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HETEROCYCLES FUSED WITH TRE 2,)-BOND OF [~]BENZOPYRAN 
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A b s t r a c t  - This  review g i v e s  a comprehensive su rvey  on t h e  s y n t h e s i s  

of mono- and poly-heterocycles  conta ining one o r  more than  one l i k e  o r  

u n l i k e  heteroatom fused  wi th  t h e  2.3-hond o f  [ l lbenzopyran and covers  

t h e  l i t e r a t u r e  through volume of Chemical Abs t rac t s .  

A. INTRODUCTION 

The oxygen h e t e r o c y c l e  [l lbeneopyran has  been ex tens ive ly  s t u d i e d  and s e v e r a l  

t r e a t i s e s  on t h i s  system have appeared from time t o  None of  t h e s e  

t r e a t i s e s  has ,  however, g iven any comprehensive account,  though h igh ly  

warranted,  o f  t h e  voluminous works done on [l lbenzopyran having a h e t e r o c y c l i c  

moiety fused at  i t s  pyran r i n g .  A h e t e r o c y c l e  con ta in ing  a heteroatom X may 

g e t  fused w i t h  t h e  pyran r i n g  o f  [ l lbeneopyran through e i t h e r  2,3- o r  3,4-hond 

o f  t h e  l a t t e r  s o  as t o  l e a d  t o  l i n e a r l y  o r  angu la r ly  fused systems as shown b y  

t h e  f i g u r e s  ( A )  and (B), r e s p e c t i v e l y ;  t h e  l e t t e r s  B, P, and H insc r ibed  i n  t h e  

assemblage ( A )  denote  r e s p e c t i v e l y  t h e  benzene,  pyran and h e t e r o c y c l i c  moie t i e s .  

Coumarino fused h e t e r o c y c l e s  p a r t a i n i n g  t o  t h e  l a t t e r  system (B, R ~ R ~  = 0) have 

7 been reviewed a few y e a r s  back . The p r e s e n t  review g i v e s  a comprehensive 

su rvey  on t h e  s y n t h e s i s  of t h e  h e t e r o c y c l e s  of type (A) and covers  t h e  l i t e r a -  

t u r e  through volume a of  Chemical Abstracts .  The r i n g  s i z e  of t h e  h e t e r o c y c l e  

(H) as w e l l  as t h e  bond wi th  r e s p e c t  t o  t h e  heteroatom (x), through which it 

g e t s  fused  w i t h  t h e  pyran,  may vary. Again, t h i s  h e t e r o c y c l e  may b e  a mono- 



cyclic one or a part of a polycyclic system and may even contain more than one 

heteroatom, like or unlike. The fused heteroc~cles of type (c) having the 

2.3-bond of its pyran moiety in fusion with the carbocyclic part of another 

heterocycle and various reactions of the preformed system (A) are kept out of 

the purview of the present survey. The carbon corresponding to C-4 of the 

[l]benzopyran, which is not in fusion with any ring in the fused system (A), 

may be optionally functionalised. 

B. GENERAL SYNTAETIC PROCEDURES Am) COMPOUNDS USED AS SYNTHONS 

The framework of the system (A) can be constructed by (i) forming the hetero- 

cyclic (H) ring over the preformed (BP) ring (i.e. BP --+ BPH procedure), 
several suitably functionalised [l]henzopyrans providing the requisite (BP) 

ring system, (ii) reacting the appropriate benzene derivatives with certain 

heterc atom containing acyclic compounds (B -+ BPA). and (iii) forming the 

pyran ring starting from the appropriate phenoxy- and henzoyl-heterocycles 

(B-A + BPH method): the alternative PA i, BPA procedure is rarely used. As 

it is v e q  difficult to generalise the wide variety of reactions involved in 

the enmerated three general procedures adopted for synthesising a vast array 

of compounds encompassed by the title system, the projected survey is recorded 

here in the following few sections based on the nature of the key substrate. 

I. From 2.3-dihydro-4-0x0-4ff-[l]henzopyran (4-chromanone) 

The reactivity of the keto-methylene group of 4-chromanone has been taken 

advantage of for preparing the beneopyrylium salts as 3. Thus, chromanone 

1 (R1 = R2 = R4 = A; R~ = OMe) undergoes aldol condensation with 2-hydroxg- - 
1 2  -4,5-dimethoxybenzaldehyde to give the styrene 2 (R = R = R4 = R7 = A; 

RJ = R5 = R6 = OMe) that on refluxing with ferric chloride in acetic anhydride 

gives the pyrylim salt 2 (X = F~cI~)'. Similarly the condensate 2 of 

7-methoxy-2-methylchromanone and 2-hydroxy-3-methoxybenzaldehyde on refluxing 
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in ethyl acetate saturated with HC1 produces the benaopyrylium chloride 3. 
(R1 = Me; R2 = R3 = R5 = R6 = R8 = A; R4 = R7 P OMe; X = ~1)'. The correct 

formulation of peltogynol is established by the total synthesis of tri-g-methyl- 

peltogynidin chloride 1 (R1 = R2 = R4 = R7 = R8 = H; R3 = R5 - R6 = OMe; 

X = cl)lO. A French group11 reported that 2-hydroxyaromatic aldehydes as well 

as ketones admixed with chromanone on being dissolved in AcOH protonated with 

perchloric acid produce the pyrylium salts 1 (R' = A, Me, Et or Ph; X = ~ 1 0 ~ )  

in high yields. In the same vein 3-formyl-6,7-dirnetho~-4-hydroxycoumarin has 

been condensed with resorcinol in AcOH saturated with HC1 at room temperature 

to give the pyrylium salt 1 (R1R2 = 0; R5 c R7 = R8 = H; R3 = R4 = OMe; R6 = 

12 on: x = Cl) . 

11. From 4-0x0-4~-[l]benzopyran (trivial name : chromone or chromenone), 

flavone. and chalcone 

1.3-Dimethylbarbituric acid in refluxing AcOH containing fused AcONa undergoes 

1,4-addition to the chromone (A,  R1 = R2 = H) with concomitant opening of the 

pyran ring; the resultant intermediate reacts further with a second molecule 

of 1.3-dimethylbarbituric acid to give the pyrimidinone 5 as the final 
13 product . 2-Methylchromone (4, R1 = Me; R2 = H) optionally substituted at the 

benzene nucleus on aminomethylation with R2W.AC1 [R = Me or RR = (cA~)~, 

CH2CH20CH2CR2] and paraformaldehyde gives [llbenzopyrano [J ,  2-plpyridinium 

chloride g4. Chromones and isoflavones, but not flavones. are epoxidised by 
alkaline H202. The epoxide 1 (R1 = Me: R2 = Ph) on treatment with conc. H2S04 

15 in Ac20 forms the fused heterocycle 8 . 
3 -  7 -  8 = H ; R 2 =  Irradiation of quercetin pentamethyl ether (4, R1 = R - R - R 



~4 = ~5 = R6 = OM.=) in methanol gives four Photoproducts, namely a-  hot om ethyl- 

- - R9 = H; R 2  = R 4  - R6 = OMe), P-photomethyl- quercetin (10, R1 = R - R 

quercetin (10, R~ = ~3 = ~5 = R' = R9 = H: R 2  = R 4  = It6 = R' =  OM^), methoxy- 
2 -8-photomethy~quercetin (10, R1 = R3 = R5 = R' = R: R = R 4  = R6 = R' = R9 = 

OMe o 

OMe 

OMe 

10 I I 12 
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OMe), and l~mimeth~lquercetin (=)I6. In the photooxidation of 3-methoxgflavones 

with oxygen using a high pressure Kg lamp, the componnd 2 (R1 - R8 = A) gives 

10 (R1 - R9 = A) whereas 3.7-dimethoxgflavone (2, R2 = OMe; R - R3 - R8 = A) 

gives a mixture of 10 (R2 = OMe: R1 = R3 - R9 = A) and 10 (R2 = OMe: R1 = R3 - 
8 R7 = A; = O), and J-methoxg-5-hydro*gflavone (2, R1 - R3 = R5 - R = H; 

R4 = OH) remains unreactive under these oonditionsl'. Photoirradiation of 

karanjin (2, R1R2 . CB=CH-0: R3 - R8 = A) alone or with benzil gives photo- 
1 2  karanjin (10, R R = CH=CA-0; R3 - R9 = A); similarly, 3-allylkaranjonol (2, 

1 2  R R = CH=CA-0; R7-R7 = A; R8 = CR=CH~) gives 10 (R1R2 = CH=CA-0; R3-RE = H; 

R9 = CASCR~)~~. Racemic peltogynol trimethyl ether has been synthesised 

starting from 3-hydroxg-2'-hydro~ethyl-7,4',5'-trimetho~flavone by a series 
19 of standard reactions . 

Properly substituted chalcones can also give rise to the heterocycle of the 

type 10. Thus tetra-2-methyldistemonanthin (10, R2 - R6 = OMe; R1 = R7 = A; 

R8R9 = 0) is prepared by condensation of opianlc acid (2,7-dimethoxg-6- 

-formylbenzoic acid) with 2-hydroxg-4,5,6-trimethoxgacetophenone followed by 

alkaline A202 oxidation (Algar-Plynn-Oyamada reaction) of the intermediate 

chalcone 2 (R2 - R6 = OMe: R1 = R7 = A)". A number of compounds of the type 

10 (R8R9 = 0) has been prepared using various 2-hydroxyacetophenones and - 
1 2-formylbenzoio acids in the above condensation20121. The chalcqne 12 (R = 

R3 - R5 = A; R2 = A6 = R7 = OMe) on sequential treatment with alkaline A202. 

LiA1A4, and HC1 gives tri-2-methylpeltogynidin chloridez2. 

The chalcone prepared from 2-hydroxg-5-methylacetophenone and 2-nitrobenzal- 

dehyde eimply on digestion with alkali forms the indole 9 (R' = A; R2 = Me; 

X = NOH)~~; its methanolic solution on treatment with SO2 gives 9 (R1 = A; 

R2 = Me: X - NH) which c& also be prepared by heating 6-methyl-2'-nitro- 

flavone with P(OE~)~'~. Boiling an aqueous solution of the diazonirun salt of 

2'-amino-5'-nitroflavone results the pyranocinnoline 9 (R1 = NO2: R2 = A; 

X = N=N) whereas 2'-aminoflavcne gives simply 2'-hydrowflavone in complete 
24 exclusion of (R1 = R2 = A; X = N=N) under similar conditions . 

111. Prom isoflavone and W-aryl- and W-hetaryl-g-hydroxyacetophenones 

Properly functionalised isoflavones are good synthons for rctenoids. Certain 



W-aryl-2-hydroxyacetophenanes also give rise to rotenoids and that too most 

often through isoflavone intermediates. Again, reactions of 0-hetaryl-g- 

-hydroxgacetophenone8 resemble those of the aryl analogs. Hence application of 

all these three systems for the synthesis of the title heterocycles is described 

together in this section. 

Symthesis of rotenoids has been accomplished by one carbon insertion to 

2'-hydroxyisoflavone using dimethylsulfomnium methylide. As for example, 

isoderritol isoflavone (x, R = H) is treated with dimethylsulfomnium methylide 

to give 5 that on heating in py<idine at 1 0 0 ~ ~  affords isorotenone &, R1 = R4 

= It5 = A; 112 = R3 = OMe; R6117 = OC(CHN~~)=CH; R8 = R9 - p-HlZ5. Several other 
26 rotenoids have been synthesised by using this procedure . 

The W-aryl-2-hydmxyacetophenones as having various substituents at the two 

phenyl rings have been prepared. These compounds on refluxing in AcOH 

27 containing fused AcONa give rise to the rotenoid structure 16 (R8R9 = bond) . 
The compound 16 (R' - R5 = R7 = A; R~ = OH; R8R9 = bond) has been prepared by 

sequential treatment of w-(2-hydromhenyl)resacetophenone with ethorgacetyl 

chloride in pyridine, ABr in glacial acetic acid, and K2CO3 in acetonez8. 

u-(2.4-Dimethoxyphenyl)resacetophenone has been converted by a series of 

reactions to 7,2',4'-trihydroxy-2-hydro~ethylisoflavone which on refluxing 
1 in acetone in the presence of dry K2C03 affords 16 (R = R3 = R4 = R5 = 117 = H; 

F12 = R6 = OH; R8R9 = Synthesis of 16 (R1 = R3 - F17 = A; R2 = OH; 

F18B9 = bond) has been similarly achieved from w-(2-methoxyphenyl)resaceto- 

pbenone30. 7-Hydroxy-2-ethoxymethyl-2'-methoxyisoflavone, prepared by two 

different routes, has also been converted to (R' = R3 = R5 = R7 = H: R2 = 

1 R6 = OH; F18R9 = Dehydromundeserone 16 (R = F14 = R5 = R7 = A; R2 = 

F13 = F16 = OMe; l18F19 = bond) has been synthesised from tephrosic acid or 

teph~osic acid monomethyl ether (a. Fll = F14 = R~ = R7 = H; R2 = F13 = F16 = 

0Me) or the corresponding esters by a number of groups92. The Hoesch reaction 

product from methyl 2-cyanomethylphenowacetate and 6-hydroxycoumarin has also 

33 been converted to the corresponding chromenochromone of the type 16 . 
(2,3-Dihydr0-2-ethyl-4-hydroxybenzofuran-5-~1 (2-carbomethoxymethoxy-4.5- 

34 -dimethoxyhenzyl) ketone has been cyclised to nordihydrodehydrorotenone . 
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Deoxybenzoin based rotenoid syn thes i s  producing t he  rotenoid at  t h e  des i red  

ox ida t ion  l e v e l  has been descr ibed by Ca?Xon e t  alJ5. Thus, t reatment  of t he  

deoxybenzoin Y [R1 = R 4  = R5 = 8; R2 = R7 = OMe; R6R7 = OC(CHWe2)=CH; OH i n  

p lace  of O C H ~ C O O H ]  wi th  e t h y l  o r t h o f o m t e  i n  the presence of  molecularised 

sodium gives  t h e  isof lavone LJ (R = A) which on a l l y l a t i o n  (CH2=cH~H,pr, Nan, 

DW) followed by a lka l i ne  hydro lys i s  a f fo rd s  11 (R1- - Fi7 as before ,  0CH2- 

-CH=CH2 i n  p lace  of OCA~COOH); t he  l a t t e r  on sequent ia l  ox ida t ion  (080 4 1 0  ) 
4 4 

and heat ing i n  pyr id ine  forms isorotenone (16, R1 = R4 = R5 = H;  R 2  = R3 = 
6 7 OMe; R R = 0C(cHMe2)=CH; R8 = R9 = @-A). The 0-arylacetophenone (R1 = R 2  - 

R3 = R5 = R7 = H;  R4 = R6 = OH; OMe i n  plaoe of 0CH2COOH) has  been converted 

2 - e t h o x y o a r b o n y l - 5 , ? - d i h y d r o x y - 2 ' - m e t h o ~ o n e  t o  t h e  pyran de r i va t i ve  

18 (R1 = R~ = OH; Fi2 = R4 = H; P = Y = CO; Q = Z = 0)36. - 

HO 
R  R 

24 20, X = O H ;  Y - H ;  R - d - H  
21, X - O H ;  Y s H ;  R . 4 - H  
2 2 ,  X Y . 0 ;  R - d - H  

23,  XY'O;  R - B - H  



The acetophenone B, prepared from 2-methoq-6-methylphenyl diazomethyl ketone 

by a s e r i e s  of  s tandard reac t ions ,  on s equen t i a l  Dieckmann cyc l i s a t i on ,  

treatment with BBr), methanolic HC1 ,  and NaBH4 furn i shes  a mixture of  8 and 

21; these  a r e  separated and subjected t o  chromic ac id  ox ida t ion  t o  y i e l d  - 
elaeocarpine (2) and isoelaeooarpine (3). respectively37. a - ( 1 - ~ u i n o l i n y 1 ) -  

38 resacetophenone r e a c t s  with RCHXCOCl (R = B o r  Me; X - halogen) y i e ld ing  a . 

I V .  From 2- o r  3-ni t ro-  and -amino-chromone 

3-Nitrochromone g ives  with diazomethane mainly a cyclopropa[l]benzopyran 

der iva t ive  toge ther  with a l i t t l e  of t he  isoxazol ine oxide F339, bu t  no 

pyrazole o r  pyrazol ine is formed a s  reported by Russian workers i n  a r e l a t e d  

40 react ion . 2-Aminochromone undergoes Michael add i t ion  t o  d i e t h y l  ethoxymethyl- 

enemalonate ( D W )  and t he  r e s u l t a n t  adduct on re f lux ing  i n  Ph20 y i e l d s  t h e  

pyridone 2641*42. 3-Aminochromone a l s o  g ives  Michael adducts with D W  and 

dimethyl a ce ty l ened i ca rboq l a t e  (DMAD), and t h e  adducts on s i m i l a r  t reatment  

give t h e  pyridones a and 28, r e ~ ~ e c t i v e l ~ ~ ~ ' ~ ~ .  2-Amino-6-bromo-3',4'- 

-dimethoxyisoflavone on t reatment  with NaN02 i n  AcOB a f fo rd s  t h e  [llhenzopyrano- 

[ ~ , 2 - ~ ] 0 i n n o l i n e  a (X = N) whereas t he  5-acetyl  de r i va t i ve  of t he  same 

2 5  P O X Y  
OMe 26: NH CO C02Et H - 

OMe 27: CO NH H ' C02Et 
28: CO NH C02Me H 

Br 
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isoflavone on refluxing with P205 in C8C13 gives 9 (X = naphthaleno 

analogs of a (X = B) have also been similarly prepared44. 

The Mannich reaction of 2-acylaminochromone produces the tetrahydropyrimidine 

derivative z45. Chromone-2-isocyanate, the precursor of 2-aminochromone, 
46 reacts with 1-piperidinopropylene to afford the pyridone 2 . 2-Amino-3- 

-hydroxychromone gives the oxazale (R = Me or Ph) on heating with acetic 

or henzoic anhydride at 150-160~~ and the oxazine 21 on refluxing with 

chloroacetyl chloride in d i ~ x a n e ~ ~ .  The reductive cgolisation with P(OEt)3 

at 1 8 0 ~ ~  of the aldol condensate from 2-methyl-3-nitrochromone and an aromatic 

aldehyde ArCHO gives the indole iq (R' - Ft3 = 8: It2 - k r ;  X E N; Y = 0, 

z . co)@. 
V. From 3-acylchromones 

A recent review49 on the ohemistry of 3-form~lchroanone includes the synthesis 

from this substrate a number of heterocycles fused at the 2.3- as well as 

3,4-bond of [llbsnzopyran. The various type8 of reagents allowed to react with 

3-acylchromone in order to achieve the stated goal and the types of reactions 

involved therein are described In the following subsections. 

Y. I. By [4n + 2x1 cycloaddition reaction 

3-Ao~lchromone possesses a conjugated enone system further activated by the 

presence of an electron withdrawing carbonyl group at the a-position, hence it 

functions as a reactive diene in the inverse electron demand Diels-Alder 

reaction towards electron rich olefins. Ghosh et also reported the formation 

of the &-adduct by reacting a with ethoxyethylene. wallaoe5' could 

isolate small amount of the --isomer 2 in addition to the major &-adduct 

by treating 25 (R2 = H) with excess ethoxyethylene in CH2C12. On the other 

hand, Dean et a152 reported the fornation of the single isomer a (R2 = Me) by 

adding 3-fowyl-6-methylohromone a (R' = Me) with 2methowpropene at 18O~. 

The other diastereoisomer a (R2 = Me) could be produced by removing the 

hydride ion from with triphenyloarbenium perchlorate and reducing the 

resultant oxonium ion selectively with sodium hcrohydride in methanols2. 

3-Formylchromone produces with ethoxyethylene & and/or at room temperature 



whereas its 3-acetyl- and -henzoyl analogs require heating with ethoxyethylene 

at 115'~ in a sealed tube5', indicating some adverse electronic effect in the 

latter two substrates. 

[~+2]~~cloaddition of the chromones and 3& (R2 = A) with diphenylketene 

yields the fused pyran derivative & that on heating or hase treatment results 
6 6 253. The compound (R5 = B) has been reacted with R IVH2 (R = H or alkyl) 

to give the pyridine g. Mild alkali hydrolysis of ( R ~  = R) gives 

2-chromanonyldiphenplacetic acid 42, the latter producing 44 hy reaoting with 
A ~ C H O ~ ~ .  3-Pormylchromone (u, R2 = H) also undergoes [4+2]cycloaddition 

with diohloroketene, generated in situ from dichloroaoetyl chloride and 

triethylamine; the initially formed cycloadduct abeing a reactive heterodiene 

captures a second molecule of dichloroketene yielding the tetraohlorocompound 

g (R1 = C1; R2 = A) that eliminates two molecules of HC1 under hase catalysis 

1 2  54 to form (vicinal R R = hond) . 
V. 2. By l,3-dipolar cycloaddition 

3-Pormylchromone gives with diazomethane a mixture of 3-acetyl-2-methylchmone. 

pyrazole a (X = CH; R = A) and dihydrofuran @ (R = HI; 3-acetylchromone also 

behaves similarly to yield 3-acetyl-2-methylchromone, &' (X = CH; R = H) and g 

(R - Me). The formation of the above products can he rationalised by initial 

1,7-dipolar cycloaddition of diazomethane to the 2.3-double hond of 3-aoyl- 

chromone and subsequent transformation of the resultant 1-pyrazoline 

55 intermediate . 3-Benzoylchromone forms with diazomethane 3-henzoyl-2-methyl- 

chromone, pyrazole 41 (R = H; X = CH), hut no dihydrofuran as (R = Ph); two 

additional products, namely the furan 44 and 1-pyrasoline 2 result in55. 

V. 3. By reaotion with the reagents having a heteroatom as the key nucleophilic 

centre and a nucleofugal element or group 

Treatment of 3-formylchromone with halogenoalkanol x(cA~)~OB (X = I or Br: 

n = 2 or 3) under standard alkylation reaction conditions gives a furan or pyran 

56 Z fused with [llhenzopyran in & fashion as the major product . An anil 

derived from chromone-3-oarboxaldehyde iunctions as a hetter Michael acceptor 

than the aldehyde itself. So it was reported that thioglycolio acid (or its 
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e t h y l  e s t e r )  underwent 1.4-addition t o  the m i l  and the  adduct c y c l i s e d  t o  

t h e  fused thiazepinone provided the m i n e  moiety contained an e lec tron  

35 

For 35 - 39 

~ , R I = H  

b , RI - Me 

c , R 1 =  Ph 

OMe CHPh 

@ 

Ff3 R4 
36 : H O E ~  
3 7  : OEt H 
38 : Me OMe 
39 : OMe Me 



donating s ~ b s t i t u e n t ~ ~ .  La t e r  on, i t  has been convincingly proved5' t h a t  t h e  

1,4-adduct ins tead  of cyc l i s i ng  t o  undergoes sigmatropic rearrangement t o  

s t h a t  u l t ima t e ly  cyol i ses  t o  th iaeo l id inone  a. 

V. 4. By r eac t i on  with aminophenol 

Two molecules of  3-N,n-diethylaminophenol add t o  one molecule of 3 - fomyl -  

59 chromone t o  g ive  t h e  chrcmenochromone 5 . 
V. 5. By r eac t i on  with a  h i snuc leophi le  having t w o  heteroatoms, i d e n t i c a l  

o r  d i f f e r e n t ,  as t he  key nuc leophi l i c  c en t r e s  

The reac t ion  of excess hydroxylamine with 3-formylchromone under a c i d i c  

conditions g ive s  t h e  pyrazolinone toge ther  with 3-hydro=-4-(2-hydroxyhenz0~1)- 

pyrazole60, t h e  p laus ihe  mechanism of t he  r e ac t i on  being discussed by  one of 

49 the present  au tho r s  elsewhere . 

Aniline having a  nuc leoahi l i c  f unc t i ona l i t y  XR5H (XR5 = 0 ,  S, AH, m e  e t c . )  

a t  i ts -pos i t i on  is reported t o  condense with 5-formylchromone g iv ing  t h e  

fused seven membered heterocycle  (R' - R 4  = R6 = A) t h a t  dehydrogenates t o  

52 (R1 - n3 = A) e i t h e r  by spontaneous a i r  ox ida t ion  o r  on t reatment  with 
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62 chlorani16' or nitrobensene . Later on, a Swiss group6' has shorn that the 

condensation product o'f 7-formylchromone and o-phenylenediamine has, instead 

of the dihydrodiazepine (Ftl - Ft6 - H; XR5 = AA), a complicated tetraaaa[14]- 

annulene structure which on digestion in ~ 0 ~ c ~ ~ ' ~ ~  gives the henzimidazole 60 
(It1 - Ft4 = not the isomeric benzdia%epine (Ftl - R' = A; XR5 = AA) as 

proposed earlier 61.62.64. 

VI. Prom 3-acylchromones having a nucleofngal substituent at their ?-position 

The aoylchromone 61 and Q and the furoderivative of the latter have been 

extensively used to aynthesise a number of heterocycles belonging to the title 

system. Aeteroannulation of the dialkylamino compound a with NH2NHR4 (R4 = 

H, Me, Et or Ph) to :!Ft1R2 = CH=CH-CH-CH; It3 = H )  is believed to occur by 

initial 1.2-addition of hydrazine to the aldehyde function of 61 followed by 

0 R2 0 

SMe 



cgclisation through 1.4-addition - elimination sequence66. The reverse reaction 

sequence is found to be true for the condensation of hydrasine with the 

thiomethyl compound 62 yielding (R1 - R2 = R4 = H)~~. The compound 62 
(R? = Ph) produces with hydromlamine, and 2 (R' = R2 = H; = Ph; X R ~  = 

W) with o-phenylenedirunine67. Treatment of 62 (R3 = Ph) with P ~ C O C B ~ R ~  (R5 = 

R or  COP^) followed by refluxing with EH40Ac in HOAc yields the pyridine a6'. 
2-Aminopyrone 61 and 2-thiomethylpyrone of the type 62 give with amidine 
H~NC(R~).NR ( R ~  . R, Me, ~ h ,  m2.  OM^. SMe eto.) the insed pyrimidine 66 67.69.70 

In the course of condensing methoxyamidine with 6 l ,  the diazocine derivative 

69 6J is also formed . Roma fi ,171 have studied thoroughly the condensation of 
61 with different 2-arylaminoanilines and found that depending on the reaction - 
conditions and the nature of the aryl group any of the isomers (R1R2 = 

CH=CH-CH=CH; F13 = A; R4 = A r ;  R5R6 = bond; X = 8 ) .  2 (R1R2 - CH-CH-CH=CH; R3 = 

B; xR5 = RAT), and 60 (Il1R2 = CH=CH-CAPCH; R3 = We2; R4 - Ar) may be formed. 
Disalicyloylmethane on heating with CS2, alkali, and Me2S04 gives 68 evidently 
via 62 (R3 = 2-hydromhenyl), 68 rearranging to (R1 - R2 = H; X = COO) on 

heating in aqueous It should be pointed cut that reaction of 61 
(H in place of COR') with a mixture of 4-hydroqccumarin and formaldehyde gives 

61 [(4-hydroqcomarin-3-y1)methyl in place of c0R3] that on refluxing in HOAo - 
cyclises to a73. 

VII. From 3-cyanochromone, 2-amino-3-formylchromone, and ~hromone-3-~arbcxal- 

dehyde-oxime 

3-Cyanochmmone 70, prepared by dehydration of chromone-3-carboxaldehyde-oxime 

, is pmne to form 2-amino-7-formylch~mone 71 under base oatalysis and all 
these chmmone derivatives most often behave similarly towards several reagents 

to form the identical products: hence the application of the chromones z-x 
for the synthesis of the title system is described together in this section. 

The nitrile 70 on refluxing with NH40Ac in AcOH undergoes self-condensation to 
the pyrimidine 66 (R1 - R3 = R; R6 = 4-0m-4~-l-benaopyran-~-yl)'~ that also 

results fmm heating 2 with 2-toluenesulfonic acid in tclned5. The mine 

gives a mixture of 4-hydroxycoumarin and bis(benaopyranc)pyridine 21 on 

treatment with acid catalyst in isopr~panol~~. An aliphatic mine as 
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ethylenediamine induces self-condensation of as well as to the diaeocine 

9 (F? = R' = ~ 1 ' ~ .  The nitrile condenses under base catalysis with 

acetplacetone, ethyl acetoacetate, diethyl malonate, ethyl cyanoacetate 77.78 

and dimethyl p-ket~glutarate~~ to afford the pyridine derivatives &, b, g, 

a. and =, respectively. The chromonea 2 and give the same pgridine 34 on - 
similar Malononitrile condenses with to give m. A 

Japanese groups1 has utilised 2-mino-9-formylchromone to prepare several 

2-substitnted or unsuhstituted Pyridine derivatives 74. Thus, the adduct 

obtained from a and ethyl propiolate in the presence of IJEt3 in DMF produces 

dy X by X 

X Y 74 
70  : H CN X Y 
7  1 : NH2 CHO a : Me Ac  
72 : H C H  =NOH b :  Me C q E t  

j :  H C02Me 
k :  H CHO 
I : OAc NHCOPh 



a. Treatment of 2 with either cyanoacetylene or a-chloroacrylonitrile or 

cyanoacetyl chloride in D m  affords -. NCCH2COC1 in CA2C12, instead of D m ,  

gives with 2 an amide that on heating in pyridine produces m. The aldehyde 

21 produces with methyl malonyl chloride in D m ,  and with malondial- 

dehyde bis(dimethylacetal) in HCOOA in the presence of BP3 etherate. 2-Amino- 

-7-fcrmylchrcmcne also condenses with RNCO ( R  = Me or Ph) to give the pyrimidine 

E". j,4,5,6-?etrahydro-?-oxo-2~-pyran or the enamine, silyl en01 ether and 

lithium enolate derivative thereof condenses with 2-amino-7-formylchmmone in 

ethanol containing DBN yielding a mixture of 7_6 (X = 0; Y = c B ~ )  and (X = 

CH2: Y = o)~'. When refluxed with benzoyl- and acetyl-glycine in CHgCOOH 

containing fused NaOAc, the nitrile gives the pyridine 241 and pyridino- 
-0xazole n, r e s p e ~ t i v e l ~ ~ ~ ' ~ ~ .  2-Phenylenediamine is reported to condense 

with 70 - giving the diazepine ( R ~  = R~ = A; R3 = m2: X R ~  - m)74: ~ i h s  et 

contended that this condensate might have the imidazole structure 60 
(R1 = R2 = R4 = A; R3 = m2). 

VIII. F m m  ohromene-, chrcmone- and coumarin-carhoxylic acids and their 

derivatives 

Several chromene-carboxylic acids and their derivatives have been condensed 
84 with resorcinol in order to form rotenoids . As for example, 4-ethoxycar- 

bonyl-8-methoxy-2~-chromene together with 2-iaoamylresorcinol when treated 

with anhydrous KF, the initially formed henzoyl derivative undergoes spontaneous 

cyclisation to afford the isomeric mixture of 16 (R1 = Olde: R2 - R5 = R8 = R9 = 

A; R6 = OH; R7 = CH2CH2CE%e2). Similarly, resorcinol on Priedel Craft 

acylation with conmarin-3-aoid chloride followed by dehydrogenation with 

Pb(0~c)~ gives the ooumsrinochromone 18 (R1 = Fig - R4 = R; R2 = OH; Y = Q = 0; 

P = Z = c01E5. Acylation of resorcinol with the chloride corresponding to 

~,7-dimetho~oonmarin-4-carho~lic acid followed by treatment with HBr in AeOH 

affords 18 (R1 . R4 OH; R2 = RS - A: Y = P = CO; Q = Z - 0)85. Beneopyrano- 

PYridine 78 (R = H, alkyl, aralkyl etc.) has been prepared by reaction of 

Conmarin-3-carboxylic ester with the appropriate 4-piperidone and clea~age of 
86 the Product by NI140Ac followed by dehydrative cyclisation by conc. HC1 . 

Ethyl 5-hromomethylchromone-2-oarhoxylate on treatment with a primary arylamine, 
1 o-Phen~lenediamine, and phenylhydracine gives respectively 29 (R = Ar; X 
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absent), 5,6.13,14-tetrahydro-6,12-dioxo-l2~[l]benzopyran0[2,3-~][1, blbenzdia- 

zocine, and 29 (R1 = Ph: XR' = FIB), aide formation preceding substitution in 

87 all these reactions . Other bisnuoleophiles as 2-amino-pyridine, -pyrimidine, 
and -thiazole give with the above ester the fused heterocycles that arise by 

amidification with amino group of the nucleophilic reagent followed by displace- 

ment of bromine by the ring nitrogene7. 1.3-Dipolar cycloaddition of N2CHCH- 

(OMel2 to chromone-7-carboxylic ester giving diastereoisomeric mixture of 
88 1-pyrazoline together with cyclopropane derivatives has been reported . 

2-Isocyanatochromone, prepared by Curtius rearrangement of ohromone-2-acid 

aside, when kept at room temperature with 1-piperidino-1-cyolohsxene or 

1-morpbolino-1-cyclopentene gives 80 - piperidino, R ~ R ~  - (cH~)~: R' - 
morpholino, R2R' = (CH2l31: this on heating with 10% HC1 gives chromenopyridone 

18 (R1 - R4 - H, Q = Y = CO; P - AA. Z = 0; ring A; tet~-ah~dro)'~. The - 
anilide corresponding to ohromone-2-carboxylic acid on irradiation in benzene 

in the presence of iodine gives benzopyraaoquinolinedione 18 (R1 - R4 = A; Q - 
FIB; P - Y = CO; Z = 01'~. 3-Carbamoyl-2-iminochromene gives 81 (R - A: X - SO) 
with ~ 0 ~ 1 ~ ~ ~  and 81 (R - A; X - cHA~) with Ai-CEO in the presence of a baseq2. 
2-Iminochromene-3-carbohydrazide reacts with AA20H.HC1 to give the azolone 81 
(R - Hi X absent)q2. Like the owgen analog, 2-imino-3-thiocarbamoylchromene 

reacts with an aromatic aldehyde in the presence of piperidine yielding 81 
93 (R = A; X = Cur: C d  in place of c=O) . 

IX. From 4-hydroxycoumarins 

Michael addition of 4-hydroqcoumarin to 2-HOC6A4CH=CHCOR (R = alkyl or aryl), 

the aldol condensate of salicylaldehyde and an alkyl (or aryl) methyl ketone, 

is accompanied by spontaneous cyclisation resulting [l]benzopyrano[4,3-~][1]- 

beneopyran derivative 82 (R1 - CH~COR)~~. Even the aldol condensate of 
4-hydroxycoumari~ and substituted or unsubatituted salicylaldehyde, 2.6-diehloro- 

Or iodo- and 2-chloro-6-nitro-benealdehyde has been subjected to react with 

4-h~droxycollmarin under pyridine catalysis when the compound of the type 2 

(R1 = 4-hydroxycoumarin-3-yl) is produced, this product being better synthesised 

in one step by reacting two molecules of 4-hydroxycoumarin with one molecule of 



the said aldehydeq5. An aflatoxin analog having 4-hydroxycoumarin moiety bas 
96 been similarly subjected to react with salicylaldehyde . 

Condensation of even equimolar amonnt of 4-hy~oxyconmarin and salicylaldehyde 

gives a minor amount of a in addition to the major product 82 (R1 - 4-hydroxy- 
cousarin-~-~l). Hydrogenation over Pd-C reduces the exocyclic double bond of 

3, the reduced product on treatment with POC13 cyclising to 82 (R1 = B)'~. 

It is interesting to note that even 5 on boiling with 30$ ethanolie HC1 can 
produce 82 (R1 - H), here ethanol transfering the hydride and itself being 

oxidised to acetaldehydeq7. Passing HCl gas throngh an equimolar mixture of 

4-hydroxycoumarin and 2-hydroxy-3,5-dimethylbenzyl alcohol in CHCl gives 3 
3-(2-hydroxgr-3.5-dimethylhenzyl)-4-hydroxycoumarin which on treatment with 

98 POCl cyclises to 82 (R1 - H: Me in place of H at 9- and ll-positions) . 3 
3-(2-Hydrowbenzyl) -4-hydroxycoumarin, prepared from .4-hydroxyccumarin and 

0-hydr0l;gphenolic Mannich bases, has been similarly cyclised to 82 (R1 - - 
The compound 82 (R1 = H) can also be prepared by heating the Mannieh base 

obtained from 4-hydrowcoumarin, formaldehyde, and henzylamine with phenol9'. 

A new synthesis of 18 (R1 - R4 = A; P - Z = CO; Q = Y = 0) consists of condensa- 

tion of 4-hydrcxycomarin with 2-hromobenzoic acid in the presence of anhydrous 

CuC12 and dry pyridinelOO. 4-Hydroxycoumarin on treatment with hetaine followed 
1 by chromic acid oxidation furnishes 18 (R - R4 = B; P = Z = 0; Q - Y = cO)lol 

and it condenses with 2-methylbnt-3-en-2-01 in the presence of H PO giving the 3 4 
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pyranone 84 together with 3,4-dihydr0-2,2-dimethyl-5-0~0-2g, 5I-pyrano[3,2-c][1]- 
1 henzopyranlo2. The Michael adduct (R , R2 = Me, ~ h )  of 4-hydroxycomarin and 

1 2 a.6-unsaturated ketone R CA=CA-COR reacts with 2-3 moles excess of Me2S(0)=~A2 

in Me2S0 or THF to give a diastereoisomeric mixture of counarin derivative 86 

together with a minor amount of pyrancbenzopyran 

3-Acetyl-4-hydrcxycoumarin on refluxing with guanidine in ethanol in the 

presence of sodium ethoxide yields 5% of the pyrimidine 66 (R' = R2 = A; R3 = 

6 Me; R = NH2)lo4. 3-Acyl-4-hydroqcoumarin can be converted to the pyrazoles 

3 (FL1 = R2 = A; R3 = El, Me or Et; R4 = Ph) by reacting with phenylhydrazine 

105 under certain particular conditions . 

x. From a-uneubstituted lactam and heterocyclic ketone other than 

4-chromanone, and heterocyclic 8-keto-ester 

The enamine corresponding to 9,4,5.6-tetrahydro-3-0~0-2~-pyran condenses with 

o-acetoxybenzoyl chloride in methanolic AC1 giving 3.4-dihydro-10-cxo-2g, log- - 
-pyrano[3,2-h_]~l]henzop~an~~. Dehydrorotenone has been synthesised by 

condensing the enamine corresponding to 6.7-dimethoxychroman-3-one with 

aoetyl-l-tubaic acid chloride followed by refluxing in water containing pyridine 

and piperidinelo6. PPA cyclises the heterocyclic ketone 88 (XR1 = NH. NOH. 0,s) 

to 14 (R2R3 - CA=CB-CH-CH; Y = 0; Z = c0)'07. Oxindole or 3-methyloxindole on 

acylation with ethyl salicylate followed by treatment with methanolic AC1 gives 

24 (FL1 = A or Me; R2R3 = CA=CA-CH=CH; X = N; Y = CO: Z = 0)lo8. The condensate 

109 of 7-methylindolinone with 2-aminohenzaldehyde on diazotisation yields 3 . 
The henzylidene derivative prepared from 2.4.6-triacetoxybenzaldehyde and 

indoxy1 gives with CF COOA the trifluoroacetate salt of the cation d l 0 .  The 3 
pyrrolidine enamine of 3-hen~oyl-+piperidone on condensation with the Mannich 

base from B-naphthol followed by mild hydrolysis gives a (R1 = COPh: R3 = 08; 

R4R5 = CA=CH-CH=CH; = R6 = R7 = A)111. The compound a (R1 = Me; R2R3 = 

R6R7 = bond: R4 = R5 - A) has also been synthesised by reacting the pyrrolidine 
enamine of l-methylpiperidin-4-one with salicylaldehyde112. A Japanese group 113 

has claimed to isolate ql (R1 = A, ally1 or arallyl; R2 = R4 = R5 = R7 = A; 

R) = l-morpholino; R6 - OR) by reacting the morpholine enamine of the 
appropriate 4-piperidone with salicylaldehyde. 2-Azaxanthone has been prepared 



\ 

by condensation of morpholine enamine of 1-benzyl-4-piperidone with salicylal- 

dehyde followed by CroJ oxidation and subsequent aromatisation114. Pyrroli- 

dinedione 2 ( R ~  = Me, Ph: R2 = A, Me; R3 = 8, Ph) on acylation with 2-hydro=- 

or 2-methoxy-beneoic ester followed by heating in pyridine yields =l15. 

Heating i-phenylmaleimide together with Phenol and paraformaldehyde in a high 

boiling aromatic hydrocarbon results %'I6. Thiochromanone on sequential 

condensation with salicylaldehyde (RJPO4, 85'~). reduction ( B ~ B A ~ )  and cyclisa- 

tion (506 HOAc, reflux) gires 95117. The pyrazole ,C& (It1, R2 = H, alkyl, Ph; 

R R4 = H, halogen, alkyl, alkom, hydroxycarbonyl) has been synthesised by 

condensing the appropriate Pyrazolinone with the appropriately substituted 

2-hydrow- or -chloro- or -bromobenzoio ester or the corresponding acid 

chloride118. J-Acetyl-J.4-dihydro-2-oxo-2~-[1]benzop~an with gnanidine forms 
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97 on treatment with POCl - 119 
3 

3-Methyl-1-phenyl-2-pyrazolin-5-one on treatment with POCl -DMF gives 5-chloro- 
3 

-4-formyl-3-methyl-1-phenylpyrazole that on reacting with p-na~htholfollowed 

by oxidation and cyclisation affords 9& (R1 = Ph; R2 - Me; R h 4  = CH-CH- 

-cH=cH)~~~. The chlorovinylaldehyde, obtained by treating the ketone with 

POCl -DM?, reacts with 3-dimethylaminophenol in boiling AcOH containing HC1 
3 

121 to give the blue-violet dye 2 . 
Heating 4-etho~ycarbonylchroman-3-one with resorcinol monomethyl ether at 

150-160'~ under nitrogen results the rotenoid 16 (R1 - R5 = R7 - H: R6 = OMe; 

R'R' - bond)12'. 6,7-Dimcthoxy-4-ethoxycarbonylchroman-)-one has been 

similarly condensed with tubanol to dehydrorotenonelZ3. Dehydromunduserone, 

dehydrosemundone and dehydroapotoxicarol and other dehydrorotenoids have also 

been prepared by thermal condensation of appropriately suhstituted 3-0x0- 

-chroman-4-carhoxylic ester and phenol derivatives 123*124. Reaction of phenol 

with ethyl l-benzyl-5-chloro-l,2,3-triazole-4-carbo~late, prepared from the 

corresponding triazolinone-4-carboxylic ester, gives l-benzyl-5-phenoxy-V- 

triazole-4-carboxylic ester that on sequential debenzylation, saponification, 

and cyclisation gives the fused triazole 41 (R = H: X = N)lZ5. 

X I .  From aryl hetaryl ethers and ketones 

4-Azaxanthone appropriately suhstituted at benzene and/or pyridine ring 

possesses antibacterial properties and it is synthenised by cyclisation of 

appropriately substituted 2-phenoxynicotinic acid or nitrile 126-133. 5-Phenoxy- 

-4-triazole-4-carboxylic acid has been cyclised to 41 (R = A; X = N ) ~ ~ ~ .  

3-Carbanoyl-4-phenoxyquinoline on PPA cyclisation gives (R1 = R2 = H; R~ = 

Ph: X R ~  ahsent) lj5. Similar treatment of 5 -formyl-3-methyl-6-phenoxpracil 

ohtained by formylation of 3-methyl-6-phenolryuracil with Vilsmeier reagent 

furnishes 3-methyl-5-deaza-10-oxaflavin (81, R = Me; X - ~0)~'~. 12E-[ll- 
Benzopyrano[2,3-b_]quinoxaline has been synthesised from ethyl Z-phenoxyquino- 

xaline-3-carboxylate 13'. 10-Aryl-10-hydroxy- and 10,lO-diaryl-4-azaxanthenes 

have been prepared by reacting 3-cyano- and 3-methoxycarbonyl-2-phenoxypyridines 

respectively with ArMgBr followed by cyclisation with H~SO~-HOAC~~'. 4-Azaxan- 

thone has also been prepared hy heating 2-hydroxy-3-salicyloylpyridine in 



HOAC-HC~~'~. l-Benzyl-5-chloro-4-salicyloyl-3-triazole cyclises to 3-henzyl- 

140 -9-oxo-9~-[l]henzopyranb[2,3-61 [I, 2,3]triaeole under base catalysis . 

XII. From 2-hydroxyhenzaldehydes 

Some utilities of 2-hydroqhenzaldehyde to synthesise the heterocycles of the 

general formula ( A )  have been described in the previous sections. Few other 

reactions of the said aldehyde with certain other compounds leading to the 

same goal are enumerated in this section. 

Salicylaldehyde on condensation with henzoylacetonitrile in the presence of 

2 NH40Ac gives the pyrimidine 100 (R1 = 2-hydroxyphenyl; R = ph)141. Treatment 

2 of salicylaldehyde with H~NC(R~)=CHCN produces 100 (R1 = 2-hydroxyphenyl; R = 

Me, MeC6H4, T'h)14'. The compound 100 (R1 = Ar; R' = OH) has been synthesised 

by condensing an aromatic aldehyde with 3-carhamoyl-2-iminochromone, prepared 

by reacting salicylaldehyde with rnalon~nitrilel~~. Two molecules of 

salicylaldehyde on condensina with one molecule of CH~(H~N-C=NF~~)~ [R7 = H, 

6 144 Me, ~ t ]  produces 66 (R1 = R2 = H; R3 = NfiR7; R = 2-hydroxyphenyl) . 
Salicylaldehyde on condensation with NCCH2CONHC02Et gives 81 (R = H; X = cO) 

1 that on horohydride reduction furnishes 101 (R - R' = H; X = o ) ~ ~ ~ .  Compound 

101 (R', R2, R' = H, alkyl; X = 0 or S) has been prepared by heating a mixture - 
of salicylaldehyde, appropriate barbituric or thioharbituric acid and 

methanesulphonic acid146. Heating a mixture of 4-diethylamino-2-hydroxyhenzal- 

dehyde and 2-cyanomethyl-5-henzyl-1.3.4-triazole in ethanol in the presence of 

pyrrolidine gives a coumarinimine which reacts with (P~O)~CO to form a 
1 2 (X = N: Y = 0; ZR = N: R = C H ~ P ~ ) ~ ~ ~ .  4-Diethylamino-2-hydroxyhenzaldehyde 

on sequential treatment with henzimidazole-2-acetonitrile and -malononitrile 

1 2  forms [X = C(CN); Y = NH; Z = C; R R = CH=CH-CB=CH]~~~. The aldol 

149 condensate of salicylaldehyde and NCC(NH~)=C(CN)~ cyclises to . 
1 Fluorescent dyes rn (R = H, alkyl, alkenyl, aryl, hetaryl: X = 0, S, NR1; X = 

0, S, SO2, N R  cR1R2; R1, R2 = H, alkylaryl; Y = anion) have been patented 150; 

the representative member (R = Me, X = 0, X' = CMe2, Y = ~ 1 0 ~ )  is 

synthesised by treating 2-methyldimedone in RMPA successively with NaH, BuLi, 

and sodium salt of salicylaldehyde followed by acidification of the resultant 
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product with I I C ~ O ~ ~ O .  1-Methylpyridinium iodide on reduction to the dibydro 

stage with an equivalent Of LiA1H4 followed by addition of an equivalent of 

salicylaldehyde gives (R' = Me: R2 = R3 - A) which on Jones oxidation gives 
trans-2-methyl-1,2,3,4,4a. l0a-hexahgdro-10-0x0-log-[l]henzopyrano [ z ,  ?-a] - 
pyridine. Analogously the corresponding condensation product [R'R' = 

(CH~)?; R~ = lde] of 2.3-dihydro-l_H-indolizinium bromide with 6-meth~lsalicylal- 

dehyde is prepared and subsequently oxidised to give elaeocarpine (2) and 

isoelaeocarpine (a) which can be separated by chromatography on alumina151. 



XIII. From miscellaneous substrates 

Phthaloyl chloride on heating with two molar amount of 0-benzoylo*y-2-hydrorry-4- 

-methoxyacetophenone in pyridine gives 2-henzoY'l0xY-2'-hydro*yoarbonylflavone 

that on acid hydrolysis furnishes 4-methorn-l0,12-dioxo-10A,12~-[l]benzopyrano- 

[), 2-:] [2]benzopyran152. The carbanion of 2-PC6H4COCH2C0~t reacts with 

1 
N-slkylisatic anhydride ~iving (R - R~ = H: Y = 0; Z = P = CO; Q = NR; - 

1 
R = a l ~ y l ) ~ ~ ~ .  Treatment of Ph2C=C=IYR (R1 = C6H40Me-2, C6H4Me-E or 4-Bu) with 

154 R~CH(COC~);, [R' = CH2Ph. Et, Ph, i-CJ3 or ~ e ]  gives the pvrole 106 . 
Treatment of vinyl methyl ketone with NH2CONHR (R = H, Me) gives a pyrimido- 

[4,54]pyrirnidinedione derivative that in acid medium reacts with 2.4-dimethyl- 

phenol to give 2-Chloro-4.5-dimethylpyrimidine with 2-allylphenol 

gives the normally expected 2-phenoxypyrimidine derivative together with the 

adduct &56. [l]~enzop~rano[2,)-h_]indole (R1 = R2 = H, R3 = NO2; R4 = ~ e )  

results from dissolution of a mixture of skatole and 2-hromomethyl-4-nitro- 

The indole (R1 - R4 = Me) is similarly prepared from 2,3-dl- 

158 methylindole and 2-bromomethyl-4.6-dimethylphenol . 
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