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1. A chemist isolated a compound with molecular formula C¢H4Br, and its 'H-NMR spectrum
shows peaks below 7 ppm. This compound was treated nitric acid and sulfuric acid and isolated
three different isomers with molecular formula C¢H3Br,NO,. What was the structure of the

original compound? (2 %-)

2. Please identify the structure of the following transformations: (& 2 )

(@)

1) AICI, \)‘\m HNO; o

© A —— »
2) H,O H,SO,4

H,NNH,, OH-,
heat
Na,Cr20; Br, t-BuOK Og NH,OH-HCI
-~ ¢ —— E —> F > G -
HCI hv DMS
HBr
peroxide
NaCN LAH

J — > K

3. A compound L with molecular formula CsHgO3 shows three singlets in its 'TH-NMR spectrum
with integration ratios 3:2:3 and gives a positive iodoform test. This compound and its
derivatives were treated with reagents shown below. Please identify their structure. (%2 %)

DCC, cat.DMAP p

CsHgO3 1) CHZONa " HCI, H,0 N Sxeess OH-
L 2) Mel - heat ™ excess |, MeNH,
2) Etl 2) H,0
HCI, H,0
R —eat S Q
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4. Please explain the reasons of observing two different bicyclic comi)ounds under the reaction

conditions: ( 5 %)

O CH3
25°C
o] (r
Cha
CH3 GHSOH
(0]

5. Proposed a reasonable mechanism for the following reaction.( 5 %")
o

0O O
1) NaOEt Ph
Ph)J\/U\O/\ —>
2 O
Et o)

AN

Et
6. Write down the right products and reagents in every step starting from starting materials to the
desired product. More than one step with different reagents is needed. (7 %)

o OH

CH;sl other reagents
H — \:)\(
-
H——=——"H cis-2-methylhex-4-en-3-ol

7. Write down the desired products and reasonable reaction mechanisms. (7 %)

HBr CHs  HBr
ProductB? «—— — —  » ProductA?
RO-0OR
reaction mechanism? heat reaction mechanism?

= EBER (BR25 0 #£36%)
1. What would be the product of the following reaction?

H,0

CH,-C=C-H 0
©/ cat. H,SO4
cat. HgSOy4

(A) 0 ®) CH,-C=C-OH ©) CH,-CH-CH,
: CH,-CH,-C-H ©’ ©/ OH OH

D) on E) 0

| I
©/CH2'C:CH2 ©/CH2'C_CH3

=D .
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2. What would be the major product expected from the following reaction? (Notice the D isotope.)

1. B~p
CH,4

|
H-CZC-CH—-CHj, > 9
2. H202, NaOH
(A) ?H3 (B) ?H3 (&)} (l3H3
H\C_C/CH—CH3 H\C_C/CH— CH, . C/CD—CH3
= = C—
HO” \D D’ \OH \\O
(D) E) CHs
?\ CH, CH—CH;
H o)

3. What major product(s) are expected from the reaction shown below?

H,C—C=C—H HI (excess) .9
(A) [ (B) " : © 1 : D ;¥ E g1
I—C—C—H Ne=c’ Ne=¢” H——%—-(:Z——I H—(::—(::—I
/ S /s
H;,C H H;C H H;C \H H,C H H,C H

4. Which of the reagents below would best accomplish the following transformation?

OH

o~

(A) H,0 + cat. H,SO4 (B) CH3CO:H, then NaOH + H,O  (C) Bra + H20
(D) O then Zn + HCI (E) KMnO, + "OH/ H;0

5. Based on your knowledge of the mechanisms involved, which of the reagents below would you

expect to accomplish the following reaction?

CHzBr

OH > 0

(A) HBr (B) Bn (C) PBn; (D) NaBr (E) HBr + peroxides
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6. What reagent(s) would accomplish the following reaction?

0
—
“IBr
Br

(A) B (B) NBS (C) Br+ligt (D) Br,+FeBr; (E) HBr

7. Which of the following structures represents: (Z)-3-ﬂuoro-3-octen72,5-dione?
(A) (B) © D) (E)
00 0 0
F H T H = = T F
Y F H H F Y

8. Which of the following are (£) isomers?

H;C___ Br H;C___ ,COH H___ CHO
; 'CH H CH CO,H
Cl . 3 5 3 H,;C 3 2
H;C__ COH H___ N(CHy),
CsHs H H,C CH;
4 5

(A) 1,3,and5 (B) 2,4,and5 (C) 1,4,and5 (D) 1,2,and4 (E) 2,3,and4

9. What would be the expected product(s) of the following reactions?

1. Mg, ether
—_— 7
Br 2 D,O

(A) CHsOH (B) CesD (C) CHsOD (D) CéHs (E) bothAandC

10. Which is the correct structure for the following IUPAC name?

(2S) - 2-(hydroxymethyl)-4,4-dimethylcyclohexanone

(A) Q/\OH (B)

D)

© 9
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11. Rank the following organic compounds in order of increasing acidity.

H
CH,CH,0H CICH,CH,0H CF3CH,0H

2 3 4

1

(A)1<4<3<2 (B)1<3<4<2 (C)2<1<3<4 (D)2<3<4<l (B)1<4<2<3

12. How many stereogenic (chiral) centers are found in Rhizoxin?

CHs
Ho_ o
H
Rhizoxin HO. 0. H
p CHs
N o
- H
O\/\)\/ 1 H o}
CHj
OCHs

A 5 @B 7 (€ 9 @ 11 () 14

13. The relationship between the following two compounds is:

X Q

COzMe COzMe

(A) same molecule  (B) enantiomers (C) diastereomers (D) meso compounds

(E) conformers

14. Sharpless epoxidation of geraniol gave two products, epoxide I (85%) and epoxide II (15%).

This mixture of epoxides represents what percent optical purity (or percent enantiomeric excess,

% ee)?

0]

\’/\/\TNOH
Z ~_OH {(+) DIPT / Ti (OiPr),
. o +
W (CH;);COOH Epoxide I (85%)

CH,Cl, 7 Ol
‘0
Epoxide 11 (15%)

A) 0% (B) 15% (C) 70% (D) 85% (B) 100%
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15. (S)-Naproxen, [a]p= + 66°, is an analgesic (pain reliever), while its enantiomer is toxic. ~Say

that you were given a solution that contains 1 g of Naproxen in 20 mL of liquid, but the optical
purity is not specified. You place it in a polarimeter tube (10 cm) and get a reading of + 3.3°
from the polarimeter. What is the percent optical purity of the sample?

(A) 50 (B) 100 © o (D) 10 E) 75

16. Although five- and six-membered rings are generally the most stable, why is cyclopentane less

stable than cyclohexane?
(A) The angles in cyclopentane deviate significantly from the tetrahedral angle.

(B) Five-membered rings have trans annular interactions.
(C)  Five-membered rings have eclipsing hydrogens.

(D) Planar cyclohexane has bond angles closer to 109.

(E)  Larger rings are always more stable than smaller rings.

17. Which is the correct name for the compound shown below?

[T]

(A) Bicyclo[2.2.0]hexane  (B) Bicyclo[2.2.0]butane  (C) Bicyclo[2.2.2]hexane
(D) Bicyclo[2.2.1]Thexane  (E) None of them above are correct.

18. Which of the following can be described as cis isomers?

e Y
F

CH,
I II 111
CH, CHs,
Ho=hy  \=\cHicH,
IAY A\

(A)I (B)ILV (C)ILIV (D)L IIandIV (E)None of the above are cis isomers.



