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Questions 1 to 31 please use the front of
the Scantron form

1. Which of the following is a major product

of the reaction shown in the box? — °C
NMR: 9 signals.

Br, or NBS
9 - 2
Light ?

2. Which of the following will convert
benzene into 3-nitrobenzoic acid in high
yield?

A) 1. CH3MQBI’ 2. HCl, H,O 3. HNOs, H2804
4. HQCI’O4

B) 1. CH3Cl, AICl3 2. HNO3, H2SO4 3. H2CrO4

CQB CH3Cl, AICI3 2. HoCrO4 3. HNO3, HaSO4

D) 1. HoCrO4 2. HNO3, H2SO4 3. CH3ClI, AICI3

3. Which of the following has the ability to
react via both Sy1 and Sy2 mechanism?

7 M\\
il NG

e

©) o
\i/Br
. CHgyBr
4. What is major product of the reaction
sequence shown in the box? — °C
NMR: 6 signals.
: .CHa IBX CHy=PPhg 3
A) O
H
I
o)) PPhy

5. The structure of D-erythrose is shown in the
box. What is the confi guration (R or S) at the

carbon atoms 2 and 3?

CHO
11 DR 2R3R B) 25,3R
H——OH \ ’

?.b \\\\~///
C)2R3S

D) 25,38
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6. What is a major product of the reaction
sequence shown in the box?

Br, or NBS KCN H,0

S
_ light HpSO4

o B) HoOC

C) D)

NC” : :SOSH

u\‘o
'H NMR of the major product;
s, 2H
m, 5H
s, 1H J\
S
® 1b g7 4 3 3

8. Nucleophile aromatic substitution: VWhat
is a major product of the reaction in the
box?

oy )

B) HO H C .
Haco—Qo

O
’ o
OCH,

9. Nucleophilic aromatic substitution:
_..\Which'of the’ followmg isakey

intermediate of the reaction in the box’?




13. The nucleophilic aromatic substitution
reaction shown in the box proceeds via
a benzyne intermediate and results in
two organic products. What are

O OCH, structures of these products?

10. Electrohilic aromatic substitution: Which
of the following is a key intermediate for
the transformation in the box?

NO, oH
3

@ NaNH, 3
o — H
liquid NHg

NO, CH,NH,
O H OCH,
NO, CHq
NH,

11. Which of the following is expected to be
most acidic?

/‘ 14. What is the product of the following
oH oH decarboxylation?
A) © B) @Noz
NO. COOH o
2 5 75°C n
-2C0, "
) OH D) _ j
OH HOOC” “COOH

CHa A) B) COOH
o CG

12. How are the structures in the box related? HOOC

CHs CHs ) COOH D) COOH
A ~COOH Q,cooxa o
o
x/ )

¢
~__A) Diastereomers

—

B) Consfit{lfidnal [somers
C) The same compound

D) Enantiomers




15.What is a major product of the reaction
in the box?

O

"H NMR of the correct answer:

3H,|singlet

3H, triplet

2H, doublet

“ 2H, doublet 2H, quarfet Jl
}

& 7 6 5 4

PPM

—r 1 )

16.Which is the most acidic hydrogen
atom? - The conjugate base will be
AROMATIC!HI

17. What is the name of the intermediate of
the reaction sequence shown in the box?

0

HQC)H< 0
@/\/U\K
NaOH, Ho0

A) Benzoic acid 63)/Benzaldehyd;\ \

ot

C) Aniline D) Phenol

IR spectrum of the intermediate:

L

T

u" An.“..
&

e su 1734 06 1386 W1 1024 2
Jazx as 188y Sy PRI 1 42 47
s1s 13 | 892 % | heT 8a | ES8 64

_. 18. Which one of the following molecules is
»  chiral]?

[
-

S

Br

CH,

{methyl group in axial position,
bomine in equatorial position)
H

o) CH,

H,C

(one methyl group in axial position,
(both methyl groups the other one equatorial position)

in equatorial position)




19. The reaction in the box gives a meso
compound. Which of the following is a chair
presentation of this compound?

O(_“z_.?

A) H B)

cH, g\ﬁrcm
CHs. H,C
H

(both methy! groups

€ (both methyl groups
equatorial position)

equatorial position)

e - \ -
o 7 -
6y} CH,4 5 / CH, on
DJer H
H ! )
CH3 H P i o

P . . o)
(one methy! group in axial position,

(both methy! groups

, S the other one equatorial position)
axial position)

20. Under the harsh conditions of the mass
spectrometer both fragmentation and
rearrangements to more stable ions may
occur. For example toluene shows a base
of m/z=91 (= C;H7*). What is most likely
the structure of this ion? - Note: This
question asks for the most stable of the
ions shown below - You are looking for
the ion that is aromatic!!!

et i

All ions have a formula of C7H7*

21. Which of the following molecules contains
two chiral centers? ’

» /;;ﬁ,v" E .
OH 77 = OH
H_ LMl H,C 3
A) B)
CH=C H COH

CH, ~

22.Which of the following depj}g‘gs toluene?

A CHg T CH3\> ‘
o (o

23. Predict which of the following
groups will be ortho/para-directing
in the electrophilic aromatic
substitution reaction?

A) —c=N:
c) —NO




24.Which of the following is most likely to

rearrange via 1,2-alkyl shift to form a
more stable carbocation?

26. Which of the following correctly describes
A)

the flow of electrons in the heat induced
decarboxylation of acetoacetic acid
B) )H

(CHsCOCH>COOH)?

e
A H '
S
PR N
25. Which one of the following conformers of
2-methylbutane has the highest energy (= C) OH\O D) H
least stable)? /l@ ) CO
N CH, CH, \ 27. What is the major product of the Diels
H H B H CHs Alder reaction of 1,3-butadiene with E-2-
HC u \ H cHy butenal?
CH, - . Mfif'//
N .
el ( gx/ 5{/
0) CH, D) CH, f /Q }H i}w/
H,C H H,C H N + \/\n/ . ? ,
H CH, H H ©
H CH,4
a9,
f::;é B
fait
i?“ el




30. What is a major product of the reaction

28. How would you synthesize the compound shown in the box? - H2CrO4 is an
in the box? oxidation agent. Spectroscopic data ofthe
major product: IR: 1715 cm-1, 33C NMR: 4
signals.

heat

e (HoC=CHCHy),CuLli HaO*
LA
A S

?
(e}
(0]
(HaC=CHCH,MgBr HaO* oH
B) - — ——
0 heat

ol ‘ o D) 0
o) R o) °
ij\ (HoC=CHCHy),Culli HO
Br .

31. What is a major product of the conjugate
addition reaction shown in the box?

o] +
Base Hy0O

SN heat o
Ph
NC.__COEt H
PhMO * T Base

29.The intermediate of the reaction
sequence in the box is an enolate. Which
of the following depicts a structural
representation of this enolate?

A) CO,Et
I i NG NN T
{conjugate ) ) oH
addition) (Sn2-reaction) 3
An erolate
) NG.__CO,Et D) o

0.0
B) o Ph Ph




Please use the back of the Scantron form to answer question 32
3§§Please provide the structure of the product or the reactant

Line 66 - For full credit you need to indicate any applicable stereochemistry!

H
Ph)\(H
H
PhBr
Pd-catalyst, Base
", i, f¢/'/
“ o
F?i Ph Q CH. I .
22 H, A Fh « -

! Line 66 _— b LA, H
ﬁhH Zn(Cu) // l

Na or Li

NHj (liq)

Ph—==—Ph
Line 68
O
mCHa)z
1. SOCl, 2. HN(CHg),
@ CHgCl Br, or NBS Mg 1. COy
AlCly light 2. HCl, H,0

Line 68 - x"\, /4':/7 k /
\ 7 )
© R o & s / EtOH, ‘:

FeBry T é

cat. HySO,

0



32

32





