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Reaction of Nicotine and Sodium Nitrite: Formation of Nitrosamines 
and Fragmentation of the Pyrrolidine Ring1*2 
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The reaction of nicotine and sodium nitrite was investigated in order to provide insight on the formation of PO- 
tentially carcinogenic tobacco-specific nitrosamines. Reaction a t  25 "C resulted in the formation of N'-nitrosonor- 
nicotine (3) ,  4-(N-methyl-N-nitrosamino)-l-(3-pyridyl)-l-butanone (4 ) ,  and 4-(N-methyl-N-nitrosamino)-4-(3- 
pyridy1)butanal ( 5 )  in yields of 0.1-2.8%, with most of the nicotine being unreacted. When the reaction was carried 
out a t  90 "C, with a fivefold excess of NaN02,75-85% of the nicotine reacted. The nitrosamines 3 and 4 were formed 
in higher yirmld [up to 13.5 (3) and 4.3% (411, but 5 was not observed. Both 4 and 5 gave secondary products under 
these conditions; 4 was nitrosated further to give 4-(N-methyl-N-nitrosamino)-2-oximino-l-(3~pyridyl)-l-buta- 
none (6), and 5 gave rise to l-methyl-5-(3-pyridyl)pyrazole (7). The major products resulting from fragmentation 
of the pyrrolidine ring were cis- and trans-3-(3-pyridyl)acrylonitrile (8a,b), N-methylnicotinamide (9).  and nico- 
tinic acid (10 ) .  The nitrosamines 3-5 and the fragmentation products 8a, 8b, and 9 most probably arise via cyclic 
iminium salts. 

Recent studies hav'e shown that both unburned, cured 
tobacco and tobacco smoke contain significant quantities of 
the carcinogenic compound, N'-nitrosonornicotine (3) (0.3-10 
ppm in smoking tobacco, 3-90 ppm in chewing tobacco, 40- 
250 ng/cigarette in & m ~ k e ) . ~ - ~  This compound induces 
esophageal and nasal cavity tumors in rats, respiratory tract 
tumors in hamsters, and lung adenomas in mice, and displays 
carcinogenic activity arid organ specificity which is typical of 
nitrosamines in general.10-14 The major precursor in tobacco 
for 3 is the tertiary amine nicotine (l),  which is converted to 
3 during curing of t oba~co . '~  Nornicotine (2) can also serve as 

1 2 3 

precursor for 3, but its concentration in tobacco is significantly 
10wer .~J~  About half of 3 present in tobacco smoke is formed 
during smoking, and model studies have shown that 1 is more 
important than 2 as a precursor to 3 during cigarette smok- 
ing.7,9 In view of these facts, studies on the reaction of 1 with 
nitrite were undertaken in order to provide insight on the 
possible formation of other nitrosamines, such as 4-(N- 
methyl-N-nitrosamino)-l-(3-pyridyl)-l-butanone (4) and 
4-(N-methyl-N-nitrosamino)-4-(3-pyridyl)butanal (5), which 

0022-326317811943-0072$01.00/0 

0 

5 4 

could result from ring cleavage of the 1'-2' or 1'-5' bonds of 
1 and nitrosation, respectively. In previous studies on the re- 
action of 1 with nitrite under various conditions, the presence 
of 3 was demonstrated and the possible formation of 4 and 5 
discussed.5,7J6 

Results and Discussion 
When 1 was allowed to react with 1 equiv of NaNOz in 

aqueous solution at  20 "C for 17 h, the nitrosamines 3-5 were 
formed. Under these mild conditions, 1 was mostly (80-90%) 
unreacted. The nitrosamines were identified by comparison 
of GC retention times and mass spectra to those of reference 
standards, which were independently s y n t h e ~ i z e d . ~ ~ - ' ~  
Compounds 4 and 5 are, to our knowledge, the first examples 
of nitrosamines which are primary products of cleavage of a 
ring C-N bond in the nitrosation of a cyclic tertiary amine. 
The yields of 3-5 under these conditions are summarized in 
Table I and are typical of the reaction of tertiary amines with 

C 1978 American Chemical Society 
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Table I. Formation of Nitrosamines 3-5 from Nicotine and 
NaNO2 -- 

Conditions % yields" -- 
[NaN021/ 
[Nicotine1 D H ~  2'. "C t ,  h 3 4 5 

1.4 2.0 20 17 0.1 NDC 0.2 
1.4 3.4 20 17 0.5 0.1 2.8 
1.4 4.5 20 17 0.5 0.5 2.3 
1.4 7.0 20 17 0.2 0.1 0.1 
5.0 3.4-4.:; 90 0.3 8.0 0.7 ND 
5.0 3.4-4.2 90 3.0 8.8 2.3 ND 
5.0 3.4-4.2 90 6.0 8.0 1.5 ND 
5.0 5.4-5.9 90 0.3 9.0 2.7 ND 
5.0 5.4-5.9 90 3.0 13.5 4.3 ND 
5.0 5.4-5.9 90 6.0 11.7 2.6 ND 
5.0 7.0-7.3 90 0.3 1.3 0.1 ND 
5.0 7.0-7.3 90 3.0 4.5 0.2 ND 
5.0 7.0-7.3 90 6.0 5.5 0.2 ND 

a Determined by GC and based on starting nicotine. 
systems: pH 2, KC1/€1CI; pH 3.4-7, citrate/phosphate. 
not detected. 

Buffer 
ND = 

nitrite.20~21 Cleavage of the 1'-5' bond to give 5 was favored 
in the pH range 3.4-4.5, as was the formation of all three ni- 
trosamines. 

Under more severe conditions (fivefold excess of nitrite, 90 
"C), the yields of 3 and 4 increased, while 5 was no longer ob- 
served, as shown in Table I. The absence of 5 and the de- 
creasing amorints of 4 a t  longer reaction times were due to 
secondary reactions, as discussed below. Under these condi- 
tions, nitrosainine formation was favored at  pH 5.4-5.9. The 
optimum pH range for nitrosamine formation at  both 20 and 
90 "C is in agreement with previous studies on nitrosation of 
tertiary amines, as is the formation of nitrosamines under 
neutral c o n d i t i ~ n s . ~ ~ ) ~ ~ ~ ~ ~ ~  Since the yields of 3 were relatively 
high a t  90 "C isolation of this compound in gram quantities 
was feasible; unreacted 1 was steam-distilled and 3 was iso- 
lated by preptvative high-performance liquid chromatography 
(HPLC) followed by distillation. 

Examination of the mixtures formed in the reaction of 1 
with NaNOz at 90 "C revealed, in addition to 3 and 4, products 
arising from secondary reactions of 4 and 5 (6 and 7) and froin 
fragmentation and oxidation of the pyrrolidine ring (8-18), 
as shown in Table 11. Under these conditions, 1 was 15-25% 
unreacted. Yields of products reported in Table I1 were de- 
termined by GC or HPLC: approximately 65-70% of the 
mixture was characterized. 

The structures of 4-(N-methyl-N-nitrosamino)-2-oxi- 
mino- 1 -( 3-pq ridy1)- L -butanone (6) and 1 -methyl-5- (3-pyri- 
dy1)pyrazole (7) were deduced from spectral and analytical 
data, as discussed below. The other major products were the 
cis- and trar; s-3-(3-pyridyl)acrylonitrile isomers 8a and 8b 
(the formation of 821 was also reported in ref 5), N-methylni- 
cotinamide (9), and nicotinic acid (10). These products and 
the minor components 11-18 were identified by comparison 
to available reference samples. 

Compound 6, isolated from the aqueous portion of the re- 
action mixture, had a high-resolution electron impact (EI) 

130 

NOH 
78 *- 

106 +- 177 
206 

177 .-J J 
106 +-d 

206 

Table 11. Products Formed in the Reaction of Nicotine 
and NaNO+b 

Method of 
Product % yieldC identificationd 

3 8.8 Ae 
4 2.3 A/  
6 4.0 C, A 
7 2.1 C 
8a,b 19.0 AS 
9 6.2 B 

10 4.0 B 
11 0.6 A h  
12 0.5 B 
13 0.5 B 
14 0.5 B 
15 0.3 B 
16 0.2 B 
17 0.1 A' 
18 0.1 B 

Reaction of 1 equiv of 1 with 5 equiv of NaNOz at 90 "C, 3 h, 
pH 3.4-4.2. 15-25% of 1 was unreacted. Based on starting 1. 

A, comparison of GC or HPLC retention times and mass spectra 
to independently synthesized standards; B, comparison to com- 
mercially available standards; C, spectral properties (see text). 
e Reference 17. f Reference 19. g Reference 24. h Reference 25. 

py 
N=O 

6 7 

0 0 

CH=CHC=N 

sa, b 

0 0 
I1 I1 

QfcH=cHcoH q C \ w  N 

12 

0 
I1 

13 14 

0 
II A 

15 16 17 

18 

mass spectrum with fragments at 73 ( C Z H ~ N ~ O ) ,  78 (CSH~N), 

(CgH902N2), 206 ( C I O H I ~ O ~ N ~ ) ,  and 219 (C10H1102N4). El- 
emental analysis indicated an empirical formula of 
C10H12N403. A small (relative intensity 0.2%) peak was ob- 
served a t  mle 237 in the low-resolution E1 spectrum of 6; the 
chemical ionization (CI) mass spectrum gave mle 238 (100%). 
The fragmentation pattern can be rationalized as shown; the 
peaks at  237 (EI) and 238 (CI) apparently resulted from M + 
1 and M + 2 ions, respectively. The structure for 6 was also 

106 (CGH~ON), 130 ( C ~ H ~ N ~ O Z ) ,  165 (CsHg02N~), 177 



Hecht et  al. 74 J .  Org. Chem., Vol. 43, No. I, 1978 

Scheme I 

0 
II 
I- 

CH3 
1. -H,O 
- 7  
2 -co, 
3 -Hi 

supported by IR and NMR data (see Experimental Section). 
To  confirm the structural assignment, 6 was prepared in 62% 
yield by reaction of 4 with isopropyl nitrite. Both synthetic 
and isolated 6 were obtained as mixtures of syn- and anti- 
oxime isomers. These isomers 6a and 6b (mp 126-127 and 
132-133 "C) could be separated after several recrystallizations. 
Since 6a and 6b each had an >NN=O group, four isomers, 
(E)-6a, (Z)-6a, (E)-6b, and (Z)-6b, were actually present. 
According to NMR, the E isomers predominated. 

Compound 7 was isolated from the distillable portion of the 
reaction mixture; its volatility was similar to 8a, 8b, and 17. 
High-resolution mass spectral data (EI) indicated a molecular 
ion of CgHgN3 (re1 intensity, 100%) with fragments corre- 
sponding to C8H7N2 (50%), C7H6N (15%), and C5H4N (8%). 
This spectrum is similar to that of nicotyrine (19).26 The CI 

Ly! I 
CH 3 

19 

spectrum showed an M .t 1 peak at  m/e 160. The IR spectrum 
was similar to that of myosmine (17). The proton NMR 
spectrum of 7 showed a methyl singlet a t  3.94 ppm and dou- 
blets (1 H each, J = 4 Hz)  a t  6.40 and 7.59 ppm, in addition 
to resonances for four pyridyl protons. The fully decoupled 
l3C NMR spectrum showed resonances at  37.9 (1 C), 107.8 (2 
C),  124.4 (1 C), 137.0 (1 C), 140.0 (2  C), and 150.8 (2  C) ppm. 

These MS, IR, and NMR data required a pyridine ring at- 
tached to an N-methylated five-membered ring containing 
two nitrogens. Such a heterocyclic compound could be either 
a pyrazole or an imidazole; assuming that the N-methyl group 
remained in the same relative position as in 1, three structures 
(a, b, and c) were possible. Based on the proton NMR spec- 

a b C 

trum, the pyrazole structure a was assigned; the ring protons 
on C-4 and C-5 of 3-methylpyrazole resonate at  6.10 and 7.52 
ppm, compared to 6.40 and 7.59 ppm in 7; in l-methylimida- 
zole the ring protons are observed a t  6.96,7.10, and 7.49 ppm 
and in 1,2-dimethylimidazole at  6.70 and 6.80 

The origin of 7 in the reaction mixture from 1 and NaNO2 
may be attributed, a t  least partially, to secondary reactions 
of nitrosaminoaldehyde 5. When 5 was treated under the re- 
action conditions (pH 3.4,90 "C, 3 h, fivefold excess nitrite), 
7 was formed in 10% yield. Disappearance of 5 was complete 
under these conditions. When NaNO2 was omitted from the 
mixture, 5 was recovered unchanged. The mechanism of this 
conversion is not yet known, but could proceed as shown in 
Scheme I. In the acidic medium, 5 could cyclize by reaction 
of its enol with the nitroso group. Oxidation followed by loss 
of H20, CO2, and H2 would give 7. A related reaction has been 
observed in the HN03 oxidation of nicotine to nicotinic acid.28 
In this oxidation, a minor product (5%) was 3-nitro-543- 
pyridyl)pyrazole, which may be formed by a mechanism 
similar to that shown in Scheme I. 

The formation of nitrosamines 3-5 and the fragmentation 
products 8a, 8b, and 9 can be explained via the intermediacy 
of cyclic iminium salts, as shown in Scheme 11. Previous 
studies on nitrosation of tertiary amines support an initial 
addition of NO+ to the amine, followed by loss of HN0.22 In 
the case of nicotine, this would give rise to three iminium 
species, 20-22. Reaction of 20-22 to give nitrosamines 3-5 
could proceed in either of two ways. The iminium salts could 
be hydrolyzed to the corresponding secondary amines, which 
are then nitrosated. Alternatively, 20-22 could react directly 

Scheme I1 

1 1 HONO 

RC % N-CH, R'd "04 
H:Cl I 1 CHI 

9 

I I R LHCN 

R = 3 - Pyr 
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with NOz- to give 3-!5. This pathway, which would be more 
important at  neutral pH, has been demonstrated for the ex- 
ocyclic iminiuni salt 25, which gives nitrosopyrrolidine upon 
n i t r o ~ a t i o n . ~ ~  To examine the formation of nitrosamines by 

25 

interaction of an endocyclic pyrrolinium salt with nitrite, the 
reaction of 26 with nitrite was investigated. When 26, obtained 
by reduction of N-methylpyrrolidone (28),30 was allowed to 
react with NaN02 under neutral conditions in either HzO or 
95% EtOH, the nitrosaminoaldehyde 27 was isolated in &lo% 
yield.ls The major product was N-methylpyrrolidone (28). 
Thus, both exocyclic and endocyclic pyrrolinium salts, such 
as 20-22, 25, and 26, can serve as precursors for nitrosam- 
ines. 

28 26 27 

The intermediates 20 and 22 offer the simplest rationale for 
formation of products 8a, 8b, and 9. Under the reaction con- 
ditions, these salts should be in equilibrium with the corre- 
sponding enamines, which can undergo C-nitrosation to give 
isonitrosoiminium ions 23 and 24. Beckmann type fragmen- 
tation reactions of 23 and 24 would then lead to 8a, 8b, 12, and 
9. Compounds 10, 11, 13, and 15-17 are typical oxidation 
products of nicotine, which have been observed under similar 
conditions.31 

Experimental  Section 
Melting points were determined on a Thomas-Hoover capillary 

melting point apparatus and are uncorrected. Infrared spectra were 
run on a Perkin. Elmer .Model 267 grating infrared spectrophotometer 
in Nujol mull 01 as liquid films. NMR spectra were determined with 
a Hitachi Perkin-Elmer Model R-24 spectrometer in CDC13 solution 
and are reported as parts per million downfield from Me4Si as internal 
reference. 13C NMR spectra were obtained on a Varian Associates 
XL-100A spectrometer. Mass spectra and combined GC-MS were 
run with a Hewlett Parkard Model 5982A dual source instrument 
using a membrane separator. Chemical ionization mass spectra were 
determined wii;h methane as ionizing gas. High-resolution mass 
spectra were determined by Shrader Analytical and Consulting 
Laboratories, Detroit, Mich. GC analysis was done on a Hewlett 
Packard Modei 5711 instrument equipped with a flame ionization 
detector and columns: A, 6 ft X in. 10% Carbowax 2OM-TPA on Gas 
Chrom Q; B, 6 l't X ' i s  in. 10% UCW-98 on Gas Chrom Q; C, 6 ft X 
in. 10% Carbowax 20 hI-2% KOH on Chromosorb W, with helium as 
carrier gas. HPLC was performed with a Waters Associates Model 
ALCIGPC-202 high-speed liquid chromatograph equipped with a 
Model 6000A solvent delivery system, a Model 660 solvent pro- 
grammer, a Model U6K septumless injector, a Model 440 UV detector, 
and a 6 mm X 30 cm Microbondapak/C18 column. Preparative HPLC 
was done with i i  Waters Associates Prep LC/System 500 using Prep- 
Pak-500/Silica cartridges. Microanalyses were performed by Gal- 
braith Laboratories, Knoxville, Tenn. 

Reaction of Nicotine and  NaN02. (A) Analytical Scale. Re- 
distilled nicotine (Aldrich Chemical Co., Milwaukee, Wisc.) which 
contained <O.QlO/o nornicotine according to GC analysis (column C, 
165 "C) and was free of other impurities (1.0 g, 6.2 mmol) was added 
to 10 mL of tht? appropriate buffer and NaNO2 (2.1 g, 30.4 mmol in 
5 mL of H20) was added in one portion. The resulting solution was 
heated at 90 "C for the appropriate time interval, and then basified 
to pH 10-12 by addition of aqueous NaOH. The solution was satu- 
rated with NaC1 and extracted with 3 X 40 mL of CHC13. The CHC13 
extracts were dried (Na2S04) and concentrated to give an oily residue, 
0.4-0.5 g. Reactions under mild conditions (entries 1-4, Table I) were 
done similarly. except that the molar ratio of NaN02 to nicotine was 

1.4 and the solutions were stirred at 20 "C for 17 h before basifica- 
tion. 

The CHC13 extracted products were examined by GC using column 
A with a temperature program of 100 "C for 4 min, then 4"/min to 240 
"C. The flow rate was 60 mL/min and injector and detector temper- 
atures were 250 "C. The relative retention times of the volatile com- 
ponents of the mixture were as follows: 16,0.67; 13,0.72; 14,0.73; 15, 
0.84; 1,l.OO; 17,2.05; 18,2.20; 8a and/or 8b, 2.26 and/or 2.78; 7,2.52; 
9,3.70; 11,3.70; 3,4.23; 5,4.82; and 4,5.20. The absolute retention time 
of 1 was 12.8 min. Identity was confirmed by comparison of retention 
times and mass spectra to standards. 

Compounds 6, 10, and 12 were isolated from the aqueous portion 
of the reaction mixture. The aqueous extract was readjusted to pH 
7 and freeze-dried to give a residue which was triturated with meth- 
anol. Aliquots were concentrated and silylated with bis(trimethy1si- 
1yl)trifluoroacetamide and then examined by GC using column B (flow 
rate 60 mL/min) and a temperature program of 100-240 "C at 4"/min. 
Compounds 10 and 12 were identified by comparison of mass spectra 
and retention times to those of silylated standards. 

An aliquot of the above methanol solution was examined by HPLC 
for identification and quantification of 6, using program 8 with elution 
by 15% CH30H in H20 to 100% CH30H in 45 min a t  a flow rate of 1.5 
mL/min. The retention volume of 6 was 37.5 mL. When the reaction 
was done on a larger scale, 6 could be isolated by column chroma- 
tography on silica gel with elution by chloroformimethanol followed 
by recrystallization from EtOAc. 

(B) Preparative Scale. Isolation of 3. Nicotine (250 g, 1.54 mol) 
was brought to pH 3 by cautious addition of concentrated HCl. The 
resulting salt was added to 3 L of pH 3 citrate/phosphate buffer in a 
12-L round bottom flask. The mixture was heated with stirring to 90 
"C. The heating mantel was removed and a solution of NaN02 (525 
g, 7.61 mol) in 1 L of HzO was added dropwise over a period of 1.5 h 
a t  a rate which maintained the temperature at 90 "C. The mixture was 
then stirred for 5 h a t  90 " C, cooled to room temperature, saturated 
with NaCI, cooled to 0 "C, and brought to pH 12 by cautious addition 
of NaOH pellets. The resulting mixture was extracted with 4 X 3 L 
of CHC13 and the combined CHC13 layers were dried (Na2S04) and 
concentrated to give a residue of 115 g. This material was steam-dis- 
tilled to remove unreacted nicotine (53 8). The pH of the distillation 
pot was maintained at 10 by addition of NaOH. After distillation was 
complete, the residue was extracted with CHC13 and the CHC13 so- 
lution was dried and concentrated to give 45 g of material. This was 
chromatographed by preparative HPLC using two cartridges with 
elution by CHC13/cyclohexane/CH3CN/MeOH (44:48:7: 1) a t  a flow 
rate of 250 mL/min. Fractions containing 3, as determined by TLC 
on silica gel [CHC13/MeOH (201)], were comhined and concentrated 
to give a residue of 20 g. This was distilled to give 10 g (3.7%) of 3, bp 
150-160 "C (0.2 mm), identical with 3 prepared frnm 2.Ii  The forerun 
from this distillation was enriched in 7. 
44 N-Methyl-N-nitrosamino)-2-oximino- 1-(3-pyridyl)-l- 

butanone (6). The nitrosamino ketone 4 (100 mg, 0.48 mmol) was 
dissolved in dry methanol (10 mL) which had been saturated with dry 
HCl. Isopropyl nitrite (225 mg, 2.6 mmol) was added a t  0 "C and the 
solution was stirred for 2 h a t  0 "C and an additional 3 h at room 
temperature. The mixture was brought to pH 7 and extracted with 
4 X 25 mL of CHCls. Drying (NaZS04) and concentration gave a solid 
residue, which was recrystallized from EtOAc to give 80 mg (62%) of 
6, mp 127-129 "C, as a mixture of isomers. Further recrystallization 
from EtOAc gave the syn- anti-oxime isomers 6a, mp 12c-127 "C. and 
6b, mp 132-133 "C. Spectral properties: IR (6a) 3200-2100, 1642, 
1590,1131,1030,1010,732,712,692,673,630 cm-'; IR (6b) 3200-2100, 
1659,1590,1510,1418,1340,1265,1131,1027,1008,758,738,714,691, 
675,630 cm-'; MS m/e (re1 intensity) 237 (0.2), 219 (6), 206 (29), 177 
(81,165 (71,130 (lo), 114 (41,106 (loo), 78 (97), 73 (49), 51 (40), 42 (451, 
identical for 6a and 6b; NMR (mixture of 6a and fib) (CDC13) 9.42- 
7.25 (4 H, m, pyridyl CH), 4.48 (1.8H, t, CH?NN=O, 6a t 6b E iso- 
mers), 3.81 (0.5 H, m, -CHzN(N=O)CH3, 6a + 6b  Z isomers), 3.21 
(2 H, t, HON=CCHz-), 3.15 ppm (2.7 H, s, CH3NN=O, 6a + 6b E 
isomers). Anal. Calcd for C10H1zN403: C, 50.85; H, 5.12; N,  23.72. 
Found: C, 50.75; H,  5.19; N,  23.66. 

Formation of l-Methyl-5-(3-pyridyl)pyrazole (7) from 5. Ni- 
trosaminoaldehyde 5 (12.8 mg, 0.06 mmol) was dissolved in l mL of 
pH 3 buffer and NaNOz (200 mg, 2.9 mmol) was added. The solution 
was heated a t  90 "C for 3 h, cooled, adjusted t,o pH 10, and extracted 
with 3 X 5 mL of CHC13. After drying and concentration, the residue 
was examined by GC using column A, programmed from 100 to 240 
"C a t  4"/min. The predominant volatile product (1090 yield from 5) 
was 7, which was identified by comparison of its retention time and 
mass spectrum to 7 isolated from the reaction of 1 with NaN02. An 
unknown component, with a molecular ion of 192. eluted a t  23.8 min. 
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Nitrosaminoaldehyde 5 was not detected. Spectral data. for 7 are given 
in the text. 

Reaction of N-Methyl-.ll-pyrrolinium Chloride (26) with 
NaN02. N-Methyl- Al-pyrrolinium chloride (26) was prepared by 
the lithium aluminum hydride reduction of N-methyl-2-pyrrolidone 
(28), followed by dehydration as previously reported.30 The NMR 
spectrum (CDCl3) showed the following absorptions: 12.91 (br s, 1 H, 
CH=Nt), 3.78 (t, 2 H, CHzN+), 3.14 (s, 3 H, N+CH3), 3.02 (m, 2 H, 
CH2C=Nt), and 2.31 ppm (m, 2 H, ring CCH*C), indicating the ab- 
sence of 28. The pyrrolinium salt 26 (1.6 g, 0.023 mol) thus obtained 
was dissolved in 20 mL of' H20 and allowed to react with NaN02 (1.6 
g, 0.023 mol) in 20 mL of H20 a t  reflux for 10 min. The aqueous so- 
lution was extracted with CHC13 (3 X 20 mL), and the CHC13 extract 
was dried (MgS04) and concentrated to give a residue which was 
chromatographed on silica gel with elution by hexane/EtzO/CH2Clz 
(1:2:2); 4-(N-methyl-N-nitrosamino)butanal (27) was obtained pure 
in 5% yield. The nitrosamine 27 showed spectral characteristics which 
were identical with those of a reference sample synthesized inde- 
pendently.'* The major product (50%) was eluted from the column 
with acetone and identified as N-methyl-2-pyrrolidone (28). The 
nitrosation of pyrrolinium salt 26 was also done in refluxing 95% 
EtOH, in pH 6 buffer under reflux, and at 20 "C, under N2, in 95% 
EtOH. Similar results were obtained. 
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The thermolysis of some 2-azidoquinoxaline 1-oxides and l,4-dioxides has been studied. When these are unsub- 
stituted in the 3 position, 2-cyano-1-hydroxy-1H-benzimidazoles are obtained in high yield. The thermolysis of 2- 
azido-3-methylquinoxaline 1,4-dioxide, on the other hand, resulted in the formation of 2-cyano-2-methyl-2H-benz- 
imidazole 1,3-dioxide, which underwent further intramolecular rearrangement to afford a novel 3H-2,1,4-benzox- 
adiazine 4-oxide. A mechanistic interpretation of these observations, as well as a discussion of 13C NMR spectra 
of the thermcilysis products, is presented. 

In t h e  course of work on t h e  chemistry of quinoxalines, 
2-azidoquinoxaline 1-oxide (1) and  2-azidoquinoxaline 1,4- 
dioxide (2) were synthesized and  their thermal chemistry was 
studied. T h e  thermolysis of 1 to give 2-cyano-1-hydroxy- 
1H-benzimidazole (3) has been described.' We  now wish to  
report  our  observations, concerning t h e  modes of reaction of 
several such azides. 

0 
1 

OH 
3 
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2-Azidoquinoxaline 1-oxide (1) was prepared by sodium 
azide displacement of 2-chloroquinoxaline 1-oxide* in Me2SO 
a t  room temperature.  Prolonging t h e  reaction t ime resulted 
in loss of nitrogen from 1 and formation of Z-cyano-l-hy- 
droxy-lH-benzimidazole (3). T h e  benzimidazole 3 was more 
efficiently prepared by t h e  thermolysis of 1 a t  90 "C in ben- 
zene solution. T h e  structural  assignment of 3 was based on i ts  
spectral  properties (NMR, IR, UV, mass spec t rum) ,  com- 
bustion analysis, and a n  unambiguous synthesis from 2-ni- 
troanilinoacetonitrile according t o  a l i terature procedure.3 

Extension of this reaction to 2-azidoquinoxaline 1,4-dioxide 
(2) was accomplished in the  following manner.  2-Methylsul- 
fonylquinoxaline 1,4-dioxide4 (4) was allowed t o  react with 
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