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Synthesis of 1-Phenylpropane Derivatives. I!

By Takesar MatsuMoro aNp KuNio Hata
RECFIVED Mav 11, 1957

A novel stereospecific route for pL-threo-2-amino-1-phenyl-1-chloro-propane-3-ol and pr-norephedrine has been developed.

A number of synthetic routes?=" have been de-
vised for the preparation of the antibiotic chloram-
phenicol. However, in view of its remarkable
therapeutic properties, it seems still desirable to de-
velop a novel synthetic approach to this compound.
Synthesis of a number of l-phenylpropane deriva-
tives, which are structurally related to chloram-
phenicol, was therefore attempted. As Part I of
this series of investigation, the writers wish to re-
port a new synthesis of pL-threo-2-amino-1-phenyl-
l-chloropropane-1-0l, a well-known key compound®

which in turn was converted to a-isonitroso-g3-
chloropropiophenone, by means of amyl nitrite
and hydrochloric acid in alcoholic solution. At-
tempts to prepare the isonitroso compound by
condensation with amy! nitrite in presence of so-
dium ethoxide resulted in the formation of resin-
ous products, and the desired product was not ob-
tained. The isonitroso compound also is obtained
by treating G-ethoxypropiophenone, derived from
the g-chloro compound by Kohler's method!! with
amyl nitrite and ethanolic hydrogen chloride.
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in the synthesis of chloramphenicol, and of pr-
norephedrine® (erythro-2-amino-1l-phenylpropane-1-
ol).

The synthetic approaches by which these two
compounds were prepared are outlined in Fig. 1.

Phenyl vinyl ketone was prepared by the method
of Norris and Couch!® by condensing ethylene and
benzoyl chloride in presence of anhydrous alumi-
num chloride. The yield was raised to 709, by a
modified procedure that makes use of tetrachloro-
ethane as the solvent. The oily product was then
condensed with hydrogen chloride in dry ether to
give rise to crystalline B-chloropropiophenone?!
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Since B-ethoxypropiophenone is obtained from
phenyl vinyl ketone and ethanolic hydrogen chlo-
ride,!! similar treatment of phenyl vinyl ketone it-
self with amyl nitrite and ethanolic hydrogen chlo-
ride should, and in fact does, lead to «-isonitroso-
B-chloropropiophenone. By this simplified proce-
dure the isonitroso compound was obtained in ex-
cellent yield. Reduction of this isonitroso com-
pound with hydrogen in the presence of palladium-
charcoal was effected by the use of Hartung’s!?
general procedure for the preparation of alkamines.
As a result of the reduction the chlorine atom in
the B-position was hydrogenolyzed, and norephed-
rine was obtained in excellent yield. The reaction
followed astereospecific course as noted by Hartung!?
in other similar instances, and the possible by-
product, nor-y-ephedrine, could not be isolated.
Replacemnent of the chlorine atom in «a-isonitroso-g-
chloropropiophenone by an ethoxyl group presented
considerable difficulty. The isonitroso compound
readily gave a resinous product by the action of
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alkaline reagents, hence the usual method involving
the use of this type of reagents could not be em-
ployed. However, the difficulty was solved by the
use of colloidal magnesium hydroxide suspended in
ethanol. By this method, the desired a-isonitroso-
B-ethoxypropiophenone was obtained in good yield.
Attempts to prepare this compound from 8-ethoxy-
propiophenone and amyl nitrite in presence of hy-
drogen chloride resulted in the formation of a-iso-
nitroso-g-chloropropiophenone, as noted above.

The ethoxyisonitroso derivative thus obtained
was then hydrogenated in the presence of palla-
dium-—charcoal, again by the use of Hartung's!?
procedure. The ethoxyisonitroso compound ab-
sorbed the expected 3 moles of hydrogen, but the
hydrochloride of the resultant base, as well as the
base itself, could not be obtained crystalline, al-
though the 3,5-dinitrobenzoic acid salt crystal-
lized. These results suggested that the reduction
did not entirely follow the stereospecific course and
gave rise to a mixture of threo- and erythro-isomers.
The crude hydrochloride was therefore hydrolyzed
without further purification with constant boiling
hydrobromic acid. The product, which seemed to
consist largely of fhreo- and erythro-2-amino-1-
phenylpropane-1,3-diol again was not obtained
crystalline, although its dinitrobenzoic acid salt
crystallized and showed correct elemental compo-
sition. According to Ikuma,® both the thAreo- and
erythro-2-amino-1-phenylpropane-1,3-diol give rise
to threo-2-amino-1-phenyl-1-chloropropane-3-ol
when treated with thionyl chloride regardless of
the molecular configuration of the starting materi-
als. The above oily product should therefore af-
ford threo-1-chloro derivative by this method and
in fact did so in satisfactory yield. The key inter-
mediate in the chloramphenicol synthesis has thus
been obtained in good over-all yield.

Experimental'4

Phenyl Vinyl Ketone.—A mixture of benzoyl chloride
(0.22 mole) and aluminum chloride (0.22 equivalent) was
heated gently to give an adduct.!® The adduct, obtained
as orange crystals, was dissolved in tetrachloroethane.
Ethylene was then passed through the solution for 30 hours
at 2-5° with vigorous stirring. The ethylene was generated
by the catalytic dehydration of ethanol and purified by
washing successively with aqueous sodium hydroxide, a
saturated solution of mercuric chloride in 3 NV hydrochloric
acid and then with concentrated sulfuric acid. The re-
sultant viscous, reddish brown solution was poured care-
fully into a mixture of ice and dilute hydrochloric acid.
The mixture was extracted with ether, and the extract was
evaporated under reduced pressure. The residue was then
distilled i# vacuo, and a fraction boiling at 115-117° (18
mm.), was collected. The product contains small amounts
of B-chloropropiophenone and unreacted benzoyl chloride.
To remove these impurities, the product was washed with
aqueous sodium hydroxide and redistilled; yield 70%. On
treating this compound with phenylhydrazine in ethanol,
yellow crystals of 1,3-diphenylpyrazolinel®iLi® were ob-
tained. The pyrazoline was recrystallized from alcohol in
the form of needles, m.p. 152-153°,

B-Chloropropiophenone.—This compound was prepared
from phenyl vinyl ketone according to Kohler’s procedure.lt
The product, which melted at 53-55°, was obtained in 909,
yield.

a-Isonitroso-3-chloropropiophenone .—3-Chloropropio-
phenone (1 part) was dissolved in ethanol (10 parts) satu-
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rated with hydrogen chloride and to this solution one equiva-
lent of amyl nitrite was added under ice cooling. After the
addition was completed, the mixture was set aside at room
temperature for 2 days. The resulting red solution was
evaporated in vacuo, and the residue was extracted with
benzene-petroleum ether (1:1). Evaporation of the ex-
tract left crude a-isonitroso-g-chloropropiophenone in large
plates. Recrystallization from petroleum ether gave pure
product, melting at 113-114°; yield 85%.

6 glnal. Caled. for CyHCINO,: N, 7.12.

.87.

On processing B-ethoxypropiophenone by the same pro-
cedure, crystals melting at 113° were obtained along with
brown resinous products. The product m.p. 113° showed
no melting point depression on admixture with a-isonitroso-
B-chloropropiophenone prepared by the above method.
Treatment of phenyl vinyl ketone in the same manner af-
forded a 709, yield of a-~isonitroso-B-chloropropiophenone.

a-Isonitroso-g-ethoxypropiophenone.—To an ethanolic
solution of «-isonitroso-g-chloropropiophenone an excess
amount of gelatinous, wet magnuesium hydroxide (freshly
precipitated by addition of ammonia to an aqueous solution
of magnesium sulfate) was added and the solution was
stirred for several hours at roomn temperature. The pale
yellow solution was filtered from excess magnesium hydrox-
ide along with the magnesium chloride formed. Evapora-
tion of the solution under reduced pressure left crude a-iso-
nitroso-g-ethoxypropiophenone as a yellow solid. The
product was recrystallized from carbon tetrachloride in
white needles, m.p. 84.5°; yield 85%. The product
showed a positive ferrous sulfate color test!? for the isonitroso
group and the presence of the ethoxyl group was indicated
by a micro Zeisel test.

Anal. Caled. for C;yHiNO;: N, 6.76. Found: N, 6.96.

Catalytic Hydrogenation of «-Isonitroso-3-chloropropio-
phenone.—Absolute methanol, saturated with hydrogen
chloride, was employed as the solvent. As catalyst, 30%
Pd-C, prepared by Pfau-Plattner’s®® technique was used.
The a-isonitroso--chloropropiophenone absorbed 4 moles
of hydrogen after shaking 4 hours in the presence of catalyst.
The solution was filtered from the catalyst, evaporated under
reduced pressure and the pale yellow residue was crystal-
lized from methanol-ether. The crude norephedrine hy-
drochloride product was recrystallized from methanol-ether
in white plates, m.p. 188-190°; vield 90%.
. Anal. Caled. for CoHCINO: N, 7.42.

Al.

This hydrochloride was added to a concentrated solution
of soditm hydroxide and the solution was extracted with

Found: N,

Found: N,

ether. After drying, the solution was evaporated and
crude norephedrine was obtained as white crystals. The
product was recrystallized from ether, m.p. 102-103°.

This melting point is identical with that recorded in the
literature.®

Anal. Caled. for CH;3NO: C, 71.47; H, 8.68. Found:
C, 71.42; H, 8.43.

On heating the base with acetic anhydride at 100° for 30
minutes, an N-acetyl derivative was formed. After re-
moval of the solvent under reduced pressure, the product,
N-acetylnorephedrine, was recrystallized from ether, m.p.
134-135°, identical with the melting point reported in the
literature.!?

2-Amino-1-phenyl-3-ethoxypropane-1-ol Hydrochloride —
a-Isonitroso-g-ethoxypropiophenone was hydrogenated as
described for a-isonitroso-B-chloropropiophenone. In this
case, 3 moles of hydrogen was absorbed. After the removal
of catalyst by filtration, the filtrate was evaporated in vacuo,
to leave 2-amino-1-phenyl-3-ethoxypropane-l-o0l hydro-
chloride as a colorless glass. All attempts to crystallize
this product from various solvents were unsuccessful. To
obtain the free base, concentrated sodium hydroxide was
added to the hydrochloride and the resulting solution was
extracted with ether. The ether extract was dried and
evaporated. The base was obtained as a pale yellow oil.
The yield of the base from the isonitroso compound was
about 90%. On addition of a solution of 3,5-dinitrobenzoic
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acid in chloroform to a solution of the base in the same sol-
vent, the salt, m.p. 117-119°, was precipitated.
2-Amino-1-phenylpropane-1,3-diol.—2-Amino-1-phenyl-
3-ethoxypropane-1-ol (1 g.) was dissolved in hydrobromic
acid (48%, 7 ml.) and the solution was refluxed for one and
a quarter hours. After cooling, the solution was separated
by filtration from a small amount of resinous product which
was formed and concentrated under reduced pressure.
Water was then added to the residue and the solution was
again concentrated under reduced pressure. This process
was repeated three times to remove hydrobromic acid as
completely as possible. Crude 2-amino-l-phenylpropane-
1,3-diol hydrobromide was obtained as a reddish orange
sirup. The product was then dissolved in concentrated
sodium hydroxide and the solution was extracted with
ethyl acetate. The extract was dried with anhydrous
magnesium sulfate and evaporated to remove the solvent.
Crude 2-amino-l-phenylpropane-1,3-diol was obtained as
an oil in good vield. This base also could not be induced to
form crystals. However, on addition of a solution of the
base in chloroform to a solution of 3,5-dinitrobenzoic acid
in the same solvent, the salt separated as a white precipi-
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tate which crystallized from an alcohol-ether mixture in
white plates, m.p. 175-177°.
Anal. Caled. for C16H17N308:
10.90.
2-Amino-1-phenyl-1-chloropropane-3-0l.—The oily 2-
amino-l-phenylpropane-1,3-dicl, prepared as described
above was reconverted to sirupy hydrochloride through the
addition of alcoholic hydrogen chloride followed by removal
of the solvent. The hydrochloride was suspended in chloro-
form, and a slight excess of thionyl chloride in the same sol-
vent was added. After standing overnight, the solution
was evaporated i# zacuo at room temperature to give a pale
yvellow solid. The solid was dissolved in absolute methanol
and to this solution absolute ether was added. On keeping
at room temperature, the 2-amino-l-phenyl-1-chloropro-
pane-3-ol hydrochloride separated out as colorless plates in
good yield. A sample was recrystallized from methanol
ether and analyzed, m.p. 192-193°.
6 ;43nal. Caled. for CyH;sCLNO: N, 6.37.
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Aminolysis Products of 1-Chloro-2-hydroxy-3-butene, 1-Hydroxy-2-chloro-3-butene
and 1,2-Epoxy-3-butene

By F. F. BLicKE aND JoHN H. Bier!?
ReceEivED Mav 16, 1957

1-Chloro-2-hydroxy-3-butene, 1-hydroxy-2-chloro-3-butene and 1,2-epoxy-3-butene reacted with aqueous solutions of

secondary amines to form l-dialkylamino-2-hydroxy-3-butenes.

When 1-hydroxy-2-chloro-3-butene was allowed to react

with anhydrous diethylamine, the principal reaction product was l-hydroxy-4-diethylamino-2-butene, the formation of

which was probably due to an allylic rearrangement.
known basic alkanols.

During a study of the preparation of certain basic
alcohols, we allowed 1-chloro-2-hydroxy-3-butene
(I) to react with 949 aqueous diethylamine and
obtained 1-diethylamino-2-hydroxy-3-butene (IIT)
in good yield. Compound III also was formed in
about the same yield by interaction of 1-hydroxy-2-
chloro-3-butene (IV) with 609, aqueous diethyla-
mine. We believe that the formation of the basic
butene III from IV, and possibly also from I, was
due to the intermediate formation of 1,2-epoxy-3-
butene (II).?} In separate experiments it was
found that the epoxybutene reacted with 94 and
609, aqueous diethylamine, respectively, to yiela
III. Incidentally, it was discovered that the speed
of these reactions was greatly accelerated by the
presence of a small amount of benzenesulfonic acid.

Hydrogenation of the basic butene III yielded
1-diethylamino-2-butanol (V), a product which has
been prepared by cther procedures.*?

1-Chloro-2-hydroxy-3-butene (I) reacted with
aqueous dimethylamine and with aqueous piperi-
dine, in the same manner as with diethylamine, to
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The basic olefinic alcohols were hydrogenated to the corresponding
Various derivatives of the alcohols were prepared.

form 1-dimethylamino- and 1-piperidino-2-hydroxy-
3-butene, respectively. The 1-dimethylamino-2-
hydroxy-3-butene was hydrogenated to form I-
dimethylamino-2-butanol which was converted by
thionyl chloride into 1-dimethylamino-2-chlorobu-
tane.

When 1-hydroxy-2-chloro-3-butene (IV) was al-
lowed to react with anhydrous diethylamine, the
principal reaction product was 1-hydroxy-4-di-
ethylamino-2-butene (VI) but a small amount of 111
was also formed.

The hydrobromides of IIT and VI were obtained
only in the form of oils, but the dibromide hydro-
bromides (X and X') were isolated in crystalline
form.

Initially, we considered the product obtained
from IV and anhydrous diethylamine to be a com-
pound represented by structure VI’. This sub-
stance (VI’), upon hydrogenation, would yield 2-
diethylaminobutanol (VII’) while a compound
which possessed structure VI would be converted
into 4-diethylamino-butanol (VII). Both alcohols
VII®—? and VII’®!® have been obtained by other
procedures. The basic alcohol which we obtained
possessed properties which correspond to those
described for VII.
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