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Abstract The reduction of a series of isoxazoline-3-carboxylate esters with
sodium Yborohydride gave 3-(hydroxymethyl)isoxazolines in 34-98% yield.
Reduction with DIBAH gave isoxazoline-3-carboxaldehydes in 63 and 85% yields for
the two reactions studied. Isoxazoline-3-carboxaldehydes could also be prepared
by Swern oxidation of the corresponding 3-(hydroxymethyl)isoxazolines. The
hydroxyl group of 3-(hydrozymethyl)isoxazoline 11b was silylated and the endo-

cyclic double bond was cleaved by ozonolysis to produce a monosilylated triol.

In complementary programs directed towards the synthesis of biologically active derivatives

1, we have developed a general methodology for the synthesis of 3-(hy-

via 1,3~dipolar cycloaddition
droxymethyl)isoxazolines and two alternative ways to prepare isoxazoline-3-carboxaldehydes.
3-(Hydroxymethyl)isoxazolines and isoxazoline 3-carboxaldehydes are potential precursors to various

classes of Dbiologically interesting compounds such as aminosugarsz, antibiotics3, g-hydroxy

3'4, and n-methylene lactones”. Existing approaches to these 3-a-oxygenated isoxazolines have

acids
centered on the cycloaddition of suitably protected nitroethanol and nitroacetaldehyde acetals with
dipolarophiles following the Mukaiyama procedures.

Our approach to 3-(hydroxyﬁethy1)isoxazolines takes advantage of the ready availability of ethyl
isoxazoline-3-carboxylate esters, prepared by 1,3-dipolar cycloaddition reactions of ethoxy-
carbonylformonitrile oxide. This nitrile oxide can be generated from the methyl nitronic ester of
ethyl aitroacetate (in some cases ethyl nitroacetate itself can be used) in the presence of acid
catalystsT. Alternatively, ethoxycarbonylformonitrile oxide can be generated from ethyl
chlorooximinoacetate, either by using base (Huisgen's methodologya) or by thermal decompositiong.
The last method is particularly suitable for cycloadditions involving recalcitrant dipolarophilesg.

Treatment of isoxazoline-3-carboxylates at roon temperature with an excess of godium borohydride
leads to their smooth reduction to the corresponding 3-(hydroxymethyl)isoxazolines in 34~38% yield

7, 10

(Table 1). There are some scattered reports of similar preparations of isoxazolines and

isoxazoles11, but this is the first detailed study of the reaction. The ester functionality,
apparently because it is attached to a carbon-nitrogen double bond, is activated compared to simple
esters, thus permitting high yields of product under unusually mild conditions.
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TABLE 1.

P. CALDIROLA ¢t al.

REDUCTION OF ISOXAZOLINE-3-CARBOXYLATE
ESTERS USING SODIUM BOROHYDRIDE

R R-CO,Et R-CHOH YIELD MP
Ph
0& 1a b 81% 65-68°C
/ - (cyclohexane - EtOAc)
Ph o& 2a 2b 8% oil
Phw
o\
Q ,N 388 3b 86% 100-102°C
oA
Me O~
Qj/‘l 4a 4 66% oil
Me
~0 5a® 5b 78% o1l
=N
H
-0
N 6a 6b 83% 89-90°C
L - - (cyclohexane)
H
@- 0?4 Ta i) 98% 129-31°¢
Q 4 - - (cyclohexane - EtOAc)
O(I(;N 8a 8p 34% 0il
O:} %a 9 52% oil
CICH~~O.
z\E/('\q 108 10b 66% oil
Ph o
N b _14990
Ph™X | 11a b 89% 140.5-142°%

(ccry)

8 Preparation by 1,3-dipolar cycloaddition gave a emall amount of the corresponding

regioisomer9.

b The methyl ester was employed.
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The methyl isoxazoline-3-carboxylate 11_3 was prepared12 by cycloaddition using methyl
chlorooxininoacetate and triethylamine for the in situ generation of methoxycarbonylformonitrile
oxide. Ester1ia was reduced by the borohydride procedure to the 3-(hydroxymethyl)isoxazoline 11bin
89% yield. Further transformations of the hydroxyl group and the endocyclic double bond of 11b were
also carried out. Imidazole-catalyzed reaction of 11b with t-butyldimethylsilyl chloride gave the
t-butyldimethylsilyl ether 12 in 92% yield (eq 1). Cleavage with one equivalent of ozone, followed by
sodium borohydride - dimethyl sulfide workup, gave the monosilylated triol g in 62% yield.

Ph
O-
11b __)Ph Y ! I\,ie
—_ OSiMe
t-éu (eq 1)
12

We have also investigated two alternative ways to prepare isoxazoline-3-carboxaldehydes, one
based on the direct reduction of the corresponding ethyl isoxazoline-3-carboxylates and the other
indirectly through Swern oxi.dation13 of the alcohols derived from sodium borohydride reduction (Scheme
1). Direct reduction (Route A) was performed using di-iso-butylaluminum hydride (DIBAH) at low
temperature. This reaction is best carried out with excess hydride reagent (3-5 equivalents) at -78°C
inmethylene chloride. Under these conditions, the aldehyde 14a was obtained in 63% yield and aldehyde
1_4~b was obtained in 85% yield. In preliminary experiments run at -20°C, some overreduction to the
alcohol was observed. Even at -78°C a small amount (<5% by NMR and TLC) of alcohol was produced, likely

due to the high reactivitv »¥ *he carbonyl group attached to a carbon-nitrc~en double bond.

SCHEME 1,
Pher- O, Route A _ Ph o'\V 14a, R=H
relg’ DIBAH RV b R=Ph
CO,Et CHO
‘ Route B Ph o,
N
NaBH, RL’( Swern
CH,OH

The second procedure investigated for preparation of isoxazoline-3-carboxaldehydes involved
Swern oxidation of the corresponding 3-(hydroxymethyl)isoxazolines (Scheme 1, Route B). Addition of
the alcohol 2b to e DMSO-oxalyl chloride solution at -60°C followed by the addition of base gave the
aldehyde 14d in 82% yield. Similar reaction of alcohol 1b gave aldehyde 14a in 80% yield.

In synthesizing isoxazoline-3-carboxaldehydes, it is necessary to choose either the one-step
DIBAH reduction or the two-step borohydride reduction - Swern oxidation sequence. The direct
reduction is somewhat quicker and gives a slightly higher overall yield. However, the two-step

approach requires less stringent control of conditions.
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Bxperimental

General Nethods. !H-NMR spectra were recorded (with Me4Si as internal standard in CDCl3, unless
otherwise noted) on HKitachi-Perkin Elmer R-600PT, JEOL FX-90Q, and Varian HFT-80 instruments.
Infrared spectra were obtained uasing Perkin Elmer 1310, 457, and 137 spectrophotometers. Mass spectra
were obtained on Pinnegan 4023 GC-MS or A.E.I. spectrometers. Thin-layer chromatography was carried
out on Merck and Analtech 0.25 mm and Analtech | mm precoated silica gel GFpg4 plates. Column
chromatography was carried out on Merck silica gel, 60-200 mesh, unless otherwise noted.

Ethyl Isoxasoline-3-carboxylates 1a-10a. Procedwe A. A toluene solution (5mL) of ethyl
chlorooximinoacetate (5 mmol) was added dropwise to a refluxing solution of the dipolarophile (5 mmol)
in toluene (10 mL). After 18 hat reflux, volatiles were stripped at reduced pressure and the resulting
residue was column chromatographed. Compounds 3a, 4a, 5a, and 8a were prepared in this fashion.

Procedure BS. fTriethylamine (3 mmol) in diethyl ether (10 mL) was added dropwise over
approximately 2 h to a stirred solution of dipolarophile {10 mmol) and ethyl chlorooximinoacetate (2
mmol). The resulting slurry was stirred for 3 h, poured into water, and extracted with several
portions of ether. The combined extracts were dried (anhyd. Na2804) and concentrated at reduced
pressure. The resulting residue was column chromatographed: esters 1a, 2a'4, 6a, 7a, 9a, and 10a
were prepared in this fashion.

Procedure C. A 0.4 M etheral solution of diazomethane!5 (60 mL, 0.024 mol) was cautiously added
to a cold (0-59C) solution of ethyl nitroacetate (2.11 g, 0.016 mol) in CHaCly (10 mL). The resulting
solution was partially stripped (final volume was 10 ml; caution! crude concentrated nitronic esters
ane potential explosives!), Methylene chloride (30 mL) was added followed by styrene (16.5 g, 0.16
mol) and p-toluenesulfonic acid (3.0 g, 0.017 mol). The resulting solution was refluxed for 2 h,
cooled, and washed successively with 5% NaOH (50 mL) and water. Drying (anhyd. FapSO4), concentration
at reduced pressure, kugelrohr distillation (bp 140-160°C [0.025 Torr], and column chromatography
('Baker Analyzed' silica gel, 60-200 mesh; CHpClp elution) gave 2.32 g (66% yield) of pure la.

Methyl Chlorooximinoacetate. The procedure followed was analagous to the preparation of ethyl
chlorooximinoacetatel6, The product was twice recrystallized from CCly giving a 34% yield of white
solid: mp 61-629C [Lit'7 mp 57-60 oC].

Anal. Calcd for C3H4C1NO3: C, 26.20; H, 2.93; ¥, 10.18; C1, 25.78. Found: C, 26.23; H, 2.97; N,
10.23; C1, 25.83.

Nethyl Isoxaszoline-3-Carboxylate 11a. Procedure BB used in preparing the analogous ethyl esters
was repeated with methyl chlorooximinoacetate and w w-diphenylfulvene. Column chromatography (95:5
CCly - ethyl acetate) on the crude product gave an 85:15 mixture, respectively, (NMR) of 11a and the
regioisomer formed from reverse attack on the fulvene endocyclic double bond. Recrystallization of
this mixture from methanol gave 11a (51% yield) as a solid: mp 160-1619C; IR (CHC13 1720 cm=! (C=0); NMR
§ 7.3-8.0 (m, 10 H, aryl), 6.41 (dd, 1 H, J =5.64, 2.17 Hz, H-7), 6.06 (ad, 1 H, J =5.64, 2.17 Hz, H-6),
5.42 (d, 1 H, J=7.92 He, H-1), 4.50 (dt, 1 H, J = 7.92, 2,17 Hz, H-5), and 3.88 (8, 3 H); MS m/e 331 (M*).

Reduction of Ethyl Isoxasoline~3-carboxylates. A ten-fold excess of NaBH4 was added portionwise
to a solution of the ester (1.0 mmol) in ethanol or CHpCly (10 mL). The reaction was stirred at room
temperature until disappearance of the starting material {3-4 h). The mixture was then poured into
water (15 mL) and extracted with CHCl3 (3 X 20 mL). The combined extracts were dried (snhyd. NapS04)
and concentrated at reduced pressure. The crude alcohols (Table 1) were purified by column
chromatography and gave characteristic NMR spectra.
1b: § 7.4 (m, 5H, aryl), 5.7 (dd, 1 H, J4,5 =10 Hz, J4' 5 ~8Hz, H-5), 4.5 (s, 2H, CHpOH), 3.5 (dd, 1 H,
J4,4° = 18 Hz, H-4), 3.1 (dd, 1 H, H-4'), 2.3 (s, 1 H, OH).
2b: § 7.43 (s, 10H, aryl) 5.52 (4, 1 H, J4,5 = 6.8 Hz, H-5), 4.38 (d, 1 H, H-4), 4.0-4.5 (m, 3H, CH20H).
3b: § 7.3 (m, 4H, aryl), 5.5 (d, 1 H, Jy 5=9.0Hz, H-1), 4.5 (s, 2 H, CH0H), 3.7 (m, 1 H, H-5), 2.7 (m, 3
H, 2 H-7 and OH), 1.9 (m, 2 H, 2 H-6).
4b: § 7.0-7.8 (m, 4 H, aryl), 4.45 (s, 2 H, CHoOH), 3.25 (dd, 1 H, J5,6 = 6.0 Hz, J5 ¢' = 9.0 He, H-5),
2.5-2.9 (m, 3 H, 2 H-7 and OH), 1.7-2.2 (m, 2 H, 2 H-6), 1.6 (8, 3 H, Me).

Sb: & 7.25 (m, 4§, aryl), 4.25 (s, 2H, CHoOH), 4.15 (s, 14, H-1), 2.0-3.0 (m, 4 H, 2H-6 and 2H-7), 1.5
(s, 3 H, Me).
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6b: & 4.55 (4, 1 H, Jo ¢ =8.0Hz, H-2), 4.4 (8, 2 H, CHoOH), 3.2 (4, 1 H, H-6), 2.5 (bs, 3H, H-1, H-T and
0H), 0.9-1.8 (m, 6 H, 2 K-8, 2 H-9 and 2 H-10).
Tb: & 7.1-7.8 (m, 6 H, aryl), 6.35 (d, 1 H, J1,5=9.0Hz, H-1), 5.2 (4, 1 H, H-5), 4.4 (bs, 2 H, CHOOH),
3.2 (bs, 1 H, OH).
8b: (pyridine-Dg) & 5.22 (d, 1 H, H-1), 2.7-4.8 (m, 7 H, CHpOH, H-5, 2 H-6 and 2 H-8).
9b: & 6.3(d, 1 H, Jy 5 =6.0Hz, H-1), 4.4 (8, 2 H, CHpOH), 3.3-4.3 (m, 4 H, H-S, 2 H-7 and OH), 2.2 (m, 2
H, 2 H-6).
10b: & 4.90 (m, 1 H, H-5), 4.5 (s, 2 H, CHpOH) 3.60 (d, 2 H, CHpC1, J = 5.0 Hz), 3.20 (m, 2 H, 2 H-4).
b: 8§ 7.3-8 (m, 10H, aryl), 6.29 (ad, 1 H, J =5.20, 2.28 Hz, H-T), 5.95 (dd, 1 H, H-6),5.20 (d, 1 H, J =
7.49 Hz, H-1), 4.41 (d, 2H, J = 5.82 Hz, CHyOH), 4.27 (dt, 1 H, J = 7.49, 2.28 Hz, H-5), 1.86 (¢, 1 H, I =
5.82 Hz, OH).

DIBAH Reduction of Ethyl trans-4,5-Dihydro—4,5-diphenylieoxasole-3-carboxylate (2a). DIBAH
(1.4 mL of an 0.79 M cyclohexane solution; 1.1 mmol) was added dropwise over 1 min to a cold (-78°C)
solution of 2a (103 mg, 0.3 mmol) in CHyCly (5 mL) under Np. The resulting solution was stirred for 50
min and then water (10 mL) was added, the mixture was allowed to warm and 1% aqueous HC1 (3 nL) was added.

- e
- 1o

The organic products were extracted with CHoCly and the extracts were washed (water), dried (anhyd.
Na2S04), and concentrated to am oil. Preparative TLC (CHpClp) gave pure (NMR, TLC) aldehyde 14b (74
mg, 85% yield) as an 0il. Kugelrohr distillation of the 0il gave the analytical sample: bp140-1459C
(0.025 Torr); IR (neat) 1690 cm-! (c=0); NMR § 9.91 (s, 1 H, CHO), 7.1-7.5 (m, 10 H, aryl), 5.68 (4, 1 H,
J = 6.1 Hz, H-5), and 4.5 (d, 1 H, J = 6.1 Hz, H-4); MS m/e 251 (M*).

A satisfactory elemental analysis could not be obtained in several attempts for aldehyde 14b. A
sample was converted to the 2,4-dinitrophenylhydrazone: mp 194-959C.

Anal. Caled for CppHy7N505: C, 61.2%; H, 3.97. PFound: C, 61.12; H, 4.03.

DIBAH Reduction of Ethyl 4,5-Dihydro-5-phenylisoxasole-3-carboxylate (1a). The reductionof fa
was carried out analogously to reduction of 2a. Preparative TLC (CHpCly) gave pure (NMR, TLC) aldehyde
14a (63% yield) as an oil. Kugelrohr distillation gave the analytical sample: bp 90-1000C (0.025
Torr); IR (neat) 1690 cm=! (C=0); NMR & 9.97 (s, 1 H, CHO), 7.2-7.5 (m, 5 H, aryl), 5.81 (ad, 1 H, J =9,
11.4 Hz, H-5), 3.55 (dd, 1 4, J=11.4, 17.6 Hz, H-4), and 3.11 (dd, 1 H, J =9, 17.6 Hz, H-4"); ¥Sm/e 175
(M*).

Anal. Caled for CgHgNOp: C, 68.57; H, 5.14. PFound: C, 68.76; H, 5.36.

8wern Oxidation'> of trans—4,5-Dihydro-3-(hydroxymethyl)-4,5-diphenylisoxasole (2b). A
solution of DMSO (0.1 g, 1.3 mmol) in CHoCly (1mL) was added dropwise over 1 min to a cold (-650°C)
solution of oxalyl chloride (0.07 g, 0.6 mmol) in CH2Cly (2 mL) under Np. After 10 min, a solution of
2v'4 (66 mg, 0.26 mmol) in CHpClp (1 mL) was added dropwise over ! min maintaining the temperature at
<-600C. The resulting solution was stirred for 15 min and Et3N (0.35 mL) was added. The reaction
mixture was then allowed to warm to 0°C and water was added. The layers were separated and the organic
phase was washed (water), dried (anhyd. NagSO4), and concentrated at reduced pressure. Preparative
TLC (CHpCly) gave 56 mg (82% yield) of pure (NMR, TLC) 140,

Swern Oxidation'> of 4,5-Dihydro-3-(hydroxymethyl)-S-phenylisoxasole (1b). The preceding
procedure was repeated using 51mg of alcohol 1b. The crude product was purified by preparative TLC
(CHaC12) to give 41 mg (80% yield) of aldehyde 14a.

Silylation of Alcohol 11b'2. A solution containing alcohol 11b (101 mg; 0.33 mmol), t-butyl-
dimethylsilyl chloride (111 mg; 0.74 mol), and imidazole (118 mg; 1.70 mmol) in DMP (0.3 nL) was heated
for 8 h at 40-45°C under Ar. The resulting solution was poured into water containing pH 7.0 buffer
solution (5.0 mL acetic acid - sodium acetate buffer concentrate, diluted to 25 mL). Extraction
(CH2C1,), washing (water), drying (anhyd. NapS04), and concentration at reduced pressure gave crude
3ilyl ether 12. This was purified by preparative TLC (60:40 hexanes - ethyl acetate) to give an o0il
(128 mg; 92% yield) which crystalliged on standing: mp 108-1110C; NMR & 7.3-8.0 (m, 10 H, aryl), 6.3t
(dd, 1 H, J = 5.51, 2.12 Hz, H-7), 6.02 (dd, 1 H, J = 5.51, 2.12 He, H-6), 5.20 (d, 1 H, J = 7.42 Hg, H-1),
4.45 (s, 24), 4.32 (dt, 1 H, J =7.42, 2.12Hz, H-5), 0.90 (s, 9H, CH3C), and 0.10 (=, 6 H, MepSi); MSm/e
47 (M*).

Osonolysis of ailyl ether 12'2. A cloudy solution of 12 (128 mg; 0.31 mmol) in absolute methanol
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(25 nL) and CHyC1p (20 mL) was cooled in a Dry ice bath for 15 min. An 02 stream containing ca. 3% ozone
was carefully standardized iodometrically to deliver 0.0262 mmol / min of O3. This stream was then
passed through the soclution for 12 min (0.31 mmol of delivered 03). The reaction mixture was stirred
for 20 min at ~78°C and was then allowed to warm to -250C. After 5 min NaBHg (0.21 g 5.52 mmol) was
added and stirring at -20 to -259C was continued for an additional 25 min. Dimethyl sulfide (0.3 mL)
was added and the reaction was allowed to warm to 10°C over 5 h. Volatiles were removed under reduced
pressure and the residue was taken up in CHpClp. The resulting solution was washed (water), dried
(anhyd. Na2so4), and concentrated to an o0il containing one major and five minor products (T1C).
Preparative TLC (80:20 hexanes - ethyl acetate) gave the monosilylated triol 13 (86.6 mg; 62% yield) as
an of f-white solid: mp 113.5-114.59C; IR (CHCl3) 2.95 (b, OH) cu~1; NMR & 7.3-8.0 (m, 10 H, aryl), 5.75
(d, 1 H, J = 11.2 Hz, 5-H), 4.80 (dd, 2 H), 4.62 (dd, 2 H), 4.22 (dd, 2H, J = 3.75 Hz), 3.45 (dt, 1 H, J =
11.2, 3.75 Kz, 4-H), 1.6 (s, 2 H, 2 OH), 0.86 (s, 9 H), and 0.11 (&, 6 H, J = 1 Hz); MS m/e 453 (M*).
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