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1. Which of the following carbons has the weakest C—H bond?

(€} @
(B)

(A) D)

2. Which of the following carbons has the largest *C NMR chemical shift?
0 OH

(B
3. Which of the following compounds has the lowest pKa value?
(A) acetone (B) phenol (C)toluene (D)DMF  (E) chioroform

4. Which of the following compounds would release the largest amount of heat per mole from
hydrogenation reaction?

(A) NP (B)—/_F © —" \ [ = (E) H

5. Which of the following compounds has the highest reactivity in the Diels-Alder reaction with
benzoquinone?

(A) @@ (B) @ (C) <j: o) 7 = ) S

6. What type of reaction mechanism would dominate the following reaction?

{A}Swi (B)Sw2 (C)E1 (D)E2 (E)Elch

7. Which of the following compounds could not function as a nucleophile?
(A) NaOH (B) NaCN (C) NaBHa (D) NaCl (E) NaH

8. Which of the following is the best set of reagents to carry out the transformation shown below?

=
/\//_)/\/\/\

(A) 1) NaGH; 2) EtBr; 3) Ha, Pt (B) 1) NaNHy; 2) EtBr; 3) Hy, Lindlar’s catalyst (C) 1) EtMgBr; 2) Na, NHs(iiq)
(D} 1) O3; 2) EtaS; 3) Ha, Lindlar’s catalyst (E} 1) NaNH2; 2) EtBr; 3) Na, NHs(liq)
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9. Which of the following types of reactions could be either acid-catalyzed or base-catalyzed?
(A) acetal formation (B} hemiacetal formation (C) enamine formation  (D)imine formation
(E) ether hydrolysis

10. What is the major final organic product of the following sequential reactions? (xs = excess)

1) HBr, ROOR
2} +-BuOK

3) Br,/CCl, | I
4) xs NaNH
= 5) H,0 i N o |
6) NaNH, i
7} Mel
8) Na, NH, (/) (A} (B) () (D) (E)

11. What is the major final organic product of the following reactions?

1) Mg, diethyl ether

. o} 0 OH
0 0 °
Br2) s\ © HO
O/ O K EE % % )E) %
4) Na,Cr,0;, H,80,, H;0 (A) (8) (C) (D) (E)

12. What is the major final organic product of the following reactions?

NH, , 5 5 5 g
\X/\_ 1) Excess CH,l
2) Ag,0, H,Q, heat
a0, Ry (D)

13. What is the major final organic product of the followmg reactions?

1) HNQ;, H,80,
2) Fe, HGO"'
_BINaNG HOI
4}) CuCN

5) H30+ heat

"2 (B) OH () cOOHp) NHzg) Conk

14. What is the major organic product of the following reaction?

Q-0

(A) (B) Q/O(c) {D) (E) No reaction

15. What is the major organic product of the following reaction?

' Nazcrzo,
©>< ooy @)L @X @)\
{A) (B} (C) (D) (E) No reaction
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16. What is the major organic product of the following reaction?
+Br —_—
(A) (8) | | (C) ~ o (D) Both A and C (E) No reaction

17. What is the major organic product of the following reaction?

/\”/0\/ 1. NaOC,H;s

o 2. HyO

T

>;

o
/\K\)\Ol\ /YO\/YO\/ /\(\ro\/ 0.~ /\/Iﬁrc’\/
(A) (B) © © (€ °° (D) o (g °o°
18. Which of the following reagents could not oxidize ethanol?
. AcO OAc

A
. I,Oﬁw

N\
o]

(A) 1)DMSO, (COCl)2; 2) EtsN {B) 0 (C)PCC (D) NazCr207, H2SOs  (E) SOCI;
19. Which of the following compounds has a chirality center with the R configuration?
0 H '
" Et Ho
HO H HO-—I——H
Ho .
e o) Me (g

(A) t Bu

20. Which of the fo!lowmg is a meso compound?

GH4Cl Oxy-OH o
CHaCH3 H——0OH Q !

HO—}—H o e
(A) CHCL(g)  + o (C) CHCHy(D) 07 OH () '

21. Which of the following types of compounds could not afford carboxylic acid product upon hydrolysis?
{A) nitrile  (B) triglyceride (C) thioester (D) enamine  (E) imide

22. Which of the following thermal reactions does not need a catalyst?
(A) hydrogenation of isoproylene  (B) hydration of acetylene (C) cis-trans isomerization of 2-butene
(D) Wolff-Kishner reduction of acetone hydrazone (E) Cope rearrangement of 3-methyl-1,5-hexadiene

23. Which of the following reagents would not convert an alkene to an alcohol?

(A) Brz, H20  (B) (1) Hg(OAC), H20; (2) NaBHs  (C) 1) MCPBA; 2) H30*
(D) 1) O; 2) CHsSCHs  (E) 1) BH3-THF; 2) H202, NaOH
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24. How many of the following reactions give enantiomeric pairs as major products?

H, 0] 1) MeMgBr NBS
T Bt g o 2 HO' b
(1) (i) JHs (iii) v

Br Q NaBH4
HC=C® Na® /\ﬁk
(IV) )\/ (v) MeOH

(A)1 (B)2 (C)3 (D)4 (E)5

25. Which type of reaction accounts for the oxidation of a primary alcohol to an aldehyde?
(A) Substitution (B) Addition (C) Elimination (D) Rearrangement (E) Chain reaction

26. What type of compound would best fit the following IR spectrum?

wavelength (um)
4 4.5 D 55 6 7 8 9 10 11 Il2 I‘3 14 15 16
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(A) Alkene (B) Alkyne (C) Phenol (D) Aldehyde (E) Amide

27. How many triplet signals are expected for the following compound in *H NMR?

Ho H N
CH
HacK%X ’
H H

H
(A)o (B)1 (C)2 (D)3 (E)4

28. Which of the following conditions does not generate carbocation intermediates?
, o " 70/\ B ©/ HBr @ Br, / < HBr
:Ho—Be, i T — ROOR
(A)f\/k/ (8) (C) (D) " (E)

29. Which of the following is the LUMO of 1,3,5-hexatriene?

(A) (B) ! (C)l ! (D)”(E) H h
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30. Which of the following compounds is not considered as an antioxidant?

OH
o) O. OH

(A) (B) Hd o

() N, H O (D) (E)

B MEA (2AM £400) 28 HREEENZ THEHFAELE ) BHARKFE

31. The cumene process (cumene-phenol process, Hock process) is an industrial process for synthesizing
phenol and acetone from benzene and propylene. It consists of three steps of reactions, as shown below:

Stepl Stepli Step m
O
e )
H3P04

Benzene Cumene Cumens Phenot Acetone
hydroperoxide

Answer the following questions:

(a) Give the IUPAC name of cumene. (2 pts)

(b) Draw the reaction mechanism (with curved arrows) for step I. (6 pts)

{c) Draw the reaction mechanism {with curved arrows) for step Ii. (6 pts)

(d) Draw the reaction mechanism (with curved arrows) for step Ill. {hint: a rearrangement that is associated
with the leaving of a water molecule occurs) (6 pts)

32. Define (with a couple of sentences) and give a specific example (with chemical structures) for each of
- the following terms: '
(a) tautomerization (5 pts)
(b} optically active compound (5 pts})
{c) radical chain reaction {5 pts)
{d) antiaromatic compound (5 pts)
{(End)
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