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Aim I. Calcd for (.\6H,sN2Oa: C, 137.11: II, ItiS-l; N, 9.7S. 
Found: 0 ,67.42; If, 0.54; X, 9.51). 

5-(2-DirnethyIaminopropionyl)-3-phenyIisoxazole (XIVc, V = 
V1) was obtained as unstable crystals in '2'.\.'.V', yield in a similar 
maimer as above. I t was reduced with XaBIh without puri
fication. 

3-(2-Piperidinopropionyl)-5-phenylisoxazole (XlVa, Y = Y:i). 
A mixture of X (Y = Y*) (3.75 g), piperidine hydrochloride 
(2.43 g), paraformaldehyde (0.90 g). concern rated HCI f().05 ml), 
and dioxane (0 ml) was heated to reflux. After 1 hr, paraformal
dehyde (0.45 g) was added and remixing was continued for 2 hr. 
The reaction mixture was treated in a similar manner to yield 
colorless crystals '3.60 g). ltecrystallizatioti from petroleum 
ether (bp 0(5-70°) gave colorless plates, mp i)4--9(i°. 

Anal. Calcd for C n l l a . X ^ : C, 71.SI: II, 7.09: X, 9.S5. 
Found: (.',71.(5'); IT, 7.18; X, 9.95. 

3-(2-MorphoIinopropionyl)-5-phenylisoxazole (XlVb, Y = Y3). 
- -A mixture of X (Y = Y3) (3.75 g), moi'pholine hydrochloride 
(2.47 g), paraformaldehyde (0.90 g), concentrated HCI (0.1 ml i, 
and KtOlT (3 ml) was treated as the above. The resulting prod
uct consisted of colorless plates (3.22 g), mp 112-113°, when 
crvstallized from benzene-petroleum ether (bp 00-70°J. 

'Anal. Calcd for C16FI„X203: C, 67.11: II, 0.34: X, 9.7s. 
Found: ( ' ,07.20; H, 0.43; X, 9.59. 

Reduction of the Amino Ketones XII and XIV with NaBHi 
(Table I, Method B). - T h e amino ketone (0.5 mole) was treated 
with XaBH4 (0.14 mole) in AleOII (i l .jat 00° for 30 min. After 
cooling, the resulting solution was acidified with AcOH and 

evaporated in vacuo. After addition of 20% aqueous XaOll, 
the mixture was extracted with benzene and the extract was 
washed with water, dried over anhydrous K.COa, and evaporated. 
The residue was dissolved in hot 1% aqueous HCI and the solu
tion was treated with X'orit and then made alkaline with 20 ' r 

aqueous X'aOH to give the corresponding 3-phenyl-5- or 5-phenyl-
3-(iv-hydroxy-u-amiiioalkyl)isoxazole (XIII or XV). The bases 
were converted to their hydrochlorides by the ordinary procedure. 

Hydrochloride of 5-!T-Hydroxy-2-piperidinoethyI)-3-phenyl-
isoxazole (XHIa, Y -= T-). -A mixture of XI (Y =• Y5) (2.0 g) 
and piperidine ( 1.(5 g.) in ether (100 ml) was treated as for XUb 
(Y = Y:,j. Tlic resulting hydrochloride of XIIM (Y = Y:' :• 
(2.42 g) was added to a solution of XaBHj (0.5 g) and McONa 
(0.5 g) in FtOH (SO ml) with stirring. The mixture, stirred at 
50° for 1.5 hr, was cooled in an ice hath, acidified with 1 0 ' r 

aqueous HCI, and evaporated in vacuo. The residue, after addi
tion of 10%. aqueous XaOTT, was extracted with CHCLi and the 
extract was washed with water, and dried (K-jCOa). Evapora
tion of the solvent left, colorless crystals which gave its hydro
chloride by the ordinary procedure. 
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Pheiiylhulenes and Phenyl indans wilh Anlireserpine Activity1 
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A series of aininoalkylphenylindenes and indaiis has been synthesized and pharmacologically evaluated. The 
majority of the pheiiyhndene derivatives was prepared by the alleviation of phenylindene with aminoidkyl 
halides. A mixture of isomers is obtained when 3-phenylindene is alkylated by this procedure and the isomers 
of this mixture have been characterized. The final assignment of structure was based on nmr studies and these 
are reported in detail. An unequivocal synthesis of one isomer type, 1-aminoalkyl-l-phenylindene, is described. 
The indan derivatives were prepared by hydrogenation of the corresponding indenes. The indene derivatives, 
particularly l-i2-(limethylamiuoethyl)-l-pheuylindene (2), were found to have potent activity in the prevention 
of reserpine-induced ptosis in mice, a test which has been used as a criterion for antidepressant activity. In 
addition, several of the indene and indan derivatives have exhibited significant antispasmodic and autiserotonin 
activitv. 

Aminoalkyl derivatives of dipheriylmethane and its 
tricyclic analogs such as the phenothiazincs have re
ceived considerable attention as useful pharmacological 
agents.21' The 1- and 3-phenylindcne ring systems as 
well as the indan analogs also incorporate the diphenyl-
niethane moiety. A series of aminoalkyl derivatives 
of phenylindene and phenylindan I-IX (11 = 
aminoalkyl) was prepared and tested for a wide variety 
of activities associated with the dipheriylmethane 
derivatives. Although compounds having the general 
formulas VI and IX are not diphenylmethane deriva
tives, we have included them for comparison purposes. 

During the course of this investigation, the interesting 
pharmacological properties of the dibenzocycloheptenes 
were reported.21''1' Examination of molecular models 

(1) t'a| P resen ted in pa r t a t t he 149th N a t i o n a l M e e t i n g of t he Amer ican 
Chemica l Society, De t ro i t , Mich . , Apri l 1965, Abs t r ac t , p I 7 N ; (b) K. N. 
Campbe l l , tJ. S. P a t e n t 2,884,456 (1950); K. N . Campbe l l , D . E. R iva rd , 
an.l H. F . F e l d k a m p , IT. S. Pa ten t 2,992,2:11 i'lill',1). 

(2) la) "Med ic ina l C h e m i s t r y , " A. P u r s e r . Ed. . 2nd ed, Interseici ice P u b 
lishers Inc. , New York, N. Y., 1(1(10: rb) .1. I I . liiel. Advances in 
Cl icmisl ry Scries, No . 15, American Chemical Society, Wash ing ton , 1). ('.. 
I'.Hil, rip II l - l : i i l ; tc) M. C o r d o n , P. N. Cra i B l and C. L. Zirklc, ibid., \> 1 It), 
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indicates that the two benzene rings in the phenyl-
indenes and phenylindans can be spatially oriented in 
much the same manner as in the dibenzocycloheptenes 
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and phenothiazines. We consider derivatives of the 
phenylindenes and phenylindans to have structural 
features in common with both the substituted diphenyl-
methanes per se and the derivatives of the rigid con
densed tricyclic ring systems. 

Our interest first focused on the aminoalkylphenyl-
indenes I, II, and III which were prepared by the 
alkylation of 3-phenylindene with dialkylaminoalkyl 
halides in the presence of base. When sodium amide 
was used as the base, the products of this reaction con
sisted of a mixture of the three monoalkylated deriva
tives I, II, and III, as well as considerable quantities 
of two bisalkylated phenylindenes.3 

Because of the difficulty encountered in separating 
the components of the mixture and the concomitant 
low yields, the procedure was modified to eliminate the 
bisalkylated phenylindenes. These modifications 
consisted of substituting butyllithium for sodium amide 
and also employing the inverse addition of the phenyl-
indenyllithium to the dialkylaminoalkyl halide. The 
indene derivatives are listed in Table I. The compo
sition of the mixtures listed in the table was determined 
by nmr studies. 

Although the modified alkylation procedure elimi
nated the bisalkylated products, the mixtures of mono
alkylated products persisted. On this basis, a study 
was made of the origin of the three monoalkylated 
derivatives.4 

The purity of the 3-phenylindene (X) precursor was 
established by oxidation of 3-phenylindene with chromic 
acid. The only isolated acidic product, although the 
yield was not quantitative, was the expected 2-benzoyl-
a-toluic acid.5 The nmr spectrum of 3-phenylindene 
was consistent with the assigned structure and demon
strated the existence of only one component. In addi
tion, the isomeric 1-phenylindene6 (XII) was prepared 
and was shown to have physical properties and in
frared and nmr spectra which were distinctly different 
from 3-phenylindene. The instability of 1-phenyl
indene was demonstrated by its rapid and irreversible 
conversion to 3-phenylindene in the presence of cata
lytic amounts of triethylamine.7 

Since 3-phenylindene was homogeneous and was 
shown to be the stable isomer, we investigated the 
nmr spectra of the anions derived from 1-phenylindene 
and 3-phenylindene by treatment with butyllithium 
(Scheme I). These spectra were identical. The elec-

(3) These bisalkylated phenylindenes presumably arise from the alkyla
tion of the anion derived from the monoalkylated isomers I and II. Subse-

isCUEME I 

quent to our disclosure, u the isolation and characterization of these mono
alkylated and bisalkylated isomers were reported by C. R. Ganellin, J. M. 
Loynes, and M. F. Ansell, Chem. I ml. (London), 1236 (1965). 

(•J) In contrast to this work, O. Blum-Berfrmann, Ann. Chem., 484, 26 
(1930); 492, 277 (1932), reported that only one monosubstituted isomer 
was obtained when 3-phenylindenyllithium was carbonated with dimethyl 
carbonate. Methyl 3-phenylindenylcarboxylate, obtained in 54% yield, 
was isolated as the only product. 

(5) C. F. Koelsch and R. V. White, J. Am. Chem. Sor., 66, 1639 (1043). 
(6) K. ISott, Tetrahedron Letters, 4569 (1965). 
(7) (a) A. M. Weidlet, Acta Chem. ScaniL, 17, 2724 (1963). (b) 

A. Bosch and R. K. Brown, Can. J. Chem., 42, 1718 (1964), reported a 
similar base-catalyzed complete and irreversible conversion of 1-methyl-
indene to 3-methyiindene. 

BuLi 

•C 6 H 5 

BuLi 

XII 

-CBH, 

CM, 

III 

tron charge distribution for the phenylindenyl anion 
was estimated from the nmr spectrum using the method 
employed by Schaefer and Schneider.8 The positions 
of the highest electron charge densities of the anion 
(XI) were found on the Ci and C3 carbon atoms, and 
the electron densities on these two positions were esti
mated to be equal. Therefore, the anion X I would be 
expected to be alkylated at both the Ci and C3 positions, 
in accord with the experimental results. 

Although isomer types I and I I I should be the only 
products formed by the alkylation of the phenylindenyl 
anion, the presence in the reaction mixture of a third 
isomer type (II) was demonstrated by nmr studies. 
Isomer type I I was shown to arise from the free base 
of I by tautomeric equilibration. Xo prototropic 
rearrangement was observed in solutions of the hydro
chloride salt of isomer type I. Apparently, the basic 
side chain provided the catalytic impetus for this 
tautomerization. A similar tautomeric equilibrium 
between l-isopropyl-3-methylindene and 3-isopropyl-l-
methylindene in the presence of an organic base has 
been reported by Weidler.7a 

Our interest in l-(2-dimethylaminoethyl)-l-phenyl-
indene ( I l ia) prompted us to investigate a more selec
tive synthesis for the 1,1-disubstituted indenes. One 
approach employed the alkylation of the dianion of 
3-phenyl-l-indanone with dimethylaminoethyl chlo
ride. Rockett and Hauser9 have shown that in liquid 
ammonia, benzyl bromide alkylates the dianion of 3-
phenyl-1-indanone (XIV) at C-3. By this procedure 
we obtained a moderate yield of 3-(2-dimethylamino-
ethyl)-3-phenyl-l-indanone (XVa) when the dianion 
was alkylated with 2-dimethylaminoethyl chloride 
(Scheme I I ) . Because the steric bulk of the two sub-
sti tuents on C-3 presumably prevented catalytic hy-
drogenation of the ketone, a lithium aluminum hydride 
reduction was required to prepare the amino alcohol 
XVII Ia . Mild acidic dehydration of the amino al
cohol readily afforded l-(2-dimethylaminoethyl)-l-
phenylindene (Ilia). Although this synthesis of I l i a 
was unequivocal, the rather low yields in the alkylation 
step and the required LiAlH4 reduction prompted us to 

(8) T. Schaefer and W. G. Schneider, ftiW., 41, 966 (1963). 
(9) B. W. Rockett and C. R. Hauser, J. Org. Chem., 29, 1394 (1964). 
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" The hydrochloride salts were reerystallized from 2-propanol and tile iniicate salts were reerystallized from 95','c ethanol. 
tired as 10-1")<•'••,' solutions in solvent mentioned. Chemical shift values in ppm with respect, to internal tetramethylsilane. 
tions used :!-(triinefhylsilyl)-]-pi'opanesulfonic acid sodium salt, instead of TMS. ' Doublet. 5-cps splitting. Coupling of 

0 
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Ref 1!) 



.May 1967 PHENYLINDENES AND I'HENYLIXDANS 421 

Hp (mm) 
Sal t" or m p , °C 

HC1 170-172 

HC1 202 -203 

F o r m u l a 

C n H s i N - H C l 

C u H n N - H C l 

•—c, 
Calcd 

7 6 . 1 0 

7 6 . 1 0 

% • • 

F o u n d 

7 6 . 4 0 

7 6 . 2 3 

. H, % 
Calcd F o u n d 

7 . 4 0 7 . 6 8 

7 . 4 0 7 . 2 8 

HC1 1 9 8 - 1 9 9 . 5 C I . H J O C I N - H C I 

63-65 CisH 2 iN 

• -N, % 
Calcd F o u n d 

- N m r chemical shifts 

4.67 4.78 

Ri,2 = H 

3 . 4 8 

3 . 8 6 

3 . 6 2 

6 8 . 2 6 6 8 . 3 0 6 . 3 3 6 . 3 3 2 1 . 2 1 " 2 1 . 3 3 ' 

8 6 . 8 4 8 . 0 4 8 . 2 1 

Rj = H R. 

6 . 4 5 
6 . 5 4 

6 .54 
6 . 6 3 
6 . 5 7 
6 . 5 1 
8 . 5 0 
6 .57 

6 . 8 7 
7 . 0 6 
6 .79 
6 . 9 0 
7 . 0 0 
6 . 8 5 

ppm"-
-CHi 

3.77 

N 
2 . 6 5 
2 .93° 
2 . 1 8 
2 . 6 5 
2 . 8 3 " 
2 . 0 5 
2 . 7 5 
2 .90° 
2 . 0 8 
2 . 3 2 

Solvent 

D J O 

C F J C O O H 

CCU'' 
D20 
C F 3 C O O H 

ecu* 
D2O 
C F j C O O H 
CCU d 

ecu 

HC'l 189-190 C K H H N O - H C I 

HC1 176-178 C i s H i s N - H C l 

1 5 6 - 1 6 2 ( 0 . 3 ) C J I H S S N 

7 2 . 2 5 
7 5 . 6 4 

7 2 . 0 9 
7 5 . 8 7 

7.02 
7.04 

6 . 9 5 
7 . 1 4 

1 1 . 2 3 " 

1 2 . 4 1 " 

4 . 8 1 

11 .19" 
12 .27" 

3 . 5 8 
4 . 5 0 

3.63 

6 . 4 5 
6 . 4 0 
6 . 6 6 
6 . 3 7 
6 . 6 1 
6 . 6 2 

6 . 8 7 
6 . 7 5 

6 . 8 4 

3.37 
2.42 

C F J C O O H 

CDCI3 
CCl i 
ecu 
ecu 
ecu 

1 5 0 - 1 5 4 ( 0 . 0 4 ) C22H25N 87.14 87.24 8.24 8.25 4.62 4.90 4 . 5 2 6 . 3 1 

6 . 5 8 6 . 7 9 

ecu 

ecu 

HC1 

HC1 

150-152 

1 9 1 . 5 - 1 9 3 

C21H.3NO.HCl 

C . o H j i N - H C l 

1 6 8 - 1 7 6 ( 0 . 7 ) C22H27N 

HC1 

HC1 

HC1 

HC1 
HC1 

179-180 dec 

272-273 dec 

234-236 

185-186 
191-192 

C21H20N • HC1 

C z i H u N - H C l 

C2iH23N-HCl 

C2aH2iN-HCl 

C a H a N - H C l 

M u c a t e 1 5 9 - 1 6 0 . 5 

7 6 . 5 3 7 6 . 5 4 7 . 7 1 7 . 8 1 

7 9 . 3 6 7 9 . 6 0 5 . 0 8 4 .76 

4 . 1 0 

4 . 4 6 

4 . 5 9 

3 . 8 1 

4 . 4 1 

4 . 1 2 

4 . 2 7 

4 . 6 2 

3 . 9 7 

4 . 6 0 

7 9 . 6 4 7 9 . 9 2 6 . 1 0 5 . 9 8 10 .22" 10 .20" 
7 9 . 6 5 7 9 . 7 4 6 . 6 8 6 . 8 1 9 .80" 9 .84" 

C ! I H M N - 0 . 5 C H H I O O ! 7 3 . 0 7 7 2 . 8 2 7 . 1 5 .05 3 . 5 5 3 . 5 3 

3 . 4 9 
4 . 5 5 

3 . 7 1 

3 . 7 8 
3 . 6 5 

6 .64 
6 . 5 1 
6 .70 
6 .59 
6 . 6 5 
6 . 3 1 
6 . 6 0 
6 . 6 8 

6 . 7 1 

6 . 5 3 

1 6 4 ( 0 . 1 5 ) C H I I M N 

3 . 4 8 6 . 6 1 

4 . 6 2 4 . 6 1 4 . 5 2 6 . 2 8 

7 . 0 6 

7.06 
6.86 

6.83 

2 . 5 5 
2 .40" 
2 . 0 5 

2 . 0 5 

2 . 1 2 ' 

C F j C O O H 
D2O 
C F i C O O H 
CCU* 
ecu 
ecu 
ecu 
C F s C O O H 

C F i C O O H 

C F j C O O H 

C F j C O O H 
C F J C O O H 

CCL d 

ecu 

ecu 

.59 6.82 ecu 

3 . 4 8 6 . 6 0 ecu 

1 6 0 - 1 6 3 ( 0 . 1 ) C23H27N 8 7 . 0 2 8 6 . 8 6 8 . 5 7 8 . 3 4 4 . 4 1 4 . 8 4 4 . 5 1 6 . 2 8 

6 . 5 6 6 . 8 0 

ecu 

ecu 

1 5 8 - 1 6 0 ( 0 . 0 8 ) C M H H N 8 7 . 5 7 8 7 . 7 5 7.9 7.67 4.44 4.77 6 . 5 7 .83 ecu 

3 . 4 6 6 . 5 8 C C I ( 

1 7 2 - 1 7 8 ( 0 . 3 ) C24II29N 8 6 . 9 6 8 6 . 9 2 8 .82 8 .39 4 . 2 3 ecu 

6 . 5 6 6 . 8 0 ecu 
CgHs 3 . 2 9 6 . 4 2 6 . 7 8 CCU 

3 7 - 3 8 CuHis 9 3 . 7 1 9 3 . 6 0 6 .29 6 . 1 0 4 . 4 8 6 . 4 9 6 . 8 1 CCU 
169-171 C i . H i . 3 . 8 0 7 . 2 2 CCU 
1 1 8 - 1 2 5 ( 0 . 4 ) CuHis 3 . 4 0 6 . 4 6 CCU 

+ N - H proton. "* Nmr observation of the free base of the salt. " Analysis for chloride. ' Two 1,1-substituted isomers of this com
pound observed in a 1:2 ratio mixture. « Eastman Chemical Co. 

C21H.3NO.HCl
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Ilia, XVa.XVIIIa, R = CH,CH2N(CH.3), III 

examine alternative procedures for the preparation 
of l-(2-dimethylaminoethyl)-l-phenylindene. 

A more convenient synthesis of I l i a utilized an ex
tension of the dianion concept. Whereas XYa could 
not be hydrogenated, 3-phenyl-l-indanol (XVI) was 
readily obtained by catalytic hydrogenation of 3-
phenyl-1-indanone (XII I ) . " The alcohol XVI should 
bo capable of dianion formation since, like the cor
responding ketone, it also possesses two potentially 
ionizable hydrogen atoms, the hydroxy! hydrogen and 
the less acidic benzhydryl hydrogen. That dianion 
formation did take place when X V I was treated with 2 
equiv of sodium amide in liquid ammonia was demon
strated by the appearance of a dark red solution 
characteristic of the diphenylmethyl anion. After 
addition of 1 equiv of 2-dimethylaminoethyl chloride, 
the red color disappeared, and on hydrolysis 3-(2-
dimethylanunoeihyl)-3-phenyl-l-indanol (XV i l l a ) was 
obtained in excellent yield. This was readily de
hydrated to I l i a . 

Interestingly, Borovicka and Rrotiva"1 obtained only 
the O-alkylated product when they treated 3-phenyl-l-
indanol with 2 equiv of sodium amide and 2-dimethyl
aminoethyl chloride in benzene. Their choice of this 
solvent apparently precluded the formation of the di
anion. Consequently, alkylation at C-3 could not take 
place. 

Compounds of structure type IV also appear in 
Table I. These aminoalkylidene-3-phenylindenes were 
obtained by the condensation of an aminoaldehvde with 
3-phenylindene using basic conditions (Scheme I I I ) . 

i lO.i M. Horovicka and M. I ' rot i 
Ahflr.. 52, 112.1 (1938; . 

i.VsA-. l-'nrm., 

SCHEME I I I 

RCHO 

- p IJ base 

CHK 
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C6H5 

NH,R" •R 

C6HS 

V, R = CH2NHR" 

Compounds having the general structure V were syn
thesized by two methods. The tertiary amino deriva
tives (V, R = CH2XIC2) were prepared according to 
the procedure described by Hoffmann11 in which 1-
indanone was subjected to a Mannich reaction to give 
2-dialkylaminomethyl-l-indanone. Treatment of this 
ketone with phenylmagnesium bromide and dehydra
tion gave the desired indenes. For the preparation of 
the secondary amines (V, R = C H 2 X H R ' ) . which were 
difficult to obtain by the Mannieh reaction, we first 
prepared 3-phenyl-2-indenylearboxaldehydc (XIX) by 
the formylation of .'-S-phenylindene with X-methyl-
fonnanilide and phosphorus oxychloride. The carbox-
aldehyde was reductively animated with the desired 
primary amines (Scheme I I I ) . 

Compounds having the general structure VI were 
obtained by the alkylation of 2-phenylindene (XXI) 
(Scheme IV). This intermediate was prepared by 

S C H E M E 1 V 

C6H= 1. NaBH, 

2. A, DMSO 

Q H S BuLi 
RCl 

XX XXI 

'Ceils -C6H5 

XXII VI 

dehydration of 2-phenyl-l-indanol which in turn was 
obtained from 2-phenyl-l-iiidanone1- (XX) by a so
dium borohydride reduction. Alkylation of 2-phenyl
indene with 2-dimethylaminoethyl chloride gave •'!-
(2-dimethylaminoethyl)-2-phenylindene [VI. R = C l h -
CHoX^CHs^l- The nmr spectrum was consistent with 
the assigned structure (a singlet for the two alicyclic 
protons at 3.77 ppm, CCI4 solvent). Under the alkyla
tion conditions used, the 1,2-disubstitutcd indene 
(XXII ) would first be formed. However, based on 
our previous tautomerization studies, it was not sur
prising to find that this intermediate had rearranged 
into the more stable 2,3-disubstituted indene VI. , ; i 

(11) K. Hoffmann and IE Schellenlterg, Heh: Cln'm. Actn, 27, 1782 
(1944). 

i 12) \ . C'ampl.ell ami E. ( ' iiumek, ./. Chrm. ,S'„r.. :i8:!4 ( 195(i). 
(El) Our ass ignment of s l rucu i r e VI for the produc t of the alkviat ion 

react ion conflicts with the s t ruc tu re assigned in the p a t e n t l i t e ra ture , t.y.. 
Smi th Kline a n d Krench Labora tor ies , Helgium Pa t en t 621.9:-5-S (19fi:i). In 
t his p a t e n t . st ruct tire X X I I was given for t he a lky la t ion p roduc t 



Mav 19(37 PHENYLINDENES AND PHENYLINDANS 4:23 

The aminoalkylphenylindans (VII-IX) listed in 
Table II were routinely prepared by catalytic hydroge-
nation of the indene derivatives. l-(2-Dimethyl-
aminoethyl)-l-phenylindan was also prepared by direct 
alkylation of 1-phenylindan. 

Experimental Section 

Determination of Structures by Nmr Spectroscopy.—The 
chemical shifts of phenylindenes and their derivatives are given 
in Table I. The structure proofs for monoalkylphenylindenes 
from their nmr spectra are unambiguous. The assignments of 
structure are in agreement with those published in the recent 
note of Ganellin, et al.3 If the alkyl and phenyl groups are both 
located at the 1 position of the indene ring (structure I I I ) , the 
olefinic protons in the 2,3 positions show a typical AB pair of 
doublets with a coupling constant of about 5.7 cps. This value is 
in good agreement with the coupling constants found in indene14 

and in methylindenes.15'16 The lines for the AB patterns are 
observed at ^6.5-6.7 and ~6.8-7.0 ppm, corresponding to the 
2 and 3 positions, respectively. The absorption peaks for the 
proton in the 3 position of these compounds were neither further 
split nor broadened by coupling with the proton in the 7 position. 
The spectra of indene and methylindenes15 '16 show this proton 
to have a long-range coupling, J3,7, of about 0.7 cps. 

When the indene substitutions are l-alkyl-3-phenyl (structure 
I), two distinct resonance signals are observed. The olefinic 
proton at the 2 position gives a narrow line doublet at ~6 .6 
ppm with a splitting of about 2 cps and the proton at the 1 
position appears as a very broad multiplet at ~3 .6 ppm. 

When the substituents are 3-alkyl-l-phenyl (structure II) , 
the 2 position olefinic proton absorbs at ~ 6 . 3 ppm as a poorly 
resolved doublet while the benzhydryl proton in the 1 position 
is observed as a slightly broadened band at ~ 4 . 5 ppm. The 
coupling between the protons in the 1,2 positions in these com
pounds was not resolved, apparently due to broadening by 
ally lie couplings.17 

Certain regularities are apparent from the spectra of the phenyl
indenes. Whereas alkyl substitution on the alicyclic ring of 
indene tends to shift the alicyclic ring proton absorptions toward 
higher magnetic field" (smaller parts per million values), phenyl 
substitution deshields these protons and causes a low-field shift 
of their resonance absorptions (giving larger parts per million 
values). Olefinic protons in the 2 position of phenylindenes 
show lines in the region 6.3-6.6 ppm; olefinic protons in the 3 
position absorb in the region 6.8-7.2 ppm; and protons in the 
1 position show lines in the region 3.4-3.8 ppm, unless the indene 
molecule has the phenyl group substituted at this position. 
Benzyhydryl protons of this type absorb at ~ 4 . 5 ppm. This 
categorized information is helpful in determining the composition 
of isomer mixtures and can also be used in the identification of 
disubstituted phenylindenes. 

The chemical shifts of monoalkyl phenylindans are given 
in Table I I . The 1-alkyl-l-phenylindans (structure VIII) are 
characterized by the absence of any alicyclic ring proton ab
sorption in the region 3.5-4.5 ppm. The l-alkyl-3-phenyl-
indan (structure VII) spectra show a multiplet at ~4.2-4.4 
ppm for the benzhydryl proton in the 3 position of the indan 
molecule. 

The spectrum of the phenylindenyl anion in an ether-hexane 
solution, prepared from either 1-phenylindene or 3-phenylindene, 
consisted of a one-proton doublet at 6.01 ppm and a ten-proton 
complex multiplet from 6.6 to 8 ppm. The doublet at 6.01 ppm, 
assigned to the hydrogen at the Ci position, had a splitting of 3.7 
cps from coupling with the C2 position hydrogen and also a smaller 
doublet splitting of 0.75 cps due to long-range coupling with the 
hydrogen in the 4 position. The position of the hydrogen dou
blet from theC2 position (6.88 ppm) was determined by the dou
ble-resonance technique using a Yarian Y-6058 spin decoupler. 

The electron density distribution was determined8 from the 
above values to be 1.17 at the Ci position and 1.10 at the C2 

position. From the close correspondence of these values with 
those found for the unsubstituted indenyl anion, 1.17 at the Ci 

(14) D. D. EUeman and S. L. Manatt. J. Chern. Phys., 36, 2346 (1962). 
(15) J. A. Elvidge and R. G. Foster, ./. Chem. Soc., 590 (1963). 
(16) A. R. Hawdon and I. J. Lawrenson, Chem. Ind. (London), 1690 

(1963). 
(17) H. Dressier and R. J. Kurland, J. Org. Chem., 29, 175 (1964). 

and C3 position and UK) at the C_> position,8 it was estimated 
that the electron density at the C3 position in the phenylindenyl 
anion was very nearly that found at the Ci position. 

The pmr spectra were obtained with a Yarian A-60 spectrom
eter. Accuracies of the chemical shifts measurements are within 
±0.02 ppm, with the spectrometer calibration checked accord
ing to the method of Tiers and Hotchkiss.18 

2-Benzoyl-a-toIuic Acid.—3-Phenylindene (X)19 (20 g, 0.1 
mole), was suspended in lit) ml of 65% H2S04 and a solution of 
30 g of Cr03 in 64 ml of water was added over 15 min. During 
the addition, the mixture was kept at 30-50° by cooling. After 
the addition, the mixture was allowed to stand at room tempera
ture for 2 hr, then, after dilution with 500 ml of water, it was 
extracted with four 100-ml portions of ether. The ethereal 
extracts were washed (saturated NaHC0 3 ) and after acidification 
of the bicarbonate layer 16.9 g (70% yield) of crude product 
was isolated. Recrystallization from ethvl acetate gave pure 
acid, mp 132-134° (lit.5 mp 130-131°). 

3-(3-Methoxyphenyl)propiophenone.—A solution of 23.8 g 
(0.1 mole) of 3-methoxychalcone20 in 115 ml of ethyl acetate was 
reduced in the presence of 0.2 g of Pt0 2 . One mole equivalent of 
hydrogen was absorbed after 2 hr and the catalyst and solvent 
were removed. The solid residue was recrystallized from absolute 
ethanol, to give 19.2 g (80%) of pure dihvdro compound, mp 67-
68°. 

Anal. Calcd for Ci6H1602: C, 79.97; H, 6.71. Found: 
C, 79.80; H, 6.97. 

6-Methoxy-3-phenyIindene.—Using the same procedure as 
reported for 5,6-dimethoxy-3-phenylindene,21 72 g (0.3 mole) of 
3-(3-methoxyphenyl)propiophenone was cyclized in 550 g of 
polyphosphoric acid at 90° for 0.5 hr. After decomposition of the 
polyphosphoric acid with ice, the precipitate was removed by 
filtration and recrystallized from 700 ml of methanol. A first 
crop of 51 g (76.5%), m P 64-65°, was analytically pure. 

Anal. Calcd for Ci6H140: C, 86.45'; H, 6.35. Found: 
C, 86.22; H, 6.46. 

2-Phenylindene (XXI).—To a solution of 2-phenylindanone 
(XX)12 (30 g, 0.14 mole) in 300 ml of 2-propanol was added in 
small portions 5.3 g (0.14 mole) of NaBH4, followed by cautious 
addition of 150 ml of anhydrous methanol. After stirring 2.5 hr 
at room temperature, the mixture was concentrated to 150 ml 
and then brought to pH 3 with dilute HC1. Water was added 
and the mixture was extracted with three 100-ml portions of 
ether. After drying, the combined ether extracts were evapo
rated and the residue was distilled yielding 25.5 g (83%) of 2-
phenyl-1-indanol, bp 120-130° (0.1 mm). The indanol was 
dehydrated using a procedure described by Traynellis, et al.,n 

to give after crystallization from methanol 17.5 g (75%) of pure 
XXI , mp 167-168° (lit.23 mp 167.5°). 

3-(2-Dimethylaminoethyl)-3-phenyl-l-indanone Hydrochloride 
(XVa).—To a stirred suspension of NaNH2 [from 4.6 g (0.2 
g-atom) of Na in 500 ml of liquid NH3] was added dropwise a 
solution of 20.8 g (0.1 mole) of 3-phenyl-l-indanone (XIII).2 4 

The liquid NH3 was replaced with 200 ml of benzene and a cata
lytic amount of KI . To the stirred suspension was added a 
solution of 10.8 g (0.1 mole) of 2-dimethylaminoethyl chloride in a 
mixture of xylene (25 ml) and benzene (75 ml). The mixture 
was heated at 55-60° for 1 hr and stirred at room temperature 
overnight. I t was washed with water, then extracted with 4.5 A* 
HC1 (100 ml). The acidic extract was made basic and the pre
cipitated oil was extracted with ether. After drying the ethereal 
solution, 6 Ar 2-propanolic H O was added. The precipitated 
hydrochloride salt was recrystallized from ethanol to give 14.6 g 
(46%) of the product, mp 242-244° dec. An analytically pure 
sample was prepared by recrystallization from acetone-ethanol, 
mp 245.5-246.5°. The nmr and infrared spectra were consistent 
with the assigned structure. 

Anal. Calcd for C1 9H2 3N0'HC1: C, 71.79; H, 7.69; CI, 
11.16. Found: C, 71.51; H, 7.60; CI, 11.14. 

3-(2-Dimethylaminoethyl)-3-phenylindan-l-ol Hydrochloride 
(XVIIIa). A. From 3-(2-Dimethylaminoethyl)-3-phenylindan-

(18) G. V. D. Tiers and D. R. Hotchkiss, J. Phys. Chem., 66, 560 (1962). 
(19) J. V. Braun, Ber., 50, 1659 (1917). 
(20) P. Pfeiffer, Ann. Chem., 412, 309 (1917). 
(21) J. Koo, J. Am. Chem. Soc. 75, 1891 (1953). 
(22) V. J. Traynellis, W. L. Hergenrother, .1. R. Livingston, and J. A. 

Valicenti, J. Org. Chem., 27, 2377 (1962). 
(23) F. Mayer, A. Sieglitz, and W. Ludwig, Ber.. 54, 1397 (1921). 
(24) P. Pfeiffer and H. deWaal, Ann. Chem., 520, 185 (1935). 
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27 
28 

30a 

b 

31a 

34 
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36 

42 

44 

CII2CH2X(CH3)2 

CH2CH2X(CH3)2 

CH2CH2N(CH3)2 

CH2CH2N(CH3)2 

CH2CH2N(CH:,): 
CH2CH2X(CH3)2 

CH2CH2X(CH;-)2 

29a CIi2C;ir2N(C2Il3)2 

C I 1 . C H 2 X ( C 2 H S ) > 

O 

CH,CH,I 

CH.CH 

CH,CH,N 

CH2CH2] 

CH2CH2CH2X(CH3)2 

CH..CFI..CH2N(C2HS>. 
CH2C(CH3)2CH2NHCH3 

ClloCiCH3)2CH2N(CH3)2 

CH2C(CH3),CT12X(C2H„)2 

CH5C(C'H.,)2CH,N 

3 8 CH,—(~\ 
\—NCH, 

:!'.) cH,-<n 
N—NCH, 

40a CH.-ZH 

i' ™;^n 

41 CH, 
N-n-C,H, 

CH.-TI 
\ -N-i-C,HT 

43a CH,—( 

1} CH,—(H 
V-N-n-C4H9 

cHr-ri, 
^ - N ( C H J . I 2 

Cell,, II 

TABLK II 

l 'HEN'VLINDiXS 

R, 

Yield, 
\u 

II 
Cells 
H 
11 
Cell, 
C»H5 

II 
II 

Cell;, 

II 

Hi 

II 
II 
Cells 
11 
II 
II 
II 
II 

11 

II 

Ri 

C6H5 

II 
11 
CeH6 

11 
II 
Cells 
Cells 

11 

Cells 

Its 

11 
II 
11 
5-CH:lO 
5-CII30 
5,6(CH30)2 

5-0II 
II 

11 

11 

' ' • ' , . 

100 
100 
100 
100 
100 
100 
100 
25 

75 

10 

Method 

II 

II, I 
H 
11 
II 
II 

f 
II 

II 

''-;. 
27 
85, !). 
51 
53 
20 
00 
28 
50 

63 

inp." °C 

207-208.5 
> 226-227 

235-236 
245-246.5 
236.5-238 
235-237 
226-227 
142-143 

(0.65) 

172-180 

Formula 

CmllasN-HCl 
C l aH23X-IICl 
C,.,H..3X-HC1 
C20H2„NO-IIC1 
C2nH25NO-HCl 
C21H2 ;X02-IIC 
CnII2 3X()-IICl 

c21n2 :x 

c:2iii2ix 

Cello II II II 

II II Cells II 

II II 

Cell.-, 
Cells 
H 
II 
H 

If 
II 
II 
II 
H 

IT 
II 
Cells 
Cells 
Cells 

11 
II 

ir 
II 
II 

Cells II 

11 

Cell., 

11 

Cells 

11 

11 

II 

Cells 

11 

11 

II 

II 

JI 

II 

II 

11 

If 

H 

Cells 

II 

Cell-, 

11 

Cells 

Cells 

Cells 

11 

Cells 

II 

H 

II 

11 

If 

11 

11 

II 

H 

40 

60 

100 
100 
100 
100 
100 

II 

11 
J! 
If 
II 
11 

8 8 

44 
21 
29 
68 
10 

173 174 
(0.1) 

127- 130 
115-117 
207-208 
104-195 
100-191 

C221I27N 

C«,H25N-HC1 
C 2 2 1 I , , I X - H C 1 

C21II27X-1IC! 
(™2H29X-HC1 
C24H33X-1IC1 

100 

100 

100 

60 

40 

100 

100 

30 

100 

I I 

62 

66 

32 

30 

" Melting points are of the hydrochloride salts. '• .Measured as I0-15r< solutions in solvents noted, 
with respect to internal Me^Si. ' Obscured by broad aliphatic proton absorption band. d Doublet, 
CH3 with +XII proton. ° I!3 = II in this compound. f Prepared by HBr demethylation of 25. « Pi 

198-199 C25U33X-HC1 

197 198 C2 ,H2 iN-IICl 

134 136 C 2 L I I 2 O X - H C 1 

160 165 (WH,jN 
(0.13) 

156-158 C23II2,,X 
i0.05) 

158-162 C2;lII2aX 
(0.05) 

162-164 CMI1 3 ,X 
(0.05) 

200-204* C22I1USIN 

Chemical shift values in ppni 
5 cps splitting. Coupling of 

ur of doublets, splitting of 7-8, 

1-one (XVa).—To a stirred suspension of LiAim (9.5 g, 0.25 
mole) in tetrahvdrofuran (THF) (100 ml) wa.s added a solution 
,f a u rr m nos ™~i^\ ,,(" w ^ ;,, T U T ? /ion ™i \ T'r,™ m i v , . ™ ,.,„,. of 6.8 g (0.025 mole) of XVa in T H F (100 ml.) The mixture was 

stirred at reflux for 2 hr, then allowed to stand at room tempera-
After decomposition of the excess LiAlH4 with 

heated at 55-60° for 1 hr and 
lure overnight 
aqueous THF, the mixture was 
filtered. The solvent was distilled from the filtrate and the resi
due was dissolved in anhydrous ethanol and acidified with 6 A" 
IIC1 in 2-propanol. Isopropyl ether was. added to cloudiness 

and the product was allowed to crystallize to give 6.2 g (78'', ; 
of the indanol, mp 193-194° dec. The nmr spectrum was con
sistent with the assigned structure as an 80:20 mixture of the 
two possible stereoisomers. 

Anal. Calcd for C I9II23X0 • HC1: C, 71.79; II, 7.61: CI, 
11.16. Found: C, 71.51; 11,7.60: CI, 11.14. 

B. From 3-Phenylindan-l-ol (XVI).—To a stirred suspension 
of NaNHo (from 4.6 g (0.2 g-atom) of Xa in 1 1. of NII3] was 
added dropwise a solution of 21 g (0.1 mole) of 3-phenyl-l-
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. c. 
Calcd 
75.60 
75.60 
75.60 
72.38 
72.38 
69.69 
71.79 
85.95 

86.55 

86.50 

76.45 

78.19 

76.92 

76.92 

86.50 

% 
Found 
75.75 
75.31 
75.80 
72.15 
72.08 
69.52 
71.71 
85.51 

86.21 

86.73 

76.06 

77.87 

76.88 

76.90 

86.20 

H, 
Calcd 

8.01 
8.01 
8.01 
7.90 
7.90 
7.79 
7.61 
9.28 

8.65 

8.91 

8.85 

8.92 

7.99 

7.99 

8.91 

% • 

Found 

8.16 
8.03 
8.19 
7.99 
7.97 
7.83 
7.61 
8.84 

7.95 

8.58 

8.92 

9.13 

7.96 

8.28 

8.89 

. N, 
Calcd 

4.64 

4.64 
4.22 
4.22 
3.87 
4.41 

4.81 

4.59 

4.44 
4.07 
4.25 
4.07 
3.77 

4.27 

4.59 

% • 

Found 

4.51 

4.58 
3.94 
4.06 
3.92 
4.32 

4.89 

4.98 

4.64 
4.00 
4.33 
4.15 
3.88 

4.29 

4.74 

. Cl, 
Calcd 

11.75 
11.75 
10.68 
10.68 

11.16 

11.23 

10.31 
9.53 

9.23 

10.81 

Found 

11.61 
11.86 
10.96 
10.65 

11.16 

11.23 

10.38 
9.23 

8.95 

10.99 

Rs = H 

c 
c 

3.85* 
c 
c 
c 
c 

3.30 

c 

c 

c 

3.28 

c 

c 
c 
c 
c 
0 

c 

c 
3.10 

c 

c 

Nmr chemica 
Ri - H 

4.38 
c 
c 

4.37 
c 
c 

4.22" 
4.20" 

c 

4.16 

c 

4.23" 

c 

c 
c 

4.17" 
4.22" 
4.30" 

4.16" 

4.22" 
4.16" 

c 

4.20" 

1 shifts, ppmJ 

N-CH 3 

3.06* 
2.96d 

2.66<! 

3.09 J 

3.00^ 
3.08* 
3.02' i 

2.88* 

2.68'1 

2.92<i 

2.86 
2.24 

2.12 

Solvent 

CF3COOH 
CF3COOH 
CF3COCH 
CF3COOH 
CF3COOH 
CF3COOH 
CF3COOH 
CCU 

CCU 

CCU 

CC1, 

CCU 

CCU 

CF3COOH 
CHCI3 

CHCI3 
CHC13 

CF3COOH 

CHCI3 

CHCI3 
CCli' 

CCL': 

CCI4 

86.47 

86.47 

86.82 

86.67 

9.15 

9.15 

9.05 

9.04 

4.17" 

4.08" 

CCI4 

CCU 

CCU 

86.43 86.58 9.37 .99 4.20 4.21" CCU 

60.97 61.04 6.51 6.72 3.23 3.11 4.37" 3.25 
3.35 

CCU 

CF3COOH 

10-11 cps. h Triplet, 8-cps splitting. Coupling of CH3 with +XII 2 protons. Nmr observations of the free base of the hydrochloride 
salt. ' Prepared by quaternization of 38. * Methiodide salt. 

indanol (XVI)25 in ether (200 ml). To the resulting red sus
pension was added a solution of 10.7 g (0.1 mole) of 2-dimethyl-
aminoethyl chloride in a mixture of xylene (11 ml) and ether 
(100 ml). Stirring was continued until the liquid ammonia 
had evaporated. The residual ethereal solution was washed 
with water and the basic fraction was extracted with 4.5 JY HC1. 

(25) H. Richter and H. Jansen, German Patent 912,093 (1958); 
Abstr.. 52, P11943a (1958). 

The acidic extract was made basic and the precipitated oil was 
extracted with ether. After drying, the ethereal solution was 
concentrated to an oil which was dissolved in ethanol, acidified 
with 6 N HC1 in 2-propanol, and allowed to crystallize. A 
white crystalline solid was obtained; yield 20.0 g (j\c/0), rap 204-
205° dec. The nmr spectrum was consistent with the assigned 
structure as an 85:15 mixture of the two stereoisomers. 

Anal Calcd for C,9H2 3X0-HC1: C, 71.79; H, 7.61; Cl, 
11.16. Found: C, 71.86; H, 7.81; Cl, 11.00. 
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A mix tu re mel t ing poin t of 197-499° dec was o b t a i n e d when 
a s ample was combined w i t h ma te r i a l from m e l h o d A. 

3-Phenyl indene-2-carboxaldehyde (XIX). — A m i x t u r e of P ( ( O h 
(US.2 ml , 0.2 mole) and N - m e t h y l f o r m a n i l i d e (27.2 g, 0.2 mole ; 
was allowed lo s t a n d for 0.5 hr . Keep ing the t e m p e r a t u r e ai 
< 3 0 ° wi th an ice ba th , 3S.4 g il).2 mole') of 3-pl ienyl indene was 
a d d e d dropwise . After s t i r r ing for an add i t iona l 2 hr, i he mix-
wire was al lowed to s t a n d ove rn igh t . 'The resul t ing t a r was de
composed wi th ice and the organic fracl ion was ex t r ac t ed wi th an 
e t h e r - b e n z e n e mix tu r e . After wash ing with d i lu te IIOl and 
water , the solut ion was dr ied (.MgSO.ii a n d ti l lered and the sol
vent was r emoved . T h e residual yellow solid was recrystal l ized 
from Skelly B ; yield 27 g (64' , i, m p 9 7 - 9 S 0 . 

Amtl. b a l e d ' for C„J1 , ,D : ( ' . S7.24: U , 5.4!). F o u n d . 
0 , S7.1S: 11, 5.6:-!. 

T h e infrared s p e c t r u m was consistent for an a,fj-unsat un i t ed 
carbonyl and the n m r s p e c t n i m showed the presence of the two 
uncoup led m e t h y l e n e p r o t o n s . 

(2-Dimethylaminoethyl )phenyl indenes from Alkylation of 3 -
Phenyl indene . M e t h o d A.—A suspens ion of 19.5 g (0.5 m o l e ! 
of N u N I l j and i)6 g (0.5 mole) of 3 -phenyI indene in d r y benzene 
was remixed for 1 hr. T o th i s m i x t u r e was a d d e d over 1 hr al 
reflux a solut ion of d i m e t h y l a m i n o e t h y l chloride [from 71.5 g 
(0.5 mole) of d i m e t h y l a m i n o e t h y l chloride hydrochlor ide) in 
d ry benzene (100 ml) . H e a t i n g was con t inued for an add i t iona l 
2 hr. After cooling, the react ion mix tu re was poured into an 
excess of d i lu te 1101 and the layers were s epa ra t ed . T h e acid 
layer was m a d e basic a n d t h e resu l t ing oil which s e p a r a t e d was 
ex t rac ted with e ther . C o n c e n t r a t i o n of the e therea l extract 
and f rac t ionat ion of the residue gave three pr inc ipal fract ions. 
F rac t ion 1, bp 150-157° (0.3 m m ) , n-"\) 1.5S65 (21.S g) , con ta ined 
pr imar i ly l - ( 2 - d i m e t h y l a m i u o e t h y l i - l -pheny l indene ( I l i a ! which 
was isolated and charac te r ized as its hydroch lo r ide salt i m p 
2 0 2 - 2 0 3 ° ; . Frac t ion 2, b p I 6 6 - 1 6 S 0 <6.3 m m ) , /i2"n 1.6005 
' 12.7 g), was cha rac te r i zed by its nmr s p e c t r u m as a 3 : I m i x t u r e 
of l - ( 2 - d i m e t h y l a m i n n e t h y l ) -3-phenyl indene ( l a ) and 3-(2-
d i n i e l h y l a m i n o e t h y ] ) - l -phenyl indene ( l l a ) . l a was isolated from 
this fraction as the hydroch lo r ide i m p 170- 172° i. F r ac t i on 3, 
b p 1 OS-174° (0.2 m m ) , n~'Ju 1.7535 (2(5.1! g ;, con ta ined a mix tu re 
of b i sa lky la t ed p roduc t s . 

M e t h o d B . — T o 3 -pheny l indene ( X, 76.S g, 0.4 mole) in an
h y d r o u s e the r (150 ml) u n d e r No -was added 0.4 mole of b u t y l -
l i th ium in bexune. A t e m p e r a t u r e of 2 0 - 3 0 ° was m a i n t a i n e d by 
ex terna l cooling du r ing the add i t ion . After refluxing for 0.5 hr 
the solut ion was d i lu ted wi th e t h e r (200 ml) and a d d e d to an 
e therea l solut ion (100 ml) of 2-d imet .hylaminoethyl chloride 
(from 71.5 g (0.5 mole) of the hyd roch lo r ide ) . T h e mix tu re was 
refluxed for 2 hr, then cooled and e x t r a c t e d wi th 6 X IIC1 (200 
ml) . T h e acid extract was m a d e basic a n d the p r ec ip i t a t ed oil 
was isolated as in the preced ing expe r imen t . T w o main fract ions 
were ob ta ined cor responding to f rac l ious 1 and 2 of m e t h o d A 
(fraction 1, 56.7 g, and fraction 2, 25.6 g j . 

1 - (2-Dimethylaminoethyl )- l -phenylindene Hydrochloride 
( I l i a ) . Method C.—Sodium a m i d e was p r e p a r e d from S6.4 g 
(3 .75 g -a toms) of Na w i t h l iquid N i l s (13 1.). T o t h e s t i r red 
suspension was a d d e d 315 g (1.5 moles) of 3 -pheny l - l - i ndano l 
i. X VI) in a n h y d r o u s e t h e r (3 1.). T o the resul t ing red suspension 
was a d d e d a solut ion of 241 g (2.25 moles) of 2 - d i m e t h y l a m i u n -
e thy l chloride in a m i x t u r e of xy lene (250 ml) and e t h e r (1.5 1.;. 
T h e brown suspension was s t i r red unti l the a m m o n i a had e v a p o 
ra ted . T h e e therea l suspension was washed wi th 1 1. of w a t e r 
and then e x t r a c t e d with 4.5 A' 1IC1 (1 1.). T h e acid ext rac t was 
hea ted at 00° for 2.5 hr and m a d e basic and the oil which sepa
ra ted was e x t r a c t e d with e ther . After d ry ing and c o n c e n t r a t i n g 
the e therea l solut ion, the oil was dissolved in 2-propanol and 
acidified with 2-propanol ic IIC'l. T h e p r ec ip i t a t e (410 g, 91 1", i, 
m p 200 -202° , was recrystal l ized from 2-propanol to give a n a l y t i 
cally p u r e I l i a - IIC'l, m p 2 0 2 - 2 0 3 ° . A m i x t u r e me l t ing point 
de t e rmina t i on wi th the hydroch lo r ide from fraction 1 of m e t h o d 
A gave no depress ion. 

l - (2 -Dimethy laminoethy l ) - l -pheny l indene N-Oxide Hydro
chloride. Method D . — A m i x t u r e of 9.S g (0.037 mole) of I l i a 
and 12 ml of 30'),. II20.> in 40 ml of m e t h a n o l was a l lowed lo 
s t a n d 1 week at room t e m p e r a t u r e . After d i lu t ion wi th 100 ml 
of wa te r and c o n c e n t r a t i n g in I'arno to nea r d ryness , the res idue 
was ex t rac ted with 50 ml of e the r lo r emove a n y s t a r l i n g free 
base, and the el her- insoluble mater ia l was dissolved in ace tone . 
After the addi t ion of d r y H O , e the r was added lo the cloud 
po in t . T h e p rec ip i t a t ed c rys ta l s were filtered lo give .S.4 g 
i 7 l ' , i of the hydroch lo r ide salt , m p 1S0--1S1°. Kecrys ta l l iza t ion 
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" As a 1:2 mix tu re of two r a c e m a l e s . '' As the m u c a t e sa i l . 

from 2-propanol gave pu re mate r i a l , m p 1S9-190 0 . T h e infrared 
and n m r spec t ra were consistent w i th the assigned s t r u c t u r e . 

l - (2 -Methy laminoe thy l ) - l -pheny l indene Hydrochloride. 
M e t h o d E . — T o a s t i r red solut ion of 16 g (0.15 mole) of e thy l 
ch loroformate at 40° in d ry benzene (15 ml ) was a d d e d as rap id ly 
as possible (to p r o m o t e a r ap id e l iminat ion of CH3CI) 13.2 g 
(0.05 mole) of l - ( 2 - d i m e t h y l a m i n o e t h y l ) - l - p h e n y l i n d e n e ( I l i a ) . 
After the initial react ion, the m i x t u r e was al lowed to reflux for 
2 hr, cooled, and washed w i t h wa te r (25 ml) and d i lu te HOI 
(25 ml) . T h e neu t ra l benzene solut ion was c o n c e n t r a t e d and the 
residue of N " - c a r b e t h o x y - l - ( 2 - m e t h y l a m i n o e t h y l ) - l - p h e n y l i n d e n e 
111.5 g) was hydro lyzed by h e a t i n g at reflux for 6 hr in a solut ion 
of 1)5'', e thano l tlOO ml) and K O H (45 g) . T h e e thanol ic solu
tion was d i lu ted wi th w a t e r ( 1 0 0 m l ) and the e t h a n o l was par t ia l ly 
r emoved under v a c u u m . T h e residue was e x t r a c t e d wi th e the r 
and dried (MgSOi) . After r emova l of the d r y i n g agent , dry 
HOI was added . T h e p rec ip i t a t ed hydroch lo r ide salt, was re
crysta l l ized from ace tone . T h e yield of ana ly t i ca l ly p u r e m a t e 
rial was 6.1 g ' 6 0 ' ) ), nip 176—17S°. 

Reductive Amination of 3-Phenyl indene-2-carboxaldehyde 
(XIX). Method F .— In 200 ml of 9 5 % e thano l , 11 g (0.05 mole ) 
of 3 -pheny l indene -2 -ca rboxa ldehyde and 0.5 mole of p r i m a r y 
amine were mixed and h y d r o g e n a t e d on a P a r r h y d r o g e n a t o r 
in the presence of l i aney Ni ca t a lys t . After the theore t ica l up
take of hydrogen (0.05 mole) , the reduc t ion was s topped , the 
ca ta lys t was t emoved , and the solvent was e v a p o r a t e d . T h e 
residue was dissolved in e t h e r and gaseous HOI was a d d e d . T h e 
oil which p rec ip i t a t ed was crystal l ized from 1-propanol several 
t imes until ana ly t i ca l ly p u r e hydroch lo r ides of 2 -a lky lamino-
me thy l -3 -pheny l indeues were o b t a i n e d . 

l - (3-Diethylamino-2 ,2-dimethylpropyl idene)-3-phenyl indene 
Hydrochloride )IV ( 1 2 ) ] . M e t h o d G.—A solut ion of 15.7 g 
(0.1 mole) of 3 - (d i e thy l amhro ) -2 ,2 -d ime thy lp rop iona idehyde , 
19.2 g (0.1 m o l e ; of 3 -phenyl indene , a n d 0.1 g of N a in 100 ml of 
abso lu te e t h a n o l was h e a t e d a t reflux for 3 h r . On cooling, t h e 
solut ion was p o u r e d in to w a t e r and the oils were e x t r a c t e d with 
e the r . After d ry ing the e t h e r ex t rac t (MgSOO a n d filtering, 
a n h y d r o u s 1101 was a d d e d . T h e hydroch lo r ide sa l t which p r e 
c ip i ta ted was recrysta l l ized from e thy l a c e t a t e ; yield o.^ g 
( 1 5 % ) , m p 179-180° dec . 

Dialkylaminoalkyl Phenyl indans (VII-IX) . By Hydrogena-
tion of the Corresponding Indenes . M e t h o d H . — I n a P a r r 
h y d r o g e n a t o r 4.0 g of 1 0 r ; P d - C in 30 ml of 9 5 % e t h a n o l was 
sub jec t ed to a hydrogen a t m o s p h e r e for several m inu t e s . A 
solut ion of 0.35 mole of t h e d i a l k y l a m i n o a l k y l p h e n y l i n d e n e in 
160 ml of 9 5 ' ' , e t h a n o l was a d d e d a n d t h e m i x t u r e was sub jec ted 
to hydrogen at 4.2 k g / c m - unt i l t he theore t i ca l a m o u n t of 1I2 



May 1967 PHENYLINDENES AND PHENYLINDANS 427 

T A B L E IV 

SUMMARY OF BIOLOGICAL DATA 

lleserpine-induced ptosis 
Prevention, mg/kg oral 
Reversal 

Antisinistro torsion 
Antiparkinson activity 

ED50, mg/kg oral 
Antispasmodic activity vs. 

acetylcholine as % atropine 
ALD50, mg/kg (mouse) 
Inhib of kynuramine 

oxidation in vitro AIC50, M 
Tryptamine potentiation in vivo 
5-Hydroxy tryptophan 

potentiation 

Compd 2 

1.03 
Inactive 
Inactive 

Inactive 

0 .1 
41 

6.2 X 10-5 

None at 25 mg/kg ip 
None at 10 mg/kg 

6 doses on 3 days 

Imipramine 

5.00 
Inactive 
Inactive 

104 

0.32 
107 

16% at 100 mg/kg po 
None at 10 mg/kg 
6 doses on 3 days 

Amitriptyline 

5.50 
Inactive 

Weakly active 

29.5 

0.22 
80 

None at 5 X 10"6 

None at 100 mg/kg po 

Compd 

1-HC1 
2-HC1 
4 
5 
6 
7a-c 
8a-c 
9-HC1 
10-HC1 
l l a - c 
12-HC1 
14-HC1 
16-HC1 
18a-c 
19a-c 
20 
21a-c 
23'HC1 
24-HC1 
25-HC1 
26-HC1 
27-HC1 
28-HC1 
29a-c 
30a, b 
31 
32 
33 
34 
35 
36 
37 
38 free base 

•HC1 
mucate 

39 free base 
•HC1 
mucate 

40a, b 
41 
42 
43a, b 
44 
Papaverine 
Methyl-

sergide 

T \BLE V 

ANTISPASMODIC ACTIVITY 

Isolated 
Neurotropic 

action 
antagonism of 
acetylcholine 
EC7S, Mg/ml 

>10 
10 

4 .5 
1.0 
>10 
1.6 
1.0 

4 .5 
>10 
1.0 
0.7 
5.1 
2.8 
4 .5 
4 .0 
>10 
>10 
>10 

9.6 
1.0 
1.8 
1.0 
0.4 
1.7 
6.8 
>8 

6.8 
>10 
0.7 
0.34 
6.0 
0.1 
0.2 
0 .3 
0.5 
3.1 
1.0 
0.26 

rabbit ileum > 
Musculotropic 

action 
antagonism of 

BaCls 
EC71, Mg/ml 

>10 
4 .0 

>10 
3.9 
>10 
1.0 
1.5 
>10 
>10 
>10 
1.0 
2.2 
2 .0 
>10 

4 .0 

1.7 
1.5 
7.0 
2.5 
2.0 
2.0 
2.0 
2.8 
1.3 
>10 

3.3 
>10 
>10 
2 .5 
1.6 
5.0 
3.0 
4 .0 
5.8 
8.5 
2.8 
8.0 
4 .0 

Isolated rat uterus 
antagonism of 

serotonin 
ICBO, Mg/ml 

0.067 
0.21 

0.00002 
1.00 

5.0 

1.8 
0.58 
0.18 
0.12 
0.28 
0.36 
1.4 
1.2 

0.95 
0.38 

0.18 
0.21 

0.16 
0.14 
0.26 

2.9 0.0016 
0.0025 

was taken up (2-4 hr). After removal of the catalyst and solvent, 
the resulting indan was purified either by distillation or by isola
tion of the appropriate salts. Yields of 20-95% were obtained. 

From Alkylation of 1-Phenylindan. Method I.—To NaNH 2 

freshly prepared from 4.6 g (0.2 g-atom) of Na in 500 ml of 
liquid NH 3 was added with stirring a solution of 19.4 g (0.1 
mole) of 1-phenylindan in ether (200 ml). To the resulting red 
suspension was added a solution of 0.2 mole of the appropriate 
dialkylaminoalkyl halide in 20 ml of xylene and 60 ml of ether. 
Stirring was continued until the liquid ammonia had evaporated. 
Work-up of the reaction in the usual manner gave the 1-dialkyl-
aminoalkyl-1-phenylindan (VIII) in quantitative yield. 

Pharmacology 

The ability of a drug to prevent but not to reverse the 
ptosis induced by reserpine was used as an indication 
of antidepressant activity. In this assay the test 
compound is administered orally 1 hr before the ad
ministration of reserpine (2.0 mg/kg iv). One hour 
following the reserpine administration the mice are 
placed on a platform away from light and the extent 
of closure of the palpebral fissure is estimated. Ptosis 
is only significant if the opening is less than 50% of 
normal. Compounds found to possess a high degree 
of activity in the prevention of reserpine-induced ptosis 
were further tested to determine their ability to reverse 
the effects of reserpine. In this part of the test 
reserpine (2.0 mg/kg iv) is administered first and 1 hr 
later the test compound is given orally. The amount of 
ptosis is determined as previously described. The use 
of this test serves to distinguish imipramine-type anti
depressants and MAO inhibitors from adrenergic a-
receptor stimulants which both prevent and reverse 
reserpine-induced ptosis. The differentiation between 
the imipramine-type compound and MAO inhibitors 
was determined by in vitro and in vivo enzyme inhibition 
studies. 

The antispasmodic effects were determined using 
standard in vitro procedures. The musculotropic ac
tivity was indicated by the ability of a drug to inhibit 
BaClYinduced spasms on rabbit ileum. The neuro
tropic activity was measured by the ability of a drug to 
inhibit acetylcholine-induced spasms on rabbit ileum. 
Antiserotonin activity was determined using the rat 
uterus procedure of Gaddum, et al.2* 

Listed in Table III are the results from the reserpine 
ptosis tests. A number of the indenes were active in 

(26) J. H. Gaddum, K. A. Hameed, D. E. Hathway, and F. F. Stephens, 
Quart. J. Exptl. Physiol., 40, 49 (1955). 
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this test; l-[2-(dimethylamino)etIiyl]-l-phenylinduiie 
hydrochloride (2) was the most active.-7 Relatively 
minor .structural changes reduced (he ac(ivity mark
edly. The corresponding indan (23) was only one-
tenth as active as 2. Moreover. l-['2-(dimethylamin<>)-
ethyl]-3-phenylindene (1) was even less active and 
3-f2-(dimethylamino)ethyl]-2-phenylindene (4) was in
active. Extension of the side chain by one CH2 (10) 
also lowered the activity considerably, a surprising re
sult since (he dimethylaminopropyl group is (he side 
chain of both imipramine and amitriptyline. Changes 
in the amine portion of the molecule revealed an inverse 
relationship between the bulk of the amine group and 
the activity of the compounds. The demethyl deriva
tive (6) and the X-oxide (5) both had activities on the 
same order as 2, while the diethylaminoethyl deriva
tive (7) was only weakly active and the morpholino-
ethyl analog (9) was inactive. 

A comparison of some of the pharmacological activi
ties of 2 and the clinically active compounds, imipra
mine and amitriptyline, is summarized in Table IV. 
l-(2-Dimethylaminoethyl)-l-phenylindene hydrochlo
ride (2) has a greater milligram potency in the reserpine 
test. Of special interest is the lack of central anti
cholinergic effects of 2 as shown in the antisinistro tor
sion28 and antiparkinsonism29 tests. Compound 2 
does show considerable MAO inhibition in ritro. using 
as the criteria the change of the rate of kynuramine oxi-

(27) A. Kandel and I'. M . Lisli, Mt 'ad J o h n s o n and Co., British P a t e m 
1,041,989 (1966). 

(28) .M. C. DeJonxe k A. B. 11. l-'uncke, Arch. Inter,,. I'harmacodyi,., 
137, 375 (1962). 

(29) G. M. Eve re t t . I.. E. Blockns. and I. M . Sbepperd . Science, 124, 
79 (1958). 

The recent publication of a patent1 claiming deriva
tives of 2-anilinonicotinic acid as analgesic-antiin-
flammatory agents prompts us to report our experience 
with these and related anilinopyridinecarboxylic acids 
in which the substi tuted anilino and carboxyl groups 
are in different positions around the heterocyclic 
nucleus. 

This s tudy was initiated to determine if the anti
inflammatory act ivi ty of mefenamic acid2a ( la) and 

(1) Society Anonyrne Labora to i r e s U.P .S .A. , Belgian P a t e n t 657,266 
(April 16, 1965). 

(2) (at ('• V. \\ inder, J. Wax, L. Seott i , H. A. Seherrer , E, M. Jones , and 
!•'. W. Sliort , ./. Pharmacol., 138, 405 (1962); (b) ( ' . V. Winder , J. Wax, !!. 
Ser rano . E. M. Jones , and M . L. M c P h e e , Arthritis liheumut., 6, SI! (196:i). 

dation in liver homogenales, in die presence of the lest 
compound. By the more indicative in viro t o t s , using 
both trypt amine and o-hydroxytryptophan potentia
tion as a measure of MAOI activity, 2 did not behave as 
an MAO inhibitor. Thus, the in ritro MAOI activity 
appeal's to be an artifact due to liver cell disruption, 
although some MAO inhibition in rivti is not com
pletely ruled out. This combination of greater milli
gram potency and lack of anticholinergic effects of 2 
may result in significant reduction of the undesirable 
atropine-like side effects encountered clinically with the 
standard agents. 

Table V summarizes the results obtained in the anti
spasmodic and antiserotonin tests. The indans were 
the most potent compounds in this area. 3-(l-Methyl-
o-pyiTolidinylmet hyl)-l-phony lindan hydrochloride (38) 
was the most active of this series, having approxi
mately twice the potency of the reference agent pap
averine as a musculotropic agent with only 0.'.\ \ .(Y'( 
of the neurotropic effects of atropine sulfate. Its 
isomer. l-(l-methyI-. ']-pyrrolidenylmethyl)-l-phenylin-
dan hydrochloride (39), was equally active as a mus
culotropic agent; however. 39 had neurotropic effects 
which were ten times greater than its isomer (38). 
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flufenamic acid21' ( lb) was affected appreciably when 
the phenyl ring A in these compounds was replaced by 
a pyridine nucleus as in 2. For this reason the com
pounds which have been synthesized have been mostly 
confined to the 2,.'i-dimethylanilino and w-trifluoro-
methylanilino derivatives. 
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The synthesis of eleven .substituted aiiilinopyridineearboxylic acids, of which seven were novel, is described and 
(heir antiinflammatory activity is compared with that of mefenamic acid and flufenamic acid. Comparable ac
tivity was found with 2-(2,3-dimethylanilino)-, 2-(m-trifluoromethylanilino)-, and 4-(»i-trifluorornethylaniliiio)-
nicotinic acid. The novel 8.9-dimethvlpvrido[2,3-/)]quitiol-o-one was also synthesized and found to be inactive. 


