Grzegorz Cholewinski, Krystyna Dzierzbicka, Dariusz Witt

LABORATORY IN ORGANIC CHEMISTRY

Gdansk 2020



GDANSK UNIVERSITY OF TECHNOLOGY PUBLISHERS
CHAIRMAN OF EDITORIAL BOARD
Dariusz Mikielewicz

REVIEWER
Marek Stankevi¢

COVER DESIGN
Wioleta Lipska-Kaminska

Published under the permission
of the Rector of Gdansk University of Technology

Gdansk University of Technology publications may be purchased at
https://www.sklep.pg.edu.pl

No part of this publication may be reproduced, transmitted, transcribed,
stored in a retrieval system or translated into any human or computer language
in any form by any means without permission in writing of the copyright holder.

© Copyright by Gdansk University of Technology Publishing House,
Gdansk 2020

ISBN 978-83-7348-805-2



Spis treseci

INEEOAUCTION ..ottt ettt besbe et besnen 5
LR 1 111 5 () & USRS 7
1.1. Distillation at atmOSPNETIC PIESSUIE ......c.ccviereerreeieriieientieieeeeeeeeeeeeeeeeeeeeeeeneeens 8
1.2, Steam diStIlatioN ........c.coeiiiiiiieiiere et 10
1.3. Fractional diStillation ............ccoceiiiiiiiiiiiiiee e e 12
1.4. Distillation under reduced PreSSUIE ..........cceeviereerierierieeiieieeeeeieeeieeeeeeeeeeeee e e 13

2. CryStaAllIZALION .....ocvieiiiiieiieiieiieteete ettt ettt s et sbeeteebeessesseeseesaeesaesneensesanas 16
TR 25 3 v T2 (o) NS SPTOSPRRRSP 19
4. Filtration under reduced PIESSUIT ........ccveieriieieriieieeiieieeeeeieeeeeteeeeeneeeneesseenaesseeneesnees 21
5. Basic glass and 1aboratory €qUIPMENT ...........ccvevveeierrierieeeerieeeeieceesreeeesreeeesve s srens 24
6. LiSt Of PreParations .......ceouiiierieiiieieiieie ettt ettt sttt esbeeneenbeeneeneeens 38
6.1. Oxidation and reduction TEACTIONS .......c.ervirvirririirierieieieiei ettt 38
6.1.1. p-Aminodimethylaniline from methyl orange ...........ccccceeevvinienininennne. 40

6.1.2. Benzoic acid from tOIUENE ..........cocieiiiiiiiiiieiiiee e 41

6.1.3. Benzoic acid from ethylbenzene ............ccoccevvevienieneiienecieeeeeeees 43

6.1.4. Aniline from NitrobEeNZENE .........ccevueruiriirieieieieeeeeeeese e 44

6.1.5. Ethylbenzene from acetophenone ...........c.ccccceeveriereiienenienenieneeeeenne 46

6.2. Aldehydes and KEtONES ........c.cceeieriieiiniieieeieie ettt 47
6.2.1. 2-Aminobenzaldehyde .........c.cccoeiiviieiiiiiiiiiee s 48

6.2.2. Benzyliden@actONe .........ccecoeerieeuieriieieniieieeiteie et et neees 50

6.2.3. Cinnamic acid from benzaldehyde ............ccoocveviirieiiiiiniiieeeee, 51

6.2.4. Benzyl alcohol (Cannizzaro cross-reaction) .............ccceeeeeerveeverveevennens 53

6.2.5. Benzyl alcohol and benzoic acid .........cccceeverieiiiieiiiieeeeeeee 55

6.2.6. Ethyl cinnamate from benzaldehyde .........c.ccooviviiiiiiiniiieieeee, 56

6.3. Carboxylic acids and their derivatives .........ccccccoveeverierieeienieereeeeie e 58
6.3.1. Acetanilide from aniline ...........c.ccocoeeiiiiiiiniieie e 61

6.3.2. Methyl DENZOALE ......cccvevvieiieiieieciieeeiee e es 63

6.3.3. 3-NitrobenzoiC aCid ........ccceeiririirinierieieieieeee et 64

6.3.4. N-Acetylglycine from chloroacetic acid ...........ccocoeverienenieninicieee 65

6.3.4.1. Glycine from chloroacetic acid .........cccceevveviiecieriecienieieeeeeeen 65

6.3.4.2. N-acetylglycine from glycine ...........ceceeveviieieniieieneeieseeen 67



6.3.5. N-Benzoylglycine from chloroacetic acid ...........cceeeevvievieviiiieniieieniiennnn, 69

6.3.6. Acetylsalicylic acid .......ccooieiiiiiiieeeee e 71

6.3.7. N-Phenylbenzamide ..........cccccevvieriiiiiniieiesiieieecee e 72

6.3.7.1. Oxime of benzophenone from benzophenone ..............ccoccvenneene.. 72

6.3.7.2. N-Phenylbenzamide from oxime of benzophenone .................... 74

6.3.8. Anthranilic acid from phthalic anhydride ...........ccoceviniiiniiiiii, 75

6.3.8.1. Phthalic imide from phthalic anhydride .........c.cccooveviiiieiinnennn. 75

6.3.8.2. Anthranilic acid from phthalic imide ...........cccooviiiiiinieiinene, 76

6.4. Synthesis using diazonium SAILS ...........ccceeieriieierieiere e 78
6.4.1. Phenol from aniling ............cccooieiriiiiiiiiicnc e 82

6.4.2. Orange II (B-naphtholic) from B-naphthol ...........ccoceiiniiniiiiii, 84

6.4.2.1. Diazonium salt formation ...........cccecevverenenenenenencccecceee, 84

6.4.2.2. COUPIING .ooovviiieiiieiieieeiete ettt ere e 85

6.4.3. Methyl orange from N,N-dimethylaniline .............ccccoecevoeniiiinicnieninns 86

6.4.4. p-Aminoazobenzene from aniline ............ccecveieriieiieninciene e 88

6.4.4.1. Diazoaminoazobenzene from aniling ...........c.ccoceeeverieieneencenne. 88

6.4.4.2. p-Aminoazobenzene from diazoaminobenzene .............c..co........ 90

6.5. Syntheses using organo-magnesium COMPOUNAS .........eeeverueerverreerierieerieneeeeeeeenss 92
6.5.1. BeNZOIC ACIA ..e.veeiiiieieieiee e 94

6.5.2. Phenylacetic acid ........cccoiieiiiiieiiiieie e 96

6.5.3. 1-Naphthoic acid .......cceeviiieiiiiieieeieie et 97

6.5.4. 2-MethylheXan-2-01 .........cccooiiiieriiiiiiiieieseei et 99

6.5.5. Triphenylmethanol from methyl benzoate .............ccooirvieniiiiniiinie, 100

6.5.6. Triphenylmethanol from benzophenone ............ccccoceevievieniicienincienienn, 102

6.5.7. 1,1-Diphenylethene ..........ccccoivieeriiiiiiiieieiieieeeee et 103

6.5.7.1. 1,1-Diphenylethanol from ethyl acetate ...........c..ccccoeverinnenenne. 103

6.5.7.2. 1,1-Diphenylethylene from 1,1-diphenylethanol ........................ 105

7. Use of rotary evaporator (TOTAIY) ........ccceeveevverreereerreeeesreessesseesesseesseeseessesseessesssessessens 107
8. SAMPIE QUESTIONS ...oueieniiiieiieitieie ettt ettt ettt ettt te st e etesaeentesseenteeneeneeeneenes 109
9. REGUIALIONS ....eiiiiiiieiieiiettee ettt ettt e e s e saesseensesseensesnaenseeneens 112
9.1. Characteristics of the obtained preparation .............cceceeevereeriereerieseerieeeesreeeeenns 112
LEETALUTE ..ottt s bt b e ettt b e bt et et e b e s et e s et e s eneeneene 114



Introduction

To learn and not to think is a waste of time,
to think and not to learn its a danger

Confucius

We have prepared the script book for Laboratory exercises in Organic Chemistry for
foreign students of Green Technology and Monitoring and related fields. Laboratory exercis-
es play a key role in understanding the secrets of organic chemistry, enabling learning and
mastering basic skills in the techniques and principles of safe work in an organic chemistry
laboratory.

Text of this script book has been divided into chapters describing basic laboratory tech-
niques such as: distillation (distillation at atmospheric pressure, steam distillation, fractional
distillation, distillation under reduced pressure), crystallization, extraction, filtration under
reduced pressure, chromatography and determination of physical constants (melting point,
boiling point, refractive index, etc.).

This handbook also contains descriptions of the syntheses of selected preparations based
on literature sources and experiences collected by the authors during many years of work in
organic synthesis. The list of preparations includes: oxidation and reduction reactions, alde-
hydes and ketones, carboxylic acids and their derivatives, diazonium salts and syntheses using
organo-magnesium compounds.

The script book is adapted to the skills of students, its aim is to familiarize the student
with the basic laboratory operations accompanying organic synthesis and identification of the
obtained compounds.

Before starting work, the student should get acquainted with the Material Safety Data
Sheets (available online at http://www.english.poch.com.pl/) of the reagents with which
they work.

This script book also includes questions for self-solving to check the acquired infor-
mation, work regulations in the laboratory of organic chemistry, which must be followed
to ensure the safe usage of chemicals, often flammable, explosive, carcinogenic, mutagenic,
teratogenic or toxic and a report describing the characteristics of the obtained product, quoted
literature and index.
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