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roughly equal to the volume of the reaction mixture. Bubbling occurred and a mixture consisting of
two layers resulted—a basic aqueous layer and an organic layer. The layers were separated and the
aqueous layer was removed. The addition of aqueous sodium bicarbonate to the layer of organic ma-
terials and separation of the layers were repeated twice. Each time the predominantly aqueous layers
were removed, they were combined in the same collection flask. The organic layer that remained after
the three bicarbonate extractions was dried and then subjected to distillation in order to obtain a pure
sample of 3-methylbutyl ethanoate (isoamyl acetate).

List all the chemical species likely to be present at the end of the reaction but before adding aqueous
NaHCO;. Note that the H,SO, was not consumed (since it is a catalyst), and is thus still available to
donate a proton to atoms that can be protonated.

Use a table of pK;, values, such as Table 3.1, to estimate pK, values for any potentially acidic hydro-
gens in each of the species you listed in part 1 (or for the conjugate acid).

Write chemical equations for all the acid—base reactions you would predict to occur (based on the
pK, values you used) when the species you listed above encounter the aqueous sodium bicarbonate
solution. (Hint: Consider whether or not each species might be an acid that could react with
NaHCO;.)
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Suppose you carried out the following synthesis of 3-methylbutyl ethanoate (isoamy] acetate):

I /Q\ I /\)\
H,S0, (trace)
)J\OH + HO ——. )I\o +H,0

Ethanoic acid 3-Methyl-1- 3-Methylbutyl ethanoate
(excess) butanol

As the chemical equation shows, 3-methyl-1-butanol (also called isoamyl alcohol or isopentyl al-
cohol) was mixed with an excess of acetic acid (ethanoic acid by its systematic name) and a trace of
sulfuric acid (which serves as a catalyst). This reaction is an equilibrium reaction, so it is expected
that not all of the starting materials will be consumed. The equilibrium should lie quite far to the i
due to the excess of acetic acid used, but not completely.

After an appropriate length of time, isolation of the desired product from the reaction mixture w
begun by adding a volume of 5% aqueous sodium bicarbonate (NaHCO; has an effective pK, of 7




Table 3.1 is attached below.
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Conjugate
Acid Approximate pK, Base
Strongest acid HSbF <-12 SbF;~ Weakest base

HI =10 -
H,S0, ~9 HSO,~
HBr -9 Br
HCI =i Cl-
CeHeSO:H ~6.5 CeHsSO5
(CH3).OH _ -38 (CH5),0
(CH,),C=0H -29 (CH3),C=0
CHyOH, ~35 CH30H
Ha0* -1.74 H,0
HNO, -1.4 NO;,
CF;CO,H 0.18 CF,CO,
HF 3.2 2
CH;CO,H 4.75 CH;CO,~
H,CO4 6.35 HCO;
CH3COCH,COCH, 9.0 CH;COCHCOCH;
NH,* 9.2 NH;
CeHsOH 9.9 CeHsO~
HCO;3~ 10.2 CO4?
CH3NH,* 106 CH4NH,
H,0 15.7 OH~
CH3CH,OH 16 CH3CH,0O~
(CH3),COH 18 (CH;),.CO~
CH,COCH,4 19.2 ~CH,COCH,
HC=CH 25 HC=C~
H, 35 H
NH; 38 NH,
CH,=CH, 44 CH,=CH
CH4CH4 CH3CH,~ Strongest base





