


and phenothiazines. We consider derivatives of the 
phenylindenes and phenyliridans 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, 11, and I11 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 J ,  11, and 111, as well as considerable quantities 
of two bisalkylated pheny1indenes.j 

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

Although the modified alkylation procedure elimi- 
nated the bisalliylated products, the mixtures of mono- 
alkylated products persisted. On this basis, a study 
was made of the origin of the three monoalkylated 
 derivative^.^ 

The purity of the 3-phenyliriderie (X) precursor wa5 
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- 
cr-toluic acid.; The nmr spectrum of 3-phenylindene 
was consistent with the assigned structure and demon- 
strated the existence of only one component. I n  addi- 
tion, the isomeric l-phenylindene6 (XII)  was prepared 
arid was shown to have physical properties and in- 
frared arid nmr spectra which were distinctly different 
from 3-phenylindene. The instability of l-phenyl- 
indene was demonstrated by its rapid and irreversible 
conversion to 3-phenylindene in the presence of cata- 
lytic amounts of t r ie thyl~mine .~  

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 hutyllithiuni 
(Scheme I). These spectra were identical. The elec- 
(:O Tliese 1,isalkylated plienylindenes presumallly arise from the alkyla- 

Subye- tion of the anion derived from the monoalkylated isomers I and 11. 
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iliient t o  o i i r  ,liscIosure,'" tile isolation and characterization of these mono- 
alkylated and Ihalkylated isomers were reported hy C. R.  Ganellin, J. AI. 
Loynes, and .\I. F .  .Inhell, Chem.  I n t i .  (London), 1256 (1965). 
(1) I n  contrast to  this work, 0. 13Inm-Rerr.mann, Ann. Chem.,  484, 26 

(1930); 492, 277 (19321, reported that  only one monosubstituted isomer 
was obtained when :J-plienylindenyllithiiim %-as carbonated with dimethyl 
carbonate. Methyl 3-phenylindenylcarhoxylate. obtained in 5470 yield. 
was isolated a s  the only prodnct .  

( 5 )  C. I:. l < n ~ I s c I ~  and R .  V .  \YIiit?, .I. A m .  Chrm. S o r . ,  66, 1 W l  ClWX). 
(6) I<. I:ntt, l 'c tr i ihuriron L e t t e r s ,  4509 ( I !M5j ,  
( 7 )  (a)  :\. 1 1 .  TYeidlet.. . lc t fL Chem. Srund., 17, 2724 (1963). ( 1 1 )  

.\. I30scli and R. K.  Brown, C o n .  J. Chem., 42, 1718 (1961), reported a 
similar base-catalyzed complete and irreversible conversion of l-metliyl- 
indene to hnethyl indene.  
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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 011 the C1 and C,% carbon atoms, and 
the elertron densities on these t\w positions were e-ti- 
mated to be equal. Therefore, the anion XI would be 
expected to be alkylated a t  both the C1 and Co positiorii, 
in accord with the experimental results. 

Although isomer types I and I11 should be the only 
products formed by the alkylation of the pheriylirideiiyl 
anion, the presence in the reaction mixture of a third 
isomer type (11) was demonstrated by iinir studies. 
Isomer type I1 m s  shown to arise from the free base 
of I by tautomeric equilibration. S o  prototropic. 
rearrangemerit 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 1-isopropyl-3-niethylindene arid 3-isopropyl-l- 
methyliriderie in the presence of an organic base ha\ 
been reported by Keidler.7a 

Our interest in l-i2-diniethylaniinocthyl)-l-phenyl- 
indene (IIIa) prompted us to investigate a more selev- 
tive synthesis for the 1.1-disubstituted indenes One 
approach employed the alkylation of the dianion of 
3-phenyl-1-indarione with dimethylaminoethyl chlo- 
ride. Kockett and Hauserg have shown that in liquid 
ammonia, benzyl bromide alkylates the dianion of 3- 
phenyl-1-indanone (XIV) a t  C-3. By this procedure 
we obtained a moderate yield of 3-(3-dimethylamirio- 
ethyl)-3-phenyl-l-indanone (XVa) when the dianiori 
was alkylated n i th  2-dimethylaminoethyl chloride 
(Scheme 11). Because the steric bulk of the two sub- 
stituents on C-3 presumably prevented catalytic hy- 
drogenation of the ketone, a lithium aluminum hydride 
reduction was required to prepare the amino alcohol 
XVJIIa. Mild atxidic dehydratiori of the amino al- 
cohol readily afforded 1-(2-dimethylaminoethyl)-l- 
phenylindene (IIIn). Although this synthesis of I I I a  
was iuirquivoid. tlie rnthcr low yiclds in  thc a1l;ylation 
step arid the required LiA41H, reduction prompted LIS to 

(8) T kliiiefer and \\-. G Sclineider, i b id  41, 966 (lYb3) 
(9) 13 \I. Rockett and r. R Hauser, J 0 , y  Chetn., 29, 1391 (1864). 
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X a y  1967 1'HEXYLIXDEXES A S D  1'HESYLISDANS 

Salt" 

HCI 

RCI 

HCI 

l lC l  
HCl 

HCI 

HCI 

HC1 

HC1 

HCl 

HC1 
HCI 

H I ,  (mm) 
or mp, OC 

170-1i2 

202-203 

198-199.5 

63-65 

180-190 
1 i6-178 

156-162 ( 0 . 3 )  

150-15s (0.04) 

150-152 

191.5-193 

168-176 (0.7) 

179-180 dec 

272-273 dec 

234-236 

185-186 
191-192 

Nuca te  159-160.5 

Formula 

CisH?iN. HC1 

CigHzaClK HCl 

CisHziN 

CioHziNO.HC1 
CisHisN . HCl 

CziHzsN 

C??H?6N 

184 (0.15) C?rli?sN 

160-163 (0.1) 

158-160 (0 .08)  

li2-li8 ( 0 . 3 )  

--C3 %--- --H, %-- 7 - N .  %--- ----- Nmr clieinioal shifts ppmb- 
Calcd Found Calcd Found Calcd Found R1.z = H Ra = H Rr = H Pi-CHs 

76.10 76.40 7.40 7.68 4.67 4.78 3.86 6.54 2 .  93c 
3.48 6.45 2.65 

3.62 6.59 2.18 
6.54 6.87 2.65 

6.57 6.79 2.05 
6.51 6.90 2.75 

68.26 68.30 6.33 6.33 21.21e 21.33e 6.50 7.00 2.90c 
6.57 6.85 2 . 0 8  

86.65 86.84 8.04 8.21 5.32 5.08 3.77 2.32 

76.10 76.23 7.40 7.28 4.67 4.72 6.63 7.06 2.83c 

72.25 72.09 7.02 6.95 11.23e 11.lge 6.45 6.8i 3.37 
75.64 75.87 7.04 7.14 12.41e 12.2ie 6.40 6,i5 2 . 4 2  

3.58 6.66 
4.81 4.86 4.50 6.37 

3.63 6.62 
6.61 8.84 

87.14 87.24 8.24 8.25 4.62 4.90 4.52 6.31 

6.58 6.79 

4.10 4.12 6.64 7.06 
6.51 6.78 2.55 

76.53 76.54 7.71 7.81 4.46 4.27 6.70 7.06 2.40c  
6.59 6.86 2.05 

3.49 6.65 
4.59 4.62 4.55 6.31 

3.81 3.97 6.68 

79.36 79.60 5.08 4.76 4.41 4.60 6.71 

6.60 6.83 

79.64 79.92 6.10 5.98 10.22e 10.20e 3.78 
79.65 79.74 6.68 6.81 9.80e 9.84' 3.65 

73 07 72.82 7.15 7.05 3.55 3.53 G.53 6.79 2.05 
2.121 

3.48 6.61 

4.62 4.61 4.52 6.28 

6.59 6.82 

3.48 6.60 

87.02 86.86 8.57 8.34 4.41 4.84 4.51 6.28 

6.56 6.80 

87.57 87.75 7.99 7.67 4.44 4.77 6.57 6.83 

3.48 G.58 

86.96 86.92 8 . 8 2  8.39 4.23 4.59 4.48 6.26 

Solvent 
DIO 
CFaCOOH 
CChd 
Dz0 
CFsCOOH 
CClrd 
D 2 0  

CFaCOOH 
CCbd 
CClr 

CE'aCOOH 
CDC18 
CClr 
CClr 
CCh 
CCl4 

Cclr  

c c h  

6.56 6.80 

3.29 6.42 6.78 
4.48 6.49 6.81 
3.80 7.22 

CgHa 
93.71 93.60 6.29 6.10 37-38 CisHiz 

169-171 CiaHi? 
118-125 (0.4) CISHI? 3.40 6.16 CClr 

+?J-H proton. 
pound observed in a 1 : 2 ratio mixture. 

S m r  observation of the free base of the salt. 
u Eastman Chemical Co. 

e A4nalysis for chloride. f Two 1,l-substituted isomers of this coni- 

CFsCOOH 
D:O 
CFaCOOH 
CClrd 
CClr 
CClr 
CClr 
CFsCOOH 

CFaCOOH 

CFaCOOH 

CFaCOOH 
CFsCOOH 

CClrd 

CCIr 

CCI4 

CCI4 

CClr 

CC14 

cc14 

cc 14 

C C l l  

CClr 

CClr 

CClr 
CC14 
CCI4 
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The  aminoalkylpheny~i l~da~~~ (VII-IX) listed in 
Tahle I1 were routinely prepared by catalytic. hydroge- 
nation of the indene derivatives. l-(Z-Dimethyl- 
wminoethy1)-1-phenyliridan was also prepared by direct 
alkylation of 1-pheriylindan. 

Experimental Section 

Determination of Structures by Nmr Spectroscopy.-The 
chemical shifts of phenylindenes and their derivatives are given 
iii Table I. The structure proofs for morioalkylphenylindeiies 
from their iinir spectra are iinambigIioi1s. The assignments of 
striictrire are iti agreement with those published in  the recent 
itote of Ganellin, et  a1.8 If the alkyl atid pheiiyl groups are both 
located at the 1 position of the i~idene ring (striictiire HI), the 
olefinic prototrs i i r  the 2,3 positions show a typical AB pair of 
doriblet;. with a coiipliiig c-onstant of abolit 5.7 cps. This valiie is 
i i i  good agreenieiit with the coiiplitig c ~ i n s t a n t s  foru~d i t t  itidene" 
arid i i i  meth~Iiiideiie~.'5.'" The lilies for the h B  pattertir; arc 
obvsrved at  -6.W5.T atid -6,s-7.0 ppm, correspoiiditig to the 
2 atid :3 positioiis, respectively. The absorpt io~~ peaks for the 
prototi i i i  the 3 positioii of these compoiuids were neither firrther 
split tior hroadetied by coupling with the prototi in the 7 position. 
The spectra of indene and methyliiideneulj!'6 show this protori 
to have a long-range coupling, J 3 . 7 ,  of aborit 0.7 cps. 

\Then the indene substitutions are I-alkyl-%phenyl (structure 
I) ,  two distinct resonance signals are observed. The olefinic 
proton at the 2 position gives a narrow line doublet a t  -6.6 
ppm with a splitting of about 2 cps and the proton a t  the 1 
position appears as a very broad mriltiplet a t  -3.6 ppm. 

When the substitiients are 3-alkyl-I-phenyl (structure II), 
the '2 position olefiiiic proton absotbs a t  -6.3 ppm as a poorly 
resolved doublet while the benzhydryl proton in the 1 position 
i h  observed as a slightly broadened hand at -4.5 ppm. The 
c~iuplirig between the pr(~toiis in the 1,2 positions in these com- 
piiiitids was not, resolved, apparently due to broadening by 
allylic coiiplings. l i  

Certain regularities are appareiit from the spectra of the pheiiyl- 
itideiies. FThereas alkyl substitutioii 011 the alicyclic ring of 
indeiie teiids to  shift the alicyclic ring protoii absorptions toward 
higher magiretic field'; (amaller parts per million values), phenyl 
siibstitiitiori deshields these protons and causes a low-field shift 
of their resotiaiice absorptions (giving larger parts per million 
valiiea). Olefinic protons iii the 2 position of phenylindenes 
show lities in the region 6.3-6.6 ppm; olefi~iic protons in the 3 
positioii absorb i i i  the regioii 6.8-7.2 ppm; and protons i i i  the 
1 piisitioii show lilies i t ]  the region 3.4-3.8 ppm, imless the itidetie 
molec,rile has the phenyl grorip siihrtitiited at this positioii. 
Hetizyhydryl protons of this type absorb at -4.5 ppm. This 
caategorized iiiforniation is helpful in determiiiitig the composition 
of  ihomer mixtures aiid can also be used iri the identification of 
disiihstitiited pheriyliridenes. 

The chemical shifts of moiioalkyl phenyliridans are giveti 
iti Tahle 11. The 1-alkyl-1-pheriylilidans (structure \ X I )  are 
characterized by the absence of any alicyclic ring proton ab- 
horpti~ii in the region 3.5-4.5 ppm. The 1-alkyl-3-phenyl- 
iiidaii (striictiire YII )  spectra show a multiplet at -4.2-4.4 
ppm for the beiizhydryl protoii in  the 3 positioii of the iridan 
molec~rile. 

The specti~ini of the pheiiyliride~iyl : I i t i o t i  iii R I I  ether-hexatie 
h o l i i t  ioii, prepared from either 1-phet~yliiideiie or 3-pheiiyliiidene, 
coiisisted of a oiie-protoii doublet a t  6.01 ppm and a teii-protoii 
complex multiplet from 6.6 to 8 ppm, The doublet at 6.01 ppm, 
assigned to the hydrogen at the C1 position, had a splitting of 3.7 
cpa from coupling with the CY position hydrogen and also a smaller 
doublet splitting of 0.75 cps diie to long-range coupling with the 
hydrogen i i i  the 4 position. The positioii of the hydrogen doli- 
hlet finm the CY position 16.88 ppm) was determined by the doli- 
t)le-resoiiaiice technique using a \*aria11 1-6058 spin decoiipler. 

The electroii density distribution was determined8 from the 
above valiiea to be 1.li at the C1 position and 1.10 at the CP 
position. From the close correspondence of these values with 
those fouiid for the unsiibstituted inderiyl anioii, 1.17 at  the C1 

(14) D. I). Elleman and S. L. X a n a t t ,  J .  C h e m .  Phgs., 36, 2346 (1962). 
(15) ,J. .I. Elvidge and R.  G. Foster, J .  C h e m .  SOC., 590 (1963). 
(16) A. R. Halrdon and I. J. Laarenson, C k e m .  Ind .  (London), 1690 

(1963). 
( l i )  H. Dressier and R.  J. Kurland, J .  O r g .  Chem.,  29, 175 (1964). 

and C3 p o h i t i ( r i i  aiid l.O!J at the C,? positioiij8 i t  \viis e*tiriiatetl 
that the electron deiisity at the Cs positioii i i i  the pheiiylitideiiyl 
aiiioii was very iiearly that fo~uid at the C, positioii. 

The pmr spectra were obtained with a \-ariaii A-60 specti~rtii- 
eter. Acniracies of the chemical shifts measiiremeiits are withiii 
f 0 . W  ppm, with the spectrometer calibratioii checked accord- 
iiig t o  the method of Tiers aiid Hotchkiss.I8 

2-Benzoyl-~~-toluic Acid.-3-Phe11ylit1delre i>i)l9 (20 g, 0.1 
mole), was suspended in 110 ml of 65r; H ~ W I  atid a ~oliitioii of 
30 g of Cr03 in 64 ml of water was added over 15 niiri. I>iiriiig 
the addition, the mixtiire was kept at 30-50' by cooling. After 
the addition, the mixture was alhved to stand at  room tenipera- 
ture for 2 hr, then, after diliitioti with 500 ml of water, it was 
extracted with foiir 100-ml portioiis of ether. The ethereal 
extracts were washed (satiirated NaHCO:j) aiid after acidifiratioii 
of the bicarbonate layer 16.9 g (70'; yield) of crude prodiicl 
was isolated. Recrystallization from ethyl acetate gave piire 
acid, mp 132-134' (1it.j mp 130-13lo). 
3-(3-Methoxyphenyl)propiophenone.-A solutioii of 23.S g 

10.1 mole) of :~-n~etho~~chalcoiiezO i i i  115 nil of ethyl acetate \v:i< 
reduced i i i  the pi'eseiice of 0.2 g of 1 ' 1 0 5 .  Oiie niole eqriiv:ileiit o f  
hydrogel] was abhorbed after 2 hr aiid the mtalyst aiid solveirt 
were removed. The solid tallized from ahsciliitc 
et hanol, to give 19.2 g (S(  ) of piire dihydro coinpoitiid, mp 67- 
68". 

Anal. Calcd for C16H1602: C, 79.97: H, 6.71. Fuiiiid: 
C, 79.80; H, 6.97. 
6-Methoxy-3-phenylindene.--Using the same procedure as 

reported for 5,6-dimethoxy-3-phe1iylindene,~~ 72 g 10.3 mole) of 
3-(3-methoxypheiiyl)propiopheno1ie was cyclized in 550 g of 
polyphosphoric acid a t  90" for 0.5 hr. After decompositioii 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 (76.5C;,), mp 64-65', was analytically piire. 

Anal. Calcd for C16Hi40: C, 86.45; H, 6.35. Fuiiiid: 
C, 86.22; H, 6.46. 

2-Phenylindene (XXI).-To a 6olution of 2-pheiiyliiidaiioi~e 
1XX)lZ (30 g, 0.14 mole) in 300 ml of 2-propaiiol was added i i i  

small portions 5.3 g (0.14 mole) of NaBH4, followed by caritioris 
addition of 150 ml of anhydrous methanol. After stirring 2.5 hr 
at  room temperature, the mixtute was concentrated to 150 nil 
and then broright to pH 3 with dilute HC1. R a t e r  was added 
and the mixture was extracted with three 100-ml po r t io~~s  of 
ether. After drying, the combined ether extracts were evapo- 
rated and the residue was distilled yielding 25.5 g 183";) of 2- 
phenyl-1-indanol, bp 120-130' (0.1 mm). The iiidaiiol war 
dehydrated using a procedure described by Traynellis, et a ( . , 2 2  
to give after crystallization from methanol 17.5 g 175(,l) of piire 
XU, mp 167-168" (lit.zr mp 167.5'). 
3 4  2-Dimethylaminoethyl)-3-phenyl-l h d a n o n e  Hydrochloride 

(XVa).-To a stirred susperision of NaNII, [from 4.6 g ( 0 . 2  
g-atom) of Na in 500 ml of liqriid NHa] was added dropwise a 
solution of 20.8 g (0.1 mole) of 3-pheriyl-l-indaiio1ie (XIII).24 
The liquid NHI 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 10.1 mole) of 2-dimethylaminoethyl chloride in a 
mixture of xylene (25  ml) and benzene ( i 5  ml). The mixture 
was heated at  55-60' for 1 hr and stirred at, room temperature 
overnight. I t  wai: washed with water, the11 extracted with 4.5 .Y 
HC1 (100 ml). The acidic extract was made basic arid the pre- 
cipitated oil was extracted with ether. After drying the ethereal 
solittioii, 6 .V 2-propanolic I1C1 was added. The precipitated 
hydrochloride salt was recrystallized from ethanol to give 14.6 g 
(46c/) of the product, mp 242-244" dec. A r i  aiialytically piire 
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 C19H23NO.HCl: C, i l .T9;  H, 7.69; C1, 
11.16. Foiind: C, 71.51; H, 7.60; C1, 11.14. 

3-(2-Dimethylaminoethyl)-3-phenylindan-l-o1 Hydrochloride 
(XVIIIa). A. From 3-(2-Dimethylaminoethyl)-3-phenylindan- 

(18) G. V. I). Tiers and L). K. Hotchkiss, J .  t 'hys.  Ciiem.. 66, 560 (1962). 
(19) J. V. Braun, Ber.. 50, 1659 (1917). 
(20) P. Pfeiffer, Ann.  Ckem.,  412, 309 (1917). 
(21) .I. Roo, J .  9 m .  C h e m .  Soc., '75, 1891 (195z3). 
(22) V. ,J. Traynellis, JV. L. Hergenrotlier, .I. R. Lirinrnton, and ,I. A .  

(23) F. .\layer, .4. Sieglitz, and TV, Ludwig, Ber.. 64, 1397 (1921). 
(24) P. Pfeiffer and H. deU'aal, A n n .  Chem.,  610, 185 (1935). 

Valicenti, J .  O w .  Chem., 27, 237T (1962). 
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CH,CH,NCI) 

I1 11 100  I 1  :2 

CH+ 5. i -C H- 

1-one 1 XVa).--To it stirred au>pensiciti of LiAlH4 (9 .5 g, 0.23 
mole) i n  tetrahydrofuran (THF)  (100 ml) was added a soliitioii 
of 6.8 g (0.025 mole) of XVa iii T H F  (100 ml.) The mixture was 
stii.i,etl at refliix fo r  2 hr, theti allowed to stmid at room tempera- 
I i i i ' c  overiiight. Aftel, tieconlpo4tion of the exwss L i A I H ~  ~ i t l i  
:icliieoiis 'I'FIF, the niistiii,e W R ~  heated at .55-60° fo r  1 h r  :md 
filtered. The d v e t i t  was dihtilled f rom the filtrate itlid the ie5i- 
d i i c  w:is dissolved iii :itihydiuiis et hatic11 :uid acidified with 6 .\. 
11C'I i i i  2-propuiiul. lai~propyl ether wtx.> iidded t o  rloiitliiic- 

a d  the prodiict w a , ~  allowed tallize i o  give 6 . 2  g 17%' r 
of the indaiiol, mp 103-194° dec. The nmr speotrrlm wits con- 
sisterit with the assigned stnictrire as an X0:20 mixtiire of tho 
t w o  possible stereoisomera. 

.-Ind. Cdcd  for ,  C ~ i g f ~ ? : , S O ~ l l C I :  C ' ,  i1.i:); I I ,  7.(\1: ( ' 1 ,  
I l . l t \ .  Foiuid: C, i 1 . 5 1 ;  I f ,  7 . 6 0 :  (:I, 11.14. 

B. From 3-Phenylindan-1-01 (XVI).-To ti stiwed auspetisioti 
of NaNH2 Lfrom 4.6 g (0.2 g-atom) of h':~ i i i  1 I .  [if N I z ]  w : i \  

:itltlt:tl dropwi,e :I w l i i t i o i i  of 21 g (0. I mole) r i f  : ~ - p l i ~ i ~ . ~ I - l -  



---c. 9--- 
Calcd 

7 5 .  60 
7.5 60 
73. 60 
72.3s  
72.38 
69.69 
71. 79 
83. 93 

86 . $5.5 

86.50 

76.4.; 

78.19 

76.92 

76.92 

86.30 

86.47 

86.47 

86.43 

60.97 

Found 

13.  ( a  
i a .31  
73.80 
72.15 
72.08 
69.52 
71.71 
83.31 

- -  -- 
-- 

86.21 

SG . 7 3  

76.06 

77.87 

76. 88 

76.90 

86 .XI 

86. 82 

86. 67 

86.58 

61.04 

Calcd 

8 .01  
8.01 
8.01 
7.90 
7.90 
7.79 
7.61 
9.28 

8 .65  

8.91 

8. 8.5 

8.92 

7.99 

7.99 

8 . 9 1  

9 .  1.5 

9.15 

9.37 

6 .31  

Found 

8 .16 
8.03 
8.19 
7 99 
7.97 
7.83 
7.61 
8 .84  

i .9.i 

8 38 

8.92 

9.13 

7.96 

8.28  

8.89 

9.03 

9.04 

8.99 

6.72 

--- N, %---- 
Calcd 

4 .64 

4.64 
4.22 
4.22 
3.87 
4.41 

4 .81  

4.59 

4.44 
4.07 
4.23 
4.07 
3.77 

4.27 

4.59 

4.20 

3 . 2 3  

Found 

4 .51  

4.38 
3.94 
4.06 
3.92 
4.32 

4.8'3 

4.98 

4.64 
4.00 
4 . 3 3  
4.13 
3.88 

4.29 

4.74 

3.98 

3.11 

--- CI, %--- 
Calcd 

11 ,73  
11.7d 
10.68 
10.68 

11.16 

11.23 

10.31 
9.53 

9.23 

10.81 

Found 

11.61 
11.86 
13.96 
10.65 

11.16 

11.23 

10.38 
9.23 

8.95 

10.99 

______ Nrnr chemical shifts, ~~pin~'------ 
R? = H 

C 

C 

3 .  836 
C 

C 

C 

C 

3 .30  

C 

C 

C 

3.28 

C 

c 
C 

C 

C 
C 

C 

C 
3.10 

C 

C 

C 

c 

C 

C 

C 

C 

R4 = H 

4.38 
C 

C 

4.37 
C 

C 
4.228 
4.208 

C 

4.16 

C 

4,238 

C 

C 

C 

4.170 
4,228 
4.30g 

4.168 

4,228 
4.168 

C 

4.208 

C 

4 .  170 

4,088 

4.210 

C 

4.370 

N-CHB 

3 .  06d 
2 ,  96d 
2.66d 
3.09d 
3 .  0Od 
3.08d 
3 . 0 2 d  

2 .  88d 

2 .  6gh 
2 .  9Zd 

2.86 
2.24 

2.12 

3.23 
3.3.5 

Solvent 

CFaCOOH 
C F 3 C 0 0 H 
CFaCOCH 
CF3COOH 
CF3COOH 
CFsCOOH 
CF3COOH 
CCl4 

CCI, 

CCI, 

Ccl4 

CC1, 

CCl, 

CFICOOH 
CHC13 
CHC13 
CHC1, 
CFICOOH 

CHCl3 

CHCl3 
CCl4' 

CCLZ 

CClr 

CCl4 

CC14 

CCl, 

CCl, 

CCl4 

CF3COOH 

10-11 cps. 
salt. f Preparedby quat.erniiation;f 38. i, Zlethiodide salt. 

Triplet, 8-cps splittiiig. Coupliiig of (3133 with +SI12 protoils. Nnir obbervntioiis of the free habe of the hvdrochloridc 

indanol (XT?)*5 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 waa continued iintil the liquid ammonia 
had evaporated. The residiial ethereal solution w m  washed 
with water aiid the basic fraction wab extracted with 4.5 l' HC1. 

(2.5) H. Richter and H. Jansen, German Patent 912,093 (19581, Chem 
.thstr.. 62, P11943a (1958). 

The acidic extract was made basic aiid 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 t o  crystallize. A 
white crystalline solid was obtaitred; yield 20.0 g (71 5; ), mp 204- 
205' dec. The nmr spectrum was coirsisteiit with the assigned 
structure as an 85: 15 mixture of the two stereoisomers. 

-4nal. Calcd for ClsH,3SO.HCl: C, 71.79; H, 7.61: CI, 
11.16. Found: C, 71.86; H, 7.81; C1, 11.00. 
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Reserpine-induced ptosis 
Prevention, mg/kg oral 
Reversal 

Antisinistro torsion 
Antiparkinson activity 

ED60, mg/kg oral 
Antispasmodic activity us. 

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

oxidation i n  vitro AIC50, M 
Tryptamine potentiation i n  vivo 
5-Hydroxytryptophan 

potentiation 

Compd 

1 .HCl  
2.HCI 
4 

6 
ia-c  
8a-c 
9 * HCI 
10. IlCl 
1 la-c 
12.HCI 
14.I-ICl 
16.HC1 
18a-c 
1%-c 
20 
2 1 a-c 
23. HCI 
24.HCl 
25 * HCl 
26'HCI 
27 * HCl 
28.HC1 

1 

29a-c 
3Oa, b 
31 
32 
33 
34 
3 d 
36 
37 
38 free base 

mucate 
39 free base 

mucate 

HCl 

.HC1 

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

sergide 

TABLE i7 
ANTISP.\SMODIC ACTIVITY --- Isolated rabbit ileum--- 

Neurotropic 
action 

antagonism of 
acetylcholine 
EC76, d m l  

>10 
10 

. . .  

. . .  

. . .  
4 . 5 
1 .0  
>10 
1 . 6  
1 . 0  

4 . .5 
>10 
1 . 0  
0.7 
5 . 1  
2 .8  
4 . 3  
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 
5 
2.9 

. . .  

. .. 

Musculotropic 
action 

antagonism of 
BaClz 

ECn,  d m l  

>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  
8 
5.6 

. . .  

. . .  

PHENYLINDESES AND PHEKYLIKUAXS 

TABLE IV 
SUMMARY OF BIOLOGICAL DATA 

Compd 1 Imipramine 

1 .03 5.00 
Inactive Inactive 
Inactive Inactive 

Inactive 104 

0 . 1  0.32 
41 107 

6 .2  X 10-5 . . .  
Sone  a t  25 mg/kg ip 

None a t  10 mg/kg 
6 doses on 3 days 

16% a t  100 mg/kg PO 
None a t  10 mg/kg 
6 doses on 3 days 

Isolated rat  uterus 
antagonism of 

serotonin 
ICso, pg/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 

0.0016 
0.0028 

. . .  

427 

Amitriptyline 

5.50 
Inactive 

Weakly active 

29.5 

0 .22  
80 

Sone  a t  5 X 
None a t  100 mg/kg p o  

. . .  

was taken up (2-4 hr). hfter removal of the catalyst and solvent, 
the resulting indan was purified either by distillation or by isola- 
tion of the appropriate salts. 

From Alkylation of 1-Phenylindan. Method 1.-To NaNH2 
freshly prepared from 4.6 g (0.2 g-atom) of Na in 500 ml of 
liquid NHa 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 l-dialkyl- 
aminoalkyl-1-phenylindan (VIII)  in quantitative yield. 

Yields of 20-95% were obtained. 

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 M A 0  inhibitors from adrenergic a- 
receptor stimulants which both prevent and reverse 
reserpine-induced ptosis. The differentiation between 
the imipramine-type compound and M A 0  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 
BaCLinduced 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 aLZ6 

Listed in Table I11 are the results from the reserpine 
ptosis tests. A number of the indenes were active in 

(26) J. H. Gaddum. I<. A,  Hameed, D. E. Ha thaay ,  and F. F. Stephens, 
Quart. J .  Ezptl. Phgsiol.,  40, 49 (1955). 




