CHAPTER 3

ACID-BASE REACTIONS

The first several chapters of any organic chemistry textbook focus on the structure
of molecules: how atoms connect to form bonds, how we draw those connections,
the problems with our drawing methods, how we name molecules, what molecules
look like in 3D, how molecules twist and bend in space, and so on, Only after gain-
ing a clear understanding of structure do we move on to reactions.
to be one exception: acid-base chemistry.

Acid-base chemistry is typically covered in one of the first few chapters of or-
ganic chemistry textbook, yet it might seem to belong better in the later chapters on
reactions. There is an important reason why acid-base chemistry is taught so early
on in your course. By understanding this reason, you will have a better perspective
of why acid-base chemistry is so incredibly important.

To appreciate the reason for teaching acid-base chemistry early in the course,

we need to first have a very simple understandin g of what acid-base chemistry is all
about. Let’s summarize with a simple equation:

But there seems

HA == HY + A~

In the equation above, we see an acid (HA) on the left side of the equilibrium, and
the conjugate base (A ™) on the right side. HA is an acid by virtue of the fact that it
has a proton (H) to give. A~ is a base by virtue of the fact that it wants to take its
proton back (acids give protons and bases take protons). Since A~ is the base that we
get when we deprotonate HA, we call A~ the conjugate base of HA.

So the question is: how much is HA willing to give up its proton? If HA is
very willing to give up the proton, then HA is a strong acid. However, if HA is not
willing to give up its proton, then HA is a weak acid. So, how can we tell whether
or not HA is willing to give up its proton? We can figure it out by looking at the
conjugate base.

Notice that the conjugate base has a negative charge. The real question is: how
stable is that negative charge? If that charge is stable, then HA will be willing to give
up the proton, and therefore HA will be a strong acid. If that charge is not stable,
then HA will not be willing to give up its proton, and HA will be a weak acid.

So you only need one skill to completely master acid-base chemistry: you
need to be able to look at a negative charge and determine how stable that negative
charge is. If you can do that, then acid-base chemistry will be a breeze for you. If
you cannot determine charge stability, then you will have problems even aflc.:r you
finish acid—base chemistry. To predict reactions, you need to know what Kind of
charges are stable and what kind of charges are not stable.
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. : early in th

Now you can understand why acid-base che-mlSlFY lfnt;l:f::osfo moleﬁules. IE;
course. Cha-rge stability is a vital part of understanding thchS  charges-interaot with
is 50 incredibly important because reactions are all abolut 0 bve an ezoslleRb i
one another. You cannot begin to discuss reactions until you hav abilize charges
derstanding of what factors stabilize charges and what factors dcs{;}inllé -
This chapt::r will focus on the four most important factors, one at a ’

3.1 FACTOR 1—WHAT ATOM IS
THE CHARGE ON?

The most important factor for determining charge stability is to ask what atom the
charge is on. For example, consider the two charged compounds below:

o ©
O S

A o

The one on the left has a negative charge on ox
charge on sulfur. How do we com
need to consider two trends: com
in the same column:

ygen, and the one on the right has the
pare these? We look at the periodic table, and we
paring atoms in the same row and comparing atoms

In the same row In the same column

Y

C|N|[O]F c N[O]F |
P S Ci P E Cl
Br Br
| | Y
carbo:,; ; it:;tg:,:h comparing atoms in the same roy, For €Xample, let’s compare
o)

Increasing electronegativity
e
CNOF

P S
Br
|



3.1 FACTOR 1—WHAT ATOM IS THE CHARGE ON? HB5

Since electronegativity is the measure of an element’s affinity for electrons (how
willing the atom will be to accept a new electron), we can say that a negative charge
on oxygen will be more stable than a negative charge on carbon.

Now let’s compare atoms in the same column, for example, iodide (I™) and flu-

oride (F™). Here is where it gets a little bit tricky, because the trend is the opposite
of the electronegativity trend:

k !
CNOF . C N O F | Increasing
P S Cl 'Increasmg_ P S Cl ~ ability
Br electronegativity Br to stabilize
: I a charge

Y

It is true that fluorine is more electronegative than iodine, but there is another more
important trend when comparing atoms in the same column: the size of the atom.
Iodine is huge compared to fluorine. So when a charge is placed on iodine, the
charge is spread out over a very large volume. When a charge is placed on fluorine,
the charge is stuck in a very small volume of space:

Even though fluorine is more electronegative than iodine, nevertheless, iodine can
better stabilize a negative charge. If I” is more stable than F~ , then HI must be a
stronger acid than HF, because HI will be more willing to give up its proton than HF.

To summarize, there are two important trends: electronegativity (for compar-
ing atoms in the same row) and size (for comparing atoms in the same column). The
first factor (comparing atoms in the same row) is a much stronger effect. In other
words, the difference in stability between C~ and F~ is much greater than the dif-

ference in stability between I~ and F~.
Now we have all of the information we need to solve the first problem pre-

sented in this chapter: Which charge below is more stable?

e ©
O S

e, s

When comparing these two ions, we see an oxygen atom bearing tl.le negative charge
(on the left) and a sulfur atom bearing the negative charge (on the I:lght). Oxygen and
sulfur are in the same column of the periodic table, so size is the important trend to
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— ster stabilize the negatiye
look at. Sulfur is larger than oxygen, so sulfur cii - o

charge.

, ; ing ¢ wund. Which one
EXERCISE 3.1 Compare the two protons in the following compc ch one
is more acidic?

Answer We begin by pulling off one proton and drawing the conjugate base that
we get. Then, we do the same thing for the other proton:

N © ~p-H

N N

/l\/_\OH )\/\OO

Now we need to compare these conjugate bases and ask which one is more stable. In
other words, which negative charge is more stable? We are comparing a negative charge
on nitrogen with a negative charge on oxygen. So we are comparing two atoms in the
same row of the periodic table, and the important trend is electronegativity. Oxygen can
better stabilize the negative charge, because oxygen is more electronegative than nitro-

gen. The proton on the oxygen will be more willing to come off, so it is more acidic:

\N'H

3.2 Compare the two protons clearly shown in the following compound. (There
are more protons in the compound, but only two

' i : are shown.) Which of these two pro-
tons i1s more acidic? Remember to begin by drawing the two conjugate bases, and
then compare them. Ses,

\I,/\o’ H

H

PROBLEMS

——

Conjugate base |

Conjugate base 2
3.3 Compare the two protons clear]

: Y shown in the f ; .
these two protons is more acidic? ollowing compound. Which of

®

H-C-N;
H H

:
Conjugate base | Conjugate base 2
e base
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3.4 Compare the two protons shown in the following compound, and identify
which proton is more acidic:

HS\//\/\OH

Conjugate base | Conjugate base 2

3.5 Compare the two protons shown in the following compound, and identify
which proton is more acidic:

H

N

O.

Conjugate base 1 Conjugate base 2

3.2 FACTOR 2—RESONANCE

The last chapter was devoted solely to drawing resonance structures. If you have not
yet completed that chapter, do so before you begin this section. We said in the last
chapter that resonance would find its way into every single topic in organic chem-
istry. And here it is in acid-base chemistry.

To see how resonance plays a role here, let’s compare the following two
compounds:

O
M H ot
In both cases, if we pull off the proton, we get a charge on oxygen:
(@)
)Lo@ No°

So we cannot use factor 1 (what atom is the charge on) to determine which proton is
more acidic. In both cases, we are dealing with a negative charge on oxygen. But
there is a critical difference between these two negative charges. The one on the left

is stabilized by resonance:

0 ?

gy, -

O
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. we have two struc-
Remember what resonance means. It does not mean that

tures that are in equilibrium. Rather, it means that there is only one -corr:pr(;z?i(tl’ 5;';12
we cannot use one drawing to adequately describe where the chal:ge i8. o ):imw
charge is spread out equally over both oxygen atoms. To see this we n

both drawings. .

So whé;‘\l does this do in terms of stabilizing the negative charge? lnll(zllglr}t‘i) that
you have a hot potato in your hand (too hot to hold for long). If you could gra }';m-
other potato that is cold and transfer half of the warmth to the sccc:nd potato, then
you would have two potatoes, each of which is not too hot to hold. It’s the samehcon-
cept here. When we spread a charge over more than one atom, We ca'll the ¢ nrge
“delocalized.” A delocalized negative charge is more stable than a localized negative
charge (stuck on one atom):

/\o@ Charge is stuck on one atom (“localized”)

This factor is very important and explains why carboxylic acids are acidic:

©
@) -H* (O o)
= — - - "
v Y o

They are acidic because the conjugate base is stabilized by resonance. It is worth
noting that carboxylic acids are not terribly acidic. They are acidic when compared
with other organic compounds, such as alcohols and amines, but not very acidic
when compared with inorganic acids, such as sulfuric acid or nitric acid. In the equi-
librium above showing a carboxylic acid losing a proton, we have one molecule los-
ing its proton for every 10,000 molecules that do not give up their proton. In the
world of acidity, this is not very acidic, but everything is relative.

So we have learned that resonance (which delocalizes
stabilizing factor. The question now is how to roughly determ
factor is. Consider, for example, the following case:

©

Y O 0O 0
G — &y
i -~ 3

The negative charge is stabilized over foyr at

_ Ooms: one ox
bon atoms. E\';eln though carbon is not as happy with a ne Ztgien atom and three car-
nevertheless, it is bctlelr to spread the charge over one ox ge Ve charge as oxygen 18,
than to leave the negative charge stuck on e OXygen g sen and three carbon atoms
helps to stabilize that charge.  SPreading the charge around

a negative charge) is a
ine how stabilizing this
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But the number of atoms sharing the charge isn’t everything. For example, it

is better to have the charge spread over two oxygen atoms than to have the charge
spread over one oxygen and three carbon atoms:

Q
O
O
P
O
More stable

So now we have the basic framework to compare two compounds that are both

resonance stabilized. We need to compare the compounds, keeping in mind the rules
we just learned:

1. The more delocalized the better. A charge spread over four atoms gives a
more stable compound than a charge spread over two atoms, but

2. One oxygen is better than many carbon atoms.

Now let’s do some problems.

EXERCISE 3.6 Compare the two protons shown in the following compound.
Which one is more acidic?

)

S K

N
H H

Answer We begin by pulling off one proton and drawing the conjugate base that
we get. Then we do the same thing for the other proton:

Now we need to compare these conjugate bases and ask whi.ch one-is more slz}ble.
In the compound on the left, we are looking at a chz}rge that is .locallzed.on a nitro-
gen atom. For the compound on the right, the negative charge is d.elocallzed over a
nitrogen atom and an oxygen atom (draw resonance structures). It is more stable for

the charge to be delocalized, so the second compound is more stable. _
The more acidic proton is that one that leaves to give the more stable conju-

gate base.

<
i ®

e ™
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PROBLEMS

3.7 Compare the two protons identified below. There aré more protons in the com.
pound, but only two of them are shown.

H

A~ A

H

Conjugate base | Conjugate base 2

Identify which of these protons is more acidic, and explain why by comparing the
stability of the conjugate bases.

3.8 Compare the two protons identified below:

Conjugate base | Conjugate base 2

Identify which proton is more acidic, and explain why by comparing the stability of
the conjugate bases.

3.9 Compare the two protons identified below:
H

OH

Identify which proton is more acidic, and ex lain wh : ity of
the conjugate bases. P ¥y by comparing the stability

— —

Conjugate base 2

Conjugate base |
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3.10 Compare the two protons identified beloy:

O H

Conjugate base | Conjugate base 2

the conjugate bases.

3.11 Compare the two protons identified below:

AN

H O

Conjugate base 1 Conjugate base 2

Identify which proton is more acidic, and explain why by comparing the stability of
the conjugate bases.

3.12 Compare the two protons identified below:

O,H

" Conjugate base 1 Conjugate base 2

Identify which proton is more acidic, and explain why by comparing the stability of

the conjugate bases.

—

—
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3.3 FACTOR 3—INDUCTION

Let’s compare the following compounds:

0 0]
_H
)I\O’H m%l\o
cl Cl

. ion is to pull off
Which compound is more acidic? The only way to answer that question IS to p
the protons and draw the conjugate bases:

0 O
P m%Loe
¢’ ci

Let’s go through the factors we learned so far. Factor | does not answer the
problem: in both cases, the negative charge is on oxygen. Factor 2 also does not an-

swer the problem: in both cases, there is resonance that delocalizes the charge over
two oxygen atoms. Now we need factor 3

The difference between the compounds is clearly the placement of the chlo-
rine atoms. What effect will this have? For this, we need to understand

a concept
called induction.

We know that electronegativity measures the affinity of an
so what happens when you have two atoms of differe
to each other? For example, consider a carbon-oxyge

electronegative, so the two electrons that are shared between the carbon and oxygen
(the two electrons that form the bond between them) are pulled more strongly by
the oxygen atom. This creates a difference in the electron density on the two
atoms—the oxygen becomes electron rich and the carbon becomes electron poor.

This is usually shown with the symbols §* and §~ h indicate “partial” positive
and “partial” negative charges:

atom for electrons,
nt electronegativity connected
n bond (C-0). Oxygen is more

. Whic

SOH

AN

This “pulling” of electron density is called induction, G
ple, the three chlorine atoms will pull electron densiy

carbon that they are attached to. This w
(87). This carbon can then pull electron

0ing back to our first exam-

Y through induction from the

il make tha carbon be
C
density from Ome electron poor

s : th i
tive charge, and this effect will stabilize the negative cha:gl:gm" that has the nega-
9 0
)

Cl ¢
More stable
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Inductive effects fall off rapidly with di
, apidly with distance, s g A :
ence between the following compounds: , 80 there is a very large differ-

O
o 5 cl cl o
O CIMQG
Cl Cl
More stable

b £ the. seconc _compou“d is not much different from the compound without the
chlorine atoms entirely. So electronegative atoms that are too far away do not have
much of an effect, but if they are too close, they can have a destabilizing effect:

~

In these compounds the protons identified are not very acidic, because they are too
close to the electronegative atoms. If we deprotonate them, we will find a negative
charge directly next to an atom with lone pairs. These lone pairs repel each other:

.I ./ '. ..
Neighboring 0 e
lone pairs (,2’\ )‘?\

When lone pairs exist on neighboring atoms, we call this the alpha effect. The lone

pairs are repelling each other, and this is a destabilizing effect.

Now we know the effect that electronegative atoms (N, O, Cl, Br, etc.) can
have if they are near (but not to0 close and not too far) from a negative charge. It is
a stabilizing effect. But what effect do carbon atoms have (alkyl groups)? For ex-

ample, is there a difference in acidity between the following two compounds?

0 )
)J\OH %J\OH

Yes, there is, and it is very important to understand this difference, because the dif-
‘ : 11 be applied in many different ways over the

ference comes from a principle that wi ;
entire course. The idea is very simple: alkyl groups are e!e.c.'mn c{onarmg. .

This is so because of a concept called h)perc?:yuganon. which we will not get
into here; if you are interested, you can look it up in your lextbopk. E;l: t:,i :toétf‘?‘::;
line, take-home message is that alkyl groups are CIeth:’" i‘:ol’)‘:it;ﬂg-give;l s
WLt hwvs 0o 4 egaLS g i e less staﬁlc. It would be as

where there is a negative charge, then this area I:.Jecomcs o haals i JOUT OO
if you are holding a hot potato, and someone with a hot 1Ir

even more.
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So the comparison goes like this:

0 O
)I\O@ %J\o@
- Alkyl :'.J:::|1T?I'|1iuhiIi'f.c

this negative charge
and therefore,

O O
)LOH 7<‘LOH
More acidic Less acidic

EXERCISE 3.13 Compare two protons shown in the following compound. Which
proton is more acidic?

EF
HOX/><0H

Answer Begin by drawing the conjugate bases:

RF R F
I OH ©

In the compound on the left, the charge i
: Ktk 8¢ 18 somewhat stabil; g :
fects of the two neighboring fluorine atoms. In contrast ILl;Z§§£gOTed1nduc;tve eI:'.
» nd on the right

is destabilized by the presence of two
: carbon atg
electron density. Therefore, the compound on the lenfltsis( r:fth)(l gt
ore stable,

The more acidic proton is
the one that wj eav
. : il leave to give the more able neg
ative charge. So the circled proton is more acidic: S e :

R F

HD OH
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PROBLEMS

3.14 Compare the two protons identified below:

Ve

H

Conjugate base 1 Conjugate base 2

Identify which proton is more acidic, and explain why by comparing the stability of
the conjugate bases.

3.15 Compare the two protons identified below:

Identify which proton is more acidic, and explain wh
the conjugate bases.

Conjugate base 1 Conjugate base 2

y by comparing the stability of

3.16 Compare the two protons identified below:

o,H

e

F O-H

Conjugate base 1 Conjugate base 2

Identify which proton is more acidic, and explain why by comparing the stability of

the conjugate bases.

TR
et
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3.4 FACTOR 4—ORBITALS ==
e —————— T in the difference n aCldlty be-

] .y far will not expla
The three factors we have learned so far will n(lJ] > geIOW:
tween the two identified protons in the compo

/H
H\/\/\/

ate bases to compare them, we

If we pull off the protons and look at the conjug
see this:

H ©

b
/\/\/ H\/\/\//
0z

In both éases, the negative charge is on a carbon, so factor | does not :ellP- Il“ 20::
cases, the charge is not stabilized by resonance, so factor 2 does not help. In bo
cases, there are no inductive effects to consider, so factor 3 does no? help. The answer
here comes from looking at the type of orbital that is accommodatlr;g the charge:

Let’s quickly review the shape of hybridized orbitals. sp*, sp?, and sp orbitals
all have roughly the same shape, but they are different in size:

5[‘3 SP2 sp
Notice that the sp orbital is smaller and tighter than the other orbitals. It is closer to
the nucleus of the atom, which is located at the point where the front lobe (white)
meets the back lobe (gray). Therefore, a lone pair of electrons residing in an sp

orbital will be held closer to the positively charged nucleus and will be stabilized
by being close to the nucleus.

So a negative charge on an sp hybridized carbon is :
- more sta
charge on an sp? or sp? hybridized carbon: ble than a negative

©
=
W

More stable

-
@W

Determining which carbon atoms are Sp, sp?, or sp3 is
triple bond is sp, a carbon with a double bop s

ty simple: a carbon with a
bonds is sp®. For more on this topic, turn to ¢

di 2
- :lse Stp » and a carbon with all single
Xt chapter (covering geometry).
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EXERCISE 3.17 Loc: i
ocate the most acidic proton in the following compound:

X

Ansv?er It is nnporlflnt to recognize where all of the protons (hydrogen atoms)
are. [.t you cannot do this, then you should review Chapter 1, which c)c;veri bond-lir?
drawings. Only one proton can leave behind a negative chz;rge in an sp orbital Alfi
of. tl}e other protons would leave behind a negative charge on either s Zors 3 hy-
bridized orbitals. So the most acidic proton is ¥ il

A

3.5 RANKING THE FOUR FACTORS
/

t we have seen each of the four factors individually, we need to consider
em in. In other words, what should we look for

factors are competing with each other?
ce is the order in which the factors were pre-

sented in this chapter. Whenever you need to determine which proton is the most
f the conjugate bases and ask which one is the

acidic, you need to compare all o s &
most stable. To determine stability, here is what you should look for, in this order:

¢ on? (Remember the difference between compar-
d comparing atoms in the same column.)

g one conjugate base more stable

Now tha
what order of importance to place th
first? And what should we do if two

In general, the order of importan

1. What atom is the charg
ing atoms in the same row an

2. Are there any resonance effects makin
than the others?

3. Are there any inductive
stabilize or destabilize any O

bital do we find the negativ

effects (electronegative atoms or alkyl groups) that

f the conjugate bases?
e charge for each conjugate base that

4. In what or

we are comparing?

on to this order. Compare the two compounds

There is an important except!

below:
NHs3
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If we wanted to know which compound was more acidic, we would pull off the
protons and compare the conjugate bases:

—0 GNHz

When comparing these two negative charges, we find two competing fac.tors: the first
factor (what atom is the charge on?) and the fourth factor (what orbital is the charge
in?). The first factor says that a negative charge on nitrogen is more sl.able than e 2
ative charge on carbon. However, the fourth factor says that a negative ch.arge \nan
sp orbital is more stable than a negative charge in an sp’ orbital (the negative charge
on the nitrogen is an sp? orbital). In general, we would say that factor 1 wins over
the others. But this case is an exception, and factor 4 (orbitals) actually wins here,
so the negative charge on the carbon is more stable in this case:

=0 GJNH;]

More stable

In fact, for this reason, NH, ™ is generally used as the base for pulling the proton off
of a triple bond.

There are, of course, other exceptions, but the one explained above is the most
common. In most cases, you should be able to apply the four factors and provide a
qualitative assessment of acidity.

EXERCISE 3.18 Compare the two protons identified below:

O F

H‘0 O'H

o)

Identify which proton is more acidic, and explain why.

Answer The first thing we need to do is draw the conjugate bases:

BOJ\/\H)\O'H H‘O Woe
o)

Now we can compare them and ask which negative ch

four factors: arge is more stable, using our

1. Atom In both cases, the charge is on an Oxygen, so this doesn’t help us
, elp us.

tLe_s'::tnance stabilization and the
15 factor alone, we would say

2. Resonance The compound on the left has
compound on the right does not. Based on
the compound on the left is more stable.
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3. Induction The compound on the ¢
lizes the charge, but the co
Based on this factor alone
stable. ‘

ight has an inductive effect that stabi-
Mmpound on the left does not have this effect.
We would say the compound on the ri ght is more

4. Orbital This does not help us.

So, we have a competition of two factors
so we can say that the negative charg
acidic proton is the one circled here:

O R
®OJJ\/\H/L o H
0o

Remember the four factors, and what order they come in:

In general, resonance will beat induction,
€ on the left is more stable. Therefore, the more

1. Atom
2. Resonance

3. Induction
4. Orbital

If you have trouble remembering the order, try remembering this acronym: ARIO.

PROBLEMS For each compound below, two protons have been identified. In each
case, determine which of the two protons is more acidic.

- OH
H
3.19 .
Conjugate base 1 Conjugate base 2
O O
3. :
“ " " Conjugate base | Conjugate base 2
O
NH2z
HO I
2 N Conjugate base 2

Conjugate base |
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)
H
Conjugate base 1 Conjugate base 2
H.
NN
3.23 K)\ H . —
Conjugate base 1 Conjugate base 2
O
3.24 S -
Conjugate base 1 Conjugate base 2
-~
/N
3.25 H H
Conjugate base | Conjugate base 2
O
HO
OH
3.26
Conjugate base | Conjugate base 2
H\
N=, ¢
o:Q}s—o\
I
3.27 o H

Conjugate bage | Conjugate base 2

PROBLEMS For each pair of co

m .
acidic. hounds below, Predict which will be more
3.28 HCI HBr

3.29 H,0 HoS
3.30 NHj CH, 33

1 H‘-'--"‘-“--“-...._H
— /_-_._\
H H
OH OH

e A T OH
3.32 3.33 ClgCJ\ 3
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3.6 QUANTITATIVE
(oK. VALUES) EASUREMENT

“_‘_\\\___‘____

been the qualitative method for compar-
ords, we never said how much more acidic
said exactly how acidic each proton is. We
which proton is more acidic?

d of measuring acidities. All protons can be
ow acidic they are. This value is called pK,.

: Ka by just looking at the structure of a com-
pound. The pK, must be determined empirically through experimentation. Many

professors require that you know Some general pK,’s for certain classes of com-
pounds (for instance, all alcoholic protons, RO-H, will have the same ballpark pKa).
Most textbooks will have a chart that you can memorize. Your instructor will tell you
if you are expected to memorize this chart. Either way, you should know what the
numbers mean.

The smaller the pK,, the more acidic the proton is. This probably seems
strange, but that’s the way it is. A compound with a pK, of 4 is more acidic than a
compound with a pK, of 7. Next, we need to know what the difference is between
4 and 7. These numbers measure orders of magnitude. So the compound with a pK,
of 4 is 10° times more acidic (1000 times more acidic) than a compound with a
pK, of 7. If we compare a compound with a pK, of 10 to a compound with a pK, of
25, we find that the first compound is 10'S times more acidic than the second com-
pound (1,000,000,000,000,000 times more acidic).

one proton is over another, and we never
have talked only about relative acidities:

There is also a quantitative metho
given a number that quantifies exactly h
It is impossible to figure out the exact p

3.7 PREDICTING THE POSITION
OF EQUILIBRIUM

i ]

Now that we know how to compare staBility of charge, we can begin to predict
which side of an equilibrium will be favored. Consider the following scenario:

©
HA + B@ e — —— S\ + HB

This equilibrium represents the struggle between two compounds competing for H*.
A~ and B~ are competing with each other. Sometimes A™ gets the proton and some-
times B~ gets the proton. If we have a very large 'amount of A. ar.ld B~ and "_Ot
enough H* to protonate both of them, then at any given moment in time, ther,e wil
be a certain number of A’s that have a proton (HA) and a cen'a?n pumber f’f B s that
have a proton (HB). These numbers are comroued by the eth?r!um. Whlchb;s cl(])n-
trolled by (you guessed it) stability of the negative charges. ]I?‘f_A IIT mo;’e slaSl e ; I;I}I;
B~ | then A will be happy to have the negatlvc_: charge and. A wi hgra mc; off t
protons, However, if B~ is more stable than A~ th:?n we will aw?lfbe. reverbe effect.

Another way of looking at this is the followu_lg. In the equ.ll'nb rium a '?]v? we
see an A~ on one side and a B~ on the other side. The equilibrium will favor
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o charge. If A~ is more stable, then the

whichever side has the more stable negative ¢ A=
ation of A

equilibrium will lean so as to favor the form

O it A@ + HB
HA + B

If B is more stable, then the equilibrium wil
of B :

| Jean so as to favor the formation

© © . HB

HA + B — A

. s e : w how to assess relative
The position of equilibrium can be predicted once we kno

stability of negative charges.

EXERCISE 3.34 Predict the position of equilibrium for the following reaction:

O
C|—|30® === HO +  CHZOH

—_—

H20 +

Answer We look at both sides of the reaction and compare the negative charge on
cither side. Then we ask which one is more stable. We use the four factors:

1. Atzom The negative charge on the left is on oxygen, and negative charge
on the right is also on oxygen. So this factor does not help us.
2. Resonance Neither one is resonance stabilized.

3. Induction The negative charge on the left is destabilized by an electron-
donating alkyl group. The one on the right is not destabilized in this way.

4. Orbital No difference between the right and left.

Based on factor 3, we conclude that the one on the right is more stable, and there-
fore the equilibrium lies to the right. We show this in the following way:

© ©
H-0O + CH3O0 =— HO e CHgOH

PROBLEMS
3.35 Predict the position of equilibrium for the following reaction:

OH ¥
© ___ .
' 7 = Y
+
3.36 Predict the position of equilibrium for the following reacti
action:

NH, . O o

8 A+/U\0H
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3.37 Predict the position of equilibrium for the following reaction:

NH; . (I?.IH o
F)\F /J\ S_ M ke

e AN

3.8 SHOWING A MECHANISM
- TANIS

Later on in the course, you will spend a lo
A mechanism shows how the electron
Sometimes many steps are required,
acid-base reactions, mechanismg are

tof time drawing mechanisms of reactions.
§ move during a reaction to form the products.
and sometimes just a few steps are required. In

action that involved the breaking of a single bond). With resonance drawings, we
can never break a single bond (r

emember the first commandment). The second
commandment—never violate the octet rule—is still true, even when we are draw-
ing mechanisms. We can never violate the octet rule.

From an arrow-pushing point of view, all acid-base reactions are the same. It

goes like this:
QH/\%

There are always two arrows. One is drawn coming from the compound with the
negative charge and grabbing the proton. The second arrow is drawn coming from
the bond (between the proton and whatever atom is connected to the proton) and
going to the atom currently connected to the proton. That’s it. There are always two
arrows. Never 3 and never 1. Always 2. Each arrow has a head and a tail, so there
are four possible mistakes you can make. You can get either of the heads wrong or
either of tails wrong. With a little bit of practice you will see just how easy it is, and
you will realize that acid—base reactions always follow the same mechanism.

EXERCISE 3.38 Show the mechanism for the following acid-base reaction:

©
H,O\H % CH30@ HO + CH3OH

Answer Remember—2 arrows. One from the base to the proton and the other from
the bond (that is losing the proton) to the atom (currently connected to the proton):

®
Ha(—c?ao@ - 1® +  CHOH
0
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PROBLEMS

: ; ion:
3.39  Show the mechanism for the following acid—base reactio

Oe+U°‘H_ _O+O’oe

3.40 Show the mechanism for the following acid-base reaction:

H”N'H o

CI?IH 0
13 s

PROBLEMS Show the mechanism for the reaction that takes place when you mix

hydroxide (HO™) with the each of following compounds (remember that you need

to look for the most acidic proton in each case).

O'H

3.41
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PROBLEMS Show the mechanism for the reaction that takes place when you mix

the amide ion (H;N7) with the each of following compounds (remember that you
need to look for the most acidic proton in each case).

344 H—=—H

3.46 K/’



