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Of interest also is the very recent reportI2 that the 
dianzon of phloroglucinol has a ketone structure while 
the monoanion appears to exist exclusively as the 
phenolate anion. 
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In  a recent study, Skell and Bean have shown that 
the alkylat'ion of pyrryliiiagnesiuni bromide (1) with 
a series of alkyl halides yields the isoiiieric 2- and 3- 
alkylpyrroles and polyalkylpyrroles as major prod- 
uct's.2 These findings confiriiied the original report of 
Oddo3 and refuted certain subsequent claims4 regard- 
ing the iiat'ure of the products arising from the alkyla- 
tion of 1.j Skell and Bean eniployed only methyl 
broinide and tosylate as niethylating agents for 1; 
analysis of products was achieved by infrared analysis 
of distillatioil fractions. The yields of 2-methyl- (2) 
and 3-niethylpyrrole (3) and the conversion of pyrrole 
were low in these studies. Since the direct niethyla- 
tion of 1 represents an experimentally simple one-step 
synthetic entry to 2 and 3, a reinvestigation of the 
met~hylation of 1 with methyl iodide, dimethyl sulfate, 
trimethyl phosphat'e, and inethyl tosylate has been 
carried out' under coiiditioiis different froin those em- 
ployed by Skell and Bean in an attempt to obtain syn- 
thetically useful yields of 2 and 3.  Product identifica- 
tion and analyses have been carried out by gas-liquid 
chromatography. The 1 esults obtained in this study 
are similar t o  those of Skell and Bean2 with regard to 
both yields of 2 and 3 and utilization of 1. 

The alkylation of 1 with equimolar quantities of each 
of the four alkylatiiig agents was carried out in refluxing 
ether (normal reaction period of 22 hr.) ; the reaction 
mixture was quenched under neutral conditions (de- 
oxygenated water at  15'). Quenching by the use of 
ice and sulfuiic acid8 or aqueous aniiiioniuiii chloride6 
gave poor product recovery aird extensive formation of 
tars, pimuinably by t8he acid-catalyzed polymerization 
of pyrroles. The results of these methylation experi- 
nieiits ai'e suininarized in Table I. 

Product identification and reaction mixture analyses 
were carried out by gas-liquid chroniatography on a 
Carbowas 2011 column, prograinniing t'he column tem- 
perature froill 50 to 150". Gnder these conditions, pyr- 
role. S-niethylpyrrole, 2 and 3 could be separated 
cleanly; each of these iiiaterials was identified by 
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comparison of its g.1.c. behavior with that of an authen- 
tic sample and by collection of saniples on elution and 
comparison with authentic materials. Further al- 
kylated products (A and B, Table I) were not identified, 
but were separated cleanly by the g.1.c. method. Prod- 
ucts A and B were shown not to be either 2,4- or 2,5- 
diniethylpyrroles by comparison of g.1.c. behavior, 
The authentic dimethylpyrroles had retention times 
slightly shorter than that of A;  because of the similar- 
ity of retention times, A and B are assumed to be di- 
methylpyrroles or pyrrolenines. A third unidentified 
minor product (C) was also formed in these alkylations 
and was resolved cleanly and probably arepresents a 
higher methylated structure since an increase in column 
temperature was required for its elution. Other niate- 
rials were eluted following C, but only as unresolved 
smears. 

Rlethylation of 2-inethylpyrrylmagnesium bromide 
with niethyl iodide under the standard conditions of 
Table I led to extensive methylation (30% recovery 
of 2 )  ; both coiiipounds A and B were present as minor 
reaction products. Attempted methylation of 2 , j -  
diinethylpyrrylmagnesiuni bromide under the standard 
conditions mas unsuccessful; an almost quantitative 
recovery of the starting pyrrole was obtained. Undel. 
different reaction conditions, Johnson has observed the 
methylation of this Grignard reagent ; 2,3,4,5-tetra- 
niethylpyrrole and tetramethylpyrrolenines were the 
major products.6 

An examination of the results presented in Table I 
shows that the general conclusions of Skell and Bean2 
have been substantiated by this study. The major 
products of the reaction are 2 and 3, obtained in ratios 
(2  to 3) of 1.3 to 3.1. With the exception of trimethyl 
phosphate which shows little selectivity, alkylation of 
the 2-position of 1 is favored by a factor of at  least two. 
In  contrast to the results of Skell and Bean2 and earlier 
w0rkers,3'~ minor amounts of S-methylpyrrole were ob- 
tained; however, the analytical technique employed 
by these workers probably would not have allowed the 
detection of such minor amounts of material. Although 
the forination of the N-methylated product has not been 
observed previously, sonie degree of alkylation at  t'his 
position might be expected since 1 has been shown to 
exist as either an S-5lgX structure or a resonance- 
stabilized anion with the negative charge distributed 
between carbon and nitrogen.' In  contrast, the N- 
alkylation of the alkali metal derivatives of pyrrole is 
well known.* Additionally, significant amounts of the 
higher methylated species A and B are also formed. 
The formation of A and B in the methylation of 2- 
methylpyrrylmagnesiuni bromide indicates these iiiate- 
rials to possess a iiiiniiiium of one 2-methyl group. 

The observed increase in methylating ability [C&I < 
(CH3)3POI < (CH&S04 E CH30Ts] of the reagents 
studied follows the general trend observed for their 
reactivity toward Grignard reagents and  carbanion^.^ 
Relatively little use has been made previously of the 
alkylating ability of triiiiethyl phosphate in Grignard 
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Product  

TABLE I 
METHYLATION OF PYRRYLMAGNESIUM BROMIDE 

__-______________-____Alkylating agent . . . . . . . . . . . . . . . . . . . .  7 

CHsI CHsBr (CHs)zSO* (CHa)*POd -----------CHaOTs----------- 

Reaction time, hr. 
22 48" 22 22 3 6 12 22 48 0 .25  

Yield or Recovery, % 
Pyrrole 39.4 40.7 40.0 5 2 . 1  42.5 42.1 46 .5  3 3 . 8  40 .0  41 .2  
2-Methylpyrrole 8 . 9  10.4 21.8 13.5 27.5 25.3 24 .5  22.4 20.2 1 9 . 6  
3-Methylpyrrole 3 . 9  5 . 5  10.0 10.4 13 .2  10 .8  7 . 9  9 . 4  8 . 6  9 . 2  
A 2 . 1  . . .  3 . 4  1 . 6  5 . 2  5 . 8  3 . 8  6 . 0  4 . 6  . . .  
B 8 .8  . . .  6 . 7  6 . 8  6 . 7  11.0 9 . 5  6 . 4  2 . 2  . . .  

Total Recovery, % 

Product Ratio, 2-Methyl- to 3-Methyl- 

N-Methylpyrrole 0 . 0  0 . 0  1 . 0  0 . 6  1 . 0  0 . 7  0 . 8  . . .  0 . 7  0 . 0  

63 .0  69 82 .6  85.0 96.0 95 .6  93.0 78.2 75.1 89 

2 . 3  1 . 9  2 . 2  
a See ref. 2. 

chemistry. Gilman has shown the compound to be 
effective in the methylation of hindered Grignard re- 
agents such as mesitylniagnesium bromide, lo and Polsky 
has reported a related alkylation of 2,5-dimethylpyrryl- 
magnesium bromide.ll The results of this study indi- 
cate the reagent to be considerably more effective than 
either methyl iodide or bromide in reaction with 1. 

The effect of reaction time, in the case of methyl 
tosylate, on the yields of distribution of products 
follows reasonable expectation in view of the results of 
Johnson.6 The total recovery and yields of 2, 3, A, 
and B decrease with reaction time indicating a gradual 
accumulation of polymethylated products. These re- 
results are consistent with and support the concept of 
an equilibriuni between 1 and the methylated pyrroles 
(2, 3, A, and B). Grignard exchange would lead to 
methylated pyrrylmagnesium bromides, which be- 
cause of the cumulative inductive effects of the methyl 
groups, would undergo methylation more rapidly than 
1. Such an interpretation has been advanced pre- 
viously by Johnson to account for the results observed 
in the alkylation of 2,5-dimethylpyrryl Grignard re- 
agents6 and is consistent with the results observed in 
this study. The statistical inferences of such an 
equilibrium would require an initial slow methylation 
of 1 to form 2 and 3 followed by a more rapid niethyla- 
tion of 2 and 3 to yield A, B, and higher methylated 
products. 

The results of the 3-hr. experiment with methyl 
tosylate indicates the possibility of synthetic utiliza- 
tion of the methylation of 1. In  this experiment, the 
yields of 2 (27.5y0) and 3 (13.2%) are the maximum ob- 
served, and the high total recovery of material indicates 
polyniethylation to be negligible. The relative sim- 
plicity of product distribution in this experiment indi- 
cates that  the use of even shorter reaction periods and 
more powerful methylating agents, e.g., (CH3)30+BF,-, 
may result in a useful synthetic method for the prepara- 
tion of monomethylpyrroles. 

Experimental12 

Methylation of Pyrrylmagnesium Bromide ( 1 ).-A solution of 
pyrrole (0.215 mole) in 50 ml. of ether was added over a period 

(10) H. Gilman and B. J. Gai,  J .  Am.  Chem. Soc., 82, 6326 (1960). 
(11) R. A .  Polsky, M.S. Thesis, University of P i t t sburgh ,  1961. 

1 . 3  2 . 1  2 . 3  3 . 1  2 .4  2 . 5  2 . 1  

of 40 min. t o  a solution of ethylmagnevium bromide (0.215 mole) 
in 75 ml. of ether. The reaction mixture was refluxed for 2 hr. 
with an additional 80 ml. of ether being added during the period 
of reflux. After cooling the reaction mixture to 5 " ,  the alkylat- 
ing agent (0.215 mole) in 50-75 ml. of ether was added. After 
t,he dropwise addition of the alkylating agent was completed. the 
reaction mixture was refluxed for the t,imes indicated in Table I .  
The reaction mixture was cooled in an ice-salt bath to below 10" 
and quenched by the dropwise addition of 250 ml. of ice-cold 
deoxygenated water; the teniperature of the reaction mixture 
was maintained below 15". Distilled water was deoxygenated 
by the passage of nitrogen for 5 to 10 min. After the addition 
of water was completed, the aqueous layer was extracted with 
cold ether until the ether extracts were clear. The combined 
ethereal layers were then washed with cold deoxygenated water 
until the aqueous washes were either neutral or slightly basic 
(pH 7.0-7.5). The aqueous extracts were treated with dilute 
sulfuric acid to a pH of 7.0-7.5 and extracted with ether; the 
combined ethereal extracts were dried over anhydrous magnesium 
sulfate a t  15" and concentrated under reduced presspure a t  tem- 
peratures below 25". 

Gas-Liquid Chromatographic Analysis and Product Identifi- 
cation.-The reaction mixture concentrates (2-pl. samples ) were 
analyzed on a 307, Carbowax 20M column with Chromosorb P 
(60-80 mesh) as support with t i  helium flow rate of 46-47 ml./min. 
and an injection port temperature of 185". The column tempera- 
ture was programmed manually: 0 min., 50"; 12 min., 75'; 
30 rnin., 100"; 64 rnin., 125'; 72 rnin., 150". Under these con- 
ditions, the products listed in Table I were resolved cleanly with 
the following observed retention times (min. j :  K-methylpyrrole, 
18.5; pyrrole, 55.0; 2,59.0; 3, 62.5; A, 67.5; B, 69.5. Quanti- 
tative analysis was carried out by Disc integration of peak areas 
with the raw results being corrected by the response sensitivit,y 
of the appropriate component. The sensitivity of each compo- 
nent being analyzed was determined by triplicate determinations 
of the peak areas produced by known amounts of each of the 
components; pyrrole was employed as a reference (sensit,ivity 
= 1 . O ) .  Typical relative sensitivities are S-niethylpyrrole, 
1.16; 2-methglpyrrole, 0.80; 2,5-dimethylpyrrole, 0.74; 2,4- 
dimethylpyrrole, 0.71. The products (pyrrole, S-methylpyr- 
role, 2, and 3 )  were identified by comparison of the g.1.c. be- 
havior of authentic samples, "spiking" of reaction mixtures, 
and comparison of the infrared spectra of trapped eluted frac- 
tions with those of authentic samples of the appropriate materials. 
The absence of 2,4- and 2,5-dimethylpyrroles in the reaction 
mixtures was demonstrated by "spiking" reaction mixtures 
with authentic samples of the pyrroles. Pyrrole and S-methyl- 
pyrrole were commercial products. 2-Methylpyrrole was pre- 
pared from 2-formylpyrrole (Beacon Chemical Industries, Inc .) 

(12) Infrared spectra were determined with a Perkin-Elmer Model 21 
spectrophotometer using either dilute solutions in 0.1-mm. cells or thin 
films between sodium chloride plates. Gas-liquid chromatographic analyses 
were carried o u t  with an F and M Model 500 gas chromatograph equipped 
with a Disc integrator.  
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by a Wolff-Kischner reduction.ls 2 3 -  and 2,4-dimethylpyrroles 
were prepared by established procedures .14 All pyrroles were 
distilled to obtain center fractions and stored under nitrogen at 
5" until used. 

(13) A. I. Vogel, "Practical Organic Chemietry," 3rd. Ed . ,  Longmans, 

(14) A. H. Blat t ,  "Organic Syntheses," Coll. Vol. 11, John Wiley and 
Green and Co., London, 1956, p. 510. 

Sons, Inc. ,  New York, M. Y., 1943, p. 219. 

Two Cases of Unexpected Formation 
of the Fluoranthene System 

ERNST D. BERGMANN, PEREZ BRACHA, 
JOCHANAN BLUM, A N D  MEIR ENGELRATH 

Department of Organic Chemistry,  Hebrew University,  
Jerusalem,  Israel 

Received October 29. 1963 

When 1-(2-aminophenyl)naphthalene (I) was treated 
successively with boron trichloride in boiling benzene 
and with aluminum chloride at 120°, a boron-free com- 
pound, ClsHIIX, was formed. It was a primary amine 
and was converted by deamination into fluoranthene. 
Also the spectrum of the nitrogenous compound was 
practically identical u-ith that of fluoranthene. In  ac- 
cordance with the following equation it can be assumed 

I I1 

that the amine is 9-aminofluoranthene (11). The de- 
hydrogenation which takes place is facilitated by the 
fact that it removes the mutual interference of the hy- 
drogen atoms in the 6-position of the aminophenyl group 
and the 8-position of the naphthalene system. 

For the synthesis of some complex polycyclic com- 
pounds, 7,7'-dinwthyl-l,lf-dinaphthyl (111) was re- 
quired. To this end, 7-methyl-1-tetralone' (IV) was 
reduced with aluminum amalgam to the corresponding 
pinacol V and the latter, after careful washing, was de- 
hydrated and dehydrogenated. The hydrocarbon 
(111) , C22H18, formed colorless needles and absorbed, 
as expected, a t  287 and 296 mk. When, however, the 
crude (unwashed) pinacol V was dehydrated, a yellow 
hydrocarbon, CS2Hl6, was obtained, Its ultraviolet 
spectrum was identical, apart from a slight batho- 
chromic shift, with that of benzoi~lfluoranthene.~ It is 
thus reasonable to assume that the compound is 6 , l l -  
diniethylbenzo [ I  jfluoranthene (VI). 

Benzo [ j  Ifluoranthene had been described originally3 
as colorless, but this was corrected later4; the hydro- 
carbon was yellow. 

The reaction described could have given an alterna- 
tive structure, ziiz., that of perylene derivative (VII) ; 

111 IV 

V 
VI 

VI1 VI11 

however, the spectrum of perylene is very different 
from that of our hydrocarbon. Sloreover, a similar 
formation of a fluoranthene system from a l-phenyl- 
naphthalene derivative had been described before by 
Cook and Lawrence.5 The cyclization which is in- 
volved in the formation of VI does not take place in the 
dehydrogenation step. The dehydration products, 
obtained from pure and crude pinacol V, respectively, 
are different and have, therefore, probably the struc- 
tures VI11 and IX.6 

Experiment a1 

1-Iodonaphthalene7.-At a temperature not exceeding 5 " ,  a 
solution of 25.4 g. of 1-naphthylamine in 300 ml. of water and 
100 ml. of concentrated hydrochloric acid was diazotized with 7.0 
g. of sodium nitrite. A solution of 17 g. of potassium iodide in 
50 ml. of water was added and, after 1 hr. a t  room temperature, 
the mixture was heated on the water bath for 10 min. and made 
alkaline. The mass was extracted with benzene and the solvent 
was evaporated. Distillation of the residue with steam gave a 
product which was washed with sodium bisulfite solution and 
water, dried, and distilled: 

1-(2-Nitrophenyl)naphthalene.-At a temperature of 200", 12 
g. of copper powder was added to a well-stirred mixture of 7 g.  of 
1-iodonaphthalene and 6 g .  of 2-bromonitrobenzene. The tem- 
perature was then raised to 250" for a period of 5 hr.,  and the 
cooled mixture was extracted repeatedly with 80 ml. of hot ben- 
zene. The desired product boiled a t  168-173" ( 2  mm.) and crys- 
tallized upon treatment with methanol. Recrystallization from 
the same solvent gave 2.2 g.  (30y0) of yellow platelets, m.p.  
95" (lit.8 m.p. 88-90"). 

b.p. 168" (2  mm.), yield 18%. 
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