Organic Chemistry I Lecture Fall 2016 10/17/16  ExamII Monday  Dr.Hahn Exam#
i
Name K—Q/";)/ {print) Name {sign)

Please show work for partial credit and full credit on the Long Answers and in some of the Short Answer Questions.
Multiple choice questions have no partial credit.  Please write anything you want graded legibly. If you run out of space,

please continue on the empty back pages but clearly label where the remaining answer can be found. (If I can't find your
answer or cannot read it, I obviously cannot grade it)

* Return your entire exam including the periodic table. (Please
count your exam pages and make sure there are real pages + periodic table)

MULTIPLE CHOICE. Choose the one alternative that best completes the statement or answers the question. (2 pts
each, 26 pts total)

1) The structures below are . LK ~ i/ 1) _g__.__

CH H e 4 /
oA~ n i’/!/ N Gp-ba

H CH, H CHs )

H CH s

A) cis-trans isomers

e xi“ L
B)istructural isomers Vi~ ;" B r;”}
C) tonformational isomers [ <~
D) not isomers , T~
E) both B and D C Y \ |
2) In the lowest energy conformation of the compound éow, how many alkyl substituents are axial? 2) _L_,
—”"" Ji,f( s - f X - f
e P e ¥ Wad -4
\ UV e %
’-\\‘}9{" 4 “ep, R 4 _{’
N “y, o
HaC)HCY "CH,CHs o (34 4 Vg
(H3C)2 2LHs o Cé'(’di aard
A)2 B) 6 @ 0 D)1 - E3
3) Identify the major product of the reaction below. 3)
Br, ,CHy Potassium tert-butaxide L{\ ) /(;' . N R
5 - etrore produug
R . £,
» ® % v
CH,

j”z CH, CH,
e ke s ok
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4) For the compound below, the number of 1°, 2° and 3° hydrogens, respectively is

Y

i

L* {'\: s ‘ﬁz o
\.\\3 3 4 ’S‘E\“—» 2
‘.-fr/
-7

¥ A)1,6and 0

i

-
E§)

5) A mixture of equal amounts of two enantiomers
A) is optically inactive ,
. . . 07
B) is called a racemic mixture
C) implies that the enantiomers are meso forms,

7

/ D} both A and B
"E) none of the above

6) Which of the following is not a possible termination step in the free radical chlorination of

methane?

A) -CH3 + wall ~ CHz-wall

B) -CHg +Cl - CH3C1

E)Cl+ Cl -

Cl-Cl1

B) 1,3, and 1

@)}3, 6and 1

/%,/ E G /,gj(%f)\,
AV S Y

7) How many enantiomers are there of the molecule shown below?

CO,H

H——"——0H

A)6

8) Which of the following mechanisms (SN1, SN2, E1, E2) feature(s) a carbocation intermediate?

A) SN2 only

B) 0

B) SN1 only -

C) E2 only

D) E1 only <=
{ E')/* both SN/1 and E1

9) If (S)-glyceraldehyde has a specific rotation of -8.7°,

{R)- glyceraldehyde?

A) -8.7°

(\::_35}34-8.7o
C) 0.0°

D) cannot be determined from the information given
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what is the specific rotation of

D) 3,6and 2

51 5 de

E)2
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)
10) How many asymmetric carbon atoms are present in the molecule shown? 10) Q

P ,jfi\ j‘i{?j_f_\:é:__;(z. - o2 ffié et AL

Fﬁ
A)0 B) 1 @2 D)3 E) 4

11) In which of the following mechanisms (SN'1, SN2, El, E2
A) SN2 only

B) SN1 only T :(( N, d , Wre¥a %M; LN
C) E2 only (\ AL O LA /ﬁ? E é/{) '/r{{[ CQ;“ £ _m/
D) E1 only T e

(E)‘*ppth Eland E2

- /' -

G

12) A branched alkane has _{ (} o boiling point relative to the isomeric linear alkane. There are 12) A
2% London force interactions in the branched alkane.

AYd lower; weaker
the same; similar
©) a lower, stronger
D} a higher; stronger
E) a higher; weaker

) are alkenes the major reaction products?  11) mg

e e e

13) Rank the following carbocations in order of stability. (The most stable is first.)

13) 3
/L RS @ -~ U
o~ (10~
. \\F
27 H I
‘*'f[
(A)‘?1>m>n B)I>1I>1II O I>I>1I D)II>I>1I
N

-

7=

L~ L >1I
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Part II: Short Answers (40 pts)

o e

Cis)

L. Given the structural fo a shown below; glve t

a. name E \ 2'}9 / 0%
T
CH3CH2CH2~CH2\ L /H
(b4 C=C 7
H- 5\ 5 “CHCHrCH-CH;
v oy b oBr

o

A. Nomenclature: (2 pts each, 6 pts)

b. name g"}w\'@z(/% ]/lﬁ?(é( - I/
{ /A '

g
CHy__ 5 ¢ CHy~CH=CH,

5 hexa .
cH‘s> C\\H
o G{ =2 )

2 S holay

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.)

a. 2,4-dime ex-1-ene ) o ™
2,4-dimethylhex-1 g; é %} @
U

/C/é%g
= —C - b
SR
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B. Reactions: (2 pts each, 6 pts) give the expected organic product for the following reaction.

1. CH=Br + OH- > C/jwl? — O~
~
e

[S™)
?

. CH3-CH»>--CH; hv

(give all possible monohalogenation products)

O
/ \\\\\\\\\ ™ \\
3. CH}fl—-—é*C} base u%\\ ' e
A
o

C. Short Answer Part of Short Answer:

1. Match the labeling in the following parenthesis. Each parenthesm can hold one to multiple letters
Each letter may be used once, no time or multiple times (A) sp® hybridized orbitals (B) sp?
hybridized orbitals (C) unhybridzed p orbital (D) = bond (E) o bond (F) s orbital (6 pts, 3 pts
each)

( C.) orbital

{ ‘{) } bond
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2 Given the following list of solvents, circle every gipolar protic solvent (6 pts total, 1 pt each)

ST T J ™
/" CH»CHrOH Y\ CHsC-CHs CHy-C= H,O0) CHyOCH;  CHs-ClI
{ J i
N~ e
3 List the following from best (a) S~1 substrate to worst (d) Sn1 substrate (8 pts total, 2 pts each)
H CH;3 H
CHs-CCl CH;-C—Cl CHsCl  CH;—C—Cl

CH; CHs H

E <y } <
f 7
— —

4 Given the following energy diagram, label by filling in all parenthesis with one and only one letter.

A
&

(A) reactant (B) product  (C) label all transition states with C (D) label all intermediates as D

(8 pts total, 2 pts each) /<C > (v D >
/‘/‘ ) /

v S
e 7
L / .
',,.’// \‘\ /,// - Vs
//" e ‘_.// \-{/ /:"\

\

reaction coordinate

Organic Chemistry | Lecture Dr. Hahn Fall 2016 Exam |l 6



PartIIl. ~ Long Answers (34 pts)

1. For the following molecule, answer the following: (16 pts total, 4 pts each)

Original molecule (b).Enantiomer of original (a) (c).diastereomer of the original (a)

(d) (f) what is the Cahn-Ingold-Prelog R,S of
Original (e) Fischer of The original in (d) explain
j original (d)

"

§

_; /’ AN /

\“ ! s, e
Sy
?
H
i
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2.

(a) Give the reaction mechanism of the following reaction assuming Sn1 (substitution nucleophilic
- unimolecular) mechanism. Must show all steps stepwise

. Just showing the intermediate is NOT a
MECHANISM. (18 pts total, 6 pts for (a) )
H CH3 B
Cva(‘}vaC —H H' CH:O-H
CHs {b\ f”‘\
/) B /\\__/
@ |
l+ (
. —
L
T Qs (‘;\ _ ’/?2)4/ ) N
- - /'i f ] — — \\\
by T (T \
f \ 3
/;" } \'?’\:}‘ Ay @
I"V \w} f%{%{
7 /,_v { l
(s RO
oy & |/ 33[ YA Te
4 b Coy T Ty 1O
“"if""w*“\’ Cu 7 [ f"\ =8 : \
\\T Lhi&{&

(b)

Give the energy diagram. You MUST show an energy position for EVERY INTERMEDIATE 1n
the reaction. Label your energy diagram to.ma the mechanlsm above. (3 pts) i
| YO ¢ cuwrvrapne 0 e TGl
//’ o \'\ p ) ;;;/ i jf
’ / 7 o W | / X
energy | ..~ s — N
|
l
{

.‘\ . [ ;
\w/”‘\\/’ "/}\\éj/"' o,
<3 Fom \*"'\.’)ﬂ\ Y Qv\. / .
& AN G A L 7
\\Q ¢ R -,
\.;'s
reaction coordinate - S
VLG M*SIM&'ML“‘LD
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(c)  Write the rate law for the reaction showing the actual mol/e/c}ule in the reaction. (3 pts) |

) 1.4 Méﬂ /
oy /:f/ [{\ [~ /
H”“ § . j ! . |
e = ey, e Gl |
- \_ V7 ] N, {

pd Fal hY .
L 14 el i
— T A

o - U LSl ey ]

(d) Show a 3D structure of the carbocatiof mtermedl’é’te (usmg wedge dash and d line 3D dramng)(2 pt)

T e T

/ rg

\/
{
=i

C " ‘e ;{/
/o /} J

\ 7

e t‘; \ /
(e) ﬁm\e"ﬁlolecule has a chiral center at the carbon attached to the OH. ™ If the starting molecule wasc”ia

Cahn Ingold Prelog orientation, after the reaction what would be the Cahn Ingold Prelog orientation of the
product 7 Explain briefly. (2 pts)

/,( 50 ;’%j\,;t;: - \béw/meé@h H’«ML 50
// /J’\,%/

3] If the reaction undergoes an elimination instead of substitution draw the expected product below. Is

the product that you-dfew [ (Zaitsev product) or- (Hoffma product) | (circle one) (2 pts) _ n
Lt e (/i,%z i s @l /C,:\"’/ - Z %
ij NP /{_’z\\\T /é‘ji’g/ﬁ C []?\ S §\ i )@/
Cu— CC % D NN
o \ 7 -1
” ( J (r
\\‘.\ 3( 51) ( o / e

o Kk //

/(i Ho e,
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Organic Chemistry I Lecture Fall 2016 10/17/16 Exam II Monday  Dr.Hahn Exam# |

Name (print) Name (sign)

Please show work for partial credit and full credit on the Long Answers and in some of the Short Answer Questions.
Multiple choice questions have no partial credit.  Please write anything you want graded legibly. 1f you run out of space
please continue on the empty back pages but clearly label where the remaining answer can be found. (IfI can't find your
answer or cannot read it, I obviously cannot grade it). Return your entire exam including the periodic table. (Please
count your exam pages and make sure there are real pages + periodic table )

r

MULTIPLE CHOICE. Choose the one alternative that best completes the statement or answers the question. (2 pts
each, 26 pts total)

1} The structures below are . 1)
CH; H
H H H H
" CH, H CH,
H CHy

A) cis-trans isomers

B) structural isomers

C) conformational isomers
D) not isomers

E) bothBand D

2) In the lowest energy conformation of the compound below, how many alkyl substituents are axial? ~ 2)

CHs
o oy
(H3C),HCY CH,CH,
A)2 B) 6 o Dy1 E)3
3) Identify the major product of the reaction below. 3)
Br, CHy Potassium tert-butaxide
é WCHy -
A) B) C) D)
CHy CH, CHy CHy

@-CH; é «CHy @CH; é ~CHy
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4) For the compound below, the number of 1°, 2° and 3° hydrogens, respectively is

uf
A)l,6and 0 B)1,3 and 1 C)3,6and 1 D)3, 6and 2

5) A mixture of equal amounts of two enantiomers
A) is optically inactive
B) is called a racemic mixture
C) implies that the enantiomers are meso forms
D) both A and B
E) none of the above

6) Which of the following is not a possible termination step in the free radical chlorination of
methane?

A) -CH3 + wall ~ CHz-wall

B) -CH3 + Cl- - CH3Cl

C) -CH3 + -CH3 ~ CH3CH3

D) -CH3 + Clp ~ CH3Cl + CL-
E)Cl+ Cl - CI-ClI

7) How many enantiomers are there of the molecule shown below?

CO,H
H———F——0H

H——————0OH

A)6 B) 0 Q3 D)1 E)2

8) Which of the following mechanisms (SN1, SN2, E1, E2) feature(s) a carbocation intermediate?
A) SN2 only
B) SN1 only
C) E2 only
D) E1 only
E) both SN'1 and E1

9) If (S)-glyceraldehyde has a specific rotation of ~8.7°, what is the specific rotation of
(R)-glyceraldehyde?
A)-8.7°
B) +8.7°
C) 0.0°
D) cannot be determined from the information given
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10) How many asymmetric carbon atoms are present in the molecule shown? 10)

AYO B) 1 2 D)3 Ey4

11) In which of the foHowing mechanisms (SN'1, SN2, E1, E2) are alkenes the major reaction products? 11)
A) SN2 only
B) SN1 only
C) E2 only
D) E1 only
E) both E1 and E2

12} A branched alkane has boiling point relative to the isomeric linear alkane. There are 12)
London force interactions in the branched alkane.
A) a lower; weaker
B) the same; similar
C) a lower, stronger
D) a higher; stronger

E) a higher; weaker
13) Rank the following carbocations in order of stability. (The most stable is first.) 13)
&
@
,,/Gg\,f’\\ O/ TN
] I t
AYI>NI>11 ByI>I1I>10 O O>1>11 D)YI>I>1
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PartII: Short Answers (40 pts)

A. Nomenclature: (2 pts each, 6 pts)

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

a. name

CH3CH;CH»CH; N /H

C=C
g~ \CHrCHngH/CH3
T

b. name

/CHz' ~CH=CH;

CH;-
\/C:C\

- 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.)

a. 2,4-dimethylhex-1-ene

Organic Chemistry | Lecture Dr. Hahn Fall 2016 Exam I 4



B. Reactions: (2 pts each, 6 pts) give the expected organic product for the following reaction.

1. CHs=Br + OH >

2. CH3~CHz-CH; hv

(give all possible monohalogenation products)

Hon
3, CHa»«Q-———-—C;——CI base
CH; H - HCi

—_—»

C. Short Answer Part of Short Answer:

1. Match the labeling in the following parenthesis. Each parenthesis can hold one to multiple letters.
Each letter may be used once, no time or multiple times (A) sp® hybridized orbitals (B) sp?
hybridized orbitals (C) unhybridzed p orbital (D) nbond (E)o bond (F) s orbital (6 pts, 3 pts
each)

Organic Chemistry | Lecture Dr. Hahn Fali 2016 Exam il 5



2 Given the following list of solvents, circle every @polar protic solvent (6 pts total, 1 pt each)

1
CH>CH-O-H CHz‘E—CHg CHs-C= H: O CH>O-CHs CHz-Cl

3 List the following from best (a) Sn1 substrate to worst (d) Sn1 substrate (8 pts total, 2 pts each)

H CH; H
CHs-(Cl CHy—C—Cl CHsCl  CH;—C—Cl
CHs CH;3 H
4 Given the following energy diagram, label by filling in all parenthesis with one and only one letter.

(A) reactant (B) product  (C) label all transition states with C (D) label all intermediates as D

(8 pts total, 2 pts each) / )
N /’/f /
_/// \N// \ 2 i/ g V\\

reaction coordinate
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Part III: ~ Long Answers (34 pts)

1. For the following molecule, answer the following: (16 pts total, 4 pts each)

Original molecule

(a) c\)
Cl

(b).Enantiomer of original (a)

(c).diastereomer of the original (a)

HO —H
Br ———CH;
Br Cl
H
(d)
Original (e) Fischer of
Q} original (d)
Cl
H ‘\*\gg\OH
Br
Organic Chemistry | Lecture Dr. Hahn

(f) what is the Cahn-Ingold-Prelog R,S of
The original in (d) explain
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2. (a) Give the reaction mechanism of the following reaction assuming Sx1 (substitution nucleophilic
unimolecular) mechanism. Must show all steps stepwise. Just showing the intermediate is NOT a

MECHANISM. (18 pts total, 6 pts for (a))

H CH;s _
CHr»VCMg"‘*H H' CH O-H
CHs O
FI

(b) Give the energy diagram. You MUST show an energy position for EVERY IN TERMEDIATE in
the reaction. Label your energy diagram to match the mechanism above. (3 pts)

reaction coordinate
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(c) Write the rate law for the reaction showing the actual molecule in the reaction. (3 pts)

(d) Show a 3D structure of the carbocation intermediate (using wedge, dash and line 3D drawing)(2 pt)

(e) The molecule has a chiral center at the carbon attached to the OH. If the startin

Cahn Ingold Prelog orientation, after the reaction what would be the Cahn Ingold Prelo
product ? Explain briefly. (2 pts)

g molecule was(}liz
g orientation of the

¢3) If the reaction undergoes an elimination instead of substitution draw the expected product below. Is

the product that you drew [ (Zaitsev product) or (Hoffmann product) | (circle one) (2 pts)
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