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The l i t e r a t u r e  data on the synthes is  of pa r t i a l l y  hydrogenated  he te rocye t t c  compounds con-  
taining a 3-oxocyclohexene s t ruc tu r a l  f r agment  condensed with f ive- ,  s i x - ,  or s e v e n - m e m -  
b e r e d  oxygen- ,  n i t rogen- ,  and su l fu r -  containing he te ro r ings  fro m c y d o h e x a n e -  1,3-drones 
and the i r  de r iva t ives  a r e  examined in this rev iew.  

The wel l -known t rend  of intensive development  of the c h e m i s t r y  of he te rocyc l i c  compounds is also 
finding l ive ly  exp re s s ion  in the publicat ion of an ever  inc reas ing  number  of s tudies devoted to the synthesis  
of  he t e rocyc le s  f r o m  cyc lohexane - l , 3 -d iones  (I) and the i r  s imp le s t  der iva t ives .  Only the general  s chemes  
for  the synthes is  of he te rocyc l i c  compounds containing, as a ru le ,  a common s t ruc tu ra l  f r agmen t  - 3 -oxo-  
eyclohexene - a re  examined in the p re sen t  r ev iew,  in which the l i t e r a t u r e  up to J anua ry  1, 1973, is in- 
cluded. All of the mate r i a l  in this r ev i ew  has been s y s t e m a t i z e d  with r e s p e c t  to the c l a s se s  of he t e ro -  
cyc les .  

B e n z o f u r a n s  a n d  D i b e n z o f u r a n s  

The mos t  universa l  and convenient  method for  the synthes is  of benzofurans  (III, IV) f r o m  cyclohex-  
a n e - l , 3 - d i o n e s  (I) is r eac t ion  of the l a t t e r  with a - h a l o  ketones [1-10]. In the ease  of a - b r o m o e t h y l  ketones,  
the f i r s t  s tep is a lkylat ion in the 2-pos i t ion  to give III ,  while aldol condensation is the f i r s t  s tep in the case  
of a -ha locyc lohexanones  [4], a - k e t o - f l - b r o m o b u t y r i c  acid,  and a - c h l o r o a c e t o a c e t t c  e s t e r  [3]. However ,  
2 -bromocyc lobutanone  r e a c t s  with dtmedone (Ib) to give cyclopropyl  5 ,5 -d tme thy l - l , 3 -d ioxo -2 -cyc lohexy l  
ketone [11]. 2 - P r o p a r g y l c y c l o h e x a n e -  1,3-dione,  obtained fro m cyclohexane-  1,3-drone (Ia) and p ropargy l  
b romide  by the act ion of zinc ca rbona te ,  was conver ted  [12] to 2 - m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o b e n z o -  
furan (IV, R 2 =IR a =H). 
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The products  (V) of the crotonic  condensation of diketones I with cyclohexanone give decahydrodibenzofurans 
(VI) when they a re  heated with phosphoric acid [13]. 

Pe reka l in  and co -worke r s  [14-17] have shown that cyc lohexane- l ,3 -d iones  (I) r e ac t  with 1 -b romo-1 -  
ni t roalkenes in the p resence  of basic  agents to give 2-n i t ro-4-oxo-2 ,3 ,4 ,5 ,6 ,7-hexahydrobenzofurans  (VII), 
whereas ,  as a r e su l t  of denitrat ion,  they r e a c t  with excess  base to give 4 ,5 ,6 ,7- te t rahydrobenzofurans  IV 
(R 3 =H). Reaction of dimedone (Ib) with w-n i t ros ty rene  gives 2 - i son i t ro so -3 -pheny l -4 -oxo-4 ,5 ,6 ,7 - t e t r a -  
hydrobenzofuran (VIII) [18], which re fu tes  the s t ruc tu re s  proposed ea r l i e r  in [19-21]. 

Benzofuran der ivat ives  (IX, X) were  obtained as a r e su l t  of reactLons of 2 -ace ty lcyc lohexane- l ,3 -  
diones (XI) [22, 23] and thei r  enol e thers  (XIIa) [24] with diazomethane:  
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The possibi l i t ies  of the prepara t ion  of spfrans XIV -grLseofu lv in  analogs - f r o m  bis (1,3-dioxo-2- 
cyclohexyl)methanes XIII have been studied in detail.  Spfrans XIV were  obtained f rom the disodium sal t  of 
te t raketone  XIII and iodine [25] and also by brominat ion of ketone XIII in ch lo ro fo rm [26] or in acet ic  acid 
[27]. The la t te r  method is the most universal  and convenient method. Spirans XIV are  also fo rmed  by oxi- 
dation of ketones XIII with iron (Ill) hexacyanofer ra te  [28, 29] or by anodic oxidation of dimedone [30]. 

It has been shown [31] that the oxidation of dimedone ('[b) with hydrogen peroxide in alkaline media 
gives the diol t h r e e - r i n g  fo rm of 2-hydroxybisdimedone (XV). 

Oxidation of 1,2-bis (1 ,3-dioxo-5,5-dimethyl-2-cyclohexyl)e thane (XVI) with oxygen gives XVII, while 
oxidation with iron (III} hexacyanofer ra te  gives spi ran XVIII [32]. 

Glycolaldehyde [33] and monochloroacetaldehyde [34] r eac t  with dimedone (Ib) to give 3-(1 ,3-dioxo-  
5,5-di methyl -2 -cyclohexyl)  -4 -oxo-  6,6-di methyl-2 ,3 ,4 ,5 ,6 ,7-hexahydrobenzofuran (XIX) o 
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Less  common methods for the syntheses of benzoft tran der iva t ives  f r o m  diketones I a re  also known. 
Thus,  2 -pheny l -4 -oxo -6 ,6 -d ime thy l -4 ,5 ,6 ,7 - t e t r ahyd robenzo fu ran  was obtained by  t r ea tmen t  of 2 - b r o m o -  
dimedone with copper  phenylacetylEde in d imethy l fo rmamide  (DMF) [35]. Alkaline hydro lys i s  of the p rod-  
uct of condensat ion of cyc lohexane- l ,3 -d ione  (In) with t e t racyanoe thy lene  gives 2 - c a r b a m i d o - 3 - c y a n o - 4 -  
oxo-4 ,5 ,6 ,7 - te t rahydrobenzof t t ran  [36]. T h r e e - r i n g  s y s t e m  XXI was obtained by  the action of acet ic  an-  
hydr ide  on subst i tu ted succinic  acid XX [37]. 

I n d o l e s  a n d  

CH2COOH 
o I o ~ CHiCOOH (CH3C0120 ~ 0  

-- IL 

OH 
CH 3 

x-~ 

C a r b a z o l e s  

The mos t  general  and tmEversal method for the synthes is  of 4 -oxo-4 ,5 ,6 ,7 - te t rahydro indo les  (XXII) 
f r o m  I is C-a lkyla t ion  of the l a t t e r  with ~ - b r o m o  ketones and subsequent  t r ea tmen t  of 1,4-diketones II or  
the i r  cycl izat ion products  - b e n z o f u r a n s  IV - w i t h  ammonia  or p r i m a r y  amines  [1, 10, 12, 38]. Dibenzo- 
fttrans III  a re  s i m i l a r l y  conver ted  to ca rbazo le  de r iva t ives  [38]. 3-Unsubst i tu ted 2 -me thy l -4 -oxo -4 ,5 ,6 ,7 -  
t e t rahydro indo les  a r e  conveniently obtained by  the act ion of amines  on 2 -p ropa rgy l cyc lohexane - l , 3 -d ione  
in the p r e sence  of copper  (I) chloride [12]. 

Cyc lohexane - l , 3 -d iones  a r e  ex tens ive ly  used as the ketone component  for  the Knorr  synthes is  of p y r -  
r o l e s .  (~-Isoni t roso ketones a re  most  often used for  the genera t ion  of the a - a m i n o  ketone component  in the 
reduct ion  p r o c e s s  [20, 39-41], but it has r ecen t ly  been shown [42] that be t t e r  r e su l t s  a re  achieved when 
a -d ike t0ne  monopher~ylhydrazones a r e  used. The poss ib i l i ty  of the d i rec t  use of N-monosubs t i tu ted  
a - a m i n o  ketones was demons t ra ted  by the p repa ra t ion  of indole XXII CR 2 =R s =Rt=CGHs) f r o m  diketoaes I 
and (~-phenylaminobenzyl phenyl ketone [43]. Indoles XXII can also be obtained with equal success  f r o m  
3 - a m i n o - 2 - c y c l o h e x e n - l - o n e s  (XXtII) and (~-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 :x~III  to p-quinones [46]. 

i n , m i n e s  XXV, obtained f r o m  diketones I and ~ - a m i n o  ac ids ,  including N-monosubs t i tu ted  acids,  a re  
read i ly  cycl ized [47] under the influence of ace t ic  anhydride to 3 -ace toxy-4 -oxo-4 ,5 ,6 ,7 - t e t r ahydro indo le s  (XXVI). 

2 ,3-Unsubst i tu ted 4 -oxo-4 ,5 ,6 ,7 - te t rahydro indo les  we re  obtained [48] in reac t ions  of diketones I with 
ace ta ls  of N-monosubs t i tu ted  aminoaceta ldehydes .  

Cyc lohexane- l ,3 -d ione  monophenylhydrazones  undergo the F ischer  r eac t ion  to give 4 - o x o - l  ,2 ,3 ,4- 
t e t r a h y d r o c a r b a z o l e s  (XXVII) [50-52]. BenzoIb]pyrrocol ine  der iva t ives  (XXIX) a re  obtained f r o m  2 -a lky l -  
cyclohexanedione monophenylhydrazone XXVIII in this case  [51]. Enehydrazines  XXX, obtained f r o m  cyc lo-  
h e x a n e - l , 3 - d i o n e s  and N,N ' -d imethy lhydraz ine , reao t  with eyelohexanones ,  including 3 -ke tos te ro ids ,  in the 
p r e sence  of acids to give oc t ahydroca rbazo le s  XXXI [53]. 
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9- Methyl-4-oxo-  1 ,2 ,3 ,4- te t rahydrocarbazoles  a re  the main products  of the photoche mica1 t r a n s f o r -  
mation of 3 - (N-methy lan i l ino) -2 -cyc lohexen- l -ones ,  while the N-phenyl der ivat ives  give 5-hydroxy-3 ,4-  
hydrobenzazocines  [49]. 
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4-Oxo-2,3,4 ,5 ,6 ,7-hexahydroindoles  (XXXII) a re  obtained [19, 54, 55] by reduct ion of 2- (f l -ni t roethyl)-  
cyc lohexane- l ,2 -d iones  (XXXIII). Transhe te rocyc l i za t ion  to give hexahydroindoles XXXII occurs  during the 
hydrogenation of n i t robenzofurans  VII in methanol on Raney nickel [16, 17, 56]. However,  when ni t ro  der iv-  
atives VII axe ref luxed in the p resence  of a Raney nickel catalyst  in ethanol, XXXII a re  dehydrogenated to 
te t rahydroindoles  XXII (R3=R 4 =H) [17]. 
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4-Oxo-7 -amino - l , 2 , 3 -4 - t e t r ahyd roca rbazo l e  was obtained by hydrogenation of 2- (2,4-dinitrophenyl)-  
cyclohexane-  1,3-dione [52]. 

B e n z i s o x a z o l e s  a n d  B e n z o x a z o l e s  

2 -Ace ty leyc lohexane- l ,3 -d iones  (XI) have been used for the prepara t ion  of 4 -oxo-4 ,5 ,6 ,7 - te t rahydro-  
benzisoxazoles .  One might expect  the format ion of two i somers  - tndoxazene der ivat ives  (XXXIV) and 
anthranil  der ivat ives  (XXXV) - in the reac t ion  of hydroxylamine with t r iketones  XI and with any unsymmet-  
r i ca l  e t s - f ixed  enol f o rm  of a/3_diketone.  It has been shown [57-59] that the reac t ion  proceeds  s t ruc tu ra l ly  
se lec t ive ly  to give exclus ively  i somer  XXXIV. The e lec t ropht l te  center  in the e thers  of enol fo rms  XII is 
in the 3-posit ion,  and only 4-oxo-4 ,5 ,6 ,7- te t rahydroanthran i l  der ivat ives  (XXXV) a re  fo rmed  by the action 
of hydroxylamine,  while 3 - c h l o r o - 2 - a c e t y l - 2 - c y c l o h e x e n - l - o n e s  (XXXVI) give 4 -oxo-4 ,5 ,6 ,7 - te t rahydro-  
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indoxazene (XXXIV) [59-61]. Tetrahydroanthranil XXXV is also obtained by reaction of chloro ketone 
XXXVI with sodium azide [62]. 

The reaction of 2-anilinomethylenecyclohexane-l,3-diones (XXXVII) with hydroxylamine gives [63, 64] 
2-cyanocyclohexane- 1,3-diones (XXXVIII), the ethers of the enols (XXXIX) 0s which react  with hydroxyl- 
amine to give 3-aminoanthranils (XL). The preparation of 4-oxo-4,5,6,7-tetrahydroindoxazene in the reac-  
tion of 2-(m-anisidinomethylene)cyclohexane-l,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 cyelohexane-l,3-dlones and 2,4,5-tr iphenyl-6-aminoresoreinol axe 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-aeyley- 
clohexane-l,3-diones and their enol ethers and enamines with hydrazines [57, 58, 60, 62, 65, 68-76]. The 
reaction was first realized in [68] and was subsequently studied in greatest detail in the eases 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 l-aryl-3-methyl-4-oxo-4,5,6,7-tetrahydroindazoles (XLV, R 2 = 
CH3) , 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, R2=H) are primarily obtained [65, 70, 72, 78] by trans 
amination of 2-arylaminomethylenecyelohexanediones (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 eyelization of the intermediate 2-hydrazinomethyleneeyelohexanediones (XLIV, R 2 =H). 

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

I-A mino-3- methyl-4-oxo-4,5,6,7-tetrahydro [ndazoles (XL VIII) are for reed instead of the expected 
N-unsubstituted indazoles in the reaction of indoxazenes XXXIV with hydrazine. Nitrosation of XLVIII gives 
l,l-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-aroylcyelohexane-l,g-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-l-ones (XLIX). 
Phenylazocyelohexenones LII, obtained by oxidation of 3-phenylhydrazino-2-cyclohexen-l-ones (LI), react 
with benzaldehyde and furfural to give the corresponding 2,3-diaryl-4-oxo-4,5,6,7-tetrahydroindazoles 
(LIII). 

2,3-Diphenyl derivative LIII (Ar =C~Hs) has also been obtained [86] directly from dimedone ([b) 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-l,3-diones in re- 
fluxing benzene has been proposed [77]. Air oxygen is sufficient for the oxidation of the intermediate py- 
razolines (LV -~LVl). 

Reaction of 3-chloro-2-cyclohexen-l-one with N-aminopyridine hydrochloride gave enamine LVII, 
which is converted to ylid LVIII in aqueous potassium carbonate solution; LVII is converted to 10-oxo- 
7,8,9,10-tetrahydropyrido [l,2-b]indazole (LIX) on heating in toluene [87]. 
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B e n z i m i d a z o l e s  

2-Aminodimedone (LX), which reacts with cyanamide [88] to give 2-amino-4-oxo-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-l-phenyl-6,6-dimethyl-2,3,4,5,6,7-hexahydrobenzimidazoles (LXII), respectively, has been used 
for the synthesis of 4-oxo-4,5,6,7-tetrahydrobenzimidazoles.  1-Phenyl-4-oxo-6,6-dimethyl-4,5 ,6 ,7-tetra-  
hydrobenzimidazole [89] was obtained by catalytic hydrogenation of thio derivative LXII (X =S) in the pres-  
ence of Raney nickel. 

0 0 0 

~~'NH~ H2NCN ~OH2 ~ . ~  . NH 

NH 2 H X 
C6H 5 

LXI LX LXII 

Nitrosation of derivatives of a-amino acids and their esters (LXIII)gives oximes LXIV, which, when 
R ~ =g ,  are cyclized by refluxing in ethanol to benzimidazoles LXV, but, when R 2 =alkyl and aralkyl, are de- 
carboxylated to give alkylbenzimidazoles LXVI [91]. Reductive acylation of 5,5-dimethylcyclohexane-l ,2,3-  
trione monophenylhydrazone (LXVII) and subsequent treatment of the reaction product with ammonium ace- 
tate gives benzimidazole LXVI (I={ 2 =CHs) [92]. 
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B e n z o t h i a z o l e s  

2-Amino-, 2-alkyl-, and 2-aryl-6-oxo-4,5,6,7-tetrahydrobenzothiazoles (LXIX) are obtained by reac-  
tion of 2-halocyclohexane-l ,3-diones (LXVIII) with thioureas [93-96] and thioamides [93-98]. Amines LXIX 
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(R 2 =NH2) can be synthes ized  d i rec t ly  f r o m  diketones I and th iourea  in the p re sence  of f ree  halogen [93]. 
Amine LXIX (R 2 =NH2) was also obtained f r o m  3 - a m i n o - 2 - c y c l o h e x e n - l - o n e  (XXIII) and H2NSCN through 
2- th[ocyanato der iva t ive  LXX [99]. 

O O O O 

t..XVIII LX iX  L X.__XX XXlll 

Benzotriazoles 

A convenient  method for the synthes is  of 1 - a ry l -4 -oxo -4 , 5 , 6 , 7 - t e t r ahyd robenzo t r i a zo l e s  (LXXII) con- 
s [ s t s  in t r e a t m e n t  of 3 - a r y l a m [ n o - 2 - c y c l o h e x e n - l - o n e s  (LXXI) with tosyl  azide in the p r e sence  of p - to lu -  
ene-su l fonic  acid [100]. 
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X a n t h e n e s  a n d  B e n z o p y r a n s  

With r e s p e c t  to the number  of compounds that exis t ,  the most  prol i f ic  c lass  of he te rocyc les  obtained 
f r o m  cyc lohexane - l , 3 -d iones  a re  1 ,8-d ioxo- l ,2 ,3 ,4 ,5 ,6 ,7 ,8-oc tahydroxanthenes  (LXXIII). React ion of dike-  
tones I with aldehydes in neutra l  media g ives ,  as a ru le ,  b [s (1 ,3-d ioxo-2-cyc lohexyl )methanes  (XIII), which 
a re  dehydrated to octahydroxanthenes  LXXHI by means of acids .  Some condensat ion products  p rev ious ly  
de te rmined  to be XIII a r e  ac tual ly  hydroxydecahydroxanthenes  LXXIV [101, 102]. 
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Dimedone [103-109] has been used most  ex tens ive ly  in these  reac t ions .  The r e f e r e n c e s  p re sen ted  at 
at the end of this paper  include only the pr incipal  s tudies .  It has been p roposed  that the xanthenes obtained 
f r o m  Ia [110], 5-phenyl -  and 5- (p -hydroxyphenyl )cyc lohexane- l ,3 -d iones  [111, 112], and 4 ,6 -d ib romod ime-  
done [113] be used for  analyt ical  purposes .  Aceta ls  may be used in place of aldehydes [114, 115]. 3,3,6,6-  
T e t r a  methy l -  9 - (3-hydroxy-  5,5 - d [ methyl -  1 -oxo - 2 - cyclohexenyl)  - 1 ,2 ,3 ,4 ,5 ,6 ,7 ,8-octahydroxanthene-  1,8 - 
dione was obtained by  reac t ion  of dimedone with fo rmic  acid der iva t ives  [116, 117]. In the condensation of 
dimedone with sa l icyla ldehyde,  the in te rmedia te  bis product  f o r m s  5 ,6 ,7 ,8 - te t rahydro-8-xan thenone  LXXV 
as a r e s u l t  of fur ther  dehydrat ion [118, 119]. The co-condensa t ion  of sa l icyla ldehyde,  Ib, and 4 -hydroxy-  
acetophenone gives diketone LXXVI [118]. 1-Oxo- 1 ,2 ,3 ,4- te t rahydrobxanthene was obtained f r o m  Ia  and 
sal icyl  alcohol in hexametapol  [120]. 

The synthes is  of hydrogenated benzopyran  and, pa r t i cu la r ly ,  coumar in  der iva t ives  has been descr ibed  
in many pape r s .  5 -Oxo-3 ,4 ,5 ,6 ,7 ,8 -hexahydrocoumar in  LXXVIII is fo rmed  by ref luxing 2- 03 - ca rbe thoxy -  
ethyl}dimedone (LXXVII) with acet ic  anhydride [37]. 3 - C h l o r o - 5 - o x o - 5 , 6 , 7 , 8 - t e t r a h y d r o c o u m a r i n  (LXXIX) 
was obtained by heating dimedone with t r i ch lo roac ro le tn  in methanol for 3 h [121]. 
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Cyclohexane-l ,3-diones react with the amide and N-alkylamides of acetoacetic acid in reflaxing tol-  
uene in the presence of pyridine [122] and also with its ethyl ester in diethylanUine [122] or trifluoroacetic 
acid [123] to give 5-oxo-5,6,7,8-tetrahydroooumarins LXXX (R 2 =CH3). Chromones LXXXII were obtained 
[123] from the products of w-acylation of 2-acetyldimedone (LXXXI), while isomeric coumarins LXXX (R2= 
COOC2H 5) were obtained from dimedone and oxalacetic ester. 
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The reactions of cyelohexane-l ,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-oxo-5,6,7,8-tetrahydrocoumarins (LXXXV) have also been obtained [126] from I and carbon 
suboxide. 

Hexahydrobenzopyran derivatives have been obtained from cyclohexane-l ,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-oxo-5,6,7,8-tetrahydro-T-chromene was obtained by the action of tetra- 
cyanoethylene on I [36]. Chromanone XCII was obtained by refluxing 2-(T-ketobutyl)cyclohexane-l ,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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C o n d e n s e d  H e t e r o c y c l t c  C o m p o u n d s  C o n t a i n i n g  

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 decahydroaeridine-l,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 (l,3-dioxo-2-eyclo- 
hexyl)methanes (XIII) [133-135] or on octahydroxanthenes LXXIII [119, 136, 137], or directly from eyclo- 
hexane- 1,3-diones, aromatic aldehydes, and ammonium acetate [138], from eyelohexane- 1,3-diones and 
urotropin [139], and from 3-amino-2-eyclohexen-l-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 fi-aminoerotantes [138, 141, 142]. 

Polycondensed systems XCV, which include 1,4-dihydropyr[dine, were also obtained by the action of 
cyclohexanedione [mines (XXIII) on 2-arylidenecyeloalkane-l,3-diones [145, 146] and also on mixtures of 
the corresponding aldehydes and diketones [144, 147] or 5-aryHdenebarbituric acids [144]. 

0 R 2 0 0 0 
( 

xc~Y xcv. 

All of the N-unsubst i tuted 1,4-dthydropyridines mentioned above are  read i ly  oxidized to the c o r r e -  
sponding pyridines [148]. 

Enamines XXIII r e ac t  with the c is - f ixed  e n d  forms  of f l -dicarbonyl  compounds to give [149] the co r -  
responding 5-oxo-5,6 ,7 ,8- te t rahydroquinol ines  XCVI (R 2 and Rt=Alk,  Ar;  R3=H), 1 -oxo- l ,2 ,3 ,4 ,5 ,6 ,7 ,8-oe-  
tahydroacr id[ne  XCVI [R 2 =H, R 3 =R4 =(CH2i4], and 5-oxo- l ,2 ,3 ,4 ,5 ,6 ,7 ,8-octahydrophenanthr id ine  XCVI 
[R 2 R 3 = (CH2)4]. Enamine XXIII reac t s  with acetoacet ic  e s t e r  to give quinolone XCVII (R 2 =CH 3 [149]. The 
reac t ion  of enamine XXIII with propargylaldehyde [150] and methyl propiolate [151-153] has also been used 
for the d i rec t  synthesis  of 5-oxo-5,6 ,7 ,8- te t rahydroquinol ines  of the XCVI and XCVII types.  
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3-Methy lamino-5 ,5 -d ime thy l -2 -cyc lohexen- l -one  reac t s  with dtketene to give [154] 4,5-dioxo- 
1,4,5,6,7,8-hexahydroquinoline XC VIII. 2,5-Dioxo- 1,2,3,4,5,6,7,8-octahydroquinoline CII (R 2 = CH2C ~H5) was 
obtained [155] f rom 3-{N-benzylamino) -2-cyc lohexen- l -ones  and acry loyl  chloride.  Octahydroquinoline CII 
(R 2 = H) ts for med [156] by hydrolys[s  of 2- (fi -cyanoethyl)  cyclohexane-  1,3- dione (CI), while hydro genation 
of the la t te r  on a nickel ca ta lys t  gives [157] 5-oxo- l ,2 ,3 ,4 ,5 ,6 ,7 ,8-octahydroquinol ines  C. The l a t t e r  were  
also obtained [158] by heating 3 - (7 -hydroxypropy lamino) -2 -cyc lohexen- l -one  (XCIX) with pyridine hydr to-  
dide. 
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The synthesis of cyano derivatives of quinoline from dtketones I and tetracyanoethylene [36] and also 
from 2-acetylcyclohexane-l ,3-dtones and malononitrtle 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-l ,2,3,4-tetrahydroaeridines CIII were obtained from cyclohexane-l ,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]. 

0 R 2 A NNHR 

~ ~ , ~  
CI...~V A = NNHSO2C6H 5 ~ R = 502C6H 5 ; C_.~V A = O ,  R=C6H 5 

Enamines CVI, obtained from 2-acylcyclohexane-l ,3-diones and primary aromatic amines, give the 
corresponding 7-oxo-7,8,9,10-tetrahydrophenanthr idines (C VII) when they are heated with polyphosphor ic 
[58, 65, 163] or sulfuric acid [164]. Phenanthridone CVIII was obtained [46] from 2-carbomethoxyquinone 
and enamine XXIIIb. 8ehiff bases from fl- and a-naphthylamines readily add cyclohexane-l ,3-diones to 
give 7-oxo-5,6,7,8,9,10-hexahydrobenzo [a ]- (CIX) and -benzo [c]phenanthridines (CX), respectively [165- 
168]. Benzophenanthridines CIX can also be obtained from fl-naphthlamine and bis (1,3-dioxo-2-cyclohexyl)-  
methanes [169] or by cocondensation of the aldehyde, fi-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-l ,3-diones (XI) with 3,4-dihydroisoquinoltne makes it pos-  
sible to arrive at azasteroid analogs - dibenzo [a,f] quinolizines (CXIII) [170, 171]. The corresponding di- 
benzopyrrocoltnes (CXV) [172] were obtained as a result of Baeyer-Vi l l iger  oxidation of the latter, subse-  
quent alcoholysis of lactone CXIV, and condensation. 
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1-Methyl-6-oxoquinol iz idine  (CXVI) is f o rmed  [173] by hydrogenat ion of 2 -me thy l -2 - ( f i - cyanoe thy l ) -  
cyc lohexane- l ,3 -d ione  over  a Raney nickel ca ta lys t  in the p r e sence  of alkali .  

Q u i n a z o l i n e s  

2 -Pheny l -5 -oxo-5 ,6 ,7 ,8 - t e t r ahydroqu inazo l ines  (CXVIII) a re  obtained by r eac t ion  of 2 - f o r m y l -  and 
2 - ace ty l cyc lohexane - l , 3 -d iones  (CXVII) with benzamidine  [174-176]. The use of ant[ides CXIX in place of 
the i r  2-acyl  der iva t ives  i nc rea se s  the yields of quinazolines CXVIII [176, 177]. Aeetamidine  and f o r m a m i -  
dine display only an [minating effect  with r e s p e c t  to CXVII, but f o r m  the cor responding  qninazoline in r e -  
act ions with enol e thers  XII. An uns ym m et r i c a l  amid[he - 3 - a m i n o - s y m - t r i a z o l e  - r e a c t s  with e thers  XII 
and t r ike tones  CXVII to give qninazoline der iva t ives  CXX and CXXI, r e s p e c t i v e l y  [178]. 
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The imination of 2 -benzamidomethy lene -5 ,5 -d ime thy lcyc lohexane -  1,3-dione (CXXII, R 2 = C 6H5) also 
gives CXVIII (1R2=H, 1R 3 =C6H5) , while 2 -ace tamidomethy lene  der iva t ive  CXXII (R 2 =CH3) gives CXXIII [117]. 

4-Ani l ino-  (CXXIV, R 2 = C 6H5) and 4 -amino-2 -pheny l -7 ,7 -d ime thy l -5 -oxo-5 ,6 ,7 ,8 - t e t r ahydroqu inaz l ine  
(CXXIV, R 2 =H) have also been synthesized;  the f o r m e r  was p r e p a r e d  f r o m  5 ,5 -d ime thy leyc lohexane - l , 3 -  
d ione-2- th ioearboxyl ic  acid antiide (CXXV) and benzamidine  [179], while the l a t t e r  was obtained f r o m  2- 
c y a n o - 3 - e t h o x y - 5 , 5 - d i m e t h y l - 2 - c y c l o h e x e n - l - o n e  (XXXIXb) and benzamidine  [64]. 
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Condensed Systems Containing Pyraztne 

and Pyridazine 

The self-condensation of 2-aminocyclohexane-l,3-diones (CXXVI) to 1,5-dioxodecahydrophenazines 
(CXXVII) was carried out in [66, 180] in the presence of acids. Deeahydrophenazines are readily oxidized 
by hydrogen peroxide to octahydrophenazines CXXVIII. 

0 0 0 

OH R N 
H O O 

CXXVI CXXVII CXXVlll 

R ~ N - - N  .~ 

CXXIX r 

891 



3,4 ,5 ,8 ,9 ,10-Hexahydro-  1 ,2 ,6 ,7 - t e t r aazapyrenes  CXXX were  obtained [181] by oxygen oxi dation of 
diazines  CXXIX, synthes ized  both d i rec t ly  f r o m  I and hydrazine  and also f r o m  cyc lohexane- l ,3 -d ione  mono-  
and dihydrazones .  

O t h e r  S t x - M e m b e r e d  H e t e r o c y c l e s  w i t h  T w o  

a n d  T h r e e  H e t e r o a t o m s  

Sulfides,  which a re  conver ted  to 4 -oxo- l ,2 ,3 ,4 - t e t r ahydropheno th iaz tnes  (CXXXI) by reduct ion with 
zinc in acet ic  acid,  were  obtained [182] f r o m  dtketones I and o-n i t roa renesu l feny l  chlor ides .  A dibenzo- 
[b,e]oxatine der iva t ive  (CXXXII) is f o r m e d  in 80% yield [183] by  ref luxing bisdimedonyl  sulfide in acet ic  
anhydride.  
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The only example  of the synthes is  of a t r i az ine  der iva t ive  is [85] cyel izat[on of 2 -ace tamidocyc lohex-  
ane-  1,3- dione phenylhydrazone to 5-oxo - 1 ,2 ,5 ,6 ,7 ,8-hexahydrobenzo-  1,2,4-tr  iaz ine CXXXIII in acet ic  ac id. 

C o n d e n s e d  S y s t e m s  I n c l u d i n g  Azepine 

a n d  1 , 4 - D i a z e p t n e  

Schiff bases  f r o m  2 -acy l cyc lohexane - l , 3 -d iones  and o-phenylenediamine  (CXXXIV)are  cycl ized [184, 
185] to 1 , 2 , 3 , 4 - t e t r a h y d r o - l l H - d t b e n z o ( b , e ) - l , 4 - d i a z e p i n - 4 - o n e  sa l t s  (CXXXV) by  the actEon of acids.  The 
cor responding  bases  have also been isola ted and the pathways for thei r  convers ion  to benz imldazole  de r iv -  
a t ives  CXXXVI [186] have been demons t ra ted .  5-Substi tuted 2 ,2 -d imethy l -  1 ,2 ,3 ,4 ,5 ,6-hexahydro-  l l H - d t -  
benzo (b , e ) - l , 4 -d t azep in -4 -ones  were  obtained [187] in reac t ions  of 3 - (o - aminoan i l i no ) -5 ,5 -d ime thy l -2 - cy -  
c lohexen - l -one  with al iphat ic  and a rom a t i c  aldehydes.  
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CXXXIV CXXXV CXXXVI 

Ketones of the CXXXVII type have been used to obtain condensed s y s t e m s  including azepine.  Two 
methods have been used for this:  the Beckmann r e a r r a n g e m e n t  of thei r  ox imes  and the Schmidt reac t ion .  
Both poss ib le  i s o m e r s  (CXXXVIIIc and CXXXIXc) were  isolated [188] only f r o m  the products  of the Beck-  
mann r e a r r a n g e m e n t  in polyphosphor ic  acid of 1 -me thy l -4 -oxo-4 ,5 ,6 ,7 - t e t r ahydro indo le  oxime.  4-Oxo-  
1 ,2 ,3 ,4 - t e t r ahydrocarbazo le  oxime was conver ted  [51] to CXXXVIIIa, 2 - m e t h y l - 7 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o -  
benzothlazole  ox ime was conver ted  to C X X X I X  [189], and 2 - p h e n y l - 4 , 7 , 7 - t r i m e t h y l - 5 - o x o - 5 , 6 , 7 , 8 - t e t r a -  
hydroquinazol ine oxlme was conver ted  to CXXXIXd [190]. 

The Schmidt r eac t ion  (the action of hydrazoic  acid in polyphosphor ic  acid} is sui table only for  
CXXXVIId and gives the s a m e  CXXXIXd [190]. 
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2,4-Dioxo-l,2,3,4,5,6-hexahydroazepine CXLwas obtainedby photoehemicaldecomposition of 3-azido- 
5,5-dimethyl-2-cyclohexenone in tetrahydrofuran [191, 192], 

Of other general pathways for the subsequent construction of polycondensed heterocycl[c systems by 
means of ketones CXXXVII, one should note reactions involving their a-formylat[on with subsequent syn- 
thesis of the heteroeycle f rom an a - fo rmyl  ketone structural  fragment [193-195]. 

Two-ring systems of the CXXXVII type (4-oxo-4,5,6,7-tetrahydromdazoles [71, 72], 7-oxo-4,5,6,7- 
tetrahydrobenzothiazoles [98], 5-oxo-5,6,7,8-tetrahydroquh~ol[nes [~52], and 4-oxo-4,5,6,7-tetrahydrobenzo- 
fttrans [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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