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1,7-electrocyclisation of azomethine ylides
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Abstract—A new, general route to the benz[5,6]azepino[4,3-b]indole ring system has been developed via the 1,7-dipolar electrocy-
clisation reactions of azomethine ylides derived from easily available 3-formyl indole derivatives. The intermediacy of azomethine
ylides was shown by the trapping of the proposed a,b:c,d-conjugated dipole with N-phenylmaleimide.
� 2004 Elsevier Ltd. All rights reserved.
The 1,3-dipolar cycloaddition of dipoles to an olefin or
an acetylene derivative is one of the most useful
approaches for the construction of five-membered het-
erocyclic rings.1 There are, however, many other
synthetically useful reactions of these dipoles, including
the 1,5- and 1,7-electrocyclic2,3 ring closure of appropri-
ately substituted unsaturated dipolar systems. Recently,
we4 and others5 published the first examples of the 1,7-
electrocyclisation of nonstabilised azomethine ylides
with a,b:c,d-unsaturation, followed by some examples
of 1,7-electrocyclisation of electron-withdrawing group
stabilised azomethine ylides.6

As a continuation of these studies our aim was to show
the generality of this method as a tool for the annelation
of a benzazepine ring to different heterocycles in one
step. Our previous experiments with 2-phenyl-3-formyl-
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Scheme 1. Reagents and conditions: (i) sarcosine, xylene, reflux.
quinolines 1 resulted in the formation 1H-pyrrolo-
[3,4-c]quinolines 3 as products via a 1,5-electrocyclisa-
tions (Scheme 1).7

In this letter we describe the reactions of the analogous
azomethine ylides formed from 2-aryl-indol-3-carbalde-
hydes 7a–h and 8a,b. In these conjugated dipoles the 1,5-
electrocyclisation pathway is not accessible.

The starting materials were prepared via the appropriate
2-arylindoles 6a–h by the treatment with small excess of
Vilsmeier reagent.8 In the case of 2-phenylindole-3-carb-
aldehyde (7a) the protection of the indole nitrogen was
achieved (Scheme 2).

The nonstabilised azomethine ylides 9 R = H, CH3,
Bn, R1 = CH3, Bn, E = H (Table 1, entries 1–6) were
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Table 1. Benz[5,6]azepino[4,3-b]indoles produced via Scheme 3

Entry Starting aldehyde R R1 R2 R3 R4 E Reaction time (h) Product Yield %

1 7a H H H H CH3 H 6 11a 54

2 7a H H H H Bn H 10 11b 46

3 8a CH3 H H H CH3 H 18 11c 46

4 8a CH3 H H H Bn H 16 11d 38

5 8b Bn H H H CH3 H 18 11e 40

6 8b Bn H H H Bn H 96 11f 41a

7 7a H H H H CH3 CO2CH3 15 11g 15

8 8a CH3 H H H CH3 CO2CH3 20 11h 18

9 8b Bn H H H CH3 CO2CH3 60 11i —

10 7b H CH3 H H CH3 H 6 11j 52

11 7c H Cl H H CH3 H 8 11k 58

12 7d H CH3O H H CH3 H 6 11l 55

13 7e H H CH3O H CH3 H 6 11m 59

14 7f H Br CH3O H CH3 H 8 11n 55

15 7g H H H CH3 CH3 H 6 11o 54

16 7h H Br H CH3 CH3 H 6 11p 61

a�20% Starting material recovered.

7
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8a R = CH3 (84 %)
8b R = Bn (88 %)
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Scheme 2. Reagents and conditions: (i) N,N-dimethylaniline, 170 �C (45–62%); (ii) POCl3, DMF, 80 �C (73–91%); (ii) KOBut, MeI, tBuOH; or BnBr,

NaH, DMF.
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generated from the aldehydes in refluxing xylene using
the method of decarboxylative condensation with sarco-
sine or N-benzyl-glycine.9 The azomethine ylide interme-
diates reacted via the expected 1,7-electrocyclisation
reaction to the azepines 10 and finally by a 1,5-hydrogen
shift to give the products 11a–f (Scheme 3). The prod-
ucts were isolated in acceptable yields after column
chromatography. As can be seen from the table beside
the very similar yields, the reaction times depended on
the N substituent of the indole and the glycine. The fast-
est reaction was observed in the case of unprotected in-
dole aldehyde 7a with sarcosine, while the reaction of 8b
with N-benzyl-glycine was not complete after four days
boiling in xylene.

In our early studies we found significant differences
between the reactivity of a,b:c,d-unsaturated, nonstabi-
lised and a,b:c,d-unsaturated, ester-stabilised azome-
thine ylides. The former dipoles react via a 1,7-
electrocyclisation to yield dihydrobenzazepines,10 whilst
the latter give other products via novel rearrange-
ments.11,12 We have also investigated the reactions of
7a and 8a,b aldehydes with methyl sarcosinate. The
ester-stabilised azomethine ylides 9 (R = H, CH3,
R1 = CH3, E = CO2CH3) in this case reacted again via
1,7-electrocyclisation to give benzazepines 11g,h, how-
ever in low yields. In the reaction of 8b and N-benzyl
glycine there was no product observed by TLC after
refluxing for 60 h in xylene.

In a few examples, we investigated the effect of the addi-
tional substituents on the indole nucleus and/or 2-aryl
ring on the course of the electrocyclisation process. In
the reactions of the unprotected indoles 7b–h and sarco-
sine, azepines 11j–p were again isolated in acceptable
yields, with no visible effects of the substituents of the
starting materials on the yield, or the reaction times.

The intermediacy of azomethine ylides was shown in one
case by trapping the dipole 9 (R = CH3, E = H) with N-
phenylmaleimide to give the two isomeric cycloadducts
12 and 13 (ratio � 5:1) in good yield. The stereochemis-
try of the major isomer (12) was proved by NOE experi-
ments (Scheme 4).

In summary we have explored a convenient reaction
sequence which provides a useful route to the benzo[c]-
indolo[2,3-e]azepine ring system13 via the 1,7-dipolar
electrocyclisation reactions of azomethine ylides derived
from easily available 3-formylindole derivatives.14
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Scheme 4. Reagents and conditions: (i) sarcosine, toluene, reflux (92%).
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Scheme 3. Reagents and conditions: (i) E = H: sarcosine or N-benzyl glycine, xylene, reflux; E = CO2CH3:CH3NCH2CO2CH3ÆHCl, Et3N, xylene,

reflux.
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from the József Varga Foundation provided to A.V. is
gratefully appreciated.
References and notes

1. (a) Tsuge, O.; Kanemasa, S. Adv. Heterocycl. Chem. 1989,
45, 232; (b) Synthetic Applications of 1,3-Dipolar Cyclo-
addition Chemistry Toward Heterocycles and Natural
Products; Padwa, A., Pearson, W. H., Eds.; John Wiley
& Sons, 2002.

2. For excellent reviews on 1,5-dipolar cyclisations, see: (a)
Taylor, E. C.; Turchi, I. J. Chem. Rev. 1979, 79, 181; (b)
Huisgen, R. Angew. Chem., Int. Ed. Engl. 1980, 19, 947.

3. (a) Zecchi, G. Synthesis 1991, 181; (b) Groundwater, P.
W.; Nyerges, M. Adv. Heterocycl. Chem. 1999, 73, 97.

4. Arany, A.; Groundwater, P. W.; Nyerges, M. Tetrahedron
Lett. 1998, 38, 3267.

5. Marx, K.; Eberbach, W. Tetrahedron 1997, 53,
14687.
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