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25-(1RS-benzyloxy-hex-5-enyl)-2,3-dihydro-1,4-benzodioxine
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Abstract: In medicinal chemistry, the precise configuration of molecules is a crucial determinant of
their pharmacological properties. Hence, the introduction of a new chiral center during the synthetic
pathway involves the assignment of configuration. Herein we assign, by means of molecular modeling
H and 2D Nuclear Overhauser Effect NMR techniques, the configuration of the two diastereomers
25-(1R-benzyloxy-hex-5-enyl)-2,3-dihydro-1,4-benzodioxine and 25-(15-benzyloxy-hex-5-enyl)-2,3-
dihydro-1,4-benzodioxine, which are useful to synthetize analogs of the potent and highly selective
dipeptidyl peptidase IV and carbonic anhydrase inhibitor recently published.
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1. Introduction

The 2,3-dihydro-1,4-benzodioxine or benzo-1,4-dioxane substructure is a chemical
motif that has garnered significant attention in the field of medicinal chemistry due to
its presence in various drugs and drug candidates. The 2,3-dihydrobenzodioxine sub-
structure’s versatility stems from its ability to interact with specific biological receptors
and enzymes, influencing cellular pathways in a targeted manner. This has led to the
exploration of diverse chemical derivatives and analogs to fine-tune the pharmacological
properties of compounds containing this motif [1-6]. This distinctive structural element,
characterized by a six-membered ring fused with a benzene ring and an oxygen bridge,
imparts unique pharmacological properties to the compounds that incorporate it. Nev-

El};eﬁtf:; ertheless, the presence of chiral carbon on the skeleton and on other substructures of
Citation: Artasensi, A.; Fumagalli, L. the molecule presents the possibility of having multiple stereoisomers and implies the
25-(1RS-benzyloxy-hex-5-enyl)-2,3- assignment of the configuration.
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molecular structure could drastically impact on the efficacy, safety, and pharmacokinetics
of a compound. As a matter of fact, many approaches have been developed to obtain
either pure enantiomers of molecules containing benzo-1,4-dioxane or to assign the correct
configuration of chiral carbons comprised in molecules which include this skeleton [7,8].
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1,4-benzodioxine, which is useful to synthetize analogs of the potent and highly selective
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dipeptidyl peptidase IV and carbonic anhydrase inhibitor recently published [9]. Moreover,
the characterization of all the intermediates is described, and the configuration of the final
product is assigned by means of molecular modeling 'H and 2D Nuclear Overhauser
This article is an open access article  Efect NMR (NOESY) techniques. In addition, a modified Karplus equation was applied to
distributed under the terms and  COITOboOrate the experimental data [10,11].
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2. Results and Discussion

Recently, we synthesized dipeptidyl peptidase IV and carbonic anhydrase inhibitors
as a potential innovative approach for the simultaneous treatment of diabetes and obesity,
namely diabesity [9].

In an attempt to synthesize new analogs characterized by a more flexible and variously
functionalized linker between the two aromatic portions, we planned the synthetic strategy
reported in Scheme 1.
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Scheme 1. Synthesis of 2-(1-benzyloxy-hex-5-enyl)-2,3-dihydro-1,4-benzodioxine (6). Reagents and
conditions: (a) NaHCOj sat., NalO4, DCM, RT; (b) Mg, I, 5-bromopentene, THF, reflux; (c) NaH,
BnBr, THE, RT; (d) HC1 10%, MeOH, RT; (e) TEA, MsCl, DCM, RT; (f) K»CO3, catechol, DMF, RT.

D-Mannitol diacetonide was cleaved via oxidation according to Schmid et al. [12].
Then, the alkyl chain was enlarged under a Grignard reaction with 4-pentenyl magnesium
bromide, and a new stereo center was generated. The two diastereomers were maintained
in the mixture for the subsequent synthetic steps. Nevertheless, since the different retention
factors (R¢) on thin layer chromatography (TLC) made the separation possible, they were
isolated by chromatography on silica gel, characterized by optical rotation and 'H-NMR,
and afterwards reunited. (2R,3RS)-1,2-isopropylidenedioxy-7-octen-3-ol (2), after having
been benzylated (3), underwent acidic acetal hydrolysis to furnish vicinal diol (4), which
was mesylated (5).

(2R,3RS)-1,2-mesyloxy-7-octen-3-benzyloxy (5) reacted with catechol in basic condition
to give 25-(1RS-benzyloxy-hex-5-enyl)-2,3-dihydro-1,4-benzodioxine (6). At this stage,
since the benzo-1,4-dioxane skeleton had been built, we isolated the two diastereomers
with the intention of assigning the corresponding configuration to carbon 1’ (Figure 1
numbers in green) of the alkyl chain by means of molecular modeling 'H and 2D-NOESY
NMR analyses.

NOESY provides connectivity based on the Nuclear Overhauser Effect (NOE), which
alters signal intensity on a direct through-space mechanism that is distance dependent.
Thus, the experiment can be exploited to assign spatial configuration considering internu-
clear distances.

First of all, we chose deuterated benzene (C¢Dg) as the most suitable deuterated
solvent in order to reach the best resolution of the peaks related to the interested protons,
namely 2H and 1'H (Figure 1B; to compare the resolution refer to Figures S5, S6, S9, and S10
of the Supplementary Materials). From the 'H-NMR spectra of the two diastereomers, this
proton (2H, Figure 1B) linked to 2C chiral carbon (Figure 1A) belonging to the benzodioxane
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skeleton, which was maintained in S configuration, is at 4.0 and 4.16 ppm, while the 1’'H
linked to 1'C (the new stereo center resulting from the Grignard reaction) is at 3.6 and
3.52 ppm, respectively. In addition, the diastereomer characterized by the proton of a new
stereocenter at 3.6 ppm showed the highest R; on TLC. The coupling constant between
1'H and 2H is 12.8 Hz for the diastereomer with higher R¢, while, for the other, this is
4.8 Hz. Moreover, from the comparison of the 'H-NMR spectra, only the diastereomer with
lower R¢ shows a more complex pattern of signal related to proton 2H, giving evidence for
a different spatial orientation. Nevertheless, these differences in chemical shifts, coupling
constants, and shapes are not enough to assign the configuration to 1'C.
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Figure 1. Numbering of the interested carbons and protons panels (A) and (B), respectively.

The 1"H-C-C-2H coupling constant depends on the dihedral angle between the associ-
ated C-H bonds; dihedral angles of close to 180° (antiperiplanar) give rise to the largest
couplings, and dihedral angles of close to 0° (synperiplanar) also give rise to significant
couplings. Close to 30° dihedral angles (gauche) result in lesser couplings; close to 90° di-
hedral angles yield close to 0 Hz coupling constants, which are frequently not encountered.
Thus, we exploited molecular modeling and Karplus relationships to predict the coupling
constants to be compared to the experimental ones.

The molecular modeling analyses show that the diastereomer SR (Figure 2A) adopts
an antiperiplanar disposal with a 179.18° dihedral angle (Figure 2B), while the diastereomer
SS (Figure 2C) assumes a gauche disposition with a 62.49° dihedral angle (Figure 2D).
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Figure 2. Molecular models with dihedral angle of diastereomer SR panels (A,B) and diastereomer
SS panels (C,D).
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From these data, the predicted coupling constants resulted from the application of the
modified Karplus Equation (1) of the diastereomers are 11.89 Hz for the SR and 4.54 Hz for
the SS, respectively, which are in line with the ones experimentally obtained [10,11,13].

J/Hz =7 — cosO + 5c0s20 (1)

To confirm the hypothesized configuration, we performed a 2D-NOESY experiment.

2D-NOESY provides information about spatial closeness of protons that are separated
by up to about 5 A. Hence, this is the most direct way to assign the configuration to the 1'C
by considering the relationship of its proton 1'H to neighboring protons in 3D space (via
their dihedral torsion angle and coupling constant) and combining this with the 2D-NOESY
spectrum.

The 2D-NOESY spectrum of the diastereomer with higher R (Figure 3) clearly shows
a significant correlation between the 1'H proton (3.6 ppm) of the new chiral center, the
chiral proton of the benzodioxane skeleton, the 3H protons of the benzodioxane ring, and
the two benzylic protons.

f1 (ppm)

0 35 3.0 25 20 15 1.0

fﬁpplﬂ)4
Figure 3. The 2D-NOESY spectrum of the diastereomer with R¢ = 0.63.

Conversely, the 2D-NOESY spectrum of the diastereomer with lower R (Figure 4)
shows a correlation between the 1'H proton (3.52 ppm) of the new chiral center, the chiral
proton of the benzodioxane skeleton and the two benzylic protons, but there is no cross
peak with 3H protons, indicating that the 1’H proton is more distant. Furthermore, the
distances of the 1'H to 3H protons are 2.95 A and 3.78 A for the R configuration, which
justify the good correlation showed by the 2D-NOESY of the diastereomer with a higher R¢
and 3.77 A and 4.28 A for the S configuration that validates the absent correlation between
1"H proton and 3H protons in the 2D-NOESY of the other diastereomer (for distances, refer
to Figures S7 and S8 of the Supplementary Materials). Hence, we were able to assign the R
configuration to the diastereomer with higher R; (0.63) and S configuration to the one with
lower R¢ (0.54).
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Figure 4. The 2D-NOESY spectrum of the diastereomer with R¢ = 0.54.

3. Materials and Methods

All reagents and solvents were purchased by Merck KGaA, Darmstadt, Germany and
used as received. The purification of all compounds was performed on Biotage® Isolera
(Biotage Sweden AB, Uppsala, Sweden) using Sfar silica D 60. The retention factors (Rf)
were calculated using Supelco TLC cards with fluorescent indicator 254 nm. A Jasco P-1010
polarimeter (Perkin Elmer, Waltham, USA) was used to determine optical rotations. The 'H
and 2D-NOESY NMR spectra were recorded at 500 MHz (Bruker Avance 500 Billerica, MA,
USA) and processed by Mnova software. Chemical shifts are reported relative to residual
solvents CDCl3 or C¢Dg. The 'H-NMR coupling constants (]) are reported in Hertz (Hz),
and multiplicities are indicated as follows: s (singlet), d (doublet), dd (doublet of doublets),
ddt (doublet of doublet of triplets), t (triplet), and m (multiplet), brs (broad signal).

Molecular modeling software: Ab initio Density Functional Theory (DFT) calculations
were carried out using Gaussian 16; they were performed using the B3LYP-6-31+g(d,p)
basis set. Distances between protons were measured on VEGA ZZ version 3.2.4. [14].

R-Glyceraldehyde acetonide (1)

Saturated aqueous NaHCOj3 (15 mL) was added to a solution of D-mannitol diace-
tonide (26.17 g, 99.7 mmol) in DCM (250 mL). Then, sodium metaperiodate (32.01 g, 149.66
mmol) was added in small portions. The resulting suspension was stirred for 45 min
at room temperature. The mixture was stirred overnight until TLC indicated the disap-
pearance of the starting material. Afterwards, the reaction was filtered, and the residue
evaporated in vacuo to give the pure product 1 (24.80 g, 95.5%) as a yellow oil. TLC (cyclo-
hexane/ethyl acetate 50:50) R¢ = 0.39 'H NMR (CDCl3) § 9.72 (s, 1H), 4.49-4.32 (m, 1H),
4.26-4.00 (m, 2H), 1.48 (s, 3H), 1.42 (s, 3H). Since the product is a volatile compound, the
evaporation pressure was set up to 40 mbar. [a]p?® (CHCl3, ¢ = 1) + 39.21

(2R,3RS)-1,2-isopropylidenedioxy-7-octen-3-ol (2)

Under a nitrogen atmosphere, a solution of pentyl bromide (25 g, 167.74 mmol) in
THEF (80 mL) was added dropwise to a suspension of magnesium (4.08 g, 167.74 mmol)
and catalytic iodine in dry THF (15 mL). The mixture was stirred under reflux for 2 h.
Afterwards, a solution of 1 (24.80 g, 190.54 mol) in THF (20 mL) was added once the reaction
mixture was ice-cooled. The mixture was kept stirred at room temperature overnight until
TLC indicated the disappearance of the starting material. The reaction was quenched with
a 10% aqueous solution of NaHCO3, and the precipitate formed was filtered through a
Celite® pad, while the organic layer was subsequently washed with 10% aqueous solution
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of NaHCOj; and brine. The organic phase was dried over anhydrous sodium sulfate,
filtered, and evaporated in vacuo. Flash chromatography (cyclohexane/ethyl acetate 85:15)
was performed to obtain the pure product 2 (both diastereomers, 26.71 g, 70.0%) as a
yellow oil.

TLC (cyclohexane/ethyl acetate 85:15) R; = 0.26, [a]p?® (CHCl3, ¢ = 1) + 16.69, 'H
NMR (CDCl3) 6 5.80 (ddt, ] =16.9, 10.1, 6.7 Hz, 1H), 5.06-4.93 (m, 2H), 4.05-3.95 (m, 2H),
3.73 (dd, ] = 7.6, 6.1 Hz, 1H), 3.49 (m, 1H), 2.20 (d, ] = 5.0 Hz, 1H), 2.15-2.03 (m, 2H),
1.70-1.60 (m, 2H), 1.49 (m, 1H), 1.44 (s, 4H), 1.37 (s, 3H).

TLC (cyclohexane/ethyl acetate 85:15) R; = 0.22, [a]p?® (CHCl3, ¢ = 1) + 14.65, 'H
NMR (CDCl3) 5.80 (ddt, | = 16.9, 10.1, 6.7 Hz, 1H), 5.06-4.93 (m, 2H), 4.07-3.99 (m, 2H),
3.94 (td, ] =17.9, 6.3 Hz, 1H), 3.78 (m, 1H), 2.16-2.02 (m, 3H), 1.75 (brs, 1H), 1.63 (m, 1H),
1.53-1.44 (m, 2H), 1.43 (s, 3H), 1.37 (s, 3H).

(1RS 4R )-4-(1-(benzyloxy)hex-5-en-1-yl)-2,2-dimethyl-1,3-dioxolane (3)

Under a nitrogen atmosphere, a solution of 2 (26.71 g, 133.38 mmol) in THF (120 mL)
was added dropwise to a suspension of NaH (3.52 g, 146.72 mmol) in THF (40 mL) and
stirred for 30 min. Then, a solution of benzyl bromide (17.43 mL, 146.72 mmol) in THF
(120 mL) was added to the reaction mixture, and it was stirred overnight until TLC indicated
the disappearance of the starting material. Afterward, the mixture was diluted with DCM
and washed with 10% aqueous solution of HCl and brine. The organic phase was dried
over anhydrous sodium sulfate, filtered, and evaporated in vacuo, affording an orange oil.
Flash chromatography (cyclohexane/ethyl acetate 95:5) was performed to obtain the pure
product 3 (20.18 g, 52.10%) as a yellow oil.

TLC (cyclohexane/ethyl acetate 95:5) R¢ = 0.36, [«]p?® (CHCl3, c =1) + 8.38, 'H NMR
(CDCl3) 6 7.41-7.27 (m, 5H), 5.79 (ddt, ] = 16.9, 10.1, 6.6 Hz, 1H), 5.07—4.91 (m, 2H), 4.66
(d,J =114 Hz, 1H), 4.59 (d, ] = 11.4 Hz, 1H), 4.16-3.99 (m, 2H), 3.90 (dd, ] =7.7, 6.6 Hz,
1H), 3.54 (dd, ] =9.5, 5.8 Hz, 1H), 2.05 (dd, ] = 12.6, 6.2 Hz, 2H), 1.65-1.44 (m, 4H), 1.42 (d,
J =0.6 Hz, 3H), 1.36 (s, 3H).

TLC (cyclohexane/ethyl acetate 95:5) R¢ = 0.31 [«]p?® (CHCl3, ¢ = 1) + 41.94, 'H NMR
(CDCl3) & 7.41-7.27 (m, 5H), 5.77 (ddt, ] = 16.9, 10.2, 6.7 Hz, 1H), 5.05-4.89 (m, 2H), 4.77 (d,
J=11.7 Hz, 1H), 4.62 (d, ] = 11.7 Hz, 1H), 421 (dd, ] = 13.9, 6.6 Hz, 1H), 3.98 (dd, ] = 8.2,
6.5 Hz, 1H), 3.74-3.63 (m, 1H), 3.49-3.35 (m, 1H), 2.02 (dd, ] = 13.0, 6.4 Hz, 2H), 1.68-14.39
(m, 7H), 1.37 (s, 3H).

(2R,3RS)-3-(benzyloxy)oct-7-ene-1,2-diol (4)

10% aqueous solution of HCI (23 mL) was added to a solution of 3 (20.18 g,
69.49 mmol) in MeOH (230 mL). The reaction mixture was stirred at room temperature
until TLC indicated the disappearance of the starting material. Afterwards, the solvent was
evaporated in vacuo, and the residue was dissolved in DCM and water. The aqueous layer
was further extracted two times with DCM. The reunited organic phases were washed with
brine, dried over anhydrous sodium sulfate, and filtered. The solvent was evaporated in
vacuo, providing the pure product 4 (16.7 g, 96.0%) as a yellow oil. TLC (cyclohexane/ethyl
acetate 60:40) R¢ = 0.16 'H NMR (CDCl3) & 7.44-7.27 (m, 5H), 5.80 (dt, ] = 16.9, 6.7 Hz, 1H),
5.10-4.89 (m, 2H), 4.57 (m, 2H), 3.86-3.44 (m, 4H), 2.25 (brs, 2H), 2.08 (d, ] = 6.5 Hz, 2H),
1.83-1.34 (m, 4H).

(2R,3RS)-3-(benzyloxy)-1,2-dimesiloxy-oct-7-ene (5)

Triethylamine (8.16 mL, 58.72 mmol) was added to a solution of 4 (7.00 g,
27.96 mmol) in DCM (50 mL). Then, after ice-cooling, mesyl chloride (4.54 mL,
58.72 mmol) was added dropwise. The mixture was stirred at room temperature un-
til TLC indicated the disappearance of the starting material. Afterward, the reaction was
diluted with dichloromethane, and the organic phase was washed with a 10% aqueous
solution of HCl and then with brine. The organic phase was dried over anhydrous sodium
sulfate and filtered, and the solvent was evaporated in vacuo, providing the pure prod-
uct 5 (10.91 g, 82%) as a yellow oil. TLC (cyclohexane/ethyl acetate 50:50) R¢ = 0.52 'H
NMR (CDCl3) & 7.42-7.28 (m, 5H), 5.90-5.67 (m, 1H), 5.08-4.89 (m, 2H), 4.73-4.55 (m, 2H),
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4.48-4.43 (m, 3H), 3.75 (dd, ] = 6.4, 3.6 Hz, 1H), 3.13-3.06 (m, 6H), 2.14-1.96 (m, 2H),
1.77-1.35 (m, 4H).

25-(1RS-benzyloxy-hex-5-enyl)-2,3-dihydro-1,4-benzodioxine (6)

A suspension of pyrocatechol (2.96 g, 26.84 mmol) and potassium carbonate
(11.13 g, 80.62 mmol) in DMF (65 mL) was stirred for 30 min. Then, a solution of 5
(10.91 g, 26.84 mmol) in DMF (65 mL) was added dropwise to the mixture. The reaction was
stirred at room temperature until TLC indicated the disappearance of the starting material.
Afterward, the solvent was evaporated in vacuo, and the crude was dissolved in DCM
and washed with a 10% aqueous solution of HCI and brine. The organic phase was dried
over anhydrous sodium sulfate, filtered, and evaporated in vacuo. Flash chromatography
(cyclohexane/ethyl acetate 90:10) was performed to obtain the pure products 6.

25-(1R-benzyloxy-hex-5-enyl)-2,3-dihydro-1,4-benzodioxine (2.70 g, 39,5% calculated
considering as 100% the sum of the purified diastereomers), colorless oil: TLC (cyclohex-
ane/isopropyl ether 90:10) R¢ = 0.63 [x]p?® (CHCl3, ¢ = 1) + 14.03, 'TH NMR (C4Dg) 5 7.32
(m, 2H), 7.27-7.24 (m, 2H), 7.22-7.18 (m, 1H), 7.17-7.14 (m, 1H), 7.13-7.10 (m, 1H), 6.93-6.83
(m, 2H), 5.83 (ddt, ] = 16.9, 10.2, 6.7 Hz, 1H), 5.17-5.03 (m, 2H), 4.51 (d, ] = 11.6 Hz, 1H), 4.48
(d,J=11.6 Hz, 1H), 4.21 (dd, ] = 11.4, 2.4 Hz, 1H), 4.13 (dd, ] = 11.4, 6.8 Hz, 1H), 4.00 (ddd,
J=12.8,6.8,2.4 Hz, 1H), 3.60 (ddd, ] =12.8, 6.3, 3.9 Hz, 1H), 2.0 (q, ] = 7.0 Hz, 2H), 1.72-1.37
(m, 4H). "H NMR (CDCl3) § 7.43-7.30 (m, 5H), 6.96-6.83 (m, 4H), 5.83 (ddt, ] = 16.9, 10.2,
6.7 Hz, 1H), 5.10-4.94 (m, 2H), 4.67 (s, 2H), 4.38 (dd, ] = 10.6, 1.5 Hz, 1H), 4.24-4.13 (m, 2H),
3.74 (dd, ] =11.1, 5.6 Hz, 1H), 2.11 (q, ] = 7.2 Hz, 2H), 1.77-1.71 (m, 2H), 1.71-1.60 (m, 1H),
1.59-1.49 (m, 1H). '3C-NMR (75 MHz, CDCl3): 147.51, 146.65, 139.00, 137.93, 128.32, 128.18,
217.85,121.60, 120.86, 117.89, 117.49, 115.35, 79.32, 78.08, 72.09, 66.77, 35.46, 29.25, 23.54.
Elemental Analysis Calc (%) for Co1H405: C, 77.75; H, 7.46. Found (%): C, 77.77; H, 7.47.

25-(1S-benzyloxy-hex-5-enyl)-2,3-dihydro-1,4-benzodioxine (1.76 g, 60,5% calculated
considering as 100% the sum of the purified diastereomers), colorless oil: TLC (cyclo-
hexane/isopropyl ether 90:10) R = 0.54 [«]p?® (CHCl3, ¢ = 1) + 5.10, 'H NMR (CgDg) &
7.35-7.30 (m, 2H), 7.27-7.23 (m, 2H), 7.23-7.17 (m, 1H), 7.17-7.11 (m, 2H), 6.95-6.78 (m, 2H),
5.81 (ddt, ] = 16.9, 10.2, 6.7 Hz, 1H), 5.17-5.01 (m, 2H), 4.50 (d, ] = 11.6 Hz, 1H), 4.39 (d,
J =11.6 Hz, 1H), 416 (ddd, | = §, 4.8, 2.2, 1H), 412 (dd, | = 11.3, 2.2 Hz, 1H), 3.94 (dd,
J =113, 8.0 Hz, 1H), 3.52 (ddd, | = 8.5, 4.8, 4.1, 1H), 2.00 (q, /] = 7.9 Hz, 2H), 1.69-1.33
(m, 4H). '"H NMR (CDCl3) § 7.41-7.28 (m, 5H), 6.97-6.79 (m, 4H), 5.79 (ddt, ] = 16.9,10.2,
6.7 Hz, 1H), 5.09-4.93 (m, 2H), 4.75-4.56 (m, 2H), 4.32-4.20 (m, 2H), 4.16-4.03 (m, 1H),
3.68 (dt, ] =9.1, 4.6 Hz, 1H), 2.08 (dd, ] = 14.1, 6.9 Hz, 2H), 1.79-1.39 (m, 4H). >*C-NMR
(75 MHz, CDCl3): 147.64, 146.86, 139.50, 138.41, 128.22, 128.08, 127.45, 122.41, 120.36, 117.79,
117.52, 115.45, 78.22, 78.08, 72.09, 68.82, 35.56, 29.15, 23.57. Elemental Analysis Calc (%) for
Co1Hp405: C, 77.75; H, 7.46. Found (%): C, 77.76; H, 7.47.

4. Conclusions

In conclusion, the combination of molecular modeling and NMR experiments has
proven to be a powerful and effective approach for assigning the configuration of the newly
formed stereocenter. The synergy between computational simulations and experimental
techniques has provided a comprehensive understanding of the spatial arrangement of
atoms in the molecule, allowing for the determination of stereochemical details. Thus, we
assigned the R configuration to the diastereomer with higher Ry, i.e., 25-(1R-benzyloxy-hex-
5-enyl)-2,3-dihydro-1,4-benzodioxine and the S configuration to the one with lower Ry, i.e,
25-(15-benzyloxy-hex-5-enyl)-2,3-dihydro-1,4-benzodioxine.

Supplementary Materials: Figure S1: 'H-NMR spectrum of compound (25, 1R)-6 in CgDg; Figure
S2: 2D-NOESY of compound (2S, 1R)-6; Figure S3: 'H-NMR spectrum of compound (25, 15)-6 in
CgDg; Figure S4: 2D-NOESY of compound (25, 15)-6; Figure Sb5: TH-NMR spectrum of compound (25,
1R)-6 in CDCl3; Figure Sé: 13C-NMR spectrum of compound (2S5, 1R)-6 in CDCl3; Figure S7 TH-NMR
spectrum of compound (25, 15)-6 in CDClg; Figure S8: 13C-NMR spectrum of compound (25, 15)-6
in CDCl3; Figure S9: Distances between 1'H and 2H and 3H of compound (25, 1R)-6; Figure S10:
Distances between 1’H and 2H and 3H of compound (2S, 1S)-6; Figure S11: 'H-NMR spectrum of
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compound (2S, 1R)-6 in CDCl3 and IH-NMR spectrum of compound (25, 1R)-6 in C¢Dyg; Figure S12:
TH-NMR spectrum of compound (25, 15)-6 in CDCl3 and ' H-NMR spectrum of compound (25, 15)-6
in C6D6~
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