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1) Propose the step-wise mechanism of following reactions. (6 %)

H,S0, NO,
+ HNO; —— & + H,0

2) Propose a synthetic route for the desired product starting from benzene. Write down the product
in each step. (8 4~)

H
il
S CHs
ol

(Using SnCly/H;07; CH3COCVAICL; HNOy/H,SO04; HNO3/H;SO04; CupO/Cu(NO3)2/H,0)

3) Compounds 1 and 2 are isomers. Which compound has a much larger dipole moment? Please
give the explanation. (4 %)

4) Please propose the reaction mechanism for the conjugate addition of Bu,CulLi to methyl vinyl
ketone, CH;C(O)CH=CH,. (4 %)

II. BE4 (5834 £ 785
1) What would be the product of the following reaction?

I1,0

CH,~C=C-H 0
—_— ¥
©/ cat. HzSOq
cat. HgSO,

A) n B
©/CH2—CH2—C—H ©/

CH,-C=C-OH Q) 0

I
©/CH2"C‘CH3
-1-
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2) The following Newman projection represents which molecule?

HaCH>CH,C @CH;;CF@
H” CHoCH,CHs

CHs
CHs

CHj,

K /\/l7<>/ ? @ - /l\/\/Y
CHs

v \é/\/\ 7 )\/L/Y

3) In a carbon radical, the single unpaired electron resides in:

A) sp” orbital B) sp’ orbital C) s orbital D) p orbital
E) none of the above

4) Which would be the most stable conformation of trans-1-methyl-3-isopropylcyclohexane?

g CH(CHj) ch, CH(CHs) g o
A) MH B) MH C) Lljl\cﬂ(cm)2
H;C H H;C
H
CH(CH3), CH, H
B =) MCH(CHQZ
H H
CH;
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5) What is the R and S configuration for each stereogenic center of the following sugar from top to

bottom?

CHO
He——=0H

HO——H
H—— OH

CH,OH

A) RS R B) SSR C) RRS D) RRR E) §§§

6) Penicillin V was discovered in the late 1920s by Sir Alexander Fleming in which he won the

Nobel Prize for the development of this wonder drug. How many sterogenic centers does

penicillin V contain?

H

PhO/T N\:——I/}Me

f —N /Me

v
[~

Co,H

Penicillin V

AV I B2 € 3 D 4 B 5

7) Which of the following molecules is achiral?

COH
2 ¢ HiOH Br
C=C=C -
H’ ‘CHS HO,C %H H 51 -
I II II
CO-H CHy
HIOH HO!II'X-mlBr
o %02: CH,CHg
IV \Y

ALl BI O DIV EV

8) What is the percent composition of a mixture of (S)-(+)-2-butanol,[] = +13.52°, and

-5 -
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(R)-(-)-2-butanol,[a] o = —13.52° with a specific rotation [o] T = +6.76%

A) T5%(R)25%(S) B) 25%(R)75%(S) C) S50%(R) 50%(S)
D) 67%(R)33%(S) E) 33%(R) 67%(S)

9) The major product of the following reaction conditions will result from:

A) Sn2 B) Snl €] Ez D) El E) there is no way to know

10) Which statement about the preparation of Grignard reagents is not true?

RX + Mg —— RMgX

A) The reaction must be done in an ether solvent.

B) The reagent should be protected from air.

C) Methyl, primary, secondary, tertiary and aryl halides may be used.
D) Rearrangement may accompany Grignard formation.

E) The halogen may be chloride, bromide, or iodide.

11) What product would result from the following reaction?

@,\O} HBr (excess)
I
heat
OH
O
» UL, @ Q0
Br
Br
o QL.
Br

0O
o I
Br
Br
o .
OH
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12) What reagent would best accomplish the following reaction?

CHzCHzOH D) CH2CH2B1‘
T

A) B, B) NaBr C) CH;Br D) NH, Br E) PBn

13) Which reagent(s) would accomplish the following reaction?

OH

PR R SN

A) H,0,H  B)L1.NaH;2.H,0 C)1.LiAlH; 2. H,0  D)NaOH, H,0
E) 1. CH;MgBr; 2. H,0

14) The following '"H-NMR was most likely obtained from which of the compounds listed below?

. om0
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15) What is the proper [IUPAC name for the following molecule:

H CH»>CHj3
H, S
— H
H H

A) (2E,4Z)-hepta-2,4-diene B) (2E,3Z)-hepta-2,3-diene C) (2Z4E)-hepta-2.4-diene
D) (2 Z3E)-hepta-2,3-diene E) (3E.AZ)-hepta-3,4-diene

16) What would be the product of the following reaction?

2@-—-’-—?

o O=( A}G ;@

H
D) E) No reaction occurs.
H H

o

17) Which of the following dienes would you expect to be the most reactive in Diels-Alder
reactions?

A) @o B) @ C) E:N-H D) © E) HCD
2

18) One of the double bonds in phenanthrene, shown below, is much more reactive than the others.
Which one is it?

1-*

-t 4
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19) One of the interesting aspects of azulenes is that they are soluble in strong aqueous acids
because of a reaction with H.  Which of the structures below would represent the most stable

form of protonated azulene?

+
(O

azulene

Q@ y ;o Al
SRR OSIENS <

> R, o

H

20) What product would you expect from the following reaction?

/\/Y

CI‘O3
(Ccr¥h

0
H
O 0 0]
0 B) )
OH H OH
&0

HO
A)
H
O
D)

E) HO/\/\/OH
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21) Which statement is true of the following reactions?

CH;0H o 'CH;0H OCHyg
R-CHO ———> R-—-|CH -_— R—CllH
reaction | OCHg reaction II OCHj4

A) Reactions I and II are only acid-catalyzed.

B) Reaction I is catalyzed by either acid or base, but reaction II requires acid.
C) Reactions I and II are both base-catalyzed.

D) Reaction I is catalyzed by either acid or base, but reaction I requires acid.
E) Both reactions I and II are catalyzed by either acid or base.

22) What reagent(s) would accomplish the following conversion?

o
CH3CH2002H ——b' CH3CHBICOQH

A) B B) PBr; C) Bry/light D) Br; +cat PBr; E) PBr;+cat. Br,

23) How many different CHj signals would you expect in the room-temperature proton NMR
spectrum of the molecule below?

0
HsC—C—N(CHs),

A) One B) Two ¢) Thres D) Four E) Five

24) What is the relative reactivity of carboxylic acid derivatives toward hydrolysis (left = least
reactive)?

A) ester < amide < acid chloride < anhydride

B) amide <ester <acid chloride < anhydride

C) ester < amide < anhydride < acid chloride

D) amide < ester < anhydride < acid chloride

E) The relative reactivities really cannot be compared.
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25) Predict the major organic product of the following reaction.

0 :
O
ﬁi\ Hk NaOEt/ EtOH
* i
0 |

A) B) )
OH

D) E) 0

26) How would the heterocyclic amines shown here be ranked in order of decreasing basicity (more

basic > less basic)?

B 0 C
N N -
|
H ’ W

I II III

A)III>1>11 B)I>II>1II OI>II>1 D)I>III>I1 E)II>I1>II






