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CHM 2120 — Assignment 8
ANSWERS

In this assignment:
- Esterification
- Saponification of esters
- Chemistry of carbonyl derivatives
- Synthesis of carbonyl compounds (via oxidation of alcohols, etc)

1. Give the IUPAC names or accepted trivial names for the following molecules:

a) 1,1-diphenylbutan-1-ol 1) phenyl acetate; phenyl ethanoate

b) butyl butanoate j) 2-amino-5-phenylpentanoic acid

¢) 4-methylpentanoyl chloride k) butanamide

d) IN,N-dimethyl-3-methylbenzamide 1) N,N-dimethyl-3-hydroxybutanamide
e) 3-methylbenzoyl chloride m) 5-bromo-4-chloropentanoic acid

f) methyl 4-hydroxy-3-methoxybenzoate n) isopropyl pentanoate or 1-methylethyl
@) 3-methylbutyl (E)-but-2-enoate pentanoate

h) sodium butanoate

2. Draw structures for

2-methylbutyl pentanoate

N-benzyl-2-bromobutanamide

3-nitrobenzoyl chloride

p-nitrophenyl acetate

meta-dinitrobenzene

2-chlorobutanoyl chloride

Triphenylphosphine

Triphenylphosphine oxide

Diazomethane,CH,N, (the two most important resonance structures)
e)

N

NO,
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3. The aldol reaction can be accomplished using an acid catalyst. Give a mechanism for
the following transformation:

. /\
0° 0 H*
)K + )]\ —
Ph Ph™ H
ﬂ B = conjugate base of acid or solvent

Ph™ SCH, @O/H OH
enol =weak nucleophile | H
A\C
-‘/—\ @ @ /H |l|
B H D \:g
M, P
Ph™ H Ph
protonated aldehyde= activated electrophile “
0 "0 t OH ,OH i i
J\ =z J\ B Lj\\/jg\ Ph \C Ph
Ph I(_J| Ph Ph g Ph Ph ﬁ Ph H
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4. Propose a synthesis of the following compounds. A retrosynthetic analysis must also
be included.
a.
0 OH 0
3"Ph from and any other

required reagents

Identify the cyclohexanone ring present in starting material (S.M.) and product (P),
then identify the new bond.

- The 1,3 relationship between the oxygens suggests that an aldol reaction would be appropriate

L

Note that the ketone contains only 1 type of alpha proton
and that the aldehyde does not possessa-protons.

O
It is therefore not necessary to make the enolate separately
(although still acceptable).
Synthesis: O OH
NaH
S.M. +benzaldehyde > Ph
b.
0 H
Wk/%( *A1 3-relationship suggests that an aldol
1 from  2-hexanone d th reaction would be appropriate. The required
2 S ?enqu?rr;)é ?eazrents starting material, in blue, has been mapped
U on to the product (this could also be done by

o]
\/\)j\ circling or numbering the atoms in starting

material and product)

0
+
H

-

0

Synthesis © J><
ICI © NH,4CI
LDA \/\/O& H 0 (weak acid)

- = — > Product

(1

kinetic enolate
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c. (Question 4 continued)
0

= "Ph from and any other
required reagents

- Double bond made from elimination reaction, Wittig

Consider different possibilties:
0 LG, —how to make the new C-C bond?

5 This route seems less direct than using an
*"Ph ys Ph  aldol reaction.

relat|onsh|p allows for an aldol reaction--an excellent way to make new C-C bonds

U

©
X
H Ph
U Note that the ketone contains only 1 type of alpha proton
and that the aldehyde does not possess a-protons.
O
Itis therefore not necessary to make the enolate separately
(although still acceptable).
Synthesis: 0O OH
NaOH, EtOH
S.M. +benzaldehyde T Ph| —— product

The square brackets indicate
an intermediate that was not isolated
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d. (Question 4 continued)
0

\/\)J\2//§ s shown in blue in the product
IC-:| 7< from

2-hexanone and any other The |1d,3|-relatipnship S|léngEStSthat ”
required reagents 2N aldolreaction would be appropriate

Synthesis:
©
oA L Og: HJ>< 0
M HCI
\/\)J\ > ™ Product

kinetic enolate

Q
>3< /9\ from Hsc/COCzH5
2 N could be made into an enolate

- identify the location of the carbon and oxygen atoms in the
product that were in the starting material

- A1.3 relationship exists between the oxygen atoms, even
though neither of them is not a carbonyl--suggests ALDOL

- carbonyl groups can be converted to alcohols by reduction
©
H Q 0 0
/C\ + m
& OCH,CH35 — Ph)J\Ph H,C C\OCHzCH3 — HaC/COC2H5
2

bond formed in an aldol reaction

Synthesis:

o
o 1.

Q LDA Q p PhiH LUAH,  pp OHp,
COCHs — C+ — c
ch H2C OCH2CH3 2 dllute H+ OCH2CH3 2 H3O+ Ph ﬁ \OH

2
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f.  (Question 4 continued)
H3CO /‘ shown in blue in the product
from anisole and any other reagents required
\'\‘
0 double bond via elimination, Wittig, or aldol followed by elimination

——

acyl group added via Friedel-Crafts acylation

HaCO
HsCO G 3
OR LG
0

LG = OH; make by aldol reaction

0
LG = Br; make by halogenation
alpha to a carbonylunder H* conditions U

l

anisole anisole

Synthesis A:
_ propanoyl chloride HsCO Brp, HOAc HsCO Br NaOMe
anisole _ - — >  product

AlCl3 MeOH

0 o
Synthesis B:
HsCO HsCO

acetyl chloride

anisole ——

AlCl3 then HCI

NaOH, CH,O (formaldehyde)
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g. (Question 4 continues)

Wittig ( 0
or aldol 0

“u. denotes a mixture of diastereomers

l

PhsF\)\\( - \\( - \\(
0 0

— oH - + \n/
\ - h 0
0 0
First synthesis: o
@ Br
Br PPh, PhsR BuLi Ph3P\ S.M. .
\\( —_— —_— \\( —  product (mixture of E/Z
0 0 diastereomers)
Second synthesis:
LDA S)
\ﬂ/ - . YCHz SM.__ 0 H*  product (mixture of E/Z
diastereomers)
O 00 ]/
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h. (Question 4 continued)

©/ \Q from benzyl alcohoand cyclopentanal
No oxygens (ketone) C\ OH
to use for aldol therefore OH
use Wittig reaction.

g Ha Ha
O = (e
+
OH
O =0
Synthesis:

OH Oxidation: use PCC, CH,Cl,
duct
f or NazCr207,HZSO4,acetone‘ Ox i o produc

H, H H,

5 H
co & ' :
©/ OH H2SO4vKBr ©/C\Br PPh3 C PPh3 —»MELI C\PPh3
©
Br
1.

/\)J\’//o from pentanal

—_—

O

[ N

elimination

/\J\’// aIdoI

/\/\(
Synthesis:
0O LDA
/\/\H’// /\/\(

-

g
oL
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. (Question 4 continued)

(};L;\f/ from cyclohexene
- need to add carbonyl group? can hydrate then oxidize resulting alcohol

© - 1 3-relationship suggest aldol reaction

Oxidation: use PCC, CH,Cl,

© H+ or Nazc r207, H2804, acetone NaOH , acetaldehyde
M0 EtOH

I

Synthesis:

OH 0 0 OH
k.
B X Ph f 9
NS
Ph/\/ I rom Ph/ﬁ/C\H
Ph Ph

U elimination

ph ————> disconnectionsto give the required starting materials are

H
Ph/ﬁ/CW difficult
Ph

OH
OR

OH . 0
H reduction H ellmlnat|on
Cx Ph
Ph Ph
Haldol
@]
I

o
C\ +
Synthesis: 1 0 ph/\/ H Z/I;\/Ph
Ph
C-~
© Ph™ Y TTH
0 ~r .

0 LDA 0
)J\/Ph /I;\/Ph - PR XX ﬁ\)J\/Ph

Ph

note: brackets indicate that the
intermediate is not isolated

|
H H\)Oi/ 1. NaBH., MeOH H\)CJ)\/
Ph/\P/thPh -— Ph/\P/hC\ Ph |«————— Ph/\Prhc\ Ph

2. HCI
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5. Provide a mechanism for the following transformation:
a.
D) NaOEt
Y - O
|<'| 0 HOEt 0
:OEteﬂ \
"

5
7

10
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c.  (Question 5 continued)
1. LDA
0y 2. PhCH,CH.Br
Ph
Wﬂu\OEt 3. NaOH
H 4. HyO*

YNW/ Note: the structure of LDA must be drawn in a mechanism question

l . oLi®

ShE
0

©
r (o *OH ) Q o
——— > Ph Ph %E —» Ph :OEt
OFt HOEt (‘.3‘/
H
Bh P tetrahedral Ph \

h intermediate

@ _H
Q H,0J 0
Ph Ph

1. LDA, THF

0
‘\ 2. PhCHO
H N/ >
K 3. dilute HyO*

OH O
Ph NT

H 0
Q] KO!Bu
Brwo\ A N o Q)J\OMe
O\' ('.'O@

11
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6. Why won’t the following transformations work? Explain by showing the reaction
that would happen instead.

a.
. Q
1. LDA (1 equivalent)
2. Mel
(0 HO
H
@
- O Li
\(N\(
@]
0 G
HsC
B —
S)
0 9
N CH3
b.
../_\ 0
/\/\/ﬁ\ 7. MeOH /\/\)J\
HO OH HO OMe
)’_\:B
“ ~H
®H HO OH . HO of\H HEpH ®O| a
/\/\)\ = 669H = == Q
Hu 0
B =MeOH
Intramolecular cyclization to
form a 6-membered ring is fast
C.
/\&OJ\ 1. MeMgBr O This compound does form, but reacts further
Ph o~ —+> Ph/\)J\Meunderthe reaction conditions.
2.H30
lHac,MgBr
ketone is more
O)MQBF ( reactive than the o-MgBr H
original ester S.M. Hs0* /\i
PhM\OCH3 ~  Ph Me ” PhM\CH3 " P CHs
ChHs CHs CH;
H3C,MgBr

12
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7. Provide a mechanism and the product for the following reactions:
a.

.
OH H*, HOBn
OBn

0.
1 ) HOBn 5
L HOBn @ Bn,, “
)\/\/OH = )\/\f/OH == )\/\f/ QH = )\/YOBn
d o o
H e T \v H O H -~ H @
HOBn

NOTE: Bn=-CH,Ph

b.
H*, HOEt
)\/\H/T )\/\H/OB
O, HOEt 1 0
HOEt Et O~ Et- L
: oMe
)\/\/OME - )\/\{/OMe-— )\/\{/OME~— )\/\f/ﬁﬁa i )\/YOET
H
d ,
406 4O H+ OH /Hto@
HOEt
C.
/V H+
0"
WOH H,S0.,

B
H‘P)(B Ho, OH /~ HO._OH H(D 0
. H — -
OH Po. ~—= - 5
OH

d.
Hz'g—N:N
3 CHN, _®_ R
O — O@ H3C\N—N - O N:N
0 0 0

13
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e. (Question 7 continued)

O
:OMe
/////;\NaOMe MeOH

(o 2. Hg0*

| Y
oE — U

Me O\ﬂ/
0

LI

©
:OH 0

¢ 1. NaOH, H,0 oH
OMe
[:::T/u\ 2. H0*
Qm — e
///,

HoS0,4

Me OH
OMe j 0
11 \O

MeOH

MeOH
o H = O“H
OH
OMe o

+18M

14
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h. (Question 7 continued)

S
:OH

(O —
1. NaOH
(@] —_—
2. Hy0*

[

- oy Cﬂ\w@

or mtermolecular proton transfer

reflux

[
T — FB -0

<TB = HNR, or “OMe

SH
o Q

CCKOH H,S04 5
COH - Hy0
J

O

.
(?\OI/H H®H
O — c¢ ©¢ o — ©¢
0
‘OH J
\

Note: Compare this step to an aldol reaction:

;;

*OH

B

VERY SIMILAR!

15
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k. (Question 7 continued)
(' H* »— B

- H v
0 H,S0,4 H o ~0g
o o =T
Me Me Me

OH

| - |

H
| ~Coo S
i — o, — i — R
OH
Meog ® H_/B
e

acetyl salicylic acid (ASA) or aspirin

O\J/o r — ©:\‘/\"W/ @OY OY

CoH &~ CoaH {
B

16
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8. Give a mechanism and product for each of the following reactions:

a.
0 .
C HOEt
cl/ — =

l

(i.e. HOEt or CI)
b.
CO .o OB
H2N/\/\/ n
Cl >
\ triethylamine-only a base
SN~

©o: ©o: 0
~
PN e 1 Pt e e S
@A ~_~_-0Bn /\/\/OBn H
H™S
H H’

C
0 SiE 0
N\ KCN 0‘2‘
Cl > el Cs
SN
:(?EN i

N

17
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d. (Question 8 continued)
oH 1.80Cl,
/\/\é( N >§(OH
0

1.S0Cl, 3. FN
See class
notes for mech

o o1

H

! Y HNG
A~ ey = e
0 ») 0O O
@O- 0] ©
Note: new bond formed

with the least hindered
carbonyl

18
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9. Till in the reagents required to accomplish the following

a.

OH

O/&O LiAIH, Oﬂ on

b.

OH 0

o SOCl, ©/§ KCN O)J\ CN

c.

0 1. SOCh, L|AIH4

—_—

OH 2_H\ID D /\/\D

Suggest two other ways to synthesize the product shown in part ¢ from
starting materials containing only 4 carbons. The route can be completely
different from the one used in part c.

SNy + H‘NQ Sn2 /\/\,\D

(

H,, Pd/C
o D, T 0
d.
N OH — OH
pPCcC
CH,Cl,

Bng\©\

PCC

: OH

/WO —> /\/Y /\/\f prOdUCt
2. Hs0* CHxCl, 2. HzO*

19
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10. The following sequence brings together reactions from different parts of the course.
Provide a mechanism for each step and give the structure of the final product.

O,N 1. AcCl, AICl3, CHoCl,
Me H‘\\ ~ 1y,
2. mCPBA, CHJCl, OzNM OH
3. NaOH, MeOH ®H
Overall:

1. Acylation at the

least sterically hindered position 3. Saponification (base-
catalyzed ester hydrolysis)
0 0
OzN/"" 2. Baeyer-Villiger e Y
Me H\\\ OzN N 0
reaction (migration of Me
aromatic ring)
STEP 1:
: ©
0 Co 9 ® AlC|
)J\ AlCl3 )j\@) AICI -0 cI” R
Vgaii R AR — o ©
e &l - <C|
> H 0 — 0
ON" A — 0N" @ 0N
Me HY Me HY Me H“
STEP 2: Link to the rest of the molecule
( . 9 ®
0" Nto. cl o o O
o H 0 & I\J: 6N )J\@/CI
0
. R
y B
B= cb. of MCPBA Lo H.g k R
'Y \}9 C ™3
O~ - H+
@ N %
% K

L0 STEP3: 09 0
Y&@ {1 OH )J\OH H*
.

S 6] SOH_ S o] workup ; OH
2:@%/ % ; @O %

20
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11. Propose a synthesis of the following compounds. A retrosynthetic analysis must be

provided.

a.

0

- Can obtain carboxylic acids by saponification of the esters (do last)

- can add alkyl groupsvia alkylation of enolates

HO,C. ..COLH 0
c f
Q rom ETOJ\/U\OEt

©0

0 o0
Et0,C._.CO,Et Et0.C« = N0t
c Et0,CH 7
v o= (k_/ N = e C/U\oa Etozc\C/\
4 Br ot
2 ; Br
2 3
2 3 ClorBr
; Br
Synthesis: 2 3
9 a KOBU  Et0,C. .CO.Et 1.LIOH MeOH HO.C. _CO.H
AL Bolproit Lo, 205000z
Eto OBt HoBu < 2. Hy0* (workup) %

+

(a non-nucleophilic base)
Clor Br

Br

0 0
o —
A,

21
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b. Question 11 continues
c§]/CN Me
from and any other required reagents
CO,H
Cl ™ Cl
start from ester
Usaponification
gz alkylatlon deprotonatlon CN
s
COzMe ©/ Ji OLO
Cl
Hbenzylic bromination
Me
Cl
Synthesis:
B
CH2 a 1.NaOH,MeOH‘
product
ROGR CN COzMe 2. Hy0*
Cl L Cl

22
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c. (Question 11 continued)
oﬁ/CH3
0
©: from ©
CO.H
acetyl salicylic acid (ASA)
or aspirin
CO,H
Synthesis:
0 @]
S0, SOsH  NaOH OH  1.NaOH,CO, OH )J\ )J\
DI SRl 5 Sl B GO
H,S0,4 2. H50" COH HOAc
d.
o 0
3
iﬁgﬂ\/\/ from cyclohexanol and pentanol
new C-C bond
1.3-relationship suggests
aldol reaction @ W
uoxidation
&jﬁ/\/ a|d0| W ] W
OH
O
(O]
p—
Synthesis:
O OH
@ é 1. pentanal
CHLCl 2 NH,CI
(or chromic acid) l PCC, CHoCl,
or chromic acid

PCC

Cﬁ/v—>K/\/ T 1

CH,Cl,
NOT chromic acid (why?)

23
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e. (Question 11 continued)
OH OH
from cyclohexanol and pentanol

Same as above synthesis, except reduce the aldol product with NaBH, instead of oxidizing it.

12. Provide a mechanism and product for the following reactions:
Note: These mechanisms are closely related to reactions seen in class, although they are

not quite identical to mechanisms studied in the course.

a.
0 H,NNH,, KOH
©
l HloH HO~N, _NH,
A~ - o
- ol —oin- o
m N\ \NH
o) ‘® NH2 po NA2
HY o H ("
H‘“:OH ,l{l o
N"~"Hw~:0f

N
H L &
©)</\ N <« Hydrazone (note the similarity with
H-(OH an imine)

° AR
N
H{OH
b.
o o
I ,
= —>  ketone
Note: Hg salts are frequently
employed to promote this first step
(compare this to the oxymercuration,
studied in 1321)
5 10H, H
: H.oH N
H20 a & 0 tautomerization 9 cH
mCHs —_— o CHs —~ X s T ©)H/ ’
enol

24
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c. (Question 12 continued)
H,S0O4, HO
/\/\/\C\\ 2 4,112 /\/\/\H/OH
N
— 6]
R . H0
H
o ® H ; ) R\ E
N === N — N, == RNy o P2y “H
R/C’/N R/(i/\_ of jo/ K) @;@
OH, H’Q’\HJ:B H H H
'/:B
H. H H H* HH
R._O R._O eig’H = \ E"( -~ @&E
Y H — T H ‘—ROADH‘_R‘T/\H‘_R H
0 9 s - .
B H @ H H H O

25



