Benzoic acids and phenols alkylation within microreactor:
Toward a selective and continuous multistep process
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Selective polyphenol functionnalization

Polyphenols are naturally abundant (over 4,000 distinct species)

Hydroxybenzoic acids Hydroxycinnamic acids Naphtoquinones
(spice, strawberry) (tomatoes) (walnut)
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Trans-stilbenes Flavanoids Lignans
(grape) (strawberry) (wood, intestinal bacteria)
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‘ Green Chemistry (Bioresource)

‘ Precursors for Medicinal Chemistry



Multistep selective alkylation of polyphenol

K CHALLENGE

Step 1 Step 2

MeO COOH MeO COOAIk; MeO COOAIk,
HO: ; % HO: ; >’r“mf AIkZO: ;
OMe OMe OMe

Syringic Acid

Continuous green process without purification of
the intermediate

‘ High structural diversity

Strategy: 1) Optimisation of the two steps separately
2) Connection of the two steps




First step: Benzoic acid alkylation within microreactor

Azarmidokht Gholamipour-Shirazi (PhD)

Alkylant




Benzoic acid alkylation in the presence of a superbase

Guanidine "superbase"

S~ - Fast Rate determining step
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Benzoic acids TMGN Keq > 1037 k = kobs

pKa (DMF) = 10-12.6 pKa (DMF) = 16.3

[Benzoic acid], : 0.2 mol.L"

‘ NMR kinetic study: The reaction is complete after 2 minutes

‘ Flash reaction

‘ The reaction can be easily transposed under microflow
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Experimetal setup for benzoic acid alkylation

Mixing device : Nanomixer® from Upchurch Scientific

Nanomixer® internal view

Enlarged view of the internal
i hip of the Nanomixer®

High pressure coupling ferrule

FIu3<1v"".".!

Size on Nanomixer® entry
channels : 50 microns

-

’ Multilaminating mixer
» Fast mixing by diffusion

’ Fast & Selective deprotonation of most acidic position

Kajjout, et al. Special Publication - Royal Society of Chemistry 2004, 297, 267-269.



Experimetal setup for benzoic acid alkylation

Capiiary tubing
Hgh Pressure

Sprnge Purp _ Stewiess Stow Stairiess Steel
Syringe 1{8 mL) | Syrinoe 2 (8 ml)
syringe Purp
Remote Control
Tubing ID: 75 ym
Tubing lenght: 3 m
-/?— Quenching vial

Nandrreer

Magnetic stirrer

High pressure drop induced by the Nanomixer®



Parameters to control
» Classical parameters :

1.Concentration
2.Flow rate
3.Residence time (Internal diameter & lenght of the microsystem)

» 3 possible configurations
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Config. 1

Benzoic acid
+ Base %
Alkylant
[Benzoic acid], : 0.002 mol.L-1
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k=0.311 mol'.L.s
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Slight increase of the kinetics within microreactor
Configuration 3 is the fastest

Kinetic results summary

k =0.349 mol'.L.s

k=0.373 mol'.L.s

k =0.521 mol'.L.s



Preparative study — First results

0 COOH
I;r 3 possible products
HO + Mel

o)
~
Ester (A) Ether (B) Ester-Ether (C)
Syringic Acid 40 s
0 COOMe 0 COCH 0 COOMe
0 0 0
\N/ \N/ 20 L . -1

Mel TMGN

1 1 1 77% - -
1 1.5 1.5 92% - 8%

[Syringic Acid] = 0.1 mol.L-1



Second step: Phenol alkylation within microreactor

Kepka Cédric (PhD)
Vambesien Théodore (Trainee)

Alkylant




Phenol alkylation in the presence of a superbase

Guanidine "superbase”
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Phenol TMGN
pKa (DMF) = 10.8 pKa (DMF) = 16.3

[Phenol],= 0.4 mol.L-1

‘ NMR kinetic study : The reaction is slow at room temperature

Transposition within microreactors requires high
residence time
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1 ‘ Effect of the temperature ???
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Experimental Setup

- Synnge Purp Tubing ID: 200 ym
Tubing lenght: 3 m

Residence time: 2 min 47 s
Hot Pate

Syrnge 2 Capdlary

Terperature Collector
-'-Cv’»a

Reguiator
Meroet Chip Holder

Glass Mcromies
Chio

7 Oooooo) !
| -'L_.L...llu_”

- —_ 1

40 pL.min-1

Y mixer Tear Drop mixer Swirl mixer
(parallel mixing) (Split and recombine mixing) (Vortex mixing)




Phenol alkylation within microreactor

Swirl Vortex
Bases
n-Buy,NOH TBD DBU
N N
gD CO
Base nBud4dNOH H
Conversion (25°C) 3 \/\/C'}‘DW
Conversion (110°C) 60 67 88 ©OH
Tear Drop Split and recombine
i_\\/?\___?
Base DBU TBD nBu4dNOH - > >
Conversion (25°C) 6 13 3 - n-Bu,NOH > TBD > DBU
Conversion (110°C) 60 73 88
Y Parallel
- No effect of the mixer
E— =TT - High effect of the temperature
Conversion (25°C) 1
Conversion (110°C) 90




Selective multistep alkylation within microreactor

Thijs Janssens (trainee)

Step 1 Step 2
MeO COOH MeO COOAIK; MeO COOAIKk;
HO: ; % HO: ; >Jmﬂr AIkZO: ;
OMe OMe OMe
110°C
Syringic Acid
Alk1 : Mel
AIK2 : @ABr
Benzoic Acid Phenol
Alkylation Alkylation

conditions conditions



Selective multistep alkylation within microreactor

2.5 yL.min""

Syirge Purrg

MICRONIT 4Y muboer)
Quenchng Rash

Syringe 1 (4 mL): Syringic Acid (1 eq.) + Mel (1 eq.)
Syringe 2 (4 mL): TMGN (2.2 eq.)
Syringe 3 (1 mL): Benzyl Bromide (1 eq.)




Preparative study — First result

O COOH Alkylant 1
Hoji;r + Mel NMR study of the crude mixture: 2 main products
° \ 110 °C
Syringic Acid \\\\ 40 s 250 s Ester (A) Ester-Ether (B)
) e COOMe e COOMe
SN N7 0 0
\N*\N NJ\N/ /
| | 1/3 2/3
Alkylant 2
TMGN @ABr
(22 eq.) + traces of side-products

(degradation during the purification)

[Syringic Acid], = 0.1 mol.L-1



Conclusion and perspective

$343 333

Benzoic acids alkylation in the presence of TMGN can be done
easily within microreactor

Phenols alkylation within microreactor is more problematic and
presently require heating activation

Milder and faster conditions for phenols alkylation are highly
required - Stronger bases ??7?

First result from multistep experiment is very promising.

Production of mg quantities appropriate for biological tests

Scaling-up requires larger channels and parallelization
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Why will we win the next Football World Cup ?7??

Because Thierry Henry is presently
improving his famous technique




