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Abstract: The reaction of 1-ethoxycarbonyl-1H-azepine (1) with 3.4.5.6- 
tetrachloro-1,2-benzoquinone at room temperature afforded a [6+41 type 

cycloadduct3 as a major product in addition to two [4+21 type cyclo- 

adducts 4 and 5. Upon heating, 2 rearranged to 2 in a fairly good 

yield. In the same reaction with 1-ethoxycarbonyl-1H-1,2-diazepine (2, 
a [4+21 type cycloadduct 6 was formed. The low electron density at the 

2 and 7 positions of 1 is considered to be one reason for the formation 
of the [6+4] type cycloadduct 2. 

The cycloaddition reactions of heterocyclic compounds have received consider- 

able attention, not only from the point of view of synthetic utility but also 

examination of the electronic nature of the heterocyclic compounds. As a part of 

our research, previously, we have published some results of the cycloaddition 

reactions of 1-ethoxycarbonyl-1H-azepine (1) and 1-ethoxycarbonyl-1H-1,2-diazepine 
1 (2) with 2-pyrone derivatives and the addition reactions of 1 and3with some 

chlorosilane derivatives.' Recently, Kanematsu et al., 3'4'p5 Gockel et a1. ,6 and 

Murphy et al.' reported the cycloaddition reactions of azepine derivatives with 

phencyclone, cyclopropene derivatives, and nitrosobenzene, respectively. These 

facts prompted us to report our recent results of the cycloaddition reactions of 

1 and 2 with 3.4.5.6-tetrachloro-1.2-benzoquinone (0-chloranil) - which is 

typical of the class of dienes displaying reverse electron demand in Diels-Alder 

reactions. 8 
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1-Ethoxycarbonyl-1H-azepine (1) was allowed to react with 0-chloranil in 
benzene or ether at room temperature for 70 min to yield three types of 

colorless crystals of 121 adducts 2 ,  4, and k i n  the yields of 46, 15, and 7 %, 

respectively. 1-Ethoxycarbonyl-1H-1.2-diazepine (2) was also allowed to react 

with o-chloranil in benzene or ether at room temperature for 3.5 h to yield 

colorless crystals of a 1:l adduct d i n  a 10 % yield. The adducts 4 andkwere 
thermally stable recovering completely even after heating at 180'C for 24 h in 

benzene in a sealed tube. On the other hand, the adduct &was converted to 5 i n  

a 84 % yield by heating at 90DC for 6 h. The adduct d w a s  not changed at all by 

heating at 130aC for 15 h, but turned to black polymers after heating at 180DC 

for 10 h. The physical data of these adducts are as follows. 14 

3; mp 156-157-C. IR (KBrl : 1720 cm-l. Mass lm/e, %I : 411 (M+, 9), 165 (100). 92 - 
(82). NMR (CDC13), 6 ppm: 1.29 (t, CH3, J=7.0 Hz), 4.20 (q, CH2, J=7.0 Hz), 6.04 

(bs, 4H), 6.83 (d, ZH, J=4.5 Hz). 

4; mp 165-166-C. IR (KBr): 1735 cm-l. Mass (m/e, % ) :  411 (M+, 9). 165 (31). 
,.# 

152 (98). 80 (1001. NMR (CDCl3). 6 ppm: 1.36 (t, CH3, J=7.0 Hz), 4.30 lq, CH2, 

J=7.0 Hz), 4.97 (bs, 4H). 7.06 (d, ZH, J=9.0 Hz). 

5. mp 200-202'C. IR IKBr): 1730 cm-l. Mass Im/e, % ) :  411 (M+, 8). 165 1100). 4 

152 (48), 92 (84). NMR ICDCl3), 6 ppm: 1.36 (t, CH3, J=7.0 Hz), 4.31 lq, CH2, 

J=7.0 Hz), 5.11 (bs, Hb) , 5.28 (dd, He, Jde=7.5, J =8.6 Hz), 5.39 (bd, Hc, J =2.1, ef bc 

J cd =11.9 Hz), 5.91 (ddd, Hd, Jcd=11.9, Jde=7.5, J =2 1 Hz), 6.63 (bs, Ha), 6.87 bd . 
(d, Hf, Jef=8.6 Hz). 

f ~ ;  mp 183-184~. IR (KBr): 1740 ern-'. Mass (m/e, $1 .  412 (M+, 11). 166 (65), 

107 (501, 94 (loo), 81 (71). NMR (CDC13), 8 ppm: 1.40 (t, CH3, J=7.0 Hz), 4.40 

lq, CH2, J=7.0 Hz), 4.93 (ddd, Hc, Jcd=6.5, Jac=2.5, J =2.1 Hz), 5.22 (dd, Hb, bc 

J =2.5, 3 =2.1 Hz), 5.30 (dd, Hd, Jcd=6.5, J =10.3 Hz), 7.07 (dd, Ha, Jab=2.5, ab bc de 

J =2.5 Hz), 7.49 (d, He, Jde=10.3 Hz). ac 

The 1:l nature of these adducts was shown by their Mass spectrometry and 

elemental analysis. All of these adducts showed no carbonyl absorption except 

those bands due to their ester groups in their IR spectra, suggesting that L a n d  2 

reacted with 0-chloranil at its oxygen atoms to form the ether linkages. The NMR 

spectra of 2 and 5 indicated these adducts are symmetric compounds, suggesting 
that the 2 and 7 positions or the 4 and 5 positions of Awere involved in these 

reactions. The chemical shift ( 6.04 ppm) and the broad singlet nature of the 

olefinic protons of Areserabled closely those features of the olefinic protons of 



1 the skeletally analogous compound 2 and the azepine dimer~.'~,~~ Similarly, 

the chemical shift (7.06 ppm) and the coupling constant (9.0 Hz) of the olefinic 

protons of 4 had a likeness to those parameters of the resembled compound 8,1 the 

adduct of with chlorosilane deri~atives,~ and an isobenzofuran derivative. 17 

The broad singlet peak at 4.97 ppm of &was considered to contain the absorptions 

due to the other two olefinic protons and the two methine protons. On the basis 

of these spectroscopic data the structures of 3 and 4were determined as shown in 
the figure. The electronegativity of the ether oxygen atoms accounts for the 

observed lower field resonance of the bridgehead protons of the chloranil adducts 

3 and 4 as compared to the adducts ,?, and 8. 

The structure of Lwas mainlyassignedon the basis of its NMR data, employing 

the double resonance technique which showed that there were four olefinic protons 

(Hc-Hf) attached to a conjugated double bond and two methine protons (Ha and Hb) 

attached to the carbons adjacent to the double bond. The coupling constants 

between the olefinic protons suggested that this compound contained a seven- 

membered ring. 1'2'18'19 AS for the stereochemistry of the bridgehead protons, 

Dreiding models revealed that the dihedral angle between Ha and H was approxi- b 

mately60•‹ for cis-addition and approximately170•‹ for trans-addition. Thus, the 

small coupling constant between Ha and Hb (ca. 2 Hz) indicates that the addition 

reactionoccurred in a cis mode. l9 The thermal transformation of 3 to 5 confirmed 
the structures of Land A because this migration is quite reasonably attributed to 
a thermally allowed 1.5-carbon shift. 20 

The NMR spectrum of the adduct L w a s  complicated, but the double resonance 

technique revealed that theprotonswere arranged in the order Ha-Hb-Hc-Ed-He, with 

the corresponding coupling constants listed previously. The chemical shifts'of 

the two olefinic protons (Ha and He) were reasonable for protons attached to the 

carbons adjacent to nitrogen atoms. The coupling constant between Hd and He 

(Jde=10.3 Hz) which is larger than that between Ha and Hb (Jab=2.5 Hz) indicated 

that Hd was more reasonable as the olefinic proton rather than Hb. Thus, the 

structure of &was determined as illustrated in the figure. The small coupling 

constant between Hb end Hc (Jbc=2.1 Hz) indicated that the cis-addition occurred 

based on the same reason for the formation of 5. The structure of d w a s  further 

confirmed by the resemblance of its NMR spectrum to those spectra of the skeletal- 

ly analogous compounds 2,21 and the adduct of 2 with a cyclopentadienone 
derivative. 23 The low field shift of the bridgehead protons of in the NMR 
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spectrum compared to the compounds 9 and 10 can be explained by the same reason 
given for the formation of the adducts 3 and 4. 

The adducts 5 and ewere formed as a result of the reverse electron demand 
[4+21 type cycloaddition reactions.' The adduct 2 could be regarded as the 

secondary product thermally derived from 2. Considering that the thermal trans- 

formation of 2 required prolonged heating, and the cycloaddition proceeded at room 
temperature, however, it seemed to be more reasonable to consider 2 as the primary 

product of [4+21 type cycloaddition. Cycloaddition reactions to L a n d  J 

positions of azepine derivatives are rather rare, and the only report in the 

literature involves the reaction with dichlorocarbene. 24 The adduct 2 is a 
product of a [6+41 type addition reaction. It is well known that the azepine 

derivatives proceed [4+21 or [6+4] type addition but the yields of 

3 the [6+41 type addition products seem to be low with an exceptional case of 

azepine dimer.15'16 As for 0-chloranil, many cycloaddition reactions have been 

st~died,~-'~ but to our knowledge, there is no example of the [6+4] type cyclo- 

addition. With these facts in mind, it is rather interesting that the reaction 

of 1 with o-chloranil gave the [6+41 type cycloadduct as the main product. We 

tentatively suggest that this selectivity is a result of the electronic attraction 

between the oxygen atoms of 0-chloranil and the carbons in the 2 and 7 

positions of 1. The oxygen atoms of carbonyl groups are well known to be charged 

negatively and a molecular orbital calculation has shown that the azepine has the 

lowest electron density at the carbons in the 2 and 7 positions. 25.26 

ACKNOWREDGEMENT. We are indebted to Professor Tadashi Sasaki for his kind 

suggestions. 

REFERENCES 

Iida, T. Mukai, and K. Saito, Heterocvcles, ll, 401 (1978). - 
Saito and K. Takahashi, &&., &, 263 (1979). 
Harano, T. Ban, M. Yasuda, and K. Kanematsu, Tetrahedron Lett., 1599 (1979). 

Yasuda, H. Harano, and K. Kanematsu, J. Orq. Chem., 45, 2368 (1980). - 
Harano, M. Yasuda, T. Ban, and K. Kanematsu, . , 4455 (1980). 

Gockel, U. Hartmannsgruber, A. Steigel, and 3 .  Sauer, Tetrahedron Lett., 2, 
599 (1980). 

7) W. S. Murphy and K. P. Raman, u., 2, 319 (1980) 



8) s .  Sauer, Anoew. Chem. Internat. Edit., e, 16 (1967). - 
9) R. N. Warreher, 2trahedron Lett., 175 (1972). 

lo) R. Allman, T. Debaerdemaeker, W. Friedrichsen, H. J. Jurgens, and M. Bets, 

Tetrahedron, 2, 147 11976) . 
11) R. N. Warrener, m h e d r o n  Lett., 2355 (1976). 

12) W. Pritschins and W. Grimme, w,  4545 (1979). 
13) E. Buldt, T. Debaerdemaeker, and W. Friedrichsen, Tetrahedron, &, 267 (1980). 
14) All these adducts gave satisfactory elemental analysis. 

15) A.  L. Johnson and H. E. Simmons. J. Amer. Chem. Soc., 2, 3191 (1967). 
161 L. A .  Paquette. 3. H. Barrette, and D. E. Kuhla., ibid., 91, 3616 11969) - 
17) L. A. Paquette, D. E. Kuhla, J. H. Barrette, and L. M. Leichter, 

Chem., 3, 2888 (19691. - 
18) 0. L. Chapman, J. Amer. Chem. Soc., 85, 2014 (1963). - 
19) M. Karplus, =., 85, 2870 (1963). - 
20) R. B. Woodward and R. Hoffmann, Anuew. Chem. Internat. Edit., 8, 781 (1969). 
21) S. Iida, A Thesis for Masterate, Tohoku University (1975). The NMR data of 

the compound P a r e  as follows. NMR ICC14), 6 ppm: 1.35 It, CH3), 3.48 (m, 

ZH), 3.53 Is, 0CH3), 3.60 (s, 0CH3), 4.23 lq, CH2), 4.95 (m, lH), 6.93 (d, 

1H). 7.15 (d, 1H). 

22) S. Iida, A Thesis for Masterate, Tohoku University (1975) and the references 

cited therein. The NMR data of the compound I_O are as follows. NMR (CDC13), 

6 ppm: 1.26 (t, CH3), 3.57 (q, lH), 3.85 (q, lH), 4.14 (q, CH2), 5.12 (q, lH), 

6.59 id, 1H). 7.25 (d, 1H). 7.1-7.8 (Ph, 14H). 

23) J. H. Hender and A.  S. Kende, J. Chem. Soc. Chem. Comm., 384 (1965). 

24) T. Sasaki, K. Kanematsu, and Y. Yukimoto, Heterocv-, 1, 1 (1973). 
25) R. W. Schmid, Helv. Chim. Acta. 4 5 ,  1982 (1962). - 
26) A referee suggested a possibility of an electronic attraction between the 

nitrogen atom of azepine and the carbonyl carbons of 0-chloranil for a 

explanation of the selectivity of this reaction. We are indebted to the 

referee for this suggestion. 

Received, 20th January, 1982 


