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The reaction of cycloheptatriene with methoxycarbonylnitrene has been found to afford 2,3- and 4,5-homo-lH- 
aeepines 4 and 5 in a combined yield of 35% and in a ratio of 2.2: 1. The homo-1H-azepines most likely result 
from valence-bond rearrangement of initially formed methoxycarbonylaeiridines. Irradiation of 4 with an un- 
filtered mercury arc has been found to give 5-carbomethoxy-5-aea-1~,2~,4oc,6a-tricyclo[4.2.0.0~~~]oct-7-ene and 
2-carbomethoxy-2-azabicyclo[3.3.0]octa-3,6-diene. This photochemical reaction presumably occurs from the 
T + T*  singlet manifold of 4. The relationship of the excited-state behavior of 4 to related structures is dis- 
cussed. 

The facility with which the thermal valence isomeri- 
zation of cis-divinyl substituted three-membered rings 
occurs is now recognized to decrease in the order carbon 

> nitrogen > oxygen > sulfur, with a sizable gap 
existing between carbon and nitrogen on the one hand, 
and oxygen and sulfur on the other. This widely 
differing thermal stability is revealed by the findings 
that cis-2,3-divinylcyclopropane4~6 and aziridinee re- 
arrange as rapidly as they are formed, even a t  low 
temperatures, whereas the oxygen' and sulfur6 analogs 
rearrange a t  60 and 100°, respectively. 

Similar differences in valence tautomeric equilibria 
separate the 1H-azepine and oxepin groups.8 Thus, 
while most oxepins exist in mobile equilibrium with 
their arene oxide forms19 the only authentic azanorcara- 
diene known a t  this time is 1 , ' O  the 1H-azepine tauto- 
mers being greatly preferred in the absence of such a 
constraining annelation effect of the trimethylene 
bridge. As a result, oxepins react almost exclusively as 

arene oxides, l 1  while azepines undergo chemical trans- 
formations in the monocyclic triene form.12 
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Other than 1, the adduct (2) of ethoxycarbonylni- 
trene and cyclooctatetraene is the only other example 
of a ~is-2~3-divinylaziridine which is stable a t  room 
temperat~re. '~  At 80°, 2 rearranges to 3. The 
comparatively greater thermal stability of 2 may be 
steric in origin or may possibly be due to secondary 
orbital interactions (with the A4v6 bond) which would 
render the direct conversion of 2 into 3 a symmetry- 
disallowed process. l4 

The purpose of the present study was to examine the 
reaction of cycloheptatriene with methoxycarbonylni- 
trene for the twofold purpose of obtaining information 
on valence-bond rearrangements of the expected 
aziridines and making available homo-1 H-azepines for 
further investigation. 1 6 1 1 6  

When a 7y0 solution of methyl azidoformate in 
cycloheptatriene was heated in a sealed tube a t  127- 
128" for 4 hr, there was obtained, after recovery of the 
excess hydrocarbon, a mixture of nitrene insertion 
products. Careful distillation of this mixture afforded 
4 and 5 in a combined yield of 35%. The ratio of 4 to 5 

4 5 

was 2.2:l (vpc analysis). Final separation was 
achieved by preparative-scale gas chromatography. 

Homoazepine 4 was obtained as a pale yellow liquid 
exhibiting infrared bands (film) at  1730, 1655, and 1635 
cm-' and ultraviolet absorption (ethanol) a t  262 nm 
(e 8430). The nmr spectrum of this substance (CDCL) 
shows a doublet (J  = 9.5 Hz) at  6 6.65 attributable to  
H-7 and three doublets of doublets centered at  6 6.12 
(H-4, J = 11.1 and 3.1 Ha), 5.66 (H-5, J = 11.1 and 
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6.6 Hz), and 5.10 (H-6, J = 9.5 and 6.6 Hz). In  
addition, a methoxyl singlet is displayed a t  6 3.80 and 
three multiplets assignable to H-2 (6 3.15), H-3 and the 
anti C-8 proton (6 1.1-1.6), and the syn proton a t  C-8 
(6 0.1-0.4) are also seen.17 

Homoazepine 5 was isolated as a colorless oil, with 
infrared bands a t  1725 and 1670 cm-' and ultraviolet 
absorption (ethanol) a t  231 nm ( E  11,430). The nmr 
spectrum of 5 reveals the symmetrical nature of the 
structure; thus, H-2 and H-7 appear together as a 
doublet ( J  = 9.8 Hz) a t  6 6.65 and H-3 and H-6 are 
seen as a broad doublet (J = 9.8 Hz) a t  6 5.15. The 
remainder of the spectrum consists of a singlet a t  6 3.86 
due to the methoxyl group, and multiplets centered a t  
6 1.0-1.6 (3 H) and 0-0.3 (1 H) attributable to H-4, 
H-5, and the anti proton at  C-8 on the one hand, and 
the syn proton a t  (3-8, respectively. 

The temperature-invariant nmr spectra of 4 and 5 
(40-170') attest to the fact that the internal cyclo- 
propyl bond in these structures is not prone to de- 
localization or to valence-bond isomerization. If 
equilibria of type 6 ~2 4 and 7 F? 5 are operative, the 
concentrations of 6 and 7 do not rise above the detection 

6 4 

H. 
NCOOCH3 

7 5 

limits of the spectrometer, estimated in this instance to 
be ca. 3%. In  view of the logical mechanistic conclu- 
sion that 4 and 5 result from valence-bond rearrange- 
ment of initially formed methoxycarbonylaziridine 6 
and 7, respectively,18 it is clear that 6 and 7 exhibit a 
marked tendency for symmetry-allowed [1,5] sigma- 
tropic and Cope rearrangements, respectively. The 
apparent irreversibility of the 7 + 5 rearrangement is in 
marked contrast to the ease with which bicyclo [5.1.0]- 
octa-2,5-diene undergoes rapidly reversible degenerate 
[3,3] sigmatropic change.lg This observation clearly 
reveals the pronounced influence of the nitrogen sub- 
stituent even when the molecules are so constructed 
that strain factors are closely balanced, as in 5 and 7. 
The strong bias toward structures 4 and 5 may be the 
result of delocalization of the nitrogen electron pair 
which can only be made manifest in the homo azepines. 

The minor products from the nitrene-insertion reac- 
tion appear to be a mixture of air-sensitive cyclo- 
heptatrienylurethans on the basis of infrared and nmr 
spectra. These substances have not been investigated 
further. 

(17) Assignments of the ezo and endo protons at C-8 are founded chiefly 
on the work of J. G. Traynham, J. 8. Dehn, and E. E. Green, J .  Orp .  Chem., 
88,2587 (1968). 

(18) This assumption receives further confirmation from the fact that 4 
is produced in a statistically related twofold greater yield than 6. 
(19) W. vonE. Doering and W. R. Roth, Tetrahedron, 19, 716 (1963). 

We have found homoazepines 4 and 5 to be singularly 
unreactive in cycloaddition reactions. For example, no 
cycloadducts were obtained when benzyne was gen- 
erated in the presence of either homoazepine, nor when 
solutions of 4 containing diphenylisobenzofuran or 
N-phenylmaleimide were refluxed for varying periods of 
time. 2o 

Irradiation of an ether solution containing a mixture 
of 4 and 5 with unfiltered light from a 200-W Hanovia 
mercury arc for 2.5 hr resulted in the complete dis- 
appearance of 4 and the simultaneous formation of two 
new products in the approximate ratio of 3:2. The 
4,5 isomer (5 )  was virtually unaffected under these 
conditions. Separation of the various components of 
the photolysate was achieved by means of preparative 
thick layer chromatography on alumina. 

,COOCH, 

4%$$Hr3 + 
8 I 

COOCHJ 
9 

The major component is an isomeric, colorless 
liquid displaying a strong infrared band (film) a t  1710 
cm-l and end absorption in the ultraviolet region. In  
the nmr (CDCL, 100 MHz), this substance exhibits a 
narrow multiplet centered at  6 6.23 (2 H), a broadened 
doublet centered a t  6 4.47 (1 H), a methoxyl singlet a t  6 
3.63, a broad multiplet a t  6 3.15-3.48 (2 H), and three 
well-resolved multiplets (1 H each) at  6 1.49, 0.77, and 
0.29. These spectral properties suggested the 5-carbo- 
methoxy-5-azatricyclo [4.2.0.02*4]oct-7-ene structure (8). 
Although the stereochemistry of 8 was not clearly 
revealed by the nmr data, the la,2a,4a,6a configura- 
tionZ1 was assigned by analogy to the high degree of 
stereospecificity observed in the photoinduced electro- 
cyclizations of 2,3-hom0tr0p0ne~~ and homotropil- 
idene.22 That is to say, i t  is considered equally likely in 
the case of 4 that the concerted disrotatory cyclization 
is also controlled by secondary steric forces operative 
during the bond reorganization and that exclusive 
formation of 8 from 10 will occur to the exclusion of the 
1/3,2a,4a,6/3 isomer from 11 because of the adverse 
steric interactions which develop between the two 
terminal vinyl and the endo-cyclopropyl hydrogens in 
the latter transition state. 

10 11 

The less abundant CeHllNOz photoproduct is a 
colorless liquid which displays intense infrared absorp- 
tion (film) at  1720, 1630, and 1610 cm-' and ultraviolet 
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pable of Diels-Alder reactivity: 
(London), 1748 (1967). 

L. A. Paquette and 0. Cox, J .  Amer. Chem. Soc., 89, 5633 (1967). 



134 PAQUETTE AND HALUSKA The Journal of Organic Chemistry 

absorption (ethanol) a t  233 nm (e 11,500).23 In  the 
nmr (CDCla, 60 MHz), it exhibits a broad doublet 
centered a t  6 6.54 (1 H), a two-proton singlet a t  6 5.68, a 
doublet of doublets (J = 4.5 and 2.5 Hz) centered a t  6 
5.09, three broad multiplets a t  6 4.454.9 (1 H), 3.94.2 
(1 H), and 2.25-3.2 (2 H), and a sharp methoxyl 
singlet a t  6 3.74. These spectral data clearly accommo- 
date structure 9 and not an isomeric 2-azabicyclo [3.3.0]- 
octadiene, particularly when direct comparison is made 
with the nmr spectrum of 2-carbethoxy-2-azabicyclo- 
[3.2.0]hepta-3,6-diene (Table I). 

TABLE I 
NMR CHEMICAL SHIFT DATA FOR 9 AND 

2-cARBETHOXY-2-AZABICYCLO [3.2.0] HEPTA-3,6-DIENEa 0, 
N 
I 

b O C H ,  I~OOCH~CH., 
Proton 9 12 

H-1 4.74 4.88 
H-3 6.54 6.56 
H-4 5.09 5.18 
H-5 3.9-4.2 3.88 

0 In  parts per million ( 6 )  (CDCls). Thevalues for 12 are taken 
from ref 23a. 

Chemical confirmation of this assignment was 
derived from catalytic hydrogenation of 9, which 
proceeded with the uptake of 2 mol of hydrogen to give 
2-carbomethoxy-2-azabicyclo [3.3.0]octane (17). The 
unequivocal independent synthesis of 17 is shown in 
Scheme I. 

SCHEME I 

FOOH 
CN 

CH/ 

13 

1. HP, Pd-C 
2. LiAlH, 

14 

1. NaOCl 
Z.H,SO,,hv 
3. KOH 

CICOOCH, 
EtJ 

H 
15 16 

a I 
COOCH3 
17 

Cyclization of cyclopentylethylamine (15) to  cis-2- 
azabicyclo [3.3.0]nonane (16) was effected by means of 
the Hofmann-Loffler-Freytag reaction.24 I n  1966, 
Schmitz and Murawski reported the first successful 

(23) Such ultraviolet absorption is characteristic of the enamide chromo- 
(a) L. A. Paquette and J. H. Barrett, J .  Amer. Chem. SOC., 88, phore: 

1718 (1966): (b) R. H. Mazur, J .  Oro. Chem., 26, 1289 (1961). 
(24) M. E. Wolff, Chem. Rev., 88, 55 (1963). 

cyclization of a primary amine by this method.z5 
These workers contended that the undesirable dis- 
proportionation of primary chloramines which occurs 
in weakly acidic solution is the result of a reaction 
between a protonated and an unprotonated species. 
The recommendation was made that concentrated 
sulfuric acid rather than the usual 8045% variety be 
employed to prevent this side reaction. In  the case of 
15, however, the use of concentrated sulfuric acid and 
ferrous ammonium sulfate resulted only in tar forma- 
tion, whereas the milder conditions and light afforded 
16 in 30% yield. 

Because photochemically induced vinylcyclopropane 
rearrangements of the type involved in the conversion 
of 4 into 9 have been only infrequently encountered,26 we 
considered it imperative to demonstrate that 9 did not 
arise by an extraneous thermal process. This is seen 
from the following facts: (a) 4, 5,  and 8 are entirely 
stable to the vpc conditions used to monitor the progress 
of the photoreaction; (b) both 8 and 9 are seen to be 
present (nmr and tlc analysis) in the crude photolysate 
prior to any exposure to elevated temperatures. 

With regard to the multiplicity of the photorearrange- 
ment of 4, the inability of acetone to sensitize the reac- 
tion denotes that, under the conditions of direct 
irradiation, ?r + a* singlet states are involved. It is 
interesting and perhaps significant that [1,3] sigma- 
tropic rearrangement of the internal cyclopropyl bond 
in 4 to give 18 can compete effectively with cyclobutene- 

‘COOCH3 
18 

ring formation (i.e,, 8) , particularly since analogous 
products do not result from 2,3-homotroponezl or 
homotropilidene,22 but only from their dihydro counter- 
parts.zE 

Experimental Sectionz7 
Reaction of Cycloheptatriene with Methyl Azidoformate.-A 

7% solution of methyl azidoformate in cycloheptatriene in a 
thick-walled sealed tube was immersed in an oil bath preheated 
to 127-128”, where it was maintained for 4 hr. Removal of 
excess hydrocarbon in vacuo followed by preparative-scale gas 
chromatography (5 f t  x 0.25 in. A1 column packed with 20% 
SE-30 on 60-80 mesh Chromosorb W) and molecular distillation 
permitted separation of three fractions. 

The first substance to be eluted was 2,3-homo-lH-azepine 4. 
A n d .  Calcd for C9H1lNO2: C, 65.43; H,  6.71; N, 8.48. 

The second component was 4,5-horno-lH-azepine 5 .  
Anal. Calcd for CaH,1N02: C, 65.43; H, 6.71; N, 8.84. 

Found: C, 65.60; H, 7.11; N,  8.26. 
On the basis of infrared and nmr spectra, the third fraction was 

seen to contain a mixture of cycloheptatrienyl urethanes, which 
were not further characterized. ’ 

Photoisomerization of 4.-A solution of 2.33 g of a mixture of 
4 and 5 in a ratio of cu. 3: 1 in 450 ml of ether was irradiated under 
nitrogen for 2.5 hr with a 200-W Hanovia lamp in a standard 

Found: C, 65.16; H, 6.74; N, 8.48. 

(25) E. Schmits and D .  Murawski, Chem. Be?., 99, 1493 (1966). 
(26) L. A. Paquette, G .  V. Meehan, and R.  F. Eiaember, Tetrahedron Lett., 

995,999 (1969). 
(27) The microanalyses were determined by the Scandinavian Micro- 

analytical Laboratory, Herlev, Denmark. The nmr spectra were deter- 
mined with Varian A-60 or HA-100 spectrometers. Infrared spectra were 
obtained with a Perkin-Elmer 237 Infracord spectrometer and ultraviolet 
measurements were made with a Cary Model 14 recording spectrometer. 
Melting points are corrected while boiling points are uncorrected. 
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quartz immersion vessel. The progress of the reaction was 
monitored a t  O.5-hr intervals by vpc (160", 12 ft X 0.25 in. A1 
column packed with 10% SE-30 on 60-80 mesh Chromosorb G). 
Solvent removal afforded 2.25 g of orange oil. Preparative-scale 
thick layer chromatography allowed the separation and isolation 
of photoproducts 8 and 9 from unchanged 5. Final purification 
was achieved by preparative vpc on the above column and molec- 
ular distillation. 

The major phosoisomer was identified as 5-carbomethoxy-5- 
aza-la,2~~,4~~,6a-tricyclo [4.2.0.02*4] oct-7-ene ( 8 ) .  

Anal. Calcd for CeHllNOz: C, 65.43; H, 6.71; N, 8.48. 
Found: C, 65.34; H,  6.71; N, 8.30. 

The minor photoisomer was identified as 2-carbomethoxy-2- 
azabicyclo [3.3:0] octa-3,6-diene (9). 

Found: C. 65.07: H, 6.66; N, 8.30. 
Anal. Calcd for CgH11N02: C, 65.43; H,  6.71; N, 8.48. 

Cyclopentylethylamke (15).-This amine was prepared by a 
modification of the procedure of Protiva, et ~ 1 . ~ ~  Heating a solu- 
tion of 50 g (0.59 mol) of cyclopentanone, 50 g (0.59 mol) of 
cyanoacetic acid, and 2 g of ammonium acetate in 50 ml of 
benzene for 7 hr a t  a bath temperature of 155' with continuous 
removal of water gave 84 g (94.4%) of 13, mp 129-133' dec, from 
water (lit.28 mp 125-128'). Decarboxylation of 40 g (0.265 mol) 
of unrecrystallized 13 at 180' gave 21.8 g (77.8%) of 14 as a 
clear, colorless liquid, bp 82-85' (14 mm), which, when hydro- 
genated in 150 ml of methanol over 5% palladium on charcoal, 
afforded 18.3 g (83%) of cyclopentylacetonitrile, bp 91-92.5" 
(26 mm) [lit.28 bp 88' (27 mm)]. Reduction of 10.93 g (0.10 mol) 
of this nitrile with 4.42 g (0.116 mol) of lithium aluminum hydride 
in 200 ml of anhydrous ether yielded 10.75 g (950j0) of 15, bp 
83-84' (45 mm). 
cis-2-Azabicyclo[3.3.O]nonane (16).-A 3.77-g sample (33.3 

mequiv) of 15 was added to 40 ml of a stirred, ice-cold, 0.82 M 
sodium hypochlorite solution (32.8 mequiv), and the mixture 
immediately became cloudy. After an additional 15 min, the 
stirring was stopped and two layers separated. A drop of the 
upper layer gave a positive test for N-chloramine with sodium 
iodide. This mixture was extracted with pentane (four 25-ml 
portions), the pentane extract was added dropwise during 15 

(28) M. Protiva, V. Mychajlyszyn, and J. 0. Jilek, Chem. Listy, 49, 1045 
(1955); Chem. Abstr., 10, 3476 (1956). 

min with stirring to 40 ml of cold SO% sulfuric acid, and the 
whole was stirred vigorously for an additional 15 min. The 
opalescent acid layer was separated and irradiated in a quartz 
tube with a bank of nine 15-W germicidal lamps for 10 min. At 
this point, the solution gave a negative sodium iodide test. It 
was poured onto 200 g of ice and, with ice cooling, the solution 
was rendered highly alkaline by the addition of potassium hy- 
droxide pellets at such a rate that the temperature never rose 
above 20'. 

The alkaline solution was then decanted from the precipitated 
salts and extracted with ether (six 100-ml portions). The com- 
bined organic layers were dried and evaporated and the residue 
was distilled to give 1.26 g (29.4%) of 16 as a clear, colorless 
liquid, bp 82-85' (44 mm).20 

2-Carbomethoxy-2-azabicyclo [3.3.O]octane (17). A. Hydro- 
genation of 9.-A solution of 80 mg of 9 in 15 ml of anhydrous 
T H F  was hydrogenated over Adams catalyst a t  50 psig. Filtra- 
tion followed by solvent removal gave 84 mg of pale yellow oil. 
Isolation of purified product (82%) by preparative vpc gave a 
colorless liquid, Y:: 1700 cm-l. 

Anal. Calcd for C~HXNOZ: C, 63.88; H, 8.94; N, 8.28. 
Found: C, 63.71; H, 9.14; N, 8.21. 

B. Carbomethoxylation of 16.-A solution of 933 mg (9.88 
mmol) of methyl chloroformate in 10 ml of dry ether was added 
dropwise to a stirred, ice-cold solution of 1.095 g (9.85 mmol) of 
16 and 1.196 g (11.82 mmol) of triethylamine in 25 ml of the 
same solvent. After completion of the addition. the stirred 
mixture was allowed to warm to room temperature during 1 hr. 
Water (10 ml) was added and the ether layer was separated, dried, 
and evaporated. A small sample of this material, when purified 
by preparative vpc, was identical in all respects with the sample 
prepared above. 

Registry No.+ 22140-42-7; 5 ,  22140-43-8; 8, 
22139-35-1; 9, 22139-36-2; 12, 20628-99-3; 14, 5732- 
88-7; 15,5763-55-3; 16,2030-37-7; 17,22139-39-5. 

(29) H. Booth, F. E. King, K. G. Mason, J. Parrick, and R. L. St. D. 
Whitehead [ J .  Chem. floc., 1050 (1969)l have reported the preparation of 16, 
bp 161° (764 mm). We have been unsuccessful in repeating that  portion 
of their scheme which involves the reductive cyclization of ethyl %hydroxy- 
iminocyclopentylacetate. 

Pyrolysis of 2-Pyrone, Coumarin, and 2-Pyridone 
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Department of Chemistry, Wayne State University, Detroit, Michigan 48202 
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%Pyrone (I), coumarin (2), and 2-pyridone (3) were pyrolyzed at 900-1000' in a stream of nitrogen (2-6 
mm). The products from 1 are furan (15%), propyne (44%), and allene (4.5%); coumarin gives benzofuran 
(82%). Products resulting from decarbonylation are isolated from the pyrolysis of 2-pyridone: crotononitrile, 
isocrotononitrile, pyrrole, and 3-butenenitrile. These results are compared with the mass spectra of 1-3 and 
discussed in terms of possible electronic relationships between the electron-impact and pyrolytic reactions. 

Mass spectrometric reactions of 2-pyrone (l), 
coumarin (2), and 2-pyridone (3) have received con- 
siderable attention. 8-12 I n  particular, the assignments 

1 2 3 

(1) F. Knoller Predoctoral Fellow, 1968-1969. 
(2) Alfred P. Sloen Researoh Fellow, 1967-1969. 
(3) A. M. Duffield, C. Djerassi, G. Schroll, and 8.-0. Laweseon, Acta 

(4) P. Brown and M. M. Green, J .  Org. Chem., 83 ,  1681 (1967). 
(6) C. 8. Barnes and J. L. Occolowita, Aust. J .  Chem., 17, 976 (1964). 
(6) W. H. Pirkle, J. Amer. Chem. Soc., 87, 8022 (1965). 
(7) H. Nakata, Y. Hirata, and A. Tatematsu, Tetrahedron Lett., 128 

Chem. Scand., 20, 361 (1966). 

(1965). 

of structure to the cations formed by decarbonylation 
of the molecular ions from 1-3 have been controversial. 
Since similarities are found between the fragmentations 
of these (Me + - CO) ions and the molecular ions of 
furan, pyrrole, and benzofuran, the (M - + - CO) ions 
from 1-3 have been assigned furan- and pyrrolelike 
s t r u ~ t u r e s . ~ J ~ ~ * ~ ~  Other data have been interpreted to 
be inconsistent with these assignments.6~9~10~12 

While the electron-impact reactions of 1-3 have 
received considerable attention, their pyrolytic re- 
actions have been neglected. One pyrolysis study was 

(8) H. Nakata and A. Tatematsu, ibid., 4101 (1967). 
(9) M. M. Bursey and L. R. Dusold, Chem. Commun., 712 (1967). 
(10) W. H.,Pirkle and M. Dines, J. Amer. Chem. Soo.. 90, 2318 (1968). 
(11) G. Spiteller and M. Spiteller-Friedmann, Monatsh. Chem., 98, 1395 

(12) W. T. Pike and F. W. McLafferty, J. Amer. Chem. SOC., 89, 5954 
(1962). 

(1967). 


