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T.4BLE 1 
2-3-DIPHEKYLPROPIOXIC ACIDS 

R G,HaCHzCH-COzH 
I 

CgH4R3 

EL' 
H 
H 
H 
H 
m-OCHs 
na-OCH3 
m-OCH3 
m-OCH3 
m-OCH3 
p-OCH3 
VI,P-(OCH~)Z 

R3 

P-F 
P-CK 
p-c1 
p-OCH3 
H 
m-OCH3 
p-OCH3 
P-CHI 
p-c1 
H 
H 

JI.p., oc. 

104-107* 
93.5-95 

115-116.5 
106-108c 
Oilb 

90.5-93 
96-100d 
81-8jb 
93-95 

118. 5-120" 
Oilh 

Yield, R" 
70 
52 
57 
67 
85 
76 
55 
62 
75 
67 
94 

-Carbon, 56-- 
Calcd. Found 

i 3 . 7 6  73.44 
. . .  . . .  

69.10 60.32 
. . .  . . .  
. . .  . . .  

71.31 71.61 

. . .  . . .  
66.09 66.24 

-HydroKen, 7- 
Calcd. Found 

5.36 5.78 

5 . 0 2  5 . 2 4  
. . .  . . .  

, . .  . . .  
. . .  . . .  

6.34 6.26 
. . .  . . .  
. . .  . . .  

5.20 4.88 

a Based on arylpropionic acid. * The crude material was used for the cyclization without further purification 
Chem. Soc., 1640 (1954)] gives m.p. 108". D. S. lZIorris [ibid., 1913 (1950)] gives m.p. 104". 

TABLE I1 

e Lit.< m.p. 119". 

2-PHEXYLINDASOSES 
0 

R3 

H 
P-F 
P-CHI 
p-c1 
P-OCHa 
H 
m-OCH3 
p-OCH3 
p-c1 
p-C& 
H 
H 

JI.p. ,  O C .  I 
79-82b 

55.5-58 

79.5-81' 
b.p. 155-160 ( 2  mm.) 

79-81 
108-111.55 
93-96 
90-931 

1 16.5-1 19 
99-103 

152-1 5qRfh 
153-156t 

-ield, 7" 
60 
68 
55 
78d 
49 
68 
65 
78 
78 
64 
26 
58 

--Carbon, "IC- 
Calcd. Found 

. . .  . . .  
79.62 79.45 
86.45 86.52 
74.23 74.14 
80.64 80.55 

76.10 76.65 

70.45 70.12 
80.92 80.99 

. . .  . . .  

. . .  . . .  

. . .  . . .  

. . .  . . .  

c P .  C. Jocelyn [ J .  

-Hydrogen, %- . 
Calcd. Found 

. . .  . . .  
4.90 4.70 
6.35 6 .58  
4.57 4.39 
5.92 5 ,99  

6.01 6.32 

4.80 4.55 
6.39 6.52 

. . .  . . .  

. . .  . . .  

a All cyclizations are by H F  unless otherwise indicated. I ,  Lit.1o m.p. 82". Jlethylene chloride used as cosolvent. Based on acid 
Cyclization by aluminum chloride method. consumed. e Table I, footnote c gives m.p. 115". ' Lit.lo m.p. 96". gLit.lo m.p. 153". 

Lit.l0 m.p. 156'. 

moiety comparable to the A/B rings of a steroid, 
an interesting starting point. 

We envisaged as final compounds a seiies of basic 
ethers of 1,2-diphenylindenes. The usual method for 
the introduction of an aniinoalkoxy group consists in 
the alkylation of the corresponding phenol. Since 
some of the conipounds we desired would contain nieth- 
oxy groups as well, this approach mould necessitate 
the selective demethylation of a single phenolic ether. 
In order to circumvent the need for such a selective 
reaction, a route was devised in which the phenyl 
bearing the basic ether grouping would be introduced 
as the final step by condensation of the Grignard 
reagent of the basic ether of p-bromophenol with a 
suitable indanone. 

Preparation of 1ndanones.-The general method used 
to prepare the intermediate indanones is shown in 
Scheme I. The dipotassio salt of the phenylacetic acid 
was formed by the elegant method of Hauser'" by 
means of potassium amide in liquid ammonia. The 
appropriate benzyl halide mas then added to the di- 
anion and the ammonia was evaporated to afford the 
propionic acid upon a relatively simple work-up. 

( I O )  C .  R.  Hauser and .I. Chambers, J .  Am. C h e n .  S o c ,  78, 4942 
(1956). 

SCHEME I 
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- 
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I PHZX 
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The indanone was obtained from the acid by dis- 
solving the latter in liquid HF and allowing the reagent 
to evaporate a t  room temperature. The physical 
and analytical constants of the acids and ketones are 
listed in Tables I and 11, respectively. The generality 
of this scheme is demonstrated by the variety of sub- 
stituents which are stable under these conditions. In 
one case (R' = H ;  R3 = p-Cl), the insolubility of the 



propioiiic acid iii liquid H1; iiecessitatctl t h i s  n t l h t i o t i  
of iiicthylriie chloride to tlie ieactioii iiii.iturv. \ I -  
tliough a two-pliasc iiiixturc iesulted, the lictoiic, \\ a. 
formed in good yicld. Kheiv thi:, iii(1tho(l pave a poot 
yield (e.g., 11' = ?ri-OCHI; R 3  = H), t l i v  kdoiic iva. 
obtained by eoii~-~wioii of tlw acid t o  its c~ltloi~tle tol-  
loncd by cylizatioii by iiieans of aluttiiiiutii (*hloi ides. 

111 ordcr t o  prepare soiiio iiid(~ii~s liavuig a l ' r ( ~ >  pliv- 
iiolic group, the indanoiic 9 \vas tieiiicthylatctl i)y iiicaii+ 

of aliiiiiinuiii chloride i i i  1)c~tizvtie to affoi(1 tlie f r ( ~ *  
pllellol 10. 

fJ3- C,H, 
CH,O HO \ 

Preparation of Basic Ethers of p-Bromophenol.- 
-1 series of phenyl c~cloalkJ-lamiiiocthyl et hcrs \\a' 
prepared froin bromophenol by alkylatioii it11 t h y  
desired ~-ehloroetliylamirie in mctliaiiol cviitainiiig 
sodium methoxide. The products \v~'rc thcii carefull\- 
purified by distillatioii. Without f u i  tlier charactcri- 
zatioii, tlw corresponding Grigiiard icagciits ivvix' 
prepared iii tetrahydrofuran (induced by the prepura- 
tioii of a trace of meth?-Imagiiesiun1i~ii iodide ti1 tlic I (1- 

action flask). Occasionally, lion this r(mtioii 
took ail aberraiit course and iiiagiiesiuiii \\ ab coiisiiiiiocl 

without foriiiatioii of the desired reagelit. 'I'll(> pliy-I- 
cal propcrties of thc ethers arc' listed i t1  Tahle 111. 

9 10 

Preparation of 2,3-Diphenylindenes.--These prod- 
ucts were prepared by reaction of the Grignard reagent 
aiid the selected indanoiic. 

8 

11 

The best results in the condensation were obtained 
when the solution of the ketone was added to that of 
the Grignard reagent at O", followed by heating over- 
night under reflux The product (along with other 
basic inaterials found iii the reaction iiiisturc.) \vas 
separated from the neutral portion by extraction n-itli 
acid. The crude basic product was then heated hiicfly 
in beiizene in the prcseiice of p-tolue~iesulfoiijc aciti 
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magnesium bromide in 25 ml. of tetrahydrofuran. The reaction solution was washed with sodium bicarbonate solution and 
was run, and the product was isolated in the usual manner. taken to dryness. The residue was recrystallized twice from 
The first aqueous acid extract was in this case allowed to stand methanol to give 0.39 g. of the aminophenol, m.p. 154-1555’ (see 
for 2 hr. The product was dehydrated as above. The benzene Table IV). 

Studies in  Alkyl-Oxygen Heterolysis. Some 4-Alkoxypiperidines Related to 
Reversed Esters of Pethidine 
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The preparation and pharmacological activity in the hot plate test of some 4alkoxy-4-arylpiperidines is re- 
Study has been made of ported, and structure-activity relationships in this class of analgesics are discussed. 

the influence of the 4-aryl group upon alkyl-oxygen heterolysis in esters of 4-piperidinols. 

A series of 4-alkoxy-4-(2-furyl)piperidines (la, R = 
lower alkyl) has been reported previously, certain 
members being significantly active as analgesics in  
mice.‘ The results of a detailed study of the most 
active compound, 4-ethoxy-4-(2-furyl)-3-niethyl-l- 
phenethylpiperidine (la, R = C2H5; R’ = CH,) 
(4.4 times as active as pethidine and 1.2 times as active 
as morphine in the hot plate test) showed that it could 
be classified as a morphine-type analgesic. The 
object of the present work was to prepare 4-aryl 
analogs of the active 4-(2-furyl) ethers la  (R = CHs 
or C2H5) as part of a study of structure-activity re- 
lationships in this class of analgesics. 

f ,  Ar = m-CHsOC6Ha 
g, Ar = p-CH@C6H4 
h, .4r = 2-(5-CH&dH?O) 

i, Ar = p-XOeCsH4 
j, Ar = p-FC& 

[2-(5-methylfuryl)] 

Since Williamson procedures (e.g. ,  reaction between 
lithium salts of 4-phenyl-4-piperidinols and alkyl 
halides) failed to give the desired ethers, resort was 
made to acid-catalyzed etherification reactions. Esters 
of 4-(2-furyl)-4-piperidinols give good yields of ethers 
(together with alkenes as by products) when treated in 
the cold with a molar excess of hydrogen chloride in a 
lower unbranched alcohol, transformations that have 
been interpreted as proceeding via carbonium ions 
generated by acid-catalyzed alkyl-oxygen fission of 
the ester groups.2 The facile nature of these reactions 
mas attributed to  the high electron-releasing power 
of the 4-(2-furyl) substituent. Investigation w ~ s  
made previously of acid conditions necessary to  induce 
carbonium ion reactions in analogous alcohols and 
esters containing a 4-phenyl substituent, an aryl group 
that less readily releases electrons.2 Such compounds 

(1) A. F. Casy, A. H. Beckett, G. H. Hall, and D. K. Vallance, J .  .%fed. 

(2) A. F. Casy, A. H. Beckett, and S. A. Armstrong, Tetrahedron, 16, 
Pharm. Chem., 4, 536 (1961). 

86 (1961). 

were stable in cold methanol containing up to 6% 
HCl or lGYo sulfuric acid, but a t  the reflux tempera- 
ture were converted, in these solvents, to  methyl ethers. 
When methanol was replaced by ethanol or 1-propanol 
containing 16% sulfuric acid, elimination products 
were isolated, results indicating that, a t  high acid con- 
centrations, the small unfavorable steric factors in- 
troduced by the latter change in nucleophile size are 
sufficient to make proton loss the predominant carbon- 
ium ion fate. Since esters of benzoic acid undergo 
alkyl-oxygen heterolysis more readily than those of 
saturated carboxylic acids,3 the ethanolysis of 4- 
benzoyloxy-4-phenylpiperidines was investigated in 
the expectation that reaction could be induced a t  acid 
concentrations low enough to render elimination a 
minor pathway. Treatment of the 4-benzoyloxy- 
piperidine 2b (R’ = H ;  R” = C6H5) with 9% sulfuric 
acid in ethanol a t  the reflux temperature, conditions 
which had no effect on the corresponding 4-acetoxy 
a n a l ~ g , ~  gave the ethyl ether l b  (R = C2H5; R’ = 
H);  the critical acid concentration for reaction was 
found to be between 2.4 and 1.4%. The 4-benzoyloxy- 
3-inethylpiperidine 2b (R’ = CH3; R” = C6H5) was 
recovered after treatment with hot 9% sulfuric acid 
in ethanol, while use of 13% acid gave the alkene 
3b (R’ = CHs).5 Unchanged substrate was also 
recovered when the corresponding 4-p-nitrobenzoyloxy- 
3-niethylpiperidine was treated with 9% sulfuric acid 
in ethanol. These results are in contrast to the suc- 
cessful methanolysis of 3-niethyl-4-phenyl-4-piperi- 
dinols and their esters2 and illustrate the sensitivity of 
the described alkyl-oxygen heterolyses to steric factors 
in both substrate and nucleophile. 1-Benzyl-4-ethoxy- 
4-phenylpiperidine 4 (R’ = C2H5; R = CH&H5) was 
debenzylated reductively and the resultant secondary 
amine was converted to the 1-methyl derivative 4 
(R’ = C2H5; R = CH,) by reductive methylation, 
the 1-(2-benzoylethyl) derivative 4 [R’ = CzH5; R 
= (CH2)2COC6&] by a Jlannich base exchange 
process,6 and the l-(3-p-fluorobenxoylpropyl) deriva- 

(3) V. R. Stimson, J .  Chem. SOC., 4020 (1955); G. J. Harvey and V. R. 

(4) N. A. Armstrong, Ph.D. Thesis, University of London, 1962. 
( 5 )  The structure of the alkene was confirmed by  n.m.r. spectroscopy, 

the key signals supporting the formulation 8b (R’ = CHd, being a n  un- 
resolved triplet at r 4.19 (vinylic proton a t  C-5) and a doublet at 8.98, J = 
7 c.p.8. (3 protons of 3-methyl substituent) (solvent, Cc14). 

Stimson, ibzd.. 3629 (1956). 

( 6 )  E. 11. Fry and E. L. May, J .  Org.  Chem., 24, 116 (1959). 


