
UNIT 2 : ORGANIC PREPARATIONS 

Objectives 

Planning aa Organic Syn(11esis 

Experi~llel~t 1 : Preparation of Acetanilidc 

Exlwri~llent 4 : Prcparatio~~ of Bel~zoic Acid 

2.1 INTRODUCTION 

In Unit 1 we described various laboratory n~ethods used ill all o rga~~ic  laboratory. 111 this 
unit we sllall drscrihe how the preparatory exprri~nclits are carried out. This will ycrlnit 
you the practicr and developn~ent of nlanipul;~tivc techniques collll~lollly usrd i11 organic 
chc~llistry. 

Preparative Orgallic Che~uistry is a qurst for new cc~n~pouods or atte1111)ts at col~versio~l of 
known co~upou~tds to other products with soale speeitic properties. It lnay ohen bc 
difficult to bring about a desired chenlical I r a~~sfor~~la t io~~ .  However, it is equaH.y aad 
souletinles, even Illore difficult to isolate and purify the product. So, an organic che~nist 
has to c,all up011 all the k~lowlr.dgc, skill and i~lgc~~uity at histllcr conl~narld while. preparing 
or purifying a co~upouad. No,wonder, t h r ~ ~ ,  tl~;~t, preparative organic chcnlistry has hern 
described as ;I 'vcril;~hle ll~ixturc osscieace, art and crali'. 111 this unit we will give. yo11 
son!e gcncriil hints on Organic Syllthesis. We hope these will ellable you to orgaitisc your 
work bi:tter and i~uyrove your pcrfor~na~~cr: Fi~~ally,  we shall give the prepariltio~~ of 
acetauil-idc, y ~~it ro;~cr ta  ~lilidc, 2-rli1pl1thyl bc~lzo;~ tr, hc~lzoir acid, y-hcnzoquinone i111d 
2, 4, 6-tribroaoal~ilinc. 

Objectives 

After reading this unit a ~ ~ d  carrying o11t the expcr i~~ le~~ts  srt  L'nr you to do, you should he 
able to 

describe. various criteria which have to be kcpt i11 nliud while. choosi~~g a parlicular 
procedure for the sy~lllwsis ol'a con~pou~ld. 

Plan an experinlc~lt, choosillg a c o ~ ~ v e ~ ~ i e ~ ~ t  scale and appropriate apparatus for carry- 

I ing out the reaction, its work up, puriticatioa and id,e~~tilicatio~~ of the produtat, a ~ ~ d  

carry out the exper i~ne~~ts  desdribed. 

F 

. 2.2 PLANNING AN ORGANIC SYNTHESIS 

As discussed in the przvious u~rit, before you take up ally prcparatio~~, you would have to 
choose a lllelbod tbr it. The choice of a11 appropriate laelhod frc)111 a~llongst the 11la11y 
alterllatives available will depend on one or Illore of the Sollowi~~g criteria which are 
sel f-ex pli111alory : 

availability of good literature proi.edurr or rrcipe, 

availability of starling a~aterials and reage~~ts. 

feasibility of the procedure and Ibe precaulio~~s ~~eeded ,  



l'rcparmt~v~-) 01~n11ic (:l~cadslry tiii,c, 1;rhour n ~ ~ d  cost i~ivolved. 

You should read carefully the procedure you cl~oosr, ir~cldding ally L'ootrlolcs or 
precaulioris. As far as possil>le, try to u~ldcrsta~~d the reaction pathway so l l~at yo11 ;Ire attl~, 
to cope with tllc crucial phases of tbe reaction as well a s  avoid side-rcactio~~s leading to 
lower yields and inlpttre product. 

Before starting ail cxpcri~nt.~~t, consideraljle J I ~ ~ I I I I ~ I ~ ~  has to bc done. The h u r  slagcs oC llrc 
experitneolal procrss which need corlsidcratiorl are : 

reaction, 

work-up or isolation, 

puritiratio~l, 

characterisatio~l. 

As you ~uay  have Iran~t, organic rcactio~~s are very sei~sitivc to co~~ditioils like 
conceiltratioil, rllcdiu~ll, tc~lllwrature, ctc., uadcr which they are. Garrird out. Sollie rcadio~ls 
arc very seilsilive to even the traces of ~noisturc, so the solvc.i~ts, rcageilts and the appar;ibs 
llas to be rigourously dried. In addition, the cildothcr~tlic reactions will i~eed heating, the 
cxotht:nllic o~ics cooli~~g; iuld a hetcrogc~~eou's 111ixture will need to be stirred. Wc would 
advise you to plan li,r ;ill these coiltigc~icies I,eli)rc starting a rcxction. Next, optilni~l 
col~ditioi~s h r  work-up isolatioi~ and purific;~tio~~ have to be choscri. I t  helps a great dcal i C  
you kriow tllc properties like the physical stalc, o ~ p ,  bp, solubilily, rcsl)ectively, rtc. of tile 
reactaills, t l~c  product a~ ld  llle by-products of lllc reactioil. 

Ouce a pure product is obtained, it has to be cllanctcrised by its IIII), bl), ir, tlc or TI[), etc-. 
These valucs are coniparcd with reported valucs ia the case of a kt~owll conlpouiid. 111 c;~sc 
the ron~l)oul~d is U I I ~ I I ~ W I I ,  it is puril'icd till, say, (here is 110 further challge in its mp, tlc or 
VlD. P l a ~ l ~ ~ i ~ l g  also has to he done for the 111axi11li11 use of ti~lie and scale. 

TIME 

AII estiinatt. oT the duration of each step ill the procedure should he made. Stage(s) whcrr 
the prorrss call he irlrrrupted, if Ilccessary. should I>e idci~tiCicd. You should always plan 
to start a reaction at a time such that you call cifhcr work up thr product or Icave i t  at a 
c o ~ ~ v c ~ ~ i e ~ l t  stage at llle ti~ilc YOU havc to leave tllc l;11>. 

SCALE 

A suitable scale has to be  chose]^ which makes bai~dliilg easy. While doing this, lhc 
volu~llc of solvet~ts, the size of the reaction tcsscl aid other apparatus used in work-up h;is 
to bc krpt il l  111ii1d. 

A lot ofpreli~ninary work has to be ddile 1,chrc ;I rc;rc.tio~~ call he started. Purity of all 
reagents a~ ld  solvrots ~ieed to be c.11cckcd (111 Sect io~~ 1.4~of-Unit 1, we havc descriljed the 
lllcthods of chcckirig tIlc 1)urity ol'the reagcat). App;~r;~lus Iras to he set up. In 'hoosi~lg ;I 
reactio~~ vcssrl care sllould be taken lo see that i t  is 1icvt:r tl1ore tll;ra 1 /2 - 213 full. 
Reinc~rlhcr liquids expand wlleil heated. As 111~11lioned above, adt:iluir te arraiigce~alls b;~vc: 

. tobe ~ l ~ a d c  li)r hcati~ig, cooli~lg or stirring a rc;~ctioi~ 111ixture. We havc already 
esrotu~tcjcd with tllcse siii~plc laborat'try tcclrr~iclucs ill Sectiorl 1.2 of Utlil 1. A dryil;g 
tube niay he used to avoid leakage of.tnoistura into tile reaction nii~ture. All o rga~~ic  
solve~lts are i ~ ~ f l a ~ ~ ~ s ~ a h i e  and, therefore, should never be heated on a naked fla~n?. 

In subsequeat sec:tioas, we wil1 describe how the preparatory expcrimr.nts arc, carried orlt. 
This will perinit you thc practice and developaent o l  a~ai~iprrlative tech~liqucs wl~ ic l~  you 
have studied in Unit 1. 

2.3 EXPERIMENT 1 : PREPARATION OF 
ACETANILIDE 

Introduction : 

Many proljleins arc c~~cnuatered ill electropl~ilic substitutioli of aran~atic anlines, c.g., 

They are too reactive aiid so subslitutio~~ tcllds to occur at every available oriiro or 



para position as ir the cas_e_of halogenation. 

NWi NH2 

Organic I'rrpuratiuns 

Following resonance sturctures explai11 the u-,p directing nature of - NH2 group and the 
reactivity of aromatic alllines 

a They are prone to get oxidised easily. Thus ill nitration, nitric acid ~lot only nitrates 
but also oxidises the highly reactive ring, with loss of much material as tar. 

When the reaction is done in a strongly acidic medium as in the case of nitration, the 
anline is converted to aniliniu~n ion. The substitution is now controlled nat by - NH2 
group (olp directing) but by -NH3 group which because of its positive charge is nleta 
directing and also deactivating. 

Acetylatio~~ is a way out of these difficulties. It "protects" the an~ino group. After the 
substitution, the acetyl group can be easily re~noved by hydrolysis. 

In this exyerimeat, acetanilide is prepared by acctylation of aailine with acetic anhydride. 
Hydrochloric acid is added to dissolve aniline so that the reaction mixture is honrogeneous. 
Sodium acetates sets the base free for acetylation to take place by neutralising the acid as 
the reaction proceeds. 

+ 
C&s - NH2 + HCI -+ C& - NH3CI-. 

. C& - &H~CI- + CH3 - COONa -+ C6Hs - NH2 + CH3COOH + NaCl 

Requirements : 

Chemicals 

Aniline 

Hydrochloric acid 



Preparatory Organic Chemistry Acetic anhydride . 

S o d i u n ~  ace.tate 

Rectified spirit [cthyl alcohol] 

Appirrotlis 

Beaker (250 cm3) 1 

Conical llask (100 all3) 1 

Measuring cyliuder (10 cm3) 1 - 
Glass rod 1 

Ordinary glass funnel 1 

Filter paper 

Filtration assen~bly 

Melting point appariltus 

Take 160 c1u3 of water and 6.1 cm3 of conce~~trated'hydrochloric acid in a 250 cn13 
beaker. Add 6.6 c1113 (6.8 g, 0.073 IIIOI) aniline a ~ ~ d  stir the n~ixture till aniline grts 
'on~pletely dissolved. Add 8.5 c1u3 (9.2 g,  0.09 nlol) o f  acetic althydride with stirring and 
the11 11.0 g (0.134 n ~ o l )  o f  sod iu~n  acetate dissolved in 35  cm3 of  water. Stir the mixture 
vigorously for 10 ~ n i ~ ~ u t e s  aud then cool in ice. Acetanilide would separate out. Filter it on 
suction, wash with water, d r a i ~ ~  aud dry it OII a filter paper in air. Note the yield and take 

3 its nielting point. Recrystallise about 1 g of ace ta~~i l ide  from 2 5  CIII of boiling water to 
which a few drops of e t l~y l  alcohol (rectified spirit) has b c e ~ ~  added. Filter and dry as  
before. Note the ~ t ~ e l t i ~ ~ g  poiut of recrystallised acetanilidle. 

Side Reaction - None 

O t h e r  Methods of  I ' r epan t ion  

Ace la~~i l idc  can also be  prepared by acetylalion of auiline with, a mixture of acetic 
a ~ ~ h y d r i d e  and glacial acetic acid. Since the reaction requires boiling for about 112 hr., a 
small quantity of zinc dust is usually addcd .to reduce the coloured i~upurities a r ~ d  to also 
prevcl~t o x i d a t i o ~ ~  duriug the reactioa. 

E x p e r i n ~ e ~ ~ t  I t r p o r t  - 1 Prepara t io~~ of Acctauilide 

In tn~t luc t iou  : 111 this cxpcrin~cnt acctanilidc- is prepared by acetylatiou of ;111i1ine with 
acCiic anllydridr. A ~ ~ i l i l l e  is dissolved ill dilutr hydrochloric acid i111d acetylatecl wit11 i~cetic 
a ~ ~ h y d r i d r  ill the presclice ot sod iun~ acetate. 

+ 
C6Hs - NH2 + HCI -+ C6Hs - NH3CI- 

Tol~le of' RendanCs nnd Products 

SI. No. .Cml,yound Mol. I V t  Weight , Moles Molar Otl~er 
used llscd mtio clnla 



Organic Prep-hs 
Yield 

Observed Properties of the Product 

Melting point as prepared ............................ 
.................... Melting point after recrystallisatiou. 

2.4 EXPERIMENT 2 : PREPARATION OF 

Introduction : 

pNitroacetanilide is prepared by nitration of acetanilide. The acetamido group, 
-NHCOCH3 in acetanilide is also orUlo, para directing though less activating than the free 
au~ino group. Electron withdrawl by oxygen of the carbonyl group ~llaker the nitrogel1 of 

I an amide a much poorer source of electrons than the nikoge~r of an amine. So'electronr are 
less available for sharing with the aronlatic ring and as  a consequence, the acetalllido 
group activates an aromatic ring less strongly than an amino group : 

This electron withdrawl by carbolryl oxygen would also destabilise the positive charge 011 

nitrogen in the transition state during the attach of an eledrophile, in this case h02 

Acetanilide is dissolved i glacial acetic acid and nitrated with a nlixture of co~rcrirtrated 
nitric and sulphuric acids below loOc. A mixture of o- andp- iritroacetairilide is Cormed. 
On crystallisatio~r tionl ethyl alcohol, y-~r i  troact..tinrilide crystallises as al~rlost colourless 
crystals while the vrtlro isoirrer re~rrai~rs i ~ r  solution. 

Reaction 



Preparatory organic chemistry ~ e c ~ u i k m m t s  

Acetanil ide 

Glacial acetic acid 

Co~~centratcd sulpl~uric acid 

Co~~cel~traled nitric acid ' 

C o m m o ~ ~  salt 

Ethyl alcohol 

Ice 

Beaker (1 00 an3) 1 

Cogical flask (100 m 3 )  1 

Measuring cyli~lder (10 cm3) 1 

Cool h ~ g  bath 1 

Glass rod 1 

Ordinary glass fu~lnel 1 

Co~~ica l  flask (100 an3) 1 

Filter palm 

Procedure : 

Add 2.5 g (0.0185 mol of finely powdered acetat~ilide to 25 rm3 of glacial acetic acid 2 3 r o ~ l t a i ~ ~ e d  in a 100 cm beaker. Add 5 cln (9.2 g) of concentrated sulphuric acid wit11 
stirrhg. The mixture would become warm and form a clear solution. Cool the solutio~l to 

3 0 - 2 ' ~  with a freezing mixture of ice and salt. Add a cold mixture of 1.5 a11 (2.1 g)  of 
concentrated nitric arid and 1.0 c1n3 (1.8 g) of co~~centrated sulplluric acid slowly with 
stirring. The temperahlre should be ~naintai~led below 1 0 ' ~  duriug the addition. After all 
the mixed acid has bee11 added, relllove the beaker containing the reaction mixture from 
the freezing ~nixture and allow it to stand at roo; temperature for 1 hour. Pour the 

3 reaction n~ixture into 50 cm of cold water with stirring. Crude nitroacetanilide separates 
out at once. Allow it to stand for 15 minutes. Filter 011 suction. Take the solid in a beaker, 
stir with cold water and filter. Repeat the process till the crude nitroacetanilide is free of 
acid. 

Recrystallise Ihe crude product fro111 ethyl alcohol, filter on suction, wash with a little cold 
ethyl alcohol and dry in air.Note the yield and 111~lting point. 

Side ~eactions :~ '~ i t r a t io i  of acetallilide gives a ~nixture cif onlro andpnm 
~~ilroaccla~~ilides.,O~~ crystallisati?~~ from warn1 ethyl alcoho1,p-~~itrcyceta~~ilide separates 
as a colourless cryslalli~~e solid while Ihe pale yellow orlho isonler r tx~ i~o i~~s  ill solulio~~. 
Purity ofrecrystallised yaitroacetanilide call he cheekEd by tlc on sjiica Gel G using 
tolueoe-ethyl acetate lrlixture to develop the chronliitcgram. 



In mother liquor additional yellow spots may be o~sarved for o- and pd nitroanilines 
formed as a result of hydrolysis of the correspondng acetanilide. 

0 t h  Methods of Preparation : There is no other conve~~ie~lt method for the preparation 
of pnitroaceta~ulide. 

Experiment Report 2 : Preparation of p-Nitroacetanilide 

Introduction : 

In this experi~ner~tp~~itroacehnilide is prepared by ~~itratio~i of acel;lnilide with aitration 
mixture (HN03/H2S04) Acetanilide is disscllued in glacial acatic acid and nitrated with a 
muxture ofconc. nitric acid and conc. Sulpluric acid below 10 '~ .  

Reaction : 
0 

I 

NO2 

Table d Reactnnls and Products 

SLNa Compound Mol. Wt. Weight Moles ~ d o r  Other 
used used ratio d a b  

1 

Yield 

- - - - - - - - - - - - - - -  6. 

Observed propertits of the product : 

Melting point of the crude material - - - - - - - - - - - 

Melting point after recrystallisation - - - - - - - - - - - 

2.5 EXPERIMENT 3 : PREPARATION OF 
2-NAPHTHY L BENZOATE 

Introduction : 

Esters call be prepared by a number of n~ethods such as, 

Direct esterification, 

RCQOH + R'OH - RCOOR' : H20 

Use of acyl chlorides and acid anhydrides, 

RCOCl + R'OH - RCOOR' + HCI 

(RC0)20 + R'OH - RCOOR' + RCOOH 

Alcol~olysis of nilriles, 
+ 

RCEN + R'OH - RCOOR' + NH4 
' Methyl e,sters call be conveniently niade using diazomcthane, 



~nparntory Organic Cbemistry RCOOH + CH2N2 -+ RCOOCH3 + N2 
We are describing below the hvo in~portant ones. 

(i) Direct esterifimtion : Tlle interaction bctwee~l a carhoxylic acid and an alrohol is a 
reversible process. It proceeds very slowly and equilibriun~ is, attained aftu 
refluxing for several days. If, however, rither sulphuric acid or dry 

RCOOH + R'OH + RCOOR' + H2O 

hydrogc~~ chloride, to the extel~t'cifabol~t 3 per cent of tl~sweight of alcohol, is added 
to the reilction n~ixture, the cquilibriunl is rcachcd w i t l ~ i ~ ~  ;I few hours. Dirccl 
esteril'icatio~~ reaction seldon~ goes to co~npletion. When equinlolecular q ~ i ~ ~ ~ l i t i c s  13f 
the acid and alcol~ol are eaployed, only about two-thirds of the theore1ically 110s- 
sible yield of the ester is obtained..In order to displace the equilibriun~ to t l ~ e  right, 
i.e., ill favour of the ester olle of the reactants, generally the less expensive one, is 
taken ill excess. ' 

The acid catalysed esterificalion reaction nlay proceed via all acyl-oxygen fission as 
 show^^ below : 

0 ;)H OH 
I1 I I I + 

R-C-OH + H+ R-C-OH R-['--OH 
+ 

OH C6~2 
. . -H+.  +H+ I p. 

R-C-OH + H-0-R' R-C-OH + R-C-OH 
I 
I 

HI--0-R' 
I 

L+ 0 - R' 

I 
OR' 

I 
OR' 

Acid catalyscd csterificatio~~ gets greatly Lacilitated if the reaction is carried out in 
the presence of henze~~e  or preferably tolue~~e. I11 this case, water produced in the 
reaction gets distilled off as an ozeotrope. 

(ii) Using acyl chlorides and acid a~lhydrides method : Akyl chlorides react readily 
with alcohols to give esters in good yield. Generally a base a tertiary anline like 
din~ethyl al~iline or pyridine, is added to neutralise HCI fonned. 

WCOCl + R'OH -+ RCOOR' + He1 

0 
4 

0 H 
I 1 -H+ 11 I 

R-C-OR' R-.C-9-R' 

In acyl chlorides, the electrot~egative chlori~le atom attached to the carl,o~~yl group 
nlakes the carbonyl carbon Illore electron-deficieat, tberehy in,creasing its reactivity 
towards ~~ucleophiles. 



, 
Acylation with acid anhydrides can be carried out in Ule presence of a suitable catalyst, 

I 
I such as sulphuric acid or zinc chloride or a basic catalyst like pyridi~re. The s e c o ~ ~ d  acyl 

group, facilitates the attack of nucleopl~iles on the carbonyl carl>ol~, thus, n~aking acid 
I anhydrides more reactive. 

Esterification of aronratic carboxylic acids with phenols is geaerally carried out using acid 
eblorides ill the presence of dilute aqueous alkali. This mcthod is called Schotten-B;~umann 
method. In the preparation of 2-aaphthyl benzoate, 2-naphthol is reacted with hel~zoyl 
chloride in the presence of dilute sodium hydroxide. 

NaOH 
CsHsCoo 

C 

Sodium Hydroxide 

Benzoyl chloride 

Ethyl alcohol 

Appnmtus 

Conical tlask (100 an3) 2 
with stopper 

Measuring Cylinder (10 all3) 1 
i - 

Ordinary glass f u n ~ ~ e l  1 

Glass rod 1 

Fil t r a t io~~  assernbl y 

Filter payer 

Melting point apparatus 

Capillary lubcs 

Procedure : 

Organic I'repnratinns 

Dissolvc 3.6 g (0.025 n~ol)  of 2-naphthol in 20 an3  o f 5  per cellt sodiun~ hydroxide in cold 
3 in a 100 CIII co~lical flask. Add a little Inore water if needed to dissolve 2-naphthol 

co~nplctrly. Add 3.5 g (2.9 c1n3, 0.025 mol) ofbe~lzoyl chloride. Stopper the flask tightly 
and shake vigorously until the smell of benzc)yl chloride has disappear. This lnay take 
10-15 nrhrutes. Filter off the solid on suction, wash with a little cold water. Recrystallise 
the crude ester from about 30 all3 of ethyl alcohol. Filter off the crystals and dry the111 in 
air. Note thc yield and the ~nelting point of pure 2-naphthyl beazoate. 

Side reactions : If any be~~zoy l  ---- chloride gets hydrolysed to be~lzoic acid with sodium 
hydroxide, it re~nairrs in s o l u t i ~ ~ ~ s o d i u ~ ~ r  benzoate 

C6H5 - COCI + NaOH -, C6Hs - COONa + NaCl + H20 

Other  n~ethods  of p r e p a r a t i o ~ ~  : 2-Naljbthyl benzoate call be prepared by any of Ihe other 
nltthods ~nentioned in the introduction. i, 

Expcr in le~~t  Report  - 3 : Preparation ~ f % n a ~ h t l < ~ r  benmute 

Benzoyl chloride is a very 
lacllrynlatory substance. I ~ u l d  bv 
preferably handled in a fume hood. 
Avoid inhaling or contact wit11 skin. 

In t roduc t io~~  : ZNaphthyl be~uoate is prepared by the Schotten-Baunraa~r nrctllod by 
reacting 2-naphthol with be~rzoyl clrloride in the presence oC cold dilute aqueous sodiun~ 
hydroxide. 



Preparatory O ~ a n i c  Chemis(ry Reaction : 

2-naphthyl benzoate 

Table of Reactants and Roduds 

St. Compound Md.Wt Weight Moles Molar Other 
N a  Uscd Used ' Ratio Data 

Yield 

Observed properties of the pn~doct 

Melting point cjf crystal1ise.d product - - - ,- - - - - - -. 

2.6 EXPERIMENT 4 : PREPARATION OF 
BENZOIC ACID 

Aro~l~atic carhoxylic acids ir which the carhoxyl group is-directly attached to the aro~nalir 
eucleus car1 be prepared by any of the followiug ~l~ethods  : 

Oxidittivr n~etl~orls : i~tvolviug oxidatiort of a11 alkyl group attached to the aro~llatic 
11uclcus. 

101 
ArR + ArCOOH 

Hydrolysis of nitriles : Acid or alkalirle hydrolysis of aromatic nitriles yields 
corresfionding carhoxylic acids. 

Carlwxylation of aromatic ring systems : phenols or aryl lithium compouk~ds ran he 
carhoxylaled by reaclio~~ with carbon dioxide. The former is called Kolhe-Schnlidt 
reaction. Preparation of salicylic acid from dry sodium phenoxide by reaction with carbo~ 
dioxide under pressure is a classical exaniple of Kolbe-Schmidt reaction. 



In the present experiment, benzoic acid is prepared by oxidation of toluene with KMn04 in 
an alkaline. medium which is created by the potassiurll bydroxide for~lled in the reactio~i 

CsHsCH3 + 2KMn04 - CsHsCOOK + 2MnO2 + KOH + H20 

C6HsCOOK + HCI - C6HsCOOH + KC1 

Requiren~ents : 

Chemicals 

Toluene 

Potassiu~t~ permanganate 

Ethyl alcohol 

Organic I'reparalinns 

Precautions 

Do not inhale vapours of toluene. 
, , 

Apparatus 

Round bottom flask 1 
150 a n  

Water Co~~denser 1 

Filtiation assembly 1 

China Dish 1 

Conical Flask 100 c1u3 1 

Ordinary glass funnel 1 

Glass rod 1 

Filter paper 

Melting point apparatus 

Capillary tubes 

Procedure : 

Put 2g (2.5 an3, 0.02 lnol of toluene, 3.2g (0.02 mol) of $inely ground potassiunl 2 pennanganate and 75 CIII of water in the round botto~tl flask. Fit the water condenser and 
heat the flask on a refluxhing water in water bath for 3 hrs. while shaking the reaction 
nlixture from time to time. The reaction mixture should become decolorised at the'end of 
this period. If pink colour persists, a few drops of ethyl alcohol are added. Alcohol reduces 
potassiunl pennanganate and the solution is decolorised. 

After the reaction is completed, cool the mixture and filter it on suction. Wash the 
precipitated ~nangal~ese dioxide twice with a small an~ount of hot water. Transfer the 

3 '  
I colnbined filtrate and washings to a china dish and eyaporate them dowu to 15-20 ~m . 

Filter off any. nlallganese dioxide precipitated. Transfer the filtrate into a 100 all3 beaker 
a~ld add dilute hydrochloric acid till the solutio~~ shows a distinct acid reaction tqcongo 
red. Filter out the precipitated bellzoic acid, wash it with a little cold water and 
recrystallise it ti0111 hot water. Note down tllc yield a~id lnelti~~g point of pure be~uoic acid. 

Side Reactions? 

None 

Other ~ e t l ~ o d s  of Preparations : . 

Benzoic acid can be prepared by any of the n~ethods mentioned in the introduction. 

Experiment Report - 4 : Preparation of benzoic acid 

Introduction : ~ellzdic acid is prepared by oxidation of toluelle with KMn04 in an 
alkalille ltlediu~tl which is created by potassiu~t~ hydroxide fonhed ill the reaction. 

1 
Reaction : 

CsHsCH3 + 2KMn04 - CsHsCOOK + 2Mn02 + KOH + H20 

C6HsCOOK + HCI .- C6HsCOOH + KC1 



Preparatory Organic Chemistry Tahlc of Readants and R o d ~ ~ d s  

SL Ccwnpwod Mo1.Wt. Weigh1 Moles Molar Other 
No. Used Us J Ratio Data 

Yield 

- - - - - - - - - - - - -  g - 
Observed IDmperties of the Product 

Melting p o i ~ ~ t  - - - - - - - - - - - . 

2.7 EXPERIMENT 5 : PRl!S?ARATION O F  
p-BENZOQUINONE 

Infmduction : 

y-Be~tzoquinone is prepared by oxidation of bydroquir~o~~e with polassium bromate. 
Sulphuric acid hcts as a catalyst. 

Quinhydrone which is formed as an Hecluirement : 
intermediate in thisoxidation is a 
molecular complex of hydroquinone C/t@F?fi~cl/~ 
andpbenmquinone.  Its dark colour 
is due to the presenceof quinoid and Hydroqui~lo~~e 
benzene rinks. 

Sulphuric acid 

~ B e n m q u i n o n e  irritates the mucous Roulld htto111 tlask (1 00 al l3 )  1 
membcrane and leaves brown spots on 
the skin void contact. Water co~~denser 1 

Water boltlc 1 



Procedure 
3 Heat hydroquinone, 2.5g (0.0227 nlol) and 25 c1113 of water to 50°C ill a 100 cn1 round 

bottom tlask tilled with a condenser. Use a thcr~llo~l~eter dipped ia the reaction 111ix1urr to 
note tenlpcrature. When hydroqui~~o~lc dissolves, cool the soluliol~ to 20°c, and add 1.25 
c1113 of sulphuric acid slowly. 11 a black sticky precil,ilate is ti,nued on addilioi~ ol' 
sulphuric acid, tiltcr it off. Now add 1.4g (0.0084 rlol) of potassiur~ bro~nale lo lhe 
reaction ~llixturc carefully while heating tllr rerclio~~ Llask 10 60°C on a water bath. A 
reaction imn~rdiately begins with the fonrlaliol~ of the grccrish black prccipitatc of 
quinhydronc. 

Stop the lleating IIOW, the tenrper;~ture would slbo~~la~~cously rise to 75°C. Tllc o x i d ; ~ ~ i o ~ ~  
reactio~~ would be complete w h e ~ ~  tile hlack colour ot llle rcaclio~~ Inass changes to bright 
yellow of be~~zoquino~~e.  Heat thc reaction nlixture to XOOC till be~~zoquiaonc con~plett~ly 
dissolves. Cool it in ice and filtc-r o ~ f b r ~ r z o q u i ~ ~ e ~ ~ e  which scl)arates out, was11 i t  wit11 a 
sn~all anlou~~t  oT ice water a11d dry i t  ill air. Note the yicld and ~l lcl t i~~g poi111 or the ~ I I I I O S ~  
pure product. Benzo uinone may be rccrystalliscd i i o ~ l ~  boilil~g light pclroleu~~~ !? (100-120°C) (1 ~ ' C I I I  per gram). 

Side Reactions 

Alternate Methods 

Oxidation of hydroqui~lor~e t o p - b e ~ ~ z o q ~ ~ i ~ ~ o ~ ~ r  call tw dolle by using other oxidising 
Teagents like c h r o ~ ~ ~ i c  anhydride in acctic acid. 

Experiment Report - 5 : I'reparation of p - l~e~~zoc l i~ ino~~e  

y-Be~lzoquiaore is prcpared hy llle oxidalioa ol'hydroclui~lo~~e with polassiu~~~ bron~i~te. 
Sulplluric acid acts as the cati~lysl. 

Reaction : \. 

Tsbk of Reaclnnts and Produds 

SL Compound Mnl. Weight Moks Molar Other 
NO. W 1. Used Ilsd Hatie Data 

Yield 

- - - - - - - - - - -  g. 

Olwerved I'mperties of the Pmdurt 

Melting p)irt  - - - - - - - - - - - . 



Preparahry Or~~anic Cben~istry 
EXPERIMENT 6 PREPARATION OF 2,4, 

6 - TRIBROMOANILINE 

Introductipn 

Electrophilic substitutio~~ reactioas arc typical reactions of aron~atic cva~po~~nds .  
Electropl~ilk aro~llatic suhsti~~rtions include a wide variety of reactio~~s l i k w  
sul l )ho~~aI io~~,  Friedel-Crafts' alkylatior~ a ~ ~ d  acylatioa, halogei~atio~~ aud so 011. These 

- 
substitutioos', therefore, fornl a route of access to various arolnatic ronlponnds by 
per~l~ittiag irtroductioa of certail~ sul)stituel~ts which call then be tra~lsfon~lcd or replaced 
by the desired oaes. 

However, the various arol~~atic c o ~ ~ ~ p o u ~ ~ d s  differ in the case or facility with w l ~ i c l ~  Ulcy 
u~!dergo eleclrophilic substitutioa. It has bee11 fou~ld that a substituent grijup presel~t ill the 
bel~zel~e ril~g affects both the reactivily of the ring towards electrol~l~ilic attack a~ ld  thc 
oriel~tatiol~ of the inconli~~g substituel~t. The reactivity of an aro~llatic con~pouad towards 
aa electrophilc is retlectcd ill the severity ofcol4ditions for the reaction and thc till~e it 
would ta kc. 

Orio~tation,detrr~oines whelher thc suhstitue~~t already present would direct the ~ I I C O I I I ~ I I ~  

substitue~~t to orflioh~circi or to the nuvn positioa. 
/ 

Oa.this basis the subsbituc~~ts bavc been broad1 y classi~ied ;IS rollows : 

1. Activati~~g groups which facilitate furthcr substitution and are ortho/para dirccb~g. 
Tllese are electroll do~lating groups. 

Strongly activatil~g 

1 -NHz(-NHR,-NR2) 

a H  

Moderi~tely activati~~g 

a C H 3  (aC2H5,  etc.) 

-NHCOCHJ 

Weakly aclivatir~g 

~ ' 6 ~ 5  

-CH) (-CrhS, ctc.) 
2. Deactivating groups which make furtller substitutio~~ difficult and are mda directiag. 

These are electron attractills groups. 

-Nor S 0 3 H  

-N(CH3)3 XI-IO, -COR 

-CN 

-COOH (-COOR) 

CIC. 

3. Deactiv;itiag groups which are orthn/para directing. 

- F, - CI, - Br, - 1 

Fro111 the ;~bove you call see tbat i~c;~rly all s ~ r h s ~ i l u e ~ ~ t  groups L11 ill lwo catcgor ics, 
activati~~$ii~~d or~I~o~>rrrtr directii~g or dcac~ivi~ting and nrefrr dircctiug. The haloge~~s arc! ill 
a class by t l ~ c ~ ~ ~ s c l v c s  h c i ~ ~ g  deactivatir~g but orllroh>crrcr directi~~g. This is because their 
i ~ ~ d u c t i v ~  cn'cect is -1, howrvcr, due to mcson~eric rrfcct or resol~a~~c-e they dirrct 111e 
~ I I C V I I I ~ I I ~  substitucl~t lo orllrolycircr positioas. On thc basis of these efrects, it is possihlc to 
prrdict fairly accurately the course of any aro~~latic substitution. 

In this cxpcriolcnt, we are describing the preyratio11 'of 2, 4, 6 - triljromoanilinc lionl 
a~l i l i l l~ .  Siuce, -NHl group is a stro~~gly activati~~g group, you would expect a~lilille to 
ul~dergo fi~rther substitutio~~ eas i lyJhat  i~~dced  happens; reaction, ill fact, is exothermic, 
and with ~ilultiple substitution we get the trihromo product. Furihcr, as the -NH2 group is 



ortlro~~irrir directing the substituc~~ts take Ihc two orllro and il yrrrrr positio~i. Orya~~ic Ismparalions 

Reaction 

R e q u i r e n ~ e ~ ~  ts 

Clremicals 

Bro~ni~le . 

Pu~ili~le 

Etllyl alcohol 

Acetic acid 

Appciralrrs 

Conical 11;lsk (100 ~111~) 1 

3 Measuri~ig cyli~lder (25 CIII ) 1 

Glass rod 1 

Glass fu1111e1 1 

Filter paper 

Filtration assc1111)l y 

Melting p o i ~ ~ t  apparatus 

l'rocedure 
I ~ u a l i o n  

Dissolvc 2.3g (2.25 c1113, 0.02S 111ol) oCa~tilir~c. ill 1 0  ~ 1 1 1 ~  ofacalic arid in s 100 cil~ 3 

3 Carry out Erlcn~~leycr flask. To this add dro1)wise a solulio~~ ol'4.0 CIII (13.3 g, 0.083 niol) of 
3 b r o ~ l ~ i ~ ~ e  dissolved i n  10 c111 of glacial arelir acid. The reaclio~~ is cxoll~cr~ilic, so thc ~ i ~ e  experimen~ in a fumehood 

rcartio~~ i~~ixture would need rooli~lg du r i~~g  tlic additiot~ oC bron~i~ic. Aftcr the additici~~ is 
conlprte, add 50 cn13 of water filter tllc ycllov~ solid (111 s~~(.tici~i, was11 it with cold watrr 
and dry it in air on a filter paper. Rccrystallisc 1ro111 c ~ l ~ y l  alrol~ol. Notc tllc picld a ~ l d  t l ~ i -  
nii\lting po i~~t .  

Side Wesctio~~s 

Other Methods uC1'1~pari1tio11 

N O I I ~  

Introduction 

III the expcr i~~le~~l ,  2,  4, 6-tribr0111c1 ; I I I ~ ~ ~ I I C  is jircjiarrd l ~ y  hr0111i11i1tio11 of al~ili~lc with 
b r o ~ l l i ~ ~ r  in i~c-elic. acid. 



I'rcpanrtary Omauic. Chmislry React ion 

'l'ahlc OF R Y ~ ~ B I I L S  and I f  oduds 

SI. Ccnnpuund MarL Wcighl Mtdes Molar Olbrr 
N 0. Mass IJwl Used Ratio Unla 

- - 
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