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2,4dinitrophenylhydrazone, m.p. 120-122'. The residue was 
slurried with about 2% hydrochloric acid. The dark crude 
material was slurried in a solution of potassium bicarbonate and 
filtered. The solid was chromatographed over 175 g. of silica 
(0.05-0.2 mesh) using a mixture of 20% methanol, 20% acetone, 
and 60% Skellysolve B. The product (0.9 g.) decomposed 
upon attempted purification. 

IIb and Pyrrolidine.--A solution of 3.5 g. (0.017 mole) of 
IIb and 25 ml. of pyrrolidine was heated at 120' in a glass bomb 
for 14 hr. The solvent was blown into an acid solution of 2,4- 
dinitrophenylhydrazine. No precipitate wm observed. The 
residue was twice chromatographed over 200 g. of silica (0.05- 
0.2 mesh) using a mixture of 10% methanol, 10% acetone, and 
80% Skellysolve B. The product was refluxed with Nuchar 
190-N in methanol and filtered. The filtrate was concentrated 
to dryness and the residue was extracted with Skellysolve B to 
yield 0.5 g. of unstable solid. The filtrate was concentrated 
to  a small volume and refrigerated to yield 1.2 g. of unchanged 
starting material. 

A.-A mixture of 1.5 g. (0.0079 
mole) of IIa, 2.0 g. of sodium hydroxide, and 10 ml. of water was 
refluxed for 16 hr., and 75 ml. of boiling acetic acid was added. 
The mixture was filtered and the solution was taken to dryness. 
The residue was treated with 50 ml. of water and filtered. The 
solid (0.72 g.) was refluxed twice with Nuchar 190-N in ethanol 
and filtered. The filtrate was diluted with water, refrigerated 
3 hr., and filtered to yield 300 mg. of a solid, m.p. 95-110". 
The solid was extracted with hot Skellysolve B, concentrated to 
a small volume, and refrigerated to yield 200 mg. (18%) of solid, 
m.p. 9496". When this was mixed with an authentic sample of 
2,3dirnethylindoles (m.p. 104105") the melting point was 99- 
102'. The infrared and ultraviolet spectra were identical with 
the spectra of the authentic 2,3-dimethylindole. 

B.-A mixture of 1.0 g. (0.005 mole) of IIIa, 6.0 g. of sodium 
hydroxide, and 8.0 ml. of water was refluxed in a stainless steel 
flask for 20 hr. The sublimed solid (0.4 g., 55%) was collected 
from the receiver: m.p. 103-104.5". There was no depression 
on mixture with an authentic sample of 2,3-dmethylindole. 

l-Methyl-2,3-diphenyliudole (VIIId).-A mixture of 0.5 g. 
(0.0015 mole) of IId and 10 ml. of 50% sodium hydroxide was 
refluxed for 18 hr. The mixture was then refluxed 2.5 hr. with 

2,3-Dimethylindole (WIa). 

(8) A. Arbusow and W. Tichwinsky, Ber., 48, 2301 (1910). 

70 ml. of acetic acid. The mixture was cooled in an ice bath 
and filtered. After recrystabation from acetic acid, the solid 
weighed 300 mg. (71%), m.p. 137-138'. There was no de- 
pression on mixture with an authentic sample of l-methyl-2,3- 
diphenylindole.9 The infrared and ultraviolet spectra were 
identical with the spectra of an authentic sample of l-methyl- 
2,3dphenylindole. 

1,2,3,4-Tetrahydrocarbazole (VIXg).-A solution of 5.0 g. 
(0.023 mole) of IIg and 50 ml. of 50% sodium hydroxide was 
heated at  125" for 17 hr., 10 ml. of water was added, and the 
solution was heated at 145" for 4 hr. The cooled mixture was 
poured into 400 ml. of water and stirred, and 100 ml. of con- 
centrated hydrochloric acid was added. The mixture was main- 
tained at  90" approximately 1 hr., cooled, and filtered. The 
solid was dissolved in ethanol, refluxed with Nuchar 190-N, 
and filtered. The filtrate was diluted with water, cooled in an 
ice bath, and filtered. After three recrystallizations, the prod- 
uct weighed 0.9 g. (22%), m.p. 114-115'. There was no 
melting point depression on mixture with an authentic sample.'O 

2,3-Cycloheptenindole (WIh).-A solution of 1.9 g. (0.083 
mole) of IIh, 6.0 g. of sodium hydroxide, and 25 ml. of water 
was heated at 135" for 17 hr., cooled, and poured into 75 ml. of 
water. The mixture was stirred until a fine suspension resulted 
and filtered. The filtrate was treated with 20 ml. (0.2 mole) of 
concentrated hydrochloric acid. The mixture was held at  90' 
for 30 min., cooled, and filtered. The solid was dissolved in 
ethanol, refluxed with Nuchar 19O-N, and filtered. The fil- 
trate was diluted to 80% with water and refrigerated to yield 
0.8 g. of product (53%), m.p. 141-143'. 

This compound showed no melting point depression when 
mixed with an authentic sample.11 
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A number of gem-dihalocyclopropane derivatives reacted with aromatic compounds in the presence of alumi- 
num chloride or ferric chloride. The products were in most cases indene derivatives. The mechanism of the 
reaction is discussed. 

Halogen-substituted cyclopropane derivatives were 
an obscure class of compounds until the discovery by 
Doering and Hoff m a d  that addition of dihalocarbene 
to olefins produced yem-dihalocyclopropanes in good 
to excellent yields. Since then the chemistry of these 
compounds has been actively studied.g I n  the present 
paper we want to report on reactions of gem-dihalo- 
cyclopropanes with aromatic compounds under Friedel- 
Crafts conditions, which resulted in formation of in- 
dene derivatives. 

The reaction of 1,l-dibromotetramethylcyclopro- 
pane (I) with an equimolar amount of aluminum 

(1) Part 11: 
(2) W. v. E. Doering and .A. K. Hoffmann, J .  Am. CAem. Soc., 16,  6162 

(1954). 
(3) For a review, see W. E. Parham and E. E. Sohweizer, Org. Reactions, 

18, 55 (1963); W. Kirmse, "Carbene Chemistry," Aoademic Press Inc., 
New York, N. Y., 1964; J. Hine, "Divalent Carbon," The Ronald Press 
Co., New York, N. Y., 1964. 

L. Skattsbgl, J .  Org. CAem., 49, 2951 (1964). 

chloride in benzene was the first studied. A liquid 
was obtained in 80% yield, and it was shown to be 
homogeneous by gas chromatography. On the basis 
of elemental analysis and spectroscopic evidence the 
structure 1, 1,2,3-tetramethylindene (11) was assigned. 
This compound had previously been prepared by 
Colonge and P i ~ h a t , ~  and its properties were identical 
with those of our sample. The compound was oxidized 
with chromic acid to 2-(2-carboxyphenyl)-2-methyl- 
butanone-3,6 and hydrogenation over Raney nickel 
gave 1,l12,3-tetramethylindan. The 1,l-dichloro ana- 
log of I also yielded the indene I1 as the only product, 
and with both halides ferric chloride worked almost 
equally well as a catalyst; with tin tetrachloride, how- 

(4) M. J. Colonge and L. Pichat. Bull. U O C .  chim. France, 177 (1949). We 

(5) D. Price, D. Davidson, and M. T. Bogert, J .  Org. Chem., 2, 540 
want to thank Professor Colonge for a generous aampie of the indene 11. 

(1938). 
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TABLE I 
INDENES FROM gem-DIBRoMoCYCLoPRoPANEs AND h O M A T l C  COMPOUNDS 

Aromatio 
gem-Dibromocyolopropane derivative compd. 

1,l-Dibromotetramethylcyclopropane (I) Benzene 
1,l-Dibromotetramethylcyclopropane (I) Toluene 
1,l-Dibromotetramethylcyclopropane (I) 
1,l-Dibromotetramethylcyclopropane (I) 0-X ylene 

l,l-Dibromo-2,2-dimethylcyclopropane (VI) Benzene 
1,l-Dibromotrimethylcyclopropane (VIII) Benzene 
1,l-Dibromo-2-phenylcyclopropane (X) Benzene 

* Compounds Vb and Vc combined. a Approximate values. 

ever, no reaction took place. The use of less than an 
equimolar amount of catalyst drastically reduced the 
yield of the indene; thus, with a 2: 1 molar ratio of 
halide (I) to aluminum chloride, only 35% of I1 was 
obtained and, with a ratio of 10: 1, no indene could be 
isolated. The last reaction yielded a small amount of 
a crystalline substance, m.p. 57-58', besides unreacted 
halide. The substance contained bromine, and a 
strong band at 758 cm.-l in the infrared spectrum is 
indicative of an ortho-disubstituted benzene deriva- 
tive. The ultraviolet spectrum shows three maxima 
at 271, 264, and 258 mp with e 1610, 1350, and 800, 
respectively, which is very similar to the absorption 
exhibited by the other indans described in this paper. 
It appears that the maxima of alkyl-substituted 
indans in general are more than twice as intense 
as those of similar substituted benzene derivatives,B 
the spectra otherwise being quite alike. These prop- 
erties, together with the elemental analysis, agreed 
well with the structure 2-bromo-1,1,3,3-tetramethyl- 
indan (111), and ithe assignment was conbned by the 
n.m.r. spectmm. The phenyl hydrogens give rise to 
a singlet a t  r 2.83; a singlet a t  T 5.91 is due to the 
tertiary proton and the methyl groups absorb as two 
singlets of equal intensity a t  r 8.65 and 8.72; the peak 
area ratio is 4 : 1 "6  : 6, respectively. The mechanistic 
importance of this compound will be discussed below. 

The results from some other similar reactions, with 
aluminum chloride as catalyst, are recorded in Table 
I. As expected, reactions of I with either toluene or 
o-xylene gave isomer mixtures. The product from 
toluene consisted of essentially two compounds. 
Because of their close retention times, separation by 
preparative gas chromatography was unsuccessful; 
hence, the structural work was carried out on the 
mixture. The compounds proved to be pentamethyl- 
indene isomers on the basis of elemental analysis, 
spectroscopic evidence, and hydrogenation to the 
respective indans. Four isomers, IVa-d, could have 
been formed, and our problem was to establish the 
position of the methyl group on the aromatic ring in 
each of the two isomers. The infrared spectra of both 
the indene and the corresponding indan mixtures 
exhibit medium tal strong bands in the 815-805- and 
880-865-cm.--1 regions, characteristic of 1,2,4-trisub- 
stituted benzene derivatives; bands at  780-760 and 
745-705 cm.-l, characteristic of 1,2,3-trisubstituted 
benzenes, are absent. Moreover, acetylation of the 
indan mixture yielded a liquid product from which a 

(6) S. H. Weber, D. B. Spoelstra, and E. H. Polak, Rec. truv. chimi 74, 
1179 (1955). 

Products (%) 
1,1,2,3-Tetramethylindene (11) 
1,1,2,3,5-Pentarnethylindene (IVa) (70)s 
1,1,2,3,6Pentamethylindene (Ivb) (30)" 
1,1,2,3,5,6Hexarnethylindene (Va) (60) 
1,1,2,3,4,5-Hexamethylindene (Vb) 
1,l12,3,6,7-Hexamethylindene (Vc) ( 40)b 
2,3-Dimethylindene (VII) 
1,2,3-Trimethylindene (IX) 
%Phenylindene (XI) 

Total 
yield, % 

80 
81 

79 

56 
54 
25 

IVa IVb 

I V C  IVd 

CH3 
I 

CH3 CH3 
I I  

a- \ CH, 

V C  

semicarbazone was obtained. This is identical with 
that formed from acetyl-1,1,2,3,5-pentamethylindan.6 
Hence, the indene derivatives have most probably the 
structures IVa and b, the former being the predomi- 
nant product. 

A similar problem arose also in the case of the prod- 
uct from reaction of o-xylene and the dibromide I. 
Three isomers were expected, and this was actually 
the number detected by gas chromatography in a ratio 
of 6:3:1. Fortunately, the main product crystal- 
lized from the mixture and was subsequently identi- 
fied as 1,1,2,3,5,6-hexamethylindene (Va). The other 
two isomers could not be separated, but their struc- 
tures must be Vb and Vc; our data, however, cannot 
establish which is the most abundant in the mixture. 
The reactions with benzene were less complicated 
because, as expected, only one single isomer was ob- 
tained in each case; the reaction of 1,l-dibromo-2,2- 
dimethylcyclopropane (VI) gave 2,3-dimethylindene 
(VII),' 1,l-dibromotrimethylcyclopropane (VIII) af- 

421 (ieei). 
(7) T. L. Yarboro, C. Karr, and P. A. Estep, J .  Chem. Eng. Datu, 6, 
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forded 1,2,3-trimethylindene (IX), and 1,l-dibromo-2- 
phenylcyclopropane (X) produced 3-phenylindene (XI) 
together with a great deal of polymeric material. Re- 
actions of the dibroniide I with p-xylene, chloro- 
benzene, trichloromethylbenzene, cumene, and tetra- 
hydronaphthalene gave complex mixtures and poly- 
meric material. In thhe case of anisole a crystalline 
compound was obtained together with a liquid. The 
former gave a positive phenol reaction, and the spectro- 
scopic evidence is in accordance with the structure 
2- bromo - 5- hydroxy- 1,1,3,3 - tetramethylindan (XII). 
The position of the hydroxyl group was established by 
study of the infrared and particularly the n.m.r. 
spectra. In the former, the presence of a strong band 
at  818 cm.-l is evidence for a 1,2,4-trisubstituted ben- 
zene ring. The aromahie ortho protons give rise to a 
quartet in the n.m.r., and a peak superimposed on this 
is due to the third aromatic proton. The high-boiling 
liquid was not obtained quite pure, but it appears to 
consist mainly of the precursor of indan XII, viz., 
2 -  bromo-5-methoxy- 1,1,3,3 - tetramethylindan (XIII). 
It is known that aluminum chloride demethylates 
anisole,8 and, indeed, a small amount of phenol was also 
obtained from the present reaction. Finally, although 
never isolated, the spectra indicate that some indene 
derivative was formed. 

Infrared spectra of the indenes reported here all 
show two medium intense C=C stretching vibrations, 
generally in the 1630-1600-~rn.-~ region. Strong 
bands corresponding to the out-of-plane bending vi- 
brations of aromatic C-H bonds are found at  fre- 
quencies characteristic of the number and positions 
of substituents in the aromatic ring; the assignments, 
however, of some other strong bands in the same re- 
gion remain uncertain. This complication was not 
present in the spectra of the indans which also conform 
with those of substituted benzenes. In  addition a 
band, usually split, appears in the 130(r-1310-cm.-1 
region which hat9 been suggested as characteristic of 
indans.9 The ultraviolet spectra of the methyl- 
substituted indenes exhibit two main maxima, 205- 
210 and 260-270 mp, which each show variable degree 
of fine structure; the former is about twice as intense 
as the latter. The absorption is generally in agree- 
ment with that previously reported for similar in- 
denes. lo 

Friedel-Crafts alkylations of aromatic compounds 
with dihalides have been extensively studied.ll In 
general, the reaction of only one halogen cannot be 
achieved, particularly if these atoms are of the same 
kind. Thus, with alurninum chloride as catalyst both 
halogens undergo reaction to give polycondensation 
or cyclization products, while weak catalyst like ZnClz, 
SnC12, and BF3 do not iaually effect alkylation. 

Reactions of cyclopropane and its alkyl derivatives 
under Friedel-Crafts conditions have been reported. 12*13 

These reactions invariably proceeded by opening of 
the cyclopropane ring by the catalyst and subsequent 

(8) C. Hartmann and L. Gattermann, Be?., 86, 3631 (1892). 
(9) T. F. Wood and J. Angicjlini, Tetrahedmn Letters, 1 (1963). 
(10) H. Christol, R. JacquieI, and M. Mousseron, Bull. eoc. chzm. France, 

248 (1958). 
(11) F. A. Drahowzal, “Fniedel-Crafta and Related Reactions,” Vol. 

11, G. A. Olah, Ed., Interscience Publishers, Inc., New York, N. Y., 1864, p. 
448. 

(12) A. V. Grosse and V. N. [patieff, J. Ow.  Chem., 2, 447 (1937). 
(13) H. Pines, W. D. Huntsman, and V. N. Ipatieff, J. Am. Chem. Soc., 

79,4343 (1951). 

reaction of the alkyl carbonium ion formed; thus, re- 
action of benzene with cyclopropane and aluminum 
chloride gave a 65% yield of n-propylbenzene.lZ A 
similar course was expected in the case of gem-dihalo- 
cyclopropanes; the cyclopropylcarbonium ion, first 
formed, collapses to an allylic ion XIV, which then is 
the alkylating agent. A plausible mechanism for the 
formation of indenes from this ion and benzene is 
visualized below, benzene being chosen only for sim- 
plicity. The vinyl halide XV is the expected alkyla- 

XIV + 0-@f- , 
xv 

tion product of the ion XIV. It has not been possible 
to obtain proof of the presence of this compound, 
but under the reaction conditions used it is not so 
astonishing knowing that vinyl chloride reacts with 
benzene, even in the cold, in the presence of aluminum 
chloride, yielding chiefly 1,l-diphenylethane. l4 The 
failure of this reaction to give styrene16 shows that the 
double bond and not the chlorine of vinyl chloride 
reacts primarily. Hence, the haloindan XVI is really 
the expected product from an intramolecular reaction 
of the vinyl halide, and its further reaction with the 
catalyst would lead to an indene by Wagner-type re- 
arrangement of the indanyl carbonium ion, first formed. 
This was demonstrated by the isolation of the indene 
I1 as the sole product from the reaction of the bromo- 
indan 111 with aluminum chloride in benzene. More- 
over, the same indene was also the only product, besides 
polymeric material, from a similar reaction of 3- 
bromo-2,4-dimethyl-l,3-pentadiene, which provides fur- 
ther evidence for the reaction path above. 

The reaction described here constitutes a new way 
of preparing indenes, which may be of value, particu- 
larly for the synthesis of alkyl-substituted derivatives. 168 

Experimental SectionlG 
gem-Dihalocyclopropaes were prepared from the corresponding 

olefins, haloform, and potassium t-butoxide essentially as de- 
scribed by Doering and Hoffmann.2 The aromatic compounds 
were reagent grade and they were dried over sodium metal. 
Aluminum chloride and ferric chloride were anhydrous commer- 
cial grades. 

(14) M. 8. Malinovskii, Zh. Obsch. Khim., 17, 2235 (1947); Chem. Abstr., 

(15) Reainous substances are formed to a certain extent. 
(15a) NOTE ADDED IN PROOF.-After this paper WBS submitted for publi- 

cation, J. B u d d m  and F. Nerdal [Tetrahedwn Letters, 3197 (1965) 1 reported 
the same synthesis. 

The infrared 
spectra were determined on a Beckman IR 5A instrument; the ultraviolet 
spectra were recorded on a Cary Model 14 spectrometer with n-heptane 
a8 solvent. The n.m.r. data were obtained on a Varian A-60 instrument, 
using carbon tetrachloride as solvent and tetramethylsilane as internal 
standard. 

49, 591 (1949). 

(16) All melting points and boiling pointa are uncorrected. 

The positions of the peaks are given in T values. 
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Friedel-Crafts Reactions of gem-Dihalocyclopropaes. General 
Procedure.-The gem-dihalocyclopropane (0.1 mole), dissolved 
in 25 ml. of the appropriate aromatic compound, was added to a 
stirred slurry of anhydrous aluminum chloride (0.11 mole) in 
25 ml. of the aromatic compound. When the addition was 
completed, the reaction mixture was left stirring at  room tem- 
perature overnight. Finally, heating at 80' waa applied until 
the evolution of hydrogen halide had subsided. After cooling, 
the content was poured onto crushed ice, the organic phase was 
separated, and the aqueous layer was extracted with ether. 
The combined extracts were washed until neutral and dried 
(MgS04). Evaporation of ether and excess aromatic compound 
under reduced pressure gave the crude product, which was puri- 
fied by distillation or recrystallization and subsequently analyzed 
by gas chromatography (g.1.p.c.). 
1,1,2,3-Tetramethylindene (11). A.-Benzene reacted with 

1 ,l-dibromotetramethylcyclopropane (I) and aluminum chloride 
to give 80% of the indene 11: b.p. 58' (0.5 mm.), nZ3D 1.5433 
[lit.4 b.p. 113" (17 mm.), nZ4~ 1.54311; vmX 1627, 1600 (C=C), 
and 745 cm.-l (Ph-H); A,= 206.5 (6  20,900) and 261.5 mp (E 
11,500); n.m.r. singlets a t  2.91 (Ph-H), 8.02, 8.18 (=C- 
CH,) and singlet at  8.85 (CH,) with peak area ratio 2:3:3. 

Anal. Calcd. for C13H16: C, 90.64; H, 9.36. Found: C, 
90.61; H, 9.33. 

Reaction of 1,l -dichlorotetramethylcyclopropane under the 
same conditions gave a 71% yield of the indene 11. Ferric chlo- 
ride can be used as catalyst; with stannic chloride no reaction 
took place. 

Oxidation of the hydrocarbon I1 with chromium trioxide in 
aqueous acetic acid according to Colonge and Pichat gave a 57% 
yield of 2-(2-carboxyphenyl)-2-methylbutanone-3, m.p. 159' 
(lit.4 m.p. 155'). 

Hydrogenation of indene I1 in ethanol over Raney nickel gave 
a 63% yield of 1,1,2,3-tetramethylindan: b.p. 70-72" (2 mm.); 
nz3D 1.5137; Amax 258 mp ( E  670), 264 (1065), and 271 (1140); 
vmar 1320 (indan) and 750 cm.-l (Ph-H). 

Anal. Calcd. for ClSHlB: C, 89.59; H, 10.41. Found: 
C, 89.69; H, 10.31. 
B. From 3-Bromo-2,4-dimethyl-l,3-pentadiene (XVII) .-The 

reaction of the diene XVII with benzene and aluminum chloride, 
carried out as for the cyclopropanes, gave a 32% yield of the 
indene 11, b.p. 56" (0.5 mm.), nZ4~ 1.5420. The infrared and 
n.m.r. spectra were identical with those of an authentic sample. 
The rest of the reaction product consisted of polymeric material. 

C. From 2-Bromo-1,1,3,3-tetramethylinda (111) .-The re- 
action of 700 mg. (2.8 mmoles) of I11 with a stoichiometric 
amount of aluminum chloride in benzene by the general procedure 
gave 500 mg. of crude product. Distillation under reduced 
pressure afforded 300 mg. (63%) of the indene 11, nZ8D 1.5403. 

The infrared and n.m.r. spectra are practically identical with 
those of an authentic sample. G.1.p.c. analysis showed that 
the product was contaminated with traces of ether and benzene; 
this is probably the reason for the slightly low refractive index. 

Pentamethylindenes (IV) .-Toluene reacted with dibromide I 
to give an 81% yield of a mixture of essentially two pentamethyl- 
indenes: b.p. 46-4E'" (O.O3mm.), nz3D 1.5420 [lit.,6for 1,1,2,3,5- 
pentamethylindene, b.p. 85-86' (2 mm.), n% 1.54321; XmX 
212.5 mp (e 23,500) and 263.5 mp (e 12,100). The compounds 
could not be separated. 

Anal. Calcd. for C14HI8: C, 90.26; H, 9.74. Found: C 
90.28; H, 9.99. 

The infrared spectrum shows a medium band a t  865 ern.-' and 
a strong band a t  810 cm.-l, characteristic of a 1,2,4trisubstituted 
benzene.'? The n.m.r. spectrum exhibita a multiplet for the 
aromatic protons at  3.0. The methyl protons give rise to sing- 
lets a t  8.88, 8.21, 8.08, and 7.69. It is assumed that the com- 
pounds have the structures 1,1,2,3,5-pentamethylindene (IVa) 
and 1,1,2,3,6-pentamethylindene (In). Because of their 
very close retention times in g.l.p.c., only an estimate of the 
relative amounts of these compounds could be obtained, the 
ratio being approximately 3 : 1. 

Hydrogenation of the mixture of indenes IV under the same 
conditions as above gave a 62% yield of the corresponding penta- 
methylindans: b.p. 66' (0.7 mm.), n z 2 ~  1.5148 [lit.,6 for l,l,- 
2,3,6-pentamethylindan, b.p. 78" (2 mm.), n% 1.5105, and, for 
1,1,2,3,5-pentamethyImdan, b.p. 81' (2 mm.), nmD 1.51531; 

(17) C .  G. Cannon and G. B. B. M .  Sutherland, Spectrochim. Acta, 4, 373 
(1951); H. L. McMurry and V .  Thornton, Anal. Chem., 24, 318 (1962). 

X,, 264 mp (E 770), 272 (1160), and 278 (1410); ymaX 1310 
(indan), 877, and 814 cm. -1 (Ph-H) . 

Ami. Calcd. for C14H20: C, 89.29; H, 10.71. Found: 
C, 89.30; H, 10.75. 

Acetylation.-The mixture of indans was treated in the usual 
way with acetyl chloride and aluminum chloride, using nitro- 
methane as solvent, to give 69% of the corresponding acetyl 
derivatives: b.p. 128" (0.025 mm.); n24~ 1.5362; A,, 214 mp 
(E 29,000), 250 (11,400) and 257.5 (10,900). A semicarbazone 
was obtained, m.p. 184-185' (lit.,* for the semicarbazone of 
acetyl-l,1,2,3,5-pentamethylindan, m.p. 178-179'). 

Anal. Calcd. for Cl,H26N30: C, 71.04; H, 8.77. Found: 
C, 70.70; H, 8.80. 

Hexamethylindenes (V) .-Reaction of o-xylene and dibromide 
I gave a 79% yield of a mixture of three hexamethylindenes 
(V), b.p. 82-84" (0.15 mm.), n 2 3 ~  1.5440. The liquid partly 
crystallized by standing. The solid was filtered and recrystallized 
from ethanol to give 32% of 1,1,2,3,5,6-hexamethylindene (Va): 
m.p. 62-63'; A,, 214.5 mp (e 24,000) and 267.5 ms (E 11,300); 
vmx 1627, 1610 (C=C), 878, and 865 cm.-l (Ph-H); n.m.r. 
singlets at  3.05, 3.15 (Ph-H), 7.76 (Ph-CH3), 8.05, 8.19 (=C- 
CH,), and 8.87 (CH,) with peak area ratio 1:1:6:3:3:6. 

Anal. Calcd. for C1&: C, 89.94; H, 10.06. Found: C, 
89.52; H, 10.00. 

The infrared spectrum of the liquid residue is quite similar to 
that of Va except for a medium to strong band at  815 em.-'. 
This is the expected region for a 1,2,3,4-tetrasubstituted benzene. 

1,1,2,3,5,6-Hesamethylindan.-The indene Va was hydro- 
genated as above, yielding 62% of the corresponding indan: 
b.p. 70" (0.05 mm.); n93.6~ 1.5194; AmX 271, 274 (e 1650), 
and 279 mp (E 1900); vmX 1310 (indan) and 870 cm.+ (Ph-H). 

Anal. Calcd. for Cl6HZ2: C, 89.04; H, 10.96. Found: 
C, 88.72; H, 10.91. 

2,3-Dimethylindene (VII) .-Reactions of l,l-dibromo-2,2- 
dimethylcyclopropane (VI) with benzene yielded 56% of the 
indene VII, b.p. 54' (0.6 mm.), n23.6~ 1.5618 [lit.'b.p. 77" (3 
mm.), nmD 1.56121 ; the infrared and ultraviolet spectra are 
identical with those reported in the literature; n.m.r. multiplet 
a t  2.89 (Ph-H) and singlets at  6.92 (CH,) and 8.05 (=CCHa) 
with peak area ratio 2 : 1 : 3. 

Anal. Calcd. for CIIHlz: C, 91.61; H, 8.39. Found: 
C, 91.52; H, 8.38. 

1 ,Z,B-Trimethylindene (IX) .-Reaction of benzene with 1,l- 
dibromo-2,2,3-trimethylcyclopropane (VIII) yielded 54% of the 
indene IX: b.p. 46' (0.1 mm.); 12% 1.5525; AmX 208 mp (E 
19,400) and 261 mp (e 10,800); Y,= 1625, 1600 (C=C), 755, and 
742 cm.-1 (Ph-H). The n.m.r. spectrum shows a multiplet 
a t  8.90 (Ph-H). The tertiary proton appears as a quartet 
centered at  6.92, J = 7.0 C.P.S. The methyl groups on the double 
bond give rise to a weakly split, <1 c.P.s., multiplet at  8.06, 
and the third methyl group appears as a doublet centered a t  
8.78, J = 7.0 C.P.S. 

Anal. Calcd. for C&14: C, 91.08; H, 8.92. Found: C, 
90.88; H, 8.91. 

3-Phenylindene (XI) .--Reaction of 1 ,l-dibromo-3-phenyl- 
cyclopropane (X) with benzene gave a 25% yield of the indene 
XI: b.p. 86' (0.025 mm.); n24~ 1.6312; vmSx 1600 and 1570 
cm.-l (C=C); X, 230 mp (E 18,900). I n  the n.m.r. spectrum 
the methylene group appears as a doublet at  6.75, and a triplet 
at  3.69 is due to the olefinic proton. The aromatic protons give 
rise to a complex multiplet centered a t  2.75; the peak area ratio 
is 2:1:9. 

Anal. Calcd. for CI6HlZ: C, 93.71; H, 6.29. Found: 
C, 93.58; H, 6.51. 

The rest of the reaction product consisted of polymer-like 
material. 

2-Bromo-1,1,3,3-tetremethylinda (111) .-A solution of 12.8 
g. (0.05 mole) of I in 12.5 ml. of benzene was added to .- stilred 
slurry of 670 mg. (5 mmoles) of aluminum chloride in 12.5 ml. of 
benzene. The reaction mixture was left a t  room temperature 
overnight and then heated a t  50' for 7 hr. The content was 
poured onto ice, extracted with ether, and dried (MgSOa). 
Evaporation of volatile material gave a liquid residue which 
contained no indene 11, as evidenced by g.1.p.c. Distillation 
gave some starting material (I) and 2.4 g. (6%) of the indan 111: 
m.p. 57-58'; v- 1302 (indan) and 760 cm.-' (Ph-H). The 
n.m.r. spectrum shows four singlets at  2.83 (Ph-H), 5.91 (C-H), 
8.65 (-C&), and 8.72 (CH,) with relative peak areas 4: 1: 6: 6. 

Anal. Calcd. for ClaH1,Br: C, 61.67; H, 6.77. Found: 
C, 61.64; H, 6.79. 
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2-Bromo-5-hydroxy-l , 1,3,&tetramethylindan (XI) .-A solu- 
tion of 12.8 g. (0.05 mole) of dibromide I in 15 ml. of anisole was 
added a t  room temperature to a stirred slurry of 7.3 g. (0.055 
mole) of aluminum chloride in 15 ml. of anisole. The reaction 
mixture was heated a t  50-80' for 28 hr. and worked up as usual. 
Excess anisole was removed under vacuum, leaving a viscous 
liquid residue (13.1 g.). Distillation gave 5.7 g. of a liquid, 
b.p. 73-93' (0.05 mm.), and 3.4 g. of the indan XII, which was 
recrystallized from benzene: m.p. 163-164"; Amax 281 mp (E 
3500) and 287 mp (e 3400),, vmax 3170 (-OH) 1595, 1580 (C=C), 
860, and 818 em.-' (Ph-H). The compound gave positive silver 
nitrate and ferric chloride tests. 

Anal. Calcd. for C13H1,BrO: C, 58.00; H, 6.37. Found: 
C, 57.75; H, 6.44. 

3-Brom0-2,4-dimethyl-l,J-pentadiene (XVII) .-A solution of 
25.6 g. (0.1 mole) of the dibromide I in 20 ml. of morpholine was 
heated under reflux for 1 hr. When cooled the reaction mixture 
was poured into water and acidified, and the product was ex- 
tracted with ether. Distillation gave 8.7 g. (50%) of the diene 
XVII: b.p. 63" (33 mm.); n2*D 1.4892; vmsX 1650 and 905 
crn.-' (C=CH2); A,= 205.5 m p  (infl.) (E 4700) and 250 mp 
(e 950). 

Bnal. Calcd. for C7HI1Br: C, 48.02; H, 6.33. Found: 
C, 47.69; H, 6.31. 
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The extent of dialkylation accompanying monoalkylation of fluorene ( 1) when molecular equivalents of react- 
ants are employed was found to be dependent on the halide and reagent. Monoalkylations of 1 by means of 
sodamide in liquid ammonia were accompanied by much dialkylation with n-butyl bromide and benzyl chloride 
but apparently by no dialkylation with benzhydryl and a-phenylethyl chlorides. However, monoalkylations of 
1 by means of lithium amide in liquid ammonia or by n-butyllithium in hexane were accompanied by relatively 
little dialkylation, even with the mbutyl and benzyl halides. The four monoalkyl derivatives of 1 from these 
alkylations were isolated in yields of 55-8370. These methods appear preferable to earlier ones. An indirect 
method of preparation of the pure benzyl derivative of 1 involved benzylation of 9-fluorenylcarboxylic acid 
through its dianion, followed by decarboxylation. This acid was prepared by carbonation of fluorene by means 
of sodamide. The monobenzyl derivative of 1 was further benzylated by means of sodamide in liquid ammonia 
to  form the dibenzyl derivative. 

Fluorene (1) has previously been alkylated with 
various alkyl halides by means of a number of alkali 
bases to form the monoalkyl derivative 2. For ex- 
ample, 1 has been alkylated in unreported yield with 
benzyl chloride by phenyllithium2 and lithium hy- 
dride3 in hexane, triphenylmethylsodium in etherf4 
and potassium hydroxide in ethan01.~ Bensylation of 
1 by sodamide in deoalin has been reported to give 
2 (R = CH2CsH5) in 63% yield,6 but this good yield 
could not be duplicatelcl in later work.' Monobenzyla- 
tion is often accompanied by dibenzylation to afford 
3, even though only molecular equivalents of the re- 

1 2 3 

actants are employed. Thus, the products obtained 
by means of lithium aluminum hydride in pyridine,* 
potassium in dioxanel9 and lithium in heptaneg have 
been shown to consist of 2 and 3 (R = CH&,&) 
in the ratios of 48:52, 70:30, and 95:5, respectively. 
However, the isolated yields of the monoalkyl deriva- 
tives were apparently not determined. 
(1) Supported by the Nationd Science Foundation. 
(2) G. Wittig, P. Davis, and G. Koenig, Bel.., 84, 627 (1951). 
(3) G. Wittig and A. Ruckert, Ann., 666, 101 (1950). 
(4) W. Schlenk and E. Bergrnann, %bid., 468, 188 (1928). 
(5) W. G. Brown and B. A. Bluestein, J .  Am. Cham. SOC., 66,1082 (1943). 
(6) E. J. Greenhow, E. N. White, and D. McNeil, J .  Chem. Soc., 2848 

(1951). 
(7) G. W. H. Scherf and R. I<. Brown, Can. J .  Cfiem., 88, 697 (1960). 
(8) P. T. Lansbury and R. Thedford, J .  Ow. Chem., 2T, 2383 (1962). 
(9) G. X . H. Scherf and R. I<. Brown, Can. J .  Chem., 89, 1388 (1961). 

We have effected benzylation and certain other 
alkylations of 1 by means of sodamide and lithium 
amide in liquid ammonia. Only one example in this 
medium has apparently been described in the litera- 
ture, and this involved dimethylation by means of 
sodium.'" Our results are summarized in Table I, 
in which are given the percentage compositions of the 
products (determined by v.P.c.) and, in certain cases, 
the isolated yields (in parentheses). 

TABLE I 
ALKYLATIONS OF FLUORENE (1)  WITH ALEYL HALIDES BY 

MEANS OF ALKALI AMIDES m LIQD AMMONIA 

Expt." 
10 

2 
3 
4 
5 
6 
7 

Alkali 
amide 

NaNHa 
LiNH2 
NaNHa 
LiNHz 
NaNHa' 
NaNHz 
NaNHz 

-% composition of productb- 
Mono- 
alkyl- Dialkyl- Undkyl- 

ated (2) ated (3) ated (1) 
29 33 38 
92(83)d 4 4 
33 34 (33)d 33 
85 (55)d 9 6 
45 35 20 
94 (79)d 0 Trace 
85 0 Trace 

a A 10% excess of the alkyl halide and alkali amide were em- 
ployed except as indicated in note c. Determined by V.P.C. 
on the crude products unless otherwise noted; the total yields 
of these products were 95-98%. No excess halide or amide 
was used. Isolated yield; see Experimental Section. 6 Solvent 
was toluene. f Tetraphenylethylene was obtained from this 
halide in 4% yield (by v.P.c.). 

Table I shows that, although 1 was first converted 
to its sodio salt 1' by means of 1 molecular equiv. 
of sodamide in liquid ammonia and 1 equiv. of n- 

(10) W. Hiickel, Angew. Chem., 70, 577 (1958). 


