LIS DyKsria,

Anal Cuded for CellepNoUDa: € 6711 1, 6345 N, D.Ts.
Foaud: C, 67.42; 11, 6.54; N, .50

5-(2-Dimethylaminopropionyl)-3-phenylisoxazole i XIVe, Y =
Y*) wius obtained as nnstable erysrals in 23577 vield i similar
maater as above. It was reduced with NaBIL withont puri-
fiesntion.

3-(2-Piperidinopropionyl)-5-phenylisoxazole (XIVa, Y = Y1),

A mixture of X (Y = Y3 (3.75 g), piperidive hydrochloride
(2.43 g), paraformaldehyde (0.90 g), coneentrated TTCH (005 mb.
aid dioxane (6 ml) was heated to refinx.  After T hr, paraformal-
dehyde (0.45 g) was added aud refluxing was eominned for 2 hr.
The renction mixtire was treated in o shmilar nmnwer o yvield
colorless (3.60 ). Reervswadlizatione fron petrolenm
cther (Iip ()l)——(ll°) gave colorless plates, mp 14--46°

Anal. Caled for CilloNa): € TLSL M, l.llEl:
Found: €, 71.65: 11, 7.18; N, 145,

3-(2-Morpholinopropion)1‘1-5-phenylisoxazo}e (XIVb, Y = Y!L
-A mixtare of X (Y Y31 (5.75 g), morpholine hydroeliloride
247 g), pan lf()llll‘ll(lt,}l\(le (t1.Y0 g), concernrated 1TCL (0.1 by,
aud 126OIT €3 ml) was treated as the above.  The resalting prod-
net cousizied of colorless plates 13.22 gy, mp 112-113°, when
ervstallized from benzene-petroleinn ether (hp 61-71°).

Adwal. Caled for CuH Ny € 6711 H, 6,84 N, LTS,
Vound: €, 67.240; T, 6.45; N, .54,

Reduction of the Amino Ketones XII and XIV with NaBH;
tTable I, Method B).---The aniine keroie (115 mole) wus treanted
with NaBITy (114 mole) in MeOT] (1L at 60° for Sthuin, Afier
cooling, the resulting solation was acidified with AcOH and

N, LS5,
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cvaporated 0 evcwe. After addition of 20% aguaeons NaOll,
the mixire was extracted with benzene and the extraet wus
wished with water, dried over anhydronus K.COQy, and evaporated.
The rexidne wins dissolved in hot 147 aqueons HCL and the solie
ton was treated with Norit and then made alkaline with 20¢;
.11111(‘(:11\ NaOl 1o give the corresponding 3-phenyl-i- or H-phe u\l

(e-hydroxy-w-nminoalkylisoxazole (NIIT or XVY  The basex
were tonverted to their hyvdrochlorides by the ordinary procedare.

Hydrochloride of 5-(1-Hydroxy-2-piperidinoethyl)-3-phenyl-
isoxazole (XIITa, Y = Y3). —A mixtnre of NT (Y = Y31 (2.0 g}
and piperidive 1.6 ) 16 ether (100 ml1 was ll(‘lll‘ll ax for XTIb
(Y = Y*. The resalting hydrochloride of XTTa Y = Y=
242 g wes sdded 1o 0 solarion of NaBIL dly g1 and Met) Ny
(L5 @) i FaOLT (8t ml with stirring, The mixire, stirred at
SU° for 1. hre, was cooled e an iee bath, addified with 100,
anaeous 1TCL add evaporated in vecvo. The residue, after addi-
ton of 1V aqaeoas NaOIT, was extracted wirth CHCE ad the
extract was washed witlt water, and dried (K.CO). Tivapora-
tion ol the solvent loft eolorless erystals which gave its hyvdeo-
chloride by the vrdinary procednre.
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A series of wmninoalkylphenylindenes ad indans has been synthesized and phirmacologically evaluaied. e
nejority of the phenylindene dervivatives was prepared by the alkylation of phenylindene with aminoalkyl

halides,
ol this mixtare have been chan
are reported i detail.

1eterized.

A mixnre of isouters i vbhtained when S-pheuylindene is alkylated by this procedure and the isonwrs
The final assigmnent of stractive wis based on unie stidies and chese
Au nueqnivoend svnthesis of one isomer type, -aminoalkyl-1-phenylindene, is deseribed.
The indae derivatives were prepared by hivdrogenation of the corresponding indenes.

The indene derivaiives,

particalarly - 2-dimethylaminocethyl)-1-phenvlindene (2), were foand to have porent activity in the prevention
nl lc\,L‘lplll(‘—llldll( wd prosis ficnice, o test which has been used ax a eriterion for antidepressant activiiy. I
addition, several of the indene and indun derivatives have exhibited significant aniispasmodic and autiserotonin

aetivity.

Anminoalkyl derivatives of diphenyvlmethane and its
tricycelie analogs such as the phenothiazines have re-
ceived considerable attention as useful pharmacological
agent= 2 The 1- and 3-phenylindene ring systems as
well as the indan analogs also incorporate the diphenyl-
ethane moiety. A series of aminoalkyl derivatives
ol phenylindenc  and  phenylindan  I-IX (R =
aminoalkyl) was prepared and tested for o wide variety
of activities aszociated with the diphenylmethane
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 propertics of the dibenzocycloheptenes
were reported.?” Ixamination of molecular models

(1) (at I'reseniel in pars at rbe 149, National Meeting of the American
Cheuwical Society, Detroit, Mieli., April 196.':. Abstract, p lT\I b) K. N.
Cautphbell, T, S, Patent 2 884,446 (1959), . N. Cawmphell, . Rivard,
and R. F. Felidkin, T, ], Pateia 2,992 2141 <l-u.1:

2) (u] “Madiciaal ¢ ]l('llll\ll_\ SN Bueger, 140, 2ad e, Taierseivnce Pols-
lishers o, New York, N. V., 1b60: 1o 1. 11, Biel, Mlvauees in
Claristey Series, Na, 15 Awerivat Cliemical Soeiety, Washingoou, D, €
YOG, pre L1-135G ned M. Cooedon, 10 NL Creadg, mand CL L Zick e, (s, p o1l

R R
CH, cGHf, Oij—u
] 1l Gl
1
CHR
., oy, O
C5H5 CGHS R
v \ Vi
R
Gl
GH, R R
VII GH, IX
VI

indientes that the two benzene vings i the ph(‘nvl
indenes and phenylindans ean be spacially oviented in
mineh the same manner as i the dibenzocyeloheptenes
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and phenothiazines. We consider derivatives of the
phenylindenes and phenyvlindans 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 T, II, and III, as well as considerable quantities
of two bisalkylated phenylindenes.?

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.

The purity of the 3-phenylindene (X) precursor was
cstablished by oxidation of 3-phenylindene with chromic
acid. The only isolated acidic product, although the
vield was not quantitative, was the expected 2-benzoyl-
a-toluic acid.> 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-phenylindene® (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.’

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

(%) T'hese hisalkylated plenylindenes presumally arise fromn the alkyla-
tion of tlie anion derived from the monoalkylated isomers I and I1, Sulse-

galn &
C5H5 C eHs base

I 1II

R

intent to oir iliselosure, "™ tlie isolation and cliaracterization of tliese mono-
alkylated and Lisalkylated isorners were reported Ly C. R. Ganellin, J. M.
Loynes, anl M. F. Ansell, Chem. Ind. (London), 1256 (1965).

{4) In contrast to this work, O. Blum-Bergmann, Ann. Chem., 484, 26
(1930); 492, 277 (1932), reported that only one monosubstituted isomer
was obtained wlien 3-phenylindenyllithium was carbonated witli dimethyl
catbonate, Methyl 3-phenylindenylcarboxylate, obtained in 549, yield,
was isolated as tlte only protluet.

(5) C. 1. Koelwelt and R. V. White, J. Am. Chkem, Soc., 65, 1639 (1943).

(8) K. Dott, Zetrahedron Letters, 4569 (1065).

(7) (a) A. M. Weldlet, Adcta Chem. Scund., 17, 2724 (1963). ()
A. Boselt and R. K. Brown, Can. J. Chem., 42, 1718 (1964), reported a
similar Lase-catalvzed complete and irreversible conversion of l-iethyl-
indene to 3-inethylindene.
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Scuume I

X
L
2 BulLi
— ‘
Oﬁ CbH;] CeHa
XI XII
RX
R R
“ \ Z —
algalENgal
™ [ R X CH; oHs
CsHs I II
III

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

Although isomer types I and III 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 tvpe II was shown to arise from the free base
of I by tautomeric equilibration. No 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-1-
methylindene in the presence of an organic base has
been reported by Weidler.’

Our interest in 1-(2-dimethylaminoethyl)-1-phenyl-
indene (IIIa) prompted us to investigate a more selec-
tive synthesis for the 1,1-disubstituted indenes. One
approach emploved the alkylation of the dianion of
3-phenyl-1-indanone with dimethylaminoethyl c¢hlo-
ride. Rockett and Hauser® have shown that in liquid
ammonia, benzyl bromide alkyvlates the dianion of 3-
phenyl-1-indanone (XIV) at C-3. By this procedurc
we obtained a moderate yield of 3-(2-dimethylamino-
ethyl)-3-phenyl-1-indanone (XVa) when the dianion
was alkylated with 2-dimethylaminoethyl chloride
(Scheme II). Because the steric bulk of the two sub-
stituents on (-3 presumably prevented catalytic hy-
drogenation of the ketone, a lithium aluminum hydride
reduction was required to prepare the amino alcohol
XVIIIa. Mild acidic dehydration of the amino al-
cohol readily afforded 1-(2-dimethyvlaminoethyl)-1-
phenylindene (IIIa). Although this synthesis of 111a
was unequivoeal, the rather low yields in the alkylation
step and the required LiAlH, reduction prompted us to

(8) T. Scliaefer and W. G. Sclineider, (b(d., 41, 966 (1983).
(9) 13. W. Rockett and C. R. Hauser, J. Ocy. Chen., 29, 1394 (1064).
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TaBrw [ PHENYLINDENES

R!
R
L
R,
lsomer, Yiehl,
Nu. R R Iz 14 o Metlunl ‘e
1 CLCHENGC e 11 11 Calls 10U AL Ix 10, 21
2 CHCH2N(C ) Cslls 11 " 100 A B 21, 54, 91
3 CHECHN{CH) 1-C1-Cells 11 1 100 A 20
-1 1 11 Cslly CHLCTN(C 50 100 14 30
9]
5 CHCHN(C s L Colls 11 11 10 h 1
3 C1ECHNHC Celly 0l 1 106 D) LieL
Ta CHCHEN (a2 )2 11 11 Cells X
1 Cslly I 1 CHLCTEN e st 11 A 30
T CHCHENAC )2 Calls 11 Il 81

S CHCHN ) 1 11 Cills I
I Colls 1 1 CH.CH.N, ) 8 A 140
- CHACH“.\Q Calls 1 1 ™

4 CH,CH,! 0 Cels 11 I3 100t A 12
10 CHLCTCHNOC Hate Celly Il 11 100 14 1
11 CHCH2O BN (el e) s 11 11 Csl3s 13

1 Cells 11 11 CHCCHe NGO D) e & A 2

v CH2CHCHaNCe b g) Culls 1 11 e
B4 CHC(C)CHN (CaHe) 2 11 Calls [ou G .5

5 =CH—©N N Colls {H § 6

1
11 1] ) CHN Colls i Ref 11 17
15 1 ) CIGNHCHColls Calds 100 v 11
16 1 1) CHNHCH:CH:Cslls Colls 100 1 2
17 (‘H_—G Celly 11 1] C 21
NCH,
™ ('113—<j 1 1 Gl 15
NCH,
1 Colls 1 1 B, | i A I
NCH,
« (,‘H_-—G Cslly 11 11 )
NC.H,
12 CH‘O 11 1 Calls u
N-n-CH;
L Calls 1 H mf(:l 13 A 24
N-n-C;H;
‘ CH_—G Celly 1l 0 43
N-n-CH;
20 CH:—G Colls 1 1 100 A L
NCH,CH==CH,
2 CH, 1 0 Calls o

N-n-CHq

L Colls i 1 CHE—G 14 A 16
N-n-CH,
¢ (‘HS—G Csll 1 1 64
N-n-C,H,

]nll(:m- 3 H 1l 13 100 g
p-Vbenylindene Cells 1 1t 11 100 Ref 6 79
o-Phenylindeue 1 11 Cells 1] 100

s Plienylinleue 11 11 11 Cally 1 Ref 19

* The hvdrochlocide sults were recrystallized from 2-propatol aud the muneate saltx were recrystallized from 95¢ ethanol,  * Meas-
rved s 10-15¢ solations i solvent mentioned.  Chemiecal shift valies in ppm with respeet to internal tetramethylsilane. D0 solu-
tions uxed B-(irimethylsilyD-1-propanesnulfonie acid sodinnt salt nsiead of TMS, < Doublet, 5-cps splitting.  Coupling of CII; with
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13p (mm)

Salt® or mp, °C

HCI 170-172

HC) 202~-203

HCI 198-199.5

63-65

1€ 189-190

HCl 176-178
156-162 (0.3)
150-154 (0.04)

HCl 150-152

HCI 191, 5-193
168~176 (0.7)

HCI 179-180 dec

HC1 272-273 dec

HC1 234~236

HCI 185~186

HC) 191-192

Mucate 159-160.5
164 (0.15)
160-163 (0.1)
158-160 (0.08)
172-178 (0.3)
37-38
169~171
118-125 (0. 4)

*N-H proton.

TFormula

CieHaN-HC1

CreHaN-HCI

CuHxCIN-HCI
CieHaN
CiyHaNO-HCI
CisH(eN -HCI

CaHsN

CaHusN

C2HsNO-HCI

CaHxuN-HCI

CaeHarN
CaHxN - HCI

CaHiN-HCI

CaHxN-HCl

CuH2aN-HCI
CuHxN-HCI

C2H3N-0.5CsH,100s

CorklasN

CasHa N

CuHasN

CuHaoN

CoHs

CusHuie
CuHuie
CisHe

pound observed in a 1:2 ratio mixture,

~——C.,

Caled

76.

76.

68.

86.

75.

87.

79.

87.

87.5

86.

93.

10

.53

36

02

96

71
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Yo

6.

76.

68.

86.

87.

TFound

40

30

84

09

.87

24

.54

79.60

79.
79.

72,

86.

87.

86.

93.

92
74

82

86

75

60

~——H, Gp——

Caled TFound

7.40

8.24

5.08

6,10
6.68

7.15

8.57

7.99

8.82

~1

4 N'mr observation of the free base of the salt.

¢ Eastman Chemical Co.

.68

.33

.21

.95
.14

.25

.81

.98
.81

.05

34

.67

.39

.10

—N. %

Caled

4.67

4.67

21,21¢

5.32

11,23¢
12.41°

4.59

3.81
4.41

4.62

4.41

Found

21,

11.
12,

.78

33¢

.08

19¢
27

.86

.90

J12

.27

.62

.97
.60

. 20°
. 84¢

.61

84

.77

3.48
3.86
3.62

«w
or
[+

w

.71

w

.65

4.51

4.48

3.29
4.48
3.80
3.40

¢ Analysis for chloride.

421
Nmr cliemical shifts ppmb——7————~
H Re=H Ri=H N-CH; Solvent
6.45 2.65 D.O
6.54 2.93° CF;COOH
6.59 2.18 ced
6.54 6.87 2.65 D:0
6.63 7.06 2.83° CF:COOH
6.57 6.79 2.05 cCud
6.51 6.90 2.75 D:0
6.50 7.00 2.,90° CF:COOH
6.57 6.85 2.08 ccud
2.32 CCls
6,45 6.87 3.37 CF:COOH
6.40 6.75 2,42 CDCls
6.66 CCls
6.37 CCls
6.61 6.84 CCla
6.62 CCle
6.31 CCls
6.58 6.79 CCla
6.64 7.06 CF:COOH
6.51 6.78 2.55 D:0
6.70 7.06 2.40° CFiCOOH
6.50 6.86 2.05 ccud
6.65 CCls
6.31 CCla
6.60 6.83 CCls
6.68 CFsCOOH
6.71 CF:COOH
CF:COOH
CF:COOH
CF:COOH
6.53 6.79 2,05 cCld
2,12/
6.61 CCls
6.28 CCla
6.59 6.82 CCl
6.60 CCl
6.28 CCle
6.56 6.80 CCl
6.57 6.83 CCl
6.58 CCl.
6.26 CCle
6.56 6.80 CCls
6.42 6.78 CCl
6.49 6.81 CCl
7.22 CCls
6.46 CCls

f Two 1,1-substituted isomers of thix com-
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Seneae 11

(@] (@]
2Na®
2NaNH, S
CGH; NH.(lig; S
XIII CeH;
XIV
lH NiRt 1. RCI
OH (0]
CeH; R
XVI CsH;
2NaNH, XV
lNH‘l(liq) ll.;Allil
0% OH
9Na®
1. RCI
c 2. H0 R
CH; CeHs
XVII XVIII
.
“HO
0,
CeH,
lla, XVa, XVIIIa, R=CH,CH,N(CH,), III

examine alternative procedures for the preparation
of 1-(2-dimethylaminocthyl)-1-phenylindene.

A more convenient synthesis of I1Ia utilized an ex-
tension of the dianion concept.  Whereas XVa could
not be hydrogenated, 3-phenyl-l1-indanol (XVI) was
readily obtained by catalytic hydrogenation of 3-
phenyl-1-indanone (XTIT).  The aleohol XVI should
be eapable of dianion formation since, like the cor-
responding ketone, it also possesses two potentially
ionizable hydrogen atoms, the hydroxyl hydrogen and
the less acidic benzhydryl hydrogen. That dianion
formation did take place when XVI was treated with 2
cquiv of sodium amide in liquid ammonia was demon-
=trated by the appearance of a dark red solution
characteristic of the diphenylmethyl anion.  After
addition of 1 cquiv of 2-dimethylaminoethyl chloride.
the red color disappeared, and on hydrolysis 3-(2-
dimethylaminoethyl)-3-phenyl-1-indanol (XVIIIa) was
obtained in excellent  yield.  This was readily  de-
hydrated to .

Tuterestingly, Borovicka and Protiva obtained only
the O-alkylated product when they treated 3-phenyl-1-
indanol with 2 equiv of sodium amide and 2-dimethyl-
aminoethyl chloride in benzenc.  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 ualso appear in
Table I. These aminoalkylidene-3-phenylindenes werc
obtained by the condensation of an aminoaldehyde with
3-phenylindenc using basic conditions (S8cheme T11).

1ag M. Porovieka awd M. Peptiva, Cesk. Foca., 6, 120 (1UHT5: Clea.
Ahste, B2, 1125 (1U585,

Seneme 11

(ITHR
O‘ RCHO ‘
—
“_ C.H, base (‘li}[’.
vV

X
CH,NCBO
POCI, |
CH,

.:O‘ CHO NH,R” “:O‘ R
—_——

CeH; H C¢Hs
XIX V. R=CH;NHR"

Compounds having the general structure Vowaere syn-
thesized by two methods. The tertiary amino deriva-
fives (V, I = CH.NRy) were prepared aceording to
the procedure deseribed by Hoffmaun'' iy which -
indanone was subjected to a Mannich reaction to give
2-dialkylaminomethyl-1-indanone,  Treatment af this
ketone with phenvimagnesium bromide and dehydra-
tion gave the desired indenes,  For the preparation of
the secondary amines (V, R = CH,NHR’). which were
diffiendt to obtain by the Mannich reaction. we first
prepared 3-phenyl-2-indenylearboxaldehyde (XIX) by
the formylation of 3-phenylindene with N-methyl-
formanihde and phosphorus oxychloride.  The earbox-
aldehvde was reductively aminated with the desived
primary amines (Scheme 1),

Compounds having the general structine VI were
obtained by the akylation of 2-phenyhndence (XX
(Scheme 1V). This intermediate was prepared Ty

Senkae 1V

0
CoH; 1 NaBH, ﬁ CeH, BuLi
2. 4, DMSO RCl
XX XXI
e — e
R R
XXII \

dehydration ol 2-phenyl-1-indanol which i turn was
obtained from 2-phenyl-1-indanone™ (XX) by a =c-
dium borohydride reduction.  Alkylation of 2-phenyl-
indene with 2-dimethylaminocthyl chlovide gave -
(2-dimethylaminoethyl)-2-phenyhndene [VI, R = CH.-
CH.N(CH3y),].  The nmr spectrum was consistent with
the assigned structure (a singlet for the two alicyclie
protons at 3.77 ppm, CCly solvent).  Under the alkyla-
tion conditions used., the 1.2-disubstituted indence
(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 ¥

(111 K. Hoffotann aml 13, Sehellenberg, Hele. Chim. Avta, 27, 1782
(1944},

112) N. Camplodl g 5 Claaek, . Cleen, Soce., 3834 (1156,

{13y Cune assigoutem of <trnetie V1 for ¢ie prodoet of o alliviaiou
reactionl conflicts with tlie stritcinre assigned in the patent liceratire, v.g.,

Sinith Kline anil Freueh lLaburaturies, Belgiiin Patent 621,933 119630 lu
thix pateni, structure X X11 waxs given for thie alkylation prinhue,
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The aminoalkylphenvlindaus (VII-IX) listed in
Table II were routinely prepared by catalytic hydroge-
nation of the indene derivatives. 1-(2-Dimethyl-
aminoethyl)-1-phenylindan was also prepared by direct
alkylation of l-phenylindan.

Experimental Section

Determination of Structures by Nmr Speectroscopy.—The
chemical shifts of phenylindenes and their derivatives are given
in Table I. The structure proofs for monoalkylphenylindenes
from their umr spectra are unambignons. The assignments of
striteture are in agreement with those published in the recent
note of Ganellin, et al.® If the alkyl and pheuyl groups are both
located at the 1 position of the iudene ring (striicture I11), the
olefiniic protous iu the 2,3 positions show a typical AB pair of
doublets with a coupling constanut of about 5.7 ¢ps. This value is
i good agreenlent with the coupling constants found in indene'
and in methylindenes.'s:%  The liues for the AB patterus are
observed at ~6.5-6.7 and ~6.8-7.0 ppm, correspouding to the
2 and 3 positions, respectively. The absorption peaks for the
protou in the 3 position of these compounds were neither further
=plit nor broadened by coupling with the protou in the 7 position.
The spectra of indene and methylindenes'® ¢ show this proton
to have a long-range coupling, Js.7, of about 0.7 cps.

When the iudene substitutions are 1-alkyl-3-phenyl (structure
I), two distinet resonance siguals are observed. The olefinic
proton at the 2 position gives a narrow line doublet at ~6.6
ppm with a splitting of about 2 ¢ps and the proton at the 1
position appears as a very broad multiplet at ~3.6 ppm.

When the substituents are 3-alkyl-1-phenyl (structure II),
the 2 position olefinie protou absorbs at ~6.3 ppm as a poorly
resolved doublet while the benzhydryl proton in the 1 position
ix observed as a slightly broadened band at ~4.5 ppm. The
coupling between the protons i the 1,2 positions i these com-
ponuds was 1ot resolved, apparently due to broadening by
allylic conplings.'?

Certain regularities are appareut from the spectra of the phenyl-
indenes. Whereas alkyl substitution on the alicyelic ring of
indene tends to shift the alicyclic ring proton absorptions toward
higher maguetic field” (smaller parts per million values), phenyl
subxtitution deshields these protons and causes a low-field shift
of their resonance absorptions (giving larger parts per million
valuex). Olefinic protous in the 2 position of phenylindenes
show lines in the region 6.3-6.6 ppm; olefinic protous in the 3
position absorb in the region 6.8~7.2 ppm; and protous in the
1 poxition show lines in the region 3.4-3.8 ppm, niless the indeune
molecule has the phenyl groap substituted at this positiou.
Benzyhydryl protous of this type absorb at ~4.5 ppm. This
categorized iuformation is helpful in determining the composition
of ixomer mixtures and can also be used in the identification of
dirzubstitnted phenylindenes.

The chemical shifts of monoalkyl phenylindans are given
i1 Table II. The l-alkyl-1-phenylindans (structure VIII) are
characterized by the absence of any alicyclie ring proton ab-
sorption in the region 3.5-4.5 ppm. The 1-alkyl-3-phenyl-
indan  (streture VII) spectra show a multiplet at ~4.2-4.4
ppm for the benzhydryl praton in the 3 position of the indan
molecile.

The spectrini of the plhenylindenyl anion in an ether-hexane
=olatioi, prepared from either I-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,
assigiled to the hydrogen at the C, position, had a splitting of 3.7
¢ps from conupling with the C, position hydrogen and also a smaller
donblet splitting of 0.75 eps due to long-range coupling with the
hydrogen in the 4 position. The position of the hydrogen dou-
blet from the C, position (6.88 ppm) was determined by the dou-
ble-resonaice technigue nsing a Varian V-6058 spin decoupler.

The electron density distribution was determined® from the
above values to be 1.17 at the C, position aud 1.10 at the C,
position. From the close correspondence of these values with
those fonud for the unsubstituted indenyl anion, 1.17 at the C,

(14) D. D. Elleman and 8, L. Manatt, J. Chem. Phys., 86, 2346 (1962).

t15) J. A. Elvidge and R, G. Foster, J. Chem. Soc., 590 (1963).

(16) A, R. Hawdon and I. J, Lawrenson, Chem. Ind. (London), 1680
(1963).

(17) H. Dressler and R. J, Kurland. J. Org, Chem.., 29, 175 (1964),
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and Cs position and 1.04 at the C, position,? it was estimated
that the electron denxity at the C; position in the phenylindenyl
anion was very uearly that fonnd at the C, position.

The pmr spectra were obtained with a Varian A-60 spectrom-
eter. Acenracies of the chemical shifts nieasnrements are within
+0.02 ppm, with the spectrometer calibration checked accord-
ing to the method of Tiers and Hoichkiss, 18

2-Benzoyl-a-toluic Acid.—3-Pheuylindeae (X)'¥ (20 g, 0.1
mole), was suspended in 110 ml of 659 HxS0, and a solution of
30 g of CrO; in 64 ml of water was added over 15 min,  During
the addition, the mixture was kept at 30-30° by cooling.  After
the addition, the mixtire was allowed to stand at room tenipera-
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 NaHCOy) aud after acidification
of the bicarbouate layer 16.9 g (70¢; yield) of ¢rmde produet
was isolated. Recrystallization from ethyl acetate gave pure
acid, mp 132-134° (lit.> mp 130-131°).

3-(3-Methoxyphenyl)propiophenone.—A solution of 23.8 g
(1.1 mole) of 3-methoxychaleone? in 115 il of ethyl acetate wux
redniced in (he presence of 0.2 g of P10.. One mole equivaleni of
hydrogen was absorbed afier 2 hr and the catalyst aud solvent
were removed, The solid residiie was recryvstallized from absolute
ethanol, to give 19.2 g (80¢%) of pure dihydro compound, mp 67-
68°.

Anal. Caled for CieHis02: C, 79.97;
C, 79.80; H, 6.97.

6-Methoxy-3-phenylindene.—Usiug the same procedure as
reported for 5,6-dimethoxy-3-phenylindene,?! 72 g (0.3 mole) of
3-(3-methoxyphenyl)propiophenone was ecyelized 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

H, 6.71. Fouud:

filtration and recrystallized from 700 ml of methanol. A first
crop of 51 g (76.55;), mp 64-65°, was analytically pure.
Anal. Caled for CeHisO: C, 86.45; H, 6.35. Found:

C, 86.22; H, 6.46.

2-Phenylindene (XXI).—To a solution of 2-phenylindanone
(XX)2 (30 g, 0.14 mole) in 300 ml of 2-propanol was added in
small portions 5.3 g (0.14 mole) of NaBH,, followed by cautious
addition of 150 ml of anhydrous methanol. After stirring 2.5 hr
at room temperature, the mixture was coucentrated to 150 ml
and then brought to pH 3 with dilute HCl. Water was added
and the mixture was extracted with three 100-ml portions of
ether. After drying, the combhied ether extracts were evapo-
rated and the residue was distilled yielding 25.5 g (83U¢) of 2-
phenyl-1-indanol, bp 120-130° (0.1 mm). The indauol was
dehydrated using a procedure described by Traynellis, et al.,2?
to give after crystallization from methanol 17.5 g (75%;) of pure
XXI, mp 167-168° (lit.2* mp 167.5°).

3-(2-Dimethylaminoethyl)-3-phenyl-1-indanone Hydrochloride
(XVa).—To a stirred suspeunsion of NaNIH, [from 4.6 g (0.2
g-atom) of Na in 500 ml of liquid NHj] was added dropwise a
solution of 20.8 g (0.1 mole) of 3-phenyl-1-indanone (XII1I).2:
The liquid NH; 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-dimethylaminocethyl 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. It was washed with water, then extracted with 4.5 .\
HCI (100 ml). The acidic extract was made basic aud the pre-
vipitated oil was extracted with ether. After dryiug the ethereal
=olution, 6 ¥ 2-propanolic HCl was added. The precipitated
hydrochloride salt was recrystallized from ethanol to give 14.6 g
(469;) 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 cousistent
with the assigned structure.

Anal. Caled for CyHyxNO-HCIL: C, 71.79; H, 7.69; Cl,
11.16. Fouud: C, 71.51; H, 7.80; Cl, 11.14.

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

(18) G. V., D. Tiers and D. R. Hotchkiss, J. Fhys. Chem., 66, 560 (1962).

(19) J. V. Braun, Ber., 80, 1659 (1917),

(20) P. Pfeiffer, Ann. Chem., 412, 309 (1917).

(21) J. Koo, J. Am. Chem. Soc., 75, 1891 (195H3).

(22) V. J. Traynellis, W. L. Hergenrotlier, J. R, Livingston, and J. A.
Valicentl, 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., 820, 185 (1935).
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PHENYTLINDANS
R,
R,
R R,
H—X H
R,
Isvier, Yiehl, L fuw) or
Nuv. R R 1Rz 1R s <7 Method vy mp.'* o Forantla
22 CHeCH:N(Cly e I f Goll, [ Ha I 97 172085 CuollegN - HCI
23 CH.CH.N(CHy). Cell, I Il Il 1 1,1 85,05 226-237  CllyN-HCL
24 CH;CI{zN(CHd}A H CGH:, ” 11 1tit) H .)1 '.2:; RS 6 C:zll‘{-_::g:\—‘ 11(‘-1
25 CHQCHzN(CHl): 1 11 CeH;, 5-CIH.0O 1t 11 a0 2 6.9 C:(J"I-:AN()-I'[(.‘I
26 CH,CH.N(CH,). Cell, T 1 5-CILO 100 1 0 2365238 CudlNO 1101
97 CH.CH.N(CH,)s CeH, T 1 5,6(CH;0)e 1011 It 66 37 CoHeNO.-1C
2% CH,COH.N(CH.): 1 1 Cell,  5O0H 101 I N 97 CudlyNO-TICI
2 CHLCHLN(C, ), I Il CelT, 1T 25 H St 3 CaqHxN
L0
L ClLCH.N(Colls)e Gl 11 11 11 )
S CHQCH_-NG 1 n G, w 1 G ATzast CallwN
al, 1]
I CH.CHN Cell, 11 I1 11 a
Bla ccHN ) 1 Il Cell, 11 ) 11 SN 1174 CollaN
L1
b CHQCHQNQ GHe T I 11 60
K0 CI[;(]H;CII:_\T(C“‘;); Cell, 11 1T I 1 I 14 127-130 CadlyN- 1AL
2% CH.CIHL.CH,N (Gl ;). Cell, 11 Il i 1o 1 91 F5-117 ColeN-HC
34 CH.C(CH.).CH.NHCH; H 1 Coll, I 1 11 2 7208 AN - TIC
4 CHLC{CH,).CHN(CH, ) i 11 Gell, 11 Ny 1 68 14-105  CulleN-HC
36 CHC(CH.CHoN(CoH): U H CeHs  TI 1 11 10 190191 CuHyN-THCI
7T CHOWCHLCHN, ) I I CeH, 11 100 I 452 (98190 CyHyN - HCI
38 CH——O 0 I CH, 1 T H 66 107108 CalluN-HCI
NCH;
i C”*‘G Cell, U 1 1 100 1 2 EM-136 CallyN-1CI
NGH,
H0n LH—G . 11 1 Gl 11 Bt 11 U 16U 165 CallaN
NG, a1
b (H—G Coll, I 1 H 40
NC,H,
41 CH——O 1l 1 Coll, 1 e 11 15 6-108  CulleN
N-nCH i.05)
e ] no 0 Gl 1 WO 1 Th 1162 CallaN
N+-CH: §0.05)
430 m—@ ‘ 1 1 Cll, 70 0 71 162164 CullaN
N-n-CiHy (0.05)
b LH—G Colly I I T 50
N-n-C,Hy
4  cn 1 H GeH, H 1D ; 2 200-2145  Cullil N

zé
Z=
a
x

“ Mehing points= wre of 1he hydrochloride =als.
with respect 1o internal MegSi.
Cla with *NH protou. ¢ 1l

IT i thix cianponnd.

l-one (XVa)—To a stirred suspeusion of LiAlHy (9.5 g, 0.25
niole) in tetrahydrofuran (THF) (100 ml) was added a solution
of 6.8 g (0.025 mole) of XVa in THF (100 ml.) The mixture was
stirred a1 reflax for 2 hr, then allowed to stand at roont tempera-
lire overnight.  After decomposition of the exeess LiAIHy with
wqueons THEF, the mixture wis heated at 55-60° for I hr and
filtered. The solvent wux distilled frou the filtrate and the resi-
due wias dissolved in ardiydrons ethanol and acidified with 6 .V
HCL i 2-propanol. Isppropyl ether was added to clondiness

¢ Measnired ax HI-150, solations i solvents vored.
“ Obseared by broad aliphatic proton absorption band.
7 Prepared by HBr demethylarion of 25.

Chemical <hift values in ppia
4 Doublet, 5 cp= splitting.  Coupling of
¢ Pair of doublets, splitting of 7-x,

and the prodicet was allowed 10 crystallize to give 6.2 g {78' &
of the indanol, mp 193-194° dec. The nmr spectrum was ¢ol-
sistent with the assigned stricture as an 80:20 mixture of the
two possible stereoisomers,

Anal.  Culed for CllaNO-1ICLE: €, 7174,
1116, Found: ¢, TLat; 1, 7.60; Cl, 11.14.

B. From 3-Phenylindan-1-ol (XVI).—To u stirred suspeusicu
of NuNH, [fron1 4.6 g (0.2 g-atam) of Nu in 1 1L of NT] wux
added dropwise a solutionn of 21 g (0.1 mole) of 3-phenyl-1-

1, 7.1 O,



indanol (XVI)% i 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 ¥ HCL

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

Chem.
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C. U H. % — =N, G ——Cl, Yp——m—™ ———— Nmr chetnical shifts, ppm'— ——
Caled Found Caled Found Caled Found Caled Found R.=H R.=H N-CHas Solvent
75.60 75.75 8.01 8.16 4.64 4.51 ¢ 4.38 3.06¢ CF;COOH
75.60 75.31 8.01 8.03 11.75 11.61 ¢ c 2.964 CF;COOH
75.60 75.80 8.01 8.19 4.64 4.58 11.75 11.86 3.85¢ c 2. 664 CF;COCH
72.38 72.15 7.90 7.99 4.22 3.94 10.68 10.96 ¢ 4.37 3.09¢ CF;COOH
72.38 72.08 7.90 7.97 4.22 4.06 10.68 10.65 c c 3.00¢ CF;COOH
69.69 69.52 7.79 7.83 3.87 3.92 c ¢ 3.08¢ CF;COOH
71.7Y 71.71 7.61 7.61 4.41 4.32 11.16 11.16 ¢ 4.229 5.02¢ CF;COOH
83.95 85.51 9.28 8.84 3.30 4.20¢° CCl
¢ c CCly
86.55 86.21 8.65 7.95 4.81 4.89 c 4.16 CClL
c ¢ CCly
86. 50 86.73 8.91 8.58 4.59 4.98 3.28 4.237 CCl,
¢ ¢ CCl,
4.44 4.64 11.23 11.23 ¢ ¢ 2. 884 CF;COOH
4.07 4.00 c c CHCls
76.45 76.06 8.85 8.92 4.25 4.33 c 4.17¢ 2.68" CHCl;
4.07 4.15 10.31 10.38 c 4,229 2.924 CHCl;
3.77 3.88 9.53 9.23 c 4.30¢ CF;,COOH
78.19 77.87 8.92 9.13 9.23 8.95 ¢ 4.16¢ CHCl;
76.92 76.88 7.99 7.96 10.81 10.99 c 4.229 2.86 CHCl;
3.10 4,169 2.24 CCly?
76.92 76.90 7.99 8.28 4.27 4.29 c ¢ 2.12 CCly
86.50 86.20 8.01 %.89 4.59 4.74 ¢ 4.20¢ CCly
c ¢ CClL
86.47 86.82 9.15 Y.05 c 4.179 CCly
86.47 86.67 9.15 9.04 c 4,087 CCl
86.43 86.58 9.37 8.99 4.20 3.98 ¢ 4.210 CCly
¢ ¢ CCly
60.97 61.04 6.51 6.72 3.23 3.11 c 4.370 3.25 CF,COOH
3.35
10-11 ecps.  * Triplet, 8-cps splitting.  Coupling of CH; with *NII, protous.  Nuur observations of the free base of the hydrochloride
salt. 7 Prepared by quaternization of 38. * Methiodide salt.

The acidic extract was made basic aud the precipitated oil was
extracted with ether. After drying, the ethereal solution was
concentrated to an oil which was dissolved i ethanol, acidified
with 6 N HCI in 2-propanol, and allowed to crystallize. A
white crystalline solid was obtained; vield 20.0 g (71¢;.), mp 204—
205° dec. The nmr speetrum was cousistent with the assigned
structure as an 85: 15 mixture of the two stereoisomers.

Anal. Caled for C HuyNO-HCL: C, 71.79; H, 7.61;
11.16. Found: C, 71.86; H, 7.81; Cl, 11.00,

Cl,
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A nuxtare melting point of 17-109° dee was obtained when
a1 sinple wis combined with material front method AL

3-Phenylindene-2-carboxaldehyde (XIX)—-A mixture of PHCL
(18.2 ml, 0.2 mole) und N-methylformanilide (27.2 g, 1.2 mole)
wix allowed o stand for 115 he. Keepiug the tewmperntare
<% with e tee hath, 584 g 0.2 molet of S-phenlindene wis
added dropwise.  After stirring for an additiviel 2 hie, the mix-
uire was allowed to staud overndgliu. The resulting 1ar was de-
eomposed with iee aud the orgade frietion wis extrcered with an
ether-benzene mixtare.  Afrer washing with dilnte 11CH a0
witer, the =olntivie was dried (MgsSO, cand filrered il ihe sol-
venl was reltoved,  The residiad yellow solid was reery=tallized
from Skelly B yield 27 g (64773, myp U7-08°.

Anad, Caled for Cullu): () N7.24:
SIS0 H, 5.638.

The infrared specirviinn was enbsistern tor an e,g-unsiatoraied
carbonyl wnd the rwanr specirm showed the presence of the 1w
uncoupled methylene protons.

(2-Dimethylaminoethyl)phenylindenes from Alkylation of 3-
Phenylindene. Method A.—A suspensivn of 19.5 ¢ (0.5 wwle:
of NaNI and 96 g (0.5 nle) of S-phenylindene in dry henzene
wis refluxed for T hr. To thiz mixtare was added over T hr ot
reflux o =clution af dimethylaminoerthyl chloride [from V1S g
1.5 mole) of dimethylaminoethyt chloride hydrochloride} i
dry benzene (100 mly Heating was eotninued for an additional
2 hro After eooling, the reactivn mixture was ponred indo au
excess of dilute 1TCL mud the layers were =epurated. The aeuld
layver was made basie and the resnlting oil which =eparated wax
extravted with ether.  Conecentrmion of the ethereal exteiuc
wud fracrionation of the residie gave three prineipal fracetions.
[rcciion 1, bp 1501572 (0.3 1), v2en 13865 (21.8 g 4, contained
primarily 1-r2-dimethyluainoerhyl - I-phenylindene (ITIa} which
wits ixolated and characierized ax s hydrochloride salt
20220500 Fractiowe 2, bp 166--105% 413 i, oy LGI0H
(127 g, was clseterized by i< e speetring as a3 Dindxtere
of - I-(2-dimethyliniioverhyl -3-phenvhudene iy and
dimethylaminwethyD-I-phenvlindeae (ITan Lawis isolined from
thix fractione as rhe hydrochloride Gup 170-172°¢ Fraction 3,
bp 16%-174° (0.2 1), #%0 1.Y535 (26.3 ¢, condtained a mixtuare
of bisalkylared produes,

Method B.—To 3-phenyvlindene (X, 6.5 g, 114 mole) 1 -
Iiverons ether (150 1) nnder Ny was added 1.4 nmwle of butyl-
lithiam i hexsoe. A temperatare of 20-310° wax naintained by
exterial cooling during the addition.  Afrer refluxiug for 1.5 he
the solmion was dilmed with ether 12000 11y and added 10 a0
etheren] =olutione (1ol mle of  2-dimethyliminoerhiyl chloride
Hrom 715 g (L5 molej of the hvdrochloride[.  The mixiare was
refluxed for 2 hr, then covled and extracted with 6 N TICYH (200
mll The aeid exiraer war made basie and the precipitaied oil
wis Ixolited ns in the preceding experiment.  Two main fraciions
were obiained correspanding to fractions T oand 2 of method A
(raetinie 1, 56.7 g, aad fraction 2, 25.6 gi.

1-(2-Dimethylaminoethyl)-1-phenylindene Hydrochloride
(Illa). Method C.--Sodinnt amide was prepared foun 86.4 g
(3,75 gemoms) of Nuowith Hquid NI 013 Lh To the stirred
saspeusivn was added 310 g (15 nndess of S-phenyl-1-indanol
INVD) ncanhydrons ether 3 1) To the resulting red saxpension
wis added o <olation of 241 g 2,25 moles; of 2-dimethylamiue-
cilivl eliloride fica mixtare of xylene (250 mlcand eiher (1.5 1)
The brown suspeasiote was stirred anail the anwunouia had evapo-
cited. The ertheren]l =uxpension wis wished with T 1L of water
aned ther extracted with 4.5 0 HCL @ L The acid extraet was
hested at UU° for 2.5 v and made basie nud the oil which sepa-
rated was extracted witl aciher. Afier deving and concentrating
the ethereal =oluiivi, the oil was dissolved fic 2-propanol and
avidified witle 2-prop:umlie HCL The previpitare (411 g, 41075
mp 200-202°, was recrystallized fram 2-propainl 10 give analyti-
cally: pure TIE- TTCL mp 202-200°0 0 A mixiare melting point
dererminmina withorhe hydeoehloride frond feactivie Tof method
A giove o depressiou.
1-(2-Dimethylaminoethyl;-1-phenylindene N-Oxide Hydro-
chloride. Method D.— A 1mixiure of Y.8 g (11037 mole) of IIT:
atad 12 mib of 3000 110, e 40 ml of methanol was allowed (o
st T week a1 rooan remiperatinre. After dilmion with H0 ml
of water aiad concentrating /n farvo (0 near dryness, the residie
wirs extraeted with Sl of atliee 1o remove auy =trtiug free
Diesey, anad the ethee-tisolable tasnerind wis dissolved e acetoue.
After the addition of dey HCL ether was added 1o the vload
poine.  The precipitated ervstals were filtered 10 give S84 ¢
(71 rof the hydmehloride salt, mp ISU-181°, Recrystallizudion

F'ouad.
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from 2-propangl wive pare material, mp 184--181° The infrarald
and e spectra were consistern with the assigned sernetare.

1-(2-Methylaminoethyl)-1-phenylindene Hydrochloride.
Method E—Tu a stirred solution of 16 g (0.15 mole) of e«thyl
chloroformate at 40° incdry benzene (15 ml) wus added ax rupidly
as possible (1o prowmote w rapid elimination of CHLCH 132 g
10,05 uwle r of 1-2-dhethylaminoethyl)-1-phenylindene (I,
After the initial reaction, the mixture was allowed to reflux for
2 hir, cooled, and washed with water (25 ml) add dilute T1CT
{25 ml).  The vemral benzene solution wis concentrated und the
rexidiie of N-carbethoxy-1-(2-methylaminoethyl)-1-phenylindene
(11.5 g) was hvdrolyzed Dy heating at reflux Tor 6 hr fnca solarion
of 05¢ ethunol (100 ml) and KOH (45 gy, The ethanolie solu-
Aot wis dilined with wuter (100 mb) and the edimnol was partiadly
removed under viacuun.  The residine was extracted with ether
and dried (MgsO After removal of 1he drving ageut, dry
1HCT was adided.  The precipitated hydiochloride salt was re-
vrvsiallized frowe acetone. The yield of aalytically pure nite-
clal was 6.1 g 160 ), mp 176-178°,

Reductive Amination of 3-Phenylindene-2-carboxaldehyde
(XIX). Method F.—-In 200 ml of Y55 ethanol, 11 g (1.05 mole)
uf iephenylindene-2-caaboxaldehyde and (L5 mole of primary
amine were mixed soud hydrogenated one o Parr hydrogenaoe
it the presence of ianey Ni eataly=t.  Afier the theorerical up-
take of hivdeogen (10115 mole), the redactivi was stopped, the
eutalyst wis renwved, aud the solvent wius evaporated. Tl
residue wis dissolved iucether and gaseons HCl was ndded. T
uil which precipitaied wax eryvstallized from -propanol sevierd
times aail oalytically pure hydrochlorides of  2-alkylumine-
methyl-s-phenylindenes were obrained.

1-(3-Diethylamino-2,2-dimethylpropylidene )-3-phenylindene
Hydrochloride IV (12)]. Method G.-—-A solution of 15.7 g
0.1 mole) of s-tdiethylamino)-2,2-dimethylpropionaldehyde,
19.2 g (1.1 moles of 3-phenylindene, aud 0.1 g of Na in 100 ml of
absolite ethanol was heated at reflux for 3 hr.  On covling, the
<olurion was poured o water and the oils were extracted with
ether. Afier drving the eilier extract (MgS04) und filtering,
anhydioas HCT was ndded.  The hydrochloride salt which pre-
cipitared was reerystallized from ethyl acetate; yield 5.5 g
(15%), mp 17U-180° dec.
Dialkylaminoalkyl Phenylindans (VII-IX). By Hydrogena-
tion of the Corresponding Indenes. Method H.—In a Puar
Liydrogenator 4.0 g of 1067 Pd-C in 30 ml of 955 ethanol was
<ubjected to o hydrogen ainwsphere for several minntes, A
~olitione of 1137 mole of the dialkylamino:udkylphenylindene i
16U 1ed of 93¢ ethanol was added ind the mixture was subjecied
1 hydrogen ar 4.2 kg/em® until the theoretienl amonur of 1.

o
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TasLe IV
SuMMARY OoF BroroGicaL Dara
Compd 2 Imipramine Amitriptyline

Reserpine-induced ptosis
Prevention, mg/kg oral 1.03 5.00 5.50
Reversal Inactive Inactive Inactive

Antisinistro torsion Inactive Inactive Weakly active

Antiparkinson activity
EDj, mg/kg oral Inactive 104 29.5

Antispasmodic activity vs.
acetylcholine as 9} atropine 0.1 0.32 0.22

ALDs, mg/kg (mouse) 41 107 80

Inhib of kynuramine
oxidation én vitro AICs, M 6.2 X 103 .. Noue at 5§ X 10~

Tryptamine potentiation in vivo None at 25 mg/kg ip 169 at 100 mg/kg po None at 100 mg/kg po

d5-Hydroxytryptophan None at 10 mg/kg None at 10 mg/kg e
potentiation 6 doses on 3 days 6 doses on 3 days

TaBLE V was taken up (2—4 hr). After removal of the catalyst and solvent,
ANTISPASMODIC ACTIVITY the resulting indan was purified either by distillation or by isola-
——_Isolated rabbit lleum——— tion of the appropriate salts. Yields of 20-959% were obtained,
Neurotropic Musculotropie From Alkylation of 1-Phenylindan. Method I.To NaNH,
action action Isolated rat uterus freshly prepared from 4.6 g (0.2 g-atom) of Na in 500 ml of
antagonism of antagonism of antagonism of liquid NH; was added with stirring a solution of 19.4 g (0.1
acetylcholine BaCl: serotonin mole) of 1-phenylindan in ether (200 ml). To the resulting red
Cotnpd ECx. pg/ml ECr. pg/ml ICs, pg/ml suspension was added a solution of 0.2 mole of the appropriate
1-HCI Ce. e 0.067 dialkylaminoalkyl halide in 20 ml of xylene and 60 ml of ether.
2.HC! >10 >10 0.21 Stirring was continued until the liquid ammonia had evaporated.

4 10 4.0 . Work-up of the reaction in the usual manner gave the 1-dialkyl-

5 0.00002 aminoalkyl-1-phenylindan (VIII) in quantitative yield.

6 . e 1.00

7a-c 4.5 >10 . Pharmacology

8a-c 1.0 3.9 ... | -

9.HCI >10 ~10 o The ability of a drug to prevent but not to reverse the

10.HCI 1.6 1.0 ptosis induced by reserpine was used as an indication

lla-c¢ 1.0 1.5 o of antidepressant activity. In this assay the test
12.HCI >10 5.0 compound is administered orally 1 hr before the ad-
14.HCI 4.5 >10 - ministration of reserpine (2.0 mg/kg iv). One hour
16-HCI >10 >10 1.8 following the reserpine administration the mice are
18a-c 1.0 1.0 0.58 placed on a platform away from light and the extent

.19*‘_0 0.7 2.2 0.18 of closure of the palpebral fissure is estimated. Ptosis

g(l)a—c 2); 2>(1)0 8;3 is only significant if the opening is less tha.,n 509, of

23.HCI i 40 0.36 norma.,l.‘ C_ompounds fognd to possess a high degrge
24.HCI 4.0 o 1.4 of activity in the prevention of reserpine-induced ptosis

25 HCI >10 1.7 1.2 were further tested to determine their ability to reverse

26. HC1 >10 1.5 the effects of reserpine. In this part of the test

27 .HCl >10 7.0 0.95 reserpine (2.0 mg/kg iv) is administered first and 1 hr

28.HCI 9.6 2.5 0.38 later the test compound is given orally. The amount of

29a—c 1.0 2.0 ptosis is determined as previously deseribed. The use
30a, b 1.8 2.0 of this test serves to distinguish imipramine-type anti-

g; (1)2 gg 018 depressants and MAO inhibitors from adrenergic a-

.. ' : ‘ receptor stimulants which both prevent and reverse

33 1.7 1.3 0.21 . . . N . L.

34 6.8 510 reser'pn.le-md.uced ptosis. The dlfferentlatlon. be:t\yeen

35 >8 3.3 o the imipramine-type compound and MAO inhibitors

36 6.8 10 o was determined by ¢n vitro and ¢n vivo enzyme inhibition

37 >10 >10 . studies.

38 free base 0.7 2.5 The antispasmodic effects were determined using
+HC1 0.34 1.6 standard ¢n wvitro procedures. The musculotropic ac-
mucate 6.0 5.0 tivity was indicated by the ability of a drug to inhibit

39 free base 0.1 3.0 BaCly-induced spasms on rabbit ileum. The neuro-
-HC1 O.? 4.0 tropic activity was measured by the ability of a drug to
milcate 0.3 5.8 N . N Lo

408, b 0.5 85 mhlplt acetylchoh.ng-mduced spasms on ra‘bblt ileum.

41 31 98 0.16 Antiserotonin activity was determined using the rat

42 1.0 8.0 0.14 uterus procedure of Gaddum, et al.?®

43a,b 0.26 4.0 0.96 Listed in Table III are the results from the reserpine

44 5 8 ptosis tests. A number of the indenes were active in

Papaverine 2.9 5.6 0.0016

I\Iethyl- e cee 0.0025 (26) J. H. Gaddum, K. A, Hameed, D. E. Hatliway, and F. F. Stephens,

sergide Quart. J. Exptl. Physiol., 40, 49 (1955).
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this test; [-[2-(imethylaminojethyl]-1-phenylindenc
hydrochloride (2) was the mast active.®™  Relatively
minor structural changes reduced the activity mark-
edly. The carresponding indan (23) was anly one-
tenth as active as 2. Mareover, 1-{2-(dimethylamina)-
cthyl]-3-phenylindene (1) wias even less active and
3-[2-(dimethylamino)ethyl -2-phenyiindene (4) wis in-
active.  Extension of the side chain by one CH,y (10)
also lawered the activity cansiderably, o surprising re-
sult since the dimethylaminapropyl graup ix the side
chain of both imipramine and amitriptyline.  Changes
in the amine porticn of the molecule revealed an inverse
refationship between the bulk of the amine group and
the activity of the compoundx. The demethy! deriva-
tive {6) and the N-cxide (5) bath had activities on the
sume order as 2, while the diethylaminaethyl deriva-
tive (7) was only weakly active and the morphaline-
ethyl analag (9) was inactive.

A comparigson of some of the pharmacalogical activi-
ties of 2 and the clinically active campounds, hmipra-
mine and amitriptyline, ix summarized in Table TV,
1-(2-Dimethylaminoethyl)-1-phenylindene  hydrachlo-
ride (2) has a greater milligram poteney in the reserpine
test.  Of speeial interest is the lack of central anti-
cholinergic effects of 2 ax shawn in the antisinistro tor-
stion*® and antiparkinsoni=m®®  tests,  Campound 2
does show considerable MAO inhibition n e2tea, using
as the eriteria the change of the rate of kynuramine axi-

20y A, Kawlel and 1. M. Lisb, Mread Johvsow awd Cu, British 'alvud
1,041,984 (1966].

28) M. C. Delonge & N. B. 11 Fuucke, Adreh, Intecn. I'hdarmuvody .,
187, 37H (19627,

129y G. M. liveretq, L. 1.
TH1U56).

Bloekus, aml 1. M. Sheppenl, Scie,ce, 124,

Vol 10

dation i liver homogenates, i the presence al the est
computnd, By the mare indicative i wdro tests, using
both tryptamine and S-hydraxytryptophan potentin-
tion ax o measure af MAOT activity, 2 did nat behave as
an MAO nhibitar, Thus, the /i ritro NIAOT activity
appears to be an artifact due to hiver cell disruptican,
although same MAO inhibiticn /7 9eo s not com-
pletely ruted ont. This ccombination of greater milhi-
pram poteney and ek of anticholinergie offects of 2
may result in significant reduction of the undesirable
atropine-like side effeets encountered elinieally with the
standard agents,

Tuable V xummarizes the results obtained in the anti-
spasmodic and antiserotonin tests. The indans were
the most patent compaunds in this arca.  3-(1-Methyl-
S-pyrrohidinylmethyh-1-phenyvlindan hydrochloride (38)
was the mast active of this series, having approxi-
mately twice the pateney of the reference ngent jug-
averine ws a nsculatropie agent with anly 0.3-1.07/
of the neurotrapic effects of atrapine =ulfate.  Its
isomer, 1-(I-methyl-3-pyrralidenylmethyb-1-phenyvhn-
dan hydrochloride (39)., wus cqually active ax a mus-
enlatropie agent; however, 39 had neurttropic effects
which were ten thmes greater than its isamer (38).
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The synthesix of eleven xubstituted anilinopyridinecarboxylic acids, of which severc were novel, ix deseribed anud
their antiinflammatory activity ix compared with that of mefenamic acid and finfenamic acid. Comparable ac-
tivits was found with 2-(2,3-dimethylanilino)-, 2-(m-trifinoromethylanilino -, and 4-(m-trifinoromethylanilino )-
nicotinic acid.  The novel 8,9-dimethylpyrido[2,3-b]quinol-3-one was also syvuthesized and found to be inactive.

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

This study was initiated to determine if the anti-
inflammatory activity of mefenamic acid?® (la) and

(1) Société Anonyme Laboratvires U.I’.8.A., Belgian Patent 657,266
(April 16, 1665).

(2) ¢a) C. V. Winder, J. Wax, L. feoui, R. AL Selierrer, B M. Joues, aml
1. W 8how, J. NMiormacol., 188, 405 €1462):  (h] €.V, Winmler, J. Wax, 3.
Serravn. 1. ML Joenes, aml M. L. MuePhee, drtheitts Rhetonnt., 6, #G 11463,

NHAr _~_ NHAr
Q¢
COOH ~~"C00H
1 2

a, Ar = 2,3-((7”;1];‘(1611:;
b. :\l' = :j;—F:lCCe”.;

flufenamic acid? (1b) 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 2.3-dimethylanilino and #»e-trifluora-
methylanilina devivatives.



