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Some words about ABI

« URD ABI is dedicated to biomass
valorization

 Pomacle, France (15 km East of
Reims) on the site of biorefinery

 Agricultural region

« Vine %
* Wheat Baree
* Beetroot “ ?ﬁ

* Rapeseed

« Multidisciplinary research untt
* Biotechnology

« Eco-process engineering
* Green chemistry
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Context

* Challenge: Feeding a growing i it e
population without poisoning __AWorld population

ecosystems (soll, water...)

» Elicitation (iL.e., stimulation of plant
tmmune system) could be an
answer to ensure good
productivity and to limit chemical
treatments on fields

« Which molecules for elicitation?

2000 5419

ata sources: Our World in Data based on HYDE, UN, and UN Population Division [2019 Revision|
Thi 3 visualization from OurWorldinData.org, where you find data and research on how the world is changing
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Rhamnolipids

« Rhamnolipids proved to have elicitating properties

* Family of numerous amphiphilic molecules produced by various
microorganisms

« Can be recognized by plant immune system.

R4, =0OH R, = OH
MR1 or or HOZC/\‘/\/\/\/
//',, O 6 O MR1 ///,/,QOJ/O OH
m -
, ~ > R)-3-hyd d i id
HO/@RZ O O HO™ ™ 'OH (R)-3-hydroxydecanoic aci
OH OH

 Recently, (R)-3-hydroxydecanoic acid was identified as a very efficient elicitor

URD ABI M.-C. Hélotr, et al. Front. Plant Sci. 2019, 70 1-17.

by AgroParisTech - R. Schellenberger, et al. PNAS. 2021, 778, 39, e2101366118.
_ —




Levoglucosenone

Levoglucosenone (LGO) was generated
through flash pyrolysis of cellulosic wastes.

Harvesting and
transformation(s)

SS— Cellulosic co- Process advantages:
products . . .
Eco-conception of S From blpmass .
total synthesis of Fast » Selectivity LGO, water and biocoal
o (R)-3-hydroxy- i .
 Eictation e PV’°'V5C£) Energy neutral
n; ection agalnst analogs in 6 steps circa
phytopathogens £ LGO
oI Levoglucosenone advantages:
(14-33%) . Chiral
Hydroxy fatty lra. .
chain . (o) ? « Multifunctional
m L ?,) P « High reactivity
o @07‘0 ° synthesis ? d . . .
"S5 Rhamnoliids well-known elcitors 99 Design an eco-friendly synthetic route from
Ho@# of plant immune system, in ‘ . .
HO o particular the hydroxy fatty chain bl_o—ba Sed LGO towa rd (/@‘3—hyd roxyd ecanolc
acld & analogues
URD ABI
by AgroParisfech C. Lawrence, W. Raverty, A. Duncan, WO/2011/000030, 2011.
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Oxa-Michael addition

S  Total selectivity due to chirality of
Z 1
G/f LGO
3
LGO « Reaction in water or in recyclable
BnOH ([LGO] = 0.25 M solvents
H,O ([LGO] = 0.08 M), n Et3l(\E 0 Sleauis f ) EtOH, ([LGO] = 0.08 M), . .
K3PO, (5 mol%), 5 h, r.t. Svernight, r.t. ’ EtzN (2 equiv), 72 h, r.t. e H lg h yteld
Y Y Y
0 0 o)
0"z 0"z 07 = 0s
O O O 045
2 . - . = 04
OH OBn OEt -
LGO-OH LGO-OBn LGO-OEt § o3
75% 92% 86% E
Diot et al. 2020 Kawai et al. 1995 &
06 08 1 12 14 16 18 2
U RD ABI Et3N [equiv]
by AgroParisTech F. Diot-néant et al Eur. Polym. J. 2021, 759 1-8. T. Kawai et al. Aust. J. Chem. 1995, 48 115-131. B. T. Sharipov et al.

s —A— L% Mendeleev Commun. 2019, 29 200-202




Oxa-Michael addition

oo’  Total selectivity due to chirality of
L5 GO
LGO « Reaction in water or in recyclable
| | | solvents
@ @ @ + High yield
Y Y Y

* Low waste generation

=Process Mass Intensity

‘oBn Okt Sum of masses of all species entering in the
LGO-OH LGO-OBn LGO-OEt reaction (except water) over the mass(es) of
75% 92% 86%

desired product(s)
Diot et al. 2020 Kawai et al. 1995

URD ABI
by AgroParisTech F. Diot-néant et al Eur. Polym. J. 2021, 759 1-8. T. Kawal et al Aust. J. Chem. 1995, 48, 115-131.

s-A-# B.T. Sharipov et al Mendeleev Commun. 2019, 29, 200-202



Baeyer-Villiger Oxidation

1) Hy0, 45°C,
overnight
0 2) Amberlyst 15 IR,
<©// EtOH, 45°C, 2 h HO«LC%
o - [)=o
—. RO"
OR
LGO-OR HBO-OR
R=H, Bn or Et R=H, Bn or Et
R | Yield
H 99%
Bn 93%
Et 97%
URD ABI
by AgroParisTech G. Bonneau et al Green Chem. 2018, 20, 2455-2458

T—A- %

Total regioselectivity due to
acetal moiety of LGO

First step is solvent free and 2nd
ls performed in ethanol

Excellent yields >90%
Recyclabllity of the acidic resin
Mild conditions

No need of purification over
stlica gel



Baeyer-Villiger Oxidation

1) 020 a5°C. Total regioselec]:civlty due to
0 mberlys acetal moiety of LGO
@ “EOH. 4Ig°é,1€2)|hRL HO«EO%O : l /
S T First step is solvent free and 2nd
R ls performed in ethanol
R:ﬁ,i;ﬁii Et Rfﬁg;oj et Excellent yields >90%
Recyclabllity of the acidic resin
Yield . .
R | Vield | _PMI__ Vil conditions
H 99% 7.6 L
No need of purification over
Bn 93% 5.1 silica gel
Et 7% 6.4 Limited waste generation
URD ABI
by AgroParisTech G. Bonneauet al. Green Chem. 2018, 20, 2455-2458
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Activation of primary alcohol

HO«[O% 1YTsCl, Py 2, ot TSO/\LO): * No need of purification over silica
O 2 > O
HO" 2) Ac20, 2 h, r.t. AcO gel
quanti. ..
HBO-OH Mt « Efficient « one-pot, two-steps »
strategy for HBO-Ts-OAc
HO~ 0 0 N\0 * Good yield from HBO-OH and
/\E):O TsCl, Pyr, 2 h, rt. /\L):O
o e . HBO-OEt but moderate from
n n
HBO-OBn
HBO-OBn HBO-Ms-OBn

e Steric hindrance?

HO/\LO): TsCl, Pyr, 2 h, r.t. TSO/\LO):
0 ) - | 0
EtO" 74% Et0"

HBO-OEt HBO-Ts-OEt
URD ABI
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Activation of primary alcohol

1)TsClI, Pyr, 2 h, r.t.
HO/\EO):O 7% _
v 2) Ac20, 2 h, r.t.

HO'
HBO-OH

HO )
O

BnO'

HBO-OBn

HO O
o)

HBO-OEt

URD ABI

by AgroParislech
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TsO o)
O

quant. HBO-Ts-OH

HBO-Ts-OAc

MsCI, Pyr, 2 h, rt. MSO/\&O
88% .

BnO'

HBO-Ms-OBn

TsCl, Pyr, 2 h, rt. TSO/\LO):O
74% o

EtO
HBO-Ts-OEt

No need of purification over silica
gel

Efficient « one-pot, two-steps »
strategy for HBO-Ts-OAc

Good yield from HBO-OH and
HBO-OEt but moderate from
HBO-Obn

 Steric hindrance?
Good yield using mesyl chloride

instead of tosyl chloride from
HBO-OBn



Activation of primary alcohol

1)TsCI, Pyr, 2 h, r.t.
HO™N\-O TsCL Py Ts0~\-0
@) > O

HO'
HBO-OH

2) Ac20, 2 h, r.t.

quanti. HBO-Ts-OH

@ @ HBO-Ts-OAc

HO/\EQ):

BnO'

HBO-OBn

HO O
o)

HBO-OEt

URD ABI
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MsCI, Pyr, 2 h, rt. MSO/\&O
88/ Bno\“

HBO-Ms-OBn

TsCl, Pyr, 2 h, rt.  TsO «Lofo
0, o o
74% .

HBO-Ts-OEt

No need of purification over silica
gel

Efficient « one-pot, two-steps »
strategy for HBO-Ts-OAc

Good yield from HBO-OH and
HBO-OEt but moderate from
HBO-Obn

e Steric hindrance?

Good yield using mesyl chloride
instead of tosyl chloride from
HBO-Obn

Limited waste generation



Bernet-Vasella reaction

RO N0 G om0, 600, 150 . «One-pot, two-step » reaction
R;Eko ] /m( * Excess of reagent was limited at
R, = H. Ac, Bn or Et 1.2 for Nal and 1.5 for freshly
Rz = Ts orMs activated Zn
R, | Yield | PMI * Excellent yleld
H 91% 14.6 . NQ need of purification over
Ac 98%  10.2 stica gel
Bn 95% 3.0  Limited waste generation
Et 98% 11.1

URD ABI

by AgroParislech
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Cross-metathesis homologation

Grubbs Il cat., 1-Heptene, * Versatility of the procedure

/\'/\I(OH Cul, CPME, 40 °C, 3 h_ X\)}/\/\WOH
0 :

« Use of CPME, a green solvent

Moderate yields

OR OR O
Cat ConFent Vield | i
(mol%) | raten | o Starting material can be recovered
>’ | (mol.L'") ° .
H 2.4 0.1 46

Required purification over silica

: - gel
Ac 4.8 0.1 62
Bn 4.8 0.1 47
Et 4.8 0.25 60
URD ABI

by AgroParislech
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Cross-metathesis homologation

Grubbs Il cat., 1-Heptene,

M(OH Cul, CPME, 40 °C, 3 h W(OH
C OR O

Versatility of the procedure

Use of CPME, a green solvent

Moderate yields

 Starting material can be
recovered, particularly with benzyl

24 0. A6 substitute (corrected yield 88%)
AcC 48 0.1 62 e Required purification over silica
Bn 4.8 0.1 47 ge!
106.9
URD ABI

by AgroParislech
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Hydrogenation

H,, Pd/C, EtOH,

MOH overnight, r.t. MOH
Quantitative =

OR O AR O

R=H,AC, Bn, Et PMI
8.9

URD ABI

by AgroParislech
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Quantitative yield

No need of purification over silica
gel

No debenzylation when ethanol
was used as solvent

Switch to ethanol/acetic acid
(95:5) allow total deprotection

Limited waste production



Metrics comparison with other reported procedures

* Calculation for (R)-3-hydroxydecanoic acid
 PMI

Menhour's

This process Bauer's process
process

Average: 25 Average: 101

Range: 1.3 — 107 Range: 4 — 347 Average: 276

Range: 25 — 1194

 Ecoscale

Menhour's
process
Average: 42
Range: 5-78

This process Bauer’s process

Average: 77 Average: 61
Range: 47-87 Range: 38-72

URD ABI

by AgroParislech
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Take home messages

Synthesis of library of 3-(R)-hydroxydecanoic acid analogs from cellulosic
waste

Thinking about usage of solvents
« Reduction by concentrated media and/or « one-pot two-steps » procedures
« Usage of bio-based solvents
* No use of halogenated solvent

Reduction of number of purification over silica gel

Ensuring eco-friendliness through calculation of green metrics

URD ABI

by AgroParislech
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