
investigated compounds were reckoned relative to a saturated calomel electrode with respect  to a "standard" 
(potassium) scale [8]. The polarograms were recorded with a Radiometer PO-4 polarograph. 

The DMF was dried with fused KOH and vacuum distilled. 
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S Y N T H E S I S  OF H Y D R O G E N A T E D  H E T E R O C Y C L I C  

C O M P O U N D S  BY T H E  A D D I T I O N  OF N U C L E O P H I L I C  

R E A G E N T S  TO S E M I C Y C L I C o ~ - M E T H E N Y L  1 , 5 - D I K E T O N E S *  

M. N. T i l i c h e n k o ,  G. V. P a v e l  v, 
a nd  A.  D. C h u m a k  

UDC 547.814'832.5 

The addition of pr imary  and secondary amines and hydrogen cyanide to semicyclic ~-methenyl  
1,5-diketones of the 1,3-diphenyl-l-(2-oxocyclohexyl)-2-methenyl-3-propanone type leads, re -  
spectively, to compounds with hydrogenated quinoline, 7-flavenone, and chroman structures .  

The study of reactions with nucleophilic reagents [3] was begun for semicyclic ~-methenyl  1,5-diketones 
in [1 ~ 2]. We present  here the results of our studies of the addition of pr imary  amines to semicyclic a -me th -  
enyl 1,5-diketones Ia-c and IV and of secondary amines and HCN to diketone Ia. 

The reaction with pr imary  amines leads to the hydrochlorides of IIa-d and V, and the reaction with ethan- 
olamine leads to perhydrooxazolinoquinolines IIIa, b. The lat ter  could be formed from both N,O-hemiacetals 
of the A form (R' = CH2CHzOH) by splitting out of a molecule of water through the hemiacetal  and alcohol 
hydroxyl groups and from enamines II (R' = CH2CH2OH) by intramolecular addition of alcohol to the double bond 
of the enamine. 

*Communication XXIV from the ser ies  nReactions of 1,5-Diketones. n 

Fa r -Eas te rn  State University, Vladivostok 690000. Translated from Khimiya Geterotsiklicheskikh 
Soedinenii, No. 10~ pp. 1356-1360, October, 1977. Original art icle submitted January 4, 1977. 
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dR=H, X=-CH 2, R'=CH2C6Hs; VI ,~R:=N/--~O; VII|, IX R=CH 3 

In the reaction with secondary amines the initial product is  apparently an enolate ion, which is subse-  
quently stabil ized via pathway a or b or  s imultaneously in both direetionso We note that the same products VI- 
IX could have been formed as a result  of competit ion between 1,2-  and 1 # -addi t ion  to diketone Ia. The addition 
of morpholine proceeds  only via pathway b (to give flavene VI in quantitative yield)~ With dimethylamine we 
obtained f lavene VIII and the known [2] amino diketone IX in equal y ie lds  (N 30%). 

The addition of hydrogen cyanide to Ia g ives ,  in equal yie lds ,  compounds to which we assigned structures 
X and XI. 

la 

c,,:., 0 ] ~,~|'~ ?,. 

HC, N / / CN 
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A . - " ~ j C I I ~ C N  . L ~ / x " ~ / C l t ~ C N  

�9 - "  

L c . o .  '"  J ~ o,, "~"l"~ O~t'\NIl: O = C - - N H  

Xl 

The structures  of IIa-d, Ilia, b, and V follow from a comparison of their IR spectra with the IR spectra 
of methenyl diketones Ia-c  and IV. As a result  of the addition of RNH2, the ring C----- O and ~ C = CH 2 bands 
vanish,  as do the corresponding absorption bands at 1715 and 1635 cm -~, and the carbonyl chain freed from the 
effect of ~ C = CH 2 appears as absorption at 1690 cm-1; enamine absorption also appears at 1660 cm -1. In 
addition to the above evidence,  the lSIa, b structures are confirmed by the absence in the IR spectra of absorp- 
tion bands corresponding to the hydroxyl  group and the enamine double bond. 

The IR spectra of VI and VIII do not contain carbonyl absorption and.absorptionof a ~ C = CH 2 group. 

The spectrum of VI contains bands at 1660 (medium intensity), 2820 and 3420 (broad), and 3610 cm -~, 
which correspond,  respect ive ly ,  to the absorption of a double bond, conjugated with a ring oxygen atom, a CH 2-  N 
bond, and free and associated hydroxyl groups. Its PMR spectrum contains,  in addition to the other signals,  
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a doublet at 3.35 ppm corresponding to a benzylidene proton in the 4 Position; signal s of vinyl protons  are  absent. In 
the PMR spect rum of VII, obtained as a resul t  of dehydration of VI ,  the signal of the same proton appears  in the 
fo rm of a singlet at 3.9 ppm; two bands of medium intensity at ~ 1670 and 1710 cm -1, which are  cha rac te r i s t i c  
for  th~pyran r ing [4], appear  in the IR spect rum,  and absorption at 2820 cm -1 (CH2-N) is retained. The IR 
spec t rum of the hydrochlor ide  of VIII (see the experimental  section) also cor responds  to the proposed s t ructure .  

The hemiaceta l  c h a r a c t e r  of VI and VIII is manifested in t e r m s  of their  facile ketenization. Thus when 
VI �9 HC1 is dissolved in hot water ,  s tar t ing methenyl diketone Ia begins to precipi tate  immediately.  When an 
aqueous solution of VIII "HC1 is made alkaline, methenyl diketone precipi ta tes  instead of f ree  base VIII; other  
attempts to obtain f ree  base VHI f rom its hydrochlor ide  gave s imi la r  resu l t s .  The VI (VIII) - -  Ia conversion 
can be conceived of as the r eve r s e  process :  the hemiaceta l  is cleaved to the enolate ion and a proton, the 
la t ter  quateruizes  the amine group, and the result ing dipolar ion rapidly decomposes  via the scheme 

C6Hs + 

�9 | a + I I N I ~  ~ 

The hemiaceta l  --- IX - -  Ia  convers ion is excluded, since amino diketone IX and its hydrochlor ide  are  
completely stable in aqueous media .  

The difference in the course  of the react ions  in the addition of RNH 2 and R2NH to a methenyl diketone of 
the Ia type is explained by the fact  that  in the f i r s t  case ,  as a resul t  of the addition, one o b s e r v e s t h e f o r m a t i o n  
of a secondary amino group,  which in the case of attack on the ring C ---- O group may lead to a va lence-sa tura ted  
(stabilized) N,O-hemiaceta l  of the A form.  In the second case,  as a resul t  of the addition, one observed the 
format ion of a t e r t i a ry  amino group, which in the case  of s imi la r  attack cannot lead to a stabilized N,O-hemi-  
acetal ,  and control  of the react ion remains  with the enol hydroxyl  group; this leads to a va lence-compensated  
hemiacetal  of the VI and VIII form.  

The carbonyl  absorpt ion in the IR spec t rum of X is expressed  only by the band at 1690 cm -1 (C~HsCO) ; 
this is in complete agreement  with the proposed scheme for  its format ion.  Absorption of a C -= N group is 
absent,  but i ts p resence  is confirmed by a Feigl tes t  [5]; the absence of its absorption is apparently due to the 
c lose influence of the oxygen atom attached to the same carbon atom [6]. The absorption at 1715 cm -1 in the 
IR spect rum of XI should be ascr ibed  to the carbonyl group of the lactam, the weak absorption at 2260 cm -1 
should be ascr ibed  to the C = N group, and the nar row and weak bands at 3300, 3410, and 3530 cm -1 should be 
ascr ibed  to f ree  and associa ted  lac tam NH groups.  The format ion of a s imi la r  lactam has been previously 
observed [7] in the hydrocyanat ion under  the same conditions of a methylenedicyclohexanone by the action of 
acetone cyanohydrin.  

EXPERIMENTAL 

The IR spectra of the compounds were recorded with a UR-20 spectrometer. The PMR spectra of CHCI 3 
solutions of the compounds were recorded with a ZKR-60 spectrometer. Methenyl diketones Ia-c and IV [1-3] 
were prepared by method B in [2]. The perehlorates were obtained by mixing a solution of the base in dilute 
acetic acid with a saturated solution of ammonium perehlorate. The identity of the compounds was confirmed 
by mixed-melting-point determinations and comparison of the IR spectra�9 The Rf values were determined in 
a thin layer of activity II AI203. 

Addition of Primary Amines to Methenyl Dikctones Ia-c and IV. Methylanline (in the form of the hydro- 
chloride and a 30% aqueous solution of the free base), benzylamine (the hydrochloride and the free base), and 
ethanolamine were added. A solution of 0.02 mole of the methenyl diketene and 0.04 mole of the amine in DMF 
was allowed to stand overnight (in the case of the salt another 1.8 g of KOH in 3 ml of water was added to the 
solution to ~iberate the amine f rom the salt), af ter  which the solution was diluted with water .  The hydroquinol-  
ine precipi tated in crys ta l l ine  fo rm (IIb, c and V) or  in the fo rm of an oil (IIa, d and IIIa, b); the oil was ex- 
t rac ted  with ether ,  and the extract  was washed with water  and dried.  The ether  was removed by distillation, 
and the res idual  viscous oil was t rea ted  with cold alcohol to give the hydroquinoline in crys ta l l ine  form.  

Addition of Dimethylamine and Morpholine to Methenyl Diketone Ia. The addition was ca r r i ed  out as in 
the preceding case  (dimethylamine was used in the fo rm of a 307o solution); in the case  of morpholine,  Ia was 
also dissolved in an excess  amount of the base .  After  dilution of the solution with water ,  flavene VI prec ip i -  
tated in pure fo rm and was separated by fi l t rat ion (the yield was quantitative). Flavene VIII precipi tated in 
the fo rm of a mLxture with s tar t ing methenyl diketone Ia. Fo r  its separation,  the mixture was dissolved in dry  
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TABLE 1. Com 

Compound 

lla 
lib 
IlC 
lid 

l l l a  
Illb 

oounds Obtained 

V 
VI 

V I I  
V I I I  

X 
XI 

Perchlorate of IIa 
eerchlorate of iIb 
Perchlorate of llc 
Perchlorate of IId 
Picrate of lib 
Picratr of llla 
Picrate of V 
Hvdrochloride ofvi 
H~drochloride ofvi I 

Found, % 
rap, ~ 

135--136 a 83,3 
165--1689 79,5 l 
168--t70 t~ 76,71 
140--141 c 85.31 
131--132~ 79,7 I 
134--136. 76,4 I 
157--159 ~ 85,4[ 
133--134 a 77,11 
127--129c171--175(dec.)d 80'5172'2 I 
163--164 c 80,5 / 
206--209 ~ 77,4 / 
1 5 6 - - 1 5 8  c 68,01 
195--196g 62.3 I 

173--174c 
160--162c 
186--187c 
149--150 c 
144--146 d 
145--146 c 

9 i ',5 
',4 
',5 
',6 
',3 
;,6 

Empirical formula 

C2,~[t=~NO 
C24H27NOa 
C24H~rNOS 
C ogH29NO 
C24H2rNO2 
C=sH29NO3 
C27H2sNO 

C=sHagNO~ 
C=4He~NO2 �9 I ICI e 

C2~H23NO2 
C24H.~N20~ 
C23H25NO " HCIO4 
C24H2rNO2 �9 HCIO4 
C24H27NO �9 H C I O 4  

C~gH29NO �9 HC104 
C24ft27NO2 ~ C6H3N30 
C24H27NO.~ "C6H~N307 
C27H25N O.C6H3N~O7 
C26H31NO3 - HCI h 
C2c, H29NO.~ �9 HCI i 

Calc., % 
C II 

_ Yield, 
N %  

49 
82 
77 
39 
43 
56 
94 

100 
100 
3o 

29 
29 

a F r o m  hexane ,  b F r o m  methanol .  CFrom alcohol ,  d F r o m  dioxane.  
eFound: C1 9.0%. Calculated:  C1 8.9%. f F r o m  acetone,  g F r o m  
propanol~ hFound: C1 8.2%. Calculated:  C1 8.0%. iFound: C1 8.5%. 

Calcula ted:  C1 8.4%. 

e the r ,  and the solut ion was  t r e a t e d  with d r y  HC1. The p r e c i p i t a t e d  m i x t u r e  of h y d r o c h l o r i d e s  of aminof lavene 
VI~ and amino diketone IX was  s e p a r a t e d  by t r e a t m e n t  with boi l ing dioxane (the h y d r o e h l o r i d e  of ba se  IX was 
only s l ight ly  soluble  in dioxane}; r e m o v a l  of the e the r  by d i s t i l l a t i on  gave s t a r t i ng  Ia  (30%). Methenyl diketone 
Ia  was l i b e r a t e d  ins t ead  of the f r e e  ba se  when an aqueous solut ion of VII I .  HC1 was  made  a lka l ine .  

1 -Me thy l -3 -benzoy l -4 -pheny l -1 ,2 ,3 ,4 ,5 ,6 ,7 ,8 -oc t ahyd roqu ino l ine  (IIa). Th is  compound was  obtained in 
the f o r m  of c o l o r l e s s  c r y s t a l s .  IR s p e c t r u m  (in benzene):  1690 (C ---- O) and 1660 cm -1 (C ---- C). The h y d r o -  
ch lo r ide  was  obta ined in the fo rm of a white p r e c i p i t a t e  when d ry  HC1 was bubbled into a solut ion of IIa in ab-  
solute e the r .  We w e r e  unable  to pur i fy  it by c r y s t a l l i z a t i o n .  I t  was v e r y  hyg r os c op i c ,  quite soluble in wa t e r ,  
and began to me l t  at 117~ Found: C1 9.5%. C23H25NO oHC1. Calculated:  C1 9.5%. 

3 - M o r p h o l i n o m e t h y l - 4 - p h e n y l - 5 , 6 , 7 , 8 - t e t r a h y d r o - y - f l a v e n e  (VII) o A solut ion of 2 g of hydroxyf lavene  VI 
in 50 ml  of d r y  benzene  was s a t u r a t e d  with d r y  HC1, and the m i x t u r e  was  al lowed to stand overnight .  The b e n z -  
ene was r emoved  by d i s t i l l a t i o n  to  give 2.05 g (100%) of the c h r o m a t o g r a p h i c a l l y  homogeneous  hydroeh lo r ide  of 
f lavene VII. F r e e  ba se  VII was i so l a t ed  by a lka l i za t ion  of an a lcohol  solut ion of the sa l t .  

Decompos i t ion  of the Sal ts  of F l a v e n e s  VI and VIII. VI -HCI: A 2-g  sample  of the sa l t  was  d i s so lved  in 
100 ml  of hot w a t e r ,  and m e t h e n y l d i k e t o n e I a  began to p r ec ip i t a t e  i m m e d i a t e l y .  Workup gave 1.45 g (100%) of 
Ia  with mp 122-123~ (from methanol)  [2]~ VII I .  HCl: A 0 .3-g  sample  of the sa l t  was d i s so lved  in 20 ml  of 
w a t e r ,  and the mix%-are was  f i l t e r e d  a f t e r  1 h to give 0.25 g (96%) of methenyl  diketone Ia  with mp 122-123~ 
A 0 .3-g  s amp le  of the sa l t  was  d i s so lved  in 20 ml  of wa t e r ,  and the solution was made  a lka l ine  with sodium hy-  
d rox ide  solut ion.  The p r e c i p i t a t e  of methenyl  diketone Ia  that  fo rmed  immed ia t e ly  was  r e m ove d  by f i l t r a t i on  
to give 0.26 g (100%) of a p roduc t  with rap 122-123~ 

3 - B e n z o y l - 4 - p h e n y l - 9 - c y a n o p e r h y d r o c h r o m a n  (X). A 3 -ml  sample  of acetone cyanohydr in ,  5 ml  of wa te r ,  
and 0.1 g of the sa l t  w e r e  added to a solut ion of 5 g (0.015 mole) of methenyl  diketene Ia  in 200 ml  of a lcohol ,  
and the m i x t u r e  was  re f luxed  in a f l a sk  fo r  10 h.  I t  was then cooled and worked up to give 3.9 g of c r y s t a l s .  
Two r e c r y s t a l l i z a t i o n s  f r o m  alcohol  gave 1.6 g (29.6%) of X with Rf 0.8 [ b e n z e n e - c h l o r o f o r m  (1 : 2)]. 

2 - A m i n o - 3 - c y a n o m e t h y l - 4 - p h e n y l p e r h y d r o f l a v a n - 9 - c a r b o x y l i c  Acid Lac t am (XI). Al l  t h r e e  of the mother  
l iquors  f rom the s epa ra t i on  of X were  mixed ,  the alcohol  was r emoved  by d i s t i l l a t ion ,  and the r e s idue  was d i s -  
solved in 20 ml  of hot ace tone .  Cooling of the solution l i b e r a t e d  1.7 g (29%) of c r y s t a l s  o f  l a c t a m  XI with Rf 

0.66 [ b e n z e n e - c h l o r o f o r m  (1:2)] .  
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H Y D R O B E N Z [ c ] A C R I D I N E S  AND T H E I R  A N A L O G S  

B A S E D  ON 1 , 5 - D I K E T O N E S *  

L .  M. E r e m e e v a ,  Yu .  V.  V a s i l e n k o ,  
V.  A. K a m i n s k i i ,  a n d  M. N. T i t i c h e n k o  

UDC 547.835.9 

The reaction of 1,5-diketones containing an a- te t ra lone  fragment with ammonia and pr imary  
amines gave hydrogenated benz[c] acridine and benzo[h] cyclopenta[b] quinoline derivative s, for  
which hydrocyanation, oxidation, and disproportionation reactions were studied. 

Little study has been devoted to hydrogenated benz[c]acridines; biological activity has been noted for 
some of them [2]. Octa hydrobenz[c]acridines and derivatives with a higher degree of hydrogenation have not 
been described. 

We have synthesized a number of derivatives of hydrobenz[c]acridines and their  analogs by reaction of 
the accessible 1,5-diketones Ia-d and II [1] with ammonia and pr imary  amines. 

Pyridinization to give derivative s of 5,6,8,9,10,11-hexahydrobenz [c] acridine (IIIc, d) and 5,6,9,10-tetra- 
hydro-SH-benzo[h]cyclopenta[b]quinoline (Ilia, b) occurs in the reaction of diketones Ia-d with ammonium 
acetate in acetic acid. Their  IR spectra do not contain absorption bands in the multiple bond region. 

The reaction of diketones Ia-d and II with pr imary aromatic amines (aniline, a-naphthylamine, and p- 
aminobenzoic acid) takes place more readily, since steric hindrance is absent. The IR spectra of the resulting 
5,6,7,8,9,10,11,12-octahydrobenz[c] acridine derivatives (IVc-g), their  oxa analog (IVh), and 5,6,7,9,10,11-hex- 
ahydro-8H-benzo[h]cyclopenta[b]quinoline derivatives (IVa, b) contain two character is t ic  bands at 1630-1650 
(C = C conjugated with a benzene ring) and 1680-1695 cm -~ (unconjugated C ----- C). The C ----- O group in the 
spectra of IVe, g also absorbs at 1680 cm -1. 

*Communication XXIX from the series  WReactions of 1,5-Diketones. w See [1] for communication XXVIII. 
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