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Chemistry 233-001
Exam 3
Spring 2017 Dr.]. Osbourn

Instructions: The first 12 questions of this exam should be answered on the provided Scantron. You
must use a pencil for filling in the Scantron sheet. Ensure all erasures are complete. Any questions left
blank will be marked incorrect. Any question with multiple answers selected will be marked incorrect.
Answer the remaining questions on the exam itself. Show all work and provide complete explanations.

Please write your name on:
* The first page (Exam Cover Page)
* The second page (Grading Page)
* The Scantron Sheet - Circle your Last Name

Please bubble in your WVU Student ID Number on your Scantron sheet.
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Multiple-Choice
Choose the one best answer for each of the following questions. Record each answer on the provided
Scantron sheet. (2 points each)

1. Which of the following are considered keto/enol tautomers?
OH O

I = 3L o £
=

Q) I

0 o® OH o

Ho = X J - J
n @

a. lonly

(b)) 1and IV

c. Ilonly

d. LII,and IV
e. LIL I, and IV

2. The indicated protons in the molecule below are:

-

a. Heterotopic

b. Homotopic o[lachfLomcrs
c. Enantiotopic

Diastereotopic

3. Rank the compounds below in order of increasing stability.

?2:5; A A %/\

cis-d el Bik
I Il 1} K /\IV
a. I<ll<IV<I ~ Same
MY I<I<M~IV en<roy

c. lI<I<IllI<IV
d II<II<IV<I
e. [lI=IV<I<Il

4. Which one of the following statements is false?
a. Increasing substitution stabilizes a carbocation by hyperconjugation. v
b. The boron in BH3 has an empty p-orbital. ,/
c. The rate-determining step in HX addition to an alkene is carbocation formation.”
Alkynes are more reactive toward HX addition than alkenes. x
e. None of the above statements are false.
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5. How many different products result from the following reaction?

0O

a.

1 product

Br2 Br B
+ J -
l >+ ’

Q\‘f

\
Br @

b. 2 products - a pair of enantiomers
@ 2 products - a pair of diastereomers
4 products - two pairs of enantiomers

d.

6. Hovg many chemically distinct types of hydrogen are in the molecule below?

7. Inthe 'H NMR spectrum of the compound shown below, proton a will appear as a S and
proton b will appearasa__ S .
O

HSC\ /O\ )J\

d.

&
d.
&

G” CH
2

I,
a

doublet, triplet
quartet, singlet
sextet, triplet

quartet, triplet
singlet, singlet

C
Ho
}

8. Which of the following best describes the first step of the mechanism of H-Br addition to 1-butyne?

~
H-Br {2 ©
\/ _— \/C-D\/H + BI'@ b. \/‘\-4 /\% e Bre
Bre Br
<Hf‘sr )
é /\% + © /\H—F‘Br H
B d
\/A\@ T r \/ i \/&@ b g2
Br
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9. Rank the protons shown below in order of increasing chemical shift in 1H NMR.
B B
H
| =i H~<——1il
V& | <l
CHy-=— v
’ IV<Il<I<II
IV<Il<Ill<I
I<IV<I<III
[<IV<Il<II
[MI<Il<IV<I

® oo

10. Which compound shown below matches the provided 'H NMR spectrum?

d, 6H
C,lt,h
Q.
t, 2H Cly
q, 2H
OW CH
s, 1H sep, 1H
A lll, -
5 ' 4 ’ 3 2 ' 1 ' 0

PPM

/Lo/\ Ho/\/k HO)k/ \/(O H

a (o)

11.In the 'H NMR spectrum of 1-bromobutane, the most deshielded hydrogens are those bound to

@>c1
b. C2 2
¢ (3 W g
d. C4

12. Which choice below best describes the structure of compound X?
HgSO4
0 H,SO, Compound M2 pentane
H,O X Pd/C

single product

a. 2-butyne /\/
b. 2-pentyne Z
(¢ 1-pentyne

d. 2-pentene
e. 1-butyne
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Completion Section
Answer the remaining questions in the spaces provided.

13. Provide the IUPAC name for each compound below including E/Z where appropriate. (2 pts each)
q
></\3/2\

(&) - 2~beomo-1,3 - d»'Me)r\m:)l non-2-en -S-yne

&Yy o I (B)* T messed hin -
A ol up on Hhe Z-nonen-S-yne
tOS  omding key, et me koow if
Yoo wee

b. 3 2 point.
\E>_<] \-%waow\_%-me’e\nvlc,\jcloPmkne,

or
I-Cyclopentene of Cyclopent-l-enc
14. Provide both the IUPAC and common name for the compound shown below. (2 points)

IUPAC: z_-mg:,hv\-g-od(ﬁnt o OU-3-yne
=< common: butyl isepropyl acetylene

15. Complete the electron pushing mechanism for the reaction shown below by drawing in the

intermediates in the boxes providedjand by adding curved arrows to show electron flow in every
step. (7 points)
@

0
H@ = 120 POH H,O or B:
120 )@Z«‘wﬁ
@C«o@ @ . ® l/
\ [‘\ ’_H
H

@ Ste @ sir A<

Int 1 Int 2 Int 3

16. Draw an energy diagram for the reaction shown in question 15. Clearly indicate the locations of the
starting material, product, and all three intermediates. (5 points)

A
ji Qeﬁo)xruvu.nki
T1,2,3 hisher E then Sm 1P
E = TS, 15 the hishes) E
5 ¥ J po x4
P tomediates 4 4TS

Reaction Progress
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17. Predict the major organic product(s) for each reaction shown below. Show stereochemistry where
appropriate. If enantiomers are formed, you only need to draw one enantiomer. (2 points each)

)
a. \ — 1 BH3—THF P /
/= 2NaOH H0, Y

b. .
AR
Eg‘ TPdc Ep = Q

“ H,S0, DT
AN
OH 0,_\
Re Ph
Ph
d. . Nas __/ Br2 %
(s) oo
Ph——=———pPh —© 7 =i o ‘
NHgy, 78°C  Th B
s _I— QI\I
/\ (1 equw) \ ¥ /
Correct el X T m<ss<c’ '“4’.3
B /Y\ ¥ en one up on the
. 9md-‘n3 ke.y
'O” LC.’: ™me kncw ip
g- /\]/ 1. BHg-THF Yoo wee
2. NaOH, H,0, /\’/\ points.
h' @ CH2|2
Zn(Cu) W

18. Show the complete electron pushing mechanism for the reaction below. Draw all relevant
intermediates and use curved arrows to show electron flow. (5 points)

O = r
—_——
S o

@) coows @9 @Crmws

(HJas @zu

C/
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19. Draw a representative 1H NMR spectrum for the compound shown below. Be sure to show correct
splitting, integration values, and label each signal with the corresponding proton (i.e. a). (6 points)

O H2 d
a
HJ\O’C\C’CHs
H,
C
@
4,24
® @
. 4,24 E—
\ |l
i i } 1 T | I i { { T T
12 11 10 9 8 7 6 5 4 3 2 1 0
ppm

20. For each compound shown below, determine the number of chemically distinct types of hydrogen.
(2 points each)

0 When You have & _
- d ‘a OHC a Cwiral Cenker;, . & .
=/ “ s the dwo H in y
6 4 exty Cl, i g f
di He ae distinet
4 distinct H (, _ distinctH 4 distinctH

21. Synthesis: Show the sequence of reactions that you would need to carry out in order to transform
the indicated starting material into the desired product. (4 points)

2 HO, OH
Ph \ :
\ —
/\ Ph_>_<
Os0y
==\ NMO, 0
B =

22.Fill in the boxes with the compounds that will undergo the following transformations to give 2-
bromobutane. (4 points)

H
HBr. S _>2 /\A/ +en
\\ (1 equiv) Pd/C Br
Be
Single Product Formed
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23. Predict the expected 'H NMR splitting (s, d, t, q, quin, sex, or sep) for each hydrogen in the molecule
shown below. (5 points)

O%Hd
:

S —>Ho)kroj/L Br

dl™ H=

d

24. Draw the tautomer of each molecule shown below. (2 points each)

O

25.In each compound shown below, circle the specified proton type. (2 points each)

most deshielded most shielded most upfield
proton: proton: proton:
OH
(©) CH3 gz H H
mc% Br o1~ gD B afiy)
/ }.Q Ho P
o H e

26. Bonus: The following molecule was prepared by chlorination of an alkene followed by an
intramolecular cyclization reaction. What was the starting material used for the reaction? (2 pts)

Cl
Cl

—

@)

/\/

o
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