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ABSTRACT

An efficient protocol of dehydration was developed under microfluidic conditions. The method was applied to a multikilogram synthesis of
pristane, a biologically important natural product, which is now widely used as an adjuvant for monoclonal antibody production.

2,6,10,14-Tetramethylpentadecane (pristane) is a saturated
isoprenoid isolated from the basking shark,Cetorhinus
maximus.1 This hydrocarbon oil is known to induce tumoro-
genesis in mice and arthritis and lupus nephritis in rats, and
has been widely used as an adjuvant for monoclonal antibody
production in mouse ascites.2 However, in 2002, the basking
shark was listed in Article II of the Washington Convention
(Convention on International Trade in Endangered Species

of Wild Fauna and Flora),3 and since then, the availability
of pristane from natural sources has been very limited.1

Therefore, an efficient chemical synthesis of pristane has
been long desired.

When considering the nonstereoselective synthesis of this
simple hydrocarbon, one can immediately devise a straight-
forward route, i.e., (1) oxidation of farnesol1, (2) alkylation,
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(3) dehydration, and (4) hydrogenation, as shown in Scheme
1. Small quantities (50 mg) of the sample are readily prepared

via this route; however, synthesis of the required 200 kg
annually at greater than 98% purity presents unique chal-
lenges. In particular, the preparation of 5 kg of pristane per
week is necessary to supply enough material to the market.

The challenging step in Scheme 1 is the acid-catalyzed
dehydration of allylic alcohol3. When the reaction was
performed on a 100 mg scale with a catalytic amount of
p-TsOH in benzene at 80°C, the corresponding diene4 was
obtained in 55% yield as a mixture of (E)- and (Z)-
stereoisomers, which was transformed to pristane by hydro-
genation. However, when the scale was increased to 100 g,
various cation-mediated byproducts, such as cyclized prod-
ucts or alkyl group-migrated compounds, were produced. As
expected, these hydrocarbons were very difficult to separate
from the desired diene4 (yield estimated to be less than
20%), even by repeated distillation or by silica gel chroma-
tography, although the latter is not realistic for kilogram-
scale purification. A more direct olefination with use of the
Wittig reaction with aldehyde2 cannot be used either, since
the triphenylphosphine oxide generated is problematic for
such a large-scale synthesis. In this paper, we report the
successful application of a continuous microfluidic system
to the dehydration reaction, which led to the 5-kg-scale
synthesis of pristane performed only by one chemist within
a week.

A continuous flow microreactor, which is reported to
realize efficient mixing and fast heat transfer, is recognized
as an innovative technology in recent organic syntheses.4,5

The flow system also allows the reaction to be quenched
immediately after the formation of an unstable product, such

as diene4, under acidic conditions; hence the method is well-
suited for the present large-scale dehydration of3. We have
recently applied a microfluidic system to other cation-
mediated reactions and improvements have been realized for
glycosylation reaction6 and the reductive opening of ben-
zylidene groups.7

We examined the microfluidic dehydration under the
following conditions (Figure 1): Allylic alcohol3 (1.0 M

in THF) was mixed with a solution ofp-TsOH (various
concentrations of 0.2-1.0 M in THF:toluene 1:1)8 at 90°C
by using an IMM micromixer9 at a flow rate of 0.3 mL/
min. After the reaction mixture was allowed to flow for an
additional 47 s through a reactor tube (Φ ) 1.0 mm,l ) 1.0
m) at 90 °C, the mixture was quenched with a saturated
NaHCO3 solution at room temperature. When a 0.2 M
solution ofp-TsOH was used, only a trace amount of4 was
obtained and the starting material3 was largely recovered.
However, we found that the yield of the dehydrated
compound depends on the concentration of the acid;4 was
finally obtained in 80% yield (overall, from farnesol1) at
an acid concentration of 1.0 M. It is noted that under the
established microfluidic conditions, the formation of other
byproducts could not be detected by TLC analysis.10

To evaluate the efficiency of dehydration under the
microfluidic conditions, the reactivity ofâ-hydroxyketone
5 and alkanol7 was also tested (Scheme 2). Gratifyingly,
both substrates provided the corresponding dehydrated
products in almost quantitative yields under the conditions
established in Scheme 2. Thus,â-hydroxyketone5 gave (E)-
unsaturated ketone611 quantitatively upon mixing with
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Scheme 1. Synthesis of Pristane

Figure 1. Optimization of microfluidic dehydration.
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p-TsOH solution in dioxane at 110°C. Similarly, the
microfluidic mixing of simple alkanol7 with 48% sulfuric
acid at 130°C gave the alkene8 as its olefin regioisomeric
isomers, which were hydrogenated in the presence of 10%
Pd/C under hydrogen atmosphere to provide the hydrocarbon
9 in 93% yield for two steps.12 For both cases, the
conventional batch reaction gave lower yields of the products
(71% for 6 and 51% for9) due to recovery of the starting
materials and formation of other hydrophobic byproducts.
Therefore, an efficient and general protocol for dehydration
was realized by using the micromixing system.

Having established the optimal conditions for dehydration,
the kilogram-scale synthesis of pristane was examined
(Scheme 1). About 8 kg of farnesol1 was treated with 80
kg of MnO2 to give aldehyde2. A large amount of the
produced manganese hydroxide was collected and recycled
by heating to 200°C. The crude aldehyde2 was then reacted
with isobutylmagnesium chloride prepared from isobutyl
chloride and magnesium tuning,13 to provide allylic alcohol
3.

The crude alcohol3 was subjected to the key microfluidic
dehydration under the conditions established in Figure 1. For
such a large-scale microfluidic reaction, we introduced a new
micromixer, “Comet X-01” (Techno Applications Co., Ltd.,
Tokyo, Japan),14 which exhibited similar mixing efficiency
to the IMM micromixer for dehydration. “Comet X-01” has
been designed to avoid blockages by using a tube with a

relatively large inner diameter. This is especially useful when
a readily crystallized material, such as TsOH, is used at high
concentration. The Comet X-01 mixer is also advantageous
when performing the reaction for a long time, because the
micromixing device can be tightly connected to either a
syringe or an HPLC pumping system, so that solution
dripping and leakage is minimal. Therefore, this affordable
new device is well suited for establishing a micro chemical
plant.

As shown in Figure 2, we arranged 10 micromixers in
parallel and successfully performed an 8-kg-scale dehydration
over 3-4 days. It is noted that the present micro chemical
plant does not require any special apparatus or devices and
that a simple system (Figure 2) continuously performed
efficient dehydration. The solution eluted from the micro-
mixing system was quenched by a saturated NaHCO3

solution, extracted with ethyl acetate, and concentrated, and
the mixtures were quickly passed through a short silica gel
pad to remove the hydrophilic byproducts, affording the pure
diene4. Finally, hydrogenation in the presence of 10% Pd/C
under hydrogen atmosphere provided pristane in 50-55%
overall yields (∼5 kg) with>99% purity based on gas
chromatographic analysis.15 The synthetic pristane obtained
through this route was confirmed to induce antibody produc-
tion at the same efficiency as natural pristane.16

In summary, we have established an efficient method for
dehydration under microfluidic conditions. The present
microfluidic protocol is general forâ-hydroxyketone, simple
alkanol, and allylic alcohol, and the method was successfully
applied to a multikilogram synthesis of pristane in one batch.
Since the present pristane synthesis involves only one simple
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Scheme 2. Microfluidic Dehydration ofâ-Hydroxyketone5
and Alkanol7

Figure 2. Large-scale microflow system for dehydration.
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purification step by filtration with a silica gel pad, we believe
that our protocol is superior to the previously known
synthesis, purification of which necessitates tedious repetitive
distillation at the final stage.
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