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Question |. Multiple Choice (1.5 point each, 30 points total)
a) Please give the pKa of the MOST ACIDIC proton in each molecule.

A) 10
B) 16 @10
20 0)20 C)20 ) 35 10

40 D} 40 D) 35 D) 40 D) 16
E) 45 E) 45 E} 45 E) 45 E) 20

b) Provide the product (3 extra points) in the box and the Keq for the given reaction

HoN K NaH
>—<| + NaH + Hz.

6) Kea: A) 107, B) 107, C) 105,(®)1; E) 10
7) AG: A) 24; B) 14;(C))0; D) -14; E) -24

Select the most acidic compound in the following group of molecules.
9 A

**@*@*@*@

g9 A B) D)
OH TeH SeH

PN X PY

10) A) 8 _ . C) o
)J\/OCHa /[K/C" )‘k
ldentify the strongest labeled bond in the following group of molecules.
11)
CHs-Cl  CHyNH,  CH3-OH CHg-PH, CH3-CHg

A B o D @

12)

CH,=0 H.C =S H;C =AsH CHz-PH, CH3—CH3

B c D E
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13) The number of the longest carbon chain in the following molecules.

A) 12; B) 8; C) 9;(D)10; E) 11
14) The molecule with the highest boiling point.

o) OH
A B ¢ ® E
18) The molecule with the lowest melting point.

oA NP e

16) Which atom in the following group has highest electron negativity?
(A)F: B)O;C)N; D) H; E) C

17) Rank the strength of the indicated bonds in the following molecule.

2 A) 1>2>3>4; B) 4>3>2>1; C) 3>1>4>2; D) 2>4>3>1(E})3>1>2>4

18) Which reaction runs faster?

A)(jr+HBr B) ©/+HCI @ O/+HI

19) Which reaction runs faster?

A)O + Bry B) O/_,,Brz @O{+Br2
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Question Il. Nomenclature, Lewis structures (41 points):
2a) Name the following molecules (3 points each, 24 points total).

AN _o CH,OH

55 HO——CH

6 “ A A CH2CHZCH20H20H
MR 451 -4 ~{ 2-mey %@Xﬂﬂ-f’yl)—z-me{h.ﬂl

(3,45, 5R. 68)-5- hatg)-3 46 ~ GeinE (25 ) -2-methy{ - 1. 2,6 ~hexanetriol

trimethylnonone (R, 3R. 4s) ~3-etyl-N-nethg) (28) -2~ methglhoxone-1,2.6- triol
= 4-0-netiylethyl)cyclohexaneamine

CH,CH3OH ‘
Sl RN N
1 . H Cl Br H
CH,CH,CHj CH,CH,CH,
2 {1-methalettyl )1 - pentene (35.4R) - 3,4 -dichlovo - |1-heptanel
(R)- 4 -ethyl- 3 1-dinet)-3-octene (1S, 2R) —2-tyome ~ 1~ propylyclopeniane!

2b) Draw 20 different isomers of molecule C;HsO (5 points total: 12, 2 points; 15, 3
points; 18, 4 points).

pou = | one T bord or one rinﬁ
Acgtr‘c : dic :
al cHao
NN
= OH O'//\/\ Do_ A
oH
/\v\'\ o 0’//’;\7/ ~OH l
SN, |

e«
. . S

/,\\/ A O N\ ?
oH T ’

/L\_/ /,:\\\yf,a\\ E
/K\/OH will be moro s steweochenistry
2\0/

/K/DH g Corsierad,




Chemistry 233

Spring 2015
2c) Draw the Lewis structure of the following molecules (2 points each, 6 points total).
CgHeTe CsH1zBN CgH5N3
HE .

LG c i Tes orother reasonable 4 Mg H H HH .ee .o
RE A HiCiCEiBIAH HiC:CiNINIiY
A H g H

or 0thor ressonable ansver
2d) Draw the structure of the following molecules (1.5 each, 6 points).

MCPBA THF 9-BBN DMSO
[#) H\ (24
7 O~0—t 0

le
i /S\\
cl

Question lil. Reaction mechanism (25 points)
3a) Draw the product and detailed electron pushing mechanism (3 points)
CHg

L MCPBA
HeC”™ CH,

° 5 N 0 eﬁ;—a"/;\e}
g yﬁ& T Seeon e Gt o S g
cl Cl

ct
¢
0

2
. :c‘; ]‘_L" or
7 <

3b) Provide the reaction condition and detailed electron pushing mechanism (4 points)
CHs 7 BH3-THF CHga

OH
HoC™ SCH, 2) Ha0a, MpOH Hac’J\/

=
r

“E'C)zmaﬂ > mc%— oo % AN
H“'\_/ . :;c C‘%Q }Cﬁlzsm T ron®

|
03K

v
HO{lHﬁg >_CH2 -ot QBH
o = CHa-0H P—02=0"+ Ho-Brh & C.DHZ
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3c) Provide the reactant and detailed electron pushing mechanism (4 points)

1) 03, 2) (CHa)gS . 3 !

m . 1&-
3y ot -k
etk
Cy

3d) Provide the reaction condition and detailed electron pushing mechanisin (5 points)
f% N §B’

Seo ioblem set g ool

3e) Draw the product and detailed electron pushing mechanism (5 points)

OH
Brs N
O’/\\\ CH.Cly f_jzs\/ Br
e AN
O::O /—\'BY Br - /’E,._l_ Brﬁ — O:%By EL-: Cro\_/s’f

o

+ Hbr
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3f) Draw the product and detailed electron pushing mechanism (4 points)

Br
NaOH
> | t H0 + BY°

- e [
@ " ; o By
H

Question IV. Conformation and stereochemistry (25 points)
4a) Please draw detailed energetic profile for the C1-C2 rotation in n-butane (not C2-
C3!). Make sure draw the energy and corresponding Newman projection. (5 points)

rad

\ S T
Et

HEL H H hH ¥oH H Et
H Et ﬁ(!ﬁ é E‘«\j\;\("‘ EE —CHs CHa
H @ @i £t H
AR TN R it

4b) Provide two examples of achiral molecules with more than two stereogenic centers
and one example of chiral molecule with No stereogenic center. (3 points)

Ea
“3 ; ‘
vzayed| \/ /\/
&° € 20 180 w#o” 0 360

)
HH
H
H
Et

g %
H Br 4 —————BF
H—f—0H ., L H OB, ____<”
H—1TBr H—1 Br Br 7 e
CH3 i
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4c) Relationship: enantiomer, diastereomer, identical? (6 points)

HO,, OH OH COOH cl,, .
rO e U Hooc™ N FOH v HO’H"‘OH C > vs U
"o OHt OH COOH Br Ct

Tdentica )
‘ Tdontieal Enantiomers

4d) Label R or S for the first molecule of each group? (3 points)

s - 0oH
HO X Cl NI:KO

4e) Chiral or achiral? (5 pomts)

CH oH
3 T
[ ebee e
Cl OH
chired
Chll"&l ; )"GJ

4f) Three examples of meso compounds? (3 points)

CHy
[IDH B!" , cooH H cl
OH — %Br H ¢l

CHy,
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Question V. Reactions (20 points)

5a) Provide the product or missing reagents fro the following reactions (10 points)

0_3 : >—OCH3
Y/ Br
O A

O3

v B - THF
) HLOLM’;‘H_

—

-

e

» Brz
2} cHzoH

),

MCPBA

O’}-Br

O_> B NaQH
Y

5b) Starting material, product or reaction conditions (2 points each, 10 points)

gj_m_,_

=<

QJJ\ .

Br -l
—_——————

HBr

—————

c
CH,CHj

Cl

~A

Br

Br

A~

Bl'2
HoCly

“.gﬁa [ ()
e B
ll'B)‘ t g}i%?

make sure draw the
stereochemistry

CHalHa

CCHe CH3
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Question VI. Stability and rank (26 points)
8a) Rank the stability of the following ions and explain why (4 points)

A) . B) . C)
>® >@ >@

See exam 1 3()

6b) Rank the length of the following labeled bonds and explain why you (4 points).
H CHg

B) —%—cH,
- (&)
c

@/

H

Seo  exam 2d

6c) DMSO and acetone are both commonly used solvents. The oxygen has electro
negativity 3.8 while O is 2.5 and S is 2.5. Based on this number, the C-O and $=0
should have similar polarity. However, DMSO is much more polar than acetone.

Explain why? (4 points)
O (o]
N 8
HsG™ “CHg HsC™ ™ “CHgq
acefone DMSO

Se¢ exoml 4d)

10
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6d) Which one of the following

molecule is more acidic and why (2 points, 6 point total)

See exom L 5b) A)

CrOH Becouse § 1 bigger thon ©, which con hold the
, nagetive charge more stable compared to O, Therefore
e ®
U S s more clable +han T 0_ moking it
o shonger  aciol.

(=
0 00°
OH OOH| Becawse compared to ths sructue | ] ° e (T
O/ has an extm oxgen whic can fuker stoblze  the
negerdive rAa@gz ouf to the hioh e/ech'one:yaﬁuity of 0. mdaing

Q’ ot 7 9+mnj\0r acict

6e) Draw the most stable chair structure of the following two molecules (4 points)
HaC H
j H Cg;>
cHs H

A "‘

6f) Draw the double-Newman projection of the following molecule through the two
highlighgt,ed bonds. Make sure pay good attention to the a and e bonds (4 points)
[

343 Br
CHyg

11
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Question VIi. Explanation, make sure clear and compiete (33 points)
7a) What is “ee” (3 points)

"ee” means enantiomeric exeess . also colled o optical pusitu . tulls us how much of an excess

of one enartiomer s in the migture .
Engntiomeric — oxass = ?bspmd SJEillS: raianleh x 100},
Speafic rotation of the Pt endanionsr
7b) Using energetic profile to explain what is transition state, what is intermediate (3

points)

Transition sipie
ition stofe
tmﬂﬂ A B

inttrmegiate
A .
B

LY
>

7¢) Will the AS° value be positive or negative for the following reaction and why? (4
points)

Br
(7% o —— (O oo
AS’ sicaind be positive  Decousst the enticpy of the peaction increase . Twp moiecudes

reactont and three in preduci)

7d) What is the configuration of each of the asymmetric centers in the following
compounds (6 points).

o O r: OH
A o o

“CH BT 7Br
R R ®

7e) Explain why CH;Cl has a greater dipole moment than CHsF even though F is more
electronegative that Cl. (3 points).

Because ¢} i3 b‘rggpr than F . mai&:;i:} fiie €~ ¢Ci pre noke pelar than - F

bend Therefere  “Mact oS a grater dipee wengent thay CHsF

12
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7f) One of the chair conformers of cis-1,3-dimethylcyclohexane is 5.4 kcal/mol less
stable than the other. Draw the more stable one and explain how much steric strain
does a 1,3-diazial interaction between two methyl group introduced into the conformer.

(4 points). aigh B X s
A N & ~H nwe L3-diexid Tnieractians petween
w more stably H ardl Gy which nteduces 1% kendfinof

H H (09 x2).
H H Thowfore . the twp "“"‘j‘ﬁ""‘f' irvtrocuay
54 - 1.8 kealfwol imto the
Corformer.

7g) Draw the two chair conformers for each of the stereoisomers of trans-1-tert-butyl-3-
methylcyclohexane. indicate which one is more stable (3 points).

K7 SR

7h) Draw the structure of a hydrocarbon that has 6 carbon and three vinylic hydrogens
and no allylic hydrogens. (3 points).
H3

G
HaC =¢H —‘C—CHi
CH>

7i) I-Br and Br-Br which bond is stronger, why? (2 points).
Br-Br is swonger becouse itis chorter dus tp the oz Ok Br compoved o L

7)) Lewis structure of CH2N, (2 points).

H e H
O -
Hicuyun  or Hilwmiw

The end!

13



