Tetrahedron Letters, Vol.27, No.2, pp 227-230, 1986 0040-4039/86 $3.00 + .00
Printed in Great Britain ©1986 Pergamon Press Ltd.

PALLAGIUM(O) CATALYZED AZIDATION AND AMINATION OF ALLYL ACETATES.
SELECTIVE SYNTHESIS OF ALLYL AZIDES AND PRIMARY ALLYLAMINES
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Summary: Palladium catalyzed reaction of allyl acetates with azide jon gives allyl azides, which
are readily converted into the corresponding primary allylamines upon treatment with PPhg/NaOH.

The catalytic transformation of allylic substrates via m-allyl palladium complexes is now
well documented.! Palladium catalyzed amination of allylic compounds has been extensively
studied2-6 ang proved to be efficient Tor synthesis of various nitrogen containing biologicaliy
active compounds4'6 such as alkaloids? and amino sugars.5 The preparation of primary allyl-
amines by the amination of allylic substrates with ammonia was unsuccessful, and hence attention

has been directed to the preparation of benzylated amines and removal of the benzyl group by
catalytic hydrogenation reactions.’
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We have found that the paliadium(0) catalyzed reaction of allyl acetates with azide ion
gives the corresponding allyl azides, which are versatile synthetic intermediates8 (eq 1).
Importantly, allyl azides thus obtained can be readily converted into primary allylamines, which
are important synthetic intermediates of many natural products9 upon treatment with PPhg/NaOH,
without isolation (eq 2). The palladium catalyzed azidation of allylic substrates, to our
knowledge, has never been reported. Noteworthy is that n-allyl! palladium complexes react with
azide ion, which is & borderline nucleophile in the HSAB princip]e.lo

The palladium(0) catalyzed azidation reaction of allyl acetates with aqueous NaN3 was
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carried out in the presence of Pd(PPh3)4 catalyst in THF under argon. The representative
results of the azidation are summarised in Table I. The present reaction affords (E}-isomer
exclusively irrespective of the stereochemistry of the starting substrates (entries 4 and 5).11
The formation of y-substituted allylic azides is due to the characteristic 1,3-rearrangement of
allyl azides (entry 3).12

The present reaction is particularly useful for the sequential substitution of disubstitu-
ted allylic compounds. The sequential reactions of 4-acetoxy-2-buteny]l diethyl phosphate (1)
give various (E)—1,4—disubstituted alkenes, which are versatile synthetic intermediates (entries
4 and 5).

A typical procedure for the preparation of 3-{N-[(E)-4-azido-2-butenyl]-N-benzylamino}-
propionitrile (2), which is the precursor of spermidine, is as follows (entry 4). To a solution
of Pd(PPh3)4 (0.23 g, 0.20 mmo1) in THF (10 mL) was added acetoxy phosphate 1 (1.3 g, 5.0 nmot)
and then g-benzylaminopropionitrile (0.80 g, 5.0 mmol) under argon.2 The mixture was stirred
for 1 hr at room temperature, and then a solution of NaN5 (0.36 g, 5.0 mmol) in water (5 mL) was
added. After the mixture was stirred for 3 hr, usual work-up followed by column chromatography
(5102) gave allyl azide 2 (0.97 g, 76%), which was homogeneous by TLC and 3LC analyses.13

Table 1. Palladium Catalyzed Azidation of Allyl Acetates?
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@ The reaction was carried out following to the procedure described in the text. b The product
gives satisfactory IR, NMR, and Mass spectral data. € Purified by chromatographic separation

(SiOz). d The product contains linalyl azide (20%).

Importantly, allyl acetates can be directly converted into primary allylamines. The aliy!
azides thus obtained are allowed to react with PPh3 to give the corresponding iminophosphoranes,
which are readily converted into primary ailylamines upon treatment with aqueous NaOH.14 The
representative results of the preparation of primary amines are summarized in Table II.

The present reaction is highly useful for the preparation of primary (E)-allylamines,
because of its high regioselectivity. Even a mixture of o- and v-allyl azides can be converted
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into the corresponding a-allylamines. Thus, the azidation of geranyl acetate gives a mixture of
geranyl and Tinalyl azide (80:20) (entry 3 in Table 1). However, when the above mixture was
treated with PPhs, geranylamine was obtained exclusively (entry 5 in Table II).

Following procedure for the preparation of (E)-4-(2-methylpiperidino)-2-butenylamine (3)
(entry 6) is illustrative. To a solution of Pd(PPh3)4 (0.092 g, 0.080 mmol) and acetoxy
phosphate 1 (0.53 g, 2.0 mmol) in TdF (6 mL) was added 2-methylpiperidine (0.20 g, 2.0 mmol) at
room temperature under argon, and the reaction mixture was stirred for 1 hr. A solution of NaN3
(0.14 g, 2.0 mmol) in water (2 mL) was added under argon, and the reaction mixture was stirred
at 50°C for 1 hr. Then PPhj (0.58 g, 2.2 mmol) was added, and the reaction mixture was stirred
at 50°C for 1 hr. After the addition of a 2N NaOH solution (10 mL), the mixture was stirred for
1 hr. Extraction with a 2N HC1 solution, and the acidic phase was made alkaline and extracted
with CHoCly. Usual work-up followed by evaporation of the solvent gave the allylamine 3 (0.28
g, 84%), which was homogeneous by TLC and GLC ana1yses.15

Among various reducing reagents of azides!® the reaction system of PPhy/NaOH is chosen
because the intermediate iminophosphoranes can be used as key intermediates for various nitrogen
compounds, such as secondary amines,17 amides,18 1mines,19 nitro compounds,20 and amino-

phosphonium salts,21

in addition to the primary amine synthesis. Here again the present
reaction is highly useful for the synthesis of substituted primary (E)-allylamines by using the
sequential reactions (entry 6 in Table II).

Extention of this methodology and applications in natural products synthesis are actively

being pursued in our laboratory.

Table 11. One-Pot Preparation of Primary AIIyIaminesa

entry allyl acetate allylamineb isolated yield, %
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2 The conditions are same to the procedure described in the text. b The product gives
satisfactory IR, NMR, and Mass spectral data. € Isolated as amine hydrochloride.



230

References and Notes

1.

{(a) Trost, B. M.; Verhoeven, T, R. Compr. Organomet. Chem. 1982, 8, 799. (b) Tsuji, J.
"Organic Synthesis with Palladium Compounds," Springer Verlag, 1980.

Tanigawa, Y.; Nishimura, K; Kawasaki, A.; Murahashi, S.-1. Tetrahedron Lett. 1982, 5549.
See also: Murahashi, S.-I.; Shimamura, T; Moritani, I. J. Chem. Soc., Chem. Commun. 1974,
931.

Genet, J. P.; Balabane, M.; Backvall, J. E.; Nystrom, J. E. Tetrahedron Lett. 1983, 2745 and
references cited therein.

(a) Trost, B. M.; Godleski, S. A.; Genét, J. P. J. Am. Chem. Soc. 1978, 100, 3930. (b)
Andriamialisoa, R. Z.; Langlois, N.; Langlois, Y. Heterocycles 1980, 14, 1457,

(c) Bdckvall, J. E.; Nordberg, R. E.; Nystrém, J. E.; Hogberg, T.; UI¥f, B. J. Org. Chem.
1961, 46, 3479.

5. Bear H. H.; Hanna, Z. S. Can. J. Chem. 1981, 59, 889,
6. Nikaido, M.; Aslanian, R.; Scavo, F.; Helquist, P.; Akermark, B.; Backvall, J.-E. J. Org.

11.

12.

13.

14,

15.

16.

17.
18.
19.

20.
21.

Chem. 1984, 49, 4738.

(a) Trost, B. M.; Keinan, E. J. Org. Chem. 1979, 44, 3451. (b) Trost, 3. M.; Keinan, E. J.
Org. Chem. 1980, 45, 2741.

Patai, S. Ed., 'The Chemistry of Halides, Pseudo-Halides, and Azides', Part 1, 2, John
Wiley, New York, 1983.

Cheikh, R. B.; Chaabouni, R.; Laurent, A.; Mison, P.; Nafti, A. Synthesis 1983, 685.

. Soft nucleophiles attack at the carbon of 7-allyl palladium complexes {(ref 1), while hard

nucleophiles attack at palladium atom. See ref 1 and also: Stanten, S. A.; Felran, S. W.;
C. S. Parkhurst, C. S.; Godleski, S. A. J. Am. Chem. Soc. 1983, 105, 1964.
These results are explained by syn-anti isomerisation of wm-allylpalladium intermediate

before the nucleophilic attack.Z.78

Gagneux, A.; Winstein, S.; Young, W. G. J. Am. Chem. Soc. 1960, 82, 5956.

2: 1y nR (CDC13) & 2.38 (d, J=4.3 Hz, 24), 2.78 (t, J=4.3 Hz, 2H), 3.16 (d, J=5.0 Hz, 2H),
3.62 (s, 2H), 3.73 (d, J=5.0 Hz, 2H), 5.71 (dt, J=15.3 and 5.0 Hz, 1H), 5.75 (dt, J=15.3 and
5.0 Hz, 1H), 7.05-7.40 (m, 5H); mass spectrum m/e 255 (M').

Vaultier, M.; Knouzi, N.; Carrié, R. Tetrahedron Lett. 1983, 763 and references cited

therein.

3: 1y MR (CDC]3) 8 1.07 (d, J=7.0 Hz, 3H), 1.14-1.85 (m, 9H), 1.85-2.45 (m, 2H), 2.67-3.06
(m, 2H), 3.14-3.47 (m, 2H), 5.64 (dt, J=16.0 and 4.7 Hz, 1H), 5.65 (dt, J=16.0 and 4.7 Hz,
1H) ; mass spectrum m/e 168 (M*).

{a) Corey, £. J.; Nicolaou, K. C.; Balanson, R. D.; Machida, Y. Synthesis 1975, 590. (b)

Suzuki, H.; Takaoka, K. Chem. Lett. 1984, 1733 and references cited.therein.

Zimmer, H.; Jayawant, M.; Gutsch, P. J. Org. Chem. 1970, 35, 2826.

Garcia, J.; Urpi, F.; Vilarrasa, J. Tetrahedron Lett. 1984, 4841.

(a) Lambert, P. H.; Vaultier, M.; Carrié, R. J. Chem. Soc., Chem. Commun. 1982, 1224. (b)
Tsuge, O.; Kanesmasa, S.; Matsuda, K. J. Org. Chem. 1984, 49, 2688.

Corey, E. J.; Samuelsson, B.; Luzzio, F. A. J. Am. Chem. Soc. 1984, 106, 3682.

Tanigawa. Y.; Ohta, H.; Sonoda, A.; Murahashi, S.-I. J. Am. Chem. Soc. 1978, 100, 4610.

(Received in Japan 7 November 1985)



