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A simple, broad-scope nickel(0) precatalyst system for direct amination

of allyl alcohols.**

Joseph B. Sweeney, * Anthony K. Ball, Philippa A. Lawrence, Mackenzie C. Sinclair, and Lu

Abstract. The preparation of allylic amines is traditionally
accomplished by reaction of amines with reactive electrophiles,
such as allylic halides, sulfonates or oxyphosphonium species,
such methods involve hazardous reagents, generate stoichiometric
waste streams, and often suffer from side-reactions (such as over-
alkylation). We report here the first nickel-catalysed direct
amination of allyl alcohols which enables allylation of primary,
secondary and electron-deficient amines, using an inexpensive
Ni(Il)-Zn couple, without need for glove-box techniques. Under
mild conditions, primary and secondary aliphatic amines react
smoothly with a range of allyl alcohols, giving secondary and
tertiary amines efficiently. This 'totally catalytic' method can be
also applied to electron-deficient nitrogen nucleophiles with
effective results; the practicality of the process has been
demonstrated in an efficient, gram-scale preparation of the
calcium antagonist drug substance flunarizine (Sibelium®).
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Figure 1: Utility and preparation of allylamines.
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~OH 4 HzN/\© NiBr,+3 H,0 (5 mol%) _~_NHen
Zn (5 mol%), ligand (5 mol%),
BusNOACc (5 mol%)
solvent, temperature
Entry Ligand Solvent Temp/°C Yield/%’
1 None DMA 65 <5°
2 PPh; DMA 65 <5
3 (0-Tol)sP DMA 65 <5
4 SPhos DMA 65 <5
5 BINAP DMA 65 17
6 dppe DMA 65 <5
7 dppp DMA 65 <5
8 dppb DMA 65 18
9 dppf DMA 65 65
10 dppf DMF 65 30
11 dppf NMP 65 27
12 dppf 2-MeTHF 65 <5
13 dppf PhMe 65 16
14 dppf MeCN 65 32
15 dppf Dioxane 65 21
16 dppf DMA 50 27
17 dppf DMA 80 40°
18 dppf DMA 65 <5¢
19 dppf DMA 65 <5°¢
20 dppf DMA 65 27"

Reaction conditions: Alcohol (1.0 mmol), amine (2.0 mmol), NiBry*3H,0 (0.05 mmol), dppf
(0.05 mmol), "BusNOAc (0.05 mmol), Zn (0.05 mmol), Ny, 66 h; 2 |solated Yield; ® not
detectable by "H NMR; ¢ accompanied by 20% diallylated product; 40% NiBr,+3H,0; ° 0%
Zn; "0% "Bu,;NOAc

Table 1: 'Totally-catalytic' allylic amination: reaction screening
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Reaction conditions: Alcohol (1.0 mmol), amine (2.0 mmol), NiBry*3H,0O (0.05 mmol), dppf (0.05
mmol), "BuyNOAc (0.05 mmol), Zn (0.05 mmol), Ny, 66 h; & Reaction carried out at 65 C; b EzZ=
88:12 (SM >95% E); mono-:diallylated = 60:40; & E:Z = 85:15 (SM >95% E); linear:branched =
83:17; ¢ E:Z = 80:20 (SM E:Z = 90:10); linear:branched = 83:17; ¢ linear:branched = 70:30;
f Reaction carried out at 50 °C; 9 E:Z = 88:12 (SM >95% E); " mono-diallylated = 87:13; "
Reaction carried out at 25 °C; - Reaction carried out at 80 °C; ¥ E:Z = 80:20 (SM E:Z = 90:10).

Figure 2. Ni(0)-mediated totally catalytic amination of allyl
alcohols.

Armed with an efficient method, we next turned to an examination
of the scope of the reaction, firstly using aliphatic amines as
nucleophiles; thus, as summarised in Figure 2, we were pleased to
observe that a broad range of amines reacted smoothly under the

This article is protected by copyright. All rights reserved.
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The breadth of the scope of the allylation of electron-deficient
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............................................................................................................. mary, we have described a practical, scalable method for
Reaction conditions: Alcohol (1.0 mmol), amine (2.0 mmol), NiBr,*3H,0 ti[lg nickel-catalysed N_allylaﬁon reactions using readily
mmol), "BuyNOAc (0.05 mmol), Zn (0.05 mmol), Np, 66 h; & E:Z = 70, 4 . . .o S
Reaction carried out at 50 °C ilable, inexpensive, air-insensitive catalysts and reagents. The
e of allyl alcohols as substrates, and an inexpensive Ni(II) salt as
a precatalyst offers significant practical advantage, the method has
broad scope, and can be applied to gram-scale preparation of a
marketed drug substance. We are currently engaged in extending
the application of this truly catalytic process to other
transformations.

Figure 3. Ni(0)-catalysed amination using electron-de
nucleophiles.
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