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Abstract Reductive allylation of certain nitrogen heterocycles (indoles, isoquinoline,
4-vinylpyridine, and lactams) with allylic boron and zinc derivatives is presented.

1,2-Addition reactions of organometallic compounds to the C=N bond belong to well-developed type
of transformations. Thus, allylboration [1-2] and allylzincation [3] of imines present a convenient way
to various butenylamines. Certain aromatic heterocycles (e.g., quinolines and phenantridine) also react
with allylic boranes at 0—20 °C via 1,2-addition to the C=N bond to give the correspondilytated
dihydro heterocycles [4]. Pyridines [5,6] and pyrrole [7] undergo the redudivea,a’-diallylation
on consequent treatment with allylic triorganoborane and alcohol. Allylboration of 1-lithio-2-alkyl-1,2-
dihydropyridine has been used as a key step in the total syntheses of piperidine [8] and indolizidine [9]
alkaloids.

In this presentation, reductive allylation of certain nitrogen heterocycles with allylic boron and
zinc derivatives is presented.

4-Vinylpyridine is transformed stereoselectively ittans-2,6-diallyl-1,2,3,6-tetrahydropyridine
1 on heating with triallylborane in the presence of isopropanol (4 equiv) [10].
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Scheme 1

Transaminel is cleanly converted into thes-isomer2 on heating with AYB at 125 °C 2 h fol-
lowed by deboronation of aminoborane formed (Scheme 1).

Indoles3 undergo the reductive 1,2-allylboration upon treatment with triallylborane to fuxnish
borylated amined, deboronation of which leads to ttrans-2-allyl-3-R-indolines5 as the major or
sole products (Scheme 2) [11].
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Reaction of 1-deuteroindole with AB (Et,O, 36 °C, 8 h) afforded a 1:1 mixture cf- and
trans-2-allyl-3-deuteroindolines. Prenylboration of indole (115-120 °C, 1.5 h) and triptamine (120-130
°C, 8 h) led to indoline$ with a terminal double bond (Scheme 3).
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Scheme 3

These results show clearly that 1,2-allylboration of indoles proceeds with full rearrangement of
allylic moiety.

2-Allylated indolines thus obtained are valuable precursors for many organic compounds. Thus,
benzof]pyrrolizidine 7 was synthesized frorba via hydroboration-oxidation-cyclization sequence
(Scheme 4) [12].
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Isoquinoline reacts with AJB to give 1,2-allylboration produc® treatment of which with
methanol and base produdesns-1,3-diallyl-1,2,3,4-tetrahydroisoquinolir82(Scheme 5) [5ab,13].

Scheme 4
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Amine 9 was also prepared in 58% vyield by the reaction of isoquinoline with allylzinc bromide
(2:2.5) in THF (-10-0 °C for 0.5 h) followed by dezincation with methanol and base [10a].
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Scheme 6
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When an intermediate dizinc derivatiV&® was heated in THF under reflux for 0.5 h and worked
up with MeOH and base, a 7:3 mixture of the isoquinuclidine isoneaid312 and exo12, was
obtained in 88% overall yield [10]. Transformationléfinto tricyclic compound41 seems to proceed
by the addition of the benzylzinc fragment to the double bond of the 1-allyl group. The predominant
formation ofende12is most likely caused by the electronic effect of the benzene ring on the orienta-
tion of the double bond and the 4-ZnBr group in the transition state (Scheme 6).

The usefulness of this novel reaction was demonstrated in the one-pot synthesis of the isoquinu-
clidine derivativesl3abfrom methallylzinc bromide (Scheme 7) [10b].
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It should be noted that 4-methallylisoquinoline was obtained in 83% yield, inst2al when a solu-
tion of methallylzinc bromide in THF (2M) was added to 3-bromoisoquinoline at 70 °C (Scheme 8) [10b].
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Scheme 8

Lactams containing an N-H bond are transformed into the corresponding 2,2-diallylated nitrogen
heterocyclesl4 and15) on heating with triallylborane in THF followed by deboronation with methanol
and base (Scheme 9) [14].
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The amined.6 are similarly obtained starting from trimethallylborane [14]. With only one excep-
tion (reaction of AB with caprolactam) the 2,2-diallylated heterocycles16 were obtained in
80-95% vyield.
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