OCI Dr. Nsengiyumva
Practice Final Exam (Key)
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1. (10 points) Draw the Following

A Draw a compound with an H-NMR peak ~12 ppm and a pKa < 10.

O
/IJ\ *any carboxylic acid
OH

B. Draw the Newman projection of (S)-2-chlorobutane in which Me and Cl are anti to each other.

H. 9 H

H;C H
CHs

C. Draw the enantiomer of the following chair conformation.

OH OH

Pte - 4

D. Draw the Lewis structure of ethylamine (CH31CH2NH3).

T~ 3

E. Draw 4-isopropyl-1-methylcyclohex-1-ene

F. Draw the product of the reaction between methylcyclopentene and 1) O3, -78 °C 2) DMS.

EL L

G. Draw all the constitutional isomers of CgHq4.




2. (8 points) Multiple Choice: choose the best answer

A. Which of the following is the most acidic proton? O O
(A)Ha (B)Hy (C)He Ho “

H, He

B. How many stereocenters are in the following molecule?
(A)1(B)3(C)4 (D)5

.||ﬂ

C. How many degrees of saturation is in the molecule illustrated in B.?
(A)3(B)4(C)5(D)6

0. Which of the following form of carbocation intermediates is the least stable?

{A}%\ (B) & © _g O o
— A

E. Which side of this acid-base reaction is more favored?
(A) Left (B) Right (C) Neither

0
)K/ + —NHQ —'h-. \‘)J\ —NH3
HO =
pKa 47 10.6

F. Which of the following molecule is chiral?

(A) (B) OH o @ o g
NG
Br
OH (:ZI

letter




G. Which position is the -CH5 group in for the molecule's preferred chair conformation?

(A) Axial (B) Equitorial (C) Neither

H. Which of the following molecules is the major product of reacting 2,3-pentanediol with xs PCC?

(A) (B) (C) (D) (E)
© o o OH 0
ngOH é:o /\[Hk ﬁ]/}\/ \)J\/ C
O @) OH




3. (7 points) Fill in the blanks with starting materials or products. Show stereochemistry, where

applicable.

A.

I(::BH12

CH,O"
/\é/ ﬁ > P
r
O
0
/_,.a—"'
o + A " /
= |
O
e 1. NaNH,, L
// NBS " ’ =
C. . — Y
MeOH —
OMe - =0 OMe
0
.05 <T8°C y 0
2.(CHy,S ¢ HJLH
0 0

Br,
——————
CH,Cl,

Br




4. (3 points) Glutamic acid is shown below with the pKa values indicated for its most acidic
protons. Draw its predominant form at pH = 5.

O ®
@
HoN H,N H\ »
pKa = 9.67 OH O
pKa=219
0 OH o')\o’a
pKa = 4.25

9. (5 points) Write the missing reagents for the following transformations.
Be sure to label each step with a number, as they all involve multiple steps.

1. Bra, hv
2. KOtBu, A Br
A ©/\ . ©/\/
3. HBr, ROOR
1. Brz, hv
2 NaOMe, A Br
B. - Br
3. Bra, CH2Cl3
. 1. NBS, hv N
S - =
2 NaCN A




6. (6 points) Show the configuration of each asymmetric carbon in the following
molecule (R or S).

7. (3 points) Idenitfy the following molecule pairs as either constitutional isomers, enantiomers,
diastereomers, or identical structures.

A. Q‘GI and O"’CI Identical (meso)

Cl Cl
Et\ Br Et\ CHs
; =CH {_CH(CH
B. H“";G_C\T‘ d and HGW-F_C\:‘ { 32 Diastereomers
HO CH(CHa)2 H Br
CH3 H
HsC H HO H
C. and Enantiomers
H H H3C H ek

OH CH3




8. (3 points)

A. Identify the number of signals expected in the 13C NMR spectrum of the following compound.

B. Circle the compound below that gives the following "H-NMR spectrum.
Splitting (integration) downfield to upfield: singlet (1), doublet (2), doublet (2), quartet (2), triplet (3).

10 ' 8 | 6 | 4 | 2 | 0

Ao o ﬁ@ oy



9. (7 points) Fill in the blanks with major organic products. Show only one
molecule per box. Show stereochemistry, where applicable. Across steps,
make sure to continue the stereochemistry that you selected in step 1.

MeO,
NBS . { ? +En.| Drawone
MeOH N | enantiomer
Draw one t-BuOK
enantiomer
MEO;I//\\R
ﬂ 1. OsOq4 Meo,{ﬂ Disregard
i -l - t h a
H l/ 2. NaHSOs, H,0 X stereochem
OH
Disregard NBS, hv
stereochem.
MeO, _~
i ™
/L ‘ Vv MeO, ~.
y /r l Draw one
7/ B enantiomer
OH Br
must flip
PCC Br->CN | KON, HCN
stereocheml
MeO, _
4 /ﬁ MeO, -~ Draw one
H\( /U enantiomer
& CN
Disregard

stereochem.




10. (7 points)

A. Draw the remaining resonance structures of the following conjugated anion.
Be sure to show arrows.

& 0 -0 0®

- ,WQ)]\ - M - - 5
E&_{M = e_}‘“m £ TN TN N R.%ax

B. Drawn below is the n; molecular orbital of the seven-atom n conjugated system
above. Draw the remaining orbitals with their correct shading on the provided lines.

C. Which = molecular orbital is the HOMO?

Ty

D. Which « molecular orbital is the LUMO?

s




e P

Reagents

1. BH3/THF (1 eq.)
2 H205, “OH, H0

11. (9 points) Each provided reaction can occur in three transformations. Provide the conditions and the intermediates
in the appropriate boxes to complete the sequence.

oA

Reagents

NBS
h

Br

Reagents

NBS

Reagents

;>(c§}

(any strong base)

Br"\\i3>

i

|xw”*~“~a
i

Reagents

®0O
Na SCHs,

DMSO

Reagents

HBr, ROOR

l
-




Interaction Energy Cost

kJ/mol
H-H eclipsed 4.0
H-CHj3 eclipsed 6.0
s 11.0
eclipsed
CH3-CHj; gauche 3.8

Steric Strain in Monosubstituted Cyclohexanes
3 2 1
Strain of one H-Y 1,3-diaxial interaction %

Y kJ/mol
-F 0.5
-Cl 1.0
-Br 1.0
-OH 2.1
-CHj3 3.8
CH:CHs 4.0

-CH(CH3)= 4.6
-C(CH3); 114

-CsHo 6.3
-COOH 2.9
-CN 0.4

CH3‘CH3 15.4




12. (4 points)
A.What is the energy difference (in kJ/mol) between the two chair conformers shown below?

CHs
CH>CH3
CH3 °
CH3
A B
A B .
Energy difference: 3.4 kJ/mol

2*40+38 4*3.8
=11.8 kJ/maol =15.2 kJ/mol

15.2-11.8 = 3.4 KJ/mol More stable conformer (A or B): A

13. (4 points) The J values for this compound are J_, = 15Hz and J_4 = 12Hz. Using this information
draw the expected splitting pattern for signal C. Note: these values are made up and only meant to
be used for this question.

e
A
Iy

| ‘ch ‘JCd

12 Hz | 12 Hz

How many peaks? 4




14. (5 points) Deduce the structure of a compound with the molecular formula C;H,¢04 that exhibit the following
results from its IR, H NMR, &' NMR, and Mass spectra:

TH NIMR Spectrum ot g - i
Singlet
o O
D“v“”
Singlet
3
Triplet
Ciuartet
L i & L i L i 1 i 1
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15. (6 points) Show how to synthesize the following compounds from the
starting product given. You may use any monofunctional organic reagent up to
3 carbons.

A

: 3

Q
OH
} O
PZ “~""0H
lNBS,hu WEfJ;J-
\
Br CrO;,
jé aq. H;S0y4, | (Jones)
- acetone

X '
N 1. 9-BBN/THF

l1 BH3-THF IR

2. NaOH, H,0, H,0, NaNH, NHa\
x\</ ./

g TTOH P g =6
R/YJ pyr., 0°C

2. NaOH, H,0, H50,




OH

SCH;4

NaSMelMESH

OH
A

SCH;




16. (9 points)
A Provide a full electron pushing mechanism for the reaction below.
BI’ Br

OEt
B, R . OEt

EtOH

Mechanism:

Br Br
H
iy N\

- - ® B —s

OFt

+ HBr

Br
19 \ ,OEt
o e + HBr

B. Treating 2,3-dimethylcyclohexa-1,3-diene with one equivalent of HCI gives different products under different
conditions. Draw these and provide a mechanism for “both” conditions. Show stereochemistry in the products.

Kinetic Conditions Thermodynamic Conditions
HCI /[Q Cl Cl..,
e +
* "
; ol icl
Mechanisms for both products:
Kinetic:
v U — | . + 6P v
- H ;
Cl = Cl

Thermodynamic:

--E}
/’@K Cl

C. Which conditions are favored by “high temperatures™? Kinetic or Thermodynamic Conditions?

Ihermodynamic




17. (5 points) Provide the major organic product and the mechanism by which they are formed (Sny2, Sy1, E2, or E1).
Show stereochemistry when applicable, unless otherwise stated.

NaH
A HC}WBr O 52

Y

Y

OTs
wih H G DH OH
= h ’ 4>—<"" - 4>_é‘ Syl
LS I

MeOH
A o — El

/ﬂ
NaOEt |
O

disregard stereochemistry

E2

-
N
OH
SH
1. TsCl, pyr. .
D. 2 NaSH B @f\/ Sn2
M\ |
Br [




