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ABSTRACT OF THE DISCLOSURE 
A novel ester of the formula: 

OH H 
CE CH (-CH-NC 

3 3 / C 

Y/ 
() 

and the non-toxic pharmaceutically acceptable acid addi 
tion salts thereof. The compound evidences increased 
stability and lipoidal solubility and is extremely valuable 
in the treatment of conditions responsive to Sympa 
thomimetic agents and especially in the management of 
asthma, nasal congestion, and, as a decongestant, vaso 
constrictor, mydriatic agent and anti-glaucomatous agent 
in the practice of ophthalmology. 

Hs 

/ 
CH3 

BACKGROUND OF THE INVENTION 
The present invention relates to both a novel and useful 

therapeutic ester of 3-hydroxy-cy-(methylamino) methyl 
benzyl alcohol, commonly known as phenylephrine, and 
to pharmaceutical compositions containing same. More 
particularly, the invention pertains to a new compound 
represented by Formula I: 

OH 

{O)--CH-NC / Y 
O 

CH3 

E. 

CH 
(Formula 1) 

and its pharmaceutically acceptable, non-toxic acid addi 
tion salts. The compound and its salts are useful as de 
congestants and ophthalmological agents and can be ad 
ministered per se or in form of a composition comprised 
of the compound of the invention and a pharmaceutically 
acceptable carrier therefor. 

Phenylephrine is a well-known sympathomimetic amine 
whose principal field of use is as a nasal decongestant 
and as a mydriatic. However, a number of inherent dis 
advantages are associated with this prior art compound 
which have substantially precluded its more widespread 
acceptance. 
One of these disadvantages is its instability to both air 

and light, as well as to chemical attack by many agens 
that are conventionally used in pharmaceutical prepara 
tions. Past attempts by the prior art to overcome the 
problem of instability have not met with any acceptable 
success. One such attempt involved acidifying solutions 
containing the drug which solutions were then irritating 
to body tissue, and if these solutions were later adjusted 
to a physiological pH, the free drug frequently precipi 
tated resulting in the deterioration of the product. It has 
also been suggested to protect the drug against oxidative 
deterioration by the addition of the anti-oxidant sodium 
bisulfite to a solution containing drug. It was found, how 
ever, that this antioxidant chemically attacked the ali 
phatic side chain of the drug to form a biologically in 
active derivative thereof. Moreover, the prior art 3-hy 
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2 
droxy-ox-(methylamino)methyl)benzyl alcohol suffered 
from the disadvantage of negligible lipoid solubility, at 
tributed to its hydrophilic phenolic hydroxyl group, which 
tended to restrict the medical application of the drug. 
For example, high concentrations (up to 10%) of the 
prior art compound are being used as mydriatic agents. 
However, these solutions are found to be very irritating 
to the eye. 

Furthermore, the prior art compound is currently ad 
ministered orally at a dose of about 10 mgm. However, 
even when given at a dose of 250 mgm. orally, the bio 
logical response is unreliable (L. S. Goodman and Alfred 
Gilman, Pharmacological Basis of Therapeutics, Macmil 
lan Co., London, 1970, 4th Ed. p. 510). This erratic 
biological response has been found to be the result of 
metabolic conjugation of the phenolic hydroxy group. 
Therefore, there exists an immediate need for a new and 
useful pharmaceutical compound that possesses thera 
peutic properties useful in treating bronchial asthma, 
nasal congestion, and the like, and ophthalmic uses such 
as for conjuctival congestion, temporary vasoconstriction, 
mydriasis, and glaucoma treatment while remaining es 
sentially free from the unwanted disadvantages associated 
with the prior art compound. 

SUMMARY OF THE INVENTION 

Accordingly, it is an immediate object of this inven 
tion to provide a novel pharmaceutical compound and its 
acid addition salts that are useful for treating bronchial 
asthma and as a sympathomimetic agent. 
Another object of the invention is to provide a novel 

and useful ester of 3-hydroxy-cz-(methylamino) methyl 
benzyl alcohol and its acceptable salts that are essentially 
free from the unwanted effects associated with the prior 
art. 

Still another object of the invention is to provide a new 
and useful 3-pivaloxy-O-(methylamino)methylbenzyl 
alcohol that possesses increased stability and solubility 
and can be administered in conventional pharmaceutical 
formulations. 
Yet still another object of the invention is to provide 

the compound 3 - pivaloxy - or - (methylamino) methyl) 
benzyl alcohol as a useful therapeutic agent that has im 
proved lipoid solubility for enhanced resorption when ad 
ministered to warm-blooded animal tissues. 
Another object of the invention is to provide 3 

pivaloxy - a - (methylamino)methylbenzyl alcohol that 
can be administered perse or can be dispensed in aerosols 
and other types of pharmaceutical formulations to warm 
blooded animals to produce a local or systemic physio 
logical or pharmacological beneficial effect. 

Other objects, features, and advantages of the invention 
will be apparent to those skilled in the art from the de 
tailed description of the invention which follows, taken in 
conjunction with the accompanying claims. 
DETAILED DESCRIPTION OF THE INVENTION 
In attaining the objects, features, and advantages of the 

present invention, it has now been found that the com 
pound embraced by Formula 1 

OB B 

CH {O)--CH-NC 3 

CH-C-C-5 h CH 
bH, 5 CH 

(Formula 1) 
and its pharmaceutically acceptable salts possess hereto 
fore unknown advantageous properties and are extremely 
valuable in the management of bronchial asthma, and for 
use as a general sympathomimetic agent that acts on post 
ganglionic adrenergic nerve endings and structures inner 
vated by them and further characterized by an enhanced 
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rate of absorption while simultaneously overcoming the 
problems associated with prior art phenylephrine com 
pounds. 
The novel 3-pivaloxy-or-(methylamino) methylbenzyl 

alcohol of this invention, which can also be conveniently 
named 1-(3-pivaloxyphenyl)-2-(methylamino)ethanol or 
3-pivaloxy-1-1-hydroxy-2-(methylamine)ethyl) benzene 
is prepared by first contacting and reacting the hydroxy 
group of 3-hydroxyacetophenone (formula 2) with an 
acylating agent in an organic medium. Examples of acyl 
ating agents suitable for esterifying the hydroxyl group 
include anhydrides, mixed anhydrides, the chloride of the 
appropriate alkanoic acid, and the like. The acylation is 
carried out by contacting and reacting the hydroxyl 
group with, for example, an acid chloride, pivaloyl chlo 
ride (formula 3), in the presence of a solvent, at a tem 
perature of -5° C. to 100° C., usually at refluxing tem 
perature, and at a pressure of 1 atmosphere or higher, for 
about 2 hours to 24 hours or longer. Generally, the reac 
tants are in equivalent amounts, or in excess thereof, 1 to 
10 moles of acid chloride to 1 mole of the hydroxyl reac 
tant. The acylated product (formula 4) is recovered by 
conventional aqueous washing followed by evaporation of 
the organic solvent. The product can be purified by, for 
example, vacuum distillation or other conventional means. 

Next, the esterified compound (formula 4) is halogen 
ated, usually brominated, in the position o- to the keto 
functionality by contacting and reacting 3-pivaloxyaceto 
phenone (formula 4) with a halogenating agent in an or 
ganic medium. Examples of suitable halogenating agents 
include cupric bromide, bromine, and the like. The halo 
genation is carried out by reacting the halogenating agent, 
for example, bromine in carbon disulfide at a temperature 
of -5° C. or higher, usually at 5 C., and at a pressure 
of 1 atmosphere or higher, for about 1 hour to 24 hours 
or longer. Generally, the reactants are in equivalent 
amounts 1 mole bromine to 1 mole of the keto function 
ality. The brominated product (formula 5) is recovered 
by evaporation of the organic solvent and purified by con 
ventional recrystallization. 

Next, the reactive halogen moiety present in the ox-halo 
3-pivaloxyacetophenone is contacted with stoichiometric 
amounts, but usually with an excess, for example, 1 to 10 
or more molecular equivalents of an amine, benzylmethyl 
amine (formula 6) for example, for each reactive halogen 
moiety present as a reactant. The reaction is carried out 
in the presence of a suitable solvent, at a temperature of 
about 10° C. to about 75 C., usually at ambient tem 
perature of about 25 C., and at atmospheric pressure, or 
higher pressures of from 1 to 10 atmospheres and the like. 
The product (formula 7) is recovered by conventional 
means such as, precipitation of the amine, as, for example, 
the hydrochloride salt from a solvent in which it is not 
soluble. 

Next, the side chain keto functionally is reduced to the 
corresponding alcohol, and the benzyl functionality re 
moved by catalytic hydrogenation of the a-benzylmethyl 
amino-3-pivaloxyacetophenone (formula 7). Generally 
the hydrogenation is carried out in a suitable solvent in 
the presence of a noble metal catalyst such as platinum, 
palladium, rhodium, platinum oxide and the like. The hy 
drogenation is also carried out in a hydrogen environ 
ment, usually 2 atmospheres to 180 atmospheres and the 
like, at room temperature or higher, and in a standard 
Parr vessel or the like. The product (formula 8) is re 
covered, usually as an amine salt, by conventional means 
such as filtration, evaporation of the solvent, recrystalli 
zation, and the like. 

O CH 

OB O-(-)-CH, 
l, d. H 

CH 

C-CH -- CH-C-C-Cl am-> -CH, 
O CHis 

formula 2 formula 3 formula 4 

O 
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CH CH 

q---CH, (-)--CH, 
CH3 CH3 

Bra 
-> 

C-CH, CS -CH, Br 
O 

formula 4 formula 5 

O CH 

g---CH, 
CH3 

-- (O)-CHNHCH, bumm) -C-CH-Br s formula 6 

formula 5 

CH3 

Q---CH, 
CH3 

CH 
--CH-NSol 
O qh, 

formula 7 

O 

g--GH, 
CHs 

CH 
1. 

-CH-No CHs 
O CH (-(-)-CH, 

CH 
H l E. 

catalyst (-CH-NHCH, 
OH HCl 

formula 7 formula 8 

The phrases, "pharmaceutically acceptable' and "non 
toxic, acid addition salts' as used herein generally includes 
the non-toxic acid addition salts of the compounds of 
Formula 1, formed with non-toxic inorganic salts or or 
ganic acids. For example, the salts include those derived 
from inorganic acids such as hydrochloric, hydrobromic, 
sulfuric, sulfamic, phosphoric, nitric and the like; and the 
salts prepared from organic acids such as acetic, propi 
onic, succinic, glycollic, stearic, lactice, malic, tartaric, 
citric, ascorbic, pamoic, maleic, hydroxymaleic, phenyl 
acetic, glutamic, benzoic, salicyclic, sulfanilic, fumaric 
toluene-sulfonic, and the like. 
The pharmaceutically acceptable acid addition salts of 

the present invention can be synthesized from the com 
pound embraced by Formula 1 by conventional, chemical 
methods. Generally, the salts are prepared by reacting the 
free base with stoichiometic amounts or with an excess 
thereof of the desired salt-forming inorganic or organic 
acid in a suitable solvent or various combination of solv 
ents. For example, the free base can be dissolved in a 
mixed aqueous solution of the appropriate acid and the 
salt recovered by standard techniques, for example, by 
evaporation of the solution. Alternatively, the free base can 
be charged into an organic solvent such as a lower alkanol, 
a symmetrical or unsymmetrical ether containing 2 to 10 
carbon atoms, an alkyl ester, or mixtures thereof, and the 
like, and then it is treated with the appropriate acid to 
form the corresponding salt. The salt is recovered by AQUESTIVE THERAPEUTICS, INC.  EXHIBIT 1006
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standard recovery techniques, for example, by filtration 
of the desired salt on spontaneous separation from the 
solution, or it can be precipitated by the addition of a 
solvent in which the salt is insoluble and recovered there 
from. 

Examples of suitable inorganic and organic solvents for 
performing the various reactions include any inorganic or 
organic solvent that does not adversely affect the reactants 
or the resulting product including halogenated solvents 
such as methylene chloride, chloroform, carbon tetra 
chloride, ethylene chloride, ether solvents such as diethyl 
ether, dimethyl ether, and other solvents such as tetra 
hydrofuran, dioxane, diglyme, n-hexane, cyclooctane, 
benzene, heptane, cyclohexane, and the like. 
The following example is set forth as a representative 

method illustrative of the spirit of the present invention. 
This example is not to be construed as limiting the scope 
of the invention as other functionally equivalent means 
will be readily apparent to those skilled in the subject art 
in the light of the present specification and the accompany 
ing claims. 

EXAMPLE 1. 
Synthesis of 3-pivalixy-or-I(methylamino)methyl ben 

zyl alcohol. First, 0.147 moles of 3-hydroxyacetophenone 
(formula 2) is dissolved in 100 ml. benzene and 10 ml. 
pyridine. Next, 0.40 moles of pivaloyl chloride (formula 
3) is added at such a rate that the reaction is controllable. 
The mixture is then refluxed overnight, cooled and washed 
with two 100-ml, portions of 1 NHCl. The organic layer 
is then evaporated under reduced pressure and the residue 
vacuum distilled. The product (formula 4) distills at 
120° C. at 0.6 mm. Hg. 
Next, 0.032 moles of 3-pivaloxyacetophenone is dis 

solved in 50 ml. carbon disulfide and the solution chilled 
in an ice bath with stirring. A solution of 0.032 moles 
bromine in 20 ml. carbon disulfide is then dropped into 
the solution of 3-pivaloxyacetophenone and the tempera 
ture maintained at 5° C. or lower. Stirring is continued 
one hour during which the reddish bromine color dissi 
pates and moderate evolution of hydrogen bromide is ob 
served. Evaporation of the solvent results in the product 
(formula 5) which is recrystallized from benzene. 

Next, 0.033 moles of ex-bromo-3-pivaloxyacetophenone 
is dissolved in 100 ml. acetone and the solution degassed 
with nitrogen. Then, 0.067 moles of benzylmethylamine 
(formula 6) is added and the mixture stirred under a 
nitrogen blanket for about 3 hours. The product (formula 
7) is isolated as the hydrochloride salt by filtration of the 
reaction mixture and passing dry hydrogen chloride gas 
into the filtrate and recovery by filtration of the resulting 
precipitate. The material (formula 7) can be purified 
further by recrystallization from ethanol and ether. 

Finally, 0.037 moles of ox-benzylmethylamine-3-pival 
oxyacetophenone hydrochloride is dissolved in 100 ml. of 
95% ethanol and 0.5 g. 10% palladium or charcoal is 
added. The mixture is shaken in a Parr vessel for 3-4 
hours under 50 p.s.i. hydrogen pressure. The product 
(formula 8) is recovered by filtration of the reaction mix 
ture, evaporation of the filtrate, and recrystallization from 
acetoe. 
The novel compound and its pharmaceutically accepta 

ble salts can be used by the pharmaceutical and the vet 
erinary arts for ophthalmological treatment and for treat 
ing bronchial asthma including hay fever and allergic rhi 
mitis in a variety of pharmaceutical preparations. The new 
compound and its non-toxic salts are thus administrable in 
the form of injectables, tablets, capsules, solutions, Sup 
positories, ointments, emulsions, jellies, buccal patches, 
oral inhalants, nasal inhalants, aerosols, and in other 
suitable forms. The pharmaceutical or veterinary prepa 
ration which contains the compound is conveniently ad 
mixed with from about 0.1 micrograms to 10 grams of a 
non-toxic pharmaceutical organic or inorganic carrier. 
Typical of pharmaceutically acceptable carriers are, for 
example, water, mixtures of Water and water-miscible 
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6 
solvents such as lower alkanols or aralkanols, vegetable 
oils, polyalkylene glycols, petroleum based jelly, ethyl 
cellulose, ethyl oleate, carboxymethylcellulose, polyvinyl 
pyrrolidone, isopropyl myristate and other conventionally 
employed acceptable carriers. The pharmaceutical prepa 
ration may also contain non-toxic auxiliary Substances 
such as disintegrates, binders, emulsifiers, preservatives, 
wetting agents, bodying agents and the like, as for exam 
ple, polyethylene glycols 200, 300, 400 and 600, carbo 
waxes 1,000, 1,500, 4,000 and 10,000 bacterial components 
such as quaternary ammonium compounds, phenylmercu 
ric salts known to have cold sterilizing properties and 
which are non-injurious in use, thimerosal, propyl paraben, 
buffering ingredients such as sodium chloride, sodium bo 
rate, sodium acetate, gluconate buffers, and other conven 
tional ingredients such as sorbitan monolaurate, triethanol 
amine oleate, polyoxyethylene sorbitan monopalmitylate, 
dioctyl sodium sulfosuccinate, monothioglycerol, thiosorbi 
tol, ethylenediamine tetracetic acid, and the like. Addition 
ally, suitable vehicles can be used as carrier media for the 
present purpose including conventional phosphate buffer 
vehicle systems, isotonic boric acid vehicles, isotonic so 
dium chloride vehicles, isotonic sodium borate vehicles, 
and the like. 

Exemplary of a typical method for preparing a solution 
to be used with conventional nebulizers containing 3-pival 
oxy- or - (methylamino)methyl]-benzyl alcohol salt, so 
dium chloride, chlorobutanol, oxime sulfate and distilled 
water is as follows: 

Ingredients: Per Liter, gm. 
3-pivaloxy-o-methylamino)-methylbenzyl alcohol 

hydrochloride ---------------------------- 2.0 
Sodium chloride ---------------------------- 8.0 
Chlorobutanol ------------------------------ 5.0 
Oxime sulfate ------------------------------ 0.1 
Distilled water, qs. 1 liter. 
A second pharmaceutical formulation similar to the 

formulation prepared immediately above is made by fol 
lowing that procedure except that the amount of 3-pival 
oxy-ox-(methylamino) methylbenzyl alcohol hydrochlo 
ride is increased to 10 grams and 2% phenylethyl alcohol 
is used as the preservative. 
A novel lyophilized pharmaceutical preparation for sub 

Sequent reconstitution immediately before therapeutic 
administration is prepared as follows: first, 4 grams of 3 
pivaloxy-a-(methylamino)methylbenzyl alcohol hydro 
chloride and 8 grams of mannitol U.S.P. are mixed with 
agitation into 1 liter of distilled water and the solution 
formed filtered through a sterile filter. Then, 5 cc. to 12 
cc. of the solution is transferred to amber vials and lyophi 
lized by conventional methods until the freshly forming 
cake is dry. The lyophilized, dry cake is reconstituted with 
10 cc. of a diluent containing the following: 2 grams so 
dium chloride, 5 grams of chlorobutanol, 0.1 gram of 
Oxime sulfate, mixed with distilled water to the volume 
line in a 1000 milliliter volumetric flask. 
The lyophilized cake can optionally be prepared by re 

placing the amnnitol with buffering agents such as a mix 
ture of sodium chloride and sodium dihydrogen phosphate, 
or a mixture of potassium chloride and either potassium 
acetate or sodium acetate. 

Oral dosage forms such as tablets and capsules can be 
prepared by conventional means and are readily apparent 
to those skilled in the art. 

Exemplary of formulations suitable for inhalation ther 
apy include those formulations that can be administered 
from nebulizers of the squeeze-bulb, reservoir, Venturi 
effect assembly, pressurized dispensers using chlorofluoro 
hydrocarbon propellants, pre-micronized powders in liquid 
propellants, liquid-vapor phase aerosols, and the like. 
Typically, the formulation suitable for a conventional 
nebulizer optionally is comprised of 0.4 to 0.8% solution 
of 3-pivaloxy- O - (methylamino)methylbenzyl alcohol 
hydrochloride in a buffered carrier comprised of sodium 
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chloride, sodium citrate, glycerine and a trace of pre 
servative. In one embodiment the air in the dispenser can 
be displaced with nitrogen gas. A typical pressurized dis 
penser can optionally be 0.02 to 0.50% on a weight by 
weight basis of 3 - pivaloxy - or (methylamino)-methyl 
benzyl alcohol in a mixture of dichlorodifluoromethane 
and dichlorotetrafluoroethane with a sodium lactate-lactic 
acid buffer, about 30 to 40% weight by weight of an 
alkanol and aromatic flavoring agent. Other formulations 
containing the compound of the invention suspended in 
fluorochlorocarbons containing sorbita trioleate and the 
like can also be used for administering the compound. 
The dose administered, whether a single dose or a daily 

dose, will, of course, vary because of the chosen route of 
administration, and the size of the recipient. The dosage 
administered is not subject to definite bounds, but it will 
usually be an effective amount, or the equivalent on a 
molar basis of the pharmacologically active form pro 
duced upon the metabolic release of the active drug to 
achieve its desired pharmacological and physiological 
effect. The medical dose for warm-blooded mammals, in 
cluding humans and primates by the intramuscular or sub 
cutaneous route will be about 100 micrograms to 5 milli 
grams administered in 0.1 to 1.5 ml. of a 0.1 to 0.5% 
oil suspension, with the usual intramuscular dose of 200 
to 750 micrograms in 0.2 to 0.75 ml. of a 0.1 to 0.5% 
solution. For oral inhalation the dose is about 0.01 to 
2.0% applied as a fine mist. For typical application in 
operative procedures on the nose and throat, solutions of 
0.002 to 0.97%. may be used. For typical oral administra 
tion, 5 mgm. to 250 mgm. may be used in tablets or cap 
sules. Generally, the dosage form for a typical non-toxic 
salt, for example, the hydrochloride in a solution intended 
for inhalation will be about 0.025 to 4% and the like. 
The dose for farm animals is generally about 4 to 10 ml. 
by the subcutaneous or intramuscular route for horses and 
cattle and for dogs about 0.2 to 0.6 ml., and the like. 
The unexpected, pronounced pharmacological properties 

for the compound of the invention and its non-toxic salts 
are demonstrated by using standard art known testing pro 
cedures. For example, the mydriatic effect of the com 
pound is observed in a group of rabbits by administering 
the active compound to their eyes and observing the effects 
20 minutes later. The test is carried out by applying a 
0.025% weight by volume isotonic saline solution of 3 
pivaloxy-ox-(methylamino) methylbenzyl alcohol hydro 
chloride or the 2.5% commercial product to New Zealand 
white rabbits and the eyes of the animals observed using 
the eyes of similar rabbits treated with isotonic saline as 
a control. The observed results indicated no mydriasis for 
the control and complete mydriasis for both the 2.5% 
commercial product and for the 0.025% solution of the 
compound of the invention. 
The oral effectiveness of the compound of the invention 

was compared to that of the prior art compound by ad 
ministering 40 mgm./kgm. of the prior art compound and 
20 mgm./kgm. of the compound of the invention to adult 
male rats and observing the mydriatic effect produced. A 
more pronounced mydriatic effect was observed for the 
compound of the invention. 
The enhanced stability of the compound is demon 

strated by the rate of auto-oxidation of a 2.5% solution of 
the compound of the invention in isotonic saline and a 
2.5% solution of the prior art compound in isotonic saline 
in an air oxidative environment. The results are set forth 
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in Table I as the time for color formation, pink to brown, 
to develop from the first exposure of the solution to the 
environment. 

TABLE I: ... 

Time for Color 
Compound: Formation 

3-pivaloxy - O - (methylamino) methylbenzyl 
alcohol ------------------------------ 7 days 

3-hydroxy - or - (methylamino)methylbenzyl 
alcohol ------------------------------ 2 hours 

The enhanced stability of the compound is ascertained 
and compared against other compounds by measuring its 
rate of hydrolysis in a buffer at pH 4.5 at the physiological 
temperature of 37 C. and expressed as ta in days. The 
test solutions had a concentration of 0.5 mgm. per milli 
liter and the rate of hydrolysis was measured in a spectro 
photometer. The results are set forth in Table II. 

TABLE II 
Compound: t1/2 days 

3 - acetoxy - O - (methylamino) methylbenzyl 
alcohol --------------------------------- 10 

3 - pivaloxy - c. - (methylamino) methyl)benzyl 
alcohol --------------------------- - - - - - - 

The above examples and disclosures are set forth merely 
for illustrating the mode and the manner of the invention, 
and, while various modifications and embodiments can be 
made by those skilled in the art, in the light of this in 
vention, they are made without departing from the spirit 
of the invention. It is intended, therefore, that the inven 
tion be limited only by the scope of the claims which 
follow. m 

What is claimed is: 
1. A compound of the formula 

O CH 
O--d-CH, 
Ndh, 

H CHs 

(-CH-N/ 
&H Yi 

or a pharmaceutically acceptable acid addition salt thereof. 
2. A compound according to claim 1 wherein the com 

pound is 3-pivaloxy - or - (methylamino)methylbenzyl 
alcohol. 
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O CH 3 
O - C - C - CH 

: 
CH 
T 

3 

C - CH 2 
bH YH 
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