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Abstract 

The synthesis of naphthylarylethanes via the photodecarboxylation of naphthylmethyl arylacetate 

esters is reported where the aryl group is able to stabilize a charge transfer reaction.  The reaction 

proceeds via intramolecular charge transfer from the donor to acceptor thereby enhancing a 

pathway to produce, within the solvent cage, the desired diarylethane products.  These in-cage 

naphthylarylethanes are produced in good yields, in a single photochemical step, with the use of 

cyclohexane as solvent providing optimal yields. 

 

Introduction 

Diarylethanes are important for the preparation of pharmaceutically active species, such as the 

combretastatin analogues, which exhibit anti-neoplastic properties,1-4 as well as synthetic 

intermediates for the preparation of polycyclicaromatic hydrocarbons.5 Access to diarylethanes 

typically relies upon one of three strategies that involve either: Wittig6 or Mizoroki-Heck7 

chemistry following by reduction; carbon-hydrogen activation of toluyl substrates;8 or the 

hνCH2O
O

CH2CH2R

light-activated decarboxylation of esters

R
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production and subsequent coupling of benzylic radicals produced from benzyl halides and the 

use of chemical initiators.9-13 Although the latter route is attractive, these radicals must 

successfully scavenge other benzyl radicals in order to form the desired diarylethane.  Reactions 

are therefore fraught with challenges, and result in low yields due to the inevitability of other 

radical-derived reactions, undesired scavenging and the formation of unwanted by-products and 

polymeric materials.  These intermolecular reactions have thus been limited to substrates that 

serve to provide, via geminate radical pair combination reactions, diarylethane products lacking 

substituents that would undesirably react with radicals.  Furthermore, the conditions typically 

used for these reactions involve the use of toxic or expensive catalysts, as well as the use of high 

temperature.  For instance, recent examples utilize nickel (II) chloride as the catalyst with 

samarium and a THF/HMPA mixed solvent system at reflux temperature.14 

Preparation of diarylethanes could be envisioned within a solvent cage by the extrusion 

of carbon dioxide (i.e. photodecarboxylation) of suitably substituted esters.  In this case the 

respective moieties of the ester could be tuned so as to produce species that combine, in-cage, to 

produce diarylethanes.  Thus, in order for this reaction to be without complication it would be 

advantageous for it to proceed through the singlet excited state (S1). Naphthylmethyl esters are 

known15-18 to exclusively cleave via the singlet excited state, providing a unique platform for the 

proposed synthesis of naphthylarylethanes as shown in Figure 1.Figure 1. 
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Figure 1. Radical pathway to diarylethanes via decarboxylation of esters 

Reports show that unsymmetrical diarylethanes have been produced, albeit within complex 

product mixtures, via the photodecarboxylation of naphthylmethyl acetate and benzylic esters 

under mild conditions in dioxane or methanol at room temperature.16,17,19 The viability of the 

mechanistic pathways involving naphthylmethyl ester substrates was elucidated in methanol   

Once excited, the ester (S1) undergoes homolytic cleavage (denoted via the rate constant kR), 

whereupon two processes then compete: Path A where electron transfer (kET) provides cations 

and anions, which subsequently form ionic-derived products; and Path B where decarboxylation 

(kCO2
R) of the acyloxy radical (R2-CH2CO2

•) produces the benzylic-type radical that combines 

with R1-CH2
• to provide diarylethanes within the solvent cage.  An alternative route, Path C, 

involves charge transfer (kE) from the initial excited singlet state to produce an intramolecular 

hν
kF

R1CH2 O2CCH2R2  (S1) kE
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R1CH2 O2CCH2R2

kR kER

kCO 2
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kF = rate of fluorescence
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exciplex, and also provides diarylethanes but this time via kCO2
E, i.e. decarboxylation from the 

intramolecular exciplex. 

In order for this process to have synthetic utility for the preparation of 

naphthylarylethanes, Paths B (geminate combination only) and C would need to become the 

dominant processes thereby reducing the potential for Path A to be competitive. This could 

potentially be achieved via use of a non-polar solvent, such as to minimize Path A, and by tuning 

the ester substrates in order to stabilize intramolecular charge transfer (exciplex formation, Path 

C) and thereby support formation of the desired diarylethane product. For example, selecting 

naphthylmethyl phenylacetate esters would present the acyloxy group of the ester as a good 

donor that would stabilize a radical cation to promote Path C. Indeed, when a single methoxy 

group is added to the phenylacyloxy group of the naphthylmethyl ester the charge transfer 

pathway (kE) leads to the production of radical derived products (kCO2
E).20 In methanol, this 

single substituent preferentially directed the dominant mechanism to proceed via the charge 

transfer (exciplex) to form the diarylethane but was insufficient to effect sole formation of the 

exciplex. Given this, we suspect that the addition of a more effective electron donor on the 

acyloxy group of the ester, and an electron acceptor on the naphthalene (alkyl) group, would 

enhance the kCO2
E pathway (Path C, and thus kCO2

E >> kER). Examples of intramolecular electron 

transfer (exciplex formation) have been reported in a corresponding systems.21-24 For instance in 

the 1-naphthylmethyl benzoate system,22 electron transfer occurs between the naphthalene ring 

and the benzene ring, paralleling the original naphthylmethyl phenylacetate work. 

Promoting Paths B and C, and thereby a practical preparation of diarylethanes from 

suitably substituted esters, exploits the advantages of this synthetic strategy over reported 

methods, i.e. room temperature, requires no catalyst and the reaction work-up is straightforward.  
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The photochemistry promises to be relatively uncomplicated since it occurs exclusively via the 

singlet excited state. The products are rapidly formed, and almost exclusively within the solvent 

cage17,20 so the substrate esters can include substituents (i.e. nitriles) that normally would react 

with radicals diffusing through the solvent. For these ester substrates, this methodology 

eliminates the need for complex synthetic steps and provides good yields of the desired 

naphthylarylethanes. 

Results and Discussion 

Herein we report our success promoting naphthylarylethane formation by using either a naphthyl 

group or a 3,4,5-trimethoxyphenyl group in the acyloxy moiety of the naphthylmethyl ester (R2 

in Figure 1). The nature of the naphthyl or substituted-naphthyl alkyl moiety of the ester (R1 in 

Figure 1) tunes the electron acceptor character of R2CH2 and thereby promotes Path C, as well as 

enables investigation of the tolerance of the methodology to these functional groups. 

The desired esters (1a-1i) were synthesized through the coupling of respective alcohols 

and (activated) acids (see GP1 and GP2 in the Experimental Section). This series was selected so 

as to determine whether judicious use of substituent effects within the acyloxy and alkyl groups 

of the ester could serve to promote naphthylarylethane formation via direct photolysis. 

Photolysis of methanolic solutions of esters 1a-1i was achieved using a 200 W Hanovia medium 

pressure Quartz Hg lamp in a Pyrex immersion well, as described in the Experimental Section.  

Reactions were monitored using GC and taken to completion for the preparative scale runs.  

Analytical runs were monitored by GC, using previously isolated, purified and characterized 

materials to enable quantitative analysis (see GP3, GP4 and GP5 in the Experimental Section). 
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Table 1. Photolysis of esters 1a-1i in methanol 

 

Starting Material Productsa  

Ester  

1 

Np - 

Position 

X 

Substitution R2 

Out of Cage 

Naphthyl 

Dimer (%) 

In-Cage Reaction 

Product (2a-2i)  

(%) 

Methylether 

(3-6)  

(%) 

Total 

(%) 

a 1 H 1-Np NA 51 30 81 

b 1 H 2-Np 2 46 31 79 

c 2 H 1-Np 2 45 22 69 

d 2 H 2-Np NA 62 33 95 

e 1 H 3,4,5-trimethoxy Ph 3 64 19 86 

f 2 H 3,4,5-trimethoxy Ph NDb 86b 10b 96b 

g 1 4-Me 1-Np ND 47 15 62 

h 1 4-CN 1-Np ND 54 2 56 

i 1 4-CN 3,4,5-trimethoxy Ph ND 23 3 26 

a Yield determined by calibrated GC-FID.  b Yield determined by calibrated GC-MS in an attempt to enable 

identification of any other products of photolysis 

ND – Not detected; NA – Not Applicable; Np - Naphthyl 

For the naphthylmethyl esters (1a-1i) in methanol (Table 1Table 1), the major product in 

each case was the desired diarylethane (2a-2i) formed by in-cage reaction by the stabilization of 

the charge transfer intermediate pathway (Path C) and/or Path B.  However, the methylethers (3-

6, Figure 2Figure 2) were also obtained in significant amounts courtesy of the respective ionic-

derived minor pathway being operative (Path AA, Figure 1).  For the mechanism given in Figure 

hν
CH3OH

X

CH2O
O

R2

X

CH2CH2R2

1a-i 2a-i
X

CH2

2
X

CH2OCH3

3-6
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1, the effects on product formation of inter- (kET) and intramolecular (kE) charge / electron 

transfer, i.e. Path A vs. Paths B and C, respectively, are understood.20 

Nevertheless, overall conversions were reasonably high (see Table 1Table 1), the 

exception being ester 1i.  It should be noted that, although considered, the corresponding 

methylnaphthalene photoproducts were not observed in these reactions, as consistent with 

previous studies involving 1-naphthylmethyl acetate esters.15,17,20 

Figure 2. Undesired methylether photoproducts 

 

For esters (1a-1h), the yields from the photolysis in methanol (Table 1Table 1) ranged 

from 45-86% yield for the naphthylarylethane products (2a-2h), while the methylether (3-6) was 

obtained in 2-33% yield.  These results demonstrate that the undesired methylethers are produced 

in significant amounts (via Path A) even when the acyloxy group of the ester (R2CH2 in Figure 1, 

where R2 is a naphthyl or 3,4,5-trimethoxyphenyl group) has been tuned to enhance the electron-

donor ability in an effort to form greater amounts of the desired in-cage radical products. 

Evidently, since Path A is still operative, the substitution effects on the acyloxy donor of the 

ester are insufficient to direct the reaction to the single desired product.  Evaluating the yields 

when using the same naphthyl-substituted alkyl group (R1CH2 in Figure 1Figure 1) [1-position 

on the naphthalene ring (1a, 1b and 1e)] with a different acyloxy donor (R2CH2), the yield of the 

naphthylarylethane increases going from the naphthalene ring to the 3,4,5-trimethoxy group, 

which provides supporting evidence that this group is a better electron donor and therefore better 

stabilizes the radical cation and perhaps directs more of the reaction to proceed by Path C. 

3

CH2OCH3

4

CH2OCH3

5

CH2OCH3

CH3 6

CH2OCH3

CN
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This same behaviour is seen for the 2-substituted naphthylmethyl esters (1c, 1d and 1f) 

which also provide increased yields of the naphthylarylethane products (2c, 2d and 2f), since the 

3,4,5-trimethoxyphenylacetyloxy group is a better electron donor than the naphthyl group and 

thereby presumably stabilizes the radical cation enroute, via Path C.  We can therefore propose 

that the acyloxy donor group of the ester (R2CH2 in Figure 1Figure 1) has a dominating influence 

in the production of the naphthylarylethane coupling product (2a-2i) than the position of the 

substituent on the naphthalene of the alkyl acceptor (R1CH2) group of the ester.  This is 

supported by the fact that photolysis of ester 1g, bearing an electron donating methyl group on 

the naphthalene ring, results in similar yield to those obtained for esters 1a and 1c.  For esters 1h 

and 1i, the incorporation of a nitrile group on the naphthalene ring (alkyl group of the ester) with 

the same donor group (acyloxy group of the ester) provides the most extreme case for charge 

transfer (Path C).  However, the overall yields for the naphthonitrile substrates (1h and 1i) are 

lower for the photoreactions in methanol (Table 1) supporting the notion that, although Path C 

(kE) is dominant, another pathway is also present. In previous work the photochemistry of 

naphthonitrile in the presence of similar methoxy-substituted phenylacetic acid derivatives 

provides a mixture of different products thereby supporting this conclusion.25 

From the results obtained in methanol (see Table 1), it is clear that the substituent 

(electronic) effects were not sufficient to influence the process to form only a single product 

(diarylethane) and thereby direct the process exclusively through Pathways B and C (kE).  In an 

effort to promote the radical production, the use of cyclohexane as solvent was investigated. The 

non-polar, and non-nucleophilic nature of cyclohexane was expected to shut down the ionic-

derived photosolvolysis reaction (Path A) and instead support formation of the radical-derived 

products. Cognizant that success would result in a practical route to radical-derived 
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diarylethanes, solutions of esters 1a-1i in cyclohexane were photolysed using the same 

conditions as used for reactions involving methanol (Table 2Table 2). Gratifyingly, the desired 

diarylethanes were essentially the only products observed. 

 

Table 2. Photolysis of esters 1a-1i in cyclohexane 

 

Starting Material Products 

Ester  

1 

Np - 

Position 

X 

Substitution R 

Out of Cage 

Naphthyl Dimer 

(%) 

In-Cage Reaction 

Product (2a-2i) (%) 

Methylether 

(3 – 6)  

(%) 

a 1 H 1-Np NA 72 - 

b 1 H 2-Np ND 55 - 

c 2 H 1-Np 1 60 - 

d 2 H 2-Np NA 74 - 

e 1 H 3,4,5-trimethoxy Ph 6 81 - 

f 2 H 3,4,5-trimethoxy Ph 1 65 - 

g 1 4-Me 1-Np ND 79 - 

h 1 4-CN 1-Np ND 71 - 

i 1 4-CN 3,4,5-trimethoxy Ph ND 50 - 

Yield determined by calibrated GC-FID. 

ND – Not detected; NA – Not Applicable; Np - Naphthyl 

The out of cage reaction products (naphthyl dimer) were observed at trace levels.  The 

reaction provides a single synthetic step to the desired naphthylarylethanes (2a-2i, in-cage 

products) from the corresponding esters.  The use of cyclohexane as solvent renders Path A 

hν
cyclohexane

X

CH2O
O

R

X

CH2CH2R

X

CH2

2

1a-i 2a-i
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unavailable, and therefore photolysis presents only Paths B and C and thus formation of only the 

in-cage product.  In cyclohexane, no appreciable differences were noticed in the individual 

product yields by changing the substitution pattern of the donor (R2CH2) at the 1- and 2-positions 

on the naphthalene ester (1a-1d), as seen in Table 2Table 2. Varying the substituents on the 

naphthalene ring on the acceptor (alkyl moiety of the ester), while maintaining the 1-naphthalene 

group on the acyloxy donor (1a, 1c, 1g and 1h), provides the naphthylarylethane (in-cage) 

product (2a, 2c, 2g and 2h) in similar yields, no matter what the substitution pattern. 

Conclusions 

Naphthylmethyl esters (1a-1i) were photolyzed in methanol and cyclohexane resulting in 

appropriately substituted naphthylarylethanes (2a-2i) as the major product in each case. In 

methanol, the ester photolysis does not produce the diarylethanes exclusively as the charge 

transfer (exciplex) pathway (via Path C) does not dominate. The photolysis of these same esters 

in cyclohexane renders the photosolvolysis pathway (Path A) unavailable and thereby provides a 

synthetically useful method for the preparation the naphthylarylethanes in good yield.  In short, 

solvent effects have a greater impact on the product distribution than do changes to substituent 

patterns around these substrates. 

Experimental Section 

All reactions were carried out under an inert atmosphere of nitrogen or argon with magnetic 

stirring.  Reagents and solvents were used as received from commercial sources except: 4-

methyl-1-naphthalenemethanol,15 4-cyano-1-naphthalenemethanol was prepared from the 

corresponding benzyl bromide26 followed by hydrolysis using aq. CaCO3,27 1-naphthylacetyl 

chloride28 and 2-naphthylacetyl chloride28 were prepared according to literature procedures. 

Preparative reactions were followed using TLC analysis involving pre-coated (silica gel 60 F254, 
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0.25 mm) plates with plastic backing, and UV light as visualizing agent.  Column 

chromatography was carried out using silica gel (63-200 µm particle size, 70-230 mesh). Melting 

points were measured using a Fisher-Johns Melting Point apparatus and are uncorrected.  IR 

spectra, provided in cm-1, were recorded using an FTIR instrument after either preparing a KBr 

pellet or dissolving the sample in CH2Cl2 and allowing the solvent to evaporate to provide a film 

on NaCl plates.  Only the significant absorption bands (cm-1) are reported.  UV spectra are 

provided in nm and were obtained in acetonitrile using a UV-VIS spectrophotometer, and molar 

absorption coefficients (e) are defined in L mol-1cm-1. 1H and 13C NMR spectra were obtained in 

deuterated chloroform (CDCl3) and were recorded using a 500 MHz spectrometer. 1H chemical 

shifts are reported in ppm relative to tetramethylsilane using the CDCl3 residual solvent signal at 

δ = 7.26 as an internal standard. 13C NMR spectra were recorded using the proton-decoupled 

UDEFT pulse sequence, and chemical shifts are reported in ppm referenced to the CDCl3 signal 

at δ = 77.2. Multiplicity is presented as follows: s = singlet, d = doublet, dd = doublet of 

doublets, t = triplet, m = multiplet. Coupling constant(s), J, are reported in hertz (Hz), alongside 

integration.  HRMS data were obtained using a microOTOF mass spectrometer operating in 

positive ion ESI mode. Reaction samples were analyzed using a GC-FID instrument equipped 

with a DB-5 megabore column (30 m x 0.53 mm with a 1.5 µm film thickness), an FID detector 

and an AOC-20i autosampler: initial temperature 140°C for 4 minutes then a 25°C / min ramp to 

300°C and hold for 10 minutes; injector and detector temperatures set at 320°C with an injection 

volume of 3.0 µL.  For the GC/MS analysis a HP 6890 GC with a HP 5973 mass selective 

detector was used equipped with a HP-5 5% Phenyl Methyl Siloxane column (30 m x 0.25 mm x 

0.5 µm film thickness): initial temperature 140°C for 4 minutes then a 25°C / min ramp to 300°C 
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and hold for 10 minutes; injector and detector temperatures set at 230°C with an injection 

volume of 1.0 µL. 

 

Synthesis of Substituted 1- and 2-Naphthylmethyl Substituted Acetate Esters (1a-1i) 

General Procedure 1 (GP1) for the preparation of esters (1a-1d, 1g) 

With modification of a reported procedure,15 to a well-stirred solution of the 

naphthalenemethanol (20 mmol, 1 equiv; i.e. 3.16 g in the case of 1-naphthalenemethanol to 

enable preparation of 1a) in toluene (50 mL) was added pyridine (1 mL).  To this solution was 

slowly added a solution of the required acid chloride (22 mmol, 1.1 equiv; i.e. 4.50 g in the case 

of 1-naphthylacetyl chloride to enable preparation of 1a) in toluene (30 mL) over 30 minutes.  

Stirring was continue for an additional 16 h at room temperature.  The reaction was quenched by 

adding water and the two layers separated.  The toluene layer was washed with 10% aq. HCl (2 x 

50 mL), 5% aq. NaOH (50 mL) and water (50 mL).  The organic layer was then dried (MgSO4), 

filtered, and the solvent removed in vacuo to yield the crude ester.  The crude material was 

purified via column chromatography over silica gel using 3% EtOAc:hexane as eluent.  The 

resultant ester was crystallized from hexane. 

 

General Procedure 2 (GP2) for the preparation of esters (1e-1f, 1h-1i) 

The acid (5.3 mmol, 1 equiv; i.e. 1.20 g in the case of 3,4,5-trimethoxyphenylacetic acid to 

enable preparation of 1e) was dissolved in dry THF (20 mL) and the solution cooled to 0°C.  1,1¢ 

-Carbonyldiimidazole (1.04 g 6.4 mmol, 1.2 equiv) was then added as a solid.  The solution was 

allowed to warm to room temperature and then stirred at this temperature for 1 h.  To this 

solution was added a solution of the alcohol (6.9 mmol, 1.3 equiv; i.e. 1.01 g in the case of 1-
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naphthalenemethanol to enable preparation of 1e) dissolved in dry THF (10 mL) and stirring was 

continued for 72 h.  The solvent was removed in vacuo and the residue dissolved in EtOAc (50 

mL).  The solution was washed with aq. 5% HCl (20 mL), aq. 2% NaHCO3 (20 mL) and water 

(20 mL).  The organic layer was then dried (MgSO4), filtered and the solvent removed in vacuo.  

The residue was purified via column chromatography using 30% EtOAc:hexane as eluent.  The 

resultant ester was crystallized from warm CH2Cl2:hexane. 

1-Naphthylmethyl 1-naphthylacetate (1a):29 According to GP1, the title compound was 

prepared from 1-naphthylacetyl chloride and 1-naphthalenemethanol; white solid; yield 73%; mp 

103-104°C; UV: λmax 261 (ε 7.25 x 103), 271 (1.13 x 104), 281 (1.36 x 104), 292 (9.65 x 103) nm; 

IR (KBr): 3038, 2959, 1728 cm-1. 500 MHz 1H NMR δ: 7.95 (d, J = 8.1 Hz, 1H), 7.87-7.77 (m, 

5H), 7.51-7.38 (m, 8H), 5.58 (s, 2H), 4.11 (s, 2H) ppm; 125 MHz 13C{1H} NMR δ: 171.5, 

133.9, 133.7, 132.1, 131.6, 131.3, 130.5, 129.3, 128.7, 128.6, 128.1, 128.1, 127.5, 126.5, 126.3, 

125.9, 125.8, 125.5, 125.2, 123.8, 123.6, 65.2, 39.3 ppm.  [CAS 72977-58-3].  No literature data 

available. 

1-Naphthylmethyl 2-naphthylacetate (1b):30 According to GP1, the title compound was 

prepared from 2-naphthylacetyl chloride and 1-naphthalenemethanol; white solid: yield 53%; mp 

77-78°C; UV: λmax 261 (ε 7.27 x 103), 271 (1.04 x 104), 280 (1.10 x 104), 289 (7.99 x 103) nm; IR 

(KBr): 3044, 2962, 1727 cm-1. 500 MHz 1H NMR δ: 7.91 (d, J = 8.4 Hz, 1H), 7.87-7.70 (m, 6H), 

7.51-7.38 (m, 7H), 5.59 (s, 2H), 3.82 (s, 2H) ppm; 125 MHz 13C{1H} NMR δ: 171.4, 133.7, 

133.5, 132.5, 131.6, 131.4, 131.3, 129.3, 128.7, 128.2, 128.0, 127.7, 127.6, 127.5, 127.4, 126.5, 

126.1, 125.9, 125.8, 125.2, 123.6, 65.1, 41.6 ppm.  [CAS 86328-64-5].  Only mass spectral30 

literature data available. 
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2-Naphthylmethyl 1-naphthylacetate (1c):31 According to GP1, the title compound was 

prepared from 1-naphthylacetyl chloride and 2-naphthalenemethanol; white solid: yield 83%; mp 

75-76°C although lit.31 57-59°C; UV: λmax 261 (ε 7.25 x 103), 272 (1.02 x 104), 280 (1.05 x 104), 

292 (6.11 x 103) nm; IR (KBr): 3045, 2958, 1725 cm-1. 500 MHz 1H NMR δ: 8.00-7.99 (m, 1H), 

7.87-7.85 (m, 1H), 7.81-7.75 (m, 3H), 7.72-7.68 (m, 1H), 7.63 (s, 1H), 7.48-7.45 (m, 4H), 7.43-

7.41 (m, 2H), 7.32 (dd, J1 = 8.4 Hz, J2 = 1.5 Hz, 1H), 5.28 (s, 2H), 4.14 (s, 2H) ppm in accord 

with lit.;31 125 MHz 13C{1H} NMR δ: 171.4, 133.9, 133.2, 133.1, 133.0, 132.1, 130.5, 128.7, 

128.2, 128.1, 128.1, 127.9, 127.6, 127.0, 126.4, 126.2, 126.2, 125.8, 125.6, 125.5, 123.8, 66.7, 

39.2 ppm.  [CAS 129633-45-0]. 

2-Naphthylmethyl 2-naphthylacetate (1d):17 According to GP1, the title compound was 

prepared from 2-naphthylacetyl chloride and 2-naphthalenemethanol; white solid: yield 87%; mp 

138-140°C; UV: λmax 257 (ε 6.82 x 103), 268 (9.18 x 103), 275 (9.66 x 103), 286 (6.43 x 103) nm; 

IR (KBr): 3051, 2950, 1732 cm-1. 500 MHz 1H NMR δ: 7.82-7.70 (m, 8H), 7.48-7.38 (m, 6H), 

5.30 (s, 2H), 3.85 (s, 2H) ppm in accord with lit.17; 125 MHz 13C{1H} NMR δ: 171.4, 133.5, 

133.3, 133.2, 133.1, 132.5, 131.4, 128.3, 128.3, 128.0, 128.0, 127.7, 127.7, 127.6, 127.4, 127.2, 

126.3, 126.2, 126.2, 125.8, 125.7, 66.8, 41.6 ppm.  [CAS 53342-33-9]. 

1-Naphthylmethyl 3,4,5-trimethoxyphenylacetate (1e): According to GP2, the title compound 

was prepared from 3,4,5-trimethoxyphenylacetic acid and 1-naphthalenemethanol; white solid: 

yield 50%; mp 73-74°C; UV: λmax 262 (ε 4.75 x 103), 270 (6.96 x 103), 279 (7.82 x 103), 290 

(5.07 x 103) nm; IR (film): 2997, 2960, 2939, 2837, 1735 cm-1. 500 MHz 1H NMR δ: 7.93-7.91 

(m, 1H), 7.87-7.84 (m, 2H), 7.52-7.50 (m, 3H), 7.46 (t, J = 7.7 Hz, 1H), 6.44 (s, 2H), 5.59 (s, 

2H), 3.82 (s, 3H), 3.71 (s, 6H), 3.59 (s, 2H) ppm; 125 MHz 13C{1H} NMR δ: 171.5, 153.3, 

137.2, 133.8, 131.7, 133.3, 129.5, 129.4, 128.7, 127.7, 126.6, 126.0, 125.3, 123.6, 106.3, 65.2, 
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60.8, 56.0, 41.8 ppm; HRMS (ESI/TOF) m/z: [M + Na]+ Calcd for C22H22O5Na 389.1359; Found 

389.1358.  [CAS 1003966-04-8] 

2-Naphthylmethyl 3,4,5-trimethoxyphenylacetate (1f): According to GP2, the title compound 

was prepared from 3,4,5-trimethoxyphenylacetic acid and 2-naphthalenemethanol; white solid: 

yield 70%; mp 75-76°C; UV: λmax 266 (ε 5.16 x 103), 274 (5.49 x 103), 286 (3.32 x 103) nm; IR 

(film): 2962, 2943, 2831, 1732 cm-1. 500 MHz 1H NMR δ: 7.83-7.77 (m, 4H), 7.50-7.47 (m, 

2H), 7.41 (dd, J1 = 8.4 Hz, J2 = 1.5 Hz, 1H), 6.50 (s, 2H), 5.31 (s, 2H), 3.83 (s, 3H), 3.78 (s, 6H), 

3.62 (s, 2H) ppm; 125 MHz 13C{1H} NMR δ: 171.3, 153.2, 137.2, 133.2, 133.1, 133.1, 129.4, 

128.3, 127.9, 127.7, 127.3, 126.3, 126.3, 125.7, 106.3, 66.7, 60.8, 56.0, 41.6 ppm; HRMS 

(ESI/TOF) m/z: [M + Na]+ Calcd for C22H22O5Na 389.1359; Found 389.1367. 

4-Methyl-1-naphthylmethyl 1-naphthylacetate (1g): According to GP1, the title compound 

was prepared from 1-naphthylacetyl chloride and 4-methyl-1-naphthalenemethanol; white solid: 

yield 34%; mp 73-74°C; UV: λmax 276 (ε 1.30 x 104), 281 (1.42 x 104), 285 (1.39 x 104) nm; IR 

(film): 3069, 3045, 2964, 2947, 1733 cm-1. 500 MHz 1H NMR δ: 8.02 (d, J = 8.3 Hz, 1H), 7.95 

(d, J = 8.6 Hz, 1H), 7.85 (d, J = 8.3 Hz, 2H), 7.77 (t, J = 4.6 Hz, 1H), 7.53 (t, J = 8.0 Hz, 1H), 

7.47-7.38 (m, 5H), 7.35 (d, J = 7.1 Hz, 1H), 7.24 (s, 1H), 5.54 (s, 2H), 4.08 (s, 2H), 2.68 (s, 3H) 

ppm; 125 MHz 13C{1H} NMR δ: 171.5, 135.8, 133.9, 132.9, 132.1, 131.7, 130.5, 129.5, 128.7, 

128.1, 128.1, 127.5, 126.4, 126.2, 126.0, 125.8, 125.8, 125.5, 124.8, 124.2, 123.9, 65.4, 39.3, 

19.6 ppm; HRMS (ESI/TOF) m/z: [M + Na]+ Calcd for C24H20O2Na 363.1356; Found 363.1362. 

4-Cyano-1-naphthylmethyl 1-naphthyl acetate (1h): According to GP2, the title compound 

was prepared from 1-naphthaleneacetic acid and 4-cyano-1-naphthalenemethanol; pale yellow 

solid: yield 58%; mp 127-128°C; UV: λmax 282 (ε 1.13 x 104), 292 (1.21 x 104), 300 (1.10 x 104) 

nm; IR (film): 3061, 2227, 1744 cm-1. 500 MHz 1H NMR δ: 8.24 (d, J = 8.3 Hz, 1H), 7.91-7.74 
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(m, 5H), 7.67 (t, J = 7.3 Hz, 1H), 7.53-7.35 (m, 6H), 5.58 (s, 2H), 4.14 (s, 2H) ppm; 125 MHz 

13C{1H} NMR δ: 171.1, 137.2, 133.8, 132.4, 132.0, 132.0, 130.8, 130.1, 128.8, 128.4, 128.3, 

128.2, 128.0, 126.4, 125.9, 125.9, 125.5, 125.3, 124.0, 123.6, 117.6, 111.0, 64.0, 39.3 ppm; 

HRMS (ESI/TOF) m/z: [M + Na]+ Calcd for C24H17NO2Na 374.1152; Found 374.1161. 

4-Cyano-1-naphthylmethyl 3,4,5-trimethoxyphenyl acetate (1i): According to GP2, the title 

compound was prepared from 3,4,5-trimethoxyphenylacetic acid and 4-cyano-1-

naphthalenemethanol; pale yellow solid: yield 63%; mp 120-121°C; UV: λmax 287 (ε 7.60 x 103), 

289 (9.21 x 103), 308 (7.51 x 103) nm; IR (film): 3088, 3071, 3007, 2970, 2946, 2838, 2230, 

1740 cm-1. 500 MHz 1H NMR δ: 8.29 (d, J = 8.3 Hz, 1H), 7.98 (d, J = 8.6 Hz, 1H), 7.88 (d, J = 

7.3 Hz, 1H), 7.73 (t, J = 8.0 Hz, 1H), 7.63 (t, J = 7.7 Hz, 1H), 7.56 (d, J = 7.4 Hz, 1H), 6.45 (s, 

2H), 5.62 (s, 2H), 3.83 (s, 3H), 3.75 (s, 6H), 3.62 (s, 2H) ppm; 125 MHz 13C{1H} NMR δ: 

171.1, 153.3, 137.4, 137.3, 132.5, 132.1, 131.0, 129.0, 128.6, 128.2, 126.1, 125.7, 124.2, 117.5, 

111.2, 106.4, 64.2, 60.9, 56.1, 41.6 ppm; HRMS (ESI/TOF) m/z: [M + Na]+ Calcd for 

C23H21NO5Na 414.1312; Found 414.1326. 

Irradiations 

Analytical Photolysis 

Irradiations for analytical work were carried out using a medium pressure Hanovia 200 W Quartz 

Hg lamp in a Pyrex 400 mL water-jacketed immersion well.  The ester, 1a-1i, (~ 300 mg) was 

dissolved in the solvent (methanol or cyclohexane) and irradiated at room temperature.  The 

progress of the reaction was monitored via GC-FID analysis. 

Analytical Standards 

Preparative Photolysis 

General Procedure 3 (GP3) for the Isolation of the Major Photoproduct (2a-2i) 
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In order to obtain the major photoproduct products (in-cage coupling) for full characterization 

and use as standards for the subsequent photolysis-based analytical work, these compounds were 

prepared from preparatory photolysis of each of the corresponding esters. Thus, a solution of the 

ester (»300 mg) in cyclohexane was placed in a Pyrex 400 mL water-jacketed immersion well.  

In some cases, the solvent was warmed in order to dissolve the ester.  The solution was bubbled 

with argon before and during the irradiation.  The temperature for the irradiations was 

maintained at room temperature.  The light source was a 200 W medium pressure Hanovia 

Quartz Hg lamp.  The irradiations were continued for 48 h. After this period of time the 

photolysis solutions were filtered through a filter paper to remove any insoluble products 

(dimeric/polymeric material) and the solvent evaporated to dryness.  The above procedure was 

performed twice in order to obtain sufficient material to be used as a standard.  The resultant oil 

was purified via column chromatography using 2% EtOAc:hexane as the eluent.  The first 

eluting fractions were always the in-cage reaction product. 

1-(1-Naphthyl)-2-(1-naphthyl)ethane (2a):11,32 Prepared according to GP3 using ester 1a; light 

beige solid; mp = 164-165°C, lit.33 162-163°C; 500 MHz 1H NMR δ: 8.13 (d, J = 8.3 Hz, 2H), 

7.89-7.87 (m, 2H), 7.75 (d, J = 8.2 Hz, 2H), 7.55-7.48 (m, 4H), 7.40 (t, J = 7.6 Hz, 2H), 7.35 (d, 

J = 6.3 Hz, 2H), 3.52 (s, 4H) ppm; 125 MHz 13C{1H} NMR δ: 138.1, 134.0, 131.9, 128.9, 126.8, 

125.9, 125.9, 125.6, 125.5, 123.7, 34.1 ppm. [CAS 15374-45-5]  Only melting point data 

available in the literature. 

1-(1-Naphthyl)-2-(2-naphthyl)ethane (2b/c): Prepared according to GP3 using either ester 1b 

or 1c; light beige solid; mp = 84-85°C; 500 MHz 1H NMR δ: 8.15 (d, J = 8.6 Hz, 1H), 7.88 (d, J 

= 8.0 Hz, 1H), 7.83-7.77 (m, 3H), 7.71 (d, J = 8.0 Hz, 1H), 7.67 (s, 1H), 7.56-7.36 (m, 6H), 7.31 

(d, J = 6.8 Hz, 1H), 3.47 (t, J = 8.3 Hz, 2H), 3.22 (t, J = 8.2 Hz, 2H) ppm; 125 MHz 13C{1H} 



The Photodecarboxylation of Substituted Naphthylmethyl Arylacetate 
Esters: Synthesis of Naphthylarylethanes 

 18 

NMR δ: 139.6, 137.8, 134.0, 133.8, 132.2, 131.9, 128.9, 128.0, 127.7, 127.5, 127.4, 126.9, 

126.5, 126.1, 126.0, 125.6, 125.6, 125.5, 125.4, 123.7, 37.3, 35.1 ppm; HRMS (ESI/TOF) m/z: 

[M + H]+ Calculated for C22H19 282.1487; Found 282.1462. [CAS 83313-24-0]  No literature 

data available. 

1-(2-Naphthyl)-2-(2-naphthyl)ethane (2d):34 Prepared according to GP3 using ester 1d; white 

solid; mp = 185-186°C, lit.35 182-184°C; 500 MHz 1H NMR δ: 7.81-7.75 (m, 6H), 7.65 (s, 2H), 

7.46-7.40 (m, 4H), 7.36 (dd, J1 = 8.4 Hz, J2 = 1.6 Hz, 2H), 3.18 (s, 4H) ppm in accord with lit.;34 

125 MHz 13C{1H} NMR δ: 139.3, 133.7, 132.1, 127.9, 127.6, 127.5, 127.4, 126.5, 125.9, 125.2, 

38.0 ppm.  [CAS 21969-45-9] 

1-(1-Naphthyl)-2-(3,4,5-trimethoxyphenyl)ethane (2e): Prepared according to GP3 using ester 

1e; off white solid; mp = 98-99°C; 500 MHz 1H NMR δ: 8.05 (d, J = 8.3 Hz, 1H), 7.86 (d, J = 

8.0 Hz, 1H), 7.72 (d, J = 8.3 Hz, 1H), 7.51-7.47 (m, 2H), 7.38 (t, J = 7.6 Hz, 1H), 7.28 (d, J = 

6.8. Hz, 1H), 6.37 (s, 2H), 3.83 (s, 3H), 3.79 (s, 6H), 3.37 (t, J = 6.8 Hz, 2H), 2.99 (t, J = 8.0 Hz, 

2H) ppm; 125 MHz 13C{1H} NMR δ: 153.2, 137.7, 136.5, 134.0, 131.9, 128.9, 126.8, 126.2, 

125.9, 125.6, 125.5, 123.7, 105.6, 60.9, 56.2, 37.5, 35.0 ppm (one 13C signal missing); HRMS 

(ESI/TOF) m/z: [M + H]+ Calculated for C21H23O3 323.1642; Found 323.1643. 

1-(2-Naphthyl)-2-(3,4,5-trimethoxyphenyl)ethane (2f): According to GP3 using ester 1f; white 

solid; mp = 86-87°C; 500 MHz 1H NMR δ:  7.81-7.75 (m, 3H), 7.60 (s, 1H), 7.46-7.40 (m, 2H), 

7.33 (d, J = 8.3 Hz, 1H), 6.38 (s, 2H), 3.83 (s, 3H), 3.78 (s, 6H), 3.08 (t, J = 7.5 Hz, 2H), 2.95 (t, 

J = 7.9 Hz, 2H) ppm; 125 MHz 13C{1H} NMR δ: 153.1, 139.2, 137.5, 136.4, 133.7, 132.1, 

127.9, 127.6, 127.5, 127.4, 126.6, 126.0, 125.3, 105.6, 60.9, 56.1, 38.3, 38.2 ppm; HRMS 

(ESI/TOF) m/z: [M + H]+ Calculated for C21H23O3 323.1642; Found 323.1655. [CAS 162408-

75-5] 
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1-(4-Methyl-1-naphthyl)-2-(1-naphthyl)ethane (2g): Prepared according to GP3 using ester 

1g; white solid; mp = 114-115°C; 500 MHz 1H NMR δ: 8.15-8.10 (m, 2H), 8.04 (dd, J1 = 6.4 Hz, 

J2 = 3.2 Hz, 1H), 7.87 (d, J = 7.1 Hz, 1H), 7.73 (d, J = 7.7 Hz, 1H), 7.54-7.45 (m, 4H), 7.41-7.33 

(m, 2H), 7.23 (s, 2H), 3.48 (s, 4H), 2.67 (s, 3H) ppm; 125 MHz 13C{1H} NMR δ: 138.3, 136.3, 

134.0, 133.1, 132.8, 132.0, 131.9, 128.9, 126.8, 126.4, 126.0, 126.0, 125.7, 125.7, 125.6, 125.6, 

125.4, 125.0, 124.3, 123.8, 34.3, 34.1, 19.5 ppm; HRMS (ESI/TOF) m/z: [M + H]+ Calculated 

for C23H21 297.1638; Found 297.1634. 

1-(4-Cyano-1-naphthyl)-2-(1-naphthyl)ethane (2h): Prepared according to GP3 using ester 1h; 

white solid; mp = 146-147°C; 500 MHz 1H NMR δ:  8.30 (d, J = 8.0 Hz, 1H), 8.16 (d, J = 8.3 

Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 7.0 Hz, 1H), 7.80 (d, J = 7.1 Hz, 1H), 7.75 (d, J = 

8.3 Hz, 1H), 7.70 (t, J = 7.4 Hz, 1H), 7.64 (t, J = 7.7 Hz, 1H), 7.55-7.47 (m, 2H), 7.36 (t, J = 7.7 

Hz, 1H), 7.31 (d, J=7.3 Hz, 1H), 7.23 (t, J = 7.1 Hz, 1H), 3.60-3.56 (m, 2H), 3.51-3.48 (m, 2H) 

ppm; 125 MHz 13C{1H} NMR δ: 144.5, 137.0, 134.0, 132.8, 132.4, 131.7, 131.6, 129.0, 128.2, 

127.6, 127.2, 126.2, 126.1, 126.1, 125.7, 125.6, 125.3, 124.4, 123.3, 118.2, 108.8, 34.3, 33.7 

ppm; HRMS (ESI/TOF) m/z: [M + H]+ Calculated for C23H18N 308.1434; Found 308.1432. 

1-(4-Cyano-1-naphthyl)-2-(3,4,5-trimethoxyphenyl)ethane (2i): Prepared according to GP3 

using ester 1i; white solid; mp = 120-121°C; 500 MHz 1H NMR δ:  8.29 (d, J = 7.7 Hz, 1H), 

8.13 (d, J = 7.7 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.73-7.62 (m, 2H), 7.32 (d, J = 7.3 Hz, 1H), 

6.34 (s, 2H), 3.83 (s, 3H), 3.80 (s, 6H), 3.43 (t, J = 7.9 Hz, 2H), 3.00 (t, J = 7.9 Hz, 2H) ppm; 

125 MHz 13C{1H} NMR δ: 153.2, 144.2, 136.6, 132.7, 132.3, 132.3, 131.6, 128.2, 127.5, 126.1, 

125.4, 124.4, 118.1, 108.8, 105.5, 60.9, 56.1, 37.1, 35.2 ppm; HRMS (ESI/TOF) m/z: [M + H]+ 

Calculated for C22H22NO3 348.1594; Found 348.1609. 
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General Procedure 4 (GP4) for the Synthesis of Naphthylmethyl Methylethers (3-4) 

The 1- and 2-naphthylmethyl methyl ethers were prepared through benzylic bromination of the 

corresponding methylnaphthalenes. Thus, a solution of the appropriate methylnaphthalene (14 

mmol; i.e. 2.00 g in the case of 1-methylnaphthalene to enable preparation of 3), NBS (3.1 g, 17 

mmol) and a catalytic amount of benzoyl peroxide were added to carbon tetrachloride (35 mL).  

The solution was heated to reflux temperature, and stirring continued at this temperature for 4 h.  

The reaction mixture was then cooled to room temperature, and filtered.  The filtrate was diluted 

with CHCl3 (50 mL) and washed with a 5% aq. NaHCO3 (25 mL) and water (25 mL).  The 

organic layer was dried (MgSO4), filtered and the solvent removed in vacuo.  The resultant oil 

was dissolved in methanol (50 mL).  To the solution was added sodium methoxide (0.65 g, 12 

mmol) as a solid and the mixture was then warmed until the solution was homogeneous.   The 

solution was stirred for 20 h at room temperature and then the methanol was removed in vacuo.  

The residue was dissolved in CH2Cl2 (50 mL) and washed with 1% aq. HCl (25 mL) and water 

(25 mL).  The organic layer was dried (MgSO4), filtered and the solvent removed in vacuo.   The 

crude material was purified via column chromatography using 5% EtOAc:hexane as eluent.  The 

resulting oil was further purified by bulb-to-bulb distillation to obtain a colourless oil. 

1-Naphthylmethyl methylether (3):15 Prepared according to GP4 using 1-methylnaphthalene; 

yield 0.65 g (27%); liquid, bp 105-108°C (5 Torr), lit.15 108-110°C (5 Torr); 500 MHz 1H NMR 

δ: 8.11 (d, J = 7.9 Hz, 1H), 7.86-7.78 (m, 2H), 7.55-7.39 (m, 4H), 4.89 (s, 2H), 3.44 (s, 3H) ppm 

on accord with lit.;15 125 MHz 13C{1H} NMR δ: 133.9, 133.7, 131.8, 128.7, 128.6, 126.5, 126.3, 

125.8, 125.2, 124.0, 73.3, 58.3 ppm. [CAS  5903-23-1] 
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2-Naphthylmethyl methylether (4): Prepared according to GP4 using 2-methylnaphthalene; 

yield 1.0 g (41%); liquid; bp 133-136°C (5 Torr); 500 MHz 1H NMR δ: 7.84-7.78 (m, 4H), 7.47-

7.44 (m, 3H), 4.62 (s, 2H), 3.42 (s, 3H) ppm in accord with lit.36 [CAS 42101-92-8] 

General Procedure 5 (GP5) for Preparation of Ethers for the Synthesis of Substituted 

Naphthylmethyl Methylethers (5-6) 

The 4-methyl- and 4-cyano-1-naphthylmethyl methylethers (5 and 6) were prepared by 

dissolving the corresponding alcohols (3.1 mmol; i.e. 0.53 g in the case of 4-methyl-1-

naphthalenemethanol to enable preparation of 5) in dry THF (10 mL).  To the solution was added 

sodium hydride (80 mg, 3.3 mmol) as a solid, previously washed with pentane and dried.  

Effervescence was observed immediately.  After stirring for 5 minutes, methyl iodide (200 µL, 

3.2 mmol) was added.  The reaction mixture was stirred at room temperature for 48 h.  The 

solvent was removed in vacuo and the residue then dissolved in EtOAc (50 mL).  The solution 

was washed with 3% aq. HCl (25 mL), 5% aq. NaHCO3 (25 mL) and water (25 mL).  The 

organic layer was then dried (MgSO4), filtered and the solvent removed in vacuo to provide the 

crude oil. 

4-Methyl-1-methoxymethylnaphthalene (5):15 Prepared according to GP5 using 4-methyl-1-

naphthalenemethanol.  The crude oil was purified via column chromatography over silica using 

10% EtOAc:hexane as the eluent.  The residual oil was further purified via bulb-to-bulb 

distillation to obtain a colourless oil.  Yield 0.28 g (48%); liquid, bp 147-150°C (5 Torr), lit.15 

89-93°C (0.2 Torr); 500 MHz 1H NMR δ: 8.16-8.09 (m, 1H), 8.04-7.98 (m, 1H), 7.56-7.49 (m, 

2H), 7.37 (d, J = 7.0 Hz, 1H), 7.26 (d, J = 7.2 Hz, 1H), 4.87 (s, 2H), 3.42 (s, 3H), 2.68 (s, 3H) 

ppm in accord with lit.;15 125 MHz 13C{1H} NMR δ: 134.9, 133.1, 131.9, 131.9, 126.5, 125.9, 

125.9, 125.7, 124.7, 124.6, 73.4, 58.0, 19.7 ppm.  [CAS 71235-76-2]  
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4-Methoxymethyl-1-naphthonitrile (6):37 Prepared according to GP5 using 4-cyano-1-

naphthalenemethanol.  The crude oil was purified via column chromatography over silica using 

1% MeOH:CH2Cl2 as eluent.  The residual oil was further purified via crystallization from 

CH2Cl2:hexane to provide a white solid. Yield 0.2 g (35%); mp = 70-71°C, lit.37 70.5-71.0°C; 

500 MHz 1H NMR δ:  8.28 (d, J = 7.5 Hz, 1H), 8.10 (d, J = 7.7 Hz, 1H), 7.89 (d, J = 7.3 Hz, 

1H), 7.73-7.65 (m, 2H), 7.59 (d, J = 7.4 Hz, 1H), 4.94 (s, 2H), 3.51 (s, 3H) ppm in accord with 

lit.;37 125 MHz 13C{1H} NMR δ: 140.0, 132.5, 132.2, 130.9, 128.3, 127.8, 125.9, 124.5, 124.3, 

117.9, 110.3, 72.3, 58.7 ppm. [112929-94-9] 
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