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to the m-system) is inductively influenced by both a-carbonyl
and B-stannyl substituents and reactive towards both elec-
tron-poor and electron-rich double bonds. This behavior is
not surprising in view of the results on (m-exo) type cycliza-
tions of a-carbonyl-B-stannylvinyl radicals generated from
propiolates and acetylenic ketones.®

The substrate 1¢ was converted into the product 2¢ in
good vyield, but the substrate 1d was recovered in high yield
under identical reaction conditions. From the results, we can
surmise that a-silyl-B-stannylvinyl radicals [B] are nucleo-
philic in nature (with high SOMO energy) and react only
with electron-deficient double bonds.

The above reactions afford cyclopentene derivatives with
multiple substituents, useful for further manipulations. For
example, palladium-catalyzed arylation of 2a and 2c¢ afforded
products 3a and 3¢ in reasonable yields (Scheme?2).

The reactivity profile of substituted vinyl radicals deline-
ated here for (n-endo) type cyclizations will be used as a
guide in cyclopentenoid synthesis.
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The combination of sodium borohydride with transition
metal salts exhibits enhanced reducing abilities when compa-
red with sodium borohydride itself.! Thus NaBH,-Pd/C? or
NaBH,-PdCl;** and more recently NaBH,-CuCl,® have been
reported to be useful for the dehalogenation of aryl halides
in alcoholic solvents. NaBH,-[Ni(0)(PhsP);] in DMF® was
also reported to be effective in the hydrogenolysis of aryl
bromides.

Sometime ago, borohydride exchange resin (BER) was in-
troduced by Gibson and Baily” and we reported BER is an
interesting chemoselective reducing agent for carbonyl com-
pounds in alcoholic solvents®® and several other significant
applications were also presented.’ Recently we have found
that BER is much more stable than NaBH, in methano! in
the presence of nickel boride, and BER-Ni(OAc); in methanol
proved to be an excellent reduction system for nitro com-
pounds.!” We also found that both 4-bromonitrobenzene and
4-chloronitrobenzene were quantitatively reduced to aniline
in methanol in 1h at room temperature. This prompted us
to explore the generality of the dehalogenation with BER-
Ni(OAc);. In this paper, we wish to report that BER-Ni(OAc),
system is capable of reducing aryl halides in excellent yield
with good selectivity.

The procedure is very simple. Aryl halide was added to
the mixture of BER (5 mol equiv) and Ni(OAc). (0.5 mol
equiv) in methanol. The reaction mixture was then stirred
at room temperature or under reflux for 1-3h. After the
reaction was completed, the resin was filtered and methanol
was evaporated under reduced pressure to give the nearly
pure product. The product was purified by silica gel column
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Table 1. Reduction of Aryl Halides with BER-Ni(OAc), in Me-
thanol at Room Temperature

Entry Aryl halide Product Time Yield(%y
(h)
1 O O 3 0
2 o) O 1 98
3 ey & 1 100
4 - C} 1 97
5 C"b b 3 40, 85
s CO CcO 3, 82v
Cl
7 o) o 1 94
§  CI—{ )-CHOH (C)-cHzoH 1 ousry

o 3 95

78(92y

{)-cHoH 1 96/

10 cx-(f}-ocw3
11 cn—O—CHO

12 O~ CHOCHy, { )-CHOCH: 3 33 gov

13 Br—{_)-COCH, {FcHorcH; 1 95

14 C}C-lcoon {_)-coon 1 81)
ol

15 G—COOEt C}-coost 1 98(93)

16 o~ pon )on 1 93(@5F

17 a1 p-No, e 1 92)

18 CI—{ )N )N 3 64, 9%
19 mer (Nj 3 83, 97
20 C(Nj’ B OfNj 3 80, 91(84)

°GC yields for small scale reduction (1 mmol). Isolated yields
in parenthesis for preparative scale reduction (10 mmol). ® Reduc-
tion was carried out under reflux for 1 h using 10 mmol equiv
of BER. ““Tetrahydronaphthalene (15% and 18%") was also pro-
duced. ‘Reduction was carried out under reflux for 1h. “Toluene
(3-6%) was also produced. ‘Benzyl amine (4%) was also produc-
ed. *2-Methoxypyridine (15%) was also produced. ‘Reduction was
carried out at 15C using 10 mol equiv of BER. ‘Tetrahydroqui-
noline (19%) was also produced. *Reduction was carried out un-
der reflux for 1h using 0.1 mol equiv of Ni(OAc), and tetra-
hydroquinoline (9%) was also produced.
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chromatography if necessary. In the case of 2-chlorobenzoic
acid, sodium 2-chlorobenzoate was reduced to sodium ben-
zoate," and the benzoic acid was obtained on acidification.
The results are summarized in Table 1.

As shown in Table 1, BER-Ni(OAc), system did not reduce
fluorobenzene (entry 1) as expected; however, rapidly re-
duced chloro-, bromo- and iodobenzene (entries 2, 3, and 4)
in excellent yields at room temperature. However, 2,6-dime-
thylchlorobenzene was reduced very slowly (40% in 3 h)
apparently due to the steric effect. The yield was improved
to 85% by heating under reflux (entry 5). BER-Ni(OAc), sys-
tem tolerated hydroxymethyl, phenol, methoxy, acetal, carbo-
xylic acid, ester, cyano, and amino groups (entries 8, 9, 10,
12, 14, 15, 16 and 18). However, small amounts (3-6%) of
toluene were produced due to hydrogenolysis of benzylic
groups (entries 8, 11 and 12). On the other hand, the reduc-
tion of 1-chloronaphthalene and 3-bromoquinoline (entries
6 and 20) produced considerable amounts of the correspon-
ding tetrahydro derivatives along with the expected products,
naphthalene (82%) and quinoline (91%). In the case of 2-bro-
mopyridine (entry 19), pyridine (83%) was obtained accompa-
nying with 2-methoxypyridine (13%) in 3 h at standard con-
dition; however, by carrying out the reduction at 15C using
10 mol equiv of BER, a quantitative yield of pyridine (97%)
could be obtained.

In contrast to the present system, with NaBH,-Pd/C? or
NaBH,-PdCl,*, either the reaction had to be carried out un-
der basic condition or the yields were moderate (50-80%),
and NaBH,-Cu,Cl,® system could not reduce chlorobenzene
and gave poor yields on debromination of aryl bromides.
NaBH,-[Ni(0)(PhsP);] in DMF® required a prolonged reac-
tion time at elevated temperature (70C) and gave a poor
yield with chlorobenzene. BER-Ni(OAc), system has another
significant advantage over other NaBH,-transition metal salt
systems. Thus simple separation of BER-Ni;B by filtration
gives the methanol solution of products essentially free from
boron moiety.” Just in one case (entry 13), we had a difficulty
to separate the reduction product of 2-chlorobenzoic acid
from the resin. This was overcome by reducing its sodium
salts.

In conclusion, BER-Ni(OAc), system in methanol is a rea-
gent of choice for the reduction of aryl halides because of
its excellent yield, very good selectivity and simple proce-
dure.
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