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SYNTHESIS, METALATION AND ELECTROPHILIC QUENCHING OF
ALKYL-ISOXAZOLE-4-TERTIARY CARBOXAMIDES. A CRITICAL COMPARISON
OF THREE ISOXAZOLE LATERAL METALATION METHODS
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Abstract - Alkyl-isoxazole-4-tertiary carboxamides are easily formed
from isoxazole-4-carboxylic acids., Lateral metalation and electro-
philic quenching was accomplished regioselectively at C-5 in
aynthetically useful yields. The chief advantage of this method is
in the preparation of chiral isoxazole-4—tertiary carboxamides. The
scope and limitations of this methodology is critically compared to
lateral metalation of isoxazole—4-oxazolines and isoxazole carboxy-

1i¢c acid dianions.

Isoxazoles continue to be of interest due to their utility as synthetic intermediatest
as well as possessing a wealth of important biological activities.? The deprotonation
of simple alkyl isoxazoles, termed lateral metalation by Micetich,3 is a valuable
synthetic method.% 1In the course of a gystematic survey of isoxazole metalation,’ we
have extended our studies to isoxazole-4-tertiary carboxamides (2). The use of tertiary
carboxamides to direct heteroatom facilitated metalation has been amply demonstrated by
Beak and Sniekus.® A recent example of the utility of this methodology is the metala-
tion of cubane tertiary carboxamide reported by Eaton.’ There are several reasons for
extending such studies to the isoxazole system. The tertiary carboxanides are available
in direct fashion from the isoxazole carboxylic acids. The isoxazole-4-carboxylic acid
chloride and two equivalents of inexpensive secondary amine produce the isoxazole-4-
tertiary carboxamides (2) in high yield (Experimental Sectiom, Method A and Table II}.
Direct coupling of the carbexylic acid (1) with one equivalent of amine with DCC
proceeds readily (Method B). We have encountered difficulty preparing large amounts of
chiral isoxazolyl-oxazolines,® and in contrast, the synthesis of isoxazole-4-tertiacy

carboxamides of prolimol derivatives proceeds readily by either method (Vide infra).
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The deprotonation of N,N-diisopropyl-3,5~dimethylisoxazole-4-carboxamide proceeds at
-78°¢c, and incorporation of electrophiles was accomplished in synthetically attractive
yields (Table I). A variety of aldehyde electrophiles were surveyed (Table I, entries 3
to 7), and the isoxazole anion shows selectivity in the presence of such normally
reactive functional groups as cyano {entry 4), nitro {entry 5), pyridyl (entry 7}, and
furyl {entry 6) moieties., We attribute this moderated reactivity to resonance stabili-~
zation, since the lithio-anion of (2) can be considered to be a vinylogous imidate,

The 3~phenyl-5-methylisoxazole carboxamide system, however, does not always readily
metalate appreciably at -78°C after 2-3 h, and starting material was recovered for the
diisopropyl, pyrrolidinyl and morpholinyl tertiary amides. At ~40°C the metalation does
proceed, and electrophiles can be incorporated in useful yield after isolation and
purification {Table I, entries 8-16). The corresponding N,N-dibenzylamide does metalate
at ~78°C (Table I, entry 17}. The synthesis of chiral amides from S-methoxymethyl
prolinol? can be accomplished on a multi-gram scale in high yield. The 3-phenyl-5-
methylchiral amide (4) was smoothly deprotonated at -40°C. Deuteromethanol and benzyl

bromide have been used as electrophiles and produce the products (5) in reasonable

yields.
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The isoxazole-tertiary amide system represents a useful alternative to the dianion and
oxazoline methodology. A critical comparison of the three methods reveals that for
simple alkyl halides the dianion methodology’d is most direct and proceeds directly
without protection and deprotection complications. The widest scope is provided by the

oxazoline system,Sa since the metalation conditions are suitably mild to allow for a
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Table I. Metalation and Electrophilic Quenching of Isoxazole Amides (2) to Produce (3).

Entry R R} Rp El Yield mp°C3 TH NMR Ms®
% (bp) {7 rel.
intensity)
1 Me iPr iPr DOMe 86 84-87 1.3{br,d,128); 2.2(s,3H); EI
2,3(m,7H); 3.4~3,.8(m,2H). 225(7)
2 Me 1iPr iPr Mel 55 63-65 1.0(e,3M); 3.1 ~3.7¢(m,2H); EI
1.15(br,d,12H}; 2.0(s,3H); 238(2.4)
2.45(q,28) .
3 Me iPr iPr p-BrPhCHO 43 oil 0.7-1.8(br,d,12H}; 2.15(s,3H); EI¢
2.9(d,24}; 3.2 -3.9(m,2H); 293(3.1)

4.6 5.1(m,1H}; 6.9 ~7.4(m,4H). 291(3.0)
M=(18+NiPry)

4 Me iPr iPr p-NCPhCHO 48 Rg=0.3 0.5-1.7(m,12H}; 2.0(s,3H); EI
Hex - 2.85(d,2H); 3.1-3.8(m,2H); 355(1.1)
EtOAc 4.7-5,4(m,2H}; 6.9-7.6(m,4H).
1:1
5 Me 1iPr iPr  o-NOgPhCHO 37 Rf=0.38 1.2~ 2.0(br,s,120); 2.4(a,3H); EI
Hex - 3.5(d,24); 3.6-4.2(wm,2H); 375(0.9)
EtQAc 5,5-5.9(m,2H); 7.4-8.3(m,4H). 357(4.0)
1:1 (1~18)
& Me iPr iPr 70 Re=0.37 1.2-2.2{m,12H); 2.6{s,3H); EL
[Z_@S__CHD Hex - 3.45(d,2H); 3.6=4.3(m,2H); 320(17.1)
(v} EtQAc 4.6-5.5(m,2H); 6.4-6.6(s,2H);
1:1 7.5-7.7(s,1H).
7 Me iPr iPr = CHO 62 Rg=0.46  1.0-1.8{m,12H); 2.3-2.4(s,3H); EI
[jﬁjﬂ' EtDAc= 3.05(4,24); 3.2-4.0(m,2H); 331(0.9)
TR MeOH 5.106,10) 5 5.8-6.2(m,1H); 231(14.6)
1:1 7.0-7.4(m,1H)}; 7.5-7.8{(m,1H); (M-NiPry)
8.2-8.6(m,2H).
8 Ph iPr iPr DOMe 88 88-89 0.9-1.7(br,d,6H); 1.5-2.1(br,d, EI
6u); 2.7-2.9{(m, 2H); 3.5-4.2(m, 288(32.2)
2H}: 7.5-8.3(m,5H); 2H 2.25,s.
9 Ph iPr iPr Mel 70 103-105 0.2 ~0.9(br,s,6H);0.9-1,3(t,34); EI
1.3-1.7(d,6H); 2.4 ~2.9(q,2H); 300(21.0)
2.8 ~4,1(m,20); 7.1-7.7(m,5H), <I
301(52.6)
10 Ph iPr iPr P-BrPhCHO 40 158-161 0.4 ~1.0(br,2,6H); 1.4-1.8(br,d, EI
6H); 3.0 ~3.9(m,4H); 4.8 ~5.3(m, 469(2.5)
2HY; 7.1 ~7.8(m,9H) . 471(2.8)
il Pk CHp-CHp-CHg-CHp DOMe 90 128-130  1.4-1.9(m,4H); 2.3 ~2.4{(m,2H); CI
2.75(t,2H); 3.2-3.5(t,21); 257(58.4)
7.2-7.7(m,5H). 258(42.5)
12 Ph CHy—CHyp-CHyp-CHp Mel 66 oil 1.25(t,30); 1.4-2.2(m,50); EL
2,9(q,20); 2.8-3.2{¢,2H); 270(37.4)
3,55(¢,2H); 7.3-7.9(m,5H). cI
271(100)

'
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13 Ph CHy—CHp-CHp—CHy

P~BrPhCHO 48 oil 1.3-1.9(m,4H); 2.5-2.8(c,24); EI
3.15-3.35(d,24); 3.4-3.7(t,2H); 439(3.3)
5.0 ~5.4{m,20); 7.3-8.0(m,9H}. 441(3.1)
14 Ph CHZ—CH2—0*0H20H2
D-0Me 91 102-105  2.3(t,2H); 2.8-3.3(br.s,4H); EI
3.3~3.8(br.s,4H); 7.2-7.7 273(19.5)
{m,5H). €1

274(24.7)

15 Ph CHp-CHp-0-CHyCHy
Mel 72 63~65 1.2 ~1.5{(t,3H); 2.7-3.1(q,2H); EIL
3.0-3.2(br,s,4H); 3.5~ 3.8(br,s, 286(7.5)
4H); 7.4-7.7(m, S5H).

16 Ph CHy;-CHp—-0-CH)CHp

P-BrPhCHO 60 138-140  2.7-3.0(br,s,4H); 3.0-3.3(d,2H); EIL
3.4~3.8(br,s,4H); 4.7.5.1(m,2H); 455(1.8)
7.1 - 7.9(m,4H). 457(1.6)
(M-1)
17 Ph CHpPhCHp-Ph Mel 62 oil 1.1-1.4(t,3H); 2.5-3.0{q,2H); EI
4.0(s,2H); 4.5-4.7(m,2H);6.6~ 396(26.5)

7.8(m,15H).

2 A}1 new compounds gave satisfactory combustion analyses.
b M* (or M+1* for CI)} unless otherwise indicated.

€ Anal. caled. for CygHysN903Br: C, 53.75; H, 6.16; N, 6.84. Found: C, 55.46; H, 6.27;
N, 6.69.
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wide range of electrophiles. The oxazoline is also a versatile precursor to other
functional groups.® The amide system represents a compromise between the directness of
the dianion approach and the broad scope of the oxazoline method. Since it requires
only one step to form this protecting group, the preparation time and overall effi-
clency is superior to the oxazoline system., However, for the 3-phenyl-5-methylisoxa-
zole-4-carboxamides the metalation is more sluggish11 and the yields of the metalation
step are generally sligntly lower, For the preparation of chiral systems, however, the
tertiary amide system appears Lo offer real advantages, since the preparation of chiral
isoxazole oxazolines (in our hands) has not compared favorably,

For the systems studied to date in our laboratories, €-3 wmetalation is indicated under
beth thermodynamic and kinetic conditionsld for the dianion, oxazoline, and amide
system. Thus the possibility of initial kinetic C-3 deprotonation followed by equili-

bration to C-5 seems unlikely.

O—-N Li
\\ CIH’\'
CH:'. 2 H\ O-I\{
- CH,” X\ ~"™CH,

A second plausible possibility is that the ~C=X double bond at €-4 adopts a cisoid
conformer with the C-4/C-5 double bond of the isoxazole, thus reinforcing (or facilita-
ting) C-5 deprotonation by chelation through the X lone pair.
—N
R \

\
CH; N CH,

n—Bu\ < -
Li + X
A third possibility exists, in analogy to the stereoelectronic effects of enolate
deprotonation/electrophile quenching proposed by Evans,l% Thus, for a vinylogous

enolate or imidate system, the T-HOMD assists deprotonation a&ndfor electrophillic

quenching via a secondary orbital symmetry effect.
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For the 3-phenyl-systems the amide may be forced from the ciscid conformer by steric

hindrance and chelation via the amide oxygen
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cannot reinforce C-5 deprotonation. At higher temperature, chelation via theé isoxazole
oxygen appears to direct wmetalation, at a rate superior to proximity directed metalation
on the aryl group.l3 Further synthetic and mechanistic studies are underway.
EXPERIMENTAL SECTION

Mass spectra were measured on a VG 7070 GC/MS with model 11/250 data system, lH NMR were
obtained on a Varian EM-360 or JEOL FX-90Q spectrometers. 2H and 137 NMR were obtained
on the JEOL. IR spectra were obtained on Digilab FTS-80 ar Qualimatic FT-IR iastruments
as neat liquids on NaCl plates or, for solids, as KBr pellets. Combustion analyses were
performed by MicAnal Organic Microanalyzsis, P.0. Box 41838, Tucson, Arizona. Prepara-
tive thin layer chromatography (PTLC) was performed om a Harrison Associates
Chromatotron, using silica gel unless otherwise specified. For reactions under inert
atmosphere, the inert gas (Ar or Nz) was passed over activated BASF catalyst R3-1l
followed by indicator Drierite, Tetrahydrofuran (THF} was distilled from sodium-benzo-
phenone ketyl. All chromatography solvents (hexane, CHyCly, CHClj3, EtOAc, MeOH) were
distilled before use. Organclithium reagents were titrated using the procedure of
Ronald,!2 Commercially available reagents and/or literature compounds were purified
impediately before use by recrystallization or distillation as appropriate,

Preparation of N N-diisopropyl-3,5-dimethyl-isoxazole-4~tertiary carboxamide, Method A

(Schotten—Baumann Reaction)
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An addition funnel was charged with a solution of freshly distilled 3,5-dimethyl-isoxa-
zole-A-carboxylic acid chloride (68 g, 0.426 mole) in methylene chloride (100 wl). This
solution was added dropwise over 1 h at 0°C to a stirred solution of diisopropylamine
(150 @1) in methylene chleride {250 ml) in a 1 L Morton flask. The resulting slurry was
allowed to come to room temperature over twenty-four hours, and poured into 300 ml of
aqueous 3N HCL. The layers were separated and the aqueous layer extracted with methyl-
ene chloride (2 x 100 ml). The combined organic extracts were washed with aqueous 3N
HC1 (2 x 100 ml), aqueous 3N NaOH (2 x 100 ml), brine (100 ml}, and dried over anhydrous
Mg S04. The solution was filtered and concentrated to give the crude amide as an

of f-white solid (96 g, 100%). The solid was sublimed at reduced pressure on a Rugelrohr
apparatus (120°C/2mm Hg} to give a white solid (Table II, entry 1) (91.9 g, 962 yield).
Anal. caled. for CyoHopO02Ny: €, 64.26; H, 8.99; N, 12.49. Found: C, 64.31; H, 8.2; N,
12.58.

Method B. 3~Phenyl-5-methylisoxazole carboxylic acid (1.22 g, 6 mmol) was dissolved in
THF (20 ml) in a 100 wml flask, A solution of dicyclohexyl carbodiimide (DCC) (1.1 eq)
in methylene chloride {15 ml) was added. After stirring for 15 min at room temperature,
pyrrolidine was added dropwise to the stirring solution (9.5 ml) and the mixture warmed
to reflux for 8 h. The reaction mixture was cooled, chloroform added {30 ml), and the
dicyclohexylurea filtered. The resulting solution was washed with aqueous 1.5 N HCl (380
ml), water (80 ml), and aqueous 1 N NaOH (80 ml). The organic layer was dried over
anhydrous Nap80;. Filtration and concentration gave the product as an oil which was
purified by radial PTLC. The product so obtained crystallized on standing, mp 128-130°C
(Table II, entry &) (0.72 g, 47%). Anal. caled. for CjsH1gNg09: G, 70.29; H, 6.21; N,
10.93, Found: C, 70,22; H, 6.16; N, 10,93.

General metalation procedure. N,N-diisopropyl-5-methyl-3-phenylisoxazole-4~carboxamide

(0.93 g, 3.3 mmol) was dissolved in Tetrahydrofuran (50 mi) aund cocled to —-40°C. A
solution of n-butyl lithium in hexanes (2.2 ml, 1,58 M, 3.476 mmol) was added dropwise
by syringe. The solution was stirred at -40°C for 1.5 h, after which time methyl-iodide
(4 ml) was added, and the reaction allowed to come slowly to room temperature over 8 h,
The THF was removed, in vacuo, and the residue mixed with 50 ml of water, and extracted
with methylene chloride (3 x 30 ml). After drying (Nap50,) and filtratiom, the product
was obtained as an amber oil, which was flashed down a short silica column to remove
baseline impurities, and then chromatographed om silica using radial chromatography. The
product (Table I, entry 9) crystallized on standing, wp 103-105°C (0.68 g, 70%)}. Anal.

caled. for CygHp,09Np: G, 71.97; H, 8.03; N, 9.33, Found: C, 72.04; H, 7.90; N, 9.28.
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Table II. Data For Amide Starting Materials (2).
Entry R Ry Ry Methodd:P % w.p.© TH Nz msd
(b.p., mm Hg)

1 Me iPe iPr 96 84-87 1-1.5¢br,d,124); 2.15(s,3H); ¢I
2.25(s,3H); 3.2~3.9(m,2H). 225(52.9)

2 Ph iPr iPr 10 88~90 0.6-0.85(d,6H); 1.35-1.6(d, CI
6H); 2.4(s,3H); 3.2-3.7(m, 287(100)
2H); 7.25-7.8(m,5H).

3 Ph CHaCHyCHyCHp 88 128-130  1.7-3.0(m,4H); 2.75(s,3H); €I
3.0-3,3{(c,2H); 3.65-3.85(c, 257(100)
2H); 7.4-8{m,5H).

4 Ph CHy CHCHaCHy 47 same as product above

5 Ph GHyGHp~0~CHCHy 77 102-105 2.3(s,3H); 2.8~3.3(br,s,4H); CI
3.3-3.8(br,s,4H); 7.2-7.7(m, 273(88.2)
5H).

6 Ph CHyCHy~0—-CH,CHy 56 same as product above

7 Ph CHyPh CHyPh 69 (210,0.5) 2.4(s,3H); 4.0(s,2H); EX
4.7(8,2H); 6.7-6.9{m,2H); 382(21)
7.0-7.4(104); 7.5-7.7(3H).

8 Ph  CH-CHyCHyCHp® 60 (190,0.4)f

CHoOMe 1.4-1.9(m,4H) ; 2.35(s,30); EI,M+lt
3.2-3.4(m,2H); 3.23(s,3H); 301(0.6)
3.4-3.6(m,2H}; &4.1(m,1H); CI, M+1*
7.2-7.3(w,38); 7.5-7.6(m,2H). 301(12.8)

4 Method A : Schotten—-Baumann reaction
b Method B : D.C.C.

€ All new compounds gave satisfactory combustion analyses.

d yt {or M+lt for CI) unless otherwise noted.

e From {S) (+) ~ prolinol, prepared according to reference 9.

£ {u)za

p - 81.49° (EtOAc, c 10.16)
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Table III. Combustion Analyses of Compounds in Table I.
Entry? Formula Anal. Calcd. (Found)
c H N
2 C13HyN09 65.52 9.30 11.75
(65,52) (9.48) (11.76)
3 C1gHg5Np03Br 55.75 6.16 6.84
(55.46) (6.27) (6.69)
5 C)gHg5N305 60.79 65.71 11.19
(60.72) {6.84) (L1.04)
] C) 7Ho4 N0y, 63.73 7.55 8.74
(63.24) (7.58) (8.57)
9 CygHog4No09 72.04 7.90 9.28
(71.97) (8.05) (9.33)
10 C24H27N203Br 61.23 5.64 65.03
(61.15) (5.77) (5.94)
12 C1gH18N209 70.08 6.59 10.31
(71.09) (6.71) (11.84)
13 CpoHp 3 N309Br 59.87 4,80 6.34
(59.72) (4.91) (6.02)
15 C16H18N203 66 .88 6.20 9.69
(67.12) (6.34) (9.78)
16 CapHyNoDy,Br 57.92 4,49 5.97
(57.78) (4,63) (6.13)
17 CogHpsNo0p 78.76 6.10 7.07
(78.48) (6.00) (6.88)

g nrry numbers correspond to those in Table I.
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Table IV, Combustion Amalyses of Compounds in Table II.

EntryZ Formula Anal. Galecd. (Found)
H N

1 C12H208207 64.31 8.92 12.58
(64.26) (8.99) (12.49)

Z Cy7Hg 2909 71.30 7.75 9.78
(71.56) (7.93) (9.37)

3 Cy5H14N202 70.22 6.16 16.92
. (70.29) (6.21) (10.93})

5 Ci5H14N203 66.03 5.73 10.16
(66.16) (5.92) (10.17)

7 Cy5Hy7N209 78.51 5.80 7.32
{78.31) (5.74) (7.29)

3 Cp7HoN203 67.98 6.71 9.33
{67.24) {6.39) (8.74)

JEntry numbers correspond to those in Table

II.
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