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Energy : Water, wind, sun, geothermal etc.

(Bio)Mass : 170 x 109 t of biomass is produced per year by photosynthesis (In principle 
any organic matter could be used, i.e. from the animal kingdom as well). 

From this biomass: 75% are carbohydrates
20% lignin

5% other compounds: fats, lipids, proteins etc. 
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Some recent applications of carbohydrates as substrates in sustainable chemistry 
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Pharmaceutical 
Laboratory in 1894

Liebig´s Analytical Laboratory at 1840
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Chemical Laboratory 
in Vietnam 2004

Chemical Laboratory 
in Kazakhstan 2005

Chemical Laboratory 
in Indonesia 2006

Laboratory
Techniques

Analytical
Methods for
Functional 

Groups

Theory of Organic-
Chemical Reactions

Energy Consumption
and Atom Economy

Chemicals
and Reactions

Sustainability

Toxicology and
Ecotoxicology
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Catalytic reactions
Stoichiometric reactions

AtomAtom
EconomyEconomy

Isomerization, rearrangement,
addition or disproportionation

Substitution, elimination

100 %

0 %

no reaction, wrong reaction

B. M. Trost, Science, 1991, 254, 1471

The yieldsThe yields
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OH

NO2

+
4-Toluene sulfonic acid

+ OH2

OO

NO2

HO

HO

C7H5NO3 C2H6O2  C7H8O3S . H2O          C9H9NO4

(151.1)                     (62.1)                       (190.2)                 (195.2)

How well does a chemical reaction work ?How well does a chemical reaction work ?

Acid catalyzed Acid catalyzed acetalizationacetalization of of 
33--nitrobenzaldehydenitrobenzaldehyde with ethylene glycol to 1,3with ethylene glycol to 1,3--dioxolanedioxolane

How clean is the reaction? 
���� Gas chromatogram of raw products

Substrate (3-Nitrobenzaldehyde)  RT  4.5     9 %
Product (1,3-Dioxolane)                 RT  9.2     91 %
Other impurities in trace amounts       < 0.1 %

StateState --ofof --thethe --art Analysesart Analyses
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StateState --ofof --thethe --art Analysesart Analyses

How specific is the reaction?
���� 1H-NMR spectrum

of raw product

(ppm)

012345678910

(ppm)

012345678910

���� 1H- NMR spectrum 
of pure product

N

O

O

H<b>

H<d>

H<c> H<a>

OO

H<e>

H<f>H<f> H<f>
H<f>

δδδδ (ppm) multiplicity number H assignment 
8.37-8.35 m 1 Ha 
8.25-8.20 m 1 Hb 

8.83-7.79 m 1 Hc 
7.60-7.54 m 1 Hd 
5.90 s 1 He 
4.18-4.05 m 4 Hf 
 

Aldehyde-H 
resonance 
from substr.

Energy Input by Microwave
Acetalization of m-Nitrobenzaldehyde in Microwave Dev ice
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After 5 min reaction time:
85 % product
15 % starting material

GC analysis
raw product

Alternative Reaction ControlAlternative Reaction Control
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Same Reaction - Different Heating

Oil Bath Heating Mantle Microwave

Energy ConsumptionEnergy Consumption

Effect of the heating method

Energy ConsumptionEnergy Consumption
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microwave oil bath heating mantle

Energy consum ption of the  syntheses  

energy (w orking up)

energy (reaction)

E

 microwave  oil bath heating mantle  

Energy (reaction) 77 418 297 Wh 

Energy (working up) 22 63 22 Wh 

Energy (total) 99 481 319 Wh 

Energy (reaction) 277 1505 1069 kJ 

Energy (working up) 79 227 79 kJ 

Energy (total) 356 1732 1148 kJ 

 

Energy Consumption of the Synthesis

Microwave Oil Bath Heating Mantle
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Oil Bath

Heating Mantle

Infrared photography makes
energy emissions visible

Energy LossesEnergy Losses

Effect factors for hazardEffect factors for hazard

Effect factors after TRGS 440  (GER 2001)

R45, R46, M1, M2, K1, K2

R26, R27, R28 oder LGW < 0,1 mg/m 3

R32, R60, R61, RE1, RE2, RF1, RF2

R35, R48/23, R48/24, R48/25, R42, R43

R23, R24, R25, R29, R31, R34, R41, H

R33, R40, K3, M3, pH < 2 oder pH > 11,5

Not tested sufficiently

R48/20, R48/21, R48/22, R62, R63, RE3,
RF3

R20, R21, R22

R36, R37, R38, R65, R67

other risk phrases or LGW > 100 mg/m 3

Risk phrases Hazards Effect factor
carcinogenic or mutagenic

highly toxic

potential reproduction toxicity or teratogenic,
formation of highly toxic gases in contact with aci ds

highly corrosive, high chronic toxicity,
potentially sensitizing

toxic, generation of toxic gases in contact with
water or acids, cauterizing for eyes, skin absorpti on

risk of cumulative effects, potentially irreversibl e
damages, suspected mutagenic or carcinogenic
effects

= No LGW, no risk phrases

chronically harmful, suspected reproduction toxicit y
or teratogenic effects

harmful

irritating, narcotic

50,000

1,000

1,000

500

100

100

100

50

10

5

1

LGW = Limiting values for air from TRGS 900: = eith er MAK value (maximum working place concentration) 
or TRK value (admissible requiring monitoring value ) or ARW value (similar to TRK) 
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Toxic or not ?Toxic or not ?

Effect factor > 1000
Effect factor > 100 – 1000
Effect factor > 10 – 100
Effect factor 0 - 10

H2SO4

HNO3
N

+
O

O

N
+

O O
N

+

O O

N
+

O

Okonz.

konz.

Produkt Produkt Produkt

conc. H2SO4
conc. HNO3

NOP Internet Project is an Offer . . . NOP Internet Project is an Offer . . . 

Text books:
closed preset format
„complete“ supply

NOP:
flexible format for own selection
„open“ access
like Linux and Wikipedia



13



14



15



16



17



18



19

New Contents: micro process organic synthesis 

The next steps:The next steps:
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NOP in Arabic

NOP in Greek
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Participants in this projectParticipants in this project

Optimization of experimental conditions:
Prof. Lenoir/Prof. Parlar, Munich University of Techno logy 
Prof. Metzger, University of Oldenburg
Prof. Hopf, Braunschweig University of Technology 
Prof. König, University of Regensburg

Analyses of toxic by-products / collection of safet y data:
Prof. Bahadir, Braunschweig University of Technology 

Assessment of the reactions:
Prof. Jastorff, University of Bremen
Prof. Kreisel, University of Jena

Alternative reaction control:
Prof. Ondruschka, University of Jena

Italian Edition:
Prof. Pierro Tundo, University of Venedig; INCA

Project grantingProject granting

Development of the database for Development of the database for 

NOP NOP –– Organic Chemistry Lab CourseOrganic Chemistry Lab Course

was granted by: was granted by: 

Deutsche Deutsche Bundesstiftung UmweltBundesstiftung Umwelt
(German Environmental Foundation(German Environmental Foundation))
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Factor of Factor of EnvEnv . Acceptability after Sheldon. Acceptability after Sheldon

E = Environmental acceptabilityE = 
kg Waste + By-products

kg Target Product

Sheldon, Chem. Tech. 1994, 24, 38.

Petroleum Refining

Bulk Chemicals

Fine Chemicals

Pharmaceuticals

106 - 108

104 - 106

102 - 104

101 - 104

Production Volume
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25 - >100
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Life-cycle analysis of CH3-(CH2)10-16-CH2-OSO3
-Na+

→ 70% less use of fossil resources

→ 50% less emission to the atmosphere

→ 15% less waste

→ 50% more emissions to water

Improvement in natural oil composition by plant breeding (“tailor-made fatty acids”)

Soybean:

Method of changing composition                                  Fatty acid                               .

16:0      18:0      18.1      18:2      18:3

Natural composition                                            11           4         23         54          8
mutagenesis                                                     10.5        4.6      23.2      59.6       2.0
mutagenesis                                                     3.7        3.7      24.1      58.9       8.9
mutagenesis                                                     17.3        2.9      16.8      54.5       8.3
mutagenesis                                                     8.4       28.1     19.8      35.5       6.6
gene technology                                                 6.6         3.8     84.9        0.6       1.9
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Cellulose: poly ß-D-glucose

Starch: Amylose

Starch: Amylopectin
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Concentration (%) of starch in different foods

.                                 maize (corn)            potato wheat            rice        .

moisture                           16                        75 11                14

starch                               62                        19                   60                77

proteins                              8                         2                   13                 7

minerals (ash)                    1.2                      1.2  1.7               0.5
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Composition (%) of  various lignocellulose-based materials

.                                     cellulose                 hemicellulose                           lignin      .

hard wood                      30-45                                       20-30                                 20-25

cereal straw                    38-40                                       20-30                                   6-20 
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HCl/NaCN

H2

H2/cat.

cat.

- CO

O
OH

OHOH

OH
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O
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H  , T/p+H  , T+

CNNC

adiponitrile

COOH
HOOC

adipic acid

NH2

NH2

1,6-diaminohexane

O
O

OH

furancarboxylic acid

2 CO, 2 H2O/cat.

ox.
- CO2

H2O/hydr.

+ n H2O

pentose

furfural

+ 3 H2O

furan

Nylon 6.6
polycondensation

(C5H8O4)n

pentosan
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Structure of hemicellulose (pseudocellulose, polyose):

Typical building blocks: glucose, arabinose, mannose, galactose etc.
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Energie
Reaktionsdauer

Kühlung

Lösungsmittelmenge

Reaktionstemperatur

Lösungsmittelart

Heizquelle

Wärmedämmung

Energie
Reaktionsdauer

Kühlung

Lösungsmittelmenge

Reaktionstemperatur

Lösungsmittelart

Heizquelle

Wärmedämmung

Factors of energy consumptionFactors of energy consumption

Thermal insulation

Heating

CoolingSolvent type

Solvent volume

Reaction time

Reaction temperature

Energy

Chemicals do not respect national borders !Chemicals do not respect national borders !
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Prof. Dr. H. Hopf
Institute of Organic Chemistry
Technical University Braunschweig
Hagenring 30
D-38106 Braunschweig

Germany

The use of renewable organic compounds in industria l organic chemistry – en route 
to a sustainable chemistry

h.hopf@tu-bs.de
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Some recent applications of carbohydrates as substr ats in sustainable chemistry 

a) Furan-based starting materials:

Ag2OBa(MnO4)2
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Some recent applications of carbohydrates as substrats in sustainable chemistry 

a) Furan-based starting materials:

Ag2O Ba(MnO4)2
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Starting materials                                              Products                           .   

Wanted unwanted

Plant                                                           pharmaceuticals                plant material,
inactive products

Animal                                                          food                                  bones

Mineral                                                         (precious) metal               top layer, ashes

Petroleum                                                       gasoline                           tar, asphalt

Coal                                                            coke, gas                          coal tar
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Industrial applications of Oleochemicals

Oleochemicals

Feed: Starting materials
for biobased industry

Food

Production in 2003:
125 x 106 tons

8.3 x 106 t
animal nutrition

101 x 106 t
Human nutrition

1.74 x 106 t
Chemical production

O

O

O

C

C

C

R

O

R

O
R

O

s a p o n i f y

O H

O H

O H R C O2 H

1 0 %  o f  re a c t io n s
w i th  s id e  c h a in

9 0 %  o f  re a c t io n s
w i th  a c id  fu n c t io n

+

R  =  A lk y l ,  A l k e n y l ,
       p o ly u n sa tu ra te d

C 8 C 7 C O2 H : s te a ro l i c  a c id

... m a n y  m o re

C8 C O2 H

C 5
:  c o n ju e n ic  a c id

C 2 C 7 C O2 H : l in o le n ic  a c id

C 7 C O2 HC 5
:  l in o le ic  a c id  (s k ip p e d  d ie n e )

C 1 1 C 4 C O2 H :  p e t ro s e l in ic  a c id

C 1 7 C O2 H : s te a r i c  a c id

C 1 5 C O2 H : p a lm i t i c  a c id

C 8 C 7 C O2 H :  o le ic  a c id

T y p i c a l  s a tu ra te d  a n d  u n s a tu ra te d  fa t ty  a c id s :
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C8 C7 CH2OH
Pd/C

TMSCl

C8 CO2H

C5

1. DMAD, ∆

2. - H2

C8 C7 CO2CH3
CH2 CH2

metathesis

cat. C8 C7 CO2CH3
+ +

C8

C8

C8

C8

C8

C8

OH

OH

OH

96%

CO2CH3

CO2CH3

CO2CH3

 

 

5,4

7,8

65%

CH3CO3H
CH3 C7 CO2H

pelargonic acid

C7 CO2CH3HO2C

azelaic half ester

C8 C7 CO2H

oleic acid

Reaction of unsaturated fatty acids

1) Oxidative cleavage:

2) Catalytic trimerization:

3) Olefin metathesis:

4) Diels-Alder additions:

+

diacid polymers
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5)  Rad ical a ddit ions:

6)  Fun ction aliza tion  of sa tura ted c hain :

+

α

meth yl o leate

Mn3+

KOAc
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CO2H
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C8 C7 CO2CH3

C8 C7 CO2CH3

methyl oleate
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hν, -35 °COH

O
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5) Radical additions:

6) Functionalization of saturated chain:

+

α
methyl oleate
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Classical uses of lignocellulose chemistry

1) Dry distillation of disaccharides:

disaccharide

2) Oxalic acid production (Gay Lussac):

saw dust

3) Levulinic acid (1840):

fructose,
various hexoses +

∆

[O]

dry

distillation

∆

- CO2

furan dicarboxylic acid

∆

- CO2

KOH

∆

HNO3

V2O5

HCl

- 3 H2O

HMF levulinic acid formic acid

saccharose

today:

H2O, ∆

(bacteria, fungi)fermentation

O

O
O

O
O

 n

poly lactic acid
(biodegradable polymer

used in food packing etc.)

O

NH2

N

OH
1. NH3

2. Ni/H2

H2O2

O CHO

furfural

polycondensationEtOH OH

O

OH

H

R-lactic acid

O

OH

H

OEt

ethyl lactate
"green solvent" (non
toxic, biodegradable)

c) Lactic acid synthesis: cornstarch, sucrose etc.

d) Pyridines from furfural:
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Carbohydrates [Cn (H2O)n]

Food Industries:
Textiles (cotton),
Paper (cellulose),
Coatings (cellulose &
starch derivatives).

Main advantages:

Available in large amounts (sucrose: 1.4 x 108 t/a)

Inexpensive (sucrose: 0.20 €/Kg)

[Cn(H2O)n]

HNO31. CH3COCl

2. SOCl2 OH

OH O

O

OHOH

OH OH

D-glucaric acid

N H2NH2 (CH2)61. CH3COCl

2. SOCl2

OAc

OH

H+ R = 

ClCl

O

O

OAcOAc

OAc OAc

D-glucaric acid

NH N

OOROR

OR ORH 

(CH2)6

n

i. e. Nylon with highly functionalized section

d-Glucose

(e. g. from starch)

+

HNO3 1. CH3COCl

2. SOCl2
OH

OH
O

O

OH OH

OHOH

D-glucaric acid

NH2 NH2
(CH2)6

1. CH3COCl

2. SOCl2

OAc

OH
H +

R = 

Cl
Cl

O

O

OAc OAc

OAcOAc

D-glucaric acid

NH
N

O OR OR

OROR H  

(CH2)6

n

i. e. Nylon with highly
functionalized section

e) New polyamide polymers:

d-Glucose
(e. g. from starch)

+
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today:

H2O, ∆

Classical uses of lignocellulose chemistry

1) Dry distillation of disaccharides:

disaccharide

2) Oxalic acid production (Gay Lussac):

saw dust

3) Levulinic acid (1840):

fructose,
various hexoses +


