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ORGANIC CHEMISTRY | (2301)

9:30 — 10:20 am, August 2, 2011

Exam 4

Form A

If you want to pick this exam up on Wednesday in class (in public),

please check the box on the right:

If you do not check the box, | will not bring your exam to class on
Wednesday, and you will need to pick up your exam in private from

Chemistry department staff in 115 Smith beginning Thursday, August 4". Exams that

are not picked up within two weeks will be disposed of.

A periodic table, a chart of reaction conditions, and tables
of typical NMR chemical shifts and coupling constants are
attached to the back of this exam as aids. Otherwise, you
are not permitted to use any other materials (including
notes, books, or electronic devices of any kind).

Right now, write your name at the top of this page, and fill
in the bubbles on the multiple-choice answer sheet for
your name and your 7-digit student ID number. When the
exam begins, also write your name at the top of page 5.

You may use pen or pencil. However, re-grades will be
considered only for exams completed in pen.

Please write your answers in the bubble sheet for the
multiple choice portion of the exam, and in the
boxes/spaces provided for the written portion. If your
answer is not in the appropriate space in the written
portion (say, for example, it's on the back of the page),
draw us an arrow and/or note telling us where to look.
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Multiple-Choice Problems
Please answer these problems on the bubble sheet.

(3 pts each) Identify each of the transformations below as a reduction, an oxidation, or neither.

1.
O OH a. reduction
D_( e D_/ b. oxidation
OH c. neither
2.
@) a. reduction
H,C—C=N —> )k b. oxidation
H3C NH, . neither
3.
/H a. reduction
@N —_— QN b. oxidation
\ _ N _ c. neither
/N CH3 N—CHj,4
H

(4 pts each) Each of the reactions below is drawn with two possible reaction conditions. If only
one of the two reaction conditions would generate the given molecule as the major product,
answer with the corresponding letter. If both sets of conditions would accomplish the reaction,
answer (c) “BOTH?”. If neither set of reaction conditions would succeed, answer (d) “NEITHER”.

a. b.
1. LiAlH4 1. NaBH,4
2. H;0" 2. H;0"
0]
C. d.
QAOH BOTH NEITHER QAOH
would work would work

AN v




1. . o o0
/S\
HsC CH;, Cl Cl
1 .Agzo,
NH3 -60 °C
2.H;0"
2. ( (Swern
\/Nj oxidation)
O O
C. d.
H BOTH NEITHER OH
would work would work
AN A
6. a. b.
1. CH3zMgBr 1. CHasLi
(excess) (excess)
2. H;0" 2. H;0"
@) @)
/\)k c. d. /\)k
OH BOTH NEITHER CHs
would work would work
AN V4
7.
a. b.

Li (2 equiv) %»Li (2 equiv)
C. d. i
Br BOTH NEITHER Li
would work

would work

AN v

Multiple-choice problems 8-19 are found later in the exam, on pages 6-7.



NAME

Scoring: 20. /12 22. /10
21. /15 23. /12
Total Score: /49

20. (12 pts) For the reaction shown below, draw a mechanism that explains how the product is
generated from the starting material. In your answer, make sure that you:

e Draw each step of the mechanism separately;

e Use “electron pushing” to show where the electrons in each step go;

e Use only the molecules that you are given; do not invoke reactants or solvents that
aren’t in the problem.

a
O LiAlH, o
% H
cl H

Mechanism:




21. (15 pts) Propose a multistep synthesis of the product shown below from the given starting
materials, along with any reagents we have covered in class. You might discover multiple
answers to this problem; draw only your best (one) synthetic route. Feel free to draw an
incomplete route—we will give you partial credit where we can.

HaC Q e T3 HL CHs
5 3 S
H3C OH HsC H HC\\\ ’
3

22. (10 pts) Draw the missing reactant or product in the empty boxes. For products, give the
predominant, most favored product. Illustrate stereochemistry in your answer where

appropriate. For reactions that yield multiple enantiomers, draw only one enantiomer in the
box, and include the note “+ enantiomer”.

N82CF207
OH OH  H,S0,

A




0
Ccl— Ocm
g
pyridine
>

OH 2. LiAlH,

\, '/
I\\B Z’/ T
@)
T
w

Bisphenol A (BPA), a component of polycarbonate plastics, has received a great deal of press
over the last few weeks because of the possibility that the molecule might mimic estrogen and
thus interfere with normal hormone function, especially in infants. In 2009, Minnesota became
the first U.S. state to ban the sale of products intended for infants—including plastic cups and
bottles—that contain BPA.

As a state inspector, you extract an additive from a polycarbonate sippy cup and subject it to *H

and *C NMR analysis. The resulting NMR spectra are shown on page 9. In this problem, you
will determine whether the additive is BPA, or the BPA substitute meta-bisphenol (MBP).

Answer the following questions on your multiple-choice bubble form.

(3 pts each) How many resonances would you expect to see in the *"H NMR of each of these
additives? In other words, how many inequivalent sets of protons are there in each structure?

HsC CHj 8. The *H NMR of bisphenol A should show
a. 3 resonances;

b. 4 resonances;
c. 5resonances;
HO OH

d. 6 resonances;
e

bisphenol A . none of the above.
(BPA)
H;C CHs 9. The *H NMR of meta-bisphenol should show

a. 3 resonances;

HO OH
b. 4 resonances;
O O C. 5resonances;
d. 6 resonances;
e

meta-bisphenol . none of the above.

(MBP)



(2 pts each) Each proton circled in the structures below could have its resonance split by
neighboring protons. What kind of multiplet should each proton produce in a *H NMR spectrum?
(Assume that there is no long-range coupling in these molecules.)

H H H H
\ / #10 \ / #13
HyC C—tH HsC C—tH
POASY ROASE
H’ possible answers:
H lli a. singlet
#11 #14 b. doublet
c. triplet
#12 #15 d. quartet
e. none of the
bisz)gg'r&?l A meta(—l\t/)liég?enol above

(2 pts each) The **C NMR spectrum of the additive is shown below, and could be consistent with
either BPA or MBP. Three peaks on the spectrum are labeled A, B, and C. Which carbons of
BPA or MBP could these peaks correspond to? Four chemically similar carbons in the structures
of BPA and MBP are circled below. If you would assign one of the *C NMR peaks to that
carbon, fill in the appropriate bubble. If you feel that none of the labeled peaks correspond to the
circled carbon, fill in bubble D for “none of the above”.

#16 #17 #16 #17

BPA MBP #18
HaC\ (Chi #18 HsC)\ (Chis

Cc/\ 419 HO .C\Q’/\C
HO b:IC'\OH k/ #19

OH

~ ‘/

@

| || -

| | | | | | | |
160 140 120 100 80 60 40 20

o —F

0 (ppm)
13C NMR, 75 MHz



23. (12 pts) Given the *H spectrum below, is the
additive BPA or MBP? On the unfinished
skeleton in the box below, indicate your choice
by drawing in the two —OH groups, as well as

all hydrogens. Then,

e Circle each group of equivalent H’s;

e Assign a 'H chemical shift (§) to each
circled group, within 0.1 ppm;

e Connect any pair of coupled, inequivalent

Format for answer to problem 23:

6=2.2ppm

groups of H’s with a double-headed arrow, d=3.8ppm

and then label that arrow with the

corresponding coupling constant (J).

Your answer to problem 23:
3
integral
(W/ relative
2 segment

heights)

91Hz

1 —> |— 4>‘<—

9.1 Hz

_

66

70 6.8 TMS
A JUL . JL |
|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|
10 9 8 7 6 5 4 3 2 1 0
0 (ppm)

"H NMR, 300 MHz



APPENDIX 1A NMR: Proton Chemical Shifts

Structural type 8 Value and range?®

4R 81BN B2 e R () 9 8 7 6 5 4 3 2 1 0

e CE e teyelopropaneesiacyiioe lod | i fos s Do Solion | el et et st o el et o o Il 1l o e e
CH R e e sk sl DS I el e R R enaalrd 13 ve|ely:

REH S monemen ey dilutetsolutions - [ e e e e o [ 1 1 5 e A

I
CH3—(|3—(saturated) o iy Lt A R W o (o A e [l ol ol bt~ el o

R,NHP, 0.1-0.9 mole fraction in an inert solvent. |-...|....|...{oo.|ooloocloocc oo b o b bl

CH3—(|3—('|.‘—X = GBI OH S ORSE — BN e e S e || S S P

(LR L T PR MRS s - e R 7o 5 [ DN ) Y (D SO W P P RN N O e WY - I L
T o e i M e 0 S A Y R 50 0 o R R 1 S I (1 Y P S Y S 0 9
RNsz, 0.1-0.9 mole fraction in an inert solvent.|....|....[....|...|ooofooc o e b Lo e b b ;

= C=Hi(saturated)l T o el B AR R e R R e R CR TR L 100 SR ol o Bl h Rttt | O

I 1
CH3——?—X (X1 (@I T3 2 1508 15 (0 2 (O VAN A 1 e e ] ] oo o el oo et e e el e P e P K #

HESE=E st nonconjugated s m e | e e o e S el e A | L R R M | o[

Hes @@= e conupatedt: - eyns o L lEse

I
H—$—xm=Rch¢oymm”mmm“m”Mmm_mmm"w“mmm”mmm”w“mm

ATSHD... .... il a0 L L LS e
CHI=0= .... ... .co AP ] e s 1o R0 o 8 T O N
ArNHESARNHRP, and ArNE=wsme sl ol b Lo oba 1ol L bl sl ol

ARG AR 2 ] ] 10 9 8 7 6 g 4 3 7l 1 0

* Normally, absorptions for the functional groups indicated will be found within the range shown in black. Occasionally, a functional group will
absorb outside this range. Approximate limits are indicated by extended outlines.

® Absorption positions of these groups are concentration-dependent and are shifted to lower 8 values in more dilute solutions.



APPENDIX 1A NMR: Proton Chemical Shifts

Structural type 8 Value and range?

ROH?, 0.1-0.9, mole fraction in an inert SOIVent [...|....[ooifowe oo |oeefore|ons oo oo oo

CH2=C\/\, nonconjugated . .... ... ...
Semc acyli jugated
_C=C__, acyclic, nonconjugated. |....|....|....|.ooefoofnncfovnsfoovelne oo fooonlinne el 2

H
>C=Ci, cyclic, nonconjugated .. [....f. .l oo foeed]oescd ool e fer fe f s e | i

CHy=—C; Conjupaicanmmmiesittionlicn b icalltlas oo i MU B

ArOHP, polymeric ass0ciation .. ... ...|oc|ooc | fovas|oenfeons]oone|oene|oone|oone oo oo -

M

L — / 3 -
C=C_. conjugated i sl e S s SR RS S e o e e Lo Pl R R ety Bl [P

s

H
R . : d

_C=C_, acyclic, conjugated.. ....|....|..ccforeefomrfovnoonsfonnsfovnsfooeefonnsfemnafooneoens oo oo

Z
H—N—0Z

A TR henZ e Ticy (e Rt | | T | | | | S [t

AT E NONDENZENOT0 R e Rttt | b o ot [t ey s | SR8 | 88 [ e
RNH; ", R,NH, ", and R;NH™, (trifluoroacetic acid solution). ... |....[.... |...feer.[.

ArNH; ", ArRNH, ", and ArR,NH ", (trifluoroacetic acid solution).m..,,
~

RCHO, aliphatic, e, B-unsaturated. ... [....|.oofours|ooes[corcooncfornc]oce oo oo fovne| oo forseornsfonss fonnfne oo fenneocnnfenss fonecfoenc oo
Y5 To Pilieeati o L, oompt i ey 1T (S TGS WO 1 1 P 5 0 O I e e e 1 L R e
ArOH, intermolecularly bonded ===
5 o Loan i 0 a4+ SRR EI s I e T

RCO,H, dimer, in nonpolar solvents... |....|..====

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

* Normally, absorptions for the functional groups indicated will be found within the range shown in black. Occasionally, a functional group will
absorb outside this range. Approximate limits are indicated by extended outlines.

b Absorption positions of these groups are concentration-dependent and are shifted to lower & values in more dilute solutions.



APPENDIX 1B NMR: Spin-Spin Coupling Constants

Type J, Hz Type J, Hz
H H
s -~
>C< 12-15 i e 4-10
H =1
i {4 S WL
_CH—CH 2-9 & Be
with free rotation ~7 H/C=C\ 0.5-25
I | |
—C—(—C—)—C— ~0 I
I!I | I!I Ho )C_H
~c=c_ ~0
CH,—CH,—X 6.5-17.5
CH. ~c=cu—cH=c_ 9-13
SCH—X 5.5-7.0
CH, “CH—C=C—H 3.5
a,a5-10
H—C—C—H ik ScH—cl 1-3
[} ] ee2-4 - ~
Y
H H
T e
Sc=c_ 0.5-3 /C—C\C/H 6-8
|
H H 0
~ -
—c=c_ 712 )
H 2 H1-H2 6-9
oo 13-18 H1-H3 1-3
H 3 H1-H4 0-1
4

a = axial, e = equatorial



APPENDIX 1C NMR: '3C Chemical Shifts in Organic Compounds*:

>C =0 Ketone
SC=0  Aldehyde LSO
~Cc=0 "4 B
>C =0 Ester, amide
>C =S Thioketone |
>C =N «  Azomethine |
—C=N__ Nitrile . B
>C =N «  Heteroaromatic B ;
De—cd L I
>C =C i Aromatic #
>C =C - Heteroaromatic ﬁ
=E=C-= = Allne ]
;C —C i (C Quaternary) f s
Scco. we
;C B L ]
=c—s__ s |
L;C — Halogen *
SCH—CZ  (C Tertiary) T
SCH—O__ | e
~cH—N_ ey
>CH—S__ o
>CH—- Halogen _
—CH,—C S (C Secondary) ' — :.:f} k-)w
—CHZ—-O\ —
—CH,—N_ iy
—CH,—S_ R
—CH,— Halogen *
H,C—CZ  (C Primary) rev
H,C—0L e
H,C—N_ e T
HyC—S__ -
H3C —Halogen #
- Resonances of | | | | |
common solvents CH,,co| csl | cH,CopH ClHs . ccl, | chel, CH,0H | (CHy),C0
CFLCOOH | 1. 4Djo DMSO| ‘ ‘

ppm (TMS) 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

*Relative to internal tetramethylsilane.
Copyright 1998 by Bruker Analytik GmbH. Used by permission.



Exam 4 Chart of Reaction Conditions

Reactions to consider : Cl, or Br
Acid-Base, S\2, Syl, E2, E1 2 2,
from Ch. 6-7 (Exam 2): Cla-2ase, Sn N hv
HBr HBr H,SO, O
O HQO
_0 N—Br
" ©)LO 1. Ha(OAC), NBS
O H,O or ROH O ( )
(benzoyl peroxide) 2. NaBH, hv or AIBN
Br, 1.BH3*THF 0 mCPBA
H.O or ROH | | 2 H,0,, OH cl _O. H,O
O H
Pt/H,(q) 1.0 (mCPBA) KMnO,
2.(CHa),S (cold, dilute)
1 H,O, OH’
NaNH, '
Na BH
NH; 5 KMnO4 1. 03
Pd, BaSO, - i H,O, pH 7 2.H,0
H(Q) (“Sia,BH”)
2. H,0,, .
N ﬂggcc)h NaOH 1.LIAIH, || 1.KMnO,
P 2o 2.H,0 KOH, A
N 2.H;0"
(quinoline) Mg Li
Et,O || hexane PBrs L.NaBH,
Na,Cr,O0, 2.H,0 1.(COCI),
DMSO
H2S0, TsCl Li Ao .60 °C
pyridine 4\ ' NgH2 2.Et;N
SOCl;, : (Swern
o : 2.H;0" At
pyridine (tBuLi) 3 oxidation)
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