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1. Nomenclature of organic compounds

Nami ng

1Assign the

H;C.__CHs;
H|I-
HO

2Assign the

A/\(\/CH:;
HO (@]

3Assign the

N&

Br |

4 Choose the correct

x_CH;
L

5Choose the correct

0]

HBC\/YJ\N/\/CHS
“H

H,C H

foll owing

foll owing

foll owing

organic

compound its | UPAC
A/ (R)-1-phenyl-isobutyl alcohol

B/ (S)-1-phenyl-isobutil alcohol

C/ (R)-1-phenyl-2-methylpropan-1-ol

D/ (S)-1-phenyl-2-methylpropan-1-ol

E/ (R)-2-isopropylbenzyl alcohol

F/ (S)-2-isopropylbenzyl alcohol
compound its | UPAC
A/ butylcyclopropan-1-carboxylic acid

B/ cyclopropylbutan-1-carboxylic acid

C/ 2-cyclopropylpentanoic acid

D/ 2-cyclopropyl-2-propylacetic acid

| UPAC
Al (R)-3-(2-bromoethyl)-5-iodopentanenitrile

compound its

B/ (S)-5-bromo-3-(2-iodoethyl)pentanenitrile
C/ (R)-5-bromo-3-(2-iodoethyl)pentanenitrile
D/ (S)-3-(2-bromoethyl)-5-iodo-pentanenitrile

name for the compound
A/ (2S,3E)-1-phenyl-3-penten-2-ol
B/ (2R,3E)-1-phenyl-3-penten-2-ol
C/ (4R,2E)-6-phenyl-2-penten-4-ol

D/ (4S,2E)-6-phenyl-2-penten-4-ol

name for the compound
A/l (R)-2-methyl-N-propyl-pentanamide
B/ (S)-2-methyl-N-propyl-pentanamide
C/ (R)-3-methyl-N-propyl-hexanamide

D/ (S)-3-methyl-N-propyl-hexanamide

compounds

name!

name!

name!

bel ow:

bel ow:



6 Choose the correct name for the compound bel ow:

A/ (4R)-N-ethyl-4-methylhexanamide
CH3
H _ _ A .
H3CMNVCH3 B/ (4S)-N-ethyl-4-methylhexanamide
5 C/ (3S)-N-ethyl-3-methylhexanamide
D/ (3R)-N-ethyl-3-methylhexanamide

7Assign the following compound its | UPAC name!
A/ (2S)-cyclobutylpentan-2-carboxylic acid
B/ (2R)-pentylcyclobutan-2-carboxylic acid

HO.__O
D\I/\ C/ (2R)-2-(cyclobutylmethyl)-2-propylacetic acid
CH

E D/ (2R)-cyclobuthylpentan-2-carboxylic acid
E/ (2S)-2-(cyclobutylmethyl)pentanoic acid

8Assign the | UPAC names tot he following compounds!

A B C D

OH OH
12be nlb e nateo 22 b ey #-hyd r pbxe nateo
3-4-hyd r gbxe §lb e nateo 4 - 4-hyd r gbxe §lz-hyd r gbxe nateo
9Assign the following compound its | UPAC name!

A/ (3S)-3-bromo-3-cyclohexylpropan-1-ol
Br
] B/ (1R)-1-bromo-3-hydroxyprop-1-yl-cyclohexane
HO™
H C/ (3R)-3-bromo-3-cyclohexylpropan-1-ol

D/ (1S)-1-bromo-3-hydroxyprop-1-yl-cyclohexane

10Assign the following compound its | UPAC name!
A/ (4S,5E)-4-bromo-7,7-dimethylhept-5-en-1-in
/Y\)C\H?’ B/ (4S,2E) 4-bromo-1,1-dimethylhept-2-en-6-in
HC// : CHy C/ (4S,5E)-4-bromo-7-methyloct-5-en-1-in

D/ (5S, 3E)-5-bromo-2-methyloct-3-en-7-in



Nomencl ature of heterocyclic compou!

11Which row corresponds to the trivial names of the f
H
(0] N NTX N7
1
@ @ N~ l/
N
1 2 3 4

A-1.yrpa Y repd.yr@aei ngr.i mpedin

B-1. afi umRkphne, 3Jr.i dhbe,zidn. pd perazin
C-1. afi ury2 reop 3r.i pazidni medi n
D-1.yrap, M repp Ir.i he,zidmi mpedi n

E-1. af uh2i.opehe Jrrami n4gr.i pazi n

12Which row corresponds to the trivial names of the f

H H
S N, N
5 Oy O
N N
1 2 3

Azl . yr@aei n2. iemi 3.a zoxt azol
B21 .hi ap0ol3rramol3. iemi dazol
C-1.hi agol3r.reml Jr.i dhbazi n

13Pairsthectures with their corresponding names!
A B C s

l2pyrroki di n22i zoxeazol 32c h oane

42gaziedi n 52penam



14RPRair the structures with their corresponding names!

A Q B @N C S D [5}
R e O

l121H-azier i n 22 2H-thi et 32 1sth8heol 42 2H-pyr reo |

15Pair the structures with their

corresponding names!
A N B C D s
NH

Xy s ()
—

N N

H

E N F G 0 H S
3

N ILZI @ [N/j

12 thi éne 222-azed i n 32 4H-pyran

422H-1 ,-thi aei n5-qunoxal i n

16PRair the strucdaanrrssponrndi ndenames!

A N B S C § D 0
Ch 0 Q w

E @:D F C)g G IRNZ H ©i>NH

12 thi ane 22azet-2-cde n 322

42isoi ne o | 521 ,-8Bi oaxe |

mi daezol i n

17Choose the names sotfr utchteu rfeosl!l owi ng

A B C D H
H
) O CC
= S
1-benblofpor 223H-i neol

5-isogu ncel i n 621H-i neol

3-1®Mplknoxazin 4-qunclin

7-benblbi[phre 8-1B-plenbitaei n



18PRair the structures with their corresponding names!
A H B C

D E

l12pyri medin 2-3pyrrcelin 32pyridazin 4-1H-1,di azepin
52azeteidin 6-i zoxeazol 7-1H-1 ,-Bi aze p 82 ,-Biydh r-tH-pyr reo |

19Gi ve the names of the following compounds
H H
| N 0
/ / _ /\
N
H
A B C D E
l2isoqit ncel i n 22o0xanr 32pthal aezi n 42pyr arol
52pyr azi n 62o0xae ol 7-1H-i ndol 8-moplole n
20Match the following structures with their correspon
0 Q o Q‘l < NH
O O 0 o e}
A B C D E
1-2- atme 2-t-l ctame 322l & cen
4-1-la t cen 5-2-1 & cen 6 - -1 @game

21Pai r the structures with their names!

G (R, R,

A B C D

l2cepham scaffod2darbapenam s c3abtfatlame 4-1-1 at ame



22Gi ve the correct |l UPAC name for the structure!

A/ 2-methyl-1,5-dihydropyrano[2,3-c]pyrrole

H;C
SN B/ 2-methyl-1H-pyrano[2,3-c]pyrrole
HN C/ 5Znethyl2H,6HZyrano[2,3Z]pyrrole
© D/ 4-methyl-3,7-dihydropyrano[2,3-c]pyrrole
23Choose the correct | UPAC name for the compound bel o

A/ 6-chloro-1-ethylphthalazine

HsC
B/ 3-chloro-6-ethylphthalazine
N
'Tl C/ 6-chloro-1-ethylquinazoline
cl N

D/ 3-chloro-6-ethylquinazoline

24Gi ve t he correct |l UPAC name for the structure!

A/ 1-chlorophthalazine-6-carboxylic acid

HOOC N
| B/ 4-chlorophthalazine-6-carboxylic acid
N
7 C/ 4-chloroquinazoline-7-carboxylic acid
Cl

D/ 4-chloroquinazoline-6-carboxylic acid

25Give the correct |l UPAC name for the structure!
A/ 5-ethylpyrido[2,3-b]furan

H3Cm B/ 5-ethylfuro[2,3-b]pyridine
N C/ 3-ethylfuro[2,3-b]pyridine
D/ 3-ethylpyrido[2,3-b]furan

26Gi ve the correctt HeUPsAtCr inatmer & or
A/ 3-bromo-3aH,4H-[1,3]thiazolo[2,3-b]pyridine
Brﬁs/> B/ 3-bromo-3aH,4H-[1,3]thiazolo[4,5-b]pyridine
H N C/ 6romoZBaH,4H41,3]thiazolo[4,50]pyridine
D/ 6-bromo-3aH,4H-[1,3]thiazolo[2,3-b]pyridine

27What icsortrheect | UPAC name for the following compound?
A/ 1,3-thiazole-3,6-dicarboxylic acid
HSCﬁ/COOH B/ 1,2-oxazole-2,4-dicarbaldehyde
HOOC C/ 5-methylthiophene-2,4-dicarboxylic acid

D/ 1-methylthiophene-2,4-dicarboxylic acid



28Choose the structure below that is correctly number

A 4 B 1 C 5
5 H H 6 H
N. 8 N. N N.
6 (7 N 3 7 X N 2 7 N 4
| Z J | p7 J 8 Z J 3
T ONTsT 2 6 S\ g 3 N s
8 1 5 4 1 2
29Choose the correct | UPAC name for the structure bel
o A/ 1,3-thiazole-4-carbaldehyde
\ N/ B/ 1,2-oxazole-5-carbaldehyde
O C/ 1,4-thiazole-3-carbaldehyde
H D/ 1,3-oxazole-4-carbaldehyde

30Choose the correct name bdathel icohnenpotumuc tbed @w: (
A/l 6ZnethoxyZ dnethylZ],2,3,4-tetrahydro-9H2yrido[5,4 5](1H)-indole
cho\@QH B/ 6ZnethoxyZlZznethylZLH,2H,3H,4H,9H7yrido[3,4 Z]indole
N CH;  Cl 4Znethoxy@Znethyl%,7,8,9-tetrahydro-1HZyrido[3,42](1H)-indole
H

D/ 8ZnethoxyZZnethylZ.,2,3,4-tetrahydro-5H2yrido[3,4 2] (1H)-indole

31Choose the correct name (whendhtehicompmomerndle biev @atwi v e

Q:SD/N% A/ N-benzyl-3-nitro-dibenzo[b,e][1,4]-thiazine
N B/ N-benzyl-7-nitro-dibenzo[b,e][1,4]-thiazine
C/ N-benzyl-2-nitro-dibenzo[b,e][1,4]-thiazine
D/ N-benzyl-8-nitro-dibenzo[b,e][1,4]-thiazine

32Whi ch structur al el ements are present in the follow
o OVOH A/ purine scaffold

B/ glutamic acid

=2 OH
N
H/\/\[O( C/ quinoline ring

NH>
N NS N
[ | D/ pyridazine ring
)\ = i~ CH3
H,NT N7 °N

E/ pteridine scaffold

33Choose the correct name: for the structure bel ow

Al methyl (2S)2Zhlorothiirane 2Zarboxylate

S 0 B/ methyl (2R)2Z hlorothiirane 24 arboxylate
A,//_« C/ methyl (2S)2Zhloro-2,3-dihydrothiirene 24 arboxylate
Cl OCHj;

D/ 2S-2-chlorothiirane-2-carboxylic acid methyl ester
E/ methyl (LR)Z Zhloro-2,3-dihydrothiirene ZLZarboxylate



34Choose the correct name for the structure bel ow:
Al 7hromosbH,7aHAlihydro[1,3]thiazolo[4,5Z]pyridine

Br
S N B/ 7dromosbH,7aHA1,3]thiazolo[4,5Z]pyridine
<\ ~__NH C/ 4dbromoZa,64lihydro[1,3]thiazolo[4,5&]pyridine
N

D/ 4romoZaH,6H[1,3]thiazolo[4,5&]pyridine

35Choose the correct name! for the structure bel ow

CHs A/ (3S)-N,N-dimethyl-3-phenyl-3-(pyridin-3-yl)propan-1-amine

N\CH3 B/ (3R)-N,N-dimethyl-3-phenyl-3-(pyridin-2-yl)butan-1-amine

C/ (3R)-N,N-dimethyl-3-phenyl-3-(pyridin-2-yl)propan-1-amine
D/ (3S)-N,N-dimethyl-3-phenyl-3-(pyridin-3-yl)butan-1-amine

36Choose the corr escttr uncatnuer ef obre |tohwel

Al methyl (2R,6R)22romo22H,6H41,3]oxathiolo[5,4h]pyrrole ZZarboxylate
H,CO

H B/ methyl (2R,6R)22romo2,64lihydro[1,3]oxathiolo[4,5h]pyrrole £Z
'e) 3 o 4 carboxylate
\N | S N Br C/ methyl (2R,6R)22romo4H41,3]oxathiolo[4,5D]pyrrole HZarboxylate

D/ methyl (2R,6R)2Zromo2Z2H,6HZ1,3]oxathiolo[4,5h]pyrrole ZZarboxylate

37Choose the correct name for the structure bel ow!

O _OH Al 2H2yrido[3,22][1,3]thiazines Zarboxylic acid
B/ 3HZyrido[3,22][1,3]thiazineBZarboxylic acid

~ X
NK B C/ 6HDyrido[3,22][1, 3]thiazineZ Zarboxylic acid
S° N D/ 7HZpyrido[3,22][1,3]thiazineZZarboxylic acid

38Choose the correct name for the structure bel ow!
Al 14(2R)Z2HZhiopyran24/llethanZ Zne

B/ 14(2S)2HZhiopyran24/llethanZ.Zne

C/ 2S-2-acetyl-(2H-thiopyran)

D/ 2R-2-acetyl-(2H-thiopyran)

H3C

O
I(lj-)- \

39Choose the correct name for the structure bel ow!

CH5 Al 3ZhloroZ44propanZ4/loxy)Z3aHzyrrolo[3,2-d][1,2]oxazole

Cl O/<CH3 B/ 4Z&hloro B4 propan24/loxy)ZBaHzyrrolo[3,241][1,2]oxazole
N 4 AN C/ 1Zhloro b4 propan24/loxy)BaHzyrrolo[3,241][1,2]oxazole
@) N D/ 3Zhloro A4 propan24/loxy)ZaHzyrrolo[3,241][1,2]oxazole



40Choose the correct name:of the compound bel ow

(0]
Jal
Cl N Br
H

Al 2bromodbZhloroZlHA1,4)-oxazine
B/ 5-bromo-3-chloro4HZ1,4)-oxazine
C/ 3dbromosZhloroZ4HZ1,4)-oxazine
D/ 6romo22Z&hloroZlHA1,4)-oxazine

41Choose the correct name:of the compound bel ow

Al 5romoZ., 4,2z xathiazineZ3Zarboxylic acid
B/ 6romoz,1,3%xathiazine2Zarboxylic acid
Cl 4bromo2,5,1%xathiazinebZLarboxylic acid
D/ 4hromo%,3,10xathiazine2Zarboxylic acid

42Choose the correct name:of the compound bel ow

Br
ST
NS NH

Al Tdromos, 7adlinydro[1,3]thiazolo[4,5-c]pyridine
B/ 7hromosH,7aH41,3]thiazolo[4,5&]pyridine
C/ 4bromoZa,64lihydro[1,3]thiazolo[4,5& ]pyridine
D/ 4bromoZaH,6H41,3]thiazolo[4,5Z pyridine

43Choose the correct name:of the compound bel ow

el
0=$=0

74 AN
S __~_=2N
CHs

A/ 8anethylZaHZhiopyrano[3,4Z]pyridine ZZulfonamide
B/ 14nethylZlaHZhiopyrano[4,34&i]pyridine S 4&ulfonamide
C/ 1anethylZdaHZhiopyrano[3,4&]pyridine A4ulfonamide
D/ 5ZnethylBaHZhiopyrano[3,4Z&]pyridine ZLAulfonamide

44Choose the correct name (efthyd hei gmimpeoeund bel ow

HsCL
E}:§ _OH
O <
T

A/ 1ZnethylZ Zazabicyclo[3.2.1]octanZ 4/ (2S)ZBAydroxy 2 Hhenylpropanoate
B/ 14nethylZ Zazabicyclo[3.2.1]octanZ 4/ (2R)ZBZydroxy 24henylpropanoate
C/ 8ZnethylBZzabicyclo[3.2.1]octanZ3 4/ (2S)BAydroxy 2 Hhenylpropanoate
D/ 84nethylBzzabicyclo[3.2.1]octanZ34/| (2R)ZBZydroxy 24henylpropanoate

45Choose the correct name:of the compound bel ow

0]

A/ 5ydroxybenzo[c]2,7Aaphthyridine A& arbaldehyde
B/ 10Zhydroxypyrido[3,4-c]quinolinebZarbaldehyde

C/ 2Zydroxypyrido[3,4-c]quinolineBZarbaldehyde

D/ 5Zydroxypyrido[3,4-c]quinolineRZarbaldehyde



46Which heterocyclic scaffold does ?he following drug

A/ phenothiazine

OH O = | B/ 1,3-benzothiazepine
N N \N C/ [1,2]-benzothiazine
S/N\CHH D/ benzothiazole

30 E/ 1,3-benzothiirane

F/ 1,2-benzothiazepine

47Assign the name of the respective heterocyclic scaf

A B OCH;
0 0

AN
NH
o] N=<

N S
(j/V o]
N, D—0cH,

IZ

l12pi perazin22moplole n 32pyri dazin

42pji peei di nb2pyridin 621 ,-dlxazepin

48Which of the followingfeundctoraheelfemeotbeabel ow

O
[N\ 4@7 A/ pyrazine
N—\ Cl . .
N/ N / B/ piperazine
C/ pyridi
0 0] pyridine
D/ imidazole

N
(\3 E/ isoquinoline
N F/ morpholine
C

49Whi ch heterocyclic ring is ?found in the compound be
H3C N
\(/ A/ isoindole
N—/

B/ quinolizine
cl —N C/ imidazole
D/ isoquinoline

F
O E/ pyrazole



50Assign to the following compounds the heterocyclic
0 O, _NH,
A (0] B \\O C
S CH, H,CO § OH H,C O
CH
W OH N ’ o _
0] N
S e L
Q. -NH;
0
FsC yoN §
3
= H,;C | / o
3 o
CH,
12pyri din 22pyr aeol 3-isoxae ol
42 neol 52 thop hre 62 pyr reo |
51Whi ch heterocyclic rciompoiusnndprhed emt? i n the
Al 1,2 4-triazolee
B/ 1,2,3-triazol
C/ 1,4-benzodiazepine
D/ 1,5-benzodiazepine
E/ 1,2,4-pyrazole
F/ 1,2,3-pyrazole
52Pair the structures with the name of the correspond

-0 "
N N
o) N
/7 \\
O O/\

l2aypropicomci d der 2%arti avirec | aci d dX?raiyla ate

Z
NS
N N
H
t ve

aci d deri

4-3 -dyr az oddii @inm er i v &t 2Hvwee nz o hila,e2i]dter i vati ve



53Assign the c¢chemioonploumalmed ooft he corrmesponding struct

(0]
: . o
HoN_ # N
(e} 20~
\)kOH O//S OH HO
c I e !
o) cl H o / O—?—O
NH,
1 2 3

N © Clu_N PN AaNg R4
O N7 7 X7 N7 "NH, 7 “NH
N S 1 — )
N H,N™ ON” “NH,

o) Cl N
H

4 5 6

16Z hl Arali o&,@hi h yRHZLqQ Zb,edn z ot h iZBA&du lafzd meemi d e

2N Bul f ZimoF,hdi a RFd 2oalcet ami de

3 B ,4bi anbantol NA di ami nomet hy |ZZdaernbeo) xpaymiadzeli n e

494 24 Bc hddo2net hyl i denebut anoyl )phenoxy]acetic acid
5V hl R p ( f2ZHrlaynme t h yAX|ualnfiannogty | benzoi c aci d

54Sel ect t he «colrhrpeucrei nphr ase
A/l i mi ddd yoi[nde d5i n
BAi mi dazby4 medin
C/ i mi di goi[ e &&i n
D/ i mi d& yoi[nde d5i n

55Sel ect the colrhresogtii pblhiase. i s
Al belhnoHin

B/ béhmgoEin
C/ bahgo@din
D/ bangofdin



1. Nomenclature of organic compounds
Sol utions

1. -(B)-1-phewynlet hyl plrodpan

I f the compound contains both a chain and a ring, the
functi onal groups, ii) contains ((tlher enostthe sd admp athrad n
substitut-kdl )p.r oplaen conGguration of the stereogenic C:«
|l ng®rdl og convention: i) ranking of I|igands, ii) read
Gr st ptlharceees o8t ercl eckwélswi, s®) form the side opposite
l ast pl ac@H, -zhreen:y &1 kBl ghypdpogdn.

2. -Zcyclopropyl pentanoic acid

I f the compound contains both a chain and a ring, the
functional groups, ii) contains (the most) side chain
Ssubstituted pentaneriicn@,citdje fUpromt inambl group is give
which case the carbon atom of the sufGx is counted in
3. -®-5broBd2o0doethyl )pentanenitrile

For choosing the parent chain: i) the parentnicthraiilne)c,
the parent chain contains the preGx Grst mentioned i
The conGguration of the stereogenic-log®teEé oigs cassieqgn
ranking of di ¢ ehred sc,i riciuumfree@& nce of the atoms/ groups

counterclockwckwi s® form the side opposite the-atom/
i odoet-hbyrloomo2 t-hcyyla,no3net2hyldr odgen. Fohespheenhtnghain th
al phabetical order is considered, whereas for assigni
a given sphere!

4. - (A3, B-1-p heBylen t2eon

I f the compound contains both a chain and a ring, the
functionalUmpaomumpwemberi ng, the | owest possible positio
(here: thBhealcom®dyration of the stereogeni c-langrmtlrde i
Prelog convention: i) ranking of Iigands, ii) read t
three pltacwert rScl eckwe lswi, s ®)dd oo pnp d shiet grid thpe ragamkmgdd t o
pl ace. -OéIRe-:CHEGEH, 2THPh,2H4 The Z and E isomerism gi Ve
hi gher ranking substituents on the same pillar at oms

5. -(B)-2-met MNylr opeht anami de

The names of the primary carboxylic acid amides are

using tieni gdef Gnsteadcofl.t FTeessubstituted primary amid
CONHR' are named as deronvathe esi tsrubgdn twiteh an R’ gr
functi onal group is given the | owest possible positio
assigned accor dinggPltdd otgh ec oGavhennt i on: i) hrearckirrcgs md fe rlein
the atoms/ groups ranked-cionunttheer cGroescikond hsveé, s R) | doesn ¢ 8 e

the atom/ group ranked -ami tbhpr @pgimetpB Ak pd4s dlger: 1

6. -(AB)-N-et hkdymMet hyl hexanami de



The names of the primary carboxylic acid amides are
using tiaeni def Gunsteadcofl.t FTeessubrstituted primary amid
CONHR' are named as deronvathe esi tsrubgdan twiteh an R’ gr
functional group is given the | owest possible positio
assigned accor dinggPtdad otgh ec oGhavhennt i on: i) hrearckirrcgu nd fe rlein
the atoms/ groups ranked-cionunttheer cGroscikond hsved, s ) | 4 oesn ¢ 8 e
the atom/ group ranked -ami tbhet B @bt dhldhyad ogeeme: 1

7. -(B)2(cyclobutyl methyl)pentanoic acid

Ha a vegyélet | UGncot As gydlriat is tartal maz, az az e
tartal mazza, i) amely a (legtdbb) ol dall dncot As |/
pentinsavkAnNt tdrt Alnmdkz Gesszn G é | rae vfeercAssoporSz a | ehetoe | e
(ebben az esetben az utDtag szAnatomja bel esziumCt a
Cahinng-®rdl og konvenci D szerint adj uk me g : i)olls@ano
at ommal / atomcsoporttal ell enkezoe ol dalr DI |l eol vassuk

kdreéeljwDiaiut@3 D jiur osLbDvalmuelalt &n i At é2C0 @Hz2erRiki toib)u.t i Il tite
32propiHi,drdog An.

8.20, 2@, 28, 284

I n the name of ester s, i f the ester functional grou
alcohol/ phenol component is listed Grst, followed by

>

C

C

B
2HL 2R, 2B, 2B, 26
2F12@, 28, 28
.2C1 2R, 2G, 24, -A
.2B1 2@, 238, 24, 2B
-6A2B, 2%, 28
24A 2@, 2%, 2D, 2 E
2T7TA 28, 24, 2D, 2 E
.-3A2B, 2£, 2D, 2 E
.23A 28, 2C, 2D

[ T R e e T = T = T N = S S S e}
B O © O N O U A W N B O

22 .-5%nhet PW,IBDHYyTr and][p2y,r3r ol e

I n the case of the compound in the question: i) the r
the ring containing the nitrogen atom has the hitgher
the edges bet wemsnn (@=eShhtief oabhere are more heteroat ol
then the edge of the annel atiotnhrdirmggiiwenn utmbe redweqrl, |
heteroatoms (O>S>N, if thesepanrmdmac)ychtelh em otali ® man é Inl
get the |l ower number, iv) deter mi ne nhmbtghree Gxoensd e(n snecd
system, in case of a position number mat eWi,d nahne rhai ngkhie
(O>S>N) gets a | ower number.

(a7



23.-6AahlA4Z20bhyl pht hal azine

Pht hal azine contai ns pnoistirtoigoenn, acuimsa zaal itrhee alt, 2t he 1, 3
the heteroatoms are given the | owest position number
appropriate atom next to the anellation.

24 . -12hl orophX®harbopkyweic acid

Pht hal azine contains nitrogen atoms at the 1,2 positi
the heteroatoms are given the | owest position number
appropriate atommext to the anell ati o

25.-5Bt hy | fA]rpoy[r2 ,d3 ne

n the case of the compound in the question: i) the r
he ring containing the nitrogen atom has the hkigher
he edges bet wemsnn (@G=eS>hNMtief oabhere are more heteroat ol
hen the edge of the annelation is given the -tLbwer I
eteroatoms (O>S>N, if there are mor)e, htehenm otah ® man é Inl
et the | ower number, iv) determine the preGxes (incl
ystem, in case of a position number mat eWi,bd ntahne rhai ngkhiel
O>S>N)a deotwser number.

~0EQ o>~ ~+ ~+ —

26.-6Bromal, M 1, 3]t hibhpypil 0§ idn &

n the case of the compound in the question: i) the r
he ring containing the nitrogen atom has the hkigher
he edges bet wemsnn (@G=eS>hNtief oabhere are more heteroat ol
hen the edge of the annelation is given the -tbwer I
eteroatoms (O>S>N, if there are mor)e, htehenm otah ® man é Inl
et the | ower number, iv) determine the preGxes (incl
ystem, so that the heteroatoms get the | owest possib

ne -+~ —

27 .-58et hyl t i @pihceareboxyl ic acid

In a monocycle containing one heteroatom, we number
ranking functional group in the name is counted as th
28. B

In a condensed bicycl e, we number in such a way tha

anell ation, thegahrdleedat ofhsatvheeitrher asmkailnggst possi bl e p
case of matching posd twiotnh nluingplears ,r a rhkei rag-vandenamd ir mg kti a
(O>S>N) receive the | ower position numbers.

29 .-1D48x a zZXl ser bal dehyde

The thiazole ring contains one nitrogen and one sul ph

atom. In a monocycle with seherhigheserpopahbkimeag betaeto
Wi dman order (O>S>N), the numbering is done so that

numbers. The highest ranked functional group wil)] be
and wil |l be the main group.

30.-6Bet hdzet AMIR B W WDyr i do[ih,dbl e

00



The higher ranking ring system (parent ring) contain:

compound: i) the rings are separated and their rankin
-t he edges bet weesn (tOh>eS>hNe)t,ertohaetnont he edge of the annel
the other ring i s -nlhmbereeacerht oths B8O0>S>N, if there
separated monocycle), then the anelelrantinen tateo ms edete st,

the condensed ring system, so that the heteroatoms ge

31.-NbdenZBahi &#ri d elmed ¢ [Lthi dale i n

I n condensed heterocyclic systems: i N u nibheer sh,etieir)o ait m mt
position number matching the higher ranking heteroat
assigned the | owest possible number.

32. B, E

(0] 0] N
| XN NTX A NTX N\
HO OH A J 4 Jo N>
NH, N N N N H
glutamic acid pteridine pyridazine quinoline purine

33.-mBt hRRRZ&(hA or o RRiairrbaorxeg | at e

I n the substitution name of esters the name of the al
the carboxylic acid component. Upon numbering, the |«
ii) the functionatignoap.tfiheesctené&ggenic cent-regobbdas
Prelog convention: i) ranking of Il i gands, i) read t
three pltacwerst rScl eckwilswi s®) for mtthiee asiodnéd gopppsiraake
pl ace. -EBlrerdl 2h2uCrHS, 3 @O O CsH

34.-7TBrolmle, H{ 1, 3]t highpywyil iodidn &

The higher ranking ring contains tmemmensecybtleewi the

since both rings contain nitrogen atoms). For assigni
is determined, i i) the p-arheente drgiensg biest weeetnt etrheed h(eat, e rbo,
t hedge of the annel ation is given the | owéehel @t er paii
(O>S>N) , then the anellation atoms get the | ower nu
condensed ring systeams sgett htahte tlhewehsett egpmosagi bl e numbe
position of the excess hydrogens in the heterocycl e.

35.-(B)-N,-Ni meB-hheBylpyraydli)np rleapra nn e

I f the compound contains botcltompoaumai n sandeaumiing,t htah e

functional groups. Upon numbering, the functional 0
conGguration of the stereogeni c el enngtérked |iosg acsosni vgennetdi ocanc:
of l i gands, i) read t he circumference of t he- atom

counterclockwtckwjs®&) form the side opposite the-atom/
pyri dipnheenyhmi Boal kyithygdgpeonp, 4

36.-mét hRIR2RA2r ole{ 1, 3] ox ad]hpiyodod depb b x y |l at e

In the substitution name of esters the name of the al
the carboxylicThei i gbmponanked cycle is the heterocy
(here: the pyrrole). For assigning the name: i) the



rent ring is dtehe eecgeg ahetbweecn .t.He heteroatoms (C
nelation is given the | ower | ettehe hetgroheomshéOD>
e anell ation atnbres ,geétv)tlletleowmémenw he preGxes, V) n

that the heteroatoms getTheheohégesttpoasiobhl ¢ heumh
signed accor dinggdlttda otgh ec oGhavhernt i on: i ) )readkiheg ofr ¢ul
e atoms/ groups ranked-cionu nttheer cGrescikond hswvee, s ) | d oesn ¢ 8 e
e atom/ group ranked to the |l ast place.

-~ 0 n QT
>S5S wWo oSS oY

37 .-2Apyri dg[[3, B]Adhamzoxnel ic acid

The higher ranked ring contains the most heteroat oms
rings are separated and their rankiengereddé¢er Ridrged,.
bet ween the heteroatoms (O>S>N), then the edge of the
i s numbered-t(Hhe HRet &r.oat oms (O>S>N), then the anell a
detméime the preGxes, v) number the condensed ring syst
numbers. The position of the excess hydrogen in the
given before the parent name.

h

38. 1ZARRHZ hi o @Frl d eZizhraen

For selecting the parent chain: the parent chain cont
named as -Bmne)t.halnn the name we indicate t heheptoesriatciyocnl e
The conGguration of the stereogenic-log®teEé oigs cassieqgn
ranking of l i gands, i) read the <circumference-of t |

counterclockwchkwi s®)dd oopnpdhiet sithe atom/ gr oder a2anked
sul phzuarc,etZICH=8H2hydr ogen.

39.-38h| A4 pr oFdainoR Py r r oddlo[][ B,, 2] oxazol e

The higher ranked ring (both ring contains nitrogen a°
For assigning the name: i) the rings are separated anct
(a, bt he. edpesn hehtewehet eroatoms (O>S>N), then the edg:¢
letter, iii) the ot he+t hrei rhgetiess orau mmsr g D >(S>,N)2, th.e.n. t)r
|l ower number, iv) determine tkea pi@a@xesystwe)m nismberthath
the | owest possible numbers.

40 C

41 A

42 A

43 C

4 4 C

45 A

46.-[Qsb2Jnhioatei n

47 .24A 2B, 26



48. A, B, C

H H H
OO0 OCh O
/
_ \
N/ N N (o) =N N
H
pyrazine pyridine imidazole morpholine isoquinoline piperazine

49. C

N N

- = X =z X

O G o OO0 QO
N _N x~_N._~

pyrazole imidazole isoindole isoquinoline 9aH-quinolizine

50.25A 28, 28, 2D, 2@&

51. A, C

PyrazolGumembared ring containing two nitromembaeredns.
heteromonocycle containing t woemenmbterroegde nh eatteornosmo ntorciyacz
three nitrogen atoms.

52.24A 2B, 2%
53.2F122, 2B, 2A, 2B

54 .-i i dazdpyr4d medin

N
|/j:\ purine
L H>

For assigning the name: i) the rings are separated ar
ring contains the monocycle with the highest number
heteroatoms in the samenguimbel §t-teiep e¢tdigee,sp bred ome.e.n) t he
(O>S>N), then the edge of the annelation is given the
the heteroatoms (O>S>N), then the anellation atoms ge
55. A

X
_N

isoquinoline

The heterocycle is ranke@Bohighseignhhag t he sceapnabroactiyerdl tabr

their ranking is determined, i FDhe hedgpas ebéet weamg tise
(O>S>N), then the edge of the annelation is given the
the het e(rm>a3xX>N)s, then the anell ation atoms get the | o0

00



2. Structure and properties of organic compounds

Aci ggdbasi ci ty

1Put the following compounds in ascending order of ac
1 p-b omo péhno | 2pkenol 3pni pleool
4 . ytcohexanol 5. -Bi,kdtl phenol

A-4 < 5 < 2 < 1B-8 X 1 < 2 < &5 < 4
C-5 < 4 < 2 < 3D-4d k¥ 24<<35«<

2Thpkof acetylsalicylB0€Chaoise itheapgproxct statement fr

A/ at3,pHaspirin and its conjugate b are present in
B/ at pH = 3, aspirin is predominantly present in neu
C/ at pH = 7.4, aspirin is predominantly present in t
D/ at pH = 7.4, aspirin and its conh0Pate base are pr

3Give the correct acidity order o fmetthhey |fpohtelndow ionpgd ecnoonhp
Al-ndpeooplewol-mehiglenol
B/-n4dplkeool-mehjglenoplexnol
Clpenol-mehjglenol-nkpléool
D/ -m2hjplenoplewol-nkpkéaool

4 Put the following compounds in ascending order of ac
l.crayl ic acid 2 o-hyd r gbxe nizm aci d

3 p-hyd r gbxe nizm aci dcarbonic acid

Al 2 <41 < 3 <B/ 4 < 3 < 1 < 2

C/l 4 < 1 < 3 <Db2 4 < 3 < 2 < 1

5Put the foll ecwiinntgainnitnrgo gceoompounds in ascending order
solution).

1. malmien 2 . amima

3. dhiynimien 4 . thryilmemi ne

A/ 3 < 1 < 4 <BZ 2 < 4 < 1 < 3
c/ 1 < 2 < 3 <Db4 2 < 1 < 4 < 3



6 Which of the following compounds is the most acidic

Os_OH Oy _OH O~__OH O~_OH
CH, NO, Cl
1 2 3 4
7Rank the following compounds in descending order of
lpropicomci d 2. propanol
Spkenol 4. pneop

Al 4 > 3 > 2 >B1T 1 > 2 > 3 > 4
c/ 1 > 3 > 4 >D2 1 > 3 > 2 > 4

8Put the following compounds in ascending order of ac
1. 6H<OH 2. 3CHOH
3. 6HLS H 4. :CHSH

Al 2 < 1 < 4 <B3 3 < 4 < 1 < 2
c/ 1 < 2 < 3 <Db4 2 < 4 < 1 < 3

9Put the following compounds in ascending order of ac
1.H-ilmi demz ol 2 . H-pyr reo |
3. iadol in 4 . pieeridin

A/l 1 < 2 < 3 <B4 4 < 3 < 2 < 1
c/ 1 < 3 < 2 <Db4 4 < 3 < 1 < 2

10Rank the €H8ohktbmwmeslgscendi bgsibcdey. of
1. -di,&zin 2. di,&zin 3. di,&zin
A/l 1 > 2 > 3 B/ 3 > 2 > 1
Cc/ 1 > 3 > 2 D/ 2 > 1 > 3

11Put the fTolmpowinmlg in ascending order of acidity (te
l1pni pleool 2pkenol
3.ybcohexanol 4 yawheaerecarboxylic acid

Al 4 < 1 < 2 <B3 4< 3 < 2 < 1
C/ 3 < 1 < 2 <D4 3 < 2 < 1 < 4



12Which oéPblile&wi ng compounds is the most basic and whi

CHj3
H H
l\ l\ 67 o) N
/) /)
2 UJ W W w
1 2 3 4 5
13Sel ect the amphoteric compounds from the foll owing:
Alulsphani | ami deB/ keerezsul fonic acid
C/ harnanilic acib/-méhywsl fanyl benzene
14Whi ch of the foll owing compounds is the most basic
NH,
/\)OJ\ N\
NH, e,
1 2 3 4
15Give the acidity order of the following compounds
acidic).
O~_OH
A B C D E
R= -N02 -H -OH -Cl -CH3
R

Al A > B > C >Bb £ B E > B >Cb » A# A > B > E > C
b/ A > D > E >EB A ¢ D > B > E > C

16Rank the following compounds in order of increasing
acisdl ution) .

l.yraein 2.yrpmedin 3.yrpdazin

4 . yrpeol 5. imd dazol

A/l 5 < 4 < 3 <B2Z 4 kX 2 < 3 <C4 4 xx 3 < 5 < 2 < 4
D/ 2 < 4 < 1 <E3 4 X 1 < 2 < 3 < 5

17Which of the following compounds is THE LEAST basic
N S
() Ly 3
N N N N
H H H

A B Cc D



18Match the structures widavlaltulkes!corresponding pKkK
O O 0]

H3CMOEt Hic >"cH, MO\ — H3C)J\CH3
AN AN N N

A B C D
1. 11 2. 20 3. 25 4. 50
19Rank the following compounds in order of increasing
l.yrpokidin 2.yrpdin
.yrpdazin 4 . H-gyr reo |

Al 4 > 3 > 2 >B1T 1 > 2 > 3 > 4
c/ 3 > 4 > 1 >D2 2 > 3 > 4 > 1

20Which of the following statements are true?

A/ The praveil rmicitiytolmd rgarwd inpy t oi ¢t yhcer calggeasnds ocgractuipn gi ncr ease
acidity of organic compounds.

B/ The praoml|l mctyonfionat igmg ugpr d uwgkciitrmgy dthhiegyen i ncr eases
of organic compounds.

C/ The role of steric eff-bate psopegltligsble for organ

D/ The electronic effect of eRerstsesbstistuont awietedtddh ena b
pamasitions relative to the substituent.

21Cl assify the foll owing funechasoenaprlogpreorutpys i n terms o
laci dic 2)adi c 3neutral
A)-S GH BRCOOH C) -MH
H NH
D)2COOR E }CH= GOIH F)—N—/<
G)AfS H H)R-O-R ® | RNH  NH2
o O

] )H3COMOCH3

| )-CR

22Match the concepts and deGnitions:

Alaci d accorBiricghmgdtoend oer y l-aci déHono'r

Bbase accor BdidmngLtoena kitehoer y 2-aci det reo naccpeapi tro r
Claci d accorlddwigsetoa yt he 3-basietd#tceptor
Dbase accordeéwtglsea or v he 4-bas:e @lrepadonor



23Based onavtaHeesK is the equilibrium of the foll owing
left?

CHOH + MaMNHCHONa + NH
pK= 16.= BK

At o t heerciagisteHGHi s t he stronger acid
Bt o t hkkedeaedds@HOGHies t he stronger acid
Clit o thederciagwlsHGHies t he stronger base
D/t o t hteed &edd@HGHIiess t he stronger base

24Whi ch of the following anbhsne dedi whtchessi shehkem

NH, NH, NH, NH,
® e
NO, O,N NO,
NO, NO,

1 2 3 4
25Arrange the following compounds in ascending order
H
] o5 ° 0] O O 0]
ij @ ij)ko/ O/NHZ O/OH O)‘\O/
0]
A B Cc D E F G
Nuc!l eophi-eietingphilicity
26Arrangkolthewi ng amines in ascending o#xAkerr eafctn wmlsdo
1-4-mehyalniel i n 2-4ni trceanilin
32aniel i n 42 cy t o hyleaxmie n

Al 4 < 1 < 3 <B2 1 < 2 < 3 «<
cC/ 2 < 3 < 1 <Db4 3 < 2 < 1 <

27Choosecarhreect statement !

A/ Hydroxide ion and bromide ion are electrophilic re
B/ Water is both an electrophilic and a nucleophilic
C/ Cyanide ion and al koxide ion are nucleophilic reag
D/ Ammonia is an electrophilic reagent.



28Choose the correct

statement!

A/ Cyanide ion and bromide ion are nucleophilic reage
B/ Hydroxide ion and alkoxide ion are electrophilic r
C/ Ammonia is an electrophilic reagent because it has
D/ Carbene is a nucleophilic redgent because it has a
Ter mygaami ¢ st,abreda vyty
29Rank the following alkenes in order of increasing t
1-p e fitene 2 -E-p e f2{ene
3-2Z-p e 2fene 4-n-p e anke
Al 4 < 2 < 3 <BIZ 1 X 3 K
cC/ 1 < 2 < 3 <D4 3 < 1 < 2 < 4
30Rank the following compounds in order of increasing
1. kearz 2.1l ahe
3 .s0 lh ane 4 n-b uahe
Al 2 < 4 < 3 <B? 1 < 3 < 4 < 3
C/l 4 < 3 < 2 <Dl 4 < 2 < < 1
31Which of the following conformers is the |l east stab
HsC__H HsC CHs Br_ H HCHs
H H @H H3C@H @H
H CH; HH H H H HH Cl
A B Cc D
32Whi ch of the following isomers is thermodynamically
CH;
M\CHs WCHa ﬁ%\cw, H.C_ /"7 ~CHs Ncm
3
CHs CH;
A B C D E
33Choose the correct $pbhtemengs from the
A/ combining an even and an odd numbbeorn doifn gatnooniecc uolrabri
B/ the number of mol ecular orbitals formed is al ways
C/ when an oddrbumbhEes afepoombingedol eeml ar orbitals &
D/ the number of nodal pl anes is also a characteristi

00



34What does the following depend on in terms of the e

l-chemi cal reactivity

2-t hermodynamic stability

A/ only on the energy | evel of the highest unoccupied
B/ only on the energy | evel of the | owest occupi ed mo
C/ on the energy |l evel of all the occupied molecul ar

D/ on the energy-LIUMOelor dfi ttahes HOMO

35Choose the cortect statement
A/ The molecularity of complex redetéomisnisgnotepl way
B/ Mol ecularity and reaction order are not the same |

Cc/ By mol ecultahéetgumeemeaihn particles undergoing a ¢c¢h:
chemical reaction.

D/ The kinetic order of a reaction is the difference
equation.

36Choose the correct statement!!
A/l rRaction molecularity is always the same as the kin
BThe molecularity of complex reactions ideteée @Gieadnlyy st

C/lln the activated compl ex of bi mol ecul ar reactions t
therefore the kinetics of the elementary step is seco

D/ Kionredteircc, in a given el ement e ynecmmeeni cafl partitdcloas u

37Choose the correct statement !

A/ The conditions for thermodynamic control ar e: shor
B/ In the case of thermodynamic control, the end prod
their activation free enthalpy, i.e. in the proportio
C/ I n the case of thermodynamic control, the end prod
to their free enthalpy of formati on, i . e. in the prop
D/ The conditions for kinetic control are: |l onger rea

38Choose the correct statement !

A/ I f opti mal conditions are provided to obtain the m
control

B/ | f coopntdiimailons are provided for the formation of th;i
under thermodynamic control

C/ I n irreversible reactions, kinetic control al ways
D/ I n reversible reactions, kinetic control always pr



39Choose the correct statement!

A/ According tseltlte i veadagt irwiltey the | ess selective a r
B/ According tselthke iveéagtirwiltey the more reactive a re
C/ The rsalcadtviitiyty rul e applies to all types of reac

D/ According tselteltae irvedoqgt irwiltey the more selective a r

40For the interactions below, assign their classi Gcat
A/ van der Waals interaction

B/ Pitzer strain

C/ Baeyer strain

l1-torsional strain

2-angul ar strain

3-steric (repulsive) interaction of at oms



2. Structure and properties of org

Solutions

1. A

The el-eacthdnawi hngdonmateilrergtgwmsti tuents attached to th
phenol s in di fferent ways. A substituent wi t h neg:
hyperconjugation ef fiec emrsoptdoormod iesss dooiteht i on and al so s
Groups with positive inductive and positive mesomer/
i mpact on acidity. Phenols are stronger acidos than
conjugated base, and the mesomeric effect reduces t
deprotonated, whiH hborneds ubletisng npotlhaer iGed even more tow

promotthegel ectrofuge pdiog®mci ati on of the

2 A, C

3 D

The el-@cthdonawi ngdomatilreregtgwmsti tuents attached to th
aromati c carboxylic aci ds i n di fferent ways. A su
mesomer/ negative hypercaonijbwgat iinre refafseadt prprtaomo tdéd s s o cC
the anion formed. Groups with positive inductive and
have the opposite influence on acidity.

4 . B

Carbonic acid ia6.87WwealCaabiody(pk abetdweasudal agdhiveEeard
pK4.25), are weak acids compared to inorganic acids,
compared to e. g. alcohol s. I ntramol ecul ar hydrogen boc
and stabilises the caralsdxmyl atthee garcoiudpi,t yt, huwshiicrhcreex pl ai

hydroxybenzo2i.c9 8a)c icdo nigpakrde b xtyd e z pdi.c4 8a)c.i d ( pK

5. B

The basicity of amines depends on the number odbjcactho
to the (me.dg.um n aqueous solution or gasdipphoalsee)i.ntlenr aacqt

hydrogen bonding are also involved. I n aqueous sol ut
el ecttooatain@n t hus stabilise the ammonium i on, but al s
destabil i Bhergefff @guwé&éaus solution, secostabgsamines ar

6the most3 ke dli easza aci dic

The el-ecthdnawi ngdomatilregtgwmsti tuents attached to th

aromati c carboxylic aci ds i n di fferiemtucwayse. aAd sao
mesomer/ negative hyperconjugation effects promotes bo
the anion formed. Groups with positive inductive and

have t he oupepnocsei toen iancfildi t vy.

7. D

Carboxylic aci dsabuestueel-&lny #hhaevneo las-lppke dweendBng on t he
al cohol s ble8t vaenedn all5k y ne3ss .bet ween 25

00



8. D

Phenols are stronger acids than alcohol s, both becau:
positive mesomeric effect of the oxygen atom and bece
base. Phenodosf-lh@a vdee pape npdk ng on t he sudbstThaewdlsphwd cath
and more easily pol ar iHs dédbntdhdms ovweyiHebohdth@a nahd ef I0i ol s
stronger acids than the catl2e,s paornydii6-8thghiadlcsohpK s (t hi ol

9. B
I n the aromatic nitrogeh lhendcrioxcyadiedi behaivays & etele r o
of nihtetrogen at#Homoina tseaNso involved in the formation
proton more easily dissociate, and the amide anion f
second nitrogen atom irnetaos etshHet leeeriodiattyi.c Qyicnlgoailncphat i «
(piperidine) are much |l ess acidic due to the I ack of
formed during deprotonation is partiallyerestoeamaincef sp
or i midazoiHe)b,onglo otfhe ndol i ne is reHabowmdl gf mprpeancddr
D C )
N N N
H H H N
1H-imidazole 1H-pyrrole indoline piperidine
10. A

The basi anetmbeocf hsit>erocycles with two niposgehohebtr b
nitrogen atoms relati-Bendiongaeheot hem. pdahesnpasithieomi

are signi Gcantly repelled by each other due to the sp
this effest enwhpehically advantageous. This effect d
nitrogen atoms increases, so that the basicity order
11. D

Carboxylic acidsofuSdapheghihlavded8pe mpdKi ng on the sub8&1titu
The el-wcthdnawi ngdomatilregtgwmsti tuents attached to th
phenol s i n di fferent ways. A substituent wi t h neg:
hyperconjugation effectgsopomomadti essolcotaht i iomcrramas ad sp st
Groups with positive inductive and positivhemoeppoarn £
i mpact on acidity.

12tthe stromr@dgshte bvesakesst base

n compounds containing tweositiogentihet errcatnamseatf o
eteroatom increases the electron density at the nitr
nductive effect of the second heteroatom tends to de
n basicity compared to single hboeredbobagoml|l segstemspal
o}

ntri but3esl etcot rtohne yartoenma,t isco st hat this nitrogen i s not



/©/SH @COOH SOzH
Cc NH, :

sulfanilamide  4-methylsulfanylbenzene anthranilic acid benzenesulfonic acid

14t.he mo s-t3 fbhaes il ce a2slt basi c

Aromatic amines are weaker bases t-bandithgiel ati pbrat p

rogen atom isotrebridcatlss wift t htehe ipmg carbon atoms, mak
ect) . Ami nes contnaiitnriongge nmublotnidpsl e( ec.agr.bopyr i di ne) a
respondi ng &lhii gghreedrti ico aimn neke hybrid state of t he

ctrons more strongly attracted to the nucleus). Th
the negative inductive and negabiupe (mMbesmenire afcf
ms ) .

E

el-eact hhdnawi ngdommateilregtgswmsti tuents attached to th
mati c carboxylic aci ds i n di fferent ways. A su
omer/ negative hypercaonijbwgat iinrc refafseadt prport aomo tdéd s s o cC

anion formed. Groups with positive inductive and
e the opposite influence on acidity. lgr plhep nohat i

ortant, but also that of the OHdgmatwipng Phrowp at e i

B

-bevyreber ed heterocycles with two nitrogen heteroato
med with the involvement of theHobhdhrd) hienereoas o@sn {
sity at the newl ym,i ntthruosd uicnecdr enaistirnogg etnh eathboasi ci t y.

second heteroatom, in turn, decreases the electro
resulting effect i's an increase et ebraosaitcoim.yl Scionntpe
ect decreases With di st anpcoes,i ttiha ns, enfiafkedantegyrisshvesetdrke?r g

. e. i mi dazol e a stronger base than pyrazole).

SO0 0D

pyrazole pyrimidine imidazole pyrazine pyridazine

B

compounds containing tweositiogentihet erecatnamseatf o
eroatom increases the electron density at the nitr
uctive effect of the second heteroatom tends to de
basicity compaateam twoy sstienngsl.e Ihre bmydomal ee,| etche omomai
nt ri but3esl etcot rtohne abr omati c system, so that this nitr.:

21A 28, 28, -D



The conjugate baserofgem khad e, -italt @ ohhiydohredirid etohrebi s al s h
el ecpaobon (hence the acidic strength of alkynes Zi s hi
oxoesters, -wihteh derlaencitnrgompr operty of the oxo group and t
the acidity of the methylene group between them.

19. B

Ami nes containing nitrogen atoms with multiple bonds
than the corresponding-falicphani ¢ namheebybphidghet ase of
the -lmoomdi ng el gctnridmr omgainr co et ebttresa Boomhei 6 system,

not basic. TBhmemlhehedtpgedrocypontasning two heteroaton
position of the two nitrogen &tomrdd erl elcatriome ptad rea ol
i n theosli,tZ on repel each other signi Gcantly due to th
of one nitrogen atom reduces this effect, which is et
déstance between the two nitrogen atoms increases, SO
the order 1, 3 > 1,

2 > 1, 4.
N X
RN SIS
N = N
H N H
pirrolidine pyridine pyridazine  1H-pyrrole

20. A, B, D

21.2A1 B, BRZ,G3D, 3F, | H
22.21A 28, 2Z, -D

23. A

24t.he strongtbe WwWeaazslkes3d base
25. B>C>D>F>A>G>E

26. C

Nucl eophilicity describes how quickly a nucleomhil i
appr opsruibastter at e. For identical nucl eophilic atoms, th
i s. Aryl amines are weaker bases than alkyl amines. El

increase the basicity, owhpisl edeeclreecatsreoni twi t hdrawing gr

27. C

Electrophilic reagents: -dedtcii@emitdaenod eaxgdret/ adromelt @t r or
the bonding electron pair fronrK tbhoendcar bon atom when f

Nucl eophilic reagents: an anionide reagent or a mol ec
both members of the bondi ng-Xelbeocntdr on pair when formin

28. A
29. B

Ol eGns have a higher

energy content than al kanes with

of phel ar atoms of t h
t
h

n
e ddarbd tei nbgo ndu bwsittiht uelne st r(ocan k vyl
y of ol eGns. Among the geometr |
er apart).

thermodynamic stabildi
substituents are furt

00



Cumul at ed

res

ar e

number of

d
f
than al kane
d
h

A

ienes (e.g. all ene) are characterised by
rom the spatial proximity of the two isol
s of t heArsoanmaet icca rhbyodnr oncuamrbbeorns a-c@ahhnghl Kkas
ynami cal |l y -croarien salakbd nree ¢ hoafn tshe asiagnhee car b o
omo(sigma)conjugations.

ul ting

t her mo

31. B

For eaepern n al kanes, the highest energy conformers are
i somer of butane, the steric strain between the eclip
32. D

For substituted cyclohexanes, the axi-alj @penpeatomsl a
cycl ohexane ri ngyl Kioanytdirommg emnf) tgheowups i s unfavourabl e.
33. B, C, D

34.2D]1 2@

35. C

The molecularity of a reaction is deGned by the nunm
(chemiaxladnce) -dat ¢éhmi miang@ transition state of the rea
produce either the reaction product or the starting
el ementary reactions only.

The (gross) kinetic order of the reactions is equal t ¢
terms of the reactants in the equilibrium. For el eme
t he same. I f a deadtiseveralcempmeat ary reactions, the
occurs especially in chain reactions.

36 B

37 C

Kinetic control: the product composition is determine
considered irreversible under the given conditions.
Thermodynamic control: the product composition is det
products under the reaction conditions. I n this case,
38. C

39. D

40.23A 2B, -



3.t8reochemistry

l1What is the stereochemical relationship between the
CH, CHj3 CH, CHj3
H3C v 'H of 'H H3C §'Br Cl §'Br
—( Br — Br —( H —( H
Cl H H3C H Cl H H3C H
A B c D
A: B A: C A: D B: C B: D CcC: D
lconGguranammn@d mer 2conGguraitasnad eomer
2Whi ch hoef foll owing statements are true?
A/Structur al i somers differ from each other in atomic
B/Stereoi somers do not necessarily have to have the sa
CIEnantiomeric structures are mirror image pairs that

mol ecul e.

D/Di astereomers are always chiral

EConf ormers can be converted into each other either L
FMost of the time, no bond cborneGagkuirnagt iiosn arle giusiorneedr st oi ncto
31l dentify the isomeric relationship (constitutional,
foll owing mol ecul es.
HoN HoN
Br Br HoN - Br
Br
HoN
A B (o4 D
A: B A: C A: D B: C B: D Cc: D
lconformational 2constitutional 3conGgurational
40ne of t he sfiaclolnopwoiunngd sC d o eEsZinsootmehraivsem. Whi ch one i s |
A/l  h2eepet B/  h3eepet C/ -m2h y h-rne
D/ -m&h ¥ h-@-ene E/-mah{ h-8-rne
5How many stereogenasparnhame?® are in

O NH , O

N
HO OCH,
o)



6 Choose the correct statement!!

A/l The determination of the r@R(-)ilvectciom Gmuirdti on i s
B/ The determination of the rR(-@a)igleyacomdlgdemydeo.n is
C/ The determination of the rle(®atliawd icom@gur.ati on i s

D/ The determination of the rle@datgilwe esan @ghryatei.on i s

7. What i s t he stereochemical relationship bet we
E I:'/CH3 O\]\:rCH3 ! Hscj\/\ H C/Y\/CHs . Cl [ j/OH [ j’OH
' v 3 L ‘
EO "/CHs "/CH3 E E H3C CH3 CH3 i E ’/CH3 cl "/CH3 E
N R I ;
A B c
CH; CH,4

o
"
]
T
o
°
T

CH,4
T fo
lconstitutional i somerxonGgurational enanti omer s
3conGgurational di ast eriedeemdri s all compounds

8Thexidat iIRPFtbrodrdiydr oxypentanoic acid shown bel-ow yi

bromopentanedicarboxylic acid product, which i s:
H Br O

HOWJ\OH
A/l a mixture of two diastereoisomers in different pro
B/ a racemic mixture
C/ a pure enanti omer
D/ a meso compound
E/ an achiral compound
9Match the following concepts with the correct staten
A/ they differ only in their electron distribution an

B/ they difcfoeameicn i ati d mi c

C/ they are not real structures

D/ they wusvually differ in the position of a double bo
l2resonance structures

2-t aut smer



10Which of the following pairs are resonance or tauto

e e - SH
: Lo 0 oH 1 0 o
iH2C=C=O HCEC—OHE HsC”~ “CHs H3C/§CH2 EHSC%o@ HyC o !
L L1 CHy CHy |
------------ A—---------- \-----_----_--.B._----_----- k_______________é_____________:
- on o = 2 o |
e Ay HaC Ao, || @ Q 5 EGO ®O 5
N Ll o ® [ )
D E F
l2resonance structures
22t aut bmmeructures
11Sel ect the tammetdowmémrcycdbfohZxanonel!
OH OH OH OH
@/CH3 Q/CHa ©/CH3 ©/CH3
A B (o D
12Whi ch statement i s NOT correct?
A/ Resonance structures differ in the position of the

B/ Resonance structures are different Lewis structure
C/ Resonance structures can differ in the position of
D/ Tautomers have different structures and connecti vi

E/ Tautomers differ in the position of a double bond

13Select the correct statement!

A/l I f several product s saerlee cftoirvmetdy iins af urlela c(tli0o0On ,6%)t,h eo |
B/ A speci Gc reaction is necessarily selective and vi
C/ Seleefevstyo the distribution of products formed f

D/ Speci Gecity refers tonthéediredtamitdiwini eme onf ipsomerci s

14Whi ch of the following are meso structures?
: : H H
on on oo Lo
H=—=OH ~OH H=l=0OH ~OH
= |:| = |:|
A B Cc D



15Which of the following structures is chiral?

Cl
N YT o Cbif
Cl Cl
A B Cc D
16Which of the following are types of tautomeri sm?
A IZ-E B /IR-S C/ ct adne& iem
Driwfgain E/ emxml FLitsr ans

17Rank the following groupsngaRrodmlradd ngonwe rithieo riCla hn
Alykoplint B/OCH C/-OH
D/-CH( @H EFCOOH

18l.n which property do enantiomers differ from each o
A/ melting point
B/ UV absorption
C/mol ecul ar wei ght

D/ atomic connectivity

E/ optical rotation
19What is the stereochemical relationship between the
OH
o [ [
OH
lconstitutional i somerxonGgurational enanti omer s
3conGgurational di ast eériedeemdri s all compounds

20Choose the perspective formula for the Fischer proj

COOH
HO——H
HO——H
H——OH
CH,OH
OH © OH O OH O OH O
HO™ OH HO/\Y/\Y)kOH HO OH HO OH
OH OH OH OH OH OH OH OH
A B c D
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same substituents

M{

2-methylhex-2-ene

5. 2
6 . B
7. -4 -4, -1C

3.t8reochemistry

So/ uti ons

A2 D B2,C B1 D €2 D

£rlapping mirror i mage pairs; geometric ch
di fferent order (conGguration)

ers: stereoisomers that are not in an enant
ty, different internuclear distance

onal i somers (when the carbon atom is the
out breaking and reforming a covalent bond
onal isomers (i f the stereogenic centre is
eaking and reforming a covalent bond

ers: same mol ecular formul a, same constitut
A3 D B2,C B3 D €2 D

onal i somer s: compounds with t h%t hsea neet omosl eac
in different order

onal i somer s: can be converted into each o
onal i somers (when the carbon atom is the
out breaking and reforming a covalent bond

/\)\/\/\/\/\)\/\/\/\/\

3-methylhex-2-ene hept-3-ene 3-methylhex-3-ene  hept-2-ene
O NH, H * 0
HO/U\)*\W OCH,
O



8. E

The product no |l onger contains a stereogenic centre.

9.28M, 2B, 2C, -D

10.22A 2B, 2C, 2D, 2E, -1F
11. A, D

12. D

13. D

14. A, D

Me siios o mesrt:erae oi somer containing chiral carbon atoms,
therefore optically inactive,

15. B

Chiral: a mol ecule that cannot be overl apped with it

mol ecul e has a carbon atom to which f outcyditfrfedrsdretr eaq
centre).

16. C, D, E

Taut omerism: a special form of constitutional i somer i
of a double bond and a hydrogen and require | ow actiyv

17.2B1 2@, 2B, 2A, 2D

We Gr st rank the atoms directly connected to the <ch

connected atoms (unt iRlankeé nGnofa sdibsftéetearnd)mg®cdbodin
convention: a) element with higher atomic number r ank
hi gher, c) of geometric isomer substituenotfs ,optthiecad iiss
substituents, t he R conGguration substituent ranks
coordination number of the |ligands is complemented t
to form single bonds.

18. E
19.
20. A



4. Aneks @a@&hb&, ahéb

1Which formula is typ?Pcal for cycloparafGns
Al oHEG + 2 B/ nHE

C/ wHEw D/ wHEs

2Which formula is ?2ypical for alkanes

Al oHEG 2 B/ nHE

C/ wHEw D/ nHEs

3Which of the following c¢omponnutsa rcea nb yb eCluesnende & soe mp rreep
A/l dn2-0me B/ pentanal
C/ p@meXhoe D/ dn2t-Bi en

4 Choose the cortect statement

A/ Al kenes are preparedefcroonposliddoblnl.s by ther mal

B/ Al keneparhkad mpal kanes by parti al hydrogenati on.

C/ Al keneparhkad mpral kyl hali des by hydrogen halide el in
D/ Al keneparatade mpal kynead itojn dehydr

5Choose the correct statement !

A/ Addition of water to acetylene results in the formn
B/ Addition of water to acetylene results in the fornm
C/ Addition of water to acetylene results in the forn
D/ Addition of water to acetylene results in the fornm

6 Choose the correct statement!!
A/ The Markovni kov rul e does naoehtalaipdd ya ddi ttihen ed leart a ot

B/ The Grst step of t-thael iced ecicttirmmp h¢ h a c a dhtyedrriogteinc o f
di ssociati on.

C/ The Mar kovnh &loivd éeh yadd digteinon i s nucl eophilic.
D/ The el ectr ehpahliildiec ahdyddirtoigoenn characteristic of al ken:t



7Choose the cortect statement

AICi-B,-2i bromocycl ohexane is formed from cyclohexene wi
B/Thel eectrophi thar adwoédt agtkiemes, usswaninldy nmepmmdscitn a
C/Tr abs®2i bromocycl ohexargcil ®hfexemed windmel ement al brom

D/Anaddi ti on clipsracddsu ¢ teyn-avdhdii Itd o n t Ir epardosdidnoted theect rophi | i ¢ a
char actodarl iksetniecs .

8What is the main product?of the following reactions
Al -bene+ HBT B/ -b-ene+ HB©OJ/YH

C/ -h-ene+ BhAci¥d D/ -b-ene+ BHh ¢#02/b a sYe

1nbuwtbr omi d 2seebwtbr omi d

3 n-b uktado h o | 4 se eb wkado h o |

9What is the main product? of the foll owing reaction

OH
+ KMno, 29 -,
H,0

2

Q,OH Q,COOH OH O,COOH

OH COOH OH TOOH
A B c D

10Choose the cortect statement

A/l Al kenes are prepared from alkynes by ther mal deconm
B/ Al kenes are prepared from alkanes by partial hydr o
C/ Al keprespared from al kyl halides by dehydrogenati on

D/ Al kenes are prepared from al kanes by dehydrogenat:i

11Choose the correct statement!!

A/ By dimerization acetylene is converted to vinyl ac
B/ By dimerization altwetlg-Rieenree.i s converted to

C/ By trimerization acetylene is converted to cyclohe

D/ By trimerization acetylene is converted to naphtha

12Choose the correct statement!!
A/ When al kenes are preparedt f aodse Gnlsk yamrees obbyt ahi ynderdo. g e n
BWhealekes are prepared from alkynes wi tcdi-odl ietGmi m iomtta

C/Whealekes are preparwidt hitbmuml kpnehe preisasnrdoeaonlsd Gres hy
are obtained.

DWheal kenes are prepared froamiosllekBnrse sarbey otbytdari ngeednat i o

00



13Give the missing reagents! for the following reactio
Alyttoeeest Y cicyt ohaeexl ,-®i ol

B/ci-cy t o hagexl ,-®2i o |Y ¥ ,-d? dmocy t o hamex

C/ytkohreext YV1,-€p goyt o haeex

D/

-ap@oy tohaeexr Yt r acy & o haeexl ,-®2i o |

E/y tco heeex+ Y?t r aln,sRi dmocy t o haeex

Ftr
1.
4. >

aln,sPi dmocy t o haeexr Y? cy t o haeexi ,-®2i o |
Na OH 2. KMn O 3. peroben acid
Br 5. HBr

14Choose the cortect statement

A/ Hydhalgede widtdh ta mma thiaccahlsam act eri st scnof Bnekefgeossl ect
B/ Cycl ohexenecicesy clomhvtexdinroed tby peroxycarboxylic acid.
C/ Cyclohexeneti scnsolnolelr ¢ddrelt dy potassi um per manganat
D/ The Markovni kov or i enthgtdir®maelsiocces addi taipgprn ywittoh teah e
charact raisytmme tafi,c) al kenes

15Which of the following statements are correct for t
Alit contains two carbon at oms

Bit contains three carbon at oms

Clit contains four carbon at oms

D/it 2hakedloiZdsedad r ons

Efit has 3 3ell octarldamssed

Fit has 4 3Jelloctarl o s d

G/it usually occurs as a reacion intermediate

16Whi ch of the following statemen?s are correct for t
A/ it contains two carbon at oms

B/ it contains three carbon at oms

C/ it contains four carbon at oms

D/ i tdelasc Bleil eed r ons

E/ it has 3J3eldetbrahs sed

F/ it has 3eldetbobrahns sed

G/ it wuswually occurs as a reacion intermediate



17Which of the following stateme®ts are correct
A/l it contains two carbon atoms

B/ it contains three carbon at oms

C/ it contains four carbon at oms

D/ it has 3ebdetbrahssed

E/ it has 3J3eldetbrahs sed

F/ it has 3eldetbobrahns sed

G/ it wuswually occurs as a reacion intermediate
18What are the main products of the foll owing

COOH OHC
Lo =2 D)
HOOC OHC

= (@)
<+ — — C
X / o)

1. A B

c 5 2. A o
COOH COOH
“/COOH CHO “'COOH CHO
CHO 5
o)
3. A B c 4. A B cC o
o)
COOH Z:E;z :I::j,COOH CHO
4 , /1 JcHo
:I::j: CHO “COOH
COOH cHO
o o)

19Whi ch of the indicated hydrogens reacts the
temperature?
¢Hs
H;C—CH=CH—-CH—-CHj

[ I A

1 2 3 4 5
20Arrange the following structures in order of
< < <

A2t elbuwtr adi cal B2mehy | radi cal
C2sepryglpadi cal D2pr aryvb wkr adi c al

for t

reactio

fastest

ncr ea



21Arrange the following structures i:n order of increa

< < <
A2dpleyl meyr adi c al B2mehyr adi cal
C2sebuwtradi cal D2bewlz adi cal

22When you prepare tetrahydrophthalic aAlhdanrirdeadtriomn }
are cthhaer acteristics of the reaction? (more than one c¢

Alit can be regioselective

Bit can be conducted by ultraviolet |ight

Clit is regiospeci Gec

D/t he anellation hydrogen airsehatanve charGgatrarii oed by &
Efit can be conducted by refluxing in toluene

23Choose the conditions for isoconjugation from the s
Al equal number of conjugating atoms (electron orbita
B/ only sp hybrid state atoms can participate in it

C/ the samenhgpei oh of conjugating atoms (electron or

D/ orhybspd state atoms can participate in it
E/ isoconjugated compounds have the same number of el
24l.ndi cate in pairs whikh bond I ength is | onger
a [ / a—» 3 R
H — H
MCH:’ X cHs ! .
3 b
b a  CH, 4_ b
a
A B Cc D
l12a > b
22a = b
32b > a

25krom which pair(s) -mét byhpemda dise cmme@ared by Wi ttig
Al acetplep prylp e hmoi uomm omi d

B/ hghr o mit do b ane

C/ propidemagleeso prytpppgo  hroi ubmm o mi d

D/ mgbtr o mit d p 2-ente



4. Alhl,s &h&, ahéb
Sol utions

1. B

For each carbon atom in the ring, there are two hydro
2. A

I n the case of open chain hydrocaimemrschtahear € aabent @d
addi tional hydrogens for each of the two carbon at oms
3. A, D

only bearfmaoamedx d roormpgowmrds by CIlI emm

Fotwrar bébrutmne can
the number of carbon atoms does not ch

the reducti on,

4. C

Al kenes can be prepared from al kynes with water addit
from alcohols with dehydration, by heating under acid
whereas the preparakawmes off sadkeoreisdatriomnal

5. B
Upon water addition to acetylene, a hydroxyl group 1is
the other pillar atom, resulting ciompwiumyl, dltcdmaslt.an\il

into acetal dehyde.

6. B
The electrophilic hydrogen halide addition character:i
the Markovni kov rule. The result of the heterolytic

proton, which redaect wi&Fshl adhtecebast odbphihe al kene in the

7. C
The el ement al hal ogen addition characteristic of al ke
addition, resulting in a trans product. This is also

8.2A,28B,2&£, -D

Water addition (in an acidic medium) and HBr additio
addition in a peroxide medium proceeds by a radical m
hal ogenat ed-eatd tilke oblh @ihmetdt hédueodgnami c stability of t
substituted with-oaldleyl r@ardowcmd )(hiTdhreerhydr oboration f ol
step also formal-Mgr kesnil ksv i mr aachucatn.t iTdecarof{ahbei hes
donating reagent) and the boron atom are electrophild@
not come from a proton, but from a hydride anion, in
t he el eecotrrean ctah background is the same for both react



9. A

Under the given conditions, only cis diols are for med
atoms of the permanganate approach the doubl e bond fi
two pillar atoms.

10. D

Hydrogenation is a reduction step, so alkenes cannot |
remoalehydrogenati on) they can be prepared. Al kenes

dehydrohal ogenati on.

11. A

Benzene can be prepared from acetylene by trimeriza
di merization. I n t hgec olmptl teexr foa amee,d tdhue i megt alhe met al c
wi th t h3c omeptlaelx, forming vinyl acetate.

12. D

I n the Lindlar reaction, the <cis ol eGn can be prep.
presumably pradeedt Imgchani sm, -vdwmryiln@nwhinch sa ftorares i
ethylamine. ®Hiomlthm@eitomamwsnly trans oleGn is obtained.

13.22A28, 28, 2D, 2&, -1F
I n t he r eeeptoixoyrc yocfl olh,e2x ane with NaOH, the hydroxide an

carbon atoms of Mhmechagi §mjithnaar §Si on occurs), thus
reacts with el esenmnaddibtiioonm her dBul ting in a trans pr o
with KMm@ly cis diols are formed. Consi de the re

ring
per manganate approach the double bond fhomhehewsamel §
Cyclohexene forms an epoxide derivative with peracids

14. D

The hydhraolgiedne additi on wi tchh aa arcaoHir dadltkiermeecsh arng gsenbld ® | e ¢ |
anMar kovni kobVvr pmodychtohexene with peroxycarboxylic ac
ampoxide ring, s@hicis wioboh.KMnO

15. B, F, G

The allyl anion is a three cHealteatsr osnyss,t gam dwii & &l if Dqua 1t «
usually occurs as a reaction inJresnenamdce.stinuctanr dxe.
H H H

| | |
_C® _Cuo: _cO
H,C” “CH, H,C” “CH, H,C” “CH,

allyl cation allyl radical allyl anion
2 pi-electrons 3 pi-electrons 4 pi-electrons

I radi cal i s a three 3eednretcerrso nssy, s3taenntl i vii atl i etghart &

16. B, E, G
al ly
l'ly occurs as a reaction inZreesnmeramde.stituctanr de.



17. B, D, F
a

The 1yl cation is a three Felndcectrrsomssy,s B@md wd alhi s gvat ¢
usually occurs as a reaction inJresnemamdce.stinuctanr de.
18. 1
19. 4

20. B < D < C < A

The relative stability of carbocations gradually inecr

21. B < C < D < A

The relative stability of carbocations gradually incr

22. C, D, E

0] HO
=
\+|O—» 0
o} H o

23. A, C, E
24 .23A28, 2%, -D

25. A, C

o) . 0
)J\ + PhSP@@/_ . )x/\ - \)k + Ph3P€i<
Br " Br



5. Armaeamc compounds

1All of the bedmweumdsomati c, EXCEPT:
NS 0 @ e
00D A
A B C D E
2Al 1l ocfomphoeunds bel ow are aromati c, EXCEPT:
®
S)
C o 2O
A B C D E
3Choose the cortect statement
A/ Naphthalene is a condensed ring aromatic hydrocarhb
B/ Naphthalene is @armanraddrcs ehd/ drriorcq,r broon

C/ Ant hr acecnoendiesnsaednon ng aromatic hydrocar bon.

D/ Phenanthrene is -aromatieosbhygdroogrbanon

4The indene could be deprotonated with the foll owing
A/sodi um ami de

B/sodi um met hoxi de

C/ ylutlithium

D/sodium hydrogencarbonate

Elodihuyndr oxi de

5Under which reaction conditions is the product bel ow
Br
-
—
Al BmMHBTr B/ HBX: , H C/ 2,BrFseBr
D/ 2,BreCl E/ KBr



6 Choose the cortect statement

A/l I'n the nitramni oni cf-dalbreidtzrealbee2rwz erhe i s f or med.

B/ I n the nitration of-dibreintzremmtee nwda @&rhe nii s rfioccr mecd.d, 1, 3

C/ In the nitration of benzene with nitric acid, nitr

D/ I n the nitration of-dibreintzremmbee waz & rhe nii g rficcr meed .d, 1, 4

70nly one of the following reaction conditions provid
NO, Br

A 1) CH5CI, AICl, B 1) Bry, FeBrs
© 2) HNO; H,S0, © 2) CH3CH,CH,CI, AICI,

CH3 3

Br
(o
© 1) Bry, FeBr; © —’—m AICI,

) Br, FeBr
, AICl5 SRR

o]

8What are the mdinhpr-Gdafetdselal kyl ati on reactions bel o

CH,=CHCH,CI CH3;CH,CH(CI)CH3
A B
AICl3 AICl3

© CH4CH,CI CHaCHZCH,CI
AICl, T ACh

9.Choose the correct order of rel atieke reacti ons y (iofc
reactivity from |l eft to right).

G
X

A/ ni ternceb drem zydel<d eblglb zr o mkaxylene ami |l i n
B/ aexiokyleme beglbromkdbenzydel<denh t eabenz
C/ ni terncemeylem € bglbrz omkdbenzydel<d ehei | i n
D/ byebrzo mkaxylene amkl nhteonbdebenzydel deh

00



10Choose thetadrermeantt s from the | ist -6Bebdbwsraegplrdingnt
of naphthal ene:

A/ no catalyst is needed
B/ a Lewis acid catalyst is required
C/ the reagent is acetic acid

D/ the reagent can also be acetic anhydride

E/ twgioi somers are for med: in carbon disul Gde solve
controdacetlyé Pproduct is the main product

F/ two regioi someasetylkad@dotdym2dpr adcdwectls are formed in

G/ multiple acylation takes place in positions 1 and

11Choose the correct order of relative gAgadtriawisti y ronfat:

in descending order (i.e. proceeding from the most re
A: leenrez B: orbob e en e Cprenol

D: ni ternebenz E: d¢md u

1. A > B > C >2D P B B > A > E >

3. c > E > A >4B ¥ D A > D > C > B

12Choose the correct order of relative dAetarcatnisvfiotrymaotfi ot

in descending order (i .e. proceeding from the most re
A: keenrez B: ni temebenz C :p-cr so |
Dpxyl ene E: dmé u

1. A > B > C >2DbD B B A > E > D >
3. €C > E > D >»>4B £ A& D > E > A > B

13Choose the correct order of relative gAeattriavnistf pr omfatt

in descending order (i . e. proceeding from the most re
A: leearez B: ohobemne Cm-di dnob een e
Dm-xy |l ene E: dmé u

1. A > B > C >2D £ B B > A > E > D
3. D > E > A >4B BB &6 B > E > A > C

14l.n the following compounds, is the beAmzeeactiomg) 2act
COOH NO, OH SO3H
O O OO0
NO, CH; NO,
COOH F
A B C D E
1. ade¢ i vated 2activated



15Which of t he
A/-NQ
D/-OCH

16Whi ch of t he

foll owing groupsceArasr eaarnctacotni?vati ng eff

B/ICRk C/-COOH
E/Br
foll owing compounds is the most reacti

substitution reakfBron with Br

o SN o)
O
N/[K
I
O
1 2 3 4 5
17Eor acetanilide, bromination compared to benzene:
A/ proceeds more easily

B/ is more regi

C/ proceeds at

oselective

the same rate

D/ is more difGcult to occur

18Which of t he
A/-NHCOR
D/-CN

19Whi ch of t he

f omé bduii rnege tiisn gNOgir cau p ?
B/-CONH C/-COOH
E N H*

foll owi #Ag sSteatce meomtss i sb FAL SE?

A/ The cyano group i smeatdast eonghyg deacgcpi vating,

B/ The acyl group has a medimendal e ®zctii ngt igmp uef fect, a
C/ The ethoxy group is a moderately deactivating, me t
D/ Il odine is a mooet/thdordd yedéeaogi gabupg,

E/ The hydroxyl

20Which of the
A/-OCOR
D /-CHCI

21Whi ch of t he
A/-NHR
D/-COOH

gr ouprit/pheoeda gtercd n qulgy ga otuipvati ng,

f o lolrotwhi on;gp a reac NiOMg agr oup?
B-NHCOR Cc/-Cl
E /S OGN H

f oimé bduii rnege tiisn gN Oglr cau p ?
B/-NQ C/-CONH
E/CHO



22Choose the main product of the reactions bel ow.

Cl SO, SOsH  Br,
H2804 FeBr3
— A — B
CHs o]
CH3 SO3 N02 C|2
H,SO4 FeCls
—>» C B
NO,
OCH, NHCOCH,4
SOzH Br
SO3H Br
CHj CHj O 0
1 2 3 4
CH, CHs NO, NO,
HO;S Cl
HO;S NO, NO,  Cl
OCHjg OCHj NHCOCH, NHCOCH,4
5 6 7 8

23Which oéfolltlhewi ng statements are correct?

A/ I n t heArc arseeacotfi oh under ki netoircteheodn tdd ale,cttitben d esn dih
+H effect of the substituent on the ring.

B/ In theArcaseecafi oh under ki netircahmgpatda obcttida etf ettt
of the substituent on the ring.

Cc/ I n t heArc arseeacotfi oSh under ki netmeddacroendtriccdin ¢l hef ceontd i d
the substituent on the ring.

D/ I n t heArc arseeaootfi oSn under ki netmectdacovrtctobn ibkbetbendl
substituent on the ring.
E/nvA8 reactions are facilitated by electron withdrawir

F/ I n theArc aaskd ofed&ctions, the activating and deactiyv
electronic effect of all the substituents on the ring

24Gi ve the relative order of reactiAvi tryeacft itomes f ol |l ow
l:chl@r-dii ni tenbenz2:chl-@r dt,r6i ni enebenz

3ch|l ne®ne 4 pchroni tremenz

Al B > A > D > C B/ D > C > A >

c/ A > B > C > D D/ D > C > A >



25Whi ch of t he

Al the

B/ the presence of
C/ Lt eavaitrogn i s mostly
D/ the |l eaving group

E/ 3dhempl ex
F/ 3-dhempl ex
1,A8 2. NAS

26Match t he

foll owing
pr es eroen ad fi ngl egatorugrs on

el ectron

characteristic of

characteristic of

appropriate

stateAmennd whhkrcehat abhesPi st

the ring accelerates t
withdrawing groups on the

a proton

can also be a hydride anion
the reaction is isoconj
the reaction is isoconj

react avit reactheé oGsalbepowduct

Al beenrezd i a z ol noi edimdY? dblomob e @ n e

Bbenzenedi azoni Ynbecnhzloenriitdre |+ 2

Clbenzenediazoni

Dlbenzenedi azoni

Y n¢c hc ole @mmiede + ?
Y m dableleanrei de + 2

1. KI 2. CHHCI
3. BEHBT 4. (C@bNaCN
27Whi ch products can be form&d in the following react
CH3 CH3 CH3 CH3
NaNH,, NH3 NH;
-33°C
NH,
Br NH2
1 2 3
Al ah®d B/ ahd
Clal | of them Dhone of them
28Give the correct order of the reaction steps!
OH
1 2 3 4 5
» (L.
A/ NBS B/ Zn(Hd), HCI C/ fFHCOCI ,fF Al CI
D/ wH E/ 1FT HEH FOF. ®IH
29Gi ve the correct ordethefsame ceadittoonstapslbe used
OEt
1 2 3 4 Cl Al NadEt ,
B/ 2,ClRe Cl
NO, C/ HN&H



30Give the correct order of ctohnedirteiaocnt icoann shtee puss e d hsee vse

cl
al a2 a3 1-CHCI /3 Al CI
[:j - T T 2-1. Fe, HCI, 2. OH
NH, 3-HN@ .30
4-C}, FRecCl
COOH 5-KMnO 8

© b1 b2 b3
NO,

31Give the correct ordéer of the reaction steps

CHs
[:] 1 2 3 4 5
CN
Al 1. Fe, HCI, BZ. HOKMHQ C/ NaN®CI

D/ »CGN) E/ s€CH /s Al CI

32Give the correct order of the reaction steps!

CHO

© 1 2 3 4 5
Cl

Al PCC B/ FCH, fFAl ClI C/ NBS
D/CF Fre C| E /IO Ho

33Give the correct order of the reaction steps!

Br
© 1. 2 3 4 5 6 NO: CHs
COOH
A/ FOH B/( CHOHCI ,F Al ClI C/ HNEH®
D/KMnYp) NadH, EBF Al Br F/ FECIAI CI



34Give the correct order of the reaction steps!

OCHj
© 1 2 3 4 5 6
Br
A-CHOwd B/BEF Fre Br C/ICUBF/ HBr
D/HN®, FHO EN. Fe, HC I ; 2 FNGHWRD HCI

35Give the correct order of the reaction steps!

CH; CHO
a1l a2 a3 A/MNaOH
B/ FOR Na OH

Cc/ NB S,
OH
OH D/ FBH THF
a1l a2 a3 E/ PCC

F/ cRsCtdH

36Give the correct order of the reaction steps!

Bu

Cl Br
© 1 2 3 4

NO,

All: {:CEI , 5 Al2Ch HN® 32 B} B4, &I Cl
BA: 2,BrAl B2, &l C3 :3):C(CCH 3 Al4C L, HIN®

Ch: 2,BrAl B2, &l C3:3 HWN®@ 4 :3):C(CCH s Al CI
DA: 4H:CEI , 5;Al2Ch HW@ 3: NBS;Al4CI| CI

37Give the correct order of the reaction steps!
OH

9
1 2 3 4 5
> > > — —

Al Zn(Hg), BICIsCHCOCI ,s Al CI C/ »BrAl Br
D/ Zn, HCI E/ HNSHQ




38Give the corrercdaotridemr otfepshle

H,N Br
© 1 2 3 4 5

Al 20H B/ NaN®CI
C/ RNgH D/ 1. Fe, HCI, 2. OH
39Gi ve the reaction partners reaction cbnditions

(0]

-—

o (o]
QOQ

NO,
Al HBe Br B/Hg S@& n HFO/ B8 Ot Clpr ang-1 ,-8i @ h HFO/ B3 Ot
D/HFO/ B Ot E A2 omon @ h tdne, N&NH Fhbhitroglodmza dNa NANH
G/INBS H/ 2 2mon @ h adne, N&NH I/pZ h|l okobeern,e NZNH
J/ BN H K/Sn/ HGQIHFO/ B Ot L/ hal,® @hHRO/ B M

40Compl ete the synthesis pathway Dbelow with the

/\’&O

Cl CH3NH H,/cat.
© A Br, B 3NF2 c 2 X
AICl, HBr
0 0 o} OH
CH,4 CHg, CH,4 CH,4
HN . B HN
CHs ' CHs
1 2 3 4



5. Araadnccompounds
Sol utions

1. D

Conditions for the formation of an aromatic system (H
-t he atomic framework forming the ring should be copl
-all atoms forming dhemiicngprdohidwmlid have p

-4n+2 (pob6iovive-eilretcagem)s phould take part in the delo

2. C

Conditions for the formation of an aromatic system (H
-t he atomic framework forming the ring should be copl
-all atoms forming e miicngprdlidwmlld have p

-4n+2 (n=0 or pedietcitveonisntsehgpeaurl)d g ake part in the del o

3. A
Conditions for the formation of an aromatic system (H

-the atomic framework forming the ring should be copl

-all atoms forming e miichngprohidwmlid have p
-4n+2 (n=0 or pedietcitveonisntsehgeaurl)d g ake part in the del o
naphthalene phenanthrene anthracene

indene
pK, ~ 20
5. C
The brominatiomqafrédenaehewi s acid catalyst, whi ch ¢

bromoni um c¢ atAronr efaocrt itohne. S



7. A

Bin the second step, an isopropyl derivative is for me
Cthe parawq@ulodulte t he main product

Dt he -btuetrytl group -guksesi theegacampound as the main pro

8.24A, 28, 2€, -D

The FeCireaddls al kyl ation of benzene with alkyl hal oger
derivatives. I'n the r-elalcdri omr oopfa nbee n zfeonlel owmiitntg 1 he i s
benzene reacts with yinmansiictau |[fyo rnmoerde, stthaebrinreodsecondary
substitution with an isopropyl group.

9. A

Due to the net electronic effect of the amino, met hy
becomes more electron dense than the unsubstituted b
SeAr reactions of these benzene derivatives have an in
groups have the opposite effect. Due to the net el ect
ring becomes | ess alsabtstonudensdenzameuwduvuont ¢ telid ec e
SeAr reaction proceeds with a decreased rate in these

10. B, D, E

TheecAB acyl ation reaction of naphthal ene requires a L

derivative. T h er efgo rom astearmaart solf@ &ewdy 12 product s) i's possi
can be made selective by -acdthyl aprsadu atb | ies stoH ev emai n( t phr
wher easactehteyl2 deri vative in nitrobenzene).

11. 3

12. 4

p-Cresol is the most reactive due to the strong activa

the activating effect of the -mmgthpk dueupo(ttheebCterCVvana
met hyl gr oupshg +dc teif faetcitng met hyl group of toluene m
compared to unsubstituted benzene. The reactivity of
of the niiMref geou)p. (

13. 3

I n the case toofl uxeynlegn e haendnet hyl group has an activati
have a deactilvattM)ng effect (

14.21A28B, 2Z, 2D, -1E
Activati figMgetb@h;€H,-OPh .
Dactivati fid)-§@bN®Ds-F;COOH.



15. D

The methoxy group hawd <arM adtfiexwat)i, n ga se fofpegpoots e, taod dt h e
effect).

l16mo st rea@jsithe eadti ve

17. A
18. A
19. C

Not correct, because tdhe eectth onxgy gogtddiugftdiuse anmo ad/tps

20. E
TheSONHiI smatda r ectalamcgt i vat,wnglagrRid uegd if e

21. A
TheNHRas medi umMseaftfoen gt i s, aloipteddirveacttiinngg, gr oup

22.21A28, 2%, -D

23. A, C, E, F

Bnot c drerceacuts e t he coOMAHiH iwfinf & s t he

D:oth cogbee@zuse the c2MbpdHt edbthei s t he

24. A

ThewWABS reaction on a carboavpomahiaodriangetagquiveéy goodfl
the other hand the-wptéasemaowe ngf gebapsromainly in the
more electron withdrawing groups on the ring, t he mc

reca ant s.

25.21A 2B, 2C, 2D, 2E, -2F

I n tehe ©Seacti on, the attacking agent is an electroph
positively chargmgeadmplnexe)rmeldheatleegdvi Mgl eaboms (bebhalhnldy i
electron pair in an electrofuge manner. Groups that i
to the benzene ring (el ectroseArdorneaatcitnigopngr oups) accel e
I n tdAe Beaction, the attacking agent is a nucleophil
negatively char g-edmphEhee) nheedaivatneg (at om nl reeac/leeso fimbaga n e I N ¢
together with its bonding electron pair. Groups -that

withdrawing groupv¥) meaeteomate the S

26 .23A28, 2, 2D



The aromatic diazonium salts are wuseful intermedi at e

compounds. The reactions proceeding with-saltsogeere 1t &l
call ed Sandmeyer reactions.

27. B

The reaction proceeds via an aryne mechanism, so that
relative to it |l eave the benzene ring during the reac

whi ch ammoni a cannosti teinotne.r t he ortho po

28.2C1 2R, 2R, 28, -B

© CH5CH,COCI _Zn(Hg) _ NBS
AICI, HCI, A

X~ 1)BHz THF
2) Hp0,, OH m

When choosi the sequence of reaction steps and the
the controlling effect of each sdbstictuemgt deg atnM k e af
directing, . AdgdcthiaV athéedgwi shubes/itptuents can undergo arc
reacti oreAr. (TdactSi ons of polysubstituted benzene deriv
effect of the substituents.

29.2B1 2@, 28, -B
g

Cl OEt OEt

cl
© Cl, © HNO, NaOEt Cl, Cl
—_— _— —_— B e
FeCl, H,SO, A FeCls

N02 N02 N02

30.24,1 282 223 241 252 -B3

When choosing the sequence of reaction steps and the
the controll i ngubesftfietcute ndaf ieacthake-ahi riendtoi nagc, c odugnacn i G/la:t
directing,,; deldalf pwattiamyg,atCO@id:i rmc taloatgi vati ng



Cl Cl

Cl2 HNO, 1) Fe, HCI
FeC|3 H2804 2) OH"
NO, NH,
CHs COOH COOH
© CHiCl KMnO, HNO;
—_— —_—
AICI, H*, A H2SO4 NO,

31.2E12R2, 2R, 2@, -B

Wheohoosing the sequence of reaction steps and the re
the controlling effect of eacsh dailipstcittingnt -aicdnitveak & mngo;
deacti.Taei megpl acement of the diazonium group with ni
preparation of man)@bottahienrw:iosnepoduinfd(%cu(lstee Sandmeyer r e;

CH, CH,

© CH4Cl © HNO, Fe HCI NaNo2 CuCN
AICl, H,SO, Thol

II

N

CHj;

CN

3212B, 2@, 2B, 2A, -DB
OH

20 CHO
CH3CI © OH PCC Cl,
Alcl; FeCls -

3312B, 22,23, 24, 26, -B

COO
(CH3),CHCI Br, KMnO,
—_— —_— —_—
AICI; AlIBrj NaOH, A
Br Br
COOH COOH COOH
H3;0" HNO; Cl,
AICI
H,SO 3
E NO, Cl NO,
Br Br Br

3412B, 2R, 2R, 28, 2K, -®

00



QCHs OCH, OCHs OCHj

Bh _HNOs CH30 1) Fe, HCI NaNOZ CuBr
FeBr3 2804 2) OH-

NO,

35aPRC, 2aA2 2&3 21F1 2102 -B3

Br
@ NBS NaOH PCC
—_— —_— >
OH
OH
CC.H2304 BH3 02
—_— — % [PhCH(CH3)CH,CH5]3B ——>
THF NaOH
36. A
When choosing the sequence of reaction steps and the
the controlling effect of each ,h :s Bdfsp e tdieeamtyi, v astz:itragk;e nN (
directing,;‘Iﬂleac-doii/r\peadtiinrgg, aCEA'rvarteiarcg.iofHae o8B polysub
derivatives occur wunder resulting controlling eff
[::j (CH3)sCCl _HNOg. Br, Gl
AICl3 2SO4 FeBrs AICl3

NO,

37.2B12R,2B, 2@, -B
38.2C1 2R, 2B, 24, -G
39.2Ea?mM, 2R, 2@, 2A&, -Df
40A23,28B, 2LC, -D



6. Haelnoagt ed compowldes|phe noc|ethers

l1What is formed from chloroform during i mproper stor a
A/ mek chl or of Bripnhiocastgee n e C/lyanic acid

D/iur e Ecarbamoyl chloride

2What is the main product? of the following reaction

( R2-b omob uvahe +s o d i nuefro x & ¥ ?

A/ -B-ene B/ -b-ene

C/ R)-b uan-2-o0 | D/ S)-2-b omob uanhe

3What is the main product? of the following reaction
( R2b omob vahe+s o ditugdb ut ®Xi @

A/ -B-ene B/ -b-ene

C/ R)-b uan-2-o0 | D/ S)-2-b omob uvahe

4 Pair which reagent can be used to prepare the foll ow

npropyl iodide in a substitution reaction!

lnpryglpded Wbumeni ¢éril 2npryglpded Bpryglsoganeé d

Snpryglpded Clnitranerop 4npryglpded Pnpryglpi erit

Alsi Irvieerr i t B/sil ver cyanide

Clpotassium cyanide D/sodium nitrite

5What are the appropriate conditions Ronefreparing br
A/ NasBul f+turs ol vatcoiodm t emper atur e

B/anhydr ous+dulofmia miec ahceadt isnog ut i on

Claqgueous br bmOblleyut oom temperatur e

D/ NB&I uehrieeat i ng

6 Which of the following compounds?give a positive iod
Alp afbee ngione n B/lsebut anol C/ywolhexea&enon
D/ peXhtdi en E/so p rybgdo h o |

7Choose the appropriate rdciaghlndar dhoax gme pfarrda mga 2k €t one
Al haxan PCI
B/ 8o e+ RCI
C/ @&mexxe+ RCI
D/ &mex e+ RCI

00



8l n vdr S8acti onrO wint hacHet one, which of the following comj

CH, CH, CHs CH, CH,
H3Ci50I H3C50| HSCiSC HsCiSC H;ﬁéﬂ
NO, CN CH,

OCH3
1 2 3 4 5
9Rank the following compounds in increasing order of
< < <
Al lyldbrzo mi d B/ yldolrlomi d

C/ pleompbr omi d D/ytohlkx omi d

10Rank the following compounds in increasing order of
< < <

A/ bjecrhzoei d B/ yallloki d

C/ ylcihnoei d D/ h¢dcdhoei d

11Rank the following compounds in increasing order of
< < <

Al bkbmr omi d B/ -b dmo-3-p le yl p ramep

C/ prylpri omi d D/ ohobemne

12Which of the foll owing compounds is the most and th

CHj
|
H3C/\/ H3C/\/kF ch/\/\Br Hsc/\/\CI

1 2 3 4
13Give the increasing order of reactivity of the halc
nucl eophilic reagents.

| <— A
C—1 4

Y O<0O<0O



14Choose the cortect statement
A/Resor cii heokn-& ,-dti ol

B/Sal i cy | B-byd a gbkednizios aci d

C/Resor cii hokn-¢ ,-8Bi ol

D/Sal i cy | #-lyd a gbkedo zics .aci d

15Match the following compounds with the correspondin
A B C D E F
OH OH OH OH OH OH
OH HO OH OH
HO OH
OH OH

12 hyd rqoit n® n 22 hyd r phyd rqoit ne n 3-plenol
42pyrogal l ol 52phorogl ucin 6 - pyr ca tceh e

16Choose the correct statements for alcohols and thei
At he bigger size sulfur atom is more difGcult to pol e
Bt h#Hbond i s ,tshtaroOglee nd

Chthe bigger size sulfur atom is easier to polarise ¢t

D/t hi ols are stronger acids, than the corresponding al

17Eo0or pr e@iasyicrl g p eh t-dineel from cyclopentene, whiZh is t
A/ mamgdeoexi d B/chr omtiruineo x i d

C/ adamupmentexi d D/smi um tetroxi de

18Assign the appropriat4) starthegGmal e pd)a tiung titsh el i csd =4
Grignard reaction.

12f or maytled e h Al pkyl d@-lol

22 0 xdne B/h-but anol

3-acet aded e h C/ dan2-ol

42gaceton D/ -m2h ¥ bam-2-0 |

19Assign the appropriate concepts to the following pr
1.xiodati on 2. ceéduwon

Alel ectron rel eBsbecetlreon uptake
C/ yagxn rel easeD/ ygemupt ake
E/ydrogehease F/ydmegupt ake



20Which of the foll owiziognigr eoargeantrsediusc i anrg aaxgiedit ?

Al LRN(I l12r educing agent
B/ 30H 220k ding agent
Cl/ 8¢ 32none

D/ LiBUH(O

21What is the main product of the following reactions
A/ henel sul furic acid, hi gh temperature

B/ heentel sul furic acid, mild heating

Clel i minati onebethanobn of

1. h e 2.  Raene 3. Hhyletet her

22What i s phedmainof the f®l|l owing reactions

Alel i minati obub-Balcti on of

B/leliminati obub2a@&lcti on of

C/ da@2ohkt hi onyl <chloride

1 se eb wytl chlorid2. -bene¢ 3. -bene¢

23Choose which of thlhepfrolplrowitreg rieagteme / Rpd-cvhelnar o bourt ame
startinR-but-@ml (

Al 1&g We 6iC$ B/NacClI di sPME@ed i n
C/ 3&que s D/ S:OCthryd mien

24For prep@adtimgmet hyl ¥ wnl-wlpefit om an aliphatic start)|

reaction pathway can be applied?
A/ i ntcrud@la4 ieccsoennd e n stahteinonr educti on of the product with
B/ i ntcod malanodsaotnt hen reduction of the product with h

C/ i ntcud moMireetdocgt hen reduction of the product with hyd
D/ i ntcuda m&lrée getac an

25Compl ete the following scheme with the structure of
RMgX
| A
LiAlH,
il i
HBr c
‘ RNH,
1.-CRRCHCHOH 2. -NRCHC HC HOH 3. M@BCHCHOH

4. RHCHCHOH 5. fFCHCHOH
7. -CB]RCHCH-Br

()]

-8 C HC HOH

00



26 Under whi ch
regioselectime¢ehhpxfyi omn2

Al

by

for-amiontbhp2opanmami Aop+20pahhe

condimiinompy dpdéamea Badmi hopr 2@anebe

ring opening?

reaction is

prepar

independen

B/ beatnh nbp#lopanmamci dop2opare obutmderdneutr al conditions:c
C/ -ai n o p+l-0 pcaann be obndaéemedadl!| kal i,MlamicohnopgRopa@damnder aci
conditions
D/ -afni n o pl-0 pcaann be obndemedadci dic-amomopRRopasundEr al ki
conditions
27What is the main product of the following reactions
0,5 eq. OH NH;
> B
IOI
H,C
37L\\CH3
H5;C
c | ~ D
1. NH, 1. OH"
2.80Cl;  2.80Cl,
CH OH HoN Cl
HsC 30 CHy | 2 _CH, N CHy RN CH,
HO CHs 2 \H<CH3 2 \H<CH3 \H<CH3
CH3 CHj CHs CH3 CHs
1 2 3 4
OH H,N Cl
N CH, o 2 _CH, . CHy ClCH3
2 CHs \H<CH3 \H<CH3 j)<cH3
CH, CHj3 CH3 CHj3
5 6 7 8
28What is the main product of the following reactions
‘BuMgBr OH"
) | ] B
@)
HC7A
S CH,
3
(o | D
NaBH,4 CH30"



CH4 CHs, 3 CHj3
1 2 3 4
OH
@) H;CO.__0O OCH
R L e
CH, CH; CHs,
5 6 7
29What i s the main product of the following react.i
1. NH3 1. MgBrCH,CH3

2. oxirane 2. NH,CI
A <—— O>—CH3 !

1. NH3
2. SOCl,
KOH HN
C |>_CH3
OH NH H OH
2
N
HZN/\)\CH3 HO\)\CH HO™ \)\CHS
1 2 3
OH OH Cl
H,N H2N
2 J\CH3 H3C/\)\CH3 2 J\CH3
4 5 6
30. Rendel je hozziu az al abbi el emi | ApAsekhez az

A/l cheodduigssi ati on B/ cel eddiigsadtcbn

Clradical associatibDfmadical dissociation
l-aparlors | | phett¢ youp on the reaction centre
22el ectopating group on the reaction centre

32el ecwrbobhdrawing group on the reaction centre

31Choose the cortect statement

Alet hers can be cleaved with hydrogen iodide

Bf rom cyclic ethers diols can be obtained
Cllinear ethers are not stable in the presence of
Dfrom vinyl ethers aldehydes can be obtained

ons

adot

base



32Choose the correct statement!!

AThBWl rcdaon is always monomol ecular and second order.
B/Th&w2 rtiaechi meude and second order.

C/IThe2 rteiacn cmohdmuran@r st .order

D/Th&dl rtiacoul ¢i meulae and Grst order

33Choose the correct statement !

Al TiRe r®action is monomol ecul ar, because the number
B/ Tiéer®&action is bimolecular,ubdengekengheae hambechahg
C/ Tke r®action is bimolecular, because the number of
D/ The raction is monomol ecul ar, because the number ¢

34Assign the statements bellow to the reaction types
A/ N1S rcea on
B/ n2S rcega on

l-occurs without the formation of intermediates
22o0ccurs through intermediates

32it i sstaept woeacti on

42t i sstaeppnmeacti o

52di pol ar aproticrealctemtns favour the
62pol ar protic solvents favour the reaction
72a primary reaction centre (carbon atom) favours the

82a tertiary reaction centre (carbon atom) favours th

35Choose the correct statement !

Al n monomaolued elopmi |l ic substitution an inversion and
BN n bi molecular nucleophilic substitution an inversioc
Clh'n bimolecular nucleophilic substitution a retentior
D/NI'n monomol ecul ar nucleophilic substitution an inver s

36Assign the statements below to the reaction types!
A/ i1rEca i on

B/ arEca i on

12it can be regios@tietctédaamnot be regioselective

32a tertiary carbon atom, carrying the | eaving group

423 tertiary carbon atom, carrying the | eaving group



37What arse eree@chemi cal characteristics of
AlarEir eca i on

B/arEr eca i on

12i tstisreosel ec?2?ivtstisreospeci Gc

32o0verall it is not a concerted reaction

42 t is a concerted reaction

38Choose the cortect statement

A/ Regiospeci Gcity: the starting materials are (conGg
B/Stereospeci Gcity: the starting materials are struct.
C/ Regioszelektivitis: a termAkek szerkezeti (konstit
Regioselectivitgtrubteupabdgcoestareutional ) i somers.

D/IStereoselectivity: the products are (constitutional)

39Choose the cortect statement
A/ Bi moZ-elciumiarati on is a complex reaction because it

B/ TkBeé€i mination mechaoi sm mahedbel snonEE1l and E2) .

C/ The inter medietlei noifn abtiinoonl eicsultahre car benium i on.

D/ The intermedi atZzel o fmi manoomonl e sultdre carbenium ani on.
40From which starting materi al can the following pr
el i mination?

A [E-e-meht V s enel b
B /Z-2-meh { s enel b
12 (R, 9-1-b omo-1 ,-®&p ke §l p ramep
22( %, 2-%pomo-1,-&ple gyl p ramep
32 ( R, R)-1-b omo-1 ,-?p e §l p ramep
42 (&, R)-1-b omo-1 ,-&p e yl p rawep

41For preparing met hyl eBieB y cledenx acrhe ivwi tthhe appropri
mat e?i al

At r aldbsomo-2-meh ¥yt o haeex

B /N,N,N-t r i hmid-meht Yyt o hae-a mmon i u yd rhoex i d
C/ -b dmo-1-meh ¥ yc t o haeex

D /c i-1sb omo-2-meh ¥ yc £ 0 haeex



42Choose the cortect statement

A/l The course of the E1 reaction is signiGcantly infl
B/ I n reactions by the monomoZeicustav Erdodectainsg simor me
C/ Of two regioisomeric alkenes, the Zaitsev product

is thermodynamically | ess stable than the | ess substi
D/ Regioisomeric oleGns cannot be formed in an el imin

43Which is the main alkene produeHtBrof rtelae t-Bherhogref o hal
met hyl cycl ohexane?

A/ melkti denecycl ohexane
B/ -méh yyxt o hleene
C/ -mEh Yyt o hleexne
D/ -m&h ¥yt o hlkene

44Choose the cortect statement

AThe thermodynamicabéeli mbnatfamousambee frequent.
BThe preparati vEelsiiginn d&tciamm er @dcti ons &-eal immichatsimand er
C/IEIl i mi nasaconons couledorb el )liit(hiematli @ng .

D/ 2-el i mi nati on a carbene intermediate is formed.
45Arrange the following groups in ascending order acco¢
in elimination reactions.

© © o

NH, H,0 OH |

A B C D



6 . Hal ogenated compounds, alcohols, p
Sol utions

1. B
The reaction of chloroform with oxygen induced by 1lig

[0] 0

CHCl; ——

-HCI Cl Cl
2. A
Sodium met hoxi de, as a smazlpret osbhre bhsemet bylabhe ¢
thermodynamically more stable Zaitsev product.
3. B
Sodi umbuteaxi de is a bul kier base and thus, due to ster
easily, reshié¢t mogymamitbal ly | ess stable Hofmann produ
4.2Qa, 2R, 2B, -A
Ambi dent nucl eophilic agents (e.g. cyanide or the ni:
l ead to the formation of different products in alkyl a

N¢ﬁ4 R—Br — MNC---Re-Br ——a N=G—R + B

OMNT: R—Br —w R—ND, + B¢

Thewx2Smechanism reaction occurs with the more polaris
atom or the nitrogen atom (potassium or sodium salts)

&
R—X + AFCN® —» Agkp+ R®+ ON® —» R—N=CF
A—X + aghn® —= agxbs Y+ N — = R—D—H=D

Al kyl ati ah megchari Sm, on the other hand, Wwiaklkestpéahbteg
el ectron density, the nitrogen atom or the oxygen ato
in the reaction promotes the formation of the carbeni

5. C
Hal of orm reaction can be used to detect the presence
in the presence of a base | eads3)t o nt hseu cfcoersnsaitvieo ns toefp st
hal oform formed is hydrolysed to formic acid in a nu
action of base, bromoform and carboxylic acid salt a
goup



in the presence of base enolate

2 on | Co [o] o 5

OH
L n
R -H0 R/& 1T R
NG I
slow - Br

rate-determining step fast step
0] e 0]
Bra -- Br (0] Bry
—_— )K‘/ _— ~_Br R CBI’3
Br R
Br

° B o)
O (o QN
: o o A n roce T e v o

H

6 . B, D, E

The iodoform reaction requires that theastake¢omgl ciomy
the alcoholic hydroxyl group is in position 2, becaus
ketone in the Grst step, from which the iodoform can
7. C

8 3

9. C < D < B < A

10. C <AD < B <

11. D < B < A < C

12t.the most: tdraectieas:t 1lr eacti ve
13. B < A < C

14. C

@COOH :
OH HO OH

salicylic acid resorcinol

15.2E12D0, 2R, 2@, 2B, -B
16. C, D
17. D



CH3 CH3

O[ 0s0, (25°C)
CHs or MnOy4

O
T
w

— &

syn-addition o.\ OH
~Os
CIVAY
@) O@
18.2B1 2R, 2GQ, 2B
1) PhMgBr 0 1) C3H,MgB
A — OH HJ\H—W/\/\OH
2) H;0" 2) H,0*
O 1) C2H5MgBr (@) 1) CQH5MQBI’
H  2)HO" OH 2) Hy0" OH

19.2A1 D2BE; C2 F
20.23A238B, 2Z, -D

21.21A238, -

Hi gher temperatures favour eliminati-bntmneattwobhb. aTha
base results in the ther#fedgnaiw thl by b-indbke eisds btadsreméd d t
main product (due) toAlshemégs Wiithldrp@ainiclear atoms more hi
are thermodynami cal |-i3n0eq3c osntjaubglaet idounes .t o C

22 .22A 238, -IC

The el iminati omut &@@aelt-2-ddmu toiintsheca smal |l er si ze base r e:¢
more sta&khe. bW th a bldrke eirs bfacsremeduas t he raindrmmacdkey c
Al kenes with pillar atoms more highly substituted wit

t o-H@-C-C3conjugations.
With thionySIOLddal mgtiidteuti on reaction takes place due t

From blwtlamnl-gndudan beZdélor memWatbiyon, since there is on
position relative to the hydroxyl group in the mol ec
23. D

The reaction of alcohols with thionyl «c¢hiiormede ainnwan.
contrastl tnme dtheaeniSsin, riemct henSthe carbocation is not c

|l ead to racemization.

24. B

NaOH LiAIH,

25.21A 28, 2TC, -D

00



As a result of ring tension, the oxetane ring opens u
t he elwictthhrdbrnawi ng effect of the oxygen atom) by nucl
attached to the oxygen,

26. D

The explanation of the regdepehdebnht vimeghasi smeofdi fhe
acidic medIl ukmeame8S&hani sm (the higher order alkyl <cati
ansx2S mechanism (due to steric reasons the nucleophile

* ! ! 0 Y Y ~OH
O o® 0 o] : /
R R” R7® R™ © R

27 .21A 28, 28, -D
28.21A 28, 28, -D
29.23A28B, 2€

30.22A238, 2C, -D

EDG 1 Dy
| j ) _— ®/ ©@  Nucleofuge (Dy)
—GCG—X —C = |X : L
' - Nucleophile association (Ay)
| Ax EWG 1
EWG 'f| Dg
__ ¢y _— —%{I— Z Electrofug_;e - (Dg)
! - Electrophile association (Ag)
| Ag EDG 1
| O
M s XA j  Radica (De)
| H - . Radical association (Ag)
AR
31. A, B, D
HI




32.
33.
.2 2A
35.
.2 1A
.2 1A
38.
39.

34

36
37

40

41 .
4 2.
4 3.
44 .
45 .

.2 1A

B4
B4

1S,2R

Br 2
d CH,
h

1R,2S

15,28

o)
-
\gwa
on
T
w

o
on

1R,2R

<C<B<D

Br
H‘g' Ph]g:CHg -HBr_ H: :Ph
H P CH,

CHj;
E

Br
Ph@H @Ph -HBr Ph CH3
—_— —
Ph H H: :Ph
CH,4

E
il C
Ph H _
3 @ HBr
H Ph Ph ) (
CH;
Z

Ph H

CH3 H  CHs



7. Nidnr,owgl furpmaomsgphor ous compounds

1. Assign tthhee maomgpotuond bel ow (there could be several
/\/\/\
HoN NH,
A/l predt-bi aei n B/ p@redt-dbyl-di aei n

C/ -di 8mi nanepent D/cadaver in

2Give the classi Gcati bn of the amines bel ow
A/NN-:di nhejeth Yene-di aeni n B/ Impatmien

C/ pamedlp-Bi ae@i n D/ sdp riypgpmien
E/ h yaineen FNNNN-:t et rlajmétlenedi aei n
lprimary, with one ami2me cfonrdcatriygn wi t h one amine funct

3tertiary with one amidmeg ifmamgyti ovmt h two amine functi

5secondary, with two &mierd ifaunygt iwarnsh t wo amine funct.i
3Select the catecholamines ftom the following compoun
A/ adreenal in B/yr 6 &0
C/ dopamin D/ -pk gyl &8¥amien
4 Howmany el ectrons are involved in?the following del ot
N, O

Al 12 B/ 10 C/ 6 D/ 4
5Arrange the following compounds in order of increasi
A/ -b nabe B/ amima C/mehane
Dwater E/ Idijetha r

6 Select the suitable starting compound(s) for the se

that no other alkylation degree compound is formed).
A/so p rybgpmien 1. 1) eaceakyamieen 2) toreduc

B/ Imgido p rybgomie n 2. blemimn for méeltdehmi c acid

C/NN-di nheltb e yla mie n 3. aeet aomnm tah e e dioa



7. Which compound type(s) I|listed below can be used t
step?

Alal i phatic carboxylic acid nitrile

BMN-al kyl aliphatic carboxylic acid nitrile

C/ by the reaction of aliphatic aldehyde and aliphati
D/ al kyl azide

ENN-di al ky|l aliphatic carboxylic acid amide

8. Whi chf wIf| dvwieng st atements are true?

A/ nitronic-facimd oifs at he@hadciic primary and secondary ni
B/ nitrobenzene is a solid at room temperature

C/ the anion formed by deprotonation a@afnimintromet hane

D/ nitro compounds contaiatagbanhgdomgear mt mimt ooolt & &n
in several steps

9Complete the following scheme3)widrmdtmre€ini stss nAr eage

o)
1 2 3
NH — A —> B — C + CH3NH2
o)
A-C o) 0 )
N—CHj N—K NH
NH
o) 0 S
1-3

H2N_NH2 CH3BI’ KOH

10Give the correct or!lder of reaction steps

0
OH 1 2 3 [::T/\NHZ

Li Al HWH SOCI

11Which type of transformttemnand prmiemarycdmiome ©? Kk
Al ceipénidubcst i ®© nB/ cetlreo phdidd n ¢ C/ cnwophilic substitutio

D/condensation Efadical el i minati on



12Which of the foll owing statements are correct?

A/ a Schiff base and an enamine can be in a structur a
B/ aliphatic and aromatic diazonium salts have approx
C/ secondary amines form nitrosamines with nitric aci

D/ ephedrine is a catechol amine

13Assign the suitable reageArt rteoa cttieombrtodfg 2t thi facro nti lwuen
2-n@htdiyeghd ucrh oe+1dY 2-ni t p b hldna

2-n @ htdiyehz ucrh o e+2Y 2-n @ ht Iso/ga ate

2napht hyl di az oHBiYuna hct hhl ad4tki ndeb

2napht hyl di az otiYwm aphlt dryil déd azoni um hydroxi de

A/ KNCO + Cu B/ KtHiBen aci d

C/INaN.3 CuO D/ NaOH

14Whi ch of the foll owing statements are correct?

A/ Phenols react in azocoupling reactions in weakly a
B/ The azocoupling reaction is facilitated by electro
C/Aromatic amines react in azocoupling reactions i n we

D/ EI ed ttrham awi ng groups on the aromatic diazonium cor

15Which set of starting compounds is NOT suitable for
Al aceydea!l d @h yoe& odaihnefta nei n

B/ aceytea!l doh yoed dedhh led nei n

C/ aceyda!| doh ylas dig byt a nei n

D/ bpkenen f or yual dienhiaed n

E/ beplkrnen aceyde NN-d hnhelelh ¥ ami n

16What ipsrotduect of t heet &ldke hifoonr pdelacaedhi mreyt a me ™
A/ -(&i mea mi-pnroop an al
B/-(8imjeami-pnroojpanal
C/-(di mjea mi-bhuot)a n al
D/-(di mied mi-bhuot)a n a |

Et he above set of startindMaomompdwccndoni s not suitable



17How would you prepare the?foll owing Mannich base?
(@]
A + B ——> H)J\/\N,CH3
|
CH,
L0 o ' o o 0 o " oo o |
A ! CH ' v :: ;
:HJ\/ TR :IHsC)J\H+H3CJ\H:EH3CJ\H+HJ\H ”HJVCH3 +H;sC)J\HI
N __._ LN o] .. N ,
1 2 3 4
B: H3C\'\II,H H3C\r\ll/\CH3 H\[}]/H ch\ I ,CH3
CHj CHj CHy CHs
1 2 3 4
18Rank the following amines in ascendi ®mg aredert i @fnsnuc
Al -eBYyane | in B/-n2trceanilin
C/ aeni lin D/ plemte n
19Match the following compounds with their correspond
A/NN-d i neytb eemzeul f o@mami d
B/N-mehy bemzul f ommami d
C/N,NNN-t r i hmet eemzeu | f o ami d
1-fornpsrecipitate in alkaline medium which does not di
2-its pure solution in alkaline medium gives a precipi
3-gives a precipitate in alkaline medium which, when |
20Whi ch mol ecule contains a befzenesulfonic acid amid
Q. _NH,
S\
@]
N
N I
N S\/\NJ\N/
(od H H
O
N o
PhO H H 0
=S
o 10 o
D O —: E 0=S=0
&/ OH |



21Rank the following compounds in order of increasing

< < <
A/ sud foxid B/ dlisalleGd
C/ seal fon D/ andskl i@enaci d
22Rank the following compounds in order of increasing
atam
< < <
A2t r iylplokp het B2t r iylplok hta
C2tr ylalok lo ate D2t r iylplolp hetoxe d

23Which statements are correct( PT&Cr) ?phase transfer <cat
At he i ons in the reaction mixture are completely sol v
Bt he catalyst could be a quaternary phosphonium sal't
Cthe reaction takes place on the surface of the orgar

Dt he catalyst could be a quaternary ammonium sal't

24Choose the cortect statement

A/ Since sulfonic eondugata Wwasaé& kasid,sifteng base. Th
good | eaving group.

B/ Sul fonyl chl orides can be used to activate OH gr
nucl eophiles under mild conditions.

C/ Ppletaol uenesul fonate group is about two orders of ma
i on.

D/ Al cohols can be converted to al kyl halides by thi
alcohols, but may require harsher conditions for prinm
25Rank the following compounds in ascending order of

A/ HCI Bplenol

Cc/ beenrezs ul f oni cD/a-ch Hdlme mizw aci d



7 .Nitrogen, sulfur and phosphorous
Sol utions

2.2%, 2B, 2€, 2D, 2&, -3F

Order oft rmeni member of bonds of the amine nitrogen wit

3. A, C

Catcdol aemsqmonoami ne neurotranstwyrisenbenstderirvedr bcomre th
side chain on the pyrocatechine ring.

OH o) NH,
HO NH
N\ /©/\H‘\OH D/\/ 2 ©)\
HO HO NH HO
OH

adrenaline tyrosine dopamine 1-phenylethyl amine

0] O
N—K N—CHj ,\IIH
NH
A O B O cC O
Gabri el synthesis can be used topoptreapairempsalmas yofampt
al kyl hali des .-alTkhyel prhea qalltiimgieNcan be converted to t
hydrazine.

10.2S0OGI 2NH, 28i Al H

@) O (0]
O)‘\OH SOCl, O)J\CI NH3 O)‘\NHZ LiAIH, O/\NHZ



Firstn

12. A,

wctleepaphi |l ic addition, second.step: el

C

13.2C1 2R, 2B, -

14. B, D

15. B, D, E

Tertiary amines do not enter into Mannich
R H R R R HR R
R e
R H R o} R HR O

16. B

17.23A28B

18. B < C < A < D

19.21A 28, -

The-csad
pri mar
sul fon

20. B
21. B
22. D

l ed Hinsberg reaction can be used to
y amines by benzenesul fonic acid chl

i mi nati on

ne
S S|

reacti on.
det er mi
oride di

do

ami de precipigdgaltieds, owhi laes taenr toiidr yorami nes

@) o O O

I} \// I}
S<, ~S., _.S., R-g-OH
R R R R R R o)

sulfoxide dialkyl sulfide sulfone alkanesulfonic acid

< A < C < B

OR O, OR O, OR O, R
| N7 N _/ AN
,P\ /P\ /P\ /P\
RO™ OR RO OR RO R R R
trialkyl phosphite trialkyl phosphate trialkyl phosphonate trialkyl phosphine-oxide

no



8. Oxompounds

lPairsthectures with their names
o]
CHO CH CHO O CHO
3
O P ST
HO H3CO

OCH;

A B Cc D E
12benzayded eh 22 ac eptleon @n 32acetkton
42vanel |l in 52ani s aydel e h
2What compound is formed by oxidation of aldeétybesr wi
ammonia compl ex) ?
A/ coahlo | Bicarboxylic acid Clcarboxylic acid amic
D/ ket on E/ pyaoixd

3From which of the compounds below can cyclohexane be

A/yttohexeanon B/yttopenéeanon

C/ hexanal D/ytohweX,-di en

4With which reagents can cyclohexanol be prepared fro
A/l SH B/ Lsi Al H Cc/ KMn O

D/ NaBH E/ 20H

5What compound is formed in the reactioh of oxo compo
Al/ydr aron B/ alcet C/ scambaez on

D/ oexim E/ Emin

6 What compound is formed in the ammoPaon of oxo compo
Al/ydhr aron B/ <a&mlhaez on C/ alcet

D/  cexim E/ EBmin

7What compound is formed in the gemicddrotnaaonifdeoxo compo
A/ emin B/ @xim C/ alcet

D/ sa&mbaez on E/ydlm aBoOnN



8Complete the scheme withd@mé nihiesaptieddsdC)rleagent s

)
ST
\°C$53

HO CH,

HsC. _CH
SN oH
@ @ é NH(CH3)2 PBr3 H2804, A
1. 2. 3.
1 2

1.CHsMgBr  Hy/Pt  1.NaBH,
2. H*, H,0 2. H*, H,0

4. 5. 6.

9What is phedmainof the following reaction?

MgBr
/ﬁl . 950 oMt
HaC™ “H ———> 7 &+ Mg(OH)Br

eae sges O* £C

A

10Wwhat kind of reaction is the Gr2ignard reaction of o
A/ oixecdaati agmliat i on
B/ oixeadaitoatt y | at i on
C/ rcddandioang | at i on
D/ raedozei atyk at i on

E/ e dawnan icaclyk at i on

11. Forydal deacteh ywiatghh u mr odnéeAf t er aci di Gcati on? what i s

Alacetic acid B/so p rybgdo h ol C/ aceydem !l deh
D/ hentol Epbropanol



12What

product is for@edgfhraepohdt Dkret ones i n

A/l ttiearry al cohol

B/isecondary al cohol

Clcarboxylic acid
D/ ayda e h
E/ p@yadmhol

13Starting from ethyl magnesi um br omi-3d)e, o fwat@kt ¢ iwo th

the foll owingC¥@bstrates (A

A/ b yoteitf oatem 1. priocpiaocni d
B/droar bdadnoex i d 2. propydenal deh
C/ h &ft o aten 3. pne3rotl

14Gi ve the misding products

)
O 1) CH30" 0 OH
HCO ——— A CHy == C
3 MOCHs 2) H* H3C)W 3
o) o)
)
j\/\/\)?\ 1) CH40" o OH
T — D
o)
A
OCH3
C D
HsG oH
CH
> (L Eé« Pos:
O O
HaC o P
O CH3
3. CH3 OCHs
OCH3 O

HC oH B

4 /J;><CH3 CH3 OCH3 o
OCH3

W i€



15What is the product of? the following reactions

CH3;CH,OH excess / H*

CHO / HOCH,CH,OH / H*

(CH3),CHNH,

Vo

H,O / EtOH

o]
‘ OCH,CH3 o ~CH(CHj3),
. N
O Ph—CH ph—( j

CH
OH OCH,CHj, o Ph”
1 2 3 4
16What wil |l be the main product of the Grst step of t
(@] O
HsC s vy C)]\OEt o
3 CH, 3 EtOH
CHj
OH O OH O OH O
o 1O o TR omy ML
3 3 CH
CHs cHy 2 G g oM
A B C D

17How Schiff bases?can be prepared
Al rawy/s exa drya miem f or mdel+d e tydedk e teo n

B/ owompotdwng@aryammien

C/ aeoxmpouwnHHCN

D/t wo di f feeanema u rodes Hait toims

Elbxo compodmd al kaline medium

18Which statement about the Mannich reaction is false
A/ it requires formaldehyde

B/ the ketone must react in the enol form

C/ an iminium i on frmoursma Ibdee hf yodremeadn df rtohne pr i mary or sec
D/ it is an aminoacyl ation reaction

E/ it #icsomp otnherngte r eacti on



19At which pp&Engatomsated carbonyl compounds can be att
in additioh reactions

Alit reacts2oadlyomnat dira

B/ -4didt (ame¢l y

C/ -adidt i on

D/t hey do not enter into addition reactions
E/ -4ddi@ i on

20Whi ch statement about the nucd,etnpshaitluircataeddd ictairobno nryela c
is false?

Awi tét maongern -#didden d s more probabl e

BMwi th a wealkediddbora se mare probabl e

Clwith a sterically hinadcdietdi camribonmor @ rpruepb ablle 4
Dwith primatly@ddnnes aore probabl e

E/ Lif Avdurnls-@2dititei on

21The al dol addition of two different carbonyl compou
the aldol reaction does not proceed further)?

Al 2 B/ 6

c/ 8 D/ 4

22Under what conditimnonsemdensaat i admobe suf Gciently sel
A/ asymmetric ketones are used as starting materials

B/ one of the carboattyydrcognpmounds has no

C/ aliphatic aldehydes are used as starting material s
D/ in the c-aatabfysad meadtion

E/ usingna lmoznaobl e ket one as nucl eophilic partner
23Which statements about the al dol condensation are ¢
At he reaction between two different oxo compounds i s

Bt he starting oxo compound e&bewbdnhave a hydrogen on
Chif the aldol pr,aduy-ensias udahydr axedcompound is for mec
D/t he pr o d&tbydt gaxlsdyeelo r2-hyd r gkxe teo n

Ehone of the above statements is correct

24 ytdbhexanpaacthgd rwixame.Whatt hes pr2oduct
Al/yktcoXxiga mien B /N,N-d i mhelrcy £ o hyleaxmie n C/ y k£ o h e xesorxderm
D/ytaeiaci d E/ytkcohexanol



25Whi ch of the following is the mai rbupraonmdauc?t of the a

o] 0]

X HC\/\)J\/\ HC\/\/\)J\

H3C/\/rCH3 3 N cH, 3 N ’

A " H B Cc
=
p O H E O~ H
26Which of the following compounds CANNOT be prepar
subsequent alkylation step?

27 Whi ch of t he foll owing products -ciosndermd ati inerd o fn
hexandioate?
(0]
/\o)J\/\/\[(OV
O
0 0 ) o 0 Oo. _o_.0O
OH
HOM o é/(o/\ (:/g(ov U
O J o)
A B C D E
28Which statements are correct about cyclic acetal s?
At hey can serve as the protecting groups of o0oxo compoa
Bt hey are formed in the reaction of oxo compounds anod
Chthey are formed in the reaction of o0oxo0 compounds anc
D/one type of them can be prepared with ethylene gl ycc
Et hey can be c¢cleaved with acids
29Acetone is halogenated i Acawhailcyhs epdo srietaicotni oinn? an aci d

A/t attbar bon
B/ t
C/t attbar bon
D/t
E/t

cannot

at he car

00

atcaarebybcnar b o n

-+ N ot Py

atom
be halogenated
atom
atom
bonyl oxygen atom



30what is the main product of the following reaction?

0]
EtNH,
EtOH/H*
HO HiC” N7 >CH; N~ >CH; N7 “CHj,
A B C D

31. Aceytealrdeeshct s wi t he hamoWhxacte siss afffe product
A/l ,-dli nhe ge h ae B/ -@i®dtpr ang C/ -dimtyeh ae
D/ -dihbtymeh ae E/ -dihbtyeh ae

32. Ac eytea |l rdesahc tedh yYemégyho IWhat i s tRe product
A/l -méh 1 ,-Bi ane B/ -m2h ¥1 ,-Bi ane C/ -m2h ¥1 ,-Bi oaxe |
D/ -méh 1 ,-Bi oaxne | E/ -dihdtyeh ae

33What is formed when Retones are hydrated
Al  @si m

Bt hey decompose to water and carbon dioxide
C/ gamidiols

D/ydhrazones

Ecyclic acetals

34What compound is formed when oxo compounds react wi
A/l s@ml aez on B/ alcet C/ eexim

D/ iemin E/ydlm aron

35The preparati mat oy 3#pd dad m-cohml 02r opr opane by Grignard r
many-pryoducts. What could bene@r tgnaed) akbethnani sequert
f or mat i epnr oodfu cbtys ?

A/ Grst perform a Wittig reacti omnaad ktolvenn klowd m ®tae tti h
B/ Grst carry out an al kylation reaction of an aldehy
C/ Grst syn#beksasd hbrancarry outepasithieonsal kyl ati ons

D/Gst carry out an acylation reaction and then carry



36Whi ch compound EF)lo,udp pdnoeensy (p-édhe&3aone bel ong to?
Alasy mmet Kie teain B/are ,2@n s at ukreatéeoend

Cla diene deri vbBfairvledbaloduct

37Whi ch of the following 8tatements is NOT correct
Alyfcohexeomxdermcan be prepaayéadhlexeamehgith aenign

Bt he syntyhmwlbeszsaemw&iemconsi sts of equilibrium processes
Clin the synthesis of cyclohexanone oxime the hydroxyl

D/yttohexeomxagermcannot be prepared by reacting cyclohexar

38Which of the following 8tatements is NOT correct
Alho geometric isomerism is possible for oxi mes

Bloxi mes can be converted to amines by catalytic hydrc
Clcycl ohexanone oxime can be converted back to cycl ohe
Dby Beckmann rearrangementlcaprolatbbhmxasoher medme

Et he mechanism of oxime formation is analogous to tha

39. What is the product of the following acid hydroly

HyC.-CHa o
i) ii oEde
O/_\O 0

CH3NH2 NHon HO‘ O‘ H (CH3)2NH

1 2 3 4

H;0"
—_—

H;O*
—_—

40Fkrom which of the following compounds can iodoform
Al ebut anol B/ dm2-ol C/ dn2t-Bi en
D/ sdp riybkpe teo n E/ aeeton

41. Acetail snehi z 8-Hydir gikwt aWwai ch type of reaction did oc
Al FreéarsrangemeBV/t Marmreigacth C/ Can nriezdpcar o

D/al dol di meri sBhdlomfroetnt o n



42What is formed in the foll owing
HaC S/j

s aqueous CH;COOH

- ?

reacti on

CHs CH, HsC
H
O s o] o]
SH
B c D E

43What is the main product? of the following reaction
CHs  RcO4H
R —
o] ] 0] O
OH O)J\CH3 O)J\OH CHj3
OCH3
A B Cc D
44What type of transfor matieeni tNeBs# he reaction of Kk
Al ceipehidubecsibnt Bhucl eophilic subsG/éeltec¢ti ooaphilic additi
D/ cinednila didd n Efadical el imination
45What i s f oremezda lydieeomC édn ni zrzezxat 7?0 n

A a gedetno@n
B/ bjlemdeandenzamid
Clpenacetin

D/ lyeadaezh @ainbenizo acid

Eplkenol



8. Oxompounds
Sol utions

1.2a, 2B, 2B, 24, -B

2 B
H\+1 o) ©) R\+3
/C=O + 2Ag + 2O0H /C=O + 2Ag + H,O
R +1 HO 0

3. A, D

—_ —

correct bonding sequence.

n the Clemmensen reduction t he hmanmngbkee r( i afe.c ar dxcari bedtnmom
eaction), so the carbon framework should already <co

4 . B, D
In compl ex met al hydride reductions the number -of <ca
retaining reactions), so the carbon framework should
in the correct bonding order.
5 D
0]
HO. H:N‘N)LNHZ
O N g O H (0]
/U\ HO-NH, ] oxime /[L R N )L Sy
R R' D R R R R' \]4 \}Ni NHZ semicarbazone
o R”\N R'
HoN-R" T
RJLR' Il L /IL imine 0 HEHL R,
R R )J\ Q—i R /N‘NH hydrazone
R” R’ T "
0 R’
I RIOHM® R"OXOR" i
V — aceltal
R R R R
6. E
7. D
8.2A,2B,2%,2@,2b, 24, 24, 2%, -3f
9. C
10. E
Re cttit vfer o mo xacno mpo ( Bldxatdi o n)asatdah @F'o Xéltdi on)i st &be med
Aniiadinhr omGt hgwm®radgénée t o pol arUntpyo lignvgeraslikoynl group | eave

form

00



Alyk attihoen al kyl at home etde@gy @®econdary) carbon atom carrtr

tertiary (i.e. the number of carbon atoms directly at
11. E

12. A

13.22A 2B, -

14. A

15.22A 28, 2£, -D

16. B
Of an estoexro acnodmpaonund of anal ogous structure, the o0xo
acid) than the ester, resulting in the eoarbompauaom a
the ester with its positively polarized carbonyl carb
17. B
18.
19. B,
resonance structures of an
a,B-unsaturated carbonyl compound
20. D
21. D
i X
+
H)J\CH2R1 H™ “CH,R?
O OH O OH O OH O OH
HMCH2R2 HMCHZR’] H)J\H\CH2R2 HMCHzR‘]
R’ R? R2 R'
22. B,
23. A, , C, D
24. C
25. A
26. D



27.
28.
29.
30.
31.
32.
33.
34.

35.

36.

37.
38.

39

40 .
41 .
4 2.
4 3.
44 .
45.

m o o mOo o >» 0

Cl

A
A

.2 2A 2 B,

B ’

O U W >» O

C ’

PPh,

2.
E

\(@

-D

2)0%\(\

o)
NaOH XNNF
—_—

(E,E)-1,5-diphenylpenta-1,4-dien-3-one



9.Carboxylic acids and their der.|

l1Match the name of tthe compewsmpdnwdithly structur e

COOH COOH
HOOC-COOH ~ HOOC._~ .., [::T/ [::I: HOOC_ COOH
COOH

A B C D E
l12phthalic acid22malceiaci d 320alic acid2succinic aci
52pbewtc acid 62butyric acid 72fuaric aci8@maliom aci d

2Match the name of theocomppondiwigtbttheture

0
OH
HOOC
/—COOH ~">cooH HﬁY/\VJkOH [::I: HOOC,

HOOC COOH

COOH
A B C D E
l2putyric alildenizm aci d 32maliom aci d 42succinic aci
52f uawr i ¢ aci6dornl i c acid 72salicylic aci@2phthalic aci
3Complete the foll owi ngt hree aneitsisoinn bs cshterntet uari etsh
H;0%, A SOCl, CH-NH
-~ B - D 3NHz E
KCN
H;C-Cl ——— A
dipolar NaOH, H50, NaOBr
aprotic H,0, A NaOH
solvent c ~ E
1. CBCI 2. JICH 3.3CH€ONH
4 . :CHNHCOCH 5. CM 6. :COOH
41 nsert the following structures in the correct pl ace
Cly/H* SOCl,
A =——— H3C—(I3H—COOH E——
OH
chl HCL | ¢
B
H3C—(I3H—COCI H3C—9H—COCI H3C—(|)H—COOH
OH Cl Cl
1 2 3



5What

6 Complete the

0
0 M
OH , PR A B 4 — 0" CHy
H,C™ Yl
0
+ H
H3C/\)J\NH2

is the major product of the follow
+
H;0 A
§ /e
OCH3; “ 1. LiAlH, c
. 2.H,0
1. MeMgBr
(excess)
2. H,0
A B Cc D
] @)
HO ch,
OH
A 0 B 0 Cc D
HO CHs
H
Noadoadeaisg
A B 0 Cc D 0
HO CHs
; ©)<CH3 NH, ©/\

>
o

(o]
o

o

foll owing remacstsiog phtrhhwaw

0
30" D E + F — H3C/\)J\OH
dO ®
® O/H
O 1 Cl 3 |
1 NH3 2. | CH
OAH ’ H3C/\)\OH
0]

cr

'S
n
I—?;i
@]
T
w
mI o
(@)
O ;
pd
T
N

ing reactions

sewith the

+ NH4+



7Complete the following scheme wilth the missing produ

O .
iPrOH
OH OH kat. H*
. B
3C HsC
D N~

c JIORRY

PCC EtN  H,C

1. Nsa B H 2. hpstmeny beatez o 3 .-hydr gbxe nizow aci d
4 . KMn O S5peglydr agz i n 6. pTr2eypd-mehty beae o
7. N@ 8. -méhy benzylé deh9. enilin 10. gueani di n

8Complete the scheme with the missing product s!

B
Csz
CH2NH,

1) NaOH 0 j\ 1) LiAIH,
2) CH,COCI 2) H,0
) CHs HsC™ SO~ “CHs 280

A —

1) CoHsMgBr

C2H50H \ F
c 2H0

1. O 2. O 3. OH

9Give the correct sequlence of reaction steps

0
OH 1 2 3 O/\NHQ
Al Ld Al H B/ S0C] C/ oNH
D/ NaOH E/ :GH F/ PCC



10Arrange the following carboxylic acid derivatives
reactfiRoglgt bup

®
o) NH,

4 g g oo
R«O

A B C D E
A/l E < C < A < D <BB A < B < C < D «<
Cc/ D < A < C < E <bB B < D < A < C <

11Compl ete the reaction equations with the formulas o

Cl  NaOAc Cl N(CH3),

A — B

o O/OH o
©)J\CI c ©)\0| H,O/HCI
. O 2. H 3. @ j\ a. o
solisnulivanVon
° cl

5. O 6. O 7. O/O g. O

_CH

N OH 0 0" CH;,

CHj3
12Whi ch of the following molecules coul?d be the produ

I
+
0" >CH, MO

A B Cc

O
o
N
T

+

O

I

w

@)

I

N

o

I
O
I
@)

+

O

I

w

(@)

O

N

I
]
I
N
®)

+ T

@

I

@

O

I

N

®)

T



13What are the main product® of the following reactio

1) EtMgBr .
Cl (excess) c) 1) LiAlH4
HAC A HsC T~
S 2) H,0 2) H,0
) 0]
Cl C2H5NH2 Cl C6H5C02Na
H3CW — = s> C HsC ———> D
O 0]
1. 2. 3. o 4.
OH CH
Hsc/\/\ﬂ/ H3C/\/Y\CH3 HgC\/\)J\N/\CH3 H3C/W 8
O OH H HsC N

5. 6. 7
| CH :
0o 3 OH
HSC/\/Y Hsc%CHa H3C/\/\/
o O HO

14Compl et e the reaction equwatcitdmsn wirtohd utchei.r maj or

O 1) CHy0" Q HO"
OCH; — A CH; = C
o) o)
S SRS " s
B H D
H,CO OCH; 2)H* H;;,(:J\/\/ﬁ(C 3
o)
0
o) HsC on o
3
O¢©<CH3 Q/Z<OCH;5 OCHs i§—<
OH 5 o o
1 2 3 4
15What is the product of? the following reactions
NaOH NaOH CHs  Na
RCH,CHCH,COOH ——— A RCHCH,CH,COOH —— B CICH,CH,CH,CCH; — C
! |
Cl o] OH
/(l RCH,CH=CHCOOH /&
R” 07 Yo R™ ™07 70
1 2 3
OH
CH;  RCH,CH,CHCOOH /O\
0" cH, HsC™ Ng” ~CHs
4 5 6



16Whi ch reagents mgpamf dremutsteel ft @l Powi ng synthesis

0.0
CH, COOH ~ONEL  ONONnNE
1. © 2. 3.
— —_— _—
NO2 N02 NH2

NO,

Al 1. QNe®7, 23Q B/ 1. QNe®7, 23Q
2. S0QIHMOCIH HN ( 28s)2 2. S0QIHOCH HN ( Bs)2
3. Snf{ h#@loH 3.:0H HCI
Cc/ 1.0H HCI D/ 1. MNe®7, .30Q
2. HTCEN ( Bs): 2. Hyileta m$Ha e
3. Fet h&N@IOH 3. Snt h#@loH
E/ 1. LiAIH
2. S0QIHOCIH HN ( 28s):
3. Snt h&l@lOH
17Which of the following statements is correct?
AMhe aminoacebpecnmxiind, iasl iammhati c, monoamino dicarboxy

B/Thal aeniins amh aggpre@m,i cmo n o a micnaor bnooxnyol i ¢ aci d
C/Theéami namex ¢ aci dchasi ra,n opremlaami noambowry.l i c acid

DIThgrs e i s aohaipme aloinplaamicimo,bdixy.l i c acid

18Which of the following reactions DOES NOT proceed

" e — A A~ & — X
+ + Hzo
H,C~ ~Cl H3CJ\O® HsC~ ~O~ “CH,4 H,C~ ~ClI HsC™ ~OH
B O 0] D O o O
J + CHNHy ——= = J|_ .+ o —
HsC~ ~OCH, HzC~ “NHCH, H,C” “NH, HsC™ ~ClI
19What is the main product? of the following reaction
0
Elf 1) LiAlH,4
O —— »
2) H,0, H*
A/ sCHCHCOOH B/ HeXHEHCOOH C/ H@XHC HCHOH
D/ 3CHCHCHOH E/ HCQORKGHCOOH

t



20Which of the following compounds is NOT a dicarboxy
At artaric acidB/ priogpiamni d Clcaprylic acid

D/ icd taci d E/ adx c aci d F/ mia¢ omci d

21Choose the correct statements about oleic acid
Afit is a saturated fatty acid

BAit Ziassomer i sm

Clit does not show geometic isomerism

D/it is an unsaturated fatty acid

22Whi ch doéfoltdloewi ng compounds is NOT a dicarboxylic aci
Al adiapii d B/ matoaci d Clcaprylic acid

D/succinic acidE/ a@diu¢ acid

23Rotenti al applications of phthalimide are:
Alpl aprioducti on
B/ant hranilic acid synthesis

Clindsgnt hesi s

Dfertilizer production

24Whi ch type of reaction is the following transfor mat
NCC3# HCNY HOOCGEHC OOH

Alesteri GcationB/ydrolysis C/ wyallat i on

D/ ydati on E rediuon

25How many el ectrons @Geleocalvioteeddsy st ¢mebel ow?

O O
H3C 3 OCH,CH3
Al 1ldt ebes B/ Tt ed e C/ 6t edm
D/ &t ed e E/ 4t ede
26 Arrange the compounds gi ven bel ow in the <cdBrrect

hydroxypropionate by Reformatsky synthesis.
Alt Rybr moacet at e B/ hgt acetate

C/ hgZdbomokzaancatd+ f or mdel deh D/ hgdbromozincaetate



27How many stereogenic centers (a) and protontatbd e/ d¢
follo

wing compound?

NH,
HO (@)
N
N
(0]
o OH
Al a=1, b=2 B/ a=3, b=4 c/ a=3, b=2
D/ a=2, b=3 E/ a=4, b =

28Give the correct ordéedr of the reaction steps

0

OEt 1 2 3 4 OANHQ
Al -8H B/ S0CI C/ i )s LikGAY HH
D/ sOH E/ sNH F/ Qe

29Give the correct order of the reaction steps!

0
1 2 3 4
AF > > > /\)J\CI
A/l O NaOH B/ SO0CI C/ i )4 Li@A) HH
D/ :BHHF E/ .Sk, Hg SO F/ Qs

30Give the corrercdaomtridemr otfepgshe

CN
1 2 3 4
—_— > — ——>

A/ 3:CHCHMgBT B/ S0ClI PhCOCI
D/ ;0H E/ .OH Na OH F/ Qe



9.Carboxylic acids and their der.|

So/ uti ons

1.23,28, 2%, 2D, 2E
2. 3A 28, 2C, 2D, 2%
3.28, 2B, 2%, 2D, 2E, -4
4. 27, 2B, 28, -D
5. A
6. 22A, B3/C426 .,D EV/F3
7.24, 2B, 2&, -D
8.2%, 2B, 2L, 2D, 2 F, -6F
9.2RH, 2Q, -8
0 0 0

O)J\OH SoCl, O)km NH; O)J\NHZ LiAIH, OANHZ
10. D
The greater the negative inductive effect and the s ma
carbonyl or i mi ni um) connected to the acyl carbon a
derivative wil/ be atgaithse thaclikRepmadiical epgeinti ve ch
the case of carbbgwlei d nalaicdi sal te$ fect i s positive, r
i mi ni umdgiroum its posi&aimecbhhatgengeerr dlhamt rtchre wietuh d r:
group in the other deri watuil detdse(lofr) .as the i mino group
11.23A28B, 2TC, -©D
12. D
The hydrolysis of mixed carboxylic acid anhydrides re
13.26A 2B, 28, -D
14.22A28, 2C, -D
15.22A 238, -4L
16. A
17. C



HoN
HO HoN ] 2
W S T o
2 OH o H,C  OH
aminoacetic acid 6-aminohexanoic acid alanine HO tyrosine
18. D
By listing the carboxylic acid derivatives in descend
frompthei ous, more reactive derivatives and converted
is more reactive than the acid amide, nvAsco rieta cctainonno)t. b e

19. C

Compl ex met al hydrciad & orne chwarntbiean sr egrad ni ng reactions,
should already contain the required number of carbon
carboxylic acid component of cyclic ebBtesswhyg Bhsodroe
appropriate number of carbon atoms is formed.

20. B, C, D

OH COOH
9y ooc)\/COOH ~_COOH _~_~_COOH HOOC.__COOH HOOC-COOH
OH OH
tartaric acid propionic acid caprylic acid citric acid oxalic acid

21. B, D

/\/\/\/‘/\/\/\/\/COOH

22. C
COOH _~_"~_-COOH
HooC™ " HOOC” “COOH

adipic acid malonic acid caprylic acid
HOOC
~">CO0H HOOC™ ™" “COOH

succinic acid glutaric acid

23. B, C
24.
25.

26.Y BY DY C



j\ )OJV Zn 0 HJ\H o)
—_— B [
27. B
28.2D1 2R, 2B, -&
o) o) o)
doa Hs0" OH SOCl, cl
o)
i) LiAIH,
NHj NH, i) H20 O/\NHQ
 — —_—
29.2D] 2R, 2B, -B4
o)
i) BH3. THF Na,Cr,0- SOCl,
_— —_—
ii) H,O, NaOH " 0H OH Cl
30.2D1 2R, 28, -@&
o)
CN COOH
H,0* ©/ socl, Cl
OH
" MgBr PhCOCI X
o)



10. Hetydriacc compounds

Properties

1Group the following mol ecul es

Al/hi aeol B/ ine@olizin C/ 1t Biedzin
D/ azet E/ aerocin F i wial i @i n
l2ar ami c 22antiariom 32noar ami c

2Which of the foll ocavicang/aobd mma fmantd 5 cam§ ¢

H
NN N ¥ X
L ) Ao
N H H N

H
A B C D E
l2ar ami c 22antiatriom 32notar mami c
3Which of the following compounds i ® aromatic/ antiar oo
H
& O O X
—_— — N N
A B C D E

l2aromatic 22antiaromatic 32not aromatic

4 Which of the following molecul?s is a barbituric aci
A B C D E
R'I
o) . 0
RZO O R3N
@]
R N ROFC hN
N, N Py N, HN
o) R | 0”7 °'N” ~O 0 R2
H 0

5Choose the cortect statement
A/ TBleéectron densit
B/ TBeéectron densit
C/ TBileeectron densit
D/ TDBleéectron densit

of the carbon atoms of the ring
otfh et hrei ncga ribso nh iaghoemrs ionff pyri di ne

of the carbon atoms of the ring

< K K K

of the carbon atoms of the ring



6 Choose which of the following is a tautomer of the

0]

| NH
o
H

— ?

OH OH j\
>N NH NH HN™ "NH SN
| | | L
Nko N) N)\OH O%Nko N
H H H H
A B C D E
7Which of the following examples is NOT a pair of tau
NH, NH
-5 O, =0
N N N~ ~OH N~ O
A H H g H
OH O
O -0 O,-0.
S - N Sl
¢c H p H
8Choosecdarhreect category for the Yollowing pairs of st
©
O O
N N
cl ? cl ? ~
ot () Gy
N N
A ® H B H
OH O

l2resonance stra2fdctawreem 32nei ther resonance, nor t a



9For which of the foll bwi glgantdtriung tneou teoccnud reissmi spossi bl e
CH,
O O
/’N/ “ e o
O\\,S\\Oﬁ ’ \NJjIN> HN CHj,
HO N~cH %
(@] N CHj O)\N N O)\H
CL
NS
N NH OH OH NH
R HiC S H
D N0 e N E
H3C //S\\ H\ O
Ho O
10Which of the following proper 3ieé £ citdsedsi uearfté lyeerad c b a r :
excessive aromatic heterocyclic compounds?
A/ an excess of electrons compared to the heteroatom
B/ a |l ack of electrons compared to the heteroatom on
C/ an excess of electrons compared to the carbon aton
D/ a |l ack of electrons compared to the carbon atoms o
E/ characterized mainly by aromatic electrophilic sub
F/ characterized mainly by aromatic nucleophilic subs
G/ sensitivity to acids
H/ can be pregiaoed ¢ommouldnd&s
I/ can be prepared from 1,2 and 1,4 dioxo compounds
J/ with electrophilic reagents under kinetic control
K/ with electrophilic reagents they react mainly in p

1-32elcd r on

11Choose the cortect statement

A/3El ectron deGcient heteroaromatic

nucl eophilic substitution.

B/3El ectron deGci ent heteroaromatic compounds
nucl eophilic substitution.

C/32El ectron exeeoairvwenabhi c compounds show i
and decreased reactivity in nucleophilic s
D/3?El ectron excessive hesbowaredated
increased reactivity in nucleophilic subst

de Gci2efreélcd reoxncessi ve

compounds

ceampbuwnidsyamad

show r

show i

ncreased re
ubstituti on

el €
ituti on.



12Choose the cortect statement

A/ Aromatic electrophilic substitution is the most <co
B/ I n the case of furan, thiophene and pyrrole, the a
activation energy compared to benzene, and are theref

c/ Aromatic nucl eophi l2ias shuablsagenuatiioonn,r esawltfioomast i on,
carboxylsatalohy proceed with good yields.

D/ The aromatic electrophilic substitution on the <ca
nucl eophilic reagents.

13Give the correct r egadtliowiitny arodmproumfdst hen aromatic e
(in descending order from left to right).

c
A/l ¢ > a > B/ ¢ > b > a

cC/ b > a > a > b > c

14Gi ve the correct reactigompoondsrinfatbmatot!l elveoaygr
(in descending order from left to right).

A/l b > ¢ > B c > b > a
cC/ b > a > a > b > c

15Which of the foll owi compounds is the most reactd.i
0y Q O (e
A B C D
16Arrange the foll owing compouwhrdsr é@ac toirwdietrylof i ncreas
A: iendol B: prha hal ene
C:yrmpein D:hitophene

A/l A < B < K/ <Cbk B < A <D
C/ D < A < B <CC A < B < D



17Arrange the foll owing compouwhrdsr é@ac toirwdietrylof i ncreas
A: bkearez B: afnur

C:yrp medin D:hitophene

1. c > b > A >»>2B B > D > A > C

3. A > B > C >4D B > A > D > C

18Choose the cortect statement
APyrrol e eiasctligkses i @a St i ons than furan.
B/Thi ophene i s nSeArre ateéad thieveen.ei n
C/Benzene i s moSeler rodedabthidwee . i n

D/Pyrrol e is m$&hAr ateiacchighnvephene

19Choose t hetadretimentt

A/Fuani s3alcer deGcheheraai emcompound
B/Thi ophefelcerser c e sminlveet e rmadad ampo.und
C/IPyrrol3@licesda Gcnerhet er aai amcompound

D/Pyidi nkelager deGcheheraati emcompound

20Choose the cortect statement

A/Ar omati c el ectrosphtitirian,s utblsitaphudmdinagd pprrceolueaander k
provmaieZ{ gs)ubsti tuted products

B/Ar omat i ¢ e |lseucbtsrtaspt hiithliri@m , thiophdem&ki agd pprceoluemder k
provmalieg-{ gs)ubsti tutsed product

C/Aromatic el ectrosphbi@liriacn,s utbhsitoipthu¢tdéoinagd ppprceolueader tf
contprodvmadier-( g$s)ubsti tuted product s.

D/Aromatic el ectr esphifl if arsawmh s t iht twapkhienmge palnadc ep yurnrdoelre t her
ki neti cprrovwitaiegH ,gs)ubsti tuted product s.

21Choose the cortect statement

Al The nitrogen 3dmybpyirdr odteatiess iamdsp he | one electro
del ocalization.
B/ The nitrogen?hynbrpiyd rsotleet ei,s annd stphe | one el ectron p
del ocalization.
c/ The nitrogen 3dmybpryirdr odteaties, iamndspt he | one electro
del ocalization.
D/ The nitrogen?3hybrpiyd rsotlaet eé,s and stphe | one el ectron g
del ocalization.



22Choose the corr.@ygrimidiaeamenss

Ala weak base

B/a strong base

Clis a stronger base than piperidine.

D/is a strongwramzbase t han

23Choose the correct statement.
APyrrol
BPyrrol

i s

(0]

strong acid and a weak base.

(0]
(7]

weak acid and a strong base.

strong acid and a strong base.

L o 9 Q@

ClPyrrole is
D/Pyrrol e weak acid and a weak base.
24Choose the correct statement.

APyrrolidine is a monocyclic pyrrole derivative.
B/Th&pyrrokRdanboxyl $ chdaeeuddo@r ol i n

C/Pyrolei dosn not apymornoolcey cdeirci vati ve.

D/Théhydr gpyr r ole-R-danboxyi $ ca4oaypr del i n

25Whi schatements are correct about pyrrole?
Afiits i soelectronic with the aromatic cyclopentadienyl

Bfit can be preqlarcad bfomyrm H.e4Knvoartri vseysn tbhye sk asa |

C/ielectrophilic aromatiygpisulbstptaeadueuon seldstitowmtsed i n
product

D/comparanchi hes, pyrrole is more basic

26Whi ch statement is FALSE about purine?

A/ it shows tautomerism

B/ It can be pdiegpmirredp yrriom di,rbe and gl yoxal

C/ it contains a pyrimidine ring

D/ it contains an imidazole ring

27. Which of the following statements is NOT correct?
A/ histamine contains an imidazole ring

B/ i midazdliazio$ ea 1, 2

C/ in i midlagotiregn tphaeir of one nitr géercpaohi sypaems w
electron pair of the other nitrogen does not

D/ imidazole is a stronger acid than pyrrole

E/ imidazole is amphoteric



28. Which statement is correct about hydroxychloroqui

CHs OH
HN)\/\/'\E\

X CHs,
|N/ cl

A/ its nitrogen atoms have similar basicity
B/ it has an isoquinoline core
C/ it has two stereogenic centers in its structure
D/ it cHealtactinhsom excessive heteroaromatic ring
E/ it comttaiemwabotma@ati ¢c and al kyl amino nitrogen at oms
29Whi ch structural el ement does NOT contain the follo

Cl Cl

Q OH

| N

A2aci de amide oB2eahpral car bonC2pti prae i dii mg

D2pi peeracrzing E-ten adghohlydcoxyl group

30Arrange the following compounds in order of increas
l.yrpokidin 2.Hdzepin

3 . H-dyr reo | 4 . i ndol i zi

n
Al 4 < 3 < 2 <B1T 1 < 2 < 3 < 4
cC/ 4 < 2 < 3 <D 4 < 3 < 2

31Arrange -méhreberiexd t wo nictornotgaeinniantgonar omati c heterocy
descending order of basicity, examined in aqueous sol

l.yrpdazin 2.yrpmedin .yr@aein
Al 3 > 2 > 1 B/ 1 > 3 > 2
c/ 2 > 1 > 3 D/ 1 > 2 > 3

32Which of the following compounds is the most basic?
N X
O 0 00
N N N N
H H H
A B Cc D



33Arrange the following compounds in order of incre
hydrochloric acid solution).

1 NNmehyy azol 2.-méhyy i medin 3Nmehyi mieazol

4. -meéhyy aein 5.-m8hyy i dazin

A/l 5 < 2 < 4 <Bl & ¥ 4 < 3 <C2 8 kX 1 < 5 < 2 < 4
D/ 4 < 2 < 5 <E1I 4 ¥ 2 < 3 < 1 < 5§

Prepar,atdéeanons

34How can thiophengpreenrnireat if-di mex taeclgr@pound?

A/ by reaction with an ester derivative of thioether
B/ by reaceN-NWn with H

C/ by reae%sion with P

D/ by reaceN-OH ni nwiethh ain ol in the presence of NaOAc

35Ekrom which components can isoxazole be prepared?
A/ ydhr agH nSlorok e teo B/ @am adipreoln 0 oex i m
C/ hee+ nliiteni n D/ hee+ n-okeé dI

36Choose the cortect statement

Al Furan derivatives -Bamabg pyapbheadthsabh dredimdiesarananyl
compounds.

B/ TheBemarsy condensation reaction is catalyzed by ac
C/ TheBedgredrsy ring synthesis is an intramolecul ar alky

D/ Furan derivatives -Bamahby 9pyriethatidyg bfgr dreld-deihceasr baonxdy |
compounds.

37How can thiophene derivati-desxbecpmeppaned from a 1,
Alwi PBsr e angte

BMwi HIN-OH r etagiem t he Na®©®Ammrdc etdfanol

Ciwi NHr eagen

Diwi H3 Qr eafien

38Matchrehgents below with the corresponding name rea
A le-c lorok e teoriz-0o xe3 t er 1. Krnyarnrhesi s

B /e-c lorok e teoriz-o xe3 t er on iaamnt arya mielen 2. Hanyesbéastss

C/lZoxester (2 aNamNiOnolket on 3FeiBsethaygt Besi s
Diplenglydr agH noker i vati ve 4. Fiscéesgnt hedobk

00



39Choose
Al

B/ Fur an, p
appropr taxted

Pyrrol e

t he

correct

and fur an

yrrol e and

iz, aci d

can

statement!
be

prepared by

C/ Basic conditions are used during the
D/ Furan, pyrrole and thiophene can be
appropridataecez,iz' acid diesters.
40Choose the correct starting compounds f
Ph S Ph S
ta+1lb —> I)—Ph 2a+2b —> I/>_NH2
Hic” N Hic” N
Ph._O H,N H3C_NH; Cl
A :/[ s+ )Ph &s :\K + )NH,
H;C™ °CI S Ph™ O S
1a 1b 2a 2b
Ph.__O cl HsC_NH;  H,N
B :/[ s NH,  és l +  )—Ph
HsC™ °ClI S Ph™ ~O S
1a 1b 2a 2b
Ph._O H-N H3sC_Cl Cl
2
c I £+ )yPh  &s \A[ s )NH,
HsC™ ~Cl S Ph” 0 S
1a 1b 2a 2b
Ph._O H,N HzC_NH; Cl
D :/[ £ )Ph és l s rNH
HyC™ CI S Ph”™ O S
1a 1b 2a 2b
41Choose the cortect statement

A/Whethhi ophe
phosphorus

B/Whepyrrole
phosphorus

C/Whenhhiophe
phosphorus

D/Whepyrrol e
phosphorus

ne
pentoxi de.

d e r ievpaatribeyde SPkamad rer

pentoxi de.

ne
pentasul Gde.

d e r ievpaatrieyde Pkamad rer

pentasul Gde.

d e re pvaarbeydv dkanadhrr re

d e re pvaarbeydv ékanmadarr re

Py nt hesi s,

psynt hesi s,

Py nt hesi s,

psynt hesi s,

or

t

t

t

t

Hi nsberg

Hi nsberg

he

h e

he

he

starti

starti

starti

starti

synt

thiopbhleomecornédeandbat pade pereaddtebyand
esters.

synt
pdegeaet edebyanid

preparing

n

n ¢

n

n ¢



4 2..

Choose

t

he

correct

starti

ng compounds for prepari
Ph N H;C N
la+1b — \[\>—CH3 2a+2b —> I\>—\
o] HsC o CH;
Ph._O H,N HzC._NH; Cl
A \]f + J—CHs és I +
Br o) HsC™ ~0 O CH;
1a 1b 2a 2b
Ph._O H,N HiC__NH Cl
B \E + CH; és I + >—\
Br 0 HsC”™ SO o CHs
1a 1b 2a 2b
Ph.__O HoN H3C_ NH; Cl
c \E + CH; és I + }—\
OH o H;C~ "OH 0 CHg3
1a 1b 2a 2b
Ph 0] H,N H;C._ _NH, H
D \f + NH,  és I T
Br 0 HsC~ “OH O CH,
1a 1b 2a 2b
43Whi ch statements are correct about the Knorr pyrrol
A/ ¢mietroso ketone formed (e@hytdhextyaumti mme kiedc ofn@) mi af r
acid medium with zinc powder
B/ as a side reaction, keto or ester groups can al so
acetic acid medium
C/ with approfNsubsei teagdnpgrrole derivatives can al s
D/ the component containing t he-dadkteitwar-kreedtoleywltemre gr ou
E/ the Knorr synthesi sZXami ntoh ek ecd omdee nwsiatthh oam ®d mpaoun d
met hyl ene group
44 . From whi ch starting compounds coudidmetwkry |-py-dpat e
di carboxyl ate)?

Al
B/
c/
D/
E/

et-amil-B-¢2obut anoate)
et-amil-B-g 2obut anoat e)

+

+

etamngt hyl-3domx mlobut anoat e)

et-ami-B-g2o0pent anoat e)

et-aampil-B-g2opent anoat e)

+

+

et hyl

acetoacet at e

acetylacetone

+

et hyl

met hyl

acetoacet at e

acetylacetone

acetoacet at e



45How can pyrrole derivati-dieecxdec pmppuanced? from 1, 4
Alby r eactHiNeNH wi t h

Bby reactkPiSon wi th

Clby reaction with Bhadastexydeéri wmatiidve of

Dby r eactNiHom wai tpri mary amine

46Choose the cortect statement
A/ During the Hinsberg synthesis, we use acidic condi

B/ The Hinsberg synthesis is -di kgicomed namaw stahdd @apep e e
acid diester derivatives.

C/ Thiophene cannot be prepared by the Hinsberg synth

D/ The Hinsberg synthesis is -di kgtcdoomweonareadsiihdd aappne e
acid diester derivatives.

47From which starting compounds <could the foll owing

synt hesi s?
CHy
NHNH, NHNH,
©/ + A E— + B E— \
N
H

oy O
N
H
NHNH; NHNH,
O e~y U —

0
H3C)K/\CH3

3
1 3
o)
o) CHs
CHs
o)
4 5 6

485el ect the appropriate starting compounds for the F
CH,

o o
Hsc)K/CH?’ HMCH
2

N
N
H

Alpreyglydr agt nbuteanonB/pleygl yYdr arpe®nbuteanon
Clpeglydr agt nbut anal Dipeglydr arenbut anal



49Gi ve the masioi prheddot | owing reactions.
Br, CH3CI/AICI;
A ~——— — "B
LY
C e~ N — s D
HNO3/AC20 CC. HNO3
1, Br 2 [ 3. a.
WNOZ I\g*Br | A\ decomposition
N N N CH
H Br' H H s
5. 6. 7. 8.
J|\/\>,,\lo2 D*CH3 WBF no reaction
N N N
50Give the main products of the following reactions.
NH CH3CH,CI HNO,
S @) S
CH3Cl % CH3CH,CI
| \ A|C|3 c \ A|C|3 5
S CHj; S
CH3
S CH3 02N S

GEQ

cortect

Hs

51Choose t he

E§<

SR

H3C

statement

A/ By reacting pyrrole with sulfur-3sul brende BoDi tdhespo
B/ Under mil deracenhglthnobhsataesidgnitropyrrole is obta
C/ With concentrated nitric acid nitropyrrole is obta
D/ Concentrated nitric acid decomposes the aromatic r



52Give the main produrceasctoiforidhe foll owing

Br CH3
HN03 Br
0 0, oo movs [ 22
s’ AcOH o AcOH g  light
1. 2, 3. 4.
0N CH3 CHzBr
2
Don Do 3o 3
¢ S o,N~ © S
5. CHj 6. NO, 7. Br 8. Br
0D Do Do 1
8~ S o S O,N" S

53Compl ete the reaction scheme below with the appropr

A Br2 C|2 B
Ly
C N —  » D
SO3 H 1. SOzClz

pyridine 2. (CH3C0),0 / SnCl,
HC
cl
HsC
jl\/\g—m E\g | D—ci J\E\B—Cl
N N N N
C" H H H H
5. 6. 7. 8.
D—Br D—Br @—Cl D—sow
8~ "N N N N
H H H H

s the maihe proddwwti ngf reacti on?

oy
N
H
Br Br
Br
Ly o

54wWhat i

Br

Z
'ﬂIZ/

N
Br H
Br

E

w IZ
O IZ pZ
o IZ

> T



55What is the main product of the following reaction?
)
EtO o)
2 + H<4 + NH0Ac —= ?
EtO H
@)
0 0 o 0 0 0 o]
EtO OEt CH
OEt OEt
H3C™ >\~ ~CH; HsC ” HsC ” CHg HsC” °N OFt HsC™
H 0 H o H o
A B C D E
56l.n which of the frnolthewi mg i rcea dichtdd rgmendd?u c t
A Zncl, CHs! 1 B ;
! A i CH3NH |\ :
5 ©\ + — D H3C‘<_>*CH3 ——3 HaC/Q\CH3:
| L A '
: NHNH, N i 00 CH, |
 C X Ph.  PhiiD o ol “ !
'Ph—=—pPh + Ph—=N20" — = /Z/_\il 55@\ . l4>©\/j\ 5
: Ph™ o 1 NH, A N7 CHj !
. S
EE o (0] (0] E
; NH4OAc EO oFt |
' H,O '
EEtO)i + HCHO — == HsC |N| CHy |
I H, 70 ¥ R 5o
57Match the reagents below with the corresponding nam
Al -di dar bonyl+sderoinygatmiwer al dci Gkguaiunpslyinnenesi s
B/ anilin + glicerin + kAnsav2.+ Poexdkdnid rDisre esynt hesi s
C/ szalicilaldehid + ecetsavadnhifaraldanf synt hesi s
D/ aril hidrazin + karbonilvedyélFdtscdhesyntindedi s

58Chooseappreopri ate starting compounds to prepare the
o)
H3C\N
O)\l}l 0]
OH

Al

B /N-hyd r p-M-meh y ur e a

c/
D/

00

Il ynteat!| atenru r e a

+ v@e et al deh
d yneat|l atenrp e §l YWd r ae i n

ll yreat| aten- NNN-d i niela r e a



59Gi tehe mi ssing products and the reagent in the react

O
cro NaOAc N0 -CH;COOH
+ A — 5 )\ —_—
-H,0
OH 2 OH O “CHs,

(0] 0]
HaC—4 HyC—4 N
1. A: 0 B: m 2. A: O B:
H3C‘< o~ o HO« o O
0] 0]
(0] 0]
H3C‘< AN HO% A
3. A: 0] B: 4. A: 0] B:
HC— o X0 HO—( o Yo
0] 0]
60Gi ve the missing products and the reagent in the re
O o)
CHj 1. KOH/EtOH H*/MeOH O
+ A B C =—
CHO o) OH
X AN
1. A: B: C:
o "
HsC__O o OH
= AN
2. A B: C:
OH o) O
CHO o) OH
= A
3. A: B: C:
OH o) O
CHO O
= N OH
4. A: B: C:
. C



6 1Compl ete the following reaction schemerdwpt 6(dEbhesapp

o) o)
a Et ™OEt p Et OEt
A — > — - — = cC
H OEt Me OEt B
o) o)
0 o) o) o)
HYOEt H Y—OMe 0 O Et Et

N;:

o)

HoNT “NHp  HgCHN™ “NHCHs /N () Et
o) 0

[ I m v Y v

NH
=0
NH

H OEt H OMe

NaOEt NaOH 1. NaOMe; 2. Mel 1. NaOEt; 2. Mel 1. NaOEt; 2. Etl 1. NaOH:; 2. Etl
1. 2. 3. 4, 5. 6.

62Choose the corbecitnd@ghtwa ps sy ndikbdersgpiusn od:fi n
At he Gr s tMisctheapd Ii saodad

Bin the Grst step a Schiff®s base is formed
Clt he starti ng acnoetgpnoaarnodl se ianr e

DIt he starting acnoelgpnogyaard ar e

63Fkrom which compuoaethylsi £@aquilnol i ne be prepared?
Al-phenyl et hyl ami ne + @&dNemeytlh ycl hplyoridddlare mio ble,n2Zz en e

C/ acetic acid chl or oiDmi rae iatcirsodyertem e

64Er om which components carf quinoline be prepared
Al -pBenyl propygd gimi ceaciBd aenti laikm ol ei n
Cl/lphenylethybhdali oei d D/yrp d+ nidée¢h | me ®n e

65Choose the corWeeh , -&wglenedisalmed s reacted with
Al .-bherMyzuw nangooxplriomuct is obtained

B/ yoxallphaepmoduct is obtained

C/ yoxallquinoxaline product is obtained

D/ 1.,-enzoquinone, a phenazine product is obtained
66What is the major product of the Chichibabin reacti
A/N-a mi ryroipd i n B/yrp d2-amien

C/ yrpg d3amien D/ yrp d4-amien



6 7Compl ete the foll owimngssalgemk rwict urtehe

HNO, Hy
Xy H20; H2SO4 Pd/C
| —_— A —_— _—
~
N
l PhMgBr l PCl3
D E

2. N02 N02

saelNon P &

ﬁj ©)\/j (l @NOZ

68Gi ve the major products lof the following reactions
1. BuLi .
N 2.H,0 |\ iPr| ) CH,COCI
| — > A —> B | — > C
=
= . . —
N 3. oxidation N N

1. 2. 3. 4. ©
@ | AN WCH3 NCHS
IC:rl)/ N/ CHj; N/ N/
(0]
Hi3C 3
5.
X

o CH3

O—Z

69Compl ete theefachli owi sgheme with!the missing reagent
NO,
b X
G3/ |@/
N
|
O O@

A/ £ /HaHh@l: NaNGCI B/ #2/ HAcaOWHl: NA&ZNMCI
C/ &2/ HAcaOWHl: HNeESQ D/ & /Hamh@: HNeEBQ



N

N

1. 1. H:02, CHsCOOH

5. H202, CH;COOH

71Compl et e

70Compl etfeoltlhoewi ng reactions wilth the missing reagent s
NH,
X X A X
| + E —— | + D | o
— — — —
N N N
CH3
N N X X
| _ + A — | | + B ——— |
~ ~ —
N" NH; N N~ “CHj
N X
| N/ + C | C;\,l)/
S)
)
2. 1. H:02, CHsCOOH 3. 1. H,O2, CH:COOH 4. NaNH.
2. HNOs/H2S04 2. PChk 2. HNOs/H2SO04
3. Pd/H: 3. PCh
4. Pd/H.
6. 1. CHslLi 7. CHal 8. NH4OAcC
2.H0, d
3. oxidation
the following reaction sdheme with the app
1. H,O, /AcOH 1. H,O, / AcOH
2. PCl3 ™y 2. KNO3/H,S04 100°C
A< | :
—
N

C =

72Choose

‘ KNO; / H,SO, / SO4

t he

1. H,0, / AcOH 300°C

2. KNO3 / H,S04 100°C
3. red.

SAABNESIS!
1|N/ 2|$; 3|N/ 4|N/ NO,
NH, © NO,
slioWe
5|N/ 6 "N~ |N/

cor eAracrBnAaonrs wieeti t her

~ D

NH, 7

The reactidnwbfhpyhe following reagents
Al 2/IC| Fe CI B/ Pd [/ H C/ sSO

D/ g Br E/ 3$0c.8QH

1.A8 2. NAS 3neither



73Give the misslng structures

HNO
CH 3
X ® H,0 H,SO PCI
(j/ 2 g A 2 4 B 3 C
~
N
NO, NO, NO, NO,
\ CH3 \ CH3 \ CH3 \ CH3 \ CH3 \ CH3
1. A:|l€\rl)/ B:|,€\rl)/ C:|N/ 2. A:|N 5 B:|(’?l/ C:|N/
|
(l)@ O@ H (I)@
NO,
~CHs | - CHs \CHs ~CHs ~CHs ~CHs
3A|ﬁ)/ B « on Sl 4 A:|’€\?/ B:Iﬁ/ NoclN/ "
S, H I I 2 2
(0] Oe Oe

74Compl et e the following synnédage mtnd(igphotBetappropria

0]

NH a 2 H2NNH2

|

NH A B
O

NH, NHNH, Cl NHNH,
SN >N SN SN
1. a:Cl,/FeCl; A: | B: | . . .
2 3 ©¢N ©¢N 2. a:Cl,/FeClz3 A ©¢lll B /l{l
NH> NHNH, cl NHNH,
Cl CH,CI Cl NHNH,
AN N AN AN
3. a: POCl; A: ’}l B: ,}l 4. a: POCl; A: ’}l B: ,}l
(¢]] CH,CI Cl NHNH,
75 eAr8rS\Aror ned1t her
At he ni tpyraitd-Nmx éod
Bt he r eaZmehdgmopdfe we Ndbomoscci niemiuchder | i ght

Cithe reaction of qaunmindoel i ne with sodium
D/t he sul fisoganioiloinn o f
Et he reapytiimendiwift h hydrogen gas

12 SeAr 22 SNATY 32neither

76What i s the major product of the& Chichibabin reacti
A/N-a mi qqion el i n B/qu n celiamien

C/qiu n cel2iamien D/gu n cel3damien



77Mark the correct answer for sulfonation of isoquino
A/ téedaction takes place only in position 4
B/ the reaction takes place only in position 6
C/ the reaction takes place only in position 7
D/ there wil!l be more of the product sulfonated in po
78Gi ve mah®r products of tHe following reactions
Cl
Xy NaNH,
1. | ——
—
N
, Cl TN KNH, /Ny FbN\TjAj] [%i]
’ —
N
3. N Br2/FeBr3
_N
4 N NaNH2
. N
BNH2
79Gi ve the major product !'lof the following reaction

80Whi ch of t he

C Bry / FeBr3
E——
Br
ﬁN fN Br\hN Bra Ny
| |
NéJ N¢kBr Nél A

Br N Br
A B C

reacti onsf oddromwiiend owtageinths th&e pl ac

HETERORI NG of quinoline?

Al
c/

Nl N HNiH d B/ 2Br
sCH D/ LR/ THF



81Choose the corrléat thraperdeErDscsquohopl ine is
Aloxi di zed on the cacbodiyciensnder acidic

Bloxi di zed on the carbocycle under basic conditions
Cloxidized on the heteroocycle under acidic conditions

D/oxi di zed on the heteroocycle under basic conditions

82What is the product of the sulfonation of quinoline
A/ under kinetic control, it is sulfonated primarily
B/ under thermodynamic control, it is sulfonated prin
C/ under thermodynamic control, it is sulfonated prin
D under kinetic control, it is sulfonated primarily i
83What are the appropriate reagents and what is their
Br
m 1 2 3 N
N" NT
A2 P Gl B2KMnO C2 Na N2O
D2BsFeBr E2KBr F 2 H2O2

84Choose the product of the reaction of barbituric ac

o O O o) O O
0 SN X NJ\CH
S | I HsC ii HaC I T 3
i 07 "N 0“>N"So 07 N0
H H A

H;C®™ O° N O 0
H3C/§O O~ 'CHj;
A B C D
85What is the correattoodesteps®Phe
o N
CH, “NH,
|\ 1 2 3 |\
— =
N N
A/ FCHOH b H B/ ANHN A C/ KMnO



86Compl et e

the foll owing

synt heti c( gmtdh pa y(dAixh ts

N

~o
a NaOH
o N
(0]
OCH,
OCHj,
NH,
H,N  SH S s
1 J L )
o)
HO N o)
O. H CH3
s A CH;
OCH,
OCH,
NH,
H,N  SCH, S s
2 (e}
(I 1y X
HO N o (0]
O. H CHs
. A CHs 5
OCH,
OCH3
H,N  SH HO S
o)
NH o) N™%g ©
2 ~ H CH3
a A B
OCHs
\H OCH3
2 H
H,N  SH S H
4 (@]
o Oy X
HO s, o
O. CH3
s A CHs 5
OCH,
OCH,4
NH,
HoN SH s Sg
; J L )
HO ° N TI°
o. H CHs
a A CHs

O
NH, ~
OH
HO
(0]

~

: S
N
H

CHs
c
OCHs
0
o
O CH,
c
OCHs
0
0
O CH,
c

t

he



87Compl ete the following synthetic pathway i)Ht
N
|
N
CH3ClI Bry KCN a
: * o ¢ T L
AICI; hv DMF HCI
CHj, CN
NH
a1 “
a A B C
CH; CN
e (I OO
2 H,C” N
 H
a A B C
CH, CN
s w0 OO
CH;
a A B Cc
CH, CN
NH
oo (I OO
a A B C
CH, COOH
s w1 OO
a A B C

t

he



88Give the missing reaggnt bleesf sthe foll owing

N NH

Cl N

NH; 1 N_ _NH L N__s 1 \r\%
O O

S NH

cl Cl Cl Cl
A HIN-C H=C H=N H B/ WSIKCN C/ FfCH
D/ ANHC H= CMWH ENHSCN FICHOH

89Mat ch t compounds with the structur al el ements th

NH,
(0] (0] H
ot Oy s
HN™ Y0 0~ “NH, d
NH N~
(0]
0] OH
3 4

1

Alcar batat evati ve B/yrp meddaerivative
C/lythantoine derivablivguanddrnvative

E/ydhrazide derivatFVv4€dtame derivative

90Whi ch statement is false about the compound bel ow?
NaO3S
\‘ﬁ
(0] N’N\
Al't contains a | actame moiety.
Ch't hegpyrazdlidinone core structure.

D/I't contains two basic nitrogens.

ENt hneest hay | (sul f ometihny | ppoadmitnioongr oup



10. Hetyecrlaac compounds
Sol utions

1.21R,28B, 2C, 2D, 2&, -3F

Conditiofm®rimat i omeof an aromatic system (Héckel):

-t he atomic framework (more precisely, the orbitals th
be coplanar (or nearly coplanar)

-all atoms forming ahtemiicngprdlidwmlld have p

-4n+2n=0 or posiedliectionxegehqulpd take part in the delo
I ndol i zine is considered aromatic only because 3f the
electrons. Azocine derivatives move out from the pl a

system conteanienrignyg choimgihb ¢ @t dd nd s .

—N [S> N = NN
I 7 I

() 47 o L U

azocine quinuclidine azet thiazole indolizine triazine
2.21, 28, 2%, 2D, -1E
3.237,28B, 2T, 2D, -1E
4 C
5. D
Pyrrole, furan andetlleiciplhene xkEelsenyet@aromati c heteroc

Pyridine3eilecd rtome deGci ent aromatic heterocycl e.

6. A

7. D
8.21M, 2B, 2, -D
9C

10.22A 2B, 2Z, 2D, 2E, 2F, 285, 2H,221,22, 2K
A, G/ Timem6eeed heteroaromatic compounds corBtediecitm®no
excessive aromatic heterocycles {pyanoheg skhephérme, t

B/ Th-memba«r ed heteroaromatic compounds <confeal etc-hgomn
deGcient aromatic heterocycles (pyridine).

C, D/Zellrectron deGcient het er oabroonntaitnigc ecloentptoruonnd sp,aitrh eo f
not involved i n del3edealcityatni ex,c ewlsd veeash eitrer olao rodnann g c
electron pair of theedetiterdatomai $ssaksoninvol



E, F/ 3EhectdeBaient heteroaromatic compouwArdsr eraecatcitonrse |
reacti et gc-oxfoassi ve heteroaromatic compounds in el ¢
enhanced compared to benzene.

H/ -Bembered heteroaromatic compounds pcroenptaariend -dfgrooonm el , |
compounds.

|/ -mMembered heteroaromatic compounds cont ai n-amg -dne h
di oxo compounds.

J/ Fromentweer ed heteroaromatic compounds containing on
under Kkineti-subshitotetdhpr @ductstiasbigloioampdex)y esonance

K/ I'n electrophilic substitution reactions, from pyri

11. C

12. A, B

A, cBhrrect, because al3eltehcreereo ecsosmpvoeu nsdyss taernes and ar e tF
i neAS reactions compared to benzene.

Cf alasse ehemer at ed rSArc taiteoiaosn sar e

Df alasse t he el ectrophilic reaction proceeds with el ect
13. A

PyrazoBel éscéemoassi ve heteroaromatic compound, althoug
3el ectron density of the ring. I'ts electrophilic sub:
benzene and are t heereifealaecftarsotnerde Fcyiredndti nhet er oar oma
reactivity in electrophilic substitutions is decrease

than pyridine.

14. A
Furan and t h3iedplterewaeassé ve heteroaromatic compounds.
reactions require a | ower activation energy than be
demonstrate the highemcrdaygdtaitviotny amfd ff omrany | iZeie.og.reac
deGcient heteroaromatic compound with a | ower reactiyv
15. B

the |isted compound@deltkitapesesséviesheher masbtmati c s

the most re B ®taick @ oinrs . S

16. B

Thi ophe3eel eécseracaessi ve heteroaromatic system, therefore
systemAr ine&ctions, while indol e 3etriceékxo®sraiimvdger efere
it is more reactive th@elreaphtomaldeGei ePMytr haztieme air® mat

decremnsadti WAirt yw eiarcts$ ons.

17. 2



Fur an
reactions than benzene a®al @gtrion dde@ci(emte heatereo

SEA T

18.

Thi ophene amelfectxmeaséve heteroaromatic ¢
t

i NeAS reacthemzendsAnThea®ti vity order i s:

19.
20.
21.

22.

The
it

25.

26.

27.
28.
29.

30.

B

A ’

and t RBied prer@waeaasé ve heteroaromatic systems and

unds ar

mp o
ophene >

0
hi

D

basicity of diazines decreases in the 3hy2br> dl,s3t at

i s

mor e bZosri cs pt hhaynb rtihde sstpat e nitrogens.

rol-kegqnadihneg nelnectron pair of t Hreel encittrroong eanr ocnoanttirc
ore the nitrogen does not have a basic charact e
ogen atom of pyrrole can be deprotonated by str

S-pyrrolidine-2-carboxylic acid
4-hydroxypyrrolidine-2-carboxylic acid

o) HO o)
> [ [ o T
N N  OH N N  OH
H H H H

pyrrolidine 2-pyrrolidone

+ B
kN/ ﬁ kN/ NH, O H kN/ N”

purin 4,5-diaminopyridine  glyoxal



Amines containing multiple bonded nitrogen atoms (e. g
the corresponding al-fphationamhnebse(hybhed state of t
no-bonding electogen paont roifbuntietsr t o 33hecf oomatiromanbpi c

therdfharse nitrogen is not basic.
D ) D Or
N \—NH N N7
H H
pyrrolidine 1H-azepine 1H-pyrrole indolizine
31. D

The basi anetmbesgfedsihet eroaromatic compounds copbsaihiag
of the two nitrogen atoms -bedditngeeltecteracrh paihres . o fT hi

position are signi Gcantly repelled by each other due
reduces this edrfgeaetti,c avhliyxhadwarthageous. This effect d
two nitrogen atoms increases, therefore the basicity
32. A

Amines containing multiple bonded nitrogen atoms (e. g
the corresponding al-fphationamnhnnebe( hybhed state of t

33. D

The basi anetmpesfedsihet eroaromatic compounds containing
of the two nitrogen atoms -bedditngeeltecteracrh paihres . o fT hi
position are signi GcantlIldwer ¢ peltlhed slpyacea phr oxtimi t y. P
reduces this effect, which is energetically advantage
two nitrogen atoms increases, therefofedthe basicity

n -@embered heteroaromatic compounds wit-lantlwBo i ttir ®my
i

|
nitrogens, the resonance formed by the parti ed ppaotnidon
i ncreases the electron density at the newly introduc
negative indudti we ceofnfde dhtet ®fr oat om, in turn, decrease:
thus decreasing the basicity. The resulting effect is
heteroat oim. eAf§ethedecreases wi tsh rdingteapnocsdi, t tithorei ,sl ,ref nf deec
1,i2somers weaker bases (i.e. imidazole is a stronger
N N
\ N A AN
N O S
N\ N N\ N N~

N-methylpyrazole  2-methylpyrimidine N-methylimidazole 2-methylpyrazine 3-methylpyridazine

34. A

Furan, thiophene and y
appropridataee2,i2' aci d i
In Hinsberg synthesias, a
groups than the ester g

r an be prepglarked olmye st twe t

iesters [3+2].chhltheHtiasbdbeoly
t carsied out -+dwnthie awi @g
r



R R

H R R

o 0 base
* — I\
R' R'

N~

R' S R

R=alkyl, R'=EWG (pl. ester)

35. B
R2 R2 R2 R
N \ / { /\—ﬂ
R1<_<N R17<_,(N R? / N R /\\\N
O HO HO © o o\
36. C
Substituted furan deri v athial ek et @ mibeaarphdeempyalr eado Mg ooum d s
Benary synthesis. The reaction can be catalysed by an
37. A

For the syhibopbeésedifaambdn wl compounds, phosphorus pe.
sul phur source.

38.23A238B, 2C, -D
FeiBsethaygt sesi s
Et0OOC o._R EtOOC R'

Hant zgrethheaesi s
R

CH
(0] (':') 0]
/\o)i . ﬁo/\ EtO | | OEt
(@] (0] H
NH

3
Knowymtdhesis
Re® mno, R red.  Rp© R™ A RO R
= X T oL T
R' R‘ N R' NH2 O RI“ R' N Rlu
H

0]



Fi scheasynhdebki s

R R
R H/R'
+ R' — - I \ '
©\ _NH, KW @\ ! ©j&—R
N N N
H © H H

39. C

Furan, thipphreanlee acnaln be prepared by t hedickyectloonceosn dweints
appropridataee2,iz' aci d diesters [3+2].-chhlthleHtiasbdbeofy

I n Hinsberg synthesis, theouwtonivirertsh e np rceame radi et dodflp @owd haer
groups than the ester group.
R R
)/ \< R R
O @ base
' R' [ R'
R'/\S/\R‘ S

R=alkyl, R'=EWG (pl. ester)

40. A
Upon the synthesis of heterocyclic compounds, the rin
can be preparedubraeamr boxylic -akl dr dke ti-avmae s ovieast 2nietsh (2

cyclocondensations) .

41. C
I n th-En®enal synthesis of thiophene derivatives, phosph
42 . A
Upon the synthesis of heterocyclic compounds, the rin

can be prepared from various <®albkeyloimens aokdt2dmree s v a
cyclocondensations) .

43. A, C, D

Knorr pyrrole synthesis Base-aani nokaee¢canm-amiod-betr eastt éonwio
compound containing an ae&amveokimet by keepmeieagdf Divtpu pliheni t
oft hlkteet one and reduct &mint rods akheet ornees u(lvihincgh t automeri ze
mi xture of zinc powder and acetic acid is commonly u
ketones or esters. The coepomenidy cemcaddgBo bpairbhedobesher
omZcyanoeMttehr .secondar yN-aumbh sntoiktettoemce spyrrol e epai edti ve

R R Ru

o HNO, R O red. R o R A
J L, L e o L
R' N R' NH, 0 R™ R' N
H

R' Rlll

o}



44 . A

Knorr pyrrole synthesis i sz-aanivokaed ons-a&miod-bearneast @ o nwio
compound containing an aedamveokmetbwkene gfbep. pThpare
of the ketone and r eanuicttrioosno koeft otnhee (rwehs wlht itnagut omer i z e
mi xture of zinc powder and acetic acid is commonly u
ketones or esters. The compound contai-di bgtihat aesi or
orzayanoester.

o) S

0 o
(@)
. ﬁOA—A»»o B
(@]
~ NHz 0 J N
(@)

ethyl acetoacetate

ethyl (2-amino-3-oxobutanoate)

45. D

When pyrrole derivati-keeranreyptrleepaired bhe Patbarting ma
or a primary amine.

46. B

The Hinsberg cyaltdhesn de nssata odn kree aocnteiso na nadf t lkgeR aacpeptriocp
acid diester derivatives in the presence of sodium or

47 .21A 2B, 2L,
48. C

8

49 .27A 28, 2C, -D

A, Bl nCthe case of kinetic cont rsaulb,s twittuht eedl epcrtordoupchti lii
pyrrole (stabigl@imazmgpd ex). When carrying out the substit
account that pyrarcdldes.i s sensitive to

D-Pyrrole is sensitive to acids (a polymerization rea

50.25A238B, 2C, -©

I n the case of kinetic cont rsoubstwittuht eedl epcrtordoupchti liisc froe
(resomamceazicioanpd ex) . The entry of the second substituce
heteroring alreadmepwaygemats inm the case of benzene (a
guestion, the f-drsmmabsbntofetdhpr@dbect is expected due

A-The formati-dnsobstheteuRed product is expected due to
B-Due to the effect of the substituenni tarnod ptrhoed uhcett eirso .
C-The format-mebhhgf PphedBct is expected due to the effe

D-Due to the effect of the substituentdiasnudb stthiet uhteetde rpor
expected.



Pyrrol e i s sensitive to acids. Under mi | d conditi ol
monosubstituted product.

52.27A 238, -4L

I n the case of kinetic cont rsoubstwittuht eedl epcrtordoupchti liisc froe
(resomamdbeazicioanpd ex) . The eswretownwdoBubstituent is influe
heteroring already present in the same way as in the

A-Due to the effect of the substitueani tarnod ptrhoed uhcett eirso .

B-The formati-dnhsobstheufed& product is expected due to
C2Under the given conditions, a product brominated in
radi cal mechani sm.

53.26A 2B, 2&, -D

In the case of kinetic contresubswithted eptodpdi | is fF
(resomamdeazicioanpd ex) . The entry of the second substituece
heteroring alreandy waysae&antinnthéedecassne of benzene (act

-

54. B
55. C
I n the Hantzsch synthesis, from two molked wless eacf (&n g
acetoacetate) and one mol ecule of adi Aydrdyyrei dinn e nd e

obtained, which | eads tpom @yirdat i nenderi vati
56. A
R R
R K(R'
Q. YO — O
- N
NHNH, o N H
57.23A28B, 2Z, -D
58 D
59. 3
60 3
61.21A21B IRV, €&, 24, -1c
6 2 A, C
63. A

By t healsloed -Bapicéd &Irski -dri ehayadtrioars,oqB8i 4ol i nes C an be
ethyl amide deridatniseeaargfl cloengtoruorldx| usri@déggePnt s. Oxi da
the product | eads to the formation of the correspondi



H
NH, 0 N CH3 POCI
©/\/ * C|)J\CH3 toluene _N

64. B

65. C, D

LY 0 O — OO

glyoxal quinoxaline 1,2-benzoquinone phenazine

66. B

The Chichi balivar Seaattoon proce-edi mgnwai a oan masduliiainai bsl me,
for the introduction of an amino group (pyridine + so
during the transformati-aminoper pdodect of which is 2

67.24A 2B, 2€, 2D, -E

Pyridine can boexiaxi dmMiztend pteor oXNy aci ds or-ohiyde ogeactpser
readily with electrophili-oxiréeeaggnoasaptiaarppllyda xels nledadi

products subs+tantduptdesdn tiidptome n2 trati onsposubsboint ttaikes @
|l esser extent due to the steric hindrance between th
repul sion between the negative charges of the groups.
Pyridioméed&ds can be reduced back to pyrlinditnhee dceasiev ad fi
hydrogenati on, the nitro group i-4anmilneo prreodduuccetd., Trhees u
pyri-N-orkede with a Grignard reagent (under appropriat e
t hepo2si OFf ben, in the synthebikxc¢d6éefdrmhei pnoeAre sdei oroefod N il
effect (compared to pyridine).

68.25A 2B, -&€

A-2-al kyl pyridine derivativesasl lcanrbiacgpgli®epar epdobgetihags:
el imination mechani sm. The reaction of -pgsi diore i kb
derivative, from whtiaclhk ytlhpey rd ari mees pparmoddiucg 2 s for med u
pl aysrdinabing role during the transformation.

B-Pyridine -xlaknylbaet ed with a cationic alkylating agen

al kyl pyridinium salt is formed.

C-Acylating agents readily react with the nitr-ogen
acyl pyridinium derivatives are suitable for introduci
69. C

Pyridored®&d reacts more readily with elextdepbriodbup sta
thgpcompl exes | eading to proeoeawmdadpdsistuibsrt.i tUp @ wnkp angnit trtiddei
substitution takes tpldawce ttm tahe estseerri ce xhiemdr ance bet
entering nitro group, and the repulsion between the n



70.24A 28, 2%, 2D, -1E

A2The Chichi babi RArr eraecatcitoinoni spraoc® eediinmg nwaita oaan meddiatnii
suitable for the introduction of an amino group (py
coordinating role during the tramisfopymraitdiomeg. the prod

B22al kyl pyridine derivati veasl Icadh Diee plremareacthiyorn hepisa
elimination mechani sm. The reaction of -pygsidioe il
derivative, from whtaclhhytthedi mmer rpegsoparcdi ngg Z or med upon
pl ays a coordinating role during the transformation

C-Pyridine can fw«ia»xi dviizédd pted oy acids or hydrogen pe

D2Pyridine -xlakny lbaet ed wi th a cationic alkylating agen
al kyl pyridinium salt is formed.

E2Pyri dine can oeidei wi zdpeooMy aci ds o0 ro xhiydder orgeeanc tpse r
readily with electrophili-oxiré@agegnoasptBaamhipllyd xtels nleehaedi
products subs+tantduptdesdn tiidptome n2 trati onsposubsboint ttaikes @
|l esser extent due to the steric hindrance between th
repul si on between the negat i veoxcihde sg ecslaunc £bdet braec g r bop 9.
derivatives by wvarious methods. I n the case of cat al
resulting-4iami aepyriodiurct .

~
=

.23A -8B, 2%, 2D

I n electrophilic substitution poeadctioms.,arpgr ddumesd o ul
nitration har sh conditions and high t3emhpaetatbon e ntar
heteroaromatic compoumadphiltiscreabsi vi atyi omseil e@cltower
can be oxtitokiizdeed wtiad hN per oxy aci ds or-oxiydles gean pkeag orxe diu
to pyridine der i datUnvdeesr, aep.pgr.o pursiiantge Pc@olsn dailtsi oo nrse,d utcheed ,n
in a p4amidiemeproducoxi ®Pgri @aantes Nmore readily with el et
The-oNi de gr oup 3sctoanbpilleixzeess lItehaedi ng t o praddgdsi tsiudbrs.t i Wy
nitrawubemnjtut-poei atonheakRes place to a | esser extent
oxide anion and the entering nitro group, and the re
Oof ten, in the synthediide Gleddmathicopuihp os@r md tdiNhy ©heées
to pyridine).

72.21A 238, 2%, 2D, -1E

Sul fonation opgl oaye iidn ntehde akressence agdhlcomiceatiran eidn stul
of a Lewivd ac#tna lSesRcytriiodn.ne reacts wit hM@aBrGr i gs: aa dn u elae
reageamSyfArnreacti on.

73. 1

Pyridored®&d reacts more readily with elextdepbriodbup sta
t h®compl exes | eading to pr-addpdsi siubst-oPudedi aan Nhe 12
back to pyridine ®Payli Wdttiemes ., netd.e ©Bginn doextiidce Geolrdmatthice
to modidAy tUheeBting effect (compared to pyridine).

74. 4

75.21A 238, 2, 2D, -3FE



Pyridoredé&l reacts with=cAel eactarcap oinl;e st hien hayldr® genati on
only in the presenceamArameah@ahesimeabméonhypybtfbiophene
bromosuccinimide (NBS) takes place by a radical me ¢ h a
76. C
77. D

78.2A1 2R, 2B, -B

On i soquiEAro lriemmec,t/F&®BIrst @Be pl ace mainly on the benzene
SNA T reactifdng akhahMHace on the het erMharoormaptyirci driinreg r(e
KNHNHvi a an aryne mechanism, resultipmgiitn otnh ea sp rt chdeu arnta
The reacthloor opydi dirhakwst paBeA& Hvieamacti on.

79. C

The | east deactivated carbon atom of the pyrimidine i

80. A, C, D
81. B, C
82. B, D

83.2F122, 28

Pyridored®&d reacts more readily with el-extdepgibdbup s ta
t h®*compl exes |l eading to pramddpcadssi tsiucdons tdiuteu tteod iitns t+hle a2n
N-oxi des can be reéeduomedderadkattosveyfteng.insthg PCht het
of -oMi de for mati oneAirs dii 0o emod dinfgy etfpfiyerd® i (nceompar ed t o

Br Br
) H0; N FeBr;, ) PCly N
J— ®J) —g - ®, p
§ o T o N
(0] 0]
8 4. C
85.2C1 2R, -B
86 . 1
87. 4

88 .2Ea 20, -A
89.2B1 2@, 28,284
90. D



l11Carbohydrates

1Which of t he Heaowd rotwicjtg?oins a

O«__OH
OH N

OH
H H H——OH

OH OH H——OH H OH
CH,OH
A B C D E
2.Among t hose l i sted bel ow, what i s t he

compou?ds

H
HOR N0 " oh—on M O\ OH
H OH |, &>, BH o SN
H

stereochemi

2-Dgl ucofur aastlegsleucof ur abD-gleucof ur ablbgleucof uranose

A B C D
A: B A: C A: D
B: C B: D Cc: D
12conGgurational eRramdnGgenrasti onal diastIpneaomenrs
3.Among t hose l i sted bel ow, what i t he stereochemi

compounds?

2-D-gl ucopyr aatlegsleucopyr abbD-gleucopyr axilegsleucopyr anose

A B C D

A: B A: C A: D

B: C B: D CcC: D
12conGgurational eRramdnGgenati onal diastIpeaomenrs
4 Which of the following is an aldo or a keto sugar?
A/ -gbucose B/ frbuct os e
C/IL-f ctt os e D/ gLucose
l-al dawgar 2-ketsamgar
5Choose the cortect statement
The position of the subst iZ2tDiGd ctps iisn t he chair conforn

Alal | axi al

B/more axial and | ess equatori al
C/more equatorial and | ess axial
D/all equatori al



6 Choose the correct statement!

The position of the subst ictDitGd rctps iisn t
Al all axi al

B/ more axial and | ess equatori al

C/ more equatori al and | ess axial

D/ all equatori al

7Which of the efnoantoiwoimmegr saraend whi ch ar

Al gbcoaerbdgulcose
C/ -gid c 0 a BDB-ma nons e D/ -gdbco
l12enanti omer
8 Whi ch he

A/ -gD ucamsbkgucos e

of t foll owing

C/ g c 0 a B B-ma nons e D/ -gidco

E/ -frw osredgat¢ aos e

B/ fct ossredf cd os e

apbDgattose

2-epi mer

are epi mers?

B/ -focd osredf ct os e

selfami o s e

9Which of the following is th?2e epi mer
0. _OH
™~
HO—H
H——OH
H——OH
HO——H
CH>OH
O%/OH O._OH O.__OH HO\¢O
HO——H H——OH HO——H HO——H
s H—/OH . H—/—0OH . HO——H d H—TOH .
H——OH H——O0OH HO——H H—OH
H——OH H——OH HO——H HO——H
CH>0OH CH,OH CH,OH CH>OH
10Which of the fol -Dywianh@acte®present s
OH
OH H
OH O._ OH H O OH H O._ OH H
H H H
OH H OH H OH OH
H H OH H OH H OH
H OH H OH H H
A B

he

chair

confornm

e epi mers?

of t he
OQ/OH
H——O0H
HO——H
HO——H
H——0H

CH->0H
H

O. OH

OH

OH OH

D

mol ecul e



11Whi ch of

OH
H O._ OH
H
OH OH
OH H
H H
A

12Whi ch of
OH

H O. OH
H
OH H

OH H
H OH
A

13Compl ete

the fol E-Dwiamais2 epresent s

H OH H
H Oo._ OH H O._ OH H
H H H
OH H OH H H
OH H OH H OH
H OH H OH OH
B C
the fol E-DgiliaugLe epresent s
OH
H OH
H O._ OH O._ OH H
H on H H
OH H OH OH OH
OH OH H H OH
H OH H H H
B (o] D

t he schemet rbied tounrr ewi dafh tthhed mi s si

HO— OH
NaBH, HOG O 3 eq. PhNHNH,

B
OH
Bra HBr
c H20 Ac,0/NaOAc o AcOH

COOH =N—NPh CH,OH CH,OH

HO —=N—-NPh HO OH

HO HO HO HO
OH OH OH N—NHPh
OH OH OH N—NHPh

COOH CH,OH CH,OH CH,OH
1 2 3 4

HO Og AcO Oéc AcO— OAc AcO Og
)
HQ&R Aa%&g AR one HQ&A

14Whi ch of
Al - gD ucosegl

B/ Lact ose

ng products

5 O 6 Br 7 8 Br
the foll owing statements is correct?
auncdo s,te can be distinguished by the Fehling

ifgs umdades eumnaf gl ucose units.

C/ Di saccharides formed from two identical

D/ -gb ucose

contains 4 chirality centers.

monosaccha



15Compl ete the foll owing scherme with the missing reag
CH,OH —N—NPh
HO —N—NPh
OH
HO A HHO g HO
on —— Hfo — OH
OH OH OH
CH,OH cl o CHOH
HO Og AcO Oéc AcO Oéc
E
o] ML one - ALY
(0] 6 Br
1-NaFFO H 2-BF FH 3-HBr / Ac OH 4-3 qge PINH
5-Na BH 6-NaC G XZ3 qe PhNHNH YZAEO / NaOAc
16Whi ch of the following could be the product(s) of t
CHO
H——OH NaBH,
HO H ?
H——OH
CH,OH
A/ a mixture of two diaster eoBrerpsurien ye qgopunael epraonpad rotmean
C/ maswmompound D/ a racemic mixture
E/ a mixture of two diastereomers in different propor
17Choose the correct statement about carbohydrates!
The triphenyl methyl group can be used to selectively
A/ anomeric OHB/ secondary OH
C/ all the OH ®/owpps mary OH
18Which of the following are monofunctional protectin
Al acetyl Bi sopropylidene C/ mesyl
D/ tosyl E/ benzylidene
19What does Fehling's reagent contain?
A/ aquesswd uNH on
B/ aquesxswd uMNH on sand AgNO
C/ aqueouwsndulbads-t ar Ky Bae
D/ aquesxswd uNH on antdarmtasatce K, Na



20The reactivity of the hydroxyl groups of carbohydr a
1. an@tlkher 2. pr-Okary 3. secOndary

A/ they are the same (1. = 2. = 3.)

B/ the reactivity d¥@r¥ex.s)es in this order (1.

C/ the reactivity ihWewWeasges in this order (1.

D/ none of them

A szAnhidriutok hidroxilcsoportjainak reaktivitisa (At
1. an@tlkher 2. pr-Okary 3. secOndary
Al they re the same (1. = 2. = 3.)

Cl/ the r

a

B/ the reactivity d¥@rYelas)es in this order (1.
eactivity ihWeiW¥eases in this order (1.
)

D/ none f them
21Which of the following iasl csmgmed wnthheheeagthiydnaai
A/ hydrazine B/ phenyl hydrazoneC/ osazone

D/ osone E/ semicarbazone

22What i s ifhohremeltN@ oxi dat-gbncofe®
Al glycol B/ gluconic acid

C/ glucaric acibd glucuronic acid

23Whatf dorsmetdhe oxi dadliwno od /MBOPh Br
A/ gluconic aciBd glucaric aciCd glucuronic acid

D/ glycol E/ glucuroni de

24T he r eactglounc oosfe DuMHAOh i HN@( n) :
A/ oxidation B/ reduction C/ acylation

D/substitution E/ addi ti on

25Which of the following compounds gives a positive F
OH OH OH
HO HO HO
HOH,C OCH,CH,4
HO 0 " 0
OCH,CH,CH; HO HO
CH,OH
on OH OlcH,  OHOH
A B C D



26Whi ch statement is NOT?correct about mal t ose

O .

HO  OH
Al i tYdiegl gcbside B/ it consists of glucopyranose uni
C/ it -isdacinmg di sBetcharsdews mutarotation in solutio
E/ it is optically active

27Which of the following?Zgil yaoshdiicddsnd@ntain a
A/ |l actose B/ cell obiose

C/ maltose D/ amyl ose

28Whi ch statement is NOT? correct about | actose
OH
H&O o
HO 5'%0"'
OH
OH
Alit conlt,as-@ysoxsbamnd
B/it is a reducing disaccharide
Clit is optically active

D/in acidic medium i mooasabehhyddelkyzed to

Efit conglcwse gaafichct ose units

29What iis the isomeric relationship between maltose a

Algeometric isomersB/ diassereomer
C/ enarsti omer Dithere is nel asobmepshtcp between then
E/ stwumal i somers F/ epi mer

30The following polysagtlyaonisdes ccbotnadi n a
Al starch B/ cellulose

C/ chitin D/ amyl ose

00



l11Carbohydrates
Sol utions

2. Ar B A3C A2D B2,C B3 D €1 D

HO CHng HO CHzgﬁ ot o_ OH o
A H ,
OH HOH,C HOH,C OH
OH OH HO OH HO OH

a-D-glucofuranose B-D-glucofuranose a-L-glucofuranose B-L-glucofuranose
Enantiomewer |l apping mirror image pairs
Di astereomers: stereoisomers that are not in an enant
ConGgurational i somers (when the carbon atom is the
other without breaking and reforming a covalent bond
Anomer s: di astereomers that can be derived from the
conGguration of the C(1) stereogenic center in the ca
3. A1 B A3C A2 D B2,C B3 D €1 D
Enantiomers (identical i nternucl eaov edrilsapapnicneg, ndiirfrfoerr e
Di astereomer s (same connectivity, di fferent internu
enantiomeric relationship
ConGgurational i somers (when the carbon atom is the
ot her without breaking and reforming a covalent bond
Anomer s: di @swidrhed oometrlsi s catbgbryappibmerdseri ved from
carbohydrates and differ in the conGguration of the C
stereogenic center .ea. tihre Tatshe ods&kettolsescdrn Ggurati on
OH OH OH N OH 4y
BN oy MO m w
HO OH "HO OH
OH 0 \ \
OH OHOH OH OHOH
B-D-glucopyranose a-D-glucopyranose B-L-glucopyranose a-L-glucopyranose

4. 2R, 2B, 2EZ, -D



5 D
6 C
7. 2R, 2B,

Enantiomewer |l appi ng mi

Epi mer s:

CHO CHO CHO CHO
H——OH HO——H —0O —O
HO——H H——OH HO——H H——OH
H——OH HO——H H——OH HO——H
H——OH HO——H H——OH HO——H

CH,OH CH,OH CH,0OH CH,OH
D-glucose L-glucose D-fructose L-fructose
HOH
HO o
HO OH
O
H H
B-D-glucopyranose
HOH
HO Lo
HO H
@)
H OH
a-D-glucopyranose
2, -D
rror i mage pairs
di astereomers that differ only
CHO CHO CHO CHO
H——OH H——OH H——OH HO——H
HO——H HO——H HO——H H——OH
H——OH HO H H——OH HO——H
H——OH H——OH H——OH HO——H
CH,OH CH,OH CH,OH CH,OH
D-glucose D-galactose D-glucose L-glucose
CHO CHO CHO CHO
H——OH HO——H =0 =0
HO——H HO——H HO——H H——OH
H——OH H——OH H——OH HO—1—H
H——OH H——OH H——OH HO—1—H
CH,OH CH,OH CH,OH CH,OH
D-glucose D-mannose D-fructose L-fructose

n

t

he



8. C

Epi mers: diastereomers that differ only in the conGgu
CHO CHO CHO CHO CHO CHO
—O —O HO——H H——OH HO——H HO——H
HO——H H——OH H——OH HO H H OH HO——H
H——OH HO——H H——OH H——OH HO——H H——OH
H——OH HO——H HO——H H——OH HO——H H——OH
CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH
D-fructose L-fructose L-galactose D-glucose L-glucose D-mannose
9. A
Epi mer s: di astereomers that differ only in the conGgu
10. A
11. A
12. A

13.23A238B, 2%, 2D, -6E

Monosaccharides show the reactions of oxo and differe
alcohol s, al di tToHesy wianh bNeaBcHonverted into aldonic aci
B s/H20, pH=5) , the primary protuattohetbhe rleactopbpnedbpom
With an excess of -cpahdnreydl hoysdazamnense, arseo f or med. Their
formation, oxidation and repeated hydazone formation.
fromgllcose with acetic anhfydsodieuinn@ddtebipglepemfcar anos
(Dglucopyranose pentaacetate) is formed. Sugar acet a
hydrogen br almitdregn stfheer nfati on at the €bromobdearibhemi ve
main product from both pentaacetate anomer s.

14. D
D-gl ucoseglauncdkosLe di ffer in their spatial structure, th
be distinguished from each other by Fehling's reactio

such a structur aglarwniatr.e Rddwcisuggasws on the one hand
free glycosidic hydroxyl group.

15.25A 2B, 2, 29, -3

Monosacchari des show the reactions of oxo and differe
alcohol s, al ditTohesy wianh bNeaBcHonverted into aldonic aci
B s/H20, pH=5) , the primary protuattohetbhfe rleactopbnedpom
With an excess of -cpahdnreydl hoysdazawnense, arseo f or med. Their
formation, oxidation and Moenpoesaa cecdh ahryi ddaezso nféod f nm mersattoeirrasr .«
fromlcose with acetic anhydride i nO-ddhebipyglesenmxyer aorfos
(Dglucopyranose pentaacetate) is formed. Sugar aceta
hydrogen br a@lmitdregn stfheer nfati on at the E€bromobdariavami ve
main product from both pentaacetate anomer s.



16. C

CHO CH,OH
H——OH NaBH, H——OH
HO——H >~ HO——H
H——OH H——OH
CH,OH CH,0OH
17. D
The primary hydroxyl group of sugars can be selectivel

The protectingubsegpentbhybeasily cleaved with dilute

18. A, C, D
O

\]:OH PN \Io>< \\fOH PhCHO >0
~" "OH <~ 0 -~ SoH - O)\Ph

isopropylidene protecting group benzylidene protecting group

19. C
20. B

21. B, C, D

CHO CH=N—NH—Ph
I Ph-NH-NH, | Ph-NH-NH,

H—(—O0H ———» H—C—OH T,
R R

phenyl hydrazone

(1 H=N—NH—Ph CH=N—NH—Ph CHO
R +Ph-NH, Ph-NH.NH, | |
o= ) — “» C=N—NH—Ph — (=0
b +NH, | |
R R
osazone osone

22. C

Upon the oxidation of al doses 3undneort hoanrlsyh etrh eo ganl ddi ezheyddn
to carboxylic acid, but also the terminal hydr oxymeth

?HO HNO; CIOOH
(CHOH), (CHOH),
CH,OH COOH




Monosaccharides can be converted into al doMiOg

t he

24.

25.
26.

27.

28.
29.
30.

pHE®HY , L

primary product ¢fatheneeattibr berngspbeding ald

A
CHO HNO, COOH
(CHOH), —>  (CHOH),
CH,OH COOH
B
C
A, B
OH OH
(0] (0]
HO 300-600
2o OH HO OH
OH 0]
Ro
(0]
OH
maltose
OH oH o
O Ho OH
HO o o)
OH
OH
lactose cellobiose
, C



12. Amaamiodspeps,pdeteins

1.The absolute colrg@gyuwreatailodne hyfde and naBSur @él eornti nbr am

foll owing the two exceptions to this:
Al ycgién B/ aé anin C/ysd ei n
D/ gl et amin E/ Imeotei n

2Which of the f ol |looowithagi mntiwmom satcdrllesogeni ¢ centers

Alsol eeci n B/hr eo@i n C/ seerin
D/yr & & E/ ypttpch a n
31ln which amino acid is $chen &guerraetoigeem?d ¢ center in
o NH2 NH, OH
OH .S
N OH NH, O
A B

4 Choose the cortect statement
A/L-t yp tpohreh aBcon Ggur ati on B/lL-cyst ehaSconGgurati on
C/D-gl utcamici Rc hra@gu.r ati on D/Dcyst ehaBconGgu.r ati on

5Choose the correct statement!!
AlLpke gyl al @anhRwesb ssumc on Ggur at iB/ncyst ei hSwssb sumt on Ggur ati on
C/D-asparech@Babsudle conGgur atDi/lbay 5 ed nhRasb sumton Ggt i on

6 Choose the correct statement!
A/Ar gieniins a basic amino acB/d.Aeansnampalbad

C/l,euceins ammaabddc D/Tyse@ i s a hyadmiogpohaodbi ¢

7Choose the correct statement!

A/ The isoelectric point of isoleucine is higher than
B/ The isoelectric point of glycine is | ower than tha
C/ The i soelaespariagipmda nits olfi gher than that of tryptop

D/ The isoelectric point of histidine is | ower than t



8Choose the correct statement from the following
A/ The isoelectric point of |l eucine is higher than th
B/ The isoelectric point of glycine is higher than th
C/ The isoelectric point of glutamine is higher than
D/ The isoelectric point of histidine is | ower than t
9Choose the correct statkment about amino acids
Aln the zwitterionic form, the aminium cation is a st
B/ In the zwitterionic form, the aminium cation is a
C/ I n the zwitterionic form, the aminium cation is a
D/ I n the zwitterionic form, the aminium cation is a
10What is the predominant structure of tryptophan at
N N Y N
® ®
NH, NH, NH3 NH3
A B c D
11What is the predominant structure of | ysine at pH =
© S)
(0) OH o OH (@) (0] o (0]
/\/\I ®/\/\I® ®/\/\I /\/\I@)
H,N NH, H3N NH; H3N NH, H,N NH,
A B (o D
12Choose the cortect statement
A/ Gl ut amihcavaeciad ddaami oni c form in basic medi um.
B/ Lysine cannot have a dicationic form in acidic med
C/ Glutamic acid cannot have a monoanionic form in ba
D/ Lysine can have a dianionic form in basic medi um.
13Choose thestadrermentt aboult amino acids
A/ The ninhydrin reaction gives a blue color if the a
B/ The ninhydrin reaction gives a yellow color when t
C/ The ninhydrin reaction givesfrnedlue col or when the
D/ The scope of the application of the ninhydrin reac



14Whi ch amino acids can be

produced

from

©\/Ol L, <R I
HsC-
H > S/\)J\H H H3CJ\H

N

H

A B C
22mehi omei n

52hyst iedi n

l12tywpt ophan
42pleyl al@anin

D

3-cyst ein

6-al aeni n

15Phthalimide can be used to
each synthesis step.
@)
a b
NH —> A B °» ¢ 4. p °. &
(@)
1-PBr 2-Br CH( CQOE!t) 3-HCI 0/ H
42 NaOEt 5-Na OH
0 CH; O
coo” coo” COOEt ®
H2N+iPr N—© HsC OH
O O o
COO COO COOEt cl gH;;
I n © I
0 0
COOEt COOEt
N H N——Pr
COOEt COOEt
O 0]
\" \")
16The foll owing scheme shows the preparation
() and pr-€ibucts (A
* a b c
A 2= a 2o o
HsC~ ~OH
0 0 o)
NH
HzN)K/ 2 Ak, CI)J\/CI
1 2 3
NaNH,/NH5 H*/H,0 SOCl,
4 5 6

of

the? foll owin

preparee)ammd mrcEtsd tosGi (\

glycir



17Whi ch amino
A/ mgcthoei d
C/soprypcphoei d
12isol eeci n

42cyst ei n

acids can

be

prepared

B/ -m2h ¥1-c h| pr ane

D/ -b ®mob uahe
22al aemi n

52 typ tpohre

3-vakin

6-1 eueci n

starting

from di et

synt hesi s.

18Choose the cortect statement

A/ yiGien can be prepared by Gabriel synthesis.

B/ Glataariid cannot be prepared by Gabri el

C/ Meotei can be prepared by azlactone synthesis.

D/Pegl al @ana mnot

be

rrzd p&ryaed hkeys i s .

19Whi ch of the following formulas
o o OxOH - OH o 830%
A )Wk
NH, H3 CH,4
A B Cc
H
o) OYO NH o) OYOHCH3
H,N : :
2 MHMCHB HzN)LNWJ\N/\)\CH3
NH, CH,4 H NH, H
D E
20Which of the following formulas
H3C\£C/H3
NH
CHs |, CH; O O"CH, CH; O Y7
N ] X
ey *Kl “ﬁ h ey o
NH, O NH
2 o 2
A B c
OH
O ~OH
CH; O CH3 CH; O CH3 CH; O \
H;C
s QYKH )\Hk " )\Hk M
NH,
D

desc-tri bedi pepriede?y

d e s c rliebuecsi nceo rdri epcetpltyi



21Which of the following formulas de6k-hédbles torpeptlid
CHj; CHj3
H
0 0 s o 0 g e
N
HOWM . HOWH o,
NH, O <__N NH, O <__N
A Y
A NH B NH
N7 NH N7 NH
Lo L e 0 R
CH
NH O 3
2 0~ “OH NHz O 67 om
Cc D
22Whi ch Ng$erménal amino acid in the peptide bel ow?
Pha&l-@Gl-Ar g
Al Al a B/ Phe C/ Phe As Arg
D/ Arg Ehone of them
23Which products are for med upoan wphrep-lg & mtdr icp @yl w1 )y i
H,C O
H,C O @> /<@
> /< H,;N O
@
H;N  OH b
V\a
c ©
® HoN N OH o
NH; . 2 7/§o o) \d&
0 .~ HC
® OH
OH f N
NH»> H,
® ® o
NH;  H5N NH3
\/\/G)I
0" 0
A/ andb B/ landd
C/ anhdd D/ Bnflc



24Choose the cortect statement

A/ Coupling Ala and Gl yardan8 rtersiupdaptiindels.di fferent di
B/ Coupling Afdeasuwintd iGh yadrchin8f erepeptdi des.

C/ Coupling Ala and Gl yarman8 rtesiupaeptinde&ds.di fferent di
D/ Coupling Ala and G| yar&and rtersiupaptiindels.di fferent di

25Choose the correct statement !

A/ The benzyloxycarbonyl protecting group is not an u
B/ The Fmoc protecting group is an urethane type prot
C/ The Boc protecting group is not an urethane type p

D/ Ur ettyhmpeneprotecting gr oupspharsee oprelpyt i udsee ds yinnt hsecsliust.i o
E/ Ur ettyhppenepr ot ecting groupbaaerepeptydesegnt hesobkid

26Choose the correct statement about the synthesis of

Al 1I'f the yield per coupling stepyiied d99%, 9t6Ren aft er

B/ I f the yield per coupling step is 93%, then after
cC/ I'f the yield per coupling step is 97%, then after
D/ 1 f the yield per coupling step is 95%, then after

27Choose the correct statement !

A/ I n pbbhsesei peptide synthesis active ester couplings
B/ I nplsaode dpepti de synthesis active ester couplings a
C/ I n pblaskei prpti de synthesis DCC can also be used.
D/ I nplade dpepti de synthesis DCC is always wused.

28How could you prevpaarieneVd(leAl ead iamegpt i de from the appr
(protection or activation, coupling, then removal of
of the reactions and the reaction intermediates?

(AnHare protec,dtiYhpapgiroapissng gr oup

A/ -NHBAI-@GOOH ZNHAI-AOOW H:N-VaCOOX ZNHAI-AOGNHVaCOOX H:N-Al-a
COOGNHVa&COOH

B/ -NBHVaCOOH ZNHVaCOOY H:N-AI-AOOX ZNHVaCOONHAI-QOOX H:N-Al-a
COOGNHVa&COOH

C/ -NH@GOOY ZNHAI-@OOY H:N-VaCOOX ZNHAI-GOOGNHVaCOOX H:N-Al-@0Q
NHVaCOOH

D/ -NHAI-QOOH ZNHAI-@OOY ZH:N-VaCOOH ZNHAI-GOGNHVaCOOX H:N-Al-a
COGNHVaCOOH



29Choose the cortect statement

A/ The primary, secondary, tertiary and quaternary st
B/ The primary and secondareyni sctarl u gtrwrpes rd d teesr noifn e hteh ep |
C/ The primary structure determines the chemical prop

D/ The secondary binding forces determine the chemica

30Choose the correct statement!
A/ The secondary structure of a protein can only have
B/ The secondary structure of a protein can have diso

C/ The secondary structure of a protein can have eith
conformations.

D/ The secondary structure of a protein can have eith

31Choose the correct statement!
A/ Proteins are polypeptides consisting of hundreds (
B/ The tertiary structure of proteins is typically Gb

C/ The quaternary structure of proteins describes the
protein.

D/ The beta sheet is energetitceallilxy oromrrfeo rf mavtoircarb.l e t ha

32Choose the correct statement!

A/ The mol ecul ar weight of proteins can al so be deter
B/ The conformation of the peptides is determined by
C/l-rX¥xy diffraction only provides information on the se

D/ The composition of peptides can only be determined

33Choose the correct statement!!

A/ I n the Edman degradation, phenylthiohydantoin is a
B/ The Edman degradidteomi salarsisdérom the

C/ I n the Edman degradation, phenyl thiocyanate is ad

D/ The Edman degradati oCat ecram naalls o start from the

34Choose the correct statement!

A/ TFlhhépihdnse peptide synthesis (SPPS) -pihsasmare expensi v
B/ SPPS uses fewer chemicals than the solution phase.
C/ The overall yield of SPPS is less than 90 %.

D/ Soiphtaisen pepti de synthesis can be automated.



35Choose the correct statement !

A/ When two amino acids are coupled in solution phas:
carboxyl group of the second amino acid must both be
B/ When two amino acids are coupled in solution phas:¢
amino group of the second amino acid must be protecte
C/ When two amino acids are coupled in solution phas
amino group of the second amino acid must both be pro
D/ When two amino acids are coupled in solution phas
carboxyl group of the second amino acid must be prote



12. Amaamiodspeps,pdeteins
Sol utions

1. A, C

Gl ycina hiisgmdaoiDdhe to the order of priogiPtrgl @agcaecmodiveqt
Lcysteine has an R absol ut(eC&&Hh nGgauGH)i.on, rather than

2 A, B
O
. H - 0 9] OH O
. J"L A N . o e L *
O O e e A,
Ho- ~z  NH: Y NH NH. NH.
\ NH» 2
A s E
\ o
tyrosine tryptophan O,&'*(}H isoleucine serine threonine
3. C
The conGguration of the stereogenic-log®teé oigs cassieqghn
ranking of ' igands, i) read the circumference-of t|

o
o
c

ntercl eclkavd lswi, s &®)d e roopmp ashiet sit he atom/ group ranked

4. C

Most of the natwurally occurring amino acids belong to
to the order of priord ng-Plaeglcog dicogoywsott datidne Clalsn an R
conGguration, 8SaH hercaCH)n S ( CH

5. C

Most of the natwurally occurring amino acids belong to
to the order of priord ng-Plelcog dicogoywsott datidne Clalsn an R
conGguration, 8SaH hercaCH)n S ( CH

6. A

Ami no acids containing a monobasic amino group and an
of the subgroups of neutral amino acids are amino aci
|l eucine) . The sideta@ahmas naophewyoloisc nbydoaxyl group, W

nitrogen atom.

7. D

The isoelectric point of amino acids cadepandi nqptont
number and pK value of the acidic and basic groups in
basic ones, the isoelectric point falls in the acidic
acidsrtaspacid is an acidic one.

8 B



The isoelectric point of amino acids can fall/l into
number and pK value of the acidic and basic groups i
basic ones, the isoelectric point falls in the acidi
glutamic acid is an acidic one.
9 C
10. D
The isoelectric point of amino acids can fall into
number and pK value of the acidic and basic groups
its proton to the ebraisoinci cgrfoourpm ansd fao rznweidt.t
11. D
The isoelectric point of amino acids can fal/l into
number and pK value of the acidic and basic groups
its proton to the ebraisoinci cgrfoourpm ansd fao rznweidt.t
12. A
Lysine is a diamino monocarboxylic acid containing
di carboxylic acid.
13. C
R
o] o] O R
HoN
o Had OH —<coo»-c g —cooH
— —— —
OH -2 H,0
(0] (o) 0
l-co2
0 0 [o]
H,0
2 4R R
NH, ¥ O’ 7 i
-RCHO
0 OH o]
0
"0 |Crfe
o)
OH 0

O o)
o) o)

14.24A 2B, 2%,

-@D

blue-coloured product

t

t
n
Cc

t
I

t
r

V




I n the elimination of al dehydes accompanying the ad
converg¢emi tonitrile with HCN, from which an amino aci
HCN can be avoided by usim@€Nammoni um chloride and N
j\ NH OH HO R NH| HON )C\N H'H.0  coo®
R —_— —_—
[ ®
R™H R)\NH2 H R” NH, R)\NH3
15.21A/21B2V,C2D,21H P2, b, 21, 25, -3e
16.23A 2B, 2, 2@, 2d, -5
17.22A2@, 28, -D
0 0 "1&';}% 0 0 Zn/AcOH 0O 0 ) NaOEL
C ACED avc
EIOJ\)LDEI — " EIW0 ot ———™= EIOMDH m"‘
NOH Hw\g/ )
0_0 o
R Ha.O*
EtO’”\-%’U\OEI —_ U\OH
HN\{){ NH,
0 OH
e 9 o 0 0
H,N O 2 HaN . HN
’/ OH ‘f\OH f&k{m "HNJ)LOH i
OH
N -
alanine leucine valine isoleucine cysteine tryptophan
18. A
N-benzoyl glycine (hippuric acid) forms a ring with ace
condensation reaction with aldehydes containing an ar
acids can be prepamped alsys i tulme phedatoimmt defbawrwg!| i ¢ aci d e

synthesis).

19. A
0 0 - 0
NH2 NH2
glutamic acid isoleucine
20. E
O 8]
/LHJ\OH \[/\IALOH
NHE NH;!
valine leucine




21. A

0O 0 (9] 8]
M
H, Hz HN H;
Glu Leu His

22. B

By convention the peptiMNteercrhiananl iesndvrdn tteme wiefht tared
right (totwearrmdi nale e€nd) .

23. C
In a strongly acidic medium, the carboxyl group is ne.l
form
24. A
When coupling amino acids to form peptides, the conne
25. B

benzyloxycarbonyl, Z

o
O
0 O=N H,N o H
Oy ™y — [O="y1
Q 0 R O =1

tert-butxycarbonyl, Boc

0
H urethan-type
%OYOWOTL + HEN\|)-LO_Q . Jro N\H'LO—R protecting groups
o O R

o={

fluorenyloxycarbonyl, Fmoc

/M ‘;}j OL Q Lo
0._0-N HJ\I\H 0 H\HJ\
+ 2 0-R —» 0-R




0,9300,9300,9300,9300,93=0,70
0,9900, 9900, 9900, 99=0, 96

0,9500, 9500, 9500, 9500, 9500, 95=0, 74
0,9700,9700,97=0, 91

27. C

28. A

I'n sophhasenpeptide synthesi st,ertmhien almianoi ngot caucpp doof i st chiceio |
group, then the carboxyl group is activated and the

wi sBmami no acid protercmiedaloncahleoxXyl group. The procedtdt
protneggrntoups.

29. C

The primary structure of proteins is the sequence 0!
conformation of the peptide yldaowikgeann e onfdst.he protein d

30. B

The secondary structure of proteins is the | ocal conf
hydrogen bonds.

31. A
32. A
33. B

he Edman degradati on, thephbeayéisobhi pepanate. sF
yl thiourea derivative a phepyditthiomhydantcodbieavedbs
ochloric-tacmidnalThamiNno acid can be identi Ged by
yhywchamt oin derivative.

S5 T S ~+



13Carbonic acid derivat

l1Pair the structufes with the names

O O O 0] )

NS § a A Ji§

RO “NH, RO "OR  H,N” °NH, H,N~ “OH

A B Cc D E

l2alyk chl orofor2lhtat bami ¢ aci d32di gl kcarbonate

4-ur ea 52alyk car bamat e

2Patthe structures with the names!

A B C D
HO-C=N )Nj\H HS—C=N 3
HoN™ “NH, HoN™ “NH,
E F G H
H,N—C=N S=C=NH 0=C=NH j\
HoN™ "NH,
l2cyaam d 22guaneé di n 32isoganic acid
42 thi wr e a 52thi yami ¢ aci d
3Pair the structures with the names!
A B C D
HO-C=N 0 HS—C=N o
cr/u\C| HN™ "NH,
E F G H
0 0
g H,oN—H,C—NH, HN=C=NH L
FF HO™ “OH
l2carbonic aci d22p hwogne 32car bode i mi d
42ur ea 52cyanic acid
4 Which compound is imidoxarbonic acid diamide
A/ guani din Blur ea C/lcar bami de

D/car bamic acidE/yanic acid

5Whi clarbonic acid derivatives can?be derived
Alcar bode i mi d B/yanic acid Clur ea
D/y @anmied E/hitour e a

00

i ves

from

C

ar



6 Which of the following?is NOT a tautomeric pair
Al/haot ar b-®maic@ dohi mar boni ¢ acBfyaamid2car boda i mi d
Clur éackr ea Dicyani ¢isagani c acid

Elcar boni2caabnctic acid

7What is formed by heat?ng ammonium cyanate
Al ydh aeg i n B/emxar ba&zi dC/ guanidin
D/p lo sege Eiurea

8Which compoupdepametdefrom cyanami de? with hydrogen su
Alur e a B/hi br e a Clcar kddrms el Gd
D/S-a lyllso hi wr e a Ekar bodd i mi d

9Semicarbazide is formed in the reaction of:

Alur e a B/ g§téwkid C/ ydhr aeg i n

Diwater E/ amma

10what is formed in the reacti?on of cyanamide and amm
A/ gueni din Biur ea Clcar bodé i mi d

D/icyanic acid E/ <ambazid

11What is formed in the reaction of wurea and one equi
A/ dieurei d Blur ea C/lcar boda i mi d

D/ moneureid E/ <ambaezid

12What is formed in the reaction of potassium cyanate

Al dial kyl car Bd\raaltkey | ur et han€/NNdi al kyl ur ea

D/N-al kyl urethanE/ isocyanic acid esters
13Whi sth at ement i s FALSE about urea

Alit is weakly basic

Bit decomposes into carbon dioxide and ammoni a

Clit can be preparedosegpeandmmmieacti on of ph
D/ reacts with hydrazine to form semicarbazide

E/ reacts with aci#ddiamiededsest/o form mono



14Whi ch statement is FARALSE about guanidine

Alits protonated -ftoahd liiszeg esonance

Bit can be prepared from cyanamide with ammoni a
Clit can be prepared by heating ammonium cyanate
D/i t i snicaaior b onidé aand idd

Efit is one of the strongest organic bases

15Choose the correct answers for guanidine
Alguani dine is the imide acid analogue of wurea
Bit is a strong organic acid

Clit contains two nitrogen and two carbon at oms
D/it is a strong organic base

Efit contains two nitrogen, one carbon and one oxygen

l16How phosgene caff be prepared

Aby the photocatalytic oxidation of chloroform

Bby the reaction of carbon monoxide and chlorine gas
Clfrom ctaegtbrommchl ori de with fuming sulfuric acid

Dby the reaction of urea and gl aci al acetic acid

Eby mixing carbon disul Gde with hydrochloric acid

17Whi ch statement i s FALSE about phosgene?

A/ it is a very toxic compound

B/ i f nsuecvieeroaplhi | es (e. g. 0O, N, S) are present, it reac
C/ it is a very reactive compound even at | ow tempera
D/ it is liquid at room temperature (in its pure fornm
E/ it can also react with aromatic rings

18What product is formed when phosgene is reacted wit

A/ carbamoyl c BI/NN-‘didet hyl ur eaC/NNNN/Nt et raethyl urea
DINNdi et hyl guank/di chieet hyl carbamoyl chloride

19l.n which case is therprdoduceti difot a mono

A/ ineabeion of wurea and 1 equivalent of acetyl <chlor
B/ in the reaction of urea and 1 equivalent of propio
C/ in the reaction of wurea and 2 equivalents of propi
D/ in the reaction of phosgene and 1 equivalent of pr
E/ in the reaction of phosgene and 2 equivalents of a



20What type of compound siNaulkd|llbdeéiwwuedttha nekst d&irmm al k
Al al cohol B/ primary ami€é acid halide
D/ carboxylic &c¢idcid amide

21What is formed in the reaction of al kyl i sothiocyan
A/MN-al kyl t hi oureBhaakkyl thiocy riNgNéisal kyl t hi oureas
D/S-al kyl i sot hi oEN#®N&as substituted carbodii mide

22Whi ch compounds woulNNN‘dieayxd!| daloex elatdhit@ur ea?
A/ cycl ohexyl B otphiocgyearat e C/INN:‘di cycl ohexyl urea

D/ cycl ohexanolE/ cyclohexyl amine

23Compl ete the reaction scheme bellow with the missing

HN—=N + A —> B
B+C—>D

1. AN#H 2. FOH /¢ H 3 . N+ ON HN H 4 . AN ON H

24Compl et e the reaction scheme bellow with the missing

NH,CH,
NH,CH; g e / =~ D
- €« CH4CH,0H
E
CH; O o] 0 0
0=C=N P
\
CHs O~ "NHCH; CI)I\NHCH3 CI)J\CI H3CHNJ\NHCH3
1 2 3 4 5

25Compl etreeachtei on scheme bel ow witlh the missing compol

S=C=N
CH3 + A B
H3C
B + C —_— D
S CH3 CH3
H3C N\
PN J\ ~SC.
HgO HsC” N7 "N “CH3;  H,C” “NH, C\NJ\CH3
1 2 3 4



26Compl ete the reaction scheme bellow with the missing

HN—=N + A —> B
B+C—>D

1. ClI £0OCH 2. FOH /¢ H 3. NH€CONHCOCH 4 . N ON H

27Compl ete the reaction scheme bellow with the missing

CH3SHl lNH3 D
H,0
A B H*
NH NH S NH
HoN©NH2 - O SOH  H,NT “NH, HS™ “sH
1 2 3 4

o) o)
HZNJ\NHZ HZNJ\O
5 6

NH NH
H4C -
H 3 S)J\NHZH3C S)J\OH
7 8

28What type of reacti tNN-diisaltkhyel fuorrenaast ifornonofphosgene?

Alel ectrophilicBaAddutl eaphili c€/addiclie@emhilic substitut
D/ electrophil iEd gwhg tciatt uteil 9 mi nati on

29What type of reaction is the formation of dial kyl c
A/ nucleophili 8/sunhictdietopthiidn €/ addietcitommphi |l ic additiol
D/ el ectrophil iEd g whls tciatt uteil o mi nati on

30Which of the following is the strongest base?

A/ urea B/ cyanamide C/ guanidine

D/ thiourea E/ phosgene
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13Car boni

c aci d derivat

So/ uti ons

.2A, 2B, 2, 2D, -2E
.2H, 2R, 2@, 2B
.2H, 2R, 2@, 2P, 2A
A
SRS SRS SRS
\
O-C=N HO NH,  H,N NH, H,N NH, HOJ\OH
cyanic acid carbamic acid  carbamide guanidine  carbonic acid
(urea)
A, B, D
X v i o= X
HO” MOH  N=C=N HZNJ\NH2 N=C=N H,N” °NH, O-C=N
H R
carbonic acid cyanamide urea carbodiimide thiourea cyanic acid
E
it 7" X X
H,NT NH, HN)\NHZ HO™ 'NH, ~ HO™ "OH
urea isourea (imidic acid) carbamic acid carbonic acid
HO—=N =—= O0=C=NH j\ j\"'
cyanic acid isocyanic acid HS OH S OH
thiocarbonic acid isothiocarbonic acid
HN—=N == HN=C=NH
cyanamide carbodiimide
E
0]
® © A
NH; O-C=EN ——— HZNJ\NHZ
B

vV es



H S
N=C=N + H,8 — PS

H HoN NH,
cyanamide thiourea
" X ji§
=C= N=C=N
S C, S , \ H5oN SR HoN NH,
carbon disulfide R
carbodiimide  S-alkylisothiourea urea
9 A, C
A O
+ H2N_NH2 ——
_NH
H,N" NH, HZNJ\N 2
H
10. A
cyanamide
HoN
NH 2
HN—=N ——>  >=NH
H,N
ammonia
11. D
O
Q R)J\CI Q 9
A — N
HoN NH, R ” NH,
)O]\ monoureide
2 R® Cl
L LA
RJ\N N R diureide
H H
12. E
RX
K 02=N ——= R-N=C=0
isocyanic acid ester
13. E
urea forms ureides with carboxylic acid

hal

i des



14.

15.

16.

17.

18.

HoN™ "NH, R H NH,
O monoureide
2 RJ\CI
O o]

C
guanidine: resonance-stabilized protonated form
O HN N
H2N H 2 ® H3N H2N H2N
>:NH _— >=NH2 - @>—NH2 -~ >—NH2 - >—NH2
H2N H2N H2N H2N H2N
®
heating of ammonium cyanate
® o A Q
NH; O-C=N —— H,N NH,
cyanamide + ammonia
N
NH Ha
HN—=N —= >=NH
A, D
guanidine: resonance-stabilized protonated form
®
HaN H HoN o @ H3N
2N HoN H,N
®
A, B, C
activated

h
CO + Cl carbon or hv )J\ 2 Ghe,

ccl, 41

fuming
H,SO,4



0]

0 (C2Hs)oNH
PN N

Cl Cl N

19. D
20. A
L} S
R'OH
S=C=N-R —— _R
R’OJ\N
alkyl isothiocyanate H
N-alkylthiourethane

21. A

O/NHz
S
os e () e (1§ )
N N
H H

22A 28, 2C, -D
.24A 28, 2C, 2D, -2E
.23A 2B, 2C, -D
22A 28, 2C, -D
27TA 2B, 28, -D

N N N N N NN
© 00 N o o b~ W

c

A

30. C
is one of the strongest or-ganjuoghtseds, resen

Guanidin
stabil z

i e
i ed structure.






