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2,3-Disubstituted furo[3,2-b]pyridines, 2,3-disubstituted furo[2,3-b]pyridines, and 2,3-disubstituted furo[2,3-c]pyridines are readily prepared under
mild conditions via the palladium-catalyzed cross-coupling of 1-alkynes with o-iodoacetoxy- or o-iodobenzyloxypyridines, followed by electrophilic

cyclization by I, or by PdCl, under a balloon of carbon monoxide.

The furopyridine nucleus represents a useful pharmacophorerepresent the bottleneck for further studies and development

in a variety of therapeutic aredfRecently, this structural

unit has been incorporated into HIV protease inhibitor
candidated. Despite its importance, however, synthetic
methodologies for its construction remain limited, and the

in medicinal chemistry.Our palladium-catalyzed coupling-
cyclization ofo-iodopyridinols with terminal alkynés$ and

of o-alkynylpyridinols with aryl and vinyl halides or triflates

are among the most general and versatile synthetic method-

provision of sufficient amounts of these substances may ologies for the preparation of a variety of 2-substituted
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furopyridines. The synthesis of 3-substituted furopyridines
is carried out by the palladium-catalyzed cyclization of
iodopyridinyl allyl ethers. However, the preparation of 2,3-
disubstituted furopyridines still remains a synthetic challenge.
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There are only a few reports concerning the synthesis of this
class 9f compoundsand the develo_pment of new, more _Table 1. Preparation of 2-Substituted 3-lodofuropyridirzs
versatile procedures appears desirable. Our success ing 2 3-Disubstituted Furopyridings

preparing 2,3-disubstituted benb{firans via iodocycliza-
tion of o-alkynylphenol&1°followed by palladium-catalyzed
reactions of the resultant 2-substituted 3-iodobellfafans
encouraged us to employ related chemistry for the prepara- 1
tion of 2,3-disubstituted furopyridines. We were also stimu-
lated by our involvement in a program devoted to the
development of more potenf3aggregation inhibitors, based

on the synthesis of isosteres of related benzofurans. Recently, 2 1a B
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a number of benzofurans have been identified as efficient COOMe
A aggregation inhibitorst The formation of fibrillar protein oA 7a (62)
aggregates is an important pathological feature of neuro- 5 A A P )—CH(OEY),
degenerative diseases such as Alzheimer’s disease, Parkin- NN \

son’s disease, and the prion diseaSes. b (74) CH(OED, 2b (60)

In analogy to our previous workg-akynylpyridinols were

initially selected as the starting alkynes. However, underthe , ¢ B | \/ 3 CH(OE),

conditions used by us for the preparatioroailkynylphenols N CoOMe

from o-alkynylphenylacetate's, o-acetoxyalkynylpyridines 7b (50)

produced o-akynylpyridinols in low yield, 2-substituted - OAC 20 OH

furopyridines being the main reaction products. For example, 5 ' e on B Mem CMe)Et

removal of the protective acetyl group froba (acetone/2 SN Me)et COOMe

N HCI, 4 h, 60°C) gave 2-phenyl-furo[3,P}pyridine in 68% 1c (84) e (70)

yield. The desired 2-phenylethynyl-pyridin-3-ol was isolated N OAC e

. . . 6 l A | L _)—Bu

only in 25% yield and showed a strong tendency to cyclize Me™ N7 e Mem

on storage. g :
After some experimentation, we were very pleased to find 1d (75) 2 (62)

thato-acetoxyalkynylpyridined could be directly employed 7 14 B m&jn

in the preparation of 2-substituted 3-iodofuropyridines via Me” N7

iodocyclization, with the advantage of replacing a stepwise 7d (67) COOMe

synthesis with a domino proceks.Compoundsla—e, cl cl

bearing electron-donating and moderately electron-withdraw- NSy OAC N e

ing substituents in the pyridine fragment, were prepared by 8  aco L _- A Ho N A /™

using a procedure based on the palladium-catalyzed reaction > Ph [

of 1-alkynes witho-acetoxyhalopyridines in THF at room 1e (72) 2d (72)

temperature in the presence of a catalytic amount of*Cul ¢

(see Table 1). o 1e B L O %
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a8 Procedure Al/I/NaHCQ; = 1:3:3 in MeOH at rt (0.5%£3.38 mmol
scale). Procedure BU/K,COs/NaOAc/CuCh-2H,O/PdCh = 1:2:2:3:0.05
in MeOH at rt, under a balloon of carbon monoxide (62772 mmol scale).
Procedure C3/1,/NaHCGQ; = 1:3:3 in EtOH at rt (0.621.23 mmol scale).
bYields refer to single runs and are given for isolated products.

lodocyclization ofo-acetoxyalkynylpyridineda—e gener-

ates, under the conditions shown in Scheme 1, the corre-

sponding 2-substituted 3-iodo-furo[3pyridines and 2-sub-
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s Though removal of the acetyl group before formation of

Scheme 1 4 cannot be excluded, a deacetylation step following the
formation of4 appears more likely. Premature removal would

AC | NaHCO; %O . be expected to generate 2-substituted furopyridines in
& MeOH. 1. w'? significant yield, whereas the formation of 2-substituted

furopyridines has been observed only in trace amounts under

iodocyclization conditions. Isolation of 2-phenylfuro[HR-
pyridine 5 in 45% yield together with 2-(phenylethynyl)-
stituted 3-iodo-furo[2,3pyridines2 in good yields (Table pyridin-3-ol (52% vyield) after subjectingja to our standard
1, entries 1, 3, 6, 8). conditions for 4 h, omitting J gives support to this
The preparation, according to the above proceduc, hypothesis. The possibility that the formation Bfmay
o-acetoxyalkynylpyridines containing strongly electron- proceed through (1) deacetylation, (2) cyclization, and (3)
withdrawing substituents in the pyridine ring was prevented iodination of the resultant 2-substituted furopyridines is ruled
by the instability of the corresponding-acetoxyhalo- out by the following experiment: 2-phenyl-furo[3i#}-
pyridines. The latter, in fact, whose preparation was at- pyridine’5 was recovered essentially unchanged (90%) after
tempted via acetylation a-halopyridinols, were found to  treatment with 4 and NaHCQ in CH;OH at room temper-
undergo a deacetylation reaction under workup conditions, ature for 24 h (Scheme 4).
thus making them unsuitable as partners in the coupling step.

The use of other protecting groups was explored, and the_

benzyl group proved to give satisfactory results. The benzyl

Sch 4
derivatives3a,b, prepared in high yield through the pal- cheme
ladium-catalyzed coupling of the correspondingodo- mph l2, NaHCOs — eaction
benzyloxy derivative and phenylacetylene, afforded the N~ MeCH, r.t

furo[2,3-b]pyridines 2e,f in good yield (Scheme 2) (Table 5
1, entries 10 and 11).

With benzyl derivatives, the reaction may proceed through
an alternative reaction pathway involving the nucleophilic

Scheme 2 ’ .
attack of the oxygen to the activated carbaarbon triple
| Nap O PP Nakcos I N0 R bond before the cleavage of the-Gpenzyibond. Accordingly,
E00C” ~F N BOH. 1t o0 ~F 4 the benzyl derivative3a was r_e_covered_ qnchanged after
3ab R 2ef | treatment under reaction conditions omitting |

The potential of 2-substituted 3-iodofuropyridingsas
precursors for increasing molecular complexity via pal-
As for the reaction mechanism af-acetoxyalkynyl- ladium-catalyzed reactioffshas been briefly investigated
pyridines (Scheme 3), a tentative rationale considers theusing2aas the model compound. Some examples are shown

following steps: (1) initial formation of the bridged-ion in Scheme 5.

intermediated, (2) nucleophilic attack of methanol to the

carbonyl group to free the pyridinolic oxygen, and (3)

intramolecular nucleophilic attack of the oxygen across the
activated carboncarbon triple bond to give the target

furopyridine product. (ic;cph
N
i 7 6a(89%)==
NSO / " i )
Scheme 3 el
N i

Scheme 5

R’ qu R1 E 2a !
. + N o
|/N/ - INA
R? x REY SR
1,3 R® 4
R E E = CH,Ph
PN +c’) E = COMe i HyC:CH-SnBug, LiCl, Pd(PPh3),, tert-butylcatechol, 90°C, 12h
| N R® i 0-CgH4(CHO)B(OH),, K5CO3, Pd(PPhs)s, PhCHg, 85°C, 2h
R? ~MeOE| MeOH iii. CHCOCHCOCH , K5CO3, Pd(PPh3)s, DMF, 60°C, 3h
! CH,C=CH
—MeOE,~H" |MeOH
R1
|\ N\ Q, 5 | N\
R = . . .
et A H RS {; Compound?a, however, failed to give the corresponding

2-phenyl-3-carboxymethylfuropyridinga in satisfactory
yield under alkoxycarbonylation conditions. For example,
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treatment oRa (0.79 mmol) with methanol (5 mL) under a

balloon of CO in the presence of triethylamine (15.8 mmol) Scheme 6
and Pd(PP$, (0.04 mmol) at 60°C for 24 h led to the PdC,
formation of 7aiin only 13% yield. R NaOAc, K,CO5  R!

. . . . R OAc c . O
A nice solution to this came up when we discovered that I'N + co uCly*2H0 Rs
electrophilic activation by Pdglcan allow the direct for- R2/F SN MeOH, rt. R
mation of 2-substituted 3-carboxymethylfuro[&jpyridines R® ; COOMe
and 2-substituted 3-carboxymethylfuro[Zpyridines 7
from o-acetoxyalkynylpyridinedl. Reactions were carried
out by subjectindl to PdC} in methanol, under a balloon
of carbon monoxide, in the presence of NaOAc an@C®;
as the bases and CuyGls the oxidative agent (Scheme 6).
Our preparative results are summarized in Table 1 (entries
2,4,5,7,9).

In summary, we have shown that employment of
acetoxy- ando-benzyloxyalkynylpyridines in sequential
O-deprotection/electrophilic cyclization reactions can provide

1

temperature. Further work is in progress to extend the
synthetic ease of the present methodology to the preparation
of more complex molecular structures.
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