Exam I Organic Chem II (CHEM 442) Spring 16 2/17  Dr. Hahn MWF 1pm Form A Exam#

Sign Name Kﬁ/‘/}/ Print Name
1 ots name above prmt & s1gg 1 pt scantron name) (100 pts, 11 pages + 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.) Co { v

Circle answer W@te is ng, ing work in the

multiple choice & f\d'é' CLﬁ ‘y)iﬂ/w - N wa) ™

In all questions on all parts of this exam, R is not equatte-hydrogen but is an alkyl.
@,‘* not tar Q/J\G'bvaD TF = £ jad,r

L Multiple Choice (2 pts each, 24 pts) Choose the one best statement in each question.

1. Which of the following reactions does not show a syn product 7

H
: 3 > CT=
: {/CH + M > CHmHn (CMS/%L
3 H;

cu’  CH; c TCT = 1n(dnsistes
CHs—C=C—CHs; Na°/NH;
RE— =G

c) CH:—C=C—CH:;  Pt*/CaCOs B
quinoline \C—
4

H

d) CH; H;
\c:c\ + 0s0. > CH; / \CHg
H3 CH; NaxS0s CHs
H0
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2. About spectra which of the following statements 1s incorrect 7

a) In proton NMR spectra the information that one derives is chemical shift, peak area and coupling
which gives you information about the hydrocarbon structure.

b) In IR spectra 4000 cm™ to 1500 cm™ is the functional group region in which peaks which are
representative of functional groups appear so you can use IR to find out what functional groups are in
the organic molecule.

¢) In IR spectra 1500 cm™! to 400 cm™' is the fingerprint region which can be used to match the finger
prints of authentic samples of a compound with an unknown sample of an organic compound.

d) W Vis spectra is observed for conjugated organic molecules. More conjugated systems have larger
energy gaps which results in larger Amax,

-

3. Tor the element Sb, circle the one incorrect statement.

a). The atomic mass is 121.76

b} The total number of electrons for a neutral atom is 5
¢) The atomic number is 51

d) The number of valence electrons is 5

4, The g Sw1 reaction of the following substrate is:

A /CH3 H
(/\3) ) CHs H
oO—t—C—-H
CH;
b) CH‘;‘\C
cr
c) CHs H
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5 In the following molecule, which is endo/exo.  Choose the best statement.

/ l/(X) R €0

() @v‘M

a) (x)isexo
b) (x)isendo
c) (y) is endo
here is no exo / endo in this molecule.

@ a) and (c) are correct.

& According to Zaitsev’s (or sometimes spelled Saytzeff’s) Rule, the most stable to least stable alkene is:
Choose the one best statement. { R 41 ) ; .1 .
() ot 205t it

A . RN Pty
P e e el
(1 (3 (4) (5)

-

Most stable (3)> (4) > (5) > (1) > (2) least stable
Most stable (4) > (2} > (1) > (5) > (3) least stable
d) You can’t tell which alkene is stable by looking at the structure. All alkenes are similarly stable.

Ca> Most stable (3) > (5) > (1) > (2) > (4) Least stable -~
b)

7. Which of the following does not match the E2 reaction mechanism ?
. £
3 N
._Q Energy diagram |
N /
L

b) The E in E2 means elimination.
<) Rate = k [substrate]{nucleophile]

@ All statements above are true about E2

Organic Chemistry IT {(CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam I Form A page 3



8. When you generate MO diagrams (where AQO is atomic orbital and MO is molecular orbital), choose
the one best statement,

a) The number of AO must equal the number of MO.
b) A node is a ling through which the AO changes sign.
c) The more nodes in an AO combination, the higher the energy of the MO.
d)  Bonding MO are lower in energy than the starting AO while antibonding MOs are higher in energy
than the starting AQ.
@ All above statements are true.

9. For a Diels Alder reaction, choose the one incorrect statement
RCOITect

a) The best dienophile has electron withdrawing substituents on the dienophile.
b) Cis dienophile will result in a cis product and a trans dienophile will result in a trans product.

c Endo product is preferred because of # stacking of p orbitals of the double bonds.
d) Diels Alder cannot do reactions with sc}ﬁ dienes unless the diene can rotate into s-tr}g/s.

P e C {)

10. For UV — Vis spectra:

a) LUMOisms’

b) HOMO is'5¢ Th»-

¢}, UV transiions measure m; > 7i5”
(d)/(a) and (c) are correct

e) (b)and (c) are correct

11. Circle the one statement below whtch is incorrect.

[———_——

R
a) Inan energy diagram, a transition state is in general between either the reactant & product or

between the reactant and the intermediate.
b) A heterocylic arrow looks like =2
e --——-@fﬂn“Electrophileﬁioves electrons*wh“ﬂe"H"“Nﬁé’i'e(ophiié” loves riiiclel
d) \Inan energy diagram, an intermediate is always at op of an energy hill.

(o Gy \:’a\-bﬁu -

Organic Chemistry IT (CHEM 442) Spring 16 MWF 1pm Dr. Hahm Exam I Form A  page 4



12. Put in order of most stable to least stable carbocation by chcosing the one best choice:

C Ly CH—E + CHn——b W{Cé; H-——g QU‘S y
+ 3 + +

ijl H Ery cb}(}‘u/\
(1) (2) (3) (4)

ost stable carbocation to least stable carbocation is (3) > (1) > (2) > (4)
Most stable carbocation to least stable carbocation is (4) > (2) > (1) > (3)
d) Most stable carbocation to least stable carbocation is (1} > (2) > (3) > (4) )

ak Cf‘eﬂff«fw

@Most stable carbocation to least stable carbocation is (2) > (1) > (3) > (4)
b)

L Short Answers ( 50 pts)

A, Reactions Part of Short 4

orade the first FIVE.

| )
a) CHa; H \’}‘
H>C=C</H + HC > —C -—-*Cé—/\_l

(Mark addition}

s - — e C_l.—\x}_ SRS e e Ty P
d) CHy | _~CHhCHs h iy UMy
!>Ci + strong oxidizing agent -2 >C:: 0 / % 4
CHs CHi - H ~ (hot KMnOy) <l C}":C\ @\, "

b\lfy

FE -

Organic Chemig

0)? éa GQIG] o~
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T .
KW i

e N
e) CH;-C=C-H any reduction agent —> /a' &?“” \—T\Jr

give at least one reduction product on an alkyne

(ex: Hao/Pt, Lindlar, dissolving metal) 3 ‘é\,.\é ! < \%} /\}

o=

W
W
f) CH; CH:; CH>-C=C-H + NaNHu/NH; - '
: 9@
Chy Gl —C 281 Wa
g) CH;CH:—O—H SOCI ThN———

—_—

C B, C/\AZ_ ~»u

h) CH:CHCHrCl + Mg® = C/ }V?i’L, (/’}7/ C/ ‘mf-]/ y\/? CX

-1 J{ .
@_\/ L s OFF
B. Short Afiswers part of Short Answers; (%
CaIL [ hg + 600
L For the m& g following type of isomer and draw it in the

space (5 pts each letter, 10 pts total)

-~ a) structural (or constitutional) isomer of the original
CH3-CH,-CH—C-0OH O\
H

Organic Chemistry I (CHI 442) Spring 16 MWF 1pm Dr. Hahn Exam [ Form page 6



2. Spectra:  For the following molecule (20 pts

& 0 of altahdl (050~ 0 0
— 75

CH-€H-0-H
1)

= d of Carbox (/(,

Part1:  For a proton NMR spe

plot by inputting the number
marking the molecule in the correct place. Explain briefly. (4 pts total) ’

Iz

Highest ppm '/IV, f‘ _ lowest ppm

Part 2: For the proton NMR spectrum of the peak (1) (bold highlighted proton) — show your coupling

calculation. (4 pts total)

Coupling=2n1+1

n [for the proton (1) is | = 2 coupling is = ' ;

T 2(2) % (>3

Organic Chemistry II (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam I Form A page 7



3. a) Complete the following reaction mechanism: 1 have provided the first intermediate. Please
show the rearrangement to 1.4 product intermediate in the space shown. 3 1> drawings not needed ( 10

H&fci + HCL i -—4./H

H
el e
v h

reactant (a}

J
\/m

intermediate (b}

Intermediate to the 1,4 product ( 6 pts)

_,‘_‘_.—-——.m...._w“

b) Is the Saytzeff’s Rule product the [ (kinetic) or @W] (circle one) (2 pts)

st
c) For the 1,2 product will the energy of the final product be [@) or (lower)] {circle one) than the
energy of the final product for the 1,4 product (2 pts)

Organic Chemistry [T (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam I Form A page 8



Part I1I. Lbng Answers (24 pts)  Show work where applicable.

For the molecule cyclobutadiene,

in the space above. (6 pts)

(b) Fill your MO drawing with 4 = electrons (2 pt) HO(? [{" g Hbf‘ )

(c) By the MO, diagram which you drew above with the electrons filling the MO, should the molecule be
stable 7. (yes, [no). 2 pts) < Y

N

(&) Draw the p atomic orbitals involved in the MO for gne of the MOs with ene nodes (6 pts total)
(draw just ONE — don’t give me more, you will run out of time)

(e)  Apply Huckel Rule equation of 4n+2 = # n electrons, to the molecule cyclobutadiene work.(6

Mo hntls 4 em W=y

) @‘

(f) By Huckel Rule, is your molecule [ (aromatic) or {pot aromatic)} ircle one) (2 pts !
Organic Chemistry [T (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam I Form A page 9



Exam I Organic Chem I1 (CHEM 442) Spring 16 2/17  Dr. Hahn MWT Ipm Form B Exam#

Sign Name Q/(/J/ . Print Name
LI
(1 pts name above print & %‘I’gn, 1 pt scantron name) (100 pts, 11 pages + scantron sheet)

Please show work on all questions for partial credit even on questions which do not specify. Please write

legibly. If I cannot read your answer, I cannot grade your answer. (use back of exam for scratch paper —1f

you'want me to grade something not in the space for the ansxver;"clearly'ﬁpeéify i wiiting. Teliifigme 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.}

Circle answer on this fo
multiple choi

e scantron. There is no partial credit for showing work in the

QU = 10 wore

In all questions o Al parTs of TS exam, K15 not equal to hydrogen but 1s an alkyl.

I Multiple Choice (2 pts each, 24 pts) Choose the one best statement in each question.

1t 7_% i TF = 600@

AN

te, JUSC = not sgecfic envnyd)
) HOMO ot T, CT 2 Cons 1 glert

&UV transitions measure T2 = 13
d)/(a) and (c) are correct " b . '
e) (b)and (c) are correct @TT{ g M

2 According to Zaitsev’s (or sometimes spelled Saytzeil’s) Rule, the most stable to least stable alkene is:
Choose the one best statement. ( R f H) mest N
A (eas ¢ £y

5 '
R R H KC R H R /H - \)(
= C=CC =C =C. =C t
D I S N
(1) 2 (3)
@ Most stable (3) > (5) > (1) > (2) > (4) Least stable
b) Most stable (3) > (4) > (5)> (1) > (2) least stable

¢) Most stable (4)> (2)> (1) > (5)> (3) least stable
d) You can’t tell which alkene is stable by looking at the structure. AlTalkenes are similarly stable.

*

Organic Chemistry 11 (CHEM 442) Spring 2016 MWEF 1 pm Dr. Hahn Exam I Form B page 1



3. Which of the following reactions does not show a syn product ?

H
) CH; ... CH : .
) %:0/0 T owm o CH%C ‘<CH3
CHz/ \CH3

CH; CHs
) CH;—C=C—CHs;  Na"/NH; H\ H;3 C E
- ? = N
CHé}Z ™y ‘
c) CH3—C=C —CH;s Pt° /CaCOs3 H }I
quinoline 7 =C\
CHs }ZHS
H\ H
Q o
d) CH._ (CH; /b——d
= 0505 > c'm”/ \c H
CHy \CHs Na:50; CH; Hs
H;O
4, T/h_g product of an Syl reaction of the following substrate is:
6l s
(eFr2e—c—u + 0w >
CHs \H b
@ CH; H
O—t—C—H
CH: i

b) CHS\C Ci
CHi”

¢} CHs
H——C—OH
CH;

d) CHy H
Cl~—C—C—OH
cif;

Organic Chemistry I1 (CHEM 442) Spring 2016 MWF 1 pm Dr. Hahn Exam I FormB  page



5. Circle the one statement below which is incoerrect.

a) Inan energy diagram, a transition state is in general between either the reactant & product or
between the reactant and the intermediate.
- e b)) ~Arheterocylic-arrow looks like~> T
An “Electrophile” loves electrons while a Nuc}eophﬂe loves nucle1
In an energy diagram, an intermediate is always at the '?é_of an energy hill.

6. Putin order of most stable to least stable carbocation by choosing the one best choice:

ﬂ o, MO e
CHs CHT—I§I+ CH3-<‘J “H»&ML —*EEIJ ’ :;[ A
(1) ) (3) )

ost stable carbocation to least stable carbocation is {3} > (1) > (2} > (4)
ost stable carbocation to least stable carbocation is (4) > (2) > (1) > (3)
d) Most stable carbocation to least stable carbocation is (1) > (2) > (3) > (4)

a) Most stable carbocation to least stable carbocation is (2) > (1) > (3) > (4)
M

7. Which of the following does not match the E2 reaction mechanism 7

oy Energy diagram | /\,\
[_/
L

pom——

b. The E in E2 means elimination.

C. Rate = k [substrate][nucleophile]

d. All statements above are true about E2

8. When you generate MO diagrams (where AQO is atomic orbital and MO is molecular orbital), choose

the one best statement.

a) The number of AQ must equal the number of MO.
b) A node is a line through which the AO changes sign.
c) The more nodes in an AO combination, the higher the energy of the MO.
d} Bonding MO are lower in energy than the starting AO while antibonding MOs are higher in energy
than the starting AQ.
@ All above statements are true.

9. For a Diels Alder reaction, choose the one incorrect statement
ICOITECT ¢

g

a) The best dienophile has electron withdrawing substituents on the dienophile.

b) Cis dienophile will result in a cis product and a trans dienophile will result in a trans product.
¢) . Endo product is preferred because of n stacking of p orbitals of the double bonds.
d) Diels Alder cannot do reactions with s-cis dienes unless the diene can rotate into s-trans.

L]
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10. About spectra which of the following statements is tgcorrect ?

———

a) In proton NMR spectra the information that one derives is chemical shift, peak area and coupling -

which gives you information about the hydrocarbon structure.

b In IR speetra 4000-em™ to- 1500 emis the functional group region in which peaks-whichare” - — ——

representative of functional groups appear so you can use IR to find out what functional groups are in

the organic molecule.

¢) In IR spectra 1500 cm™ to 400 cm™! is the fingerprint region which can be used to match the finger

prints of authentic samples of a compound with an unknown sample of an organic compound.

@ UV Vis spectra is observed for conjugated organic molecules. More conjugated systems have la}éer

energy gaps which results in larger Amex,

11. For the element Sb, circle the one incorrect statement.
—_———
a) The atomic mass is 121.76
b) The total number of electrons for a neutral atom is 5
¢) The atomic number is 51
d) The number of valence electrons is 5

12 In the following molecule, which is endo/exo. Choose the best statement.

/ /(x) eN(

SOy
a) (x)1isexo
b) (%) is endo
¢} (y)isendo

&) There is no exo / endo in this molecule.
e} }(a) and (c)are correct.

il

Organic Chemistry 11 (CHEM 442) Spring 2016 ~MWF 1 pm Dr. Hahn Exam I Form B page 4



IL Short Answers ( 50 pts)

A Reactions Part of Short

Given the foliowmg what/is the the expected OTgaNnIc product ? Choose to do 5 of the foHowmg
reactions you want g:rad by c1rchna the letter of the reaction. If you do not ch

=CZ + HC >

Mo, T T T RN

L‘é Z% Yo

CHs—C=C-H HG(S&;)? ? " \ J/
— Mark ‘addition ot water” L /(_/,_,C

+ strong oxidizing agent > = o) \})ﬁ \f\—}

)
o ﬁ s (hot KMnOs) /

(NBE =

e) CH; -C=C- CH; any reduction agent =

give at least one reduction product on an alkyne
(ex: Hy/Pt, Lindlar, dlssolvmg metal)

[ W@{ ™ & _,/Ct}}
e et ol 275 K
t}} L
f) CH:-C=C-H + NaNI/NH; > B

Organic Chemistry I1 (CHEM 442) Spring 2016 MWF 1pm Dr. Hahn Exam I Form B page 5



g) CH:;CH» CHrO—H SOChL
—_—

“hicm Cuy —y

h) CH:CH—Br + Mg® 2 (

Organic Chemistry 11 (CHEM 442) Spring 2016 ~ MWF 1 pm Dr. Hahn Exam [ FormB page 6



2. Spectra:  For the following molecule (20 total pts)

13

b)

e TN
Functional group part is e P/ZLdLL i [ 7[

<) NMR spectra: (8 pts total) C=1

Part 1:  For a proton NMR spectrum chemical shift put in order on the NMR plot by inputting the

marking the molecule in the correct place. Explain briefly. (4 pts)

Highest ppm \ L lowest ppm

Part 2: For the proton NMR spectrum of the p_ezjl'(p (bold highlighted proton) — show your coupling
calculation. (4 pts total)

Coupling=2nl+1

n [for the proton(1) 1s] = __%__ |

2( % t (=4 N~

Organic Chemistry I (CHEM 442) Spring 2016 MWF | pm Dr. Hahn Exam I Form B page
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3. a) Complete the following reaction mechanism: 1 have provided the first intermediate. Please

show the rearrangement to 1.4 product intermediate in the space shown. 3 D drawings not needed ( 10

pts)

gae Covretd
Py 0 At -2 b

b) Is the Saytzeff's Rule product the [ (kinetic) or ( ermodynanm {circle one) (2 pts)

c) For the 1,2 product will the energy of the final product be {@) 1 (lower)] (circle one) than the
energy of the final product for the 1,4 product (2 pts)

Organic Chemistry IT (CHEM 442) Spring 2016 MWF 1 pm Dr.Hahn Exam I FormB page
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Part ITl.  Long Answers (24 pts)  Show work where applicable.

For the molecule cyclopropenyl cation,

_iL/r(

o |

(a) Draw the expected MO diagram showing the 3 p "AO and the 3n MO and the correc of the MO 1
Consistent

(c) By the MO diagram whic w above, with the electrons filling tie MO should the molecule be
stable ’7@ no). (2 pts) ]

g CAM S/ ;,éeaf W™ W Wby

® Ko pts OFRF no g4

(d) Draw the p atomic orbr th one hodes (6 pts total)

(draw just ONE -~ don’t give me more, you will run out of tnne)

(e)  Apply Huckel Rule equation of 4n+2 = # & electrons, to the molecule cyclopropenyl cation

work. (6 pts) 4 A T Lé WYW?,‘# e
L

A
o (not aromatic)] (circle one) (2 pts) ?

Organic Chemistry I (CHEM 442) Spring 2016 ~ MWF 1 pm Dr. Hahn Exam 1 Form B  page 9



Exam I Organic Chem II (CHEM 442) Spring 16 2/17 Dr. Hahn MWF 1pm Form A Exam#

Sign Name Print Name
{1 pts name above print & sign, 1 pt scantron name) (100 pts, 11 pages + scantron sheet)

Please show work on all questions for partial credit even on questions which do not specify. Please write
legibly. If I 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 1 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.) Co / O

Circle answer on this form for backup to the scantron. There is no partial credit for showing work in the
multiple choice.

In all questions on all parts of this exam, R is not equal to hydrogen but is an alkyl.

L Multipie Choice (2 pts each, 24 pts) Choose the one best statement in each question.

1. Which of the following reactions does not show a syn product ?

B H
a) CH H;
3>C=< + W > CHr CHs
CH3 Hs3 CH; H;
b) CHs—C=C-—CHs Na°/N Hs Hs
__——\-.h__? _,
CH; H
¢) CH;—C=C—CH; Pt°/CaCO; B H
quinoline \=C\:
z CH: Hs
H i
d) CH. LCHs
l):ﬂ + 0sQy =2 (CH; Hs
CH;s CH, Na:S0; H; H;

H.O

Organic Chemistry II (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam I Form A page 1



2. About spectra which of the following statements is incorrect ?

a) Inproton NMR spectra the information that one derives is chemical shift, peak area and coupling
which gives you information about the hydrocarbon structure.

b) In IR specira 4000 cm™ to 1500 cm™ is the functional group region in which peaks which are
representative of functional groups appear so you can use IR to find out what functional groups are in
the organic molecule.

¢) In IR spectra 1500 cm™ to 400 cm™ is the fingerprint region which can be used to match the finger
prints of authentic samples of a compound with an unknown sample of an organic compound.

d) UV Vis spectra is observed for conjugated organic molecules. More conjugated systems have larger
energy gaps which results in larger Amax,
3. For the element Sb, circle the one incorrect statement.
a) The atomic mass is 121.76
b) The total number of clectrons for a neutral atom is 5

¢) The atomic number is 51
d) The number of valence electrons is 5

4. The product of an Sx1 reaction of the following substrate is:

CHs :
C -<—{~H+OH'9

CH; H

a) C& A
HO—> —H

CH3

b) CHKC ‘<‘l
crl H

c) CHs
H—— —-H

CH;

d) CH; H
c1-%:f—— ——OI
CHs C\H

Organic Chemistry I (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam I Form A page 2



6 According to Zaitsev’s (or sometimes spelled Saytzeff’s) Rule, the most stable to least stable alkene is:

/

a)
b)
©)
d)
e)

In the following molecule, which is endo/exo.  Choose the best statement.

y)

(x) is exo

(x) is endo

(y) is endo

There is no exo / endo in this molecule.
(a) and (c) are correct.

Choose the one best statement. ( R f H)

el e &K >f

1) (2) (3)

a)

b)
c)

d)

a)
b)
)
d)

Most stable (3) > (5) > (1) > (2) > (4) Least stable
Most stable (3)>(4) > (5) > (1) > (2) least stable
Most stable (4)> (2) > (1) > (5) > (3) least stable
You can’t tell which alkene is stable by looking at the structure. AH alkenes are similarly stable.

Which of the following does not match the E2 reaction mechanism ?

Energy diagram |
!

J

The E in E2 means elimination.
Rate = k [substrate][nucleophile]

All statements above are true about E2

Organic Chemistry IT (CHEM 442) Spring 16 MWF 1pm Dr. Hahn Exam I Form A page
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8. When you generate MO diagrams (where AQO is atomic orbital and MO is molecular orbital), choose
the one best statement.

a) The number of AO must equal the number of MO.

b) A node is a line through which the AO changes sign.

c) The more nodes in an AO combination, the higher the energy of the MO.

d) Bonding MO are lower in energy than the starting AO while antibonding MOs are higher in energy

than the starting AO.
€) All above statements are true.
9. For a Diels Alder reaction, choose the one incorrect statement

a) The best dienophile has electron withdrawing substituents on the dienophile.

b) Cis dienophile will result in a cis product and a trans dienophile will result in a trans product.
c) Endo product is preferred because of & stacking of p orbitals of the double bonds.
d) Diels Alder cannot do reactions with s-cis dienes unless the diene can rotate into s-trans.

10. For UV — Vis spectra:

.
ot L%
ot

1

Fis|

a) LUMOis ;"

b) HOMO is ns"

¢) UV transitions measure n2 = 3~
d) (a)and (c¢) are correct

e} (b)and (c) are correct

11. Circle the one statement below which is incorrect.

a) Inan energy diagram, a transition state is in general between either the reactant & product or
between the reactant and the intermediate.

b) A heterocylic arrow fooks like =

¢) An “Electrophile” loves electrons while a “Nucleophile” loves nuclei

d) Inan energy diagram, an intermediate is always at the top of an energy hill.

Organic Chemistry Il (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam I Form A page 4



12. Put in order of most stable to least stable carbocation by choosing the one best choice;

“H; 3H3
CHsC + CHs— + C + H +
CHs ‘
(1) (2) 3) (4)
a) Most stable carbocation to least stable carbocation is (2) > (1) > (3) > (4)
b) Most stable carbocation to least stable carbocation is (3) > (1) > (2) > (4)
¢) Most stable carbocation to least stable carbocation is (4) > (2) > (1) > (3)
d) Most stable carbocation to least stable carbocation is (1) > (2) > (3) > (4)
1L Short Answers ( 50 pts)

A Reactions Part of Short Answers: (2 pts per reaction, 10 pts total)

Given the following, what is the the expected organic product ? Choose to do 5 of the following
reactions you want graded by circling the letter of the reaction. If you do not choose, I will just

grade the first FIVE.
a) CHs
>C= + HCI -2
o H (Mark addition)

b}

CHy€Hx—-C=CH  Hg(SOs4x
Mark “addition of water”

¢ C /CHzCHs
C=G\H + H =
H Pt

d) CH CH, CHa |
>=(< + strong oxidizing agent >
CH; CHy H  (hotKMnOy)

Organic Chemistry II (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam [ Form A page

5



e) CH3-C=C-H any reduction agent -2

give at least one reduction product on an alkyne
(ex: H/Pt, Lindlar, dissolving metal)

f) CH; CH; CH,-C=C-H + NaNHyNH; =>

g) CH:CHz—O—H SOCl
g

h) CH:CH:CHx>Cl + Mg® =

B. Short Answers part of Short Answers: (40 pts)

I For the molecule below, make up one example of the following type of isomer and draw it in the
space (5 pts each lefter, 10 pts total)

Hs a) structural {or constitutional) isomer of the original
CH>—CH;-CH—C-OH
H
b) one enantiomer (either 3D drawing or Fisher) (chemists do not indicate a particular enantiomer

without a 3D drawing or a Fisher drawing)
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2. Spectra:  For the following molecule (20 pts)
2)
CH5€H>-O—H
(D
a) Mass Spectra:  What is the molecular ion peak value for the molecule shown above (6 pis)

(show work)

b) IR Spectra: Give one IR peak from the IR chart specifying what structure gives that peak and the
peak wavenumbers. (3 pts each, 6 pts)

Functional group part is giving IR peak cm’

c) NMR spectra:

Part1:  For a proton NMR spectrum chemical shift put in order on the NMR plot by inputting the number
marking the molecule in the correct place. Explain briefly. (4 pts total) i

Highest ppm lowest ppm

Part 2: For the proton NMR spectrum of the peak (1) (bold highlighted proton} — show your coupling
calculation. (4 pts total)

Coupling=2nl+1

n [for the proton (1) is ] = coupling is =
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3. a) Complete the following reaction mechanism: I have provided the first intermediate. Please
show the rearrangement to 1.4 product intermediate in the space shown. 3 D drawings not needed (10

pts)
H\ }%{ + HC > H\ ; @—Lz[”Hé
O &

reactant (a) intermediate (b)

Intermediate to the 1.4 product ( 6 pts)

b) Is the Saytzeff’s Rule product the [ (kinetic) or (thermodynamic product)] (circle one) (2 pts)

<) For the 1,2 product will the energy of the final product be [(higher) or (lower)] (circle one) than the
energy of the final product for the 1,4 product (2 pts)
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PartIIl.  Long Answers (24 pts) Show work where applicable.

For the molecule cyclobutadiene,

&

(a) Draw the expected MO diagram showing the 4 p AO and the 4 t MO and the correct energy of the MO
in the space above. (6 pts)

{(b) Fill your MO drawing with 4 = electrons (2 pt)

(c) By the MO diagram which you drew above, with the electrons filling the MO, should the molecule be
stable ?. (ves, no). (2 pts)

(d) Draw the p atomic orbitals involved in the MO for one of the MOs with one nodes (6 pts total)
(draw just ONE — don’t give me more, you will run out of time)

(¢} Apply Huckel Rule equation of 4n+2 = # & electrons, to the molecule cyclobutadiene. Show work.(6
pts)

{f) By Huckel Rule, is your molecule [ (aromatic) or (not aromatic)] (circle one) (2 pts) ?
Organic Chemistry Il (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam I Form A page 9



gcr "d ‘)-21 algeL

WP 00910591
3[R 000Z-0991 FuLL onetIoNy
- S § e
Suor rel 20N 2 0£0E 40
UAIY
QIIEN
WENIPAJA 09770127 N=0 fuons 0STT-0S01 0--3
b e Jang | PO duons 0S9£-00F€ H-0
‘ TR [OLO 1Y
proiq Suong 0OLE-00ST H-0 S e .
| pooe dAxoqIen) BLOOS 0O9~00S m w
: suong 008009 i0-0
Suons 01/l pe SAXOIED) PpITRY ATV
BUONS 5L apuuy )
oS oo pry wnpay 097Z-0017 =0
guong Al REE] L -
- o1t TN Fuong Q0EE H-Dy
Juons g1/t AU ATV
T DUANTY
SUOIIS el ApAURPLY
Fuomg 092170491 0=0 WNpaA 0891-0F91 20
punodiuroed [Auoqie) UINIPaIAl 00 IE-0Z20% , Dy e=
SUM|Y
Wnipap QETT0801 N-D
wnpa N Q0SE-00EE H—N TINIPRN D9GE0582 H-2
AU aueyly
Aysudup (o) uopdiosqy dnoasy |ruopsuUng fsusiy)  {ud) uondosqy dnoio jeuopoung

sdnoJg [eUORIUNY dWOS Jo suondiosdy Yi dlsusRIRYD L'TL3]qeL




(z97) {gs0) | e ¢ (s0) | @D (150) | () (Lp7) (&0 (b} G8TO'RET | gBsE0TET! 18E0°TET
T ON| P Wed | se | 1D | Jd | WD WY ) O O 1B | 4L
€0l 01 101 00t 66 36 L6 06 g6 6 % 16 06
DG PET | YOELD [TZYEGBO1| 9Ti9Y |TE0CEVT| 0529t (PESTERSI| STUSL | p9FIST | 9EDST YORbL (59006001 911G
T L. T
0| QA WL KL O | AT | 9L | PO | T | S PNC| A |90
i |6 19 09 99 %9 2] %) 79 09 65 8¢
e | (682) Mwww o @ T e o [ 6o | wo | o | o a2 | G | o | &
WAL SH | ud | 3Staal prl oyl ey g |
811 9t 128 ANl 1 o GOl | 801 Lot 901 501 w01 68 8% 13
ey § (012) {607) ?mga.mcm CLOL | LEBEVOL | 6C00T |SS996'961| BLOSGL | LVZTEL | €TOGL | LOTORT | vR'CHl | 6LVGORL | 6V'8LI | SSOSSEI | LLELEI [S¥SOGTLE
ug |y od | qd | IL I SE v | o | sO [ M LRI LT egl 5D g
] 53 T3 £8 4] 1% 08 6L 8L i 9L 5L L £L 2 LS 9¢ 55
6TTEL |LVPOS9TE| pgeT WLTCE | OLLRTL | BIEFIU | 1TV | 28987201 | TVS01 JOSSOGTON| L0101 (86) PESG | 9ED06TE | YIL'IG § 5850688)  TLR | Riovoy
| L LA aS | uS | U | POV PE M | M| LI ON AN 7 A IS Q|5
bs £5 143 15 05 &7 i Ly Sy sy 1 3 4 1y or 6€ ge i
ores | voseL | oe8L Lootesne] 10TL | fRe60 | 6£S9 | 9USED | VEGYES lOOTEE6WS| Sey'ss (6POBEES|1a6s1s | siveos | soxw [olesseve| mioop | ere0ist
lIg (oS [ sy e ey U2 0D IN|OD [ 2d [WUNLVID | A LD | 95 8D 2 Jv
3 st vE £t e | e 0t Yerd 8T 1T 9z sz i b 7 1z T 51
8v66e | LESYSE | wo0Te | 19EL60E] ssrusr feEcisgar - , | CS0E°FT | OLLESEZT
‘ ! C 9l ‘ 0 ,
VIS a s w70 9y b 97 ga Ot 9 SR|N
8T L 91 ¢1 vl A &M fa 1
LEL10T PEOVBGE'ST) 666'ST | ¥LS00YI | LO10Tl g0t 312106 e
Nl g oy NI |d og| v1|°
ot 6 8 L 4 4 ¥ £
T9CO0'y | ¥L00'] \W\@ Q‘m @m\m m&m \( 7 VELOO'T
9 | H A |
Lzl v L5
AT

SIUDWIA[H ) JO A[qR ], OIPOLIA ]

Yr



Exam I Organic Chem I (CHEM 442) Spring 16 2/17  Dr. Hahn MWF 1pm Form B Exam#

Sign Name Print Name
(1 pts name above print & sign, 1 pt scantron name) (100 pts, 11 pages + 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, 1 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.) '

Circle answer on this form for backup to the scantron. There is no partial credit for showing work in the
multiple choice.

In all questions on all parts of this exam, R is not equal to hydrogen but is an alkyl.

L Multiple Choice (2 pts each, 24 pts) Choose the gne best statement in each question.

1. For UV — Vis spectra:

i
[RRt
x f‘ w2
ty
a) LUMO is m3"
b) HOMOis nts”
¢) UV transitions measure ma = n3°

d) (a) and (c) are correct
¢) (b)and (c) are correct

Tl

2 According to Zaitsev’s (or sometimes spelled Saytzeft’s) Rule, the most stable to least stable alkene is:
Choose the one best statement. ( R #H)

Ry R, M R ) R M
>(j<§ < P?/;\ ”>(§”\HH P
4 (5)

a) Most stable (3) > (5) > (1) > (2) > (4) Least stable
b) Most stable (3)>(4) > (5)> (1) > (2) least stable
¢) Most stable (4)>(2)>(1)>(5) > (3) least stable
d) You can’t tell which alkene is stable by looking at the structure. All alkenes are similarly stable.
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3. Which of the following reactions does not show a syn product ?

a) CH H; H_]>C
KC=<< + H» = CH; ]./ N}h
cny’ Hs CH; Hs

_H

b) CH;—(C=C—-CHs; Na°/NH; H Hs
/G:C
cu{ M
c) CH;—C=C—CH: Pt°/CaCOs H }I
quinoline 7 =C
CH; \CH3
H
d) CH?.\_ Hs ——-éj/
P + 0sO: > CHs \c H;
CHj Hs NaxSO0s 3 H;
H0
4. The product of an Sx1 reaction of the following substrate is:
%
Cl—G—~C—H + OH -
CH: M

a) CH; (g-l
H =—(C=—H
CH;
b) CH> {I
CH3
c) CH; H
' H

H -
o

H.
TS
Cl— >—C——0H
CH3s \H

Organic Chemistry I1 (CHEM 442) Spring 2016
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5. Circle the one statement below which is incorrect.

a) Inan energy diagram, a transition state is in general between either the reactant & product or
between the reactant and the intermediate.

b) A heterocylic arrow looks like >

c) An “Electrophile” loves electrons while a “Nucleophile” loves nuclei

d) Inanenergy diagram, an intermediate is always at the top of an energy hill.

6. Put in order of most stable to least stable carbocation by choosing the one best choice:
£H3 H Ha g
CHs-C + CHT—CIE; CHy—C + H—C +
I!I H; ]!{
(D (2) 3 “4)

a) Most stable carbocation to least stable carbocation is (2) > (1) > (3) > (4)
b) Most stable carbocation to least stable carbocation is (3) > (1) > (2) > (4)
¢) Most stable carbocation to least stable carbocation is (4) > (2) > (1) > (3)
d) Most stable carbocation to least stable carbocation is (1) > (2) > (3) > (4)

7. Which of the following does not match the E2 reaction mechanism ?

a Energy diagram |
|
!

b. The E in E2 means elimination.

c. Rate = k [substrate][nucleophile]

d. All statements above are true about E2

8. When you generate MO diagrams (where AO is atomic orbital and MO is molecular orbital), choose

the one best statement.

a) The number of AO must equal the number of MO.

b) A node is a line through which the AO changes sign.

c) The more nodes in an AO combination, the higher the energy of the MO,

d) Bonding MO are lower in energy than the starting AO while antibonding MOs are higher in energy

than the starting AQ.
e) All above statements are true.
9. For a Diels Alder reaction, choose the one incorrect statement

a) The best dienophile has electron withdrawing substituents on the dienophile.

b) Cis dienophile will result in a cis product and a trans dienophile will result in a trans product.
c) Endo product is preferred because of = stacking of p orbitals of the double bonds.
d) Diels Alder cannot do reactions with s-cis dienes unless the diene can rotate into s-trans.

Organic Chemistry I (CHEM 442) Spring 2016 MWF 1 pm Dr. Hahn Exam [ Form B page 3



10.  About spectra which of the following statements is incorrect ?

a) In proton NMR spectra the information that one derives is chemical shift, peak area and coupling
which gives vou information about the hydrocarbon structure.

b) In IR spectra 4000 cm™ to 1500 ecm™ is the functional group region in which peaks which are
representative of functional groups appear so you can use IR to find out what functional groups are in
the organic molecule.

¢) InIR spectra 1500 cm™ to 400 cm'! is the fingerprint region which can be used to match the finger
prints of authentic samples of a compound with an unknown sample of an organic compound.

d) UV Vis spectra is observed for conjugated organic molecules. More conjugated systems have larger
energy gaps which results in larger Amax,

11.  For the element Sb, circle the one incorrect statement.

a) The atomic mass is 121.76

b) The total number of electrons for a neutral atom is 5
¢) The atomic number is 51

d) The number of valence electrons is 5

12 In the following molecule, which is endo/exo.  Choose the best statement.

/1

|

(y)

a) (x)isexo

b) (x)1is endo

c) (y)is endo

d) There is no exo / endo in this molecule.
¢) {a)and (c) are correct.

Organic Chemistry Il (CHEM 442) Spring 2016 MWF 1 pm Dr. Hahn Exam I Form B page 4



I8 Short Answers ( 50  pts)
A Reactions Part of Short Answers: (2 pts per reaction, 10 pts total)

Given the following, what is the the expected organic product ? Choese to do 5 of the following
reactions you want graded by circling the letter of the reaction. If vou do not choose, I will just

grade the first FIVE.
a) CH> /H
=C. + HCI =
CH; It (Mark addition)
b)

CH;—C=C41  Hg(804):
Mark “addition of water”

c) CH C/Hs
/>: . + Hy =
Pt

d) CH CH: CHs
3/\C:C<C + strong oxidizing agent >
B H:  (hot KMnOs)

¢) CH;-C=C-CH; any reduction agent -

give at least one reduction product on an alkyne
(ex: Hy/Pt, Lindlar, dissolving metal)

f) CH;-C=C-H + NaNHyNH; =

Organic Chemistry II (CHEM 442) Spring 2016 MWF 1pm Dr. Hahn Exam [ FormB page 5



g) CH:CH, CH;O—H SOCL
—p

h) CHiyCH-Br + Mg® =

B. Short Answers part of Short Answers: (40 pts)

1. For the molecule below, make up one example of the following type of isomer and draw it in the
space (5 pts each letter, 10 pts total)

a} structural {or constitutional) isomer of the original
CHCHCH:—C-—CHs

T

b) one enantiomer (either 3D drawing or Fisher)(chemists do not indicate a particular enantiomer without a
3D drawing or a Fisher drawing )

Organic Chemistry Il (CHEM 442) Spring 2016 MWF 1 pm Dr. Hahn Exam I Form B page
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2. Spectra:  For the following molecule ( 20 total pts)

1
CH3#CHz—-C—CH>CH;3

a) Mass Spectra: What is the molecular ion peak value for the molecule shown above (6 pts)

(show work)

b) IR Spectra: Give onc IR peak from the IR chart specifying what structure gives that peak and the
peak wavenumbers. (3 pts each, 6 pts)

Functional group part is giving IR peak cm’

<) NMR spectra: (8 pts total)

Part 1:  For a proton NMR spectrum chemical shift put in order on the NMR plot by inputting the number
marking the molecule in the correct place. Explain briefly. (4 pts)

Highest ppm lowest ppm

Part 2: For the proton NMR spectrum of the peak (1)  (bold highlighted proton) — show your coupling
calculation. (4 pts total)

Coupling=2nJf+1

n [for the proton (1) is] = coupling is =

Organic Chemistry II (CHEM 442) Spring2016 MWF 1 pm Dr. Hahn Exam [ Form B page 7



3. a) Complete the foHowing reaction mechanism: I have provided the first intermediate. Please
show the rearrangement to 1.4 product intermediate in the space shown. 3 D drawings not needed ( 10
pts)

H x=/[ L HA > H H >

H H H

reactant (a) intermediate (b)

Intermediate to the 1,4 product (6 pis)

b) Is the SaytzefT"s Rule product the [ (kinetic) or (thermodynamic product)] (circle one) (2 pts)

c) For the 1,2 product will the energy of the final product be [(higher) or (lower)] (circle one) than the
energy of the final product for the 1,4 product (2 pts)

Organic Chemistry I (CHEM 442) Spring 2016 MWF 1pm Dr. Hahn Exam I Form B  page 8



Part III. Long Answers (24 pts) Show work where applicable.

For the molecule cyclopropenyl cation,

AV

{(a) Draw the expected MO diagram showing the 3 p AO and the 31 MO and the correct energy of the MO in
the space above. (6 pts)

(b) Fill your MO drawing with 2 = electrons (2 pts)

(c) By the MO diagram which you drew above, with the electrons filling the MO, shouid the molecule be
stable 7. (yes, no). (2 pts)

(d) Draw the p atomic orbitals involved in the MO for one of the MOs with one nodes (6 pts total)
(draw just ONE — don’t give me more, you will run out of time)

(¢)  Apply Huckel Rule equation of 4n+2 = # 7 electrons, to the molecule cyclopropenyl cation. Show
work. (6 pts)

(f) By Huckel Rule, is your molecule [ (aromatic) or (not aromatic)] (circle one) (2 pts) ?

Organic Chemistry II (CHEM 442) Spring 2016 MWF 1 pm Dr. Hahn Exam [ Form B  page 9



Table 12.1 Characteristic IR Absorptions of Some Functional Groups

Functional Group Absorption{cm™")  Intensity Functional Group Absorption (cm™)  Intensity
Alkane Amine.
C-—-H 2850-2960 Medium N--H 3300-3500 Medium
C—N 130-1230 Mediv
Alkene 1030-123 fedium
=C~H 3020-3100 Medium Carbonyl compound
C=C 1640-1680 Medium C=0 1670-1780 Strong
Aldehyde 730 Strong
=0 H 3300 Strong Fotor 1730 “ ‘v_“,w
S s= 100-2260 Medium o o DHOnE
C=c <! ' . Aride 1690 Strong
Alkyl halide Carboxylic acid 1710 Strong
C-Cl 6O0-500 Strong Catboxvlic acid
: “arboxvlic ac
C-B 500-600 Strong e
' , e O-H 2500-3100 Strong, broad
Alcohol
. e 3 : Nitrile
O-H 34003650 Strong, broad . - ,
- = 2210-22 Medit
CoO 1050-1150 Strong C 210-2260 Medium
Arerne Nitro
C--H 3030 Weak NO2 1o40 Srrong
Aromatic ring 1660-2000 Weals
14501600 Medinm

Table 12-1, p. 439
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Periodic Table of the Elements

il ThE 54
i s
: ; H | He

-
voma | 2y w\ ¥ 4.k SH G P | oo |aozs
w. 4 5 6 7 8 9 10

1 Li | Be B|CINLIO|FINe
6941 19012182 10811 | 120107 | 1400674 | 159994 {18.9954034 20,1797
7% 12 mw@ 13 14 15 16 17 18
a Mg |. [ m Al ALLSE| P | S Q] Ar

22.989770 24,3050 \&@ NT@ WI@ m m Qm . ﬁbu ..Q\m 26981538} 28.0855 |30.973761| 32.066 354527 | 39.948
19 20 21 22, 2 24 25 26 7 28 29 30 it [ om 33 3 35 14
K 1Ca | Sc | TiiV]|C|Mn|lFei{Col|Ni|{Cu|Zn|Ga|GelAs | Se | Br|Kr
390983 | 40.078 |d4.955910| 47.867 | S0.9415 | SL996X {54.038045| 55.845 |S8933200| 586934 | 63546 | 6530 | 69723 | 7261 7492160 | 7896 | 79904 | 8380
37 3 39 40 41 42 3 44 45 46 47 48 49 50 51 52 53 54
Rb 8 | Y I Zr INb Mo |Te | Ru|Rh | Pd [Ag {Cd | In | Sn | Shb|Te | T |Xe
854678 | 8762 |BRO0SES | 91224 §92006381 9594 | {98) | 10107 |io2.90550| 106.42 1078682 | 112411 | 114818 | 118710 | 120760 | 127.60 1126.90447] 13129
55 36 57 72 VE! 74 75 76 77 78 il 80 2l 82 83 24 85 86
Cs [Ba ' La | Hf ) Ta | W [Re | Os | Ir | Pt [Au |Hg | TI | Pb | Bi | Po | At | Rn
132.90545( 137.327 | 138.9055| 17849 { 180.9479 | 183.84 186.207 19023 | 192217 | 195078 |196.96655¢ 20059 | 204.3833| 207.2 120898038 (209) (210} 222)
Rl 88 89 104 105 106 107 108§ 109 {e 1t 112 114 116 118
Fr {Ra [Ac | RE [ Db | Sg | Bh | Hs | Mt o)

| @ | @6 (@27 a6 | @y | @) | (@ sy | e | @s9) | @ | om {287) (28%) | 28)

58 59 60 6l 62 3 64 65 66 67 68 £9 70 7

Ce| PrINd|Pm}Sm|Fu!Gd| Th|Dy|Ho|FHr [Tm [Yb |Lu
140,116 {140.90765] 144.24 (145) 15036 | 1519641 15725 |158.92534) 162,56 | 164.93032] 167.26 |168.93421] 173.04 174.967
90 9 7] 93 % | % 9% 97 9% 99 100 101 102 103

ThiPal U Z_w PufAm | Cm | Bk | Cf | Bs |Fm {Md |No | Lr
2520381 1231030588 2380289 (230) | (44) | 40 (Mmy 5 Qe | oesn (252) | (257) | (258) | (%) (262)




