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297,* 295* (0.1, 0.1). 240,* 238* (10, lo),  225,* 223* (3, 3), 193, 191 
(8, 8), 168 (17) ,  159* (7), 111* (loo), 97* (5), 95* (4), 93* (g), 85 
(25), 83 (18), 69 (8 ) ,  57 (38); ir (carbon te t rachlor ide)  2960 (s ) ,  
1665 (m), 1490 (w), 1480 (w),  1380 (w), 1272 (m), 1245 (s), 1065 
(m), 860 (vs), 690 (m), 610 (w), 550 cm-1 (m). T h e  IH and 31P 
nmr spectral d a t a  for 3 are described in t h e  tex t .  
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Indenes have been prepared by a number of cyclialkyla- 
tion procedures, such as dehydration of phenyl-substitut- 
ed diols and reaction of phenyl-substituted alkenes with 
phosphorus h a l i d e ~ . l - ~  Recently, the reaction of gem-di- 

halocyclopropanes with benzene and aluminum chloride 
was used.4 These procedures are of limited scope; so in- 
denes have generally been prepared by treating Grignard 
or lithium reagents with an appropriate indanone followed 
by dehydration of the resulting indanol. The required 
indanones have usually been prepared by cyclization of 
0-phenyl-substituted carboxylic acids resulting from Re- 
formatsky, Perkin, or Friedel-Crafts r o u t e ~ . ~  ,6 Overall, 
these routes consist of several steps with low overall yields 
and only moderate flexibility for the preparation of substi- 
tuted derivatives. 

Recently, we reported the generation of indanyl cations 
by dissolving phenyl-substituted allylic alcohols, of wide 
variety, into strongly acidic media ( i e . ,  FSOsH, HzS04, 
etc.) .7 Initially, acyclic allylic cations are formed. These 
then cyclize to give indanyl cations in the acidic media.' 
We have found that solutions of indanyl cations give good 
yields of the corresponding indenes when quenched into 
excess aqueous base. This fact, and the ease with which a 
variety of phenyl-substituted allylic alcohols can be pre- 
pared, make this indene synthesis a general and efficient 
procedure. A typical example is the cyclization of 1,1,3- 
triphenyl-2-methylpropenol to 1,3-diphenyl-2-methylin- 
dene in high yield (eq 1). 
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This method has several advantages over techniques 
employed previously. First, the overall yields are im- 
proved. Second, desired substitution at  carbons 1, 2, and 
3 is easily achieved in a few steps. For example, phenyl- 
substituted allylic alcohols in wide variety can be conve- 
niently prepared by aldol condensation followed by treat- 
ment of the resulting a,@-unsaturated ketone with Gri- 
gnard or lithium reagents. Alternatively, reaction of vinyl 
Grignard reagents with appropriate aldehydes or ketones 
give allylic alcohol precursors. These routes are outlined 
in Scheme I. 

Scheme I 
RjR4C= CR,Li(MgX) + R2'COR, -+ R5R4C= CR3C(OH)R,R, 

hydride reduction or R,Li(MgX) t 
R,COR, + R3CH2COR2 R&C=C(R,)COR, 

Another advantage of this method is that the indanyl 
cations can be directly observed by nmr spectroscopy, al- 
lowing one to monitor the cyclization. Also, some indanyl 
cations further rearrange in solution when the tempera- 
ture is raised.8 This allows two possible indenes to  be gen- 
erated from the same precursor alcohol simply by choos- 
ing the temperature the acid solution is permitted to 
reach before quenching (for examples see Scheme 11). 

A few cases of indenes prepared by allylic cyclodehydra- 
tion, presumably via transient indanyl cation intermedi- 
ates, have appeared.gJO Bergman obtained an unspecified 
amount of 1,2-diphenylindene on treatment of 1,2,3-tri- 
phenylpropenol with dilute sulfuric acid followed by dis- 
tillation.9 similarly, Koelsch converted 1,1,2,3,3-penta- 
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Table I 
Synthesis of Indenes from Phenyl-Substituted Allylic Alcohols 

Allylic alcohol Registry no. Indene product Registry no. Yield, 
~~~ 

3-Methyl-2-phenyl-3-penten-2-01 41231-83-8 1,2,3-Trimethylindene 4773-83-5 69 
3,4-Dimethyl-2-phenyI-3-penten-2-01 41231-84-9 1,2,3,3-Tetramethylindene 4705-87-7 58 (71) 
2,4-Diphenyl-3-buten-2-01 41231-78-1 1-Phenyl-3-methylindene 22360-62-9 72 (87) 
2,3-Diphenyl-4-methy1-3-penten-2-01 41231-85-0 Z-Phenyl-1,3,3-trimethylindene 51310-24-8 74 (84) 
1,1,3-Triphenyl-2-propenol 4663-36-9 1,3-Diphenylindene 4467-88-3 84 
2,3,4-Triphenyl-3-buten-2-01 41231-81-6 1,2-Diphenyl-3-methylindene 51310-25-9 84 

a Yields a re  given for reactions employing 96% H,SOI with the  exception t h a t  those in parentheses resulted from the use 

2-Methyl-1,1,3-triphenyl-2-propenol 41231-87-2 1,3-Diphenyl-2-methylindene 51310-26-0 97  

Of90% HZSOa. 
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phenylpropenol to 1,2,3,3-tetraphenylindene, also in un -  
specified yields.1° Our procedure differs in that excess 
strong acid is used as the solvent. This medium effects 
nearly quantitative cyclodehydration of the alcohol (via 
the acyclic allylic cation) to  a stable indanyl cation. By 
carefully quenching the cation solution into excess base by  
rapid dispersal techniques, second-order alkylation reac- 
tions, which prevail in less acid media , l l  are avoided. 
Generally, 90% HzS04 gave better yields than 96% 
HzS04. This is probably due both to the lowered sulfonat- 
ing power of 90% HzS0412 and to i ts  lower viscosity, 
which permits rapid stirring and  dissolving of t he  alcohol 
without hot spots developing. Table I summarizes the  
synthetic results. 

Experimental Section 
Preparation of Phenyl-Substituted Allylic Alcohols. The 

syntheses of all alcohols listed in Scheme I or Table I were re- 
ported previ~us ly .~  

Conversion of Allylic Alcohols to Indenes. All indenes in 
Table I were prepared as follows. One gram of phenyl-substituted 
allylic alcohol was dissolved in a few milliliters of carbon tetra- 
chloride, the actual volume depending on the solubility of a given 
alcohol in carbon tetrachloride. These solutions were then added 
dropwise to 3 ml of 96% (or 90%) sulfuric acid at 0-5" with rapid 

stirring. When addition was complete stirring was stopped and 
the acid layer was allowed to settle to the bottom. The acid layer 
was removed and slowly added to an excess of cold, dilute (5- 
E%) sodium hydroxide. The residual base was then neutralized 
with 1: 1 hydrochloric acid-water. The neutralized mixture was 
extracted twice with ether. The extract was dried (anhydrous so- 
dium carbonate) and evaporated, and the residue was recrystal- 
lized or distilled, as necessary. Alternatively, the allylic alcohol 
was dissolved in SO2 at -78" and this solution was added drop- 
wise to FSOsH at -78" with rapid stirring. The acid was warmed 
to the desired temperature and quenched. 

1,2,3-Trimethylindene: bp 97-100" (10 mm) [lit.13 bp 100-103" 
(11 mm)]; nmr (cc14) 7 8.89 (d, 3 H, J = 7.5 Hz, CH3 at C-l) ,  
8.20 (s, 3 H, CH3 at C-2), 8.13 (s, 3 H, CH3 at C-3), 7.07 (4, 1 H, 
J=7.5Hz,C-lH),and2.99(m,4H,phenylC-H). 
1,2,3,3-Tetramethylindene: bp 47" (0.23 mm) [lit.14 bp 113" 

(17 mm)]; nmr (cC14) 7 8.90 (s, 6 H, methyls at C-3), 8.24 (s, 3 
H, CH3 at C-a), 8.10 (s, 3 H, CH3 a t  C-l) ,  and 2.99 (m, 4 H, phe- 
nyl C-H). 
1-Phenyl-3-methylindene: bp 116" (0.88 mm) [lit.15 bp 87" 

(0.01 mm)]; nmr (Cc14) 7 8.81 (d, 3 H, J = 7.5 Hz, CH3 at C-3), 
6.65 (4, 1 H, J = 7.5 Hz with additional 2-Hz coupling to C-2 H, 
C-1 H),  3.73 (d, 1 H, J = 2.0 Hz, C-2 H), and 2.74 (m, 9 H, phe- 
nyl C-H). 
%-Phenyl-1,3,3-trimethylindene (recrystallized from EtOH): 

mp 82"; nmr (cc14) 7 8.69 (s, 6 H, CH3 groups at C-3), 8.05 (5, 3 
H, CH3 at C-1), and 2.79 (m, 9 H, phenyl C-H). Anal. Calcd for 
ClsHls: C, 92.26; H, 7.74. Found: C, 92.08; H, 7.85. 

1,3-Diphenylindene (recrystallized from glacial acetic acid): 
mp 66-67" (lit.l6 mp 68-69") and mp 84-85" when recrystallized 
from EtOH (lit.I6 mp 84-85"); nmr (cc14) T 5.45 (d, 1 H, J = 2.0 
Hz, C-1 H). 3.51 (d, 1 H, J = 2.0 Hz, C-2 H), and 2.66 (m, 14 H, 
phenyl C-H). 
l,Z-Diphenyl-3-methylindene (recrystallized from EtOH): mp 

92-93"; nmr (CC14) T 7.75 (d, 3 H, J = 2.0 Hz, CH3 at C-3), 5.24 
(q, 1 H, J = 2.0 Hz, C-3 H),  and 2.97 (m, 14 H, phenyl C-H). 
Anal. Calcd for C22H18: C, 93.57; H, 6.43. Found: C, 93.70; H, 
6.17. 
1,3-Diphenyl-Z-methylindene (recrystallized from EtOH): mp 

109-110.5" (lit.17 mp 108"); nmr (Cc14) 7 8.14 (s, 3 H, CH3 at 
C-2), 5.71 (s, 1 H, C-1 H),  and 2.76 (m, 14 H, phenyl C-H). 
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