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BENZOPYRANO[ 3,4-b]INDOLES AND QUINOLINES
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Various benzopyranoindoles and benzopyranoquinolines derived from
chroman-3-one have been synthesized with the aim of incTuding them in structure
activity studies of the carcinogenic potency in the carbazole and acridine
series. From a physicochemical point of view, the structure of the isolated
- compounds is discussed in regard to some of their NMR properties.

The most recent studies on chemical carcinogenesis have demonstrated
the importance of the "non-K-region“(1) in the mechanism of hydrocarbon induced
carcinogenesis{2-4}. However, our studies on a great number of carbazole and
acridine derivatives(5'8) appear to show that the "K-region" is a very important
site for the appearance of carcinogenicity.

1t is well-known that both dibenzo-carbazoles 1 and 2 are powerful
carcinogens, particularly 7H-dibenzo[c,g]carbazole 2(9.10}, whereas, in the
benzacridine series, only the benz[clacridine derivatives 3 have such activity,
provided that R=CH3. Very few compounds of the benz[alacridine series 4 have

such property(8},

R 3 4
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During the past few years we have studied the variation of carcinogenic
potency of some compouhds related to benzo and dibenzocarbazoles and to benz-
acridines in which we have replaced the "K-region” by a second. heteroatom such
as -S-CHp~ or —O—CHZ—(5’5’]]). In the benzo and dibenzo carbazoles series,
such modifications strongly enhance the carcinogenic potency, as in the case
of 6,13-dihydro[1]benzothiopyrano (or benzopyrano) [4,3-b]benzo[elindoles 5
{X=S or 0)f5,12), except for 6,7 dihydro[1]benzothiopyranol3,4-blbenzofe] -
indole §(11), a new sulphur analogue of the very potent 7H-dibenzo[c,glcarbazole
2, which has only weak activity by subcutaneous route(12),

By contrast, in benz[cJacridine family, this modification decreased the
carcinogenic potency (7 is less active than 3; R=CHj) but fluorination of such
molecules on the 4 position (7, Ry=F) strongly enhanced this property even when
Ry=H (8 and 9 are stronger carcinogens than 1)(6).

We now describe some benzopyranoindoles and benzopyranoquinolines
obtained from chroman-3-one 11(13) and needed for further biological experi-
ments.

The Fisher indole synthesis (A) of some arylhydrazones of 11 has led us
to the benzopyranoindoles 12-18 whereas the Friendlander-Kempter reaction (B)
has furnished the benz[aJacridine analogues 19 and 20 - Scheme 1 -.

Indoles were readily obtained from chroman-3-one (0.02 moles) by boiling
5 minutes with 0.02 moles of the appropriate arylhydrazine and a few drops of
acetic acid. The brownish mixture was then heated 5 min. in boiling acetic

acid saturated with hydrogen chloride. After cooling and dilution with water,

the precipitate was chromatographed on silica gel (elution with cyclohexane/benzene

1:1).  The yields were about 80%.
Quinolines were synthesized by heating (140°, 30 min.) a mixture of 11

{0.015 moles) and o-aminoacetophencne hydrochloride or o-amincbenzaldehyde
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hydrochloride (0,07 mole)., After treatment with agueous ammonia, the mixture
was extracted with chloroform (3x50m1) and the organic phasv was washed three
times with dilute aqueous sodium hydroxide, dried over Naghlyy and evaporated
under vacuum. The ye1lowfsh solid was then chromatographed on silica gel
{elution with benzene) to yield the quinolines with a recovery of 65% (19) to
75% (20).

The 6,7-dihydrobenzopyrano[3,4-blindole system has been already described,
first by King et gl.(14), as an oxo hydroxy derivative and secondly as 12 by
Chatterjea et gl;(15), alsc starting from chroman-3-one but as an ambiguous
darkish product of m.p. 206-208° {m.p. of 12 is 156° in the present study).
This heterocyclic system is of interest not only as a complement to our studies
on chemical carcinogenesis but also as a possible natural substance since
various benzypyranoindoles (i.e. lycorenan) are minor but common constituents
of some amaryllidaceae. To our knowledge, the 6H-benzopyranol3,4-blguinoline
nucleus has not yet been reported.

The cyciization of the m-tolylhydrazone of 11 give a 1:1 mixture of
indoles 14 and 1¢ (measure? by NMR) which could not be separated since all
these methylated indoles 13-16 are very sensitive to 1ight and air, darkening
rapidly, giving numerous spots on thin layer chromatograms. For the same
reasons, compounds 13 and 15 have not given microanalytical results consistent
with the calculated values.

The NMR spectra (60 MHz) of these compounds are very similar to those of
the sulphur ana]ogues(11) and are consistent with the above structures {(table 1).
The deshielding of the methylene protons is also in goed agreement with
structures 12-20. In effect, if the cyclization occurs at the a position of the
heteroatom to furnish structures such as 21, these iwo protons should have a
Tow chemical shift as for 4H-[1]benzopyran 22 (63’24)(]5), whereas for our

molecules this value is c¢loser to that found for 2H-[1]benzopyrano 23 (54,53)(]7).
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CH, 4.07 15.23 }4.18 [|5.48 |3.94| 5.06 [4.21 [ 5.33 |4.08 | 5.1 5.3 5?21 5.2
51 2.40
o, - b -1 =1 -1 =1 = = - 287|277 |2.38] 3:42 | 2.46
H.] 7-93 708 8.0 7.95 8014 8-05 7-89 7-96 7.61 - 7-7 . - 7.63
H,, - - 1 7.30 - {731 - 17.30 - |7.30 - ~ - -
H4 - — 8.0 7.95 7157 - 705O - 7.61 — bl fad -
H8 -— bl - - 7046 - 8-06 - 8.05 7-9 - - =
E, - - - - 47.831 - {771 - {71.73} - - - -
Hig - - - - 17.92(7.8D|7.53 - |7.57 - - - -
H11 8.02 7.8 8.0 3.11 {T7.42 - 7.91 - 8,10 { 7.9 T.7 - 7.65
r—-—'- -
H12 - - 7063 il 7-45 - 8039 8026 - - - - -
513 - - 18.12 |8.04 1B.T1} 8,76 - - - - - - -
NH - 7.8 h8.72 16.96 8.341 8.05 - - - - 7.7 T T.63
1.36%
Oth.er 7-18— 6-88"‘ 7036—' 7-03""' - 6-96" - 6.86- - 6-83— 6.8"" 6.83-‘ 6.8
Aromatics 1§ 7.48 {7.36 | 7.64 17.86 7.7 8 TeT J7.16) 7.93 17.2
Table 1

The ¥MR values(ppM,Gtms=O)of sulphur compounds are reported in ref.?11(100MHz,Varian XL 100)

Spectra of compounds 12 - 20 heve been recorded on a Varian T 60 spectrometer at 60MHz.Spectra
have been measured in deuteriochioroform or in deuterioacetone(*),
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The physical characteristics of compounds 12-20

are reported in table 2.

Except for 13 and 15 (for which C% is about - 1% of the theoretical value} all

this molecules have given consistent microanalytical results {£0,3%) for C, H

and N.

Table 2

Physical constants of compounds 12-2

Crystalline shape
Compounds color{solvent) m.p.
6,7-dihydro[1]benzopyrano[3,4-blindole colorless needles 156°

12 (CeH12)
8-methy1-6,7-dihydro[ 1]benzopyrano[3,4- _J— colorless needles 152°
indole . 13 {CH30H/H20)
9-methyl1-6,7- d1hydro[]]benzopyrano[3 4-p]-
indole 14 Tight yellow 137¢

- to
11-methy1-6,7-dihydro[1]benzopyrano[3,4-b}-| crystals({CH30H/H»0) 140°
indole .

16 .
10-methy1-6,7-dihydro[1]benzopyrano[3,4-b]-| Tight yellow needles 141°
indole 15 (CgHY2)
6,7-dihydro[1}benzopyranol3,4-bIbenzo{g]- colorless prismatic 238°
indole 17 needles(CH3CgHs)
16,7-dihydro{1]benzopyrano[3,4-§Jbenzo[e]— Tight yellow 159°
indole 18 microcrystals

— (CgHp/Cgty2)
6H[11benzopyranol3,4-blquinoline thin colorless needles 109°

19 (CH30H/H20)
12-methy1-6H[ 1 Ibenzopyrano[3,4-blquinoline short colorless needles 9z2°

20 (CH30H)
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The carcinogenic potency by subcutaneous injection in mice {strain XVII
nc/Z of the Radium Institute, Dr. F. E. Zajdela) is now under investigation.
Results are at present only preliminary since such tests normally require at
least 1 year for completion, but it now appears that such modifications of the
K-region enhanced carcinogenicity in the 13H-dibenzocarbazole series and could
have the same property in the benz[c]lacridine family (i.e. the fluorinated
derivatives of 7). Nevertheless benzﬁthiopyranoindo]e 6 derived from 7H-dibenzo-
[c,g)carbazole 2 is only a weak carcinogen{12) and it would be interesting to
see, for example, if benzopyrano[3,4-bIbenzolelindole 18 has a weaker or a
stronger potency than the parent dibenzocarbazoie 2.

A more complete discussion of the structure-activity relationship for
both benzopyrano and benzothibpyrano quinoline and indole series will be
published with all biological results obtained with these compounds(6a), in the
light of the more recent studies {i.e. metabolic activation, DNA interaction,
carcinogenic potencies) presently in progess in our laboratory with the parents

benzo and dibenzocarbazoles and benzacridines.




Acknowledgements: The National Institute for Health and Medicinal Research

{INSERM, Paris) and the National Center for Scientific Research (CNR, Rome)
are gratefully acknowledged for their support. We thank Dr. Larry K. Keefer,
National Cancer Institute (USA) for very helpful criticisms in the preparation

of the manuscript.

References

1. For an explanation of K- and L-regions concept, see A. and B. Pullman,
"Cancerisation par les substances chimiques et structure moléculaire”,
Masson (Ed.) Paris 1955, and more recently: W. C, Herndon, Trans. N.Y.
Acad. Sci., 1974, 36, 200.

2. P. Sims and P, L. Grover, Adv. Cancer Res., 1974, 20, 165. A. J. Swaisland,

A. Hewer, K. Pal, G. R. Keysell, J. Booth, P. L. Grover and P. Sims, FEBS
Letters, 1974, 47, 34, P. Sims, P. L. Grover, A. J. Swaisland, K. Pal and
A. Hewer, Nature 1974, 57, 326. P. Daudel, M. Duquesne, P. Vigny, P. L.
Grover and P. Sims, FEBS Letters 1975, 57, 250.

3. D. M. Jerina and J. W, Daly in "Drug Metabolism"; D. V. Parke and R. L. Smith
(Eds.), Taylor & Francis Ltd., London, 1976, 15. |

4. Carcinogenesis, a comprehensive survey, 1, Polynuclear aromatic hydrocarbons,
R. Freudenthal and P. W. Jones (Eds.), Raven Press, New York, 1976.

5. F. Zajdela, N. P. Buu-Hoi, P. Jacquignon, A. Croisy and F. Perin, J, Nat,
Cancer Inst., 1971, 46, 1257,

6. a) F. Zajdela et al. To be published.
b) F. Zajdela, P. Jacquignon and A. Croisy, 2nd Meeting of the European
Association for Cancer Research, Heidelberg, October 2-5th, 1973 (Absts.
1.1.3.2.4).




11.

12.

13.

14.

15,

16.
17.

HETEROCYCLES, Vol 9, No.3, 1978

For a review of our Laboratory work see:
J. C. Arcos and M. F. Argus, Chemical Induction of Cancer, Vol. TI A,
Acad. Press Inc., New York, 1974 (Chap. 5.7.1.2, 5.1.1.4, 5.1.1.6).

A. Lacassagne, N. P. Buu-Hoi, R. Daudel and F. Zajdela, Adv. Cancer Res.,

1956, 4, 315.

E. Boyland and A. Brues, Proc. Roy. Soc., 1937, 122B, 429.

IARC Monographs on Evaluation of Carcinogenic Risk of Chemicals to Man,

1973, Vol. 3, 260.

J. Mispelter, A. Croisy, P. Jdacquignon, A. Ricci, €. Rossi and F. Schiaffela,
Tetrahedron, 1977, 33, 2383.

F. Zajdela, unpublished results.

R. Verhé and N. Schamp, Bull, Soc. Chim. Belges, 1973, 82, 283.

H. 1. Kfng, R. H. Holland, F. P. Reed and A. Robertson, J. Chem. Soc.,
1948, 1673.

J. M. Chatterjea, B. K. Banerjee and K. Achari, J. Indian Chem. Soc., 1969,
46, 867.

W. E. Parham and L. D. Huestis, J. Amer. Chem. Soc., 1962, 84, 813.

E. E. Schweizer, J. Liehr and D. J. Monaco, J. Org. Chem., 1968, 33, 2416,

Received, 25th July, 1977

—255—




