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1 General considerations

Unless stated otherwise, all solvents and commercially available reagents were used as received.
Heptane, used for flash chromatography, was distilled prior to Rse wood was bought from a local
supplier (Aveve) and grinded to powdddoncommercial sarting materials were prepared as
described below. Water was deionized using a EUROTEC L4 reverse osmosis plant. The used water had
I 02y RdzOG A @A (i &. Naclear Wihghetic Resbpance (NMR) ¥pectra were recorded on a
Bruker Avance Il 400 (101HM for**C) Fourier Transform NMR spectrometer at 300 K (unless stated
otherwise), using the non or partly deuterated solvent as internal standary( 4+ T ®@HRCEHRILIY | Y R
L TToOmc  LIAYY T2 N & BUCHLILYY 1 YoRDPp H-d LAWY A2 NI Z&KAF Ga o
reported in ppm; coupling constantd @re reported in Hz; splitting patterns are assigned s = singlet,

d = doublet, t = triplet, g = quartet, quintguint, sext =sexet, sept = septetp = broad signal, m =
multiplet or combinatios thereof.2*.CNMR spectra were recorded with complete proton decoupling.

H NMR Yields were determined by addition of a known amount of an internal standard and dissolving
everything in a suitable deuterated solvent, followedblyNMR analysisGaschromatographymass
spectrometry (G@1S)samples were prepared by dissolving-8.ing of the compound in acetorw
acetonitrileand further diluted to a concentration of fal0°a ® o >[ 2F (KS &l YLX Sa
The apparatus used was an AgilentAredogies 7890 A GC System coupled to an Agilent Technologies
5975 C inert MSD with triplaxis detector. As column an Optimia5820.3030 R Hpn > PR n ®H
was selected. Carrier gas was heliuRar enantiopurity determination using liquithromatogragny-

mass spectrometry (:-KIS), samples were prepared by dissolving ng of the compound in
hexane/EtOH (80:20) and further diluted to a concentration of-10* M. From these samples 20

were injected and analyzed via a Kontron HPLC autosampler 4@iped with a Kontron HPLC pump

522, Chiralpak column, Waters Photo Diode Array detector and Jak& 3 95CD systerhligh
resolution mass spectrometry (HRMS) samples were prepared by dissolvmg@.bf the compound

in MeOH/HO-containing 0.1% formiacid and further diluted to a concentration of 300° M for

positive ion mode and by dissolving €& ing of the compound iMeCN/HO and further diluted to a
concentration of 16-10° M for negative ion mode. 10 pL of each sample was injected usingaheC

system (Waters) and electrosprayed using a standard electrospray source. Samples were injected with
an interval of 3ninutes. Positivand/or negativdon mode accurate mass spectra were acquired using

a QTOF Il instrument (Waters). The MS washcaled prior to use with a 0.1%sPIQ solution. The

spectra were lock mass corrected using the known mass of the neafe@& ¢luster or nearest known
background ionln positive ion mode, raalytes were detected as protonated molecule or as a sodium
addud. In negative ion mode, analytes were detected as deprotonated moleaillmeasured masses

are within a difference of 5 ppm compared to the calculated mass unless specified otherwise. Thin
layer chromatography (TLC) was performed using an organic s@lv@emobile phase and silica coated

on an aluminum plate (MachetMagel Precoated TLC sheets Alugram® SIL.£3/d¥ stationary

phase. Compounds were detected by irradiation with UV light (64and 366 nm). Melting points

(m.p.) (uncorrected) were meased on a Buchi Melting Point-B15 apparatusChromatographic
purification of products was performed by using an automated flash chromatography BiotageTM or
Combiflash® system eluting with a flow rate of 30 mL*nitherwise indicated, utilizingpmmercially

available Grac#' GraceResol Silica Flash Cartridges or Bichi Flash Pure Reversed Phase C18
Cartridges Centrifugationwas performed using an Eppendorf Centrifuge 5702 at 4000 rpm for 1 h
unless stated otherwise



2 High pressure equipment

2.1 Description of the reactors

A Parr® 4625 Pressure Vessel [(@Q0nternal volume) and a Pad®96 Micro Stirred Reactor (28L
internal volume) were used. The latter was connected to a Parr® 4848 control unit, which enables to
control the heating and reathe internal pressure.

Experiments in the Parr® 4625 Pressure Vessel (BD0nternal volume)were typically performed in

4 mL glass vials (Wheaton®) containing a magnetic stirring bar. The loaded vials were sealed with a
plastic cap \Wheaton® 13125 cap,phenolig equipped with a septumVWheaton®13 mm septum,
PTFE/white rubbgrthrough which a syringe needi8térican® 0.5% 25 mm 2431) was sting, and

placed in a homanade aluminum alloy plate (which can contain up to 7 vials), which was then placed

in a glass beakeP&rr® glass liner 762HABigure $(a)). The beaker was placed in the Parr® 4625
reactor Figure $(b)). The autoclave was seal@€igure $(b)), using a torque wrench set at 27 Nm
purged (10 bar, 3 times) and pressurized with the indicated gas (pressure was measured by a classical
pressure gauge). Then, the autoclave was heatedn IHP® band heater under magnetic stirring
(Figure &(d)). When the reaction was stirred during the indicated time at the indicated temperature,

the autoclave was cooled down to room temperature in air or in an ice bath and subsequently, the gas
was released and the reactor was opened.

Large scale experiments were performed in the glass beaker Figure $(a) as reaction vessel,
without using the metal insert. This beaker was placed in the Parr® 4625 PressurdRigssei(b)).
The reactor was closed, pressurized and heated as described before.

@ (b)

Figure 3. Setup for screening: running multiple reactions at the same time.

(a) Reactions are run in 4 mL glass vials, which are sealed with a cap and a septum. A syringe needle sting through the septu
enables gas to enter the vial, which provides the reaction mixtures (inside the glass vials) of the same atmosphere as
applied inthe reactor (outside the glass vials).

(b) The Parr® 4625 Pressure Vessel (600 mL internal volume).

(c) The closed Parr® 4625 reactor equipped with a pressure gauge, gas inlet, gas outlet and rupture disk.

(d) The complete setp in which the reactor jglaced in the heating mantle on a magnetic stirring plate. Heating is controlled
by the heating mantle (IHP® ceramic band heater).

(d)



Experiments in the Pa®4596 Micro Stirred Reactor (25 mL internal volumeere typically
performed in 4 mL vialyide suprg, which were placed in a homemade stainless steel ingégu(e

). Samples were prepared as described for the 600 mL reactor. The autoclavemagped similarly

to the 600 mL reactor, with as difference that to seal the reactor no torque wrench was used but a
normal wrench.

(@) (b)

Figure &. Setup for running screening reactions.

(a) Reactions are run in 4 mL glass vials, which are sealed with a cap and a septum. A syringe needle sting through the septu
enables gas to enter the vial, which provides the reaction mixtures (inside the glass vials) of the same atmosphere as
applied inthe reactor (outside the glass vials). The small gap next to the vial enables to measure the temperature of the
insert.

(b) The Pa®4596 Micro Stirred Reactor ves&®b mL internal volume)

(c) The complete seip in which the reactor is placed omagnetic stirring plate. The P@4596 Micro Stirred Reactor vessel
is equipped with pressure gauge, gas inlet, gas outlet and rupture disk. A thermocouple is connected t@®#@4Barr
control unit in order to read the inside temperature (vide infra)s Tontrol unit itself is connected to the heating mantle,
enabling regulation of heating rate.

2.2 Temperature control

ThePar®4596reactor (25 mL internal volume) is connected tBai®4848 control unit(Figure 3),

which enables us to set the heating rate and regulate the temperature inside the reactor (for our
specific seup, i.e. a 4 mL glass vial in a hemade aluminum insert (se€&igure 2(a)), the
thermocouple fits in the small gap in the insert). This means that the temperature which is shown on
the screen is the actual tempertae of the reaction mixture, measured by a thermocouple connected
to this control unit.

The IHP Ceramic ring heating mantle, which is used for heating ®?ah@4625 reactor(600mL
internal volume) itself is connected to a similar control unit for thesgulation. In this case the
temperature of the mantle is regulated rather than the temperature inside the reactor. Therefore, by
placing a temperature stickef fermax® Irreversible Temperature Recording ptnke reactor (i.e.

on the metal insert)it is possible to learn more about the heat transfer through the reactor wall and
the actual temperature of the reaction mixture. It was found that to achieve a reaction temperature
of 235 °CFKigure 8), it was necessary to heat the mantle to 260 °C. In this manuscript and SlI, the
temperature of the insert is always reported. For experiments in the@%4825 reactor, this is the
corrected temperature ¥ using those stickers, while for the R&596 reactor, this is the temperature
measured by the thermocouple.



Figure 8. A Parr® 4848 control unit. The left screen indicates the desired (green) and actual (red) tempera@)ragide

the reactor. The middle screen indicates the desired (green) and actual (red) stirring rate (in rpm) of the mechaniedl overhe
stirrer, which is not used in this project. The right screen indicates the actual (red) and maximal allowed Kgsserg (in

bar) before the system stops working.

(@) (b)
Figure 4. (a) A used temperature sticker, showing that the reaction media reached a temperature between 232 and 241 °C.
(b) The heating system that was usedHeating the Pa®4625 reactor (IHRCeramic Ring Heating Mantldjigure 3(d)).



3 O-Dealkylation

3.1 General procedures

3.1.1 Screening experiments in the Pard®25 reactor

General procedure A

A 4 mL (or 20 mL if the reaction volume was higher than 3 mL) glass vial was charged with a magnetic
stirring bar, the desired substrate (in the amount as reported), acidic catalyst and additi@harl ke

vial was closedsing a black cap and septum and a needle was pierced through the septum. The vial
was placed in the metal insert, together with oth@alswhich could be run at the same time (when
reaction time, atmosphere and temperature allowed it). The insert wasgplan the glass beaker and

the beaker was placed in the 600 mL reactor. The reactor was closed properly (incaagsspattern,

using a torque wrench which was set at 27 Nm, as requested by Parr®). The reactor was three times
filled with 10 bar of thedesired gas and released (while stirring magnetically), in order to flush.
Subsequently, the reactor was filled with the desired gas (while stirring magnetically) to the desired
pressure and the gas inlet line was closed and disconnected. The reactotasad m the heating
mantle and when the desired temperature was obtained (temperature heating mantle), counting of
the reported reaction time started. After that time, the reactor was taken out of the heating mantle
and cooled down to r.t., first in theimand when a safe temperature was reached (around 170 °C)
further in an ice bath. Subsequently, the gas was released (while stirring magnetically), the reactor was
opened and samples were taken out. To the crude sample were added an exact amount dlintern
standard and acetone (around2LmL for 4 mL vials and around 10 mL for 20 mL vials) and the sample
was stirred magnetically until homogenization. Subsequently, part of the solution was evaporated
under reduced pressure. The residue was dissolved witalde deuterated solvent and measured

with 'H NMR spectroscop¥he yield for remaining substrate, formed product and other compounds
was calculated versus the internal standard. Identity of the peaks on which the integration was
performed was based oreference spectra in the same solvent. The experimental error on our data
has been determined and the error related to tHé NMR yields was found to be-&%.

3.1.2 Screening experiments in the Pard®96reactor

General procedure B

A 4 mL glass vial was chadgeith a magnetic stirring bar, the desired substrate (in the amount as
reported), acidic catalyst and additiona)® The vial was closed using a black cap and septum. A
needle was pierced through the septum. The vial was placed in the metal insert,wdsd¢hen placed

in the 25mL reactor. The reactor was closed properly (in a-crigss pattern, asght as possible). The
reactor was three times filled with 10 bar of the desired gas and released (while stirring magnetically),
in order to flush. Subsemntly, the reactor was filled with the desired gas (while stirring magnetically)

to the desired pressure and the gas inlet line was disconnected. The reactor was placed in the heating
mantle, heating was started and when the desired temperature was obth{temperature in the
reactor), counting of the reported reaction time started. After that time, the reactor was taken out of
the heating mantle and cooled down to r.t. in an ice bath. Subsequently, the gas was released (while
stirring magnetically), theeactor was opened and samples were taken out. To the crude sample were
added an exact amount of internal standard and acetone (arouianl) and the sample was stirred
magnetically until homogenization. Subsequently, part of the solution was evaporatit teduced



pressure. The residue was dissolved in a suitable deuterated solvent and measureth WitiR
spectroscopy. The yield for remaining substrate, formed product and other compounds was calculated
versus the internal standard. Identity of the psadn which the integration was performed was based

on reference spectra in the same solvent. The experimental error on our data has been determined
and the error related to théH NMR yields was found to be-6%%.

3.1.3 General procedure for experiments withagation of the product

General procedure C

Reaction mixtures were prepared as described in General Procedure A or B and placed in the selected
reactor. The reactor was closed, flushed, pressurized and heated as described. After the required
reaction time, the reactor was cooled to r.t., depressatizand openedThe reaction mixture was
transferred to a separatory funnel, NaClyss addedandthe product wasextracted with EtOAc. The
combined organic layers were washed with brine and evaporated under reduced pressure.

General procedure D

Reactiomixtures were prepared as described in General Procedure A or B and placed in the selected
reactor. The reactor was closed, flushed, pressurized and heated as described. After the required
reaction time, the reactor was cooled to r.t., depressurized aneneg. The reaction mixture was
transferred to a separatory funnel, NaCl (s) was added and the product was extracted with EtOAc. The
combined organic layers were treated with NaHC42y., sat.) Subsequentlythe aqueous layer was
slowly neutralized with HGaq., 1 M) and extracted with EtOAafter whichthe organicphasewas
evaporated under reduced pressure.

3.2 Reaction optimization

In preliminaryresearch, we reported th€- and Gdealkylation of ferulic acidl() to catechol 2i) in
the presence of catgtic HCI in hot pressurized water. The formation of a benzylic alagbah
Michael addition of HDto 11 was found to be crucial for the given conversighPropylguaiacoll@),
not able to form a benzylic alcohol under the given conditions, d@hlyemethylated with the
formation of 4propylcatechol Za) in 97% yieldHoweve, these conditions were obtained through
optimizationof the O- and Gdealkylation of ferulic acidl(l). Given the different nature of the side
chain in 4propylguaiacol 1a), it is expected that foselectiveO-demethylation of this compound,
optimal conditions canbe identified with improved Green Metricalsoallowing scaleup.

We started from the initial reaction conditions (0.8 50 mol% HCI, 250°C, initialpMessure 50 bar,

3 h)reported for ferulic acidt On 4propylguaiacol1a) these delivered 4ropylcatechol 2a) in 97%

yield (Table &, Entry 1)First, we looked if the substrate concentration could be increased, therefore
leading to less solvent use, which will be beneficial foigiteen credentials of the reaction (see Section

4.3 of this Sl). Gratifyingly, this was the case for concentrations up to 1.0tableg( &, Entries 16),

since NMR yields for-gropylcatechol 2a) higher than 90% were obtained in all cas&en pushing

the substrate concentration further the yiettbcreased significantly from 92% at 1.0 M to 64% aM.0
(Entries 88). This is due to tar formation via unselective reactions clearly observed visually. At higher
substrate concentration the crude product obtained after evaporation of volatiles becameidand

more difficult to solidify, while the pure product is a(n) (firhite solid. At 2.0 M, deposition of small
black particles at the glass vial was also observed after 3 h. Interestingly, when the reaction time was



reduced to 1 h at this concentiian again 91% yield was obtained, pointing tamstabilityof reaction
product (Entry 9). Despite the good result obtained in this reaction, it was decided to continue this
optimization further at 1.00M. This should prevent issues regarding solubitityd subsequent
decomposition of other organic molecules in the scheduled scope study

Table 3. Optimizationof the Gdemethylation of 4propylguaiacol 1a) to 4-propylcatecholZa): substrate concentration.

MGOU\/ Acid Ho@/\/
HO H50, temp. HO

1a N, (press.), time 2a
T UL e S
1 MBAL380, JBGL658  0.13 HCI (50) 250 50 3 0  99(970)
2 MBAL405 0.20 HCI (50) 250 50 3 0 100
3 MBAL310 0.3 HCI (50) 250 50 3 0 98
4 MBAL:406 0.50 HCI (50) 250 50 3 0 97
5 MBAL:407 0.75 HCI (50) 250 50 3 0 93
6 MBAL:408 1.00 HCI (50) 250 50 3 0 92
7 MBAL:409 1.50 HCI (50) 250 50 3 0 84
8 MBAL:410 2.00 HCI (50) 250 50 3 0 64 0]
9 JBG643 2.00 HCI (50) 250 50 1 0  91(91l)

Experiments were performed according to General Procedure B in 3@2HH NMR Yield determined with dimethyl
sulfone as internal standar®! Tar formation Yield of isolated product (General Procedure C).

Next to increasing substrateoncentration, altering the amount of catalyst, i.e. HCI, was studied.
Therefore, the amount of HCI present was varied from 100% to 10%. These loadings were performed
at different substrate concentrations (i.e. 0.13, 0.35, 0.50, 0.75, 1.00 and 1.%50aldle ). For all
considered substrate concentrations, it was observed that no full conversion was obtained when using
10 mol% HCI (Entries 1, 5, 9, 13,dnd 20). At 0.13 Ma, there waseven no full conversion with

20 mol%, in contrast with all other substrate concentrations (Entry 2), while for 0.35, 0.50 and 0.75 M
1a, no significant difference in yield was observed between 20 and 50 mol% HCI (Bmyi#611,

14-15, 1819 and 2223), while increasing HCI loading to 100 mol% clearly had a deteriorating effect
on the yield and the mass balance in combination with higher substrate concentrations (Entries 16, 20
and 24). This was even the case with 501% at 1.00 and 1.50 Ma (Entries 19 and 23From this

Table &, , it can be concluded that the best result was obtained when usingM.58 and 20mol%

HCI (Entry 10). This loading is beneficial for the green credentials of the methodology when compared
with the initial conditions reportedTable &, Entry 1).
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Table 2. Optimizationof the Gdemethylation of 4propylguaiacol 1a) to 4-propylcatechol Za): concentration andHCI

loading
Meoj©/\/ Acid HOD/\/
Ho™ N (oress ). e Ho™

y e CE P TR R T
1 MBAIL-412 0.13 HCI (10) 250 50 3 53 49
2 MBAL:-379 0.13 HCI (20) 250 50 3 13 86
3 MBAL-380 0.13 HCI (50) 250 50 3 0 99
4 MBAL-413 0.13 HCI (100) 250 50 3 0 103
5 MBAL-308 0.35 HCI (10) 250 50 3 8 91
6 MBAL-309 0.35 HCI (20) 250 50 3 0 98
7 MBAL=310 0.35 HCI (50) 250 50 3 0 99
8 MBAL:414 0.35 HCI (100) 250 50 3 0 93
9 MBAL:415 0.50 HCI (10) 250 50 3 5 90
10 JBG496, MBAL:441 0.50 HCI (20) 250 50 3 0 100(97b1)
11 MBAIL-406 0.50 HCI (50) 250 50 3 0 97
12 MBAL-416 0.50 HCI (100) 250 50 3 0 97
13 MBAL417 0.75 HCI (10) 250 50 3 2 98
14 MBAIL-442 0.75 HCI(20) 250 50 3 0 98
15 MBAIL-407 0.75 HCI (50) 250 50 3 0 93
16 MBAL-418 0.75 HCI (100) 250 50 3 0 841
17 MBAL419 1.00 HCI (10) 250 50 3 3 97
18 MBAL-338, 382 1.00 HCI (20) 250 50 3 0 95
19 MBAL:409 1.00 HCI (50) 250 50 3 0 841
20 MBAL:420 1.00 HCI (100) 250 50 3 0 661c]
21 MBAL421 1.50 HCI (10) 250 50 3 5 93
22 MBAL:422 1.50 HCI (20) 250 50 3 <1 95
23 MBAL-409 1.50 HCI (50) 250 50 3 0 841l
24 MBAL-423 1.50 HCI (100) 250 50 3 0 391

Experiments were performed according to GenéRabcedure B in 3 mL.A. & 1H NMR Yield determined with dimethyl
sulfone as internal standar®! Yield of the isolated product, obtained after evaporation and fred@eng of the reaction
mixture. €l Tar formation.

Sl



Up to now, only HCI was considdras acidic catalyst. Since Chapter 2 showed that also other strong
acids might be useful for this reactidérgn acid screening was subsequently performédble S).

From a blak experiment revealved that addition of a suitable catalyst is required for this reaction
(Entry 1), since no conversion was observed in neutral water. The optimal reaction condifi@ideof

2 (Entry 10) were used as reference (Entry 3). Full conversion was not achieved using another
Bronsted Acid (Entries-20). When analyzing the obtained results, we found a directly proportional
relation between cowersion and acid strengtlrigure S), where only triflic acid deviates (Entry B).

was found that HCI could be successfully replaced by Lewis acigl I€&fing to quantitative
conversion (Entry 11), presumably by in situ HCI generation, while no reaction took place upon addition
of CuCI2 (Entry 12). This route was not explored further, due to the more material intensiveipvork
when a metal is preserih the reaction mixture.

Table 8. Optimizationof the Gdemethylation of 4propylguaiacol 1a) to 4propylcatecholZa): acid screening

Meojg/\/ Acid Hojg/\/
HO H,0, temp. HO

1a N, (press.), time 2a

ey ENeode SRR A e Teme Press Time  TMRYEEMY
1 JBG799, MBAL377 0.50 - - 250 50 3 100 0
2 JBG1476 0.50 TfOH (20) -15 250 50 3 25 75
3 JBG496,MBAL441  0.50 HCI (20) -8 250 50 3 0 100(97)
4 JBG414, MBAL=311 0.50 H.SQ (20) -3 250 50 3 6 94
5 JBG435 0.50 MsOH (20) -1.9 250 50 3 6 94
6 JBG388 0.50 HsPQ (20) 2.15 250 50 3 70 30
7 JB(G452 0.50 4-NGQ,PhCOOH (20) 3.41 250 50 3 89 11
8 JBG451 0.50 PhCOOH (20) 4.20 250 50 3 97 3
9 JBG372 0.50 HOACc (20) 4.76 250 50 3 100 0
10 JBG371 0.50 HsBG; (20) 9.25 250 50 3 > 99 <10
11 JBG382 0.50 Fed (20) N/A 250 50 3 0 100
12 JBG381 0.50 CuCd (20) N/A 250 50 3 > 99 < 1M

Experiments were performed according to General Procedure B in 3@EkK, of the used acid. For polyprotic acids, the
pKaof the first dissociation is mentionef! *H NMR Yield determined with dimethyl sulfone as internal stand@rield of
the isolated product, obtained after evaporation and freeltging of the reactia mixture.ld Reaction product was observed
via MS analysis of the crude mixture.
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Figure S. O-demethylation of propylguaiacol ) to propylcatechol2a) as function of the pfof the usedBrgnsted Aid.

Consideringof 20 mol% bBSQ nearly delivered full conversionT@ble S, Entry 4), the effect of
increasing the acid loading to 60 mol% and even a stoichionstraunt was investigatedrable 8).

). Despite the increased acid loading, full conversion was not achieved as traces of substrate were still
detected h the NMR analysis (Entriesb3 Additionally, these new conditions revealed a loss of mass
balance, in contrast with the result obtained by applying 100 mol% HCI (Entries 2 and 5). We found
that when extending the reaction time to 6 h with 20 mol%s8 gave full conversion and delivered

the desired product in 97% vyield (Entry 6). Also with the oth&QHoadings, full conversion of the
starting material was observed after 6 h, though the desired product was obtained in significantly
lower yield with laver mass balances (Entries8Y, which was not the case when using HCI under the
same conditions (Entries 8 and 9).

In a next stage, a temperature study was performgalle S). Increasing the temperature from 25C

to 275 °C had no impact on the reaction outcome pointing to thermal stability of substrate and product
(Entries 4 and 5). Lowering the temperature to 225 °C led to incomplete conversion (77%) (Entry 3). At

200 °C conversion decreased to only 3% (EnryAR 185 °C, substratéa could be completely

recovered (Entry 1). For comparison, applying-Ab¥ I NR& O2yRAGA2yas o6l aSR 2y
reflux (Entry 6% delivered a quantitative yield ¢fa after 20 h. When replacing this stronger acid by

HCI, only 30%awas obtained (Entry 7), leaving 58%

An evaluation regarding the required reaction time was sgjoently performed Table 8). With
reaction time, we mean the actual residence time of the reaction at the given temperature, not
incorporating the timerequired for heating and cooling the sep. We observed that alrely after 1h

more than 80% of the substrate was converted (Entry 1) and nearly quantitative conversion was
achieved after 2 h (Entry 2). Therefore, a reaction time of 3 h was still coedittebe optimal (Entry

3). By doubling the reaction time to 6 h 100% NMR and 95% isolated yield of the desired product was
still achieved. This proves that this compound is relatively stable under the given reaction conditions
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(Entry 4). 6 h at half théiCl loading still led to full conversion since only traces of the substrate
remained (Entry 6). With this HCI loading 5% substrate remained after 3 h (Entry 5).

Table &. Optimizationof the Gdemethylation of 4propylguaiacol 1a) to 4-propylcatecholZa): replacing HCI by 48Q.

Meojg/\/ Acid HOQ/\/
HO H,0, temp. HO

1a N, (press.), time 9a
Entry ELN code C()(f,:/f)-la ( rﬁg:;) | T;n(;g). Izl;z?;s_ T(irrge fl\l:ﬂR Yield Zd)’]
1 JB(G496, MBAL-441 0.50 HCI (20) 250 50 3 0 100(97M)
2 MBAL-416 0.50 HCI (100) 250 50 3 0 97
3 JB(414, MBAL-463 0.50 H.SQ (20) 250 50 3 6 94
4 MBAL464 050  H.SQ (60) 250 50 3 <1 86
5 JBG1421,MBAL:465 0.50 H,SQ (100) 250 50 3 <1 89
6 MBAL:460 0.50 H,SQ (20) 250 50 6 0 97
7 MBAL:461 0.50 H,SQ (60) 250 50 6 0 811l
8 MBAL:462 0.50 H,SQ (100) 250 50 6 0 261
9 MBAL550 0.50 HCI (100) 250 50 6 0 91

Experiments were performed according to General Procedure B in 3@2HH NMR Yield determined with dimethyl
sulfone as internal standard®! Yield of the isolated product, obtained after evaporation and fregégeng of the reaction
mixture. [ Tar formation.

Table S. Optimizationof the Gdemethylation of 4propylguaiacol 1a) to 4-propylcatechol Za): screening of reaction

temperature.
Meoji:l/\/ Acid Hoji:l/\/

Hom L Njé%stse.;??ihwe no
T e
1 MBAL:439 0.50 HCI (20) 185 50 3 100 0
2 MBAL:444 0.50 HCI (20) 200 50 3 97 3
3 MBAL-357 0.50 HCI (20) 225 50 3 23 77
4  JBG496,MBAL441  0.50 HCI (20) 250 50 3 0 100(97)

5 MBAL-388 0.50 HCI (20) 275 50 3 0 100
6 BL-12 1.461 HBr (500) 115 1 20 0 99
7 JBG598 2.400 HCI (500) 115 1 20 56 30

Experiments were performed according to General Procedure B in 3:®l2HH NMR Yield determined with dimethyl
sulfone as internal standar®! Yield of the isolated product, obtained after evaporation and freémeng of the reaction
mixture. [l The reported concentractions are obtained after dissolving substtatia the required amount of conc. HBr or
HCI to deliver the reported acid loadjn
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Table 8. Optimizationof the Gdemethylation of 4propylguaiacol 1a) to 4propylcatecholZa): screening of reaction time.

Meo@/\/ Acid Hojg/\/
HO H,0, temp. HO

1a N, (press.), time 2a
Entry ELN code Co(r|\1/(|:).la ( rﬁ\g:g/o) T(eogg). Izgz_:,)s T(i[r:;e 1|\;MR Yield (ZZOW
1 MBAL-340 0.50 HCI (20) 250 50 1 17 83
2 MBAL-362 0.50 HCI (20) 250 50 2 4 96
3 JBO496, MBAL441  0.50 HCI (20) 250 50 3 0 100(97M))
4 MBAL:-449 0.50 HCI (20) 250 50 6 0 100
5 MBAL415 0.50 HCI (10) 250 50 3 5 90
6 MBAL:466 0.50 HCI (10) 250 50 6 <1 99

Experiments were performed according to General Procedure B in 3@2HH NMR Yield determined with dimethyl
sulfone as internal standar®! Yield of the isolated product, obtained after evaporation and fred@eng of the reaction
mixture.

In a final stage of this optimization, the influence of the addition e$alvents was investigated, given

the limited solubility of most organic molecules in wai@iable 3). Both EtOH and MeOH were
selected because of their miscibility with water and their classification as recommended sbluent.
these experiments, a 100 mol% HCI loading was used since it delivered the same result as with 20 mol%
when running the reaction in pure water (Entrie)l and in this way tackle a possible decrease in
reaction rate because of theoesolvents. For both of the selected alcohols, an increase in reaction
volume taken by this solvent had a negative impact on the yield for the desired product. For both, the
decrease in yield is proportional to the amount of organic solvent added, le&albfp of the desired
product when running the reaction in pure alcohol (Entrie® &nd 914). Furthermore, the increase

in alcohol content negatively influenced the selectivity of the performed experiment. A noteworthy
difference between EtOH and MeOH wasserved, since when using the latter, a significant yield of
the desired product2a with good mass balance is obtained even with 50% MeOH, opening
opportunities for application of our methodology on (larger) less water soluble organic molecules.

Based o the results from this optimization, the conditions reportedTiable 8 can be considered as
G 2 LJG A Y+ f ©derfethydtionl &f Jpropylguaiacol 1a) to 4-propylcatechol 2a). With these
conditions in hand, a substrate scope was performed.
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Table S. Optimizationof the Gdemethylation of 4propylguaiacol 1a) to 4propylcatecholZa): solvent screening.

MeO Acid HO
Hojij/\/ Solvent, temp. HOQ/\/

1a N, (press.), time 2a
Conc.la Acid Temp. Press. Time NMR Yield (%!
Entr ELN code Solvent o
y (M) (Mol%) (°C) (bar)  (h) 1a 2a
JBG496 100
1 MBALA41 0.50 HCI (20) H.O 250 50 3 0 (971))
2 MBAL-416 0.50 HCI (100) H.O 250 50 3 0 97
3 MBAL-352 0.50 HCI (100) H,O / EtOH90:10) 250 50 3 <1 78
4 MBAL-353 0.50 HCI (100) H,O / EtOH75:25)l 250 50 3 3 69
5 MBAL-352 0.50 HCI (100) H,O / EtOH50:50)! 250 50 3 11 65
6 MBAL-351 0.50 HCI (100) H,O / EtOH25:75)l 250 50 3 48 30
7 MBAL-350 0.50 HCI (100) H,O / EtOH10:90)! 250 50 3 97 6
MBAL=349
8 MBAL368 0.50 HCI (100) EtOH¢l 250 50 3 61 0
9 MBAL-367 0.50 HCI (100) HO / MeOH(90:10) 250 50 3 4 85
10 MBAL-366 0.50 HCI (100) HO / MeOH(75:25) 250 50 3 7 87
JBG442 .

11 MBAL365 0.50 HCI (100) HO / MeOH(50:50) 250 50 3 19 72
12 MBAL-446 0.50 HCI (100) H,O / MeOH(25:75) 250 50 3 58 2
13 MBAL:-447 0.50 HCI (100) H,O / MeOH(10:90) 250 50 3 38 0
14 MBAL-448 0.50 HCI (100) MeOHL 250 50 3 16 0

Experiments wergerformed according to General Procedure B in 3 Q. H H NMR Yield determined with dimethyl
sulfone as internal standard! Yield of the isolated product, obtained after evaporation and freeéggng of the reaction
mixture.ll Commercial HCI iEtOH (1.25 M) was used, diluted with MeOH or EtOH or a mixture théte@bnc. HCI (aqg.)
was used, the amount of water present in the reaction medium is thus negligible.

Table 8. O-demethylation of 4propylguaiacol 1a) to 4-propylcatechol Za): optimal conditions.

MeO Acid HO
Hojij/\/ Solvent, temp. HOQ/\/

1a N, (press.), time 2a
Entry ELN code C‘)(',:/lc)'la ( rﬁg:f;o) Solvent T?fg" F(’EZ;S T(ir':;e Yig]'/:’)[a]
1 JBO496,MBAL441l  0.50 HCI (20) H.0 250 50 3 97
2 MBAL560 0.50 HCI (20) H.0 275 50 3 92
3 MBAL549 0.50 HCI (10) H.0 250 50 6 95
4 MBAL551 050  H,SQ (20) HO 250 50 6 97

Experiments were performed according to General Procedure C in 3 @LEtperiments were repeated 5 times and
combined for workup.[@ Yield of isolated product.

S16



3.3 Reaction scope

3.3.1 Overview

InTable 8, an overview is giveof all substrates mentioned in the Manuscript and their corresponding
products. EachtimetS O2y RAGA 2y a OICGdengRylationd afdpfopylgdaiéicolFag NJ (1 K S
were applied, as reported ihable S, Entry 1 Substrate concentratior0.50 M, HCI loading: 20 mol%,
Reaction temperature: 250 °C, R#an time: 3 h, Pressure at r.t.: 50 bag)NIf required, a small
optimization to improveconversion andjield was performed for every specific substrass shown
underneath
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Table 8. O-dealkylation of (substituted) anisols, guaiacols, dimethoxybenzenes, benzodioxoles, syringols

A Hel - A
R'O 4 R? HO -
( )n_\) H,0 (3 mL), 250 °C ( n
N, (50 bar), Time
Substrate Product
; Product 1 Product 2
ELN Code Substrate Conc HCIE)I TIPT € | Sful:())str[;]
(M) (mol%) (h) Structure Yield (%2 Structure Yield (%2 eft (%)
JBG510
MBALA56 0.50 20 3 72 8 3
------------------------------ MeO HO HO
MBAL564 0.50 20 6 70 <1 6
------------------------------ HO HO HO
MBAL554 OMe 0.50 40 4 OH 37 OMe 0 4
“"'h“/'l“B“A'I:'S“'O“'O““' 1 b 2 b """"""""""""""""" 1 X
_ Ib,d
MBALS39 0.33 20 3 87 (1 b.9) <1 3
MBAL763 Meojg/\ 0.50 20 3 HOJQ/\ 87 7
 MBAL775 HO HOO -
[b]
MBALT76 1c 0.50 20 6 2¢ 90 (901} 0
MeO HO
MBAL487 jg/ jg/
[b]
MBAL494 o 0.50 20 3 o 99 (991 0
1d 2d
MeO \
MBAL635 Meo:@/\/ 0.50 20 3 HO@/\/ 92 j:/jf—nPr 13 j 0
“ :
------------------------------------------------------------ HO
MBAL-646 MeO HO 1
[b] a(4rnPr)
MBALGEO 1le 0.50 20 6 2a 96 (910 T EnPY 0 0
MBAL726 Eto:©/\/ 0.50 20 3 Hojg/\/ 35 27
" MBAL647 EtO HOT > T T
[b]
MBALGES 1 0.50 20 6 2a 97 (91} 0

[al1H NMR Yield calculated with dimethyl sulfone as int. std. (General Proced{iey#)d of isolated product (General Procedurel@Additionally,recrystallization from toluene
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Table 8 (continued).O-dealkylation of (substituted) anisols, guaiacols, dimethoxybenzenes, benzodioxoles, syringols

(R1o}n—<>:—R2

HCI

H,0 (3 mL), 250 °C

- (HO)H—GRZ

N, (50 bar), Time

Substrate Product
; Product 1 Product 2
ELN Code Substrate Cl\c;lnc HCI‘;I/ TILn © - - | Sﬁul())/str[é]
(M) (mol%)  (h) Structure Yield (%) Structure Yield (962 left (%)
MBAL451 (0] 0.50 20 3 o} 93 3
"""""""""""""""""" MeO HO S
MBAL614 jg/\)LOH 0.50 20 4 :©/\)LOH 96 2
------------------------------ HO HO e
MBAL-687
(d
MBALOGo 1g 0.50 20 6 2e 90 (85M) 0
MBAL504 0 0.50 20 3 Q 87 4
------------------------------ M 80:©/\)‘\O H :@/\)‘\O H s
MBAL-688 d
MBAL70g  MeO 0.50 20 6 HO 91 (86) 0
1h 2e
MBAL:484 0.50 20 3 12 8 0
MBAL-491 0 0.33 20 3 0 17 Ho 8 0
"""""""""""""""" o) HO H ST
MBAIL:502 < H 0.13 20 3 47 HO 0 0
------------------------------ o HO 2i
MBAI-511 1i 0.13 20 1 2f 61 0 0
CMBAL543 o
B [b]
MBALT09 0.13 1 58 (62 0 0

{14 NMR Yield calculated with dimethyl sulfone as int. std. (General Procedifey&)d of isolated product (General ProcedurelYiield of isolated product (General Procedure D).
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Table 8 (continued).O-dealkylation of (substituted) anisols, guaiacols, dimethoxybenzenes, benzodioxoles, syringols.

5 Ho S
R'0 -—R? HO —R?
( >n_\) H,O (3 mL), 250 °C ( n R
N5 (50 bar), Time
Substrate Product
Conc  HCI  Time Product 1 Substr.
ELN Code Substrate
(M) (mol%)  (h) Structure Yield (%) left (%)
MBAL695 0.13 20 3 14 31
MBAL-705 0.13 20 6 36 11
" MBAL710 N Lel N
(MBAL 013 40 6 57 (421) <1
782)

.............................. o o e
MBAL-723 0.13 40 10 59 <1
MBAL724 0.13 60 12 65 <1
MBAL725 MeO  OMe 013 100 12 HO  OH 60 <1

1j 29
MBAIL-505 0.50 20 3 34 <1
MBAL627 10 0.50 20 6 0 22 <1

------------------------------ MeO HO S —

MBAIL-592 0.13 20 3 12 44

------------------------------ MeO HO e ————

MBAL:-628 1k 0.13 20 6 2h 53 11

“MBAL639 o

[b]
MBALBOS 013 40 6 83 (791 <1
MeO HO
MBAL428 j@ j@ 95
SO o 050 20 3 "o 070 0
1l 2i

{14 NMR Yield calculated with dimethyl sulfone as int. std. (General Procedfey®)d of isolated product (General Proceduje C
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Table 8 (continued). O-dealkylation of (substituted) anisols, guaiacols, dimethoxybenzenes, benzodioxoles, syringols

5 Ho 5
R'0 -—R? HO —R?
( >n_\/ H,O (3 mL), 250 °C ( n R
N5 (50 bar), Time
Substrate Product
i Product 1 Product 2
ELN Code Substrate C&nc HCI;I/ TILn © : - | Sﬁul())/str[é]
(M) (mol%)  (h) Structure Yield (%) Structure Yield (962 left (%)
MBAL:453
MeO HO MeO
""""""""""""""" MeO HO T HO
MBALA472 1m 050 20 4 2i 86 (890 1l <1 0
MeO HO
MBAL:480 j@ j@ o
MBALAO3 o 050 20 3 "o 98 (981 0
1n 2i
MeO HO
MBAL492 \©\ \©\ "
MBALAOY oM 050 20 3 on 98 (980
1o 2]
MBAL-452 MeO HO MeO
380325 _ 7@ o0 o B © _____________ & 4 °
MBAL503 OMe 033 20 3 OH 94 (920 OH 0 0
MBAL518 1p oK 1w
SA097 /@ 0.50 20 3 @ 55 11
“Tsa101 MeO HO > T
[b]
oALO7 1q 050 100 3 ol 72 (620) <1
MBAL622 ¢ c 050 20 3 c c 63 25
------------------------------ MeO HO
MBAL629 (o] Cl
[b]
MBALOSO » 050 20 6 orm 99 (95b)) 0

{114 NMR Yield calculated with dimethyl sulfone as int. std. (General Procedifeyi®)d of isolated product (General Procedure C)
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Table 8 (continued).O-dealkylation of (substituted) anisols, guaiacols, dimethoxybenzenes, benzodioxoles, syringols

HCl
(R0 /\:—RZ > (Ho /\!—RZ
A H,0 (3 mL), 250 °C (AN
N5 (50 bar), Time
Substrate Product
i Product 1 Product 2
ELN Code Substrate Conc H(I:Ol T'Ln € : - | ?ut();tr[é]
(M) (mol%)  (h) Structure Yield (%) Structure Yield (902 left (%)
MBAL526 m 050 20 3 /©/\H/ 92 3
................................... 1) 0o
MBAL552 MeO HO
[b]
Lo 1s 050 20 4 on 88 (801 0
) 0
s N o e s (T sem ;
- MeO HO
1t 20
MBAL572 0.50 20 3 56 53 0
MBAI-573 z 0.13 20 3 H 71 70 0
----------------------------------- OH e )| P —
(S) (S)
MBAI-640 O‘ o 0.13 20 1 OO o 96 HO 10 0
----------------------------------- MeO HO o
MBAL631 1u 0.13 10 1 2p 97 11 0
 MBAL665E e
)
MALoead 013 20 3 100 (98") 0 0

[l 14 NMR Yield calculated with dimethyl sulfone as int. std. (General Procedfey®)d of isolated product (General ProcedurglCjemperature = 200C.
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3.3.2 Bench sale-up on two selected examples

The scalability of the develope@-demethylaion protocol to multigram quantitiesvas studied
(Scheme 8§ on4-propylguaiacol 1a) and 4propylsyringol 1b), which can be obtained from wood
biorefinery, were selected for this study.The maximum scale was determined by the volume the
reactor could be loaded with (150 mL) and the maximum applicable concentration for the selected
substrate. GratifyinglyQ-demethylation of 81 gramslb at 0.33M gave 6.69rams2b (81%). With
4-propylguaiacol 1a) a higher concentration can be used and 2Zr&nslaat 1M gave 21.grams
2a(92%). These scalg experiments can be performed without alterations of the reaction conditions
at gmall scale, only the reaction time needed to be extended because of the larger volume to be

heated.
MeO nPr HCI (20 mol%) HO nPr
HO:Q/ H,O (150 mL),[e 250 °C HO:Q/
R N, (50 bar), 6 h
1a (R = H) 2a (R?=H)

1b (R' = OMe) 2b (R? = OH)
‘ M
Meojg/\/ eojg/\/
HO
HO

OMe
24.9 g, 150 mmol (1.0 M) 1a: 92% 2a 9.81 g, 50 mmol (0.33 M) 1b: 81% 2b

Scheme 8 Benchscaleup examplesO-demethylation of 4propylguaiacol 1a) and 4propylsyringo(1b). &l The volume of
150 mL was selected based on the employed 600 mL reactor with 375 mL glass inSégti(se$).
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3.3.3 O-Demethylation of 4propylguaiacol obtained from natural feedstock

The developed conditions were applied on two samplesmiopylguaiacolia) obtained from natural
feedstocls, i.e. eugenol3) from Eugeniaand lignin oil from pine wood. Methods for obtainitg are
describedm Section5.3.10f this SI.

3.3.3.1 O-Demethylation of 4ropylguaiacol obtained fromatural eugenol

Application of the optimateactionconditions for theconversionof commerciaéd-propylguaiacol1a)
into 4-propylcatechol on the same substrate, obtained upon hydrogenation afatural eugenol(3)
from Merck(see Sectiorb.3.1.]), wasinsufficient asonly 76%conversionlawas obtainedafter 3 h
(Table &0, Entry 1) Whendoubling the reaction time to 6 h (Entry,2awas isolatedvith a yield of
969% with work-up only involving extraction and filtration

Table 80. O-Demethylation ofenewabled-propylguaiacol 1a) obtainedvia hydrogenation ohatural eugenol 8).

1.5 mmol 1a

Meo:@/\% Pd/C (1 mol%) Meo:@/\/ HCI (20 mol%) HO:@/\/
— > >
HO E{OH, rt. HO HO

H,0 (3 mL), 250 °C

3 Hy (2 bar), 16 h  1a, 97% (98% pure) N, (50 bar), time 2a
Natural
Scale la Conc.la Time . Yield 2d!
fal
Entry  ELN Code (mmol) (M) ) No. of repetitions %)
1 MBAL778 15 0.50 3 5 701
2 MBAL-781 1.5 0.50 6 4 96

Experiments were performed according to General Procedul@& €amples were combined for wotp. [! Yield of isolated
product.ll A mixture of 709%2a and 22% remaininfjawas obtained.

3.3.3.2 O-Demethylation of 4ropylguaiacol obtained from lignin

Softwoodderived Pinug lignin oil(1a), obtained byReductive Catalytic Fractionation (R@&9cribed
in Section5.3.1.2 was selected as second naturasourceof 4-propylguaiacol 1a). Similarly tola
obtained by hydrogenation ofnatural eugenol 8), a reaction time of 6 h wagquiredto obtain full
converson of the lignin oil(Table 31, Entries 12). The desired produc®a could be succefully
isolated with a yield of 77%, with the wadp involvingonly extraction and filtration(Entry 3)

Table 31. O-Demethylation of fropylguaiacol 1a) obtained uporReductive Catalytic FractionatiRCFdf Pine wood.

RCF:
Softwood 5 wt% Ru/C (15 g) Meo:@/\/ HCl HO:@/\/
(Pinus) —— -
150 g MeOH, 235 °C HO H0 (3mL),250°C g
H, (30 bar), 16 h N, (50 bar), time
64 wt% 1ain 10.4 g lignin oil 2a
Scale oil Amount 1a in Conc. la HCI Time Yield (%)"!
Entry ELN Code - e
(mg) oil (mmol) @ (M) (mmol) (h) 1a 2a
1 MBAL:797 352 1.35 0.50 0.30 3 19 70
2 MBAL-800 352 1.35 0.50 0.30 6 0 80
3 MBAL:-813 390 1.50 0.50 0.30 6 0 79 (77

Experiments were performed according to General Proceduié@xtermined vidH NMR analysis using 1,3,5
trimethoxybenzene or MeTHF as int. stdl! 1H NMR Yield determined with 1,3t8methoxybenzene or MeTHF as int.
std. [l Yield of isolated prduct.
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4 Evaluation of the green credentials for the developgd-demethylation
methodology

4.1 Introduction

In order to evaluate thegreennessof the developed approachior the O-demethylation of 4-
propylguaiacol(1a) to 4-propylcatechol 2a), this reaction wasevaluated using the CHEM21 Green
Metrics Toolkit (Section4.3).8 Assessment of the soalled green metricsis a relative concept
Therefore,the same analysigias performedfor other methods retrieved from literatue, involving
the same conversiorThese methods are briefly described in Secdoh This way, we were able to
compareour newly developednethodwith existingmethodswith respect to greenness.

For this paper, we specificalljooked at green chemistry aspects when developing the
demethylation method byreducing the amount of solventased, and by carefully selectirtbe
solvent used duringeaction and workup (no problematic @ hazardous according to the CHEM21
Solvent Selection Guiden order to maximize greenss. We are aware of the fact thiterature
procedures are often not written keeping aspects of green chemistry in mikithreover, exact
amounts of solvents used for extraction as well as other auxiliary materials for purification (e.g. celite
for filtration, amount of silicagel used for column chromatography) are simply not specified. In order
to have a fair comparison, we therefore look into tRdI Reactants, Reagents and Catalyssl!

RRC), which only takes into account reactants, reagents and ¢atahd does not consider the used
solvents andvork-up methods. This parameter gives a gdotpressionon the green potential of the

used chemistry. Considering at discovery level small scales are applied, typically low concentrations
are chosen for reaatins. While there is in most cases no reason these reactions cannot be executed
at a higher concentration, it will negatively influence ®#ll ReactioffPMI Rxn) involving Reactants,
Reagents, Catalysts and Solvent. PMI,RR&uding reaction solvent, therefore a fairer and safer

way to look at the reaction thaRMI ReactiorfPMI Rxn) at the discovery stage.

4.2 TheCHEM2XGreen Metrics Toolkit

The CHEM21 Green Metrics Toolkit is split into fiagseswith increasing complexityThe two lowest
levels, the secalled zero passand first pass are used for laboratory research (discovery phase),
whereas thesecond pasandthird passare meant to be used at pilot and industrial scale. This toolkit
consists of two major partgjuantitative and qualitative parameters. For assessing the first category,
different calculations are performed after which the obtained values for different methods are
compared, while for the latter different parameters are measured with a color dladggreen for
preferred yellow foracceptableand red forundesirablg. Auser friendly Microsoft Excel spreadsheet
is available free of charge and was used in this paper for the assessment gifettrinessof the
different reactions’

Before starting the analysis, the different chemicals used in the reaction need to be classified as either
reactant, reagent, catalyst or solvent. The definitionsdolvent and catalyst are obvious. A reactant

is defined as a compound which contains at least one atom which is built in in the product, while a
reagent is only consumed during the reaction without being incorporated in the product.
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4.2.1 Quantitative parameters

For every evaluated reactiothe yieldof the desired product is reported. This parameter can already
give a first impression of how the reaction is behaving. When combinedowithersiona value for
selectivity can be obtained. A reaction with high yield and high selectivity is desirable. These
parameters are calculated using the following equations:

iTAO T £ DOl ABAC
A0 T &£ 1EI ESETC OAAAOA

o i
9EAI A iT%

i oAGGEl T n L AOO T & 1EIECEIC OAAJ
ETEORRT TA00 1 & PEMEoE
. 9EAIA

3A1 AAQE OFEGL- . p.ILTT P
95 A So i

Next to the parameters presented abovetom EconomyAE) andReaction Mass EfficienRME)re
often used by organic chemists to get a first view of the efficiency ofghetion. AE is measured by
the number of the atoms in theeactantswhich appear in the final product and therefore, molecular
weights are incorporated in the formula. An important remark about AE is that it does not incorporate
used excesses of reactamatsd is a purely theoretical parameter of interest in the retrosynthesis phase.
For this reason, RME @so defined incorporating the stoichiometry of the reaction. Important to
mention is that both do not incorporate reagents or catalysts. The follofangulas are used:

-7 | poi AGAO

' %b e b 2-% oF—— pnnb
° B- 7 P Bl 0AAAOAT 06

The most complete madzased metric is th&rocess Mass Intensifi?MI), which takes into account
all massbased inputs: yield, stoichiometry, solventsagents andvork-up® LG A & m&S&FAY SR |
Fff OKSYAOFfa dzaSR Ay | NBIFOlGA2Yy RAGARSR o0& (KS
on a mass/mass (gpbasis:

ADROEADOI AAOO OO0AD

0 Bi AOO i £ ADODARA
B TAGO T /& OEA EOTTAOAA POI AOAO
l oasnoal omacailomoal Jamaoei i loiiaimi Geai dadigio oi 1 0AT O
l poi AGAO

PMI is easier to follow if thiparameteris split into three categorie$?MI Reactants, Reagents and
Catalysts(PMI RRC), which only takes into account reactardagents and catalystBMI Reaction
(PMI Rxn), which additionally also contains reaction sohsam@PMIWork-up (PMI WU), in which only
the work-up (both auxiliary materials for purificatioand solvents) of a certain reaction is considered.
As already stated earlier, the latter sub category is of less relevance for discovery research.
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Recently, a new quantitative metric was developed, when -product useful in another process is
produced in the reaction and therefore not to be considered as weksthis is labelled Feedstock
Intensity (FI) and is calculated similarly to PMI. The difference between PMI apdsRhg mass of
the produced ceproduct which is integrated in the denominator of the formula. When a step produces
no useful ceproduct it s waste, PMlis then equal to PMI.

Bi AOO T £ ADOAAABPROEADPOI AAOO OOAD

0-)¢¢ TAGO T /& OEA EOTTAOAA POI AGAOO

loasnoal omacailaonoal Jamaoeii loiiammi aeaikanue o1 oAl

lpoi ackamwoi AoAo
PME can also be split umidifferent categories:

loaanoal onacail geioal vooo

0-)22#C C ’ .
' poi Ackamwoi AGAG
0-)28ic C I oaaroAl omAcAlloioh oAl JAMAAGET T 611 OAT O
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0-)75¢CcC i gip AEAI BAAIED O 1 OATI 00

oot aokamoi AoAo
Similarly, formulas for AE and RME can also be adapted with inclusion of the formed ugxtduwct:

-7 -7 g

' % b B 7

pmimp

2- %P

A second quantitative parameténcluding the mass of all used materiaésxd therefore related to
PMl,is the Efactor!! quantifying theamount of generated waste to produce a certain mass of the
desired product:
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4.2.2 Qualitative parameters

The second part of the CHEM21 Green Metrics Toolkit consists of a series of parameters for which the
score is obtained by giving a colored flag. When for a certain item a green flag is scored, it means that

the reaction is behaving well, while a red flagds to the opposite conclusion. Intermediate scores

NS YIRS @AraroftsS o0& &a02NRAyYy3 |

Whenever possible further optimization should be considered in such caseablle %2, a brief

esSttz2e Ftl

overview is given on how the flags are determined for each iexudpt solvents).

Table 32. Brief overview of the different qualitative maneters to be considered in a green metrics analysis at First Pass.

Green flag Yellow flag

Item

Catalyst / Enzyme use

Reaction uses a catalyst o
enzyme or no additional
reagent was used

Use of stoichiometric
guantities of reagents

Red flag

Use ofreagents in excess

Catalyst / Enzyme recoven

Recovery No recovery

Critical elements

Supply remaining for more Supply remaining for 50 to

Supply remaining for less

than 500 years 500 years than 50 years
Energy (part 1) Reaction temperature Reaction run betweer20 Reaction run below20 °C
gy (P between Oand 70 °C to0°Cor70to 140 °C or above 140 °C
Reaction run 5 °C or more
Energy (part 2) 0S8t2p GKS a2 - Reaction run at reflux
point
Batch / Flow Flow Batch -
QuenchlngFlltratlon, Chromatography, ion
Centrifugation, Solvent exchange, .
o S exchange, high
Work-up Crystallization, Low quenching into aqueous .
T temperature multiple
temperature distillation / solvent

evaporation / sublimation

recrystallization

Health and Safety

H205, H220H224, H241,

H301, H311, H331, H341,

H351, H361, H371, H373,
H401, H412

H200, H201, H202, H203,
H230, H240, H250, H300,
H310, H330, H340, H350,
H360, H370, H372, H400,
H410, H411, H420

8
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For solvent use, one can make use of the open access CHEM2ht Selection Guiddn Table $3,

the most common solvents are listed together with the flag they score. When a solvent is not in this
list, the Solvent Guide explains which properties of the solvent should be considered when classifying
the solvent in a specific categoryhélse parameters are physical properties (e.g. boiling and flash
points, ignition temperature), peroxability, resistivity, H statements and REACH registration.

Table 33. CHEM21 solvent selection guide of classical solvents.

water, methanol (MeOH), ethanol (EtOH), isoproparet@H), dbutanol (BuOH),tert-

butanol (BuOH),ethylene glycol, acetone, methyl ethyl ketone (MEK), methyl isob

. . ketone (MIBK), ethyl acetate (EtOAc), isopropyl acet®eO@Ac)n-butyl acetate {BuOAc),

awsSOZ2YYSy anisole, isobutanol, isoamyl alcohol, isobutyl acetate, isoamyl acetate, glycol dia¢ettte
amyl methyl ether (TAME), dimethyl carbonate

Green flag

benzyl alcohol, cyclohexanone, methyl acetate, tetrahydrofuran (THFnetByl

tetrahydrofuran (2MeTHF), heptane, cyclohexane, methylcyclohexane, toluene, xyl

chlorobenzene,acetonitrile, 1,3dimethy}3,4,5,6tetrahydro-2(1H)-pyrimidinone (DMPU),

. A dimethyl sulfoxide (DMSQO), formic acid, acetic acid, acetic anhydrideggrdp@nediol,

Gt NEOE SY glycerol, diethyl succinate, cyclopentyl methyl ether (CPME), &hybutyl ether (ETBE:
limonene, turpentine,p-cymene, ethylene carbonate, propylene carbonate, cyrene, e
lactate, lactic acid

Yellow flag

di-isopropyl ether, methytert-butyl ether (MTBE), 1;dioxane, dimethoxyethane (DME

Red flag pentane, hexane, dichloromethane (DCM),N-dimethylformamide (DMF), N,N-

Gl F T FNR dimethylacetamide (DMAc)N-methyt2-pyrrolidone (NMP), sulfolane, methoxethanol,
pyridine, triethylamine, trimethylamine

diethyl ether (EfO), benzene, chloroform (CHEI carbon tetrachloride (Cg)

] R dichloroethane (DCE), nitromethane, hexamethylphosphoramide (HMPA), carbon dis
al AIKE & K (CS)

Dark red flag

4.3 Application of the CHEM21 Green Metrics Toolkih the developed demethylation
strategy

In the Manuscriptthe Green Metrics analysis for Methods-Bhas beerreported. These methods
describe the demethylation of-gropylguaiaco[Method Al: 0.50 MLaand 20 mol% HCTéble 34,
Entry 2)Method A2: 1.0 M.aand 20 mol% HCT éble %4, Entry 3)Method A3: 2.0 M1aand 50mol%
HCI Table 4, Entry4)] and guaiacol [Methd A3: 2.0 M 1aand 50 mol% HCITable 34, Entry6)].
Furthermore, we also applied the Green Metrics Analysis for the demethylatiorpadpylguaiacol
under the earlier reported conditionsot specificallydesigned for this procegMethod A4: 0.13 Mla
and 50 mol% HCITéble 34, Entry 1)}' and for demethylation of guaiacol under the conditions
reported in the Scope Section of the Manuscript [Methdd 850 M1aand 20 mol% HCTéble 34,
Entry5)].

From the results iTable %4 can be derived that, despite the high yield Method A4 (Entry 1), a PMI
of 52 g-¢ was obtainedThe work-up of this Method did not require any material, &t consisted of
removing volalies viafreezedrying,and therefore itsPMI is completely attributable to the reaction
itself. The difference between PMI Rxn and PMI RRC,g=@.6shows that the solvent use is the
biggest material sinkmore than 97% of the required input is attrilaat to the solvent)After the
reaction optimizationMethod Al (Entry 2)evealed to be optimal ,involvinganincreagd substrate
concentration and decreasl HCI loadingBoth modifications had a beneficial imgi@n the greenness
of the reaction, sincérom the original PMRxnless than 30% was left (15 g)@nd PMI RRC decreased
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slightly to 1.3 g-§ leading toa total PMI of 15 g By applyinga further increase in substrate
concentrationto 1.0 M or2.0 M (Methods A23, Entries 34), howeverwith increased HCI loading
(50mol%) anddecrease reaction time(1 h) for the latter, the desired product was obtained in good
selectivity Despite the decrease in yield to 91%, PMI decreased even furthdrgegl In this case,
work-up, based on extretionwith EtOA¢was required in order to remove tliermedimpuritiessince
freezedrying was not possibleherefore, PMI WU is not equal to zero. Overall, PMI Rxn (including the
reaction solvent, which is:0) could be reduced t6.0g-g".

For thedemethylation of guaiacoll() to catechol Zi), similar conclusions could be dravwilethods

Al3, Entriess and6, respectively. Againperforming the reaction aa higher substrate concentration
(2.0 M)and HCl loadin(0 mol%)ed to a25% decrease iRMI. Because of the lower molecular weight

of catechol 2i) compared to 4oropylcatechol Za), PMI values are slightly higher in this cdsa. this
specific conversion, the new conditions did not affect the yMltien looking at the qualitative metrics
(Table $5), it can be seen that for this method mainly green flags are obtained. Only for energy
consumption, a red flag is scored because of the high reaction temper&@ue=needs to realize that

this is a very basic analysis of energy consumpsoitable for first pass green metricand does not
reflect the final energy use, which is simply not possible at the discovery level as e.g. reaction times
are not minimized, no heat recovery, etc. In development projects using this new method, a more in
depth studyshould be performedThe required extraction in the wonkp when working at higher
substrate concentratioethods A2-3), brings a yellow flag there, in contrast with the obtained green
flag in the cases when freeze drying was sufficient to deliver mgaetionproduct.
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Table $4. Quantitative metrics for thelemethylation of4-propy)guaiacol La and 1l) to (4-propy)catechol 2a and 2i) under acidic catalysis

Method A1-A4

MeO R | (HCI 20-50 mol%)
j©/ —— H,0 (0.13-2.00 M), 250 °C
HO ' N, (50 bar), time

' (97-91% yy)

1a (R = nPr) 2a (R = nPr)
11 (R=H) 2i (R=H)
Time .
Entry Method [&l Substrate R h Conc. HCI Yield AE RME PMI PMIRR®!  PMI RxnPb] PMI WU Efactor
[ELN Code] () M) (molw) (%) (%) () (@d)  (9:9Y (g-9) (9% (9-9)
1 A4[IBO1658] la nPr 3 0.13 50 97 83 80 52 1.4 52 0 51
2 A1[IBG496] la nPr 3 0.50 20 97 83 80 15 1.3 15 0 14
3 A2[MBAIL-766] la nPr 3 1.00 20 96 83 79 20 1.3 8.0 12 19
4 A3[IBG643] la nPr 1 2.00 50 91 83 75 11 1.5 50 6.4 10
5 A1[SA024] 1l H 3 0.50 20 96 77 75 20 1.4 20 0 19
6 A3 [M BAL—467] 1l H 1 2.00 50 93 77 72 15 1.6 6.3 8.7 14

lal Experimental procedures are reported in Sectiofh of this SI. The requiredzlgas to provide the pressurized atmosphere was not incorporated in the calculations since it is dependent on
the volume of the reaction vessel and it would not affée results significantly?! RRC: Reactants, Reagents, Catalysts. Rxn: Reaction. WtlpAork

Table 35. Qualitative Appraisal of Solvent Use, Inherent Hazards of Used Chemicals, Catalyst or Reagent Use, Evergy@iethods forthe demethylation of4-propyl)guaiacol Xa and
1l) to (4propyl)catecholZa and 2i) under acidic catalysis.

Method [ELN Code] Critical Health and
and Substrate Solvent Rxn Flag Solvent WU Flag clementsi® Flag Safety " Flag Reagent use Flag Energy Flag Work-up Flag
A4[IBO1659 (1a) Erees
AL1[IBG496) (1a) H0 - - - Catalyst 250 °C drjﬁ‘ge
AL[SA024 (1l)
A2[MBAL-766](1a)
A3[JBG643 (1a) H.O EtOAc - - Catalyst 250 °C Extraction

A3 [MBAL467] (1)

[@'When a yellow or red flag is not applicable, this column is left bleidkpropylguaiacol1a), is toxic in contact with skin (H31&)so catecholdj) has this property and has a long term toxicity
AadaadzS olonm0X gKAOK it tSFER (2 | @&Stt2¢ Tl 3 T2 Nlthe tiffeterdt dproashesahdkh@référé not incldedS GSNE (1 KSa$s
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4.4 Selection of réerenceO-demethylation methodsfor Green Metrics analysis

4.4.1 Literature reports for the gnthesis of 4propylcatechol from 4propylguaiacol

In order to selectsuitable literature examples a SciFinder® search waarfprmed containing 4
propylguaiaco(1a) as reactant and 4$ropylcatechol2a) as product. The method®portedin Table
S16 were retrievedfrom this searchMethods B and F2 were repeated in our lab, since either no
complete workup was provided in literature (Method B) or the experiment was performed very
smdl scaé (Method F1)Full experimental procedures can be found in Sectibrisland5.2.2

Table 36. Literature reportsfor the O-demethylation of 4propylguaiacol 1a) to 4propylcatecholZa).

Meojg/\/
HO

Reactants & Reagents

HO@/\/
HO

Conditions
1a 2a
Scale Reactants & o Yieldll
Method (mmol) Reagents Conditions Work-up %) Ref.
H,O (0.30 M) . .
B Centrifugation
3.00 NbOs (25 mol%) 300°C,3h . . 79 12
[MBAL-810] N, (65 bar) Extraction with EtOAc
. HO (2.4 M) NacCl for saturation )
c1 100 HBr (4.9 equiv.) 115°C, 19 h Extraction with BO 94
Dilution with MTBE
c2 200 HBr (5.0 equiv.) HO 24 M) Washing with brine and 97 13
115°C, 16 h
NaHC®
. Quenching with HCI
D 5.00 D?/:'g(ol(ll elqglvjv) é\il)eféN cgelelring i Extraction with EtOAc 96 14
L equiv. ' g Washing with Ng50s
Dilution with HO
E 0.70 SIBX (2.1 equivy Tl-r”t: (22051 M) Extraction with CECb 89 15
o Washing with agSolutions
Quenching with kD
F1 0.23 BBg (1.1 equiv.) CHCE 20'35 M) Extraction with CkCb 86 16
-78°C,1h
Column chromatography
Quenching with kD
[BEO] 10.0 BB& (1.1 equiv.) ngj ((():61 hM) NaCl (s) until saturation 92 17
' Extraction with CkCb
H20 (2.0 M) . .
A3 . o Salting out with NaCl
pBosaz 100 HCI (0.2 equiv.) 250 °C, 3 h Extraction with EtOAc 9 ;
N (50 bar)
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[alYield of isolated product, unless stated otherwi8e3%starting material was left?! SIBX: stabilized formulation ofi@doxobenzoic
acid (IBX)i.e. a mixture of benzoic acid (22%), isophthalic acid (29%) aoddXobenzoic acid (49%).



4.4.2 Other classicalD-demethylation proceduresfor Green Metrics analysis

dassicalD-demethylating agents such as TMSI andsAl€cribed folO-demethylation of guaiacoll()

and analoguesare not reportedon 4-propylguaiacolXa). For these methods, wappliedthe reaction
conditions as retrieved from literaturi®r demethylation ofguaiacol derivativesn 1a.The amount of
the reagents anfbr the reaction temperaturevas increasedf insufficient conversion of substrafia
was obseved (optimization data and procedures are reported in Sedi@mof this Sl) Also, workup
was performed as originally described and material intesscolumn chromatography was only
considered ifyreenempurification methods did not deliver the desired prod@etwith sufficient purity.

In Table &7, the differentmethodsare summarizedExperimental procedures can be found in Sections
5.2.35.2.8

O-demethylation with TMSivas reported onguaiacof’” With 1.1 equiv. of this reagent no full
conversion was obtained onpropylguaiacol 1a) (Method G1). 2.0 equiv. were required to achieve
this (Method G2). Unfortunately, he crude mixture did not show sufficient purity of tmeaction
product, making an additional purification via column chromatography requifiéds stepcould also
be replaced by filtration through a layer of silica (Meth@8), thoughdecreasinghe yield from8%%
to 74%

The describe@®-demethylationof guaiacol1l) involing Al powder, 4and DMSO could be applied for
demethylation of 4propylguaiacol 1a),*® even without using DMSO (MethoH), providing 4
propylcatechol 2a) with a yield of 86%.

Demethylation of 4propylguaiacol 1a) with AICL,*® 2%in cambination with either Nal or M&S was
achievedin 63% or 67% vyield respectivglylethods I1 and 12), applying conditions reported for
demethylation of veratrole or eugenaHowever in both cases full conversion wast observed, even
with an excess of the reagenfBherefore, chromatographic separation of prod@etand substratela
was required both leading to partial recovery of the starting material

A pilotscale demethylatiorof 4-methoxyphenylbutyric acid, involving an excess of molten PyHCI,
was successfully applied daproviding84%?2a (Method J).

As last method, LiBr and HBr in excess, describethéodemethylation of 4methylguaiacol 1d),??
was employed oia, leading to2ain 82% yield (Method K).
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Table 87. O-Demethylation o#i-propylguaiacol 1a) to 4propylcatecholZa) by applying literature methodologiesported

for the same reaction on related guaiacol derivatives

Me0:©/\/
HO

Reactants & Reagents Hoj@/\/
Conditions HO

1a 2a
ield[al
[E,\ﬁ([e\;[hc(:)g de] (ri(r:r?(l)(la) Rszgt::rtjs& Conditions Work-up Ylgl/g)a Ref.[b] Literature subtrate
Quenching with MeOH MeO
G1 . CHGJ(1.0 M) Extraction with CHell . 17
[BL-20] 100 TMSI (1.1 equiv.) rt, 70 h Washing with brine 4% -
Column chromatography
Quenching with MeOH MeO
G2 . CHG(1.0 M) Extraction with CHgll 17
[BL-32] 100 TMSI (2.0 equiv.) rt,70 h Washing with brine 4 o
Column chromatography
Quenching with MeOH MeO
G3 . CHG(1.0 M) Extraction with CHg’l 17
[BL:22] 100 TMSI(2.0equiv) rt,70h Washing with brine 89 o
Filtration over silica
H Quenching with HCI MeO
Al (4.3 equiv.) MeCN (0.12 M) Extraction with EtOAc ©
[JBOGGM- 10.0 . o ) . . 87 18
12 (1.7 equiv.) 80°C,18h Washing with aq. solutions
119] HO
Column chromatography
I AICK(2.0 equiv.)  EtOAc (1.oM)  Quenching with N&sOs (aq.) MeO
[BL-47] 10.0 Nal (2.0 equiv.) 70°C. 3 h Extraction with EtOAc 631 19
0 equiv. ' Column chromatography MeO
12 AICK(4.0 equiv)  CHGJLoM)  Quenching with N&sOs (aq.) a MeO 7
[BL-44] 10.0 MesS (4.0 equiv.) 70 °C. % Extraction with CHg¢l 67
’ ’ ' Column chromatography HO
J Neat Quenching with HCI (aq.) OH
] 100 Py-HCI (4.0 equiv. ; Extraction with MTBE 84 2 J@/\/\W
[MBAL642] 195°C, 1h Washing with HCI MeO °
Dilutingwith brine MeO
K 060 LiBr (117 equiv.) H.O (0.15 M) Extraction with EtOAc 82 2 €
[MBAL:795] ’ HBr (14.7 equiv.) reflux, 18 h Redissolving in MTBE HO

Filtration over celite

[@l Yield of isolated product?! The experimental procedure, reported in Sect®2, was based on the given referencékThe starting materialawas
recovered for 26%49 The starting materialawas recovered for 2%l The starting materialawas recovered for 20%.
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4.4.3 Synthesis of catechol from guaiacela biocatalysis

Theuse of enzymesin organic synthesiis emerging. In 2018, Kroutil reportedbiocatalytic method
based on corrinoiglependent methyl transferases acting as methyl transferring ageht. the
presence oMmethyl transferas€MTase I)corrinoid protein(CP) and the required buffer, guaid¢l)
was demethylated to catecho?Rij, while at the same timenethyl acceptor protocatechualdehyde
(5. equiv.)was converted ina mixture ofvanillin and isovanillin1Q) (Scheme & Method L1).
Unfortunately, the conversion for this specific reaction was only determined by means o NP2l
the yield for the isolated products was not reported/ork-up involved addition of HPLC solvent
(MeCN:HO) and removal of proteins via centrifugatid@onsideringnultiple organic compounds are
present in the crude mixture, purification via column chromatography may be expected for obtaining
pure producti, as the authorfor exampledescribe for the isoladn of (iso)ferulic acidobtained upon
methylation of caffeic acid and simultaneodsmethylation ofsyringol®

Method L1
(0]

MTase | (13 mg-mL™")

Meo:@ HO H CP (22 mg:mL™") Hojij MeO | X0 O

* MOPS/KOH buffer (aq.), pH 6.5 ¥ Zm

HO HO 30 °C, 800 rpm, 24 h HO™ ™~ HO H
11 2f ’ ’ 2i 10

(10 mM) (5.0 equiv.)

84% conversion (p-CHO/m-CHO 65:35)

Scheme 3 Biocatalytic conversion of guaiacdl)(and protocatechualdehyd@f] in catecholZi) and vaniins 10 by MTase
| and CPas described biroutil23

Aswe did not have access to these enzymes, we could unfortunately not perform this experiment on
4-propylguaiacol 1a) directly. Therefore, a theoretical simulation was performed, assuming the
reactionon lawould occur with the same efficienas reported onll (Method L2, Scheme 8. We
recently disclosed thainh this way a reliablguantitative metrics can be obtained when no data are
available for a synthetic method on a specific substrate.

Method L2

Q MTase | (13 mg-mL™")

MeO;@/\/ HO H CP (22 mg:mL"") Hojij/\/ Me© P /<o
+ > +
MOPS/KOH buffer (aq.), pH 6.5 Zm
HO HO 30 °C, 800 rpm, 24 h Ho HO H
1a 2f Ly 2a 10
(10 mM) (5.0 equiv.) (p-CHO/m-CHO 65:35)

84% conversion

Scheme & Biocatalytic conversion ofgropylguaiacol 1a) and protocatechualdehyd@fj in 4-propylcatechatatechol 2a)
and vanillinslOby MTase | and CBimulatedbased ordata described by Kroutith 11 and 2f.23
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4.5 Comparison of theGreen Metrics for classical versus new method

4.5.1 General remarks

For green metrics calculatiors| experimental details (e.g. the exact amoohall chemicals involved)
need to begatheredto obtain a meaningful analysis. Unfortunately, literature routes are often concise

in description and some data are lacking in the experimental procedwuitbsrespect to workup.
Therefore, if not indicated in the experimental procedure, the followiggumptions were made:

- Solvent filtration / extraction: 5 mL for 1 mmol limiting reactant

- Filtration over celite: 2 g for 1 mmol limiting reactant
- Drying over MgSQO Na,SQ: 1 g for 1 mmol limiting reactant
- Flash chromatography: 100 mL solvent (heptane tGAc 80:20)

and 8 g Sigfor 1 mmol limiting reactant

Often, the selected reactions were quenched watip solution(s). If this was the case, the quenching
agent, delivering a prototo the product, was fully considered as reactant. If no quenching agaat
used HO itself wasassumed to behe quenching agent. fien the theoreticdly required 1.0 equiv.
was considered as reactant and the remaining amount was considengdrksip solvent.

Areagentamount higher than 1.0 equiv. is an excésading to a red flagrhis definition shouldbetter
be nuancedas a very small excess cannot be distinguisheh a large excesapplyingthe original
qualitativemetrics Therefore, in this manuscriptthe use of 1.61.5 equiv. of a certain reageistgiven
a yellowflag andamountshigher than 1.5 equiva red one Consequentlyconsidering reagent use,
yellow flags will be obtained for thielethodsD, FL, F2 andzl, while this would be a red flag when
usingthe definitionreportedin the oiiginalmetrics Important to mention is thathe use ofreactants
is not incorporated in this flagxEess of reactant&@s well as reagentsyill alwaysbe reflected when
looking at thequantitative metrics, i.ePMI.

4.5.2 Demethylation of 4propylguaiacol to 4propylcatechol

In the manuscript, a comparison gfeennesss described for the different methods allowiri@
demethylation of 4propylguaiacolXa) to 4-propylcatechol 2a). Complete Excel sheets for all methods
consideredare reportedin Section7.° For Method L2 (MTase) the results are based on simulated
rather than experimentatiata, keeping all other parameters constawide supraSectiord.4.3).
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5 Experimental procedures

5.1 Products ofO-demethylation

4-Propylbenzenel, 2-diol (2a) [JB&@96, JBE196]

HOD/\/ The reaction was performed using General Procedure C, usimgttoxy-4-

HO propylphenol La, 166 mg, 1.0 mmol, 1.0 equiv.) as substrate and HCI (aqg., 1 ML0.2
0.2 mmol, 0.2 equiv.) and-8 (1.8 mL) as reagents. Tieaction mixture was heated to 25C and
stirred for 3 h at this temperature, under a starting pressure of(30 bar). The experiment was
repeated 5 times and samples were combined for wapk In the workup, NaCl (s, 2.00 g), EtOAc
(10mL) and brine (® mL) were used. Pure-gropylbenzenel,2-diol (2a) was obtained in 97% yield
(735 mg, 4.83nmol). The obtained spectroscopic data are in accordance with literdture.

Off-white solid, m.p.: 58 °C (lit.: 80 °Cy¥®’ R = 0.29 in heptanes/EtOAc (75:251 NMR (400 MHz,
DMSGds0 Y + y ®pc &8 ATHz,HMH) 655 (@D.8 Mz, IHR &40 (dik 7.9, 1.8 Hz, 1H),
2.36 (t,J= 7.5 Hz, 2H), 1.50 (sedts 7.5 Hz, 2H), 0.85 @= 7.5 Hz, B) ppm.=*C NMR (101 MHz,
DMSOGdsU Y + wmMnn®ddp 06/ 00X mMnodm o6/ 0Z MOHODG, 3K, mmy dd
13.6 (ChH) ppm. HRMS (ESI) foHzO, [M+H] calcd. 153.0910, found 153.0916.

Remark [MBAL766] - Reaction atsubstrate conentration of 1.0 M This compoun@acould also be
synthesized using-&ethoxy4-propylphenol La, 332 mg, 2.00 mmol, 1.0 equiv.) as substrate and HCI
(ag., 1 M, 0.40nL, 0.40 mmol, 0.2quiv.) as reagent. Reaction time was 3 h, keeping other factors
cons@nt as in the previous example. The experiment was repeated 5 times and samples were
combined for workup, delivering the desired produ@a in 96% vyield (1.46 g, 9.59 mmol). This
procedure was used for green metrics calculations further in this SI (Sdc8jon

Remark [JB@43] - Reactio at substrate concentration of 2.0 MThis compounda could also be
synthesized using-&ethoxy-4-propylphenol {a 666 mg, 4.0 mmol, 1.0 equiv.) as substrate and HCI
(ag.,1 M,2.0mL, 2.0 mmol, 0.8quiv.) as reageni he experiment was repeated 5 timand samples
were combined for worlup. Reaction time wasH, keeping other factors constant as in the previous
example, delivering the desired produin 91% yield (2.77 g, 18.2 mmol). This procedure was used
for green metrics calculations further this Sl (Sectiod.3).

Remark [JBEL658]- Reaction at substrate concentration of 0.13 Mhis compoun@acould also be
synthesized using-&ethoxy-4-propylphenol {a 66 mg, 0.40 mmol, 1.0 equiv.) as substrate and HCI
(ag., 1 M, 0.2nL, 0.20 mmol, 0.Bquiv.) as reagent. Reaction time was 3 h, keeping other factors
constant as in the previous example. The experiment was repeated 5 times and sangpées w
combined for workup, delivering the desired produ@a in 97% yield (295 mg, 1.95 mmol). This
procedure was used for green metrics calculations further in this SI (Sdc8jon

Remark [MBAL734] ¢ Large scale synthesis of 2a (1.0 Mhe glass insert (beaker shownHFigure

Sl(a), without metainsert containing vials) for the Parr® 4625 reactor, equipped with magnetic stirring
bar, was loaded with -tnethoxy-4-propylphenol La, 24.93 g, 150 mmol, 1.0 equiv.), HCI (aq., 1 M,
30.0mL, 30.0 mmol, 0.2 equiv.) and® (120 mL). The beaker was plagedhe Par®4625 reactor,

which was then closed properly, flushed with(Blx 10 bar) and filled with Ngas (50 bar). The mixture

in the reactor was heated to 250 °C and stirred for 6 h. Subsequently, the reactor was cooled to r.t.,
the pressure was rebsed and the reactor was opened. The reaction mixture was transferred to a
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separatory funnel, NaCl (s, 20 g) was added, the product was extracted with EtOAc (300 mL), and the
agueous layer was extracted with EtOAx @0 mL). The combined organic layaere washed with

brine (150 mL), dried over Mg@Qevaporated under reduced pressure and freeried. Pure 4
propylcatechol 2a) was obtained in 92% yield (21.06 g, 138 mmol).

5-Propylbenzenel,2,3triol (2b) [MBAL-839

HO The reaction was performed using General procedure C, usingirBghoxy4-
o propylphenol Lb, 196 mg, 1.0 mmol, 1.0 equiv.) as substrate and HCI (ag., 1 M,
H

OH 0.2mL, 0.2 mmol, 0.2 equiv.) and® (2.8 mL) as reageniBe reaction mixture was

heated to 25C°C and stirred for 6 h at this temperature, under a starting pressure (0baj. The
experiment was repeatefl times and samples were combined for warg. In the workup, NacCl (s,

2.00 g), EtOAc (10 mL) and leri(6.0mL) were used Subsequently, the crude mixture was
recrystallized from toluene?ure5-propylbenzenel,2,3triol (2b) was obtained in 4% yield (36 mg,
2.24mmol). There are no spectroscopic data available in literature.

Grey powder, m.p.: 75 °C (lit7r8 °C), R= 0.37 in heptanes / EtOAc (50:58) NMR (400 MHz,
DMSGdsU Y + ydpm 60aX HI VX 71 38ydHD)THR E481sedty T4 Hz, @)y 6 a X
0.85 (t,J= 7.4 Hz, 3H) ppr*C NMR (101 MHz, DMSt& Y + wmn p 4o 130.7 (€)X 10TM0(@HPH 6
37.0 (Ch), 24.1 (Ch), 13.6 (CE) ppm.

Remark [MBAL653] ¢ Reaction at higher concentration tb

The reaction was performed using General procedure C, usindid@hoxy4-propylphenol (b,
294mg, 1.5 mmol, 1.0 equiv.) as sttate and HCI (ag., 1 M, a3, 0.3 mmol, 0.2 equiv.) and®l
(2.7 mL) as reagentghe reaction mixture was heated to 2%0 and stirred for 6 h at this temperature,
under a starting pressure of;N50 bar). The experiment was repeated 3 times and samplere
combined for workup. In the workup, NaCl (s, 2.00 g), EtOAc (10 mL) and briner(b)Qvere used.
The product was purified by an automated reversed phase flash chromatography system using a
H,O/MeCN gradient (Cartridge: 12 g C3i®, flow rate: 20 mlimin?, eluent: 10% MeCN in.8,
30min; 10% MeCN inJ to 40% MeCN in.B, 25 min; 40% MeCN in® 3 min; 40% MeCN in®l
to 50% MeCN in4®, 7 min; 50% MeCN in®, 3 min; 50% MeCN in®to 60% MeCN in.B, 3 min;
60% MeCN in 4D to 100% MeCN,r8in; 100% MeCN, 10 minBure 4methyk5-propylbenzenel, 2,3
triol (2g) was obtained in 22% vyield (184 mg, 1.01 mmol). Furthern®peppylbenzenel,2,3triol
(2b) was obtained in 44% vyield (332 mg, 1m®nhol). There are no spectroscopic data available i
literature.

4-Methyl-5-propyl-1,2,3+triol (2q) [MBAL653]
HO Grey solid, m.p.: 13417 °C, R= 0.54 in heptanes/EtOAc (50:58). NMR (400 MHz,
j;:(\/ DMSGds Y + y ®pH 00 3 @&09uis] 13 2.34 @y 714 Hp, 8H),31.95+(d, 0
OH 3H), 1.43 (sext]= 7.4 Hz, 2H), 0.88 (5 7.4 Hz, 3H) ppn¥C NMR (101 MHz, DMSO
d0Y + wmMnn®do 6/ 0Z mMnodn O/ VX ™Mo Pr23.4(CH, I3INMCEN Pc 6/ 0
11.1 (CH) ppm.

HO

Remark [MBAL735] ¢ Large scale synthesis of 2ibhe glass insert (beaker shownhkigure $(a),
without metal insert containing vials) for th@R®® 4625 reactor, equipped with magnetic stirring bar,
was loaded with 2 &limethoxy4-propylphenol {b, 9.81 g, 50.0 mmol, 1.0 equiv.), HCI (ag., 1 M,
10.0mL, 10.0 mmol, 0.2 equiv.) and® (140 mL). The beaker was placed in the @465 reactor,
which was then closed properly, flushed with (8 x 10 bar) and filled with Ngas (50 bar). The mixture
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in the reactor was heated to 250 °C and stirred for 6 h. Subsequently, the reactor was cooled to r.t.,
the pressure was released and the reactor was operiéhe reaction mixture was transferred to a
separatory funnel, NaCl (s, 20 g) was added, the product was extracted with EtOAc (200 mL), and the
agueous layer was extracted with EtOAx @0 mL). The combined organic layers were washed with
brine (150 m), dried over MgSgevaporated under reduced pressure and freeried. The obtained

purple solid was recrystallizeidom toluene. Pure 5propylbenzenel,2,3triol (2b) was obtained in

80% yield (6.69 g, 39.8 mmol).

4-Methylbenzenel,2-diol (2d)[MBAL-494]
HO The reaction was performed using General Procedure C, usintettioxy4-

methylphenol Ld, 207 mg, 1.5 mmol, 1.0 equiv.) as substrate and HCI (aq., 1 ML0.3
0.3 mmol, 0.2quiv.) and KO (2.7 mL) as reagents. The reaction mixture was heated to

250°C and stirred for 3 h at this temperature, under a starting pressure (g\bar). The experiment

was repeated 3 times and samples were combined for wgrkin the workup, N&Cl (s, 2.00 g), EtOAc

(20 mL) and brine (5/L) were used. Pure-dhethylbenzenel,2-diol (2d) was obtained in 99% yield

(551 mg, 4.43nmol). The obtained spectroscopic data are in accordance with literdture.

White solid, m.p.: 65 °C (lit.: 64 TR = 0.57 in heptanes/EtOAc (50:5¢H. NMR (400 MHz, DMSO

dOY + ydpc A8 ADHZ HH), 654 (@ @.0 dz, 16)RE39 (dik 7.9, 2.0 Hz, 1H), 2.12 (s,

3H) ppm*C NMR (101 MHz,DMSI) Y + wmMnn®dd o6/ 0 MnH®PY 06/ 0 MHT by

(CH), 20.3 (CHppm.

4-Ethylbenzenel,2-diol (2¢) [MBAL776]

The reaction was performed using General Procedure C, usheghyH2-
methoxyphenol {c, 228 mg, 1.5 mmol, 1.0 equiv.) as substrate and HCI (aq., 1 M,
0.3mL, 0.3 mmol, 0.2 equiv.) and®i(2.7 mL) as reagents. Tleaction mixture was
heated to 250°C and stirred for 6 h at this temperature, under a starting pressure @MWbar). The
experiment was repeated 5 times and samples were combined for-workn the workup, NacCl (s,
2.00 g), EtOAc (10 mL) and brinéd(L) were used. Pure-ethylbenzenel,2-diol (2c) was obtained

in 90% yield (931 mg, 6.7dmol). The obtained spectroscopic data are in accordance with literature.
Light brown oil, R=0.60 in heptanes/EtOAc (50:50H NMR (400 MHz, DMS0 Y {+ y ®py 60 a:s
6.62 (d,J= 8.0 Hz, 1H), 6.57 (@ 2.2 Hz, 1H), 6.42 (dik 7.9, 2.1 Hz, 1H), 2.42 (g; 7.6 Hz, 2H), 1.10

(t, J= 7.6 Hz, 3H) ppm3C NMR (101 MHz, DMS) Y 1 (Qy 148.0 (C), 134.6 (C), 118.2 (CH),
115.4 (CH), 115.1 (CH), 27.54{Ct5.9 (CE) ppm.

HO

HO

HO

3-(3,4-Dihydroxyphenyl)propanoic acid (2e) [MBAI99]

0 The reaction was performed using Gengpabcedure D, using-@-hydroxy-3-
HOWOH methoxyphenyl)propanoic acid.g, 294mg, 1.5mmol, 1.0 equiv.) as substrate
HO and HCI (ag., 1 M, 0.3 mL, 0.2 equiv.) agd [2.7mL) as reagents. The reaction
mixture was heated to 250 °C and stirred for 6 h at this terafure, under a starting pressure of
50bar N. After cooling down to r.t., the gas was released and the reactor was opened. The experiment
was repeated 3 times and samples were combined for wgrkin the workup, NaCl (s, 2.00 g), EtOAc
(2% 10 mL), bine (5.0mL), NaHC&aq., sat., 10 mL) and HCI (aqg., 1 M, 10 mL) and were used. Pure
3-(3,4dihydroxyphenyl)propanoic aci®€) was obtained in 85% vyield (696 mg, 3.82 mmol). The
spectroscopic data are in accordance with literatefre.
Grey solid, m.p.: 136 °C (lit.: 139 *Q%,= 0.21 in heptanes/EtOAc (50:58). NMR (400 MHz, DMSO
VY + MMOPPT 604 MEBSEHzZylH)cE5HS @024 Hz, 1H), 6.44 (diFBOA1 60 RX

39



Hz, 1H), 2.63 (1= 7.6 Hz, 2H), 2.42 (= 7.6 Hz, 2H) ppmC NMR (101 MHz,DM&& Y + wMT o ®y 0
145.0 (C), 143.4 (C), 131.7 (C), 118.7 (CH), 115.6 (CH), 115.4 (CH),.B229.80i€k) ppm. HRMS
(ESI) for 1104 [M+H] calcd. 183.0652, found 183.0649.

Remark [MBAL700]: This compound2e could also be synthesized using using(33+
dimethoxyphenyl)propanoic acidl§, 315mg, 1.5 mmol, 1.0 equiv.) as substrate and HCI (ag., 1 M,
0.3mL, 0.3 mmol, 0.2quiv.) as reagenKeeping other factors constant as in the previous example
delivered the desired produ@ein 86% yield (705 mg, 3.87 mmol).

3,4-Dihydroxybenzaldehyde (2f) [MBAL09]

O The reaction wasgrformed using General Procedure C, usiRglZ3-benzodioxoles-
HOﬂH carbaldehyde 1i, 60 mg, 0.40 mmol, 1.0 equiv.) as substrate an@® KB.0 mL) as
HO reagent. The reaction mixture was heated to 28D and stirred for 1 h at this
temperature, under a starting pssure of M (50 bar). The experiment was repeated 5 times and
samples were combined for wotlp. Before workup, all solids were removed by filtration. In the
work-up, NaCl (s, 2.00 g), EtOAc (10 mL) and brine n{B)0 were used. Pure 3,4
dihydroxybenzaldehyde2f) was obtained in 62% yield (170 mg, 1t@f0l). The spectroscopic data
are in accordance with literaturg.

Light grey solid, m.p.: 159 °C (lit.: 155%@},= 0.27 in heptanes/EtOAc (50:5Hi NMR (400 MHz,
DMSQGde0 Y +  pPc p7.2d4 Eny 2HN 6.9503 (m,@H) ppm*C NMR (101 MHz, DMSIh Y 1
191.0 (CH), 152.2 (@}5.9 (C), 128.8 (C), 124.3 (CH), 115.6 (CH), 114.5 (CH) ppm.

Benzenel,2-diol (2i) [JBGR94, SAD24]

HO The reaction was performed using General Procedure C, usimatxyphenol {l, 124mg,

HO 1.0 mmol, 1.0 equiv.) as substrate and HCI (aq., 1 MnQ,2.2 mmol, 0.2 equiv.) and®

(1.8 mL) as reagents. The reaction mixture was heated t6@%hd stirred for 3 h at this temperature,
under a starting pressure of;N50 bar). The experinmt was repeated 5 times and samples were
combined for workup. In the workup, NaCl (s, 2.00 g), EtOAc (10 mL) and briner(b)@vere used.

Pure 4propylbenzenel,2-diol (i) was obtained in 97% yield (535 mg, 4@ ol). The obtained
spectroscopic datara in accordance with literatur#.

Grey solid, m.p.: 104 °C (lit.: 2023 °C§? R = 0.29 in heptanes/EtOAc (75:2%1 NMR (400 MHz,
CDGDL Y 1-6.86 @ng2iH), 6.88.81 (m, 2H), 5.10 (s, 2H) ppHC NMR (101 MHz, CRCY {+ Mno ®T
(C), 121.5 (CH), 115.7 (CH) ppm. HRMS (E&Hf@: [M+H] calcd. 111.0446, found 111.0447.

Remark [MBALI467]: This compoundi could also be synthesized using usinmé&thoxyphenol 1,

496 mg, 4.0 mmol, 1.0 equiv.) as substrate and HCI (ag., 1 MiL2.D.0 mmol, 0.8quiv.) as reagent.
Keeping ther factors constant as in the previous example, delivering the desired pr@iircto3%

yield (410 mg, 3.73 mmol). This procedure was used for green metrics calculations further in this Sl
(Sectiord.3).

Benzenel,4-diol (2) [MBAL-497]
OoH The reaction was performed using General Procedure C, usirdjmiethoxybenzene
Ho/©/ (10, 207 mg, 1.5 mmol, 1.0 equiv.) as substrate and HCI (aqg., 1 M, 0.3 mL, 0.3 mmol,
0.2equiv.) and bD (2.7 mL) as reagents. The @@t mixture was heated to 250C and
stirred for 3h at this temperature, under a starting pressure of (80 bar). The experiment was
repeated 3 times and samples were combined for wopk In the workup, NaCl (s, 2.00 g), EtOAc

S0



(210mL) and brine (5.nL) were used. Pure benzefigd-diol (2j) was obtained in 98% vyield (488 mg,
4.43 mmol). The obtained spectroscopic data are in accordance with literafre.

White solid, m.p.: 169 °C (lit.: 1491 °C}; **R = 0.61 in heptanes/EtOAc (50:56). NMR (400 MHz,
DMSGds Y + y dpy o0az HCINVR (101 WMHRMSOdOY il v nlgidyid o/ 0 =

Benzenel,3-diol (2k) [JBEB25, MBAL518]

OH  The reaction was performed using General procedure C, usiagjhghoxybenzenel(p,

138mg, 1.0mmol, 1.0 equiv.) as substrate and HCI (ag., 1 M, 0.2 mL, 0.2 equiv.)@nd H

HO (2.8mL) as reagents. The reactionxture was heated to 250C and stirred for 8 at this
temperature, under a starting pressure of 60 bar). The experiment was repeated 3 times and
samples were combined for wotkp. In the workup, NacCl (s, 2.00 g), EtOAc (10 mL) and brinenB)0
were used. Pure resorcinoPK) was obtained in 92% yield (305 mg, 2.77 mmol). The spectroscopic
data are in accordance with literatufé.
Brown solid, m.p.: 111 °C (lit.: 2060 °C¥°*R = 0.10 in heptanes / EtOAc (75:2%).NMR (400 MHz,
DMSGds Y + (dPmMH J&AFTHZHIH)D6A® 16 (g3iH) pprit*E NMR (101 MHz, DMS):

MM p

1 Mpy®dn o6/ 0ZX MHMODPc 0O/ | 0 IS (WS dobEO, [(MAH] caked. MA.GADlp o6/ | U

found 111.0441.

Phenol (2I) [SALO7]

HO The reaction was performed using General Procedure C, using anisplel8mg,
1.0mmol, 1.0 equiv.) asubstrate and HCI (ag., 1 M, Ir, 1.0 mmol, 1.0 equiv.) and®i

(1.0 mL) as reagents. The reaction mixture was heated t6@%0hd stirred for 3 h at this temperature,

under a starting pressure of;N50 bar). The experiment was repeated 5 times aachges were

combined for workup. In the workup, NaCl (s, 2.00 g), MTBE {® mL) and brine (581L) were used.

Pure 4propylbenzenel,2-diol 2I) was obtained in 62% yield (290 mg, 3m®ol). The obtained

spectroscopic data are in accordance withrkteire 3

White solid, m.p.: 102 °C (lit.: 105 %% = 0.619 in heptanes/EtOAc (50:58).NMR (400 MHz, CRCI

1 T-T24 ¢m, 2H), 6.96.91 (tt,J= 7.5, 1.0 Hz, 1H), 6.8481 (m, 2H), 4.87 (s, 1H) ppH#C NMR

(101 MHz, CD@®IY + wmMpc®dPc O/ 0UZ MHPPY &EIF)EUE%) 84(IOD), 66 / | 0 X |

(34), 65 @4).

2,4,6-Trichlorophenol (2m) [MBAI640]

Cl €l The reaction was performed using General Procedure C, using-tti¢B|6ro-2-
methoxybenzene 1, 317 mg, 1.5 mmol, 1.0 equiv.) as substrate and HCI (aq., 1 M,

Cl 0.3mL, 0.3 mmol, 0.2 equiv.) and® (2.7 mL) as reagen The reaction mixture was

heated to 25C0°C and stirred for 6 h at this temperature, under a starting pressure &\bar). In the

work-up, NaCl (s, 2.00 g), EtOAc (10 mL) and brinenb)@vere used. Pure 2,4t6chlorophenol 2m)

HO

was obtained in 9% vyield (283 mg, 1.43 mmol). The spectroscopic data are in accordance with

literature 38
Off-white solid, m.p.: 68 °C (lit.: 681 °Cy8 R = 0.77 in heptanes/EtOAc (50:50 NMR (400 MHz,

COGLY + T OHyPCNERE (10 Mz, QRICY &1 MnTd®mM 06/ 0UE MHYy®o o/ 10X

1-(4-Hydroxyphenyl)propar2-one (2n) [MBAL613]

m The reaction was performed using General Procedure C, usifg- 1
HO ©  methoxyphenyl)propas2-one (Ls, 246 mg, 1.5 mmol, 1.0 equiv.) as substrand HCI

(ag., 1 M, 0.3nL, 0.3 mmol, 0.2 equiv.) and® (2.7 mL) as reagents. The reaction mixture was heated
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to 250°C and stirred for 4 h at this temperature, under a starting pressure,db0! bar). The
experiment was repeated 3 times and samplegaveombined for workup. In the workup, NacCl (s,

2.00 g), EtOAc (10 mL) and brine (Bl0 were used. Pure(@-hydroxyphenyl)propat2-one €n) was
obtained in 80% yield (539 mg, 3.88nol). The spectroscopic data are in accordance with literature.

Pale colorless oil R 0.43 in heptanes/EtOAc (50:58).NMR (400 MHz, CREIY + 0=48Mpl.30 Rl =
Hz, 2H), 6.79 (dfl= 8.4, 1.3 Hz, 2H), 5.62 (bs, 1H), 3.63 (s, 2H), 2.15 (s, 3HF@PMR (101 MHz,
CDGLY + Hnay ®n 0 /(GHL 126.p (€)P2115.9(CH), 50.3)@I139Gt) ppm.El (+) (m/z

(%): 150 @), 107 (100), 7715).

4-(4-Hydroxyphenyl)butar2-one (20) [MBALE634]
Q®  The reaction was performed usingseneral Procedure C, using-(4
w methoxyphenyl)butar?-one (Lt, 267 mg, 1.5 mmol, 1.0 equiv.) as substrate and
HO HCI (ag., 1 M, 0.81L, 0.3 mmol, 0.2 equiv.) and® (2.7 mL) as reagents. The
reaction mixture was heated to 25C and stirred for 3 h at thismperature, under a starting pressure
of N; (50 bar). The experiment was repeated 2 times and samples were combined feupidrkthe
work-up, NacCl (s, 2.00 g), EtOAc (10 mL) and brinen)@vere used. Pure@-hydroxyphenyl)butan
2-one Qo) was obtaned in 94% vyield (460 mg, 2.80nol). The spectroscopic data are in accordance
with literature 4°
Light brown solid, m.p.: 79 °C (lit.:-82 °CY¥' R = 0.48 in heptanes/EtOAc (50:58). NMR (400 MHz,
CDGL Y +  1J®815n0.9HR B, 6.75 (de; 8.5, 0.9 Hz, 2H), 4.97 (s, 1H), 288 (m, 2H), 2.74
2.70 (m, 2H), 2.13 (s, 3H) ppFC NMR (101 MHzZ,CRCY {+ HAy ®T o6/ 00X mMpndm 0o/ 0
115.5 (CH), 45.6 (@H30.3 (Chj, 291 (CH) ppm.

(29-2-(6-Hydroxynaphthalen2-yl)propanoic acid &2p) [MBAL-668]
oH The reaction was performed using General Procedure C, (28e2-(6-

methoxynaphthaler2-yl)propanoic acid(lu, 100% ee, 92 mg, 0.40 mmol,
HO 1.0equiv.) as substrate and HCI (ag., 1 M, GrQ28 0.08 mmol, 0.2 equiv.) and
HO (2.92 mL) as reagents. The reaction mixture was heated t6Q@Mhd stirred for 3 h at this
temperature, under a starting pressure ob 60 bar). The experiment was repeated 4 times and
samples were combined for wotkp. In the workup, NacCl (s, 2.00 g), EtOAc (10 mL) and brinenB)0
were used. Purg29-2-(6-hydroxynaphthaler2-yl)propanoic ai (S2p) was obtained in 98% yield
(340 mg, 1.58nmol)with 84% ee The spectroscopic data are in accordance with literatéirre.
White solid, m.p.184 °C, R= 0.23 in heptanes/EtOAc (50:58) NMR (400 MHz, DMS0 Y 1+ MH ®H N
(bs, 1H), 9.67 (bs, 1H), 7.72 J& 8.6 Hz, 1H), 7.64.62 (m, 2H), 7.32 (dd= 8.5, 1.8 Hz, 1H), 7.09
7.05 (m, 2H), 3.76 (4= 7.1 Hz, 1H), 1.42 (d= 7.1 Hz, 3H) ppm3C NMR (101 MHz, DMSI) Y 1
175.5(C), 155.1 (C), 135.3 (C), 133.5(C), 129.1 (CH), 127.6 (C), 126.1 (CH), 126.1 (CH), 125.5 (CH), 118.8
(CH), 108.4 (CH), 44.6 (CH), 18.4)@pin. HRMS (ESI) fors#:10s [M-H] calcd. 215.0714, fouh
215.0723.

In order to proof enantiomeric purity of the obtained produsp, its racemic counterparts was

synthesized:
2-(6-Hydroxynaphthalen2-yl)propanoic acid fac-2p) [MBAL-742]: In a 50 mL roundbottomed flask,

equipped with magnetic stirring bar and reflux condensernBjroxen (0.5@,
OH 2.17 mmol) was dissolved in HBr (ag., 48%, 14.19 g, 175 mmol, 81 equiv.) and
o
HO

heated under reflux for 2 h. Subsequently, the mixture was coadedit and
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filtered. Solids were washed with ice cold water (10 mL) to afford racesf@@droxynaphthaler?-

yl)propanoic acidr@c-2p) in 81% vyield (0.38 g, 1.75 mmol). The obtained spectroscopic data are in
accordance with literaturé?

White solid, m.p.: 185 °C (lit.: 1888 °C){ R = 0.23 inheptanes/EtOAc (50:500H NMR (400 MHz,

DMSGdU Y + MHDPHH 004&x mI=BE Hzplbly, 7.64624 ™, 2H),W.BD(@I=8.6PTH O R?>
Hz, 1.8 Hz, 1H), 7.6005 (m, 2H), 3.76 (§= 7.1 Hz, 1H), 1.43 (@ 7.1 Hz, 3H) ppM3C NMR (101
MHz,DMSGdsU Y {+ mMTp®dp o6/ 0ZXZ mMppdm 06/ 0ZXZ mMopdo O6/0Z mMoOO
(CH), 125.5 (CH), 118.7 (CH), 108.4 (CH), 44.5 (CH), L3 @pfcH

Subsequently, the obtained carboxylic acggboth enantiomeric and racemic) were esfied to the
corresponding methyl estet2, which was later on analyzed with chiral HPLC. The procedure and
characterization for the racemic mixture are reported underneath.

Methyl 2-(6-hydroxynaphthalen2-yl)propanoate ¢ac-12) [MBAL815]
In a 50 mL rondbottomed flask, equipped with magnetic stirring bar and

OO I M reflux condenser?-(6-hydroxynaphthaler2-yl)propanoic acidrac-2p, 0.20 g,
HO 0.93mmol) was dissolved in MeOH (12 mL) ardt@s of conc. k5Qwere
added. The reaction mixture was stirred for 4 h under reflux and subsequently cooled to r.t., diluted
with CHCL (10 mL) and washed with NaH£@q., sat., 10 mL). The organic phase was dried over
NaSQ and evaporated under redwed pressure to afford pure racemic methyl-(@
hydroxynaphthaler2-yl)propanoate(rac-12) in 95% yield (0.20 g, 0.88 mmolhe spectroscopic data
are in accordance with literaturé.
White solid, m.p.: 90 °C (lit.: @2 °C)*R = 0.65 in heptanes/EtOAc (50:58).NMR (400 MHz, CRCI
L 7065 tm, 2H), 7.59 (d= 8.5 Hz, 1H), 7.37 (ddl= 8.5, 1.9 Hz, 1H), 7.0906 (m, 2H), 5.87 (bs,
1H), 3.88 (gJ= 7.2 Hz, 1H), 3.70 (s, 3H), 1.59J,7.2 Hz, 3H) ppm3C NMR (101 MHz, CRCY 1
175.8 (C), 153.8 (C), 135.5 (C), 133.9 (C), 129.7 (CH), 128.9 (C), 127.0 (CH), 126.4 (CH), 126.2 (CH), 118.3
(CH), 109.5 (CH), 52.3 ¢;H45.5 (CH), 18.6 (gHbpm.

Methyl 2-(6-hydroxynaphthalenr2-yl)propanoate (512) [MBAL814]
C ome In a 50 mL roundbottomed flask, equipped with magnetic stirring bar and reflux

condenser, 2-(6-hydroxynaphthaler2-yl)propanoic acid réc-2p, 0.20 g,
HO 0.93mmol) was dissolved in MeOH (12 mL) and 2 drops of cos8Qldere
added. The reaction mixture was stirred for 4 h under reflux and subsequently cooled to r.t., diluted
with CHCL (10 mL) and washed with NaH£@q., sat., 10 mL). The organic phase was dried over
NaSQ and evaporated under reduced pressure to afford pure racemic methyb- 2
hydroxynaphthaler-yl)propanoate $12) in 84% vyield (0.17 g, 0.78 mmaljth 84% ee The
spectroscopic data are in accamnce with literature!*

Result of the chiral HPLC analysis:
Forthe employed substratd u, analysisof enantiopurity was performed on a Chiralpak IB column
(@A6mmxmpn YYZI p > Y0 E@HTFEA Aixtdre (80:30ED119%6)3ka flow rate oflimin

at 235 nm (UV and CD analysishowing enantiopurity of the used substrate(29-2-(6-
methoxynaphthaler2-yl)propanoic aci¢S-1u), as shown irfrigure 8.
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Subsequently, enantiopurity of the esterac-12 and S12 was analyzed on a Chiralpak IA column
(4.6mmx150 mm, 5 YO dza A y 3-PrOH miduke(98:5 mt a flow rate ofriliminat 235 nm
(UV and CD analysis). The analysis revealed 84 eeS842pias shown irFigure 3, while the same
analysis of the racemic mixture is reportedHigure 8 as comparisonOn the basis of malysis 0512,

enantiopurity ofS2p was determined.

n-Hex/EtOH/TFA 98/2/0.1 235 chiralpak IB flow 1 Naproxen RAC
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Figure $. Determination of enantiomeric purity ¢2S)2-(6-methoxynaphthalef2-yl)propanoic acidlu). Chromatogram
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6-Ethylnaphthalen2-ol (2r) [MBAL675]

The reaction was performed using General Procedure C, ugiBg2-(6-
HO methoxynaphthaler2-yl)propanoic acid1lu, 345 mg, 1.5 mmol, 1.0 equiv.) as
substrate and HCI (ag., 1 M, Gr2, 0.3 mmol, 0.2 equiv.) and® (27 mL) as reagents. The reaction
mixture was heated to 25¢C and stirred for 3 h at this temperature, under a starting pressure of N
(50 bar). The experiment was repeated 4 times and samples were combined feupdrkthe work
up, NacCl (s, 2.00 g), E&© (10 mL) and brine (5m0L) were used. The product was purified by an
automated flash chromatography system using a heptanes/EtOAc gradient (Cartridge: 22flp\8iO
rate: 20 mimin?, eluent: heptanes to 50% EtOAc in heptanes, 60 min). Pethydnaghthalen-2-ol
(2r) was obtained in 61% vyield (631 mg, 3.66 mmol). Furthermore, (@9-€-(6-hydroxynaphthalen
2-yl)propanoic acig2p) was obtained in 2% yield (22g, 0.21mmol). There are no spectroscopic data
(in DMS@ds) available in literature.
Grey ®lid, m.p.: 91 °C (lit.: 988 °C¥° R = 0.65 in heptanes/EtOAc (50:58).NMR (400 MHz, DMSO
dOY + dpn A &Hz, MH),759 (@ ®.4 Hz, 16R754 (s, 1H), 7.26 (#d8.4, 1.7 Hz,
1H), 7.0#7.07 (m, 1H), 7.04 (ddz= 8.7, 2.4 Hz, 1H), 2.70 &, 7.6 Hz, 2H), 1.24 ¢ 7.6 Hz, 3H) ppm.
3C NMR (101 MHz, DMSI) Y + wmMpn®dc o0/ 00X mMoT®dy o0/ 0T mMoodn o/
126.0 (CH), 125.1 (CH), 118.5 (CH), 108.5 (CH), 28)11&8 (Ct ppm. HRMESI) for GH110
[M-HJ calcd. 171.0815, found 171.0814.

5,6-Dihydroxy-2,3-dihydro-1H-inden-1-one (2h) [MBAL698]

9 The reaction was performed using General Procedubetlimethoxy2,3-dihydro-1H
:@ inden-1-one (1k, 77 mg, 0.40 mmol, 1.0 equiv.) as substrate and HCI (ag., 1 MnQ,16

0.16 mmol, 0.4 equiv.) and@ (2.84 mL) as reagents. The reaction mixture was heated

to 250°C and stirred for 6 h at this temperature, under a startprgssure of N (50 bar). The
experiment was repeated 5 times and samples were combined for-workn the workup, NacCl (s,
2.00 g), EtOAc (10 mL) and brine {@I0) were used. The product was purified by an automated flash
chromatography system using ajftanes/EtOAc gradient (Cartridge: 40 g,Sflow rate: 20 mimin?,
eluent: heptanes to 15% EtOAc in heptanes, 10 min; 15% EtOAc in heptanes to 25% EtOAc in heptanes,
30 min; 25% EtOAc in heptanes, 15 min; 25% EtOAc in heptanes to 40% EtOAc in heptares,
40% EtOAc in heptanes, 55 min). Pay&dihydroxy2,3-dihydro-1H-inden-1-one (2h) was obtained in
79% vyield (260 mg, 1.58 mmol). The spectroscopic data are in accordance with litétature.
Yellow solid, m.p.: 246 °G,=R0.14 in heptanes/EtOAc (50:5 NMR (400 MHz, DMS0 Y 1 ¢ dc c
(bs, 2H), 6.92 (s, 1H), 6.83 (s, 1H), 28T (M, 2H), 2.49.47 (m, 2H) ppn3C NMR (101 MHz, DMSO
d0Y + HAN®PH O/ VX mMpodPn 6/ 0Z mMny dT 0/ v,24.6uM@kp dc 0O/ 0
ppm. HRMS$ESI) for &+0; [M-H] calcd. 163.0401, found 163.0393.

HO

HO

2-[(1-Benzylpiperidinr4d-yl)methyl]-5,6-dihydroxy-2,3-dihydro-1H-inden-1-one hydrochloride (29)
[MBAL:-782]

Ho 0 The reaction was performed using General Procedured@hepezil
hydrochloride(1j, 166 mg, 0.40 mmol, 1.0 equiv.) as substrate and HCI (aq.,
HO 1 M, 0.16mL, 0.16 mmol, 0.4 equiv.) and®(2.84 mL) as reagents. The

N-HCI reaction mixture was heated to 25 and stirred for 6 h at this
temperature, under a starting pressure of (80 bar). The experiment was
repeated 3 times and samples were combined for wapk In the workup,
the crude mixture was extracted withBuOH (3x 15 mL), after which the

solvent was partially evaporated under reduced pressure puodfied through a Si@cartridge
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(+/-2cm diameter, 10 cm length) usingBuOH as mobile phas&ubsequently, the solvent was
evaporated and HCI (2 M in.Bt 5 mL) wasdiled. Again, solvent was removed under reduced
pressure. Pure -A1-benzylpiperidird-yl)methyl}5,6-dihydroxy2,3-dihydro-1H-inden-1-one
hydrochloride 2g) was obtained in 42% yield (195 mg, 0,50 mmol). There are no spectroscopic data
available irliterature.

Orange oil, R= 0.04 in EtOA¢H NMR (400 MHz,DM&O Y {+ MM PMn7.58 omnaZH), A400 = T dcC
7.39 (m, 3H), 6.95 (s, 1H), 6.87 (s, 1H), 4.21 (d, J = 5.3 Hz, 2k3)20.94, 2H), 3.23.04 (m, 1H),

2.902.81 (m, 2H), 2.5Q.46 (m, 1H)1.87-1.83 (m, 2H), 1.73.71 (m, 2H), 1.63.56 (m, 4H), 1.19.18

(m, 1H) ppmC NMR (101 MHz,DM8I) Y {+ HANnc ®H 6/ 00X mMpo®dc O/ 0O MmN
130.1 (C), 129.5 (CH), 128.8 (CH), 127.7 (C), 112.0 (CH), 108.3 (CH)25%.0.5GH.), 51.4 (Ch),

44.6 (CH), 37.7 (GK132.4 (Ch), 31.9 (CH), 29.3 (@H28.2 (CE ppm. HRMS (ESI) forliEkNG:CI

[M+H] calcd.352.1907 found352.1911

5.2 State of the artO-demethylations

The following methods were applied for th®-demethylation of 4-propylguaiaol 1a) to 4
propylcatechol Za). These are based on methods published in literature for demethylation of similar
guaiacol derivedubstratesWe repeated the method and if necessary, an optimizatias performed

to improve theconversion angield. For those methods already reported for the demethylatiol af

we refer to the corresponding reference. The data reported there were used in the Green Msecs
Section?).

Meo:@/\/ Different methods HO:©/\/
—_——
HO HO

1a 2a

5.2.1 NbOs

Procedure for NBOs synthesis:Based on literure data, as published by Wang, Murayama and
Ueda!? #"In a100mL autalavewith Teflon liner, Ammonium oxalate (0.352382 mmol, 1.Gquiv,)
was mixed with deionized-® (25 mL) and solution ofniobiumoxalate (9.6 g, 15.3 mmd,4equiv.)

in HO 61.2mL).Subsequently, the autoclave was sealed and kept in an ov&BGatC during 24 h.
After cooling to r.t., the contents of the autoclave were centrifuge800 rpm, < 8 min washed with
deionized HO200mL) and dried at 100 °C for 12 h. The obtained solid was calcined &€ 488ating
rate of 5°Cmin?) for 4 h instatic air.

Method B [MBAL-810]: Based on literature data, as published by and Wang? The Parr® 4596
reactor (25mL internal volume) was charged withniethoxy-4-propylphenol ta, 0.50 g, 3.01 mmol,

1.0 equiv.), NiOs (0.20g, 0.75 mmol, 0.25 equiv.) and®1(10.0 mL). The reactor was closed, flushed
with Nz gas (3x 10 bar) and filled wittN; gas (65 bar). Subsequén stirring (mechanical overhead
stirring, 400 rpm) was started and the reactor and its contents were heated to 300 °C. After the
temperature reachedthe desired value, stirring was continued f& h at this temperature.
Subsequentlythe reactor and itsontents were cooled to r.t. (using an ice bath), gas was released and
the reactor was openedlhe crude reaction mixture was extracted with EtOAs {6 mL, 2<5 mL).

The combined organic fractions were centrifuged for 30 min at 4500 rpm. The orgdreatswas
subsequently evaporated under reduced pressure to afford a mixtureppbgybenzenel,2-diol (2a,

79%, 0.36 g, 2.37 mmoP-methoxy-4-propylphenol La, 3%, 15 mg, 0.09 mmadnd catecholZi, 5%,
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19 mg, 0.17mmol) as an orange ailThe obtained spectroscopic data are in accordance with those
obtained using other demethylation procedures

5.2.2 BBg
Based on literature data, as publishedBigenbraurt’ Further optimization was not required for the
O-demethylation of 4propylguaiaol (1a).

Method R2 [BL-10]: In a flamedried and argon flushed 25 mL roundbottomed flask, equipped with
magnetic stirring bar, -tnethoxy-4-propylphenol {a, 1.66 g, 10.0 mmol, 1.0 equiv.) was dissolved in

dry CHCE (15 mL). The obtained mixture was cooled34 °C and BB¢1.06 mL, 11.0 mmol, 1.1 equiv.)

was added dropwise. The cooling bath was removed and the reaction was allowed to reach r.t. The
mixture was stirred for 1 h and subsequently, ice cal® L5 mLyvas added dropwise. The obtained
suspension was stirred for 1HaCl (s) was added until saturation and tihede mixturewas extracted

with CHCE (3 x 20 mL). The combined organic fractions were dried over Mg8itered and
evaporated under reducedrpssure. Pure fropylbenzenel,2-diol (2a) was obtainedn 92%yield

(1.40 g, 9.2mmol). The obtained spectroscopic data are in accordance witise obtained using

other demethylation procedures

5.2.3 TMSI

5.2.3.1 Optimization

Based on the mrcedure published by Eigbraun'’ anoptimization was initiatedvhich is reported in
Table $8. Combination of substratkaand 1.1 equiv. TMSI led 88% conversion toward the desired
product after 48 Entry 1) which could not be improved when prolongirtgtreaction time to 72 h
(Entry 2). Increasing TMSI loading to 2.0 equiv. led to nearly quantitative conve(Eotry 3)
Replacing highly hazardous CH@} green alternative EtOAc delivered a complex mixture and a
IHNMR spectrum not allowing to calculate the yield accurafggry 4). With these observations,
three procedures were developed to obtain an isolated yield of prodatas described below
(Sections.2.3.2.

Table 38. O-Demethylation of $ropylguaiacol 1a) to 4propylcatecholZa) using TMSI.

MeO TMSI HO
HO:©/\/ Solvent, r.t. HO:©/\/

1a Ar (balloon), time 2a
Entry  ELN code (equ\Lﬂjf/l.) Solvent T(irr:;e Nll\:R vield (Zd:]
1 BL-35 11 CHd 48 12 88
2 BL-36 11 CHd 72 10 90
3 BL-37 2.0 CHd 72 3 97
4 BL-07 1.1 EtOAc 48 Complex mixture

Experiments were performed on a scale of 1.0 mrbaland 1.0 mL solventd 'H NMR Yield determined with 1,3,5
trimehoxybenzene as internal standard.
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5.2.3.2 Procedures

Method G1 [BL-20]: In a flamedried and argorflushed 25 mL roundbottomed flask, equipped with
magnetic stirring bar, septa and argon ballooangthoxy-4-propylphenol {a, 1.66 g, 10.0 mmol,
1.0equiv.) and TMSK(57 mL,11.0 mmol,1.1 equiv.) were dissolved in dry CE@O0 mL) and the
obtained reaction mixture was stirred for 70 h at r.t. Subsequently, MeOH (15 mL) and brine (30 mL)
were added and the mixture was extracted with GHiZZk 30 mL and ¥ 20 mL). The combined organic
layers were dried over MgSQfiltered and evaporated under reduced pressure. The product was
isolated using an automated flash chromatography system udiregptanes/EtOAgradient (40 g SiO
cartridge, flow rate: 3@nL-mint, eluent: heptanes, 2 min; heptas to 15% EtOAc in heptanes, 20 min;
15% EtOAc in heptanes; 15 min). Puadpylbenzenel,2-diol (2a) was obained in 54% yield (0.8%

5.36 mmol). Furthermore, 2methoxy-4-propylphenol La) was recovereih 26% (0.43 g, 2.5&mol).

The obtained spectroscopic data are in accordance with thissgg other demethylation procedures

Method G2 [BL-22]: In a flamedried and argorflushed 25 mL roundbottomed flask, equipped with
magnetic stirring bar, septa and argon ballooan2thoxy-4-propylphenol {a, 1.66 g 10.0 mmol,
1.0equiv.) and TMSI (2.85 mL, 20.0 mmol, 2.0 equiv.) were dissolved in dey(THRL) and the
obtained reaction mixture was stirred for 70 h at r.t. Subsequently, MeOH (15 mL) and brine (30 mL)
were added and the mture was extracted with CHC2 x30 mL and ¥ 20 mL). The combined organic
layers were dried over MgQCiltered and evaporated under reduced pressure. The product was
isolated using an automated flash chromatography system using a heptanes/EtOkay(4d g Si©
cartridge, flow rate: 3GnL-mint, eluent: heptanes, 2 min; heptanes to 15% EtOAc in heptanes, 20 min;
15% EtOAc in heptanes; 15 min). Pugdpylbenzenel,2-diol (2a) was obtained in 89% yield (1.85
8.90mmol). The obtained spectroscopic data are in accordance with theisg other demethylation
procedures

Method G3 [BL:32]: In a flamedried and argorflushed 25 mL roundbottomed flask, equipped with
magnetic stirring bar, septa and argon ballp@methoxy4-propylphenol La, 1.66 g, 10.0 mmol,
1.0equiv.) and TMSI (2.85 mL, 20.0 mmol, 2.0 equiv.) were dissolved in dey(THRL) and the
obtained reaction mixture was stirred for 70 h at r.t. Subsequently, MeOH (15 mL) and brine (30 mL)
were adled and the mixture was extracted with CEH@MK 30 mL and k¥ 20 mL). The combined organic
layers were dried over MgQCiltered and evaporated under reduced pressure. The product was
isolated by dissolving the crude material in MTBE (30 mL) andrfijtérover a layer of silica. Volatiles
were evaporated under reduced pressure. Purprdpylbenzenel,2-diol (2a) was obtained in 74%

yield (1.13 g, 7.41 mmol). The obtained spectroscopic data are in accordance withughogether
demethylation procedtes.

524 Alandb

5.2.4.1 Optimization

Based on the procedure published Bianand Sang!® an optimizationwas initiated which is reported

in Table 9. By applying the literature conditions, no produd was formed even after 4&, and
substratelawas recovered for 81% (Entry 1). Doubling the Al loading initiated conversion, delivering
product2ain 62% (Entry 2). Wabserved that addition of DMSO was not required to convert substrate
la Combination of 4.8 equiv. Al and 1.65 equidelivered desired pduct in quantitativeNMRyield
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(Entry 3)With these observations, a procedure was developed to obtain an isolated yield of product
2a, as described below (Sectiér2.4.2.

Table 89. O-Demethylation of 4ropylguaiacol 1a) to 4propylcatecholZa) using Al,Jland DMSO.

MeO:©/\/ Al, I, DMSO HO;@/\/
HO MeCN, 80 °C HO

1a Air, time 2a
Entry ELN code Al [&.l] Iz. DM‘.Q“'O Time NMR Yield (P
(equiv.) (equiv.) (equiv.) (h) 1a 2a
1 JBOGM-99 2.2 1.65 25 48 81 0
2 JBOGM-98 4.4 1.65 25 18 38 62
3 JBOGGM-105 4.8 1.65 0.0 18 0 >99

Experiments were performed on a scale of 1.0 mirzznd 6.0 mL MeCN Al powder was used?! tH NMR Yield determined
with 1,3,5trimehoxybenzene or mesitylene as internal standard.

5.2.4.2 Procedure

Method H [JBOGM-119]: In a 250 mL roundbottomed flask, equipped with reflux condenser and
magnetic stirring bar, -tnethoxy-4-propylphenol (a, 1.66 g, 10.0 mmol, 1.0 equiv.) was dissolved in
MeCN(80 mL). Subsequenthpl powder (1.160 g, 43.0 mmol, 4.3 equiv.) was added to the solution
and then 4(4.188 g, 16.5 mmol, 1.7 equiv.) was added in one portion. The obtaintdre was stired

for 18 hat 80 °C. After cooling to r.t., the mixture was quenched W@ &q., 2 M, 5 mL), and extracted
with EtOAc (3 50 mL). The combined organic fractions were washed wits®a(aqg., sat., 25 mL)
and brine (25 mL), dried over Mg&diltered and evaporated under reduced pressure. The crude
mixture was purified with an automatic column chromatography systeimg a heptanes/EtOAc
gradient(40g SiQcartridge flow rate: 30mL-mint, eluent: heptanes, 2 min; heptanes to 15% EtOAc
in heptanes, 20nin; 15% EtOAc in heptanes, 18 miyre 4propylbenzenel,2-diol (2a) was obtained

in 86% vyield (1.32 g, 86 mmol). The obtained spectroscopic data are in accordance with thisgey
other demethylation procedures

5.25 AlCkand Nal

5.2.5.1 Optimization

Based on the procedure, published®hiacj® an optimization was initiated which is reportedTiable
0. Solventlessambination of substratd.a, 2.0equiv.AlCtand 2.0 equiv. Ndédto 66% onversion
toward the desired product afte® h at 70°C(Entry 1) This solventless reacti@moved some stirring
issues, so we decided to add a solvent. @aiCEfluxdecreased the yield dfato only 13%Entry 2)
Increasing the temperaturéo 70 °Cn a dosed system doubledhe yield of 2ato 26% (Entry 3).
Replacing the highly hazardous CH$lthe recommended EtOAc delivered the desired product in
71% yield (Entry 4), leavii@®%remaining substratda. With these observations, a procedure was
developed to obtain an isolated yield of prod&z, as described below (Sectiér2.5.9.

5.2.5.2 Procedure

Method I1 [BL-47]: A flamedried and argon flushed 100 mL pressure tube, equipped with magnetic
stirring bar and rubber septum, was charged with A/Z68 g, 200 mmol, 20 equiv.) and Nal (30 g,

20.0 mmol, 20 equiv.). Vacuum was applied and the tube Wwaskfilled with argon. Subsequently; 2
methoxy-4-propylphenol {a, 1.66 g10.0 mmol, 10 equiv.) and dry EtOAc (10 mL) were added through
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the septum. The septum was removed and the tube was closed. The reaction mixture was stirred for
3 hat70°C, coolad r.t. and carefully quenched with M&Os (ag., 5%, 10 mL). The obtained mixture

was extracted with EtOAc &40 mL). The combined organic fractions were dried over Mg#®red

and evaporated under reduced pressure. The product was isolated usingutomated flash
chromatography system usinghaptanes/EtOAgradient (40 g Sik@artridge, flow rate: 30nL-mint,

eluent: heptanes, 2 min; heptanes to 15% EtOAc in heptanes, 30 min; 15% EtOAc in heptanes; 15 min).
Pure 4propylbenzenel,2-diol (2a) wasobtained in 63% yield (0.96 g, 6.8imol). Furthermore, 2
methoxy-4-propylphenol {a) was recoveredn 2% (36 mg, @2 mmol). The obtained spectroscopic

data are in accordance with thosising other demethylation procedures

Table 20. O-Demethylation of 4ropylguaiacol 1a) to 4propylcatecholZa) using AlGland Nal.

MeO;@/\/ AICI3 Nal HOD/\/
HO Solvent, temp. HO

XX Ar (balloon), 3 h XX
Entry ELN code (;qlgi%/.) (esjlilv.) Solvent Tzaog) ' Nll\iR Yiew (0;0:]
1 BL-45 2.0 2.0 - 70 34 66
2 BL-19 2.0 2.0 CHdG 61 81 13
BL-23 2.0 2.0 CHdG 70 74 26
4 BL-16 2.0 2.0 EtOAC 70 29 71

Experiments were performed on a scale of 1.0 mfraond 4.0 mL solvent (apart from Entry @)1H NMR Yield determined
with 1,3,5trimehoxybenzene as internal standard.

5.2.6 AICkand MeS

5.2.6.1 Optimization

Based on the procedure, published Asifin,2° an optimization was initiated whids reported inTable
21. 64%Product 2awas obtained by applying 2.0 equiv. of both AlEld MeS in CHEhfter 3h at
70°C in a closed vessel (Enkjy This result could not be significantly improved by doubling reaction
time (Entry 2), substrate concentration (Entry 3), 8doading (Entry 4) or AlGInd MeS loading
(Entry 5).With these observations, a procedure was developed to obtain an isbiaedd of product

2a, as described below (Sectiér.6.9.

5.2.6.2 Procedure

Method 12 [BL-44]: A flamedried and argon flushed 100 mL pressure tube, eg@thbwith magnetic
stirring bar and rubber septum, was charged with A[&134 g, 40.0 mmol, 4.0 equiv.). Vacuum was
applied and the tube was baditled with argon. Subsequently;rethoxy4-propylphenol La, 1.66 g,

10.0 mmol, 1.0 equiv.), M8 (2.96 mL40.0 mmol, 4.0 equiv.) and dry CEHQAI0 mL) were added
through the septum. The septum was removed and the tube was closed. The reaction mixture was
stirred for 3 h at 70 °C, cooled to r.t. and carefully quenched witf&Ra (ag., 5%, 10 mL). The
obtained mixture was extracted with CHEB x 40 mL). The combined organic fractions were dried
over MgSQ filtered and evaporated under reduced pressure. The product was isolated using an
automated flash chromatography system using a heptanes/EtOAc gradiery Siecartridge, flow

rate: 30mL-min', eluent: heptanes, 2 min; heptanes to 15% EtOAc in heptanes, 30 min; 15% EtOAc in
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heptanes; 15 min). Puregropylbenzenel,2-diol (2a) was obtained in 67% yield (1.02 g, 6a7iol).
2-Methoxy-4-propylphenol {a) was recoveredin 20% (330 mg, 1.99 mmol). The obtained
spectroscopic data are in accordance with thasag other demethylation procedures

Table 21. O-Demethylation of 4ropylguaiacol 1a) to 4propylcatecholZa) using AlGland MeS.

Me0:©/\/ AICl3, Me,S HO:@/\/
HO CHCI5 70 °C HO

1a Ar (balloon), time 2a

Entry  ELN code Conc. la AICk MezS Time NMR Yield (%6
(M) (equiv.) (equiv.) (h) 1a 2a

1 BL-25 0.25 2.0 2.0 3 36 64
2 BL-26 0.25 2.0 2.0 6 39 61
3 BL-28 0.50 2.0 2.0 6 39 61
4 BL-30 0.25 2.0 4.0 3 50 50
5 BL-34 0.25 4.0 4.0 3 32 68

Experiments were performed on a scale of 1.0 miramnd solvent with volume to reach the given concentrati®iH NMR
Yield determined with 1,3;&imehoxybenzene as internal standard.

5.2.7 Py-HCI
Based on literatur@lata, as published by SchnfidEurther optimization was not required for the-
demethylation of 4propylguaiacol1a).

Method J[MBAL:-642]: A 50 mL twenecked roundbottom flask, equipped with magnetic stirring bar
and reflux condenser, was charged witm2thoxy-4-propylphenol La, 1.66 g, 10.0 mmol, 1 equiv.)
and PyHCI 4.62 g, 40.0nmol, 4.0 equiv.)The obtained mixture was sted for 1 h at 195 °C, after
which it was allowed taool to 90 °C. SubsequentyCl &g., 5 M 2.5 mL, 12.5 mmol, 1.25 equiv.) and
HO (2.33 mL) were added. Stirring was continudidwing the temperature of the mixture to reach

35 °C Subsequentlyto the crude mixture waadded MTBE (5.2 mL). The organic layer was separated
and the aqueous layer was extracted with MTBE @5 mL) The combined organfractions were
washed withHCI &q., 5M, 0.64 mL), dried oveN&SQ, filtered andevaporated uwler reduced
pressure. Purel-propylbenzenel,2-diol (2a) was obtained in 84% vyield (1.28 &§40mmol). The
obtained spectroscopic data are in accordance with thasiag other demethylation procedures

5.2.8 LiBr and HBr
Based on litemture data, as publishedy Par?!* Further optimization was not required for the-
demethylation of 4propylguaiacol1a).

Method K [MBAL:-795]: In a50 mL roundbottored flask, equipped with magnetic stirring bar and
reflux condener, LiBr (6.10 g, 70.2 mmol, 117 equiv.) was dissolvé#@(3.9 mL). When LiBr was
completelydissolved, Zmethoxy-4-propylphenol {a, 0.10 g, 0.60 mmol, 1.0 equiv.) anBiH{ag., 48%,
1.50 g, 8.84 mmol, 14.7 equiv.) were added. The mixture was stirred foud8drnreflux, after which

it was cooled to r.tin ice water The crude mixture was diluted with brine (10 mL), extracted with
EtOAc (3x 10 mL) and evaporatednder reduced pressureThe crude product was +dissolved in
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MTBE (5 mL) and filtered over a plug of CeMelatiles were evaporated under reduced pressure,
delivering4-propybenzenel,2-diol (2a) in 82% yield (75 mg, 0.47 mmol). The obtained spectroscopic
data are in accordance with thossing other demethylation procedures

5.2.9 Thiols
Based on literatre data, as published by MagaffoThe desired producawas not formed and the
substratelawas recoveed for 98%.

Procedure [MBAL708]: An oven dried 100 mtoundbottomedflask, equipped withmagneticstirring
bar, septa and\; balloon, was charged witB-(diethylamino)ethanel-thiol hydrochloride (4.07 g,
24.0mmol, 2.4 equiv.pnd DMF (20 mL)Subsequetty, the flaskand its contentsvere cooled in an
ice bathand when the temperaturevas belows °CNaQBu(4.84 g, 50.4nmol, 5.0 equiv.jvas added.
The obtained mixture was stirred for 5 min after which the cooling bath was removed and stirring was
continued for 15 min, allowing the mixture to warm to r.t. Subsequeraignethoxy-4-propylphenol
(1a 1.66 g, 10.0 mmol, 1.0 equiwps added and the mixture was stirred for 5 h under refllne T
mixture wascooledto r.t., subsequentlyplaced in an icéath and HCl(aq., 1 M)dropwiseaddedto
decreasdhe pH to 1 ThenH,O (50 mL)wasadded. Subsequentlyhe obtainedaqueous mixture was
extracted with EtOAc (850 mL) The combined organifractionswere washed withH0 (3 x 20 mL)
and brine (20 mL), dried over Mg&Qiltered and evaporated under reduced pressure. P@re
methoxy-4-propylphenol {a) was obtained in 98% vyield (1.64 g, 9.80 mmolJhe obtained
spectroscopic data are in accordance with those obtaifinech acommercial sample.

5.2.10 Mgl>
Based on literature data, as published by Zhand Yad® The substratddawas for 22% converted to
the desired produc®a, leaving the substratéain 78% based ontH NMRanalysis.

Procedure for Mgl synthesis [MBAL758]: An oven dried 50 mtoundbottomedflask, equipped with
magnetic stirring bar, sepm and Ar balloon, was charged with Mgdwder, 165 mg, 6.80 mmol,
2.0equiv.) and EO (10 m). I> (863 mg, 3.40 mmol, 1.0 equiv.) was added in portions. The mixture
wasstirred overnight in the darknderN, atmosphere. Subsequently, unreacted Mg was removed by
filtration andthe solvent was evaporated under reduced pressuiediveringMgl, asan orange solid
(615mg, 2.21mmol, 65%).

Procedure[MBAL:-764]: In a50 mL roundbottomed flask, aolution of Mgt (284mg, 1.02 mmol,
2.0equiv.) in EO (10 mL)was mixed witha solution of2-methoxy4-propylphenol La 85 mag,
0.51mmol, 1.0 equiv.) i€HCL (10 mL). The solvents were removed under reduced pressure and the
residual solid wakeated to80 °Cfor 16 h. Subsequently, the reaction mixture was cooled to r.t. and
HO (20 mL) and N&O; (ag., sat., 20 mL) were addethe resulting mixture was poured into HCI (aq.,
5%,10 mL)and the obtainedsolution was extracted with EtOAc XA5mL). The combinedrganic
layers were washed with NaHEg@g., sat., 20 mL) and brine (8(L), dried over MgSQfiltered and
evaporated under reduced pressureThe resulting crude material was analyzed with NMR
spectroscopy, revealing thdlayielded 78%2a, while 22%la remained based on integration of the
signals
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5.2.11 Qu;,0
Based on literature data, as published byhd Xu® The substratelawas for34% converted to the
desired produc®a, leaving the substratéain 60%based ontH NMR analysis.

Procedure [JB€.162]: In aWheaton® mLVial equipped with magnetictisring bar, 2-methoxy-4-
propylphenol La, 166 mg, 1.00 mmol, 1.0 equiwas dissolved iMeOH (2.0 mL)SubsequentlyCuwO

(7.2 mg, 0.05 mmol, 5 mol%4hdNaOMe (162 mg, 3.00 mmol, 3.0 equivere added and the vial was
placed in the Parr® 4596 reactor. The reactor elased properly, flushed withN; (3 x 10 bar) and
filled with N2 (50 bar). The reactor was heated 185 °Cand the mixture was stirred fat2 hat this
temperature. Subsequelyt, the reactor was cooled to r.t., depressurized and opened. The mixture
was acidified to pH-% using HCI (ag.) and extracted with MTBE {® mL). The combined organic
layers weredried over MgSQ@ filtered and evaporated under reduced pressufiée resulting crude
material was analyzed withH NMR spectroscopyith 1,3,5trimethoxybenzene as internal standard,
revealing thatlayielded 34%2a, while 60%laremained

5.3 Synthesis obkubstrates

General procedure E

2
0 A OH Base L0 AN OR
R'—~ +  RyX ——> R

Z Solvent Z

temp., time

In aroudbottomed flask, equipped with a magnetic stirring bar and a reflux condenser, the appropriate
substrate and base were mixed with acetone. The haloalkahX)®vas added and the obtained
mixture was stirred for a certain time at a certain temperaturee mixture was filtered and the filtrate

was concentrated under reduced pressure. The obtained residue was diluted with organic solvent and
ag. solution. The layers were separated and the aqueous layer was extracted with organic bksent
combined orgaic fractions were dried over Mggénd concentrated under reduced pressure to afford

the desired product.

Synthesis of 4oropylsyringol

OMe ANBr (1.2equiv)  ome OMe OMe
OH  K,cOs (2.0 equiv.) O OH " py/c (0.1 equiv.) OH
_— _— —_—
OMe Acetone OMe 200°C,6h = OMe MeOH, 60 °C, OMe
1y 50 °C, 24 h 13 14 H, (40 bar), 16 h 1b

Step 1:1,3-Dimethoxy-2-[(prop-2-en-1-yl)oxy]benzene {3) [JBG648]

OMe This compound was obtained following General procedurg,&dimethoxyphenol

O . (1y, 3.08 g, 20.0 mmol, 1.0 equiv.) aneb@®moprop-1-ene (2.07 mL, 24 mmol,

1.2equiv.) were used as reactants@Q (5.53 g, 40.0 mmol, 2.0 equiv.) as base and
acetone (50 mL) as solvent. The work was performed using EtOAc (20 mL for
dilution and 3x 20 mL for extraction) and NaOH (1 M, ag., 10 mL). Rigelimethoxy2-[(prop-2-en-
1-yl)oxy]benzeng13) was obtainedn 85% yield (3.28 g, 16.9 mmol). The obtained spectroscopic data
are in accordance with literaturg: 52
Yellow oil, R= 0.45 in heptanes/EtOAc (80:2881 NMR (400 MHz, CREIY {+ I=8diz, 1Hij, =
6.58 (d,J= 8.4 Hz, 2H), 6.12 (dd+= 17.1, 10.5, 6.1 Hz, 1H), 5.31 (dd,17.1, 1.3 Hz, 1H), 5.18 {&;

OMe
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10.5 Hz, 1H), 4.52 (di= 6.1, 1.3 Hz, 2H), 3.85 (s, 6H) ppi6.NMR (101 MHz, CREY 1 mMpo ®d 0
137.1 (C), 134.8 (CH), 123.8 (CH), 117.2(C86.5 (CH), 74.3 (©H56.3 (Ck) ppm. HRMS (ESI) for
Gi1H1505 [M+H]' caled. 195.1016, found 195.1007

Step 2:2,6-Dimethoxy-4-(prop-2-en-1-yl)phenol (14) [JBG649, JBE654]
MeO _— A 4 mL glass vial, equipped with a magnetic stirring bar, was filled with 1,3
:@N dimethoxy-2-[(prop-2-en-1-yl)oxy]kenzene {3, 1.00 g, 5.15 mmol). The vial was

closed with a plastic cap and rubber septum and a needle was pierced through the
septum. This vial was placed in the Parr® 4596 reactor (in the home made insert)
and the reactor was closed. Magnetic stirring \stegted and the reactor was heated to 200 during
6 h. Subsequently, the reactor was opened and cooled to r.t. The crude material was dissolved in MTBE
(20 mL), mixed with Sp@L.5 g) and evaporated under reduced pressure. The residue was poured onto
afilter and washed with MTBE (10 mL). The filtrate was evaporated under reduced pressure to afford
pure 2,6dimethoxy4-(prop-2-en-1-yl)phenol (4) in 83% yield (0.83 g, 4.88mol). The obtained
spectroscopic data are in accordance with literattfre.
Colorless oil, & 0.37 in heptanes/EtOAc (75:25). NMR (400 MHz, CRElY 14 c®d®nm o0as HI U
J=16.9, 10.1, 6.7 Hz, 1H), 5.37 (s, 1H),-5.06 (m, 2H), 3.87 (s, 6H), 3.32J4d,6.7 Hz, 2H) pprC
NMR (101 MHz,CRGIY + MNnT®H O/ 0 MOT DT &) 1094ICHYy 6604 O/ 0 X
40.5 (Ck) ppm. HRMS (ESI) forkisO: [M+H] calcd. 195.1016, found 195.1006.

HO
OMe

Step 3:2,6-Dimethoxy-4-propylphenol (Lb) [JBG439, JBE77]

MeO The glass insert for the 600 mL Fareactor was loaded with a stirring baradlyk
HO 2,6-dimethoxyphenol 14, 5.45 g, 28.1 mmol, 1.0 equiv.) and MeOH (100 mL). To
OMe this solution, Pd/C (10 m%, 300 mg, 0.3 mmol,1 mol%) was added under an argon

flow. The beaker was placed in the Parr® 4625 ogawethich was then closed, flushed with of (d,

3x10 bar) and filled with Hgas (4(ar). The mixture in the reactor was heated to 60 °C and stirred
for 16 h. Subsequently, the reactor was cooled to r.t., the pressure was released and the reactor was
opened. The reaction mixture was filtered over celite (1 cm) and the filtrate was evaporated under
reduced pressure to afford pure 2dgmethoxy4-propylphenol Lb) in 83% yield (4.52 g, 23.3 mmol).

The obtained spectroscopic data are in accordance viéhaliure >

Yellow oil, R= 0.29 in heptanes/EtOAc (80:2&L NMR (400 MHz, CRElY {+ c®dnn o6axX HI UV Z
3.85 (s, 6H), 2.50 (= 7.6 Hz, 2H), 1.61 (sedt 7.4 Hz, 2H), 0.93 (= 7.3 Hz, 3H) ppr®CNMR (101
MHz,CD@ Y { wmnc ®§hp138.8 (C)2105110(0CHR %6.3¢)ZBB.3 (Ch), 24.8 (Ch), 13.8 (CH)

ppm. HRMS (ESI) foi18:70; [M+H] caled. 197.1172, found 197.1163. HRMS (ESI):fbksOsNa
[M+Na] calcd. 219.0992, found 219.0991.
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1,2-Dimethoxy-4-propylbenzene {e) [MS538,JBG433]

MeO A 100 mL pressure tube, equipped with magnetic stirring bar, was charged with
j@/\/ K:CQ (26 mg, 0.19nmol, 0.01 equiv.), -nethoxy-4-propylphenol {a, 3.11g,

18.8mmol, 1.0 equiy.and dimethyl carbonate (9.47 mL, 1dfnol, 6.0 equiv.).

The flask was sealed and the reaction mixture was heated at 200 °C for 24 h and cooled down to r.t

The content of the pressure tubeastransferred with EtOAc (5 mhapdfiltered through cottonwool

into a roundbottomed flask after whichthe precipitate wadurther washed with EtOAc (®L). The

solvent was evaporateih order to affordle in quantitative yield (3.39 g, 18r@mol). Theobtained

spectroscopiclataare in accordance with literatur®

Pale yellow oil, R 0.79in heptanes/EtOA¢50:50. *H NMR (40MHz, CD@b Y 9 (d, 8=d816 Hz,

1H), 6.8-6.71 (m, 2H), 3.8 (s, 3H), 3.B(s, 3H), 2.8(t, J= 7.5 Hz, 2H), 13qsext,J= 7.5 Hz, 2H), 0.94

(t, J= 7.5 Hz, 3H) ppmC NMR (101 MHz, CRCY 1 (Qy a4R2¢Cp 13% (C), 120.3 (CH), 2D

(CH) 111.3 (CH), 56.0 (e)t559 (CH), 37.7 (Ch), 24.8 (Ch), 139 (CH) ppm. HRMS (ESI) fonrld-O,

[M+HJ calcd. 181.1229, found 181.1229.

MeO

1,2-Diethoxy-4-propylbenzene {f) [JBG1375, JBEL359, EB58]

EtO A 50 mL roundbottomed flask, equipped with magnetic stirring bar, was charged
:@N with 4-propylbenzenel,2-diol 2a 1.07g, 7.00 mmol, 1.0 equiv.K.CQ (3.879,

28.0mmol, 4.0 equiv.) and EtOH (10 mL).(Et25 mL, 8.0mmol, 4.0 equiv.was

added and the reaction mixture was stirred for 24inder reflux. The mixture was filtered atfie

filtrate evaporated under reduced pressure. The residue was dissolved in EtOlt)20d washed

with an aqueous solution of NaQ# M, 10 mL). The organic layer was dried over Mgfit@red and

evaporated under reduced pressure in order to affarg-diethoxy-4-propylbenzendg1f) in 99% vyield

(1.44 g, 6.92 mmolYhe obtained spectroscopic data are in accordance with literature

Brown liquid, R= 0.89 in heptanes/Et& (50:50)'H NMR (400 MHz, CREIY + &=@.¢ iz, IHR =

6.73 (dJ= 2.1 Hz, 1H), 6.69 (di#f 8.1, 2.1 Hz, 1H), 4.09 {&; 7.0 Hz, 2H), 4.07 (@ 7.0 Hz, 2H), 2.52

(t, J= 7.4 Hz, 2H), 1.62 (sedt 7.4 Hz, 2H), 1.44 (= 7.0 Hz, 3H),.43 (t,J= 7.0 Hz, 3H), 0.94 (i=

7.4 Hz, 3H) ppnt’C NMR (101 MHz, CBRICI mny ®y o6/ 00X mMnTtdn 6/ 0% wmMop dy

114.1 (CH), 64.9 (@K64.7 (Ch), 37.8 (Ch), 24.8 (Ch), 15.1 (CH}, 15.1 (CH}, 13.9 (CE) ppm. HRMS

(ESI) for GH21:0, [M+H] calcd. 209.1542, found 209.1544.

EtO

3-(4-Hydroxy-3-methoxyphenyl)propanoic acid (1g) [JBGM-126]
0 In a Parr® hydrogenation bottle Bj23-(4-hydroxy-3-methoxyphenyl)prog2-

MQOMOH enoic acid {1, 5.00 g, 25.7 mmol, 1.0 equiv.) was dissolved in MeOH (50 mL).
HO Pd/C (10 m%, 0.50 g, 0.47 mmol, 2 mol%) was added under argon flow and the
vessel was placed in a Parr® 3911 Hydrogenation Apparatus. S8ed was flushed withH3 x 4 bar)

and filled with H (4 bar). The vessel was shaken for 1 h at r.t.. Subsequently, the pressure was released
and the crude mixture was filtered over Celite. The filter was rinsed with MeOH (50 mL) and the
combined filtraes were evaporated under reduced pressure. The obtained residue was mixed with
HO (33 mL) and NaOH (2.68 g, 6.70 mmol, 2.6 equiv.) was added. The mixture was stirred for 24 h
under reflux. Subsequently, the mixture was cooled to r.t., neutralized witi{dd@¢t.) to neutral pH

and extracted with MTBE (3 x 50 mL). The combined organic fractions were dried ovey Mgl

and evaporated under reduced pressure to afford pu@-Bydroxy-3-methoxyphenyl)propanoic acid

(1g) in 94% vyield (4.75 g, 24.2 mmoThe obtained spectroscopic data are in accordance with
literature 5
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Beige solid, m.p.: 91 °C (lit.: 91 °C% = 0.26 in heptanes/EtOAc (50:58) NMR (400 MHz, DMSO
de): 4 12.03 (bs, 1H), 8.64 (bs, 1H), 6.78)&l1.8 Hz, 1H), 6.66 (@ 8.0 Hz, 1H), 6.59 (d# 8.0, 1.8
Hz, 1H), 3.74 (s, 3H), 2.714& 7.7 Hz, 2H), 2.50.46 (m, 2H) ppmC NMR (101 MHz, DMS#): ¢
173.9 (C), 147.4C), 144.7 (C), 131.7 (C), 120.2 (CH), 115.3 (CH), 112.5 (CH), 5535 (C(Lh), 30.0
(CH) ppm. HRMS (ESI) forld104 [M-H] calcd. 195.0663, found 195.0667.

2H-1,3-Benzodioxole5-carbaldehyde {i) [MBAL411]
o) In a 50 mL roundbottemed flask, equipped with magnetic stirring bat-1(2-

<° H benzodioxols-yl)methanol {5, 1.52 g, 10.0 mmol, 1.0 equiv.) was dissolved ¥CEH

(20 mL). Mn©@(8.69 g, 100 mmol, 10 equiv.) was added #memixture was stirred at
r.t. for 20 h. Subsequently, the crude mixture was filtered through Celite and evaporated under
reduced pressureThe crude material was purified by an automated flash chromatography system
using a heptanes/EtOAc gradig@artrige: 40 g SiQflow rate: 30 mL-mihk eluent: heptanes to 50%
EtOAc in heptanes, 60 min). P&id-1,3-benzodioxoles-carbaldehyde Xi) was obtained in 85% vyield
(1.289, 8.54 mmol)The obtained spectroscopic data are in accordance with literafure.
White solidm.p.:35°C (lit.: 3537 °Cf° R =0.73in heptanes/EtOAGQ:50) *H NMR (400 MHz, CRCI
1 Py m 0 aJ=ne WsHz, 1HY,I7.83 (& RTHz, 1H), 6.93 (@ 7.9 Hz, 1H), 6.07 (s, 2H)
ppm.3C NMR (101 MHz, CBCI ™ b n © n3.3¢Q0), 11483 (Cu p32.1 (C), 128.8 (CH), 108.5 (CH),
107.1 (CH), 102.2 (@Hppm.EI (+) (m/4%): 150 (80), 149 (100).

5,6-Dimethoxy-2,3-dihydro-1H-inden-1-one (1k) [MBALE495]

o In a 20 mL pressure tube-(3,4dimethoxyphenyl)propanoic acidllf, 1.00g,
Meoji:é 4.76mmol, 1.0 equiv.) was dissolved inZCK(10 mL). The tube and its contents were
MeO cooled to 0 °C and TfOH (14, 16.7 mmol, 3.Bquiv.) was slowly added to the
mixture. The tube was sealed and heated to 80°C for 90 min under magnetic stirring. Subsequently,
the mixture was cooled to r.t., poured into ice water (50 mL) and stirred for anotheni@0The
organic layer was separated armlkde aqueous layer was extracted with £ (3 x 15 mL). The
combined organic fractions were washed withfCH25 mL) antlaHC®(aq., sat., 20 mL), dried over
NaSQ, and evaporated under reduced pressure to afférédimethoxy2,3-dihydro-1H-inden-1-one
(1K) in 96% vyield (0.88 g, 4.57 mmolhe obtained spectroscopic data are in accordance with
literature 2°
Pink solid, m.p.: 113 °C (li£.13-115 °C}f° R = 040 in heptanes/EtOAc (50:56iH NMR (400 MHz,
CDG): 4 7.17 (s, 1H), 6.88 (s, 1H), 3.96 (s, 3H), 3.90 (s, 3HB.BBEM, 2H), 2.68.65 (m, 2H) ppm.
13C NMR (101 MHz, CR)al 205.8 (C), 155.6 (C), 150.5 (C), 149.6 (C), 130.1 (C), 107.6 (CHELHp4.4
56.3 (CH), 56.2 (Ck), 36.7 (Cb), 25.7 (Ck) ppm.HRMS (ESI) for€hs:Os [M+H] calcd. 193.0859,
found 193.0860.

1-Ethoxy-2-methoxybenzene (1n) [SA17, JBE248]

MeO This compound was obtained following General procedure E, @gimgthoxyphenol 11,
j@ 1.24g, 10.0 mmol, 1.0 equiv.) and Etl (0.9 mL, 12.0 mmol, 1.2 equiv.) as react@xs, K

(1.67g, 12mmol, 1.2equiv.) as base ahacetone (20 mL) as solvent. The mixture was

stirred for 24 h under reflux. The wetlp was performed using GEL (3 x 30 mL) and NaOH (aqg. M,

10mL). Purel-ethoxy-2-methoxybenzeng1n) was obtained in 86% yield (1.20 g, 7.88 mmol). The

obtained spetroscopic data are in accordance with literatifte.

Colorless oil, & 0.79 in heptanes/EtOAc (50:58. NMR (400 MHz, CRC!  c-6b8B (m, 4H), 4.11

(q,Jd= 7.0 Hz, 2H), 3.87 (s, 3H), 1.47W&,7.0 Hz, 3H) pprC NMR (101 MHz, CRICIY149.6 (C),

EtO
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148.5 (C), 121.0 (CH), 120.9 (CH), 113.2 (CH), 111.9 (CH), 64 36(GKCE), 14.9 (Ck) ppm.HRMS
(ESI) for 130, [M+H] calcd. 153.0916, found 153.0913.

5.3.1 Synthesis of 4ropylguaiacol from natural feedstock

5.3.1.1 Hydrogenation ohatural eugenol
Natural eugenol, obtained frorEugeniaupon biological extraction and purificatiéhhad a purityof
97 wt%, which was determined vial NMR spectroscopy usidgB,5trimethoxybenzeng1,3,5TMB)

as internal standardHijgure 9):

. 8
! Ratio betweer8and1,3,5TMB: OAO l%ﬁl 3 XY

N 'E'A
9 The sample contains 16 Mg3,5TMB, corresponding t®.0954 mmol
1 Leadingto t&®¢xyBiwuvtm@ Tpiul I 1 x&dC

1 Thereis 72.43 mgpresent n 75 mg natura¢ugeno| corresponding te> prnmbwy ®
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Figure 8. 'H NMRSpectrum of natural eugend)( revealing 97% purity. Quantification is based on the integration of the
assigned signals fdfla and Hs. Therefore, 75 mgatural feedstockand 16 mg 1,3 5rimethoxybenzene were dissolved in

DMSQGde.
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Subsequentlyhydrogenation was performeds follows:

MeO:@/\/ Pd/C (1 mol%) Meo:@/\/
HO EtOH, r.t. - HO
H, (2 bar), 16 h
3 1a, 97%

2-Methoxy-4-propylphenol (1a) [MBAL-777]

In a Parr® hydrogenation botfke-allyl2-methoxyphenoligatural eugenol3, 2.00g,

12.2 mmol, 1.@quiv.) was dissolved iBtOH (100 mL). Pd/C (8% Pd, 0.13 g,
0.12mmol, 1mol%) was added under argon flow and the vessel was placed in a
Parr® 3911 Hydrogenation Apparatus. The vessel was flushed si@>HL bar) and filled with H

(2 bar). The vessel was shaken for 16 h at r.t.. Subsequently, the pressure was releagetcnde
mixture was filtered over Celite. The filtaras rinsed with acetone (25 mlthe combined filtrates
were evgporated under reduced pressure to afford puzenethoxy-4-propylphenol(1a) in 97% vyield
(2.96g, 118 mmol).The obtained spectroscopifata are in accordance with literatuesnd commercial

1&63

Colorlessil, R =0.76in heptanes/EtOAGQ:50).*H NMR (400 MHz, CRCI ¢ ® y=8.1 4R IH),
6.706.67 (m, 2H), 5.48 (s, 1H), 3.88 (s, 3H), 2.58=(74 Hz, 2H)1.63 (sext)= 7.4 Hz, 2H), 0.95 ¢,
=7.4 Hz, 3H) ppm®C NMR (101 MHz,CR)CI mMnc®d®n o6/ 00X Mnodt o6/ 0 wmMonody
111.2 (CH), 56.0 (gH37.9 (Ch), 25.0 (CbJ, 13.9 (CE) ppm.

MeO

HO

5.3.1.2 Reductive catalytic fractionation ebftwood lignin

In a Soxhlet setip, pine wood particles (10 gWwere extracted witha boiling mixture oftoluene
(250mL) and EtOH125mL)during 3 h This extraction was repeated 15 times and the remaining
WS E G MndBR2RQ 61 & 02 Y ARlydtBelalefarR® vikablhaldd with thebtained
extractedpine wood(150 g) Ru/C (5wt% Ry 15 gland MeOH 800 mL). The autoclave wadosed,
pressurizedvith H, (30 bar), heated to 235 °C and kept under these conditions for 16 h under stirring
(750rpm). Subsequently, the autoclave and its contents were cooled to r.t., pressure was released and
the reaction mixture wasiltered andevaporated under reduced pressure. To the residizes added

HO (220 mL) and the obtained mixture was extracted with EtOAc (200 mL ark/2 mL).The
combined organic fractions wemvaporated under reduced pressuamd to the residue was added
heptane (140 mL). The obtained mixture was refluxed for &fin and coatd to r.t. The solvent was
decanted, fresh heptane (140 mL) was added to the residue and the obtained mixture was refluxed for
30 min. After cooling to r.t., the process of decantation and addition of heptane (14@aslippeated,
followed by refluxing fo2 h and decantation. The three heptane fractions were combined, stored at

5 °C overnight andlecanted The decanted fractionwas evaporated under reduced pressure,
delivering a lignin oilrich in 4propylguaiacol 1a) (64 wt%, based otH NMR analysisith 1,3,5
trimethoxybenzenes int. std, vide infrg, corresponding td.8.2% of the original lignin contemif the

wood.

In order to determine the lignin content of ¢husedpine wood the following procedure was followed,
similarly to a previously publied method®

Product yields in lignin depolymerisation literature are typically based on the amount of acid insoluble
lignin, also called Klason lignin, in the lignocellulose sarpie.determination of the Klason lignin

$9



content of pine was based on a procedure from Lin & DénTeplicate samples of prextracted pine

wood (1 g each) were transferred to 50 mL beakafter which 15 mL of a 72 wt%SQ solution was
added. The mixture was left at room temperature for 2 h while being continuously stirred with a
magnetic rod. Afterwards the content of each beaker was transferred to a rbottdm-flask which
already ontained 300 to 400 mL of water. The beakers were rinsed and additional water was added
until a HSQ concentration of 3 wt% was reached. The diluted solution was boiled for 4 h under reflux
conditions, to maintain a constant volume and acid concentratidter filtration of the hot solution,

a brown lignin precipitate was retained. The precipitate was washed with hot water to remove any
leftover acid and the obtained residue was dried at 80 °C overnight. The reported Klason lignin content
of 24.6 wt% wasletermined relative to the oven dried substrate by averaging the measured weight of
the residues.

Analysis of the obtained lignin oil:

Upon!H NMR Analysis using 1,3rBnethoxybenzeng1,3,5TMB)as internal standar@Figure $0),
we found thatthe obtained lignin oil contains 64 wt%pfopylguaiacol1a):

e A 8
I Ratio betweerlaand1,3,5TMB: OA (34Eﬁ|ﬁ . = cC®TULU
n
1 The aimple contains 15 m#,3,5TMB, corresponding to 0.0911 mmol
1 Leading to @tuouBtwppg ocipl TITH o® ¢ CH
1 There is 38.58 mgja present in60 mglignin oil corresponding te> pnmbew™®
Hp Hp MeO]@\/ A= [
MeO OMe HO Hg
Ha
1,3,5-TMB 4-Propylguaiacol (1a) M
Ha: 8 6.10 ppm, 3H Hg: § 6.55 ppm, 1H —84.85 —100.00

f1 (ppm)
[} MANOONOL YT O CO0OWVWITANIOINILMNO]D® O
n NNhwvweilnninin = MY L Ynhinininn @ @ ®
© (RGN RN R RN NaANANANAAA A+ 5000
e——— B e L S S

20 11,5 11.0 10.5 10.0 95 9.0 85 80 7.5

Figure 30. 'H NMR Spectrum difynin oil revealingé4 wt% la. Quantification is based on the integration of the assigned
signalsfor Hx and Hg. Therefore60 mgoil and 15 mg 1,3 8rimethoxybenzene were dissolveddiSOds.
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Analysis of the lignin oil using @45 showed thaflawas present next to the followingionomersas
minor compounds

4-Ethylguaiacol (2 wt%)

Isoeugenol (< 1 wt%)
Methoxylpropanolguaiacol (< 1 wt%)
Dihydroconiferylalcohol (< 1 wt%)

= =4 —a A

Also some unidentified dimers were present. All these compounds are minor based &d MR
Spectrum of the lignin oil presented ligure $0.

1
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