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1. How many of the following species can primarily serve as a nucleophile?
(a) proton.  (b) hydroxide ion (g) triethylamine (c) boron triflucride (d) trlphenylphosphmc
(f) methanol (g) pyridine
A3 ®4 ©s M6 |7

2. How many of the following reactions can afford the major product as shown?
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B8r NaOMe OMe (1) NaOH *OH l-tzso4
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3. Which is the major product of the following synthetic scheme?
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4, Which is the following open-chain form does the boxed compound have?

A B C D OH
@A) o B o © CHOH (D) CH,0H € cho HO
HO——H H——OH HO——H HO——H HO——H HO -0
H——OH HO——H H——OH H——OH H——O0H
OH
HO——H HO——H H——OH H——OH H——OH HO
H——OH HO——H =0 H—OH H——OH

CH20H CH20H CHzOH CHO CH20H

5. Which of the following transformation(s) can yield acetophenone (CsHsO) as the major product?

(® ' . ) ()
sodium acetylide HgSO A0 1) LiAl
bromobenzene R4 - % benzene Aeb styrene H2$04= (1) LiAlH, -
DMF H,S0,, H0 DMSO H,0 (2 H" H,0
@ . (e) (1) NaNO,, o
NBS (2eq) OH, H,0 . H,80,,5°C (1) MeMgBr
ethylbenzene - —- - ~ aniline - - >
ight (2) CuCN {2) H', H0

(A)yde (B)abe (C)ade (D)bde (E)abcde

6. Which of the following nitrogen-containing compound is most basic?
(A)acetamide .= (B) ethylamine (C) pyridine (D)aniline (E) umdazole
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7. How many of the following reagents can complete the transformation? N-OH
@MnO; (H)Ac0 (c)DCC  (d) NaOEt | CN
(e) dilute HoSO43qy (f) NaBH4 H — ©/

@At ®2 O3 M4 ®S5

8. In the reaction of sodium acetate (0.1M) and (R)-3-bromo-3-methylhexane (0.1M) in EtOH, which of the
following statement is correct? ( [S] = concentration of S)
(A) The reaction is faster when [sodium acetate] is 0.2M.
(B) The reaction yields a racemic mixture. Therefore the products are achiral.
(C) The major product is 3-ethoxyl-3-methylhexane
(D) The major product has the S configuration.
(E) The reaction is faster in chloroform than in EtOH.

9. How many of the following species are aromatic?
/N |
1 e 0O O
A3 ®4 ©5 D6 ®7

The representative conformations (a to f) of 2-methylbutane and its potential energy diagram of internal
rotation (position 1 to 6) are shown here. Answer Question 10-12.

a b :
H H ¢ e £
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Me H H Me H H
H H H
d e f
M
Mﬁﬁ« Me Hgﬁlﬁe “ﬂﬁ?‘i’ne
HH HH HMe

10. Inthe energy diagram, what is the conformation in the position 1 ?
Aa @b e @Od (®e

11. Starting from the position 1 on the left side, what is the rotational sequence of conformations to the next
position 1 on the right side?
(A) aecdbfa  (B) bfcdaeb (C) cdbfaec (D) bfaeedb  (E) adbecfa

12. Which of the following statement is correct?
(A) The position 2, 4 and 6 are stable conformations. _
(B) When temperature is rising, there will have more molecules in the position 2 than in the position 5.
(C) 2-Methylbutane is achiral; therefore, conformation a to f are also achiral.
(D) The conformations in the position 1 and 3 are enantiomers.
(E) The conformation d is unstable due to gauche interactions.
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13. How many of the following reagents can complete the transformation?
{a) 2-methylpropan-2-ol + BF; (b) 2-methylpropene + H;POy @ \ @JV
(c) 1-chloro-2-methylpropane + AlCl;  (d) #-butyl chloride + FeCls
@aoe ®1 ©2 D3 ®E4

14. Which compound most likely has the following NMR data?
IH NMR (CDCL): § 2.56 (s, 3H), 3.88 (s, 3H), 6.94 (d, /= 8.5Hz, 2H), 7.95 (d, J = 8.5Hz, 2H)
3¢ NMR (CDCly): §21.3, 26.6, 125.6, 128.4, 128.7, 133.8, 137.2, 138.3, 198.3
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15. In the following five pairs of ten compounds which of the statement is correct?

(/W k/\/ \O O (©) /b Zb

CH,0H CH,OH
H——OH  HO——H
’&\’ B’& H—OH  HO——H
CH3, ' CHs

(A) There are three pairs of enantiomers.

(B) There are three pairs of diastereomers

(C) There are three meso compounds.

(D) There are five chiral compounds.

(E) There are two pairs of constitutional isomers.

16. Which is the following reaction does NOT give alcohol as the major product?
(A) (B) ©)

(1) BHy-THF C( (1) MCPBA (;ro (1) Me;Culi
(2) H,0,, OH" (2) NaN3 {2) H*, H20
D) 0 (E)

oM (1) LIAIH, 0 (1) MeMgBr
8 ——— —
(2) H*, H,0 )'l\/ (2) H', H20

17. When reacting with hept-6-en-2-one (C7H;0), how many of the following reagents will show “positive™
results?
(a) Jones reagent  (b) iodoform test (c) Lucas’ reagent (d) KMnOygq)
(e) 2,4-dinitrophenylthydrazine test (f) Br,/CCly  (g) Tollens’ reagent
A3 ®4 ©)5 D6 E7
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18. Which of the following compound contain the most acidic C-H bond?
(A) 1-hexyne  (B) 2,4-hexadiene  (C)2-hexanone (D) 3,4-hexanedione  (E) 2,4-hexanedione

19. Which of the following transformation(s) can yield the major product as shown?

(A) QO O | Nal 0 ®) 0 MeLi 0 © Q. MeOH OMe
)!\o)k )kl | /U\o/\ )LMe /u\H OH )\OMe
D) 0 PhMgBr E) o MezNH o
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20. Compound B can be prepared through compound A by the following synthetic plan:
(A) Provide the IUPAC name of compound A. (3pts)
(B) Design a synthetic scheme to prepare A using acetylene (C2Ha), isopropanol, isobutanol as sole
organic materials along with any other inorganic materials and common organic solvents. (8pts)
(C) Design a synthetic route to prepare B from compound A. (6pts)

acetylene, isopropanol lll
and isobutanol — gz O — F ~
@]
A B

21. Cyclopentanone can be prepared from dimethyl succinate through compound C by the following synthetic
scheme. Compound C is an “achiral” dimethyl ester and does NOT contain any chiral centers. Provide
suitable reagents to complete the synthetic scheme. (8pts)

0 ‘ 0
OMe . achiral .
MeO -———= dimethyl ester — ™
o)
dimethyl succinate C, CgH1404 '

22. Design a synthetic scheme to prepare ethyl 3-bromobenzoate from benzene. (You may use any other
required reagents. If some of your reactions produce two major products, you can separate them.) (6pts)

23. Give a detailed reaction mechanism for the following reactions.
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