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Summary: LB-l-Benzazepines were synthesized by thermal ring opening of 2a,7b- 

dihydrocyclobut Ib 1 indoLes. The thermal and photoch~ioal behavior of the la-l- 

benzazepines is also described. 

Whereas the chemistry af azepinesl and dibe~=[~,~Ja~epines2 has been ztndied 

to a considerable extent, that of 18-l-benzazepines,3 particularly derivatives 

lacking ring substituents,' remains relatively unexplored. We now wish to report 

a novel route to l-substituted lH-l-benzazepines which involves a thermal ring 

opening of 2a,7b-dihydracyalobutlbjindales, The thermal and photochemical 

behavior of the M-l-benzazepines is also described, 

The dihydrocyc~obutt~~indoles 3-g were prepared as illustrated in Scheme 1. 

By applying the metkod of Jurian and coworkarsIS photoaddact g6 was obtained in 

67% yield as a mixture of the stereoisomers from l-benzoylindole Cl&l and methyl 

aorylate. Alkaline hydrolysis of 2_ followed by oxidative decarboqlation with 

lead tetraacetate gave 3-benzoyl-2a,~-dihy~~ocyclobutI~lindole f3&j7 in 27% 

yield. Lithium aluminum hydride reduction of 32 in ether at room temperature 

afforded a mixture of 5 and the 3-benzyl derivative 3s7 in .a. 2tl ratio. 

Scheme 1 
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3b, RrCUMc; 3c, RdXH_-Pr 

3d, R=COC&; 3e, R~XH_-BU 



Because of instability of 5, the crude mixture wal: directly treated with acetir 

anhydride, isobutyryl chloride, cyclohexylcarbonyl chloride, and pivaloyl chlo: 

to give the corresponding 3-acyl derivatives 3b-a7 in 50-60% yields, together uv 
with 32 [3#%). 

We were partictiarly interested in the possibility of rearranging the dihyl 

cyclobutlblindoles 3_ to their valence isomer, 18-l-benzazepines 2. When heater 

at 270~280° for 10 min without solvent, 

(major)' 

32 gave l-benzoyl-1%l-benzazepine (52 

and @-benzoyl-l-naphthylamine (62) (minor) as an inseparable mixture 

(73%) along with l,a (4%) and unreacted 3_a (23%). At higher temperature (300-31 

33 gave 6_a as the major product. Similar conversion of 3b-e into the correspol NIC 
ing lfi-l-benzazepines S&-e_ and other products was accomplished in yields listen 

in Table 1. Although the detailed mechanistic studies have not been carried 01 

the intervention of biradicals z seems most plausible in view of the elevated 

temperatures required for this reaction and the general acceptance of biradica: 

in related thermal. ring opening of fused cycfobuteenes.1° An interesting aspeci 

of the ring opening reaction is that the reaction is subject to steric accelers 

ation by the bulky 3-acyl group. On the other hand, 32 underwent smooth ring 

opening at the much Lower temperature. A thermaLly allowed disrotatory openin! 

process of the fivecmembered heterocyclic ring may be operative in this case. 

3a-f -52 * 
R NHR 

5a-f 6a-f la-f 7 

Table 1. Thermolysis of DihydrocyclobutFbIindoles 

Isolated Yield (%) 
Compd R Conditions 5 5 L 5 

COPh 

COPh 

#Me 

CO-i-Pr 

C0GG-U 
CO-t-Bu 

CO-Q3u 

CO-t-Bu 

cR2Ph 

270-280",10 min 

300-310',3 min 

320*,10 min 

270-280°,10 min 

270-280°,10 min 

230°,10 min 

25O",LO min 

270-280*,10 min 

refluxing xylene,lO min 

73a a 

0 90 

43 0 

62a a 

58 trace 

27 0 

73 trace 

6 57 

88 0 

4 

trace 
t 
J 

trace 

trace 

0 

trace 

trace 

0 

23 

0 

45 

23 

36 

71 

16 

18 

0 

a Obtained as an inseparable mixture containing a small amount af 5 



The temperature af the ring opening of 32-s was found to be lowered by 100- 

l.60° in the presence of silvar ion, ll Thus, refluxing a solution of 32 in xylene 

in the presence of AgBF4 for 10 hr gave 5,a _(58%1 and the starting material 3," 
(34%). No reaction took place in the absence of silver ion. 

Prolonged heating 629 hr) did not change the product ratio, suggesting the 

reversibility of the reaction.. In fact, treatment of 5_a under the came conditions 

gave a mixture of 32 and 52. Similar results were obtained from z-2 (Table 2). 

A tAg+) 
- 

3se !h-if 
Table 2, Silver Ion-Catalyzed Thermolysis of ~ih~drobenzI~lindo~~~ 

Isolated Yield (8) 
COlRpd Conditions F 7 

?s reflwing xylene,lO hr 58 38 

3.9 refluxing mesitylene,5 hr 18 72 

3,c refluxing xylene,5 hr 43 49 

33 refluxing xylene,S hr 43 39 

% refluxing xylene,5 hr 12 63 

The structural ass~g~en~ of Sa-f was based on the spectroscopic data 

(Table 3) and catalytic hydrogenatznnlbf 53 over platinum oxide to f-benzoyl- 

8,3,4,5-tetrahydro-lff-l-benzazepine. 12 

Table 3. Nmr Spectral Data for lo-l-Benz~zepin~s fin CDC131 

Chemical shifts (6) Coupling constants (Hz) 

Compd 2-H 3-H 4-H 5-H J2,3 J3,4 J4,5 

5," 6.72(d) 5.97(dd) 6.41(dd) 7.02(d) 8.0 5.5 12.0 

s,b 6.49(d) 5.91(ddI 6.24fdd) 6.84(d) 7.5 6.0 11.0 

ZZ 6,53(d) 5.971dd) 6.33[ddf 6.93(d) 7.5 5.5 11-O 

5,a 6.52(d) 5.95(ddI 6.31(dd] 6.92(d) 7.5 5.5 11.5 

5Ne 6.63(d) 5.96tddf 6.36idd) 7.64(d) 8.0 5.0 11.5 

s,f 5.46(d) 5,lO(ddI 5.96(dd) 6.59(d) 7.5 5.5 11.8 

Heating 5,a at 300-310" for 5 min without solvent gave 6,a in 86% yield. 

Interestingly, the pivaloyl derivative 5_e rearranged at lower temperature (270°) 

to 6," (77%). The observed rearrangement finds analogy in the rearrangement af 
substituted a-carbomethoxyazepinesf3 and is rationalized in terms of azanorcara- 

diene intermediates. 
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Irradiation of 52 in tetrahydrofuran with a 30OW high-pressure mercury 1a1 

in a Pyrex vessel for 4 hr under argon atmosphere gave 3_a in 83% yield. Similar 

52 and 5J were transformed into 3~ and 3,f in 87 and 83% yields, respectively. 

This photochemical valence tautomerism closely parallels the behavior of l- 

benzoxepin8 and l-benzothiapin. 14 
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