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ABSTRACT: Unlike ordinary aryl chlorides, the title hererocycles participate readily in Castro-
Stephens, Stille, Suzuki, and carbonylation reactions under the catalytic influence of Pd(0).
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Palladium-mediated coupling reactions have revolutionized the field of aromatic chemistry. Thus, many
issues relating to efficiency, regioselectivity, functional group compatibility, etc., have vanished with the advent
of, e.g., Heck,' Castro-Stephens,* Stille,’ Suzuki® and various carbonylative processes. In general, these
trasformations succeed only with aryl bromides, iodides or triflates. Aryl chlorides are unreactive, though
carbonylations have been achieved with specialized catalysts.” In response to a need to prepare 2,3-dialkyl
quinolines, we entertained the possibility of inducing Pd-mediated substitution reactions of readily accessible 2-
chloro-3-alkyl quinolines, available in quantity through the excellent Meth-Cohn quinoline synthesis.® This
approach, inspired by the recent disclosure of successful coupling of a 2-chloropyridine with an arylboronic acid,’
may offer advantages over classical Friedldnder syntheses of the end-products,'® both in terms of overall
efficiency and because the need for sensitive / costly 2-aminobenzaldehydes would be fully circumvented.!' It
seemed plausible that the unusual mobility of the 2-halogen in quinolines might permit an otherwise difficult
oxidative insertion of Pd(0) into the C-Cl bond, and a consequent entry into the corresponding organometallic
manifold (cf. 1-2, Scheme 1). This expectation was realized. Details are discussed below.
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Typical conditions for all the reactions described in this Letter are provided in Tables ! and 2. Castro-
Stephens substitution by Cu(I) acetylide was effected in generally good to excellent yields under the influence of
4 mol % of the especially good catalyst, (PhsP)sPd.'”> No coupling occurred in blank runs wherein the Pd
complex had been omitted, signaling that a Cu(l) acetylide is not sufficiently reactive, at least under our
conditions, to displace the halogen from the substrates, and that a Pd species is indeed necessary for the reaction
to occur. By contrast, Stille coupling favored the catalyst, bis(1,3-diphenylphosphinopropane)palladium
[Pd(dppp)2] (4 mol %), generated in situ from Pd(OAc); and two equivalents of dppp, and occurred generally
slower than Castro-Stephens or Suzuki transformations. The latter reaction, explored with commercial phenylbor-
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Table 1: Representative Pd-Mediated Alkylation Reactions of 2-Chloroquinolines

2-Chloroquinoline Reagent  Conditions? Product type Entry Yield®
m = C4Hg-n R 3 X 4 (R=Bu-n) 50
NZ el =—Ph NG N 5 (R=Ph) 20
R
4Hg- c 4
Buasn-/_ NP A Bu-n 6 8
N
Ph-B(OH)2 c D) _ 7 67
N7 >ph
=—ph -
Nl N ® (R=Ph) &8
R
AN
Ph
BU3SWVV~//— B I\JL\Ph 10 75
X
Ph-B(OH) c i)l 11 81
N7 >Ph

*A. A dry flask containing the 2-chloroguinoline (0.6 mmol), fresh dry Cui (0.2 mmoel, 33 mo! %)™ and Pd(PPhs)« (0.024
mmol, 4 mol %), a small amount of BHT (ca. 5 smali crystals) and a stirring bar was sealed under argon. Dry DMF (1.8 mL})
and tBuNH: (1.2 mmol, 200 mol %) were syringed in and the mixture was heated to 80°C in an oil bath. After five minutes,
1-hexyne was syringed in (0.66 mmol, 110 mol %). The mixture darkenend immediately and the color of the solution
deepened during the reaction, which typically completed in 4 hrs (TLC). Addition of more alkyne (0.3 mmol, 50 mol %)
helped in slow reactions. The mixture was cooled and partitioned between HO and CHzCk and the crude product was
chromatographed (70-230 mesh silica gel, 2-5 % EtOAc / hexanes). B. A dry flask containing the 2-chloroquinoline (0.6
mmol), Pd(OAc)z (0.024 mmol, 4 mol %), DPPP (0.48 mmol, 8 mol %), BHT (ca. 5 small crystals) and a stirring bar was
sealed under argon. Dry DMF (1.8 mL) and NEts (0.9 mmol, 150 mol %) were syringed in and the mixture was heated to
80°C in an oil bath. After five minutes, a 1-tributylstannyl-alkene (mixture of £ and Zisomers) was syringed in (0.66 mmol,
110 mol %) and heating at 80°C was continued. The mixture darkenend siowly over time. Typically, TLC indicated
completion of the reaction after 24-36 hours, depending on the specific system. The mixture was worked up as described
in A, but chromatography was carried out with 230-400 mesh silica gel with 1 % ether in petroleum ether (38-55°C). C. A
dry flask containing the 2-chloroquinoline (0.6 mmol), freshly prepared Pd(PPhs)« (0.012 mmol, 2 mol %), a small amount of
BHT (ca. 5 small crystals), phenylboronic acid (0.72 mmol, 120 mol %), Ba(OH)2#8H20 (1.44 mmol, 240 mol %) and a stirring
bar was sealed under argon. Dry, freshly distilled THF (1.8 mL) was injected and the mixture was heated to 75°C in an oil
bath. The initially orangish suspension turned white after ca. 5 minutes. Typically, TLC indicated completion of the
reaction after 1.5 to 2 hours. Workup and purification were carried out as described in A. "Chromatographed yield of pure
(TLC, *H and C NMR) compounds. “Complete isomerization to the trans isomer occurred during the reaction

onic acid activated by Ba(OH),,* proceeded very well across the board with (PhsP)sPd as the catalyst, and no
comparative studies with other Pd complexes were undertaken.

The data of Table 1 suggest that the presence of a methyl group at position 3 of the quinoline has a beneficial
effect on reaction rates and efficiency. This is in agreement with our previous observations on intramolecular Pd-
mediated displacement of aromatic nucleofuges with soft enolates,'® and it may be attributed to steric acceleration
of reductive elimination of Pd(0) from a Pd(IT) complex of the type 2. Steric shielding of this intermediate from
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Table 2: Representative Pd-Mediated Carbonylation Reactions of 2-Chloroquinolines

2-Chioroquinoline Conditions? Product type Entry Yield
RN R
N™ ~Cl NZ CcOoOMe

X OMe
_ B " 13 7204
N Cl
o RN
[ P A " 14 614
(0] N Ci

“A. A Par bomb containing a stirring bar, a 2-chioroquinoline (23 mmol), Pd(OAc), (0.46 mmol, 2 mol %), 1,3-bis-
(diphenylphospino)propane (0.92 mmol), NaOAc (23 mmol), MeOH (2.3 mL) and DMF (7.6 mL), was pressurized to 100
atm of CO. The mixture was stirred for 2 days at 140°C, then cooled and partitioned between ether and Hz0. If necesasry,
the product was chromatographed over 70-230 mesh silica gel with 20-25% EtOAc/hexanes. B. Same as in A except that
4 mol % of Pd catalyst was employed, N-methylpyrrolidinone was used as the solvent, and the reaction was conducted at
100°C for 4 days (text). °Isolated yield of pure (TLC, 'H and *C NMR) product. °Chromatographed yield of pure (TLC, 'H
and *C NMR) compounds. “Some unreacted starting material (10-20%) was also recovered.

external agents may also contribute to generally better results.

Like Stille couplings, carbonylative transformations leading to quinaldic esters were best promoted by in situ
generated Pd(dppp): (2 mol %). While many carbonylations occur rapidly at or near 1 atm. of CO, our reactions
proceeded at an unusually slow rate and required high pressures of CO (Table 2). The beneficial effect of a C-3
substituent was apparent in this case as well (cf. 12, Table 2). However, efficiency suffered with those
substrates displaying resonant interaction of electron-releasing groups with position 2 of the quinoline (cf. 15).
Reaction rates were noticeably slower with substrates such as 3-methoxymethyl-2-chloroquinoline, carbonylation
of which was also complicated by significant dechlorination. Perhaps, ligation of the Pd by the methoxy group in
a presumed intermediate of the type 1§ retards migratory insertion and renders the complex more vulnerable to
reduction, e.g. by the DMF used as the solvent. This problem was brought under control by increasing the
amount of catalyst to 4 mol %, by using N-methylpyrrolidinone instead of DMF as the solvent, and by allowing a
longer contact time at lower temperatures. Three additional limitations of the new chemistry should be mentioned.
Aldehyde 16 was a poor substrate for any of the foregoing of Pd-mediated reactions (complex mixtures).
Attempts to induce carbonylative Stille coupling with 1-tributylstannyl-1-hexene (E / Z mixture) under CO (1-100
atm) were only marginally successful: only modest yields of ketone 17 were obtained at elevated CO pressure, in
all cases the major product being the one of plain Stille coupling. Finally, chloroquinolines did not seem inclined
to engage in Heck reaction with methyl acrylate. This behavior is consistent with the known reluctance of similar
heteroaromatic halides to participate in such transformations. ¢!’
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