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Abstract

A route to spiroisoxazolinopiperidinylbenzamides has been developed. N-Boc-4-piperidone underwent a Wittig
olefination and Boc-deprotection followed by a nucleophilic substitution reaction
with 4-fluoro-3-nitrobenzoic acid to yield the starting scaffold 3 in excellent yields. Diversification
of the acid with primary amines, followed nitrile oxide formation
in situ (aryl oximes treated with bleach) and subsequent 1,3-dipolar
cycloaddition to the exomethylene moiety delivered the
spiroisoxazolinopiperdines. Reduction of the arylnitro group followed
by acylation with acid chlorides or reductive amination with aldehydes
yielded the spiroisoxazolinopiperidinylbenzamide library. 


Key words

nitrile oxide - isoxazolines -  nucleophilic
substitution - cycloaddition - piperidines
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and concentrated by rotary evaporation. Purification by flash chromatography
(EtOAc-hexane, 1:9) gave 2 as
a colorless oil (8.76 g, 88% yield). IR (neat): 2977, 2940,
2907, 2865, 1692, 1652, 1416, 1365, 1235, 1165, 1114 cm-¹; ¹H
NMR (300 MHz, CDCl3): δ = 4.74 (s,
2 H), 3.42 (t, J = 5.7
Hz, 4 H), 2.18 (t, J = 5.7
Hz, 4 H), 1.47 (s, 9 H); ¹³C
NMR (75 MHz, CDCl3): δ = 154.9, 145.5,
109.2, 79.6, 45.5, 34.7, 28.6; MS (ESI): m/z = 198 [C11H20NO2
            +].
Purity was determined to be 89% by HPLC analysis.

            
Procedure for Scaffold Synthesis: 4-(4-Methylene-piperidin-1-yl)-3-nitrobenzoic
Acid (3). 
            tert-Butyl 4-methylenepiperidine-1-carboxylate
(2; 4.71 g, 23.9 mmol) was dissolved in
CH2Cl2 (50 mL) and trifluoroacetic acid (50 mL)
was added. The reaction mixture was stirred at room temperature
for 2 h after which it was concentrated by rotary evaporation. The
residue was dissolved in CH2Cl2 (20 mL) and
triethylamine was added until the solution reached pH 8. 4-Fluoro-3-nitrobenzoic
acid (2.21 g, 12.0 mmol) was dissolved in a separate flask in CH2Cl2 (20
mL) and DIPEA (8.33 mL, 47.8 mmol) was added at 0 ˚C.
The mixture was stirred for 30 min at which time the pH 8 solution
of deprotected amine was added dropwise and stirred overnight while
warming to room temperature. The reaction mixture was concentrated
by rotary evaporation, the crude oil was dissolved in ethyl acetate
and water, and the pH was adjusted to pH ˜3 with 1 M HCl.
The layers were separated and the aqueous layer was extracted with
EtOAc (2×). The combined organic layers were dried over
MgSO4, filtered, and concentrated by rotary evaporation.
Purification by flash chromatography (MeOH-CHCl3,
1:9) gave 3 as a bright orange solid (2.95
g, 94% yield). A small portion of the product was further
purified for analytical purposes; mp 137-138 ˚C;
IR (neat): 2949, 2905, 2854, 2168, 1676, 1600, 1526, 1491, 1428,
1388, 1348, 1293, 1264, 1231, 1206, 1160, 1127, 1065 cm-¹; ¹H
NMR (600 MHz, DMSO-d
            6): δ = 13.08
(s, 1 H), 8.28 (d, J = 1.8
Hz, 1 H), 8.00 (dd, J = 9.0, 1.8
Hz, 1 H), 7.34 (d, J = 9.0
Hz, 1 H), 4.81 (s, 2 H), 3.18 (t, J = 5.4 Hz,
4 H), 2.32 (t, J = 5.4
Hz, 4 H); ¹³C NMR (150 MHz,
DMSO-d
            6): δ = 165.7,
148.1, 144.1, 139.0, 134.2, 127.8, 121.1, 120.5, 109.6, 51.7, 33.6;
MS (ESI): m/z = 263 [C13H15N2O4
            +].
Purity was determined to be ˜100% by HPLC analysis.

            


            
General Procedure for Amine Coupling to 5{1-2}. Compound 3 (1 equiv), HOBt (1.4 equiv), and EDC
(1.4 equiv) were dissolved in a mixture of CH2Cl2-DMF

(4:1, 50 mL) at 0 ˚C and stirred for 30 min. The
requisite amine (1.8 equiv) was added dropwise and the solution
was stirred overnight while warming to room temperature. The resulting solution
was concentrated by rotary evaporation and taken up in EtOAc (50
mL). The solution was then extracted with saturated aq. NaHCO3 (50
mL), 1 M HCl (50 mL), water (50 mL), and brine (50 mL). The organic
layer was dried over MgSO4, filtered, and concentrated
by rotary evaporation. Purification by flash chromatography (EtOAc-hexane)
gave 5{1-2} in
78-98% yield.

            
General
Procedure for Isoxazoline Synthesis to give 7{1-2,1-2}. Compound 5{1-2} (1 equiv)
was dissolved in CH2Cl2 (5 mL) and bleach
(laboratory grade, 5.65%, 4 equiv) was added at 0 ˚C.
A solution of the requisite oxime 6{1-2} (2
equiv) in  CH2Cl2 (5 mL) was added via addition funnel
to the reaction mixture. The resulting solution was stirred overnight.
Water (20 mL) and CH2Cl2 (20 mL) were added
and the layers were separated. The organic layer was extracted with
water (2×) and the combined organic layers were dried over
MgSO4, filtered, and concentrated by rotary evaporation.
Purification by flash chromatography (EtOAc-hexane) gave 7{1-2,1-2} in
50-89% yield.

            
General
Procedure for Aryl Nitro Reduction to give 8{1-2,1-2}. Compound 7{1-2,1-2} (1
equiv) and tin(II) chloride dihydrate (3 equiv) were dissolved in
MeOH (10 mL) and stirred for 10 min. Concentrated HCl (6 equiv)
was added dropwise and the mixture was warmed to reflux until TLC showed
the reaction was complete. The solution was cooled to room temperature
and concentrated by rotary evaporation. The resulting oil was dissolved
in CH2Cl2 (10 mL) and water (10 mL) and the
mixture was adjusted to pH ˜7 with 1 M NaOH. The layers
were separated and the aqueous layer was extracted with CH2Cl2 (2×).
The combined organic layers were dried over MgSO4, filtered,
and concentrated by rotary evaporation. Purification by flash chromatography
(EtOAc-hexane) gave 8{1-2,1-2} in
74-93% yield.

            
General
Procedure for Acid Chloride Coupling to give 10{1-2,1-2,1-9}. Compound 8{1-2,1-2} (1
equiv) was dissolved in anhydrous THF (5 mL) and pyridine (1.5 equiv) was
added. The solution was cooled to 0 ˚C and the
requisite acid chloride (1.2 equiv) was added dropwise. The mixture was
stirred overnight, after which time TLC showed the reaction was
complete. Water (5 mL) and diethyl ether (5 mL) were added and the
solution was adjusted to pH ˜7 with 1 M NaOH. The layers
were separated and the aqueous layer was extracted with diethyl
ether (2×). The combined organic layers were dried over
MgSO4, filtered, and concentrated by rotary evaporation.
Purification by flash chromatography (EtOAc-hexane) gave 10{1-2,1-2,1-9} in
47-94% yield.

            
General
Procedure for Reductive Amination to give 12{2,1-2,1-4}. Compound 8{2,1-2} (1
equiv) was dissolved in CH2Cl2 (5 mL) and
the requisite aldehyde (1.5 equiv) and acetic acid (4 equiv) were
added. The solution was stirred for 6 h after which time sodium
cyanoborohydride (5 equiv) was added. The mixture was stirred overnight,
concentrated by rotary evaporation, and taken up in ethyl acetate
(10 mL). The organic layer was washed with saturated aq. NaHCO3, 1M
HCl, and brine. The organic layer was dried over MgSO4,
filtered, and concentrated by rotary evaporation. Purification by
MPLC gave 12{2,1-2,1-4} in
48-62% yield.
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