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ABSTRACT
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The Pd-catalyzed one-pot rearrangement/arylation of 2-allyloxypyridine is described. The catalyst/base combination of Pd[P(t-Bu)s]./Ag,COs
was found to be optimal for this one-pot rearrangement/arylation. The initial rearrangement of 2-allyloxypyridine was found to be catalyzed by
both Pd(0) and Pd(ll) complexes with different mechanisms.

N-Substituted 2-pyridones, as exemplified by camptotHecin done structure has become an important task in organic
and cerpegifd,have emerged as a new class of compounds synthesis. During the course of our investigation using
with interesting biological and pharmacological functibns 2-allyloxypyridine (1) as a substrate for the chelation-
and, hence, an efficient entry into the N-substituted 2-pyri- controlled Mizoroki-Heck reactiort,we have discovered the
Pd-catalyzed one-pot rearrangement/arylation of 2-allyloxy-

(1) Reviews: (afCamptothecins: New Anticancer Ager®etmesil, H., I=H ; i ;
Pinedo, H., Eds.; CRC Press: Boca Raton, FL, 1995. Recent synthetic pyrldlne (1) with aryl iodides as a novel Synthetlc method

approaches: (b) Josien, H.; Ko, S. B.; Bom, D.; Curran, DClRem. Eur. for N-substituted 2-pyridones.

gd)1%98641 €;><7- ('a Comiqsy % L-\;(Nolany kJ ’\nggHLett- 2h(?01,3,Y425}?- _ In the course of the screening of catalyst and reaction
aou, . asumoto, ., Yamasakl, . amasnima, i anal, e . . .

M.; Du, W.; Curran, D. P} Shibasaki, M. Am. Chem. So@001,123,  conditions for Mizoroki—Heck reaction ofl, we have
9908. encountered somewhat surprising results. Under the influence

(2) (a) Adibatti, N. A.; Thirugnanasambantham, P.; Kulothungan, C.; )
Viswanathan, S.; Kameswaran, L.; Balakrishna, K.; SukumarPI- of Herrmann's pa”adacyC|e Catal%tl underwent the

tochemistry1991, 30, 2449. (b) Kelly, T. R.; Walsh, J. J. Org. Chem. expected Mizoroki-Heck arylation with iodobenzene (Scheme

%322 57, 6657. (c) Hong, H.; Comins, D. LJ. Org. Chem.1996 61, 1). However, when we switched the arylating agent from
(3) (a) Youngdale, G. A. PCT Int. Appl. WO9109848, 19€hem. Abstr.  iodobenzene to bromobenzene and base from NaOAc4o Cy

399\},115, J18211(1. (b) Sgndcers:n,DP. E. NBayIIDor-gIs?n, AM I\/IIE EéeTr,l D. NMe, quantitative conversion dfto N-allyl-2-pyridone (2)

.; Vacca, J. P.; Isaacs, R. C. A.; Dorsey, B. D.; Fraley, M. E. nt.

Appl. WO9701338, 1997Chem. Abstr1997,126, 171490, (c) Betageri, ~ WaS observed (Scheme 1). Although somewnhat apart from
R.; Beaulieu, P. L.; Llinas-Brunet, M.; Ferland, J. M.; Cardozo, M.; Moss,
N.; Patel, U.; Proudfoot, J. R. PCT Int. Appl. WO9931066, 1968gm. (4) (a) Sato, T.; Yoshimatsu, K.; Otera, Synlett1995, 845. (b) Liu,
Abstr.1999,131, 59136. (d) Semple, J. E.; Araldi, G. L. PCT Int. Appl.  H.; Ko, S. B.; Josien, H.; Curran, D. Fetrahedron Lett1995,36, 8917.
WO00179262, 2001Chem. Abstr2001,135, 331445. (e) Kim, D. K.; Ryu, (c) Ruda, M. C.; Bergman, J.; Wu, J. Comb. Chem2002,4, 530.

D. H.; Lee, J. Y.; Lee, N.; Kim, Y. W,; Kim, J. S.; Chang, K.; Im, G. J.; (5) (a) Itami, K.; Mitsudo, K.; Kamei, T.; Koike, T.; Nokami, T.; Yoshida,
Kim, T. K.; Choi, W. S.J. Med. Chem2001,44, 1594. (f) Dallavalle, S.; J.J. Am. Chem. So2000,122, 12013. (b) Itami, K.; Nokami, T.; Ishimura,
Ferrari, A.; Biasotti, B.; Merlini, L.; Penco, S.; Gallo, G.; Marzi, M.; Tinti, Y.; Mitsudo, K.; Kamei, T.; Yoshida, 3. Am. Chem. So2001,123, 11577.
M. O.; Martinelli, R.; Pisano, C.; Carminati, P.; Carenini, N.; Beretta, G.; (6) Herrmann, W. A.; Brossmer, C.; f@e, K.; Reisinger, C. P;
Perego, P.; De Cesare, M.; Pratesi, G.; Zunind,. Med. Chem2001,44, Priermeier, T.; Beller, M.; Fischer, HAngew. ChemInt. Ed. Engl.1995,
3264. 34, 1844.
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the initial thrust of project, we were particularly interested
in this catalytic rearrangement because, if further function-
alizations of the resultam-allyl-2-pyridone using the same
catalyst were feasible, it could offer an efficient entry into
synthetically useful N-substituted 2-pyridone structure from
readily available 2-allyloxypyridine.

The Claisen [3,3] sigmatropic thermal rearrangement of
2-allyloxypyridine(1) is known to occur around 23& to
afford 2 (26%) andC-allylated product (29%) Stewart and
Seibert found that HPtCk, NaPtCl,, BF;-OEbL, and SnC
could catalyze this rearrangement (14Q)8 Pt(PPh)4
catalyst was discovered by Balavoine and Gdifiéae Pd-
(I)-catalyzed rearrangement of 2-allyloxy-4-trifluorometh-
ylpyridines was found by Venkataratnaf.

Therefore, we initially examined the rearrangement of
to 2 with various Pd(ll) and Pd(0) complexes (Table 1). The

Table 1. Rearrangement df to 2 with Various Pd Complexés

entry catalyst time (h) conversion (1, %)
1 PdCI(PhCN); 2 92
2 PdCI, 2 97
3 Pd(OAc), 2 44
4 Pd(PPhg)s 2 98
5 Pd[P(t-Bu)s)2 2 98
6 Pd(PCys)2 46 <20

aAll reactions were performed at 8 in xylenes usingl and Pd
complex (5 mol %).

reactions were carried out at 8C in xylenes. As for Pd(Il)
complexes, PdGIPhCN)} and PdC] were found to be
excellent catalysts while Pd(OAcyvas not. As for Pd(0)

(7) (a) Moffett, R. B.J. Org. Chem1963,28, 2885. (b) Dinan, F. J.;
Tieckelmann, HJ. Org. Chem1964,29, 892.

(8) Stewart, H. F.; Seibert, R. B. Org. Chem1968, 33, 4560.

(9) Balavoine, G.; Guibe, FTetrahedron Lett1979, 3949.

(10) Reddy, A. C. S.; Narsaiah, B.; Venkataratham, RT®¥trahedron
Lett. 1996,37, 2829.

2162

complexes, Pd(PRh and Pd[P(t-Bw), were found to be
excellent catalysts (98% conversion after 2 h) while Pd-
(PCy). was found to be by far a less efficient catalyst.
Though Pd(Il)- and Pd(0)-catalyzed rearrangements were
already reported for similar allyl imidatés!?this is the first
demonstration that both Pd(Il) and Pd(0) complexes could
catalyze the rearrangement of 2-allyloxypyriding) (to
N-allyl-2-pyridone (2).

We felt that the rearrangement catalyzed by Pd(ll) and
Pd(0) complexes must be different in mechanism despite the
same outcome when using Thus, to shed light on the
mechanism, 2-(1-methylallyloxy)pyridin@4) and 2-croty-
loxypyridine (3b) were prepared and subsequently subjected
to Pd(Il)- and Pd(0)-catalyzed rearrangement (Table 2).

Table 2. Pd-Catalyzed Rearrangement3z and 3b?

X
| Pd(l1) or Pd(0) catalyst || [
N™ "0 N +

X X
o] N 0
V\Me Me)\/

xylenes
Rz/\)\R1 80°C, 2 h
3a:R'=Me,R2=H 4 5
3b: R'=H, R2=Me
entry 3 catalyst 4/5
1 3a PdCl, 100/0P
2 3b PdCl, 0/100
3 3a Pd(PPhs)4 33/67¢
4 3b Pd(PPhs), 32/684

a All reactions were performed at 8% in xylenes usingd and Pd
complex (5 mol %) 4 was formed as a mixture &/Zisomers (96/4y.4
was formed as a mixture &Z isomers (79/21)4 4 was formed as a mixture
of E/Z isomers (81/19).

Under the influence of Pdglcatalyst,3a and 3b were
smoothly and selectively converted4@and5, respectively
(>99% regiospecificity). On the other hand, Pd(Bkh
catalyzed the rearrangement 8& and 3b with lower
regioselectivity. The ratio of regioisomerd énd5) was
found to be almost equal (33/67 and 32/68). These results
suggested that the catalytic rearrangement of 2-allyloxypy-
ridines resembles that of allyl imidat&'s!?

Clearly different scenarios can be envisaged for this
rearrangement catalyzed by Pd(Il) or Pd(0) complexes,
respectively. In the Pd(ll) catalysis, the rearrangemerg of
proceeded in a complete regiospecific manner. This suggests
that the mechanism of Pd(ll)-catalyzed rearrangement may
resemble the uncatalyzed thermal rearrangement. In the Pd-
(I-catalyzed rearrangement, an electrophilic Pd(Il) complex

(11) Pd(ll)-catalyzed rearrangement of allyl imidates: (a) Overman, L.
E. Acc. Chem. Re4.980,13, 218. (b) Overman, L. Angew. ChemInt.
Ed. Engl.1984,23, 579. (c) lkariya, T.; Ishikawa, Y.; Hirai, K.; Yoshikawa,
S.Chem. Lett1982, 1815. (d) Schenck, T. G.; Bosnich, B.Am. Chem.
So0c.1985 107, 2058. (e) Metz, P.; Mues, C.; Schoop, Petrahedrorl 992
48, 1071. (f) Gonda, J.; Helland, A. C.; Ernst, B.; B€llls Synthesid993
729. (g) Calter, M.; Hollis, T. K.; Overman, L. E.; Ziller, J.; Zipp, G. &.
Org. Chem.1997, 62, 1449. (h) Uozumi, Y.; Kato, K.; Hayashi, T.
Tetrahedron:Asymmetry1l998,9, 1065.

(12) Pd(0)-catalyzed rearrangement of allyl imidates: ref 11c,d.
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Table 3. Reaction Conditions for Pd-Catalyzed One-Pot
Rearrangement/Arylation df

X
l Pd cat. (5%)
“ —_—

X
Phl (1.4 equiv) ||

should coordinate to C=C bond and activate it toward

N™ O NSO | ———— N™ ~O
xylenes base (1.4 equiv)
\) 80°C,2h v temperature k/\Ph
1 2 6a

entry catalyst base T(°C) time (h) yield (%)

1 PdCl, Cs2CO3 130 21 50

2 Pd(PPh3)4 C52C03 130 20 18

3 PA[P(t-Bu)s].  Cs»CO3 130 14 58

4 Pd[P(t-Bu)s]. Cy,NMe 130 20 30

5 Pd[P(t-Bu)s].  Ag2COs 130 4 58

6 Pd[P(t-Bu)s].  Ag2COs 100 24 70

nucleophilic attack (Scheme 2). Thereafter, the intramolecular
nucleophilic attack of the lone pair of nitrogen te<C bond
occurs and produces a palladium-bound carbenium ion

Having established that the rearrangement cbuld be

intermediate which rearranges to the product. This accountscatalyzed by both Pd(ll) and Pd(0) complexes, we next

for the observed regiospecificity.

examined the Pd-catalyzed rearrangement/arylatidniath

On the other hand, the Pd(0)-catalyzed rearrangement@’y! iodide as a new synthetic route toward synthetically

might proceed through the intermediary atdllyl)palladium
complex as shown in Scheme 3. First, nucleophilic Pd(0)

Scheme 3
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might attack the &C bond of 3 followed by leaving of
pyridonyl group to producent-allyl)palladium(ll) intermedi-
ate. This resembles the formation ot-&llyl)palladium
complex through the reaction of Pd(0) complex with allylic
compound with a leaving group (a formal oxidative addi-
tion of Pd(0) to3). The final C—N bond-forming process
may be either €N reductive elimination from Pd(ll)
complex or nucleophilic attack of pyridonyl anion to the
allyl ligand on Pd. If the former is the case, the fact that the
ratio of regioisomers (4nd5) was found to be almost equal
either starting fronBa or 3b could be explained by rapid
m—o—m rearrangement prior to final-©N reductive elimi-
nation. Nonetheless, by assumingdllyl)palladium inter-
mediates, the lack of regiospecificity and the similar regi-
oselectivity for the rearrangement 8& and 3b could be
explained.
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useful N-substituted 2-pyridones. The reaction conditions
were examined using iodobenzene as an arylating agent
(Table 3). First,1 was subjected to the Pd-catalyzed
rearrangement in xylenes at 8@ under argon givin@ in

situ. Thereafter, iodobenzene (1.4 equiv) and a base (1.4
equiv) were added to the reaction mixture to afford substi-
tuted pyridoneba in one-pot. The initial survey of catalyst
precursor revealed that Pd[P(t-Bl)is a superior catalyst
precursor over Pdghnd Pd(PP¥), giving 6ain 58% yield
(entry 3)!2 The double-bond isomerization & to give
N-propenyl-2-pyridone was found to be a major side reaction
in this process. To suppress this undesirable pathway, several
bases other than g30; were examined. Although the use
of reputed CyNMe'34 resulted in slower reaction with
significant double-bond isomerization 2f the use of Ag

CGO; resulted in faster reaction. Finally, it was found tBat
could be obtained in 70% yield when the reaction was carried
out at 100°C (entry 6)'>16.17Double-bond isomerization of

2 was found to be minimal at this temperature. The use of
an equimolar amount of iodobenzene provididin 59%
yield, albeit with a much longer reaction time.

Under the influence of this newly developed Pd{B()s]./
Ag,CO; catalytic system, in situ generat@dwas arylated

(13) Pd/P{-Bu)s; catalyst for Mizoroki-Heck reaction: Littke, A. F.; Fu,
G. C.J. Am. Chem. So@001,123, 6989.

(14) Girtler, C.; Buchwald, S. LChem. Eur. J1999,5, 3107.

(15) When bromobenzene was used as an arylating agent in place of
iodobenzene under the influence of the PtB()s]./Ag.COs catalytic
system,6awas obtained in 16% yield after 96 h at 100. Phenyl triflate
was a totally ineffective arylating agent in this reaction.

(16) Toluene can also be used as a solvent in place of xylenes.

(17) When isolated rearrangement prodictwas subjected to Pd-
catalyzed arylation (5 mol % Pd[PBu)s]2, 1.4 equiv of Phl, 1.4 equiv of
Ag2CO;s, xylenes, 100°C, 24 h),6a was obtained in 30% yield together
with a considerable amount (23%) bfpropenyl-2-pyridone. The lower
yield compared with that of the one-pot rearrangement/arylation process
may be due to the unstability &. Alternatively, the use of “fresh” Pd-
[P(t-Bu)s]2 may be detrimental in the arylation step. In the one-pot process,
more active “Pd[P(t-Bu]" 13 may be generated in situ during the rear-
rangement reaction.
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Table 4. Pd-Catalyzed One-Pot Rearrangement/Arylatior of

X X
Q 5% PA[P(t-Busl, Q
o————| N0

Arl (1.4 equiv)

CL
N 0]

N —_—
xylenes AgoCO3 (1.4 equi
N w0 N | 050 o~y
1 2 6
entry Arl time (h) 6 (yield, %)
1 @1 20 6a (70)
2 Ql 19 6b (73)
Me
3 Me—Q—l 19 6c (72)
4 MeO@—I 22 6d (95)
5 CIOI 2 6e (64)
6 F3c©—l 47 6f (64)
(@]
7 >—©—| 21 6g (69)
M

exerts high regioselectivity>(99% y) and stereoselectivity
(>99% E), this novel catalytic one-pot rearrangement/
arylation of 2-allyloxypyridine should find many uses in
organic synthesis.

In summary, we have established that the rearrangement
of 2-allyloxypyridine () to N-allyl-2-pyridone ) could be
catalyzed by both Pd(Il) and Pd(0) complexes with different
mechanisms. Moreover, we have also established that the
one-pot rearrangement/arylation bfvith aryl iodide took
place under the influence of Pd[P(t-BlsJAg.CO; catalytic
system to afford synthetically useful N-substituted 2-pyri-
donesb6 in good to excellent yields with virtually complete
regio- and stereoselectivity.
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with various structurally and electronically diverse aryl
iodides in good to excellent yields (Table 4)Because it
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(18) Typical procedure for one-pot rearrangement/arylatio efith
aryl iodide (Table 4, entry 4): A solution df (53.8 mg, 0.40 mmol) and
Pd[P(t-Bu}] (10.3 mg, 5 mol %) in dry xylenes (1.5 mL) was stirred at
80 °C for 2 h under argon to giv& in situ. To this solution were added
4-iodoanisole (132.2 mg, 0.56 mmol), A8O; (154.3 mg, 0.56 mmol),
and dry xylenes (0.5 mL). After the resultant mixture was stirred at’@0
for 22 h, the catalyst and inorganic salts were removed by filtration through
a short silica gel pad (EtOAc). The filtrate was evaporated, and the residue
was chromatographed on silica gel (hexane/EtGAD1) to affordéd (90.8
mg, 95%) as pale yellow oil.
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