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ABSTRACT: In this review is brought together the chemistry 

of SIX-membered mesoloi~ic heterocycles whlch can be derived 

formally from the m-quinoiimethane ti~an~on. 
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1. INTRODUCTION 

In a recent proposal, the term "meso-ionic" has been confined to f&-membered 

heterocycles "which cannot be represented satisfactorily by any one covalent or 

polar structure anti possessa scxtetof electrons in assoclatxon wlththeflve atome 

comprising the rzngfrl. we2" anti othersks5 prefer- a broader deflnltion of thzs term - 
i. e. one which covers SIX-membered heterocycles6a as well, and it seems appropriate 

7 to include mesomorzc betaine derlvatxves of heteropentalenes6b and even squaralnes . 
In thls rev~ew, only those slx-membered mesolonlc heterocycles will be dealt wrth 

which can be derived formally from the m-quinodimethane dlanion (Chap. 2 . ) .  

2 .  DEVELOPMENT OF POSSIBLE SYSTEMS NOMENCLATURE 

1f the atoms 4,5 , 4,6 or 2 . 5 ,  and8 7 , 8  in the m-quinod~methane dlanxon (1,scheme 1) 

SCHEME 1 
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a r e  substituted by N - ,  0 ,  o r  S ,  r e s p e c t i v e l y ,  t h r e e  t y p e s  of monocycllc m e s o i o n ~ c  

six-membered h e t e r o c y c l e s  w i l l b e o b t a l n e d  (A ,  B, C) whlch c a n b e  c o n s ~ d e r e d a s  1 , 3 -  

(n,c) o r  1 , 4 - d l p o l a r  ( 8 )  sys tems.  F u r t h e r  l n t r o d u c t l o n  of  appropriate heteroa toms 

( e . g .  -N i n  p o s r t i o n  4 of  A ,  i n  p o s l t i o n  2 and/or  5 of  8 )  e n l a r g e s  t h e  number of 

p o s s l b l e  h e t e r o c y c l e s  considerably; t h e  e x t e n s i o n o f t h e s e  g e n e r a l  t ypes , l nc lud lnp -  

selenlumlO, p r o v l d e s  t h e  p o s s l b l l i t y  of even more sys tems (Chap. 4 .1 .4) .  The connec- 

t l o n  o f  atoms CZandN1, N 1 a n d 0 7 ,  0 7 a n d C 5 ,  o r  C 5 a n d 0 8 ,  r e s p e c t ~ v e l y ,  w ~ t h  homo- 

and/or  h e t e r o c y c l i c  4n - r lngs  l e a d s  t o  b l -  and p o l y c y c l i c  sys tems (Scheme 2 ) .  The 

e x t e n s i o n o f t h ~ s  development i s  straightforward (85 i n  Scheme Z ) , b u t s i n c e  examples 

of  t h e s e  t y p e s  of compounds a r e  r a r e ,  t h i s  m a t t e r  w l l l  n o t  be f u r t h e r  d e a l t  w i th .  

Examples : (Type 82 unknown) 

Type Q 

SCHEME 2 

- 1 0 8 5 -  



A s  i n t h e  ca seo f f lve -membered  mesoidnlc h e t e r o c y c l e s ,  t h e i r  six-membered analogues  

can  be d e s c r i b e d  o n l y  by s e v e r a l  fo rmulas  i n v o l v i n g  p o s i t i v e  and n e g a t i v e  cha rges  

a t  v a r i o u s  positions (Scheme 3 ,  e.g. a-cl; t h e r e  maybearguments  f a v o u r i n g  one of 

t h e s e  symbols, b u t  i t  should  be recognzzed t h a t  t h e  e l e c t r o n  d ~ s t r i b u t i o n  d i f f e r s  

SCHEME 3 

f romone ~ y s t e m t o t h e o t h e r a n d t h a t a  " n e u t r a l "  f o r m u l a t i o n  (4,s) z s t o b e  p r e f e r r e d  

a t t h e m o m e n t .  Formula 4 u i ip l l e s  a - double  bond c h a r a c t e r  of  t h e  C=O-bonds; 

however, X-ray d a t a  do n o t  s u b s t a n t l a t e  t h l s  v ~ e w  (Chap. 3 ) .  With r e g a r d  t o  t h e s e  

r e ~ u l t s , ~ e  a d ~ o c a t e a  d e s c r l p t z o n i n w h l c h t h e  ca rbony l  groups  ( o r t h e l r  e q u z v a l e n t s )  

a re  explicitly written and which does n o t  a n t i c z p a t e  a n  e x p e r i m e n t a l l y  unexplored  

cha rge  d i s t r i b u t i o n .  I n t h e o p i n l o n o f o n e o f t h e s e  a u t h o r s  ( W . F . ) ,  formula  2 s e r v e s  

quite w e l l  f o r t h i s  pu rpose ,  d i f f e r ~ n g  o n l y  marginally f r o m a d e s c r i p t i o n  (2)  g iven  
12 

by coburn'' and Glennon . 
The s y s t e m a t i c  n a m ~ n g o f m e s o ~ o n i c  compounds i s n o t  standard~zed.InChemicalAbstracts 

(1) : 5,6-D1hydro-4,6-dlox0-4H-1,3-diazinium hydroxide, I n n e r  s a l t .  

( 2 )  : Anhydro-4-hydroxy-6H-6-0xo-I,j-d1a,z1n1um hydroxide .  

( 3 )  : 6H-6-0xo-l,j-diaxin-I-ium-4-?late. 

( 4 )  : Mesolonic 4 ,6 -D1oxo-1 ,3 -d~a r ine .  

Namlng of  Weaolonic Six-Membered H e t e r o c y c l e s  

SCHEME 4  
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nomenclature ( I ) ,  (Scheme 4 )  i s  used.  S t i l l  ano the r  systematic description is i n  

use, e s p e c i a l l y  i n  t h e  German l i t e r a t u r e  ( ( 3 ) ) :  t h e  mesolonic compound is t r e a t e d  

a s  en  ~ n t r a m o l e c u l a r  s a l t  of an  a l c o h o l  ( " o l a t " )  wl th  a  c a t i o n i c  system ( "~um"  a s  

s u f f i x ) .  However, t h e s e  d e s i g n a t ~ o n s a r e  somewhat cumbersome; t h e r e f o r e  a s a  s h o r t -  

hand n o t a t i o n i t  seems convenient  t o  r e f e r  t o t h e m e s o l o n i c  systems i n  terms of t h e  

p a r e n t  h e t e r o c y c l e  t o g e t h e r  wi th  t h e  a d j e c t z v e  "mesoionic" (Chap. 4 ) .  

3.  THEORETICAL AND STRUCTURAL INVESTIGATIONS 

Even s imple  HMO c a l c u l a t ~ o n s  r e v e a l  t h a t  t h e r e  i s a r e m a r k a b l e  s t a b ~ l ~ s a t ~ o n  t o  be 

found i n  going from t h e  m-qulnodlmethane d ian ion  (2)  t o  mesolonic h e t e r o c y c l e s  of 

type  A ,  8, and C (Scheme 5 ) .  HMO-, t o g e t h e r  wl th  c ~ i 3 0 / 2 ' ~ - d a t a ' ~  of t h e  mesolonic 

13 a :  N e t  n-uondlng energy . 
HMO e ~ g e n ~ i l l ~ e ~ ;  heteroatom parameters  : 

SmN = 1.50, SrrO = 1.06; SOC+ = 0.86,  SRC-O = 1.00, S I ~ ~ ~ _ ~  = 0 . 6 0 .  



4,6-diouo-1,3-diaz1nes B ,Z ,end  3 ,show - a s  e x p e c t e d -  a reduced = - e l e c t r o n  density 

a t  C 2  andanenhanced  n - e l e c t r o n  d e n s l t y a t C 5 .  I n t e r e s t z n g l y ,  i n  2 t h e h e t e r o c y c l i c  

r ~ n g a c t s a s a n e l e c t r o n  a c c e p t o r ,  whereas i n  3 i t a c t s a s a n e l e c t r o n  dona to r .  These 

r e s u l t s a r e a l s o  ob ta lned  w i t h m  t h e  Hiickel scheme. Both t h e  Hiickel and t h e  CNDO/2 

method predicta2-phenyl-substituted 1 , 3 - d i a z l n e  (2) s l l g h t l y m o r e  s t a b l e  t h a n  t h e  

5 - s u b s t r t u t e d  derivative (3). An impor t an t  conc lus ion  c o n c e r n l n g t h e s t r u c t u r e s  of 

compound g ,  as  w e l l  a s  mesolonlc  4 ,6 -d ioxo-1 ,3 -oxaz ines ,  can  be drawn from t h e s e  

HMO; ga HMO; 2 CNDO/2; 2b CNDO/Z; 2 b 

a: Heteroatom pa rame te r s  employed a s  i n  Scheme 5 .  
16 

b: S t anda rd  geometry . 
c :  a - E l e c t r o n  c i ens l t l e s .  

d :  r -  Bond o r d e r s .  

calculations. A s  s h o w n i n T a b l e  1 , t h e  bond o r d e r  between N3 and C 4  i s  ve ry  s m a l l  - 
even l o w e r  t h a n  t h e  co r r e spond ing  v a l u e  i n  t h e  m-qurnodimethane d ~ a n i o n .  
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S i m i l a r  v a l u e s  a r e  o b t a i n e d  f o r  t h e  b l c y c l i c  d e r i v a t i v e s  81, 82, and  Bj w l t h  t h e  

variable-electronegatzvity PPP-SCF p r o c e d u r e  (VESCF-M0) 17a (Scheme 6 ) .  One would 

e x p e c t  a n u n u s u a l  l o n g  b o n d l e n g t h h e t w e e n  t h e s e  a toms;  t h e s e  r e s u l t s h a v e b e e n  con- 

f i r m e d  r e c e n t l y  by X-ray s t r u c t u r e  d e t e r m i n a t ~ o n s .  U p t o n o w o n l y t w o  s t r u c t u r e  de-  

Type 81 Type B2 Type Q 

17 Bonti O r d e r s  I n  B i c y c l i c  Mesolonlc 4 , 6 - D l o r o - 1 , j - d i a z i n e s  . 

SCHEME 6 

t e r m i n a t i o n s  o f c o m p o u n d s o f t y p e  h a v e b e e n d e s c r i b e d .  Both t h e  meso lon l c  1 , 2 , 3 , 5 -  

tetraphenyl-4,6-dioxo-1,j-diazlne (3)  a n d t h e  2-ferrocenyl-1,4-dlphenyl-4,6-d1oxo- 

1 ,3 -oxaz ine  ( 5 )  - s h ~ w e x t r a o r d i n a r i l y l o n g  C-N- and  C-0-distances (Scheme 7 ) .  These  

X-ray Da t a  of 4 and  5 ;  bond l e n g t h s  given i n  A.  

SCHEME 2 



find~ngs have also been dlscuasedl' in terms of DXhne's concept of two coupled poly- 

methinesZ0. It may be remarked that compounds 5 and 5 show C=O-bond lengths, whlch 
are m the range of the values for normal carbonyl groups; a p- double bond 

character which is suggested by a mesomeric form (Scheme 3) could not be sub- 

stantzated. 

I .  SYNTHESES AND SPECTROSCOPIC PROPERTIES 

4.1 1,4 - DIPOLAR SYSTEMS 
4.1.1 Mesolonic 4,6-~1oxo-1,3-diaz1nes 

Monocycl~c Compounds. Syntheses 

~ h e p a r e n t c o t n p o u n d o f m e s o ~ o n i c  ~t,6-d~oxo-l,?-diez~ne is the 4.6-dlhydroxypyrlm~dIne 
1 

(~).Katr~tzkyandcoworkers 21'22 have demonstrated by UV,IR, H-NMR,and pK measure- 
a 

merits that6 exists in water predominantly as mesolon z23, together with a substantla1 

amount of 6-hydroxypyrim~dine-4(3H)-one (5Iz4. 4-Hydroxy-6-mercaptpyrlmldine (2 )  
may exist also invarious tautomerlc forms. Brown and 'TateiZ5 have advanced arguments 
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for the 0x0-thiono form (2) In water and ethanol, possibly wlth small amounts of 
10 and 2; however, the mesoionlc tautomer which has not been taken in account - 

26 
by these a u t h o r s h a s r e c e n t l y b e e n c o n s ~ d e r e d  as the most llkely structure . 
It isnoteworthy that 6-hydroxy-4-pyrimxdonesmayundergo inter- and intramolecular 

[n4+~2]-cycloadd~tion reactionsZ7, possibly via the l,4-dipolar form (151. In some 
instances the prlmary adducts .(s,g) havebeendetected. H o w e v e r ,  with bulky sub- 

14 a-c -- - 15a-5 -- 16 - 17 - 
1 2 3 a: R = C H . ,  R = R  = H  - 
1 2' 

b: H = R  =Pi, R3=PhCH2 - 
1 

c :  H = CH 
2 

j' R = H, 3 - R = CH - c B - ( c A ~ I ~  
2 



stituents in position 2, 3, and 5 of the hydroxypyr~m~done no cycloadd~t~on 
28 

w ~ t h  DMAD'~ could be observed and the addition products 18, 19, and x a r e  obtained . 
True monocyclic derxvatlves of 1 havebeendescribed for the first time by M.Prys- 
tasJ0'31. The already reported33 treatment of 4,6-dimethoxypyrlmid1ne (3) with 

SPECTRAL DATA OF COMPOUND 26 30'74: 

u_v (p = 1 - 10) 30 : 214 (4.17), 251 (%.%I), 270-295 nm (plateau, 3.09) ; H 
UY (neutral : - 255 (5.34), 258 nm (3.06) . 

methyl iodide yields the known compound 2 accompanledbyits metholodide (9) and 

the high melting (mp 276-278'~ (nltromethane)) dimeric mesolonic 4,6-dioxo-1,3- 

dlarlne 6. By heating the reactlon mixture ~nasealed vessel at temperatures eu- 
ceedlng 70•‹c, an almost quantitative yield of 5 is obtained. F~ssron of 25 with 
hydrogen bromlde in acetic acld, which has been reported by Sovlet authors34 to glve 
themollomerxc form of 6, also leads to 6 (90% yield) ; a short heat~ng of 9 (220•‹c, 
5 m~n.) produces 26 in 77% yzeld. 
The actlon of hydrogen bromlde in acetlc acld on a yleltis 2 (which may exlst i n  

solution as=) and 2930. In the same paper, the reaction of 4,6-d1methox~-5-~henyl- 

pyrimidine (J1) wlth methyl lodlde is described to glve 2. Later the thermal 
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32 - 
Q(N-CH ) = 3 . 3 1  ppm, 

3 
S(C2-H) =9.16 ppm, 

( i n  DMSO-d 
- 
*c=o = 

6 ;  
1688 cm- . 

r ea r r angemen t s  of 4,6-dirnethoxy-5-nitropyr~m~d~nes (3) a r e  r e p o r t e d  t o  y ~ e l d  3 
and 2. Obv~ously,cornpounds 3 a r e  i n t e r m e d ~ a t e s ;  o n h e a t l n g t o  2 0 0 ~ ~  t h e y g ~ v e t h e  

f i n a l  p r o d u c t s  (2). The rnechanlsm of  t h e s e  reactions is n o t  y e t  c l e a r ;  a double  

1 , 3 - d i a l k y l  0-N migration v i a  a r a d i c a l  rnechanlsm is sugges t ed .  

The proposed s t r u c t u r e s  b and 2 r e s t  on s p e c t r a l  d a t a  (Scheme 8 )  and chemical 

reactrons.Cornpound 6 i s v e r y r e a d l l y c l e a v e d b y a l k a l l u n d e r t h e f o r m a t i o n o f m a l o n ~ c  

acid N , N r - d z m e t h y l a m l d e . F u r t h e r m o r o ~ a n d j 2 a r e  hydrogenated  (Pd/C) t o g i v e  &,b; 
t h e  hydrogena t ion  of 26 proceeds  s l u g g i s h l y  because  of a v e r y  slow a t t a ~ n r n e n t  of 



an equilibrium of 26 and its mesolonlc monomer. Only this monomer then undergoes 
the hydrogenation30. 

The first general synthesesofmono- and bzcyclic mesolonlc 4,6-d1oxo-l,?-d1arines 

were publxshed almost simultaneously by two research  group^^^'^^. The reaction of 
N,N1-disubstituted a m ~ d i n e s ~ ~  (37) with reactive malonlc esters as malon~c acid b l s -  

( 2 , 4 , 6 - t r i c h l o r o p h e n y l ) e ~ t e r s ~ ~ ~ t  1 6 0 ~ ~  jives 3 Z P ~  good to excellent yields (trl- 

chlorophenyl malonate procedure)37. Bicyclic derlvatlves (--=I are obtained in the 

same way fromN-substituted 2-aminopyridines. Refluxing anisole (bp. 154'~) has proved 

to be a suitable solvent for this reaction4'. Longer reactlon tlmes and enhanced 

temperatures shouldbe avoided slnce liberatedtrichlorophenolspecifically catalyzes 

a rearrangement of the mesolons a4' (See Chap. 5.5) .Both c o m p o u n d s ~  and were 
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prepared from t h e  corresponding N-subst i tuted 2-amlnopyr~dine wzth carbon sub- 

oxzde 4 2 ' 4 3  a t  room temperature m t h e  absence (%)37 or presence o f  a .a- 

t a l y t i c  amount of A1Cl3. ( F o r f u r t h e r d e t a l l s  o n b l -  and g o l y c y c l l c  derivatives, see 

b e l o w . )    his r e a c t i o n  has a l s o b e e n u s e d  f o r  the  p r e p a r a t ~ o n o f m o n o c y c l i c  mesolons 

Ph 

Ph  

H 

CH3 
Ph 

CH3S 

EtS 

CH-S 
3 

E tS  

CH-S 
3 

EtS 

CHjO 

E t O  

E t O  

E t O  



beorlng no substituent at C5 (&-d44a, 42e (from an oxime ether)44b, k2f-& (from 
4 7  44b 421-0 (from isourcas) . isothioureas) , - -  

The reactlvlty of the b~electrophilic mzllonlc a c ~ d  derivat~ve can be enhanced by 

the use of bzs(pentachloropheny1)esters. Thus & is prepared from N,Nv-diphenyl- 
benzenecarbox~m~demide andmalanlc acld his(pentachloropheny1)esterinacetone wlth 

two equivalents of trlethylamine at room temperature45a. However, the ylelds obtalned 
48b by thzsprocedure amount toabout 50% of the thermal condensation reactzon only . 

The extension to bicyclic "malonyl-m-amlnopyrldlnesss has been reported4ja. 

Inafurther synthesis of monocyclic compounds of type 3 meso~onic 4,6-dioxo-1,j- 
thzazines (3) are used as starting materialsk6, which in turn are available from 
N-monosubstituted thioamides and reactive malonlc ecld der~vatives (malonlc acid 

dlchlorides,substrtuted chlorocarbony1ketenes;see Chap. 4.1.2). Whenthecompounds 

43 are heated togetherwitharyl isocyanates, the meso~onic 4,6-d1oxo-1,3-diazines - 
45 ere obtained in 75-83% yleld; an mterrnediate of type is poss~bly involved - 
whichonloss of COS glves the flnal products. Thls synthetic sequence may be pre- 

ferred over the trlchlorophenyl malonate proceduro descrlhed above in those cases 

where N-monosubstltuted thloamldes are read~ly available. 

In thc sume way, mesoionic 4,6-d1oxo-1,7-oxaz~nes 1,47-50 (Chap. 4.1.2) (e.g. '16) 
may react wlth aryl xsocyanatrs to produce 4,6-dzoxo-I,?-dzazines ( e .  g. 411~'. 

'3'\NA0 
Ph- N-C-0 

0 

+o 
13 h, 1 0 0 ~ ~  

0 45 "I. o+o 
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An unusual routetomesolonic 4,6-d1oxo-l,J-d1az1neswhs described by H.W.Moore and 

coworkers52. When 4-azldo-2-pyrrolinones (9) were thermolyzed in refluxlng benzene 

or when one equivalent each of chlorocyanoketene (51)53 and the formimidates 2 were 
subjectedtothe same reaction condit~ons, in add~tionto the major B-lactams (50) 

oQ 
C I  ,J @ R' benzene, \/\NO 

A 

NC - C I  
reflux H"OR~ 

. . . . 

N&  d R 2  / -- 490-5 500-5 -- 

H O R ~  H 
0 

benzene, R?NXNOR1 - 
reflux oJ+- a+O 

NC C I  
OR' C N 

the 4,6-d~oxo-l,J-d1azines 2 wereisolated(5-20%). Y~elds,however canbeimproved 

by carrying out the thermolysls in tho presence of an excess of the formlmldates 

52. A mechanism which accomodates to the observed products is given in Scheme 9. - 
Mesoionic 4-oxo-6-th1ono-l,3-diaz~ne (2) xstheparent compound for unsymmetrical 

systemsofthls type. Only a few monocyclic - and polycycl~c ( s e e  below) - der~va- 
tives havebeendescribed hitherto. On heat~ngwzthphenyl isoth~ocyanate, the meso- 



Ph-N=C-S 
Ph D 

xylene, 72h reflux; Ph.N ,Ph 
66  % 

0 

a 
ionic oxarlne 116 ylelds z5' wlth 105s of C02. Ina comparable reactzon, 5 reacts 
with the same heterocumulene to yield 5754. Thls seems to be the first example of 

the convers lonofaf lve-membered mesoionicring system intoa SIX-membered mesoionic 

rzng system. 

Monocycllc Compounds. Spectral Data 

Monocycllc mesolonlc 4,6-dloxo-1,3-diaz~nesarecolorless (Table 2, compounds 2-2) 
or s l ~ g h t l y y e l l o w t o y e l l o w - o r a n g e  (compound e,h2f-0) w e l l - c r y s t a l l i z e d h ~ g h m e l t z n g  

solids. In thelr IR spectra, they exhibzt a very strong carbonyl band at 1650 to 

1670 cm-' normally associated with a shoulder or a second absorption at slightly 

higher wave numbers. The UV spectra show a long wavelength absorpt~on at approxl- 
4 

mately 350 nm ( r  : 10 ) with a second maxlmum near 260 The 'H-NMR spectra show 
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TABLE 2 : Spectral D a t a  of Monocyclic Mesoronlc 4,6-0ioxo-1,3-dlazI'nes 

(Selected examples and d a t a )  

IR (KBr) ; UV; (lg 6 )  'H-NMR ; 
R R2 Rj: R4 

( ~ n  cm-') (1.n nm) t 6 in ppm) Ref. 

1695, 1670 217 (4.27), 5.05 (NI-CH ) ,  44 

255 (3.391, 4.07 (C5-H) 
% 

275-35O(platea~)~ 



TABLE 2 ( C o n t u n e d  - -  

a : Shoulder ; b : DMSO-d6  ; c : C l l ~ 0 l l  ; d : C1l2Cl2  ; c : CHjCN ; f : C D C l  
3 '  
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t h e  CZ-proton a t  v e r y  low f l e l d  (comp. 6 , z )  i n  t h e  p y r ~ m ~ d l n e  r e g ~ o n ~ ~ .  The N-CH 

g r o u p a p p e a r s  i n t h e a m l d e a r e a w ~ t h a  sma l l  downf l e ld  s h l f t  ( 2 :  5 (CLI )=7 .16  ppm)J . 
3 

"5 s u f f e r s  from a r emarkab l e  d o w n f ~ e l d  s h z f t  compared w l t h  CH2-groups f l a n k e d  by  

t w o  ~ ~ ~ b o n y l  moieties; whe the r  t h e s e  v a l u e s  a r e t h e r e s u l t  of two o p p o s l t e  elCect .5  

-a  r i n g  c u r r c n t  e f f e c t  and  a h i g h f l e l d  s h i f t  i nduced  by a  p a r t l a 1  n e g a t l v e  c h a r g e  

a t  C5- i s  open t o q u e s t i o n .  I n  t r l f l u o r o a c e t l c  a c l d  t h e r e  o c c u r s  p r o t o n a t l o n o n t h e  

e x o c y c l i c  oxygenatom;  t h l s  is accompanied b y a c o n s l d e r a b l e  downfze ld  s h i f t  o f  C5-H 
4 4 and  CE-CH3 (d  = 1.5 and 0 . 5  ppm, r e s p e c t i v e l y ,  f o r  compounds 2-G o f  T a b l e  2 )  . 

o n l y  a  few l S ~ - ~ ~ ~  d a t a  have  been  r e p o r t e d .  Two representative examples a r e  shown 

(DMSO-d6) ; 

S i n  ppm; r e f  .52 .  
H 

1x1 Scheme 10. A t t emp t s  have  been  made t o  r e l a t e  c h a r g e  d e n s ~ t i e s  ( c a l c u l a t e d  by a  

MIND0 method) and  I 3 c - N M ~  chemlca l  s h l f t s 5 ' .  I t  1s l n t e r e ~ t l n g  t o  n o t e  t h a t  t h e r e  

seems t o  be  no significant d e l o c a l i s a t ~ o n ,  n e ~ t h e r  o f  a  p o s i t ~ v e  o r  o f  a negative 
57 

c h a r g e ,  l n t o  p h e n y l - s u b s t i t u t e d  derivatives . 
The c h a r g e  d i s t r l b u t i o n i n m o n o c y c l ~ c  a n d b l c y c l ~ c  meso lon l c  4 ,6-d ioxo-1 ,3-d1az1nes  

( a n d a b l c y c l l c  4,6-dzoxo-1,3,5-trxar1ne; see Chap. 4.1.6)  h a s b e e n i n v e s t l g a t e d  by 

ESCA spec t ro scopy58 .  I n  t h e  fo rmer  two t y p e s  of  compounds t h e  p o s i t i v e  c h a r g e  is 

d ~ s t r l b u t e d a m o n g b o t h  n i t r o g e n  a toms;  t h e  N - 1 s  bond e n e r g i e s a r e f o u n d  t o  be  i n t h e  

region o f  401 .1 -401 .5  e ~ ~ ~ .  

BI- and P o l y c y c l i c  Compounds. S y n t h e s e s  

2 - A m l n o p y r ~ d i n ~  ( 5 8 )  r e a c t s w i t h d l e t h y l  m a l o n a t e t o  g lveacompound  named "malonyl-  

a - a mlnopy r ld lne"  6K61 which h a s  been f o r m u l a t e d  by T s c h ~ t s c h l b h b l n  i n  t h e  dloxo-form 

(2). A s  Snyder and  Robinson have  p o i n t e d  o u t ,  t h e  p h y s l c a l  p r o p e r t z e s  ( e . g . h i g h  

mp 3 0 1 - 3 0 2 ~ ~ ~ ~ ,  l o w  ~ ~ l u b i l i t y  i n  non -po l a r  s o l v e n t s )  were i n  c o n t r a s t  t o  t h i s  f o r -  



rnula; these authors favored hydroxy-0x0-structures. Katrztzk~ and waring6' have zn- 

d z c a t e d t h v i t o n l y t h e m e s o i o n ~ c  formulation (2) is in accordance with the physical 
22 propertzes of " m a l o n y l - s - a m j . n o p y r ~ d ~ n e ' ~  . 

Alkylation of "malonyl-m-amlnopyridlne" wlthalkylhalogenldes ylelds -in contrast 

wath prevlous investlgat~ons~~- 0- and N-alkylated p r o d ~ c t a ~ ~ ' ~ ~ . ~ - A l k y l a t 1 0 n  seems 

R- Hal 
60 - - t 

O+OR 

H 

o+ 
H 

R 
a: O ~ t n l ~ ~ e d  by dlrect alkylation. 

CH 
3 b :  Byreductlonof & (Pd/CaCO.). 

CH- C- CII 2 
i 

CH - CH - CH2 3 2 
PhCH2 

to have been observed in only one case, i.e. where the reactlon of 60 with benzyl 
bromide (DMF/K~CO ylelds - besides 61d/62d ('iO%andZO%, resp.) - 5% ofam~xture 

3 
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;ts of and a (Scheme 1 2 ) .  These compounds r e s u l t  from a  pr imary  

L ~ ~ .  The m e t h y l a t i o n  wl th  methyl  i o d i d e  which h a s  been repor ted6 '  t o  g l v e  

62a ~ i e l d s  & a l so65 .  A mix tu re  of  & (20%) and & (50%) i s  a l s o  o b t a l n e d  from - 
60 anddiazomethane  ( i n  d ~ o x a n e / m e t h a n o l ) ~ ~ .  The a l k y l a t i o n  of  63 y i e l d s  0-  and N- - 

65 p r o d u c t s  a l s o  (fi,2) . 
1 

I R ,  U v ,  and H-NMRspectraofmesoionicppr~do[l,2-a]pyrimidlne-2,4-dloneshhavebeen 

znves t rga tec l  ertensively36'45!62165,68b. some r e p r e s e n t a t i v e  examples a r e  c o l l e c t e d  

zn Table  3 .  T h e I R s p e c t r a  s h o w a t  l e a s t  two bands i n  t h e  C=O-region. The U v  s p e c t r a  

e x h i b i t a n a b s o r p t l o n a t l o n g e r  wavelengths  w l t h a n  extinction c o e f f i c l e n t o f a p p r o x .  

11. lo3,  depending somewhat on t h e  s u b s t z t u t z o n  a t  N 1  and C j .  (Fo r  d e t a i l s  w i th  f i g u r e s '  

of IR and UV s p e c t r a ,  s e e  l o c . c i t . 6 8 b )  The 'H-NMR s p e c t r a  a r e  s i r n l l a r  w i t h  t h o s e  

of t h e  monocyclic compounds ( s e e  Tab le  2 )  I n  r e s p e c t  of  t h e  C j -p ro ton  and t h e  N- 

a l k y l  groups.  

The a l k y l a t l o n  r e a c t i o n s h a v e b e e n e x t e n d e d t o v a r ~ o u s  substituted mesoionlc  py r ldo -  

[I, 2-a]pyrimldine-2,4-dione~~~ and t o  6 7 ,  whrch i s  obtained by condensing amlnopyra- 

z i n e  (66) wzth e t h y l  phenyl  m a l o n a t e 6 T  Physical properties of 6J l n d l c a t e  t h a t  i t  

e x i s t s  predom~nantlyasmeso~on.Itdiffers chemica l ly  from "malonyl-a-aminopyridlne" 

I n  s u c h a w a y a s t o  f a l l t o p r o d u c e  a c h l o r i d e  when t r e a t e d  w i t h  POCl ; base -ca t a lyzed  
3 

a l k y l a t l o n  r e s u l t e d  o n l y  i n  0 - a l k y l a t e d  p r o d u c t s .  



TABLE - 3 :  Spectral Data of Mesozonic Pyrido[1,2-e]pyrimid1ne-2,4-diones 
(Selected examples and data) 

6 2  6 2  
a: Nujol ; b :  KBr68b; c: 0.01N H2SO4 ; d: UMSO-d6; e: Details 

(pH and solvent dependence) see loc.clt.45; f: In phosphate buffer 

(pH=6.99), identical values in methanol; g: Fi%.of the UV spectrum 

(EtOH) see 1oc.cit. 68b. 
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Spectral evldence has been s~venfor the mesolonic structures g7', 6971, and ='I; 

a: From 2-aminopyrrol~neandmalonlc ester. 

b: By alkylation with (CH ) SO 3 2 4' 

Pd- charcoal 
D 

47% 

H 

this latter compound was obta~nedhydehydrogenat lon of perhydropyrido[1,2-alpyri- 

m~dlne-Z,~t-d~one (70). 
A s  alreadymentloned inthe subsection "Monocycl~c Compounds", mesoionic systems of 

type @ (and 65) canbe conveniently prepared from the corresponding N-substituted 
aminopyrialne with a bielectrophilic malonlc acid der~vatlve (C302, substituted 

malonyl dlchlor-ides,substituted chlorocarhonylketenes,alkyl malonates, bis(2,4,6- 

trlchloropbenyl) malonic esters). This procedure has been extended to varlous bl- 

and polycyclic systems which containanamldine moiety. Mesoionlc pyrimldo[l,Z-b]- 

pyridazine-Z,4-d~ones (2) were prepared by the condensation of 3-(N-substituted 

amlno)pyridazlnes with bis (2,4,6-trlchlorophenyl) methylmalonate at 1 6 0 ~ ~  under a 

slow stream of nitrogen untll a clear melt was obtalned (7-10 min.); purlf~cation 

was convenxently achieved by recrystallieatlon from acetonitrilei12. The chloro group 

couldbedlsplacedto give 72 w ~ t h  substituents suchasmethoxy, anillno, morpholino, 



1 2 R =Alkyl, Aryl; R =CB ; R ~ = C I  72a 
1 2  

3 
R = R  =Alkyl, Aryl; R ~ = c ~ ,  ~ ~ l k ~ l ~ ~ ~  

N-rnethy1piperazyl,and hydrogen. Some of these compounds exhxbited evidence of antl- 

m~crobial activity72a. The mesoion~c Z,lt-d~oxo~~rlm~do [1,2-a]pyrirnldlne (2) was 
73 prepared from 4,6-dimethyl-2-methylam1nopyr1midine (B) and carbon suboxide . 

A very interesting system (75) has been described wh~chcanformally be considered 
as a drbenzo analogue of a l2n-system (85, Scheme 2)37. These compounds can be pre- 

pared in the usual manner from indophenazine uslng the trichlorophenyl malonate 

procedure; they form deep green (a) or deep red (a) high melting solids which 

seem to show a pronounced solvatochromlc behevior. Further compounds of this type 

have not been described as yet. 

Theconnec t ionofmeso lon lc  4,6-d1oxo-l,J-diazines wlthaflve-membered heterocyclic 

ring leads toaclass of compounds whzch have been called "mesoionic purlnone ana- 

logues" (E: mesoionic xanth~nes; 82: mesoionic purln-2-ones; 83: mesoionic hypo- 
xanthines)17. In this renew, these bicyclic systems (the extension to polycyclic 

analogues is stra~ghtfo~ward) willbetreated as members of mesoionic six-membered 

heter~cyclesoft~pe g (Scheme 1). Onlyafew examples have been described up until 

now. 
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B 1 - + : Selected examples 

8 2 - B 3 - + : Selected examples 

Mesoionlc Purlnone Analogues l7 

SCHEME 13 

Mesolon~c thiazolo[3,2-alpyrlmidine-5,7-diones (3) havebeenprepared from N-sub- 

stltuted 2-amlno-1,3-thiazoles viathetr~chlorophenyl malonate route 11,12 or w ~ t h  

(ch10rocarbonyl)phenylketene'~. They form colorless to slightly yellow hlgh melting 

a: Selected examples. 

b: Also obtaxned with C 0 . 
3 2 



sol~ds whlch can be purlf~ed by recrystallizat~on from toluene, benzene, ethanol, 

DMF etc. The UV spectrum of & shows bands at 242 (4.46), 248 (4.44),and 280 nm 
(3.58) (in ~~0)'~. The IR spectra show two C=O-bands whlch are generally in the reglon 

of 1630-1655 and 1680-1690 the average integrated intensities are in the same 

rangeas those determined for sydnonesandisosydnones andaremuch hlgher than those 

observed for covalent carbonyl groups, ~nd~cating a hlghly polar nature of these 

pscudocarbonyl-groups.Ontheother hand,the carbony l s tre tch lngfrequenc ies  suggest 

bondorders simllarto covalent models.Thesefind~ngs support thecharge dlstr~hution 
2 and bond order  calculation^^^. The 'H-NXR spectra show the proton at C5 ( R  =H) at 

6 = 4.5 to 5.5 ppm; ~n CF COOH this slgnal is shifted downfield (ca. 1.5-1.8 ppm) 
3 

withanapproc~able broadening (comp. 44a).In CD OD/CF COOHthisprotonis exchanged 
3 3 

~mmediately. The CH -group in & appears at e remarkably low fleld position (d  = 2 
4.2 ppm in CDCl 1 .  

3 
Saturated analogues of (78) alsohavebeen prepared by the trichlorophenyl malo- 
nate procedurci6. These compounds could not be prepared by alkylatlon of z; only 

0-alkylatlon occurred7'. A benco analogue of 3 (2) 1 s  ohtalned in brlght yellow 

prlsms from the corresponding 2-(N-methylamino)-1,3-ben~~th1a~01e and (chlorocar- 

bonyl)phenylketene in dry THF'~. The N-CH group appeared at 6 = 5.68 ppm (CDC1 ) 
3 3 

in tho 'H-NMR spectrum (&:A = 1.66 ppm). 
Anumber ofmesoionic thlezolo[3,2-a]pyrlmld~ne-5,7-dlones (s) were foundto exhibit 

77 antibacterial activlty agalnst both Gram-negatlve and Gram-posltlve organisms . 
These compaundsalsohaveboen evaluatcdas inhibitors of cycl~cAMPphosphodlesterase; 

12 
some substances show theophyllxne-llke actlvlty . 
M e s o ~ o n ~ c  imidazo[1,2-e]pyrim~dines (90) and 1,2,4-tr1hzolo[1,5-a]p~r~midines (61) 
were prepared from the corresponding N-substituted amlnoheterocycles vla the trr- 

chlorophenyl malonate procedure78 (colorless or sllghtly colored products). In the 

carbonyl regj.on, the~r IR spectra resemble qulteclosely those ofthe corresponding 

meso~on~c 4,6-dioxo-l,3-dlazmes. 
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M e s o ~ o n ~ c  1,3,4-thiad1azolo[3,2-a]pyr1mzdlne-5,7-diones (82) were o b t s l ~ n e d  from 

2 - s e ~ - ~ ~ ~ ~ o - 1 , 3 , i t - t h 1 a d ~ a z o l e s  (8j) v i a t h e t r i c h l o r o p h e n y l m a l o n a t e r o u t c  77179.The 

SCHEME 14  -- 

a - 
b - 
C - 
d  - 
e - 

required t h l a d l a z o l e s w e r e p r e p a r e d  f r o m t h e  corresponding a l k y l a m ~ n e s b y c o n v e r s l o n  

t o  elkyl i s o t h i o c y a n a t e s  (Kaluza  r e a c t l o n ) 8 0  whlch were t h e n  t r e a t e d  w i t h  hydraz lne  

t o  g i v e  N-alkylthlosemicarhaaides; t r e a t m e n t  of  t h e s e  c o m p o u n d s w ~ t h t r i e t h y l o r t h o -  
8 1 

formateunderaczdcata lys l s  g a v e t h e d e s l r e d  t h i a d ~ a z o l e s  83 i n h i g h y i e l d s  . 
Whereas compounds of t y p e  g (mesolonic  purln-2-one analoe;ues,  Scheme 13)  a r e  un- 

known, d e r z v a t i v e s  of t y p e  83 (mesolonlc h y p o x a n t h ~ n e s )  have been d e s c r i b e d .  The 

p a r e n t  s y s t e m c a n  e x i s t  i n v a r i o u s  t au tomer l c  forms (e.g. 3,851; 6-oxopur ine  (hypo- 

H E t  H 

H CH3 
CH3 

H E t  Cli 
3 

CH3 CH3 CH3 

CH Ph CH 
3  3 

a :  S e l e c t e d  examples. 

b :  R ~ - c H ( c o ~ c ~ H ~ c ~ ~ ) ~  



xanthine) exlsts predornmantly in the 0x0 form wlth no indlcatlon of 86. 
Pullman and ~ u l l r n a n ~ ~  used quantum chem~cal methods for the study of thzs annular 

tautomerisrn; CND0/2 cblculatlons revealedanalmost equal energy for 84 and 3. 1n 
84 the crystal state, the N9-H tautomer is present ; UV comparisons (in H 0) on the 
85 

2 
contrary lndicate the N7-H form for hypoxanthine . 
3-Mcthylguan~ne (881, w h ~ c h i s a v a z l a b l e b y r ~ n g c l o s u r e o f  2,4,5-trzamino-3-methyl- 

6-pyrinndone (as sulfate) ,nth bozllng formarude orby hydrolysis of 2-amlno-6- 

chloro-3-methyl-purm (3) wlth IN hydrochloric a~ld'~'~', seemed to be a llkely 

candidate to exist in a mesoianlc form (%I~~. ~ u l l m a n ~ ~  concluded via molecular 

orbltal calculatlons that 3-methylguanlne probably exists as N7-H tautomer; these 

calculatlons predicted the mesoionlc form tobeebout 50 kcal/mol less stable than 

any ofthe usual tautomers. The results o f a  recent crystal structure determ~natzon 

have clearly shown that 3-methylguanme fxlsts as the N7-H tautorner (2-amino->,?- 
89 dlhydro-3-methyl-6H-purlne-6-one, e) proposed by Pullman . 

True mesolonzc hypovanthlnes have been obtamed by Coburn and ~arapellottl~~. Treat- 

ment of the prev~ously reported 1,J-dlbon~ylh~~oxanth~niurn bromide (=l9' and I,>- 

dimethyl-8-phenylhypouanthinium Iodide (q~b)~~,respectively,as a suspension of the 
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salt indry acetonitrile withanexcess of a strong base ion-exchange resln at room 

temperature, yzelds s , b .  1,3-Diethyl-6-phenylhypoxanthnn~um lodlde (s) - pre- 

pared from 8-phenylhypoxanthine and ethyl lod~de - results on treatment with an 
aqueous solution of 5% sodlurn bicarbonate (to p 7), in the preclp~tatlon of G. 
The mesolonic compounds gla-2 areobtalnedaswhite crystals stable toheat andlight 

In air. Some spectroscopic properties are summarlzed in Table 4. 

TABLE 4 : Spectroscoprc Propertlcs of Mesoion~c 

1,3-D~alkylhypoxanthlnes ( D - 5 ) .  

a: solvent sh~ftsinacetonltr~le: +6,+6,and +7 nm,resp.; b: varzahle e l e c -  

Lronegatlvlty PPP-SCF-C117b(10 slngly e x c z t c d  couflgurattttt) ; c: Adjuarod. 

91 - 
e - 
b - 
C - 

Recent lnvestlgations in the 8-aza~urine s e r l c s  have shown93 that the 3-alkyl derl- 

vatives ex~st intheneutral form (e.g. %);the IRspectrumsuggests a strong dlpolar 

JR (KBr) cm-I UV (EtOH); h(lg c l a  S (calcti.) 
1 

'H-NMR (DMSO-d6) ;S in ppm 

1700 303 (3.73) 303' (3.58) 7.70 (Ha), 9.86 ( H Z )  

1690 319 (4.14) 317 (4.14) 9.36 (HZ) 

1690 318 (4.08) 317 (4.14) 9.33 (HZ) 



contribution t o t h e r e s o n a n c e  hybrid. A s  i n t h e c a s e  of  3-methylguanineameso-  

l o n l c  tau tomer  (93) does n o t  seem t o  be p r e s e n t .  

D e r r v a t ~ v e s  of  t h e  p a r e n t  systom of  t h l s  c l a s s  of compounds (2, 4H-l ,3-oxsr ine-  

1, , 6 (5H) -d ione )  have h a r d l y  been described up u n t l l  now94; even quantum chemical c a l -  

c u l a t ~ o n s  a r c  st111 l a c k ~ n g .  I t w o u l d b e o f ~ n t e r e s t t o  ~ n v e s t ~ g a t e  whether 94 (whzch 

e x i s t s  probably  a s t h e h y d r o x y  tau tomer  2) o r  s lmple  2 , 5 - d i s u b s t l t u t e d  d e r l v a t l v e s  

m ~ g h t  p r e f e r t h c m o s o l o n l c  s t r u c t u r e ;  t h e o r e t i c a l  work ought t o b e p r o m r s l n g i n t h i s  
89 r e s p e c t  (compare t h e  ?-methylguanine problem) . 

I n  s t r l c t  a n s l l o g y w ~ t h t h c  synthesis of 4,6-d1oxo-1,3-d1azxnes,rneso1on~c 4,h-dloxo-  

1,3-oxazines (98) have been p repa red  3'47"19 by t h e  r e a c t l o n  of N-monosubstl tutcd 

zmides (2) with malonyl d ~ c h l o r l d e s  ( c l ~ l o r o c a r b o n y l l c e t e n e s ~ ~ )  ; t h e  t r l c h l o r o p h e n y l  

malonate  p r o c e d u r e h a d b e e n  u n s u c c e s s f u l  i n t h e s e  cases. The s t a b ~ l l t y o f t h e s e  com- 

pounds d e p e n d s o n t h e  s u b s t ~ t u e n t s ,  especially a t  C 2  and C 5 ,  e . ~  & s u f f e r s  from 

hydro lys i s  i n  mo l s t  a ~ r .  H e c r y s t a l l i z a t l o n  should  be c a r r i e d  o u t  w l t h  p ro ton  f r e e  



HETEROCYCLES, Vol i 9, No 6. 1982 

a: Shoulier 

spectroscopic ~ a t a  of ~esoionlc 4,6-01oxo-1,7-oxaz1nes 

(Selected examples and data) 3 

solvents.The spectra s u p p o r t t h e f o r m u l a t i o n a s m e s o ~ o n ~ c  compounds.IntheIR spectra 
1 

there are two carbonyl absorptions at approx. 1660 cm-I ("amide") and 1725-1770 c m -  

(~'lactonlcn carbonyl); the UV spectra showa longwavelength absorption between 300 

and 400 nm whzch depends considerably on the substltuents. In the 'H-NM? spectra,' 
2 

the s~gnals of C2-CH N-CH and 0CH3 (for R =(4-OCH )C H ) are shifted to lower 
3' 3' 3 6 4  

fields compared with 4,6-dioxo-1,3-draz1nes (Chap. 4.1.1). 

~ i -  and tricyclic 4,6-dioxo-l,j-oxazines (meaolonlc 2,4-d~oxo-pyrido[2,1-b]-1,3- 

oxazines (2) 3147,49 andmesoionic 1,3-dioxo-pyrano[3,2-a]quin0l~nes (100)48) have 

been preparedinthe same way; these compoundsareconsiderably more stable agalnst 

hydrolysis than the monocyclic heterocycles 98. 
The IRspectra o f 2  dlffer s o m e w h a t f r o m t h e m o n o c y c l l c  compounds;both the "lactone" 

carbonyl and the "amlde" absorption occur at lower frequencies (1730-1740, 1630- 
3 

1635 ~ m - ~ ) ~ .  The IJV spectra show maxima in the region of 360 nm . 



It iswell known that N-unsubstltuted thioamides may react with rnalonic acid deri- 

vatives (ormalonlc acid togetherwith dehydratingagents like POCl-,PC15,and acetlc 
I 

acidanhydride)to give 1,3-thiazzned~ones (4H-l,?-thiazine-4,6(5~)-dione~ 1 0 1 ) ~ ~ - ~ ~ ?  
1- 

Little has been known about tautornerlc equllibria102, but recent ~nvestlgations (IR, 

'H-NMR, 13c-iVM~, PPP-MO) show the oxo-hydroxy forms (102 and/or 10j)103'104 to be 

present. A s  inthecaseof amzdines (Chap. 4.1.1) and arnldes (Chap. 4.1.21, N-rnono- 

substituted thioamldes '05"06 and trisubstituted ureas106 with carbon suboxide, 

malonyl dichlorldes (chl~rocarbonylketenes~~) and - ~n certain cases lo5 - bis(tri- 
chlorophenyl) malonate8,y~eldthe expectedmesoionlc 4,6-d1oxo-1,3-th1aziner (106). 
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T h e s e  c o m p o u n d s a r e l e s s  s t a b l e  t h a n  t h e  c o r r e s p o n d ~ n g  m e s o i o n r c  4 , 6 - d i o x o - l , 3 - d l -  

a z l n e s  (Chap. 4 . 1 . 1 )  i n t h e p r e s e n c e o f w a t e r o r a l c o h o l .  I n  s o m e c a s e s  t h e y  a r e  s o l -  

uv ( c H c ~ ~ )  ; 'H-NMR (CDCI ; 
106 R1 R2 R~ IR (an-') 

3  Ref .  
h ( l g  6 )  (nm) (S i n  ppm) 

a: K B r  

Spectroscopic Data  of P l e s o l o n ~ c  4,5-D1oxo-l,';-t:~inrlnes (106) 
( S e l e c t e d  examples  a n 6  d a t a )  

v o l y t l c a l l y  clea-vad t o  give t h e  s t a r t l n g  i w a t e r l a l s .  The s c b s t l t u e n t  ; r l  p o s ~ t i o n  2 

a n  i m p o r t a n t  r o l e  b o t h i n s t a b i l ~ z l n g  t h e  n u c l e u s  a n d l n j n c r e a s i m g  ~ t s  b a s l -  

c l t y L o 6 .  Normal ly  t h e  IR s p e c t r a  show two c a r h o n y l  bands .  I L  i s  n f  n l t r r e s t  ::hat 
2 

compounds 106 w h i c h a r e d e r ~ v e d f r o m t r l s u b s t l t u t e d  t h ~ o u r e a s  (106, R =NR2) e x h i b l t  

o n l y  a s i n g l e  carbonyl a b s o r p t ~ o n  a t  1590-1600 t h e  UV s p e c t r a  a r e  considerably 

d x f f e r e n t  a l s o  (Scheme 1 6 ) .  

A p p l y i n g t h e p r e v i o u s  ment ioned  s y n t h e s l s t o  c y c l ~ c  t h ~ o a m i d e s  y l e l d s  t h e  m e s o i o n l c  

h e t e r o c y c l e s  (107-109,  111, 1 1 4 ,  1 1 6 - 1 1 ) .  Compound +11 h a s  a l s o  been o b t a l n e d  by 
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N-a lky la t lon  of  112 w l t h  diazomethane.  It 1s ~ n t e r e s t l n g  t o  n o t e  t h a t  i n  t h i s  c a s e  

on ly theN- l so rne r  (111) was obtained, whereas 3 r e a c t e d  wi th  d i a z o m e t h a n e t o  g ~ v e  
74 114 and an  0-methyla tcd  i somer .  9 cou ld  n o t  be o b t a m e d  by N - a l k y l a t l o n  . - 

Selenium c o n t a l n l n g  m e s o i o n ~ c  h e t e r o c y c l e s  have been d e s c r ~ b e d  o n l y  r e c e n t l y .  The 

a - s e l e n o  a c i d  122 wi th  a c e t i c  a n h y d r i d e / t r l e t h y l a m m  h a s  g i v e n t h e m e s o l o n l c  1,j- 

se lenazole- '+-one  (123) as magenta n e e d l e s  i n  80% yle ld l ' lO.  Reac t lon  of a  v a r l e t y  

of monoprotonlc s e l e n o a m r d e d e r i v a t l v e s  (e) wl th  1 , 2 - b i e l e c t r o p h ~ l e s  a s  a-bromo- 

p h e n y l a c e t i c  acid c h l o r i d e a l s o y l e l d s  t h l s  system (%) j4 .  A s  a l o g l c a l  extension, 

replacement  o f t h e  1 , Z - b ~ e l e c t r o p h l l e  i n  t h e  r e a c t l o n  wi th  s e l e n o a m ~ d e  d e r ~ v a t l v e s  

Ph,N COOH 
Ac20 - Et3N 

A APh 

P 
Se 

Ph Se 

w i t h  a 1 . 3 - b l e l e c t r o p h i l e  such  a s  (chlorocarbonyl)phenylketene shou ld  p r o v i d e  a 

~ ~ n t h e s ~ s f o r m e s o l o n i c  4,6-d3oxo-l,j-selenazines. Indeed,when s e l e n o t h ~ o c a r b a r n a t e  

126 i s  m ~ x e d  wl th  t h e  k e t e n e  i n  anhydrous e t h e r  a t  room t e m p e r a t u r e ,  2 1s ob- - 



tainedasorange prisms in 53% yleld. The IR spectrum shows bands at 1615 and 1675 

cm-l. The compound dlsplays a strong UV absorption at 325 nm (lge = 4.02)~~. 

The corresponding S-ethyl productwas similarly formed. Bothproductsdecomposed on 

attempted recrystall+zatlon. They were conszderably less stable than their appro- 

priate sulfur analogues. The chemistry of these compounds has apparently not been 

~nvestigated. 

Tr~azenes carrying a free hydrogen condense asthecorresponding alkall salts wlth 

alkyl lod~de and acyl chlorides to give N-allcyl and N-acyl derlvatives108. N,N'-Dl- 

substituted trlarenes (a) with malonyl dlchlorides (chlor~carbonylketenes)~~ in 

ether yield mesoionic 4,6-dioxo-1,2,3-trzarznes (129) as yellow to orange (*-dl 
or red (129e)111 crystals. 

Whereas gellerallratlons concerningthe stablllty cannot bemade at the momenl, meso-  

ionic 4,6-d~oxo-l,2,3-tr1az1nes seem to be less stable than meso~onic 4,6-dloxo- 

1,5-dxazines (Chap. 4.1.1);129a,r couldnotberecrystallizedand suffers from 

solvolysis when heated for prolonged times in methanol. (For details on the reac- 

tivities, see Chap. 5,) 

The IR spectra show a broad, intensive CO-absorption in the reglon of 1630-1680 

witha shoulder at slightly higher wave numbers; UV spectraofthese compounds have 

not as yet been published. 
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4.1.6 Mesoionlc 4,6-D2oxo-1,3,5-triaaanaa 

5-Azauracil (s)  sth he parent systemofthe meeozonlc heterocycles tobe discussed 

In thzs subsection. I R  spectraxndioxane and ethanol lndlcate the dloxo form; the 

UV spectrum in water issimilar to both the N-alkyl and 0-alkyl models and on thls 

account dlfflcult to ~nterpret 112'113. There is no ~ndlcatlon of a mesolon~c form 

Nevertheless monocycllc meso~onic 4,6-dioxo-1,3,5-triaaines (a) are easlly prr- 

paredby the reactionof N,NV-disubstltuted amzdrnes (132) wlth phenoxycarbonyl =so- 
cyanate115 as whlte crystals with a pronounced susceptlbillty for hydrolysis.The syn- 

thesis obviously proceeds throughanintermed~ate product. As has been reported by 

132 a-e -- - 133a-e -- - 



Kappe and coworkers116, the amidine 134 reacts wlth ethoxycarbonyl isocyanate at 

r o o m t e m p e r a t u r e t o p r o d u c e t h c a l l o p h a n ~ c  ester m, whlchonheatlng in cyclohexane 

yzelds 136. The monocycl~c mesoionlc 4,6-d1oxo-1,3,5-tr1ar1nes show two C=O bands 
in thelr IR spectra (1680-1690 and 1725-1710 ;the UV spectrum of lJJa exh~blts 
a short wavelength abs0rptlOn Zlt 230 i lm (Is'= 3 .993  Ln T H F ) .  In a strlctly com-  

parablereact~on of N,N'-dxphenylacetam~d~ne (a) wlth p h e n o x y c a r b o n y l l s o t t ~ ~ o c y a -  

nate and phenoxyth~ocarbonyl lsothlocyanate (generated insitu from phenoxythlocar- 

bonylchLorideand leadthzocyanate) ~n refluxlng toluene, the monothlono (137) and 

115 dzth~ono compound (139) are rcspect~vely y~elded . 
In general compounds of type 13j, (116) appear tobe somewhat less stable thanthe~r 
5-dcazaanalogues (Chap. 4.l.l);quantltatlve experlments,holuever,are st211 lncklng. 

B~cyclic derivatives ofthemesolonlc 11,6-dloxo-1,3,5-trlaz~ne systemareknownalso. 

2-Amlno-subst~tuted 1,3-thzazoles (140) react wzth phenoxycarbonyl isocyanate to 

produce m; wxth ethoxycarbonyl isocyanate, only acylat~onofthe am~noth~acoles 
IS observed117.~thouycarbonylisoth1~~yanate and phenoxycarbonyllsoth~ocyanate ex- 

hibitaremarkab1.e difference in the~r reactivity towards *,b: whereas the for- 

mer''' yields -,b, the latter (generated in sltu from phenylchloro formate and 

potasslum thlocyanate inanhydrous ethyl acetate) leads to 143a,b117. In a similar 
117 fash~on, 144 and - 146 are ohta~ned from 2-ethylam1no-1,3,4-th~adiazole (145) . 

A s  inthe case o f a m ~ d ~ n e s  (see above), N-substituted 2-amznopyrldines (147) react 
w ~ t h  ethoxycarbonyl isocyanate in the flrst step to give allophanic esters (148); 
the meso~on~c 2,4-dloxo-pyrldo[1,2-a]-s-triaz~nes (143) are obtained by refluxing 
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a: R=PhCH2 ; _P: R=Et ; - 
C :  Generatedin sztu . 

ILL - 145 - 146 - 
a: Generated in sltu ; b: No reactlon xlth et:ioxycarbonylisothiocyaaaatt. 



1 
UV; 1 (lg 6 ) nm 'H-NMR; d in ppm Ref. 

a: H20; b: CF COOH; c: Should probably be 8.26 (W.F.); 
7 

d: CDC1.; e: Shoulder; f: DMSO-d6; g: CH OH. 
5 3 

Spectral Data of C2-Nj-Annellated M e s o ~ o n i c  4,6-Dloxo-1,3,5-trlazlnes 

(Selected examples and data) 

these intermediates in xylene116. Compounds of type 150 have been prepared from 
appropr~ate N-subst~tuted amlnopyrldaz~nes and phenoxycarbonyl  soc cyan ate in dry 

a c e t o n ~ t r i l e ~ ~ ~ .  Thelr in vztro antlmicrob~al actlvity bas been tested. 

P 
EtOCNCO - - C L N O R  

EtOAc,reflux H,~A~ re;lux 0 

H I 
A :Ao 

C02Et 

151a b - -1- 
? 152a,b 153a --I- b 

EtOCNCS 

EtOAc,reflux 
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I n a r e c e n t  p u b l r c a t i o n , t h e  p r e p a r a t i o n  of  =,i and m , b  as  d e p i c t e d  above h a s  

been  described119.  Whereas t h e r l n g  c l o s u r e  of  t o  p roceeds  a s  u s u a l ,  t h e  

t r a n s f o r m a t ~ o n  154-155 i s  e f f e c t e d  b y a c a t a l y t l c  amount of  t r i f l u o r o a c e t z c  a c l d .  

I n  c o n t r a s t  t o  t h e  a l k y l a t i o n  of  "malonyl-m-amlnopyridlneee and r e l a t e d  compounds 

(Chap. 4 . 1 . 1 ) ,  156 wl th  b e n z y l  c h l o r i d e  a f f o r d s  o n l y  a N3-substituted derivative 

01 I l6.  

The m e s o i o n ~ c  b ~ c y c l i c  d--1,3,5-triazlnes show two ca rbony l  bands i n  t h e i r  I R  

s p e c t r a .  The a s s i j n m e n t  i s  made p o s s z b l e  by c o m p a r l s o n w i t h t h e  0x0- th iono compounds 

142,  143, and 146. A s c a n h e  s e e n f r o m t h e  d a t a o f  141a,  142a,  and i n  Scheme 17 ,  - 
b o t h  t h e p o s i t i o n  and t h e  i n t e n s l t y o f t h e  long-wave UV band depends g r e a t l y  on t h e  

s u b s t i t u t i o n  of a n  0x0- by a  t h l o n o  group;  t h l s  seems n o t  t o  be t h e  case f o r  ,& 
and 146. 

4.1.7 Mesoionlc 4,6-~10~0-1,3,5-th1adiaz1ne~ 

A s  e a r ly  a s  197z4,  t h e  r e a c t ~ o n o f ~ y c l l c  t h l o u r e a s  (158) w i t h  ch lo roca rhony l  i s o -  

c y a n a t e  h a s  been d e s c r i b e d .  I n  t h e  f x r s t  s t e p  of  t h i s  r e a c t i o n ,  salt-like a d d u c t s  

(159) a r e  o b t a l n e d  which on d e p r o t o n a t ~ o n  y ~ e l d  t h e  mesolonlc  compounds 160; 160.3 

cou ld  also be o b t a i n e d  d i r e c t l y  from lJ& w l t h  phenoxycarbonyl i s o c y a n a t e  i n  r e -  

f l u x i n g  t o l u e n e .  The i n t r o d u c t r o n  of one carbon u n l t  i n  & i n  t h e  p re sence  of 

a n  amzne a l s o  y l e l d s  t h i s  new mesoionic  system. 

The p h o t o e l e c t r o n s p e c t r a  of 160 showtwo s ~ g n a l s i n a n  r n t e n s l t y r a t i o  o f  2 : l .  Othe r  

s p e c t r a l  d a t a  have n o t  been g lven .  



- 
a 

COCI - tert ,  arnlne 2 

16Oa-d -- - 
a: For R=CH 

3 

CII 
3 

1 - C  H 
3 7 

n-C4R9 

cyclohexyl  

The i n t r o d u c t ~ o n o f h e t e r o a t o m s  (N-,O,S) I n t h e p o s l t l o n s  and 5 ,  as w e l l  a s  7 and 

8 ,  of the  m-quinodlmethane dlanion (2)  l eads  toanew mesolonzc 1,3-dipolar system 
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(A ,  Chap. 2) o fwhich  examples seemtobeunknown. F u r t h e r  l n t r o d u c t i o n o f a  n ~ t r o g e n  

a t o m i n p o s ~ t i o n  2  c r e a t e s a c l a s s  of compounds ( e . g .  162) which have r e c e n t l y  come 

t o  l i g h t .  T h e b a s l s  sys t em,6-azaurac i l  ( * ) , e x ~ s t s  i n t h e  dioxo form (-1 120,121 

wl th  no l n d i c a t l o n  of t h e  m e s o l o n ~ c  tautomer (-1 1223123. A lky la t lons  of 6-aza- 

u r a c i l  wl th  a l k y l  i o d l d e s ,  d z a l k y l  s u l f a t e s  o r  benry l  c h l o r l d e  i n  aqueous a l k a l l  

a f f o r d  t h e  2- and4-monoalkyl o r  Z ,4 -d la lky l  d e r l v a t l v e s ,  d e p e n d l n g o n t h e  r e a c t l o n  

c o n d l t l o n s .  The c o u r s e o f t h e r e a c t ~ o n  between 16j and dlmethyl s u l f a t e  is different 

when a l k a l i i s a b s e n t ;  In t h ~ s  c a s e ,  t h e  mesoionic six-membered h e t e r o c y c l e  164 is 

1 
ob ta lned  i n  about 40% yield127. The s t r u c t u r e  was confzrmed by H-NMR ( 6 (CH ) = 

3  
3 . 9 2 , s  ( ~ 6 )  = 8.03 ppm ( 1 6 6 : s  (CHj) = 3.45,  S(H6)  = 7.36 ppm)( ln  DMSO-d6)) andIR.  

The ~ornpound* ishydrogenatedoverAdams c a t a l y s t  t o  a f f o r d  165 i n  83% y ~ e l d .  

Quite recent lyacompound h a s b e e n d e s c r ~ b e d  which may b e a  benzanalogue of  162. The 

p y r y l ~ u m t e t r a f l u o r o b o r a t e ~  r e a c t s  snloothlywlth s e m i c a r b a z ~ d e t o f o r m t h e u r e l d o -  

d e r ~ v a t ~ v e ~ w h ~ c h o n t r e a t m e n t w ~ t h p o t a s s i u m c a r b o n a t e  i n  dxmethoxyethane c y c l l z e d  

t o  9 (mp. ,325OC (EtOHl ; umax (CHBr 1 : 1710, 1630, 1610 cm-'1 .whether t h ~ s  pro-  3 
duc t  s h o u l d b e  formulated  as l(r9 or a s a  benzanalogue of 162 (170) i s  open t o  ques- 

128 
t i o n  . 
N o  f u r t h e r  compounds of  type  A (Chap. 2)  have a p p a r e n t l y  been described. 



4 . 2 . 2  Mesoionlc 3 ,5-Dioxo-1 ,4-diar1nes  

Azlrzd~nesmayundergo thermally o r  pi lotochemically lnduced r l n g  o p e n l n g r e a ~ t l o ~ s  

t o  azomethlne y l i d e ~ ' ~ ~ ,  c o n t r o l l e d  s t e r e o s p e c l f ~ c a l l y  a s  pred ic t ed  by the  Woodward- 

Hoffmann r u l e s .  In  an ex tens ion  of t h l s  work, photo lyse s  of 171a130 and 171bl3' i n  - - 
t h e  presence  of D M A D ' ~  y ~ e l d  adducts (m,)l) 'j2 whlch probably r e s u l t  from a 1 , 3 -  



HETEROCYCLES, Vol 19, No 6, 1982 

Oa\N/\O benzene,  

I r e f l u x  

d ~ p o l a r  reactionofDMAD w l t h  %,&. The dehydrogenat ion  of 1 , 4 - d ~ s u b s t l t u t e d  p l -  

pe raz lned rones  ( m , b )  w l t h a n  excessofp-chloranrlyleldsproducts ( m , b )  which 

have been suggested133 t o  r e s u l t  from mesolonlc  3 ,5 -d ioxo-1 ,4 -d i az1nes  ( m , b )  a s  

~ n t e r m e d l a t e s .  Both 172 and 175 canbecons lderedasazometh lne  y l l d e s  130 ,131  or13J 

- i n  t h l s  c o n t e x t  - as a mesoronic six-membered h e t e r o c y c l e  of t y p e  C (Chap. 2). 
134 

Whereas and 175 have n e i t h e r b e e n p r o v e d  n o r  i s o l a t e d ,  M.Sorm and coworkers 

have succeeded i n  preparing s t a b l e  c o m p o u n d s o f t h i s  t ype .  I n  a p e c u l l a r  r e a c t i o n ,  

174a on t r e a t m e n t w i t h e l t h e r  benzenesu l fony l  c h l o r ~ d e / p ~ r l d ~ n e  o r  benzenesu l f eny l  - 
c h l o r i d e ,  a f f o r d s t h e m e s o l o n l c  compound 177 a s  ye l low n e e d l e s  whzch y z e l d s  of  28% 

and 9%, r e ~ ~ e c t ~ v e l y ~ ~ ~ .  Actzvated  A 1  r e v e r t s  177 back t o  m. The I R  spectrum of  

177 e x h l b r t s  Lwu bands i n  t h e  c a r b o n y l  r e g l o n  (1640,1690 ; t h e  UV spect rum shows - 
a n  absorption a t  438 nm of med~um intensity ( l g a =  3 . 1 7 ) .  With ma le l c  nnhydr lde  

(benzene ,  r e f l u x )  and formaldehyde (THF, room temperature),cycloadducts (178,179)  

a r e  obtained; t h e s e  r e a c t i o n s  confirm t h e  s t r u c t u r e  of  177. Never the l e s s  a n  X-ray 

s t r u c t u r e  d e t e r m i n a t r o n  is u r g e n t l y  d e s i r e d .  



S t e r e o c h e r n ~ s t r y  unknown 

5. REACTIONS 

I n  t h l s  c h a p t e r ,  o n l y  r e a c t ~ o n s  o f  m e s o i o n i c  SIX-membered h e t e r o c y c l e s  of t y p e  

(Chap. , ' )  w l l l  b e  d e a l t  w l t h .  

5 . 1  REACTIONS WITH NUCLEOPHILES 

Both mono- a n d  p o l y c y c l ~ c  m e s o i o n ~ c  SIX-membered h e t e r o c y c l e s a r e m o r e o r l e s s  sus- 

c e p t ~ b l e t o s o l v o l y s ~ s  whereby t h e  l a t t e r  compounds a r e  g e n e r a l l y  more s t a b l e  t h a n  

t h e  f o r m e r .  T h e s e  reactions a r e  s t r o n g l y  a c c e l e r a t e d  b y  a c i d s 4 9 .  A few examples of 

t h i s  r e a c t i o n  t y p e  w l l l  b e  g i v e n  i n  t h i s  s u b s e c t i o n .  

Mesolonzc 4,6-d1ouo-1,3-d1az1nes may add w a t e r  t o  g l v e  a h y d r e t e  ( m , c 4 4 a ;  f u r t h e r  

example5') whzch may e x l s t  i n  t h e  c a r b l n o l a m ~ n e  form (R=Ph)  o r  i n  t h e  open c h a l n  

form ( R = H ) .  F u r t h e r  h y d r o l y s i s  l e a d s  t o  a malondlamzde I n  t h i s  c a s e , r e p l a c e -  

ment of t h e  2 -phenyl  s u b s t l t u e n t  i n  & w l t h  a  hydrogen  atom g r e a t l y  I n c r e a s e s  t h e  

s u s c e p t i b l l z t y  of  t h e  r l n g  s y s t e m  t o  hydrolysis 
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Analogous reaction products have been observed with 4,6-dioxo-1,3-oxazines (2); 
react~on with wateror sodrum hydroxrde leads to 1Bf and m, posslbly with as 

an intermedlate3. 

4,6-Dzoxo-l,3-thiazines (Chap. 4.1.3) are less stable than 4,6-dloxo-1,3-diazines 
105 (Chap. 1 . 1 ;  on hydrolysis usually thioarnldesandmalonlc acids are obtalned . 

Cornpound 3 differs somewhat in this respect; hydrolysrs inDMSO yields 18674. This 

4 
mode of ring opening is sxmllar to that reported for (to 161: Chap. 4.1.7) . 
As already mentioned, 4,6-dioxo-1,2,3-tr1az1nes (a) may suffer from solvolysis 

when heatedwithmethanolllO; 1Zgd on treatment w ~ t b  2N HCI (reflux) yields benzyl- 
malonxc acid. 

Inalcoholic solution 4,6-d1oxo-1,3,5-tr1azinesare slowly cleaved (e.g.*)to glve 



a l l o p h a n i c  e s t e r s  (=I; t h i s r e a c t i o n i s  a c c e l e r a t e d b y h y d r o g e n c h l o r ~ d e .  The clea- 

116 v a s e  p r o c e e d s  f u r t h e r  t o  g i v e  a m i d m e  and  i m ~ n o d ~ c a r b o n z c  e s t e r s  . 
Cleavage  of &I1 and w ~ t h  amines a f f o r d s  187 and  1118, respectively, with 

r e g e n e r a t l o n o f t h e  I , ? - t h l a z o l e  mo le ty .  It h a s b e e n  r e p o r t e d  t h a t  a  l , j , 4 - t h i a d l a -  

PhCH2NH2 - 
THF, r e f l u x  

187 - 

z o l e  ana logue  o f  76a (82a )  r e a c t s  10' t m e s  f a s t e r ~ i t h a m i n e s ~ ~ .  Compound i s  

decomposed r e a d i l y  when h e a t e d  i n  aqueous  o r  a l c o h o l i c  s ~ l u t l o n ' ~ ~  (compare t h e  

s e p a r a t e  r e a c t i o n s  of  144 w i t h  e thy la rn ine  and w a t e r ) ' l 7 .  

5.2 ALKYLATIONS AT THE EXOCYCLIC HETEROATOMS 

The re  seems t o  b e  o n l y  one  r e p o r t  concerning t h e  a l k y l a t ~ o n  of m e s o i o n ~ c  six-mem- 

b e r e d  h e t e r o c y c l e s  of t y p e  (Chap. 2) a t  t h e  h e t e r o a t o m s  7  o r  854. Compound 57 o n  
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t r ea tmen t  wzth methyl l o d i d e  was f o u n d t o y l e l d  m. T h ~ s  t y p e o f r e a c t l o n  has  been 

i n v e s t ~ ~ a t e d  e ~ t e n s i v e l y i n t h e  s e r l e s  of five-membered mesoionic h e t e r o c y c l e s ;  ~t 

o f f e r s  anadvantageforintroduclng ca rban ion lc  s t a b i l l z l n g  groups o t h e r  thanoxygen 

o r  s u l f u r  1,136. 

5 . 3  REACTIONS WITH ELECTROPHILES 

Mesalonic SIX-memberedheterocycles of type  (Chap. 2) a reamenab le  t o  e l e c t r o p h i l l c  

s u b s t i t u t i o n  r e a c t i o n s  p r o v i d e d t h a t t h e y  c a r r y a m e t h x n e  group b e t w e e n t h e c a r b o n y l  

groups.  S o f a r  on ly  reactions o f b i c y c l ~ c  mesoionic 4,6-dioxo-1,J-diazineshavebeen 

reported68a. "Malonyl-a-aminopyridine" (60) r e a c t s  wi th  DMF/COC12 t o  produce 23% 

P 0 C l 3  C 0 C l Z  - - 
0 CI DMF 0 +A. DMF ; 23 % 0 

CHO H 

"6 
C HO 

C-formylated product (191, b e s i d e s  8.3% 1901, whereas w ~ t h  DMF/POCl 3 ' on ly  190 is 
o b t a ~ n e d .  Compound s e r v e s  a s  s t a r t i n g  m a t e r i a l  f o r  C-subs t i tu t ed  derivatives 

76a -- 192 - 
base ,  

r e s l i ,  ; 43 % 



( 1 9 2 , 1 9 j ,  194) l1 whlch would b e  d ~ f f i c u l t  t o  o b t a i n  on o t h e r  r o u t e s .  The v e r s a t z l z t y  

o f t h e s e t r a n s f o r m a t i o n s  l s p r o m l s i n g  wi th  r e s p e c t  t o  t h e  preparation o f  o t h e r  h e s o -  

i o n i c  six-membered h e t e r o c y c l e s .  

I n  a n  a t t empt  t o  cycloadd (Chap. 5.4)  TCNE and e t h y l  a z o d i c a r b o x y l a t e  t o  "ene- 

type"  r e a c t i o n  p r o d u c t s ,  (195,196)  have been i s o l a t e d 3 6 .  I s o c y a n i c  acid adds  & 
y i e l d i n g  197 (however,  compare t h e  r e a c t ~ o n o f t h e  5 - s u b s t i t u t e d  wl th  t h e  same 

r e a g e n t ,  Chap. 5 . 4 1 1 1 ~ ~ ~ .  I n  a s i m l l a r m a n n e r ,  r e a c t s w i t h ~ ~ ~ ~ ' ~  under f o r c e d  

c o n d ~ t i o n s  t o  g i v e  199, probab ly  v i a  198 fo l lowed  by a  1 , 4 - d i p o l a r  c y c l o a d d i t i o n  

(Chop. 5 .4)  w l t h  subsequent  l o s s  of C O P .  A  s i m i l a r  r e a c t i o n  t y p e  h a s  been encoun- 

t e r e d  i n  heating a 4,6-dloxo-1,3,5-trzaaene wi th  D M A D " ~ .  



HETEROCYCLES, Vol 19, No 6, 1982 

5 . 4  CYCLOADDITION REACTIONS 

5 .4 .1  With 2n - Components 

M e s o i o n l c  six-membered h e t e r o c y c l e s  o f t y p e  (Chap. 2 )  - w h e t h e r  t h e y a r e m o n o -  o r  

p o l y c y c l i c  - may b e  e n v i s a g e d  a s  1 , 4 - d i p o l a r  s y s t e m s  (Scheme 3 ) .  A s  e x p e c t e d  f o r  

t h e s e  compounds, t h e  s y m m e t r y o f t h e  h i g h e s t  o c c u p i e d  m o l e c u l a r  o r b z t a l  (HOMO) a n d  

HOMO LUMO 

Syamet ry  o f  HOMO a n d  LUMO o f  M e s o i o n l c  Slx-Membered H e t e r o c y c l e s  

of Type g (Chap. 2 ) .  

M e s o ~ o n ~ c  4 , 6 - d i o x o - 1 , 3 - d i a z i n e  a s  r e p r e s e n t a t i v e  example 

(HMO d a t a ,  p a r a m e t e r s :  Chap. 3 ) .  

SCHEME 18 

l o w e s t  u n o c c u p i e d  m o l e c u l a r  o r h ~ t a l  (LZIEIO) (Scheme 18) p r e d ~ c t s t h e m t o b e  s u r t a b l e  

c a n d ~ d a t e s f o r c y c l o a d d i t i o n r e a c t i o n s w i t h  Zn-components. T h i s  p r e s u m p t i o n h a s h e e n  

v e r i f ~ e d  i n  a  p e a t  n u m b e r o f c a s e s .  R e p r e s e n t a t i v e  examples  w l l l  be  g l v e n  i n  t h i s  

c h a p t e r .  

~ e s o ~ o n ~ c  4 , 6 - d i o x o - 1 , j - d l a z i n e s  have  b e e n  shown 137a t o  r e a c t  w i t h  DMAD producing 

2 - p y r i d o n e s  (201); t h e  p r i m a r y  [ Z + 4 ] c y c l o a d d u c t  (200) h a s  b e e n  i s o l a t e d  as i n t e r -  

media te44a .  Whereas diethylamino-l-propine37b, N,N-dimethylamino-phenylacetylene, 
44a 

e t h y l  p r o p l o l a t e  a s w e l l a s m e t h y l  m a l o n a t e  f a i l e d t o  g l v e  w e l l  d e f i n e d  p r o d u c t s  , 

DMAD 
__P - 

a b 

zoo - 
a :  b e n z e n e ,  2 4 h r e f l u x ;  9 4 %  

b :  20 min. above  mp. ( 1 8 8 - 1 8 9 ~ ~ )  



maleic and rnalelc ~ m i d e s ~ ~ ~  add tomeso lon ic  l , 3 - d i a z l n e s  y i e l d l n g  
45b 202. The reaction w ~ t h  TCNE g i v e s  the  cycloadducts 203 . - 

Meso ion~c  4 ,6 -d ioxo-1 ,3 -d iaz ines  such a s  j9b,e,g (and o thers )  react wlth benzyne 

(a), preparedfrombenzened1azon~um-2-cerboxylate, y ~ e l d i n g b e l o w 4 0 ~ ~ t h e p r i r n a r ~  

cycloadducts x, which c a n b e i s o l a t e d .  A t  higher temperature the  i s o q u l n o l ~ n e - 3 -  

ones (206)  - are formed under the  l o s s  o f  phenyl ~ s o c y a n a t e ~ ~ ~ ~ . ~ o m ~ o u n d  g i v e s  

wi than  excess  of 04 the  adduct x , w h l c h  is c o n v e r t e d u p o n h e a t i n g l n t o t h e a n t h r a -  

cene d e r l v a t l v e  208. 
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The a d d i t i o n o f i s o c y a n l c  a c l d ,  prepared by the thermolys is  of lsocyanurzc acid or 

azod~carboxamide,  t o  y l e l d s ,  p o s s i b l y v i a t h e b r l d g e d a d d u c t  3 and subsequent 

loss of phenyl i socyanate ,  the  6 - h y d r o ~ y - 4 - ~ ~ r l m i d o n e  14b37b. 

B i c y c l i c  mesolonzc compounds &I1) addDMAD to produce fused pyrrdlnes 

(210, 211) which might otherwise be d i f f i c u l t  to obtain. 

DMAD E - 
xy lene ,  2 4 h r e f l u x  E 

H 60 % H 



Ashasbeenmentlonedabove (Chap. 4.1.1) both mono- and bicyclic 4,6-d1oxo-1,3-ox- 

azines may react with heterocumulenes (aryl isocyanates, aryl isothiocyanates) to 

yleld the corresponding 4,6-d~oxo-1,3-drazlnes (or the 0x0-thiono  analogue^)^'^'-^^. 
Compound 99c as well as a add DMAD to glve the fused a-pyridone 212, albelt in 
low yleld 3774 9 

D M A D  - 
xylene, 60 h 
reflux; 12 % 

E D M A D  
C 

xylene, 48 h 
reflux; 11% 

CH2Ph CH2Ph 

Mesoionlc 4,6-d1oxo-1,3-th~azlnes react with aryl isocyanates wlththe ellm~natlon 

of COS to produce the correspondxng mesoionic 4,6-dioxo-1,3-dlazines (Chap. 4.1. 

this transformatzon has been proven to be a convenient way of synthesizing these 

compounds, especially in cases where thloamides and aryl lsocyanates are rcadzly 

available. No cycloadductshavebeen obtazned w~thavhrlety of acetylenzc and ole- 

flnlc dipolarophzles; conversion lnto 4-quinolones has been t h e  preferred pathway 

(Chap. 5.5)Io6. The mesolonic 4,6-dioxo-1,3-th~azlne u, however seems to be an 



HETEROCYCLES, Yo1 19, No. 6, 1982 

XPh + P h 

0 "6 3 x y l e n e ,  h  r e f  l u x  R 

P h 
I 
Ph 

exception106. The main p r o d u c t  (214) r e s u l t s  from a  rear rangement  of  (Chap. 

5 . 5 ) ,  whereas t h iophene  21j i s  p robab ly  formed v l a  a n  [ 2 + 4 ] - l n t e r m e d l a t e .  

An l n t e r e s t ~ n g  case of  r e g ~ o s e l e c t l v i t y  is e n c o u n t e r e d i n t h e  reaction of and 

e t h y l  p r ~ ~ i o l a t e ' ~ .  Only one i somer  (215) h a s  b e e n i s o l a t e d  from t h e  r eac tLon  mix- 

t u r e .  

130th 4,6-dioxo-1,2,3-trrazines and 4,6-d1oxo-1,3,5-tr1az1nes (Chap. 4.1.5,  4 .1 .6)  

do n o t  seem t o  undergo c y c l o a d d i t i o n  reactions 
110,  115 

5.4.2 Wlth o -9u inonozd  Compounds 

C e r t a i n  c l a s s e s  of flve-membered mesoionic  h e t e r o c y c l e s  of t ype  r e a c t  remarkably  

smoothly w i t h  0 - q u n o n o l d  compounds (0 -qu lnones ,  0-benzoqurnone-dilm~nes~~') y i e l -  

d ing  m a ~ n l y  1:l adduc t s  of  t y p e  216 ( f o r m a l l y  d e r i v e d  from a v a l e n c e  t au tomer i c  

k e t e n e f o r m o f t h e m e s o r o n )  and 217 139-141. I n  a n  obv ious  e x t e n s i o n o f  t h i s  program, 

t h e r e a c t i o n s o f b o t h m e s o i o n i c  4 ,6 -d ioxo-1 ,3 -d i az ines  (Chap. 4.1.1) and 4 ,6-d ioxo-  

1 ,3 -oxaz lnes  (Chap. 4.1.2)  w l t h  0-qulnones have  been i n v e s t i g a t e d .  



Mesoionic 4,6-d1oxo-1,3-d1azines (e.g. a) react wlth tetrachloro-o-benzoquznnne 
(18) to glve a compound (9) 14' whlch can be considered as an adduct of 218 w ~ t h  

an open chaln ketene tautomer of jglc ( 2 2 0 1 ~ ~ .  These tautomers are not involved in 

this cycloadd~t~on, however, but mey be important intermediates in rearrangement 

reactions (Chap. 5.5).Mesoionic 4,6-d1oxo-1,3-oxazines (e.g.&) reactquited~ffe- 

rently. C02 1 s  evolvedwithbothwlth 0-quinones and wlth 9,lO-phenanthrenequ~none; 

thls occurs even at room temperature. The products obtained (e. g.=150 '513 14' can 

be rationalized by a prlmary [n4+n4] cycloaddltlon (to a) wlth subsequent ring 
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openlng, loss of COZ, and rearrangement. Thls sequence can alsobeformulated as a 

concerted reaction. The extensionoftheseinvestigatlonstoo-henzoquinone-dllmines 
143 1s under way . 

5.5 REARRANGEMENTS 

H e a t i n g o f t h e b i c y c l i c m e s o i o n i c  1,3-dlazineMto about 2 5 0 ~ ~  leads totheneutral 

benzyl ether in poor yield. (Thls reactlonisin contrast to the conversion of 

methyl ethers to mesolons; compare =-z30, or j5-135, Chap. 4.1) On the other 

hand, heating of themonocyclicmesoionic 4,6-dioxo-1,3-dlazine 9 gives a N-C 

migration of the benzyl group yieldlng the 5,5-d1benzyl-4,6-d1oxo-tetrahydropyrl- 

mld~ne g6'. A radlcal mechanism is suggested for both cases, because dzhenryl and 
144 

"tribenzyl" are isolated as side products . 
~ ~ l o n ~ l  heterocycles,such as 5-aryl-4-hydroxy-2-pyror~esa~rdbenzocoumarzns 225 re- 
act at higher temperaturesvlsketenes (g) to thermodynam~callymore stable carbo- 

145 cyclic compounds 9 . 
It is thereforenot surprislngthatmesolon1cN-aryl-2,4-dioxo-1,3-d1az1nesrearrange 

to 2-qu1nolones146. Thus the hicyclic mesolons 41 react at 260-300~~ u l a  the ketene 



lntermedlate toglvethe qulnolones 229 Lngoodylolds. The monocycllc xmesolons 
2 react i n a n  analogous way (with ketenes, however, the prxmaryproducts (230) are 
stabrl~zed bytwo consecutlvereactions leading "la to t h o f o r m a t ~ o n  of Q). 

Therneso~ons* (obtalnedfromZ-arylaminoqulrLollnesandbls(2,4,6-trlchlorophenyl) 

malonates or loo and  arylisocyarrutes) r e a c t  in 2,4,6-tr~chlorophenoltoy1eld com- 

pound 2?J; ontheother hand, if heated i n a h i g h  boiling solvent, such as dlphenyl 
148 ether, the 4-hydroxy-qu~nolone 275 are formed . 
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Another  t y p e  o f  r e a r r angemen t  f o r  N-aryl-4,6-d1oxo-l,,6-dloxo-l,-diaz1nes (39a,b)41 and  1,7- 

t h i a z i n e s  elo6, l e a d i n g  i n  b o t h  c a s e s  t o  t h e  same 4 - q u ~ n o l o n e s ,  was p u b l ~ s h e d  I n -  

d e p e n d e n t l y b y t w o  r e s e a r c h  g roups  i n  1975. Thus t h e p y r i m i d i n e s  19 r e a c t  i n  2 , 4 , 6 -  

t r i c h l o r o p h e n o l  a t  2 0 0 ' ~  unde r  l o s s o f p h e n y l  i s o c y a n a t e  t o  y i e l d  t h e  4-quznolones  

236, whereas  t h e  l , 3 - t h i a z l n e s  106 a r e  l o o s i n g c a r b o n  o x y s u l f i d e i n b o ~ l ~ n g  benzene - 
w i t h o u t  c a t a l y s t s .  The m e c h a n i s m o f b o t h  r e a c t i o n s  c a n b e r a t i o n a l l r e d  by bond f o r -  

m a t i o n b e t w e e n C Z a n d C 5  (=), ( s i m u l t a n e o u s ? )  l o s s  of X=C=O (@), w i t h  subsequen t  

390,i X -  NPh 

'06),! X = S  

r i n g o p e n l n g t o t h e k e t e n e  39 a n d r i n g c l o s u r e  t o  @. The r o l e o f t h e  s o l v e n t  ( t r l -  

c h l o r o p h e n o l )  i n  t h e  r e a c t l o n  of  t h e  1 , 3 - d l a z l n e  9 i s  n o t  y e t  c l e a r l y  unde r s tood  

(compare t h e  rear rangement  of ?g t o  232 w i t h o u t  s o l v e n t  above  2 6 0 ~ ~ ) .  



The t h e r m o l y s i s  of t h e  mesolonic 2 ,4 -d1oxo-1 ,3 -oxez~ne  240 i n  t r ~ c h l o r o p h e n o l  a t  

2 0 0 ~ ~  y l e l d s  t h e  2-qulnolone w49'149, obviously by a s l m l l e r  pathway a s  d e s c r i b e d  

f o r t h e c o n v e r s ~ o n  of  t o  31. The expected  if-quinolone (276) 1 s  f o r m e d i n a  low 

yield (1.6%) o n l y ,  a n d a t  t h e  p r e s e n t  t ime t h e r e  i s n o  oxp lhna i t~on  f o r t h i s  d i f f e r e n t  

behav lo r  of t h e  oxazlne  240 from t h e  r e a c t ~ o n  of t h e  t h l a r ~ n e s  106. 

A unexpected r e a c t i o n  occu r s  i f  t h e  mesoionlc  2 , 6 - d i o x o - 1 , 2 , J - t r 1 a z 1 n e ~  is 
110 h c a t e d i n b o i l l n g  r y l e n e ,  y i e l d i n j t h c b l s a z e t i d i n e  24j, a z o b e n r e n e a n d n i t r o g e n  . 

Most p robab ly  t h e  r e a c t i o n  i s  l n i t l a t e d  by a d z m e r l s a t i o n  stepi5'. 

6. CONCLUSIONS 

Meta-qulnodimethane d i a n l o n  (2 )  maybe consxdered a s a b a s i s  system f o r  t h r e e  t y p e s  

of mesoionic six-membered h e t e r o c y c l e s  (A,g ,C,  Scheme 1).  F o l l o w ~ n g  t h e  xngenlous 

interpretation of  K a t r i t z k y  and W a r ~ n g ~ ~ ~ c o n c e r n i n g  t h o  s t r u c t u r e  of "malonyl-a- 

amznopyridine",  a g r e a t  number of compounds of t ype  g have come t o  l l g h t .  Bes ides  

be ing  i n t e r e s t i n g i n t h e ~ r  own r i g h t ,  t h e y  may s e r v e  a s  s o u r c e  of new heterocyclic 

sys t ems ,  bo thmeso lon lc  and cova len t .  M e s o ~ o n s a l s o r e m a ~ n a c h a l l e n g e f o r c r y s t a l l o -  

graphe r s  and t h e o r e t i c i a n s  i n  e x p l o r m g t h e  sometimes p e c u l i a r  bond and e l e c t r o n i c  

p r o p e r t ~ e s  of  t h e s e  compounds. 
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