96 4.33 
57.66 7.17 24.86 
61.76 8.78 21.25 
65.71 5.66 20.81 
64.16 4.95 22.24 
60.55 7.56 23.60 
51.82 6.66 29.95 
51.71 6.74 30.08 
61.57 9.05 21.51 
64.88 9.70 18.47 
68.34 6.84 18.16 
63.98 8.24 20.02 
57.54 8.00 25.18 

C H N  

extracted continuously with ether. The dried extract was con- 
centrated, excess amine was removed under reduced pressure, and 
the residue was recrystallized or distilled. 

2-Anilinopyrazine.-A solution of chloropyrazine (2.9 g, 0.025 
mole) and aniline (4.7 g, 0.050 mole) in 10 ml of octanol was 
refluxed for 75 min during which time a new absorption peak 
a t  340 ma developed. The reaction mixture was added to 100 
ml of chloroform, the precipitated aniline hydrochloride was 
removed by filtration, and the filtrate was extracted with four 
50-ml portions of 10% hydrochloric acid. The acid extract was 
extracted once with ether which was discarded, made alkaline 
with 50% sodium hydroxide, and chilled. The precipitated solid, 

(17) Boiling points are uncorrected. Melting points were determined in 
a Mel-Temp block in capillary tubes and are uncorrected. Reagents were 
purified by recrystallization or redistillation before use. Solvents were 
evaporated and extracts were concentrated in a rotary evaporator a t  50-80' 
(bath temperature) under reduced pressure. Thin layer chromatography 
was done on either 2 in. X 8 in. glass plates layered with silica gel containing 
a fluorescing agent or on 2-in. strips of Eastman I< 301 It chromatographic 
film. The developing solutions were either ether-methanol (9 : 1) ( A )  or 
acetonitrile (B). The separated components were visualized by ultraviolet 
light (254 or 360 mp). Most reactions were monitored by semiquantitative 
ultraviolet spectrophotometery. Probe samples (0.01 mi) of reaction mix- 
ture were withdrawn a t  15-min intervals (first 2 hr) and a t  30-min interval. 
thereafter, diluted with water or 95% ethanol, and scanned. The develop- 
ment and subsequent stabilization of an absorption between 320 and 360 
mp marked the formation of the aminated product and then completion of 
the reaction. 

(18) Analyses were by Schwarakopf hficroanalytical Laboratory. \Vood- 
side, N. Y. 11377. 

(19) Obtained from American Cyanamid Co., 13ound Ibook, N. J., 
through the courtesy of Dr. Allen G. Potter. 
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collected and air dried, weighed 3.5 g (81.4%), mp 125-130". 
Several recrystallizations f rom benzene and once from chlorofom- 
hexane raised the melting point of the colorless crystals to 135- 
136O." 

2-( I-Piperidin0)pyrazine.-A mixture of 5.7 g (0.05 mole) of 
chloropyrazine 12.8 g (0.15 mole) of piperidine was heated under 
reflux with magnetic stirring a total of 3 hr. Samples taken 
for spectrophotometric analysis showed the beginning of new 
absorption a t  345 mp after 20 min, with full development of this 
peak a t  1 hr. The reaction mixture was made alkaline and 
extracted with chloroforirn. The organic extract was washed 
with water, dried (MgS04), and concentrated under reduced 
pressure, leaving a 9.2 g of residue which partly solidified. 
Most of the material melted a t  37-40". Crystallization from 
benzene after filtration from some insoluble matter afforded 5.2 
g (63.7%) of yellow crystals, mp 35-36'. For analysis, a portion 
was sublimed a t  120' (IO mm), mp 36.5-37':' 

2-Benzylaminopyrazinie.-A mixture of 11.6 g (0.1 mole) of 
chloropyrazine and 20.1 g (0.2 mole) of redistilled benzylamine 
was heated under reflux for 1 hr. In  30 min, the original peak a t  
270 mp had disappeared and new peaks a t  245 and 333 mp had 
developed. On cooling, a solid precipitated which was slurried 
in benzene and taken to  dryness. The dark green crystalline 
residue which had a pronounced odor of benzaldehyde weighed 
9.0 g (48.6%) and melted at  63-65". A small amount of the 
residue dissolved in alcohol gave a positive carbonyl reaction 
with acidic 2,4-dinitrophenylhydrazine reagent. The crude 
material was dissolved in chloroform and chromatographed on 
basic alumina. The colu,mn was developed first with two 150-ml 
portions of petroleum etber (bp 30-60°), which eluted about 1.0 
g of brown oil which had a strong odor of benzaldehyde. This 
was converted into the 2,4-dinitrophenylhydrazone, mp 237-238' 
(lit.22 mp 237'). Chloroform (200 ml) eluted about 5.0 g of 
yellowish solid, mp 63-65', which after repeated recrystallization 
from chloroform-hexane with charcoaling raised the melting 
point of the colorless crystals to 66-66.5'. This material still 
gave an unsatisfactory elemental analysis. 

Analytically pure material was finally obtained by distillation 
a t  206" (bath temperature) (1 .Y mm) and recrystallization of the 
distillate from chloroform-hexane: mp 68-69' (lit.23 mp 67- 
S S O ) ,  picrate mp 139-140' (lit.23 mp 139.5-140'). 

2-(n-Hexylamino)-3,6-dimethylpyrazine.-The preparation of 
this compound in 46.1(% yield, bp 90-91' (0.02 mm), 12% 
1.5273, by heating 2-chloro-3,6-dimethylpyrazine and n-hexyl- 
amine at, 19.7' for 12.5 hr was reported by Kan, et 

3-( 1-Piperidino)-2,5-dimethylpyrazine.-This compound was 
isolated by Luta, et U Z . , ~ ~  as the hydrochloride, mp 136-137', 
in 72% yield, after heating the reactants 30 hr under reflux. 

2-Benzylamino-3,6-dimethylpyrazine.-A mixture of 14.3 g 
(0.1 mole) of 2-chloro-3,G-dimethylpyrazine and 20.1 g (0.2 mole) 
of benzylamine were heated with magnetic bar mixing for a 
total of 2 hr, during which time the temperature of the gradually 
darkening solution rose from 184 to 250'. The solution was 
cooled and the crystalline mass was extracted continuously with 
ether for a total of 6 hr. The ether extract, after removal of 
the solvent, left a 18-g residue which slowly crystallized on 
refrigeration and gave a strong odor of benzaldehyde. The resi- 
due wab slurried in petroleum ether and filtered (filtrate A ) ,  
to give 7.0 g of yellow crystals, mp 83-92'. This was purified 
by several recrystallizations from benzene-petroleum ether (bp 

(20 )  H. Rutner and P. E. Spoerri (private communication) prepared 
2-anilinopyrazine, mp 136.5-136.2", from 2-fluoropyrazine in 24% yield by 
heating the latter with aniline at 130-135O for 9 hr in a sealed tube. The 
present authors are indebted to P. E. Spoerri for permitting us to review 
their manuscript prior to publication. 

(21) K. B.  Lutz (private communication) and associates of the Warner- 
Lambert Research Institute, Morris Plains, N. J., obtained this compound 
as the hydrochloride, mp 153-155', in 924, yield by heating chloropyrazine 
with piperidine under reflux for 18 hr. 

(22) N. D. Cheronis and J'. B. Entrikin, "Semimicro Qualitative Organic 
.Inalysis," 2nd ed, Intersoience Publishers, Inc., New York, N. Y., 1960, p 
582. 

(23) H. Rutner and P. E .  Spoerri, J .  Heterocyclic Chem., 2, 492 (1965). 
(24) P. T .  Kan, J. D. Behun, S. hl. Naqvi, M. A. Jorgensen, and P. A. 

Gibson, Technical Document Report WADD T R  60-838, Part 11, 1962, 
p 128. The present authors m e  grateful to P. T. Kan, \Vyandotte Chemicals 
Corp., \Vyandotte. hlich., for a generous gift of this compound. 

(25) \Y. B.  Lutz, P. Lazarus, S. Klutchko, and R .  I. Meltzer, unpublished 
observations. The authors are grateful to R. I. Meltzer and his associates a t  
the Warner-Lambert Research Institute, Morris Plains, N. J. ,  for making 
this information available in advance of pu hlication.' 

30-60') which raised the melting point to 94.5-96'. Thin layer 
silica gel chromatography (solvent A) showed only a single spot, 
Rr 0.75. For analysis, the compound was recrystallized from 
hexane, mp 96-96.5". 

The filtrate A was percolated through a 110-g column of neutral 
alumina. The column was developed first with benzene. The 
first 350 ml eluted 3.5 g (33%) of yellow oil identified as benz- 
aldehyde by preparation of its 2,4-dinitrophenylhydrazone. 
Continued elution with 150 ml of benzene gave 0.65 g of yellow 
oil which slowly crystallized, mp 93-96'. Further elution with 
250 ml of 10% ether in chloroform produced about 1.5 g of solid 
material which was recrystallized from benzene-petroleum ether, 
mp 109-1 11 '. On thin layer chromatography (solvent A), the 
93-96' material was homogeneous, Rr 0.75. The 109-11lo 
material contained two substances, Rr 0.75 (identical with the 
93-96' material) and 0.69. Authentic 2-amino-3,6-dimethyl- 
pyrazine was used as standard, Rr 0.69. Attempts to separate 
and purify the two components on a larger scale by repeated 
column chromatography were not completely successful since 
apparently homogeneous material, mp 112-113' (lit? mp 111- 
112'), still gave an unsatisfactory elemental analysis.26 Total 
crude yield of 2-benzylamino-3,6-dimethylpyrazine was 7.65 g 
(35.9%). 

A.-A mixture of 10.0 g (0.074 
mole) of 3-chloropyrazine 1-oxidel5 and 48 ml of concentrated 
ammonium hydroxide was heated in a 100-ml stainless-steel 
bomb at  115-120" for 2.5 hr. The cooled mixture was evaporated 
to dryness and the air-dried residue, mixed with activated char- 
coal, was extracted in a Soxhlet with chloroform for 10 hr.27 

The extract, on removal of the solvent and crystallization of 
the crude residue from absolute ethanol, afforded 6.1 g (75.3%) 
of product, mp 173-176". Recrystallization from absolute 
ethanol gave 5.1 g of compound, mp 175-176" (lit.10 mp 175'). 

B.-Identical quantities of reactants as in A were heated 
a t  120" for 4-6 hr and taken to dryness. The residue was ex- 
tracted (Soxhlet) with chloroform overnight. The extract, 
taken to dryness, gave 3.0 g of yellow solid, mp 158-170'. The 
residue, as demonstrated by silica gel thin layer chromatography 
and development in solvent A,17 contained two substances, Rr 
0.19,28 0.37 (fluorescent at 254 m d .  Aminopyrazine, 3-amino- 
pyrazine I -oxide, and 2,3-diaminopyrazine14 used as comparison 
standards had Rr values 0.50,28 0.19," and 0.37 (fluorescent a t  
254 mp), respectively. The residue, extracted with three 50-ml 
portions of boiling benzene, left a brown solid, mp 137-163', 
which, following repeated recrystallization from 95% ethanol 
(charcoal), gave 0.5 g of yellow crystals, mp 177-179', identical 
with the compound obtained by method A. 

The fluorescent benzene extract was chromatographed on 50 
g of basic alumina and eluted with ether. The first 120 ml eluted 
a small amount of oily material which was not identified. The 
next 80 ml eluted 0.3 g of material, mp 199-203', then followed 
a 1.4-g intermediate portion, mp 192-199', and the final 150 ml 
eluted 0.5 g of material, mp 177-HO', identical with the 
3-aminopyrazine 1 -oxide described above. The higher melting 
fractions were recrystallized from water, mp 204-206', and identi- 
fied as 2,3-diaminopyrazine. Both compounds A and B, mp 177- 
ISO', were homogeneous on thin layer silica gel chromatography 
with identicd Rr values (0.16). 

2,3-Diaminopyrazine. A.-A mixture of 6.5 g (0.05 mole) of 
3-chloropyrazine 1-oxide and 15.2 nil of concentrated ammonium 
hydroxide was heabed in a stainless-steel bomb a t  140" for 16 
hr. The dark solution was taken to dryness and the dried residue 
mixed with activated charcoal was transferred to a Soxhlet 
apparatus and extracted overnight with chloroform. The ex- 
tract, after removal of solvent, left 3.5 g of yellow solid. mp 
120-200', with about 80% melting a t  190-200'. 

The solid was chromatographed on 125 g of basic alumina and 
eluted with ether-methanol (90: lo) ,  The first 200 ml eluted a 
small amount of oil which did not crystallize; the next 200 ml 
eluted 0.8 g (17%) of yellow solid, mp 108.5-110". This was 
followed by 2.3 g of yellow solid (41.8%), mp 192-204'. The 
low-melting fraction was recrystallized from benzene to give 
0.5 g of aminopyrazine, mp 115-116', identified by mixture melt- 

3-Aminopyrazine 1-Oxide. 

(26) Anal .  Calcd for CeHeNa: C, 54.6; H, 7.6; N ,  31.8. Found: C, 

(27) Extraction with dioxane10 gave gummy material which was difficult 

(28) This substance appeared as dark purple spots against a pale green 

57.86: H, 8.31; N ,  32.67. 

to handle and purify. 

hackground when the plates were exposed to 254-mr radiation. 
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ing point with authentic material, conversion to the picrate, 
mp 234' dec,2 and comparison of the ultraviolet and infrared 
absorption spectra with the spectra given by authentic material 
( I ) ,  Silica gel, thin layer chromatography developed in solvent 
A showed a single component, Rf 0.60 (pure aminopyrazine, 
Rf 0.60). The high-melting material was recrystallized from 
water to give 1.1 g of 2,3-diaminopyrazine, colorless crystals, 
mp 205-206' (lit." mp 203'). The 2,3-diaminopyrazine was 
converted to 2,3-imidazoylpyrazine, mp 251.5-256' (lit.14 mp 
257'). 

B.-3-Aminopyrazine 1-oxide (2 g, 0.018 mole) and 11.5 
ml of concentrated ammonium hydroxide were heated in a bomb 
a t  140' for 16 hr. The bomb contents were taken to dryness 
under reduced pressure. The dried residue, mixed with activated 
charcoal, was Soxhlet extracted with chloroform for 8 hr. Re- 
moval of solvent left a solid, mp 158-180'. Silica gel thin layer 
chromatography (solvent A) showed a single component, Rf 0.38 
(authentic 2,34iarninopyrazine, Rr 0.38). The solid was chro- 
matographed on basic alumina and eluted with 10% methanol 
in'ether; 0.59 g of colorless crystals, mp 190-206', were collected. 
Recrystallization from water raised the melting point to 204- 
206' which did not depress the melting point of the 2,3-diamino- 
pyrazine prepared by method A. 

3-Amin0-2,S-dimethylpyrazine 1-Oxide.-A mixture of 3- 
chloro-2,5-dimethylpyrazine l-oxide16 (7.42 g, 0.05 mole) and 
32.5 ml of concentrated ammonium hydroxide was heated in a 
stainless-steel bomb a t  120' for 6 hr.29 The cooled mixture was 
taken to dryness and the residue was mixed with activated char- 
coal and Soxhlet extracted with chloroform for 12 hr. The 
extract yielded 5.5 g (78.5%) of crude product, mp 234-238'. 
Several crystallizations from 957, ethanol raised the melting 
point to 239-240'. 

Preparation of Substituted Aminopyrazine N-Oxides.- 
Following is a general description of the procedure used for the 
preparation of compounds XV-XIX and XXII-XXV. 3- 
Chloropyrazine l-oxideI6 and excess amine were heated under 
reflux, either neat or in 20 ml of solvent (Table I1 gives reaction 
conditions.). The cooled mixture was made alkaline and extracted 
with chloroform. The dried organic extract was concentrated, 
excess amine was removed, and the residue was recrystallized. 
The solvents used follow: XV, benzene-hexane; XVI-XVIII, 
chloroform-hexane; XIX, benzene; XXII, chloroform-hexane: 
XXIII, ether-petroleum ether (bp 30-60'), following chromatog- 
raphy on alumina and elution with 107, methanol in ether; 
XXIV, chloroform-hexane; XXV, hexane. 

3-Dimethylaminopyrazine l-Oxide.-3-Chloropyrazine 1-oxide 
(5.23 g, 0.04 mole) and 96 ml of 25% aqueous dimethylamine 
were heated in a bomb for 1 hr a t  120'. The bomb contents 
were made alkaline (pH 10) and taken to dryness. The residue, 
mixed with charcoal, mTas extracted for 10 hr with chloroform. 
The dried extract was taken to dryness leaving 6.2 g of material, 
mp 144-146', which gave a faint Beilstein test. This was re- 
crystallized from chloroform-hexane (charcoal) to give 5.1 g of 
compound, mp 148-150°, but which still was not homogeneous 
on thin layer chromatography (solvent B) . A sample for analysis 
was obtained by chromatographing 300 mg of compound on 25 
g of alumina, eluting with 5% chloroform in ether, and recrystal- 
lizing the combined homogeneous fractions with chloroform- 
hexane. 

3-Dimethylamino-2,5-dimethylpyrazine 1-Oxide.-This com- 
pound was prepared by Lutz and co-workersll by allowing 3- 
chloro-2,5-dimethylpyrazine 1-oxide and liquid dimethylamine 
to stand in a sealed vessel a t  room temperature for 2 days." 

(29) Heating for a shorter period a t  this temperature gave incomplete 
conversion. Heating a t  a higher temperature (14CL145O) for periods of 3-16 
hr gave mixtures of varying composition containing the deaired product and 
2-amino-3,6-dimethylpyrazine. Examples of similar deoxygenation during 
the attempted amination of chloro N-oxides of other aiaheterocyclic com- 
pounds have been reported: A. R. Katritsky, J .  Chcm. SOC., 2404 (1956) 
(pyridine); I. J. Pachter and M. C. Kloetzel, J .  Am. Chem. Soc.. T 4 ,  971 
(1952) (phenazine). 

(30) R. I. Meltzer, private communication. The melting point and other 
data given in their paper for this compound (ref 11, footnote 13) is incorrect 
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Absorption Spectra.--Ultraviolet absorption spectra were de- 
termined on a Bausch and Lomb 505 recording spectrophotom- 
eter. These are given in Table 111. Infrared spectra were 
obtained with a Perkin-Elmer Model 21 recording spectro- 
photometer as chloroform solutions or potassium bromide disks. 
The instrument was calibrated with a polystyrene film. 

No. 

I 
I1 
I11 
IV 
V 
VI 
VI1 
VI11 
IX 
X 
XI 
XI1 
XI11 
XIV 
xv 
XVI 
XVII 
XVIII 
XIX 
xx 
XXI 
XXII 
XXIII 
XXIV 
xxv 
XXVI 
2,3-Imid- 

azoyl- 

TABLE I11 
ULTRAVIOLET ABSORPTION SPECTRA 

Solvent Amax Log e A,, Log a Amax LOR t 

EXOH 230 4.03 285 shs 316 3.70b 
HzO 239 4.02 324 3.91 
EtOH 246 4.20 290 sh 338 3.16 
MeOH 246 4.22 285 sh 335 3.73 
EtOH 274 4.43 344 3.92 
MeOH 216 3.54 256 4.26 345 3.71 
MeOH 252 4.22 293 sh 345 3 . 7 8  
EtOH 248 3.92 332 3.52 
EtOH 234 3.92 320 3. 85d 
MeOH 247 4.17 285 sh 329 3.91 
Hz0 250 3.76 318 3.68" 
EtOH 247 4.34 325 4.09 
EtOH 251 3.77 315 3.69' 

H20 245 4.40 357 3.51 
Hz0 247 4.40 357 3.66 
EtOH 249 4.43 280 3.83 348 3.66 
EtOH 216 3.62 277 4.41 360 3.38 
Hz0 <210 257 4.56 364 3.52 
EtOH 254 4.39 280 sh 360-365' 3.62 
EtOH 236 4.37 266 3.99 335 3.86 
MeOH 243 4.57 343 3.89 
H20 243 4.49 345 3.89 
EtOH 245 4.45 340 3.78 
MeOH 215 4.20 252 4.38 335 3.78 
EtOH 213 4.05 253 4.36 338 3,758 

HzO 237 4.35 268 3.93 339 3.59 

pyrazine H20 290 4.01 
a sh, shoulder. Reference 3 gives 230 mp (log e 4.00), 

285 (sh), 318 (3.69). Reference 3 gives X.,",,'.2 252 mp (4.13), 
287 (2.75), 346 (3.64). Reference 16 gives 234 (4.08), 319 
(3.88). e W. B. Lutz, et a2.l1 I Broad. 
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and is actually that of 3-dimethylamino-2-methylpyrazine 1-oxide, mp 89- 
91e. The correct melting point is 72-74O. Anal. Calcd for CsHirNaO: C. 
57.46, H, 7.81; N, 25.13. Found: C, 57.54, H, 8.00: N, 25.18. Ultraviolet 
spectrum showed 213 mp (log e 4.05), 253 (4.36), 338 (3.75). 


