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Part 1. Each questions or incomplete statements below is followed by suggested
answers. Please select the best one in each case and write down the number
in the corresponding space on the answer sheet. (2*20=40%)

1. Provide the reagents necessary to convert acetophenone to benzoic acid.
A) K2Cr207/H28504/H20 B) 1. NaOH/Br; 2. H3;0" C)1. KMnO4/NaOH/H.0
D)1. Bro/PBrs 2. H20 E) bothA&C

2. Provide the reagents necessary to carry out the following conversion.

/\/ /\/ﬁ];/H

A)1. H20/ H2S04, 2. PCC/CH2CI2 B) PCC/ CH2CI2 C) 1. BH3, 2. H202/NaOH/H20
D) 1. O3, 2. Zn/acetic acid E) 1. BH3, 2. H202/NaOH/H20, 3. PCC

3. Which of the following is(are) a keto-enol tautomeric pair(s)?

e
o] o) OH 0 o o]
CH3CH CH =— GH;,CH ——CH CH;C _CHE CH3CCH3 CH30=CH2 CH3CCH2

i 1l ‘ 11
Al Bl C)ll D& E)I&I

4. Which one of the following is the most reactive Michael acceptor?

/\)Lo/\ /\)k /;\H\/NOZ/\)L e

Al Bl C)Ili D) IV E)V

5. ldentify the following compounds as R or S.

Br H /0 CH,CH:
F———T—CH; CH;—T——C< Cl—C—F
cl OH OH CH;

A)S SR BSRS CRSS D)SS8S BEIRRR

6. Provide the structure of the major product(s) for the following reaction.

CH,CH,GHBr CHZCH,CHs CHRCHBrCHy  CH,CH,CH3 CHBrCH,CHy

=0 000T

A) 1 ByIl Cyli DYV E)V
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7. Which of the following alkenes yield(s) 3-bromo-3- -methylpentane as the major product upon addition

of HBr?
! i u v

A) land Il only B) 1l only C)LIl,and lllonly D) all of them E) none of them

8. Compound A on ozonolysis yields acetophenone and propanal. What is the structure of compound
A?

. O3

Compound A 2 (CHyS

Acetophenone + propanal

A) 2-phenyl-2-pentene  B) 1-phenyl-1-hexene C) 1-phenyl-2-pentene D) 2-phenyl-2-hexene
9. Which are the most acidic a- hydrogens in the following compounds?

0

CH3;CHyCH CH3CH,CCH,CCH,CH; CH3CH,CCH,COCH,CH;  CH3CH,COCH,CH, CH;CH,CCH,CH

}

I I 111 v v
A) | Byl C)ll D)V E)V

10. Which one of the following compound does not undergo an aldol addition reaction in presence of
aqueous sodium hydroxide?

A) butanal  B) 2-methylbutanal C) 3-methylpentanal D) 2,2-dimethylbutanal E) none of these

11. Which of the following methods of preparation of amines can be used to prepare primary,
secondary, and tertiary amines?

A) Gabriel synthesis from an alkyl halide  B) reduction amination of a ketone
C) Hofman rearrangement of an amide D) reduction of a nitrile
E) None of these methods is applicable to all types of amines

12. Identify the conipounds that are not chiral.

sho oh o =y

A)A,B,C B)B,C,D C)AB,D D)AC,D E)anofthem

13. Identify all pairs of enantiomers

Hy CH, CHy CH, CHy
H—C—ClI H=~—~C—Cl Cl=——C—H I M Cl—C—Cl
H—C—H H—C—H  H—C—H  H——C—H  H—C—H
H—'T——'Cl Cl‘—T—H Cl"—'—T—H H—'T—-‘Cl H_?_H
CHy CHy
A B C D E
A)BandD,AandC B)Aand C C)Band D D)AandB,Aand D, BandC, Cand D

E)Band D,AandB,Aand D,Band C,Cand D
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14. Which one of the following compound is aromatic?
I i il
A) | Byl  C)yll D)IV E)none ofthese

15. Which of the following carbocations is Iikely to rearrange?

I. Cmi CHz IV. cu; @ch,
é Ej@ é
A) | B) Il

C)i D)IV E)lland IV
16. When 1-pentanol is heated with HCl/ZnCI2, 1-chloropentane is the major organic product.
This reaction proceeds through an mechanism, and is produced as a
byproduct.
A) Sn1, H2O0  B) Sn2, H20 C) Sn1, Hz D) Sn2, H2 E) E2, Hz

17. Show that you understand the concept of retrosynthetic analysis by working backwards two steps in
the synthesis below. Identify possible combinations of A and B that can lead to the alkene C:

et LA A
C /b—/&w

A)B=LA=V B)B=I;A=VI C)B=Ill;A=I D)B"IA Vi E)B—IIA Vi

18. When a ketone is treated with LiAIH4 followed by addition of H20, what general class of product
results?

A) primary alcohol  B) secondary alcohol  C) tertiary alcohol D) ether  E) aldehyde

19. is produced when 1 equivalent of HBr is added to 1-hexyne.
A) 2-bromo-1-hexenefil  B) E-1-bromo-1-hexenelli  C) Z-1-bromo-1-hexene
D) A mixture of £ and Z isomers of 1-bromo-1-hexene E) E-2-bromo-2-hexene

20. Hydrogenation of the following compound generates:

Hy
e Y
o Pd

A) constitutional isomers. B) identical compounds. C) enantiomers.
D) diastereomers. E) meso compounds.
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Part 2. Answer the following questions briefly. (60%)

1. Classify each of the following nitrogen atoms in the following compounds as primary, secondary,
tertiary, or quaternary. (8%)

d
CH; (b) (c) (d) HC CH,

I
HO — CHCHNHCH; COuH
CH;CHCH, N ,
Nl gl'_ HQ N

[ OH
we' o ()

2. Draw structures corresponding to each of the given names. (8%)
(a) p-methoxyaniline (b) 2,3-dimethyl-2-octen-4-one  (c) 7-bromo-1-octyn-4-one
(d) (S)-3-chlorocyclohexanone

3. Provide proper IUPAC names. (6%)

Cl
\A/a(/ @N’CH
|
CH

4. Rank the following compounds in order of increasing basicity. Label the least basic compound
"1" and the most basic compound "4". Place the number corresponding to the compound's rank
in the blank below the compound. (4%)

CH,NH,

A0 O Q

5. From the list provided below, choose the best reagent(s) for each step in the following

synthesis. There is only one answer for each reaction. (6%)
(a) NaBHa4, ethanol (b) KCN, acetone (c) 1. LiAlH4, THF; 2. H20
(d) 1. HNOz, H2S04; 2. CuCN, KCN  (e) 1. SnClz, H3O* 2. NaOH, H20 (f) HNO3, H2504

> = =L
e N "Se ¢ "Sed
NO, HH, CH,NH,
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6. What is the relationship between the following compounds?

Enantiomers or diastereomers or configurational isomers or identical compounds or
constitutional isomers (10%)

(a) cHs H H w0 CH; cltH3 (c) kB
\C=C/ and \C%/ Hb(;:":’C] and H/%"'"H m it g&&
H / \Br CH';/ \Br CH} L
(d) OH OH (E} Ccl cl
/k/\ E H“’—Br and Br—|—CHj3 !
. and /\l/\ | |
H CHj H

7. Consider the reaction coordinate diagram shown. (3%)
(a) Which step has the greatest activation energy?
(b) Which step has the greatest rate constant in the forward direction?
(c) What is the rate-determining step in the conversion of A to G?

Free Energy

Progressof ran  —0

8. Draw all likely products of the following reaction and circle the product you expect to
predominate. (5%)

H2504
2-pentanol —

9. Choose the best reagent for carrying out the following reactions from the list below. Place the

letter of the reagent(s) in the number box over the reaction arrow. Use only one letter per
box.(10%)

: oH | 1 : 0
CHz
Chy | 4 5 /. CH
oot
' ENocH
H

(A) NaH, then CHal (B) NaOCHs, CHsOH  (C) m-CICsH4CO3H
(D) CHsMgBr in ether, then HzO* (E) warm Hz2S04/H20
(F) Hg(O2CCF3)2, CHaOH (G) Ha/Pd (H) PCC, CH2Cl2

() Clz, H20 (J) LiAlH4 in ether, then H3zO*



