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ABSTRACT OF THE DISCLOSURE ' 

Drug lipid conjugates represented by the formulas 

In the formulas, R1, R2 and R3 each is hydrogen, fatty 
acyl 20 

o 
H 

.__C_Da 

or -’—D4, wherein D3 and D4 are remainders of drug 
moieties, and one of said R1, R2 and R3 is 25 

‘i 
_.C_1)s 

or —D4 and at least one other of said R1, R2 and R3 is 
fatty acyl; R4 is hydrogen or fatty acyl; R5 and R6 each 30 
is hydrogen or fatty acyl, and at least one of said R5 and 
R6 is fatty acyl; and D1 and D2 are remainders of drug 
moieties. 

These vompounds exhibit the pharmaceutical utilities 
of the parent drugs but have enhanced and prolonged 35 
activity when orally administered. 

This invention relates to drug lipid conjugates and 
intermediates therefor. 
Most orally administered drugs pass into the blood 

system of the portal vein from which they are immediately 
passed through the liver. There, a substantial portion of 
the drug is usually metabolized. The drug dosage must 
therefore be accordingly increased to compensate for this 45 
loss. It is an object of this invention to provide novel com-~ 
pounds which have increased absorption into the lymph 
system and hence reaches cellular tissue before being 
passed through the liver. 

In summary, the compounds of this invention can be 50 
represented by the formulas: 

40 

or —D‘*, wherein D3 and D4 each are the remainders 
of drug moieties, and one of said R1, R2 and R3 is 65 

‘i’ ._lO_D3 
or —D4 and at least one other of said R‘, R2 and R3 is 70 
fatty acyl; 

R4 is hydrogen or fatty acyl; 

2 
R5 and R6 each hydrogen or fatty acyl, and at least one 

of said R5 and R6 is fatty acyl; and 
D1 and D2 each are remainders of drug moieties. 

The term “fatty acid” and “fatty acyl” group as used 
herein refer to natural fatty acids and their acyl deriva 
tives. These compounds include saturated fatty acids such 
as butyric, isovaleric, caproic, caprylic, capric, lauric myris 
tric, palmitic, stearic, arachidic, behenic, lignoceric, 
cerotic and unsaturated fatty acids such as palmitoleic, 
oleic, ricinoleic, linoleic, linolenic, eleostearic, and the 
like. The preferred fatty acyl groups in the compounds of 
this invention have from 8 to 24 carbons and are satu 
rated. The term “drug moieties” refers to drugs having 
pharmaceutical ‘utility and having the designated chemi 

. cal, structure as is further exempli?ed hereinafter. 
The compounds of Formula I wherein one of R1, R2 

and R3 is 
' 0 

ll 
_C._Da 

can be prepared by a procedure represented as follows: 

In the above formulas, 
D3 is as previously de?ned; and . v 
R10, R11, R12 and R13 each is H, or a fatty acyl group and 
Ph is phenyl, and at least one of R10 and R11 and one 
of R12 and R13 is a fatty acyl group. 

In the‘ above procedure, the compounds of Formula IV 
are reacted with oxalyl chloride in a suitable solvent such 
as diethyl ether to yield the corresponding acyl chlorides 
of Formula V. The 2,3-acetonides of Formula VI are 
prepared by reacting the acyl chlorides of Formula V 
with glycerol acetonide in an inert organic solvent such 
as chloroform or carbon tetrachloride in the presence of 
an organic base such as triethylamine or pyridine. The 
acetonide group of the compounds of Formula VI are 
cleaved by reaction with triethylborate and boric acid at 
elevated temperatures to yield the corresponding hydroxy 



compounds of Formula VII. The compounds of Formula 
VIII are prepared by reacting the compounds of Formula 
VII with the corresponding fatty acyl chloride or chlorides 
in an inert organic solvent such as chloroform or carbon 
tetrachloride in the presence of an organic base such as 
triethylamine or pyridine. Glycerol 2-fatty acylates and 
glycerol 3-fatty acylates are prepared by reacting the com 
pounds of Formula VII with one molar equivalent of the 
corresponding fatty acyl chloride or chlorides inan inert 
organic solvent in the presence of an organic base as de 
scribed above to yield a mixture of mono- and. diesters. 
The desired monoesters can be separated by chromatog 
raphy on neutral alumina, eluting with hexane, hexane 
benzene and cyclohexanone followed by crystallization. 
The corresponding 1,2-di(fatty acylates) are prepared us 
ing a molar excess of the corresponding fatty acyl chloride 
or chlorides. 
The glycerol 1,3-benzylidene compounds of ‘Formula 

IX are prepared by reacting the acyl chlorides of Formula 
V with glycerol 1,3-benzylidene in an inert organic sol 
vent such as chloroform or carbon tetrachloride in the 
presence of an organic ‘base such as triethylamine or 
pyridine, as previously described. Cleavage of the 1,3 
benzylidene group is obtained by reaction of the com 
pounds of Formula IX with tn'ethylborate and boric acid 
at elevated temperatures to yield the glycerol compounds 
of Formula X. 

Glycerol 1,3-di(fatty acyl) compounds of Formula XI 
are prepared by reacting the compounds of Formula X 
with a molar excess of fatty acyl chloride or chlorides 
in an inert organic solvent such as chloroform or carbon 
tetrachloride which can also contain ethyl acetate in the 
presence of an organic base such as triethylamine or 

10 

15 

20 

25 

30 

pyridine, as previously described. To obtain the glycerol ' 
l-fatty acylates of Formula XI, the compounds of For 
mula X are reacted with 1 molar equivalent of the fatty 
acyl chloride (as previously described) to obtain a mix 
ture of mono- and diesters from which the monoester 
can be separated by chromatography on neutral alumina, 
eluting with hexane, hexane-benzene and cyclohexanone 
followed by crystallization. 

Included within Formulas VIII and XI are conjugates 
of Z-naphthylacetic acid derivatives of Formula IV. The 
Z-naphthylacetic acid derivatives which are included 
within Formula IV have been previously described to 
gether with methods for their preparation in U.S. patent 
applications 'Ser. No. 694,771, ?led Dec. 7, 1967 and 
Ser. No. 810,014, ‘?led Mar. 24, 1969, now abandoned. 
These compounds can be represented by the following 
formulas: 

' Rim Rm Rm Rm 

>< >< 
(\ C 0 OH C 0 0H 

Ru ’ 

(IA) (IIA) 

Rm Rm I R115 R111 I 
Rm 

0 0 OH > A0 0 on 

R108 311 

. Rua . - 

"(1111M (IVA) 

; Rue Rm ' Run Rm 
\/ - 

c 0 on ’‘ A0, o OH 

Rm Rm 

Rm ‘ ' 

(VA) (VIA) ‘ ’ 

35 

40 

45 

55 

60 

. Rm 

R110 R111 Rm R111 
- R120 

COOH COOH 

(VIIA) (VIIIV) 

In the above formulas, 

each of R106 (at position 1, 4, 7 or 8) and R119 (at posi 
tion 1, 7 or 8) is alkyl, tri?uoromethyl, ?uoro, chloro, 

' hydroxy, conventional hydrolyzable ester, oxyether or 
thioether; 

R1"8 is alkyl,,?uoro, chloro, hydroxy, conventional hydro 
lyzable ester, oxyether or thioether; 

each of R1”9 (at position 1, 4, 7 or 8) and R120 (at posi 
tion 1, 7 or 8) is alkyl, ?uoro, chloro, hydroxy, con 
ventional hydrolyzable ester, oxyether or thioether, pro 
vided that when R180 is hydroxy, oxyether or thioether, 
R109 or 'R12° is the identical group or alkyl, ?uoro, 
chloro or conventional hydrolyzable ester; provided 
that when one of R109 or R120 is hydroxy, oxyether or 
thioether, R108 is the identical group or alkyl, ?uoro, 
chloro, or conventional hydrolyzable ester; 

each of R112 and R115 (at position 1 or 4) is hydroxy, 
oxyether or thioether; 

each of R113 (at position 1 or 4) and R114 is alkoxy or 
alkylthio, provided when R112 or R115 is alkoxy or 
alkylthio, R113 or R114 respectively is a different alkoxy 
or alkylthio group; 

one of 'R116 and R11’7 each is hydrogen, methyl, ethyl, di 
?uorornethyl, ?uoro or chloro; or 

R116 and R117 taken together are alkylidene, halomethyl 
ene or ethylene; 

R118 is hydrogen, alkyl, cycloalkyl, tri?uoromethyl, hy 
droxymethyl, alkoxymethyl, vinyl, ethynyl, ?uoro, 
chloro, hydroxy, conventional hydrolyzable ester, oxy 

- ether, thioether, formyl, carboxy, alkoxycarbonyl, 
acetyl, cyano or aryl; and 

R121 is hydrogen, alkyl, cycloalkyl, tri?uoromethyl, ?uoro, 
chloro, hydroxy, conventional hydrolyzable ester, oxy 
ether, thioether or aryl. 

In the above Formulas IA-VIIIA, the term “alkyl” and 
derivations thereof refer to lower molecular weight, 
branched, or straight chain hydrocarbon groups of up to 
six carbon atoms, such as methyl, ethyl, propyl, isopropyl, 
‘butyl, tertbutyl, pentyl, hexyl, and the like. The term 
“cycloalky ” refers to cyclic hydrocarbon groups of three 
to seven carbon atoms, such as cyclopropyl, cyclopentyl, 
cyclohexyl and the like. 

‘ The term “alkoxy” refers to a straight or branched 
chain hydrocarbon ether group of six or less carbon 

- atoms, including methoxy, ethoxy, 2-propoxy, butoxy, 3 
pentoxy and the like. 
The term “alkoxymethyloxy” refers to methylether 

groups substituted with one alkoxy group; typical alkoxy 
methyloxy groups include methoxymethyloxy, ethoxy~ 
methyloxy, isopropoxymethyloxy, and the like. 
The term “alkylthio” refers to straight or branched 

chain hydrocarbon thioether groups of six or less carbon 
atoms, including methylthio, ethylthio, propylthio, 2-pro 
pylthio, Z-butylthio, pentylthio, 3-hexylthio, and the like. 

65 

The term “alkylthiomethyloxy” refers to methyl'ether 
groups substituted with an alkylthio group; typical alkyl 
thiomethyloxy groups include methylthiornethyloxy, 2 
propylthiomethyloxy, pentylthiomethyloxy, and the like. 
The term “alkylthiomethylthio” refers to methylthio 

ether groups substituted with an alkylthio group, includ 
ing methylthiomethylthio, ethylthiomethylthio, and the 
like. 
The term “alkoxymethylthio” refers to methylthio ether 

I groups substituted with one alkoxy group, such as 

75 
methoxymethylthio, ethoxymethylthio, 2-propoxymethyl 
thio, and the like. 
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The term “aryl” refers to unsubstituted and p-mono 

substituted phenyl derivatives, such as phenyl, p-tolyl, p 
?uorophenyl, p-chlorophenyl, p-hydroxyphenyl, p-me~ 
thoxyphenyl, p-ethylphenyl and the like. 
The term “halomethylene” refers to mono- or dihalo~ 

methylene groups wherein halo is ?uoro or chloro. The 
preferred halomethylenes include ?uoromethylene, di 
?uoromethylene, ?uorochloromethylene, , and chloro 
methylene. 
The term “conventional hydrolyzable ester” as used with 

respect to Formulas IA~VIIIA denotes those hydrolyzable 
ester groups conventionally employed in the art, preferably 
those derived from hydrocarbon carboxylic acids or their 
salts. The term “hydrocarbon carboxylic acid” de?nes both 
substituted and unsubstituted hydrocarbon carboxylic 
acids. These acids can be completely saturated or possess 
varying degrees of unsaturation (including aromatic), can 
be of straight chain, branched chain, or cyclic structure 
and, preferably, contain from one to twelve carbon atoms. 
In addition, they can be substituted by functional groups, 
for example, hydroxy, alkoxy containing up to six carbon 
atoms, acyloxy containing up to twelve carbon atoms, 
nitro, amino, halogeno and the like, attached to the hy 
drocarbon backbone chain. Typical conventional hydro 
lyzable esters thus included within the scope of the term 
and the instant invention are acetate, propionate, butyrate, 
valerate, caproate, enanthate, caprylate, pelargonate, 
acrylate, undecenoate, phenoxyacetate, benzoate, phenyl 
acetate, diphenylacetate, diethylacetate, tn'methylacetate, 
t—butylacetate, trimethylhexauoate, methylneopentylace 
tate, cyclohexylacetate, cyclopentylpropionate, adaman 
toate, glycolate, methoxyacetate, hemisuccinate, hemi 
adipate, hemi-?,?-dimethylglutarate, acetoxyacetate, 2 
chloro-4-nitrobenzoate, aminoacetate, diethylaminoace 
tate, piperidinoacetate, B-chloropropionate, trichloroace 
tate, B-chlorobutyrate, and the like. 
The term “oxyether” as used herein denotes those ether 

groups conventionally employed in the art, preferably 
those derived from normal chain, branched chain, aro 
matic hydrocarbons and 0x0 heterocyclic hydrocarbons. 
The term “hydrocarbon" de?nes both saturated and un 
saturated hydrocarbons. Those designated hydrocarbons 
are optionally substituted with groups such as hydroxy, 
alkoxy, halo, alkylthio, and the like. ‘Preferably the hydro 
carbons contain from one to twelve carbon atoms. Typical 
oxyethers thus include alkoxy, di?uoromethoxy, alkoxy 
methyloxy, alkylthiomethyloxy, tetrahydrofuran-Z'-yloxy, 
tetrahydropyran-2'-yloxy, and 4'-alkoxytetrahydropyran 
4’-yloxy. 
The term “thioether” as used herein denotes those ether 

groups conventionally employed in the art, preferably 
those derived from normal chain, branched chain, cyclic 
and aromatic hydrocarbons. The term “hydrocarbon" 
de?nes both substituted and unsubstituted hydrocarbons. 
These hydrocarbons are optionally substituted with groups 
such as hydroxy, alkoxy, alkylthio, halo and the like. 
Preferably the hydrocarbons contain from 1 to 12 carbon 
atoms. Typical thioethers thus include alkylthio, di?uoro 
methylthio, alkoxymethylthio, alkylthiomethylthio, and 
the like. . 

When one of R116 and R117 is methyl, ethyl, di?uoro 
methyl, ?uoro or chloro, the present 2-naphthylacetic acid 
derivatives have an asymmetric carbon atom, the a-car~ 
bon atom of the acetic acid moiety. Accordingly, these 
compounds can ‘exist as enantiomorphs. Each of the 
optical isomers of the present Z-naphthylacetic acid de 
rivaties is included within the present invention. In some 
instances, one enantiomorph exhibits greater anti-in?am 
matory, analgesic, anti-pyretic and anti-pruritic activity, 
than the other enantiomorph. 
The present Z-naphthylacetic acid derivatives that exist 

as enantiomorphs can be used as mixtures of enantio 
morphs or as resolved enantiomorphs. 
The optical isomers can be resolved by conventional 

means, such as selective biological degradation; or by 
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6 
the preparation of diastereo-isomer salts of the 2-naph 
thylacetic acid derivatives with an alkaloid, such as cin 
chonidine, and the separation of the diastereo-isomers by 
fractional crystallization. The separated diastereo-isomer 
salts are acid cleaved to yield the respective optical iso 
mers of the 2-naphthylacetic acid derivatives. 
The conjugates of these naphthylacetic acid derivatives 

have high therapeutic value in the treatment of various 
in?ammatory conditions, such as of the skin, eyes, respira 
tory tract, bones, and internal organs, contact derma 
titis, allergic reactions, and rheumatoid arthritis. In those 
cases in which the above conditions include pain, pyrexia, 
and pruritus, coupled with the in?ammation, the instant 
compounds are useful for relief of these associative con 
ditions as well as the principal condition. The instant 
compounds are in addition, however, useful for treating 
pain, pyrexia, pruritus, and other syndromes thereof per 
se, such as those arising from bone fracture, toothache, 
bacterial and virus infection, contact with poisonous ma 
terial, neuralgia, neuritis, lacerations, contusions, abra~ 
sions, and the like. 
The compounds of Formulas IA~VIIIA can be readily 

prepared from known starting compounds. 
One such method by which they can be prepared in 

volves the reaction of an unsubstituted or substituted 
naphthalene with acetyl chloride in nitrobenzene in the 
presence of about three molar equivalents of aluminum 
chloride to afford the corresponding Z-acetylnaphthalene 
derivative. The resulting derivative is heated with mor 
pholine in the presence of sulfur at 150° C.; the resulting 
product is re?uxed with concentrated hydrochloric acid 
to furnish the corresponding 2-naphthylacetic acid 
derivative. 
The naphthalenes that are used in the above process can 

be illustrated by the following formulas: 

R100 

Rm R108 

(A) (B) 

wherein R108, R109 and R118 are as de?ned above. 
The naphthalenes of Formulas A and B are known to 

the art. Moreover, they can be prepared by conventional 
means. For example 1,2 - dimethoxybenzene is treated 
with succinic anhydride and aluminum chloride in a hydro 
carbon solvent to afford 4 - (3',4’-dimethoxyphenyl)-4 
oxobutanoic acid. This is reduced by treatment with so 
dium borohydride, hydrogenolyzed by treating with palla~ 
dium charcoal catalyst and hydrogen to furnish 4-(3',4’ 
dimethoxyphenyl) butanoic acid. The corresponding acid 
chloride is prepared such as by treatment with thionyl 
chloride, and the acid chloride is treated with aluminum 
chloride to afford 6,7-dimethoxy-l-tetralone. The tetra 
lone is reduced and hydrogenolyzed by the means de 
scribed above to furnish 6,7 - dimethoxytetralin which is 
dehydrogenated by treating with palladium charcoal cata 
lyst to afford 2,3-dimethoxynaphthalene. By utilizing 1 
methyl - 3 - ?uorobenzene in the above process, 6-methyl 
8 - ?uoro - 4 - tetralone and 6 - ?uoro - 8 - methyl-4-tetra 

lone (as intermediates) and l-methyl-3-?uoro naphthalene 
and l - ?uoro - 3 - methyl naphthalene are prepared. The 
mixture of naphthalenes are separated by conventional 
means, such as vacuum distillation. 

2-alkyl, 2-cycloalkyl, or 2-aryl substituted naphthalenes, 
the naphthalenes of lFormula A wherein R118 is alkyl or 
aryl, can be prepared from 2-tetralone by treating the 
latter with an equivalent of an alkyl, cycloalkyl or aryl 
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magnesium bromide in an ether to obtain the correspond 
ing 2 - alkyl-, 2 - cycloalkyl-, or 2-aryl-3,4-dihydronaph 
thalene which is dehydrogenated by heating with palla 
dium charcoal catalyst to a?ord the corresponding 2-alkyl, 
2-cycloalkyl, or 2-aryl naphthalene. 

2-vinyl naphthalenes are prepared by re?uxing Z-ethyl 
naphthalencs with a. molar equivalent of N-bromosuccin 
imide in a halohydrocarbon solvent, such as chloroform, 
methylene chloride, dichloroethane, carbontetrachloride, 
1,4-dichlorobutane, chlorobenzene, chloroethane, chloro 
cyclohexane, dichlorobenzene, and the like, in light and in 
the presence of a trace amount of peroxide, such as ben 
zoyl peroxide, t-butylperoxide, peroxyacetic acid, and the 
like, to afford the corresponding 2-(a-bromoethyl)-naph~ 
thalene. The latter is dehydrobrominated by treating with 
lithium carbonate in dimethylformamide to afford 2-vinyl 
naphthalene. 

Z-ethynylnaphthalene is prepared from 2-vinylnaphtha 
lene by brominating the latter in a halo hydrocarbon sol 
vent and then debrominating the resulting 2-( 0a,]3-dibl‘OII1O 
ethyl) naphthalene by conventional means, such as by 
treatment with sodium amide in liquid ammonia, to furn 
ish the 2-ethynylnaphthalene. 

2 - cyclopropylnaphthalene is prepared from 2-vinyl 
naphthalene by re?uxing with diiodomethane in the pres 
ence of zinczcopper couple. 

2-cyclobutylnapthalene is prepared from 2-napthylmag 
nesium bromide by treating the latter with cyclobutanone 
to furnish 2-(1'-hydroxycyclobutyl)-napththalene, which 
is hydrogenolyzed with hydrogen in the presence of Raney 
nickel to furnish 2-cyclobutylnaphthalene. 

2-cyclopentylnaphthalene can be prepared by heating 
naphthalene with cyclopentyl benzene sulfonate. 2-cyclo 
hexylnaphthalene can be similarly prepared by employing 
cyclohexyl benzene sulfonate. 

2-acetylnaphthalene is prepared by treating 2-(u-bromo~ 
ethyl)-naphthalene, prepared as described above, with 
sodium acetate in acetic acid to atford Z-(a-ethanoyloxy 
ethyl)-naphthalene which upon base hydrolysis furnishes 
the 2-(a-hydroxyethyl)-naphthalene. The latter is oxidized 
with an equivalent of chromium trioxide in glacial acetic 
acid or 8 N sulfuric acid to furnish 2-acetylnaphthalene. 

2-carboxynaphthalene is prepared from 2-acetylnaph 
thalene by treating the latter with aqueous sodium hypo~ 
chlorite. The Z-carboxy group is esteri?ed by conventional 
means, described herein, to furnish 2-alkoxycarbonylnaph 
thalenes. By treating the latter with one equivalent of an 
alkali metal hydroxide, treating the resulting product with 
diborane in an ether, such as diglyme, (dimethoxydi 
ethyleneglycol), Z-hydroxymethylnaphthalene is prepared. 

The 2-hydroxymethyl group is esteri?ed and etheri?ed 
by conventional means employed to esterify and etherify 
primary hydroxy groups. 

2-formylnaphthalene is prepared from 2-hydroxymethyl 
. naphthalene by treating the latter with manganese dioxide 
in a halo hydrocarbon solvent. 

2 - cyanonaphthalenes are prepared by re?uxing 2 
formylnaphthalene with hydroxylamine hydrochloride’ and 
sodium acetate in ethanol to furnish the corresponding 
oxime which is re?uxed with acetic anhydride in the pres 
ence of an acid catalyst to furnish Z-cyanonaphthalene. 

Alternatively, the above substitutents can be introduced 
on a naphthylacetic acid ester derivative by using an ethyl 
or vinyl substituted naphthylacetic acid ester derivative 
as a starting material. ' ' 

In the preferred embodiment, the starting materials are 
not substituted with trifluoromethyl, di?uoromethoxy, 
di?uoromethylthio, methylmethylenedioxy, alkoxymeth 
ylthio, alkylthiomethyloxy, alk‘ylthiomethylthio, tetrahy 
dropyran-2'-yloxy, tetrahydrofuran-2'-yloxy, or 4'—alkoxy 
tetrahydropyran-4'-yloxy groups, but rather, such groups 
are introduced on the 2-napht-halene acetic acid deriva 
tive via one of the ?nal steps. 

Another method of preparing these compounds em 
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be illustrated by the following reaction sequence: 

~o o OAlkyl 
-—> 

Run R1ts__ 

(C) (D) 

0 0 

1| /\ l1 COOAlkyl 
000E ,_ COOAlkyl 

Run. Rus 

(F) (E) 

on 

A0 0 on o 0 011 

Run Run 

(G) (H) 

l 
ACOOAlkyl /\oo OAlkyl 

,_ 

R118 R113 

(1) I) ( 

COOH 

(K) 

wherein alkyl and ‘R118 are de?ned as above. 
The l-tetralones, the compounds of Formula C, are 

heated with two or more equivalents of a dialkyl car 
bonate, such as diethyl carbonate, in the presence of 
one or more equivalents of an alkali metal hydride, such 
as sodium hydride, potassium hydride, and the like, in 
a hydrocarbon solvent, such as hexane, cyclohexane, hep 
tane, isooctane, benzene, toluene, xylene, and the like, 
to aiford the corresponding alkoxy carbonyl compounds 
of Formula D. The latter are treated with an alkali metal 
hydride in a hydrocarbon solvent; then the resulting 
products are treated with an a-haloacetic acid ester, such 
as ethyl a-bromoacetate, methyl a-iodoacetate, and the 
like, to furnish the corresponding 2-alkoxycarbonyl-2 
(alkoxycarbonylmethyl)-1-tetralones, the compounds of 
Formula E. The latter is hydrolyzed with an acid, such 
as hydrochloric acid, sulfuric acid, p-toluenesulfonic acid, 
and the like, to obtain the 2-(carboxymethyl) compounds 
of Formula F. The latter is reduced with a reducing agent, 
such as sodium borohydride, lithium borohydride; or 
with one equivalent of hydrogen in the presence of Adam’s 
catalyst, and the like, to afford the hydroxy compounds 
of Formula G which are hydrogenolyzed by treatment 
with an equivalent amount of hydrogen in the presence 
of a hydrogenation catalyst, such as platinum, palladium, 
and the like, to furnish the corresponding 1,2,3,4-tetra 
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hydro-2-naphthylacetic acid derivatives, the compounds 
of Formula ‘H. The compounds of Formula H are esteri 
?ed by conventional means, such as the means described 
above, to afford the compounds of Formula I; which are 
dehydrogenated by heating with palladium charcoal cata 
lyst at temperatures of 180° C. and higher to furnish 
the corresponding Z-naphthylacetic acid ester derivatives, 
the compounds of Formula I. The latter compounds are 
hydrolyzed to the corresponding Z-naphthylacetic acid 
derivatives, the compounds of Formula K, by conven 
tional hydrolysis, such as by treatment with an aqueous 
methanolic 5 percent sodium hydroxide solution. 

Disubstituted tetralones of Formula L are also em 
ployed in the above process to prepare the corresponding 
disubstituted Z-naphthylacetic acid derivatives of For 
mula M: 

O 
Rioo/ u R109’ 

(several steps) 0 O OH 
--—---———> 

R108 R108 \ 

(L) (M) 

wherein R108 is as de?ned above and R109’ represents the 
same substituents as R109, but only at position 4, 7 or 8. 
By treating the compounds of Formula D‘ with an 

alkali metal hydride and then with an a-halocarboxylic 
acid ester, such as methyl a-bromopropionate and the 
like, the corresponding 2-alkoxycarbonyl-2-(a-alkoxycar 
bonylalkyl)-l-tetralones are obtained. These compounds 
can be hydrolyzed, reduced, hydrogenolyzed, esteri?ed, 
dehydrogenated and hydrolyzed by the means used to 
similarly treat compounds of Formula E, to obtain the 
corresponding 2-naphthyl-u-alkyl acetic acid derivatives. 
The l-tetralones of Formulas C and L are prepared 

by conventional techniques, for example, such as the 
process used to make 6,7-dimethoxy-l-tetralone described 
above. 

Alternatively, the l-tetralones of Formulas C and L can 
be prepared directly from naphthalenes by conventional 
means known to the art. For example, the substituted 
l-tetralones can be prepared from substituted naphtha 
lenes. The substituted naphthalenes are reduced with two 
molar e'quilavents of hydrogen in the presence of a plati 
num, palladium, nickel catalyst, or the like, to afford the 
corresponding substituted tetralin (hydrogenation of the 
unsubstituted ring is favored; when both rings are sub 
stituted, two products are obtained with different ring 
saturation). The substituted tetralin is then oxidized, 
such as with chromium trioxide in glacial acetic acid or 
8 N sulfuric acid, to obtain the substituted l-tetralone. 
The l-tetralones substituted at positions 6 and 8 of 

Formulas C and L can also be prepared from the corre 
sponding 4-tetralones (which are intermediates in the 
above described preparation of naphthalenes substituted 
at positions 6 and 8) by reducing and hydrogenolyzing 
the latter with sodium borohydride and hydrogen in the 
presence of palladium respectively to afford the corre 
sponding tetralins. The tetralins are then oxidized with 
chromium trioxide in acetic acid to afford the correspond 
ing 1- and 4-tetralones substituted at positions 6 and 8. 
The tetralones are separated by conventional means, such 
as fractional crystallization or distillation. 

l-substituted and 1,6-disubstituted Z-naphthylacetic acid 
derivatives also can be prepared from l-oxo-3,4-dihydro 
2[2H]-naphthylaceti-c acid derivatives or l-hydroxy-l,2,3, 
4-tetrahydro-2-naphthylacetic acid derivatives, the com 
pounds of Formula F or G respectively. 

For example, the l-chloro-2-naphthylacetic acid deriva 
tives are prepared by ?rst esterifying compounds of For 
mula F by conventional means, such as described above, 
and then chlorinating the resulting l-oxo esters by a con 
ventional technique, such as by treatment with phos 
phorous pentachloride, to furnish the corresponding 1 
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10 
chloro-3,4-dihydro compounds. The resulting l-chloro 
products are then dehydrogenated by conventional means, 
preferably by re?uxing in a hydrocarbon solvent with 
2,3-dichloro-5,6-dicyano - 1,4 - benzoquinone (DDQ) to 
furnish the corresponding 1-chloro-2-naphthylacetic acid 
derivatives. 
The l-?uoro-Z-naphthylacetic acid ester derivatives are 

prepared by esterifying the carboxy group of the corre 
sponding 1 - hydroxy-1,2,3,4-tetrahydro-2-naphthylacetic 
acid derivatives, the compounds of Formula G, and then 
treating the resulting ester with two or more equivalents 
of l-diethylamino-l,2,2-tri?uoro-2-chloroethane in a halo 
genated hydrocarbon solvent to afford the corresponding 
l-?uoro derivative. The latter upon treatment with DDQ, 
as described above, affords the corresponding l-?uoro-Z 
naphthylacetic acid ester derivative. 

iBy treating the 1- oxo-3,4-dihydro-2-[ZHJnaphthyl 
acetic acid ester derivatives with an alkyl magnesium bro 
mide, such ‘as methyl magnesium bromide, in a non-aque 
ous ether, such as diethylether, diisopropylether, dioxane, 
tetrahydrofuran, and the like, hydrolyzing the resulting 
products under acidic conditions, and then dehydrogenat 
ing the resulting l-alkyl-l,2,3,4-tetrahydro-2-naphthy1~ 
acetic acid ester derivatives by conventional techniques, 
such as the techniques described above, the correspond 
ing l-alkyl-2-n-aphthylacetic acid derivatives are obtained. 

1-alkoxy-2-naphthy1acetic acid ester derivatives are 
prepared by treating 1-oxo-3,4-dihydro-2[2H]naphthyl 
acetic acid ester derivatives With an alkylorthoformate, 
such as methylorthoformate, in the presence of an acid 
catalyst, such as the ones described above, in a hydro 
carbon solvent and then dehydrogenating the resulting 
l-alkoxy-3,4-dihydro-2-naphthylacetic acid derivatives by 
conventional means, such as described above. 

l-alkylthio-Z-naphthylacetic acid ester derivatives can 
be prepared by hydrolyzing a 1-a1koxy-2-naphthylacetic 
acid ester derivative to obtain the corresponding l-hy— 
droxy derivatives and then treating the latter with an al— 
kylmercaptan, such as methylmercaptan, ethylmercaptan, 
and the like, in an acid environment at about 180° C. un 
der pressure greater than atmospheric pressure for 3 hours 
or more. 

The 1-substituted-Z-naphthylacetic acid ester derivatives 
are hydrolyzed by conventional methods, such as by the 
means described above, to the free acids. 
Another method for the preparation of 4-substituted 

2-naphthylacetic acid derivatives involves the treatment 
of benzene with an equivalent of a 3-halocarbonyl dialkyl 
glutarate, such as dimethyl 3-chlorocarbonyl glutarate and 
two or more equivalents of aluminum chloride in a hy 
drocarbon solvent to afford the corresponding dialkyl 
benzoyl glutarate, which is reduced and hydrogenolyzed 
as the oxo-containing compounds above to afford the 
corresponding dialkyl S-benzyl glutarate. The latter is 
hydrolyzed by conventional means and the resulting 3 
benzyl glutaric acid is treated with concentrated sulfuric 
acid to afford the corresponding 1,2-dihydro-4-oxo-2 
[3H]naphthylacetic acid derivative. The latter is reduced, 
halogenated, alkylated, esteri?ed and dehydrogenated by 
the processes used to reduce, halogenate, alkylate, esterify 
and dehydrogenate the l-oxo-3,4-dihydro-2-[2H]naph 
thylacetic acid derivatives described above, to obtain 4 
chloro-, 4-?uoro-, 4-hydroxy-, 4-alkyl, 4-alkoxy-, and 4 
alkylthio-2-naphthylacetic acid derivatives. The 4-substi 
tuted-6-substituted-2-naphthylacetic acid derivatives are 
obtained by employing a monosubstituted benzene, such 
as methoxybenzene, in the above process. 
Another method of preparing the 8-substituted 2-naph 

thylacetic acid derivatives involves treating an ester of 
phenylacetic acid with two or more equivalents of suc 
cinic anhydride and aluminum chloride in a nitrobenzene 
or carbon disul?de to afford the corresponding alkyl p-.(3 
carboxy-l-oxopropyl)phenylacetate derivative, which is 
reduced and hydrogenolyzed by treatment with an alkali 
borohydride and palladium charcoal catalyst, respective 
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ly, to aiford the ester of p-(3-carboxypropyl)-phenylacetie 
acid. The corresponding acid halide is prepared by treat 
ing the latter with a conventional halogenating ‘agent, such 
as phosphorus tri- or pentabromide or -chloride or 
thionyl chloride. The resulting ester of p-(3-halocarbonyl 
propyl)phenylacetic acid is treated with three or more 
equivalents of aluminum chloride in -a. hydrocarbon sol 
vent to furnish the ester of 8-oxo-5,6-dihydro-2-[7H] 
naphthylacetic acid. This compound can be reduced, 
halogenated, alkylated, esteri?ed and dehydrogenated by 
the processes described above to obtain the 8-chloro-, 8 
?uoro-, 8-hydroxy-, 8-alkyl-, 8-alkoxy- and 8-alkylthio 
Z-naphthylacetic acid derivatives. 
Another method by which the present compounds can 

be prepared involves the reaction of Z-tetralones with one 
or more equivalents of a l-alkoxycarbonylalkylidene tri 
phenyl phosphorane, such as l-methoxycarbonylethyl 
idene triphenyl phosphorane, to furnish the correspond 
ing 2,2-(l-alkoxycarbonylalkylidene)tetralin. The latter 
upon heating with palladium charcoal catalyst affords the 
corresponding Z-naphthylacetic acid ester derivative. 
For this purpose, the 1-alkoxycarbonylalkylidene tri 

phenyl phosphorane reactant is conveniently provided up 
on reaction of triphenylphosphine with a 2-halocar 
boxylic acid ester in an organic reaction medium fol 
lowed by reaction with a base. 

Thus, for example, by reacting 6-methoXy-2-tetralone 
with the triphenylphosphorane derived from ethyl 2-halo 
propionate, 2,2 - (1'-carbethoxyeth-l',1’-y1idene)-6-meth 
oxytetralin is prepared. Dehydrogenation thereof provides 
ethyl 6-methoxynaphthyl-u-methylacetate which upon 
hydrolysis affords 6-methoXynaphthy-a-methylacetic acid. 

Unsubstituted and substituted Z-tetralones of the fol 
lowing formulas can be utilized in the above process: 

R100! 

(N) (0) 

wherein R108, R109’ and R118 are as de?ned above. 
The substituted 2-tetralones of Formulas N and O are 

prepared by treating the corresponding l-tetralones with 
butylnitrite in ether and then esterifying the resulting 2 
oximino-l-tetralones with an acid anhydride, such as 
acetic anhydride, in an organic acid, such as acetic acid, 
to obtain the substituted 2-acetylimino-Z-tetralones. The 
acetylimino substituents are reduced to acetylamino sub 
stitutents with hydrogen in the presence of palladium and 
the like. The keto groups are then reduced to hydroxy 
groups with sodium borohydride or the like. The sub 
stituted 2-acetylamino-l-hydroxytetralins are then treated 
with glacial acetic acid in the presence of concentrated 
acid to obtain the corresponding substituted 2-tetralones 
of Formulas N and O. 
The 3,4-dihydro-2-naphthylacetic acid derivatives of 

Formulas VIA, VIIA and VIIIA are prepared from the 
corresponding Z-naphthylacetic acid derivatives or the 
esters thereot by re?uxing the latter in an alkanol with 
two or more equivalents of an alkali metal, such as 
lithium, potassium, sodium, and the like. Preferably the 
Z-naphthylacetic acid derivative starting material is not 
substituted with hydroxy or conventional hydrolyzable 
ester, ‘but rather, these groups are introduced later by the 
means described herein. 

The addition of an alkyl substituent at the tat-position 
(with respect to the acetic acid chain) to obtain the 2 
naphthyl-a-alkylacetic acid derivatives is optional, but 
when the addition is required, it is carried out following 
the preparation of the Z-naphthylacetic acid derivatives 
or the 3,4-dehydro derivatives thereof prepared as de 
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scribed above. The introduction of the u-alkyl substituents 
can be illustrated by the following reaction sequence: 

C H2 

C O OH 
-——> 

Rm! Z 
(P) 

C52 / o o 0 Alkyl 

Run! 
(Q) 

alkyl 

or / C 0 O Alkyl 

Rnar/ (R) Z 
wherein 

R118’ is alkyl, cycloalkyl, tri?uoromethyl, vinyl, alkoxy 
methyl, ?uoro, chloro, conventional hydrolyzable ester, 
oxyether, thioether, formyl, alkoxycarbonyl, acetyl, 
cyano or aryl; ‘ 

Z is a carbon-carbon single bond or a carbon-carbon dou 
ble bond; provided that when Z is a carbon-carbon 
double bond, R118’ is alkyl, cycloalkyl, tri?uoromethyl, 
?uoro, chloro, oxyether, thioether or aryl. 
The Z-naphthylacetic acid derivatives, the compounds 

of Formula P, are esteri?ed by conventional means, such 
as being allowed to react with an alkanol in the presence 
of boron tri?uoride, to afford the corresponding esters, the 
compounds of Formula Q. The compounds of Formula 
Q are treated with an alkali metal hydride such as sodium 
hydride, potassium hydride, and the like, in an ether sol 
vent, such as monoglyme, and then with an alkyl halide, 
such as methyl iodide, to afford the corresponding '2 
naphthyl-a-alkylacetic acid ester derivatives, the com 
pounds of ‘Formula R. The latter are hydrolyzed by re 
?uxing in a basic solution to obtain the corresponding 2 
naphthyl-a-alkylacetic acid derivatives. 
The ethynyl 2-naphthyl-a-alkylacetic acid derivatives 

are prepared from vinyl Z-naphthyl-a-alkylacetic acid de 
rivatives by brominating and debrominating the latter’s 
vinyl group by the means described above. Oxyether or 
alkoxymethyl 2-naphthyl-a-alkylacetic acid derivatives 
are hydrolyzed to obtain the hydroxy or hydroxymethyl 
derivatives respectively. Alkoxycarbonyl 2-napthyl-a 
alkylacetic acid derivatives are hydrolyzed to obtain the 
carboxy derivatives. 

Z-naphthylacetic acid derivatives substituted at other 
positions are also employed in the above process. 
The a-alkyl substituents are similarly introduced into 

other Z-naphthylacetic acid derivatives substituted at posi 
tions 1,4,7,8 and/or 6. Prior to the above process, hy 
droxy groups are etheri?ed and carboxy groups are esteri 
?ed to protect them from attack by reagents used in sub 
sequent elaborations. Such protected groups can be 
regenerated by hydrolysis after the process. 
The introduction of other substituents on the a-car 

bon atoms of the acetic acid moiety is also optional, 
but when carried out, is preferably done after the prepa 
ration of the Z-naphthylacetic acid derivatives and the 
esters thereof (including the 3,4-dihydro derivatives). 
The oc-dl?llOI'OIIlCthYl group can be introduced by treat~ 

ing the Z-naphthylacetic acid ester derivatives with an 
alkali metal or alkali metal hydride in a dialkyl car 
bonate, such as diethyl carbonate, to aiford the corre 
sponding ot-alkoxycarbonyl derivatives. The latter is 
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treated with chlorodi?uoromethane and an alkali metal 
alkoxide, such as potassium t-butoxide, in an ether sol 
vent, preferably l,2-dimethoxyethane to afford the cor 
responding u-alkoxycarbonyl-ot-di?uoromethyl derivatives, 
which are hydrolyzed to furnish the corresponding 2 
naphthyl-a-carboxy-a-di?ouromethylacetic acid deriva 
tives. The dcesteri?ed product is decarboxylated by heat 
ing to between 30° C. and 150° C., until the evolution 
of carbon dioxide ceases to give the corresponding 2 
naphthyl-a-di?uoromethylacetic acid derivatives. 
By treating the above 2-naphthyl-a-alkoxycarbonyl 

acetic acid ester derivatives with an equivalent of an 
alkali metal hydride in a hydrocarbon solvent, then with 
an alkyl halide, the corresponding 2-naphthyl-a-alkoxy 
carbonyl-a-alkylacetic acid ester derivatives are obtained. 
The latter are hydrolyzed and decarboxylated to furnish 
the corresponding 2-naphthyl-u-alkylacetic acid deriva 
tives. This is an alternative method of introducing the a 
alkyl substituent. 
The a-?uoro group is introduced by treating the 2 

naphthylacetic acid ester derivatives with two or more 
equivalents of an alkyl formate, such as ethylformate, 
and three or more equivalents of an alkali metal or alkali 
metal hydride in a hydrocarbon solvent to afford the cor 
responding a-hydroxymethylene derivatives which are 
treated with an equivalent of an alkali metal hydride and 
one equivalent of perchloryl ?uoride to afford the cor 
responding ot-?lJOl‘O-a-fOI‘IDYl derivatives. The latter are 
oxidized by conventional means, such as with chromium 
trioxide in glacial acetic acid or 8 N sulfuric acid, to 
furnish the corresponding u-?uoro-u-carboxy derivatives 
which are decarboxylated by heating to temperatures of 
100° C. or more to afford the corresponding 2-naphthyl 
a-?uoroacetic acid ester derivatives. The corresponding 
ot-chloro derivatives are prepared by utilizing chlorine in 
place of perchloryl ?uoride in the above process. 
The a,a-di?uor0methy1ene group can be introduced by 

re?uxing 2-naphthyl-ot-chloroacetic acid ester derivatives 
with an alkali metal hydroxide in an alkanol to afford 
the corresponding 2-naphthyl-u-hydroxyacetic acid de 
rivative. The carboxy groups of the latter are re-esteri 
?ed by conventional methods and the resulting esters are 
then oxidized by conventional means, such as described 
above, to obtain the corresponding cz-OXO derivatives, 
which upon being re?uxed with one equivalent of di-?uo 
romethylidene triphenylphosphorane in a hydrocarbon 
sol-vent, affords the corresponding 2—naphthyl-a,a-di?uo 
romethyleneacetic acid ester derivatives. The correspond 
ing a,u-?uorochloromethylene derivatives are prepared 
by using chloro?uoromethylidene triphenylphosphorane 
in place of di?uoromethylidene triphenylphosphorane in 
the above process. The di?uoromethylidene triphenyl 
phosphorane is prepared by re?uxing sodium chlorodi 
?uoroacetate with triphenylphosphine in dimethylforrn 
amide. Similarly, triphenyl chlorotluoromethylidene phos 
phorane is prepared by employing sodium dichloro?uoro 
acetate. 
The 0:,ot-‘?UOI‘OH16thYl6I16 group can be introduced by 

treating Z-naphthyI-a,a-hydroxymethyleneacetic acid ester 
derivatives with phosphorus pentachloride in a hydrocar 
hon solvent. 
The a,ot-?uoromethylene group can be introduced to 

tosylating Z-naphthyl-a,ot-hydroxymethyleneacetic acid 
ester derivatives with p-toluenesulfonyl chloride in a hy 
drocarbon solvent and then treating the resulting tosylate 
with an alkali metal ?uoride, such as sodium ?uoride. 
By utilizing the alkali metal chloride in the above process, 
the corresponding a,a-chloromethylene derivatives are 
furnished. 
The ant-methylene group is introduced by treating the 

2-naphthy1 acetic acid ester derivatives with formaldehyde 
or paraformaldehyde and an alkali metal alkoxide, such 
as sodium methoxide in dimethylsulfoxide. 
The aux-ethylene group is introduced by re?uxing the 

2-naphthy1-a,ot-methyleneacetic acid ester derivatives with 
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14 
diiodomethane in the presence of zinc-copper couple in 
an ether solvent. 

In the preferred embodiment of this invention the hy 
droxy, hydroxymethyl, conventional hydrolyzable ester, 
alkoxymethyloxy, allqylthiomethyloxy, tetrahydrofuran 
2’-yloxy, tetrahydropyran-2’-yloxy, 4’-alkoxytetrahydro 
pyran-4'-yloxy, alkoxymethylthio and alkylthiomethyl 
thio are introduced after the introduction of substituents 
at the a-position of the Z-naphthyl acetic acid derivatives. 
Those compounds containing a tri?uoromethyl group 

are preferably prepared from the corresponding methyl 
substituted Z-naphthylacetic acid ester derivatives by 
treating the latter with chlorine and phosphorus trichlo 
ride in the presence of light to afford the corresponding 
trichloromethyl derivatives, which, when re?uxed with 
antimony tri?uoride in a hydrocarbon solvent, furnish 
the corresponding tri?uoromethyl substituted 2-naphthy1 
acetic acid ester derivatives. In the preferred embodiment 
of the present invention the tri?uoromethyl group is in 
troduced on the Z-naphthylacetic acid derivatives start 
ing material prior to the preparation of the correspond 
ing 3,4-dihydro derivatives by the above described proc 
esses. 
Those compounds containing di?uoromethoxy groups 

are preferably prepared from the corresponding alkoxy 
substituted 2-naphthylacetic acid ester derivatives by re‘ 
i?uxing the latter with 48 percent hydrobromic acid in 
acetic to furnish the free hydroxy derivatives which, upon 
treatment with chlorodi?uoromethane and an alkali metal 
hydroxide in aqueous dioxane of tetrahydrofuran, affords 
the corresponding di?uoromethoxy substituted 2-naph 
thylacetic acid ester derivatives. 
By utilizing alkylthio 2-naphthylacetic acid ester deriva 

tives in the above process, the corresponding di?uoro 
methylthio derivatives are obtained. 
The hydroxy groups are etheri?ed by conventional 

methods, for example, by treatment with an alkali metal 
hydride and then with an alkylhalide, preferably an alkyl 
bromide or iodide; or by treatment with a diazoalkane 
or an alkanol in the presence of borotri?uoride in an 
ether solvent, and the like. 
The alkoxymethyloxy groups are introduced by treat 

ing the hydroxy substituted Z-naphthylacetic acid deriva 
tives with an alkoxychloromethane in dimethylformamide 
to afford the corresponding alkoxymethyloxy substituted 
2-naphthylacetic acid derivatives. The alkylthiomethyloxy 
substituted Z-naphthylacetic acid derivatives are prepared 
by utilizing an alkylthiochloromethane in the above proc 
ess. 

The alkoxymethylthio substituted 2-naphthylacetic acid 
derivatives are prepared by re?uxing thio substituted 2 
naphthylacetic acid derivatives with an alkoxychloro 
methane in dimethylformamide. The alkylthiomethylthio 
substituted derivatives are prepared by using an alkyl 
thiochloromethane in place of alkoxychloromethane in 
the above process. 
The compounds containing tetrahydrofuran-2'-yloxy, 

tetrahydropyran-2'~yloxy, or 4'-alkoxytetrahydropyran-4’ 
yloxy groups are preferably prepared from the corres 
ponding hydroxy Z-naphthyl-acetic acid ester derivative 
by treatment with dihydrofuran, dihydropyran, or 4’— 
alkoxy dihydropyran, such as 4'-methoxy dihydropyran, 
in the presence of an acid catalyst. 
The 4-alkoxy-2,6-dihydropyrans are prepared by treat 

ing 4-oxotetrahydropyran with an alkanol in the presence 
of an acid catalyst, and then pyrolyzing the resulting 4,4 
dialkoxy tetrahydropyran in the presence of acid to afford 
the corresponding 4-alkoxy-2,6-dihydropyran. 
The compounds containing hydroxy ester groups are 

prepared from the hydroxy derivatives by conventional 
esteri?cation means, such as by heating With an acid 
anhydride. 
The foregoing general procedures are useful for the 

preparation of other naphthylacetic acid derivatives 
hereof. 
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The preferred 2-naphthylacetic acid conjugates of 

Formulas VII and XI are derived from 2-naphthylacetic 
acid compounds within Formula IV represented by the 
formula : 

R131 
' 0 

R13 - 

(Ial) 
In the above formula, 

10 

R130 is methoxy, methylthio, di?uoromethoxy, chloro, 
methyl, ethyl or isopropyl; and 

R131 is hydrogen, methyl or di?uoromethyl. 15 

The preferred method for preparing these latter com 
pounds involves the reaction of a p-substituted naphthyl 
ene With acetyl chloride in nitrobenzene in the presence 
of at least 3 molar equivalents of an aluminum chloride 20 
to yield the corresponding 6-substituted-2-acetylnaphthyl 
ene derivative. The resulting derivative is heated with 
morpholine in the presence of sulfur at about 150° C.; 
the product is re?uxed with concentrated hydrochloric 
acid to yield the corresponding 2-(6-substituted-2- 25 
naphthyl)acetic acid derivative. The addition of the alkyl 
substituent at the alpha position is carried out by ester 
ifying the 2-(-6-substituted-Z-naphthyl)acetic acid deriv 
ative by conventional methods, such as by treatment with 
a diazoalkane, such as diazomethane, in ether or with an 30 
alkanol such as methanol in the presence of boron tri 
?uoride to yield the corresponding alkyl ester. The ester 
product is then treated with sodium hydride in an ether 
solvent such as 1,2-dimethoxyethane, and then treated 
with a methyl halide such as methyl iodide to yield the 35 
corresponding 2-(6' - substituted - 2 - naphthyl)propionic 
acid methyl ester. These can be hydrolyzed such as with 
a base in alcohol to yield the corresponding acids. 

Preferably, the di?uoromethoxy group at the 6-position 
of the naphthylene ring is introduced after the introduction 40 
of any methyl group at the a-position of the Z-naphthyl 
acetic acid compounds. These compounds are prepared 
from the corresponding 2-(6—alkoxy~2-naphthyl)acetic 
acid alkyl ester derivative by re?uxing the latter com~ 
pound with 48 percent hydrobromic acid in acetic acid 45 
to furnish the corresponding 6'-hydroxy derivative. The 
hydroxy derivative is treated with chlorodi?uoromethane 
and an alkali metal hydroxide in aqueous dioxane or 
tetrahydrofuran to furnish the corresponding 2-(6-di 
?uoromethoxy-Z-naphthyl)acetic acid derivative. 50 
The preferred conjugates are those of the d-acids of 

Formula (Ial) . 
Representative Z-naphthylacetic acid conjugates of 

Formulas VIII and XI can be prepared corresponding to 
the following Z-naphthylacetic acid derivatives of Form- 55 
ulas IA-VIHA. 

TABLE A 

6-methoxy-2-naphthylacetic acid, 
2-naphthylacetic acid, 
6-chloro-2-naphthylacetic acid, 
6-?uoro-2-naphthylacetic acid, 
6-ethoXy-2-naphthylacetic acid, 
6-ethylthio-2-naphthylacetic acid, 
6-methylthio-2-naphthylacetic acid, 
-6-methyl-2-naphthylacetic acid, 
6-ethyl-2-naphthylacetic acid, 
6-isopropyl-Z-naphthylacetic acid, 
6-cyclopropyl~2-naphthylacetic acid, 
6-cyclohexyl-2-naphthylacetic acid, 
6-hydroxy-2-naphthylacetic acid, 
6-vinyl-2-naphthylacetic acid, 
6-ethynyl—2-naphthylacetic acid, 
6-formyl-2-naphthylacetic acid, 
6-carboxy-2-naphthylacetic acid, 
6-methoxycarbonyl-Z-naphthylacetic acid, 
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6-acetyl-2-naphthylacetic acid, 
6-cyano-2-naphthylacetic acid, 
6-phenyl-Z-naphthylacetic acid, 
6-p-chlorophenyl-Z-naphthylacetic acid, 
6-methyl-S-fluoro-Z-naphthylacetic acid, 
6-methyl~8-methoxy-Z-naphthylacetic acid, 
6-chloro-8-methyl-2-naphthylacetic acid, 
6,7-dichloro-2-naphthylacetic acid, 
6-?uoro-7-methoXy-2-naphthylacetic acid, 
6-methoXy-7-?uoro-2-naphthylacetic acid, 
‘6,7-dimethyl-Z-naphthylacetic acid, 
6,8-dimethoxy-Z-naphthylacetic acid, 
G-methyl-8-fluoro-2-naphthylacetic acid, 
6-chloro-8-methyl-2-naphthylacetic acid, 
6-methyl~8-chloro-2-naphthylacetic acid, 
6-methyl-Z-naphthyl-a-methylacetic acid, 
6-methyl-2-naphthyl-a-ethylacetic acid, 
Z-naphthyl-a-methylacetic acid, 
1-methyl-2-naphthyl-a-methylacetic acid, 
1~?uoro-Z-naphthyl-a-methylacetic acid, 
1-methoxy-2-naphthyl-a-methylacetic acid, 
1,6-dimethylthio-2-naphthyl-a-methylacetic acid, 
4»ethyl-2-naphthyl-a-ethylacetic acid, 
4Lchloro-Z-naphthyl-a-methylacetic acid, 
4-methoxy-Z-naphthyl-a-methylacetic acid, 
4-methyl-6-tluoro-2-naphthyl-a-methylacetic acid, 
4~?uoro-6-methoXy-2-naphthyl-a-methylacetic acid, 
6-ethoxy-Z-naphthyl-a-methylacetic acid, 
6-ethyl—Z-naphthyl-ot-methylacetic acid, 
6-methoxymethyl-Z-naphthyl-ot-methylacetic acid, 
G-tri?uoro-Z-naphthyl-u-methylacetic acid, 
6-isopropyl-2-naphthyl-a-methylacetic acid, 
6-vinyl-2-naphthyl-a-methylacetic acid, 
6-cyclopropyl-Z-naphthyl-a-methylacetic acid, 
6-fluoro-2-naphthyl-a-methylacetic acid, 
‘6-chloro-2-naphthyliu-methylacetic acid, 
6-chloro-2-naphthyl-u-ethylacetic acid, 
6-acetyl-2-naphthyl-a-methylacetic acid, 
6-methoXy-2-naphthyl-m-methylacetic acid, 
6-methoxymethylene-Z-naphthyl-wmethylacetic acid, 
6-methylthio-2-naphthyl—a-methylacetic acid, 
6-ethylthio-2-naphthyl-a-methylacetic acid, 
6-?uoro-7-methyl—2-naphthyl-m-methylacetic acid, 
6-methyl-7-methoxy-2-naphthyl-a-methylacetic acid, 
6-methylthio~7-?uoro-2-naphthyl-a-methylacetic acid, 
7-chloro-2-naphthyl-u-methylacetic acid, 
7-methoxy-2-naphthyl-a-methylacetic acid, 
7-methyl-2rnaphthyl-ot-methylacetic acid, 
8-methyl-2-naphthyl—a-methylacetic acid, 
8-ethoxy-Z-naphthyl-a-methylacetic acid, 
l8-?uoro-2-naphthyl-wmethylacetic acid, 
8-isopropylthio-Z-naphthyl-wmethylacetic acid, 
6,8-dimethyl-2-naphthyl-ot-methylacetic acid, 
6,8-dichloro-8-methyl-2-naphthyl-a-methylacetic acid, 
6-methoxy-2-naphthyl-u-di?uoromethylacetic acid, 
1-ethyl-2-naphthylacetic acid, 
1~chloro-2-naphthylacetic acid, 
1-methylthio-2-naphthylacetic acid, 
l,6-dimethyl-Z-naphthylacetic acid, 
4-isopropyl-Z-naphthylacetic acid, 
4~?uoro-2-naphthylacetic acid, 
4-ethylthio-2-naphthylacetic acid, 
4-rnethyl-6-methoxy-Z-naphthylacetic acid, 
4-methoxy-6-chloro-2-naphthylacetic acid, 
6—methyl-2-naphthylacetic acid, 
6-isopropyl-2-naphthylacetic acid, 
6-cyclopropyl-Z-naphthylacetic acid, 
6-trifluoromethyl-2-naphthylacetic acid, 
6-meth0Xy-2-naphthylacetic acid, 
G-methylthio-2-naphthylacetic acid, 
7-fluoro-2-naphthylacetic acid, 
7-methylthio-2-naphthylacetic acid, 
6,7-dimethyl-Z-naphthylacetic acid, 
6,7-dichloro-2-naphthylacetic acid, 
6-methoxy~7-methyl-2-naphthylacetic acid, 
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S-ethyl-Z-naphthylacetic acid, 
8-chloro-2-naphthylacetic acid, 
S-ethylthio-2-naphthylacetic acid, 
6,-8-dimethoXy-2-naphthylacetic acid, 
6-methoxy-2-naphthyl-a-methylacetic acid, 
1,6-dimethoxy-Z-naphthylacetic acid, 
6-acetyl-2-naphthyl-a-methylacetic acid, 
6-carboxy-Z-naphthyI-a-methylacetic acid, 
6-methoXycarbonyl-2-naphthyl-a-methylacetic acid, 
6-hydroxymethyl-Z-naphthyl-u-methylacetic acid, 
6-formyl-Z-naphthyl-u-methylacetic acid, 
‘6-cyano-Z-naphthyl-u-methylacetic acid, 
6-isopropylcarbonyl-Z-naphthyl-ot-methylacetic acid, 
3,4—dihydro-6-methoxy-Z-naphthyl-a-methylacetic 

acid, 
3,4-dihydro-6-methylthio-2-naphthyl-a-methylacetic 

acid, ' 

3,4-dihydro-6-ch1oro-2-naphthyl-a.-methylacetic acid, 
3,4‘dihydro-6-(?uo1'o-Z-naphthyl-a-methylacetic acid, 
3.4-dihydro-6-methyI-Z-naphthyI-a-methylacetic acid, 
3,4-dihydro-6-di?uoromethoXy-2-naphthyl-a-methyl 

acetic acid, _ 
3,4-dihydro-6-methoxy-2-naphthylacetic acid, 
3,4-dihydro-6-methylthio-2-naphthylacetic acid, 
3,4-dihydro-6-chloro-2-naphthylacetic acid, and 
3,4-dihydro-6-methyl-2-naphthylacetic acid. 
Also included within the scope of Formulas VIII and 

XI are conjugates of the 1,2,3,4-tetrahydrophenanthrene, 
1,2,3,4,9,10=hexahydrophenanthrene, and l,2,3,'4,9',10,11, 
12-octahydrophenanthrene acids disclosed in U.S. Pat. 
3,476,859. These acids can be represented by the formula: 

Rm 0 

L011 

(1B) 

In the above rormula, 
R150 is hydrogen, hydroxy, allyloxy, diethylaminoethoxy, 

lower alkoxy containing one to four carbon atoms, 
cyclopentyloxy, tetrahydrofuran-2’-yloxy, tetrahydro 
pyran-2’-yloxy, or acyloxy; 

R151 is hydrogen, methyl, ethyl or n-propyl; 
R152 is methyl or ethyl; 
R153 is hydrogen, methyl or ethyl; _ 
R154 is hydrogen or methyl and is alpha- or beta oriented 
when Z1 is a single bond; and 

Z1 and Z2 each is a carbon-carbon single bond or carbon 
carbon double bond, Z2 being a single bond when Z1 is 
a ‘single bond. 
These conjugates (corresponding to Formulas VIII 

and XI) can be prepared from the acids of Formula 18 
(which correspond to Formula IV) by the procedure de 
scribed above. These conjugates have anti-fertility and 
estrogenic activity and are accordingly useful in the re 
placement therapy for estrogen de?ciencies, in the con 
trol and regulation of fertility, and in the management 
of menstrual disorders. 
Exemplary compounds of Formula IB from which the 

corresponding conjugates of Formula VIII and XI can be 
prepared follow: 

TABLE B 

d-cis bisdehydrodoisynolic acid and the 7~methyl ester; 
l-cis bisdehydrodoisynolic acid and the 7-methyl ester; 
d-trans bisdehydrodoisynolic acid; 
racemic-cis bisdehydrodoisynolic acid; , 
racemic-cis 1-ethyl-2-methyl-7-ethoxy-1,2,3,4-tetra 

‘ hydro-2-phenanthrenecarboxylic acid; 

18 
' racemic-cis1-ethyl-2-methyl-7-methoxy-1,2,3,4-tetra 
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hydrO-Z-phenanthrenecarboxylic acid; 
racemic~cis 1-ethyl-2-methyl-7-allyloxy-l,2,3,4-tetra- ' 

hydro-Z-phenanthrenecarboxylic acid; 
racemic-cis l-ethyl-2-methyl-7-n-propoxy-l,2,3,4-tetra 

hydro-2-phenanthrenecarboxylic acid; 
racemic-cis l-ethyl-2-methyl-7-n-butoxy-1,2,3,4-tetrahy 

dro-2-phenanthrenecarboxylic acid; 
racemic-cis 1,2-dimethyl-7-hydroxy-l,2,3,4-tetrahydro 

2-phenanthrenecarboxylic acid; 
racemic-cis 1,2-diethyl-7-hydroxy-1,2,3,4-tetrahydro-' 

Z-phenanthrenecarboxylic acid; 
racemic-cis 1-ethyl-2-n-propyl-7-hydroxy-1,2,3,4-tetra 

hydro-Z-phenanthrenecarboxylic acid; 
racemic-cis 7-hydroxy-1,2,3,4-tetrahydro-2-phenanthrene 

carboxylic acid; 
racemic-cis 1-methyl-7-hydroxy-1,2,3,4-tetrahydro-2 

phenanthrenecarboxylic acid; 
racemic-cis l-methyl-7-methoxy-1,2,3,4—tetrahydr0-2 

phenanthrenecarboxylic acid; 
racemic-cis 1,2-dimethyl-1-ethyl-7-methoxy-l,2,3,4 

tetrahydro-Z-phenanthrenecarboxylic acid; 
racemic-cis 1,l-diethyl-2-methyl-7-methoxy-l,2,3,4-tetra 

hydro-2-phenanthrenecaboxylic acid; 
l-methyl-7-methoxy-1,2,3,4,9,l0,11,12-octahydro-2 
phenanthrenecarboxylic acid; 

1,2-dimethyl-7-methoxy- 1,2,3 ,4,9‘,10,1 1,12-octahydro 
2-phenanthrenecarboxylic acid; 

d-trans 1-ethyl-2-methyl-7-hydroxy-l,2,3,4,9',l0, 1 1,12 
octahydro-Z-phenanthrenecarboxylic acid; 

d-cis 1-ethyl-2-methyl-7-hydroXy-1,2,3 ,4,9‘, 10, 1 1, 12-octa 
hydro-2-phenanthrenecarboxylic acid; 

dl-trans 1-ethyl-2-methyl-7-methoxy-l,2,3,4,9‘,10,1 1,12 
octahydro-2-phenanthrenecarboxylic acid; ' 

dl-cis 1-ethyl-2-mehyl-7-hydroxy-1,2,3,4,9,10, 1 1,12 
octahydro-2-phenanthrenecarboxylic acid; 

dl-cis 1-ethyl-2-methyl-7-methoxy-1,2,3,4,9,10,11,12 
octahydro-Z-phenanthrenecarboxylic acid; 

dl-cis 1-ethyl-2-methyl-7-methoxy-1,2,3,4,9,10,11,12 
octahydro-2-phenanthrenecarboxylic acid; and 

dl-trans 1-ethyl-2-methyl-7-methoxy-1,2,3,4,9,10,1 1,12 
octahydro-Z-phenanthrenecarboxylic acid. ' 

Other conjugates included within Formulas VIII and 
XI are conjugates of the following exemplary drug acids 
(corresponding to Formula IV in the above preparation 
procedure). The utility of the conjugates are also 
indicated. - I 

TAB LE 0 

N-p-sulfanilylphenylglycine __________ __ Antimicrobial. 
Z-acetoxybenzoic acid _________________ __ Analgesic, antipyretic, 

antirheumatic. 
Acetylsalicylsalicylic acid _____________ __ Analgesic. 
Actinorhodine ________________________ __ Antimicrobial. 

N-{ p-{ [1-(2, 4-diamino-6-pteridinyD- Folic acid antagonist. 
ethyHmethylamino }benxoy1} 
glutamic acid. 

N-acetyl-Lcysteine ................... __ Mucoiytic agent. 
Agaric acid ___________________________ __ Anhidrotic. 
4-amino-5-imidazolecarboxamide Treatment of hepatitis, 

orotate. cirrhosis, jaundice. 
Sulfosalicylic acid compound with Antimicrobial. 
suifanilamide. - 

p-Aminobenzoic acid ................. .. Antirickettsial, sunscreen 
agent. 

B-(4-hydroxy~3, 5-diiodophenyl)-5- Iodine therapy in thyro 
alanine. co s. 

N-{ p-[(2, 4-diamiuo-6~pteridylmethyi)- Antimetalliastélite, folic acid 
amino1-benzoyllglutamic acid. antago . 

Diammonium citrate _________________ ._ Diuretic. 
4-ch1orophcnoxy acetate ______________ __ Anorexigenic. 
D-(2-amino~2-phenylacetamide) -3, 3 

dimethyl~7~0xo-4-thia-1-azabicyclo~ 
[3. 2. 0]heptane-2-carboxylic acid. 

B-Hydroxymethoxy tricarballylic acid 7- Antipyretic, analgesic. 
lactone disahcylic acid ester. 

N-[ p-{ [1-(2z tdiamino-?-pteridiny?- Folic acid antagonist. 
ethyl1am1no i-benzoyl }glutamic acid. 

p-Methoxybenzoie acid _______________ __ Antirheumatic. 
p-Stibonobenzoic acid methyl 1, 2, 5, 6- Anthelmlntie. 
tetrahydro-l-methylnicotinate. 

Antimicrobial. 

l[(p-carbaxnoylphenyl)-arsy1cne]- Used in ?lariasis. 
dithio idiacetic acid. 

Baeitracin ____________________________ __ Antimicrobial. 

5-acetamido-2-ethoxybenzcic acid _____ ._ Sedative, antineuralgic. 
N-benzoyl-p-aminosalicylic acid ______ _. Antituberculous agent. 
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TABLE (‘J-Continued 

Diacetylpyrocatechol-3-carboxylic Analgesic, antipyretic. 7 

ac . 

N,N-diethyl-cis-N-tetrahydrophthala- Antiasthmatic. 
mic acid salt 0! 6~methoxy~4~ 
(dirnethylaminoethylamino) 5 
quinolme. 

5-{p-[4-6-dimethyl~(2-pyrimidinyl) 
sulfamoyH-phenylazo}salieylic 
ac . 

G-(p-suliamoylphenylazo)salicylic 
id Antimicrobial agent. ac . 

o-[p-(2-pyridylsulfam0yl)-phenylazo]- In ulcerative colitis. 10 
salicylic acid. 

o'Hydroxybenzoic acid _______________ __ Analgesic agent. 
5,6’dimethoxyphthaldehydic acid Antituberculous agent. 

isonicotinoylhydrazone. , 

p-Carboxybenzaldehyde thiosemicar- Antituberculous agent. 
bazone diethauolamine salt. 

Stibocaptate __________________________ __ Antischistosomal agent. 
5-amino-6-(7-amino-5,8-dihyd.ro-6-me- Antimetabolite. 15 

thoxy-5,8-dioxo-2-quinolyl)4-(2 
hydroxy-3,4-dimethoxypl1enyl)-3 
methylpicolinic acid. 

4'-(a-ghiazolylsulfamoyl)-succinanilic Antimicrobial agent. 
aci . 

4’-su1fanilylsucclnanilic acid __________ __ Do. 
p-Sulfanilamidosalicylic acid ____ _; ____ __ Do. 20 
2-[2-[(p-chloro-a-methyl-a-phenyl- Antihistaminic. . 
bcnzyl)-oxy]ethyH-I-methyl-pyrroli 
dine hydrogen iumarate. 

6,6~dihydrobenz[c] acridine-7-carboxylic Used in certain muscular 
acid. paralyses. _ 

3,6~dihydr0-3,7-dimethyl-2,?-dioxo-l Diuretic, myocardial stimu 
(ZED-purineacetic acid. lant, vasodilatorz 

1,2 3,6-tetrahydr0-1,3-dimethyl-2,6- Diuretic, myocardial 25 
dioxopurine-7-acetic acid. stimulant. 

p-Ureid0benzenearsylcne-dithio-di-o- Amebicide. 
benzoic acid. 

Trans-ll-(aminomethyl) cyclohexanecar- Anti?brinolytic agent. 
boxylic aci . 

[4-(4-Eydroxy-3-iodophenoxy)~3,5-di- Thyroid replacement therapy. 
iodopheny?acetic acid. 30 

?-[4-(4-hydroxy-3-iodophenoxy)-3,5- Do. 
diiodophenyH-alanine. 

5-[4-(3’-iodo-4’-hydroxyphenoxy)-3,5- Cholesteropenic agent. 
diiodophenyll-propionic acid. 

5-benzyldihydro-?-thioxo-ZH-l,3,5- Antimycotic. 
thiadiazine-3(4H)acetic, acid 

a~Ethyl-l-hydx0xy-4-phenyl-cyclo Choleretic agent; 
hexaneacetic acid. ‘ _ 35 

3-(l,4-dihydro-3-methyl-1, 4-dioxo-2- Antihemorrhagic agent. 
naphthylthio)propionic acid. 

p-[(a-Ethoxy-p-phenylphenacyl) Antiviral agent. 
amino]benzoic acid. 

The compounds of Formula I wherein one of R1, R2 40 
and R3 is --D4 can be prepared by a procedure repre 
sented as follows: 

in the above formulas 
D6 is the remainder of a ketone drug moiety and D’7 is 

the remainder of the enol ether drug moiety corre 
sponding to D6 ketone drug moiety or an aromatic , 
drug moiety; and 

each of R170, R171, R1’72 and R1’73 is hydrogen or a fatty 
acyl group, and at least one of R170 and R171 and at 
least one of R172 and R1’73 is a fatty acyl group. 

In the above illustrated process, the ketones of For 
mula IC are reacted with methyl orthoformate in dioxane 
in the presence of p-toluenesulfonic acid to yield the enol 
ethers of Formula 110. The compounds are reacted with 
1,2 - di - O - (fatty acyl) - glycerols in an inert organic 
solvent such as benzene in the presence of p-toluenesul 
fonic acid to yield a mixture of the drug enol ethers, i.e. 
2',3'~di-O-(fatty acy1)-glycerols of Formula IIIC and 
1',3’-di-O-(fatty acyl)-glycerols of Formula IVC. The 
compounds of Formula IHC and IVC are isolated from 
the mixture by conventional chromatography and crys 
tallization. 

Included within Formulas HIC and IVC are conjugates 
of steroid ethers corresponding to Formula IIC. These 
steroid ethers which are included within Formula I10 
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are, for the most part, derived from ketones which have 
been described together with methods for their prepara 
tion in US. patent applications Ser. No. 731,300, ?led 
May 22, 1968, Ser. No. 731,301, ?led May 22, 1968 and 
Ser. No. 731,267, ?led May 22, 1968 and US. Pats Nos. 
3,365,446, 3,067,194 and 3,364,203. Estrogenic steroids 
conjugated at an aromatic hydroxy group (phenolic 
group) are prepared from the corresponding ethers de 
scribed in US. patent application Ser. No. 731,301, ?led 
May 22, 1968. 

Representative anabolic steroids within Formula IC can 
be represented by the following formulas: 

Rm Rm 

1-..,” 

R213 ( 
V 

O MR2“ 

1'1214 
R211 (ID) (IID) 

Rm 

\l).....R215 
R223 

Rm 

YY . y —\/= (IIID) 
R21° Rm 

R217 10MB“; Z R217 “0R2” 

R213 I I I 

IV l O } O Y 
4 V 

Rm: - 

R220 (IVD) (VD) 

In the above formulas 

R210, R211, R213, R215, R222, and R223 each is hydrogen or 
methyl (preferably one of R222 and R223 is methyl); 

R212 is hydrogen or lower alkyl; 
R214 is hydrogen or chloro; 
R216 is hydroxy, or a conventional hydrolyzable ester or 

ether thereof; 
R217 is methyl or ethyl; 
R219, R220, and R225 each is hydrogen, methyl, ?uoro, or 

ghlOé‘O; and R220 is not present when Z4 is a double 
on ; 

Z4 and Z6 each is a single bond or a double bond. 

The conjugates of the compounds of Formulas ID-VD 
represented by Formulas IIIC and IVC are anabolic 
agents with a favorable anaboliczandrogenic ratio, also 
possess anti-estrogenic, anti-gonadotrophic, and anti 
?brillatory activities, and can be used in the same manner 
as testosterone. These compounds are preferably admin 
istered orally. However, they can also be administered 
by other usual routes such as parenterally. In either man 
ner of administration they can be administered either 
alone or in conjunction with other medicinal agents, or 
1D. pharmaceutically acceptable, non-toxic compositions 
formed by the incorporation of any of the normally em 
ployed excipients. 
The terms “(lower)alkyl” and derivations thereof ap 

pearing in the above and following de?nitions for steroids 
denote alkyl groups containing from one to six carbon 
atoms, inclusive, such as methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, t-butyl, pentyl, amyl, hexyl and the like. 
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therein denotes those hydrolyzable ester groups conven 
tionally employed in the steroid art, preferably those 
derived from hydrocarbon carboxylic acid or phosphoric 
acid and their salts. The term “hydrocarbon carboxylic 
acid” de?nes both substituted and unsubstituted hydro 
carbon carboxylic acids. These acids can be completely 
saturated or possess varying degrees of unsaturation (in 
cluding aromatic), can be of straight chain, branched 
chain, or cyclic structure, and preferably contain from one 
to 12 carbon atoms. In addition, they can be substituted 
by functional groups, for example, hydroxy, alkoxy con 
taining up to six carbon atoms, acyloxy containing up to 
12 carbon atoms, nitro, amino, halogeno, and the like, 
attached to the hydrocarbon backbone chain. Typical con 
ventional hydrolyzable esters thus included within the 
scope of the term and the instant invention are acetate, 
propionate, butyrate, valerate, caproate, enanthate, capry 
late, pelargonate, acrylate, undecanoate, phenoxyacetate, 
benzoate, phenylacetate, diphenylacetate, diethylacetate, 
trimethylacetate, t-b‘utylacetate, trimethylhexanoate, meth 
ylneopentylacetate, cyclohexylacetate, cyclopentylpropio 
nate, adamantoate, glycolate, methoxyacetate, hemisuc 
cinate, hemiadipate, hemi-;9,B-dimethylglutarate, acetoxy 
acetate, 2 - chloro - 4 ~ nitrobenzoate, aminoacetate, di 
ethylaminoacetate, piperidinoacetate, B-chloropropionate, 
trichloroacetate, p-chlorobutyrate, dihydrogen phosphate, 
dibenzyl phosphate, benzyl hydrogen phosphate, sodium 
benzyl phosphate, cyclohexylammonium benzyl phos 
phate, sodium phenyl phosphate, sodium ethyl phosphate, 
di-p-nitrobenzyl phosphate, sodium o-methoxyphenyl 
phosphate, cyclohexylammonium p-cyanobenzyl phos 
phate, sodium phenacyl phosphate, benzyl o-carbome 
thoxyphenyl phosphate, and the like. The term “conven 
tional hydrolyzable ethers” include tetrahydropyran-2'-yl, 
tetrahydrofuran - 2’ - yl, and 4' - (lower)alkoxy - 4' 
tetrahydrofuran-4'-yl ethers and the like. ' 
By the term “aryl” are included aryl, aralkyl, and 

alkaryl groups, such as phenyl, p-chlorophenyl, p 
methoxyphenyl, benzyl, phenthyl, tolyl, ethylphenyl, and 
the like. The wavy line(s) designates and includes both 
the alpha and beta con?gurations. 

Representative anabolic steroid conjugates according 
to this invention (corresponding to Formulas 1110 and 
IVC) can be prepared from the following ketones by 
the above procedure. 

TABLE D‘ 

l9-norandrost-4-en-l7?-ol-3-one, 
5a,l9-norandrost-17I3-ol-3-one, 
Zu-methyI-Sa, l9-norandrost-17,8-01-3-one, 
2u-methyl-5a-androst-17,8-01-3-one, 
v4ez-methyl-5ot, 19-norandrost-l7/8-ol-3-one, 
2a.,17u-dimethyl-5u,19>norandrost-17/8-ol-3-one, 
4a~methyl-l7a-ethy1-5a-androst-17?-ol-3-one, 
4a-methyl~5a-androst-17p-o1-3-one, 
androst-4-en-17/3-o1-3-0ne, 

- 17 a-methylandrost-4-en- 17,8-01-3-one, 
l7m-ethylandrost-4-en-17,6-01-3 -one, 
17 a-propylandrost-4-en-17?-ol-3-one, 
7u-methylandrost-4-en-l7/8-ol-3-one, 
4-chlo-roandrost-4-en-l7?-ol-3-one, 
19-norandrost-4-en-175-01-3-one, 
17a-methyl-19>norandrost-4-en-l7,8-o1-3-one, 
17a-ethyl-l9>norandrost-4-en-l7?-ol-3-one, 
l7a-propyl-19-norandrost-4-en-17/3-ol-3-one, 
7a-methyl-19hnorandrost-4-en-175-01-3 -one, 
7a,17a-dimethyl-19-norandrost-4-en-l7?-ol-3-one, 
4-chloro-19-norandrost-4-en-l7l8-ol-3-one, 
3-methyl-5u-androst-l-en-l7?-ol-3-one, 
l-methyl-Sm-androst-l-en-l7B-ol-3-one, 
l-methyl-l7u-methy1-5u-androst-1-en-17,8-o1-3-one, 
'1-methy1-17a-ethyl-5 u-androst-1-en-l75-ol-3-one, 
2-methyl-5u-androst-1-en-17,8-01-3-one, . 

Z-methyl-l7u-methyl-5'a-androst-1-en-17/3-ol-3-one, 
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Z-methyl-17a-ethyl-5'a-androst- l-en-l 7 ,B-ol-3-one, 
17/8-hydroxy-18-methylandrost-4-en-3-one, 
17 18-hydroxy-1 70a, 1 8-dimethy1androst-4-en-3-one, 
17 ?-hydroxy- 60c, 17 u, l 8-trimethy1androst—4—en-3-one, 
l7?-hydroxy-6a, 1 S-dimlethyl-17a-ethylandrost-4-en-37 v 

one, 
17B-hydroxy-6u, 17u-dimethylandrost-4-en-3 -one, ' 
17 ?-hydroxy-6u-rnethylandrost-4-en-3-one, '1 
17/8-hydroXyandrost-4-en-3-one, _ 

171?-hydroxy- 1-8-methylandr0sta-4,6-dien-34one, 
17?-hydroxy-l7a,18-dimethylandrosta-4,6-dine-3-one‘ 
17?-hydroXy-6a,17u,18-trimethylandrosta-4,6-dien-3 

one, , , 

17 B-hydroxy- 6a, 1 8-dimethyl- 17 u-ethylaudrosta~4,6 
dien-B-one, 

1 7 B-hydroxy-G a, 17wdimethylandrosta-4,6-dien-3-one, . 
17/8-hydr0xy- 6u-methylandrosta-4,6-dien-3 -one, 
1 7,3-hydroxy-li8-methyl-1-9’-norandrost-4-en-3 -one, I 
1 711, 1 8-dimethyl- 17 ?-hydr'oxy- 1 9-norandrost-4-en-3- ’ 

one, _ , , 

6a, 170:, l S-trimethyl-17?-hydroxy-l9-norandrost-4-ene3 

one, 17;8-hydroxy-6a,lS-dimethyl-l7u-ethyl-l9-norandrost- ' ‘ 

4-en-3-one, 
l7 ?-hydroxy-6a, l7a-dimethyl-19-norandrost-4-en-3 
one, > ' 

17B-hydroxy-6a-methyl-19>norandrost-4-en-3-one, 
17/3-hydroxy-l9-norandrost-4-en-3-one, ‘ _ 

l7?-hydroxy- l 8-methyl- 1 9-norandrosta-4, 6-dien-3-o'ne, 
17/3-hydroxy-11a,lS-dimethyl-l9-norandrosta-4,6-dien¢ 

3-one, 
17?-hydroxy-6a,l70¢,1S-trimethyl-19-norandrosta-4,6 

dien-3-one, . - 

17B-hydroxy- 60:, l 8-din1ethyl-17a-ethy1-19-norandrosta 
4,6-dien-3-one, 

17B-hydroXy~6a,17a-dimethyl-l9-norandrosta-4,6-dien 
3-one, ' ' 

l'ZB-hydroXy-Gw-methyl-19-norandrosta-4f,6i-dien-3-one, 
l7B-hydroxy-6u-?uoro-?at-methyl-19*norandrost-4-en 

3-one, and ' ' o ' 

l7l3-hydroxy-6a-?uoro-l7a,lS-dimethyl-l9-norandrost 
4-en-3-one. . 

Representative corticoid steroids within Formula IC 
can be represented by the formula: 

, CHgRm 

=0 

.....R234 

I Z‘ 
Rzao (IE) 

In the above formula, 
R230 is hydrogen, methyl, ?uoro, or chloro and when Z3 

, is a single bond, R230 can be either a or‘ 5 oriented; 
R231 is hydrogen, chloro, or ?uoro; " ' 
R232 is keto or 

R2321: 

|...H 
wherein R2322 is hydroxy, chloro, or ?uoro; ‘ 

R233 is hydrogen, methyl, hydroxy, or conventional hydro 
- ' lyzable esters thereof; ' . 

R234 is hydrogen, hydroxy, conventional hydrolyzable 
esters thereof, or when taken together with R233, . ' 
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R235 is hydrogen or alkyl of up to eight carbons;' 
R236 is hydrogen, alkyl, or an aryl group of up to eight 

carbons; - 

R237 is chloro, ?uoro, hydroxy, conventional hydrolyzable 
esters thereof or conventional hydrolyzable ethers there 
of; 

Z7 and Z8 each is a single bond, double bond, or 

each of R26’7 and R268 is hydrogen, chloro, or ?uoro. 
The conjugates of the compounds of Formula 1E 

have corticoid activity and are accordingly useful as anti 
in?ammatory agents. They are useful for the same pur 
poses as hydrocortisone. These compounds are preferably 
administered orally. However, they can also be adminis 
tered parenterally or topically. In any manner of ad 
ministration, they can be administered either singly, in 
conjunction with other medicinal agents, or in pharma 
ceutically acceptable non-toxic compositions formed'by 
the incorporation of any of the normally employed 
excipients. 

Representative corticoid steroid conjugates according 
to this invention (corresponding to Formula IIIC and 
IVC) can be prepared from the following ketones by the 
above procedure: 

TABLE E ’ 

pregn-4-en-21~ol-3,20-dione 
pregna-1,4-diene-1 118, 17a,21-triol-3,20-dione, 
6u,9a-di?uoro-16a,17a-isopropylidenedioxypregna-1,4 

diene-l 113,2 1-diol-3,20-dione, 
6a-?uoro-16a,17u-isopropylidenedioxypregna-1,4-diene- , 

1 1,8,2 1-dio1-3,20-dione, , 
9a-?uoro-16a,17u-isopropylidenedioxypregna-1,4-diene 

11B,21-diol-3,20-dione, I _ _ 

6a-?uoro~9a,1 1/3-dichloro-16a,l7a-isopropylidenedioxy 
pregna-1,4-dien-21-0l-3,20-dione, ‘ . 

6u-chloro-16oz,17a-isopropylidenedioxypregna-1,4-diene 
11;8,2l-di0l-3,20-dione, ~ . v I . ~ 

6a,9u-di?uoro-16a,17wisopropylidenedioxypregn-4-ene 
1l/3,21-diol-3,20-dione, _ t s y: , ~ " 

Ga-?UOI‘O-l 6oz, 17a-isopropylidenedioxypregn-4-ene-1 1B, 
21-diol-3,20-dione, ‘ > - i > V 

9oc-?ll0r0- 16oz, 17a~isopropylidenedioxypregn-4-ene11 1p, 
21-diol-3,20-dione, ' _' " ‘ 

6a,9a-di?uoro-l6?-methyl-17a-valeroxypregna-1,4-diene 
11?,2l-diol-3,20-dione, ‘ _ " _ v 

?at-?uoro-16/3-methyl-17d-valeryloxypregna-1,4-diene 
11,3,21-di01-3,20-dione, . 

9u-?uoro-16/3-methyl-17ixlvaleroxypregna-1,4-diene- ' 

11?,21-diol-3,20-dione, _, i 'p ' , 

6u,9u-di?uoro-16a-methylpregna-1,4-diene-1 1,8, 1711,21- , 
triol-3,2i0-dione, ‘ _ , , ' ' 

oa-?uoro-1?a-methylpregna-1,4-diene-1 1?,17u,21-trio1 
3,20-dione, , , V 7’ 

601,2 1-'di?uoro-9u,1 1/3-dichloro-16u,17a-isopropylidene 
dioxypregna-1,4-diene-3,20Ldione, " . . 

6oc—?uOI'0-9u,1 1,8,21-trichloro-16u,17a-isopropylidene 
dioxypregna-1,4-diene-3,20-dione, ' \ 

6a,9a,1 15,2l-tetrachloro-16a,17a,-isopropylidenedioxy 
pregna-1,4<diene-3,20-dione, . ' 

9a-?uoro-16a-methylpregna-1,4-diene-1 113, 17u,217t_1‘i0l- ' 
3,20-dione, , V v l ,. 

6a,7a-di?uoromethylenepregn-4-ene-11p,17a,21-triol 
3,20-dione, . _ 

6a,7a-methylenepregn-4-ene-l 1/3,170:,21~t1‘i01-3,20-di0116, 
6a-methylpregna~1,4-diene-1 113,17a,21-t1'lOl-3,20-di0118, I 
6a,9a-di?u0ropregna-1,4,6-triene-1 1;8,17a,2'1-triol-3,20 

dione, , v 

6a,9a-di?uoro-16a,17a-isopropylidenedioxypregna-1,4,6 
triene-l1?,21-diol-3,20-dione, _ I’ 1 v 
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Gu-?uoro-16a-methylpregna-L4-diene-1'1?,2l-diol-3,20¢ - 

dione, > , - ' Y ‘ 

16u-acetoxypregn-4-ene-11?,21-dio1-3,20-dione, and 
16?-acet0Xypregn-4-ene-11?,21-di01-3,20:dione. 
Representative estrogenic steroids within Formula IC 

can be represented by the following Formula 1F and 
representative estrogenic steroids with aromatic-'methoxy 
groups within Formula IIVC are represented by the follow 
ing Formula HF. - ' ‘ 

(I F) 

In the above formulas, 
R199 and R200 each is hydrogen, hydroxy or a conventional 

hydrolyzable ester thereof, lower alkoxy, lower cyclo 
alkoxy, lower cycloalkenyloxy, tetrahydrofuran-2' 
yloxy, tetrahydropyran-2'-yloxy, or 4'-(lower)alkoxy 
tetrahydropyran-4’-yloxy; 

R201 is hydrogen, methyl, methoxy, hydroxyl or conven 
tional hydrolyzable esters thereof, or’ conventional 
hydrolyzable ethers thereof; 

R202 is hydrogen or methyl; and when Z9 is a single bond, 
R202 canbe alpha or beta oriented; 

R2°3 is hydrogen, hydroxy or conventional hydrolyzable 
esters thereof (e.g. lower acyloxy or lower cycloacyloxy 
groups) when Z9 is a single bond and is hydrogen 
when Z9 is a double bond; 

R205 is hydrogen, a lower alkyl group, such as methyl, 
ethyl, propyl, and the like, a lower alkenyl group, 
such as vinyl and the like, or a lower alkynyl (including 
halo lower alkynyl with a halogen, such as ?uoro, 
cbloro or bromo), such as ethynyl, ?uoroethynyl, 
chloroethynyl, bromoethynyl, propynyl, tri?uoropro 
pynyl, butynyl, hexynyl, and the like, or 

R296 is, methyl or ethyl; and 
Z9 ‘is a single or double bond. , 

The conjugates of the compounds of Formulas IF and 
IIF corresponding to compounds of Formulas IIIC and 
IVC have high oral anti-fertility and estrogenic activity. 
They are preferably administered orally but can be ad 
ministered parenterally in the same manner and dosage 
as estradiol and when administered orally are used in 
the same manner as ethynylestradiol. The conjugates of 
this invention can be administered in any of the‘ number 
of conventional pharmaceutical forms, and particularly 
in ones suited for oral administration, e.g. in solid form, 
such as in pills, powders, capsules, tablets, or the like, 
or in liquid form, such as syrups, emulsions, suspensions, 
and the like. 

Representative estrogenic steroid conjugates according 
to this invention (of Formulas IIIC and IVC) can be 
prepared from the following exemplary ketones and aro 
matic ethers by the above procedure. 

TABLE CF 

3-methoxyestra-.1,3,5 (10)-trien-l7-one, 
3-methoxyestra- 1,3,5 ( 10) -trien-17 ,3-01, 
B-methoxy-17u-ethyny1estra-1,3,5 ( 10 )-trien-I17[3-ol, 
3-methoxy-7a-methy1-17¢-ethynylestra-1,3,5 ( 10) -trien 

17?~ol, 
3-methoxy-17j3-oyclopentoxyestrasl,3,5 (10)-triene, 
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if 

3-methoxyestra-1,3,5 ( 10 ) ,7-tetraen-ll7-one‘, 
3-hydroxyestra-1,3,S ( 10) -trien-17-one, 
3-hydroxy-18-methylestra-1,3 ,5 ( 10 ) -trien-1~7-one, 
3-cyclopentoxyestra-1,3,5 (‘10)-trien-17-one, 
3-cyclopentoxya1 8-methylestra- 1,3,5 ( l 0) -trien~17-one, 
3~acetoxyestra- l,3,5( 10)-trien-17-onc, 
3-tetrahydropyran-2'-yl0xyestra-1,3,5'( 10 ) -trien- l7-one, 

B-hydroXyestra-I3,5610),7-tetraen-17-oner 
Representative progestational steroids within Formula 

IC ‘can be' represented 

('10): _ I 

R210 , 

(IIIG) 

In the-above formulas, 

by the following formulas: 

R210 

o 

(IIG) > 

0mm‘? 
C|=O 
.WRMV 

R213 

Rm R24 

0 

Z12 

R221 

(rvo) " ' 

i121?’ is hydrogen or methyl; . 
R216 is hydroxyor conventional hydrolyzable esters or 

ethers thereof; 
R217 is methyl or ethyl; 
R218 is lower alkenyl, suchias vinyl and propenyl, lower 

alkynyl (including lower haloalkynyl with a halogen, 
such as r?uoro, chloro, or bromo), such as ethynyl, 
?uoroethynyl, chloroethynyl, propynyl, tri?uoropro 

} pynyl, and the like, and ‘ ' ' _ 

wherein 

‘R219 and R22" each is hydrogen, chloro, or ?uoro; 
R221, R222, and R225 each is hydrogen, methyl, :?uoro, or 

chloro; 
in Formula IG when Z1“ is a double bond, Rm is absent; 
in Formula IVG whenv Z12 is a single bond, R219 can have 

' either an a or B orientation; 
R236 and R237 each is hydrogen or, taken together, a 

methylenergroup having the formula ' 

wherein 

Rm 

R238 and R339 each is hydrogen, chloro, or-?uoro; 

R241 7 

....H 
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28“ 
wherein R2’41 is hydrogen, chloro, or hydroxyl; and 
when R241 is hydrogen, R213 and R242 is hydrogen; 

R242 is hydrogen, chloro, or ?uoro; 
R243 is methylene, ' 

R244 

.....R245 

wherein R244 and R245 each is hydrogen or methyl, or 
taken together with R248 is 

wherein, - ~ 

R246 and R247 each is hydrogen, alkyl, or aryl, the latter 
two groups having up to eight carbons; 

R248 is hydrogen, hydroxyl, or conventional hydrolyzable 
esters thereof; 

R249 is hydrogen or z?uoro; 
Z10 and Z11 each is a single bond or double bond; and 

bond in Z12 isja single bond, double bond, or a single 
combination with a methylene group having 

, mula - 

may 
R251 R252 

wherein R251 and R252 each is hydrogen, chloro, or ?uoro. 

The conjugates of the compounds of Formulas IG 
IVG, inclusive, corresponding to compounds of Formulas 
IHC and IVC are progestational agents useful in the 
treatment of menstrual disorders and fertility control and 
can be used in the same manner as 17a-acetoXy-6-chloro 
pregna - 4,-6 - diene-3,20‘-dione (chloromadinone acetate). 
The l6-methylene species are particularly useful in estrus 
synchronization in domestic animals. These compounds 
are preferably administered orally but they can also be 
administered parenterally. In any mode of administration 
the conjugates can be used either alone or in conjunc~ 
tion with other medicinal agents, or in pharmaceutically 
acceptable, nontoxic compositions formed by the incor 
poration vof‘ any of the normally employed excipients. 

Representative progestational steroid conjugates ac 
cording to this invention (of Formulas IIIC and IVC) 
can be prepared from the following ketones by the above 
procedure. 

TABLE G 

6-chloro-17a-acetoXypregna-4,'6-dien-3p-o1-20>one, 
6-chloro-17a-acetoxy-19-norpregna-4,6-dien-3?-ol-20-one, 
1a,2a-methylene-6-chloro-17a-acetoxypregna 

4,6-dien-3?-ol-20-one, 
G-methyl-17a-acetoxypregna-4,6-dien-3/3-ol-20-one, 
6-methy1-17a-acetoxy-19>norpregna-4,-6-dien-3B-ol-20-one, 
6-ch1oro-16-methylene-17u-acetoxypregna-4,6-dien 

3 B-ol-20-one, 
v6-methyl-1tS-methylene-17at-acetoxypregna-4,6-dien 

3l8-ol-20-one, 
oat-chloro-16-methylene-17u-acetoxypregn-4-en 

3 ?-ol-20-one, 
6l3~chloro-1G-methylene-l7a-acetoxypregn-4-en 

3 ?-ol-20-one, v 
6a-methyl-l6-methylene-17a-acetoxypregn-4-en 

3?-ol-20-one, 
l6/3-methyl- l'6-methylene-17a-acet0xypregn-4-en 

3?-ol-20-one, 16m,17u-isopropylidenedioxypregn-4-en-3?-ol-20-one, 
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Other conjugates included within Formulas IIIC and 
IVC can be prepared from the following exemplary drug 
ketones and aromatic ethers by the above procedure. 

TABLE H 

Z-Bornanone __________________________ __ Anesthetic, expectorant. 
3-diethylcarbamoyl-l-methylpyridini- Analeptic, respiratory and 
umcamphor sulionate. circulatory stimulant. 

Carbomycin ...................... __ Antimicrobial. 
Cedrin _ _ . _ _ _ _ _ _ _ _ _ __ Antimalarial. 

Chlortetracycline- ___ Antimicrobial. ' 
Toylmycin _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . __ Antimicrobial, antimctabohte. 

7-chloro-4-(dimethylamino)-1,4,4a,5,5a, Antimicrobial. 
6,11,12a-0ctahydro-3,6,l0,12,12a—penta 

Y hydroxy-N-(hydroxymethyD-G 
methyl-1,1l-dioxo-2-naphthaceneear 
boxamide. 

Coumingine __________________________ _. Cardiac tonic and stimulant. 
7-Chloroodemethyltctracyclinm_ _ Antimicrobial. 
Dihydrocodenione ______________ .. __- Antitussive, analgesic. 
44(diruethylamino)-1,4,4a,6,5a,6,11,12a- Antimicrobial. 

octahydr0-3,5,10,12,12a-pentahy 
droxy-6-methyl-1,ll-dioxo-Z-naphtha 
eenecarboxamide. 

Erythromycin A _____________________ __ Antimicrobial. 
Erythrornycin estolate - _ D0. 
Frequentin ___________________________ .._ Do. 
4-meth0xy-B-methyl-o-phthalaldehyde- Antifungal antibiotic. 

B-carboxylic acid. - > 

3B-hydroxy-11-oxo0lean-12~en-30-oic acid. Used in treatment of Addi 
son's disease. 

Griseolulvin __________________________ _. Antihmgal antibiotic. 
Isogriseofulvin ____ . _ '_ D 0. 

Dihydromorphinone- _ Analgesic. 
Hydroxycodeine ______ -. - Do. 

14-hydroxycodeneinone _________ ._ ._ Do. 

2-(Z-hydroxy-l-naphthyl)-cyc1ohexa- Antitussive. 
none. 

1,3,4,6 8,13-Hexahydr0xy-10,11~di- Antidepressant. methylphenanthro-[l,10,9,8-0pqra] 
perylene-7,14-dione. 

64sopropyl~3-methyl-2-cyelohexene-1- CNS stimulant. 
one. 

5-hydroxy-1,4-naphthoquir1one ________ __ Antihernorrheic activity. 
4,9-dimethoxy-7-methyl-5H-Iuro [3,2-g] Coronary vasodilator, broncho 

[1]ben zopyran-Mme. dilator. 
2-hydroxy-3-(3-methyl-2-butenyl) -1,4- Antimalarial. 
naphthoquinone. 

2-hydroxy-3-(9-hydroxy-9- Do. 
pentyltetradecyl)-1,4-naphthoquinone. 

Lucensomycin ........................ -_ Antifungal agent. 
N -lysinomethyltetracycline ..... __ __ Antimicrobial. 
2amethyl-lA-naphthoquinone ......... __ Prophylaxis. 
Menadinone carboxymethoxime Do. 
ammonium salt. 

é-(dimethylamino)-l,4,4a,5,5a,6,11,12- Antimicrobial. 
octahydro'3,6,10,12,12a-pentahydroxy 
N-{ [4-(2-hydroxyethyl) -1-pip erazinylJ 
methyll-(i-methyl-Lll-dioxo-2 ' 
naphthacyeineearboxamido. 

é-dimethylamino-l,4,4a,5,5a,6,11,12a- Do. 
octahydro-3,5,i0,12,12a-pentahydroxy 
6-methylene-1,ll-dioxo-Z-naphthacene 
carboxamide. , 

Methyldihydromorphenone ___________ __ Analgesic. 
Methy'mycin ..................... _.‘_.-__ Antimicrobial. 
3,3-diethyl-5-methyl-2,4— sedative. 

piperidinedione. 
Mikamycin ............ ..‘ ............. .- Antimicrobial. 

1-N-allyl-7,8-dihydro-l4- Narcotic antagonist 
» hydroxynorphenone. 
Dihydrohydroxycodetnone ........... __ Analgesic. 
Dihydrohydroxymorphenone _____ ._ -_ o. 

2-hydroxy-3-pinanone ................. _- For respiratory insufficiency. 
4-(dimethylamino) -1,4,4a,5,5a,6,11,12a~ Antimicrobial. 

octahydro-3,5,6,10,12,12a-hexahy 
droxy»6-methyl-1,11-dioxo-2 
naphthaceneearboxamide. 

2-(l-cyclopentene-1-yl)-2-(2- Antitusslve. 
morpholinoethyl)cyciopentanone. 

Perivine-'. ............................ -_ Antimetabolite. 

Pirnaricin _______ __" _____________ __ Antimicrobial. 
Z-(piperidinomethyl)eyclohexanone. Respiratory stimulant. 
3,3-diethyl-2,4~dioxopiperidine ________ __ sedative, antitussive. 
Protstaglandins (E1, E2, E3, F, PGF Smooth muscle stimulant. 

e c. 
3,3’,4’,5,7-pentahydroxy?avone _______ __ Decreases capillary fragility. 
N,N-diethylrifomycin B amide__- _____ __ Antimicrobial. 
Rii‘omycin (B, S, 0, SB, X, AG, etc.).- Do. ' 
4r(d.imethylamino)-1,4,4a,5,5a,6,11,12a- Do. 

oetahydro-3,6,10,12,12a-pentahydroxy 
6-methyl-1,11-dioxo-N-(1 
pyrrolidinylmethyD-Z 
naphthacenecarboxamide. 

4-(di1nethylamino)-1,4,4a,5,5a,6,11,12a- Do. 
octahydrrr3,10,12,12a-tetrahydroxy 
1,11-dioxo-2-naphthacenecarboxamide. 

Decahydro-4a,7,9-trihydroxy-2-methyla D0. 
6,8-bis(methylamino) 4H-pyranol2,3-b] 
[1,41-benxodiozin-4-one. 

Spimmycin (I, II, III, the correspond- Do. 
ing acetates, ete.). 

Staphylomycin (M1, S, etc.) __________ ._ Do. 
Tetracycline .... ..: . . _ _ _ _ . . . _ -_ Do. 

Thiocolchicine _- Muscle relaxant. 
a-methylcahromone. __ Antispasmodic, coronary 

vasodilator. - 

Viridin- - . _- _________ . . Antifungal agent. 

2-methy1-3 hyty 4-naphthoquinono__ Prophylaxis. 
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32 
The compounds of Formula II can be prepared 'by‘a 

procedure which can be represented as follows: 

In the above formulas, D1 and R4 are as previously de 
?ned. 

In the above procedure, the ketones of Formula I] are 
reacted ‘with glycerol and dry methyl orthoformate in a 
suitable inert organic solvent in the presence of perchloric 
acid to yield the glycerol ketals of Formula II]. The latter 
compounds are then esteri?ed by reaction with a fatty 
acid in. a ~pyridine solution containing p-toluenesulfon‘ic 
acid to yield the compounds of Formula 111]. " 

Included within ‘Formula 1111 are conjugated ketals of 
anabolic steroids of Formulas ID, IID, IIID, IVD ‘and 
VD and exemplary compounds, listedin Table D; of 
corticoid steroids of Formula IE and exemplary com 
pounds listed in Table F supra; and of progestational 
steroids of Formula I6, I16, IIIG and IVG and exemplary 
compounds listed in Table G supra. Also included within 
Formula III] are conjugated ketals of other drug ketones 
exempli?ed by the ketones listed in Table ‘H, supra.> , 
The preferred conjugated ketals of steroids of Formula 

III] are derived from steroid ketones (corresponding to 
Formula II) represented by the formulas by the above 
procedure. 

H 
3215 ‘I: 3 
W 012211 0:0 

WORM 
M325! 

3215 

\\/ 

O z!3 

~~¥¢2so 
Rm 

(IVJ) 

In the above formulas,‘ 
R275 and R278 each is hydrogen or methyl; ‘ 1 , 
R276 is hydrogen, lower alkyl, cyclopropyl, lower alkenyl, 

lower alkynyl or propadienyl; ' ' 

ORZ'I7 is hydroxy or a conventional hydrolyzable ester 
thereof; ' ' . ‘ 

R279 is hydrogen, chloro, ?uoro or methyl; ' 
R28" is dihydrogen, dihalomethylene, preferably dichloro 

methylene or di?uoromethylene, but is not present if Z13 
is a double bond; ‘ - ' ‘ I ‘ 

R281 is hydrogen, methyl or methylene; 
OR282 is hydroxy’ or a conventional hydrolyzable ester 

thereof; and 
Z13 is a single bond or a double bond but is a single'bond 

if R280 is present. " 

The ketal conjugates of the compounds of Formula IVJ 
wherein R276 is hydrogen, lower alkyl or cyclopropyl are 
anabolic agents with a-favorable antiboliczandrogenic ra 
tio, also possess anti-estrogenic, antigonadotropic, and 
anti-?brillitory activities, and can be orally administered 
for the same purposes as testosterone. The ketal conju 
gates of the compounds of Formula IVJ wherein R276 is 
lower alkenyl, lower alkynyl, or propadienyland the com 
pounds of Formula VJ ,are progestational agents useful in 
the treatment of menstrual disorders and fertility control 
and can be orally administeredfor the same purposes as 
17a — aeetoxy - 6 - chloropregna - 4,6 - dien - 3,20 - dione 

(chloromadanone acetate). These compounds are pref 
erably administered orally, but they can also be adminis 
tered by other routes. These compounds are administered 
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either alone or in conjunction with other medicinal agents 
or in pharmaceutically acceptable, non-toxic compositions 
formed by the incorporation of any of the normally em 
ployed excipients. v 
The preferred process for preparing ketal conjugates of 

ketones of Formula IV] and certain ketones of Formula 
VJ can be represented as follows: 

0 R211 

R218 MR2", 

R215 
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l 
CH3 

=0 

R215 

HzC-O 

Ego-.4) (VIK) 

Hg C O R253 

In the above formulas, ’ 

R275, R27“, R27’7 and R278 are as previously de?ned, and 
R283 is a fatty acyl group. 

The 3,3-(3-hydroxymethyl-1,2-propylenedioxy) com 
pounds of Formulas UK and VK are preferably prepared 
by reacting the respective 3-keto compounds of Formulas 
IK and IVK with glycerol and dry methyl orthoformate 
under nitrogen at room temperature in a suitable inert 
organic solvent such as diglyme in the presence of per 
chloric acid. The glycerol ketals of Formulas IIK and VK 
can be reacted with a fatty acid in a pyridine solution 
containing p-toluenesulfonic acid to yield the 3,3-[3-(fatty 
acyloxy)-1,2-propylenedioxy] compounds of Formulas 
IIIK and VIK. 
The other ketal conjugates of ketones of Formula VJ 

are preferably prepared by a process illustrated as fol 
lows: 

in the above formulas, 

R279, R28‘), R281, R282, R283 and Z13 are as previously de~ 
?ned. 

The glycerol ketals of Formula VIIIK are prepared by 
reacting the 3-keto compounds of Formula VIIK with 
glycerol in a chloroform solution in the presence of p-tolu 
enesulfonic acid at re?ux until the reaction is eventually 
complete, that is, preferably about 36 hours. The glycerol 
ketals of Formula VZIIIK are esteri?ed to form the corre 
sponding fatty esters of Formula IXK by reaction at room 
temperature with the desired fatty acyl chloride in pyri 
dine which can, if desired, contain additional solvent such 
as dioxane. Usually from 5 minutes to 1 hour are su?icient 
for completion of the reaction. 
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The compounds of Formula III can be prepared by a 

procedure which can be represented as follows: 

In the above formulas, D2, R5 and R6 are as previously 
de?ned. 

In the above procedure, the compounds of Formula IL 
(suitable protected) are reacted with potassium or sodium 
isopropylidene glycerate in a mixture of pyridine and a 
lower alkanol such as ethanol. While the mixture is main 
tained at a temperature of 0° C. or lower, a solution of 
p-toluenesulfonyl chloride in pyridine is added, and the 
mixture is then allowed to warm to room temperature. 
The compounds of Formula IIL are then separated from 
the reaction mixture by conventional techniques such as 
by diluting the reaction mixture with water to precipitate 
the product which can be separated by ?ltration or the 
like, extraction, crystallization, chromatography and com 
binations of these techniques. 
The isopropylidene ether group is then cleaved by con 

ventional acid treatment such as with a strong mineral or 
organic acid, e.g. tri?uoroacetic acid, to yield the com 
pounds of Formula IIIL. These are reacted with the de 
sired fatty acyl chloride or chlorides in an inert organic 
solvent such as chloroform or carbon tetrachloride in the 
presence of an organic base such as triethylamine or pyri 
dine followed by conventional puri?cation procedures to 
yield the compounds of Formula IVL. 

In the above procedure, it may be necessary to protect 
reactive groups to increase the yield of the desired prod 
nets, and such conventional procedures can be used as 
are routinely followed for this purpose. 

Il'ncluded within Formula IVL are conjugates of 2-naph 
thyl-ethanol derivatives corresponding to Formula IL. 
Suitable Z-naphthylethanol derivatives which are included 
within Formula IL have been previously described to 
gether with methods for their preparation in U.S. patent 
application Ser. No. 741,904, ?led July 2, 1968. These can 
be represented by the following formulas: 

R303 R303 R303 R302 
R304 

CHzOH CHzOH 

3305 V 
(1M) (IIM) 

Rana R302 

>< 
CH2OH 

Ra 

(IIIM) 

wherein, 
oneof R302 and R303 is hydrogen, the other is hydrogen, 

methyl, ethyl or di?uoromethyl; or R302 and R303 taken 
together are methylene, halomethylene or ethylene; 

R304 (at position C-l,4,5,7 or 8) is hydrogen, alkyl, tri 
?uoromethyl, ?uoro, chloro, hydroxy, a conventional 
hydrolyzalble ester, oxyether or thioether; 
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36. 
R3‘)5 is alkyl, cycloalkyl, hydroxymethyl, alkoxymethyl, 

tri?uoromethyl, vinyl, ethynyl, ?uoro, chloro, hydroxy, 
a conventional hydrolyzable ester, oxyether, thioether, 
formyl, acetyl or aryl; and 

each of ‘R306 and R3"? (at position C-1,4,5,7 or 8) is 
alkyl, ?uoro, chloro, hydroxy, a conventional hydro 
lyzable ester, oxyether, or thioether; provided that when 
one of R306 and R3°'7 is hydroxy, oxyether or thioether, 
the other is the identical group or alkyl, ?uoro, chloro 
or a conventional hydrolyzable ester. 

An especially preferred group of compounds are con 
jugates of compounds of Formulas IM, HM and HIM 
including ?-[Z-naphthyH-ethanol, ,6 - [2 - naphthyl]-? 
methylethanol, p - [2 - naphthyl] - p - di?uoromethyl 

ethanol, ,3 - [2 - naphthyl] - 18,18 - methyleneethanol, t? 
[Z - naphthyl] - 5,,8 - di?uoromethyleneethanol and the 
C-5, 6- or 7-methyl, -?uoro, -cholo, tri?uoromethyl, 
-methoxy and -methyl thio derivatives thereof. 
When one of R302 and R803 is hydrogen and the other 

is methyl, ethyl or di?uoromethyl, the compounds of. 
Formulas IM, HM and HIM can exist as pairs of en 
antiomorphs. Conjugates of each of the optical isomers 
thereof are included within the present invention. 
In some instances, one conjugated enantiomorph 
exhibits greater antiin?ammatory, analgesic, anti-py-retic 
and/or anti-pruritic activity than the other conjugated 
enantiomorph. lFor example, conjugates of the levorota~ 
tory form, the 1 or (—-) form, of ,8-(6-methoxy - 2 
naphthyl)-,3-methylethanol exhibits greater anti-in?am 
matory activity than conjugates of the corresponding 
dextrorotatory form. 

Preferably, the resolved compounds of Formulas IM, 
HM and IIIM can be prepared from the corresponding 
resolved acid starting compounds used to prepare the 
compounds of Formulas IM, HM and 'I'IIM. The resolved 
compounds of Formulas IM-IIIM and their respective 
resolved starting compounds will not necessarily have 
the same optical rotation although they will have the 
same absolute con?guration. ‘For example, ‘1 /3~(6-meth 
oxy - 2 - naphthyl) - p - methylethanol is prapared from 
d '6-methoxy-2-naphthyl-a-methyl' acetic acid. 
The conjugates of the compounds of Formulas IM, 

‘HM and HIM exhibit anti-in?ammatory, analgesic, anti 
pyretic and anti-pruritic activity in mammals. These con 
jugates are useful in the treatment of in?ammation of the 
skin, respiratory tract, muscular skeletal system, joints, 
internal organs and tissues. Accordingly, these compounds 
are useful in the treatment of conditions characterized 
by in?ammation, such as contact dermatitis, allergic con 
ditions, burns, rheumatism, contusion, arthritis, bone 
fracture, post-traumatic conditions and gout. ‘In those 
cases in which the above conditions include pain, pyrexia, 
and pruritus, coupled with the in?ammation, the instant 
compounds are useful for relief of these conditions as 
well as the in?ammation. For example, the instant com 
pounds are useful in the treatment of pain associated 
with post-operative conditions, post-traumatic conditions, 
post-partum conditions, dysmenorrhea, burns, gout, con 
tusions, neuralgia, neuritis, headaches and rheumatic 
fever. As stated above, these compounds also exhibit anti 
pyretic activity, accordingly, these compounds are useful 
in the treatment of pyrexia where reduction of a fever 
is indicated, for example, cases where high fever is as 
sociated with diseases such as rheumatic fever, bronchitis, 
pneumonia, typhoid fever, Hodgkin’s disease, and the like. 
The present compounds are also useful in the treat 
ment of pruritus where the condition exists contempo 
raneously with inflammation, pain and/or high fever. 
Moreover, the compounds are useful for treating pruritus 
per se. 

The compounds of Formulas IM, HM and IIIM are 
prepared from the corresponding 2~naphthyl acetic acid 
derivatives or esters thereof ‘(described supra Formulas 



3,686,238 
IA—VIIIA) via a process which can be illustrated as 
follows: 

R303 R302 R303 R302 

\/ >< 
C O O R311 C HzQH 

--——> 

(VIM) (VIIM) 
In the above formulas, 

R302 and R303 are as de?ned above and R311 is hydrogen 
or alkyl. In the above scheme, the naphthyl moiety 
of the compounds of Formula VIM, naphthyl acetic 
acid derivatives and esters thereof, and the naphthyl 
moiety of the compounds of Formula VIIM, 5-[2 
naphthyl] ethanol derivatives, can be substituted with 
an R303 group at position C-1,4,5,7 or 8; or an R304 
group at position C—6 or an R305 group at position C—6 
and an R306 group at position ‘C-1,4,5,7 or 8 corre 
sponding to these groups as described with respect to 
Formulas IM, IIM, and IIIM, supra. 
The process is conducted by treating the compound of 

Formula VIIM with lithium aluminum hydride. If the 
free carboxylic acid form of the compound of Formula 
VIM (wherein R311 is hydrogen) is used as a starting 
material, at least 0.75 molar equivalents of lithium alu 
minum hydride are used, and preferably about 1.0 to 
2.5 molar equivalents are used. If the ester form of the 
compound of Formula VIM (wherein R311 is alkyl) is 
used as a starting material, at least 0.5 molar equivalents 
of lithium aluminum hydride are used, and preferably 
about 0.6 to 2.0 molar equivalents are used. The novel 
process is carried out in an inert organic ether, such as 
diethyl ether, dipropyl ether diisopropyl ether, di'butyl 
ether, tetrahydrofuran, or the like. The reaction is carried 
out at a temperature between 0° C. and the boiling point 
of the solvent employed, preferably ‘between 15° C. to 
35° C. 
The compound of Formula VI‘IM is isolated by de 

stroying the excess lithium aluminum hydride, if any, 
such as by the addition of excess ethyl acetate, or aque 
ous solutions of sodium hydroxide or ammonium chlo 
ride. The mixture is then diluted with water, ?ltered and 
extracted with an inert organic solvent immiscible with 
Water. The compound of Formula VIIM can be further 
puri?ed by standard techniques, such as crystallization, 
chromatography, etc. 

Alternatively, the compounds of Formula VIM can be 
reduced by treating them with diborane in tetrahydrofuran 
at a temperature between about 0° C. and about 65° C. 

Certain groups present on the starting compound of 
Formula VIM are are reduced by lithium aluminum hy 
dride or diborane. For example, an acetyl group is re 
duced to an a-hydroxy ethyl group and a formyl group is 
reduced to a hydroxy methyl group. These reduced groups 
are regenerated after completion of the above novel proc 
ess via an oxidation process using manganese dioxide (ac 
tive) in an inert organic solvent, such as acetone, petro 
leum ether, and the like, at about room temperature. 
When a resolved enantiomorph of Formula VIM is em 

ployed as starting material in the above process, the cor 
responding resolved enantiomorph of Formula VIIM is 
obtained. As stated above, although the absolute con?g 
uration of the Z-naphthyl acetic acid starting compound 
and the corresponding [3-[2-naphthyl]-ethanol product 
Will be identical, the optical rotation of the starting com 
pound and product will not necessarily be the same. 

Representative conjugates of Z-naphthylethanol deriva 
tives of Formula IVL can be prepared as described above 
from the following exemplary Z-naphthylethanol deriva 
tives corresponding to Formulas IM, HM and IIIM. 

TABLE J 

1,8- (6-methoxy-2-naphthyl ) -B-methylethanol, 

10 

15 

25 

30 

40 

45 

38 
?-(l-methoxy-Z-naphthyl) ethanol, 
f3-(4-di?uoromethylthio-Z-naphthyl)-l3-methylethanol, 
l3-(S-methylthio-Z-naphthyl)~?-methylethanol, 
,B-(S-chloro-Z-naphthyl) ethanol, 
5- ( 5-tri?uoromethyl-Z-naphthyl) -?,;3-di?uoromethylene 

ethanol, 

?-(G-methyl-Z-naphthyl) ethanol, 
?-(6-methoxy-2-naphthyl) ethanol, 
,6- (6-di?uoromethoxy-Z-naphthyl) 18- di?uoromethyl 

ethanol, 
13- ( 6-methoxy-2-naphthyl ) -/8-ethylethanol, 
l3-(6-chloro-2-naphthyl)-/3-methylethanol, 
B-(7-methoxy-2-naphthyl)-?-methylethanol, 
?-(7-methylthio-2-naphthyl)-B-ethylethanol, 
5- (7- chloro-2-naphthyl ) - 13, ,B-methyleneethanol, 
[3- ( 8~tri?uoromethyl-2-naphthyl) -B,5-methyleneethanol, 
[3-(5,6-dimethyl-2-naphthyl)—/3-methylethanol, 
?- ( S-methoxy-Z-naphthyl) -B-methylethanol, 
B-(S-methyI-Z-naphthyl)-B-methylethanol, 

?-(S-methoxy-Z-naphthyl) ethanol, 
1% ( G-methyl-Z-naphthyl) ~B-methylethanol, 
[3-(6-chl0r0-2-naphthy1) -B-di?uoromethylethanol, 
?- ( 6-methylthio-2-naphthyl ) -?,l3-methyleneethanol, 
?- ( 6-tri?uoromethyl-Z-naphthyl ) -,6-methylethanol, 
,6- ( 7-rnethyl~2-naphthyl) -,B-methylethanol, 

?-(7-trifluoromethyl-Z-naphthyl)-/3-methylethanol, 

I3- ( 4-ethoxy-2-naphthyl) -[i,,8-ethyleneethanol, 
B- ( 6,7 -dimethoxy-2-naphthyl) -/3-methylethanol, 
?-(8-hydroxy-2-naphthyl)-;3-ethylethanol, 

13- (4-acetoxy-2-naphthyl) -B,;8-di?uoromethylene 
ethanol, 

5- ( S-methoxymethyloxy-Z-naphthyl) ~B-ethylethanol, 
?-(5-isopropyl-2-naphthyl) ethanol, 
,6- ( 6-vinyl-2-naphthyl) -,8-methylethanol, 
18-(6-acetyl-2-naphthyl) ethanol, 
,H- ( 7-acetoxy-2-naphthyl ) -/3-di?uoromethylethanol, 

5- [8- (4'-methoxytetrahydropyran-4'-yloxy) ~2-naphthyl1 
B-methylethanol, and 

?-(6,7-dirnethyl-2-naphthyl)-,8-methylethanol. 
Included within Formula IVL are conjugates of steroid 

alcohols corresponding to Formula IL. Suitable steroid 
alcohols are described together with methods for their 

_ preparation in US. patent applications Ser. No. 731,300, 
50 

55 

60 

65 

70 

75 

?led May 22, 1968; Ser. No. 731,301, ?led May 22, 1968, 
and Ser. No. 731,267, ?led May 22, 1968, and US. Pat. 
Nos. 3,365,446; 3,067,194 and 3,364,203. 

Representative anabolic steroids corresponding to For 
mula IL can be represented by the following formulas: 
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