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Sx1 REACTIONS Answers for Video (1)

Video (1)

Problem (1a)

What is the most important factor in organic chemistry?
Formal charges

What is the most important tool for predicting what will happen in a reaction?
Formal charges

When you draw the products of a mechanism step, what is the most important part of the products to
get right?

The formal charges

Does nature “like” or “dislike” formal charges?
Dislike

Does nature “prefer” atoms to be charged or neutral?
Neutral

Does nature “prefer” formal charges to be big or small?
Small

Which atoms are most likely to participate in a reaction?
Usually, the atoms with formal charges

EXCEPTION: Metals with positive formal charges (such as Na* or K*) are usually “spectator ions”
which do not participate in the reaction.
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Problem (1b)

Show the formal charges that we place at the beginning, middle, and end of a series of electron-pushing

arrows.
The choices are “positive”, “negative”, and “neutral”.
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For a mechanism step that consists of a single electron-pushing arrow,
show the formal charges that we place at the beginning and end of the electron-pushing arrow.
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Problem (1c)

Define each of the following roles: nucleophile, electrophile, leaving group

How do you draw the electron-pushing arrows for each of these roles?

What are some clues that we can use to identify which atoms will play each of these roles?
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Some of the above material was discussed at more length in the series on Sy2 reactions.

The ideas above about neutral nucleophiles, and about positive formal charges, are discussed at
more detail later in this video.

In this video we focus only on the roles “nucleophile”, “electrophile”, and “leaving group”. We
will discuss the roles “acid” and “base” in video (3) in this series.
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Problem (1d)
What types of neutral atoms can be used as nucleophiles?
A neutral atom with a lone pair (typically O, N, S, or P) is nucleophilic.

Exception: neutral Cl, Br, and I are not nucleophilic, even though they have lone pairs.
Instead, we use neutral Cl, Br, and I as good leaving groups.

Of course CI, Br, and I" are good nucleophiles, because of their negative formal charges.
This illustrates that the most important factor in organic chemistry is formal charges.
There is a big difference between neutral Cl, Br, and I (good leaving groups) and CI, Br’, and I" (good
nucleophiles)!
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Problem (1e)

What are the clues for an electrophile?
Best clue: a carbon with a positive formal charge
Another clue: an atom with a 6"

What role does a metal with a positive formal charge play?

Metals with positive formal charges (such as Na") are usually unreactive spectator ions.

(We will discuss possible formal charges for acids and bases in a later video in this series.)
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Video (2)

Problem (2a)

How many steps are there in an Sy2 reaction?
One step.

What happens during that one step?
Simultaneously, in the same step:
The nucleophile joins the a carbon, and the leaving group leaves the a carbon.

Define “a carbon”.
It is useful to define the term “o carbon” to refer to “the carbon connected to the leaving group”.
We will extend this definition later in the video.

How many steps are there in an Sx1 reaction?
Two steps.

What happens during those two steps?

Step one: The leaving group leaves the a carbon.
Step two: The nucleophile joins the a carbon.
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Problem (2b)
the majo/ mechanism
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Since Na is a metal and Br is a nonmetal, we know that they have an ionic bond. Draw in
formal charges to represent the ionic bond. We covered how to use ionic bonds to detect formal charges
in more detail in the series on S\2 reactions.

The Br is the nucleophile (clue: negative formal charge).

The neutral Cl is the leaving group (we have memorized that neutral Cl is a good leaving
group).

Carbon 2 is the a carbon (attached to the leaving group).

The Na' is an unreactive spectator ion (positive metals are unreactive spectators).

Do not assume the mechanism is Sx1! Use the table to determine the mechanism.

The o carbon is tertiary (attached to three carbon chains), so we use the bottom row of the table.
Our nucleophile is Br, so we use the middle column of the table.

The table predicts that the major mechanism in these conditions is Sy1.

First step of the Sy1 mechanism: Leaving group (neutral Cl) leaves the a carbon.
Second step of Sy1 mechanism: Nucleophile (Br’) attacks the a carbon electrophile.
Clue that carbon 2 will play the role of electrophile in step 2: it is a carbon with a positive formal

charge.

L

how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu / weak base good-Nu / weak base good Nu / strong base
O with no formal charge Cl, 5 CN, 8§, Ny (0
(water or alcohol) or N, P, or § with no formal charge
methyl a-carbon | no reaction Sx2 Sx2

1° g-carbon Exception: E2 with ¢-butyloxide and 1° a-carbon
2° a-carbon | Syl major, S22 E2

El minor I ot
3° a-carbon | Sx1 major, [ major,’) E2

G E1 minor E1 minor

solution to problem (2b) continued on next page
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Problem (2b) continued
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How many charges do you change on every step of every mechanism?
On every step of every mechanism, change two charges.
How do you know which charges to change on each mechanism step.
Change the charge on the atom that loses electrons at the beginning of the series of arrows,
and the charge on the atom that gains electrons at the end of the series of arrows.
THE MOST COMMON MISTAKE is forgetting to change the charge for the atom at the beginning of
the series of arrows.

Examine the mechanism above to see how we correctly changed two charges for each
mechanism step. For the first step, we changed the charges on the chlorine and on carbon 2. For the
second step, we changed the charges for the Br and for carbon 2. Remember: the most important part
of the products of each mechanism step to draw correctly is the formal charges.

How do you tell when a mechanism is finished?
The reaction is usually finished when the “main product” of a mechanism step has no formal charge.
When the “main product” of a step has a formal charge, you usually need to continue the mechanism.
Exception: the “main product” of an Sx2 reaction can have a formal charge.

In the mechanism on the previous page, we can tell that step 1 is not the last step in the
mechanism because the “main” product of that step has a positive formal charge (on carbon 2).

We can tell that step 2 is the last step in the mechanism because the “main” product has no
formal charge.

How can we extend the definition of the term o carbon to be more helpful for Sy1 reactions?
a carbon: the carbon attached to the leaving group, or
the carbon with a positive formal charge

For the mechanism for this problem, for step 1, we treat carbon 2 as the a carbon because it is
attached to the leaving group.

And for step 2 we continue to treat carbon 2 as the o carbon, because it is a carbon with a
positive formal charge.
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Checklist of things to do for the first step in a mechanism

1. Number all the carbons in the starting materials.

2. Draw formal charges for any ionic bonds.

3. Label which specific atoms will play which roles.
Identify the “clues” that tell you which atoms will play which roles.

4. Label the a-carbon.
Write down whether the a-carbon is methyl, 1°, 2°, or 3°.

5. Use the table to determine whether the reaction is Sx2, Sx1, E2, or E1.
Write down the name of the mechanism.

6. Draw electron-pushing arrows for a mechanism step.
Don’t begin drawing the products for a mechanism step until you have finished drawing the electron-
pushing arrows for that step

7. Draw the products of the mechanism step
Number all the carbons in the products. Make sure your numbers for the products of a step are
consistent with the numbers you used for the starting materials of the step.

8. Ask whether you have finished the mechanism, or require another mechanism step.
The reaction is usually finished when the “main product” of a mechanism step has no formal charge.
When the “main product” of a step has a formal charge, you usually need to continue the mechanism.

Exception: the “main product” of an Syx2 reaction can have a formal charge.

Checklist of things to do for each step in a mechanism after the first step

1. Label which specific atoms will play which roles.
Identify the “clues” that tell you which atoms will play which roles.

2. Draw electron-pushing arrows for the mechanism step.
Don’t begin drawing the products for a mechanism step until you have finished drawing the electron-
pushing arrows for that step

3. Draw the products of the mechanism step
Number all the carbons in the products. Make sure your numbers for the products of a step are
consistent with the numbers you used for the starting materials of the step.

4. Ask whether you have finished the mechanism, or require another mechanism step.
The reaction is usually finished when the “main product” of a mechanism step has no formal charge.
When the “main product” of a step has a formal charge, you usually need to continue the mechanism.

Exception: the “main product” of an Sx2 reaction can have a formal charge.
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Problem (2c)

L& @ S Nrow the majo/ mechoanism
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Check to be sure you got the exact right formal charges for all starting materials, intermediates,
and products.

Don’t assume the mechanism is Sy1! Use the table, as shown below.

)

how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu / weak base good Nu / weak base good Nu / strong base
O with no formal charge Cr, Br,(f,)CN, S, Ny -
(water or alcohol) or N, P, or S with no formal charge
methyl a-carbon | no reaction Sa2 Sn2
1° a-carbon Exception: E2 with #-butyloxide and 1° a-carbon
2° a-carbon | Sx1 major, Sx2 E2
E1 minor P
3° @-carbon | Sx1 major, Sx1 major, E2
ke E1 minor E1 minor

Notice that the arrows in our
mechanism above are consistent with the
rules about formal charges that we learned in

the first video in this series. @ @

The atom at the beginning of the

| . ra
series of arrows should always be negative or of New ¥ rel .-O_/'_/_)_e__‘:i__J
o, . _________..—-"'-"
neutral, never positive. In the first step of our nRuer @
mechanism above, the atom that loses nQuer @

electrons from the arrow (carbon 2) is
neutral. In the second step, the atom at the beginning of the arrow (I") is negative.

The atom at the end of the series of arrows should always be positive or neutral, never negative.
In the first step of our mechanism above, the atom at the end of the arrow (Br) is neutral. In the second
step, the atom at the end of the arrow (carbon 2) is positive.
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Problem (2d)

In the term “Sy1,” what does the “S” stand for?
“S” stands for substitution, because, in an Sy1 mechanism, one thing substitutes for something else. For
example, in the previous problem, the iodine substitutes into the position formerly occupied by the
bromine.

In the term “Sy1,” what does the “N” stand for?
“N” stands for nucleophilic, because, in an Sx1 mechanism, the thing that substitutes into the position
formerly occupied by the other thing is a nucleophile. For example, in the previous problem, the thing
that substitutes into the position previously occupied by the bromine is the iodide nucleophile.
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Problem (2e) (Review problem)

How many steps are there in an Sx1 reaction?
Two steps.

What happens during those two steps?

Step one: The leaving group leaves the a carbon.

Step two: The nucleophile joins the a carbon.

Answers for Video (2)
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Video (3)

ACID-BASE STEPS
Most Sy1 mechanisms include an acid-base step.

Answers for Video (3)

In this video, we will learn how to draw the general mechanism for an acid base step.
Then, in the next video, we will learn how to draw an Sy1 mechanism that includes an acid-base

step.

Problem (3a)

Define these roles: base, acid
A base donates electrons to take a H' from an acid.
(H" = “proton™)

An acid receives electrons to give a H* to a base.

Problem (3b)
Draw the electron-pushing arrow for a base.
Draw the electron-pushing arrow for an acid.

)

5 H-A

Problem (3c)
How is a base similar to a nucleophile?
They both donate electrons.

How is a base different from a nucleophile?
A nucleophile joins the electrophile,
while a base takes a H" from an acid

Verbally describe the first arrow for an acid-base step.

The first arrow for an acid-base step
points from the base
and toward the proton.
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Problem (3d)
What are the clues that indicate an atom can be a base?

A negative formal charge.
A neutral atom with a lone pair (usually O or N). For example, water and alcohols are bases.
What are the clues that indicate an atom can be an acid?

An atom with a positive formal charge, and an attached H.
(There are also neutral acids, but we won’t need to deal with those in this video series.)
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Problem (3e)
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We use the oxygen attached to carbon 2 as the acid. Clue: it has a positive formal charge.
We use the oxygen in the water as a base. Clue: It’s a neutral atom with a lone pair.

Check the mechanism above to make sure you draw your electron-pushing arrows exactly
correctly. Remember, the base donates electrons to gain a proton, so the first arrow goes from the base
to the hydrogen attached to the acid.

When drawing the products of a mechanism step, what is the most important aspect of the
products to draw correctly?
The most important aspect of the products to draw accurately is the formal charges.

How many formal charges do you change for every mechanism step?
Change two formal charges for every mechanism step.

How do you know which formal charges to change for each mechanisms step?

Change the formal charge for the atom that loses electrons at the beginning of the series of
arrows, and change the formal charge for the atom that gains electrons at the end of the series of
arrows.

THE MOST COMMON MISTAKE is forgetting to change the charge for the atom that loses
electrons at the beginning of the series of arrows.

Notice that in the above mechanism, we changed two formal charges.
We changed the formal charge for atom at the beginning of the series of arrows (the oxygen in water),
and we changed the formal charge for the atom at the end of the series of arrows (the oxygen attached
to carbon 2).

The oxygen in the water began with a neutral formal charge, and lost electrons.
Therefore, the oxygen becomes one step less negative—i.e., one step more positive.
Therefore, the oxygen ends up with a positive formal charge.

The oxygen attached to carbon 2 began with a positive formal charge and gained electrons.
Therefore, the oxygen becomes one step more negative—i.e., one step less positive.
Therefore, the oxygen ends up with a neutral formal charge.

THE MOST COMMON MISTAKE for this mechanism step is forgetting to change the charge
for the oxygen in the water (the atom at the beginning of the series of arrows).
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Problem (3f)
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We use the oxygen attached to carbon 4 as the acid. Clue: it has a positive formal charge.
We use the oxygen in the alcohol (attached to carbon 1) as a base. Clue: It’s a neutral atom with
a lone pair.

Check the mechanism above to make sure you draw your electron-pushing arrows exactly
correctly. Remember, the base donates electrons to gain a proton, so the first arrow goes from the base
to the hydrogen attached to the acid.

Check the answer above to make sure you drew the formal charges in the products correctly.

THE MOST COMMON MISTAKE is forgetting to change the charge for the atom that loses
electrons at the beginning of the series of arrows. So, for this problem, the most common mistake
would be forgetting to change the charge on the oxygen in the alcohol from neutral to positive.
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Problem (3g)
Are these reasonable or unreasonable electron-pushing arrows? Explain.

N o, Lhese arrows ort aol reasonable.

The O@ wants Lo g oin ele clreng, net lese rlectrons,
Se the C)® Ba.l'ongs ot the A of the serits of Sy

not at the ‘“3""""’\3 of tht seqns of arrows.

Remember that the arrows show the movement of electrons, and remember that an electron has
a negative charge.

Even though the positive oxygen has a lone pair, it should not go at the beginning of a series of
arrows. An atom with a lone pair and a negative or neutral formal charge can be an electron donor. But
an atom with a positive formal charge should be an electron receiver, even if it has a lone pair.

Notice that the arrows drawn above violate the pattern we have learned:
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Never put a positive formal charge at the beginning of a series of arrows.

Compare the incorrect arrows, above, with the correct arrows we drew in the previous problem:
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In these correct arrows, the positive formal charge goes at the end of the series of arrows.
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Problem (3h) *

What is the difference between a strong base and a weak base?
Both a strong and a weak base are willing to gain a H".

A strong base is very eager to gain a H".

A weak base is less eager to gain a H".

What is the difference between a strong acid and a weak acid?
Both a strong and a weak acid are willing to donate a H'.

A strong acid is very eager to donate a H".

A weak acid is less eager to donate a H".

Are water and alcohols strong or weak bases?
Water and alcohol (neutral oxygens with lone pairs) are weak bases.

Is an atom with a positive formal charge a strong or weak acid?
An atom with a positive formal charge is a strong acid.

Who is more reactive, strong or weak acid?
Who is more reactive, strong or weak base?
Strong acids are more reactive than weak acids. Strong bases are more reactive than weak bases.
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1 The answers given for this problem are answers that are useful for an organic chemistry class. They do not exactly
match the “official” definitions that would be used in a general chemistry class.
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Problem (3i) continued
Determine whether an acid-base step can occur for each set of starting materials below
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Notice that an acid-base step can occur if either the acid or the base is strong.
Notice that an acid-base step generally will not occur when both the acid and the base are weak.

These patterns are useful guidelines for ochem. There are some exceptions.
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Problem (3g)
Confirm that an acid-base step can occur for each of the problems we saw earlier in this video:

aw the mechanifm and product
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2
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The neutral oxygen in the water is a weak base (WB).
The oxygen attached to carbon 2 is a strong acid (SA) (clue: positive formal charge), so, yes, an

acid-base step can occur. An acid-base step can occur if either the acid or the base is strong.

_)CH gﬁ H Drov the mechanism ond product
* for an acid-hkase step.

| L SA
CH.OF + sdh ™ o ek
e L% .
e 115 2 e 7

2 S
The neutral oxygen in the alcohol is a weak base.
The oxygen attached to carbon 4 is a strong acid (clue: positive formal charge), so, yes, an acid-
base step can occur. An acid-base step can occur if either the acid or the base is strong.
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Problem (3j)

Are CI, Br, and I strong or weak bases?

Cl, Br,, and I are very weak bases. This means that we will generally use CI', Br, and I" as bases
only if no other base is present.

(Why are CI, Br, and I such weak bases, despite their negative charges? HCI, HBr, and HI are
very strong acids. Therefore, Cl, Br-, and I" are the conjugates of very strong acids. Therefore, Cl’, Br,
and I"are very weak bases.)

Therefore, when water or alcohol (ROH) solvent is present, most professors prefer to use
the water or alcohol as the base, rather than CI, Br, or I
Cl, Br, and I are generally used as good nucleophiles, rather than as bases.

Are neutral Cl, Br, and I basic?
Although neutral Cl, Br, and I have lone pairs, they do not act as bases. (There are some
exceptions.) Instead, we know that neutral Cl, Br, and I act as good leaving groups.

Summary of key information from this video:

Roles
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An ot with a ® $ormal charge andan attached H isa Strong acid.
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Be sure to memorize these facts.

We will illustrate how to apply these facts to Sy1 reactions in the next video in this series.
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Video (4)
Problem (4a)

Do the moior mechenif~
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Use the table to determine that the mechanism is Sy1.

how to determine the mechanism for alkyl halides and alkyl sulfonates

oor Nu / weak base good Nu / weak base good Nu/ strong base
@d no formal charge Cl, Br, I, CN, S, Ny O
water pr alcohol) or N, P, or S with no formal charge
methyl a-carbon | no reaction Sx2 Sn2

1° a-carbon Exception: E2 with #-butyloxide and 1° a-carbon
2° g-carbon | Sx1 major, 5.2 E2

El_mingr
3° a-carbon 1 major, Sx1 major, E2

7 E1 minor E1 minor

For Step 2 of the mechanism, the oxygen in the water is the nucleophile. Clue: it’s a neutral
atom with lone pair.

The most common student mistake on Step 2 is forgetting to change the charge on the
oxygen from neutral to positive.

Because the oxygen is at the beginning of the series of arrows, we need to change the oxygen’s
charge. The oxygen begins neutral, and loses electrons, so the oxygen becomes one step less negative.
i.e., the oxygen becomes one step more positive.

Remember, when drawing the products of a mechanism step, that the most important part of the
products to get right is the formal charges. Remember that, for every step of every mechanism, you
must change two formal charges, at the beginning of the series of arrows and at the end of the series of
arrows. For Step 2, we change the formal charge on the oxygen (at the beginning of the arrow) and the
formal charge on carbon 2 (at the end of the arrow).

Be sure to also continue to draw the oxygen as covalently bonded to its two hydrogens in the
product from Step 2.

solution for Problem (4a) continued on next page
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Problem (4a) continued

Do the moior mechenif~
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After Step 2, the main product still has a formal charge (the positive formal charge on the
oxygen attached to carbon 2). This indicates that the mechanism is not finished and that, for Step 3 of
the mechanism, we need an Acid-Base Cleanup Step to “clean up” the formal charge on the main
product.

In Step 3, the oxygen attached to carbon 2 acts as a strong acid (clue: it has a positive formal
charge). The oxygen in the water acts as the weak base (clue: neutral atom with a lone pair). We saw in
Problem (3i) that an acid-base step can occur between a strong acid and a weak base.

We saw in Problem (3j) that Cl', Br-, and I" are very weak bases. Therefore, when possible, most
professors prefer to use water or alcohol as a base, rather than CI-, Br, or I". Therefore, on this problem,
we use water as the base, rather than the I we produced in Step 1.

Study the electron-pushing arrows for Step 3. Make sure you can draw the arrows for an acid-
base step accurately. Remember, a base donates electrons to gain a H", so the first arrow for an acid-
base step points from the base, and toward the proton.

When drawing the products of Step 3, make sure you change the formal charge on the
oxygen in the water from neutral to positive.

Because the oxygen in the water is at the beginning of the series of arrows, we need to change
the oxygen’s charge. The oxygen begins neutral, and loses electrons, so the oxygen becomes one step
less negative. i.e., the oxygen becomes one step more positive (H;O").

When drawing the products of a mechanism step, the most important part of the products to get
right is the formal charges! Remember that, for every step of every mechanism, you must change two
formal charges, at the beginning of the series of arrows and at the end of the series of arrows. For Step
3, we change the formal charge on the oxygen in the water (at the beginning of the series of arrows)
and the formal charge on the oxygen attached to carbon 2 (at the end of the series of arrows).

The main product from Step 3 has no formal charge, so Step 3 is the last step in the mechanism.

Summary of Sy1 mechanism with a neutral nucleophile:

Step 1: Leaving group step: Leaving group leaves a carbon

Step 2: Nucleophile-electrophile step: Nucleophile joins a carbon
Step 3: Acid-base cleanup step

How can you tell when a mechanism is finished?
The reaction is usually finished when the “main product” of a mechanism step has no formal charge.
When the “main product” of a step has a formal charge, you usually need to continue the mechanism.
Exception: the “main product” of an Sy2 reaction can have a formal charge.
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Checklist of things to do for the first step in a mechanism

1. Number all the carbons in the starting materials.

2. Draw formal charges for any ionic bonds.

3. Label which specific atoms will play which roles.
Identify the “clues” that tell you which atoms will play which roles.

4. Label the a-carbon.
Write down whether the a-carbon is methyl, 1°, 2°, or 3°.

5. Use the table to determine whether the reaction is Sx2, Sx1, E2, or E1.
Write down the name of the mechanism.

6. Determine what type of step you will do first in the mechanism
(e.g., Nu-E step, LG step, or A-B cleanup step).

7. Draw electron-pushing arrows for the mechanism step.
Don’t begin drawing the products for a mechanism step until you have finished drawing the electron-
pushing arrows for that step

8. Draw the products of the mechanism step
Number all the carbons in the products. Make sure your numbers for the products of a step are
consistent with the numbers you used for the starting materials of the step.

9. Ask whether you have finished the mechanism, or require another mechanism step.
The reaction is usually finished when the “main product” of a mechanism step has no formal charge.
When the “main product” of a step has a formal charge, you usually need to continue the mechanism.
Exception: the “main product” of an Sy2 reaction can have a formal charge.

Checklist of things to do for each step in a mechanism after the first step

1. Determine what type of step you will do next in the mechanism
(e.g., Nu-E step, LG step, or A-B cleanup step).

2. Label which specific atoms will play which roles.
Identify the “clues” that tell you which atoms will play which roles.

3. Draw electron-pushing arrows for the mechanism step.
Don’t begin drawing the products for a mechanism step until you have finished drawing the electron-
pushing arrows for that step

4. Draw the products of the mechanism step
Number all the carbons in the products. Make sure your numbers for the products of a step are
consistent with the numbers you used for the starting materials of the step.

5. Ask whether you have finished the mechanism, or require another mechanism step.
The reaction is usually finished when the “main product” of a mechanism step has no formal charge.
When the “main product” of a step has a formal charge, you usually need to continue the mechanism.
Exception: the “main product” of an Sx2 reaction can have a formal charge.
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Problem (4b)

Draw Lhe mejor mechenaiS~
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Use the table to determine that the mechanism is Sy1.
how to determine the mechanism for alkyl halides and alkyl sulfonates
oor Nu / weak base good Nu / weak base good Nu/ strong base
ith no formal charge Cl,Br,I, CN, S, Ny (03
(water or@cm or N, P, or S with no formal charge
methyl a-carbon | no reaction Sx2 Sn2
1° a-carbon Exception: E2 with ¢-butyloxide and 1° a-carbon
2° a-carbon | Sy1 major, Sx2 E2
El minor
- 3° g-carbon |8yl major, Sx1 major, E2
(%Bl‘?inQ E1 minor

For Step 2 of the mechanism, the oxygen in the alcohol is the nucleophile. Clue: neutral atom
with lone pair.

Notice that, in the product of Step 2, the oxygen nucleophile remains covalently bonded to
carbon 6, and to a hydrogen. You should not break a covalent bond unless an electron-pushing arrow
specifically indicates that that covalent bond should be broken. In the mechanism for Step 2, there is no
electron-pushing arrow indicating that we should break the covalent bonds around the oxygen
nucleophile.

The most common student mistake on Step 2 is forgetting to change the charge on the
oxygen from neutral to positive.

Because the oxygen is at the beginning of the series of arrows, we need to change the oxygen’s
charge. The oxygen begins neutral, and loses electrons, so the oxygen becomes one step less negative.
i.e., the oxygen becomes one step more positive.

Remember, when drawing the products of a mechanism step, that the most important part of the
products to get right is the formal charges. Remember that, for every step of every mechanism, you
must change two formal charges, at the beginning of the series of arrows and at the end of the series of
arrows. For Step 2, we change the formal charge on the oxygen (at the beginning of the arrow) and the
formal charge on carbon 3 (at the end of the arrow).

Solution to Problem (4b) continues on next page
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Problem (4b) continued

Draw Lhe mejor mechenaiS~
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After Step 2 of the mechanism, the main product still has a formal charge (the positive formal
charge on the oxygen attached to carbon 6). This indicates that the mechanism is not finished and that,
for Step 3 of the mechanism, we need an Acid-Base Cleanup Step to “clean up” the formal charge from
the main product.

In Step 3, the oxygen attached to carbon 6 acts as a strong acid (clue: it has a positive formal
charge). The oxygen in the alcohol acts as the weak base (clue: neutral atom with a lone pair). We saw
in Problem (3i) that an acid-base step can occur between a strong acid and a weak base.

We saw in Problem (3j) that Cl', Br-, and I" are very weak bases. Therefore, when possible, most
professors prefer to use water or alcohol as a base, rather than CI', Br, or I'. Therefore, on this problem,
we use alcohol as the base, rather than the Br- we produced in Step 1.

Study the electron-pushing arrows for Step 3. Make sure you can draw the arrows for an acid-
base step accurately. Remember, a base donates electrons to gain a H", so the first arrow for an acid-
base step points from the base, and toward the proton.

When drawing the products of Step 3, make sure you change the formal charge on the
oxygen in the alcohol from neutral to positive.

Because the oxygen in the alcohol is at the beginning of the series of arrows, we need to change
the oxygen’s charge. The oxygen begins neutral, and loses electrons, so the oxygen becomes one step
less negative. i.e., the oxygen becomes one step more positive.

When drawing the products of a mechanism step, the most important part of the products to get
right is the formal charges! Remember that, for every step of every mechanism, you must change two
formal charges, at the beginning of the series of arrows and at the end of the series of arrows. For Step
3, we change the formal charge on the oxygen attached to carbon 7 (at the beginning of the series of
arrows) and the formal charge on the oxygen attached to carbon 3 (at the end of the series of arrows).

The main product from Step 3 has no formal charge, so Step 3 is the last step in the mechanism.
Summary of Sy1 mechanism with a neutral nucleophile:
Step 1: Leaving group step: Leaving group leaves o carbon

Step 2: Nucleophile-electrophile step: Nucleophile joins a carbon
Step 3: Acid-base cleanup step
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Problem (4c)
How many steps are there in an Sy1 reaction?
What happens during those steps?

There are two main steps in an an Sx1 reaction.
In the first main step, the leaving group leaves the a carbon.
In the second main step, the nucleophile joins the a carbon.

As we have seen in this video, an Sy1 mechanism may also include an acid-base step.

In particular, for an Sy1 mechanism involving a neutral nucleophile, the third step of the Sy1
mechanism will be an Acid-Base Cleanup Step.

what happens in Sy2, Sy1, E2, and E1 mechanisms

what happens in the main steps big obstacle
Sx2 | One main step: Nucleophile joins o carbon and leaving group leaves a carbon steric hindrance
There may also be an acid/base step.
Sy1 | First main step: Leaving group leaves o carbon stabilizing the
Second main step: Nucleophile joins o carbon carbocation
There may also be an acid/base step, and/or a carbocation rearrangement step.
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Video (5)

Problem (5a)

What is the basic fact about Sx2 stereochemistry?

If the a-carbon is a stereocenter, the product of the Sy2 reaction will have inversion of
configuration at the a-carbon.

What is the justification for this fact?

When a nucleophile attacks an atom that is attached to a leaving group, the nucleophile will
attack from the side opposite to the leaving group.

Notice that this idea is not relevant for an Sy1 reaction, because, in an Sy1 reaction, the leaving
group has already left before the nucleophile attacks.

What is the definition of the term “carbocation”?
A carbocation is a carbon (“carbo”) with a positive formal charge (“cation”).

Define these terms: cation, anion
cation: a positive ion
anion: a negative ion

How can you remember these definitions?
Imagine that the letter n in the word “anion” stands for the word “negative” (“a negative ion”)
Imagine that the letter t in the word “cation” represents a + sign (“a + ion”)

Notice that, for example, Br" is not a carbocation.

Br" is a cation (because of its positive formal charge).
But Br" is not a carbocation, because Br* is not a carbon.

solution for Problem (5a) continues on next page
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Problem (5a) continued

Does an Sy1 reaction have a carbocation intermediate?

Yes.
For example, notice that carbon 2 becomes a carbocation intermediate in the first step of of this

Sx1 mechanism:

T D) row the M 'LJ-;C'" Mechan §M
@ ( .

I . . Grnd Mmayor pf oductT.

ﬂ Na. Br-
¥ '] 7 S S >
- L.X
|
5 ©

So)

Does an Sy2 reaction have a carbocation intermediate?

No.
For example, notice that there are no positive carbons involved in this Sy2 mechanism:

=3 ! @
;/,\V ;_ U

Br

(Remember that a carbocation is a carbon with a positive formal charge, not just a §*.)
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Problem (5b)

When does a carbon have tetrahedral geometry?
A carbon with 4 attached atoms and no lone pairs has tetrahedral geometry.
Notice that, for this rule, you count the number of attached atoms, not the number of bonds.

When does a carbon have trigonal planar geometry?
A carbon with 3 attached atoms and no lone pairs has trigonal planar geometry.
Notice that, for this rule, you count the number of attached atoms, not the number of bonds.

What is the geometry of a carbocation?
A carbocation has three attached atoms and no lone pairs.
Therefore, a carbocation has trigonal planar geometry.

Most atoms that participate in ochem reactions have complete octets. What is the most
important example in organic chemistry of an atom with an incomplete octet?

Carbocations have incomplete octets.

Therefore, a carbocation has room for one more bond.
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Problem (5¢)
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Carbon 2 has four attached atoms (carbon 1, carbon 3, and two hidden hydrogens) and no lone
pairs. Therefore, carbon 2 has tetrahedral geometry.

What is the correct way to draw the geometry for a tetrahedral atom?
2 solid lines, a wedge, and a dash.!
But keep in mind that, if a tetrahedral atom is not a stereocenter, we usually don’t care much about its
geometry. Therefore, if an atom is not a stereocenter, it is usually acceptable to draw its geometry
inaccurately. For example, if an atom is not a stereocenter, it is usually fine to draw all four of its bonds
as solid lines, even though that does not accurately depict the tetrahedral geometry. Carbon 2 in this
problem is not a stereocenter, so it would usually be acceptable to draw its two hydrogens on solid
lines, even though that would not be an accurate picture of tetrahedral geometry.

ch\w the correct 3gomg{:r7 $or ol] tha atoms ot Fached
H

tD C_Ot.fk)"r\ 5‘. CUL/IO"" _f— ;J +/‘;J°nal ,ola,/\q/'
);E)\ 3 solid lines
b’ 6’

What is the correct way to draw the geometry for a trigonal planar atom?
3 solid lines. No wedges or dashes.?

Problem (5d)

When a nucleophile attacks an atom with trigonal planar geometry, from what direction does the
nucleophile attack?

When a nucleophile attacks an atom with trigonal planar geometry, the nucleophile can attack
from either of the two directions that are perpendicular to the flat plane.

1  There are other correct ways to draw tetrahedral geometry, but this is by far the most common.
2 There are other correct ways to draw trigonal planar geometry, but this is by far the most common.
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Problem (5e)
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In Step 2, the H,O attacks a trigonal planar carbocation. Therefore, the H,O can attack from
either in front of the page or from behind the page. Therefore, we get two products from Step 2, one in
which the "OH, ends up on a wedge, and one in which the “OH, ends up on a dash. Therefore, there are

two stereoisomer products of this reaction, one in which the OH is on a wedge, and one in which the
OH is on a dash.

For this problem, we used this rule:

When a nucleophile attacks an atom with trigonal planar geometry, the nucleophile can attack from
either of the two directions that are perpendicular to the flat plane.

‘L how to determine the mechanism for alkyl halides and alkyl sulfonates

oor Nu / weak base good Nu / weak base good Nu/ strong base
ith no formal charge Cl, Br, I, CN, S, Ny ‘
¢@afer yr alcohol) or N, P, or § with no formal charge
methyl a-carbon | no reaction Sa2 Sx2
1° a-carbon Exception: E2 with ¢-butyloxide and 1° a-carbon
2° a-carbon \Sy! major; Sy2 E2
> El minor
3° a-carbon | Sy1 major, Sx1 major, E2
El minor E1 minor
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Problem (5f)

What is the key fact about Sy1 stereochemistry? What is the justification for this fact?
What is the key fact about Sy2 stereochemistry? What is the justification for this fact?

S,\)\ S“‘Qf‘ibd\emﬁ(i{fy . Y ) S%QKQOQRKM}th)/

When a nucleophile attacks an atom with trigonal planar geometry,
the nucleophile can attack from either of the two directions
that are perpendicular to the flat plane.

When a nucleophile attacks an atom that is attached to a leaving group,
the nucleophile will attack from the side opposite to the leaving group.

If the a-carbon in the product is a stereocenter, If the a-carbon is a stereocenter,
the products of an Sx1 reaction will have the product of an Sx2 reaction will have
50% inversion of configuration at the a-carbon, and inversion of configuration at the a-carbon.

50% retention of configuration at the a-carbon.

If the a-carbon in the product is a stereocenter, an Sy1 reaction will produce
some products with inversion of configuration at the a-carbon, and
some products with retention of configuration at the a-carbon.

For simple molecules, Sx1 produces 50% inversion and 50% retention.

In more complicated molecules for which one side of the molecule is hindered, the proportions
may differ from 50-50.
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Problem (5g)
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In Step 2, the alcohol attacks a trigonal planar carbocation. Therefore, the alcohol can attack
from either in front of the page or from behind the page. Therefore, we get two products from Step 2,
one in which the "OR ends up on a wedge, and one in which the *OR ends up on a dash. Therefore,
there are stereoisomer products of this reaction, one in which the OR is on a wedge, and one in which
the OR is on a dash.

For this problem, we used this rule:
When a nucleophile attacks an atom with trigonal planar geometry, the nucleophile can attack from
either of the two directions that are perpendicular to the flat plane.

Notice that there is no change in the stereochemistry at carbon 3 or at carbon 4, because
carbon 3 and carbon 4 do not participate in the reaction. Notice that the rule for Sy1 stereochemistry
refers to retention and inversion at the a-carbon (for this problem, carbon 1). There is no reason for
stereochemistry to change at any other carbons during an Sy1 reaction, since the other carbons don’t
participate in the mechanism.

If the a-carbon in the product is a stereocenter, an Sy1 reaction will produce
some products with inversion of configuration at the a-carbon, and
some products with retention of configuration at the a-carbon.

l/ how to determine the mechanism for alkyl halides and alkyl sulfonates

oor Nu / weak base good Nu / weak base good Nu/ strong base
@ith no formal charge CI, Br, I, CN, S, Ny O
(water or@lcohol) ) | orN, P, or § with no formal charge
methyl a-carbon | no reaction | Sx2 S\2
1° a-carbon | Exception: E2 with #-butyloxide and 1° a-carbon
2° g-carbon [(Sx1 major, ) Si2 E2
4 EI minor
3° a~carbon | Sx1 major, [ Sn1 major, E2
El minor | El minor
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Problem (5h)

Now, in the mechanism you drew for Problem (5g), draw in the hidden hydrogen on the a
carbon on the starting material, intermediates, and final products. Be careful to draw the correct
geometry for these hydrogens.

274
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Notice that the product of Step 1, the carbocation intermediate, is trigonal planar. Therefore, in
the carbocation intermediate, the hydrogen attached to carbon 1 is drawn on a solid line, not on a dash.

On the other hand, in the products of Step 2 and Step 3, carbon 1 is again tetrahedral. So, for the
products of Step 2 and Step 3, the hydrogen attached to carbon 1 must be drawn on a wedge or a dash,
not on a solid line.

It is generally not necessary to draw the hidden hydrogen on the o carbon. We have drawn

the hidden hydrogen in this problem as an exercise, to give you better intuition for the geometry of the
intermediates and products from Sy1.
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Problem (5i)
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In Step 2, the alcohol attacks a trigonal planar carbocation. Therefore, the alcohol can attack
from either in front of the page or from behind the page. Therefore, we get two products from Step 2,
one in which the "OR ends up on a wedge, and one in which the *OR ends up on a dash. Therefore,
there are two stereoisomer products of this reaction, one in which the OR is on a wedge, and one in
which the OR is on a dash.

For this problem, we used this rule:
When a nucleophile attacks an atom with trigonal planar geometry, the nucleophile can attack from
either of the two directions that are perpendicular to the flat plane.

Notice that the product of Step 1, the carbocation intermediate, is trigonal planar. Therefore, in
the carbocation intermediate, carbon 6 is drawn on a solid line, not on a dash.

On the other hand, in the products of Step 2 and Step 3, carbon 3 is again tetrahedral. So, for the
products of Step 2 and Step 3, carbon 6 must be drawn on a wedge or a dash, not on a solid line.

Solution for Problem (5i) continues on next page

www.freelance-teacher.com


http://www.freelance-teacher.com/

Sx1 REACTIONS Answers for Video (5)

Problem (5i) continued

Drow the me)or proJuc‘HS),

+ r]jb“ ol P laner

car bycgtion

The starting material for this reaction is an “alkyl sulfonate”. The sulfonate group is a good
leaving group. I discussed sulfonates in more detail in the Sy2 video series.

Notice that, in an alkyl sulfonate, the a carbon is the carbon attached to the oxygen (in this case,
carbon 3), not the carbon attached to the sulfur.

’iq‘n 5,”“‘.‘]] Su]%ﬁﬂﬁte.
R

/! In an alkyl sulfonate, the a-carbon is the carbon attached to the oxygen,
« not the carbon attached to the sulfur.
L]

Sullsacte The Su\%m;&& jrou‘a 15 G\_S}oa}l le Ol.u‘.f‘_c] 3bep_

Like CI, Br, and I, the negative sulfonate is a very weak base. Therefore, we prefer to use
another molecule of the alcohol as the base for our Acid-base Cleanup step, rather than using the
sulfonate.

The negative sulfonate is a very weak base because its negative charge is resonance stabilized.
This resonance stabilization of the negative charge after the sulfonate group leaves the o carbon also
explains why the neutral sulfonate was a good leaving group: It is easy for the neutral sulfonate to leave
the o carbon, because its negative charge after leaving will be stabilized by resonance.

Solution for Problem (5i) continues on next page
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Problem (5i) continued

Drow the mejor proJucHS),

+ r]ac“ al Plﬁnar

car bvegt 10

Note: On any problem there are multiple correct ways to draw the stereochemistry of the
product(s). Therefore, even when your answer does not match the answer key, it is possible that your
answer is correct. How can you tell? You can assign R and S to your answer(s), and to the answer(s) in
the answer key. If your answer(s) has the same R or S stereochemistry as the answer key answer, then
the stereochemistry for your answer is correct, even if your answer is drawn differently than in the
answer key. Of course, this method is only effective if you have mastered the skill of assigning R or S
to a stereocenter.

Notice that, as you can see from its title, the table below applies both to alkyl halides and to
alkyl sulfonates.

l/ how to determine the mechanism for alkyl halides and alkyl sulfonates

oor Nu / weak base good Nu / weak base good Nu/ strong base
ith no formal charge CI, Br, I, CN, S, Ny O
(water or@lcohol) ) | orN, P, or § with no formal charge
methyl a-carbon | no reaction Sn2 S\2
1° a-carbon Exception: E2 with #-butyloxide and 1° a-carbon
2° a-carbon [(Sx1 major, ) Si2 E2
4 EI minor
3° a~carbon | Sx1 major, Sx1 major, E2
El minor E1 minor

www.freelance-teacher.com


http://www.freelance-teacher.com/

Sx1 REACTIONS Answers for Video (5)

Problem (5j)

ScHs

I

2 "Sasei,
E LG I(])

o
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Use the table to determine that the mechanism for this reaction is Sy2, not Sx1!
Recall that Sx2 reactions involve one step, in which:
Nucleophile joins a carbon and leaving group leaves a carbon

The cyanide anion attacks carbon 3 while it is still attached to the sulfonate leaving group.
Therefore, the cyanide will attack from the side opposite to the sulfonate leaving group. The sulfonate
leaving group is behind the page, so the cyanide attacks carbon 3 from in front of the page. Therefore,
in the product the CN group ends up on a wedge.

For this problem, we used this rule: When a nucleophile attacks an atom that is attached to a
leaving group, the nucleophile will attack from the side opposite to the leaving group. Therefore, when
the o carbon is a stereocenter, an Sy2 reaction produces inversion of configuration at the o carbon.

Notice that on this problem, carbon 3 is not a carbocation when the nucleophile attacks. Carbon
3 is attached to four atoms when the cyanide attacks, so carbon 3 is tetrahedral, not trigonal planar,
when the cyanide attacks.

Carbon 1 does not participate in the reaction, so carbon 1 has no change in its stereochemistry.

The starting material for this reaction is an “alkyl sulfonate”, which contains a good leaving
group. Remember that, in an alkyl sulfonate, the o carbon is the carbon attached to the oxygen (in this
case, carbon 3), not the carbon attached to the sulfur. For more detail on sulfonates, or more practice
with Sy2 reactions, see my video series on “Sy2 reactions”.

b

how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu / weak base good Nu / weak base good Nu / strong base
O with no formal charge CL, Br, I S, Ny [0}
(water or alcohol) or N, P, or S with no formal charge
methyl e-carbon | no reaction Sn2 Sn2
1° a-carbon . Exception: E2 with r-butyloxide and 1° a-carbon
__,% 2° a~carbon | Syl major, Sn2 E2
El minor
3° a-carbon | Syl major, Sx1 major, E2
E1 minor E1 minor

Don’t assume the mechanism is Sy1! On exams, problems will involve a variety of mechanisms.
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Problem (5k)

the meyor product(s),

®
L -ome | 3 e 0N,

@ ]q 0 8 (1 )%C\Au/o

Be aware that “Me” stands for “methyl”, so MeOH is methyl alcohol. If you prefer, can you
draw the MeOH as CH3;0H. Or you can draw the CH;OH in bondline notation (as is illustrated in the
video).

In Step 2, the alcohol attacks a trigonal planar carbocation. Therefore, the alcohol can attack
from either in front of the page or from behind the page. Therefore, we get two products from Step 2,
one in which the "OR ends up on a wedge, and one in which the "OR ends up on a dash. Therefore,
there are two stereoisomer products of this reaction, one in which the OR is on a wedge, and one in
which the OR is on a dash.

Notice that the product of Step 1, the carbocation intermediate, is trigonal planar. Therefore, in
the carbocation intermediate, the benzene ring is drawn on a solid line, not on a dash.

On the other hand, in the products of Step 2 and Step 3, carbon 1 is again tetrahedral. So, for the
products of Step 2 and Step 3, the benzene ring must be drawn on a wedge or a dash, not on a solid
line.

For this problem, we used this rule:

When a nucleophile attacks an atom with trigonal planar geometry, the nucleophile can attack from
either of the two directions that are perpendicular to the flat plane.

‘]/ how to determine the mechanism for alkyl halides and alkyl sulfonates

oor Nu / weak base good Nu / weak base good Nu / strong base
Coﬁm'th no formal charge Cl, Br, I, CN, S, Ny O
(water orél_fﬁm]) or N, P, or S with no formal charge
methyl a-carbon | no reaction Sx2 Sx2
1° a-carbon Exception: E2 with #-butyloxide and 1° a-carbon
2° a-carbon | Sx1 major, Sn2 E2
El minor
3° a-carbon \Sx1 major. Sx1 major, E2
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Problem (51)
2" o
2 2(_,,. y
2
E

Gex, .

Draw the Mmojor /orm)uc{'(S)_

Use the table to determine that the mechanism for this reaction is Sx2, not Sy1!
Recall that Sx2 reactions involve one step, in which:
Nucleophile joins a carbon and leaving group leaves a carbon

Be aware that “Et” stands for an ethyl group. (“Me”=methyl; “Et”=ethyl)

The sulfur anion attacks carbon 3 while it is still attached to the chloride leaving group.
Therefore, the sulfur will attack from the side opposite to the chloride leaving group. The chloride
leaving group is in front of the page, so the sulfur attacks carbon 3 from behind the page. Therefore, in
the product the SEt group ends up on a dash.

For this problem, we used this rule: When a nucleophile attacks an atom that is attached to a
leaving group, the nucleophile will attack from the side opposite to the leaving group. Therefore, when
the o carbon is a stereocenter, an Sy2 reaction produces inversion of configuration at the o carbon.

DMSO is a solvent that does not participate in Sx2, Sx1, E2, or E1 reactions. For more

The molecule at right is DMSO, a common solvent. You should know that O
information about common solvents, see my video series on “Sy2 reactions”. ”

P

L

how to determine the mechanism for alkyl halides and alky! sulfonates

poor Nu / weak base good Nu / weak hase good Nu / strong base
O with no formal charge ClL,Br, I, CN; 3 oO,N
(water or alcohol) or N, P, or § with no formal charge
methyl a-carbon | no reaction S\2 Sn2
1° a-carbon | N Exception: E2 with ¢-butyloxide and 1° a-carbon
= 2° a-carbon | Sx1 major, 52 E2
| E1 minor
3° a-carbon | Sy1 major, Sx1 major, E2
E1 minor E1 minor
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Problem (5m)

Draw the major product.
If more than one stereoisomer of the major product is produced, include all the stereoisomers.

SA
1 ®
CHJOgH e\

p CHON
wi

OLEN
Clearup
SJ—?,,A

‘/c_n?bﬁ s
Lwé

.].

Both carbon 8 and carbon 1 are attached to good leaving groups, so we have to choose between
using carbon 8 and carbon 1 as our o carbon. Use the table to decide:

Our nucleophile is a neutral oxygen (in the alcohol), so we use the left column of the table.

Carbon 8 is 1°, which puts it in the top row of the table. The top row, left column of the table
predicts “no reaction”, so we do not expect carbon 8 to participate in the reaction.

Carbon 1 is 3°, which puts it in the bottom row of the table. The bottom row, left column of the
table predicts Sy1 as the major reaction.

So we will use carbon 1, not carbon 8, as our a carbon. The mechanism will be Sy1.

L

how to determine the mechanism for alkyl halides and alkyl sulfonates

r Nu / weak base good Nu / weak base good Nu / strong base
ith no forppal charge Cl,Br,I, CN, §, Ny o,N
(water or glcoho or N, P, or S with no formal charge
methyl a-carbon | no reaction Sx2 Sx2
2 1° a-carbon * Exception: E2 with ¢-butyloxide and 1° a-carbon
2° a-carbon | Sy1 major, Sy E2
| E1 minor
3° a-carbon | Syl major, % Sx1 major, E2
—-? E1 minor E1 minor

We will explain why the top left cell of the table predicts “no reaction” in a later video in this
series.

solution continues on next page
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Problem (5m) continued

Draw the major product.
If more than one stereoisomer of the major product is produced, include all the stereoisomers.

.

p CHON
wBi

OLRN
Clearup
S-i-t‘ﬁ
/——\ § CHi0Hy
HS ¥ CHO ———
b

In Step 2, the alcohol attacks a trigonal planar carbocation. Therefore, the alcohol can attack
from either above the ring or from below the ring. Therefore, we get two products from Step 2, one in
which the "OR ends up in the axial position (pointing straight up), and one in which the "OR ends up in
the equatorial position (slanting down). Therefore, there are two stereocisomer products of this reaction,
one in which the OR is axial in the chair flip shown, and one in which the OR is equatorial in the chair
flip shown.

Notice that the product of Step 1, the carbocation intermediate, is trigonal planar. Therefore, in
the carbocation intermediate, the orientation of carbon 7 is changed to reflect the idea that carbon 7
should be in the same plane as carbon 6 and carbon 2 for this picture.

On the other hand, for the products of Step 2 and Step 3, carbon 1 has changed back to a
tetrahedral geometry, with one axial substituent (pointing straight up) and one equatorial substituent
(slanting down).

Notice that, for a chair picture, we do not use wedges and dashes to indicate stereochemistry.
All bonds are drawn as solid lines in the chair picture. The stereochemistry of substituents in the chair
picture is indicated by whether they are drawn axial or equatorial.

For this problem, we used this rule:

When a nucleophile attacks an atom with trigonal planar geometry, the nucleophile can attack from
either of the two directions that are perpendicular to the flat plane.

Notice that carbon 1 is not a stereocenter. Nevertheless, the stereochemistry at carbon 1 does
matter, because the substituents at carbon 1 can be either cis or trans to carbon 8. So we can expand our
previous rule:

If the a-carbon in the product is a stereocenter,

or if the a carbon’s stereochemistry matters because of
cis/trans relationships around a ring,

an Sy1 reaction will produce

some products with inversion of configuration at the a-carbon, and
some products with retention of configuration at the a-carbon.
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Problem (5n)
What is the key fact about Sy1 stereochemistry? What is the justification for this fact?
What is the key fact about Sy2 stereochemistry? What is the justification for this fact?

e Shreoohemsf,ﬂ/

51\)\ S+QfﬁDGLLQm;5tf7 e oy S AMREL  &~
B R Bsdbudici e =
‘(ﬁhen ; nﬂ?}iﬂphﬂﬂ aﬂacik;rﬂﬂ amf;: Wil?tﬂgﬂnaldplmr geometry, When a nucleophile attacks an atom that is attached to a leaving group,
e nucleophile can attack from either of the two directions the nucleophile will attack from the side opposite to the leaving group.

that are perpendicular to the flat plane. % PP 1§ group
If the a-carbon in the product is a stereocenter, If the a-carbon in the product is a stereocenter,
orif the a carbon’s stereochemistry matters because of or if the a carbon’s stereochemistry matters because of
C:‘s’;“l“: “’-‘;"ﬁ“s'_’]'lps ar;l““d AN cis/trans relationships around a ring,
P WA T A . the product of an Sy2 reaction will have
some products with inversion of configuration at the o-carbon, and X p : :
some products with retention of configuration at the a-carbon. inversion of configuration at the a-carbon.

For simple molecules, Sy1 produces 50% inversion and 50% retention.
In more complicated molecules for which one side of the molecule is hindered, the proportions
may differ from 50-50.

We discussed the significance of cis/trans relationships around a ring at the end of the solution
for Problem (5m).

Review Quiz

What are the names of the five main roles in organic chemistry?
Nucleophile, electrophile, leaving group, acid, base

How is a base similar to a nucleophile?
Both a base and a nucleophile donate electrons.

How is a base different from a nucleophile?
A base donates electrons to take a H" from an acid, while
a nucleophile donates electrons to join an electrophile.

Draw the electron-pushing arrows for an acid-base step:

P\Z},He/\'g —>
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Video (6)

Problem (6a)
o Draw the substitution Praauct(s\_
i .
CH OH H
®
e/ x: “ OH— c h; OH
HC O o 3 + e 2
OLG step
b
HCO SA CJE&/\\A}O HC

N
&
>

b
HREO g

Should we use the neutral iodine as the leaving group, or should we use the neutral oxygen
attached to carbon 6 and carbon 4 as the leaving group? We know that neutral Cl, Br, or I, and neutral
sulfonates, are good leaving groups. Most other neutral atoms are not acceptable leaving groups.

Therefore, the neutral I on carbon 1 is a good leaving group,
but the neutral oxygen attached to carbon 4 and carbon 6 is not an acceptable leaving group.

Therefore, we should use the I as the leaving group, rather than the O.

Therefore, we should use carbon 1, rather than carbon 4 or carbon 6, as our a carbon.

Moral: Neutral Cl, Br, and I are good leaving groups. Neutral sulfonates are good leaving
groups. Other neutral atoms (such as neutral O) are usually not acceptable leaving groups.

Use the table to determine that the mechanism is Sy1. The problem tells us to focus on
substitution products, so we don’t draw the E1 mechanism (E1 is an “elimination” mechanism, rather

than “substitution”.)

how to determine the mechanism for alkyl halides and alkyl sulfonates

oor Nu / weak base good Nu / weak base good Nu / strong base
ith no formal charge Cl, Br, I, CN, §, Ny O,N
(water orfalcohol or N, P, or S with no formal charge
methyl a-carbon | no reaction Sn2 Sx2
1° a-carbon | Exception: E2 with t-butyloxide and 1° a-carbon
2° a~carbon (Sy_ul major, ) Si2 E2
e E1 minor _
3° a-carbon | Sy1 major, Syl major, E2
E1 minor E1 minor
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Problem (6b)
Nu-E step

s*//\ Draw the meher product(s),
2 1 y, + P(cHy);—

2 Y
E C‘Q Nu, Suz | 3 @ &)
Lo Blcu, Ca

|° oL -

Should we use the neutral ClI or the neutral F as the leaving group?
We know that neutral Cl, Br, or I, and neutral sulfonates, are good leaving groups.
Most other neutral atoms are not acceptable leaving groups.
Therefore, the neutral Cl on carbon 4 is a good leaving group,

but the neutral fluorine on carbon 3 is not an acceptable leaving group.
Therefore, we should use the Cl as the leaving group, rather than the F.
Therefore, we should use carbon 4, rather than carbon 3, as our a carbon.

Moral: Neutral Cl, Br, and I are good leaving groups. Neutral sulfonates are good leaving
groups. Other neutral atoms (such as neutral F) are usually not acceptable leaving groups.

Use the table to determine that the mechanism is Sy2.

how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu / weak base good Nu / weak base good Nu/ strong base
O with no formal charge CL, Br,I,CN, S, Ny o,N
(water or alcohol) or Nmor S with no formal charge
methyl a-carbon | no reaction @: ) Sx2
? 1° a-carbon Exception: E2 with r-butyloxide and 1° o-carbon
2° a-carbon | Sy1 major, Sx2 E2
E1 minor
3° g-carbon | Sx1 major, Sx1 major, E2
E1 minor E1 minor

The most common student mistake on this problem is forgetting to change the formal charge at
the beginning of the series of arrows. The P starts negative and loses electrons, so it becomes positive.
Normally, the positive charge on the P would be a clue that the mechanism requires another

step. But Sy2 reactions are an exception to this pattern: The final “main” product of an Sy2 reaction
using a neutral nucleophile has a positive formal charge. Notice that it is conventional to draw the CI°

as ionically bonded to the P" in the final product.
There are no electron-pushing arrows telling us to break the covalent bonds between the

phosphorus and its three methyl groups, so the P remain bonded to its methyl groups in the product.
For more practice with Sy2 reactions involving a neutral nucleophile, see the “Sy2 reactions™

video series.

Carbon 3 does not participate in the reaction, so we do not invert the configuration at carbon 3.
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Review Quiz

Which roles in organic chemistry involve donating electrons?
Which roles in organic chemistry involve receiving electrons?

Electron donors: nucleophile and base

Nucleophile: donates electrons to join an electrophile
Base: donates electrons to take a H from an acid

Electron receivers: electrophile, leaving group, and acid
Electrophile: receives electrons to join a nucleophile
Leaving group: receives electrons to leave an atom
Acid: receives electrons to give a H* to a base
Did you remember that leaving groups are electron receivers?
Notice that both nucleophiles and bases donate electrons. So, how are they different?
The difference is that a nucleophile donates electrons to join another molecule,

while a base donates electrons to take a proton from the other molecule.

Similarly, the definitions above show that, even though electrophiles, leaving groups, and acids
all receive electrons, there are also important differences between each of those roles.
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Video (7)

Problem (7a)
Define: rate-determining step
rate-determining step: The slowest step in a reaction.

How can we use the rate-determining step to determine which factors affect the rate of a
reaction and which factors do not affect the rate of a reaction?

Anything that affects the rate determining step will affect the rate of a reaction.
Anything that does not affect the rate determining step will not affect the rate of the reaction.

solution for Problem (7a) continues on next page
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solution for Problem (7a) continued
What is the rate-determining step for an Sy1 reaction?

An Sy1 reaction consists of two steps. The rate-determining step for Sx1 is the first step, in
which the leaving group leaves, forming a carbocation.

y 2 Br

3

P\&*Q‘JQ*Q""‘U;"J S"}Q,P Yor Smwl =+
[eauing YrovF Jeaves the d~Carbon

The first step is the slow, difficult step because it forms two new formal charges, on the leaving
group and on the o carbon.

Another reason that forming the carbocation is difficult is that a carbocation has an incomplete
octet.

What is the rate-determining step for an Sx2 reaction?
An S\2 reaction consists of only one step. Therefore, the rate-determining step for S\2 is this
single step, in which the leaving group leaves, and, simultaneously, the nucleophile joins the a carbon.

Br
Rm)r{l,‘j%q—e,/m:n;f\ﬁ S"]'Q.)D -to/ 5:\32:
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Problem (7b)

In the terms “Sy1” and “Sx2”, what do the S’s stand for? What do the N’s stand for? What do the
numbers / and 2 stand for?

The S stands for substitution. Sy1 and Sx2 are considered substitution reactions because the
nucleophile substitutes for the leaving group.

The N stands for nucleophilic. Sy1 and Sy2 are considered nucleophilic substitutions because
the thing that does the substituting is a nucleophile.

The term “Sy1” contains the number 1 because a single species participates in the rate-
determining step for Sy1. The single molecule that participates in the rate-determining step for Sy1 is
the substrate (the molecule that contains the a carbon).

The term “Sy2” contains the number 2 because two species participate in the rate-determining
step for Sx2. The two species that participate in the rate-determining step for Sx2 are the substrate and
the nucleophile.

3

. R 8
P\“;{t‘_at’.\.g/nlfm\} S‘}i{sz{-f::;on Rm'}t'jt’q’e/ﬂ“n‘ﬂb S‘I'Q.P Lor Sne
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Problem (7c)
rate-determining step: The slowest step in a reaction.

Anything that affects the rate determining step will affect the rate of a reaction.

Anything that does not affect the rate determining step will not affect the rate of the reaction.

NgBr)
y E,2 *Cf &5 Y 2 Bf’
3

B
~ ‘} for Swl- - .
s R e - R e PR R )
izm:c”t”-i?:’““’ ”i”” *{14 carkon Rate~ie 3 P

Leaving group quality matters for an Sx1 reaction. Leaving group quality matters for an Sx2 reaction.
An S\1 reaction requires a good leaving group. An S\2 reaction requires a good leaving group.

Does leaving group quality matter for the rate of an Sy1 reaction?
Does an Sy1 reaction require a good leaving group?
The leaving group participates in the rate-determining step for Sy1. Therefore, yes, leaving

group quality affects the rate of an Sy1 reaction. (Remember, anything that affects the rate determining
step will affect the rate of a reaction.)

Therefore, yes, an Sy1 reaction requires a good leaving group.

Does leaving group quality matter for the rate of an Sy2 reaction?
Does an S\2 reaction require a good leaving group?

The leaving group participates in the rate-determining step for Sx2. Therefore, yes, leaving
group quality affects the rate of an S\2 reaction.

Therefore, yes, an S\2 reaction requires a good leaving group.

How can you tell whether an atom is a good leaving group?

1 ; ro P: receives§ electrons +o leave on atom
e e

c.+m,__,_,/DG Clues® ﬂeufral @ BF and L

ngu'l'r‘c-.l sul fonates

O{:hQ.ﬂ n e U'I'fﬁl Q+Qm5 re u.Su.q,”7 /10{'
Gece ptable lRa.ving groups,

Neutral Cl, Br, and I are good leaving groups.

Neutral sulfonates are good leaving groups.

Most other neutral atoms are not acceptable leaving groups.

You will learn other acceptable leaving groups later in the course.
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Problem (7c) continued

Can the following starting materials carry out an Sy1 reaction?
Can they carry out an Sy2 reaction?

Be™ & ey T2 SXJ 2

The propane substrate does not contain any acceptable leaving groups. But a good leaving
group is required for either an Syl reaction or an S\2 reaction. Therefore, no, these starting materials
cannot carry out either an Sy1 reaction or an Sy2 reaction.

(In fact, there would be no reaction at all with these starting materials.)

www.freelance-teacher.com


http://www.freelance-teacher.com/

Sx1 REACTIONS Answers for Video (7)

Problem (7d)
rate-determining step: The slowest step in a reaction.

Anything that affects the rate determining step will affect the rate of a reaction.

Anything that does not affect the rate determining step will not affect the rate of the reaction.

Gl
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Leaving group quality matters for an Sx1 reaction. Leaving group quality matters for an Sy2 reaction.
An S,1 reaction requires a good leaving group. An S\2 reaction requires a good leaving group.

Nucleophile quality does not matter for an Sx1 reaction. | Nucleophile quality matters for an Sx2 reaction.
An S, 1 reaction does not require a good nucleophile. An S\2 reaction requires a good nucleophile.

Does nucleophile quality matter for the rate of an Sx1 reaction?

Does an Sy1 reaction require a good nucleophile?

The nucleophile does not participate in the rate-determining step for Sx1. (For an Sy1 reaction,
the nucleophile participates in the second, easy step, not in the first, difficult step.) Therefore, no,
nucleophile quality does not affect the rate of an Sy1 reaction. (Remember, anything that does not affect
the rate determining step will not affect the rate of a reaction.)

Therefore, no, an Sx1 reaction does nof require a good nucleophile. An Sy1 reaction can work,
even with a poor nucleophile.

Does nucleophile quality matter for the rate of an S\2 reaction?

Does an S\2 reaction require a good nucleophile?

The nucleophile participates in the rate-determining step for Sy2. Therefore, yes, nucleophile
quality affects the rate of an Sy2 reaction.

Therefore, yes, an Sx2 reaction requires a good nucleophile. An Sy2 reaction cannot work with a
poor nucleophile.
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Sx1 REACTIONS Answers for Video (7)
Problem (7d) continued

Can the following starting materials carry out an Sy2 reaction?
Can they carry out an Sy1 reaction?

i
HqO-’i- /]\*—-——’}Sﬁ Sm‘/

The neutral oxygen in water is a poor nucleophile. (You can see this from the table below.)
An S\2 reaction requires a good nucleophile, so, no, these starting materials cannot carry out an
S\2 reaction.
An Sy1 reaction does not require a good nucleophile, so, yes, these starting materials can carry
out an Sy1 reaction. Moral: An Sy1 reaction can work even with a poor nucleophile.
how to determine the mechanism for alkyl halides and alkyl sulfonates

m weak base | good Nu / weak base good Nu / strong base
@ no formal charge Cl,Br,I, CN, S, Ny O,N
| r alcohol) | or N, P, or S with no formal charge =
methyl a-carbon | no reaction Sn2 Sx2
1° a-carbon | Exception: E2 with r-butyloxide and 1° a-carbon
2° g-carbon | Sy1 major, Sy2 | E2
| E1 minor | |
3° g-carbon | Sx1 major, Sy1 major, | E2
| E1 minor | E1 minor

Which atoms are poor nucleophiles? Which atoms are good nucleophiles?

how to determine the mechanism for alkyl halides and alkyl sulfonates_

oor weak base " good Nu / weak base /" good Nul/ strong base
@m%ﬁﬁ@ / (gir, Br L CNEN N '\\33 O, N) N‘/,-g
(water or alcohol) lor N, P, or S with no formal charge/ D
methyl a-carbon | no reaction i S22 82
1° a-carbon Exception: E2 with ¢-butyloxide and 1° a-carbon
2° g-carbon | Sy1 major, S\2 E2
E1 minor
3° g-carbon | Sy1 major, Sx! major, E2
E1 minor E1 minor

The table above summarizes some common poor nucleophiles and good nucleophiles.

Neutral oxygen (in water or alcohol) is a poor nucleophile.

The good nucleophiles are CI', Br, I', CN, S-, N5, O, and N". There are also some neutral atoms
that are good nucleophiles: neutral N, neutral, P, and neutral S.

Notice that atoms with negative formal charges are usually good nucleophiles (a negative
charge makes the atom eager to donate electrons), but that there are also some neutral atoms (N, P, and
S) that are also good nucleophiles.

There are other nucleophiles, but the nucleophiles in the table are the most useful to learn about
at this point in your course.
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Sx1 REACTIONS Answers for Video (7)

Problem (7€)

What is the “big obstacle” to an Sy2 reaction?

The big obstacle to an Sy2 reaction is steric hindrance that blocks the nucleophile from joining
the a-carbon. The nucleophile must join the a carbon during the rate-determining step for Sx2, so
anything that hinders the nucleophile from joining the a carbon will slow down the rate of the Sx2
reaction.

(Remember that “steric hindrance” refers to “things getting in each others’ way”.)

Rank the types of a carbons (1°, 2°, 3°, and methyl) in terms of the rate of an S\2 reaction, from
slowest to fastest. Explain your ranking.

For which types of o carbons does Sy2 occur quickly enough to be a practical reaction? For
which types of a carbons does Sn2 occur too slowly to be practical?

2 @ A aEy
Carren o Carkon o Carbon _nl' c:.r!ao-l

s lowes t fastest
W 4 rate oS¢ Mt

Sx2 is fastest for a methyl o carbon because it has the least steric hindrance.
Sx2 is slowest for a 3° a carbon because it has the most steric hindrance.

Sx2 is a practical reaction for methyl, 1°, and 2° a carbons.
Sn2 is too slow to be practical for 3° a carbons.

Problem (7f)

Is steric hindrance that blocks the nucleophile from joining the a-carbon a big obstacle for an
Sx1 reaction? Why or why not?

In an Sy1 reaction, the nucleophile does not join the a carbon during the rate-determining step.
Therefore, steric hindrance that blocks the nucleophile is not a big obstacle to an Sy1 reaction.
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Sx1 REACTIONS Answers for Video (7)

Problem (7g)

Define: carbocation
carbocation: a carbon with a positive formal charge
Notice that a carbon with a 6" charge is not a carbocation.

Does an Sy1 reaction have a carbocation intermediate?

Yes.
@ CorhocaT !
-~ — /___.-f'; .Ir';_‘t'rdﬁﬁ'ﬁja*ru
7 . /
I I
. ‘I /,’-.-'
\ y } 1_7::;‘-: f‘_ i f
T
| .
YO
" Le . " ) 1 ) ot A
l\ l\‘f\« rf.‘-'-n ; f . :
Poy % ¢ o e Wl -Nelg
f s o .

Does an Sx2 reaction have a carbocation intermediate?
No, the a carbon in a S\2 reaction never becomes a carbocation. (Remember that a carbocation has a
positive formal charge, not justa 6".)

Are carbocations “happy” or “unhappy”?
Carbocations have a formal charge. Therefore, carbocations are “unhappy”.
Also, a carbocation has an incomplete octet, which also makes the carbocation “unhappy”.

Do carbocations have too few electrons, or too many?
Carbocations have too few electrons.

Problem (7h)

Are carbon chains (“alkyl groups”) electron-donating or electron-withdrawing?
Carbon chains are electron-donating.
(In the video, we did not explain why carbon chains are electron-donating. You can find an explanation
in your textbook.)

Do carbon chains help to stabilize or destabilize a carbocation? Why?

A carbocation has too few electrons.
Therefore, a carbon chain helps to stabilize the carbocation by donating electrons to the carbocation.
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Problem (71)

Rank the types of carbocations (primary, secondary, tertiary, or methyl) from least stable to
most stable. Justify your ranking.

What types of carbocations are stable enough to be formed during typical reaction mechanisms?
What types of carbocations are usually too unstable to form?

\
. N Y most stelle
}eqs e Cgrhecgtisn

cg.,rloocu+30" @
M % w5 4@

-l‘r\“f]CG\.f‘L‘G(,an"']“"" 5 IOCO;/&)DQD"]'EO’\ J 2 CQHL'“CQ.‘]'iu"\ B 3“ CQ,LOC—&‘]‘;O«\
m e

A carbocation is unhappy because it has too few electrons. Carbon chains are electron-donating.
Therefore, carbon chains can stabilize a carbocation by donating electrons to it. 3° carbocations are the
most stable because they are surrounded by the most carbon chains. Methyl carbocations are the least
stable because they are not connected to any carbon chains.

2° and 3° carbocations are stable enough to be formed in typical mechanisms. Methyl and 1°
carbocations are too unstable to be formed in typical mechanisms.

We can say that “substitution with carbon chains stabilizes carbocations”, or, for short,
“substitution stabilizes carbocations”.

Do not say “substitution stabilizes carbons”. There is no particular reason for substitution with
carbon chains to stabilize a neutral carbon or a negative carbon. Substitution with carbon chains
stabilizes carbocations, because carbocations have too few electrons, and because carbon chains are
electron donating.

Do not say “substitution is good”. Say “substitution (with carbon chains) is good for
carbocations”.
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Problem (7j)
(a)

wL\}gL 1§ mose S'lLo\,k),’L/ CG/"‘L}Q*\I o/ C&/-’obnzf?
CCZ/LJ'on | 1§ moere S+Culol&

Carbon 1 is a tertiary carbocation, while carbon 2 is a secondary carbocation. Therefore, carbon
1 is more stable than carbon 2.

(b)

; i 2
w]/\I(JLI i_S Mot J‘}’ant&/ Cmf%ﬁ/'} O Cq,/’lol)m / :

3 /f\

Cc_/lo%ns 3 cna \'1 hovue S}.M;’O\f' 5+c[v;];117j

4+ carbocationf,
L)Q,CGVEQ' -:L"\.Q-“j ar-t ~no c AT
This is a trick question. Carbon 3 is tertiary, while carbon 4 is secondary, but that does not
matter much, because carbon 3 and carbon 4 are both neutral. Carbons 3 and 4 have similar stability.

Moral: Do not say “substitution stabilizes carbons”. There is no particular reason for
substitution with carbon chains to stabilize a neutral carbon or a negative carbon. Substitution with
carbon chains stabilizes carbocations, because carbocations have too few electrons, and because carbon
chains are electron donating.

Do not say “substitution is good”. Say “substitution (with carbon chains) is good for
carbocations”.
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Problem (7k)
Rank the different types of a carbons (primary, secondary, tertiary, or methyl) from slowest Sx1
rate to fastest Sy1 rate. Justify your ranking.
For which types of a carbons does Sy1 occur quickly enough to be a practical reaction? For
which types of o carbons does Sy1 occur too slowly to be practical?
Fastest Syl rate
s lowest Sul

2 )\ —¢

bon
{gl\\’] A carbon < Iu o Carbon 2%« Carbon < 3 b TG
m¢et

3° a carbons are best for Sy1 reactions because they form the most stable carbocations. Methyl a
carbons are worst for Sy1 because they form the least stable carbocations.

Sx1 is a practical reaction for 2° and 3° a carbons. Sx1 occurs too slowly to be practical for
methyl or 1° a carbons. (Later in the video we will learn an exception to this pattern.)

Notice that rule for the a carbon for Syx1 reactions is the opposite of the rule for Sy2 reactions:
Substitution with carbon chains is good for an Sy1 a-carbon; substitution with carbon chains is bad for
an Sy2 a-carbon.

Problem (71)

Why does the stability of the carbocation intermediate matter for an Sy1 reaction?

The carbocation intermediate is formed during the rate-determining step for Sy1. Therefore, the
stability of the carbocation intermediate matters for an Sy1 reaction. (Remember, anything that affects
the rate-determining step will affect the rate of the reaction.)

Why doesn’t “the stability of the carbocation intermediate” matter for an Sy2 reaction?
There is no carbocation intermediate formed during an Sy2 mechanism. Therefore, carbocation
stability is an irrelevant issue for a Sx2 mechanism.

What is the big obstacle to an Sxy1 mechanism?

The big obstacle to Sx1 is stabilizing the carbocation intermediate.

Anything that stabilizes the carbocation intermediate will speed up the rate of Sy1.
Anything that destabilizes the carbocation intermediate will slow down the rate of Sy1.
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Problem (7m) continued

Can these starting materials carry out an Sy1 mechanism? Why or why not?
Can they carry out an Sy2 mechanism? Why or why not?

Hzo 3 /’ﬁ\@“ﬁ | SX—Z’

No rea(di ¥
pose Nu 1° .

J/ how to determine the mechanism for alkyl halides and alkyl sulfonates

weak base good Nu / weak base good Nu / strong base
ith no formal charge Cl,Br,I, CN, 5, Ny i

| | Qater or alcohol) | or N, P, or S with no formal charge |

methyl a-carben |(no reaction Sk Sx2

=¥ | 1° a-carbon 4 | | Exception: E2 with r-butyloxide and 1* a-carbon |

2° a-carbon | Sy1 major, S\2 E2
| E1 minor | |

3° a-carbon | Syl major, Sy! major, E2

El minor E1 minor

The table predicts that with a 1° a carbon (top row) and poor nucleophile (H,O, left column),
there will be no reaction.

There will be no Sy1 reaction because a 1° a carbon cannot carry out an Sy1 reaction, because a
1° a carbocation is too unstable to be formed.

There will be no S\2 reaction because the neutral oxygen in water is a poor nucleophile. Sx2
requires a good nucleophile.
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Problem (7n)
Why does the top left cell of the table predict “no reaction”?

how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu / weak base good Nu / weak base good Nu / strong base
O with no formal charge Cl, Br,I',CN, S, Ny o,N
__(water or alcohol) or N, P, or § with no formal charge
methyl a-carbon @ S«2 Sx2
1° a-carbon . Exception: E2 with ¢-butyloxide and 1° a-carbon
2° g-carbon | Sx1 major, Sx2 E2
E1 minor [
3° a-carbon | Sy1 major, Sx1 major, E2
E1 minor E1 minor

There will be no Sx1 reaction in the top left cell because a methyl or 1° a carbon cannot carry out
an Sy1 reaction, because a methyl or 1° o carbocation is too unstable to be formed.

There will be no Sy2 reaction in the top left cell because Sx2 does not work with a poor
nucleophile. Sx2 requires a good nucleophile.

Why are there no Sy1 reactions predicted in the top row of the table?
There will be no Sy1 reactions in the top row, because a methyl or 1° a carbon cannot carry out
an Sy1 reaction, because a methyl or 1° o carbocation is too unstable to be formed.

Why are there no Sx2 reactions predicted in the bottom row of the table?
There will be no Sy2 reactions in the bottom row, because a 3° o carbon has too much steric
hindrance to carry out an S\2 reaction.

Why are there no Sy2 reactions predicted in the left column of the table?
There will be no Sx2 reactions in the left column, because Sx2 does not work with a poor

nucleophile. Sx2 requires a good nucleophile.
Notice that Sy1 can work with a poor nucleophile, so there are some Sy1 reactions predicted in

the left column of the table.

Problem (70)
FROM MEMORY: Write out the complete table for determining the mechanism for alkyl halides

and alkyl sulfonates.
how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu / weak base good Nu / weak base good Nu / strong base
O with no formal charge Cl, Br, I, CN, S, Ny O, N
(water or alcohol) or N, P, or 8 with no formal charge
methyl a-carbon | no reaction Sx2 Sy2

1° a-earbon Exception: E2 with ¢-butyloxide and 1° a-carbon
2° g-carbon | Sy1 major, Sa2 E2

E1 minor
3° g-carbon | Syl major, Sx1 major, E2

E1l minor E1 minor

Memorize which atoms and ions go‘at the tops of the columns. Memorize which atoms and ions are
poor nucleophiles, which are good nucleophiles, which are weak bases, and which are strong bases.
Keep writing out the complete table till you can write it completely accurately from memory.
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Problem (7p)

o
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Remember that the molecule on the right does not change back and forth between the two
resonance structures. Instead, the true structure of the molecule is a blend of the two resonance
structures. Therefore, in the true structure, resonance allows the positive formal charge to spread out
between two different carbons.

Remember that nature “prefers” charges to be spread out, rather than concentrated in a small
area. Therefore, resonance stabilizes formal charges.

Problem (7q)
Rank the following types of carbocations from least stable to most stable: primary, secondary,
tertiary, methyl, and primary with resonance stabilization.
What types of carbocations are stable enough to be formed during typical reaction mechanisms?
What types of carbocations are usually too unstable to form?
Mmos 3 stelle
Jow sl o ¥albie Cgrihscgtion

resonane=5tabilizeld

° celion 2 corbucadic .
| carboceti v & & J ,o carhocetion ?

o .
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mz‘}-k-ylcohrbt(.a*J““ 5 T arb +ionA

Notice that ordinary 1° carbocations are too unstable to form. But a resonance-stabilized 1°
carbocation can form easily!

For simplicity, we have not included 2° or 3° carbocations with resonance-stabilization in the
ranking above. But, of course, 2° or 3° carbocations with resonance-stabilization would be even more
stable and even easier to form than 1° carbocations with resonance-stabilization.
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Problem (7r)
Rank the following types of a carbons from slowest Sy1 rate to fastest Sy1 rate: primary,

secondary, tertiary, methyl, and primary with resonance stabilization

e 72 2% £ dteA £ 3

|
T r 70 40!4 Grbona 4 Carbon that form§ & Carbon
- s G M §enance” Laitest
gl stabilized S ) rate
o e < ' N
N Carbocation

Notice that ordinary 1° a carbons cannot carry out an Sy1 mechanism. But a 1° a carbon that will

form a resonance-stabilized carbocation can carry out an Sy1 mechanism easily.
Of course, Sx1 will be even easier for a 2° or 3° a carbon that will form a resonance-stabilized

carbocation, but these are left out of the ranking above for simplicity.
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Sx1 REACTIONS

Problem (7s)

Answers for Video (7)

Summarize the factors that affect the rate of Sy1 and Sy2 reactions.

rate-determining step: The slowest step in a reaction.

Anything that affects the rate determining step will affect the rate of a reaction.

Anything that does not affect the rate determining step will not affect the rate of the reaction.

GuD

. ® ©
Naﬁfi>
B Ll
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[eaving Y

Leaving group quality matters for an Sy 1 reaction.
An Sy1 reaction requires a good leaving group.

Nucleophile quality does not matter for an Sx1 reaction.

An Sy1 reaction does not require a good nucleophile.

The big obstacle to an Sx1 reaction is:

stabilizing the carbocation
a8 7% & diendit £ 3
T>§fo»< o etrbon 4 Carbon '“m“- .Fofrﬂs ___-—h_aJ' corbon
_,_c'.—-{—"—- G fﬂia:\mu’.' X-q.gh_st
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Leaving group quality matters for an Sy2 reaction.
An S\2 reaction requires a good leaving group.

Nucleophile quality matters for an Sx2 reaction.
An S\2 reaction requires a good nucleophile.

The big obstacle to an Sx2 reaction is:
steric hindrance that blocks the nucleophile
from joining the a-carbon.

o 2 & . g eeih
Carkron dCorbom dCarbon & Curkon

slowes b fastest
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Make sure you have all the information on this page completely memorized!
You should be able to use the concept of the rate-determining step to explain each of the facts

on this page.

Note that nucleophile quality does matter for the rate of an Sy2 mechanism,
but that nucleophile quality does not matter for the rate of an Sy1 mechanism.

This is because the nucleophile participates in the rate-determining step for Sy2,
but the nucleophile does not participate in the rate-determining step for Sx1.

Also note that more substituted o carbons are better for Sy1, because more substituted o carbons

form more stabilized carbocations,

but less substituted o carbons are better for Sx2, because less substituted o carbons have less

steric hindrance.

Remember that the big obstacle for Sx1 is stabilizing the carbocation, while the big obstacle for

Sx2 is steric hindrance.
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Video (8)
Problem (8a)

Rank the following carbocations in order of increasing stability.
(1 = least stable, 4 = most stable).

(V)
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Label each cation as 1°, 2°, 3°, or methyl.
Check whether each cation is resonance stabilized.

In the previous video we learned that the order of cation stability, from least stable to most
stable is:
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m..,-]v'--,‘cw‘w'cw‘\""., |° carbocedi 5 cbvcation

Although “resonance-stabilized 3° carbocation” was not included explicitly in this list, it should be
obvious that a resonance-stabilized 3° carbocation will be even more stable than an ordinary 3°
carbocation.
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Problem (8b)

What is an example of a “solvolysis” reaction?

A Sx1 reaction using an H,O or alcohol solvent as the nucleophile is an example of solvolysis.
When the term solvolysis is used in your introductory ochem course, it will usually refer to

an Sx1 reaction.

“Lysis” means “to break”. So a solvolysis reaction uses the so/vent to break a molecule into two
pieces. For example, an Sy1 reaction uses water or alcohol to break apart the a carbon and the leaving

group.

Therefore, the following Sx1 reaction using a H,O solvent as the nucleophile is an example of a
solvolysis reaction. The reaction uses water to break apart the o carbon (carbon 2) and the leaving

group (the iodine).

ch-l-J 'éj"f. Mf-v:)bf' rmecherif~
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Problem (8c)
Which substrate undergoes the faster solvolysis reaction in H,O? Why?

D -
® ®

. 2

Substrate A undergoes the faster Sy1 solvolysis reaction,
because substrate A has a 3° a carbon, while substrate B has a 2° a carbon.

A 3° o carbon is better for Sy1 than a 2° a carbon
because a 3° carbocation is more stable than a 2° carbocation.

A 3° carbocation is more stable than a 2° carbocation

because a carbocation has too few electrons NVA
and carbon chains are electron-donating.

Therefore, extra carbon chains help to stabilize a carbocation

by donating electrons to the carbocation.

The starred (*) text is included for completeness, but is probably more information than you would
need to provide for a full-credit answer if this question occurred on an exam.

Notice that the problem tells us to consider an Sy1 (“solvolysis”) mechanism. Remember, the
big obstacle to an Sy1 reaction is stabilizing the carbocation intermediate.
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Problem (8d)

For the reactions below, which reaction will have the faster rate for an Sy1 mechanism?
Or will the two reactions both occur at the same rate for Sx1?

Justify your answer.
. ’ Reaction B: Nu
G |2 * NU:
REwe _@ £ £ OH s @ 9 Et0H
2 ylek — | 3 s T_,
1 3 /E:r A /\]/\
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Reaction B has the faster Sx1 rate because the o carbon (carbon 3) forms a resonance-stabilized
carbocation.
The a carbon for Reaction A (carbon 4) forms a carbocation that does not experience any resonance
stabilization.

The problem tells us to consider an Sy1 mechanism for both reactions.

Remember that “Et” means “ethyl”, so “EtOH” is ethyl alcohol (CH;CH,OH).

A resonance-stabilized 2° carbocation (such as is produced in Reaction B) is preferred to a 2°
carbocation without resonance-stabilization (such as is produced in Reaction A).

Notice that this problem never mentions the word “resonance”. Be sure to consider resonance as
an explanatory factor in ochem!

Here are some factors to consider when trying to predict an outcome in organic chemistry:

1. Formal charges

2. Resonance

3. Steric hindrance

4. Electronegativity

5. 8 charges

6. Molecular geometry (e.g., tetrahedral or trigonal planar)
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Problem (8e)

For the reactions below, which reaction will have the faster rate for an Sy1 mechanism?
Or will the two reactions both occur at the same rate for Sy1?
Justify your answer.

Reaction A: Rracticn B:

17 ok )
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Reaction A has the faster Sx1 rate because the a carbon (carbon 7) forms a resonance-stabilized
carbocation.

The a carbon for Reaction B (carbon 10) forms a carbocation that does not experience any resonance
stabilization.

The problem tells us to consider an Sy1 mechanism for both reactions.

Reaction B forms a 2° carbocation.

Reaction A forms a 1° carbocation that is stabilized by three additional resonance structures (so
that there are four resonance structures total for the carbocation).

From the previous video, we know that a 1° carbocation stabilized by one additional resonance
structure would be more stable than a 2° carbocation. Clearly, a 1° carbocation stabilized by three
additional resonance structures (such as is produced by Reaction A), is far more stable than a 2°
carbocation (such as is produced by Reaction B).
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Problem (8f)

For the reactions below, which reaction will have the faster rate for an Sx2 mechanism?
Or will the two reactions both occur at the same rate for Sx2?

Justify your answer.
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The problem tells us that the mechanism is Sx2 for both reactions. The “big obstacle” to an Sy2
mechanism is steric hindrance that blocks the nucleophile from joining the a carbon.

The o carbon is 1° for both reactions. Therefore, to find a difference between the reactions, we
must compare the § carbons, rather than the o carbons. The “ carbon” is defined as a carbon attached
to the a carbon.

The 3 carbon for both Reaction A and Reaction B is carbon 2. For Reaction A, the 3 carbon is
3°. For Reaction B, the 3 carbon is 2°. Therefore, the § carbon for Reaction A contributes more steric
hindrance that can block the nucleophile from joining the a carbon than does the [3 carbon in Reaction
B. Therefore, Reaction B has a faster Sy2 mechanism than Reaction A.

Notice that, while we usually focus on the steric hindrance from the a carbon, steric hindrance
from the 3 carbon can also be a factor in slowing down an Sx2 mechanism.

Compare this problem with problems (8c), (8d), and (8e). For an Sx1 mechanism, we focus on
stability of the carbocation intermediate; for an Sx2 mechanism, we focus on steric hindrance.
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Problem (8g)

For the reactions below, which reaction will have the faster rate for an Sy1 mechanism?
Or will the two reactions both occur at the same rate for Sy1?

Justify your answer.
ustify your answer. ki -
Reaction At Nu Reoction B: Nu
5 4 iy
o LG A o LG A
bj QJ
- At

st}

Bo‘“" S,\jl reactions 0CCur ot the Sume rate.

Reaction A has o betfer nuclophile Ehon Reaction 8.
Rut nucle OpLH‘L uo.].:{"f Je€s not affect the rote for an SNl rt&d"".’ -F S ]
breavie the nuc.]wﬁl"'-’! doe s mit ﬁc"’“ciﬁ"‘{e inthu rode dehrh;ninj s&tp « RN

The problem tells us to consider an Sy1 mechanism for both reactions.
Notice that we do not use the table to determine the mechanism for this problem. (The table
would tell us to consider an Sy2 mechanism for Reaction A.)

We know from the table that neutral S is a better nucleophile than neutral O. (The table tells us
that neutral O is a poor nucleophile, while neutral S is a good nucleophile.)

_ o~ how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu) weak base (ﬁ@ weak base good Nu / strong base
(O Mith no formal charge CT, Br,I, CN, S, Ny o,N
(water o&o@ or N, P, of S With no formal charge
methyl a-carbon | no reaction Sn2 Sn2

1° a-carbon Exception: E2 with t-butyloxide and 1° a-carbon
2° g-carbon | Syl major, Sx2 E2

E1 minor
3° a-carbon | Sy1 major, Syl major, E2

E1 minor E1 minor

But we also know that nucleophile quality does not affect the rate of an Sy1 mechanism
(because the nucleophile does not participate in the rate-determining step for Sx1)! Therefore, both
reactions will occur at the same rate.

Moral: Nucleophile quality does not affect the rate of an Sy1 mechanism!
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Problem (8h)
Which is the better nucleophile, CH;0H or CH;SH?
Justify your answer.

The
Q'k‘t Crn -?0/'

neutral pucleophiles
2 e —
He
40026 .
s |2 s [0 smaller worSe,[\)uJchn.use. Jess Po}t;fzz-a!of&

15998 | 20080 Q-|-oﬂ"5
17 18

12001 14007
14 1

"
"
#z|dez(Ens)for)
o
z

28085 | 30974 345 | o

2 1 38 6

Ge As Br Kr

72630 | 74922 79904 | 83.798

0 3 53 4 |larser s

Sa | Sb I | Xe %;oms IOQ-I;.(:Q,rNuJJDgcaun. Mmore poIC\F 'z'qb!c
1871 12176 | 12760 | 12690 | 13129

When comparing neutral nucleophiles, nucleophilicity increases as you move down a column of
the periodic table. Sulfur is below oxygen in the periodic table, so CH3SH is a better nucleophile than
CH;0H.

When comparing neutral nucleophiles, nucleophilicity increases as you move down a column of
the periodic table. The reason is that larger atoms are more “polarizable” than smaller atoms.

Therefore, we can say that CH;SH is a better nucleophile than CH;0H, because S is more
polarizable than O.

For most introductory ochem course, the above information is sufficient to receive full credit for
exam problems comparing neutral nucleophiles from the same column of the periodic table. For more
information about the “polarizability”, and why polarizability affects nucleophilicity, consult your
textbook.

Notice that this problem discusses the trend for neutral nucleophiles. The trend for comparing
negative nucleophiles in the same column of the periodic table is more complicated. (It depends on the
solvent.) For more information, consult your textbook.

Additional comment on using atomic size to compare nucleophile ability:

When comparing nucleophile ability for neutral nucleophiles from the same column of the
periodic table, the key factor to focus on is atomic size. A larger atom is a better nucleophile.

This rule is based on the atomic size of the specific atom that will be donating its electrons. The
rule does not refer to the size of the entire nucleophilic molecule as a whole.

A larger atom is a better nucleophile, but do not assume that a larger molecule will be a better
nucleophile.
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Problem (8i)

For the reactions below, which reaction will have the faster rate for an Sx2 mechanism?
Or will the two reactions both occur at the same rate for Sx2?

Justify your answer.
S
Reuc‘l:]onﬂ: Rt’.o.t.’]:;on RE
Y 5 ’

. B T CH,SH ;2 T CH,0
3 LG t:)ooa 3 LG P oor
o Nu ok Nu
1°°L : A

REQctionﬂ will have the ":QS{'C/“ rate ‘Fur o SN'Z_ reoction,

RCO-C,{:-“CV‘- ﬁ AG\S & bt{{:ﬁt"’ nuc,l'{opl-.}h thon Reaction B.

( Nuclkophile Guality affects the rate For Sa¢ ¢

breavie the nuclegphile Joes . porticipate in the rﬁ'h’—de‘t"-""i“iﬂj sbep Nor S”?D
S is o better nucleephie because S is more peloriZable has O.
P ——

The problem tells us to consider an Sy2 mechanism for both reactions.

For this problem, we do not use the table to determine what mechanism to consider. (The table
would tell you that Reaction B has “no reaction”.)

We know from the table that neutral S is a better nucleophile than neutral O.
o how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nuj weak base ood Nu/ weak base good Nu / strong base
(O ¥ith no formal charge CL, Br, I, CN, S, Ny o,N
(water 0@5@ orN,P, o(S'-Bavilh no formal charge
methyl a-carbon | no reaction S\2 Sx2

1° a-carbon Exception: E2 with t-butyloxide and 1° a-carbon
2° a-carbon | Syl major, Sn2 E2

E1 minor
3° a-carbon | Sy1 major, Syl major, E2

E1 minor E1 minor

And we also know that nucleophile quality does affect the rate of an Sx2 mechanism (because
the nucleophile participates in the rate-determining step for Sy2). Therefore, the reaction with the
better nucleophile (Reaction A) will have the faster Sxy2 mechanism.

Compare this problem with problem (8g). Notice that nucleophile quality does affect the rate
for an Sy2 mechanism, but nucleophile quality does not affect the rate for an Sy1 mechanism.

For full credit, we would probably have to explain why neutral sulfur is a better nucleophile
than neutral oxygen. This topic is discussed on the next page.

Solution continues on next page
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answer for Problem (8i) continued

For the reactions below, which reaction will have the faster rate for an Sx2 mechanism?
Or will the two reactions both occur at the same rate for Sx2?

Justify your answer.
-
Rea.c'lzion A: Reo.t.iﬁun RE
4 -

' | 'Z.. I CH'sSH ] 2 I CH‘aO

3 LG 30«:3 3 LG poor

o Nu ok Nu

j“i : 17

REQC'&iOnH will have the 'YQS{'V' rate -Fur o SN'Z reoction,

Reaction A hog o betier nuciophile then Reacticn B.

(Nu:.lcoph],e, Cﬁuo“-]—y a¥fects the rate Yor Su ¢

breavie the nuc..]l.oplq‘.h Joes . per l'ic.iﬁo.":g in the F'“-‘]“'—d?.\‘e.f.mininS sl’ﬂ-p or S”—ZD
S is o betier nucleophie because S is more pelaciZable £has O.
e ————

For full credit, we would probably have to explain why neutral S is a better nucleophile than
neutral O. When comparing neutral nucleophiles in the same column of the periodic table,
nucleophilicity increases as you move down the column. This is because, as you move down the
column, the nucleophilic atoms get larger. Larger atoms are more “polarizable”. And more polarizable
atoms are more nucleophilic.

For most introductory ochem courses, the above information would probably be enough to
receive full credit for this problem. For further explanation of the concept of “polarizability”, consult
your textbook.

The

aktera Sor |
fleu-{fa.l nuclco,ok.fej
LA 34

2
He
40026 y
% | smaller worse [\Ju,llotca,usc Jess polarigable
1200 | wom 15.99% mﬂrn Gtoms
15 1
Ar
¥ 948
%
Kr

7

2z

=
RET

a

Moss | 9N 1548

n AL 18

Ge As Br

72630 | M2 TOS04 | B398

w0 s 52 1) 84 ryer i

Sn | Sb | Te 1 Xe - g.hms L)?.'l: .{:nguJbgcauiL More PoIC\/‘JZQHC_

HETE | 1209 | 12760 | 12690 | 13129
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Problem (8j)

For the reactions below, which reaction will have the faster rate?
Or will the two reactions both occur at the same rate?

Justify your answer. won J 30

[4 o 6 3} -
. . +HZS-—$~‘45H+HSI
Reatjf“’ﬂp\' ‘ Eg: ‘ .
. 6

. - — H.O T
Recction R ¢ EQ6+HZO ‘ o + H,0O L

lpnof N WU

T o - Sel

Boll.)"‘ Syl reactions sccur ot the Sume pake .

——

Reaction A hoas o betfer nuclioghile thon Reaction 8.
Rut nucle OpLHL %uc.l?f‘] Jees not affect the rate for an Syl reaction, for S )
becovie tht nucligphilt does mt porticipote in tha rw}tﬂdeh"m"nms sEp Ve Sw s

The problem does not tell us what mechanism to consider. To determine the mechanism, first,
compare the starting materials with the products. This indicates that both reactions appear to be
substitution reactions, in which the nucleophile replaces the leaving group at the a carbon.

To determine whether the mechanism is Sy1 or Sy2, use the table. Both reactions use a 3° «
carbon, so for both reactions we use the bottom row of the table. The nucleophile for Reaction A is
neutral S, so for Reaction A we use the middle column of the table. The nucleophile for Reaction B is
neutral O, so for Reaction A we use the left column of the table. So the table predicts that the major
mechanism will be Sy1 for both Reaction A and for Reaction B.

J) how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu / weak base good Nu / weak base good Nu / strong base
(O)with no formal charge CL, Br, I, CN, S, Ny o,N
(watedpr alcohol) or N, P, of S vith no formal charge
methyl a-carbon | no reaction Sn2 Sx2

1° a-carbon Exception: E2 with ¢-butyloxide and 1° a-carbon
2° a-carbon | Sx1 major, Sn2 E2

E1 minor
3° g-carbon | Sx1 major, Sx1 major, E2

— E1 minor * E1 minor *

The table tells us that neutral S is a better nucleophile than neutral O. But nucleophile quality
does not affect the rate of an Sx1 mechanism (because the nucleophile does not participate in the rate-
determining step for Sx1)! For full credit, your answer should specify that the mechanism is Sy1!

Compare this problem with problem (8i). Notice that nucleophile quality does affect the rate
for an Sy2 mechanism, but nucleophile quality does not affect the rate for an Sy1 mechanism.
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Problem (8k)

For the reactions below, which reaction will have the faster rate?
Or will the two reactions both occur at the same rate?

Justify your ar:\wer. ] .S K Z
3
ngucfiinﬂ: '\z/s\u‘:, I ; B " lt"
_5 CF, PH ® .o
,oc’i E O g@bﬁir_f‘\ju—%" \z/\PH3+ )] ?& CF3
A
tinb: ‘\/3\% ) 0
Renc iinDe. £ é_', : 3 @ . n
DO-ET)ch M (A, o)
0 werse Ny

Reaction A will hove the Yoster rate for an SyZ reoction,

Reaction A hos o better nuclophile thon Reaction B.

(Nucleophile Fuality affects the rate for 542 ‘
breavie the nht.hoplnilt Joes por l‘i(.]po.{e in the F'“**-"de,\‘g,rminina .l".H.P or SM'ZD

Pis o better nuclophie becavse P is moce pelarizable Ehas N .
‘v___’—-’ ‘_‘I—-———_

By comparing the products and starting materials, we can see that both reactions are substitution
reactions. To determine whether the substitution mechanism is Sy2 or Sy1, use the table, which tells us
that the mechanism will be Sy2.

how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu / weak base good Nu / weak base good Nu / strong base
O with no formal charge Cl,Br,I, CN, S, Ny O,N
(water or alcohol) 0@@01’ S with no formal charge
methyl a-carbon | no reaction S\2 Sx2
= 1° g-carbon D Exception: E2 with #-butyloxide and 1° a-carbon
2° g-carbon | Sy1 major, S\2 E2
El minor
3° a-carbon | S\1 major, Sy1 major, E2
E1 minor E1 minor

You can see from the table above that both neutral N and neutral P are considered “good”
nucleophiles. To determine which is the better nucleophile, we must consider their positions in the
periodic table, as discussed on the next page.

Solution continues on next page
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answer for Problem (8k) continued

For the reactions below, which reaction will have the faster rate?
Or will the two reactions both occur at the same rate?
Justify your answer.

3
Reactin A: 1\2/5\%

Rewctinb:

[d

ch

m

w L

Il
(o]

Answers for Video (8)

S0 &
Il
g"@" bwwr \/\PH |& 3

N
E

0
Il f’
o CF NH F

worsy /\Ju

Reaction A will hove the Yoster rate for an SyZ reoction,

Reoction A has o better nucltophile thon Reaction B.

(Nucleophile Fuelity affects the rate for Sa ‘
breavie tht nuclegphile Joes pr-rl':cspo.{g inthy Fote” de.-h.rmmm skep Tor ,u?)

P is o better nUC-'QOp"'l't because P is more polorlza’olc thaa N

When comparing neutral nucleophiles in the same column of the periodic table, nucleophilicity
increases as you move down the column. This is because, as you move down the column, the
nucleophilic atoms get larger. Larger atoms are more “polarizable”. And more polarizable atoms are
more nucleophilic.
P is below N in the periodic table, so P is a better nucleophile than N.

Nucleophile quality affects the rate for an Sy2 reaction (because the nucleophile participates in
the rate-determining step). Therefore, Sx2 proceeds faster for Reaction A than for Reaction B.

2
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40026
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Compare this problem with problem (8j). Notice that nucleophile quality does affect the rate for
an Syx2 mechanism, but nucleophile quality does not affect the rate for an Sy1 mechanism. Be sure to
mention in your answer that the mechanism will be Sx2! An answer that leaves out the
mechanism is likely to lose credit.
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Problem (81)
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When comparing elements from the same column of the periodic table, leaving group
ability increases as you move down a column.

Therefore, the ranking of the leaving groups is:
F, Cl, Br, I
where fluorine is the worst leaving group, and iodine is the best leaving group.

We have learned that neutral Cl, Br, and I, and neutral sulfonates, are good leaving groups.

Most other neutral atoms are not acceptable leaving groups.

So, for this problem, we classify neutral F as an unacceptable leaving group; and we classify
neutral Cl, neutral Br, and neutral I as good leaving groups.

Memorize this trend: When comparing elements from the same column of the periodic
table, leaving group ability increases as you move down a column.

Additional comments for Problem (81) on next page
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additional comments for Problem (81)

The
C»‘li'tE/n Sor :
i neu{fo,l nucfgoph.fej
He
40026 --——"——-""'"J/

B[ ¢ | N[0 | F[N|worsetbl worseNuw
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Al Si P S Cl Ar
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e lectron Rlectron

As you move down a column of the periodic table, leaving group ability improves.

When comparing neutral nucleophiles, as you move down a column in the periodic table,
nucleophilicity also improves.

Therefore, when comparing elements in the same column of the periodic table, the trend for
neutral nucleophiles is the same as the trend for leaving groups.

It is surprising that, when comparing elements in the same column, the trend for neutral
nucleophiles is the same as the trend for leaving groups. Nucleophiles are the “opposite” of leaving
groups, in the sense that a leaving group is an electron receiver, while a nucleophile is an electron
donor. Since nucleophiles and leaving groups are “opposites”, we might have expected that the trend
for neutral nucleophiles should be the opposite of the trend for leaving groups. Nevertheless, the
experimental fact is that, when comparing elements from the same column, the trend for neutral
nucleophiles is actually the same as the trend for leaving groups.

Since the trend for neutral nucleophiles is surprising, and is not what you might have
predicted based on the trend for leaving groups, it is important to have the trend for neutral
nucleophiles firmly memorized.

www.freelance-teacher.com


http://www.freelance-teacher.com/

Sx1 REACTIONS Answers for Video (8)

Problem (8m)
When comparing elements from the same column of the periodic table, leaving group ability
increases as you move down a column. Give an explanation for this pattern.

When judging leaving group ability, it is usually best to focus on what the leaving group
will look like after it leaves.

LG
—_ff 3 __l@ +F@ SMn,l’%S'J’Q;'}’QMJWO”quLLCD@
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——]—f:L]:&“'—} ‘—l&) +l@ ’Q.f"!)gsf cu'}omjlo-ts‘t(-.(:) @

After each of the leaving groups shown above leaves, it gains a negative formal charge. The
best leaving group will the atom that is best able to stabilize the negative charge it gains after leaving.

As you move down a column of the periodic table, atomic size increases.

When the leaving groups shown above leave the a carbon, they gain a negative formal charge. A
larger atom has more space to spread out this negative charge.

Therefore, a larger atom is better able to stabilize the negative charge it gains after leaving.

Therefore, it is easier for a larger atom to leave the o carbon than for a smaller atom to leave the
a carbon.
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Summary: When comparing leaving groups in the same column of the periodic table, focus on
atomic size. Larger atoms are better able to spread out and stabilize the negative charge they gain
after leaving, which makes it easier for them to leave the a carbon in the first place. Therefore,
larger atoms are better leaving groups.

Additional comment on next page
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Additional comment on using atomic size to compare leaving groups:
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When comparing leaving group ability for elements from the same column of the periodic table,
the key factor to focus on is atomic size. A larger atom is a better leaving group.

For a leaving group that consists of a group of more than one atom, this rule is based on the
atomic size of the specific atom that will be gaining electrons. The rule does not refer to the size of the
entire leaving group as a whole.

A larger atom is a better leaving group, but do not assume that a larger “group” of atoms will be
a better leaving group.

We will discuss this distinction, between atomic size and the size of the entire leaving group as a
whole, further in the comments after Problem (8q)
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Problem (8n)

For the reactions below, which reaction will have the faster rate for an Sx1 mechanism?
Or will the two reactions both occur at the same rate for Sx1?

Justify your answer. S.\J}
Reaction A Reaction B
o y
,\/L\ E t OH \/\,(\ E + OH
< 3 BF‘ Nu 2 e 1 NU.
werse. LG bhetter LG

Reaction B will be the Faster Swl rem.;‘)

hecause L is a better LG than Br.

—I 'S ’Grsv g_'l'bn- "é.l'lﬁﬁ BC WJ’“C‘] f"‘(ﬁf‘j the-'I 15 b!.""‘"lf" c\,b,{, {'o
SP{‘&} gu't ond S"'n.'o”;‘e!. its nt‘,n-"‘ e C-""ﬂqﬁ after it {Q.G.UP-S, "‘J";(‘A MA RS a;'é
easivr YJor L to leavt the o carbon,
e

Remember that “Et” means “ethyl”, so “EtOH” is ethyl alcohol (CH;CH,OH).

The problem tells us that the mechanism will be Sy1, so we do not use the table to determine the
mechanism.

The leaving group participates in the rate-determine step for an Sy1 mechanism, so leaving
group quality affects the rate of a Sy1 mechanism. So the reaction with the better leaving group will
have the faster rate.

Bromine and iodine are in the same column of the periodic table. When comparing elements in
the same column, leaving group ability increases as we move down the column.
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Remember: The leaving group participates in the rate-determining step for both Sx1 and
Sx2 mechanisms. Therefore, using a better leaving group will increase the rate for both Sy1 and
Sx2 mechanisms.

www.freelance-teacher.com


http://www.freelance-teacher.com/

Sx1 REACTIONS Answers for Video (8)

Problem (80)

Rank the following alkyl halides in order of decreasing Sn1 reactivity. S
(1 is fastest, 3 is slowest.) B

|
I ol BI-
FE Ay F
LG
ol
2°4 Pl e

® @ &)

® ® ®
24
7 L,:Ewr E:-” . A/\/ ‘3’;

$aster Slower

The problem tells us to focus on an Sy1 mechanism.

The only difference between the first molecule and the third molecule is the leaving group.
Bromine and iodine are in the same column of the periodic table. When comparing elements in the
same column, leaving group ability increases as we move down the column. Therefore, the first
molecule has a faster Sy1 rate than the third molecule. (Remember that leaving group quality affects
reaction rate for both Sy1 and Sy2 mechanisms.)
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The only difference between the third molecule and the second molecule is the o carbon. For a
Sx1 mechanism, the more substituted o carbon has the faster rate (because it forms a more stabilized
carbocation). Therefore, the third molecule has a faster Sy1 rate than the second molecule.
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Pay attention to the mechanism. For a Sx2 mechanism, a 1° o carbon would be better than a 2°!
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Problem (8p)
For the reactions below, which reaction will have the faster rate? Fd ¢S2
Or will the two reactions both occur at the same rate? 22
Justify your answer.

REacflonH‘ ‘CH CH Lk * N3 P C}_) CH N +@2

30;4

ReacfionB‘ CH CH OH N3 Ei oA CH C‘H N, +OHl

L(:

React ion P. (S,QZ> w;l] be ‘Fasiﬁ:rj
becouse TR is o better [eaving 9roup Lhan OH,

By comparing the starting materials and products, we can see that, in Reaction A, carbon 2
acted as the a carbon, and the Cl acted as the leaving group; and, in Reaction B, carbon 2 acted as the a
carbon, and the OH group acted as the leaving group. In both reactions, the N3 substituted for the
leaving group, so we can see that both reactions are substitution reactions. Use the table to determine
that the mechanism is Sn2, rather than Sy1.

how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu / weak base | good Nu / weak b good Nu / strong base
O with no formal charge CI, Br, I, CN, S’ O,N
(water or alcohol) or N, P, or § with no formal charge
methyl a-carbon | no reaction Sx2 Sxn2
1° g-carbon Ly Exception: E2 with t-butyloxide and 1° a-carbon
s 2° a-carbon | Syl major, Sx2 E2
E1 minor
3° g-carbon | Syl major, Syl major, E2
El mmor | El rmnor

Neutral Cl Br and I, and neutral sulfonates, are good leaving groups. Most other neutral
atoms are not acceptable leaving groups. So Reaction A has a good leaving group (the chlorine), but
we conclude that the neutral oxygen in the OH in Reaction B is not an acceptable leaving group.
Leaving group quality affects the rate of an Sy2 reaction (because the leaving group participates in
the rate-determining step). So Reaction A will be faster.

In fact, an Sy2 reaction requires a good leaving group (because the leaving group participates in
the rate-determining step). Therefore, the rate of reaction B would be close to zero.

Remember: The leaving group participates in the rate-determining step for both Sx1 and

Sx2 mechanisms. Therefore, using a better leaving group will increase the rate for both Sy1 and
Sx2 mechanisms.
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Problem (8q)

(a) As you move down a column in the periodic table, does leaving group ability increase or
decrease?

(b) When comparing neutral nucleophiles, as you move down a column in the periodic table,
does nucleophilicity increase or decrease?

The
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As you move down a column of the periodic table, leaving group ability improves.

When comparing neutral nucleophiles, as you move down a column in the periodic table,
nucleophilicity also improves.

Therefore, when comparing elements in the same column of the periodic table, the trend for
neutral nucleophiles is the same as the trend for leaving groups.

Recall that it is surprising that, when comparing elements in the same column, the trend for
neutral nucleophiles is the same as the trend for leaving groups. Nucleophiles are the “opposite” of
leaving groups, in the sense that a leaving group is an electron receiver, while a nucleophile is an
electron donor. Since nucleophiles and leaving groups are “opposites”, we might have expected that the
trend for neutral nucleophiles should be the opposite of the trend for leaving groups. Nevertheless, the
experimental fact is that, when comparing elements from the same column, the trend for neutral
nucleophiles is actually the same as the trend for leaving groups.

Since the trend for neutral nucleophiles is surprising, and is not what you might have predicted
based on the trend for leaving groups, it is important to have the trend for neutral nucleophiles firmly
memorized.

Additional comment on next page
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COMMENT ON COMPARING ELECTRONEGATIVITY
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We have seen that, for the situations we have discussed in this video, the key factor to focus on
was the atomic size of the elements.

Notice that we have not been focusing on the elements’ electronegativities.
But, of course, there are other situations in which you should focus on electronegativity.

For example, when comparing different elements from the same row of the periodic table, you
should usually focus on electronegativity.

In this video, we have focused on comparing leaving groups and nucleophiles with elements
from the same column of the periodic table, because that tends to be more frequently tested than
comparing leaving groups and nucleophiles with elements from the same row. But you should be able
to find a discussion in your textbook of how to use electronegativity to compare reactivity for elements
in the same row.

Furthermore, for completeness I will mention that there are some situations, different from the
ones discussed in this video, in which you should focus on electronegativity, even when comparing
different elements in the same column. This usually occurs when you are considering how well an
element can stabilize the negative charge on a nearby atom, rather than on itself. For simplicity,
however, we will not be discussing those situations in this video.

Additional comment on next page
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WARNING ABOUT COMPARING ATOMIC SIZES

We have seen that, for the situations we have discussed in this video, the key factor to focus on
was atomic size.

The trend for nucleophiles is based on the atomic size of the specific atom that donates
electrons, not on the size of the entire nucleophilic molecule. For leaving groups that consist of more
than one atom, the trend is based on the atomic size of the specific atom that receives electrons, not on
the size of the entire leaving group as a whole.

For example, why is an alcohol a bad leaving group, while a sulfonate is a good leaving group?

bad L G

Lb(l)] %cmc)LC’J
O SCH
I
o

Here is a common wrong answer:

Wrong answer: The sulfonate group is the better leaving group because it is bigger than the
alcohol group.

This answer is wrong, because the size of the entire leaving group as a whole does not matter.
Only the size of the atom that gains the negative charge matters. In an alcohol, the atom that gains the
negative charge after leaving is an oxygen; and, in a sulfonate, the atom that gains the negative charge
after leaving is also an oxygen. Since both groups place the negative charge on an oxygen, the size of
the leaving group atom does not explain the different leaving group abilities of these two groups.

The correct explanation for why the sulfonate is the better leaving group is that, after the
sulfonate group leaves, its negative charge will be resonance stabilized. This makes it easier for the
sulfonate to leave the o carbon in the first place.

After the alcohol group leaves, its negative charge experiences no resonance stabilization. This
explains why it is more difficult for the alcohol group to leave than for the sulfonate group to leave.

We discussed this resonance-based explanation in more detail in the “Sy2 Reactions” video
series.

Moral: The trends discussed in this video depend on the atomic size of the specific atom

that is gaining or receiving electrons, not on the size of the entire leaving group or nucleophilic
molecule as a whole.
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Review Quiz

What are the names of the five main roles in organic chemistry?
What are the definitions for each of these roles?

Nucleophile: donates electrons to join an electrophile
Electrophile: receives electrons to join a nucleophile
Leaving group: receives electrons to leave an atom

Base: donates electrons to take a H™ from an acid
Acid: receives electrons to give a H' to a base

Be sure that you have the complete “two-part” definitions memorized.

For example, don’t just say that a nucleophile “donates electrons”. Say, a nucleophile “donates
electrons to join the electrophile”.

Similarly, don’t just say a base “takes a proton”. Say, a base “donates electrons to take a proton”.
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