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ORGANIC COMPOUND USED AS FRAGRANCE INGREDIENTS

This invention relates to novel organic compounds, a method of preparing said compounds
and their use as fragrance ingredients. The invention also relates {o perfume compositions
and {o articles, such as fine fragrances or consumer product compositions perfumed by the

compounds or the perfume compositions containing said compounds.

The compounds (25)-1-(2,8 8-trimethyleyciochex-2-en-1-yhbut-Z-en-1-one, 2£)-1-

(2’8 .8 -trimethyicycliohex-1-en-T-yhbut-2-en-1-one, (28)-1-{2",8 &' -trimethylcyclohex-3’-
en-1-yiybut-2-en-1-one and (2E£)-1-(2°,6° 6'-irimethylcyclohexa-1’, 3 -dien-1’-ybhbui-2-en-1-
one, commercially available as Damascone alpha™, Damascone beta'™, Damascone
delta'™ and Damascenone'™, are highly desirable fragrance materials, especially where
fruity or floral notes are desired. They are described, for example, in United States Patents
4,198,309 and 4,226, 892.

™

™

ta ™ ™

Damascone alpha Damascone beta Damascone de Damascenone
However, these materials have proved to be sensilizing in the human repeat-insult paich
test (HRIPT) at <500 ug/om? which may give a classification as skin sensitizers of
Subcategory 1A in the global harmonized system, leading to some restrictions in their uses

in both fine fragrances and consumer product perfume formulations.

Crotonic acid esters of substituted cyclohexancl or cyclohexenol have valuable fruity notes
related to odors of strawberry, raspberry apple and plum. Several examples of such
compounds are described in DE2659149. However, having also some off-odour notes,

these materials have not baen commercialised.

Surprisingly, it was now found that the perfumistic benefit of such crotonic acid esters
depends on their sterecchemistry: Crotonates of formula | can deliver fresh, fruity and
floral impressions similar to the Damascones while having the benefit of being significantly

less skin sensitizing than these compounds.

Soin a first aspect of the invention, a series of 5- or 6-membered cycloalkyl- or

cycloalkeny! crotonates according to formula | is provided
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formula |

wherein Ry, R, R; and R, can be independently selected from H or Me,

n=01,

the dotted lines are indicating single bonds, or in case n = 0 an isolated double bond at
position 3', or in case n = 1 an isclated double bond at position 3' or 4,

the wavy bond is indicating an unspecified configuration of the adjacent double bond, and
the substituents at the ring system are having an all-syn relationship. Those isomers with
an all-syn relationship are having the pleasant sought-after fruity odor, while other
diasterecisomers without an all-syn reiationship may produce off-odors which prohibit the

use of these diastereomeric crotonates in perfumery.

in general, formula | is indicating the rejative but not the absolute configuration at the ring
system, as indicated by . Therefore, all compounds of the present invention are to be
understood as mixtures of enantiomers, uniess otherwise stated. Some of the compounds
are achiral meso compounds with a pseudoasymmetric centre at position 1 of the ring

system, which is indicated by a small 8* or r™.

In the compounds of formula |, the double bond of the crotonate residue is not specified,
50 the double bond may be present either in £- or in Z-configuration, or the compound

might be a mixture of £- and Z-isomers.

According o the invention, compounds of formula | possess an all-syn relationship or an
all-syn configuration, when the crotonate residue at position 1’ of the ring system and the
alkyl groups at both adjacent positions 2" and (5+n)’ are pointing to the same side of the
ring system. In other words, the three vicinal substituents at the 5 or 6-membered ring —
an alkyl substituent at position 2°, a crotonate residue at position 1' and a further alkyl
substituent at position {(&+nY, are all in syn-position 10 each other. For a 5-membered ring
(n = 0}, these are the vicinal substituents at positions 1, 2" and &, and for a 8-membered
ring (n = 1), these are the vicinal substituents at positions 7', 2" and &', In case that there
are two geminal alkyl substifuents at positions 2' and/or (5+n)', one of these two geminal

alkyl substituents is automatically in syn relation to the crotonate residue at position 1.
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in contrast, the non all-syn configured crotonates do not have said three vicinal

substituents pointing to the same side of the ring system.

The off-odor formation observed for the non all-syn configured crotonates of formuia | have
surprisingly been found o be associated with a lower stability towards enzymatic

hydrolysis of diastereomers lacking the all-syn configuration.

it is long known that enzymes in the mucus of the nasal cavily can metabolize odorants,
for instance, they can enzymatically hydrolyse esters leading o changed odor impression
(N. Thiebaud, &. Veloso Da Silva, 1. Jakob, et al., PLoS One 2013, 8; A. Nagashima, K.
Touhara, J Neurosci 2010, 30

it was now surprisingly found, that the adulterated odor impression or off-odor formation of
crotonates is directly proportional {o the ability of enzymatic hydrolysis. Without wishing {o
be bound to theory, the crotonic acid formed by enzymatic hydrolysis in the olfactory bulb
is generating the off-odor which hampered commercial use of diastereomeric mixtures of
substituted cyclic crotonates. The surprisingly high stability of the all-syn configured
crotonates towards enzymatic hydrolysis reduces or even inhibits off-odor formation
related to release of crofonic acid. So the enzymatic hydrolysis of all-syn configured

crotonates is slower than that of the corresponding non all-syn configured isomers.

in one aspect of the invention, the compound of formula | is provided in highly enriched or
essentially pure form as isomer with all-syn configuration, with low amounts or essentially
free of the corresponding isomers with non all-syn configuration. That means that the
isomer with all-syn configuration is present in at least 90 weight%, parlicularly in at least 85
weight%, more particularly in at least 88 weight%, even more particularly in 99 weight% or

higher.

In another aspect of the invention, a diasterecisomeric mixiure of the crotonates is

provided, comprising a relalively high amount of the isomer having an ali-syn configuration
according to formula | along with other sterecisomers having a non all-syn configuration in
lower amounts. That means that the isomer with all-syn configuration is present in at least

80 weight%, particularly in at least 90 weight% or higher.

Inn @ particular aspect of the invention, the compound of formula | having the all-syn-

configuration is preferred,
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formula |

whereinif Ry = Hithen Ry = Me, and if Ry = Me then Ry = H,

R, and R, can be independently selected from H or Me,

n=01,

the doited lines are indicating single bonds, orin case n = 0 an isolaled double bond ai
position 3', or in case n = 1 an isclated double bond at position 3 or 4,

and the wavy bond is indicating an unspecified configuration of the adjacent double bond.

In a further aspect of the invention, the compound of formuia | having the all-syn-
configuration is preferred,

formula |

wherein Ry and Ry = H,
R, and R, can be independently selected from H or Me,

n=0,1,

the dotted lines are indicating single bonds, or in case n = 0 an isolaled double bond at
position 3', or in case n = 1 an isclated double bond at position 3 or 4,

and the wavy bond is indicating an unspecified configuration of the adjacent double bond.

I another aspect of the invention, the compound of formula | having the all-syn-
configuration is preferred,

formula |
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wherein if Ry =H then R, = Me, and if Ry =Me then Ry = H,

R2 and R; can be independently selected from H or Me,

n=1,

the dotted lines are indicating singie bonds, or an isolated double bond at position 3',

and the wavy bond is indicating an unspecified configuration of the adjacent double bond.

Particular examples of compounds of formula | are

{1s*,2R*,65")-2 8-dimethyicyclchexyl (£)-but-2-encate,
{1s*,2R*,65")-2 B-dimethylcycichexy! (E)-2-methyibut-2-encate,

{(1R*,28* BR*)-2-ethyl-6-methylcyclichexyl (E)-but-2-encate,
(18*,28%)-2 8 6-trimethylcyclohex-3-en-1-yl {E)-but-2~encate,

(1R*25* 6R*)-2 B-dimethylcyciohex-3-en-1-yi (£)-but-2-encate and
{1s* 2R* 55%)-2 5-dimethylcyclopentyl (E)-but-2-encate.

Suitable starting compounds for the preparation of compounds of formula | are
commercially available cycloalkanones or cycloalkenones, having the desired substituents
at the positions vicinal to the carbonyl group. Alternatively, some of the kelones can be
obiained from phencols by hydrogenation. The ketones are reduced {0 the corresponding
aicohols, for instance as specified in J. Org. Chem. 1996, 61, 4872-4873. An isomeric
mixture is obigined from which the digstersoisomer with all-syn relationship can be isolated.

Finally, the alcohol is reacied with crotonyl chioride to yield the compound of formula |

In a further embodiment, the compound of formula | may be generated by means of a
precursor, that is, a compound that, under particular conditions (for example, heat, light,
chemical stimulation) will break down 1o form a compound of formula [. This is particularly
useful in some applications, such as laundry or hair care, as the compound can be

generated in situ, when its presence is desired.

Therefore, there is also provided a precursor capable of generating a compound of the

formula 1, the precursor being a compound of the formula il

formula li

in which

Ry, Ry, Rz and Ry can be independently sslected from H or Me,
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n=0,1,

the dotted lines are indicating single bonds, or in case n = 0 an isolaled double bond at
position 3', or in case n = 1 an isclated double bond at position 3 or 4,

the substituents at the ring system are having an all-syn relationship, and

X is selected from SR°, NHR® and NR°R’, R®, R® and R’ being selected from linear or
branched C-Cy5 alkyi, a C3-Cq cycloalkyl or an aryl substituent, the cycloalkyt and aryi
being optionally substituted with linear or branched C+C-; alkyl groups, or, in the case of
NRPR, R® and R’, together with the nitrogen atom to which they are attached, form part of

a polymeric entity.

Furthermore, there is aiso provided a method of providing in a fragrance application a
compound of formula | as hereinabove described, comprising

(i} the preparation of a compound of formula li

(it adding the compeound of formula Il 10 an application; and

(ili) subjecting the application to conditions that will result in the generation of a

compound of the formula |

There is further provided the use of a compound of formula Il in g fragrance application for

the in situ Qeneration of a compound according to formula L.

in the case of polymeric entities, any such suitable entity is suitable, a typical example
being a polyethylene imine. Such materials are readily available commercially, for example

the Lupasol™ range of BASF.

The compound of formula H may be prepared by any suitable method known (o the art.
The materials and conditions for such a preparation are well known to the art, and only
routing, non-inventive experimentation is required o produce a suitable compound. In g
typical, non-limiting exampile, a compound of formula Il may be prepared by the reaction of
approximately equimolar amounts of a compound of formula | with one of HSR®, HNR®,
HNRERY, preferably at 20-80°C, either neat or in a solvent such as ethanoi or toluens,
optionally in the presence of an organic base, such as 1,8-diazabicyclo[s 4. Clundec-7-ene
(0.5-1.5 eguivalents), or an inorganic base, such as potassium carbonate. The product
may be isolated by standard workup procedures known {o the person skilled in the art of
crganic synthesis. The compound of formula Hf may be used in crude form, or it may be

purified by standard purification procedures, such as column chromatography or distillation.
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The crotonates of formula | are found o be significanily less skin sensitizing than the
Damascones. The level of skin sensitization can be reliably and quantitatively measured
by the KeratinoSens method, which measures the induction of Nrf2-dependent luciferase
in a skin cell line. This test has been adopted as OECD test guideline 442d. Compounds of
this invention do not induce the luciferase in this test and are therefore rated as non-
sensitizing. Alternatively, the sensitization potential can be quantified by measuring the
reactivity of {est chemicals with peptides. This approach has been developed as the direct
peptide reactivity assay (DPRA) and implemented in OECD test guideline 442¢.
Maodifications of this method which aliow for a belter quantification of reactivity have been
described (A. Natsch, H. Gleller, Toxicol. Sci. 2008, 106, 464-478). Based on this test, the
compounds of this invention have a reaclivity which is » 100-fold reduced as compared to

Damascone delta, confirming that their skin sensitization potential is strongly reduced.

Therefore, in a further aspect of the invention, there is provided a method to impart a fresh,
fruity and floral fragrance note having a reduced skin sensitization, by using a compound
of formula | in perfume mixtures.

Furthermore, such perfume mixtures containing a compound of formula | are used io

perfume consumer products,

The compounds of formula | may be used in fragrance compositions, that is, composilions
that provide desirable fragrance, sither as stand-alone fragrance providers or incorporated
into fragrance applications o provide them with a desirable fragrance. The compounds of
formula | may be used individually or in combination with one or more other compounds of
formula 1. They may be combined in such fragrance compositions with any of the known
range of commercially-available fragrance raw materials, either natural or synthetic, such
as essential oils, aloohels, aldehydes and ketones, ethers and acetals, esters and lactonses,
macrocycles and heterocycles, and/or in admixture with one or more ingredients or
excipients conventionally used in conjunction with odorants in fragrance compositions, for
example, carrier materials, diluents, surfactants and other auxiliary agents commonly used
in the art. Examples of suitable diluents include dipropylene glycol (DFG), isopropyl
myristate (IPM), tristhyl citrate (TEC) and alcohol (e.g. ethanol). These may be used in the

normal proportions known to the art.

The following list comprises non-limiting exampies of known odorant molecules, which may
be combined with the compounds of formula |
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— essential cils and exiracis, e.g. agarwood oil (white and/or authentic), castoreum, costus
root oif, cak moss absolute, geranium oll, tree moss absolute, basi oil, fruit oils, such as
bergamot ol and mandarine oil, myrile oif, palmarose oil, patchoull oll, petitgrain oil,

jasmine oil, rose oil, sandalwood oil, wormwood oil, lavender oll or ylang-viang oii;

- glcohols, e.¢. cinnamic alcohol, ois-3-hexendl, citronellol, Ebanol™, sugenol, famesol,

™
t

geraniol, Super Mugue linalool, menthol, nerol, phenylsthyl aicohol, rhodinol,

Sandalore™ terpineol or Timberol™:

- aldehydes and ketones, e.g. Azurone®™ [7-(3-methylbutyl)-1,5-benzodioxepin-3-one],
anisaldehyde, a-amylcinnamaldehyde, Cashmeran®, Georgywood' ™, Hedione®,
hydroxycitronellal, iso E Super®, Isoraideine® Kephalis™, Lilial®, maltol, methyl cedryl

ketone, methylionone, verbenone, or vanillin;
~ ether and acetals, e.g. Ambrox®, geranyl methyl ether, rose oxide, or Spirambrene®,

- gsters and lactones, e.g. benzyl acetale, cedryl aceiate, y-decalactone, Helvetolide®,

v-undecalacione or vetivenyl acetate;
- macrocycles, e.g. Ambreticlide, ethylene brassylate or Exaliclide®; and
- heterocycles, 8.¢. isobutyichinoline.

The compounds according to formula | may be used in a broad range of fragrance
applications, that is, products in which fragrance is desired. Such fragrance applications
may be in any field of fine and functicnal perfumery, such as perfumes, air care products,
household products, laundry products, body care products and cosmetics. Non-limiting
exampies of such products include lextile treatment products, ironing aids, laundry
detergents, laundry care products, fabric conditioners, cleaning products, in particular, for
hard and/or soft surfaces, such as furniture and floor polishes general purpese cleaners,
specific cleaners for kitchen and toilet use, disinfectants, room fragrancers and air
fresheners, toilet blocks, hair care products, such as shampoos, colourants and
conditioners, anti-mould and anti-fungal products, oral care products such as toothpastss,

tooth gels and mouthwashes, cosmetics and pharmaceuticals.

Because of the reduced or even totally eliminated tendency for skin sensitisation, the
compounds of formula | are particularly effective in fragrance applications that will be in
contact with the skin, either of short duration (cleaning malerials) or long duration

{cosmetics and pharmaceutical preparations).
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The fragrance applications may be prepared by mixing the compounds, alone or as part of
a fragrance composition, into a fragrance application base, that is, a composition
comprising all the ingredients of the desired fragrance application apart from the perfume.
These will naturally depend on the nature of the fragrance application but typical non-
limiting examples well known to and used by the art include surfactants, detersive agenis,
abrasive agents, solvents, thinners and diluents, pigments, dyestuffs and other colouring
matiers, thickeners and rheology modifiers, disinfectants and antimicrobial compounds,
extenders and fillers. The proportions that may be used are those well known {o the art for

each particular use and circumsiance.

The compounds can be employed in widely varying amounts, depending upon the specific
fragrance application and on the nature and guantity of other odorant ingredients. The
proportion is typically from 0.1 to 10 weight percent of the application. In one embodiment,
compounds of the present invention may be employed in a fabric sofiener in an amount of
from 0.001 to 0.1 weight percent. In another embodiment, compounds of the present
invention may be used in fine perfumery in amounts from 0.01 1o 20 weight percent (a.¢.
up to about 10 weight percent), more preferably between 0.01 and 5 weight percent.
Howsever, these values are given only by way of example, since the experienced perfumer

may also achieve effects or may create novel accords with lower or higher concentrations.

The compounds of formula |, of fragrance compositions incorporating them, may also be
incorporaied in perfumed products in entrapped form, that is, entrapped within a suilable
entrapment material. Typical examples of entrapment well known to the art include
polymers, capsules, microcapsules and nanocapsules, liposomes, film formers,
absorbents such as carbon or zeolites, cyclic oligosaccharides and mixtures thereof, or
they may be chemically bonded to subsirates, which are adapied to release the fragrance

molecule upon application of an external stimulus such as light, enzyme, or the like.

The invention is now further described with reference to the following non-iimiting
examples. These examples are for the purpose of illustration only, and it is understood that

variations and modifications can be made by one skilled in the art.

Examples

Example 1: (1s*,2R* 65*)-2 6-dimethyicyciohexyl (E)-but-2-encate
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a) Sodium borchydride (18.6 g, 499 mmol) was added portion wise {o a solution of 2,6~
dimethylcyciohexanone (80.0g, 713 mmol, mixture of isomers) in methanol (300 mi) at -
20 °C. After complete addition, the cooling bath was removed and stirred for 1 hour. The
reaction mixture was diluted with MTBE (300 mi) and poured into 2M HCI (200 mi). The
organic phase was washed with water and (200 ml) and brine (200mi), dried (MgS0,) and
concenirated /n vacuo to yield the product as a mixture of diastereomers (B2 9 gjas a
clear slightly yellow liquid. From 12.0 g of the crude product, (18* 2R*,65%)-2,6-
dimethylcyclohexano! (3.85 g, 29%) was isolated by chromatography over silica gel
(hexane: MTBE =81,

b} To a cooled (0 °C) solution of (18* 2R* 85%)-2,6-dimethylcyclohexanol (3.00 g, 23.40
mmol} in THF (60 mb) was added a catalylic amount of 1,10-phenanthroline and buity
lithium (14.6 mi, 1.6 M solution in hexaneg). The color of the solution gradually tumed from
yellow to brown and the internal temperature rose to 6 °C. A solution of crotony! chloride
(3.26 g, 28.10 mmol} in THF (20 ml) was added dropwise while the temperature rose to

30 °C. The mixiure was stirred for ancther 15 min at room temperature. Then MTBE (80 mi}
and 2M HCI (80 mi) were added. The organic phase was washed with water (80 mi) and
brine (80 mi), dried (MgS0,) and concentrated in vacuo. The residue (4.40 g of a yellowish
oily was purified by chromatography over silica gel (hexane:MTBE = 99:1) and Kugelrohr
distillation (120 °C, 0.06 mbar) to yield {1s* 2R* 65*)-2,6-dimethylcyciohexyl (E)-but-2-

enoate (2.1 g, 46%) as a colorless oil.

TH-NMR (400 MHz, CDCla) 8 ppm 6.98 (dg, J = 15.8, 6.9 Hz, 1 H) 5.88 (dg, J = 15.6, 1.71
Hz, 1H)5.08 (t, J=22Hz, 1 H) 1.89 (dd, J = 6.8, 1.71 Hz, 3H) 1.71 - 1.77 (m, 1 H) 1.57 -
1.69 (m, 2 H) 1.20 - 1.46 (m, 5 H) 0.83 (d, J = 6.8 Hz, 6 H). *C-NMR (101 MHz, CDCly) 3
ppm 166.7 (s) 143.9 (d) 123.1 (d) 76.1 (d) 36.4 (d, 2C) 28.6 (t, 2C) 25.8 (1) 18.3 (q, 2C)
17.9 (). GCMS (ED): 110 (M+-CoHsOn, 32), 109 (13), 95 (38), 69 (100), 55 (14), 41 (23),
32 (16),

Odor: baked apple, pineapple, plum jam, creamy, damascenong

10
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Comparative Example 2: (2R* 8R*)-2,6-dimethyicyclohexyl (E)-but-2-enocate

O
\g(‘\v

:,{/

a) in an autoclave, neat 2 8-dimethyicyclohexanone (800 g, 7.13 mol) was hydrogenated
over carbonyihydrido(tetrahydroborato)bis{2-diphenyiphosphincethyl-aminolruthenium(il)
(RU-MACHO, CAS 12958458-40-9) (0.5 g) during 3 h at 50 bar and 80°C. The reaction
product, consisting of the (18%2R*65%)- and the (2R* 8R*)-2 6-dimethylcyclohexan-1-ol
isomers in a ratio of 67:33, was fractionated over a 100 om Sulzer column to yield
(2R* BR*)-2 B-dimethylcycichexanol (41g, bp. 43°C/ 5mbar).

b} (2R*,6R*)-2.6-Dimethvicyclohexyt (£)-but-Z-enoate was synthesized from (2R* 8R*)-2 8-
dimethyleyciohexano! and {£)-but-2-enoyi chloride in a yisld of 88% according to Example
1.

1H NMR (400 MHz, CDCls) 8 ppm 7.28 (s, 1 H) 8.98 (dg, J = 15.5, 7.0 Hz, 1 H) 5.88 (dq, J
=155, 1.7 Hz, 1 H) 4.65 (dd, J= 8.1, 3.9 Hz, 1H) 2.06 - 2.15 (m, 1 H) 1.90 (dd, J = 7.0,
1.7 Hz, 3H) 1.69-1.77 (m, 1 H) 1.41- 1.58 (m, 4 H) 1.10- 1.20 (m, 1 H) 0.92 (dd, J = 6.8,
2.4 Hz, 8 H). 13C NMR (101 MHz, CDCL) 5 ppm 166.2 (s) 143.9 {d) 123.3 (d) 79.2 (d)
31.3 (d) 30.9 (d) 30.5 (t, 2C) 19.8 (1) 17.9 (q) 17.7 (q) 14.3 (q). GCMS (E1): 110 (M+,-
CaHeO,, 53), 109 (5), 95 (76), 69 (100), 82 (8), 81 (8), 55 (10), 41 (29), 39 (17).

Odor: Fruity, metallic, animalic, crotonic

Comparative Example 3. (1r*,2R* 65%)-2,6-dimethylcycichexyl {(£)-but-2-encate

a) A solution of (1s*,2R* 65*)-2 8-dimethylcyciohexanol (10.0g , 78 mmol, prepared as de-
scribed in Exampie 1, step a) in acetone (100 mi) was codled to 5 ° © and Jones reagent
{19.5ml) was added dropwise (temperature rose to 20 °C). The mixture is stirred for
ancther 30 min, and isopropanol (10 mi) is added dropwise and left stirring for another 10
min. The reaction mixture was diluted with MTBE (150mi) and poured on 2M NaOH

(100m). The corganic phase was washed with water (100ml) and brine (2 x 100mi), dried
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{(MgSQy) and concentrated in vacuo to afford (2R*,65%)-2 6-dimethylcyclohexanone { 8.0g,

91%) as a clear colorless liquid.

b) A solution of (2R* 88%)-2 6-dimethylcyclohexanone (10.0 g, 78 mmol) in methanol
{100mi) was cooled to 5 °C and sodium borohydride (2.10 g, 55.5 mmol) was added in 3
portions (temperature rose to 20 °C). The cooling bath was removed and the mixiure
stirred for 30 min, diluted with MTBE (150 mi) and poured onto 2M NaOH (100mi). The
organic phase was washead with water (100 mi) and brine (2 X 100 mi), dried (Mg&0,) and
concentrated /n vacuo 1o vield a diastereomeric mixture of 2, 6-dimethyl cyclohexanols
{7.79). (1r*,2R*65*)-2,6-Dimethyicycichexanol (1.80 g, 17.7 %} was isclated from the
mixture by chromatography on silica gel (hexane:MTBE = 87:13) and recrystallization as

coloriess crystals.

¢) To a cooled (0 °C) solution of (1r*,2R* 65%)-2,6-dimethyicyclohexanol (1.80 q, 14.04
mmel) in THF (50 mb was added a catalvtic amount of 1,10-phenanthroline and butyl
lithium (8.8 mi, 1.6 M solution in hexane). The color of the solution gradually turned from
yellow to brown and the internal temperature rose to 6 °C. A solution of crotony! chloride
(1.86 g, 16.85 mmol) in THF (20 mi) was added dropwise while the temperature rose 1o

20 °C. The mbdure was stirred for another 15 min at room temperature. Then MTBE (80 mb)
and 2M HCH (80 mi) were added. The organic phase was washed with water (80 mi) and
brine (80 mi), dried (MgS5Q0,) and concentrated /n vacuo. The residue (3.16 g of a yellowish
oily was purified by chromatography over silica gel (hexane:MTEE = 89:1) and Kugelrohr
distillation (120 °C, 0.06 mbar) to yield (1r7,2R* 85")-2,8-dimethylcyclohexy! (£)-but-2-

encate (0.71 g, 25%) as a coloriess il

"H-NMR (400 MHz, CDCl3) 8 ppm 7.00 (dq, J = 15.4, 8.9 Hz, 1 H) 5.89 (dq, J = 15.7, 1.7
Hz, 1H)4.38 (1, J= 103 Hz, 1 H) 1.90(dd, J =6.9, 1.7 Hz, 3H) 1.72 - 1.79 (m, 2 H) 1.61 -
1.68 (m, 1 H) 1.49- 161 (m, 1 H) 1.22- 1.36 (m, 1 H) 1.05 - 1.18 (m, 2 H) 0.86 (d, J = 6.6
Hz, 8 H). *C-NMR (101 MHz, CDCly) & ppm 166.7 (s) 144.3 () 122.9 (d) 82.6 (d) 37.9 (d,
20)33.9 (¢ 2C) 253 (1) 18.5 (4, 2 C) 17.9 (0). GC/MS (Bl 110 (M+-C4HB02, 36), 95
(26), 82 (), 69 (100), 55 (7), 41 (22), 39 (13).

Odor: Fruity metallic, crotonic

Example 4. (1s*,2R* 65%)-2 8-dimethyicyciohexyl (£)-2-methylbut-2-encate

o
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This compound was synthesized from {18* 2R* 65%)-2 6-dimethylcyclohexanol and (£)-2-

methyibut-2-enoyl chioride in a yield of 68% according to Example 1.

"H-NMR (400 MHz, CDCL) 8 ppm 6.89 (qq, J= 7.1, 1.5 Hz, 1 H) 5.10 (br s, 1 H) 1.88-1.87
(m, 3H)1.82 (da, J=7.1, 1.5 Hz, 3H) 1.61 - 1.69 (m, 2 H) 1.22 - 1.61 (m, 6 H) 0.84 (d, J
= 6.8 Hz, 8 H). “C-NMR (101 MHz, CDCls) 8 ppm 168.2 (s) 136.5 (d) 128.9 (s) 76.4 (d)

36.5(d, 2 C) 28.8 (t, 2 C) 25.9 (t) 18.4 (q) 14.3 (q) 12.2 (g). GC/MS (EN): 110 (M™ ,-CeHaO,,
43), 108 (7), 101 (8), 95 (32), 83 (100}, 89 (14), 55 (38), 41 (12), 39 (8).

Odor: fruity, red fruils

Example §: (1R*,28* BR*)-2-ethyl-6-methylcyclohexyl (£)-but-2-encate

0™

a) A solution of Z-ethvi-8-methyiphenol (259, 184 mmol) in hexane (20 mi) was
hydrogenated in an autoclave over Pd on carbon {10%, 0.2g) during 48 h at 50bar and
100°C. The mixture was filtered over a pad of silica gel and concentrated in vacuo to vield
Z2-ethyl-G-methylcyclohexanone as a slightly turbid off (24.38¢g) which was used directly in

the next step.

b} in an autoclave, neat 2-ethyl-G-methvicyclohexanone (24 g, 174 mol) was hydrogenated
over carbonvihydrido(ietrahydroborato)[bis(2-diphenyiphosphinoethyll-aminolruthenium(il)
(Ru-MACHQ, CAS 1285649-40-9; 10 mq) during 21 h at 50 bar and 80°C. The crude
reaction product (21.2g), consisting of a mixtiure of isomers, was purified by
chromatography (Si0;, hexaneMTBE = 8713} to vyield diastereomerically pure
{(1R*, 28" BR*}-2-ethyl-6-methylcyclohexan-1-ol (3.71g, 15%) which was used directly in the

next step.

¢y {1R*28* BR*)-Z-ethyl-6-methylcycichexan-1-0l (175, 12.3 mmol} was esterified

according to Example 1b.

(1R* 28* BR*)-2-Ethyl-8-methylcyclohexy! (E)-but-2-encate: "H-NMR (400 MHz, CDCly) &
opm 6.96 (dq, J = 15.4, 6.8 Hz, 1 H) 5.86 (dq, J = 15.5, 1.7 Hz, 1 H) 5.18 (bs, 1 H) 1.87 (dd,
J=6.8 18Hz 3H) 1.49- 1.78 (m, 3H) 1.19- 1.48 (m, 6 H) 1.07 - 1.16 (m, 1 H) 0.87 (d,
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J=73Hz 3H), 0.82(d, J=68Hz 3 H). “C-NMR (101 MHz, CDCl) & ppm 166.5 (s)
143.9 (d) 123.0 () 74.3 (cl) 43.6 (cf) 36.4 (d) 29.0 (t) 2B.5 (1) 25.8 (1) 25.5 (1) 18.4 (q) 17.9

(@) 11.6 (g). GO/MS (1) 210 (M7, <1), 181 (2), 124 (22), 108 (4), 95 (58), 82 (8), S (100),
55 (16), 41 (34), 29 (8).

Odor: fruity, saffron, plum, damascone-like, apple

Example 8z (15*%,25%-2,86,6-Trimethylcyclohex-3-en-1-yl  (E)-but-2-envcate  and
Comparative Example 8b: (157, 2R*)-2,8 B-frimethyicyclohex-3-en-1-yl (£)-but-2-enoate

- "’/,
(R

a) A few mil of a solution of (£)-1-chiorobut-2-ene (25.6 g, 282 mmal) in THF {200 mb) were
added o magnesium turnings (858 g, 353 mmol} in THF {100 mi} under argon
atmosphere. After the reaction had started, the rest of the chlorobutene solution was
added dropwise. The mixture was allowed to cool to room temperature and a solution of
2. 2-dimethyipent-4-enal (40.0 ¢, 66% solution in toluene, 235 mmol} in THF (50 mi} was
added slowly. The mixiure was cooled 1o 0°C and quenched with ag. NH,Cl ( 200 mi). The
organic laver was separated and the agueous laver was extracted with athyl acetate (3 x
200 mlL). The combined organic layers were washed with brine, dried (MgS0O,) and
concentrated in vacuo. The residue was distilled bulb-to-bulb (0.14 mbar, 140 °C) to yield

20.0g of 3,5, 5-trimethviocta-1,7-dien-4-0l as a colorless oil.

by To a 250mi! single-neck round-botiomed flask was added above product, dissolved in
toluene (20 mi), and Zhan Catalysi-1B (CAS 918870-76-5; 0.346 g, 0.471 mmol) under Ar
atmosphere. The reaction was heated to 80 °C for 1h. Then, the solvent was evaporated
and the residue purified by chromatography on silica gel (hexane | MTBE = 100:1) and
distiled bulb-to-buib to give 5.0 g of 2,6 8-trimethyicyclohex-3-enol (syn/anti isomers in a

ratio of 58 : 42) as a coloriess oil.

¢} To a solution of methyimagnesium bromide (7.84 mi, 23.53 mmoil} in THF (20 mi} was
added 2 6 6-trimethylcyciohex-3-encl {(syr/anti isomers in a ratio of §8 © 42, 3.00 g, 21.4
mmol) dropwise at -10 °C under argon atmosphere. Then, (E)-but-2-enoy! chioride (3.35 g,
32.1 mmol) was added slowly at this temperature. The mixiure was stirred for 1h at room

temperature, poured onto water (100 mbL) and extracted with MTBE (2 x 100 mL). The
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combined organic layers were dried (MgS8Q,) and concentrated in vacuo. The residue was
purified by chromatography (silica gel, hexane | MTBE = 100:1) and Kugelrohr distiliation
o (C.13 mbar, 83 °C) to give (18*,25%)-2,6 6-trimethylcyclohex-3-en-1-yl (E)-but-Z-enoate
(1.00 g 22%) and (18* 2R%)-2,6 6-irimethylcyciohex-3-en-1-yl (E)-but-2-enocate (0.5 g,

119%), both as colorless oils.

(18*,25%)-isomer; 'H NMR (300 MHz, CDCly) 8 ppm 6.96 (dg, J = 15.7, 7.0 Hz, 1 H) 5.87
(da, J= 15.7. 1.6 Hz, 1 H) 5.65 (dddd, J = 10.1, 5.0, 2.4, 2.4 Hz, 1 H) 5.34 (br d, J = 10.1
Hz, 1 H) 4.87 (d, J= 3.6 Hz, 1 H) 2.45 - 2.56 (m, 1 H) 2.08 (br dd, J = 17.5, 3.0 Hz, 1 H)
1.87 (dd, J=7.0, 1.6 Hz, 3H) 1.68 (br dd, J= 17.5, 4.4 Hz, 1 H) 0.95 (s, 3H) 0.93 (d, J =
7.2 Hz, 3H) 0.87 (s, 3H). C NMR (75 MHz, CDCly) & ppm 166.7 (s) 144.4 (d) 128.4 (d)
125.2 (d) 122.9 (d) 77.5 (d) 34.9 {t) 33.5 (s) 31.6 (d) 27.1 (q) 24.9 (q) 17.9 (q) 16.1 (q).

GOMS (E1): 208 (M7, < 1), 140 (42), 122 (27), 107 (31), 81 (8), 68 {100), 55 (5).

(15* 2R*)-Isomer: 'H NMR (300 MHz, CDCly) 8 ppm 7.00 (dg, J = 15.3, 6.8 Hz, 1 H) 5.89
(dg, J=15.3, 1.5 Hz, 1 H) 5.48 - 5.56 (m, 1 H) 541 (d, J= 9.8 Hz, 1 H) 4.70 (d, J= 9.4 Hz,
1 H) 2.33-2.23 (m, 1 H) 2.14-2.04 (m, 1 H) 1.90 (dd, /=68, 1.5 Hz, 3H) 0.96 (d, J=7.0

Hz, 3H) 0.95 (s, 3 H), 0.88 (s, 3H). "°C NMR (75 MHz, CDCL) 5 ppm 166.6 (s) 144.4 (d)
130.4 (d) 124.6 (d) 122.9 (d) 81.1 (d) 40.2 (1) 34.0 (s) 33.9 (d) 27.2 (§) 20.0 (@) 18.1 (@)

17.9 (). GC/MS (EI): 208 (M7, < 1), 140 (41), 122 (25), 107 (28), 91 (8), 69 (100), 55 (5).

Odor (18*,28")-1somer: fruity green, damascone, stronger than the (18%,2R*) derivative

Odor (1&*,2R*)-isomer. weaker, fruity, slightly crotonic

Example 7: (1R* 28* 6R*)-2 6-Dimethylcyclohex-3-en-1-yl (£)-but-2-enoate

a) Sodium borohydride (0.18g, 5.13 mmol) was added fo a solution of 26
dimathyleyciohex-3-enone {0.91g, 7.33 mmol, mbdure of isomers) in methano! (20 mi). The
temperature was kept at 30°C by means of a water bath. After 1h, the mixture was poured
into diluted HCI (20 mi, 2 M) and exiracted twice with MTBE (40 mi). The combined
corganic phases were washed with water (40 mi} and brine (40 mi), dried (Mg30,) and

concentrated in vacuo to yield a colorless clear oil (0.41g) which was purified by
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chromatography over silica gel (hexane:MTBE = 84:18) fo afford 0.22g of a coloriess oil
from which (1R* 23% 8R*}-2,8-dimethyicyciohex-3-en-1-ol (0.13 g) solidified in form of

colorless crystals which were used directly in the next step.

b} A solution of (1R*25% 6R*)-2,8-dimethyicyciohex-3-en-1-ol (0.13g, 1.30 mmol) and a
spatula fip of 1,10-phenantroline in THF (20ml) were cocled to -10°C. Then, 0.7mi
buthyilithium (1.8M in hexane) were added (the temperature rose to -5°C and the color
changed from yellow {0 dark brown). The mixiure was stirred for 10min, followed by
addition of crotonyl chloride {0.13g, 1.13 mmol). After completed addition, the cooling bath
was removed and the mixture was stirred for 30min and poured into ag. HCI (20 mi, 2M)
and extracted two times with MTBE (20 mi}. The organic layer was washed with water (20
mi) and brine (20 mi), dried over MgS0, and evaporated in vacuo to yield 0.27¢g of an clear,
vellow liquid which was purified by a flash chromatography over silica gel (hexane / MTBE
50:1) to vield (1R* 28* 6R*)-2,6-dimethylcyclohex-3-en-1-yl {(E)-but-2-encate (0.11 g, 55%)
as a colorless oil.

"H NMR (600 MHz, BENZENE-ds) 8 ppm 6.9 (dg, J = 15.4, 6.9 Hz, 1 H) 5.8 (dg, J = 15.4,
18 Hz, 1H) 5.7 (ddt, J= 102, 5.0, 2.8, 26 Hz, 1 H) 5.3 - 5.3 (m, 2 H) 2.26-2.20 (m, 1 H)
1.96-1.89 (m, 1 H) 1.82-1.76 (m, 1 H) 1.67-1.61 (m, 4 H) 1.29 (dd, J= 6.8, 1.9 Hz, 3 H) 1.0
(@, J=7.2Hz, 3H) 0.9 (d, J=68Hz 3 H). “C-NMR (151 MHz, Cele) 5 ppm 166.2 (5)
144.0 (d) 129.8 (d) 126.1 (d) 123.3 (d) 73.6 (d) 35.5 (d) 32.8 (d) 29.3 (t) 18.3 (o) 17.4 (q))
16.6 (q). GC/MS (EI):18.3 (g, 2C) 17.9 (q). GC/MS (EI): 194 (M, 1), 126 (9), 108, (48), 93
(21), 81 (8), BY (100), 55 (7), 41 (18).

Odor: pleasant apple, plum jam, creamy, damascenone

Example 8: (1s* 2R* 58*)-2,5-dimethyicyclopentyl (£)-bul-Z-enoate + sterecisomers

G N

a) Dimethyl carbonate (224.8 g, 2.5 mol} was added to a suspension of sodium hydride
{60% in o, 125 g, 3.11 mol) in THF {500 mi) and the resulting mixiure was heated to reflux
and treated dropwise within 1.5 h with a solution of 98% pure Z-methyl cyclopentanone
(100g, 1 mol) in THF (500 mi}. The resulting mixture was stirred at reflux for 45 min, cocled

to 5°C, and treated dropwise within 1 h with an agueocus solution of 3M AcOH (1 1). The
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mixiure was then acidified fo pH 1 by addition of conc. HCl and the resulting mixture was
freated with ag. sat. NaCl soln. (0.5 1} and extracted with MTBE (1 1}. The water phase was
extracted twice with MTBE (0.5 1} and the combined organic phases were washed with
brine, dried (MgS0Oy) and concentrated. The crude product (233 g, yellow oll) was purified
by shori-path distillation (0.1 mbar; oil bath temperature: 100°C, boiler temp: 85°C, head
temp: 80°C) leading to 3-methyl-2-oxo-cyclopentanecarboxylic acid methyl ester (162 g,

quant., colorless oil, ratio of diastereomers = 48:52).

by A mixiure of 3-methyl-2-oxo-cyclopentanecarboxylic acid methyl ester (10g, 0.064 maol),
methyi iodide (27.2g, 0.182 mol), and potassium carbonate {35.4g, 0.256 mol) in acelone
(100 mi) was refluxed for 1 h, cooled to 20°C, poured into 2N HCl/ice and exiracted twice
with MTBE (100 mi). The combined organic phases were washed with brne, dried (MgS0,),
and concentrated affording crude 1,3-dimethyl-2-oxo-cyclopentanecarboxylic acid methyl

ester (9.4 g, yeliow oil, 89% yield over 2 sieps, 1.2 mixture of diastereomers).

¢y A mixture of 1,3-dimethyl-2-oxo-cyclopentanscarboxylic acid methyl ester (9.4 g, 0.055
mol), acetic acid (130 mi), conc. sulfuric acid {35 mi) and water (50 mil) was refluxed for
1.25 h, cooled fo 20°C, poured over 2N NaQOH/ice and exiracted three fimes with diethyl
ether (200 mi}. The combined organic phases were washed with brine, dried (MgSQ,), and
concentrated. The crude product (5.8 g, orange oily was purified by Kugelrohr distiliation
(80°C, 24 mbar) yielding 2,5-dimethylcyclopentanone (4.2 g, colorless oil, 68% vield, §1%

yield over 3 steps, cisffrans ratio = 1.2},

d) AL 0°C, a solution of 2 5-dimethylcyclopentanone (4.2 g, 0.0374 mol) in ethanol (25 mi)
was added dropwise to a mixture of NaBH, (1 g, 0.0262 mol) in ethanol (25 mi). The
resulting mixture was stirred for 2 h, poured over 2N HCVice and exiracted three times with
diethyl ether (100/50/5C mi}. The combined organic phases were washed with brine, dried
(MgSQy), and concentrated to vield crude 2,5-dimethyicyclopentanol (5.0 g, colorless oil,

mixture of isomers = 23:9:68).

Maijor isomer (88%, cis trans): 'H-NMR (400 MHz, CDCL) & ppm selected signal 3.60 (dd,
J=42 57 1H). *C-NMR (100 MHz, CDCL) 5 ppm 82.2 (d) 41.3 (d) 37.1 (d) 30.8 () 30.7

(1) 19.4 (q) 14.0 (o). GC/MS (E1): 114 (M™, 23), 99 (4), 96 (14), 81 (37), 71 (100), 58 (70),
57 (89), 43 (27), 41 (23), 28 (10).

Second major isomer {23%, trans,trans) 'H-NMR (400 MHz, CDClL) 8 ppm selected signal
3.03 (¢, J =82, 1 H). "C-NMR (100 MHz, CDClL) 8 ppm 86.8 (d) 41.8 (d) 29.2 () 18.2 (q).
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GCMS (ED: 114 (M7 27), 99 (4), 96 (14), 81 (36), 71 (100), 58 (70), 57 (87), 43 (29), 41
(22), 29 (10).

Minor isomer (9%, cis,cis): 'H-NMR (400 MHz, CDCh) & ppm selected signal 3.74 (t, J =
3.8, 1 H). "C-NMR (100 MHz, CDCly) 3 ppm 78.9 (d) 39.9 (d) 30.2 {8 14.3 (). GC/MS (El):

114 (M1, 22), 99 (5), 98 (15), 81 (36), 71 (100), 58 (B8), 57 (88), 43 (27), 41 (24), 28 (11).

&) A solution of crude 2,5-dimethylcyclopentanol (5.0 g, 0.0374 mol max.) and DMAP (0.46
g, 3.7 mmoly in cyciohexane (100 mi) and pyridine (592 g, 7.5 mmol} was treated
dropwise with crotony! chioride (8.5 g, 56.2 mmol, 80% purg). The resulting mixiure was
stirred for 5.5 h at 20°C, poured over aq. sat. NaHCOy/ice and extracted three times with
MTRE (200/100/100 mi). The combined organic phases were washed with 2N HCI, water,
brine, dried (MgSQy), and concenirated. Flash chromatography (SIi0,, hexane:MTBE 30:1)
followed by Kugelrchr distillation (bp: 70°C, 0.06 mbar} of the crude product gave 2,5-
dimethylcyclopeniyl (E)-but-2-enoate (2.1q, coloriess oil, 31% yield over 2 steps, mixiure of
isomers = 20:74:6).

(28* 58*)-2,5-dimethyloyclopentyl (E)-but-2-encate (cis trans; 74%); "H-NMR (400 MHz,
CDCL) © ppm selected signals 8.95 (dg, J= 154,69 Hz, 1 H) 585 (dg, J= 154, 1.8 Hz,
1H)4.71(dd, J =43, 61Hz, 1H) 187 {dd, J= 1.8, 8.8 Hz, Me) 1.02 (d, J = 7.1 Hz, Me),
0.90 (d, J = 6.8 Hz, Me). *C-NMR (100 MHz, CDCl,) & ppm 166.5 (s) 143.9 {d) 123.1 (d)

83.9 (d) 39.4 (d) 36.1 (d) 31.7 (1) 31.1 () 19.2 (@) 17.9 (@) 14.3 (q). GC/MS El): 182 (M~
<1), 187 (<1), 153 (<1), 113 (2), 96 (21), 81 (20), 69 (100), 55 (11), 41 (16).

{1s* 2R* 55%)-2 5-dimethylcyclopenty! (£)-but-Z-enoate (cis,cis; 6%); "H-NMR (600 MHz,
BENZENE-d;) D ppm 6.95(dg, J= 154,88 Hz, 1H) 883 (d, J=154Hz, 1H) 537 ({, J=
41 Hz, 1 H) 1.80-1.88 (m, 2 H) 1.57-1.77 (m, 2 H) 1.39-1.46 (m, 2 H) 1.33 (d, J = 6.8 Hz,
3H)0.98 (d, J = 6.8 Hz, 6 H). “C NMR (150 MHz, BENZENE-d;) & ppm 1659 (s) 143.7 (d)
123.3(d)80.3(d) 393 (d, 2C)31.3(,2C)17.5(q) 14.9 (g, 2 C). GC/MS (ED): 113 (M™-
CaHs0, 4), 86 (20), 81 (18}, 69 (100), 55 (12), 41 (20).

(1r* 2R* 58%)-2 5-dimethylcyclopentyl (E)-but-Z-enoate (trans,trans; 20%): H-NMR (800
MHz, BENZENE-di) D ppm 895 (dg, V= 154,68 Hz, 1 H) 585 (brd, J= 154 Hz, 1 H)
471, J=72Hz, THY204-197 (m, 2H} 184 -171(m, 2H) 138 {brd, /=6.8 Hz, 3 H)
1.04 (d, J = 7.2 Hz, 8 H). "C NMR (101 MHz, CDCl;) 8 ppm 166.2 (s} 143.9 (d) 123.5 (d)
86.9 (d) 405 (d, 2 C) 304 (t, 2 C) 18.5 (g, 2 C) 17.5 (q). GC/MS (El): 113 (M-C,H:0, 4),
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96 (20), 82 (18), 69 (100), 55 (12), 41 (20). GC/MS (El): 113 (M*-C.Hs0O, 3), 96 (26), 81
(27), B9 (100), 55 (11), 41 (18).

Odor of the mixture of isomers (20:74:6); fruity, damascone-like, plum; the odor of the all-
syn isomer (8% of the mixture) was evaluated by GC-Snifft fruity, natural, apple,
damascone-like.

Example 9. rac-(18* 2R* 85%)-2,6-dimethylcyclohexyl 3-(decylthio}outanoate

O S N
Ty
To the solution of 1-dodecanethiol (9.8 g, 48.4 mmol, 0.95 equiv.) and (1s* 2R* 65*)-2,6-
dimethylcyciohexyl (E)-but-Z-enoate (10.0 g, 51.0 mmol 1.0 equiv.}) in THF (100 mL} was
added dropwise the solution of BBU (1,8-DiazabicycloUndec-7-ene, 7.76 g, 51.0 mmol, 1.0
equiv.) in THF (50 mL). The resulting mixture was stirred during 22 h at RT, then poured
on icecold 2 M aqg. HClksolution (100 mb). The product was extracted with MTBE and the
organic layer washed with water and brine and dried over MgSQ,. The crude product
obtained after removal of the sclvents was purified by flash chromatography on SiC;
(hexane/MTBE 100:1) to  vyield rac-(1s5* 2R* 65*)-2 6-dimethylcyclohexyl 3-

{decyithio)butanoate {colouriess oil, 8.87 g, 48%).

"H-NMR (400 MHz, CDCl) 8 ppm 0.83 - 0.92 (series of s, 8 H), 1.19 - 1.25 (m, 3 H), 1.27
(br. s, 12 H), 1.29- 1.34 (m, 7 H), 1.36 (d, J=B.6 Hz, 3H), 1.38 - 1.46 (m, 1 H), 1.54 - 1.69
(m, 4 H), 1.70 - 1.78 (m, 1 H), 2.44 - 2.52 (m, 1 H), 2.54 - 2.59 (m, 2 H), 2.67 - 2.74 (m, 1
H), 3.16 - 3.32 (m, 1 H), 5.07 (5, 1 H). "C-NMR (101 MHz, CDCl3) 5 ppm 14.12 (q), 18.44
(2q), 21.51 (g), 22.69 (1), 25.75 (2 1), 28.56 (1), 29.03 (1), 29.25 (1), 29.35 (1), 29.53 (1), 29.60
(1), 29.64 (1), 20.65 (1), 29.69 (1), 30.67 (8, 31.92 (1), 36.06 (d), 36.23 (d), 36.26 (d), 42.50
(1), 76.92 (d), 171.58 (). EI-MS (70 ev). 398 (M+, 6), 287 (33), 229 (14), 201 (100}, 111
(48), 87 (9), 69 (49), 55 (26), 41 (19).

Example 10: Selective stability to enzymatic hydrolysis of compounds of examples 13

Enzymes of the nasal cavity are not easily available, but the nasal cavity contains similar

enzymatic activities as found in the liver, namely carboxylesterases (J.L. Lewis, K.J. Nikulg,
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R. Novak, AR. Dahl, Anat Rec 1894, 238). Therefore the different compounds of
examples 1 - 3 were compared for enzymatic hydrolysis using human liver microsomes.
Chemicals were dissolved to a final concentration of 100 uM in a total volume of 600 ul of
phosphate buffer (100 mM, pH 7.4, containing 1.15% potassium chioride and 1 mM of
EDTA). 58 fractions from humans at a final level of 0.1858 mg/mi were added (Coming®
Gentest™ Human Liver 39 Pooled Donors, 20mg/mL protein content, Product #452981)),
Lot 22877,). As control experiment, equal levels of heat inactivated S8 fractions (incubated
for 10 min at 89°C) were added to parallel samples. The samples were incubaled for
different time periods and then mixed in 2 mi glass vials with 300 ul of Methyi-tert-
butylether (MTBE) containing as internal standard 1 ppm of dodecane. Samples were
extracted on a vortex mixer for 20 s, and then ca. 200 ul of the supernatant was
transferred to conical GC vials and concentrated under a stream of nitrogen. 1 yi of these
concentrated exiracts were then injected with a splitless injection into an Agilent GC
6890N gas chromatograph equipped with a flame-ionisation detector. The following GC
conditions were applied: Column: Rb-5; 30 m length x 0.32 mm internal diameter x 0.25
um film thickness; Carrier gas: Hydrogen; Column flow: 2 mi,; Initial temperature of 60°C
held for 2 min, subsequent linear gradient with 10°C per minute up to a temperature of
240°C. The peak of the test compound {parent) and the peak of potentially released
alcohols after ester hydrolysis were inlegraled and compared to synthetic reference
standards. To determine calibration curves, dilutions of the fest chemicals or of the
poientially released alcohols were added o heat inactivated 59 fraction and extracted,
concentrated and analysed as described above. All concentrations (in test samples and
calibration curves) were delermined by normalization (o the internal standard. Figure 1
shows the enzymatic stability in human liver 88 fractions of the compounds of example 1 —
3. This graph indicates both the degradation of the parent ester and the release of the

corresponding alcohol, both in heat inactivated and in active 59 fractions.

For compound in Example 1, no significant cleavage (< 3%) was observed, while Example
2 is compistely hydrolysed by active 59 fractions and Example 3 is significantly cleaved
(15%). No cleavage in heat inactivaied samples was observed clearly showing that

cleavage is due o enzymatic hydrolysis.

Example 11, Skin sensilization test of compounds 1 and 8a in comparison with B-

Damasconeg in a cell-based assay
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Compounds were tested using the commercial KeratinoSens™ assay for skin sensitization.

The KeratinoSens™ test compares the potential skin sensitization risk of chemicals. The
KeratinoSens™ cell fine contains a stable insertion of a Luciferase gene under the control
of the ARE-element of the gene AKR1C2 and induction of luciferase is indicative of skin
sensitization potential (R. Emter, G. Ellis, A. Natsch, Toxicol. Appl. Pharmacol. 2010, 245,
281-290). The assay was performed as described by the OECD test guideline 442d.
KeratinoSens cells were grown for 24 h in 96-well plates. The medium was then replaced
with medium containing the test chemical and the solvent dimethylsulfoxide (DMS0O) at a
final level of 1%. Each compound was tested at 12 binary dilutions in the range from .88
to 2000 uM. Cells were incubated for 48 h with the fest agents, and then luciferase activity
and cytotoxicity were determined. This full procedure was repeated three times for each
chemical. For esach chemical in each repstition and at each concentration, the gene
induction compared to DMSO controls and the wells with statistically significant induction
over the threshold of 1.5 (i.e. 50% enhanced gene activity) were determined. Furthermore,
the maximal fold-induction (imax) and the EC1.5 value (concentration in yM for induction
above the threshold) were calculated. Chemicals are rated as positive (i.e. likely skin-

sensitizers) in the assay if the following three criteria are fulfilled:
B £C1.5 value is below 1000 pM.

(i At the lowest concentration with a gene induction above 1.5 fold, the cellular

viahility is above 70%.

(i} There is an apparent overall dose-response for luciferase induction, which is similar

between the repetitions.

{1s”,2R* 65*)-2 8-dimethylcycichexyl (£)-but-2-encate, the compound of Example 1, and
(187 2872 .8 g-trimethyicyclohex-3-en-1-yl {E)-but-Z-enocate, the compound of Example 83

were compared with B-Damascone.

Figure 2a shows the gene-induction and cell viability curves for B-Damascone and Figure
2b the corresponding data for compound of Example 1, in which the black diamonds
indicate the induction of the luciferase aclivily and the open squares Celiular viability,

respactively.

The compound of Example 1 does not induce luciferase activity above the 1.5-fold
threshold, and is thus rated as non-sensitizing by this assay. B-Damascone on the other

hand clearly induces the luciferase gene already at a concentration of 4.5 micromolar,
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indicating it is a significantly sensitizing compound. These resulis show that Example 1 can
be used in perfume formulations for reduced sensitization risk to the consumer. Similar

data have been obtained for the compound of Example 6a.

Table 1 shows the resulis of compounds according to this disclosure, as compared with B-
Damascone. The maximal gene induction was below the threshold of 1.5-fold for the

inventive compounds, while the maximal gene induction was at 28.8-fold for B-Damascone.

Table 1
Imax {fold | Concentration for | Concentration for
maximal gene | 1.5-fold gene | 50% Cytotoxicity
induction) induction (EC 1.5 | (in uM)

in W)

g-Damascone 28.8 4.5 58.73

Compound of Example 1 | 1.25 No induction 88.9

Compound of Example { 1.13 No induction 894

Ba

Example 12: Skin sensitization test of compound 1 in comparison with Damascones in a

peptide reactivily assay

A second method to determine aillergenic poieniial of chemicals is the DPRA direct peptide
assay (OCECD TG 442¢). it is based on the fact that allergenic chemicals must react with a

peptide/protein in order to be immunogenic.

A peptide reactivily assay (A. Natsch, H. Gleller, Toxicol. Sci. 2008, 1068, 464-478) was
conducted similarly to the DFPRA assay, but including a kinetic measurement to guantify
reactivity: The test chemicals were dissoived to a final concentration of 4 mM in acetonitrile
and 250 i of this solution were added to 2 mi HPLC vials. The test peptide Cor1C-420
with the sequence Ac-NKKCDLF (Genscript Inc., Piscataway, NJ, USA), was dissolved at
0.133 mM in 20 mM phosphate buffer at pH 7.5, and 750 ul of this solution were added to
each iest vial (final concentrations: 1 mM of test chemical and 0.1 mM of peptide in 25%
acelonitrile; ratio 1:10 as in the DPRA assay). The samples were incubated for 1-24 h at
37°C and at regular intervals they were analysed by LC-MS analysis on a VELOS PRO
Mass spectrometer (Thermo SCIENTIFIC, San Jose, CA, U.S.A.) operated in the ESI(+)

mods,
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Mass specira were recorded from 200-2000 amu. A ZORBAX Eclipse XDB-C18 column,
2 0mm 1D, 150mm, 5-Micron {(Agilent Technologies) was used. The mobile phase
consisted of H20 (A} and methanol (B) each containing 0.1% formic acid {(v/iv}). The solvent
flow was 250ul/min and the following gradient (ratio A: B) was used: 0 min, 85:5; 2 min,
40:60; 10 min, 2:98; 12 min, 2:88. The integration was performed with Xcalibur Quan

Browser™.
Two endpoints are measured with this assay:

a) Depletion of the parent peptide (Figure 3): The mass of the protonated parent peptide is
measured and the corresponding peak integrated (% deplstion). Depletion of the parent

peptide is indicative of reactivity and is described as endpoint in OECD guideline 442¢.

by Formation of modified peptides (Figure 4): The specific ion trace for a new adduct with
the mass of the test chemical added 1o the {est peplide is exiracted, and the peak of the
peptide-adduct is integrated. Peplide adduct formation is a particular sensitive endpoint to

determine reactive, and thus allergenic nature of compounds.

Figures 3 (peptide depletion) and 4 {adduct formation on a logarithmic scale) compare the
peptide reactivity of two commercial damascones with the compound of Example 1
(“Example 17). After 1 h, Example 1 produces >100 lower levels of peptide adducts as
compared to Damascone deltaTM and Damascone gamma, indicating a dramatic and
unexpected reduction of reactivity (and thus allergenicity) for Example 1. Peptide depletion
indicates complete consumption of the peptide by Damasconss, while only < 10% is

consumed as compared o controls for the Examplel.

Example 13. Perfume Example 1. A freshly cul ginger root perfume for shampoo

application {0.5% in Shampoo base)

CAS-No. Compoundfingredient parts by weight
150-84-5 ACET CITRONELLYLE 80

105-87-3 ACET GERANYLE SYNT 20

112-31-2 ALD C 10 DECYLIQUE 3

507-70-C BORNEOL CRYSTALS 10

5382-40-5 CITRAL LEMARCME N 100

88917-33-9 CITRON TERPENES w/o CITRAL 100

65405-70-1 DECENAL-4-TRANS 1
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8023-89-0 ELEMI ESS 30

10338-55-6 ETHYL LINALOL 40

470-82-6 EUCALYFTOL NATURAL 20

106-24-1 GERANIOL 980 120

24851-98-7 HEDIONE 300

g7-54-1 ISCEUGENOL 20

78-70-8 LINALCOL SYNT 100

68855-99-2 LITSEA CUBEBA ESS CHINE 15

67674-46-8 METHYL PAMPLEMQOUSSE 30

121-33-5 VANILLIN @10% TEC 1

R1 F2 F3

DIPROPYLENE GLYCOL 30 0
Compound A 0 30
Compound B C g 30

1000
Compound A: (1s* 2R* 85%)-2 B8-dimethylcyciohexyl (E}-but-2-enocate

Compound B: mixture of (18* 2R* 85*}-2,6-dimethylcyclohexyl (£)-but-2-enoate,
(2R* B6R*)-2,6-dimethyleyclohexyl (E)-but-2-encate and (1r*,2R* 65)-2,6-
dimathvicyciohexyl (£)-but-2-enoate in a ratic of 72:.18.8.

The reference accord R1 comprising dipropylene glycol {DPG), but no compounds A or B
gives a freshly cut ginger root impression, mainly through a citrus citral freshness
combined with aromatic elements. Formula F2, wherein DPG is replaced by compound A,
softens the sharp citral freshness with a juicy natural fruityness, damascone like characier
that complements nicely the accord and reinforces the natural ginger root connotation.
Formula F3, wherein DPG is replaced by compound B, does also cover the sharp citral
freshness, but adds a green chemical plastic and dusty connotation, which is not pleasant

and natural anymore.

Example 14: Perfume Example 2: A fruity plum, red berry perfume for shampoo application,

{0.5% in Shampoo base)

CAS-No. Compound/ingredient parts by weight
123-86-4 ACET BUTYLE 15
103-54-8 ACET CINNAMYLE 20
21722-83-8 ACET CYCLOHEXYLE ETHYLE 15
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105-87-3 ACET GERANYLE SYNT 30
3681-71-8 ACET HEXENYLE-3-CIS 1
142-92-7 ACET HEXYLE 25
100-52-7 BENZALDEHYDE @10% TEC 6
10094-34-5 BUTYRATE DIMETHYL BENZ CARB 440
123-68-2 CAPRONATE ALLYLE 2
706-14-9 DECALACTONE GAMMA 3
106-24-1 GERANIOL 980 15
8013-80-9 IONONE BETA 30
103-60-8 ISOBUTYRATE PHENOXYETHYLE 300
78-70-6 LINALOL SYNT 30
118-71-8 MALTOL LG CRIST 1%/AB 10
7452-79-1 METHYL-2-BUTYRATE ETHYLE 3
104-87-8 PECHE PURE 10
104-61-0 FRUNOLIDE 4
5471-51-2 RASPBERRY KETONE (N112) 10
121-33-8 VANILLIN 1
R4 F5 F8
DIPROPYLENE GLYCOL 30 0 0
Compound A 30
Compound B 8 30
1000

Compound A: (1s%,2R* 65%)-2,6-dimethylcycichexyl (£)-but-2-enocate

Compound B: mixture of (1s*,2R*,65"%})-2,6-dimethylcyclohexyl (£)-but-2-enoate,

(2R* BR*)-2 B-dimethylcyclohexyl (£)-but-2-encate and (1r* 2R* 85%)-2 6~
dimethylcyciohexyl (E)-but-2-enoate in a ratio of 72:18:8.

The reference accord R4 comprising dipropylene glycol {DPG), but no compounds A or B
represents a fruity berry combo, mainly between plum and raspberry. Formula F5,
containing compound A instead of DPG, shifts the juicy pear freshness {o a harmonized
plum berry juiciness, having a natural and edibie effect. Formula Fé, wherein DPG is
replaced by compound B, moderates the pear like freshness, but adds a green chemical

plastic dusty character and became unpleasant and not natural,
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Claims:

1. A compound of formuia |

formula |

wherein Ry, Ry, K3 and R can be independently selected from H or Me,

n=40 1,

the dotted lines are indicating single bonds, or in case n = 0 an isolated double
bond at position 3', or incase n= 1 an isclated double bond at position 3’ or 4,

and the wavy bond is indicating an unspecified configuration of the adjacent double
bond.

2. A compound according to claim 1 selecied from the group consisting of
(1s*,2R* 65%)-2 B-dimethylcyclohexyl (E)-but-2-enoate,
(18*,2R* 65%)-2 6-dimethylcyclohexyl {£)-2-methyltbui-2-encate,
(1R* 25* 6R*}-2-ethyl-8-methylcyclohexyl (£)-bul-2-enoate,
(15*,28%)-2,86,8-rimethylcyclohex-3-en-1-yt (£)-but-Z-enoate,
(1R* 25* 6R*}-2 8-dimethylcyciohex-3-en-1-yl (E)-but-2-enoate and
(1s*,2R*,557)-2, 5-dimethylcyclopentyl (£)-but-2-enocate.

3. Use of a compound of formula |

formula |

wherein Ry, R, Rs and R, can be independently selected from H or Me,
n=40 1,
the dotted lines are indicaling single bonds, or in case n = 0 an isolated double

bond at position 2' or, in case n= 1 an isclated double bond at position 3’ or 4,

26



WO 2017/139920 PCT/CN2016/073855

and the wavy bond is indicating an unspecified configuration of the adjacent double
bond

as a fragrance ingredient.

4. A fragrance composition comprising a compound according to claim 1, or a mixture
thergof.
5 A fragrance composition according 1o claim 4 comprising at least one other

fragrance ingredient.

8. A consumer product comprising a compound according to claim 1 or a fragrance

composition according o claim 4, and a consumer product base.

7. A consumer product according to claim 5 selected from fine perfumery, household

products, laundry products, body care products, cosmetic and air care producis.

8. A method of improving, enhancing or modifying a consumer product by means of
addition thereto of an oifactory acceptable amount of a compound of formula | as

defined in claim 1.

a. A precursor capable of generating a compound according to formula (1) as defined

in claim 1, having the formula (i)

formula Hi

i which

R4, Rz, R; and R, can be independently selected from H or Me,

n=40 1,

the dotted lines are indicating single bonds, or in case n = 0 an isclated double
bond at position 3', or in case n = 1 an isclated double bond at position 3' or 4,

the substituents at the ring sysiem are having an all-syn relationship, and

in which X is selected from SR°, NHR® and NR°R’, R®, R® and R’ being selected
from linear or branched C4-Cys alkyl, a C3—Cy cycioalkyl or an aryl substituent, both

optionally substituted with linear or branched C,~C; alkyl groups or, in the case of
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10.

11.

NR°R’ R® and R, together with the nitrogen atom to which they are attached, form

part of a polymeric entity.

A method of providing in a fragrance application a compound according o claim 1,

comprising

{D) preparing a precursor according to claim 9;
(i} adding the precursor to an application; and
(i} subjecting the application to conditions that will result in the generation of a

compound according to claim 1.

Use of a precursor according to claim 8 for the in situ generation of a compound

according to claim 1 in a fragrance application.
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