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ABSTRACT

R? R2 R

(i) X (1equiv.) o} —
)\/X=Br or Cl >—)_<X

PdBr,(PhCN), (3 mol%)
RE_— R DME,0°Ctort, 6 h or

(ii) CuCl (1 equiv.), H,0 R? R

O, 1t,24h —
or \
(i) R*—= (2.0 equiv.) / \

P'Buj (6 mol%), Cul (2 mol%)
HN'Pr, (1.5 equiv.)
r, 12 h

Multifunctional palladium catalysis is utilized in the one-pot stereocontrolled synthesis of tetrasubstituted methyl ketones and enynes. The
homogeneous palladium dihalide catalyst utilized for the bromo-/chloroallylation of alkynes is reused in situ for subsequent Wacker—Tsuji
oxidation or Sonogashira cross-coupling.

The importance of catalysis as a central tenet of the green In the preceding papér,we reported that the atom
chemistry paradigm is well establisheRalladium catalysis,  economical addition of allyl chlorides and bromides to
in particular, has been the driver of many advances in modernacetylenes, developed by Kaneda and co-workers, is ideally
day organic SyntheS?Sm most instances, the function of (3) For recent examples of tandem catalysis, see: (a) Yu, H.-B.; Hu,

the palladium reagents is to catalyze a single type of g.-s’; pu, LJ. Am. Chem. So200Q 122, 6500-6501. (b) Bielawski, C.

transformation. More desirable, from the viewpoint of \(N)-;ELouie, Jp; GArul??bsB_R- Hl-ﬁmE-lCXem-c sr,]o@oog 1(223,012232-‘11232-
. . . . C vans, P. A.; Robinson, J. @. Am. em. S0
efficiency, are reagents capable of catalyzing multiple ;g0 (d) Louie, J.; Bielawski, C. W.; Grubbs, R. Bl.Am. Chem. Soc.

reactions in a single pStThis multifunctional use of the 2001 123 11312-11313. (e) Zezschwitz, P.; Petry, F.; de Meijere, A.
; Chem. Eur. J2001, 4035-4046. (f) Drouin, S. D.; Zamanian, F.; Fogg,

cate}lyst would nqt only genera'te less Waste't?ut |F would also D. E. Organometaliic2001 5495(5)497_ (g) Choudary, B. M. Chowdfr%

obviate the tedious separation and purification of the N. s Jyothi, K.; Kumar, N. S.; Kantam, M. [Chem. Commur2002

intermediate producl"s. 586-587. (h) Teoh, E.; Campi, E. A.; Jackson, W. R.; Robinson, A. J.

Chem. Commur2002 978-979.
(4) For recent reviews of domino reactions, see: (a) lkedac&.Chem.
(1) For a brief review on the concept of green chemistry, see: Anastas, Res.200Q 33, 511-519. (b) Poli, G.; Giambastiani, G.; Heumann, A.

P. T.; Kirchhoff, M. M. Acc. Chem. Re®002 35, 686-694.

(2) (@) Tsuji, J.Palladium Reagents and Catalysts: Inions in
Organic SynthesjsJohn Wiley & Sons: New York, 1995. (b) Poli, G.;
Giambastiani, G.; Heumann, A.etrahedron200Q 56, 5959-5989. (c)
Tsuji, J.Transition Metal Reagents and Catalysts: lmations in Organic
SynthesisJohn Wiley & Sons: New York, 2000.
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suited for “catalyst recycling®-®¢ We showed that the | NN

haloallylation step can be followed, in the same pot and Using 1ap1e 1. One-Pot Tandem Bromo-/Chloroallylation
only the initial catalyst, with a Suzuki cross-coupling reaction \yacker-Tsuji Oxidation of Alkynes

to afford tetrasubstituted alkenes in high yields and excellent (i) Allyl bromide (1 equiv.)?

regio- and stereoselectiviti€sn this paper, we demonstrate or Allyl chloride (1 equiv.)?
that the palladium(ll) catalyst from the initial bromo-/ PdX,(PhCN), (3 mol%) R R!
chloroallylation step can also be reused in situ for subsequent DME,0°Ctort, 6h 0 —
WackerTsuji oxidations and Sonogashira cross-coupling R—R (ii) CuCl (1.0 equiv.), Oy X
reactions (Scheme 2). DME/H,0 3
rt, 24 h
entry R? R? X yield [%]°
Scheme 1 1 H CO,Me Br 74 (3a)
2 R 2 H CO;Me cl 75 (3b)
o _ 3 "Bu H Br 70 (3c)
CU:',OOQ >—)—<X 4 npr Pr Br 80 (3d)
2
AKX ey RR / 3 5 "Pr "Pr cl 77 (3e)
R— R : R 6 CH,OTBS Me cl 66 (3f)
deZ('ihCN)Z (cat) / X \i RZ R aDropwise addition as a solution in DMElsolated yield.
X =Br, Cl 1 X=Br _
2:X=Cl
7\ - . o
4 g functionalized methyl ketones in moderate to high yields for

the two-step sequence. The synthetic potential of the resulting
products is highlighted by the synthesis of dihydrojasmone
by Tsuji and Yasuda from methyl ketoBgR! = CgH3; R?
=H; X =CI).1*

The expected methyl ketong (R! = Ph; R = H),
however, was not produced when a terminal aromatic alkyne
was incorporated into the two-step, one-pot sequence outlined
above. Thus, subjecting phenylacetylene to the tandem
process afforded, instead, vinylogous diketdhén 77%
isolated yield (eq 1). The tandem chloroallylation/Tsuji
Wacker oxidation of phenylacetylene also resulted in di-
ketone5 albeit in a slightly lower yield (73%).

The WackerTsuji oxidation is particularly well-suited
for incorporation in a tandem sequence with the haloallylation
step, as both reactions are catalyzed by palladium(ll)
species? A trial reaction was performed with 4-octyne and
an equimolar amount of allyl bromide. The initial bromoal-
lylation catalyzed by PdB(PhCNY) (3 mol %) was carried
out in DME, as previously describéd.o the resulting crude
reaction mixture containing the alkenyl bromitléR* = R2
= "Pr; X = Br) and the palladium catalyst was added copper-
(1) chloride (1 equiv) and watét. The reaction mixture was
then stirred for 24 h under an oxygen atmosphere. Methyl

ketone 3a was subsequently isolated in 80% yield after (i) Allyl bromide (1 equiv.)

: e . PdBry(PhCN); (3 mol%) Ph

workup and chromatographic purification. This sequence DME, 0 °Ctort, 6 h o)
confirmed that the palladium(ll) catalyst from the initial Ph— — oo (10 e o / o
bromo-/chloroallylation step can be effectively reused for a (i) Gu Df\A'E,SSSN')’ 2 5
second palladium(ll)-catalyzed reaction. rt, 24 h

A variety of alkenes were subjected to the tandem bromo-/ 7%
chloroallylation—Wacker-Tsuji oxidation using the above
protocol (Table 1). Both internal (entries-8) and terminal A reasonable path for the formation of the diketone is via

alkynes (entries+3) were converted into the corresponding a Saegusa-type oxidation as shown in Scheme 2. The

(6) (a) Kaneda, K.; Uchiyama, T.; Fujiwara, Y.; Imanaka, T.; Teranishi,
S. J. Org. Chem.1979 44, 55-63. (b) For mechanistic studies on

haloallylation, see: Bgkvall, J. E.; Nilsonn, Y. I. M.; Gatti, R. G. P. Scheme 2
Organometallics1995 14, 4242-4246.
(7) For a brief review on the concept of atom economy, see: Trost, B. X
M. Acc. Chem. Re002 35, 695-705. Ph Pd Ph Ph
(8) For other examples of halopalladation of alkynes, see: (a) Llebaria, Q — 0}
A.; Camps, F.; MorétoJ. M. Tetrahedron1993 49, 1283-1296. (b) Ma, X PdX, H HO X / e}
S.; Lu, X.J. Org. Chem1993 58, 1245-1250. (c) Bakvall, J. E.; Nilsonn, 0

Y. I. M.; Andersson, P. G.; Gatti, R. G. P.; Wu,Tetrahedron Lett1994
35, 5713-5716. (d) Xu, X.; Lu, X.; Liu, Y.; Xu, W.J. Org. Chem2001, 6 X=BrorCl cucl 7
66, 6545-6550. U2

(9) The tandem bromoallylation/Stille coupling has been demonstrated,
albeit in modest yields, see: Kosugi, M.; Sakaya, T.; Ogawa, S.; Migita, HX + Pd(0) <——— H-Pd-X
T. Bull. Chem. Soc. Jprl993 66, 3058-3061.

(10) (a) Tsuji, J.Palladium Reagents and Catalysts: In@dions in
Organic Synthesjslohn Wiley & Sons: Wiley: New York, 1995; pp 22
30. (b) Tsuji, J.Synthesisl984 369-384.

(11) 3 was synthesized via a two-pot protocol: Tsuji, J.; Yasuda, H. EXpeCtEd product of the two-step sequence, haloe6,oren

Synth. Commurt97§ 8, 103-107. be hydrated with Pd(ll) to yield organo-palladium halohydrin
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7, which upon loss of HX and reductive elimination of Pd(0)

i 13
would yield the observed produtt: Table 2. One-Pot Tandem BromoallylatierSonogashira
Cross-Coupling of Alkynes

- () Allyl bromide (1 equiv.)?

Scheme 3 PdBry(PhCN); (3 mol%) 2 1
DME, 0°Ctort, 6 h RO R
; ; "R "Pr 2 — pf —
crotyl chloride (1 equiv.) / Re——R 3 \
. N/ — (i) R°—== (2 equiv.)
pr="r AN c P'Bu (6 mol% / 4 A 3
PACI,(PhCN), (3 mol%) / u3 (6 mol%) R
DME,0°Ctort, 6h 6 Cul (2 mol%), HNPr, (1.5 equiv.)
i, 12 h
nPr 1 2 3 H b
PdCly(PhCN), (3 mol%) "Pr AP entry R R R yield [%]
"Pr—"pr I n
OVE 0 CorLon p s 1 Bu H  C(MepOH  85(4a)
0% Pr Pr 2 C(Me),0H H C(Me),0H 73 (4b)
° "Pr 3 Ph H C(Me),0H 79 (4c)
7 4 npr npr Ph 84 (4d)
5 "Pr "Pr C(Me).OH 87 (4e)

) ] aDropwise as a solution in DME.Isolated yield.
We next turned our attention toward further expanding

the scope of such tandem reaction sequences. The Sonofomed. Formed, instead, was the interesting product of
gashira cross-coupling, which is an important componentin gikyne cyclotrimerization, a hexasubstituted benzene deriva-
the repertoire of carpomarbon bond—'formlng .methodolo- tive (7), in 59% isolated yield (Scheme 3). The yield Bf
gies, was an attractive process to include in the tandem,, 55 increased to 70% by simply subjecting 4-ocytne, but
4 i i . . . .
sequencé: Incorporation of such a reaction after the ythout added crotyl chloride, to the same reaction condi-
bromoallylation of alkynes would result in a one-pot ste- tionsis
reocontrolled synthesi_s of highly_substituted _fl_Jnctio_naIized In conclusion, the stereocontrolled synthesis of function-
enynes® After extensive screening of conditions, it was gjized methyl ketones and enynes were accomplished via
found that the Sonogashira cross-coupling step proceededytipurpose palladium catalysis. The palladium dihalide
best when conducted under the conditions previously reportedcatalyst left over from the initial bromo-/chloroallylation step
by Buqhwald and Fu et &f. The tandem reaction worked ;a5 shown capable of catalyzing a subsequent Wadji
well with a broad range of alkynes to afford enyde  qxidation in the same reaction vessel. The initial palladium
stereospec!f!cally apd in good overgll |solateql yields (Table catalyst was also shown to successfully promote a Sono-
2). The addition of tritert-butylphosphine (Bus) is expected gashira cross-coupling reaction, which requires in situ
to convert the palladium dihalide species that results from oqyction of the Pd(ll) species. The sequencing of two
the bromoallylation step to Pd&PBUs)>1" In turn, this  gistinct reactions in a one-pot process, as illustrated in this
palladlgm compound is presgmably reduced in situ to a gnd the preceding papemot only makes better use of
catalytically active Pd(0) species. precious reagents and solvents but also has the added benefit
Attempts at extending the tandem sequence to crotyl of eliminating inefficient separation and purification after
chloride were unsuccessful. The initial chlorocrotylation step g5ch step. The resultant reduction in waste makes such
was very sluggish and none of the desired dieBlewas processes environmentally desirable.
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