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Macrodiolides containing a 1Z,5Z-diene moiety were obtained
with high selectivity (>98%) and in good yields (59-70%)
by the Cu(OTf),-catalyzed intermolecular esterification of
aliphatic a,m-dicarboxylic acids with tetradeca-5Z,9Z-diene-
1,14-diol. This diol was accessed by homocyclomagnesiation of
hepta-5,6-dien-1-al tetrahydropyranyl ether usng EtMgBr/Mg
reagent system and Cp,TiCl, catalyst.
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The steadily increasing interest in polyfunctional macrocarbo-
cyclesis due to awide range of their useful properties. They are
used as high-grade fragrances, pheromones, extractants, iono-
phores, and highly efficient drugs.»? Of particular value are
macrocyclic mono- and dilactones containing heteroatoms and
multiple carbon—carbon bonds, which exhibit high antitumor,
antiviral, antibacterial and fungicidal activities.3* For example,
Balticolide, the 12-membered macrolide, found in marine fungi
exhibits high activity (1Csy 0.45 uM) against herpes simplex
virus (anti-HSV),® al-Z-polyene macrolides (aplyolides A-E)
are effective ichthyotoxins,®7 polyfunctional macrocarbocycles
(aplyronines A—H and pladienclide B) exert cytotoxic effects
against tumor cell lines with 1Cg, 0.075-9.8 nM.8 Macrocyclic
eushearilide isolated from fungi of the Penicillum family, which
contains a 1,5-diene fragment, has a wide spectrum of fungicidal
action againgt fungal infections in people with weakened immune
system, in HIV-infected and oncological patients.®10

In continuation of our previous studies on the stereoselective
synthesis of biologically active compounds containing 1Z,52-
diene moiety,1>?1 we aimed to design original approaches to
all-Z-unsaturated macrodiolides.

The synthesis strategy of desired macrodiolides includes the
synthesis of Z,Z-a,,0-(n),(n+4)-dienediols based on Ti-catalyzed
intermolecular homocyclomagnesiation reactions of O-containing
1,2-dienes with Grignard reagents. The subsequent intermolecular
eterification of such akadienediols with aiphatic o,@-dicarboxylic
acids was expected to afford the desired macrocycles. Previoudly,®
we have shown that among the series of 1Z,5Z-dienoic acids
derivatives of higher acids containing two cis-C=C bonds in 5-
and 9-positions have the greatest antitumor potential.

Scheme 1 depicts the access to the key tetradeca-52,9Z-diene-
1,14-diol 4 via intermolecular homocyclomagnesiation of hepta-
5,6-dien-1-ol THP ether 17 with EtMgBr in the presence of metallic
magnesium and Cp, TiCl, catalyst affording intermediate magneza-
cyclopentane 2. Its subsequent acidic hydrolysis led to diol
diether 3 in good yield (~85%) and with stereoselectivity more
than 98%. The final deprotection with TsOH afforded the desired
dienediol 4 in quantitative yield.

The final stage of the assembly of the target macrodiolides
involved the intermolecular esterification of diol 4 with aliphatic
a,o-dicarboxylic acids. After thorough analysis of the literature
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data in this field?? we have chosen the Collins method based on
application of transition metal triflates as catalysts.?3

In our hands, boiling equimolar amounts of dienediol 4 and
saturated dicarboxylic acids (C,—Cg) 5a—e in toluene in the
presence of 10 mol% Cu(OTf), for 8-16 h led to the corresponding
macrodiolides 6a—e in 59-70% yield (Scheme 2).¥ Note that
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Scheme 1 Reagents and conditions: i, EtMgBr, Mg, Cp,TiCl, (10 mol%),
Et,0, ~20°C; ii, H30%; iii, TSOH, CHCl;, MeOH.

T 2-(Hepta-5,6-dien-1-yloxy)tetrahydro-2H-pyran 1 was prepared from
commercially available hex-5-yn-1-ol by areported procedure.?
+ General procedure for the synthesis of macrodiolides 6a—e. Dicarboxylic
acid (0.2 mmol, 1.0 equiv.) and (5Z,92)-tetradeca-5,9-diene-1,14-diol 4
(45 mg, 0.2 mmol, 1.0 equiv.) were dissolved in toluene (40 ml). Then
Cu(OTf), (85 mg, 0.02 mmol, 0.1 equiv.) was added, and the mixture was
heated to 110°C and stirred at this temperature for 16-18 h. After cooling
to room temperature, silica gel (~1 ml) was added and the slurry was
concentrated under reduced pressure and purified by column chromato-
graphy (elution with light petroleum—EtOAc, 20: 1) to afford the desired
products.

1,6-Dioxacycloicosa-117,15Z-diene-2,5-dione 6a: yield 59%, colourless
ail. IR (v/em™): 1734 (C=0), 1246, 1180 (C-O). 'H NMR (500 MHz,
CDCly) 6: 1.44-1.47 (m, 4H, CH,, H-7, H-16), 1.61-1.67 (M, 4H, CH,,
H-6, H-17), 2.03-2.12 (m, 8H, =CH-CH,, H-8, H-11, H-12, H-15),
2.63-2.65 (m, 4H, CH,, H-2, H-3), 4.10-4.13 (m, 4H, OCH,, H-5, H-18),
5.35-5.47 (m, 4H, =CH, H-9, H-10, H-13, H-14). 13C NMR (125 MHz,
CDCly) 6: 172.0 (COO, C', C%, 129.7 (CH, C®, C'), 129.7 (CH, C,
C1), 64.5 (CH,O, C5, C18), 29.8 (CH,, C2, C?), 28.0 (CH,, C’, C1),
27.6 (CH,, C8, C%), 26.5 (CH,, C!, C'?), 25.8 (CH,, C’, C'%). MS
(MALDI-TOF), m/z: 308 [M]*. Found (%): C, 70.14; H, 9.19. Calc. for
C1gH50, (%): C, 70.10; H, 9.15.

For characteristics of compounds 6b—e, see Online Supplementary
Materials.
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lower diacids such as oxalic and malonic ones did not give the
corresponding macrodiolides. At the same time, starting with
succinic acid 5a with an elongation of the hydrocarbon chain
the yield of macrodiolides 6a—e increased.

The structure of the resulting macrocycles has been established
by one-dimensional (*H, 13C) and two-dimensional heteronuclear
correlation NMR experiments (HSQC, HMBC), as well as mass
spectrometry. In the 13C NMR spectra, the doubling intensity of
the carbon signals was observed for al macrocyclesthusindicating
evidence for their symmetry. The Z-arrangement of substituents
around the double bonds can be deduced from the diagnostic
chemicd shifts (0¢ ~27 ppm) of the internd alylic carbon atoms,
which confirms their cis spatial tension with the external alylic
carbon atoms.?

In conclusion, we have performed the origina stereoselective
synthesis of macrodiolides with a 1Z,5Z-diene moiety in good
yields (59-70%) and with high stereoselectivity (>98%). The
method is based on successive application of the intermolecular
homocyclomagnesiation reaction of O-containing 1,2-dienes® and
intermolecular esterification of aiphatic a,m-dicarboxylic acids
with tetradeca-57,9Z-diene-1,14-diol catalyzed by copper triflate
Cu(OTf),. We believe that the developed method has a great
synthetic potential for the preparation of polyfunctional macro-
diolidesby varying thestructureand thelength of the hydrocarbon
chain of initial O-containing 1,2-dienes and o,m-dicarboxylic
acids, as well as by addition of diverse functional groups to the
multiple C—C bonds in the resulting macrocycles. These studies
are actively continued and, in the near future, we are planning
to significantly widen the assortment of the synthesized macro-
diolides, as well as their production in alarger scale and testing
for antitumor, antibacterial, antiviral and fungicidal activity.

This work was supported by the Russian Science Foundation
(grant no. 17-73-10136). Thestructural studies of the synthesized
compounds were performed at Collective Usage Centre ‘Agidel’
a the Indtitute of Petrochemistry and Catalysis, Russian Academy
of Sciences.
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