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9-Methylnaphtho [2,i-b] [i, 6]naphthyridine and 2 ,3-d imethyl - l -azaphenanthrene  we re obtained 
on a K-16 dehydrogenating catalyst  f rom N-(1,2 ,5- t r imethyl-4-piper idyl idene)- /3-naphthyl-  
amine, while N-cyclohexylidene-(~-naphthylamine yielded N-phenyl-~-naphthylamine and 
benzo[a]carbazole.  

The convers ions  of Schiff bases  obtained f rom y -p ipe r idones  and aromat ic  amines  to substituted naph- 
thyr idines  andazaphenanthrenes  on a commerc ia l ly  produced K-16 dehydrogenating cata lys t  apparently may 
r ep resen t  an example of a genera l  method for  the synthesis  of these inaccessible  condensed nitrogen hetero-  
cycles .  In a previous communicat ion [1], we descr ibed  one of these sor t s  of syntheses - the convers ion of 
N- (1,2, 5 - t r imet  hyl-4-piperidylidene)-(~-naphthylamine to 10-methylnaphtho [1,2-b] [1,6]naphthyridine and 
2 ,3-dimethyl-4-azaphenanthrene.  The isomeric  naphthonaphthyridine (with respec t  to the fusion of the rings) 
and azaphenanthrene (with respec t  to the position of the ni trogen atom) should be fo rmed  f rom the analogous 
Schiff base obtained f rom the same 1 ,2 ,5- t r imethyl -4-p iper idone  and ~-naphthylamine [2]. On a K-16 cata-  
lyst  at  380-400~ N- (1, 2 ,5- t r imethyl -4-piper idyl idene)-~  -naphthylamine (I) undergoes dehydrogenation, 
N-demethylation,  and hydrogenation of the C = N bond to give N-(2, 5-dimethyl-4-pyridyl)- /3-naphthylamine 
(II), the subsequent dehydrocycl izat ion of which give 9-methylnaphtho[2,1-b][1,6]naphthyridine (III). 2,3- 
Dimethyl - l -azaphenanthrene  (IV), the yield of which is considerably higher than the yield of II and III, is 
apparent ly  formed f rom III as a resul t  of its par t ia l  hydrogenation with subsequent the rma l  decomposition. 

/N~--~_CH 3 JN~--CIt3 r~N~,--C H3 

I 11 , . j /  I|1 
~J 

IV V-X 

V R=CH~CHC6Hs; VI R=COOH; VII I~=COOC2H5; VIII R=CONHNH2; 

IX R~CONHN~C]'I%Hs; X R~H 
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Fig. i. UV spectra (in ethanol): i) N- 
(2, 5-dime thyl-4-pyridyl)-/3 -na pht hylamine 
(II); 2) 9-methylnaphtho[2,1-b][l, 6]naph- 
thyridine (III); 3) 2,3-dimethyl- l-a zaphe- 
nanthrene. 

The condensation of IV with benzaldehyde yielded 
3-methyl-2-styryl-l-azaphenanthrene (V), which was quan- 
titatively oxidized with potassium permanganate to 3- 
methyl-l-azaphenanthrene-2-carboxylic acid (VI). The 
latter was characterized by the ethyl ester (VII), the hydra- 
zide (VIII), and the benzylidenehydrazide (IX). 3-Methyl-l- 
azaphenanthrene (X) was obtained from VI after decarboxy- 
lation. 

The IR spectrum of amine II (CCI 4 solution, band of 
medium intensity at 3440 cm -i) corresponds to a secondary 
amino group that does not enter into the condensed aro- 
matic system [3, 4]; the bands in the spectrum of a KBr 
pellet at 3100-3200 cm -i correspond to associated NH 
groups. The UV spectrum of II (Fig. i, curve i) is similar 
to the spectrum of N-phenyl-p-naphthylamine [5]. In the 
PMR spectrum of II, the chemical shifts of the protons of 

the CH 3 groups attached to C (5) and C (2) of the pyridine 
ring are, on the 6 scale, 2.33 and 2.39 ppm, respectively; 
the signal at 6.75 ppm is related to the NH group. 

The IR and UV spectra of naphthyridine III (Fig. i, 
curve 2) are similar to the spectra of 10-methylnaphtho- 
[l,2-b][l,6]naphthyridine [i]. The electronic absorption 
spectra of these compounds are similar to the UV spectra 

of an thracene  [6], acr id ine  [7], and benzonaphthyridine [4]. The signal  at 3.11 ppm in the P1V[R spec t ru m 
of III pe r ta ins  to the CH 3 group. 

The UV s p e c t r u m  of IV is s i m i l a r  to the s p e c t r u m  of 2 ,3 -d imethy l -4 -azaphenan threne  [11 (Fig. 1, 
cu rves  3 and 4). The s ignals  at 2.56 and 2.36 p p m  in the PMR spec t rum of IV a re  re la ted  to the protons  of 
the c~-and p - m e t h y l  groups  (relat ive to the ni t rogen atom), respec t ive ly .  

N-Phenyl -v! -naphthylamine  (XII) and benzo[a]carbazole  (XIII) a re  fo rmed  f r o m  N-cyclohexylidene-c~- 
naphthylamine {XI) on the s a m e  ca ta lys t  at  400-410% As in the case  of the dehydrocycl izat ion of diphenyl-  
amine [8], XIII is  fo rmed  only in low yield.  

xI Xl! Xlll 

The catalytic transformations of I and XI are accompanied by a considerable amount of hydrogenoly- 
sis; as a result, ~ 50% of XI is converted to G-naphthylamine. This sort of cleavage of secondary and ter- 
tiary amines on a K-16 catalyst proceeds readily, as has been shown in many of our studies. 

In the IR spectrum of XII, the band of the stretching vibrations of the NH group is found at 3411 cm -i, 
while it is rais#d to3439 cm -i in the spectrum of XIII with an attendant increase in intensity by a factor 
of 1.5-2. This transition corresponds to the formation of a carbazole system from XII [3]. 

An increase in the dehydrocyclization temperature to 500 ~ raises the yield of XII to 34~0 and that of 
XIII to 9%, based on the starting XI. 

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

N - ( 1 , 2 , 5 - T r i m e t h y l - 4 - p i p e r i d y l i d e n e ) - p - n a p h t h y l a m i n e  (I). This compound was  obtained via the 
method in [2] and had bp 181-185 ~ (0.5 ram) and Rf  0.1 (benzene).* Found: N 10.3%. CisH22N 2. Calculated: 

N 10.5%. IR s p e c t r u m  (liquid film), em-i :  2784 s (NCH3) , 1670 vs (/~c~N). UV spec t rum,  kmax,  nm 

(log ~): 234 (4.71), 270 (3.87), 280 (3.88), 334 (3.34). 

N- (2, 3 -D ime thy l -4 -py r idy l ) -p  -naphthylamine {II), 9-Methylnaphtho[2, l -b ]  [i, 6]naphthyridine (HI), 
and 2 , 3 - D i m e t h y l - l - a z a p h e n a n t h r e n e  (IV). A solution of 59 g (0.22 mole) of I in 180 ml  of benzene was 

* In a l l  e x p e r i m e n t s  the t h in - l aye r  ch romatography  (TLC) was c a r r i e d  out on act ivi ty  II A1203. 
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passed in the course  of 7 h at a constant rate through a contact tube (100 ml  of K-16 catalyst) at 380-400 ~ 
A total of 11 l i ters  of gas was collected (19 ~ 755 ram; 77% H2, 23% CH4); the benzene and p-naphthylamine 
(1.5 g) were removed by distillation. Three experiments  yielded 120 g of eatalyzate,  which was distilled: 
the f i rs t  f ract ion was 15 g of/3 -naphthylamine with bp 155-165 ~ (0.5 mm) and Rf 0.3 (benzene); the second 
fract ion was 70.8 g of a substance with bp 165-185 ~ (0.5 mm); the third fract ion was 16.3 g of a substance 
with bp 185-200 ~ (0.5 ram). Repeated crysta l l iza t ion of the second fraction f rom ether gave 25.4 g (18%, 
based on I) of yellowish needles of IV with mp 119-120 ~ (from ether) and Rf 0.33 (benzene). Found: C 86.6; 
H 6.5; N 6.8%; Mol. wt. 207. CIsHi3N. Calculated: C 87.0; H 6.3; N 6.8%; IV[ol. wt. 207. IR spectrum (in 
KBr), cm-i: 1609 m, 1486 m, 1456 m, 845 vs, 756 vs, 550 m. The picrate of IV had mp 240-2410 (from 
alcohol). Found: N 12.5%. CIsHI3N. C6H3N307. Calculated: N 12.8%. The perchlorate of IV had mp 262- 
263 ~ (from alcohol). Found: N4.2%. CIsHI3N.HCIO4. Calculated: N4.5%. Repeated crystallization of 
the third fraction from benzene gave 3.5 g (2%, based on I) of II with mp 166-166.5 ~ Found: C 82.3; H 6.7; 
N 11.5%. CITHt~N 2. Calculated: C 82.3; H 6.5; N 11.3%. UV spectrum of If, kmax, nm (log g): 270 (4.44), 
304 (4.32), 350 (shoulder). The mother liquor yielded 1 g (0.7%, based on I) of yellow crystals of III with 
rap 186-188 ~ (from benzene) and R f 0.06 (benzene). Found: C 83.7; H 4.9; N 11.4%; Mol. wt. 244. Ci?HI2N 2. 
Calculated: C 83.6; H 4.9; N 11.570; Mol. wt. 244. IR spectrum, era-l: 1615 vs, 1495 s, 1445 w, 1378 w, 
830 vs, 755 vs, 680 m. The picrate of III had mp 238 ~ (from alcohol). Found: N 14.6%. C17Hi2N 2- C6H3N~O ~. 
Calculated: N 14.8%. 

3-Methyl-2-styry!-l-azaphenanthrene (V). A mixture of 10.35 g (0.05 mole) of IV, 5.3 g (0.05 mole) 
of benzaldehyde, 3 g (0.05 mole) of glacial acetic acid, and 5.1 g (0.05 mole) of acetic anhydride was re- 
fluxed for 21 h. The acetic acid and anhydride were removed by vacuum distillation, and i00 ml of 18% 
hydrochloric acid was added to the residue. The neutral substances were separated with ether (two 100-ml 
portions), and the aqueous solution was neutralized with potassium hydroxide. The resulting organic bases 
were extracted with ten 100-ml portions of ether, and the ether extract was dried with magnesium sulfate 
and evaporated to i00 ml to give ii g (75%) of V with mp 171-172 ~ (from ether). Found: N 4.7%. C22HITN. 
Calculated: N 4.7%. The hydrochloride of V had mp 243-244 ~ (from alcohol). Found: C 79.0; H 5.5; N 4.0; 
C1 10.5%. C22HiTN.HCI. Calculated: C 79.6; H 5.4; N 4.2; CI 10.7%. IR spectrum, cm-l: 1636 vs (C =C), 
1581 m, 1456 m, 1381 s, 836 m, 759 vs, 696 m. PMR spectrum of the hydroehloride of V: 6CH 3 2.79 ppm. 
The picrate of V had mp 216.5-217.3 ~ (from alcohol). Found: N 10.4%. C22HiTN �9 C6H3N307. Calculated: 
N 10.7%. 

3-Methyl-l-azaphenanthrene-2-carboxylic Acid (VI). A 15.8-g (0.i mole) sample of potassium per- 
manganate was added in portions in the course of 2 h at -i to -5 ~ to a solution of 5.9 g (0.02 mole) of V in 
600 nil of acetone, after which the mixture was stirred at the same temperature for 4 h. The manganese 
dioxide was removed by filtration and washed successively with acetone and hot water. The aqueous solu- 
tion was evaporated to 200 ml and acidified with 50% sulfuric acid until it was slightly acidic. The result- 
ing crystals were removed by filtration and washed with warm water (200 ml). Evaporation of the aqueous 
solution to 5 ml yielded 1 g of benzoic acid (rap 120-121~ The benzoic acid was removed by water, and 
the crystalline residue yielded 4.45 g (94%) of VI with mp 184-185 ~ (from heptane). Found: C 75.8; H 4.5; 
N 5.8%. CisHIiNO 2. Calculated: C 75.9; H 4.6; iN 5.9%. IR spectrum of VI, cm-i: 3066 m (associated OH), 
1758 vs (C =O), 1450 m, 1370 s, 837 s, 759 s. 

Ethyl Ester of VI (VII). This compound was obtained in 72% yield by refluxing 1.5 g (6.3 re_mole) of 
VI with 75 ml of ethanol and 0.3 ml of concentrated sulfuric acid for 27 h. The product had mp 88-89 ~ (from 
heptane). Found: C 76.6; H 5.9; N 5.1%. CITHIsNO2. Calculated: C 77.0; H 5.7; N 5.3%. 

Hydrazide of VI (VIII). This compound was obtained in 82~0 yield by heating 0.45 g (1.7 re_mole) of VII 
with 9 ml of hydrazine hydrate for 1.5 h. The product had mp 187.5-189 ~ (from alcohol). Found: N 16.7%. 
CiTHI3N30. Calculated: N 16.7%. 

Benzylidenehydrazide of VI (I.X). This compound was obtained in 89% yield by refluxing 0.i g (4 mmole) 
of VIII with 0.4 g (0.004 mole) of benzaldehyde and 30 ml of ethanol for ii h. It had mp 212-213.5 ~ (from 
alcohol). Found: N 12.3%. C22HiTN30. Calculated: N 12.4%. 

3-1Vlethyl-l-azaphenanthrene (ixT). A mixture of 0.71 g (0.003 mole) of acid VI and 50 ml of water was 
heated in an autoclave at 200 ~ for 3 h. The reaction products were extracted with ether, and the extract 
was washed with 10% sodium carbonate solution. The ether solution yielded 0.5 g (88%) of X with mp 81.5- 
82 ~ (from heptane). Found: C 86.9; H 5.6; N 7.0%. Ci4HiiN. Calculated: C 87.0; H 5.7; N 7.2%. The pic- 
rate of X had mp 255-257 ~ (from alcohol). Found: N 13.2%. Ci4HIiN.C6H3N30?. Calculated: N 13.3%. PIVIR 
spectrum: 5CII3 2.55 ppm. UV spectrum, kmax ,nm (log g): 235 (4.58), 270 (4.32), 318 (3.36), 332 (3.59), 
348 (3.64). 
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N-Cyclohexylidene-e~-naphthylamine (XI). This compound was obtained in 95% yield f rom 1.5 mole 
of cyclohexanone and 1 mole of v~-naphthylamine in the presence  of acetic acid (refluxing for 12 h). It had 
bp 200-204 ~ (7 ram), mp 56-58 ~ (from ligroin), and Rf 0.36 (benzene). Found: N 6.2~. ClSIIiTN. Calculated: 
N 6 . 3 ~ . I R  spectrum, cm-l :  1666 vs ( C = N - ) ,  1578 m, 809 s, 787 vs, 720 m. 

N-Phenyl -~-naphthylamine  (XII) and Benzo[a]carbazole  (XIII). A solution of 77 g (0.345 mole) of XI 
in 340 ml of benzene was passed  in the course  of 12 h through a contact  tube (100 ml  of K-16 catalyst) at 
400-410 ~ A total of 14.5 l i te rs  of gas  was collected (22 ~ 770 re_m; 100% H2). The benzene was removed 
by distillation, and the residue (61 g) was distilled. The f i r s t  f ract ion was 24.3 g (49%, based on XI) of ~-  
naphthylamine with bp 105-145 ~ (0.5 ram) and Rf 0.17 (benzene); the second fract ion was 21 g of a substance 
with bp 145-180 ~ (0.5 mm) and Rf  0.8 (benzene); the third f ract ion was 8.75 g of a substance with bp 180-230 ~ 
(0.5 ram) and Rf  0.17, 0.8, and 0.55 (benzene). The second f rac t ion yielded 17 g (23%, based on XI) of XII 
with mp 57-58 ~ (from ligroin) and Rf  0.8 (benzene). The N-benzoyl  derivative of XII had mp 152-153 ~ (from 
ether). The physical  cha rac te r i s t i c s  of XII and its benzoyl derivative [9] and the UV spect ra l  data for  :gII 
[5] cor responded to the l i tera ture  data. Chromatography of the third fract ion with a column filled with A1203 
and elution with l igroin yielded 2 g (3%, based on XI) of XIII with mp 227-228 ~ (from ligroin) and Rf  0.43 
(benzene). Found: C 88.2; H 5.2; N 6.2%. ClsHilN. Calculated: C 88.5; H 5.1; N 6.4~0. IR spectrum, cm-l :  
1597 w, 820 s, 741 vs. UV spectrum,  kmax, nm (log 8): 224 (4.66), 244 (4.69), 252 (4.74), 278 (4.76), 304 
(4.52), 322 (3.82), 336 (3.82), 354 (3.87). This same fract ion yielded 0.9 g of da rk -g reen  c rys ta l s  with mp 
133-142 ~ , the nature of which has not yet  been established. 

The IR spec t ra  f rom 400 to 3800 cm -1 were recorded  with a UR-20 spec t rome te r  with LiF, NaC1, and 
KBr p r i sms .  The UV spec t ra  of alcohol solutions were  measu red  with SF-4a  and Hitachi spec t rometers .  
The PMR spec t ra  (5 scale) were recorded  with a Varian NA-100D spec t romete r  at 100 MHz. The positions 
of the signals in the PMR spec t ra  for  II, III, V, and X were measured  relative to tetramethylsi lane,  while 
the positions for  IV were  measu red  relat ive to hexamethyldisiloxane. Tr i f luoroacet ic  acid was used as the 
solvent for  II and III, CC14 was used for X, and a mixture  of CC14 and CF3COOII was used for  the hydro-  
chloride of V. The molecular  weights were  determined with an MKh-1303 mass  spec t romete r .  
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