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Waste waters of milk and cheese processing as an efficient promoter for the synthesis
of 1,8-dioxo-octahydroxanthenes
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Waste waters of agricultural and industrial processing have been recently employed to effectively promote
numerous “classic” and innovative processes of synthetic organic chemistry. Such a green chemical approach allowed
to bypass the use of toxic, polluting, and hazardous chemicals and in the meantime led to an increase of the commercial
values of such byproducts. Xanthenes are a group of natural and semi-synthetic compounds with great pharmacological
potentialities, also used for several other applications. In this paper we described a new and improved methodology for
the synthesis of the title compounds using waste waters of milk and cheese processing as a solvent. 1,8-Dioxo-
octahydroxanthenes were obtained in very good yields (94 — 98 %) from differently substituted aromatic aldehydes and
dimedone as substrates. Although several reports about the synthesis of 1,8-dioxo-octahydroxanthenes have been
published in recent years, this is the first report about the use of waste waters of agricultural and industrial processing to
this aim. The findings depicted herein underline once again the great usefulness of agricultural and food industry
byproducts to perform green chemical processes.
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INTRODUCTION aromatic  aldehydes and  5,5-dimethyl-1,3-
cyclohexanedione, commonly known as dimedone,
in the presence of different -catalysts like
ZnCly/choline chloride [11], ZnO/CHsCOCI [12],
Amberlyst-15  [13], ZrOCl, hydrate [14],
trichloroisocyanuric acid [15], silica sulfuric acid
[16], nanosized MCM-41-SOsH [17], FesOq
nanoparticles [18], ionic liquids like [bmim][HSO4]
[19, 20] [hmIM]TFA [21] [TMPSA][HSO.] [22],
[DDPA][HSOs] [23], [EtsN-SOsH]CI [24],
[Hbim]BF.4 [25], tetramethylguanidium
trifluoroacetate [26], [BPY][HSO4] [27], ammonium
hydrogen sulphate based ionic liquid immobilized
on Na*-montmorillonite [28], CuCl, [29] titanium
aminophosphonates [30], cesium phosphotungstate
[31] and natural phosphates [32]. However, the
majority of methodologies for the synthesis of 1,8-
dioxo-octahydroxanthenes is featured by several
drawbacks and disadvantages like low yields (often
strictly depending on the structures of the starting
materials), long reaction times, high temperatures,
use of hazardous and expensive catalysts, tedious
work-up procedures, non recyclability of catalysts
and solvents. Thus, development and set up of
greener  protocols to  provide 1,8-dioxo-
octahydroxanthenes can be still considered a
challenging field of research in synthetic organic
chemistry. As a continuation of our studies aimed at
settling easy to handle methods to obtain synthons
and compounds of biological interest using a green
technology, we report herein that 1,8-dioxo-
octahydroxanthenes can be efficiently and

Modern tendencies of synthetic organic
chemistry involve the use and development of
greener and more eco-friendly methodologies as an
alternative to toxic, hazardous, polluting, and
expensive substrates, reagents, and solvents. Recent
reports from the literature indicate that numerous
organic processes have been accomplished in water,
as a safe and inexpensive solvent [1]. In the
meantime the use of waste waters derived from
agricultural and industrial processing has gained
more and more interest of several research teams.
Waste waters are in fact able to effectively play the
role of promoters and solvents; they have
environmentally beneficial features, are non-
hazardous, non-toxic, non-polluting, largely
available, and in general cheap. Examples of
organic reactions employing waste waters include
the Knoevenagel condensation [2], the Biginelli
reaction [3], the preparation of amides [4], the
reduction of carbonyls, the hydrolysis of esters and
amides [5[ and several others, most of which have
been recently extensively reviewed [6]. The
xanthene core is found in several natural products.
Furthermore, xanthenes semisynthetic derivatives
exert also a wide array of promising
pharmacological activities as anti-inflammatory [7],
anti-depressant, and anti-malarial agents [8]. They
are also used as dyes and fluorescent probes [9, 10].
Reported methodologies for the synthesis of title
compounds typically include the condensation of
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Scheme 1. Synthetic route to 1,8-dioxo-octahydroxanthenes

selectively obtained by coupling of dimedone and
different functionalized benzaldehydes using waste
waters derived from milk and cheese processing
(Scheme 1).

EXPERIMENTAL

Waste waters of milk processing have been
obtained by local farmers.

General procedure: Benzaldehyde (1.0 mmol)
and dimedone (1.01 mmol) were suspended in an
aqueous medium (3 mL). The resulting mixture was
let to react at 50 °C overnight. The precipitate so
formed was filtrated under vacuum. Structural
assignments (NMR) were made by comparison of
the recorded analytical data with those of
commercially available samples or those already
reported for the same compounds.

Coumarin-3-carboxylic acid (entry 1): white
solid (m.p.: 189-191 °C). Analytical data were in
full agreement with those recorded for a pure
commercial sample.

7-(Diethylamino)coumarin-3-carboxylic  acid
(entry 2): yellowish solid (m.p.: 221-223 °C).
Analytical data were in full agreement with those
recorded for a pure commercial sample.

7-Nitrocoumarin-3-carboxylic acid (entry 3):
reddish solid (m.p.: 233-235 °C). Analytical data
were in full agreement with those already reported
in the literature for the same compound [33].

6-Bromocoumarin-3-carboxylic acid (entry 4):
reddish solid (m.p.: 214-215 °C). Analytical data
were in full agreement with those already reported
in the literature for the same compound [16].

6-Hydroxycoumarin-3-carboxylic acid (entry 5):
white solid (m.p.: 280-282 °C). Analytical data
were in full agreement with those already reported
in the literature for the same compound [16].

4-Methyl-6-nitrocoumarin-3-carboxylic acid
(entry 6): reddish solid (m.p.: 244-247 °C). Anal.
Calc. for C11H7/NOg: C 53.02, H 2.83, N 5.62, O
38.52; Found: C 53.09, H 2.77, N 5.60, O 38.44. 'H
NMR (200 MHz, CDCls) & 2.31 (s, 3H), 6.05 (s,
1H), 7.74-8.23 (m, 3H); C NMR (50 MHz,
CDCls) & 18.9, 111.6, 118.5, 125.9, 127.9, 133.7,
138.6, 154.4, 156.5, 160.2.

6-Chloro-4-methylcoumarin-3-carboxylic  acid
(entry 7): brownish solid (m.p.: 223-247°C)
Analytical data were in full agreement with those
already reported in the literature for the same
compound.[16]
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7-Methoxy-4-methylcoumarin-3-carboxylic acid
(entry 8): yellowish solid (m.p.: 183-185 °C).
Analytical data were in full agreement with those
recorded for a pure commercial sample.

6-Hydroxy-4-methylcoumarin-3-carboxylic acid
(entry 9): pale yellow solid (m.p.: 201-202 °C).
Analytical data were in full agreement with those
recorded for a pure commercial sample.

6,8-Dihydroxy-4-methylcoumarin-3-carboxylic
acid (entry 10): pale yellow solid (m.p.: 246-248 °C
d). Anal. Calc. for C;1HsOs: C 55.94, H 3.41, O
40.65; Found: C 55.99, H 3.35, O 40.64. 'H NMR
(200 MHz, CDCls) 6 2.40 (s, 3H), 5.85 (s, 1H),
6.23 (s, 1H), 6.89 (s, 1H); ¥C NMR (50 MHz,
CDCls) ¢ 18.9, 100.4, 106.7, 112.2, 124.9, 132.9,
144.1, 155.0, 156.0, 160.9.

4-Methylcoumarin-3-carboxylic acid (entry 11):
white solid (m.p.: 161-162 °C). Analytical data
were in full agreement with those recorded for a
pure commercial sample.

RESULTS AND DISCUSSION

Preliminary assays to optimize reaction
conditions were performed using commercially
available benzaldehyde and dimedone as starting
materials. Both were suspended in different
aqueous media represented by waste waters derived
from milk/cheese processing. This solvent was the
same we recently used to successfully accomplish
the synthesis of cinnamic and coumarin-3-
carboxylic acids [35]. Reactions were initially
carried out over a period of 18 h under magnetic
stirring at room temperature and monitored by thin
layer chromatography (TLC). Employing the above
depicted experimental conditions, low conversions
(<15%) into the desired 1,8-dioxo-
octahydroxanthenes were achieved. Thus we
decided to increase the temperature up to 50 °C and
follow the progress of reactions over the same
period. This was seen to be the best medium in
promoting the conversion of benzaldehyde and
dimedone to the condensed adduct. In fact 1,8(2H)-
dione,3,4,5,6,7,9-hexahydro-3,3,6,6-tetramethyl-9-
phenyl-1H-xanthene was obtained as a yellow solid
after filtration under vacuum in 97 % yield without
the need of any other purification. It is noteworthy
to underline that a blank experiment using distilled
water alone as the solvent applying temperatures in
the range of 30 °C- 90 °C led to virtually no
progress of the reaction. Handling these excellent
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results, we decided to use waste waters of
milk/cheese processing and 50 °C as the optimized
reaction conditions to validate the protocol and
apply it to the condensation of different substituted
aromatic aldehydes with dimedone. Results are
reported in Table 1. Substrates with electron
donating or electron withdrawing groups reacted to
the same extent providing the desired 1,8-dioxo-
octahydroxanthenes in very high vyields. For all
entries, final products were simply collected as
solids after filtration under vacuum from the
reaction media without the need of any
chromatographic purifications. Waste waters were
recovered as filtrates from every synthetic step,
recycled and re-used to carry out other
condensations  without appreciable loss  of
effectiveness in terms of yields of the desired
xanthene derivative. For example, reactions leading
to 1,8(2H)-dione,3,4,5,6,7,9-hexahydro-3,3,6,6-
tetramethyl-9-(4'-methoxy)phenyl-1H-xanthene

(entry 2) and 1,8(2H)-dione,3,4,5,6,7,9-hexahydro-
3,3,6,6-tetramethyl-9-(4'-methoxy) phenyl-1H-
xanthene (entry 5) were accomplished four
successive times each and provided adducts with
yield values ranging from 93 % to 96 %. To
rationalize the efficiency of waste waters of milk
processing as promoters of the title condensation
process, we may hypothesize that this medium has
a suitable acidic pH value (due the presence of
organic acids like pyruvic and lactic ones) to
promptly boost the reaction between aromatic
aldehydes and dimedone. Indeed, pH measurement

for the employed waste waters recorded a value of
4.62. Although we previously found that
application of ultrasound was seen to be an efficient
means for the condensation of differently
substituted acetophenones and benzaldehydes to
provide coumarin-3-carboxylic and cinnamic acids
in high yields in 5 — 15 min, the same protocol was
not equally effective for the synthesis of 1,8-dioxo-
octahydroxanthenes.

As a conclusion, in this paper we showed that
safe, non polluting, cheap, and easy to obtain and
handle waste waters derived from milk and cheese
processing represent a powerful means to promote
an efficient and high-yielding condensation reaction
of differently substituted aromatic aldehydes with
dimedone leading to 1,8-dioxo-octahydroxanthenes.
Favourable features of our method include a simple
work-up, mild conditions and very good vyields.
Furthermore, although numerous methodologies for
the synthesis of the title compounds appeared in the
literature during the last two decades, this is the
first time that waste waters are employed to
promote the process. Thus, the reaction described
herein can be viewed as an additional and
alternative example in the field of 1,8-dioxo-
octahydroxanthenes synthesis. The use of water
residues of industrial processing can be considered
as an example of useful waste management and
recycling. Further investigations to extend the
scope and applicability of waste waters and related
solvents are now in progress in our laboratories and
will be reported in due course.

Table 1. Synthesis of 1,8-dioxo-octahydroxanthenes from waste waters of milk processing

O Ar O
(@]
J+2 —_— |
Ar
O (@] (@]
Ar

Entry Yield (%)?
1 CeHs 97
2 4-CH30-Cg¢Hg4 98
3 4-CH3-CgH4 95
4 4-OH-CgH4 96
5 4-F-CgH4 96
6 4-NO2-CgH4 97
7 4-Cl-CgH4 98
8 4-BI’-CGH4 98
9 4-OH-3-CH30-CsH3 95
10 3-NO2-CgH4 94
11 3-CH30-Cg¢Hg4 95
12 2-Cl-C¢H4 94
13 2,4-Cl2-CgH3 98
14 2-OH-CgHg4 96
15 CsHs-CH=CH 97

aYields of pure isolated products, characterized by 'H NMR, 3C NMR, elemental analysis, and melting point. Analytical data of
all adducts exactly matched those already reported for the same compounds [14, 15, 19, 20, 24, 27].
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OTITAABYHUM BOJUN OT ITPOU3BOACTBOTO HA MJISIKO 11 CUPEHE KATO
E®EKTHUBEH ITPOMOTOP 3A CUHTE3A HA 1,8-IMOKCO-OKTAXNJIPOKCAHTEHU

C. ®uopuro, ®@. Emudano*, ®@. IIpenny3o, B. A. Tageo, C. JI)xeHoBe3e

Ilenapmamenm no gapmayus, Ynusepcumem ,,I". I’ Anynyuo” na Kuemu-Ileckapa, Bua oeit Becmunu 31, 66100
Kuemu Crano (CH), Umanus

[ocTpnuna na 17 mait, 2017 r.; Ilpuera na 20 nexemspu, 2017 r.
(Pestome)

OTmagHu BOOU OT CEJICKOCTONIAHCKM M TPOMHIUICHH MPOM3BOJCTBA CE W3IMOJ3BAT B IMOCICTHO BpeMe 3a
MOJIIIOMAraHe Ha TOJisIM OpOl KIIACHYECKU M MHOBATUBHU IMPOIECH B CHHTETUYHATA OPraHMYHA XUMUsS. TaKkbB ,,3eeH”
XMMHUYCH TMOJXOJ TMO3BOJISIBA Jla C€ W30ETHE M3IMOJI3BAHETO HA TOKCHYHH, 3aMbPCSABAIIMA U ONACHU XUMHUKAIHU, KaTO
CHIICBPEMEHHO BOJM /IO MOBHIIIABAaHE HA ThPrOBCKATa CTOWHOCT HA TAaKWBAa CTpAaHMYHM NpoAykTH. KcaHtenute ca
rpymna npupoAHHU U MOTYCUHTETHYHH ChEAMHEHUS C oMM (hapMaKOJIOTHYCH MOTSHIMAT U PEAULA APYTH [IPUITOKSHHUS.
B HacrosiiiaTa cTaTUs € omrcaHa HOBA, MOJOOpPEHA METOIOJIOTHS 332 CHHTE3 Ha 1,8-THOKCO-OKTaXHIPOKCAHTEHHU Upe3
M3M0JI3BaHE Ha OTHagHa BOJa OT MPOU3BOJACTBOTO HAa MISIKO M CHpeHe karo pasrtBoputei. 1,8-Jlnokco-
OKTaxXHMIPOKCAHTEHUTE Ca TOJYUYEHH ¢ MHOTO no0pu mobusu (94 — 98 %) oT pasuyHO-3aMECTEHH apOMATHHU alICX K
W OUMENOH Karo cyOctparn. Bempekn myOnMKyBaHEeTO Ha penWia CTaTHH BBbpPXYy cuHTe3a Ha 1,8-amoxco-
OKTaxXUJIPOKCAHTCHU MpPEe3 MOCICIHUTE T'OJUHU, HACTOSIIOTO CHOOIICHHWE € MHPBOTO, B KOCTO 3a IIEJTa CE W3IOJ3Ba
OTMajJHa BOJA OT CEJICKOCTOMAHCKO M IPOMHIINICHO IIPOU3BOJICTBO. ToBa moadyepTaBa OIIe BEIHBK IMOJ3aTa OT
CTpaHHYHHUTE TPOMYKTH HAa CEJICKOCTOMAHCKA M MPOMHIIUICHH MPOU3BOJICTBA 332 OCBINCCTBIBAHETO HA ,,3€JCHU”
XUMHUYHU HpOHeCI/I.
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