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1. Both print your name and sign the front of the answer sheet and this exam booklet in
the appropriate boxes above.

2. Also print your name at the top of the back of the answer sheet.

3. Write the serial number of this exam booklet on your answer sheet in the appropriate
box.

4. Check the “Hold for Pick-Up” box on the back of the answer sheet if you want your

graded sheet withheld from the distribution pile on Monday and handed back to you
privately. Checking this box will slightly delay your receipt of your graded exam.

Please Make Sure to Do the Following After Completing Your Exam

1. Ensure that all of your multiple choice letters are legible.

2. Submit all materials back to the front table: your answer sheet, exam booklet, data
tables, and scratch paper. You may not remove these items from the exam room.

Do NOT TURN THE PAGE ON THIS BOOKLET UNTIL DIRECTED TO BEGIN
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CHEM 2430 - Organic Chemistry 1 for Majors — Fall 2019

Instructor: Paul Bracher

Hour Examination #4

Monday, December 9%, 2019
6:05—8:05 p.m. in Lee Lecture Hall at Saint Louis University

Student Name (Printed)

Student Signature

Instructions & Scoring

e Please write your answers on the official Points Points
answer sheet. No answers marked in this Problem Earned Available
booklet will be graded.

| 24

e You may use a handwritten note sheet and a
molecular model kit. No electronic resources Il 16
are permitted, and you may not communicate
with others. 1] 18

e Your exam answer sheet may be copied or IV 18
scanned.

Vv 24

e The examination room may be monitored by

photography and/or video recording. TOTAL 100

Questions, Required Information, Supplementary Explanation, Grading Notes, Where You’ve Seen It
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Problem I. Multiple Choice (24 points total). Correct answers score +3 points, intentionally blank answers
score +1 point, and incorrect answers score 0 points. For each question, select the best and most complete
answer of the choices given. Write your answer clearly in the spaces provided on the answer sheet.

(2) How many signals (arising from sets of inequivalent carbon atoms) appear in
the 13C NMR spectrum of compound A?

><A(

(A) 5 signals
(B) 6 signals
(C) 7 signals
(D) 8 or more signals

(2) How many signals (arising from sets of inequivalent hydrogens) appear in the
'H NMR spectrum of compound B?

CHj;

HsC

(A) 3 signals
(B) 4 signals
(C) 5 signals
(D) 6 signals

Note that the two 3° protons are enantiotopic, so they contribute to the same signal.
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(3) Which of the following is most likely to correspond to the base peak in the

electron-impact mass spectrum (EI-MS) of 3-pentanol?

(A) m/z 59
(B) m/z71
(C) m/z72
(D) m/z73
Following a-cleavage.
A . . .
(4) What best describes the expected product(s) of the following reaction?
1. mCPBA
/\/ > r)
2. H,0, cat. NaOH
(A) an achiral diol
(B) a chiral diol
(C) a racemic mixture of two enantiomeric diols
(D) a racemic mixture of two diastereomeric diols
(5) A What is the major product of the following reaction?

o, 1. K" "SCHj34

[~_OTMS ?

2. TBAF, H,0

OH

C oH OH
HieS._~_OH Hcs L _oH  Hos N _scH,  Ho

SCHs
OH
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(6) The IR spectrum below corresponds to which of the following compounds?

oD

50 <

T T T T T
4000 3000 2000 1500 1000 500
HAVENUNBER! 11

Source: Spectral Database for Organic Compounds, 2-hexynoic acid, #19962
http://sdbs.db.aist.go.jp/

CN i OH
HO\)\ANHZ HO)K/\/\W
o)
(A) (B)
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(7) Which of the following products will form when the ether below is reacted with
excess anhydrous HI?

excess
anhydrous HI

/\/OX o

(A) 1-iodopropane, and not 2-methyl-2-iodopropane
(B) 2-iodopropane, and not 2-methyl-2-iodopropane
(C) 2-methyl-2-iodopropane, and not 1-iodopropane
(D) both 1-iodopropane and 2-methyl-2-iodopropane

(8) Which of the following compounds will be produced in the highest yield from
the reaction drawn below?

CH3OH, cat. H2804
g -

~CHs OCHjs OH OH
OTOH (:,Ccm ();ocm (:-,Ecm
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Problem Il. Assignment of an NMR Spectrum (16 points). High-resolution mass spectral analysis of a pure
sample of compound AA reveals it to have a molecular formula of C7H140,. The 'H NMR spectrum of AA is:

http://sdbs.db.aist.go.jp/

10 9 8 7 6 3 0
Source: Spectral Database for Organic Compounds, 4-isopropoxy-2-butanone, #17109
hemical Shif
Label Chemical Shift Multiplicity Integration
(ppm)
A 3.67 triplet 11
B 3.58 septet 5
C 2.66 triplet 10
D 2.18 singlet 14
E 1.14 doublet 29

In the space provided on your official answer sheet:

(i) Draw a Lewis structure for compound AA consistent with the data provided above. (Molecular formula:

C7H140,)
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(ii) For each chemical shift, draw an arrow from that signal to a hydrogen that gives rise to it.
(Or you can use letters/labels instead—essentially, make sure to assign the spectrum.)

A
§3.67 B
D
AA o / 53.58
52.18 ~
4-isopropoxy-2-butanone ™~ )K/\OJ\
el A\
52.56 51.14

C
E
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Problem lll. Structure Determination (18 points). Given the four spectra shown below for compound BB,
provide its structure.

Grading and partial credit: Your structure will be scored +6 points if correct and zero points if incorrect. The
remaining 12 points are based on three multiple choice questions about BB that can be answered

independently without knowing the full structure of BB. These questions are scored +4 points for a correct an-
swer and zero points for an incorrect answer or blank answer.

Compound BB (6 points)

%NHz

pivalamide
SDBS No. 4737

C
(1) Which of the following elements is present in compound BB?
(A) bromine
(B) chlorine
(C) nitrogen
(D) none of the above elements is in compound BB
B . . . . .
(2) Which of the following functional groups is present in compound BB?
(A) hydroxyl (O—H) group
(B) carbonyl (C=0) group
(C) cyano (C=N) group
(D) none of the above functional groups is in compound BB
D . o .
(3) Which of the following is present in compound BB?

(A) a methyl group (that is not part of any of the groups below)

(B) an ethyl group (that is not part of any of the groups below)

(C) anisopropyl group (that is not part of any of the groups below)
(D) a tert-butyl group
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Approach:

e |R stretching region has two N—H stretches suggestive of -NH2 group. Possible low-energy C=0 stretch
indicative of conjugated carbonyl or amide.

e Minimum of three carbon atoms in 3C NMR spectrum and one appears to be a carbonyl group

e |dentify odd M* peak in MS as corroboration of a nitrogen atom

e M*=101amu. At least 3 x 12 amu = 36 amu is from carbon, plus 14 amu for the nitrogen, plus 16 amu
for the oxygen in the possible carbonyl group. That leaves 101 — 36 — 14 — 16 = 35 amu left to assign.
Too much for 3 additional carbon atoms, so maybe 2 C (24) and 11 H (11)?

e Candidate molecular formula now = CsH1:NO (101 amu)

e H NMR seems remarkably simple. Low chemical shift singlet possible a tert-butyl group. The broad
singlet mid-spectrum might be the NH; group?

e Put all the pieces together...

IR Spectrum:

Lao

TRANITTFEIS!

3203

1626

3397 2866

1666

2924

—rT —rrT7 T
4000 000

—TT T T T T T T T T T T T T T T
2000 JEDO Looo B0d
HAVEMUMEEA1 -3

Source: Spectral Database for Organic Compounds, pivalamide, #4737
http://sdbs.db.aist.go.jp/
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Mass Spectrum:
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Source: Spectral Database for Organic Compounds, pivalamide, #4737

http://sdbs.db.aist.go.jp/
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'H NMR Spectrum:

I
LA L L L I L e
11 10 9 8 7 6 S 4 3 2 1 0
ppmM
Source: Spectral Database for Organic Compounds, pivalamide, #4737
http://sdbs.db.aist.go.jp/
Chemical Shift Multiplicity Integration
(ppm)
~6 very broad singlet 13
1.22 singlet 59
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13C NMR Spectrum:

|

I | I | I I I I I I I | I
200 180 160 140 120 100 80 60

40 20 0
3orm
Source: Spectral Database for Organic Compounds, pivalamide, #4737
http://sdbs.db.aist.go.jp/
Chemical Shift .
Intensity
(ppm)
181.79 141
38.60 181

27.63 1000
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Problem IV. Reaction Roadmap (18 points). Unknown compound DD, with molecular ion of 106 a.m.u. and
M+2 of 108 a.m.u. (3:1 ratio of intensities), has a 13C NMR spectrum with three signals. Compound DD reacts
with isopropanol (EE) and sodium hydride to give three new products (FF, GG, and HH). FF has the molecular
formula CgH1s0. Compounds GG and HH are stereoisomers that both produce compounds JJ and KK upon
ozonolysis. The most-downfield signal in the *H NMR spectrum of GG has a larger spacing between its daugh-
ter peaks than the most-downfield signal of HH. Compound HH has a larger dipole moment and higher boiling
point than GG.

On your answer sheet, provide structures for compounds DD, FF, and HH. Your proposals should be con-
sistent with all of the data provided above.

M* ion = m/z 106,108 (3:1 ratio)

3C NMR has three peaks CaHeO
gH1s

/\/\ /\O/\
cl Y

DD

NaH FF

+ +
OH
EE

GG HH
GG and HH are stereoisomers 2. DMS
GG has a higher coupling 0

O
constant for splitting in its +
L by

most-downfield signal in its
"H NMR spectrum 3J KK

HH has a larger dipole moment
and higher b.p. than GG
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Problem V. Synthesis (24 points). These transformations will require multiple steps. Provide the reagents for
each step and draw out your proposed synthetic intermediates. Please do not draw curved arrows; this prob-
lem is not asking for mechanisms. You do not need to provide solvents for the reactions.

(1) (12 points) Provide a synthetic route—i.e., a sequence of reactions—to produce compound SS from
compound RR using any other starting materials and reagents you wish.

RR SS

RR

mCPBA o) 1. EtMgBr OH

AN N A~A~

2. mild Hy0*
1. NaH LO
2. CH3CH,Br /\)\/\

SS
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(2) (12 points) Provide a synthetic route—i.e., a sequence of reactions—to produce a racemic mixture of com-
pounds VV and XX using compound TT and any other reagents and starting materials you wish.

OH OH
H o . :
P e
/ - :
OH OH
T \"AY; XX

P H 1. NaH \/\ H,
\/ 2. CH4CH,Br = Lindlar
catalyst

TT

OH
/\/r 1. mCPBA /Yk/ (;DH
> + /\/\/
= 2. H;0*

OH OH

Another valid approach is to perform syn-dihydroxylation of (3E)-hex-3-ene.
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pK, Table
Cl—H -8.0 g H 10-11 H———H 25
H H
+4 17 “N-y 10.6 H—H 36
H/ \H \
N-
- 3.2 PON 15.7 -N\"H 38
F—H H " H H
0 H
)J\ H 4.8 /\O/H 15.9 ©/ 43
O/
o.,, Q H H
©/ 10.0 \)K( 19-20 >=< 44
b H H
H
/\/‘TH ~50
H

Bond Dissociation Energies (BDEs)

- Average Bond Dissociation Energies, D (kJ/mol)?

H—H 436" C—H 410 N—H 39 O—H 460 F—F 156"
H—C 410 C—E 350 N—C 300 O—C 350 Cl—Cl 243°
H—F 57 C—F 450 N—F 270 O—F 180 Br—Br 193°
H—Cl 4322 C—l 330 N—Cl 200 O—Cl 200 I—I 1512
H—Br 3667 C—Br 270 N—Br 240 O—Br 210 S—F 310
H—I 2987 C—I 240 N—I — O—1 220 sl 250
H—N 39 C—N 300 N—N 240 O—N 200 S—Br 210
H—O 460 €—C 350 N—O 200 O—0O 180 S=—b 225
H—S 340 C—S 260 N—§ — D—5 —

Multiple covalent bonds

C=C sl C=C 83 C=0 732 O0=0 498 N=N 945*

AExact value

Public domain via wikipedia.com
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Alkanes
0.9-2.0

Alkanes

5-60

T
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pd
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RCH;
R,CH,

R,CH

R,C

—=c—

Typical *H NMR Chemical Shifts (6 / ppm)

(signals may stray from these ranges)

~0.9 H,0 0.4-5.0
——H
~1.3 ROH 1.0-5.0
~1.7 RNH, / R,NH 0.5-5.0 y
)\(H
H
4.0-4.5 /\% 1.5-2.5
H
H
3.0-4.0 ©/
@ 15-2.5
2.7-4.0 H
(0]
2.2-4.0 2.0-2.5 o)
H N
3.4-4.0
(0]
/ 7.5-8.5 O
)J\’.“/ M
2.3-3.0 H R OH
Typical 13C NMR Chemical Shifts (6 / ppm)
(signals may stray from these ranges)
- R
53 % 8095 ?
P /C\ '
15-50 R* R
Cl
20-60 Y 35-80 0
VN é':
30-40 R H
Br
e 25-65
U 0]
él:
65-100 | R on
7 0-40
P 9
100-140 C
/O‘c/ 50-80 R™NMOIN)”
P
120-150 //N\ / 40-60 RC=N

/C\
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4.5-6.0

6.5-8.0

9-10

10-12

205-220

190-200

175-185

165-175

115-125
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Typical IR Stretching Absorptions
(absorptions may stray from these ranges)
Bond Functional Group Wavemjznber Comments
(em™)

ROH alcohol 3200-3600 strong, broad
RCOOH carboxylic acid 2500-3500 strong, very broad
RNH, primary amine 3300-3500 two peaks
R,NH secondary amine 3300-3500 one peak
RCONH(H/R’) amide 3200-3400 two or one peak (1° vs. 2°)
Csp—H terminal alkyne 3300 medium/strong, sharp
Csp—H alkene or aromatic 3000-3150 medium
Csps—H alkane 2850-3000 strong
R(CO)-H aldehyde 2700-2830
RC=C(H/R’) alkyne 2250 medium
RC=N nitrile 2250 medium
R(C=0)CI acid chloride 1800 strong
R(C=0)O(C=0)RrR’ acid anhydride 1760-1800 strong, two peaks
R(C=0)OR’ ester 1735-1745 strong
R(C=O)H aldehyde 1730 strong
R(C=0O)R’ ketone 1715 strong
(H/R),C=C—(C=0)R’ conjugated ketone 1680 strong
R(C=0)OH carboxylic acid 1710 strong
R(C=0)N(H/R’), amide 1630-1680 strong

alkene 1650 medium

aromatic ring 1500-1600 medium

imine 1650 medium
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Natural Abundances of Common Isotopes in Organic Compounds

M M+1 M+2

hydrogen H 99.99% H  0.01%

carbon 2 98.93% BC 1.07%

nitrogen 14N 99.63% BN 0.37%

oxygen 50 99.76% Y0 0.04% 180 0.20%
fluorine F 100.00%

phosphorus 1P 100.00%

sulfur 325 94.93% 3g 0.76% 34g 4.29%
chlorine el 75.78% el 24.22%
bromine Br  50.69% 8Br  49.31%
iodine 127 100.00%
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Scratch Paper

You may rip this sheet out of the exam booklet, but you are responsible for turning it in
at the end of the exam.

Exam Booklet No.




