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Abstract

Asymmetric synthesis of dihydroquinolines by addition of organometallic reagents on a chiral 3-quinolinyl ami-
nal was studied. 1,2-Adducts were obtained with good regio- and diastereoselectivity. The absolute configuration
for 1,2-adducts was determined by X-ray analysis and for 1,4-adducts by chemical correlation. © 1999 Published
by Elsevier Science Ltd. All rights reserved.
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Dynemicin A is a hybrid antitumor antibiotic substance of the enediyne class, and several of the
synthetic approaches involve a 1,2-addition of an acetylenic derivative on a substituted quinoline.! Taka-
hashi has reported the synthesis of a dynemicin A model 2 from the 2,3-disubstituted dihydroquinoline
3, obtained by a 1,2-addition of magnesium acetylide on the quinoline 1 in the presence of methyl
chloroformiate (Scheme 1).2
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By analogy to our previous work on pyridine aminal,? we have decided to study an asymmetric version
of this reaction, starting from chiral aminal 4, easily prepared from aldehyde § and (S,S)-N,N-dimethyl-
1,2-diphenylethylene-1,2-diamine* in refluxing toluene in the presence of 10% of PPTS (Scheme 2). In
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this communication, we wish to report our results concerning the addition, on 4, of various organometallic
reagents in the presence of methylchloroformiate (Scheme 3).
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We first observed a large decrease of the quinolinium salt (formed with the methylchloroformiate) re-
activity as compared to the corresponding pyridinium salt. Indeed, addition of organometallic derivatives
(Grignard reagents, Grignard reagents in the presence of 10% mol Cul or stoichiometric organocopper
reagents, in ether or THF) occurred only at higher temperature (>+5°C), whereas the same reaction on
acylpyridinium salt was completed within a few minutes at —78°C.3

As shown in Table 1 (entries 1-5), Grignard derivatives (6 equiv.) afforded regioselectively 1,2-adducts
6a—e (Scheme 3). The best 1,2-regioselectivity (98/2) was obtained with the magnesioacetylide reagent
(entry 5, Table 1). In the presence of 10% of copper salt (entries 7-10), a slight 1,4-selectivity was
observed while no increase of this selectivity was observed with stoichiometric organocopper reagents
(entries 11 and 12). These results strongly contrast with the high 1,4-selectivity usually observed with
the pyridine derivatives.? The use of organozinc reagent (entry 6) offered only poor 1,2-selectivity.

The crude aminals 6a—c (Table 1) were purified by column chromatography. Each of them could be
isolated as pure diastereomers except for 6e which was obtained as a mixture of the two diastereomers.
They were then hydrolyzed into the aldehydes 8a—e. The crude mixtures obtained in entries 7-10
(Table 1) were directly submitted to acidic hydrolysis to give a mixture of regioisomers 8a—d and
9a-d (Scheme 3). At this point, aldehydes 9a—d were purified and isolated as a mixture of enantiomers.
These aldehydes were then converted into the corresponding aminals by using (R,R)-N,N-dimethyl-1,2-
diphenylethylene-1,2-diamine in refluxing toluene. It was therefore possible to determine, by 'H NMR,
the diastereomeric purity of the crude 6a—e and 7a—d.

When R was an alkyl substituent (entries 1, 2, 6-8 and 11), the diastereomeric excess of 1,2-adducts
6a—e varied from low to moderate (20-56%). The best selectivity was observed with BuZnBr (entry
6, de=86%). With unsaturated substituents, a very high stereoselectivity (80-100%) (entries 3-5) was
observed for Grignard reagents (compare entries 9, 10 and 12). The diastereomerically pure 6¢ (Table 1,
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Table 1
Addition of organometallic reagents on 4 in the presence of MeOCOCI

Entry RM solvent, temp. yield (6+7) Ratio 6:72 | 6 de? (%) | 7 de2 (%)
1 CH3MgBr Et;0, 20°C 83 6a/7a = 95:5 33 -
2 BuMgBr Et;0, 20°C 73 6b/7b = 67:33 20 -
3 PhMgBr THF, 20°C 70 6¢/7¢ = 90:10 100 -
4 NaphtMgBr THF, 20°C 68 6d/7d = 95:5 100 -
5 TMS——MgBr THF, 20°C 67 6e/7e = 98:2 80 -
6 BuZnBr THF, 20°C 78 6b/7b = 60:40 86 -
7 CH3MgBr (10% Cul) THF, 5°C 85 6a/7a = 30:70 53 4
8 BuMgBr (10% Cul) THF, 5°C 87 6b/7b = 40:60 33 54
9 PhMgBr (10% Cul) THF, 5°C 94 6¢c/7¢c = 43:57 53 28
10 | NaphtMgBr (10%Cul) THF, 5°C 78 6d/7d = 35:65 50 20
11 CH3Cu THF, 20°C 89 6a/7a = 40:60 56 20
12 PhCu THEF, 20°C 92 6c/7¢c = 40:60 60 22

a) The regio-(1,4 or 1,2) and diastereoselectivity were determined by 'H NMR (400 MHz).

entry 3), []p2°=196 (c 0.8, CHCl3), was crystalline. The absolute configuration of the new stereogenic
center, determined by X-ray analysis, was shown to be S, starting from the aminal (S,S$)-4 (Scheme 4 and
inset (Fig. 2)). We assumed that all major diastereoisomers 6a,b,d,e (Table 1, entries 1, 2, 4 and 5), also
had the same absolute configuration. Indeed, all the enantiopure aldehydes 8a—d (8e had an ee of 80%)
also had the same sign of optical rotation (Table 2, entries 1 and 5).
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Scheme 4.

By analogy with reported data® for aldehyde 9d (Table 2, entry 9), we were able to assign the
absolute configuration R (Scheme 4) to the major enantiomer ([at}p2°=—24 (c 1.16, CHCl3)). The same
stereochemistry was observed for the other aldehydes 9a—c (Table 2, entries 6-8).

These stereochemical results deserve some comments. If the 1,4-addition, with organocopper reagents,
occurs, with a low selectivity, with the same stereochemistry to the one observed with the pyridine aminal



6244

Table 2
Optical rotations of aldehydes 8a—e and 9a—d

Entry R aldehyde | aD?0(C, CHCI3) [ eeaqp

1 Me 8a +306 (3.1) 100
2 Bu 8b +346 (0.45) 100
3 Ph 8c +551 (0.65) 100
4 Napht 8d +387 (0.55) 100
5 TMS—= Se +362 (1.0) 80
6 Me 9a -26 (0.94) 4

7 Bu 9b -172 (0.87) 54
8 Ph 9¢ -51(0.59) 28
9 Napht 9d -24 (1.16) 20

a) Determined by IH NMR (400 MHz) of the corresponding aminal.

(Scheme 4 inset (Fig. 1)),° (a S,S aminal yields a 1,4-adduct of R configuration), the stereochemistry of
the 1,2-addition of Grignard derivatives is opposite (a S,S aminal yields a 1,2-adduct of S configuration)
(Scheme 4 inset (Fig. 2)). A possible explanation of these results involves an addition of the organometal-
lic reagents always from the side of N;-methyl axial substituent on both conformers B or C (Scheme 4).
Conformer B would be favored in the presence of organocopper reagents> whereas conformer C would
be favored in the presence of Grignard derivatives (Scheme 4).”

In summary, chiral 1,2-dihydroquinolines were easily prepared by addition of Grignard reagents on
quinoline aminal 4. The diastereoselectivity of the reaction was good to excellent for aryl or alkynyl
substituents and poor for alkyl substituents. The 1,4-dihydroquinolines were obtained with both lower
regio- and diastereoselectivities. Nevertheless, such a strategy would allow an easy access to dynemicin
A model 3 from compound 6e. Work is in progress in our laboratory to improve this methodology.
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