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- Assistant Professor CNAM (Paris) 1981-1989.
- Professor 2™ class (1989), 1% class (1994) Exceptionnal class(2001), University Lyon 1.

Achievements and Awards

- Author of 292 articles and inventor of 54 original patents (most of them are international)

- H factor 41 ( Web of Science the 1/12/09)

- Langevin Award , French Academy of Science 1999

- Berthelot Medal 1999
- Innovation Award Rhone-Alpes 2000

- "Guest Editor" (with P. Mangeney) of the 15" volume of "Topics in Organometallic Chemistry

2005"

- Grand prix « Lebel » SFC 2007 (with Dr B. Meunier)
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A large part of the research in the Lemaire’s group is performed in the frame of cooperation with
industrial partners and special grants; for the last twenty years: CEA, COGEMA,
FRAMATOME, CEZUS, National Starch, Rhéne-Poulenc, Rhodia, Biomérieux, Total,
IFP, EIf, Chiralsep, Futurase, Dupont Coating, Von Roll, Charabot, Synt.:Em, Solvay,
PPD, NiPPON Oil, Apibio, Merial, Minakem,ONIDOL , Sofiproteol, Novance, several
government organisms ADEME, ANVAR, ANR , FUI and European funding.

Past Research Areas

M

o o
During my PhD under the supervision of Professor J. P. Guette, | ' 2
described the use of O and P hexachlorocyclohexadienones as chlorinating  .co o a
agents. These new chlorinating reagents are able to deliver the chlorine “
atom either on ortho or on para position of substituted aromatic rings, lchargenansfemmp.exe
thanks to the formation of Charge transfer interaction between substrate and

reagent. These reagents are now commercialized by Acros Chemicals and g oH
Aldrich, and are named as « Guy, Lemaire, Guetté Reagents » in Organic ¢ C'ﬁd
Synthesis Based on Name Reactions A. Hassner and C. Stumer editor wsco oY e
Pergamon, 2002 p.142.

exemple de reactif selectifs grace & des interactions a transfert de charge

During my post-doctoral position | worked on the asymmetric version of the Kumada-Corriu
reaction. We were the first group to describe the use of chiral thiomacrocycles as ligands for metal
catalyse asymmetric C-C bond formation in 1981.

As Assistant Professor in CNAM, | worked on new regioselective Emmd'm
reagents (oxidation, nitration..) using charge transfer interactions with

Professor J.P. Guetté. | also developed cooperation with Drs F. Garnier -
and J. Roncali in the field of organic conductor. In this particular area, é ' o

I was the first to show the enantioselective recognition of chiral anions

by chiral polythiophen during the cyclic voltametry. This article was e 4
cited in the « highlight » of « Chemistry Industry » july 18" 1988, p. %'M S

470.

Present research areas

Our “Catalysis and Organic Synthesis” CASO group work currently in three main areas: Separation
Science and Technology, Catalysis and Sustainable Chemistry and Synthesis of Biologically Active
Molecules. These three domains are connected because the new technologies and the new catalysts
developed in the two first areas are used in the synthesis of complexe molecules in the third.

1°Separation Science and technology

Separation and purification are time consuming and have often high ecological and
economical impacts. Nevertheless only few academic laboratories are working in this field.
Distillation and crystallization are the most preferred purification methods in industry but liquid liquid
extraction, specific resins and filtration technologies are now fast developing. We have worked in
these three areas by designing and synthesis of new extarctants, new materials and new complexing
agents.



In the case of liquid/liquid extraction, we designed and synthetized ligands for specific extraction of

alcaline, lanthanide or actinide cations. For example, we were able gn O

to extract selectively the plutonium nitrate from highly —— | g

concentrated and radioactive solutions using cis syn cis isomer of J JJ . f
it

—

Dicyclohexyl 18 crown 6. This result was selected as “important”
in the review: Chemie In Unserer Zeit january 25"1991, 236.

For the separation using solid liquid processes we designed new
specific resins for the separation of enantiomers, of ions and/or
traces of pollutants. For example, in cooperation with petroleum iy
companies we prepared polymers beads able to eliminate the sulfur — J _|IJL* =

containing  molecules  difficult  to  transform  using _ _ o
hydrodesulfuration. The selective elimination of the so called B P R

“hard sulfur”, allowed us to perform the deep hydrodesulfuration
of gasoil in very smooth conditions.

Nanofiltration is a very recent technology (less than 20 years)

. . . f\o/_\o’\
and we were among the first groups to associate this technology ¢ oo e
to a preliminary complexation step in order to obtain separation @Q < ?@ on
of ions having same charges and similar chemical properties. «" ¢ \ / ‘
? 0

Separation of lanthanide and actinide as well as alcalin ions were o 3 ¢
obtained by this technology. > s\
For example we were able to eliminate traces of cesium (10 mg N
L) from highly concentrated solution of sodium nitrate (300 g ‘2‘

z

LY.

1/

separation of cesium from sodium nitrate
using nanofiltration and selective complexation

2° New synthetic methodology, sustainable chemistry

The last few years, many important efforts were realized in order to obtain sustainable chemical
transformations. These research areas were widely studied in industrial laboratories but appear much
more recently in academic laboratories. The concepts associated with this domain constitute the
principles of green chemistry and green chemical engineering.

2.1 Catalysis and fine chemistry».

Catalysis is one of the most powerful tools to obtain chemical transformations with low
ecological impact. In order to obtain alkylation of amides and alcohols without coproduction of salts,
we have developed N and O reductive alkylation reaction as an alternative for the Williamson
synthesis of ethers. These methods were cited as examples of green chemistry in the "Heart Cuts" of
“Chem. Tech™. January 1995 and December 1995 as well in the "highlight™ of ““Chemistry and
Industry” january1997.112.

More recently we have applied this methodology for the synthesis of non ionic surfactant with high
yield and selectivity.

\/\/\(O HOM%H S— . NN H
H OH " Cat*/H2 OH n

guantitative yield
selectivity > 98%

Example of reductive alkylation of glycerol
Aryl Aryl C-C bond formation is an important transformation in all areas of organic synthesis
we have discovered a catalytic alternative for the Ullmann reaction and extended the Heck reaction to



thiophen and benzothiophen substrates. This last method is an efficient CH activation and was applied
on various substrates for the synthesis of bioactive molecules ( vide infra). The review we published
concerning aryl-aryl bond formation in 2002 is cited more than 1100 times.

O2N 7z Pd(OAc), (2%) —— —
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CN

example of new method of formation of aryl aryl bonds

We were one of the first groups to use metal nanoparticules such as rhodium or ruthenium,
prepared by reduction in the presence of cationic surfactants for the stereoselective reduction of
aromatic rings. This methodology was used for the stereoselective synthesis of cis syn cis and cis anti
cis isomers of macrocycle DCH 18C6.

Amine or ammoni um

Rh( .1 I\ponhl]e Ha/H O'CH
/ 2nm, 200-250 atoms

trioctylamine

ql Im
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J. Catal. 147, 214-222, (1984). Cis syn cis 95%
Example of stereoselective reduction of aromatic ring
The chemical and pharmaceutical industry use aluminum and borohydride in large scale; more than
thousand tons a year, nevertheless these reagents are n

dangerous. They generally require the use of inflammable l ! Z

. . CH,NH
and water soluble solvents. Moreover, the work up is difficult 10 % cat*/toluene e

and induces expansive waste treatment. The last few years

we proposed to use tetramethyl disiloxane as reducing agent H H 89%
i i ; i HiC ) O] _ch

in the presence of various metal catalysts. This reagent is si7 Nsi—CHs

easy to handle and could be used in non water miscible 'CH3 'CH3 2mol/mol

solvent of low toxicity such as methyl cyclohexane. TMDS is example of reduction of nitrile

a by product of silicon industry and the by- product of the TMDS(2mol/mal)

/ Toluene 100°C
reduction reaction by TMDS is a poly(siloxane) which is easy to separate /@ TiiOPr)4 (0-tmol/mol)

[}

and could be recycle as material. % —
We have described the reduction of phosphine oxide, nitrile or : ©/ \O
nitro derivatives with good yields and selectivity depending on the @

catalyst used. Quantitative yield
example of reduction of phosphine oxyde



2.2 Asymmetric catalysis

Phosphines are the most important type of ligand but they present O;—CHg sopropanoliKOH - CHs
several specific drawbacks we were among the first to use _

successfully nitrogen containing ligands for the asymmetric hydride 67%ee
transfer. The review we published in 2000 on this subject was cited O O

about 500 times. \

The last decade asymmetric catalysis had become one of the most worn ok

important areas of research in both academic and industrial Rncopct

example of asymmetric hydrie transfer

laboratories. Nevertheless, only relatively few industrial processes
use this technology. We believe that this slow development is mainly due to the price and the toxicity
of the organometallic soluble complexes used in these homogeneous catalysis.
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Example of box catalyst grafted onto silica

Therefore we developed new asymmetric catalysts as efficient and selective as their homogeneous
counterpart but easy to separate and recycle. We have synthetized and successfully used homogenous
supported and water soluble catalysts as well as catalyst efficient and selective in super critical CO, or
Room Temperature lonic Liquid. Diamine, salem, and binap were successfully modified in order to
easier separation and recycling in such solvent and/or conditions.
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Example of asymmetric reduction in ionic liquid and super critical CO,

3° Synthesis and evaluation of biologically active molecules

Research in synthetic methodology described in the previous chapter is used in the synthesis of more
complex molecules. We have chosen to use our technologies in medicinal chemistry in the frame of
several cooperations with biochemistry or biologic laboratories. The formation of aryl aryl

bond by CH activation appeared to be very useful in this particular field. For example we have
described new efficient inhibitors of the Nora pumps which are responsible for the multidrug
resistance of bacteria ( cooperation with J.M. Paris , ENSCParis), inhibitors of non specific alcaline
phosphatase responsible for the arthritis desease ( cooperation with Professor R. Buchet , ICBMS)
and new fluorescent rhodamine usable for proteins labelling ( cooperation with Dr A. Desronziers
UJF, Grenoble). Several other series of molecules are currently under testing in the field of inhibitor
of protein “chaperonne” HSP90 and molecules active on the CNS.
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Inhibitor of alcaline phosphatase / Inhibitor of Nora pumps
Biorganic and medicinal chemistry

Biorg. & medic. Chem 17, (2009) 7290-7300 \ 15 (2007) 4482-4497

CNS act|V|ty E Dawd
TETRAHEDRON : 63, 36 8999-9006 (2007)

I o
SOzH \
E. David
i i HyCO Inhibitor of Hsp 90

fluorescent dye for protein labelling
TETRAHEDRON LETTERS : 49, 11, 1860-1864 (2008) Joc. (2009) 3160-3163  S. Gracia

Examples of use of CH activation in medicinal chemistry

Using a modification of the Pictet-Spengler reaction as well as an original synthetic pathway we have
synthetized analogs of phtaliscidine, an efficient anti cancer drug discover by E.J.Corey during his
study of the ecteinascidine. All the molecules synthetized are being tested in cooperation with other

academic laboratories.



