Multistep Synthesis -Classic Carbonyl Chemistry

Background and Mechanism:
The transformation of simple starting materials such as acetone and
isobutyraldehyde into a complex product such as 5-isopropyl-1,3-cyclohanedione is
an important modern organic synthesis. In the synthesis I performed, I was able to
convert very cheap starting materials into a complex expensive product worth
about $4.30/ mmol. All of the techniques used were classic organic chemistry
techniques we have been practicing throughout the semester.
Mechanism:

-The first step is an aldol addition run in basic conditions. The general mechanism is
the lone pair on the hydroxide ion attacks an acidic proton to form the kinetically
irreversible Enolate. The ion is then protonated to form the aldol addition product.
-Step two involves a Dehydrative elimination step to form the alpha,betaunsaturated ketone.The mechanism involves protonating the OH group by an acidic
proton. This group then leaves forming a carbocation. The carbocation will lose a
proton to form a c-c pi bond.
-Step three is a Diekmann-type Annulation and Ester Hydrolysis. In the hydrolysis
step the base, NaOEt, will act as a nuclephile and pull a proton off diethyl malonate.
The anion will the act as a nucleophile and attack the alpha,beta-unsaturated ketone.
Annulation follows this reaction to form a cyclic compound by removing the OEt
group catalized by base.
-The final step is a decarboxylation. The mechanism involves protonating the
carbonyl to break the OH bond forming a pi bond and breaking the c-c bond to form
a c-c pi bond. This is then tautamerized to the Ketone because it is more favorable.
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Discussion of results: The yields for the reaction went well and followed the
averages of students in Duff, et al.’s experiment. The product was isolated in a 12%
yield, which is good considering lab error. The proton NMR spectra for each
intermediate and the product followed the literature spectra very closely. In the first
intermediate peaks at 3.9 ppm correspond to the protons on the C bonded to the OH
group. Absorptions around 2.9 correspond to the OH proton. 2.22 ppm is the proton
on the CH2 next to the carbonyl. The following peaks at 1.28 and .92 reflect the CH
proton and CH3 protons respectively. Intermediate one contains a stereogenic
center at the C next to the carbonyl, which causes the protons to split one another.
The two CH3 groups are also diastereotopic and show up as an overlapping doublet.
The second intermediate shows a peak at 6.75 corresponding to the proton further
away from the carbonyl in the double bonded C. Due to its conjugation with the ewithdrawing carbonyl group it is observed further down the spectra where the
other proton in the double bond is observed closer at 6.0 ppm. The other protons
are in the same place as Intermediate 1, but are no longer overlapping or splitting
one another. The purified product is observed as a mixture of ketone- enol
tautomers. Primarily the ketone form is observed but a a ratio of 6:1 was found
through integration of the peaks at 5.5 for the enol and 3.4 for the ketone.
Conclusion: Overall the experiment went very well and a reasonable yield was
obtained from it. The reactions went well considering some steps were meant for a

4-hour lab period and we only had 3 hours each lab period. When transferring the
product to the column for chromatography about 1/3-1/4 of the product spilled out
of the pipet. This could account for a great deal of yield considering I only obtained
140 mg in total. I thought this lab gave me good practice of classic organic chemistry
and spectroscopy techniques.
Refrences:
Duff, D. B., Abbe, T. G., Goess, B. C. J. Chem. Educ. 2011, 89, 406-408

