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1 .  I n t r o d u c t i o n  

S i o e e  k h e l l i n  [a  58-furo[l]benropyran,(~)'] w a s  shown o v e r  5 0  y e a r s  a g o  t o  h a v e  

b r a n c h o d i l s t o r  a c t i v i t y 2 ,  s e v e r a l  b e n z o p y r a o - 4 - o n e s  h a v e  been shown t o  be 

b i o l o g i c a l l y  a c t i v e 3 - l o .  

The b e s t  known b e n z o p y r a n - 4 - o n e ,  n a m e l y ,  d i s o d i u m  e r o m o g l y e a t e  [ ~ n t a l ,  

C r ~ r n o l y r a . ( ~ ) ' ~ ]  i s  a v a l u a b l e  drug i n  t h e  t r e a t m e n t  of b r o n c h i a l  a e t h m a 1 2 .  
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T h e  literature on beozopyran-4-ones is well documentedL3 but more recently the 

work has been extended to benzopyran-4-ones which contain a heterocyclic ring. 

These compounds have also exhibited biological activity" and are, therefore, of 

inter$st. 

This review will concentrate oo benzopyran-4-ones containing a 2,3-fused 

heterocyclic ring (2 ) .  Although there are benropyran-4-ones in which the hetero- 

cyclic ring i s  attached to the 3,4-position or to the benzene ring, fusion at the 

2.3-position may enhance biological activity. Thia may be supported by the fact 

that the more biologically active benropyran-4-ones are those in which there is a 

C-2 substituent, usually a earborylie acid or derivative3, $. 

13 1 C =Heterocyclic ring 

Although a considerable amount of work h a s  beeo published on this subject15, no 

review has beeo published until now. Compounds both naturally occurring and 

~ y n t h e t i e  are considered and their biological activity described. 

2 .  Compounde containing s 5-membered heterocyclic ring 

Several benropyran-4-ones bearing a 2,3-fused 5-membered heterocyclic ring are 

known. The ring may contain 1. 2 or 3 heteroatoms, similar or different, and may 

itself be fvsed to a benzene or hetero-ring. The precedence of nitrogen over 

oxygen and sulphur shall be used here. 

2.1 One heteroatom 

Eiden and H i r s ~ h m u e l l e r ~ ~  synthesized [ l ] b e n r o p y r a n o [ 2 , 3 - g p y r r o l e  (5) in moderate 

to good yield by condensation of t h e  succinimide derivatives (4) with 

2-methorybenzoate to yield the methoxybenroylsuceinimides ( 2 )  which "ere converted 

to the pyrroles (6) with pyridine hydrochloride or hydrogen bromide and acetic 

acid (Scheme 1). 



Scheme 1 

The benzopyran0[3,2-b]~~rrole (9) isomer is also knovn, having been reported by 

Paparao and co-workers1'. A 2,3-disubstituted-4H-I-benzopyrm-4-one, namely. 

2-methyl-3-nitro-4H-1-beoropyrao-4-ooe (1) was condensed with an aromatic or 

heterocyclic d d e h y d e  in the presence of piperidine. The condensation betveen the 

2-methyl eubstituent of benropyrao-4-ones and aromatic aldehydes in the presence 

of a base is vell k o o ~ n ' ~ - ~ ~  and indicates the high acidity of the 2-methyl 

hydrogen. Reductive cycliration of the )-nitro compound (8 )  resulted in the 

[l]benzopyraoo[3,2-~]Pyrr~1e (9)  in moderate yields (Scheme 2). 
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Scheme 2 

The use of a 2,3-disubstituted-4H-l-benzopyr~n-4-0ne in the synthesis of the 

[l]beneopyrano[2,3-~]pyrrole has recently been described by Ellis and Romney- 

Alexander15. Thus, the reaction of ethyl 3-bromomethyl-4-0x0-4H-1-benzopyran-2- 

carboxylate (10) with a variety of primary m i n e s  (arylamines, heterylemines and 

aralkylamines) resulted in the formation of N-substituted 1,2-dihydrobeneopyrano- 

[2.3-e]pyrrole-3.9-dione (11) in low to high y i e l d s  

R =  aryl,heteryl or oralkyl 

The synthesis of a beozopyran-4-one bearing s eyclic h i d e  at the 2.3-position has 

been reported20a from the eorcespandtng anhydride. 



Eidcn and Dobiosky first reported the synthesis of the [l]benzopyrano[2.3-L]indole 

ring system ( E ) ~ ~ , ~ ~ .   he synthetic route, reported in a later paperz3, has 

features common to that of the synthesis of [l]benzopyran0[2.3-b]pyrrole~~ (see 

Scheme 1). sere, the reaction between the oxindoles (12) and ortho substituted 

phenyl benzoate (12) resulted in t h e  3-(%-substituted benzoyl) axindole deri- 

vatives (z), which were then cyelized to the [I]benzopyrano[Z,3-b]indoles (11) in 

methanol saturated with hydrogen chloride (Scheme 3). The yields were moderate to 

high. 

Scheme 3 

Both GoerlitzerZ4 and Dean and c o - v o r k e r ~ ~ ~ , ~ ~  have described the sueeessful 

syntheeia of the [l]beozopyrano[3,2-b]iodole isomer (6). The synthetic route 

used by Goerliteer involved the condensation between methyl anthranilete and 

2 -hydroxy -2 -bromoaee tophenone ,  resulting in a ~ r o d u c t  of the type (I). In the 

presence of sodium methoxide, an intramolecular Dieckmann condensation occurred to 

give the heteroeyelie 1,3-dicarbonyl ~ ~ m p o u n d s  (G). Subsequent cycliratioo. 

using polyphosphoric acid (PPA), gave the (l]beozopyrano[3.2-&Jindolea (6) 

(Scheme 4). 
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Scheme 4 

Dean and eo-workersz5 utilized alkaline hydrogen peroxide to oxidize f - h y d r o x y -  

chaleone to 3-hydroxyflavanone (Algar-Flynn-Oyamada reaction). The method w a s  

sueeesafully used with chalconee carrying nitro-groups in the 3- or 4-positions. 

When the nitro-group w a s  in the 2-position (E) it was found that the alkali 

induced a series of resetions which terminated in the 10-substituted-2-methyl- 

118-[l]beozopyraoo[3,2-b]indol-11-one (2) in good yield. They postulated that 

instead of the carbanion (20) effecting nucleophilic substitution at the peroxide 

oxygen, the nitro-group at the 2-position was uniquely placed to react by nueleo- 

philic addition, as shown in (1) (Scheme 5). Reactions between carbanionic 

centres and nitro-groups had earlier been reported2'. The [l]benzopyrano[3.2-b]- 

indole ring system has also been synthesized by heating a 6-substituted-2'-nitro- 

flevooe with triethyl phosphiteZ5. Claims have been made that some benropyrano- 

iodolea exhibit biological activityz2. 



Scheme 5 

Several papers have been published in which beozopyrao-4-ones contain a furao ring 

fused to the 2.3-position Yamamato and co-workers2' have reported the furo[Z.3- 

b][l]benzopyran-4-one (23) whilst the isomeric furo[3.4-b][l)benzopyran-9-one (2) - 

has been reported by several  other^^'-'^. 
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Henderson end ~ l l m e n ~ '  obtained a trace amount (el%) of compound (26. R ~ - R ~ - P ~ )  

when 2-beoryl-3-benroyl-4H-l-ben~opyr~n-4-on (5) was exposed to both ultraviolet 

and visible light in the presence of oxygen. Oxidation of the 2.3-disubetituted- 

4H-1-benzopyran-4-one (2) using selenium dioxide also gave (14, R1-R2-ph) in low 

yield. 

Huftman and co-workers3l were ale0 able to synthesize the furo[3,4-bl[l]benzo- 

pyran-9-ones (2) by the photolysirr of the isomeric 3-aroyl-2-(2-fury1)-48-1- 

benzopyrao-4-ones (26). 

~uro[3.4-~][l]benro~~ran-3,9-diones (21) were found not to exhibit any appreciable 

antibacterial activity lo. 

Q&o 0 



S e v e r a l  benzofuro[2,3-b][l]beneopyran-11-ones have  been  r e p ~ r t e d ' l - ~ ~  and t h e s e  

are m a i n l y  n a t v r a l l y  o c c u r r i n g  compounds .  Of t h e s e ,  t h e  b e s t  known i s  l i s e t i n  

(ZJ)",3r,36,  f i r s t  i s o l a t e d  f rom t h e  r o o t - b a r k  of t h e  J a m a i c a n  Dogwood, P i s c i d i a  

e r y t h r i n a  L .  The a n a l g e s i c  end i n s e c t i c i d a l  p r o p e r t i e s  of  t h e  r o o t - b a c k ,  as  w e l l  

as i t s  pha rmaeodynamic  p r o p e r t l e e ,  have  b e e n  t h e  s u b j e c t  of  numeroue i n v e s t i g a -  

t i 0 n s 3 ~ .  3 8 .  

Kvrosawa and ~ r e k i ' )  o b s e r v e d  t h a t  t h e  l e a d ( 1 V )  a c e t a t e  o x i d a t i o n  of 2 ' - hyd roxy-  

i s o f l a v o n e  (g) ,  when c o n d v e t e d  a t  r e f l u x  t e m p e r a t u r e ,  g a v e  t h e  b e n r o f u r o [ 2 , 3 - b ] -  

[ l l b e n z o p y r a n - 1 1 - o n e  (30) a s  t h e  major p r o d u c t  and t h i s  c o u l d  t h e r e f o r e  be 

u t i l i z e d  as a s y n t h e t i c  me thod .  

The s y n t h e s i s  o f  benzofura[3,2-b][l]beneopyran-11-ones (2) h a s  b e e n  d e s -  

~ r i b e d ' ~ - % l  a n d  t h i s  i n c l u d e s  t h e  d e m e t h y l a t i o n  of  2 ' - m e t h o x y f l a v a n o l e  u n d e r  h a r s h  

and t h e  a c i d - c a t a l y s e d  d e h y d r a t i o n  of 2-(2'-hydroxybenz0yl)co~maran- 

3-ones (c)'O. 
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~ o e r l i t z e r ~ '  effected the eycliration of 2-(2'-hydroxybenroy1)-3-hydroxybeneo[b]- 

furan (z), using PPA, to give (32) in 5 4 %  yield. 

There are very few examples in which the heteroatorn of the 2,3-fueed heterocyclic 

ring is sulphur. Henrio and co- worker^'^ condensed 3-methoxythiophene and 

o-anieoyl chloride in the presence of staonic chloride (Priedel-Crafts m y l a t i o n ) ,  

and cyclizatioo of the resulting dimethoxy ketone (2) afforded the thienor3.2-b]- 

[l]benzopyran-9-one (35) in 80% yield (Scheme. 6 ) .  ~ ~ 

Since a number of antiallergy agents possess xanthooe-like structures, Watthey and 

o e s a i U 3  synthesized thieno[3,2-b]benzopyran-9-ones (21). through the 

regioselective lithiation-carbonation of 3-(ary1oxy)thiophenes. and subsequent 

cycliration using polyphosphate ester (PPE) in refluring chloroform. Therefore, 

the treatment of 3-(p-tolyloxy)thiophene (x), from the c o n d e n s a t i o n  of 3-bromo- 

thiophene and p-cresol, with 1 equivalent of phenyllithium followed by carbonation 

with solid carbon dioxide in ether at -78°C gave 3-(p-toly1oxy)thiophene-2-eer- 

boxylic acid (2). , Cycliration was effected "sing P P E  (Scheme 7 ) .  The yields 

varied from low to high. 



Scheme 6 

Scheme 7 

The synthesis of beozothieno[3,2-bl[l]beozopyran-11-one (%) has been described 

by ~ o e r l i t r e r ~ h n d  involved the eyclization of the heterocyclic 1.3-dicarbonyl 

compound (38) vsing PPA. . 
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2.2 Tvo heteroatoms 

Benzopyran-&-ones, in vhieh the ring attached to the 2,3-position is a pyrerole, 

have been described. These are mainly [l]benropyrano[2,3-e]pyraroles (39)"-" - 
although the [l]benzopyrano[3,2-c]pyrszole isomer ( ~ ) 5 0 , 5 1  has also been 

reported. 

Serenko and his co-workers'bynthhesized [l]ben~opyrano[2,3-~]pyrazole (39, 

R1-ph.R2-~e) from the 3-phenoxypyrarole-4-carboxylic acid (fi) vie 80 intramoleeu- 

lar Priedel-Crafts acylation. 

Compound (42) exhibited antiallergic activity when administered interperitonally 

or orally i n  rats45. 



The reaction between 2-ehloro-3-hydroxy-4H-l-benzopyran-4-ooe (43) and 2-amino- 

pyridine (44) gave [1 ~ b e n z o p y r a o o  [3' ,2' :4,5 Iimidaro [1,2-a]pyridin-1Z-one (65) 52 in 

46% yield. 

Dean, Goadchild and 8 i 1 l S 3  reported the synthesis of [1,2]dithiolo- 

[11.5': 1,5][1,2]dithiolo [3,4-b]benzopyran-ll-sIV (46) i n  low yield. by the 
. . 

condensation of a dithiolium salt with 4-hydrory-ZH-I-benzopyraa-2-thione. 

Substitvted [ l ] b e n ~ o ~ ~ r a n o [ 2 , 3 - ~ ] o x a r o l - 9 - o n e s ~ ~  (48) have been synthesized i n  

moderate to high yields by reacting 2-amino-3-hydroxy-4H-l-benzopyran-4-one (41) 
~ ~ 

~ ~- 

w i t h  acid anhydrides. 
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The isomeric [ l ] b e n z o p y r e n o [ 3 , 2 - ~ ] ~ ~ ~ ~ 0 1 - 9 - o n e s  (50) 5 5  have been obtained from the 

reaction of 3-ami~o-2-hydroxy-4H-l-benzopyr~n-4-one (2) with aromatic aldehydes 

and these compounds are effective antibacterial and antifungal agents. 

Examples of [1 ]benropyrano [2, 3-r]isoxazol-4-ones (2) " and [l Ibenzopyrano [3,2-:]- 

isoxarol-9-ones (11) 56 are also known. 

2.3 Three heteroatoms 

[l]Beneopyrano[2,3-d]-1,2,3-triazolea - (x) are the only known eompovnds containing 
three heteroatoms and work on their synthesis has been carried out by Buckle and 

his c o - ~ o r k e r s ~ ' - ~ ~ .  This involved the formation of (ary1oxy)triazoles (55). by 

reacting pheools (53) with ethyl 1-benzyl-5-ehloro-1.2.3-triazole-4-earboxylate 

(54).  followed by debenzylation by high-pressure catalytic hydrogenolysis and 

alkaline hydrolysis of the ester to the acid (56). The acids were eyclized using 

either PPA or phosphoric oxide in methanesulphonic acid. 

The yields were moderate to high. A recent paper6' deeeribed the formation of 

substituted triazolea (2) via direct acylation of an appropriate arene.  

Compounds of the type (YE) were readily eyclized using eodium hydride. 



Scheme 8 
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Compounds (G) and (c) were claimed to be ten times more potent than disodium 

cromoglyeate when evaluated for antiallergic activity by the rat passive cutaneous 

anaphylaxis (PCA) screenb2. 

157 I a1 ti" =H, R ' = M ~ S O ~ O  

bl R1 : M ~ , R ~  -MeS02C 

Other compounds of type ( 7 ,  which contained dialkyl groups at C-5 and C-6 or C-6 

and C-7, showed considerable potency. The 6-methoxy compounds also exhibited 

activity and 6.7-dimethyl-9-oxo-lH,9H-benzopyrano[2,3-~]-1,2,3-triarole was shown 

to be a potent inhibitor of rat PCA when given orally. 

3. Compounds containing a 6-membered heterocyclic ring 

Of the benzopyran-4-ones which bear a heterocyclic ring st the 2,3-position, those 

with a 6-membered ring comprise the largest group. This ring may contain one 

heteroatom or two similar or different heteroatoms and may itself be fused to a 

benzene or hetero-ring. 

3.1 One heteroatom 

The simplest and most common ring is thet which contains nitrogen, thet is, e 

pyridine ring. Villani and his e 0 - w o r k e r s 6 ~  described the synthesis of [llbenzo- 

pyrano[2.3-b]pyridio-5-ones (61) and [l]ben~opyrano[2,3-~]pyridin-S-ones (62) from 
the corresponding p h e n o l t y p y r i d i n e c a t b o x y l i c  acids (2) and (e), respectively. 

Cyclization was by use of either PPA or thionyl chloride-carbon disulphide- 

aluminium chloride. Compound (61, R-H) had previpusly been prepared, i n  poor 

yield, by the cyelization of (2) using phosphorus o x y e h l ~ r i d e ~ ~ .  3-Substituted- 

2 - m e t h y l [ l ] b e n r o p y r a 0 0 [ 2 , 3 - ~ ] ~ y r i d i ~ - 5 - 0  (61) have been obtained in moderate to 
good yields by heating 5-substituted-6-methyl-2-phen~xyni~0tin0itrile (63) in 

PPA". 



PPA, A 
€4-\ 

0 

161) 

.~ . - 

PPA * 
91% 

,, 

Scheme 9 



These are examples in which the heteroeyelic ring is present in the precursor and 

the pyran-4-one ring is formed by cyelieation. The majority of pyridine rings at 

the 2,3-position are formed via intramolecular condensation to the 2- or 

3-position. Glorman, Zagorevskii and ~hmurenko~' have, by the reaction of 2-iso- 

cyanato-4H-1-benzopyran-4-one (65) vith enamines, for example l-piperidino-l- 

eyclohexene, synthesized [l]benzopyrano[2,3-b]pyridine-Z,5(1H)diones (66) in 

22-78% yields. 

The synthesis of [l]benzopyrano[2,3-b]thiopyrano[3,4-d]pyridine-5,12-dione (67) 

has also been reported69 and involves the reaction between 2-acylamino-4H-1-benzo- 

pyran-4-one and 5 - p i p e r i d i n a - 5 , 6 - d i h y d r o - 2 t l - t h i o p y r a n .  

When 4-0x0-48-1-benzapyran-3-carbonitrile (68) was reacted with acetylglyeine (69) 

in acetic anhydride containing fused sodium acetate, [l]beozopyrano[2.3-~]DXBZO~O- 

[4,5-elpyridin-10-one (c) vas obtained7" The carbanion formed, by the action of 

 odium acetate on acetylglyeine, attacked the benzopyran-4-one at the C-2 posi- 

tion. Thie opened the pyrone ring to give the intermediate hydronynitrile (70) 

which then undervent triple ~ ~ c l i z a t i o n  to (72) via the dihydroxy compound 

(Scheme 10). 



Ac20, NaOAc dN + NHCOMe - 
CH2C02H 

- . - . .  . 
Scheme 10 

Petersen and Heitzer7' first reported the synthesis of 2-amino-4-0x0-4H-1- 

benropyran-3-earboxaldehyde (z) from the 3-aldehyde (3). The reaction of this 

aminoaldehyde with various compounds (z), all of which contained en activated 

methylene group, in the presence of 1.5-diazabieyclo[3.4.0]non-5-eoe (DBN) gave 

2.3-dieubstituted-5-oxo-5~-[1]benzopyrsno[2.3-~]pyridines (s). The yields were 

low to moderate. 

mrHo + R2CHfi3 DBN , 
0 0 

This work has been extended by Ishiguro end ~ o - w a r k e r s ~ ~ ,  who synthesized 3-sub- 

stifuted-5-oxo-5H-[l]benropyrano[2,3-~]pyridines (c). The reaction between the 

amino-aldehyde (3) and the ester aeyl chloride (76) in dimethylformamide, at - 
6 5 O C ,  may follow the proposed mechanism72 (Scheme 11). 
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POCI, - 
Me 

0 COCl N-CHO 
Me' 

173bl 176 1 

\ 
COCl 

Me., GI 
Me,N:C, 

H 

v 

Scheme 11 



9-Chloro-5-oxo-5~-[l]bennopyrano[2,3-b]pyridine-7-cerbooitrile (z), prepared by 

dehydration of the 7-amide, has been claimed to exhibit anti-inflammatory and 

antiallergic activity in both rats and The corresponding 9-chloro-7-(1s- 

tetra~o1-5-~1)-5-oxo-5~-[1 ]benropyraoo[2, 3-bIpyridine (2) 74 has been used i n  

sntihyperurieemia formulations and adminiatretion of 100 mglkg of (z) to rats 

increased the urinary level of uric acid from 0.24 to 0.41 mgI100 g urine i n  6 h. 

Compound (2) vas also claimed to be most active when orally administered for 

P C A ~ ~ .  In a recent paper, Nohara and ea-workers76 have described several 5-0x0- 

5H-[l]beneopyraoo[2,3-blpyridine-3-earboxylic acids (81) and the 3-tetrazole 

derivatives (83) from the 3-ester (80) and 3-nitrile ( g ) ,  respectively. 
When administered intravenously, the compounde (81) and (83) exhibited antialler- 

gie activity i o  a reaginic PCA test in rats. Compounds (81. R'-8, It2=7-~t; 

R'=NH~. R2=7-I-Pr; and R I - N H O M ~ ,  R2-7-i-~r) and (83, R 1 = H ,  R2-7-1-~r) were 

claimed to be 41-184 times as potent as disadium eromoglyeate, and shoved eonaid- 

erable activity when administered orally. 2-Amino-4-0x0-4H-1-beezopyrao-3-ear- 

boxaldehyde reacted with 4-hydroxy-28-1-benzopyrao->-one in the presence of 

piperidine to give a [ l ] b e o ~ o ~ y r a n o r 2 , 3 - b ] ~ ~ r i d i n e  ring system (%)I5. 
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[1]~eozopyrano[3,2-~]pyridin-lO-ones (84) and [ l]ben~opyrano~3.2-~]~~ridin-lO-ones 
(85) have been prepared65 from the corresponding phenoxypyridinecarboxylic acids 

by the procedure described earlier. 



. 

The synl thesis of [l]benzopyrano[3, by react ing I Lhe 

morpholine enamioe of 1-benryl-4-piperidone (86) and substituted salieylaldehydes 

(E), hae been deseribedl7. This involved the condensation reaction between the 

enamine (86) and salieylaldehyde (87). with the earbinol intermediate (88) being 

directly oxidized with chromium trioxide-pyridine to (89). Debenzylation, using 

palladium-charcoal, gave (85) 1 4  78% yield (Scheme 12). . ~~ 

+ R q ; O  'b., - 
Morph 

Scheme 12 
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Thomae" has also prepared compounds of type (85) from enamines, and these have 

been claimed to exhibit sedative properties. The reaction of both 2-amino-4H-l- 

bearopyran-4-one (90) and 3-amino-4H-1-beozopyran-4-o.e (91) with diethyl erhoxy- 

mathylenemalonate gave 4,5-dihydro-4,5-dioxo-1H-[l]benropyran0~2~3-~~pyridine-3- 

earboxylate (92) and 4,10-dihydro-4,lO-dLoro-1~-~l ~benzopyran0[3,2-~]~yridina-3- 

earboxylates (93). respectively. via intermediates. i n  52-932 y i e l d s t 9  (Scheme 

13). 

Scheme 13 



The synthesis of [l]benzopyran0[2,3-~]quinoline-6,12-diones (95) has been 

describeda0. N-Phenyl-4-oxo-4H-l-benz0pyran-2-~arb0~aides (e), on photooxida- 

tion in the presence of iodine in benzene, gave compounds of type (95) i o  low 

yields. 

Derivatives of the isomeric ring system, [l]benzopyrano[3,2-e]quinolin-7-one ( z ) ,  - 

have also beeo s y n t h e ~ i e e d ~ ~ . ~ ~ .  Thus, the thermal condensation of a 4-hydroxy- 

quinoline-3-ester and a phenol gave (96)". 

Coppola and ~ a r d t r n a n n ~ ~ , ~ '  reacted isatoic anhydrides (97) with the anion of ethyl 

o-fluorobeoroylacetare (98) to give 5-substituted-6~-[l]benzopyrano[3.2-c]quino- 

line-6,7(5H)-diones (2) in good yields. 
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Compounds of type (2) have been claimed to be useful as inflammation-inhibiting 

substancese'. [l]~enzopyrano[Z.3-~]ieoquinoline-l,l2-dione (100) was synthesized 

by .Glozman and eo-workersse using the same procedure as used to synthesize the 

[1 ]bensopyrano[2,3-b]pyridine (66).  



[1]8enzopyrano[2,3-g]iodolizin-l2-ooe (10)) was an intermediate i n  the total 

synthesis of (+)elaeocarpine and (?)isoelaeocarpioe ", a 6 .  The diazoketooe (E), 

prepared by reacting diazomethaoe with the acid chloride of 6-methoxy-2-methyl- 

beozoic acid, was condensed with e x c e s s  pyrrole, i n  the presence of copper 

powder. This gave the 2-pyrrolylmethyl ketone (E) which was converted to the 

2-pyrrolidinylmethyl ketone (103) by catalytic hydrogenation. Addition of ethyl 

acrylate to (103) gave the amiooester (106). The Dieckmann coodensation of (106). 
using sodium hydride, resulted in the diketoindolizidine (105). Cyclization in 

the presence of boron trifluoride gave (106) which was dehydrated to the benzo- 

pyran-4-one (x), in 7 8 %  yield vsing methanolie hydrogen chloride (Scheme 14). 

Cu, 50-6G°C 

H 

fl 
' OMe 

fl 
\ OMe 

1106 I 
&OH,HCI 

1107) 

Scheme 1L 
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The synthesis of [l]benzopyrano[3,2-c][1.8]naphthydrine-6,7(5~)-dione (108) has 

been r e p o r t e d a 3  and involved the reaction of 3-azaieatoie anhydride with the anion 

derived from ethyl 0-fluorobenroylacetare. 

Numerous natural and ~ y a t h e t i c  compounds in which the third ring is a pyran have 

been described. The simplest examples of these are the pyrano[2.3-bl[l]benzo- 

pyren-5-ones (109) 2 a  and the pyrano [4,3-b][l Ibeozopyran-10-ones (=a) 

Yamauehi and co-workersaa have prepared 3,4-dihydro-3-hydroxy-3-methyl-lH,3H- 

pyrano[4,3-b][l]benzopyran-10-one ( c b ) ,  the basic skeleton i n  fulvic acid. 

Treatment of the acetal (111) vith 5% HC1-tetrahydrofuran gave the pyrone (112) i n  
97% yield. This gave the boron complex (m) in 70% yield oo treatment vith 

boron trifluoride-diethyl ether i n  dichloromethane. Application of ~ u j i t a '  s 

methods9 (BP3.Et20-Me2S-CH2C12) to (m) gave the phenol (E) in 88% yield and 

the acid catalysed eycliration of (G) vith concentrated HC1-acetic acid gave 

( c c )  io 79% yield (Scheme 15). Treatment of ( 1 1 0 ~ )  with HC1-acetone gave ( G b )  

i n  78% yield. 



Scheme 15 

Eiden and schveiger9' have described the synthesis of [l]beneopyreno[2.3-b]- 

benropyran-11,12-dione (114) whilst [l]benropyrano[3.4-b][l]benzopyran-12-ones 

(115)91-93. [2]benr0~~ran0[3,4-b][l]benro~yran-12-one ( [l]benzopyraoo[3,4- 

b][l ]benzopyrao-6,12-diones (117) 95-99 - , [l]benzopyreno [4.3-bI[l]benropyrao-7-one 

[Z]ben=opyrano[4,3-b][l]benopyrao-7-one (19) "', [1 ]beneopyraoo [4,3-b]- 

[l]ben%opyran-6.7-dione (120) l" and [2]benzopyrano [4.3-b]fl Ibenroppran-5.7-diones 

(lZl)'03-106 - have been reported. 



The synthesis of [I]benzopyrano[3,4-~][I]benrapyran-1Z-one (x), a compound 

analogous in structure to rotenone, has been described by G e o r g e  and Robertson9', 

and involved the reaction of the keto acid (z) with acetic anhydride end sodium 

acetate to give the diecetate (115s. R-Ac) which was deaeetylated, using hydro- 

chloric acid, to give (*. R-H) in low yield. 



Peet and s u n d e r y 3  have also synthesized the ring system (115) i n  low yield. Ethyl 

3 - h y d r o r y - 2 H - l - b e n z o p y r a 0 - 4 - e a r b o x y 1 ~ t  (23) was heated vith 3-methoxy-2-methyl- 

phenol (126) at 180°C for 6 h. 

(+)nunduserone (E) ,  a [1]benzopyrano[3,4-~][1]beneopyran-6,12-dione, has been 

isolated from the bark of Nundulea sericea and shown to be usefvl as en 

insecticide9'. 

Wurm and ~ e r e s  1°6 prepared several [2]benropyrano [4.3-b][l Ibenropyran-5.7-diones 

(g) as potential anti-anaphylactice. 5' -Substituted-2' -hydroxyacetophenones 

(126) and 2-formylbenzoie acid (127) undervent a Claisen-Schmidt condensation to 

give (128) which, when subjected to the Algar-Flynn-Oyamada oxidation, using 

hydrogen peroxide, gave (121). The nitro-group was reduced to the amioe (Scheme 

16). 
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Scheme 16 

3.2 Two heteroetoms 

In this category, the benzopyranopyrimidines are the largest group of compounds 

but several pyridaeine-containing compounds have been described. 

The preparation of [1]benrapyrano[3,2-rJcinn~1in-7-one (=)lo' was  achieved by 

diazotiretion of 2-(2' -amino-5' -nitrophenyl)-48-1-beozopyran-4-one (129). followed 

by thermal cyeliretion. 

T h e  synthesis of 1 . 2 - d i h y d r a - 2 - p h e n y l [ l ] b e ~ ~ o p y r ~ n ~ ~ 2 2 3 - ~ ] p y r i d a z i n e - 4 , 1 O - d i o ~ e  

(131) has recently been described1', and involved the reaction between ethyl 

3 - b r o m o m e t h y l - 4 - o x 0 - 4 E - l - b e n ~ o p y r a n - 2 - c b o x y l t e  (10) aod phenylhydrezine under 

reflux. The yield was very low. 
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Several examples of [l]benropyrano[2.3-~]pyrimidin-5-ones (133) beve  been 

reported4', 49, 70, 71, 108-'09a. Zagorevskii and co-workers l o 8  prepared 1,2,3,4- 

tetrahydro-5H-l-beneopyrano[2.3-~]p~rimidin-5-ones (1_?2) in 75-90?, yields by the 

aminomethylation of 2-ethoxycarbamoyl- ( E l  and 2-benryloxycarbonylamin0-4H-l- 

beoropyran-4-one (E), using primary amines. Debeazylation and subsequent 

dehydrogenationlog gave the unsubstituted [l]benzopyrana~2,3-~]pyrimldin-5-~ne 

(E). 

I.CH,O+R'NH~ 

0 
2. HCI 

C 



4-0x0-48-1-beoropyran-3-carbonitriles (68). when refluxed with ammonium acetate in 

acetic acid, self-eondensation giving 2-(4-oxo-4~-l-benropyran-3-yl)-[l]- 

beozopyrana[2,3-~]pyrimidin-5(5A)-ones (136)'' i n  13-27% yields. It ia poesible 

that the nitriles (68) are converted to amidines (121) by ammonia and these 

further react vith the unchanged oitriles (68) to give (136) (Scheme 17). 

The synthesis of the [ l ] b e n ~ o ~ ~ r a n o [ 3 , 2 - < ] ~ y r i m i d i o e  ring system has recently been 

achieved'0ga. The treatment of 3-amino-4-oxo-48-1-beoropyra0-Z-e~rboxamide with 

phenyl isocyanate ar phenyl isothiocyanste gave compounds of type (E) whereas 

beoraldehyde gave (19761. 
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A 2,8-disubetituted-[l]benzopyrano[3,2-~]pyrimidine-4,10-dione (138) was  also 

prepared by treating a 6-substituted-3-amin0-4-0x0-4H-1-bene0pyran-2-carboxa~ide 

with diethyl oralete. 

VinOt and ~ a i t t e ~ ~ ~ , l l l  have described the synthesis of [l]benropyran0[2,3- 

b]quinoxalin-12-one (140) in 6 0 %  yield. The acid chloride (139) underwent an - 
intramolecular Friedel-Crafts acylation in nitromethane in the presence of elumin- 

ium chloride. 



The photochemical preparation of 1,2-dioxino[4.5-b][l]benzopyran-10-one (141) has 
been d e s c r i b e d 2 ' .  

Compounds which contain different heterostoms include [l]benzopyrano[3,2-bl-1.4- 

oxarine-3,10(2~,4H)-dione (=)5* whieh was prepared from 2-amina-3-hydrory-48-1- 

beneopyran-4-one (1) via the aeetamide derivative (142) whieh was cyelired in the 

presence of triethylamine, 
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4 .  Compounds c o n t a i n i n g  s 7-membered h e t e r o c y c l i c  r i n g  

T h e s e  compounds h a v e  o n l y  been  s y n t h e s i z e d  or  i s o l a t e d  i n  t h e  p a s t  few y e a r s ,  w i t h  

w o r k e r s  C o n c e n t r a t i n g  m a i n l y  on t h e  ~ l ] b e n z o p y r a n o [ 2 , 3 ] b e n z o d i a z e p i n e s .  

4 . 1  One h e t e r o a t o m  

E l l i a  and ~ o m n e y - ~ l e x a o d e r ' ~  r e c e n t l y  d e s c r i b e d  t h e  s y n t h e s i s  of  [ l l b e n r o -  

pyrano[2.3-~][l]benza.epine-6,12,13-triane (3). 4-Oxo-4H-l-beneopyran-2- 

e a r b o n y l  c h l o r i d e  (3) r e a c t e d  w i t h  a n t h r s n i l i c  a c i d  (145) t o  g i v e  t h e  e x p e c t e d  

c a r b o x y l i e  a c i d  (146) which  was  c y e l i z e d ,  by r e f l u x i n g  i n  d i p h e n y l  e t h e r  e o n t a i n -  

i n g  b e n e o y l  c h l o r i d e ,  i n  m o d e r a t e  y i e l d .  A l k y l a t i o n  of t h e  l a c t a m  n i t r o g e n  was 

a c h i e v e d  i n  t h e  p r e s e n c e  of  sod ium h y d c i d e  t o  g i v e  (z) (Scheme 18).  

Scheme 18 

Beoropyrao -4 -ones  i n  wh ich  t h e  2 , 3 - f u s e d  h e t e r o c y c l i c  r i n g  c o n t a i n s  oxygen  as t h e  

h e t e r o a t a m  occur n a t u r a l l y .  Two [l]benzopyrano[3,2-~][l]beozoxepin-8-ooes a r e  

known, name ly ,  c h a p l a s h i n  ( 1 4 8 ) 1 1 2 ,  which  has been i a o l a t e d  f rom t h e  h e a r t w o o d  of 

A .Chep la sha ,  a n d  o x y i s o c y c l o i n t e g r i a  ( 1 4 9 ) L 1 3 ,  i s o l a t e d  f r o m  t h e  h e a r t w o o d  of  

A . i n t e g e r .  



4.2 TWO heteroatoms 

The synthesis of  4-amioo[l]beneopyrano[2.3-~1[1,2]diazepine-l.6-dione (51) in 

low yield was achieved by reaction of ethyl 3-cyanomethyl-4-0x0-4H-1-benzo- 
. , 

pyrsn-2-earbo~ylate (150) with hydrarine hydratei5. A [l ]ben~opyrano[3,2-~]11.4]- 

diazepioe-2.3,5,11-tetraone (152) has recently been ~ r e p a r e d " ~ ~ .  
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[l]Benropyrano[2,3]beozodiarepines have been synthesized by various 

 method^^^,^^,^^^-^^^. The reaction between ethyl 3-bromomethyl-4-0x0-4H-1-benro- 

pyran-2-carboxylate (0) and 2-aminoheteroeycles (such as 2-aminopyridine, 

2-aminopyrimidine or 2-amioothiazole) i n  the presence of' eodium acetate gave 

[l]benzopyrano [2,3-elpyrido [l, 2-:][1,3]diazepine-6.14-dione (s), [l]benropyrano- 

[2,3-e]pyrimido[1,2-&][I, 3]diezepine-7,13-dione (E) end I1 ]benropyrano [2,3-51- 

thiazolo[3,2-~][1.3]diazepine-6,12-dione (E), respectively, in l o w  to moderate 

yield (Scheme 1 9 ) .  

Scheme 19 



Fitton and co-workersll' reported the synthesis of [l]benzopyrano[2,3-b][1,5]- 

beorodiazepin-13-one (158) - by heating 4-0x0-4H-1-benzopyran-3-earboxaldehyde (=) 

with c-phenylenediamine   he reaction gave the dihydro eompovnd (151) via the 

aoil (156). Dehydrogenation, using chloroanil, gave (158, X-NU). 2-Aminophenol 

end 2-aminobeozenethiol similarly gave the orazepine (158, X-0) and the thiarepine 

(z, X'S) (Scheme 20). However, the structure of the compounds prepared by this 

procedure has been disputedlls. Analogous e o m p ~ u n d s ~ ~ ~ , ~ ~ '  which have been 

prepared using the same procedure may also be questionable. 

Chloranil 

I158 

Scheme 20 

The isomeric [ 1 ] b e o z o p y r a n o [ 3 . 2 - ~ ] [ 1 , 5 ] b e n e ~ d i a z e p i n e - 6 , l 3 - d f 0  (160) has recent- 

ly been prepared by treating ethyl 3 - b r o m o - 4 - o x o - 4 H - l - b e n z ~ ) p y r a n - 2 - ~ a r b ~ ~ y 1 a t e  

(159) with yphenylenediamine in the presence of potassium carbonate. 
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5. Compounds containing larger heterocyclic rings 

5.1 One heteroatom 

In this category, we have a [ l ] b e n z o p y r a n o [ 3 , 2 - e l [ l ] b e n r o x o c i n - 9 - o n e ,  

iotegrin (61) which was isolated from the heartwood of A.integerll< 

5.2 Two heteroatoms 

The synthesis of ~l]benzopyrano[2,3-~][1.6]benzodiazocine-6.14-dione (162) has 

been described15. Ethyl 3-bromomethyl-4-oxa-4H-l-benzopyran-2-~~rb0xy1ate (2) 

was reacted with 2-phenylendiamioe at ambient temperature. Compound (162) was 

obtained in l o w  yield. 
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