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UNAMBIGUOUS SYNTHESIS OF 9-CYANAMIND-ACRIDINE AND 10-CYANO-9-IMINO-ACRIDANE
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Abstract - The reaction of cyanogen bromide with $~amino-acridine 1 affords
10-cyano-9-imino-acridane 2; the isomeric 9-cyanamino-acridine 3 is formed

from 9-methoxy-acridine 6 with cyanamide.

It is well documented that 9-aminc-acridine 1 is attacked by electrophilic reagents both at the
exocyclic amino group and at the ring-N-atom: Acylatiocn takes place at the 9-amino group leading

1,2

to 9-acylamino-acridines *“ or 9-acy]1mino—acr1danes.3 Alkytation usually gives rise to substitu-

tion at the ring position 10,4’5 but there are report56’7

that mixtures of ring~ and exo-N-alkyl
derivatives were obtained depending on the reaction condition and on the alkylating reagent used.
The reaction of 9-amino-acridine 1 with cyanogen bromide affords a cyanation product in good
yield, However, the site of cyanation could not be anticipated nor could the structure of this
product be proved by readily available spectroscopic means, Therefore, it was decided to
establish the structure by chemical derivatization and by independent synthesis of the respective
isomer {Scheme 1).

In an attempt to transform the N-bonded nitrile function, the cyanation product of 9-amino-
acridine 1 was treated with ammonium bromide as well as with sodium hydroxide in order to obtain
the corresponding guanidino and ureido derivative. However, these procedures merely effected the
cyano group to be split off, and 9-amino-acridine 1 was the only product isolated. The reaction
with hydrochloric acid furnished an additional compound beside 1: The IR spectrum of this
hydrolysis product revealed that the cyano group was retained and, moreover, a carbonyl function
was introduced. This led to the concluysion that the structure of the product obtained from the
reaction of 9-amino-acridine 1 with cyanogen bromide is 10-cyano-9-imino-acridane g;s hydro-
chloric acid partly hydrolyzed the imino group of this cyanation product converting it into
10-cyane-9~acridanone 4 which in turn proved identical with the product resulting from the reaction

of the potassium salt of 9-acridanone 5 with cyanogen bromide.
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Scheme 1.
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The reaction of 9-amino-acridine ) with cyancgen bromide furnished the ring-N-cyanated compound 2
but no isomeric cyanation product 9-cyanamino-acridine 3 was isolated. This isomer 3 was
synthesized in good yield from 9-methoxy—acfidine 6: With cyanamide the methoxy substitﬂent of 6
is displaced and the cyanamine group is introduced in position 9, thus previding an unambiguous
access to compound 3.

The 'H-ttR spectra of the two isomeric compound 2 and 3 {cf. Egperimental Section} need some
comments: Both compounds show the signals of their peri-protons (H-1 and H-8) shifted downfieid
and clearly separated from the multiplets of the other six aromatic protons {H-2 through H-7},
In the case of 10-cyanc-9-imino-acridane 2 this is attributed to the anisotropic effect of the

9a

imine double bond exerted on the 1,8-peri-protons.” - A similar overall signal pattern of the
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aromatic protons is displayed by 9-cyanamino-acridine 3, and this could suggest the tautomeric
structure, 9-cyanimino-acridane 7 (Scheme 2}, the downfield shift of H-1,8 being again originated
by the anisotropic effect of the imine double bond. However, the substituent attached to the
imine-N-atom of 7 is expected to give rise to two separate signais of the syn and anti H-1 and
H—be but this is not observed. Therefore, this is taken as evidence for the cyanamino-structuve 3,

H-1 and H-8 being apparently equivalent protons (but a rapidly exchanging tautomeric equiltibrium

Scheme 2.
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between both forms 3 and 7 cannot be strictly ruled out). As it has been suggested similarly for
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9-amino-acridine 1, the mesomeric contribution of zwitterionic structures10 Tike 32 Tends some
double bond character to the C*-N bond of 3 (though insufficient to cause observable hindered
rotation about it}, and this is associated with an appreciable deshielding influence on the
resonance of the 1,8-pr0t0n5.11 Moreover, the distinct downfield shift of H-1,8 in compound 3
(exceeding that of H-1,8 of 9-amino-acridine 1 by 0.53 ppm, using the same so]vent12) has to be
attributed to the nitrile triple bondgc af the cyanamine group which obviously accounts for an

additional significant deshielding contribution to the chemical shift of the 1,8-peri-protons of 3.
EXPERIMENTAL

Melting points were determined on a Kofler apparatus. The IR spectra were taken on a Beckman
Acculab 6 instrument, the 1H-NMR spectra were recorded on a JEOL C-60-HL spectrometer (60 MHz),
and the mass spectra were obtained from an AEI MS 9 spectrometer (250°C, 70 eV). Elemental analyses

were performed by Hoffmamn-La Roche AG, Basle, Switzerland,

10-Cyano-9-imino-acridane 2: To a solution of 3-amino-acridine 1 (7.76 g, 40 mmel) in boiling
acetone (250 m1) a solution of cyanogen bromide (2.12 g, 20 nmol} in acetone (30 ml1) was added.
The mixture was stirred under reflux for 30 min, the precipitated 1.HBr was filtered off, and the

filtrate was evaporated. The residue was treated with boiling ether (50 ml1) to give 2 (3.5 g, B0%)
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as yellow needles: mp (dec.) 225-232°C (ethanol). MS: m/z 219 (100%), 192 (23), 164 (7);

IR (KBr): 2236 cm™' (C2N), 1665 (C=N); 'H-NMR (DMSO-dg): & 7.3-7.9 (m, 6H, H-2 - H-7), 8.42 (dd,
Je7.5 and 1.0 Hz, 2H, H-1,8), 10.76 (broad s, 1H, NH). Anal. Calcd. for C, HoNy (219.25): C 76.70;
H4.14; N 19,17. Found: € 76.40; H 4.06; N 18.73.

16-Cyano-9-acridanane 4: (a) From 2: To a suspension of 2 {0.88 g, 4 mmo1} in hot water (100 m1)

36% hydrochloric acid was added just to effect dissolution. Subsequent boiling of the solution

induced the precipitation of colourless needles. When this appeared to be complete, the mixture
Was cooled to 0°C, the precipitated product was filtered off and washed with ethanol (3x 15 ml):
Colourless crystals 4 {0.37 g, 42%): mp (dec.} Z72-274°C (dimethylformamide). IR (KBr) 2235 cn!

(CsN, 1655 (C=0). Anal. Calcd. for C HBNZO (220.23): C 76.35; H 3.66; N 12,72, Found: C 76.34;

14
H3.48; N 12,52, - From the filtrate after addition of sodium hydroxide 9-amino-acridine ! was
isolated.

(%) From 9-acridanone 5: To a solution of § {1 g, 5 mmol)‘prepared in dry dimethylformamide at
70°C a solution of potassium t-butoxide (0.57 g, 5 mmol) in dimethylsulfoxide (5 w1} was slowly
added. The mixture was kept at 76°C for 1 h, and then a solution of cyanogen bromide {0.54 g,

5 mmol) in dry dimethylsulfoxide (5 m1) was added. After a further 1.5 h at 70°C the mixture was
poured on crashed ice and the crystals formed were collected. This product 4 (0.72 g, 64 %) proved

identical with that obtained by the preceeding procedure.

9-Cyanamino-acridine 3: To a boiling solution of cyanamide {2.8 g, 66 mmol; recrystallized from

chloroform, mp 43°C) in ethanol (30 mi) 9-methoxy-acridine 6 (7.0 g, 33 mmo1) dissolved in dry
ethanol (70 m1) was added and the mixture was kept at reflux. After 2 h the precipitated product
was filtered off and washed with ethanol (3x 15 m1): Yellow crystals 3 (5.8 g, 80%): mp (dec.)
309-311°C (dimethylformamide; in order to remove this solvent the crystals were washed with ethanol
and ether, and subsequently dried at 40°C/0.01 mbar). MS: m/z 244 [M+25],8 219 {100%), 192 (37},
164 (5); IR (KBr): 3300-2600 en™! {broad, with major maxima at 3278, 3242, 2956; N-H), 2148 (C=N),
1642 (C=N ?}; ’H-NMR (DMSO-dG): § 7.2-8.1 (m, 6H, H-2 - H-7}, 8.97 (dd, J=7 and 1 Hz, H-1,8}, 11,5
(very broad s, 1H, NH). Anal. Calcd. for C14H9N3 (219.25): C 76.70; H 4.14; N 19.17. Found:

€ 76.54; H 4.03; N 19.16.
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