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(96), 91 (58), 77,69 (52),51; IR (neat) 3300 (s), 3050 (m), 1720 (vs), 
1310 (vs), 1160 cm-' (vs). On standing for several weeks, the enamide 
hydrolyzed completely to acetophenone. 

Photolysis of 4-Met hyl-4-phenyl-2-trifluoromethyl-Az-oxa- 
zolin-5-one (1). A solut ion o f  205 mg (0.843 mmol)  o f  4-methyl-4- 
phenyl-2-trifluoromethyl-A2-oxazolin-5-one (1) and 2 mL o f  methy l  
acrylate in 230 mL o f  dr,y acetonitr i le was i r rad iated for  8 h through 
a Vycor filter w i t h  a Hanovia 450-W medium pressure lamp. Solvent 
removal a t  reduced pressure fol lowed by silica gel chromatography 
(Mal l inckrcdt  Silicar CC-7) w i t h  methylene chloride elut ion gave 105 
m g  o f  a mix tu re  containing, by NMR analysis, 52 and 34% o f  the  cis- 
and t rans -2-trifluoromcthyl-4-carbomethoxy-5-methyl-5-phenyl- 
A'-pyrrolines, respectively. The remainder o f  the material, 14%, was 
acetophenone. By repeated silica gel chromatography, e lu t ing w i t h  
methylene chloride, a pure  sample o f  the  cis pyrro l ine was obtained, 
hav ing the fol lowing spectral data: NMR (CDC13) 6 1.85 (3 H, s), 3.1 
(3 H, s), 2.9-3.7 (3 H, m), 7.0-7.2 (5 H, m); IR (neat) 1740 (vs), 1440 
(m), 1200 (vs), 1150 cm- * (vs); mass spectrum (70 eV) m/e (re1 in- 
tensity) 285 (28), 270 (ll), 266 (61,254 (6), 226 (42), 199 (57), 198 (25), 
104 (loo), 103 (88), 91 (15),77 (57). 

Anal. Calcd for  C ~ ~ H ~ ~ F ~ N O Z :  C, 58.95; H, 4.95; N, 4.91. Found: C, 
58.92; H, 5.07; N, 4.98. 

By the  same method a small  por t ion  o f  the  pure trans isomer was 
also obtained, having the following spectral data: NMR (CDCls) 6 1.48 
(3H,s),2.8-3.6(3H,m),3.7(3H,s),7.0-7.2(5H,m);massspectrum 
(70 eV) m l e  (re1 intensity) 285 (50), 270 (la), 266 (11) 254 (16), 226 
(76), 199 (loo), 198 (46), 179 (21), 104 (92), 103 (82), 91 (17), 77 
(58). 

Photolysis of 177.5 m g  of  1 in the presence o f  152.5 m g  (2.24 mmol)  
of trans-piperylene in 230 mL o f  acetonitrile for 6.25 h followed by 
the same workup gave the same products in essentially identical 
yields. T h e  concentration o f  quencher was suff icient t o  reduce the 
quantum yield t o  10% o f  its original value if the reactive l i fet ime were 
10-7 s ,  assuming k&ff = 1 x 10'0 for  acetonitrile. 
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T h e  reaction o f  n -hexy l  azide w i t h  ethoxycarbonylnitrene generated by a-el imination f rom N-(p-nitrobenzene- 
su1fonoxy)urethane in nitromethane generates n-hexaldehyde ethoxycarbonylhydrazone, which arises f rom the 
in i t ia l  format ion and rearrangement o f  e thy l  n-hexylazocarboxylate. Ethyl phenylazocarboxylate is produced and 
isolated f rom a similar reaction w i t h  phenyl  azide. Studies employing various organic azides, solvents, reaction con- 
ditions, and additives indicate n-hexy l  azide t o  be reactive toward singlet ethoxycarbonylnitrene w i t h  a major com- 
pet ing reaction being the  crossover o f  ethoxycarbonylnitrene f rom i ts  singlet t o  i t s  t r ip le t  state. 

As part of a research program designed to explore the in- 
teraction of organic azides and reactive intermediates,1-3 we 
have examined the reactions of organic azides with ethoxy- 
carbonylnitrene. Azide-nitrene reactions have been observed 

in studies of the photolysis of alkyl4 and aryl5 azides, and the 
thermolysis of carbamoyl$ aryl,7-11 and sulfonyl12 azides. In 
each of these studies the focus of interest was the chemistry 
of the azide or the resulting nitrene rather than the reaction 
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of an azide with a nitrene intermediate. The specific purpose 
of this study, a prelimiinary report of which has a ~ p e a r e d , ~  is 
the examination of the interaction of organic azides and 
ethoxycarbonylnitrene. 

In numerous studies of azide decompositions, the formation 
of products, particularly azo compounds, can be explained 
either by the interaction of an azide with a nitrene interme- 
diate or with some excited-state azide.495JOJ3 We have cir- 
cumvented this ambiguity by using N-(p-nitrobenzenesul- 
fonoxy)urethane14 (NBSU) as a source of ethoxycarbonylni- 
trene (4) .  

ArSO,ONHCO,Et + Et,N ArSO,ONCO,Et + Et3"+ 
(1) 

1 2 !  

(Et,NH)+(ArSOJ- + NC0,Et 

3 4 

Results and Discussion 
When equimolar amounts of n-hexyl azide (5) and NBSU 

(1) in nitromethane are treated with excess triethylamine a t  
room temperature, products are generated as shown in 
Scheme I. 

Scheme I 

n-C,H,,N, + ArSO,ONHCO,Et 

5 1 1 E t  JN 

n -C,H,,CH=NNHCO,Et + (EhNH)' ( A B 0  $1- 
6 3 

11% 95 % 

+ EtO2C:NHZ + EtO&NHNHCO,Et 
7 8 

14% 3% 

The major azide-derived product is n-hexaldehyde eth- 
oxycarbonylhydrazone (6); 20% of azide 5 is decomposed, 
generating hydrazone in 55% yield,, based on decomposed 
azide.15 As discussed previously,3 the azide is attacked by 
ethoxycarbonylnitrene rather than its anionic precursor 2 as 
shown by studies with added cyclohexene. The most reason- 
able explanation for the formation of the hydrazone is that the 
azide-nitrene reaction initially generates ethyl n-hexylazo- 
carboxylate (9) which rearranges to the isolated hydrazone 
6. 

n-CeHjaN3 + NCOpEt ~ - C ~ H I ~ N = N C O ~ E ~  

9 

1 
n -ChHllCH=NNHCO,Et 

6 

Ethyl n-hexylazocarboxylate (91, prepared by oxidation of 
N-n-hexyl-N'-ethoxycarbonylhydrazine, does indeed isom- 
erize to n-hexaldehyde ethoxycarbonylhydrazone (6) at  room 
temperature in ethanol (half-life 3 days), within 5 min in 
chloroform in the presence of a catalytic amount of triethyl- 
amine, or within 1 h in refluxing nitromethane. Unsuccessful 
attempts were made to isolate 9 from reactions run at  0 "C or 
to detect this proposed intermediate by monitoring the re- 
action mixture a t  380 nm, where 9 exhibits an ultraviolet 
maximum. 

Azo compounds bearing an cy hydrogen to the azo group 
readily isomerize to the corresponding hydrazone.16 Genera- 

tion of ethoxycarbonylnitrene in the presence of an azide not 
bearing hydrogen cy to the azido group should produce an is- 
olable azo compound, thus lending support for the inter- 
mediacy of 9 from azide 5. Indeed, this is the case with phenyl 
azide. Under conditions similar to standard runs with 5, 
phenyl azide is decomposed (18%) and generates ethyl 
phenylazocarboxylate (lo), the azo compound expected from 
the reaction of phenyl azide with ethoxycarbonylnitrene. 

J 

10 

Initially a search was made for a favorable solvent for the 
reaction of azide 5 and nitrene 4 with the results shown in 
Table I. A number of solvents (hexafluorobenzene, fluoro- 
trichloromethane, 1,2-difluoro-1,1,2,2-tetrachloroethane, 
1,1,2-trifluoro-1,2,2-trichloroethane) were not used because 
of the insolubility of NBSU. Other common solvents (alcohols, 
acetonitrile, pyridine, benzene) were not utilized because of 
their known reactivity with ethoxycarbonylnitrene. The lack 
of azide decomposition in tetramethylene sulfone and dime- 
thoxyethane may well be accounted for by the reported re- 
activity of nitrenes with sulfoxides17 and ethers,'* respec- 
tively. 

The reactivity of other organic azides was examined by 
determining the percent azide decomposition under the same 
reaction conditions as for 5. The results, recorded in Table 11, 
show the general trend one might expect when an azide is 
being attacked by electrophilic ethoxycarbonylnitrene: the 
nucleophilic alkyl azides are decomposed more efficiently than 
the electrophilic acyl and sulfonyl azides. Benzoyl azide and 
trimethylsilyl azide are unstable under the basic standard 
reaction conditions, an observation in accord with the known 
reactivity of acyl azides with amineslg and silyl azides toward 
various nucleophiles.20 

The 95% yield of triethylammonium p-nitrobenzenesul- 
fonate (3) suggests that  NBSU is quantitatively converted to 
ethoxycarbonylnitrene.2l However, the maximum observed 
azide decomposition, with wide variations of solvent and azide 
structures, is only 22%. These results suggest that  there are 
reactions of ethoxycarbonylnitrene in competition with the 
azide-nitrene reaction. Nitrenes are known to exist in singlet 
and triplet spin states which differ not only in electronic 
configurations but also in their r e a ~ t i v i t i e s . ~ ~  Thus, it is con- 
ceivable that organic azides are more reactive toward one spin 
state of ethoxycarbonylnitrene than another. With these 
possibilities in mind, we initiated studies to  determine the 
effect of reaction conditions on the efficiency of the azide- 
nitrene reaction, investigate possible side reactions, and de- 
termine the spin state of ethoxycarbonylnitrene that is reac- 
tive toward n-hexyl azide. 

The first step in the production of ethoxycarbonylnitrene 
from NBSU is the reversible generation of the anionic pre- 
cursor 3 of ethoxycarbonylnitrene (eq 1). A large excess of 
triethylamine should shift this equilibrium to the right,25 
minimizing side reactions involving NBSU, such as insertion 
of ethoxycarbonylnitrene into the N-H bond.24 The results 
in Table I11 show that neither excess triethylamine (expt 6) 
and the use of triethylamine as solvent (Table I) nor the in- 
verse addition of NBSU (expt 8,9) had any appreciable effect 
upon percent azide decomposition. Another possibility, shown 
to occur in a similar system,17 is attack by the nitrene on the 
anionic precursor 2. Were this side reaction occurring to an 
appreciable extent, inverse addition of NBSU should increase 
azide decomposition, a result not observed (expt 8 ,9) .  

Another side reaction to be considered is insertion of 
ethoxycarbonylnitrene into the carbon-hydrogen bonds of the 
n-hexyl azide. The extent of this reaction was determined by 
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Table I. Reaction of n-Hexyl Azide and Ethoxycarbonylnitrene in Various Solvents a t  35 O c a  

Solvent Solvent 

Dimethoxyethane 
Tetramethylenesulfone 
Dibromomethane 
Acetone 
N,N-Dimethylformamide 

Dichloromethane 
Nitrobenzene 
N,N-Dimethylacetamide 
Nitromethane 
Triethylamine 

11 
13 
14 
20c 
22C.d 

a Initial concentration of n-hexyl azide and NBSU, 0.35 M; a 10% excess of Et3N was used. Experimental error f 2 % .  c Average 
value for several runs. c' Inverse addition of NBSU. 

Table 11. Reaction of Various Azides with 
Ethoxycarbonylnitrene in Nitromethane at 35 " C U  

% dec 
Registry no. Azide of azide 

2101-87-3 
622-37-7 

24886-73-5 
14309-25-2 
3296-05-7 

817-87-8 
938-10-3 
98-59-9 

582-61-6 
4648-54-8 

n -Hexyl azide 
p-Methoxyphenyl azide 
Phenyl azide 
1-Azidoadamantane 
Trityl azide 
p-Chlorophenyl azide 
Elthyl azidoformate 
Benzenesulfonyl azide 
Tosyl azide 
Benzoyl azide 
T'rimethylsilyl azide 

20 
18 
18 
16 
15 
11 
6 
4 c  
3c 
d 
d 

a Initial concentration of azides and NBSU, 0.35 M; a 10% ex- 
cess of Et3N was used. Experimental error f2%. CH2C12 used 
as solvent owing to instability of azide in nitromethanehieth- 
ylamine mixtures. d Unstable to reaction conditions. 

comparing azide decomposition as measured by infrared 
analysis with n-hexyl azide decomposition as measured by 
VPC. Insertion of the nitrene into a carbon-hydrogen bond 
on the n-hexyl group would result in a product, the azido ab- 
sorption of which would be essentially indistinguishable by 
infrared analysis from the n-hexyl azide absorption. The VPC 
analysis is, however, quite specific for n-hexyl azide. The re- 
sults from expt 10 and 11 of Table I11 indicate that insertion 
into carbon-hydrogen bonds of n-hexyl azide is not a major 
side reaction. An additional insertion process to be considered 
is the intramolecular reaction of the nitrene with the methyl 
carbon-hydrogen bond, producing 2-oxazolidone. Using VPC 
techniques with which a 2% yield could be detected, we found 
no 2-oxazolidone, in accordance with Lwowski's results.26 
Ethoxycarbonylnitrene may also dimerize to generate diethyl 
azodicarboxylate. This product was not produced in our sys- 
tem in detectable amounts (VPC analysis), an observation not 
surprising in light of the reported reactivity of azo compounds 
with nitrenes27 and of diethyl azodicarboxylate toward tri- 
ethylamine." 

One possible reaction of ethoxycarbonylnitrene is with the 
solvent, nitromethane. Conceivably, the nitrene could insert 
into the C-H bond or react with the nitro group. However, the 
observation of a greater percent azide decomposition in ni- 
tromethane (20%) than in dichloromethane (11%), a solvent 
known to be unreactive toward ethoxycarbonylnitrene,28 
suggests this not to be the source of any major side reaction. 
This was confirmed by VPC analysis of product mixtures from 
the generation of ethoxycarbonylnitrene in nitromethane in 
the presence and absence of n-hexyl azide, revealing one minor 
solvent-derived product, the structure of which was not de- 
termined.29 

Table 111. Reaction of n-Hexyl Azide with 
Ethoxycarbonylnitrene in Nitromethane a t  35 "C under 

Varied Reaction Conditions 

Initial concn, M 
% dec 

Expt n-C6Hl$& NBSU Et3N ofazide' 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

0.17 
0.35 
0.70 
0.70 
0.35 
0.35 
0.35 
0.35 
0.35 
0.63 
0.63 

0.17 
0.35 
0.70 
0.35 
0.70 
0.35 
0.35 
0.35 
0.70 
0.63 
0.63 

0.20 
0.38 
0.75 
0.38 
0.75 
1.40 
0.38 
0.38 
0.75 
0.70 
0.70 

14 
20' 
25 
12 
28 
19 
2 1 c  
18d  
2gd 
19e 
22d.f 

a Based on initial azide concentration; experimental error 
f2.W. * Standard reaction; average of numerous runs. Simul- 
taneous addition of NBSU and base. d Inverse addition of NBSU. 
e Average of two runs. Azide decomposition determined by VPC 
analysis. 

Experiments 1-5 of Table I11 have a direct bearing on the 
question of the spin state of ethoxycarbonylnitrene reacting 
with n-hexyl azide. These experiments show the effect of n-  
hexyl azide and NBSU concentrations on percent azide de- 
composition. Simultaneously increasing the azide and NBSU 
concentrations while maintaining a constant azide-NBSU 
ratio (expt 1, 2, 3) enhances the efficiency (amount of azide 
decomposed/mole of nitrene generated) of the azide-nitrene 
reaction, as does an increase in the azide-NBSU ratio (expt 
2,4,5).  Similar concentration effects upon absolute yields of 
products generated from nitrenes in hydrocarbon solvents 
have been observed by Lwowski30 and Belloli."' Treatment 
of NBSU with triethylamine generates ethoxycarbonylnitrene 
exclusively in the singlet state. However, conversion to the 
triplet ground state competes quite favorably with intermo- 
lecular reactions, especially a t  low substrate concentra- 
t i 0 n s . 2 ~ , ~ ~  In the reaction of ethoxycarbonylnitrene with 
trans -1,Z-dimethylcyclohexane, a substrate-nitrene source 
ratio of 1 O : l  was not a sufficiently great excess of substrate to 
provide maximum yields of insertion products. I t  was con- 
cluded that the decomposition of the singlet nitrene was the 
side reaction responsible for reducing the insertion yields.:31 
Such a possibility also exists within our system as most reac- 
tions were run with equimolar amounts of azide and NBSU, 
the nitrene source. 

In our study of solvent effects upon azide decomposition, 
a noteworthy decrease in azide decomposition from 11% to 3% 
was observed in changing the solvent from dichloromethane 
to dibromomethane (Table I). The solvents differ very little 
in their chemical reactivities; thus, such a difference may be 
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Table IV. Effects of Additives on the Reaction of n-Hexyl 
Azide with Ethoxycarbonylnitrene in Nitromethane at 35 

"Ca 

Absolute 
yield, % Concn, %dec - 

Expt Additive mol% of azideb 3 7 

1 None 0 20 95 14 
2 CHzBrz 5 11 21 
3 CHzBrz 10 7 27 
4 CHZBr2 25 5 38 
5 CHZBrz 50 0 40 

7 CHZBrz 100 3 88 14 
6 CHZBrz 95 0 44 

8 CHzC12 100 11 95 9 
9 Ph(CH3)C=CHz 5 13 11 

10 Ph(CH3)C=CH2 10 13 11 
11 c12c=cc12 10 17 14 
12 c12c=cc12 20 18 14 
13 Nz C 18 
14 0 2  d 18 
15 None e 15 
16 None f 16 

(I Initial concentration of n-hexyl azide and NBSU, 0.35 M; a 
10% excess of Et3N was used. b Based on initial azide concen- 
tration; experimental error f2%. Reaction mixture bubbled with 
Nz. Reaction mixture bubbled with 0 2 .  e Degassed, vacuum 
system apparatus. f Not degassed, using vacuum system appa- 
ratus. 

explained either by assuming that dibromomethane stabilizes 
ethoxycarbonylnitrene more than dichloromethane and hence 
alters its reactivity, or that  dibromomethane promotes sin- 
glet-triplet crossover of ethoxycarbonylnitrene and decreases 
the amount of singlet nitrene reacting with the azide. The  
reactivity of singlet nitrenes is solvent dependent. Previous 
reports have attributed solvent effects to either a stabilization 
of the singlet nitrene via formation of a solvent-nitrene 
complex (dichloromethane,30.33 hexafl~orobenzene3~~34) or 
promotion of the singlet-triplet crossover rate by collisional 
deactivation of ethoxycarbonylnitrene (d ib r~ rnomethane~~) .  
Anastassiou observed a decrease in the stereospecificity of 
cyanonitrene in dibromomethane relative to dichloromethane 
as a result of a "thermochemical heavy atom effect".36 In the 
reaction of thermally generated ethoxycarbonylnitrene with 
3-methylhexane, an increase in the production of triplet- 
derived ethyl carbamate and a decrease in singlet-derived 
insertion products were observed in going from dichloro- 
methane to d ibr~momethane .~ '  Belloli, in examining the re- 
action of thermally generated ethoxycarbonylnitrene with 
cyclohexene, also noted a reduction in singlet character upon 
dilution of cyclohexene with dibrorn0methane.3~ 

In order to examine the multiplicity of the nitrene inter- 
acting with n-hexyl azide, a study was done on the effect of 
various additives upon azide decomposition. Also monitored 
was the production of ethyl carbamate (7), a product known 
to arise from triplet ethoxycarbonylnitrene.26 The results are 
displayed in Table IV'. 

The obvious effect of diluting the nitromethane with di- 
bromomethane is to decrease the observed azide decomposi- 
tion while increasing the formation of the triplet-derived ethyl 
carbamate (expt 1-7), produced according to eq 2. 

EtOCON- - EtOCONH R"_ EtOCONH, (2) 

Thus, the effect of the dibromomethane is to promote singlet- 
triplet crossover of ethoxycarbonylnitrene. Addition of a- 

RH 

7 

methylstyrene, known to be more reactive toward triplet than 
singlet ethoxycarbonylnitrene,32 decreases azide decompo- 
sition and carbamate formation (expt 9,lO). The percent azide 
decomposition is not affected by the presence of oxygen (expt 
13-16). However, it has been reported that oxygen reacts with 
triplet ferrocenyP and aryl n i t r e n e ~ ~ ? ~ ~  and effects triplet 
ethoxycarbonylnitrene reactions.26932J5 

These results are best explained by assuming n-hexyl azide 
to be reactive toward singlet ethoxycarbonylnitrene. No de- 
finitive statement concerning the reactivity of n-hexyl azide 
with triplet ethoxycarbonylnitrene can be made beyond the 
observation that the azide is much more reactive toward sin- 
glet than triplet ethoxycarbonylnitrene. The consistently 
small amount of azide decomposition observed under various 
reaction conditions suggests that  the crossover of singlet to 
triplet ethoxycarbonylnitrene competes quite favorably with 
the reaction of the singlet ethoxycarbonylnitrene with n-hexyl 
azide. The use of a specific triplet nitrene trap, shown to be 
absolutely unreactive toward singlet nitrene, would shed light 
on this question; no such trap is presently known. Tetra- 
chloroethylene has been used as such a trap for thermally 
generated etho~ycarbonylnitrene.~~ However, when up to 20 
mol % tetrachloroethylene was added to nitromethane, we 
observed no effect upon either azide decomposition or ethyl 
carbamate (7) production (expt 1 ,11 ,12 ) .  This is in contrast 
to the effect observed by Breslow in the thermal generation 
of ethoxycarbonylnitrene from ethyl a z i d ~ f o r m a t e . ~ ~  

These results contrast with work done with alkyl4 and aryl5 
nitrenes photolytically generated from alkyl and aryl azides. 
In both cases, the triplet nitrene was shown to react with the 
azide. Such a difference may be due to the different modes of 
formation of ethoxycarbonylnitrene and the alkyl and aryl 
nitrenes or to a larger difference in energy between the singlet 
and triplet alkyl and aryl5 nitrenes than between singlet and 
triplet ethoxycarbonylnitrene~.~~ 

Experimental  Section 
Infrared spectra and quantitative analyses were determined using 

a Beckman Acculab 3 or IR-8 spectrophotometer; ultraviolet spectra 
were recorded using a Coleman-Hitachi EPS-3T. Melting points were 
determined on a Mel-Temp apparatus; melting and boiling points are 
uncorrected. VPC analyses were determined on a Varian Aerograph 
Autoprep 700 with helium as carrier gas. Microanalyses were per- 
formed by Chemalytics, Tempe, Ariz. 

Materials. The azides41 and N-(p-nitrobenzenesu1fonoxy)ure- 
thane (1)14 were prepared by previously described methods. Trieth- 
ylamine was dried over sodium hydroxide and fractionally distilled 
from a-naphthyl isocyanate. Reagent grade nitromethane was dried 
over Drierite before being distilled at 45 O C  (97 mm). 

n-Hexaldehyde Ethoxycarbonylhydrazone (6). Following the 
procedure outlined by Rabjohn and Barn~ to r f f ,~~  to n-hexaldehyde 
(30 g, 0.30 mol) dissolved in ethanol (105 mL) in a 250-mL round- 
bottomed flask sufficient water was added to cause turbidity and then 
ethanol was added to clear the solution. Glacial acetic acid (10 mL) 
and ethyl carbazate (30 g, 0.29 mol) were added and the mixture was 
refluxed with stirring for 1 h before removal of the solvent. The residue 
was recrystallized from 40% ethanol, producing 6 (30 g, 54%): mp 
65-66 "C; IR (CHC13) 3375 (s),  1737 (s), 1710 cm-1 (s). Anal. Calcd 
for CgH1SN202: C, 58.06; H, 9.68; N, 15.05. Found: C, 58.42; H, 10.18; 
N, 15.05. 
N-n-He~yl-N'-ethoxycarbonylhydrazine.4~ A mixture of 6 (60 

g, 0.32 mol), platinum oxide (1.14 g), and glacial acetic acid (150 mL) 
was added to a Parr pressure reaction bomb, which was sealed and 
charged with hydrogen at a pressure of 50 psi. The reaction mixture 
was stirred for 3 h with maintenance of the hydrogen pressure a t  50 
psi, after which the mixture was filtered. The filtrate was washed with 
water (140 mL); the aqueous layer was extracted with three 200-mL 
portions of ethyl ether; the combined organic layers were washed with 
10% NaHC03 until basic and twice with water, dried (Na2S04), fil- 
tered, and evaporated on a rotary evaporator. The resulting light 
yellow oil was fractionally distilled at 98 O C  (0.8 mm), producing 
N-n-hexyl-N'-ethoxycarbonylhydrazine (14.3 g, 26%): IR (CC14) 3340 
(s), 1718 cm-' (9). Anal. Calcd for CgH20N202: C, 57.45; H, 10.64; N, 
14.89. Found: C, 57.61; H, 10.88; N, 14.92. 
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Ethyl n-Hexylazocarboxylate (9).43 N - n  -Hexyl-N'-ethoxycar- 
bonylhydrazine (8.9 g, 0.05 mol) and 45 mL of a saturated sodium 
chloride solution were added to a three-necked 500-mL round-bot- 
t o m 4  flask equipped with a stirrer, an additional funnel, and a drying 
tube, and cooled by a dry ice-isopropyl alcohol bath to -15 "C. Bro- 
mine (7.9 g, 0.05 mol) in 200 mL of water was added over a 4-h period. 
After stirring for 1.5 h, the mixture was extracted with two 100-mL 
portions of cold ethyl ether; the combined ether layers were washed 
with 10% NaHC03 and water and dried (MgS04). Removal of solvent 
produced 3 mL of 9 as a bright red oil: IR (CHC13) 1755 cm-l(s); UV 
(EtOH) 380 nm. IR analysis of the oil showed no peaks characteristic 
of either N-n-hexyl-N'.ethoxycarbonylhydrazine or 6. 

Ethyl Phenylazocarboxylate (10). To a 100-mL round-bottomed 
flask containing 60 mL of CH2C12,4 mL of pyridine, and 3.6 g (20 
mmol) of N-phenyl-N'~ethoxycarb~nylhydrazine~~ was added 3.5 g 
(20 mmol) of NBS at -20 OC over a 25-min period. After stirring at  
room temperature for 30 min, the solution was washed twice with 
dilute sodium thiosulfate, water, 2 N HC1, 10% sodium bicarbonate, 
and water. After drying and removal of solvent, the resulting red 
mixture was distilled, giving 1.0 g (31%) of 10, a red oil: bp 90-92 "C 
(0.9-1.1 mm); IR (CHC13) 1740 cm-l(s); UV (dioxane) 287,424 nm. 
Anal. Calcd for C9H1&02: C, 60.67; H, 5.61; N, 15.73; Found: C, 
58.42; H, 5.72; N, 15.96. 

Reaction of n-Hexyl Azide ( 5 )  with Ethoxycarbonylnitrene 
Generated from NBSlJ (1). To a three-necked flask equipped with 
a CaCl2 drying tube and charged with n-hexyl azide (1.27 g, 0.01 mol), 
NBSU (2.90 g, 0.01 mol), and 25 mL of nitromethane, was added tri- 
ethylamine (1.21 g, 0.012 mol) over a period of 45 min. The reaction 
mixture was then stirred for 3 h in the dark. 

For quantitative infraed analyses of azide decomposition, the azido 
group absorbance at  2095 cm-l was determined using matched so- 
dium chloride cells. Beer's law plots of the azido group absorbance 
were found to be linear in the concentration range employed. For VPC 
determination of n-hexyl azide, bromobenzene was used as an internal 
standard under the following conditions: 5 f t  X 0.125 in., 10% OV-1 
on 60/80 Chromosorb W ,  68 "C. 

For experiments involving the other organic azides, the reaction 
was run on a scale such that the total volume of the reaction mixture 
was 8 mL. Upon completion of the reaction, the reaction mixture was 
transferred into a 10-mL volumetric flask and the 15-mL round- 
bottomed reaction flask rinsed with small amounts of nitromethane 
until the volumetric was filled to the mark. Infrared analyses for azide 
decomposition on these solutions agreed well with those of larger runs. 
For the reactions run under a nitrogen atmosphere or when saturated 
with oxygen, the solvent was saturated with the gas by a bubbling 
device and a steady stream of the gas was utilized over the 3-h reaction 
time. In the degassing experiments, a simple device was fabricated 
by which separate mixtures of 5,1, and nitromethane (solution 1) and 
triethylamine and nitromethane (solution 2) were degassed through 
three freeze-thaw cycleij before solution 2 was distilled into the 
compartment containing solution 1. The simultaneous addition of 
triethylamine and 1 was effected by using two addition funnels 
charged with solutions of the amine and of 1 and adding these drop- 
wise to azide 5 dissolved in nitromethane. The inverse addition of 1 
was effected by the addition of the solid reagent 1 to a mixture of azide 
5, amine, and solvent over a 40-min period. In experiments involving 
additives, the additive was present in the reaction mixture prior to 
the addition of the triethylamine. 

Isolation and Quantitative Analyses of Products from the 
Reaction of n-Hexyl Azide ( 5 )  with Ethoxycarbonylnitrene 
Generated from NBSU (1). Upon completion of the reaction, most 
of the nitromethane was removed under vacuum and ether was added 
to precipitate triethylamnnonium p-nitrobenzenesulfonate (3), which 
was quantified gravimetrically. For isolation of 6,7, and 8, the reaction 
mixture was distilled at 33 O C  (55 mm), yielding a mixture of 5 and 
nitromethane. To the residue was added 25 mL of water and 20 mL 
of pentane. The layers were separated, the aqueous layer washed with 
pentane, and the combined organic layers dried prior to distillation 
at 34 O C  (17 mm), yielding more azide 5.  Pure n-hexaldehyde eth- 
oxycarbonylhydrazone (6) was isolated from the residue by prepar- 
ative VPC (5 ft X 0.25 in., 10% SF-96 on 60/80 Chromosorb W, 173 
"C). Similar conditions (6 ft X 0.375 in., 20% SF-96 on 60/80 Chro- 
mosorb A, 150 "C) were employed for isolation of ethyl carbamate (7) 
and N,N'-diethoxycarbonylhydrazine (8). 

For quantitative VPC analyses of products 6,7, and 8, the reaction 
was run as previously described and the mixture diluted to the mark 
in a volumetric flask. Relative peak areas were determined by 
weighing of peaks cut from photostatic copies. Owing to the compo- 
sition of the product mixtures, internal standards could not be used. 
To determine absolute yields, the peaks from aliquots of the reaction 

mixture were compared with those of standard solutions. The error 
was taken to be twice the standard deviation found. The following 
conditions were used: for 6, 6 ft X 0.125 in., 1090 SF-96 on 60/80 
Chromosorb W, 145 "C; for 7 ,5  ft X 0.25 in., 20% XF-1150 on 45/60 
Chromosorb W, 132 "C; for 8, same as for 7 except 190 OC. 

Rearrangement of Ethyl n-Hexylazocarboxylate (9) to R- 
Hexaldehyde Ethoxycarbonylhydrazone (6). 9 (2 mL) was added 
to 5 mL of chloroform and 0.5 mL of triethylamine. The disappearance 
of the azo compound 9, as indicated by infrared analysis, was complete 
within 30 min. The solution was concentrated under vacuum and the 
residue recrystallized three times from 40% ethanol. The solid melted 
at 62-63 "C; a mixture with pure 6 also melted at 62-63 "C. A di- 
chloromethane solution of azide 5 and 9 was stable at room temper- 
ature for 24 h. Upon addition of an equimolar amount of trieth- 
ylammonium p-nitrobenzenesulfonate and stirring for 12 h, infrared 
analysis indicated almost quantitative rearrangement of 9 to 6. This 
same rearrangement is effected by refluxing a nitromethane solution 
of 9 for 1 h. 

Reaction of Phenyl Azide with Ethoxycarbonylnitrene Gen- 
erated from NBSU (1). Ethoxycarbonylnitrene was generated from 
1 in methylene chloride in the presence of phenyl azide in a manner 
similar to that described for 5. Addition of water, washes with 2 N HCl, 
10% NaHC03, and water, drying (MgS04), and removal of solvent 
produced an oily residue analyzed by preparative TLC (6 X 6 in., 2 
mm silica gel). Development twice with benzene produced four dis- 
tinct bands, the third one of which yielded a compound having the 
same R f  value on silica gel and identical infrared and ultraviolet 
spectra as ethyl phenylazocarboxylate (10): IR (CHZC12) 1740 cm-l 
(s); UV (dioxane) 287 nm. 
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The 8-azaindolizines (1-10) were synthesized by a Chichibabin reaction between 2-methylpyrimidines and an a- 
halo ketone. 2-Methylpyrimidine itself gave in low yield 2-carbethoxy- (2), 2-methyl- (3), 2,3-dimethyl- (4),  and 
2-phenyl-8-azaindolizine (5) when reacted with ethyl bromopyruvate, bromoacetone, 3-bromobutanone, and phen- 
acyl bromide; hydrolysis and decarboxylation of 2 gave the parent system (1). 2,4-Dimethylpyrimidine similarly 
gave 6 and 7 with bromoacetone and 3-bromobutanone. 2-Methyl-4-methoxypyrimidine when reacted with phena- 
cy1 bromide and bromoacetone gave the expected 7-methoxy-8-azaindolizine structures 8 and 9 along with the 8- 
methyl-8-azaindolizinones 22,23, and 32.2-Methyl-4-hydroxypyrimidine with bromoacetone gave 25 and 34. The 
structures of the 8-azaindolizines isolated were deduced from their 'H NMR spectra and the 'H NMR spectra of 
their formyl derivatives. Formylation has been shown to occur preferentially at (2-3, and 1,3-dipolar addition of di- 
methyl acetylenedicarboxylate with 6 and 23 occurs to give the corresponding 5-azacyc1[3.2.2]azines 37 and 38. 

Substituted 8-azaindolizines have been prepared chiefly 
by reaction of a 1,3-dicarbonyl compound with a 2-amino- 
pyrrole stabilized by electron-withdrawing groups.' An al- 
ternative direct synthetic route to 8-azaindolizines would be 
to employ the Chichibabin reaction2 between a 2-methylpy- 
rimidine and an a-halo ketone. The simplest and first reported 
8-azaindolizine, 5,7-dimethyl-2-phenyl-8-azaindolizine (1 I ) ,  
was claimed3 to be obtained by this route using 2,4,6-tri- 
methylpyrimidine and phenacyl bromide; recently we showed* 
that the product of this reaction is the isomeric 5,7-di- 
methyl-2-phenyl-6-azaindolizine (14). In this paper we report 
the synthesis of the parent 8-azaindolizine (1) and several 
simple derivatives by reaction of a 2-methylpyrimidine with 
a number of a-halo ketones. The structures of the 8-azain- 
dolizines isolated were determined from their lH NMR 
spectra, shown in Table I, and the lH NMR spectra of their 
formylated derivatives. The assignments of the protons in 
these structures were made on the basis of their proximity to 
nitrogen, by the assistance of double irradiation, by deuterium 
ex~hange ,~ ,6  and by ia comparative examination of related 
spectra. 

Reaction between 2-methylpyrimidine and ethyl bromo- 
pyruvate gave a product whose infrared and lH NMR spectra 
indicated i t  to  be 2-carbethoxy-8-azaindolizine (2). The lH 
NMR spectrum showed a 2 H methylene quartet and a 3 H 
methyl triplet a t  6 4.38 and 1.37 assigned to the carbethoxy 
ethyl group, two lower field 1 H singlets a t  6 7.03 and 7.71 as- 
signed to H-1 and H-3, respectively, a 1 H complex signal 

approximating to a triplet a t  6 6.58 assigned to H-6, and a 2 
H doublet a t  6 8.14 assigned to H-5 and H-7. Alkaline hy- 
drolysis of the ester (2) followed by neutralization and de- 
carboxylation gave the parent 8-azaindolizine (1) as a yellow 
oil, stable in vacuo but which decomposed rapidly on exposure 
to air; the 1H NMR spectrum of 1 is shown in Figure 1. The 
1 H apparent triplet a t  6 6.98 is assigned to H-2 since it is 
coupled with the adjacent H-1 and H-3 protons. The H-1 and 
H-3 signals are weakly coupled to each other and occurred as 
differentially exchangeable: multiplets a t  6 6.64 and 7.19, 
respectively. The 1 H apparent quartet centered at  6 6.48 is 
assigned to H-6, its multiplicity arising mainly from coupling 
with H-5 and H-7. The two lower field overlapping multiplets 
a t  6 8.00-8.24 were assigned to H-5 and H-7. Irradiation a t  6 
6.48 simplified the multiplet a t  6 8.00-8.24 to two broad sin- 
glets and to some extent sharpened the H-3 signal a t  6 7.19. 
Support for the above assignments was provided from the 1H 
NMR spectrum of its formyl derivative (17). The spectrum 
of 17, when compared to the spectrum of 1, showed the ab- 
sence of the H-3 multiplet, the emergence of a 1 H formyl 
singlet a t  6 9.73, and a marked downfield shift (ca. 170 Hz) of 
the position of one of the lower field signals; such a shift can 
only be accounted for by the anisotropic deshielding effect of 
a 3-formyl group via its peri orientation to H-5.2-Methylpy- 
rimidine reacted with bromoacetone, bromobutanone, and 
phenacyl bromide to give 2-methyl- (3), 2,3-dimethyl- (4), and 
2-phenyl-8-azaindolizine (5 ) .  

Reaction between 2,4-dimethylpyrimidine and phenacyl 


