Macrolides Vlzioorara ool Paper
Makponuabl http://mhc-isuct.ru CraTtbs

DOI: 10.6060/mhc224242y

Synthesis of Macrolides with Fragments of Diethylene Glycol
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Based on the available 7-oxooctanoic acid, syntheses of two potentially useful macrolideswith diethylene glycol and
dihydrazide fragments have been developed using at the key stages [2+1] -interaction of 7-oxooctanoicacid with di-
ethylene glycol ditosylate and [1+1] -condensation ofthe resulting o,w-diketodiester with dihydrazides of adipic and
L-(+)-tartaric acids. The structure of the obtained compounds was established using IR and NMR spectroscopy and
confirmed by chromatography-mass spectrometry.
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Hcxo0s uz docmynnoti 7-0KCOOKMAHOBOU KUCIOMbL pa3pabomansl cunmesvl 08yX NOMeHYUALIbHO NOJIE3HbIX MAKD O-
U008 ¢ OUIMUNIEHSTUKOTBHBIM U OUSUOPAZUOHBIMU (OpaSMEHMaMU ¢ UCHOIb308AHUEM HA KIIOUegblx cmaousx [2+1] -
63aUMOOelicmeusl nociednell ¢ Oumo3uIamom ousmuieneauxoas u [1+1]-kondencayuu obpasyrowezocs o,w-
Ouxemoouspupa c dueudpazuoamu adununosoi u L-(+)-eunnoti kuciom. Cmpykmypa nony4eHHvix coeOUHeHU yCmaHo 6 -
neHa ¢ nomowwro UK-u AMP-cnekmpockonuu u noomeepicdera OaHHbIMU XPOMAMO -MACC-CREKMP OMEmpPUL.

KmoueBbie cioBa: 7-OKCOOKTaHOBasl KHCIOTA, AMATHICHINIMKOJb, MaKPOJUABl C OTIICHIIMKOJIGHBIMHA M JUTHI-
pasumHbIMU pparMenTamu, [2+1]- u [1+1]-koHpeHcaruy.

Introduction synthesis of 9-ox0-2E-decenoic acid, a multifunctional
pheromone of the honey bee Apis mellifera L. - 7-
oxooctanoic acid (1) was detected. This ketoacid 1 was also

Earlier, we have studied[*2! the by-products of the obtained from 2-acetylcyclohexanone by boiling in aqueous

Debner reaction of 7-oxooctanal with malonic acid in the NaOH (yield 50 %),81 when interacting with Fe(OTf); at
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80°C (87%)*! or indium-catalyzed retro-Kleisen condensa-
tion.] It was also formed by the photochemical reaction of
acetone with 4-pentenic acid (77 %)[6! and by the allylic
oxidation of 1-methylcycloheptene (75 %).I"]

7-Oxooctanoic acid (1) is widely used in directed or-
ganic synthesis, e.g. for obtaining 9-oxo-2E-decenoic ac-
id,[8°] for synthesis of ()-frontalinl!®l — an aggregation
pheromone of the bark beetle Dendroctonus pseudotsugae,
a pestof Douglas fir. Based onit, a stereospecific syntheses
of 23-hydroxyundecylprodiginins as antimalarial agents 1]
and analogues of ceramidel*2] — drugs for the treatment of
neuron diseases and brain protection, are presented As a
substituent in the side chain, ketoacid 1 was used in the
synthesis of a highly effective antistof for the detection of
cyclic triacetone triperoxide,[3! and in the synthesis of 2B-
piperazine-substituted steroid derivatives as anticancer
agents.14] On its basis, a new series of heteroarylmethoxy-
phenylalkoxyiminoalkyl carboxylic acids were also ob-
tained as inhibitors of leukotriene biosynthesis['%l and cate-
cholamine conjugates6] as potential B-adrenergic agonists.
The articlel!”] describes the synthesis of esters of 1,7-
octanediol obtained from 7-oxooctanoic acid (1) as the ba-
sis of compositions of lipid nanoparticles for intracellular
delivery of therapeutic agents. There is also data on the
formation of small cycles based on its oxo-group. Thus,
ketoacid 1 was used to form a 1,8-naphthyridine cycle in
the synthesis of nitrogen-containing compounds — therapeu-
tic and radiodiagnostic agents in disorders associated with
integrin,['8] to create a pyrimidine cycle in the synthesis of
water-soluble fluorescent markers of the near infrared range
for biological labeling, [ or to obtain an indole cycle in the
synthesis of analogues of the prostaglandin D2 receptor
antagonist (PGD2).[20]1 An eight-membered 2,2-disubstituted
aminocarbony! lactaml2] was also obtained on the basis of
7-oxooctanoic acid (1) by an “intramolecular” three-
component Ugi reaction;[221 ((E)-4-(tributylstannyl)but-3-
enyloxy)carbonyl)hept-1-en-2-yltrifluoromethylsulfonate,
as well as 22-membered diallenic diolide[23! were obtained
by intermolecular reaction [1+1]-condensation of phospho-
nium salt from 7-(2-bromoacetoyloxy)octanoic acid chlo-
ride. For the synthesis of potentially useful macroheterocy-
cles with ester and dihydrazide fragments, ketoacid 1 was
notused.

Experimental

The spectra were recorded at the Center for the Collective
Use “Chemistry” of the Ufa Institute of Chemistry of the UFRC
RAS and RCCU “Agidel” of the UFRC RAS. IR spectra recorded
on the a IR-Prestige-21 (Fourier Transform Spectrophotometer—
Shimadzu) in a thin layer. *H and *C NMR spectra were recorded
on a “Bruker AM-500" (Bruker, Billerica, MA, USA, 500 and
125.5 MHz, respectively, 8, ppm, Hz) in CDCls, internal standard
tetramethylsilane. Mass spectra were obtained on a liquid
chromatograph—mass spectrometer LCMS-2010 EV (Shimadzu,
Kyoto, Japan). Optical rotations were measured on a polarimeter
“Perkin-Elmer 241 M C” (Perkin-Elmer, Waltham, MA, USA) in a
tube length of 1 dm. Thin-layer chromatography analyses were
performed on Sorbfil plates (Sorbpolimer, Krasnodar, Russian
Federation). Substances were detected by 10% H.SO4 with
subsequent heating to 100-120 °C for 2-3 min. The data of the
elemental analysis of all compounds corresponded to the
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calculated ones. To carry out the reactions and isolate the obtained
compounds, were used petroleum ether (PE) 40-70 °C, methyl
tert-buty| ether (M TBE), methylene chloride, acetonitrile, purified
and dried according to standard methods.[*!

O 10
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2,8,16,22-Tetraoxo-9,12,15-trioxatricosan (5). A solution of
1.25 g (7.9 mmol) ketoacid 1, received according to [, and 1.09 g
K2CO3 (7.9 mmol) in 25 mL of dry acetonitrile wasrefluxed for 1 hin
an inert atmosphere (Ar), then while stirring 1.61 g (3.9 mmol) of
the triethylene glycol ditosylate, prepared according to 2, was
added dropwise in 25 mL of acetonitrile. M ixture was refluxed for
120 h, acetonitrile was evaporated, the resulting precipitate was
dissolved in CH2Cl. (35 mL), washed with saturated solution of
NaCl (3x5 mL), dried with Na2SO4, evaporated, the precipitate
was chromatographed (SiO2, PE-MTBE, 5:1). Yield: 1.98 g
(65 %). Rt 0.5 (MTBE). m/z (APCI) %: 387.3 (100.0) [M+H]*,
405.3 (49.0) [M+H+H20]". CzH3407. Calculated: [386.48]. IR
(KBF) vmax cm't: 1716 (C=0), 1734 (C(0)-0). 'H NMR (CDCls)
31 ppm: 0.84-0.87 (4H, m, H-5, H-19), 1.49-1.60 (8H, m, H-4, H-
6, H-18, H-20), 2.07 (6H, s, H-1, H-23), 2.32 (4H, t J= 7.4 Hz, H-
7, H-17), 2.42 (4H, t J=7.4 Hz, H-3, H-21), 3.53 (4H, t J=6.0
Hz, H-11, H-13), 4.12 (4H, t J=6.0 Hz, H-10, H-14). *C NMR
dc ppm: 22.68 (CH2, C-4, C-20), 24.45 (CH, C-6, C-18), 27.96
(CH2, C-5, C-19), 30.02 (CHs, C-1, C-23), 33.43 (CH2, C-7, C-
17), 44.48 (CH, C-3, C-21), 63.38 (CH., C-10, C-14), 69.49
(CH2, C-11, C-13), 173.23 (C, C-8, C-16), 208.86 (C, C-2, C-22).

General method for obtaining O- and N-containing
macroheterocycles 2 and 3. To 0.96 g (2.5 mmol) of diketone 5 in
22 mL of dioxane with intensive stirring, 2.5 mmol of adipic or L-
(+)-tartaric acid dihy drazide? was slowly added into H20 (4.5 mL),
stirred for 48 h (TLC control), dioxane was evaporated at reduced
pressure. The residue was dissolved in 50 mL of CH,Cl,, washed
with H20 (3x5 mL), dried with Na;SO4 and evaporated, then
washed with 10 mL of hexane and evaporated.

(14E,18R,19R,22E)-18,19-Dihydroxy-14,23-dimethyl-1,4,7-
trioxa-15,16,21,22-tetraazacyclononacose-14,22-diene-8,17,20,29-
tetraone (2). Yield: 0.43 g (33 %), yellowish thick oily liquid.
[0]o® —19.0° (c 0.1; CH:Cl). m/iz (APCI) %: 529.4 (100.0)
[M+H]", 563.5 (100.0) [M-H+CI]. C24HN4Oo. Calculated:
[528.60]. IR (KBr) vmax cm™: 1653 (CN), 1733 (OC(0)), 3342
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(NH). *H NMR (CDCls) 81 ppm: 0.87-0.97 (4H, m, H-11, H-26),
1.52-1.66 (8H, m, H-10, H-12, H-25, H-27), 1.82 (6H, s, CH3-14,
CH3-23), 2.33 (4H, t J=7.4 Hz, H-9, H-28), 2.48 (4H,t J=7.0
Hz, H-13,H-24),3.53 (4H,t J=6.0 Hz, H-3, H-5),4.13 (4H,t J=6.0
Hz, H-2, H-6), 4.30 (2H, d J = 6.5 Hz, H-18, H-19), 5.90 (2H, s,
OH), 9.61 (2H, br.s, NH). 3 C NMR 8cppm: 15.29 (CHs, CHs-14,
CH3-23), 24.51 (CHz, C-10, C-27), 28.02 (CH,, C-12, C-25),
28.42 (CH3, C-11, C-26), 33.47 (CHz, C-9, C-28), 40.15 (CH,, C-
13, C-24), 63.38 (CH,, C-2, C-6), 69.51 (CHz, C-3, C-5), 72.59
(CH, C-18, C-19), 159.13 (C, C-14, C-23), 169.11 (C, C-17, C-
20), 173.23 (C, C-8, C-29).

(14E,24E)-14,25-Dimethyl-1,4,7-trioxa-15,16,23,24-
tetraazacyclogentriaconta-14,24-diene-8,17,22,31-tetraone (3).
Yield: 0.67 g (51 %), yellowish thick oily liquid. m/z (APCI) %:
525.4 (100.0) [M+H]*, 559.3 (100.0) [M-H+CI]". CzHN4O7.
Calculated: [524.65]. IR (KBr) vmax cm’: 1654 (CN), 1733
(0C(0)), 3320 (NH).'HNMR (CDCl3) 51 ppm: 0.85-0.97 (4H, m,
H-11, H-28), 1.48-1.62 (12H, m, H-10, H-12, H-19, H-20, H-27,
H-29), 1.76 (6H, s, CH3-14, CH3-25), 2.33 (4H, t J = 7.4 Hz, H-9,
H-30), 2.38 (4H,t J= 7.0 Hz, H-13, H-26), 2.69 (4H, tJ =6.9 Hz,
H-18, H-21),3.53 (4H, tJ =6.0 Hz, H-3, H-5), 4.13 (4H,tJ=6.0
Hz, H-2, H-6), 8.66 (2H, br.s, NH). *C NMR &c ppm: 15.20
(CHs, CHs-14, CH3-25), 24.00 (CH2, C-19, C-20), 24.50 (CH2, C-
10, C-29), 25.63 (CH2, C-12, C-27), 28.40 (CH,, C-11, C-28),
28.80 (CH2, C-18, C-21), 33.45 (CHy, C-9, C-30), 40.11 (CH_, C-
13, C-26), 63.37 (CH2, C-2, C-6), 69.50 (CH2, C-3, C-5), 158.80
(C, C-14, C-25), 167.60 (C, C-17, C-22), 173.22 (C, C-8, C-31).

Results and Discussion

The aim of this work is the synthesis of two potential-
ly useful 29- (2) and 31- (3) -membered macroheterocycles
containing two ester groups each and including a crown
ether fragment (diethylene glycol residue) and dihydrazide
fragments of adipic and L-(+)-tartaric acids.

The choice of these groups was not random. Macrocy-
clic crown compounds and their acyclic analogs are capable
of selective complex formation with metal cations, which
allows them to be widely used in analytical chemistry (in
optical, electrochemical methods of analysis, as well as
methods of separation and concentration (extraction, sorp-
tion, chromatography, capillary electrophoresis and electro-
chromatography).[26] Adipic acid dihydrazide is used for
crosslinking water-based emulsions, as well as as a harden-
er for some epoxy resins. Tartaric acid and its acyclic de-
rivatives (esters, hydrazides, 1,3,4-oxadiazole-2-thions and
1,2,4-triazolthiol) are ideal ligands for creating strong col-
ored organometallic complexes with ions Fe(lll), Cu(ll) u
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Ni(l1),[2728] they also have antibacterial and fungicidal ac-
tivity. In addition, the macroheterocycle obtained by the
reaction of [2+2]-cyclocondensation of L-(+)-tartaric acid
dihydrazide with terephthalic aldehydel?®] is successfully
used in the construction of synthetic chiral supramolecular
compounds such as calixN]Jarenes, cyclodextrins, crown
esters, cucurbit[N]urils, etc. We assumed that other macro-
cyclic derivatives of L-tartaric acid dihydrazide would ex
hibit similar properties.

Synthesis of N- and O-containing macroheterocycles 2
and 3 included two stages. At the first of them, we carried
out [2+1]-condensation of 7-oxooctanoic acid (1), obtained
by the well-known method[!! from tetrahydropyran 4, with
diethylene glycol ditosylate. The yield of the obtained o,®-
diketodiester 5 did not exceed 65%, which is probably due
to the reduced nucleophilicity of diethylene glycol. Subse-
quent [1+1]-interaction of diketone 5 with dihydrazides of
L-(+)-tartaric and adipic acids at room temperature and high
dilution (molar ratio: substrate:reagent:1,4-dioxane:water =
= 1:1:100:100) leads to the formation of target macroheter-
ocycles 2 and 3 with yields of 33 and 51 %, respectively.
Such relatively low yields are probably explained by the
reduced nucleophilicity of tartaric acid dihydrazide and the
increased tendency to form linear condensation products
due to the inclusion of crown ether fragments in their com-
position.

o (o]
(0] o o
O - M :
65%
0 OH o) o
4 1 5

c d
‘ 51% 33%

o q o o
o] o] (¢} (] o o]
Y N7 SN "\1/
H,L A Hl‘\l NH

OUO o>>_/<o
HO' “OH

3 2

a: ™ b: O(CH,CH,0TSs)2, K2CO3, MeCN, A;
¢: NH2NHC(0)(CH.)4C(O)NHNH_, dioxane-H,0;
HQ, OH

d: HaNHN NHNH, , dioxane-HO.

The structure of the diketodiester 5 and macrohetero-
cycles 2 and 3 was established by IR, 1H and 13C NMR
spectroscopy. The NMR spectra of compounds 2 and 3
were analyzed by comparison with those of the starting
diketodiester 5 and dicarboxylic acid hydrazides.

The absence in the IR spectra of reaction products 2
and 3 of an absorption band at 1716 cm corresponding to
the C=0 groups of the initial diketodiester 5, and the pres-
ence of such for the NH groups [3342 cm® (2) and 3320 cm!
(3)] and C=N [1653 cmr® (2) and 1654 cm (3)] indicate the
formation of a hydrazide fragment. In the 13C NMR spectra
of the reaction products 2 and 3 there are no signals of car-
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bonyl carbon atoms [208.86 ppm], and in the H NMR
spectrum there are no signals of [~4.8 ppm] hydrazine
(NH2NH) fragment. These facts indicate that the resulting
compounds are not linear substitution products. In the 13C
NMR spectra of compounds 2 and 3, in addition to the sig-
nals of the carbon atom of the ester groups [173.23 ppm —in
(2) and 173.22 ppm — in (3)] and the signals of the carbon
atoms of the NH-C=0 groups [167.11 ppm — in (2) and
173.22 ppm — in (3)], there are singlet signals of the C=N
group [159.13 ppm — in (2) and 158.80 ppm — in (3)] and
two quartets of CHs groups [15.29 ppm - in (2) and 15.20 ppm
—in (3)], whose chemical shifts correspond to carbon atoms
of two magnetically equivalent CHs—C=N groups, which
confirms the formation of a hydrazide (CH2C=N-NH-C=0)
grouping.

In the TH NMR spectra of the reaction products (2)
and (3), there are no proton signals of the hydrazine
(NH2NH) residue [~4.8 ppm] and there are weak-field sig-
nals [9.61 ppm - in (2) and 8.66 ppm - in (3)], the magni-
tude of chemical shifts and integral intensities of which
correspond to two protons of NHC=0O groups of macrocy-
cles. All these spectral data indicate the formation of mac-
rocycles (2) and (3), which is further confirmed by the data
of the APCI mass spectra, where protonated and deproto-
nated ions were clearly recorded.

Conclusions

Based on the available 7-oxooctanoic acid, we have
carried out effective syntheses of two potentially useful 29-
and 31-membered macrolides with fragments of diethylene
glycol and dihydrazides of L-(+)-tartaric and adipic acids.
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