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Abstract

Inspired by the bioactivity of natural compounds with a bicyclo[3.3.0]octane core, the study focuses on developing tetrahy-
dropentalene-2,5-dione (2,5-THP-dione) derivatives as potential building blocks for the use in medicinal chemistry. Using the
commercially available 2,5-THP-dione, a number of alkylated derivatives and a monofunctional ketone were synthesized.
Using optimized protocols for synthesis, target compounds were obtained with high yields on a multigram scale. These com-
pounds are promising derivatives for further chemical derivatization and therapeutic use, and thus highlight the value of
2,5-THP-dione in creating complex molecular structures for drug discovery, as well as the importance of tetrahydropentalene
derivatives as valuable building blocks in synthetic chemistry.
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BinanHr-6N10KK Ha OCHOBI TeTparigponeHTaneHy, iHCNipoBaHi NPMPOAOI0: MacliTaboBaHUIA CUHTE3
Ana notpeb meguUHoOI Ximii
AHoTauinA
MponoHoBaHe A0CNiAKeHHs, iHcripoBaHe Bi0aKTUBHICTIO NPUPOAHMX CMOAYK i3 BiLMKo[3.3.0]oKTaHOBUM AAPOM, 30CEPEAXKEHO
Ha po3pobuji noxiaHux TeTparigponeHTaneH-2,5-aioHy (2,5-THP-gioHy) AK NOTEHUIAHUX BiNANHT-6/10KIB A8 3aCTOCYBaAHHA
B MeAMYHIN Ximii. BUKOPMCTOBYHOUM KOMEPLIMHO AOCTyNHMIA 2,5-THP-aioH, cuHTe3yBanm paa Moro ankinoBaHMxX noxigHux, a
TAaKOXX MOHOKETO-MNoXiZHY. BUKOPUCTOBYIOYM ONTUMI30BaHi NPOTOKOAN CUHTE3Y, OAEPHKANN LiNbOBI CNONYKN 3 BUCOKUMM BU-
XO4AMM Y MYAbTUTPAMOBMUX KilbKOCTAX. CUHTE30BaHI CNONYKM € NepCneKTUBHI NOXigHI 4NA NoAaNbLIOi XiMiYHOT AepuBaTm3a-
LLii Ta TepaneBTUYHOrO 3aCTOCYBAHHA, LLO 3aCBIAYYE LiHHICTb 2,5-THP-4i0HY ANnA CTBOPEHHA CKNALAHUX MONEKYNAPHUX CTPYKTYP
y npoueci po3pobeHHs NiKiB, a TaKOX BaXK/IMBICTb NOXiAHUX TeTparigponeHTaneHy aK 6iNANHT-610KIB Y CUHTETUYHIN Ximil.
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B Introduction

The quest to harness the potential of tetra-
hydropentalene (THP) derivatives in medicinal
chemistry is driven by the remarkable biological
activities observed for natural products featur-
ing the bicyclo[3.3.0]octane core, such as carba-
cyclin (1, Figure), and clinprost (3). These com-
pounds show prostaglandin analogs and platelet
aggregation inhibitory properties, along with others
displaying the anticancer activity like cylindra-
mide (2), and antibiotic potential like geodin A (4).
In general, they exemplify the diverse biological
actions — from antimicrobial to enzyme-inhibiting
activities — that THP structural motif offers [1].
The synthetic analogs of tetrahydropentalenes,
thus, emerge as formidable scaffolds in the drug
development, opening the opportunities for find-
ing new therapeutic agents capable of targeting
a broad spectrum of diseases.

The known synthetic biologically active bicyc-
lo[3.3.0]octane derivatives were found to be po-
tent dipeptidyl peptidase 4 (DPP-4) inhibitors for
managing type 2 diabetes [2]. Meanwhile, the
research of Mitcheltree et al. into bicyclic inhibi-
tors of human arginase for cancer immunothe-
rapy further exemplifies the potential of these
derivatives in combatting severe health condi-
tions [3].

In the realm of medicinal and synthetic che-
mistry, tetrahydropentalene derivatives stand out
not only for their significant biological activity,
but also for their versatility as intermediates.
The synthetic routes towards biologically active
tetrahydropentalene derivatives employ modern
organic chemistry methods in search of potent
THP-based compounds. The development of func-
tionalized pentalenes via carbonyl-ene reactions
and enzymatic kinetic resolution exemplifies the
creative approaches undertaken to access these
elusive compounds [4]. Additionally, the synthe-
sis of racemic 1-desoxyhypnophilin underlines
the utility of tetrahydropentalene derivatives in

constructing complex natural products [5], de-
monstrating the structural and synthetic versa-
tility of this class of compounds.

An in-depth review of the methodologies used
for synthesizing tetrahydropentalene derivatives
reveals a dynamic landscape marked by both tra-
dition and novelty [1]. Each strategy offers uni-
que advantages, such as enhanced yields and se-
lectivity, yet often contends with the need for spe-
cialized reagents and stringent conditions, reflec-
ting the evolving sophistication in the tetrahy-
dropentalene synthesis.

However, it is safe to consider readily available
tetrahydropentalene-2,5-dione (2,5-THP-dione) as
the foundational material for the synthesis of tet-
rahydropentalene-based building blocks. Besides
the fact that 2,5-THP-dione is a commercial bulk
chemical, in our previous studies on the synthesis
of bis-nor adamantane (stellane) and nor-adaman-
tane derivatives [6, 7] we managed to adjust the
literature protocol [8] for 2,5-THP-dione multi-
kilo preparation. By leveraging the readily avail-
able and chemically versatile nature of 2,5-THP-
dione, we devised a scalable synthesis approach
facilitating the production of these compounds
at multigram scales with yields ranging from
good to excellent. Our study not only confirms
the integral role of 2,5-THP-dione in fostering the
synthesis of complex molecular structures, but
also enhances the arsenal available for drug dis-
covery and synthetic chemistry. Our efforts de-
lineate a pathway for exploiting a broader spec-
trum of therapeutic and synthetic opportunities
presented by tetrahydropentalene derivatives in
the realm of medicinal chemistry and drug de-
velopment.

B Results and discussion

Armed with an ample supply of 2,5-THP-dione,
we embarked on synthesizing derivatives poised
for a significant impact in future derivatization,
carefully considering aspects, such as heavy atom
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Figure. Some notable natural compounds with tetrahydropentalene core: carbocyclin (1), cyinderamide (2), clinprost (3), geodin A (4)
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count and functional group distribution. Our se-
lection included both di- and mono-functionalized
derivatives, each chosen for its potential to en-
rich the chemical space of medicinal chemistry-
relevant molecules. This choice was driven by the
aim to harness the most valuable derivatives for
the subsequent transformation, with an eye to-
wards efficiency and scalability — the tactics that
notably diverges from the more traditional ap-
proaches documented in the literature.

The synthetic studies began with compound 5,
going through its simple reaction with 2,2-dime-
thylpropanediol-1,3 under the PTSA catalysis in
toluene to give compound 6 with a yield of 96%
on the scale of over 40 grams per operation, thus
simplifying the protocol and sidestepping the cum-
bersome separations that typically encumbered
this transformation [9] (Scheme). The transition
to compound 7 via reacting 6 with methylenetri-
phenylphosphorane “set the stage” for the syn-
thesis of a suite of alkylated THP-ketones, includ-
ing the previously unavailable methyl ketone 9
and tetrahydro-1’H-spiro[cyclopropane-1,2’-pen-
talen]-5(3’H)-one 11 [10]. Methyl ketone 9 was
synthesized through the series of transformations
included a catalytic hydrogenation step utilizing
palladium on activated charcoal under ambient
conditions and the subsequent acid-mediated de-
protection with a combined near-quantitative
yield. Taking advantage of our previously develo-
ped in-flow diazomethane generation method [11],
the transformation of compound 7 was carried
out with diazomethane in the presence of palla-
dium(II) acetate to obtain spiro-cyclopropane de-
rivative 10 with a yield of 95%. It highlights this
modern approach to the cyclopropanation of ole-
fines and exhibits simplified and safer method
for the synthesis of 10 compared to the previous-
ly described one [12]. The following acidic hyd-
rolysis of compound 10 led to compound 11 with
a yield of 88% on 22 g scale, further demonstrat-
ing the scalability and preparative potential of
our synthesis strategies.

The next step was shifted to the transforma-
tion of compound 6, which underscore the selec-
tive mono-reduction of the ketone group either
to respective alcohol or hydrocarbon, opening op-
portunities for a broader THP core derivatiza-
tion. The reduction of ketone 6 with the sodium
borohydride powder in aprotic conditions (THF
media) gave 12 grams of intermediate alcohol 12
with a yield of 79% (Scheme). The deprotection of
compound 12 resulted in ketoalcohol 13 as a sin-
gle diastereomer (see Sl file for spectral details).

The use of a standard methylation protocol made
it possible to obtain methoxyketone 14 with a yield
of 91%. Products 13 and 14 are valuable THP-
derived building blocks as both are individual dia-
stereomers with two separately derivatizable func-
tional groups. The reduction of keto-group in 6
to -CH,- was achieved using the standard Wolff—
Kishner reduction [13] protocol with hydrazine
hydrate in ethylene glycol, followed by the addi-
tion of potassium hydroxide, resulting in ketal 15,
which then was subjected to the acidic hydroly-
sis and yielded desired ketone 16 quantitatively
across two steps (Scheme). In the case of pro-
duct 16 we were able to achieve significantly ele-
vated yields on a larger scale compared to the
literature [14].

Our research successfully demonstrates the
synthesis of a series of target tetrahydropenta-
lene derivatives, including alkylated monofunc-
tional compounds 9 and 11, bifunctional deriva-
tives 13 and 14, and the monofunctional ketone
16. Each compound, valuable in its unique way,
represents a significant contribution to the field
of medicinal chemistry and synthetic organic che-
mistry. By carefully modifying existing protocols,
we have not only increased the efficiency of these
syntheses, but also achieved them on a multi-
gram scale, thereby demonstrating the scalabili-
ty of our approaches. The high yields obtained for
these compounds once again underline the effec-
tiveness of our improved methodologies. It is also
noteworthy that all the compounds synthesized
resemble cis-configuration, which is typical for
THP-derivatives, and additionally verified by
2D-NMR studies (see SI file for details) Taken
together, these results highlight the potential of
our building blocks synthesized for further deri-
vatization and research within the THP-derived
chemical space.

B Conclusions

In our study of tetrahydropentalene-2,5-dione
derivatives, inspired by the rich biological acti-
vity of natural bicyclo[3.3.0]octane compounds,
we successfully synthesized a suite of alkylated
and functional derivatives. Using commercially
available 2,5-THP-dione as a key starting material,
we streamlined the synthetic protocols, achiev-
ing scalable production with significant yields.
This approach not only facilitated the prepara-
tion of the compounds important for medicinal
chemistry, but also demonstrated the versatility
of 2,5-THP-dione as a precursor. Our findings,
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marked by methodological innovation, efficiency
and scalability, contribute significantly to the THP-
derivatives pool available for wide derivatization
and use in drug discovery projects, as well as de-
monstrate the essential role of tetrahydropenta-
lenes in advancing synthetic chemistry and high-
light their potential as valuable building blocks
in the search for new therapeutic agents.

m Experimental part

General information and materials

The solvents were purified according to the
standard procedures. All starting materials were
obtained from Enamine Ltd. Melting points were
measured on the automated melting point system.
NMR spectra were recorded on a Bruker Avance
500 spectrometer (at 500 MHz for 'H and 126 MHz
for *C nucleus) and Varian Unity Plus 400 spec-
trometers (at 400 MHz for 'H, 101 MHz for *C
nucleus). Tetramethylsilane (*H, *C) was used
as an internal standard. GCMS analyses were
performed using an Agilent 5890 Series II 5972
GCMS instrument (electron impact (EI) ioniza-
tion (70 eV)). Column chromatography was per-
formed with silica gel (200-300 mesh). The ele-
mental analysis was carried out in the Analyti-
cal Laboratory of the Institute of Organic Che-
mistry, NAS of Ukraine.

Experimental protocols

(3aR,6aS)-5,5-Dimethyltetrahydro-1H-spi-
ro[pentalene-2,2’-[1,3]dioxan]-5(3H)-one (6)

Compound 5 (30 g, 217.12 mmol), 2,2-dime-
thylpropanediol-1,3 (22.6 g, 217.12 mmol) and
p-TSA (1.87 g, 0.05 equiv) were dissolved in tolu-
ene (500 mL). The mixture obtained was heated
to 130 °C and stirred at this temperature with
a Dean-Stark water trap. In 3 h it was cooled
to room temperature and washed with Na,CO,
(200 mL, 10% agq. solution). The toluene layer was
separated, dried over anhydrous Na,SO, and con-
centrated in vacuo. A crude material was puri-
fied by flash column chromatography (FCC) using
EtOAc in hexane (0—50% gradient) as an eluent
to give compound 6 as a colorless solid.

Yield — 41.7 g (86%). M. p. 42—46 °C. Anal.
Calcd for C,;H,,,0., %: C 69.61, H 8.99. Found, %:
C 69.81, H 8.87. 'H NMR (500 MHz, DMSO-d,):
0, ppm: 0.86 (6H, s), 1.68-1.76 (2H, m), 1.95-2.03
(2H, m), 2.10-2.18 (2H, m), 2.33-2.44 (2H, m),
2.70 (2H, td, J = 8.7, 4.7 Hz), 3.36 (2H, s), 3.39 (2H,
s). 3C NMR (126 MHz, DMSO-d,), 6, ppm: 22.1,
29.6, 36.0, 40.7, 44.0, 71.0, 71.1, 109.1, 219.0.
GC-MS (EI), m/z: 224.2 [M]*".
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(3aR,6aS)-5’,5’-dimethyl-5-methylenehe-
xahydro-1H-spiro[pentalene-2,2’-[1,3]dioxa-
ne] (7)

Compound 6 (41.7 g, 185.91 mmol) was dis-
solved in THF (300 mL) and added in a dropwise
manner to a suspension of freshly prepared me-
thylenetriphenylphosphorane (made from 122.7 g
of methyltriphenylphosphonium iodide (1.5 equiv)
cooled to 0 °C and 31.3 g of potassium tert-butoxi-
de (1.5 equiv)). After the addition was complete,
the resulting mixture was allowed to reach room
temperature and left to stir at the given condi-
tions overnight. Volatiles were removed in vacuo,
the residue was treated with water (300 mL) and
extracted with MTBE (3x250 mL). Combined orga-
nic extracts were dried over anhydrous Na,SO,
and concentrated in vacuo. A crude material was
passed through SiO, pad using MTBE as an elu-
ent to give a crude compound 7 as a yellow oil.

Yield — 37.4 g (91%). 'H NMR (400 MHz,
CDCl,), 6, ppm: 0.93 (8H, d, J =7 Hz), 1.41-1.53
(3H, m), 1.96-2.04 (3H, m), 2.04—2.10 (1H, m),
2.22-2.34 (2H, m), 2.41 (2H, s), 2.47-2.57 (2H,
m), 3.44 (dd, J = 16.9, 6.7 Hz, 5H), 4.79 (2H, s).

(3aR,6aS5)-5,5’,5’-trimethylhexahydro-
1H-spiro[pentalene-2,2’-[1,3]dioxane] (8)

Compound 7 (5 g, 22.3 mmol) was dissolved
in MeOH. Pd on activated charcoal (0.5 g, 10%)
was added and the mixture obtained was evacu-
ated and backfilled with hydrogen. The resulting
suspension was stirred overnight at ambient tem-
perature under H, atmosphere (balloon pressure).
After that, the catalyst was filtered off, the fil-
trate was concentrated in vacuo, and the resi-
due was used in further transformations with
no additional treatment. 'H NMR of the mate-
rial obtained was not characteristic due to the
partial deprotection of ketone and complexity of
the spectrum. The yield was calculated as quan-
titive, ~5.1 g.

(3aR,6aS)-5-methylhexahydropentalen-
2(1H)-one (9)

Compound 8 (5.1 g, the material from the pre-
vious step) was dissolved in a 1:1 mixture of THF
(100 mL) and water (100 mL). Concentrated HCI
(10 mL, 37% aq.), followed by 0.91 g of LiCl (22 mmaol)
was added. After the addition, the solution was
allowed to stir at ambient temperature overnight.
Volatiles were removed in vacuo. The residue was
washed with MTBE (3%X150 mL). Combined organic
extracts were dried over anhydrous Na,SO, and con-
centrated in vacuo. A crude material was purified
via FCC using MTBE in hexane (0—-100% gradient)
as an eluent to give compound 9 as a yellow oil.
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Yield — 3.1 g (95%). Anal. Caled for C,H,,0,
%: C 78.21, H 10.21. Found, %: C 78.32, H 10.27.
'H NMR (400 MHz, CDCl,), 6§, ppm: 0.79-1.56
(6H, m), 1.56-2.22 (6H, m), 2.40—2.56 (2H, m),
2.61-2.87 (2H, m). *C NMR (101 MHz, CDCl,)
0, ppm: 19.9, 20.0, 36.3, 38.9, 39.7, 42.4, 43.0,
44.9, 45.3, 221.2. GC-MS (EI), m/z: 138.1 [M]*".

(3a’R,6a’S)-5”,5”-Dimethyltetrahydro-
1’H,3’H-dispiro[cyclopropane-1,2’-pentale-
ne-5’,2”-[1,3]dioxane] (10)

Compound 7 (37.4 g, 168.2 mmol) was dissol-
ved in a solution of diazomethane (ca. 1 M) in DCM
(250 mL). The mixture obtained was stirred with
Pd(OAc), (0.1 equiv) overnight. After a careful de-
composition of the excessive diazomethane, it was
concentrated in vacuo and passed through SiO,
pad using MTBE as an eluent to give a crude
compound 10 as a colorless oil used in the fur-
ther step with no additional purification.

Yield — 35.7 g (ca. 95%). 'H NMR (400 MHz,
CDCl,) 6, ppm: 0.29-0.52 (m, 8H), 0.94 (s, 6H),
1.27-1.30 (3H, m), 1.42—-1.46 (3H, m), 1.62—1.82
(3H, m), 1.91-1.96 (3H, m), 2.17-2.22 (3H, m),
2.35 (1H, s), 2.47-2.63 (5H, m), 2.87 (3H, br. s),
3.49-3.51 (4H, m).

(3a’R,6a’S)-tetrahydro-1’H-spiro[cyclo-
propane-1,2’-pentalen]-5’(3’H)-one (11)

Compound 10 (35.7 g, 160 mmol) was dissol-
ved in a 1:1 mixture of THF (300 mL) and water
(300 mL). Concentrated HCI (30 mL, 37% aq.),
followed by 6.7 g of LiCl (160 mmol) was added.
After the addition, the mixture was allowed to
stir at ambient temperature overnight. Volatiles
were removed in vacuo; the residue was washed
with MTBE (3x250 mL). Combined organic ex-
tracts were dried over anhydrous Na,SO, and
concentrated in vacuo. A crude material was pu-
rified via FCC using MTBE in hexane (0-100%
gradient) as an eluent to give compound 11 as a
yellow oil.

Yield — 21.1 g (88%). Anal. Calcd for C, H,,0,
%: C 79.96, H 9.39. Found, %: C 80.11, H 9.30.
'H HNMR (500 MHz, CDCl,), 6, ppm: 0.36—0.44
(2H, m), 0.45-0.53 (2H, m), 1.41 (2H, dd, J = 13.1,
4.4 Hz), 1.91 (2H, dd, J = 13.1, 7.8 Hz), 2.10-2.21
(2H, m), 2.48 (2H, ddd, J = 19.2, 7.3, 2.2 Hz),
2.86 (2H, tt, J=8.7, 4.7 Hz). *C NMR (151 MHz,
CDCl,), 6, ppm: 11.2, 12.9, 22.1, 40.3, 42.6, 44.8,
220.9. GC-MS (EI), m/z: 150.1 [M]*".

(3aR,5r,6aS)-5’,5’-dimethylhexahydro-
1H-spiro[pentalene-2,2’-[1,3]dioxan]-5-0l (12)

Compound 6 (15 g, 66.87 mmol) was dissol-
ved in THF (300 mL), and this solution was cooled
to -20—30 °C. Then, dry NaBH, (2.54 g, 66.87 mmol)

was added in portions, maintaining the internal
temperature below -20 °C. After that, the mixtu-
re was allowed to slowly warm to room tempera-
ture and left to stir at the given conditions over-
night. Then volatiles were removed in vacuo, the
residue was treated with NH,CI (200 mL, 15% aq.
solution) and extracted with MTBE (3x250 mL).
Combined organic extracts were dried over an-
hydrous Na,SO, and concentrated in wvacuo.
Compound 12 was obtained as a white solid.

Yield — 11.86 g (79%). M. p. 61-62 °C. Anal.
Calcd for C;H,,0,, %: C 68.99, H 9.80. Found, %:
C 69.08, H 9.85. 'H NMR (400 MHz, CDCl,),
0, ppm: 0.82-1.11 (6H, m), 1.44-1.62 (2H, m),
1.86—-1.97 (3H, m), 2.03-2.31 (4H, m), 2.44-2.84
(2H, m), 3.40-3.58 (4H, m), 4.14—4.46 (1H, m).
BC NMR (101 MHz, CDCl,), 6, ppm: 21.32, 22.51,
30.07, 36.44, 37.76, 38.56, 40.80, 42.45, 42.93,
45.56, 71.59, 71.91, 72.18, 74.72, 75.58, 110.48.
GC-MS (EI), m/z: 226 [M]*".

(3aR,5r,6aS)-5-hydroxyhexahydropenta-
len-2(1H)-one (13)

Compound 12 (11.86 g, 52.47 mmol) was dis-
solved in a 1:1 mixture of THF (100 mL) and wa-
ter (100 mL) and concentrated HCI (15 mL, 37%,
aq.). After the complete dissolution, the mixture
was allowed to stir at ambient temperature over-
night. Volatiles were removed in vacuo; the resi-
due was washed with EtOAc (5X75 mL). Combi-
ned organic extracts were dried over anhydrous
Na,SO, and concentrated in vacuo. A crude ma-
terial was purified via FCC using MTBE in hexa-
ne (0-100% gradient) as an eluent to give com-
pound 13 as a white solid.

Yield — 6.12 g (83%). M. p. 50-52 °C. Anal.
Calcd for C;H,,0,, %: C 68.55, H 8.63. Found, %:
C 68.43, H 8.72. 'H NMR (400 MHz, DMSO-d,),
6, ppm: 1.38 (2H, dt, J = 13.2, 4.4 Hz), 1.96 (2H,
ddd, J=13.4, 8.2, 5.6 Hz), 2.07 (2H, dd, J = 18.9,
3.4 Hz), 2.38-2.42 (1H, m), 2.42-2.46 (1H, m),
2.59-2.73 (2H, m), 4.07—-4.17 (1H, m), 4.51 (1H,
d, J=3.4 Hz). *C NMR (101 MHz, DMSO-d,), 6,
ppm: 37.6, 43.0, 45.6, 73.4, 220.2. GC-MS (EI),
m/z: 140.1 [M]*".

(3aR,5r,6aS)-5-methoxyhexahydropenta-
len-2(1H)-one (14)

Compound 13 (2 g, 14.3 mmol) was dissolved
in MeCN (40 mL). Potassium carbonate (2.92 g,
21.45 mmol) and methyl iodide (3.05 g, 21.45 mmol)
were added sequentially. The mixture obtained
was stirred for 18 h at 40 °C. Then, it was cooled to
room temperature, the insoluble substances were
filtered off, and the filter cake was washed with
an additional MeCN (10 mL) portion. The filtrate
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was concentrated in vacuo, and the residue was
passed through Si0O, pad using MTBE as an eluent.
The filtrate was concentrated in vacuo to give
compound 14 as a colorless oil.

Yield —2.01 g (91%). Anal. Calcd for C,H,,0,,
%: C 70.10, H 9.15. Found, %: C 70.17, H 9.22.
'H NMR (400 MHz, CDCL,), 6, ppm: 1.65 (2H, dt,
J = 13.8, 4.0 Hz), 2.02-2.15 (2H, m), 2.21 (2H,
dd, J=19.3, 3.7 Hz), 2.43-2.55 (2H, m), 2.71-2.81
(2H, m), 3.24 (3H, s), 3.83-3.93 (1H, m). *C NMR
(101 MHz, CDCl,), 6, ppm: 37.74, 39.19, 45.25, 56.39,
83.61, 220.46. GC-MS (EI), m/z: 154.1 [M]*".

(3aR,6aS8)-5’,5’-dimethylhexahydro-1H-
spiro[pentalene-2,2’-[1,3]dioxane] (15)

Compound 6 (10 g, 44.54 mmol) was dissolved
in ethylene glycol (40 mL) and treated with 4 equiv
of hydrazine hydrate (8.9 g). This mixture was
stirred for 2 h at 90 °C and then treated with
KOH (9.98 g, 178.16 mmol, 4.0 equiv). The mix-
ture obtained was heated to 150 °C and stirred
at the given conditions for 1 h (strong N, evolu-
tion was observed). Then, it was cooled to room
temperature and diluted with water (100 mL).
The aqueous mixture was extracted with MTBE
(3100 mL). Combined organic extracts were dried
over anhydrous Na,SO, and concentrated in vacuo
to give a crude product (the mixture contained
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the desired product, ethylene glycol and trace of
the deprotected product). This mixture was then
used with no additional treatment directly at the
next step, the yield was calculated as close to
quantitative.

(3aR,6aS)-hexahydropentalen-2(1H)-
one (16)

A mixture containing compound 15 from the
previous step was dissolved in a 1:1 solution of
THF (100 mL) and water (100 mL) and concen-
trated HC1 (15 mL, 37% aq.). After the complete
dissolution of 15, the mixture obtained was al-
lowed to stir at ambient temperature overnight.
Volatiles were removed in vacuo, and the residue
was washed with Et,O (3X100 mL). Combined or-
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and concentrated in vacuo. A crude material was
purified via FCC using MTBE in hexane (0—100%
gradient) as an eluent to give compound 16 quan-
titatively as a colorless oil.

Anal. Caled for C;H,,0, %: C 77.38, H 9.74.
Found, %: C 77.27, H 9.70. '"H NMR (400 MHz,
CDCl,), 6, ppm: 1.33-1.46 (2H, m), 1.55-1.82
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2.568-2.76 (2H, m). *C NMR (101 MHz, CDCl,),
0, ppm: 25.5, 33.4, 39.6, 44.7, 221.2. GC-MS (EI),
m/z: 124.1 [M]*".
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