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MESOIONIC SIX-MEMBERED HETEROCYCLES, X V I I 1 .  

CYCLOADDITION OF BENZYNE TO MESOIONIC PYRIMIDINES 

Thomas ~ a p p e *  and D i e t m a r  P o c i v a l n i k  

I n s t i t u t  fur Organische Chemie, Kar l -Franzens-Universi tdt ,  

He inr ichst r .  28, A-8010 Graz ,  A u s t r i a  

A b s t r a c t  - Benzyne (1) reacts  w i th  mesoionic pyr imidines (fi) y i e l d i n g  

below 40'C the primary cycloadducts x. At higher temperatures the iso-  

quinolin-3-ones 5-2  are formed under t h e  loss o f  phenyl isocyanate. Further 

add i t i on  of 1 t o  4e y i e l d s  the adduct I, which i s  converted a t  2009: i n t o  the - - 
anthracene de r i va t i ve  5. 

Mesoionic six-membered heterocycles o f  the pyr imidine, 1.3-oxazine and 1.3-thiazine ser ies  may be 

envisaged as 1.4-dipolar ~ ~ s t e m s ~ - ~ .  I n  such a l i g h t  they appear t o  be su i tab le  candidates f o r  

1.4-dipolar cycloaddit ions. This presumption has been v e r i f i e d  i n  a number o f  cases: Mesoionic 

pyr imidines have beenshown t o  reac t  w i t h  dimethyl acetylenedicarboxylate t o  y i e l d  2-pyridones 3'4 
4 ~ primary 2+4~-cyc loadducts  . Whereas diethylamino-l-propine5, N,N-dimethylamino-phenylacety- 

4 lene, e thy l  p rop io la te  as wel l  as dimethyl maleate f a i l e d  t o  g i ve  def ined products , maleic anhy- 

7 dride3, maleic imides6, arylcyanates and t e t r a ~ ~ a n o e t h e n e ~ ' ~  gave s tab le  4+2T-cycloadducts.  

4 8 9 B i c y c l i c  pyr jmidine , 1.3-oxazine and 1,3-thiazine mesoions add dimethyl acetylenedicarboxylate 

t o  produce quinolizin-4-ones which are otherwise d i f f i c u l t  t o  obtain.  Recently, cyc loaddi t ion 

react ions o f  o-quinoid compounds w i t h  mesoionic pyrimidines and 1,3-oxazines have been studied by 

10 Fr iedr ichsen . 
We now r e p o r t  t he  1.4-dipolar cyc loaddi t ion o f  benzyne (1) t o  mesoionic pyr imidines (3-2). When 

2a-e were allowed t o  reac t  w i t h  d iazot ized a n t h r a n i l i c  acid1'-l3 u n d e r w n d i t i o n s  which generate -- 
benzynef2 the adducts 3a-e were obtained i n  42-62% yields. If heated t o  higher temperatures (70"- -- 
210'C. depending on the  nature o f  t he  subst i tuents,  Method A, see Table I )  t h e  "diazabarrelene- 

diones" 3 lose phenyl isocyanate t o  form isoquinolin-3(2H)-ones ( e l .  I t  i s  o f  i n t e r e s t  t o  

note t h a t  upon heat ing above 70•‹C the y-benzyl-N'-phenyl compound 36 expels p r e f e r e n t i a l l y  phenyl 

isocyanate y i e l d i n g  the isoquinolone g and traces on ly  of  & ( r e s u l t i n g  from the loss  of benzyl 

isocyanate). 



T a b l e  1. R-Key o f  2-4 and Yields and M.p.'s of ?and  f! 

3 - 4 - 
2-4 R1 R2 R3 - - y i e l d  dec.OC ( recryst . )  y i e l d a  m.p.O(. ( recryst . )  

a Ph CH3 CH2Ph - 62% 210" (xylene) A10O% 145' (xylene) 

b Ph Ph C2H5 - 44% 100' (acetone) A 100% 208' (xylene) 

b 
B 57% 

c Ph Ph n-C4Hg 46% 120' (e ther)  - A 100% 142' (cyclohexane) B 59% 
d CHfl Ph CH2Ph - 42% 70' ( a ~ e t o n e ) ~  A 95% 110' (cyclohexane) 

e Ph Ph CH2Ph - 46% 82' (ether)d A100% 185' (cyclohexane) 

a A: by thermal decomp. o f  I; B: by the  reac t ion  of 1 w i t h  wi thout  i s o l a t i o n  and p u r i f i -  

f i c a t i o n  of 3. p a r t i a l  decomp. i f  recryst .  from acetone. crys t .  w i t h  112 molecule of 
1 acetone. c rys t .  w i t h  112 molecule o f  e ther  according t o  elemental ana lys is  and H-NMR. 

The h igh ly  subs t i t u ted  isoquinolones 4 are ye l low colored and show a greenish ye l low fluorescence 

under UV-l ight.  They a re  s tab le  compounds i f  compared w i t h  the  unsubst i tuted o r  N-methyl-iso- 

q u i n o l i n - 3 - 0 n e ' ~ ' ~ ~ ,  which are r e a d i l y  ox id ized by a i r ,  g i ve  photo-dimers14 and Die ls-A lder  addi-  

t i o n ~ ' ~ ' ~ ~ .  However, t he  l a t t e r  reac t ion  can lead t o  complications if the generation of benzyne 

from 2-diazonium an th ran i l a te  i n  the presence o f  2 i s  conducted a t  temperatures above 4 5 T .  As 

shown i n  the synthesis o f  & a t  48•‹C (see Experimental), the Diels-Alder compound 5, r e s u l t i n g  

from the  add i t i on  o f  benzyne t o  &, i s  formed i n  30% y i e l d  (besides 46% of &). Since the  reac t ion  

takes place below the  decomposition temperature of c r y s t a l l i n e  &, an equ i l i b r i um between 2 on 

one s ide  and 2 and phenyl isocyanate on the o ther  s ide can be assumed i n  so lu t ion.  
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T a b l e  2. Spectroscopic Data of Compounds 2 and 4 

IR (KBr) cm-' 'H-NMR (CDCI,), 6 i n  ppm MS (70ev). m/e (%) 

1.37(s, CH,), 3.92(s, CH,), 

6.5-7.65(m, 19 aromat. H) 

1.52(t, J=7Hz, CH,), 2.53(q, J=7Hz, 

CH,), 6.6-7.9 (m, 19 aromat. H) 

l.OO(t, J=7Hz, CH,), 1.20-2.65(m, 6 

a l i ph .  HI, 6.5-7.75(m, 19aromat. H) 

2.22(s, 3Hof 112acetone). 4.00(s, 

CHd, 4.32(s, NCH,), 6.4-7.7(m, 24H) 

1.16(t, J=7Hz,3Hof 112ether ) .  3.45 

(q, J=7Hz, 2H of e the r ) ,  3.97(s, CH,), 

6.7-7.9(m, 24 aromat. H) 

2.37(s, CH,), 4.25(s, CH,), 6.6-7.7 

(m, 14 aromat. H) 

1.27(t, J=7Hz, CH,), 3.04(q, J=7Hz, 

CH,), 6.5-7.45(m, 13aromat. H ) ,  7.62 

(dd, J=9 t lHz, H-8) 

0.8-1.9(m. 7 a l i p h .  H), 2.7-3.2(m. 

CH,), 6.5-7.5 (m.13arom.H), 7.62 

(dd, J-9 + !Hz, H-8) 

4.20(s, CH,), 4.30(s, CH,), 6.5-7.7 

(m, 19aromat. HI 

4.32(s, CHJ, 6.5-7.7(m, 19aromat. H) 



EXPERIMENTAI 

General procedure f o r  the  prepara t ion  of *: S o l i d  benzenediazonium-2-carboxylate13 (prepared 

from 2.74 g a n t h r a n i l i c  acid,  0.04 ml CF,CO,H and 5 ml isoamyl n i t r i t e  i n  50 ml te t rahydro furan 

11 according t o  the l i t e r a t u r e  ) was added t o  a s o l u t i o n  of 1 (10 mmole) i n  50-60ml chlorobenzene. 

The s t i r r e d  reac t i on  mix ture  was kept  12 hours a t  40•‹C, f i l t e r e d ,  the  f i l t r a t e  taken t o  dryness 

i n  vacuo and the residue c r y s t a l l i z e d  from the appropr ia te  solvent,  see Table 1 -- 

4a-e; Method A: Compounds 3 were heated w i thou t  so l ven t  jnnto t h e i r  decomposit ion tempera- -- - 
ture (see t a b l e  I ) ,  y i e l d s  a re  100%. 

4b c. Method 5: The crude products 2,: (obtained by the  general procedure and a l ready contami- -L3 - 
nated w i t h  s.2) are  heated i n  xylene f o r  4 hours. 

I s o l a t i o n  o f  2 and &: The general procedure f o r  the  prepara t ion  of 3 was fol lowed w i t h  t h e  excep- 

t i o n  t h a t  the  temperature was 48•‹C and the reac t i on  t ime 6 hours. R e c r y s t a l l i z a t i o n  from acetone 

gave a 30% y i e l d  o f 2 .  The mother l i q u o r  was evaporated and d igested w i t h  petroleum ether. Crys- 

t a l l i z a t i o n  w i t h  e ther  a f f o rded  a 46% y i e l d  o f  &. 

5: Decomposition a t  about 180•‹C. - I R ( K 5 r ) :  17055, 1600m. 1495111, 1450rn cm-l. - 'H-NMR (CDCI,): - 
b =  4.27 (s, CH,), 6.9-7.5 (m, 23 aromat. H). - MS: m/e = 344(Mi-~hN~0, 1fi%), 268(25), 267(48), 

266(28), 265(53), 252(43), 199(22), 178(25), 177(35), 149(32), l l 9 ( 4 9 ) ,  115(25), 91 (43). 

6: Compound 5 i s  heated 5-6 min. a t  180-200%; y i e l d  loo%, prisms from a c e t i c  ac id ,  m.p. 156'C. - - 
17 ( l i t .  m.p. 151•‹~16, 1 5 5 T  ). - IR (KBr): 1600m, 1490m, 1440111, 1380m cm-l. - 'H-NMR (CDCI,): 

5 -  5.02(s,CH,), 7.0-7.8 (m, 18H). 8.05-8.35 (m,2H). 

18 Sa t i s fac to ry  a n a l y t i c a l  r e s u l t s  have been obtained f o r  a l l  new compounds . 
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