Nitriles in perfumery

Dr. Robert DeSimone, PFW Inc., Flavor and Food Systems Division,

Middletown, NY

The nitrile function has been studied and used
by organic chemists for quite some time but it
has not been generally recognized until rela-
tively recently that this class of materials may
have wide utility in fragrances. A monograph
published in 1949 which deals with synthetic
perfumes refers to only one fragrance chemical
containing the nitrile group, musk cyanide (1)
(see fig. 1).! This product, to our knowledge, is
nonexistent in modern perfumery and may in-
deed never have been used to any significant
extent in formulation work. A more recent sur-
vey on aroma synthetics suggests that a variety
of nitrile chemicals has been introduced to per-
fumers over the vears.2 However, very few of
those shown prior to the early sixties are evident
in perfumery today. Myristic nitrile (2), report-
edly was first suggested for perfumery use in
1944.3 This synthetic, decanonitrile (3), and
dodecylnitrile (4) are the only products now
commercially avaiiable which were used in
perfume compositions in this earlicer era.

Nitriles vs. aldehydes

An inspection of the patent literature shows
that interest in the use of nitriles as perfumery
ingredients has greatly increased within the past
decade. That interest has apparently heen
holstered by the successful commercial intro-
duction of geranonitrile (3) and cinnamonitrile
(6) as alternatives to the widely used aldehyde
counterparts.* The bar graph in figure 1 shows
the issnance of patents covering distinetly dif-
ferent chemical types from 1962 through
1978.7% The circled 1964 patent was issued to
Sommerville and Shuster; it covered perfumery
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claims for geranonitrile and cinnamonitrile 8
There are several reasons why nitriles have
been found useful as perfunery components, in-
cluding their analogy in odor to the corre-
sponding aldehydes and their much greater sta-
bility. A comparison of the odor for geranonitrile
and cinnamonitrile with the related citral and
cinnamaldehvde is displaved in figure 2.4 In
these casces the odor of the nitrile conveys the
generic odor impression of the aldehyvde but is
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considerably more pungent, and often has an
oily, heavy, metallic character relative to the al-

dehyde.
=
s
N/ \
. i " .
[ |_l?-‘ Nk 5 NN
c 2
'
. "
N \
A " ¥ v P |
SN 9
MECAINITE RAEF oY I TR F
|
o 5 =N
[ ]
Sohe N
i
TEREAMMTLE ]} T IXHAMSNT 2L

r

Aldehydes are susceptible to a variety of
chemical reactions which reduce their odor po-
tency, such as a strong tendency to oxidize and
polymerize. The greater stability of nitriles has
made them especially useful in perfumes
employed in a wide variety of household and
consumer products such as soaps, detergents,
cleaners, and personal care products in which
the fragrance oil can be subjected to rather harsh
environments. A summary of the advantages of
nitriles is given in figure 3.

Safety considerations

The lowered chemical reactivity of nitriles in
comparison with aldehydes, especially unsatu-
rated aldehydes, has further importance in the
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potential for providing safer perfume formula-

. . vigess onf
Table I shows a comparison of toxicity

tests conducted as recommended by the Re-
search Institute for Fragrance Materials (RIFM).
The oral LD, values (rats} and the dermal LD,

values (rabbits) do not show any large toxicity
differences between the nitriles and aldehvdes.
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The sensitization (Kligman) tests, however, do
demonstrate potential advantages in using these
particular nitriles where relatively dilute so-
lutions of some aldehydes can be sensitizing.
The reduced sensitizing activity of the nitrile
function appears to result from its lowered
chemical reactivity, especially with proteina-
ceous materials in the body. At PFW we have
submitted a number of nitrile aroma chemicals
for the same tests now used by RIFM and found
them generally to have an LDy, of 3g/kg or
greater and to give no sensitization reactions.
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Structure types

A scan of selected structural types found in
the patent literature, along with odor descrip-
tions, is displayed in figure 4. A variety of ni-
triles have been made available commercially
for perfumery use. The products and current
suppliers are shown in figure 5. Citrus-fresh type

odors predominate in this group.

Synthesis routes

There is a continual challenge for aroma
chemists to devise simple, inexpensive, non-
polluting processes via readily available and

oy mataryia normanially thia

h. | le
DONN4AZaracus materiails, especiany at tnis

LIVJMINIIQLAIVIULLD LYY
time of heightened concern for our environment,
The synthesis of perfume chemicals has been
the subject of study for almost 150 years.3® The
criteria for today’s aroma chemist in providing
perfume materials alternative or supplementary
to the 3,000 or so products already available to
the working perfumer are quite stringent when
one attempts to provide novelty, utility, com-
mercial advantage, and safety simultaneously.
To compete as an effective addition to the per-
fumer’s palette, a chemical should have a high
odor impact in use, provide a unigue odor effect
or function (such as additional stability}, have a
relatively low cost-in-use, and be derived by a
simple, inexpensive chemical process.

In the aroma chemical industry today man-
ufacturing facilities for specialty chemicals are
typically designed for multipurpose hatch
operations—equipment is used for producing a
variety of products rather than just one com-
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modity. This is due to the diversity of products
required in aroma compositions, along with the
small-volume nature of the majority of chemicals
used. This restricts the type of chemistry which
is feasible for introduction into a typical man-
ufacturing facility.

Figure 6 shows some common reactions for
synthesizing nitriles. Route I is simple and
facile when emploved in the lab. However, it
would pose severe problems if hrought into a
multipurpose plant. This is due to the hazardous
nature of KCN, the extraordinary manufacturing
precautions necessary for handling, and the cost
of waste control and removal. Route IT outlines
one specific example of a general route to ni-
triles called ammoxidation.8? Although suitable
for a large volume operation typical of those run
in the petroleum industry, this route requires
highly instrumented specialty equipment. Un-
less the volume of manufacture with such a pro-
cess is very high, ene cannot expect to make the
products cheaply due to the low conversions and
resulting high recycle rates, In addition, this
process is not amenable to having other func-
tional groups in the molecule and the tinal
product may be ditficult to separate from a mul-
tiplicity of trace components which would be an
obstacle to oblaining high odor quality. Routes
IIT and 1V, although requiring more expensive
starting materials, provide the advantages of
suitability for any batch size and ready adapta-
bility to a multipurpose plant, Indeed, many of
the commercial products shown in figure 5 are
manufactured by either one of these last two
routes,

The cyanocacetic acid synthesis, route V, sul-
fers from the disadvantage that the acid starting
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material is expensive and in addition, the yields
reported for this route are quite low.®2 Upon in-
vestigating methods for synthesizing the re-
sulting conjugated nitriles less expensively, we
discovered route VI where acetonitrile is con-
densed directly with methyl heptenone in the
presence of alkali and alkali earth hydroxides.'?
In this process, byproduct water is trapped by
reaching with an additional mole of acetonitrile,
which aids in driving the reaction to completion.
Only the conjugated isomers are produced in
this method, while with the cyanocacetic acid
synthesis, a mixture of conjugated and noncon-
jugated isomers result.

In a further extension of this latter synthesis,
we found it possible to condense higher alkyl
nitriles with ketones as shown in route VII, thus
greatly expanding the variety of odor types
available for evaluation as potential perfume in-
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gredients.?® It would be very difficult to obtain
these skeletal types in a practical fashion
through alternative synthetic routes. This class
of alpha-dialkyl substituted nitrile was found to
be more stable to degradation by heat, light, and
hydrolytic processes than the corresponding
alpha hydrogen substituted nitrile.

Anomalous odor effects

We have made the point that nitriles fre-
quently have odors analogous to the corre-
sponding aldehydes. This comparison holds up
well in the case of benzonitrile (7). In contrast,
while investigating the odors of a series of hen-
zenoid nitriles workers at Naarden found quite a
different situation with highly purified products
(8,9) corresponding respectively to heliotropine,
a powerful and widely used floral fragrance
chemical, and vanillin, well known for its strong
vanilla flavor.'® These nitriles were observed to
be virtually odorless. In addition, p-
methoxvbenzonitrile (10), which is covered in
the Naarden patent claims, did not have the
predominant anise note found with the corre-
sponding aldehyde, but was haylike with very
little anisic character, making it a good potential

coumarin substitute. There seems to be no good
explanation for these nitriles having such a wide
variance from odor tvpe of the aldehyde, given
the rigid geometry and the similarities of
molecular shape, polarity, and volatility with the
corresponding aldehydes. Some subtle effects

Figure 7 1

Vol. 4, December/January 1980 Perfumer & Flavorist/7



Nitriles—DeSimone

seem to be in play which have not yet been ad-
dressed by current odor theories.

A similar phenomenon arose in other work in-
volving a series of nitrile-substituted indanes
and tetralines modeled after a series of commer-
cial keto musks.?2 These keto musks exhibit odor
strengths in the order shown in figure 7.3% The
nitriles surprisingly showed a reversal in odor
strength in that Phantolid nitrile had the
strongest odor, even stronger than Tonalid (the
strongest keto musk), and Celestolide nitrile ex-
hibited no odor at all.

Conclusion

The secure position that nitriles currently

hold on the perfumer’s palette can only be
strencgthened l’\‘f continued artivity in the gvn-
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thesis and utlhzatlon of this most interesting
class of aroma chemical.
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