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Abstract  - Several  4-phenylisoxazoles were synthesized by the  palladium- 

catalyzed coupling o f  t he  i soxazole , r ing  with benzene o r  iodobenzene. 

Compound 4, thus obtained,  was converted t o  4-phenylmuscimol 12). 
according t o  the  newly developed route  t o  muscimol (1) from 3. 

Muscimol ( L ) ,  a  n a t u r a l  product i s o l a t e d  from Amanitae fungi: is  a  potent  

receptor  agonis t  of  y-aminobutyric ac id  IGABA) , an i nh ib i t o ry  neurotransmit ter .  

Unlike GABA, 1 pene t ra tes  the  blood-brain b a r r i e r  a f t e r  systemic adminis t ra t ion.  

2 T h i s  property has made 1 an important neurophanacological  t o o l ,  and a  va r i e t y  

3 of  i t s  der iva t ives  have been synthesized t o  develop new therapeut ic  agents.  We 

planned the  syn thes i s  of 4-phenylmuscimol (2) with g r ea t e r  l i p o p h i l i c i t y .  

As an e f f i c i e n t  syn thes i s  of  L was accomplished (vide i n f r a )  by modifying 

4 3-hydroxy-5-methylisoxazole (3), an a g r i c u l t u r a l  chemical, 3-hydroxy-S-methyl-4- 

phenylisoxazole (4) would be t he  s t a r t i n g  mater ia l  f o r  1. In  view of the  poor 

y i e l d  of the reported syn thes i s  of 45 it was des i rab le  t o  prepare 4 from abundant- 

l y  ava i lab le  2. In t he  presen t  paper we descr ibe  the  palladium-catalyzed, d i r e c t  

6 phenylation a t  the 4-position of  isoxazoles  including the  t o sy l a t e  of 3. 
7 Palladium-catalyzed cross-coupling reac t ions  of  aromatic hydrocarbons o r  

a r y l  ha l idess r9wi th  o l e f i n s  have been in tens ive ly  inves t iga ted ,  and a l s o  appl ied 



t o  the formation of  new h e t e r o c y c l i c  r ings? '  To o u r  knowledge, however, any i n t e r -  

molecular  coup l ing  o f  h e t e r o c y c l i c  compounds wi th  a  benzene r i n g  h a s  n o t  been 

r e a l i z e d  by means of  pa l ladium c a t a l y s t s ,  a l though t h e  i n t r a m o l e c u l a r  o x i d a t i v e  

11 coup l ing  r e a c t i o n  of a r o y l i n d o l e s  s u g g e s t s  t h e  p o s s i b i l i t y .  

F i r s t ,  w e  examined t h e  o x i d a t i v e  coup l ing  of  t h e  t o s y l a t e s  5a.b w i t h  benzene. 

The r e a c t i o n  of 2 w i t h  benzene i n  d imethylsulphoxide  a t  90° i n  the presence  of  

pa l l ad ium(I1 )  a c e t a t e  (1 eq.) , c u p r i c  a c e t a t e  (10 e q . )  and oxygen a f f o r d e d  t h e  

phenyla ted  p roduc t  % i n  66% y i e l d .  The s t r u c t u r e  of  % was evidenced by i ts 'H- 

and 1 3 ~ - ~ ~ ~  s p e c t r a  : no p ro ton  abso rp t ion  a t  6.0 - 7.0 ppm; a  s i n g l e t  carbon 

abso rp t ion  due t o  C4 a t  110.7 ppm. F u r t h e r ,  a l k a l i n e  h y d r o l y s i s  o f  y i e l d e d  

5  known 4 q u a n t i t a t i v e l y .  S i m i l a r  r e a c t i o n  o f  gave i n  62% y i e l d .  I n  o t h e r  

Ph Ph 
OH- 

R 02, DMSO R R 

s o l v e n t s  such a s  a c e t i c  a c i d ,  a c e t o n i t r i l e ,  dimethylformamide o r  hexamethylphospho- 

r i c  t r i a m i d e ,  t h e  pheny la t ion  was l e s s  s u c c e s s f u l .  Without r e o x i d i z i n g  agen t s  o r  

w i th  less amount o f  p a l l a d i u m ( I 1 )  a c e t a t e  ( 0 . 1  - 0.2 e q . ) ,  t h e  y i e l d s  were reduced 

t o  10 - 15%. The mesyla te  and the benzoate  o f  3 were n o t  good s u b s t r a t e s  f o r  this 

r e a c t i o n .  

In  o r d e r  t o  economize t h e  c a t a l y s t ,  pheny la t ion  o f  % w i t h  iodobenzene was 

i n v e s t i g a t e d .  When 2 was hea ted  wi th  iodobenzene (1.5 e q . )  i n  hexamethylphosphoric 

t r i a m i d e  a t  100° i n  t h e  p re sence  o f  p a l l a d i u m ( I 1 )  a c e t a t e  ( 0 . 1  eq . )  and sodium 

b ica rbona te ,  % (23%) and an i n t r a m o l e c u l a r  coup l ing  p roduc t  8 (12%) were formed 

12 i n  a d d i t i o n  t o  b iphenyl .  The s p e c t r a l  d a t a  of  8 were c o n s i s t e n t  w i t h  t h e  s t r u c -  

t u r e  shown i n  scheme 2  : MS ( g / e )  , 251 (M'); 1 3 ~ - ~ ~ ~  ( i n  ace tone-dg) ,  100.8 ppm 

( s i n g l e t ,  Cgb).  Addi t ion  o f  t r i pheny lphosph ine  was n o t  e f f e c t i v e  t o  improve t h e  

y i e l d  o f  %. A s i m i l a r  r e a c t i o n  u s i n g  10% pal ladium on cha rcoa l  ( 0 . 1  eq . )  gave % 
i n  4 4 %  y i e l d  t o g e t h e r  w i th  less amount o f  I! ( 3 % ) .  The l a t t e r  r e s u l t  i n d i c a t e s  t h e  

p o s s i b i l i t y  t h a t  8 was formed through p a l l a d a t i o n  o f  the p t o l u e n e s u l p h o n y l  group 

by t h e  phenylpal ladium complex d e r i v e d  from iodobenzene. This assumption was 
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PhI 9- -. 
NaHC03 

5a > - 6.3 + - 
~d ca t a lys t  H3C 
HMPT 

supported by the f a c t  t h a t  a s imi lar  reaction with palladium(I1) ace ta te  ( 0 . 1  

eq.) excluding iodobenzene gave nei ther  nor 8. 
Similarly, e-chloro- and 2-carboxyphenyl groups were introduced in to  the 

3-hydroxyisoxazole r ing  by arylat ion with 2-chloroiodobenzene and the in t r a -  

molecular reaction of the ?-benzoate 10, as shown i n  scheme 3. 

P- a0 o Pd(0Ac) Ph3P 2 

H3C NaHC03 
HMPT 

10 - 

Isoxazoles other  than 3-hydroxy derivat ives can be phenylated, too. Phenyla- 

t i on  of 3-(2-tetrahydropyranyloxymethy1)isoxazoles (13a-c) with the iodobenzene- 

palladium(I1) ace ta te  system gave the alcohols 14a-c a f t e r  ac id ic  hydrolysis.  

Palladium on charcoal was not e f f ec t ive  i n  these coupling reactions. Several 

4-phenylisoxazole-3-carboxylic and ace t i c  acids (15a-c and 16b,c) were synthesized 

by conventional reactionsi& 13a-c (scheme 4 ) .  

Final ly,  1 and its 4-substituted derivat ives were synthesized. The benzoate 

14 18a was brominated with N-bromosuccinimide, and then t rea ted  with armnonium hydro- - 



13a-c i) SOClz 
ii) KCN 

a : R=CH3 14a 30% - iii) OH- 

xide to afford 1 in 32% overall yield from 3. Similar sequence of reactions with 
4 and 4-bromo-3-hydroxy-5-methylisoxazole4b(~) yielded Z and 4-bromomuscimol - 

(19) , respectively, which showed no muscimol-like biological activities. 

scheme 5 

Experimental 

Melting points were not corrected. Infrared (IR) spectra were taken with a 

JASCO A-2 spectrometer, and mass spectra with a JEOL-OlSG mass spectrometer. 

Nuclear magnetic resonance (NMR) spectra were measured in deuteriochloroform, if 

not otherwise specified, an a Varian T-60 or XL-100A spectrometer. 

5-Methyl-3-(p-toluenesulph~nyloxy)isoxazole (a) ---- To a solution of 3- 
hydraxy-5-methylisoxazole(~) (7.13 g,  72 mmol) and 1-toluenesulphonyl chloride 

(13.72 g, 72 mmol) in 60 ml of benzene was added dropwise a solution of EtqN (11 

ml) in benzene (20 ml) during 15 mi" at5-6'. After stirred at the room temperature 

(=. t.) for 30 min, the mixture was washed with water, dried and evaporated. The 

residue was chromatographed over silica gel (160 g) column. Elution with 1-2% 

AcOEr in n-hexane gave pure 2 (13.95 g ,  77%) of bp 148-150'10.1 mmHg (bath temp.). 

IH-NMR 6 : 2.38 (3H, s, CH3), 2.45 (3H, s, CH3), 6.09 1 b . ,  H-C4), 7.3-8.1 

(4H, q-like m, aromatic H). 1 3 ~ - ~ ~ ~  (acetone-d6) ppm : 12.9(q), 21.6 (q) ( 2  x CH3), 
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. , 
96.4 (d, Cq). 129.4 (2 x d), 131.1 (2 x d) (C21, C3,, Cgv and C6.), 132. 6 (s, 

C4r), 147.6 (s), 165.9 ( s ) ,  173.9 (s) (C3, C5 and C 1 v )  Anal. Calcd. for 
Cl1Hl1N04S : C, 52.17; H, 4.38; N, 5.53; S, 12.65. Faund : C, 52.09; H, 4.26; 

N, 5.53; S, 12.83. 

5-Phenyl-3-(p-toluenesulphonyloxy)isoxazo~le (2)---- 3-Hydroxy-5-phenylisaia- 

zole (15.0 g) was tosylated as described above, using benzene-DMF (10:l) as the 

solvent. The crude product was recrystallized from Et20-n-hexane to give of mp 

69-70°. Yield, 22.9 g (78%). NMR 6 : 2.43 (3H, s ,  CH3). 6.58 (lH, s ,  H-Cq), 7.2- 

8.1 (9H, m, aromatic H). Anal. Calcd. for C16H13N04S : C, 60.95; H, 4.16; N, 4.44; 

S, 10.15. Found : C, 61.19; H, 4.07; N, 4.88; S, 10.26. 

5-Methyl-4-phenyl-3-(p-toluenes~1phonyloxy)isoxazole (@)---- To a mixture of 

Pd(OAc)2 (225 mg, lmmol), CU(OAC)~ (1.81 g, 10 mmol) and DMSO (10 ml) was added 

a solvtion of Sa (253 mg, 1 mmol) in benzene (10 ml). The mixture was stirred at 

90' far 7 hr, cooled, diluted with benzene (20 ml), filtered through eelite, 

washed twice with water, dried and evaporated. The oily residue (311 mg) was 

ehromatographed over silica gel (6 g). Elution with benzene gave 198 mg (58%) of 

&, mp 85-86' (cyclohexane-benzene). IR V max cm-l : 1640. 1600. 1430, 1380, 

1190, 1175. IH- NMR & : 2.40 (3H, s), 2.42 (3H, s), 7.1-8.0 (9H, m). 1 3 ~ - ~ ~ ~  

(acetone-d6) ppm : 12.50 (q), 21.6 (q), 110.7 (s, Cq). 127.8 (s), 128.7 (d), 129.3 

(4 x d), 129.5 (2 x d), 130.6 (2 x d), 132.9 (s) (11 aromatic C), 147.2 ( 8 ) .  163.8 

(s), 169.5 (s)(C3, C5 and 1 aromatic C). MS (51%) : 329 (M+), 265 (M+-~02). Anal. 
Calcd. for C17H15N04S : C, 62.00; H, 4.59; N, 4.25; S. 9.72 Found : C, 62.17; H, 

4.50; N, 4.28; S, 9.79. By further elution with benzene a (36 mg, 14%) was 
recovered. 

Similar procedure under 02 afforded 218 mg (66%) of k, in addition to 
recovered a (36 mg, 14%). 

4,5-Diphenyl-3-(p-t01~ene~~lph0ny10~y)isxzole (&)---- Similarly + (631 
mg, 2 mmol) was phenylated as described above under 02, to yield & (462 mg, 61%) 
of mp 111-112' (Et20). NMR 6 : 2.41 (3H, 8 ) .  7.1-8.0 (14H, m). MS (~1%): 391 

(M+), 327 (M+-~02). *. Calcd. for C22H17N04S : C, 67.51; H ,  4.38; N, 3.58. 

Found : C, 67.32; H, 4.34; N, 3.66. 

3-Hydroxy-5-methyl-4-pheny1isoxazo1e (4)---- To a solution of & (1.841 g) 
in diaxane (25 ml) was added 10 ml of 10% aq. NaOH. After stirred at r. t. for 

1 hr, the mixture was acidified with 7% aq. HC1 and extracted twice with AcOEt. 

The combined organic solution w a s  washed with water, dried and evaporated, yield- 

ing 986 mg (100%) of &. Recrystallization from Et20 gave an analytical sample of 

mp 125-126' (lit! mp 127-128'). NMR 8 : 2.41 (3H, s), 7.2-7.7 (5H, m), 11.70 

( l ~ ,  s, OH). MS ( ~ 1 ~ )  : 175 (M+). Anal. Calcd. for C10H9N02 : C, 68.56; H, 5.18; 

N, 8.00. Found : C, 68.26; H, 5.09; N, 7.62. 

4,5-Diphenyl-3-hydro~yisoxaz~1e (1)---- Similar hydrolysis of & (241 mg) a s  

described above yielded 1 (147 mg, 100%) of mp 197-199' (acetone-n-hexane). 

NMR (DMSO-d6) 6 : 7.0-8.0 (loll, m), 8.0-8.6 (lH, br., OH). MS (~1%) : 237 (M+). 
Anal. Calcd. for C15HllN02 : C, 75.93; H, 4.67; N, 5.90. Found : C, 75.62; H, - 
4.61; N. 5.96. 

Phenylation of 5a with iodobenzene ---- A mixture of & (30.39 g, 0.12 mol), 

iodobenzene (36.72 g, 0.18 mol), NaHC03 (15.12 g, 0.18 mol), 10% Pd-C (12.77 g ,  



0.012 mol)  and  HMPT (250 ml) was h e a t e d  a t  100 '  f o r  9  h r  u n d e r  A r .  A f t e r  c o o l e d ,  

t h e  m i x t u r e  w a s  d i l u t e d  w i t h  AcOEt (500 m l ) ,  f i l t e r e d  t h r o u g h  c e l i t e  and p o u r e d  

i n t o  w a t e r  ( 1  1 ) .  The aq .  l a y e r  was s e p s r a t e d  and e x t r a c t e d  a g a i n  w i t h  AcOEt. The 

combined o r g a n i c  s o l u t i o n  was washed w i t h  w a t e r ,  d r i e d  and e v a p o r a t e d .  The r e s i d u e  

(s, 70 g) was c h r o m a t o g r a p h e d  on s i l i c a  g e l  (500  g ) .  E l u t i o n  w i t h  AcOEt-n-hexane 

(1 :5 )  a f f o r d e d  a s e m i - c r y s t a l l i n e  m i x t u r e  o f  3 and k. R e c r y s t a l l i z a t i o n  f r o m  

c y c l o h e n a n e - b e n z e n e  gave  p u r e  & (17.47 g, 4 4 % ) .  F u r t h e r  e l u t i o n  w i t h  AcOEt-n- 

hexane  ( 1  : 1 )  y i e l d e d  1.8-dimethyl-5,5-diox~-4-oxa-5-thia-naphtho [ 2 , l - c ] i ~ o x a z o l e  

( 8 ) .  R e c r y s t a l l i z a t i o n  f rom ace tone-n -hexane  gave  w h i t e  n e e d l e s  o f  mp 177-178'  

(1 .02 g ,  3 % ) .  I R V " , : ~ ~  cm-1 : 1 6 5 0 ,  1 6 1 0 ,  1 5 2 0 ,  1 4 7 0 ,  1 3 9 0 ,  1195 .  1 ~ - N M R  ( a c e t o n e  

-d6)  6 : 2.63 ( 3H, s ,  CH3-C8), 2 . 9 7  (3H, s, CH3-Cl), 7 .73  ( l H ,  dm, J = 8  H Z ,  H-C7), 

8 . 0 1  ( 1 8 ,  m ,  H-C9), 8 . 1 5  ( l H ,  d ,  3-8 Hz, H-C6). 1 3 c - ~ M R  ( a c e t o n e - d 6 )  ppm : 14.0 

( q ) ,  21 .7  ( q )  (CH3-C1 and C8);  1 0 0 . 8 ( s , C g b ) ; 1 2 5 . 8  ( d ) ,  126 .9  ( d ) ,  1 3 0 . 5  ( d )  (C6, 

C 7  and Cg) ;  1 2 6 . 1  (s), 1 2 7 . 7  ( s )  (Cg and  C9,); 147 .4  (s), 1 6 5 . 5  (s), 1 7 0 . 2  (s) 

(C1, C 3 a ,  a n d  C s a )  MS ( ~ 1 % )  : 251 (M'). Anal. C a l e d .  f o r  CllHgNOqS : C ,  52 .58 ;  R, 

3 .61 ;  N ,  5 . 5 8 ;  S ,  1 2 . 7 6 .  Found : C ,  52 .55 ;  H ,  3 .74 ;  N ,  5 . 7 5 ;  S ,  1 2 . 7 1 .  

When Pd(OAc)2 ( 0 . 1  e q . )  was u s e d  a s  t h e  c a t a l y s t ,  & was o b t a i n e d  i n  23% 

y i e l d ,  accompan ied  by 5 ( 1 2 % ) .  The a d d i f i o n  o f  Ph3P ( 0 . 1  e q . )  d i d  n o t  improve  t h e  

y i e l d  o f  &. 
P h e n y l a t i o n  of 5b w i t h  i o d o b e n z e n e  ---- Under t h e  s i m i l a r  c o n d i t i o n s  as 

d e s c r i b e d  above  u s i n g  5% Pd-C (12 .76  g ,  6  mmol) a e  t h e  c a t a l y s t ,  2 (18 .90  g ,  

60 mmol) was ~ h e n y l a t e d .  A f t e r  work-up,  t h e  s e m i - c r y s t a l l i n e  c r u d e  p r o d u c t  (37 .16  

g) was h y d r o l y z e d  i n  a m i x t u r e  o f  d i o x a n e  (250 ml) a n d  w a t e r  (120  ml) c o n t a i n i n g  

NaoH (10  g ) .  A f t e r  s t i r r e d  a t  r .  t .  f o r  30 m i " ,  t h e  m i x t u r e  d i l u t e d  w i t h  w a t e r  ( 

250 rnl) was washed w i t h  E t 2 0  (250  m l ) .  The aq. l a y e r  was a c i d i f i e d  w i t h  1 0 %  aq. 

H C 1  t o  pH 3 ,  a n d  e x t r a c t e d  w i t h  E t z O  (2 x 250 m l ) .  The combined e x t r a c t s  were  

d r i e d  and e v a p o r a t e d .  The c r y s t a l l i n e  r e s i d u e  ( 1 1 . 1 4  g) was r e c r y s t a l l i z e d  f rom 

a c e t o n e  t o  y i e l d  1 (5 .79  g) o f  mp 197-199' .  C o n c e n t r a t i o n  o f  t h e  m o t h e r  l i q u o r  

a f f o r d e d  f u r t h e r  ammount o f  1. T o t a l  y i e l d ,  6 . 6 8  g ( 4 7 . 5  %) .  

4-(p-Chlarophenyl)-3-hydrony-5-rnethy1i80xz01e ( 9 )  ---- A m i x t u r e  o f  3 
( 1 0 . 1  g ,  40 mmol),  1 - c h l o r o i a d o b e n z e n e  (11.45 g ,  40 mmol),  NaHC03 (5 .04 g ) ,  1 0 %  

Pd-C (8 .50 g ,  8  mmol) and HMPT (80  ml) was h e a t e d  a t  1 0 0 "  f o r  14  h r  u n d e r  A r .  

A f t e r  s i m i l a r  work-up and h y d r o l y s i s  as d e s c r i b e d  a b o v e ,  9 ( 3 . 5 9  g .  43%)  o f  mp 

188.5-189.5 '  (AcOEt-n-hexane) was o b t a i n e d .  I R ~ ~ ~ ~ ~ ~  
mar 

em-l : 2 3 0 0 - 3 2 0 0 ( b r . ) .  1 6 4 5 ,  

1 5 9 5 ,  1 5 6 0 ,  1 5 4 0 ,  1495 .  NMR (DMSO-d6) 6 : 2.44 (3R, e ) ,  7 .3 -7 .8  (4H, s ,  a r o m a t i c  

H ) ,  11 .77  ( l H ,  b r . ,  OH). MS (=I$ : 209 (M'). &&. C a l c d .  f o r  ClOH8C1NOz : C ,  

5 7 . 2 9 ;  H ,  3 . 8 5 ;  N ,  6 . 6 8 ;  C1, 1 6 . 9 1 .  Found : C ,  5 7 . 5 2 ;  H ,  3 . 8 4 ;  N ,  6 . 3 5 ;  C 1 ,  1 6 . 5 2 .  

3-(2-Iodobenzoyloxy)-5-methy1isoxazo1e (10)---- To a s o l u t i o n  o f  2 (4 .95  g ,  

50 mmol) and 2 - i o d o b e n z o y l  c h l o r i d e  (13 .33  g ,  50 mmol) i n  b e n z e n e  (100  ml)  was 

added  d r o p w i s e  a s o l u t i o n  o f  Et3N ( 1 0 . 5  ml) i n  b e n z e n e  (20  m l )  d u r i n g  20 min a t  

15-20' ,  and t h e  s t i r r i n g  was e o n t i n n e d  f o r  1 h r .  A f t e r  u s u a l  work u p ,  t h e  o i l y  

r e s i d u e  (19 .27  g )  was c h r o m a t o g r a p h e d  o v e r  s i l i c a  g e l  (150  g ) .  E l u t i o n  w i t h  15-20% 

AcOEt i n  n-hexane ~ i e l d e d  10 (14.67 g ,  89%) o f  mp 58-59,5'(AcOEt-n-hexane). NMR 

6 : 2 . 4 7  (3H, s ,  CH3), 6 . 3 7  ( I n ,  s ,  H-Cq), 7.1-8.3 (4H, m ,  a r o m a t i c  H). Anal. 
Calcd .  f o r  C11H81N03 : C ,  40 .15 ;  H ,  2 . 4 5 ;  N ,  4 .26 ;  I ,  38 .56 .  Found : C ,  4 0 . 1 1 ;  H ,  

2 . 3 8 ;  N ,  4 .49 ;  1, 3 8 . 5 5 .  
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l-Methyl-4-oxa-5-oxo-naphtho[2,1-c]isaxazole ( 1 1 )  ---- A m i x t u r e  o f  10 (658  

mg, 2 mmol),  Pd(OAc)2 (45 mg, 0 .2  mmol),  Ph3P (53  mg, 0.2 mmol). NaHC03 (168  mg, 

2  mmol) and  HMPT (14 m l )  was h e a t e d  a t  70-75' f a r  6  h r .  A f t e r  u s u a l  work-up ae 

d e s c r i b e d  b e f o r e ,  t h e  c r u d e  p r o d u c t  (428  mg) was c h r o m a t o g r a p h e d  a v e r  s i l i c a  g e l  

(10  g ) .  E l u t i o n  w i t h  AcOEt-n-hexane ( 1 : 5 )  a f f o r d e d  2 ( 1 8 1  mg, 45%)  o f  mp 206-207'  

( a c e t o n e ) .  I R  v n U J o l  cm-l : 1 7 6 0 ,  1 6 6 0 ,  1 6 0 5 ,  1 2 3 0 .  NMR (DMF-d7) 6 : 2.90 (3H, 
max 

s ,  CH3), 7.5-8.5 (4H, m ,  a r o m a t i c  H I .  MS (mle) : 201 (dl. Anal. C a l c d .  f o r  

C l 1 H 7 N O 3  : C, 6 5 . 6 7 ;  H ,  3 .51 ;  N ,  6 . 9 6 .  Found : C ,  65 .39 ;  H ,  3 . 4 5 ;  N ,  6 . 9 7 .  

4 - ( 2 - C a r b o x y p h e n y l ) - 3 - h ~ d r o x y - 5 - m e t h y l i s l e  (2)---- U s u a l  h y d r o l y s i s  o f  

11 ( 1 . 4 3 0  g )  as d e s c r i b e d  b e f o r e  a f f o r d e d  12 ( 1 . 4 4 0  g ,  9 2 % )  o f  mp 212-214'  ( d )  - 
( a c e t o n e ) .  I R  ~ " ~ j ' '  cm-l : 3200-2300 b .  1 6 9 5 ,  1 6 6 0 ,  1 6 0 0 ,  1 5 8 0 ,  1545 .  NMX 

m a n  
(DMSO-d6) 6 : 2.25 (3H, s ,  CH3), 7 .3-8.1  (4H, m ,  a r o m a t i c  H) ,  1 2 . 0  (ZH, b r . ,  OH). 

MS ( S I C )  : 219 ( M + ) ,  201 ( M + - H ~ ~ ) .  Anal. C a l c d .  f o r  CllH9N04 : C ,  6 0 . 2 7 ;  H .  4 . 1 4 ;  

N ,  3 .69.  Found : C ,  6 0 . 4 2 ;  H ,  4 .17 ;  N ,  6 .35 .  

5-Methyl-3-(2-tetrahydr0pyranyl0~ymethyl)isoxzole (&)---- Methy l  5 -methy l -  

i s o x e z o l e - 3 - c a r b o x y l a t e  ( 1 9 . 0 4  g) was r e d u c e d  w i t h  ~ i ~ 1 ~ 4 l ~ .  The c r u d e  p r o d u c t  

w a s  t e t r a h y d r o p y r a n y l a t e d  i o  u s v a l  way. y i e l d i n g  ( 1 7 . 8 0  g ,  6 7 % )  o f  bp 121-122'  

I 6  mmHg, a f t e r  s i l i c a  g e l  c h r o m a t o g r a p h y .  &. C a l c d .  f o r  CloH15N03 : C ,  6 0 . 8 9 ;  

H, 7.67;  N ,  7 .10 .  Pound : C, 6 0 . 8 4 ;  H ,  7 . 7 6 ;  N ,  6 . 7 3 .  

5-Phenyl-3-(2-tetrahydropyranyloxymethyl)isoxazole (=)---- 3-Hydroxymethyl-  

5 - p h e n y l i s o x a z o l e  o f  mp 96-99'  (AcOEt) was p r e p a r e d  a c c o r d i n g  t o  Kano &!3 

Anal. C a l c d .  f o r  C10H9N02 : C ,  68 .56 ;  H ,  5 . 1 8 ;  N ,  8 .00.  Found : C ,  68 .57 ;  H ,  5 . 1 7 ;  

N ,  7.87. T r e a t m e n t  o f  t h i s  a l c o h o l  w i t h  d i h y d r o p y r a n  i o  CHzC12 c o n t a i n i n g  2-TsOH 

a f f o r d e d  e, a s  a v i s c o u s  o i l  a f t e r  s i l i c a  g e l  c h r o m a t o g r a p h y .  N M R  6 : 1.1-1.2  

(6H, m),  3 . 3 - 4 . 2  (2H, m),  4.80 (ZH, ABq, 6 = 4 . 6 6 ,  6 B = 4 . 8 6 ,  J-12 Hz, CH2-C3), 4.80 
A 

( l H ,  m ,  o v e r l a p p e d ,  0-CH-0). 6 . 6 0  ( l H ,  s ,  H-Cq), 7 .3-8.0  (5H, m ,  a r o m a t i c  H). 

5 - ( p - C h l o r o p h e n y l ) - 3 - [ 2 - t e t r a h y d r ~ p y ~ a n y l x y m e t h y l ) i x a z o l e  (&)---- E t h y l  

5-(~-ehlorophenyl)i6~~a~01e-3-earb0xylate w a s  r e d u c e d  w i t h  ~ 1 ~ 1 ~ 4 1 3  t o  5 - (2 -  

e h l o r o p h e n y l ) - 3 - h y d r 0 ~ y m e t h y l i ~ o ~ a ~ 0 1 e  o f  mp 95-96' (AcOEt-n-hexane) .  Anal. C a l c d .  

f a r  c l o H 8 C l N O ~  : C ,  5 7 . 2 9 ;  H ,  3 . 8 5 ;  N ,  6 . 6 8 ;  C 1 ,  16 .91 .  Fovnd : C ,  5 7 . 3 3 ;  H ,  3 . 7 7 ;  

N ,  6 .62 ;  C 1 ,  17 .04 .  T e t r a h y d r o p y r a n y l a t i o n  o f  t h i s  a l c o h o l  y i e l d e d  & ( 9 0 % )  of 

mp 76-7Eq (AcOEt-n-hexane) .  Anal. C a l c d .  f o r  C15H16C1N03 : C ,  61 .33 ;  H ,  5 . 5 2 ;  N ,  

4 .77 ;  C 1 ,  1 2 . 0 7 .  Found : C ,  6 1 . 5 8 ;  H ,  5 .39 ;  N ,  4 .77;  C 1 ,  1 2 . 1 0 .  

3-Hydroxymethyl-5-methyl-4-pheny1isoxa~01e (%)---- A  m i x t u r e  o f  ( 1 4 . 9 1  

g ,  75 .6  mmol), i o d o b e n z e n e  ( 2 3 . 1 3  g ,  113.4  mmol), Pd(OAe)2 (1 .70  g ,  7 .56 mmol), 

NaHC03 (9 .52 g. 113 .4  mmal) and  HMPT ( 9 0  ml )  was h e a t e d  a t  95-100' .  A f t e r  3  h r ,  

f u r t h e r  amount o f  t h e  c a t a l y s t  (1 .70  g )  was added .  A f t e r  6 h r ,  t h e  m i x t u r e  was 

p o v r e d  i n t o  a m i x t u r e  of AcOEt ( 1  1 )  and  w a t e r  ( 1  1 )  e o n t a i n i g  Na2S203 (2 g ) .  

A f t e r  f i l t r a t i a n  t h r o u g h  c e l i t e ,  t h e  o r g a n i c  l a y e r  was s e p a r a t e d  a n d  t h e  aq .  l a y e r  

e x t r a c t e d  a g a i n  w i t h  AcOEt. The combined o r g a n i c  s o l v t i o o  was washed w i t h  w a t e r ,  

d r i e d  and  e v a p o r a t e d .  The r e s i d u e  was c h r o m a t o g r a p h e d  o v e r  s i l i c a  g e l  (250 g ) .  

The f r a c t i o n  e l u t e d  w i t h  3-101 AcOEt i n  o -hexane  gave  a m i x t u r e  of and t h e  

p h e n y l a t e d  p r o d u c t  (12.56 g ) ,  wh ich  was h y d r o l y z e d  i n  a m i x t u r e  o f  EtOH (100 ml) 

and 1 0 %  aq .  HCI (20  m l ) .  A f t e r  Z h r ,  t h e  m i x t u r e  was d i l u t e d  w i t h  w a t e r  ( 1  1 )  and  

e x t r a c t e d  t w i c e  w i t h  AeOEt. The combined e x t r a c t s  were  d r i e d  and  e v a p o r a t e d .  The 



oily residue (7.9 g) was chromatographed over silica gel (150 g). Elution with 

20-25% AcOEt in n-hexane gave 17 (4.30 g. 30%) of mp 55-56' (Et20-n-herane). IR 
nujo1 
may cm-' : 3400, 1630, 1480. NMR 6 : 2.42 (3H, s, CH3), 3.16 (lH, t, 5=6 Hz, 

OH), 4.70 (2H, d, 5-6 Hz, CH2-C3), 7.40 (5H, br.s, aromatic H). MS (~1%) : 189 

(M+), 159 (M+-cH~o). Anal. Calcd. for Cl1H1iN02 : C, 69.82; H, 5.86; N, 7.40. 

Found : C, 70.01; H, 5.91; N, 7.34. 

4 , 5 - D i p h e n y l - 3 - h y d r 0 ~ y m e t h y l i ~ 0 ~ a ~ 0 1 e  (=)---- A mixture of (420 mg, 

1.62 mmol), Pd(0Ac)z (18 mg, 0.08 mmol), iodobenzene (495 mg, 2.43 mmol), NaHC03 

(252 mg, 3 mmol) and HMPT (4 ml) was heated at 120'. Further amount o f  the 

catalyst was added after 2 hr (18 mg) and 6 hr (36 mg), and heating was continued 

for 16 hr in total. Similar work-up, chromatography and hydrolysis as described 

above yielded 14b (175 mg, 43%) of mp 06-87' (AcOEt-n-hexane). NMR 6 : 2.75 (lH, 

t. J-7 HE, OH), 4.71 (2H, d. 3-7 HZ, CH2-C3). 7.1-7.7 (10H. m, aromatic H). MS 

(%/$ : 251 (M'), 220 (M+-CHZVH). Anal. Calcd. for C16H13N02 : C, 76.47; H, 5.22; 

N, 5.57. Found : C, 76.45; H, 5.14; N ,  5.66. 

5 - ( p - C h l o r o p h e n y l ) - 3 - h y d r 0 ~ y m e t h y l - 4 - p h e n y l i x z o l e  (%)---- A mixture of 

13c (37.69 g, 128 rnrnal), iodobenzene (39.17 g, 192 mmol), Pd(OAc)2 (2.87 g, 12.87 - 
mmol). NaHC03 (16.13 g, 192 mmol) and HMPT (300 ml) was heated at 120-125' for 

7 hr. After similar work-up, chromatography and hydrolysis as described before, 

14c (13.66 g, 37%) of mp 103-104' (AcOEt-n-hexane) was isolated. NMR 6 : 3.07 - 
(lH, t, J-6 Hz, OH), 4.68 (2H, d, 5-6 Hz, CHZ-C~), 7.1-7.7 (9H, m, aromatic H). 

MS (=Is): 287, 285 (M+). Anal. Calcd. for C16H12C1N02 : C, 67.25: H, 4.23; N, 4.90 

; C1, 12.41. Found : C, 67.36; H, 4.13; N, 4.90; C1, 12.42. 

Oxidation of 14a-e with Jones reagent (2 e q . ,  r. t., 30 mi") gave the acids 

u, respectively. 

5-Methyl-4-phenylis~xaz01e-3-carb~xylic Acid (*)---- Yield, 97%: mp 143- 

145' (d). Anal. Calcd. for C11H9N03 : C, 65.02; H, 4.46; N, 6.89. Found : C, 

64.74; H, 4.46; N, 6.76. 

4,5-Diphenylisoxaaole-3-earboxylic Acid (=)---- Yield, 83%; mp 154.5-156.5' 

(d). Anal. Calcd. for C16H11N03 : C. 72.44; H, 4.18; N. 5.28. Found : C, 72.39; H, 

4.04; N. 5.25. 

5-(p-Chloroohenyl)-4-phenylisoxanale-3-carboxylic Acid (%)---- Yield. 92%; 

mp 168-169'. Anal. Calcd. for C16H10ClN03 : C, 64.12; H, 3.36; N, 4.67; C1, 11.83. 

Found : C, 64.06; H, 3.34; N, 4.62; C1. 11.79. 

4.5-Diphenyliaoxazole-3-acetic Acid (*)---- Treatment of 14b with SOC12 
yielded 3-ehloromethyl-4,5-diphenyli80xaz01e (92%) of mp 07-88'. NMR 6 : 4.50 

(2H, s .  CH2-C3). 7.1-7.8 (10H. m, aromatic H). Anal. Caled. for C16H12C1N0 : C, 

71.24; H, 4.48; N, 5.19. Found : C. 71.34; H, 4.49; N, 5.23. According to the 

literature13 this chloride was converted to (79%) of mp 124-125' (Et20-n-hexa- 

n e ) .  NMR (acetone-d6) 6 : 3.70 (ZH, s ,  CHZ-C3), 7.1-7.7 (108, m, aromatic H). 

Anal. Calcd. far C17H13N03 : C. 73.11; H ,  4.69; N, 5.02. Found : C, 73.46; H, 

4.64; N, 4.97. 

5-(p-Chlorophenyl)-4-phenylisoxazo1e-3-aceti Acid (&)---- Chlorination of 

14e with SOC12 gave 3 - e h l o r o m e t h y l - 5 - ( p - ~ h 1 0 r ~ p h e n y l ) - 4 - p h e n y l i o x a o l  (87%) of - 
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mp 92-93'. N M R  6 : 4 .51  (2H, s), 7 .0 -7 .9  (9H, m). Anal. C a l c d .  f o r  C16H11C1N02 : 

C ,  6 3 . 1 2 ;  H ,  3 .62 ;  N ,  4 .60 ;  C 1 ,  23 .34 .  Found : C ,  6 3 . 3 1 ;  H ,  3 . 7 2 ;  N ,  4 . 6 3 ;  C 1 ,  

2 3 . 5 5 .  From t h i s  c h l o r i d e  was p r e p a r e d  & (75%)  o f  mp 154.5-156 '  (AcOEt-n-hexa- 

ne) a c c o r d i n g  t o  t h e  l i t e r a t u r e 1 3 .  N M R  ( a c e t o n e - d 6 )  6 : 3.70 (2H, 8 ) .  5 . 8 0  ( l H ,  

b r . s ,  OH), 7 .2 -7 .7  (9H, m). S. C a l c d .  f o r  C17H12C1N03 : C ,  65 .08 ;  H ,  3 . 8 6 ;  N ,  

4 . 4 6 ;  C 1 .  1 1 . 3 0 .  Found : C .  6 4 . 9 8 ;  H ,  3 . 8 2 ;  N .  4 . 4 3 ;  C 1 ,  1 1 . 3 9 .  

Mvscimol (1) ---- To a s o l u t i o n  o f  3 (49.36 g ,  0 .50 mol) and  b e n n o y l  c h l p -  

r i d e  ( 7 0 . 2 9  g ,  0 . 5 0  mol)  i n  b e n z e n e  ( 1  1 )  was added  d r o p w i s e  E t 3 N  ( 8 3 . 5  m l ,  0 .60 

mol)  d u r i n g  20  min a t  10-20' .  A f t e r  2  h r ,  t h e  m i x t u r e  was washed w i t h  w a t e r ,  d r i e d  

and  e v a p o r a t e d .  The c r y s t a l l i n e  r e s i d u e  (99 .57  g ) ,  NBS (96 .7  g )  and AIBN (30  mg) 

were  d i s s o l v e d  i n  C C 1 4  (900  m l ) ,  and  h e a t e d  t o  r e f l u x  by i r r a d i a t i o n  w i t h  a s u n  

lamp.  A f t e r  4  h r ,  t h e  m i x t u r e  was f i l t e r e d  and  e v a p o r a t e d .  The o i l y  r e s i d u e  (130  

g )  was c h r o m a t o g r a p h e d  on s i l i c a  g e l  (1 .25  k g ) .  E l u t i o n  w i t h  15-20% AcOEt-n-hexa- 

ne gave  a c r y s t a l l i n e  s u b s t a n c e ,  which was r e c r y s t a l l i z e d  f r o m  AcOEt-n-hexane t o  

a f f o r d  5-bromomethyl-3-ben~0y1oxyisoxa~01e (36.25 g) o f  mp 55-57' .  C o n c e n t r a t i o n  

o f  t h e  m o t h e r  l i q u o r  y i e l d e d  f u r t h e r  amount  o f  t h e  monobromide.  T o t a l  y i e l d ,  

5 7 . 5 5  g  (41% from 2 ) .  NMR 6 : 4 .46  (ZH, s, CHz-Br), 6 .70  ( l H ,  s, H-C4), 7.3-8.4 

(5H, m ,  C6H5). MS (mle )  - - : 2 8 3 ,  281  ( M + ) ,  202 ( M C - ~ r ) .  Anal. C a l e d .  f a r  CllHgBrNO3 

: C ,  46 .83 ;  H ,  2 . 8 6 ;  N ,  4 .97 .  Found : C ,  4 6 . 7 3 ;  H ,  2 .80 ;  N ,  5 .15.  A s o l u t i o n  o f  

t h i s  b romide  ( 5 1 . 4 8  g )  i n  EtOH (500 ml )  was added d r o p w i s e  t o  a m i x t u r e  o f  4 0 %  

a q .  NH40H ( 1  1 )  and EtOH (500  m l )  d u r i n g  30 min a t  15 -20° .  A f t e r  s t i r r e d  a t  r. t .  

f o r  1 h r ,  t h e  m i x t u r e  was c o n c e n t r a t e d  t o  d r y n e s s .  The r e s i d u e  was washed w i t h  

AcOEt (2 x 300  ml )  and d i s s o l v e d  i n  w a t e r .  The aq. s o l u t i o n  was washed w i t h  AcOEt 

(2 x 300 ml )  and p a s s e d  t h r o u g h  a column c o n t a i n i n g  i o n - e x c h a n g e r  r e s i n  Dowex 50W- 

X2 (50-100 mesh,  H-form, 900 m l ) .  The column was washed w i t h  w a t e r  u n t i l  t h e  

e l u a t e  became n e u t r a l  t o  l i t m u s  p a p e r .  E l u t i o n  w i t h  2% aq. NH40H a f f o r d e d  c r y s t a -  

l l i n e  1 ( 1 6 . 2 1  g ,  32% f rom 2 ) .  R e c r y s t a l l i z a t i o n  f r o m  MeOH o r  s q .  EtOH gave  p u r e  

sample  o f  mp 172-175 ' (d ) ,  wh ich  was i d e n t i c a l  w i t h  an  a u t h e n t i c  s a m p l e 1 5  i n  IR. 

N M R ,  MS S p e c t r o s c o p y  and  c h r o m a t o g r a p h i c  p r o p e r t i e s .  

3 - ( b e n z e n e s u l p h a n y l 0 x y ~ - 5 - m e ~ h ~ l - 4 - o h e n y l i o x z l e  ( E l - - - -  By the reaction 

o f  4 w i t h  b e n n e n e s u p h o n y l  c h l o r i d e  as d e s c r i b e d  i n  t h e  p r e p a r a t i o n  o f  2, was 

s y n t h e s i z e d  ( 8 2 % )  o f  mp 73-74' (AcOEt-n-hexane).  NMR 6 : 2 . 4 5  (3H, s), 7.2-  

8 . 2  (10H, m ,  a r o m a t i c  H). Ana l .  C a l c d .  f o r  C16H13N04S : C .  6 0 . 9 4 ;  H .  4 .16 ;  N ,  

4 .46 ;  S ,  1 0 . 1 7 .  Found : C ,  6 1 . 0 4 ;  H ,  4 . 1 5 ;  N ,  4 .46;  S ,  1 0 . 3 3 .  

2 -~heny lmusc imo? .  (2) ---- A m i x t u r e  o f  (7:01 g ) ,  NBS ( 4 . 7 5  g ) ,  A I B N  (10 

mg) and  CC14 (70 ml )  was h e a t e d  t o  r e f l u n  w i t h  a s u n  lamp.  A f t e r  2 . 5  h r ,  t h e  mix- 

t u r e  was f i l t e r e d  and  e v a p o r a t e d .  The r e s u l t i n g  v i s c o u s  o i l  c r y s t a l l i z e d  on s t a n d -  

i n g  t o  g i v e  an  a n a l y t i c a l  s a m p l e  o f  3-benzenesulphonylo~y-5-br0m0methyl-4-pheny1- 

i s o x a z o l e  (mp 84-06')  a f t e r  r e c r y s t a l l i z a t i o n  f rom AcOEt-n-hexane. NMR 6 : 4 .45  

(ZH, s ,  CH2-Br), 7.2-8.2 (lOH, m ,  a r o m a t i c  H). MS ( m l e )  : 395,  393  ( M + ) ,  314 (M+- 

Br). Anal .  C a l c d .  f a r  C16H12BrN04S : C ,  48 .74 ;  H ,  3 . 0 7 ;  N ,  3 . 5 5 .  Pound : C ,  48 .56 ;  

H ,  3 . 0 7 ;  N ,  3 . 4 9 .  A m i x t u r e  o f  t h e  c r u d e  b romide  (4 .50  g ) ,  40% a q .  NH40H (30  ml) 

and E ~ O H  (10  ml )  was s t i r r e d  a t  r .  t .  f o r  1 6  h r .  S i m i l a r  work-up and  i o n - e x c h a n g e r  

c h r o m a t o g r a p h y  as d e s c r i b e d  a b o v e ,  gave  2 ( 0 . 5 5 9  g ,  22% f rom 4 )  o f  mp 201-203 ' (d)  

( a q .  a c e t o n e ) .  I R  vnuJo l  
max 

= m - l  : 3200-2000 ( b r . ) ,  2 6 6 0 ,  2200 ,  1 6 4 0 ,  1 5 8 0 .  1490 .  



NMR (DMSO-d6) 6 : 3 . 9 0  (ZH, S ,  CH2-C5), 7 . 3 - 7 . 8  ( 5 H ,  m ,  C 6 H 5 )  MS (=/el : 1 9 0  

( M + ) ,  1 7 3  ( M + - N H ~ )  Anal. C a l c d .  f o r  C10H10N20Z : C, 6 3 . 1 5 ;  H ,  5 . 3 0 ;  N ,  1 4 . 7 3 .  

F o u n d  : C, 6 2 . 9 0 ;  H ,  5 . 2 6 ;  N ,  1 4 . 5 5 .  

5-Benzoyloxy-4-bromo-5-methylisoxaz~1e (*)---- B e n r a y l a t i o n  o f  4 -bromo-  

3 - h y d r o n y - 5 - m e t h y l i ~ o ~ a ~ ~ 1 e 4 b ( ~ )  as d e s c r i b r d  i n  t h e  s y n t h e s i s  o f  y i e l d e d  1 8 c  

( 8 5 % )  o f  mp 9 6 - 9 8 "  ( A c O E t - n - h e x a n e )  a f t e r  s i l i c a  g e l  c h r o m a t o g r a p h y .  IR v 
nu  j ~i- 
max 

cm-1 : 1 7 6 0 .  Anal. C a l c d .  f o r  C11HgBrN03 : C, 4 6 . 8 3 ;  H ,  2 . 8 6 ;  N ,  4 . 9 7 .  Fovnd : C, 

4 6 . 6 9 ;  H, 2 . 8 1 ;  N ,  4 . 8 8 .  

4 -Bromomuscimol  (2) ---- A m i x t u r e  o f  ( 5 . 6 4  g ) ,  NBS ( 4 . 2 7  g ) .  AlBN 

( 1 0  mg) a n d  CC14 ( 6 0  m l )  was  i r r a d i a t e d  t o  r e f l u x  w i t h  a sun l a m p .  A f t e r  3  h r ,  

t h e  m i x t u r e  was  f i l t e r e d  and e v a p o r a t e d .  The  r e s i d u e  ( 7 . 1 9  g )  was d i s s o l v e d  i n  

a m i x t u r e  o f  MeOH ( 5 0  m l )  a n d  4 0 %  aq .  NH40H ( 6 0  m l ) .  A f t e r  s t i r r e d  a t  r .  t .  f o r  

1 h r ,  t h e  m i x t u r e  w a s  e v a p o r a t e d  t o  d r y n e s s .  S i m i l a r  work-up  o f  t h e  r e s i d u e  

f o l l o w e d  b y  i o n - e x c h a n g e r  c h r o m a t o g r a p h y  a s  d e s c r i b e d  i n  t h e  s y n t h e s i s  o f  1 g a v e  

c r u d e  19 ( 1 . 7 5  g )  o f  mp 1 7 1 - 1 7 5 '  ( d ) ,  w h i c h  was  r e c r y s t a l l i z e d  a n d  c h a r a c t e r i z e d  

a s  t h e  h y d r o c h l o r i d e  o f  mp 1 7 5 - 1 7 7 '  ( d )  a .  EtOH).  Y i e l d ,  1 . 6 7  g  ( 3 6 %  f r o m  =). 

I n  vnUJol cm-I : 3 3 0 0 - 2 3 0 0  (br.), 1 6 4 5 ,  1 6 0 0 ,  1 5 5 0 .  NMR ( D 2 0 )  6 : 4 . 4 0  (s, CH2- max 
C5) .  MS ( ~ 1 % )  : 1 9 4 ,  1 9 2  (M+ f o r  ChH5BrN202) ,  1 7 7 ,  1 7 5  ( M + - N H ~ ) ,  1 6 3 ,  1 6 1  (M+- 

CH2NH3). g. C a l c d .  f o r  C4H6BrC1N02 : C ,  2 0 . 9 3 ;  H ,  2 . 6 4 ;  N ,  1 2 . 2 1 .  F o u n d  : C, 

2 0 . 6 7 :  H ,  2 . 8 2 ;  N ,  1 1 . 8 9 .  
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Note added i n  proof 

Recent ly ,  I t a h a r a  demonstrated t h e  i n t e n m l e c u l a r  o x i d a t i v e  coupl ing 

r e a c t i o n  o f  p y r r o l e s  and i n d o l e s  w i t h  benzene us ing  pa l l ad ium(I1 )  a c e t a t e  : 

T. I t a h a r a ,  J.Chem. Soc. Chem. Corn., 1981, 254. 
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