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colorless needless of l-acetoxy-2-benzimidazole (IX) , mp 196- Scientific and Industrial Research, for his interest and 
197" (yield quantitative). encouragement. Analyses were carried out by Well- 

come Research Laboratories, England (through the Anal. Calcdfor C16HLzNaOz: N, 11.1. Found: N, 11.1.  
IX when heated with water hydrolyzed back to VIII. 
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Ultraviolet irradiation of solutions containing 1-styrylpyridinium salts and a small quantity of iodine effects 
cyclization and dehydrogenation to yield phenanthridizinium (benzo[a]quinolizinium) salts. Irradiation of 
suitably substituted 1-styrylpyridinium salts affords a practical synthetic route to phenanthridizinium cations 
substituted in either of the terminal rings. 

The observation that the irradiation of stilbene with 
ultraviolet light in the presence of air or oxygen leads 
to the formation of phenanthrene2 has prompted at- 
tempts to apply the photocyclization method to the 
synthesis of heterocyclic analogs of the phenanthrene 
system. Recently there have been reports of the syn- 
thesis of naphtho [Z,l-b]thiophene from the cyclization 
of 2-~tyrylthiophene~ as well as of diaza- and aza- 
phenanthrenes from a~obenzene,~ stilba~oles,~ and 
Schiff bases.5 

It has now been found that the photocyclization of 
1-styrylpyridinium cation I1 (bromide or perchlorate) 
leads in 60% yield to the phenanthridizinium6 or 
8a-azoniaphenanthrene' cation (IIIa) (see Scheme I and 
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Table I). Best results for the cyclization were obtained 
by irradiating a well-stirred ethanol solution of the 
styryl salts (11) containing some iodine.2 

TABLE I 
PHENANTHRIDIZINIUM PERCHLORATES (111) 

OBTAINED BY IRRADIATION 
I11 R Yield, % hmsx, me (log e)" 

a H  60 See ref 6 
b 47 265 sh, 273 (4.42), 280 (4.43), 332 

C 1,3-(Ph)z 50 255 sh, 275 sh, 293 (4.49), 360 (4.08), 

d 8-Me 56 272 sh, 285 (4.47), 325 (3.79), 341 

e 1@Me 66 363 (4.18), 275 sh, 285 (4.31), 329 

f 8-OBz 43 260 sh, 271 sh, 281 (4.49), 324 (3.84), 

g 1041 60 250 sh, 265 sh, 280 (4.14), 330 (3.55), 

h 8,9-(OBz)~ 25 275, sh, 281 (4.61), 310 sh, 323 (3.96), 

i 8,1@(0Bz)z 50 283 (4.34), 303 (4.18), 327 (4.09), 

(3.79), 346 (4.09), 363 (4.24) 

375 (4.17) 

(3.98), 357 (4.08) 

(3.66), 344 (3.98), 361 (4.13) 

339 (4.05), 355 (4.13) 

345 (3.80), 363 (3.90) 

338 (4.16), 355 (4.23) 

345 (3.82), 361 (3.88) 
a Absorptions below 250 mp have been omitted. 

Several substituted styrylpyridinium salts were 
known previously, and more were prepared by de- 
hydration of l-@-aryI-/3-hydroxyethyl)pyridinium salts 
(I) in boiling benzoyl chloride.s The @-hydroxyethyl 
salts (I) were prepared either by quaternization of a 
pyridine derivative by styrenebrom~hydrin~~~ or by 
condensation of a l-methyL8 or 1-phenacylpyridini~m~ 
bromide with an appropriate araldehyde. The results 
obtained by irradiation of the styrylpyridinium salts 
are recorded in Table I. Substituted phenanthridi- 
zinium salts may be prepared with substituents in 
either of the terminal rings. The yields, except for 
that of 8,9-dibenzoxyphenanthridizinium cation, were 
of the order of 50%, although no effort was directed 

(7) Nomenclature is based upon the 1957 report of the IUPAC Nomsn- 
clature Committee, J .  Am.  Chem. Soc., 81, 5545, 5572 (1960). 

(8) L. C. King and W. B. Brownwell, ibid., 71,2507 (1950). 
(9) F. Krohnke, Ber., 688, 135 (1935), and references cited therein. 
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TABLE I1 
NEW ~-(~-ARYL-~~-HYDROXYETHYL)PYRIDINIUM BROMIDES (I) 

-C,%- -H,%- -N,%- 
Substituents Procedurea Yield, Yo Mp, 'C Formula Calcd Found Calcd Found Calcd Found 

3,5(Me)z A 65 228-229 C16H18BrN0 58.45 58.41 5.89 5.78 4.55 4.62 
3,5-(Ph)z A 44 216-218 Cz6H=BrNO 69.44 69.44 5.13 5.14 3.24 3.35 
2',3'-( 0Me)z B 23 205-206 ClsHlsBrNOe 52.95 53.13 5.33 5.34 4.12 4.40 
2,4'-( 0Me)z B 17 235-236 CI5HlsBrNOs 52.95 53.12 5.33 5.22 4.12 4.21 

Q Procedure A involved the quaternization of the substituted pyridine with styrene bromohydrin [J. Read and W. G. Reid, J. Chem. 
Soc., 1487 (1928)] as described in ref 8 and 9. Procedure B was the direct condensation of the appropriate benzaldehyde with 
1-methylpyridinium bromide in the presence of piperidine as described by ref 8. 

TABLE I11 
NEW 1-(@-STYRYL)PYRIDINIUM SALTS (11) 

-C,%- -H,%- -N,%- 
Substituents Refa Yield, 70 Mp, 'C X -  Formula Calcd Found Calcd Found Calcd Found 

3,5-(Me)z b 57 232-234 Br C15H16BrN- 60.19 60.56 5.72 5.93 4.71 4.51 
0.5&0 

3,5-(Ph)2 b 43 290-292 ClO4 CesHzoClNO, 69.20 68.96 4.65 4.68 3.32 3.10 
2'-Me C 3 192-193 Br Cl4HI4BrN 60.88 60.62 5.11 5.09 5.19 5.28 
4'-Me d 52 272-275 Br ClrH14BrN 60.88 60.89 5.11 5.18 5.19 5.19 
2'-OBz e,f 58 222-224 Br CzoHI6BrNOz 62.84 62.61 4.22 4.39 3.67 3.80 
2',3'-( 0Bz)z b,e 34 239-241 Br CnHzoBrN04 64.55 64.61 4.01 4.17 2.79 2.93 
2',4'-( 0Bz)z b,e 350 224-226 clo4 CnHzoClNOs 62.13 62.03 3.86 3.97 

5 Reference to preparation of the required 1-(,9-aryl-@-hydroxyethyl)pyridinium bromide. b Table 11. The carbinol (I)  was not 
F. Krohnke and F. Fasold, Ber., 67B, 656 (1934), and 

The methoxyl(s) underwent replacement by 
isolated in a pure state, but was dehydrated directly to the styryl salt (11). 
references cited therein. 
benzoxy(s) during the heating with benzoyl chloride. 

e The carbinol (I) was the corresponding methoxyl derivative. 
f See ref 9. 0 The yield is of the bromide, mp226-228". 

TABLE IV 
NEW PHENANTHRIDIZINIUM PERCHLORATES (111) BY PHOTOCYCLIZATION 

Substituents5 MP, OC Formula Calcd Found Cakd Found Calcd Found 

1,34Me)z 233 -235 CiJLCIN04 58.54 58.78 4.59 4.99 4.55 4.66 
1,3-(Ph)z 307-308 Cz6Hi8ClN04 69.53 69.17 4.20 4.56 3.24 3.15 
8-Me 250-251 CirHinClNOi 57.25 57.48 4.12 4.11 
10-Me 247-248b CinHizClN04 57.25 57.33 4.12 4.51 4.77 4.98 
&OB8 225-227 CZOHIIC~NO~ 60.08 60.36 3.53 3.69 3.50 3.48 
10-OBz 221-223 czoH14C1NOs 60.08 59.97 3.53 3.58 3.50 3.41 
10-ClC 265-266 CiaHoClnNOd 49.70 49.65 2.89 3.18 4.46 4.64 
8,9-( OBZ)~ 2.57-258 Cz~Hi8ClNOs 62.37 62.82 3.49 3.70 2.70 2.96 
8,1@(OBZ)zd 267-268 CnHiaClNOs 62.37 62.41 3.49 3.52 2.70 2.40 

-C,%-- --H,%-- -N,%- 

a Except as noted, the styrylpyridinium bromides used in the irradiation experiments are described in Table 111. This compound 
Since our preparation melted substantially higher, and since the method used earlier 

Ob- 
By 

was reported earlier'b as melting a t  231-233". 
might lead to cont.amination of the product by a small amount of the 8 isomer, it  seemed desirable to include the present data. 
tained by irradiation of l-(l'-chlorostyryl)pyridinium perchlorate [F. Krohnke, J. Wolff, and G. Jentsch, B e y . ,  84, 399 (1951)j. 
irradiation of perchlorate. 

toward finding optimum reaction conditions for each 
cyclization. 

In addition to  the two styrylpyridinium salts sym- 
metrically substituted in ring A [11, R = 3,5-(Me)2 
or 3,5-(Ph)z] the styryl-3-methylpyridinium salt was 
irradiated. The product (56% yield) was shown to be 
a mixture by thin layer chromatography on alumina 
using ether-methanol as a solvent and iodine or 
DragendorfYs reagent to render the spots visible. The 
mixture had a composition approximately that ex- 
pected for a methylphenanthridizinium salt, and ex- 
amination of the nmr spectrum revealed two nearly 
equivalent peaks (approximate ratio 7:6) at  r 6.66 and 
7.28, suggesting that there is little selectivity in the 
course of the reaction despite the great difference in the 
degree of steric hindrance to be expected between the 1- 
and 3-methyl derivatives. The nmr spectrum of 1,3- 
dimethylphenanthridizinium perchlorate (IIIb) showed 
two equal peaks a t  r 6.70 and 7.31 due to the methyl 
protons. 

One other observation of interest is that when 1- 
@-aryl-B-hydroxyethy1)pyridinium salts, having one 

or more methoxyl groups, are refluxed in benzoyl 
chloride they do not give the expected methoxy- 
styrylpyridinium salts but instead the corresponding 
benzoxystyryl salts. 

The photocyclization of styrylpyridinium salts af- 
fords a route to phenanthridizinium salts difficult or 
impossible to prepare by reactions previously described. 

Experimental Section 
Elemental analyses were carried out by Ilse Beetz, Kronach, 

Germany, and by Galbraith Laboratories, Knoxville, Tenn. 
The melting points were determined in capillaries using the 
Mel-Temp apparatus. The ultraviolet absorption spectra were 
measured in 95% ethanol using a Cary Model 14 spectro- 
photometer. Nuclear magnetic resonance measurements were 
made with the Varian A-60 spectrometer using trifluoroacetic 
acid as the solvent and tetramethylsilane as an external standard. 

All irradiations were carried out using a 250-w compact mer- 
cury vapor source, B.T.H. mazda type ME/D, with the glass 
lens removed. 

l-(@-ArJrl-,9-hydroxyethyl)pyridinium Salts.-Data concerning 
the four new hydroxy salts (I) are summarized in Table 11. 

1-(2-Styryl)pyridiniw salts were prepared by refluxing the 
corresponding 1-(,9-aryl-@-hydroxyethyl)pyridinium bromides 
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with benzoyl chloride as recommended by King.8 The results 
are summarized in Table 111. 

Photocyclization of Styrylpyridinium Salts (II).-The usual 
procedure was to dissolve 0.50 g of the styrylpyridinium salt 
(11) in 200 ml of 95% ethanol in a 250-ml beaker, and then 25 
mg of iodine was added. The top of the beaker was closed with 
aluminum foil and the solution was stirred magnetically while 
the solution was irradiated by a 250-w mercury lamp placed 20 
cm from the side of the beaker. Progress of the reaction was 
followed by observing the ultraviolet absorption spectra of 
samples withdrawn a t  regular intervals. 

Preliminary experiments done with the 1-styrylpyridinium 
cation revealed that the purity of the product was decreased if 
stirring was omitted, that distilled water was not quite so satis- 
factory a solvent for the irradiation (low solubility of iodine) as 
ethanol, that the perchlorate anion was as satisfactory as the 
bromide, and that the optimum reaction time was about 24 hr. 
Omission of iodine, but not the stirring, reduced the yield from 

60 to 40% and gave a less pure product. While quantum yields 
were not determined, it was noted that decrease in intensity of 
radiation (operation of lamp at lower voltage or a t  greater dis- 
tance from the solution) resulted in a marked decrease in the 
rate of cyclization. 

After the irradiation was complete, the solution was concen- 
trated and the salt (if not a perchlorate) was taken up in about 
25 ml of water, filtered, and converted to a perchlorate by addi- 
tion of perchloric acid. Methanol and methanol-ethyl acetate 
were used as solvents for crystallization. The yields represented 
in Table I are not optimum and in most cases are the result of a 
single experiment. New phenanthridirinium salts obtained by 
the photocycliaation method are listed in Table IV. 

Acknowledgment.-The authors wish to express 
their appreciation to Drs. Peter Smith and James 
Crosthwaite for advice and encouragement. 

Aldehyde Synthesis. A Study of the Preparation of 
9,lO-Anthracenedicarboxaldehyde and Other Aromatic Dialdehydes 

B. H. KLANDERMAN 
Research Laboratories, Eaatman Kodak Company, Rochester, New York 14660 

Received March 14, 1966 

9,lO-Anthracenedicarboxaldehyde can be conveniently prepared by the reaction of 9,10-bis(chloromethyl)- 
anthracene in dimethyl sulfoxide with the sodium salt of 2-nitropropane. The role of dimethyl sulfoxide is 
shown to be that of a solvent only. Other methods for the preparation of 9,lO-anthracenedicarboxaldehyde have 
been examined and shown to be of no value or inferior in some way to the above method. An unexpected prod- 
uct, l0-methyl-9-anthraldehydel was formed as one of the products in the reaction of 9,10-bis(chloromethyl)- 
anthracene with hot dimethyl sulfoxide. Tetramethylterephthaldialdehyde, 2,5-dimethylterephthaldialde- 
hyde, and 1,5-naphthalenedicarboxaldehyde can also be easily prepared by the same procedure. 

Aromatic dialdehydes, such as 9,lO-anthracenedi- 
carboxaldehyde (I) ,  are potentially valuable synthetic 
intermediates. For the preparation of 1, no con- 

& CHO 

I 

venient, simple, and economical procedure is avail- 
able. Two methods for the synthesis of 1 have been 
reported.1 One method involves a low-yield, multi- 
step synthesis starting from anthraquinone and is 
obviously not practical. The other method employs 
the reaction of 9,lO-dibromoanthracene with butyl- 
lithium to form the 9,lO-dilithio derivative which 
gives aldehyde 1 upon treatment wit.h dimethyl- 
formamide. This procedure is reasonable but is 
neither convenient nor economical. 

Discussion 

A simple, convenient, good-yield synthesis for alde- 
hyde 1 has now been devised and shown to be general 
for three other aromatic dialdehydes. The reaction 
of a suspension of 9,10-bis(chloromethyl)anthracene 
(2) in dimethyl sulfoxide with an ethanolic solution 
of the sodium salt of 2-nitropropane leads to the forma- 
tion of 1 in 70% yield. 9,10-Bis(chloromethyl)an- 

(1) G. Rio and B. Sillion, Compt. Rend., 244, 623 (1957). 

CH#l 
I NOH 

ll 
1 f CH&CY, 

CH&I 

2 

thracene is readily prepared in good yield from anthra- 
cene via chloromethylation.2-6 

Noteworthy features of this reaction are the follow- 
ing. (1) Dimethyl sulfoxide, as an additional solvent, 
is necessary for the reaction to occur. Aldehyde 1 
cannot be prepared by the method of Hass and Bender7 
which utilizes conditions similar to those mentioned 
without the use of dimethyl sulfoxide. (2) Dimethyl- 
formamide may also be employed as the reaction 
solvent, but yields are not so satisfactory (52%). 
(3) 2-Nitropropane is necessary for the reaction to 
occur. An experiment carried out without 2-nitro- 
propane resulted in formation of 9,10-bis(ethoxy- 
methy1)anthracene which obviously was formed from 
the reaction of sodium ethoxide with chloride 2. Fur- 
thermore, a vapor phase chromatographic analysis 
of a reaction mixture (using 2-nitropropane) confirmed 

(2) M. W. Miller, R. W. Amidon, and P. 0. Tawney, J .  Am. Chem. Soc., 

(3) A. E. Kretov and V. V. Litvinov, Zh. Prikl. Khim., 86, 464 (1962); 

(4) J. H. Golden, J .  Chem. Xoc., 3741 (1961). 
(5) A. E. Kretov and M. S. Rovinskii, Zh.'Obrhch. Khim., SO, 646 (1960); 

(6 )  E. Gudriniece and G. Vanags, Zh. Obshch. Khim., 46, 3123 (1956); 

(7) H. B. Hass and M. L. Bender, "Organic Syntheses," Coll. Vol. IV.  

77,2845 (1955). 

Chem. Abstr., 66, 15441b (1962). 

Chem. Abaf?., 64, 24594h (1960). 

Chem. Abstr., 61,80540 (1957). 

John Wiley and Sons, Inc., New York, N. Y., 1963, p 932. 


