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Lewis Acid-Induced Hetero Diels-Alder Reaction of Conjugated Carbodiimides
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In the presence of a Lewis acid conjugated carbodiimides smoothly react as 2-
azadienes with various dienophiles such as acetylenic compound, enamine, vinyl ether,
and aldehyde under mild reaction conditions to give good yields of nitrogen

heterocycles as cycloadducts.

Previously we found that conjugated carbodiimides can readily be prepared by the Wittig-type reaction
of iminophosphoranes with isocyanates and be converted into nitrogen heterocycles such as tetrahydropyridines
and isoquinolines via their thermal electrocyclization or Diels-Alder reaction. 1) This methodology?2) is a useful
procedure for the synthesis of a variety of nitrogen heterocycles based on its simplicity and efficiency.3'6)
However, little has been explored on the Diels-Alder reaction of these conjugated carbodiimides as
heterodienes. These carbodiimides show only limited reactivity in the Diels-Alder reaction. Only a strong
dienophile, TCNE, could give rise to the cycloadducts.l)

Recently, Nitta et al.5) and Noguchi et al. 6) reported that some C=C-conjugated carbodiimides
underwent the Diels-Alder reaction with highly reactive dienophiles such as dimethyl acetylenedicarboxylate
and enamines under considerably high temperature conditions, resulting in fair yields of the cycloadducts.
Thus, improvements in the Diels-Alder reaction with the conjugated carbodiimides are desired from the
viewpoint of extension of this promising method to the synthesis of a variety of heterocycles as well as in the
theoretical point of view.

Although Lewis acids are known to be often effective on Diels-Alder reactions, there is no report on the
reaction using a Lewis acid. In this context we would like to demonstrate herein for the first time that proper
Lewis acid could efficiently act in undergoing the Diels-Alder reaction of these conjugated carbodiimides with
various dienophiles under mild reaction conditions.7)

The carbodiimides 1, which were prepared by the aza-Wittig reaction3) of iminophosphoranes with
isocyanates according to the previously reported procedure,l) reacted with dimethyl acetylenedicarboxylate
(DMAD) in refluxing toluene (115 °C) to afford the cycloadducts, pyridines 28) in 22-28% yields (Table 1).
Variation of the reaction conditions (molar ratios and temperatures)S) did not improve the yields in the thermal
reactions. Then, we utilized a Lewis acid in the reaction of 1a as a model compound and results are shown in
Table 2, entries 1-5. Use of other Lewis acids, e.g. ZnCl2, TiCl4, and BF3-OEt), at room temperature did not
show satisfactory results. Finally we have found that aluminum chloride acts effectively under the conditions
of entry 5 to provide the cycloadduct 2a8) in 77% yield. The other carbodiimides 1b,c similarly afforded 2b,c

in satisfactory yields (entries 6 and 7).
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The AICI3-promoted reaction with ethyl propiolate produced the cycloadducts 38)in better yields than
the thermal reaction (Table 3).
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Table 1. Thermal Diels-Alder Reaction of Carbodiimides 1 with DMAD
Carbodiimide ~ R1 R2 Time /h Product Yield / %
la Ph Ph 9 2a 22
1b Ph p-Tol 7 2b 22
1c p-Tol Ph 8 2¢ 28

Table 2. Diels-Alder Reaction of Carbodiimides 1 with DMAD in the Presence of Lewis Acid

Entry Carbo- R1 R2 DMAD Lewis acid Time Product Yield
diimide / Equiv. / Equiv. /h ! %
1 1a Ph Ph 1.1 EtAICh /1.1 3 2a 14
2 la Ph Ph 2.0 EtAICI /2.0 2.5 2a 38
3 la Ph Ph 1.1 AlCI3 /1.1 2 2a 26
4 la Ph Ph 2.0 AlCI3 /1.5 2 2a 41
5 1a Ph Ph 2.0 AlCI3/2.0 1 2a 77
6 1b Ph p-Tol 2.0 AlCl3/2.0 0.5 2b 72
7 1c p-Tol Ph 2.0 AlClI3/2.0 1 2¢ 70
2
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Table 3. Diels-Alder Reaction of Carbodiimides 1 with Ethyl Propiolate in the Presence of AICI33)
Carbodiimide Rl R2 Method Time/h  Product Yield/ %

1a Ph Ph Ab) 17 3a 9

la Ph Ph B 1 3a 47

1b Ph p-Tol B 1 3b 43

1c p-Tol Ph B 1 3c 46

a) Molar ratios of 1: Dienophile : AICI3 =1.0: 2.0 : 2.0. b) Incomplete.

In the inverse electron demand Diels-Alder reactions of in situ formed 5 with enamine and vinyl ether,
the Lewis acid was found to be effective as well (Table 4). The reactions indeed proceeded at room
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temperature to give morpholine-eliminated and dehydrogenated compounds of the cycloadducts, 68)and 78),in

60 and 51% yields, respectively, by one-pot procedure from the iminophosphoranes.
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Table 4. Aza-Wittig Reaction of 4 and Lewis Acid-Induced Inverse Diels-Alder Reaction
of Carbodiimide 5§ with Enamine and Vinyl Ether

Entry Dienophile Time Product Yield/ %
o
1 N @ 3h 6 60
OR
2 "/ 2d 7 51

The thermal reaction of 1 with benzaldehyde did not produce the cycloadducts 8 even under heating at
115 °C in toluene for 18 h. Among the Lewis acids employed in the reactions, aluminum chloride (3.0 Equiv.)
induced the Diels-Alder reaction under mild conditions, giving the best yields of 8%) (Table 5, entries 2, 4 and
11). Other aldehydes reacted similarly with 1a in the presence of the Lewis acid to afford the cycloadducts 9
(Table 6).

2
) NR? j}'\R
R“-N=C=N RCHO /u\ HNZ YO
R:= ——> jll\)o\ - 1 J\)\
1 (LDT_I‘A;I(S:;(’:IC:"( R1 R RB R = Ph i
9 r'-R%-pn
Table 5. Diels-Alder Reaction of Carbodiimides 1 with Benzaldehydea)
Entry Carbodiimide R1 R2 Lewis acid / Equiv.  Time/h  Product Yield/ %
1 la Ph Ph AlCI3 /1.5 24 8a 44
2 la Ph Ph AlCI3/3.0 24 8a 50
3 1a Ph Ph AICI3 / 4.0) 24 8a 19
4 1b Ph p-Tol AlCI3 /3.0 24 8b 55
5 1c p-Tol Ph toluene, reflux 18 8c 0
6 1c p-Tol Ph BF3- OEt2 /1.5 2 8c 22
7 1c p-Tol Ph TiClg /1.5 5 8c 11
8 1c p-Tol Ph ZnCl2 /1.5 50 8c trace
9 1c p-Tol Ph Me2AICL/ 1.5 17 8¢ 19
10 1c p-Tol Ph EtAICI2 /1.5 24 8c 38
11 1c p-Tol Ph AlCI3 /3.0 24 8c 56

a) The reaction was carried out in the molar ratios of 1: PhCHO : L.A. = 1.0 : 3.0 (4.0)b) :0-4.0.
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Table 6. Diels-Alder Reaction of Carbodiimide 1a with Aldehydes

9 R Yield/ %
a Ph 50

b p-Tol 56

c p-MeOCgH4 45

d p-CICsH4 44

In conclusion we have shown for the first time that Lewis acid is significantly effective on the Diels-
Alder reactions of conjugated carbodiimides with a variety of dienophiles, especially with aldehydes. The fact
that the reaction has been accomplished under mild reaction conditions with Lewis acid, will provide
promising, fruitful entry of this method to synthesis of complex heterocycles with a thermally labile
functionality and with necessity of high level of peri-, regio- and stereo-control.
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