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Multiple Choice. (2 points per problem for problems 1-30, 3 points per problem for problems
31-37, totally 81 points)

1. T &Y S s i) e ?

Which of the following compounds has the highest boiling point?
A. 1EJXEE (1-Pentanol) B.1E&4t (n-Pentane)

C. 7Kk (3-Methyl-1-butanol) D. 1- T fi% (1-Butylamine)

2. PABRIEE T, S AFRE K2
Which of the following carbocation is the most UNSTABLE one?

15

3. NI ARt 44, IR

Which of the following compounds has the correct name?

tr

A B.

i

A. T IR[2.2.1]5%¢ (Bicyclo[2.2.1]heptane)

.

B. B2[5.4] 25 4% (Spiro[5.4]decane)

i

C. T IN[1.2.2] Bk (Bicyclo[1.2.2]heptane)

.

D. BZ[5.6]22 )¢ (Spiro[5.6]decane)

4. 1R 8 2 TR 10, T HI IR IR — A2 6 S R 2
According to the Lewis acid-base theory, which of the following options is a Lewis acid?
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A. 0J% (Ethylene)  B. £3E1E & T (Ethyl cation)  C. Z Tk (Ether) D. ZE% (Ethanol)

5. HZ MR b BIDKMEILFEAT B S AT BE P A S A AR, TR R LK M S AZ AR A A A 2
Methylation of the imidazole ring in histidine may produce two isomers due to the presence of
which structural isomers of the imidazole ring?

A, BAF A4k (Tautomers) B. JIlij S# ¥ 44 (Cis/trans isomers)

C. ZF 4K (Epimers) D. SR T M (Stereoisomers)

6. THIBEERILE T, AEEIEFEIERREA:

In the following carbohydrates, which one is a NON-REDUCING sugar?
A. Fij %] H (Glucose) B. EHE (Sucrose)

C. &% (Maltose) D. H#¥#E (Mannose)

7. R IR P S 2 RO 1 32 AL S AR A R A A 2

Which of the following forces is the major chemical basis for pairing between bases in nucleic
acids?

A. &5 (Hydrogen bond) B. Juff4E 77 (Van der Waals interaction)

C. #:#r (Salt bridge) D. /KA HAEF (Hydrophobic interaction)

8. F— AT HIRE S A DB B FIRRRS, SN EX (8 =2.50 ppm, LAY
PR e i) HIIIL 17— B, 3K BRI AT B X L Y A2 »

In a deuterated chloroform sample remains a tiny amount of unknown common solvent. The
unknown solvent has a single peak in the high field of the *H NMR spectrum (& = 2.50 ppm, when
tetramethylsilane was used as reference). Which compound may correspond to the single peak:

A. N (Acetone) B. —HILHK (Dimethyl sulfoxide)
C. /15 (Acetonitrile) D. & H 4t (Dichloromethane)

9. FERZMEWT T, H LA E e SR TR 2 ke ?

What are the most commonly studied nuclei (with a nonzero nuclear spin) in NMR?
A.'H, ®C, ®N, F B.'H, *C, N, F

C.'H, BC, “N, *F D.?H, *C, ®N, “F

10. FAMEDIH, KIETRIRIE B SR ) 2 -

Which compound has the strongest acidity in solution?

OH CHs
©/C02H ©/C02H ©/COZH ©/C02H
A. B. C. D.

11 U AR, 5T B R PR B st Y A2

Which of the following common organic solvents has the most acidic methyl protons?
A. THFEH 5 (Nitromethane) B. Zfi§ (Acetonitrile)

C. Vil (Acetone) D. & (Toluene)
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12. FAAE Y Bl d5 55 1) A2«

Which compound is the weakest base?

A. TIEBE (Pyridine) B. ZJi% (Aniline)

C. k% (Pyrrole) D. = &% (Triethylamine)

13. NAMm R, A T B A
Which material is NON-AROMATIC?

A. HZH 584 (Graphene) B. ¥ % )& 155 ¥ (Cyclopentadiene anion)
C. ¥ U5 (Cyclooctatetraene) D. [18]%c 4% ([18]Rotene)

14. Tk EYIT, A TR
Which compound is ACHIRAL?

CO,H
CO,H CO,H COH
A. CO,H B. CO,H C. CO,H D. CO,H
15. FIMEYIH, WA MR AR 2 -
Which compound does NOT have cis/trans isomers?
A. &K (Azobenzene) B. 4%k .Mk (Vinyl ether)
C. 124 (Cyclooctenylene) D. /% —F& (Butenedioic acid)

16. RINMAEWA S TN CI(CH2)NNH2, FEBIMESEAT T KL Sn2 SR [ SE 2R St
H R

Among a series of aliphatic amines chlorinated at the end (common formula: CI(CH2)nNH>),
which one has the fastest reaction rate of the Sn2 cyclization under alkaline condition?

An=2 B.n=3 C.n=4 D.n=5

17. FERR IR, A EHI(CH3)sCCH2OH Mt 7K B I 1) 32 2 72 -

When compound (CHz)3sCCH20OH dehydrates into alkenes under acidic condition, what is the
major product?

A. CH3CH=CHCH,CHjs B. (CH3)2C=CHCHzs

C. CH2=C(CH3)CH2CH3 D. (CH3).CHCH=CH:

18. TR T, A S KA RN -

Which haloalkane is most prone to have elimination reaction?

©/CH20HzBr O/CH2CHzBr
A. CH3CH:CH.Br B. (CHs).CHCH:Br  C. D.

19. FHI e, SN1 RN ZE 5 HEAT [ :
Which haloalkane is most prone to have Sn1 reaction?
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Br Br Br Br

20. 7£ sp® MR EANRR S5 7 EREAT SRR IR S R, T F1 L (] Hh B 2 M R A o 1) o«
For nucleophilic substitution reaction on sp® saturated carbon atom, which of the following is the
best leaving group?

SO,

SO,

(@]
A.ClI B. ii o[t] D. NO:

21, NANBARGRBEAT I S SLIN XL o5 B A S b AR P P A e i Y 2
When having nitration reaction, which of the following substituted benzenes has the para position
product with the highest ratio among all isomers of the products?

CF; Me CO,H NHCOCH,

O 0 0 0

22. 1% P 2R B R A B 5 R W — AN 1) s B AT AR = e
To obtain a tertiary alcohol, Grignard reagent phenylmagnesium bromide needs react with which
of the following reagents?

A. Z.l% (Acetaldehyde) B. 4R . (Ethyl acetate)
C. 14 2. )% (Ethylene oxide) D. J& Z %t (Bromoethane)

23. NHIA NG 4 5 HAL 2 AS RL 2

The common name of which compound is NOT a synonym of its chemical name?
A. B, =M% (Glycerol, Propanetriol)

B. Hg, ¥&F# W (Oxalic acid, Hydroxyacetic acid)

C. &1fi, =& ¥ ¥t (Chloroform, Trichloromethane)

D. #fE, 2- BRI HE (Furfural, 2-Formylofuran)

24. THULEYIH, TR AR KRR EILIR ?
Which compound is an UNNATURAL amino acid?

1 L X

A HaN" T COH B HaN" “CO,H c. HNT SCO,H D. HaNT COoH

25. HArsegs = aitb i 55 G2, EEAE:
Currently, which material is the most commonly used in chromatography for compounds
purifications in labs?
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A. TE (Silica gel) B. i#> (Sea sand)
C. fi'’E (Gypsum) D. &M 2R (Activated charcoal)

26. IR E — € SR AT T T AL A 380 <00 35 2 Ty TS Al 2 R Ty VR S P, AT DA I T AR T
oy AL

Nitration of phenol results in a mixture of o-nitrophenol and p-nitrophenol. Which of the following
methods can be used to separate the two products?

A. IKZES ZEMW (Steam distillation) B. % 2818 (Vacuum distillation)
C. & JE7%1% (Simple distillation) D. J&i£43 5 (Cannot be separated)

27. FEAE FHAF TR TRV R DY Sk 2 /T, R EE AT e &, mT DU A .

Before using tetrahydrofuran that has been stored for a long time, a peroxides test is required.
Which of the following test papers is appropriate for this purpose?

AL TER AL B4R (Potassium iodide-starch test paper)

B. pH 4% (pH test paper)

C. #mri 4t (Borax test paper)

D. & ALE 4K (Cobalt chloride test paper)

28. SIS NIVEAE K, AT K ?

In laboratory, when sodium is on fire, how to extinguish it?

A. CCls K ‘K #5 (CCla4 fire extinguisher) B. 7K (Water)

C. COy Kk %% (CO; fire extinguisher) D. fi#fiAii (Asbestos cloth)

29. AL SEIG v FH B IR B A2 -
Which organic refluxing tube is commonly used in organic chemistry lab:

A. S4B (Air condenser) B. BRIEA it (Allihn condenser)
C. HIE¥%#E (Liebig condenser) D. gL #EE (Graham condenser/Dimroth condenser)

30. %E5E 5 LR v BURIAT AL B T AR -

Which reagent/test can be used to identify methyl ketone fragment in organic compounds?

A. {75525 (lodoform test) B. 7 R (Lucas' reagent)
C. MK (Fehling's reagent) D. 42171 (Tollens' reagent)

31. REAEYIBEAT 6B A Pl /5 RO R S 3 P & B AN AT D i B 1
Chlorophyll is an essential catalyst for photosynthesis in green plants. Which metal ion is critical
for the function of chlorophyll?

A. Co B. Fe C. Mg D.Cu

32. KT WM EY), T VR RIE:

Which of the following statements is WRONG about steroids?

A. G5t BRSSO S A A UIAME R
(The common structural feature shared among steroids is that they have four rings arranged in
a specific configuration.)
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C HA R ARE T, 5 BIAIEEL

(The A ring is a five-membered ring, fused with the B ring)

JTZAAE T EEDT, R RIS B R AR E T e

(Widely exist in animals and plants, and many have important physiological functions)
JOER ] P21 4 6 ) 2 ol 0

(Cholesterol is an important component of cell membrane)

33. KAy, THUIERHIRKE:
Which statement is WRONG about phenol:

A

B.

C.

FERR LRV P 5 DU 731 Bra [ N AR BT TE

(Reacts with 4 eq. Br» in alkaline solution to generate precipitation)

5 ZSABRKIE B A E R 2L T 28 S 1)

(Forms characteristic reddish brown complex with ferric chloride solution)
A LAV T2 AN AR T

(Can be dissolved in sodium hydroxide solution)

D. A&k n] LA ] 7R A - e 5 2 S K M IR

(Its sodium salt can be used to synthesize salicylic acid through Kolbe-Schmidt reaction)

4. RTHEARMT, THUER IR Z:
Which statement is WRONG about protein sequencing:

A

FMEIRITIE R 2,4- AR S N-Ii 2 2R IR 1Y) 2 3 S

(Sanger method uses 2,4-dinitrofluorobenzene to react with the amino group in the N-terminal
amino acid)

S 77 R R S A EURR AR 5 N - 2 R R ) R S N

(Edman method uses phenyl isothiocyanate to react with the amino group in the N-terminal
amino acid)

REM B EAER T A AW E R E

(Determination of the amino acid sequence represents the determination of the protein
secondary structure)

K JBE £ WA B AT /K AR, IS RRAT AT Y IR AE 2R AR M) Y C- g

(When a protein is hydrolyzed by chymotrypsin, tyrosine tends to appear at the C-terminus of
the cleavage products)

35. RTFHEAL G & BT 7>, FHIUHER R A

Which statement is WRONG about synthesis and separation of chiral compounds?

A

HIH AR T] LU I 501 5 A R A S 1 SO A B B S R A, 3E i &5 R D7 VAT O
Eg 4y,

(Racemates can be separated by reacting with an optically pure compound to form
diastereomers followed by separation through crystallization)

HMH Jie A ] LIS B AL AL 52 S B HEAT SR

(Racemates can be separated by enzymatic reactions)

HMH I H AT GRS s A A T IR 20

(Currently, racemates cannot be separated by column chromatography)

B TS S8, B AR AT 7 & T2 &)
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(Without chiral induction or aid, currently chiral pure compounds cannot be synthesized from
achiral molecules)

36. N A S B A B ) A )
Which of the following reactions has the correct major product?

Br
—_—
A.

©/Me Na, NH; (liquid) Me
o~
EtOH
B.
HNO3 (conc.),
cl H,SO,4 (cong.) cl
—>
60 - 70°C
C. NO2
KNH, Me
/©/Me NH; (liquid)
Cl
D. NH2

37. THMLF RBLEE B 3R 5 A 2
Which of the following reactions involves a carbene intermediate?
OH OH

10% NaOH/H,0 CHO
'

0]
o ©Me  DMSO, rt.
+ S L.
Me
Zn(Cu)
CH20|2 >
ZnCl,, HCI Cl
+ HCHO >

A

w

O O OO

©

b
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=\ HEEE (38-44 RGN 2 4y, 45-49 FREG/NE 34, 3£ 2940
Blank filling (2 points per problem for problems 38-44, 3 points per problem for problems
45-49, totally 29 points)

38. O)\/ Mtk 544 2

Provide the IUPAC accepted name of the compound:

39. WIS, HIZE AN = A RN EEE W o 5 — 1 (R RANMEZ BT

For each of the following category, please list the name of a product and its major organic
component (you may choose any two categories).
% 24 Medicine (

£ i Foods

ket 5175 8L Cosmetics/Perfumes

£ 25110 JE Pesticides/Fertilizers

(
(
(
ekl Dyes (
(
(
(

AEVE Energy
7 H IR Y% Military/Civil materials
=7 #1 8 Polymer materials

e SN N N

40. 5 FEY).
Provide the major product for the following reaction.

@ /\
/
CHO

N MeCN/H,0

O)\O
O

41, 5 ).
Provide the major product for the following reaction.
o]

1-CigHa3
OMe m-CPBA, Li,COs
>

= CH,CI
O§(Nj‘n\ 2
(0]

42. 5 FE ).
Provide the major product for the following reaction.

%
o
=i
o
)
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HO.
| Me 5 TsCl, NaOH (ag.)
acetone, reflux
Me H
43. 5 HFEY):
Provide the major product for the following reaction.

N
Me” Mel Ag-0, heatin
) % > 92 g>

44, 5 FEEY).

Provide the major product for the following reaction.
OMe

MeO O CHo  KOM, EtOH
MeO l CHO »>
OMe

45. Hl &4t ik Foay, 35 HH R HURE A
Provide the IUPAC name and draw the Fisher projection for the following compound

!

H,N~ SCOLH

fir4 (name) FE R 3 (Fisher projection)

46. 5 FE YR E R R R
Provide the stable chair conformation of the major product.

Me
Br2
Me y
M

€ Me

A7, G D EE )
Provide the major product for each step.

B
©
=i

H
p=i
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0]

(0]
CI\)k Me
(o) MeOH, BF3¢OEt
> e
NaOMe

48. H iR — b L EPIHIRR E R AR
Provide the stable chair conformation of the major product in each step.

Me
KMnOy, H,0, 5 °C H»,SO4, H,O
O[ 4 Ha 2 2804 10
Me

49. 5 HOLI Z JE I =4
Provide the ring opening product after illumination.
Me

e 1D w
] g
HO

= ABRETHE  (50-53 BE/NME 5 4, 320 4)
Synthetic design (5 points per problem, totally 20 points).

50. MIBEDY K B FH A A AR R AR IR «
Provide a synthesis of the following unnatural amino acid from thiophene and other common
reagents.

@ - /]

S S

H,N~ >CO,H
51. IIR UM H R A BRI, BRI HE R A A O (B —RD -

Provide a synthesis of cyclopentene from cyclohexene, or the opposite direction (you may choose
any one).

O = O
O = O

10 7T 12 11

H
\=

\

N
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52. MAHIE A Je HEANE IR R B OB A
Provide a synthesis of the following azo compound from nitrobenzene and other reagents without

benzene ring.
Br
= <)
HO

NO,

53. MR JIE IR & Bt e 1 &4 -
Provide a synthesis of the following amide compound from stearic acid.
0 0

)k .n-Cq7H3s

>
n-C17H35 OH > n—C18H37 H

MU, HLESTRE. RI\ERNFZAE, SITERZEFYREALSRE, ARk RABRTHERT
[, WPKNBRPL, HEEH. (54-55 @&/NES5 5, 3£ 104

Mechanism analysis. Provide an arrow mechanism for the whole reaction process, including
all intermediates. Please specify if any name reactions are involved. (5 points per problem,
totally 10 points)

54,
OH 0
OH H H
MeSO,Cl, EtsN, 42 °C
>
H OAc H
55.
OCOPh Q  ocopn
: BF3eOEty, 0 °C :
5 -
Me Me

H. EHEITE (56-57 B4/NME 54, 3£ 1040)

Structure determination (5 points per problem, totally 10 points)

56. J: KRB EEE R EY A, 53T CroHsF30m2. A RIRHEIE EIER I R & p-HEHE
B, RIS A P E I S AR A 20T IS R K fif 45 31 1Y -O- FF B Ak 6 %
B By =-O-HEALHEHE C MR R AY) Do B & MHIRAM 513 8] =-O- FIHANE — 1%
M -O-HE-L-I AR . A Hl iR SE AL A P TR . I8HENILEY) A, B, C, D 14,
S SRR (RFIEH & PR TS, EResy HIERER T A2 V15 4 70) .

=+

F1lo J12m
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An unknown compound A is a disaccharide containing two glucose units. A has the formula
C19H25F3012. The NMR spectrum of A shows that it only has g-glycosidic bond. A also has
aromatic protons which have two sets of doublet peaks in *H NMR. Compounds B, C and D can
be obtained from fully methylation and then hydrolysis of A. B is a tetra-O-methylglucose, C is a
tri-O-methylglucose, and D is phenol compound. B can be oxidized to tri-O-methylxylaric acid
and di-O-methyl-L-tartaric acid by nitric acid. One molecule of A can be oxidized to release two
molecules of formic acid by periodic acid. Please provide the structures of compounds A, B, C and
D as well as your reasons (If you can provide everything right except the chirality of glucose, you
still get 4 points).

57. FGERD T E, 70T N CaHaoOs0 E FEBRIE S5 T /K AR AT SRAT KR BERR F, F R
a3 £ HEE TR . E Al DR BIR B AR R 5 — M IRIR 1. E AL R RE
RAFHUERERE N 2K G, BN S E, F, G WEHIFS S .

A lipid molecule E has the formula C21Hs004. Long chain acid F can be obtained through
hydrolysis of E under alkaline condition. Ozonation of F gives n-nonylaldehyde and linear azelaic
semialdehyde. E can lose a carbon atom when degraded by periodic acid. Under illumination E
can isomerize to G, which is more stable. Please provide the structures of compounds E, F and G
as well as your reasons.

F12 7 12 11

H
\=

\

N



