/

Mamy :

3

—— 1

Mechanisms are your key to success in this course. If you can master the mecha-
nisms, you will do very well in this class. If you don’t master mechanisms, you will
do poorly in this class. What are mechanisms and why are they so important?

When two compounds react with each other to form new and different prod-
ucts, we try to understand how the reaction occurred. Every reaction involves the
flow of electron density—electrons move to break bonds and form new bonds.
Mechanisms illustrate how the electrons move during a reaction. The flow of elec-
trons is shown with curved arrows; for example,

HOH H’/_::O':H

)@ . )@\ﬁ %—gH %QH

These arrows show us how the reaction took place. For most of the reactions
that you will see this semester, the mechanisms are well understood (although there
are some reactions whose mechanisms are still being debated today). You should
think of a mechanism as “bookkeeping of electrons.” Just as an accountant will do
the bookkeeping of a company’s cash flow (money coming in and money going out),
the mechanism of a reaction is the bookkeeping of the flow of electrons.

When you understand a mechanism, you will understand why the reaction
took place, why the stereocenters turned out the way they did, and so on. If you do
not understand the mechanism, then you will find yourself memorizing the exact de-
tails of every single reaction: Unless you have a photographie memory, that will be
a very difficult challenge. By understanding mechanisms, you will be able to make

more sense of the course content, and you will be able to better organize all of the
reactions in your mind. - . .

The mechanisms that you will learn in the first half of your course are the most
critical ones. This is the time when you will either master arrow pushing and mech-
anisms or you will not master them. If you don’t, you will struggle with all mecha-
nisms in the rest of the course, which will turn your organic chemistry experience
into a_ﬂg}mtmare. It is absolutely critical that you master the mechanisms for the
early reactions that you cover. That way, you will have the tools that you need to un-

derstand all of the other mechanisms in your course. :

» In this chapter, we will not Jean every mechanism that you need to know.
Rather, we will focus on the tools that you need to properly read a mechanism and
abstract the important information. You will learn some of the basic ideas behind
arrow pushing in mechanisms, and these ideas will help you conquer the early mech-
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168 CHAPTER8S MECHANISMS

anisms that you will learn. The second half of this chapter provides a place .»,9. you
tokeep a list of mechanisms as you progress through the course. This list ASEnw you
will fill out as you go along) is arranged so that you will have the key information at

your fingertips, and you will be able to use the Iist as a study guide for your exams.

8.1 CURVED ARROWS

We have already gotten quite a bit of experience with curved arrows in chapter 2
(Resonance). There is one very major difference between curved arrows for drawing

structures, we saw that the electrons were not really moving at all. We were pre-
tending that they were moving so that we could draw all of the resonance structures,
By contrast, the curved arrows that we use in mechanisms refer to the actual move-

ments that we must not violate: (1) never break a single bond, and (2) never violate
the octet rule. When drawing mechanisms, we are trying to understand where the
electrons actually moved to break and form bonds. Therefore, it is OK to break sin-
gle bonds. In fact, it happens in almost every reaction. So when drawing mechanisms
there is only one commandment to follow: never violate the octet rule.

Now that we have some of the ground rules down, Iet’s just have a quick re-

view of curved arrows, and the different types of arrows that you can draw, Every
curved arrow has a head and a 1gil. Itis essential that the head and tail of every arrow
be drawn in precisely the proper place. The tail shows where the electrons are com-
ing from, and the head shows where the electrons are going:

Tail >I_mma

L. Lone pair — bond

2. Bond — lone pair

3. Bond — bond

4. Lone pair — Jope pair

The last possibility does not work, because we cannot

Pair to another (at Jeagt not in one push electrons from one lone

step). So we only have tg consider the firg three

s galiza s
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categories,
ibilities. Every arrow you will see will belong to one of these three g
ities. ; |
WM M.MH.M see examples of each of the three categories.

_ ir to a Bond
From a Lone Pair e
Consider the second step in the mechanism above, where we are forming

’ H
o el L@
\_/\II/ : VMII

i head
The tail of the arrow is coming from a lone pair on the oxygen m.ﬂ.m,.u.n M—Mmﬁﬂ -~
f the arrow is going to form a bond between oxygen and carbon. in i
M_un arrow is placed on an atom, it might seem like the &onq.oum».wna mMMmonu.mcn e
rom
i air, but they are not. The electrons are going < e
WM“ ”M Mﬁ_“pnm Woam to the carbon atom. If this makes you unhappy, there is an alter

native way of drawing the arrow that shows it more clearly:
___H

\1 "“Q“_._._ M@I
e

The dotted line shows the bond that is about to form, and we draw n..n mn._”os_ to that
dotted line. In this drawing it is very clear that the head of the arrow is going to ».o._.a
a bond. When you see an arrow drawn the first way (where it looks like it is .mo.Em
to an atom rather than to form a bond), don’t be confused by this—it really is just
going to form a bond.

bond:

#

From a Bond to a Lone Pair

Consider the first step of the mechanism above, where we are breaking a mmn%n bond:

By the way, a chlorine atom with a negative charge is called a nan%h._wa
(-ide- implies the negative charge). So in this reaction chloride is popping off of
molecule to form a carbocation (a carbop with a positive charge).
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'8 —e_mgszumg“
ste we Em_.{_ﬂ two arrows MHOE a .—.gn “E to WOEH a .U ] n Mﬂﬂﬂﬂ a gnn

form a lone pair:

From a Bond to a Bond

DoE.EnH the first arrow in the example below, where we are using the electrons of
the pi bond to attack a proton (H*), and kicking off Cl~ in the process:

wlci

Jh/\ . JWM\ +c

The first arrow has its tail on the pi bond, and the head is being used to form a bond
between a carbon atom and the proton.
o You will notice in the example above that there are two arrows. The first arrow
1s going mBE 2 bond to a bond. But the second arrow is going from a bond to form
a lone pair. So we see that you can have more than one type of arrow together in one
step of a mechanism.

In fact, it is possible 1o have all three types of arrows in one step of a mecha-
nism. Consider the example below: .

Bond to lone pair
D
m\&FO.
OH  Lone pair to bond

In the second step of the mechanism, we also have two arrows: from a lone pair to
form a bond, and then from a bond to form a lone pair:

o Lone pair to bond

(e)
Bond to lone pair

HO

If we consider the overall reaction, we notice that the OH™ is replacing the CL If we
look at how the electrons flowed, we see that it all started at the negative charge of the
attacking OH™. This charge flowed up temporarily on to the oxygen atom of the C=0
in step 1 of the mechanism, and then the charge flowed back down to kick off Cl™—:

o \MMJ o
mLx_/o_ - oo \Fo:
OH , + cf

Electron flow up m_oﬂam.u flow
back down

mmmma\J'IAU.Jﬂvw
Notice that there is one long flow of electron density, illustrated EE three arrows.
We begin at the tail of the arrow on the base, because that is where the flow starts.
This amrow is going from a lone pair to form a bond. The second arrow goes from a

vo_.uuﬂomcnumgnn.mbmﬁnﬁ#mwﬂdﬁmoﬂ@oﬂmwoaBmouﬂm—onnvmwgum.
This type of reaction is called an elimination reaction, because we are eliminating

H" and X~ 1o form a double bond:
¢ ™H
Notice that the arrows are all going from one end of the molecule to the other. Never

draw arows going in opposite directions. That would not make any sense! To see
what we mean by this, consider the example below:

- .
\n_..._u/ kn_ww I v | | .
cl L._/nuI s C
. HO _
o + of OH
“M“.m Gpe-of seaction §= be covered much later on in your course, but let’s use it . .. Never draw arrows in opposite directions. That would imply that the electrons were
4 an example. Notice that there are two steps to this mechanism. In the first i flowing in opposite directions af the same time. That is not possible. In this reaction,

.m
i
]

1
.-“Jm

-~

When we consider how the charge flowed throughout the whole reaction, it might be
tempting to draw it all in one step, like this: P

@
u§ I
, " OH -

However, this is no good, because we have two arrows going in opposite directions:
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the electrons first flowed up, and then they flowed back down. So we have to draw

it as two steps:

o) o o
m/o_ |.. _&W@ - L_/oz

OH

Electron flow up Electrons flow
back down

Before we can practice drawing arrows, we first need to make sure that we can
identify the three different arrow types. This is important, because it will get you ac-
customed to the types of arrows that are acceptable to draw.

mxmwn_mmm.._FEnnamEEn U&cﬁ.&ﬁmw@ nmnﬁﬁoﬂﬁmﬂwonmnmmﬁooum
of the following three types: . .

1. Bond Iv.”,n_x.wum
2. Bond —-lone-pair
3. Or lone pair —>-bond

R
mOm\) Cl

between the oxygen and carbon. So, this arrow is of the type lone pair — bond.

arrow is of the type bond — lone pair.

PROBLEMS For each of the following examples, classify each arrow that you see |

into one of the three types that we discussed.

e +
e
82 8.3 OH

Answer The first arrow is going from a lone pair on the oxygen to form a bond

The second amrow is going from a bond to form a lone pair, so the second -
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)
£

s st -

8.6 8.7

8.2 ARROW PUSHING

Now that we know what kinds of arrows are acceptable, we can begin to practice
drawing them (or “pushing” them, as its called). To do this, we need to learn H.Hos. to
analyze a step in a mechanism, and train our eyes to look for all of the lone pairs and
all of the bonds. We have said that all arrows are coming from or going to either lone
pairs or bonds. So it makes sense that we need to be able to look at a step in a mech-
anism and determine which bonds have changed and which lone pairs have changed.

Let’s see this in an example.

EXERCISE 8.8 Complete the mechanism of the following reaction by drawing
the proper arrows in each step:

Me

Me Tm ®.Me > Q@ cl
“OH H ”ﬂx

H H

-

. " Answer We need to look for all changes for bonds or lone pairs. In the first step,
. the double bond is disappearing, one of the carbon atoms of the double bond is form-

ing a new bond to a proton (H*), and we are breaking the H—Cl bond to kick off
CI™. So we have broken two bonds (C= C, and H—ClI) and we have formed one
bond (C—H) and one extra lone pair (on CI). Therefore, we will need two arrows
to make this happen. Where do we start? .

Keep in mind that electron density always flows in one direction i
Mﬂ%wﬂ“« can see inEow direction mbo noﬁ went, because in the end we MM&ZMMMM-
e ge on one side and a nnmmﬁ.—ﬁ charge developed on the chlorine. We can use

at information to mmE.m out the direction of the flow. The first arrow needs to sho
the double bond going to form a bond to the proton (from a bond to a bond) and Ena“

@ Me e
+ ClI
H

H
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In the next step, again we look for all changes to lone pairs or bonds. We see that the
Cl is giving up one of its lone pairs to form a bond with a carbon (C*). So, we need
only one arrow, from a lone pair to form a bond:

@\al/wu Me
Q + O — OMO_
H H

H H

PROBLEMS For each transformation below, complete the mechanism by drawing

the proper arrows.
Yo_ i B,

Cl
VIm: .
8.9
Br ]
T — © Cl cl
210 X L D Y
1 moo : 5
+ ROH + I
8.11 H
Q - -s
M X :
e — (i o &
Me M + oXN
H Im : H™™"H

Consider the second step of prob
4 proton to form a double bond:

8.12

lem 8.12. A lone pair from the oxygen is pulling off

Me m._U@
Q * x\. “H
Me

@ .Me
SMe

_.r/.d.,.

H™™H

83 DRAWING INTERIVIELREFE=S

ere
w of electrons. Arrows do not show wh

_ ws indicate the flo o e
?ES%M_.H Eywwumwmoannnm will accidentally draw it lik
atoms .
@ Me
H m Me Bad arrow
I\u/u. Don't do this
202
H H

is going.
make this mistake because they want to show where Ew His g . Mn
r that arrows show the movement of electrons,

Students often
only because the electrons came from the oxygen

But this is wrong. Remembe!
atoms. The H was able to move

and grabbed the H.

8.3 DRAWING INTERMEDIATES

We have seen the different types of arrows and rn_s. to draw them. Now we need to
get practice drawing intermediates when we are given mbn arrows. HEn.nEnEmHm are
compounds that exist for a very short time before _.nunnmm ?n&n._.. Let's consider an
analogy. Imagine that you are trying to climb a mountain and it is very cold (below
freezing). You are wearing a hat that keeps your ears warm, but it is loose and wnn.ﬁu
slipping off. Your friend offers you a spare hat that he brought, and you borrow it.
Now you need to take your old hat off to replace it with the new hat. If someone were
to take a picture of you while you have nothing on your head, the picture would look
very strange. There you are, in the freezing cold, with no hat on. You were only like
that for 3 seconds, but it was long enough for someone.to take a picture. Intermedi-
ates of reactions are similar. a

Intermediates are intermediate structures in going from the starting material to
the product. They do not live for very long, and it is rare that you can isolate one and
store it in a bottle, but they do exist for very short periods of time. Their structures

are often critical in understanding the next step of the reaction. Going back to the

analogy, if I saw the picture of you without your hat on, and I knew how cold it was
on that Eﬁwzuﬁ.:_r then I would have been able to predict that you put on a hat right
mmmu. Em picture was taken. I would have known this because I would have been able
to Eﬁﬁn&mﬁ@ identify an uncomfortable situation, and I could have predicted what
Hmmou._._non must have taken place to alleviate the problem. The same is true of inter-
En&mﬂnm_ If we can look at an intermediate and determine which part of the inter-
ﬁn&m.ﬁ 1 unstable, and we also know what options are available to alleviate the
Eﬂmw_rap then we can predict the products of the reaction based on an analysis of
the intermediate. That’s why they are so important.

So _.nﬂ.m get practice drawing intermediates. If you look closely at any step of
m.EnnEmE. you will see that the arrows tell you exactly how to draw the interme-
diate. Since you know how to classify every arrow into one of three categories

|
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(previous section of this chapter), now you will be able to read each arrow as a road
map of how to draw the intermediate. Here's an example:

D
z:%g .

Let's read the arrows. The first arrow is from a lone pair to form a bond, The
arrow shows electrons in a lone pair on a nucleophile (anything that is electron rich)
forming a bond with a carbon atom. The second arrow is from a bond to a bond. The
third arrow goes from a bond to form a lone pair. All in all, these arrows serve as a
road map for drawing the intermediate:

)
Nu no\\IV/ﬁ/Vﬁf

Nuc &u

AN

The trickiest part is getting the formal charges correct. If you have trouble as-

signing formal charges, then you will need to go back and review the sections on
formal charges in Chapter 1 and Chapter 2 of this book. Assigning formal charges
is a very important part of drawing the intermediates. Drawing the structure with-
out the charges would be like taking the photograph in the analogy above, but dig-
itally removing all of the snow. Without the snow, I wouldn’t know that it was cold,
so I would not be able to predict that you put a hat on shortly after the picture was
taken. If you don’t draw the source of instability on the intermediate, then what
good is it?

One trick will help you in some situations when you have a flow of elec-
trons represented by a few arrows (as in the example above). Notice that the only
change in formal charges comes on the first and last atom of the system where
the electrons are flowing. In our example above, the nucleophile loses its nega-
tive charge by using its lone pair to form a bond with a carbon atom. At the other
end of the system, the OXygen is gaining a negative charge as a bond is converted
into a lone pair on oxygen. Notice the conservation of charge. If the overall
charge is negative at the beginning of the reaction, then it must also be negative
at the end of the reaction, If something starts off with no charge, then it can split

up into 2 positive charge and a negative charge, because the total charge is still
conserved. '

memn_mmm.._mhcow mHEnE,BimvnHoi.muaaEiEo intermediate that you
get after pushing the arrows: _
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Answer We need to read the arrows like a road Emm.ﬂ"b Em mhmno E.%:M Mu. MMMM_m m”ﬂﬂ
ir on HO™ to form a bond with the n..“.qvon of the C=0. > S¢
M“MMMHMWM the C—O0 bond to form a lone pair on oxygen. We use this info to draw

the products:

0 OH?
% SPZENe-;

The hard part was assigning formal charges. Notice that we had two arrows Eoi.:m
in a flow. We had a negative charge in the beginning, so we must have a H.ﬁmn:a.a
charge in the end. It started off on the first atom in the flow of arrows, and it ended

- on the last atom of the flow (the oxygen).

PROBLEMS For each problem below, draw the intermediate that you get after
pushing the arrows.

Q@ .
8.14

<)
8.15 OH
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§

- Br:

8.4 NUCLEOPHILES AND ELECTROPHILES

Whenever one compound uses its electrons to attack another compound, we call the
attacker a nucleophile, and we call the compound being attacked an electrophile. It
is very simple to tell the difference between an electrophile and a nucleophile. You
just look at the arrows and see which compound is attacking the other. A nucleophile
will always use a region of high electron density (either a lone pair or a bond) to at-
tack the electrophile (which, by definition, has a region of low electron density that
can be attacked). These are important terms, so let's make sure we know how to
identify nucleophiles and electrophiles.

mun_.mxn_mm 8.20 In the reaction below, determine which compound is the nucle-
ophile and which compound is the electrophile: : .

| , mw/ |
cl -
e
OH

Answer The OH is attacking the C=0 bond, so the OH i i
; H is th
the other compound is the electrophile: ¢ uceoplile and

0
Electrophile:
po_
e

OH Nucleophile

e R LS

8.5 m_)mmm C.m:mcm zcnrmc—._:—rﬂu - -
. . .
i "

S .
PROBLEM hich compound is the electro

cleophile and W.

2
e \_°0H 8.22

8.5 BASES VERSUS NUCLEOPHILES

Students are often unclear about the difference between ::nﬂncvjmnm.mua bases.
Since most mechanisms involve the use of nucleophiles and bases, 1t will be worth

our time to clear up the difference. .
Consider the hydroxide ion (OH™). Sometimes it acts like a base and pulls off

a proton from another compound:
Ho + Y=+ ®

:of :
X' .
At other times it acts like a nucleophile and attacks another compound (forming a
new bond to an atom in that compound):
_._OIA + O_m

-L
Ho® v.m)

The differénce- between basicity and nucleophilicity is a difference of function. In
other words,,the hydroxide ion can function in two ways: as a base (which means it
is pulling off a proton and then running away with that proton) or as a nucleophile
(latching onto a compound). In some cases, the hydroxide ion might function mostly
as a base; while in other situations, the hydroxide jon might function mostly as a nu-
cleophile. To understand mechanisms well, it is important to be able to distinguish

between the two roles. Let’s see an example.
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EXERCISE 8.25 Below you will find the first two steps of a Enn_umim_.ﬂ. In each
step, determine whether the hydroxide ion is functioning as a nucleophile or as a

.O® Dm .0@
A (YR
L

Answer In the first step, the hydroxide ion is pulling off a proton, so it is func-
tioning as a base. In the second step, it is attacking the C=0 and latching on to the

compound, so it is functioning as a nucleophile.

base:

I z
m\o\/

-
07 Ho®

PROBLEMS In each step below, determine whether the hydroxide ion is func-
tioning as a nucleophile or as a base.

q

0
cl
F@:

8.26 Answer:
HO H OImIOFI
8.27 0] Answer:
2
8.28 “OH Answer:
0
HO
8.29 Answer:

vwo.w_..m_sm In each step below, determine whether the methoxide ion (MeO™) is
functioning as a nucleophile or as 2 base.

e}
H
V@HﬁO\gm
H IM
MeO

8.
uo Answer:
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Answer:

(0]
_ I&roﬁ%
HH
8.31 ; “ome

PROBLEMS In each step below, determine whether water i
nucleophile or as a base.

@
b

U

s functioning as a

-

H
'
8.32 H Answer:

@m_,\xﬁ/&x

8.33. \_/ H

There is another subtle difference between nucleophiles and bases that is worth men-
tioning, because it illustrates a common theme in organic chemistry. We can see the
difference by defining the terms nucleophilicity and basicity.

Once we determine that a reagent is acting as a nucleophile, we measure how
fast it functions that way with the term nucleophilicity. Nucleophilicity measures
how quickly a reagent will attack another compound. For example, we saw above
that water can function as a nucleophile because it has lone pairs that can attack a
compound. But the hydroxide ion will clearly be more nucleophilic—the hydroxide
ion has a negative charge, so it will attack compounds faster.

Basicity measures base strength (or how unstable the base is) by the position
of equilibrium. The term basicity does not reflect how quickly the equilibrium was
reached. The equilibrium might have been established in a fraction of a second or it
could have taken several hours. It.doesn’t matter, because we are not measuring
speed of reaction. We are measuring stability and the position of the equilibrium.

Hu.o,w ‘Wwe can understand this difference between nucleophilicity and basicity.
Nucleophilicity measures how fast things happen, which is called kinetics. Basicity
measures stability and the position of equilibrium, which is called thermodynamics
.H._.no:mwonn. your course, you will see many reactions where the product is nnnnnh
Enn_ by-kinetic concepts, and you will also see many reactions where the product
Is determined by thermodynamic concepts. In fact, there will even be B.Enmvs&ﬁ.n
these two factors are competing with each other and you will need to make ». choi
of which factor wins: kinetics or thermodynamics. . B

So the difference between nucleophiles and bases is a difference of function
M%hmuoe we nEM. also .mmm_.nnmm»n that nucleophilicity is a measure of a kinetic v_un..
uvon.oﬁwnﬁh“ww of reaction), while basicity is a measure of stability (thermodynamic

Answer:
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8.6 THE REGIOCHEMISTRY IS
CONTAINED WITHIN THE MECHANISM

x.nmn.onwmﬁw.mnq refers to where the reaction takes place. In other words, in what re-
gion of the molecule is the reaction taking place? Let’s see examples of this for dif-
ferent types of reactions. In the process, we will uncover some new terminology as
we learn about different reactions.

) Let’s consider elimination reactions. When we eliminate H and X (where X
is some leaving group that can leave with a negative charge, like Cl or Br), it is
possible to form the double bond in different locations. Consider the following
compound:

\h_w_/\.
This compound can undergo two possible elimination reactions (to make it easier to

see, we are drawing the H that gets eliminated in each case, even though we usually
do not draw hydrogen atoms on bond-line drawings):

|
Possibility 1 LuJ\ A | + Base-H + c®
fIlll\@mmmm
o,
Possibility 2 Q_/\ — | _~o-| + Base—H + ¢
H .
mmmmm..f\

Where does the double bond form? This is a question of regiochemistry. We distin-

guish between these two possibilities by considering how many groups are attached

to each double bond. Double bonds can have anywhere from 1 to 4 groups attached
to them: .

Monosubstituted Disubstituted Trisubstituted Tetrasubstituted

" So if we look back at the reaction above, we find that the two possible products are
monosubstituted and disubstituted double bonds. Whenever we have an elimination
-reaction where more than one possible double bond can be formed, we have names
for the different products based on which one is more substituted and which one is

less substituted. The more substituted product is called the Zaitsev product, and the

R i s
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we get the Zaitsev
e i WWMQMMWNMM%MM:Q.«NE will learn
ver elimination reactions. For now,
try. The difference be-
here the double bond

Jess substituted product 18 €2
product, but under special circumstances we get

is i ili tbook when you cO :

mc”n.nhw MMM Nwﬁnhwmw“ﬁ%anwm is an issue of H.ommonwn.nﬁm

wﬁnn._u the Zaitsev product and the Hoffman has to do with W
formed. This is regiochemistry.

Let's consider another examp

type of reaction. Consider the additio

Possibility 1 \_V/l\/

Lct

le of regiochemistry, in a completely different
n reaction of HCI across a double bond:

IO_

Cl is on the
less substituted carbon

- 5
H @
H H

ndcl

IT--%"

Cl is on the
more substituted carbon

_There are two possible ways to add the H and the Cl. Which product do we get?

One possibility would be to put the Cl on the less substituted carbon (carbon
connected to two other carbon atoms), and the other possibility would be to put
the Cl on the more substituted carbon (carbon connected to three other carbon
atoms). If we put the Cl on the more substituted carbon, we call this a Markovnikov
addition. If we put the Cl on the less substituted carbon, we call it an anti-
Markovnikov addition. How do we know whether we get Markovnikov addition or
anti-Markovnikov addition? This is an issue of regiochemistry.

For the reaction above, let’s analyze the two possible outcomes. In each case,
the first step involves the electrons of the double bond attacking the proton of HCI
to form a carbocation (a carbon with a positive charge). The difference between the
two possibilities is where the carbocation is formed:

ro e o)
Possibility 1 "/ _— \LF@\/ +
“___ o ) Less stable
Possibility 2 S . o
' + Cl
nLc) _ H
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Recall that alkyl groups are electron donating, so the carbocation on the bottom
(called a tertiary carbocation because it has three alkyl groups) will be more stable
than the carbocation on the top (called a secondary carbocation because it has only

two alkyl groups).
E\WJ&\/ \&(m/@

Tertiary Secondary
(less stable)

Therefore, possibility 2 is a better mechanism (because it involves a more stable in-
termediate. If we follow the last step of the mechanism for possibility 2, we see that
the CI will attach where the carbocation is, which will be at the more substituted

We see that the final position of the chlorine is determined by the stability of the
intermediate carbocation, which becomes evident as we work through the mecha-
nism. Since the chlorine ends up at the more substituted carbon, we call this a
Markovnikov addition. The mechanism for this reaction helped explain the regio-

chemistry of the reaction.
Sometimes regiochemistry is not an issue. For example, if we are adding H

and H across 2 double bond, then it does not matter which carbon gets the first H and
which carbon gets the second H. Either way, they both end up with an H. Similarly,
if we add two OH groups across a double bond, regiochemistry also does not mat-
ter. Any time we add two of the same group across a double bond, we do not have
to worry about the regiochemistry. :

. Here is where we get back to mechanisms, Whether we are talking about
Zaitsev vs. Hoffman elimination reactions or about Markovnikov vs. anti-
Kﬁgég addition reactions, the explanation of the regiochemistry for every

carbon:

consider the regiochemistry of the reaction and look at the mechani
nation of the regiochemistry, Chanism for an expla-

mew_.mﬁ.sm %om will, over the course of your studies, learn the Snnmmﬂmim for
EM following reactions, In the meantime, you will be given the regiochemical infor-
- M_on that you need to answer each of the problems bejow, These problems are in

nded to ensure that you understand what Hmmoawngn@ means ]
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8.34 Consider the reaction shown. If you were to add m.“w._. across the double bond,
%rmﬁ would the product be? Assume a Markovnikov addition.

H-Br

\/\

i in the presence of peroxides
When you do the same reaction (as mco«.& in
ﬁmw.w%.o.a woﬂ get an anti-Markovnikov addition of HBr across the double bond.

Draw the product of an anti-Markovnikov addition.
H—-Br
ROOR

v d

8.36 Consider the elimination reaction below, which uses w strong base. The E.omM
uct will be a double bond. This reaction will produce two N.m:mm.q E.on_.cna.. Omn w
be cis and one will be trans. Draw these products, and identify which is cis and

which is trans.

©
Cl NH;

A

8.37 Consider the elimination reaction below, which uses a strong,*sterically hin-
dered base (LDA). The product will be a double bond. This reaction will produce the

Hoffmann product. Draw this product.
Cl LDA

A

8.7 “THE STEREOCHEMISTRY IS
CONTAINED WITHIN THE MECHANISM

maamonwn.ﬁ.mﬁ is all about configurations of stereocenters (R vs. S) and double
bonds (E vs. Z). Whenever we have a reaction where we are forming a stereocenter,
Wwe need to ask whether we get a racemjc mixture (equal amounts of R and S) or
only one configuration. And, if so, why? Also, whenever we form a double bond,
We need to ask whether we get both E and Z isomers or only one of them? And, if
80, why?

This information is also contained within the mechanism. Let’s see an exan-
ple. Consider the addition of Br and Br across a double bond. We already saW -




S
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we don’t need to worry about the regiochemistry of this reaction, because’ we are
adding two of the same group. But what about the stereochemistry? We are creating

two new stereocenters:
QHZm

Et

Each stereocenter has two possibilities (R or S). Since there are two stereocenters,

we will have four total possibilitites: SR, RS, RR, and SS. These four compounds
represent two sets of enantiomers:

Mg S R Be R Mg S

B
CL L Chr . O
= Et =B 2 Q
SRR RS VERR S

Me A new

qu stereocenter
Br Another new

Et  stereocenter

|

Another set of enantiomers,

One set of enantiomers,
Brand Br are on opposite sides of the ring

Brand Br are on the same side of the ring

How many of them do we get? Do we get both sets of enantiomers as our prod-
ucts (meaning all four products), or do we only get one set (meaning two out of the
four possible products)? This depends on how the reaction took place.

Hm,m.b addition reaction can take place only through a mechanism that allows a
syn addition, then the two groups that we added must be on the same side of the dou-
ble bond in the product. So we will get only that one set of enantiomers:

Ry . R ®
Q syn = ~aRy
Ry addition _M% + Q
e ®"°

If a reaction can go through onl i additi .

. 2o th y an anti addition, then the two groups we added
must be on opposite sides of the double bond. So we will get only the set of enan-
tiomers where the groups are on opposite sides: .

Ry
O
Ry addition

moEmmEnmEnﬂmnnoumuuoﬂ . _
. .._ mﬁ_.nom&nnwﬁ‘go&n_.ﬁon%ﬁ
anti addition. So we get all four products (both sets of unpnmo__.nnw%dn v E._.m

h reaction will be different. Some will give only syn addition, some will*

give onl i additi i
Y anti addition, and others will not be stereoselective. For every addition

e L

i Fe

S e e s T ST S
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8.7 THE m._.mmmo_n.zm!_m;.\
and that infi ormation

we need to know the stereochemistry of the addition,
thin the mechanism.
back to our examp

Hﬂm_uﬂ.on. )

is contained Wi the addition of Br and Br across a

le above with .
we get only the set of enantiomers

So let’s go 1 1 oY
double bond. This reaction is an EE. m&.ﬁoa. so we .
that has the two Br groups on opposite sides of the ring:

= Cp -
lIll.IllllI‘
Et i

rst step, we form a bridged

Let’s look at the mechanism to understand why. In the fi
intermediate, called a bromonium ion:

Me
Feat G

Et
In this step, the double bond is acting as a nucleophile that attacks Brz (the elec-
trophile in this reaction). The arrows are not going in opposite directions—they are

actually moving in a small circle to form a ring.
Then, in the next step, the bromide (formed in the first step) comes back and

attacks the bromonium ion, opening up the bridge. The bromide can attack either
carbon (both possibilities shown below):

When the bromide attacks, it must attack on the other side of the ring (not the side
of the bromonium bridge, but rather on the opposite side of the ring) to break open
the bridge. So the addition must be an anti addition.

) We see that the mechanism explains why the addition must be anti. For every
reaction, the stereochemistry will always be explained by the mechanism.

v.mcw_.m_s 8.38 In the reaction above, we saw that the first step involved forma-
tion of a bromonium ion.

Me
Ot ——
Et
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You will notice that the bromonium ion drawn above has the bridge coming out to-
im&m you wcu s_na.mm&. but we did not say at the time that it could also have formed
with the bridge going away from you (on dashes):

Me

M

Et

We did not talk about this at the time, because the end products would still have been |

the same as the way we did it before. Draw what happens if the bromide (Br™) at-
BEG.E; other bromonium ion. Remember that there are two carbon atoms that the
bromide could attack, so draw both possibilities:

Br

Br

When you finish drawing the two products, compare them to the two products that
we got before. You should find that the two products you get here are the same as the
two products we got before. Think about why. Remember that the reaction can hap-
pen only as an anti addition.

. Every new class of reactions (additions, eliminations, substitutions, etc.) has
its own terminology for stereochemistry. As you learn each of these classes of reac-
tions, keep a watchful eye on what terminology is used to describe the stereochem-
istry. Then, look at the mechanism of each reaction within each class, and try to
understand why the mechanism dictates the stereochemistry, .

.!aow_.m_.sw For En following reactions, you will ﬁ..oe.nﬁ the course of your stud-
ies) learn E.n mechanisms for these reactions. In the meantime, you will be m?_n: the
stereochemical information that you need to answer each of the problems below

.H.womawaznnam.ﬁ?ﬁua&no .
o, gchEmﬂwon :nmnaﬁna what stereochemistry

i
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8.39 If you add OH and OH across the following double bond in a syn addition,
what will the products be?

syn e
hydroxylation

8.40 If you add Br and Br across the following double bond in an anti addition,
what will the products be?

Me Me Bra

- -

Et Et

i i i addition
dd Br and Br across the following double bond in an anti a %
e ; roducts that you would expect, you

ou get only one product. If you draw the two p ;
ﬂE mmum that they are the same compound (a meso compound). Draw this product.

Me, Et Brz

Do not confuse the concepts of regiochemistry and stereochemistry. For in-
stance, in addition reactions, the term “anti-Markovnikov, addition” refers to the re-
giochemistry of the addition, but the term “anti” refers to the stereochemistry of the
addition. Students often confuse these concepts (probably because both terms have
the word “anti”). It is possible for an addition reaction to be anti-Markovnikov and
a syn addition (hydroboration is an example that you will learn about at some point
in time). You must realize that regiochemistry and stereochemistry are two totally
different concepts.

8.42 -In the following reaction, we will add H and OH across a double bond. The
regiochemistry is anti-Markovnikov, and the stereochemistry is a syn addition. Draw
the products you would expect now that you know all of the information.

, (1) BHa / THF
(2) HyO, / OH- 1

You must know the stereochemistry and _.nmmonwonnm@ for every reaction, and
each of them is contained within the mechanism. In the problems above, you Wer®
told what to expect for the stereochemistry and the regiochemistry. When yo! 4




| P
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doing problems in your textbook and on your exams, you will be expected to know

what these pieces of information are simply from looking at the nomm.nuﬁ..> solid un-
derstanding of every mechanism will be an invaluable asset to you in this course.

8.8 A LIST OF MECHANISMS

Now you need to begin to keep a list of all reaction mechanisms that you cover. ﬁ.ﬁ
rest of the pages in this chapter are set up specifically for you to generate this list in
such a way that you will record the critical information: the regiochemistry and the

stereochemistry. You should fill in these pages as you proceed through the course and-

you learn more mechanisms. As your list gets larger, you will have one central place
where you can go to review all of the mechanisms.

A few example mechanisms have been filled in for you,
how to fill in the each mechanism from now o
course follows, these reactions may or may not
the case might be, you will definitely see these

so that you can see
n. Depending on the order that your
be the first ones you cover, Whatever
reactions early on in the course:

Reaction type Stereochemistry

Regiochemistry
Substitution (Sn2) Inversion

Not applicable (nucleophile
attacks mmzuom next to LG)

(<]
z%\./vhm_ — IolA +

Reaction type wE.mon_umEWﬂJ‘ mnmﬂ.onwma_.mnq
Substitution (Sx1) Racemization Not applicable (nucleophile
attacks carbon next to LG)

) hmuuh \I/.:a
ST N
@

[ —— OJ -c_ @
CH .V' H & I\O:I

Now, for ey
list as a sy,

€Iy reaction that you cover,
dy guide for a1 of your mechanisms:

fill in the templates below, and then use this

A=
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Reaction type

Stereochemistry

Regiochemistry ‘

Reaction type

Stereochemistry

Regiochemistry
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Reaction type

Stereochemistry

Regiochemistry

Reaction type

Stereochemistry

Regiochemistry

Fena e S S ro e

ity

i e

FEEE 0 T M e
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Reaction type Stereochemistry Regiochemistry
Reaction type Stereochemistry Regiochemistry




