molbank

Communication

Obtainment of Threo and Erythro Isomers of the 6-Fluoro-3-
(2,3,6,7,8,9-Hexahydronaphthol2,3-b][1,4]Dioxin-2-yl)-2,
3-Dihydrobenzo[b][1,4]Dioxine-5-Carboxamide

Valentina Straniero *, Lorenzo Suigo, Giulia Lodigiani and Ermanno Valoti

Citation: Straniero, V.; Suigo, L.;
Lodigiani, G.; Valoti, E. Obtainment
of Threo and Erythro Isomers of the
6-Fluoro-3-(2,3,6,7,8,9-Hexahy-
dronaphtho[2,3-b][1,4] Dioxin-2-yl)-
2,3-Dihydrobenzo[b][1,4]Dioxine-5-
Carboxamide. Molbank 2023, 2023, x.
https://doi.org/10.3390/xxxxx

Academic Editors: Stefano D’Errico

and Annalisa Guaragna

Received: 20 December 2022
Revised: 13 January 2023
Accepted: 15 January 2023
Published: date

Copyright: © 2023 by the authors.
Submitted for possible open access
publication under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://cre-
ativecommons.org/licenses/by/4.0/).

Dipartimento di Scienze Farmaceutiche, Universita degli Studi di Milano, Via Luigi Mangiagalli, 25,
20133 Milano, Italy; lorenzo.suigo@unimi.it (L.S.); giulia.lodigiani@unimi.it (G.L.);
ermanno.valoti@unimi.it (E.V.)

* Correspondence: valentina.straniero@unimi.it (V.S.); Tel.: +39-02-503-19361

Abstract: 2,6-difluorobenzamides have been deeply investigated as antibacterial drugs in the last
few decades. Several 3-substituted-2,6-difluorobenzamides have proved their ability to interfere
with the bacterial cell division cycle by inhibiting the protein FtsZ, the key player of the whole pro-
cess. Recently, we developed a novel family of 1,4-tetrahydronaphthodioxane benzamides, having
an ethoxy linker, which reached sub-micromolar MICs towards Gram-positive Staphylococcus aureus
and Bacillus subtilis. A further investigation of their mechanism of action should require the devel-
opment of a fluorescent probe, and the consequent definition of a synthetic pathway for its obtain-
ment. In the present work, we report the obtainment of an unexpected bicyclic side product, 6-
fluoro-3-(2,3,6,7,8,9-hexahydronaphtho[2,3-b][1,4]dioxin-2-y1)-2,3-dihydrobenzo[b][1,4]dioxine-5-
carboxamide, coming from the substitution of one aromatic fluorine by the in situ formed alkoxy
group, in the final opening of an epoxide intermediate. This side product was similarly achieved, in
good yields, by opening the ring of both erythro and threo epoxides, and the two compounds were
fully characterized using HRMS, 'H-NMR, *C-NMR, HPLC and DSC.
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1. Introduction

The development of novel antibiotics able to modulate innovative targets represents
one of the main pursued strategies to fight the worrying problem of antimicrobial re-
sistance [1]. This phenomenon is caused by several human-related factors, such as over-
prescription of antibiotics and low investments in the antibiotic resistance field [2].

With the aim of combatting this threat, one of the most exploited and promising bac-
terial targets is FtsZ (Filamenting temperature sensitive Z) [3], the main protein actor of
the bacterial division process, the inhibition of which leads to cell filamentation and lysis
[4-7]. Physiologically, GTP-dependent FtsZ polymerization represents the first step of the
whole division process, leading to the formation of the Z-ring, a polymeric circular struc-
ture, at the site partition. Other division proteins then intervene, forming the mature di-
visome that allows cytokinesis and cellular division [8].

In the last years, a huge number of FtsZ inhibitors have been developed, belonging
to different chemical classes and interacting with the protein on two different binding
sites: the GTP-binding site or the Interdomain Cleft (IDC) [4,9-11].

Considering the high variety of FtsZ inhibitors, in terms of chemical structure, origin
and interaction site, they are able to inhibit the FtsZ functionality through several mecha-
nisms of actions. For instance, PC190723 (Figure 1), one of the most studied S. aureus and
B. subtilis FtsZ inhibitors, is able to stabilize a high-affinity FtsZ conformation responsible
for the assembly, thus exerting antimicrobial activity [12], while other derivatives can
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interfere with the GTPase activity of FtsZ polymers, evoking again their antimicrobial ac-
tivity [13].

Recently, our research group reported a novel class of 1,4-naphthodioxane- or 1,4-
tetrahydronaphthodioxane-benzamides as strong antimicrobials [14], acting through the
inhibition of FtsZ, which resulted to be more potent than other benzamides previously
reported [5,15-18]. In particular, I and II (Figure 1) possess MIC values of 0.25 pug/mL and
0.1 pg/mL versus both Methicillin-sensitive and Methicillin-resistant S. Aureus, respec-
tively. Moreover, I and II are both active vs. B. subtilis with MICs under 0.1 ug/mL [14].
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Figure 1. Structures of PC190723, derivatives I and II.

After having proved their capability to interact and inhibit both S. aureus and B. sub-
tilis FtsZ, the need of having a fluorescent analogue (Figure 2Errore. L'origine riferimento
non é stata trovata.) of compound II, the strongest one, arose. An appropriate probe could
indeed help to elucidate FtsZ inhibitors” mechanism of action, as well as to understand
any possible off-target interaction, to screen for novel antibiotics, to track antibiotic uptake
throughout cells and organisms, and also to detect bacterial infections. Nonetheless, de-
spite the clear and broad utility, the number of fluorescent FZ-probes so far available
[19,20] is, to the best of our knowledge, now limited to only a couple of examples.
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Figure 2. Structures of II and of the desired fluorescent analogue.

When thinking how to properly introduce a fluorescent dye, a hydroxylated ana-
logue of II, compound 1a, was designed (Scheme 1), taking inspiration from the work of
Stokes and collaborators [21,22]. The introduction of the -OH was intended as a possible
anchor point for the binding of a proper linker, and thus a fluorescent dye.
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Scheme 1. Synthetic pathway for the obtainment of both 1a and 1b. Reagents and conditions: (a)
Ethyl 2,3-dibromopropionate, K2COs, DMF, 70 °C, 1 h; (b) 10% aqueous NaOH, MeOH, RT, 30 min;
(c) CDI, N,O-Dimethyl hydroxylamine hydrochloride, DMF, RT, 2 h; (d) CHsMgBr, THF, RT, 1.5 h;
(e) Br, diethyl ether, =5 °C, 3 h; (f) (I) NaBH4, MeOH, 0-5 °C, 30 min; (II) NaH, THF, RT, 18 h; (g)
2,6-difluoro-3-hydroxybenzamide, K2COs, DMF, 70 °C, 18 h.

This substituent generates a second stereocenter, and the consequent formation of
both erythro and threo isomers. The obtainment of 1a, for which we followed Scheme 1,
involves the final ring opening of isolated erythro and threo epoxides. In the present work,
we report how both these ring openings could surprisingly allow the achievement, in sig-
nificant quantities, of the bicyclic side products 1b, the 6-fluoro-3-(2,3,6,7,8,9-hexahy-
dronaphtho(2,3-b][1,4]dioxin-2-yl)-2,3-dihydrobenzo[b][1,4]dioxine-5-carboxamides.

We further confirmed how the obtainment of these byproducts 1b erythro and threo
is favored during the epoxide opening at quite high temperatures and keeping long reac-
tion times, which are the usual conditions adopted in the final condensation for the prep-
aration of FtsZ inhibitors [14,17,18]. On the contrary, the formation of these side products
is partially retarded, keeping milder reaction conditions.

2. Results and Discussion

The synthetic scheme developed for achieving 1a is shown in Scheme 1 and started
from the 5,6,7,8-tetrahydronaphthalene-2,3-diol, obtained as previously described [14],
which was treated with freshly prepared ethyl 2,3-dibromopropionate [23], giving race-
mic compound 2. The ester underwent basic hydrolysis, and the resulting carboxylic acid
3 was then converted into the Weinreb amide (4). Amide 4 was then quantitatively trans-
formed into the corresponding methyl ketone 5, by treatment with methylmagnesium
bromide, similarly to what was successfully done by our research group on structurally
similar derivatives [24,25].

The bromination of methyl ketone 5 was conducted with a single equivalent of bro-
mine at low temperature, to limit the formation of polybrominated side products, and to
maximize the conversion into the bromoketone 6. Then, compound 6 underwent a tandem
reaction: the first reduction of the carboxylic function with NaBHj4, achieving the instable
halohydrin that was soon treated with sodium hydride, affording the two epoxides 7, both
erythro and threo isomers. The two spots of oxiranes 7 were easily distinguishable through
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TLC, and the two isomers were thus isolated by flash chromatography on silica gel. Their
H-NMR spectra in CDCls revealed significant differences in terms of chemical shifts and
multiplicity (Figure 3).
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Figure 3. '"H-NMR Spectra extracts of 7 erythro and 7 threo.

In particular, the first eluted epoxide showed six different signals, with a very clear
and defined multiplicity: four doublets of doublets (two at 4.29 and 4.12 ppm, referring to
the CH2 the 1,4-dioxane portion, and two at 2.90 and 2.80 ppm, which are the two hydro-
gens of the epoxidic CHz), a doublet of triplets (at 3.91 ppm, diagnostic of the hydrogen
of the dioxane CH), and a double of doublets of doublets (3.13 ppm, characteristic for the
epoxidic CH). The second eluted oxirane, on the contrary, showed only four multiplets:
at 4.26 (1H), 4.07 (2H), 3.19 (1H) and 2.85 (2H) ppm. Moreover, the two appearances were
completely different: the first eluted compound was a wax, whereas the second one was
a colorless oil. The absence of any literature data on tetrahydronaphthodioxane epoxides
moved us to consider the scarce and quite old data on 1,4-dioxane oxiranes [26,27].

Indeed, the peculiar NMR data of the first eluted oxirane were completely in line
with what was observed by Clark and coworkers when preparing the enantiopure erythro-
2-oxiranyl-1,4-benzodioxanes (2R, 1'S) and (2S, 1'R). Moreover, also 1,4-benzodioxane
threo and erythro epoxide isomers were strongly different in terms of physic state: enanti-
opure erythro was a solid with a defined melting point (6364 °C [27]), while the racemic
one was defined as oil or with a lower melting point [26,27]. The perfect NMR overlap-
ping, and comparable physical state difference let us define, without doubts, the diaster-
eoisomeric identity of the two epoxides 7.

The two 7 isomers were parallelly treated at 70 °C for 18 h in basic conditions, in the
presence of 2,6-difluoro-3-hydroxybenzamide, to achieve the two final products 1a. Un-
expectedly, the TLC of the two reaction mixtures revealed the presence of two main prod-
ucts, different in terms of chromatographic run. In addition to the one that should refer to
the desired compound 1a, a higher spot was clearly visible in both the reactions, suggest-
ing the formation of a more lipophilic side product.

The two reaction mixtures were worked up and the crudes purified by flash chroma-
tography, letting the isolation, similarly in the two cases, of an undesired compound.
Their 'TH-NMR spectra showed a surprising pattern for the aromatic signals of the ben-
zamide. We indeed expected to observe the two doublets of triplets, which were diagnos-
tic of the presence of two different fluorine atoms. On the contrary, both the NMR spectra
revealed a triplet and a doublet of doublets, suggesting us the absence of one of the two
fluorine atoms. Considering the basic reaction conditions and the prolonged reaction
times, we hypothesize the formation of the two 1b side products, in which the epoxide
ring opening was soon followed by the in situ generation of the alcoholate, and the subse-
quent benzodioxane ring closure, achieving the bicyclic derivatives 1b erythro and 1b
threo.
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We further confirmed the identity of the two side products by evaluating their 3C
NMR spectra and their HRMS spectra. The presence of six doublets, instead of six dou-
blets of doublets, was indeed the clear sign of the presence of a single fluorine atom. More-
over, the mass analysis confirmed the hypothesis and the elemental compositions.

We also repeated the final steps, by decreasing the reaction temperature or the reac-
tion times, and we noticed how the side products yields were a little lower, further con-
firming the importance of the reaction conditions.

Finally, we also treated both 1a erythro and 1a threo while keeping the same reaction
conditions used in the ring openings, and we noticed the formation of both 1b erythro and
1b threo, even with low yields.

The partial obtainment of these side products, directly from 1a erythro and 1a threo,
suggests how these byproducts are most favored during the epoxides opening. In our
opinion, the side products formation could be promoted by a concerted mechanism, in
which the ring opening by the phenate is simultaneous to the cyclization due to nucleo-
philic substitution of the fluorine atom in phenate ortho position.

3. Materials and Methods

Starting materials and solvents were purchased from commercial suppliers (Merck,
Darmstadt, DE, Fluorochem, Hadfield, UK, and TCI Europe N.V., Zwijndrecht, BE) and
were used without further purification.

H and ®C NMR spectra were acquired on a Varian 300 Mercury NMR spectrometer
operating at 300 MHz for 'H NMR, and 75 MHz for 3C NMR; the chemical shifts are re-
ported in ppm. Signal multiplicity is used according to the following abbreviations: s =
singlet, bs =broad singlet, d = doublet, dd = doublet of doublets, ddd = doublet of doublets
of doublets, td = triplet of doublets, t = triplet and m = multiplet.

Melting points were measured with a TA Q20 DSC system. TLC were performed on
standard analytical silica gel layers (thickness 200 um; aluminum support silica gel 60
matrix with fluorescent indicator 254 nm, Sigma-Aldrich/Merck KGaA, Darmstadt, Ger-
many). Chromatographic purifications were performed, in normal phase, using flash
chromatography on Puriflash XS 420 (Sepachrom, Rho (Milan), Italy), and over different
flash chromatography cartridges, filled with Merck high purity grade Silica Gel, 70-230
or 230400 mesh particle size.

The final side products 1b erythro and 1b threo, as well as the benzamide derivatives
1a erythro and 1a threo, were analyzed by reverse-phase HPLC using a Waters XBridge
C-18 column (5 um, 4.6 mm x 150 mm) on an Elite LaChrom HPLC system with a diode
array detector (Hitachi, San Jose, CA; USA). Mobile phase: A: H2O; B: acetonitrile; gradi-
ent, 90% A to 10% A in 25 min with 35 min run time and a flow rate of 1 mL/min. The
purity was quantified at their A max (289 nm) and was found to be >90% for all the com-
pounds, and the relative retention time is reported in the experimental section. High-res-
olution mass spectrometry (HRMS) spectra were acquired on Q-Tof SYNAPT G2-Si
HDMS 8K (Waters) coupled with an electrospray ionization (ESI) source in positive (ES+)
ion mode. The characterization spectra of 1b erythro and 1b threo, in terms of NMR (both
H and ¥C) and HRMS, is reported in the Supplementary Material.

Ethyl 2,3,6,7,8,9-hexahydronaphtho[2,3-bl[1,4ldioxine-2-carboxylate (2): A suspen-
sion of 5,6,7,8-tetrahydronaphthalene-2,3-diol (1.50 g, 9.14 mmol) and K2COs (2.78 g, 20.1
mmol) in DMF (15 mL) was stirred at room temperature for 30 min. Ethyl 2,3-dibromo-
proprionate (2.61 g, 10.05 mmol) was added dropwise and the reaction mixture was
stirred at 70 °C for 1 h, the volatile solvent evaporated under vacuum, the residue diluted
with ethyl acetate (20 mL), washed with 10% aqueous NaCl (5 x 15 mL), dried with
NazS0, filtered, and concentrated under vacuum to give 1.86 g (78 %) of 2 as a yellowish
oil. 'TH NMR (300 MHz, CDCls): 5 6.70 (s, 1H), 6.56 (s, 1H), 4.77 (t, | = 3.8 Hz, 1H), 4.34 (m,
2H), 4.27 (q, ] = 7.1 Hz, 2H), 2.67 (m, 4H), 1.75 (m, 4H), and 1.29 (t, ] = 7.1 Hz, 3H).

2,3,6,7,8,9-Hexahydronaphtho[2,3-b][1,4]ldioxine-2-carboxylic acid (3): 10% aqueous
NaOH (5.7 mL) was added to a solution of 2 (1.86 g, 7.09 mmol) in methanol (20 mL). The



Molbank 2023, 2023, x FOR PEER REVIEW 6 of 9

reaction mixture was stirred for 30 min at RT, volatile solvents were evaporated, and the
residue was diluted with ethyl acetate. The organic layer was washed with 10% aqueous
HC1 then with brine, dried over Na2SQs, then filtered and concentrated under vacuum to
yield 1.58 g (95%) of 3 as a yellow oil. 'TH NMR (300 MHz, CDCls) 6 6.70 (s, 1H), 6.59 (s,
1H), 4.85 (dd, | =5.1, 3.0 Hz, 1H), 4.41 (dd, ] =11.0, 5.1 Hz, 1H), 4.34 (dd, ] = 11.0, 3.0 Hz,
1H), 2.66 (m, 4H), and 1.74 (m, 4H).

N-Methoxy-N-methyl-2,3,6,7,8,9-hexahydronaphthol2,3-b][1,4]dioxine-2-carbox-
amide (4): 1,1'-Carbonyldiimidazole (1.64 g, 10.1 mmol) was added to a solution of 3 (1.58
g, 6.74 mmol) in DMF (16 mL). After stirring for 30 min, N,O-dimethyl hydroxylamine
hydrochloride (0.99 g, 10 mmol) was added in portions, and the reaction mixture was
stirred for 2 h. At completion, the DMF was evaporated, and the crude was diluted with
ethyl acetate. The organic phase was washed with 10% aqueous NaHCOs, 10% aqueous
HCI and finally with brine and then dried over Na2SOs, filtered and concentrated under
vacuum to yield 1.76 g (95%) of 4 as a brownish oil. 'TH NMR (300 MHz, CDCls, 8): 6 6.68
(s, 1H), 6.59 (s, 1H), 5.01 (dd, ] =6.7, 2.6 Hz, 1H), 4.37 (dd, ] =114, 2.6 Hz, 1H), 4.24 (dd, ]
=114, 6.7 Hz, 1H), 3.78 (s, 3H), 3.26 (s, 3H), 2.66 (m, 4H), 1.74 (m, 4H).

1-(2,3,6,7,8,9-Hexahydronaphtho[2,3-b][1,4]dioxin-2-yl)ethanone (5): 3.0 M Methyl
magnesium bromide in diethyl ether (3.2 mL) was added dropwise to a solution of 4 (1.76
g, 6.35 mmol) in dry THF (65 mL) at 0 °C under N2. The reaction mixture was stirred at
room temperature for 1.5 h and poured into a 1/1 mixture of ethyl acetate and 10% aque-
ous HCI (50 + 50 mL). The organic phase was then washed twice with 10% aqueous NaCl,
dried over Na2SQOy, filtered and concentrated under vacuum to yield 1.34 g (92%) of 5 as a
yellowish oil. 1H NMR (300 MHz, CDCls): 6 6.69 (s, 1H), 6.58 (s, 1H), 4.56 (dd, ] =4.9, 3.5
Hz, 1H), 4.28 (dd, ] = 11.4, 3.5 Hz, 1H), 4.25 (dd, | = 11.4, 4.9 Hz, 1H), 2.68 (m, 4H), 2.29 (s,
3H), and 1.75 (m, 4H).

2-Bromo-1-(2,3,6,7,8,9-hexahydronaphtho[2,3-b][1,4ldioxin-2-yl)ethanone (6): Bro-
mine (0.30 mL, 5.8 mmol) was added dropwise to a solution of 5 (1.34 g, 5.77 mmol) in
diethyl ether (40 mL) at -5.0 °C. The mixture was stirred at that temperature for 3 h,
washed Na25205 (10 mL), dried over Na2SOs, filtered and concentrated under vacuum, to
obtain 1.80 g of 6 as a yellowish oil (quantitative yield). 'TH NMR (300 MHz, CDCls): 6 6.72
(s, 1H), 6.62 (s, 1H), 4.86 (dd, ] =4.7, 3.3 Hz, 1H), 4.40 (m, 2H), 4.33 (d, ] = 14.0 Hz, 1H), 4.10
(d, J=14.0 Hz, 1H), 2.70 (m, 4H), and 1.76 (m, 4H).

Erythro- and Threo- 2-(Oxiran-2-yl)-2,3,6,7,8,9-hexahydronaphthol2,3-b][1,4]diox-
ine (7): NaBH: (0.11 g, 2.9 mmol) was added in portions to a solution of 6 (1.80 g, 5.77
mmol) in MeOH (36 mL) at 0 °C. The reaction mixture was stirred at 0 °C for 30 min, then
volatile solvents were removed under vacuum. The crude was diluted with THF (15 mL)
and added dropwise to a suspension of 60% NaH (0.28 g, 6.92 mmol) in THF (5 mL) at
0°C under nitrogen atmosphere. After 30 min, the reaction mixture was warmed to RT
and stirred for 18 h, then THF was evaporated, and the crude resumed with ethyl acetate
(20 mL) and phosphate buffer pH =7 (15 mL). The organic phase was washed with 10%
aqueous NaCl, dried over Na:2SOy, filtered and concentrated under vacuum to yield 1.40
g of a mixture of 7 isomers as a brown oil. Elution with 9/1 cyclohexane/ethyl acetate on
silica gel gave 0.47 g of 7 erythro (first eluted) as white wax and 0.32 g of 7 threo (second
eluted) as colorless oil (Cumulative yield of erythro and threo isomers = 59%).

7 Erythro: '"H NMR (300 MHz, CDCl): 0 6.60 (s, 2H), 4.29 (dd, ] = 11.4, 2.4 Hz, 1H),
412 (dd, [ =114, 6.6 Hz, 1H), 3.91 (td, | = 6.6, 2.4 Hz, 1H), 3.13 (ddd, ] = 6.6, 4.1, 2.6 Hz,
1H), 2.90 (dd, ] =4.9, 4.1 Hz, 1H), 2.80 (dd, ] =4.9, 2.6 Hz, 1H), 2.67 (m, 4H), and 1.73 (m,
4H).

7 Threo:'H NMR (300 MHz, CDCl:): 6 6.63 (s, 1H), 6.58 (s, 1H), 4.26 (m, 1H), 4.07 (m,
2H), 3.19 (m, 1H), 2.85 (m, 2H), 2.66 (m, 4H), and 1.74 (m, 4H).

Erythro 2,6-Difluoro-3-(2-(2,3,6,7,8,9-hexahydronaphtho[2,3-b][1,4]dioxin-2-yl)-2-
hydroxyethoxy)benzamide (la erythro) and erythro 6-Fluoro-3-(2,3,6,7,8,9-hexahy-
dronaphthol2,3-bl[1,4]dioxin-2-yl)-2,3-dihydrobenzo[b][1,4]ldioxine-5-carboxamide (1b
erythro): A solution of 3-Hydroxy-2,6-difluorobenzamide (0.37 g, 2.1 mmol) in DMF (3
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mL) was added to a solution of 7 erythro (0.47 g, 2.0 mmol) and K2CO:s (0.31 g, 2.2 mmol)
in DMF (2 mL) at RT. Heating and stirring at 70 °C for 18 h led to the obtainment of the
side product 1b erythro in 24% yield. DMF evaporation under vacuum, dilution with ethyl
acetate (20 mL), washing with 10% aqueous NaCl (5 x 10 mL), drying over Na2SOs, filter-
ing and concentration under vacuum gave a brown residue. Elution with 6/4 to 4/6 cyclo-
hexane/ethyl acetate on silica gel allowed the isolation of 0.32 g (Yield = 39%) of 1a erythro
and of 0.19 g (Yield = 24%) of 1b erythro as white solids.

1a erythro: HPLC: Tr = 14.9 min. Mp = 155 °C.

H NMR (300 MHz, de-DMSO): d 8.10 (s, 1H), 7.81 (s, 1H), 7.24 (dt, ] = 9.3, 5.3 Hz,
1H), 7.04 (dt, ] =9.0, 1.8 Hz, 1H), 6.52 (s, 1H), 6.51 (s, 1H), 5.68 (d, ] =5.9 Hz, 1H), 4.32 (d, |
=9.5 Hz, 1H), 4.15 (m, 4H), 3.94 (m, 1H), 2.55 (m, 4H), and 1.64 (m, 4H)

1BC NMR (75 MHz, ds-DMSO): 6 161.8, 152.3 (dd, | = 239.3, 6.7 Hz), 148.3 (dd, | =
246.8, 8.2 Hz), 143.7 (dd, | =10.5, 3.0 Hz), 143.3, 140.8, 129.9, 129.7, 117.0 (dd, ] = 24.6, 20.3
Hz), 117.0, 116.9, 116.8, 116.7, 116.0 (dd, ] = 8.5, 1.7 Hz), 111.3 (dd, | = 23.1, 3.0 Hz), 73.1,
71.4, 67.8, 64.9,28.5, and 23.2.

1b erythro: HPLC: Tr = 15.3 min. Mp = 266 °C. HRMS (TOF ES+, Na+-adduct): m/z
408.1229, 409.1263, and 410.1289. Calculated mass 408.1218, evaluated mass 408.1229.

1H NMR (300 MHz, ds-DMSO): 0 7.91 (s, 1H), 7.63 (s, 1H), 6.92 (d, ] =9.0, 5.4 Hz, 1H),
6.73 (t, J=9.0 Hz, 1H), 6.58 (s, 1H), 6.55 (s, 1H), 4.44 (dd, ] =11.6, 3.5 Hz, 1H), 4.33-4.28 (m,
4H), 4.17 (dd, ] =12.1, 6.5 Hz, 1H), 2.57 (m, 4H), and 1.64 (m, 4H).

13C NMR (75 MHz, de-DMSO): 0 163.4, 153.1 (d, ] = 237.0 Hz), 141.1, 140.1, 139.7 (d,
J=3.0Hz), 139.5 (d, ] =9.0 Hz), 130.24, 130.17, 117.6 (d, ] = 9.0 Hz), 117.03, 117.01, 116.9 (d,
J=27.0 Hz), 108.3 (d, ] = 25.5 Hz), 70.1, 70.0, 64.3, 63.6, 28.5, and 23.2.

Threo 2,6-Difluoro-3-(2-(2,3,6,7,8,9-hexahydronaphtho[2,3-b][1,4]ldioxin-2-yl)-2-hy-
droxyethoxy)benzamide (la threo) and threo 6-Fluoro-3-(2,3,6,7,8,9-hexahydronaph-
thol2,3-b][1,4]ldioxin-2-yl)-2,3-dihydrobenzo[bl[1,4]dioxine-5-carboxamide (1b threo):
1a and 1b threo were obtained from 7 threo (0.30 g, 1.3 mmol), following the same proce-
dure of 1a erythro and 1b erythro, achieving 0.16 g (Yield = 31%) of 1a threo and 80 mg
(Yield = 16%) of 1b threo as white solids.

1a threo: HPLC Tr = 14.5 min. Mp = 147 °C.

1H NMR (300 MHz, de-DMSO): d 8.09 (s, 1H), 7.81 (s, 1H), 7.27 (dt, ] = 9.4, 5.3 Hz,
1H), 7.05 (dt, ] =9.0, 1.9 Hz, 1H), 6.53 (s, 1H), 6.52 (s, 1H), 5.49 (d, ] =5.8 Hz, 1H), 4.33 (dd,
J=11.2,2.0 Hz, 1H), 4.09 (m, 5H), 2.56 (m, 4H), and 1.64 (m, 4H).

13C NMR (75 MHz, ds-DMSO): 5 161.8, 152.3 (dd, | = 239.3, 6.7 Hz), 148.3 (dd, | =
246.8, 8.2 Hz), 143.7 (dd, ] = 10.5, 3.0 Hz), 143.3, 140.8, 129.9, 129.7, 117.0 (dd, | = 24.6, 20.3
Hz), 117.0, 116.9, 116.8, 116.7, 116.0 (dd, ] = 8.5, 1.7 Hz), 111.3 (dd, | = 23.1, 3.0 Hz), 73.1,
71.4,67.8,64.9,28.5, and 23.2.

1b threo: HPLC Tr = 13.3 min. Mp = 290 °C with decomposition. HRMS (TOF ES+,
Na+-adduct): m/z 408.1222, 409.1253, and 410.1277. Calculated mass 408.1218, evaluated
mass 408.1222.

H NMR (300 MHz, ds-DMSO0): 7.75 (s, 1H), 7.56 (s, 1H), 6.91 (d, J=8.9, 5.5 Hz, 1H),
6.71 (t, ] = 8.9 Hz, 1H), 6.55 (s, 1H), 6.52 (s, 1H), 4.48-4.37 (m, 4H), 4.21 (dd, J=11.9, 8.1 Hz,
1H), 4.08 (dd, ] =11.9, 8.3 Hz, 1H), 2.56 (m, 4H), and 1.64 (m, 4H).

BC NMR (75 MHz, de-DMSO): 6 163.4, 153.2 (d, | = 236.8 Hz), 141.0, 140.8 (d, ] =3.0
Hz), 140.4 (d, ] =10.1 Hz), 139.7, 130.1, 130.0, 117.61 (d, ] = 9.0 Hz), 117.59, 117.5, 117.0 (d,
J=21.1Hz),108.2 (d, J=22.3 Hz), 72.1, 71.7, 64.5, 64.2, 28.5, and 23.2.

Conversion of 1a erythro to 1b erythro: A solution of 1a erythro (0.10 g, 0.25 mmol)
in DMF (1 mL) was added to a suspension of K2COs (0.070 g, 0.50 mmol) in DMF (1 mL)
at RT. The mixture was heated at 70 °C and stirred for 18 h, then DMF was evaporated
under vacuum. The residue was diluted with ethyl acetate (10 mL), washed with 10%
aqueous NaCl (5 x 5 mL), dried over Naz2SOs, then filtered and concentrated under vac-
uum, yielding a brown residue. Elution with 1/1 cyclohexane/ethyl acetate on silica gel
allowed the isolation of 34 mg (35%) of 1b erythro as a white solid.
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Conversion of 1a threo to 1b threo: 1b threo was obtained from 1a threo (0.10 g, 0.25
mmol), following the same procedure seen for 1b erythro, achieving 29 mg (30%) of 1b
threo as a white solid.

4. Conclusions

The two threo and erythro isomers of the 6-fluoro-3-(2,3,6,7,8,9-hexahydronaph-
tho[2,3-b][1,4]dioxin-2-yl)-2,3-dihydrobenzo[b][1,4]dioxine-5-carboxamide were obtained
as a significant and abundant side product, when opening the two isomers of the 2-
(oxiran-2-yl)-2,3,6,7,8,9-hexahydronaphthol2,3-b][1,4]dioxines ~with a 2,6-difluoro-
phenate, stirring at 70 °C and keeping overnight reaction times.

The structure of these two side products was firstly hypothesized by carefully eval-
uating the '"H-NMR spectra, which revealed the absence of a fluorine atom, and then con-
firmed by both *C-NMR and HRMS spectra. The diastereoisomeric identity was defined
after having characterized the isomer nature of the starting epoxides, by NMR comparison
with literature enantiopure 1,4-benzodixoane oxiranes. The side products were further
characterized by HPLC and DSC, fully detailing these novel and unexpected byproducts.

Supplementary Materials: The following are available online: Compound 1b erythro; Figure S1:
copy of 'H-NMR spectrum in DMSO-ds; Figure S2: copy of 3C-NMR spectrum in DMSO-ds; Figure
S3: copy of HRMS spectrum; Figure S4: copy of Elemental Composition Report; Compound 1b
threo; Figure S5: copy of 'H-NMR spectrum in DMSO-ds; Figure S6: copy of *C-NMR spectrum in
DMSO-ds; Figure S7: copy of HRMS spectrum; and Figure S8: copy of Elemental Composition Re-
port.
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