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Long-chain N-vanillyl-acylamides (LCNVAs) were
generated from plant oils and vanillylamine (VA) by
nucleophilic amidation without any catalytic reagents.
The resulting LCNVAs varied according to the fatty
acid composition of the plant oil used. Therefore, the
LCNVAs contained in Capsicum oleoresins were
products that were spontaneously generated from the

oleoresin during storage.
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N-Vanillyl-acylamides (NVAs) are a group of
compounds known as capsaicinoids, which are natural
ingredients specifically derived from Capsicum fruits.
Capsaicin, the most abundant NVA in capsaicinoids,
causes a pungent sensation and possesses various
physiological and biological activities. *) NVAs with
an acyl chain length of approximately nine carbons,
such as capsaicin, cause the strongest sensation of
pungency, whereas those with longer or shorter acyl
chain than that of capsaicin are less pungent. 2)
Although NVAs with a chain length of more than 18
carbons do not generate any stimulus, some
capsaicin-like useful activities remain in these long
acyl chain NVAs (LCNVAs). Among the LCNVASs
developed as synthetic capsaicinoids, olvanil, which
contains an oleic (C18:1) acyl moiety, has received
much attention because of its high capsaicin-like
potency. ) Other LCNVASs having acyl moieties of
naturally occurring type, such as myristic (C14:0),
palmitic (C16:0), stearic (C18:0), linoleic (C18:2),
and a-linolenic (C18:3) acids have been developed as
myrvanil, palvanil, stevanil, livanil, and linvanil,
respectively. *

In our previous study, we identified these
LCNVAs in a Capsicum oleoresin commonly used as a

) Because the oleoresin contained more

seasoning.
amounts of LCNVAs than that in the fresh chili pepper

fruits and because the composition of acyl moieties in



LCNVAs in the oleoresin was closely correlated to that
in the oil fraction (triacylglyceride) of the oleoresin,
we speculate that the LCNVAs were generated in
Capsicum oleoresin by spontaneous transacylation of
triacylglyceride and capsaicinoid or vanillylamine
during storage. In this study, we performed a model
reaction by using purified reagents, triolein,
vanillylamine (VA), and vanillyl nonamide (VN) that
mimic the chemical structure of capsaicin to generate
olvanil (Fig. 1). Furthermore, by using some plant oils
instead of triolein, we attempted to generate LCNVASs
that contain acyl moieties of plant oils.

VA hydrochloride (Sigma, St. Louis, MO, USA) or
VN (Sigma, USA) (1 mm) in 1 mL of triolein (Sigma)
(1m) was sealed using N, gas. When 1-propanol
(1-PrOH) was used as an additive to dissolve VA into
triolein, the concentration of 1-PrOH was 20% of that
of the mixture. After heating at various conditions, 0.1
mL of the mixture was extracted five times by using 0.5
mL of methanol (MeOH). The combined MeOH solution
was dried in vacuo. The residue was dissolved with
MeOH to a volume of 5 mL for HPLC analysis. HPLC
analysis was performed using a LC-10A system
(Shimadzu, Kyoto, Japan) with the following
specifications: column, Wakosil-1l 5C18 AR 4.6 mm x
150 mm (Wako, Osaka, Japan); solvent, 95% ->
100%MeOH (0 -> 10 min), 100% MeOH (10 -> 18 min);

flow rate, 1 mL/min; fluorescence detection, Ex 280 nm

Fig. 1



and Em 320 nm. Authentic olvanil was purchased from
Sigma.

The time-course yield in olvanil synthesized from
VA and triolein is shown in Figure la. Significant
olvanil production up to 5.8% or 8.4% yield was
observed at 200°C with or without 1-PrOH. However,
no further increase in yield was observed over the next
4 h, and instead, a gradual decrease occurred when
using 1-PrOH. Only a small yield of olvanil (less than
0.4%) was generated at 100°C without 1-PrOH. On the
other hand, a 6-month reaction without using any
alcohol at 25°C resulted in olvanil accumulation (0.8%
yield). When VN was used instead of VA, a 0.3%
olvanil production was achieved only in the conditions
with 1-PrOH at 200°C for 12 h (Fig. 1B). Figure 2
shows the stabilities of olvanil, VN, and VA in triolein
with or without alcohol. Although olvanil was stable at
100°C with or without alcohol and at 200°C without
1-PrOH, it gradually underwent decomposition in the
presence of alcohol, especially with MeOH (Fig. 2A).
The same trend was also observed with VN at 200°C
with 1-PrOH. The remaining VA at 0.5 h after heating
to 200°C was only around 10% regardless of the
presence or absence of 1-PrOH (Fig. 2B).

In the model reaction as mentioned above, olvanil
was significantly produced from triolein and VA at
higher temperatures (200°C). Olvanil production was

also observed at ambient temperature, although this

Fig. 2



occurred after an extended period. Because the amine
(i.e., VA), showed a higher olvanil yield than the
amide (i.e., VN), the model reaction probably occurred
through a nucleophilic amidation, where VA acted as a
stronger nucleophile by attacking a carbonyl carbon of
the acyl group than VN. We had expected high yield of
olvanil from VA by using excess triolein (1000-fold
mole of VA). However, the solubility of VA in triolein
was significantly low that the reaction had to be
carried out by using a heterogeneous system. We,
therefore, added 1-PrOH into the model system to
dissolve VA in triolein to generate a homogeneous
solution. However, the addition of alcohol specifically
resulted in the decomposition of the produced olvanil.
This might be a reason for the decrease of olvanil
accumulation after 2h from VA at 200°C using 1-PrOH.
The low production of olvanil from VN with 1-PrOH
might have resulted from the generated VA, which
could be a decomposed product of VN when using
alcohol. Furthermore, the low stability of VA might
also be responsible for the low olvanil yield. Although
VA might be a good material for LCNVA production, the
amount of VA in Capsicum fruits seems to be extremely
smaller than that of capsaicin in the fruits. For
example, the chili pepper cultivar Peru contained only
14 pg/g dry weight fruit of VA, which accounted for
about 1/150 of its total capsaicinoid content. ® In our

previous study, the highest LCNVA content (ca. 2400



mg/g) in Capsicum oleoresin was around 40% of its
capsaicin content. ®) Therefore, the LCNVAs in the
oleoresin were probably generated from the oil
fraction of the oleoresin and VA that would have been
decomposed from capsaicin over a long period.

For practical use, we conducted LCNVA
production by using plant oils and VA, and the reaction
was conducted using higher VA concentrations than
that in the model reaction to supply much more
effective VA based on its instability and insolubility.
The production process was set at 180°C, which is the
temperature commonly used in deep-frying food.
Approximately 10 g of olive oil (Wako) or soybean oil
(Wako) containing 5 mm of VA was heated at 180°C for
1 h. Analytical samples of the generated LCNVAs were
prepared using the previously described method.
LCNVAs in the samples were qualified and quantified
by LC-MS/MS, according to our previous study. °)

The total yields of LCNVAs from VA in olive oil and
soybean oil were 0.15% and 0.02%, respectively. On
the other hand, as shown in Fig. 3, the relative LCNVA
yield by using the plant oils was similar to that of fatty
acids that compose triacylglycerides of these oils. The
lower LCNVA yield might be due to the slightly lower
reaction temperature utilized in the assay compared to
that of the model reaction previously described. The
differences in yield between the oils might also be due

to the variations in the solubility of VA in the oils.

Fig. 3



In this study, we demonstrated that LCNVAs could
be generated from plant oils (triacylglycerides) and VA
without the use of any catalytic reagents. This
indicates that the LCNVAs contained in Capsicum
oleoresins were spontaneously generated from the oil
fraction of the oleoresin and VA, which originated
from capsaicin over the course of time. Furthermore,
the types of LCNVAs depended on the fatty acid
composition of the plant oils used in the reaction,
suggesting that blending plants oils could produce oils
that contain desirable LCNVAs. Although the optimal
material for LCNVA production was the stronger
nucleophile VA, no studies have shown the use of VA
from natural resources except for that from the
Capsicum plants. Our research team is currently

exploring a wide range of plants that harbor VA.
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Figure legends

Fig. 1. Time Course of Olvanil Converted from Triolein
and (A) Vanillylamine (VA) or (B) Vanillyl Nonamide
(VN).

Fig. 2. Stabilities of (A) Olvanil, (B) Vanillylamine
(VA), and Vanillyl Nonamide (VN) at 200°C.

Fig. 3. Comparison of the Fatty Acid Composition of
Plant Oils 7’ and Relative Content of Long-Chain
N-Vanillyl-Acylamides (LCNVAs) Generated from
Vanillylamine (VA) and Plant Oils.
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