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Abstract: Grignard reagents add to cyclic s-trans enaminones to give the cycloalkenone after
aqueous hydrolysis. In some cases a competitive double addition takes place. These reactions
have been found to be solvent- and reagent-selective. Copyright © 1996 Elsevier Science Ltd

Cyclic, s-trans enaminones have been under active scrutiny for some time.l Despite their familiarity,
only a single report of the addition of an organometallic reagent has been described, a 1,4 addition-
elimination of an alkyllithium in hydrocarbon solvent.1¢ A second reference specifically mentioned the
failure of organometallic reagents to add to enaminones derived from 1,3-cyclohexanedione.lP Described
herein are experiments that demonstrate the viability of adding Grignard reagents to cyclic, s-trans
enaminones? to give cyclohexenones? (2) in moderate to high isolated yields. In some cases, a disubstituted

aminocycloalkene? (3) is also formed by a novel double addition reaction (Table 1).

Table 1
e 1 Rl R!
1) 3R'MeX
CH,Cl, P
N/R —_— +
II{ 2) HO 0 Rl 'R
la-c 2 3
Substrate R _R'™MgX Solvent Yield® (2 : 3)
1a -CH,CH,CH,CH,- BuMgCl CH,Cl, 47 : 46
1la -CH,CH,CH,CH,- BuMgCl THF 65: 0°
1la -CH,CH,CH,CH,- PhMgBr CH,Cl, 64: 0°
1a -CH,CH,CH,CH,- EtMgCl CH,Cl, 33:65
la -CH,CH,CH,CH,- EtMgCl THF 55: °
1a -CH,CH,CH,CH,- EtMgBr CH,Cl, 62 : 15
1b -Et, BuMgCl CH,Cl, 36 : 47
1b -Et, PhMgBr CH,Cl, 64: 0
1c -CH,CH,OCH,CH,-  BuMgCl CH,Cl, 80 : 15
1c -CH,CH,OCH,CH,-  BuMgCl THF 84: 0°
1c -CH,CH,OCH,CH,-  PhMgBr CH,Cl, 90: 0°

Notes: (a) Isolated by chromatography on silica gel. (b) None of the bis- adduct
3 was detected. (c) 3: R'=Ph has not been characterized.
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The product distribution is strikingly solvent- and reagent-specific.” In no case was the bis- adduct 3
seen in THF. Of further interest is the lack of bis-addition of phenylmagnesium bromide. The origins of this
solvent- and reagent specificity are currently under investigation.

The cyclohexenones are thought to result from aqueous hydrolysis® of 4 (Scheme 1), and formation of
the bis-adduct suggests 1,2-addition to the carbonyl group with addition of a second RMgX to iminium ion 5.
Although ionization of oxymagnesium halide is unusual, loss of the halide ion would provide a neutral
magnesium species. In accord with the proposed mechanism are the reduced yields of 3 from morpholinyl
enaminone 1c¢, morpholine being the least electron-donating of the three amino groups. This substrate also
gave the highest yields of cyclohexenone. Similar multiple additions are observed in hydride reductions and

reactions of Grignard reagents with tertiary amides’ and lactams,” of which 1 is a vinylogous analogue.

Scheme 1
XMgO ) R!

= L
NR
R, (MgO+X) 2

1 4

An alternative mechanism involves formation of 5 during aqueous workup, with subsequent addition
of unhydrolyzed Grignard reagent.8 To probe this possibility 1a was treated with BuMgCl in CHpClp
according to the normal procedure. The reaction was then quenched by slow addition to rapidly stirring,
excess aqueous HCI, followed by basification and extraction into ether. This procedure gave the same ratio
of products as experiments in which the reaction was quenched by addition to wet diethyl ether followed by
neutralization with 1N aqueous HCl.

Further study of this chemistry is being pursued with the aims of delineating the scope and
limitations of the cycloalkenone synthesis, optimizing the formation of the bis adduct as alkaloid precursors,

and establishing more detailed explanations for the selectivity that is observed.
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