
A C Y L A T I O N  OF 3-METHYL-2-AZAFLUORENE 

N. S. P r o s t a k o v ,  K a m a r a  M a i g a  S a r a t a  M o k h o m o n ,  
L .  A .  G a i v o r o n s k a y a ,  O.  G .  K e s a r e v ,  
a n d  A .  A .  S a v i n a  

UDC 547.836 : 547.951 

Aeyla t ion  of 3 - m e t h y l - 2 - a z a f l u o r e n e  under  var ious  condit ions y ie lded the enol fo rms  of i ts 
(C r acyl  d~r iva t ives ,  whereas  the ketol form was a lso  i so la ted  in the case  of the p - n i t r o -  
benzoyl de r iva t ive .  The c h a r a c t e r  of the compounds formed in the r eac t ion  of 3 - m e t h y l - 2 -  
azaf luorene  with benzoyl ch lor ide  and acet ic  anhydride is d i scussed .  

A number  of C (s) aeyl de r iva t ives  of 3 - m e t h y l - 2 - a z a f l u o r e n e  ([) were  p rev ious ly  obtained [1] in the con- 
densat ion of I with carboxyl ic  acid e s t e r s .  In the p r e s e n t  r e s e a r c h  we have accompl i shed  the acyla t ion  of 
azaf luorene  I with benzoyl and p -n i t robenzoy l  ch lo r ides  (in the p r e s e n c e  or  absence  of d imethylani l lne) .  The 
benzoyl de r iva t ive  is obtained in enol form II. Both the enol (Ilia) and keto (IIIb) fo rms  a re  i so la ted  f rom the 
mix ture  of r eac t ion  produc ts  in the p r e p a r a t i o n  of the p -n l t robenzoy l  der iva t ive .  3 - M e t h y l - 9 - [ a - h y d r o x y - ( p -  
aminobenzy l idene) ] -2 -aza f luorene  (IV) was obtained in the reduct ion  of IIIa and was i so la ted  only in the enol 
form.  

Fluorene  does not reac t  with refluxing acet ic  anhydride .  Azaf luorene  I is ace ty la ted  at C (9) under  these  
condit ions to give 3-methyl -9- (o~-hydroxye thy l idene) -2-azaf luorene  W), which, l ike II-l% T, has an intense color  
{red) and mel ts  at a high t e m p e r a t u r e .  It is only s l ight ly  soluble in organic  solvents .  Depending on the pH of 
the medium,  this  acetyl  de r iva t ive  undergoes  a number  of t r a n s f o r m a t i o n s .  It is  soluble in 18,~ hydroch lo r i c  
acid, and the solution takes  on a yel low colora t ion .  At pH 7 one obse rves  the format ion  of d a r k - g r e e n  c r y s t a l s .  
the nature  of which we have not yet  been able to es tab l i sh .  On subsequent t r e a tmen t  with a base  (at and above 
pH 7.5) the g reen  c r y s t a l s  a r e  conver ted  to red c r y s t a l s  of V. The mo lecu l a r  ion peak in the m a s s  spec t rum 
of a f resh ly  p r e p a r e d  sample  of V is found at m / e  223, which co r r e sponds  to i ts m o l e c u l a r  weight. However,  
peaks  with m / e  195 and 239 (the d i f ference  of 13 units between the l a t t e r  and acetyl  de r iva t ive  V co r r e sponds  
to the oxygen atom) appear  in the m a s s  spec t rum of a sample  that has been in contact  with a i r  for  some t ime.  
This observa t ion  must  be compared  with the following facts .  3 -Methy l -2 -aza f luo renone  (VI) is formed in ~16~ 
yie ld  along with V in the r eac t ion  of azaf luorene  I with acet ic  anhydride.  The fact that ketone VI is formed 
by oxidation of acetyl  de r iva t ive  V was es tab l i shed  expe r imen ta l ly  by i ts  oxidation by a i r  oxygen in ref luxing 
alcohol; azaf luorene  is not oxidized under  s i m i l a r  condit ions.  The low yie ld  of ketone V[ in the oxidation of 
V under the indicated conditions is explained by the fact that  i ts solubi l i ty  in alcohol is negl igible .  

Cons ider ing  these  observa t ions ,  it can be a s sumed  that  an a -ke to l ,  i .e . ,  3 - m e t h y l - 9 - h y d r o x y - 9 - a c e t y l - 2 -  
azaf luorene  (molecular  weight 239), is formed as an in t e rmed ia t e  in the oxidation of V and under  the r eac t ion  
condit ions undergoes  c leavage to give ketone VI (M-195), ident ical  to a genuine sample  [2] with r e s p e c t  to the 
IR and UV s p e c t r a l  data.  

Compounds I[-V have r e l a t i ve ly  high mel t ing points (> 200~ and this indica tes  t h e i r  sa l t l ike  c h a r a c t e r .  
The benzoyl (IlL p-aminobenzoyl  {IV), and ace ty l  (V) de r iva t ives  a re  i so la ted  f rom the reac t ion  mix tu re s  only 
in the form of the enols, the s tab i l i ty  of which is evidently due to t h e i r  ex is tence  in the fo rm of zwi t te r ions .  

The re l a t ive  s tab i l i ty  of keto form IIlb is due to the e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of the n i t ro  group, 
which reduces  the abi l i ty  of the carbonyl  group to undergo enoltzat ion.  However, on heating above 110 ~ keto 
form IIIb is  conver ted  to enol form Ilia,  which is a l so  more  s table  in this  case .  The hydroch lo r ides ,  which 
decompose  to give the s t a r t ing  compounds when they a r e  heated in alcohol,  were  obtained f rom IIIa and IV. 
This is apparent ly  due to the compet i t ive  format ion  of the zwi t ter ion .  
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The IR and PMR s p e c t r a l  data (Table 1) a re  in ag reemen t  with the a s sumpt ion  that  enols II and V in the 
c r y s t a l l i n e  s ta te  and a l so  in neut ra l  solut ions apparen t ly  have a zwi t te r ion  s t ruc tu r e  with loca l i za t ion  of the 
pos i t ive  charge  on the n i t rogen  atom, whereas  the negat ive charge  may  be de loca l ized  on th ree  cen te r s ,  as 
shown in the scheme  above ( s t ruc ture  B). The absorp t ion  bands of a carbonyl  group a r e  absent  in t h e i r  IR 
spec t ra ;  a b road  diffuse band due to the s t r e tch ing  v ibra t ions  of the bonded hydroxyl  groups at 2300-3000 cm -~ 

and an in tense  band cen te red  at 2050-2060 em -1 evidently due to v ibra t ions  of ~ N + - - H  bonds of the pyr id ine  
/ 

r ing a r e  obse rved  in the s p e c t r a .  The PMR s p e c t r a  of t r i f l uo roace t i c  acid solut ions contain one-pro ton  s in-  
g le t s  at  6.44 (II) and 5.50 ppm W), which a r e  r e l a t e d  to the methyl idyue  pro ton  a t tached to C (9). The absence 
of these  s ignals  when CF3COOD is used as the solvent  (Table 1) makes  it pos s ib l e  to conclude that  t h e z w i t t e r -  
ions a r e  pro tona ted  in the 9 pos i t ion  under  these  condit ions to give the cat ionic form of azaf luorene .  

H d " 3  
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R 

EXPER IM ENTA L 

The UV spectra of alcohol solutions were obtained with a Hitachi spectrophotometer. The IR spectra 

of KBr pellets were recorded with a UR-20 spectrometer. The PMR spectra of CCI 4 (%r[) and CF3COOH and 

C F3COOD (V) solutions were recorded with T-60 and HA-100D spectrometers with tetramethylsilane as the 
internal standard. The mass spectra were obtained with an MKh-1303 spectrometer at an ionizing-electron 

energy of 70 eV. Thin-layer chromatography (TLC) was carried on activity II Al203 in a CHCI3-CzHsOH sys- 
tem (15 : I). 

3-Methyl-9-(~-hydroxybenzylidene)-2-azafluorene (If). A 1.55-g (0.011 mole) sample of benzoyl chloride 

was added gradually with vigorous stirring to a solution of 2 g (0.011 mole) of I and 1.33 g (0.011 mole) of 

dimethylaniline in 5 ml of benzene, during which the mixture warmed up and initially turned blue and then 

brown. It was stirred at 20 ~ for 2 h, after which ammonium hydroxide was added. The reaction products were 

extracted with benzene, and the residue from the benzene extract was passed through a column filled with 

ac t iv i ty  [I a luminum oxide with elution by alcohol to give 1 g of s t a r t i ng  I and 0.6 g (38~ based  on converted 
azaf luorene  I) of f i ne -g ra ined  red c r y s t a l s  of II with mp 204.5-205 ~ (from benzene) and Rf 0.78. Found: N 
5,0,~. C20HisNO. Calcu la ted :  N 4.9,~. 

3 -Me thy l -9 -{p -n i t robenzoy l ) -2 - aza f luo rene  {I[Ib) and 3 -Me thy l -9 - [~ -hyd roxy - (p -n i t robeazy l idene ) ] -2 -  
azaf luorene  {IIIa). A) A solut ion of 5.6 g (0.03 mole) of p - a i t robenzoy l  ch lor ide  in 30 ml of benzene was added 
with s t i r r i n g  in the c o u r s e  of 20 rain to 5 g (0.028 mole) of [ and 5.5 g (0.045 mole) of d imethylani l ine  in 5 ml 
of benzene,  during which the co lo r  of the solut ion turned to r ed -b rown.  It was then ref luxed for 3 h, af ter  
which it was t r e a t ed  with ammonium hydroxide .  The reac t ion  produc ts  were  ex t rac ted  with benzene, and the 
r e s idue  f rom the benzene ex t rac t  was washed with t h ree  30-ml por t ions  of e ther .  Workup of the ether  ex t rac t  
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TABLE 1, Data f rom the PMR Spec t ra  of 9 - A c y l - 3 - m e t h y l - 2 - a z a -  
f l uo renes  

C o r n  - 

pound 

VI 

tt 

S olv en t 

CF:COOH 

CF3COOH 

CF,~COOD 

CF,~COOH 
C C 1 4  

CF~COOH 

Parameters* and assignments of the signals 
,:H 3 (eth- a-cI-L 
,lidene), I s, ~,H 
.BH 

- -  2,96 

2,37 2,98 
(2,87;2,93) t" 

2,37 3,00 
(2,87;2,93) 1" 

-- 2,95 
2,56 
a.25 

9-H 
$, IH(2H} 

6,44 

5,50 

(4,55} 

I -H  

8,61 d, 
l=6,0Hz, IH 

8.81 d ! 
/=6.1Hz, IH 

8.80s, IH 

8,75 s, 1H 
8,59 s, 1H 

8.9~ d, 
l =6,0 Hz, 1H 

other aro- 
matic protons 

7.20--8.30m,1 OH 

7.50--8,43m, 5H 

7.60--8.37m,5H 

7.69--8.02m, 5H 
7. l 0--7,77m, 5H 
7.76--8.65m, 5H 

*Chemica l  shif ts  (6, ppm),  mu l t i p l i c i t y ,  and i n t eg ra l  i n t ens i ty .  
t T h e s e  a r e  the c h e m i c a l  shift  of the i m p u r i t i e s  in  V, the p o s s i b l e  
f o rma t ion  of which {and the s t ruc tu re}  is d i s c u s s e d  in  the pape r .  
$ The m e a s u r e m e n t s  w e r e  m a d e  with a BS-487C s p e c t r o m e t e r  at 
80 MHz. 

y ie lded  1.9 g of aza f luo rene  I. The e t h e r - i n s o l u b l e  r e s i due  was p a s s e d  through a c o l u m n  fi l led with a l u m i n u m  
oxide with e lu t ion  by c h l o r o f o r m - a l c o h o l  (5 : 1) to give 2.07 g (36.6% based  on conve r t ed  a z a f l uo r e ne  I) of 
broom c r y s t a l s ,  which, accord ing  to TLC data,  conta ined  two s u b s t a n c e s  with Rf 0.9 and 0.23. A 1-g s a m p l e  
of the c r y s t a l s  was heated in  10 ml  of c h l o r o f o r m - b e n z e n e  (10 : 1), and the i n so lub l e  ye l low r e s i due  was r e -  
moved by f i l t r a t ion ,  washed with ch lo ro fo rm,  and d r ied  to give 0.2 g of f i n e - g r a i n e d  l igh t -ye l low c r y s t a l s  of 
HIb, which t u rned  red at 110 ~ and had Rf 0.9. The spl i t  bands  in  the IR s p e c t r u m  at 1720 and 1753 cm - i  c o r r e -  
spond to a c a rbony l  group.  Found:  N 8.8%. C20H14N203. Ca lcu la ted :  N 8.5%. Cooling of the ch lo ro fo rm so lu -  
t ion  y ie lded  0.53 g (53%) of d a r k - r e d  c r y s t a l s  of IIIa with mp 253-254 ~ and Rf 0.23. The two abso rp t i on  bands  
at 2100-3200 and 1800-2100 cm -1 in  the IR s p e c t r u m  c o r r e s p o n d  to a s t rong ly  a s soc i a t ed  enol  hydroxyl  group;  
the abso rp t i on  bands  at 1535, 1343, and 860 cm -1 a r e  due to an a r o m a t i c  r ing  n i t ro  group,  The bands  at 1500, 
1315, and 1183 cm -1 c h a r a c t e r i z e  the ske le ta l  v ib r a t i ons  of the aza f luo reny l tdene  s y s t e m  with an exocycl ic  
C =C bond [1]. UV s p e c t r u m ,  Xma x, am (log e): 274 {4.30); 350 (4.10); 490 (3.75). 

The so lva te  of the hydroeh lo r ide  of IIIa decomposes  at 260 ~ Found:  C1 18.4%. C20H14N203" HC1 • C2HsOH. 
Ca lcu la ted :  C1 8.5'~. This  so lva te  decomposes  on heat ing  in alcohol to give enol IIIa. 

B) A so lu t ion  of 3.1 g (0.017 mole)  of p - n i t r o b e n z o y l  ch lo r ide  in 75 ml  of be nz e ne  was added to 3 g (0.017 
mole)  of I in 30 ml  of benzene ,  dur ing  which the m i x t u r e  t u rned  b rown.  It was then  ref luxed for 3 h and t r e a t ed  
with an  aqueous sod ium ca rbona t e  so lu t ion .  The r e a c t i o n  p roduc t s  we re  ex t rac ted  r epea t ed ly  with benzene ,  
and the r e s i d u e  f rom the benzene  ex t rac t  was washed with t h r e e  20 -ml  po r t ions  of e the r .  The e the r  ex t rac t  
was worked up to give 0.9 g of s t a r t i n g  I. The e t h e r - i n s o l u b l e  r e s i due  was c r y s t a l l i z e d  f rom benzene  to give 
1.2 g (31% based  on conver t ed  aza f luo rene  I) IIIb with Rf 0.9. 

3 - M e t h y l - 9 - [ ~ - h y d r o x y - ~ p - a m i n o b e n z y l i d e n e ) ] - 2 - a z a f l u o r e n e  {IV). A so lu t ion  of 0.5 g of c a l c i um chlo-  
r ide in  5 ml  of wa te r  and 20 g of z inc dust  we re  added to a so lu t ion  of 1 g (0.003 mole)  of IIIa in 60 ml  of a lco-  
hol, and the m i x t u r e  was ref lu•  for  3 h. The hot m i x t u r e  was f i l t e red ,  and the solid m a t e r i a l  was washed 
with 50 ml  of hot a lcohol .  W a t e r  {500 ml) was added to the f i l t r a t e ,  and the r e s u l t i n g  p r e c i p i t a t e  was r emoved  
by f i l t r a t ion ,  washed with water ,  and d r ied  to give 0.77 g (85%) of the so lva ted  fo rm of IV as a f i n e - g r a i n e d  
r e d - o r a n g e  powder  with mp 224-226 ~ (from a l c o h o l - b e n z e n e ) a n d R f 0 . 4 6 .  The IR s p e c t r u m  conta ined  bands  
at 2800-3200 and 1175 cm -1 {enol hydroxyl  group).  The bands  at 3380 and 1265 em -1, which a r e  absen t  in the 
[R s p e c t r u m  of enol IIIa, and the c o n s i d e r a b l e  b roaden ing  of the band at 1610 cm -1 cons t i tu t e  ev idence  for  r e -  
duct ion of the NO 2 group to an  NH 2 group.  The p r e s e n c e  of i n t e nse  a b s o r p t i o n  bands  at 1440-1505, 1320, and 
1175 cm -1 is due to the ske le ta l  v ib r a t i ons  of the a z a f l uo r e ny l i de ne  s y s t e m .  Found:  N 8.2%. C20H16N20" 
C2H5OH. Ca lcu la t ed :  N 8.1~.  The so lva te  of hyd roch lo r ide  IV decomposed  on heat ing  in a lcohol .  Found:  C1 
18.1~. C20H16N20-2HCl'1/2C2H5OH. Ca lcu la ted :  C1 17.9~. 

3 - M e t h y l - 9 - ( ~ - h y d r o x y e t h y l i d e n e ) - 2 - a z a f l u o r e n e  (V) and 3 - M e t h y l - 2 - a z a f l u o r e n o n e  (VI). A) A so lu t ion  
of 5 g (0.028 mole)  of I in 50 ml  of ace t ic  anhydr ide  was heated at 140 ~ for  14 h, a f t e r  which 50 ml  of w a t e r  
was added to the b lack  r e a c t i o n  m i x t u r e ,  and it was made  a lka l ine  with 10% sod ium c a r b o n a t e  so lu t ion  and 
t r e a t ed  with 300 ml  of ch lo ro fo rm.  The m i x t u r e  was then  shaken  v igorous ly ,  and the r e s u l t i n g  p r e c i p i t a t e  was 
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r e m o v e d  by f i l t r a t i o n  and washed  with  a c e t o n e  to  g ive  0.J1 g of r e d  c r y s t a l s  of V with mp 215-216 ~ (from a l c o -  
hol).  [R s p e c t r u m ,  c m - l :  3097, 3047, 2995. 2932; a b r o a d  i n t e nse  band at 2200-2900 ( a s s o c i a t e d  OH); 2097 

and 2037 ( f i n  H) ; 1647, 1617, 1490 ( b r o a d  s); 1317, 1240, 1174, 1112, 962, 872, 752, and 722. Found:  C 80,7; 

H 6,1; N 6.0~;  M 223. C15H13NO, C a l c u l a t e d :  C 80,7; H 5.8; N 6.3%; M 2'23. Workup  of the  c h l o r o f o r m  so lu -  
t ion  gave  a so l id  d a r k  r e s i d u e  (5.7 g) with an i n c l u s i o n  of r ed  c r T s t a l s ,  which was  p a r t i a l l y  d i s s o l v e d  in 60 ml  
of 10~c h y d r o c h l o r i c  ac id .  The  ac id  s o l u t i o n  was  washed  with e t h e r  and t r e a t e d  with ]0% sod ium c a r b o n a t e  
so lu t i on  to  pH 7.5. The  o r a n g e  b a s e s  w e r e  e x t r a c t e d  with e t h e r  and c h l o r o f o r m ,  A to t a l  of 1.93 g of the  r e s i -  
due of t h e s e  e x t r a c t s  was  s e p a r a t e d  with  a c o l u m n  f i l l ed  with a c t i v i t y  II A1203 with e lu t ion  with e t h e r - h e x a n e  
(1 :20)  to g ive  0.95 (15,7~) of ke tone  VI with mp  141-146 ~ (no m e l t i n g - p o i n t  d e p r e s s i o n  was o b s e r v e d  for  a 
m i x t u r e  of th is  p r o d u c t  with a genuine  s a m p l e  [2]). The h y d r o c h l o r i c  a c i d - i n s o l u b l e  r e s i d u e  (~2  g) was  s h a k e n  
with 15 m l  of 10~ s o d i u m  c a r b o n a t e  so lu t i on  and 30 ml  of e t h e r  to  g ive  an add i t i ona l  1.34 g of V. the  o v e r a l l  
y i e l d  of which  was  26~.  

B) A m i x t u r e  of 1,8 g (0,01 mole )  of I. 2.6 g (0.03 mole )  of e thyl  a c e t a t e ,  and 0.5 g (0,02 g - a t o m )  of f ine ly  
cut s o d i u m  was  r e f l u x e d  fo r  10 h, du r ing  which it t u r n e d  g r e e n .  A lcoho l  (5 ml)  was  added,  and the  m i x t u r e  
was  p o u r e d  into a so lu t i on  of 2 ml  of a c e t i c  a c id  in  15 m l  of w a t e r .  The m i x t u r e  was  shaken ,  and the r e s u l t -  
ing r e d  c r y s t a l s  w e r e  r e m o v e d  by f i l t r a t i o n ,  washed  s u c c e s s i v e l y  with w a t e r ,  a lcohol ,  and e t h e r ,  and d r i e d  
to  g ive  0.44 g (19.9~) of  V with mp  224-225 ~ ( f rom a lcohol )  (rap 209-212 ~ [1]), Found:  C 80.7; H 6.3; N 6.5~;  
M 223. CIsHlzNO. C a l c u l a t e d :  C 80,7; H 5.8; N 6,3~c; M 223, 

C) A 0 .35 -g  (1.5 m m o l e )  s a m p l e  of f r e s h l y  p r e p a r e d  (and s u c c e s s i v e l y  washed  with e t h e r ,  benzene .  
co ld  and hot c h l o r o f o r m ,  and a lcohol )  enol  V was  r e f l u x e d  fo r  14 h in 40 ml  of a l coho l  with con t inuous  bubbl ing  
of a i r  into the  m i x t u r e .  The  r e s u l t i n g  p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t i o n ,  d i s s o l v e d  in a lcohol ,  and c h r o -  
m a t o g r a p h e d  to g ive  0.02 g (6.6~) of ke tone  VI with mp  144-146 ~ [2], Found:  M 195, CI3HgNO. C a l c u l a t e d :  
M 195. 
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