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1. (1 point) Which of the following transformations can be carried out by the Williamson ether synthesis

reaction?

OH
OH WO'Bu OH o
IO e e o O

2. (1 point) Which of the following transformations can be carried out by the Claisen rearrangement?

o OH OH o
(A) @;\ — (B) <i>—conu2 — <i>—m-|2 © —
0,

3. (1 point) Which of the following transformations can be carried out by the Simmons-Smith reaction?

H
(A) O — ©> (B) Meo—O—CHo — MeO—@—\ (C)O:O — O:
7 OH
H

4. (1 point) Which of the following transformations is the best result of an E2 reaction?

W X ’\)\/‘B’\KE ’\)\/‘c’\)cl\/\ ’\/oxe/\

5. (1 point) Which of the following transformations is the result from an E1 reaction?

Cl
Br
(A)@X—»é)\ (B)dj/\—Fdj/\ (C)é(\%é{\
OH Br

6. (1 point) Which of the following transformations is the result from a Sx2 reaction?

cl OAc Br Br Br
Br ! H o,
(A) ©>< » @X (B) é/'\ » é/'\ () é/l\ » ét/\

7. (1 point) Which of the following transformations is the result from a Sx1 reaction?

mQ

Br (o)

= o 0
(A)©/=\/°H—>©A <B’\}f/\—>\'54/\ © —’ij
Br
8. (1 point) Which of the following transformations can be carried out by the Diels-Alder reaction?

NesRione (Kioogny ot @_,zz%p

9. (1 point) Which of the following compound is cumene?

Me (o) (o]
(A) ©)\|vm (B) ©)‘\/""e (C) @*Me
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10. (1 point) Which of the following compound is called Sanger’s reagent?

F
NO, o COH NO,
(A) (B) @[ (C)
OH
NO, Yo,

11. (3 points) Give structure each of the following names: (a) toluene, (b) ethyl acetate, and (c) tetrahydrofuran.
12. (3 points) What is the IUPAC name for the below compound?

A

13. (3 points) Give the product of the below reaction transformation:
0]

(1.0 equiv)
o,

- ?
Br
Br

14. (3 points) Give the final product of the below 3-step synthesis:

O 1. Bry; 2. KOH, heat
= » product (C44H42)

O 3. H,, Lindlar's catalyst

15. (3 points) Give the final product of the below synthesis:

NMez
1. Mel; Ag,0, heat

» product (C5HgO)

2. 03; Zn, H30+
Br 3. NaOH

16. (3 points) Predict the product for each reaction below:

X 1-McpBA
(a) — b L _HCl,
2. HCI o

17. (3 points) Propose a structure for an unknown organic compound that fits the following proton NMR
spectral data: CcHsNCly; 6 7.14 (d, 2H), 6.57 (t, 1H), 4.40 (broad s, 2H)
18. (3 points) Give structures of the product for each below reaction:

Et

OH
s O Uy, e
B(OH),

19. (3 points) Give the product of the following reaction:

o +
? CN H3;0%, heat
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20. (3 points) The below reaction is called Kornblum oxidation. Provide your mechanism for such functional

@/\CI DMSO Et;N ©/CHO
_— e — %

21. (5 points) What are common names of the following compounds:

(o) (o) o)
(o) (o)
@[ N-Br [ o (@[ o w)QQVJLNHZ © A,
o) o) o)

22. (5 points) How would you synthesize the following substance, starting from benzene as the source of the

1O

Et

group transformation.

aromatic ring?

(R FIA £ 25 F &N

I. Multiple-Choice Questions (¥ :£ 4% » =+ 41 2 &)

23. What is the point group for the following structure?

(A) Dan B

(B) Cov RL[}I?
(C) Dag /\:\E‘;M-‘:"’B
(D) Cay B—_|

(E) Duan A

24. Br," is red and I," is bright blue. What electronic transition is most likely responsible for absorption in
these ions?
(A) o* — r*
(B) co—=n
C) c—-n*
(D) = — o*
(E) n*—oc*
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25. Which of the following equations about symmetry elements is not true?
(A) C2=S,7
B) Si=o
(C) S$2=i
(D) C2=S4
(E) Cixoy(x2)=0) (y2)

26. Select the shortest C—O bond distance: [Ti(CO)g]>~, [V(CO)g]™, Cr(CO)g, [Mn(CO)s]*, [Fe(CO)e]**
(A) Cr(CO)g
(B) [Mn(CO)s]"
(C) [V(CO)]
(D) [Fe(CO)e]**
(E) [Ti(CO)e]*

27. How many isomers (without considering ring conformations) are there for octahedral [Co(dien),]**
(hint: dien = diethylenetriamine, a tridentate ligand)
(A) 3: mer-A, mer-A, fac
(B) 3: mer, fac-A, fac-A
(C) 4: mer-A, mer-A, fac-A, fac-A
(D) 4: mer-a., mer-B, fac-A, fac-A
(E) 4: mer-a, mer-p, fac-o, fac-p

28. Which of the following complexes has the least unpaired electrons but largest ligand filed stabilization
energy?
[Cu(H20)6]*", [Cr(CN)e]*", [Fe(H20)s]*", [Co(NO2)s]*", [Co(NH3)s]**
(A)  [Cu(H0)e]*"
(B) [Cr(CN)e]*
(C) [Fe(H0)e]*"
(D)  [Co(NO)e]*
(E)  [Co(NHg)e]**

29. For the free-ion term 3D (d3), what are the correct values of L, M, S, M, and the lowest energy of J ?
(A L=3,85=32;M;=-3,-2,-1,0,1,2,3;, Mg=-3/2,-1/2,1/2,3/2; J=3
(B) L=4;S=1;M;=-2,-1,0,1,2; Mg=-1,0, 1; J=5/2
C) L=2;8=12;M;=-2,-1,0,1,2; Ms=-1/2,1/2; J=3/2
(D) L=2,8=3/2;M;=-2,-1,0,1,2; Mg=-3/2,-1/2,1/2,3/2; J=5/2
(E) L=3,8=12;M;=-3,-2,-1,0,1,2,3; Mg=-1/2,1/2; J=3/2
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30.

31.

32.

33.

34.

Given a dimeric complex with the chemical formula, (n°-Cs5Hs)(CO),M=M(CO),(n’-CsHs), identify the
2nd row transition metal based on the 18 electron rule.

(A) M=Ta

(B) M=Ru

(C) M=Tc

(D) M=Re

(E) M=Mo

Which of the following electron configurations is not correct?
(A) Ta’": [Xel4f145d?

(B) Cr’*: [Ar]3d3

(C) Ru?*: [Kr]4d®

(D) Ce*: [Xel4f!

(E) Sb3*: [Kr]5s24d10

The NMR signals of the molybdenum complex as shown below are given at 8: 5.46; 5.28; 5.15; 4.22;
2.56~2.78; and 1.31 ppm. What would be the most likely integration ratio accordingly?

(A) 2:5:3:2:2:27 @

(B) 3:5:2:2:27:2 ‘310_1)5\10/%
(C) 5:2:2:27:2:3 i \(......(‘0
(D) 5:2:27:2:2:3 ﬂ 0
(E) 3:2:2:2:5:27 g

Multiple Selection Questions (47 :E 4% > & 322 4 » 244 3+ 4)

Which of the following symmetry elements should not be included in chiral compounds?
(A) an improper rotation axis (Sy)

(B) a rotation axis (Cp)

(C) an inversion center (i)

(D) aplane of symmetry (o)
(E) the identity (F)

Which of the followings are correct?

(A) X—0O length: CIO3™ > BrO3™ > 103~

(B) O—X—0 angle: ClIO3~ > BrO3™ > 103~

(C) Bond angle: HOH > HOF > FOF

(D) X—Sb—X angle: SbCl3 > ShBr3 > Shls

(E) P—Fayia length: PFa(CHg)s > PF3(CHg)z > PF4(CHs)
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35. Which d" configurations would not show Jahn-Teller splitting for the tetrahedral metal complexes
(ignore possible low-spin cases)
(A) d?
(B) d3
(C) d*
(D) d®
(E) d’

36. Which of the following statements regarding the elementary reactions of organometallic complexes are
correct?

(A) For a reductive elimination reaction, the metal center undergoes a 2¢™ reduction to form a new o-
bond between two ligands on the metal.

(B) Reductive elimination is basically the same as -elimination reaction.

(C) For an oxidative addition process, the oxidation state of the metal center decreases by 2 unit to give
two new metal-ligand bonds.

(D) The reverse reaction of migratory insertion is -elimination.

(E) Olefin metathesis is a commonly occurring metathesis reaction that takes place between two
alkenes.

37. Which of the followings are correct?

(A) The number of radial nodes for a 3d orbital is 2.

(B) The number of angular nodes for a 4f orbital is 3.

(C) There 4 lines in the Balmer series of hydrogen atom spectrum.

(D) There are at most 10 electrons in an atom having quantum numbersof n=5and | = 3.

(E) The main cause of lanthanide contraction is the steady decrease in ionization energy of
lanthanoids as their atomic number increases.

.Fill in the blanks for the following questions. (£ 7 4% > = 7 . 2 &)

38. describes the influence of inner electrons on the effective nuclear charge felt by outer

electrons.

39. Suggest the geometry of a square planar complex after a 2-electron oxidative addition reaction?

40. Reductive elimination is accompanied by (increase or decrease) in the oxidation state of the
metal.

41. For the complex [Ru(NH3)]3*, assign the spin multiplicity of the metal center.

42. Following the previous question, what is the magnetism of the complex?
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43. How many isomeric structures are possible for IF30,?

44. Following the previous question, what is the point group designations of the structure with the lowest
energy.

45. How many total vibrational modes does a planar PtC142~ ion have?

46. How many C—O stretching bands would you predict for the trigonal bipyramidal trans-Ru(CO),(PEt3)3?

47. Using the diagram of unit cell shown below, determine the formula of the compound.

(open circle = cationic M, closed circles = anionic X)

O=M
®-X
IV. Some Character Tables
C,,, Groups
Cs, E 20 3o,
A 1 1 1 Z ¥+
A, 1 1 -1 | R,
E 2 -l 0 | @y (RoR) | & =y xy), (xz,y2)
C, | E 20, C 20, 20y
A, 1 1 1 1 | Z 2+ 42
A, I 1 I -1 -1 |R
B, | ~1 1 1 1 2 — 2
B, 1 -1 1 —1 1 Xy
E 2 0 —2 0 0 (x,¥), (R, R)) (xz, y2)
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-2 0 0 | (RuR)

2 0 0 (x,y)

x2 + y?_, ZZ

2 2
X =y
Xy
(xz, y2)

x2 + yQ,ZZ

o — ¥4 xy) (2, y2)

(NSRS

xz + y2’ Z2

(x, y)
(x2 - yz,x}’)
(R, R)) (xz, yz)




