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The condensat ion of 3 - m e t h y l - 2 - a z a f l u o r e n e  with e s t e r s  of a r o m a t i c  and al iphatic  acids has 
given 9 - a roy l  and 9-acyl  de r iva t ives  of 2 -aza f luorene .  They a r e  s table  in the enolic fo rm.  
The 9-benzoyl  de r iva t ive  (II) has also been isolated in the oxo fo rm.  The t rans i t ion  f rom 
(II) to the c i s - t r a n s  i s o m e r s  of 9 -benzy l i dene -3 -me thy l -2 - aza f l uo rene  has been effected. 

The condensat ion of f luorene  with e s t e r s  has been  studied for  many cases .  This is due to the absence  
of sui table  methods of synthesizing aza f luorenes .  We decided to fill this gap by using for  this purpose  3- 
me thy l -2 - aza f l uo rene  (I) which is obtained in s a t i s f ac to ry  yield by a compara t ive ly  s imple  method which 
we have developed [1]. 

E s t e r s  of a rom a t i c  and al iphat ic  acids we re  condensed with (D. The condensation was p e r f o r m e d  in 
the p r e s e n c e  of po ta s s ium or  sodium. Compound (I) and e s t e r s  of benzoic,  t h iophene -~-ca rboxy l i c ,  5- 
methyl -4-phenylp ico l in ic ,  acet ic ,  and fo rm i c  acids yielded, r e spec t ive ly ,  9 -benzoyl - ,  9 -~ - th i enoy l - ,  9-(5- 
methyl -4-phenylp ieo l inoyl ) - ,  9 - a c e t y l - ,  and 9 - f o r m y l - 3 - m e t h y l - 2 - a z a f l u o r e n e s  (II, III, IV, V, and VI, 
r e spec t ive ly ) .  
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These  azaf luorene  de r iva t ives  di f fer  f r o m  the analogous f luorene der iva t ives .  They a re  br ight  r ed  (the 
analogous compounds of the f luorene s e r i e s  a re  yellow), and a r e  insoluble in e ther  and benzene and only 
s l ight ly soluble in ethanol and acetone.  They all  me l t  at compara t i ve ly  high t e m p e r a t u r e s .  The IR spec -  
t r u m  of (II) has the band of an a s soc ia t ed  hydroxy group (3240 cm -1) and lacks the band cor responding  to 
a carbonyl  group,  which shows the enolic (Ha) s t r u c t u r e  of this compound. Simi lar  information follows 
f r o m  the IR s p e c t r a  of compounds (III-VI), in which the re  a r e  no absorp t ion  bands in the 1700-1660-cm - i  
region that a r e  c h a r a c t e r i s t i c  for  d iaryl  and alkyl  a ry l  ketones.  

The p r e se nce  of a hydroxy group at  the double bond of the 2 -aza f luo ren -9 -y l idene  der iva t ives  causes  
the appea rance  of two s t rong bands in the h igh-f requency reg ion  of the spec t rum in the 3400-2400- and 
2200-1800-cm -1 reg ions ,  which a r e  due to the fo rma t ion  of s t rong in t r amolecu la r  bonds between the bas ic  
ni t rogen and the acidic hydroxyl  of the enol. The f i r s t  of the bands mentioned is due to the s t re tching 
v ibra t ions  of an a s soc ia t ed  hydroxy group.  According to the l i t e ra tu re  [2, 3], the second band is cha r ac -  

+ 
t e r i s t i c  for  the C=I~H grouping,  which co r re sponds  to the fo rmat ion  of the bipolar  ions ~ N H . . .  O - C =  in 
the l imiting case .  It  follows f rom these  facts  that  in the c rys ta l l ine  s ta te  compounds (II-VI) exis t  in the 
enolic f o r m  as po lyassoc ia tes .  The s a l t - l i ke  na ture  of the la t ter  is r e spons ib le  for the i r  phys icochemica l  
p rope r t i e s  and a lso  apparent ly ,  for the color  of these  compounds.  Thei r  deep color  d i sappears  when the 
n i t rogen of the r ing is blocked, which is connected with the des t ruc t ion  of the a s soc ia te s .  The p ic ra te  and 
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the hydrochlor ide  of (fi) f o r m  yellow c rys t a l s ,  but when they a r e  s to red  in ethanol they decompose  and the 
solution gradual ly  acqui res  the r e d  color  cha rac t e r i s t i c  for  the f r ee  base.  When the hydrochlor ide  of (li) 
is heated, its color  gradual ly  changes,  and the melt ,  like the mel t  of the f r ee  base ,  is br ight  red.  

The benzoyl der iva t ive  of (1I) was also isolated in the oxo fo rm (fib). In acetone solution in the p r e s -  
ence of caust ic  soda, (IIa) gradual ly  changes into the co lo r l e s s  oxo f o r m  (lib), the IR s p e c t r u m  of which 
lacks a band corresponding to a hydroxy group but has a s t rong carbonyl  band at  1678 cm -1. On being 
heated above l l0~  compound (IIb) is conver ted  into (lia). 

As a proof  of the s t ruc tu re  of (II) may  be cons idered  its reduct ion with li thium te t rahydroa lumina te  
to 3 - m e t h y l - 2 - a z a f l u o r e n - 9 - y l  phenyl carbinol  (VII), which was also obtained f r o m  the li thium der iva t ive  
of (I) and benzaldehyde.  F r o m  (VII), the i somer ic  c i s -  and t r a n s - 9 - b e n z y l i d e n e - 3 - m e t h y l - 2 - a z a f l u o r e n e s  
(Villa, b) [4] have been obtained by two methods - the r e p l a c e m e n t  of the hydroxy group in (VII) by chlor ine 
with subsequent  dehydrochlorinat ion,  and by the t he rma l  decomposi t ion of (VII) [5]. In the la t te r  case ,  in 
addition to the i s om er s  of (VIII), compound (I) was isolated and the fo rmat ion  of benzaldehyde was detected.  

II~C~II~LI2C~H~C~I ~ ~ CH3~ [ ~ ~  CH3 

C6I|sCIIOI| CHC6115 

VII VIII 

The fo rmy l  der iva t ive  (VI) has an intense red  colorat ion,  while its oxime fo rms  co lo r l e s s  c ry s t a l s .  
Compound (VI) was reduced  with l i thium te t rahydroa lumina te  to 9 - (hydroxymethy l ) -3 -me thy l -2 -aza f luo rene  
(IX), which was also detected by means  of its m a s s  spec t rum in the products  of the t h e r m a l  r e a r r a n g e m e n t  
of (VI). It is r e p r e s e n t e d  by a peak with a m a s s  of 211. In addition to (IX), the products  of the t he rmolys i s  
of (VI) contained (I) (peak with a m a s s  of 181) and 3 -me thy l -2 -aza f luo renone  (peak with a m a s s  of 196). 
These  substances  a r e  probably  fo rm ed  as a r e su l t  of redox reac t ions  of the fo rmyl  der iva t ive  (VI). 

The 9-acyl  and 9 -a roy l  der iva t ives  of 2 -aza f luorene  c rys t a l l i ze  in the f o r m  of so lva tes .  The i r  de- 
r i va t ives  at the ni t rogen a tom do not f o r m  so lva tes ,  and the i r  color  differs  sharp ly  f r o m  the color  of the 
f r ee  bases .  The IR s p e c t r a  of all  the compounds containing the azaf luorenyl idene grouping a r e  cha rac -  
t e r i zed  by the p re sence  of a s e r i e s  of th ree  bands in the ranges  1316-1326, 1236-1242, and 1185-1192 
cm -1. This group of bands re ta ins  its f o r m  and the ra t io  of the intensi t ies  (the f i r s t  being the s t ronges t  
and the th i rd  the weakest)  in the s p e c t r a  of all  the compounds.  Apparent ly ,  this group of bands is con- 
nected with the skele ta l  v ibra t ions  of the azaf luorenyl idene s y s t e m  itself,  s ince these  v ibra t ions  a r e  ab- 
sent  f r o m  the s p e c t r a  of compounds containing no exocyclic C ~ C  bond in posi t ion 9. 

The p r e s e n c e  of th ree  s t rong bands is cha rac t e r i s t i c  for  the UV spec t r a  of the azaf luorenyl idene 
der iva t ives :  at  280, 360, and 480 r im.The  s t ronges t  m a x i m u m  is found in the 260-300-nm region.  In (IIa) 
it is shifted in the long-wave di rec t ion as compared  with the absorpt ion  max imum of (I) by 22 nm, which 
is apparen t ly  due to the exis tence  of s t rong in t r amolecu la r  hydrogen bonds in (Ha). 

EXPERIMENTAL 

9 - B e n z o y l - 3 - m e t h y l - 2 - a z a f l u o r e n e  (li!. To 3.62 g (0.02 mole) of (I) and 9 g (0.06 mole) of ethyl ben-  
zoate  was added 1.56 g (0.04 g-a tom)  of f inely cut potass ium,  and the mix tu re  was s t i r r e d  at  20~ for  
12 h and at 70~ for  2 h. Then 10 ml  of ethanol, 30 ml of water ,  and 5 ml  of acet ic  acid were  added suc-  
cess ive ly .  The resul t ing  b r i g h t - r e d  solution was t r ea ted  with 100 ml  of e ther  and shaken vigorously .  The 
orange  prec ip i ta te  was f i l te red  off, washed with water ,  ethanol, and e ther ,  and c rys ta l l i zed  f r o m  ethanol. 
This gave 3.9 g (68.5%) of (IIa) in the f o r m  of red  c ry s t a l s  with mp 196.5-201~ Found, %: C 81.5; H 6.5; 
N 4.8. C20HisNO �9 i/2C2H5OH. Calculated,  %: C 81.8; H 5.8; N 4.5. To a solution (bright red) of 0.3 g of 
(IIa) in 200 ml of acetone was added 0.1 g of caust ic  potash in 5 ml of methanol .  The mix tu re  was s t i r r e d  
until the solid m a t t e r  had dissolved and was left to stand. The intensi ty of the colora t ion  gradual ly  de- 
c reased ,  and a f t e r  20 days the solution was co lo r l e s s .  I t  was f i l tered,  and the solvent  was dist i l led off. The 
r e s idue  was c rys t a l l i zed  f rom hexane, the solution being heated with ac t iva ted  carbon.  This gave 0.1 g of 
(Iib) as co lo r l e s s  c r y s t a l s  which mel ted  in the in terval  f r o m  111 to 199~ At l l l ~  the subs tance  began 
to acqui re  a color ,  and at  140~ it b ecam e  br ight  red.  Found, %: N 5.1. C20H15NO. Calculated,  %: N 4.9. 
P i c r a t e  of (ii). Br ight -ye l low c ry s t a l s  with mp 114-116~ Found, %: N 11.2. C20H15NO �9 C6H3N307. Cal-  
culated, %: N 10.9. On being boiled in ethanol, the p ic ra te  decomposed  with the fo rmat ion  of r ed  c rys t a l s  
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of (Ha). Hydrochlor ide  of (II). Br igh t -ye l low c rys ta l s ;  at  154~ they became  red ,  and they mel ted  between 
171 and 182 ~ 

3 -Me thy l -9 - (~ - th i enoy l ) -2 - aza f luo rene  (HI). The reac t ion  was p e r f o r m e d  with 1.81 g (0.01 mole) of 
(I), 4.68 g (0.03 mole) of ethyl th iophene-2-ca rboxyla te ,  and 0.78 g (0.02 g-a tom)  of po tass ium.  The reac t ion  
conditions and the working-up p roce s s  we re  the s a m e  as in the p repa ra t ion  of (II). This gave 1.73 g (59.5%) 
of (III) in the f o r m  of b r i g h t - r e d c r y s t a l s  with mp 128-131~ (ethanol) (according to analys is ,  this was one 
of the solvated fo rms) .  Found, %: C 68.9; H 6.1; N 4.0. C18H13NOS �9 2C2H5OH. Calculated,  %: C 69.0; 
H 6.5; N 3.7. P i c r a t e  of (Ill). Yel low-brown c ry s t a l s  with mp 170-172~ (ethanol). Found, %: N 10.4. 
C18HI3NOS �9 C6H3N3OT. Calculated,  %: N 10.8. 

3 -Methy l -9 - (5 -me thy l -4 -pheny lp ico l inoy l ) -2 -aza f luo rene  (IV). A mix ture  of 1.8 g (0.01 mole) of (1), 
2.4 g (0.01 mole) of ethyl 5 -methy l -4-phenylp ico l ina te ,  and 0.7 g (0.02 g-a tom)  of f inely cut po tass ium was 
heated in a cu r r en t  of n i t rogen at a t e m p e r a t u r e  to me l t  the po tass ium for  2 h and was then heated at  80~ 
for  2 h. Af te r  this ,  30 ml  of acetone  and 5 ml  of acet ic  acid in 20 ml  of wa te r  were  added. The resul t ing  
prec ip i ta te  was washed s u c c e s s i v e l y  with water ,  acetone,  ethanol, and ether .  This gave 2.16 g (57.5%) of 
(IV), which was c rys t a l l i zed  f r o m  ethanol. Compound (IV) fo rmed  r e d - o r a n g e  c rys t a l s  with mp 204-206~ 
Found, %: C 79.5; H 6.4; N 6.8. C2GH20N20 �9 C2H5OH. Calculated,  %: C 79.6; H 6.2; N 6.6. 

9 - A c e t y l - 3 - m e t h y l - 2 - a z a f l u o r e n e  (V). A m i x t u r e o f l . 8  g (0.01 mole) of (D, 2.6 g (0.03 mole) of 
ethyl ace ta te ,  and 0.2 g (0.01 g-a tom)  of f inely cut sodium was s t i r r e d  at 90-100~ for  10 h. The mix tu re  
was t r ea t ed  with 2 ml  of ethanol, and then 2 ml  of acet ic  acid and 15 ml  of wa te r  we re  added to the so lu-  
tion and it was shaken with e ther .  This gave (after  washing with wate r ,  ethanol, and e ther  and drying) 
0.33 g (14%) of (V) as r ed  c ry s t a l s  with mp 209-212~ (three c rys ta l l i za t ions  f rom ethanol). Found, %: 
C 80.3; H 6.1; N 6.2. ClsH13NO. Calculated,  %: C 80.7; H 5.8; N 6.3. P i c r a t e  of (V). Mp 190-193~ 
(ethanol). Found, %: N12 .3 .  ClsH13NO. C6H3N307. Ca lcu la ted ,%:  N12.7 .  

9 - F o r m y l - 3 - m e t h y l - 2 - a z a f l u o r e n e  (VI). With s t i r r ing ,  9.7 g (0.12 mole) of ethyl f o rma te  was g r ad -  
ually added to a mix tu re  of 7.8 g (0.04 mole) of (I) and 3 g (0.08 g - a t o m  of potass ium).  To the solidif ied 
m a s s  was added 20 ml  of absolute  e ther ,  and the mix tu re  was s t i r r e d  at the boiling point of the e ther  for  
1 h. Then 15 ml  of ethanol was added, followed by a solution of 4.5 ml of acet ic  acid in 30 ml of water .  
The prec ip i ta te  was washed succes s ive ly  with wate r ,  acetone,  and e ther  and was dried.  This gave 6 g 
(74%) of (VI} in the f o r m  of d a r k - r e d  c ry s t a l s  with mp 226-227~ (two c rys ta l l i za t ions  f rom ethanol). 
Found, %: C 79.7; H 6.2; N 6.6. C14HllNO. Calculated,  %: C 80.0; H 5.3; N 6.7. P i c r a t e  of (V1). Green  
c r y s t a l s ,  mp183-185~ (ethanol). Found, %: N12.5 .  CI4HIINO. CsH3N3OT. Calculated,  %: N 12.7. Oxime 
of (VI). A mix tu re  of 0.5 g (1.7 mmoles)  of (VI), 0.3 g of hydroxylamine hydrochlor ide ,  17 ml of pyridine,  
and 3 ml  of ethanol was boiled for  1 h 30 min. The ethanol and the pyridine were  dist i l led off. Then the 
mix tu re  was poured into 10 ml  of wa te r  and was neut ra l ized  with sodium carbonate .  The prec ip i ta te  was 
washed  with wa te r  and dr ied,  giving 0.4 g (78%) of the oxime of (VI) in the fo rm of co lo r l e s s  c ry s t a l s  with 
mp 215-217~ (dioxane). Found, %: C 75.5; H 5.1; N 12.3. CI4H12N~O. Calculated,  %: C 75.0; H 5.4; N 12.5. 

The d a r k - r e d  c ry s t a l s  of (VI) we re  gradual ly  heated in a cu r r en t  of n i t rogen to 245~ On melt ing,  
the color  changed to br ight  blue, and then to dark  blue. According to the m a s s  spec t rum,  in this p ro ce s s  
compounds (I) and (IX) and 3 -m e t hy l -2 - aza f l uo renone  were  formed.  

3 - M e t h y l - 2 - a z a f l u o r e n - 9 - y l  Phenyl Carbinol  (VII). a) To the phenyll i thium obtained f r o m  0.4 g of 
l i thium and 9.7 g of b romobenzene  in 100 ml  of e ther  at - 8~ was added a solution of 5.6 g (0.03 mole) of 
(I) in 100 ml  of e ther .  The dark  c h e r r y - r e d  solution was s t i r r e d  at  -5~  for  1 h and at 20~ for  1 h. Then 
it was cooled to -10~  and 13 g (0.12 mole) of f r e sh ly  dis t i l led benzaldehyde was added. The resul t ing  
mix tu re  was s t i r r e d  at  20~ for  1 h and at the boil for  1 h. Then it was cooled and, with vigorous  s t i r r ing ,  
50 ml  of wa te r  was added. The prec ip i ta te  of (VII) (3 g) was s epa ra t ed  off. The aqueous layer  was ex- 
t r ac t ed  with ether .  The e the rea l  ex t r ac t  was dr ied with magnes ium sulfate  and was then sa tu ra ted  with 
hydrogen chloride.  The resu l t ing  hydrochlor ide  was washed with a mix tu re  of ethanol and e ther ,  and was 
then conver ted  into the f r ee  base .  An additional 0.83 g of (VII) was isolated.  Total  yield 63%. Compound (VII) 
fo rmed  co lo r l e s s  c r y s t a l s  with mp  162-170~ (four c rys ta l l i za t ions  f r o m  ethanol). Found, %: C 83.3; 
H 6.2; N 4.9. C20H17NO. Calculated,  %: C 83.6; H 5.9; N 4.9. P i c r a t e  of (VII). Mp 213-215~ (ethanol). 
Found, %: N10 .8 .  C20H17NO. CsH3N3OT. Calcu la ted ,%:  N10 .9 .  Hydrochlor ide  of (VII). Mp199-201~ 
(ethanol). 

b) To a solution (crimson) of 0.5 g (175 mmoles)  of (iia) in 30 ml  of f r e sh ly  dis t i l led t e t r ahyd ro -  
furan  was gradua l ly  added 0.38 g (0.01 mole) of l i thium te t rahydroa lumina te .  The mix tu re  was s t i r r e d  at 
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20~ for  20 min and was then boiled for  10 h. The color  of the reac t ion  mix ture  changedinthefol lowing s e -  
quence: yellow, brown, green,  dark c h e r r y - r e d ,  violet.  Then 5 ml  of ethyl ace ta te  was added and the so l -  
vent was dist i l led off. The dry  res idue  was t r ea ted  with 20 ml  of wa te r  and repea ted ly  ex t rac ted  with ether;  
the ex t rac t  was dr ied with magnes ium sulfate.  This yielded 0.2 g (40%) (after two c rys ta l l i za t ions  f r o m  
gasoline) of (VII) in the fo rm of co lo r l e s s  c ry s t a l s  with mp 163-171~ The p ic ra te  of this s ample  of (VII) 
(mp 212-214~ mel ted  without a t e m p e r a t u r e  depress ion  in admix ture  with that  desc r ibed  above. 

c) The reduct ion of 0.12 g (0.42 mmole)  of (IIb) (0.2 g of l i thium te t rahydroa lumina te  and 15 ml  of 
te t rahydrofuran)  gave 0.02 g (16.7%) of (VII) with mp 161-169~ (from gasoline).  

9 -Benzy l idene -3 -me thy l -2 -aza f luo rene  (VIII). a) At - 5~ 10 ml of thionyl chloride was added to 
0.65 g (3.6 mmoles)  of (VII). The mix ture  was s t i r r ed  at  r oom t e m p e r a t u r e  for  1 h and then at  the boil for  
1 h. The thionyl chlor ide was dis t i l led off and the res idue  was cooled and t rea ted  with a solution of 1 g of 
caust ic  potash in 5 ml  of ethanol. The mix tu re  was s t i r r e d  at  20~ for  30 rain and at the boil for 2 h. Then 
the ethanol was dist i l led off, 10 ml of wa te r  was added, and the reac t ion  products  we re  ex t rac ted  with e ther .  
The e therea l  ex t rac t  was dr ied with magnes ium sulfate  and the r e s idue  a f t e r  dist i l lat ion was heated in 
hexane. The hexane- insoluble  r e s idue  yielded 0.13 g (20%) of (VII). A seed  of the t r ans  i s o m e r  (VIIIb) was 
added to the hot hexane solution; a f t e r  3 h, 0.22 g (36.2%) of (VIIIb) was isolated in the f o r m  of yellow plates  
with mp 128-129.5~ A seed  of the cis i s o m e r  (VIIIa) was added to the decanted hexane solution, giving 
0.08 g (13.1%) of (VIIIa) in the f o r m  of l ight-yel low ac icu la r  c r y s t a l s  with mp 117-118~ In admixtures  
with authentic samples ,  both i s o m e r s  mel ted  without t e m p e r a t u r e  depress ion .  

b) Compound (VII) (1 g) was kept in an a tmosphe re  of hel ium at  170-180~ for  1 h. According to 
chromatography ,  the r eac t ion  products  that  condensed in the condenser  contained benzaldehyde.  The r e -  
act ion mix tu re  was dissolved in e ther ,  and a i r  was passed  through the solution for  5 min, a f te r  which it 
was shaken with a solution of 0.5 g of sodium carbonate  in 10 ml  of water .  After  t r e a t m e n t  with hydro-  
chlor ic  acid, the aqueous l ayer  yielded 0.01 g of benzoic acid (mp 120-121.5~ By column chromatography  
(A1203 of act ivi ty  grade  1I, ether) the e therea l  ex t rac t  yielded 0.12 g (13%) of (VIIIb) (mp 128-129~ R f  
0.84), 0.02 g (2.2%) of (VIIIa) (mp 115-116.5~ R f  0.67) and, at the end of chromatography ,  0.16 g (16.5%) 
of (I) (mp 90-91~ R f  0.54). 

9 - (Hydroxymethy l ) -3 -me thy l -2 -aza f luo rene  (IX). To 0.5 g (2.4 mmoles)  of (VI) in 40 ml  of t e t r ahy -  
drofuran  was added 0.5 g of l i thium te t rahydroa lumina te ,  and the mix tu re  was boiled for  10 h. Then 4 ml 
of ethyl ace ta te  was added. The solvent  was dist i l led off and the res idue  was t r ea t ed  with 20 ml  of water .  
The reac t ion  products  we re  ex t rac ted  with e ther  (3 x 20 ml), and the ex t rac t  was dr ied with magnes ium 
sulfate.  The organic  bases  we re  isolated f r o m  the e therea l  ex t r ac t  and conver ted  into the p ic ra tes  which, 
a f t e r  c rys ta l l i za t ion  f r o m  ethanol, we re  decomposed with sodium carbonate .  This  gave 0.3 g (60%) of (IX) 
in the f o r m  of co lo r less  c ry s t a l s  with mp 160-162~ (gasoline). Found, %: N 7.0. C14H13NO. Calculated,  
%: N 6.6. P i c r a t e  of (IX). Mp 221-223'C (ethanol). Found, %: N 12.8. C14H13NO 'C6H3N3Oy. Calculated,  
%: N 12.7. 

The molecu la r  weights of (IIa, IIb,  III, IV, VI, and IX) w e r e  de te rmined  on an MKh-1303 m a s s  spec-  
t r o m e t e r .  The IR s pec t r a  w e r e  m e a s u r e d  in the 3800-400-cm - I  reg ion  on a UR-20 spec t ropho tome te r  in 
KBr tab le ts ,  and the UV s pec t r a  we re  r e c o r d e d  on a Hitachi spec t ropho tome te r  using ethanol as solvent.  
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