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Abstract

The products of t-butylation of naphthalene-2,6-diol and 6-methoxynaphthalen-2-ol with isobutylene and t-
butanol were identified and characterized; the structures of those products were proved by single crystal X-
ray structural analysis.)
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Introduction

The t-butylation of a- and B-naphthols has been studied since the middle of 20™" century. There are three
general methods for t-butylation reported in the literature: Friedel-Crafts alkylation with t-butyl halide in the
presence of Lewis acid, alkylation with isobutylene or with t-butanol in the presence of protic acids. The
assignment of the position of t-butyl groups presented major difficulties during past studies and led to many
mistakes and non-reproducible results.?2 Nowadays the chemistry of t-butylation of a- and B-naphthols is well
established and the structures of the products have been proved by 2D NMR.># Only the t-butylation of 1,5-
naphthalenediol®> and 2,3-naphthalenediol®’ have been reported in literature to give 2,6-di-tert-
butylnaphthalene-1,5-diol and 6-tert-butylnaphthalene-2,3-diol respectively (Scheme 1).
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Scheme 1. Published syntheses of tert-butyl naphthols.

Results and Discussion

We recently required 3,7-di-tert-butyl-6-methoxynaphthalen-2-ol as a building block for synthesis of soluble
derivatives of peri-xanthenoxanthenes. We decided to use naphthalene-2,6-diol as the starting material and to
try the conditions reported for t-butylation of 2-naphthol that involves isobutylene in dichloromethane in the
presence of catalytic amount of triflic acid.? The desired 3,7-di-tert-butylnaphthalene-2,6-diol (2) was obtained
in this reaction with only 5% vyield mainly due to poor solubility of naphthalene-2,6-diol (1)
dichloromethane. Starting naphthalene-2,6-diol (1) was recovered in 78% yield together with quinoidal
products of oxidation besides the desired product 2 that has been isolated, and its structure confirmed by
single crystal X-ray structural analysis (Scheme 2).

3,7-Di-tert-butylnaphthalene-2,6-diol (2) proved to be stable in TFA solution up to 40 °C and up to 70 °Cin
TFA in the presence of excess of t-butanol. At higher temperatures, it starts to lose t-butyl groups returning to
naphthalene-2,6-diol (1). 3,7-Di-tert-butylnaphthalene-2,6-diol (2) appeared to be unstable in solution to
oxidation by air and quickly gave deep blue colored products upon day light irradiation.

Naphthalene-2,6-diol (1) produced 3,7-di-tert-butylnaphthalene-2,6-diol (2) in 12% vyield together with
unreacted naphthalene-2,6-diol (1) and products of its oxidation on heating at 60 °C with excess of t-butanol
and TFA for 4 hours. Attempt to substitute t-butanol by isobutylene in this reaction did not give any products
and only returned unreacted naphthalene-2,6-diol (1). Nevertheless, the addition of catalytic amount of triflic
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acid into the reaction mixture, preheated to 70 °C and left to cool down slowly to ambient temperature upon
addition of isobutylene afforded 3,7-di-tert-butylnaphthalene-2,6-diol (2) in 21% yield together with unreacted
naphthalene-2,6-diol (1) and 3-tert-butylnaphthalene-2,6-diol (3) in 20% yield. The longer reaction time does
only increase the level of products of oxidation and decrease the yields of naphthols (Scheme 3).

HO + )J\ TfIOH 4 HO OO
OH “DCM, A2h oH

1 conversion 22% 2 (5%)

Scheme 2. Left: reaction of naphthalene-2,6-diol (1) with isobutylene. Right: ORTEP representation of 3,7-di-
tert-butylnaphthalene-2,6-diol (2) determined by X-ray diffraction (atom colors: C in black, O in red. Hydrogen

atoms omitted for clarity). Space group: | 2/a. Atomic displacement parameters, obtained at 150 K, are drawn
at the 50% probability level.

HO TFA, t-butanol
a). 60 °C, 4h
1 OH

conversion 45%

HO
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1
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Scheme 3. Reaction of naphthalene-2,6-diol (1) with t-butanol (a) and isobutylene (b) in TFA. (c). ORTEP
representation of 3-tert-butylnaphthalene-2,6-diol (3) determined by X-ray diffraction (atom colors: C in black,
O in red. Hydrogen atoms omitted for clarity). Space group: P 21/c. Atomic displacement parameters, obtained
at 293 K, are drawn at the 50% probability level.

In order to overcome the problem of solubility of starting material we selected much more soluble 6-
methoxynaphthalen-2-ol (4) in reaction with t-butanol in dichloromethane/TFA solution at 40 °C that delivered
3,7-di-tert-butyl-6-methoxynaphthalen-2-ol (5) in 49% yield together with unreacted starting naphthol 4, 3-
tert-butyl-6-methoxynaphthalen-2-ol (6) and the product of demethylation - 3,7-di-tert-butylnaphthalene-2,6-
diol (2) as a minor product (Scheme 4).

/0 TFA/DCM, t-butanol
40 °C, 24h
4 OH

conversion 70%

Scheme 4. Reaction of 6-methoxynaphthalen-2-ol (4) with t-butanol in DCM/TFA. The structure of 3,7-di-tert-
butyl-6-methoxynaphthalen-2-ol (5) was confirmed by single crystal X-ray diffraction (Figure 1).
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Figure 1. ORTEP representation of 3,7-di-tert-butyl-6-methoxynaphthalen-2-ol (5) determined by X-ray
diffraction (atom colors: Cin black, O in red. Hydrogen atoms omitted for clarity). Space group: P b ¢ n. Atomic
displacement parameters, obtained at 150 K, are drawn at the 50% probability level.

The attempt to obtain 3,7-di-tert-butyl-6-methoxynaphthalen-2-ol (5) from 6-methoxynaphthalen-2-ol (4)
with isobutylene in dichloromethane and catalytic amount of triflic acid unexpectedly gave 2-tert-butoxy-6-
methoxynaphthalene (7) in reasonably good yield (based on reacted starting material) (Scheme 5).

o . J\ DCM, TOHg, O
OO ca. 36 °C, 30 min. J<
7 on o

conversion 27% 7 (25%)

Scheme 5. Reaction of 6-methoxynaphthalen-2-ol (4) with isobutylene in DCM with catalytic amount of triflic
acid.

2,6-Dimethoxynaphthalene was tested with isobutylene and t-butanol under conditions listed above but
did not give products of t-butylation.

Conclusions

t-Butylation of naphthalene-2,6-diol and 6-methoxynaphthalen-2-ol has been successfully developed and the structure
of products obtained unambiguously determined by single crystal X-ray structural analysis.

Experimental Section

General.Thin layer chromatography (TLC) was conducted on pre-coated aluminum sheets with 0.20 mm
Machevery-Nagel Alugram SIL G/UV254 with fluorescent indicator UV254. Column chromatography was
carried out using Merck Gerduran silica gel 60 (particle size 63-200 um). Nuclear magnetic resonance (NMR)
'H, and 3C spectra were obtained on a 300 MHz (Bruker) and 400 MHz (Bruker AVANCE Il HD) NMR at rt.
Chemical shifts were reported in ppm according to tetramethylsilane using the solvent residual signal as an
internal reference (CDCls: dn 7.26 ppm, dc 77.16 ppm; acetone-ds: dn 2.05 ppm, d¢c 29.84 ppm). Coupling
constants (J) were given in Hz. Resonance multiplicity was described as s (singlet), d (doublet), dd (doublet of
doublets) and br (broad signal). Carbon spectra were acquired with a complete decoupling for the proton. The
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Attached Proton Test (APT) experiments were used to determine C-H multiplicities in carbon spectras. Infrared
spectra (IR) were recorded on a Shimadzu IR Affinity 1S FTIR spectrometer in ATR (attenuated total reflection)
mode with a diamond mono-crystal. Mass spectrometry was performed by the high-resolution electron
ionisation mass spectra (HRMS) on a Waters GCT Premier mass spectrometer with a direct insertion probe in
the positive ion mode. The data was processed using the Waters MassLynx software. The commercially
available starting materials were used as received without further purification. Isobutylene was obtained
according to the literature procedure.?

3,7-Di-tert-butylnaphthalene-2,6-diol 2 and 3-tert-butylnaphthalene-2,6-diol (3). Naphthalene-2,6-diol (1)
(1.00 g, 6.24 mmol) was dissolved in TFA (100 mL) at ca. 70 °C and triflic acid (0.03 mL, 0.31 mmol) was added.
Isobutylene was bubbled through the reaction mixture and the temperature of the reaction mixture slowly
decreased to ca. 40 °C over 1 hour. The volatiles were removed under reduced pressure at 40 °C, the solid
residue dispersed in DCM and the unreacted starting naphthalene-2,6-diol (1) (0.5 g, 50%) removed by
filtration. The filtrate was chromatographed on silica (DCM) to give firstly 3,7-di-tert-butylnaphthalene-2,6-
diol (2) as colorless solid (0.37 g, 21%), mp 227-229 °C (from CHCIs3); Rf (DCM/ petroleum ether 1:1) 0.16;
Vmax/cm 3537m (OH), 3354m (Ar), 2999w (Alk), 2957m (Alk), 2916w (Alk), 2870w (Alk); 6+(300 MHz, CDCls)
7.46 (2H, s, ArH), 6.93 (2H, s, ArH), 4.86 (2H, br.s, OH), 1.47 (18H, s, 2 t-Bu); ¢ (75 MHz, acetone-ds) 153.4,
138.8, 129.0, 123.4, 111.1, 35.5, 30.1; HRMS (TOF El+): m/z [M]+ calcd for (CisH2402): 272.1776; found:
272.1785. Further elution (DCM) gave 3-tert-butylnaphthalene-2,6-diol (3) (0.27 g, 20%) as colorless solid, mp
160-162 °C (from DCM); Rs (DCM) 0.16; Vmax/cm 3549m (OH), 3532s (OH), 2963m (Alk), 2953m (Alk), 2914m
(Alk), 2876w (AIk); 61(400 MHz, CDCl3) 7.54 (1H, s, ArH), 7.50 (1H, d, J 8.7, ArH), 7.08 (1H,d, J 2.4, ArH), 7.01
(1H, dd, 8.7, 2.5, ArH), 4.93 (2H, br.s, OH), 1.49 (9H, s, t-Bu); 6¢ (APT, 75 MHz, acetone-d6) 153.8 (s), 153.4 (s),
139.5 (s), 130.6 (s), 128.9 (s), 127.2 (d), 124.5 (d), 118.6 (d), 110.9 (d), 110.0 (d), 35.6 (Cqg t-Bu), 30.0 (t-Bu);
HRMS (TOF El+): m/z [M]+ calcd for (C14aH1602): 216.1150; found: 216.1153.

3,7-Di-tert-butyl-6-methoxynaphthalen-2-ol (5) and 3-tert-butyl-6-methoxynaphthalen-2-ol (6). 6-
Methoxynaphthalen-2-ol (4) (1.00 g, 5.74 mmol) was dissolved in TFA (10 mL), DCM (5 mL) and tert-butanol
(5.5 mL). The reaction mixture was heated at ca. 40 °C for 24 hours, the volatiles were removed under reduced
pressure at 40 °C, the solid residue dissolved in DCM and chromatographed on silica (DCM) to give firstly 3,7-
di-tert-butyl-6-methoxynaphthalen-2-ol (5) as colorless solid (0.81 g, 49%), mp 129-133 °C (from petroleum
ether); Rf (DCM/ petroleum ether 1:1) 0.31; Vmax/cm™ 3499m (OH), 3003w (Alk), 2959m (Alk), 2941m (Alk),
2909m (Alk), 2866w (Alk); 6u (300 MHz, CDCl3) 7.58 (1H, s, ArH), 7.46 (1H, s, ArH), 7.09 (1H, s, ArH), 6.93 (1H, s,
ArH), 4.87 (1H, br.s, OH), 3.92 (3H, s, CHs), 1.50 (9H, s, t-Bu), 1.45 (9H, s, t-Bu); ¢ (APT, 75 MHz, CDCls) 156.1
(s), 151.6 (s), 139.8 (s), 137.9 (s), 128.2 (s), 127.8 (s), 123.9 (d), 122.7 (d), 110.8 (d), 106.3 (d), 54.9 (CHs), 35.2
(Cg t-Bu), 35.0 (Cqg t-Bu), 29.9 (t-Bu), 29.8 (t-Bu); HRMS (TOF El+): m/z [M]+ calcd for (CigH2602): 286.1933;
found: 286.1930. Further elution (DCM) gave 3,7-di-tert-butylnaphthalene-2,6-diol (2) as colorless solid (0.12
g, 8%), mp 227-229 °C (from CHCl3); Rs (DCM/ petroleum ether 1:1) 0.16; Vmax/cm™ 3537m (OH), 3354m (Ar),
2999w (Alk), 2957m (Alk), 2916w (Alk), 2870w (Alk); 54(300 MHz, CDCls) 7.46 (2H, s, ArH), 6.93 (2H, s, ArH),
4.86 (2H, br.s, OH), 1.47 (18H, s, 2 t-Bu); identical to the product described above. Further elution (DCM) gave
3-tert-butyl-6-methoxynaphthalen-2-ol (6) as colorless solid (0.05 g, 4%), mp 65-66 °C; Rs (DCM) 0.19; Vmax/cm’
1 3254w (Ar), 2999w (Alk), 2957m (Alk), 2916m (Alk), 2868w (Alk), 2833w (AlIk); 84 (300 MHz, CDCl3) 7.60 (1H,
d, J 8.8, ArH), 7.52 (1H, s, ArH), 7.09-7.06 (2H, m, ArH), 7.02 (1H, dd, J 8.8, 2.6, ArH), 4.92 (1H, br.s, OH), 3.92
(3H, s, CHs), 1.45 (9H, s, t-Bu); ¢ (APT, 75 MHz, CDCls) 156.1 (s), 151.6 (s), 140.5 (s), 129.4 (s), 128.2 (s), 127.5
(d), 123.9 (d), 117.2 (d), 109.7 (d), 106.1 (d), 54.9 (CHs), 35.2 (Cq t-Bu), 29.8 (t-Bu); HRMS (TOF EI+): m/z [M]+
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calcd for (C1sH1802): 230.1307; found: 230.1308. Further elution (DCM) gave unreacted 6-Methoxynaphthalen-
2-0l (4) (0.30 g, 30%).

2-tert-Butoxy-6-methoxynaphthalene (7). 6-Methoxynaphthalen-2-ol (4) (1.00 g, 5.74 mmol) was dissolved in
DCM (25 mL) and a triflic acid (0.05 mL, 0.57 mmol) was added. Isobutylene was bubbled through the boiling
reaction mixture for 30 minutes. The volatiles were removed under reduced pressure at 40 °C and the solid
residue was extracted with hot petroleum ether (50 mL). The solid remained was unreacted 6-
methoxynaphthalen-2-ol (4) (0.73 g, 73%). The petroleum ether extract was chromatographed on silica (DCM)
to give 2-tert-butoxy-6-methoxynaphthalene (7) as colorless solid (0.33 g, 25%), mp 69-70 °C; Rt (DCM) 0.52;
Vmax/cm™t 2974m (Alk), 2932w (Alk), 2903w (Alk); 6x (300 MHz, CDCls) 7.67-7.60 (2H, m, ArH), 7.34 (1H, d, J 2.1,
ArH), 7.18-7.09 (3H, m, ArH), 3.89 (3H, s, CHs), 1.38 (9H, s, t-Bu); &c (APT, 75 MHz, CDCls) 156.7 (s), 151.2 (s),
131.3 (s), 129.3 (s), 128.6 (d), 127.2 (d), 125.5 (d), 120.3 (d), 118.8 (d), 105.5 (d), 78.6 (Cq t-Bu), 55.3 (CH3),
28.8 (t-Bu); HRMS (TOF El+): m/z [M]+ calcd for (C1sH1803): 230.1307; found: 230.1313.
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