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Palladium-catalyzed cross-coupling reactions are valuable pro- Table 1. Effects of Palladium Catalysts and Phosphine Ligands in
cesses in organic synthesis. Many reactions have been developefalladium-Catalyzed Intramolecular Cyclization
and applied to natural products syntheses, including Heck, Stille, ! ) N
and Suzuki coupling processes and nucleophilic addition adyl Kj pid-cat, Phosphine ;

. . g . . . HN nBuNMe; (2.0 eq.)
palladium intermediates.Despite immense progress, coupling CHaCN-H,0 (10:1)
Ph Xy T0Ac N~ ~Ph

between an aryl halide and an allyl moiety has not been well reflux, 6 h

developed. Until now, this coupling reaction has needed stoichio- ; 2:
metric amounts or excess of metal reagents such as rkexa- a trans only
butylditin 2 (tri-n-butylstannyl)diethylalang&zinc metakt or indium : :
metaP to generate an organometallic reagergtitu as a nucleophile, enty Pd catalyst (mol %) phosphine (mol %) yield" (%)
which reacts with a palladium(ll) intermediate. More recently, ; Egiz((gi?;(g) ((g:ig:ygsg gg Zg
cobalt-catalyzed cross-coupling reactions between an aryl halide PACH[(o-tolyl)sP] (10) Y3 75
and an allyl ester have been reported; however, these methods 4 Pd(PPH)4 (10) <1c
required a large excess of metal reag&msuse of electrochemical 5 Pd(dba} (5) PhP (22) 2
reaction$® Herein, we report on palladium-catalyzed intramolecular 6 Pd(dba)® (5) dppe (11) 19

cross-coupling reactions between an aryl iodide and an allyl moiety, . b  eao
leading to 2,4-disubstituted 1,2,3,4-tetrahydroquindlfri&under yielc;_SOIated yields? CHCl adduct was used.1a was recovered in 58%

conventional thermal conditions as well as to various carbo- and
heterocycle$ under microwave irradiation. This is a rare example ;ab’et?- |Btr§LT10|ECU|afAP?|I|ag!3m CgtaAl?llZFg\ CEOtSS-COUpllng
of a palladium-catalyzed direct cross-coupling reaction between an eactions between an Ary! fodide and Allyl Acetate

aryl halide _and an allyl acetate or carbon%qe. _ _ R3 Pds(dba)s? (5 mol%) ~F
Preparation of allyl acetatdsa—h was easily achieved in three ¢ Q (0-tolyl)3P (22 mol%) R3 :
steps by our recently reported mettoirect vinylogous Mannich- n-BuNMe; (2.0 eq.)
type reaction) in excellent yields. HN CH3CN-H,0 (10:1) \E;(N\/Lw
Following optimization studies, we determined that a mixture R1)\/\‘/\OAC reflux, 6 h R, M
of 1a, Pd(dbay-HCClIs, tri-o-tolylphosphine, and\,N-dimethyl- 1ah 2a-h
butylamine in CHCN—H,0 at reflux promotes coupling to yield trans only
the cyclization produc2ain 76% yield as théransisomet! (Table entry R! R R3 yield? (%)
1, entry 1). 1 Ph H H a 76
Changing the palladium catalysts and phosphine ligands to Pd- 2 4-Me-Ph H H b 80
(OAC)-(o-tolyl)sP or PdCJ[(o-tolyl)sPL, gave similar results (entries 3 4-Cl-Ph H H c 81
2 and 3). The use of Pd(PPhand Pd(dbay—PPh resulted in 4 4-Br-Ph H H d 73
almost no reaction (entries 4 and 5). Ontyt6lyl)sP gave good g EE '\H/'e g'le ? ;2
yields among the common phosphine ligands; for example, a 7 Ph OMe H g 77
bidentate ligand, 1,2-bis(diphenylphosphino)ethane (dppe), gave 8 COO<¢-Hex Me Me h 84

only 19% yield (entry 6). In the absence of® the reaction yield ] . ] )
was ca. 30% with the formation of Pd-black and recovery of starting 20/a C.ngb adduct was used.Isolated yields® Cis isomer was isolated in
material. A tertiary alkylamine was used to regenerate the pal- o yield.

ladium(0) catalystN,N-dimethylbutylamine gave the best result 1,2,3,4-tetrahydroquinolinegZe—g were obtained in approximately
among the common organic basésnorganic bases resulted in  80% yields. We further applied the intramolecular cross-coupling
very low yields. Cyclization of an aryl bromide or aryl triflate with  reaction to the construction of a 2-quinolinic acid ester. Indéad,

allyl acetate did not give the product. cyclized to give the 1,2,3,4-tetrahydro-2-quinolinic acid e&ter
This palladium-catalyzed cyclization is general for a range of in 84% vyield (entry 8) with a trace of theis isomer (2% yield).
substrates (Table 2). At the'Rposition, 4-methylphenyl and We decided to study the effect of the ring size as well as the

4-chlorophenyl (entries 2 and 3) gave the corresponding 2,4- nature of the atom connecting the aryl and allyl moieties=(0,
disubstituted 1,2,3,4-tetrahydroquinolines in good yields, and 4-bro- N, and C, Table 3) on the reactivity of the cross-coupling process.
mophenyl (entry 4) reacted selectively at thel®ond. At the R Preparation of five-membered-ring precursdas-e was achieved
and R positions, dimethyl (entry 5), chloro (entry 6), and methoxy in one step by the reaction of the corresponding iodinated
(entry 7) substituents can be introduced on the quinoline. Regardlessderivative$® with (2)-BrCH,CH=CHCH,OCO,Et.}* The six- and

of the electronic characteristic of the substrate, 2,4-disubstituted seven-membered ring precursdes-d were easily prepared in four
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Table 3. Effects of Microwave Irradiation and Ring Size on the
Formation of Various Carbo- and Heterocycles via
Palladium-Catalyzed Intramolecular Cyclization

£ Pda(dba)s?(5 mol%) T |
LN | (o-tolyl)sP (22 mol% ) N

Q n-BuNMe; (2.0 eq.)
R M _OCO,Et R x*h

7 CH3CN-H,0 (10:1) —
I n=1for(2) reflux, 6 h [
Ar =23 for (E) or Ar
160 °C, 1 min.
3a-e (n=1) (microwave irradiation) 6a-j
4a-d (n=2,3)
5 (n =1, benzylic O)
yield® (%)
entry n X R Ar mwe ct?
1 1 (0] H Naph a 56 33
2 1 O Ckh Ph b 61 20
3 1 O CQMe Ph c 66 36
4 1 NTs H Ph d 74 74
5 1 C(CQEt), H Ph e 67
6 2 O H Naph f 62 46
7 3 O H Naph g 72 49
8 3 NTs H Ph h 65
9 3 C(CQEt), H Ph i 73
10 1 CHO H Ph j 45

a CHCl; adduct was used.Isolated yields¢ Microwave-assisted condi-
tions. d Conventional thermal conditions. Rhphenyl, Naph= Naphthyl.

steps from the same iodinated aromatic derivati?dhe benzylic
oxygen-containing substraevas prepared from the 2-iodobenzylic
alcohol following a procedure similar to the one used for the
preparation of five-membered-ring precurs#rs.
Oxygen-containing substrat8a—c gave the cyclized products
6a—c in poor yields (Table 3, entries—13), probably due to the
competitive formation of ther-allyl complex that generates the
corresponding phenol. In an effort to improve these yields, we
subjected the reaction to microwave irradiation, which is known
to accelerate transition-metal-catalyzed homogeneous reattions.
Carrying out the reaction in the microwave at 18D for 1 min
was found to improve the yield in each case (entrie)lby as
much as 41% fo6b (entry 2). According to this procedure, five-
membered ring$a—e (entries 1-5) as well as six- and seven-
membered ringHf—j (entries 6-10) were efficiently formed.
Variation of the X group did not affect the cross-coupling process
since nitrogen- and carbon-containing cyclégl,h and 6ei,

respectively (entries 4, 8 and 5, 9), were obtained in good yields.

The cyclization also proceeded with a benzylic oxygen-containing
substrate to form the six-membered heterocgléentry 10). We
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