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Abstract  - An enan t i ose lec t i ve  synthesis of IS-(1 's-hydroxyethy1)- .  1S- 

(1  'S-hydroxybenzy1)- and 1R-(1' R-hydroxybenzy1)-l,2,3,4-tetrahydroisoquino- 

l i n e  was achieved by reduc t i ve  cleavage o f  the  oxazol id inone r i n g  o f  the 

corresponding 1 -subs t i t u ted  oxazolo[4,3-a]isoquinolines, prepared by an 

app l i ca t i on  o f  N-oxaacyliminium ion  c y c l i z a t i o n  w i t h  e n a n t i o s e l e c t i v i t y .  

n -Cyc l i za t i on  o f  N-acyliminium ions has been documented as a  potent t o o l  i n  a  synthesis o f  

1  var ious kinds o f  he te rocyc l i c  systems . From the pioneer ing work o f  and the studies 

o f  othersld-h, such c y c l i z a t i o n  have been found t o  achieve remarkable s tereocont ro l  between 

proximate 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 f o r  a  prepara t ion  o f  i soqu ino l ines  fused w i t h  heterocycles 1c'2-4. Recently, we repor ted a  

d ias tereose lec t ive  synthesis of the 1-methyloxazolo[4,3-alisoquinoline (2) s t a r t i n g  w i t h  the  

2b carbamate (1) by an a p p l i c a t i o n  of t h i s  method . (-1). We ex tens i ve l y  i nves t i ga ted  an 

enant iose lec t ive  synthesis o f  l-(a-hydroxyalkyl)-1,2,3,4-tetrahydroisoquinolines by reduct ive 

cleavage of the corresponding 1-subst i tu ted oxazolo[4,3-a]isoquinolines, obtained by cyc l i za t i on  

o f  the o p t i c a l l y  a c t i v e  N-oxaacyliminium i o n  intermediates.  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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The precursors (3-&) f o r  generat ion o f  the o p t i c a l l y  a c t i v e  N-oxaacyliminium ions were prepared 

as fo l lows.  The azide (41, der ived from 3,4-dimethoxyphenylpropionic ac id  (3) .  was heated w i t h  

6  methyl S- (+) - lac ta te5 i n  to luene afforded the carbamate (3) . I n  t h i s  reac t i on ,  the use o f  methyl 

5 5  
S-(+)-mandelate and methyl R-(-)-mandelate gave the corresponding carbamates (2 and s), 
respect ive ly .  Reduction o f  &-& w i t h  d i  isobutylaluminum hydr ide  y ie lded  &-&, respec t i ve l y .  

P r i o r  t o  examination o f  the o p t i c a l l y  ac t i ve  N-oxaacyliminium i o n  cyc l i za t i on ,  one quest ion i s  

l e f t  t o  be answered. The quest ion  i s  whether o r  no t  the subs t i t uen t  has a  substant ia l  e f f e c t  on an 

enan t i ose lec t i v i  t y  o f  cyc l i za t i on ;  i .e., w i l l  i t  d i r e c t  the  aromat ic r i n g  t o  a t tack  predominantly 

one face of the  acy l imin ium i o n  w i thou t  isomer iza t ion  t o  the  olazolone ( I )?  (-2). I f  the 

N-oxaacyliminium i o n  isomerizes t o  1, even p a r t i a l l y  dur ing  c y c l i z a t i o n ,  h igh e n a n t i o s e l e c t i v i t y  

can no t  be expected because of racemization. For the  proof o f  the c y c l i z a t i o n  pathway, c y c l i z a t i o n  

o f  I ,  prepared by dehydrat ion of % w i t h  ammonium ch lor ide ,  was examined. Treatment o f  1 w i t h  

fo rmic  a c i d  resu l t ed  i n  on l y  recovery of 1 wi thou t  formation of any t race amount o f  c y c l i z a t i o n  

product. This f ac t  s t rong l y  ind ica tes  t h a t  the absolute conf igura t ion  o f  the subs t i t uen t  a t  a- 

p o s i t i o n  of iminium carbon remains w i thou t  racemizat ion dur ing  c y c l i z a t i o n .  Therefore, &-& were 

t reated w i t h  formic a c i d  a t  room temperature f o r  14 h  t o  g i ve  the  corresponding 1-subst i tu ted 

oxaro10[4,3-a1isoquinoiines (g-g), respect ive ly ,  'H NMR (CDC13) and IR (CHCI~) spectra o f  which 

2a were i d e n t i c a l  w i t h  those o f  racemic compounds . Reduction o f  &-&wi th  l i t h i u m  aluminum 

hydr ide y ie lded  the corresponding 1-(a-hydroxyalkyl )-l ,2,3,4-tetrahydroisoquinolines (2-s) , 

respect ive ly .  'H NMR (CDC13) and I R  (CHCI3) spect ra l  data were i d e n t i c a l  w i t h  those o f  racemic 
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c o m ~ o u n d s ~ ~ ' ~ .  Thus, the f i r s t  enant iose lec t ive  synthesis o f  1-(a-hydroxyalkyl)-1,2,3,4-tetrahydro- 

i soqu ino l ines  was achieved. 

Scheme 3 
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EXPERIMENTAL 

1 Me l t i ng  po in t s  are uncorrected. H NMR spectra were recorded on a Varian EM 390 instrument.  Mass 

spectra were taken a t  an i o n i z i n g  vo l tage o f  70 eV on a H i t ach i  RMU-7L instrument.  I R  spectra 

were recorded on a JASCO IRA-1 spectrometer, and [a ID was determined on a JASCO DIP-4 instrument. 

General Procedure f o r  a Synthesis of the Carbamates (5a-5c) To a s t i r r e d  mix ture  o f  3,4-di- 

methoxyphenylpropionic ac id  (4.2 g, 20 m o l )  , Et3N (4.04 g, 40 mmol) and acetone (50 m l )  was added 

ClCOOEt (2.40 g, 22 mm0l) under ice-coo l ing .  A f te r  0.5 h, a s o l u t i o n  of NaN3 (1.95 g, 30 m o l )  i n  

H20 (3  ml )  was added t o  t h i s  so lu t i on .  A f t e r  the  s t i r r i n g  had been cont inued f o r  1 h a t  room 

temperature, the mix ture  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 ed  

(Na2S04) and evaporated t o  30-40 ml. A mix ture  o f  t h i s  s o l u t i o n  and o p t i c a l l y  a c t i v e  p-hydroxy- 

5 carboxylate (25 mmol) was heated a t  110°C 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 )  a f f o rded  ?as  

an o i l .  k: 78 % y i e l d ,  ' H  NMR (CDC13) 6 1.46 (3H, d, j = 7  Hz), 2.78 (2H, t, 5;7 Hz), 3.32-3.56 

(2H, m), 3.77, 3.87, 3.90 (each 3H, each s ) ,  5.11 ( IH, q, 5-7 Hz), 6.79-6.85 (3H, m), I R  (CDC13) 

- 1 22 cm 3438 (NH), 1760, 1725 (C-O), MS m/e 311 (M+), [a ID =+10.73" (CHC13, ~ 4 . 0 8 7 8 ) ;  z: 75 % 

y i e l d ,  ' H  NMR (CDC13) 6 2.80 (ZH, t, 5-7 Hz), 3.37-3.60 (2H, m), 3.75 (3H, s), 3.88 (6H, s ) ,  5.98 

( IH, s ) ,  6.73-6.84 (3H, m), 7.46 (5H, broad s ) ,  IR (CHCI3) cm-' 3460 (NH), 1770, 1750 (C-O), MS 

22 m/e 357 (M+), [a ID =+64.79 (CHC13, c-0.099); z: 75 % y i e l d ,  [u]f=-64.36' (CHC13, c=0.0257). - - 

General Procedure f o r  a Synthesis of 8a-8c To a s t i r r e d  s b l u t i o n  of 2 ( 5  mmol) i n  to luene (20 

ml )  was added di isobutylaluminum hydr ide  (1.42 g, 10 mnol , 6.7 ml o f  25 % to luene so lu t i on )  a t  

-78°C. Af ter  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 (30 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  res idue (g-&) was t r e a t e d  w i t h  f o rm i c  a c i d  (10 m l )  a t  room temperature 

f o r  14 h. The m ix tu re  was made bas i c  w i t h  28 % ammonia and ex t r ac ted  w i t h  CHCI3. The e x t r a c t  was 

1 
washed w i t h  H20, d r i e d  (Na2S04) and evaporated t o  g i ve  8, H NMR (CDCI3) and I R  (CHCI3) spec t ra  

22 of which were i d e n t i c a l  w i t h  those o f  racemic compounds2a. &: 72 % y i e l d ,  mp 140-141°C. [ a l D  = 

22 t147.96" (CHCI3, c=0.1028). E: 68 % y i e l d ,  mp 163-164"C, =+1.25' (CHCI3, c-0.03-4). g: 70 

% y i e l d ,  [a]g2=-1.17" (CHCI3, c=0.1171). 

N-(3,4-Dimethoxyphenethyl)-5-phenyloxazolidin-2-one ( 7 )  A m i x tu re  o f  ( ob ta i ned  f rom 1.87 g, 

5 mnol of b accord ing  t o  the method as above), CHCI3 (30 m l )  and NH4C1 (1.06 g, 20 mmol) was 

s t i r r e d  a t  room temperature f o r  14 h. The m ix tu re  was washed w i t h  H20, d r i e d  (Na2S04) and evapo- 

r a ted .  The r e s u l t i n g  r es i due  was chromatographed on s i l i c a  ge l  (20 g ) .  E l u t i o n  w i t h  AcOEt-hexane 

1 
(1 :2 )  (25 m l )  af forded l ( 0 . 3  g, 18.5 %) as an o i l .  H NMR (COCl3) 6 2.80 (ZH, t, 5?7 Hz), 3.53 

(2H, t ,  J;7 Hz), 3.87 (3H, s ) ,  3.90 (3H, s ) ,  6.79 (3H, s ) ,  6.82 (3H, broad s ) ,  7.40 (5H, broad s ) ,  

MS - m/e - 325.1295 (M+, Calcd f o r  ClgHlgN04: 325.1297). Successive e l u t i o n  w i t h  the same so l ven t  

(70 m l )  gave 5 ( 0 . 4  g, 25 %)). 

General Procedure f o r  a Synthesis o f  9a-9c To a s t i r r e d  s o l u t i o n  of  LiA1H4 (0.38 g, 10 mmol) 

i n  THF was added a s o l u t i o n  of 8 ( 3  mmol) i n  THF (10 ml )  under i ce-coo l ing .  A f t e r  t h e  s t i r r i n g  

had been cont inued f o r  14 h a t  room temperature, t h e  m i x tu re  was worked up as usual t o  g i v e  9. 

9a: 93 % y i e l d ,  an o i l ,  ' H  NMR (CDCI3) 6 1.29 (3H, d, 5=6 Hz), 2.47 (3H, s ) ,  3.84 ( 6 ~ ,  s ) ,  6.66 - 

(IH, s ) ,  6.68 ( IH ,  s ) ,  MS m/e (M+-45)  was n o t  observed on E l  MS, b u t  C I  MS gave m / ~  252 

(MH+)], [a] i2=+26.58" (CHCI3, c=0.0060). E: 95 % y i e l d ,  mp 148-14g9C, [ a 1 ~ ~ = + 1 . 1 0 ~  (CHC13, c= 

0.04335). x: 93 % y i e l d ,  mp 147-149"C, [a]i2=-1.17' (CHCI3, c=0.0154). 
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