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Introduction. — With the future exhaust of petroleum and coal that
represent our raw materials for material sciences, crop protecting agents
and drugs our civilization is confronted with the urgent need to find new
sources of carbon containing raw materials. Vegetable biomass, generated
from CO2, H20 and using sunlight as the energy source producing Oz as a
subproduct, is the best alternative to oil, gas and coal. Plants have to be
used to feed men. To divert them into fuel and fine chemical production
cannot be done at this moment, unless new plants are found that can have
a better photochemical yield for the conversion of COz2 in carbohydrates
and other compounds, and would not require huge amount of water. Thus
as long as one cannot grow biomass in the desert, only the left-overs
(mainly straw) can be used as a sources of fuel and fine chemicals. For
many years our laboratory has developed synthetic methodology
permitting to convert furans into high value added chemicals such as
drugs. Furans are inexpensive, non-toxic compounds obtained by acidic
treatment of agriculture left-overs (e.g. straw).?
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Acid-catalyzed dehydration of polysaccharides: gold from garbage®

1 Corma, A.; Iborra, S.; Velty, A. Chem. Rev. 2007, 107, 2411-
2502.

2 Chheda, J. N.; Huber, G. W.; Dumesic, J. A. Angew. Chem. Int.
Ed. 2007, 46, 7164-7183.

8 Chheda, J. N.; Roman-Leshkov, Y.; Dumesic, J. A. Green Chem.

2007, 9, 342-350 (Univ. Wisconsin-Madison).

e 3" International Conference on Organic Chemistry
July 20-21,2020 | Webinar

Agriculture left-overs Hs0* o) / @\
cereal straws and brans 170°C o~ “CHO

H

\
o
/1(:611. cat.'\
co co
(NaOH, KOH)
I\ 7\
Do

furfuryl alcohol furan

Two-phase system: o

H,0 + DMSO/ M

cat: HCI, HySO4 or H3POy4
(pH: 1-2)

OH +
H

biomass feedstock
starch
(polyglucan)

additional dehydration and fragmentation products

O SO rehydration products
levulinic acid ~ formic acid
OH OH  OH OHJy i
Inulin +* 4”7 OH
(polyfructan) HO.
lacid hydrolysis o
(D-glucose "\ 'a CHO CHO N +2H,0
OH (o]
i 2o Ly AS Ly
(‘ZHOH H OH H OH o
OH H OH H OH o |
HO H CH,0H CH,OH w
< H——OH >:< acyclic intermediates >H_<Z_—O
H o HO OH HO OH HO
CH,0H o} o, o.__CHO
Hi H /)
“ OH =0 -H0
D-fruct OH 2Y  OH 2 OH
N\ fuctose ) NG cyclic furanose intermediates v
isomerization \
Il-210
OH
00 CH,OH
HO H so_luble polymer; and
HO o © insoluble humins
OH

reversion products condensation products

Formation of levulinic acid and formic acid is suppressed when fructose
or glucose is heated (80-100°C) in ionic liquid methylimidazolium
chloride with CrCl: as catalyst.*

Energy efficient production of H, and Syngas from biomass®
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no tar, no charcoal!

Further method: droplets of sugar, H20, soy oil hit a porous ceramic
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catalyst heated to 1000°C = maximum yield in Hz + CO.°®
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The "naked sugar" methodology*®
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Furan + furfuryl alcohol — 2,2'-methylenebis(furan): a synthon for
the synthesis of bioactive compounds.

A great variety of natural products of biological interest include
polyketide (1,3-polyoxo, 1,3-polyols, aldols) components.'® Inspired by
the work of Lautens® and Hoffmann and co-workers,” who have
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converted 8-oxabicyclo[3.2.1]oct-6-en-3-one into seven-carbon chain 1,3-
polyols and analogues,*® and by that of Kaku et al.,*® who have
transformed cyclohept-3-ene-1,6-diol into 1,3-polyols, we have proposed
a new, non-iterative asymmetric synthesis of long-chain 1,3-polyols
starting from the now readily available 2,2'-methylenebis(furan) (1).2% 2
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Apart from the reductive dechlorination step which at this moment, has
been realized under standard conditions (BusSnH as reducing agent), the
conversion of (£)-3 into (-)-7 is environment friendly. Pozzi and Renaud
have shown recently that organoboranes and water can substitute tin
hydrides in radical reduction.?

Conclusion — Leftovers from agriculture provide inexpensive chemicals
(gold from garbage) such as furan, furfural, (2-furan)methanol, 5-
hydroxymethylfurfural, 2,5-dimethylfuran, maleic anhydride,
tetrahydrofuran, diacetyl and carbon monoxide + hydrogen (syn-gas).
These products will substitute petroleum-derived chemicals that are now
necessary for our civilization (energy, crop protection, health, materials,
telecommunication, etc.). This presentation gives applications of furan
chemistry. We have demonstrated that furan and its readily available
derivatives can be used to construct highly sophisticated compounds of
biological interest such as anti-tumoral anthracyclines and polyketide
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antibiotics. Enantiomerically pure compounds have been obtained from camphor derived from trees. The chemistry shown here contributes
readily available leftovers such as tartaric acids (from wine) or from toward sustainable development.

e 3" International Conference on Organic Chemistry 2020 | Volume 3 Issue 2
July 20-21,2020 | Webinar



