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ABSTRACT
Damascone, a precious natural fragrance primarily isolated from rose essential oil, is widely distributed in the fowers, leaves, or
essential oils of various aromatic plants such as Rosa damascena, Osmanthus fragrans, Camellia sinensis, and Viola odorata. It
exerts distinctive olfactory notes reminiscent of rose, strawberry, apple, and fresh sweet forals and serves as a key aroma
component in numerous food matrices. Owing to its unique sensory profle, damascone is extensively employed in the favor and
fragrance industries. This review systematically summarizes and evaluates the synthetic routes toward α-damascone and β-
damascone—the most widely used compounds of the damascone family—from an industrial-application perspective and critically
analyzes emerging synthetic strategies, ofering insights into future research directions.

1 | Introduction

Damascone, also known as dihydrodamascene [1], with the
molecular formula C13H20O, is a colorless to pale yellow liquid
compound [2]. It is recognized as a safe food favor by the Flavor
and Extract Manufacturers Association of the United States.
Initially discovered by the fragrance chemists Ohlof and Demole
from Firmenich in the 1960s and 1970s [3, 4], damascone was
isolated from Bulgarian rose essential oil. Depending on the
position of the double bonds in their chemical structures,
damascone can be categorized into several isomers, including α-
damascone, β-damascone, δ-damascone, γ-damascone, and
damascenones [5]. Damascone compounds are closely associated
with the food industry, with studies indicating that they serve as
primary contributors to the foral aroma in various wine varieties
[6]. They are also recognized as one of the key volatile com-
pounds responsible for the foral scent in green tea [7, 8].
Currently, the most signifcant application of damascone-type
fragrance compounds lies in the cosmetics and perfumery

industries [9, 10]. Their core functions include providing a rich
and layered aroma, masking unpleasant odors, adding a sweet
and mellow feel, and creating a natural atmosphere.

Due to its extremely low natural content in plants [11, 12],
damascone is difcult to produce on a large scale through plant
extraction, resulting in high costs and limited availability in the
favor market. Therefore, the synthesis of damascone through
artifcial methods has become an essential alternative. Since the
1960s and 1970s, researchers from Firmenich have conducted
extensive studies and developed synthetic processes for dam-
ascone fragrances, which have been successfully commercial-
ized. As a result, Firmenich has become the primary global
supplier of damascone fragrances. However, due to commercial
considerations, the company’s synthetic processes remain highly
confdential and have not been publicly disclosed.

The demand for damascone fragrances has been increasing
annually [13]. However, due to their high thermal sensitivity and
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the close relationship between aroma and product purity, even
minor impurities can afect the fragrance. Therefore, the pro-
duction and purifcation technologies are highly complex.
Currently, other than Firmenich, only a few companies are
capable of producing these fragrances, and their production
technologies are relatively outdated. Thus, exploring a synthetic
route with large-scale production potential is of great
signifcance.

To date, several synthetic routes for damascone fragrances have
been reported by scientists worldwide, with continuous im-
provements in synthetic methods. This review, from the per-
spective of industrial application, provides a detailed strategic
analysis and summary evaluation of the industrially potential
synthetic routes for α-damascone and β-damascone, which are
the most widely used in damascone fragrances. α-Darnascone
exhibits a foral-fruity, green, apple-like odor, accompanied by
a harsh camphoraceous cork note, whereas β-damascone pres-
ents a foral-woody, slightly tobacco-like aroma [14]. α-
Damascone 1 and β-damascone 2 are isomers of each other.
Their chemical structures are shown in Figure 1. Theoretically, α-
damascone and β-damascone can be transformed each other. α-
Damascone contains a chiral carbon atom in its structure,
thereby existing as two chiral enantiomers, namely, (S)-(−)-α-
damascone and (R)-(+)-α-damascone. Due to the higher syn-
thetic cost of chiral α-damascone and its absence in commercial
applications [14], the synthesis of enantiomeric α-damascone is
not covered in this review. Interested readers are referred to the
relevant literature [15–21] for further details.

This paper is divided into three main sections: Section 2 and
Section 3 describe the distinct synthetic routes and methods for
α-damascone and β-damascone, respectively, while Section 4
summarizes the synthetic strategies applicable to both com-
pounds. The frst two sections are primarily intended for sci-
entists with research interests in the synthesis of damascone-
based fragrances, whereas Section 4 is targeted at those focused
on developing novel synthetic strategies for natural products.
Section 5 provides an evaluation of the current synthetic strat-
egies and ofers valuable insights into the design of more efcient
and optimized synthetic routes.

2 | Synthetic Routes for α-Damascone

The chemical structure of α-damascone mainly consists of
a trimethylcyclohexene core and a butenone side chain. The
synthesis of α-damascone is mainly focused on the construction
of these two parts. The reported synthetic routes mainly include
the following strategies: (1) using compounds with a cyclohexene
core as raw materials to synthesize target compounds through
side-chain structural modifcations, (2) constructing the cyclo-
hexene core through a Diels–Alder reaction, and (3) obtaining

the trimethylcyclohexene core by catalytic cyclization of 2,6-
disubstituted dienes. The construction of the four-carbon side
chain is mainly achieved through nucleophilic addition re-
actions, such as C0+C4, C1+C3, and C2+C2 carbon chain
extension strategies.

2.1 | Utilizing Compounds With a Cyclohexene
Core as Starting Materials

Cyclohexenone, which possesses the basic core structure of α-
damascone, has been used as a starting material for its synthesis.

Zaidlewicz’s route: Zaidlewicz [22] used seudenone 3 as the
starting material. The nucleophilic addition of methyl lithium
yielded tertiary alcohol 4. Subsequently, dehydration with po-
tassium hydrogen sulfate aforded a mixture of dienes 5 and 6.
Acidifcation of this mixture generated a tertiary carbocation,
which then underwent addition with methylmagnesium bro-
mide to introduce a gem-dimethyl group, yielding trimethylcy-
clohexene 7 as a single constituent. The side-chain methyl group
of 7 underwent boranation under the action of a potassium
reagent to aford 8. After selective nucleophilic addition to
crotonaldehyde, the diethylboron group in 8 was removed under
basic conditions, yielding alcohol 9 possessing an exocyclic
double bond, which was oxidized to ketone 10 by PDC [23].
Finally, the exocyclic double bond was isomerized by p-
toluenesulfonic acid to obtain α-damascone 1. The reaction
route is shown in Scheme 1.

This route has the advantage of not requiring column chroma-
tography throughout the entire process, although it involves
lengthy reaction steps and complex reagents.

Boulin’s route: Boulin et al. [24] synthesized α-damascone from
γ-pyronene 11, a monoterpene derived from geraniene. The
epoxidation of γ-pyronene 11 yielded epoxy pyronene 12 with
a yield of only 30%, likely due to the formation of more
byproducts from the oxidation of the double bond on the ring.
Subsequently, the treatment of 12 with allylmagnesium bromide
resulted in a mixture of diastereomers 13. An epoxy rear-
rangement process leading to the formation of cyclocitral was
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FIGURE 1 | Chemical structure of α-damascone and β-damascone.
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SCHEME 1 | Zaidlewicz’s synthetic route.
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involved in this reaction. Finally, α-damascone 1was prepared in
a one-pot reaction through PCC oxidation and isomerization
(Scheme 2).

This synthesis is concise and uses easily available raw materials,
but alumina column chromatography makes it unsuitable for
industrial application.

Snowden’s route: Snowden et al. [25, 26] developed a synthetic route
for α-damascone using cyclogeranate 14 as the starting material.
Depending on the starting material used, this synthetic route can
produce either α-damascone or β-damascone. As shown in
Scheme 3, when methyl α-cyclogeranate 14 is used as the starting
material, α-damascone 1 is obtained. Initially, the nucleophilic
addition of allylmagnesium chloride to methyl α-cyclogeranate 14
introduces two allyl groups to form tertiary alcohol 15. Sub-
sequently, in the presence of hexamethylphosphoramide (HMPA)
and strong base potassium hydride (KH), 15 is cleaved to yield
a mixture of isomers 16 and 17 (with a ratio of approximately 1:0.6).
Without separation, the mixture is isomerized to α-damascone 1
under the catalysis of p-toluenesulfonic acid.

This synthetic route is concise, and the product does not require
column chromatography. However, the use of hazardous po-
tassium hydride limits its industrial application.

Fehr’s route: Fehr and Galindo [27] improved Snowden’s method
(Scheme 4). The use of allylmagnesium chloride in combination
with an equimolar amount of lithium diisopropylamide (LDA) for
nucleophilic addition to 14 forms a lithium enolate intermediate,
which prevents further attack by the Grignard reagent to form
a tertiary alcohol. The lithium enolate intermediate is then hy-
drolyzed and acid-catalyzed isomerized to yield α-damascone 1.

This improvement reduces the reaction steps and signifcantly
increases the overall yield. The product does not require column
chromatography, which is benefcial for industrialization. How-
ever, the high cost of LDA limited its industrial-scale application.

Apple Flavor & Fragrance Group Co., Ltd’s Route: Apple Flavor
& Fragrance Group [28] developed a synthetic process for α-
damascone using cyclohexyl acyl chloride 18 as the starting
material through the Weinreb ketone synthesis method [29].
Initially, cyclohexyl acyl chloride 18 reacts with N,O-dimethyl
hydroxylamine 19 to form N,O-dimethyl cyclohexyl amide 20,
which then reacts with allylmagnesium bromide to generate iso-
α-damascone 17 through a fve-membered ring intermediate.
Finally, α-damascone 1 is obtained through acid-catalyzed
isomerization of the double bond by p-toluenesulfonic acid, as
shown in Scheme 5.

This synthetic route avoids the use of environmentally unfriendly
chemical oxidants such as chromium trioxide [30] or hazardous
strong bases like LDA or KH. Instead, it uses relatively safe and
easily available raw materials and easily controlled reactions to
synthesize the product. This approach reduces reaction hazards,
simplifes operations, increases reaction yield, and allows the
product to be obtained through vacuum distillation without the
need for column chromatography, making it more suitable for
large-scale production.

α-Ionone and α-damascone are isomers. The diference between
their structures lies in the positions of the carbonyl group and the
double bond in the side chain. Therefore, α-ionone is also used as
a raw material to synthesize α-damascone through the modif-
cation of the side-chain structure.

Taddei’s route: Azzari et al. [31] synthesized α-damascone from
ionone through allylsilane chemistry (Scheme 6). Initially, ion-
one 21 was reduced with sodium borohydride and acetylated
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SCHEME 2 | Boulin’s synthetic route.
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with acetic anhydride to form ester 22. Subsequently, (trime-
thylsilyl)lithium copper (prepared from (trimethylsilyl)lithium
and copper cyanide) was used for regioselective substitution at
the C-3 position of the side chain to generate (E)-allylsilane 23.
The side-chain double bond of 23 was oxidized to diol 24 by
osmium tetroxide. Under the action of strong base potassium
hydride, 24 underwent Peterson elimination [32, 33] to yield α-
damascone alcohol 25, which was fnally oxidized to α-
damascone 1 by manganese dioxide with a total yield of 22%.

This procedure can be used not only for the synthesis of α-
damascone 1 but also for β-damascone 2. However, due to the
complex synthesis steps, the need for column chromatography, it
is limited to laboratory-scale preparation.

Hu’s route: Based on the synthetic route of Büchi and Vederas
[34], Hu et al. [35–37] improved the synthesis of α-damascone
(Scheme 7). α-Ionone 21 reacted with hydroxylamine hydro-
chloride [38] to form ionone oxime 26. Subsequently, hydrogen
peroxide oxidation [39] yielded epoxide 27, which underwent
dehydration cyclization [40] in concentrated hydrochloric acid to
form isoxazole derivative 28 [41]. Finally, α-damascone 1 was

obtained through reduction by sodium/ethanol system [34]. Wei
[42] also used the same synthetic route and conducted detailed
studies on the reaction conditions.

This route cleverly rearranges the double bond and carbonyl
group in α-ionone 21 through isoxazole intermediate to syn-
thesize α-damascone 1. The reaction steps are simple, no column
chromatography is required, and the yield is high, showing good
potential for industrialization.

Additionally, Dupuy and Luche [43] synthesized α-damascone
from α-ionone with Wharton rearrangement [44, 45] as the key
reaction. However, the required ultra-low-temperature reaction
conditions of −85°C and Dess–Martin oxidation [46] reagent
make it unsuitable for industrial production.

2.2 | Construction of Cyclohexene Core Through
Diels–Alder Reaction

The Diels–Alder reaction [47] is a classic method for constructing
a six-membered ring, and it is also an ideal choice for con-
structing the cyclohexene core of α-damascone.

Cookson’s route: Cookson and Tuddenham [48, 49] used iso-
butene 29 and conjugated dienone 30 as raw materials to con-
struct α-cyclohexenyl methylketone 31 and its derivatives 32, 33,
and 34 through a Diels–Alder reaction. After separation, 31 was
subjected to nucleophilic addition in the presence of Grignard
reagent and elimination reactions to extend the carbon chain and
obtain α-damascone 1, as shown in Scheme 8.

Though the process is simple, but the frst Diels–Alder reaction
has poor regioselectivity, resulting in a mixture that is difcult to
separate.

Watanabe’s route: Watanabe et al. [50] developed a synthetic
process for α-damascone using 1,3-pentadiene and mesityl oxide as
rawmaterials through aDiels–Alder reaction (Scheme 9). Under the
catalysis of aluminum chloride, 1,3-pentadiene 35 andmesityl oxide
36 reacted to form cyclohexenone 37 (cis/trans= 94:6). This reaction
has good regioselectivity. The double bond of cyclohexenone 37was
isomerized by rhodium chloride to obtain α-cyclohexenone 31.
Subsequently, in the presence of N-methylphenylmagnesium bro-
mide, 31underwent aldol condensationwith acetaldehyde and acid-
catalyzed dehydration to yield α-damascone 1.
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SCHEME 6 | Taddei’s synthetic route.
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This synthesis is concise and easy to operate, with cheap and
easily available raw materials. The method for preparing
cyclohexenone 37 is particularly efcient and can be applied to
the synthesis of other compounds [51]. The product can be
obtained through distillation without the need for column
chromatography.

2.3 | Construction of Cyclohexene Core Through
Catalytic Cyclization

Ohlof’s route: Three years after the structural elucidation of the
damascones, the frst technical process to α-damascone was
established by Schulte-Elte et al. [52], which started from
dehydrolinalool 38 via a Cu+-catalyzed Claisen rearrangement
(Scheme 10). Coupling of 38 with allyl chloride led to alkenyne
39, which was transformed by Cu+-catalyzed Claisen rear-
rangement [53] of the acetylenecarbinol acetate and isomeri-
zation to conjugated enone 40. Finally, acid-catalyzed cyclization
of 40 gave α-damascone 1.

Although Ohlof’s synthetic route utilizes expensive dehy-
drolinalool as the starting material, resulting in relatively high
costs, it nevertheless provides a valuable approach for con-
structing conjugated enones.

Citral, a natural product with a 2,6-disubstituted diene structure
and three methyl groups, can rapidly construct the damascone
core through catalytic cyclization [54, 55]. Therefore, citral is also
a good choice for the synthesis of damascone.

Demole’s route: Demole et al. [4] synthesized α-damascone 1
from α-cyclocitral 41, as shown in Scheme 11. α-Cyclocitral 41
was added to propenylmagnesium bromide to obtain α-iso-ionol
42, which was then oxidized to α-damascone 1 using the Sarrett
reagent. The raw material α-cyclocitral 41 can be obtained by
acid-catalyzed cyclization of Schif base derived from citral and
aniline [56].

With only two reaction steps and easily available raw materials,
Demole’s procedure has signifcant potential for industrial
application.

Naef’s route: Naef and Decorzant [57] developed a process for
synthesizing α-damascone 1 from citral 43 (Scheme 12). Initially,
citral 43 was oxidized by sodium hypochlorite [58] to form
geranic acid 44, which was then cyclized under acid catalysis [59]
to obtain α-cyclogeranic acid 45. Subsequently, 45 was converted
to chloride 46 [60] using oxalyl chloride. In the presence of the
organic base triethylamine, an elimination reaction occurred to
form enone 47. Finally, the side chain was extended through
nucleophilic addition with allylmagnesium bromide, followed by
acid-catalyzed isomerization to yield α-damascone 1.
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This route uses cheap and easily available citral as the raw
material and does not involve hazardous reagents. The product
does not require column chromatography for purifcation,
showing potential for industrial application.

Li’s route: Based on Nakatani et al. [61], Mori et al. [15], and
Kazunori [62], Li et al. [63] improved the process for synthesizing
α-damascone from citral. Initially, citral 43 reacted with allyl-
magnesium bromide to construct the side chain, forming alcohol
48. Subsequently, manganese dioxide oxidation yielded ketone
49. Potassium tert-butoxide catalyzed double bond isomerization
to form conjugated enone 50. Finally, acid-catalyzed cyclization
produced α-damascone 1, as shown in Scheme 13.

With cheap and easily available raw materials, this procedure
could produce many cis-trans isomers. Additionally, the use of
manganese dioxide as an oxidant generates a signifcant amount
of waste. In our opinion, this synthetic route shows potential for
industrial application after a further improvement.

3 | Synthetic Routes for β-Damascone

Similar to the synthesis of α-damascone, the synthesis of β-
damascone mainly focuses on the construction of the trime-
thylcyclohexene core and the butenone side chain in its struc-
ture. The main strategies employed include (1) using compounds
with a cyclohexene core as raw materials to synthesize target
compounds through side-chain structural modifcations, (2)
obtaining the trimethylcyclohexene core through catalytic cy-
clization of 2,6-disubstituted dienes. The construction of the four-
carbon side chain is mainly achieved through nucleophilic ad-
dition strategies such as C0+C4, C1+C3, and C2+C2.

3.1 | Structural Modifcation of Existing
Cyclohexene Core

β-cyclogeranate, which have a trimethylcyclohexene core similar
to β-damascone, are a rational choice for synthesizing β-
damascone.

Snowden’s route: Snowden et al. [25, 26] also developed
a method for synthesizing β-damascone, as shown in Scheme 14.
Methyl β-cyclogeranate 51 underwent nucleophilic addition with
two molecules of allylmagnesium chloride to form tertiary al-
cohol 52. Subsequently, with the presence of strong base po-
tassium hydride in hexamethylphosphoramide, 52was cleaved to

yield a mixture of isomers 53 and 54 (with a ratio of approxi-
mately 1:0.6). Without separation, the mixture was isomerized to
β-damascone 2 under the catalysis of p-toluenesulfonic acid.

The synthetic route is relatively concise, and the product does not
require column chromatography for purifcation.

Li’s route: Based on Snowden’s route, Li et al. [64] improved the
synthesis of β-damascone (Scheme 15). Ethyl β-cyclogeranate 55
underwent a Grignard reaction with allylmagnesium chloride to
form tertiary alcohol 52. Subsequently, in the presence of strong
base potassium hydride, 52 was cleaved to yield ketone 54. Fi-
nally, acid-catalyzed double bond isomerization produced β-
damascone 2. Later, Li et al. [65] improved the second step re-
action by using a phase-transfer catalyst and strong base sodium
hydroxide as cleavage reagents, avoiding the use of hazardous
potassium hydride.

The total yield of the three-step reaction in this route reaches
51.1%, with minimal waste. The crude product can reach the
required purity through simple distillation, and the fragrance
fully meets the requirements of perfumers.

Cyclocitral also possesses a trimethylcyclohexene moiety similar
to that of damascone, which makes it a good choice to use as
a starting material for the synthesis of damascone.

Shanghai Wanxiang Flavours & Fragrances Co., Ltd.’s Route:
Shanghai Wanxiang Flavours & Fragrances Co., Ltd. developed
a synthetic route for β-damascone from β-cyclocitral 56 [66], as
shown in Scheme 16. β-Cyclocitral 56 generated acyl radicals in
the presence of peroxides such as benzoyl peroxide, which then
underwent radical addition with isopropenyl acetate 57 to form
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ester 58. Finally, β-damascone 2 was synthesized through
a thermal elimination reaction of 58.

The advantage of this route is its simplicity and ease of control.
However, it is difcult to obtain a high-purity product, making it
unsuitable for industrial application.

Wu’s route: Wu and Xiao [67] also developed a similar synthetic
route for β-damascone 2 from β-cyclocitral 56. However, the use
of manganese dioxide as an oxidant in this route generates se-
rious environmental pollution, making it unsuitable for large-
scale industrial production.

Pellicciari’s route: Pellicciari et al. [68] synthesized β-damascone
from β-cyclocitral 56, as shown in Scheme 17. The key step involves
the condensation of β-cyclocitral 56 with lithium propionate to
form α-diazobutanone derivative 59. Subsequently, 59 was treated
with rhodium acetate to generate key intermediate β-dione 60.
Finally, β-damascone 2was synthesized through chlorination with
oxalyl chloride and silver-zinc reductive elimination.

The reagents used in this route, such as lithium propionate and
rhodium acetate, are not readily available and are expensive;
thus, it has less industrial value.

Barker’s route [69]: To access d6-β-damascone, Barker and co-
workers devised a concise sequence commencing from β-
cyclocitral 56 (Scheme 18). Grignard addition of allylmagne-
sium bromide to β-cyclocitral 56 furnished the secondary allylic
alcohol 63 in a 57% yield. Subsequent Dess–Martin periodinane
(DMP) oxidation delivered the corresponding ketone 54. Base-
mediated (DBU) allylic rearrangement of 54 proceeded smoothly
to aford β-damascone 2.

Barker’s route furnishes β-damascone in a concise and efcient
manner by using cyclocitral as the starting material. Further-
more, Mosaferi et al. reported the preparation of β-cyclocitral 56
from acetone via a nine-step sequence with an overall yield of
5.5% [70].

Mianyang Simaiergu Biotech. Co. Ltd’s route: Guo et al. from
Mianyang Simaiergu Biotechnology Co., Ltd. published a patent
[71] describing the synthesis of β-damascone starting from β-
cyclocitral 56. As illustrated in Scheme 19, the reaction pathway
resembles Barker’s route. β-Cyclocitral 56 was reacted with allyl
chloride or allyl bromide in the presence of catalyst A to yield the
secondary allylic alcohol 63, which was subsequently oxidized
with oxygen under catalysis by catalyst B to aford the

corresponding ketone 54. Finally, isomerization of 54 catalyzed
by p-toluenesulfonic acid produced β-damascone 2. The overall
yield of this three-step process reached up to 97.5%. Catalyst A
was prepared by adsorption of tungsten and chromium metals
onto modifed porous silica nanospheres, while catalyst B was
constructed through deposition of cobalt ferrite onto modifed
porous titanium oxide nanospheres.

This synthetic route is straightforward and efcient, achieving
a remarkably high overall yield, which demonstrates its potential
for industrial application. However, the preparation processes for
catalyst A and catalyst B are relatively complex and cumbersome.
Moreover, the patent literature does not disclose the number of
recycling times feasible for these catalysts, and their catalytic
efciency requires further experimental validation.

Trimethylcyclohexenone, which has a core moiety similar to that of
damascone, can be used as a starting material for the synthesis of β-
damascone by appropriately constructing a four-carbon side chain.

IFF’s Route: International Flavors & Fragrances Inc. (IFF) de-
veloped a synthetic route [72] starting from trimethylcyclohex-
enone 64, as shown in Scheme 20. 64 was hydrogenated over
palladium on carbon to yield trimethylcyclohexenone 65.

CHO

O

56

258

O

+ O

O

O

O
O

O

OAc

57
Chlorobenzene

11.5% for
two steps

SCHEME 16 | Synthetic route of Shanghai Wanxiang Flavours &
Fragrances Co., Ltd.

CHO

56

O

2

OLi
N2

83%
59

OH

N2

O

Rh(OAc)2/CH3OCH2CH2OCH3

86%
60

O OH

Cl Cl
O

O

CHCl3

61

O Cl

+

O

Cl

3.5 : 1
67%

Ag-Zn
60%

62

SCHEME 17 | Pellicciari’s synthetic route.

CHO MgBr THF
OH

OO

DMP/CH2Cl2

56
57%

63
96%

DBU/CH2Cl2

92%
54 2

SCHEME 18 | Barker’s synthetic route.
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Subsequently, in the presence of sodium amide, 65 reacted with
acetylene to form propargyl alcohol 66, which underwent Rupe
rearrangement [73] in formic acid to yield enone 67. These three
steps constructed the core structure of β-damascone. Enone 67
underwent aldo condensation with acetaldehyde in the presence
of Grignard reagent to extend the side chain, yielding alcohol 65,
which was fnally converted to β-damascone 2 through esteri-
fcation and elimination with acetic anhydride.

This route has a high overall yield and does not require column
chromatography for purifcation, showing good potential for
industrial application.

Wanhua Chemical Group Co., Ltd.’s Route: Wanhua Chemical
Group Co., Ltd. developed another synthetic route [74] for β-
damascone starting from trimethylcyclohexanone 64. Initially,
trimethylcyclohexenone 64was hydrogenated over Lindlar catalyst
to yield trimethylcyclohexanone 65. Subsequently, in strong basic
conditions, 65 reacted with acetylene to form propargyl alcohol 66,
which underwent nucleophilic addition with acetaldehyde under
high-pressure conditions to yield ynediol 69. Finally, β-damascone
2 was generated through the Meyer–Schuster rearrangement [75]
in sodium acetate–acetic acid, as shown in Scheme 21.

The mechanism [76] of the Meyer–Schuster rearrangement of 69
is shown in Scheme 22.

This synthetic route avoids the use of metal hydrides or Grignard
reagents, eliminating the risk of explosion and facilitating safe
production. The products of each reaction do not require column
chromatography for purifcation, and the fnal product β-
damascone 2 has a high purity of up to 99% after distillation,
showing signifcant potential for industrial application.

Cossy’s route: Chaumont-Olive et al. [77] synthesized β-
damascone 2 from cheap and readily available 2,6-dimethylcy-
clohexanone 70 (Scheme 23). Similar to the route reported by
IFF, Cossy’s approach also afords the pivotal enone intermediate
67 via a Rupe rearrangement [72]. Firstly, 2,6-dimethylcyclo-
hexanone 70 was methylated in the presence of LDA to yield
trimethylcyclohexanone 65. Subsequently, ethynylmagnesium
bromide was added to the carbonyl group of 65 to form propargyl
alcohol 66, which underwent Rupe rearrangement under acidic
refux conditions to yield ketone 67. Finally, β-damascone 2 was
synthesized through aldo condensation with acetaldehyde in the
presence of Grignard reagent and acid-catalyzed dehydration.

Cossy’s route sufers from the use of expensive LDA and the
ultra-low reaction temperature of −78°C.

The highly similar chemical structures of ionone and damascone
make it also used as rawmaterials for the synthesis of β-damascone.

Sarandeses’s route: Sarandeses and Luche [78] synthesized β-
damascone from β-ionone, as shown in Scheme 24. Initially, β-
ionone 71 was oxidized with hydrogen peroxide to form epoxide
72. The carbonyl group of 72 was reduced to yield alcohol 73.
Subsequently, bromination and epoxide ring-opening

X X=Cl or Br OH
CHO Cat. A THF O2/Cat. B/CH2Cl2

56

Ο

63

TsOH/Tol.
Ο

97.5% for three steps
54 2

SCHEME 19 | Mianyang Simaiergu Biotech. Co. Ltd’s synthetic
route.

O H2 Pd/C EtOH O HC CH/NH2Na
OH

100% 91.5%
64 65 66

HCO2H/H2O refux

80.6%
67

EtMgCl/Tol.

OMgCl

OH
CH3CHO NaOAc/Ac2O/Tol.

100%

OO

O

68
100%

2

SCHEME 20 | IFF’s synthetic route.

H2, Pd/CaCO3/EtOH HC CH KOH/NH3(l)
100%

64 65

O

OH CH3CHO aq. NH4CI 1.2 MPa

92.1% for two steps

OH

66 69 OH
O

NaOAc/HOAc
87.7%

2

SCHEME 21 | Wanhua Chemical Group Co., Ltd.’s synthetic route.

OH

OH

NaOAc/HOAc

O

69

2

+

+

H2O

+

OH2
+

-H+

OH

OH

-H+

OH

H+

-H2O

SCHEME 22 | Mechanism of the Meyer–Schuster rearrangement.
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elimination were carried out to yield damascenol 75. Finally, β-
damascone 2 was synthesized through oxidation and acid-
catalyzed isomerization.

The need for column chromatography and expensive raw ma-
terials make it unsuitable for industrial application.

Zong’s route: Zong et al. [79] synthesized β-damascone from β-
ionone, as shown in Scheme 25. Initially, β-ionone 71 reacted
with hydroxylamine to form β-ionone oxime 76. Subsequently, 76
was cyclized in the presence of iodine to yield β-ionone isoxazole
derivative 77. Finally, β-damascone 2 was obtained through
reduction by metallic sodium.

This procedure does not require column chromatography for
purifcation, but the purity of the fnal product is only 91%. So, it
requires further improvement.

3.2 | Construction of Cyclohexene Core Through
Catalytic Cyclization

Citral, a natural product with a 2,6-disubstituted diene structure
and three methyl groups, can rapidly construct the β-damascone
core through catalytic cyclization. Therefore, citral is also a good
choice for the synthesis of β-damascone.

Tang’s route: Tang [80] introduced a synthetic route for β-
damascone starting from citral, as shown in Scheme 26. Ini-
tially, citral 43 underwent nucleophilic addition with aniline to
form Schif base 78. Subsequently, 78 was cyclized under the
catalysis of concentrated sulfuric acid to yield β-cyclocitral 56.
This reaction has fewer side reactions for double bond isomer-
ization. β-cyclocitral 56 underwent addition with propy-
nyllithium and hydrolysis to yield propargyl alcohol 79, which
was oxidized to ketone 80 by manganese dioxide. Hydrogenation
of 80 by Lindlar catalyst yielded cis-β-damascone 81. Finally, β-
damascone 2 was obtained through acid-catalyzed isomerization
by p-toluenesulfonic acid.

The original paper of this synthetic route does not provide yield
information. However, the lengthy reaction steps and the waste
pollution problems caused by the use of manganese dioxide limit
its industrial application value.

Zhou and Chen from Kunshan Asia Aroma Corp., Ltd. improved
this method [81] by extracting citral from mountain pepper oil
and then acid-catalyzed cyclization to yield β-cyclocitral. β-
Cyclocitral directly reacted with allyl chloride and preactivated
magnesium to form an intermediate, which then underwent
double bond rearrangement and cyclization to yield β-
damascone. This method avoids the waste pollution caused by
the use of oxidants but requires column chromatography for
purifcation of the intermediate β-cyclocitral, which renders it
unsuitable for large-scale production.

Mel/LDA/THF –78°C
O HC CMgBr/THF

70

Ο

98%
65

95%

OH HCO2H 85°C

Ο
1.) MeMgCl/THF

88% 2.) MeCHO
66

Ο ΟOH

67

TsOH/Tol. refux

47% for two
steps68(not purifed) 2

SCHEME 23 | Cossy’s synthetic route.

O
H2O2, NaOH/MeOH

O

NaBH4, CeCl37H2O/CH3OH

CBr4, PPh3/Pyridine

O

71 72

2

52%

96%

89%

O

OH

73

O

Br

74

O Zn, Cul/EtOH, H2O

80%

75

OH 1) MnO2/CH2Cl2

2) TsOH/THF
71%

SCHEME 24 | Sarandeses’s synthetic route.

NOH
NH2OH, NaAc/EtOH

94.6%
71

l2, Kl, NaHCO3/THF
Ο N

Ο

76

80.8%
Na/cyclohexane

38.5%

Ο

77 2

SCHEME 25 | Zhong’s synthetic route.

CHO C6H5NH2 CH=NC6H5 H2SO4

43 78

CHO
1) CH3C CLi
2) H3O

+

OH

MnO2

56 79

Ο

Ο

TsOHH2, Pd/CaCO3

8180

2

SCHEME 26 | Tang’s synthetic route.
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4 | Analysis of Synthetic Strategies

The synthetic strategies for α-damascone reported so far have
been systematically analyzed. The synthetic strategies and their
advantages and drawbacks of each synthetic route are summa-
rized in Table 1.

As an isomer of α-damascone, β-damascone difers from α-
damascone only in the position of the double bond in the
cyclohexene structure. Its synthesis also focuses on the con-
struction of the cyclohexene core and the conjugated butenone
side chain. The strategies and their advantages and drawbacks of
each synthetic route are summarized in Table 2.

5 | Conclusions

In recent years, α-damascone and β-damascone, as high-value
natural fragrances, have been increasingly widely applied in
perfumery and daily chemical industries. Going forward, with
the expansion of their applications in the tobacco industry,
a rapid surge in the global consumption volume of α-
damascone and β-damascone is expected to be driven. It is
projected that their global annual consumption will reach
thousands of tons, with a corresponding market scale
amounting to billions of US dollars—this growth trajectory
underscores their rising strategic importance in the global fne
chemical and fragrance supply chain.

Since their content in natural plants is extremely low, most of
the demand is met through artifcial synthesis, which also
provides new impetus for the development of the fragrance
industry. With the application of new organic synthesis
technologies in the fragrance industry, new synthetic routes
and processes are continuously being developed. Compared
with traditional synthetic methods, the current synthetic
schemes are more focused on environmental protection,
safety, and atom economy. It is necessary for researchers to
develop concise, efcient, low-cost, and industrializable
synthetic routes. Through the above analysis of the reported
synthetic strategies for α-damascone and β-damascone, it can
be seen that their synthesis mainly focuses on the construction
of the trimethylcyclohexene core and the butenone side chain.
The construction of the trimethylcyclohexene core mainly
includes two methods: (1) structural modifcation of com-
pounds with an existing cyclohexene core, such as α-ionone, β-
ionone, and cyclohexenone; (2) catalytic cyclization of 2,6-
disubstituted dienes to obtain the trimethylcyclohexene core,
such as cyclization of citral and geranic acid to form corre-
sponding cyclocitral or cyclogeranic acid. Other methods
include the use of the Diels–Alder reaction to construct the
cyclohexene core. Due to the three special methyl groups in
the damascone core, to our knowledge, the catalytic cycli-
zation of cheap and readily available citral or geranic acid to
construct the damascone core is a better choice. Ionone is not
advantageous due to its high cost. The Diels–Alder reaction
can also be considered to construct the core, but it is necessary
to overcome the shortcoming of low selectivity and yield. The
construction of the butenone side chain includes strategies
such as C0 +C4, C1 +C3, and C2 +C2. The most efcient
method is the nucleophilic addition with the Grignard re-
agent, which is atom-economic and more competitive in terms
of cost. In summary, the synthesis of damascone fragrance is

a challenge for both academia and industry. It is believed that
more efcient synthetic routes suitable for large-scale in-
dustrial production will be developed in the future.
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