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1. For Sy2 reactions, which of the following statements is CORRECT?
A. For a given Sy2 reaction in polar protic solveni usually gives a higher reaction rate than that of in polar
aprotic solvent.
B. The following reaction will give a product with § configuration.

H,:SC:: CHacHzoe
HyC (5

C. (B)-CH3CH;CHDI reacts with Nal in acetone gives (S)-CH,CH,CHDI
D. (CH3)30H pKa = 18, CH3;OH pKa = 15.5 in water, accordingly, (CH3):0™ should give a higher rate than
CH;O™ toward a secondary alkyl bromide.
2. For Sy1/E1 reactions, which of the following statements is INCORRECT?
A. The Sy1/E] reactions proceed through the same carbocation intermediate.
B. For a given secondary alkyl bromide in water, lower the reaction temperature favors the Sy1 product.
C. The following Sy1 reaction will give a racemic product.

=l H,Q

D. For El product, the most substituted alkenes normally is the major one.
3. For E2 reactions, which of the following statements is CORRECT?
A. (R R)-2,3-dibromobuiane undergoes E2 reaction will give an E-alkene.

B. The product of the following reaction is carrect.
CHs CHa
E2

————

Br:

C. Dehalogenation of 1,2-dihalides with I” has an E2-like transition state. For the following two substrates

Aand B, in which A undergoes dehalogenation with I”  faster than B.
Br Br

Br. ~ Br,..
A= \O B=

= 0
D. The nature of leaving group is unimportant in the reaction rate of E2 reaction.
4. According to the Hﬁckel rule, which of the following compounds is AROMATIC?

Neoe () o oD
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5. Which of the following reaction WILL give the indicated product?

CH,
HBr 1) BzHg
A, )\/\\\ —_-— MBF B. C@ —

2) HzOz, NaOH

Ph,lLo.oT Ph H E)H
(cat.) ©
H mCPBA (1.0 eq.) ?
C /\\/f\/ CHC|3 /”"‘Pl"”/ 0. e o m
NaOH (50%) i CHCly

6. Which of the following reactions WILL NOT give a meso product?

HaC CHs
K O[ ol O-on
HsC CH3 I
C. HgC—Q‘CHs + DyPd-C D, (£)-34-dimethyl-3-butene + Bry

7. Which of the following reactions WILL NOT give the indicated product?

o o]
0 NaBH. Q
H

H

OH OH
0 i 3 ) &
CHaMgBr i
C. /\)J\OCHg /\)LCH:; D. © o

8. Which of the following reactions WILL NOT give the indicated product?

CH
a4 chymgar z ?)H
A B. CDQ kol
2) H0 =CH,
2 NBBH.:, B
Q 9 oH
Na, NH4(iquid
c 1) 0sQ, (cat.) m D. Et—=——Ft .._.._ﬁﬁa..).. Et\/\Et
2) HyS
2 OH

9. For pKa, which of the following comparisons is CORRECT?

(o] (0] 0 Q o} 0 i
. g B. > -H =
HacD)'H)J\OCHa M OCH3 M 0-H @-O H O-H
H H H

o ol
c. = > =/ > @—H D. F\)LO_H> e A __ > Br\)LO_H
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10. Which of the following reactions WILL give the indicated product?

CH
C: heat ©’ 8 ©:} (0021\-"6 heat @:),COzMe
CH3 ‘CHa K

COMe “IC0Me
HEr Br
NG —= o+ N\Br
X Y
C. at49°C, Xis the major product D. at0°c, Y is the major product

11. Which of the following reactions WILL give the indicated product?

L i o S

HNO: CH3CH,CH,CI
C. H30©—00H3 — H,C OCHy D, HaN T HzN@—<
H,S0;4 s

12, Which of the following multi-step synthesis WILL NOT give the indicated product?

FaBry

NO; 1) 8nCl,, HCI i 1) Br, FeBrs
2) NaNO,, HCI 2) CH3COCI, AlGI,
A. PR Ph B. HSCO—O L e H,CO Br
3K 3) HCI, Zn(Hg)
1) Br,, FeBrg 1} 803, HpS0, NQ;

c. @ 2) Mg, ether @-0014 2) HNO;, H,S0
3) CO, then HO? 2 D. (e~ —~—‘>-3) R0 heat = (HiO)C

13. Which of the following synthesis WILL NOT give the indicated product?

0
Mn02 . QMgBr
A (o © B )=V g
CHC!;, then, HaQ"
N <:> L HgS0, - C \/ CH3)2CuL| Q
' HzSO4, Hzo 0 @40

CHy ether CHa

14. Which of the following statements is CORRECT?
A. Among the tripeptides formed by the combinations of glycine and valine, there are 4 meso compounds.
B. Amino acids can be prepared by the treatment of an aldehyde with NH; and CN™ and followed by
hydrolysis.
C. The alpha- and beta-anomers of glucose are a pair of enantiomer.
D. Alpha-anomer of glucose is more stable than beta-anomer in water.
15. Which of the following multi-step synthesis WILL give the indicated product?
o 2 l'(\:p'lfl, ;ther 0 0 ?O
A. )J\/\/Br 5)-‘55,,—* )j\/\/\oH B. é/ m;’ ;jg\o
then heat

o »
o) 1y ¢ N0 0O

c M =", N\ 0 ) (CHY0uLl K
2) CHaCHgl ' 2) CHZCHO
3} H30"

3) H:O
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16. Which of the following multi-step synthesis WILL. NOT give the indicated product?

o] o
[eNge) 1
NH, Cla. NaOH NH; B. NH LiAlH,, ether N
(j)k - ></\n’ ? WA !
H3C

0
CHO  crog, H,50
2 1) 2 4
/\/\)J\o NS q COH
CH2Cls -, acetone
HaC Br

17. The TR spectrum shown below is corresponding to which of the following compound?
0

A. H B NH: o OH p,
Y Y Y Al
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18. The '"H-NMR spectrum shown below is corresponding to which of the following compound?

w O O _\_C OHC@_LD QM

- [ERE (E2RE B T)

Provide suitable reagents (with less or equal to four carbons) for completing the following synthesis.

C:)H Br.
A O O B. @ —, HZN‘G_F
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I Selection only one appropriate answer in each question (30%)

19. One of the compounds shown below is not stable under ambient conditions.
Which is it?
(AYCCl, (B) SiCly (C) GeCly (D) PhCl, (EY SiCly

20. The structure of the hexaborane cluster BgH g is...
{A) octahedral
{B) pentagonal bipyramid with 1 missing vertex
{C) dodecahedron with 2 missing vertices
(D) tricapped trigonal prism with 3 missing vertices
(E) trigonal bipyramid

21. For the {Mn(OH;)s]." complex, the ligand field stabilization energy (LFSE) is:
(A)0Dq (B)2Dq (C) 4 Dq (D) 6 Dq (E) 8§ Dq

22. Use the data below to calculate the lattice energy (kJ/mol ) for MgCls.
Ham Mg(s) = 147.7 kI/mol; Hien Mg(g) = 737.7 kJ/mol
Hion Mg" (g) = 1450.6 kJ/mol; Hyiss Cla(g) = 243.4 kJ/mol
Hea Cl(g) = -348.7 kJ/mol; H; MgCla(s) = -644 kl/mol
(A)-1278 (B) -1439 (C) -2324 (D) -2264 (E) - 2526

23. Which one of the following complexes can most likely be able to isolate?
(A) Wa(COMo, (B) [WaACOVio] (C) [W2(CONol™ (D) [Wa(CO)10]" (E) [Wa(COY 10l

24. Which of the following order ig correct for the proton affinities?
(AYN*> 8% > 0¥ > OH’ > NRy > NH; > NCl; > NF;
(B) N*> §% > 0¥ > OH’ > NR; > NH;> NF;3 > NCl
(C)N*> 0% » §* > OH > NRs > NH3 > NF3 > NClj
(D) N> 0% > 8> OH > NR; > NH; > NCl3 > NF;
(E) N*> 8> 0% > OH" > NH; > NR; > NCl; > NF;

25. The magnetic moment (BM) of [FeCl4} is:
(A) 5.92 (B) 6.18 (C) 7.24 (D) 8.52 (E) 9.64

26. Which of the following polarizing power is correct?
(A K >Ag' B)K' > Li" (C) i > B (D) Qv > Ca™ (B) Ti*F > Ti**

27. How many peaks will be observed in "*F NMR spectra of a solution of PCLF, in
isopentane at -22 °C?
(A)0(B) 1 (Cy2 (D)3 (E)4

28. Using the “Slater’s rules, Z* of Co (Z =27} is:
(A) 2.4 (B) 3.9 (C) 4.7 (D) 5.6 (E) 6.1
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I Answer the questions (20%)

1. (A) Construct a molecular orbital diagram for PFs, For the sake of simplicity,
ignore any & interactions between the phosphorus atom and the fluorine
substituents and consider ¢ bonding only. (5%)

{B) Based on the above molecular orbital diagram, write down the bond order and
magnetism of PF;. (5%)

2. Determine the number and symmeiry designations of the infrared-active C-O
stretching modes in the Mo(CO)sPR; compound with the Cs, symmetry. (10%)
quadratic
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