Final Exam Organic Chemistry ] CHEM 340 Spring 16 5/11 W Dr. Hahn MWF 8 am Exam#

Sign Name l<_P/L\ - Print Name
(3 pt name sign & px int al@/e 3 pts scantron name) (12 pages + periodic table + equation + 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 of the exam.)

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)

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

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

1. For the reaction of an alkyne with the following.

(s

(a) Reaction with Lindlar’s catalyst results in tl?ﬁs alkene.

(b) Reaction with dissolving metal (Na°® in NH3) results in ?A%‘&Fe/ﬁg-

(c) Reaction with Hz and metal catalyst Pt, Ni, Pd/C results in %a}}@e. 29 l m\,(

@\I one of the above are correct.
2. Choose the best statement about intermolecular forces. ﬂ"é@,’—f U

(a) CH;?\J—CH3 has hydrogen bonding
CH;
CH)-g-‘H has hydrogen bonding

(c) Ck'%-l—l has hydrogen bonding
1

(d) All statements above are correct.
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3. Choose the best statement.

de

(a) In proton NMR, protons closest to either an electronegative atom or © bond are Qe'ielded and have
lbl‘ér ppm numbers. f

‘: \
(b) I\}{J\mber of peaks in a splitting pattern for proton NMR coupling equals 2nl+1 where n = number of

Plﬁ*ﬁﬂﬁ‘mﬂ'[, :ha't chermcatshift and 1 =K 3
Y\Q—‘%/ bOr; =

(c) JHydrogens 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.

(d) The standard used in proton NMR is the molecule (CHs)3 Si which gives%peaks around zero ppm.

(e) All statements above are false.

4, For the element Si, circle the one incorrect statement.
(a) J'he number of electrons for a neutral atom is 28
(b) The atomic number is 14

(c) The atomic mass is 28.09
(d) The number of valence electrons is 4

5 Choose the primary alcohol from the list below

(a)/CH3CH2-OH

H3
(b) CHs gH—O—H 2

© CHs g:io—ﬂ } 4
3

H3 0
(d) CH3 CHz-—Ev——O—-‘H fl
H
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6. Given the following molecules: The most acidic proton among the protons shown is: (assuming all
of the R groups shown are some sort of alkyl groups)

== CEC-@ R%—C{}@\ §>C=C}

(1) ) 3)
(a) Molecule (2)
olecule a)
(c) Molecule (3)
(d) None of the protons shown are the least bit acidic.
(e) All of the above are equally acidic.

7. Which of the following are the same molecule Cl
as the molecule shown in 3D.

H
Cl Br ,ﬁ CH;j

o BFKjCHJ X\/

\
"'/—’j\a H J | \ TR, b

/ \

(b) I .,
CH H \

! i
H ;
(©)
’ CH; Br /| 5/00
Y
\ cl
: ) 1
H Br

\—% CH;

ll of the above are the same molecule as the original molecule.
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8. Choose the best statement. -
5L cos D C
(a) CH3CH>CH>CH>CH3 and CHs-CH-CH2 CHj are structural isomers
(b) CH3»CH2-0O-H and CH3>O-CH3 are structural isomers

(¢) CH¥CH>~CH—CH>-CH3 & CH3CHrCHsrCH>-CH>-CHz-CH; are structural isomers
H
= S Tt
@\ll of the above are structural isomers.

(e) None of the above pairs of molecules are structural isomers.

9. According to Saytzeff’s rule, given the following alkenes where R = alkyl and not hydrogen, If you
assume that the alkenes shown below are possible products to an elimination reaction producing an

lkene. j
yy mest 9Leble le asHH*a(
H H H
Y e
H R ¥ SH B R
M 2) 3) C))
(a) The most likely product is (3) (most likely) > (1) > (4) > (2) (least likely product)
@ The most likely product is (2) (most likely) > (4) > (1) > (3) (least likely product)
(c) The most likely product is (4) (most likely) > (3) > (2) > (1) (least likely product)

(d) None of the above are correct.
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II. Short Answers (## pts)
A. Nomenclature: (2 pts each, 6 pts)

A Given the structural formula shown below, give the [UPAC name of the molecule.

a. Name of molecule Z‘l ; y 9~ éVl . eﬂ L, % 0 M

b. Name of molecule %_ C,L\ lM *; ’Q}A:Z/Z.\'v }'\Q)C?/VUL

Cl

C=£ Hr—€H —CHs e
o Tap i : )“QXW

‘1"
—CHs

2. Given the following IUPAC name, draw a structural formula of the molecule (skeletal formul
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.)

a. 1-chloro-4-propyl-2-methyloctane f/ /QH\ }

i s
=l ¢ \_é_v A s
(L [T NS CLL:CU;CLLB
iy b
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C Reactions Part of Short Answers: (2 pts per reaction, 14 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 7 (seven) of the following reactions you want graded.) FG ¢ ‘[

CH;;CH% )4 N CU}C{“L ,QW rrorgl )
CH3 H oo =

\'V\Cmf —

N I W@

CH3
- Ha,

H/ CHs”\-?

/_\(C\ Hs C/ H]
HL} —<H3 Hg(OAc): H.0 H

NaBH,

ho ot
——Cw
I/Y\Ovrlc \-{://C L }

H/H\C=<EB\A—} LL\C//O W

6)
CH>C=C—CH; Cl> (one mole) C ”} N / C’Q
) L=—q C
TR T TR L Y3
\\ . i 3
CH3CHz-C=CG-CH3- ‘Na’/NH; (one ) mole) /Q H}

T
CI—I;-C:C*H Hgsgt?{i(;/_ | C\ﬂ O\Q u\ éoﬂi@* Ci\v\ (\// [

-
' i B
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B. Short Answers Part of Short Answers (27 pts)

1. Given the following molecule, fill in the parenthesis with the letter of the functional group.

(A) alkene (B) alkyne (C) arene (D) alkyl halide  (E) alcohol (F) ether (G) amine

(H) aldehyde  (I) ketone  (J) carboxylic acid ~ (K)ester (L) ami acid halide =~ (N) acid
anhydride (You may use the same letter multiple times) (3 pts each,[ 6 pts total) Ahere may be more than 2

functional groups — you will get full credit if you identify 2 of the functional groups correctly.

(L)

2. NMR Spectroscopy: Answer the following about the molecule below. Show work. (# peaks in
coupling pattern = 2nI + 1 where I = %; for proton NMR). (8 pts total)

cm@cm-&o—cm»cm

(a) The peak for the part of the molecule circled and labeled with a * has integration number of

L (assuming integration number one for each proton) (2 pt)

(b) The proton with * has coupling of (Q'é.(;pt) Show work for your coupling number. (4 pts)

W= 5 ) In L= | /
-

2{ e Nl =G
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3. Given the following labeled energy diagram, complete the following by circling the answers (8 pts total)

energy

reaction coordinate

(a) The above reaction mechanism energy diagram has

[(1) 2)(3) @(5) ] transition states (circle one correct number) (2 pts)

(b) The transition states are labeled [ (2) (c) @ (e) @(g) (h)/ (i) ] (circle all correct)

(2 pts)

(c) The above energy diagram has: [ (1) (2)@(4) (5) ] intermediates (circle one correct number)
(2 pts)

(d) The intermediates are labeled [ (a) (b) @ (d) ® (h) (i) ] (circle all that match)

(2 pts)
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4 Give the Markovnikov’s Rule and anti Markovnikov’s Rule products for regioselectivity of the
electrophilic addition of H—O-H to the alkene. H-OH is not the actual reaction reagent. Actual

Reagent is shown below. (6 pts total, 3 pts each)

w

CMy ity
(—r} L\Ul/z%

- Markovnikov Product

c)2

H20
P &5
0, ot C | /GW

Anti Markovnikov Product
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Part 1. Long Answers (29 pts) Show work. Note that you earn partial credit for “attempt” in the
mechanism. “Attempt” is defined as not just rewriting the question but doing something towards getting the
final answer. If you just rewrite the same thing multiple times as an additional step in the mechanism, you
will get no additional points.

1 @ Reaction Mechanism. (19 pts) A. Label the circled parts of the molecule with one of the
numbers (1) substrate (2) nucleophile  (3) leaving group (3 pts)

Y ) ("L

:!6—9/

H O CHjs (solvent)

B. Show the entire reaction mechanism including reactant and product. (9 pts)

Ca
o @

i

6\417/&[*/&7@,;1 o

W
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C: Draw an energy diagram which matches the above mechanism in part B. Label your reaction
mechanism (ex: a,b,c,etc) and label your energy-di to match, the mechanism above. (2 pts)

| AL A

\FW%_(}? dgress

aw for the reaction mech&;g using tie actual molecule in your reaction above. If
aw using the words substrate or nucleophile, I will count off. (2 pts)

e i e ST moseaction? (et (Do <® ) (eirele éfﬁ:;(llleﬁt;(’c"m__m:\ﬂéizﬁn sy
M\ et (G s 0es ’)33 0 oy b0 (i - Cerredisy
A The "M (o CPrE i
\\\\C\J} 3
(o Chi - \\5 o it be -62? O~
Y 6 L bo#o il Qg/é%/
probability 5o Sl (osdd o7 & of 2
ﬂ 4‘9 f/‘()cbﬂz;{; ﬁ = V\d/cz,”,(, /’7’)/)4
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2 Complete the following synthesis by filling in the blank. I have provided some hints to help you
come up with the answers. NOTE: The way I grade this is for you to fill in reasonable molecules based on
the immediate prior molecule. i.e. 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. (2 pts each, 10 pts total
2 M} %

@@._.\c < O KOH e CUZ Cé‘}

H/ CH>-CH; -2HCI

re/d’(f)"[()v-@

'\vxfosgibie Cvyent
RX N ?roh INnCorye o
riov Put matihes

Na NH;

___7 IR still shows C=C stretch Na C4Hs

CHy Cwy — CZC-Cih Cyg

IR still shows C=C stretch

CsHio
(Sleren=D

G
hot KMnOj4 C 2 \ 9\,
——7 (E}you get 2 of the same molecule IR shows C=O stretch  C3HsO>
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