Sx2 REACTIONS
Problems document

Answers to these problems are available in the Answers document.

You can support these resources with a monthly pledge of $1 (or more) at my
Patreon page: www.patreon.com/freelanceteacher

Or you can make either a one-time donation, or a monthly pledge, using the
PayPal Donate button on my website: www.freelance-teacher.com

This video series is intended for students who find this material to be difficult, so in the videos I
proceed slowly and repeat myself a lot. If you find the videos to move too slowly, you can simply try
the problems in this Problems document, check your answers against the Answers docunent, and skip
to any particular parts of the videos that cover problems that you find confusing.

There is a table of contents for each individual video in the progress bar at the bottom of the
video. You can use this table of contents to find particular problems you want to review.
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Sx2 REACTIONS Problems for Video (1)

Video (1)
OCHEM FUNDAMENTALS

This first video in the series covers fundamental concepts and techniques for understanding
ochem reactions in general.

Then, beginning with the second video in the series, we will show how to use these fundamental
concepts and techniques to understand specific Sy2 reactions.

(1a)
What is the most important factor in organic chemistry?
What is the most important tool for predicting what will happen in a reaction?

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

Does nature “like” or “dislike” charges?

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

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

Which atoms are most likely to participate in a reaction?

(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”.

ele ctron=pushing arrows

P o - Formc/
/’N b b T
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Sx2 REACTIONS Problems for Video (1)

(1)

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?

(1d)
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Also identify which carbons we will treat as the “a-carbons” in the above compounds.
What is the definition of “a-carbon” that is useful at this point in the course?
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Sx2 REACTIONS Problems for Video (2)

Video (2)
THE Sy2 MECHANISM

(2a)
How many steps are there in an Sx2 reaction?
What happens in those step(s)?

(2b)
Nrew $le mechanifa Gad tht proauc,f

Lo an Sn2 reaction.

(20)

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

How many formal charges should you change for each mechanism step?

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

Checklist of things to do for each reaction

1. Number all the carbons in the starting materials.
These numbers are for your personal reference, not for [IUPAC naming, so it doesn’t matter whether
you number from right to left or from left to right.

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.
Don’t begin drawing the products until you have finished drawing the electron-pushing arrows.

4. Draw the products.
Number all the carbons in the products. Make sure your numbers for the products are consistent with

the numbers you used for the starting materials.
The purpose of the numbers is to show you which carbons in the products are the same as which

carbons in the starting materials.
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Sx2 REACTIONS Problems for Video (2)

(2d)
[)/"aw "H\Q mechanifm Gnd the /Jrodu(.’r

I@ 2 /\/ —\__> Lor g S reaction.

(2€)

In the name “Sy2” reaction:
what does the letter S stand for?
what does the letter N stand for?

Does the number 2 in the term “Sy2” mean that there are two steps in an Sx2 reaction?

Review Quiz

Define the following terms: nucleophile, leaving group, electrophile
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Sx2 REACTIONS Problems for Video (3)

Video (3)
Sx2 STEREOCHEMISTRY
(3a)

When a nucleophile attacks an atom that is attached to a leaving group,
from what direction(s) does the nucleophile attack?

Nrow the mechanitm and the product
:E@ ’Fo{_ Gn S{\}—Z‘ (‘EGctlo/\.
————

{mg

When an Sy2 reaction occurs at an o-carbon that is a stereocenter,
what will be the stereochemistry of the product(s)?

What is the definition of the term “stereocenter”?

(3b)
Nrew dhe mechanigm Gad the /Jroaur.f

BF@+ /\( 5 Feron Sn% reaction.
gl

Review Quiz

How many steps are there in an Sy2 reaction?

What happens in that single step?
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Sx2 REACTIONS Problems for Video (4)

Video (4)

HOW TO USE IONIC BONDS TO DETECT FORMAL CHARGES
(4)
Define: ionic bond
Define: covalent bond
How can you detect whether a bond in the starting materials is covalent or ionic?
Where do you find metals and nonmetals in the periodic table?

Which two metals commonly appear in the starting materials for Sy2 reactions?

Is hydrogen a metal or a nonmetal?
What do you need to know about the electronegativity of hydrogen?

How do you determine the formal charges for the starting materials for a reaction?

(4b)

Suppose each of the following is provided as the starting material for a reaction.
Draw in any necessary formal charges.

Br
CN . CHQOI\]Q
No CA )\ s H. 0 :

Sl KRr NoCN NaOH  CH;CH:OH

If a bond is represented by a solid line, or by a dashed line, or by a wedge, could the bond be covalent,
ionic, or either?

What is the name of this compound: NaCN?

(40)
What atoms in the starting materials are most likely to participate in the reaction?
What roles do metals with positive charges play in reactions?

www.freelance-teacher.com


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

Sx2 REACTIONS Problems for Video (4)

(4d)
d Drew the mechanifm ‘?/‘8 the /.)r'odn[.f
Nai '1|:Of" Gn S;\J-Z, recction.
—

Checklist of things to do for each reaction

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. Draw electron-pushing arrows.
Don’t begin drawing the products until you have finished drawing the electron-pushing arrows.

5. Draw the products.
Number all the carbons in the products. Make sure your numbers for the products are consistent with

the numbers you used for the starting materials.
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Sx2 REACTIONS Problems for Video (4)

(4e)

Nrew the mechanifm Gy the product
an SNZ reGCtIOﬂ.
o CN For

CHS

& ©
T + 1T

C.N

When do you break an ionic bond?
In general, which covalent bonds do you break?

In general, which covalent bonds do you not break?

Review Quiz

What is the most important tool for drawing the correct electron-pushing arrows?

What types of formal charges are likely to go at the beginning, middle, and end of a series of electron-
pushing arrows?

Pm

F‘O/"‘"C"!

ChergeS
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Sx2 REACTIONS Problems for Video (5)

Video (5)

HOW TO DETERMINE WHEN TO USE AN Sy2 MECHANISM
Problem (5a)
Define: primary carbon, secondary carbon, tertiary carbon, methyl carbon

Label all of the carbons in each molecule as primary, secondary, tertiary, or methyl.
Label the o carbons. Are the a carbons primary, secondary, tertiary, or methyl?

Br
/\/C’J? /k J"I CH,B8r

Problem (5b)
How do you determine whether the mechanism for a reaction will be Sx2, Sx1, E2, or E1?
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Sx2 REACTIONS Problems for Video (5)

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

poor Nu / weak base good Nu/ weak base good Nu/ strong base
O with no formal charge Cl,Br, I, CN, §, Ny O,N
(water or alcohol) or N, P, or S with no formal charge
methyl a-carbon | no reaction S\2 Sx2

1° g-carbon Exception: E2 with #-butyloxide and 1° o-carbon
2° a-carbon | Sx1 major, S22 B2

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

El minor E1 minor

Problem (5c¢)

/k\/gf NaCN

Do not assume that the mechanism is Sy2. Use the table to determine the correct mechanism.

Drow the me chenism and ,Ofoéur,'k,

Checklist of things to do for each reaction

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.
Don’t begin drawing the products until you have finished drawing the electron-pushing arrows.

7. Draw the products.
Number all the carbons in the products. Make sure your numbers for the products are consistent with
the numbers you used for the starting materials.
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Sx2 REACTIONS Problems for Video (5)

Problem (5d)
QL

1 D/‘&w Lheg mecChaniim Gn 9 Proc)uc.‘t'.

CH3 Nan

e R &

Do not assume that the mechanism is Sy2. Use the table to determine the correct mechanism.

Problem (5e)

ch,\_, ‘he Amechenism n.m),graéuc't.

T NQOCHzCHS

Do not assume that the mechanism is Sy2. Use the table to determine the correct mechanism.

Draw the structure of tert-butyl oxide.

Problem (5f)
Memorize the table for choosing between Sy2, Sx1, E2, and E1 reactions.
Then, write down the table from memory.

Problem (5g)
0 ow the mechanism gad product

o OH
T NaOH

Do not assume that the mechanism is Sy2. Use the table to determine the correct mechanism.

Review Quiz

What clues have we learned so far for identifying when an atom will play the role of electrophile?
What clues have we learned so far for identifying when an atom will play the role of leaving group?
What clues have we learned so far for identifying when an atom will play the role of nucleophile?

www.freelance-teacher.com


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

Sx2 REACTIONS Problems for Video (6)
Video (6)
SOLVENTS
Problem (6a)
What is a “solvent”?

In general, when should you use a solvent as a participant in a reaction?

What are some common solvents used in Sx2, Sx1, E2, and E1 reactions?
What role do we expect these solvents to play in Sx2, Sx1, E2, and E1 reactions?

What is the definition of an “alcohol”?

Problem (6b)
Of'ﬁw -éAe, p/‘ot)'«-‘c% ‘
Br NQI .
DMSO
Problem (6¢)
Of-&w 'é}]e’ joroc)qué,
Br NQI
H.0
Problem (6d)

\/\)}‘G"’{ f.j the Nom—t 6":

thr mojor mechonism

Br Hz,o thot occurs with Lthese
S-to\,ff.inj moterials®
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Sx2 REACTIONS Problems for Video (6)

Problem (6e)
N e Lthe /o/—oéuc‘t.
N o SHJ C H5OH

—

e

Problem (6f)
Dfaw the /J/‘*oc)uc,'t,

O
= H/)LVQMQa

b e SNa

Problem (6g)

R argw!%Ae.pfoducé

NaCN .

oceTon®

Review Quiz

When a nucleophile attacks an atom that is attached to a leaving group,
from what direction(s) does the nucleophile attack?

When an Sy2 reaction occurs at an a-carbon that is a stereocenter,
what will be the stereochemistry of the product(s)?
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Sx2 REACTIONS Problems for Video (6)

Video (7)
ALKYL SULFONATES

The purpose of this video is to learn about a new type of leaving group: sulfonates
Here are some examples of molecules that contain sulfonate groups:

©
)

O‘S]CH_%

Problem (7a)

So far in this video series, what neutral atoms have we learned that can function as good leaving
groups?

Define the term “alkyl”.

Give the general name for the functional group in each of the following molecules.

Ar

e
/\/CQ
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Sx2 REACTIONS

Problem (7a) continued

What is the general structure of an alkyl sulfonate?
Which part of the general structure is the “alkyl” group? Which part is the “sulfonate group”?
How do you identify the o carbon in an alkyl sulfonate?

Problems for Video (7)

Give the general name for the functional group in each of the following molecules.

Label the o carbon in each molecule.

O
N

O ‘S]CHs
0

0

How many oxygens are there in a sulfonate group?

What neutral atoms have we now learned that are good leaving groups?

This table applies to what electrophiles?

poor Nu / weak base good Nu / weak base good Nu / strong base
O with no formal charge Cl, Br, I, CN, S, N: O
(water or alcohol) or N, P, or S with no formal charge
methyl e-carbon | no reaction Sn2 Sk2

1° a-carbon Exception: E2 with ¢-butyloxide and 1° a-carbon
2° a-carbon | Syl major, Si2 E2

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

El minor E1 minor
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Sx2 REACTIONS Problems for Video (7)

Problem (7b)
//O D/—&w the proauct.
o L.
e ,% N No Br
0 C.};0OH
CHy
Problem (7c)

o Orav the )oroauc,f.

o
P/

O\S< + NaN, o e

O// '
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Sx2 REACTIONS Problems for Video (7)
So far in this video, we have learned that neutral sulfonate groups are good leaving groups, even

though most other neutral atoms are not good leaving groups.
In the remainder of this video, we will learn why sulfonate groups are good leaving groups.

Problem (7d)

What is the most important factor in organic chemistry?

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

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

Does nature “prefer” charges to be concentrated or spread out?

Give the general names for the functional groups in each of the following molecules.
Does each of the following have an acceptable leaving group?

Pl Y

o)
1
o)

What is usually the best way to judge leaving group ability?
In the alcohol, the neutral alcohol group is not an acceptable leaving group.
In an alkyl sulfonate the neutral sulfonate group is an acceptable leaving group.

Explain why a neutral sulfonate is a good leaving group, while a neutral OH is not an acceptable
leaving group.

Review Quiz

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

How many formal charges should you change for each mechanism step?

How do you know which formal charges to change for each mechanism step?
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Sx2 REACTIONS Problems for Video (8)
Video (8)
SUBSTRATES WITH MULTIPLE FUNCTIONAL GROUPS

Problem (8a)
Nrow the product,

Na Rr, CHsOH

-

Problem (8b)

o 0 0 raw the pfoéuc.'é.
CH3S NG.

CE\/\/\OH >

Review Quiz
Define the following terms: nucleophile, leaving group, electrophile

Explain the origin of the term “electrophile”.
Explain the origin of the term “nucleophile”.
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Sx2 REACTIONS Problems for Video (9)

Video (9)

Sx2 REACTIONS WITH NEUTRAL NUCLEOPHILES

Problem (9a)

What is the definition of “nucleophile”?

Draw the electron-pushing arrow for a nucleophile.

What clue have we learned so far for identifying a nucleophile?

Problem (9b)
What types of neutral atoms can be used as nucleophiles?

Problem (9¢)
Which neutral atoms are considered “good” nucleophiles?
Which neutral atoms are considered “poor” nucleophiles?

Problem (9d)

Summarize the definitions for nucleophile, electrophile, and leaving group.

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

What are the clues we have learned so far in this video series for identifying these roles?

Problem (9e)

0row the preduct,

NHs

—
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Sx2 REACTIONS Problems for Video (9)

Problem (9f)
0 rew the p/‘odu C g

P(CH3>3

Problem (9g)
What is the rule for determining when a mechanism is finished?
What is an important exception to this rule?

Problem (9h)
raw the pf‘céuc't .

+ CH,;SCHy—

Review Quiz

From memory: Draw the table for choosing between Sy2, Sy1, E2, and E1 reactions for alkyl halides
and alkyl sulfonates.
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Sx2 REACTIONS Problems for Video (10)

Video (10)

FACTORS AFFECTING THE RATE OF Sy2 REACTIONS:
THE RATE-DETERMINING STEP

In this video we will use the concept of the “rate-determining step” to determine what factors
can affect the rate of an Sy2 mechanism.
Then, in the next video, we will see how to apply this material to typical problems.

Problem (10a)

Define: rate-determining step

How do we use the rate-determining step to determine what factors will affect the rate of a
reaction?

What is the rate-determining step for an Sx2 reaction?

Problem (10b)
Why does “Sy2 reaction” have the number “2” in its name? What does the “2” stand for?
What do the “S” and “N” stand for in the term “Sy2 reaction”?

Problem (10c)
Does the quality of the leaving group affect the rate for an Sy2 reaction? Why?
Does an Sy2 reaction require a good leaving group? Why?

Can the following starting materials do an Sx2 reaction? Why?

KQT
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Sx2 REACTIONS Problems for Video (10)

Problem (10d)

Does the quality of the nucleophile affect the rate for an Sx2 reaction? Why?
Does an Sy2 reaction require a good nucleophile? Why?

How can you distinguish between “poor” nucleophiles and “good” nucleophiles?
Can the following starting materials do an Sy2 reaction?

H10+/\(—"—’"
c1

Problem (10e)

What is the “big obstacle” to Sy2 reactions?

What does the term “steric hindrance” mean?

Why does steric hindrance that blocks the nucleophile affect the rate of an Sy2 reaction?

Problem (10f)

Define: Primary carbon, secondary carbon, tertiary carbon, methyl carbon

Determine whether the o carbons in each of the following are primary, secondary, tertiary, or
methyl:

/\/(p /B|; 4"’1 CH,B8r

Problem (10g)
Rank the following, from slowest rate for Sy2, to fastest rate for Sy2:

Primary alpha carbon, secondary alpha carbon, tertiary alpha carbon, methyl alpha carbon
Explain your ranking.

Which types of alpha carbons cannot do Sx2 reactions? Why not?
Which types of o carbons can do Sy2 reactions?

Problem (10h)
Can the following starting materials carry out an Sy2 reaction? Explain.
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Sx2 REACTIONS Problems for Video (10)

Problem (10i)

Consider this table:
how to determine the mechanism for alkyl halide and alkyl sulfonate electrophiles

poor Nu / weak base good Nu / weak base good Nu / strong base
O with no formal charge Cl, Br, I, CN, S, Ny O
(water or alcohol) or N, P, or S with no formal charge
methyl a-carbon | no reaction Sn2 Sk2

1° a-carbon Exception: E2 with #-butyloxide and 1° a-carbon
2° a-carbon | Sx1 major, Sy2 E2

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

E1 minor E1 minor

In this table, the term “a-carbon™ refers to the carbon attached to the leaving group.
Why are there no entries for “Sy2” reactions in the bottom row of the table?

Why are there no entries for “Sy2” reactions in the left column of the table?

Problem (10j)

Summarize the factors that do and do not affect Sy2 reactions that we have learned about in this
video.

Explain why each factor does or does not affect Sy2.
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Sx2 REACTIONS Problems for Video (11)

Video (11)

FACTORS AFFECTING THE RATE OF AN Sy2 REACTION:
PROBLEMS

In the previous video we used the concept of the “rate-determining step” to determine what
factors can affect the rate of an Sy1 or Sy2 mechanism.
Now, in this video, we will see how to apply this material to typical problems.

Problem (11a)
What does the term “substrate” mean when referring to an Sx2 reaction?

Problem (11b)
Choose the best substrate for an Sy2 reaction.
Explain your choice.
Q/gf \Bf )\ /\/\
Br Br
Problem (11c)
)rew the pre Juc {'
+ P(cHy); ——
, e (Bu ' vag j€n 'E
Br B¢
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Sx2 REACTIONS Problems for Video (11)

Problem (11d)

For the reactions below, which reaction will have the faster rate for an Sy2 mechanism?
Or will the two reactions both occur at the same rate for Sy2?

Justify your answer.
Reacf?c)nﬁ: Reaction B°
NoOMe /MeOH /\)\ No OMe /MeOH
L ’ I =
Problem (11e)

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.
0
o lsl N
; O~c¢? N S (W b " o N
RQGL"‘}OA PX‘ O/ O/S\CF3+ - . U +'C-F3S 51\)0.,
0 N
| 3 - f\) s
’ S +CH,O Na
OCH3 *NO:'- N3 -—-—-'—7/ = 3
RQGL{'\OI\B: O/
Problem (11f)
Ranrk Lht leawing groups in these
/\F Compounds, $rom worsi £ best.

[A_)I-\'\C[\ RR 3004\ /cc\qi-"g gfoq/.)g/
hich @re ynocceptable
/\CJ G.nd W hio Jal
)’E,D.u'mj 3“’“}05?

s

g
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Sx2 REACTIONS Problems for Video (11)

Problem (11g)
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.

Problem (11h)

For the reactions below, which reaction will have the faster rate for an S,2 mechanism?
Or will the two reactions both occur at the same rate for Sy2?

Justify your answer.
Reaction A: ReactienB:
Na OH Na OH
Br Ir— T i A O
Problem (11i)
H O () (b sf Chewe Cbeotw-JS
E 15 the hetter nuc/eopt, ol o

Tustidy youw answer.

/6 LCué;e,[ ach Compound ag @
HZ S ( ) 3 ’

HPDO/ N ugleepk;’{ & O

”cjoool nucle o/ol-;/-e,.
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Sx2 REACTIONS Problems for Video (11)

Problem (11j)

For the reactions below, which reaction will have the faster rate for an Sy2 mechanism?
Or will the two reactions both occur at the same rate for Sy2?

Justify your answer.
Reaction A* Reactivn 8-
s c n,0H Br C.H,SH
Problem (11k)

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.

Problem (111)

(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?
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Sx2 REACTIONS Problems for Video (11)

The end of video (11) includes some additional comments on comparing leaving group ability
and nucleophile ability. You can find a summary of these comments in the Answers document.

Review Quiz

Label the “head” and “tail” of an electron-pushing arrow.
An electron-pushing arrow shows the movement of
The formal charge on an electron is:

Draw the electron-pushing arrow for a leaving group.
Draw the electron-pushing arrow for a nucleophile.
Draw the electron-pushing arrow for an electrophile.
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