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I. Choose one correct answer for the following questions
[HE:E3] 531 £ > £3560 & > 541 8540 0.20 & > Bdc I 2 X BEEL 32 » R 1EE » 2 8B4

Aok o

(E) 1. About the ionic liquids, which statement is true?
(A) They dissolve both polar and nonpolar organic compounds.
(B) They are nonflammable. (C) They are thermally stable.
(D) They do not evaporate. (E) All in the above.

(C) 2. When an Sy\2 reaction was carried out, under which of the following solvents would you expect acetate ion

(CH;CO, & ) to be the most reactive nucleophile?
(A) DMSO (B) DMF (C) THF (D) CH;OH (E) H,O

(C) 3. What is the energy difference in kcal/mol between cis-1,2-dimethylcyclohexane and its trans isomer?
(A)O (B)0.9 (C)18 (D) 2.7 (E) 3.6

(A) 4. Dieldrin, C1,HgCis0, is a pentacyclic compound formerly used as an insecticide. How many double bonds
does dieldrin have?

(A1 (B)2 ©3 (D) 4 (B)5
(D) 5. Which of the following is not a major peak in the Mass spectrum of isopentane?

(A) 29 (B) 43 (C) 57 (D) 60 (E) 72
(B) 6. Which of the following compounds is the least reactive toward nucleophilic acyl substitution?

(A) (B) © 5 (D) o (E)

9] ] { \ O
L [penl
F{"J'L'OCHS R*L-NHQ R™Cl \R™ 0% R—-0H

(A) 7. When compared to the keto form, the enol form of which of the following compounds is most stable?

(A) (B) (©) (D) E)

6 Oo" 0 o &

(C) 8. Among the butane conformers, which occur at energy minima on a graph of potential energy versus
dihedral angle?
(A) gauche only (B) eclipsed and totally eclipsed
(C) gauche and anti (D) eclipsed only (E) anti only

(E) 9. Rank the following amines in order of decreasing basicity.
NH, =N _
e OO O
I II 111 v

A >U>M>IVE)I>1>H>IVEC) > T>I> VD) IV IS TS IEE) > > 11> 1V
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(D) 10. Which of the following compounds has the highest b0|I|ng point?
(A) CH;CH,CH,OH (B) CH3CO,CH3 (C) CH3CH,CO,H
(D) CH3CH,CH,CONH, (E) CHsCH,CN

(C) 11. In the following alkanes, which one has the lowest strain energy?
(A) cylopropane  (B) cyclobutane (C) cyclohexane (D) cycloheptane  (E) cyclooctane

(A) 12. Which of the following compounds has the greatest dipole moment?

(A) (B) (©) (D)

“HQ

(B) 13. Which of the following acids has the greatest rate toward decarboxylation?

(A) (B) © (D)

= =
d
@\:ozH @\CHECOEH HO@E R o \fngOH DT%H

(A) 14. Which of the following structures is chiral?

(A) (B) (©) (E) none of above
H;,C
:c)j\:Ha t'
CHs
(B) 15. WhICh of the following molecular orbitals is the HOMO of 1,3-butadiene in the ground state?
(B) © (D) (E)

H—ﬁrH—’ﬁH—HH—HHH

(C) 16. Which of the following species has the greatest A max in the UV spectrum?
(B) © (D) (E)

@ o ) L) @M

(B) 17. Which of the following compounds absorbs the longest wavelength of UV-visible light?
(A) (2)-1,3-hexadiene (B) (E)-1,3,5-hexatriene (C) 1-hexene
(D) (E)-2-butene (E) (2)-2-butene

(C) 18. Which of the following solvents is best used in IR spectrum?
(A) water (B) ether (C) CCl, (D) THF (E) methanol

(E) 19. Which of the following esters has the highest frequency of the C=0 absorption?
(A) (B) ©) (D)

E)
L8] 0 (9] 0 9]
o Gro G0 B D
(B) 20. Using a 60 MHz spectrometer, a chemist observes the following absorption: doublet, J = 7.0 Hz, at §

4.00. What would the chemical shift (&) be in the 300 MHz spectrum?
(A) 3.50 (B) 4.00 (C)4.50 (D) 20.0 (E) 0.80

(A) 21. How many types of nonequivalent protons of the following compounds are possible?

A5
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(C) 22. The major type of reactions that alkanes undergo is:
(A) electrophilic substitution reactions. (B) electrophilic addition reactions
(C) free radical substitution reactions (D) free radical addition reactions
(E) nucleophilic substitution reactions

(C) 23. What is the following name reaction?

OH
@*DCH;CH=CH1 — =
200250 o H:CH=CH>
(A) Friedel-Crafts alkylation (B) Friedel-Crafts allylation
(C) Claisen rearrangement (D) Ritter reaction
(E) Curtius rearrangement
(B) 24. What is the following reaction?
HO 1. OH® OOH
—_—

HO  2.H0® H0H
(A) aldol condensation (B) Cannizzaro reaction
(C) Claisen-Schmidt reaction (D) Knoevenagel reaction

(E) Wittig reaction

(B) 25. What product will be given if indole is reacted with bromine at 0 “C in dioxane?
(A) 2-bromoindole (B) 3-bromoindole (C) 4-bromoindole (D) 5-bromoindole (E) none of the above

(D) 26. Which of the following alkenes has the greatest reactivity toward ozonolysis?
(A) (B) € (D) (E) H
HiC  CHs H< H Hi< H HiC  OCHa
= H;3(,)=< = >=<C H3C %{GHB
HLC  CHs CH, H CHy  HC CHs |

(D) 27. What is the major product of the reaction shown below?

OCH;
{J.r 1.5 _HNGs 2

8]

(A) (B) (©) (D) (E) all of the above
COCHs (0% CIOCH; COCH; COCH;4
NO; 05N 0N

NO. o NO;

(C) 28. Bextra, a COX-2 inhibitor used in the treatment of arthritis, contains a heterocyclic ring. What is this
heterocyclic ring named?

HeC "'l.rN
(2 O
NF2S0>  Beyira

(A) furan ring (B) oxazole ring (C) isoxazole ring (D) thiophene ring (E) indole ring
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(A) 29. Which of the following halides has the greatest rate toward nucleophilic aromatic substitution?

(A) (B) (©) (D)
(E) they all have the same rate

(A) 30. Provide the major product in the oxidation of n-butylbenzene with KMnQ,.
(A) (B) © (D) (E)

@CGEH () eo+ @/\/CGQH (Yo (%j

(D) 31. Which of the following diols cannot be cleaved by periodic acid?
(A) (B) ©

: EH : JOH UQH
H “OH (CHz)2C" ™~ "OH

(D) (E)

]C"O’OH JaD H
(CH=) "oH (CI—[;,);C'O “OH

(D) 32. A primary Kinetic isotope effect could most likely to be observed in which of the following mechanisms?
(A)Syland Sy2  (B) Sn2 (C) El and S\1 (D) E2 (E) E1

(D) 33. Rank the following compounds in an order of decreasing rate in an E2 reaction.

o ot ot
“Br “Br Br
H;

(AA>B>C  (B)A>C>B (C)B>A>C (D)C>A>B (E)yC>B>A

(A) 34. Provide the structure of the major product which results in the following reaction.
H:  NaOCHa, CH;0H
-

L)
Br A '
(A) (B) © (D) (E) no reaction
i H:-i
“’OM@ Me
(D) 35. Provide the organic product(s) of the reaction shown below.
CHs NaNH- Hs CH;NH,
L, J@ o
r  NHa NH, NH,
L
(A)I (B) I (C) m (D) I and II (E) I and II
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(E) 36. What is the major product of the following reaction?

—h 1 ]
N° CH, 2 CHsCHBr

(A) 4-ethyl-2,3-dimethyl-2-propylpyridine (B) 5-ethyl-2,3-dimethyl-2-propylpyridine
(C) 6-ethyl-2,3-dimethyl-2-propylpyridine (D) 2-methyl-3-propylpyridine
(E) 3-methyl-2-propylpyridine

(C) 37. What is the major product of the following reaction?
H _ Ph CHCl5

—_—
P NaOH, H,O
(A) (B) (© (D) (E) none of the above
PhCHCHPh 0 Cl, £l @
Cl OH PHCCH-Ph {A
P  “Ph P’ “Ph
(A) 38. Provide reagents to complete the following reaction.
0
Me
MeO
QH Reagent(s) 3
> L+ OzN—Q—CCbH —_—
O O.:"" MO
(A) DEAD, PPh, (B) H,S0, (C) NaOH
(D) DMSO, oxalyl chloride (E) BusSnH

(C) 39. The final product would you expect from the following sequential reactions from p-toluidine.
(CHaCOR0 Bro NaOH 5
pyridine FeBr; H50

(B) 3-bromo-4-methylaniline
(D) 2-bromo-4-methylphenol

p-Toluidine

(A) 2-bromo-3-methylaniline
(C) 2-bromo-4-methylaniline
(E) none of the above

(A) 40. What is the major product of the following reaction sequence?

COCH: o
@:C CH.OH,
O0OH 2
(E)

(A) (B) © (D)
Hs |_|3 Ha 0 Ha
L % @W ( )i% [ I{Eﬂ )
(9]

(B) 41. What is the major product of the following reaction?

Br-
RO~ E ?

(A) (B) ©)
Br Br O
ouliNeS
3—7
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(E) 42. What is the major product of the following reaction?
O

@/N\{:HS Br, . NEE!-H_:’._
(A) (B) ©) (D) (E)
H 0
valealead s
r

(E) 43. What is the major product of the following reaction?

NN + Hz0, NaGOH

r HgNiNHg = 2

(A) (B) ©)
WNHE MH \/\Aj\OH

(D) (3]

WJ\NI—I; SN e

(C) 44. What is the major product from the following reaction?
Ol

(©)

() ¢O ® . (©) omne The o
H2C—C=C—CH: Hacg -CHa HaC—C—C—CI-h HsC g{rh 3
; ﬁ "o

Hal CHs H;y Hs
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(C) 46. What will be the product of the following transformations?

H.C
b\ 1. excess CHal - 2
N~ THa 2. Agy0
H 3. heat
(A) (B) ©)
CH:C H;CH;CHggBr CH:—:CFECH:'S"@OH CH2CH,CH.CHL.Br
r
(D) (E)
CH3CHCHaCHoOH CHsCH2CHaCH2CHa0OH
(C) 47. What is the major product of the following transformations?
H.C
21 1. excess CHal - 2
N CH, 2 A00
H 3. heat
(A) ©
HaC Hy \(\/CHa Haﬂr\ﬁ
N(CHs)2 N(CHb); N(CHs)
(D) (E) none of the above
HiC = Hs

Hs N(CHz),

(B) 48. Provide the organic product of the reaction shown below.

HO 1. HO®MuO_
z H;LGE

(A) (B)

ii*@ii/\@h““"

(B) 49. What is the final product of the following sequential reactions?

o mBULi  PCsHpBr  HgO,BFs
"%JLH —_— = - - 7

H*
(A) (B) ©)
' /\/\)’L/\/\
/\f\./]\/’\J‘\ /\/\i/\/‘\
(D) (B)
CHO CH=2CH

/‘\"ﬁ\r’lv\v"‘\\
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(C) 50. What is the product of the following reaction sequence?
1. NaNH o 1. disamylborane*

2.CHiCH,CHzBr 2 HO® H,0,, H,0

HC=CH

H
(A) CsH,CECC3H; (B) CsH,CECH  (C) CiHoCHO (D) CaH?‘g—CHa (E) C4HoCH,OH
H

(B) 51. What is the final major product of the following transformations?

Q 1. LDA (> 1.0 eq)/THF
i‘j/CHs 2. PhSeCl
» 7
3. H05

A) (B)

©) (D)
CH; H, CH3 Hs
O

(D) 52. Which of the following reaction conditions could not be used in the following transformation?

~—~

(E) none of the above

(A) (B) ©) (D)
Zn(Ha) HaNNH, NaOH 1. HS(CH),SH, BFyOFt, TiCl
—_— = - L -
0% HCI, refiux HOCH:CH;OH 2. Raney-Ni, EtOH Et:N, MeOH
(E) none of the above
(C) 53. What product will be formed by the following reaction conditions?
1.2 CH4Li
CHACH-CH5CH5CO-H 20l
2, H.O®
o 0

(A) CH3CH,CH,CH,CO,CH; (B) CH3CH2CHQCH2L}'CH3
CHs
(D) CH3CH,CH,CH,CO,H (E) none of the above

I
©) cucmcHcHCoH,

(A) 54. Which one is the kinetic product of the following reaction?

Q_CHEI +HO  — =
(A) (B) ©) (D)
Cl H; CH; CHs CHa CH4
0 A, "0
é\CI é/c Cl

(C) 55. Which of the following reagents should be used to convert methyl hexanoate to hexanal?

B)
Cl

(A) LiAlH, then H;0" (B) NaBH, then H;O"
(C) [(CH3),CHCH,],AIH, -78 °C then H,O (D) LIAIH[OC(CH3)3]3, -78 °C then H,0
(E) Hy, Pd/C
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(E) 56. Which of the following reagents should be used for the following transformaton?
O
H ?
Et _—

Eto)l\/\/\/OH
(A) LiAIH, then H;0' (B) NaBH, then H;0"
(C) [(CH5),CHCH,],AIH, -78 °C then H,O
(E) BH; + THF then H,0

(D) LiAIH[OC(CHs3)s]3, -78 °C then H,0
(D) 57. What is the major product of the following reaction?

Ma, NHSI'},II

E— ?
CHACH,OH

(A) (B) © (D) (E)

(D) 58. What is the major product of the following reaction?
—_— =

?
HO
(A) 2,2-dimethyl-3-phenylpropanoic acid

(B) 2,2-dimethyl-3-chloro-3-phenylpropanoic acid
(C) 2,2-dimethyl-3-chloro-3-(2-chloro)phenylpropanoic acid
(D) phetermine

(E) none of the above

(E) 59. What reagents are used to dehydrate amides to nitriles?
I.P,0s I1.POCl, II.SOCl,

(AT (B)II (C)Im

(D) TandI
(D) 60. What is the named reaction of the following coupling reaction?

(E) all of the above
Pd(PPhas Q
= Y,
e
oo )-om + ©/\ o~ )
(A) Grignard reaction
(D) Heck reaction

(B) Gilman reaction
(E) Suzuki reaction

(C) Stille reaction
[E:E4] 53 2 4> 2340 A 341 805 A G2 2 H{ELEZL XITE > 2 8LA
% ded o

(D) 61. Predict the number of carbon resonance lines you would expect in the **C-NMR spectra of ethyl acrylate
(A)2 (B)3 (C)4 (D)5 (E)6
(E) 62. What organic product would you expect from the following reaction?
00 © heat
Y
I'i'L"hN

3—11
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(A) o (B) © (D) (E)
o O O O

(C) 63. Which of the following reactions is called Perkin condensation?
(A)

O conoenirated
O e
HO NaOEt & CH=CHCO-H
©/C + CHy(COLEt), oty MO @’ ?
heat

©

@/C“’) QO CHCONa 0% ©/w=wcozH
+ CHyCOCCH; o -

©)
O™ = OO

(E) none of the above

(A) 64. What is the major product for the following reaction?
CHCla
[EPPPEPTRTFFRI, — -'?
peroxide

(D) (E)
CCh

(A) (B) © o
Cls CCly
@ D O
Ch
(B) 65. What is the major product of the following reaction?

1. NBS, H0 -

| 2. >—gBr (1 eq

(D) E)

(A)
/% Et
1 { Bt Et

(B) 66. Provide the final product of the following reaction.

& |s MaMH=, NH; >
ﬂacﬂ CH;
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A) ®) © (D) E)
" @CD WMW)Z | N
HaC THa CHa H.C CH, o

(A) 67. What is the final product of the following sequential reactions?

S5 :
LiAHg  SOCL Mg
CNH - - .II- - 7

(A) (C) Q
- 3%
O A D .;v*@
<)

(B) 68. What is the major product of the following reaction sequence?
@ 1.KMnO,, OH®, A CH,N,  NaOCH;
- - -
2.H®
(A) (B) ©)

(E)
OaCHs CO,CH; 0CH; Os
SR

(E) 69. What is the product of the following reaction sequence?
Na/NH3 '
HC=CH T.NaNH,  1.NaNH, _ Ta/lHs gig, peroxyacid "
2, CchHQBr 2. CH3CHQBF

?

(D) B)

MMJ_\_AEA

(D) 70. Which of the following compounds will not undergo a ring-opening reaction under thermal conditions?

H H H
| : I
H oI H 1 H 1

(A) T only (B) I only (C) m only (D) T and I (E) T and II
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(D) 71. What is the major product of the following reaction?

O 1-LBUOK, CoHriONO, pH c OAC
- NaE-a
£ E o D o e e
4. H0 I L I v v
(A) I (B) I (C) Tand T (D) Iv (E) V
(A) 72. Provide the final product of the following reaction.
O
ag H® M hpo,
— S
\_jje Me  HCOOH
(B) (©) (D) (E)

or OH
Me Me Me Me
ME M M
Me Me: Me e
Me Me

(C) 73. Provide the final product of the following reaction.

OMe heat

=

+ MeoN—-OMe  —— 9
H Me

E)

(B) ©) (D)
= Nie Z0
G Cfe 1, Cloe Gl
Me 07 "NMe; NMe-

NME‘:

(A)

(E) 74. Provide the final product of the following reaction.

NaOEL H,0® heat
g\&z - - - 7
Et  PhCHO

(A) (B) © (D) (B)
H oH OH e | 0
Al o=al o ot

(D) 75. What is the major product of the following reaction?

1. S0Ch
HC ST . 2

2, CHoM;
3 Cu

(A) (B) (©) &) B)

3—14
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(C) 76. What is the major product of the following reaction?

9{. A,
|
CHAC

(A)

(8) (©) (o)
Cl
aﬁl [ g_/ |
| |
H H H H

(E) 77. Provide the major organic product of the reaction shown below.
1. NaOE

2. Br(CHz)aBr
(EtO5C)CH: A NBoE - 7

4, HCl, HzO, heat

(A) (B) © A (D) (B)
Et H
Ot & 5 Beon O
HOLC

(B) 78. What is the major product of the following reaction under thermal conditions?

E)

| / A ?

—

(A) (B) ©) (D) (E)
H H H
4> b b O
H

(C) 79. Provide the final product of the following reactions.

HaC Br Mg  1.CO,  SOCL,  HN(CH:CHa):
ELO 2. H,0® NaOH

(A) (B)

HaC COOH HBC\@DN{GHECHg]Z
|

(©) (D)

HaC\@/CD N{CHCHz)5 CICH; \CQ:MCF&C Hs)z
(E)
HsC COMN{CH2CHz)2
FDH

o
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(C) 80. What is the major product of the following reactions?
1. HOCHzCH2OH, HCI

0 - 7
LHy 2. LAH

3. HCL H2O

(A) (B) (©) (D) (E)
H H
Sroe O o O S




