Exam U1 Organic Chemistry | CHEM 340 Spring 16 4/20 W Dr. Hahn MWF 8 am Exam#

Sign Name Uj/\/ * Print Name
(3 pt name above }Srint,si:gfx{, 3 pts scantron name)(100 pts, 9 pages+periodic table+[R chart+ scantron sheet)

Please show work on all questions for partial credit even on questions which do not specify. Please write
legibly. IfI cannot read your answer, I cannot grade your answer. (use back of exam for scratch paper — If
you want me to grade something not in the space for the answer, clearly specify in writing. Telling me during
the exam where to find the answer does not qualify because I will just vaguely remember someone telling me
something during the exam not which one of 200 students told me what to grade on what page of the exam.)

Please READ and FOLLOW directions. This is a TIMED EXAM. (ex: don’t give me 5 structures if T only
ask for one or you will lose points on this exam by RUNNING OUT OF TIME)

Circle answer on this form for backup to the scantron for the multiple choice. R=alky!, not hydrogen on all
parts of this exam.

[. Multiple Choice ( 3 pts each, 24 pts) Choose the one best statement in each question.

1. Choose the best statement.

(a) In »a molecule is split by an electron beam into molecular ion fragments which are
then sorted bpunass/charge ratio where charge is almost always +1.

(b) In{mass spectrometry the molecule vibrates after being hit by infrared waves giving information
about what functional group is in the molecule.

@ MR flips nuclear spins in a magnetic field by using radio waves.

(e) All above statements are false. : : 4 /

2. Choose best statement.

(d) All above statements are true

(2) Wavelength (1) is the distance between consecutive crests and troughs of a wave.
(b) IR, NMR and UV-Vis spectroscopy all use electromagnetic spectrum
(©) Wavelength is inversely proportional to frequency for all electromagnetic specrum

(d) Lower wavelength is correlated with higher frequency and higher energy.

All above statements are t_rﬁe.
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3. Chobse the best statement. ch Sh o | 0( o /
Al

(a) In proton NMR, protons closest to either an electronegative atom or = bond are sh%ied and have
1%? ppm numbers.
gt .
(b} Number of peaks in a splitting pattern for proton NMR coupling equals 2ni+1 where n = number of

protons with that ch%&\cﬁl shift an@ T > [2_
e b ¢ e
(¢) The standard used in proton NMR is tf; molecule (CHs)s Si which gives X peaks around zero ppm.

-Iydro gens involved in hydrogen bonding such as carboxylic acid acidic hydrogen and amine
hydrogens are exchanging protons which show a broad proton NMR peak and have shifting chemical
shifts depending on solvent and concentration.

(¢} All statements above are false.

4. Choose the best statement.
(a) In Mass Spectra, the base peak is the tallest peak in a given spectrum.

(b) In Mass Spectra, the molecular ion peak is the peak for the entire molecule. This peak has a m/z
number which matches the molecular mass or formula mass of the entire molecule because z = +1
almost always.

CHs
(c) The molecular ion peak for the molecule CHyG-CHs  oceurs at m/z of 72.

lL(9)+[le7& Hs

(d) o cleavage occurs aCrhe neafgt Carbon Carbon bond to most functional groups.

AH statements above are true.

3. Choose the best statement

——

(a) IR usually goes from around 4000 cm™ to 400 em’ !
(b) IR peaks are given in 13){&1 Crn™~t
(c) A really big IR peak, are peaks that almost reach the bottom axis as shown here.

/L T

transmittance

wavenumber in cm™
(d) Al statements above are false.

@Orﬂy (b) and (d) ace false.
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Water addition can occur in one of 3 ways. Choose the best statement below about water addition to
alkene.

N

(a) with H*, H20, you get Markovnikov addition of H-OH witho¥ff the possibility of rearrangement

(b) with Hg(O%*GHg)z, (oxymercuration/demercuration} you get Markovnikov addition of H-OH
with the possibility of rearrangement.

iiv.
@ with THE:BH; (hydroboration/oxidation) you get anti-Markovnikov addition of H-OH

T
(d) All statements above are true.

(¢) All statements above are false.

In addition to alkene, choose the best statement.

=

(a) Addition of Xz (where X isa halogen) occurs in an anti fashion with X attaching to opposite sides

e

because of the halonium ion intermediate. 77

(b) Addition of Hz occurs in a syn fashion with the H-H attaching to the same side because the
mechanism involves the adsorption of the alkene and Ha to a metal surface. T

(¢) Anti addition means addition from opposite sides of an alkene while syn addition means addition
from the same side of an alkene. T

(d)! All statement above are true.
;/. In oxidation of alkene, choose the best statement.
(\Z (a) OsO4 with HIOs gives oxidative cleavage to aldehydes and ketones.
(b) Hot KMnO4 gives oxidative cleavage to carboxylic acids and ketones

(c) MCPBA leads to an epoxidation giving the following .-/C&(

All statement above are {rue.
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I[I. Short Answers (39 pts)

A. Reactions Part of Short Answers: (2 pts per reaction, 12 pts total)

Complete the following reactions by giving the organic products. This is NGT mechanisms so yo T et o give

me the final product and no steps on the way to product. Reactions do NOT need to be balanced.
(Circle the number of the 6 (six) of the following reactions you want gr aded.)
{ I — 60 0 'ﬂ@

HzCH3 : Jl_ \
< Ha I\C C/OL% N
i L. gﬂ‘
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H
S T
8) “C=C THF: BH3 C—C —Cuy
H/C éHs Hz 02/ OH C'U} / AN ’

1 I+
9)\ { Hg(OAc); H2 0 Ll*\ s "*"C//_’G I,uL}
H Ha NaBH4 L‘__ \
L Ow

hot KMnQu

Y
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B. Short Answers Part of Short Answers (27 pts)

1. (a) Given the following IR spectrum, which of the following molecule matches ?  Circle the
number of the molecule which matches. (11 points total, 5 pts this part)

tno

TR SR

3382 cm-1 1737 cm™!

8 CH}-@ CHZ“@

@ CHscHr@@— 1,700
3 N g
@Hrﬂ \0—CH, CH-OH

N 0 am\&& 1690 C/\/ﬁm{o&//?o-/;g@

e MOLECULE which you

(b) Support your answer in (a) by completmg the followmg ABO
selected above. [8 pts part 3

Give one IR peak from the IR clmart-spectfymegvvhn [ructyré gives that peak and the peak wave =
You must use one of the numbels shown above The npfnber may not exactly match the number from your
iR chart because the number 4

Functiond group part is \4 CUl cond ‘ giving IR peak at cm’!
C~0 AU ool (0506 {0
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2. For the molecule given, show your caiculation of the molecular ion peak. Show work. (6 pts)

CH‘Fg’H Cy4 g @ Ce @ @ @

4( ) + (i) + 6+ %50 = [pg
@ @ 0 hOJm» Oth o

3. If you do an oxidation on th i the prod ‘siveny molecule. (8 pts total, 2
ptseach)  (Give the expected p1oduct by each letter for the reagent [0} oxidizing reagent.)

CH;\C <—l [0]

CHz CH3
{a) weakest oxidation (b) weak oxidation
[0} =MCPBA [0] = 0sO4, Na2SO3, H20
2 b
! 0
AR @ %
C/\%\ (_/—i« { [ U 272/’
-/ ~Chly o —C ¢
JIS " c
v Lo,
(c) medium oxidation (d) strongest oxidation

[01= Os,Zn, HbO [O] = hot KMnO4 @
o -

Cun =0
{ b

([Fo NEE —1 (70 Btz
‘ r oxcdizeld
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PartII[I. Long Answers { 36 pts) Show work. Note that you earn partial credit for “attempt”.
“Attempt” is defined as not just rewriting the question but doing something towards getting the final answer.

1. Given the following molecule draw the expected NMR spectrum by completing the following
information. You must show all work for full credit. (# peaks in coupling pattern = 2nl + 1 where |
=1 for proto . (16 pts) '

1) Show approximate relative chemical shift {note: my letters do not
necessarily mean that the peaks show up separately at the position of the letter, it may or may not)(2 pts)

PN R
d <1 b8 a4 Koy e~

2) Explain integration peak area for the whole moleculg (2 pts)

1 T 4
3) Explain coupling for whole molecule (8 pts)

@5 n=4 2W)rt1= Y
CETIEY ;(5))§+\1f; ,,
® — has 2(s5)2 1= |

| .F}C’f’
@ n= 1 2(8) ¢ +i1= 2 .

4) Show the approximate completed final NMR spectrum {4 pts)

pa,
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2. a) Compl/temﬁb*i\?g reaction mechanism. (total pts 21, 15 pts part a)
CHs-CH CH; ' , @ CUl: (4
el " 1O OL”%&Q @ $ Tt
~ — =T ’

b) Draw an ehergy vs. reaction coopdinate diagpdm to match your mechanism and label your energy diagram

with molecules, in your reaction rdechanism.” Your energy diagram MUST be for the mechanism above and
your labeling may NOT be a gefieral labelfuch as “reactant™, “intermediate”, “transition state” but must be a

specific label for 4 specific mglecule in your reaction mechgnism pathway which you showed above. (6 pts)

by, @ e

N~

Vv
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Exam 111 Organic Chemistry | CHEM 340 Spring 16 420 W Dr. Hahn MWF 8 am Exam# Pr*‘

Sign Name .7 Print Name
(3 pt name above print,sign, 3 pts scantron name)( 100 pts, 9 pages+periodic table+IR chart+ scantron sheet)

Please show work on all questions for partial credit even on questions which do not specify. Please write
legibly. If1 cannot read your answer, I cannot grade your answer. (use back of exam for scratch paper — If
you want me to grade something not in the space for the answer, clearly specify in writing. Telling me during
the exam where to find the answer does not qualify because I will just vaguely remember someone telling me
something during the exam not which one of 200 students told me what to grade on what page of the exam.)

Please READ and FOLLOW directions. This is a TIMED EXAM. (ex: don’t give me 5 structures if T only
ask for one or you will lose points on this exam by RUNNING OUT O¥F TIME)

Circle answer on this form for backup to the scantron for the multiple choice. R=alkyl, not hydrogen on all
parts of this exam.

L Muitipie Choice (3 pts each, 24 pts) Choose the one best statement in each guestion.
1. Choose the best statement.

(a) In IR spectroscopy, a molecule is split by an electron beam into molecular ion fragments which are
then sorted by mass/charge ratio where charge is almost always +1.

(b) In mass spectrometry the molecule vibrates after being hit by infrared waves giving information
about what functional group is in the molecule.

(c) NMR flips nuclear spins in a magnetic field by using radio waves.
(d) All above statements are true

(e) All above statements are false.

2. Choose best statement.
(2) Wavelength () is the distance between consecutive crests and troughs of a wave.,
(b) IR, NMR and UV-Vis spectroscopy all use electromagnetic spectrutn
() Wavelength is inversely proportional to frequency for all electromagnetic specrum
(d) Lower wavelength is correlated with higher frequency and higher energy.

(e) All above statements are true.
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3.

Choose the best statement.

(a) In proton NMR, protons closest to either an electronegative atom or 7 bond are shielded and have
lower ppm numbers.

(b) Number of peaks in a splitting pattern for proton NMR coupling equals 2ni+1 where n = number of
protons with that chemical shift and [ =1

(¢) The standard used in proton NMR is the molecule (CHs)s Si which gives 4 peaks around zero ppm.
(d) Hydrogens involved in hydrogen bonding such as carboxylic acid acidic hydrogen and amine
hydrogens are exchanging protons which show a broad proton NMR peak and have shifting chemical

shifts depending on solvent and concentration.

(¢) Ali statements above are false.

Choose the best statement.
(2) In Mass Spectra, the base peak is the tallest peak in a given spectrum.

(b) In Mass Spectra, the molecular ion peak is the peak for the entire molecule. This peak has a m/z
number which matches the molecular mass or formula mass of the entire molecule because z = +1

almost always.
CHj
(¢) The molecular ion peak for the molecule CHy(-CH; occurs at m/z of 72.
Hs

{(d) « cleavage occurs at the nearest Carbon Carbon bond to most functional groups.

(e) All statements above are true.

Choose the best statement

(a) IR usually goes from around 4000 cm’! to 400 cm™

(b) IR peaks are given in ppm

(¢) A really big IR peak, are peaks that almost reach the bottom axis as shown here.
LT

wavenumber in cm™

transmittance

(d) All statements above are false.

(e) Only (b) and (d) are false.
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7.

Water addition can occur in one of 3 ways. Choose the best statement below about water addition to
alkene.

(2) with H*, H>0, you get Markovnikov addition of H-OH without the possibility of rearrangement

(b) with Hg(O%@Hg)z, (oxymercuration/demercuration) you get Markovnikov addition of H-OH
with the possibility of rearrangement.

(c) with THF:BH3 (hydroboration/oxidation) you get anti-Markovnikov addition of H-OH

(d) All statements above are true.

{e) All statements above are false.

In addition to alkene, choose the best statement.

(a) Addition of X3 (where X is a halogen) occurs in an anti fashion with X attaching to opposite sides
because of the halonium jon intermediate.

(b) Addition of H> occurs in a syn fashion with the H-H attaching to the same side because the
mechanism involves the adsorption of the alkene and H2 to a metal surface.

(¢) Anti addition means addition from opposite sides of an alkene while syn addition means addition
from the same side of an alkene.

(d) All statement above are true.

In oxidation of alkene, choose the best statement.

(a) 0s04 with HIO4 gives oxidative cleavage to aldehydes and ketones.
(b) Hot KMnQ4 gives oxidative cleavage to carboxylic acids and ketones
(c) MCPBA leads to an epoxidation giving the following F/C%;

(d)y All statement above are true.
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[I. Short Answers (39 pts)
A. Reactions Part of Short Answers: (2 pts per reaction, 12 pts total)

Complete the following reactions by giving the organic products. This is NOT mechanisms so you just need to give
me the final product and no steps on the way to product. Reactions do NOT need to be balanced.
(Circle the number of the 6 (six) of the following reactions you want graded.)

H>CH3
%\/=< + HCl >

2

)
CHg M
§ZC\S O3, Zn, 11O
H Hs :——ﬂ

7) HH>C=C/ CHCls / KOH
\CH3 ’_\"_?
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1

)
C C/H
=C 0504, NaHS0Q4, H20

NCH; =

12)
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THF: BHs
H: 02/ OH

Hg{OQAc)»: H2 0

NaBI—L; .;,

0)
ZH>C=<: MCPBA

a

hot KMnO;

CHalz / Zn(Cu)

J




Short Answers Part of Short Answers (27 pis)

(a) Given the following IR spectrum, which of the following molecule matches ?  Circle the
number of the molecule which matches. (11 points total, 5 pts this part)

s — f
// /\ 1047 cm”! \ (\/v

[T

f | |

= 1 3382 cm-1 1737 em’!

) CH}—@-CHTCEN

(2) CH3CHr-N—H
I\‘KH

3 CHy»g'——O——CHz CHr-OH

() CH;—(@NHz

(b) Support your answer in (a) by completing the following ABOUT the MOLECULE which you
selected above. [8 pts part (b), 4 pts each blank]

Give one IR peak from the IR chart specifying what structure gives that peak and the peak wavenumbers.
You must use one of the numbers shown above. The number may not exactly match the number from your

IR chart because the number given is an experimental number.

Functional group part is giving IR peak at cm
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2. For the molecule given, show your calculation of the molecular ion peak. Show work. (6 pts)

¢l

(;Hs'_-g"O—CHs
H;3

3. If you do an oxidation on the following, what would be the product for the given molecule. (8 pts total, 2
ptseach)  (Give the expected product by each letter for the reagent [O] oxidizing reagent.)

CH
\:=<:
B H; CHs ‘-‘@’]“9

{a) weakest oxidation {b) weak oxidation
[O] =MCPBA [0] = 0s04, NaxS0s, H2O
«©) medium oxidation (d) strongest oxidation
[0]= 01, Zn, H20 [O] = hot KMnO«
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Part IIl.  Long Answers ( 36 pts) Show work. Note that you earn partial credit for “attempt”.
“Atternpt” is defined as not just rewriting the question but doing something towards getting the final answer.

1. Given the following molecule draw the expected NMR spectrum by completing the following
information. You must show all work for full credit. (# peaks in coupling pattern = 2nl + 1 where I
=1, for proton NMR). (16 pts)

I
CHs=~CHr—CHsCG—CH,<CHr~€H3

SR

a [ e

1) Show approximate relative chemical shift (note: my letters do not
necessarily mean that the peaks show up separately at the position of the letter, it may or may not}(2 pts)

2) Explain integration peak area for the whole molecule (2 pts)

3) Explain coupling for whole molecule (8 pts)

4) Show the approximate completed final NMR spectrum (4 pis}

Organic Chemistry 1 Lecture (CHEM 340) MWF 8 -8:50 am Spring 2016 Dr.Hahn Exam Il page 8§



2. a) Complete the following reaction mechanism. (total pts 21, 15 pts part a)

CHrCHz\ CHs

el o O
CHj,/C \H ~<—\__9

b) Draw an energy vs. reaction coordinate diagram to match your mechanism and label your energy diagram
with molecules in your reaction mechanism.  Your energy diagram MUST be for the mechanism above and
your labeling may NOT be a general label such as “reactant”, “intermediate”, “transition state” but must be a
specific label for a specific molecule in your reaction mechanism pathway which you showed above. (6 pts)

Organic Chemistry I Lecture (CHEM 340} MWF 8 -8:50 am Spring 2016 Dr. Hahn Exam Il page 9



