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

Selective polyphenol functionnalization
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Multistep selective alkylation of polyphenol
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Strategy: 1) Optimisation of the two steps separatelyStrategy: 1) Optimisation of the two steps separately
      2) Connection of the two steps      2) Connection of the two steps

Continuous green process without purification ofContinuous green process without purification of
the intermediatethe intermediate

High structural diversityHigh structural diversity



First step: Benzoic acid alkylation within microreactor
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Benzoic acid alkylation in the presence of a superbase

X

COOH
N N

N

N

N

N

X

COO MeI

DMF, RT DMF, RT X

COOMe

+

pKa (DMF) = 10-12.6

Benzoic acids TMGN
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TMGNH

Fast Rate determining step

k = kobs

NMR kinetic study: The reaction is complete after 2 minutes2 minutes

Flash reaction

The reaction can be easily transposed under microflow

[Benzoic acid]0 : 0.2 mol.L-1



Mixing device : Nanomixer® from Upchurch Scientific

Inlet

Oulet

Flux  2

Flux 1

Multilaminating mixer

Fast mixing by diffusion

Fast & Selective deprotonation of most acidic position

Experimetal setup for benzoic acid alkylation

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



Experimetal setup for benzoic acid alkylation

Tubing ID: 75 !m
Tubing lenght: 3 m

High pressure drop induced by the Nanomixer®



Parameters to control

Benzoic acid 
+ Base

Alkylant Benzoic acid 

Base
+ Alkylant

Classical parameters : 

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

Config. 1Config. 1 Config. 2Config. 2

Comparison with batch
 

Benzoic acid 
+ Alkylant

Base

Config. 3Config. 3



Page ! 9

The reaction follows a
clean second order
kinetic up to near
quantitative yield

Short time

Long time

Benzoic acid 
+ Base

Alkylant

Config. 1Config. 1

[Benzoic acid]0 : 0.002 mol.L-1



Kinetic results summary

k = 0.311 mol-1.L.s k = 0.349 mol-1.L.s

k = 0.373 mol-1.L.s

k = 0.521 mol-1.L.s

Benzoic acid 
+ Base

Alkylant

Config. 1Config. 1

Benzoic acid 

Alkylant + Base

Config. 2Config. 2

Benzoic acid 
+ Alkylant

Base

Config. 3Config. 3

Slight increase of the kinetics within microreactor
Configuration 3 is the fastest
 



Preparative study – First results
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1 1 1 77% - -
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[Syringic Acid] = 0.1 mol.L-1

20 !L.min-1



Second step: Phenol alkylation within microreactor
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Phenol alkylation in the presence of a superbase
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pKa (DMF) = 16.3

Guanidine "superbase"

TMGNH

NMR kinetic study : The reaction is slow at room temperature

Effect of the temperature ???

[Phenol]0= 0.4 mol.L-1

Transposition within microreactors requires high
residence time



Experimental Setup

Y mixer
(parallel mixing)

Tear Drop mixer
(Split and recombine mixing)

Swirl mixer
(Vortex mixing)

3 different glass micromixer chips from Micronit

Tubing ID: 200 !m
Tubing lenght: 3 m
Residence time: 2 min 47 s 

40 !L.min-1



Phenol alkylation within microreactor

No effect of the mixer

High effect of the temperature
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Selective multistep alkylation within microreactor
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Selective multistep alkylation within microreactor

40s

20 !L.min-1

2.5 !L.min-1

250s

Syringe 1 (4 mL): Syringic Acid (1 eq.) + MeI (1 eq.)
Syringe 2 (4 mL): TMGN (2.2 eq.)
Syringe 3 (1 mL): Benzyl Bromide (1 eq.)
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Preparative study – First result

NMR study of the crude mixture: 2 main products

40 s

[Syringic Acid]0 = 0.1 mol.L-1

110 °C
250 s

1/3 2/3 

+ traces of side-products

(degradation during the purification)



Conclusion and perspective

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

First result from multistep experiment is very promising.

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

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 ???

Because Thierry Henry is presently 
improving his famous technique


