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Abstract - A procedue is develcpd far the ‘on*pot’ acylation and methylation of 

isoxcaolines at C(4). Thus the %&stituted isoxazol ims (8), (9), and (18) were 
converted into thei; cis-4-methoxycarbonyI-trans-4-methyl derivativsr (IO), (I !), 
and (19), by dsprotaxtion using lithiun diieqyiamide, foIlwed by the 

sequential addition of methyl chlordormate and methyl iodide. The reduction of 

these substituted isoxazolines WCS then investigated. N-Methylation usirrg Meerwein’s 
salt, and reduction of the derived N-methylisoxazdinLm salt uing rodiun 

baohydride gave isaxozolidines (14 ond (20), but only in modest yields. The 
amtcgous N-tnethylation - rsduction af the loctone-iIoxcad ine (12) was not 

stereosde&ve. The imxazolidines (14) and (20) have the correct relative 
configumtions at C(3) and C(4) fo r conversion into lankacidin analogues. 

The lankacidins, e.g. lankacidin C(I), c-rise UI 

intaasting soup of macrocycl ic antibiotics which 

show cmti-tunou activity. I The novel structures of 

these compounds, togetha with their bidogicd 

activity, m&e them attractive synthetic targets. 

One problem in any proposed lonkacidin syntharir, 

0 A, I 

concsrrrr the control of stereochanistry at the six 

chiral centrss. We here describe attempts to 

establish the desired’configuratios ot C(2) and C(3) 

using isoxmolin= 0s templates. 

It was decided to investigate the rcute outlined 

in Scheme I. Thus as addition of nitrile oxides to 

(_2) (21 CO2CH3 

3 

Scheme 1 
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terminal alkenes is known to be rqiaslective,2 and 

as al kyiation of S~monasubrtituted iroxazol ines at 

C(4) is krown to occur steraoselectivdy cis to the - 

hydrogen at C(5),3 it was hapsd that a stsrsoselective 

procedure far the sequential acylation and methylation 

of a 5-subrtituted isoxaroline (2) could be developed. 

This approach would avoid the regiochemical problems 

associated with the cyelooddition of nitrile oxides to 

a Funsaturated &err. 
4 

Moreover if a subrequent 

reduction of the dsrivsd isoxozolitm (3) was stereo- 

selective, being srkject to !,3-asymmetric induction, 
5 

the isoxazolidins (4) so obtainal ~uld have the 

correct stereochemistry to serve as a precursor of the 

C(I) - C(4) fragment of lankacidin C(I). 

RESULTS AND DISCUSS ION 

lsoxazolines (7) and (8) were pmpmed by the addition 

of benzonitrile oxide, generated from crchho- 

bemaldoxima md triethylamine, to but-3-enol (5) 

and its methaxymethyl ether (6), in yielQ of cl. 

549k.6 Silylation of the hydroxyalkylisaxazolina (7) 

usirrg t-btyldimethylsilyi chloride gave the silyl 

ether (9) in quantitative yield. The hydroxyl 

protected isoxazolines (8) and (9) wem then treated 

at -78OC with two equivalents of lithium 

diisopropylamide in THF/HMPA3 ar THF/N,N’- 

dimethyl-1,3-imidatolidin-2-one (DMI), fdlowed 

by the sequential addition of methyl cdoroformate 

and methyl iodide. Flash chromatography gave the 

4-methoxycabonyl-4methyl isa#azolines ( IO) and 

(I I) in yields of 58% and 66-77%, rsrpactivaly, as 

shawn in Scheme 2. 

Structures were arsigned to these isoxatoline 

products on the basis of spectracopic data. In 

particular the change in chanicul shift of H(5) on 

acyiation and methylcrtion, from cu. 6 4.9 to 64.58, - 

is consistent with the shielding effect expected of a 

cir vicind methyl subrtituent. 
7 hreover on 

irradiation of the C(4) methyl substituent of isoxmoline 

(IO), a nuclear Overhawer enhancement of 8.3% ~0s 

observed for H(5) which also suppats the stereo- 

chanistry shown. Finally treatment of the silylatsd 

isoxazol ine (1 I) with tetra-n-butylanmaniu 

fluaide initiated desilylation and lactonization to 

give the lactone-isoxazdine (12) (4UXJ. The 

structure and stereochemistry of this la&one were 
I 

etstoblished by an extensive serios of H n.m.r. 

(5) R=H (21 R= H 
(@I R’=CH,OCH,(8) R=CH 

t? 
H, 

@IR=TB MS 
‘- - 

[lo) R=CH OCH, 
(111 R=TBbMS 

Scheme 2 

spindecoqlillg experiments. Figure I shows the 

conformation which is consistent with the data. Of 

nde is the long-range coupling (2Hr) betwetsn H(4B) 

and H(6). In cis-fused bicycle 14.3.01 systems the 

six-membered ring frequently adapts the boat 

cmfamatian found hero. 

)le selective formation of the 4-methcxycarbonyl- 

4lnethylisoxazolinas (10) and (I I) is consistent with 

methylation of an intermediate snolato anion taking 

place from the less hindered side (see Figure 2). 

This procedure would appear to be quite sterosolective 

since none of the alternative diastemoisomar w= 

isolated in oither case, although a mall anount may 

have been lost duing the work-q and purification. 

Next the selective reduction of isoxarol ines 

(lo)-(12) to isoxazolidints was investigated. Since 
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OR 
Figure 2 

powerful hydride reducing agents vmuld be sxpcted 

to reduce the ester moiety, the use of mild reducing 

agents was rquired. Orm procedure in the literature 

for he reduction of isoxazolines to isoxazolidines 

involves N -methylation using Mesrwein’s salt - 

followed by reduction of the derived isoxazol inium 

salt using sodium borahyckide. 8 Although t)lir 

procedure would introduce an unwanted N *ethyl 

group, its staeoselectivi)y vms rtudisd as a guide for 

later work. The results of this investigation are given 

in the Table. 

Fintly the reduction of the tactone-‘mxazd iw 

(I 2) was studied. When sodium bcrohydride WQI 

added to an ethand solution of the crude N-methyl 

isoxazolinium salt, preporsd by treatment of the 

isoxazoline (12) with trimethyloxonium tstrafluoro- 

barate in nitranethane (2 days, 20°C) and awpmation 

of the sdvent, effervesenca vms observed, and after 

flash chramatagrophy, anly the over-reduced 

isoxazolidine ( 15) wos kolated. If an excess of 

sodiun hydrogen carbomte WQL odded to the 

isoxazolinium salt salution before the sodium 

barohydride, the major product was an approximately 

I :I mixhrre of the lactone-isoxazol idines (13) (48%), 

although sane over-reduced product (15) was stil I 

obained. In contrast reduction of the monocyclic 

isoxmolines (IO) and (I I) was mere stereoselective. 

Thus reduction of the silyla)ed iroxcuolins (I I) in 

the presence of scdiun hydrogen carbomte gave the 

desilylated hydroxyalkylisoxazolidine (14)(36%) as 

the major product together with isoxazdines (16) and 

( 17); re&ction of the mehxymethyl i-x-dine 

(IO) without the alditim of base, gave the 

hflra#yalkyl isoxazolidine (14) (27%), together with 

isoxazotidine(la(ll%)and isoxatdine(l6)(12%). 

Structures were assigned to produch (la)4 17) on 

the his of spectroscopic data. The $I n.m.r. 

chemical shift of the C-methyl srrbstituent web used - 

S.M. lrwq ProductS; % Yields 

tlzP no - - I I 

(l$ yes 48 33 

tllP y= - 36 IO 17 - 

27 11 12 

TABLE: REDUCTION OF b2-ISOXAZOLINES 

a Yields are of isolated chromatographed products. 

b 
Product mixture not sq>oratsd; components identified by cunpariron of the mixture with authentic 

samples. 
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to cssign the canfiguratian of the phsnyl su&tituent 

in isoxazol idines (13)-( 15) an the bosis of the 

shielding effect of a cis vicinal phenyl soup. 7 Thus - . 
the ‘H n.m.r. chunical shif) of the 4-methyl 

substituent was I .44l cmd 0.636, respectively, for 

isoxazolidinsr (14) arrl (IS), and 1.52 and 1.036 for 

the isansric loctom-isoxatol idines (13). 

Althcugh only modePyields of products were 

isolated it would oppwr that the reduction of the 

‘open-chain’ isoxmolines (IO) and (I I) was more 

stsreoselative thon ralucticm of the loctone- 

isoxozolirm (!2).5 Also better yields of ester- 

isoxazol idines (I 3) and ( 14) were abtoined. when the 

reduction WQI carried out in the presence of bare. In 

fact the configuration of isoxatol idine (15), obtained 

from rsduction ti the lactone-isoxazdine (12) in the 

absence of base, rrrggests that loctone reduction 

occurred first, beiw Mlowsd by an intramdecular 

hydride delivery by the 4-hydroxymethyl group.9 

The cause of the influence of base on the reduction is 

not clear, haullever from the point of view of the 

proposed synthesis, the stereoselective reduction of 

isoxazolina (I I) is promising, althou& incomplete 

N-methylation would oppecr to be a problem. - 
Finally, to see whether this route ~0s applicable 

to isoxotdines derived from aliphutic nitrile oxides, 

it was repeated using the 3-methoxymethyl -isoxazol inc 

(18) prepcred from methoxyocetonitrile oxide and l- 

hexene. In this case the ‘one pot’ acylution and 

methylation was less successful giving the desired 

product ( 19) in only 34% yield. The N vmthylotion - 

and sadiun borahyciride reduction, in the presence of 

sodium hydrogen carbarate, gave the desired 

isoxazol ins (20) (28%). 

Thus it -Id appear that the routs outlined in 

Scheme I is a viable route to N-methylated - 

isoxazolidines which have the same stereochemistry at 

C(3) and C(4) 01 the lankucidin hove at C(2) and 

C(3). Reductive cleavage of the N-O bond, 

N-aoylation, and olcohd oxidation Hlould give rise - 

to froments corresponding to C(I) - C(4) of the 

lankacidins. However an isoxmoline reduction 

procedure not invdviw prior N-methylatian will need - 

to be &-loped before this approach can be used in a 

synthesis of the lankocidins thslrsdvsr. Although the 

yields of the ‘one .~ot’ acyiotion-methylotion, and 

and the isoxozol ine reduttion steps worn rather 

v&&Is, the stemoselectivitier of both these 

prouedures were quite high. Of note is the l,3- 

osymmshic induction observed in the isoxazdine 

l+methyiation-reduction step. 5 

EXPER MENTAL 

Melting points were detetmined on a Buchi 510 

oppqatus, and are uncorrected. I. r. spsctro ware 

measured on Perkin flmer 257 and 297 spatrophoto- 

meters, and ‘H n.m.r. spectra an a Bruka WH-300 

spectrometa (30OMHz). Mart specta wre measured 

on o VG-micromoss ZAB- I6F spectrometer using 

either electron impact (El) or chanicol ionization 

(Cl) modes. 

T. I. c. was carried out using gla plates coated 

with sil ice gel blend 4 I and Merck oluninium sheets, 

precoatsd with silica gel 6OF254. Floh 

clramatography was on Merck silica gd 60, and 

short column chrunatography on Merck Keirelgei 

60H. 

All solvents were dried and distilled before ue. 

Ether refers to diethyi ether. 

5-(P-Hydroxyethyl)-3-phanyl- $-isoxazd ins(7). 

Triethylamine (4.33 ml, 3 I mmol) was added to a 

rdution of but-3-en-l-01 (I .33 ml, 15.5 mmol) and 

a -chlorobenroldoxime (4.83 g, 31 mtnol16 in 

dichlorcmethcme (60 ml). After I5h at 20°C, the 

mixture WQI washad with brine, drisd (MgS04), and 

concentrated under reduced pressure. Flash 
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chmmdwophy (ether) gCW3 5-whYdr-Yefbw 

phenyl-A2-isoxazoline (7) (I .92 g, M%), m.p. n°C 

(I i&t petrolaJm-dichlorunethans). R (CHCI3) urnox 

l 3 620, 3 45&r, 3 000, I 595, I 565, I 447, I 357, 

1 040, 900, and 688 cm-‘; ‘H NMR (CDCI3) 6 I .99 

(3 lj, m, tjOCH2CH2-1, 3.08 (I H, dd, J 8, 16.5 

Hz, 4+i), 3.49 (I H, dd, 2 IO, 16.5H2, 4-H), 

3-a (2 H, t, J bHz, HOClj2), 4.% (I H, m, - 

5-H), 7.42 (3 H, m, aromatic H), and 7.67 (2 H, 

m, aromatic H); MS (Cl) m/z 192 (M++H, bare p&t) -- - 

and I20 (M+- 71) (F - ound: C, 69.0; H, 6.85; N, 7.45. 

Cl ,H 13N02 requires C, 69.1; H, 6.85; N, 7.3%). 

5-(2-MethoxymethaxyethyI)-3-phen 

ixoxazoline (8). Chlaromethyl methyl stha (5.7 ml, 

75 mmol) was added to a soIutim of but33-m-1 -d 

(3.6 g, 50 nunol) and diisopropyl-ethylunine (17.4 ml, 

IO0 mmol) in anhydrous dichloromethane (I 25 mI) at 

0 “C under nitrogen. After 1 h, the soIution was 

washed with ice-cold aqueous HCI (15Oml, 0.5 M), 

with water (100 ml), dried (MgSO4) cmd filtsrsd. TO 

the filtrate was odded a solution of ca-chlorobenr- 

aldoxime (I I .63 g, 75 mmol) in dichioromsthonc 

(170 ml), followed by Et3N ( 10.4 ml, 75 mm00 at 

O°C under nitrogen. After 5 min, the mixtrrre was 

allowed to worm to 20°C, and wos stir& for I5h. 

After washing with water, the ctied (MgS04) agcmic 

phcrse was concentrated under reduced pressure, cmd 

the product isolated after flmh chromatography (I ight 

petroleum -ether, I :I) was identified as 5-(2-methoxy- 

methoxyethylb3-phenyi- A2-ixrxozoIine(8)(6.32g, 

54%),m.p. 39-40°C (light pstrolwm-ether). IR 

WI31 Vmw 3 005, I 595, I 445, I 355, I 145, 
. 

I 108, I 042, 912 and 688 an -‘; ‘H NMR (CDC13) 

6 2.0 (2 H, m, OCH2C_H2CH), 3.08 (1 H, dd, J 

7.5, 16.5Hz, 4-H), 3.38(3 H, I, CH30), 3.46(1 

H, dd, J 10.5, 16.5Hz, 4-H), 3.74(2 H, m, 

0Clj2Ci2), 4.64 (2 H, s, 0CH20), 4.92 ( I H, m, 

5-H), 7.42 (3 H, m, aromatic H), and 7.68 (2 H, m, 

aromatic H); MS (Cl) m/t 236 (z++ H), 204 (_M+- 

311, and 190 (y?45) (F wnd: C, 66.15; Ii, 7.15; N, 

6.11. C13H,7N03 requiresc, 66.35; H, 7.3; N, 

5.95Ok) 

5-(2-HydroxyetthyI)-3-ph enyl- 
2 A -isoxmdine t- 

butyldimethyl-rilyl ether (9). Isoxazoline (7) (I .878 g, 

9.8 mmol), t-butyl-dimethyIsiIyIchlaride (1.63 g, 

10.8 mmol), and imidazde (I .67l g, 24.6 mml), in 

dry DMF (4 ml) were stirred at 20°C far I !#I. Ether 

(I50 ml) WCS oddal, and the mixture wushed with 

wotar (6 x 30 ml), dried (MgS04), and concentrated 

under reduced prasure to give the riIyl ether (9) 

(2.98 g). IR (film) v I 595, I 357, I 253, 
. 

I 096, 907, 833, 775::58, end 692 cm- ‘; ‘H NMR 

(CDC13)& 0.07 and 0.08 (each 3 H, I, SiMe), 0.91 

(OH, sr Me3C), 1.82 and 1.99(cach IH, m, 

0CH2W2) 3.03 (f H, dd, J_8, I6 Hz, 4-H), 3.43 

(I H, dd, 1 IO, 16 Hz, 4-H), 3.81 (2H, m, 0CH2), 

4.88 (I H, m, 5-H), 7.42 (3 H, m, aranatic H), and 

7.67 (2 H, m, aromatic H); MS (Cl) do 306 (g++ 

H, boss peck) and I31 (M+-174). 

(4 RS, 2 RS)-4-MefhoxyccrbcqI -5-(2-methoxy- 

methoxyethyl)-4methyi-3-phenyl- A2:isoxazoIine 

(10). lroxazolins (8) (I. I75 g, 5 mmol) in THF 

(3 ml) was odded to lithium diisoprapyIamide (I 1 mmol) 

in eithH THF (30 ml) - HMPA (1.74 ml, 10 mmol) OT 

THF (30 ml) - DMI (IO mmol) at -78’C under arp. 

After 90 min, methyl chlorofumate (0.46 ml, 6 mmol) 

was added to the red sdution - Afta a furtha 2h, 

methyl iodide (I .56 ml, 25 mmol) was added, ad he 

mixtme wa stirral fcx Ih befae being ollowed to 

warm to 20%. Aqueous NH4CI (40 ml) was added, 

and tt\s product extracti into dichloranethanr (4 x 

30 ml), After drying (MgS04), concentration under 

reduced pressure gave cm oil which on florh chrom- 

otography (Ii&t petroleum-ether I : l)gave ({RS, zRS)- 

4~etho#ycorbonyl-5-(2-methoxymethoxy-et)ryl)-4- 

methyl-3-phsnyl- A2-isoxazdine (10) (885 q, 58%), 

os an oil, IR (film)u mw I 733, I 590, I 550, 
. 

I 230, I 150, I 107, I 040, 920, 762, and 693 cm-‘; 

‘H NMR (CDC13) d 1.59 (3 H, I, C-CH3), 1.95 (2 

H, m, 0CH2CliJ, 3.38 (3 H, s, 0CH3), 3.74 (2 

H, m, 0CH2), 3.76 (3 H, I, C02CH3), 4.58 (1 H, 

t, J 7.5 Hz, 5-H), 4.65 (2 H, s, 0CH20), 7.39 - 

(3 H, m, aromatic H), and 7.51 (2 H, m, aranatic 

H); MS (Cl) I+ 308 (M’ + H). 

(4 RS, 2 RS)-5-(2-HydroxyathyI)-4methcxy - 

corbonyI-4-metthyI -3-ph enyl- 
2 

A -imxazd inst- 

butyldimethylsil y( ether (1 I ). Isoxazolins (9) (610 mg, 

2 mmoI) WQ treated with LDA-HMPA, methyl 

chlorofamate, ord methyl iodide OS ducribal above 

to give, after flash chromatography (I i&t petrolsum- 

e*er, 8:1), isoxcuoline (1’) (497 mg, 66%) as an 

oil. Using DMI QI cosdvemt, the yield w 77%. IR 
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(filmjv . 1 737, I 252, 

775, 7Gyarxl694 cm- 

I 217, 1 100, 910, 835, 

‘; ‘H NMR(CDC13)60.07 

and 0.08 (each 3 H, S, SiMe), 0.90 (9 H, s, CMe3), 

I .57 (3 H, s, C-CH3), I.84 (2 H, m, OCH2C_H2), 

3.75 (3 H, s, C02CH3), 3.83 (2 H, m, 0CH2), 

4.58 (1 H, dd, 1 4.5, 9.5 Hz, 5-H), 7.4 (3 H, m, 

aromatic H), and 7.52 (2 H, m, aromatic H); MS 

(Cl) 378 (M++ H), and I92 (M+- 185) - - 

cis- I-Methyl-9-phenyl-3,7-dioxa-8-azabicyclo- 

[4.3.Olnon+en-2-one (12). T&a%-butylanmonium 

flucride (0.76 ml of a IM sdution in THF)was added 

to isoxazoline (If) (I44 mg, 0.38 mmol) in THF 

(4 ml) at -2OOC. The mixture INCAS al lowed to warm to 

20°C, and was stirred for 20 min. Af)e~ washing with 

brine, and extraction into dichlorunethcme, the 

organic extracts were dried (MgSo4), ad concentrated 

under reduced pressure to give after flash cluomat 

ogmphy (light petroleum-ethyl acetote, 8:‘), cis-l- - 

melhyl-9-phenyl-3,7-dioxa-8-ar&icycloC4.3.Ol non- 

8-an-2-one(l2~35 mg, 40%) as in oil. IR (CHC 13) v 

max. 
3050, '740, 1390, I i&8, I 175, 1 ‘22, IO31, 

and 692 cm -I; IH NMR (C6D6)61.05 (I H, ddt, J 

15.5, 12, 4H2, 5/3-H), 1.30 (I H, dq, J 15.5, 2 Hz, 

5a-H), I.4 (3 H, s, C-CH3), 3.43 (I H, ddt, 2 11.5, 

4, 2 Hz, 4/3-H),3.92(’ H, ddd,J_ 12,“.5, 2Ht, 

4 a-H), 3.99 0 H, dt, J_4, 2 Hz, 6-H), 7.00 (3 H, 

m, ararratic H), arid 8..l (2 H, m, ammatic H); MS 

(Ebm/t 231 (l$) and 130 (Mf-‘01, base peak) (Foond: _- 

_M+23l.C@?5. C13H13N03 requires fi 231.0895) 

N-Methyiationreduction of A2-IloxCpd inas. 

a) Of Iactone-isoxardine (12), no NaHC 

solution of trimethyloxonium )etrofluoroborate 

(I51 mg, I .02 wnol), and isaxatdine (12) (34 mg, 

0. I5 mnd) in anhfirous nitronmthone (1.5 mt), was 

stirred for 48h at 20°C. The solvent wcis ranoved 

under reduced pressure, und the residue dirrolved in 

anhydrous ethanol (2 ml). Sodium borohydrids (72 nrg, 

I .89 mmol) was odded in portions with ice cd ing, 

and the mixture was then stirred fa 60 min at 20°C. 

Water (5 ml) wcs added, and the product extracted 

into di<hloromethcme (3 x IO ml). The combined 

extracts were dried (Na2S04), concentrated under 

reduced pressure, and the prodmt isdated by flash 

chromatogaphy (chlorafarm-s~hanol, 20:1) followed 

by prq. t.1.c. togive (2 RS, 4 SR, zRS)-e 

dimethyl -5-(2- hydroxyethyJ)-4-hydroxymethyl-3- 

phenylisoxazdidine (15) (I7 rng, 46%), m.p. 97-99’C 

(ethyl acetate-light peholeum). IR (CHC 13)vmclx 
l 

3 635, 3 42ob, 3 020, 1 460, 1 060, 915, and 

710 cm-I; ‘H NMR (CDU3)60.63 (3 H, I, C-CH3), 

I .96 (2 H, m, OCH2Clj2), 2.33 (2 H, br. s, 2&H), 

2.67 (3 H, s, NCH3), 3.50 (t H, s, 3-H), 3.62 and 

3.67 (eah I H, d, J_ I IHt, CkJ20H), 3.85 (3 H, m, 

5-H +OCIi2CH2), and 7.30 (5 H, m, aromatic H); 

MS(EI)ds 251 (M)) md I34 (@- 117, base peak) 

(Found: C, 67.2; H, 8.3; N, 5.7. C,4H21N03 

requires C, 66.9; H, 8.4; N, 5.6%). 

b) Of lactone-isa#azoline (I2), wilh NaHC03. 

Crude isoxazdinium salt prepared QJ abbm from 

isoxazoline (12) (70 mg, 0.3 mmol) and trimethyl - 

oxonium tetrafluaoborate (I 78 mg, I .2 m~lol) was 

dbsdvsd in anhydrous ethand (5 ml). NaHC03 

(101 mg) fdlowed by sodiun bardqdride (58 mg, 

1.53 mmol) wme added, and the mixture wus stirred 

far 60 min a) 20°C, Work-up as described above 

gave a residue which was chranatwa+ed on silica 

gel (I ig ht petroleum-ethyl acetate-ethanol , gadient 

elution) to give two fractions. The first fmction wo 

identifial CII a 1 :I mixture of cis-1,8-dimethyl-9- 

phenyl-3,7-dioxa-8-aza-bicycloC4.3.01 nonan-2- 

ones(l3) (32 mg, 48%), m.p. 78-8O*C (ether-light 

petroteun). IR (CHC13)u 3 ooo, 1 25, 1 265, 

I 254, I 165, 1 117, I 02Tp”dnd 695 cm 
-I I 

; HNMR 

(CDC13)61.03 and l.52( each 3 H, I, C-CH3 of each 

isomer), 2.13 (4 H, m, OCH2CH2 of both isomers), 

2.58 and 2.67 (each 3 H, s, N-CH3 of each isoma), 

3.50 ad 3.68 (each 1 H, I, 9-H of each isuner), 

4.17 (1 H, m, 6-H of one isomer), 4.35 (3 H, m, 

6-H of one isaner +2 x4-H), 4.70 and 5.20 (each 

1 H, m, 4-H), ad 7.32 (IO H, m, aranatic H); MS 

(El) dz 247 (Mf) and !34 (g-l 13, base peak) 

(Found: C, 68.1; H, 6.85; N,5.65. C14H17N03 

rquires C, 68.0; H, 6.95; N, 5.65%). The 

second fractian was identif’ed as did (15) (25 mg, 

33%). 

c) Of isoxazdina (I I), with NdiC03. The 

isoxmolinium salt prepped from isoxarol ins (I I) 

(310 mg, 0.82 mmol) arid trimethyloxonium 

tetrafluoroborats (I46 nrg, 0.99 mmol) as described 

above wus diswlved in ethonot (3 ml) together with 

NaHC03 (82 mg). Sod ium baohydride ( 156 mg, 

4. I I mmol) WQI added, and after 60 min at 20°C, 
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work-up 0 artlined above gove 0 mixture of three 

products sepaated by flash chraatogrophy (ethyl 

occtote-light pctrdeun, gradient elution). The first 

eluted product was identified as (! RS, 5_RS)-5-(2- 

hydroxyethyl)-4-msthoxycorbonyI-4-methyl-3-phen~- 

A2-iroxazoIins (17) (35 nq, I7%), on oil. IR (CHCl3) 

V mdx 3620, 3 520, 3 000, I 733, I 215, I 050, 910, 
l 

and 694 cm -I; ‘H NMR (CDCl3)6’.56 (3 H, I, C- 

CH3), I .94 (2 H, m, 0CH2Ct$, 2.03 (I H, br. s, 

OH), 3.77 (3 H, s, 0CH3), 3.88 (2 H, t, 16 Hz, 

OCH , 
21 

4.57 (I H, dd, J 5, 8Ht, 5-H), and 7.5 

(5 H, m, aromatic H); MS (El) rJ5 a3 (E+), 231 

(M+- 32), 130 ($- ICB), and 77 (base peak)(Found: 

J263.1157. C14H17N04requiresM X3.1157. - 

Repeoted chromatography (ethyI acetate-chloroform, 

2:1) seporoted the second ond third eIuted products to 

give firstly QRS, 4 SR, _5SR)- 2,4-dimethyl-5-(2- 

hydroxyethyl)-4-methoxycorbonyl-3-phsnylisoxozol i- 

dine (14) (81 mg, 36%), on oil. IR (CHC13)vmax 

3 620, 3 500, 3 000, 1 725, I 452, I 434, I 220,’ 

I 066, I 050, and 700 cm -I; ‘H NMR (CDCl,)61.40 

(3 H, s, C-CH3), 1 .a4 and l.% (sach I H, m, 

0CH2H_CH), l.87(1 H, br.s, OH), 2.8 (3H, s, 

NCH3), 3.49 (3 H, s, 0CH3), 3.74 (I H, s, 3 -H) 

3.82 (2 H, t,J_ 7.5 H z, 0CH2), 4.37 (f H, dd, J 

7:5, IO Hz, 5-H), ord 7.43 (5 H, m, aromatic H); 

MS (E I) _Q’E 279 (_M’ and 134 (MC- 145, boss peak) 

(Found: E’ 279.1471, C,5H2,N04 requires E 

279.1470). The third eluted product VMS identified 

OS @RS, zSR)-5-(2-hydraxyethyI)~-hydroxymethyl- 

4-msthyl -3phenyl-A2-I, 2-isoxozol i ne ( 16) (2Omg, 

IO%),an oil. IR (CHC13)vnxlx 3620, 3 400&, 

:I I 
3 m, 1 045, 905, ond 690 cm ; H NMR (CDCI ) d 

3 
I .33 (3 H, I, C-CH3), 2.02 ond 2. I9 (each 1 H, m, 

OCH2!CH), 2.67 (2 H, br. s, 2x OH), 3.78 and 

3.80 (each 1 H, d J I3 Hz, HOCH2), 3.88 (2 H, m, 

OC’i2CH2), 4.35 (I H, dd, 26, IOHz, 5-H), 7.42 

(3 H, m, oramotic H), and 7.65 (2 H, m, cromotic H); 

MS (Cl)& 236 (@++H) and 160 (Aj+- 75, bare peak) 

d) Of isoxoroline (IO), no N&K0 . The isoxozo- 

linium salt from isoxozoline (IO) (1.082 g, 3.52 mmd) 

and trimethyloxonium tetrofluolobarote (I. 044 g, 7. Q5 

mmol) in sthanot (25 ml) was treated with sodium 

borohydride (666 mg, 17.5 mmd) at 20°C. Work-up 

and purification as above gave an oil (471 n-q) shown 

to be a mixture of isoxozol idines (14) and (15), and 

isoxazollna (16) by ‘H n.m.r. ord t.1.c. The yields 

shown in the toble were sstimotsd from the integration 

of the ‘H n.m.r. spectrum. 

5-Butyl-3_methctxymethyl- A2- iroxuzd ins ( 18). 
IO 

Triethylomins (5 ml) wa odded to a mixture of 2- 

methoxy- I -nitroethone (6.6 g, 63 mnol), ’ ’ phenyl- 

isocyunate (13.8 ml, 1% mmol), and hexene (23.6 

ml, I89 mmol), in onhydrous benzene (400 ml), ond 

the mixture heotal under reflux for 20h. The mtcture 

was cooled, filtered, and concentrated under reduced 

pressure to give, after flash chramatogrophy (ethsr- 

I igh t petroleum, I :2) 5-but+3-mathoxymethyl -A2- 

isoxmoline (l8), (8.82 g, 82%), an oil. IR (film)v 

max. 
I 332, I ‘PO, I 108, I 089, and 870 cm- \ ‘H 

NMR (CDCI,) 6 0.91 (3 H, t, J, 7 Hz, Cti3CHZ), 

I .38 (3 H, m, HZHCH 2), I .56 (I H, m, HCH_), I .74 

(2 H, m, CH 2)’ 2.65 (I H, dd, 18, l7H2, 4-H), 

3.07(1 H, dd, J 10, I7 Hz, 4-H), 3.35(3 H, s, 

OCH3), 4. ‘9 (2 H, I, CH30Cli2), and 4.61 (I H, 

m, 5-H); MS (Cl) m/z 172 (M++ H, bose peak). - - 

(!RS, FS)-5-Butyl-4- msthoxycorbonyl-3- 

msthoxymethyl-4-methyl -A2-i ra~ozol ine ( 19). 

Isoxazoline (IS) (I .54 g, 9.02 mnd) in THF (3 ml) 

was added to LDA (19.8 mmol) and HMPA (4.7 ml, 

27. I mmol) in THF (70 ml) at -78’ under argon. 

After 2h, rmthyl chlorofonnate (0.84 ml, 10.8 mrnol) 

wos added, and after o further 2h, methyl iodide 

(2.81 ml, 45.3 nund) was also alded. After Ih at 

-78OC, the mixture was ollowed to worm to 2O’C. 

Work-up OS before gave o crude product which vms 

filtered through o plug of silica gel (ethyl ocatats- 

I igh t petroleum, I :5>, ard cluonntagraphed, to giw 

(4RS, !jRS)-5-butyl-4-methoxycabanyl-3-methaxy- 

methyl-4-methyl-~2-isoxmoline (19) (738 mg, 34% 

OS an oil. JR(CHC13)vmox I 738, I450, 1260, I 225, 

I 155, I ‘01, and 9OOcm -‘; ‘H NW (C6D6)60.79 

(3 H, t, 17 Hz, Cl&CH2), I .21 (4 H, m, C_H2CH2), 

I .35 (3 H, s, C-CH3), I .5l (2 H, m, CH2), 2.97 

(3 H, st OCH3), 3.X (3 H, s, C02CH3), 3.98 and 

4. IO (each I H, d, 1 12.5 Hz, CH30CliJ, and 

4.03 (I H, dd, J 4, IO Hz, 5-H); MS (Cl)_45244 

(k+ H) (Found: M+ 243.1470. C12H21N04 requires 

243.1470). 

(SS, !RS, sRS)-5-Butyl-2,4_dimethyl-&nethoxy- 

c~bony(-3-methaxymethyli~orolidi~ (20). The 

crude itoxazd inium salt prepared from iscxazoline 
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(19) (176 mg, 0.72 mmol) and trimethyloxonium tettra- 82, 5339 ( 1960). 

fluaroborate (2 I5 mg, 1.45 mmol) as described above, I I. i? I. Aylott, H. R. Butler, D. S. 8. Grace, 

war dissolved in ahydrous ethanol (3 ml) containing ond H. McNab, J.C.S. Perkin II, II07 (1973). 

N&lC03 (300 mg), and sodium bcrohydride (276 mg, 

7.a mnol) was added. Work-up as &ove and florh 

chrunatography(ethyl acetate-light pstrdeun) gwe 

(3 RS, 4 RS, 2 RS)+butyl-2,44imethyl-4-methoxy- 

carbonyl-3-methoxymethyl isoxazd idine (20) (53 mg, 

28%) o an oit; IR (CHC13)u rox I 725, 1218, I 112, 

ond 990 cm -1; lH NMR (CDC13) iO.87 (3 H, t, J 

7 Hz, Cli3CH2), I .4 (6 H, m, C_H2Cli2Clj2), I .36 (3 

H , I, C-CH3), 2.81 (3 H, I, N-(X3), 2.86 (I H dd, 

1 5, 7 Hz, 3-H), 3.31 (3 H, s, CH30), 3.53 (I H, 

dd, 1 5, IO Hz, O_HCH), 3.57 (I H, dd, 7, IO Hz, 

OH($), 3.73 (3 H, s, C02CH3),.and 3.90(1 H, dd, 

1 3, 9 Hz, 5-H); MS (El) dz 259 @j and 214 &I+- 

45, base peak) (Found: 259.1783; C13H25N04 requires 

259.1783). 
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