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ABSTRACT

A metalative 5-endo-dig cyclization reaction of 2-ynylphenoles or anilines effected by BuLi and ZnCl » produces 3-zinciobenzoheteroles in
excellent yield. These intermediates have been transmetalated to the corresponding cuprates and allowed to react with electrophiles to produce
a variety of 2,3-disubstituted benzofurans and indoles.

2,3-Disubstituted benzofurans and indoles form the core of with other carbon electrophiles that would offer more diverse
numerous natural products and have considerable pharmasynthetic possibilities. In addition, the reaction usingZat
cological potentiat. We previously reported a new metifod  gave 5-10% recovery of the protio produdtE = H), which

for preparation of this class of compounds by zinc-mediated is due to the fast, sluggish cyclization, causing in situ
cyclization of 2-ynylphenol or anilinel{, followed by competitive protonation of the zinc intermediatelbyn this
palladium-catalyzed C—C bond extensioim this previous Letter, we report a more synthetically useful procedure that
method, we relied largely on n to obtain the crucial zinc  allows quantitative generation of the 3-zinciobenzoheterole
intermediaté, bis(benzofuran-3-yl)zinc or (benzofuran-3-yl)- 2 and subsequent copper-mediated coupling with a variety
ethylzinc, that shares the same organometallic core structureof carbon electrophiles to give 2,3-disubstituted benzofurans
with 2 except the chlorine ligand on the metal atom. While and indoles.

such intermediates smoothly underwent Pd-catalyzed reac- - hint of the solution was already provided in our previous
tions with aryl and alkenyl halides, they resisted reaction gynthesis of indole3where ZnC} instead of EiZn tends to
give better results. Optimization of the reaction conditions
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ing 2-substituted benzofurans in excellent yield (entrie3)6

Scheme 1. Cyclization of 2-Ynylphenol (or anilinel to 2-EthynylphenolLd resisted cyclization, which stands in stark
3-Zinciobenzoheterol@ and Trapping with Electrophiles contrast to the smoothness of the cyclization for an aniline
_R _ _— couterpart givingdk in 99% yield. Poor stability of 3-met-
@\/ ;; ?ﬁé'.z { CuCN-2LiCl allobenzofuran compared with the indole countefpestld
iy  toluene, « R explain the intolerance for another metal atom at position 2.
1 reflux 2 The reaction proceeded equally well with 2-ynylanilines
X=0,NBn 1h—j under similar conditions (entries-&1). For substrate
E 1l (X = NBn, R= (E)-styryl), the yield was modest (entry
Cu(CN}*ZnCl . L . .
\ _electrophile (E¥) @R 12) because of the instability of the starting material.
R (addmve) X We tentatively attribute the large difference of the reactiv-
a ity between EfZn-generated bisphenoxyzinc and the BulLi/

ZnCl-generated phenoxyzinc chlorid® o increased Lewis
acidity of the zinc atom. We also attribute the lack of
allowed us to achieve the cyclization and the subsequentnecessity to employ TMEDA to the presence of LiCl, whose
transformations with much higher efficiency. Thus, we first Cl anion acts as a ligand to the zinc atom and prevents the
deprotonated acetylenic pherid (X = O, R = Ph) with formation of unproductive aggregates. We defer further
BuLi (1.0 equiv), and then added ZnQL.0 equiv) to obtain  discussion until we obtain concrete pieces of structural and
the corresponding zinc phenoxide as a clear homogeneousnechanistic evidence.

solution. Removal of the solvent in vacuo followed by  The zinc intermediat@ was found to be a much more
addition of toluene and heating at reflux for 1 h resulted in ,gefy| intermediate than those reported eaflién. the

the formation of the zinc intermediaga that was isolated presence of CUCN-2LiCl2 gave a variety of compounds,
quantitatively as its protonated forda (E = H) (Table 1, most of which are unavailable by our previous method (Table
2). 3-Allyl benzoheteroles and7 were obtained in quantita-

_ tive yield (entries 1 and 3). The butyl-substituted intermediate

Table 1. Cyclization of 2-Ynylphenol (or aniline}. into 2b was slightly less reactive than the phenyl-substitad
Benzofuran (or indole} (E = H)?2 but still gave the desired 3-allyl-2-butylbenzofugim good
time yield (entry 2). The reaction with cinnamyl bromide was
entry X R ) yield (%) (4) completely {2 selective (entry 4), in contrast to the2s
1 ) Ph | 100 (42 selectivity of I-ess hindered zinc reagehfsCoupling W!th
2 0 n-Bu 1 98 (4b) benzoyl chloride gave 3-aroyl benzoheteradeand 10 in
3 o t-Bu 48 98 (4¢) good vyield (entries 5 and 6). The method thus provides an
4 0 He 2 0 (4d) easy access to 2-substituted 3-aroyl benzofurans and indoles
2 8 ;Eghslgzl i lgg E::)) that are useful for the pharmacological studies.
7 0 CH,OMOM¢ 1 86 (4g) Copper-mediated 1,2-addition to benzaldehyde took place
8 NBn  Ph 1 100 (4h) to give the alcoholl1 in good yield (entry 7). When BF
9 NBn — n-Bu 2 97 (41) OEt was used as an additive, the first addition product
10 NBn ¢-Bu 16 98 (4j) | v
11 NBn He 9 99 (4k) further reacted with the second equivalent of the benzofuranyl
12 NBn (E)-styryl 2 48 (41) cuprate3ato yield an intriguing, highly substituted methane
aReaction conditions: BulLi (1.0 equiv), € to room temperature, 30 derivative 12 (entry 8). Michael addition to 2-cyclohexen-
min, then ZnC4 (1.0 equiv), toluene, 126C. ® Isolated yield. 2.0 equiv 1-one in the necessary presence of chlorotrimethylsilane as

H d — .. . .
of BuLi, ZnCl, was used” MOM = methoxymethyl. an additivé afforded the corresponding keton&3—15in

good yield (entries 911). Diethyl malonate also reacted
smoothly in the presence of chlorotrimethylsilane and
afforded the benzofuran estet6 and17 in excellent yield
(entries 12 and 13). The reaction with 3-iodo-2-cyclohexen-
1-one gave the conjugated ketdk®in excellent yield (entry
14).

entry 1). No starting materiall&) was recovered. An
additional merit is that the new procedure does not require
tetramethylethylenediamine (TMEDA) that was mandatory
in the EbZn-mediated method.
Cyclization of a hexynyl substratih (X = O, R= n-Bu)

also took place quantitatively (entry 2), with 95% deuterium :
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alkynyl phenols bearing styryl, thienyl, or GEMOM J. Org. Chem1992 57, 72487257.
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substituentsie—g) reacted smoothly to give the correspond- 3370.
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Table 2. Coupling of 3-Zinciobenzoheterowith Various Electrophiles in the Presence of Cu(l)

entry 1 electrophile conditions product yield (%)
X=0
1 1a R=ph 9 97
Br o \ X=0
2 1b /" 0°C,12h Q—Q\ ReBu © 81
X X=NB
= n
3 1h Roph 7 97
Br
4 1a /=/7 0°C,12h 8 98
Ph
5 1a X=0 9 91
PhCOCI 50°C,12h
6 1h X=NBn 10 72
7 1a PhCHO 50°C, 12h 1 68
BF5-OEt,
8 1a PhCHO 503G, 13h 12 76
X=0
9 1a R_ph 13 77
10 1b o Me,SiCl O x=0 44 24
0°C,12h { R=Bu
R
11 1ih X X = NBn
R=ph 19 65
12 1a COLEt COEt n_pn 16 95
/:< Me;SICl o.Et
13 1b COEt 0°C,12h \ n o R=Bu 17 83

o)

| (=0
14 1a @zo 0°C,12h 18 90
L
o’ ~Ph

aReaction conditions: a mixture & (1.0 mmol) in toluene (1.0 mL) was cooled t678 °C and CuCN2LiCl in THF (1.0 M, 1.0 mL), additive (2.4
mmol), and electrophile (1.2 mmol) were successively added. The mixture was then warmed to the indicated temperature and stirredSi@headie
used in situ as an additive, the reaction mixture was quenched with tetrabutylammonium fluoride (THF solution, 1.0Prsolited yield based oh.
¢ Determined by*H NMR.
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In conclusion, we have developed a procedure for the . . . ) .
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