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Abstract. The palladium-catalyzed transfer hydrogenation/cyclize

tion of readily availabl@-(o-aminophenyl)s,3-ynonesl affords 2-
aryl- and 2-vinylquinoline8 in good yield.
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The quinoline nucleusis prevalent in avariety of biologi-
cally active compounds. In particular, the 2-substituted
quinoline subunit is present in some naturally occurring
substances' andin a new and structurally simple class of
peptidoleukotriene LTD, antagonists, developed recently
as very promising antiasthmatic therapeutics.? One of
these compounds has also been shown to inhibit the plate-
let-activating factor (PAF) synthesis.®

Numerous approaches to the construction of the quinoline
skeleton have been reported* and palladium-mediated
syntheses have drawn considerable interest in recent
years. Palladium catalysisin this area has been applied to
the hydroarylation(hydrovinylation)/cyclization of 3,3-di-
ethoxy-1-(o-acetamidophenyl)-1-propyne with aryl and
vinyl halides;" to the reaction of o-iodoanilides with sub-
stituted alkenes followed by a cyclization step;®*¢ to the
coupling/oxidation/cyclization of o-iodoanilides with
acetylenic carbinols;’ and the carbonylative coupling/con-
jugate addition/cyclization of o-ethynylanilines with aryl
iodides.®

Herein we report that the palladium-catalyzed transfer
hydrogenation®% cyclization of readily available B-(o-
aminophenyl)-a,B-ynones 1 may provide a promising,
new approach to 2-aryl- and 2-vinylquinolines 3 (Scheme
1).

Aryl a,B-ynones, 1a-h, have been synthesized through the
carbonylative coupling of o-trimethylsilylethynylaniline
7at! and aryl iodides (Scheme 24). The preparations have
been carried out in the presence of PdCl,, a bidentate
phosphine ligand and n-Bu,NF, under aballoon of carbon
monoxide, according to our standard conditions (Scheme
24).12 Our results are summarized in Table 1.

This procedure gave good results with aryl iodides bear-
ing electron-donating substituents (Table 1, entries 1 and
2). However, in the presence of electron-withdrawing
substituents, the corresponding o, B-ynones were obtained
in low yield. The competitive non-carbonylative coupling
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leading to 9 was found to be a significant side reaction or
the main reaction pathway (Table 1, entries 4 and 9).
Changing phosphine ligands to evaluate their possible in-
fluence on the reaction outcome proved unsatisfactory.
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Table 1. Preparation of B-(o-Aminophenyl)-c,3-ynones 1 from o-
Trimethylsilylethynylaniline 7a and Aryl Iodides 8.2

entry aryl iodide ligand concentration 1 9
8 of 7a (M) _yield (%)P _vield (%)P
p-MeO-CgHg-1 dppf 0.14 1a 70
2 mMe-CgHg-l dppf 0.14 1b 73
|
3 dppf 0.1 1¢c 79 4
4  mF-CgHgl dppf 0.14 1d 25 35
5 ¢ dppp 0.14 1d 30 22
6 ttmpp 0.14 1d traces
7 " dppf 0.06 1d 64 traces
8 dppp 0.06 1d 62 27
9  m-CF3-CgHgl dppf 0.17 1e 21 59
10 * ttmpp 0.17 1e 60
11 dppf 0.06 1e 65
12« dppp 0.06 1e 58 21
13  p-MeCO-CgHy-| dppf 0.06 1f 60
14 dppp 0.06 1f 69 18
15 p-MeOOC-CgHa-!  dppp 0.06 1g 67 13
16 p-Cl-CgHa-l dppf 0.06 1h 67 4

4 Reactions were carried out at room temperature in anhydrous THF, overnight,
under a balloon of carbon monoxide, using the following molar ratios: 7a:8:n-
BuygNF:Et3N:PdCl;:bidentate phosphine ligand = 1:1.5:1.2:10:0.05:0.05. b
Yields refer to single runs and are given on isolated products. All compounds had
satisfactory elemental analysis and spectral data were consistent with postulated
structures.

For example, the sterically encumbered el ectron-donating
ligand tris(2,4,6-trimethoxyphenyl)phosphine (ttmpp) did
not consistently give the highest yields (Table 1, entries 6
and 10) and the use of 1,3-bis(diphenylphosphino)pro-
pane (dppp) was found to afford reaction mixtures similar

MeOH (58 mL/mmol) at 70 °C; procedure C, 5.5 mol %
of dppf, 3.8 equiv of HCOOH, 3 equiv of &t 5 mol %
Pd(OAc)'" at 70 °C.

Using these procedures, a varietyagf-ynonesl have
been successfully converted into 2-substituted quinolines
as summarized in Table 2. Heterogeneous conditions
(procedure B) have been found to gi&én good yield.
However, significant amounts of overreduction deriva-
tives, the tetrahydroquinoline® have been sometimes
isolated. No attempts have been made to establish whether
6 is generated via transfer hydrogenatio'8fand/or cy-
clization of saturated intermediatégollowed by reduc-
tion of the resultant 3,4-dihydro quinolinés Higher
product selectivity has been observed under homoge-
neous conditions, though quinoline products have been
often isolated in lower yield. With viny,B-ynones the
employment of procedure B may lead to the formation of
quinoline derivatives containing a saturated 2-substituent.
For example, subjection &f to the ammonium formate-
Pd/C system produced 2-cyclooctylquinotfhén high
yield (Scheme 3).

Table 2. Palladium-Catalyzed Transfer Hydrogenation/Cyclization of
B-(o-Aminophenyl)-a,B-ynones 1.2

to those obtained with 1,1'-bis(diphenyl phosphino)fer
rocene (dppf) (Table 1, compare entry 4 with entry 5). .
simple solution to the problem was found by decreasir
the concentration of the alkyne component and aryl iodic
from 0.14-0.17 M and 0.21-0.25 M, respectively, to 0.0
M and 0.09 M. Under these conditions - that increased t
concentration of carbon monoxide in the reaction - a r
markable increase of the yield bés well as of thé:9 ra-
tio was observed (Table 1, compare entry 4 with entry
entry 5 with entry 8 and entry 9 with entry 11). It has bee
reported elsewhet&that the concentration of the reagent
plays an important role in determining the regioselectivit
of the carbonylative coupling of iodophenol with nor-
bornene.

The vinyla,B-ynonesli andlj have been prepared from
2-ethynylaniline7b and the corresponding vinyl triflates
in 48 and 58% yield, respectively, in the presence

entry a.B-ynone procedure HCOOH time 3 6
1 or (h)  yield(%)P vyield (%)P
HCOOK
(equiv)
1 1a A 3.8 8 3a 54
2 1a B 3.0 1 3a 67 6a 20
3 1b A 3.8 2.5 3b 70
4 1c A 7.6 24 3c 38
5 1c B 3.5 5 3¢ 85¢ 6¢ traces
6 1c C 7.6 24 3¢ 46 6¢c 8
7 1d A 3.8 3.5 3d 60
8 1d B 3.0 1 3d 72 6d 24
9 1e A 3.8 2 3e 61
10 1e B 3.5 1.5 3e 71 6e 12
1 1f B 5.0 3 3f 55
12 1f (o} 3.8 3 3f 77
13 19 A 38 20 3g 35
14 1g B 10 3.5 3g 73cd
15 1h B 3.0 2 3h 66°¢ 6h 12
)
16 ‘ NH, 17 7 P 38 25 3i78
~C
17 O A 3.8 2 3j 55
NH, 1]

Pd(OACc), dppp and triethylamine, under a balloon of cai? Procedure A: 1:n-BuzN:HCOOH:Pd(OAc)2(PPh3); = 1:5:3.8:0.04; DMF, 70

bon monoxide (Scheme 2b), as described in the liter
turel4

Three basic procedures have been developed for the

ladium-catalyzed transfer hydrogenation/cyclization step:

procedure A, 3.8 equiv of HCOOH, 5 equivieBu;N, 4
mol % Pd(OAc)(PPh),*® in DMF (8 mL/mmol) at 70 °C;
procedure B, 3 equiv of HCOONH10 mol % Pd/&in
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satisfactory elemental analysis and spectral data were cc
structures. © 1:Pd/C = 1:1.14. 9 MeOH (80 mL/mmol).

°C. Procedure B: 1: HCOONH4:Pd/C = 1:3:0.1; MeOH, 70 °C. Procedure C:
1:HCOOH:Et3N:Pd(OAc),:dppf = 1:3.8:4:0.05:0.055; DMF, 70 °C. b Yields
refer to single runs and are given on isolated products. All compounds had
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The utilization of a,B-ynones 1 as precursors of dia-
rylquinolines through our hydroarylation/cyclization
methodology®® has been briefly explored (Scheme 4).
However, the reaction of 1a with m-iodotoluene, used as
model system, resulted in the formation of amixture of re-
gioisomeric quinolines (Table 3, entries 1 and 2). Theem-
ployment of conditions reported® to favor the role of
coordinating effects in directing the carbopalladation step
gave rise to increased regioselectivity, with the main
product arising from the adduct bearing the palladium
fragment close to the o-aminopheny! substituent. Howev-
er, hydroarylation derivatives were isolated in poor yield
from a complex reaction mixture we have not further an-
alyzed (Table 3, entry 3).

Table 3. Palladium-Catalyzed Hydroarylation of 3-(o-Aminophenyl)-
1-(p-methoxyphenyl)propynone 1a with p-Iodotoluene.

entry catalyst solvent time temperature overall 10:11
(h (C) yield (%)

1 Pd(OAc)z2 DMF 48 40 32 47:53

2 Pd(OAc)2/2 P(otol)2® DMF 24 60 41 45:55

3 Pd(dba)® EtOAc 24 reflux 16 13:87

2 1a:p-iodotoluene:HCOOK = 1:2.4:2.4. b 1a:p-iodotoluene:HCOOH:n-Bu3N =
1:2.4:2.6:3.4. € 1a:p-iodotoluene: HCOOH:Et3N = 1:1.2:2.6:3.3.

(o}
A Art
P r Pd cat Ar!
7 formate N N !
+ AI’1| P + .
NH, N= “Ar N~ “Ar
1a 10 1
Ar = p-MeO-CgH,-
Ar'= p-Me-CgH,-
Scheme 4

Interestingly, when the N-trifluoroacetyl derivative 12
was subjected to nriodotoluene in the presence of
Pd(OAc), and HCOOK to assess the possibl e influence of
the amino group of 1 on the regiochemistry of the carbo-
palladation step, no quinoline derivative was formed. The
main reaction product (42% yield) was in this case the 4-
alkylidenebenzoxazine 13 (Scheme 5), most probably
generated through the oxypalladation/reductive elimina-
tion tandem mechanism.?! The Z stereochemistry of 13
was assumed on the grounds of previously described het-
eropalladation/reductive elimination tandem reactions of
alkynes with organopalladium complexes.?
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In conclusion, the palladium-catalyzed transfer hydrogen-
ation/ cyclization approach of 2-aryl and 2-vinylquino-
lines described here may provide a useful entry into this
class of compounds. It appearsto be quite smple, can tol-
erate a wide range of functiona groups and allows the
preparation of numerous quinoline derivativesfrom readi-
ly available building blocks under mild conditions.
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