
HETEROCYCLES, Vol 24, N o  1, 1986 

1 NITROGEN BRIDGEHEAD COMPOUNDS. PART 58 . NUCLEOPHILIC R I N G  

CLEAVAGE OF 1-THIA-2a.Sa-DIAZAACENRPHTHENE R I N G  

~ s t v i n  ~ i t t e r ~ ,  Gibor ~ 6 t h ~ .  Bela  p e t e a r  ~ s t v i i n  ~ e r m e c z ~ ,  Kiilmin 

simon: and s o l t i n  ~ i . s z i r o s ~  

a: Technica l  U n i v e r s i t y ,  Department of  Organic Chemistry  

and Technology, H - 1 1 1 1  Budapest ,  Hungary 

b: NMR Labora to ry  o f  t h e  I n s t i t u t e  o f  ?+"era1 and A n a l y t i c a l  

Chemistry ,  H - 1 1 1 1  Budapest ,  Hungary 

C :  Chinoin Pharmaceu t ica l  and Chemical Works, H-1325, 

Budapest ,  Hungary 

Abstract-l-Thia-2a,5a-diazaacenaphtene r i n g  is  c l e a v e d  by 

amines a f f o r d i n g  t h i a z o l o [ 4 , 5 - b ]  p y r i d i n e  d e r i v a t i v e s  which 

undergo d e g e n e r a t e  r i n g  t r a n s f o r m a t i o n .  

2  I n  o u r  p r e v i o u s  paper  we r e p o r t e d  on t h e  s y n t h e s r s  of  t h e  1- thia-2a,5a-acenaph-  

t e n e  r i n g  system.  C e r t a i n  d e r i v a t i v e s  o f  t h i s  new condensed h e t e r o c y c l e  a r e  

unusua l ly  s e n s i t i v e  towards  n u c l e o p h i l e s .  Conpound (or i t s  HC1 s a l t  i b )  can 

r e a c t  even w i t h  a r o m a t i c  amines a t  room temperature  i n  a few minu tes  s u f f e r i n g  

c l e a v a g e  o f  t h e  pyr imid ine  r i n g .  

AT AT 

a: C H 
6  5  

e :  4-C1-C6H4 

b: 2-Me-C6H4 f :  2 -pyr idy l  

COOEt c: 4-Me-C6H4 'J: CH2C6H5 

Me 0 d: 4-MeOC6H4 

1 a : base i b  : HCI salt - - 2 a-g 
X-ray c r y s t a l l o g r a m  o f  compound Lb ( ~ i 9 . l . ) ~  r e v e a l s  t h a t  ~ ( 3 ) - ~ ( 4 )  doub le  bond 

h a s  2  geometry s t a b i l i z e d  by i n t r a m o l e c u l a r  hydrogen bonding moreover two molec- 

u l e s  are a s s o c i a t e d  i n  a dimer by t h e  hydrogen bonding o f  t h e  -N=C-NH2 m o i e t i e s  

Of t h e  t h i a z o l e  r l n g s .  Compounds - 2a and 2f are  supposed o f  t h e  same s t r u c t u r e  (Z) - 
i n  s o l i d  s t a t e  owing t o  t h e i r  s i m l l a r  I R  s p e c t r a  ( v N H  c h e l a t e d  3150-3210 cm-l, 

V CO c h e l a t e d  1672-1685 cm-I). Compounds Z c , d , e ,  however. have d i f f e r e n t  I R  



Spec t ra  c o n t a i n i n g  non-che la ted  v N H  and VCO bonds 3200, 3170, 3180 cm-l and 

1700, 1700,  1710 cm-l r e s p e c t i v e l y  b e s i d e  t h e  c h e l a t e d  ones  3160, 3140, 3140 cm-l 

and 1664, 1662, 1664 cm-? r e s p e c t i v e l y  . 

'H NMR investigation a l s o  i n d i c a t e d  t h a t  e v e r y  compound e x i s t e d  i n  two i s o m e r i c  

£oms i n  s o l u t i o n  CDC13, DMSO-d6 . The s p e c t r a l  d a t a  can  be e x p l a i n e d  by t h e  

s u p p o s i t i o n  o f  ZIE i somers  which c o u l d  be d i s t i n g u i s h e d  by t h e  d i f f e r e n t  r a t e s  

o f  t h e  deu te r ium exchange o f  t h e  c h e l a t e d  and non-che la ted  p r o t o n s  (Z/E r a t l o s  

are c a l c u l a t e d  on t h e  i n t e n s i t y  o f  t h e  e s t e r  methyl  and CH= signals as w e l l ) .  

'H NMR chemical  s h i f t s  o f  compounds 2 P P ~  

Z E 
Comp. 

El2 

Me-6 H-3 Ar-NH Me-6 H-3 Ar-NH S o l v e n t  r a t i o  % 

J=CH-mIAr=12.5 Hz t r a n s  c o u p l i n g  

0 I f  t h e  r e a c t i o n  o f  L w i t h  two e q u i v a l e n f s  o f  amine i s  c a r r i e d  o u t  a t  80 C ,a  

r e c l o s u r e  by t h e  ester group t a k e s  p l a c e  a f t e r  t h e  r i n g  c l e a v a g e  meanwhile one 

mre m o l e  of  d n e  is i n c o r p o r a t e d  i n  t h e  p roduc t :  
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EtOH cq 
lb  + 2ArNH2 - 

CHNHAr 

Me 0 
3 a.c - 

2 
  his k i n d  o f  d e g e n e r a t e  r i n g  t r a n s f o r n a t i o n  i s  very q u i c k  w l t h  compound 4 . I n  

t h i s  c a s e  t h e  r i n g  cleaved p r o d u c t  c o u l d  n o t  b e  i s o l a t e d  owing t o  t h e  ve ry  f a s t  

r e c y c l i z a t i o n  o f  t h e  n i t r i l e  group:  

-(%JH CHNHAr 

/ A l i p h a t i c  p r imary  amines are t o o  r e a c t i v e  r e s u l t i n g  i n  same u n s t a b l e  unidentified 
/ 

compounds. Secondary amines ,  however, behave s i m i l a r l y  as , desc r ibed  f o r  4, b u t  

t h e  r i n g  c l e a v e d  i n t e r m e d i a t e s  do n o t  r e c y c l i z e  a t  ambient  t empera tu re .  I t  is due 

t o  t h e  d e c r e a s e d  r e a c t i v i t y  o f  the n i t r i l e  g roup  caused bv t h e  st;ong e l e c t r o n r e l -  

e a s i n g  d i a l k y l a m i n o  s u b s t i t u e n t s .  

k 0 
6 h,i,j - 

'H NMR chemica l  s h i f t s  o f  compounds g h , g i , g j  s o l v e n t :  CDC13 PPm 

Comp. Me-6,H-6,H2- 7.8 CH2N AT H-3 CH2=CH- CH20 NH2 

6h i .19d,4.65m 3.3 b - 7.73s 5.0-5.4n - - 5.4b 

1.7-2.8m 4.24 b 5.6-6.1n 

G i  1.19d.4.69m 4.38b 7.1-7.5m 7.99s - - - 5.2b 

1.7-2.81" 4.68b 

g j X X  1.07d,4.50m o v e r l a p p e d  - 7.67s - over lapped  6 .98s  

1.7-2.71" b y  DM50 by DMSO 



13c NMR chemica l  s h i f t s  of  compounds 5h .  5i s o l v e n t :  CDC13 P P ~  

Comp. C2 c3+ c4+ c5+ C6 Me-6 C7 C8 C8a C8b CN F ? , R ~  

6h 1 6 3 . 5 ~  156.4 98.5 165.gX 49.5 16.8 28.7 18 .1  74.4 139.5 119.1 51.6 - 
131.6 

118.4 

57% 164.5' 155.7 99 .0  165.6' 48.8 1 6 . 0  28.4 17.7 74.8 140.0 118.9 50.4 

66.0 

x :  i n t e r c h a n g e a b l e  +: numbered a c c o r d i n g  t o  t h e  1-thia-2a.5a-ace- 

xx  s o l v e n t :  DMSO-d6 naph tene  r i n g  

b :  b r o a d  

W e  have t r i e d  c a r b a n l o n s  in o r d e r  t o  o b t a i n  nore i n f o r m a t i o n s  on t h e  un ique  

behaviour  of o u r  compounds b u t  t h e  s t r o n g  b a s i c  media NaOEt caused  decompos i t i -  

on. N e v e r t h e l e s s ,  we succeeded i n  accompl i sh ing  a new r e a c t i o n  w i t h  malononi t -  

r i l e  f u r n i s h i n g  a new condensed t e t r a c y c l i c  compound: 

Compound 7 is  t h e  r e s u l t  of t h r e e  subsequen t  reactions: f i r s t  r i n g  c l e a v a g e  

then f o l l o w i n g  two c y c l i z a t i o n s  caused  b y  t h e  o r i g i n a l  and one of t h e  new 

n i t r i l e  groups.  
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EXPERIMENTAL 

A l l  m e l t i n g  p o i n t s  are u n c o r r e c t e d .  The 'H and 13c NMR s p e c t r a  Were r e c o r d e d  on a 

JEOL FX-100 i n s t r u m e n t  us ing  SiMe4 as an  i n t e r n a l  s t a n d a r d ,  i n  CDCL3 and DMSO-d6 

~ o l u t i o n s .  

Ring open ing  r e a c t i o n  o f  l a  w i t h  pr imary amines (General procedure) .  

1-Thia-2a.5a-diazaacenaphtene &a (3.88 g ,  10  m o l )  o r  i t s  HCL s a l t  i b  (4.24 g ,  

1 0  -01) was a l lowed  t o  r e a c t  w i t h  a p r imary  amlne (10 mmol o r  i n  t h e  case o f  i b  

20 m o l )  i n  e t h a n o l  (25 m l )  a t  2 5 ' ~  t o  g i v e  a f t e r  15 minu tes '  s t i r r i n g  t h e  c r y s -  

t a l l l n e  p r o d u c t s  r which were f i l t e r e d  o f f ,  washed w i t h  e t h a n o l  and r e c r y s t a l l i z -  

e d  from e t h a n o l .  ?a: Y i e l d  62%. Mp 159-160'~. Anal .Calcd.for  ClgH22N403S (386.46): 

C, 59.05; H ,  5.74; N ,  14.50; Found: C, 59.15; H ,  5.70; N ,  14.45%. G:  Yie ld  68%. 

Mp 144-145O~.  Anal.Calcd. f o r  C20H24N403S (400.48): C ,  59.98; H ,  6.04; N ,  14.00;  

Found: C, 59.90; H ,  6.01; N ,  14.08%. LC:  Y i e l d  71%. Mp 164-167'~. Anal .Calcd.for  

C20H24N403S (400.48): C, 59.98; H ,  6.04; N ,  14.00; Found: C, 59.84; H ,  6.08; 

N ,  14.08%. d :  Yie ld  68%. Mp 152-153Oc. Anal.Calcd. f o r  C20H24N404S (416.48): 

C, 57.67; H ,  5.81; N ,  13.45; Found: C, 57.60; H ,  5.82; N ,  13.40%. Ze: Y i e l d  76%. 

Mp 186 '~ .  Ana l .Ca lcd . fo r  ClgH21C1N403S (420.91): C ,  54.21; H ,  5.03; N ,  13.31;  

Found: C, 54.20; H ,  5 .08;  N ,  13.27%. Z f :  Y i e l d  53%. Mp 1 4 8 - 1 5 0 ~ ~ .  Anal .Calcd.  

f o r  C18H21N503S (387.45): C, 55.79; H ,  5 .46;  N ,  18.08; Found: C, 55.82; H ,  5 .48;  

N ,  18.00%. r g  Yie ld  51%. Mp 125Oc. Anal.Calcd. f o r  C20H24N403S (400.48): 

C, 59.98; H ,  6 .04;  N ,  14.00; Found: C, 60.03; H ,  6.03, N ,  14.02%. 

Ring t r a n s f o r m a t i o n  of  lb w i t h  p r imary  amines ( ~ e n e r a l  procedure) .  

A m i x t u r e  of &b (4.24 g ,  1 0  rnol) and t h e  pr imary amine (20 mmol) i n  e t h a n o l  

(30 m l )  was r e f l u x e d  f o r  2  h. A f t e r  c o d i n g ,  t h e  r e s u l t i n g  p r e c i p i t a t e s  were  

c o l l e c t e d  by f i l t r a t i o n  and washed w i t h  e t h a n o l  (10 m l )  and d r i e d  t o  g i v e  com- 

pounds 3. 3a: Y l e l d  65%. Mp 225-230'~. Anal.Calcd. f o r  C23H20N402S (416.48): 

C, 66.32; H ,  4.84; N ,  13.45;  Found: C, 66.27; H ,  4.90; N ,  13.42%. 'H NMH CDCLj : 

MeCHCH2CH2 1 .29d ,  5.04m, 1.85-2.15m, 2.15-2,0, ArH 6.95-7.50m, =CH-NH 8.53d 

 trans = 1 3 ~ ~ )  , NH 11.53d ( ~ ~ ~ t  exchange w i t h  ~ ~ 0 ) .  

3c Yie ld  72%. Mp 197-199'~. Ana l .Ca lcd . fo r  C25H24N402S (444.53): C ,  67.54; - 

H ,  5.44; N ,  12.60;  Found: C, 67.49; H ,  5.48; N ,  12.61%. 'H NMR CDCL3 : 

MeCHCH2CH2 1 .25d ,  5.02m, 1.7-2.lm, 2.3-2.6m. ArMe 2.335, 6.80-7.20m, 

=CH-NH 8.55d 
('trans = 1 3 ~ 2 ) ;  NH 11.45d. 



Rinq t r a n s f o r m a t i o n  o f  4 w l t h  pr lmary amines  ( ~ e n e r a l  p rocedure )  

A mixture  o f  5 (3.78 g ,  10 rnol) and a pr imary  amine (20 -01) was s t i r r e d  i n  

e thano l  (30 m l )  a t  & l e n t  t e m p e r a t u r e  f o r  0 . 5  h .  The r e s u l t i n g  c r y s t a l l i n e  m a t e r i -  

a l  precipitated, w a s  c o l l e c t e d  by f i l t r a t i o n  and washed w i t h  e t h a n o l  (10 m l )  y i e l -  

ding t h e  p r o d u c t s  2. ?a: Yle ld  73%. Mp 2 1 0 - 2 1 2 ~ ~ .  Ana l .Ca lcd . fo r  C17H17N50S 

(339.40): C, 60.15; H ,  5.05; N ,  20.63. Found: C, 60.10; H ,  5.08; N ,  20.61 8. 

1 ~ . - ~ ~ R ( ~ ~ ~ ~ - d 6 )  : MeCHCH2CH2 l.ZOd, 1 .29d ( z I E = ~ : ~ )  1.7-2.6m. 4.8m. ArH 7.1-7.7 m ,  

=CH-NH 9.05d ( ~ ~ ~ ~ ~ ~ = 1 2 ~ z )  , 12.6d. zc: Yie ld  80%. Mp 2 1 2 - ~ 1 4 ~ ~ .  Ana l .Ca lcd . fo r  

Cl8Hl9N5OS (353.43): C, 61.17; H ,  5.42; N ,  19.81. Found: C, 61.20; H ,  5.49; 

N ,  19.80 %. 5d: Yie ld  76%. Mp 208-210°c. Anal.Calcd. f o r  C18H19N502S (369.43): 

C, 58.51; H ,  5.18; N ,  18.95. Found: C, 58.47; H ,  5.24; N ,  18.96 %. ie: Yie ld  61%. 

Mp 228-230'~. Anal.Calcd. f o r  C17H16C1N50S (373.851: C, 54.61; H ,  4.31; N ,  18.73.  

Found: C, 54.57; H ,  4.35; N ,  18.70%. 29: Yie ld  76%. Mp 195-197Oc. Anal.Calcd. f o r  

C18H19N50S (353.43): C, 61.16; H ,  5.42; N ,  19.81. Found: C, 61.13; H ,  5.43; 

N ,  19.83%. 

Ring open ing  r e a c t i o n  o f  4 w i t h  secondary amines ( ~ e n e r a l  p rocedure )  

A mixture  o f  4 (3.78 g ,  10  -01) and t h e  secondary amine (20 -01) i n  e t h a n o l  

(25 m l )  was s t i r r e d  f o r  30 min. a t  ambient  t empera tu re .  The r e a c t i o n  m i x t u r e  was 

f i l t e r e d  o f f  and t h e  s o l i d  r e s l d u e  was washed w i t h  e t h a n o l  (10 m l )  and d r l e d  t o  

giv+compounds 5. They were  r e c r y s t a l l i z e d  from e t h a n o l .  5h: Yie ld  70%. 

Mp 136-138Oc. Anal.Calcd. f o r  C17H20N50S (342.43): C, 59.62; H ,  5.88; N ,  20.45. 

Found: C, 59.59; H ,  5 .93;  N ,  20.42%. 5i: Yie ld  81%. Mp 138-140°c. Anal.  Calcd.  

f o r  C25H24N50S (442.54): C, 67.84; H ,  5.46; N ,  15.82. Found: C, 67.82; H ,  5.51; 

N ,  15.80%. 61: Yie ld  85%. Mp 1 5 2 - 1 5 4 ~ ~ .  Anal.Calcd. f o r  C15H18N502S (332.39): 

C, 54.19; H ,  5.46; N ,  21.06. Found: C, 54.20; H ,  5 .49;  N ,  21.01%. 

Ring t r a n s f o r m a t i o n  o f  4 w i t h  m a l o n o n i t r i l e  

I n t o  a s o l u t l o n  o f  m a l o n o n i t r i l e  (0.66 g ,  10  mmol) and sodium e t h o x i d e  (0.82 g ,  

1 2  mmol) i n  e t h a n o l  (25 ml), 4 (3.98 g 1 0  m o l )  was added and t h e  r e a c t i o n  mix- 

t u r e  was s t i r r e d  f o r  30 min. a t  ambient  t empera tu re .  The p r o d u c t  1 w a s  f i l t e r e d  

o f f  and washed w i t h  e t h a n o l  and d r i e d .  Yield:  88%. Mp 220-222Oc (ethanol) .  

Anal. Ca lcd .  f o r  C14H12N60S (312.34): C, 53.83; H ,  3.87; N ,  26.91. Found: 

C, 53.79; H ,  3.91; N ,  26.87%. 'H NMR (DMSO-d6) : MeCHCH2CH2 1 .15d ,  4.74m, 

1.8-2.0m. 2.2-2.7m. CH= 8. los,  NH2 8 . 0  broad.  13c NMR (DEISO-d6); C2 151.7," 
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C2b 160.3,  C4 15'3.6, C5 101.4,  CN-5 115.8, C6 143.3, C6a 101 .4 ,  C7 154.3: C8 45.0, 

Me-8 16 .5  
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form a dimer  by N-27A-H....N-3B and N-27B-R.....N-3A hydroqen bonds. N - 6 ,  

C-10 and C-12 atoms are i n  t h e  p l a n e  o f  t h e  drawlng, r e s p e c t i v e l y .  

Torrlon Angles lDegl1Erdr.l 
C9-CS-Ck-Nb -01 151 
N3-C4-C5-S1 -31 131 

Fig .1 .  H o l e c u l a r  diagram o f  t h e  s t r u c t u r e  of compound Lb showing a tomic  

numbering, bond d i s t a n c e  / a /  1E.s.d.s are  i n  t h e  range  o f  0.003- 

-o.o06R/,and bond a n g l e s  ldeg .  / 1E.s .d .s  a r e  i n  t h e  range  Of 

0.2-0.5 deg. 1 .  
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