Chemistry 3351: Organic Chemistry
Thursday: Sept. 23 @ 7:00pm —> 9:00/1% Exam
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1. (3 pts each) Clickers in action:

a) 2,3-Pentadiene, CH,CH=C=CHCH,, is a chiral molecule and exists as a
pair of enantiomers. It is unique because it does not contain a chiral carbon
center. Predict the hybridization of each carbon going from left to right
along the carbon chain,

A) sp, sp* sp? sp? sp
B) sp? sp, sp, sp, sp°
C) sp®, sp* sp’, sp, sp°®
D) sp®, sp, sp, sp, sp°
E) $p°, sp? sp, sp? sp°

b) Using MO theory, predict the potential existence of He, and/or He,®.
A) He, and He,® may exist.
B) He, and He,® may not exist.
C) He, may exist and He,® may not exist.

@—192 may not exist and He,® may exist.

c) How many constitutional isomers are there with the molecular formula
CH,,?

A)4
Q6
D)7
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d) Predict the magnitude of K., for the reaction:
CH,COH + H,0 = H,00 + CH,CO,0
A)K,, =0 B) K, =1 Q) K, >>1 eq <<1
Acid pK, Value
H,O® -1.7

CH,COOH 47

NH,® 93
HO 15.7
CH, 60

e) Arrange the constitutional isomers of C;H, in order of increasing boiling
points.

A) CH,(CH,),CH, < (CH,),CHCH,CH, < (CH,),C
B) (CH,),CHCH,CH, < CH,(CH,),CH, < (CH,),C
C) (CH,),C < CH,(CH,);CH, < (CH,),CHCH,CH,

H3)4C < (CH,),CHCH,CH, < CH,(CH,),CH,

f) Select the IUPAC name of the compound shown below:.

H CH,Br
\\———//
/T
/ 5 )

F CH,

(A) )-3-bromo-1-fluoro-2-methylpropene
(B} (Z)-3-bromo-1-fluoro-2-methylpropene
(Q) (E)-1-bromo-3-fluoro-2-methylpropene
(D) (Z)-1-bromo-3-fluoro-2-methylpropene




2. (8pts) Write line structures for each of the following compounds. I
have done cyclohexane as an example.

a)  l-ethyl-2-propyleyclopentane
-

b) 1,1, 4tribromocyclohexane

gc B

-
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c)  3-chloro-1,1-dicyclopropylcycloheptane

(el

d)  1-(3-chloropropyl)-4-fert-butylcyclooctane

e
(=




4. (10pts)  Consider the hypothetical two-step reaction.

d)

Potential
Energy

Rzn Coordmate

Is the overall reaction (A — C) exothermic or c:?

Label the transition states. Which transition state is rate limiting? TS
WL

What is the correct order of magnitude of the rate constants.

i) k >k >k>k
@ k,>k> kf-p
i) ki>k>k>k,
iv) k>k >k, >k
Which is the thermodynamically most stable compound?

Which is the thermodynamically least stable compound?
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5. (10 pts) Using Newman projections, draw a potential energy diagram
for rotation about the C,—C; bond of 2-methylbutane.




6. (4 pts) The compound benzene has only one type of carbon-carbon bond,
and this bond has a length intermediate between that of a single bond and
a double bond. Draw a resonance structure of benzene, that with the
following structures, account for the carbon-carbon bond length.

benzene

3 < "@J
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7.{9 pts)  Use the curved-arrow notation to derive resonance structures
that convey the following ideas. In each case, also draw a single hybrid
structure using dashed lines and partial charges that conveys the same
meaning as the resonance structures.

®
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a) The outer oxygen of ozone, -+ -+, have an equal amount of negative
charge.
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b) All C-O bonds in the carbonate ion are of equal length. B
0
I (=
] v |
..O. : .O ! s g" . O@
. - - i I e /\%ﬂ
carbonate ion AN — -
& &

£o O

@
c) The conjugate acid of formaldehyde, H20=0"H has substantial positive charge
sHmEson carbon.
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8. (10 pts) Imagine a reaction that can replace one hydrogen atom of an alkane at
random with a chlorine atom,

—C—H @ a——y ——C—Ci

a) If n-pentane were subjected to such a reaction, how many different compounds with
the formula C;H,,Cl would be obtained? Give their line structures.

A cHacpt, CH CHy ot —Cf = o~
Cx
© CHacha et cHecl G =
cH CH _
RCH, CH () CH, Chb /\g\
ds g shdemts whe onswer ~chet-
(B3) bhog fwo Ssthels =2 e \ge. pairﬁ&“,’

b) Provide the same analysis as in part (a) for the same reaction carried out on 2,2-

dimethylbutane.
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9. (10 pts) Calculate the standard free energy change for the dissociation of acetic acid
(pKa = §.76) .

4.

AG= 237 cpka) =(5.71) Y (4716) =2, 2 KTnol
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10. (10 pts)

a) Give the product X expected when methylenecyclobutane undergoes acid-catalyzed

hydration.
<>=CH:2 1 MHNO;
H,0

Cih
o

e

®
b) The rate-limiting step is protonation of the double bond; use H30  as the acid

catalyst. Draw the structure of the reactive intermediate formed in the rate-
limiting step.

CH_g

5 -

c) Draw the transition state for the rate-limiting step.

’,,—'.(_D_ Hz,.
i
“ChH o

d) What is the rate-limiting step for dehydration of X (the reverse of the reaction
shown above)?

f the roske Jmer{-r:B step & mebc%;m
ot e doulde bondt i —the hyd raction dliechion,
+Hien ahe. rod‘—a-dlcmrk—m &‘geg in the eoeice.

chieckivn 1S dhe wyese O the e Shep.




11. (10 pts) Consider two 2p orbitals, one on each of two different atoms, oriented side
to side , as shown below. Imaging bringing these nudlei together so that overlap occurs
as shown in the figure. This overlap results in a system of molecular orbitals.

a) Sketch the shape of the resulting bonding and anti-bonding molecular orbitals.
r\ozi et i o oot e
\'\ .@——Y\DCQ £
Nocke ( O

b) Identify the node(s) in each.

¢) Construct an orbital interaction diagram for molecular orbital formation.

Cuwh—isvncgﬁfl ﬂﬂc7
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-

d) When two electrons occupy the boriding molecular orbitals, is the resulting bond
a o bond? Explain.

“he reltng bond = ose o -
bood becayse H- i« nst eylindoereally,
S wetcioe|  obewt e iderradar oS
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12:.h(10 pts) Which of the following reactions should have the greatest AH® change?
Why?

(HsC)sC, C({CHa)s (HaC)sC H

.......__.___h..

¢y H H H G(CHals

HsC CH, HC H
(2.)
H H H CHg
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