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• De eerste 30 minuten en de laatste 15 minuten mag u de zaal niet verlaten , 
ook niet voor het bezoeken van het toilet. 
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Succes! 



1· 116 pts) Please conslder the four electrophilic aromatlc su bst1tution react ions drawn below . 

a) (4 x 2 == 8 pts ) Draw the product of each react ion. h 
1

• 

b) (B Pts) Draw the full mechanism of the first rea ction (i) showing how the electrop 
I 
ic 

species is formed but also the orlgin of the regioselec tivity. 

i) Meao H2S04 (cat. ) 
1 + HN03 

ó 

Cl 
ii) 

0
2ND ~ 

AICl3 (1 .1 equiv) 

ló + 
Cl 

ili) H3Cû AICl3 (1 .1 equiv) 
+ Br2 

HaC ó 

2. (10 pts) Only two name reactions were developed by Dutch organ ic chemists. The Lobry de 

Bruyn-Van Ekenstein transformation, drawn below, was the first. By the way, Lobry de 

Bruyn held the f irst chair in Organic Chemistry at the University of Amsterd am in 1894 ! Give 

a plaus ible mechanism for this rearrangement. 

W (cat.) 

3. (16 pts) Give the main product of the four react ions drawn below . (LDA == lith iumdiiso­

propylamide, THF and DMSO are solvents) . 

i) 0 
)l 1) LDA, THF 

H C N,CH3 
J ' 2) ,./"\. Br 

CH3 ., '-"" 

1) LDA, THF 

2) ;=\__ 

~Br 

iii) 

iv) 

Br ~ OtBu 

0 

KO t-Bu 

DMSO 

1) LDA, THF 

2) 0 

~H 



man in organ ic synthesis. The two 
4 . (2 x 6 == 12 pts) Ring-closi ng rea ctions are very com , h .d (NaOMe) In MeOH 

d, d ·th sod1um met ox, e 1carbonyl compounds drawn below are treate w, h . t,·c reasoning for the . G. short mee anis 
as the solvent to give a cycllsation react,~n. ,ve a ch (catalyt ic or an excess) of sod ium 
format lon of t he main product. Also explain how mu . 
methoxide is needed to allow the rea ct ion to reach complet,on . 

~ 
On--rC02CH3 

0 

f d ·n the products i-v drawn be low . 5 . (10 ptn) Show how 2-cyclohexen-1-on can be trans orme 1 

Poss ibly, more than one step is requ ired . 

C)=o 
i) ~ 11

0

) o,N}----._ 
0 

m) ~ ;v~ J v) A 
(_)= \_)= C)=o CJ<oH \___;OH 

2-cycfohexen-1-on 

6 . (15 p ts) The synthesis of the gastric acid inhibitor cl idinium brom ide is character i_sed by the 
interesting bridged intermediate A. As depicted, compou nd A was made from d,ester B. 

Ph o 62

Et NaOEt (2 equiv) ÓEI HOH 
~ 

Br EtOH, heating, 
l_C02Et Ph ~Me _ 

-N Br 
l_C02Et 

followed by 
+ acidification with N 

HCI and heating 
A C D clldiniumbromide B 

a) (10 p ts ) Draw t he structure of intermediate towards A (before acidificati on) and show 
how (mechanism) th is intermed iate, after acid if icat ion and heati ng, provides A. 
b) (5 p ts ) Show the steps that are required to make B starting from C and 0 . Al so draw the 
structure of the intermediate and the requ ired reagents . 

7. (12 pts) Many redox react ions show a high chemose lectiv ity . Draw t he main prod uct of each 
of the react ions shown below (the solvent is shown under the reaction arrow). 

a) M~½ 0 b) 
0 H202, HO 

~OH Na2Cr2~ . H 

EtOH HO acetone 
Me 

0 
c) 

CIVCO,H 
d) 

c(; Q OH 

NaBH4 ~' EtOH 
CH2Cl2 

'rr 
0 



s 

8· (only new curriculum students) (12 pts) t (5 
p~s) Cofactor pyridoxamine phosphate plays an important role in the enanti oselective 

or~ation of L-amino acids from a-keto acids. Show the reaction mechanism and point out in 

which step the chirality is introduced. 
NH2 

PiO~OH 

©~ CH3 
H 

pyridoxamine phosphate 

H02Cî(R ~ L. H02C......._,,....A 

0 ~~ 

b) (6 pts) The biosynthesis of praline starts from glutaminic acid . The sequence of events 

requires one molecule of ATP and two molecules of NAD(P)H. Draw the four intermediates of 

the biosynthesis (which is one carboxyl group activation step, a reduction, a condensation 

and a final reduction step). 

H02C~C02H 

NH2 

glutamic acid 

8. (only old curriculum students) (12 pts) 

- --- [)-co2H 
H 

proline 

a) (6 pts) David McMillan received the Nobel Prize Chemistry in 2021 for the topic of 

'organocatalysis' . Give the product of the reaction below and show how McMillan's 

catalyst speeds up the reaction (the stereochemistry is unimportant}. 

0 

0 I 

rt\•' 
Ph H 

McMillan's catalyst 
product (C9H12O) 

(96% enantiomerically pure) 

b) (6 pts)To carry out the Diels-Alder reaction drawn below the starting material first has 

to be converted into the diene. Draw the structure and reaction cond itions to make the 

required diene. 

0 t 
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