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ABSTRACT
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Asymmetric reductive ring opening of oxa- and azabenzonorbornadienes with organic acids and zinc powder under mild conditions catalyzed
by Ni(binap)Cl, or Pd(binap)l, produces the corresponding 1,2-dihydronaphth-1-ols in good to excellent yields with high enantioselectivity.

Transition metal-catalyzed ring-opening reaction of oxa- palladium and nickel-catalyzed ring-opening addition of these

bicyclic compounds is very useful in the synthesis of cyclic alkenes with organic iodidé&s!! and more recently with

and acyclic compounds with multiple stereocentehu-

terminal acetylene¥. Lautens et al. have demonstrated the

cleophilic ring opening of oxabicyclic alkene using organo- reductive ring opening of oxabicyclic alkenes via the

magnesium, organolithium, organozinc reagents, organo-palladium-catalyzed hydrostannation and nickel-catalyzed

boronic acids, alcohols, and carboxylates has been extenhydroalumination reactiot. In addition, a nickel-catalyzed

sively studiec®® Our long interest in the chemistry of oxa-
and aza-bicyclic olefins!? has led to the development of
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hydride (DIBAL-H) reductive ring opening of oxabicyclic

alkenes to give ring-opening products with excellent enan-

tioselectivity was reportetf. However, to date, no report on

organic acid-promoted (asymmetric) reductive ring opening
of oxabicyclic alkenes has been given. In this letter, we
describe a palladium and nickel-catalyzed reductive ring
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opening of oxabenzonorbornadienes with organic acids to

furnish 1,2-hydronaphth-1-ols in good yields and high enan- Table 1. Effect of Various Organic Acids on the Reductive
tiomeric excess (ee) (Scheme 1). This nickel and palladium- Ring Opening of 7-Oxabenzonorboradietes

. . yield ee
entry acid time (h) ) (%)
Scheme 1 1 (CH;CH,CH,),CHCOOH (2a) 2 87 83
2 CH;);CCH,COOH (2b 2 89 82
R' R? " R! RZ OH (CH3)3 2 (2b)
. 3 CH;COOH (2¢) 2 90 77
s Rcooy  _PAbinap)Cly O‘
1 Zn. toluens, 25 °0 4 CH;(CH,);COOH (2d) 3 69 73
R R! R? CH,COOH
1 2 ’
daf 5 3 87 79
1a R'=R?=H, X=0
1bR'=CH;, R°=H, X=0 (2e)
1cR'=H, RZ=CH, X=0 COOH
1d R'=R?=H, X=NCO,CH, ¢ 5 % 30
1e R'= R? = CH3, X = NCO,CHs
1#R"=R? = H, X = NSO,CqH4CH, @
COOH
catalyzed asymmetric reductive ring opening offers a con- 7 ij 2 84 62
venient and mild method for the construction of enantio- 2g)
merically enriched 1,2-dihydronaphth-1-ol in one pot from
easily accessible starting material. Moreover, the enantiopure 8 QCOOH 2 81 70

1,2-dihydronaphth-1-ol is an important precursor for the (2h)

synthesis of sertraline, an antidepressant atjéfit.
. . . a8 Unless stated otherwise, each reaction was carried out using 7-oxa-

7-Oxabenzonorbornadiene (1a) undergoes reductive ringpenzonorbornadiene (1a) (0.50 mmol), azigl.50 mmol), Pd(binap)G!
opening readily in the presence of an organic carboxylic acid, (5.0 mol %), and Zn (2.50 mmol) in toluene (3.0 mL) at @5 under N
zinc metal, and a nickel or palladium phosphine complex. for the reaction time mentioned in the tabbdsolated yields.
For example, treatment dfa (0.50 mmol), acetic acid2€)
(2.5 mmol), zinc (2.5 mmol), and 5 mol % Ni(dppg)h
THF at 20°C for 3 h afforded 1,2-dihydronaphth-1-ol in
94% vyield. Control experiments indicate that no reaction
occurs in the absence of zinc powder, acetic acid, or metal
(Ni or Pd) catalyst. Since a bidentate ligand was used in the
catalytic reaction, we also tested the asymmetric version of
the present catalytic reaction by employing bidentate chiral
ligands for the catalysts. Thus, the reactioriafacetic acid
(2.5 mmol), zinc (2.5 mmol), and 5 mol % P&j¢binap)Ch
as the catalyst in toluene afforde®){1,2-dihydronaphth-1-
ol in 90% vyield with an ee of 77% (entry 3, Table 1). On
the other hand, the same reaction using S{binap]} in
acetonitrile at 25C for 1 h afforded R)-1,2-dihydronaphth-
1-ol in 87% yield with an ee of 58%. Other nickel complexes

szlsrl]r:g fh:;?élslg;untd\,i}ﬁ{?,);hI|rg,5h§: \f;\;ll(fg;pfr:rph;)os&l%:ve were used. Among the solvents tested (toluene, acetonitrile,
y y P " and THF), toluene gave the best yield (87%) and ee value
To understand the nature of the present asymmetric gso,) of3a, In acetonitrile, the yield and ee were 72 and
reductive ring opening and to optimize the reaction condi- 78%, respectively, while in THF the corresponding values
tions, several different organic acids were tested for the ring \;.are 86 and 72%. The ee value also depends substantially
opening oflausing Pd(binap)Glas the catalyst. The results o, the reaction temperature. When the reaction was carried
in Table 1 show that the organic acid used influences ; at 0°C, 3awas obtained in 80% yield with ee of 89%,
but the reaction needed 12 h for completion. However, fur-

drastically both the yield and the ee value of product 1,2-
dihydronaphth-1-ol. Acetic acid2€¢), 1-adamantane acetic
acid (2d), 1-adamantane carboxylic acke], 1-methyl-1-
cyclohexanecarboxylic acid (2f), octanoic acid (2g), and
benzoic acid Zh) afforded3a in moderate to good yields
but in moderate enantioselectivities (Table 1, entries 3—8).
Valproic acid @a) andtert-butyl acetic acidZb) appear to

be the best two among the acids tested, givdagn 87 and
89% vyields and in ees of 83 and 82%, respectively (entries
1 and 2).

The effect of solvents for the formation of enantiopure
1,2-dihydronaphth-1-ol3a) was briefly investigated. Reac-
tion conditions similar to those shown in Table 1 usitay
and valproic acidZa) at 25°C with a reaction time of 2 h
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The amount of catalyst and zinc used also affected the
yleld.and ee valug of the.prese'nt asymmetric catalytic Table 2: Results of Palladium and Nickel-Catalyzed Reductive
reaction. The reaction dfa with 2ain the presence of 1.0  Ring Opening of 7-Oxabenzonorbornadierea
mol % Pd(binap)Cl instead of the standard 5.0 mol %

yield ee

catalyst affordecBa in 78% yield and 80% ee, but longer ~ €y 1 time product %) (%)

reaction time (12 h) was required for the completion of the OH

reaction. Increasing the amount of zinc to 5.0 mmol afforded ¢ 1, pq  2n “ 89 90

a higher yield of 92% without affecting the ee (83%). O‘ 3a

Similarly, an increase in the amount of acid to 2.5 mmol P )

increased the yield from 87 to 90% with no change in the la. Ni  2h 3a 897

ee value. If acidawas stirred with the Pd catalyst and Zn {H

for 1 h and followed by addition dfa, the catalytic reaction % 15 pd  7h O‘ 7 a0

gave excellent yield (89%) and enantiomeric excess (90%)

(entry 1, Table 2). Slow addition of the acid over a period 3b

of time did not improve either the yield or the ee. 4 1b Ni 4h 3b 86 71
The reductive ring opening can be extended to other oxa- OH

and azabenzonorbornadienes. Table 2 summarizes the results s 1c Pd 48h i i

of these palladium and nickel-catalyzed reactions. The

reaction of 7-oxabenzonorbornadietewith acid2b in the 3c

presence of 5 mol % Ni(binapg)and zinc in acetonitrile at 64 1c Ni 12h 3¢ 83 10

25°C for 2 h afforded 1,2-dihydronaphth-1-ol in 89% yield H3CO,C,

and 77% ee (Table 2, entry 2). In a similar way, substituted NH

7-oxabenzonorbornadiengb having two methyl groups on 7 1d Pd 3h 84 80

its aromatic ring reacts witBb in the presence of Pd catalyst O‘ 3d

to afford the ring-opening produ@b in 77% yield and an g 14 N 3h 3d %6 75

ee of 40%, whereas the nickel catalyst provicxdin the
excellent yield of 86% and an ee of 71% (entries 3 and 4).
It was quite surprising that Pd catalyst did not afford any NH
desired product for the ring-opening reactionlaf (entry ¢ 1e Pd 12h 29 .
5), whereas Ni catalyst generatgclin a good yield of 83% O‘

but in very low enantiomeric excess (entry 6). Similar to

HaCO,C,

7-oxabenzonorbornadienes, azabicyclic alkenes also undergo HACCAHAO0S 3¢

reductive ring opening under the standard catalytic condi- SvmeTIa2 i

tions. Thus, the reaction of 7-azabenzonorbornadieneith 10° 1f Pd 12h = 82 71
2ain the presence of Pd(binap)}Gh toluene at 25C for 3 O‘

h produced 1,2-dihydronaphthalenyl carbanizden 84% 3f

yield and 80% ee (entry 7). The nickel catalyst system also
ver | imilar in vield and ee (see entry 8). The results *Unless stated otherwise, all reactions were carried out using 7-oxa-

.ga e results s y ( y ) benzonorbornadiera (0.50 mmol), acid? (1.50 mmol), catalyst (5.0 mol
in Table 2 show t_hat in mqst reactions thg nlckgl catalyst %), Zn (2.50 mmol), and solvent (3.0 mL) at 26 under N for the period
gives a better yield but in lower enantiomeric excess of tllrr;/e)mdlgateldplsol(eged Ly)|e|ds cpd:ﬂl[\ll?d((':\?l\-lb(l(r;p%pb] c)eﬁalystt $5.(t)

. . - mol %) and toluene mL) were usediNI = | -dbinap catalys
comp_ared to the palladlum complex_. The reductlve rnng (5.0 mol %) and acetonitrile (3 mL) were uséd-or entries 1, 2, 5-7, 9,
opening also proceeded smoothly with substituted 7-aza-and 10, valproic acid was used=or entries 3, 4, and 8ert-butyl acetic

p g p y ( ! i .

benzonorbornadienge having two methyl groups on the acid was used. For a detailed procedure, see Supporting Information.

bridgeheads to give produBe in 79% yield and 27% ee

(entry 9). Similarly,1f also reacts with acid in the presence  jntermediate. The reductive ring opening of unsymmetrical
of Pd catalyst to afford the 1,2-dihydronaphthalenyl car- bicyclic alkene 8 proceeded smoothly with remarkable
bamate derivativ8f in good yield and enantiomeric excess regioselectivity. Only produd with the hydroxy group next
(entry 10). to the methoxy moiety was obtained. The crystal structure
The reductive ring-opening strategy can be further applied of 9 was determined by X-ray diffraction. The methoxy group
to nonaromatic bicyclic systems. Reaction of bicyclic alkene appears to show a strong directing effect on the regioselec-
4 with 2b in the presence of Ni(binap)kfforded a highly tivity during the catalytic reductive ring opening ®to give
substituted cyclohexenol derivatisan 63% yield and 43% 9. There was no enantioselectivity for the catalytic reaction,
enantioselectivity. Interestingly, for the reactionépfin exo and only racemic product was observed.
isomer of4, with 2b under similar conditions, no anticipated It is interesting to compare the present results with those
reductive ring-opening product was obtained but a bicyclic- from rhodium-catalyzed ring-opening reaction of carboxylic
[3.2.1]lactoner was obtained instead in 85% yield and 53% acids with oxabicyclic alkenes reported by Lautens recéhtly.
ee (Scheme 2). Produtis likely formed via reductive ring  In this rhodium-catalyzed reaction, a carboxylate group acts
opening of6, followed by selective lactonization of the as a nucleophile and adds to the olefinic carboriaf In

Org. Lett., Vol. 5, No. 10, 2003 1623



Scheme 2 Scheme 3
OH RCOOH
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C@ COLHs PAL* (0) L
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6 7 85%, 53% ee
heo. P OH
3 RCOOH
\C@ H4CO o
& OPdL*(OOCR)
PhO,S g PhO,S" PdL*(OOCR)
cO

12

our case, the carboxylic acid acts as the hydrogen source.

The carboxylate group does not add to the alkene carbon oftg that for the palladium or nickel-catalyzed addition of aryl
labut does influence the ee value of the catalytic reaction. halide to 7-oxa- or azabicyclic alken&st
While the detailed pathwayis not clear, on the basis of In conclusion, we have developed a novel palladium and

the above results and the requirement of organic acid, thepcye|.catalyzed asymmetric ring-opening reaction of oxa-
key steps are proposed as shown in Scheme 3. The reduction g 5, apjicyclic compounds with organic acids to afford ring-
of Pd(ll) to Pd(0) by zinc initiates the catalytic reactitn. opening products in good to excellent yields with high

Oxidativ_e addition of °r9a“ic acid to Pd(_O) I_eads to the enantioselectivity. This reaction offers a very convenient and
generation of Pd(ll) hydride speci€SCoordination of the 1iiq method for the synthesis of enantiopure 1,2-dihydro-
carbor-carbon double bond of 7-oxabenzonorbomadiene via o hhthalene derivatives. Studies on further expansion of the

the exo face to the Pd center and insertion of the double goqne of this Pd and Ni-catalyzed reaction are in progress.
bond to the Pd-hydride results in the formation of intermedi-
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