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A new one-pot room-temperature palladium-catalyzed synthesis of 7-aryltetralones was discovered. This tandem process includes a palladium-
catalyzed y-selective arylation of the enone 4 followed by a dehydrogenation-aromatization of the initial cross-coupling product.

The palladium-catalyzed.-arylation of ketones and ester

systems of typ@\ (Figure 1). Besides possible regioisomers,

derivatives has greatly expanded the repertoire of useful for each pathway stereoisomers (cis/trans) might form.

methods in organic chemisthf. Key parameters for this

The parent substrate, enode was prepared essentially

transformation include the use of sterically hindered and according to the literature by the copper-catalyzed 1,4-

electron-rich phosphine ligands and a suitable solvent.

addition of 2-(3-bromopropyl)-1,3-dioxolah€2) followed

Important recent discoveries in this regard were made by by acid-induced deprotection—cyclization of the ketoacetal

the Buchwald and Hartwig group$.The arylation can be

run with the carbonyl compound directly in the presence of

3 (Scheme 1}/
Initially, we examined the regioselective formation of the

a base. Alternatively, preformed enolates such as trialkylsilyl two possible triisopropylsilyl dienol ethers. Although the

enol ethers can be arylated in the presence of,Zo
Zn(OtBu), as addititives. Thus, the potential applications
seem countless.

In the context of the synthesis of functionalized decalin

selective formation of the unwanted isomgiis possible
under various conditions, the best ratio in favor of the dienol
derivative5 was 68:32. The enongwas also subjected to
modified Kharasch conditions [(a) MeMgBr, FeCl(b)

derivatives, we became interested in the arylation of enone TMSCI, E&N, HMPA, 23°C, 2 h] resulting in the exclusive

Figure 1. Issues of regio- and stereochemistry in the potential
palladium-catalyzed arylation of 3,4,4a,5,6,7-hexahydro-1(2H)-
naphthalenone derivatives
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formation of the trimethylsilyl dienol ether corresponding
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to 6. These conditions are known to produce the thermody-

namic dienol ether from a cyclic enofddowever, the

arylated derivatives in a BuchwatdHartwig arylation. Thus,
dienol 6 ether was subjected to a palladium-catalyzed
arylation reaction with bromobenzene in the presence of
Pd(OAc), PhP, and CgO; as additive (Scheme 2).

Scheme 2. Arylation of Silyl Dienol Ether6 and a Mixture of

5and6
OTIPS OTIPS PhB, Cs,COs 0 = |
Pd(OAG),, PhaP X
+
DMF, 100 °C, 12 h
5 6 7a

5:6 yield of 7a [%]
0:100 42
68:32 45

Suprisingly, the only product that we could isolate was the

trimethylsilyl derivative was not obtained very pure and 7-phenyltetralon@a. There were no Heck-type produéts
proved to be somewhat unstable. Although the mixture of and noa-arylated products detectable in the reaction mixture.

the two dienol ether® and 6 could not be separated by

If the reaction was run on a mixture 6fand6 (5:6 = 68:

chromatography, their structures could be assigned by32) the same compounféwas isolated as the only product.

comparison of the chemical shifts of the vinylic protons with

corresponding signals of similar compourid$hus, the

vinylic protons of 6 appear atd = 4.92 and 5.96 ppm,

whereas the two vinylic protons & resonate a = 5.53
and 6.50 ppm. The latter is a doublét=€ 9.8 Hz), which
clearly supports the assignment.

Table 1. Regioselectivity in the Formation of the Silyl Dienol
Ethers5 and 6

0 (-P1),SI0 (i-Pr)5SiO

—_— +
base
4 5 [
ratio yield of
entry conditions 5:6¢° 5+6 (%)
1 2,6-lutidine, CHsCly, —20 °C, 1 h 0:100 95
2 2,6-diisopropyl-N,N-dimethylaniline, 0:100 96
CH;Cly, —20 °C, 24 h
3 CysNEt, CHoClg, =78 °C, 2 h 30:70 89
4 KN(SiMe3)2, THF/DMF (1:1), 50:50 82
—78°C,24h
5 i-ProEtN, CHoCly, —20 °C, 24 h 58:42 95
6 i-ProEtN, CHoCly, —78 °C, 24 h 68:32 98

aThe ratio5/6 was determined byH NMR spectroscopy.

We then asked ourselves whether the regiochemistry of
the dienol ethers would be transformed to the corresponding

(8) Krafft, M. E.; Holton, R. A.J. Am. Chem. S0d.984,106, 7619—
7621.

(9) (@) Munslow, W. D.; Reusch, Wl. Org. Chem1982,47, 5096—
5099. (b) Kato, M.; Watanabe, M.; Awen, B. 4. Org. Chem1993,58,
5145-5152.
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Since it was described earlier thgp-unsaturated ketones
could be directly arylated in the-position with bromoarenes
and Pd(OAcyPPh in DMF/CsCQO; at 60—120 °C,*? we
applied these conditions directly to enoheTreatment of
enoned with bromobenzene under these conditions afforded
as well the unexpected biaryl derivativain 32—45% yield
(eq 1). The normap-arylation product could not be detected
by LC-MS after reaction workup.

L L

d(OAC), PPh3
/© Cs,CO3, TBAB ‘O (1)

DMF, rt
7a

Next, we tried to optimize this reaction by varying
additives, solvent, and phosphine ligands. As described in
the literature, certain tetraalkylammonium salts can positively
affect palladium-catalyzed Heck-type reactiéhdt was
found that addition of 1 equiv of tetrabutylammonium
bromide (TBAB) to the reaction mixture dramatically
increased the yield of the reaction, resulting in 71% yield of
7-phenyltetralone (Table 2, entry 3). In addition, heating of
the mixture was not necessary. These optimization studies
were followed by LC-MS using 10 mol % of biphenyl as an
internal standard. Regarding the solvent, DMF gave the best
yield (entry 3), followed by NMP (70%, entry 6). Among
various ligands that were tried, triphenylphosphine was found

(10) For the Heck reaction of dienol ethers, see: Deagostino, A.; Prandi,
C.; Venturello, POrg. Lett.2003,5, 3815—3817.

(11) For a recent review about the Heck reaction, see: Beletskaya, I. P.;
Cheprakov, A. V.Chem. Re»2000,100, 3009—3066.

(12) Terao, Y.; Satoh, T.; Miura, M.; Nomura, Netrahedron Lett1998
39, 6203—6206.

(13) Jeffery, T.Tetrahedron1996,52, 10113—10130.
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Table 2. Effect of Trialkylammonium Salts, Solvents, and Table 3. Synthesis of 7-Aryltetralonega—g
Phosphine Ligands on the Reaction of Endneith o o =
Bromobenzene —R
ArX, DMF, rt X
entry key variables yield of 7a [%]¢ + ArX ——»
Pd(OAc),, PPhs
1@ no PTC, 120 °C 45
’ Cs,CO3, TBAB
9a BusNBr, 60 °C 20 4 $25%s 7a-g (47-71%)
3¢ BusNBr, 23 °C 71 entry* Ar-X product isolated yield
4 BusNOAc, 23 °C 7 [%]
5 BuyNClOy, 23 °C 48 1 7a 71
6t NMP 70 Br
7b dimethylacetamide 67 2 7a 68
8¢ {BusP tr l@
9c (o-tolyl)sP 27 3 b 51
10¢ (furyl)sP 0 Br@
11¢ dppf 10 4 7 54
2@ Reaction conditions: DMF, Pd(OAc]5 mol %), PPl (10 mol %), '@
PhBr (5 equiv), C£CO; (2.5 equiv), additive (1 equivp Reaction condi- 5 7e 62
tions: solvent, Pd(OAg)(5 mol %), PPh (10 mol %), PhBr (5 equiv), Br@OMe
CsCO0;s (2.5 equiv), TBAB (1 equiv), 3 d, 23C. ¢ Reaction conditions:
DMF, Pd(OAc} (5 mol %), phosphine (10 mol %), PhBr (5 equiv),.Cs 6 Te 55
(2.5 equiv), TBAB (1 equiv), 3 d, 23C. 4Isolated yields. l@OMe
7 7d 59
Br
to be the best one (entry 3). In the absence of a phosphine 7e 47
ligand the reaction does not take place at all. Electron- BrONMez
donating and hindered phosphineé8(sP, entry 8; furyiP, 9 7t 48
entry 10) seemingly decrease the rate of the aromatization Br‘<;>*COzEt
step. With these ligands, mixtures of bi- and triarylated | g 50

products were detected by LC-MS.

Again, the reaction is highly-selective, and na-arylated
products were detected. Actually, the putative product of the  aReaction conditions: DMF, Pd(OAcY5 mol %), PP (10 mol %),
normal y-arylation was detected by LC-MgM] *(7a) + PhBr (5 equiv), C£COs (2.5 equiv), TBAB (1 equiv), 23C.

4} at the beginning of the reaction. Furthermore, in some
cases intermediates wifliM] *(7a) + 2} were detected. The
rate of the dehydrogenation-aromatization is very high, and 8-33 ppm, which can be attributed to the isolated proton at
only the aromatic product was detected at the end of the -8

reaction. With 1 equiv of bromobenzene, the reaction does /-Aryltetralones have been used, for example, in the
give 7a as well, but conversion and yield were lower. synthesis of CCRS5 antagonists as anti-HIV-1 agétithese

We assume that the reaction proceedsarylation of gryltetralones were prepareq in a multistep sequence consist-
the dienolate anion, followed by a fast dehydrogenation/ INd Of an intramolecular FriedelCrafts cyclization of the
aromatization of the intermediate in a tandem process. Mostc0rresponding phenylbutyric acids followed by palladium-
likely the aromatization is initiated by insertion of a RdL ~ catalyzed Suzuki coupling with arylboronic acids. As a whole
species into an activated C—H bond, followed by the only_a few examples of 7-aryltetralon&sare described in
elimination of Pdl:H,. In essence, a reversal of classical the literature® . _ o .
hydrogenation steps must take place. Addition of some In a control exp_enment we applied the optimized condi-
electron donors or hydrogen donors (HED cyclohexa- tions to the coupling of 1—cyc|ohexene—1—carbaldehyd_e and
diene, CuBr) that could be sacrificed did not allow us to 1-bromo-dtertbutylbenzene (eq 2). Somewhat surprisingly,

isolate nonaromatized intermediates. Addition of other

3

reagents (styrene, methyl acrylate, benzoquinone) that might H
speed the aromatization step only decreased the yield.of H Br 0
In the absence of bromobenzene or in the presence of Pd(OAc), PPhy ‘
chlorobenzene only products of self-condensation of enone O/&O * 5,005 TBAB @)
4 were detected. DMF, 1t, 2d O

Using the optimized conditions we coupled a number of 8 (41%) 9

haloarenes with the enore As it turned out, the reaction

has broad scope, at least for endnand both aryl bromides

and iodides could be coupled in moderate to good yields

(Table 3). The 7-aryltetralones show a characteristic peakwe isolated not the expected biphenyl-3-carbaldehyde but
in the *H NMR spectrum in the range betweén= 8.16— rather the normay-arylation product (41% vyield). Charac-
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teristic for this compound is a signal at= 6.79 ppm for withdrawing group might be a valuable option for accessing

the terminal enal H. The-H resonates ab = 3.62 ppm. certain biaryl compounds. Further studies that are underway

Related compounds are prepared by multistep sequéhces. in our laboratory should help to elucidate the structural
To summarize, we deve|0ped a hew convenient synthesierQUirementS and the experimental ancillary conditions.

of 7-aryltetralones by a novel room-temperature palladium-
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