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A b s t r a c t  - Reduct ion o f  ureas (4 and z) w i t h  d i isobuty la luminum hydr ide ,  

f o l l o w e d  by  c y c l i z a t i o n  w i t h  fo rmic  a c i d  gave t h e  corresponding 1- and 7- 

s u b s t i t u t e d  pyrimido[6,1-a]isoquinolines (5  and G), respec t i ve l y ,  w i t h  

d i a s t e r e o s e l e c t i v i  t y .  I n  a  s i m i l a r  fash ion,  7-aryl-1-methyl  analogues 

(10b,c) were ob ta ined  from ureas (9b,c) accompanied by  t h e  fo rmat ion  o f  

u n c y c l i z e d  formates (Ila,b), r e s p e c t i v e l y .  

n C y c l i z a t i o n  of seve ra l  k i nds  o f  N-acyl iminium ions  have been used f o r  a  synthes is  o f  wide 

1  v a r i e t y  o f  h e t e r o c y c l i c  systems . From P ionee r i ng  work o f    peck amp'^-^, and t h e  s tud ies  o f  

othersld-i, such c y c l i z a t i o n s  have been found t o  ach ieve remarkable s te reocon t ro l  i n  a  asymmetric 

syn thes i s .  N-Acyl iminium i o n  c y c l i z a t i o n s  onto aromat ic  r i n g  have been used f o r  a  synthes is  o f  

h e t e r o c y c l i c  f used  te t rahyd ro i soqu ino l i nes  (2) f rom 1. Prev ious l y  we repo r ted  a  d ias te reose lec t -  

2  i v e  syn thes i s  of 1- and 6-aryl[4,3-e]isoquinolines by t h i s  method. I n  c o n t i n u a t i o n  o f  our  pre-  

v ious  s t u d i e s  i n  connect ion  w i t h  our  i n t e r e s t  i n  4-aryl-1,2,3,4-tetrahydroisoquinolines because 

o f  t h e i r  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 3 ,  we i n v e s t i g a t e d  a  syn thes i s  of 7-arylpyr imido[6,1- 

4 a ] i soqu ino l i nes  accord ing t o  t h e  method p r e v i o u s l y  r e p o r t e d  . Heterocyc les  fused w i t h  p y r i m i d i n e  

5 
a re  o f  i n t e r e s t  f r om pharmacological  p o i n t  of view and many o f  t h e i r  der i .va t ives  a re  usefu l  

drugs. 1 -Subs t i t u ted  pyrimido[6,1-alisoquinoline was a l s o  prepared t o  examine whether c y c l i z a t i o n  

proceeds w i t h  s t e r e o s e l e c t i v i t y .  The r e s u l t s  o f  o u r  s t u d i e s  a re  descr ibed i n  t h i s  paper. 
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A t  f i r s t ,  we descr ibed a  syn thes i s  of 1-methyl-1,llb-trans-pyrimido[6,1-~]isoquinoline ( 5 ) .  - The 

urea (A) ,  the  p recu rso r  of t h e  N-acy l imin ium i o n  which undergoes c y c l i z a t i o n  t o  5, i s  e a s i l y  

ob ta ined  from 3,4-dimethoxyphenylpropionic a c i d  (3) v i a  convers ion t o  a c i d  az ide f o l l o w e d  by 

r e a c t i o n  w i t h  e t h y l  6-benzylamino-a-methylpropionate. Reduct ion o f  4 w i t h  d i i sobu ty la lum inum 

hyd r i de  i n  to luene a t  -78'C, fo l lowed by c y c l i z a t i o n  w i t h  formic a c i d  y i e l d e d  as a  s i n g l e  

diastereomer w i t h o u t  f o rma t i on  o f  t h e  a l t e r n a t i v e  s tereo isomer .  I n  t h i s  reac t i on ,  a r y l a t i o n  p ro -  

ceeds from t h e  oppos i te  s i d e  of methyl  group, as i n  the  fo rmat ion  o f  1-methyloxazolo[4,3-gliso- 

q u i n o l i n e  t o  take the t r a n s i t i o n  s t a t e  (3) which shou ld  be more favo rab le  than the 

a1 t e r n a t i v e  one (E) .  

i , ii, iii 
Me0 

i v  , v 

3 - Me Me 
CsHs 

4 - CeHr - 

I n  t h e  same manner, t h e  urea (g), ob ta ined  from t h e  a c i d  (t?dJzC, was conver ted t o  t h e  des i red  

7-phenylpyrimidoisoquinoline (3) w i t h  h i g h  d i a s t e r e o s e l e c t i v i t y  w i t h o u t  f o rma t i on  of t h e  a l t e r -  

1  n a t i v e  isomer.  I n  the  H NMR (CDC13) spectrum, the  c h a r a c t e r i s t i c  s i g n a l s  were observed a t  6 

2.97 (d,d, J-10.5 and 13.5 Hz, ax. 6-H), 4.22 (d,d, J-5 and 10 Hz, l l b - H )  and 4.89 (d,d, J=5 and - 

13.5 Hz, eq. 6-H). The v i c i n a l  coup l i ng  constant  f o r  ,L7 i n d i c a t e s  t h a t  t h e  r e l a t i v e  conf igu- 

r a t i o n  o f  7-H and l l b - H  i s  t r ans  from the cons ide ra t i on  o f  the  D r e i d i n g  mo lecu la r  model and the 

6 Karplus r e l a t i o n  . 
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I n  the  n e x t  stage, we examined t h e  same r e a c t i o n  by us ing  ureas (9b,c) der i ved  f rom & and @. 

Reduct ion of 9b,c w i t h  d i isobuty la luminum hydr ide ,  f o l l o w e d  by  c y c l i z a t i o n  w i t h  f o rm ic  a c i d  a t  

room temperature y i e l d e d  t h e  corresponding 7-aryl-1-methylpyrimidoisoquinolines (IOb,c), respect-  

i v e l y ,  as a  s i n g l e  diastereomer,  accompanied by  the  fo rma t i on  o f  uncyc l i zed  formates (Ila,b). 

Treatment of ila,b w i t h  f o rm ic  a c i d  a t  h i g h e r  temperature (60°C) r e s u l t e d  i n  a  recovery  of ila,b 

and t h e  format ion  o f  10b,c was n o t  observed. The minimum s t e r i c  1 .3 - i n te rac t i on  between l l a -H  and 

phenyl group ( o r  l l a - H  and methyl  group) i n  t h e  t r a n s i t i o n  s t a t e  (E) can accounted f o r  a  d ia -  

s t e r e o s e l e c t i v e  syn thes i s  of these c y c l i z a t i o n  products .  Only 7,lla-trans-lla,l-trans-inter- 

mediate (G) i n  t h e  t r a n s i t i o n  s t a t e  y i e l d s  t h e  c y c l i z a t i o n  products and another i n te rmed ia te  

( E )  gave r i s e  t o  a  f o rma t i on  o f  uncyc l i zed  formate  (11). 

EXPERIMENTAL 

1  
M e l t i n g  p o i n t s  a re  n o t  co r rec ted .  H NMR s p e c t r a  were taken on a  Var ian EM 390 i ns t rumen t .  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 .  

General Procedure f o r  a  synthes is  o f  Ureas ( 4  and 9 )  To a  s t i r r e d  m ix tu re  o f  c a r b o x y l i c  a c i d  

(j o r  8: 30 mmol) and Et3N (5.05 g, 50 mmol) i n  acetone (40 ml )  was added ClCOOEt (3.27 g, 30 

m o l )  under i ce -coo l i ng .  A f t e r  the  s t i r r i n g  had been cont inued f o r  0.5 h  a t  t h e  same temperature, 

a  s o l u t i o n  o f  NaN3 (3.25 g, 50 mmol) i n  H20 ( 4  m l )  was added. A f t e r  1  h, t h e  m i x t u r e  was d i l u t e d  

w i t h  H20 and e x t r a c t e d  w i t h  to luene.  The e x t r a c t  was d r i e d  (Na2S04 and evaporated t o  50 ml and 

heated i n  t h e  presence o f  e t h y l  a-methyl-5-benzylaminopropionate (7.29 g, 33 mmol)( for  prepara- 

t i o n  o f  2, 6.83 g, 33 mmol o f  e t h y l  6-benzylaminopropionate was used) under r e f l u x  f o r  14 h. 

The s o l v e n t  was evaporated and the remain ing res idue  was chromatographed on s i l i c a  gel  (30 g ) .  

E l u t i o n  w i t h  benzene gave the corresponding urea. 

4: This compound was o b t a i n e d i n  7 6 %  y i e l d ,  mp 108-11O0C, 'H NMR (CDC13) 6 1.09 (3H, t, 5=7 Hz), - 

1.22 (3H, t, 5-7 .5  Hz), 2.66-2.80 (ZH, m), 3.06-3.68 (5H. m), 3.83 (6H, s ) ,  4.10 (2H, q, J.7.5 

Hz), 4.33 ( lH,  d, 5=13 Hz), 4.57 ( lH,  d, 5-13 Hz),  6.76 (3H, s ) ,  7.13-7.32 (5H, m). Anal. Calcd 

f o r  C24H32N205: C, 67.27; H, 7.53; N, 6.54. Found: C,  67.37; H, 7.53; N, 6.61. 

9a: Th is  compound was ob ta ined  as an o i l  i n  67 % y i e l d ,  'H NMR (CDC13) 6 1.21 (3H, t, 5-7 .5  Hz), - 

2.38-2.50 (ZH, m), 3.41-3.57 (ZH, m), 3;77-3.97 (ZH, m), 3.82 (3H, s ) ,  3.86 (3H, s ) ,  4.09 (ZH, q, 

5-7.5 Hz),  4.39 (ZH, s ) ,  6.80 (3H, s ) ,  7.06-7.33 (IOH, m). S igna l s  due t o  NHC$CHAr2 a r e  con- - 



cea led  beneath CH 0 s i g n a l s  a t  6 a round 3.8. 
3 

9b: T h i s  compound was o b t a i n e d  as an o i l  i n  65 % y i e l d ,  'H NMR (C0Cl3) S 1.02 (3H, d, 5 -7  Hz), - 

1.18 (3H, t, J.7.5 Hz), 2.51-2.83 ( lH ,  m), 3.23-3.48 (ZH, m), 3.74 (3H, s ) ,  3.78 (3H, s ) ,  4.01 

(ZH, q, 5=7.5 Hz), 4.23 ( lH ,  d, 5-13 Hz),  4.50 ( lH ,  d, 5=13 Hz), 6.78 (3H, b r o a d s ) ,  7.21-7.23 

(10H, m). S i g n a l s  due t o  HNCx2CHAr a r e  concealed beneath CF30 s i g n a l s  a t  6 around 3.8. 

General  Procedure f o r  a Syn thes i s  of  PyrimidoL6,l-a]isoquinolines ( 5 )  and (10 )  To a s t i r r e d  

s o l u t i o n  o f  4 ( o r  9) (10  m l )  i n  t o l u e n e  (50  m l )  was added d i i s o b u t y l a l u m i n u m  h y d r i d e  (17  mmol, 

17 ml o f  1M hexane s o l u t i o n )  a t  -78'C. A f t e r  t h e  s t i r r i n g  had been con t i nued  a t  t h e  same temper- 

a t u r e  f o r  40 min, t h e  m i x t u r e  was decomposed w i t h  5 % H2S04 (50 m l )  and e x t r a c t e d  w i t h  CHC13. The 

e x t r a c t  was d r i e d  (Na2S04) and evapora ted .  A m i x t u r e  of  t h e  r ema in i ng  r e s i d u e  and f o r m i c  a c i d  

(15 m l )  was s t i r r e d  a t  room tempera ture  f o r  14 h .  The m i x t u r e  was made b a s i c  w i t h  2 8  % ammonia 

and e x t r a c t e d  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 evapora ted .  The 

rema in i ng  r e s i d u e  was chromatographed on s i l i c a  g e l  (25  g ) .  
+ 

5 1  Th i s  compound was o b t a i n e d  by e l u t i o n  w i t h  CHC13 as an o i l  i n  53 % y i e l d ,  m/e 366 (M ) ,  ' H  

NMR (C0Cl3) 6 1.08 (3H, d, 2 7  Hz),  2.02-2.36 ( l H ,  m), 2.53-3.58 (5H, m), 3.99-4.30 ( l H ,  m), 

4.42-4.70 (3H, m, NC%C6H5 and l l b - H ) ,  6.70 ( lH ,  s ) ,  6.71 ( lH ,  s ) ,  7.10-7.33 (5H, m). 

&: T h i s  compound was ob ta i ned  b y  e l u t i o n  w i t h  CHC13 as an o i l  i n  48  % y i e l d ,  m/e 428 (M'), 'H 

NMR (C0Cl3) 6 1.88-2.23 ( lH ,  m), 2.39-2.60 ( l H ,  m), 2.97 ( l H ,  d,d, J=10.5 and 13.5 Hz), 3.19- 

3.48 (ZH, m), 3.63 (3H, s ) ,  3.89 (3H, s ) ,  4.22 ( l H ,  d,d, J=5 and 12 Hz), 4.62 ( l H ,  d, J=15 Hz), 

4.73 ( l H ,  d, J.15 Hz), 4.89 ( lH ,  d,d, J.5 and 13.5 Hz), 6.40 ( l H ,  s ) ,  6.72 ( lH ,  s ) ,  7.22-7.50 

(IOH, m). S i gna l  due t o  7 -H i s  concea led  beneath CL30 s i g n a l .  

l o b  and l l a :  E l u t i o n  w i t h  AcOEt-hexane (1:2,  v / v )  gave B a s  an o i l  i n  34 % y i e l d ,  m/e 442 (M+- 

46) ,  'H NMR (CDC13) 6 0.89 (3H, d, i = 7  Hz), 1.98-2.27 ( l H ,  m), 2.85-3.45 (ZH, m), 3.80 (3H, s ) ,  

3.87 (3H, s ) ,  3.74-3.86 (ZH, m), 4.03-4.11 ( lH ,  m), 4.33 (ZH, b r o a d s ) ,  4.58-4.84 ( lH ,  m), 6.75 

-6.78 (3H, m), 7.00-7.42 (lOH, m), 8.04 ( l H ,  5 ) .  Successive e l u t i o n  w i t h  CHC13 gave as an 
+ 

o i l  i n  28 % y i e l d ,  m/g 442 (M ) ,  'H NMR (CDC13) 6 1.23 (3H, d, 5-7 Hz),  2.33-2.60 ( lH ,  m), 

2.77-3.29 (2H, m), 2.98 ( l H ,  d,d, J=1 and 10.5 Hz, ax. 6-H), 3.61 (3H, s ) ,  3.86 (3H, s ) ,  4.37 

( lH ,  d, - J=15 Hz), 4.77 ( lH ,  d, J.15 Hz) ,  4.81 ( lH ,  d,d, J.5 and 13.5 Hz, eq. 6-H), 6 .40  ( lH ,  s ) ,  

6.77 ( lH ,  s ) ,  7.00 (lOH, b road  s ) .  S i g n a l  due t o  7 - H a n d  l l b - H  a re  concea led  beneath o t h e r  

s i g n a l s .  

10c and l l b :  E l u t i o n  w i t h  AcOEt-hexane (1:2,  v / v )  gave J& as an o i l  i n  30 % y i e l d ,  m/g 502 

( ~ + - 4 6 ) ,  'H NMR ( c D C ~ ~ )  6 0.89 (3H, d, 5 -7  Hz), 2 . 0 6 - 2 ~ 2 6  ( lH ,  m), 2.86-3.30 (ZH, m), 3.66-3.86 

(ZH, m), 3.81 (6H, s ) ,  3.86 (6H, s ) ,  3.97-4.09 ( lH ,  m), 4.33 (2H, b r o a d s ) ,  4.59-4.82 ( l H ,  m), 
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6.76-6.83 (6H, m), 6.99-7.36 (5H, m), 8.07 ( lH ,  s ) .  Successive e l u t i o n  w i t h  CHC13 y i e l d e d  

as an o i l  i n  25 % y i e l d ,  ?l/e 502 (M+), 'H NMR (CDC13) 6 1.22 (3H, d, 5=7 Hz), 2.17-2.63 ( lH, m), 

2.78-3.30 (ZH, m), 2.98 ( l H ,  d,d,J=lO.5 and 13.5 Hz, ax. 6-K), 3.67 (3H, s ) ,  3.86 (3H, s ) ,  3.89 

(3H, s ) ,  4.39 ( lH ,  d, J.15 Hz), 4.78 ( lH ,  d,d, J=5 and 13.5 Hz, eq. 6-L),  4.80 ( lH,  d, J-15 Hz), 

6.46 ( l H ,  s ) ,  6.83 ( l H ,  s ) ,  6.71-6.80 (3H, m), 7.34 (5H, broad s ) .  S igna ls  due t o  7 - L a n d  l l b - K  

a re  concealed beneath o t h e r  s i g n a l s .  
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