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(0.03 mole) of 4-methyl-5-phenyloxazolidine (from I-nor- 
pseudoephedrine), 3.02 g. (0.0306 mole) of succinimide, 5.0 
g. (0.06 mole) of 36% aqueous formaldehyde, and 35 ml. of 
absolute ethanol. Crystallization from absolute ethanol gave 
the product as a white crystalline solid, m.p. 74-77.5" 
and CYD -57.6". 

Anal. Calcd. for C16Hl8?\T~O3: C, 65.67; H, 6.61; N, 10.22. 
Found: C, 65.99; H, 6.56; 2\j, 10.18. 
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Chrysene obtained from commercial sources, even purified by recrystallization, has been found to contain from 10 to 12% 
5H-benzo [b]carbazole. This heterocycle, especially in dilution with chrysene, readily undergoes Friedel-Crafts diacylations 
with aliphatic and aromatic acid chlorides. 

In the course of an investigation on potential 
antileukemic agents derived from chrysene, * large 
quantities of chrysene were submitted to  various 
chemical reactions, especially Friedel-Crafts acyla- 
tions. The product used was commercial chrysene 
purified by recrystallization from toluene and 
treated with maleic anhydride to  remove naphtha- 
cene, and was thus obtained as a colorless material 
having the melting point indicated in the litera- 
ture. Friedel-Crafts acetylation of this substance 
yielded, as reported earlier,'& 6-acetylchrysene, It 
is now shown that it is possible to  isolate in sizable 
amounts, from the mother liquors of this ketone, a 
new compound containing nitrogen, whose compo- 
sition corresponds to the formula CzOHlSNO2; 
it was therefore suspected to  arise from a nitrogen- 
containing impurity that must have been present 
in appreciable quantities in the starting chrysene. 
Such an impurity could be one of the benzocarba- 
zoles known to exist in coal tar,2 for instance, 5H- 
benzo[blcarbazole (I). Should this be so, the com- 
pound CzoHI5NO2 mould be a product of Friedel- 
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(*) Present address: Inatitut National d'Hygihne, 21 rue 
de 1'Ecole de Medecine, Paris, France. 
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Crafts diacetylation of I. Indeed, the same com- 
pound was obtained, although in very low yield, 
along with the known 5-acetyl-5H-benzo [blcarba- 
zole (11), when 5H-benzo [blcarbazole was sub- 
mitted to acylation under similar conditions. That 
the compound CzoH~6N0z was a diketone, Le.,  that 
the -XH- group was not acetylated, was proven 
by its ready conversion into a diethyl-5H-benzo[b 1- 
carbazole by means of a Wolff-Kishner reaction. 
The ultraviolet spectrum of this reduction product 
closely resembles that of 5H-benzo [b lcarbazole it- 
self (see Fig. 1). 

@ Diethyl SH-benzo[b]cdrbdzole 

Figure 1 

As so little is known of the chemistry of 5H- 
benzo [blcarbazole, the sites occupied by the sub- 
stituents in the molecule of its diacetyl compound 
could not be established, but in view of the rules 
governing substitution in carbazole itself,3 one of 

(3) For a review of this subject, see N. P. Buu-Hoi and 
R. Royer, Rec. trau. chim., 66, 533 (1947). 
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the acet,yl groups could perhaps be assumed to oc- 
cupy position 2; the other substituent might be 
placed either in position 6 or in position 9 (as, for 
instance, in Formula 111). It is interesting to note 

NH 
I11 

that the yield of the diacetyl compound mas con- 
siderably higher when the reaction was performed 
with 5H-benzo [b lcarbazole diluted in chrysene 
(shown by nitrogen determinations to contain 10 to 
12% of I) than when the heterocycle was used in 
the pure state. 

In  the benzoylation of chrysene which, as is 
shown, was heavily polluted with I, an x,y-diben- 
zoyl-511-benzo [b ]carbazole could be isolated from 
the mother liquors of crystallization of B-benzoyl- 
chrysene.Ib This diketone underwent Wolff-Kish- 
ner reduction to x,y-dibenzyl-E~H-benzo [blcarba- 
aole. Similarly, an x,y-di-(o-toluoyl)-5H-benzo [b]- 
carbazole and an x,y-di(2,4-dimethylbenzoyl)-jH- 
benzo [blcarbazole could be isolated from the 
mother liquors of crystallization of 6-(o-toluoyl)- 
and 6-(2,4-dimethylbenzoyl)-cl1rysene, respectively. 
The first of these two could be reduced to x,y-di(o- 
methyl benzyl) -5H-benzo [b ]carbazole. 

Chrysene could be freed of 5H-benzo [blcarba- 
zole by treatment with acetic anhydride in the 
presence of zinc chloride, which converted the im- 
purity into its N-acetyl derivative (11), a compound 
more soluble in acetic acid than chrysene. 

EXPERIMENTAL 

The chrysene used in this work -n-as prepared by purifica- 
tion of commercial chrysene, m.p. 252O, by refluxing its 
toluene solution with maleic anhydride, removal of the 
adduct of maleic anhydride and naphthacene by alkaline 
treatment, and cryst'allization from toluene. The chrysene 
thus purified melt,ed a t  256-258' and was pract'ically color- 
less, but its solutions in sulfuric acid showed a slight yellow 
halochromism. I ts  nitrogen content was 0.77%, which corre- 
sponds to circa 12% of 5H-benzo [blcarbazole. 

2,y-DiticetyE-5H-benzo [b]carbazoZe. The acet,ylation of 100 
g. of the above chrysene with acetyl chloride, performed in 
methylene chloride as already reported,'& afforded 92 g. of 
6-acetylchrysene after recrystallization from acetone. Con- 
centration of t'he mother liquors of this operation furnished 
'3 g. of a yellow, crystalline precipitate, m.p. 185-188", 
which on recrystallization from 300 ml. of acet,one afforded 
6 g. of short, golden yellow needles, m.p. 189". This com- 
pound gave an orange-yellow halochromism in sulfuric acid; 
its solutions in sulfuric acid with traces of nitric acid gave a 
green coloration characterist,ic of carbazole derivatives. 

Anal .  Calcd. for C?oHI,XO2: C, 79.7; H, 5.0; N, 4.7; 0, 
10.6. Found: C, 79.9; H, 5.1; K, 4.8; 0, 10.8. 

Scetylation of pure 5H-benzo [b]carbazole. T o  a st,irred solu- 
t,ion of 4 g. of aluminum chloride in 100 ml. of anhydrous 
methylene chloride containing 5 ml. of acetyl chloride, a sus- 
pension of 5 g. of 5H-benzo [blcarbazole in 70 ml. of meth- 
ylene chloride was added portionwise. The brown mixture 
was left to stand a t  room temperature for 3 hr., then refluxed 
for 3 hr., and finally left again to  stand for 12 hr. at  room 

temperature. After decomposition with ice and hydro- 
chloric acid, methylene chloride was added and the organic 
layer washed with 570 aqueous sodium hydroxide, then 
with wat,er, and dried over sodium sulfat,e. The resinous 
brown mass remaining after evaporation of the solvent was 
t.aken up in ethanol (charcoal), and after standing for several 
days in the refrigerator, it formed a pale yellow, crystalline 
precipitate, m.p. 100-110". Fractional Crystallization of 
this from acetone furnished 0.5 g. of x,y-diacetyl-5H- 
benzo [b]carbaaole, m.p. 189-190", showing no depression 
of melting point when mixed with a sample prepared as 
above. Evaporation of the mother liquors left a residue 
which was extracted wit2h hexane; concentration of the hex- 
ane solution afforded 0.5 g. of 6-acetyl-5H-benzo[b]carbazole 
(11), which crystallized from ethanol in two forms, either 
colorless leaflets, m.p. 117-118", or colorless needles, m.p. 
120". The l i t e r a t ~ r e , ~  gives m.p. 117" and 121", respectively. 

x,y-Diethyl-5H-benzo [b]carbazoZe. h mixture of 1.4 g. of 
t,he diketone, 2 g. of 98% hydrazine hydrat,e, and 30 ml. of 
diethylene glycol was refluxed for 9 hr. tvith 1.5 g. of po- 
tassium hydroxide. After cooling, dilute hydrochloric acid 
was added, and the precipitate was collected. Crystalliza- 
tion first from hexane, then from ethanol, yielded 0.7 g. 
of almost colorless needles, m.p. 129'. Sulfuric acid pro- 
duced a brownish halochromism. 

Anal .  Calcd. for C?OH1,N: C, 87.9; H, i .0 .  Found: C, 
87.9; H, 7.3. 

x,y-Dibenzoyl-5 H-benzo [b]carbazole. Benzoylation of chry- 
sene was effect,ed in t,he usual way,lb and the mother liquors 
from tjhe preparat'ion of 6-benzoylchrysene were evaporat.ed, 
leaving 5 g. of a solid residue. This was treated with hot, 
carbon tetrachloride, leaving 1 g. of undissolved material, 
which on recrystallization from acetic acid afforded silky 
yellow needles, m.p. 232", giving a blood-red halochromism 
in sulfuric acid. 

Anal .  Calcd. for C30H19K02: C, 84.7; H, 4.5; X, 3.3; 0, 
7.5, Found: C, 84.7; H, 4.8; K, 3.5; 0, 7.2. 

x,y-Dibcnzyl-5H-benzo [blcarbazole. One gram of the fore- 
going diketone was reduced with 1.5 g. of hydrazine hydrate 
and 1 g. of pot,assium hydroxide in 25 ml. of diethylene glycol 
as above. The reaction product crystallized from a mixture 
of benzene and ethanol in fine colorless prisms (0.5 g.), m,p. 
191-192". Its solutions in sulfuric acid were brownish. 

Anal. Calcd. for C30H23K: C, 90.7; H, 5.8: S, 3.5. Found: 
C,90.4;H,5.7;N,3.8. 
x,y-Di-(o-toluoyl)-5H-benzo[b]carbazole. This compound 

vas  obtained as a by-product in the preparation of 6-(0- 
t,oluoyl)chrysene, IC from which it could easily be separated 
because of its greater solubility in carbon tetrachloride. 
Recrystallization from acetic acid afforded golden-yelloiv 
needles, m.p. 249", giving an orange-red halochromism in 
sulfuric acid; yield, 1.5 g. (from 22.8 g. of chrysene). 

-4nnl. Calcd. for C Y ~ H ~ ~ O ~ :  C, 84.7; H, 5.1; 0, 7.1. 
Found: C, 85.0; H, 5.3; 0 , 7 . 3 .  

x,y-Di-(0-methylbenzyl )dH-benzo [b]curbazole was obtained 
by reduction of 1 g. of the foregoing ketone with 1.5 g. of 
hydrazine hydrate and 1 g. of potassium hydroxide in 35 
ml. of diethylene glycol; the reaction was considerably slower 
t'han in the previous cases, and the mixture had to be re- 
fluxed for 12 hr. The product crystallized from acet,ic acid 
in almost colorless needles (0.7 g.), m.p. 236". 

Anal.  Calcd. for C32H.&: C, 89.9: H, 6.8: X, 3.3. Found: 
I ,  I 

C, 90.0; H, 6.4; N, 3.3. 
2, u-LW 2,L-dzn~ethulbenzoul jdH-benzo ih lcarbazole. Ob- . I  

tained from 'the mothw liquors of crystallization of 6-(2,4- 
dixnethylbenzoyl)chrysene,lc this diketone crystallized from 
acetic acid or acetonc in shiny yellow ncedles, m.p. 222O, 
giving an orange halochromism in sulfuric acid; yield, 0.2 g. 
(from 22.8 g .  of chrysene). 

. 4 n d  Calcd. for C34H~iN02: C, 84.8; H, 5.7; 0. (i.(i. 
Found: C, 84.8; H, 5.7; 0,G.7. 

(4) F. Kehrmann, A. Oulevay, and F. IiBgis, Ber., 46, 
3713 (1913). 
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Separation o j  ;iH-benzo [b]carbazole f r o m  chrysene. A mix- 
ture of 50 g. of commerrial chrysene purified as described 
above, 500 ml. of acetic anhydride, 2 g. of finely powdered 
anhydrous zinc chloride, and 2500 ml. of acetic acid was 
gently refluxed for 1 hr. After cooling, the precipitate of 
pure chrysene (42 g.) was filtwed, washed with acetic acid, 
and recrystallized from toluene. A sample of this hydro- 
carbon gave no coloration in sulfuric acid. Dilution of the 
filtrate with water to a volume of 6000 ml. produced a pre- 
cipitation of 4 g. of less pure chrpene. Dilution of the 
second filtrate to a volume of 10 1. yielded 4 g. of 5-acetyl- 
SH-benzo [b Jcarhazolp, from which the nonacetylated 

heterocycle could be recovered by treatment with potassium 
hydroxide in ethanol. 5H-benzo [b Icarbazolr gave n brown- 
yellow halochromism in sulfuric acid. 
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Skatole, 2-methylindole, benzimidazole, and benzotriaaole have been pyridylethylated. Under alkaline conditions skatole 
vielded the l-substituted derivative, 4-(3-methyl-l-indolylethyl)pyridine. The same product was obtained, in poor yield, 
when the reaction was carried out in boiling glacial acetic acid. Base catalyzed pyridylethylations of benzotriazole afforded 
mixtures of two, separable products. Ultraviolet spectral evidence indicates these to be the corresponding 1- and 2-substi- 
tilted benaot riazole derivatives. 

,4n earlier report' from these laboratories was 
concerned with the pyridylethylation of indole, N 
substitued indoles, and indene. The finding that 
certain of the derived indolylethylpyridines dis- 
played an interestingly selective spectrum of 
central depressant effects2 has stimulated further 
work in this area. The present paper deals with some 
aspects of this work, and in particular examines 
the course of the pyridylethylation reaction with 
related ring systems. 

It is well known that indoles undergo substitution 
by electrophilic reagents preferentially a t  the 3- 
position-no doubt owing to the necessary partici- 
pation of quinoid forms in the a-substitution proc- 
ess-but the orientation of further substituents 
is not so clear. Thus, apparently rate control in the 
hIannich reaction under either acidic or basic 
conditions results in the order of substitution, 3, 
N ,  23--except when stability of the product (as in 
the intramolecular Mannich-type cyclizations of 
tryptamines to tetrahydro-P-carbolines) overrid- 
ingly directs reaction to  the 2-position. On the other 
hand, presumably equilibrium control in Erlich- 
like reactions with aldehydes under more strongly 
acid conditions causes substitution to occur a t  the 
3- and then the 2-position, the nitrogen being 

(1) A. P. Gray and W. 1,. Archer, J .  Am. Chem. Sac.. 
79,3554 (1957). 
(2) J. H. Mirsky, H. D. White, and T. B. O'Dell, J. 

Pharmacol. Esptl. Therap., 125, 122 (1959). 
(3) (a) S. Swaminathan and S. Ranganathan, J .  Org. 

Chem., 22, 70 (1957); J .  Org. Chem., 23, 707 (1958); (b) 
J. Thesing and P. Binger, Chem. Ber., 90, 1419 (1957); (c) 
F. Troxler and A. Hofmann, Heln. Chim. Acta, 40, 1706 
(1957). 

apparently unaffected. Perhaps more pertinent is 
the report that skatole reacted with methyl vinyl 
ketone in a mixture of acetic acid and acetic anhy- 
dride to give (in poor yield) the more stable 2- 
substituted adducts6 It was, therefore, of interest 
to examine the pyridylethylation of skatole. Under 
alkaline conditions (sodium ethoxide in ethanol) 
skatole reacted with 4-vinylpyridine to yield 4 
(3-methyl-l-indolylethy1)pyridine (I). The struc- 
tural assignment is unequivocal in view of the re- 

I.R=CH: II .R=H, R'=CH, 
III.R=C2Hj, R ' = H  

action of indole under the same conditions to give 
I (R=H) l  and of analogous experience with base 
catalyzed cyanoethylation (see references cited'). 
It would appear that the indole anion is involved in 
the rate determining step of these base catalyzed 
reactions. More interesting was the finding that 
the acid, boiling glacial acetic acid, catalyzed re- 
action of skatole with 4-vinylpyridine also afforded 
I, although in poor yield and accompanied by large 

(4)(a) H. v. Dobeneck and G. Maresch, Hoppe-Seykr's 
Z.  physiol. Chem., 289, 271 (1952) [Chem. Abstr., 49, 5432 
(1955)l; (b) H. v. Dobeneck and J. Maas, Chem. Ber., 87, 
455 (1954); (c) ,4. Treibs and E. Hermann, Hoppe-Seyler's 
Z .  physiol. Chem., 299, 168 (1955) [Chem. Abstr., 50, 943 
(1956)l; (d) M7. E. Noland and D. N.  Robinson, Tetra- 
hedron, 3,68 (1958). 

(5) J. Samusakovica, J .  Am. Chem. SOC., 79, 2819 (1957). 


