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Abstract: Asymmetric silyl nitronate cycloadditions with N-acryloyl (% )-bomane-142.s&am, N-acryloyl 

(2Vbomane-10,2-s&am, and N-methacxyloyl(2R)-bomane-1O,2-suham have been studied. The asymmetric 

silyl nitronate cycloaddition/elitnination methodology provides a general mute for the asymmetric synthesis of 

2-isoxazolines. 

Sibyl ni~onates are prepared from primary and fronds nitro ~om~unds by the depmt~ati~ of the 

acidic a-proton, followed by CJ-silylation. I3 They show ~~~sin~ synthetic appli~bilities as reagents in the 

nitro-aldol reactions and in l$-dipolar cycloadditions.” Even though the N-trimethylsiiyloxyisoxaz 

cycloadducts of silyl nitmnates to olefins have proved to be versatile intermediates that can be transformed to 

isoxazolines, isoxazoles, pyridazins, pyridazones, hydroxyfurans, hydroxy-1,4-diketones, 

cyclopentenones,U*’ the thermolabile, moisture sensitive silyl nitronates are much less used in organic 

synthesis than nitrile oxides or nitmnes. With the exploratory work by Torssell and coworkers? silyl 

nitronates can be considered as synthetic equivalents of nitrile oxides in their reactions with olefinic 

dipolarophiies. The resulting N -trimethylsilyloxyisoxazolidines are readily transfomed into 2-isoxaznlines 

upon treatment with acid or tetrabutylammonium fluoride.4 Moreover, it has been found that it is 

advantageous to carry out the sequence of silylation, cycloaddition and silanol elimination to 24soxazoline as a 

one pot reaction (Eq. l).” 
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Asymmetric nitrile oxide cycloa~itions with a wide variety of dipol~ophiles have been studied, but 

little has been done on asymmetric silyt nitronate cycl~~tions before our recent work? Asy~e~c silyl 

ni~onate cycloadditions would be useful for the prep~tion of optically active 2-isoxazolines, which can be 

further converted to the optically active P-hydroxy carbonyts, y-amino aicohols, p, ~-unsat~a~ ketones, 

and other com~unds with important functionaI groups. Thus, these asy~etic cycloadditions provide the 

central intermediates for organic synthesis in optically active form. This paper enters into details on the 

asymmetric silyl nitronate cycloadditions with the Oppolzer’s chiral sultam derivatives.6 

For asymmetric dipolar cycloadditions, there are two conceptual approaches which differ in the 

placement of a chiral auxiliary on either the dipole or the dipolarophile.? In general the chiral dipolarophile 

approach is superior to the chiral dipole approach in stereoselectivity. Therefore the proper choice of the chiral 

dipolarophile is essential to the success of the asymmetric cycloadditions. Based on the results of asymmetric 

nitrile oxide cycloadditions,’ we chose the Oppolzer’s chital sultam derivatives as the chiral dipolarophiles for 

the asymmetric silyl niaonate cycloadditions. N-Acryloyl (2R)-bomane-10,2-sultam (1) and N -acryloyl 

(2S)-bornane-10,2+.ultam (ent-1) were prepared by the deprotonation of (‘E)- and (2S)- bornane-lD,Z- 

sultam with N&I in toluene, respectively, followed by addition of acryloyl chloride. The yields were rather 

low due to their propensity toward polymerization under these conditions.’ To improve the yield, several 

conditions for acryloylation were surveyed. The best result so far (52% isolated yield) was obtained by the 

inverse addition of the toluene solution of the deprotonated s&am to the toluene solution of acryloyl chloride 

in the presence of cataIyric amount of copper (I) chloride.‘O On the other hand, ~-~~a~loyl (Up )-bomane- 

10,2-sultam (2) was prepared in high yield (95% isolated yield) by the deprotonatjon of (~)-~mane-lO,Z- 

sultam with NaH in toluene, followed by addition of me~ac~loyl chloride (Eq. 2). 
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The cyclo~d~tio~ of N-acryloyl (~)-~~e-lO,2-sul~ (1) with in sip-gen~at~ silyl ni~onates 

3a-3g gave the diastereomeric mixtures of N-trimethylsilyloxyisoxazolidines 4%4g 0%~. 3). The silyi 

nitronates 3a-3g were generated by U-silylation of the corresponding primary nitro compounds using 

trimethylsilyl chloride and triethylamine at room temperature. Examination of the 300 MHz ‘H NMR of the 

crude reaction products showed the presence of four diastereomers in the cycloadditions of 1 with silyl 

nitronates 3c-3g. However, only two diastereomers out of four possible isomers of N- 

~~~yl~~yloxyi~x~~~me 4b were formed in the ~y~l~~i~n of 1 with methyl substi~t~ sibyl final 

3b. The major cycloadduct 4bm was separated by chromato~aphy in 75% yield. p -Toluenesulfonic acid 

catalyzed elimination of trimethyisilyi alcohols from N -trimethylsilyloxyisoxazolkiiies 4a-4g produced the 

diastereomeric mixtures (Sa-Sg and 6a-6g) of 2Gsoxazolines. 
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The cycloaddition of N-acryloyl(29)-bomane-lO,Z-sultam (ent-I) with silyl nitronate 3b also resulted 

in only two diastereomeric mixtures of ent-4b through endo transition states5 and the major cycloadduct 

ent-4bm was separated and purified, Many attempts were made to grow single crystals of the major 

cycloaddncts 4bm and ent-dbm for X-ray crystallography. Finally, the X-ray crystal structure of the major 

cycloadduct ent-dbm was obtained.” This X-ray analysis not only provided ihe confirmation of the 

ab~~ute stere~he~s~ of the major cycloadduct ent-4bm but also the insight for the transition states of silyl 

ni~onate cy~lo~ditions. Tr~a~ent of ent4b with p -toluenes~lfonic acid in ether gave the ~astereo~~c 

mixtu~ of entJb and en&fib (Eq. 4). 

The cycIoaddition of ~-rne~a~lo~ (ZR )-bomane-10,2-sultam (2) with sibyl nitronate 3b, followed by 

elimination of t~me~ylsi~y~ alcohol from the resulting N -~me~yls~y~oxyisox~lidines 7 provided the 

diastereomeric mixnve of 2-isoxazolines 8 (Eq. 5). The reaction was very slow and the diastereomeric ratio 

between the major cycloadduct and the minor cycloadduct of 8 was 6733. Not only is 2 less reactive than 1 

or en&l, it is also signi~c~tly less selective. Cnrran and Heffner recently reported the as~e~c nitrile 
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o~decycloa~~n with ent-2.“’ They ~tion~i~ the rednc& reactivity and the reduced stemoseIec~~~ of 

ent-2 in terms of the nonplanar ground state conformation deduced from the X-ray crystal structure of ent3. 

Our ex~~rnen~ and X-ray ~s~llo~phic restW of 2 support their ~tion~~tion. 
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The results of a series of ex~~ments are summ~zed in Table 1. A brief survey of solvent effects 

indicated that better diastereoselectivities were observed in nonpohu solvents such as toluene or hexane, while 

dichlo~meth~e provided the lower diastereome~c ratio (82:18). This result parallels the solvent effect in 

asymmetric nitrile oxide cyclo~ditions.~,b In toluene or hexane, useful levels of asymmetric induction (ca. 

90:fO) were consistently observed, regardless of the substituent on the sibyl nitronate. The diastereomeric 

ratios between the major Zisoxazoline products Sa-5g and the minor ones 6a-6g were determined by ‘H 

NMR using the cbiral shift reagent EL@& and capillary GC!. 

The cyclo~~tion of 1 with the silyl ni~onate 3a derived from ~~rneth~e provided the 2-isox~oii~e 

Sn in good yield (entry I). Fulminic acid (formonimle oxide) cycloaddition of 1 will afford the same product 

51. The classical method of genemtion of unstable fulminic acid is by a~di~cation of its salts.” The 
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f~~nates are all very toxic and ~ten~ly explosive. They are quite ~n~tive to shock and heat. Moreover, 

the use off~~na~ is restricted to reactants soIuble in water. Another possible route for fulminic acid is the 

dehydration method of nitromethane. However, the M~a~y~a proceduret4 fails for nitromethane. Thus, the 

unsubstitut~ silyi ni~onate 3a from ni~meth~e is a good, convenient synthetic alternative of the fulminic 

acid and will be greatly used for the synthesis of the 3-unsubsti~t~-2-i~xa~o~ne heterocycles. 

Table 1. Silyl Nitmnate Cycloadditions with Bornane-10,2- Sultam Derivatives 

A’-l~xa~oli~e Products 

Rnay Sul~m Silyi N&mate’ Solvent Major S&%c~r 6 b*s Yield” 

1 1 

2 1 

3 1 

4 I 

5 f 

6 I 

7 1 

8 1 

9 1 

10 e&l’ 

11 2 

3a, R-H 

3b, R-CH, 

3b, R=CH, 

3b, R=CH, 

3c, R==C$i* 

3d, R=C,H, 

3e, R=C,H,, 

3f, R=CO,C,H, 

3g. R=C,H$ 

3b, R=CH, 

3b, R-CH, 

T&me 89111 

Toluene 89111(93:7) 

Hexane 88112 

CH,Ci, 82/18 

Toluene 89~11~90:10) 

Toluene 89111 

Toluene 90110 

Toluene 89111 

TollCH,CI, 85115 

Toluene 88112 

Toluene 671336 

96%(57%) 

95%(75%)h 

96%(81%) 

93%&l %) 

94%(69%) 

85%0X%) 

81%(50%)’ 

96%(79%) 

a) Generated by the Torssell method by O-silylation of the primary nitro compound using trimethyl silyl 
chloride and triethylamine at room temperature. b) Ratios determined by ‘H NMR. c) The ratios in 
parentheses were determined by capillary GC. d) Isolated yield based on the sultam after c~omato~aphic 
~u~~cadon. e) The yield in panther ~~re~nts the isolated yield of the major cycloa~uct 5. f) The 
enant~ome~c sultam Cent-l) was used and e~tiome~c products (ent4b, entdb, and em-fib) were 
obtained. g) The ratio between the major and minor products of P-isoxazohne 8. h) Isolated yield of the 
isoxazolidine product 4bm. i) NMR yield. 

Torssell reported that the yields of silyl ni~onates of higher homolo~es than ni~propane or sterically 

hindered primary nitroalkanes were low. zb In the cycloadditions of the silyl nitronates of n -butyl and n-pentyl 

substituents, 3d and 3e, respectively, this kind of low yielding problem was readily solved. By using excess 

(5 equivalents) of n-nitropentane and n-nitrohexane, the cycloadditions of 1 with 3d and 3e gave the 

2-isoxazoline products 5d and 5e, respectively, in good yields (entry 6 and 7). Aromatic (entry 9) and ester 

functionaliz~ sllyl ni~o~t~ (entry 8) also Cyclops smugly with the &ii di~l~h~le 1. The Otis 

chiral dipoi~ophile e&l pmduced the enantiome~& It-isoxazoline products W-5 and ent-6 in the similar 

way (entry 10). Thus, the absolute stereochemistry of the foal 2-isoxazoline product could be decided by the 

choice of the chii di~l~p~ile 1 or its an~p~e en&l. The series of examples presented demons~tes the 

gene~lity of this as~me~c silyl ni~onate cycloaddition~elim~nation metrology for the ~y~e~c 

synthesis of Z-isoxazolines. 

The absolute stereochemistry of the newly generated C5 stereogenic center of the major cycloadduct 5 
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was rigomusly determined as R by the chemical collation method, the comp~son of the optical rotations, 

and X-ray crystallography. The cycloadditions of 1 with nitrile oxides 9b and 9g, and chromatographic 

separation of the major cycloadducts gave 2-isoxazoline products 5b and 5g, respectively (Eq. 6). The 

absolute stereeochemistry of the CS stereogenic center of the major nitrile oxide cycloadduct has been already 

determined asR .8b The major products 5b and Sg of the cycloaddition/elimination sequence of silyl nitronates 

3b and 3g were identical in all aspects with the major cycloadducts of nitrile oxides 9b and 9g, respectively. 

Therefore, we could assign the absolute stereochemistry of the CS stereogenic centers of the major silyl 

nitronate cycloadducts Sb and 5g asR. 

+ _ 1A 

+ R--CS+o 2.Separation 

9b, R=CHs 
99, R=C,Hs 

R 

5b, R=CH, 
5g, R=CsH, 

Eq. 6 

The X-ray crystal structure of the major cycloadduct of ent-4bm clearly shows that the absolute 

stereochemistry of the CS stereogenic center of the major cycloadduct between the antipodal chiral 

dipolarophile ent-1 and silyl nitronate 3b is S . This implies that the absolute stereochemistry of the C5 center 

of the major cycloadduct 4bm between the chiral dipolarophile 1 and sibyl nitronates 3b is R. The X-ray 

crystallographic result further confirms our previous stereochemical assignments of the CS stereogenic 

centers. 

Additional evidences for the assi~men~ of the absolute ste~hemis~ of the C5 stereogenic centers 

come from the cornp~~n of the optical rotations of the optically active 2-isox~o~ine alcohols with those of 

the authentic compounds prepared by asymmetric nitrile oxide cyclo~ditions.8b The optically active 2- 

isoxazoline alcohols 10b and 10~ were prepared by L-selectride reduction of the major product 5b and SC, 

respectively (Eq. 7). The optical rotations are in accord with the literature valuessh of the corresponding 

compounds whose absolute stereochemistry of the C5 centers is R . The comparison of optical rotations and 

NMR (‘II and 19F) study of the Mosher’s ester’ of lob indicate that the Z-isoxazoline alcohol is more than 

98% enantiomerically pure. 

5b, R=CH, 
5c, R=C,H, Km, R=C,H, 
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Thus, all three methods show that the absohne s~he~s~ of the C5 centers of the major products 

Sa-5g from the chiml dipol~phile 1 is R . The C5 ste~genic center is governed by the facial sel~tivi~ in 

the silyl nitronate cyciosdditions. The stereochemical outcomes suggest that the major products arise from dte 

top side attack of silyl nitronates to the favored ground state conformer of the chiial dipolarophile 1 or its 

antipode ent-1.508b 

The optically active 2-isoxazoline alcohols 1Ob and 10~ are good chiral building blocks for the 

asy~~c synthesis of natural products and their synthetic app~cations to the ~ofunction~ mol~~es such 

as nonactin and tetranactin will be reported in due course. 

Experimental 

~ 'H NMR and “C NMR spectra were recorded on Bruker 300 MHz FI’-NMR s~~meter in 

deutetiochloroform and chemical shifts are expressed in ppm. IR spectra were recorded on BOMEM ET-IR 

MlOO-Cl5 spectrometer. Mass spectra were recorded on KRATOS MS 25 RFA instrument Optical rotations 

were measured on JASCO DIP-140 and DIE-360 polarimeters. Melting points were determined on Haake 

Buchler melting point appmtus and are uncorrected. Capillary GC data were recorded on Varian 3300 GC. 

Microanalyses were performed at Korea Basic Science Center in Seoul, Korea. 

Chemicals Dichloromethane, toluene, and hexane were distilled over calcium hydride and stored under 

nitrogen, Tettahydrofuran and diethyl ether were distilled over sodium/benzophenone ketyl before use. 

(2R)-Bomane-10,2-suitam and (~~-~~e-lO,2-sultam were purchased from Oxford city and Aldrich. 

Fhenyl ni~rne~an~ was prepared by the su~titution reaction of benzyl bromide with siiver nitrite in 86% 

yield and other primary nitro compounds used for the generation of silyl nitronates were purchased from 

Aldrich. The materials obtained from commercial suppliers wem used without further purification. 

Iv-Acrvlovl (~~-~mane-lO,2-sultam (11 

To a suspension of dry, oil-free NaH (I .2 g, 50 mmol) and toluene (160 mL) was added (R )_bomane- 

10,Zsultam (6.27 g, 29 mmol). After lh at room temperature, CuCl (272 mg, 2.7 mmol) was added, This 

mixture was added using a cannula to a solution of acryloyl chloride (4.4 mL, 54 mmol) in toluene (60 mL). 

After 15 min, the reaction mixture was quenched with H,O and extracted with EtOAc. The extract was passed 

though silica gel, concentrate under reduced pressure, and pulled by flash chmmato~phy (I:4 

EtOAcfiexane) to yield pure l(4.08 g, 52%): mp 191-193 “C; ‘H NMR (CDCl,) 6 0.98 (3H, s), 1.18 (3H, 

s), 1.34-1.48 (ZH, m), 1.88-1.96 (3H, m), 2.09-2,19 @I, m). 3.45 (lH, d, J = 13.8 Hz), 3.50 (IH, d, J = 

13.8 Hz), 3.94 (lH, dd, J = 7.4, 5.2 Hz), 5.85 (lH, dd, J = 10.3 Hz, 1.6 Hz), 6.49 (lH, dd, J = 16,8, 1.6 

Hz), 6.87 (lH, dd, J = 16.7, 10.3 Hz); 13CNMR (CDQ 6 1939, 20.8,26,5, 32.9, 38.4, 44.7,47.8, 48.5, 

53.1, 65.1, 127.8, 131.2, 163.8; IR (KBr) 2964, 1675, 1416, 1325, 1133, 978 cm.‘; MS de 269 (M’), 

205, 190, 162, 134, 55; Anal. Calcd for C,~H,~NO~~ (269.36): C, 57.97; H, 7.11; N, 5.20. Found: C, 

57.99; H, 6.92; N, 5.08. 
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K-Actylovl (B)-bomane-10.2~sultam Cent-l)” 

Prepared from (2S)-bomane-10,2-s&am by a similar procedure as for 1: ‘H NMR (CDCl,) 6 0.99 

(3H, s), 1.18 (3H, s), 1.38-1.47 (2H, m), 1.89-1.93 (3H, m), 2.12-2.17 (2H, m), 3.46 (lH, d, J = 13.8 

Hz), 3.50 (lH, d, J = 13.8 Hz), 3.94 (lH, dd, J = 7.5, 5.2 Hz), 5.85 (lH, dd, J = 10.3, 1.6 Hz), 6.51 (lH, 

dd, J = 16.7, 1.6 Hz), 6.88 (lH, dd, J = 16.7, 10.3 Hz). The spectral data are identical with those previously 

described.“’ 

N-Methacrvlovl (Z’I-bomane-10.2-sultam (2) 

To a suspension of dry, oil-free NaH (200 mg, 8.34 mmol) and toluene (28 mL) was added (2R)- 

bomane-10,Zsultam (802 mg, 3.72 mmol). After lh 20 mm at room temperature, methacryloyl chloride (582 

pL, 5.95 mmol) was added. After 1 h 40 min, the reaction mixture was quenched with H,O and extracted 

with ether. The extract was dried over MgSO,, concentrated under reduced pressure, and purified by flash 

chromatography (1:4 EtOAc/hexane) to afford pure 2 (1.03 g, 97%): mp 145-146 “C, ‘H NMR (CDCI,) 6 

1.00 (3H, s), 1.23 (3H, s), 1.42 (2H, m), 1.90-2.05 (SH, m), 3.40 (lH, d, J = 13.6 Hz), 3.49 (lH, d, J = 

13.6 Hz), 4.02 (lH, dd, J = 7.4, 5.0 Hz), 5.67 (2H, m); 13C NMR(CDC1,) 6 18.7, 19.9, 21.3, 26.5, 33.3, 

38.3, 45.3, 47.7, 48.0, 53.5, 65.5, 124.3, 139.0, 171.3; IR (KBr) 2960, 1673, 1632, 1326, 1195, 1130, 

1115, 1066,979 cm”; Anal. Calcd for C,.$&NO,S (283.38): C, 59.34; H, 7.47; N, 4.94. Found: C, 59.48; 

H, 7.46; N, 4.85. 

N -11(X)-3-Methyl-2-I(trimethvlsilvl)oxvl-(3 )-S-isoxazolidinvllcarbonvll-(2R )-bomane- 102-sultam (4ba 

To a solution of nitroethane (161 FL, 2.24 mmol), trimethylsilyl chloride (434 pL, 3.42 mmol), and 

toluene (6 tnL) was added uiethyl amine (474 FL, 3.42 mmol). After 15 min at room temperature,N-acryloyl 

(2R)-bomane-10,Zsultam (1) (75.6 mg, 0.28 mmol) was added. After 24 h, the reaction mixture was diluted 

with Et,0 and washed with H,O. The organic layer was dried over NqSO,, concentrated under reduced 

pressure, and purified by flash chromatography (I:5 EtOAc/hexane) to give the pure product (88 mg, 75%): 

mp 123-124 “C: ‘H NMR (CDCl,) 6 0.17 (9H, s), 0.97 (3H, s), 1.18 (3H, s), 1.20 (3H, d, J = 6.5 Hz), 

1.26-1.44 (2H, m), 1.90 (3H, m), 2.05-2.15 (2H, m). 2.36-2.47 (2H, m), 3.44 (1H. d, J = 13.8 Hz), 

3.47-3.56 (2H, m), 3.90 (lH, dd, J = 7.9, 5.1 Hz), 5.36 (lH, dd, J = 9.5 , 3.4 Hz); ?ZNMR (CDCl,) 6 

-0.6, 13.8, 19.9, 20.9, 26.4, 33.0, 36.6, 38.3, 44.7, 47.8, 48.8, 53.1, 65.4, 67.3, 77.8, 170.1; IR (KBr) 

2957, 1689, 1340, 1250, 1136, 849 cm-‘; MS m/e 416 (M’), 147,135,93, 84,75,55,43; Anal. Calcd for 

C,,H,,N,O,SSi (416.61): C, 51.89; H, 7.74; N, 6.72. Found: C, 52.15; H, 7.74; N, 6.57. 

N_-IT(3R)-3-Methvl-2-litrimethvlsilvl~oxvl-(5S~-S-isoxazolidinvllcatbonyll-~~ )-homane-10,tsultam 

fent-4bmI 

TO a solution of nitroethane (212 pL, 2.95 mmol), trimethylsilyl chloride (564 pL, 4.44 mmol), and 

toluene (10 mL) was added triethyl amine (615 uL, 4.44 mmol). After 15 min at room temperature, 

N-acryloyl (20bomane-l&2-sultam tent-l) (100 mg, 0.37 mmol) was added. After 24 h, the reaction 

mixture was diluted with EtrO and washed with H,O. The organic layer was dried over Na,SO,, concentrated 

under reduced pressure, and purified by flash chromatography (15 EtOAc/hexane) to give the pure product 

(99 mg, 64%): ‘H NMR (CDCl,) 6 0.17 (9H, s), 0.97 (3H, s), 1.18 (3H, s), 1.20 (3H, d, J = 6.5 HZ), 

1.26-1.45 (2H, m), 1.90 (3H m), 2.02-2.16 (2H, m), 2.37-2.46 (2H, m), 3.44 (lH, d, J = 13.8 HZ), 

3.49-3.59 (2H, m), 3.90 (lH, dd, J = 7.8, 5.0 HZ), 5.36 (IH, dd, J = 9.3, 3.5 Hz); [c$,‘~ = -19.2 (C 0.56, 



CHQ, )? The structure was also analyzed by X-ray crystallography.” 

Geflertil Procedure for the synthesis of I&isoxazoline,,,uroducts Sa-5g 

To a solution of nitroalkane (60.4 mmol), trimethylsilyl chloride (9OS mm@, and toluene (150 mL) 

was added tiethy amine (90.5 meal), After 15 tin at room temperature, N-acryloyl(2R )-bornane- l&2- 

sultam f 1) (12.1 rmnd) was added. After 24 h, the reaction mixture was diluted with E@ and washed with 

E-I,Q, The organic lqer was tied ovex’ Na$c), md concenmted under reduced pressure to give &e crude 

mixture uf N -trimethylsifyIuxyisoxazolidifie+ Tu an etheral (120 mL) solution of ihe isoxazolidine mixture 

was added p-TsOH (I .2 mmol), After 1 h, the reaction mixture was extracted with E&O, washed with brine, 

and dried over MgSO,. The extract was concentrated under reduced pressure and purified by flash 

chromatography to afford the pure product. 

N,u4,5-Dihv&o-WI ~-5-isoxazolvl)carbu>nvlln~2R,I-bomane- 10,2+ultam m 

‘H NMR(cDcl~) 6 0.98 (3H, s), 1.19 (3H, s), 1.22-1.46 (ZH, m), 1.89-1,94 (3H, m>, 2.03-2.16 (2H, m), 

3-26 (lH, ddd, J = 17.9, 1L2, 1.7 Hz), 3.41 (II-I, ddd, J = W&6.9, 1.9 Nz), 3.45 (lW, d, J = 13.8 Hz), 

3SJ flI% d, J = 13.8 Hz), 3.92 QlH, dd, 5 = 7.7, 50 Hz), X43 (lR, dd, 3 = 11.1, 6.X Hz), 7.14 (IH, s); 

13C NMR (ClX&> 6 I!W, 20,8, 26.4, 32.1), 3&l, 39.5, 44,7, 47,9, 49.0, 52.9, 653, 14SS, 168.2; IR 

@Xl&$.> 2955, 1693 (C=Q), 1331, 1267, 1236, 1218, ll@, 1133, 832 cm-‘; @&I6 = -26-3 (c Q,23, 

CHCl,). 

~:-T~4,5-aihvdro-3-methvl-15R )-S-isoxazolvl)canvll-~~ )-bomanemltam Gbl 

mp 146-148 “C, ‘H NMR (CIXl,) S 0.98 (3H, s), 1.18 (3H, s>, 1.31-1.45 (2H, m>, 1.90 (3H, m), 1.99 

(3H, s>, 2.03-2.21 (2H, m), 3.20 (IH, dd, f = 17.6, 10.8 Hz), 3.29 (lH, dd, J = 1X5, 69 Hz), 3,44 (lH, 

d, 3 = 13.8 Hz), 3.51 (IH:, d, J = 13.8 Hz), 3.91 (II, dd, J = 7.7, 5.0 Hz), 5.49 (IH, dd, J = 10.7, 6.9 

Hz;); “C NMR (CDCi,) 5 12.4, t9.8, 20.8, 26.4, X,9, 38.1, 42.4, 4r6.7, 4X9$ 49.0, 52.9, 65.3, 76.9, 

154,6, 268.7; IR (CH$&) 2954,169s (C&j, 1323, f268,1235, f2~8,Il63,11~3,86t cm” MS tie 326 

IM*), x79, 151, 135, 107,93,84,79, 67,56; [tXg6 = -27.4 (c &20, CHGI,); Anal. Calcd fur C,,H,N$,S 

(326.41): C, 55.20; H, 6.79; N, 8.58. Found: C, 55.63; H, 6.68; N, 8.48. 

. -~-r~4.5-Dihvdro-3-ethv~-~~ )-S-isoxazolvl)car~nvll-(~ I&mane- 10.2~sultam (5cl 

mp 72-74°C; ‘HNMR {CDCl,) 6 0,97 (3H, s), 1.14-1.19 (6H, m), 1,34-1+45 (2H, m), 1+88-1,93 (3H, m), 

2.03-2.21 (2H, m)? 2.37 (2H, q, J = 7.6 Hz), 3.21 (H-I, dd, J = 17.3, X0.7 Hz>, 3.30 (lH, dd, J = 17,3, 

6,9 Hz), 3.44 fSH, d, J = 13.8 Hz), 3.52 (lN, d, J = 13.8 Ha]> 3.91 (IH, dd, J = 7.7, 5.0 Hz), 5.47 (IW, 

dd, 3 = 10.7, 6.9 Hz); “C NMR (Cacl,) 6 l&7, 19.8, 20.7, 20.8, 26.4, 32& 38.1, 40.8, 4447, 47& 

49.0,52*9, 65.3, 76.7, 159.2, 168.7; rR (C&q) 2961, 1683 (C=Q), 1329, 1269, 1233, 1163, 1133,862 

cIIX3; [&$“” = -24.3 (c B43, CHCI,); Anal. C&d for C&,&D,S f340.44): C, 56.45; R, 7.11; N, 8.23. 

Found: C, 56.47; H, 7.Q N, 8.03. 

~-I”~4.5-Dih~dro-3-~-bu~l-FSR)-~~is~xazol~lk~~n~l~-~~I-bornane-lO~lta~ 15dl 

‘H NMR (CIICl,) 6 0.91 (3H, t, J = 7.3 HZ), 0.97 (3H, s), 1.17 (3H, s), 1.29-1.44 (4H, m), 1.49-1.59 

(2H, m), 1,67-1.92 (3H, m), 2.02~2,15 (2H, m), 2.34 (2H, t, J = 7,3 Hz), 3.19 (IH, dd, J = 17.2, 10.6 

Hz), 3.27 (lH, dd, 3 = 17.2, 6+8 Hz), 3.43 (lH, d, I = 13.8 Hz>, 3,X? (lH, d, J = 13b8 Hz), 3.91 (lH, dd, 

J = 7.7, 5.0 Hz), 5.47 (III., dd, 3 = IO.& 6.8 Hz]; ‘%XMR (CD&) 6 13.6, 19.8, 2U.8, 22.2, 26.3, 26.7, 

28.3, 32.8, 38.1, 4l,U, 44-6, 47.8, 49X& 529, 6X?, 76*6, 1X2, 16&f; fR (CH,Cq 2956, 16% (C=Q), 
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~-I(4-Hvdro-3.5-dimethvl-5-isoxazolvl)carbonvll-(~ )-bomane-10.2-sultam (&) 

To a solution of nitroethane (161 pL, 2.24 mmol), trimethylsilyl chloride (434 pL, 3.36 mmol), and 

toluene (6 mL) was added triethyl amine (474 FL, 3.36 mmol). After 15 min at room temperature, N- 

metharyloyl(2R)-bomane-10,2-sultam (2) (81 mg, 0.28 mmol) was added. The reaction temperature was 

raised to 60 “C and additional 2 mL of toluene was added. After 24 h, the reaction mixture was diluted with 

E&O and washed with I-&O. The organic layer was dried over N%SO, and concentrated under reduced 

pressure. To an etheral (5 mL) solution of the crude product was added a catalytic amount ofp-TsOH. After 

1 h, the reaction mixture was extracted with EGO, washed with brine, and dried over MgSO,. The extract was 

concentrated under reduced pressure and purified by flash chromatography (1:2 EtOAc/hexane) to give the 

mixture (67:33) of 8 and recovered starting sultam 2 (46 mg, 57%). The spectral data were determined from 

the mixture of 8: Major isomer; ‘H NMR (CDCl,) 6 0.98 (3H, s), 1.20 (3H, s), 1.37 (2H, m), 1.67 (3H, s), 

1.85-2.12 (5H, m), 1.98 (3H, s), 3.37-3.73 (4H, m), 4.01 (lH, dd, J = 7.6, 5.0 Hz). Minor isomer; ‘H 

NMR (CDCI,) 6 0.98 (3H, s), 1.20 (3H, s), 1.37 (2H, m), 1.70 (3H, s), 1.85-2.12 (5H, m), 1.98 (3H, s), 

3.37-3.73 (4H, m), 4.06 (lH, dd, J = 7.7, 4.9 Hz). 

(5R)-5-Hvdroxvmethvl-3-methvl-2-isoxazoline (H&) 

To a THF (115 mL) solution of 5b (1.44 g, 4.1 mmol) was added a THE solution (1.0 M) of 

L-selectride (16.4 mL, 16.4 mmol). After 30 min at room temperature, the reaction mixture was quenched by 

sequential additions of %O (2.6 mL), EtOH (9 mL), 3N aqueous NaOH (12 mL), and 30% aqueous H,OZ (8 

mL) at 0 “C. The reaction mixture was extracted with Et,0 (xl) and C%Q, (x3). The extract was dried over 

MgSO,, concentrated under reduced pressure, and separated by flash chromatography (1:l Et,O/CH&) to 

afford pure lob (398 mg, 84%). (2R)-Bomane-10,2-sultam (864 mg, 98%) was also recovered: ‘H NMR 

(CDCl,) 6 1.97 (3H, s), 2.08 (lH, br. s), 2.80 (lH, dd, J = 16.8, 7.3 Hz), 2.95 (lH, dd, J = 16.8, 10.6 

Hz), 3.54 (lH, dd, J = 12.2, 4.5 Hz), 3.74 (lH, dd, J = 12.2, 3.2 Hz), 4.65 (lH, m); ‘3CNMR(CDCl$ 6 

13.0, 40.0, 63.7, 80.1, 155.9; IR (neat) 3385, 2916, 1635, 1436, 1386, 1330 cm-‘; MS m/e 155 @I’), 84, 

68, 56, 51, 42, 39; [a]u2’ = -170.3 (c 1.1, CHCl,). The spectral data of MTPA ester of lob: ‘H NMR 

(CDCI,) 6 1.94 (3H, s), 2.70 (lH, dd, J = 17.2, 7.3 Hz), 3.01 (lH, dd, J = 17.2, 10.8 Hz), 3.53 (3H, s), 

4.38 (2H, m), 4.79 (lH, m), 7.40 (3H, m), 7.51 (2H, m); 19F NMR (CDCl,) 6 -72.6. 

m)-5-Hvdroxvmethvl-3-ethvl-2-isoxazoline (10~) 

To a THE (50 mL) solution of 5c (1.2 g, 3.5 mmol) was added a THF solution (1.0 M) of L-selectride 

(15 mL, 15 mmol). After 20 min at room temperature, the reaction mixture was quenched by sequential 

additions of H,O (2 mL), EtOH (6 mL), 3N aqueous NaOH (7 mL), and 30% aqueous I-&O2 (5 mL) at 0 “C. 

The reaction mixture was extracted with CH,CG. The extract was dried over MgSO,, concentrated under 

reduced pressure, and separated by flash chromatography (1:l Et20/CH$lJ to afford pure 1Oc (385 mg, 

85%). (X)-Bomane-10,Zsultam (696 mg, 92%) was also recovered: ‘H NMR (CDCI,) 6 1.17 (3H, t, J = 

7.5 Hz), 1.89 (lH, br. s), 2.36 (2H, q, J = 7.5 Hz), 2.84 (lH, dd, J = 17.0, 7.6 Hz), 2.98 (lH, dd, J = 

17.0, 10.6 Hz), 3.54-3.60 (lH, m), 3.74-3.80 (lH, m), 4.62-4.71 (lH, m); i3C NMR (CDCl,) 6 10.7, 

21.1, 38.2, 63.6, 79.9, 160.5; IR (neat) 3384, 2928, 1637, 1436, 1378, 1350, 1301, 1062, 874 cm-‘; MS 

m/e 129 @I+), 98, 70, 56, 42; [aInn = -159.7 (c 1.05, CHCl,). 
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