Homework 7
VOaktOﬂ Organic Chemistry | (CHM 221/223) e Prof. Chad Landrie

(nmmuml\ College

Score (4 pts) - Lectures ‘ 14-18 Name

1. Rank the molecules in each set below according to the trends observed for the physical and chemical properties indicated.

A. Rank in order of increasing rate of Sy2 with sodium cyanide (1 = slowest S.2; 5 = fastest S.2).

)\/\ )\/\ )\/\ O\\S/CHS )\/L O\\ CFS
Br Cl (0] \b Cl O ‘
B. Rank in order of increasing nucleophilicity (1 = least nucleophilic; 4 = most nucleophilic).
X i
HsC—SNa HsC-ONa H,C” “ONa FSCJKONa

] ] ] ]

C. Rank in order of increasing rate of solvolysis. The dielectric constant is written below each solvent. (1 = slowest rate; 4 = fastest
rate). Hint: Each of these solvoylses are Sl processes.

HCOOH CH30H CH3;COOH H,O
><Br €=58.0 Bre=32.6 >< €=6.0 ><Br €=783

] ] N ]

D. Rank in order of increasing rate of Sn2 (1 = slowest rate; 4 = fastest rate). Hint: Also consider the nucleophilicity of cyanide in the
solvents listed below the reaction arrow.

TS e A ot
- - - -

E. Rank each compound in order of increasing rate of Sy1 reaction (1 = slowest rate; 5 = fastest rate).

NaCN NaCN NaCN NaCN
cl — > cl— )\/v
DMSO CH3OH DMSO. CHSOH

B
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2. (First, determine the fastest reaction in each pair. Second, write a short essay explaining your choices. Your essay should include
considerations of mechanism, nucleophile, leaving group and solvent.

NaN
o o

DMF

NaN3

Br —— N
DME N3

NaSH
DMSO

e
e T

2 (] e (Y
~y -~y
~y -~y

Br NaCN
CH3CN

Br NaCN
CH3;0OH

3. Draw four resonance structures for the carbocation formed following the heterolysis of the C-Br bond.

Br "Q.—H

CH3 —_— > > ->

4. Draw the transition states represented by A, B, and C for the reaction of 2-methyl-2-butanol with HCI. Draw partial bonds as dotted
lines. Be sure to show all partial charges (5+ or d-) if they exist on the correct atoms.

B ¢ A B c

4/\

Reaction Coordinate

Potential Energy

5. Circle the compounds below that could be considered a polar aprotic solvent.

N

H
_0 OH o H
o O Q C|)<C| /\H/\ Q ClX
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6. First, draw all three monobromination products for the reaction below. Second, using the relative rates of halogenation in the lecture
notes, determine the product distribution (percentage of each product). Show all work.

Br,
HSCOCH3 e
light (hv)

7. Using the table of bond dissociation energies in your textbook (pg. 204), calculate the enthalpy of each step and the enthalpy of the

overall reaction for both chlorination (X = Cl) and bromination (X = Br) of the compound shown.

8% 1
Step 1 + X .o — : +  HX AHg, = AHg =
Pl e CHs HaC~ “CHg '
H H X
Step 2 2 + — _— = + X AHgr, = AHR =
p Hsc)\CHs X—X H3C)<CH3 Br c
3% 8%
Overall + X=X +  HX AHp, = AHg) =
H30)<CH3 HSC CH3 '

8.  Write IUPAC names for each structure. Be sure to include stereodescriptors for chirality centers.

OH CI
OH
HO
Br
OH
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9. Draw the major product for each of the following reactions. Be sure to indicate the correct stereochemistry where appropriate.

OH 1. HBr, CH,Cl,

:

2. NaCN, DMSO

OH
HCI, CHCl,

qQ

OH 1. MsCl, K,COyq

.

2. NaSH

OH a. NaH (a strong base)

.

b. then methyl iodide

Q2
)\/'\ = -
EtN
CHj,
Br2, hv
CH.Cl,

oH @ EtsN (amine base)

>

b. propyl triflate

2

HsC

),\tz/\/\ =
OTs .

intramolecular Sy2
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10. Draw the reactant required to produce each major product. Be sure to indicate the correct stereochemistry where appropriate.

HsC

Cl
C|2, CHQC|2, hv i;
NH3 )\/NHZ

o]
OCHs
K5CO5 (a base)
then CH3Br

1. Na (metal)
2. butyl bromide 07T
OCH
1. Bry, hv, CHCI 8
2 s . H3;C—
2. methanolysis

1. mesyl chloride,
pyridine E>—<NH2
2. NHj

OH

1.TfCl, py

R

2. Hy0 (hydrolysis)

1.TSC|, KZCO3 ©/\/
2. Nal (acetone)
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11. Fill in the reagents and conditions necessary to effect each transformation. More than one step may be required. Number separate
steps.

o

Y

OH S
/Y /\( “CHy

Y
jO
I

¢

(stereospecific)

-

(N
\\_/(c:E
~

)
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12. Draw a mechanism that accounts for each transformation using curved arrow notation. Include all electron lone-pairs on all atoms
and formal charges.

HsC H;C
\ Cl
~OH HCI

_— > (racemic)

13. Consider the carbocations that could be formed from the compounds below through substitution reactions and assuming no
rearrangements. Circle the compounds whose carbocations would be stabilized by resonance.

OH

OH
Br
@)
EA/OH /\)\ E} W\Cl

OTf
H3C OTS Br

NH,
© ! )\/
CHs U SOMs
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14. The alcohol below was optically pure (i.e. one enantiomer). After treating with dilute H,SO4 in water the optical rotation changed
as shown in the graph. NMR and IR spectra confirm that the compound after this treatment had the same constitution as before.
Explain this observation. Draw a mechanism to support your explanation and draw all reaction products.

OH

@)

HqC

optical rotation

time

15. Write the missing conditions (a, b, c) and draw the missing structures (A, B, C) in the synthesis below. The H-NMR spectrum is
given for the final product, C.

e A B %

o=
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