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Abstract - Alkyl-isoxazole-4-tertiary carboxwldes are easily formed 

from isoxazole-4-carboxylic acids. Lateral metalation and electra- 

philic quenching was accomplished regioselectively at C-5 in 

synthetically useful yields. The chief advantage of this method is 

in the preparation of chiral isonazole-&-tertiary csrbonsmides. The 

scope and limitations of this methodology is eritieally compared to 

lateral metalation of iaonazole-4-oxaeolines and isoxazole earboxy- 

lic acid dianions. 

Iaonazoles continue to be of interest due to their vtility as synthetic intermediates1 

as well as possessing e wealth of important biological aetivities.2 The deprotonation 

of simple alkyl isarazoles, termed lateral metalation by ~icetieh,~ is e valuable 

synthetic m e t h ~ d . ~  In the course of a systematic survey of ieoxazale metalati~n,~ we 

have extended our studies to isoxazole-4-tertiary carboxamides (2) .  The use of tertiary 

carbonamides to direct heteroetom facilitated metalation has been wply demonstrated by 

Beak and ~niekus.~ A recent example of the utility of this methodology is the metala- 

tion of eubane tertiary carboxamide reported by   at on.^ There are several reasons far 

extending such studies to the isoxazole system. The tertiary earboxainiden are available 

in direct fashion from the isoxazole carboxylic acids. The isorazole-4-carboxylic acid 

chloride and two equivalents of inexpensive secondary amhe produce the isoxazole-4- 

tertiary earboxamides (2) in high yield (Experimental Section, Merhod A and Table 11). 

Direct coupling of the carboxylic acid (g with one equivalent of mine with DCC 
proceeds readily (Method B). We have encountered difficulty preparing large amounts of 

chiral isoxazolyl-oxa~olines,~ and in contrast, the synthesis of isoxazole-4-tertiary 

carboxamides of prolinol derivatives proceeds readily by either method (Vide infra). 



The d e p r o t o n a t i o n  of ~,~-diisopropyl-3,5-dimethyli~~~a~o1e-4-carboxmide proceeds  a t  

-78'C. and i n c o r p o r a t i o n  o f  e l e c t r o p h i l e s  was accomplished i n  s y n t h e t i c a l l y  a t t r a c t i v e  

y i e l d s  ( T a b l e  I ) .  A v a r i e t y  o f  a ldehyde  e l e c t r o p h i l e s  were surveyed ( T a b l e  I ,  e n t r i e s  3 

t o  I ) ,  and t h e  i s o x a z o l e  an ion  shows s e l e c t i v i t y  i n  t h e  p resence  of such  n o r m a l l y  

r e a c t i v e  f u n c t i o n a l  g roups  as cyan0 ( e n t r y  4 ) ,  n i t r o  ( e n t r y  5 ) ,  p y r i d y l  ( e n t r y  7 ) ,  and 

fv ry l  ( e n t r y  6 )  m o i e t i e s .  We a t t r i b u t e  t h i s  moderated r e a c t i v i t y  t o  resonance s t a b i l i -  

z a t i o n ,  s i n c e  the l i t h i o - a n i o n  of ( 2 )  - can be  cons idered  t o  be  a v iny logous  i m i d a t e .  

The 3-phenyl-5-methylisoxazole carboxamide system, however, does  no t  a lways r e a d i l y  

meta la te  a p p r e c i a b l y  a t  -78'C a f t e r  2-3 h ,  and s t a r t i n g  m a t e r i a l  was recovered  f o r  t h e  

d i i s o p r o p y l ,  p y r r o l i d i n y l  and morphol iny l  t e r t i a r y  amides.  At -40°C t h e  m e r a l a r i o n  does  

proceed, and e l e c t r o p h i l e s  can be  i n c o r p o r a t e d  i n  u s e f u l  y i e l d  a f t e r  i s o l a t i o n  and 

p u r i f i c a t i o n  ( T a b l e  I ,  e n t r i e s  8-16). The cor responding  E,E-dibenzylamide does  m e t a l a t e  

a t  -78°C (Tab le  I ,  e n t r y  1 7 ) .  The s y n t h e s i s  of c h i r a l  amides from S-methoxymethyl 

prol ino19 can be accomplished on a multi-gram s c a l e  i n  h i g h  y i e l d .  The 3-phenyl-5- 

m e t h y l e h i r a l  amide (4) was smoothly d e p r o t o n a t e d  a t  -40DC. Deuteromethanol  and benzy l  

bromide have been  used as e l e c t r o p h i l e s  and produce t h e  p r o d u c t s  (I) i n  r e a s o n a b l e  

y i e l d s .  

cH,x& 0 a-BuLi - 4 7 -  El'  

M ~ o c H ~ ~ = ~  M~CH~.$=" DOMe 97 

PhCH,Br 56 

4 5 

The i s o x a z o l e - t e r t i a r y  amide sys tem r e p r e s e n t s  a u s e f u l  a l t e r n a t i v e  t o  t h e  d i a n i o n  end 

oxaro l ine  methodology. A c r i t i c a l  comparison o f  t h e  t h r e e  methods r e v e a l s  t h a t  f o r  

simple a l k y l  h a l i d e s  t h e  d i a n i a n  m e ~ h o d o l o g y 5 ~  i s  most d i r e c t  and p roceeds  d i r e c t l y  

without p r o t e c t i o n  and d e p r o t e c t i o n  c o m p l i c a t i o n s .  The w i d e s t  scope  i s  p rov ided  by t h e  

o i a z o l i n e  system,5a s i n c e  t h e  m e t a l a t i o n  c o n d i t i o n s  are s u i t a b l y  mi ld  t o  a l l o w  f o r  a 
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~sble I. metalation and Electrqhilic Quenching of  Isorazole Amides (2) to Produce (2) .  

Entry R Rl R2 El Yield mp'Ca 'H NHR MS 
Z ( b ~ )  (Z rel. 

DOMe 86 

me1 55 

DOMe 88 

Me1 70 

Ph CH2-CH2-CH2-CHZ DOMe 90 

Ph CH2-CH2-CH2-CH2 Me1 66 

84-87 

63-65 

oil 

Rf=0.3 
Her - 
EtOAC - 
1:1 

Rf-0.38 
Her - 
E tOAc - 
1:1 

Rf'0.37 
Hex - 
EtOAc - 
1:1 

Rf=0.46 
EtOAc= 
MeOH 
1:1 

88-89 

103-105 

158-161 

128-130 

o i l  



o i l  

102-10s 

63-65 

138-140 

o i l  

a All new gave s a t i s f a c t o r y  combustion analyses  

HI (or n+lt f o r  CI) u n l e s s  otherwise indicated .  

Anal. c a l e d .  f o r  ClgHz5N2O3Br: C, 55.75; H, 6.16; N, 6.84. Found: C, 55.46; H, 6.27; 
N, 6.69. 



HETEROCYCLES, Vol 24, No 2, 1986 

v i d e  range  o f  e l e c t r o p h i l e s .  The o x a r o l i n e  i s  a l s o  a v e r s a t i l e  p r e c u r s o r  t o  o t h e r  

f u n c t i o n a l   group^.^ The amide syetem r e p r e s e n t s  a compromise between t h e  d i r e c t n e s s  of 

t h e  d i a n i o n  approach  and t h e  b road  scope o f  t h e  o x a z o l i n e  method. S i n c e  i t  r e q u i r e s  

o n l y  one s t e p  t o  form t h i s  p r o t e c t i n g  g roup ,  t h e  p r e p a r a t i o n  t ime  and o v e r a l l  e f f i -  

c i e n c y  is s u p e r i o r  t o  t h e  o x a z o l i n e  system. However, fo r  t h e  3-phenyl-5-methylisoxa- 

zole-4-carboxamides t h e  m e t a l a t i o n  i s  more s l u g g i s h l 1  and t h e  y i e l d s  o f  t h e  m e t a l a t i o n  

s t e p  are g e n e r a l l y  s l i g h t l y  lower.  For t h e  p r e p a r a t i o n  of c h i r a l  systems,  however, t h e  

t e r t i a r y  emide sys tem appears  t o  o f f e r  r e a l  advan tages ,  s i n c e  t h e  p r e p a r a t i o n  o f  c h i r a l  

i a o x a z o l e  o x a e o l i n e r  ( i n  o u r  hands)  h a s  n o t  compared favorab ly .  

F o r  t h e  systems s t u d i e d  t o  d a t e  i n  our l a b o r a t o r i e e ,  C-5 m e t a l a t i o n  i s  i n d i c a t e d  under  

b o t h  themodynamic  and k i n e t i c  condit ions1 '  f o r  t h e  d ian ion ,  o x a r o l i n e ,  and amide 

system. Thus t h e  p s s i b i l i t y  o f  i n i t i a l  k i n e t i c  C-3 d e p r o t o n a t i o n  fol lowed by e q u i l i -  

b r a t i o n  t o  C-5 seems u n l i k e l y .  

A second p l a u s i b l e  p o s s i b i l i t y  i s  t h a t  t h e  -C-X double  bond a t  C-4 adop ts  a e i o o i d  

conformer w i t h  t h e  C-4/C-5 double  bond o f  t h e  i s o x a r o l e ,  t h u s  r e i n f o r c i n g  ( o r  f a c i l i t a -  

t i n g )  C-5 d e p r o t o n a t i o n  by c h e l a t i o n  th rovgh  t h e  X lone p a i r .  

A t h i r d  p o s s i b i l i t y  e x i s t s ,  i n  ana logy  t o  t h e  s t e r e o e l e c t r o n i c  e f f e c t s  of e n o l e t e  

deprotonation/electrophile proposed by ~ v a n s . 1 4  Thus,  f o r  a v iny logovs  

e s o l a t e  or  i m i d a t e  system, t h e  n-HOMO a s s i e t s  depro tona t ion  e n d l o r  e l e e t r o p h i l l i c  

quenching % a secondary  o r b i t a l  symmetry e f f e c t .  



0- 

For the 3-phenyl-systems the amide may be forced from the cieoid conformer by steric 

hindrance and chelation via the amide oxygen 

cannot reinforce C-5 deprotonation. At higher temperature, chelation thZ isoxazole 

oxygen appears to direct metalation, at a rate superior to proximity directed metalation 

on the aryl group.15 Further synthetic and mechanistic studies are underway. 

EXPERIMENTAL SECTION 

Mass spectra were measured on a VG 7070 GCIMS with model 111250 data system. It3 NNR were 

obtained on a Varian EM-360 or JEOL FX-909 spectrometers. 2~ and W R  were obtained 

on the JEOL. IR spectra were obtained on Digilab FTS-80 ar Qualimatic FT-IR instruments 

as neat liquids on NaCl plates or, for solids, as KBr pellets. Combustion analyses were 

performed by MicAnal Organic Microanalysis, P.O. Box 41838, Tucson, A~izona. Prepara- 

tive thin layer chromatography (PTLC) was performed on 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 R3-11 

followed by indicator Drierife. Tetrahydrafuran (THF) was distilled from sodium-benro- 

phenone ketyl. All chromatography solvents (hexane, CH2C12, CHClj, EtOAc, &OH) were 

distilled before use. Organolithium reagents were titrated using Che procedure of 

~ o n a l d . ~ ~  Coonnercially available reagents andlor literature compounds were prified 

immediately before use by recrystallieation or distillation as appropriate. 

Preparation of NLN-diisopropyl-3,5-dimethyl-isoxarole-4-rertiary carboxamide. Method A 

tsehotten-Baumann Reaction) 
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An addition funnel was charged with a solvtion of freshly distilled 3,s-dimethyl-isoxa- 

role-4-carboxylic acid chloride (68 g, 0.426 mole) in methylene chloride (100 rnl). This 

solution was added dropwise over 1 h at O'C to a stirred solution of diisopropylamine 

(150 ml) in methylene chloride (250 ml) in a I L Morton flask. The resulting slurry was 

allowed to come t o  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 S O 4  The solution was filtered and concentrated to give the crude amide as an 

off-white solid (96 g, 100%). The solid was sublimed at reduced pressure on a Kugelrohr 

apparatus (120°C/20rm Hg) to give a white solid (Table 11, entry 1) (91.9 g, 96% yield). 

Anal. calcd. for Cl2H2002N2: C, 64.26; H, 8.99; N, 12.49. Found: C, 64.31; H, 8.2; N, 

12.58. 

Method B. 3-Phenyl-5-methylisoxazole carbonylie acid (1.22 g, 6 mol) was dissolved in 

THE (20 ml) in a 100 ml flask. A solution of dicyclohenyl carbodiimide (DCC) (1.1 eq) 

in methylene chloride (15 ml) was added. After stirring for 1 5  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 resvlting solution was washed with aqueous 1.5 N HCl (80 

ml), water (80 ml), and aqueous 1 N NsOH (80 ml). The organic layer was dried over  

anhydrous NazS04. Filtration and concentration gave the product as an oil which w a s  

purified by radial PTLC. The product 80 obtained crystallized on standing, ap 128-130°C 

(Table 11, entry 4) (0.72 g, 47%). Anal. calcd. for C15H16N202: C, 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-carboaamide - 

(0.93 g, 3.3 mol) was dissolved in Tetrahydrofuran (50 ml) and cooled to -40'C. A 

solution of n-butyl lithium in hexanes (2.2 ml, 1.58 M, 3.476 mol) 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 came slowly to room temperature over 8 h. 

The THF was removed, in vacuo, and the residue mined with 50 ml of water, and extracted 

with methylene chloride (3 x 30 ml). After drying (Na2SO4) and filtration, the product 

was obtained as an amber oil, which was flashed down a short silica column to remove 

baseline impurities, and then chromatographed on silica using radial chromatography. The 

product (Table I, entry 91 crystallized on standing, mp 103-105'C (0.68 g, 7OZ). Anel. 

celcd. for C18H24O2N2: C, 71.97; H, 8.05; N, 9.33. ~ound: C, 72.04; H, 7.90; N, 9.28. 



Table 11. Date for hide Starting Materials (2). 

Entry R R1 R2 Methoda,' % m . ~ . ~  'H NNB MSS 
(b.p., mm Hg) 

a Method A 

Method B 

Schotten-Baumann reaction 

D.C.C. 

same as product above 

same as product above 

CI 
225C52.9) 

CI 
287(100) 

CI 
257(100) 

CI 
273C88.2) 

El 
382(21) 

EI,M+lt 
301(0.6) 
CI, M+1+ 
301(12.8) 

C All new compaunds gave satisfactory combustion analyses. 

d Ht (or M+lt for CI) unless otherwise noted. 

e From (S) (+) - prolinol, prepared according to reference 9 
f - 81.49' (EtOAc, c 10.16) 
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Table 111. Combustion Analyses of Compounds i n  Table I 

Entrya Formula Anal. Calcd. (Found) 
C H N 

aEntry numbers correspond to  those i n  Table I .  



Table IV. Combustion Analyses of Compounds i n  Table 11. 

Entrya Formula Anal. Calcd. (Found) 
C H N 

aEntry numbers correspond t o  those i n  Table 11. 
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