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A reinterpretation has been attempted of the abnormal sulfonation and Friedel-Crafts acylation reactions of anthracene 
and phenanthrene. In each system it is believed that rapid initial substitution occurs a t  the hydrocarbon’s most reactive 
position. This may be followed, provided solubility relationships are favorable, and because steric circumstances are :tpt, by 
a slower removal of the substituent and slow essentially irreversible substitution at  the less reactive positions of the hydro- 
carbon. 

In  spite of the continued interest which is being 
shown in the reactivity of polycyclic aromatic sys- 
tems, no satisfactory general explanation seems to 
have been advanced for those substitution reactions 
which proceed abnormally. These generally com- 
prise sulfonation and Friedel-Crafts acylation proc- 
esses. The hitherto neglected importance of reversi- 
bility in acylation reactions generally has recently 
been emphasized.’ It is the purpose of this commu- 
nication to reassess the evidence concerning the 
reversibility of the sulfonation reactions in the an- 
thracene and phenanthrene fields, to supply further 
evidence of reversibility in acylation reactions, and 
to examine the factors governing reversibility in 
these systems. 

Anthracene (I). The meso position is the most re- 
active in anthracene being preferentially substituted 
in most reactions excepting Friedel-Crafts and sul- 
fonation reactions. Thus, sulfonation usually gives 
the 1- and 2-sulfonic acids only, as initial products. 
This result has been described as a n o m a l o u ~ , ~ ~ ~  
and the abnormal orientation ascribed to steric 
hindrance to the approach of the SOaH+ reagent.”. 
An alternative explanation was envisaged by 
Clar,5’cf.6 vix. that primary attack occurs in 
the meso positions, and is followed by a wandering 
of the -SOsH group to the outer positions. The ob- 
served desulfonation of anthracene-9-sulfonic acid 
by means of dilute mineral acid7 has now been con- 
firmed, providing evidence favoring Clar’s hypothe- 
sis. The reported formation, as intermediates in 
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this reaction, of anthranol and sulfur dioxide7 could 
not be confirmed, and a direct reversal of sulfona- 
tion is therefore preferred as a mechanism. The so- 
dium salt of the related dianthryl-9-sulfonic acid 
could similarly be split to dianthryl and sulfuric 
acid without a trace of sulfur dioxide being formed, 
as claimed earlier.’ 

Sulfonation a t  the meso-position of anthracene 
may therefore be regarded as rapidly reversible, a 
consequence no doubt of the high reactivity a t  the 
meso-position, and of the steric instability of the 
bulky sulfonic acid group a t  this hindered position 
(see below). The a-positions may likewise be con- 
sidered to be reversibly substituted, though more 
slowly, since anthracene-1,s-disulfonic acid is 
slowly desulfonated to anthracene by 7501, sulfuric 
acid.8 An actual isomerization of anthracene-l-sul- 
fonic acid to  the 2-sulfonic acid by the action of hot 
sulfuric acid has not been observed, further sulfona- 
tion in te r~ening .~  No comparable evidence of mo- 
bility appears to exist for the 2-anthryl position, 
which may be assumed to be stable. The ease of de- 
sulfonation seems therefore to decrease in the ex- 
pected order of reactivity of these positions to  elec- 
trophilic reagents (here H+). 

Recently, Gold and Longlo have determined the 
rate of isotopic interchange a t  the 9-anthryl-posi- 
tion using deuterium-labeled anthracene and con- 
centrated sulfuric acid. It was found that some loss 
of anthracene resulted through sulfonation, which 
was, however, slower than the isotope exchange. 
In  view of the probably very rapid reversible sul- 
fonation a t  the 9-anthryl-position, the observed 
exchange might in part be due to  such a process, 
and unlikely to be wholly due to the mechanism put 
forward. 

Certain uncatalyzed Friedel-Crafts type reac- 
tions cause substitutions in the 9- position of anthra- 
cene exclusively,11~12 thus proceeding normally; 
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catalyzed acylations, however, have been regarded 
as abnormal. iieso-substitution is effected under 
quite mild experimental conditions, and usually 
with ca,rbon bisulfide or other solvent), from which 
the reaction complex invariably precipit)a.t)es, thus 
prcvonting siibsequent reaction.' Noreover, ab- 
normal products are obtained by use of solvents of 
good solvent power, such as nitrobenzene, which 
allows subsequent rearrangement to Lake place in 
solution of the meso- product first formed. For ex- 
ample, 9-anthryl methyl ketone, obtainable under 
mild conditions, can be converted into mixtures of 
I- and 2-anthryl methyl l ~ e t o n e s ~ ~ ~ ~ - ~ ~  under the 
more strenuous conditions approximating those for 
t,he preparation of the latter ketones. The migration 
hypothesis was first advanced by Linstead,l6 and 
indeed was very attractive. However, such ob- 
served migrations may alternatively be considered 
to have no parallel in the actual acylation process, 
particularly in nitrobenzene solution, where a sol- 
vated reaction complex is undoubtedly formed, 
which may not find spatial accommodataion in the 
sterically hindered meso- position and n-ould thus 
enter the outer rings.l In  one particular benzoyla- 
tion experiment quoted in the literature,l? the acyl 
group could enter the mcso-position (giving a 79% 
yield) under specially mild conditions: a t  - 10" and 
reaction time 5 min., supporting the migration hy- 
pothesis for subst)itution in the outer positions. 

This has now been established unequivocally for 
acetylation in the case of benzene as solvent. A re- 
action, which is usually prolonged for 20 hr. to give 
1- and 2-anthryl methyl ketones onlp, when inter- 
rupted after 3 hr, is found t?o give only 9-anthryl 
methyl ketone. 

In such a system it is most unlikely that a reagent 
of large steric requirements is involved in the initial 
suhst,itution stage.l* In  the system undergoing re- 
arrangement i t  would appear that the over-all 
rate of substitution a t  the outer posit'ions, very 
probably by a reagent of large steric requirement's, 
is faster than the attack a t  the meso-positions by a 
reagent of smadl size, presumably the free acyl ca.t- 
ion. One of t,he causes of the rapid rearrangement is 
therefore probably this duality of mechanism. It 
should be noted that of the two outer positions of 
anthracene the 1- position is the one subst,ituted to a 
greater extent in nitrobenzene solution, which is in 
contrast to the case of naphthalene, in which the 2- 
position is favored. 

I n  support of the concept of a deacylation-reacyl- 
a,tion process is the smooth conversion of 9-an- 
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thryl methyl ketone to 9-anthryl phenyl ketone14 
under conditions identical with the preparation of 
the lat.ter and the ready removal of t,hr: 
acyl substit]uent, by boiling of 9-anthryl methyl ke- 
t one,2o 9-arithryl phenyl or indeed %an.- 
thraldehyde (see Experirnental) vith a solution of 
sulfuric acid in glacial acetic acid. The deacyIat>ions 
with orthophosphoric acid of certain'o-alkyl subst>i- 
tuted ace top hen one^,"-^^ with nitric ac,id of acetyl- 
ated p~rr ro les ,~~ and wit'h trichloroacetic acid of 3- 
acetyl guiaazulene,26 appear to  be analogous. The 
deacylation process clearly involves an electro- 
philic attack by 13+ with probable formation of t8hc 
usual 0-complex transition state. 

Summarizing t'hen, t'he initial ajccumulatlion of 
the 9-isomer in anthracene acylations is due t o  its 
faster formation and low solubility of the ketone 
complex. The ultimate formation of the 1- and 2- 
isomers is .the result of slow deacylation of the 9- 
isomer and the greater thermodynamic stability of 
the 1- and 2- isomers. 

Phenanthrene (11). Studies of the reactivity of 
this hydrocarbon have led to  conflicting results. In  
general the 9- position is the one most readily at- 
tacked, followed by the 1- position, e.g. nitra- 
t i ~ n . ~ ?  Both the Friedel-Crafts acylation and sul- 
fonation reactions shorn the usual "abnormal" fea- 
tures. cf. 29 first noted that a lorn tempera- 
ture of sulfonation favors formation of the 9- 
sulfonic acid, i.e. the normal product. At  120-130" 
this acid was reported to be formed only in traces, 
and a t  170-180" not a t  all. At the higher tempera- 
h r e s  phenanthrene 2- and 3-sulfonic acids predomi- 
nate. Fieser3" next showed that a react,ion with sul- 
furic acid a t  60" gave mainly phenanthrene 2- and 
3-sulfonic acid, with less of the 9- a,nd 1-acids, 
while a t  120" increased yields of the 2- and 3-acids 
but no 1- and 9-acids were obtained. Fieser inves- 
tigated the possibility of reversible sulfonation by 
heating the 9-, 2-,  and 3-sulfonic a'cids separately 
with sulfuric acid. This failed t'o reveal anv rear- 
rangement, because of further sulfonation. It must 
be stressed, however, that in Fieser's31 elucidation 
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of the structures of his disulfonic acids i t  was as- 
sumed that no rearrangement occurred either prior 
to or subsequent to  further sulfonation. Ioffe later 
showed in a careful study of this reaction that the 
9-sulfonic acid was formed even at higher tempera- 
tures, contrary to previous reportslZ8 but quickly 
rearranged to other monosulfonic acids, the yield 
falling off to  zero within a half to one hour. The 3- 
isomer was also shown to rearrange slowly to the 2- 
isomer. It appears to  follow then33 that in the sul- 
fonation of this hydrocarbon there is competition 
between the formation and hydrolytic fission of 
sulfonic acids, proceeding a t  different rates for the 
different isomers, leading initially to appreciable 
amounts of the meso- and a-isomers and ulti- 
mately to an accumulation of the P-isomers, which 
are most stable to hydrolysis. The b-sulfonation of 
phenanthrene should therefore no longer be re- 
garded as due to steric hindrance to attack a t  the 
a- positions.34 

In  most acylation reactions the 2- and 3-posi- 
tions are favored, even in carbon bisulfide suspen- 
sions, though better over-all yields have been ob- 
tained in the presence of nitrobenzene. Meso-sub- 
stitution has been reported in a number of cases35--37 
using carbon bisulfide, a low yield being obtained 
in each case. An early acetylation of ~ h e n a n t h r e n e ~ ~  
was claimed to  afford mainly the meso-isomer, but 
this claim was disproved some years later.38 Since 
the reaction conditions cited were sufficiently mild, 
and as carbon bisulfide was being used as solvent, 
i t  was suggested3$ that the meso-isomer should 
here predominate, being first formed and precipi- 
tated from the solution as its aluminum chloride 
complex. This has recently been confirmed by Bavin 
and Dewar,36 who showed that the meso-isomer is 
the main product, but that the p- isomers are formed 
likewise. 

A report of meso-benzoylation of phenanthrene36 
in carbon bisulfide was not confirmed by later 
~ v o r k e r s , ~ ~ , ~ ~  a 9% yield of l-phenanthryl phenyl ke- 
tone being isolated instead, this being facilitated by 
the low solubility of its aluminum chloride complex. 
In  the present work, by a modification of the experi- 
mental procedure, the yield of this ketone could be 
raised to 19%. The l-position of phenanthrene is 
therefore of appreciable reactivity, and may be sub- 
stituted under mild reaction conditions.cf. 36 Ben- 
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zoylation in nitrobenzene s01ution~O~~~ gives mainly 
the 3-isomer with lesser amounts of the 1- and 2- 
phenanthryl phenyl ketones. The general similarity 
between the acylation and the sulfonation of phe- 
nanthrene is emphasized by evidence, here pre- 
sented, that 3-phenanthryl methyl ketone is slowly 
converted to the 2-isomer under Friedel-Crafts 
acetylating conditions. Treatment in nitrobenzene 
solution of phenanthrene with 1.4 equivalents of 
acetyl chloride and 2.2 equivalents of aluminum 
chloride gives mixtures of 2- and 3-phenanthryl 
methyl ketones, which may be separated quanti- 
tatively. After 6 hr. a t  25", the reaction mixture af- 
fords a 16y0 yield of 2- and a 62% yield of 3-phenan- 
thryl methyl ketone (confirming values of 15% and 
65%, respectively, previously reported38), On al- 
lowing the reaction to proceed a t  25" for 17 hr., the 
yields are, respectively, 26% and SO%, indicating 
that during 11 hr. some 20% of the 3- ketone is con- 
verted to  the more stable 2-ketone. 

Strong circumstantial evidence therefore exists for 
some reversibility of acylation reactions with phen- 
anthrene, the meso- and the l-positions being ini- 
tially formed but of lower stability than the 2- and 
3-isomers which ultimately accumulate. How- 
ever, treatment of 9-phenanthryl methyl ketone 
under Friedel-Crafts conditions with aluminum 
chloride or bromide4I has failed to show any of 
the expected isomerization. This may perhaps be 
due to  the absence of added hydrogen halide, with- 
out which reversible acylation cannot proceed.' 
Also, the sulfuric acid/acetic acid reagent is unable 
to deacylate either 9-phenanthraldehyde or 1- 
phenanthryl phenyl ketone; this is perhaps not 
unexpected since acyl groups must be displaced 
out of coplanarity much more in the meso anthyl 
series than in either position of the phenanthrene 
molecule,42 the former therefore being the more 
easily replaceable. 

In  conclusion, it is of interest to consider briefly 
in what way the Friedel-Crafts acylation and sul- 
fonation reactions are unusual and lead to the 
formation of abnormal isomers in the polycyclic 
aromatic series. The most reactive positions in an- 
thracene and phenanthrene are the most central 
ones, which happen a t  the same time to be the 
sterically less accessible positions. When a substitu- 
ent has entered the meso- position, it  ill cause in- 
terference to, and will therefore be twisted out of 
plane by, the peri- hydrogen atom(s). This is the 
position in particular where the entering group is a 
bulky solvated sulfonic acid group of an  aluminum 
chloride-complexed acyl group. This out-of-plane 
distortion will cause an appreciable lowering of reso- 
nance stabilization, to below that possible a t  the 
unhindered positions, and proton catalyzed rear- 
rangement will therefore proceed. 
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EXPERIMENTAL 

Acety ld ion  of a~ i t k , . ace~~e .  ( a )  A mixturc of 300 g. of ben- 
zene, 54 g. of anthracene and 72 g. of acet'yl chloride was 
st'irred at  O",  and 120 g. of powdered aluminum chloride was 
added in portions, the temperature being maintained a t  
5-10'. Stirring was continued for a further 2.50 hr. The red 
complex which had precipitated was collected on a sinter- 
funnel, washed with dry benzene, and hydrolyzed by adding 
to a stirred mixture of ice and 5 il; hydrochloric acid. The 
benzene extract n-as washed with mater, dried over sodium 
sulfate, filtered through a short column of alumina, and the 
filt'rat'e evaporated. The residue was finally heated a t  1 mm. 
and loo", in order to remove acetophenone, and yielded 36 
g. of 9-anthryl methyl ketone, m.p. 76 ', on crystallization 
from benzene. 

( b )  As for ( a ) .  Stirring was continued for 1 hr., after addi- 
tion of the aluminum chloride, a t  5-10", and then for 20 hr. 
a t  20". The product wa,s isolated as in ( a ) .  The chromato- 
graphed mixture was crystallized from benzene, to  give 4.2 
g. of 2-anthryl methyl ketone, m.p. 185-186"; the mother 
liquors were evaporated and the residue crystallized from 
ethyl acet,ate, giving 22 g. of I-anthryl methyl ketone, m.p. 

Deformylation of 9-anthraldehyde. A solution of 1 g. of 9- 
anthraldehyde in 18 ml. of glacial acetic acid was treated 
with 2 ml. of concentrated sulfuric acid, and the mixture 
refluxed for 80 min., when an aliquot no longer gave a posi- 
tive test with 2,4-dinitrophenylhydrazine solution, and then 
diluted with water. The precipitate (0.7 g. )  on recrystalliza- 
tion from dilute acetic acid afforded 0.4 g. of anthracene, 
m.p. and mixed m.p. 210-212", which on oxidation with 
chromic acid in glacial acetic acid gave anthraquinone, m.p. 
and mixed m.p. 282"-283". 

Sodium anthracene 9-suvonate. Prepared and purified ac- 
cording to t,he method of Minaev and F e d ~ r o v . ~  Treatment 
of the salt with 3 N hydrochloric acid immediately produced, 
in the cold, some sulfur dioxide. Subsequent boiling pro- 
duced no further amount's of the gas. The reported forma- 
tion of anthracene was confirmed, but anthranol could not 
be detected. 

Sodium 9,9'-dianthryl-lO-sulfonate Tvas prepared by the 

105-106". 

method of Minaev and Fedorov.' One gram of the salt mas 
boiled for 3.5 hr. with 25 ml. of 4 N hydrochloric acid and 20 
ml. of acetic acid. The reaction mixture on dilution with 
water gave 0.7 g. of dianthryl, m.p. 311-312', after re- 
crystallization from acetic acid. 

1-Phenanthryl phenyl ketone. A mixture of 114 ml, of 
benzoyl chloride and 150 g. of aluminum chloride was heated 
until a clear solution resulted. The mixture m-as cooled, 850 
ml. of carbon bisulfide was added, and the complex dis- 
solved by stirring. One hundred seventy-five grams of 
phenanthrene was added to this solution during 20 min. 
Evolution of hydrogen chloride, a t  first rapid, ceased after 
a further 20 min., when the mixture was cooled to 0". The 
precipitated complex was collected and decomposed by 
adding to a mixture of ice and 10 AT hydrochloric acid. The 
residual carbon bisulfide was allowed t o  evaporate, and 38 g. 
of 1-phenanthryl phenyl ketone, m.p. 141-142", was col- 
lected by filtration. A further crop of 2.4 g. of the ketone was 
obtained by extracting the above filtrate with chloroform, 
washing the extract with water, concentrating to 120 ml., 
adding 50 ml. of ether and setting aside a t  0'. The pure 
ketone, obtained by recrystallization from acetone, had a 
melting point of 148-149.5' (literature m.p. 148-149°40p41). 

Acetylation of phenanthrme. Using the method of Mosettig 
and de Kamp,38 the reaction mixture being kept at 25", ( a )  
after 6 hr. a 16% yield of 2-phenanthrgl methyl ketone, 
m.p. 142.5-143.5', and a 62y' yield of 3-phenanthryl methyl 
ketone, m.p. 72.5-73.5', were obtained by careful fractional 
crystallization; ( b )  after 17 hr. the yields .cyere 2670 and BO%, 
respectively. 

Attempted deacylations. ( a )  I-Phenanthryl phenyl ketone. 
A solution of 1 g. of the ketone in 50 ml. of glacial acetic 
acid, containing 5 ml. of concentrated sulfuric acid, was 
refluxed for 4.5 hr., and then poured into water. The product 
(0.98 g.) was the unchanged ketone, m.p. and mixed m.p. 
144-145'. 

( b )  9-Phenanthraldehyde. One gram of t,he aldehyde was 
treated as in ( a )  for 3.5 hr. The product (0.9 g.) proved t o  
be unchanged aldehyde, m.p. 94', pure (m.p. and mixed 
m.p. 100') after one recrystallization. 
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Naphthyridines. 11. Synthesis of l,?-Naphthyridines by Rorsche 
S;ynthesis1v2 
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The preparation of six new 1,7-naphthyridines (11-VII) by condensation of the appropriate carbonyl compound with 
S-( 3-amino-4-picolylidene)-p-toluidine is described. 

In  an earlier communication2 the synthesis of 
two 1,7-naphthyridines using the Borsche3 modi- 
fication of the Friedlander synthesis was reported. 
The preparative sequence employed consisted of 
the synthesis of N-(3-amino-4-picolylidene)-p-tolui- 
(I) This work was supported in part by grant G-1090 of 
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dine (I) and the condensation of I with an appropri- 
ate carbonyl compound (Equation 1). It was sug- 

I + 

gested that the synthesis might be expected to be a 
general one for the preparation of 1,7-naphtJhyri- 


