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Abstract

Herein, the synthesis of 1-hydroxy-2-naphthoic acid esters through an unexpected Lewis-acid-

mediated 1,2-acyl shift of oxabenzonorbornadienes is reported. Using this methodology, novel 

substitution patterns for 1-hydroxy-2-naphtoic acid esters can be obtained. A mechanistic proposal 

and rationale for this transformation, the products of which had been previously incorrectly 

characterized, is given.
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During the course of a natural product synthesis project, we observed an unexpected 

Lewis-acid-catalyzed acyl shift of an oxabenzonorbornadiene, leading to the formation of 

a 1-hydroxy-2-naphthoic acid ester (Scheme 1A). While alkyl shifts of 1,4-disubstituted 

oxabenzonorbornadienes had been observed previously—primarily as undesired side 

reactions (Scheme 1B) in the presence of Lewis acids1—the cation-induced migration of 

electron-deficient acyl groups is some-what rare. Notably, the observed acyl shift (Scheme 

1A) occurred in the absence of a substituent at C4 (see 1 for numbering), whereas all 

of the previously reported alkyl shifts are in the presence of a C4 substituent, indicating 

differing reactivity with an ester substituent at C1. In addition, as outlined in Scheme 1C, 

a supposed shift of the bridging oxygen atom of oxabenzonorbornadiene 5 was reported 

previously by using various metal complexes to facilitate the process.2 However, comparison 

of the reported analytical data for 62 with our own and analysis of data for 63 and 74 (see 

Table 1 and Figure 1) from the literature revealed that the conversion of 5 → 6 was a 

misassignment and, in fact, an acyl shift had occurred in that case as well. On the basis of 

these findings and our observation that esters can migrate similarly to alkyl substituents (at 

least from C1) in oxabenzonorbornadienes, we decided to investigate these rearrangements 

in more detail with the aim of gaining a better understanding of the scope and limitations 

of these transformations. Herein, we report a general entry to 1-hydroxy-2-naphthoic acid 

derivatives, which are versatile synthetic intermediates. Our approach is complementary 

to existing methods in that it provides access to differently substituted naphthoic acid 

derivatives that have previously been challenging to prepare.5

We initiated our optimization of the reaction conditions for the formation of naphthoic 

acid derivative 7 (selected examples are shown in Table 1; for more details see the 

Supporting Information) using different Lewis acids known to facilitate alkyl shifts in 

the corresponding alkyl-substituted oxabenzonorbornadiene substrates (see entries 1–5).1a–c 

1,2-Dichloroethane was used as solvent in line with previously described alkyl shifts.1a,d 

Boron trifluoride diethyl etherate emerged as the most efficient Lewis acid to facilitate the 

acyl shift at room temperature. However, at elevated temperature (entry 6) a significant drop 

in yield was observed due to nonspecific decomposition. In contrast, reduced decomposition 

was observed when the solvent was changed to toluene. At room temperature, a slight drop 

in yield was observed (entry 7); however, the yield increased upon raising the reaction 

temperature to 80 °C (entry 8). When substoichiometric amounts of Lewis acid were used 

(entry 9), the starting material was not fully consumed. Finally, an optimal yield was 

obtained upon shortening the reaction time to 2 h (entry 10).

With the optimized conditions in hand, substrates bearing different substituents on the 

A-ring were investigated in the transformation (Figure 1). For substrates bearing substitution 

at C4, good to excellent yields were obtained (see 8–12). The synthesis of 1-hydroxy-2-

naphthoic acid esters bearing a para-nitro-arene (10) or a halogen (12) are especially 

noteworthy, since products bearing these functionalities have proven challenging to access 

through existing methodologies. (e.g., refs 5a, 5f, and 5g). Substituents at C3 were also 

tolerated, leading to fully substituted A-rings (see 13–15). In these compounds, the presence 

of different halogen atoms allows for potential further functionalization through cross-

coupling. Acyl migration was disfavored for oxabenzonorbornadienes with substituents at 
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C3. In these cases, 4-hydroxy-1-naphthoic acid esters were obtained as the major products 

(16 and 17/18). Substitution at C2 was accommodated, and the acyl shift occurred to 

afford β-keto ester 19 bearing a quaternary carbon atom in the α-position. In addition to 

investigating the effect of different substituents on the oxabenzonorbornadiene substrates, 

the migration potential of different esters was investigated as well (20–23). The yields 

obtained for an ethyl, the bulkier iso-propyl, and an allyl ester were comparable to those 

obtained for the methyl ester. On the other hand, a significant drop in yield was observed 

for the formation of benzyl ester 23, and the analogous tert-butyl ester 24 was not formed 

under the reaction conditions, likely undergoing facile hydrolysis followed by nonproductive 

decomposition.

With regard to substituents on the B-ring (Figure 2), symmetrical substitution patterns 

were investigated first, affording the corresponding 1-hydroxy-2-naphthoic acid esters in 

good yield (25–28). Electron-donating and electron-withdrawing groups were well tolerated. 

However, for substrates bearing a single substituent at either C5 or C8, different electronic 

directing effects were observed. For example, with an electron-donating methoxy substituent 

at C5, acyl migration occurs to give 1-hydroxy-2-naphthoic acid ester 29 as the sole product. 

In contrast, a substrate bearing a methoxy substituent at C8 favored the formation of 

1-hydroxy-4-naphthoic acid ester 30, which was obtained along with 1-hydroxy-2-naphthoic 

acid ester 31. To further ascertain the directing influence of groups on the arene portion of 

the oxabenzonorbornadienes, substrates bearing a methyl group at C3 and a methoxy group 

at either C5 or C8 were synthesized. In the case of the substrate bearing 3,8-substitution, 

1-hydroxy-4-naphthoic acid ester 32 was formed exclusively, presumably due to the matched 

electronic directing effects of both substituents. For the substrate bearing 3,5-substitution, 

1-hydroxy-2-naphthoic acid ester 33 was obtained as the only isolable product—in line 

with the stronger directing influence of a methoxy group over a methyl group. A substrate 

possessing an extended aromatic ring also participated in the acyl shift transformation to 

give anthracene 34. However, the yield dropped significantly in comparison to that of the 

reaction of the oxabenzonorbornadienes.

On the basis of our observations, we propose the following mechanisms for selective 

formation of the different observed products for substrates bearing different substituents. 

We believe the oxa-bridge opening to be the product-determining step, wherein selectivity 

is dictated by the relative stability of the carbocationic intermediates that can be formed 

by heterolytic cleavage of either bridging C–O bond. For the formation of 1-hydroxy-2-

naphthoic acid esters, we propose opening of the oxa-bridge occurs to form an allylic and 

benzylic carbocation at C4 (Scheme 2, A). The preference for ionization at C4 likely arises 

because of the destabilizing inductively electron-withdrawing effect of the ester group on an 

incipient carbocation at C1. The observed oxa-bridge opening selectivity holds even when 

R = H (see 7) where the formation of a secondary carbocation is favored. From carbocation 

A, a 1,2-acyl shift occurs, followed by rearomatization through the loss of a proton. The 

proposed acyl-shift is in accordance with previously observed 1,2-acyl shifts in (Lewis) acid 

mediated rearrangements.6–9 Cleavage of the O–B bond upon hydrolytic workup leads to the 

1-hydroxy-2-naphthoic acid ester products. The stoichiometric formation of an O–B bond 
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is supported by the observation that using substoichiometric amounts of Lewis acid in the 

reaction only afforded partial conversion.

For the formation of the 1,4-substituted products (e.g., 16 and 17), we propose that the 

reaction proceeds through intermediate D, bearing a carbocation at C1 (scheme 3).The 

switch in regioselectivity of the oxa-bridge opening can be rationalized by the presence of 

a substituent at C3 stabilizing resonance structures D and E by rendering the carbocation 

tertiary and allylic as well as additional stability due to the extended π-system. In addition, 

the lack of a substituent at C4 reduces the likelihood of of oxa-bridge opening at C4. 

Rearomatization from D or E likely occurs through a 1,2-hydride shift, followed by the 

loss of a proton. Evidence for a hydride shift during the formation of naphthols from 

oxabenzonorbornadienes was first reported by Vernon and co-workers.10 Alternatively, a 

simple deprotonation would yield the boron enolate, which will give the naphthol following 

protonation. Subsequent hydrolysis would lead to 1-hydroxy-4-naphthoic ester.

In summary, we report a novel approach to 1-hydroxy-2-naphthoic acid esters through an 

unexpected acyl shift. Using this approach, novel substitution patterns can be accessed. In 

certain cases, the formation of 1-hydroxy-4-naphthoic acid esters was observed instead of 

the expected formation of 1-hydroxy-2-naphthoic acid esters. The formation of the different 

constitutional isomers can be rationalized by the electronic properties of the different 

directing substituents. This work also served to correct a previously reported misassignment 

of the products of the rearrangement of related oxabenzonorbornadienes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

R.S. is grateful to the National Institute of General Medical Sciences (NIGMS) for support (R35 GM130345). 
D.L. is grateful to the Deutsche Forschungsgemeinschaft (DFG, German Research Fundation, LU 2679/1-1) for 
a postdoctoral scholarship. M.P. is grateful to the Deutsche Forschungsgemeinschaft (DFG, German Research 
Fundation, PE 3436/1) for a postdoctoral scholarship. The authors thank Dr. Hasan Celik and UC Berkeley’s 
NMR facility in the College of Chemistry (CoC-NMR) for spectroscopic assistance. Instruments in CoC-NMR are 
supported in part by NIHS 10OD024998.

Data Availability Statement

The data underlying this study are available in the published article and its Supporting 

Information.

REFERENCES

(1). Alkyl shifts of 1,4-disubstituted oxabenzonorbornadienes:(a)Peng F; Fan B; Shao Z; Pu X; Li P; 
Zhang H Cu(OTf)2-Catalyzed Isomerization of 7-Oxabicyclic Alkenes: A Practical Route to the 
Synthesis of 1-Naphtol Derivatives. Synthesis 2008, 2008, 3043–3046.(b)Sawama Y; Kawamoto 
K; Satake H; Krause N; Kita Y Regioselective Gold-Catalyzed Allylative Ring Opening of 
1,4-Epoxy-1,4-dihydronaphthalenes. Synlett 2010, 2010, 2151–2155.(c)Sawama Y; Ogata Y; 
Kawamoto K; Satake H; Shibata K; Monguchi Y; Sajiki H; Kita Y Lewis Acid-Catalyzed Ring-
Opening Functionalizations of 1,4-Epoxy-1,4-dihydronaphthalenes. Adv. Synth. Catal 2013, 355, 
517–528.(d)Sawama Y; Kawajiri T; Asai S; Yasukawa N; Shishido Y; Monguchi Y; Sajiki 

Lücke et al. Page 4

Org Lett. Author manuscript; available in PMC 2023 December 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



H. Biarylmethane and Fused Heterocyclic Arene Synthesis via in situ generated o- and/or 
p-Naphthoquinone Methides.J. Org. Chem 2015, 80, 5556–5565. [PubMed: 25938963] 

(2). (a)Allen A; Villeneuve K; Cockburn N; Fatila E; Riddell N; Tam W Alkynyl Halides 
in Ruthenium(Il)-Catalyzed [2 + 2] Cycloadditions of Bicyclic Alkenes. Eur. j. Org. 
Chem 2008, 2008, 4178–4192.(b)Ballantine M; Menard ML; Tam W Isomerization of 7-
Oxabenzonorbornadienes into Naphthols Catalyzed by [RuCl2(C0)3]2. J. Org. Chem 2009, 74, 
7570–7573. [PubMed: 19725525] 

(3). (a)Companys S; Peixoto PA; Bosset C; Chassaing S; Miqueu K; Sotripoulos J-M; Pouységu L; 
Quideau S Asymmetric Alkynylation of β-Ketoesters and Naphthols Promoted by New Chiral 
Biphenylic Iodanes. Chem. Eur J 2017, 23, 13309–13313. [PubMed: 28715080] (b)Sen C; Sahoo 
T; Singh H; Suresh E; Ghosh SG Visible Light-Promoted Photocatalytic C-5 Carboxylation of 
8-Aminoquinolie Amides and Sulfonamides via a Single Electron Transfer Pathway. J. Org. 
Chem 2019, 84, 9869–9896. [PubMed: 31307188] 

(4). (a)Youn SW; Kim BS; Jagdale AR Pd-Catalyzed Sequential C–C Bond Formation and Cleavage: 
Evidence for an Unexpected Generation pf Arylpalladium(II) Species. J. Am. Chem. Soc 
2012, 134, 11308–11311. [PubMed: 22721172] (b)Semleit N; Haberhauer G Controlling 
the Gold(I)-Catalyzed 1,5-Allenene Reaction: Construction of Fused Rings with Excellent 
Diastereoselectivity. Org. Lett 2021, 23, 9635–9639. [PubMed: 34806893] 

(5). Selected examples for the synthesis of 1-hydroxy-2-naphthoic acid derivatives:(a)Huang X; 
Xue J A Novel Multicomponent Reaction of Arynes, β-Keto Sulfones, and Michael-Type 
Acceptors: A Direct Synthesis of of Polysubstituted Naphthols and Naphthalenes. J. Org. 
Chem 2007, 72, 3965–3968. [PubMed: 17428099] (b)Shahzad SA; Vivant C; Wirth T 
Selenium-Mediated Synthesis of Biaryls through Rearrangement. Org. Lett 2010, 12, 1364–
1367. [PubMed: 20178316] (c)Hojo D; Tanaka K Rhodium-Catalyzed C–H Bond Activation/[4 
+ 2] Annulation/Aromatization Cascade To Produce Phenol, Naphthol, Phenanthrenol, and 
Triphenylenol Derivatives. Org. Lett 2012, 14, 1492–1495. [PubMed: 22360811] (d)Jiang H; 
Cheng Y; Zhang Y; Yu S De Novo Synthesis of Polysubstituted Naphthols and Furans Using 
Photoredox Neutral Coupling of Alkynes with 2-Bromo-1,3-dicarbonyl Compounds. Org. Lett 
2013, 15, 4884–4887. [PubMed: 24000895] (e)Peng S; Wang L; Wang j. Direct Access to Highly 
Substituted 1-Naphthols through Palladium-Catalyzed Oxidative Annulation of Benzoylacetates 
and Internal Alkynes. Chem. Eur.J 2013, 19, 13322–13327. [PubMed: 24078414] (f)Naresh 
G; Kant R; Narender T Silver(I)-Catalyzed Regioselective Construction of Highly Substituted 
α-Naphthols and Its Application toward Expeditious Synthesis of Lignan Natural Products. 
Org. Lett 2015, 17, 3446–3449. [PubMed: 26158760] (g)Aponte-Guzmán J; Phun LH; Cavitt 
MA; Taylor JE Jr.; Davy JC; France S Catalytic, Cascade Ring-Opening Benzannulation of 2,3-
Dihydrofuran 0,0- and N,O-Acetals. Chem. Eur.J 2016, 22, 10405–10409. [PubMed: 27136896] 
(h)Lu T; Jiang Y-T; Ma F-P; Tang Z-J; Kuang L; Wang Y-X; Wang B Bromide-Mediated C–H 
Bond Functionalization: Intermolecular Annulation of Phenylethanone Derivatives with Alkynes 
for the Synthesis of 1-Naphthols. Org. Lett 2017, 19,6344–6347. [PubMed: 29148795] (i)Nagode 
SB; Kant R; Rastogi N Hantzsch Ester-Mediated Banzannulation of Diazo Compounds under 
Visible Light Irradiation. Org. Lett 2019, 21, 6249–6254. [PubMed: 31386372] (j)Yang X-
L; Guo J-D; Xiao H; Feng K; Chen B; Tung C-H; Wu L-Z Photoredox Catalysis of 
Aromatic β-Ketoesters for in Situ Production of Transient and Persistent Radicals for Organic 
Transformation. Angew. Chem. Int. Ed 2020, 59, 5365–5370.

(6). Selected examples for 1,2-acyl shifts of carboxylic acid derivatives: (a)Acheson RM Migrations 
of alkoxycarbonyl groups. Ace. Chem. Res 1971, 4, 177–186.(b)Kagan J; Agdeppa DA 
Jr. The Acid-catalyzed Isomerization of an a-Ketoester into β-Ketoester and the Unusual 
Fragmentation of an α-Ketoester. Helv. Chim. Acta 1972,55,2255–2257.(c)Kagan J; Agdeppa 
DA Jr.; Mayers DA; Singh SP; Walters MJ; Wintermute RD Molecular Rearrangements 
with Ethoxycarbonyl Group Migrations. 2. Rearrangement of 1,2-Glycols, Halohydrins, and 
Azidohydrins. J. Org. Chem 1976, 41, 2355–2362.(d)Berner D; Dahn H; Vogel P Unambiguous 
Proof for Alcoxycarbonyl-group Migration in Wagner-Meerwein Rearrangements. Helv. Chim. 
Acta 1980, 63, 2538–2552.(e)Berner D; Cox DP; Dahn H On the Migration of a COOH 
Group in a Wagner-Meerwein Rearrangement in Superacid Solution: Proof by Double Labeling 
with Carbon-13. J. Am. Chem. Soc 1982, 104, 2631–2632.(f)Berner D; Cox DP; Dahn H 
1,2-Shift of a Carboxyl Group in a Wagner-Meerwein Rearrangement. Helv. Chim. Acta 

Lücke et al. Page 5

Org Lett. Author manuscript; available in PMC 2023 December 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1982, 65, 2061–2070.(g)Arunprasath D; Sekar G Copper(II)-Catalyzed Domino Synthesis of 
Indolo [3,2-c]-quinolinones via Selective Carbonyl Migration. Org. Lett 2019, 21, 867–871. 
[PubMed: 30694067] (h)Li A; Hu P; Yang T; Yang Z; Liu Y; Li LJ; Tang KW; Zhou CS 
Copper-catalyzed [4 + 1] cycloannulation of 2-aminochalcones with ethyl diazophenylacetates 
via ester rearrangement. New J. Chem 2022, 46, 1018–1024.

(7). Selected examples for 1,2-acyl shifts of α,β-epoxy ketones: (a)Domagala JM; Bach RB; 
Wemple J Rearrangement of optically active ethyl (E)-3-methyl-3-phenylglycidate. Evidence 
concerted carbethoxy migration. J. Am. Chem. Soc 1976, 98, 1975–1977.(b)Domagala JM; 
Bach RD Lewis acid catalyzed acyl migration with optically active (Z) - and (E)-1,3-diphenyl-2-
buten-1-one oxide. Evidence of a concerted pathway. J. Am. Chem. Soc 1978, 100, 1605–
1607.(c)Bach RD; Klix RC On the Geometric Requirements for Concerted 1,2-Carbonyl 
Migration in α,β-Epoxy Ketones. Tetrahedron Lett. 1985, 26, 985–988.(d)Kunisch F; Hobert 
K; Welzel P On the Stereochemistry of the BF3-Catalyzd Rearrangement of ( + )-Isophorone 
Oxide. Tetrahedron Lett. 1985, 26, 6039–6042.(e)Bach RD; Tubergen MW; Klix RC Lewis 
Acid Catalyzed Rearrangements of Structurally Related α,β-Unsaturated Epoxy Ketones and 
Oximes. A Complementary Approach to the Synthesis oflsomeric 1,4-Diketospiro [n,m] Alkanes. 
Tetrahedron Lett. 1986, 27, 3565–3568.(f)Klix RC; Bach RD 1,2-Carbonyl Migration in Organic 
Synthesis. An Approach to the Perhydroindanones. J. Org. Chem 1987, 52, 580–586.(g)Okada 
K; Katsura T; Tanino H; Kakoi H; Inoue S Construction of Chiral Quarternary Carbon Center 
via 1,2-Acyl Migration of an Optically Active α,β-Epoxy Ketone. Chem. Lett 1994, 23, 157–
160.(h)Sankararaman S; Nesakumar JE Highly chemo- and regioselective rearrangement of 
α,β-epoxy ketones to 1,3-dicarbonyl compounds in 5 mol dm−3 lithium perchlorate-diethyl 
ether medium. J. Chem. Soc., Perkin Trans 1 1999, 3173–3175.(i)Elings JA; Lempers HEB; 
Sheldon RA Solid-Acid Catalysed Rearrangement of Cyclic α,β-Epoxy Ketones. Eur.J. Org. 
Chem 2000, 2000, 1905–1911.(j)Srikrishna A; Ramasastry SSVA novel boron trifluoride etherate 
mediated deep-seated rearrangement of an α,β-epoxyketone. Tetrahedron: Asymmetry 2005, 16, 
2973–2979.(k)Srikrishna A; Ramasastry SSVA Enantiospecific first total synthesis of (+)−2β-
hydroxysolanascone, the aglycone of the phytoalexin isolated from flue-cured tobacco leaves. 
Tetrahedron Lett. 2006, 47, 335–339.(l)Peixoto PA; Severin R; Tseng C-C; Chen DY-K Formal 
Asymmetric Synthesis of Echinopine A and B. Angew. Chem., Int. Ed 2011, 50, 3013–3016.

(8). Selected examples for other 1,2-acyl shifts: (a)Lukyanov SM; Koblik A V Acid catalysed 
acylation of carbonyl compounds. Russ. Chem. Rev 1996, 65, 1–25.(b)Mosimann H; Vogel 
P Stereoselective Synthesis of 5a-Ethyl-1,2,3,3a,4,5,5a,6,9a,9b-decahydro-1,3,4-trihydroxy-3a-
(hydroxymethyl)-7H-benz[e]inden-7-one Derivatives. Helv. Chim. Acta 1999, 82, 1371–1384.
(c)Wang L; Xie X; Liu Y Gold-Catalyzed Oxidative Rearrangement Involving 1,2-Acyl 
Migration: Efficient Synthesis of Functionalized Dihydro-γ-Carbolines from α-(2-Indolyl) 
Propargylic Alcohols and Imines. Angew. Chem., Int. Ed 2013, 52, 13302–13306.(d)He C; 
Bai Z; Hu J; Wang B; Xie H; Yu L; Ding H A divergent [5 + 2] cascade approach 
to bicyclo[3.2.1]octanes: facile synthesis of ent-kaurene and cedrene-type skeletons. Chem. 
Commun 2017, 53, 8435–8438.(e)Kumar TU; Thigulla Y; Rangan K; Bhattacharya A 
Application of Polyphosphoric Acid-Mediated Acyl Migration for Regiospecific Synthesis 
of Diverse 2-Acylpyrroles from Chalcones. J. Heterocyclic Chem 2019, 56, 1283–1290.
(f)Rostovskii NV; Smetanin IA; Koronatov AN; Agafonova AV; Potapenkov VV; Khlebnikov 
AF; Novikov MS Acid-catalyzed rearrangement of 1-acyl-2-azabuta-1,3-dienes to 4-pyrrolin-2-
ones. Chem. Heterocycl. Compd 2020, 56, 881–887.

(9). Selected examples for the migration aptitude in carbo cationic rearrangements:(a)Kagan J; 
Agdeppa DA Jr.; Singh SP The Migratory Aptitude of the Ethoxycarbonyl Group in the Pinacol 
Rearrangement. Helv. Chim. Acta 1972, 55, 2252–2254.(b)Schiess P; Stalder H Migration 
Tendencies of Functional Groups Toward Sigmatropic Rearrangement in 3,3-Disubstituted 3H-
Pyrazoles. Tetrahedron Lett. 1980, 21, 1417–1420.(c)Le Drian C; Vogel P Facile Migration of 
Acyl Groups in Wagner-Meerwein Transpositions. Acid-Catalyzed Rearrangements of 5,6-exo-
Epoxy-7–0xa-2-Bicyclo-[2.2.1]Heptanone and Derivatives. Tetrahedron Lett. 1987, 28, 1523–
1526.(d)Le Drian C; Vogel P Acid-Catalyzed Rearrangements of 5,6-exo-Epoxy-7-oxabicyclo 
[2.2.1]hept-2-yl Derivatives. Migratory Aptitudes of Acyl vs. Alkyl Groups in Wagner-Meerwein 
Transpositions. Helv. Chim. Acta 1987, 70, 1703–1720.(e)Carrupt P-A; Vogel P Ab Initio 
MO Calculations on the Rearrangements of7-0xa-2-Bicyclo [2.2.1]Heptyl Cations. The Facile 
Migration of Acyl Group in Wagner-Meerwein Rearrangements. J. Phys. Org. Chem 1988, 

Lücke et al. Page 6

Org Lett. Author manuscript; available in PMC 2023 December 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1, 287–298.(f)Feng Z; Tantillo DJ Dynamic Effects on Migratory Aptitudes in Carbocation 
Reactions. J. Am. Chem. Soc 2021, 143, 1088–1097. [PubMed: 33400509] 

(10). Cooke MD; Dransfield TA; Vernon JM The Occurance of an Hydride Shift in the Aromatisation 
of 1,4-Epoxy-1,4-dihydronaphthalenes. J. Chem. Soc. Perkin Trans II 1984, 1377–1381.

Lücke et al. Page 7

Org Lett. Author manuscript; available in PMC 2023 December 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Scope of the A-ring substituents. Reactions were performed on a 0.20 mmol scale. a2.0 

equiv of BF3·OEt2 was used. bThe reaction was performed on a 1.00 mmol scale, providing 

170 mg (0.84 mmol) of 7.
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Figure 2. 
Scope of the B-ring substituents. Reactions were performed on a 0.20 mmol scale.
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Scheme 1. 
Rearrangements of Oxabenzonorbornadienes

Lücke et al. Page 10

Org Lett. Author manuscript; available in PMC 2023 December 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Scheme 2. 
Proposed Mechanism for the Formation of 1-Hydroxy-2-naphthoic Acid Esters
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Scheme 3. 
Proposed Mechanism for the Formation of 1-Hydroxy-4-naphthoic Acid Esters
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Table 1.

Selected Results of the Optimization for the Rearrangement of Oxabenzonorbornadiene 5

entry Conditionsa Yieldb

1 InCl3, DCE, rt, 14 h 59%

2 In(OTf)3, DCE, rt, 14 h traces

3 Cu(OTf)2, DCE, rt, 14 h 68%

4 Sc(OTf)3, DCE, rt, 14 h 51%

5 BF3.OEt2, DCE, rt, 14 h 75%

6 BF3.OEt2, DCE, 60 °C, 14 h 59%

7 BF3.OEt2, PhMe, rt, 14 h 70%

8 BF3.OEt2, PhMe, 80 °C, 14 h 87%

9 BF3.OEt2,c PhMe, 80 °C, 14 h 47%

10 BF3.OEt2, PhMe, 80 °C, 2 h 91% (84%)d

a
All reactions were run with IO mg (0.05 mmol) of 5 and 1.3 equiv of Lewis acid.

b
lsolated yield after purification by preparative TLC.

c
0.5 equiv of Lewis acid was used.

d
The reaction was conducted on a l.OO mmol scale and purified by column chromatography, providing 170 mg (0.84 mmol) of 7.
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