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CF;SO3H-catalyzed [4+2] aza Diels—Alder reaction of aldi-
mines with silyl enol ethers, and subsequent in situ oxidation fur-
nished quinoline derivatives in good to excellent yields, wherein
use of CF3SO3H as a Brgnsted acid is critical for the cyclization
reaction.

The aza Diels—Alder reaction of N-aryl aldimine with elec-
tron-rich alkene provides useful method for the preparation of
quinoline and tetrahydroquinoline derivatives,! which are pre-
cursors of the nitrogen containing natural products. A number
of Lewis acid catalysts such as InCls,> BiCl;,> BF;-OFEt,,*
Yb(OTf)3,> LiClO,,° as well as Brgnsted acid catalysts such as
CF;CO,H,” TsOH,® PPh;HCIO4,” CF;CH,0H,'” and photo-
chemical conditions'! have been developed for the aza Diels—Al-
der reaction.

We already reported that Brgnsted acid catalyzed the Man-
nich-type reaction of silyl enolates with aldimines to give S-ami-
no carbonyl compounds in excellent yields.'>!3 For example,
treatment of aldimine 1 with silyl enol ether 2 in the presence
of aqg HBF,; (10mol %) in CH;CN furnished B-amino ketone 3
in a high yield. In the course of the reaction, we have found that
use of CF3SO;H in place of HBF,4 dramatically changed the re-
action course; aza Diels—Alder reaction took place smoothly to
afford a mixture of tetrahydroquinoline 4 and quinoline 5.'%13
We wish to report herein intriguing effect of the Brgnsted acid
on the cyclization reaction and its application to one-pot synthe-
sis of quinoline derivatives.
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In the first place, we studied the effect of Brgnsted acid in
the reaction of 1 and 2 in CH3CN and the results are shown in
Table 1. Aqueous HBF, afforded S-amino ketone 3 exclusively
(Entry 1). In order to elucidate the effect of H,O present, anhy-
drous HBF, -OEt, was employed but 3 was obtained exclusively
(Entry 2). Anhydrous camphor sulfonic acid gave 3 in a high
yield (Entry 4). Use of aq HPF¢ resulted in the formation of
the mixture of 3 and 4 (Entry 5). Interestingly, use of HCIO4
or CF3SO3H suppressed the formation of 3, and gave 4 and 5
in good combined yields (Entries 7, 8).

Next, effect of the solvent was examined by use of 10 mol %
of CF;SOs3H as a Brgnsted acid catalyst (Table 2). Use of aprotic

Table 1. Effect of Brgnsted acid®

Entry Brgnsted Yield of Yield of Yield of

acid 3/% 4/% 5/%

1 HBF," 88 0 0

2 HBF,-OEt, 90 0 0

3 CF;COH 39 0 0

4 CSA 89 0 0

5 HPF(* 70 11 0

6 FSOsH 25 51 12

7 HClO,¢ 0 53 20

8 CF;SOsH 0 26 69

4Aldimine 1 (1.0 equiv.) and silyl enol ether 2 (1.5 equiv.)
were treated with Brgnsted acid (10mol %) in CH3CN at
room temperature. ®50% aq solution, °60% aq solution.
470% aq solution.

Table 2. Effect of solvent?

Entry Solvent Yield of  Yield of  Yield of
3/% 4/% 5/%
1 CH,Cl, 0 11 69
2 Et,O 62 7 21
3 CH;CN 0 26 69
4 CH;CN-H,0" 87 0 0
5 i-PrOH 96 0 0

?Aldimine 1 (1.0 equiv.) and silyl enol ether 2 (1.5 equiv.)
were treated with CF3SOsH (10 mol %) at room temperature.
1.5 molar equivalent of H,O based on imine was added.

solvent afforded a mixture of 4 and 5,'° whereas protic solvent
furnished 3 exclusively.

Above results are summarized as follows; i) use of stronger
Brgnsted acid gave cycloadducts 4 and 5 preferentially, ii) use of
protic solvent furnished Mannich adduct 3, iii) addition of excess
amount of water gave 3. Effects of the Brgnsted acid and solvent
are explained as follows; Brgnsted acid-catalyzed addition of sil-
yl enolate 2 with imine 1 generates an intermediate 6 (Figure 1).
The nucleophilic attack of some nucleophile in the medium on
the silicon atom would give 3, whereas intramolecular addition
of enamine to the oxonium ion furnishes 4. When weaker
Brgnsted acid was used, corresponding conjugate base would at-
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Figure 1.
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tack the silicon atom to give 3. In contrast, conjugate base of
stronger Brgnsted acid is less nucleophilic and the attack on
the silicon atom is suppressed. Water also acted as a nucleophile
toward silicon atom, thus interrupting the formation of 4.!7

Next, one-pot synthesis of quinoline derivative was exam-
ined. Although oxidizing agents such as DDQ, I,, and CAN were
not effective, Mn(OAc); turned out to be effective for the syn-
thesis of quinoline derivatives. Treatment of aldimine and silyl
enol ether (2.0 equiv.) with CF;SO3;H (10 mol %) in CH3CN at
room temperature for 3 h, and subsequent oxidation of the mix-
ture with Mn(OAc); (2.0 equiv.) in AcOH at room temperature
overnight furnished numerous kinds of quinoline derivatives in
good to excellent yields (Figure 2).'8

=
/@ OTMS 1) CF4S0.H
N| R + Ar?
, 2) Mn(OAc)3 4
Ph ph Ph
100% 90% 93%
MeO O
N _
Ph” > ph O
85% 90% 96% Me
I N|
g I o
88% 94%
Me

71%

80%

Figure 2. One-pot synthesis of quinolines.

In conclusion, we have found an intriguing effect of the
Brgnsted acid leading to quinoline derivative by [4+2] cycload-
dition reaction of silyl enol ether and aldimines. Subsequent
Mn(OAc); mediated oxidation in one pot conditions furnished
quinoline derivatives in good to excellent yields.
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