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Abstract: 2-Azaallenium salts 1 react with cyclic 1,3-dienes to form six-membered heterocyclic iminium salts
from a Dicls-Alder type reaction. With acyclic dienes, mixtures of heterocyclic and acyclic iminium salts are
formed; the acyclic products result from an ene type reaction.

2-Azaallenium salts are now easily accessible and several routes for their synthesis have been
described V. Similarly, their electronic and structural properties (2-azaallenium - 2-azaallyl cation valence
isomerization) are well known 1e.2 However, in comparison with the widespread use of keteniminium salts
(""1-azaallenium salts") in organic chemistry, the application of the isomeric 2-azaallenium salts has found
relatively little attention 3. To our knowledge, reports on their reactions with olefins and dienes are
completely lacking. Few examples of cycloaddition reactions of simple iminium salts 4 encouraged us to
investigate such reactions also for 2-azaallenium ions, which may be understood as "double' Mannich salts
(" dimethyleneammonium salts"). Due to the biselectrophilic nature of these salts, even sequences of
electrophilic reactions (domino reactions) may be expected.

Dienes with a fixed or preferred cis conformation undergo straightforward [4+2] cyclizations forming
six-membered iminium salts with exocyclic methylene groups. In a typical experiment, a solution of the 2-
azaallenium salt 1 is treated at -78°C with an equimolar amount of diene; after warming up to room
temperature and stirring for a short period of time, until the intense IR absorption at 1910 cm™! of the 2-
azaallenium salt has disappeared, the solvent is removed in vacuo, and the dark residue is purified by
recrystallization. Thus, anthracene 2 furnishes the cycloadduct 3 as mixture of diastereomers (1:1.3)(crude
yield: 51%; 22% yield after three recrystallizations). With 1,3-cyclohexadiene 4, one obtains a mixture of
two stereoisomers § (1:2.9) in 20% yield (pure; much loss occurs during the recrystallizations) 5.
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2-Trimethylsiloxy-1,3-butadiene 6 leads regioselectively (NOE experiments) to a mixture of E/Z
isomers 7 (9:1); no byproduct could be detected. After hydrolysis with sat. NaHCO; solution the piperidone
8 is isolated in a total yield of 42%.

pToE SbClg"

/PTO' 3 +
pToI &C= N C SbClg" +;\ Q\ (NaHCO3) ):l
H
OSiMe; OSiM pTol

1b 6

Reactions with other acyclic dienes take a more complicated course. For instance, from the reaction
of 1 with isoprene 9 after evaporation of the solvent and recrystallization the expected cyclic product 10 is
obtained (only one regioisomer, E/Z = 7.5 : 1; crude yield 49%, yield after recrystallization from acetoni-
trile/ether (1:1) 11%). In contrast, aqueous work up of the reaction mixture (sat. NaHCO;) and subsequent
Kugelrohr distillation yields the unsaturated imine 12 in 14% yield. Similarly, from 2,3-dimethylbutadiene
13 also two products were isolated, depending on the workup. After removal of the solvent in vacuo the salt
14 (crude yield 33%, after purification 8%) was obtained; aqueous work up gave a mixture of its hydrolysis
product 16 together with the acyclic imine 17 (16% after Kugelrohr distillation; crude yield 42%).
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The formation of the heterocyclic products 3, 5, 7, 10, and 14 may be rationalized by assuming a
[4+2] cycloaddition ("aza-Diels-Alder reaction"). The acyclic products 11 and 15 may be the result of an ene
reaction ®, in which the 2-azaallenium salt 1 attacks the dienes 9 or 13 at one of the double bonds. The
positions of the double bonds in the products obtained after proton transfer to the nitrogen atom is compati-
ble with a concerted mechanism involving a six-membered cyclic transition state. As suggested by HM.R.
Hoffmann 5, the competition between Diels-Alder type reactions and ene reactions may be governed by the
amount of s-cis conformer present in the reaction mixture.
As expected, cyclohexene 18 reacts with 1 under formation of the ene product. After aqueous work up, 19
was isolated in 30% yield.
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In this paper, we have shown, that the strongly electrophilic 2-azaallenium salts 1 are potent starting
materials for diene and ene synthesis, leading to new heterocyclic and acyclic structures 7 incorporating a

nitrogen atom at positions, which are often not easily accessible by other synthetic routes.
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All compounds were completely characterized by spectroscopic methods. For example:

5: colorless crystals, m.p. 206°C: IH-NMR (300 MHz, CD3NO,): 8 = 1.35/1.55 {(m, 2H, PhCH-CH-
CH,, Diast. I, 1), 1.95/2.49 (m, 2H, N+-CH~C_H_2, Diast. I, 1), 3.18 {(m, 1H, PhCH-CH, Diast. IT),
3.31 (m, 1H, PhCH-CH, Diast. I), 5.34 (m, 1H, N*-CH, Diast. [, II), 5.62 {m, 1H, Ph-CH, Diast I),
592 (m, 1H, Ph-CH, Diast. II), 6.53 (m, 1H, H-C=C, 6-H, Diast. II), 6.68 (m, 1H, H-C=C, 6-H,
Diast. I), 6.95 (m, 1H, C=C-H, 5-H, Diast. I), 7.01 (m, 1H, C=C-H, 5-H, Diast. II), 7.25-7.50 (m,
5H, CH,, . Ph-CH, Diast. I, TI), 7.58-7.87 (m, 5H, CHar,, Ph-C=NT, Diast 1, 1), 8.84 (m, 1H, H-
C=N*, Diast. II), 9.12 (m, 1H, H-C=N*, Diast. I) ppm.

13C.NMR (75.47 MHz, CD,CN): 3 = 15.76/24.54 (-CH,-CH,-, Diast. II), 16.54/24.03 (-CH,-CH,-,
Diast, I), 38.35 (Ph-CH-CH, Diast. If), 39.25 (Ph-CH-CH, Diast. I}, 5691 (N*-CH, Diast II), 67.18
(N*-CH, Diast. I), 67.71 (Ph-CH, Diast. I), 71.84 (Ph-CH, Diast. II), 127.3 (C; .. Ph-C=N*, Diast.
I, IL), 133.7 (C; ., Ph-CH, Diast. I, II), 127.6/ 128.7/ 129.4/129.9/130.1/130.2/130.4/130.7/132.4/
135.1/136.7/137.5/139.2/140.6 (12 CH,, . 4 CH,,,, Diast. I, ), 170.1 (HC=N*, Diast. I, IT) ppm.
10: lightyellow plates, m.p. 204°C: 'H-NMR (300 MHz, CD;NO,): 8 = 1.91 (m, 3H, -CH,), 3.08
(m, 2H, PhCH-CH,), 4.53 (d, br, J=18.0 Hz, 1H, N*-CHy), 4.89 (d, br, 2J=18.0 Hz, 1H, N*-
CH,)5.46 (m, 1H, E-isomer, C-C-H), 5.53 (m, 1H, Z-isomer, C=C-H), 5.69 (1, 3}= 5.3 Hz, IH, E-
isomer, Ph-CH), 6.38 (m, 1H, Z-isomer, Ph-CH), 7.35-7.57 (m, SH, CH-Ph-H), 7.65-7.96 (m, SH,
N*=C-Ph-H), 9.08 (s, 1H, E-isomer, HC=N"), 9.27 (s, 1H, HC=N", Z-isomer) ppm.

13C.NMR (75.47 MHz, CD;CN): § = 22.58 (-CH,), 34.20 (Ph-CH-CH,), 51.02 (N*-CH,), 70.55 (Ph-
CH), 115.0 (C=CH), 1278 (C; .., Ph-C=N"), 129.2 (CH,,), 130.4 (CH,,). 130.6 (CH,,), 130.9
(CH,, ), 133.6 (CH,,), 134.2/134.4 (G ;r.. Ph-CH, Cg 1) 137.0 (CH,,), 171.4 (HC=N*) ppm.
12Z: colorless, unstable oil, b.p. 110°C/0.01 mbar: 'H-NMR (300 MHz, CDCly): 8 = 2.87 (dd, 3Jm5.1
Hz, 2J=13.8 Hz, 1H, PhCH-CH,), 2.79 (dd, *J=8.4 Hz, 2J=13.8 Hz, 1H, PhCH-CH,), 4.45 (dd, *J=
8.4 Hz, 3J= 5.0 Hz, 1H, Ph-CH-CH,), 4.88 (s, br, 1H, C=CHj;), 5.03 (s, br, 1H, C=CH,), 5.12 (d.
3] ,=10.8 Hz, 1H, H-C=C-H,y), 5.35 (d, JJypny=17.6 Hz, 1H, H-C=C-Hyp,.)). 6.35 (dd, °J ;=108 Hz,
3Jyrang=17:6 Hz, 1H, HyC=C-H), 7.10-7.47 (m, 8H, CHpyy, Ph-C=N, CH,, Ph-CH), 7.74-7.77 (m,
2H, CH,,, Ph-C=N), 8.17 (s, 1H, N=CH) ppm.

3C.NMR (75.47 MHz, CDCly): 8 = 41.20 (PhCH-CH,), 73.52 (Ph-CH), 113.6 (=CHj jjr), 119.2
(~CH, gep )+ 126.9 (CH,, ), 128.2 (CH,, ), 128.3 (CH,, ), 128.4 (CH, ), 128.5 (CH,, ), 130.3 (CH,, ).
136.4 (C; 5., Ph-C=N), 138.6 (H,C=CH-), 142.7/144.2 (C; o1, Ph-CH, C gper) 159.6 ( CH=N) ppm.
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