CHM 2120 — Assignment 7 -- ANSWERS

In this Assignment:
- The Aldol reaction
- Haloform Reaction
- Synthetic applications

Note: many questions incorporate earlier material

1. Draw the mechanism for the tautomerization of 1-phenyl-1-butanone (also known as
butyrophenone and phenyl propylketone) by
a. acid catalysis
b. base catalysis
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Assignment 7 — Enols/Enolates and related reactions
ANSWERS

a.  What is the key tautomer of the molecule shown below?
b. Which would be the major tautomer at equilibrium? Why?
c. How could you prove the structure of the major tautomer by IR?

O o
more stable tautomer is aromatic

IR: keto form: would see C=0 stretch (peak) at about 1715 cm™ -- NOT observed
enolform (phenol): would see the broad OH stretch (peak) at about 3200 cm™! - OBSERVED
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Assignment 7 — Enols/Enolates and related reactions
ANSWERS

a. Draw a mechanism for the generation of the compounds shown below.
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Assignment 7 — Enols/Enolates and related reactions
ANSWERS

b. (3. b.) Describe how the 'H NMR of the starting material would differ from
the 'H NMR of the two products.
Note: H ="H = detected by 'H NMR (peaks are seen)
D = *H = not detected by 'H NMR (no peaks)

0
5H cCHs
8=7-82ppm Ho T3H
multiplet 8=1-1.6 ppm
T triplet
2H
8=2-3 ppm
quartet
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11 10 3 8 7 = = 4 2 z 1 0
HEP-01-180 pprm

H

0 3
CH/az 1-1.6 ppm
5H 3 doublet (only "sees" 1 H neighbor; the D is not observed)
8=7-82ppm D H
multiplet ¥

1H (only 1 H detected by "M NMR: D not observed)

8=2-3 ppm
quartet
0 3H
5H CH3/5=1—1.6 ppm
8=7-82 ppm o b singlet (D is not observed; no ™H neighbors present)
multiplet %

0 H (no H's to detect by '"H NMR; D not observed)
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4. A solution of dimedone (5,5-dimethylcyclohexane-1,3-dione) in chloroform contains
33% of an enol tautomer. Draw this tautomer and explain why it is found in much
higher proportion than most enols.

.. S) ®
0 O s OH 0 OH

N /
67 % Y
33%
Enolform isresonance stabilized
and consequently exists in a detectable

amountin a sample of
5 B-dimethyl-1,3-cyclohexanedione

5. The tautomer of vitamin C shown below is not the most stable one.
a. Draw the more stable tautomer
b. Why is vitamin C, also called ascorbic acid, so acidic? Note: the 1% pKa of
vitamin C is 4.6 (similar to that of a carboxylic acid) whereas typical alcohols
have pKa’s in the range of 16-18.
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Ha__: Be Conjugate base isresonance-stabilized with

another carbonyl group, making it much more
acidic than a typical alcohol.
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6. The following IR of a sample of methyl acetoacetate shows the presence of an OH
group. The "H NMR of the sample also shows three peaks at 5.00, 3.72, and 1.96
ppm in addition to the expected peaks at 3.75, 3.47, and 2.27 ppm. What do these
additional peaks represent?
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- The enol form of methyl acetoacetate is resonance stabilized, and so an observable
amount of it exists (can be detected) in a sample.

- In the IR, we can see a broad peak at about 3300 cm’ which represents the OH stretch
(peak). In addition, we can observe two different carbonyl stretches (peaks) for the keto
tautomer (ketone and ester carbonyls).

- In the "H NMR, peaks E (alkene-type proton) and F represent the small amount of
enol present in the sample (Peak D is hidden under peak A). Peaks A, B, and C represent

the peaks of the keto tautomer.
Too broad tosee

AN
j\Bj\C D O OH D OH 0
o Hac‘o)%cm HaC‘o)ﬁ/\Lcm
k H F H F
methyl acetoacetate E E C
IE R .u
r 7 r—r T —r T r 1 1 T 17T T 1T T 1T T"]
11 10 2 a 7 & > 4 3 2 1 0
HSP-02-231 pprT



Assignment 7 — Enols/Enolates and related reactions
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a. Give the product of the following reaction
Draw the resonance forms of the product

c. Identify the hybridization of each atom in the starting material and in the
product and explain any differences.

sz @ - sz
0=~ 0 0
/ NaH ‘/r/ )
(T:HS . CHy <—> CHa
2 SP3 /
all sp all sp2

electrons situated in a p orbital. This
enables overlab with ® bond and
therefore delocalization of the charge.

8. Provide a mechanism to explain the following interconversions.

a.
H
NaOCH; o
HOCHj4
methanol not Me OCHj)
approaches L methanol
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b. Check this with a model:
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Which of the hydrogens identified in the following pairs is most acidic? Why?
Note: for each response, FIRST draw the conjugate base of each acid. Determine
which conjugate base is most stable using the 4 criteria outlined at the start of the
course (its acid is the strongest).

a.
O
)J\/H s A H
o® )
> n.® ._@
/&CHZ )J\CHZ ~CH,
The resonance stabilized conjugate base (first molecule) is more stable than
the second conjugate base in which no resonance-stabilization
is possible. The indicated proton in the first molecule is consequently
more acidic.
Alternatively, this question could be answered by a pKa comparison:
The pKa of the indicated proton in the first molecule is about 20, while the pKa
of the indicated proton is the second molecule is about50. The indicated
proton in the first molecule is consequently more acidic.
b.
0 0
B
H
S)
0 0) 8)) 0®
/g - .0 )J{.\.@ -
CH, CH, NH NH

Both conjugate bases are resonance-stabilized, however the negative charge is
supported by an "O" and a "N" in the second conjugate base, and by an "O" and
a "C"in the first base. Since N is more electronegative than C, the N can stabilize
the negative charge better, making the second conjugate base weaker.

The indicated proton in the amide is more acidic than the indicated proton
in the ketone.

Alternatively, pKa's could be used to answer this question. The pKa of the indicated
proton in the ketone is about 20, while the pKa of the indicated proton is the amide is
about 16, making the amide more acidic.
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ANSWERS
c. (9.¢)
OH OH
saNe ¢
0
ﬂ Both conjugate bases are stabilized by resonance with the aromatic
“ ring. The second c.b. is additionally stabilized by resonance with the

acetate carbonyl as shown. The second c.b. is consequently more
stable than the first, and therefore the second phenol is more acidic
than the first.

Note: a pKa comparison of the acids cannot be used in this case

&
3£Q
N
I I 0 since both acids are phenols (pKa about 10).
: iO
@

.0
o
(O Note: The question could also have asked for a comparison

between the ortho, meta and para substituted phenols (or
thiols, or anilines).

0o

10. Predict the products of self-condensation:

—_— O
(after dehydration)

(after protonatlon)

PO S Jon = I — Iy

(after protonation) (after dehydration)
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ANSWERS
11. Give the product of the following reactions.
a.
O O
1. excess NaOH, excess Cl,
o * HCCls
2. Ha0" “chloroform”
b.
0 0
1. excess NaOH, excess Br,
OH + HCBrs
2. HyO* "bromoform”
C.
0 0
AcOH, Br, Br
H30" not necessary

Note: Look at the difference between the products
generated in partb versus part c.

12. Predict the crossed aldol condensation products:
a.

0

)J\/ 1. LDA O  OH
Ph

2. benzaldehyde Ph)KH\Ph

3. H30"

il: 1.LDA OH O
2.2 2-dimethylpropanal %
3. H30*

LDA

®0 o

10
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ANSWERS
13. Give the intermediate obtained after each step and the final product of each
sequence.
a.
)\@J\ Note: the structure of LDA
N: must be drawn for the mechanism.
/ L@
o H 1. LDA
Ph

2. Benzylbromide

i}é)
+®

O.
Ph C\© Br
b.
PN
Li® (O
H 1. LDA
2. ethyl iodide
§ o
) (yO gz 0
C.

o . f oA 0  OH
Ph)%( HJ\© o
H
No enolizable H's
el
e (O dilute H*
903 /y)‘\© o o

Ph)\/
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ANSWERS

d. (13.d)

14. Predict the major product expected from each of the following reactions and include
a mechanism for each step.

0
/\/\)J\ NaFf
B ——
OMe Mel
l NaH
S 0
/\/\)O\ MaC /\/\HJ\
/ —_—
OMe OMe
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ANSWERS
d. (14.d.)
1. Mg OH
©/Br 2. acetaldehyde ©)\
3. HzO*
OH
~UR3
e K
0 (
JJE O/MgBr
MgBr H” “CHj
- > CH3
c.
0
H 1. n-BuMgBr
2. Hz0*
/\/\MgBr
MgBr @Hz
0 OH 0 o
7~ H O
SH - NaoH_ A @i}
7\
Br Br
g 5
)’\:O
H H
vl
©/0 1. NaOH, CO, @OH
2. H30" CO,H

l salicylic acid w
© e
O — of e OO
(S)
0 %Op o
H
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15. Suggest a synthesis of the following molecules. An analysis/brainstorming and

retrosynthetic analysis are required.
a.
HQ

Oﬁi\/ from cyclohexanone and 1-bromopropane

U

oH .© H H,
® HC - OR 0 2 C
(j + Bng/CV — Br "

Synthesis: @]
-MgBr
Hy Mg Ha (j Q HaO" o
Br/CV Bng/CV -~ O/\/ O/\/

0
HO \)j\
O/E H from cyclohexanone and 3-bromopropanal

) [\ 0
@
(:/r ! Bng/\)J\H g 5> B i

Il Can't use this reagent: the
Grignard portion would react
with the aldehyde portion. Must
protect the aldehyde as an acetal

Synthesis: 0
~MgBr
+ - - 7
S oo SO
Br H ~_OH Br H BrMg H
HO o” o
-/
dilute H*
(workup)
HO 0 H*, H,0 OH
C SP\
o 0
-/
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ANSWERS
c. (15.¢)
/\/‘\/E2H Ph f g\/k/g2
HO ¢ rom 0* “Br
OH
ﬂreduction
/\/k/H H — /\/k/
C<H_Ph -
0 C _ .(.3 Ph
OH %/—/ 0
H, II'Can't use this reagent: the USE:
NK/C Grignard portion would react ,CH
0 "MgBr with the aldehyde portion. Must
protect the aldehyde as an acetal Br
H\/k/H2
.C C< —
0~ Br /CH B
Synthesis:
H<~-Ph
OH C
H\/k/l—b L Ho T Q Ho ” )\/
L C~ _ R CH Cc- H Ph
0 Br 2 wmyg o-tH ¢ MgBr
MgBr
dilute H*
(workup)
/\/k/Hz eBrs g & i 9
H._Ph _ 1 Ho
HO C ¢ -~ O//C C\E/Ph O/CH/k/CJé/Ph
|
OH OH OH
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d. (15.d)

OH
Ph>W from benzene and 1-butanol

Ha
I O,

OH T
C/\/ OH is on a different C in the product
Ha -~ not the same oxygen

“ Grignard rxn

S)
5 qu/\/
Use: H2C/\/ pr— Hz(l_;/\/ p— Hz(?/\/
MgBr Br OH

“F.C. acylation
© + C|/go

Synthesis: 0 Mg
H2804 Mg /\/
H2(,3/\/ T HZCI;/\/ v qu O~
OH KBr Br MgBr H,
Dilute H*
/g AlCl; (workup)
+ —_— 0
© Cl 0
OH
o
Ho
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e. (I5.e)
@] 0
O from /©)J\
3 :
ﬂelimination
0 0
OR
OH
ﬂ OH U
[\
O/_\O o, 0
0
T 0
BrMg BrMg
U U
0 J@i
Br/©)‘\ Br
Synthesis: [\

@
@
@

/@)C‘)\ 1. H*, ethylene glycol 0,0 G((>><
2. Mg /(>><
Br BrMg C|)

l Workup (H")

[\
0

0 O
e ohee o
OH
‘ heat OH

This E1 reaction generates a tertiary
and resonance stabilized carbocation--better

than in the other synthesis in which only a secondary
carbocation would be generated

|
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£ (15.£)

OH
from ethyne
=

ﬂ Hydrogenation

OH
Li 0 H
_ 7z F
= 74 + k = Br H H
= =

Synthesis:
" P i
H  Meli H S 7 MeLi Z 0 =
e el ~
|
2 Ha0*

Ha
Lindlar

OH
vl
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g (15.¢g)
OMe
from anisole
HO
OMe OMe
OMe
j— jr— @ (1)
HO @]
OR
OMe
OMe OMe OMe
0 j—1
j— . k jr— @ (2)
HO
BrMg Br
Synthes es:
(2)
OMe OMe 1. Mg OMe
Br,
@ FeBrg 2. acetfldehyde
Br 3. Hz0 HO
(1)
OMe 0 OMe OMe
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