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Abstract — Here, we report a new synthetic approach to oxa-cage systems by
employing RCM as a key step. These cage systems were assembled starting with
easily accessible starting materials by adopting a three-step sequence involving the

Grignard addition, allylation followed by RCM.

INTRODUCTION

Since 1970’s, research on cage molecules has increased gradually.!? Recently, the emphasis has been
shifted towards the development of efficient synthetic strategies to cage molecules with the aim of
producing materials suitable as solid propellants. In view of their applications in diverse areas of
chemistry such as synthesis of natural products,® medicinal chemistry,* pharmaceutical applications, design
of new strategies to these molecules is highly desirable activity.> Additionally, cage systems serve as
useful candidates in high energy materials,® polymers,” thermostable oils,® supramolecular chemistry,” and
in proposing various ligands suitable for chelation with selected metal ions.! Due to the rigidity
associated with their compact skeletons, synthesis of these molecules has become a worthwhile challenge.
Moreover, these molecules possess an unusual strain energy and also show deviation from normal C-C
bond angles and consequently they tend to undergo unusual molecular rearrangements.!! Therefore,
considerable interest has been directed in studying acid catalyzed rearrangement of cage propellanes.2
Moreover, Lewis acid mediated rearrangement offers a unique opportunity to assemble unusual cage
systems. Several reports are available for the synthesis of oxa-cage molecules (1-6).2 As part of our
ongoing research program aimed at designing intricate molecules based on metathesis,'* here, we
conceived ring-closing metathesis (RCM) approach to generate highly functionalized oxa-cage systems.

In this regard, we identified cage diones 8-10 as useful starting materials.
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Figure 1. Various oxygen containing caged molecules 1-6

RESULTS AND DISCUSSION

In view of our interest in designing new strategies for the construction of different cage molecules, we
chose various building blocks 8-10 useful for assembling oxa-cage systems. These precursors were
prepared from the annulated quinone derivative 71 by adopting a two-step synthetic sequence involving

[4+2] reaction using suitable diene partners followed by [2+2] cycloaddition reaction as key steps.
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Scheme 1. Preparation of cage systems 8, 9, and 10

Initially, we assembled the known cage systems 8, 9, and 10 via a Diels—Alder reaction with an appropriate

diene partners followed by [2+2] cycloaddition of the resulting cycloadduct (Scheme 1). To build the
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oxygen containing cage systems with spiro linkage, the cage dione 8 was treated with allylmagnesium
bromide 11 in dry THF at 0 °C to room temperature for 3 h to deliver the expected diol 12 (91%). Next, the
diol was subjected to allylation using 8 equivalents of allyl bromide (13) in the presence of NaH (8
equivalents) in dry DMF for 5 h to afford the mono-O-allyl product 14 (78%). Further, to realize the
di-O-allylation we used a large amount of allyl bromide and NaH, then the reaction mixture was stirred for
extended period (i.e., 2 days). Even under forcing reaction conditions, we did not observe the formation of
di-O-allyl product. Next, exposure of the triallyl compound 14 to the metathesis catalyst, G-I, furnished
the unsaturated cyclized ether 15 (85%). Subsequently, reduction of the cyclized product 15 was
accomplished with H», Pd/C to deliver the saturated oxa-cage system 16 in 83% yield (Scheme 2; n = 0).
Structures of these compounds 12, 14, 15, and 16 were determined by 'H NMR, *C NMR spectral data and
further supported by HRMS information. Finally, the structure and stereochemistry of hydroxyl groups
present in compound 12 was unambiguously established by single-crystal X-ray diffraction studies'’

(Figure 2).
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Scheme 2. Synthesis of oxa-cage systems 16, 20, and 24

Along similar lines, the cyclopropane bearing cage dione 9 was treated with Grignard reagent 11 to provide
the expected diol 17 (84%). Later, allylation of the diol 17 furnished the mono-O-allyl product 18 (86%).

Next, triallyl compound 18 was subjected to the metathesis sequence with G-II catalyst to deliver the
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cyclized product 19 (81%). Finally, reduction of the metathesis product with the aid of H», Pd/C led to the
formation of the saturated oxa-cage system 20 in 90% yield (Scheme 2; n = 2). Structure of these
compounds 17, 18, 19, and 20 were determined by 'H NMR, 3C NMR spectral values and further
supported by HRMS data.

Similarly, treatment of the cage dione 10 with Grignard reagent 11 produced the diol 21 (84%). The
mono-O-allylated product 22 (82%) was obtained via allylation of diol 21 using allyl bromide 13 in the
presence of NaH. Later, the triallyl compound 22 was subjected to metathesis with G-II catalyst to deliver
the ring closure product 23 (80%), which on subsequent reduction with H», Pd/C produced the oxa-cage
system 24 in 87% yield (Scheme 2; n =4). Structure of the compounds 21, 22, 23, and 24 were determined
by 'H NMR, *C NMR values and further supported by HRMS spectroscopic data. It is worth mentioning
that during the course of allylation sequence with an excess amount of allyl bromide 13 (or excess amount
of NaH) and longer reaction time was not useful to realize the diallylation of compound 21. It may be due

to the steric hindrance associated with the triallyl compound 22.

12 (CCDC 1825224)

Figure 2. A view of the molecular structure 12, showing 20% probability displacement ellipsoids

We have demonstrated a simple and an efficient three-step synthetic sequence to assemble highly
functionalized oxa-cage systems such as 16, 20 and 24 staring with cage diones 8-10 as key precursors.
Here, we employed Grignard addition, allylation and RCM as key steps. Feasibility of RCM protocol to

construct oxa-cage systems bearing cyclopropane and cyclopentane rings was realized.
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EXPERIMENTAL

General Experimental Details

All the required reagents, chemicals and solvents were purchased from the commercial suppliers and used
as without any further purification. Analytical TLC was performed on (10 x 5) glass plates coated with
Acme’s silica gel (GF-254) containing 13% calcium sulfate as a binder. All the reactions were monitored
by TLC using suitable solvent system and visualization was done under UV light, exposure to iodine
vapour and by dipping in to a solution of KMnOg. Dry reactions were performed in oven dried glassware
under nitrogen atmosphere by using standard syringe-septum techniques. Acme’s silica gel (100-200
mesh size) and neutral alumina was used for column chromatography and solvents were concentrated
under vacuo on rotary evaporator. Benzene and DCM were distilled from P,Os or CaH, and EtOAc was
dried by using K2COs.

IR spectra were collected on a Nicolet Impact-400 FTIR spectrometer and samples were prepared as a
thin film between CsClI plates by dissolving the compound in DCM and CHCI3 and then evaporating the
solvent. 'H NMR (400 and 500 MHz), 3C NMR, *C-APT NMR, DEPT 135 NMR (100 and 125 MHz)
spectra were recorded on Bruker spectrometer and samples were prepared in CDCIz solvent. The
chemical shifts are reported in parts per million (ppm) on delta scale with TMS as an internal standard
and values for the coupling constants (J) are given in Hz. The standard abbreviations for *H NMR spin
couplings are given as s, d, t, g, dd, dt, td, and m for singlet, doublet, triplet, quartet, doublet of doublet,
doublet of triplet, triplet of doublet and multiplet respectively. High-resolution mass spectra (HRMS)
were recorded in a positive ion electrospray ionization (ESI). All melting points were recorded on Veego
VMP-CMP melting point apparatus and are uncorrected. All reported yields are isolated yields of the
products after column purification. X-Ray data were recorded on diffractometer equipped with graphite
monochromatic Mo Ko radiation and structure was solved by direct methods shelxI-97 and refined by
full-matrix least-squares against F2 using shelxI-97 software.

General Procedure for Allyl Grignard Addition to Cage Diones 8, 9 and 10

To a freshly prepared allylmagnesium bromide solution in dry Et2O was added to the cage diones 8, 9 and
10 in dry Et20 (200 mg, 0.93 mmol for 8 or 150 mg, 0.62 mmol for 9 or 100 mg, 0.37 mmol for 10) by
dropwise addition over a period of 10 min under continuous flow of nitrogen at room temperature. After
conclusion of the reaction (3 h for 8, 2 h for 9 and 3 h for 10, reaction progress monitored by TLC
monitoring, the reaction mixture was quenched with saturated ag. NH4Cl solution at 0 °C, and the
resulting aqueous layer was extracted with EtOAc. The combined organic layers were washed with brine
and dried over anhydrous Na>SOa. Solvent was evaporated under vacuum and the resulting crude residue
was subjected to silica gel column chromatography (10 to 15% EtOAc/petroleum ether as an eluent) to

afford pure 12 as a colorless crystalline solid, 17 and 21 as a colorless liquid.



HETEROCYCLES, Vol. 97, No. 2, 2018 1013

Compound 12 (cage diol): Colorless crystalline solid; mp 165-167 °C; Yield: 255 mg (91%); IR (neat,
cm™): 3184, 2954, 2866, 1639, 1457, 1281, 1159, 1078, 1042, 1000; *H NMR (500 MHz, CDCls): &
5.98-5.90 (m, 2H), 5.27 (s, 2H), 5.12-5.08 (m, 4H), 2.34 (d, J = 1.4 Hz, 2H), 2.21-2.16 (m, 4H), 2.07 (dd,
J=13.9, 7.9 Hz, 2H), 1.99 (d, J = 2.2 Hz, 2H), 1.94-1.89 (m, 1H), 1.76-1.46 (m, 6H), 1.07 (d, J = 10.6
Hz, 1H) ppm; 3C NMR (125 MHz, CDCls): § 133.8, 117.9, 76.7, 57.3, 49.7, 43.2, 42.8, 42.0, 34.3, 28.5,
25.2 ppm; HRMS (ESI): m/z calcd for C2oH26NaO2 [M+Na]*: 321.1825; found: 321.1823.

Compound 17 (cage diol): Colorless liquid; Yield 172 mg (84%); IR (neat, cm™): 3228, 2936, 2233,
1628, 1412, 1223, 1163, 1053, 916; *H NMR (400 MHz, CDCls): § 5.97-5.87 (m, 2H), 5.27 (s, 2H),
5.11-5.04 (m, 4H), 2.44 (d, J = 1.4 Hz, 2H), 2.18-2.13 (m, 4H), 2.03-1.90 (m, 3H), 1.76-1.46 (m, 7H),
0.50-0.47 (m, 2H), 0.33-0.29 (m, 2H) ppm; *C NMR (100 MHz, CDCls): § 133.8, 118.1, 77.5, 57.6, 50.5,
49.6, 43.3, 42.0, 30.7, 28.8, 25.4, 5.2, 4.7 ppm; HRMS (ESI): m/z calcd for C22H2sNaO. [M+Na]:
347.1982; found: 347.1981.

Compound 21 (cage diol): Colorless liquid; Yield 110 mg (84%); IR (neat, cm™): 3228, 2936, 2233,
1628, 1412, 1223, 1163, 1053, 916; 'H NMR (400 MHz, CDCls): & 5.98-5.87 (m, 2H), 5.13-5.06 (m, 4H),
2.35 (d, J = 1.6 Hz, 2H), 2.18-2.09 (m, 4H), 2.05-1.99 (m, 2H), 1.94-1.89 (m, 3H), 1.74-1.63 (m, 1H),
1.60-1.42 (m, 10H), 1.22 (t, J = 7.0 Hz, 2H) ppm; °C NMR (125 MHz, CDCls): & 133.8, 118.1, 77.5,
56.8, 56.2, 51.9, 49.7, 43.0, 42.0, 32.2, 30.1, 28.7, 25.9, 25.6, 25.3 ppm; HRMS (ESI): m/z calcd for
C24H32NaO2 [M+Na]*: 375.2295; found: 375.2292.

General Procedure for Synthesis of RCM Precursors 14, 18, and 22

To a suspension of sodium hydride (2.2-5.3 mmol, 8 equiv) in anhydrous DMF (5-10 mL) was added to
cage diols 12, 17 and 21 (0.28-0.67 mmol, 1 equiv) under nitrogen at 0 °C. Then the reaction mixture was
stirred for 15 min at room temperature. Later on, allyl bromide (2.2-5.3 mmol, 8 equiv) was added and
then stirring was continued for 5-8 h. At the end of the reaction (TLC analysis), the crude reaction
mixture was quenched with saturated ag. NH4Cl and the resulting aqueous layer was extracted with
EtOAc. The combined organic layers were washed with brine and dried over anhydrous Na SQOs. The
solvent was evaporated under reduced pressure and the resulting crude residue was subjected to silica gel
column chromatography using 2-3% EtOAC/PE as an eluent to afford pure 14, 18, and 22 respectively, as
colorless liquids.

Compound 14: Colorless liquid; prepared from compound 12 (200 mg, 0.67 mmol); Yield: 178 mg
(78%); IR (neat, cm™): 3369, 3076, 2950, 2625, 2449, 1644, 1456, 1302, 1105, 928, 850; *H NMR (400
MHz, CDCls): 4 6.34 (d, J = 2.2Hz, 1H), 6.08-5.79 (m, 3H), 5.26 (dq, J = 16.9, 1.8 Hz, 1H), 5.13 (dqg, J =
10.4, 1.5 Hz, 1H), 5.09-5.01 (m, 4H), 4.01 (dt, J = 5.6, 1.4 Hz, 1H), 3.98 (dt, J = 5.7, 1.3 Hz, 1H),
2.45-2.15 (m, 7H), 2.02-1.88 (m, 4H), 1.70-1.56 (m, 4H), 1.50-1.44 (m, 2H), 1.10 (dt, J = 10.6, 1.5 Hz,
1H) ppm; C NMR (125 MHz, CDCls): 6 135.2, 134.6, 133.5, 117.4, 116.9, 116.2, 82.9, 66.0, 58.4, 58.2,
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50.5, 48.7, 44.0, 43.3, 43.1, 42.7, 42.2, 39.9, 34.6, 30.2, 28.4, 25.3 ppm; HRMS (ESI): m/z calcd for
C23H3oNaO2 [M+Na]*: 361.2138; found: 361.2136.

Compound 18: Colorless liquid; prepared from compound 17 (150 mg, 0.46 mmol); Yield: 145 mg
(86%); IR (neat, cm™): 3234, 2952, 1438, 1218, 1057; *H NMR (400 MHz, CDCls): § 6.35 (d, J = 2.2Hz,
1H), 6.05-5.79 (m, 3H), 5.26 (d, J = 1.5 Hz, 1H), 5.12 (d, J = 1.1 Hz, 1H), 5.05-4.95 (m, 4H), 4.13 (dt, J
=11.8, 5.1 Hz, 1H), 4.03 (dt, J = 11.7, 5.5 Hz, 1H), 2.62-2.59 (m, 1H), 2.41-2.13 (m, 6H), 1.91-1.83 (m,
2H), 1.70-1.58 (m, 6H), 1.48-1.44 (m, 1H), 0.52-0.45 (m, 2H), 0.36-0.29 (m, 2H) ppm; *C NMR (125
MHz, CDCls): 6 135.1, 134.5, 133.5, 117.4, 116.9, 116.1, 82.7, 76.7, 65.9, 58.5, 58.2, 51.2, 50.3, 49.3,
49.2, 43.5, 43.0, 41.9, 39.6, 30.8, 30.2, 28.4, 25.4, 5.1, 4.8 ppm; HRMS (ESI): m/z calcd for C2sH32NaO>
[M+Na]": 387.2295; found: 387.2299.

Compound 22: Colorless liquid; prepared from compound 21 (100 mg, 0.28 mmol); Yield: 92 mg
(82%); IR (neat, cm™): 3383, 3077, 2952, 2861, 1635, 1446, 1334, 1217, 1168, 997, 915; *H NMR (500
MHz, CDCls): § 6.34 (d, J = 2.1 Hz, 1H), 6.04-5.79 (m, 3H), 5.25 (dt, J = 16.9, 1.6 Hz, 1H), 5.12 (dt, J =
10.4, 1.4 Hz, 1H), 5.05-5.00 (m, 4H), 4.13 (dt, J = 5.3, 1.4 Hz, 1H), 4.00 (dt, J= 6.2, 1.2 Hz, 1H),
2.53-2.50 (m, 1H), 2.38-2.26 (m, 3H), 2.22 (dd, J = 14.2, 5.1 Hz, 1H), 2.10-2.04 (m, 2H), 1.91-1.84 (m,
4H), 1.70-1.43 (m, 11H), 1.27-1.19 (m, 2H) ppm; *C NMR (125 MHz, CDCls): § 135.1, 134.6, 133.5,
117.4, 116.8, 116.1, 82.9, 65.9, 57.8, 57.6, 56.2, 52.5, 51.6, 50.4, 48.5, 43.4, 42.8, 42.0, 39.8, 32.2, 30.3,
30.2, 28.5, 26.0, 25.7, 25.3 ppm; HRMS (ESI): m/z calcd for Ca7H3sKO2 [M+K]*: 431.2347; found:
431.2344.

General Procedure for Synthesis of Compounds 15, 19, and 23 via RCM Sequence

To a stirred solution of compounds 14, 18, and 22 such as RCM precursors (0.20-0.44 mmol, 1 equiv) in
anhydrous DCM (10 mL) was degassed with nitrogen for 10 min was added G-I catalyst (5 mol%). Then
the reaction mixture was stirred at room temperature for 5-7 h. After completion of the reaction (reaction
progress monitored by TLC), then the solvent was removed under reduced pressure and the crude reaction
mixture was purified by silica gel column chromatography using 3-5% EtOAC/PE as an eluent to give
ring closure products 15, 19 and 23 as colorless liquids.

Compound 15: Colorless liquid; prepared from compound 14 (150 mg, 0.44 mmol); Yield: 117 mg
(85%); IR (neat, cm™): 3328, 2955, 2857, 1440, 1374, 1267, 1182, 1072, 909; 'H NMR (400 MHz,
CDCls): 6 6.63 (d, J = 1.8 Hz, 1H), 6.08-5.79 (m, 1H), 5.81-5.76 (m, 1H), 5.68-5.63 (m, 1H), 5.10-5.04
(m, 2H), 4.27-4.24 (m, 2H), 2.53 (ddd, J= 8.6, 3.8, 1.6 Hz, 1H), 2.38-2.32 (m, 2H), 2.29-2.22 (m, 3H),
2.03-1.89 (m, 5H), 1.71-1.65 (m, 1H), 1.62-1.48 (m, 5H), 1.09 (dt, J= 10.6, 1.6 Hz, 1H) ppm; *C NMR
(125 MHz, CDCls): 6 135.1, 124.1, 123.9, 116.4, 79.4, 64.8, 58.1, 56.8, 50.3, 46.3, 44.4, 43.3, 43.1, 42.8,
42.2, 345, 31.2, 29.7, 28.7, 25.3 ppm; HRMS (ESI): m/z calcd for C21H2702[M+H]*: 311.2006; found:
311.2005.
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Compound 19: Colorless liquid; prepared from compound 18 (120 mg, 0.32 mmol); Yield: 90 mg
(81%); IR (neat, cm™): 3284, 2952, 2864, 1432, 1075, 920; *H NMR (400 MHz, CDCls): & 6.65 (d, J =
1.8 Hz, 1H), 6.04-5.93 (m, 1H), 5.77-5.72 (m, 1H), 5.66-5.63 (m, 1H), 5.02 (td, J= 8.9, 1.2 Hz, 2H),
4.32-4.21 (m, 2H), 2.75 (ddd, J= 8.4, 3.8, 1.5 Hz, 1H), 2.45 (ddd, J= 8.8, 3.6, 1.6 Hz, 1H), 2.25-2.14 (m,
4H), 1.93-1.80 (m, 3H), 1.73-1.58 (m, 5H), 1.55-1.47 (m, 2H), 0.50-0.44 (m, 2H), 0.34-0.27 (m, 2H)
ppm; 3C NMR (125 MHz, CDCls): § 135.0, 124.1, 123.8, 116.4, 79.3, 64.8, 58.1, 57.0, 51.0, 50.7, 49.3,
46.7, 43.6, 43.1, 42.0, 30.9, 30.7, 29.6, 28.8, 25.3, 5.1, 4.8 ppm; HRMS (ESI): m/z calcd for C23H2sNaO>
[M+Na]*: 359.1982; found: 359.1986.

Compound 23: Colorless liquid; prepared from compound 22 (80 mg, 0.20 mmol); Yield: 61 mg (80%);
IR (neat, cm™): 3218, 2938, 2369, 1437, 1219, 1020, 915; *H NMR (400 MHz, CDCls): § 6.64 (d, J=1.9
Hz, 1H), 6.05-5.95 (m, 1H), 5.80-5.74 (m, 1H), 5.65 (dd, J= 10.1, 2.6 Hz, 1H), 5.07-5.02 (m, 2H),
4.31-4.20 (m, 2H), 2.66 (ddd, J= 8.3, 3.8, 1.7 Hz, 1H), 2.37 (ddd, J= 8.2, 3.8, 1.8 Hz, 1H), 2.26-2.19 (m,
2H), 2.13-2.05 (m, 2H), 1.97-1.86 (m, 5H), 1.72-1.46 (m, 11H), 1.25-1.19 (m, 2H) ppm; *C NMR (125
MHz, CDCls): 6 135.0, 124.1, 123.8, 116.3, 79.4, 64.7, 57.4, 56.3, 56.2, 52.9, 51.6, 50.2, 45.9, 43.4, 42.9,
42.1, 32.1, 31.0, 30.2, 29.7, 28.8, 25.9, 25.7, 25.2 ppm; HRMS (ESI): m/z calcd for CosH3KO2 [M+K]":
403.2034; found: 403.2038.

General Procedure for Synthesis of 16, 20 and 24 via Catalytic Hydrogenation

To a stirred solution of RCM products 15, 19 and 23 (0.20-0.32 mmol, 1 equiv) in dry EtOAc (5 mL), 10
mol% (8-10 mg) Pd/C was added. Then the resulting reaction mixture was stirred at room temperature for
4-5 h under hydrogen atmosphere (1 atm). After completion of the reaction by TLC evident, the reaction
mixture was filtered through Celite pad and washed with EtOAc (10 mL). The combined washings and
filtrate was evaporated under vacuum and the resulting crude residue was purified by silica gel column
chromatography using 4-7% EtOAC/PE as an eluent to afford the hydrogenated products 16, 20 and 24 as
color liquids.

Compound 16: Colorless liquid; prepared from compound 15 (100 mg, 0.32 mmol); Yield: 84 mg
(83%); IR (neat, cm™): 3313, 2955, 2870, 1451, 1277, 1086, 1042; *H NMR (500 MHz, CDCls): § 6.63 (d,
J = 2.2 Hz, 1H), 3.86-3.83 (m, 1H), 3.75-3.70 (m, 1H), 2.78-2.76 (m, 1H), 2.29-2.25 (m, 3H), 1.99-1.86
(m, 3H), 1.68-1.62 (m, 5H), 1.57-1.46 (m, 8H), 1.44-1.30 (m, 2H), 1.25-1.81 (m, 1H),1.08 (d, J = 10.5 Hz,
1H), 0.89 (t, J = 7.2 Hz, 3H) ppm; *C NMR (125 MHz, CDCls): § 81.0, 76.6, 65.2, 58.2, 57.4, 50.0, 44.2,
43.6, 43.48, 43.43, 42.2, 39.9, 34.5, 31.3, 29.0, 28.7, 25.8, 25.3, 19.0, 15.8, 15.1 ppm; HRMS (ESI): m/z
calcd for Co1Hso NaO2 [M+Na]*: 337.2138; found: 337.2137.

Compound 20: Colorless liquid; prepared from compound 19 (75 mg, 0.22 mmol); Yield: 69 mg (90%);
IR (neat, cm™): 3230, 2949, 2355, 1640, 1491, 1268, 1227, 1154, 1129, 914; 'H NMR (400 MHz,
CDCl3): 4 6.65 (d, J = 2.0 Hz, 1H), 3.86-3.84 (m, 1H), 3.78-3.73 (m, 1H), 3.02-3.00 (m, 1H), 2.48-2.46
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(m, 1H), 2.16-2.12 (m, 2H), 1.89-1.85 (m, 1H), 1.66-1.52 (m, 9H), 1.50-1.42 (m, 5H), 1.35-1.26 (m, 2H),
1.14-1.08 (m, 1H), 0.86 (t, J = 7.0 Hz, 3H), 0.53-0.47 (m, 2H), 0.35-0.29 (m, 2H) ppm; *C NMR (100
MHz, CDCls): 4 80.9, 76.5, 65.2, 58.3, 57.5, 50.6, 50.4, 49.5, 44.2, 43.8, 42.6, 39.6, 31.0, 30.7, 29.1, 28.8,
25.7, 25.3, 18.9, 15.7, 15.1, 5.2, 4.8 ppm; HRMS (ESI): m/z calcd for C23Hs2 NaO2 [M+Na]*: 363.2295;
found: 363.2294.

Compound 24: Colorless liquid; prepared from compound 23 (75 mg, 0.20 mmol); Yield: 66 mg (87%);
IR (neat, cm™): 3379, 3077, 3013, 2945, 2857, 1639, 1446, 1337, 1215, 1185, 1169, 1047, 998, 912; H
NMR (500 MHz, CDCls): 6 6.77 (s, 1H), 3.86-3.83 (m, 1H), 3.76-3.72 (m, 1H), 2.92-2.90 (m, 1H),
2.40-2.38 (m, 1H), 2.08-2.01 (m, 2H), 1.90-1.82 (m, 3H), 1.70-1.50 (m, 12H), 1.49-1.43 (m, 5H),
1.41-1.11 (m, 6H), 1.88 (t, J = 7.0 Hz, 3H) ppm; *C NMR (125 MHz, CDCls): & 81.1, 76.8, 65.1, 57.6,
56.7,56.1, 52.8, 51.9, 49.8, 43.6, 43.3, 42.4, 39.7, 32.2, 31.2, 30.3, 29.1, 28.8, 26.0, 25.8, 25.7, 25.2, 18.9,
15.7, 15.1 ppm; HRMS (ESI): m/z calcd for C2sHzsNaO2 [M+Na]*: 391.2607; found: 391.2603.

ACKNOWLEDGEMENTS

We thank Defense Research and Development Organization (DRDO, NO. ARDB/01/1041849/M/1), New
Delhi-India for the financial support. S.K. thanks Department of Science and Technology (DST, NO.
SR/S2/JCB-33/2010), DST, New Delhi, India for the award of a J. C. Bose fellowship and Praj industries
for Chair Professorship (Green Chemistry). The authors also thank to Mr. D. Mhatre for his help in
collecting the X-ray crystal data and structure refinement. S.R.C. thanks University Grants Commission
(UGC), New Delhi, India for the award of a research fellowship.

REFERENCES AND NOTES

1. (a) E. Osawa and O. Yonemitsu, Carbocyclic Cage Compounds; VCH: New York, 1992; (b) A. P.
Marchand, Synlett, 1991, 73; (c) P. E. Eaton and T. W. Cole Jr., J. Am. Chem. Soc., 1964, 86, 3157;
(d) L. A. Paquette, Chem. Rev., 1989, 89, 1051; (e) A. Greenberg and J. F. Liebman, Strained
Organic Molecules; Academic Press, New York, 1978; (f) G. A. Olah, Cage Hydrocarbons; J. Wiley
and Sons, Inc., New York, 1990; (g) W. D. Fessner, G. Sedelmeier, P. R. Spurr, G. Rihs, and H.
Prinzbach, J. Am. Chem. Soc., 1987, 109, 4626; (h) H. Hopf, Classics in Hydrocarbon Chemistry;
Wiley-VCH: Weinheim, 2000; (i) Y. Shi, J. Jiang, L. Ma, J. Wang, and W. Li, Tetrahedron Lett.,
2017, 58, 1376.

2. (a) A. P. Marchand, ‘Polycarbocyclic Bridged Ring Compounds’, in Rodd's Chemistry of Carbon

Compounds ed. by M. Sainsbury, Elsevier, London, 1994; 2nd Supplement to the 2nd edn; Vol. IIB
(Partial), 11C, 11D, and I1E, Chapter 11, pp. 277-329; (b) P. E. Eaton, Angew. Chem., Int. Ed. Engl.,
1992, 31, 1421; Angew. Chem., 1992, 104, 1447; (c) A. J. H. Klunder and B. Zwanenburg, Chem.



http://dx.doi.org/10.1055/s-1991-20632
http://dx.doi.org/10.1021/ja01069a041
http://dx.doi.org/10.1021/cr00095a006
http://dx.doi.org/10.1021/ja00249a029
http://dx.doi.org/10.1016/B978-044453347-0.50079-3
http://dx.doi.org/10.1016/B978-044453347-0.50079-3
http://dx.doi.org/10.1002/anie.199206651
http://dx.doi.org/10.1002/anie.199206651
http://dx.doi.org/10.1002/anie.199206651
http://dx.doi.org/10.1021/cr00095a005

10.

11.

12.

13.

HETEROCYCLES, Vol. 97, No. 2, 2018 1017

Rev., 1989, 89, 1035; (d) A. P. Marchand, Chem. Rev., 1989, 89, 1011.

(@) G. Mehta, A. Srikrishna, A. V. Reddy, and M. S. Nair, Tetrahedron, 1981, 37, 4543; (b) V. A.
D'yakonov, O. A. Trapeznikova, A. de Meijere, and U. M. Dzhemilev, Chem. Rev., 2014, 114, 5775.
(@) K. Gerzon, E. V. Krumkalus, R. L. Brindle, F. J. Marshall, and M. A. Root, J. Med. Chem., 1963,
6, 760; (b) R. M. Allen, Clin. Neuropharmacol., 1983, 6, S64.

(@) E. T. Michalson and J. Szmuszkovicz, Prog. Drug Res., 1989, 33, 135; (b) W. J. Geldenhuys, S.
F. Malan, J. R. Bloomquist, A. P. Marchand, and C. J. Van der Schyf, Med. Res. Rev., 2005, 25, 21.
(@) A. P. Marchand, G. V. M. Sharma, G. S. Annapurna, and P. R. Pednekar, J. Org. Chem., 1987,
52, 4784; (b) S. Lal, S. Rajkumar, A. Tare, S. Reshmi, A. Chowdhury, and I. N. N. Namboothiri,
Chem. Asian J., 2014, 9, 3533; (c) S. Lal, L. Mallick, S. Rajkumar, O. P. Ommen, S. Reshmi, N.
Kumbhakarna, A. Chowdhury, and I. N. N. Namboothiri, J. Mater. Chem. A, 2015, 3, 22118.

P. Kaszynski, A. C. Friedli, and J. Michl, J. Am. Chem. Soc., 1992, 114, 601.

(@) A. P. Khardin and S. S. Radchenko, Russ. Chem. Rev., 1982, 51, 272; (b) Y. Hattori, T. Miyajima,
M. Sakali, Y. Nagase, and N. Nemoto, Polymer, 2008, 49, 2825.

(@) A. P. Marchand, H. S. Chong, and B. Ganguly, Tetrahedron: Asymmetry, 1999, 10, 4695; (b) K.
Hayakawa, K. Kido, and K. Kanematsu, J. Chem. Soc., Chem. Commun., 1986, 268.

(@) G. Mehta, K. S. Rao, N. Krishnamurthy, V. Srinivas, and D. Balasubramanian, Tetrahedron
1989, 45, 2743; (b) A.P. Marchand, Z. Huang, Z. Chen, H. K. Hariprakasha, I. N. N. Namboothiri, J.
S. Brodbelt, and M. L. Reyzer, J. Heterocycl. Chem., 2001, 38, 1361.

(@) A. P. Marchand, in Advances in Theoretically Interesting Molecules, ed. by R. P. Thummel, JAI
Press, Greenwich, CT, 1989, Vol. 1, p 357; (b) T. J. Chow and T. K. Wu, J. Org. Chem., 1991, 56,
6833.

(@) G. Mehta and K. S. Rao, J. Org. Chem., 1985, 50, 5537; (b) G. Mehta, A. Srikrishna, K. S. Rao,
K. R. Reddy, K. A. Acharya, V. G. Puranik, S. S. Tavale, and T. N. Guru Row, J. Org. Chem., 1987,
52, 457; (c) R. L. Cargill, T. E. Jackson, N. P. Peet, and D. M. Pond, Acc. Chem. Res., 1974, 7, 106;
(d) A. P. Marchand, B. E. Arney Jr., R. Gilardi, and J. L. Flippen-Anderson, J. Org. Chem., 1987, 52,
3455; (e) A. B. Smith Ill and B. A. Wexler, Tetrahedron Lett., 1984, 25, 2317.

(@) S. J. Gharpure and S. K. Porwal, Org. Prep. Proced. Int., 2013, 45, 81; (b) S. J. Gharpure and S.
K. Porwal, Tetrahedron Lett., 2009, 50, 7162; (c¢) G. Mehta and R. Vidya, J. Org. Chem., 2000, 65,
3497; (d) W. J. Geldenhuys, S. F. Malan, T. Murugesan, C. J. vander Schyf, and J. R. Bloomquist,
Bioorg. Med. Chem., 2004, 12, 1799; (e) A. A. Fokin, T. S. Zhuk, A. E. Pashenko, P. O. Dral, P. A.
Gunchenko, J. E. P. Dahl, R. M. K. Carlson, T. V. Koso, M. Serafin, and P. R. Schreiner, Org. Lett.,
2009, 11, 3068; (f) S. I. Kozhushkov, T. Preuf3, D. S. Yufit, J. A. K. Howard, K. Meindl, S. Ruhl, C.
Yamamoto, Y. Okamoto, P. R. Schreiner, B. C. Rinderspacher, and A. de Meijere, Eur. J. Org.



http://dx.doi.org/10.1021/cr00095a005
http://dx.doi.org/10.1021/cr00095a004
http://dx.doi.org/10.1016/0040-4020(81)80021-X
http://dx.doi.org/10.1021/cr400291c
http://dx.doi.org/10.1021/jm00342a029
http://dx.doi.org/10.1021/jm00342a029
http://dx.doi.org/10.1007/978-3-0348-9146-2_6
http://dx.doi.org/10.1002/med.20013
http://dx.doi.org/10.1002/asia.201402607
http://dx.doi.org/10.1039/C5TA05380C
http://dx.doi.org/10.1021/ja00028a029
http://dx.doi.org/10.1070/RC1982v051n03ABEH002840
http://dx.doi.org/10.1016/j.polymer.2008.04.053
http://dx.doi.org/10.1016/S0957-4166(99)00549-2
http://dx.doi.org/10.1039/c39860000268
http://dx.doi.org/10.1016/S0040-4020(01)80104-6
http://dx.doi.org/10.1016/S0040-4020(01)80104-6
http://dx.doi.org/10.1002/jhet.5570380618
http://dx.doi.org/10.1021/jo00350a021
http://dx.doi.org/10.1021/jo00379a031
http://dx.doi.org/10.1021/jo00379a031
http://dx.doi.org/10.1021/ar50076a002
http://dx.doi.org/10.1016/S0040-4039(01)80244-6
http://dx.doi.org/10.1080/00304948.2013.764782
http://dx.doi.org/10.1016/j.tetlet.2009.10.024
http://dx.doi.org/10.1021/jo0000731
http://dx.doi.org/10.1021/jo0000731
http://dx.doi.org/10.1021/ol901089h
http://dx.doi.org/10.1021/ol901089h
http://dx.doi.org/10.1002/ejoc.200600019

1018

14.

15.
16.

17.

HETEROCYCLES, Vol. 97, No. 2, 2018

Chem., 2006, 2590; (g) O. K. Onajole, K. Govender, P. Govender, P. D. van Helden, H. G. Kruger,
G. E. M. Maguire, K. Muthusamy, M. Pillay, I. Wiid, and T. Govender, Eur. J. Med. Chem., 2009,
44, 4297; (h) T. Govender, H. G. Kruger, M. Makatini, and O. K. Onajole, Struct. Chem., 2008, 19,
719.

(@) S. Kotha, E. Manivannan, and N. Sreenivasachary, J. Chem. Soc., Perkin Trans. 1, 1999, 2845;
(b) S. Kotha and M. K. Dipak, Chem. Eur. J., 2006, 12, 4446; (c) S. Kotha, V. Seema, K. Singh, and
K. D. Deodhar, Tetrahedron Lett., 2014, 51, 2301; (d) S. Kotha and M. K. Dipak, Beilstein J. Org.
Chem., 2014, 10, 2664; (e) S. Kotha, S. R. Cheekatla, and D. S. Mhatre, Synthesis, 2017, 5339.

S. Kotha, S. R. Cheekatla, and B. Mandal, Eur. J. Org. Chem., 2017, 4277.

(@) L. Giraud and A. Giraud, Synthesis, 1998, 1153; (b) C. A. Panetta, D. Sha, E. Torres, Z. He, C. L.
Hussey, Z. Fang, and N. E. Heimer, Synthesis, 1997, 1085.

CCDC-1825224 (12) contains supplementary crystallographic data for this paper. These data can

be obtained free of charge from the Cambridge Crystallographic Data Center via
www.ccdc.cam.ac.uk/data_request/cif. ORTEP of product 12, please see the S file.


http://dx.doi.org/10.1002/ejoc.200600019
http://dx.doi.org/10.1016/j.ejmech.2009.07.015
http://dx.doi.org/10.1016/j.ejmech.2009.07.015
http://dx.doi.org/10.1007/s11224-008-9339-2
http://dx.doi.org/10.1007/s11224-008-9339-2
http://dx.doi.org/10.1039/a902629k
http://dx.doi.org/10.1002/chem.200501366
http://dx.doi.org/10.1016/j.tetlet.2010.02.131
http://dx.doi.org/10.3762/bjoc.10.280
http://dx.doi.org/10.3762/bjoc.10.280
http://dx.doi.org/10.1055/s-0036-1591726
http://dx.doi.org/10.1002/ejoc.201700617
http://dx.doi.org/10.1055/s-1998-2116



