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Pyridines and isoquinolines are synthesized from olefinic
ketone O-pentafluorobenzoyloximes by treatment with a cat-
alytic amount of Pd(PPhs), in the presence of (n-Bu),NCl and
triethylamine.

Recently, we have reported the oxidative addition of oxime
derivatives to palladium(0) complex to generate alkylidene-
aminopalladium(ll) species.? This process was applied to the
transformation of y;d-unsaturated ketone O-pentafl uorobenzoyl-
oximes to pyrroles by the Heck-type cyclization, and the reac-
tion proceeded regardless of the E/Z stereochemistry of O-
pentafluorobenzoyloximes.

In order to prepare functionalized pyrroles, 3-methoxy-1-
phenyl-4-penten-1-one (E)-O-pentafluorobenzoyloxime (1a)3
was treated with a catalytic amount of Pd(PPhs), in the pres-
ence of triethylamine, and the reaction mixture was treated with
10 molar amounts of pyrrolidine.* The desired methoxypyrrole
4a was obtained in 69% yield along with 7% yield of 6-endo
cyclized product, 2-phenylpyridine (3a). By contrast, when this
Heck-type reaction was carried out in the presence of 5 molar
amounts of (n-Bu),NClI,> pyridine 3a was obtained as a main
product in 58% yield (eq 1).5
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As shown in Table 1, the palladium-catalyzed cyclization
of several B-methoxy y,d-unsaturated ketone O-pentafluoro-
benzoyloximes 1 was attempted in the presence of (n-Bu),NCl.
Although mono 2-alkylated pyridine 3e was formed in poor
yield, disubstituted pyridines 3b—d were prepared in reasonable
yield with asmall amount of pyrroles 4.”

To investigate the course of this formal 6-endo cyclization
were checked the following reactions. [-Methoxy group is
indispensable for the pyridine formation, because the reaction
of 5 bearing 3-methyl group instead of 3-methoxy group gave
only trisubstituted pyrrole 6 without forming 4-methyl-2-
phenylpyridine (eq 2). O-Methyloxime 7 was recovered under
the same reaction conditions even by using an equimolar

Table 1. Palladium-catalyzed cyclization of f-methoxyketone
O-pentafluorobenzoyloximes®

Oxime Time /h Product (Yield / %)
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é/\/ 4 A
1b° 3b (62)°
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R1W R2 R1 P
(E)-1c (R'=Ph, R?>=Me) 3 3c (54)
(E)-1d (R' = Ph, R?=Ph) 25 3d (66)
1e” (R'= PhCH,CH,, R’ = H) 4 3e (22)°

?0Oxime : Pd(PPhy), : (n-Bu)4yNCl: E3N = 1.0: 0.1 : 5.0: 5.0. The
reaction was conducted in DMF at 80 °C and the reaction mixture was
treated with pyrrolidine at 80 °C for 4 h. The concentration of oxime was
0.02 mol dmi>. ®A mixture of E and Z-isomers of 1 (E:Z=1:1)was
employed. “Methoxypyrrole 4b was ohtained in 21% yield. %4e was
obtained in 19% yield.

Me Me
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amount of Pd(PPhs), (eq 3). This apparently means that the
cyclization does not occur viainitial formation of Tralyl palla-
dium species. Murahashi et al. reported the synthesis of
pyridines from y,d-unsaturated ketone oximes or conjugated
dienyl ketone oximes by the palladium(l1)-mediated reaction.52
Accordingly, the cyclization of conjugated dienyl ketone oxime
8 was examined with a catalytic use of Pd(PPhy), in the pres-
ence or absence of (n-Bu),NCl, which yielded pyridine 3a in
61% and 38% yield, respectively (eq 4).2 On the whole, it is
concluded that the oxidative addition of O-pentafluorobenzoyl-
oxime 1a to Pd(PPhy), initially occurs, and the intramolecular
coordination of methoxy group to palladium(ll) center directs
the cyclization to 6-endo mode and/or accelerates the elimina-
tion of methanol to give dienyl intermediate.

Thus, pyridines are prepared from -methoxy y,d-un-
saturated ketone O-pentafluorobenzoyloximes by the 6-endo-
type cyclization. Although pyridines can be also prepared from
dienyl oxime derivatives as mentioned above, 3-methoxy y,o
unsaturated ketones are prepared very easily from silyl enol
ethers and a,B-unsaturated aldehyde dimethylacetals.?
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Then, we examined the possibility of 6-exo cyclization of
d,e-unsaturated ketone O-pentafluorobenzoyloximes by this
Heck-type cyclization. Such a cyclization, however, did not
proceed smoothly, when acyclic oxime such as ethyl 7-(O-
pentafluorobenzoyl oxy)imino-7-phenyl-2-heptenoate was em-
ployed. On the contrary, O-pentafluorobenzoyloximes of o-
allylacetophenone derivatives!® cyclized to give isoquinoline
derivatives. That is, as shown in Table 2, o-allylacetophenone
O-pentafluorobenzoyloxime (9a)!! cyclized to 1,3-dimethyl-
isoquinoline (10a) by treatment with the palladium catalyst in
the presence of Et;N-LiCl or Et;N—(n-Bu),NCl in 61% or 77%
yield, respectively (entries 1-3).12 Some other isoquinoline

Table 2. Synthesis of isoquinolines by the palladium-
catalyzed cyclization of O-pentafluorobenzoyloximes®

Entry Oxime Additive Time/h Product(Yield / %)

R R
®00006F5 @
S Z Me
1 (£)}-9a (R = Me) none 2 10a (48)b
2 (E)-9a (R =Me) LiCl 4 10a (61)°
3 (E)-9a (R = Me) (n-Bu),NCIl 4 10a (77)
4 (E)-9b(R = En) (n-Bu),NCI 3 10b (63)
5 (E)-9¢ (R = Ph) (n-Bu),NCI 10 10c (63)
6 (E)-9d (R = CH,OMe) (n-Bu),NCl 3 10d (55)
| LOCOC4F5 Iy
N Z N
7 OO Me  (n-Bu),NCl 3 OO I Me
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20xime : Pd(PPhj), : additive : EGN =1.0: 0.1 : 5.0 : 5.0, The reaction
was conducted in DMF at 80 °C. The concentration of oxime was 0.02
mol dm™. ho—Allylacclophenone was obtained in 27% yield.
‘o-Allylacetophenone was obtained in 7% yield.
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derivatives 10b—e were similarly prepared from o-allyl-ace-
tophenone derivatives 9 in moderate yield (entries 4-7).
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