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1. Introduction

Since khellin [a SH—furo[l]benzopyran,(l)i] was shown over 50 years ago to have

bronchodilator activityz, several benzopyran—4-ones have been shown to be

biclogically actived-tio,

{1)

The best known benzopyran—b-one, namely, disodium cromoglycate [Intal,

Cromolyn,(g)ll} is a valuable drug in the treatment of bronchial asthmalZ2,
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The literature on benzopyran-4-ones is well documented !? but more recently the
work has been extended to benzopyram—-4-ones which contain a heterocyelic ring.
These compounds have also exhibited biclogical activitylh and are, therefore, of
interest.

This review will concentrate on bepzopyran-4-ones containing a 2,3-fused
heteroeyelic ring (3). Although there are benzopyran-4-ones in which the hetero-
cyelic ring 1s attached to the 3,4-position or to the benzene ring, fusion at the
2,3-position may enhance biological activity. This may be supported by the fact
that the more blologlcally active benzopyran-4-ones are those in which there is a

C-2 substituent, usually a carboxylic acid or derivativeﬂ,“.

(3) C=Heterocyclic ring

Although a considerable amount of work has been published on this subjectls, no
review has been published wntil now. Compounds both naturally occurring and

synthetic are considered and their biological activity described.

2. Compounds containing 8 S5-membered heterocyclic rimg
Several benzopyran-4-ones bearing a 2,3-fused 5-membered heterocyclie ring are
known. The ring way contain 1, 2 or 3 heterocatoms, similar or different, and may

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

oxygen and sulphur shall be used here.

2.1 One heteroatom

Eiden and Hirschmuellerl® synthesized [1]benzopyrano[2,3—B}pyrrole (6) in moderate
to good yleld by condensation of the succinimide derivatives (4) with
2-methoxybenzoate to yield the methoxybenzoylsuccinimides (5) whieh were converted

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

acld (Scheme 1).
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Scheme 1

The benzopyranc[3,2-_}_.1]pytrole (9) isomer is also known, having been reported by
Paparao and co—workere”. A 2,3-disubsgtituted~4H-l-benzopyraun-i4-one, namely,
2-methyl-3-nitro-4H-1-benzopyran-4-one (7) was condensed with an aromatic or
heterocyelic aldehyde in the presence of piperidine. The condensation between the
2-methyl substituent of benzoﬁpyran-#-ones and aromatic aldehydes im the presence
of a base is well koownl®=20 5nd indicates the high acidity of the 2-methyl

hydrogen. Reductive cyclization of the 3-nitro compound (8) resulted in the

[1]benzopyranc[3,2-b Jpyrrole (3) in moderate ylelds (Scheme 2).
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0 0
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PIOEt),
2
R! [ )R?
0 Y,
{9)
Scheme 2

The use of a 2,3-disubstituted-4H-l-benzopyran-4—one 4in the saynthesls of the
[1]benzopyrano[2,3-¢c ]pyrrole has rTecently been described by Ellis and Romney-
Alexander 3. Thus, the reaction of ethyl 3-bromomethyl-4-oxo-4H-l-benzopyran=-2-
carboxylare (10) with a variety of primary amines (arylaminmes, heterylamines and
aralkylamines) resulted in the formation of N-substituted 1,2-dihydrobenzopyrano-

f2,3-c]pyrrole-3,9-dione (11} in low to high yields.

0 0
mCHZBr JRNH, EtOHA mR
0 COzEf 2 -92% 0 0
(10) (11)

R= aryl,heteryl or aralkyl

The syntheals of a benzopyran-é~one bearing a cyelic imide at the 2,3-position has

been !.’eported?'ua from the corresponding anhydride.
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Eiden and Dobimsky first reported the synthesis of the [1]benzopyranof2,3-blindole
ring systenm (5)21’22_ The synthetic route, reported in a later papel’zs, has
features common to that of the synthesis of [1 ]benzopyrano[Z,S—E]pyrrole16 ({see
Scheme 1). Here, the reaction between the oxindoles (12) and ortho substituted
phenyl benzoate (13) resulted in the 3I-{o-substituted benzoyl) oxindole deri-
vatives (14), which were then cyclized to the [l Jbenzopyrano[2,3-b]indoles (15) im

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

high.
0 0
R PhO NaH R2 =
o+ —_— I
N R’ N4g R¥%
R! R!
{12 (13) (14
R'=H,Me
R2=H,0Me HCl,

MeOH
R3=0H,Cl,0Me

0
LI
N0
R
(15)

Scheme 3

Both Goetlitzer2" and Dean and co-workerszs,ZG have described the successful
synthesis of the [1]benzopyrano{3,2-blindole isomer (16)-. The synthetic route
used by Goerlitzer involved the condensation between methyl anthranilate and
2 —hydroxy~2-bromoacetophenone, resulting in a product of the type (17). In the
presence of sodium methoxide, an intramolecular Dieckmann condensation occurred to
give the heterccyclic 1,3-dicarbonyl compounds (18). Subsequent cyclizatiom,
using polyphosphoric acid (PPA), gave the [1]benzopyrano[3,2—Ejindoles (16}

(Scheme 4).
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Dean gnd co-workers?25 utilized alkaline hydrogen peroxide to oxidize 2 -hydroxy-
chalcone to 3-hydroxyflavanone (Algar-Flynn-Oyamada reaction). The method was
successfully used with chalcones carrying nitro-groups in the 3~ or é4-positions.
When the nitro~group was in the 2-position (13} it was found cthat the alkali
induced a éeries of reactions which terminated in the 10-gubstituted-2-methyl-
11H-[1]benzopyrano[3,2-b]indel-11-one {(22) in good yield. They postulated that
instead of the carbanion (20) effecting nucleophilic substitution at the peroxide
oxygen, the nitro-group at the 2-pogition was uniquely placed to react by nucleo-
philic addition, as shown in (21) (Scheme 5). Reactions between carbanlonie
centres and nitro-groups had earlier been reported?’. The [l Jbenzopyrano(3,2-b}-
indole ring system has also been synthesized by heating a 6-substituted-2'-—nitro-
flavone with triethyl phosphite?®. (Claims have been wade that some benzopyrano-

indoles exhibit biological activityzz.
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Several papers have been published in which benzopyran—4-omes contaln & furan ring
fused to the 2,3-position. Yamamoto and co-workers 28 pave reported the furo[2,3-
b]{1]benzopyran-4-one (23) whilst the isomeric furo[3,4~b][1 |benzopyran-3-one (24)

has been reported by several others 2?32,

0 R
" =
2001 SB<
0 1
0 R
(23) {24)
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Henderson and Ullman2?

cbtained a trace amount (€1X} of compound (24, Rl=R Z«Ph)
when 2-benzyl-3-benzoyl-4H-1l-benzopyran-4-one (15) was exposed to both ultravioelet
and visible 2ight in the presence of oxygen. Oxidation of the 2,3-disubstituted-
4H-1-benzopyran—4-one (25) using selenium dioxide also gave (24, Rl-RzﬂPh) in low

yleld.

00 0
CR? R
Q- CH,R' - 0

X

(25) {24)

Huftman and co-workereg?!

were alse able to synthesize the furo[3,4-b1[1]beszo-
pyran-9-ones (24) by the photolyeis of the isomeric 3~aroyl-2-(2-furyl)-4H~1-

benzopyran-4-ones (26).

00 0
l "Rz hv - el I _fz
1 - ~ o~
0 \O/R O ¢ H=cHeort
(26)R'=H Me’ R%:Ph,p-Me0-Ph (24)

Furo[3,4~b}[1]benzopyran-3,9-diones (27) were found not to exhibit any appreciable

QL
0

0
{27) R=Mehalogen

antibactertial activity3°.
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Several benzofuro[2,3—3][l]benzopyran~11~onea have been reported33"36 and these

are mainly naturally occurring compounds. 0f these, the best known 1s 1lisetin
(‘Zﬁ)”,“,as, first isclated from the root-bark of the Jamalcan Dogwood, Piscidia
erythrina L. The analgesic and insecticidal properties of the root-back, as well

as its pharmacodynamic propertles, have been the subject of numerous investiga-

tions”, 38,

Kurosawa and Araki3% observed that the lead{IV) acetate oxidatioa of 2 -hydroxy-
isoflavone (29), when conducted at reflux temperature, gave the benzofuro[z,‘.’s-—h]—

[l]benzopyran-ll-one (30) as the major product and this could therefore be

utilized as a synthetic method.

Me

0
Pb{OAC),,,AcOH,30 min, A O [ O
G ~(OMe Me(O 00 OMe

35%
(29} {30

The saynthesis of benzefurof[3,2-b][1]benzopyran-ll-ones (32) has been des-

cribed?®=%l ang this includea the demethylation of 2’ -methoxyflavanols under harsh

conditiona?? and the acid-catalysed dehydration of 2-(2’'-hydroxybenzoyl)coumaran-

3-ones (ﬂ)l“o.
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MeOH,HClig), 7h,A

35-38%

{311R'=H,0Me’ R%=(0Me,OH (32}

2y

Goerlitzer effected the cyclizatlion of 2-(2'-hydroxybenzoyl)-3-hydroxybenzo[b]—

furan (33), using PPA, to give {32) in 54X yield.

There are very few examples in which the hetercatom of the 2,3-fused heterocyclic
ring is sulphur. Henric and co-workers'? condensed J-methoxythiophene and
o-anisoyl chloride in the presence of stannic chloride (Friedel-Crafts acylation),
and cyclization of the resulting dimethoxy ketone (34) afforded the thieno[3,Z-b]-
[1]benzopyran-9-one (35) in 80X yield (Scheme.#$). . s

Since a number of antiallergy agents possess xanthome-like structures, Watthey and
Desai 3 synthesized thieno{3,2~b |benzopyran-9-ones (35), through the
regloselective lithiation-carbonation of 3-{aryloxy)thiophenes, and subsequent
cyclization using polyphosphate ester (PPE) in refluxing chloroform. Therefore,
the treatment of 3-(p-tolyloxy)thiophenme (36}, from the condensation ef 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-tolyloxy)thiophene-2Z-car-
boxylic aeid (37). Cyclization was effected using PPE (Scheme 7). The yields

varied from low te high.
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The synthesis of benzothieno[3,2-b][1]benzopyran-1l-one (38a) has been described
by GoerlitzerZ" and involved the eyelization of the heterocyclic 1,3~dicarbonyl

compound (38) using PPA. .

0 0
RO . Qe

OH R 0

{38)R=H,OH (38a)
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2.2 Two heteroatoms

Benzopyran—4-ones, in which the ring attached to the 2,3-position f¢ a pyrazole,
have been described. These are wmainly [1]benzopyrano[2,3-§]pyrazoles (EE)HH—MQ
although the [1]benzopyranc[3,2-c]pyrazole iscmer (39)50,51 hag alsc been

reported.

1 0
0~R, o
T NH (I;I«NH
o R 0
(39) (40)
Ly

Sarenkoe and his co-workers synthesized [l ]benzopyrano[2,3-c |pyrazole (39,
Ri-Ph.Rz-Me) from the 3-phenoxypyrazole-é4-carboxylic acid (41) via an intramolecu-

lar Frledel-Crafts acylatlon.

Rl
Me,—COH SOCL,, AIC! 2N 0 N,
N Joph v S8
Ph 5R
[41) {39}

Compound (42) exhibited antiallergic activity when administered {interperitonally

or orally in rats®9.

Me
Z o| N,
HO,C™X ‘
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The reaction between 2-chloro-3-hydroxy-4H-l-benzopyran-4-one (43) and 2-amino-

pyridine (44) gave [1]benzopyrano[3’ 2 :4,5]im{dazo1,2~a Jpyridin-12-one (45)52 1a

46% yield.

0 0
mOH @ Xylene, 3h @f‘m\@
07Ct  * HNON 0+—Nz

(43) (44) (45)

Dean, Goodchild and 211133 reported the synthesis of [1 22 ]di thiolo-
[1*,5%:1,5][1,2]dithioclo[3,4~b |benzopyran-11-8IV  (46) in low yield, by the

condensation of a dithiolium salt with 4-hydroxy-2H-l-benzopyran-2-thione.

OIS*E'S]RZ
R‘I@(I | l

0

(46)R'=Me’ R?=Ph

Substituted [1]benzopyrano[z,3—i]oxazol-9-ones5“ (48) have been synthesized in

moderate to high yilelds by reacting 2-amino-3-hydrexy-4H-1l-benzopyran-d-~one (47)

with ac-i_;:l anhydrides.

0 0
OH 8
{47) (48)
R=alkyl or aryl
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The isomeric [l ]benzopyranocf3,2-d]oxazel-9~-ones (22)55 have been obtained from the
reaction of 3-amino-2-hydroxy-4H-l-benzopyran-4-ome (49) with aromatic aldehydes

and these compounds are effective antibacterial and antifungal agents.

0 0
NH AFCHO,PhNO., , A
R 2 r 2 - R IR
0-0H 40-65% 0
(49) (50}

Examples of [l ]benzopyranof2,3-c]isoxazol-4-ones (gl)“7 and [1]benzopyrano[3,2-c]-

tsoxazol=-9-ones (2)56 are also known.

o ¢
O N, =N+
2 0
(511R=Ph {52)

2.3 Three heterocatoms

[1]Benzopyrano{2,3-d]-1,2,3~triazoles {57) are the only known compounds containing
three heteroatoms and work on their synthesis has been carried out by Buckle and
his co-workerg>’— 5%, This ionvolved the formation of (aryloxy)triazoles (55}, by
reacting phenols (53) with ethyl Il~benzyl-5-chloro-1,2,3~triazole-4~carboxylate
(54), followed by debenzylation by high-pressure catalytic hydrogenolysis and
alkaline hydrolysis of the ester to the acid (56). The acids were cyclized using
elther PPA or phosphoric oxide in methanesulphonic acid.

The ylelds were moderate to high. A recent paper®® degeribed the formation of
substituted triazoles (2_8) via direct acylation of an appropriate arene.

Compounds of the type (58) were readily cyclized using sodium hydride.
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Compounds (57a) and (57b) were claimed to be ten times more potent than disodium
cromoglycate when evaluated for antiallergic activity by the rat passive cutaneous

anaphylaxis (PCA) screen®?.

z Z

0
|
92[;;]:;:]: }J

(57)a) R =H,R¥:MeS0,0
bl R! =Me,R?=MeS0,C

I

Other compounds of type (57), 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~d1methy1-9-oxo-lﬂ,9H-benzopyrano[2,3-1]-1,2,3-triazole was shown

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

3. Compounds containing a 6~membered heterocyclic ring

0f the benzopyran-4—ones which bear a heterocyclic ring at the 2,3-position, those
with a 6-membered ring comprise the largest group. This ring way contain one
hetercatom or two similar or different hetercatoms and may itself be fused to a

benzene or heterc-ring.

3.1 One hetercatom

The simplest and most common ring is that which contains nitrogen, that 1s, a
pyridine ring. Villani and his co-—workers?5 described the synthesis of [1]benzo-
pyrano[2,3-b |pyridin-5-omes (61) and [1]benzopyrano[2,3-c Jpyridin-5-ones (62) from
the corregponding phenoxypyridinecarboxylic acids (59) and (60), respectively.
Cyclization was by use of either PPA or thionyl chloride-carbon disulphide=-
aluminium chloride. Compound (61, R=H) had previously been prepared, in poor
yleld, by the cyclization of (59) wsing phosphorus oxychloridess. 3~Substituted-
2-methyl[1])benzopyrano[2,3-b]pyridin-5-ones (64) have been obtained in moderate to
good yields by heating S5-substituted-6-methyl-2-phenoxynicotinonitriles (63) in

ppas?.
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(59)R =H,C|, F,Me,t-Bu
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R l
0
(61)

0 - N~
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Scheme 9
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nclk k

{63) R=H,Me NH, ,Br,Cl {64)
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Thesge are examples in which the heterocyclic ring is present in the precursor and
the pyran—-4-one ring Is formed by cyclization. The majority of pyridine rings at
the 2,3-positlon are formed via intramolecular condensation to the 2- or
3-position. Glozman, Zagorevskil and Zhmutenko®? have, by the reaction of 2-1iso-
cyanato-4H-l-benzopyran—4-one (65) with enamines, for example Il-piperidino-l-

cyclohexene, synthesized [1]benzopyrano[2,3-b]pyridine-2,5(1H)diones (66) 1in
22-78% yields.

OI NCO 0 H o
- ~ Q2
0] o R
(65) (661 R'=H,R?=C,H,

R'+R2=(CH, ),

The synthesis of [l ]benzopyrano[2,3-blthiepyrane(3,4-d Jpyridine-5,12-dione (67)
has also been reported69 and finvolves the reaction between 2-acylamino-4H-1-benzo-

pyran-4-one aund 5-plperidino-5,6-dihydro-2H-thiopyran.

When 4-oxo-4H-l-benzopyran-3-carbonitrile (68) was reacted with acetylglycine (£9)
in acetic anhydride containing fused sodium acetate, [1]benzopyrano]2,3-b Joxazolo-~
[4,5-e]pyridin-10-one (72) was obtained’?. The carbanion formed, by the action of
sodium acetate on acetylglycihe, attacked the benzopyran-4-omne at the C-2 posi-
tion. This opened the pyrone ring to give the intermediate hydroxynitrile (70)

which then underwent triple cyclization to (72) via the dihydroxy compound (71)

(Scheme 10).

— 1917 —




0 0

q H
Nocs

(}fj{:w,+ NHCove  Ac20NeOAc m 2070
0 CH,CO,H OH 4 Tr§0 Me

OH
{68) {69] {70)
0 0 H -
N -2H,0 ZNOH
I YMe =
mo 0N 0><Me
OH
{72} (71}
Scheme 10 r

Petersen and Heitzer’! first reported the synthesis of 2-amino-4-oxo-4H-1-
benzopyran-3-carboxaldehyde (73b} from the 3-aldehyde (73a). The reaction of this
aminoaldehyde with various compounds (74), all of which contained an activated
methylene group, in the presence of 1,5-diazabicyclo[3.4.0}non-S-eue (DBN) gave
2,3-disubstituted-5-oxo-5H-[1 |benzopyrano[2,3-b |pyridines (75). The yields were

low to moderate.

ORI 2t o3 DBN O yNag?
ICHO+R CH,R J

0 0
(73)alRi=H ( 74)0)R2=R3=CO,Et {75)0)R2=0H,R3=CO,£t
bIR=NH, bIR?=CN, R3 =CO,Et bIR? = NH,,R3=CO,Et
cIR?=R3=CN clR?=NH, , R¥=CN

This wark has been extended by Ishiguro and co-watkers72, who aynthesized 3-sub-
stituted-5-oxe-5H-[1 ]benzopyrano[2,3-b]pyridines (77). The reacrtion between the
amino-aldehyde (73b) and the ester acyl chloride (76) in dimethylformamide, at

65°C, may follow the proposed mechanism?’? (Scheme 11).
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POCl, A0 W COMe
M ~
Me ﬁﬁ_\
~ _ Ogo /COZME
N-CHO &
Me”
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Me, Gl
Me-N-CHO 0 NHCH-Ne
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0 & COMe

O~Ns
i @;,I (]COZMe
0

{77}

Scheme 11
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9-Chloro-5-oxo-5H-[1 ]benzopyrano[2,3-b]pyridine-7-carbonitrile (78), prepared by

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

antiallergic activity in both rats and mice’?.

The corresponding 9-chloro-7-{1H-
tetrazol-5-y1)-5-oxo-5H-{1 |benzopyrano[2,3-b|pyridine (12)7” has been wused 1in
antihyperuricemia formulations and administration of 100 mg/kg of (79) to rats

increased the urinary level of uric acid from 0.24 to 0.4 mg/100 g urine in 6 h.

=

]
I_HCD
/

N\

Q

(78} (79}

éompound (79} was also claimed to be most active when orally administered for
rCa’s, In a recent paper, Nohara and co-workers '® have described several S-oxo-
5H-[1]benzopyrano[2,3-b |pyridine-3-carboxylic acids (8l) and the 3-tetrazole
derivatives (83) from the 3~ester (80) and 3-nitrile (B2), respectively.
When administered intravenously, the compounds (8l) and (83) exhibited antialler-
gic activity in a reaginic PCA test in rats. Compounds (81, Ri-ﬂ, R2=7-Et;
R1=Nﬂz, R2=7-1-Pr; and Rl-NHOMe, R2=7-1-Pr) and (83, R1=H, R2=7-1-Pr) were
claimed to be 41-184 times as potent as disodium croqyglycate, and showed consid-
erable activity when aduministered orally. 2-Amino-4-oxo-4H-1~benzopyran—-3~car~

boxaldehyde reacted with 4-hydroxy-2H-l-benzepyran-2-one in the presence of

piperidine to give a [1]benzopyranof2,3~b]pyridine ring system (83a) 15,
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sz NSR! HpS0,-ACOH OI Nar!
™ ¥ ~CO,EL ZCO,H
0

{80}R!=H,Me, OH,0Me, CO,Et, (811R" =H,Me,OH,0Me,NH, ,NHMe, CO,H,
NHOR NH,, NHCOR3

R2=H,Et,i-Pr,OMe,n-Bu

0~ N~g! NaN, -NH,Cl 0 -Napl
F?L@/“j:\) — i RL@;j\j:’
. -~ CN > " N
0

U
0 HN ,,N

~N

f82}R’=H/NH2 (831R1=H,NH2,NHOMe

R2:H Et,t-Bu,i-Pr,benzo

‘e

Z 0 N \I

LT
0 0

{83a)
[1]Beazopyrano[3,2-b Jpyridin-10-ones (84) and (1]benzopyrano [3,2-c Jpyridin-10-ones

(85) have been prepared65 from the corresponding phenoxypyridinecarboxylic acids

by the procedure degcribed earlier.
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0 0
- N, e ‘-N
R | O| P R—_ O| P
(8[9] R:ME,N02 :NHlel:F (85) RzH
The synthesis of [l ]benzopyrano[3,2-clpyridin-10-ones (85), by reacting the

morpholine enamine of l-benzyl-d-piperidone (86) and substituted salicylaldehydes

(87), has been described’?,

enacine

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

palladium-charcoal, gave (85) in 78% yield (Scheme 12).

(B6) and salicylaldehyde (87), with the carbinol intermediate

This involved the c¢ondensation reaction between the

(88) belng

Debenzylation, using

OH
PR ZCHO ~Ph
'I‘\j]\ v R = [ RE \
~“Morph ~-"0H R 0
{ 86) {87) (88) n
Pyridine-CrO4
0 "0
=~ ~ Pd-C -~
LI LI
R 0 R 0
(85) {89}

Scheme 12
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‘I‘l'u:mme""B has also prepared compounds o'f type (E) from enamines, and thege have
been claimed to exhibit sedative properties. The reaction of both 2~amino-4H-1-
benzopyran-4-one (90) and 3-amino~4H-l-benzopyran-4-onme (91) with diethyl ethoxy-
methylenemalonate gave 4&,5~dthydro-4,5-dioxo-1H-[1 Jbenzopyranc[2,3-b Jpyridine-3-
carboxylate (92) and 4,10-dihydre-4,10-dioxo-18-{1 lbenzopyrano(3,2-b Jpyridine-3-
carboxylates (83), respectively, via intermediates, ia 52-93X yields’? (Scheme
13).

0

H
OSNH;  CHOEt  Np,b @y 0Ny
@,(D ' ClCO,Et), ! D/ CICO,Et),
0
(90) \hzO,L\.

o o
¢ 0
(92)
0 , 0 4
Ny,
R /I |NH2+P'HOEt 2 R/I | Nn
{91)R =H,Cl, OMe
Ph,0/A
9 H
N
R0 1T )

Scheme 13
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The synthesis of [1]benzopyranof2,3-cJquinoline-6,12-diones (95) has  been
described 89, N-Phenyl-4~oxo~4H-1-benzopyran-2-carboxamides {(94), on photooxida-
tien in the presence of iodine In benzene, gave compounds of type (95) im low

ylelds.

o [
RIS o A AW -
0
(94)R' =H,Me,OMe {95)

Derivatives of the isomeric ring system, [l]benzo;wyrano {3,2~cJquinelin-7~one (96),
have also been aynthesizedel,az. Thus, the thermal condensation of a 4-hydroxy-

quinoline-3-ester and a phenol gave (96)%1,

(96)

Coppola and Hardtmann®3, 8% reacted 1satoic anhydrides (97) with the anion af ethyl
o-fluorobenzoylacetate (98} to give S5-substituted-6H-[1]benzopyranc(3,2-c Jquino-

line-6,7(5H)-diones (99) in good yields.
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0
l,f i Ei Fl ~y A18h
NS T NC

N E0,C7 )
(971R=Me,Et,CH,Ph (98}

{99!}

Compounds of type (99) have been claimed to be useful as inflammation-inhibiting
substances®%. [1]Benzopyrano[2,3-b]isoquinoline-5,12-dione (100) was synthesized
by .Glozman and co-workers®® using the same procedure as used to synthesilze the

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

— 1925 —



[1]Benzopyrano[2,3—5]indolizin-12-one {(107) was an intermediate in the total
gsynthesls of (+)elaeocarpine and (t)isoelaeocarpiness,a(’. The dlazoketone (101),
prepared by reacting diazomethane with the acid chloride of b6-methoxy-2-methyl-
benzole acid, was condensed with excess pyrrole, 1n the presence of copper
powder. This gave the 2-pyrrolylmethyl Xetome (102) which was converted to the
2-pyrrolidinylmethyl ketonme (103) by catalytic hydrogenation. Addition of ethyl
acrylate to {103) gave the aminoester (104). The Dieckmann condensation of (104},
using sodium hydride, resulted in the diketoindolizidime {105). Cyclization in
the presence of boron trifluoride gave (106) which was dehydrated to the benzo-

pyran—-4—one (107), in 78% yileld using methanolle hydrogen chloride (Scheme 14).

eng Cu,50-6C°C e A
s U, - -

| 2 ¢\ d -

X 0Me * N = OMe

(101 (102}

Me 0
| < 4 v
. OMe R OMe
11041R=CH,CH,CO,Et 1103)
NaH, Toluene, A

{106}
MeQH, HCl

Scheme 14
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The synthesis of [1]benzopyrano[3,2-c][1,8naphthydrine-6,7(5H)-dione (108) has
been reported?) and involved the reaction of 3-azaisatolc anhydride with the anion

derived from ethyl o-~fluorobenzoylacetate.

/E
0N
U NMe
w
0 0

(108)

Numerous natural and syathetic compounds in which the third ring 1s a pyran have
been described. The simplest examples of these are the pyrano[2,3-b][l Jbenzo~

pyran-5-ones (109)?% and the pyranc[4,3-b][1 |benzopyran-10-ones (110a) %7, 88,

@OI 0
I
6]

{109) {1101a)R' = R?:H

b) R =Me,RZz0H

Yamauchli and co-workers®® have prepared 3,4-dihydro-3-hydroxy-3-methyl-1H, 3H-
pyrano[4,3-b]{1 |benzopyran-10-one (110b), the basic skeleton 1in fulvic acid.
Treatment of the acetal (111) with 5% HCl-tetrahydrofuran gave the pyrome (1l12) in
97% yield. This gave the boron complex (l13a) in 70X yield on treatment with
boron trifluoride-diethyl ether in dichloromethane. Application of Fujita’s
method8? (BF 3.Et ;0~Me ;8-CH ,C1,) to (113a) gave the phenol (113b) in 88% yield and
the acid catalysed cyclization of (113b) with concentrated HCl-acetic acld gave

(110c) in 79Z yield (Scheme 15). Treatment of (110¢) with HCl-gcetone gave (110b)

in 78% yield.

—1827—




I~ ~\O O.JR1
LPh S
(111} 2

,&\L(‘\i/\o HCi-AcOH
DA DA !

(101 IR =Me (113'a)R'=Me,R%= CH,Ph
bIR' =Me,R2=H

Scheme 15

Eiden and Schweiger90

have described the synthesis of [1]benzopyrano[2,3-b}-
benzopyran-il,12-dione (114} whilst [1]benzopyrano[3,4-b][1]benzopyran-12-ones
(&)91_93, [2 ]benzeopyrano[3,4-b]71 Jbenzopyran—12-one (116} ER N [1]benzopyrane[3,4-
bl[1]benzopyran—6,12-diones (11739379, [1]benzopyrans[4,3-b]{l ]benzopyran-7-one
(11g)1te, [2}benzopyrano[4,3-b {1 Jbenopyran-7-one (llg)lol, [t ]benzopyrano{4,3-Db |-
[L]benzopyran-6,7-dione (132)102 and [2]benzopyranc(4,3-b]1(1 Jbenzopyran-5,7-dtones

(121)103=106 paye been reported.
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(114) (151X =0,Y =CH,
(MB61X=CH, ,Y =0
(17)X=0,Y=C0

~
A0 Y
e o Y)<

0

[118)X =0,Y =CH,. {120 X=0,Y=CO
[19)X =CH, Y 20 *{121)X=C0,Y=0

The eynthesis of [l Jbenzopyrano(3,4-b ][I ]benzopyran-12-one (115), a compound

analogous in structure to rotenone, has been degscribed by George and Robertsongl,
and involved the reaction of the keto acid (122) with acetic achydride and sodiunm
acetate to give the diacetate (ll53a, R=Ac) which was deacetylated, using hydro-
c¢hloric acid, to give (115b, R=H) in low yleld.

H
)ICOCH ACZO,NGOAC ~ =
HO ~OH CHZO ROIx\._,

CO,H

(122} {115)

—1929 —




Peet and Sunder®? have also synthesized the ring system (113) in low yield. Ethyl
3-hydroxy—-2H-l-benzopyran-4-carboxylate (123) was heated with 3-methoxy-2-methyl-

phenol (124) at 180°C for 6 h-.

CO,Et
=~ ~MOH =~
(‘\ll\/o\ * HOQOME )
Me
{123) (124) (15)R! =0OMe, R?=Me

(+)Hunduserone (125), a [1]benzopyrano[3,4~b][1 ]benzopyran-6,12-dione, has been

2
isolated from the bark of Mundulea B8sericea and shown to be wuseful as an

insecticide??,

l‘|25)R:Me

Wurm and Geresl%® prepared several [2 ]venzopyrano [4,3-b ][1 Jbenzopyran-5,7-diones
(ﬁ.‘) ag potential anti-anaphylactics. 5 -Substituted-2' -hydroxyacetophenones
{126) and 2-formylbenzoic acid (127} underwant-: a Claisen-Schmidt c¢ondensation to
give (128) which, when subjected to the Algar-Flynn-Oyamada oxidation, using

hydrogen peroxide, gave (l21). The nitro~group was reduced to the amine (Scheme

16).
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0
R@QMe N "Q—OH 2H S
0] 0] 0

(126)R=NO,CN, 1127} (128)
COH
1.MEOHJOH_ 'H202
2.1

Scheme 16

3.2 Two heteroatoms

In this category, the benzopyranopyrimidines are the largest group of compounds
but several pyridazine-containing compounds have been described.

The preparation of [1]benzopyrano[3,2-E]cinnolin—7-one (122)107 was achieved by
diazotization of 2-(2'—amino—5'—nitrophenyl)—&H-l—benzopyran—4-cne (129), followed
by thermal cyclization.

The saynthesi{s of 1,2-dihydro-2-phenyl[l Jbenzopyrano[2,3-d |pyridazine-4,10-dione
(lil) has recently been deacribedis, and involved the reaction between ethyl
3~bromomethyl-4-oxo-4H-1-benzopyran-2-carboxylate (10) and phenylhydrazine under

reflux. The yleld was very low.

—1931—




HCI,NaNO,
5°C
A
NO,
@
O o
@[ i N
0]
{130}
0 ]
7 1CHBr . EtOH,A N hEn
~ ! 0 7CO,Et + PhNHNH, - >~ 0 NH
C
(10} {131)
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Several examples of [1 ]benzopyrano[Z,3-§_]pyr1mid1n—5—oneg (133) Thave been

repottedl'?,l'g,-"u,”,103‘“]93. Zagorevskii and co-workersl0® prepared 1,2,3,4~
tetrahydro-5H~1-benzopyrano[2,3-d Jpyrinidin-5-ones (133) in 75-90% yjelds by the
aminomethylation of 2-ethoxycarbamoyl- (132a) and 2-benzyloxycarbonylamino-4H-1~
benzopyran-4-one (132b), using primary amines. Debenzylationr and subseguent
dehydrogenationl!®® gave the wunsubstituted [1]benzopyranc [2,3-d Jpyrinidin-5-one

(134).

, CO,R?
%)/OINHCOR 1.CH,0+R'NH, @O] NN
) -
™~ ) 2. HCI ™ 8 N-R'-HCI
0 C
{132)a)R =0Ct (133)a)R'=n-Bu,R?=Ft
bIR =0CH,Ph bIR'=i-Pr, R? =Et

cIR'=CH,Ph, RZ=Et
d)R'=CH,CH,0H,R2=Et

)R'=R?=CH,Ph
CO,R?
NW Hz/Pd 2/Pd = 0 N2y
H:L N-R! J \‘ 1 ~N
G
{133e) {134)
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4=0x0-4H-1l-benzopyran-3~carbonitriles (68), when refluxed with ammonium acetate in
acetic acid, undergo self-condensation giviag 2-(ﬁ-oxo-loH—l—benzopyran-S-yl)-{1]—
benzopyrano(2,3-d lpyrimidin~5(5H)-ones (136) 72 §n 13~27% yields. It fis possible
that the nitriles (68) are converted to amidines (135) by ammonia and these

futther react with the unchanged nitriles (68) to give (136) (Scheme 17).

o (7S

i .

R™S.ZCN H2N-CL,/ <Rl
0 0

HN
(681R=HMe,CLBr  (1351R%<H,Me,Ci Br

= OHc-’N\H 0
R’“. _ NH

N
B Hz;‘D |O |
R“bl‘LN 0 DN G Ny
0 0 H

(136)

The synthesis of the [1]benzopyranof{3,2-d]pyrimidine ring system has Teceatly been
achieveal0%a, The treatment of 3-amino-4-oxo-4H-l-benzopyran-2-carboxamide with

phenyl isocyanate or phenyl isothiocyanate gave compounds of type (137a) whereas

benzaldehyde gave (137L}.
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(137a1X=0,5 (1370)

A 2,8-disubstituted-[1]benzopyranc[3,2-d |pyrinidine-4,10-dione (138) was also

prepared by treating a 6-substituted-3-amino-4-oxo-4H-l-benzopyran-2-carboxamide

with diethyl oxalate.

R? 2 N.R!
CRe
>~ 0 n’NH

0

11381R" =R%=CO, Lt

vinot and Maittell® 1!l have described the synthesis of [1]benzopyrano(2,3-
E]quinoxalin—lz—one {140 1inp 60X yield. The aeid chloride {139} underwent an

intramolecular Friedel-Crafts acylation in nitromethane in the presence of alumin-

ium chloride.

0
o' N\ CGCl MGN02 /A[Cl3 ;A o N\ 3
N - 2
> N “~0Ph ™ NN 0 -

(139) {140)

-—1935—




The photochemlical preparation of 1,2-dioxine[4,5-b][1 Jbenzopyran-10-one (141) has

been described??.

0 p! R?
T
0

0 =

(141)R=0H,R*=R3=Ph

Compounds which contain different heterostoms include [l Jbenzopyrano[3,2-b1-1,4-
oxazine-3,10(2H, 4H)~dione (143)3*% whiech was prepared from 2-amino-3-hydroxy-4H-1-
benzopyran-4-one (47) via the acetamide derivative (142) which was cyclized in the

presence of triethylamine.

0 0
Y JoH CICH,COCL,60°C maH
0
(47) (142)

Et3N,dioxane
70°C /35%
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4. Compounds contalining a 7-membered heterocyclic ring
These compounds have only been synthesized or i{solated in the past few years, with

workers concentrating mainly on the [l]benzopyrano[2,3]benzodiazepinea.

4.1 QOne hetercaton

S

El1115 and Romney~Alexander! recently described the synthesis of [1]benzo-

pyrano[2,3-g]El]benzazepine—6,12,13—trione (147a). 4-0xo-4H-1-benzopyran-2-

carbonyl chloride (144) reacted with anthranilic acid (l45) to give the expected
carboxylic acid (146) which was cyclized, by refluxing in diphenyl ether contain-
ing benzoyl chloride, 1in moderate yield. Alkylation of the lactam nitrogen was

achieved in the presence of soedium hydride to gilve {147b) {Scheme 18).

0
N H026© dioxane,0°C COH
A0 7COCE T HN ~ N
H
1144) {145] (1461

Ph,Q,PhCOCL,A

N
R O
(147 }alR=H

bIR =4-BrCgH:COCH,

Scheme 18

Benzopyran—4—-ones in which the 2,3-fused heterocyclic ring contains oxygen as the
hetercatom occur naturally. Two [1]benzopyrano[3,2-d ][l |benzoxepin-B-ones are
known, namely, chaplashin (148)112, which has been isolated from the heartwood of

A-Chaplasha, and oxyisocyclointegrin (149)1L3, isolated from the heartwood of

A.inteser.

— 1937 —




4.2 Two hetercatoms

The synthesis of 4-amino[l]benzopyranof2,3-d]1,2]diazepine-1,6-dione (151) in
low yield was achleved by reaction of ethyl 3-cyanomethyl-4-oxo-4H-l-benzo-
’pyran-Z-c‘arboxylate (150) with hydrazine hydr;teis. A 1 ]l;enzopyram;[B,Z'-E][l,A]—

diazepine-2,3,5,11-tetraone {152) has recently been preparedloga.

2 O|C02Et NaH-2 Hy0,EtOH,A Z H
EN CH,CN N
0

(150) (151)

(152)
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[1 ]Benzopyrano[2,3 Jbenzodiazepines have been synthesized by various
me:hodsls,".’,l““ll?. The reactlon between ethyl 3-bromomethyl-4-oxo-4H-l-bhenzo-
pyran—-2-carboxylate (10) and 2-aminoheterocycles (such as 2-aminopyridine,
2-aminopyrimidine or 2+~aminothiazele) in the presence of sodium acetate gave
[1]benzopyrano[Z,B-E]pyrido[1,2—3][1,3}diazepine-6,14—dione (153), [1]benzopyrano-
[2,3-e]pyrimido[i,2~8 ][1,3]dlazepine-7,13~dione (154) and [1 ]benzopyranc(2,3-e]-
thiazolo[3,2-£][l,3]diazepine-ﬁ,lZ—dione (155}, respectively, in low to moderate

yield (Scheme 19).

0
@/O NCOE i ~ A0 Ny Ns
N \,J(/Hzar Sy \l I N\‘/j
0] C
{10} (154}
ifi
0
i=2-aminopyridine ~ N2
iiz2 -aminopyrimidine 0
iii=2-aminothiazole {155}

Scheme 19
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Fitton and co-workersil® reported the synthesis of [1]benzopyrano[2,3—3][1,5]-
benzodiazepin-13-one (138) by heating 4=oxo~4H-1-benzopyran-3-carboxaldehyde (73a)
with o-phenylenediamine. The reaction gave the dihydro compound (157) via the
aunil (156). Dehydrogenation, using chloroanil, gave (138, X=NH). 2-Aminophenol
and Z-aminobenzenethiol similarly gave the oxazepine (158, X=0) and the thlazeplne
(158, ¥=S) (Scheme 20}. However, the structure of the compounds prepared by this

procedure has been disputedlla. Analogous compound9116,117 which have been

prepared using the same procedure may also be questionable.

o 0
NN = X
X ‘ e Ll

{73a)R=H,Me X=NH,0,5 (156

Chloranil

Scheme 20

The isomeric [1 }benzopyrano[3,2-b]f1,5]benzodiazepine—6,13-dlone (168) has recent-
ly been prepared by treating ethyl 3-bromo-4-~oxo-4H-l-benzopyran-2-carboxylate

(159) with o-phenylenediamine in the presence of potassiunm carbonate.
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H 0
2 ODcozEt i/KCCy N X
SN Br - g LA
NN [0 RN
0 H O
{159) (160!

izg-phenylenediamine

5. Compounds contalnlng larger heterocyclic rings
5.1 One hetercatom
In this category, we have a [1]benzopyranc[3,2-e][l |benzoxocin-9-one, cyclo-

integrin (161) which was isolated from the heartwood of A.lnteger113.

H

MeO/| O1 0
I A €
OH § S

5.2 Two hetergatcms

The synthesis of [1]benzopyrano[2,3~c][1,6]benzodiazocine-6,14-dione (162) has
been described?®. Ethyl 3-bromomethyl-4-oxo-4H-1-benzopyran-2-carboxylate (10)
was rescted with p-phenylendiamine at ambient temperature. Compound (1l62) was

obtained in low yleld.
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