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Abstract. Palladium-catalyzed oxidation of allenes with palladium acetate as the catalyst and p-benzoquinone as
the oxidant in the presence of lithium bromide afforded 1,2-dibromides in a regioselective reaction. The reaction
proceeds via a (nt-allyl)palladium intermediate. Copyright © 1996 Elsevier Science Ltd

Palladium(II)-catalyzed oxidations of dienes are important organic transformations that have attracted
considerable interest during recent years.!-3 In particular palladium(II)-catalyzed oxidations of 1,3-dienes,
which proceed via (r-allyl)palladium complexes, have found extensive use in regio- and stereoselective
synthetic transformations.3 In contrast to 1,3-dienes the corresponding 1,2-dienes (allenes) have found only
limited use in palladium(IT)-catalyzed oxidations.# On the other hand several recent studies have been devoted
to palladium(0)-catalyzed reactions of allenes.5-10 These reactions involve an insertion of the allene into a Pd-
carbon or Pd-hydrogen bond.

Our goal was to develop selective oxidation reactions of allenes employing palladium catalysis. In analogy
with the palladium-catalyzed 1,4-oxidation of 1,3-dienes we envisaged a 1,2-oxidation of allenes involving
nucleophilic attack at carbon-2 of the allene with formation of w-allyl intermediate (Scheme 1 and Scheme 2).

In one study the palladium-catalyzed oxidation of allenes with CuCl, as the oxidant was found to give
dimerization product 1 (X =Y = Cl) in high selectivity (Scheme 1).# The problem seems to be that under these
reaction conditions the kinetic adduct A, which is formed by halide attack at the terminal carbon, and which is
in equilibrium with the allene complex, is trapped by insertion of excess allene into the palladium-vinyl bond to
give a dimeric complex B. The latter complex is attacked by a second nucleophile to give 1. It is known that
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under certain conditions with stoichiometric amounts of palladium chloride, w-allyl complex C is formed.!!
We have now found conditions for preferential generation of the latter complex in a catalytic process, thus
realizing the cycle in Scheme 2 in analogy with the 1,4-oxidation of 1,3-dienes.

We first studied the stoichiometric reaction for 1,2-oxidation of allenes. Reaction of 1,2-heptyne (3) with
stoichiometric amounts of PACl(PhCN), afforded 2-chloro n-allyl complex 4 in 58% yield in analogy to the
procedure described in ref. 11. The r-allyl complex 4 was treated with p-benzogquinone and LiCl in acetic acid,

I p-benzoquinone cl
PdCL(PhCl ;
Bu\: == —‘3(—-——N)—2> 8 /I\ ﬁ'———. BU\//‘\/CI (1)
HOAc, 20°C
3 PdCV, 5

4

which afforded the 1,2-disubstituted product 5 (eq. 1). Attempts to run this reaction under catalytic conditions
failed and gave mainly dimer 1 (X = Y = Cl) in analogy with the results by Hegedus,* and only minor amounts
of the desired 1,2-oxidation product 5 was formed. However, when the same reaction was run with LiBr in
place of LiCl the monomeric dibromide 6 was obtained in 58% yield. The use of the phenyl substituted

cat. Pd(OAc), .
B .
u\—_—.= —ElBr—-b Bk/i/Br @
p-benzoquinone
3 HOAc, 20°C 6 (58%)

allene 7 gave a more efficient reaction and now 1,2-dibromide 8 was isolated in 78% yield (Table 1, entry 2).
The results from palladium-catalyzed 1,2-oxidation of a few other substituted allenes are given in Table 1.
Thus, allenes 9, 11, 13 and 15 afforded the corresponding 1,2-bromides (10, 12, 14, 16) in good isolated yields
(entries 3-6).12

A likely mechanism for the palladium-catalyzed 1,2-oxidation is given in Scheme 2. This mechanism is
reminiscent of that of the corresponding 1,4-oxidation of conjugated dienes and involves a (w-allyl)palladiem
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Table 1. Palladium-Catalyzed 1,2-Bromination of 1,2-Allenes?

Entry Allene Product ElIZ % yield®
Bu\_ . r
1 — B“\/i/Bf 17/83 58 (84°)
3 6
r
2 N Ph\éi/ef 27113 78
7 8
tBu T
3 == t-su\i,er 70/30 54
9 10
r
4 OE.__—_ Lo = 52/48 69
11 12
Me Br
s Wi Mewg\/Br - 7
3 Me 14

Br

Ph>=
6 o M%B, 92/8 63
15
h 16

a. The reaction was performed at room temperature in acetic acid with S mol% of Pd(OAc); employing 2.5 equiv.
of LiBr and 2.5 equiv. of p-benzoquinone towards the substrate. The concentration of the substrate allene was 0.24
M. The reaction time was Sh except for entry 4 where it was 48h. b. Isolated yield after work-up. Pure samples of
E and Z isomers were obtained by flash chromatography. c. This figure refers to the GC yield.

intermediate as well as Pd-quinone complexes. In both reactions coordination of the diene (1,2- or 1,3-diene)
and subsequent nucleophilic attack produces a (r-allyl)palladium intermediate. Coordination of benzoquinone
to the metal in the m-allyl complex induces attack by a second nucleophile and gives the product and a Pd(0)-
quinone complex. The latter complex undergoes an internal redox reaction to give Pd(II) and hydroquinone.13

In a competitive experiments with a mixture of LiBr and LiCl in the palladium-catalyzed 1,2-oxidation of
3-methyl-1,2-butadiene (13) a mixture of 1,2-dibromide and 1-chloro-2-bromo product was obtained. Thus,
the halide in the 2-position is always bromide.

It is interesting to note that bromination of terminal allenes with Br, gives the 2,3-dibromide.!4 The
present method produces the 1,2-dibromide in high selectivity and under very mild oxidative conditions which
should tolerate a variety of different functionality.

The products obtained from the paliadium-catalyzed 1,2-bromination of allenes should be useful for
further transformations. For example, 1,2-bromoalkenes are useful as masked a-bromoketone equivalents.!5
Furthermore, the allylic halide can be substituted by nucleophiles either very mildly via Pd(0) catalysis or
thermally via an Sy2 reaction. The vinyl bromide thus obtained can undergo a number of transformations such
as metal-catalyzed carbonylation,!6 palladium-catalyzed coupling reactions,17 or coupling with a cuprate.18

Acknowledgments. Financial support from the Swedish Natural Science Research Council and the
Swedish Research Council for Engineering Sciences is gratefully acknowledged.



294

References and Notes

1.

10.
11.

12,

13.
14.
15.
16.
17.

18.

Biickvall J. E. “Palladium-Catalyzed Oxidation of Dienes”, review in "The Chemistry of Functional
Groups: Polyenes and Dienes”, Ed. S. Patai and Z. Rappoport, Wiley, in press.

Tsuji, J. “Palladium Reagents and Catalysts: Innovations in Organic Synthesis” Wiley, Chichester, 1995.
(a) Biickvall . E. Pure Appl. Chem. 1996, 68, 535. (b) Biickvall J. E. Pure Appl. Chem. 1992, 64, 429.
(c) Andersson P. G.; Biickvall, J. E. “"Synthesis of Heterocyclic Natural Products via Regio- and
Stereocontrolled Palladium-Catalyzed Reactions”, review in Advances in Natural Product Synthesis, Ed.
W, Pearson, JAI Press,Greenwich, CT, 1996, pp. 179-215. (d) Castafio A.; Biickvall, J. E. J. Am. Chem.
Soc. 1995, 117, 560. (e) Andersson, P. G.; Nilsson Y. I. M.; Biickvall, J. E. Tetrahedron 1994, 50, 559.
(D) Bickvall J. E.; Andersson, P. G. J. Am. Chem. Soc. 1992, 114, 6374. (g) Bickvall J. E.; Nystrom, J.
E.; Nordberg R. E. J. Am. Chem. Soc. 1985, 107, 3676. (h) Bickvall J. E.; Bystrom, S. E.; Nordberg R.
E. J. Org. Chem. 1984, 49, 4619.

Hegedus, L. S.; Kambe, N.; Ishii, Y.; Mori, A. J. Org. Chem. 19885, 50, 2240.

(a) Cazes, B. Pure Appl. Chem. 1990, 62, 1867. (b) Ahmar, M.; Cazes, B.; Goré, J. Tetrahedron Lett.
1984, 25, 4505. (c) Ahmar, M.; Cazes, B.; Goré, J. Tetrahedron 1987, 43, 513. (d) Shimizu, I.; Tsuji, J.
Chem. Lent. 1984, 233.

(a) Larock, R. C.; Zenner, J. M. . J. Org. Chem. 1995, 60, 482. (b) Larock, R. C.; Berrios-Pena, N. G;
Fried, C. A. J. Org. Chem. 1991, 56, 2615.

(a) Trost, B. M.; Gerusz, V. . J. Am. Chem. Soc. 1995, 117, 5156. (b) Trost, B. M.; Kottirsch, G. J. Am.
Chem. Soc. 1990, 112, 2816.

(a) Yamamoto, Y.; Al-Masum, M.; Asao, N. J. Am. Chem. Soc. 1994, 116, 6019. (b) Yamamoto, Y.; Al-
Masum, M.; Fujiwara, N. Chem. Commun. 1996, 381. (c) Yamamoto, Y.; Al-Masum, M.; Takeda, A.
Chem. Commun. 1996, 831.

Kwetkar, K.; Riches, B. H.; Reooset, J. M.; Brecknell, D. J.; Byriel, K.; Kennard, C. H. L.; Young, D. I.;
Schneider, U.; Mitchell, T. N.; Kitching, W. Chem. Commun. 1996, 773.

Groen, J. H.; Elsevier, C. J.; Vrieze, K. Organometallics 1996, 15, 3445.

(a) Schultz, R. G.; Tetrahedron 1964, 20, 2013. (b) Lupin, M. S.; Shaw, B. L. Tetrahedron Lert. 1964,
883.

Selected NMR data: 1,2-Dibromo-3-methyl-2-butene (14) 'H NMR (CDCl; ) 8 4.37 (s, 2H, CH,Br),
1.92 (s, 3H, CHy), 1.86(s, 3H, CH;); °C NMR (CDClL,) 8 138.6, 115.7, 36.3, 25.8, 20.5; (E)-1,2-Di-
bromo-3-phenyl-2-butene (16) '"H NMR (CDCl ) § 7.42-7.25 (m, 5H, aromatic), 4.21 (g, J = 0.7 Hz,
2H, CH,Br), 2.23 (t, J = 0.7 Hz, 3H, CH;); “C NMR (CDCl;,) § 142.8, 140.4, 128.7 (two C), 127.9,
126.9 (two C), 120.1, 37.9, 26.5.

Grennberg H.; Gogoll A,; Biickvall, J. E. Organomerallics 1993, 12, 1790.

Schuster, M. F.; Coppola, G. M. “Allenes in Organic Synthesis” Wiley, New york, 1984, pp 64-66.
Welch, S. C.; Chayabunonglerd, S. J. Am. Chem. Soc. 1979, 101, 6768.

ref. 2 pp. 188-209.

(a) Stille, J. K. Angew. Chem. Int. Ed. Engl. 1986, 25, 508. (b) Miyaura, N.; Maeda, K.; Suginome, H:
Susuki, A. J. Org. Chem. 1982, 47, 2117. (c) ref. 2 pp. 209-244.

McMunry, J. E.; Scott, W. J. Tetrahedron Lett. 1980, 21, 4313.

(Received in UK 21 October 1996; revised 20 November 1996; accepted 22 November 1996)



