rganic and Original Research opeN G Access
[] . "
rarmaceutical Fetpefophcinuph.cdu.us

Journal of
&3
Chemistry

UDC 54.057:547.718:547.72

E. V. Litskan'?, B. V. Vashchenko?

! Taras Shevchenko National University of Kyiv, 60 Volodymyrska str., 01033 Kyiv, Ukraine
2 Enamine Ltd, 78 Winston Churchill str., 02094 Kyiv, Ukraine

The Synthesis of 2,5-Dioxaspiro[3.4]octane Building Blocks:
Three-Dimensional Spirocyclic Analogs of 1,4-Dioxanes

Abstract

A ring-closing metathesis (RCM) strategy was employed for the synthesis of spirooxetane compounds with a tetrahydrofuran
(THF) core. The approach proposed relied on the preparation of an unsaturated spirooxetane from vinyl oxetanol. The reac-
tion sequence involved the NaH-mediated O-alkylation with methyl 2-(bromomethyl)acrylate in the presence of TBAL.
The subsequent RCM reaction using the Grubbs’ Il catalyst gave the dihydrofuran carboxylate with a yield of 70%. The hydro-
genation under high-pressure conditions using a Pearlman’s catalyst made it possible to obtain the saturated THF-derived
carboxylate, which was then subjected to alkaline hydrolysis to give a stable lithium carboxylate. The corresponding alcohol
obtained via LiAIH,-mediated reduction of the ester was oxidized to the corresponding aldehyde using DMP. The alcohol
was further converted into a mesylate serving as a precursor for the corresponding amine and bromide. The set of dioxane
analogs proposed can serve as promising building blocks readily available on a multigram scale for the scientific community.
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1 Kuiecbkuli HauioHanbHull yHisepcumem imeHi Tapaca LllesueHka,

8ys. Bosiodumupceka, 60, m. Kuis, 01033, YKkpaiHa
2TOB HBI «EHamiH», 8yn. BiHcmoHa Yepyunnsa, 78, m. Kuis, 02094, YkpaiHa
CuHTes 2,5-aiokcacnipo[3.4]okTaHoBuUX byaiBenibHUX 6/10KIB AK TPUBUMIPHUX CRiPOLUKAIYHUX
aHanoris 1,4-pioKcaHis
AHoTauiA
[na cMHTe3y cnipooKceTaHOBWX CNONYK i3 TeTpariapodypaHosum (TIP) dparmeHToM 6yN0 3aCTOCOBAHO peakLiito meTaTesy i3
3aMMKaHHAM LMKAY. 3anponoHOBaHMM NiaXig rpyHTYBABCA HA OAEPMKaHHI HEHACMYEHOro CMiPOOKCeTaHy 3 BiHiNOKCeTaHoNy.
MocnifoBHicTb peakuii nepeabavana NaH-onocepeakoBaHe O-ankinyBaHHA MeTUA-2-(6pOMMETMN)aKPUAATOM Y MPUCYTHOC-
Ti TBAI. Mopganblua nobyaoBa CnipouMKAIYHOTO KapKaca y BUNagKy BUKOPUCTAHHA KaTanisatopa pabbcea Il gana aurigpo-
dypaHKkapbokeunar i3 sBuxogom 70 %. FiapyBaHHA Nif BUCOKMM TMCKOM 33 AOMOMOTO0 KaTtanisaTopa MNepamaHa Ao3BoAUAO
ofeprKatTh HacuueHuin TTP-kapboKecmnaT, AKUI NigaaBann NyKHOMY riAponisy AnA yTBOPEHHA cTabinbHOro Kapbokcunaty
niTito. BignosiaHW cnupT, OTpMMaHU BigHOBNEHHAM ecTepy nif gieto LiAlH,, okucHioBanu 3a gonomoroto DMP o Bia-
nosigHoro anbaeriay. CnupT TakoXK NepeTBOPIOBaIN Ha Me3nnaT, AKUIA CAYryBaB BMXiAHOK CMONYKOK ANA CUHTe3y Bigno-
BiZAHOTO amiHy Ta 6pomigy. OaeprkaHi aHanory AiokcaHy NOCTatoTb NEPCNeKTUBHUMU ByaiBenbHUMM BNOKamu, BiaTenep
AOCTYMHMMM B 6araTorpamoBmX KiIbKOCTAX 418 HAYKOBOT CNiNbHOTK.
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H Introduction

Oxetane is an emerging motif in medicinal
chemistry due to its distinctive structural and
physicochemical characteristics [1-4]. With an
intrinsic ring strain comparable to that of epoxi-
des, oxetanes have a nearly planar structure that
minimizes strain and gauche interactions, which,
in turn, is attributed to the presence of the oxygen
atom [5, 6]. Nowadays, the incorporation of the
oxetane moiety into molecules can significantly en-
hance physicochemical properties, i.e., aqueous
solubility, lipophilicity, metabolic stability, aci-
dity/basicity, and ADMET parameters (absorp-
tion, distribution, metabolism, excretion, and to-
xicity) [1, 2, 7, 8]. Ziresovir serves as a prominent
example of hit optimization through the inclusion
of an oxetane fragment (Figure 1, A) [9, 10].

Other noticeable examples of pharmaceuti-
cally relevant oxetanes have a bicyclic structure
(Figure 1, B) [11]. Intriguingly, some oxetanes
from the group, particularly bicyclic analogs of
1,4-dioxane, i.e. 2,5-dioxaspiro[3.4]octanes, have
been largely overlooked in the scientific litera-
ture despite their potential as promising frag-
ments for drug discovery. Therefore, in this study,

we aim to synthesize spirocyclic oxetanes, speci-
fically three-dimensional analogs of 1,4-dioxanes
(Figure 1, C). These analogs are expected to pro-
vide a range of novel building blocks on a multi-
gram scale, 1.e., carboxylates, alcohols, amines,
halides, etc.

B Results and discussion

The ring-closing metathesis (RCM) reaction
was considered as an effective approach for the
synthesis of spirooxetane compounds with a tet-
rahydrofuran (THF) core. For this purpose, we
used a bulk reagent, oxetanone 1, which could be
functionalized in optimized conditions, as recent-
ly disclosed [12]. The optimized Grignard reac-
tion of 1 provided vinyl oxetanol 2 with a yield of
83% after the distillation in vacuo on over a 300 g
scale in a single run (Scheme 1). The subsequent
step included the NaH-mediated alkylation with
methyl 2-(bromomethyl)acrylate in the presence
of TBAI giving bis-allyl ether 8 with a yield of
49%, which was subjected to the RCM reaction.
The second-generation Grubbs’ catalyst was
suitable for the latter reaction and gave the tar-
get dihydrofuran carboxylate 4 with a yield of
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Figure 1. Prominent examples of oxetanes in drug discovery programs (A, B), and the target fragment of this study (C)
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Scheme 1. The synthesis of lithium 2,5-dioxaspiro[3.4]octane-7-carboxylate (6)

70% on over a 200 g scale. The subsequent cata-
Iytic hydrogenation of acrylate 4 in an autoclave
(70 atm pressure of H,) in the presence of Pearl-
man’s catalyst gave a bicyclic THF scaffold 5,
which was subjected to the alkaline hydrolysis
to give lithium carboxylate 6 with a yield of 93%
(20 g scale). It should be noted that the acidifi-
cation of 6 or attempted synthesis of the corre-
sponding carboxylic acid were unfruitful due to
instability of the oxetane core.

Alcohol 7 was obtained with a yield of 83%
from ester 5 by the robust reduction with LiAIH,
(Scheme 2). Notably, this approach allowed for
the preparation of 7 on a 90 g scale in a single
run. Then, the alcohol obtained was oxidized to

aldehyde 8 using DMP (Dess-Martin periodinane)
in CH,CI, (30 g scale, 51% yield).

Alcohol 5 was transformed into mesylate 9
(Scheme 3), which was used as a precursor for
the synthesis of amine 10 with a yield of 50% on
up to a 25 g scale via the nucleophilic substitu-
tion with NaN, followed by the Staudinger reac-
tion. Finally, the promising alkylating agent, e.g.,
bromide 11, was obtained using the nucleophilic
substitution with LiBr in THF (48% yield).

Conclusions

This study demonstrates the successful syn-
thesis of spirocyclic oxetanes as three-dimensional

LiAlH,, THF

-20°C, 3 h
83%

Scheme 2. The synthesis of 2,5-dioxaspiro[3.4]octane-derived alcohol 7 and aldehyde 8

DMP, CH,Cl,

Y
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HO MsO
MsCl, EtsN
7" CHCly, 0°C
O/ to rt, 90 min
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1. NaNg, DMF,
80 °C, 16 h
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Scheme 3. The synthesis of 2,5-dioxaspiro[3.4]octane-derived amine 9 and bromide 10
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bicyclic analogs of 1,4-dioxanes, expanding the
range of available building blocks for medicinal
chemistry. The key ring-closing metathesis (RCM)
reaction proved to be an effective approach for con-
structing spiro-oxetane compounds with a THF
core. The synthetic sequence developed enabled
the preparation of key intermediates on a scale
of more than 200 g through the NaH-mediated
alkylation, metathesis of bis-allyl ether thus ob-
tained, the catalytic hydrogenation of the acry-
late fragment, and the functional group subse-
quent transformations. The ability to convert these
intermediates into diverse derivatives, including
aldehydes, amines, and bromides, highlights the
synthetic versatility of the methodology proposed.
Taking into account the significance of oxetane-
containing motifs in drug discovery, the struc-
tures obtained may serve as valuable scaffolds
for further development in medicinal chemistry
and related applications.

m Experimental part

The solvents were purified according to the
standard procedures [13]. All starting compounds
were available from Enamine Ltd or purchased
from other commercial sources. Melting points
were measured on the MPA100 OptiMelt auto-
mated melting point system. 'H and *C{'H} spect-
ra were recorded on an Agilent ProPulse 600 spect-
rometer (at 151 MHz for 1*C NMR), a Bruker 170
Avance 500 spectrometer (at 500 MHz for '"H NMR,
and 126 MHz for ¥C{H} NMR). NMR chemical
shifts are reported in ppm (6 scale) downfield from
TMS as an internal standard and are referenced
using residual NMR solvent peaks at 7.26 and
77.16 ppm for 'H and *C{'H} in CDCl,, 7.13 and
127.60 ppm for 'H and BC{'H} in C,D,, 2.48 and
39.50 ppm for 'H and *C{*H} in DMSO-d;. Coupling
constants (J) are given in Hz. Spectra are repor-
ted as follows: chemical shift (§, ppm), integra-
tion, multiplicity, and coupling constants (Hz).
Elemental analyses were performed at the Labo-
ratory of Organic Analysis, Department of Che-
mistry, Taras Shevchenko National University
of Kyiv. LCMS and GCMS analyses were per-
formed using an Agilent LC/MSD SL 1100 instru-
ment [atmospheric pressure electrospray ioniza-
tion (ES-API)] or an Agilent 5890 Series II 5972
GCMS instrument [electron impact (EI) ioniza-
tion (70 eV)], respectively. High-resolution mass
spectra (HRMS) were obtained on an Agilent 1260
Infinity UHPLC instrument coupled with an Agi-
lent 6224 Accurate Mass TOF mass spectrometer.
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3-Vinyloxetan-3-ol (2)

An oven-dried round-bottomed flask filled with
2 M vinylmagnesium bromide solution in THF
(2.07 L, 4.14 mol) was cooled to —40 °C. To the above-
precooled solution 3-oxetanone (336 g, 3.72 mol)
in THF (3 L) was added dropwise under Ar atmo-
sphere, maintaining the temperature below —40 °C
and stirred at —40 °C for 1 h. Upon completion,
the reaction was quenched with careful addition
of THF-H,O mixture (240 mL, 1:1, v/v, 2 equiv. of
H,0). Then, H,0 (300 mL) was added in portions.
The resulting suspension was filtered, and the filter
cake was washed with THF (2 x 1 ). The combined
filtrates were dried over Na,SO, and evaporated
in vacuo. The residue was purified by distillation
in vacuo (0.3 mmHg, 44—47 °C) to obtain alcohol 2.

A colorless liquid. Yield —83% (311 g). 'H NMR
(500 MHz, CDCL,), 6, ppm: 3.16 (1H, br. s), 4.64
(2H, d, J=6.8 Hz), 4.66 (2H, d, J = 6.8 Hz), 5.24
(1H, d, J = 10.8 Hz), 5.39 (1H, d, J = 17.4 Hz),
6.25 (1H, dd, J = 17.4, 10.8 Hz). *C{'"H} NMR
(1561 MHz, CDCL,), 6, ppm: 74.5, 83.8, 114.3, 139.0.
HRMS (ESI-TOF), m/z: [M-H,O+H]* calcd for
C.H,0 83.0497, found 83.0551; [M+H]* calcd for
C,H,0,101.0603, found 101.0604; [M+NH,]* calcd
for C;H,,NO, 118.0868, found 118.0863.

Methyl 2,5-dioxaspiro[3.4]oct-7-ene-7-car-
boxylate (4)

NaH (2.5 equiv, 5.84 mol) was added in por-
tions to a solution of compound 2 (292 g, 2.92 mol)
in THF (5 L) under Ar atmosphere, and the
resulting mixture was stirred at 70 °C for 2 h.
Then, the reaction mixture was cooled to 0 °C,
and methyl 2-(bromomethyl)prop-2-enoate (902 g,
4.67 mol) followed by TBAI (1 mol%) were added,
and the resulting mixture was stirred at 70 °C
for 16 h. After that, the resulting mixture was
poured into saturated aq. NH,Cl (388 g, 7.26 mol),
and then extracted with EtOAc (3x1 L). Combi-
ned organic layers were washed with brine (1 L),
dried over Na,SO,, filtered and concentrated in
vacuo. The product obtained was purified by the
flash column chromatography using hexanes—
EtOAc (4:1, v/v) as an eluent. The resulting di-
ene 3 (1.44 mol) in toluene (8 L)) was degassed 3
times and refilled with Ar. Then, Grubbs II cata-
lyst (14.5 g, 17.1 mmol, 1.5 mol%) was added,
and the resulting mixture was stirred at 100 °C
for 48 h. Then, the reaction mixture was concen-
trated in vacuo. The product obtained was puri-
fied by the flash column chromatography using
hexanes—EtOAc (4:1, v/v) as an eluent.

Fusible brownish crystals. Yield — 70% (172 g).
Anal. Caled for CH,,0,, %: C 56.47, H 5.92.
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Found, %: C 56.33, H 5.84. '"H NMR (500 MHz,
CDCl,), 6, ppm: 3.78 (3H, s), 4.70 (2H, d, J= 7.0 Hz),
4.79 (2H, d, J=2.4 Hz), 4.88 (2H, d, J = 7.0 Hz),
7.01 (1H, t, J = 2.4 Hz). *C{*H} NMR (151 MHz,
CDCL), 6, ppm: 52.1, 74.3, 83.0, 90.4, 134.2, 138.1,
162.7. GCMS (EI), m/z: 140 [M —CH,0]".

Methyl 2,5-dioxaspiro[3.4]octane-7-car-
boxylate (5)

20% Pd(OH),/C (25.0 g) was added to the
compound 4 (207 g) solution in MeOH (2 L), and
the resulting solution was stirred at H, (70 atm;
in autoclave), 50 °C for 48 h. After that, the cata-
lyst was filtered thought a pad of silica gel, and
the filtrate obtained was concentrated in vacuo,
and immediately used in the next step. Yield —
95% (194 g).

Lithium 2,5-dioxaspiro[3.4]octane-7-car-
boxylate (6)

LiOHXxH,O (6.50 g, 0.155 mol) was added to
a solution of compound 5 (26.7 g, 0.155 mol) ob-
tained in THF/H,O (100 mL./100 mL), and the re-
sulting mixture was stirred at rt for 16 h. After
that, the reaction mixture was concentrated in
vacuo until it became solid. The title product was
obtained after trituration with acetone (2x50 mL)
and Et,0 (2x50 mL) resulting in the target
product.

A colorless solid. Yield — 93% (23.7 g). M. p.
94-96 °C. 'H NMR (500 MHz, DMSO-d,), 6, ppm:
2.15 (1H, dd, J = 12.5, 8.2 Hz), 2.33 (1H, dd,
J =12.5, 6.9 Hz), 2.71 (1H, p, J = 7.4 Hz), 3.81
(2H, d, J = 7.4 Hz), 4.34 — 4.62 (4H, m). *C{*H}
NMR (126 MHz, DMSO-d,), 6, ppm: 176.4, 83.1,
82.9, 82.4, 71.2, 46.4, 39.0. HRMS (ESI-TOF), m/z:
[M-Li]- caled for C;Hy0, 157.0501, found 157.0509.

(2,5-Dioxaspiro[3.4]octan-7-yl)methanol (7)

LiAIH, (29.9 g, 0.788 mol) was added to THF
(2 L), and the mixture was cooled to —20 °C.
Then, ester 5 (135 g, 0.788 mol) in THF (200 mL)
was added dropwise at —20 °C. The mixture was
stirred at —20 °C for 3 h, then 30 % aq. KOH
(65 mL) was added at —20 °C. The mixture was
warmed up to rt, stirred for an additional 2 h,
then filtered and evaporated in vacuo.

A colorless oil. Yield — 83% (94.2 g). 'TH NMR
(500 MHz, DMSO-dy), 6, ppm: 1.89 (1H, dd, J =
12.8, 6.3 Hz), 2.19 (1H, dd, J = 12.8, 7.8 Hz),
2.25-2.36 (1H, m), 3.21-3.32 (2H, m), 3.53 (1H,
dd, J = 8.4, 5.8 Hz), 3.77 (1H, t, J = 7.8 Hz),
4.37-4.60 (4H, m), 4.66 (1H, t, J = 5.1 Hz).
BC{*H} NMR (126 MHz, DMSO-d,), 6, ppm: 37.2,
41.2, 62.1, 69.9, 82.0, 82.7, 83.1. HRMS (ESI-TOF),
m/z: [M+H]* caled for C,H,;0, 145.0865, found
145.0860.

2,5-Dioxaspiro[3.4]octane-7-carbaldehy-
de (8)

DMP (240 g, 0.566 mol) was added in portions
to a solution of 7 (62.0 g, 0.431 mol) in CH,CI,
(800 mL) at rt, and the resulting mixture was
stirred at rt for 3 h. Then, the reaction mixture
was poured into saturated aq. NaHCO, (145 g,
2.72 mol) and saturated aq. Na,S,0,-5H,0 (321 g,
1.29 mol), and the resulting mixture was stirred
at rt for 1 h. Then, the organic layer was separat-
ed, washed with H,O (700 mL), brine (700 mL),
dried over Na,SO,, filtered and concentrated in
vacuo. The product obtained was purified by the
flash column chromatography using hexanes—
EtOAc (7:3, v/v) as an eluent.

A colorless oil. Yield - 51% (31.2 g). 'H NMR
(500 MHz, C.;Dy), 6, ppm: 1.49 (1H, dd, J = 13.2,
8.6 Hz), 1.93 (1H, dd, J =13.2, 5.1 Hz), 2.02-2.10
(1H, m), 3.22-3.28 (1H, m), 3.61 (1H, dd, J =
9.1,4.5 Hz), 4.16 (1H, d, J=6.6 Hz), 4.34 (1H, d,
J=6.6 Hz), 4.59 (1H, d, J = 6.6 Hz), 4.65 (1H, d,
J=6.6 Hz), 8.94 (1H, s). *C{*H} NMR (151 MHz,
CsDy), 6, ppm: 34.8, 51.1, 66.7, 82.8, 82.9, 83.2,
198.8. HRMS (ESI-TOF), m/z: [M+H]* caled for
C,H,,0,143.0708, found 143.0702.

(2,5-Dioxaspiro[3.4]octan-7-yl)methyl me-
thanesulfonate (9)

MsCl1 (81.1 g, 0.708 mol) was added dropwise
to a solution of compound 7 (51.0 g, 0.354 mol)
and Et,N (71.7 g, 0.708 mol) in CH,Cl, (500 mL)
at 0 °C, and the resulting solution was stirred
at rt for 90 min. Then, the reaction mixture was
washed with 1 M NaHCO, (2x200 mL), brine
(200 mL), dried over Na,SO,, filtered and con-
centrated in vacuo. After that, the residue ob-
tained was dissolved in tBuOMe (300 mL), con-
centrated in vacuo twice, and immediately used
in the next steps. Yield — 95% (74.6 g).

(2,5-Dioxaspiro[3.4]octan-7-yl)methan-
amine (10)

NaN;, (45.8 g, 0.705 mol) was added to a solu-
tion of compound 9 (78.0 g, 0.351 mol) in DMF
(400 mL), and the resulting mixture was stirred
at 80 °C for 16 . After that, the reaction mixtu-
re was poured into H,O (1.2 L), and it was ex-
tracted with tBuOMe (4x350 mL). Combined or-
ganic layers were washed with H,O (300 mL),
brine (300 mL), dried over Na,SO,, filtered and
concentrated in vacuo. Then, Ph,P (123 g, 0.469 mol)
followed by H,O (17.0 mL, 0.944 mol) were add-
ed to a solution of the crude azide obtained (ca.
0.310 mol) in THF (500 mL), and the resulting mix-
ture was stirred at 50 °C for 16 h. After that, the
reaction mixture was cooled to rt and concentrated
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in vacuo. The product obtained was purified by
the flash column chromatography using hexa-
nes—EtOAc (4:1, v/v) as an eluent.

A yellowish solid. Yield — 50% over two
steps (25.0 g). M. p. 100—-101 °C. Anal. Caled for
C,H,;NO,, %: C 58.72, H 9.15, N 9.78. Found, %:
C 58.81, H 9.20, N 9.63. 'H NMR (500 MHz,
DMSO-d,), 6, ppm: 1.56 (1H, d, J = 10.7 Hz),
1.67-1.76 (1H, m), 2.19-2.27 (1H, m), 2.41-2.47
(2H, m), 2.60 (1H, d, J = 12.8 Hz), 2.64-2.70
(1H, m), 3.27 (1H, d, J = 11.4 Hz), 3.33 (1H, d,
J=11.4 Hz), 3.39 (2H, s), 3.70 (1H, dd, J = 7.5,
4.5 Hz), 3.92 (1H, d, J = 7.5 Hz). LCMS (ESI),
m/z: 144 [M+H]".

7-(Bromomethyl)-2,5-dioxaspiro[3.4]oc-
tane (11)

LiBr (31.4 g, 0.362 mol) was added to a solu-
tion of compound 9 (26.8 g, 0.121 mol) in THF
(250 mL), and the resulting mixture was reflu-
xed for 16 . After that, the reaction mixture was
concentrated in vacuo, and the residue obtained
was dissolved in H,0O (100 mL) and extracted
with CH,Cl, (3x100 mL). Combined organic
layers were washed with brine (100 mL), dried
over Na,SO,, filtered and concentrated in vacuo.

B References
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The product obtained was purified by the flash
column chromatography using hexanes—EtOAc
(4:1, v/v) as an eluent.

A dark oil. Yield — 48% (12.0 g). Anal. Caled
for C.H,,BrO,, %: C 40.60, H 5.35. Found, %:
C 40.48, H 5.41. '*H NMR (500 MHz, CDCl,), 6,
ppm: 4.79 (1H, d, J = 6.7 Hz), 4.74 (1H, d, J =
6.7 Hz), 4.60 (1H, d, J =6.7 Hz), 4.563 (1H, d, J =
6.7 Hz), 3.98 (1H, dd, J = 9.0, 7.0 Hz), 3.64 (1H,
dd, J=9.0, 6.4 Hz), 3.40-3.27 (2H, m), 2.76-2.63
(1H, m), 2.46 (1H, dd, J=13.2, 7.7 Hz), 2.03 (1H,
dd, J = 13.2, 7.0 Hz). *C{*H} NMR (151 MHz,
CDCl,), 6, ppm: 34.2, 40.7, 41.7, 72.1, 82.8, 83.5,
84.5. GCMS (EI), m/z: 176/178 (intensity ration
1:1) [M-CH,0]".
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