o
CHM 2120A
Midterm #2
November 5, 2014

First Name: TLast Name:

Student Number: Seat number:

Approximate total number of marksﬁ ? L-I

The marks are given as a guide and atre subject to change.

You can write in pen or in pencil.

The use of molecular models is permitted but they cannot be shared.

The use of calculators or other electronic devices is not permitted.

The final page has a pK, table, 'H chemical shift table, and IR table; it can be detached.
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1. Determine the structure of the following unknown, which has molecular formula of CgH;60,. The
"H NMR spectrum is below. Only the three labeled areas at the bottom will be marked. (10 points)

[

5 ' 4 ' 3 1 ' 0
Signal | § Integration | Multiplicity Ideas (not marked)
(Ppm) H
A 413 | 2H t C
<
B 239 | 1H m C l._l q C S
C 221 | 2H d j v s
| — CHe
D 1.73 | 2H m C HZ _ C?
E 0.91 |6H d J
A% CHj
F 0.89 | 3H 1 L’__ C H
3

Fragments that you are certain of (all atoms should be accounted for):

CH, CH, CH, c o @
CH XX CHsz CH; —O—

Final structu@ Incorrect structure that fits the fragments with

@ justification OI
l
_ 0 \I/\ - /@\/\
\ﬂ/ S F ts fragmenls
@)

- would he o d. @ L//ﬂ)m ®$
@ Du= 1® IS o o @ a.2ppm(()

O

Tostificotion —



Extra space — Not marked
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2. Circle the most basic atom in the Lidocaine, shown below@oint)

H
N
3. Circle the molecule from each set that best fits the IR spectrum.
a. (2 poi

o) o B o R
@[ Ty 0

50 +

TRANSHITTANCE! %1

T T T T T
4000 3000 2000 1500 1000 500

b. (2 poi @

@] 0] 0]
@ O)J\CI O)J\OH ©)J\C| ()/\OH
10D S —— \ ,

HAVENUHBER! -11
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4. Assign all the signals in the IH NMR spectrum below by writing the corresponding letter of each
proton over the signal: (9 points)

o s ¢ coffect, f

i , letters for| +
QH N\H/\ /\ triplets E
Seecific
] CH3 ZC\ﬁ o m
€ H A L L I

B + gb +
g (D Aromotics T &K

Os ec\&ic g
ZLC o‘?sSlgn merit F |
7 6 5 4 3 2

PPM

5. Specify one "H NMR method you could use to differentiate between each of the following pairs of

compounds.
a. (2 points) Notes: = %i;k se; balu 2 swers are

@ )\I(H\ Vs )\Ni @ - O\ CQW\ParISOV\
a5 D st be made

b. (2 points)

©)k Q) = Y aromatic He

garomad'uc /—/.s @(g 7 qrf""w

(S + "qrf”‘w
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6. Draw the major organic product(s) OR the required reagents for each of the following reactions. (3
points each: 9 points)

a. O
@/\/\Br /u\ P ’.3/

iog
o %dj [5 L
c. gb HaPO, C‘;P 5, C.Q %

-

Ho o._-Ph

Oll'

P

7. Give the mechanism and major organic product for the followmg reactlon @points) =
O/\/\ NH /l/L/

@d(‘ro (O

oc (_)..) [ R —
-\fe’;o ?e\’l"\ /H / 6/
\wg’” NN rox g if
o For~

vsec as
\OCJAe(/V\ At

(rvn @{'bee:% least sobefd 906\{“0"' ‘i/ Vo
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8. Propose a mecha@m %Ed the major organic product for the following reaction. (€ points) ?-
@ng-.O BUD Ao s + MoK Lo
Cl KOBu o
/'\/\/é); €3 E E R HsE{pran

HOBu

Jr (solvent)
Cl
)
Hotpu + [P 50 —>
0 E)U@ /LK//\%drcoVe-p

+ e

e < Dstecachen

9. "Add curved arrows to show the movement of electrons in each of the reaction steps below. Add
lone electrons and draw carbons explicitly as needed. (8 points) @ offow + e°S

®o FC\? HzN\/\C&)JﬁN/CI H2®CI
/:_ Cl — "I He 0] - H 02'©
®

® - NH ~—
H N > 2 + ¢c© +  EtgN +cI© 4 EtoNH
af(_?ué_ N +  EtN
Et3N(&eZ\] l @ P TS
(9 H
1o i (8 ofdp
0O 0]
(L — (o (5
N N N
o row) _ H
o HOVIOYR-<
®
+ 2 EtgH + a1 L o *EGNH
+20°©° + 2 EtgNH +  EtgNe

10. Draw the product of each of the reaction steps below. (4 points)

5 N_TPL
Ac(')\/!\i:-\ | N [‘\Coe + X N l \l
O O o)

o
b.
%6 oy -t
X el — D

PL\ = OE'-’ 7 of 12
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VD QUESTWOWN

v 11. Propose a synthesis of the following molecule starting from the alkene provided (8 points). Include
an analysis (bonds broken, bonds formed, stereochemistry, and regiochemistry, as applicable) (4
points). A retrosynthetic analysis is not required.

(1) remave Rl H

WD) brokeg

Synthesis: @ HB F@
S
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12. Consider the analog of Abilify, anantipsychotic drug, below.
a. Point iwith an arrow) t { onelbond that could NOT be m by an Sx2 reactior@)int)

b. Circl pond that could be made by an Sy2 reaction oint)

c. Draw the two synthon pairs for making the bond in part b. You can use R groups. (4 points)

|
d. Circle the best choi€e of synthon pair. (1 point) O
e. Justify your answer in part d. (2 points)

E,‘?c’l’ror\ otive N cann nors ®
\ \"Q&a(ily I()e,ar' oo O or §° 1/'6,,4
o @ or s+ (as m the 27 /OQ;A

f. Draw the actual reagents you would use. (Q points) c O YW
r\l"H B~ K

nr/"'\)® o

g. Identify (using an equation or short explanation) one potential side reaction that might occur
if you performed the reaction as shown. (2 points)

OA-B ) 0 ® |0
_H N H )L\Q,H — r\Nl—l,_
CDCdo\fcfic"ﬁj/”r\ . e~ F

cL\ahlsm -t I("‘S T
U;Czas' not rejuireatli " K/”\oe

9of12


alisonflynn
Pencil

alisonflynn
Pencil

alisonflynn
Pencil


BONUS!!!
Consider the structure of Claravis, an antiacne medication, shown below.

97/&: ou\k
‘2 s (=3B ere?

O 1 NoNE

O"~OH

Claravis

a. Circle the isoprene units in the molecule. (2 points)

b. How many signals are expected in its '"H NMR spectrun@int) ! ! S
c. What is Claravis’ pK@oint) ~ S
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" Relative Strength of Selected Acids and Their Conjugate Bases

Conjugate
Acid Approximate pK, Base
Strongest acid HSbFg <-12 SbFs™ Weakest base
HI -10 |
HySO4 -9 HSO4~
HBr ? Br~
HCI -7 cl-
C6H5SO+3H -6.5 CgHsSO5™
(GHg)2OH -38 (CHg).0
(CH4)o,C=0OH -2.9 (CH3),C=0
CH3;OH, -2.5 CH30H
Hi0t —-1.74 H;O
HNO; -1.4 NO3;™~ s
CF4CO.H 0.18 CF,C0, 2
HF 3.2 F- §
CgHsCOzH 4.21 CgHsCOs ™ ¢3-
- 1 CGH5NH3' 4.63 CGHsNH2 g'
I CH3CO,H 4.75 CH4CO5~ 8
2 H,CO; 6.35 HCO;~ £
I CH3;COCH,COCH4 9.0 CH3COHCOCH4 i
g NH,* 9.2 NH;
= CgH5OH 9.9 CgHs0~
HCO5~ 10.2 CO42~
CH3NH3* 10.6 CH3NH,
Ho0O 15.7 OH"~
CH;CH,0H 16 CH3CH,O™
(CHg3)3COH 18 (CH3)3CO™
CH3;COCHj3 19.2 CH,COCH;
HC=CH 25 HC=C~
Ho 35 H-
NH3 38 NH,™
CH,—CH, 44 CH,=CH™~
Weakest acid CH3CHg 50 CHaCHyo ™ Strongest base
IR Key Absorptions (cm™):
C-H  Alkyl C-H 2850-2960 m, sharp
C-H sp? C-H just >3000  m, sharp
Alcohol RO-H 3200-3650 s, broad
Carboxylic acid RC(=0)0-H  2500-3300 s, broad
Amine R2N-H 3300-3500 s, broad
*Carbonyl R2C=0 1650-1780 s, sharp
Nitrile RC=N 2220-2260 v, sharp
Alkynyl C=C-H ~3300 m, sharp
Alkynyl c=C 2100-2260 v, sharp
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Typical proton NMR chemical shifts

R 2.2-29 R
N. H 22-2
RCH, 07-17 R C R H 45.70
H R
16-26 RS c" 20-30
CH R R
H 65-80
o)
. beM 20-40
R cH 21-25 R R (0]
9.0-10.0
H
BrooH 27.41
C.
NC H o 21-30 R R o
: 11.0 - 12.0
cl H R OH
c 3.1-4.1
R R
~ C H
23-27 _—
c 4.2-48 OH, NH: variable
R R
H
7-2
RCC \7-27 RO cH 30-50
R R
ON.-H 41.43
R R
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