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One-Step Catalytic Asymmetric Synthesis of All-syn
Deoxypropionate Motif from Propylene: Total Synthesis
of (2R,4R,6R,8R)-2,4,6,8-Tetramethyldecanoic Acid
PNAS 2016, 113, 2857–2861
Polypropylene-type structures – termed deoxypropionate
motifs – are characterized by alternately methylated alkyl
chains containing multiple stereogenic centers and are relatively common in natural products synthesized by bacteria,
which assemble these molecules by using propionyl- or meth
ylmalonyl-CoA as a C3 building block. In organic synthesis,
however, the stereocontrolled synthesis of enantiomerically
pure deoxypropionate-type molecules constitutes a challeng
ing endeavor. Recently, the group of Professor Kyoko Nozaki
at The University of Tokyo (Japan) reported a groundbreaking
method for the efficient synthesis of the all-syn deoxyprop
ionate motif.
Professor Nozaki explained that the work in this paper is
the fruit of synergy between polymer chemistry and synthetic
chemistry: “Being involved in research on homogeneous
transition-metal catalysts for polymerization, we realized that
polymerization is one of the most efficient C–C bond-forming
reactions and conceived that a skeleton of natural products
could be synthesized by oligomerization of olefins. Upon
searching such a skeleton, we recognized that the deoxyprop
ionate motif is a partial structure of polypropylene.”
Although great effort has been devoted to the development of highly isospecific propylene polymerization, propyl
ene polymerization catalysts have rarely been utilized for
organic synthesis. Professor Nozaki noted that a pioneering
report by Kaminsky et al. identified the possible application of
asymmetric oligomerization in the synthesis of pheromones.1
However, those authors did not actually proceed to the syn-

thesis of natural products due to moderate stereoselectivity
featured by that process.
“We first tried the oligomerization in the presence of vinyl
chloride, expecting fast β-chloride elimination to afford allylterminated oligomers as reported in the case of 10-undecen1-ol.2 However, this strategy did not work with propylene,”
said Professor Nozaki.
The group focused next on the coordinative chain-transfer
polymerization (CCTP).3 According to the literature of CCTP,
trimethylaluminum or diethylzinc was added to the reaction
mixture as the chain-transfer agent. When diethylzinc was
added, a single peak was observed about once every three
minutes in the GC trace; that is, diastereoselective oligomerization of propylene was proceeding (Figure 1)!
Another experimentally problematic part was the oligomer separation. Professor Nozaki remarked: “We assumed
that each oligomer could be separated by fractional distillation; however, the amount of the oligomer was too small for
fractional distillation.” She continued: “Although preparative
gas chromatography was one way to achieve separation, the
method is limited on small scale.” After thorough investigation, the group found that oligomers after oxidation were
successfully separated by reversed-phase silica gel chromatography (Figure 2). “We were very excited when we saw a
series of spots at even intervals in reversed-phase thin-layer
chromatography!” said Professor Nozaki.
Professor Nozaki concluded: “We envision that our strategy will be extended to the synthesis of other natural products

Scheme 1 An application of the methodology
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Figure 1 GC trace of a product mixture of the first successful oligomerization in the presence of diethylzinc

Figure 2 RP-HPLC trace of a mixture of oligomers after oxidation to alcohols
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containing the deoxypropionate motif; if the initiating group,
an alkyl group bonded originally to the chain-transfer agent,
and terminal functionalization can be varied, asymmetric oligomerization could be used for the synthesis of a larger family
of natural products.”
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