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Abstract: In this paper we describe an efficient six-step
synthesis of crocetin-dimethylester that could be further
reduced to a “four-step” synthesis through the use of in situ
procedures. The simplicity of the whole process, the ready
availability of starting materials, and the high overall yield
render this strategy a very attractive synthesis of this very
important compound, which is the key intermediate for the
synthesis of several carotenoids and other polyene natural
products.

The polyene chains 1—2 (Figure 1) are the starting
materials for the syntheses of carotenoids, which are
compounds widely distributed among plants, animals,
and certain bacteria, that are used as natural pigments
for foodstuffs.? It is well-known that certain carotenoids
have important biochemical and biological functions, and
have nutritional importance as provitamin A in man.?
Recently, the use of carotenoids as chemoprevention
agents against certain types of cancer has been reported.?
The usage of carotenoids as food additives has been
dramatically increased.

Crocin (3) and crocetin (4) esters are the coloring
principles of saffron, which find uses in medicine as well
as flavoring and coloring agents.* The crocetin-dimeth-
ylester (1) is a very useful compound because it can be
easily converted to crocetindial (2) and crocin or crocetin
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FIGURE 1. Structure of polyene chains.

derivatives,® and can be used as starting material for the
syntheses of carotenoids and many other natural pro-
ducts.4a5

The traditional synthetic approaches for compounds
1—-4 involve the bismetal acetylide coupling/partial hy-
drogenation® or the Wittig and related reactions.'”
However, these procedures invariably produce a mixture
of isomers, requiring careful, tedious, and unproductive
isolation—purification processes.>? The highly efficient
Julia’s sulfone olefination protocol® has found wide use
in the preparation of simple double bonds and conjugated
polyenes, but the presumed instability of some interme-
diates has limited the general utilization of this method.®
For this reason, the search continues for new, selective,
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Synthesis of Crocetin-dimethylester (1) and Crocetindial (2)2
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a Reagents: (a) (i) Brz, CH30H, (ii) Na,COs, 75%; (b) Amberlyst-15, CH,Cl,, H20 (2 equiv), 6 (2 equiv), 73%; (c) LiAIH4, THF, 93%;
(d) MOy, CH4Cls, 9 (2 equiv), 75%; (e) (i) DIBALH, CHCl,, (ii) H20, (iii) MnO2, 55—63%.

and efficient routes for the synthesis of polyene chains,
carotenoids, and related natural products.®

In this paper, we describe a short and efficient syn-
thetic route to obtain crocetin-dimethylester (1) using in
situ procedures, involving one-pot hydrolysis of ketals or
oxidation of alcohols followed by Wittig reactions. Com-
pound 1 was later converted in crocetindial (2) in a two-
step process.

The synthesis starts by treatment of furan with a
solution of bromine in methyl alcohol followed by sodium
carbonate, according to the procedure described by Grée
et al.,!! to give the fumaraldehyde dimethylacetal 5 as a
colorless oil with a 75% yield (Scheme 1). Compound 5
was submitted to an in situ hydrolysis-Wittig reaction
sequence by treatment with Amberlyst-15 in a two-phase
solvent system consisting of a mixture of methylene
chloride and water,? and 2 equiv of 2-(triphenyl-A5-phos-
phanylidene)propionic acid methyl ester (phosphorane 6)
(prepared in two steps from methyl 2-bromopropionate
in 41% overall yield*® or alternatively in four steps from
ethyl bromoacetate in 87% overall yield4) to give only
the all-E isomer of compound 7, in 73% yield from
dimethyl acetal 5, as a white solid.*®

Reduction of 7 with lithium aluminum hydride pro-
duced diol 8, which was purified by recrystallization from
n-hexane to give a white solid in 93% yield.*® Compound
8 was submitted to an in situ oxidation-Wittig reaction?®
sequence with manganese dioxide and 2 equiv of the
2-methyl-4-(triphenyl-A%-phosphanylidene)but-2-enoic acid
methyl ester (phosphorane 9) (prepared in four steps in
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32% overall yield from the commercially available tiglic
acid).6a7a13.17.19 The all-E isomer of compound 1 was thus
obtained in 75% yield from 8 as a brick-red solid after
purification through silica gel column chromatography.
This reaction also supplied (~15% yield) the geometric
isomer of compound 1 with the double bond in carbons 4
and/or 12 with Z stereochemistry. The reaction of 1 with
diisobutylaluminum hydride in methylene chloride at
—20 °C afforded the corresponding diol, which was
submitted to oxidation with manganese dioxide without
further purification to give compound 2 in 55—63% yield
as a red solid.

In summary, the crocetin-dimethylester (1) was ob-
tained from furan by a short and efficient six-step
synthesis (or four isolation—purification operations) with
an overall yield of 38%. This compound was then con-
verted in crocetindial (2) in two steps (or one isolation—
purification operation) in 55—63% overall yield. The
careful, tedious, and yield-lowering isomer separation
and product purification steps associated with the con-
ventional syntheses of the polyene chain of carotenoids
can be circumvented by the methodology reported here.
This strategy can possibly be applied to the synthesis of
several kinds of related natural products.

Experimental Section

(2E)-1,1,4,4-Tetramethoxybut-2-ene (5). Freshly distilled
furan (9.40 mL, 129 mmol) and anhydrous methyl alcohol (65
mL) were placed in a 250-mL three-necked flask and cooled to
—45 °C under a nitrogen atmosphere. A solution of bromine (6.80
mL; 133 mmol) in methyl alcohol (65 mL) was added dropwise
at such a rate that the temperature did not exceeded —25 °C.
At the end of the addition, the reaction mixture was stirred for
2 h at —10 °C. Powdered anhydrous sodium carbonate (40 g)
was added portionwise over a period of about 30 min and the
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reaction mixture was stirred for 18 h at room temperature. The
mixture was then filtered and the solvent was removed under
vacuum. The residue was purified by distillation (65—70 °C, 1
mmHg) and compound 5 (17.1 g; 97 mmol) was obtained in 75%
yield.

Dimethyl (2E,4E,6E)-2,7-Dimethylocta-2,4,6-triene-1,8-
dioate (7). A solution of compound 5 (0.636 g; 3.6 mmol) in
methylene cloride (15 mL) was added to a solution of phospho-
rane 6 (2.54 g; 7.3 mmol) in methylene cloride (40 mL).
Amberlyst-15 (0.420 g) and water (0.13 mL; 7.2 mmol) were
added and the suspension was stirred for 1 h at room temper-
ature. The solvent was removed under vacuum and the residue
was purified by column chromatography through silica gel, using
a mixture of n-hexane and ethyl acetate (8.5:1.5) as eluent. After
evaporation of the solvent, compound 7 was obtained in 73%
yield (0.589 g; 2.6 mmol).

(2E,4AE,6E)-2,6-Dimethylocta-2,4,6-triene-1,8-diol (8). A
solution of compound 7 (0.180 g; 0.8 mmol) in dry THF (6 mL)
was added to lithium aluminum hydride (0.075 g; 1.98 mmol)
in dry THF (30 mL) at 0 °C. The mixture was stirred at this
temperature for 10 min. The reaction was quenched by succes-
sive addition of water (0.12 mL), 15% aqueous sodium hydroxide
(0.12 mL), and again water (0.24 mL). The solid was removed
by filtration and the solvent was evaporated. The residue was
recrystallized from n-hexane to give compound 8 in 93% yield
(0.125 g; 0.74 mmol).

Dimethyl (2E,4E,6E,8E,10E,12E,14E)-2,6,11,15-Tetra-
methylhexadeca-2,4,6,8,10,12,14-heptaene-1,16-dioate (1).
A mixture of compound 8 (0.040 g; 0.24 mmol), phosphorane 9
(0.195 g; 0.52 mmol), and manganese dioxide (0.310 g; 3.56
mmol) in dry methylene chloride (15 mL) was stirred at room
temperature for 24 h. The reaction was monitored by TLC (8.5:
1.5 n-hexane:ethyl acetate) until the starting material was no
longer detectable. The solid was removed by filtration through
a pad of magnesium sulfate, which was then washed with
additional methylene chloride. The solvent was removed under
vacuum and the residue was purified by column chromatography
through silica gel, using a mixture of n-hexane and ethyl acetate
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(8.5:1.5) as eluent. After evaporation of the solvent, compound
1 was obtained in 75% yield (0.064 g; 0.18 mmol).

(2E,4E,6E,8E,10E,12E,14E)-2,6,11,15-Tetramethylhexa-
deca-2,4,6,8,10,12,14-heptaene-1,16-dial (2). To a solution of
compound 1 (0.030 g; 0.084 mmol) in dry methylene chloride (5
mL) was added a solution (0.5 M) of diisobutylaluminum hydride
in dry methylene chloride (0.50 mL; 0.252 mmol) at —20 °C. The
mixture was stirred at this temperature for 30 min in the dark.
Subsequently, water (0.2 mL) was added and the suspension was
strongly stirred for 5 h at room temperature. Manganese dioxide
(0.120 g; 1.26 mmol) was then added and the reaction mixture
was stirred at room temperature for an additional 12-h period.
The solid was removed by filtration through a pad of magnesium
sulfate and washed several times with methylene chloride. The
solvent was removed under vacuum and the residue was purified
by column chromatography through silica gel, using a mixture
of n-hexane and ethyl acetate (1:1) as eluting solvent. After
evaporation of the solvent, compound 2 was obtained in 55—
63% yield (0.013—0.015 g; 0.046—0.53 mmol).

Acknowledgment. The authors wish to thank the
Fundacéo de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP), the Conselho Nacional de Desenvolvimento
Cientifico e Tecnol6gico (CNPq), and the Coordenadoria
de Aperfeicoamento de Pessoal do Ensino Superior
(CAPES) for financial support. Useful discussions with
Prof. Dr. Gil Valdo José da Silva (FFCLRP-USP) and
Prof. Dr. Norberto Peporini Lopes (FCFRP-USP) are
also acknowledged.

Supporting Information Available: General methods
and characterization data for compounds 1, 2, 5, 7, and 8. This
material is available free of charge via the Internet at
http://pubs.acs.org.

JO034545Y



