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1. Choose one correct answer for the following questions
[H1EE] B 55 HFF60 55 o %Fﬁ BEHN0.25 55 BEf=4NEF - F (B F&‘ Tﬁﬁy’)?"-
PO -

(E) 1. Which family of compounds has the lowest pKa value
(A) alkane (B) alkene (C) alkyne (D) amine (E) alcohol

(D) 2. Claisen rearrangement of allyl phenyl ether to o-allylphenol is a sigmatropic rearrangement. This
rearrangement is a [X, y| shift and proceeds under what condition.
(A) [1,3]; thermal (B)[1,3];hv O)[1,7]; hv (D) [3,3] ; thermal (E) [3, 5]; hv

(E) 3. Which of the following phenols is the most acidic?
B) ©

LSS S S

(E) 4. Which compound is a free-radical initiator?
(A) ethyl benzoate (B) isopropyl benzoate (C) n-propyl benzoate
(D) methyl benzoate (E) azobisisobutyronitrile (AIBN)

(B) 5. What product will the following reaction give?
(8]
(1) 2CH;CH-MgBr

CH,CH,—C—OCH, Sl product
(2) H,O. H'
(A) 3-methyl-3-pentanol (B) 3-ethyl-3-pentanol (C) 3-pentanone
(D) ethyl propanoate (E) propanoic acid
(E) 6. Which one of the following compounds is a fatty acid?
(A) CH;3(CH,)sCOOH (B) CH;(CH,),;;COOH (C) CH;3(CH,);;COOH
(D) CH;3(CH,);sCOOH (E) CH3(CH,),,COOH
(C) 7. Which of the molecules below can hydrogen bond to another of the same compound?
(A) CH3CH,OCH,CHj, (B) CH;CH,COOCH; (C) (CH;CH,) ,CHOH
(D) (CH;CH,) 5N (E) all of the above
(A) 8. Which of the following compounds has the highest heat of combustion per CH, group?
(A) cyclopropane (B) cyclobutane (C) cyclopentane
(D) cyclohexane (E) all have equal A Hcombustion

(B) 9. What is the major product of the following reaction?

light
O + Br, >

(A) (B) © (D) (E) no reaction occurs
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(A) 10. Which of the following solvents could be described as polar and protic?

(A) ethanol (B) acetonitrile
(C) dimethylformamide (D) tetrahydrofuran (E) diethyl ether
(B) 11. To which side (if any) would the following equilibrium lie?
o 0 ONa O
NaOH + \O O/‘i H2o + \O e O/
(A) to the left (B) to the right
(C) equally to the right and left (D) there is no way to tell

(E) only S\2, Sy1 and E2 reactions are possible

(C) 12. Which of the haloalkanes below would you expect to most rapidly undergo the reaction shown?

—~x 2, R—OH + H—X
(A) CH;CH,Br  (B) Q (C) (CH;);CBr (D) (CH;),CHBr  (E) (CHs) ;CCH,Br

(A) 13. A mixture of oct-1-yne, oct-2-yne, and oct-3-yne was hydrogenated in the presence of a platinum catalyst
until hydrogen uptake ceased. If one assumes that the hydrogenation went to completion, how many
different eight-carbon hydrocarbons were produced?

A1 (B)2 ©3 D)6 (E)8

(C) 14. Which of the following would you expect to have the lowest boiling point?
(A) CH;CH,OH (B) CH;CO,H (C) CH;CH,0CH,CH;,
(D) (CH;CH,),NH (E) (CH;CH,);N

(B) 15. Which of the following structures, would be classified as anti-aromatic?
(A) (B) ©) (D) (E) all of the above

He
Oon B oY

(B) 16. Which alkene has the lowest heat of hydrogenation A Hyygros?

(A) (B) ©) D) (E)
Q HiC,  CHs HschﬁNCHa H3C—C=CH, HC=CHa
Ha Ha

(C) 17. Which of the following alkyl halides would be suitable to use when forming a Grignard reagent?
(A) BFCH2CH2CH2CN (B) CH}COCH2CH2BT
(C) (CH3;) ,NCH,CH,Br (D) H,NCH,CH,Br (E) all of the above

(D) 18. Rank the following aromatics in order of decreasing reactivity toward electrophilic aromatic substitution
(most reactive > least reactive).
Q

oo
B C D
(A)A>C>D>B  (B) D>C>A>B (C) B>C>A>D (D) D>A>C>B (E) C>A>D>B
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(A) 19. Which of the following resonance structures is the most stable?

(A) (B) © D) (B
{:Hg CHE CHQ CHE CH3
() o, °
& NO, NO, H
H NO, o TNO, @ H ® NO;

(B) 20. Rank the following in order of decreasing acidity (more acidic > less acidic):
ROH RCO-H R.NH RSO,H RLCH
I 11 1] v A
AIO>1I>1>1V>V B)IV>1I>1>1>V
OUuU>1v>1>11>V O)V>M>1>1>1V
E)O>IV>1>V>III

(B) 21. How would you rank the following in decreasing order of reactivity toward nucleophilic aromatic
substitution? (most reactive on left)

C Cl Cl Cl

MOz N2 MOz

1 2 3 4
(A)4>1>3>2 B)2>3>1>4 (C)3>2>4>1 (D)1>3>2>4(E)impossible to predict

(C) 22. When you do an optical-resolution experiment of racemic mandelic acid you have to choice the reagent

“ ” theoretically.
(A) pure achiral alcohol (B) pure racemic alcohol
(C) pure (S)-amine (D) pure racemic amine

(E) pure achiral amine

(C) 23. The following structure is Vitamin C. How many stereoisomers (including optical isomers) of Vitamin C
are possible?

HO oH
= H H
oF g OH
HT H
(A2 (B)3 (€4 D)6 (E)8

(B) 24. Assign R or S configurations to the indicated centers in ascorbic acid.

HO OH b
< oH .
ascorbic acid
o < “CH,OH
O/A " 2

(A)a=(R),b=(R) (B)a=(R),b=(S)
(C)a=(S),b=(R) D)a=(5),b=(S)
(E) none of them

(D) 25. Which of the following pair of compounds theoretically possible to be separated by distillation?
(A) (B)



BT

T EERET R -

CHs H
COsH G O2zH H H H H
! HiiC.
“ "NH;z H Ho M CH3
Ha Hy
(D)

HaG'iCa
HTTNH: HaC

©)
CHO H CHO CcCHO
H—F—OH OHC—1—H HO —4—H H—1+—OH
HO ——H HO——H HO ——H HO——H
CH-OH CH-OH CH,OH CH,OH

(E) none of the above

(A) 26. Which of the following molecules have the S configuration?
H F H D
H;C"‘" H““J\:';"’ Etulny\. ] H"I
3 Br _— ise-propyl Br
<\ {C H:]BC HiC \
I I Il v
A LI (B) I, II O) 111, IV D) LI, IV (E) all of the above

(C) 27. How are the following compounds related?
H C = Br, cl Br
Br Br H H

C Cl

(B) enantiomers (C) meso compounds (D) optical isomers (E) none of the above

(A) diastereomers
(C) 28. What is the proper IUPAC name for the following molecule:
H  CH,CH,
HiG, Y=
— H
(A) (2E,4Z)-2 4-heptadiene (B) (2E,3Z)-2,3-heptadiene
(C) (2Z,4E)-2,4-heptadiene (D) (2E,4Z)-2,4-hexadiene
(E) (2Z,3E)-2,3-hexadiene
(B) 29. A chiral compound (CsHg) upon catalytic hydrogenation yields an achiral compound (CsH;o). What is the
(B) 3-methylcyclobutene

best name for the former?
(D) cyclopentene

(A) 1-methylcyclobutene
(C) 1,2-dimethylcyclopropene
(E) none of them
(A) 30. Reaction of the following tosylate in its (S)-form with cyanide ion yields a nitrile product. What is the
stereochemistry of the nitrile product?
C:)Tos
H,C” “CH,OCH,
(A) (S)-form (B) (R)-form
(C) 31. How many total stereoisomer(s) of the following compound is(are) possible?

(C) racemic form (D) meso form (E) none of them

O ?H
o™y
OH O

(A) 1

(B)2 ©3 (D)4 (E)6
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(D) 32. Which methylene group of the following compound whose chemical shift in NMR spectrum is the

largest one, i.e. the most downfield one?
O

CH3CH,CHyCHy— Q—OCHZCHz CHsy
1 2 3 4 5

A1 (B)2 ©3 (D)4 (E)5

(D) 33. An NMR spectrameter is 400 MHz for 'H-NMR spectra. How many MHz is it for "*C-NMR spectra?
(A) 400 (B) 300 (C) 200 (D) 100 (E) 50

(A) 34. Which of the following structures is consistent with the IR spectra shown below?

e b PR i AT T AN g
RESENTERTRAND o CHERR LAy \ TR RSV
ol AL L e
ol AWy L 5'“'55. liER
- RN (AR RRRERERRILITA R ]

AN [l s ) IR ! TR R

EN)ZEES IESESEEEESEEEESmEssEEsEs

D) 35. Which of the following structures is consistent with the '"H NMR spectra shown below?
g p

5 —
% 8 -t
q ——r{
s —c 1 =
& 5 4 3 2 1 o]
(A) CH;CH,CH,CH; (B) CH;CH,OH
(C) (CH;),CHOH (D) CH3CO,CH,CH;

(E) CH;CH,CH,CO,H

(C) 36. How many signal(s) would be present in the '"H NMR spectrum of acrylonitrile?

A1 (B)2 ©3 (D) 4 (E)5
(C) 37. How many 'H NMR signal(s) is(are) present for the product of the following reaction?
CH, 1. CHyMgBr, 2. Hy0*
-
HaC CM
(VR (B)2 ©3 (D) 4 (E)5

(E) 38. Which of the following amino acids does not have an aromatic substructure within its side chain?
(A) tryptophan (B) tyrosine (C) phenylalanine (D) histidine (E) leucine
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(C) 39. The name of the following compound is

l l -N
(A) imidazole (B) pyrrole (C) indole (D) pyrimidine (E) pyridine
(A) 40. The name of the following compound is
AN COzH
STUNH,

(A) anthranilic acid (B) salicylic acid ~ (C) phthalic acid (D) triflic acid (E) adipic acid

(E) 41. The best description of the following compound is O H

OH
(A) an amide (B) an acetal (C) an ester (D) an ether (E) a hemiacetal

(B) 42. What is the correct structure for anisole?

(A) (B) © (D) (E)

| %'NHE @,DCHE o~ _-NHCH, Q/OCHE ,l,/:kj/“}.CHz
i . j ~F

.

(A) 43. What is the product of cyclohexene reaction with potassium permanganate (KMnO,, H;0")?
(A) adipic acid (B) glutaric acid (C) hexanoic acid (D) tartaric acid (E) glutamic acid

(C) 44. When the following acid is heated to 230°C, carbon dioxide is evolved and a new compound is formed.
What is the new compound?

o O OH
HO OH

0
(A) malonic acid  (B) adipic acid (C) succinic acid (D) glutaric acid  (E) oxalic acid

(E) 45. One of the following four amines is tertiary. Which one?

(A) N-methylpropanamine (B) propanamine (C) pyrrole
(D) piperidine (E) none of them
(C) 46. Cyclopentanone can react with diazomethane to produce
(A) cyclopentyl amine (B) piperidine (C) cyclohexanone
(D) cyclopentanol (E) no reaction

(D) 47. What is the product of the following reaction?

OCH3 H,0*
:: ::_; L

(A) (B) © (D) (E)
OH COH OCH
=0 { N <:>_/ { —cHo Q—/ ’
% I £
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(A) 48. Upon heating with aqueous acid, pinacol (2,3-dimethylbutane-2,3-diol) rearranges. What is the product?
(A) (B) (©) ®

(E)
O 0 cH OH OH
HiC 2 ~
’ C&CHg H3C\A(CH3 : W J\ CH: HQC\)\(CHG
3 0 cn, RE /<
H.C CHs CHs

H2C CHy CH,

- EEEE

(A) 49. Major product of the following reaction is:

E I@j Ag,0, H,0, heat
— N

Y

HaC' CHs
(A) (B) © D) (B)
\‘-‘ m a"[— 'r:) ___-f\"::L-"ﬁj
~ NGl NCH, T N [ L MR Sy
' CH; H
e}
(A) 50. What product would you expect from the following reaction?
HO Br NaOH, ethanol
—, =
H,c”  CH,
(A) B) © D) (E)
0 0 0O H-.C O
/ /o ‘~ FCHE, 2~
,l'r—\‘\. o L\\i un:f [ 0O \D
(A) 51. What product would you expect from the following reaction:
— Brzl HEO
N 4 >
(A) (B) ©) (D) (E) no reaction
Br
1=

0 o )
e ’fuk"‘-"'—' Br P | Q"‘\/IL‘ ZH 3 m
| P 0

B) 52. Vinylcyclopropane reacts with HBr to yield a rearranged alkyl bromide. What is the structure of the final
yleycloprop
product?

(A) (B)

©) D)
<>: H,C.  Br |:>_ D
i g

o= ‘

(E) none of them

(D) 53. What product would you expect from the following reaction?

T cH 3 KO
—_—

“Er
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(A) (B) (©) (D) (E) no reaction
CHa
oo O O
,__\__/‘H, 0, Br rHEIr
(D) 54. What product would you expect from the following reaction?
7 1. NaCH, THF
HL _-Cl -
2 HCl, HO
e -
A) (B) © D) (B)

(C) 55. Provide the reagents to complete the following transformation.
o
(A) LiAlH,, Et,0 (B) Mg/THF (C) H,NNH,, KOH
(D) CH;PPh;Br, LDA (E) None of the above

(D) 56. What reactants would be required to prepare the oxime shown below?

O
OH

A) (B)

N

< /‘=‘-J— + H,0 <:>—DH + NH,OH
© (D)

Dz{:HE+ MO GC’ + MNH,OH

(E) None of these reactants

(E) 57. What is the major product for the following reaction?
D HCl
m\ ether
(A) (B) © D) ()
Cl Cl 0 OH
Cl:o-| o
| H |

(B) 58. What is the major product for the following reaction?
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HgSO,
C=CH
H2504, H20

&£

(A D) (E)

) (B) ©)
0 H CHO
- O OHOT ™
<_>_\':HC| <_>_<C-H3 O{OH O_UHO EH:

(A) 59. What is the major product for the following reaction?

%/OH H2S04

(A) 2,3-dimethyl-2-butene (B) 2,3-dimethyl-1-butene
(C) 3,3-dimethyl-1-butene (D) 3,3-dimethyl-1-butanol |
(E) None of the above

(E) 60. What is the major product for the following reaction?

f”“‘ﬂ -, Zn(Cu)

T ather

(A) (B) © (D) (E)
o< '
| "“CHy @ O/ @

II. Choose one correct answer for the following questions
(@:(PESSE) | B2 55 HFF40 55 o F‘%“%* FEFH05 57 » BHZ A NESFOI R #B _T‘;T‘»ﬁﬁ}—'ﬂ"
P -

(A) 61. What would be the structure of the final product of the following synthesis?

1. CHyMgBr KMnQs 1. Bro/PBry NHa, Hz0
—_—
2. Hy0* 2 HO
(A) B) © (D) (E)
,Jrit': HO —~— _,HH H3C-. o
“~SCONH, co.H Q0 N" "COMH
H.C™ ™CO,H \ H
e

(D) 62. The final product of the following synthesis is
1. CHaC{=0)ClI, AICI,

CH; 2. HNO,, H.S0,
r -
3. H./Pd, ethanol
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(A) (B) (©) D) ()
I‘[,[:'; ‘i“‘: CHg CH, L'L;|_3
| ~_-CHa . -CHs f’L | NO5 %VNHI e
CH.CH, CH-CH4 H-CHy CH,CHs o che
(D) 63. What is the product of the following reaction sequence?
- ey i. NaOCH-CH-: 2. H-.C=CHCH-Br: 3. H.O", heat
CH,C(=0)CH,CO,CH,CH; 2V 2 2 2 .
(A) (B) (C) (D) (E)
-"ﬂ\‘\‘_\__,r"\\ e ‘J_:_'_‘--._‘_ _)_,-".._I_‘ CH ) O
= CO.H N CO-H _._;:"fﬂ'“‘-u"COE H Py U} ’-JL\
( #ﬁ - CHE

(E) 64. Which of the following statements about the reaction shown below is correct?

CHO CH5(CO,CHLCHa)5 iy CO,CH,CH, H3O* A CO-H
o —_—
C( NaOCH;CHa, CH3CH,0H CO,CH,CH3 Heat @/\/
(A) the product name is cinnamic acid
(B) the reaction is called Knoevenagel reaction
(C) one of the starting compound is diethyl malonate

(D) the second step includes an intramolecular decarboxylation
(E) all are correct statements

(A) 65. Treatment of the following epoxide with aqueous acid produces a carbocation intermediate that reacts
with water to give a diol product. What is the structure of the carbocation?

CH; CH,
o Gt HO* H,0 T Yo
HoCo 7\ o A . 3 carbocation 2
: ;L\'/ ‘/J\" 7CH; » intermediate » HO X
i HaC oy
(A) (B) (©) (D) (E) none of them
CH; CH, CH; cH, CH CHy CH: CH,
:tja OH \.%J/i\J'GH OH
HO % D HO ™y HO
N Vo CH
HaC oyl HyC HEH HC oy Ha :
(E) 66. Which alcohol has the highest boiling point?
(A) methanol (B) ethanol (C) n-propanol (D) n-butanol (E) n-pentanol

(C) 67. Reduction of 2-butanone with NaBH, yields 2-butanol. Which of the following description is true?
(A) NaBHy is the oxidizing agent.
(B) 2-butanone (C4HgO) receives two hydrides from NaBH4 to form 2-butanol (C,H;,0)
(C) the product contains a chiral center
(D) the product is optical active
(E) None of the above
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(C) 68. What would be the major product for the following reaction?

- EEEE

, 1. HNO», H,50,
\_/ 27\ _,
<_>—-3-:
(A) (B)
W o)
©) (D)

(E)
H
Zr¢
OH

(B) 69. What is the product structure of the following reaction?

N 1. CH,=CHCI

) >

2. NaOEt
(A) (B) ©) (D) (E) none of them

G A

YA [y A

(C) 70. Predict the major product of the following reaction:
0

LL Bra, KOH, H20O
f” j/ "NH, >
S
(A) (B) ©) (D) (E) no reaction
o Q
N | _~_~NH:z e
| [J\IH I — .:'xl—E\r \J/ U NHE
{ g { —

(B) 71. What would be the major product from the following reaction?

<,"_\>_ 1. 'I:H3 f:':LL
hY

@]
) 3\-_ 2.5:0

OF © o ax" { \}-—DI—
) - ) } )
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(B) 72. What reactants would be used to produce cinnamaldehyde?

cat. NaOH . -CHO
H.O

EEXT

(A) (B)
CH,CHO . CHO
* M0 l-x.;.:’ - CHCHO
©) D)

1L
N _.A‘:_:Cf‘g Nele CHO
([T o (o
CHO
+ CH3C{O)ICHO

(E) 73. What would be the major product from the following reaction?

<:>:O n-Buli
+
HyC— PF'hg Br THE

(B)

© D) (B)
Ov O O O O
) OH qQ CHz
AV <_/ Ner \ 2
(E) 74. What is the product 1 of the following reactions?

- CHyNH,
<C:3}—CHD + CaNo, 2 g 2

=

(B) © (D) (E)
— NO, HO
{ )—CooH f =\ )=\ o,
\ / 3_CHO CHO () —cxo QCH CHNO,
/ N 4
i
NG,

(E) 75. What is the product 2 in the question 74?
(A) B) © D) (E)

% OH NO, 0
<J—c ONHCH; f,_f B QCHCHJ\'&

N TR R T ey Ay

(E) 76. Which a-amino acid is not optical active?
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H KR
H,IN' COOH
(A) R=H (B) R=CHs (C) R=CH(CHa)2
(D) (E)

R=H,)C—{_ ) R=H,C—_,~OH

(D) 77. A molecular cation is produced by McLafferty rearrangement in the mass spectrum of the following
compound. How large is its m/z?

CH3CH2CHQJ£CH3
(A) 44 (B) 56 (C) 57 (D) 58 (E) 60
(E) 78. What is the product 1 in the following reactions?
COOC,H;
( |‘ LiAlHq«
+ | - 1
S heating
SO0 Hs
(A) (B)
L TEL o CIF
w07 reus CQ
CH L E H
©
Trans
LA TN = B L‘ /[\*-. e =
()
- [l = He

(A) 79. What is the product 2 in the question 78?

(A) (B)
H,OH CH,OH
9e L
H,0H 1,0H
© (D)
CH,0H CH,OH
~CX L
CH,OH H,O0H
()

CH;O0H
frans O:E
H;OH

(A) 80. What is the product of the following react10n‘7

i + HCHO + HN(CH;),

CH;CCH,

product
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(A)
CH,ECH,CH,N(C,HY),
©
O
CH, H:C'H=CH3

(E) CH3N(C2H5)2

YEFTETI I = &5
(B)

(8
C'HEH:CHECI—IE OH

(D)

1
c‘H;C C'HJNI:CJHS)E
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