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PART I. Mutiple Choice (40%, 2% each) ‘

1. Which of the following is the most stable isomer?

A) A B)B C).C D).D E).C&D

2. What is the specific rotation of pure (S)-carvone if a sample of (R)-carvone of 85% ee has a specific rotation of -54?
A).-61 B). 64 0.0 D). 61 E). -64

3. Identify the relationship between these two structures.

CH
HO 1}3_1 OH
B W
Ci

A). Diastereomers B). Enantiomers ). The same compound
D). Unrelated compounds E). Structural isomer

4. Which of the following would you expect to have the most negative AS?

A B
oH ° o
P N N \Q A OH 2N
o) D.
"0 ? B AR W g ©
: = OH
A). A B), B C).C D).D E). all are positive AS

5. Which of the following statements regarding nucleophilic substitutions is wrong?
A). Protic solvents stabilize cations and anions.
B). Polar aprotic solvents stabilize cations, but not anions.
C). Protic solvents favor Sx1 by stabilizing polar intermediates and transition states.
D). Polar aprotic solvents favor Sn2 by lowering the energy of transition state.
E). none of these is wrong.
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6. Which one of the following is a major product in a Claisen condensation?
A). «c-keto ester B). B-keto ester ~  C). B-hydroxy ester
D). y-hydroxyester E). B-diketone

7. Which of the following is the energy diagram for the following reaction?

OH
H,SO,
A B C. D
A). A B).B 0).C D).D E). none of these

8. In a reaction where addition and elimination reactions are in equilibrium, which of
the following statements is most correct?
A). Addition and elimination reactions are favored at low temperatures.
B). Addition and elimination reactions are favored at high temperatures.
C). Only addition reactions are favored at low temperatures.
D). Only elimination reactions are favored at low temperatures.
E). Addition and elimination reactions are disfavored at low temperatures.

9. What would be the optimal conditions to effect the following transformation?

OH
O — O
A). Dilute H,SO4 B). Concentrated H,SO4 C). Dilute HBr
D). Concentrated HBr  E). none of these

10. The reaction of Br; with 1-methylcyclohexene, in the presence of ethylamine (EtNH,), is expected to produce which
of the following as the major product?

<:>,CH3 CHa CH, CHs
“Br "NHEt “Br “NHEt Br
OQ/NHEt

>

NHEt Br NHE? Br
+ + + +
enantiomer enantiomer enantiomer enantiomer
| I I v v

A).1 B).I O). I D).1v E).V
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11. Rank the following acids in order of decreasing acidity.
H,0 H,C=CH, CH3CHj, HC=CH NH;
I I I v v

A).V>I>IV>O>I  B).M>IV>O>I>V  C).V>I>M>I>IV
D).I>IV>V>IO>II  E).IV>I>V>II>II

12. Both s-cis and s-trans conformers of 1,3-butadiene have a continuous conjugated 7 system. Which of the following
statements is true about the s-cis conformer?
A). The s-cis conformer is lower in energy than the s-trans conformer
B). The s-cis conformer is higher in energy than the s-trans conformer
©). The s-cis conformer has equal energy as the s-trans conformer
D). The '"H-NMR of the s-cis conformer is same as that of the s-trans conformer
E). none of these

13. Which one of the following represents the LUMO of 1,3,5-hexatriene?

A).1 B).II C). I D). IV E).V

14. Which one of the following dienophiles is least reactive in the Diels-Alder reaction?

0
o]
CN OCH; NO,
> ST
H
HsCO l l l
v
I | I I v
(o}
A). 1 B). I C). I

D). IV E).V

15. Use Woodward-Fieser rules to estimate the A max for the following compound.

QN

N
A).271 nm B). 266 nm C). 276 nm D). 286 nm E).273 nm
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16. Which one of the following compounds is most acidic?

O aC

A1 B).II O). 11 D). IV E).Iand I
17. Which of the following structures with molecular formula CsHyBr, is consistent with the following 'H NMR
spectrum as following.

'H NMR: 2.85 (triplet, I=2H), 4.655 (triplet, I=2E), 7.25 (multiplet, I=5H)

‘ Br
Br
I II I v

A)l B). 1L C). 10 D).IvV D). none of these

18. Arrange the following compounds in order of decreasing reactivity towards electrophilic aromatic substitution:

SOGO0

A) V>I>PIIT>TV. B). I>V>II>I>TV. O IV>I>V>IL
D). II>I>1>1V>V E). IV>V>I>I>

19. Which of the following criteria is necessary for a nucleophilic aromatic substitution reaction?
A). the ring must conatin a very strong electron withdrawing group
B). the ring must contain a leaving group
C). the leaving droup must be ortho or para to the electron withdrawing group
D). the leaving droup must be meta to the electron withdrawing group
E)AB&C

20. Rank the following compounds in decreasing (strongest to weakest) order of basicity.

NH2 NHZ NHZ
/@/ ©/ [ j [ j NH,
OaN ' I 11 v

A). DII>T>TV B). I>II>I>TV C). IV>I>1>1T D). IV>IIT>1I1>1 E). I>T>1>TV
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PART II Predict the product for each of the following reactions. (30%, 3% each)
1. 2.
Br ,
\' . 1.NaOEt, EtOH, 70 °C
_,«s.\\‘OH 2
HC 23. 03, CHQCIz, '78 QC
— 2b. DMS 1
3. 4.
1. excess CH;l
» NH3 .
2) HQDQ, NaCH heat
5.
CH,CH, o J
5 0 \///
CHiCH,CH,.CCl  L.NH NHy H'
AICI; 2. KOH/H,0/A A
7.
o)
H3C0O
(CH;);COOH
V4 Ti[OCH(CHy):l4 NG+ ] I N
O ypET cH,
9.
10.
A /’ K)L L TEOCTA TS NaOCHCH; Hi0"

2. Br(CH,)sBr
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PART III. Please answer the following questions. (30%)
1. Give the product for the following reaction and show a mechanism to explain your answer. (7%)

Ph HO_ Me  Base, THF
S 4 RQR ~78°C - RT
o l

2. The following two compounds, A and B, are natural product and the structures were assigned based on the
spectroscopic data, but the absolute configurations were not determined yet. In order to determine the configurations,
an organic chemist did some organic reaction from an already known structure as a template to get two compounds
(C and D) as shown in the following reaction scheme. Compound C and D show the same spectroscopic data (MS
and NMR) as that of compound A and B, respectively, but with opposite optical rotation. What are the correct
structures of A and B and show the absolute configuration for each stereogenic center of compound A. (7%)

ZaQH

WR‘ X RI:()H, R.2=CH3
Ry orR=CHs, R,=0H

MCPBA/CHLCLy
NaHCO '3 1,

hy/hexane, 6h

KMnQy, MgS0,; o
chromatograph

Acctone, rt.

Compound C+D

3. The following reactions were carried out by reacting with meta-chloroperbenzoic acid followed by heating. Please

explain the following observations. (8%)
E 3 + E 3
%% 64%
9 +

0%

e

Ne,

100%
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4. A compound with molecular formula CsH;iN displays the following IR, 'H NMR and *C NMR spectra. Propose a
structure for this compound and account for your answer. (8%)

(41T}
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