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A STEREOSELECTIVE SYNTHESIS OF 5-AWL- AND 6-ARYLOXAZOLO[4,3-alIS0QUINOLINES 

* 
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Abst rac t  - Reduction of N - (a$ -d ia ry l l e thy l  and N-(0,B-diary1)ethyl ethoxy- 

carbonylmethyl carbamates, obtained from the corresponding 2,3-diaryl-  and 3,3- 

d ia ry lp rop ion i c  acids, w i t h  di isobutylaluminum hydr ide,  fo l lowed by c y c l i z a t i o n  

w i t h  formic ac id  a t  room temperature gave the corresponding 5-ary l -  and 6 -a ry l -  

oxazolo[4,3-alisoquinoli nes, respect ive ly ,  w i t h  h igh s t e r e o s e l e c t i v i t y .  

n Cyc l i za t i on  o f  several  k inds  of N-acyliminium ions have been used fo r  a synthesis of a wide 

1 v a r i e t y  o f  he te rocyc l i c  systems . From the p ioneer ing  work o f  speckampla-', and the s tud ies  of 

othersld-g, such c y c l i z a t i o n  have been found t o  achieve remarkable s tereocont ro l  between p r o x i -  

mate and remote c h i r a l  centers. N-Acyliminium i o n  c y c l i z a t i o n  onto aromat ic r i n g  have been used 

1 c f o r  a prepara t ion  o f  i soqu ino l ines  fused w i t h  heterocycles.  Thiazolo[4,3-alisoquinoline , 
3 oxazolo[4,3-alisoquinoline ( 9 ' .  imidazolidino[4,3-alisoquinoline (3) and pyrazino[2,1-al iso- 

4 qu ino l i ne  (z) were prepared by t h i s  method (Scheme). Recently, we repor ted a synthesis of 

i soqu ino l i ne  and th ienopyr id ine  de r i va t i ves  fused w i t h  oxazol id inone r i n g  by c y c l i z a t i o n  o f  a- 

oxaacyliminium i o n  intermediates.  The precursors (&) f o r  a-oxaacyliminium ions were r e a d i l y  

obtained by two routes.  One s t a r t e d  w i t h  2-phenethyl a lcohols which condensed w i t h  oxazo l id ine-  

2a 
2,4-diones by an a p p l i c a t i o n  o f  Mitsunobu react ion5,  fo l lowed by  s e l e c t i v e  reduct ion  . Another 

rou te  invo lved a condensation o f  hydroxy es ters  w i t h  the isocyanates s t a r t i n g  w i t h  3-ary lprop io-  

n i c  acids, fo l lowed by se lec t i ve  reduct ionzb (-2). I n  connection w i t h  our i n t e r e s t  i n  

aryl-l,2,3,4-tetrahydroisoquinolines, much a t t r a c t i v e  compounds owing t o  p o t e n t i a l l y  b i o l o g i c a l  

a c t i v i t i e s 6 ,  we i nves t i ga ted  a s te reose lec t i ve  synthesis o f  5 -a ry l -  and 6-aryloxazolo[4,3-aliso- 

quino l ines  by an a p p l i c a t i o n  if the l a t t e r  route.  The r e s u l t s  o f  our s tud ies  are descr ibed i n  t h i s  

paper. 
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Scheme 2 

A t  the  f i r s t  stage, a f a c i l e  synthesis of 3-aryl-3-(3,4-dimethoxypheny1)propionic ac ids  was exa- 

mined. Condensation o f  e t h y l  cinnamate w i t h  v e r a t r o l e  i n  t h e  presence o f  boron t r i f l u o r i d e  

e the ra te  i n  1,1,1- t r ichloroethane under r e f l u x  gave e t h y l  3-(3.4-dimethoxypheny1)-3-phenylpropio- 

na te  (31, hyd ro l ys i s  o f  which w i t h  e t h a n o l i c  sodium hydrox ide  a f f o rded  the  a c i d  (&17 i n  75 % 

y i e l d  based on e t h y l  cinhamate. I n  a s i m i l a r  fashion,  3-(3,4-dimethoxypheny1)-3-(4-methoxypheny1)- 

p rop ion i c  a c i d  (qb)8,  3-(3,4-dimethoxyphenyl)-3-(Z-methoxyphenyl)propionic a c i d  (s), 3-(3.4-di- 

methoxypheny1)-3-(4-methylpheny1)propionic a c i d  (a), and 3,3-bis-(3.4-dimethoxypheny1)propionic 

a c i d  (&) were ob ta ined from the corresponding e t h y l  8 - a r y l a c r y l a t e  * e s t e r s  (&-&I, respec t -  

i v e l y .  These acids (&-%) were converted t o  the  corresponding ethoxycarbonylmethyl carbamates 

(5a-&)[4, Et3N/C1COOEt, NaN3, then HOCHZCOOEtl, r espec t i ve l y ,  i n  nea r l y  q u a n t i t a t i v e  y i e l d .  

Reduction of 5 w i t h  d i i sobuty la luminum hyd r i de  (DIBAH) i n  to luene a t  -7E°C, f o l l owed  by c y c l i z a -  

t i o n  w i t h  f o rm i c  aci.d a t  room temperature gave the  corresponding 6-aryloxazolo[4,3-alisoquinolines 

1 (e-k), r espec t i ve l y .  I n  the  H NMR (CDC13) spectrum o f  g, t h e  c h a r a c t e r i s t i c  s i gna l s  were 

9 observed a t  6 3.18 (d,d, 5;13 and 15 Hz, ax. 5-H), 4.85 ( t  , 5-7.5 Hz, 1-H) and 5.13 (d,d, 5 -7  and 

7.5 Hz, lob-H). The vicinal coup l ing  parameter f o r  &,6 i nd i ca tes  t h a t  the  r e l a t i v e  con f i gu ra t i on  

of 6-H and lob-H i s  t rans  from the  cons ide ra t i on  of  the  D re i d i ng  molecu la r  model and the  Karplus 

10 r e l a t i o n  . The s i gna l s  due t o  eq. 5-H, t h e  one i n  the  desh ie l d i ng  zone 'o f  the  amide carbonyl .  was 

concealed beneath 6-H and one o f  1-HZ 

The s t e r e o s e l e c t i v i t y  i n  the  f o rma t i on  of 6-aryloxazolo[4,3-alisoquinolines can be accounted f o r  

the minimum 1 ,3 - i n t e rac t i on  between 1Oa-H and phenyl group i n  the  t r a n s i t i o n  s t a t e  (k), r a t h e r  
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than z, formed by t h e  proximal  a t t ack  of aromat ic r i n g  t o  t h e  im in ium carbon. The b o a t - l i k e  

t r a n s i t i o n  s t a t e  (E) ,  formed by the  d i s t a l  a t t ack ,  shou ld  be excluded because o f  h i gh  s t r a i n .  

Ar pa th  a  - Ar 

H 
0 u 0 

pa th  b $  0  - 7a 7b 

. "  - 
The method was app l i ed  t o  a  syn thes is  o f  5-aryloxazolo[4,3-a]isoquinoline. C y c l i z a t i o n  o f  the  

r educ t i on  p roduc t  ob ta ined from t h e  carbamate (9) de r i ved  f rom t h e  a c i d  (g) l l ,  a f f o r d e d  t h e  5- 

(4-methoxyphenyl)oxazolo[4,3-alisoquinoline (10) i n  low y i e l d  (15 %).  The r e l a t i v e  con f i gu ra t i on  

can be determined as t r ans  s ince  a r y l a t i o n  proceeds more e a s i l y  f rom t h e  oppos i te  s i de  o f  the  

phenyl group. Furthermore, i t  i s  i n t e r e s t i n g  t o  examine whether these im in ium c y c l i z a t i o n  occurs 

a t  t h e  o l e f i n i c  carbon o r  aromat ic r i n g .  The carbamate (g) de r i ved  from the  a c i d  (11) was reduced 

and t h e  r educ t i on  p roduc t  was t r e a t e d  w i t h  formic a c i d  t o  g i v e  t h e  5-allyloxazolo[4,3-alisoquino- 

l i n e  (13) - i n  75 % y i e l d  w i t h o u t  f o rma t i on  of the  oxazolo[3,4-alpyr id ine (14) (-4) 

Scheme 4  

EXPERIMENTAL 

M e l t i n g  p o i n t s  a re  uncorrected.  'H NMR spec t ra  were recorded on a  Var ian  EM-390 ins t rument .  Mass 

spec t ra  were taken a t  an i o n i z i n g  vo l t age  of  70 eV on a  H i t a c h i  RMU-7L ins t rument .  I R  spec t ra  were 

recorded on a  JASCO IRA-1 spectrometer.  THF was d i s t i l l e d  f rom LiA1H4 be fo re  use. 

General Procedure f o r  a  syn thes is  of 3 ,3 -D iary lp rop ion ic  Ac id  (4 )  A  m i x tu re  of  e t h y l  6 -a r y l -  

a c r y l a t e  (0.1 mo l ) ,  v e r a t r o l e  (16.6 g, 0.12 mol) ,  8F3 Et20 (16.4 g ,  0.12 mol) and C13CCH3 (20 ml )  



was heated under r e f l u x  f o r  14 h. The mix ture  was made bas i c  w i t h  28 % NH40H and ex t rac ted  w i t h  

CHC13. The e x t r a c t  was washed w i t h  H20. d r i e d  (Na2S04) and evaporated. Unreacted ve ra t ro le  was 

removed by d i s t i l l a t i o n  a t  180°C i n  vacuo (2  t o r r ) .  A s o l u t i o n  o f  the r e s u l t i n g  residue i n  10 % 

EtOH-NaOH (200 ml)  was re f luxed f o r  2 h. The so l ven t  was evaporated and the remaining residue was 

made a c i d i c  w i t h  10 % HC1 and ex t rac ted  w i t h  CHC13. The e x t r a c t  was washed w i t h  H20 and d r i e d  

(Na2S04) and evaporated. The remaining residue was r e c r y s t a l l i z e d  from methanol-ether. Yields and 

phys ica l  data are summarized i n  the Table. 

Table 1. Y ie lds  and Physical  Data f o r  3-Aryl-3-(3,4-dimethoxypheny1)propionic Acid (4 )a  

Compound Y i e l d  mp IR (CHC1,) 'H NMR ( C D C I ~ ) ~  S 
b ( 1 -  ( T )  cm-'(C-0) 2-H 3-H 

4a - 73 89-91 1712 3.08 (d, 5-8 Hz) 4.63 ( t ,  J=8 Hz) 

4b - 78 76-78 1713 2.94 (d, J=8 Hz) 4.47 ( t ,  J-8 Hz)  

4c - 75 129-131 1710 3.03 (d, J=7 Hz) 4.89 ( t ,  J=7 Hz) 

4d - 72 124-126 1713 3.07 (d, J=8 Hz) 4.50 ( t ,  J=8 Hz) 

4e - 80 161-163 1710 3.04 (d, J=8 Hz) 4.46 ( t ,  J-8 Hz) 

A l l  products gave sa t i s fac to ry  microanalyses (e 0.3 % f o r  C and H). Based 

on e t h y l  B-ary lacry la te .  5 Only s igna ls  due t o  2-H and 3-H are shown. 

2-Allyl-3-(3,4-dimethoxypheny1)propionic Acid (11) To a s t i r r e d  s o l u t i o n  o f  LDA [prepared 

from di isopropylamine (5.56 g, 55 mmol) and n-8uLi (3.52 g, 34.5 ml o f  1.6 M hexane so lu t i on ,  55 

m o l ) ]  i n  THF (60 ml )  was added a s o l u t i o n  o f  e t h y l  3,4-dimethoxyphenylpropionate (11.9 g, 50 

mnol) a t  -78'C. A f t e r  40 min, a l l y 1  bromide (6.65 g, 55 mmol) was added t o  t h i s  s o l u t i o n  a t  the 

same temperature. A f te r  the s t i r r i n g  had been cont inued fo r  1 h, the mix ture  was decomposed w i t h  

H20 (200 ml )  and ex t rac ted w i t h  benzene. The e x t r a c t  was washed w i t h  H20. d r i e d  (Na2S04) and 

evaporated. A s o l u t i o n  of the r e s u l t i n g  residue i n  10 % EtOH-NaOH (200 ml)  was re f l uxed  f o r  2 h. 

The so lvent  was evaporated and the remaining residue was made a c i d i c  w i t h  10 % HCI and ex t rac ted  

w i t h  CHC13. The e x t r a c t  was washed w i t h  H20, d r i e d  over Na2S04 and evaporated. The remaining 

s o l i d  was r e c r y s t a l l i z e d  from benzene-hexane t o  y i e l d  11 (10.3 g, 82 %), mp 65-67T, MS ge 250 
1 (M'), H NMR (CDC13) 6 1.90-2.27 ( lH, m) , 2.60-3.03 (4H, m) , 3.88 (6H, s), 5.04-5.29 (2H, m) , 

5.63 -6.10 (lH, m), 6.73-6.93 (3H, m), I R  (CHC13) cm-': 1700 (C-O), 1640 (C=C). Anal. Calcd f o r  

C14HlB04: C, 67.18; H, 7.25. Found: C, 67.26; H, 7.01. 

General Procedure fo r  a Preparat ion o f  the  Carbamates (5, 9 and 12) To a s t i r r e d  mix ture  o f  4 
( o r  8 and 11, 15 m o l ) ,  Et3N (3.03 g, 30 mmol) and acetone (40 ml)  was added ClCOOEt (1.8 g, 16.5 

mmol) under ice-coo l ing .  A f te r  0.5 h, a s o l u t i o n  of NaN3 (1.3 g, 20 m o l )  i n  H20 (1.5 ml )  was 

added t o  t h i s  cooled mixture.  A f te r  the  s t i r r i n g  had been cont inued f o r  1 h a t  room temperature, 
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the m ix tu re  was d i l u t e d  w i t h  H20 and ex t rac ted  w i t h  toluene. The e x t r a c t  was d r i e d  over Na2S04 and 

evaporated t o  30 ml .  A mix ture  o f  t h i s  s o l u t i o n  and e t h y l  g l y c o l a t e  (2.1 g, 20 mnol) was re f luxed 

f o r  14 h. The so lvent  was evaporated and the remaining residue was chromatographed on s i l i c a  ge l  

(30 g ) .  E l u t i o n  w i t h  benzene-hexane ( 1 : l )  afforded the corresponding carbamates. Y ie lds  and 

phys ica l  data are summarized i n  the Table2. 

Table 2. Y ie lds  and Physical  Data f o r  the  Carbamates (5, 9 and 12Ia 

Compound Y i e l d  Molecular m/$ IR  (CHCI,) cm-' lH NMR ( C D C I ~ ) ~  6 
($1 Formula (M+) NH C=O 

5a 95 C21Hl~N06 387 3438 1735 1.27(3Hlt.J=7 Hz), 3.84(6H,s). 4.23(2H.q,J=7 HZ), - 
4.57(2H,s), 6.77-7.02(3H,m), 7.36(5H,s) 

5b 93 C~>HZ,NO, 417 3440 1730 1.27(3H,t,J=7 HZ), 3.78(3H,s), 3,84(6H,s), 4.27 - 
(2H,q,J=7 Hz), 4.57(2H,s), 6,87(3H,broad s ) ,  6.92 
(2H,d,J=9 Hz), 7.25(2H,d,J=9 Hz) 

5c 93 C Z ~ H ~ ~ N O ~  417 3438 1730 1.27(3H,t,J=7 Hz), 3_81(3H.s), 3.84(6H.s), 4.28 - 
(2H,q,J=7 Hz), 4.57(2H,s), 6.81-7.38(7H,m) 

5d 95 C ~ Z H ~ ~ N O S  401 3440 1730 1.27(3H,t,J=7 HZ), 2.31(3H.s), 3.84(6H,s), 4.23 - 
(2H,q,J=7 Hz), 4.57(2H,s), 6.73-7.00(3H,m), 
7.20(4H,broad s )  

5e 93 C2,H2,NO8 447 3438 1730 1,28(3H,t,J=7 Hz), 3,83(6H,s), 3.87(6H,s), 4.23 - 
(2H.a.J=7 Hz), 4.51(2H,s), 6.77-7.10(6H,m) 

9 - 83 C~IH~SNOI 417 3420 1725 1.24(3Hlt,J=7 HZ), 3.04(2H,d,J=6 Hz), 3.74(3H9s), 
3.82(3H,s), 3.86(3H,s), 4.23(2H,q.J=7 Hz), 4.57 
(2H,s), 4.81-5.04(1H,m), 6.48-7.24(7H,m) 

12 90 C,8HzpN0, 351 3420 1730 1.28(3H,t,J=7.5 Hz), 2.08-2.43(2H,m), 2.80(2H,d, - 
J=6 Hz), 3.88(3H,s), 3.90(3H,s), 4.25(2H,q,J=7.5 
Hz), 4.59(2H,s), 4.91-5.28(2H,m), 5.66-6.13(1H, 
m), 6.84(3H,broad s) 

a A l l  compounds were obtained as an o i l  except 9: 9, mp 114-116'C (methanol-ether). ! ?S igna l s  

due t o  NCK ( f o r  a l l  compounds) and Ar,Cl ( f o r  5) are concealed beneath o the r  s igna ls .  

General Procedure fo r  a Svnthesis o f  Oxazolo[4,3-a]isoquinolines (6, 10 and 13) To a s t i r r e d  

s o l u t i o n  o f  5 ( o r  9 and 11, 5 rmol )  i n  to luene (20 ml)  was added di isobutylaluminum hydr ide  (1.42 

g, 10 mmol, 6.7 ml of 25 % to luene so lu t i on )  a t  -78'C. A f te r  the  s t i r r i n g  had been cont inued f o r  

40 min a t  the  same temperature, the  mix ture  was decomposed w i t h  5 % H2S04 (40 ml )  and ex t rac ted  

w i t h  CHC13. The e x t r a c t  was d r i e d  (Na2S04) and evaporated. The r e s u l t i n g  residue was mixed w i t h  

formic a c i d  (10 ml )  under s t i r r i n g  a t  room temperature f o r  14 h. The mix ture  was made bas i c  w i t h  

28 % NH40H and ex t rac ted  w i t h  CHC13. The e x t r a c t  was washed w i t h  H20, d r i ed  (Na2S04) and evapo- 

rated. Fat-6, the r e s u l t i n g  s o l i d  was r e c r y s t a l l i z e d  from methanol-ether. For Ij! and 13, the 

products were chromatographed on s i l i c a  ge l  (20 g).  E l u t i o n  w i t h  benzene-hexane (1 : l )  a f f o rded  10 

( o r  13). Yie lds  and phys ica l  data f o r  the  products are sumnarized i n  the  Table. 



Table 3. Y ie lds  and Physical  Data f o r  Oxazolo[4,3-alisoquinolines (6, 10 and 13)s 

Compound Y i e l d  Molecular mp m/e IR  (CHCI,) H NMR (CDClp) 6 

(%) Formula ("C) (M+) cm"(c=0) 

6a 72 C19Hl9NOu 147-149 325 1750 3.18(1H,d,d.J=13, 15 Hz), 3,61(3H,s), 3.90(3H, - 
s ) ,  4.07-4.37(3H,m), 4.85(1H,t,J=7.5 Hz), 5.13 
(lH,d,d,J=7, 7.5 Hz), 7.20-7.53(5H,m) 

6b 70 C20H21NOr 197-198 355 1755 - 3.13(1H,d,d,J=13.5, 16 Hz), 3.64(3H,s), 3.85 
(3H,s), 3.91(3H,s), 4.06-4.38(3H,m), 4.85(1H,t, 
5 ~ 7 . 5  Hz), 5.17(1H,d,d,J=7, 7.5 Hz), 6.38(1H,s), 
6.54(1H.s), 6.96(2H3d,J=7 Hz), 7.19(2H,d,J=7 Hz) 

6c 65 C20H21N05 105-106 355 1753 3.29(1H,d.d,J=lll 14 HZ), 3.66(3Hls), 3.82(3H, - 
5).  3.90(3H,s), 4.03-4.33(2H,m), 4.38-4.57(1H, 
In), 4.90(1H,t,J=7.5 Hz), 5.17(1H,d,d,J=7, 7.5 
Hz), 6.40(1H.s), 6.57(1H.s), 6.90-7.50(4H,m) 

6d 70 C~OH~INOI 216-217 327 1755 2.39(3H,s), 3.18(1Hld,d,J=13, 15 HZ), 3.65(3H. - 
s) ,  3.92(3H,s), 4.07-4.40(3H,m), 4.87(1H,t,J=9 
Hz), 5.17(1H,d,d,J=7, 6.42(1H,s), 6.59 
(1H,s), 7.13-7.33(4H,m) 

6e 70 C 2 ~ H 2 3 N O ~  182-183 385 1753 3.18(1H,d,d.J-13, 15 Hz), 3.66(3H,s), 3.87(3H. - 
s) ,  3.93(6H.s), 4.07-4.36(3H,m), 4.87(1H,t,J= 
8 Hz), 5.17(1H,d,d,J=7.5, 8 Hz), 6.43(1H,s), 
6.57(1H,s), 6.74-7.00(3H,m) 

b 10 15 C2~H2,NOr- o i l  355 1743 - 3.15(1H,d,J=18 Hz), 3.44(1H,d,d,J=6, 18 Hz), 
3.78(3H,s), 3.85(3H.s), 3.93(3H,s), 4.25-4.@6(3 
H,m), 5.38(1H,d.J=6 Hz), 6.45(1H,s), 6.83(1H,s), 
6.87(2H,d,J=8 

13 63 C I~H~~NOI  134-136 289 1743 2.27-2.50(2H.m), 2.58(1H,d,J=15 Hz), 3.13(1H, - 
d,d,J=5, 15 Hz), 3.88(6H,s), 4.23-4.33(2H,m), 
4.70-5.20(4H,m), 5.67-6.12(1H,m), 6.52(1H,s), 
6.67(1H.s) . . .  

A l l  compounds gave sa t i s fac to ry  microanalyses except 10 (<t 0.3 % f o r  C, H and N ) . L  High MS 

m/e 355.1408. Calcd f o r  C20H21N05: 355.1417. - - 
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