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β-pinene epoxide synthesis.
β-Pinene epoxide was synthesized according to a reported methodology [1] with some modifications. The mass ratio of the used reagents for acetone: acetonitrile: H2O: H2O2: H2O2: MgO was 1: 9.33: 7.85: 14.7: 0.48. The reagents, except hydrogen peroxide, were heated at 50 °C under continuous stirring at 500 rpm; then, H2O2 was added dropwise and after 80 min of reaction, the mixture was cooled in a water with ice bath and manganese oxide was added for decomposing H2O2. Then, the suspension was filtered under vacuum to separate the solid material, and a liquid-liquid extraction was performed with dichloromethane to separate the organic phase which was rotoevaporated at 60 °C to separate dichloromethane, acetone and acetonitrile under vacuum of 800, 420, 180 mbar, respectively. Finally, the β-pinene epoxide was analyzed by gas chromatography coupled to mass spectrometry using an Agilent 7890A gas chromatograph with FID and Agilent 5975C mass detector, using He as carrier gas. A silica HP-5MS capillary column (30 m, 0.25 mm, 0.25 µm) and FID detector were used. The velocity and flow rate of the carrier gas was 30.5 cm/s and 2.2 mL/min, respectively. The oven temperature was 70 °C for 1 min and then increased to 90 °C (10 °C/ min) for 0.5 min, then raised to 110 °C (10 °C /min) for 0.5 min, then to 130 °C (10 °C/min) for 0.5 min and finally up to 160 °C (15 °C/min) for 1 min. The injection volume was 1 μL in split mode (25:1) with injector temperature of 250 °C. Compound identification was performed using the NIST database5. Figure S12 shows a chromatogram of the synthesized β-pinene epoxide.

Analysis of the solid after hydrothermal treatment with sulfuric acid

“The material after treatment with sulfuric acid was washed with water at 85 °C dried and analyzed by FTIR (Figure S1) and compared with the solid washed with water at room temperature. Any of the materials show the bands at 1238 and 1156 cm−1 that correspond to the asymmetry and symmetry vibrations of S=O, respectively, nor the bands at 1061 and 1001 cm−1 that are assigned to the S–O asymmetry and symmetry vibrations from the (SO4)-2 anion [2]. It is concluded that the washed solid after treatment with sulfuric acid did not contain sulfur species.”
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[bookmark: _GoBack]Figure S1. FTIR spectra of IC after sulfuric acid treatment and washing with water at 85 °C (CAT_1) or at room temperature (CAT_2); and IC after sulfuric acid treatment, washing with water at room temperature and calcination at 400 °C (CAT_400).
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Figure S2. XRD pattern of TBS, IC, CTT_800, and CAT_400 materials. *Ilmenite, •hematite, +pseudobrookite, ~magnetite, ¤ rutile.
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[bookmark: _Hlk174463306]Figure S3. EDX and elemental mapping of TBS.
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Figure S4. EDX and elemental mapping of IC.
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[image: ][image: ]Figure S5. EDX and elemental mapping of CAT_400.
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Figure S6. EDX and elemental mapping of CTT_800.
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Figure S7. TPD-NH3 TBS (a), IC (b), CAT_400 (c) and CTT_800 (d). Line black represents raw experimental data, line red and blue show the peaks obtained using Gaussian peak deconvolution with a coefficient of determination (R2) of 0.95.
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Figure S8. FTIR of pyridine desorbed at different temperatures for TBS (a), IC (b), CTT_800 (c), and CAT_400 (d). Lewis (L) and Bronsted (B) acid sites.
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Figure S9. Effect of time on the isomerization of α-pinene epoxide. Reaction conditions: 0.25 mmol of α-pinene epoxide, 1 mL cyclohexane, 750 rpm, 90 °C, 100 mg CAT_400. AC: campholenic aldehyde, CV: cis-carveol, tP: trans-pinocarveol, IC: isocamphone, pC: p-cymene, tC: trans-caren-4-ol. Ot: others.
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Figure S10. Effect of time on the isomerization of β-pinene epoxide. Reaction conditions: 0.25 mmol β-pinene epoxide, 75 mg catalyst (CAT_400), 1 mL dioxane, 750 rpm, 90 °C. My: myrtanal. Ot: others.
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Figure S11. TPD-NH3 of fresh and reused CAT_400 catalysts. CAT_400 (a), CAT_400a (b) and CAT_400b (c). Line black represents raw experimental data, line red and blue show the peaks obtained using Gaussian peak deconvolution with a coefficient of determination (R2) of 0.96
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[bookmark: _Hlk180300949]Figure S12. XRD pattern of fresh and reused CAT_400 catalysts. *Ilmenite, •hematite, and ¤ rutile.
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Figure S13. Chromatogram of the synthesized β-pinene epoxide. α-Pinene epoxide (5.094), β-pinene epoxide (5.48), β-pinene epoxide (5.84), myrtanal 6.12), myrtanal (6.22).
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Figure S14. Mass spectra of the synthesized β-pinene epoxide.TR=Retention time.
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[bookmark: _Hlk180159415]Figure S15. Chromatogram of commercial α -pinene epoxide (5.094).
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Figure S16
. Mass spectra of the synthesized α-pinene epoxide.

Table S1. Reported heterogeneous catalytic systems for the isomerization of α-pinene epoxide.
	Catalyst (mg)
	T (°C)
	Solvent (mL)
	α-Pinene epoxide
	t (h)
	X (%)
	SAc (%)
	 StP (%)
	SIC (%)
	SCV (%)
	SpC (%)
	
References

	Au/TiO2 (35)
	80
	1,2-Dicloroethane (10)
	0.4 mmol
	 3
	100
	38
	32
	22
	8
	0
	[3]
	Fe-Beta-zeolite (75)
	70
	Toluene
	0.013 mmol/L
	3
	100
	51
	0
	0
	0
	0
	[4]
	MoO3-Beta zeolite
	70
	Cyclohexane (6)
	82.1 mmol
	3
	99
	35
	0
	0
	17
	0
	[5]
	
	
	Toluene (6)
	
	
	100
	34
	0
	0
	15
	0
	

	
	
	1.4-Dioxane (6)
	
	
	100
	29
	0
	0
	18
	0
	

	2.1/Cu-SBA-15 (2)
	70
	Toluene
	0.25 mmol
	24
	30
	100
	0
	0
	0
	0
	[6]
	USY-15
	70
	Toluene (30)
	91.34 mmol
	1
	100
	62
	2
	5
	2
	9
	

	USY-40
	
	
	
	5
	75
	65
	7
	1
	9
	3
	

	BETA-25
	
	
	
	1
	100
	52
	0
	4
	2
	13
	

	Clay modified with 10% HCl (60)
	30
	Cyclohexane (20)
	13.14 mmol
	0.5
	100
	40
	1
	3
	7
	4
	
[7]

	1.3/Cu-MCM-41 (25)
	70
	Toluene (1)
	0.25 mmol
	2.5
	20
	82
	0
	0
	0
	0
	
[8]


	4.6/Fe-MCM-41 (25)
	
	
	
	
	100
	67
	0
	0
	0
	0
	

	3.9/Fe-SBA-15 (25)
	
	
	
	
	100
	64
	0
	0
	0
	0
	

	Ti-MCM-22 (25)
	70
	Toluene
	0.02 mol/L
	1
	100
	95
	0
	0
	0
	0
	[9]
	Hierarchical Beta zeolite
	140
	N,N-dimethylacetamide
	2 mmol
	3
	95
	31
	N.R.
	N.R.
	31
	N.R.
	[10]

	Fe3+-MCM
	60
	Dichloroethane
	0.15 mol/L
	3
	100
	64
	N.R.
	N.R.
	19
	N.R.
	[11]

	[bookmark: _Hlk191880679]Sn/SiO2
	120
	N,N-dimethylacetamide
	0.16 mol/L
	1.5
	100
	20
	5
	N.R.
	70
	N.R.
	[12]

	[bookmark: _Hlk191880737]Sulfonic acid functionalized carbon (50)
	160
	N,N-dimethylacetamide
	1.64 mol /L
	1.5
	100
	N.R.
	N.R.
	N.R.
	85
	N.R.
	[13]

	HYZeolite (500)
	RT*
	N,N-dimethylacetamide (2)
	0.0016 mol/L
	12
	60
	29
	0
	0
	71
	0
	[14]

	zirconium phosphate (50)
	160
	Dimethylacetamide (2)
	1.64 mol/L
	5
	100
	19
	0
	0
	73
	0
	[15]

	Ti(1.9%)-beta-PS-Li(04%) (8)
	150**
	Acetonitrile (0.5)
	1 mol/L
	0.05
	100
	89
	0
	2
	2
	0
	[16]

	Molybdenum dicarbonyl complex 
	35
	1,2-dichloroethane (0.5)
	0.0019 mol/L
	0.5
	100
	67
	N.R.
	N.R.
	N.R.
	N.R.
	[17]

	H3PW12O40
	120
	N,N-dimethylacetamide (1)
	0.15 mol/L
	3
	94
	7
	N.R.
	N.R.
	93
	N.R.
	[18]

	Ce/SiO2
	140
	N,N-dimethylacetamide  (1)
	2.4 mol/L
	8
	98
	18
	5
	N.R.
	73
	N.R.
	[19]

	MZ-5 (75)
	140
	N,N-dimethylacetamide (100)
	0.02 mol/L
	3
	92
	25
	N.R.
	N.R.
	42
	N.R.
	[20]

	Fe-Beta-300 (75)
	140
	N,N-dimethylacetamide (100) 
	0.02 mol/L
	3
	100
	29
	N.R.
	N.R.
	43
	N.R.
	[21]


RT: room temperature, N.R.: not reported, X: Conversion of α-pinene epoxide, SAc: selectivity towards campholenic aldehyde, StP: selectivity towards trans-pinocarveol, SIC: selectivity towards isopinocamphone, SCV: selectivity towards cis-carveol, SpC: selectivity towards p-cymene. *Under irradiation of light-emitting diodes. **Microwave heating. 

Table S2. Reported heterogeneous catalytic systems for the isomerization of β-pinene epoxide.
	Catalyst (mg)
	T (ºC)
	Solvent (mL)
	 β-pinene epoxide 
	t (h)
	X (%)
	SMy (%)
	SMt (%)
	SAp (%)
	References

	1.4/Fe-SBA-15 (2)
	   70
	Toluene (1)
	0.25 mmol
	24
	60
	100
	0
	0
	[6]
	Fe-SBA-15
	70
	ter-butanol (1)
	0.25 mmol
	24
	99
	85
	6
	7
	[22]
	Mo/SBA-15 (10)
	80
	Hexane (0.5)
	0.25 mmol
	1
	99
	0
	0
	63
	[23]
	Zr- Beta zeolite Beta (50)
	80
	Acetonitrile (3.2)
	3.9 mmol
	2
	98
	94
	2
	1
	[24]
	Sn- Zeolita Beta 
	70
	Toluene 
	 
	2
	72
	66
	2
	10
	[25]
	Zeolita natural
	70
	Toluene (1)
	0.25 mmol
	2.5
	97
	23
	12
	47
	[26]
	Fe- Zeolite Beta
	70
	Dimethyl sulfoxide
	
	
	>99
	0
	0
	66
	[27]

[bookmark: _Hlk174112984]X: Conversion of β-pinene epoxide, SMy: Selectivity towards myrtanal, SMt: selectivity towards myrtenol, SAp: selectivity towards perillyl alcohol.
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