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1. Rankthe following acids in the order of increasing acidity.

i) ii) i) iv)
/\IrOH AN-S05H /\H/NHZ A~ NH
O O
A). iv <iii<ii <i B). iv<iii<i<ii C).iliciv<ii<i D). ilicii<iv<i E).ii<ili<iv<i

2. Doxorubicin is a chemotherapy medication used to treat cancer. Which functional groups are not present in

Doxorubicin? (two functional gropus)

A). phenol B). amine C). acetal D). amide E). ester

Al

3. Inthe presence of a small amount of bromine, the light-promoted bromination of cyclic alkene will take place.

Which of the following products will form? (two products)

H3C\Q/CH3 . Br, v
e A G

4, Inthe following reactions, which one of reactions’ AS® is positive?

C

H _H Pt/ H\ /H” b o

>__< + Hp > H——H OH — \Q
A). H H H H B). M

free radical }Ii ';I
=z polymerization '['(P_C'}}
n > H hv cl
[] + c. —> [:r + HCl
Q). D).
773K

E) /\/\/ —_— CSHS + CQH4 + CH4
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5. Indicate the chirality of the following compound.
O/\n/ D 3 s
0 N\><
o] L@
O//"OH
A). a: (R) b: (R) B). a: (R} b: (S) C).a: (S) b: (R) D). a: (S) b: {S)

6. The specific rotation of (R)-carvone is -60°. What is the e.e. value of the (R)-enantiomer is a sample of carvone that

has a specific rotation of -15°.  A).25% B). 20% C).75% D). 80% E). 60%

7. ldentify the relationship between these two molecules.

Os OH
= Me H
H——OH
HO——H I "
CHs O OH

A). Same compound B). Diastereomers  C). EnantiomersD). Epimers E). Unrelated compounds

8. Which anion is the most stable anign?
©
ol Jon . oo Lo
O =y O o O O O

9. Which is the major product from the following reaction?

OMe
lk Diels-Alder rxn
+ -
N

N

A). OMe B). E] OMe ©)- E] OMe D). E] OMe E).
?] OMe

10. Which one of the following molecular orbitals of 1,3,5-hexatriene has the highest energy?

O O 0 S S
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11. Which one of the following compounds is antiaromatic?

A, B). H c). D). E). 4
A O O O

12. Forthe following descriptions about ¢is-1-({tert-butyl)-3-methylcyclohexane, which one is correct?
A). If the specific rotation of this molecule is 0°, it means that this molecule has no chiral center.

B). The boat conformation of this molecule has the lowest conformational energy.

C). The tert-butyl and the methy! group bear a 1,3-diaxial relationship.

D). The tert-butyl group of this molecule favors the equatorial position.

E). The trans-isomer of this molecule is energetically more stable.

13. Which one of the following is correct?
A). Nucleophilicity: F> 1" B). Nucleophilicity: (CHz)}sCO > CH3CHZCH,CHO C). Basicity: FF> 1

O = O
D). Basicity: E). Hydrophobicity: CH3sCH,0OH > CH3;OCH3

14. When Br; is added to buta-1,3-diene at low temperature, the product mixture contains 60% of product X and 40%
of product Y. When the same reaction takes place at high temperatures, the product ratio is 10% X and 90% Y.

Indicate the corresponding product from the following molecules.

i). Br Br if). Br Br i)  Br
H,C~C—C=CH, " HyC—C=C—CH, HC—C=C—CHjg
H H H H I H H
Br
A).X:i o Yrdi B).X:i  Y:iii C). X:ii Vi D). X:ii  Y:iii E). Xuiii Yii

15. For the following reaction, which molecule is the major product? And is it Hoffmann or Zaitsev product?
Br (CH3)CO™ ). (f ii). @/
A). i, Hoffmann product B). ii, Hoffmann product C). i, Zaitsev product D). ii, Zaitsev product

16. Forthe following reaction, which molecule is the major product? And does it give Markovnikov or anti-

Markovnikov product?

ROOR heat
+ HBr

A). i, Markovnikov product B). ii, Markovnikov product C). i, anti- Markovnikov product

D). ii, anti- Markovnikov product
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17. Inthe foéllowing set of conditions, which conditions are more favorable to the Sy2 reaction?

a) Substrate b) Nucleophile c) Nucleophile
o) (iy . Gl s ‘ (vi) >L
ANTe o K i MO0 W) Meor W) Meor o
A).a:i, b:iii, civ B).a:i, b:iv, c:v C).a:i, briv, cvi D). a:ii, biii, ci v E). a:ii, briv, crvi

18. Nitrogen inversion racemizes the corresponding chiral center. How many chiral centers in the following molecule

will not be racemized? (hint: including the chiral centers from nitrogen atoms and carbon atoms)

D\FN N-I\Ph

1
H H Me

A).2 B). 3 C). 4 D). 5 E). 6

19. Which one of the following reactions is not likely to proceed?

A) 0 B)
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Part Il. Give the major product for each of the following reactions. =43
1. 2. 0
X o
Me 1)AlClg,~~ g 1) LiAlH, Ho”™~~M
> - H >
2)H,0 2) Hs0 2) EtMgBr
8 3)HO
3 4.
O
H OH
N Bry, H,0O /l\l>~n8u p-TsOH+H ;0
> —_—
monobromination Fh : DCM
OH
Cl
5. . 6 Br
1) H3O I NaOMe
2) Chromic acid ) Me ————
O 3)Ac,0 then H,0 H
>LA o
7. CO,Me Dieckmann 8. R e;‘CESSF)SSSHé"15O ©
condensation ’ Br en 25T
—_— .
CO,Me MeO Br 2) Lindlar catalyst, H,

9. 1) BH3=THF 1) Dess-Martin periodinane
)\/\ 2) H,0Op, NaOH 2) NHMe, then NaBH(OAc)3
S P -

0 me 1) Bry, hv

Br 2) NaCN, acetone
3) DIBAL-H [(iBu),AlH] then H30*

ot

Part lll. Answer the following questions.

When 2-chloro-2-methylbutane is treated strang bases, the products always seem to contain two isomers of
formula CsHio. The following *H-NWIR spectrum is from one of the isomers.

1. Draw chemical structures of the two isomers. (6%)

2. Which of the isomers dose the 1H-NMR spectrum belongs to? (2%) Please briefly explain. {4%)

3. If we would like to obtain the isomer indicated by the *H-NMR spectrum, which base should we use, sodium

hydroxide or potassium tert-butoxide? (3%)
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H-NMR spectrum of the isomer. The number in the spectrum indicates the ratio of the corresponding peak areas.

Decalin has chemical formula C1oH1s, which is a common scaffold in various natural products, such as steroids. In the

steroid skeleton, the A and B ring resembles the decalin.

steroid skeleton

PO,

4. Decalin is a bicyclic molecule. Which category of bicyclic molecules dose decalin belong to? (2%)
A). fused bicyclic compound.  B). bridged bicyclic compound.  C). spirocyclic compound.
D). none of the above.

5. Draw the cis-decalin(CioH1s) in the chair conformation. (3%)

For the given infrared spectrum, it is measured from the following compounds.
25 3 3.5 4 4.5 5 55 6 7 38 9 10 11 12 13 14 1516
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This figure was adapted from Organic Chemistry (2017), Leroy G. Wade, Jr. and Jan William Simek, Pearson Education.
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6. Which ccf}npound agrees with the given infrared spectrum? (2%) Please briefly explain. (3%)

A). B). C). D). E).
L L e O
N Y

In the given mass spectrum, the measured molecule has a halogen atom.
7. Which halogen is it? (2%) A). fluoride. B). chloride.  C). bromide. D). iodide.  E). astatide.

Please briefly explain. (3%)
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This figure was adapted from Organic Chemistry (2017), Leroy G. Wade, Ir. and Jan William Simek, Pearson Education.




