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Reaction of 1-oxo0-3-dialkylamino-1H-naphtho|2,1-b |pyrans, 4-hydroxycoumarin and for-
maldehyde gave rise to the formation of 1-0x0-2-{(2"-0x0-4"-hydroxy-2'H-1"-benzopyran-3'-yl)-

methyl |-3-dialkylamino-1H-naphtho| 2,1-b6 |pyrans.

When these compounds were refluxed in

glacial acetic acid, cyclization occurred and 6,8-dioxo-6H,71,8H-5,15,16-trioxadibenzo[a,j |-
naphthacene arose by cleavage of the dialkylamino group. In a similar manner, starting from

suitable products, many other trioxanaphthacene or azadioxanaphthacene derivatives were syn-

thesized.
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In carlier papers we have reported the synthesis of
naphtho[1',2":5,6 |pyrano| 2,3-¢ | pyrazoles and 12H-naph-
tho[1',2':5,6 |pyrano| 2,3-d | pyrimidines starting from suit-
able 1H-naphtho[2,1-b |pyran derivatives. Thus, 1-0x0-3-
dialkylamino-1H-naphtho|2,1-b Jpyrans (structure II) were
formylated in position 2 and in turn treated with hydra-
zines or amidines, guanidine, etc., cyclization occurring
by cleavage of the dialkylamino group from position 3
(1,2,3).

On the other hand, during our previous researches we
pointed out that the attempted Mannich reaction on com-
pounds of structure Il sometimes gave rise, under particu-
lar experimental conditions, to the formation ol deriva-
tives | instead of the expected Mannich bases. Moreover,
compounds of type 1 arose in a quantitative yield from
the reaction of formaldehyde and equimolar amounts of

I and 1-hydroxy-3-oxo-3H-naphtho[2,1-b Jpyran (4,5).

Compounds | were insoluble or sparingly soluble in
mosl hot organic solvents and showed some tendency to
undergo transformation when crystallized from the few
suitable solvents.

As a further part of our interest in the chemistry of
pyran derivatives and on account of these results, we re-
garded compounds of structure 1 as helpful starting ma-
terials 1o achieve the synthesis of new polycyclic pyran
ring systems.

Actually, in these products intramolecular cyclization
with the formation of a new pyran ring can occur by
nucleophilic attack of the hydroxylic oxygen at the car-
bon atom bearing the dialkylamino group, proton shift
and then elimination ol amine, as detailed in the following
pattern.

This reaction can represent a very simple route to syn-
thesize new complex polycyclic pyran derivatives whose
structure is connected with the starting compounds used
to achieve derivatives of type L.

Thus, the reaction of 1H-naphtho|2,1-6 |pyrans L1, for-
maldehyde and 4-hydroxy-substituted coumarin, benzo-
coumarins or l-methylcarbostyril (IlI) gave rise to the
lormation of compounds IV which in turn were easily
transformed into polycyclic compounds V (6) by heating
in glacial acetic acid. In this connection, protonation of
the dialkylamino substituent due to the solvent made a
positive contribution to the elimination of amine.

In the same way, 2-dialkylaminochromones (V1), af-
forded compounds VIl and then polycyclic derivatives
VILI, as reported in the following reaction sequences.
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Vi, Vile N(CHj)s OMe 0
Vid, VIid N(CH3)s OMe NMe
Viila - H 0
Vllib - OMe 0
VIlIc = OMe NMe

N

NMe,
NEtMe
NEt,
N(CH3)4
NEtMe
N(CHz)s
NMCz
NM€2
N(CHz)4
NM(‘/Z
NM82
N(CH;)4

(a) These compounds
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were reported in a previous paper (4).
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It is noteworthy that usually the preparation of com-
pounds IV and VII was easily achieved, except when the
starting y-pyrone derivative was substituted with the di-
ethylamino group. Perhaps due to a steric hindrance, in
this occurrence reaction with 4-hydroxycoumarin and for-
maldehyde, when carried out under the usual conditions,
led to the formation of dicoumarol and to the recovery
of the starting y-pyrone derivative. However, also in this
particular case, reaction was accomplished by properly
modifying the experimental conditions (see experimental);
for instance, Ilc gave rise to the formation of Ve in a
very good yield.

Compounds 1V and V11 as well as compound V and VIl
were white crystalline products whose elemental analyses,
ir, nmr and mass spectral data were consistent with the
proposed structures.

Concerning in particular the final polycyclic derivatives,
the ir spectra of the compounds Va-c and Ve,f showed
bands at about 1720 ¢cm~! (a-pyrone CO) and 1635 ¢cm™!
(v-pyrone CO) (7-10), whereas those of Vd and Vllle
showed the 1685 ¢m~1=N-CO- band in addition to the
v-pyrone CO band at 1636 cm=1(7-9) or 1617 em~! (11),
respectively.

Finally the ir spectra of V1lla,b showed bands at about
1725 em™! (a@-pyrone CO) and 1610 cm™! (y-pyrone CO)
(1n).

The nmr spectrum of Va, in deuteriotrifluoroacetic acid,
as an example, showed signals at 7= 7.00 (CH,), 7 = 2.93.
1.74 (aromatic H) and 7 = 0.51 (H-9), whereas signals for
dialkylamino protons of the starting compounds [Va-d
were no longer present. Thus, the downfield signal charac-
teristic of the proton which was in the position 10 (de-
shielding effect of 1-CO) (7-10) of the starting compounds
II was a confirmatory evidence that the naphtho[2,1-6 |-
pyran moiety remained in the molecular constitution of
Va. The nmr spectrum of VIilb, in deuteriotrifluoro-
acetic acid, as a further example, showed signals at 7 =
6.10 (CHy), 7 = 5.95 (OCH3) and 7 = 2.80-1.55 (aromatic
H), whereas signals for dialkylamino protons of the start-
ing compounds V1lb,¢c were no longer present.

Furthermore, the mass spectra ol the compounds Vd,
Vi and VIIb, chosen as significant examples, gave mo-
tecular ion values at m/e = 381, 418 and 348, respectively,
which were in accordance with the proposed structures.

On the other hand, useful informations were also oh-
tained by some chemical transformations. For instance,
as hydrolysis of compounds IV or VII can lead to the
formation of analogs of dicoumarol, derivative VIIb, eg.,
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was converted into IX by treatment with dilute potassium

hydroxide solution. This compound was synthesized in
the literature followmg a (lltterent procedure (12).
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Moreover, oxidation of V1IIb, e.g., with chromium tri-
oxide afforded derivative X. The easy conversion of pyran
methylene into carbonyl group was consistent with litera-
ture references concerning similar polycyclic compounds

(13).

Cro,

Finally, it is of interest to point out that, as far as we
can see, the polyfused pyran ring systems described in
the present paper are not reported in the literature.

EXPERIMENTAL

Melting points were taken on a Fisher-Johns (Electrothermal
when above 300°) apparatus and are uncorrected. Ir (in potas-
sium bromide pellets), mass and nmyr spectra were obtained with
a Perkin-Elmer 257,a Varian CH7 (70 eV) and a Perkin-Elmer R12
(tetramethylsilane as internal reference) spectrometer, respectively.
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Analvses were performed by Laboratorio di Microanalisi, Istituto
Carlo Erba per Ricerche Terapeutiche, Milano.

Compounds 1V, VII.
General Method.

A mixture of compound I (or VI) (2.3 mmoles), compound
HI (2.3 mmoles), 40% aqueous formaldehyde (1.2 ml), glacial
acetic acid (1.2 ml) and ethanol (15 ml.) was stirred at reflux for
0.5 hour. In a few minutes a white solid started to separate out
from the solution and, after cooling, was recovered by filtration
and washed with ethanol. Solvents for recrystallization, melting
points, yields and analytical data of compounds IV and VII are
reported in Table I.

Following the general procedure, when 4-hydroxyc0umarm
(Illa) was used in the l'CﬂCthﬂ I1a (8) gave l-ox0-2-[(2'-0x0-4'-
hydroxy -2'H-1"-benzopyran-3'-yl)methyl]-3- dimethylamino -1 H-
naphtho[2,1.b]pyran (IVa); 1Ib (9) gave the 3{N-ethyl, N-me-
thyl)amino derivative IVb; (for 1Vc from Ilc see later); IId (8)
gave the 3{N-pyrrolidyl) derivative IVd; Ile (10) gave the 3(N-
ethyl, N-methyl)amino-9-methoxy derivative [Ve; [If (10) gave
the 3{N-piperidyl)-9-methoxy derivative IVf; Ilg (10) gave the
3-dimethylamino-8,9-dimethyl derivative [Vg.

In a similar manner, when 1-methyl-4.- hydroxycarbustynl (I11d)
was used in the reaction, [la gave 1-0x0-2-[(1’,2"-dihydro-1’ -methyl-
2'.0x0-4'-hydroxyquinolin-3’ -yl)methyl] -3.dimethylamino - 1H-
naphtho[2,1-b]pyran (IVh); IId gave the 3{N-pyrrolidyl) deriva-
tive 1 Vi,

By the above procedure, using 2-0x0-4- hydroxy "Hnaphtho
[1 2.b]pyran (IIIb) (14), Ha gave 1-0x0-2-[(2'-0x0-4' -hydroxy-
2'H-naphtho[1',2".6 | pyran-3'- yl)methyl]-3-dimethylamino -1 H.
naphtho[2,1.b ]} pyran (IVj).

Following the same generalprocedure usmg IIIa in the reaction,
Via (15) gave 2{N-piperidyl)-3-[(2"-0x0-4’ -hydroxy-2"H.1"benzo-
pyran-3"ylymethyl]-4-0x0-4H-1 -benzopyran (VIla) (see later); VIb
(11) gave the 2-dimethylamino-7-methoxy derivative VIlb: VIc¢
(11) gave the 2{N.pipcridyl)-7-methoxy derivative Vile; using
Id, Vld (11) gave 2{(N pyrrolldyl) 3-[(1",2"dihydro-1"-methyl-
2"0x0-4"hydroxyquinolin-3’ -yDmethyl}-4-.0x0-7-methoxy-4H-1-
benzopyran (VIId).

During the preparation of VIla,dicoumarol (0.2 g.) precipitated
from the boiling reaction mixture and was separated by filtration,
m.p. 288-290° [lit. m.p. 287-293° (16)]; Vlla was then recovered

Table I
Physical and Analytical Data of Compounds [V and VII
Analysis
Compound M.p. °C Yield % Solvent for Formula Caled. % Found %
recrystallization C H N C H N
IVa 229.231 90.0 no recrystallization  C,5H;9NO5 72.63 4.63 3.39 72.53 4.63 3.34
IVb 200-201 91.7 benzene CaeHyNOg 73.05 4.95 3.28 73.23 4.98 3.32
IVe 146-147 80.0 acetone Cy7H,3NO0;5 73.45 5.25 3.17 73.61 5.27 3.14
Ivd 233-235 98.1 benzene C,y7H, NOs 73.79 4.82 3.19 73.94 4.86 3.14
IVe 180-181 83.6 benzene Cy47H,3N0¢ 70.88 5.07 3.06 71.03 5.08 3.02
IVf 286-287 89.1 benzene CagoHy5NOg 72.04 5.21 2,90 72,01 5.30 2,94
1Vg 230.232 90.2 benzene Cy7H,3N05 73.45 5.25 3.17 73.44 5.30 3.15
IVh 229.231 79.1 benzene CaeH22N, 04  73.22 5.20 6.57 73.28 5.20 6.49
IVi 239.241 88.0 benzene C,gll4N;04  74.32 5.35 6.19 74.16 5.40 6.18
IVj 214.215 93.8 benzene Ca9ll51NOs 75.15 4.57 3.02 75.01 4.57 2.95
Viia 182.183 46.3 ethanol Ca4H3 1 NOs 71.45 3.25 347 71.43 5.18 3.39
VIHb 213215 82.7 benzene Cy,H1gNOg 67.17 4.87 3.56 67.31 4.88 3.49
" Vile 212.213 88.4 benzene C,5Ha3NOg 69.27 5.35 3.23 69.41 5.37 3.24
VIld 229.231 91.4 benzene CasH4N,05 6943 5.59 6.48 69.70 5.69 6.37
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Table I1
Physical and Analytical Data of Compounds V and VIII
Analysis
Compound M.p. °C Yield % Solvent for Formula Caled. % Found %
recrystallization C H N C H N
Va 328-329 85.4 dioxane Cy3111,05 75.00 328 74.82 337 e
Vb 326-328 83.9 dioxane CaqH 404 72.36 354 e 72.26 361 .
Ve 344-346 80.4 dioxane Cy5H1605 75.75 4.07 75.61 4.10
vd 318-319 85.2 dioxane Ca4HsNOg 75.58 3.96 3.67 75.45 3.95 3.58
Ve 324-325 83.2 N,Ndimethyl- Cy7H1405 77.51 3.37 77.30 341
formamide
\%i 335-336 88.2 dioxane Ca7H 1405 77.51 337 77.43 3.40
Villa 263-264 87.6 toluene Ci19l1005 71.69 317 e 71.70 311
VIIIb 265-266 86.1 dioxane Cz0ll1206 68.96 347 68.82 3.46
Vile 304-306 83.8 dioxane Cq1H sNOs 69.80 4.18 3.88 69.61 4.14 3.92

from the cooled filtrate.

A variation in the general procedure occurred in the prepara-
tion of IVe. Actually, a solution of Illa (0.37 g., 2.3 mmoles)
and glacial acetic acid (1.2 ml) in ethanol (8 ml) was added
during 1 hour to a stirred boiling solution of Ilc (7) (0.80 g., 3.0
mmoles) and 40% aqueous formaldehyde (1.2 ml.) in ethanol (8
ml.) and the mixture refluxed for additional 15 minutes. After
cooling, IV ¢ was then collected.

Compounds V, VIIL.
General Method.

A mixture of compound 1V (or VII) (1.0 g.) and glacial acetic
acid (30 ml.) was heated at reflux for 0.5 hour. In a few minutes
the precipitation of a white solid occurred; after cooling, it was
then collected and washed with ethanol.

Solvents for recrystallization, melting points, yields and ele-
mental analyses of compounds V and VIII are reported in Table
I1.

By the above conditions, IVa yielded 6,8-dioxo-6H,7H8HS,
15,16-trioxadibenzo[a,j |naphthacene (Va); in a like fashion, IVb,
IVe and [Vd gave rise to the formation of the same compound
Va (ir and melting points) in similar yields; 1Ve or [Vf afforded
the 10-methoxy derivative Vb; [Vg gave the 10,11-dimethyl deriva-
tive Ve.

In a like manner, compound IVh or IVi yielded 5,6-dihydro-
5-methyl-6,8-dioxo-7H,8H-5-aza-15,16-dioxadibenzo|a, j] naphtha-
cene (Vd); compound 1Vj gave 6,8-dioxo-6H,7H.8H-5,15,16-tri-
oxabenzola |naphtho[2,]1] naphthacene (Ve); both compound
IVk (4) or [V1(4) afforded 8,10-dioxo-8H{,9H,10H-7,17 18-trioxa-
benzo[a |naphtho|1,2+4 | naphthacene (V).

In a similar fashion, compound Vlla yielded 6,8-dioxo-6H,7H,
811-5,13,14-trioxabenzoa | naphthacene (VIIla); both compound
V1lb or Vilc gave rise to the formation of the same 11-methoxy
derivative VIIlb; compound VIId gave 5,6-dihydro-5-methyl-6,8-
dioxo-1[-methoxy-7l 8H-5-aza-13,14-dioxabenzofa | naphthacene
(VIlIc).

Compound 1X.

A mixture of VIIb (1.0 g.), ethanol (15 ml.) and 25% aqueous
potassium hydroxide solution (15 ml.) was refluxed for 4 hours.
After cooling, the solution was acidified by adding concentrated
hydrochloric acid and the white solid compound IX which separat-
ed out (0.65 g., 69.8%) was collected and recrystallized from
ethanol; m.p. 247-250° [lit. m.p. 245-248° (12)].

Anal. Caled. for Ca9H1404: C, 65.57; H, 3.85. Found: C,
65.65; H, 3.94.
6,7,8-Trioxo-1 L -methoxy-6H,7H 8H-5,13,14-trioxabenzo|a | naph-

[ "ORPDNESNYA 'AY

A suspension of chromium trioxide (2.0 g.) in glacial acetic
acid (10 ml.) was slowly added to a boiling solution of VIIIb
(1.0 g.) in the same solvent (3¢ ml). After the addition was
complete, refluxing was continued for an additional few minutes,
then the mixture was cooled and filtered to recover the white
solid compound X which separated out. There was obtained 0.55
g. (52.9%) of material which melted at 392-395° dec., after re-
crystallization from N,N-dimethylformamide.

Anal. Caled. for CooH,004: C, 66.30; H, 2.78. Found: C,
66.12; H, 2.82.
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