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An efficient syntheses of 2-substituted 1,2-dihydro-1-naphthols and 2-substituted 1-naphthols has been
developed that involves the sequential palladium-catalyzed ring opening of oxabicyclic alkenes with aryl
and vinyl halides followed by oxidation of with IBX. In the first step of the sequence, a combination of
Pd(OAc), PPh, Zn, and PMP in dry DMF was employed to catalyze the ring opening of 7-oxaben-
zonorbornadienes with aryl and vinyl halides to afford the correspondis@-substituted 1,2-
dihydronaphthols in good to excellent yields. These reactions occurred under very mild conditions with
a variety of aryl halides bearing electron-withdrawing or -donating groups. Similarly, a 7-azabenzonor-
bornadiene substituted with an electron-withdrawing group on the nitrogen atom underwent facile ring-
opening reaction with aryl halides to providés-2-substitued (1,2-dihydro-1-naphthyl)carbamates in
excellent yields. Oxidation of the intermediate1,2-dihydro-1-naphthols using IBX yielded the corresponding
2-substituted 1-naphthols in good to excellent yields.

Introduction SCHEME 1

In the context of developing general synthetic approaches to il X il @o
C-aryl glycosides, we discovered a facile and efficient entry - XY | =
to 1,2-dihydro-1-naphthols and 1-naphthols from benzenoid v
precursors according to the reactions outlined in Scherme 1. R! R
The essential features comprise the well-known Didikler 1 2

reactions of benzyneg, which are generated in situ from R

1 1
suitable precursors with furan to give oxabenzonorbornadienes 1 ) T R2
3. Subsequent ring opening 8fwvith a variety of organometallic O‘a ™ "'H
reagent then furnishes substituted dihydro-1-naphtidisat
are transformed into the substituted 1-naphthbldy an R R

3 4

oxidation.
Although numerous procedures and various tactics for induc- R

ing the ring opening of 7-oxabenzonorbornadief@éds give 4 ' R2 il R2
are knowrd~15 most suffer from one or more limitations Oxidation OO OO
associated with their efficiency, generality, and/or ease of
R! R!
6

(1) (a) Kaelin, D. E., Jr.; Lopez, O. D.; Martin, S. F..Am. Chem. Soc. 5
2001, 123 6937-6938. (b) Apsel, B.; Bender, J. A.; Escobar, M.; Kaelin, ]
D. E., Jr.; Lopez, O. D.; Martin, S. Fietrahedron Lett2003 44, 1075~ R = H, OMe; R? = aryl, vinyl

1077. (c) Kaelin, D. E., Jr.; Sparks, S. M.; Plake, H. R.; Martin, SJ.F.

Am. Chem. SoQ003 125, 12994-12995. . | h K he findi
(2) For a preliminary report of some of these investigations, see: Chen, €Xecution. Most relevant to the present work are the findings

C.-L.; Martin, S. F.Org. Lett.2004 6, 3581—3584. of Cheng, who described the ring opening of some oxabicyclic
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alkenes with aryl and vinyl halides in the presence of nickel TABLE 1. Pd-Catalyzed Ring Opening of Oxabenzonorbornadiene
and palladium catalyst8. However, these reactions were not 72 With p-lodoacetophenong

general as the Pd(0)-catalyzed reaction of electron-deficient aryl

iodides with3 gave primarily dehydration produdigather than

the desired ring-opened produdt&abTransformations involv- Pd-cat. (5 mol %) _
ing aryl and vinyl bromides as substrates typically proceeded " Zn(oequv)
in low yields!3b-cand there were no reports of reactions of aryl  oue
chlorides. In related work directed toward the synthesis-afyl

glycosides, we had discovered that reaction8 efith glycal
iodides were sometimes inefficient, perhaps as a consequence

(1 2 equiv)

entry catalyst, ligand (ratio) solvent  time (h)  yield (%)

of the instability of the glycal iodides under the reaction 1 Pd(OAc}, PPR (1:2.2) ~ DMF 3 87
ditions 2 (PPh),PdCb DMF 4.5 91
conditions. o o o .3 Pd(PPb)a DMF 12 85
Despite the ubiquity of oxidative transformations in organic 4 Pd(dppf)Ch DMF 16 32
synthesis, it is perhaps surprising that examples of the oxidation 5 Pd(dbay, dppe (1:2) DMF 16 0
of dihydronaphthols are raf€.During the course of work 6 (PPR)-NICI2 DMF 16 2
directed toward the synthesis 6faryl glycosideg? we found ; m!CIz, dppf (1:1) DMF 16 0
. . . 1 iCl,, dppe (1:1) DMF 16 0

that oxidations of substituted dihydronaphthdléR! = OMe) 9 Pd(OAc), PPh (1:2.2)  THF 18 10
to give the corresponding aromatic compousdR! = OMe) 10 Pd(OAc), PPk (1:2.2)  Tol 18 3
were often accompanied by extensive dehydration to §ise 1 Pd(OAc), PPl (1:2.2)  MeCN 8 44
a deleterious side reaction. DDQ emerged as a useful oxidant 1Z ~ Pd(OAc), PPR(1:2.2) -~ DMF 3 95
i but we found that such conversions were 18 Pd(OAC), PP (1:2.2)  DMF 3 60
In Some cases, 1 14°¢  Pd(OAc), PP (1:2.2)  DMF 3 90
sometimes difficult to optimize and reprodudn the context 150 Pd(OAC), PPR(1:2.2) DMF 2 64

of solving various problems associated with the generality of aConditions: 0.05 M of7a, room temperature except as notétsolated

ring-opening reactions of oxqbenzonorbornadieﬁwd the yield of product after chromatographyPMP (0.5 equiv) used as additive.
oxidation of the resultant 1,2-dihydronaphthd)sve developed dEN (8 equiv) used as additivé Reaction performed at 4%&. f Reaction

a reliable and efficient protocol for preparing substituted performed at 60C.
compounds of the general forfrand5 from benzene derivatives

according to Scheme 1. We now report the details of these paguits and Discussion
investigations.

- : - . Palladium-Catalyzed Ring-Opening Reactionln our stud-
19((13)15(8”5.?[\)/;8&%:(:3 ,\f;) ,%;]'gbi"K'fﬂtiggzgméc%géghggéggg ies directed toward developing useful methods for the synthesis
36, 48-58. of C-aryl glycosides, we discovered that oxabenzonorborna-

(4) DIBAL-H: (a) Lautens, M.; Chiu, P.; Colucci, J. Rngew. Chem.,  dienes underwent ring opening with glycal iodides in the
an;.gl;dézEr%%l;"lﬁg_gézig, 281-283. (b) Lautens, M.; Rovis, T. Org. Chem. presence of Pd(iIIPPb;)z, Zn, ZnCh, and EjN, although the
(5) Arylboronic acids: (a) Murakami, M.; Igawa, KChem. Commun.  '€actions required some experimentation to optiri#d hese

2002 390-391. (b) Lautens, M.; Dockendorff, C.; Fagnou, K.; Malicki, basic conditions, which were originally reported by Ché#d,

ﬁét?%o'-se‘é-zgé’é;éégél—ml“- (¢) Lautens, M.; Dockendorff, Qrg. seemed to constitute a useful point of embarkation for the

(6) Organozinc halide reagents: (a) Rayabarapu, D. K.: Chiou, C.-F.; Present investigations. In the context of preparing 2-aryl
Cheng, C.-HOrg. Lett.2002 4, 1679-1682. (b) Li, M.; Yan, X.-X.; Hong, naphthol derivatives, the challenge lay in discovering milder
W.; Zhu, X.-Z.; Cao, B.-X.; Sun, J.; Hou, X.-Org. Lett.2004 6, 2833~ conditions that would be applicable to aryl halides bearing a

28?75)' Dialkylzinc reagents: (a) Lautens, M.: Renaud, J.-L.: Hieberd, S wide variety of substituents. In this context, those aryl halides

Am. Chem. Soc200q 122, 1804-1805. (b) Lautens, M.; Hiebert, S;  With electron-withdrawing substituents posed the greatest dif-
Renaud, J.-LOrg. Lett.200Q 2, 1971-1973. (c) Lautens, M.; Hiebert, S.;  ficulty as premature dehydration of the intermediate dihy-
Renaud, J.-LJ. Am. Chem. S02001, 123 6834-6839. (d) Bertozzi, F.; = dronaphthols was known to be a significant probféat.We

Pineschi, M.; Macchia, F.; Arnold, L. A.; Minnaard, A. J.; Feringa, B. L. . . .
Org. Lett.2002 4, 2703-2705. (€) Lautens, M.; Hiebert, 3. Am. Chem.  thus selected the reaction of dimethoxy oxabenzonorbornadiene

S0c.2004 126, 1437-1447. 7a with p-iodoacetophenone as the test system in which to
(8) Alkenylzirconium reagents: Wu, M.-S.; Rayabarapu, D. K.; Cheng, optimize conditions for forming the ring-opened prod@et
C.-H. J. Org. Chem2004 69, 8407-8412. (Table 1)
(9) Organolithium reagents: Caple, R.; Chen, G. M. S.; Nelson, J. D. e . .
Org. Chem.1971, 36, 2874-2876. A variety of palladium and nickel precatalysts were screened

(10) Organomagnesium reagents: (a) Afmy®. G.; Cabrera, S.;  for their ability to conver7ainto 8ain the presence of activated

Carretero, J. QOrg. Lett.2003 5, 1333-1336. (b) Nakamura, M.; Matsuo, ; T
K.: Inoue, T.. Nakamura, EOrg. Lett. 2003 5, 1373-1375, zinc powder (Table 1, entries—B). However, only Pd(OAg)

(11) Phenylstannanes: Fugami, K.; Hagiwara, S.; Oda, H.; Kosugi, M. PPh, (PPh),PdCb, and Pd(PP4), gave8ain reasonable yields,

Synlett1998 477-478. _ with Pd(OAc)/PPh providing the fastest rates of reaction. The
(12) Aryl riflates: Moinet, C.; Fiaud, J.-Cletrahedron Lett1995 36, nature of the solvent proved important, with the reactions being
2051 2052, lower in THF, tol d MeCN (entries 81) than in DMF
(13) Aryl halides: (a) Duan, J.-P.; Cheng, C.-Fetrahedron Lett1993 slower in ik 9.uene’ an e (entries 91) than in :
34, 4019-4022. (b) Duan, J.-P.; Cheng, C.-Brganometallics1995 14, Moreover, significant amounts of the naphthalene byproduct

1608-1618. (c) Feng, C.-C.; Nandi, M.; Sambaiah, T.; Cheng, C}H.  arising from the dehydration &awere observed when MeCN

org(;iégr%ehrir.éllse9&%4;,\93535_3138153%% ML Org, Chem2004 69, 2104~ was used as solvent. Two tertiary amines 1,2,2,6,6,-pentameth-

2196. ylpiperidine (PMP, entry 12) and & (entry 13) were examined
(15) Alcohols and amines: Lautens, M.; Fagnou, K.; Rovis).TAm. as additives. Use of PMP, which has been employed to
Chem. Soc200Q 122, 5650-5651. advantage in Heck reatioh%resulted in improved yields of

(16) For the oxidative coupling of dihydronaphthols to give binaphthyl . . .
diols, see: Fillion, E.; Treanier, V. E.; Mercier, L. G.; Remorova, A. A.;  8a to 95%, whereas the yield usingsf§twas lower, in part

Carson, R. JTetrahedron Lett2005 46, 1091-1094. owing to formation of naphthalene products via dehydration of
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TABLE 2. Pd-Catalyzed Ring Opening of 7a and 7b with Aryl and Vinyl Halides

R’ R' OH
Pd-cat. R
sC e
R' R'
7aR'=OMe 8a-20a
7bR'=H
Oxabicycle  RX {fg;? T(‘}‘l‘)‘e Product ‘({,iygf Oxabicycle RX ?fg;? T(ll‘f)‘e Product ’({};01)‘}
Q CN
7a /©)\ 3 951 7a /©/ 5 12 % 734
Br
|
CN
/©/ w4 9% 60 26 90¢
| Br
cl
OMe
/@\ o 25 92 /O/ 65 14 11a 73¢
| CO,E Br
OMe OH
OMe AN
/©/ 3515 95 ,=< 75 35 H 62¢
I Br
OMe
17a
(o]
NMe, Q OH
/©/ 35 2.5 83 7b /@)‘\ rt 2 97
|
18a
e
,Q 35 25 94 /@ 35 2 "'H 95
|
Br 19a
| OH OMe
OMe O
60 20 71 /@ 35 25 ,,,H 97
|
20a
(o]
S
'\@ 70 15 73¢ /©)\ 50 6 18a 70
Br
(o]
/@J\ 55 15 8a 714
Br

aConditions: 0.05 M offaor 7bin DMF, RX (1.2 equiv), Pd(OAg)(5 mol %), PPB (11 mol %), PMP (0.5 equiv), Zn (10 equi)Qil bath temperature.
¢ Isolated yield of product after chromatograpHyPd(OAc) (10 mol %), PPk (20 mol %).¢ Pd(OAc} (15 mol %), PPk (30 mol %).

4812 J. Org. Chem.Vol. 71, No. 13, 2006
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the intermediate 1,2-dihydro-1-naphthols. Increasing the tem- TABLE 3. Pd-Catalyzed Ring Opening of 7c with Aryl Halides'

perature also tended to reduce the yields by increasing the MeOC, NHCO,Me

amount of dehydration as a side reaction (entries 14 and 15). Pd-cat. R
After extensive screening of various combinations of palladium {;ﬁl& + RX —mmm > H
and nickel precatalysts, solvents, amine bases, and temperatures,
we eventually discovered that the combination of Pd(QAc) 7c 21-25
PPh, PMP, and Zn in DMF was highly effective for promoting
the ring opening offa.

Having identified optimal conditions for effecting the pal- o)
ladium-catalyzed ring opening afa with 8a, it remained to /©)f\ t 12 2 01

RX Temp (°C)* Time (h)  Product Yield (%)°

vary the nature of the aryl halide and the oxabenzonorbornadiene

to explore the scope of this process. Toward this end, a series !

of electron-rich and electron-deficient aryl iodides were screened

and found to serve as excellent partners in ring-opening reactions /@\ it 6 2 96

with 7aand7b to give the corresponding produ@a—15aand | CO,Et

18a—20awith high stereoselectivity and in good to excellent

yields (Table 2). Under the mild conditions employed, only /@

small amounts of dehydration products were observed, and the |

correspondingrans-1,2-dihydro-1-naphthols were not detected

in the IH NMR spectra of the crude reaction mixtures. Aryl OMe

bromides bearing electron-withdrawing and electron-donating J@/

groups underwent facile reaction witla or 7b, albeit at higher !

temperatures than the corresponding aryl iodides, to provide Br

the expected ring-opened produ8ig 9a, 11a and16a—18a 65 12 25 94

(Table 2). The difference in reactivity of aryl iodides and OO

bromides is sufficient that it may be exploited as exemplified

by selective formation of3afrom o-bromoiodobenzene. As is

typical of most palladium-catalyzed cross-coupling processes, @ Conditions: 0.05 M of’cin DMF, RX (1.2 equiv), Pd(OAg)(5 mol

reactions involving electron-rich halides required higher tem- %): PP (11 mol %), PMP (0.5 equiv), Zn (10 equi)Oil bath
. - . temperatureS Isolated yield of product after chromatograpHyd(OAc)

peratures than the corresponding electron-deficient halfdes. (16 'mo1'06) PPY (20 mol %).

Furthermore, mesityliodide and 2-iodothiophene required higher

temperatures in order to o_btain good yie_lgls of products, conditions yielded only trace amounts of the desired 2-aryl-1-
suggesting that these couplings may sensitive to steric andnaphtholllb, and little startingllawas recovered (Eq 1). We

coordination effect$?
We also briefly explored the ring-opening reactions of the  gye o O OMe OMe OH O OMe
DDQ
e O e
Dioxane, DCM

7-azabenzonorbornadien& and discovered that the same

conditions that had been developed Tarand7b were effective.

Aryl iodides bearing electron-donating and -withdrawing groups of Benzene

as well as simple aryl bromides could be used in these cross- ™ _ 09C -1t OMe b

couplings to give the expecters-2-substitued (1,2-dihydro-

1-naphthyl)carbamates in excellent yields (Table 3). No dehy- then examined numerous oxidants to effect this transformation,

droamination to give naphthalene byproducts was observedbut the naphtholllb was invariably isolated in poor yield

under the conditions employed. together with the dehydration product and/or recovered starting
Oxidation of 1,2-Dihydronaphthols. Having established the  material as well as several unidentified products. For example,

generality of the cross-couplings of the 7-oxabenzonorborna- oxidation of 11awith Dess-Martin periodinane, PCC, Swern

dienes 7a and 7b, we turned our attention to developing reagent, Pd(OAgjpyridine/Qy/toluenez’ Pd(OAcy/NaHCQy/

conditions for effecting the oxidation of the intermediate O)JDMSO?2! Pd(PPk)s/PhBr/DMF/K,CO; or NaH?? or IBX/

dihydronaphthols to give naphthols. Oxidation of alcohols to H2O/acetongd-cyclodextrirf did not furnish the naphthdllb

give ketones is one of the most frequently used reactions in in more than about 30% yield, and simple dehydration was the

organic synthesis, but other than our previous wéikthere major reaction in all of these experiments. Other oxi-

are few examples of oxidations leading to substituted 1-naph- dants including TPAP, DMSO/NEpy-SG;, MnO,, p-chloranil,

thols16 For example, we recently reported that glycal-substituted Pd(nbd)Cl/sparteine/@2* NCS/DMS/E¢N, and DMDG® were

cis-1,2-dihydronaphthols could be oxidized to the corresponding similarly ineffective, giving only trace amounts bibtogether

C-aryl glycosides under carefully defined conditions using

recrystallized DDG2PHowever, oxidation ofl1launder these 64(%(;)5l(\)li_seh7ir%15ura. T.; Onoue, T.; Ohe, K.; Uemura JSOrg. Chem1999
'(21) Petersoh, K. P.; Larock, R. @.Org. Chem1998 63, 3185-3189.
(17) For a discussion of use of different bases for Heck reactions, see:  (22) Tamaru, Y.; Yamada, Y.; Inoue, K.; Yamamoto, Y.; Yoshida, Z.-I.

Dounay, A. B.; Overman, L. EChem. Re. 2003 103 2945-2964. J. Org. Chem1983 48, 1286-1292.
(18) For example, see: (a) Littke, A. F.; Dai, C.; Fu, GJCAm. Chem. (23) Surendra, K.; Krishnaveni, N. S.; Reddy, M. A.; Nageswar, Y. V.
So0c.200Q 122 4020-4028. (b) Littke, A. F.; Fu, G. CJ. Am. Chem. Soc. D.; Rao, K. R.J. Org. Chem2003 68, 2058-2059.
2001, 123 6989-7000. (24) Bagdanoff, J. T.; Ferreira, E. M.; Stoltz, B. [@rg. Lett.2003 5,
(19) For example, see: (a) Duan, J.-P.; Cheng, CXHChin. Chem. 835-837.
Soc. 1994 41, 749-754. (b) Schuman, M.; Lopez, X.; Karplus, M.; (25) (a) Murray, R. W.; Singh, M.; Rath, NI. Org. Chem1997, 62,
Gouverneur, VTetrahedron2001, 57, 10299-10307. 8794-8799. (b) Lee, J. S.; Fuchs, P. Org. Lett. 2003 5, 2247-2250.
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TABLE 4. Oxidation of 2-Substituted 1,2-Dihydro-1-naphthols with IBX
P

R
DOL

R R

o
I
b1
o
I

IBX (3 equiv)

Temp (°C)*
/Time (h)

Yield Temp (°C)* Yield

Alcohol Solvent Product (%Y’ Alcohol Solvent [Time (h) Product (%)’

o}

OMe OH

OMe OH O N
8a EtOAc 60/14 OO 88 17a EtOAc  80/1.5 OO 67
e

OMe OH

80/3.5 85

o T 0

+Bu
80/3 OO 91

OH
12a EtOAc 60/5 OO 80 18a THF 40/3 O 46°

12b 18b

9a acetone 40/20

10a acetone 40/20

11a EtOAc 60/14

Je
13a EtOAc  60/16 OO Br 92 19a THF 403 OO 63¢
OMe 19
13b
OMe OH OMe
L
14a EtOAc 8073 OO 95 20a THE 4035 OO 52
OMe
14b 200
OMe OH S 1\
~ OH OH
tBu t-Bu
15a EtOAc  80/3 OO 81¢ H THE 50025 80
OMe 29a 29
15b

16a EtOAc 6024 OO o 84

aQil bath temperature Isolated yield of product after chromatograpByBX (1.5 equiv).41BX (2 equiv).

with several unidentified products and/or recovered starting of 11awith IBX26 (3 equiv) in EtOAc at 60C for 14 h afforded
material. Gratifyingly, we eventually discovered that oxidation naphtholl1bin 94% yield. This reaction also proceeded at 80

4814 J. Org. Chem.Vol. 71, No. 13, 2006
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SCHEME 2
OMe OTIPS
O‘g | wOTIPS 7, (10 equiv), DMF
—_—
"o Pd(OAC), (14 mol%)
PPh, (30 mol%)
OMe OTIPS PMP (0.5 equiv)

7a 30

78%

31a

IBX, EtOAc
80°C
72%

°C in 3 h toprovide 11b in similar yield. Although acetone
and THF were also found to be suitable solvents, DMSO, which
is frequently used as solvent in IBX oxidatiotfsyas not

satisfactory because the naphthol products underwent more rapid

decomposition, presumably by oxidation, in DMSO than in the

JOC Article

improved route toC-aryl glycosides such ag21ab Thus,
reaction of7a with glycal iodide30 provided a mixture (4:1)
of diastereomericis-dihydronaphthols31la and 31b (Scheme
2). Subsequent oxidation of this mixture with IBX cleanly
provided theC-aryl glycoside32in with no dehydration of the
intermediate dihydronaphthoB&lLa and31b being observed.

Summary

We have developed a general and efficient method for the
synthesis of 2-substituted 1,2-dihydro-1-naphthols and 2-sub-
stituted 1-naphthols from oxabenzonorbornadienes, which are
readily accessed by the Dieldlder reactions of benzynes with
furan. The procedure involves sequential palladium-catalyzed
ring opening of these oxabenzonorbornadienes with aryl or vinyl
halides followed by oxidation of the intermediate dihydronaph-
thols with IBX. The palladium-catalyzed reaction is conducted
under mild conditions and is applicable to aryl iodides and
bromides with both electron-withdrawing and -donating groups,
as well as to glycal iodides. The formation of naphthalene
byproducts, which are otherwise commonly observed, is sup-
pressed under the conditions of these reactions.

Experimental Section

General Procedure for Palladium-Catalyzed Ring Opening
Bicyclic Alkenes. 1,2,2,6,6-Pentamethylpiperidine (PMP) (67
L, 0.37 mmol) was added to a mixture of bicyclic alkene (0.74

other solvents. For example, when a homogeneous solution ofmmol), aryl or vinyl halide (0.88 mmol), Pd(OA€}9 mg, 5 mol

11bin DMSO containing IBX was stirred at room temperature
for 2 h, less than 10% af1b was recovered.

Having discovered that IBX was an effective oxidant for
convertingllainto 11b, we then surveyed its utility as an
oxidant of other substituted dihydronaphthols to give the
corresponding 1-naphthols, and these results are summarize
in Table 4. Yields were generally good to excellent with only
small amounts of the corresponding naphthalenes being observe

%), PPh (21 mg, 11 mol %), and activated Zn (480 mg, 7.4 mmol)

in DMF (14.7 mL) under argon. The resulting mixture was heated

at the indicated bath temperature (see Tables 2 and 3) with stirring

until the starting bicyclic alkene was fully consumed as indicated

by TLC. The reaction was allowed to cool to room temperature,
0% EtOAc/hexanes (60 mL) was added, and the mixture was
iltered through a pad of Celite. The filtrate was washed with
aturated aqueous NaCl (4 10 mL), dried (MgSQ), and
oncentrated under reduced pressure. The crude residue was purified

in the crude reaction mixtures. Because the product 1-naphtholsyy flash chromatography, eluting with EtOAc/hexanes in the ratio

were found to be somewhat unstable toward excess IBX, the
yields in these oxidations were found to depend critically upon

given to provide the 2-substituted 1,2-dihydro-1-naphthol derivatives
(8a—20a 21-25).

temperatures, reaction times, solvents, and the number of cis-1,2-Dihydro-5,8-dimethoxy-2-mesityl-1-naphthol (14a)15%
equivalents of IBX. Some experimentation was thus necessaryEtOAc/hexanes; white solid; mp 14218°C; *H NMR (250 MHz,

to optimize the yield for oxidizing a given dihydronaphthol.
For example, the oxidations &a and 12ain EtOAc to give
8b and12b proceeded in 51% and 60% yields, respectively, at
80 °C, whereas the corresponding yields were 88% and 80%
when the reactions were performed at €D Although ethyl
acetate was frequently the solvent of choice, oxidation8aof
and10aproceeded in higher yields in acetone becasand
10b appeared to be less stable toward IBX in EtOAc. It is
noteworthy that this oxidation is not limited to the production
of 2-aryl-1-naphthols, as IBX may also be used to oxidize
2-alkyl-1,2-dihydronaphthols to give 2-alkyl-1-naphthols as
exemplified by the oxidations oR6a—29a However, in
preliminary experiments, theis-2-substitued (1,2-dihydro-1-
naphthyl)carbamate®1—25 did not undergo clean oxidation
to the corresponding protected naphthylamines using IBX.
We then employed these new protocols for converting

CDCl3) 6 6.95 (dd,J = 9.8, 3.4 Hz, 1 H), 6.89 (s, 2 H), 6.82 (d,

J=8.9 Hz, 2 H), 6.76 (d) = 8.9 Hz, 1 H), 6.21 (dddJ = 9.8,

3.4,1.2 Hz, 1 H), 5.16 (ddd, = 5.5, 4.2, 1.2 Hz, 2 H), 4.134.02

(m, 1 H), 3.82 (s, 3 H), 3.80 (s, 3 H),2.48 (s, 3 H), 2.34 (s, 3 H),

2.26 (s, 3 H), 1.65 (dJ = 4.2 Hz, 1 H);13C NMR (62.5 MHz,

CDClg) 6 150.9, 149.4, 139.2, 136.7, 135.9, 133.2, 131.9, 130.7,

129.0, 124.4, 122.7, 117.5, 111.1, 109.9, 62.7, 56.1, 55.9, 42.3,

21.4, 20.9, 20.6; IR (CDG) 3597, 2939, 1598, 1482, 1262, 1086

cmL; mass spectrum (Cljwz 325.1802 [GH2503 (M + H)

requires 325.1804], 307 (base), 205.
cis-1,2-Dihydro-5,8-dimethoxy-2-(2-thienyl)-1-naphthol (15a).

25% EtOAc/hexanes; orange liquiti NMR (250 MHz, CDC})

0 7.27-7.24 (m, 1 H), 7.127.09 (m, 1 H), 7.0#7.00 (comp, 2

H), 6.82 (d,J = 9.1 Hz, 1 H), 6.78 (dJ = 9.1 Hz, 1 H), 6.07

(ddd,J =9.8, 2.4, 1.4 Hz, 1 H), 5.175.10 (m, 1 H), 4.12-4.05

(m, 1 H), 3.82 (s, 3 H), 3.81 (s, 3 H), 1.83 @= 5.4 Hz, 1 H);

13C NMR (62.5 MHz, CDC}) 6 150.7, 149.6, 143.1, 128.5, 126.8,

125.6, 124.3, 124.2, 122.2, 122.0, 111.5, 111.1, 64.5, 56.1, 56.0,

oxabenzonorbornadienes into 1-naphthols in developing angz 7:|R (CDCh) 3594, 2938, 1602, 1486, 1259, 1087 Gamass

(26) More, J. D.; Finney, N. SOrg. Lett.2002 4, 3001-3003.

(27) (a) Frigerio, M.; Santagostino, Metrahedron Lett1994 35, 8019-
8022. (b) Frigerio, M.; Santagostino, M.; Sputore, S.; Palmisand, Grg.
Chem.1995 60, 7272-7276. (c) Wirth, T.Angew. Chem., Int. EQ001,
40, 2812-2814.

spectrum (Cl)m/z 288.0831 [GsH1603S requires 288.0820], 271
(base).
cis-1,2-Dihydro-5,8-dimethoxy-2-(2-methyl-propenyl)-1-naph-
thol (17a).20% EtOAc/hexanes; orange liquitH NMR (250 MHz,
CDCl) 0 6.91 (dd,J =9.8, 3.1 Hz, 1 H), 6.79 (d) = 9.0 Hz, 1
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H), 6.74 (d,J = 9.0 Hz, 1 H), 5.86-5.71 (m, 1 H), 5.625.53 (m,
1H), 4.93 (dddJ = 6.4, 4.7, 1.2 Hz, 1 H), 3.81 (s, 3 H), 3.79 (s,
3 H), 3.34-3.24 (m, 1 H), 1.80 (dJ = 1.1 Hz, 3 H), 1.77 (dJ) =
6.4 Hz, 1 H), 1.69 (dJ = 1.3 Hz, 3 H);13C NMR (62.5 MHz,
CDCls) 6 150.5, 149.5, 134.4, 130.6, 125.2, 122.4, 122.3, 120.8,
111.1, 110.6, 63.6, 56.1, 56.0, 39.6, 25.9, 18.2; IR (GDB8%86,
2937, 1597, 1483, 1259, 1088 cin mass spectrum (Cljn/z
260.1400 [GeH003 requires 260.1412], 243 (base).

Methyl N-[cis-1,2-Dihydro-2-(4-acetylphenyl)-1-naphthyl]car-
bamate (21).30% EtOAc/hexanes; yellow solid; mp 13213°C;
IH NMR (250 MHz, CDC}) 6 7.85-7.77 (m, 2 H), 7.327.13
(comp, 6 H), 6.71 (ddJ = 9.6, 1.5 Hz, 1 H), 6.11 (d] = 9.6, 4.8
Hz, 1 H), 5.35 (ddJ = 10.3, 7.0 Hz, 1 H), 4.66 (d] = 10.3 Hz,
1 H), 3.96-3.85 (m, 1 H), 3.60 (s, 3 H), 2.54 (s, 3 HFC NMR
(62.5 MHz, CDC}) 6 197.4, 156.3, 143.1, 136.0, 134.4, 134.0,

Chen and Martin

H); 3C NMR (62.5 MHz, CDC}) ¢ 151.0, 150.3, 150.1, 135.5,
129.2,126.9, 121.3, 120.6, 115.5, 112.0, 103.7, 102.5, 56.5, 55.7,
26.5, 19.7; IR (CDGJ) 3586, 2937, 1597, 1483, 1259, 1088 ¢mn
mass spectrum (Clin/z 259.1329 [GeH1903 (M + H) requires
259.1334] (base).

5,8-Dimethoxy-2-ert-butyl)-1-naphthol (28b). 10% EtOAc/
hexanes; yellow solid; mp 169110 °C; 'H NMR (250 MHz,
CDClg) 6 10.06 (s, 1 H), 7.61 (dJ = 8.9 Hz, 1 H), 7.45 (dJ =
8.9 Hz, 1 H), 6.63 (dJ = 8.4 Hz, 1 H), 6.55 (dJ = 8.4 Hz, 1 H),
4.00 (s, 3 H), 3.91 (s, 3 H), 1.47 (s, 9 HFC NMR (62.5 MHz,
CDClg) 6 152.7, 150.2, 150.1, 131.2, 127.0, 126.0, 116.0, 111.9,
103.2, 101.9, 56.4, 55.7, 34.8, 29.5; IR (CB)@364, 2958, 1607,
1515, 1399, 1252 cmi; mass spectrum (Chm/z 261.1491
[C16H2103 (M + H) requires 261.1491] (base).

cis-1,2-Dihydro-5,8-dimethoxy-2--butyl)-1-naphthol (26a).

132.7,129.0, 128.8, 128.3, 128.2, 127.9, 126.4, 125.4, 52.6, 52.1,n-BuLi (1.67 mL, 2.20 M solution in pentane, 3.68 mmol) was

44.6, 26.3; IR (CDGJ) 3320, 2952, 1721, 1681, 1519, 1269 ¢m
mass spectrum (Ciyvz 322.1445 [GoH20NO3 (M + H) requires
322.1443] (base), 247.

Methyl N-[cis-1,2-Dihydro-2-(3-ethoxycarbonylphenyl)-1-
naphthyl]carbamate (22).25% EtOAc/hexanes; pale yellow solid;
mp 126-127°C; *H NMR (250 MHz, CDC}) 4 7.93-7.86 (m, 1
H), 7.80 (s, 1 H), 7.337.13 (comp, 6 H), 6.71 (dd] = 9.6, 1.6
Hz, 1 H), 6.12 (ddJ = 9.6, 4.7 Hz, 1 H), 5.31 (dd] = 10.0, 7.1
Hz, 1 H), 4.69 (dJ = 10.0 Hz, 1 H), 4.32 () = 7.1 Hz, 2 H),
3.96-3.87 (m, 1 H), 3.59 (s, 3 H), 1.34 @,= 7.1 Hz, 3 H);13C
NMR (62.5 MHz, CDC}) ¢ 166.3, 156.5, 138.1, 134.2, 133.2,

added to a solution of oxabenzonorbornadi@ag150 mg, 0.74
mmol) and TMEDA (222xL, 1.47 mmol) in THF (7.4 mL) under
argon at—78 °C over 5 min. After 40 min of stirring at-78 °C,
EtOH (1 mL) was added. The resulting mixture was allowed to
warm to room temperature, and then water (10 mL) and hexane
(80 mL) were added. The organic layer was separated, and the
aqueous layer was extracted with hexane X215 mL). The
combined organic layers were washed with saturated aqueous NacCl
(2 x 20 mL), dried (MgSQ), and concentrated under reduced
pressure. The crude residue was purified by flash chromatography,
eluting with EgN/EtOAc/hexanes (0.1:1:5) to giv&ba (190 mg,

132.9, 130.6, 130.2, 129.5, 128.8, 128.5, 128.4, 128.3, 128.0, 126.598%) as a colorless oil whodkl and3C NMR spectral data were

125.6, 60.9, 52.8, 52.2, 44.7, 14.2; IR (CR3337, 2981, 1717,
1522, 1283 cm!; mass spectrum (Cin/z 352.1541 [GiH2oNO,
(M + H) requires 352.1549] (base), 277.

General Procedure for IBX Oxidation of 2-Substituted 1,2-
Dihydro-1-naphthol. IBX (0.66 mmol) was added to a solution
of 2-substituted 1,2-dihydro-1-naphth@a-20g 26a—293) (0.22
mmol) in EtOAc (3.3 mL). The resulting suspension was then
heated with vigorous stirring in an oil bath at the indicated
temperature (see Table 4) until the starting material was fully
consumed (TLC). The reaction was then allowed to cool to room
temperature and diluted with 30% EtOAc/hexanes (15 mL). The
mixture was filtered through a pad of Celite, and the filtrate was

consistent with those reportéd.
cis-1,2-Dihydro-5,8-dimethoxy-2-benzyl-1-naphthol (27a)A
solution of benzyllithium, which had been generated frofBulLi
(0.89 mL, 2.10 M solution in pentane, 1.88 mmol) and toluene (6
mL) containing TMEDA (226uL) at 0 °C, was added to a solution
of oxabenzonorbornadier@ (153 mg, 0.75 mmol) in toluene (10
mL) under argon at OC over 1 min. After 3 min of stirring at 0
°C, H,O (1 mL) was added. The resulting mixture was allowed to
warm to room temperature, and water (10 mL) angDE{80 mL)
were added. The organic layer was separated, and the aqueous layer
was extracted with EO (2 x 15 mL). The combined organic layers
were washed with saturated aqueous NaCi(20 mL), dried

concentrated under reduced pressure. The crude residue was purifie@MgSQ,), and concentrated under reduced pressure. The crude

by flash chromatography, eluting with EtOAc/hexanes in the ratio

given to provide the 2-substituted 1-naphth@s-20b, 26b—29b).
5,8-Dimethoxy-2-mesityl-1-naphthol (14b)10% EtOAc/hex-

anes; white solid; mp 134135°C; *H NMR (250 MHz, CDC})

09.60 (s, 1 H), 7.76 (d) = 8.5 Hz, 1 H), 7.17 (dJ=8.5Hz, 1

H), 6.95 (s, 2 H), 6.70 (d) = 8.4 Hz, 1 H), 6.65 (dJ = 8.4 Hz,

1 H), 3.98 (s, 3 H), 3.96 (s, 3 H), 2.31 (s, 3 H), 2.02 (s, 6 ¢,

NMR (62.5 MHz, CDC}) 6 150.5, 150.3, 150.2, 136.6, 135.1,

residue was purified by flash chromatography, eluting witiNEt
EtOAc/hexanes (0.1:1:5) to giv&7a (194 mg, 87%) as a white
solid (mp 89-90 °C; lit.2 mp 89-90 °C) whose'H and'3C NMR
spectral data were consistent with those repotted.
cis-1,2-Dihydro-5,8-dimethoxy-2-{ert-butyl)-1-naphthol (28a).
t-BuLi (1.08 mL, 1.70 M solution in pentane, 1.84 mmol) was added
to a solution of oxabenzonorbornadien& (150 mg, 0.74 mmol)
in THF (7.4 mL) under argon at78 °C over 5 min. After 30 min

129.6, 128.0, 127.6, 123.2, 115.7, 112.8, 103.5, 102.7, 56.3, 55.7,0f stirring at —78 °C, EtOH (1 mL) was added. The resulting

21.1, 20.3; IR (CDGJ) 3381, 2918, 1612, 1511, 1391, 1252¢m
mass spectrum (Cliwz 323.1648 [GiH2305 (M + H) requires
323.1647] (base).

5,8-Dimethoxy-2-(2-thienyl)-1-naphthol (15b).10% EtOAc/
hexanes; pale reddish solid; mp 1087°C; IH NMR (250 MHz,
CDCly) 0 10.42 (s, 1 H), 7.77 (d) = 8.9 Hz, 1 H), 7.71 (dJ =
8.9 Hz, 1 H), 7.63 (ddJ = 3.7, 1.1 Hz, 1 H), 7.34 (dd] = 5.0,
1.1 Hz, 1 H), 7.12 (dd) = 5.0, 3.7 Hz, 1 H), 6.72 (d] = 8.5 Hz,
1 H), 6.64 (d,J = 8.5 Hz, 1 H), 4.04 (s, 3 H), 3.94 (s, 3 H)C
NMR (62.5 MHz, CDC}) ¢ 150.3, 150.2, 150.1, 140.0, 127.3,

mixture was allowed to warm to room temperature, and water (10
mL) and hexane (80 mL) were added. The organic layer was
separated, and the aqueous layer was extracted with hexane (2
15 mL). The combined organic layers were washed with saturated
aqueous NaCl (% 20 mL), dried (MgSQ@), and concentrated under
reduced pressure. The crude residue was purified by flash chro-
matography, eluting with BlN/EtOAc/hexanes (0.1:1:5) to gi&8a

(184 mg, 95%) as a white solid; mp 12213°C; 'H NMR (250
MHz, CDCk) 6 6.96 (dd,J = 10.0, 3.2 Hz, 1 H), 6.74 (s, 2 H),
6.09-6.01 (m, 1 H), 5.25 (ddd] = 8.5, 4.2, 1.4 Hz, 1 H), 3.82 (s,

126.8,126.7,125.1, 125.0, 116.7, 116.1, 113.2, 104.4, 103.3, 55.6,3 H), 3.78 (s, 3 H), 2.182.04 (m, 1 H), 1.42 (d) = 8.5 Hz, 1 H),

55.7; IR (CDC}) 3318, 2917, 1611, 1506, 1395, 1251 ¢pmass
spectrum (Cl)m/z 287.0734 [GeH150sS (M + H) requires
287.0742] (base).
5,8-Dimethoxy-2-(2-methyl-propenyl)-1-naphthol (17b)10%
EtOAc/hexanes; orange solid; mp-7%7 °C; IH NMR (250 MHz,
CDCls) 6 9.77 (s, 1 H), 7.64 (dJ = 8.6 Hz, 1 H), 7.32 (d) = 8.6
Hz, 1 H), 6.66 (dJ = 8.4 Hz, 1 H), 6.59 (dJ = 8.4 Hz, 1 H),
6.43 (s, 1H), 3.99 (s, 3 H), 3.92 (s, 3 H), 1.95 (s, 3 H), 1.82 (s, 3
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1.17 (s, 9 H)1*C NMR (62.5 MHz, CDC}J) 6 149.9, 149.4, 128 .4,
126.1,122.4,121.4,110.8, 110.3, 62.3, 56.1, 55.9, 49.6, 32.3, 28.6;
IR (CDCl3) 3590, 2959, 1598, 1482, 1261, 1086 ¢mmass
spectrum (Cl)m/z 262.1570 [GgH2,03 requires 262.1569], 245,
189 (base).

cis-1,2-Dihydro-2-(tert-butyl)-1-naphthol (29a). t-BuLi (1.22
mL, 1.70 M solution in pentane, 2.08 mmol) was added to a solution
of oxabenzonorbornadier# (120 mg, 0.83 mmol) in THF (8.3
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