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Abstract- Two new bis-benzoxazines, 2,Z'-ethylene-bis(l.2-dihy- 

drobenzo[h]-JH-4.2-benzoxazine) (I) and 3,3'-ethylene-bis(3.4- 

dihydrobenza[h]-2H-1.3-benzoxazine) (i1) were oDtained by the 

Mannich reaction of and d -naphthol with formalaehyde and 

1 ethylendiamine. 'Their H-nmr spectra were simulated and inter- 

pretated using the LAOCN3 computer program. 

We recently have synthesized some bis-benzoxazines because similar compounds have 

shown antimicrobial activity against gram-positive bacteria, being better than se- 

veral common antibiotics such as ampicillin, tetracycline and chloramphenicall ". 



~ e t t i  and ~ o - w o r k e r s ~ ' ~  as w e l l  a s  a u r k e  e t  a 1 5 * 6  have r e p o r t e d  t h e  s y n t h e s i s  of 

r e l a t e d  compounds by t h e  Mannich r e a c t i o n  o f p a n d  o(-naphthol  w i t h  a l d e h y d e s  and 

ammonia o r  a  p r imary  amine i n  a  molar  r a t i o  o f  1:2:1  t o  y i e l d  m-naphthoxazines. 

We modif ied t h i s  t y p e  of g e n e r a l  r e a c t i o n  i n  o r d e r  t o  o b t a i n  bis-benzobenzoxazines.  

Compounds I and 11 were ob ta ined  by t r e a t e m e n t  o f / 3  o r  o(-naphthol  w i t n  e t h y l e n d i a -  

mine and formaldehyde i n  a molar  r a t i o  of 2 :1 :4. 

Up t o  d a t e  compounds I and 11 a r e  n o t  d e s c r i b e d  i n  t h e  Chemical L i t e r a t u r e .  

DISCUSSION 

The s t r u c t u r e s  of compounds I and I1 were e s t a b l i s h e d  comple te ly  u s i n g  s p e c t r o s c o p i c  

methods. F u l l  assignment  of "c-nmr s p e c t r a  was done by means of t h e o r e t i c a l  c a l c u -  

l a t i o n s ,  " o f f  resonance" s p e c t r a  and by analogy w i t h  d a t a  r e p o r t e d  f o r  s i m i l a r  subs-  

7 t a n c e s  . 
The methylene p r o t o n  of bo th  compounds were a s s i g n e d  c o n f r o n t i n g  t h e  t h e o r e t i c a l  

chemical  s h i f t s  c a l c u l a t e d  u s i n g  S h o a l e r y ' s  r u l e 8  w i t n  t n e  e x p e r i m e n t a l  d a t a .  

1  I n  t h e  H-nmr s p e c t r a ,  a r o m a t i c  p r o t o n s  showed two s p i n - s p i n  c o u p l i n g  sys tems .  One 

of them was a  s i m p l e  AB system. 'The o t h e r  one was a complex s p l i t t i n g  p a t t e r n  of 

f o u r  i n t e r a c t i n g  p r o t o n s  and t h e  s p e c t r a  became second o r d e r .  Hather  t h a n  b l i n d  

t r i a l  and e r r o r  f i t t i n g  of exper imenta l  complex s p e c t r a  t o  chemical  s h i f t s  and cou- 

p l i n g  c o n s t a n t s ,  i t  would be p r e f e r a b l e  t o  have a  computer program t n a t  would c a l c u -  

].ate a s e t  of s h i f t s  and c o u p l i n g s  wnich produced a  b e s t  f i t  of e x p e r i m e n t a l  d a t a  t o  

t h e o r e t i c a l  parameters .  I n  our  i n t e r p r e t a t i o n  of t h e s e  complex s p l i t t i n g  p a t t e r n s  we 

used t h e  LAOCN3 computer program, which is undoabtedly t h e  most widely used9 ,  i n  a r -  

d e r  t o  c a l c u l a t e  t h e  b e s t  parameter  s e t .  A f t e r  s e v e r a l  s i m u l a t i o n s  and i t e r a t i o n s  

we could  p l o t  out  computer s p e c t r a  o s t e n s i b l y  e q u a l  w i t h  t h e  e x p e r i m e n t a l  ones  and 

t h e  p r o t o n s  were t h e n  a a s i g n e d  wi thout  any d o u b t .  Root mean s q u a r e  ihi'lS) e r r o r  f o r  

compound ( I )  was 0.048 and 0.198 f a r  (11) .  

EXFEKIMENTAL 

GENERAL PROCEDURE 

A mix ture  o f  methanol (50ml) and formalde!lyde 37s (3 .2ml) ,  coo led  i n  an  i c e  b a t h ,  

was s t i r r e d  f o r  10 min and e thy lendiamine  (0 .6g l  was t h e n  added s lowly  dropwise .  

A f t e r  5 min a  s o l u t i o n  of /3 -naphtho l  (2.8g)  i n  metnanol (10ml) was added and t h e  

r e a c t i o n  mix ture  was l e f t  a t  room t e m p e r a t u r e  f o r  1 0  min. A whi te  s o l i d  compound 

t h a t  p r e c i p i t a t e d  a f t e r  t h i s  t i m e  was s e p a r a t e d  by vacuum f i l t r a t i o n  and p u r i f i e d  

by column chromatography. 
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A s i m i l a r  method was employed t o  make t h e  s y n t n e s i s  of compound 11. 

'ti-nmr s p e c t r a  were de te rmined  w i t h  a Yarian Wl-390 i n s t r u m e n t ,  13c-nmr s p e c t r a  

w i t h  a  Yarian XL-100-A-FT-16K i n s t r u m e n t ,  ms s p e c t r a  w i t h  a  Shimadsu 9020 s p e c t r o -  

m e t e r ,  mp's were recorded  w i t h  a  Busch SW-20 h o t - s t a g e  a p p a r a t u s ,  TLC and C C  were 

performed an s i l l c a  g e l  d e t e c t i n g  w i t h  i o d i n e  and Draggendorff  r e a g e n t .  

2 , 2 ° - E t h y l e n e - b i s ( l  ,2 -d ihqdrobenzo[d  -3H-4,2-benzoxazine) ( 1 ) .  Is a c r y s t a l l i n e  so- 

l i d ,  mp 1 8 y - 1 y 0 ° ~ ,  i n s o l u b l e  m t h e  most of common o r g a n i c  s o l v e n t s ;  l i g h t l y  s o l u -  

b l e  i n  chloroform. The y i e l d  o f  t h e  r e a c t i o n  was YO#. m s  s p e c t r a  (70 e ~ )  m/z (6); 

396 (klt,2.0),  240(7 .6) ,  1 9 8 ( 4 . 6 ) ,  156(48 .6) ,  128(100.0) ,  42(41 .6) ;  'H-nmr s p e c t r a  

(90 MHz, CDCl3):53.09 (s,4ii,H-Clip-Nj, 4.37 ( s , 4 h , ~ r - ~ 1 l i ~ - d l ,  5.05 ( s , 4 k i , 0 - ~ 3 ~ - 1 ~ ) ,  

7 .02 (d,ZH,ri-C5,5=8.85iiz), 7 . 3 4 ( ~ b ~ u - ~ ~ s c e m , 2 h , n - C 9 . ~ ~ ~ = 6 . 9 6 , ~ ~ ~ = 0 . 9 2 , ~ ~ ~ = 8 . 1  ? H Z ) ,  

7.46 (AiCD-system,2H,H-C8,JAii=6. 96,JdC=8.366?.dir=1 .26riz),  7.58 i ~ ~ i ~ u - s y s t e m , 2 ~ , ~ - ~ 7 ,  

J -0.92,JBC=8.36,JCD=0.04~z), 7.63 ( d , ~ ~ , r i - C 6 , J = 8 . 8 5 ~ ~ ) ,  7.75 (AtiCU-system,2H,i i -C10,  
-AC- 

iAD=8.11 , j B D = l  .z~,~,=o.o~Hz); '3c-nmr s p e c t r a  (50.4 NHZ, C D C ~ ~ )  : 348.0 ( H - C H ~ - N ) ,  

50.4 ( I ) ,  82.4 ( 3 ) ,  111.5 1 0 b  118.4 (51 ,  120.8 (101,  123.3 ( 8 ) s  126.3 (Y), 127.9 

( 7 ) ,  128.4 ( 6 ) ,  128.8 (10a) .  131.7 ( 6 a ) .  151.7 14a) .  

3.3~-Ethylene-bis(3,4-dihgdrobenzo[h]-2H-,-benzoxazine (11). P r e c i p i t a t e d  as 

c r y s t a l l i n e  n e e d l e s ;  it is  u n s t a b l e  t o  l i g h t  and h e a t ;  mp 135-136 '~  (decompos i t ion) ;  

it is s o l u b l e  i n  e t h e r ,  ch loroform,  e t h y l  a c e t a t e ,  a c e t o n e ,  benzene and t o l u e n e . i h e  

y i e l d  was 5 M .  ms s p e c t r a  (20 evj m/z (%) :  336 (l'ii,4.4j, 240(18.0) ,  198(2 .7) ,  156 

(100.0) ,  128(37.3) ,  Q ( 6 . 9 ) ;  'H-nnr s p e c t r a  (90 plHz, ~ 0 ~ 1 ~ ) :  53.07 ( s , ~ H , H - c H ~ - N ) ,  

4.12 (s,4H,Ar-CH2-N), 5.07 (s,4H,il-CH2-N), 7.02 (d,ZH,H-C5,Jort,=Y.00H~), 7.35 ( d ,  

2H,H-C6.Jorto=9.00Hz), 7.43 (~BIU-~ystem,2h,H-C8.~~=7.30.~~~=8.08,J~~=l .79Hz), 7.41 

( A B M X - ~ ~ S ~ ~ ~ , ~ H , H - C ~ , J ~ ~ = ~ . ~ O , J  Bl*l = 1 . 7 2 , ~ ~ = 8 . 3 1 H z ) ,  7.73 ( ~ ~ - ~ - s y s t e m , 2 H , H - C 7  J = 
'-hi 

8.08 ' -BM J =1 ,72,Jlu=0.13hz), 8.17 (ANc<-system,Zh,H-C1O,Ju=l .79.Ja=8.31 ,JyiX=O.lJHz), 

13c-nmr s p e c t r a  (25.2 MHz, C D C ~ ~ ) ;  ( o f f  r e s o n a n c e ) :  49.9iH-CkL2-N,t), 50.5 ( 4 , t ) ,  

83.0 ( 2 , t ) ,  113.4 ( 4 a , s ) ,  119.7 ( 6 , d ) ,  121.0 (10 .d) ,  124.6 ( 1 0 a , s ) ,  125.1 (5 and 9 ,  

d ) ,  125.7 ( 8 , d ) ,  127.4 ( 7 , d ) ,  133.1 ( 6 a . s ) .  149.0 (10b .s ) .  
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