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Abstract: Naphthylmethyl acetates 1a and 2a were substituted by morpholine in DMPU in the presence
of 2 mol% of [Pd(dba)y + 1.5 dppe] to give products 9-10 in 66-70% isolated vyield. In DMF in the
presence of benzylamine, N N-dimethylnaphthylmethylamines 11-12 were produced in 78-85% isolated
yield. Copyright © 1996 Elsevier Science Ltd

We recently described the palladium-catalyzed substitution of esters 1-4 by sodium dimethylmalonate
(Scheme 1). 1 On the observation of: i) the inertness of benzyl acetate under the same conditions, and ii) the
overall retention of the configuration in the case of optically active substrates, we suggested that the substitution
takes place through the formation of a cationic n3-benzylic palladium intermediate complex I or I, similarly to the

palladium-catalyzed allylation of nucleophiles (Tsuji-Trost reaction). 2

Scheme 1
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1 1-naphthy]l R=H 5 l-naphthyl R=H
2 2-naphthyl R=H 6 2-naphthyl R=H
3 1-naphthyl R =Me 7 l-naphthyl R=Me
4 2-naphthyl R =Me 8 2-naphthyl R =Me
a:R'=Me b: R'= OMe

dba = dibenzylideneacetone; dppe = 1,2-bis(diphenylphosphino)ethane
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We wish to report in this letter our preliminary results concerning the study of the palladium-catalyzed

amination of acetates 1a and 2a.
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We examined first the reaction of 1-naphthylmethyl acetate la with morpholine (Scheme 2). This
amination was performed under the optimal conditions determined for the substitution by a carbonucleophile (see
Scheme 1). To our surprise, two amine products were obtained. Beside the expected N-(1-naphthylmethyl)-
morpholine 9 isolated in 30% yield, the major product (35%) was N,N-dimethyl-1-naphthylmethylamine 11,
resulting from the formal substitution of 1a by dimethylamine. A similar result was obtained starting from
regioisomer 2a, although the ratio of the two products was inverted. N-formylmorpholine 13 was also detected in
the reaction mixtures.

Scheme 2
CH,0Ac o 2 mol% Pd(dba), Ve
g™ O =200 og
IR CUIO}
DMF, 80°C, 48 h
i

1a 9 30% 11 35%
2a 10 35% 12 25%

It is well known that DMF decomposes into carbon monoxide and dimethylamine. However, neither 11
nor 12 were detected on submitting 1a or 2a to the same reaction conditions but in the absence of morpholine.
The formation of N-formylmorpholine 13 in reactions of Scheme 2 can be rationalized by the mechanism depicted
in Scheme 3 involving formylation of morpholine by DMF. The liberated dimethylamine then reacts with the
cationic 13-benzylic palladium intermediate complex to give product 11 or 12, 3

Scheme 3
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In order to suppress the dimethylamine formation and to obtain selectively the substitution products 9 and
10, the reactions of la and 2a with morpholine were conducted in others solvents (Scheme 4): THF gave
incomplete conversion and poor reaction yields of 9-10 whereas the use of DMPU (N,N'-dimethylpropylene-
urea) allowed the isolation of N-(naphthylmethyl)morpholines 9 and 10 in 70 and 66% yield respectively.

Scheme 4
CH,0Ac o 2 mol% Pd(dba),
Q¥ O ==-0g0
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solvent, 80°C, 96 h
N
H
solvent THF DMPU
la 9 30% 70%
2a 10 30% 66%

The chemoselectivity in favour of N,N-dimethylnaphthylmethylamines 11-12 was also greatly improved by
a proper choice of the amine (Scheme 5). In fact, since benzylamine did not react at all with the palladium(II)
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intermediate, clean reactions and good yields in 11 and 12 could be recorded, with N-benzylformamide 14 as the
only by-product. Since dimethylamine is a gaseous reagent (or available as aqueous or THF solution), this
reaction represents a convenient method to introduce a dimethylamino group in the benzylic position of a naphthyl
ring.

Scheme 5
CH,O0Ac 2 mol% Pd(dba), /
+ PhCHNH, M T + PhCH,NHCHO
DMF, 80°C, 48 h
1a 11  85% 14
2a 12 78%

2-Naphthylethyl esters 4a and 4b were also tested, but the results were less satisfactory: in the presence of
morpholine or benzylamine, the major product was 2-vinylnaphthalene, produced via a base-promoted elimination
on the cationic intermediate. In the conditions of Scheme 5, the product 15 was isolated in 30% yield starting from
acetate 4a and 40% from carbonate 4b.
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Finally, we tried to extend this dimethylamination to an allylic system. N-nucleophiles and especially
amines are frequently described in the Tsuji-Trost reaction, 24 but dimethylamine was rarely used. 3 To our
knowledge, allylic amination has never been conducted in DMF.

We chose (E)-1,3-diphenylprop-2-enyl acetate 16 as a test substrate in two sets of experimental conditions,
both employing benzylamine in DMF in the presence of 2 mol% of [Pd(dba)z + 1.5 dppe] (Scheme 6). In a first
experiment, substrate 16 and benzylamine were successively added under an argon atmosphere to a solution of the
catalyst in DMF at room temperature; the main product was 17 (53%) and N,N-dimethylamino compound 18 was
produced in only 9% yield.

In order to favour the formation of dimethylamine according to Scheme 3, benzylamine was first placed in
DMF at 80°C during 72 h, and after cooling at room temperature, the catalyst and the substrate were successively
added. These conditions increased the yield of product 18 to 39%, but 17 was also obtained (28%). Conducting
the reaction at 80°C did not improve this result.

Scheme 6
Ac 2 mol% Pd(dba),, AN /\Ph ~ N/
N v g N AN
Ph Ph DMF. i1, 48 h P Ph Ph Ph
16 17 18

In summary, naphthylmethyl acetates are efficiently substituted by an amine (morpholine) if the palladium-
catalyzed reaction is conducted in DMPU, and by dimethylamine if the presence of benzylamine in N,N-
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dimethylformamide. Work is actually in progress to extend this methodology to other volatile amines (as
methylamine) and to improve the results concerning naphthylethyl substrates (prone to elimination) and allylic
substrates (more sensitive to the direct substitution by benzylamine).

Typical procedure: A solution of acetate 1a (200 mg, 1 mmol) in 1 mL of DMPU was transferred under an
argon atmosphere onto 11.5 mg (0.02 mmol) of Pd(dba); and 12 mg (0.03 mmol) of dppe in 1 mL of DMPU.
After 0.25 h stirring, morpholine (0.22 mL, 2.5 mmol) was added and the reaction mixture was heated to 80°C
during 96 h. After cooling, ether (20 mL) was added and the solution was extracted twice with 20 mL. HC1 M. Tha
aqueous phase was neutralized (NaHCO3) and extracted twice with 20 mL ether. The combined ethereal phases
were dried (MgSO4) and concentrated. The crude product was purified by flash chromatography (silica, hexane /
cthyl acetate / tricthylamine 20 / 80/ 1) to give 9 (160 mg, 70%).

The same procedure with DMF rather than DMPU and benzylamine (0.5 mL, 4.5 mmol) instead of
morpholine gave 11 (157 mg, 85%) after 48 h of reaction.
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