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Diels—Alder adduct of levoglucosenone and isoprene
in the syntheses of the key synthon for loganin
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Based on the hemiketal obtained by the carbonyl ene-
ketalization of the Diels—Alder adduct of levoglucosenone
and isoprene with acetaldehyde, two methods have been
suggested for incorporating the carboxy group of loganin at
the pyran ring. The first method involved one-pot conversion
employing ozonolytic cleavage of the double bond, ozonide
reduction, in situ aldehyde oxidation and esterification. An
alternative five-step sequential conversion of the ketal, with
isolation and identification of intermediate compounds,
involved Kketalization, Wagner vic-hydroxylation of the
double bond, periodate cleavage of diols, in situ oxidation of
the aldehyde to an acid, and esterification.
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Diels—Alder adducts of levoglucosenone and 1,3-dienes react
with aldehydes to give products of the ene reaction, i.e. alcohols,
whose hydroxy group then adds to the keto group in intramolecular
manner to afford a cyclic hemiketal.! In this process, the double
bond undergoes a 1,2-shift, thus opening new prospects for
employing the compound obtained as a chiral matrix. In this
case, it appears that the use of products of the ene reaction, i.e.
ketalization, in the synthesis of cyclopentanoids (known to be a
broad family of biologically active natural products) is the most
attractive approach. Of these compounds, monoterpene iridoid
loganin 1, which is a key precursor in the biogenetic synthesis of
anumber of indole alkaloids,>* is of continuing interest. Loganin
1 itself possesses antidiabetic, anti-inflammatory (arthritis and
acute renal failure), and neuroprotective (Alzheimer’s and
Parkinson’s diseases) effects.> To date, many approaches to the
synthesis of loganin 1 have already been developed. Its total
syntheses®!7 are also known and have become classical.

The retrosynthetic sequence based on the use of the product
of the ene reaction, i.e. ketalization of the Diels—Alder adduct of
levoglucosenone and isoprene 2,'1° is shown in Scheme 1.
According to the retrosynthetic scheme, cleavage of the double
bond in compound 3, the product of the ene reaction of the
Diels—Alder adduct of levoglucosenone and isoprene with
acetaldehyde,'> would allow the incorporation of the carboxy
group of loganin at the pyran ring C. It is intended to use the
Bayer—Villiger oxidation, deoxygenation and aldol condensation
steps in order to create the methylcyclopentane moiety A, while
the steps of 1,6-anhydro bridge opening and reaction involving
hydroxy groups would complete the synthesis of the loganin
aglycone (Scheme 1).
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Ozonolysis seems to be an obvious way to cleave the double
bond. However, taking into account the facts that ozonolytic
cleavage of the double bond in Diels—Alder adducts of
levoglucosenone and 1,3-dienes is complicated by the formation
of a number of products in low yields,?*2! hemiketal 3 was
converted to ketal 4 (Scheme 2). Then one-pot conversion of
olefin 4 into methyl ester 5 was carried out. Ozonolysis of the
double bond in ketal 4 at —50 °C in CH,Cl, followed by reduction
of peroxide ozonolysis products with Me,S, Jones oxidation of
the intermediate aldehyde to the acid and esterification with
CH,N, gave the desired ester 5 in 35% yield over the three steps.
In addition, enol ether 6 was isolated from the reaction mixture
in 26% yield (see Scheme 2). It should be noted that with an
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Scheme 2 Reagents and conditions: i, HCI/MeOH, 0-25 °C, 2 h; ii, O;,
CH,Cl,, =50 °C, 15 min, Me,S, —78 °C, 15 min; iii, Jones reagent, 0 °C,
10 min; iv, CH,N,, room temperature, 10 min.

excess of the Jones reagent, the yield of compound 6 increased
to 38%, while the yield of the target ester S became 21%.

The HMBC spectrum of ester 5 showed H*C?, H'Y/C!,
H8/C=0 and HOM¢/C2 correlation peaks, indicating the formation
of methyl ester with preservation of the trioxatricyclic
framework. Experiment NOE H'"/H® makes it possible to
determine the relative configuration of C® and C°, while NOE
H’/H* provided the relative configuration of C’ and C* The
orientation of the H> proton was determined from the coupling
constant 3J5_, = 7.0 Hz.”

An alternative method for opening the cyclohexene ring in
ketal 4 by the Wagner oxidation of the double bond with KMnO,
in EtOH at 0 °C led to vic-diol 7 in 98% yield (Scheme 3).
Periodate cleavage of glycol 7 by treatment with NalO, resulted
in keto aldehyde 8 in 99% yield. Attempts to oxidize aldehyde 8
with chromate oxidants or KMnOj, to the corresponding acid for
subsequent synthesis of target ester 5 yielded difficult-to-identify
reaction products. The desired ester 5 was obtained by the
reaction with Br,. Hemiketal 9, a hydrolysis product of ketal 5,
was isolated from the reaction mixture. Both products appear
interesting for further transformations. Though additional steps
were introduced, the second method of incorporating a carboxy
group is more convenient and allows the yield of the target
synthon C to be improved.

The proton of the hydroxy group at C’ of diol 7 manifests
itself as a signal at 4.40 ppm in 'HNMR spectrum with a
coupling constant of 9.3 Hz. Its carbon is detected at 71.58 ppm
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Scheme 3 Reagents and conditions: i, KMnO,, EtOH, H,0, 0 °C, 30 min;
ii, NalO,, room temperature, 1 h; iii, Br,, 1,4-dioxane, H,O, room temperature,
1 h; iv, CH,N,, room temperature, 15 min.

in the '3C NMR spectrum. The presence of H*A/HS, H*A/H!!,
H’/H3 and H/HM® correlation peaks in the NOESY spectrum is
a result of the S-configuration of the C’7 center and the
R-configuration of the C® C? and C'! centers. The H'3/C! and
HOMe/C! correlation peaks are observed in the HMBC spectrum,
indicating the preservation of the original trioxatetracyclic
system. The S-configuration of the C? center in hemiketal 9 was
determined from the NOE effect between the H® and H'? protons
and the coupling constant value of 3Jg; 5.1 Hz. The H*/C? and
HOMe/C2 correlation peaks are observed in the HMBC spectrum,
indicating the preservation of the trioxatricyclic framework and
the spatial orientation of the OH group (dy 5.57) in the C?
position.

To summaruze, two methods for the preparation of the key
synthon for the synthesis of loganin were developed. They are
based on the product of the ene ketalization of the Diels—Alder
adduct of levoglucosenone and isoprene. The first method of
incorporating the carboxy group of loganin at the pyran ring
involves a one-pot transformation through the steps of ozonolytic
cleavage of the double bond, ozonide reduction by Me,S,
oxidation of the intermediate aldehyde to the acid, and
esterification. The alternative sequential transformation of the
hemiketal consists of ketalization, the Wagner vic-hydroxylation,
periodate cleavage, oxidation, and esterification.

This work was carried out under subjects nos. 122031400259-1
and 122031400282-9 of the government assignment. The authors
are grateful to the Circa Group who provided industrial grade
levoglucosenone. NMR spectra were recorded using the
equipment of the Center for Collective Use of Scientific
Equipment ‘Chemistry’ and the Regional Center for Collective
Use ‘Agidel’ of the Ufa Institute of Chemistry of the Russian
Academy of Sciences.
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Supplementary data associated with this article can be found
in the online version at doi: 10.71267/mencom.7537.
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