Final Exam Organic Chem II (CHEM 442) Spring 16 5/13 F Dr. Hahn MWF 1pm Form A Exam#

Sign Name /C Orn Print Name
(3 pts name print & s'ign, 3 ﬂ scantron name) (100 pts, 11 pages,periodic table, equation sheet, scantron)

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.) 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.

Assume standard workup in all reactions even if workup is not explicitly shown.

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

L Multiple Choice (3 pts each, 27 pts) Choose the one best statement in each question.

1. By “Nucleophilic Addition” choose the best reaction.

N\ N\
(a) CHrg-—H + f'F)—H > CHr‘g—O-CHs X @b@/"‘@/

CH3

H

P,

N
(b) CHr—g\H +LiAlHy > CHs—

K <Y
(¢c) CH€—H +NaC=N -> CH —C=N
H

(d) (b) and (c) are correct.

l"\H /

9

(e) All except (d) are correct.

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

o R n musk Hl\em‘// H
TS S O e

@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

d) You can’t tell which alkene is stable by looking at the structure. All alkenes are similarly stable
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3. For UV - Vis spectra:

AL L%_  Cunt

ot = oo
$y

T

a) LUMO is m3" \/

b) HOMO is 74"

¢) , UV transitions measure m; > m3° l/
(a) and (c) are correct

e) (b)and (c) are correct

4. To generate an alcohol from an alkene, one may use which of the following reagents over the arrow.

(a) (1) Hg(OAc)2, THF/H0 (2) OH’,\ﬁa:BH; to give Markovnikov product without the possibility of
rearrangement.

(b) Alkene reaction with MCPBA followed by reaction of a Grignard followed by workup. .~
(c) H*/H20 to give Markovnikov product.

(d) (1) BH3:THF (2) H202, OH" to give anti-Markovnikov product "

@Ul above statements are true.

5. Which of the following is an o,p activator ? Iam showing the part that attaches to the benzene
ring.

(a) -—?LH: Q1P
/o0

(b) -—%~§:@ i
+

© —O—H &p

(d)Y (a) & (c) are o,p activators

(e) None shown are o,p activators.
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6. In the following molecule, which is endo/exo. Choose the best statement.

/ x) €¥X0
o

‘(y) e AR

(a) (x)is exo v

(b) (x) is endo

(c) (y) is endo o

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

7. If you start with a ketone or aldehyde, and you reduce it using a reducing agent like LiAlH4 and then
work up the product, which of the following reactions are correct ?

o O

() R—C—H > R-E—H X

/4 A\
(©) k—gt—H = R—%~_6_—H X

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

(e) (a), (b) and (c) are correct.
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8. Which of the following reactions is NOT a reaction of an o carbon ?

4\
(a) CHs CH—C—0O-CH;3 Bry, H Br CHng—g~§€H3 X
-_ T

AN

_ §—CH3

%

7N A\
(b) CH»CH»—C—0-CH; base  CHs CHrB
.

CHs;

\
@Z)HrCHz— —'O—CH3 H—O—CHz CH3 CH3—CH2—%—6—‘CH2—CH3 !

4
‘) and (b) are o carbon reactions Mj\

(e) All of the above are a carbon reactions.

W G raded

Covvos

\

9 Which of the following are incorrect ?

(a) CH;—%—-—H + CHy€H,—MgBr > CHr-b-CHZCHs/\/
Workup \CH-CH;

75N H
(b) CHsh%—-H + LiAlHs > CHr-f—_H
bH

E:
() CH~C-H + NaBH; > H—&—H X
H

(d) All are correct.

@ll are incorrect.
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I1. Short Answers (42  pts)
A. Nomenclature: (2 pts each, 6 pts)

1 Given the structural formula shown below, give a valid name of the molecule.

a. name C‘@"'LJ.Q V)j)r/t//%/\ 8, ﬂﬁ

CHﬁHﬂHr(g:QCHﬁHs b WA O+ QM
@ Cho Ot

b. name

9 o)) /’\ eXanp, C aCd

CHr-g—CHz—CHz-CHz—-%——O—H h € KXo, acH
G- 5 i 2 SER

Given the following IUP

ctural formula of the molecule (skeletal formula
acceptable, condensed structure, Lewis Dot structure acceptable, molecular formula not acceptable -

don't forget to show the hydrogens in your formula unless you are using the skeletal structure.)

N-ethyl-N-methyl pentanamine

— (= CH

CM}
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B. Reactions Part of Short Answers: (2 pts per reaction, 16 pts total)

Given the following, what is the the expected organic product ? Choose to do 8 of the following
reactions you want graded by circling the letter of the reaction you DO NOT WANT GRADED. If

you do not choose, I will just grade the first EIGHT

1) CH CH3
\c= o — > Cf/‘_(/%
o ON\CH; P \f7'
2) CH\ CH,CH; Cl,/)é C//cl%
: - T
A _c '<CH3 H C ‘? \\(/U/z

: /ﬁ b

3) CH3-C=C-H + NaNHy/NH; > Cwn }»»Q =¢; NMa

\-—/—\/\

. CH\ = /CH3 MCPBA 'I}\C—'
CH;  N\CH; — %/ (/%
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CH3——-8—H + CHs; MgCl —) C.L _,f_(/u
by ¢~z
l+
/\/\/\/\//\/\/
7) CHs~CH2CHzO-H + NaxCroO7,H' ~—— CH y C l/z/"’. -0 0

\/‘/\/—\N\—/—\—/_’_\“\ I

?H3CH2-— —O-CH; + H-N—H —7 C L)} Otb, “‘é/\— /\/\W}

. |

L

o}

y I |

2 e ?jﬁk, g»w-
Aldol condensatiori C*A 5 Ol})// Cr Q(/

Lol
H} (¥ {C“’C/([/ b

€ Short Answers part of Short Answers: (20 pts)

1. For the followmg draw ONE resonance structure for the enolate.

Lo & :
P 2 T
\CL}/Z’WVJ/“{W

Ly
5 _@_MEH sl ==

resonance structure of the molecule on the left
(show electron pushing arrows on the molecule on the left to give above)
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2. The following (a,b) should be carried out on the molecule: (8 pts)

_ A \M
3

z‘\lyi

— \ n/\/

(a) Draw the expected MO (molecular orbital) diagram showing MO energy levels in the space above.
(hint: Use the shorthand method.) (4 pts)

(b)  Apply Huckel Rule equation of 4n+2 = # = electrons, to ve molecule. Show work. Is the
nitrogen lone pair included in your Huckel Rule calculation ? ([(yes) ot (no)] (4 pts) @
P

3. Given the following pairs of bases and acids: (6 pts total)

(1) Which base is a stronger base ? @r (b) ] )circle one. ts) /
%0
CHsEHAFEH; “H, -€Hr—N~€H; ( &WW € (e 034’«
bH3 1 Hs
(@) (b)

CH3~<CH>— é)—O—H &Hz—CHz
|

(a) (b)
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Part III. Long Answers (30 pts) Show work where applicable for full and partial credit.

o
L Show the following reaction mechanisms. (18 pts total) 0 ﬁf
a) Complete the following reaction mechanism for a Claisen Condensation. (9 pts) f\
o) IS o
CH3CH,CHe—C~—0-€H,CH; CHCH:OiNa
CH3;CH>O-H

e Y G

&




b) Show the reaction mechanism for a generalized transesterification. (9 pts)

CH3 CH,CH W@ a =
3 CH2CH>— O-H3 CH3;CH>OiNa —
CH:CHyGH 7 \?‘ @
CH; Wiy —C—0 Mu}
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2 Complete the following synthesis by filling in the blank. NOTE on Grading: If you fill in part A
with the wrong molecule and then do the next reaction to molecule B correctly you will get half credit for
answering B correctly. If you fill in B with what you would have gotten if you got A correctly but which
cannot possibly be generated from your wrong A, you will lose all credit even if it matches what you should
have gotten for B for a correct A. (2 pts each, 12 pts total)

" ) Fiste |
: IKC_ . hot KMnOs e \(/L/],}

A CHs0; C=O stretch in IR (2 identical molecules

B C4H{O, Claisen ¢ nsation
etween B and molecule above)

l
CH»CH>OH O/i\(/ﬂ o\
alcoholysis C\M C“')/ } CH; CHz-0-C—-O-CH, CHs
=

0

[ l o~ 8; Eto:%,\st OH
i @C,\ CH3-C—Cl, 2 moles
g C\)n/o /R\ O Mw 2 @HO'
C 7H204 \_}/ b/ | 1’10" 5’{
v Covre
- € st
I g s ol
5 C\C’/\/, —C; ok ImaACHes
U’ ] B CH>-OH

Wedrre prioc s

dRs Aot mattle

E CHwOs 7 '
?/U. Oég\%
- /0/14-
Y Lia l,. _Cuy (/L@

F  CuH0s L~
- W wo!  Cub Oldz
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Final Exam Organic Chem II (CHEM 442) Spring 16 5/13F Dr. Hahn MWF 1pm Form B Exam#

Sign Name Ke/"\, Print Name
(3 pts name print & sign, 3 pt & antron name) (100 pts, 11 pages, periodic table, equation sheet, scantron)

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.) 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. (Color) '76/
/I\/ s A 0 ‘IL /Z Om
y S :

Assume standard workup in all reactions even if workup is not explici

Please READ and FOLLOW directions. This is a TIMED EXAM. (ex: don;t give me 5 structures if I only
ask for one or you will lose points on this exam by RUNNING OUT OF TIME)

L Multiple Choice (3 pts each, 27 pts) Choose the one best statement in each question.

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

/ /\//‘/"'" = P10 VO /C >

o) g

bad

(a) (x)isexo

(b) (x) is endo

(c) (y) is endo

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

2. To generate an alcohol from an alkene, one may use which of the following reagents over the arrow.

(a) (1) Hg(OAc),, THF/H0 (2) OH", NaBHa to give Markovnikov product without the possibility of
rearrangement.

(b) Alkene reaction with MCPBA followed by reaction of a Grignard followed by workup. ;,
(c) H*/H>0 to give Markovnikov product. \/
(d) (1) BHs:THF (2) H202, OH to give anti-Markovnikov product A
@ll above statements are true.
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3. Which of the following isan o,p activator ? Iam showing the part that attaches to the benzene
ring.
@ N 0 p

IA
(b) -%—6( e M

-
© —O0—H . AP

(a) & (c) are o,p activators

(e) None shown are o,p activators.

4. For UV — Vis spectra:

—mt

w0

4 meldormO
ty

iiiLé

T
a) LUMO is n3" / :
b) HOMO isma’ /
¢) UV transitions measure 7, > 73
@ (a) and (c) are correct
e) (b) and (c) are correct

5. According to Zaitsev’s (or sometimes spelled Saytzeff’s) Rule, the most stable to least stable
alkene is: Choose the one best statement. ( R3H) Q b
@ : Mo+
R, R <H Sl
@) (2) (3) A )

@Most stable (3) > (5) > (1) > (2) > (4) Least stable
Most stable (3) > (4) > (5) > (1) > (2) least stable
c) 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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6. If you start with a ketone or aldehyde, and you reduce it using a reducing agent like LiAlHs and then
work up the product, which of the following reactions are correct ?

R
H

(b) R—-g—H > R—g—ﬁ X

(©) R—g—ﬂ > R*-%— o-H A
(d) (a) and (b) are correct

(e) (a), (b) and (c) are correct.

7. By “Nucleophilic Addition” choose the best reaction.

@ CH3-—8-—H + |16—H X CH;——Q-O—€H3
CH3

H
(b) CH3-—8"H + LiAlHy - CH3"‘EH /
H

H
(c) CHa— g—H +NaC=N > CH——C=N

@(L) and (c) are correct.

(e) All except (d) are correct.
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8. Which of the following reactions is NOT a reaction of an o carbon ?

(a) CH3 CH>~C—0-CH3 Br, H-Br CH;—%H—g—ocm )/ <
T

)
/c‘\—_ﬂ—o-cm X

CH3 H

0
(b) CHs-CH,—C—0-€Hs base  CH>CH,—L-
e

(c)/CHs CHrg'*O—CHa H-0O—CH: CH; CH>CH;—C—O—CH>Hj3

¥

@ (a) and (b) are o carbon reactions & —— 0ﬂ\ v
(e) All of the above are a carbon reactions. Cagvrv Q/Uf 4 W€

Gl Covrew

9 Which of the following are incorrect ?
Bt
(@) CHs;—U—H + CHsyCH,-MgBr > CH el YWY Cu [ C/t
Workup H>-CH3 Sl —C— C%(
oy

O—H
(b) CH—U—H + LiAlHs > CHr%;H W

. i
(c) CH H + NaBHy » H—C—H Wl/ﬂfg/

(d) All are correct.

@Jl are incorrect.
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1 Short Answers (42  pts)
A. Nomenclature: (2 pts each, 6 pts)

15 Given the structural formula.shown below, give a valid name of the molecule.

a. name e h ?Cl(\hl’/ b L\@/\/\‘ﬁl‘c af_lfﬂ

A s
Clﬁ?"%H*‘F“‘g"O*H pDutergic acif
: Vs L&AQM/V?

b. name e‘é)'\‘[]u}/\o!‘L 90\/\0‘21670\1’\01 C

cm@m—%—-o—%—cm E/‘&}\@ hatC Ay I’"‘QOL”’%—L

PV Opasoic

2. Given the following IUPAC name, draw a structural formula of the molecule (skeletal formula
acceptable, condensed structure, Lewis Dot structure acceptable, molecular formula not acceptable -
don't forget to show the hydrogens in your formula unless you are using the skeletal structure.)

bl K

N-methyl-N-propyl octanamine /\k 97
QU= N Gt
Chby
& by

Sl
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B. Reactions Part of Short Answers: (2 pts per reaction, 16 pts total)

Given the following, what is the the expected organic product ? Choose to do 8 of the following
reactions you want graded by circling the letter of the reaction you DO NOT WANT GRADED. If

you do not choose, I will just grade the first EIGHT

/‘/\/\/\,\_/\W_/\’\/

)
i & et H I ol
H>c=c< + HCl > Cub( f C( b
C H
Gl n P
/\_/\/v\_/\/v\/\-/\-/—’w‘—k_\
2) CH\ CHs ‘"\H} lc Uy
o + o O &
i’ i C“} jui 5|
S e b S

3) H-C=C-CH,CH3 + NaNHy/NH; > /\/,\ ,’C—:-C—QQZCH}

4 %&SO;H @

3
S o (9 WEC: Aot gt
Te = tnfa Coxdatar

&léﬂ/'\ﬁ@/@

5) CHa_ Hs Cpy
H/c= 4 MCPBA L}/# / 7 L/}

Organic Chemistry Il (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Final Exam : FormB  page 6




vt
CHr— g—— CHs + CH3 CH2CH2MgCl "*) € U I
5T QT S Cincu,
On}

/\/\—/\—W
.7) CH:,'—CbI-II;?’H + NaxCr207, HY — CU> ——'j\%
5

8) @
CH>CH,—C—0€H3; + H—N—H S
&Hz CH>CH3

9) '
CH:CHe~ (-O-€H.CH;  base ) (Pl

I C’u} Cl— l\c/ C)\O e
_ Gy
_ no pts o FQ e [Prsh’
8 For/ th\e following jraw@()NE resonance structure fo?e \enolate (6[ Pfl)S} @ 6
9 c l?l & b /c~@C\63’_

~ \
B Caly Ik )% / |
o e d J
foxhin L g b Cly
S | ) )=
H%ﬂ ity S5 0~ H /Q C( \ h
CAap.
CH3 resonance struc of thé molecule on the rrft (show electron

pushing arrows on fhe molecule on the left to give resonance
structure abov
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2. The following (a,b) should be carried out on the molecule: (8 pts)

S

@
(a) Draw the expected MO (molecular orbital) diagram showing MO energy levels in the space above.

(hint: Use the shorthand method.) (4 pts)

(b)  Apply Huckel Rule equation of 4n+2 = # m electrons, to the above molecule. Show work. Is the
nitrogen lone pair included in your Huckel Rule calculation 7 [(yes) ox

3. Given the following pairs of bases and acids: (6 pts total)

(1) Which base is a stronger base ? [(a) ocircle one. (3 pts)

CH3CH N H3 /I\E z~CHz~I‘{;§31-I;

(2) (% ,

(2) Which acid is a stronger acid ? @r (b)] circle one. (3 pts)

CHr—CHz-&:Q-H Hz_CHz_g————o_H o 8 /é/

’\u/zd/p# S
(@) cﬂo\we Q(b) o
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Part III. Long Answers (30 pts) Show work where applicable for full and partial credit.

1. Show the following reaction mechanisms. (18 pts total)

a) Complete the following reaction mechanism for a Claisen Condensation. (9 pts)

N
CH;CHr—g——QGI—h CHsO Na
CH-OH

RS

Organic Chemistry II (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Final Exam FormB  page 9




b) Show the reaction mechanism for a generalized transesterification. (9 pts)

e e S *
CHyCHr—C—O0—CH;CH;  CHsOINa :
G0 @ ‘o~

CH>O-H

' ' CH} Chp. —

Ry
&
Cwp,
2
%\%0&& Cu
et
100"\ gpf
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2 Complete the following synthesis by filling in the blank. NOTE on Grading: If you fill in part A
with the wrong molecule and then do the next reaction to molecule B correctly you will get half credit for
answering B correctly. If you fill in B with what you would have gotten if you got A correctly but which

cannot possibly be generated from your wrong A, you will lose all credit even if it matches what you should
have gotten for B for a correct A. (2 pts each, 12 pts total) @

= hot KMnO4 : .
CHaCP{zC H>CHs > W hc—"’Z

l
CH#OH /f e Q/\ 6>
alcoh'o—lysis ( I 0 hz OM CH3-: —é—CHs

= B C4HsO» 2 Claisen ¢ondensation
(betwee B and molecule above)

8 /f)\ (1) EtONa, Et OH
i e | g r/@\ cll
QU 7 CH -——g 2 moles
s /C‘\ €0 ~Clle (3) H;0*
C CeHioOs / B Rl o

oS ‘
< i "NCarvei b @WJO"f_z_‘*‘fgf'
.'mfPO%I'HQ next 5‘%9?,4

g
W G
[ U, CH;CH-OH
D C7H1004 :
U ~Y 2
O |
o ff i
Lol =t~ ¢ —C S0y '
“E / CoH1404 l 0 large excess of Grignard
et normal worku
PM} Cf/@ W3
(g
C’M} C_\ C uLo\C/ Wj

F CiuHuOs Ulh | ‘LO)CQE'J
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