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(57) Abstract: The present invention relates to a chemical process for the production of substituted phenylaldehydes such as vanillin (1a)
from substituted phenylpropenes or substituted phenylpropenes enriched essential oils such as eugenol (2a) or eugenol rich essential oils
indiscriminately through either cis or trans or a mixture of cis and trans isomer(s) of substituted phenylprop-2-enes such as isoeugenol,
an intermediate compound. The invention relates to the conversion of substituted phenylpropenes to other substituted phenylaldehydes,
particularly vanillin without the protection of the phenolic group, therefore, it offers a step economy. The present chemical process
involves the use of class 3 and 4 solvents thereby devoid of the use of any chlorinated solvent.
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A PROCESS FOR THE PREPARATION OF VANILLIN AND OTHER SUBSTITUTED
PHENYLALDEHYDES

FIELD OF THE INVENTION

[0001] The present invention relates to a chemical process for the production of substituted
phenylaldehydes such as vanillin from substituted phenylpropenes or substituted phenylpropenes
enriched essential oils such as eugenol or eugenol rich essential oils indiscriminately through either
cis or trans or a mixture of cis and trans isomer(s) of substituted phenylprop-2-enes such as
isoeugenol, an intermediate compound. The invention relates to the conversion of substituted
phenylpropenes to other substituted phenylaldehydes, particularly vanillin without the protection
of the phenolic group, therefore, it offers a step economy. The present chemical process involves
the use of environment-friendly solvents and devoid of the use of any chlorinated solvent. This
novel process developed for the production of vanillin and also provides ease of preparation for

other substituted phenylaldehydes derivatives.

BACKGROUND OF THE INVENTION

[0002] Vanillin (4-hydroxy-3-methoxybenzaldehyde, 1a) is the highest volume aroma chemical
produced worldwide (Fache et al., 2016, ACS Sustainable Chem. Eng., 4(1), 35-46). Natural
vanilla is extracted from the cured pods of different species of Vanilla (Orchidaceae), V. Planifolia
Jacks. ex Andrews (syn. V. fragrans (Salisbury) Ames), V. tahitensis J.W. Moore, and V. pompona
Scheide (Sinha et al., 2008, J. Food Sci. Nutr., 59(4), 299-326). It is used widely in both food and
non-food applications, in fragrances, and as a flavoring in pharmaceutical preparations. In the food
industry, vanillin is widely used as a flavoring agent in confectionery, chocolates, baked goods,
non-alcoholic and alcoholic beverages, and many other foods. Non-food applications of vanillin
are found in cosmetics, personal care products, detergents, and perfumery. In the pharmaceutical
industry, vanillin is a starting material in the manufacture of several drugs (for example L-3,4-
DihydroxyPhenylAlanine, L-DOPA) (Kaiser et al. 1976, US 3969397 and Knowles, W. S., 2002,
Angew. Chem., Int. Ed., 41, 1998-2007; Knowles, W. §., 1986, Chem. Educ, 63, 222-225; Inukai,
etal., 1998, JP 10136994 A). Approximately 60% of industrial vanillin is used in the food industry;
33% as a fragrance in perfumes and cosmetics; and 7% in pharmaceuticals (Priefert, et. al., 2001,
Appl. Microbiol. Biot., 56(3-4), 296-314). Reports suggest that less than 1% of the global

production of vanillin is derived from vanilla pods; the majority is produced synthetically using,
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e.g. petroleum products, lignin, and eugenol as starting materials (Walton et al., 2000, Curr. Opin.
Biotechnol., 11, 490-496).

[0003] In 1858, for the first time, Gobley isolated and identified the vanillin constituent of the
vanilla bean and confirmed that vanillin was the chief flavor component of vanilla. The vanilla
aroma was so popular that in 1875, less than 20 years from its initial isolation, synthetic vanillin
prepared from eugenol by its isomerization followed by oxidation became available in France and
the United States (Bots R. H., 1927, US 1643,804). In this process, synthesis of vanillin involves
the treatment of eugenol with potassium hydroxide at around 150°C for isomerization of eugenol
to isoeugenol which is subsequently oxidized to vanillin using nitro-benzol or mono nitro-toluol
as an oxidizing agent. The drawback of this process is the use of a large amount of aniline (toxic
vapors) and the formation of azo-benzol as a major by-product.

[0004] In another process for vanillin production, isoeugenol is treated with hydrogen peroxide in
presence of anhydrous tertiary amyl alcohol and vanadium pentoxide (Milas et al. 1947, US
2414385 and Milas, N. A., 1937, J. Am. Chem. Soc., 59, 2342). However, this process is also
associated with prolonging reaction time (12-15 h) and tedious isolation of vanillin through the p-
nitrophenylhydrazone formation. The preparation of vanillin from isoeugenol in only 23% yield
by the use of a two-step methodology is also reported (Pappo, R., 1956, et al. J. Org. Chem., 21,
478-479). This methodology involves the protection of the phenolic group of isoeugenol followed
by oxidation using osmium tetroxide/sodium periodate. The disadvantages of this process for the
preparation of vanillin from eugenol are three chemical steps and low product yield. Further, in
1957, Frainacci, N. T., reported the preparation of acetyl vanillin from acetyl isoeugenol in 90%
yield using chromium trioxide (CrOs), Conc. sulfuric acid, and acetic acid (US 2794813).
However, this method does not disclose preparation vanillin as such and the use of excess sulfuric
acid is the main disadvantage of this method. In 1963, Lampman et al. reported the preparation of
vanillin from eugenol via a two-step chemical process using KOH, dimethylsulfoxide, and
nitrobenzene (Lampman et al., 1963, J. Chem. Educ., 60, 503-504). The caustic effluent and
azobenzene as major wastes in this process area significant drawbacks of the process. In 1970,
Fiechi et al. disclosed another method for the preparation of vanillin by isomerization of eugenol
to isoeugenol using aqueous alkali metal hydroxide and subsequent oxidation of isoeugenol to
vanillin by sodium meta-nitrobenzenesulfonate (US 3544621). The use of azobenzene or aniline

as a solvent and excess mineral acids such as nitric acid, sulfuric acid is associated with the
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disadvantages of this process. Further, in 2001, CN 1289836A developed by Shanghai Tianxiang
Fine Chemical Co., Ltd., disclosed a chemical method of preparing vanillin (in 50% yield) from
clove oil using sodium hydroxide, potassium permanganate, p-aminobenzene sulfonic acid,
nitrobenzene, and carbonyl-based mixed catalyst at 100-300°C. The waste generated by the
reaction is difficult to deal with, resulting in serious environmental pollution. In 2002, Sinha et. al.
derived a microwave-assisted process for the preparation of phenylaldehydes from substituted
phenylpropenes involving osmium tetroxide and sodium meta-periodate in presence of co-
catalysts namely amberlite IRA-410 and quaternary ammonium salt (WO 02/079132 and EP
1373178A1). However, despite the author’s claim, there is no actual experimental data for the
application of this process to vanillin production or any other phenylpropene having a free phenolic
group. Additionally, the use of a chlorinated solvent(s), and microwave assistance are
disadvantages of this method.

[0005] While efforts are on for the preparation of vanillin from eugenol, the production of vanillin
from the lignin, another natural source for vanillin production, began in around 1936 (Sandborn et
al., 1936, US 2057117 and Schulz L., 1940, US 2187366). This method rapidly became the main
process for vanillin production. In this process, the preparation of vanillin involves the use of
nitrobenzene or nitrobenzene sulfonic acid, NaOH, or KOH and was associated with the
disadvantages such as prolong reaction time and low yield of vanillin. However, almost all the
lignin-to-vanillin plants were closed at the end of the 1990s due to increased environmental
concerns towards the caustic effluents of the process, decreased lignin availability due to the
increasing use of the Kraft process for pulping - in which lignin is burnt to produce energy, and
also due to the arising of cheap chemical intermediates from petroleum such guaiacol for vanillin
synthesis which started in 1936 (Boedecker and Volk, US 2,062,205). Since then, the dominant
feedstock for vanillin is petroleum, a non-renewable source (Hocking, M. B., 1997, J. Chem. Educ.,
74, 1055; Fache et al., 2016, ACS Sustainable Chem. Eng., 4(1), 35-46; Corbet, M. et al., 2013,
WO 2013/166642 Al).

[0006] Natural-grade vanillin prepared from eugenol has an enticing aroma, food safety, and high
practical value, thus attracts wide attention and in-depth research. In general, the preparation of
vanillin from eugenol traditionally involves mainly two steps (1) isomerization of eugenol to
isoeugenol and (2) oxidation of isoeugenol to vanillin. There have been continuous investigations

for new methods for either isomerization of eugenol by the use of transition metal compounds such
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as compounds of palladium, cobalt, ruthenium, copper, etc (Parreira, L. et al., Adv. Synth. Catal.,
352, 1533-1538; Mao, H., et al., 2016, J. Chin. Chem. Soc., 63, 261-266; Sanchez-Gonalez, E., et
al, 2017, Cryst. Eng. Comm., 19, 4142-4146). However, except for a few reports of academic
interest, oxidation of isoeugenol to vanillin is mainly realized by the conventional methods
described above (Liu, B., et al., 2019, Chem. Comm., 55, 4817-4820; Adilina, I. B., et al., 2012, J.
Mol. Catal. A-Chem., 361-362, 72-79; Franco, A., et al., 2017, Beilstein J. Org. Chem., 13, 1439-
1445; Gusevskaya, E. V., et al., 2012, J. Mol. Catal. A-Chem., 363-364, 140-147).

[0007] Despite the above protocols for vanillin production from eugenol, there has been a
continuous surge for the exploration of more efficient and safe procedures for vanillin production.
The present invention relates to the development of an efficient, convenient, and safe chemical
process for vanillin production from eugenol and eugenol rich essential oils indiscriminately
through either cis or trans or a mixture of cis and trans isomer(s) of isoeugenol, an intermediate
compound. This novel process also provides ease of preparation for other substituted
phenylaldehydes from either cis or trans or a mixture of cis and trans isomer(s) of substituted

phenylpropenes and substituted phenylpropenes rich essential oils.

OBJECTIVE OF THE INVENTION
[0008] The main objective of the present invention is to provide a novel, convenient, efficient, and
safe chemical process for preparing vanillin and other substituted phenylaldehydes from

substituted phenylpropenes or substituted phenylpropenes enriched essential oils (Scheme 1).

[0009] Another objective of the present invention is to provide a convenient, efficient, and safe
chemical process for preparing vanillin from eugenol and eugenol rich essential oils.

[0010] Yet another objective of the invention is to provide an efficient, convenient, and safe
chemical process for the isomerization of eugenol and other substituted phenylpropenes such as
phenylpropene, safrole, methyl chavicol, methyl eugenol, chavibetol, apiole, dillapiole, etc. which
uses environmentally safe solvents.

[0011] It is also an objective of the invention to provide a process for the preparation of other
substituted phenylaldehydes from either cis or trans or a mixture of cis and trans isomer(s) of

substituted phenylpropenes.
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[0012] Another objective of the invention is to develop a chemical process for the production of
vanillin and other substituted phenylaldehydes with high purity and minimum side products.
[0013] Yet another objective of the invention is to provide an effective chemical process that uses
environmentally safe solvents e.g. class 3 and 4 solvents.

[0014] Yet another objective of the invention is to provide an effective, convenient, and safe
chemical process that is devoid of the use of any chlorinated solvent (starting from reaction
medium to work up process).

[0015] Yet another objective of the invention is to provide an effective, convenient, and safe
chemical process which does not require any specific reaction conditions e.g. anhydrous or inert
reaction conditions.

[0016] Itis also an objective of the invention to provide an effective, convenient, and safe chemical
process for vanillin production from isoeugenol, with improved product yield(s) significantly (up
to 29%) as compared with the existing process by the use of methyl-substituted pyridines as
additives such as 2,6-dimethylpyridine (2,6-lutidine), 2-methylpyridine, 4-methylpyridine, 2,4,6-
trimethylpyridine and tertiary amine N-oxides such as pyridine-N-oxide, 2-picoline-N-oxide, 3-
picoline-N-oxide, 4-picoline-N-oxide.

[0017] Yet another objective of the invention is to provide an effective, convenient, and safe
chemical process for value addition of essential oils rich in substituted phenylpropene(s) through
the preparation of important substituted phenylaldehydes.

[0018] Yet another objective of the invention is to provide an effective, convenient, and safe

chemical process for large scale production of vanillin to the industrial level.

SUMMARY OF THE INVENTION
[0019] In an aspect of the present disclosure, there is provided a process for the preparation of a

compound Formula (1),

Formula {1}

wherein R' is CHO; R?, R?, R* R®, and R%are independently selected from H, OH, and OCHz;

5
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or R* and R together form -OCH>O-, comprising the steps of:
a. isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in

substituted phenylpropenes of Formula (2),

Formaula {2}

5 wherein R is selected from OH and OCHas;
R! and R? are independently selected from H and OCH3 or
R and R! together form -OCH,0-;
and R¥ is selected from H and OCH3,
in the presence of a solvent and a metal hydroxide to obtain a compound of Formula

10 3);

Formula 3

wherein R is selected from OH and OCHas;
R!' and R? are independently selected from H and OCH3 or
R and RV together form -OCH»O-; and R?¥ is selected from H and OCHj,
15 b. oxidizing the compound of Formula (3) as obtained in step (a) with an oxidizing agent
and an additive in a biphasic reaction medium to obtain a reaction mixture comprising
osmate ester of the compound of Formula (3);
c. oxidizing the osmate ester of the compound of Formula (3) by adding sodium
metaperiodate in the reaction mixture as obtained in step (b) with stirring at a
20 temperature ranging between 20 to 30 °C for a period of ranging between 1 to 5 hours
to obtain the compound of Formula (1).
[0020] These and other features, aspects, and advantages of the present subject matter will be
better understood with reference to the following description and appended claims. This summary

is provided to introduce a selection of concepts in a simplified form. This summary is not intended
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to identify key features or essential features of the claimed subject matter, nor is it intended to be

used to limit the scope of the claimed subject matter.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The invention will now be described in detail in connection with certain preferred and
optional embodiments, so that various aspects thereof may be more fully understood and
appreciated.

Definitions:

[0022] For convenience, before further description of the present disclosure, certain terms
employed in the specification, and examples are delineated here. These definitions should be read
in the light of the remainder of the disclosure and understood as by a person of skill in the art. The
terms used herein have the meanings recognized and known to those of skill in the art, however,
for convenience and completeness, particular terms and their meanings are set forth below.
[0023] The articles "a", "an" and "the" are used to refer to one or to more than one (i.e., to at least
one) of the grammatical object of the article.

[0024] The terms "comprise" and "comprising" are used in the inclusive, open sense, meaning that
additional elements may be included. It is not intended to be construed as "consists of only".
[0025] Throughout this specification, unless the context requires otherwise the word "comprise”,
and variations such as "comprises" and "comprising", will be understood to imply the inclusion of
a stated element or step or group of element or steps but not the exclusion of any other element or
step or group of element or steps.

[0026] The term “essential oil” herein refers to the concentrated volatile oil extracted from plants
which retains the natural odour and flavor of the plant from which it was extracted. In the present
disclosure, the term “essential 0il” includes but not limited to essential oils obtained from eugenol
rich plants such as Syzygium aromaticum, Ocimum tenuiflorum, and Ocimum gratissimum.
[0027] The term “oxidizing agent” herein refers to the substance used to oxidize a reactant in a
chemical reaction. In the present disclosure, the term “oxidizing agent” includes but not limited to
0s04/NalOy4, K2[OsO2(OH)4]/NalOs, OsClz/NalQy4, Polyurea-encapsulated OsO4/NalQa, Poly 4-
vinylpyridine crosslinked supported OsOs4/NalOs4 and Styrene-divinylbenzene crosslinked
supported OsO4/NalOs.
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[0028] The term “biphasic medium” herein refers to a medium comprising two different phases
for a reaction mixture. In the present disclosure, the term “biphasic medium” includes but not
limited to a mixture of water and non-protic solvent in a ratio 1:4.

[0029] The term “non-protic solvent” herein refers to the solvent which does not release any proton
(H* ion) upon dissociation. In the present disclosure, the term “non-protic solvent” includes but
not limited to tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, acetone, acetonitrile, methyl
tert-butylether and tert-butanol.

[0030] Ratios, concentrations, amounts, and other numerical data may be presented herein in a
range format. It is to be understood that such range format is used merely for convenience and
brevity and should be interpreted flexibly to include not only the numerical values explicitly recited
as the limits of the range, but also to include all the individual numerical values or sub-ranges
encompassed within that range as if each numerical value and sub-range is explicitly recited. For
example, a temperature in the range of 60 °C to 220 °C should be interpreted to include not only
the explicitly recited limits of 60 °C to 220 °C but also to include sub-ranges, such as 75 °C to 208
°C, and so forth, as well as individual amounts, within the specified ranges, such as 109.6 °C, and
187.3 °C.

[0031] The present disclosure is not to be limited in scope by the specific embodiments described
herein, which are intended for the purposes of exemplification only. Functionally-equivalent
products, compositions, and methods are clearly within the scope of the disclosure, as described
herein.

[0032] The present invention provides an effective, convenient, and safe chemical process for the
preparation of vanillin from eugenol and eugenol rich essential oils as such from any eugenol rich
plant such as Syzygium aromaticum (L) Merr. and L.M. Penny (Clove leaf/bud oil), Ocimum
tenuiflorum cv. CIM-ayu, Ocimum gratissimum (Clocimum) with high purity and minimum side
products. This process is also efficient for the preparation of other important substituted
phenylaldehydes from substituted phenylpropenes and substituted phenylpropenes rich essential
oils. This process is useful for value addition of essential oils rich in substituted
phenylpropenes(s)/undesirable essential oils rich in phenylpropenes(s) from sassafras and banned
plant varieties such as tetraploid or hexaploid varieties of Acorus calamus. The proven working

efficiency of this process offers conversion of eugenol to vanillin up to 10g scale which can be up-
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scaled up to industrial level, even under non-specific reaction conditions such as anhydrous or inert
reaction conditions.

[0033] Further, the present invention also provides an efficient, convenient, and safe chemical
process for the isomerization of eugenol and other substituted phenylpropenes such as
phenylpropene, safrole, methyl chavicol, methyl eugenol, chavibetol, apiole, dillapiole, etc. which
uses environmentally safe solvents.

[0034] In an embodiment of the present disclosure, there is provided a process for the preparation

of a compound Formula (1),

Formula {1}

wherein R! is CHO; R?, R?, R*, R®, and R® are independently selected from H, OH, and OCH3; or
R* and R’ together form -OCH»O-, comprising the steps of: (a) isomerization of substituted

phenylpropenes of Formula (2) or essential oil rich in substituted phenylpropenes of Formula (2),

f P

Formula {2}

wherein R is selected from OH and OCH3; R and R? are independently selected from H and OCH3
or R and Rl’together form -OCH20-; and R* is selected from H and OCH3, in the presence of a

solvent and a metal hydroxide to obtain a compound of Formula (3);

Formula 3

wherein R is selected from OH and OCHs; R!" and R? are independently selected from H and
OCHj3 or R and R! together form -OCHO-; and R? is selected from H and OCH3, (b) oxidizing

the compound of Formula (3) as obtained in step (a) with an oxidizing agent and an additive in a

9
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biphasic reaction medium to obtain a reaction mixture comprising osmate ester of the compound
of Formula (3); (¢) oxidizing the osmate ester of the compound of Formula (3) by adding sodium
metaperiodate in the reaction mixture as obtained in step (b) with stirring at a temperature ranging
between 20 to 30°C for a period of ranging between 1 to 5 hours to obtain the compound of
Formula (1).

[0035] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1), wherein R!is CHO; R?, R? R* R’ and R®are independently selected
from H, OH, and OCHs; or R* and R together form -OCH>O-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in substituted
phenylpropenes of Formula (2), wherein R is selected from OH and OCHs; R' and R? are
independently selected from H and OCH3 or R and R!" together form -OCH,O-; and R* is selected
from H and OCH3, in the presence of a solvent and a metal hydroxide to obtain a compound of
Formula (3); wherein R is selected from OH and OCH3; R!" and R? are independently selected
from H and OCH3 or R and RV together form -OCH2O-; and R? is selected from H and OCH3, (b)
oxidizing the compound of Formula (3) as obtained in step (a) with osmium tetroxide and an
additive in a biphasic reaction medium to obtain a reaction mixture comprising osmate ester of the
compound of Formula (3); (c) oxidizing the osmate ester of the compound of Formula (3) by
adding sodium metaperiodate in the reaction mixture as obtained in step (b) with stirring at a
temperature ranging between 20 to 30 °C for a period of ranging between 1 to 5 hours to obtain
the compound of Formula (1).

[0036] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1) as disclosed herein, wherein the essential oil is obtained from eugenol
rich plants selected from the group consisting of Syzygium aromaticum, Ocimum tenuiflorum,
Ocimum gratissimum.

[0037] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1), wherein R! is CHO; R2, R? R* R, and R®are independently selected
from H, OH, and OCHs; or R* and R together form -OCH>O-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil, wherein the essential
oil is obtained from eugenol rich plants selected from the group consisting of Syzygium
aromaticum, Ocimum tenuiflorum, Ocimum gratissimum, rich in substituted phenylpropenes of

Formula (2), wherein R is selected from OH and OCH3; R! and R? are independently selected

10
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from H and OCHs or R and R" together form -OCH>0O-; and R?¥ is selected from H and OCH3, in
the presence of a solvent and a metal hydroxide to obtain a compound of Formula (3); wherein R
is selected from OH and OCH3; R! and R?" are independently selected from H and OCH3 or R and
R! together form -OCH,O-; and R* is selected from H and OCHj, (b) oxidizing the compound of
Formula (3) as obtained in step (a) with an oxidizing agent and an additive in a biphasic reaction
medium to obtain a reaction mixture comprising osmate ester of the compound of Formula (3); (¢)
oxidizing the osmate ester of the compound of Formula (3) by adding sodium metaperiodate in the
reaction mixture as obtained in step (b) with stirring at a temperature ranging between 20 to 30 °C
for a period of ranging between 1 to 5 hours to obtain the compound of Formula (1).

[0038] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1) as disclosed herein, wherein the solvent used in step (a) is selected
from the group consisting of choline hydroxide and choline chloride. In another embodiment of
the present disclosure, there is provided a process for the preparation of a compound Formula (1)
as disclosed herein, wherein the solvent used in step (a) is choline hydroxide.

[0039] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1), wherein R! is CHO; R%, R? R* R, and R®are independently selected
from H, OH, and OCHs; or R* and R together form -OCH>O-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in substituted
phenylpropenes of Formula (2), wherein R is selected from OH and OCHs; R' and R? are
independently selected from H and OCH3 or R and R! together form -OCH»O-; and R is selected
from H and OCH3, in the presence of a solvent, wherein the solvent is selected from the group
consisting of choline hydroxide and choline chloride, and a metal hydroxide to obtain a compound
of Formula (3); wherein R is selected from OH and OCH3; R! and R? are independently selected
from H and OCH3 or R and RV together form -OCH»O-; and R? is selected from H and OCHa, (b)
oxidizing the compound of Formula (3) as obtained in step (a) with an oxidizing agent and an
additive in a biphasic reaction medium to obtain a reaction mixture comprising osmate ester of the
compound of Formula (3); (c) oxidizing the osmate ester of the compound of Formula (3) by
adding sodium metaperiodate in the reaction mixture as obtained in step (b) with stirring at a
temperature ranging between 20 to 30 °C for a period of ranging between 1 to 5 hours to obtain

the compound of Formula (1).
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[0040] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1) as disclosed herein, wherein the metal hydroxide used in step (a) is
selected from the group consisting of potassium hydroxide, barium hydroxide, and sodium
hydroxide. In another embodiment of the present disclosure, there is provided a process for the
preparation of a compound Formula (1) as disclosed herein, wherein the metal hydroxide used in
step (a) is potassium hydroxide.

[0041] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1), wherein R! is CHO; R2, R? R* R, and R®are independently selected
from H, OH, and OCHs; or R* and R together form -OCH>O-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in substituted
phenylpropenes of Formula (2), wherein R is selected from OH and OCHs; R' and R? are
independently selected from H and OCH3 or R and R! together form -OCH»O-; and R is selected
from H and OCH3, in the presence of a solvent and a metal hydroxide, wherein the metal hydroxide
is selected from the group consisting of potassium hydroxide, barium hydroxide, and sodium
hydroxide, to obtain a compound of Formula (3); wherein R is selected from OH and OCHs; RV
and R?" are independently selected from H and OCH3 or R and R! together form -OCH,0-; and
R? is selected from H and OCH3, (b) oxidizing the compound of Formula (3) as obtained in step
(a) with an oxidizing agent and an additive in a biphasic reaction medium to obtain a reaction
mixture comprising osmate ester of the compound of Formula (3); (c) oxidizing the osmate ester
of the compound of Formula (3) by adding sodium metaperiodate in the reaction mixture as
obtained in step (b) with stirring at a temperature ranging between 20 to 30 °C for a period of
ranging between 1 to 5 hours to obtain the compound of Formula (1).

[0042] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1) as disclosed herein, wherein the oxidizing agent used in step (b) is
selected from the group consisting of OsO4/NalOs4, K>[OsO2(OH)4]/NalO4, OsClz/NalOs,
Polyurea-encapsulated OsO4/NalOs4, Poly 4-vinylpyridine crosslinked supported OsO4/NalOs,
Styrene-divinylbenzene crosslinked supported OsO4/NalOs. In another embodiment of the present
disclosure, there is provided a process for the preparation of a compound Formula (1) as disclosed
herein, wherein the oxidizing agent used in step (b) is OsO4/NalOs.

[0043] In an embodiment of the present disclosure, there is provided a process for the preparation

of a compound Formula (1), wherein R!is CHO; R?, R? R* R’ and R®are independently selected
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from H, OH, and OCH3; or R* and R® together form -OCH>O-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in substituted
phenylpropenes of Formula (2), wherein R is selected from OH and OCHs; R' and R? are
independently selected from H and OCH3 or R and R! together form -OCH»O-; and R is selected
from H and OCH3, in the presence of a solvent and a metal hydroxide to obtain a compound of
Formula (3); wherein R is selected from OH and OCH3; R' and R? are independently selected
from H and OCH3 or R and RV together form -OCH»O-; and R? is selected from H and OCHj, (b)
oxidizing the compound of Formula (3) as obtained in step (a) with an oxidizing agent, wherein
the oxidizing agent is selected from the group consisting of OsO4/NalO4, K2[OsO2(OH)4]/NalOs,
OsCl3/NalO4, Polyurea-encapsulated OsO4/NalO4, Poly 4-vinylpyridine crosslinked supported
0s04/NalOs4, Styrene-divinylbenzene crosslinked supported OsO4/NalO4, and an additive in a
biphasic reaction medium to obtain a reaction mixture comprising osmate ester of the compound
of Formula (3); (¢) oxidizing the osmate ester of the compound of Formula (3) by adding sodium
metaperiodate in the reaction mixture as obtained in step (b) with stirring at a temperature ranging
between 20 to 30 °C for a period of ranging between 1 to 5 hours to obtain the compound of
Formula (1).

[0044] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1), wherein R! is CHO; R%, R? R* R, and R®are independently selected
from H, OH, and OCHs; or R* and R together form -OCH>O-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil, wherein the essential
oil is obtained from eugenol rich plants selected from the group consisting of Syzygium
aromaticum, Ocimum tenuiflorum, Ocimum gratissimum, rich in substituted phenylpropenes of
Formula (2), wherein R is selected from OH and OCH3; R! and R? are independently selected
from H and OCHz or R and R" together form -OCH>0O-; and R?¥ is selected from H and OCHz, in
the presence of a solvent, wherein the solvent is selected from the group consisting of choline
hydroxide and choline chloride, and a metal hydroxide, wherein the metal hydroxide is selected
from the group consisting of potassium hydroxide, barium hydroxide, and sodium hydroxide, to
obtain a compound of Formula (3); wherein R is selected from OH and OCHzs; R" and R? are
independently selected from H and OCH3 or R and R! together form -OCH»O-; and R? is selected
from H and OCH3, (b) oxidizing the compound of Formula (3) as obtained in step (a) with an

oxidizing agent, wherein the oxidizing agent is selected from the group consisting of OsO4/NalOx,
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K>[0OsO2(OH)4])/NalOs, OsCl3/NalOs, Polyurea-encapsulated OsO4/NalO4, Poly 4-vinylpyridine
crosslinked supported OsO4/NalO4, Styrene-divinylbenzene crosslinked supported OsO4/NalOs,
and an additive in a biphasic reaction medium to obtain a reaction mixture comprising osmate ester
of the compound of Formula (3); (c) oxidizing the osmate ester of the compound of Formula (3)
by adding sodium metaperiodate in the reaction mixture as obtained in step (b) with stirring at a
temperature ranging between 20 to 30 °C for a period of ranging between 1 to 5 hours to obtain
the compound of Formula (1).

[0045] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1) as disclosed herein, wherein the biphasic reaction medium of step (b)
is a mixture of water and non-protic solvent in a ratio of 1:4.

[0046] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1), wherein R!is CHO; R?, R? R* R’ and R®are independently selected
from H, OH, and OCHs; or R* and R together form -OCH>O-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in substituted
phenylpropenes of Formula (2), wherein R is selected from OH and OCH3; R! and R? are
independently selected from H and OCH3 or R and R!" together form -OCH,O-; and R* is selected
from H and OCH3, in the presence of a solvent and a metal hydroxide to obtain a compound of
Formula (3); wherein R is selected from OH and OCH3; R!" and R? are independently selected
from H and OCH3 or R and RV together form -OCH»O-; and R? is selected from H and OCH3, (b)
oxidizing the compound of Formula (3) as obtained in step (a) with an oxidizing agent and an
additive in a biphasic reaction medium, wherein the biphasic reaction medium is a mixture of water
and non-protic solvent in a ratio of 1:4, to obtain a reaction mixture comprising osmate ester of the
compound of Formula (3); (c) oxidizing the osmate ester of the compound of Formula (3) by
adding sodium metaperiodate in the reaction mixture as obtained in step (b) with stirring at a
temperature ranging between 20 to 30 °C for a period of ranging between 1 to 5 hours to obtain
the compound of Formula (1).

[0047] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1) as disclosed herein, wherein the non-protic solvent is selected from
the group consisting of tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, acetone,
acetonitrile, methyl tert-butylether, tert-butanol. In another embodiment of the present disclosure,

there is provided a process for the preparation of a compound Formula (1) as disclosed herein,
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wherein the non-protic solvent is selected from the group consisting of tetrahydrofuran, 2-
methyltetrahydrofuran, 1,4-dioxane, and t-butylmethyl ether. In another embodiment of the
present disclosure, there is provided a process for the preparation of a compound Formula (1) as
disclosed herein, wherein the non-protic solvent is tetrahydrofuran.

[0048] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1) as disclosed herein, wherein the biphasic reaction medium of step (b)
is a mixture of water and non-protic solvent, wherein the non-protic solvent is selected from the
group consisting of tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, acetone, acetonitrile,
methyl tert-butylether, tert-butanol, in a ratio of 1:4.

[0049] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1), wherein R! is CHO; R2, R? R* R, and R®are independently selected
from H, OH, and OCH3; or R* and R® together form -OCH>O-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in substituted
phenylpropenes of Formula (2), wherein R is selected from OH and OCH3; R' and R? are
independently selected from H and OCH3 or R and R! together form -OCH»O-; and R is selected
from H and OCH3, in the presence of a solvent and a metal hydroxide to obtain a compound of
Formula (3); wherein R is selected from OH and OCH3; R!" and R? are independently selected
from H and OCH3 or R and RV together form -OCH»O-; and R? is selected from H and OCH3, (b)
oxidizing the compound of Formula (3) as obtained in step (a) with an oxidizing agent and an
additive in a biphasic reaction medium, wherein the biphasic reaction medium is a mixture of water
and non-protic solvent in a ratio of 1:4, wherein the non-protic solvent is selected from the group
consisting of tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, acetone, acetonitrile, methyl
tert-butylether, tert-butanol, to obtain a reaction mixture comprising osmate ester of the compound
of Formula (3); (¢) oxidizing the osmate ester of the compound of Formula (3) by adding sodium
metaperiodate in the reaction mixture as obtained in step (b) with stirring at a temperature ranging
between 20 to 30 °C for a period of ranging between 1 to 5 hours to obtain the compound of
Formula (1).

[0050] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1) as disclosed herein, wherein the additive used in step (b) is selected
from the group consisting of (a) tertiary amine N-oxides selected from pyridine-N-oxide, 2,6-

dimethyl pyridine N-oxide, 2-picoline-N-oxide, 3-picoline-N-oxide, 4-picoline-N-oxide, N,N-
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dimethylaniline-N-oxide, N,N-diethylaniline-N-oxide and triethylamine-N-oxide, and (b) methyl-
substituted pyridines selected from 2-methylpyridine, 2,6-dimethylpyridine (2,6-lutidine), 4-
methylpyridine, 2,4,6-trimethylpyridine.

[0051] In another embodiment of the present disclosure, there is provided a process for the
preparation of a compound Formula (1) as disclosed herein, wherein the additive used in step (b)
is selected from the group consisting of (a) tertiary amine N-oxides selected from pyridine-N-
oxide, 2,6-dimethyl pyridine N-oxide, 2-picoline-N-oxide, 3-picoline-N-oxide, 4-picoline-N-
oxide, and (b) methyl-substituted pyridines selected from 2-methylpyridine, 2,6-dimethylpyridine
(2,6-1utidine) and 2,4,6-trimethylpyridine. In another embodiment of the present disclosure, there
is provided a process for the preparation of a compound Formula (1) as disclosed herein, wherein
the additive used in step (b) is 2,6-dimethyl pyridine.

[0052] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1), wherein R! is CHO; R2, R? R* R, and R®are independently selected
from H, OH, and OCHj3; or R* and R® together form -OCH20-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in substituted
phenylpropenes of Formula (2), wherein R is selected from OH and OCHs; R' and R? are
independently selected from H and OCH3 or R and R!" together form -OCH,O-; and R* is selected
from H and OCH3, in the presence of a solvent and a metal hydroxide to obtain a compound of
Formula (3); wherein R is selected from OH and OCH3; R!" and R? are independently selected
from H and OCH3 or R and RV together form -OCH»O-; and R? is selected from H and OCHj, (b)
oxidizing the compound of Formula (3) as obtained in step (a) with an oxidizing agent and an
additive, wherein the additive is selected from the group consisting of (a) tertiary amine N-oxides
selected from pyridine-N-oxide, 2,6-dimethyl pyridine N-oxide, 2-picoline-N-oxide, 3-picoline-
N-oxide, 4-picoline-N-oxide, N,N-dimethylaniline-N-oxide, N,N-diethylaniline-N-oxide and
triethylamine-N-oxide, and (b) methyl-substituted pyridines selected from 2-methylpyridine, 2,6-
dimethylpyridine (2,6-lutidine), 4-methylpyridine, 2,4,6-trimethylpyridine, in a biphasic reaction
medium to obtain a reaction mixture comprising osmate ester of the compound of Formula (3); (¢)
oxidizing the osmate ester of the compound of Formula (3) by adding sodium metaperiodate in the
reaction mixture as obtained in step (b) with stirring at a temperature ranging between 20 to 30 °C

for a period of ranging between 1 to 5 hours to obtain the compound of Formula (1).
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[0053] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1) as disclosed herein, wherein the oxidizing agent used in step (b) is in
the range of between 0.05 to 2.0 mole % and metaperiodate used in step (c) is the range of between
1 to 5 moles %.

[0054] In another embodiment of the present disclosure, there is provided a process for the
preparation of a compound Formula (1) as disclosed herein, wherein the oxidizing agent used in
step (b) is 0.2 mole % and metaperiodate used in step (c) is 2.5 moles %.

[0055] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1), wherein R! is CHO; R2, R? R* R, and R®are independently selected
from H, OH, and OCHs; or R* and R together form -OCH>O-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in substituted
phenylpropenes of Formula (2), wherein R is selected from OH and OCH3; R' and R? are
independently selected from H and OCH3 or R and R!" together form -OCH,O-; and R* is selected
from H and OCH3, in the presence of a solvent and a metal hydroxide to obtain a compound of
Formula (3); wherein R is selected from OH and OCH3; R' and R? are independently selected
from H and OCH3 or R and RV together form -OCH»O-; and R? is selected from H and OCHz, (b)
oxidizing the compound of Formula (3) as obtained in step (a) with an oxidizing agent, wherein
the oxidizing agent is in the range of between 0.05 to 2.0 mole %, and an additive in a biphasic
reaction medium to obtain a reaction mixture comprising osmate ester of the compound of Formula
(3); (c¢) oxidizing the osmate ester of the compound of Formula (3) by adding sodium
metaperiodate, wherein the metaperiodate is in the range of between 1 to 5 moles %, in the reaction
mixture as obtained in step (b) with stirring at a temperature ranging between 20 to 30 °C for a
period of ranging between 1 to 5 hours to obtain the compound of Formula (1).

[0056] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1) as disclosed herein, wherein the yield of the compound of Formula (1)
is in the range of 58 to 70%.

[0057] In an embodiment of the present disclosure, there is provided a process for the preparation
of a compound Formula (1), wherein R!is CHO; R?, R? R* R’ and R®are independently selected
from H, OH, and OCH3; or R* and R® together form -OCH>O-, comprising the steps of: (a)
isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in substituted

phenylpropenes of Formula (2), wherein R is selected from OH and OCH3; R' and R? are
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independently selected from H and OCH3 or R and R! together form -OCH»O-; and R is selected
from H and OCH3, in the presence of a solvent and a metal hydroxide to obtain a compound of
Formula (3); wherein R is selected from OH and OCH3; R!" and R? are independently selected
from H and OCH3 or R and RV together form -OCH»O-; and R? is selected from H and OCHj, (b)
oxidizing the compound of Formula (3) as obtained in step (a) with an oxidizing agent and an
additive in a biphasic reaction medium to obtain a reaction mixture comprising osmate ester of the
compound of Formula (3); (c) oxidizing the osmate ester of the compound of Formula (3) by
adding sodium metaperiodate in the reaction mixture as obtained in step (b) with stirring at a
temperature ranging between 20 to 30 °C for a period of ranging between 1 to 5 hours to obtain
the compound of Formula (1), wherein the yield of the compound of Formula (1) is in the range

of 58 to 70%.

EXAMPLES

[0058] The following examples are given by way of illustration and should not construe to limit
the scope of the invention. The synthesis of representative compounds has been given. Essential
oil of Syzygium aromaticum(L) Merr. and L.M.Penny are obtained from Avra synthesis, Cat. No.
ASC-2642. The Essential oil of Ocimum gratissimum (L) and Ocimum tenuiflorum cv. CIM-ayu
are obtained from CSIRCIMAP, Farm, Lucknow.

[0059] The present invention reports a chemical process for the preparation of substituted
phenylaldehydes such as vanillin from substituted phenylpropenes and substituted phenylpropenes
rich essential oils such as eugenol (2a) and eugenol rich essential oils indiscriminately through
either cis or trans or a mixture of cis and trans isomer(s) of isoeugenol, an intermediate compound
(Scheme 1). The invention particularly relates to the conversion of phenylpropenes and substituted
phenylpropenes rich essential oils to substituted phenylaldehydes such as vanillin without the
protection of the phenolic group, therefore, offers step economy. The present chemical process
involves the use of environment-friendly solvents and devoid of the use of any chlorinated solvent.
This process also provides ease of preparation for substituted phenylaldehydes of formula 1
(wherein R! is -CHO, and R?, R?, R*, R>, R, may be (a) a hydrogen atom; (b) an alkoxy group

having one or more carbon atom with at least two of R%, R R R?, RG,being a hydrogen atom; (c)
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an alkoxy group having one or more carbon atom with at

hydroxyl group; (d) an alkoxy group having one or more carbon atom with one of R2, R?, R, R>,
R being a methylenedioxy group in combination with either a hydrogen atom or a hydroxyl group
or an alkoxy group having at least one carbon atoms; (f) a protected hydroxyl group with at least
one of R?, R* R* R’ R®, being a hydrogen atom in combination with either an alkoxy group having
one or more carbon atom, a hydroxyl group, a methylenedioxy group) from substituted

phenylpropenes or substituted phenylpropenes enriched oils indiscriminately from either cis or

trans or a mixture of cis and trans isomer(s).
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Scheme 1: The process for the preparation of substituted phenylaldehydes from substituted

phenylpropenes through either cis or trans or a mixture of cis and trans isomer(s) of substituted

phenylprop-2-enes, an intermediate compounds.
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[0060] Further, the present invention also provides an efficient, convenient, and safe chemical
process for the isomerization of eugenol and other substituted phenylpropenes such as
phenylpropene, safrole, methyl chavicol, methyl eugenol, chavibetol, apiole, dillapiole, etc. which
uses environmentally safe solvents.

[0061] Synthesis: The process for the preparation of vanillin from eugenol comprises two
synthetic steps; Step 1: Conversion of eugenol (2a) to isoeugenol (3a,); Step 2: Conversion of

isoeugenol to vanillin (1a).

Step-1: Conversion of eugenol (2a) to isoeugenol (3a)

[0062] Different attempts were made to transform eugenol (2a) into isoeugenol (3a) which
involved the use of (i) alkali-metal hydroxide (s) such as sodium hydroxide, potassium hydroxide,
barium hydroxide, etc., in a variety of choline based eutectic solvents such as choline hydroxide,
choline chloride, etc., at a temperature ranging between 60-220 °C, however, in particular, for
vanillin production from eugenol, we have used potassium hydroxide in Choline hydroxide at
140°C and 220°C which transformed eugenol (2a) to isoeugenol (3a) with 51 and 64 % conversion,
respectively (GC analysis, cis:trans = 19:39 and 21:43 respectively) Scheme-2. The transformation
of eugenol (2a) into isoeugenol (3a) was also performed in neat Choline hydroxide which yielded
isoeugenol (3a) in relatively low yield.

[0063] Accordingly, isomerization of other substituted phenylpropenes such as methyl eugenol
(2b), methyl chavicol (2¢), and dillapiole (2d) to methyl isoeugenol (3b), anethole (3¢), and
isodillapiole (3d) respectively, were prepared using methods.

Step-2: Conversion of isoeugenol (3a) to vanillin (1a)

[0064] For conversion of isoeugenol (3a) to vanillin (1a), isoeugenol (3a) was treated with an
aqueous solution of osmium tetroxide (OsO4) ranging from 0.05 to 2.0-mole % and substituted
pyridines such as 2-methylpyridine, 3-methylpyridine, 4-methylpyridine, 2,6-dimethylpyridine
(2,6-1utidine), 2,4,6-trimethylpyridine, 4-dimethylaminopyridine or tertiary amine N-oxides such
as pyridine-N-oxide, 2,6-dimethyl pyridine N-oxide, 2-picoline-N-oxide, 3-picoline-N-oxide, 4-
picoline-N-oxide, ranging from 0.5 to 5 moles in biphasic reaction medium having a mixture of
water and non-protic solvents such as tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane,
isopropyl ether and t-butylmethyl ether in an appropriate ratio ranging from 0.025:4.75 to 2:3.

Under these conditions, an osmate ester of isoeugenol (3a) was formed which was oxidized to
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vanillin by the addition of sodium metaperiodate ranging from 1 to 5 moles in the same reaction
at 20-30°C. However, in particular, we used 0.2 mole% of aqueous osmium tetroxide (OsO4) and
1.0 moles of 2,6-dimethylpyridine (2,6-lutidine), 2.5 moles of sodium metaperiodate in water and
tetrahydrofuran mixture (1:4), scheme-2. The same reaction was performed using 2-
methyltetrahydrofuran, 1,4-dioxane, isopropyl ether, and t-butyl methyl ether respectively, in place
of tetrahydrofuran. The efficiency of 2-methyltetrahydrofuran as solvent appeared to be marginally
lower than tetrahydrofuran, however, other solvents such as 1,4-dioxane, isopropyl ether and t-
butyl methyl ether gave vanillin in low yields. Also, the use of 2-methylpyridine, 3-
methylpyridine,4-methylpyridine, 2,4,6-trimethylpyridine, 4-dimethylaminopyridine, and 2-
aminopyridine ranging from 0.5 to 5 moles gave vanillin in relatively low yields in comparison to
product yield obtained without any additive. Under similar reaction conditions, other additives
such as pyridine-N-oxide, 2,6-dimethyl pyridine N-oxide, 2-picoline-N-oxide, 3-picoline-N-oxide,
4-picoline-N-oxide were also used for this conversion which yielded vanillin in improved yields.
Accordingly, other substituted phenylaldehydes such as  veratraldehyde (3,4-
dimethoxybenzaldehyde, 1b), 4-anisaldehyde (4-methoxybenzaldehyde, 1c¢), 2,3-dimethxoy-4,5-
methylenedixybenzaldehyde (1d), and 2,4,5-trimethoxybenzaldehyde (1e) from either cis or trans
or a mixture of cis and trans isomer(s) of methyl isoeugenol (3b), anethole (3c¢), either cis or trans
or a mixture of cis and trans isomer(s) of isodillapiole (3d) and a-and B-asarone (a-and -, 3e&3f)
respectively, were prepared using developed process.

[0065] The schematic diagram for the process of preparation is represented hereunder;

bﬁ
H
H3CO Z a "'3°°j©/\/ H3CO
e g R o a
HO HO HO
(2a) (3a) (1a)
—C>

Scheme-2; Reaction conditions and reagents: (a) KOH, choline hydroxide (46% assay in aqueous
solution), 220°C, 2.5h; (b) OsO04/NalQs, tetrahydrofuran-water, 25°C, about 5.30h; (c)
0s04/NalOy, tetrahydrofuran-water, 2,6-dimethylpyridine, 25°C, about 4.30h.
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[0066] The details of vanillin (la), veratraldehyde (3,4-dimethoxybenzaldehyde, 1b), 4-
anisaldehyde (4-methoxybenzaldehyde, 1c¢), 2,3-dimethxoy-4,5-methylenedixybenzaldehyde
(1d), and 2,4,5-trimethoxybenzaldehyde (le) prepared using additives for the oxidation of

isoeugenol, are given in Table-1.

Table 1: Physical data of vanillin (la), veratraldehyde (3,4-dimethoxybenzaldehyde, 1b), 4-anisaldehyde (4-
methoxybenzaldehyde, 1c¢), 2,3-dimethxoy-4,5-methylenedixybenzaldehyde (1d), and 2,4,5-trimethoxybenzaldehyde
(1e).

Compound Yield | m.p. | Spectral Data
(%) | (O
Vanillin (1a) 70 79-81 | '"H NMR (CDCls, 500 MHz, & ppm): 3.97 (s, 3H,

OCHa3), 6.25 (s, 1H, OH), 7.04(d, J = 8.5 Hz, 1H,
ArH),7.41-743 (m, 2H, ArH), 9.83 (s, 1H,
CHO);*CNMR (CDCls, 125 MHz, & ppm): 56.1,
108.7, 114.3, 127.5, 129.9, 147.1, 151.6, 190.9;
HRMS (CsHgOs): calculated for [M+H"]
=153.0552, observed 153.0546.

Veratraldehyde 66 oil 'H NMR (CDCls, 500 MHz, 8 ppm): 3.91 (s,3H,
(3,4-dimethoxy  benzaldehyde, OCHs), 3.94 (s, 3H, OCHs3), 6.96 (d, J = 8.5 Hz,
1b) 2H, ArH),7.41 (d, /= 1.5 Hz, 1H, ArH), 7.43 (dd,

J=2.0 and 8.0 Hz, 1H, ArH), 9.83 (s,1H, CHO);
3C NMR (CDCle, 125 MHz, & ppm): 56.0, 56.1,
109.0,110.4, 126.8, 130.1, 149.5, 154.5, 190.8.
4-anisaldehyde 60 oil '"H NMR (CDCls, 500 MHz, & ppm): 3.89 (s, 3H,
(4-methoxy benzaldehyde, 1¢) OCH3),7.00 (d, J=9.0 Hz, 2H, ArH), 7.84 (d.J =
9.0 Hz, 2H, ArH), 9.88 (s,1H, CHO); “C NMR
(CDCls, 125 MHz, 6 ppm): 55.5, 114.3 (2xC),
130.0, 131.9 (2xC), 164.6, 190.8.

2,3-dimethoxy-4,5- 70 73-74 | '"H NMR (CDCls, 500 MHz, & ppm): 3.93 (s, 3H,
OCHs3), 4.03 (s, 3H, OCHs), 6.01 3.93 (s, 2H, -
OCH»-), 6.97 (s, 1H, ArH), 10.02 (s,1H, CHO);
13C NMR (CDClg, 125 MHz, 8 ppm): 60.2, 63.0,
994, 102.5, 123.5, 137.0, 143.7, 1454, 153.0.

methylenedioxybenzaldehyde(
1d)

2,4,5-trimethoxybenzaldehyde 75 111- '"H NMR (CDCls, 500 MHz,  ppm): 3.87 (s, 3H,
(3e) 112 OCH;),3.92 (s, 3H, OCH;),397 (s, 3H,
OCH3),6.49 (s, 1H, ArH), 7.32 (s, 1H, ArH), 10.31
(s,1H, CHO); “C NMR (CDCls, 125 MHz, §
ppm): 56.2,56.3,95.9, 109.9, 117.4, 143.6, 155.8,
158.6, 188.0.

Example-1

Step 1: Preparation of isoeugenol (3a) form eugenol (2a)
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[0067] (a) In a round bottom flask, eugenol (0.1 g, 0.61mmol), choline hydroxide (46% assay
w/win aqueous solution, 0.5 g, 4.27 mmol),and potassium hydroxide (0.2 g, 3.65 mmol) was taken
and was allowed to reflux for 2.5 h at temp 220°C. The progress of the reaction was monitored by
GC analysis. After completion of the reaction, the reaction mixture was neutralized with con. HCI]
(0.5 mL) followed by its extraction with ethyl acetate and water. The organic layer was dried over
anhydrous sodium sulfate and concentrated to an oily crude material. The crude material was
purified by column chromatography on silica gel (100-200 mesh size) using ethyl acetate-hexane
as eluent which yielded pure isoeugenol (3a, a mixture of cis and trans) as oil. The conversion
from eugenol to isoeugenol was 64% (GC analysis; cis: trans = 21:43).

[0068] (b) In a round bottom flask, eugenol (0.2 g, 1.21mmol), choline hydroxide (46% assay w/w
in aqueous solution, 1.0 g, 8.53mmol), and sodium hydroxide (0.30 g, 7.31mmol) was taken and
was allowed to reflux for 2.5 h at temp 220°C. The progress of the reaction was monitored by GC
analysis. After completion of the reaction, the reaction mixture was neutralized with con. HCI (0.5
mL) followed by its extraction with ethyl acetate and water. The organic layer was dried over
anhydrous sodium sulfate and concentrated to an oily crude material. The crude material was
purified by column chromatography on silica gel (100-200 mesh size) using ethyl acetate-hexane
as eluent which yielded pure isoeugenol (3a, a mixture of cis and trans) as oil. The conversion
from eugenol to isoeugenol was 41% (GC analysis; cis: trans = 14:27).

[0069] (c) In a round bottom flask, eugenol (0.2 g, 1.21mmol), choline hydroxide (46% assay w/w
in aqueous solution, 1.0 g, 8.53mmol),and barium hydroxide (1.25 g, 7.31mmol) was taken and
was allowed to reflux for 2.5 h at temp 220°C. The progress of the reaction was monitored by GC
analysis. After completion of the reaction, the reaction mixture was neutralized with con. HCI (0.5
mL) followed by its extraction with ethyl acetate and water. The organic layer was dried over
anhydrous sodium sulfate and concentrated to an oily crude material. The crude material was
purified by column chromatography on silica gel (100-200 mesh size) using ethyl acetate-hexane
as eluent which yielded pure isoeugenol (3a, a mixture of cis and trans) as oil. The conversion
from eugenol to isoeugenol was 20% (GC analysis; cis: trans = 7:13).

[0070] (d) In a round bottom flask, eugenol (0.1 g, 0.61 mmol), choline hydroxide (46% assay
w/w in aqueous solution, 0.5 g, 4.27 mmol) was allowed to reflux for 2.5 h at temp 220°C. The
progress of the reaction was monitored by GC analysis. After completion of the reaction, the

reaction mixture extracted with ethyl acetate and water. The organic layer was dried over
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anhydrous sodium sulfate and concentrated to an oily crude material. The crude material was
purified by column chromatography on silica gel (100-200 mesh size) using ethyl acetate-hexane
as eluent which yielded pure isoeugenol (3a, a mixture of cis and trans) as oil. The conversion
from eugenol to isoeugenol was 30% (GC analysis, cis: trans = 7:23).

[0071] (e) In a round bottom flask, eugenol (0.1 g, 0.61 mmol), choline chloride (0.5 g, 3.66
mmol), and potassium hydroxide (0.2 g, 3.65 mmol) was taken and was allowed to reflux for 2.5
h at temp 220°C. The progress of the reaction was monitored by GC analysis. After completion of
the reaction, the reaction mixture was neutralized with con. HCI (0.5 mL) followed by its extraction
with ethyl acetate and water. The organic layer was dried over anhydrous sodium sulfate and
concentrated to an oily crude material. The crude material was purified by column chromatography
on silica gel (100-200 mesh size) using ethyl acetate-hexane as eluent which yielded pure
isoeugenol (3a, a mixture of cis and trans) as oil. The conversion from eugenol to isoeugenol was

28% (GC analysis; cis: trans = 9:19).

Step 2: Preparation of vanillin (1a) from isoeugenol (3a)

[0072] (a) On ice bath, isoeugenol (3a, 1.00g, 6.09mmol) was taken in around bottom flask and
dissolved in 40mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (OsOs4, 0.2% aqueous solution, 10 mL) was dropwise added to the solution (in about 5-8
min). The reaction mixture was stirred for 2 h. After 2h, sodium metaperiodate (NalO4, 3.24g,
15.24 mmol) was added portion-wise to the reaction mixture (in about 10min) and the reaction
mixture was further stirred for 3 h at 25°C. The progress of the reaction was monitored by TLC
(20% ethyl acetate-hexane). After completion of the reaction, the reaction was worked up using
ethyl acetate and water. The organic layer was separated, dried over anhydrous sodium sulfate
(Na2SOs), and concentrated. The crude material was purified by column chromatography over
silica gel (100-200 mesh size) using ethyl acetate-hexane (10:90) as eluent which yielded pure
vanillin (1a) as a white solid in 49% yield.

[0073] (b) On ice bath, isoeugenol (3a, 10.00g, 60.97 mmol) was taken in around bottom flask
and dissolved in 300 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (Os04, 0.2% aqueous solution, 100mL) was dropwise added to the solution (in about 20-
30 min). After 10 min, 2,6-dimethylpyridine (6.80g, 60.97 mmol) was added to the reaction

mixture which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalOas, 32.49
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g, 152.43 mmol) was added to the reaction mixture portion-wise (in about 20 min) and stirring was
continued for 3h at 25°C. The progress of the reaction was monitored by TLC (20% ethyl acetate-
hexane). After completion of the reaction, it was worked up using ethyl acetate and water. The
organic layer was separated, dried over anhydrous sodium sulfate (Na>SOs), and concentrated. The
crude material was purified by column chromatography over silica gel 100-200 mesh size using
ethyl acetate-hexane (10:90) as eluent which yielded pure vanillin (1a) as a white solid in 70%
yield.

[0074] (c) On ice bath, isoeugenol (3a, 0.5 g, 3.04 mmol) was taken in a round bottom flask and
dissolved in 15 mL mixture of 2-methyltetrahydrofuran (2-MeTHF) and water (4:1). After 15 min,
osmium tetroxide (OsQa, 0.2% aqueous solution, 5 mL) was dropwise added to the solution (in
about 2-3 min). After 10 min, 2,6-dimethylpyridine (0.32 g, 3.04 mmol) was added to the reaction
mixture which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalOg4, 1.63 g,
7.62 mmol) was added to reaction mixture portion-wise (in about 7 min) and stirring was continued
for 3h at 25°C. The progress of the reaction was monitored by TLC (20% ethyl acetate-hexane).
After completion of the reaction, it was worked up using ethyl acetate and water. The organic layer
was separated, dried over anhydrous sodium sulfate (Na>SOa4), and concentrated. The crude
material was purified by column chromatography over silica gel 100-200 mesh size using ethyl
acetate-hexane (10:90) as eluent which yielded pure vanillin (1a) as a white solid in 64% yield.
[0075] (d) On ice bath, isoeugenol (3a, 0.2 g, 1.21 mmol) was taken in a round bottom flask and
dissolved in 10 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (OsOs4, 0.2% aqueous solution, 2 mL) was dropwise added to the solution (in about 2
min). After 10 min, 2-methylpyridine (0.11 g, 1.21 mmol) was added to the reaction mixture which
was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4, 0.65 g, 3.04 mmol)
was added to reaction mixture portion-wise (in about 3 min) and stirring was continued for 3h at
25°C. The progress of the reaction was monitored by TLC (20% ethyl acetate-hexane). After
completion of the reaction, it was worked up using ethyl acetate and water. The organic layer was
separated, dried over anhydrous sodium sulfate (Na2SOs4), and concentrated. The crude material
was purified by column chromatography over silica gel 100-200 mesh size using ethyl acetate-
hexane (10:90) as eluent which yielded pure vanillin (1a) as a white solid in 66 % yield.

[0076] (e) On ice bath, isoeugenol (3a, 0.22 g, 1.34 mmol) was taken in a round bottom flask and

dissolved in 10 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
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tetroxide (OsQs, 0.2% aqueous solution, 2.2 mL) was dropwise added to the solution (in about 2
min). After 10 min, 2,4,6-trimethylpyridine (0.16 g, 1.34 mmol) was added to the reaction mixture
which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4, 0.71 g, 3.35
mmol) was added to reaction mixture portion-wise (in about 3 min) and stirring was continued for
3h at 25°C. The progress of the reaction was monitored by TLC (20% ethyl acetate-hexane). After
completion of the reaction, it was worked up using ethyl acetate and water. The organic layer was
separated, dried over anhydrous sodium sulfate (Na2SOs4), and concentrated. The crude material
was purified by column chromatography over silica gel 100-200 mesh size using ethyl acetate-
hexane (10:90) as eluent which yielded pure vanillin (1a) as a white solid in 60% yield.

[0077] (f) On ice bath, isoeugenol (3a, 0.5 g, 3.04 mmol) was taken in around bottom flask and
dissolved in 15 mlL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (OsQs, 0.2% aqueous solution, 5 mL) was dropwise added to the solution (in about 2-3
min). After 10 min, pyridine N-oxide(0.28 g, 3.04 mmol) was added to the reaction mixture which
was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4, 1.63 g, 7.62 mmol)
was added to reaction mixture portion-wise (in about 7 min) and stirring was continued for 3h at
25°C. The progress of the reaction was monitored by TLC (20% ethyl acetate-hexane). After
completion of the reaction, it was worked up using ethyl acetate and water. The organic layer was
separated, dried over anhydrous sodium sulfate (Na2SOs4), and concentrated. The crude material
was purified by column chromatography over silica gel 100-200 mesh size using ethyl acetate-
hexane (10:90) as eluent which yielded pure vanillin (1a) as a white solid in 56.5% yield.

[0078] (g) On ice bath, isoeugenol (3a, 0.5 g, 3.04 mmol) was taken in around bottom flask and
dissolved in 15 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (OsQs, 0.2% aqueous solution, 5 mL) was dropwise added to the solution (in about 2-3
min). After 10 min, 2,6-dimethyl pyridine N-oxide (0.37 g, 3.04 mmol) was added to the reaction
mixture which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalOg4, 1.63 g,
7.62 mmol) was added to reaction mixture portion-wise (in about 7 min) and stirring was continued
for 3h at 25°C. The progress of the reaction was monitored by TLC (20% ethyl acetate-hexane).
After completion of the reaction, it was worked up using ethyl acetate and water. The organic layer
was separated, dried over anhydrous sodium sulfate (Na>SOa4), and concentrated. The crude
material was purified by column chromatography over silica gel 100-200 mesh size using ethyl

acetate-hexane (10:90) as eluent which yielded pure vanillin (1a) as a white solid in 70% yield.
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[0079] (h) On ice bath, isoeugenol (3a, 0.5 g, 3.04 mmol) was taken in around bottom flask and
dissolved in 15 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (OsQs, 0.2% aqueous solution, 5 mL) was dropwise added to the solution (in about 2-3
min). After 10 min, 2-picoline N-oxide (0.33 g, 3.04 mmol) was added to the reaction mixture
which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4, 1.63 g, 7.62
mmol) was added to reaction mixture portion-wise (in about 7 min) and stirring was continued for
3h at 25°C. The progress of the reaction was monitored by TLC (20% ethyl acetate-hexane). After
completion of the reaction, it was worked up using ethyl acetate and water. The organic layer was
separated, dried over anhydrous sodium sulfate (Na2SOs4), and concentrated. The crude material
was purified by column chromatography over silica gel 100-200 mesh size using ethyl acetate-
hexane (10:90) as eluent which yielded pure vanillin (1a) as a white solid in 65.2% yield.

[0080] (i) On ice bath, isoeugenol (3a, 0.5 g, 3.04 mmol) was taken in around bottom flask and
dissolved in 15 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (OsQs, 0.2% aqueous solution, 5 mL) was dropwise added to the solution (in about 2-3
min). After 10 min, 3-picoline N-oxide (0.33 g, 3.04 mmol) was added to the reaction mixture
which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4, 1.63 g, 7.62
mmol) was added to reaction mixture portion-wise (in about 7 min) and stirring was continued for
3h at 25°C. The progress of the reaction was monitored by TLC (20% ethyl acetate-hexane). After
completion of the reaction, it was worked up using ethyl acetate and water. The organic layer was
separated, dried over anhydrous sodium sulfate (Na2SOs4), and concentrated. The crude material
was purified by column chromatography over silica gel 100-200 mesh size using ethyl acetate-
hexane (10:90) as eluent which yielded pure vanillin (1a) as a white solid in 58.6% yield.

[0081] (j) On ice bath, isoeugenol (3a, 0.5 g, 3.04 mmol) was taken in around bottom flask and
dissolved in 15 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (OsQs, 0.2% aqueous solution, 5 mL) was dropwise added to the solution (in about 2-3
min). After 10 min, 4-picoline N-oxide (0.33 g, 3.04 mmol) was added to the reaction mixture
which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4, 1.63 g, 7.62
mmol) was added to reaction mixture portion-wise (in about 7 min) and stirring was continued for
3h at 25°C. The progress of the reaction was monitored by TLC (20% ethyl acetate-hexane). After
completion of the reaction, it was worked up using ethyl acetate and water. The organic layer was

separated, dried over anhydrous sodium sulfate (Na2SOs4), and concentrated. The crude material

27



10

15

20

25

30

WO 2022/003710 PCT/IN2021/050495

was purified by column chromatography over silica gel 100-200 mesh size using ethyl acetate-

hexane (10:90) as eluent which yielded pure vanillin (1a) as a white solid in 59% yield.

Example 2

Step-1: Preparation of isoeugenol (3a) from eugenol (2a) (Isomerisation of clove oil, 89%
eugenol):

[0082] In a round bottom flask, clove oil (89% eugenol, 0.1 g, 0.61 mmol), choline hydroxide
(46% assay w/w in aqueous solution, 0.5 g, 4.27 mmol), and potassium hydroxide (0.2 g, 3.65
mmol) was taken and was allowed to reflux for 2.5 h at temp 220°C. The progress of the reaction
was monitored by GC analysis. After completion of the reaction, the reaction mixture was
neutralized with con. HCI (0.5 mL) followed by its extraction with ethyl acetate and water. The
organic layer was dried over anhydrous sodium sulfate and concentrated to an oily crude material.
The crude material was purified by column chromatography on silica gel (100-200 mesh size)
using ethyl acetate-hexane as eluent which yielded pure isoeugenol (3a, a mixture of cis and trans)
as oil. The conversion from eugenol to isoeugenol was 53% (GC analysis; cis: trans = 18:35).
Step-2: Preparation of vanillin (1a) from isoeugenol (3a) (obtained from modified clove oil):
[0083] On ice bath, isoeugenol (3a, 10.00g, 60.97 mmol) was taken in around bottom flask and
dissolved in 300 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (Os04, 0.2% aqueous solution, 100mL) was dropwise added to the solution (in about 20-
30 min). After 10 min, 2,6-dimethyl pyridine (6.80g, 60.97 mmol) was added to the reaction
mixture which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4, 32.49g,
152.43 mmol) was added to the reaction mixture portion-wise (in about 20 min) and stirring was
continued for 3h at 25°C. The progress of the reaction was monitored by TLC (20% ethyl acetate-
hexane). After completion of the reaction, it was worked up using ethyl acetate and water. The
organic layer was separated, dried over anhydrous sodium sulfate (Na>SOs), and concentrated. The
crude material was purified by column chromatography over silica gel (100-200 mesh size) using
ethyl acetate-hexane (10:90) as eluent which yielded pure vanillin (1a) as a white solid in 70%
yield.

[0084] The preparation of vanillin as obtained from Syzygium aromaticum (L) Merr. and L.M.
Penny (Clove leaf/bud oil) may also be done from Ocimum tenuiflorum cv. CIM-Ayu, Ocimum

gratissimum (Clocimum) as these plants are a rich source of eugenol.
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Example 3

Step 1: Preparation of methyl isoeugenol (3b) from methyl eugenol (2b):

[0085] In a round bottom flask, methyl eugenol (0.1g, 0.56 mmol), choline hydroxide (46% assay
w/w in aqueous solution, 0.5g, 4.48 mmol) and potassium hydroxide (0.1 g, 3.37 mmol) was taken
and was allowed to reflux for 2.5 h at temp 220°C. The progress of the reaction was monitored by
GC analysis. After completion of the reaction, the reaction mixture was worked up using ethyl
acetate and water. The organic layer was dried over anhydrous sodium sulfate and concentrated to
an oily crude material. The crude material was purified by column chromatography on silica gel
(100-200 mesh size) using ethyl acetate-hexane as eluent which yielded pure methyl isoeugenol
(3b, a mixture of cis and trans) as oil. The conversion from eugenol to methyl isoeugenol was 82%
(GC analysis; cis: trans = 16:66).

Step 2: Preparation of veratraldehyde (3,4-dimethoxybenzaldehyde, 1b) from methyl isoeugenol
(3b):

[0086] On ice bath, methyl isoeugenol (3b, 0.50g, 2.81 mmol) was taken in around bottom flask
and dissolved in a 15 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (OsQ4, 0.2% aqueous solution, S mL) was dropwise added to the solution (in Smin). After
10 min, 2,6-dimethyl pyridine (0.30g, 2.81 mmol) was added to the reaction mixture which was
stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4,1.50g, 7.02 mmol) was
added to reaction mixture portion-wise (in about 15 min) and stirring was continued for 3h at 25°C.
The progress of the reaction was monitored by TLC (15% ethyl acetate-hexane). After completion
of the reaction, it was worked up using ethyl acetate and water. The organic layer was separated,
dried over anhydrous sodium sulfate (Na>SOs), and concentrated. The crude material was purified
by column chromatography over silica gel (100-200 mesh size) using ethyl acetate-hexane (5:95)
as eluent which yielded pure veratraldehyde (3, 4-dimethoxybenzaldehyde, 1b) as oil in 82% yield.

Example 4

Step 1: Preparation of anethole (3¢) from methyl chavicol (2¢):

[0087] In a round bottom flask, methyl chavicol (0.1g, 0.68 mmol), choline hydroxide (46% assay
w/w in aqueous solution, 0.5g, 4.48 mmol) and potassium hydroxide (0.1 g, 4.08 mmol) was taken

and was allowed to reflux for 2.5 h at temp 220°C. The progress of the reaction was monitored by
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GC analysis. After completion of the reaction, the reaction mixture was worked up using ethyl
acetate and water. The organic layer was dried over anhydrous sodium sulfate and concentrated to
an oily crude material. The crude material was purified by column chromatography on silica gel
(100-200 mesh size) using ethyl acetate-hexane as eluent which yielded pure anethole (3¢, a
mixture of cis and trans) as oil. The conversion from eugenol to isoeugenol was 84 % (GC analysis;
cis: trans = 14:70).

Step 2: Preparation of 4-anisaldehyde (4-methoxy benzaldehyde, 1¢) from anethole (3¢):

[0088] On ice bath, anethole (3c, 0.20 g, 1.35 mmol) was taken in around bottom flask and
dissolved in a 6 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (OsOs4, 0.2% aqueous solution, 2 mL) was dropwise added to the solution (in about 5
min). After 10 min, 2,6-dimethyl pyridine (0.14g, 1.35 mmol) was added to the reaction mixture
which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4,0.72g, 3.38
mmol) was added to reaction mixture portion-wise (in about 5 min) and stirring was continued for
3h at 25°C. The progress of the reaction was monitored by TLC (15% ethyl acetate-hexane). After
completion of the reaction, it was worked up using ethyl acetate and water. The organic layer was
separated, dried over anhydrous sodium sulfate (Na>SOs4), and concentrated. The crude material
was purified by column chromatography over silica gel (100-200 mesh size) using ethyl acetate-

hexane (2:98) as eluent which yielded pure 4-anisaldehyde (1¢) as a white solid in 59% yield.

Example 5

Step 1: Preparation of isodillapiole (3d) from dillapiole (2d):

[0089] Under an inert atmosphere, dillapiole (2d,0.05 g, 0.23 mmol) was taken in around bottom
flask and dissolved in 3 mL of tetrahydrofuran. To this mixture, PdCl, (0.002g) was added. The
reaction mixture was allowed to stir at 30°C for 6 h. The completion of the reaction was confirmed
by GC analysis. After completion of the reaction, the reaction mixture was worked up using ethyl
acetate and water. The organic layer was separated, dried over anhydrous sodium sulfate (Na>SOs),
and concentrated. The crude was purified by column chromatography on silica gel (100-200 mesh
size) using hexane as eluent which yielded pure isodillapiole (3d, a mixture of cis and trans) as oil.

The conversion from dillapiole (2d) to isodillapiole(3d) was 76% (GC analysis, cis: trans = 6:70).

Step 2: Preparation of 2,3-dimethoxy-4,5-methylenedioxybenzaldehyde (1d) from isodillapiole
3d):

30



10

15

20

25

30

WO 2022/003710 PCT/IN2021/050495

[0090] On ice bath, isodillapiole (3d, 0.03 g, 0.14 mmol) was taken in around bottom flask and
dissolved in 3 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (OsOu4, 0.2% aqueous solution, 0.03 mL) was dropwise added to the solution (in about 2
min). After 10 min, 2,6-dimethyl pyridine (0.02 g, 0.14 mmol) was added to the reaction mixture
which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4,0.07g, 0.34
mmol) was added to reaction mixture portion-wise (in about 5 min) and stirring was continued for
3h at 25°C. The progress of the reaction was monitored by TLC (5% ethyl acetate-hexane, 2 runs).
After completion of the reaction, it was worked up using ethyl acetate and water. The organic layer
was separated, dried over anhydrous sodium sulfate (Na>SOa4), and concentrated. The crude
material was purified by column chromatography over silica gel 100-200 mesh size using ethyl
acetate-hexane (1:99) as eluent which yielded pure 2,3-dimethoxy-4,5-
methylenedioxybenzaldehyde (1d) as a white solid in 70% yield.

Example 6

Preparation of 2,4,5-trimethoxybenzaldehyde (1e) from a-asarone (3e):

[0091] On ice bath, a-asarone (3e, 0.06 g, 0.29 mmol)was taken in around bottom flask and
dissolved in 3 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (Os0s4, 0.2% aqueous solution, 0.06 mL) was dropwise added to the solution (in about 2-
3 min). After 10 min, 2,6-dimethyl pyridine (0.03 g, 0.29 mmol) was added to the reaction mixture
which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4,0.15 g, 0.72
mmol) was added to reaction mixture portion-wise (in about 5 min) and stirring was continued for
3h at 25°C. The progress of the reaction was monitored by TLC (10% ethyl acetate-hexane). After
completion of the reaction, it was worked up using ethyl acetate and water. The organic layer was
separated, dried over anhydrous sodium sulfate (Na2SOs4), and concentrated. The crude material
was purified by column chromatography over silica gel (100-200 mesh size) using ethyl acetate-
hexane (1.5:98.5) as eluent which yielded pure 2,4,5-trimethoxybenzaldehyde (1e) as a white solid
in 75% yield.

Example 7

Preparation of 2,4,5-trimethoxybenzaldehyde (1e) from B-asarone (3f):
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[0092] On ice bath, B-asarone (3f, 0.04 g, 0.19 mmol) was taken in around bottom flask and
dissolved in 3 mL mixture of tetrahydrofuran (THF) and water (4:1). After 15 min, osmium
tetroxide (Os04, 0.2% aqueous solution, 0.04 mL) was dropwise added to the solution (in about 1-
2 min). After 10 min, 2,6-dimethyl pyridine (0.02 g, 0.19 mmol) was added to the reaction mixture
which was stirred further for 30 min. Subsequently, sodium metaperiodate (NalO4,0.10g, 0.48
mmol) was added to reaction mixture portion-wise (in about 5 min) and stirring was continued for
3h at 25°C. The progress of the reaction was monitored by TLC (10% ethyl acetate-hexane). After
completion of the reaction, it was worked up using ethyl acetate and water. The organic layer was
separated, dried over anhydrous sodium sulfate (Na2SOs4), and concentrated. The crude material
was purified by column chromatography over silica gel (100-200 mesh size) using ethyl acetate-
hexane (1.5:98.5) as eluent which yielded pure 2,4,5-trimethoxybenzaldehyde (1e) as a white solid
in 73% yield.

ADVANTAGES OF THE PRESENT INVENTION

[0093] An efficient and safe chemical process for vanillin production from eugenol and eugenol
rich essential oils.

[0094] A chemical process for the isomerization of eugenol and other substituted phenylpropenes
such as phenylpropene, safrole, methyl chavicol, methyl eugenol, chavibetol, apiole, dillapiole,
etc. which uses environmentally safe solvents.

[0095] The process does not require the protection of the phenolic group of eugenol/isoeugenol or
purification/enrichment of essential oils and therefore offers a step economy.

[0096] The process gives the same product yield from either cis or trans or a mixture of cis and
trans isomer(s) of isoeugenol and therefore does not require any chromatographic separation of
cis- and trans-isomers of isoeugenol or selective synthesis of cis- or trans-isomer of isoeugenol.
[0097] This chemical process is also efficient for the preparation of other important substituted
phenylaldehydes from either cis or trans or a mixture of cis and trans isomer(s) of phenylpropenes.
[0098] The process offers production of vanillin and other substituted phenylaldehydes with high
purity and minimum side products.

[0099] The process uses environmentally safe solvents e.g. class 3 and 4 solvents, accepted in the

pharmaceutical industry.
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[0100] The process does not require any specific reaction conditions e.g. anhydrous or inert
reaction conditions.

[0101] The process offers significantly improved product yield(s) (up to 29%) over the existing
process.

[0102] The process is useful for value addition of essential oils rich in phenylpropenes(s) or
undesirable essential oils rich in phenylpropenes(s) from banned plant varieties such as tetraploid
or hexaploid varieties of Acorus calamus, through the preparation of important phenylaldehydes
useful in different industries.

[0103] This effective chemical process is applicable for large scale production of vanillin.
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We claim

1. A process for the preparation of a compound Formula (1),

Formuls {1}

wherein R! is CHO; R2, R?, R*, R>, and R are independently selected from H, OH, and
5 OCHs;
or R* and R’ together form -OCH>O-, comprising the steps of:
a. isomerization of substituted phenylpropenes of Formula (2) or essential oil rich in

substituted phenylpropenes of Formula (2),

Formula {3)

10 wherein R is selected from OH and OCHzs;
R' and R? are independently selected from H and OCH3 or
R and R! together form -OCH,O-;
and R¥ is selected from H and OCH3,
in the presence of a solvent and a metal hydroxide to obtain a compound of Formula

15 3);

Formula 3

wherein R is selected from OH and OCHzs;
R!' and R? are independently selected from H and OCH3 or
R and R! together form -OCH,0-;

20 and R¥ is selected from H and OCHs,
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b. oxidizing the compound of Formula (3) as obtained in step (a) with an oxidizing
agent and an additive in a biphasic reaction medium to obtain a reaction mixture
comprising osmate ester of the compound of Formula (3) and

c. oxidizing the osmate ester of the compound of Formula (3) by adding sodium
metaperiodate in the reaction mixture as obtained in step (b) with stirring at a
temperature ranging between 20 to 30 °C for a period of ranging between 1 to 5
hours to obtain the compound of Formula (1).

The process as claimed in claim 1, wherein the essential oil is obtained from eugenol rich
plants selected from the group consisting of Syzygium aromaticum, Ocimum tenuiflorum,
and Ocimum gratissimum.

The process as claimed in claim 1, wherein the solvent used in step (a) is selected from the
group consisting of choline hydroxide and choline chloride-

The process as claimed in claim 1, wherein the metal hydroxide used in step (a) is selected
from the group consisting of potassium hydroxide, barium hydroxide, and sodium
hydroxide.

The process as claimed in claim 1, wherein the oxidizing agent used in step (b) is selected
from the group consisting of OsO4/NalO4, K>2[OsO2(OH)4]/NalO4, OsCl3/NalOa, Polyurea-
encapsulated OsO4/NalO4, Poly 4-vinylpyridine crosslinked supported OsOs/NalOs,
Styrene-divinylbenzene crosslinked supported OsO4/NalOs.

The process as claimed in claim 1, wherein the biphasic reaction medium of step (b) is a
mixture of water and non-protic solvent in a ratio 1:4.

The process as claimed in claim 6, wherein the non-protic solvent is selected from the
group consisting of tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, acetone,
acetonitrile, methyl tert-butylether, tert-butanol.

The process as claimed in claim 1, wherein the additive used in step (b) is selected from
the group consisting of (a) tertiary amine N-oxides selected from pyridine-N-oxide, 2,6-
dimethyl pyridine N-oxide, 2-picoline-N-oxide, 3-picoline-N-oxide, 4-picoline-N-
oxide,N,N-dimethylaniline-N-oxide, N,N-diethylaniline-N-oxide and triethylamine-N-
oxide, and (b) methyl-substituted pyridines selected from 2-methylpyridine, 2,6-
dimethylpyridine (2,6-lutidine), 4-methylpyridine, 2,4,6-trimethylpyridine.
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9. The process as claimed in claim 1, wherein the oxidizing agent used in step (b) is in the
range of between 0.05 to 2.0 mole % and sodium metaperiodate used in step (c) is the range
of between 1 to 5 moles %.

10. The process as claimed in claim 1, wherein the yield of the compound of Formula (1) is in

the range of 58 to 70%.
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