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Choose one best answer for the following questions
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1. Which of the following reagent(s) could be used to oxidize primary alcohol to aldehyde?
I. Pyridium chlorochromate (PCC) II. 1. (COCl),, DMSO; 2. EtsN II1. Dess-Martin periodinane

(A) 1 (B) I (©) 11 (D) TandII (E) All of the above
2. What is the coupling constant (J value) between H, and Hj, in the following compound?
Ha/ CO.H
Hp
(A) 0~5Hz (B) 6~12Hz (C) 11~18 Hz (D) 20~25Hz (E) None of the above

3. Which of the following structures is chiral?

Ph . \ H o A " H H
H"'>—< N c=c=C VRS C=C=C
/ H H Ph / \

| I I v
(A) TandII (B) MMandIV (©) LHIandIV (D) TandIV (E) Iand IV

4.  Which of the following carbonyl compounds has the largest equilibrium constant for the addition of water?

o 0 0 ? 2
A chyen B cuacen, ©  ceien (D) @CH (E) @C_CHs

5. The Hell-Volhard-Zelinsky reaction involves:
(A) the a-bromination of carboxylic acids (B) the a-bromination of ketones
(C) the bromination of alcohols (D) the oxidation of aldehydes to acids
(E) None of the above

6. Which compound has the lowest pKa?

0 o) 0 o) O O
o)iCHa Oiicm Oii/CHo é/CHO ij)\
kO 0] 0]

| I 111 \4

v

(A) 1 (B) 11 (C) 11 (D) IV (E) V
7. What is the major product, when 0.10 mol of ICH,CH,CH,CH,Cl reacts with 0.10 mol of NaOCH3; in CH3OH at 40 °C ?

(A) CH3;0CH,;CH,CH,CH,Cl (B) CH3;0CH,;CH,CH,CH,I (C) CH3;0CH,CH,CH,CH,OCH3

(D) CHzZCHCHz(:HzCl (E) CHZZCHCHZCHZI
8. Which of the following is a meso compound?

OH OH
QH QH QH OH /'\/ (:)H
PRV aN /\/'\ = /\l/ ~-OH
OH OH
| 11 111 v \%

(A) TandlIII (B) Hand 1V (C) TandIV (D) IIand III (E) LIVandV
9. Which cycloalkane has the lowest heat of combustion per CH; group?

(A) Cyclopropane (B) Cyclobutane (C) Cyclopentane (D) Cyclohexane (E) Cycloheptane
10. How many alkanes of formula C;H;s possess a quaternary carbon atom?

(A) 1 (B) 2 © 3 (D) 4 (E) 5



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The graph below is a plot of the relative energies of the various conformations, please predict the expected item?

Relative energy

: — ————
0° 60° 120° 180° 240° 300° 360°

Angle of rotation
(A) 2-Chloropropane (B) 1,3-Dichloropropane (C) 2-Methylpropane
(D) Butane (C1-C2 rotation) (E) Butane (C2-C3 rotation)

Chorismate mutase is an enzyme that catalyzes a pericyclic reaction that forms prephenate. What kind of a pericyclic reaction
does chorismate mutase catalyze?

o
610]0) e I o
chorismate 00C, ,CH,CCOO
CH,
I S} mutase
~0CCO0~ ——— >

HO ) H H chorismate H O\\‘ H  Dbrephenate
(A) an ene reaction (B) an electrocyclic reaction (C) asigmatropic rearrangement
(D) acycloaddition reaction (E) None of the above
The C; compound which gives 3 signals in the broadband proton-decoupled "*C spectrum could be:
(A) Heptane (B) 2-Methylhexane (C) 3,3-Dimethylpentane
(D) 2,4-Dimethylpentane (E) 2,2,3-Trimethylbutane
Select the structure of a compound CgH;4 with a base peak at m/z 43.
(A) CH;3;CH,CH,CH,CH,CHj; (B) (CH3CH;),CHCH; (C) (CHs3);CCH,CH3
(D) (CHj),CHCH(CHs), (E) None of the above

What is the correct assignment of the names of the functional groups in the following nitrogen-containing compounds?
NCH,CHs NOH NN(CH3),

A

I I 11
(A) I=amide I = amine I = oxime (B) I=imine II = oxime [T = hydrazone
(C) I=amine II = oxime IIT = hydrazine (D) I=imine II = hydrazone [II = amine

(E) I=hydrazine II=hydrazone III = oxime

Which sequence ranks the following carbonyl compounds in order of increasing rate of nucleophilic addition?

(0]
K
N
(@] (@]

(A) 2<3<1 (B) 3<2<1 (C) 2<1<3 (D) 1<3<2 (E) 1<2<3

When H,NCH,CH,CH,CH,COCH]3; is heated in the process of an acid catalyst, a reaction occurs. The major product is:
L L OO0 Lt
N N (@] N N N
| H H

I 1l 1 v %
(A) 1 (B) 1I (C) 1II (D) IV (E) V

p-Methoxybenzaldehyde can be prepared from anisole using the Gatterman-Koch formylation. What mixture of reagents is
necessary for this process?

(A) CO, HCL, AICl,, CuCl (B) CO, SO,, H,SO, (C) CO,, HCL AICI,

(D) CO,, SO,, H,S0, (E) CO,, HNO,, H,SO,

Which of the following carbonyl compounds may be made from 1,3-dithiane?
I. Methyl vinyl ketone  II. 2-Pentanone  III. 3,3-Dimethyl-2-butanone  IV. 2-Phenylethanal
(A) landIV (B) IIonly (C) ITand III (D) HandIV (E) II'and IV

Predict the compound from the spectral data given. CoH;O,: °C NMR, & 18.06 (quartet), 45.40 (doublet), 127.32 (doublet),
127.55 (doublet), 128.61 (doublet), 139.70 (singlet), 180.98 (singlet); IR, broad 3500-2800, 1708 cm’

(A) 3-Phenylproponic acid (B) 2-Phenylproponic acid (C) 2-(4-Methylphenyl)acetic acid
(D) 2-(3-Methylphenyl)acetic acid (E) 2-(2-Methylphenyl)acetic acid



21. Which of the following pairs of structures are not resonance forms of the same compounds?

©

0 0 0®
0 o ® O o ®
(A) _¢_o and ! B) H g N (C) H,C=N=N and H,G-N=N
HC 0 Hie” S0 u § 2
0

o

OH o
D E I °_ 9
® and ®) HyC=C-C=CH, and HyC-C=C-CH

22. Which of the following Newman projection represents the most stable trans-1,2-dimethylcyclohexane?

H H H H H H, CH
™ @H CZ®H o ®) Hfﬁc}ﬁ% © H@&@%HC’
A B C
H c H ¢
HHEQHCH3 H H CH, HHH2|_|H
H H H
H H CZ CHﬁ H C2 H CH3
o ST ®) H@cﬁH
H M CH, CH2 H
23. Which of the following structure represents (S)-L-alanine?
CO,H CO.H H H CO,H
(A) H2N4~H B) A (C) HN—f-COH (D) HOC—CH, (E) HN—|H
CHs3 NH, CHj NH, CH;
24. Which of the following description(s) is(are) true for the following reaction?
@ +Br, —— products
I:  the solution of the products is optically active
IT:  the products have stereocenters
[I: the products are meso compounds
IV: the products are racemic mixture
V: the reaction is enantioselective
(A) Vonly (B) TandII (C) HlandIV (D) HandV (E) MandIV
25. Disulfide linkages in proteins come from between:
(A) two methionine residues (B) two cysteine residues
(C) acysteine residue and a methionine residue (D) athreonine residue and a cysteine residue
(E) amethionine residue and a threonine residue
26. Which of the following represents the HOMO for the conjugated system in Leukotriene B4?
OH OH
PN CO,H
X Leukotriene B4
@ 88 ®) 5584 © 55488
o) 34488 ® 548855883
27. Which of the following is the most stable conformation for cis-4-methyl-2-pentene?
H G
»w Y. ® [~ © P Fm
H
(D) K\’\ (E) All of the above
28. Which of the following acids has the lowest pKa value?
CO,H CO.H
2 ? CO,H CO,H CO,H
(A) (B) © on (D) Ocfs ()
OH OCHs OH

29. Which compound would undergo SxAr reaction most rapidly with sodium methoxide?

Cl
(A) @—q (B) /_N\ Cl (C) @-CI (D) (/N\; (E) H2N—©~F
H
* }



30. Which is the major product of the following reaction?
MnO,, NaCN

HOAc, MeOH

OH
(A) >:/_>:>/,H (B) >:/_l:> (€) >:/_>:}0Me
(0] o O
o )7
OoM

@)

(E) None of the above
e

31. Provide the structure of the missing starting material to complete the reaction.

NaOEt H3O heat
Et0,C~ “CO,Et + ? HO.C

0

(@) (@) (0]
(A) H\l (B) m (©) le )H\A (E) ))\L
Ph

Ph Ph

32. Which is the major product of the following reaction?

0 0
NaBH;CN

H®(cat), CH3;0OH

NH,

HoN CHO HoN
HO OH

33. Provide the structure of the missing starting material to complete the reaction.
OCHs

0 NaOCHs ‘O
+ ? —
0

OCHj OCHj OCH3 OCH3

0 r j" 0 0 0 @
(@)

34. If one gauche interaction is 0.9 kcal/mol, what is the energy difference between cis-decalin and trans-decalin?
H H
; ;
cis-decalin trans-decalin

(A) 0.9 kcal/mol (B) 1.8 kcal/mol (C) 2.7 kcal/mol (D) 3.6 kcal/mol (E) 4.5 kcal/mol

35. Which is the major product of the following reaction?

:

w ) ® © oY
OH

HO OH
NaNO,, HCI O
NH2 > ?

HO
OH

(D) @N=NQ (E) @ @
OH



36. Which is the major product of the following reaction?

\/\) * Oy\i/\éo neE

0O O o e =
o A ol A
(A) ,,,,\<O ® \<O (©) ol (D) o (E) o
| o J| \o \O \O

37. Provide the reagents to accomplish the synthesis shown below.

’ OH
CHs

(A) 1.Bry, FeBr; o 2. Mg, THF 3. ethyl@ene oxide, then H3O®
(B) 1.KMnO4, HO 2. EtMgBr, ether 3. H;0 @

(C) 1.Bry, FeBr; 2. Mg, THF 3. CO,, then H30

(D) 1.Bry, hv 2. NaCN 3. H30® heat

(E) 1.Br, hv 2. Mg, THF 3. CH;CHO, then H;0%

38. Which is the major product of the following reaction sequence?
Ph

®@ O :
W 1. OSO4, H202 \—Pph3 Br t n-BulLi R
2. NalOy4 THE ’

O_Ph
W L/ ® © ()7
O

Ph

D) Ph O ®) d

39. Which is the major product of the following reaction?

OCH;  Pd(PPhs)
= 3 3)a
NN+ /\fo( T EN !
3

™ OCH

N o)
OH

o ~OCHs
H

40. The following products were obtained from the oxidative cleavage of a diene. What is the structure of the diene?
O

OHC._~_CHO + j\ + PR
H HsC™ "H

H
=
(A) O/ (B) Y\/v C) AN~~~ (D) S~ (B) ©

41. Which of the following reactions would give a tertiary alcohol as a product?

o
i O 1.BHyTHF :
1.LiAH, 3 g 1.LiAIH,
A B C
B o ®) )J\OH 2. Hy0® © © 2 h0®
0

2. H;0®
O 1.NaBH
1.CH;MgBr . 4
® M 5 ® I
Ph™ "H 2.H;0 Ph 2. H;0

42. Which is the major product of the following reaction?

H,SO, )
OH H,O, heat
(A) T/A (B) ﬁ)L (©) \%o (D) %OH ®) ﬂA\



43. Which is the major product of the following reaction?
Br

D
H tBuOK o
% oK -

D Ot-Bu

D H H D Br D

44. How to convert bromocyclohexane to trans- cyclohexane 1,2-diol?

(A) 1.H,SO4 heat 2. MCPBA, then H;0® (B) 1.H,SO4 heat 2. KMnO,, HO®
(C) 1. NaOCH; 2. O3 then Me,S (D) 1.t-BuOK 2. MCPBA, then H;0®
(E) 1.NaOCH; 2. Hy, Pd/C

45. Which is the major product of the following reaction?

OMe
_ NaNH2 H,N OMe
Br NHa(IIq

I I v
(A) TandIlI (B) TandIlI (C) IT and III (D) Tand1V (E) MandIV
46. Which of the following statement(s) is(are) true for the following reaction?
BrO 9
tBuOK, THF  ~-C-
Phap - > CHy(CHy)sCH=CHCH,CH,CHj

I.  This reaction shows high (Z)-alkene selectivity.

II.  When n-BuLi and Et,O were used as the base and solvent, the selectivity decreases.

III. This reaction is under kinetic-controlled.

(A) 1 (B) 1I (C) I (D) TandII (E) All of the above

47. Which is the major product of the following reaction?

N 0 Q 0 Q OH 0 0 o
I © \%
(A) I (B) 1II (©) 1 (D) IV (E) V

48. Which is the major product of the following reaction?

1. OH H,SO,
?
MeO 2. NazCr207, HzSO4, heat
MeO O
MeO MeO CO,H MeO COM
I v \%
(A) 1 B) I (C©) 11 (D) IV (E) V
49. Which of the following synthetic procedures would be employed most effectively to transform ethanol into ethyl propyl ether?

(A) 1.Ethanol, HBr 2. Mg, ether, then HyO® 3. NaH, then CH;CH,Br

(B) 1. Ethanol, HBr 2. Mg, ether, then HCHO, then H3O 3. NaH, then CH;CH,Br

(C) 1. Ethanol 2. CH3CH,CH,OH 3. H,SOy4, 140 °C

(D) 1. Ethanol, NaH 2. HCHO, then H30@J 3. HBr, then Mg, ether, then CH;CH,CH,Br
(E) 1. Ethanol 2. H,SOq4, 180 °C 3. CH3CH,CH;Br



50. Which is the major product of the following reaction?

(D) IV (E) V

Na, NH;(liq)
CN then EtOH
NH,
HoN
I 1I 111 v
(A) I (B) II (©) 1

51. Which is the major product of the following reaction?

NH,
Br NaNH,(ex) C\ = W \(\\
1] v \'}

Br NH;(liq)
then H3O® I
A) 1 B) I (C©) 11
52. What is the major product of the following reaction?
Dibal-H MelLi, ether CO, Hso@
Et—=——Et - - ?
heptane, 50 °C -20°C

Bt BN coH Et Et
| N 11| v
A) 1 (B) 1I (C) I

53. What is the major product of the following reaction?

— LiAH,  HO®
OH -

\%

(D) IV (E) Vv

CO,H Et O Et Et CO,H
E WA 2 Et\)\C02H ﬁﬂ 2

(D) IV (E) V

/ — OH
o OH (B) w ©) / O“ D) |M§ E) <:/§_<3H

Which reagent is most suitable for the following transformation?

NedisdiiNes

(A) CuF (B) F-TEDA-BF, (C) AgSbFs
55. What is the major product of the following reaction?
(CHa),Culi H,0®
n-CsHs—==—CO,Me > ?
THF, -78 °C

n-C7H15 COzMe n—C7H15 H
(A) mCrHis—=— < (B) = (©) =
H H3C COzMe

o H5;C

56. What is the major product of the following reaction?

PCls Li PhCHO H,0®
- ?

OH 0 0O

(D) HBF, (E) n-BuNF

(D) n-C7H15é( (E) None of the above
OH

OH OH
Ph Ph Ph >(©LPh >((jLPh
v %

I | I
(A) 1 (B) 1 (C) I

(D) IV (E) V



57. What is the major product of the following reaction?
O

Me,NNH, n-BuLi H3O® ,)
then CHsCH,Br '
(A) é% (B) k@/ (C) (D) ©/ (E) None of the above

58. Which of the following reactions is most likely to give optically active products?

By HCI OH 1. mCPBA
(A) P (B) tBuOK ©) —
H,0, heat Br /> 2. NaOH
CO,H
~OTs NaCN H——OH Acetone
D) o E) hdon o
HCl(cat), heat

CO,H
59. What reagent(s) can be used for the following transformation?

o - O

I. KMnOj 1. SeO, 111. Br,, DMSO IV. NaOCl, H,0
(A) 1 (B) 1 (C) 1II (D) IV (E) 1IandIII

60. What reagent(s) can be used for the following transformation?

O = O
"'OH
1. 0sO, 1. CH;CO;H, H,0 11 I,, CH;CO,Ag, CH;CO,Ag, H,O
(A) 1 (B) 1I (C) III (D) IandII (E) IandIII

[E:E48) #4824 > 235404 > B4 1HEE 054 > EicT x2BEAZ L > AFE > A BAT T oL o
61. What sequence of reagents is needed to convert t-butylbenzene into 1-bromo-2-(t-butyl)benzene?
I. Dilute H,SO4, heat 11. NaNO,, HC1 III. Bry, FeBrs, heat V. Fuming H,SO4, heat V. HBr, CuBr, heat
A IV->1—->YV B) I -1 — 1II C I -1 —V D) I - V—>1 (E) IV—->1I—>1

62. Determine the most likely structure for a compound (C¢H;9O) which is found to decolorize bromine in carbon tetrachloride. Its
spectral data is as follows:

'H-NMR IR

triplet, § 1.0 singlet, 8 2.4 2200 cm™ (sharp)

singlet, 8 1.4 singlet, & 3.4 3300 cm™ (sharp)

quartet, 8 1.6 3500 cm™ (broad)

N
R
| 1 I v \%
(A) 1 (B) I (C) 11 (D) IV (E) Vv
63. What is the major product of the following reaction?
O
HNO3, H2804 SnC|2, H30® HNOz, HQSO4 CUZO, CU(NO3)2, Hzo
O 0 o
(A) (B) © @A (D) (E) Q)k
OH NH
NH2 OH 2 H2N
64. What is the major product of the following reaction?
Et SiMes Bry, CH,Cl, CH5ONa
H H -78°C CH30H
Et.  OCHj Et. H Et.  OCHj, Et. H Et.  Br
@ )= ® )= © )= ® )= ® )=
H Br H OCHg H H H Br H H
¥ 8 F o x 11 7



65. What is the major product of the following reactions?
O

: HOCH,CH,OH  PhzP=CHCH;  OsO,4 TsCl NaOH )
0 O/ﬁ
o} o}
(E)
_— o}
0

What is the major product of the followmg reactions?
Oi>7 Bry EtONa O;
- -2
hv EtOH, Heat Zn, HOAc
OH OH O /O
O
1 I I

(A) 1 (B) 11 (C) I (D) 1V (E) V
67. Which reaction sequence is required to accomplish the following transformation?

o) o)
O
OCH
CO,CH, 3

(A) 1.LiAlH, 2. H;0® 3. NaH, then CH;l

(B) 1.H,NNH,, KOH, 120 °C 2. H,, Pd/C 3. NaH, then CH;3l

(C) 1. HOCHZCHZOH H3O 2. L1A1H4 3. NaH then CH3I then H3O
(D) 1. HOCH,CH,OH, H;0® 2. H,NNH,, KOH, 120 °C 3. Ha, Pd/C, H; o

(E) 1. NaNH,, CHsl 2. LiAlH, 3. Hy, Pd/C, H;0%

68. Which reaction sequence is required to accomplish the following transformation?

ALK

I. heat II. NaOH, heat, then HCI, H,O III. NaOH IV. CH3;COCH,CO,Et, EtONa

A) I =1 — 1 - IV B) IV—->1—-1-—11I (C I - VI—-1I —> 1
D) II - 1IV—>1I — 1 (E) None of the above
69. Which one of the following reactions would give the product as it is planned?
OH
Br O. O 1. Mg, ether o. 0O
1. Mg, ether Ph 2. CH,=0
(&) 2. PhCHO (B) ® HO
T 3. H;09 ITI Br 3. H30
° 1. CH;MgBr, eth o
- LRglvigbr, ether 1. MeZCuLl HO
C > D
OH O—

OH

) /©/C02CH3 1.CHsMgBr @
OHC 2. H;0®  oHe

70. What is the major product of the following reaction?

@
iNj CH;CH,COCI  H30

PN T
O/Q O 0 O © OH O
=
QLN/QKCWHVMM

H
I 11 I v A\

(A) 1 (B) 1 (C) TII D) IV (E) V

?




71. What is the major product of the following reaction?

ZOEt
?
- HgCl,
OH OH OHC—. AcQ CHO
O O - e e O-
| 11 111 v \%
(A) 1 (B) I (C) 11 (D) IV (E) Vv
72. What is the major product of the following reaction?
H OH
(j)\ CH3C(OMe),
N CH3CH,CO,H
CIZOZMe heat
CO,Me
—CO,M 2
Ho s o2 Hod Meo,c\ N Meo,c N\
= N P = =
(A) (B) (©) (D) (E) None of the above
h N ) N
CO,Me Come CO,Me CO,Me

73. Which of the following series of synthetic steps could be used to carry out the transformation shown below?

0
ok
I. Hy, Pt/C I1. BHs II1. NaNO,, H3O@ IV. CH3NO,, KOH V. H,0,, NaOH VI. PCC
A I -1 —-V B) IV—>1-—1I () I - VI -V
D)y I -V —>11I (E) None of the above

74. What is the major product of the following reaction?

0]
chloroperoxidase
BFG), H202
HO
o

(A) (B) ©

HO ; HO R HO z

Br OH
O
(D) Q;E?g (E) None of the above
HO O

75. What is the major product of the following reaction?

N=\ CN 1 Heat
o+ J 5
NG 2. H;0

Br

/z/\ CN "% N O oEt
(A) N= (B) NC (©) L (D) w (E) None of the above

)\(O o) CN
CN OH CN



76. What is the major product of the following reaction?
@)

Br
KOH
?

0] 0] 0]

OH ©o,c
(A) % (B) % (©) % (D) @ (E) None of the above

77. How to prepare aspirin from phenol?

HO 2 CO,H
\© - ©i Aspirin
OAc

(A) 1.NaOH, CO, 2. H;0° 3. AcO

(B) 1. CH;COCI, AICl; 2. NaNO,, then HsPO, 3. H;0®

(©) 1.Ac0 2. H;0%® 3. NaOH, CO,

(D) 1. HNOs, H,SO,4 2. Fe, HCI 3. CH;COCI, AICLs
(E) 1.Ac:0 2. NaOH 3. CO,, then H;0%®

78. What is the major product of the following reaction?
g NNHTS 4 CHaLi
Oj 2. H;0@
A
d/\:( NH, 5 5 Y _NCH, Yo
w (IO o (L o (1D, o (LT o (I
Ao A Ao Ao Ao

79. 7-Dehydrocholesterol, a steroid found in skin, is converted into vitamin D3 by two pericyclic reactions. What are these two
reactions?

7-dehydrocholesterol vitamin D3

(A) 1. an electrocyclic reaction 2. an ene reaction

(B) 1.a[l,7] sigmatropic rearrangement 2. an electrocyclic reaction

(C) 1. anelectrocyclic reaction 2. a[1,7] sigmatropic rearrangement
(D) 1. an ene reaction 2. an electrocyclic reaction

(E) 1. an ene reaction 2. a[1,7] sigmatropic rearrangement

80. What is the major product of the following reaction?
0] OAc

1. NOCI
2. hv -
3. hydrolysis
@)
(@) OH OH < OH 0] OH
. OH
O H H//,
(A) B) ©
0]
o] o 0]
O OH
OH CH
H//.
(D) (E) None of the above



