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1. Which of the species below is less basic than acetylide?

A)CH3Li B)CH30Na C)CH3MgBr D)bothAandC  E)all of the above

2. Rank the following molecules in order of increasing relative rate of SN1 solvolysis with methanol
and heat (slowest to fastest reacting).

of Br
e e e B | o B
B)2<3<4<1<5
C)5<4<3<2<1
D)2<3<4<5<1 Br
E)1<2<5<4<3 ) ) g 4 "

3. What compound is formed when 2,2-dimethyloxirane is treated with ethanol containing a trace of
HCI?

A) 2-ethoxy-2-methyl-1-propanol B) 1-ethoxy-2-methyl-2-propanol
C) 2-ethoxy-2-methyl-2-propanol D) 2-ethoxy-1-butanol
E) 1-ethoxy-2-butanol

4. Rank the following compounds in order of increasing reactivity towards chlorination with
Cl2/AICI3 (slowest reacting to fastest).

had mhaiad ° CH; CO,H NH, Gl OAc
B)2<4<1<3<5
C)d<2<1<3<5
D)2<4<5<1<3
E)2<4<1<5<3

5. Which of the following structures, if flat, would be classified as antiaromatic?

A) /7= B) ¢« N NH D) E)
O "CL, O G "CO

6. The Williamson ether synthesis proceeds via an mechanism.

A) SN1 B) SN2 C)El D)E2  E) none of the above

7. Which of the following is least likely to undergo a smooth crossed Claisen condensation with
methyl pentanoate?

A) (CH3)3CCO2CHs  B) PACHCO2CH;  C) PhCO,CHs D) HCO:CH3  E) (CH30),CO
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8. Which of the following describes an unsymmetrical addition reaction?

A) propyne with 1 mole H2, Ni and heat B) propyne with 2 moles CI2 in CCl4

C) propyne with 1 mole Brp in CCl4 D) propyne with Na/NH3
E) propyne with 1 mole HBr

9.  Predict the major product for the following reaction.

0 O .
o 1. LiAlH,4 (excess)
~ -
é)\ﬁ/ﬁg 2. H30" work up
Ay HO 0] B) HO OH C) HO (0]
N O\. N O‘\ ﬁ/\ro\
& OH = O @)
D) HO Ey HO O

10. Which of the following reagents or sequences do not produce an alcohol or diol from an alkene
starting material?

A) HT, HoO B) HCO3H C) BH3 THF followed by H2O7, NaOH
D) Hg(OAc)?, H2O followed by NaBHg4 E) 0sO4, H2O2

11. Which one of these alkene would be likely to experience a carbocation rearrangement when treated
with aqueous acid?

E)

A) B) C) D)
\)\/\ \/L/\ \/L/\ \/l\/\ None of these would
= \ e Y undergo a rearrangement

12. What is the complete systematic IUPAC name for the following compound?

A) (S)-4-ethyl-4-isopropoxycyclopent-2-en-1-one

B) (R)-4-ethyl-4-isopropoxycyclopent-2-en-1-one 0 Y
C) (8)-3-ethyl-3-isopropoxycyclopent-4-en-1-one o)
D) (R)-3-ethyl-3-isopropoxycyclopent-4-en-1-one

E) (R)- 4-isopropoxy-4-ethyl-cyclopent-2-en-1-one

RAFHEAME  FUEHFOATHA
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13. Which of the following is the best Michael acceptor?

Ag o B ¢ D)
IJoe O o 2 e
S OEt

14. Provide the major organic product of the reaction below.

A) B) C)
OCH, WOCH,
| CH,OH "CH,CH, MCH,CHs  CH,CHs
—
“CH,CH; A D) E)

: ~CH,CHj : “'CH,CH,

15. Provide the structure of the major organic product of the reaction below.

HO 1. mCPBA

r
2. PhMgBr (2 equiv.)
3. H,O0* work up

A) B) C) D) E)
HO
OH HO OH HO ‘\\Ph HO Ph HO Bh
- C; Ph @OH bf—OH @OH
’Ph ‘e ey
16. Provide the structure of the major organic product in the reaction below.

1. CH5l (excess)

H
N -
2. Ag,0

3.A

A) B) C) | D) E) /
\N/ N7 NG N
[:le [:LVJ E:I¢% (:Lf> (;E)

17. Which position of the molecule shown below is most likely to undergo a Friedel-Craft acylation?

B ¢ ©
A)@——NH
D)
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18. What would be the resulting product when (3R, 45)-3,4-dimethylhexa-1,5-diene (shown below) is
heated?
A) (+)-3,4-dimethyl-1,5-hexadiene .
B) (3S,4R)-3,4-dimethylhexa-1,5-diene b SA0eE »
C) (2E,6E)-octa-2,6-diene a

D) (2Z,6Z)-octa-2,6-diene
E) (2Z,6F)-octa-2,6-diene

19. Which of the following has the highest first ionization energy?
AYHe B)Li C)F D)Ne E)Na

20. Which of the following has the smallest covalent radius?
AN B)O CF D)ClI E)Br

21. How many angular nodes does a 3d,, orbital have?
A0 B)l )2 D)3 E4

22. How many = bonds does an Oz molecule have?
A)0 B)l 02 D)3 D4

23. The valence electron configuration of ground state V** is
A)4s3d8  B)4s3d"  C)4s'3d* D)3 E)3d

24. The bond order of S-O in SOz 1s
Ayl B)4/3 )3/2 D)2  E)none of the above

25. The molecular geometry of SFs is best described as
A) tetrahedral ~ B) square planar  C) trigonal monopyramidal D) square pyramidal E) see-saw

26. Which of the following molecules is non-polar?
A)PFCls  B)PF:.Clz  C)PFiCl  D)PF4Cl  E)none of the above

27. Anionic N2>~ has a spin multiplicity of
A0 B)l 2 D)3 E)4

28. The point group of CHCI; is
ATy BYC OGC D)Cuw E)GCy

29. In molecular orbital theory, how many group orbitals does CHs have?
Al B2 O3 D)4 E)S

30. In H>0, the wave function y = c'y(H") + c?y(H?) + ¢*y(O) represents the group orbital that is
highest in energy, where ¢', ¢, and ¢ are normalized coefficients. ¢! +¢? + ¢ =
A0 B)1 C)2 D)3 E)4

31. Which of the following is the softest base?
A)H.O0 B)NHs C)PHs D)PFs E)too little information to tell
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32.

33,

35.

36.

ai

38.

39,

40.

The magnetic moment (in ug) of [Co(H20)6]*" =
A0 B)14 (C)1.7 D)2 E)none of the above

Which of the following shows a strong Jahn-Teller effect?
A) [Se(H20)e]"  B) [Ti(H20)6]*"  C) [V(H20)6]*" D) [Cr(H20)6*"  E) [Mn(H20)6]**

The term symbol "L, represents the ground term of atomic N having the lowest energy. J=
A0 B)12 O)1 D)32 E)2

Which of the following transitions are possible for [MnQ4]?
A)LMCT B)MLCT  C)intra-ligand CT D) d-d transition
E) at least two of the above transitions

Which of the following is true for tetrahedral [FeCla]™?
A) it is diamagnetic

B) its magnetic moment = 1.7 ug

C) there are MLCT bands in its UV-vis spectrum

D) its spin multiplicity = 4

E) d-d transitions are spin forbidden

The valence electron count of W(H2)(CO)(PiPr3): is
A)l4 B)1s O©16 D)17 E)IS8

Which set of orbitals in trigonal bipyramidal [Cr(NH3)s]*" is lowest in energy?
A) 3dx2-_y2, 3dg. B) dez, 3dy;_- C) 3dxy, 3dx;_', 3dyz D) 3dx2-y2, 3d52 E) 3dx2—y2, 3dzz, 30&)}, 3d,l-r_~, dez

Among PPhj, P(o-tolyl)s, and P(p-tolyl)s, whose Tolman cone angle is smallest?
A) only PPhs

B) only P(o-tolyl)s

C) only P(p-tolyl)s

D) P(o-tolyl)s and P(p-tolyl)s

E) PPhs and P(p-tolyl)s

Among fac-Mo(CO)3(PF3)s, fac-Mo(CO)3(PCls)s, and fac-Mo(CO)3(PMe3)s, whose CO stretching
frequency is highest?

A) only fac-Mo(CO)3(PF3)3

B) only fac-Mo(CO)3(PCl3)3

C) only fac-Mo(CO)3(PMes)s

D) fac-Mo(CO)3(PF3)3 and fac-Mo(CO)3(PCls)s

E) fac-Mo(CO)3(PF3)3, fac-Mo(CO)3(PCl3)3, and fac-Mo(CO)3(PMes)s

AAFHEEHE  FYETFORATAHA
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1. Draw the structure of compound A, B, C, D and E with the correct stereochemistry where
necessary. (2% x 5 = 10%)

a)
1. BHy THF
» Compound A
2. H,Q,, NaOH
b)
NH, - NaNO,, 1. CH;CH,CH,MgBr
2 HCI, cold 2. H;0*
————— Compound B » Compound C
2 ek 3. NaBH,
4. HyS0O4, A
c)
1. NaN
Ph [ - » Compound D
2, ===  heat
d)
o] 0 1. NaOH, heat

\)}\/\)J\ ¥ Compound E
Ph 2. Me,Culi

3. HzO" work up

2. Design a synthesis of Compound G from Compound F (more than one step is required)? (4%)

@] 0
<:> P : Y,
HO

Compound F Compound G

3. Give structures of products H, I, and J. (2% x 3 = 6%)

N

Ta_ + AlMe; — H

S
(b) O Schrock catalyst
1+ J
= AN
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