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1. For each of the following compound, identify the more stable isomer.

M (i ()
(A) (D cis (1) cis (111) frans

(B) (I) trans (1I) cis (111) trans

(C) () cis (IT) trans (F11) trans

(D) (D) trans (1) cis (1) cis

(E) () cis (1T cis (11T) cis
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2. Which of the following is the staggered conformation about the C1—C9 bond for the following

structure?
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13, Which is the enantiomer of the compound shown below?
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4. Which of the follbwing carbocations would be expected to rearrange?
(A) B) ©) D) (E)
CHj ‘ CHs;

?H3 + (]:H?’ ’
N CH;CHCHCH; CH,CCH,CH;  CH3;CH,CHCH;
: + + +

5. According to the Hammond Postulate, which of the following is correct?
(A)The transition state of an endothermic reaction step will be more reactant-like than product-like.
(B)The intermediate of an endothermic reaction step will be more reactant-like than product-like.
(C)The transition state of an exothermic reaction step will be more reactant-like than product-like.
(D)AII transition states are more product-like than reactant-like.

~ (E)All transition states are more reactant-like than product-like.

6. Which of the following reagents can best be used to accomplish the following transformation?

E:r\gg ? (j,vAvm+

(A) 1. BH, THF 2.HO', H,0,

®)H', H,0

() 1. Hg(OAc)Z,H O/THF 2.NaBH,
(D) 1. Hg(O,CCF,),, CH,OH 2. NaBH,
(E) NaOH, H,0

7. 'Which of the following is the final and major product of this reaction?

©/// HzO,Ist()él> ?

~ HgSo, :

a B (©) D) ®

o -_ S | OH 0 OH
. OH 0 - - ‘ - _A_OH
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3. Identify the correctly drawn arrows.

(@

(A) LH _’-«-.'H CH—CH;  —— CngﬂH—CH#CH::

&
(B) Chy~*CH= CH—LH —# CH.=CH—CH=CH,
© | 2
(C) —{;\—uH — OH=—=OH— CH==CH: y > |
= ==
I-:qlCH—LJH—-—CH: ——+ CH=CH—CH=CH, v
(D) : | g
G:/f"\ } P‘E}} - . _.II 'Ilr' g I
(B) CH:—CH=CH—CH; # CH=—=CH—CH==CH, Sl N

9. Rank the following compounds in order from the strongest acid to the weakest acid:
() H;07 (i) /\ N‘-t (11D {% JOH  (IV)HO
(A) %IV
(B) >II--1V
(O) IV

(D) IN>T=TV
(E) IE>T>TV>1

10. Which of the following compounds will undergo an SN2 reaction most readlly’?
(A) (CH;),CCH,I
(B) (CH;);,CCl
(C) (CH,),CHI
(D) (CH,),CHCH,CH,CH,C1
(E) (CH;),CHCH,CH,CH,I

| 11. I the electron ionfzaﬁon (EI) method is used to bombard pentane, which of the following
molecular ion (cation, m/z) will be the weakest ionic peak in mass spectrum‘?
(A)43 (B)2S ) 57 D) 15 E)41
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12. Which of the reaction conditions cannot be used for the following deacetylation?

AcO _ HO .
AcO HO

(A)catalytic amount of HCI in MeOH

(B) catalytic amount of NaOMe in MeOH

(C) catalytic amount of NaOH in H>,O

(D) one equivalent of CHaNH: in. DMF with heat

(E) two equivalent of CH3NH; in DM with heat

13. Which of the following reactions can lead to the formation of an amide with higher than 50%

yield?
0
+ EtNH, (1eq) ———
| R)LC| 2 (1eq) ——
O ' .
+ EINH, (1 eq) —— "
I R)J\OH 2(ew 3 o .
o . i o A
I F{/“\OH + EtNH, (1 Qq) + DCC T e:jr
0 | gk
‘ : v
v RJ\OCH3 v ENA (Ted) —oq : ‘j’._‘"
. . ,.«.-‘
o) ‘ | i |
v EINH,, (2 —_— | .
RAOH + ENRp@eq) =1 |

eq = equivalen_t, rt = room temperature
DCC = dicyclohexylcarbodiimide ‘
A)LILIULIV,V ®LILIV,V (OLILIV (D), 1L v (E) 1, v
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14. How many stereoisomers ate formed in the each of the following transformations.

Vv
1) BHy/THF
2) HyO,, OH-
Br CH3)3CO" Bra
O/ 2 | _(_3)3_,, — i
hv
1) Oy, -78 °C
2) (CH3),S
3) HaCMgBr (excess) :
4) Hy0* : D
v ¥
(A) L:2, TI:1, TIT:2, TV:1, V22 s
(8) 12, 11:2, T2, 1TV:2, V4 | : e

(CYI:2,11:2, iI1:4, iV:4, V4 ]
(D) I:2, I1:1, [I1:4, IV:2, V4 —
(E) 1:1, i1, 2, 1V:2, Vil

15. Three reagents are proposed to be used for the synthesis of a-hydroxy acid. Please select the
most suitable set of reagents for this transformation.

)OL y nm OH
R™ R” “CO,H
(A) 1. LiAlH,, -78 °C II. NaCN, DMF III. HCl, HO
(B) L NaBH,, 0°C I NaCN (excess), HCl  1IT. KMnO,

(C) L LIAIfOC(CH;);5AIH, -78 °C  II. NaCN (excess), HCl I HCL L0
(D) I. [(CH3).CHCH:];AIH, -78 °C II. NaCN, HCl (excess)  III. OsOq
(E) L. LiAI[OC(CH3)3]5AlH, -78 °C  IL NaCN, HCl (excess) L. HCL, H,O

16. You are going to use reagents I, 11, and IIT to.prepare IV. Choose the most suitable reaction

conditions to achieve the synthesis.
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(A} 1 is slowly added to II. Then, III is slowly added fo the above mixture.
'(B) I is slowly added to 1I. Then, the above mixture is slowly added to IIL.
(C) 1T is slowly added to 1. Then, III is slowly added to the above mixture.

(D) II is stowly added to I. Then, the above mixture is slowly added to IIL. o
(E) 1is slowly added to III.VThen, 1T is slowly added to the above mixture. I z :__
17. Each of following reactions repfesents an example of a name reaction. _;;;.; ?a
y ey
S

‘ O
: trace ‘ -~
[ HCHO + HN N L
aC|d | k
concentrated @ @ -
HO
T NeoH
OH

z@c
H,0
\/U\ OCH, * Zn —= OCH,
\(/U\/ /\])L _ COZCHS
Br

[ =

NaOCH; CO,CHy
¢ Do K 2
HaCO OCH3 CH30H _
O o0 :
) NaOCH
EHSCOJ\N\H,OCH e 3_ é/u\ong

1) NaOCH, @ 9 '
_—
OCHg  2) HCl \)H)LOCHs

Please select abdve reactions to match the following name reactions (by the same order)
 a. Dickmann condensation ~b. Knoevenagel condensation

¢. Mannich Reaction d. Réformétsky reaction
(A) a:VIL b:V, eIl &:I11 ' '
(B) a:VIL, b:V, eIl &IV
(C) a:VI, bV, eI, d:1IT
D) a:VL bV, Il d:IV
(E) a:VL, b:V, ¢, d:IV
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8. Provide the major prodﬁct of the following transformation.

FeBry  (CH3CHyCHg)pCuli  HNO;
Brz H2804

o NO, NG, .Br |
NGO, NO
(A) (B) (©) ) (E) ?
NO, Br
19. Identify the condition(s) that will not work for the following reaction
O

(A)a. \/U\c; (AICl; b.HyPd (¥

B)a. ~_~~, Ak | - 3
| o Jreme
(C) a, \)kCl JAICl; b. HS” ™""sH c¢. Raney Ni,H, 1
) : : B |
- OR b

. IR r
(D) a. FeBra, Brz b /\/B\OR, Pdi_z, oase

(E) a. HNO,, H,80, b.NaNO,, HCI c. \)\C,  AlCly — d. HpNNH,, OF

20. What is the major alkene formed in the following reaction?

\O heat CHyl  Ag0.
+ . E H,0

: /N\ OH

(A) )\A\ ®) /\/\/ (©) )\/\ |
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1. Please complete the synthesis of the following compound by providing chemical structures or
names of A, B, C and D. You should use olefin metathesis reaction in the synthesis. (12%)

D O
A+B —» (¢ —» o
| ||

2. An alkyl halide reacts with an alkoxide ion to form a compound whose 'H NMR spectrum is shown
below. Identify the alkyl halide and the alkoxide ion. (8%)

10

8 (ppm)

~————— {requency

3. Provide the intermediate structure (Compound E) of the following transformation. (4%)

N
: | H .
ﬁ@/ OcH, 1) Hy Pd/C -
oH S T ° 2H0 1) Base
// Compound E o
L 3) CrQ, 2) OH, H,0 H -
- : : HO
3 ocH, heat
< ;.f:'
4. Provide the major product of the followmg reaction. (4%} /?? '
: P
S ) HNOy, H,50, Compound F mii'ﬁn
WA 2) Br, & f_;? E
_ T
5. Pr0v1de the reagents for the synthesm of target compound. (12%) I i; =
_ | /

reagents

{racemic compound)
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