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The possibi l i ty of obtaining 3-methy l -2-azaf luorene  by dehydrocyclizat ion of 2 ,5-dimethyl -4-  
phenylpyridine at 500-750 ~ in the absence of a catalyst  was examined. This azafluorene was 
condensed with a romat ic  aldehydes.  Several  t ransformat ions  of the geomet r ica l  i somers  of 
3 -methy l -9 -benzy l idene-2-azaf luorene  and its analogs were  studied. 

The synthesis  of 3 -methy l -2 -azaf luorene  (II) and its analogs by the catalytic dehydrocyclizat ion of 
2 ,5-dimethyl-4-phenylpyr idine  (I) was descr ibed in previous communicat ions [1,2]. In connection with the 
accumulation of facts n e c e s s a r y  for the study of the mechanism of this react ion,  we turned to an elucida- 
tion of the possibil i ty of ca r ry ing  out the dehydrocyclizat ion of I in the absence of a catalyst .  We ca r r i ed  
out a se r i e s  of experiments  in which the t empera tu re  ranged f rom 500 to 750 ~ and quartz was used as the 
packing. The thermal  dehydrocycl izat ion of I proceeds only above 600 ~ to give low yields of II: at 750 ~ the 
yield of II is about 9% (based on the amount of I converted).  Destruct ive p rocesses  accompanied by the 
formation of gaseous products occur to a considerable  degree.  

Considering that dehydrogenation p rocesses  are  initiated by iodine [3], we ca r r i ed  out a number  of 
s imi la r  exper iments  with the addition of iodine. In this case ,  3 -methyl -2-azaf luorenone  (IV) ra ther  than II 
is isolated af ter  appropria te  workup of the react ion products .  At high t empera tu res ,  II is apparently 
iodinated at the methylene group to fo rm a geminal dihalo derivat ive,  f rom which IV is obtained during a l -  
kaline workup, The addition of iodine has a considerable  effect on the dehydrocyclizat ion of I. While only 
t r aces  of II a re  detected when iodine is absent, the yield of IV is 30% at the same tempera ture  when an equi-  
molecular  amount of iodine is added. 

o , v  , / /  ,, 

CH2C6H ~ CHC6H ~ CHC6H s 

V I l l  Vl 

Continuing our r e s e a r c h  involving a study of var ious derivat ives  of azafluorene sys tems ,  we turned 
our attention to the condensation of II with benzaldehyde and to a study of the geometr ica l  i somers  of 3- 
methy l -9-benzyl idene-2-azaf luorene  (III) that a re  formed in the p roces s .  The condensation was ca r r i ed  out 
in the presence  of potassium ethoxide. Compound III is a bright-yel low, crysta l l ine  substance.  One proof 
of the s t ruc ture  of HI is its oxidation to IV and benzoic acid. A band of medium intensity at 1632 cm -1 in 
the IR spec t rum of III is caused by stretching vibrations of the C ~ C  bond of the conjugated ring and the 
benzylidene grouping. The band at 935 cm -1 is affiliated with the out-of-plane s tretching vibrations of the 
hydrogen atom of the ethylene bond. 
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Reduction of III with lithium aluminum hydride in te t rahydrofuran yielded 3 - m e t h y l - 9 - b e n z y l - 2 - a z a -  
f luorene (V) as a color less ,  c rys ta l l ine  substance.  Only one intense band at 1614 cm -1, caused by vibrations 
of the aromat ic  r ings,  is present  in the IR spec t rum of V in the region of the C = C  stretching vibrat ions.  
The signal at 5 2.62 plJm in the NlV[R spec t rum of V (in CC14) cor responds  to the protons of the CH 3 group. 
The doublet at 3.09 and 3.17 ppm is related to protons of the CH 2 group (this doublet is absent in the NMR 
spec t rum of III), the tr iplet  at 4.20, 4.27, and 4.34 ppm is caused by the proton attached to C(9), and the 
singlet  at 8.17 ppm is affiliated with the proton in the a position relat ive to the nitrogen atom. 

The condensation of III with benzaldehyde at the methyl group, as a resul t  of which 9-benzyl idene-3-  
( f l - s tyryl ) -2-azaf luorene  (VI) is formed,  was ca r r i ed  out in acetic acid and acetic anhydride. The conden- 
sation product (VI) is bright yellow. The oxidation of VI at the benzylidene and s tyry l  groups led to 2 - aza -  
f luorenone-3-carboxyl ic  acid (VII). 

3 -Methyl -9-benzyl idene-2-azaf luorene  (III) is formed as a mixture of geometr ica l  i somers ,  which 
were  isolated by means of adsorption chromatography on aluminum oxide (rap 115-116.5 ~ and 129-130.5~ 

We assigned the cis  and t rans  configurations,  respect ively,  to the i somers  of III with respec t  to fo r -  
mal cha rac t e r i s t i c s  (the position of the phenyl ring and o-phenylene group of the azafluorene sys tem r e l a -  
tive to the double bond). The assumption regarding the s t ruc ture  of these i somers  was made on the basis 
of a compar ison of some of their p roper t i es .  The cis i somer  (IIIa) has lower chromatographic  mobility 
than the t rans  i somer  (IIIb) (gable 1). This can be explained by the fact that the nitrogen of the pyridine 
ring in the trails i somer  is shielded by the phenyl group, as a consequence of which its interaction with the 
adsorbent  is weakened. In addition to s ter ic  factors ,  one must  take into account the interaction of the e lec-  
tron pair  of the nitrogen atom with the conjugated sys tem of ~ electrons of the neighboring benzene ring, 
which, as follows f rom an examination of the molecular  model,  is in a plane almost  perpendicular  to the 
plane of the azafluorene sys tem.  This sor t  of interaction will apparently be more  distinctly displayed in the 
analogous geometr ic  i somer  of the 1-azaf luorene derivat ive.  The different solubilities of the i somers  of III 
in nenpolar solvents and the observed  (chromatographically) difference in the rate  of in terconvers ions  of 
the i somers  on heating can be explained by this interact ion.  I somer  IIIa is more  soluble in hexane, ligroin, 
decalin, and ether  than IIlb. When the individual i somers  of III are  heated to 140 ~ in decalin, they undergo 
in terconvers ions  but at different r a t es .  I somer  IIIa is converted to IIlb more  rapidly than IIIb is converted 
to IIIa. The trans configuration of IIIb is probably stabilized to a cer tain degree through interaction of the 
e lectron pair  on the nitrogen atom with the benzene ring.  

The IR spec t ra  of carbon te t rachlor ide  solutions of i somers  III are identical, but there are  cer tain 
differences in the spec t ra  of minera l  oil pastes of the i somers .  In this case,  the IR spect rum of IIIa con-  
tains a band of medium intensity at 1708 cm -i ,  which is absent in the spec t rum ofIIIb.  A g rea te r  number  of 
bands than for IIIa are  observed in the IR spec t rum of IIIb in the region of the out-of-plane deformation 
vibrations of the C - H  bonds. These differences are  more  dist inctly seen in the IR spec t ra  of KBr pellets 
of the i somers  of III.  Bands at 1707 cm -1, a shoulder on the band at 1461 cm -~, and a weak band at 1410 
cm -1 are  observed for Ilia. These bands are  absent in the spec t rum of IIIb. A g rea te r  number  of bands are  
observed in the IR spec t rum of IIIa in the LiF p r i sm region.  

In the crys ta l l ine  state,  the i somers  of III differ considerably  in color .  I somer  IIIa has a more  in- 
tense color  (bright-yellow crys ta ls )  than IIIb. However, the UV spec t ra  of the i somers  of III are pract ical ly  
identical.  The NMR spec t ra  of CDC13 solutions of the i somers  of III a re  completely identical.  They con-  
tain signals f rom protons of a CH3 group at 2.61 ppm and aromat ic  protons at 7.30-7.74 ppm. 

As in the case  of III, 3 -me thy l -9 -  (p-dimethylaminobenzylidene)-2-azafluorene (VIII) was obtained as 
two i somers  by the condensation of II with p-dimethylaminobenzaldehyde.  These i somers  differ cons ider -  
ably with respec t  to melting points and colorat ion:  the cis  i somer  (VI~a) was obtained as orange c rys ta l s ,  
while the t rans  i somer  (vIIlb) was obtained as br ight-yel low c rys t a l s .  Their  proper t ies  are s imi la r  to 
those of the i somers  of III. When II was condensed under the same conditions with benzophenone, diphenyl- 
{3-methyl-2-aza-9-f luorenyl idene)methane (IX) was obtained as high-melting,  l ight-orange c rys t a l s .  

2-Azafluorene (XIV) was used in order  to obtain an analog of III that does not contain a methyl group 
in the azafluorene ring.  We rea l ized the scheme for its synthesis  as follows: 

CH 3 CH 3 CHs Eft 3 I] 
X X I X I I X! ! I p h / C \ H  H / C \ P h  

XlV Xv a Xv b 
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TABLE i. 
Derivat ives of 2-Azafluorene 

Compound II IIIa Il lb VlIIa VlIIb XlV 

* On activity II A1203 in e ther .  

Chromatographic Mobility of 9-Benzylidene 

xYa x v b  

0,40 0,65 

TABLE 2 

Expt. Temp., 
*C 

500 
600 
700 
750 
500 
550 
600 

I/Iv 
mole/ 
mole 

Ovezall Yield of poly- 
conv. cyclic corn- 
of I, 07o pounds, % * 

8 I o(o) 
20 ~aees (~aces) 
26 3(7) 
31 4(9) 
34 ] 4(6) 
,57 / 10(14) 
76 [ 23(30) 

Yield of gas components, 
mole/100 mole of I 

H2 CnH2n+ 2 I CnH2n 

0,9 15,9 t3 
5,2 t8,5 3,0 

38,2 53,3 8,5 
48,4 59,5 8,4 
0,7 32,0 2,9 
t,5 30,6 3,5 
3,4 35,5 5,7 

*In experiments  1-4, II was isolated as a polyeyclic compound, 
while IV was isolated in experiments  5-7. The di rec t  yield with r e -  
spect  to the I passed through is presented;  the figure in parentheses  
is the yield based on the amount of I converted.  

5 -Methy l -4 -pheny l -2 - (8 - s ty ry l )pyr id ine  (XI) [4], which is formed by the condensation of 2 ,5-dimethyl-  
4-phenylpyridine (X) with benzaldehyde, is oxidized to 5-methyl -4-phenylpyr id ine-2-carboxyl ic  acid (XII). 
The la t ter  is subjected to decarboxylation,  and the resul t ing 3-methyl-4-phenylpyr idine  (XIII) is converted 
to 2-azaf luorene (XIV) [5] by dehydrocycl izat ion on a K-16 cata lys t .  The condemsation of XIV with benz-  
aldehyde yields the cis  and t rans  i somers  of 9-benzyl idene-2-azaf luorene  (XVa and XVb), which are  s imi lar  
in proper t ies  to the i somers  of III .  

The isolation of the i somer ic  9-benzylidene derivat ives  of azafluorene was successful ly  accomplished 
by means of adsorption chromatography on aluminum oxide. In all of the examples considered,  the sub- 
stituted azafluorenes with more  shielded ni t rogen atoms have higher chromatographic  mobilit ies (Table 1). 

E X P E R I M E N T A L  

Dehydrocycl izat ion of 2 ,5-Dimethyl-4-phenylpyridine.  The experiments  were  ca r r i ed  out with an ap- 
paratus  of the flow type (a quartz tube, Z 50 cm, d 3.5 cm, quartz packing). A 10-g (0.055 mole) sample of 
I and 14 g (0.055 mole) of iodine in 100 ml of benzene was subjected to pr ior  vaporization and passed through 
a sc rubber  containing 10% sodium hydroxide solution, and the liquid react ion products were t reated with al-  
kali.  The catalyzate  remaining after  distillation was analyzed by chromatography (activity II aluminum 
oxide). The gases were analyzed with a modified KhT-2M chromatograph.  The experimental  resul ts  are  
presented in Table 2. 

3 -Methyl -9-benzyl idene-2-azaf luorene  (III). A mixture  of 1 g (5 mmole) of II, 0.7 g (7 mmole) of 
benzaldehyde, and 10 ml of 10% potass ium ethoxide in 75 ml of alcohol was refluxed with s t i r r ing  for 6 h. 
Water (20 ml) was added, the alcohol was removed by distillation, and the excess benzaldehyde was r e -  
moved by s team disti l lation. The organic bases were extracted with ether .  The res idue (1.4 g) after  r e -  
moval  of the e ther  by distillation was separated chromatographica l ly  with a column filled with activity II 
aluminum oxide to give initially 0.57 g of the t rans i somer  of III (IIIb) with mp 129-130.5 ~ (from ligroin) as 
pale-yel low c rys t a l s .  Found: C 89.0; H 5.5; N 5.2%. C20H15N. Calculated: C 89.2; H 5.5; N 5.2%. UV 
spect rum,  kmax ,  nm {loge): 228 (4.56), 258 (4.41),~ 332 (4.24). The picrate  of IIIb melted at 257-258 ~ 
(from alcohol). The next compound eluted was 0.55 g of the cis i somer  of Ill {IIIa) with mp 115-116.5 ~ (from 
ligroin) as br ight-yel low c rys t a l s .  Found: C 89.2; H 5.7; N 5.3%. C20HIsN. Calculated:  C 89.2; H 5.5; N 
5.2%. UV spec t rum,  k max,  nm ( loge):  226 (4.64), 258 (4.56), ~330 (4.34). The picrate  of IIIa melted a t  
239-240 ~ (from alcohol). The yield of III was 75%. 
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I somer  IIIa is converted to IIIb (about 50%) and IIIb is converted to IIIa (30%) (according to th in- layer  
chromatography)  45 rain after refluxing Ilia and IIIb in decalin.  

3-Methyl-2-azaf luorenone (IV). Po tass ium permanganate  [6.2 g (39.3 mmole)] was added gradual ly 
to a solution of 2 g (6.4 mmole) of HI in 100 ml of acetone at 0 ~ and the mixture was s t i r red  at room t em-  
pera tu re  until it was completely decolorized.  The manganese  dioxide was removed by fil tration and washed 
twice with acetone and then with hot water .  The acetone solution yielded 1.4 g (91%) of IV with mp 140-141 ~ 
(from ligroin). Found: C 79.8; H 4.5; N 7.1%. C13HgNO. Calculated:  C 80.0; H 4.6; N 7.1%. The picrate  
of IV melted at 217-218 ~ (from alcohol). Found: N 13.4%. C13HgNO �9 C6H3N307. Calculated: N 13.2%. 
After  neutral izat ion with 50% sulfuric acid, the aqueous solution yielded 0.7 g (94%) of benzoic acid. 

3 -Methyl -9-benzyl -2-azaf luorene  (V). A solution of 1.9 g (6 mmole) of III in 50 ml of te t rahydrofuran 
was added gradual ly to 0.28 g (7.4 mmole) of lithium aluminum hydride in 100 ml of te t rahydrofuran.  The 
mixture  was refluxed for 6 h and then t rea ted  with moist  ether,  20 ml  of 10% sulfuric acid, and 50 ml of 
40% sodium hydroxide.  The ether  extract  yielded 1.9 g (100%) of color less  c rys ta l s  of V with mp 118-119 ~ 
(from ligroin); a mixture of IIIa and V melted at 88-94 ~ Found: C 88.6; H 6.5; N 4.8%. C20HITN. Calcu-  
lated: C 88.5; H 6.2; N 5.1%. The picrate  of V melted at 197-198.5 ~ (from ace tone-a lcoho l ) .  Found: N 
10.7%. C20H17N -C6H3N307. Calculated:  N 11.2%. 

9 -Benzy l idene-3 - (~- s ty ry l ) -2 -aza f luorene  (VI). A mixture of 2 g  (6.4 mmole) of HI, 0.95 g (9 mmole) 
of bemzaldehyde, 0.8 g of acetic anhydride, and 0.5 g of acetic acid was refluxed for 16 h. The unchanged 
benzaldehyde was removed by s team distil lation, and 20 ml of 40% sodium hydroxide was added to the 
res idue.  The organic bases  were  extracted with e ther .  The ether  extract  yielded 2.46 g of VI, which was 
purif ied with a chromatographic  column filled with aluminum oxide to give dark-yel low c rys ta l s  of VI with 
mp 147-148.5 ~ (from ligroin). Found: C 90.7; H 5.3; N 3.9%. C27HigN. Calculated: C 90.7; H 5.3; N 3.9%. 
The hydrochlor ide of VI had mp 253-254 ~ (precipitated with ether) .  Found: N 3.4%. C27HlsN �9 HCI. Calcu-  
lated: N 3.5%. 

2-Azaf luorenone-3-carboxyl ic  Acid (VII). Po tass ium permanganate  [16.5 g (0.015 mole)] was added 
gradual ly  at 0 ~ to a solution of 4.4 g (0.011 mole) of VI in 250 ml of acetone, and the mixture was s t i r red  at 
room tempera tu re  until it was completely decolor ized.  The manganese dioxide was removed by filtration 
and washed twice with hot water .  The aqueous solution was part ial ly evaporated and them neutral ized with 
50% sulfuric acid.  The  precipi ta te  was removed by fi l tration and washed with e ther .  The ether  yielded 
2.55 g (88%) of benzoic acid. The e ther- insoluble  residue [0.95 g (34%)] was yellow c rys ta l s  of VII with mp 
211-212 ~ (from alcohol). Found: C 69.5; H 3.4; N 6.2~. C13H7NO 3. Calculated: C 69.3; H 3.3; N 6.2%. 

3-Methyl-9-(p-dimethylaminobenzyi idene)-2-azaf luorene (VIII). A mixture  of 2 g (0.011 mole) of II, 
2.2 g (0.014 mole) of p-dimethylaminobenzaldehyde,  and 20 ml of 10% potassium ethoxide in 120 ml of a l-  
cohol was refluxed with s t i r r ing  for 8 h. Water (20 ml) was added, and the alcohol was removed by dis t i l -  
lation. The organic bases were  extracted with benzene. The residue (3 g) after removal  of the benzene by 
distillation was dissolved in 30 ml of benzene, and the solution was introduced into a chromatographic  
column filled with aluminum oxide and eluted with ether to give initially 1.48 g of the t rans  i somer  of VIII 
(VIIIb) as br ight-yel low c rys ta l s  with mp 182-184 ~ (from e t h e r - p e t r o l e u m  ether).  Found: C 84.4; H 6.7; 
N 9.2%. C22H20N 2. Calculated: C 84.6; H 6.4; N 8.9%. The picrate  of VIIIb melted at 241-243 ~ The next 
substance isolated was 1 g of orange c rys ta l s  of the cis  i somer  of VIII (VIIIa) with mp 149-150 ~ (from 
e t h e r - p e t r o l e u m  ether) .  Found: C 84.5; H 6.5; N 9.1%. C22H20N 2. Calculated: C 84.6; H 6.4; N 8.9~c. 

Diphenyl (3-methyl-aza-9-f luorenyl idene)methane (IX). A mixture of 1 g (5 mmole) of 1I, 1 g (5 mmole) 
of benzophenone, and 20 ml of 10% potass ium ethoxide in 60 ml of ethanol was refluxed with s t i r r ing  for 11 
h. Water  (10 ml) was added, and the alcohol and water  were  removed by distillation. The residue was r e -  
c rys ta l l i zed  f rom benzene to give 1.1 g of orange c rys ta l s  of IX; the c rys ta l s  darkened above 290 ~ and 
melted with decomposit ion.  Found: N 4.2%. C2sH19N. Calculated:  N 4.1%. 

2-Azaf luorene (X1V). A mixture of 60 g (0.328 mole) of X, 40.8 g (0.384 mole) of benzaldehyde, 33.5 g 
of acetic anhydride,  and 19.7 g of acetic acid was refluxed for 40 h. The excess benzaldehyde was r e -  
moved by s team distil lation. A total of 100 ml of 10% sodium hydroxide was added to the residue,  and the 
react ion products were extracted with ether  to give 74.55 g of a mixture of XI and s tar t ing X (from c h r o -  
matographic analysis) .  Po tass ium permanganate  [50 g (0.316 mole)] was added in portions at 0 ~ to a solu-  
tion of this mixture  in 400 ml of acetone, and the mixture  was s t i r red  at room tempera tu re  for 10 h. The 
manganese dioxide was removed  by fi l tration. The acetone solution yielded 30.4 g of s tar t ing X. The 
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manganese  dioxide was washed severa l  t imes with hot water ,  and the aqueous solution was part ial ly evapo- 
ra ted  and neutra l ized with 50% sulfuric acid to give 37 g of a mixture of XII and benzoic acid. The mixture 
was heated with 20 ml of water  in an autoclave at 200-210 ~ for 4 h. Sodium hydroxide solution was added, 
and the mixture  was extracted with e ther .  Distillation of the ether ext rac t  yielded 14 g (5~c based on con- 
ver ted  X) of XIII with bp 120-125 ~ (1 ram). The picrate  of XIII had mp 151-153 ~ A solution of 14 g (0.082 
mole) of XHI in 60 ml of benzene was passed over K-16 cata lyst  at 540-560 ~ A total of 6,5 l i ter  of gas was 
sorbed at 20 ~ and 738 ram. The benzene was removed f rom the catalyzate by distillation to give 7.16 g of 
substances ,  which were separa ted  on a chromatographic  column (activity II A1203, ether) to give 4.7 g of 
XIII and 2.3 g (16~c) of XIV with mp 78.5-80 ~ [5]. 

9-Benzyl idene-2-azaf luorene  (XV). A mixture of 1.1 g (0.006 mole) of XIV, 0.7 g (0.006 mole) of 
benzaldehyde, and 10 ml of 10~c potassium ethoxide in 60 ml of ethanol was refluxed for 7 h. Water  (20 ml) 
was added, and the alcohol was removed  by distil lation. The benzaldehyde was removed  by s team dist i l la-  
tion, and the organic bases were extracted with ether to give 1.2 g (71~) of XV, which was subjected to 
chromatographic  separat ion to give initially 0.66 g of the t rans  i somer  (XVb) as yellow c rys ta l s  with mp 
165-166 ~. Found: C 89.5; H 5.4; N 5A%. C19HI3N. Calculated:  C 89.4; H 5.1; N 5.5%. Also isolated sub- 
sequently was 0.4 g of the cis i somer  (XVa) as yellow c rys ta l s  with mp 82-83 ~ Found. C 89.3; H 5.8; N 
5.6%. CIgHI3N. Calculated: C 89A; H 5.1; N 5.5%. 

The IR spectra of the compounds'were measured with a UR-20 spectrophotometer. The UV spectra 
of ethanol solutions were measured with an SF-4a spectrophotometer. The NM:R spectra of CDCI 3 solutions 
of isomers IIIa and IIIb were obtained with a Varian T-60 spectrometer at 60 MHz. The internal standard 
was hexamethyldisiloxane. The NMR spectrum of a CCI 4 solution of V was measured with a Varian HA-100 
spectrometer at 100 MHz. The internal standard was tetramethylsilane. 
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