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The palladium(0)-catalyzed inter- and intramolecular carbopalladation-heterocyclic ring expansion employi

ng
allenic alcohols and axyl iodides provides a novel and facile route to 4-oxo-1-isoquinolone derivatives in
reasonable to high yields. © 1998 Clsevier Science Ltd. All rights reserved.
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The palladium(0)-catalyzed coupling of haloarenes and haloalkenes with olefins, known as the
Heck reaction, has proved to be ane ’ic1em reaction f r the carbon-carbon Dond for aation. The

and heterocyclic systems is well documented.' In view of increasing interest in the elegant utility
of this methodology, inter- and intramolecular cyclic carbopalladation of allenes has attracted
attention, which has been focused, in part, on the carbo- and heterocyclic compounds.’

Generally, when aryl halides are used in Heck reactions, a frequent problem is the formation of
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terminaie the catalytic cycle.” In conjunciion with this phenomenon, we expected that if a

nucleophilic attack of amide anion formed by cleavage of the C-N bond in a n-allylpalladium
intermediate B was involved, a ring expansion reaction induced by the coupling of allenic
alcohols A with aryl halides (ArX) could be catalytically promoted by use of Pd(0), yielding
one-carbon ring-cxpanded heterocyclic compounds C as illustrated in Fig. 1.

Recently, Nemoto et al. reported an excellent carbocyclic carbopalladation of
allenylcyclobutanols followed by ring expansion giving the corresponding cyclopentanones.*
We now describe a novel, efficient construction method of 4-oxo-1-isoquinolones 2 starting

from vy-lactam precursors 1 bearing an allenic alcohol moiety based on the inter- and
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magnesium flakes, and catalytic HgCl, with a solution of 1-bromo-2-butyne in THF.” A variety
of reaction conditions were examined for the initial feasibility studies of the compounds 1, that
is, exposure of allenic alcohols 1, excess of aryl iodides (Arl), and 1.2 mol eq. of K,CO, to 5
mol % of Pd(PPh,), using DMF as a solvent. These conditions gave substituted 4-oxo-1-
isoquinolones 2, but only in poor yields (<34%). Although variation of the amounts of K,CO,
(>1.2 mol eq.) and employment of other base (e.g., Et;N) were investigated to elevate the
chemical yields relevant to this heterocyclic carh(mallada_tmn ring expansion reaction, all

tentative reactions resulted in yields less than 38% along with the decomposition of the

comnnnnde 1 T anteng and ]Jt:rn6 ronarted that the additinn of manlecnlar cieyag tn a gimilar

CULIEPUMILIIVID A . /AQULLVALID Al AN 1\ 1 BWAL LIl LIV GuILIVIL vl LlIviivLwul CIVYLY U A dlilllidal

s lintimm il A la smomtialematad tem tiviismzraniant ~F tha ialdas bamiiracras  t: miie ~nca ok

LybllLdll 1 COuUula ve pd.l llblp tCU 1l i llplUVC HCIIL U1 LIC ylclua, HNHOWCYCL, 111 OUul CadC >dUCL
1 s £ a1

addition proved inadequate. After various experiments for the conversion of 1 to 2, we reached
optimized reaction conditions with 5 mol % of Pd(PPh,),, using THF as the solvent (shown in
Scheme 1).” Thus, the desired reaction proceeded smoothly at reflux when a THF solution of all-

|Pd (PPha)s
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Scheme 1. Intermolecular tandem carbopalladation-heterocyclic ring expansion mode

enic alcohols 1, 3 mol eq. of aryl iodides, and 5 mol % of Pd(PPh,), are mixed in the presence
of 1.2 mol eq. of K,CO, under an N, atmosphere. All resuits of the intermolecular
carbopalladation-ring expansion are listed in Table 1. In our system, the reactions proceeded to
give exclusively the nonconjugated exomethylene products 2 (entries 1-12) without producing a
mixture with the o, B-unsaturated ketones, because the methyl-substituted allenes such as 1 were
used.” In these reactions, the cases using the aryl iodides bearing an electron-donating substituent
gave better yields and had shorter reaction times (entries 2, 3, 5, 6, 8, 9, 11, and 12) than those
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using phenyl iodides (entries 1, 4, 7, and 10), respectively.® When the N-benzyl derivative 1 (R
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y
= Et, n-Pr, and i-Pr). The use of excess K,CO, as the base was unnecessary to promote the re-

Table 1. Conversion of 1 to 2

entry 1 Ar time (h) vield (%)¥  entry 1 Ar time (h)  yield (%)
R 2 R 2

1 Et Ph 30 81 7 iPr Ph 31 84

2 " p-MePh 26 90 8 " p-MePh 28 a0

3 " p-MeOPh 25 90 9 "~ p-MeOPh 26 88

4  nPr Ph 40 86 10 Bn Ph 23 68

5 " p-MePh 24 92 11 " p-MePh 22 70

6 " p-MeOPh 36 91 12 »  p-MeOPh 15 74

a) 1enlation vield
Isolation yield

action. In the absence of aryl iodides, PdCl, was tentatively used for the ring expansion reaction.
However, no reaction occurred (94% recovery of the starting material). The structures of
products 2 were determined by their characteristic spectroscopic data [IR (CHCl;) 1692 - 1690
(ketone) and 1647-1645 (amide carbonyl) cm™; "THNMR (200 MHz, CDCl,) 8 5.52 - 5.63 (s, 1H,
exomethylene) and 5.55 - 5.82 (s, 1H, exomethylene)] and X-ray crystallographic analysis 8 s (2:R

................ ar s, 1N, exomel 4
= Bn. Ar = p-MePh) as shown in Fio We hav
AWE LA 4 EAMR Y

= ASERy i3z i) S O VAR x3x 2 ag.

carbopalladaﬂon« ng xpanswn reactlon of allenic al ohol 3. Name]y, subjcctl g allenic

go

also attempted an intramol

GQISTU Quiviiipiias 4 e

('D

A

H .

N A D mell

. Nt e s (e ot oy /\/\1/‘\/\
LN .‘,"ff”f'ij’_’;‘i”"' W, e O

mol eq.), ~N \ﬂ \_Jv 72% V\"/\/’ N
O a4 0

Scheme 2. Intramolecular tandem carbopalladation-heterocyclic ring expansion mode

lar reactions afforded 4-oxo-1-isoquinolone derivative 4 [colorless prisms (Et,O-hexane-
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carbopalladation-ring expansion using allenic alcohols and aryl iodides appears to be quite
general.

In conclusion, the results described here demonstrate that inter- and intramolecular tandem
carbopalladation-heterocyclic ring expansion reactions based on the three-component
combination of allenic alcohols, aryl iodides, and Pd(PPh,), are profoundly influenced by
incorporating THF solvent into the reaction. Applications to the syntheses of natural products
clic compounds will be pursued in future work.
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was refiuxed under an N, atmosphere for 26 h. The reaction mixture was quenched with sat. NH,Cl and then extracted with ether. The

Ol'gdnlc layer was washed with Dnne dried over 1VlgDU4, and fiitered. The filiraie was SVdeIdl.CU in vacuo to afford the crude prouuu,

which was purified by flash column chromatography on silica gel with ether-hexane (1:3) to give 4-oxo-1-isoquinolone2 (R =Et, Ar

RV N T 13

= p-MePh){(0.19 g, 50 % yieid) as a pale yeilow oii.
=p- N 2 yi paicy

2

0.085, GOF =176
[91 Compound 4: IR (CHCL,) 1689, 1645 cm™; '"H NMR (200 MHz, CDCL,) & 1.87 (s, 3H), 4.39 (d,J = 17.57 Hz, 1H), 5.03 (s, 1H),
5.60 (s, 1H), 6.03 (d, /= 17.57 Hz, 1H), 7.29 (brs, 3H), 7.74 (m, 3H), 8.19 (d, / =7.57 Hz, 1H), 8.31 (d,J = 7.57 Hz, 1H); HRMS
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caled for CoH,sNO, MW 289.1103, found m/z 289.1094 (M").



