
B E N Z O P Y R I D O F U L V E N E S  

N. S. P r o s t a k o v ,  K .  I .  F u r n a r i s ,  
B.  N. A n i s i m o v ,  M. A .  G a l i u l l i n ,  
V .  F .  Z a k h a r o v ,  a n d  V .  P .  Z v o l i n s k i i  

UDC 547.829'835' 837 

A group of benzopyridofulvenes  was obtained by  condensat ion of 3 -me thy l -2 - aza f luo rene  and 
4 -aza f luorene  with anisaldehyde,  ve ra t r a ldehyde ,  and p-ni t robenzaldehyde.  It was es tabl ished 
that they a r e  produced in the f o r m  of geomet r i ca l  i s o m e r s ,  which could be isolated in the case  
of the 9-(o-methoxy)  and 9- (m,p-dimethoxy)  de r iva t ives  of 3 -me thy l -2 -aza f luo rene .  One i so-  
m e r  of the analogous benzyl idene der iva t ive  and 3 - [ f l -hydroxy- f l - (p -n i t ropheny l ) e thy l ] -2 -aza -  
f luorenone were  obtained in the condensat ion of this azaf luorene  with p-ni t robenzaldehyde.  The 
dimethoxybenzyl idene der iva t ives  of both azaf luorenes  were  reduced  t o  dimethoxybenzyl  de r iva -  
t ives .  The geomet r i ca l  i s o m e r s  of a subst i tuted indenoindolizine were  obtained f r o m  the mix -  
ture  of i s o m e r s  of N-phenacy l -9 - (m,p -d ime thoxybenzy l idene ) -4 -aza f luo rene  b romide  and di-  
methyl  ace ty lenedicarboxyla t  e. 

" 4 .  

Numerous  analogous de r iva t ives  of f luorene have been studied in detail  [1]. The avai lable  information on 
benzopyr idofulvenes ,  which was obtained mainly  in our l abora to ry ,  is l imited.  Having a p rac t i cab le  method for  
the synthes is  of some  azaf luorenes  at our  disposal ,  we turned to a study of thei r  condensation with a ro ma t i c  
aldehydes in o rde r  to obtain va r ious  benzopyr idofulvenes ,  to es tabl i sh  the configurat ion of thei r  geomet r i ca l  
i s o m e r s ,  and to s ea rch  for physiological ly  ac t ive  compounds among them.  It was es tabl ished that one of the 
compounds of this type - 9 -benzy l idene -4 -aza f luorene  - has cons iderab le  bac te r ic ida l  act iv i ty  [2]. 

3- Methyl- 9- (o -methoxybenzy l idene) -2-azaf luorene  (]I) and 3 -me thy l -  9- (m,p- d imethoxybenzyl idene)-2-  
azaf luorene  (1Tl) we re  obtained by condensat ion of 3 - m e t h y l - 2 - a z a f l u o r e n e  (I) [3] with o-an isa ldehyde  and v e r a -  
t ra ldehyde,  r e spec t ive ly .  These  compounds a r e  produced in the f o r m  of r e l a t ive ly  s t ab l e  geomet r i ca l  i s o m e r s ,  
the isolation of which is accompl i shed  by  means  of chromatography .  In [4] it was  conditionally a s sumed  that 
the cis  i somer  in the benzopyridofulvene s e r i e s  is the i somer  in which the phenylene f ragment  of  the aza f l u o '  
r e n e a n d t h e  a ry l  r i ng  a r e  on the s a m e  side of the mult iple  bond. 

~ CFI 3 , , . . ~ " . . ~ ~ C H  3 + ~ cH3 

I Ar/C\lt tl/C'--Ar 
~ ' ~  cis lla Ilia trans IIb, l l lb  

~ N H~O 
CHC6H4NO2 "p O 

IV V 

data. 
zrm). 

I la ,  b Ar=C6H4(OCH3).o:" l l la,b Ar=C~H~(OCH3)2.m, p 

The ass ignment  of  the isolated i s o m e r s  to cis  and t r ans  f o r m s  was made on the bas i s  of the following 
The cis  i s o m e r s  (IIa and IIIa) have lower  ch romatograph ic  mobi l i t ies  than the  t r ans  i s o m e r s  (IIb and 
In the t r ans  i s o m e r s  the ni t rogen a tom of the pyr idine r i ng  is shielded by the adjacent  a ry l  r ing,  a con-  

sequence of which should be weakening of the in teract ion of these  i s o m e r s  with the adsorbent  and, consequently,  
their  inc reased  ch romatograph ic  mobi l t t ies  as c o m p a r e d  with the cis  i s o m e r s .  The shift  of the signal of  the a 
proton of t r ans  i s o m e r  IIb (8.53 ppm) to s t rong  field as  c o m p a r e d  with the analogous signal  of c is  i somer  Ha 
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Gete ro t s ik l ichesk ikh  Soedinenii, No. 12, pp. 1653-1659, December ,  1978 .  Original a r t i c l e  submit ted J anua ry  
12, 1978. 
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TABLE I .  Chemical  (5) and Specific (AEu) Shifts of the Signals 
of the Protons  of the I s o m e r s  of II  and III* 

Compound Shifts I-H 3-CH:, 4-tl 5-H 

cis ,t. 116--118 ~ 

tran$ T, 128--129 ~ 

IIa, 
ciS, 57--60" 

l ib, 
trans, 128--129 ~ 

Ilia, 
cis, 125--126~ 

lIIb, 
tram, 158~159, 5~ 

AEu 

6 
Azu 

AEu 
6 
ABu 
6 
ABu 

t} 
AEu 

8,74 
19,77 
8,57 

19,00 
8,78 

18,2 
8,53 

16,9 
8,70 

10,6 
8,80 
5,60 

2,58 
22,42 
2,51 

17,48 
2,52 

23,37 
2,43 

16,3 
2.52 

10,46 
2,46 
2,45 

7,19 
10,62 
7,06 
8,40 
7,27 

12,3 
7,27 
7,4 
7,52 
2,88 
7,44 
3,06 

7,60 
4,42 
7,60 
3,51 
7,51 
4,39 
7,53 
3,07 
7,68 
3,32 
7,57 
1,03 

* Studies of the PMR s pec t r a  of  9 - b e n z y l i d e n e - 3 - m e t h y l - 2 - a z a -  
f luorene and II and HI in the p r e s e n c e  of Eu(DPlVl) 3 showed that  
the specif ic  shif ts  (AEu) for  the c i s  i s o m e r s  a r e  g r ea t e r  than the 
co r respond ing  speci f ic  shif ts  for  the t r ans  i somer s .  

These  compounds w e r e  desc r ibed  in [4]. 

).77 
OCM~ 

CH ~ ] I~ 

b 

Fig. 1. PMR s p e c t r a  of  VIII: a) without the addition of 
a paramagnetEc shift  r eagen t  (PSR); b) s ignals  of the 3- 
H protons  in the p r e s e n c e  of a PSR ([PSR]/[substra te]  = 
0.045); c) s ignal  of the OCH 3 protons without the addi-  
tion of  a PSR; d) s ignal  of  the OCH 3 protons in the p r e s -  
ence of a PSR ([PSR]/[subst ra te]  =0.433). 

(8.78) (Table 1) is a lso  a s soc ia t ed  with shielding of the pyr id ine  r i n g  by the a ry l  r ing.  It was exper imenta l ly  
es tabl ished that the amount of t r ans  i s o m e r s  lib and IIIb fo rmed  is approx ima te ly  th ree  t imes  the amount  of c is  
i s o m e r s  Ha and IIIa. The cis i s o m e r s  of this type a r e  l e s s  s table  than the co r respond ing  t r ans  i somer s .  Sig- 
nals of the t r ans  i s o m e r s  a r e  obse rved  in the PIVIR spec t r a  of i s o m e r s  IIa  and IIIa r e co rded  some  t ime  af ter  the 
compounds a r e  dissolved.  The higher s tabi l i ty  of  the t r ans  i s o m e r s  as c o m p a r e d  with the cts  i s o m e r s  is evi-  
dently due to the i r  s tabi l izat ion as  a r e s u l t  of in teract ion of the unshared  pa i r  of e lec t rons  of the ni t rogen a tom 
with the  r - e l e c t r o n  s y s t e m  of the a ry l  r ing ,  as p roposed  in [4]. The p r e sence  in it of e lec t ron-donor  methoxy 
groups p romote s  this interact ion.  

The condensation of azaf luorene  I with p-n i t robenzaldehyde  proceeds  ambiguously,  tn addition to 3- 
me thy l -9 - (p -n i t robenzy l idene ) -2 -aza f luo rene  (IV), a r e l a t i ve ly  significant amount of  3 - [ f l - hyd roxy - f l - ( p -n t t r o -  
phenyl)e thyl ] -2-azaf luorenone (V) is fo rmed .  Under the reac t ion  conditions azaf luorene  I is oxidized to 3- 
me thy l -2 -aza f luorenone ,  which then undergoes condensat ion at the a - m e t h y l  group with p-.ntt-robenzaldehyde, 
The fo rmat ion  of V via this  pathway was  proved  by a l t e rna t ive  synthes is  b y  condensat ion of 3 - m e t h y l - 2 - a z a -  
f luorenone [3] with p--nitrobenzaldehyde in the p r e s e n c e  of sodium methoxide.  The PIVIR s p e c t r u m  of V does not 
contain s ignals  of  a methyl  group. The molecu la r  weight de te rmined  by m a s s  s p e c t r o m e t r y  and the analyt ical  
data a r e  in a g r e e m e n t  with its formula .  The insolubil i ty of V in organic  solvents  and its high mel t ing  point 
(207-208~ const i tu te  evidence for  its chelate  s t r u c t u r e  with a pa r t i a l ly  quaternized ni t rogen atom. According  
to the ch romatograph ic  data,  benzopyridofulvene IV is an individual subs tance  that mel t s  ove r  a na r row range .  
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One must evidently assign to it a cis form in which the dipole moment is considerably lower than in the trans 
form. 

li �9 
CH--CH=CH--C~H 5 ~HAr 

vii w V,H-Xl 

VIII Ar = CsH4(OCHs)-o; IX At = CeHs(OCHs)z-m; p; X Ar = C6H4(OCH2CH= CHe)..o; 

XI At = C~H4NOz-p. 

A second group of s imi lar  compounds was synthes ized from 4-azaf luorene  (VD [5]. 9 -Cmnamyl idene-4-  
azafluorene (VII) and benzopyridofulvenes VIII-XI were obtained by condensation of VI with various aldehydes. 

We were unable to isolate the cis and trans forms of these benzopyridofulvenes, and perhaps one cannot 
separate them by chromatography. According to the data from their PMI~ spectra measured with the use of a 
paramagnetic-shift reagent [Eu(DPiVDs], they all exist in the form of mixtures of isomers ( Fig. 1). The relative 
stabilities of the isomers of benzopyridofulvenes are consequently associated with the change in the position of 
the nitrogen atom in the azafluorene system. 

The benzopyridofulvenes obtained in this study are of interest for the synthesis from them of compounds 
that contain fragments of natural alkaloids, and they therefore may be of biological interest. 9-(o-Hydroxy-m- 
allylbenzylidene)-4-azafluorene (XI1) was obtained from allyloxybenzylidene derivative X by thermal Claisen 
rearrangement. The 0.86 ppm shift (A6) to strong field of the signal of the methylene group in the allyl frag- 
ment is evidence for this rearrangement. 

li !1 
CII Cff 
I I ~ O--CIt2--C|I=CH~ ~ / O l l  

~"~/~CH2--CH =CH 2 

X X l l  

OCH 3 OCH~, 

III XIII 

a~. C6H~COCH2Br 
b .  CH3OOCIC~C--COOCH 3 H ~ " ~ - - / C O O C H 3  

IX 

~ .~ .1#. . /  cog.~ 

�9 OCIt 3 I ~..~] 
CI$ XVa 

11 
CH 

OCH 3 

I X  

l 

~ \ O C H s  
OCH 3 

XIV 

~ OCH 3 

tra~ xv b 

3- Methyl- 9 - (m,p-dimethoxybenzyl idene) -2-azaf luorene  (HI) was reduced by means of benzyl alcohol  [6] to 
3 -methy l -9 - (m,p-d imethoxybenzy l ) -2 -azaf luorene  (XII1), which to a certain extent is s imilar  to papaverine with 
respect  to its structural  fragments.  Compound XHI was also obtained direct ly  from azafluorene I and veratral -  
dehyde. In the PMI~ spectrum of XIIIthe - C H C H 2 -  fragment gives a spectrum of the AX 2 type [6 (CH) 4.06, 
5 (CH2) 2.91 ppm, J(H C C H) =7 Hz] .  9 - (m,p-Dimethoxybenzyl -4 'azaf luorene  (XIV) was obtained via  s imilar  
pathv~ays from 9-(rh,~cl[~n-e~t~oxybenzylidene) -4 -azaf luorene  (IX). According to prel iminary data, the hydro-  
chloride of XIII has growth-regulat ing activity. 
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The synthes is  of a new indenoindolizine s y s t e m  was accompl i shed  on the bas i s  of  benzopyridofulvene IX. 
Compound IX was t r e a t ed  with bromoacetophenone  (we could not i so la te  the qua te rna ry  sal t  in c rys ta l l ine  fo rm) ,  
and the mix tu re  was then t r e a t e d  with ace ty lenedicarboxyl ic  acid e s t e r  (ADAE) in the p r e sence  of t r ie thylamine .  
2,3- Diearbomethoxy-  1-benzoyl -  6- (In,p- dimethoxybenzylidene) indeno [1,2- e] indoliz ine (XV) is for  reed as a 
r e s u l t  of 1 ,3-dipolar  cycloaddit ion of ADAE to 9 - (m ,p -d ime thoxybenzy l idene ) -4 -aza f luo ren ium benzoylmethyl id.  
It was es tab l i shed  by th in - layer  ch roma tog raphy  (TLC) that  the ylid isola ted in the ca se  of t r ea tmen t  of N- 
phenacy l -9 - (m,p -d ime thoxybenzy l idene ) -4 -aza f luo ren inm b romide  with po ta s s ium carbona te  is conver ted  to 
indenoindolizine XV on r eac t ion  with ADAE. 

Since benzopyridofulvene IX is a mix tu re  of configurat ional  i s o m e r s  (according to the PMR spect ra) ,  XV 
is produced in the f o r m  of geomet r i ca l  i s o m e r s .  They were  isolated by  ch romatography ,  and XVa was desig-  
nated as the cis i s om er ,  and XVb was designated as the t r ans  i somer .  The obse rved  dif ference (~5) in the 
chemica l  shifts  of the protons in the ~/posi t ion of the pyr idine r i ng  during an examinat ion of the PMR sp ec t r a  
of i s o m e r s  XVa and XVb is 0.20 ppm; this d i f ference  is due to the an iso t ropic  effect  of  the a ry l  r ing  in the 
t r ans  i somer .  

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. The UV 
spectra were recorded with a Specord recording speetrophotometer. Chromatography was carried out on ac- 
tivity TI aluminum oxide, The PMR spectra were recorded with a Hitachi- Perkin-Elmer R-22 spectrometer 
with he• as the internal standard. The molecular weights of the compounds were measured 
with an MKh-1303 mass spectrometer . . . . .  

3-Methyl-9-(o-methoxybenzylidene)-2-azafluorene (ID. A 0.11-g (4.8 rag-atom) sample of sodium was 
added to a solution of 0.6 g (3.3 mmole) of azafluorene I in 20 ml of methanol, and 0.45 g (3.3 mmole) of o- 
anisaldehyde was added to the refluxing solution. The mixture was then maintained at room temperature for 
7 days, after which 30 ml of water was added, and the liberated oily substance was chromatographed to give 
0.24 g (24.3%) of isomer lib as colorless crystals with mp 128-129~ (from heptane) and Rf 0.4 [ether-heptane 
(3 : i)]. PMR spectrum (in CC14) , 6 : 8.53 (IH, s, I-H), 6.65-7.77 (9H, aromatic), 3.78 (3H, s, OCH3) , and 2.49 
ppm (3H, s, CH3). IR spectrum, 9:2840 (CH 3 in OCH3) , 1643 (C=C), 1246 (Vas C-OCH3) , 1023 cm -I (u s C- 
OCH3). UV spectrum, hmax (log e): 213 (4.8); 232 (4.88); 258 (4.69); 286 (4.2); 347 nm (4.53). Found: C 
84.2; H 5.9; N 4.4%; M + 299. C21HI~NO. Calculated: C 84.3; H 5.7; N 4.7%; M 299. The pierate of lib was 
obtained as yellow crystals with m,p 271.5-273~ (from alcohol). Found: N 10.6%. C21HI?NO. C6H3N30 ?. Cal- 
culated: N 10.6%. 

After elution of isomer lib, we isolated 0.07 g (7.1%) of isomer Ha as pale-yellow crystals with mp 57- 
60~ (from heptane) and Rf 0.33 (in the same system). PMR spectrum, 5 : 8.78 (IH, s, I-H), 6.55-7.6 (9H, 
aromatic), 3.72 (3H, s, OCH3) , and 2.52 ppm (3H, s, CH3). Found: C 84.4; H 5.8; N 4.7%. C21HITNO. Calculated: 
C 84.3; H 5.7; N 4.7%. The picrate of IIa was obtained as red crystals with mp 246.5-247.5~ (from alcohol). 
Found: N 10.6%. C21HITNO. C6H3N30 ?. Calculated: N 10.6%. 

3-Methyl-9-(m,p-dimethoxybenzylidene)-2-azafluorene (In). A solution of 1 g (5.5 mmole) of azaflu0rene 
I in 30 ml of ether was added to i0 ml of a 10% solution of potassium ethoxide, and a solution of I.I g (6.6 
mmole) of veratraldehyde in 30 ml of ether was added to the refluxing solution. The mixture was refluxed for 
1.5 h and allowed to stand at room temperature for 3 days. Water (30 ml) was added, and the mixture was ex- 
tracted with ether. The extract was dried with magnesium sulfate and evaporated, and the residual viscous 
mass was chromatographed to give 0.64 g (35.4%) of isomer IIlb as orange crystals mp 158-159.5~ (from al- 
eohol-hexane) and Rf 0.43 (ether). PiVIR spectrum (in CC14),5:8.80 (IH, s, I-H), 6.68-7.66 (SH, aromatic), 
3.77 (3H, s, OCH3) , 3.75 (3H, s, OCHa) , and 2.46 ppm (3H, s, CHa). ]IR spectrum, 9:2844 (~s CH3 in OCH3) , 
1638 (C=C), 1245 (Vas C-OCH3) , 1037 cm -i (~s C-OCH3). Found: C 80.0; H 6.0; N4.5%; M+329. C21HIgNO 2. 
Calculated: C 80.2; H 5.8; N 4.3%; M 329. 

After elution of isomer HI'b, we isolated 0.2 g (11%) of isomer Ilia as yellow crystals with mp 125-126~ 
(from octane-acetone) and Rf 0.30 (in the same system). PMR spectrum (in CC14) , 5 : 8.70 (IH), 6.66-7.73 (8H, 
aromatic), 3.79 (3H, s, OCH3) , 3.71 (3H, s, OCH3) , and 2.52 ppm (3H, s, CH~). Found: C 79.9; H 5.9; N 3.9%; 
M + 329. C2~HIgNO~. Calculated: C 80.2; H 5.8; N 4.3%; M 329. 

3- Methyl- 9- (p-n i t robenzyl idene)-2-  azaf luor  ene (IV) and 3- [fl - H~rdr_oxy-fl - (p-nitrophenyl) ethyl]-  2 - a z a -  
f luorenone (V). A 0.2-g (9 rag-atom) sample  of  sodium was added to a solution of 1 g (5.5 mmole)  of azaf luo-  
r e n e  I in 35 ml  of methanol ,  the mix tu re  was heated to 60~ 0.9 g (6 mmole)  of p-ni t robenzaldehyde was added, 
and the mix tu re  was allowed to stand at r o o m  t e m p e r a t u r e  for 4 days. It was then f i l te red  to give 0.4 g (21%) of 
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V as orange crystals  with mp 207-208~ (from acetone) and Rf 0.58 (ether). PlVIR spectrum (in CF3COOH), 5 : 
8.86 (1H, s, ~-H), 7.42-8.45 (9H, m, aromatic), 5.53 (1H, m, CH), and 3.64 ppm, (2H, d, CH2). IR spectrum, ~: 
3170 (associated OH), 1714 (CO), 1460 (CH2) , 1524 (Vas NO2), and 1344 cm -1 (v s NO2). Found: C 69.3; H 3.8; 
N 8.1%; M + 346. C20HI4N204. Calculated: C 69.3; H 4.0; N 8.1%; M 346. 

After separation of V, 80 ml of water was added to the mother liquor, and the mixturewas extracted with 
ether. The ether was removed from the extract,  and the residue was chromatographed to give 0:12 g (7%) of 
benzopyridofulvene IV as bright-yellow crystals  with mp 140-142~ (from hexane) and Rf 0.82 (ether). PMR 

spectrum (in CDC13),6 : 8.37 (1H, s, a-H),  7.11-8.18 (10H, m, aromatic H), signals at 8.13 (2H) and 7.41 (2H) 
corresponding to the AA'BB' four-spin system character is t ic  for p-substituted benzene, and 2.47 ppm (3H, s, 
CH3). IR spectrum, v: 1610 (C--C), 1525 (Vas NO2) , and 1344 cm -I (v s NO~). UVspectrum, ~,max (log s 
214 (4.52), 224 (4.54), 262 (4.52), 356 nm (4.16). Found: C 76.2; H 4.3; N 8.6%; M+314. C20H14N202. Calcu- 
lated: C 76.4; H 4.4; N 8.9%; M 314. Chromatography yielded 0.3 go f  a mixture of I, IV, and V. 

]3) A similar method gave 0.6 g (56%) of orange crystals  of V, with mp 207-208~ (from acetone) and Rf 
0.58 (ether), f rom 0.6 g (3.1 mmole) of 3-methyl-2-azafluorenone, 0.61 g (4 mmole) of p-nitrobenzaldehyde, 
and 0.1 g (0.004 g-atom) of sodium in 35 ml of methanol. Found: C 69.6; H 4.2; N 8.0%. C20H4N204. Calcu- 
lated: C 69.3; H 4.0; N 8.1%. 

9-(o-Methoxybenzylidene)-4-azafluorene (VIII). A 10-ml sample of a 10% solution of potassium ethoxide 
was added to a solution of 1 g (6 mmole) of azafluorene VI in 50 ml of ethanol, 1 g (7.3 mmole) of o-anisalde- 
hyde was added to the mixture at 60~ and the resulting mixture was refluxed for 3 h. After 3 days, 100 ml  
of water was added, and the precipitate was dissolved in chloroform and chromatographed. The residue iso- 
lated f rom the eluate was crystal l ized from hexane. The condensation of azafluorene VI with veratraldehyde, 
o-allyloxybenzaldehyde, and p--nitrobenzaldehyde was carr ied  out similarly. The characteris t ics  of benzo- 
pyridofulvenes VIII-XI are  presented in Table 2. Condensation of azafluorene VI with cinnamaldehyde gave 9- 
cinnamylidene-4-azafluorene (VII) with mp 114-120~ (from hexane). IR spectrum, v : 1620 (C----C) and 964 
cm -1 ( t rans-C-H).  UV spectrum, ~t max (log s 210 (4.84), 240 (5.13), 250 (4.58), 281 (4.64), 307 (4.56), 316 
(4.6), 374 nm (5.23). Found: C 89.3; H 5.2; N 5.3%; M + 281. C21HI~N. Calculated: C 89.7; H 5.3; N 5.0%; M 

281. 

Compounds VII-XI are  yellow substances. 

9-(o-Hydroxy-m-allylbenzylidene)-4-azaflunrene (XII). A 0.48-g (1.54 mmole) sample of benzopyridoful- 
vene Xwas heated at 220-2300C for 1 h, after which the residue was dissolved in ether and chromatograpbed to 
give, successively, 0.1 g of starting X and 0.08 g (21%) of XII with mp 212-213~ (from chloroform). In the 
P1VIR spectrum the protons of the vinyl group form an ABC spin system: the two quartets at 5.30 and 5.26ppm, 
which belong to the CH 2 protons of this group, and a multiplet at 6.09 ppm, which is related to CH of the same 
group. The character  of the splitting of the lat ter  signal constitutes evidence that the ABC system is a part of 
a more complex ABCX9 spin system, i.e., an allyl group. PiYIR signals (~): 3.58 (2It, d, a-CH 2 of an aUyl 

group) and 7.02-851 ppm (l lH, aromatic). IR spectrum, ~: 2670, 2560 (~/r~--H), and 1645 cm -1 (C--C). UV 

spectrum, Area x (log e): 216 (5.21), 219 (5.28), 309 (4.87), 332 nm (4.67). Found: N4.5%; M+311. C~-II?NO. 
Calculated: N 4.5%; M 311. 

3-Methoxy-9-(m,p--dimethoxybenzyl)-2-azafluorene (XHI). A) A 0.21 g (0.07 mole) sample of the mixture 
of isomers of benzopyridofulvene HI, 0.74 g (6.8 mmole) of benzyl alcohol, and 0.7 g (12.5 mmole) of potassium 
hydroxide were mixed, and the mixture was heated to 210~ after which it was heated at 170-190~ for 25 rain. 
A portion of the solid residue was dissolved in 15 ml of chloroform, and the solution was passed through a layer 
of aluminum oxide (elation with ether) to give 0.093 g (40%) of XIII with mp 112-113~ (from octane) and Rf 0.3. 
PMR spectrum (CC14) , 5 : 8.11 (1H, s, l-H), 6.47-7.56 (8H, m, aromatic), 4.06 (1H, t ,  9-H), 3.46 and 3.39 (6H, 
two s, two CH 3 in two OCH~), 2.91 (2H, d, CH2) , and 2.46 ppm (3H, s, CH3). IR spectrum, v: 2840 (v s CH 8 in 
OCHs) , 1240 (Vas C-OCH3), 1022 cm -1 (Vs C-OCHa). Found: C 79.4; H 6.5; N 4.0%; M + 331. C~IH~INO~. Cal- 
culated: C 79.8; H 6.3; N 4.2%; M 331. The hydrochloride of Xffl was obtained as yellow crystals  withmp221- 
224~ (from alcohol). Benzoic acid was isolated f rom the chloroform-insoluble residue of the reaction mass 

after acidification. 

B) A mixture of 1.35 g (7.5 mmole of azafluorene I, 2.7 g (16 mmole) of verat ryl  alcohol, 0.15 g (2.7 
mmole) of potassium hydroxide, and a few crystals  of veratraldehyde was heated to 185~ after which it was 
heated to 225~ for 15 min. The solid residue was t reated with 15 ml of chloroform, and the solution was 
chromatographed with a column filled with aluminum oxide to give 1.6 g (64.5%) of XIII with mp 112-113~ 

(from octane) and Rf 0.3. 
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Similar methods were used to obtain XIV, with rap 109-111~ (from octane) and Rf 0.6, in 60 and 95% 
yields, respectively. PMR spectrum, 6 : 8.26 (1H, q, 3-H) and 7.84 ppra (1H, q, l-H); signals Chat form aa 
ABX spin system - 3.94 (itt, m, 9-I-I) and two quartets at 3.04 and 2.63 ppm, which belong to the protons of the 
CH 2 group - a re  present at strong field; 4.44 (2H, d, with splitting of OCH2); singlets at 3.60 and 3.69 ppm be- 
longing to the protons of the OCH s group. IR spectrum (in KBr), v: 2840 (CH 3 in OCH~), 1240 (Vas C-OCH3), 
1030 era -1 (v s C-OCH3). UV spectrum, {log e): 212 (4.52), 252 (3.9), 284 (4.0), 308 nra (4.12). Found: C 
79.6; H 6.2; N 4.1%; M + 317. CzlH19NO ~. Calculated: C 79.5; H 6,0; N 4.4%; M 317. 

Isomer s of 2,3- Dicaxbomethoxy- 1-benzoyl- 6- (3,4- dimethoxybenzylidene)indene [1,2- e] indolizine (XVa and 
XVb). A mixture of a 0.73 g (2.3 mmole) sample of the mixture of isomers of benzopyridofulvene IX, 0.52 g 
(2.5 mraole) of bromoacetophenone, and 25 ml of acetonitrile was refluxed for 4 h, after which the aeetonitrile 
was removed by distillation, and the residue was refluxed for 6 h with 0.62 g (4.3 raraole) of ADCE and 0.6 g 
(6 mraole) of triethylamine in 25 ml of chloroform. Water (50 ml) was added. The residue from the chloro- 
form solutions after drying with magnesium sulfate and evaporation was ehroraa~ographed (elution with chloro- 
form) to give 0:08 g (6%) of isomer XVb as orange crystals  with rap 209-210~ (from heptane) and Rf 0.62 
(chloroform). PMR spectrum (in CDC13),d : 8.13 (1H, d, 5-H), 7.0-8.04 (14H, m, aromatic H), 3.91 (3H, s, 
CH3) , 3.82 (6H, s, CH3) , and 3.28 ppm (3H, s, CH3). IR spectrum (in KBr), v: 2840 (CH a in OCHa) , 1743, 1703 
(CO), 1634 (C----C), 1250 (Vas C-OCH~), 1023 cm -1 (v s C-OCH3). Found: N2.2%; M+573. CasH2,/NO?. Cal- 
culated: N 2.4%; M 573. Subsequent elution gave 0.01 g (0.8%) of a mixture of isomers XVb and XVa with Rf 
0.62 and 0.52. At the end of the chromatographic process we isolated 0.2 g (15.2%) of isomer XVa as yellow 
crystals  with mp 218'221~ [from heptane-chloroform (2:1)] and Rf 0.52 (chloroform). PMR spectrum (in 
CDCI~), 6 : 8.33 (1H, d, 5-H), 6.8-8.0 (14H, m, aromatic), 3.90 (3H, s, CH3) , 3.82 (3H, s, CH3) , 3.79 (3It, s, 
CHa) , and 3.26 ppm (3tI, s, CH3). IR spectrum (in KBr), ~: 2840 (CH s in OCH3) , 1740, 1700 (CO), 1630 cm -1 
(C----C). Found: C 73.0; H 4.4; N 2.5%; M + 573. C35H27NO T, Calculated: C 73.3; H 4.7; N 2.4%; M 573. 
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