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This presentation focuses on technical and material applications of sugar derivatives,
food and pharmaceutical applications are excluded.
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Sugar derivatives can be categorized as following:

d Sugar-based alcohols (e.g. polyols, but also ethanol, propanediol),
d Sugar-based acids (e.g. lactic acid, levulinic acid),

d aminosugars (e.g. glycosamine),
0

O-, S-, N- or C-glycosides (almost exclusively present in plants), which are composed
of a glycon and an aglycon.



Global Country Business

We will discuss global patent activity in sugar derivatives, the patent activity per country
and the business expectations.



GLOBAL PATENT ACTIVITY
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Patent families

We have identified 19,425 patent families/unique inventions about sugar-based
products, if we exclude medical and food domains (codes A21, A23 and A61) but
keep cosmetic (code A61K8 and A61Q), it makes 9,544 patent families/unique
inventions.

We clearly see a similar trend in global patent activity.

Patent activity in sugar-based products is increasing, but when China is excluded, global
patent growth is rather marginal, but still significantly higher than the global patent
activity china excluded. We can conclude that sugar-based products is more dynamic in
IP than average IP.



4 COUNTRIES THAT MATTER
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China is the most important player in the field of sugar derivatives, followed by Japan,

USA and Korea.
Important side note #patents/patent family (business expectation) is lower in China!



BUSINESS EXPECTATIONS

An important parameter to study the impact of a specific patent family is to check the
number of patents per patent family, this parameter gives a glimpse of the business
expectation.

Globally we see a decrease in business expectation, this indicates a reduction in number

of patents applied outside the land of origin.
The decrease is due to China!

Patent/family ratio data is not relevent for the last 3 years (2013-2016) because of the

18-months lagtime before publication but also because daugther patents are published

years after the mother patent.



BUSINESS EXPECTATIONS WITHOUT CHINA

When China is excluded we clearly see a significant growth in the patents/patent
families ratio: it means the business expectation of patent applicants is increasing in the
domain of sugar-based products.

While the ratio drops to 2 when China is included. This is because many Chinese patents
are only patented in China, which moves the ratio closer to 1.
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MAIN APPLICATIONS

BIOFUELS SURFACTANTS COSMETICS
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Conclusion: biofuels, cosmetics and surfactants are the most popular application
domain in sugar derivatives

Surfactantia = C-glycosides! Linear and cyclic C-glycosides as surfactants,
http://pubs.rsc.org/en/content/articlelanding/2011/gc/c0gc00407c/unauth#!div
Abstract

Cosmetics: hyaluronic acid and sugar alcohols = skin care; xylose or xylobiose =
haircare;

Biofuels = Ethanol and other sugar alcohols



APPLICATION DOMAINS

Production of Biofuels

Cosmetic preparations

Preparations for care of the skin

Hair care preparations

Chemical Technologies against climate change
Other detergent composition

Surfactant

o
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Chemical technologies against climate change = biofuels



porous carbon

Carbon snake

from the dehydration of
sugar catalysed by
sulfuric acid

Possible heat storage
material or super
capacitor

A carbon snake can also be seen as a sugar derivative, a carbon snake results from the
dehydration of table sugar catalyzed by high concentrated sulfuric acid.
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IMPORTANT PLAYERS

COSMETICS CHEMISTRY & BIO FUELS

LOREAL QSumitomo ’TORAY’

Kao Q "™
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Conclusion: the most dynamic companies in sugar derivatives over the period
2005-2015 are L'Oréal, Kao Corporation, Toray Industries, Sumitomo and BASF.

China Petrochemical Corporation is a newcomer since the last 5 years.



Fermentation Chemistry Hybrid

Oxidation, reduction, dehydration and coupling are the most important chemical
reactions, these can be applied in chemical synthesis or via fermentation.

Some sugar derivaties are mainly produced via either fermentation or chemical
synthesis, however sugar acids are produced equally by both routes.
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FERMENTATION

[Product kind CPCcode 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total
[Ethancl, i.e. non-beverage C12P7/06 1 1 2 4 32 1 1 4 6 1 5 4 5 1 39
IPolyol eg. glycerol, butanediol Ci2P7/18 1 2 1 1 1 1 2 1 1 i 4 2 1 4 2 27
lLactic acid C12P7/56 1 1 1 2 1 1 2 5 2 3 1 4 1 4
[Butanaols C12P7/16 1 2 1 '3 2 1 &4 1 16
IProduced by the actionof an isomerase, e g. fructose C12P15/24 1 3 A 1 1 1 1 2 12
[Hydrowy-carboxylic acids C12p7/42 1 7 T LR S 12
etconces S gar based fermented products # of patemts: s ©
[Containinga :srbmvl up, including Peroxycarboxylic +

d CI2P7/30 I 3 3 T I 1 1 10
pasccrnetes 1. BiO-€thanol cosm - S 21

1 9
INitrogen-contaTming —CIIPI57 36 T e 1 T r e 1 9
[elvcopeptides & ghycoprothhg) y ols £12P21/005 2 27 1 1 108
jacyclic oxygen-containing compourds C12P7/04 1 1 1 121 1 1 2 8
2’:;1'?2?3“"“3‘“‘"'12&"&ft"ﬁa(‘i‘i?ﬂd as 1 24 S
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Polyesters of hydroxy-carboxyticacids, —CIPTI625 T : S S I 6
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ersse 4. Butanols o . T
|Propionic acid:Bytyric acxp i /52 é ) 5
b setopulonicar roduced byifhe actidn of an1 : 12 :
Ketones C12P7/26 1 1 2 4
Jacetone-containing produ m C12P7/28 1 1 1 1 4
ICarboxylic acid esters 115 O e ra S e c12r7/82 1 1 4
Hydroxy-containing compounds c12p7foz 1 1 X 3
[Glycerol ci2r7/20 1 2 3
jaldonic, keto-aldonic or saccharic acids C12P7/58 1 1 .1 3
[Produced by the action of a beta-amylase, e.g. maltose  C12P19/22 1 2

Bio-ethanol attracts the highest patent activity, but polyols like butanediol, propanediol,
glycerol are also popular topics in patents. Hydroxycarboxylic acid includes the “famous”
3-hydroxy propionic acid”.



IChemicals 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total
lalcohols 5 11 5 6 6 1 7 5 6 9 6 4 8 13 17 14 12 16 21 20 192
[glycosides 7 4 10 6 5 6 2 7 4 7 11 9 1 13 5 9 13 16 12 157
furfural 1 1 1 1 1 3 74 10 i 10 22 15 21 El
polyols 5 4 1 1 5 7 2 3 1 1 4 6 15 7 19 13 7 101
lglycol 1 1 1 3 2 1 2 E 6 14 3 12 51
sorbitol 7 2 6 2 2 G 2 1 2 2 2 4 1 4 4 1 9 57
eranl Sygar products by chemical reactipn:? # of pptents s : #
beylitol 1 1 1 1 1 1 2 2 2 2 1 4 4 1 5 32
acid esters 2 3 2 1 4 2 3 1 3 1 2 32
jpolyurethane 1 A!éOhOlS 2 3 1 2 1 4 192 3 6 24
e — - : s n — : 3 I - 4
Cgycoside 2. GlVCQSIdeS 2 2 2 1 157 2 1 2 1 1 2
mannitol 1 +—2 1 1 1 3 1 1 1 3 1 1 4 22
e 3. Furfural 1 2 1 3 2 962 2 2 3 1 2
ethylene glycol 3 1 3 1 2 6 12
b, 4 Polyols * - i EEF P
isosorbide 1 1 1 1 1 1 i 1 3 2 1 14
lycopeptide 5 G IVCOI S 3 1 1 2 2 5 1 1 2 1 14}
propylene glycol 1 1 1 1 3 5 2 14}
lycosaminoglycan 2 1 2 3 1 3 1 1 1 15§
nhydrosugar 2 1 1 1 1 1 2 9
Ilycerol 2 1 1 2 1 2 1 1 12
jpolyolefin resin 3 1 2 1 1 1 9
jpolyethylene glycol 1 1 1 1 1 1 2 &)

The polyols mentioned here are made from reduction of sugar (eg to form sorbitol) or
from dehydration of sugar.

Sugar-based furan is of high interest for the production of 2,5-Furandicarboxylic acid,
which is a possible building block for bio-based polyester, Du Pont and BASF are quite
active on that.



HYBRID

Acid name 1995 1996 1597 1598 1599 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total
lacticacid 6 - 3 2 6 -1 4 4 9 2 5 9 11 26 12 15 16 11 22 20 153
PLA 1 2 3 6 2 4 4 2 2 5 1 32
citricacid 2 3 1 1 1 1 2 1 1 5 3 3 1 25
carboxylicacids 1 4 2 1 3 23
- meo Fefmentatlon & chemlcal reactlon * #of patents ¢ * =
atty acids

(sugar) fatty acfd ester ¢j l l 2 1 1 1 15
gluconicacid T La Ctic éCl 193 3 5 1 13
levulinic acid 2 g 2 12
aceticacid 2 P LA 1 2 3 2 2 3 9
2-keto-l-gul cid 1 2 2 1 6
weneacs 3. Carboxylic acid 25 5 3
terEphthét_iEa ] 4 5
carboxylicaci evivatiAc ryl IC laCIdS 1 1 1 23 1 5
oleanolicacid a 4 1 5
wmicasd D.  Fatty acids 22 a 5
levulinicacid ester 1 1 1 3 4
succinic acid 1 1 1 1 4
pyruvicacid 1 3 4
glutamicacid 1 3 4

Acids are commonly made either by fermentation or by chemical modification, so it
makes more sense to keep all the acids together. Acrylic acid is often based on lactic
acid dehydration, and since acrylic and methacrylic acid are key building block for many
polymers (plexiglas, superabsorbing polymers), this is quite an intersting application for
lactic acid.



THE CHEMISTRY
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Oxidation, reduction, dehydration and coupling = O-glycoside

Oxidation = sugar acids

Reduction = sugar alcohols

Dehydratation = sugar alcohols, furane derivatives

Coupling reactions = Glycosides
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FOCUS ON PROPANEDIOL

= 1,3-Propanediol can be formulated into a variety of HO/\/\OH

industrial products, including, adhesives, laminates,

polyesters, polyurethane, solvents...

= (Can be produced from petrochemical or by

fermentation from glucose or glycerol. Global patent activity for propanediol
Patent activity increases mostly in China

=  DuPont and Tate & Lyle commercialize fermentation-

based propanediol for 10 years. G'-st;.sl/-

% : /
Top 5 companiesin patents over the period 2010-2015 jex H,f

*  China Petrochemical Corporation /
=  DUPONT 2 Vs
*  Metabolic Explorer SA " y S - ¥ 4
= BASF . g N
= DAICEL Chemical -
Lol PR P

/

Global-China excluded

| CASE STUDY 19

Propanediol is used in adhesives, laminates, polyesters, polyurethanes and solvents.
It’s also a building block in the production of polymers.

In contrast to the rest of the world, China presents an increase in patent activity, also
CNPC s in the top 5 companies.

Noteworthy is that glycerol can be an alternative for sugars, glycerol is abundant since
it’s a side product of biodiesel production.




FOCUS ON POLYHYDROXYALKANOATES (PHA)

»  Polyhydroxyalkanoates or PHAs are linear polyesters produced H

in nature by bacterial fermentation of sugar or lipids.

® These polymers are biodegradeable and are used in the

production of bioplastics.

» | ots of research dedicated to lower production costs, still too
Global patent activity for PHA:
Qutside China, steady patent activity over the
last 20 years

high for large scale commercialization.

Glon’.ﬂ
Top 5 companies in patents over the period 2010-2015 / \
"  Metabolix ’
*  Kaneka . A
=  BASF
=  TEPHA
®* LG Chemical

| CASE STUDY 20

According to some market reports, the market for PHA is going to increase within the
next 5-10 years, but today it’s still a niche product

Again China shows a boom in patent activity, however there’s a drop after 2014.

20



LEVULINIC AND ITACONIC ACID

o
= Levulinic acid is a precursor to pharmaceuticals, plasticizers, various CHs
HO
additives and biofuels (such as methyltetrahydrofuran, gamma- 0
Levulinic acid
valerolactone, and ethyl levulinate).
*  Bio-based levulinic acid ks made from fermentation of sugar or chemical Q
OH
modification of furfuryl alcohol. HO'
taconicacid ]
= itaconic acid is a precursor of many industrially relevant compounds in

pharmaceutical and chemical industries, especially of interest for
lymers, as ial substitute for acrylic and methacrylic : -1 ¢ i . : .
polymers, as potential substitute for acrylic and methacrylic acid Global patent activity for levuling acid and itaconic acid
. . : - Growing mostly in China
=  Current fermentation processes for the production of itaconic acid from
_ - ) . ’ Global
sugar are executed aerobically using oxygen as the terminal electron

acceptor. /

Top 5 companies in patents aver the period 2010-2015 c /

*  China Petrochemical Corporation ; NG

=  D5M

= Jinan Huaming Biochemistry m/

" BASF Global-China excluded
-

Qingdao Langyatai Group

| CASE STUDY 21

Those two compounds are promising, but the fact that most patent activity is happening
in China raises some questions, like is it just a buzz. On the other hand, DSM and BASF
are quite active here

Levulinic acid is used in nylon, synthetic rubber and plastics

Itaconic acid is produced via distillation of citric acid, and there’s interest to use this
compound for the production of polymers.



HYDROXYPROPIONIC ACID

»  3-hydroxypropionic acid (3-HP) identified by the U.S. 1

Department of Energy as one of the top 12 high-potential

building block chemicals that can be made by fermentation. k
= 100% theoretical yield from glucose
* Attention: glycerol, from biodiesel production waste, is a R

competition for sugar in the production of hydroxypropionic

acid.

Top5 companies in patents over the period 2010-2015
=  SAMSUNG ELECTRONICS

= (OPXBiotechnologies

= DuPont

= Nippon Catalytic Chemical Industries

®  |nvista North America

glycarel and glucose are fermented together
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Hydroxypropionic acid is definitively a very interesting sugar-based product, the only big

risk is the competion with glycerol-based hydroxypropionic acid.
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C-GLYCOSIDE CHEMISTRY

®*  (C-Glycosides often rely on green chemistry and facile
methodology for their synthesis.

®*  Glycosides are commonly used as pharmacophores,
biomaterials and green surfactants.

=  (-Glycosides are considered to be best alternatives
for O-, N-, S-glycosides.

= Other applications of C-glycoside are biomolecules,
green surfactants and self-assembled soft-materials.

Top5 patent applicants over the period 2010-2015
= |'Oreal

Tianjin Institute for Pharmaceutical Research
Centre National de la Recherche Scientifique
Henan College for Traditional Chinese Medicine
Shanghai Institute of Materia Medica
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Global patent activity about C-glycoside

Global

Global-China excluded

| CASE STUDY 23
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C-glycosides are typically used for bio-based surfactant, with a sugar polar head and
fatty acid apolar tail. They also find applications as pharmaceutical intermediate and

building blocks for hydrogels.
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DIANHYDROHEXITOL-BASED POLYMERS/MATERIALS

oHON

*  (Obtained by double dehydration of hexitols such as [

Ll
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mannitol and sorbitol. - _1_::' Mooy o——h MO h:")
. - | [T — o—
* The 1,4- and 3,6-dianhydrohexitols are well known o M w——on .
under the names isosorbide, isoidide and isomannide. L upm i
®* |spsorbide has been used in a wide variety of polymers, [y — D-Sorbitol tuamarbidde
including polyesters, polycarbonates, polyethers, PEEK sosorbide
and polyurethanes and bio-based bisphenol A
alternative.

Global patent activity about dianhydrohexitol:
Strong increase with or without china

Top 5 companies over the period 2010-2015
= SK Chemicals

Roquette Fréres

Mitsubishi Chemical Corporation
CLARIANT GmbH

Archer Daniels Midland

Glopal
.".'.

Reference

F. Fenouillot et al, Proprass in Polvorar Scianc, Volumae 35, Issue 5, May 2010, Pages 575622 (Funded by

the Roquettecompany

| CASE STUDY 24

Ordinary sugar has too many hydroxyl groups. This double dehydration is ideal to form
functional compounds that can replace other petrochemical intermediates. The
Roquette companty is quite active for this compound.



CONCLUSION

= Patent activity for sugar-based material is rather dynamic

* Bio-based fuel is the most dynamic sugar-derived topicin patents

* Oxidation, reduction, dehydration and coupling (e.g. sugar-based detergent) via fermentation or chemical

maodification

»  QGlycerol-derived products are a potential competition

» Different patent priorities in China

CONCLUSION | FINAL 25

However, many other sugar-derived compounds are incoming, with higher value

than biofuel

Patents about propanediol, PHA, levulinic and itaconic acid are especially numerous

in China (propaandiol, levulinezuur, PHA)

Hydroxypropionic acid, C-glycoside and dianhydrohexitol are trendy topics in the
world outside China (HPZ, C-, DianH)
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