SYNTHESIS OF HETEROCYCLIC COMPOUNDS
FROM CYCLOHEXANE-1,3-DIONES (REVIEW)
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and D, R. Zitsane

The literature data on the synthesis of partially hydrogenated heterocyclic compounds con-
taining a 3-oxocyclohexene structural fragment condensed with five-, six-, or seven-mem-
bered oxygen-, nitrogen-, and sulfur-containing heterorings from cyclohexane-1,3-diones
and their derivatives are examined in this review.

The well-known trend of intensive development of the chemistry of heterocyclic compounds is also
finding lively expression in the publication of an ever increasing number of studies devoted to the synthesis
of heterocycles from cyclohexane-1,3-diones (I) and their simplest derivatives. Only the general schemes
for the synthesis of heterocyclic compounds containing, as a rule, a common structural fragment — 3-oxo-
cyclohexene — are examined in the present review, in which the literature up to January 1, 1973, is in-
cluded. All of the material in this review has been systematized with respect to the classes of hetero-
cycles,

Benzofurans and Dibenzofurans

The most universal and convenient method for the synthesis of benzofurans (III, IV) from cyclohex-
ane-1,3-diones (I) is reaction of the latter with a-halo ketones [1-10]. In the case of a~bromoethyl ketones,
the first step is alkylation in the 2-position to give III, while aldol condensation is the first step in the case
of e-halocyclohexanones {4], a-keto-B-bromobutyric acid, and a~chloroacetoacetic ester [3]. However,
2-bromocyclobutanone reacts with dimedone (Ib) to give cyclopropyl 5,5-dimethyl-1,3-dioxo-2-cyclohexyl
ketone [11]. 2-Propargylcyclohexane-1,3-dione, obtained from cyclohexane-1,3-dione {Ia) and propargyl
bromide by the action of zinc carbonate, was converted [12] to 2-methyl-4-0x0-4,5,6,7-tetrahydrobenzo-

furan (IV, R®=R%=H).
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The products (V) of the crotonic condensation of diketones I with cyclohexanone give decahydrodibenzofurans
(VI) when they are heated with phosphoric acid [13].

Perekalin and co-workers [14-17] have shown that cyclohexane-1,3-diones (I) react with 1-bromo-1-
nitroalkenes in the presence of basic agents to give 2-nitro-4-oxo-2,3,4,5,6,7-hexahydrobenzofurans (VII),
whereas, as a result of denitration, they react with excess base to give 4,5,6,7-tetrahydrobenzofurans IV
(R3=H). Reaction of dimedone (Ib) with w-nitrostyrene gives 2-isonitroso-3-phenyl-4-oxo-4,5,6,7-tetra-
hydrobenzofuran (VIII) [18], which refutes the structures proposed earlier in [19-21].

Benzofuran derivatives (IX, X) were obtained as a result of reactions of 2-acetylcyclohexane~1,3-
diones (XI) [22, 23] and their enol ethers (XIla) [24] with diazomethane:
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The possibilities of the preparation of spirans XIV — griseofulvin analogs — from bis (1,3-dioxo-2-
cyclohexyl)methanes XIII have been studied in detail. Spirans XIV were obtained from the disodium salt of
tetraketone XIII and iodine [25] and also by bromination of ketone XIII in chloroform [26] or in acetic acid
[27]. The latter method is the most universal and convenient method. Spirans XIV are also formed by oxi-
dation of ketones XIII with iron (III) hexacyanoferrate [28, 29] or by anodic oxidation of dimedone [30].

It has been shown [31] that the oxidation of dimedone (Ib) with hydrogen peroxide in alkaline media
gives the diol three-ring form of 2-hydroxybisdimedone (XV).

Oxidation of 1,2-bis(1,3-dioxo-5,5-dimethyl-2-cyclohexyl)ethane (XVI) with oxygen gives XVII, while
oxidation with iron (III) hexacyanoferrate gives spiran XVIII [32].

Glycolaldehyde [33] and monochloroacetaldehyde [34] react with dimedone (Ib) to give 3-(1,3-dioxo-
5,5-dimethyl-2-cyclohexyl)-4-0x0-6,6-dimethyl-2,3,4,5,6,7-hexahydrobenzofuran (XIX),
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Less common methods for the synthesis of benzofuran derivatives from diketones I are also known,
Thus, 2-phenyl -4-0x0-6,6-dimethyl-4,5,6,7-tetrahydrobenzofuran was obtained by treatment of 2-bromo-
dimedone with copper phenylacetylide in dimethylformamide (DMF) [35]. Alkaline hydrolysis of the prod-
uct of condensation of cyclohexane-1,3-dione (la) with tetracyanoethylene gives 2-carbamido-3-cyano~4-
oxo-4,5,6,7-tetrahydrobenzofuran [36]. Three-ring system XXI was obtained by the action of acetic an-
hydride on substituted succinic acid XX [37].
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Indoles and Carbazoles

The most general and universal method for the synthesis of 4-o0x0-4,5,6,7-tetrahydroindoles (XXII)
from I is C-alkylation of the latter with a-bromo ketones and subsequent treatment of 1,4-diketones II or
their cyclization products — benzofurans 1V ~ with ammonia or primary amines [1, 10, 12, 38]. Dibenzo-
furans IIT are similarly converted to carbazole derivatives [38]. 3-Unsubstituted 2-methyl-4-0x0-4,5,6,7-
tetrahydroindoles are conveniently obtained by the action of amines on 2-propargylcyclohexane-1,3-dione
in the presence of copper (I) chloride [12].

Cyclohexane-1,3-diones are extensively used as the ketone component for the Knorr synthesis of pyr-
roles. «-Isonitroso ketones are most often used for the generation of the a-amino ketone component in the
reduction process [20, 39-41], but it has recently been shown [42] that better results are achieved when
o ~diketone monophenylhydrazones are used. The possibility of the direct use of N-monosubstituted
a-amino ketones was demonstrated by the preparation of indole XXII (R?=R? =R4=CGH5) from diketones I
and a-phenylaminobenzyl phenyl ketone [43]. Indoles XXII can also be obtained with equal success from
3-amino-2-cyclohexen-1-ones (XXIII) and a-hydroxy ketones [44, 45].
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1,2,3,4-Tetrahydro-4-oxo-6-hydroxycarbazoles (XXIV) were obtained as a result of the addition of
enamines XXIII to p-quinones [46].

Enamines XXV, obtainedfrom diketones I and ¢-amino acids, including N-monosubstituted acids, are
readily cyelized [47] under the influence of acetic anhydride to 3-acetoxy-4-~ox0-4,5,6,7-tetrahydroindoles (XXVI).

2,3-Unsubstituted 4-0x0-4,5,6,7-tetrahydroindoles were obtained [48] in reactions of diketones I with
acetals of N-monosubstituted aminoacetaldehydes.

Cyclohexane-1,3-dione monophenylhydrazones undergo the Fischer reaction to give 4-0x0-1,2,3,4-
tetrahydrocarbazoles (XXVII) [50-52]. Benzolb]pyrrocoline derivatives (XXIX) are obtained from 2-alkyl-
cyclohexanedione monophenylhydrazone XXVIII in this case [51]. Enehydrazines XXX, obtained from cyclo-

hexane-1,3-diones and N,N'-dimethylhydrazine,react with cyclohexanones, including 3-ketosteroids, in the
presence of acids to give octahydrocarbazoles XXXI [53].
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9-Methyl -4-0x0-1,2,3,4-tetrahydrocarbazoles are the main products of the photochemical transfor.
mation of 3- (N-methylanilino)-2-cyclohexen-1-ones, while the N-phenyl derivatives give 5-hydroxy-3,4-
hydrobenzazocines [49].
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4-Oxo0-2,3 ,4,5,6,7-hexahydroindoles (XXXII) are obtained [19, 54, 55] by reduction of 2-(8 -nitroethyl)-
cyclohexane-1,2-diones (XXXIII). Transheterocyclization to give hexahydroindoles XXXII occurs during the
hydrogenation of nitrobenzofurans VII in methanol on Raney nickel [16, 17, 56]. However, when nitro deriv-
atives VII are refluxed in the presence of a Raney nickel catalyst in ethanol, XXXII are dehydrogenated to
tetrahydroindoles XXII (R®=R*=H) [17].
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4-0Oxo~7-amino-1,2,3-4-tetrahydrocarbazole was obtained by hydrogenation of 2-(2,4-dinitrophenyl)-
cyclohexane~1,3-dione [52].

Benzisoxazoles and Benzoxazoles

2-Acetylcyclohexane-1,3-diones (XI) have been used for the preparation of 4-o0x0-4,5,6,7-tetrahydro-
benzisoxazoles. One might expect the formation of two isomers — indoxazene derivatives (XXXIV) and
anthranil derivatives (XXXV) — in the reaction of hydroxylamine with triketones XI and with any unsymmet-
rical cis-fixed enol form of a 8-diketone. It has been shown [57-59] that the reaction proceeds structurally
selectively to give exclusively isomer XXXIV. The electrophilic center in the ethers of enol forms XII is
in the 3-position, and only 4-oxo-4,5,6,7-tetrahydroanthranil derivatives (XXXV) are formed by the action
of hydroxylamine, while 3-chloro-2-acetyl -2-cyclohexen~1-ones (XXXVI) give 4-oxo0-4,5,6,7-tetrahydro-
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indoxazene (XXXIV) [59-61]. Tetrahydroanthranil XXXV is also obtained by reaction of chioro ketone
XXXVI with sodium azide [62].

The reaction of 2-anilinomethylenecyclohexane-1,3-diones (XXXVII) with hydroxylamine gives [63, 64]
2-cyanocyclohexane-1,3-diones (XXXVII), the ethers of the enols XXXIX) of which react with hydroxyl-
amine to give 3-aminocanthranils (XL). The preparation of 4-oxo-4,5,6,7-tetrahydroindoxazene in the reac-
tion of 2~(m-anisidinomethylene)cyclohexane-1,3-dione with hydroxylamine was noted in [65].

The formation of benzoxazole derivatives (XLI) was observed [66] only when 2-acetamidocyclohexane-
1,3-diones (XLII) were refluxed in acetic anhydride,

Enamines obtained from cyclohexane-1,3-diones and 2,4,5-triphenyl-6-aminoresorcinol are cyclized
during oxidation [67] to 6,3'-dioxo-4,5,6-triphenyl-6H-spiro(benzoxazole-2,1'-cyclohexanes) (XLIII).

Indazoles

A large number of 4-oxo-4,5,6,7-tetrahydroindazoles have been obtained in the reaction of 2-acyley-
clohexane-1,3-diones and their enol ethers and enamines with hydrazines [57, 58, 60, 62, 65, 68-76].
reaction was first realized in [68] and was subsequently studied in greatest detail in the cases of the readily
accessible 2-acetylcyclohexanediones (XI) and their fixed derivatives (XII, XXXVII, etc.) It has been proved
[58, 59, 74] that of the two possible structurally isomeric indazoles, XLV and XLVI, in reactions with mono-
arylhydrazines, triketones XI give precisely 1-aryl-3-methyl-4-0x0-4,5,6,7-tetrahydroindazoles XLV, R%=
CH,), and intermediate arylhydrazones XLIV have been isolated and characterized [74]. 2-Aryl-4-oxo-
4.5,6,7-tetrahydroindazoles XLVI were obtained from ethers XII and arylhydrazines [59, 60, 76}, while aryl-
indazoles XLV were obtained from XXXVI [62]. A mixture of isomeric tetrahydroindazoles is formed in
the reactions of XI with alkylhydrazines [75, 77].

3-Unsubstituted tetrahydroindazoles (XLV, R?=H) are primarily obtained [65, 70, 72, 78] by trans
amination of 2-arylaminomethylenecyclohexanediones (XXXVII) - the products of the reaction of I with the
ethyl esters of N-arylformimidic acid or with N,N'-diarylformamidines [70, 79-81] — with arylhydrazines
and subsequent cyclization of the intermediate 2-hydrazinomethylenecyclohexanediones (XLIV, R?=H).

2-Cyano-3-ethoxy-5,5-dimethyl-2-cyclohexen-1-one (XXXIXb) reacts with hydrazine and phenylhydra-
zine to give the corresponding 3-amino-4-oxo-6,6-dimethyl-4,5,6,7-tetrahydroindazoles (XLVII) [64].

1-Amino-3-methyl-4-oxo0-4,5,6,7-tetrahydroindazoles (XLVIII) are formed instead of the expected
N-unsubstituted indazoles in the reaction of indoxazenes XXXIV with hydrazine. Nitrosation of XLVII gives
1,1-bis (3,6,6-trimethyl-4-oxo-4,5,6,7-tetrahydroindazole) [82, 83].

General methods for the preparation of 3-aryl-4-oxo-4,5,6,7-tetrahydroindazoles, the synthesis of
which from 2-aroyleyclohexane-1,3-dione is markedly hampered in veiw of the limited accessibility of the
latter, have been proposed [84, 85]. N-Unsubstituted 3-aryl-4-oxo-4,5,6,7-tetrahydroindazoles (L) have
been obtained [84] from aromatic aldehydes and 3-phenylsulfonylhydrazino-2-cyclohexen-1-ones (XLIX).
Phenylazocyclohexenones LII, obtained by oxidation of 3-phenylhydrazino-2-cyclohexen-1-ones (LI), react
with benzaldehyde and furfural to give the corresponding 2,3-diaryl-4-oxo-4,5,6,7-tetrahydroindazoles
(LII).

2,3-Diphenyl derivative LIIT (Ar =CH;) has also been obtained [86] directly from dimedone (Ib) and
1,3,4-oxadiazolium perchlorate (LIV) by refluxing in acetonitrile in the presence of triethylamine for 3 h.

A general method for the synthesis of 1,3-disubstituted (including 3-aryl-) 4-oxo-4,5,6,7-tetrahydro-
indazoles (LVI) by the action of N-monosubstituted aldehyde hydrazones on cyclohexane-1,3-diones in re-
fluxing benzene has been proposed [77]. Air oxygen is sufficient for the oxidation of the inter mediate py-
razolines (LV —LVI).

Reaction of 3-chloro-2-cyclohexen-1-one with N-aminopyridine hydrochloride gave enamine L VII,
which is converted to ylid LVIII in aqueous potassium carbonate solution; LVII is converted to 10-0xo-
7,8,9,10-tetrahydropyrido[1,2-blindazole (LIX) on heating in toluene [87].
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Benzimidazoles

2-Aminodimedone (LX), which reacts with cyanamide {88] to give 2-amino-4-o0x0-4,5,6,7-tetrahydro-
benzimidazole (LXI) and with phenyl isothiocyanate [89] and phenyl isocyanate [90] to give 2-thio-4-oxo- and
2,4-dioxo-1-phenyl -6,6-dimethyl-2,3,4,5,6,7-hexahydrobenzimidazoles (LXII), respectively, has been used
for the synthesis of 4-ox0-4,5,6,7-tetrahydrobenzimidazoles, 1-Phenyl-4-oxo0-6,6-dimethyl-4,5,6,7-tetra-
hydrobenzimidazole [89] was obtained by catalytic hydrogenation of thio derivative LXII (X=8) in the pres-
ence of Raney nickel.
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Nitrosation of derivatives of ¢-amino acids and their esters (LXIII) gives oximes LXIV, which, when
R%=H, are cyclized by refluxing in ethanol to benzimidazoles LXV, but, when R?=alkyl and aralkyl, are de-
carboxylated to give alkylbenzimidazoles LXVI [91]. Reductive acylation of 5,5-dimethylcyclohexane-1,2,3-
trione monophenylhydrazone (LXVII) and subsequent treatment of the reaction product with ammonium ace-
tate gives benzimidazole LXVI (R?=CH,) [92].

(o]
r3 R =H
COQR

NHCHRZ

L X CX1Iv
— — R = Alk
o} , el
NNHCH
>I:U.:E NHCHy ) Zn , CH,COOH )ijrh,
R e — |
o 2) CH,COONH, N’l\Rz
H

XVI XV

-
-

Benzothiazoles
2-Amino-, 2-alkyl-, and 2-aryl-6-oxo0-4,5,6,7-tetrahydrobenzothiazoles (LXIX) are obtained by reac-
tion of 2-halocyclohexane-1,3-diones (LXVIII) with thioureas [93-96] and thioamides [93-98]. Amines LXIX
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®R? =NH,) can be synthesized directly from diketones I and thiourea in the presence of free halogen [93].
Amine LXIX (R2=NH2) was also obtained from 3-amino-2-cyclohexen-1-one (XXIII) and H,NSCN through

2-thiocyanato derivative LXX [99].
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Benzotriazoles

A convenient method for the synthesis of 1-aryl-4-oxo-4,5,6,7-tetrahydrobenzotriazoles (LXXII) con-
sists in treatment of 3-arylamino-2-cyclohexen-1-ones (LXXI) with tosyl azide in the presence of p-tolu-
ene-sulfonic acid [100].
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Xanthenes and Benzopyrans

With respect to the number of compounds that exist, the most prolific class of heterocycles obtained
from cyclohexane-1,3-diones are 1,8-dioxo-1,2,3,4,5,6,7,8-octahydroxanthenes (LXXIII). Reaction of dike-
tones I with aldehydes in neutral media gives, as a rule, bis (1,3-dioxo-2-cyclohexyl) methanes (XIII), which
are dehydrated to octahydroxanthenes LXXIII by means of acids. Some condensation products previously
determined to be XIII are actually hydroxydecahydroxanthenes LXXIV [101, 102].

LXXV LXXV! LXXIV

Dimedone [103-109] has been used most extensively in these reactions. The references presented at
at the end of this paper include only the principal studies. It has been proposed that the xanthenes obtained
from Ja [110], 5-phenyl- and 5-(p-hydroxyphenyl)cyclohexane-1,3-diones [111, 112], and 4,6-dibromodime-
done [113] be used for analytical purposes. Acetals may be used in place of aldehydes [114, 115]. 3,3,6,6-
Tetramethyl -9-(3-hydroxy-5,5-dimethyl -1-oxo-2-cyclohexenyl)-1,2,3,4,5,6,7,8-octahydroxanthene-1,8-
dione was obtained by reaction of dimedone with formic acid derivatives [116, 117]. In the condensation of
dimedone with salicylaldehyde, the intermediate bis product forms 5,6,7,8-tetrahydro-8-xanthenone LXXV
as a result of further dehydration [118, 119]. The co-condensation of salicylaldehyde, Ib, and 4-hydroxy-
acetophenone gives diketone LXXVI [118]. 1-Oxo-1,2,3,4-tetrahydrobxanthene was obtained from Ia and
salicyl alcohol in hexametapol [120].

The synthesis of hydrogenated benzopyran and, particularly, coumarin derivatives has been described
in many papers. 5-0Ox0-3,4,5,68,7,8-hexahydrocoumarin LXXVIII is formed by refluxing 2-(8 -carbethoxy-
ethyl)dimedone (LXXVII) with acetic anhydride [37]. 3-Chloro-5-0x0-5,6,7,8-tetrahydrocoumarin (LXXIX)
was obtained by heating dimedone with trichloroacrolein in methanol for 3 h [121].
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Cyclohexane-1,3-diones react with the amide and N-alkylamides of acetoacetic acid in refluxing tol-~
uene in the presence of pyridine [122] and also with its ethyl ester in diethylaniline [122] ox trifluoroacetic
acid [123] to give 5~0x0-5,6,7,8-tetrahydrocoumarins LXXX (R2=CH3). Chromones LXXXII were obtained
[123] from the products of w-acylation of 2-acetyldimedone (LXXXI), while isomeric coumarins LXXX (R%=
COOC,H;) were obtained from dimedone and oxalacetic ester.
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The reactions of cyclochexane-1,3-diones with isopropylidene malonate (LXXXIII) [124] and its deriv-
atives (LXXXIV) [125] have also been used for the synthesis of coumarin derivatives LXXXV and LXXXVI,

4-Hydroxy-5-0x0-5,6,7,8-tetrahydrocoumarins (LXXXV) have also been obtained [126] from I and carbon
suboxide.

Hexahydrobenzopyran derivatives have been obtained from cyclohexane-1,3-diones by several meth-

ods. 3,4,5,6,7,8-Hexahydro-2H-benzopyran LXXXVII was obtained from methyl vinylacrylate and the potas-
sium salt of dimedone [127].

1,5-Diketones LXXXVIII [128] and LXXXIX [129] were converted to benzopyran (XC) and xanthene

(XCI) derivatives, respectively, by hydrogenation by means of Raney nickel [128] and by reduction with so-
dium borohydride [129].

2-Amino-3,4,4-tricyano-5-0x0-5,6,7,8-tetrahydro-y-chromene was obtained by the action of tetra-
cyanoethylene on I [36]. Chromanone XCII was obtained by refluxing 2- (y-ketobutyl)cyclohexane-1,3-dione
in acetic anhydride [130].

9-Oxaphenanthrene derivatives (XCIII) are formed from'I and o-bromobenzoic acids in the presence
of copper salts [131, 132].
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Condensed Heterocyclic Compounds Containing

a Pyridine Ring

One should first of all note a number of variations of the Hantzsch method involving the use of dike-
tones I and their simplest derivatives, which lead to condensed heterocycles containing 1,4-dihydropyridine
fragments — mainly decahydroacridine-1,8-diones XCIV and 1,4,5,6,7,8-hexahydro-5-quinolones. Decahy-
droacridines XCIV were obtained by the action of ammonium acetate or amines on bis(1,3-dioxo-2-cyclo-
hexylymethanes (XIH) [133-135] or on octahydroxanthenes LXXIH [119, 136, 137], or directly from cyclo-
hexane-1,3-diones, aromatic aldehydes, and ammonium acetate [138], from cyclohexane-1,3~diones and
urotropin [139], and from 3-amino-2-cyclohexen-1-one and aldehydes [140].

In condensations involving the participation of diketones I, an aldehyde, and an enamine, 4-aminoura-
cils [143, 144] have been used as enamines in addition to S-aminocrotantes [138, 141, 142].

Polycondensed systems XCV, which include 1,4-dihydropyridine, were also obtained by the action of
cyclohexanedione imines (XXIII) on 2-arylidenecycloalkane-1,3-diones {145, 146] and also on mixtures of
the corresponding aldehydes and diketones [144, 147] or 5-arylidenebarbituric acids {144].

X
2
<
%
<

All of the N-unsubstituted 1,4-dihydropyridines mentioned above are readily oxidized to the corre-
sponding pyridines [148].

Enamines XXIII react with the cis-fixed enol forms of B -dicarbonyl compounds to give [149] the cor-
responding 5-oxo-5,6,7,8-tetrahydroquinolines XCVI (R? and R*=Alk, Ar; R3=H), 1-ox0-1,2,3,4,5,6,7,8-0C~
tahydroacridine XCVI [R?=H, R®=R! =(CH254], and 5-oxo0-1,2,3,4,5,6,7,8-octahydrophenanthridine XCVI
RIR%= (CH,),]. Enamine XXIII reacts with acetoacetic ester to give quinolone XCVII R? =CHjy [149]. The
reaction of enamine XXIII with propargylaldehyde [150] and methyl propiolate [151-153] has also been used
for the direct synthesis of 5-0x0-5,6,7,8-tetrahydroquinolines of the XCVI and XC VII types.
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3-Methylamino-5,5-dimethyl-2-cyclohexen-1-one reacts with diketene to give [154] 4,5-dioxo-
1,4,5,6,7,8-hexahydroquinoline XCVIII, 2,5-Dioxo-1,2,3,4,5,6,7,8~octahydroquinoline CII (R* =CH,CH;) was
obtained [155] from 3-(N-benzylamino)-2-cyclohexen-1-ones and acryloyl chloride. Octahydroquinoline CII
(R2=H) is formed [156] by hydrolysis of 2-(B8-cyanoethyl)cyclohexane-1,3-dione (CI), while hydrogenation
of the latter on a nickel catalyst gives [157] 5-0x0-1,2,3,4,5,6,7,8~octahydroquinolines C. The latter were
also obtained [158] by heating 3-(y-hydroxypropylamino)-2-cyclohexen-1-one (XCIX) with pyridine hydrio-

dide.
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The synthesis of cyano derivatives of quinoline from diketones I and tetracyanoethylene {36] and also
from 2-acetylcyclohexane-1,3-diones and malononitrile in the presence of a base [159] should be noted.

The synthesis of a number of acridine derivatives, quite apart from different variants of the Hantzsch
reaction, is known. 1-Oxo-1,2,3,4-tetrahydroacridines CIII were obtained from cyclohexane-1,3~-diones and
aromatic o-aminocarbonyl compounds [160-162]. The reaction of methylenebisdihydroresorcinol with phe-
nylsulfonylhydrazine gives dihydrazone CIV [84], while refluxing methylenebisdihydroresorcinol di (phenyl-
hydrazone) in acetic acid gives monophenylhydrazone CV [85].

o Rr? A NNHR
R = X R
1 = JI\) l\)L =
R N N
€ v, v

CIV A=NNHSO,CeHs » R = SO,CgHg 3 TV A=0, RsCgHg

Enamines CVI, obtained from 2-acylcyclohexane-1,3-diones and primary aromatic amines, give the
corresponding 7-oxo-7,8,9,10-tetrahydrophenanthridines (CVII) when they are heated with polyphosphoric
[58, 65, 163] or sulfuric acid [164]. Phenanthridone C VIII was obtained [46] from 2-carbomethoxyquinone
and enamine XXIIIb, Schiff bases from S~ and a-naphthylamines readily add cyclohexane-1,3-diones to
give 7-0x0-5,6,7,8,9,10-hexahydrobenzofa ]- (CIX) and -benzo[clphenanthridines (CX), respectively [165-
168]. Benzophenanthridines CIX can also be obtained from f-naphthlamine and bis(1,3-dioxo-2-cyclohexyl)-
methanes [169] or by cocondensation of the aldehyde, B-naphthylamine, and I. Hexahydrobenzophenanthri-
dines CIX and CX are readily oxidized to the corresponding 7,8,9,10-tetrahydro derivatives, CXI and CXII
[167, 168].
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The condensation of 2-acetylcyclohexane-1,3~diones (XI) with 3,4-dihydroisoquinoline makes it pos-
sible to arrive at azasteroid analogs — dibenzo [q, f]quinolizines (CXIIN [170, 171]. The corresponding di-
benzopyrrocolines (CXV) [172] were obtained as a result of Baeyer— Villiger oxidation of the latter, subse-
quent alcoholysis of lactone CXIV, and condensation.
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1-Methyl -6-oxoquinolizidine (CXVI) is formed [173] by hydrogenation of 2-methyl-2-(8-cyanoethyl)-
cyclohexane-1,3-dione over a Raney nickel catalyst in the presence of alkali.

Quinazolines

2-Phenyl-5-0x0-5,6,7,8-tetrahydroquinazolines (CXVIII) are obtained by reaction of 2-formyl- and
2-acetylecyclohexane-1,3-diones (CXVII) with benzamidine [174-176]. The use of anilides CXIX in place of
their 2-acyl derivatives increases the yields of quinazolines CXVIII [176, 177]. Acetamidine and formami-
dine display only an iminating effect with respect to CXVII, but form the corresponding quinazoline in re-
actions with enol ethers XII. An unsymmetrical amidine — 3-amino-sym-triazole — reacts with ethers XII
and triketones CXVII to give quinazoline derivatives CXX and CXXI, respectively [178].

Q 2 NH o R NH
COR® glc? r’c? COCH,
“NH, N “NH,
R —_—_—t = R )\
3 c
] on Ri=CgHg N R3R “HCHy Celts OCH,
CXViI cxvin Z_—_
o o g 1
I
. =N N /C\NHCGHg N
1£j:N/l§N . o NJ§N
[!]_:'J
ExXXI EXIx CXX

The imination of 2-benzamidomethylene-5,5-dimethylcyclohexane-1,3-dione (CXXII, R?‘:CGHs) also
gives CXVII (R?=H, R®=CH;), while 2-acetamidomethylene derivative CXXII (R?=CHj,) gives CXXIII [117].

4-Anilino- (CXXIV, R%= C¢H;) and 4-amino-2-phenyl-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydroquinazline
(CXXIV, R?=H) have also been synthesized; the for mer was prepared from 5,5-dimethylcyclohexane-1,3~
dione-2-thiocarboxylic acid anilide (CXXV) and benzamidine [179], while the latter was obtained from 2-
cyano-3-ethoxy-5,5-dimethyl -2-cyclohexen-1-one (XXXIXb) and benzamidine [64].

O H (o} o]
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CXXIV XXXIX

Condensed Systems Containing Pyrazine

and Pyridazine

The self-condensation of 2-aminocyclohexane-1,3-diones (CXXVI) to 1,5-dioxodecahydrophenazines
(CXXVII) was carried out in [66, 180] in the presence of acids. Decahydrophenazines are readily oxidized
by hydrogen peroxide to octahydrophenazines CXXVIIL.
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3,4,5,8,9,10-Hexahydro-1,2,6,7-tetraazapyrenes CXXX were obtained [181] by oxygen oxidation of
diazines CXXIX, synthesized both directly from I and hydrazine and also from cyclohexane-1,3-dione mono-
and dihydrazones.

Other Six-Membered Heterocycles with Two

and Three Heteroatoms

Sulfides, which are converted to 4-oxo-1,2,3,4-tetrahydrophenothiazines (CXXXI) by reduction with
zine in acetic acid, were obtained [182] from diketones I and o-nitroarenesulfenyl chlorides. A dibenzo-
b,eloxatine derivative (CXXXII) is formed in 80% yield [183] by refluxing bisdimedony! sulfide in acetic

anhydride.
o o 0. o on
JeuslNca oG &
Q! N _ © " VN

CXXXI CXXXII CXXXiH

The only example of the synthesis of a triazine derivative is [85] cyclization of 2-acetamidocyclohex-
ane-1,3-dione phenylhydrazone to 5-0x0-1,2,5,6,7,8-hexahydrobenzo-1,2,4-triazine CXXXIII in acetic acid.

Condensed Systems Including Azepine

and 1,4-Diazepine

Schiff bases from 2-acylcyclohexane-1,3-diones and o-phenylenediamine (CXXXIV) are cyclized [184,
185] to 1,2,3,4-tetrahydro-11H-dibenzo (h,e)-1,4-diazepin-4-one salts (CXXXV) by the action of acids. The
corresponding bases have also been isolated and the pathways for their conversion to benzimidazole deriv-
atives CXXXVI {186] have been demonstrated. 5-Substituted 2,2-dimethyl-1,2,3,4,5,6-hexahydro-11H-di-
benzo (b,e)-1,4-diazepin-4-ones were obtained [187] in reactions of 3-(0-aminoanilino)-5,5-dimethyl-2-cy-
clohexen-1-one with aliphatic and aromatic aldehydes.

¥ . ¥ R R
ZNH = ~./
R >—CH2~—C—CH COOH
= “+__. o) Y/, 2
] o N N
H - H
HN X
2
CXXXIV CXXXY CXXRV]

Ketones of the CXXXVII type have been used to obtain condensed systems including azepine. Two
methods have been used for this: the Beckmann rearrangement of their oximes and the Schmidt reaction.
Both possible isomers (CXXXVIIIc and CXXXIXc) were isolated 1188] only from the products of the Beck-
mann rearrangement in polyphosphoric acid of 1-methyl-4-ox0-4,5,6,7-tetrahydroindole oxime. 4-Oxo-
1,2,3,4-tetrahydrocarbazole oxime was converted [51] to CXXXVIIIa, 2-methyl-7-ox0-4,5,6,7-tetrahydro-
benzothiazole oxime was converted to CXXXIXb [189], and 2-phenyl-4,7,7~trimethyl-5-0x0-5,6,7,8-tetra-
hydroquinazoline oxime was converted fo CXXXIXd [190].

The Schmidt reaction (the action of hydrazoic acid in polyphosphoric acid) is suitable only for
CXXXVIId and gives the same CXXXIXd [190].
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2,4-Dioxo-1,2,3,4,5,6-hexahydroazepine CXL was obtained by photochemicaldecomposition of 3~azido-
5,5~dimethyl-2-cyclohexenone in tetrahydrofuran [191, 192].

Of other general pathways for the subsequent construction of polycondensed heterocyclic systems by
means of ketones CXXXVII, one should note reactions involving their a-formylation with subsequent syn-
thesis of the heterocycle from an g-formyl ketone structural fragment [193-195].

Two-ring systems of the CXXXVII type (4-oxo-4,5,6,7-tetrahydroindazoles [71, 72], 7-ox0-4,5,6,7~
tetrahydrobenzothiazoles [98], 5-0x0-5,6,7,8-tetrahydroquinolines [152], and 4-ox0-4,5,6,7-tetrahydrobenzo-
furans [196]) have also been used in place of 6-methoxytetralone for the synthesis, via the Torgov scheme,
of heterocyclic analogs of estrone with a modified A ring.
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