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ABSTRACT
o cat. FeCls OH
RMgX R
MOMe TMEDA OMe e
OMe —8M8 single isomer
THF OMe

R = aryl, alkenyl, or 1° and 2° alkyl ; R' = aryl, alkenyl, or H

Arylative and alkenylative ring-opening reactions of a [2.2.1]- or [3.2.1]Joxabicyclic alkene with a Grignard reagent take place in the presence
of a catalytic amount of iron(lll) chloride and a stoichiometric amount of TMEDA to produce a highly substituted 3-cyclohexen-1-ol or

3-cyclohepten-1-ol in good yield with high regio- and stereoselectivity.

Being environmentally benign, economical, and nontoxic,

In a series of recent publications, Lautens et al. have

organoiron complexes are attracting increasing attention asdemonstrated the utility of regio- and stereoselective ring-

catalysts for chemical synthesigsmong recent advances,
catalytic carbor-carbon bond formation reactions are par-
ticularly noteworthy? and the first application of an orga-
noiron catalyst for catalytic asymmetric synthesis was
reported recently from this laboratoty.
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opening reactions of the oxabicyclic alkenes for the synthesis
of cycloalkenols! This transformation is best achieved in
the presence of a nick#; palladium?d rhodium?¢~95 or
zirconiunf catalyst by using organometallic reagents such
as an organoaluminuforganoziné*® or organoboroh
reagent as well as neutral nitrogen or oxygen nucleophiles.
The utility of the Grignard reagent, the most readily available
carbon nucleophile, has thus far been rather limited in terms
of the structural variety of the Grignard reagent, the
selectivity, and the reproducibility of the reactithv. We
report in this letter an iron-catalyzed ring-opening reaction
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of an oxabicyclic alkene with a Grignard reagent that || NN ENNRNGECEGGEEGEGEGEEEEEEEEEEEEE
proceeds in a highly regio- and stereoselective manner. 1 pie 2. Iron-Catalyzed Ring-Opening Reactions 16f
The iron-catalyzed ring-opening reaction of 4,5-bis-

. t temp. ti duct (yield)?
(methoxymethyl)-7-oxabicyclo[2.2.1]hept-2-er) {s per- ety RMX emp. time product (yield)
formed by way of example, and optimization studies are Voo MeO oH
summarized in Table 1. Whehwas treated with phenyl- © O

1 25°C 3h OMe
MgBr OMe
3 (69%)
Table 1. Effect of TMEDA on the Iron-Catalyzed Me oH
Ring-Opening Reaction af? Me O
catalyst 2 MaB 20c on ‘ OMe
Y OH gBr M
Q PhMgBr (20eq) . Ole
MOMe TMEDA OMe 4 (72%)
OMe
OMe THF O OH
1 2
3 M 65°C 1h OMe
gBr Me OMe
entry catalyst TMEDA temp time yield® Me
5 (75%)
1 FeCls; (5 mol%) none 25°C 8h 65% OH
2 FeCls; (5 mol%) 3.0equiv 25°C 3h 74%
3 none 30equiv 25°C 10h 0% 4 A Mger 65°C 13h /\Q':COMe
OMe

aReaction was performed by the addition of a THF solution of geCl
(5 mol %) to a mixture of the oxabicyclic alkerieand phenylmagnesium 6 (41%)°
bromide (2.0 equiv) in THF in the presence or absence of TMEDA (3.0 OH
5 YMQBF 65°C 5h

equiv).? Isolated yield.
magnesium bromide in the presence of iron(lll) chloride (5 7 (40%)°
mol %) at 25°C for 8 h, a phenyl-substituted cyclohexenol

OMe
OMe

¢

2 was obtained as a sole product in 65% yield (Table 1, entry T

1):3 Addition of N,N,N;N'"-tetramethylethylenediamine (TME- 6 EtMgBr 25°C 1h /\@OMG
DA, 3 equiv) to the reaction mixture facilitates the ring- OMe
opening reaction to complete the reaction at’@5for 3 h, 6 (24%)°
and the yield of the desired prodwincreased to 74% vyield n-HysCry OH

(Table 1, entry 2). The reaction took place in such a manner
that the phenyl group attacks the carb@arbon double bond
from theexo-face of the substrate to give all-cis-substituted

OMe
OMe

7 nCuyHagMgBr  25°C 1h

s

cyclohexenol produc2 after subsequerft-eliminative ring 8 (54%)
opening of the oxygen bridge. THel NMR and the GC oH

analysis of the crude product did not show any trace of other g -PrMgBr 25°C 1h CCOMe
isomers, indicating that the reaction is completely regio- and OMe
stereoselective. In the absence of the iron catalyst, the 9 (92%)
reaction does not take place even after 10 h and gives back

all of the starting material (Table 1, entry 3). aReaction was performed with FeQl5 mol %), RMgX (2.0 equiv),

. . . . . and TMEDA (3.0 equiv) in THFP Isolated yield.c Oxabicyclic alkenel
The results of the ring-opening reactionlofvith a variety and 1,6-bis(dimethoxymethyl)cyclohex-2,4-diene were obtained in 20 and

of Grignard reagents are shown in Table 2. The reaction of 5% vields, respectively!in entry 5, oxabicyclic alkenel and 1,6-
9 9 bis(methoxymethyl)cyclohex-2,4-diene were obtained in 14 and 28% yields,

1 with (9-methoxyphenyl)mag_nesium k_)romide pft0|y|_- respectively 1,6-Bis(methoxymethyl)cyclohex-2,4-diene, 5,6-bis(methoxy-
magnesium bromide gave a single regio- and stereo|somemetﬂy:g-%?xa\blcs‘/{o{zi-l]{;wptane,bar}d él_R*,1588*5358*)-2&3-1b3:§/(m¢tfrgxy-

: 0, : : 8 met yl)cyclohex-4-en-1-0b were o tained in s , an 0 yields,
3 or 4 in about 70% vyield (Table 2, entries 1 and®ZJhe respectively.

(7) Nickel-catalyzed ring opening of oxabicyclo[2.2.1]- and -[3.2.1]-
alkenes with a phenyl Grignard reagent gives a mixture of regio- and . . - .
stereoisomers througxo or endoattack of the nucleophile. The regio- ~ reaction took place with equal facility fartolylmagnesium

selectivity of the C—C bond formation depends highly on the solvent and promide, which bears am-substituent of some steric

the catalyst. Thus, only a methyl Grignard reagent gives the corresponding .. . - .
ring-opening product with high regioselectivity. hindrance, to give the cyclohexen®lin 75% yield (Table

(8) Representative experimental procedure for the synthesiRoP&:,- 2, entry 3).
53,6 S)-5,6-bis(methoxymethyl)-2g-methoxyphenyl)-cyclohex-3-en-1-ol
(3): To a solution of p-methoxyphenyl)magnesium bromide (1.0 M in THF,
0.6 mL) and TMEDA (0.90 mmol, 1358L) in THF (0.75 mL) was added mixture was quenched with saturated MH (0.2 mL), filtered through a

the oxabicyclic alkend (0.30 mmol, 55.3 mg) at OC. To the reaction pad of Florisil, and then concentrated in vacuo. Purification with silica gel
mixture was added Fe€(0.1 N in THF, 0.015 mmol, 15@L) at 0 °C. chromatography gave the cyclohexei30(61.3 mg, 74% yield). Spectral
The resulting dark brown solution was stirred at°@5for 3 h. The reaction and physical properties & were identical to those in the literatute.
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Vinylmagnesium bromide and 2-methyl-1-propenylmag-
nesium bromide also smoothly reacted withnder the same Table 3. Reaction of Various Oxabicyclic Alkenes with
catalytic conditions (Table 2, entries 4 and 5). It was phenyimagnesium Bromide
surprising that ethylmagnesium bromide gave the vinylated
product6 as a sole organic group transfer product (Table 2,
entry 6). This is likely due tg-hydride elimination of an OH
ethyl iron intermediat&prior to the C-C bond-forming step. P OMe
More surprising was the reaction 0fC;4HdMgBr, which 1 J O?A’;Ae 25°C 3h OMe
afforded the product of 2-tetradecenyl-group transfer product

8 as shown in entry 7. The structure of the incoming group 10
again suggested intervention gfhydride elimination, but

now with the formation of a 2-metallo-1-alkenyl species.
2 Z/j} § 65 °C

entry substrate temp. time product (yield)?

When a secondary alkyl Grignard reagent was allowed to
react with 1, hydride reduction took place in good yield.
Thus, the reaction ot with 2-propylmagnesium bromide OMe
proceeded with high regio- and stereoselectivity to give the 12
compound9 in 92% yield (Table 2, entry 8).

Other oxabicyclic alkenes took part in the ring-opening 0.
reaction under the iron catalysis (Table 3). In the reaction 3 ﬂ% 25°C
of bridgehead-substituted substra€s the reaction took place
in such a manner that the phenyl group is delivered to the 14 15 (54%)°
olefinic terminus distant from the methyl group to give
exclusively the productLin 80% yield (Table 3, enty 1), ESaeist s b ot L0, ERMOoL 25 0
Arylative ring opening of an oxabicyclo[3.2.1]octeh2with obtained in 9% yieﬁd.d Reaction was perfo%me(.j at°C fo?’ 1 hand at 25
phenylmagnesium bromide gave the corresponding cyclo-°C for 2 h.¢ Naphthalene was obtained in 28% yield as a side product.
heptenoll3in 67% vyield as a single diastereomer (Table 3,

entry 2). The reaction a4 provided benzocyclohexendb the formation of some alkenylated products can be provided
in 54% yield. Although the formation of naphthalene was at the present time. Studies on the reaction mechanism and

accompanied by the ring-opening reaction (28% yield), the toward application for asymmetric synthesis therefore con-
regio- and diastereoselectivity are sufficiently high to give tinye.

a single stereoisomer in good yield (Table 3, entry 3).
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