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Acid-catalvzed Reaction of an Alcohol with an Alkene
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17. (2 pts each) Describe each bond mdicated with an arrow as the overlap of hybridized orbitals. For
example, an answer might be OCsp’ csp?

P2 ls ()

22, (22 points total). Here is an “apply what you know” problem in the form of an MCAT style
passage.

We have seen a number of molecules that contains a three-atom, delocalized pi bond (3 “pi-way™). In
partenlar, we have seen a carboxylate jon, enolate ion, and of conrse, amides. Each of the three atoms
donates a 2p orbital that overlap,
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i P2 ls ()
22, (22 points total). Here is an “apply what you know” problem in the form of an MCAT style
passage.

We have seen a number of molecules that contains a three-atom, delocalized pi bond (3 “pi-way™). In
partcular, we have seen a carboxylate ion, enclate ion, and of conrse, amides, Each of the three atoms
donates a 2p orbital that overlap,
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Carboxylate Ton Enolate Ion & Amide &

‘When the three 2p orbitals overlap, there are three pi molecular orbitals formed that extend over all three
atoms. You have seen these before, and they are shown below:

& ¢t §¢

ital A Orhltal Orbital c
K ;I hon - b* M,, ;{
1. {4 pts) From the followhs? choices, fill n the circle fur[ answer thal accurately lists
molecular orbitals in order from lowest to highest energy:

(O oOrbital A Orbital B Orbital ©
OOﬂJiIa]B Orbital C Orbital A
(O Orbital A Orbital © Orbital B
() Orbital € Orbital B Orbital A

Omne of the more difficult parts of the analysis of delocalized pi bonding concerns how many electrons
are involved in the pi molecular orbitals, Each of the ions shown above, the carboxylate ion, the enolate
1on, and the amide, have the same number of pi electrons i the pi molecular orbitals,

P4 (38)
21. (38 pis) For each pair of u»]ecules o dn line puuud.ed state the rel.armshlp berween the twe
structures. Possible answers could be isomers.
or same molecule. Fill in the circle to Indk:ale the correct relationship between the
molecules shown. In the boxes provided next to each chiral center, write “R" or “S8"
to indicate the absclute stereochemistry presenl.

Relationship:

O enantiomers —

() diastercomers
(O constitutional isomers
() same molecule

(O enantiomers

O dinstereomers

() constitutional isomers
O same molecule

(O enantiomers

(O diastercomers

O constitutional isomers
(O same molecule

HC H O ena '
F o O dinsterenmers
HO : () constitutional isomers
i O same molecule
HO

You do not need to label the chiral cenlers with “R™ or *'S” on these last two.

c '
) S CHZOH HDHmel

3cn
¢ 32 QE’

|‘|CHLOH
2 | _

‘zme Ho H.C

() cnantiomers

(O diastereomers

(O constitutional isomers
(O same molecule

@ coantiomers

Signature, P& (15}

12. (1% prs) Complete the lollowing four stractres by adding appropriate numbers of lone pasr
electrons, H atoans, and formal charges to the atoms m the boxes, Yau nnst adjust your answers 1o
indicate the predominant species at esch mdicated pH value (You do not bave 1o add anything such as
H atomms to atoms ol drawn in the boxes.) This problem is testing your imderstandimg of the
relationship of protenation state to pH 10 pKa values for certain fimctional groups we have discussed,
Next, in the space provided. wiite the overall charge on each structure at the mdicated pH. For your

reference, here are the relevant pk, vahues; 1
1
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Mext, in the sw-ne provided, wite the overall charge on each structuare at the indicated pH. For your

reference, here are the relevant pk, vahes: 0 @
1
C H;C=N H;C=0)
e o 3 Hs E H

-:) Pk, = 10.64 P, =16

vH< Pk&, PN‘(MM

Tatal charge on mul.ecule:+ ‘

Total charge munnl.ecul.e:¢

-
Total charge on molecule:

Signature. Pg 13 20y
14. {9 ar 11 pts each) The following reactions all invabve chemistry of alkenes. Fill m the box with the
's) that are missing from the chemical reaction i Drraw only the
regroisomer prodist or products if relevant and ?Iease remember that you must draw the structures of all
the produet sterenisomers using wedges aid dashes 10 indicate stereochemisiry as qﬂg iate. When a
racemic mixture is formed, you must write “racemic” under both structures EVEN THOUGH YOU

DREW BOTH STRU 5
we oH r
'9 / B \ __wEt
Br &t me  oH

N. Bry
PSS 7 N E—

H,0

—

2 pts) Will the product mixure you »e  gr Ho wEt
drew to the right rotate the plane of —> H
plane polarized light? (\I Q Ho -Et

g,

8r

(2 pis} Will the product mixture you
drew to the right rotate the plane of
plane polarized light?
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22, (8 pts) For the following sequence of reactions. deaw the final product(s). You only need e. /\ A
1o draw The very last product(s) in fhe box provided. althongh feel free 1o draw any other (N4

structures in the empry space provided. We will only grade the strocture(s) i the box. As
always. if a recemic mixmre is crented yon nesd 1o draw both enantiomers using wedges and
dashes and write “racemic™,

H H
1. H0 H
:’,so. (catatlytic) e M
2. H,S0, (catalytic)
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Sigl Pg22_ (8)

19. (8 pts) The chemistry you have leamed this semester is used in the synthesis of important
phammacenticals. Here are two examples. Fill in the boxes with the reagent(s) required 1o carry out the
transformation mdicated.

Swvieny, o ., Teseabedu Letters, 201 59, 419420

Have a great holiday break!!

-..And remember to run every chance you get!



Signalture Pe2l (22}
18. These are synthesis questions. You need to show how the starting material can be converted into the
product(s) shown. You may use amy reactions we have learned provided that the product{s) you draw for
each step is/are the predominant one(s). Show all the reagents you need. Show each molecule
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry
preferences for each reaction. You must draw all stereoisomers formed. and use wedges and dashes 1o
indicate chirality ot each chiral center. Wrile racemic when appropnate. All the carbons of the product
must come from carbons of the starting material. OK. this is a long one. Work hard 1o Recognize that
product and work backwards. You can do this!
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Chemistry 320M/328M

NAME (Print): Dr. Brent lverson
Final
December 16, 2018
SIGNATURE:
EID:
Please print the

firat three letters
of your last name
in the three boxes

Please Note: This test may be a bit long, but there is a reason. | would like to
give you a lot of little questions, so you can find ones you can answer and show
me what you know, rather than just a few questions that may be testing the one
thing you forgot. | recommend you look the exam over and answer the
questions you are sure of first, then go back and try to figure out the rest.
Also make sure to look at the point totals on the questions as a guide to help
budget your time.

You cannot use a red pen to take the exam. You
must have your answers written in PERMANENT ink
if you want a regrade!!!! This means no test written
in pencil or ERASABLE INK will be regraded.

Please note: We routinely xerox a number of exams following initial grading to
guard against g altered during the reg. g p

FINALLY, DUE TO SOME UNFORTUNATE RECENT INCIDENCTS YOU ARE NOT
ALLOWED TO INTERACT WITH YOUR CELL PHONE IN ANY WAY. IF YOU
TOUCH YOUR CELL PHONE DURING THE EXAM YOU WILL GET A “0" NO
MATTER WHAT YOU ARE DOING WITH THE PHONE. PUT IT AWAY AND LEAVE
IT THERE!!!
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Page  Paints

1 29)
2 @)
3 (24)
4 (24)
5 )

6 (3]

7 )

8 (28)

] 21)
10 23
1" (28)
13 (32)
14 (32)
15 (33)
18 (18)
17 (1)
18 (1)
19 (1g)
20 (1)
21 (14)
Total (402)

Take a deep breath and begin working. Start with the ones worth the most points and remember
that does not mean they are hard, so do not second guess yourself. You can do this!

You have been a great class and I have very much enjoved getting to know you.

Twrote the same poem last year, but I think it is just as meaningful this year. Here is my wish
for every one of you:

“May vour wishes all come frie.
May vou biild a ladder to the stars
and clitnly on every rung.

May vou stay forever voung.

May vou grow up fo be righteons,
May vou grow up fo be true,

Mery vou always know the trith
And see the lights surrounding yon
My vou always be conrageous
Stand upright and be strong

My vou stay forever voung.

May vour hands always be busy

My vour feet always be swiff

Mery vou have a strong foundation
When the winds of changes shift

My vour heart always be joyful

May vour song always be sung.

Anel ey vou stay forever voung " BD

Remember to run every chance you get. Staying fit will also allow you to stay forever young.
Your loved ones will be grateful.

EBrent Iverson



Student Honor Code
“As a student of The University of Texas at Austin, | shall abide by the core values of the
University and uphold academic integrity.”

(Your signature)

rsaiomc TABLE OFTHi ELEMENTS

Compound pK,
Hydrochioric acid H-CI -7
Protonated alcohol MHZU@!]! -2
Hydronium ion ugoa A7

[}
Carboxylic acids H—EO-H 3-5
Thicls ACH,SH 8-9
Ammaonium lon I't,N@ 9.2
¢ 9
f-Dicarbonyls  RG-CHy CAY 10
Primary ammonium HJ&EHZCH“ 10.5
o o
il i
[-Ketoesters AC-CHy COR' "
o o
[-Diesters HO'!:—CU,-&OH' 13
Water HOH 15.7
Alcohols RCHOH 15-19
o
Acid chiorides ncH,-EI}m 16
i
Aldehydes RCHz-CH 18-20
f
Ketones RCHy-CR' 18-20
o
Esters chg-t':on' 23-25
Terminal alkynes  AC=C—H 25
LDA H-M{i-CaHy )z 40
Terminal alkenes M:ﬁ_u 44

Alkanes CHyCHy-H 51



Type of Hydrogen Chemical Type of Hydrogen Chemical
(R=alkyl, Ar=aryl) Shift (5)* (R=alkyl, Ar=aryl)  Shift (5)*
RCHa OH 3440
Ry NH 05-5.0 RCH, Br 3.4-36
ROH 05-6.0 RCH,CI 3638
RCHy 0.8-1.0 o
RCH;R 12:14 W; 3.7-39
RyCH 14-1.7 (o]
Ry C=CRCHR,; 1626 'éOCHzR 4147
RC=CH 20-3.0 RCHyF 4445
o ArOH 4547
lécﬂ, 2123 RyC=CH, 46-50
o Ry C=CHR 5057
R 2226 0
s
ArCH S HzG-b*z 3340
o
RCH, NI 2328
Re R!N 9.5-10.1
RCH, | 3133 o
RCH,OR 3.34.0 R!OH 10-13

* Values are relative to tetramethylsilane. Other atoms within the
molecule may cause the signal to appear outside these ranges.

(R < stk As - anl)

RN -
Ak =

A

- HOH T - N
-
ol |
13 (5 m ™ g O C 0 T T F] T W e

weni al SHifh (5)

Llse this page fo wrire down venr Feadimap (f von wonld [ike.



Use this page for seratch if you wonld like. For your reference, here are the Golden Rules of Chemistry:

A. Predicting Structure and Bonding 1. In most stable malecules, all the atoms will have flled valence shells. 2. Five- and six-
membered rings are the mast stable. 3. There are two possible arrangements of four different groups arvand 3 tetrahedral atom.
B. Predicting Stability and Properties 4. The mos! impartant question in crgasic chemisiry &5 "Where ane the electrons?” 5.
Delocalization of charge over a larger area is stabilizing. 6. Delocalization of unpaired eleciron density over a larger area is
stabilizing. 7. Delocalizstion of pi electron dessity over & larger area is stablizing.

. Predicting Reactions 5. Reactions will oceur if the products are more stabie thas the reactants and the esergy barrier is low
enough. 9. Functicnal groups react the same in different molecudes. 10, A reaction mechanism describes the sequence of seps

occurring dusing a reaction. 11, Most bond-making steps in reaction invalve 7

Pl (20)

1. (5 pts) What is the most mmportant question in organie chemistry?

2. (10 pts) Amides are best represented as the hybrid of three contnbuting structures. Draw the second
and third important contributing stroctieres in the spaces provided, including all lone pairs and formal
charges. For the two stmetures on the left in cach problem, nse arrows to indicate the movement of
electrons o give the structures you drew. There 15 no need o draw any cireles around any of these
contributing struenres, You might want to read these directions again to make sure you know what we

want
H :ll:l:
H—c—c—l'wln’—n -
H H

3,014 points) Suppose a relative of yours is having an MEL In no more than four sentences, explam to
them what is happening when they have the MRI scan. We will be looking for a minumom of 7 key
points here and your answer should match a recent Rule of the Diay.




Signature Pg2 (23}

4. (2 pts each) In the spaces provided, indicate the type of bond. and the hybridized orbitals that
overlap to form the bond. For example, one answer could be: ¢y
Csp*-Hls

Note: for the three alkyne orbitals,

you can put them in an order, you just
need to describe all three bom{:w

H
|
Jentadusto
Used to treat Type I
Diabetes, eamed over
$2.15 Billion last
year

&, {1 pteach) Inthe spaces provided, write the hybridization state of the atoms indicated by the
arrow,

Spryeel

An anti-cancer drug that
operales by inhibiting
kinase enzymes, eamed
over §2.278 Billion last
year

- Ped 24)

6. (2 pteach) Circle whether cach of the following statements is true or false. You may notice these
resemble Rules of the Day! These are worth a lot of points so please take your time and be carcful,
Bead them carefully, but do not second guess yourself as we are not trying to trick yon.

True False A. Hesonance contributing structures are used when more than one structure are
required 1o describe acenrately how the electrons and charges are distributed in a
molecule

rather than the

X . bt represent equilibeati
True False i (blending) of them as the true molecular representation.

C_ When three paralle] 2p orbitals on adjacent atoms combine, three new molecnlar

True False orbitals are (bonding. ‘bonding and anti ]

D). When a Lewis acid and Lewis base combine, the product is referred to as a Lewis
True False acid-Lewis base complex. The new bond is referred 1o as a “coordinate covalent bond”
or "dative bond".

True False E Tetrabedral atoms such as carbon with four different substituents are chiral and
are called chiral centers,

True False FThe keto form of a compound rapidly tautomerizes to the mare stable enol form.

G, The greater the electron density around a nuclens, the more shielded it is, and the
True False lower the energy (frequency) of electromagnetic radiation required to flip its nuclear
spin.

H. Nuclei with spin quantum number 1,2 are quantized in one of two orientations,

True False ~+127 (lower energy)or *- 112" (higher energy) in the presence of an external magnetic
field, that is, the nuclear spins are aligned with and against the extermal ficld.
respectively.

L The difference in energy between the +1/2 and -1/2 nuclear spin states is

True False . oomtional to the strengih of the magnetic field experiznced by the nucleus.

J. The general rule of solvation is "like dissolves like", so polar, hydrogen
True False popding solvents dissolve pol like - i mom-polar
hydrocarhon selvents dissolve polar, charged, or hydrogen bonding molecules,

True False K- Inorganic synthesis, A KEY PARADIGM is the that functional groups (OH
zroup, Pi bond of an alkene, etc.) react the same in large complex molecules as
they do i simple strctures.

L. Running 3-5 miles a week EVERY WEEK as an adult dramatically increases yonr
True False fimess level and improves your heatlh thronghont your life. Doing this and enjoying a
healthy life is even more important than this organic class!



i) Pgd__ iM)

7. (24 pts total) On the following three pages there are NMR spectra, The relative integrations are
given abu\e each SIEIBI Lach MME spectrum has a letter on it In the spaces provided, write the

Rette: lecules that would produce that spectrum. Notice that not all
of the molecules be]rm will have letters undemeath them, as there are only three spectra but nine
maolecnles.

/\/\ﬂ/ o BF/\L
] *D)‘ﬁ ]
I j
[0~ J
]

RSagVEse

ign. Pgs
Spectrum A This page is not graded
3H
|
'l‘ ||
i | U I\I
” 1\\\\\ aH
2H
LM 4
[ 5 4 o 2 1 '
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Spectrum B

This page is not graded

|| ‘l (111 | | |
1 | 3H
| .

J]L1H 2 2H M“‘ [

’ 4 3 2 1

PPM
Pe7
Spectrum C This page is not graded
3H
2H 2H 2H
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8. (16 pis) The following molecule is called Met-enkag Itis present in high i most
mammalian cells, It primarily protects cells from oxidative damage In the boxes, fill in the proper
number of bonds to 1 atoms, lone pairs, and formal charges to show the protonation state of Met-
enkaphalin at pH 7.0, and pH 120, Use the pi, able provided at the beginning of the test for reference
as well as the reference pk, provided on the right

pH=T0
pK, =98
What is the total
net charge of this
peptide at pH 7.07
pH =120
0
H
10 H
\l m..: s the tatal
of this

S peplldt at pH 12,07

9. (12 pts) For each pair of molecules, on the line provided state the relationship between the two
structures. Possible answers could be isomers, or same
malecule. Draw u circle around any meso compound. In the boxes provided next to each chiral
center, write “R" or “S" 1o indicate the absolute stereoche -y present.

Relationship:

Pe9_ 2

10. (5 pt} Ahydrogen bond is the strongest interaction seen among neutral molecules. In the space

provided, draw two |nu||:cul|:s of ethanol (CHyCHyOH) and show a hydrogen bond between them. Use
a dashed live [ - -+ ) to mdicate any hydrogen bonds and be sure 1o draw all lone pairs of

clectrons

11. {16 pis total) The g are contributing for i Trybrids. Draw the
otler imporant resonance contributing stmcture in the box provided, Draw ammows on the stmchires on
thee left that indicate the flow of electrons that produce the contributing structures you drew to the nght.
Be sure to show all lone pairs and formal charges,

Did you remember o
put arrows on the
structures on the lefi?

Yes, put arrow(s) an this

structure to show how it is
transformed to the stricture
to the far right!




ign Pgl0 (%

12. (23 pts) Circle the appropriste structure from each pair, then fill in the blank on the right stating the

reason(s) for your answer. Possible answers for the blanks on the right are Inductive Effect. Angle Strain,

Torsional Strain, Steric Strain, or Hyperconjugation. You might need more than one answer in some
©ases Reason(s)

A} Circle the more stable carbocation

®
B P

B} Circle the more stable conformation
H H H H
4E 4F

Hy

| . H
e el me” el
F $em,

C} Circle the eycloalkane with less strain

D} Circle the more stable alkens
P /ﬁ
E} Circle the more acidic molecule

1. L

FC” TOH  H«<” TOH

F) Circle the more stable conformation

HH HH
LY L
/U\c_/ﬂ L
4 i
F) Circle the more stable conformation

=

H

Sig Pgll
13 {7 pts total) Fill in the blanks with the word(s) that best complete{s) the sentences

Epoxides are important because the {angle ar steric)

strain epoxides allows them 1o react with {nucleopliles or electraphiles)

. When strong (nncleophiles or el hiles)

(26)

antack epoxides at nentral or basic pH, the (more or less) hindered carbon s

attacked. Epoxides react with (nucleophiles or el hales) under

3

1d lysis conditions 1ally at the {more or less) substituted

carbon atoms that possess greater positive charge, analogous to (bromonium ion or radical)

mtermediates.

14. (19 prsh The following reactions all mvolve rhemlﬂr}&of hakealkanes, Fill in the box belaw the
arrow with the mechanism that will be followed (5,2, EZ, ete.). Then draw only the predominant
procuct or products and please rememiber that you must draw the correct stereaisomers,  For 5, 1EL
reactions you must dmwal.{ significant produets {including all stereciscmers).

a)\/\ (?Hjmzoe' Nae
Br

e

Br  CH,CH.OH




Pe 12 @n

pis) Over the semester, you lave seen the following types of modecules in the context of

individual mechanisms. For each pair of molecules, draw the first intermediate (or product) created in
the next step of the appropriate mechanism. Do not worry abowt any further sleﬁ:{ij’ appropriate) in the
mv:luuis:m‘.;e mltml rrows to indicate o

¥ mterested in this smele step. Use a mavement af al
pairs and formal es. Use es and dashes to indicate all

lectrons, draw all lone
setereochemistry. Remember to draw all products of each step! If a racemic mixture is formed, you
only need to draw one sterecisomer, label all chiral centers with an asterisk and write “racemic”™. In
«each reaction draw a circle around the NUCLEOPHILE!

Did you remember to circle the NUCLEOPHILE in each reaction above?

Pgli 32y

16. {32 pis.) Read these directions carefully. Read these dareetions carefully. (It was worth repeating)
For the following reactions, fill in the details of the mechanism. Diraw the ap) fate r_{:mknl
structures and use an arrow to show how pairs of electrons are moved fo make and break bonds
during the resction. For this question, voo must draw all molecules produced in each step. Finally,
fill in any boxes adjacent to the arrows with the type of step involved, such as "Make a bond" or
“Take a proton away". Use wedges and dashes to indicate stereschemistry where appropriate.

Acid-catalyzed epoxide opening I:l
| —

HsCir
H
Products
3° Aleohol and HYX
CH,
He—C—8; *
L. H
CHy

Product(s)




{32}

Pa 14

17,432 pis) For the following, complete the rections with the predeminant earbon containing product or
products. You must indicate sterecchemistry with wedges and dashes. You must draw all stereoisomers
produced as predominamt products and write *racemic” under the structures when appropriate. Assume no

rearrangments take place.

b HSfOAl'J,f]{IO
2 Nakip,

Pe 5 33)

18123 pts) Fou the following, complese the seactions with the predominant product or produets. You
must indicate stereochemistry with wedges and dashes. Yoo must draw all stereoisomers produced as
predominant procucts and write "racemic” under the structures when appropriate. Assume no

rearmangments take place.




Pzl (16)

19 (16 pts) For the following. complete the reactions or reaction sequences with the predominant product
or products. You mast indicate sterenchemistry with wedges and dashes. Yon must draw all stereoizomers
produced as predominant products and write “racemic” under the structures when appropriate. Assume no
reamangments take place except the first one in which we only want the rearranged product.

O~

This rearanges

Diraw the rearranged product only

= NaOCH,
e .
W_CIICHZi

H
H H

1 CH, 80,01

o
g

1) By /v
2) MaDICH,
Bt P

o,
4)(CH,),8

X P2 17 (i

20. These are synthests questions. You need 1o show bow the starting material can be converted mio the
productis) shown, You may use any reactions we have leamed provided that the product(s) yon draw for
each step is/are the predominant one{s). Show all the reagents you need. Show each molecule
synthesized along the way and be sore to pay attention fo the regiochemisiry and stereochemistry
preferences for each reaction. You must draw all stereoisomers formed, and use u-\:,dlg’:;s and dashes to
mdicate chirality at each chiral center. Write meemic when appropnate. All the carbons of the product
must come from carbons of the starting material.

A} (7 pis) E3 | C1
: >l : )

Racemic

B) (4 pts)

->
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20. These are synthesis questions. You need to show how the starting material can be converted into the
product(s) shown. You may use any reactions we have leamed provided that the product{s} vou draw for
each step isiare the predominant one(s). Show all the reagents you need. Show each molecule
synthesized along the way and be sure to pay attention to the regicchemistry and stereochemistry
preferences for each reaction. You must draw all stereaisomers formed, and use wedges and dashes 10
wndicate chirality at each chiral center. Write racemic when appropaiate. All the carbons of the product
must come from carbons of the starting material.

C) (10 pts)
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-~ — X

2
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20 (cont.) These are synthesis questions. You need to show how the starting material can be converted
nto the product(s) shown. You may use any reactions we have leamed provided that the product(s) you
draw for each step is'are the predominant one(s). Show all the reagents you need. Show each molecule
synthesized along the way and be sure to pay attention to the regiochemistry and stereochemistry
preferences for each reaction. You must draw all stereoisomers fomed, and use wedges and dashes o
indicate chirality at each chiral center, Write racemic when appropriate. All the carbons of the product
must come from carbons of the starting materials.

D (19 pts)

0 0
? /\/\)J\ )J\
CH,=CH, N, H B “H




ig) Pa20 (10}

20. (cont.) These are synthesis questions. You need to show how the starting material can be converted
into the product(s) shown. You may use any reactions we have learned provided that the product{s) you
draw for each step is'are the predominant one(s). Show all the reagents you need. Show each molecule
synthesized along the way and be sure to pay attention to the mflockml!:r)- audslﬂtoch:mlstrg
preferences for each reaction. You must draw all stereoisomers fonmed, and use wedges and dashes o
indicate chiraliry at each chiral ecnter. Write racemic when appropriate. All the earbons of the product
musl come from carbons of the starting materials.

.-||Br
- .
nlBr

E {10 pts)

Pp2l (14)

21.(7 pts) Next semester, you will learn several new reactions involving carboxylic acids. In one
reaction, carboxylic acids react with SOCI, to give a type of molecule called an acid chlonde. Use your
growing chemical intuition to predict the product formed whea the acid chloride shown reacts with 1
propanol. As help, we have included the 'H NMR of the product we want you to draw!

OH cl A~ _OH
/ﬁr /\I(
o o

Carboxlyic acid Acid chloride

Product

'H NMR of Product ‘ ‘

| 3H

22. (7 points) Here is an “apply what you know™ question. Fluorine is often added to pharmaceuticals to
slow down metabolism o! the molecule in the body, increasing potency. The following reaction 1s carried
out during the synth i the key i in the popular Flonase™ allergy nasal spray. The
molecule is a slcmld :md leads to an attenuation of a local nasal inwmune response (it is an agoaist of the
glucocorticoid receptor), i.e. is slows down a runny nose. Hint: In this reactson, HF is reacting as you might
expect of HBr or HC. In other words, HF is an acid and F*= is a great nucleophile. Draw the product of
this reaction. We have drawn the basic elements of the steroid rings to get you started.




