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l. Single-Choice Questions [R&# : £ 54 7 BHI3H HABEF T FHE 0]

1. According to the CIP nomenciature, the molecule shown below is -form 2-butanol.
A) (D)form
B) (E)-form OH
C) (L)-form \/'\
D) (R)-torm 2-Butanol
E) (8)-form

2. The field of stereochemistry began with the study of tartaric acid (shown below) by Louis Pasteur in
the 1850s. Tartaric acid has _(X)__ chiral centers and _ (Y)__ possible stereoisomers.

B2 o
L= HO,C
C)X=2Y=2 2 CO,H
D)X=2,Y=3 OH
E)yX=2,Y=4 Tartaric acid

3. What is the most Iikeiy product of the foltowing hydrobromination reaction?
Br
(C)
4. What is- the most likely product of the followmg reacttpn?

HO’-_ // COQMG Ho’-. 4— COzME HO’- f COZMe
—— Y
‘O Lindlar catalyst ? {A) ‘O {B)
1 atm Hz
HO, HQ .
O =y (C) % (D} : 2 COsMe
COzMe COzMe (E)

5. Which of the following reactions will NOT give benzylamine as the final product after workup?

N
2" NHy-BH, CHO 1) NH,0H, cat. H* OH 1) NH3
— A © — T e B) ———— (C}
2) PG, Hy 2) -80 °C, MgBr,
CONMz  LjAlH, CHO 1) NM,, cat. H
—>0 [J s ™ ®

2) NaBH5CN

6. What is the most likely product of the fo!lowing reaction sequence?
O 1) AICly

2) Zn(Hg) HCI
\© L ° msoon m \CEj
4) AlCly
(A) B) o
7. What is the name of the reaction in step 1) and 4) shown in Question 67

A) Cannizzaro reaction B) Claisen condensation C) Friedel-Crafts reaction
D) Grignard reaction E) Swern oxidation
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8. Which combination of reagents would yield the product shown below?
Me

? cat. Base O@§

(Robinson annulation)

OMe

2ol kel
H e \*N

9. The first step in the reaction sequence shown below is a heat-promoted rearrangement to generate
intermediate [X]. it contains a new functional group (Z) not seen in the starting material. Z = ?
A) Aldehyde B) Carboxylate C) Ester D} Ketone E) Peroxide

)
@/0\/\ 200°C [ X] Y do\/\

10. What reagent (Y) should be used in the second step of the reaction shown in Question 97
A) HBpin B) H:0: / BF5 C) b D) KOH / 14-crown-4 E) Pd(OAc).

Question 11 & 12 are about sugars. The chemical formula for all three structures shown below are
C7H1406. Choose the term that correctly describes the relationship between these stereoisomers.
11. Methyl-a-glucopyranoside and methyl-a-galactopyranoside are a pair of

A) anomers B) epimers C) enantiomers D) tautomers E) the same
12. Methyl-a-glucopyranoside and methyl-3-glucopyranoside are a pair of
A) anomers B) epimers C) enantiomers D) tautomers E) the same
OH OH OH.OH
’é“\ Hogél%,onne , HO%
OMe CMe

Methyl-o-glucopyranoside  Methyl-g-glucopyranoside Methyl-a-galactopyranoside
13. Which of the following molecule is NOT aromatic?
{A) ‘ O (B) < D)

o (E)

14. Which of the following molecules is stable in air at room temperature?

&
»

(A} Ho (B) <) (D) o (E)
h AX\\ =
NMe Me
15. Which of the following molecules is a b-sugar?
(A}  cHo (B} cHo € cHon (B oo {E) cHo
H——OH H——OH =0 H——OH H——~NHCOCH;

HO——H HO——H HO——H HO——H HO——H
CH,0H H——OH H——CH HO——H H——OH

H——OH HO——H CH,OH HO—H

CH,OH CH,OH : CH30H

16. Rank the acidity of the most acidic proton in the following molecules (from strongest to weakest).
AYizlzli=>IV B)IV>Ill>li>] COlll=V>li>t D)i>H>1>IV
U 0 {n 0 (my

v} o
OH
& "o ke
H
NO,

# R R
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17. Which of the following descriptions about phosphatidylcholine is NOT correct?
A) It is a common lipid in biological membranes
B) [tis zwitterionic under physiological conditions
C) It contains a phosphodiester moiety
D} it contains two ester moieties
E) It contains a tertiary amine

18. Flavin is an important cofactor that mediates electron transfer in enzymes that catalyze redox
reactions. it can exist in various forms (I to IV). Rank them from highest to lowest oxidation state.
Al >0V ByiValll>ll=| Cli=ll=IV>l Di=l>ll=1V

n T {1 T H (V)

0] T I
N _N__O N_ _N._O N._N__O N__N__O
JOCX % XX rrn o orrsm ooor
I}f: N N N
o o 0 Hoo H o

IIl. Mechanisms and Structures [ %48 : 46 % @5 LEHIET  SNEEEFEHL - ]

Question 19 & 20 are about cysteine proteases. The active site of these enzymes usually consist of

three key amino acid residues that are in spatial proximity, referred to as the catalytic triad.

19. The calalytic triad of a cysteine protease usually contains _ (X) _, _ (Y)_, and cysteine (name of
amino acids). Hint: The acid dissociation constants (pKa) of the side-chain functional groups of these
amino acids are approximately 4.0 (X), 6.0 (Y), and 8.3 (cysteine). [=5]

20. Draw the structures of the two amino acids in the previous question. =]

Answer Question 21 & 22 based on the following compounds and reagents.

{1) (1) ge () Br (v} (V) me (Vl)Me Me
/k/Br /\r k 0 kY Me*O_ K Me>kOF K*
21. Bromoalkane can undergo substitution or elimination when it reacts with a base. Choose the
combination that yields the of highest ratio of elimination product. [Z. % » 2% # 2 4]
21.1 Choose a bromoalkene from compound [1, I, or Il1]
21.2 Choose a base from reagent [IV, V, or VI]
21.3 Choose to run the reaction at [High or Low] temperature
22. Draw the structure of the elimination product. [ =4

Question 23 & 24 are about Diels-Alder reactions, a type of [4+2] cycloaddition reaction.
oH

Intramelecular

Diels-Alder Digls-
@ " MeOZC\/\C%Me P S iels-Alder

{n

23. Draw the product (P) for the reaction shown above. Clearly indicate stereochemistry. [=. 4]

24. The starting material (S) underwent an inframolecular Diels-Alder reaction to generate compound (l).
Draw the structure of (8). Clearly indicate stereochemistry. [= 4]
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Questions 25 & 26 are about the “Fmoc” (fluorenylmethyloxycarbonyl) protecting group. It is often used

as the amine protecting group in solid-phase peptide synthesis. Fmoc protected phenylalanine (Fmoc-
Phe-0OH) is shown as an example.

Fmoc-Phe-OH
O /l.i l Base
. [8; H CO,H - X +Y + Z

25. Draw the products (X, Y, and Z) of Fmoc-Phe-OH deprotection. [ = 4]
26. Draw the arrow-pushing mechanism of Fmoc-Phe-OH deprotection. [=4]

Question 27 & 28 are about Witting reaction. It was first reported in 1954 by Georg Wittig, who was
awarded the Nobel Prize in Chemistry in 1979 for his discovery and research of this reaction. It is a useful
method to synthesize alkenes from aldehydes or ketones.

o H->—E’p?=h R s tPn = Lo

3 - —R- = L~=R-
A Ph 7" “pn }

Reagent ()

CHO Reagent (1) e
— X —— ©/Y +  PhyP=0

27. Reagent (1) is formally a carbanion directly attached to a positively charged phosphorus atom. This
type of neutral dipolar molecules is called a =
28. Draw the structure of the key oxaphosphetane intermediate [X]. [=4]

Question 29 to 32 are about NMR spectroscopy knowledge.
29. Teixobactin was discovered in 2015 and is a promising antibiotic candidate. Answer the following
questions about its NMR properties based on its structure shown below.

SNH O OHH 0 H o\ OHH 0 H
- , s N__-NH
o J. " g o . 0 H N NH
¥, o O
| | 4
o
0

29.1) How many carbons in *C NMR do you expect to see in the § > 100 ppm range? [— 4]
29.2) Among the carbons in 29.1, how many of them are sp? hybridized? [—#7]

29.3) How many protons in 'H NMR do you expect to see in the § < 2.0 ppm range? [— 4]
29.4) Among the protons in 29.3, how many of them split into doublets? [— 4]

29.5) The arrow paints to two protons. Will they have the same chemical shift? [— 4]

29.6) The arrow points to two protons. Will they have the same splitting pattern? [— %4

CONH,

kA
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30. The molecular formula of this molecule 30 is CioH:20. its 'H NMR spectrum is shown below. Draw
the most likely structure of this molecule. [= 4]

31. The molecular formula of this compound 31 is C7H1oN.. Its *H NMR spectrum is shown below. Draw
the most likely structure of this molecule. [ =4

*H NMR spectrum of molecule 30
Molecular formula: CoH120

Approximate peak integration:

1 2 2 1
—t —i— —

L L A T T NN B A R 1

spm

H NMR spectrum of molaecule 31
Molecular farmula: C7H1oN2

Approximate peak integration:

1 2
— —i

Tm
i

[} 1 Q
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32. Match the 'H NMR spectra below to amino acid structures are shown below. All spectra were obtained

in D20 using a 600 MHz instrument with tetramethylsilane (TMS) as the internal standard. [# 4]
32.1 Spectrum (I) correspond to {name of amino acid). [=4%"]
32.2 Spectrum (If) correspond to {(name of amino acid). [=%"]
32.3 Spectrum (1) correspond to (name of amino acid). [= 4]
H
N\n,NHz o ; ,\{) Oy NHz
NH OH N o
L -
HaN COzH  H,N™ "CO,H  HuN COzl  HyN COH  HzN COzM  HaN™ “COzH
Alanine Arginine Aspartic acid Histidine Glutamine Iseleucine
OH
,[OH HOI,\ f\ £ ] ,E ] = MH
HaN" "COH - HpNT "COH - HNT “COH  HpNT “COH  HiNT COH  HNT “CO.H
Serine Threonine Leucine Phenytalanine Tyrosine Tryptophan
(& EEe 5o = =107]) Zbomin 8 7.0% 7.8 pp
S Ermarimeniat w Spectrum {1) I
.
! SEOL
o
L .
B z - e e ey mdeA AL § e e .__le.,. coye e — 5 . .l PR
" 10 2 & r 6 s a 3 ] 1 -} -1
——————— ppm .
ZoofinIn & 1.5 - 3.5 ppr; (&) Boe 7w BI=] (2]
Spectrum (Il
.J_;‘_L_w. .y Y L
o ] l'_r S — o [Jx.;rz,,, JLA. Pt S -
1 10 o a 7 & s P 3 2 1 @ .3
— T T PPpm
Zoom'in § 0.5 ~2.0 ppm: ([ETEH. @ v (=
Spectrum (i)
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