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A subst i tuted butadiene - 1 -pheny l -4 -  ( 5 -me thy l -4 -pheny l -2 -py r idy l )bu t a - l , 3 -d i ene  w ith a t r ans ,  
t r ans  c o n f i g u r a t i o n -  was obtained by condensat ion of 2 ,5 -d imethy l -4-phenylpyr id ine  with c in-  
namaldehyde.  Two 3 - m e t h y l -  9 - c innamyl idene-  2 -  azaf luorene  i s o m e r s  a r e  fo rmed  as  a r e su l t  of 
condensat ion of the s ame  aldehyde with 3 - m e t h y l - 2 - a z a f l u o r e n e .  Data f rom the PMR and IR 
s p e c t r a  w e r e  used  to prove  the configurat ion of the compounds obtained. It was es tab l i shed  
that  the condensat ion of 3 - m e t h y l - 2 - a z a f l u o r e n e  with sa l icyla ldehyde gives  3 - m e t h y l - 9 -  (2-hy-  
d roxybenzy l idene) -2 -aza f luorene ,  which has a zwi t ter ionic  s t ruc tu re ,  and 1 ,2 -b i s (3 -me thy l -2 -  
aza-9- f luorenyl idene)e thane .  Ideas r ega rd ing  the chemica l  m e c h a n i s m  of the format ion  of the 
l a t t e r  a re  p resen ted .  The p repa ra t ion  of an unsa tura ted  alcohol - 3 - m e t h y l - 9 - a l l y l - 2 - a z a - 9 -  
f l u o r e n o l -  is desc r ibed .  

Conjugated dienes with he t e rocyc l i c  subst i tuents  a re  of in te res t  as compounds with s e v e r a l  different  r e -  
action cen te r s  - a fact  that is impor tan t  f r o m  the point of view of synthes is .  New p rob lems  a r i se  during the 
study of the t h r ee -d i m ens i ona l  s t r u c t u r e s  of such s y s t e m s  in connection with the p re sence  of a he te rocyc l ic  
f r agmen t  in them.  

In the p r e sen t  r e s e a r c h  we used 2 ,5 -d imethy l -4 -pheny lpyr id ine  (I) ill  for  the synthesis  of a pyridine 
der iva t ive  containing an unsa tura ted  subst i tuent .  1- Pheny l -4 -  (5 -me thy l -4 -pheny l -2 -py r id ine )bu t a - l , 3 -d i ene  
(II) was obtained by condensation of I with c innamaldehyde in the p r e s e n c e  of acet ic  anhydride.  To es tabl i sh  
the configurat ion of II we obtained the PMR s p e c t r a  with the applicat ion of the pa ramagne t i c  shift reagent  (PSR) 
Eu(DPM) 3. The ass ignment  of the s ignals  of the protons  was conf i rmed by the double - resonance  spec t r a  (Fig. 
1, s p e c t r a  a and b). The sp in-sp in  coupling constants  (SSCC) of the protons  attached to the double bonds (3J = 
15 Hz) provide  evidence for a t r ans  or ienta t ion of the protons  at tached to C1, C2, and C3, C 4. This conclusion 
is also conf i rmed  by the data f r o m  the IR s p e c t r u m ,  in which the intense absorpt ion band at 995 cm -I  is r e -  
lated to the ou t -o f -p lane  deformat ion  v ibra t ions  of the CH bonds of the t r ans -d iv iny l  f ragment .  

We used 3 -m e t hy l -2 - aza f l uo rene  (III) [2] for  the synthes is  of unsa tura ted  s y s t e m s  in the azaf luorene 
s e r i e s .  The condensation of azaf luorene III with c innamaldehyde was c a r r i e d  out in the p re sence  of po tass ium 
ethoxide.  I f  one takes  into account the fact  that the s - t r a n s  conformat ion  of the diene f ragment  should be s table  
for  the product  of  this c o n d e n s a t i o n -  3 - m e t h y l - 9 - c i n n a m y l i d e n e - 2 - a z a f l u o r e n e  (IV) - one must  expect  the 
fo rmat ion  of two geome t r i ca l  i s o m e r s  of subst i tuted azaf luorene  IV. Both i s o m e r s  (IVa and IVb) were  isolated.  

Low-mel t ing  i s o m e r  IVb is conver ted  to the more  stable h igh-mel t ing  i s o m e r  IVa when it is heated in 
acetone.  The different  ch romatograph ic  mobl l i t ies  of  these  i s o m e r s  are  evidently explained by the degree  o f  
shielding of the he t e ro r ing  ni t rogen atom, which should be g r e a t e r  for i s o m e r  IVb. This is poss ible  when the 
s t y r y l  f r agmen t  of the divinylphenyl group is located on the s ame  side as the pyridine r ing of the azaf luorene 
sys t em.  I s o m e r  IVa can be ass igned a configuration with a divinylphenyl group in the opposite posit ion,  (See 
scheme  on following page).  

The ~ proton of the pyr idine r ing  in i s o m e r  IVb is located in the plane of the double bond of the s ty ry l  
f ragment .  Because  of this ,  its PMR signal  appea r s  at weaker  field (9.00 ppm) than the signal  of the s ame  p r o -  
ton in the s p e c t r a  of s t a r t ing  III and i s o m e r  I v a  (at 8.40 and 8.65 ppm, respec t ive ly) .  A signal  of the protons 
of the unbonded shif t  r eagen t  is obse rved  in the PMR s p e c t r a  of a mix ture  of  i s o m e r  IVb and sma l l  amounts of 
the PSR ; this  indicates  incomplete  coordination.  This is evidently a consequence of shielding of the ni t rogen 
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atom by the divinylphenyl f ragment .  Thus the data p resen ted  above conf i rm the s t ruc tu r e s  of i s o m e r s  IVa and 
IVb. Data f r o m  the PMR s p e c t r a  (3j =15 Hz) and IR s p e c t r a  (intense absorpt ion bands of out -of -p lane  vibrat ions  
of the CH bonds of the diene f ragment  at 965 cm -1) provide  evidence for the t r ans  or ienta t ion of the hydrogen 
a toms attached to the double bonds of i s o m e r s  IVa and IVb. The UV absorpt ion s p e c t r a  of IVa and IVb are  s i m -  
i la r  to the UV s p e c t r u m  of s - t r ans -c innamyl idene f luo rene  [3]. 

Two subs tances  were  obtained in the condensation of azaf luorene III with sal icylaldehyde in the p re sence  
of po ta s s ium ethoxide. One of the subs tances  is the n o r m a l  condensat ion p r o d u c t -  3 - m e t h y l - 9 - ( 2 - h y d r o x y -  
benzy l idene) -2 -azaf luorene  (V). The re la t ive ly  high mel t ing point (262-264~ of this product  can be explained 
by its sal t l ike s t ruc tu re ,  which is fo rmed  as a r e su l t  of in teract ion of the acidic proton of the phenolic hydroxyl  
group with the pyridine r ing ni t rogen a tom.  This apparent ly  de t e rmines  the configuration of V, which was i so-  
lated in the fo rm of a single geome t r i ca l  i s om e r .  The IR spec t rum of V does not contain the absorpt ion band of 
a f ree  hydroxyl  group. At the same  t ime,  it does contain intense absorpt ion bands at 2564 and 2339 cm -1, which 
evidently can be ass igned to the quaternized ni t rogen atom. The second substance is 1 ,2 -b i s (3 -me thy l -2 -aza f luo -  
renyl idene)ethane (VI), which was obtained as red  h igh-mel t ing  c ry s t a l s  imp 321.5-323~ The UV spec t rum of 
VI is s im i l a r  to the UV s p e c t r u m  of 1,6-bis{diphenylyl)hexatr iene [3]. The fo rmat ion  of substi tuted butadiene 
VI evidently takes  place in s e v e r a l  s teps .  3 -Methy l -2 -aza f lue rene  (VII} [2] is fo rmed  re la t ive ly  eas i ly  f r o m  
azaf luorene III in a medium lmprotec ted  f rom oxygen in the p r e sence  of s t rong bases ;  we demons t ra ted  this in 
the case  of the d i rec t  oxidation of azaf luerene  HI. It was shown in [4, 5] that  in the alkylation of f luorene with 
alcohols in the p r e sence  of alkoxides the reac t ion  mix tu re  always contains an aldehyde {acetaldehyde in the 
case of ethanol}. Aldol condensat ion of azaf luorenone VII with acetaldehyde gives 3 - m e t h y l - 2 - a z a f l u o r e n y l i d e n e -  
acetaldehyde,  which then condenses  with azaf luorene IIL To a cer ta in  extent this scheme for the fo rmat ion  of 
VI is conf i rmed  by its synthes is  f rom azaf luerenone VII and azaf luorene  III  in an alcohol solution of po ta s s ium 
ethoxide. 
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The m a s s  s p e c t r o m e t r i c  data  conf i rm the e m p i r i c a l  fo rmula  of VI. The ion with m/e  369 (M - 15) indicates 
e l iminat ion of a methyl  group f r o m  the molecu la r  ion. The ion with m/e  357 co r re sponds  to el iminat ion of hy-  
drocyanic  acid, and the intense ion with m/e  343 indicates  e l iminat ion of aceteni t r i le ;  this conf i rms  the position 
of the methyl  group in the pyr id ine  r ing.  An unsa tura ted  alcohol of  the azaf luorene s e r i e s  - 3 - m e t h y l - 9 - a l l y l -  
2 - a z a - 9 - f l u o r e n o l  (VIII} was obtained f rom azaf luorenone VH and a l ly lmagnes inm bromide .  

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

The PMR s p e c t r a  of CDC13 solutions of the compounds were  r eco rded  with a Tes la  BS-487C s p e c t r o m -  
e t e r  with hexamethyld is i loxane  as  the in te rna l  s tandard .  The IR s p e c t r a  of KBr  pel le ts  of the compounds w e r e  

67 



C6H 5 - 1 

i , i 
20 16 11 (3 e 7 4 d, pprn 

CHCl3 CH 3 

3" 

,, 3 g 2 

6' I 
a 

; ~ ~ ; Z ~ i a, ppm 

Fig. 1. Double- resonanee  PMtt spec t r a  of Ih a) 
monoresonance  spec t rum;  b) spec t rum of II con-  
taining Eu(DPM) 3 [[Eu(DPM)3]/[substrate]=0.66 ]. 

obtained with a UR-20 spec t rome te r .  The UV spec t ra  of ethanol solutions of the compounds were recorded  with 
a Hitachi spec t rophotomete r .  The mass  spec t ra  were  obtained with an MKh-1303 mass spec t romete r .  Chroma-  
tography was c a r r i ed  out on act ivi ty II A1203. 

1 -Pheny l -4 - (5 -me thy l -4 -pheny l -2 -py r idy l )bu ta - l , 3 -d i ene  (II).. A solution of 5.1 g (28 mmole) of pyridine 
base I, 8 g (61 mmole) of cinnamaldehyde,  3 ml of acet ic  anhydride, and 2 ml of glacial  acet ic  acid was r e -  
fluxed for  10 h, af ter  which it was made alkaline to pH 10 with 40% sodium hydroxide solution. The react ion 
product  was ex t rac ted  with e ther ,  and the ex t rac t  was dr ied with magnesium sulfate.  Dry hydrogen chloride 
was passed  into the e ther  solution, and the precipi ta ted  hydrochlor ide  was dissolved in 20 ml of alcohol. The 
alcohol solution was passed through a layer  of aluminum oxide, and the res idue isolated f rom the eluate was 
c rys ta l l i zed  repea ted ly  f rom hexane to give 0.4 g (5%) of yellow crys ta l s  of substituted butadiene II with mp 
116.5-118~ PMR spec t rum (CDC13): 8.26 (1H, s, s -H)  and 6.45-7.40 ppm (15H, m, aromat ic  and divinyl 
protons) .  IR spectrum: 1620 ( v = C H - C H = C H -  C H ) and 995 cm -1 (6CH band of the t rans-d iv inyl  fragment) .  
UV spec t rum,  kma x (log e): 205 (4.64), 240 (4.41) 6, 3516 (4.52), and 342 nm (4.74). Found: C 88.9; H 6.4; N 4.6%. 
C22H19N. Calculated: C 88.9; H 6.4; N 4.7%. The p icra te  was obtained as red  c rys ta l s  with mp 238-239~ (from 
acetone).  Found: N 10.5%. C22H19N.-C6H3N307. Calculated: N 10.6%. 

3 -Methy l -9 -c innamyl idene-2-aza f luorene  (IV). A solution of 1 g (5.5 mmole) of azafluorene III, 0.94 g 
(7.1 mmole) of cinnamaldehyde,  and 10 ml of 10% potass ium ethoxide in 75 ml of absolute ethanol was refluxed 
for 6 h, af ter  which it was cooled and worked up to give 0.24 g (14.8%) of i somer  IVa as br ight-yel low crys ta l s  
with mp 213-214~ (from alcohol) and l~f 0.7. PMR spec t rum (CDC13): 6.80-8.08 ppm (13H, aromat ic  and di-  
vinyl protons) .  IR spec t rum:  1622 (v C = C  ) and 966 cm -1 (6C_ H in the = C H - C H = C H - C 6 H  5 fragment) .  UV 
spec t rum,  kmax (log e): 209 (4.70), 240 (4.94), 264 (4.64), 275 (4.50). and 389 (4.99). Found: C 89.4; H 5.9; 
N 4.6%; M 295 by mass  spec t rome t ry .  C22HI17N. Calculated: C 89.5; H 5.8; N 4.7%; M 295. 

Water  (20 ml) was added to the alcohol mother  l iquor,  and the mixture  was evaporated to 40 ml and worked 
up to give 0.6 g of a mixture  of i somer s  IVa and IVb (Rf 0.9 and 0.7), f rom which 0.1 g (6.2%) of yellow crys ta l s  
of i somer  IVb with mp 159-161~ and Rf 0.9 was isolated by chromatography (elution with ether) .  PMI~ spec-  
t r um  (CDCI3): 6.78-8.00 ppm (13 H, m, a romat ic  and divinyl protons) .  IR spectrum: 1623 (~C___C) and 966 
cm -1 (5C_ H in the =CHI-CIH=CH-C6H 5 fragment) .  UV spect rum,  kma x (log e): 208 (4.29), 215 (4.26), 244 
(4.53), 264 (4.28), 275 (4.09), and 388 nm (4.58). Found: C 89.4; H 5.9; N 4.6%; M 295 by mass spec t romet ry .  
C22HITN. Calculated: C 89.5; H 5.8; N 4.7%; M 295. When i so m er  IVb (mp 159-161~ was refluxed in acetone, 
it was conver ted  to i s o m e r  IVa (rap 213-214~ A mixture  of both i somers  (established by chromatography) 
was fo rmed  when i s o m e r  IVa was heated in toluene in the p resence  of iodine. 

3 -Methy l -9 - (2 -hydroxybenzy l idene) -2-azaf luorene  (V) and 1 ,2-Bis(3-methyl2-azaf luorenyl idene)ethane 
(VI). A) A 2.2-g (18 mmole)  sample  of sal icylaldehyde and 20 ml of 10% potassium hydroxide in 40 ml of 
ethanol were  added to a solution of 2 g (11 mmole) of azaf luorene [[I in 90 ml of absolute ethanol, and t h e m i x -  
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ture was refluxed for 7 h. The mixLure was evaporated to 50 ml and workedup to give 0.2 g (6.4%) of red crys-  
tals of VI with mp 321.5-323~ (fromehloroform).UV spectrum, kmax (log e): 216 (4.58), 240 (4.64), 267 (4.45), 
401 (4.57), 420 (4.63), and 448 nm (4.62). Found: N 6.4%; M 3.84 (by mass spectrometry).  C28H20N 2. Cal- 
culated: N 7.3%; M 3.84. Water (120 ml) was added to the alcohol mother liquor, and the mixture was 
evaporated to 100 ml and extracted with chloroform. The extract was dried with magnesium sulfate 
and worked up to give 1.2 g (38.3%) of yellow yst_a!s of v with mp 262-264~ (from chloroform) IR 
spectrum: 2700, 2564, 2339 ( ~ \ + ) ,  and 1633 ~ c~ (vC --C). UV spectrum Xma x (log ~): 21-0 (4.74), 223 (4.78), 

~N-tl 

246 (4.56), 290 (4.08), and 340 nm (4.36). Found: C 84.3; H 6.7; N 4.1%; M 285 (by mass spectrometry).  
C20H15NO. Calculated: C 84.2; H 5.43; N 5.0%; M 285. 

B) A mixture of 40 ml of ethanol, 10 ml of 10% potassium ethoxide solution, 1 g (5.5 mmole) of aza- 
fluorene III, and 1.17 g (6 mmole) of azafluorene was refluxed for 8 h, and the resulting precipitate was r e -  
moved by filtration, washed with alcohol, and crystall ized from chloroform to give 0.2 g (5%) of red crystals of 
VI with mp 303.5-304.5~ which differs from the melting point of the sample described above. IR spectrum: 
1660 cm -~ (v C___C). Found: N 7.6%; M 384 (by mass spectrometry).  C28t120N2. Calculated: N 7.3%; M 384. 
The mass spectra of the two samples of VI were identical. 

3-Methyl-2-azafluorene (VII). Oxygen was passed through a solution of 0.5 g (2.7 mmole) of azafluorene 
III and 2 ml of:the Rodinov catalyst in 40 ml of pyridine with st irr ing at 45~ for 40 rain, after which the py- 
ridine was removed by distillation, and the residue was purified with a column filled with aluminum oxide 
(elution with chloroform) to give 0.47 g (90%) of azafluorene VII with mp 143-144~ [2]. 

3-Methyl-9-al lyl-2-aza-9-f luorenol  (VIII), A solution of 1 g (5 mmole) of azafluorene VII in 75 ml of 
absolute benzene was added to allylmagnesium bromide, obtained from 6 g (50 mmole) o f  allyl bromide and 
1.2 g (50 mmole) of magnesium in 40 ml of ether,  and the mixture was refluxed for 4 h. Water (40 ml) and 80 
ml of a saturated solution of ammonium chloride were added, and the benzene layer was separated and dried 
with magnesium sulfate. The benzene was removed from the extract,  and the residue was crystall ized from 
heptane to give 0.2 g (16.5%) of colorless crystals  of azafluorenol VIII with mp 145-146~ PMI~ spectrum 
(CDC13): 7.98 (ltI, s, c~-H), 5.01-5.65 (1H, m, 2-H), 4.81 (1H, d, J =1I tIz, cis-3-H), 4.77 (tH, d, J =17 ttz, 
tmns-3-H) ,  3.88 (lit, broad s, O-H) ,  and 2.72 ppm (2H, d, J =7 Hz, - C H 2 - ) .  IR spectrum: 3080 (associated 
OH), 1640 (v C___C ), and 1070 cm "~ (VC_OH). Found: N 6.1%. C16H15NO. Calculated: N 5.9%. 
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