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INTRODUCTION

One of the chief problems facing the chemist interested
in the synthesis of medicinal substances is the correlation
of physiological properties with the chemical structure of or-
ganic compounds. Such a relationship appears perhaps, to best
advantage, in compounds which produce a rise in blood pres-
sure. It was first pointed out, in 1909, by Barger and Dale
(1), in their classic investigation of sympathomimetic amines
chemically related to epinephrine, that pressor activity is
found in compounds having as & minimum the phenylethylamine

skeleton:

N
[
-C-C-N-

] ]

Any structural modification imposed on this basic unit pro-
duces a corresponding change in the physiclogical properties
of the molecule. Thus, Hartung (2), in his excellent re-
view on the relationship between structure and physiological
zctivity of epinephrine and related compounds, concluded

thats

(1) Primery bases, in general are most active in
their effect on blood presgure. Alkylation

of the amine group affects adversely the fav-



oreble action, serving to decrease the acti=-
vity and increase the toxicity.

(2) The presence of an alcoholic hydroxyl group
on the carbon atom bearing the arometic nuc-
leus serves to detoxicate, at least in part,
and to augment the pressor activity.

(3) The ability to produce a rise in blood pres-
sure is resident in compounds with two or
three carbon atoms in the side chainj; deriva-
tives with a two-carbon atom chain are ef-
fective after injection whereas extension of
this chain to three carbon atoms gilve rise
to compounds which are capable of producing
an effect of longer duration and also possess
the added virtue of being potent after oral
administration.

(4) Substitutions in the phenyl nucleus modify
the circulatory effect- the extent of the
change produced being dependent on the substi-

tuents introduced.

From the above considerations, it meay be concluded that
the optimum structures of pressor compounds may be of two
closely releted types- the arylethanolamines (I) and the aryl-

propanolamines (II):

L 3 H L) [ L] L
AR.CHOH CHZNHZ AR.CHOH.CH CH3NH2

(1) (11)



The ready availability of the arylpropanolamines (II),
made possible by a general method of synthesis developed by
Hartung and his associates (3,4,5,6), has resulted in an ex-
tensive pharmecologicel investigation of the members of this
series. On the basis of results obtained, it has been pos-
sible to draw general conclusions as to the effect of chemi-
cal structure in this series on physiological activity. Also,
as a result of these studies, several members have been shown
to possess therapeutic value. Aside from the propertiy of oral
activity possessed by the arylpropanolamines, evidence as to
the merits of this group compared to the corresponding aryl-
ethanolamines is conflicting and inconclusive. No member of
this series is found naturally and individual compounds have
been prepared only in limited amounts. A satisfactory, gen-
eral method which might serve as a convenient procedure for
the synthesis of the various arylethanolamines apparently
still needs to be developed.

The arylethanolamines deserved to be further investi-
gated for both theoretiecsl and practical reasons. For ex-
ample, a2s more members of this series become aveilable in
satisfzctory amounts, a more thorough study of the effect of
change in structure on activity may be made. Again, some of
the compounds may possess therapeutic value. Phenylethano-
lamine itself, has in animals, a pressor effect comparable

to that of ephedrine and at the same time is only one~third



as toxic (7,8). On the basis of favorable clinical investi~
gations (9), this amine has been studied by the Council of Chem~
istry and Pharmacy of the American Medical Association (10)
and in favorable prelimary report of the Council, the name
"phenylaminoethanol sulfate" was adopted for the sulfate salt
of this amine (11). However, it was never listed in the an-
nual publication of the Council. The reason for this does not
appear, but it is conceivable that the lack of a good synthe-
tic procedure may be, at least, in part responsible for this.
Another member of this series of interest is nor-epine-~
phrine, 3,4~dihydroxyphenylethanolamine, alco known under the

name, grterenocl. The Remedia-"Hoechst", a publication of the

Farbwerke vorm. Meister Lucius & Brtining lists this amine

under the title, Arterenolum Hydrochlericum. Its physical

and chemical properties were described and it wag recommended
as a substitute in the clinic for epinephrine in view of the
fact that their physiological properties are alike (12).
Clinical results on the use of nor-epinephrine as a vasocon-
stricting agent in local anesthetic combinations in dentistry
have been reported by Euler (13,14), in 1907. Recently, the
Winthrop Chemical Company has obteined a patent (15) on the
use of nor-epinephrine as a substitute for epinephrine in
local anesthetic combinationsj upon inguiry directly to this
company, information regarding possible clinical applications

was not available (16). The pressor action of nor-epine-



phrine, in animals, has been reported to be 1.25-1.5 times
that of dl-epinephrine (1,17). Tainter and his associates
have made a rather extensive investigation of this amine in
animals. They report a pressor ratio of dl-nor-epinephrine
to l-epinephrine of 1:1.2 and a toxicity ratio of 1:3 (18).
On the basis of these findings, nor-epinephrine has a ther-
apeutic index almost three times that of l-epinephrine. 1In
the treatment of circulatory depression produced by experi-
mental shock, they found dl-nor-epinephrine to be twice as
active (19); in circulatory failure in cats duve to phenol
peisening, it was approximately 12 percent more active than
l-epinephrine (20).

The favorable results obtained in the above mentioned
studies, emong others, have stimulated the search for a more
complete investigation of the entire series of arylethano-
lamines. Thus, this present investivation was initiated
with the aim of developing a satisfactory methed which could
be employed in the preparation of phenylethanclamine ané its
nuclear-substituted derivatives.

Aminoalcohols of the type, AR.CHOH.CHR.NH;, where R
is methyl or a higher alkyl group, may be readily obtained
by a general method, involving first, nitrosation of the
corresponding ketones and subseqguent catalytic reduction of

the oximinoketones to the aminoalcohols (3,4,5,8):

. RONO (H)
.CO.CH R AR.CO.CH( :NOH)R .CHOH.CH.
AR o —-ﬁEI# CO.CH( ) -—P-E’ AR OH.CH RNHZ



Both stages of the synthesis give excellent yields. How-
ever, when R is H, in the above reactions, that is, with aceto-
phenone derivatives, the yields of oximinoketones are low or
negligible (4,21).

The problem resolved itself into the possibility of find-
ing some satisfactory, general procedure for the preparation
of intermediates of the general basic structure,

AR-g-é-

N

T

in which the oxygen was present as a potential alcohelic hy-
droxyl and the nitrogen atom as a potential primary amino
group.

In view of the fact that phenacyl halides and their nu-
clear-substituted derivatives also possess the general struc-
ture, AR.CO.CH,.R, in which R is halogen, it appeared desir-
able to apply the general nitrosation reaction to such ke-
tones.

It might be expected that if nitrosztion should occur,
it would follow one or both of two possible courses- either
one forming a product having the desired AR-¢-¢— skeleton:

ON

 § ]

AR.CO.C(:NCH)H  (I)
RONO
AR.CO.CHoX
HC1
AR.CO.C(:NOH)X  (II)



The results indicate that nitrosation of halogenomethylaryl
ketones proceeds as in (II). The reaction has been applied
to phenacyl bromide, phenacyl chloride and nuclear-substi-
tuted derivatives of phenacyl chloride.

After the synthesis of the desired intermediates was
worked out the second phase of the problem was to reduce
these to the desired arylethanolamines, according to the
seheme:

4H

AR.CO.C(:NOH)X ~——2y AR.CHOH.CH,NH,

It will be seen that to achieve the desired degree of hydro-

genation, the following must be accomplished:

(1) The halogen must be replaced by a hydrogen
atom.

(2) The oximino group must be reduced to a pri-
mary amine.

(3) The ketonic carbonyl must be converted into

a secondary alcoholic hydroxyl group.



REVIEW OF THE LITERATURE

A. Previous Progress in the Synthesig of Phenylethanolamines.

Reduction of Isonitrosoketones. Isonitrosoketones, of the

type, AR.CO.C(:NOH)H, have been employed as intermediates in
the preparation of the phenylethanolamines. Thus, on cataly-

tic reduction, these yield the corresponding amine-alcohol:

NH. +~ HOH

AR.CO.C(:NOH)H2 + 3H2 — AR.CHOH.CHz 9

Kolshorn (22), in 1904, reported the first synthesis of
an arylethanolamine. He succeeded in obtaining phenylethano-
lamine by reducing isonitrosoacetophenone uging 5 percent so-
dium amalgem in 50 percent alcphol. The yield of product was
not mentioned; it is presumed that the yield was low because
the method has never been adopted. In connection with this,
it might be added that, Gabriel and Eschenbach (£3) had pre-
vicusly attempted to prepere phenylethanolamine by the reduc-
tion of w-sminoacetophenone ucing as—o—Gabotyoty 2§'percent
godium amalgem. By this method, the amine group was split

offs

H .CO.CH NH H -y C.H .CO.CH. + NH
CollgeCO-CHNH, +  H 65 3 3

Pictet and Cams (24), in their studies on the synthecsis of
isoquinoline bases, prepared N-acyl derivativee of phenyl-

ethanolzmine sterting with isonitrosocacetophenone:

CeHg-CO.C:HOMH  ——p

CgHg-CO.CH NH,  ——=>

6 5.CT“IOT1. 1.\*\ vHCCR



Isonitrosoacetophenone was reduced to w-aminoacetophenone
using stannous chloride in alcoholic hydregen chloride; the
N-acyl-w-aminoacetophenones were reduced to the correspond-
ing aminoalcohols in 40-60 percent yields using sodium amal-
gam in alcohol.

Glynn and Linnell (25) obtained 3,4-diechlorophenyl-
ethanolemine using as an intermediate, 3,4-dichloro-isoni-

trosoacetophenone. The reactions involved in this synthesis

ares
Cl
¢ HuQONO
Csgh\u
CarlgsONa
g-cHa
o

The isonitrosoketone was obtained in 81 percent yields by

the nitrosation method of Claisen (26,27), using amyl nitrite
and sodium ethoxide in a mixture of ether and alcohol. Re-
duction of this intermediate with sodium amalgam in a mixe
ture of abseolute alcohol-glacial acetic acid failed, and it
was apparent that two steps were necessary for the conversion
of this isonitrosoketone to the aminoalcohol. Using stannous
chloride and hydrogen chloride in absolute alcohol, from 4g.
of the isonitrosoketone there was obtained 2 g. of the amino-
ketonej reduction of 5 g. of this preduct by means of alum-

ium amelgam gave only 0.8 g. of 3,4-dichlorophenylethanolamine.



In his studies on the reduction of oximinoketones of the

type, AR.CO.CH(:NOH)R, usiﬁg palladium charcoal catalyst in al-

10

coholie hydrogen chloride, Hartung (3,4,5,6) succeeded in obtain-

ing excellent yields of Aminoalcohols:

ar.co.cH(:NomR <y AR.CHOH.CHRNH,

However, when this methecd was applied to isonitrosozcetophe-
none, reasction did not proceed as readily. In one instance

only do they report that it was possible to go from the oxi-

minoketone to phenylethanolamine directly; in all other &attempts,

reducticns stopped at the aminoketone stage; this product was

isolatecd ¢ the hydrochlorice and further reduced in agueous so-

lution by fresh catelyst to the decired smiroalcohol (4).
Edkins and Linnell (28) attempted to develop a synthesis
of phenylethanolamine and its chloro- and bromo- analogs using

the scheme:

AR.CO.CH3 —3 AR.CO.C(:NCH)H ——

AR.CO.CH2NH2 — nR.CHOH.CthHg

The isonitrosoacetophenones were prepared in yields varying
from 37-75 percent, by trezting the methyl ketones with alkyl
nitrite and sodium ethoxide. These intermedistes were then
reduced to the correspondirg aminoketones by means ¢f stannous
chloride in hydrochloric acid. In the case cf isonitrosoace-~
tophenone itself, the yield of w-aminoacetophenone was only

27 percentj no mention was made of the yield of the other
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w~aminoketones. w-Aminoacetophenone was then reduced to phenyl-
ethanolamine according to the method of Hartung (3); from 2 g.
of aminoketone, the yield of aminoalcohol was only 0.75 g.

With the halogen analogs of w-aminoacetophenone, was not only
the carbonyl group reduced but dehalogenation also occurred

and the product obtained from these intermediates was phenyl-

ethanolamine itself:
X.CGH4.CO.CH2NH2 + 4H2 — C6H5.CHOH.CH2NH2 + HX

The yields of phenylethanolamine by the above reductions were
reported to be “excellent". It was also pointed out that the
product thus obtained from the halogen analogs of w-aminoace-
tophenone was more easily purified and appeared to be much
more active physiologically than that obtained by other meth-
ods. Attempts made by varying the conditions for the hydro=-
genation so as to prevent the loss of halogen were unsuccess-
ful.

Para-hydroxyphenylethanolamine was prepared by Edkins

and Linnell (28) according to the following series of reactions:

oH

OR oM OH
cl N\ci {_;/"Ef \W@\ / R
Gtaong (1 o,
HCl ‘ ﬂ\ Q /ﬁ
/ /// \%S:"‘f

C-CH3 C-C=NOH C-CHzNH; HC- CHoNH,
& P P} dn

3-Chloro-4-hydroxyacetophenone was nitrosated using butyl ni=-

trite and hydrogen chloridej the oximinoketone was not isolated
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and no indication was given of yield obtained- although it may
be presumed to be unfavorable. The aminoketone was obtained
by reduction using the stannous chloride procedure; when 4 g.
of this product was reduced by the method of Hartung (3) a
‘yield of only 0.097 g. of the aminoalcohol was obtained.

The chief objection to the use of isonitrosoketones in
the synthesis of phenylethanolamines is that these interme-
diates cannot be readily prepared. Thus, the Claisen method
of nitrosating of methyl ketohes of the type, AR.CO.CHg,
using alkyl nitrite with hydrogen chloride as a catalyst
gives poor yields of the desired isontrosoketones (4,21).
When sodium ethoxicde is the catalyst in the nitrosation re-
action, the reported yields of the isonitrosoacetophenones
are variable and have never been confirmed by other investiga-
tors. Furthermore, this method of nitrosation cannot be ap-
plied to acetophenones bearing unprotected phenolic groups.
Reduction studies on these isonitrosoketones are, as yet, in-
complete~- apparently as the resgult of the lack of satisfact-

ory amounts of the various isonitroscacetophenones.

Reduction of Aryl-nitroethenols. Rosenmund (29) devel=-

oped a method for the synthesis of arylethanolemines, which

consisted of the reduction of aryl-nitroethanols of the type,
AR.CHOH.CHzNoz. These intermediates were prepared by heating
the variocus aromatic aldehydes with nitromethane in the pres-

cense of sodium methylate; on reduction, using sodium amalgam
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indilute alcohol containing some acetic acid, the aminoalecohols

were obtained. The reactions invelved are:

CgHSONa _0 CHBCOOH
CHQNOz a

AR.CHOH.CHy NO, £\  AR.CHOH.CH,.NH,

Using this method, Rosenmund was able to prepare phenylethano-
lamine, para-methoxyphenylethanolamine, 3,4-dimethoxyphenyle-
thanolamine and the dicarboethoxy derivative of 3,4-dihydroxy-
phenylethanolamine. The yields of intermediates or final pro-

duct were not mentioned however.

Kondo and Murayama (30) applied Rosenmund's synthesis to
the preparation of phenylethanolamine. They found that the
intermediate, phenyl-nitroethanol, obﬁained in 80 percent
yields from benzaldehyde and nitromethane, could be reduced
10 the aminoalcohol using palladium hydrosol (1%) and a lit-
tle active carbonj the yield of product was not mentioned,
however. Kondo and Tanzka (31) prepared ortho-methoxyphenyl-
ethanolamine by the reduction of ortho-methoxyphenyl-nitro-
ethanol using the same catalyst. From 20 g. of ortho-methoxy-
benzaldehyde, the yield of the corresponding nitro-ethanol
was reported to be 25 g3 however, on reduction only 13 g. of
the amino-alcohol was obtained. Also isolated from the re=-
duction mixture (as the result of a side-reaction which oc=-

curred when the aldehyde was treated with nitromethane) was a
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product identified as

OCH3

HC - - N
S L

This, on subsequent reduction gave ortho-methoxyphenylethano=-
lamine.

Kanao (32) prepared the diacetate of 3,4-dihydroxyphenyl-
ethanolamine by Rosenmund's method. He reported that conden-
sation of the diacetate of protocatechuic aldehyde and nitro-
methane gives excellent yields of the corresponding nitro-
ethanol, however, reduction of 10 g. of this intermediate,
using zinc dust and 30 percent acetic acid, resulted in only
5 g+ of aminoalcohol.

Alles (7) and Alles and Knoefel (33) prepared bhenyle-
thanolamine by Rosenmund's method but did not deseribe the ex-
perimental details or mention yields of product obtained.

Vinkler and Bruckner (34) prepared N-benzoyl, 3,4-dime-
thoxyphenylethanolamine using a nitroethanol intermediate:

oCHy ocvs QCHy

ocHs ;/ﬁﬁ cH
CH@ONa _Hedh; , ) 30 G
CH3 NO, C@Hs cocl” | Lo \
,O .
(12 C C-HZ'N ~ O"‘b - q" CHZNOJ.
Q OH
O=CCeMs

Further information was not available.



The Rosenmund synthesis of arylethanolamines offers a num-
ber of objectionable features, even though the method had been
patented. Thus, applied in the synthesis of nor-epinephrine
(3,4-dihydroxyphenylethanolamine) the number of reactions in-

volved are:

QH OCQOCJ_HS OCOOCzHS
on P \\ocoocﬁk
ccooars, | OCOOGMY |y Noa ‘
i / CH3ONa /
CHO OH CHO <l HC-CHzNO,
3 £ on
N3OH . CH3COOM, \ J ) !
d e |
Y Y,
H C- CHNO, HC- CHaNH,
oM on

Moreover, Rosenmund stated that he was unable to obtain the
product in a pure form. The yields were also found to vary
considerably; at best, the yield of product was only about
5 percent (based on the aldehyde).

The method is not generally applicable because of the
lack of and difficulty encountered in making available, in
satisfactory quantities, the various nuclear-substituted
derivatives of benzaldehyde. The intermediate nitroethanols

decompose readily into «-nitrostyrenes:

AR.CHOH.CHzNOg — AR.CH:CHN02 + HCH

For this reason the yields of the nitroethanols may be lowered
somewhat; other side-reactions also occur and difficulty has
been encountered in obtaining pure aminoalcohols (Rosenmund).

Moreover, the method cannot be applied to aromatic aldehydes
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bearing unpreotected phenolic groups.

w=Nitrostyrene Method of Reichert and Koch. Using -ni-

trostyrenes as intermediates, Reichert and Koch (35) have re-
cently developed a procedure for the synthesis of phenylethan-

olamines in which the ring is substituted by alkoxyl groups.

The reactions involved are:

Br H H CH~OH
AR.CH:;CHNO . ——83 AR.C-C-NO_ ———udey
2 BrBr 2  CH,COOK
CH,0H HC1
AR.CH:CBrNO, —=—>  AR.C(OCH,),.CHNO, —>
KOH

AR.CO.CH_NO, (5 AR .CHOH.CH_NH,_

Bromination was reported to give excellent yields of the di-
bromonitro- intermediates; the yields of the succeeding inter-
mediates were not mentioned, however. The w=-nitroacetophe-
nones, AR.CO.CH,.NC;, were reduced using platinum oxide catalyst
to arylethanolamines in 80 percent to almost quantative yields.
By this procedure, 2-methoxy-, 4-methoxy-, 3,4-dimethoxy-, =nd
3,4-methylenedioxyphenylethanolamines were prepared.

The most obvious disadvantage to this method is the num-
ber of steps required in the synthesis. The method is not gen-
eral in application. Thus, attempts to prepare 2,4-dimethoxy-
phenylethanolamine failed; in this instance, bromination of
the ring ocecurred also, and the authors were unable to isolate
the desired w-nitroacetophenone intermediate. Furthermore,

application of this method to other nuclear-substituted w-nitros-
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stryene derivatives has never been reported.

Reduction of Cyanohydrins. The use of cyanohydrins of the
typg AR.CHON.CN, as intermediates in the gynthesis of the pheny-
lethanolamines has been studied by wvarious investigators.
Wolfheim (36) was the first to show that the reduction of benz-
aldehyde cyanohydrin gave phenylethdnolamine:

© "

\-\-<;°CN
OoH OH

He used 4 percent sodium amalgam as the reducing agent in a sol-

vent composed of 33 percent alcohol and 50 percent scetic acid.
Wolfheim mentioned that the reaction is difficult, and from

50 g. of cyanohydrin, only 17.9 g. of crystalline preoduct was
obtained. In a German patent (37) obtained prior to the publi-
cation of his work, the reduction of the cyanohydrins of both
benzaldehyde and protocatechuic aldehyde to phenylethanolamine
and nor-epinephrine are described; the yields of products were
not mentioned however.

Hess and Uibrig (38) investigated Wolfheim's procedure
and from 20 g. of benzaldehyde cyanohydrin, these workers suc-
ceeding in obtaining only 2-3 g. of phenylethanolamine. More
recently, Bhatnagar, Narang, Chopra and Ray (39) also indi-
cate that Wolfheim's method is unsatisfactory. These inves-
tigatdors modified the experimental conditions and obtained

slightly better results; but even then, from 16 g. of benz-
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aldehyde cyanohydrin, the yield of phenylethanolamine (as the
carbonate salt) was only 4.5 g. In the case of the cyanohydrin
of piperonal, only 3-4 g. of the carbonate salt of 3,4-methyl-
ene-dioxyphenylethanolamine was obtained from 16-18 g. of the
corresponding cyanohydrin.

Hartung (40) has shown that the reduction of benzaldehyde
cyanohydrin using palladium-charcoal catalyst in absolute &l -
coholic~hydrogen chloride, gives not phenylethanolamine as de-
sired, but phenylethylamine in a yield of 52 percent. When
this method of reduction was applied to either the benzoate
or acetate derivatives of the cyanohydrin, phenylethylamine
was obtained in both instances.

Buck (41) has found that the reduction of cyanohydrins
of that type, AR.CHOH.CN, using platinum oxide catelyst in al-
coholic-hydrogen chloride gives either the corresponding aryl-
ethanolamine or arylethylamine. When AR- was 2-methoxyphenyl,
2-chlorephenyl-, and 2,3-dimethoxyphenyl-, the correspinding
arylethanolamines were obtained in 52, 41 and 23.5 per cent
yields regpectively. In the case of the 4-chlorophenyl-,
3,4-dimethoxyphenyl-, 4-methoxyphenyl-, and  4-dimethylphenyl-
derivatives, the reduction proceeded directly to the correspond-
ing arylethylamines. With cyanohydrins in which the aryl group
was substituted by unprotected hydroxyl groups the arylethylamines
were also obtained (42).

Kindler, Peschke and Brandt (43) obtained both arylethan-

olamines and arylethylamines by the reduction of various cyano-
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hydrins in which the aromatic nucleus was substituted by alkoxy
groups. These workers used palladium black catalyst in glacial

acetic acidj; their resulis are summarized in the following tabu-

lation:
AR.CHOH.CN Yield of
AR.CHOH.CH?NH? AR.CH?CH?NH?
3,4~Dimethoxyphenyl=~ 47% 18%
3,4~Diethoxyphenyl- (not reported) 24%
3-Methoxy- 4-ethoxyphenyl 45% 16%

From the above survey, it is apparent that the use of
cyanohydrins as intermediates in the synthesis of the phenyle-
thanolamines is not satisfactorily solved. First of all, the
cyanohydrins themselves can not, always, be easily prepared
in satisfactory yields; also, the necessary aldehydes, are not
readily availsble- as previously indicated. Moreover, the re-
duction procedure gives, at best, only fair yields of the de-
sired aminoalcohols, and usually, the reasction is difficult to

control so as to prevent formation of arylethylamines.

Reduction of Aryl Cyanides According to Kindler. Kindler

and Peschke (44) showed that arylethanolamines could be pre-
pared by the reduction of afyl cyanides. These intermediate
arylcyanides were obtained by the oxidation of the cyanohydrins
of benzaldehyde and its nuclear-substituted derivatives. The
reactions involved in the synthesis of arylethanolamines accord-

ing to the method of Kindler and Peschke may be represented as
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follows:
NaHSO4 (0)
KCN

The method was applied for the preparation of phenylethanolamine
and the 4-methoxy-, 3,4-dimethoxy-, 3,4,5-trimethoxy- and 3,4-
methylenedioxyphenylethanolamines.

This method possess several excellent features. The cyan-
ohydrins, which were reported to be obtained almost guantita-
tively from the sodium bisulfite derivatives of the sldehydes,
were readily oxidized by chrominum oxide in glacial acetic acid
to give 70-90 percent yields of the corresponding aroyl cyan-
ides. Reduction of these intermediates, using palladium black
catalyst, gave the arylethanolamines in yields of 70-80 per-
cnet.

On the other hand, the method has several limitations.
First, the difficulty of obtaining nuclear-substituted deriva-
tives of benzaldehyde- which has previously been indicated-
limits the application of this method of synthesis to only a few
arylethznolamines. Secondly, this method cannot be applied to
phenolic aldehydes in which the phenolic groups are not blocked.

It may also be pointed out that the method of reduction
might be Improved. Another point of interest is that subse-
quent studies on the feasibility of the use of aroyl cyanides

as intermediates for the synthesis of phenylethanolamines are

not available.
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Application of the Hexamine Addition Products of Aryl-

halogenomethylketones. Mannich and his associates (45,46)

have shown that the addition product obtained by heating an
aryl-halogenomethylketone with hexamine, gives on hydroly-
sis an aminomethylketone which is a suitable intermediate for
the preparation of an arylethanolamine by catalytic reduction.

The reactions involved are:

AR.CO.CHzcl + (CH2)6N4 —> AR.CO.CH2(N4(CH2)6)C1
AR.CO.CHz(N4(CH2)6)Cl + lZCZHSOH . 3HC1 ——

AR.CO.CHzNHz.HCl + 3NH4Cl + 6CH2(002H5)2
AR.CO.CHgNHé.HCl + H2 — AR.CHOH.CHzNHz.HCl

The intermediate addition-products, AR.CO.CHo(N,(CH;)g)X,
were obtained in fairly good yieldsj chloromethylketones gave
40-60 percent yields of the complexes, whereas the correspond-
ing bromomethylketones gave 80 percent to almost cuantitative
yields. In one instance, an iodomethyl ketone, the diacetate
of 3,4-dihydroxyphenacyl iodide, gave nearly a quantitative
yield of the addition product with hexamine. Reaction failed
in the case of the triacetate of 1,2,3-trihydroxyphenzcyl
chloride the corresponding bromo- and iodo- derivatives re-
acted as expected however.

Hydrolysie of the hexamine-ketone addition products gave
fairly good yields of the corresponding aminoketones. In the
case of the diacetate of 3,4-dihydroxy-~w-aminozcetophenone,

the yields were 60-75 percent. The w-aminoacetophenones thus



obtained were reduced to arylethanolamines using palladium-
charcoal catalyst; the yields of product were not mentioned
however. Phenylethanolamine and para-methoxyphenylethanola-

mine were obtained using this procedure; pera-hydroxyphenyl-

ethanolamine was prepared by demethylation of the pcra-methoxy-

derivative.

Slotta and Heller (47) prepared phenylethanolamine ac-
cording to the method of Mannich, using the hexamine addition=-
product of phenacyl bromide; this intermediate was hydrolyzed
to & mixture of the hydrochloride and hydrobromide salts of
w-aminozcetophenone. From 80 g. of mixed salts, he ocbtained
by reduction using psllédium=-chercoal catalyst, only 23 g. of
phenylethanolamine hydrochloride (crude product).

Baltzly and Buck (48) have recently prepared 2,5-dime-
thoxy-phenylethanclamine by this procedure. The intermediate,
2,5-dimethoxy-w-aminoacetophenone was reduced to the amino=-
alcohol using pletinum oxide catalyst. The yields of inter-
mediates and final product were not mentiorned; Buck (49)
writes, however, that “the method is capable of giving good
yielcésh,

On the basis of the evidence presented in the literature,
the method of Mannich for the synthesis of phenylethanolamines,
appears to be the best up to the present. The intermediates
are readily availeble and the reduction procedure feirly good,.
However, phenolic-substituted derivatives of the phenacyl

halides must first be alkylated or acylated otherwise hexamine

22
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would react with the phenolic hydroxyl group to form salts.
Moreover, hydrolysis of the hexamine-ketone addition product

of the aminoketone requires a period of about three days.

Phthalimide Method. Tutin, Caton and Hahn (50) pre=-

pared para=-hydroxyphenylethanolemine according to the fol-

lowing reactions:

ClCHECOCl (CH300)20

CHSO.C H » HO.C.H,.CO.CH_CL >

65 64 2

AlC1g
C6H4,(CO)2.NK
CH3COO.CGH4.CO.CHéCl ‘ >
HC1
Na ;'

HO.C6H4.CO.CH2.NH2 CzHéOH > HO.C6H4.CHOH.CH2NH2

In one instance only do the authors mention the yield of an
intermediate,- the condensation of the acetate of para-hydrowy-
«phenacyl chloride with potassium phthalimide to give a 42
percent yield of the phthalimidoketone.

Boruttau (51) has employed the phthalimide method for
the preparation of para-hydroxyphenylethanolemine, 2,5-dihy-
droxyphenylethanclamine and 2,4-dihydroxyphenylathenolamine.
Details as to the experimental methods or yields obtzined
were not reported.

The phthalimide method appears to be of minor importance
in view of the lack of evidence as to the merits of the pro-

cedure for the preparation of arylethanolamines.

Application of Azides. Baltzly and Buck (48) prepared




245-dimethoxyphenylethanolamine according to the following

series of reactions:

AR.CHO BPCHZCOOCZI—I?» AR .CHOH. CH,, . COOCH, E?-NNH-—%
HNO,,
AR .CHOH.CH, .CON_H, ~——%5  AR.CHOH.CH,CON,
HC1 |
AR.GH = GHy =——>  AR.CHOH.CH,NH,
0.C0e—__ NH

Buck (42), in a private communication, mentions that "the
starting ester was obtained in 75-80 percent yields. Forma-
tion of the hydrazide is virtually quantitative. The yield
at the oxazolidine stage is about 70 percent. The hydroly-
sis of the oxazolidone, as done, gave poor yields but this
could be much improved by removing the hydrochloric acid by
evaporation in vacuo below 25° .n

Here also, the lack of nuclear-substituted benzalde-
hydes limite the application of the use of azides as inter-
mediates for the preparation of arylethanclamines. Further
evidence in the literature as to the use of this method is

not available.

Condensation of Halogen Derivatives with Ammonia. Nor-

epinephrine, 3,4-dihydroxyphenylethanolemine, has been pre-
pared by the reduction of 3,4-dihydroxy-w-aminoacetophenone
which was obtained by treating 3,4-dihydroxy-w-chloroaceto-
phenone with ammonia. The reactions involves in this syn-

thesis ares:
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n on
DH ;, x:\‘. O H
Ny > i N
i ) N3Ok
Vi /
G- CHioCl < -CH N HC-ChzNH,
\ o oM

The above synthesis is described in old German patents (52);
it may be assumed that this method is of little practical value.
Tutin (50) and Boruttau (51), using the above method,
hoped to obtain para-hydroxyphenylethanolamine. However, these
investigators were unable to prepare the desired intermediate,
para=hydroxy-w-aminoacetophenone, by condensing para-hydroxy-
phenacyl chloride with ammonia. Glynn and Linnell (25) at-
tempted to prepare 3,4-dichloro-w-aminocacetophenone by conden-
sing the w-chloromethyl ketone with ammonia but failed. Fur-~
ther reports on the application of this method for the pre-
paration of w-aminoacetophenones in the synthesis of aryl-
ethanolamines are not available.
A synthesis of nor-epinephrine based on the condensation
of ammonia with w~chloromethyl-3,4~dihydroxybenzyl alcohol is

described in German patents (53). The reactions involved ares

gCHz Wcﬂa O Der; WAk
S - N
33
CH;(.QCHs |
cH 4 /
C= H»c~ w-C - CHC) H-C - C NN
B oA ctcl oM At Penha
\F’C‘\s
OR
How Nou
COCH "
CHzCOCH3 ‘ | LN
7
HC-CH 2K




The yields in the above synthesis were not reported.

Condensation of Aminoscetal with Phenolsg and Phenolic
Derivatives. Hinsberg (54) has devised a unique method for
the preparation of certain arylethanolamines. He showed
that nor-epinephrine could be obtained by condensing catechol

with aminoacetal according to the equaticns

on
o
+ NH?CH?.CH(OC2HS)2 + HC1 + HOH ~——>»
on
\ NoH
Y
HC —— CH «H OH
8H C 2N32 Cl -+ 2C2H5

The yield of product in this instance was not mentioned; how-
ever, when the reaction was applied to pprogallol, from 3 g.
of this phenol, a yield of 4.5 g. of the amincalcohol hydro-~
chloride was obtained. In the case of the trimethyl ether of
pyrogallol, the yield of trimethoxyphenylethanolamine was re-
ported as being "very satisfactory™. Gallic acid gave ":&(=
carboxy~trioxy-phenyl)-f-amino~q-oxyethane", but the yield

was not mentioned.

Note: In his article (and earlier patents)

Hinsberg made no mention of the relative position

of the substituent groups in the phenylethano-
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lamines obtained from pyrogallol or its trimethyl
ether. Kindler and Peschke (44), in a paper pub-
lished eight years later, obtained 3,4,5-trime-
thoxyphenylethanolamine from 3,4,5-trimethoxy-
benzaldehyde. The aminoalcohol obtained by those
workers was not identical with "«¢~-(trimethexy-
phenyl)-f-amino-a-oxyethane® of Hinsberg. On
this basis, the former concluded the product ob-
tained by Hingberg was actually the isomer,
24344~trimethoxyphenylethanolamine. Reference as
to which isomer was obtained by Hinsberg from

pyrogallol itself is not available.

One of the most serious disadvanteges of the Hinsberg
method is that the necessary reagent, aminocacetal is not
readily available due to the difficulty involved in its pre-
paration.. Moreover, the method is very limited in its appli-
cation. Thus, in the case of phenol itself, two molecules
condense with one of aminoacetal to give, not para-hydroxy-
phenylethanolamine, but 1,1-di-(para-hydroxyphenyl)=-2-amino-
ethanet

+ NHzCHzCH(OCz“S‘)z -7 - CH?_NHZ

oM
Phenetole gives the corresponding diethyl ether as above and
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only a trace of para-ethoxyphenylethanolamine. In the case
pyrogallol, either the corresponding arylethanolamine or the
diarylethylamine derivatives could be obtained depending on
the mole ratio of reactants employed. Thymol, however, gave
the diarylethylamine derivetive only.

The Hinsberg reaction as applied to the synthesis of ary:
ethanolamines is characterized by its apparent simplicity. It
may be for this reason only that patents (55) were obtained.
Nevertheless, it is interesting ito note that the use or inves-

tigation of this method of synthesis by other workers has never

been reported.

Resolution. Arylethanolamines, of the general formuls:

H H
AR-(C)-C-NH
HH
possess optical activity by virtue of an asymmetric carbon
atom (C). Hence, three forms of each are possible. Up to the
present, phenylethanolamine is the only member of this series
which has been resolved into its dextro- and levo- forms (33).
Greer and his associates (56), in 1938, reported that
the resolution of nor-epinephrine was in progress in their
laboratory. Publication of their results has not been ob=-

served to date.



Table I. Literature Survey

of Phenylethanolamines
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AR.CHOH.CHoNHy (AR= )

Literature References

Phenyl-

(4,7,22,28,29,30,33,36,37,
38,39,44,46,47,109,110)

4-Methylphenyl- (110)

2-Chlorophenyl- (42)

3,4-Dichlorophenyl=~ (25)

4-Hydroxyphenyl=- (28,46,50,51)
2,4-Dihydroxyphenyl=~ (51)

3,4-Dihydroxyphenyl- (§%i§7,44,52,53’54’55’109’
2,3,4=-Trihydroxyphenyl- (54,55)
2,3,4-Trihydroxy=-6-carboxy-phenyl= (54,55)

2-Methoxyphenyl- (31,35,41)

4-liethoxyphenyl=-

(29,35,44,46,109,110)

2,3=Dimethoxyphenyl-

(42)

2,4~Dimethoxyphenyl-

(35)

3,4~-Dimethoxyphenyl-

(29,35,43,44,102,110)

2,5-Dihydroxyphenyl-

(51)
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AR.CHOH.CHoNH,  (AR® )

Literature References

2,5-Dimethoxyphenyl- (48)
2,3,4~Trimethoxyphenyl=~ (54,55)
3,4,5-Trimethoxyphenyl- (44)
3,4-Methylenedioxyphenyl- (35,39,44,53,110)
4-Ethoxyphenyl~- (54,55)
3,4-Diethoxyphenyl- (43)
3-lethoxy-4-Ethoxyphenyl- - (43)
3,4-Dihydroxyphenyl-(diacetate) (32)




B. Glyoxylohydroxamyl Halides.

Introduction. The N-acyl substituted derivatives of hy-

droxyiamine are generally referred to as hydroxamic acids (I).
These compounds also exist in the tautomeric form (II), to

which Sidgwick (57) refers as hydroximic acids:

R-C=0 — R-G-OH
$OH & NCH
H
Hydroxamic acid Hydroximic acid
@) : ()

The hydroxamic acids are related to the amides of the car-
boxylic acids in the same manner that hydroxylamine is related
to ammonia. Thus, just as amides are prepared by ammonolysis
of an acid derivative, so may the hydroxamic acids be prepared

by "hydroxylaminolysis" (58), ass

R-C=0 + HgNOH -—— BR-C=0 =+ R/OH
OR/ ~ HN-OH
The simplest hydroxamic acid is that of formic acid, of

which the two possible forms are formhydroxamic acid (III) and

formhydroximic acid (IV):

H~C=0 — H—%‘-OH
HN-OH  ¢—— NOH
(III) (IV)

When the enolic hydroxyl group of a hydroximic acid is

replaced by a halogen atom, such as chlorine, tautomerism is

29



30

no longer possible, and the derivative thus obtained corres-
poends to an acid chloride of a carboxylic acid. These deri-
vatives may be referred to as hydroximic acid chlorides.

Thus, the acid chloride of formhydroximic acid (formhydroximic

acid chloride) is

H-%-Cl
NOH

ol~-Ketohydroximic acid halides of the general formula (VI)
may be derived from <-keto-acids of the type (V) by applica-

tion
AR-C-C-OH AR-C-C-X
0 NOH
) (VI)

of the above theoretical considerations. Thus, if AR.CO.COOH
represents phenylglyoxylic acid (benzoylformic acid), the cor-
responding hydroximic acid chloride may be structurally derived

as follows:

HNOH
C H aCaC20 === CH -C-C=0  —~L>

6°5 5 om 6°5 5 or
CoHo~0-C30  ——m—p  CpHm=CoC-OH  mme——
658§0H —— 6.58N0H
H
CaH~C-C-C1
€5 § Nom

The compound, CGHB.CO.C(:NOH)Cl, may be looked upon as the

benzoyl derivative of formhydroximic acid chloride or as the



hydroximic acid chloride of phenylglyoxylic acid.

Nomenclature. Various methods have been employed in the

literature for naming the halogen derivatives of a-keto-hydrox-
imie acids having the general formula, R.CO.C(:NOH)X, where R

may be an alkyl or aryl group and X represemts a halogen.

ff-G-C1 G~C-OH -qH

0 NOH O NOH 0 NOH
(VII) (VIII) (IX)

Thus, the compound of structure (VII) is listed in Beilstein
(59) as a derivative of phenylglyoxylhydroxamic acid (VIII)

and is given the names:

(a) Benzoylformylchloridixime
(b) Benzoylformhydroximic acid chloride

(¢) o=Chloro-«-isonitrosoacetophenone.

Most German workers have adopted the name chloro-isonitroso-~

acetophenone, presumably because of its structural relation-

ship to isonitrosoacetophenone (IX) and probably on account
of the fact that it was first prepared by the direct chlori-
nation of isonitrosoacetophenone.

The only other compound of the structure, R.CO.C(:NOH)X,
described in Beilstein (60) is CH3.CO.C(:NOH)Cl, which is

given the names:
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(1) 1-Chlorpropanon=-(2)=-oxime-(1)
(2) «=Chloro-a~-isonitroso-aceton

(3) Brenztraubenhydroximsure chloride

The method of nomenclature employed by Chemical Abstracts

consists in naming the compounds as derivatives of the corres-
ponding glyoxylic acid. Thus, the acid, CgHg.CO.COOH, is in~
dexed as phenylglyoxylic acid with a cross-refernee at benzoyl=-
Tormic acid. The corresponding hydroximic acid chloride, is

accordingly indexed under the names:

(1) Phenylglyoxylohydroxamyl chloride
(2) Benzoylformohydroxamyl chloride.

The choice of naming the compound, C4Hg.CO.C(:NOH)CL, either
as:..a derivative of phenylglyoxylic acid or benzoyiformic acid is

optional. Dr. Crane (61), in a personal communication, writes:

"If one nrefers benzoylformic acid over phenylgly-
oxylic ééid, then the name benzoylformohydroxamyl
chlpride.......would be preferred over phenylgly-
oxylohydroxamyl chloride, FEither name is correct.

It is a chloride of the hydroxamic acid."

In this paper, compounds of the general formula, R.CO.C(:NOH)X
will be designated as glyoxylohydroxamyl halides. In many in-
stances where a more abbreviated designation is desirable, the

term chloroisonitrogoketone is also employed.




33

Methods of Synthesis. Glutz (62), in 1870, was the first

to deseribe the preparation of a glyoxylohydroxamyl halide.
He treated chloroacetone with concentrated nitric acid and ob-
tained methylglyoxylohydroxamyl chloride according to the equa-
tion:
HNO,

CHy.CO0.CH,CL ~— CHé.CO.C(:NOH)Cl
Barbaglia (63), obtzined methylglyoxylohydroxamyl chloride by
the same method. Ponzio (64) obtained this chloroisonitroso-
ketone as an intermediate in the oxidation of chloroacetone

to chloromethylnitrolic acid:
HNO . .
CHé.CO.CHzcl -—-—39» CHé.CO.C(.NOH)Cl — ClC(.NOH)NO2 + (COOH)2

Henry (65) oxidized 2-~-chloropropanol-1 with nitriec acid
at ordinary temperature and obtained a mixture of products
consisting of acetic acid, chloroacetic acid and a compound to

which he assigned two possible formulass:

ON.CHz.CO.CHéCl CHa.CO.CH(NO)Cl

(1) (I1)

The nitrosochloro-compound cbtained was found to be identical
with the methylglyoxylohydroxamyl chloride previously prepared
by Glutz (62); thus, the nitroso-formula (II) is, strictly
speaking, the isonitroso derivative of CH;.CO.CH,Cl.

Behrend and his associates (66,67) oxidized acetone with

fuming nitric acid and obtained an intermediate, for which
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they suggested two possible formulas, CH3CO.C(:NOH).ONO and
CH.CO.C(:NOKE).NO5. The compound thus obtained when treated
with concentrated hydrochloric acid at 0°, gave methylgly-
oxylohydroxamyl chloride in small yields. Using this method,
Ponzio and Charrier (68) were able to obtain 40-45 g. of methyl-
glyoxylohydroxamyl chloride from 100 g. of acetone.

Sandmeyer (69) prepared methylglyoxylohydroxamyl chloride
in small yields by the decomposition of an intermediate which

he obtained by treating acetone with nitrogen oxides:

C1C(:NOH)CO.CHy + (CH3)2CO + HC1

Brunner (70) showed that acetone reacts with agua regia in the
cold to give methylglyoxylohydroxamyl chloride; with excess
aqua regia, there was obtained a diisonitrosochloroacetone,

of the formula, HC(:NOH).CO.C(:NOH)CL.

The first arylglyoxylohydroxamyl halide was described by
Claisen in 1887. On saturating a cooled mixture of aceto-
phenone and amyl nitrite with hydrogen chloride, he obtained
a small guantity of a white erystalline product, melting at
133-134°%, When heated above its melting point, the product
decomposed with the liberation of hydrogen chloridej he there-
fore assumed that the original product was a hydrogen chlo-
ride addition compound of isonitrosoacetophenone (71). In a
subsequent paper, Claisen and Manasse (21) succeeded in isola-

ting in small yields both the chloroisonitroso- and isonitro=-



acetophenones using the above method.

The reaction of amyl nitrite with acetophenone in the
presence of hydrogen chloride to give both products was ex-
plained by Claisen and Manasse (72) by the fact that the ni-
trite is first converted by excess hydrogen chloride to ni-

trosyl chloride and this is the true nitrosating agent:
RONO + HC1 -——» ROH ++ NOCL

C6H5.CO.CH3 + NOClL — 06H5.CO.C(:NOH)H + HC1

Further, any nitrous acid which might be formed, could oxi-
dize hydrogen chloride to free chlorine and thus chlorination

of isonitrosoacetophenone might occur:

C6H5.CO.C(:NOH)H + 012 —_— C6H5.CO.C(:NOH)CI + HC1

These investigators also showed that phenylglyoxylohydroxamyl
chloride may be obtained in 70 percent yields by the chlorina-
tion of isonitrosoacetophenone in chloroformic solution. Pon=-
zio and Charrier (68), using this method, reported 80 percent
yields of the corresponding chloroisonitrosoketone. 1In a more
recent report, Ponzio (73) chlorinated isonitrosoacetophenone
in glacial acetic acid and obtained the chloroisonitrosoketone
in yields of about 60 percent- which is much lower than those
mentioned previously. Para-methyl-phenylglyoxylohydroxamyl
chloride was prepared by the same procedurej the yields were

not mentioned however.
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Steinkoff and Jlrgens (74) prepared phenylglyoxylohydrox-
amyl chloride by saturating a suspension of the ammonium salt
of w-nitroacetophenone in ether with dry hydrogen chloride.
The yield of product was reported as being almost quantitative.
Jakubowitsch (75) refluxed a mixture of w-nitroacetophenone
with hydrochloric acid in dilute alcohol and obtained phenyl-
glyoxylohydroxamyl chloride in a 54 percent yield (based on
crude product).

In their studies of the action of nitrosyl chloride on
ketones, Rheinboldt and Schmitz-Dumont (76) developed a meth-
od for the preparation of glyoxylohydroxamyl chlorides, which
was referred to “nitrosochlorination®. Essentially, the ni-
trosochlorination reaction consists of reacting a methyl ke-
tone and nitrosyl chloride with the formation of a glyoxylo-

hydroxamyl chloride:
R.CO.CH3 + 3NOC1l -——> R.CO.C(:NOH)C1 + 2NO <+ 2HC1

A summarized account of the Studies on chlorénitrosation by
Rheinboldt and Schmitz-Dumont (76) are presented in Table I1I,
The mechznism of chloronitrosation was explained by the

following equations:

(1). R.CO.CHg + NOCL —» R.CO.C(:NOH)H + HC1
(II). R.CO.C(:NOH)H+ 2NOCL ~—» R.CO.C(:NOH)C1 + 2NO + HC1

(III). R.CO.CH + 3NOCh ———p R.CO.C(:NOH)CL + 2NO =+ 2HC1

The formation of an isonitrosoketone of the type, R.CO.C(:NOH)H



Table II. Summary on the Glyoxylohydroxamyl Chlorides

Prepared by Rheinboldt and Schmitz-Dumont (78).
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675

Ketone Products Yield®
%

CH3.C0.CHg CH3.CO.C(:NOH)C1 45.0
CHg.CO.CoHg CoHg.CO.C(:NOH)C1
CHg.CHg.CHg.CO.CHg CHg.CHy.CH,.CO.C(:NOH)CL
(CH3)oCH.CO.CHy (CH3)oCH.CO.C(:NOH)CL 1115
HOOC.CHg.CH5.CO.CHg HOOC.CHg . CH5.CO.C(:NOH)CL
(CH3)3C.CO.CHg (CH3)3C.CO.C(:NOH)CL 70.0
CoHg00C «CHp «CHo . COLCHg | CoH500C . CHg W CHg . CO. (NOH)CL
CgHs.C0.CHs CgHg.CO.C(:NOH)CL 24.5
4—CH3.06H4.CO.CH5 4-CH3.06H4.CO.C(:NOH)C1 32.0
CrH-.CH:CH.CO.CHsg C,H..CH:CH.CO.C(:NOH)CL 21.0

4-CH30.C6H4.CH?CH.CO.C(:NOH)Cl

4-CH30.06H4.CH:CH.CO.C(:NOH)H

¢ H..CH,.CO.CH

6°5°"2

3

C6H5.C(:NOH).CO.CHQ

1

@& Unless specified, the
it may be presumed to

yield was not mentioned, accordingly

be négligible.



as an intermediate was indicated by the following:

(1) Anisalacetone, CH50.C H, .CH:CH.CO.CH,, gave
both isonitroso~ and chloroisonitrosoketones.

(2) Isonitrosoacetone and isonitrosoacetophenone,
when further treated with nitrosyl chloride,
gave their corresponding chloroisonitrosoke-

tones.

Additional evidence in favor of the mechanism of the reaction
as given above was indicated by the fact that the mole ratio
of nitric oxide evolved, when determined quantitatively, as
compared to the yield of chloroisonitrosoketone obtained was
2:1. It is also imporitant to note that pera~chloroacetophenone
when treated with nitrosyl chloride gave only para-chloroiso-
nitrosoacetophenone; further reaction with nitrosyl chloride
did not occur.

The chloronitrosation reaction as a method for the pre-
paration of glyoxylohydroxamyl chlorides is limited in its ap-
plications as indicated in the results tabulated. Further-
more, this procedure gives, in general, poor yields of glyoxylo-
hydroxamyl chlorides. Further studies on the application of
chloronitrosation to other nuclear-substituted derivatives of
acetophenone are not availsble.

Lynn and Lee (77) studied the chloronitrosation reaction
and obtained results which differed from those of Rheinboldt
and Schmitz-Dumont (76). Thus, in the case of acetone, there
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was obtained a mixture consisting of isonitrosocacetone,
CHg.CO.C(:NOH)H, the mononitrosochloride of phorone,
(CHg)oC+CH.CO.CH(NO) .CC1(CHy) g, and the dinitroso-chloride of
phorone, (CH3)5C(NO).CC1H.CO.CH(NO)CCL(CHy)gs With methylethyl-
ketone, only isonitrosomethylethylketone was obtained. In a
subseguent reply to these workers, Rheinboldt and Schmitz-Du-
mont (78) explained that they were able to "chloronitrosate"
acetone and methylethylketone znd the difference in results
might be explained by the fact that the American investigators

carried out their reaction in the absence of a solvent.

Chemical Properties. The alkyl- and aryl-glyoxylohydrox-

amyl halides dissolve in concentrated sulfuric acid in the ¢
cold, with the formation of a yellow colorj; on heating with
dilute sulfuric acid, decomposition occurs and the correspond-

ing carboxylic acid is obtained (76):
i HS0,4
R.CO.C(:NOH)X  =—~——==-» R.COCH

They dissolve slowly on standing in dilute sodium hydroxide
solution with the formation of a yellow colorj; if the alka-
line solution is heated, decomposition occurs as above (76).
Thus, these two tests may be employed in the identification
of glyoxylohydroxamyl halides.

When heated above their melting point, hydrogen chloride
igs split off, with the subsequent formation of a niltriloxide,
(76).

R'E' =N
o O
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With silver nitrate in absolute alcohol, methylglyoxylo-
hydroxamyl chloride and phenylglyoxylohydroxamyl chloride are

converted into peroxides of the general formule (68):

R.CO.GtN-0
R.C0.C:N-0

Glyoxylohydroxamyl halides rezct very readily in the cold

with aromatic amines to form the corresponding glyoxylohydrox-

amyl amides:

H_NAR
R.CO.C ( sNOHX —=2——s  R.CO.C(:NOH)NHC H
(Ether) 65

This reaction indicated the close chemical relationship be-
tween compounds of the type, R.CO.C(:NOH)X and R.CO.CCX. Con-
densation of chloroisonitrosoketones with aniline and para-to-
luidine is reported; application of this reaction to include
aliphatic amines has never been described. These amides are
crystalline solids which melt with decomposition. They are
insoluble in cold dilute alkeli; on heating, however decompo-
sition occurs.

Rheinboldt and Schmitz-Dumont (76) condensed chloroisoni-
troketones with benzoyl chloride and obtained stable, crystal-

line benzoyl derivatives:
R.CO.C(:NOH)C1 + C1COC H, ——> R.C0.CCL(:NOCOC-Hg) + HCL

The carbonyl group of these halogenoisonitrosoketones

possess the usual charzcteristic properties which are generally



associated with the carbonyl group of «-oximinoketones. Thus,
condensation with the usual reagents for the carbonyl group,
such as hydroxyleamine, the hydrazines, semi-carbazide, etc.,
occurs readily.

Probably, the most interesting derivatives of glyoxylo-
hydroxamyl halides are the gloximes, R.C(:NOH).C:NOH)X, .which
are prepared by allowing a solution of the ketone and hydroxyl-
amine hydrochloride to stand at room temperature for several
weeks. These use of alkali, as is customary in the oximation
of ketones, must be avoided due to the presence of a ﬁghie halo-
gen atom. These gloximes, are, in general, white crystalline
solids which melt with decomposition. They give no color with
ferric chloride in alcoholic solution; however on heating in
water, they dissolve and the solution thus obtained gives a
violet color (hydroxamic acid test) with ferric chloride.

The addition of silver nitrate solution to a halogenoglyoxime
gives a precipitate of the silver halide (76). The halogeno-
glyoximes dissolve in sodium hydroxide solution giving a yel-
low color, snd the solution thus obtained gives a positive
hydroxamic acid test (76).

Ponzio and his associates (79) have published a number of
papers which describe the chelate derivatives of these halogeno-
gloximes.

Other methods for preparing halogenoglyoximes have been
described. Thus, Ponzio (80) showed thzt chlorophenylglyoxime

could be obtained by the chlorination of phenylglyoxime:
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C6H5.C( tNOH) .C(:NOH)H —=-=2-. C6H5.C( :NOH) .C(:NOH)C1

Using this method, Ponzio and Perolio (81) prepared chloro-
para-tolyglypxime. ‘ihen chloroglyoximes are treated with so-
dium iodide in acetone, iodoglyoximes are obtained. Using
this procedure, Ponzio (82) has recently prepared iodophenyl-
glyoxime, iodo-para=-tolyglyoxime and iodomethylglyoxime. On
heating these iodoglyoximes with ammonia, the corresponding
aminoglyoximes were obtained:
Nitg

R.C(:NOH).C(:NCH)I — R.C(:NOH).C(:NOH)NHz

Pheiological Properties. There is only one report con-

cerning the physiological character of glyoxylohydroxamyl
halides. NMilone (83) has recently made a study of the irri-
tant action of methylglyoxylohydroxamyl chloride and its
oxime. Phenylglyoxylohydroxemyl chleride end its oxime were
not char:cterized by this undesirable physiologicel property.
He expleined this difference in zetivity by the fact that
methylglyoxylohydroxamyl chloride end its oxime react much

more rezdily with proteing and lipoids.
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Table II1I. Derivatives of Glyoxylohydroxamyl Halides
[}
R.CO.C(:NOH)CL Oxime Anjlide |Toluldide |[N-Benzoate
R=
a 171°(dec.) | 113-4°
CH,-
3 (66,67,68, | (68,76) (68)
62).
o}
154 (dec.)
CH3.CHg.CHg~
3 (76)
103-4° 123-4° 63-4°
(CHq)aC~
373 (76) (78) (786)
217°(dec.)
arg=-CH_.C H =
P 3 6 4 (73)
o o
193-4 (dec.) 147 (dec.)
CoHg-
675 (76) (76)
176-7%(dec.)
C.H..CH:CH=-
65 (76)

a

The temperature given is the melting point reported in the
references specified.




EXPERIMENTAL

A. Synthesigs of Ketones

Phenacyl Chloride. The Friedel-Craftes reacticn is most

commonly employed for the preparation of phenacyl chloride
and its alkyl, alkoxy &nd halogeno-nuclear-subgtituted deri-
vatives, in both the laboretory (84,85) and in industry
(86,87) becausze of the excellent yields of product and aveil-
ability of intermediates. Some of the ketones prepared in
this investigation have been previously described (88).

The Friedel-Crafts procedurea employed in the prepera-
tion of phenacyl chloricde involves the reaction of benzene
with chloroescetyl chloride in the presence of anhydrous
alumium chloride,- excess benzene® serving as the soclvent.
The method is as follows:

In a l-liter, three-neck, round-bottom flacgk, fitted
with a sealed mechanicel stirrer, & separatory funnel and
a reflux condenser, connected to a gas-sbsorption trapc,
were placed 102.6 g. (0.77 mole) amhydrous aluminum chlo-

ride (Esstman-Kodak, practicel) and 265 cc. benzene.

& The phenacyl halides are, in general, vioclent lachryma-
tors and sternutztors. Therefore, caution must be ex-~
ercised in handling these intermediates. It was found
best to cerry out these syntheses in a well-ventilated
hood.

Organic solvents, employed in the synthesis of these ke-
tonesg, were first dried over anhydrous calcium chloride.

A gas-absorption trap modeled after thet described by
Johnson (Org. Synthesie, Col. Vol. I, 91 (1932) was
used in thege investigaticns.



Then 53.1 cec. (0.70 mole) chloroacetyl chloride (Eastman-
Kodak, practical) was allowed to drop in during the course
of about one-half hour. When all the chloroacetyl chleride
was in, the reaction flask was refluxed in a boiling water-
bath until the evolution of hydrogen chloride ceazsed. This
required epproximately three hours. The recction mixture
was allowed to coel to room temperature and the aluminum com-
plex was cdecomposed by the addition of a mixture of equal
parts of ice-water and concentrated hydrochloric acid. The
organic leyer was then separated, washed with wster and
dried over anhydrous calcium chloride. The excess benzene
was recovered by distillation of a boiling water-bath and
the residue distilled under reduced pressure. The product
distilling at 120-350/4 mm. was redistilled. The yield of
white crystals, thus obtained was 25.5 g. (88.2 %); b.p.a
120-35°/ 4 mm.; m.p. 56-7°.

Phenacyl Bromide. The method described by Cowper and
Davidson (89), which consists of the direct bromination of
acetophenone, was employed for the preparation of this ke-
tone. From 73.2 cc. (0.61 mole) acetophenone (b.p. 200-2°)
and 33.2 cc. (0.61 mole) bromine in 75 cc. anhydrous ether,
to which was added 0.75 g. anhydrous aluminum chloride

(E.K. & Co., resublimed), there was obtained, efter recrys-

2 11 boiling points reported in this investigation are un-
corrected; melting points were taken with an Anschutz
thermometer (entire stem immersed in bath).
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tallization from ligrein, 70 g. (58 %) of phenacyl bromide;
m.p. 49-50°,

Para-Methylphenacyl Chiloride. This ketone was prepared

by the Friedel-Crafts synthesis using the sezme procedure des-
eribed under phenacyl chloride. From 151.0 cc. (2.0 moles)
chloroacetyl chloride, 850 cc. (8.0 moles) toluene and 293.23 g.
(2.2 moles) aluminum chloride, there was obtained 277 g. (82 %)
of para-methylphenacyl chloridej m.p. 55—60.

Para-Phenylphenacyl Chloride. Para-phenylphenacyl chlo-
ride was obtained by the usual Friedel-Crafts synthesis using
as a solvent, carbon disulfide. To a rapidly-stirred suspen-
sion of 23.1 g. (1.5 moles) diphenyl (E.K. & Ce., practical)
and 220.0 g. (1.65 moles) aluminum chloride (E.K. & Co., re-
sublimed) in 500 ce. carbon disulfide was added during the
course of one and one-half hours, 117.0 cc. (1.55 moles) chlo-
roacetyl chloride (E.K. & Co., practical). The reaction mix-
ture was then refluxed on a boiling water-bath for about three
hours, after which evolution of hydrogen chloride practically
ceased. After decompcsition of the complex, the crude pro-
duct separated outj; this was filtered off and dried by suction.
After recrystallization from hot alcohol (50 %), yellow crys-
tals, melting at 120-3° were obtained; a second recrystalliza-

tion from boiling isopropyl alcohol gave 220.0 g. (85.0 %) of

yellow crystelsj m.p. 124~-26°.

Para~Chlorcophenacyl Chloride. The only menticn of the




preparation of para-chlorophenacyl is in two early papers, -
one by Gauteer (90) who obtained this ketone by the chlorina-
tion of the acetophenone; the other by Collet (91), who re-
acted chlorobenzene with chloroacetyl chloride using alumin-
um chloride according to the regular Friedel-Crafts synthesis.
In both reports, however, only meagre information is given
regarding the experimental details.

In this investigation, para-chlorophenacyl chloride was
prepared by the Friedel-Crafts synthesis. In one run, excess
chlorobenzene was tried as the reaction solvent; in this in-
stence, the aluminum chloride was added in divided portions
to the mixture of chlorobenzene and chloroacetyl chloride.
From 22.8 cc. (0.3 mole) chleroacetyl chloride (E.K. & Co.,
practical), 40.1 g. (0.3 mole) aluminum chloride (Calco) and
100 ce. (1.1 mole) chlorobenzene (E.K. & Co), a yield of
only 29.0 g. (51.2 %) of product, distilling at 126-42/13.5
M., M.p, lOO-lo, was obtained. Two runs in which cerbon
disulfide served as the solvent, resulted in 88.8-90.8 per-
cent yields of pure ketone. Thus, the apparent advanizge
possessed by carbon disulfide as the reaction solvent over
the high boiling, reactive chlorobenzene ig readily noted.
The following is the method finally adapted for the prepara-
tion of para-chlorophenzcyl chloride:

In a 2-liter, round-bottom, three-neck flask provided
with a sesled mechsnical stirrer, separatory funnel andé a re-

flux condenser connected tc a gas-absorption trap were added



153.5 g. (1.5 moles) chlorobenzene (E.K. & Co.)
220.0 g. (1.65 moles) aluminum chloride (E.K. & Co.)
1,000.0 cc. carbon disulfide.

The reaction flack was immersed in a bath of cold water (15-80)

and to the rapidly-stirred suspension, was added during the
course of one and one-half hours, 125 cc. (1.65 moles) chloro-
acetyl chloride (b.p. 104-60). After this, the reaction mix-
ture, was refluxed on a hot water-bath for three hours, until
evolution of hydrogen chloride gas appeered to stop. The mix-
ture was then cooled and the complex decomposed by the addi-
tion of a mixture of ice-water and concentrated hydrochloric
acid 1:1). The carbon disulfide was distilled off and the
crude product which separated was filtered off and dried with
suction. Recrystallization from alcohol (50 %) gave 261 g.

0
(88.5 %) of para=-chlorophenacyl chloride, m.p. 100-1 .

Para-llethoxyphenacyl Chloride. Para-methoxyphenacyl chlo-

ride has been prepared by two methods:

(a) Friedel-Crafts Synthesig. KXunckell and Johannsen

(92) were the first to prepare this ketone. The reaction ig

a8 followsé

oCH3

A1Clg4

. CICH,COCL —
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The product thus obtained, melted at 102°; the yield was not
mentioned however. Voswinckel (93) later used this method for
the synthesis of para-methoxyphenacyl chloride but gave no de-
tails.

Tutin (85), using anisole, chloroacetyl chloride and alum-
inum chloride in carbon disulfide, obtained a product, which,
after fractional crystallization from alcohol, consisted of
para-methoxyphenacyl chloride (m.p. 1020) and a small quentity
of the ortho- isomer (m.p. 69°). These two isomers were sep-
arated mechanically but no indication was made of the yields
obtained. Jorlander (94) and Widman (95), using the procedure
described by Tutin (85), also obtained both para- and ortho-
isomers, but no mention was made of the yields obtained. Jgr-
lander (94) showed that the yield of ortho-methoxyphenacyl
chloride could be increased by lowering the reaction tempera-
ture.

(b)  Reaction of Para-Methoxybenzoyl Chloride with Diazo-

methane. Nierenstein (96), in his studies on the action of
diazomethane on acid halides, showed that para-methoxyphenacyl
chloride could be prepared 1in 86 percent yields by the reac-

tions
CHBO.C6H4.COCI “+ CHZN2 — CH50.06H4.000H201 + Np

The melting point of the product thus obtained was yeported as
104-5°,

More recent studies by Robinson and his co-workers (97)
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indicate that the preparation of phenacyl halide proceeds more
smoothly if the diazoketone is first prepared and this employed
as the intermediate according to the following reactions:

2 CHglN, HX

CH30.CGH4.CO.CH2X

Although these investigators did not apply the above method to
the preparation of para-methoxyphenacyl chloride, they showed
that treatment of para-methoxy-w-diazocacetophenone with Bydro-
gen bromide gave para-methoxyphenacyl bromide in quantitative
yields; the yield of the diazoketone was not menticned, how-
ever, Burger and Avakien (98) have recently obtained this in-
termediate in 70.3 percent yields. According to recent publi-
cations, Robinson's modification of Nierenstein's reaction,
appears to be preferable for the preparation of phenacyl hali-
des.

Para-methoxyphenacyl chloride was prepared in this inves-
tigation by the Friedel-Crafts synthesis according to Kunckell
and Johannsen (92) and Tutin (85). Of the four runs carried
out, the following adaptation gave the best yields

In a 500 cc., round-bottom, three-neck flask equipped with
a sealed mechanical stirrer, a small powder funnel and a reflux
condenger, attached to a gas-absorption trap, were added 21.8
cc. 0.2 mole) anisole (b.p. 155-€), 18.0 cc. (0.24 mole) chlo-
roacetyl chloride (E.K. & Co.,) and 100 cc. carbon disulfide.

The reaction flask was immersed in a bath of cold water (10°)



and to the rapidly stirred mixture was added during the course
of one hour, 26.7 g. (0.2mole) aluminum chloride (E.K. & Co.).
After the aluminum chloride was added, the cold water-bath was
replaced by bath of warm-water (35-400). After three hours,
evolution of hydrogen chloride ceased; the reaction mixture was
allowed to cool to room temperature and the complex decomposed
by the addition of ice-water. The carbon disulfide was recov-
ered by distillation and on cooling, the cily layer remaining,
crystallized out. The orange-colored crystals thus obtained
were filtered off with suction and driedj yield, 27.6 g. This
product was then dissolved in ether and etheral solution ex-
tracted with cold 2 percent sodium hydroxide solution to re-
move demethyleted products. The solvent was then removed by
distillation and the residue steam distilled. The long needles
obtained, after two recrystallizations from hot alcohol (85 %)
melted at 96-98°.

At no time during the course of this investigation was it
possible to obtain a product which melted as high as that re-
ported by other workers (85,92,96). It was presumed, that if
the melting points 102°, 104-5°, previously reported for para-
methoxyphenacyl chloride are correct, then the product obtained
by the above method must contain a small quantity of ortho-
methoxyphenzecyl chloride as a by-product. Mechanical separa-
tion of the crystalline product feiled. The possibility of em-
ploying steam distillation was tried, in view of the fact that

both Tutin (85) and Jorlander (94) mention that ortho=methoxy-
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phenacyl chloride distills over in steam. In one experiment,
15.0 g. of long needles, m.p. 97-98°%, was steam distilled and
the distillate collected in fractions of 500-1,000 cc. It was
found that no significance change in the melting point of the

products was obtained as indicated in the following tabulation:

Fraction M.Po
(1) 97.0-98.5°
(2) 96.0-98.0°
(3) 97.5-98.5°
(4) 96.0-98.5°
(5) 96.0-98.5°
(6) 96.5-98.5°
(7) 97.0-98.5°

One semple of the product, melting at 97-980, was sub-
jected to repeated recrystallizations from hot alcohol (50 %).
Even after six consecutive recrystallizations, there was no
significance change in the melting point. Further study of
possible purification methods for the para-methoxyphenacyl
chloride obtained by the method of synthesis employed was dis=~

continued.

Ortho- and Para-Hydroxyphenacyl Chlorides. The prepara-
tion of both ortho- and para~hydroxyphenacyl chlorides are
presented a difficult problem to varlous investigators and the
yield of these products have been unsatisfactory. The var-

ious procedures described in the literature for the prepara-



tion of these isomeric phenolic-ketones may be divided into the

following groups:

(a) Friedel-Crafts Reaction. Synthesis of para-hydroxy-

phenacyl chloride by direct acylation of the ring according to

the equation,

or OH

+  CICHLCOCL 2,
-

is difficult and the yields negligible. This method was first
described in an 0ld German patent (99). Tutin (80) reported
only small yields by this method, whereas Kunckell and Johenn-
sen (100) obtained a mixture of small amounts of'phenyl chloro-
acetate, para-hydroxyphenzcyl chloride and the chloroacetate
ester of para-hydroxyphenacyl chloride. Priestley and Moness
(101) mentioned the use of para-hydroxyphenacyl cliloride as
an intermediate in their synthesis of sympathol but gave no
details as its method of preparation. Priestley (102) later
acknowledged that the reaction of phenol with chloroacetyl
chloride in the presgence of aluminum chloride was usedj the
yields of para-hydroxyphenacyl chloride were only 5-10 percent
however.

Application of the Friedel-Crafts reaction to intermed-
iates in which the phenolic group is protected gives somewhat

more satisfactory results. Kunckell and Johannsen (92) ob-



tained the chloroacetate ester of para-hydroxyphenacyl chloride
from phenyl chloroacetate, chloroacetyl chloride and aluminum
chloride. No yields were reported and possible hydrolysis of
this ester to the phenolic-ketone was not mentioned. Tutin
(85), in an attempt to chloroacetylate phenylacetate by a meth-
od similar to that of Kunckell and Johannsen (92), obtained
the chloroacetate ester of para-hydroxyacetophencne instead of
the desired acetate of para-hydroxyphenacyl chloride.

The use of anisole appears to be the best adaption of the
Friedel-Crafts for the synthesis'of para-hydroxyphenacyl chlo-
ridej here, chloroacetylation of the ring and demethylation

occurs simultaneously:

o

AlCl4
+#  CICHLCOCL  ——meeep

cl
g Hy

The method was first developed by Kunckell and Johannsen (100)
and later by Tutin, Caton and Hann (50), however these inves-
tigators made. no mentiodithe yields of'product obtained. Ro=-
bertson and Robinson (103), using the above method, reported

yields of 7-8 g. of para=-hydroxyphenacyl chloride from 10 g.

of anisole. Rubin and Day (104) have recently reported yields
of 36 percent of this phenolic-ketone; a subseqguent communica-

tion by Day (105) mentions a yield of 44 percent.
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Ortho-hydroxyphenacyl chloride, has been prepared by Tu-
tin (85) by the demethylation of ortho-methoxyphenacyl chlo-
ride, which was obtained by Friedel-Crafts synthesis from ani-

sole and chloroacetyl chloride. No yields were reported, how-

ever.

(b) Fries Rearrangement. Fries and Pfaffendorf (106),
in their studies on the preparation of phenolic-substituted
ketones by the rearrangement of esters in the presence of alum-
inum chloride, obtained both ortho- and para-hydroxyphenacyl

chlorides from phenyl chloroacetate by the reaction:

0-COCHoC1 ,
AlClg
—_—

E-Cﬂgcl S-CHéCl
0

The ortho- isomer was reported to have been obtained in 50
percent yields, on steam distillation of the reaction product,
whereas no mention was made of the isolation and yield of
para-hydroxyphenacyl chloride.

In an investigation of the use of beryllium chloride as
a catalyst in the Fries rearrangement of esters, Brederick,
Lehmann, Schonfeld and Fritzsche (108) succeeded in obtaining
both ortho- and para- hydroxyphenacyl chlorides from phenyl
chloroacetate. The yields of the two isomers varied accord-

ing to the reaction temperature; the following tabulation sum-



marized their results:

Reaction Percent Yields
Temperature Ortho- Para-
100° 10 5
130.40° 30 23
165° 19 26

A study was made of the preparation of ortho-hydroxy-
phenacyl chloride by the Fries rearrangement of phenyl chlo=-
roacetate. A summary of the various experimental conditions
employed and the yields of product are recorded in Table V.
It appears that the reaction of phenyl chloracetate with
aluminum chloride without the use of a solventi gives the best
results.,

Phenyl chloracetate used in this study was prepared ac-
cording to the method of Fries and Pfaffendorf (106), by
heating a mixture of 188.1 g. (2.0 moles) phenol (Baker,
U.S.P) and 173.4 cc. (2.3 moles) chloracetyl chloride (E.X.

& Co.) at 135-40° for four hours. Distillation of the crude
product gave 322 g. (94.4 %) of phenyl chloroacetate, b.p.
135-40°/25-7 mm.; m.p. 40=2°,

The following illustrates the rearrangement of phenyl
chloreacetate as in run IV:

In a l-liter, three-neck, round-bottom flask fitted with
a sealed mechanical stirrer, a reflux condenser connected to
a gas-absorption trap, a small powder funnel and a thermome-

ter was placed 85.3 g. (0.5 mole) phenyl chloroacetate. The
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TablelV. Fries Rearrangement of Phenyl Cloroacetate
1
Molecular Ratio Period of Heating
Run | A1C1 Phenyl Solvent | Temperature] Time Notes Yiel d
No. Chloroacetate (°¢) (in hours) %
1 0.5 0.5 Carbon 140 3 Phenyl chloroacetate |19.5
disulfidg
II | 0.4 0.5 Carbon
disulfidg 145-50 3 (as above) 23.0
111 ] o.5 0.5 Ligroin 145-50 2 Added AlCIzto ester |[17.5
v | 1.0 0.5 -~ 120 6 Added AlClg in divided| 30.0
portions to ester
without heating.
% 1.0 0.5 -- 120-5 6 Added AlCl3 to ester |25.3
while heating.
Vi 1.0 0.4 - 120 5] Added all of ester in | 17.7
portion




stirrer was set in motion and, at intervale one and one-half to
two minutes, 1333 g. (1.0 mole) aluminum chloride (E.K. & Co.,
resublimed) was added. After several portions had been added,
the mixture assumed a cherry-red, syrupy appearance but little
hydrogen chloride was evolved; after one-half of the total al-
uninum chloride was added, a solid mass formed, stirring was

no longer possible and it became necessary to heat the mixture
in an oil bath (75°) until it liquefied, after which addition
of the alumimum chloride had been added, (total time required
was one hour), the mixture became a thick, yellow liguid. The
temperature of the oil bath was then raised until the reaction
mixture was 120°. &fter heating for six hours, the dark, thick
product thus obtained was allowed to cool to room temperature
and decomposed by the addition of chipped ice followed by 200
ce. of a mixture of ice~water and hydrochloric acid (1:1).

The erude product was then distilled in a current of steam;
recrystallization from alcohol (50 %) gave 25.6 g. (30.0 %) of
ortho-hydroxyphenacyl chloride, m.p. 73-4°.

Numerous attempts to prepare para-hydroxyphenzcyl chlo-
ride according to the procedures described by other workers
(50,100,103,104) failed. In a private communication, Day
(105) offered a number of suggestions and gave a more adeguate
account of the experimental procedure which he had recently
published (104). This procedure was found to be successful,
although, out of five runs, never did the yield of product ap-

proach that (44 %) reported by Day (105). Although the ex-
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perimental conditions were varioud frequently to comply with var-
ious inteepretations of Day's write-up, the yields were only
24.8-28.2 percent. A typical experiment follows:

In a 2-liter, three-neck, round-bottom flask fitted with a
reflux condenser connected to a gas-absorption trap, a sealed
mechanical stirrer and a small powder funnel were placed:

60.5 cc. (0.554 mole) anisole (b.p. 155-6°)

48.2 cc. (0.626 mole) chloroacetyl chloride (E.K. & Co.)

1000 cec. ligroin (E.K. & Co., practical)
The reaction flask was immersed in a bath of water (40-5°) and
during the course of forty-five minutes, 90.0 g. (0.675 mole)
aluminum chloride (E.K. & Co., resublimed) was added to the
rapidly-stirred mixturej- the hydrogen chloride evolved from
the reaction was removed by keeping the reaction set-up under
slightly reduced pressure (water-pump). After all of the
aluminum chloride had been added, the mixture was heated in
the bath (45-5°) for an hour,- stirring of the reactants and
removal of the hydrogen chloride being continued. The tempera-
ture of the bath was then raised to 50-5° and during the course
of one hour a second portion of aluminum chloride, 90.0 g.
(0.675 mole), was further added. After this, the bath was
heated to boiling and the solvent recovered under reduced
pressure (water-pump) with the condenser remaining in the re-
flux position. This required one and one-half to two hours.
When practically all of the ligroin was removed, the reaction

mixture was allowed to stand 2t room temperature for one hour



and the aluminum complex decomposed by the addition of crushed
ice followed by 500 cc. concentrated hydrochloric acid, duing
which, vigorous stirring of the reaction mixture was maintained,
The larger pieces of material were broken up by a glass rod.
The dark, purple, tarry mixture thus obtained was allowed to
stand overnight and then extracted with six, 300 cc. portions
of ether. The etheral extracts were combined, washed with 200
cc. cold water, once with a 280 ce. of a solution of zmmonium
carbonate (5 %) and then with =mix, 400 cc. portions of sodium
carbonate solution (10 %) to remove the para-hydroxyphenacyl
chloride. The alkaline extracts were then itreated individually
with excess concentrated hydrochloric acid to precipitate the
crude phenolic-ketone. The precipitated products thus ob=-
tained were allowed to stand overnight in the refrigerator;
these were then filtered off and dried with suctions: Recrys-
tallization from alcohol (80 %) with the addition of 3.0 g.

of Norite gave 26.6 g. (28.2 %) of para-hydroxyphenacyl chlo-

ride, melting with decomposition, 147-8°.

3,4-Dihydroxyphenacyl Chloride. An extensive study of

the various methods employed by other workers has been given
in a previous report (88). As the result of this study, a
procedure was developed whereby this intermediate could be
obtained in good yields (88). This consisted of reacting
chloroacetic acid with phosphorus pentachloride according to

the equations:

CIlCHCOOH + PClg -———» CICH,COCl + POClg + HC1
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The mixture of products thus obtained, could be distilled off
and without further purification, be reacted with catechol to

give 3,4-dihydroxyphenacyl chloride:

oH o}

N\ on POC1g v
| + CICHxCOClL — e——ioy

/
G-CH,CL + HC1

0
By this modification, a pure product could be obtained after
a single recrystallization in yields of 60 percent. The fol-
lowing illustrates the procedure devised:

A mixture of 83.3 g. (0.4 mole) phosphorus pentachloride
and 42.5 g. (0.45 mole) chlgroracetic acid were allowed to re-
act by refluxing in a boiling water-bath for three hours. The
clear solution thus obtained was distilled off and the product
distilling over up to 115° was added to a suspension of 44.0 g.
(0.4 mole) catechol (E.K. & Co., practical) in 200 cc. ben-
zene, After refluxing the mixture on a water-bath for fifteen
hours, the solvent was recovered by distillation, using re-
duced pressure towards the end. The dark purple residue thus
obtained was then dissolved in 400 cc. boiling waterj; after
cooling and with rapid stirring, the crude product crystal-
lized out. After standing overnight in the refrigerator, the
precipitated material was filtered off and dried with suction;
recrystallization from boiling water with the addition of & g.
of Norite gave 41.5 g. (80 %) of colorless needles, decompos=-
ing at 173°.



Table V. Summary on Aryl Halogenomethylketones.

81a

!
a Distilling Melting Yield
AR.CO.CHX Range Point %
CHg+CO.CHCL 120-35° 56-7° 88.2
(4 mm.)
CgHs-CO.CHyBr -- 49-50° 58
130-5° 0
o)
para-Cl.CgHy .CO.CHC1 -- 100-1° 88.5
para=-CHg0 .CgHy . CO.CHoCL - 97-8° --
5
para-HO.CgHy.CO.CHyCL -- 147-8 28.2
ortho-HO.CgH, .CO.CH,CL -- 73-4° 30
b
3,4~ (HO),CgHy.CO.CHCL -- 173 60

a

All of the ketones listed are

b Decomposes.

described in Beilstein.



B. Preparation of Arylglyoxylohydroxamyl Halides.

introduction. The: general nitrosation reaction as ap-
plied to ketones of the type, AR.CO.CHgR, where R is methyl
or any alkyl group, resulting in the formation of oximinoke-

tones according to the equation

RONO
AR.CO.CHgR  =————3 AR.CO.CH(:NOH)R

HCL
was first described by Claisen and Manasse (21). Subsequent
studies by Slater (108) and Hartung and his associated (3,4,-
5,6), indicate that the products, AR.CO.CH(:NOH)R, could be
prepared pure and in good yields.

Initial studies on the application of this general ni-
trosation resction to ketones of the type, AR.CO.CH?CL, re-
sulting in the formation of arylglyoxylohydroxamyl chlorides
have been previously described (88). The results obtained

in that investigation may be summarized:

(1) The nitrosation of phenacyl chloride and its
nuclear-substituted derivatives may be car-
ried out in a manner analogous to that em-
ployed for ketones of the type, AR.CO.CHoR.

(2) The arylglyoxylohydroxamyl chlorides thus ob-
tained could be isolated by a simple proce-
durej application of the alkaline extraction
method, results in decomposition of the pro-

ducts with the subsequent formation of the
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corresponding carboxylic acids.
(3) The use of anhydrous ether as a solvent ap-

peared to prevent nitrcsation.

The general procedure finally adopted for the preparation
of arylglyoxylohydroxamyl halides and employed in the present
investigation is as follows:

In a half-liter, three-neck, round bottom flask provided
with a sealed mechanical stirrer, a reflux condenser, con-
nected to a gas-absorption trap, z delivery tube for hydro-
gen chloride and a small dropping funnel, was placed the halo-
genomethyl ketone (0.1 mole) in 100 cc. ether (U.3.P). The
stirrer was set in motion, and a fter complete (or partial) S0~
lution of the ketone, hydrogen chloride (generated by allow-
ing concentrated sulfuric acid to drop on concentrated hydro-
chloric acid) was introduced directly into the mixture at the
rate of 2-3 bubbles per second, stirring and addition of acid
being continued throughout the reaction. Then freshly dis-
tilled isopropyl nitrite (0.1l mole) was added by means of
the dropping funnel, in 0.5-1.0 cc. portions. After addition
of the first portion, the reaction mixture became an orznge-
brown and after several minutes, light-yellow in colorj after
this second portion of nitrite was added and the similar col-
or change took place, whereupon a third portion wes added,
etec. The mixture grzdually warmed up and the ethzr began o

reflux gently. After all of the nitrite had been added (a=-
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bout thirty to forty minutes were reguired), stirring and =ddi=-
tion of hydrogen chloride were continued for another fifteen
minutes, after which the reaction mixture wes allowed to stand
for one to two hours, or if moreso convenient overnight. Ths
reflux condenser was then inverted, stirring was resumed, and
the solvent recovered by distillation from a bath of water main-
tained at 60-80°. When practically all of the solvent was re-
moved, distillation was continued using reduced pressure (water-
pump), until no further appearzacs 57 cr,ctals wes noted. The
resicdue was then allowed to stend overnight in a vecuum desic-
cator over concentrated sulfuric acid, coda lime and anhydrous
calcium chloride until dry. The crude product thus obtained

was then recrystallized from & suitable solvent.

It wae found thet the ebove procedure could be adapted Lo
the nitrosation of the various ketonesc. Tn some cases, where
the hzlogencketone is not readily soluble in ether, nitrosa-
tion of the sugpended material was carried out as above, with
or without inecrezsing the quantity of solvent; in either case,
solution graduslly proceeded during the course ol nitrosation
since the chloronitrosoketones are, in general, moreso soluble
in thie solvent then the ketones from which they are prepared.

As to the selection of the &lkyl nitrite, thie inveesti-
gation has shown isopropyl nitrite to be the most cetisfactory,
although any alkyl nitrite may be employed. Wethyl nitrite
was succesefully tried; but when only small guantities of ke-

tones (0.05-0.20 mole) are to be nitrosated, it wae found that
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the higher, boiling liquid nitrites are more convenient to work
with. Ethyl nitrite was not investigated- also on account of
its extreme volatility. Propyl and buytl nitrites cszn be used.
However, on account of the fact their corresponding alcohols
formed cduring nitrosation are high boiling, difficulty is en-
countered in the removal of these from the resction product.

It might be indicated here, that the glyoxylohydroxamyl hzlides
are very soluble in these &lcohols, and unlegs these by=-pro-
ducts are completely removéd, the yielcs of isol:ted products
will be leowered. Therefore, isopropyl nitrite is the most de-
sirable reagentj the isopropyl alcohol (b. 82-3°) cen be re-
moved with least difficulty. Isopropyl nitrite, boiling 40~
45° and butyl boiling 75-812 were employed in these studies.

The characteristic color changes which occurred on the
addition of nitrite, are most readily observed with phenacyl
chloride and its para-methyl-, para-chloro- and para-methoxy-
derivatives. In the case of para-phenylphenacyl chloride,
which was nitrosated in sugpension, these color changes were
not merked to any degree; with the phenolic-ketones, the re-
action mixture gradually darkened during nitrosation.

Ether, by virtue of its reedy availebility, low boiling
point and desirable solvent properties, wes found to be an
excellent nitrosating medium. Accordingly, it did not appear
worthwhile studying the use of substitutes. It was found that
the ether recovered by distillation, could be successfully

employed, without purificestion as the solvent ir. the subse-
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quent nitrosation of another batch of the same ketone. Thisg
factor may be of considerable importance on larger scale oper-

ations.

Phenylglveoxylohydroxamyl Chlorice. Nitrosation of phen-

acyl chloride by the above general method gave, from 15.5 g.
(0.1 mole) of ketone, 12.6 cc. (0.11 mole) butyl nitrite and
100 cc. ether, 15.7 g. (85.6 %) of phenylglyoxylohydroxamyl
chloride, m.p. 130-3% after recrystallization from hot carbon
tetrachloride. A second recrystallization gave long, needle-

like glistening crystals, m.p. 132-3°,

Phenylelvoxylohydroxamyl Bromide. From 19.9 g. (0.1

mole) phenzscyl bromide, 11.6 cc. (0.1l mole) isopropyl nitrite
and 100 cc. ether, there was obtained a product, which after
recrystallization from carbon tetrachloride gave long needles,
melting 131-405 further recrystallizations produced no signi-
ficance change. A nitrogen determination (Kjeldahl) showed
the presence of 6.88 % nitrogen (calculated for CgHgBriO,

6.14 %). A mixed melting point of phenylglyoxylohydroxamyl
chloride =«nd ithe zbove product melted 130-4° . It ie inter-
esting to note that & mixture of equal parts of phenylglyox-
ylohydroxamyl chloride and phenylglyoxylohydroxamyl bromide
contzins 6.88 % nitrogen. From this, it may be possible that
both phenylglyoxylohydroxamyl chloride and the bromide are
obtained by nitrosating phenscyl bromide. Investigationof

the nitrosation of phenacyl bromide merits further study.
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Para-Methylphenylglyoxylohyvdroxamyl Chloride. From 50.6 g

(0.3 mole) para-methylphenacyl chloride, 36.7 cc. (0.22 mole)
butyl nitrite and 200 cc. ether, there was obtained, after re-
crystallization from hot carbon tetrachloride, 44.0 g. (74.2 %)
of para-methylphenylglyoxylohydroxamyl chloride, m.p. 119-26°,
A second recrystallization gave long, colorless needles, m.p.

126~8°.

Para-Phenylglyoxylohydroxamyl Chloride. Para-phenylgly-

oxylohydroxamyl chloride is only slightly soluble in ether;
accordingly it was found necessary to nitrosate this ketone
in suspension. The chloroisontrosoketone obtained is readily
soluble in ethery as nitrosation proceeds, solution gradually
occurs until about three-fourths of the nitrite has been
added, at which time, a homogeneous solution resvlts. From
23.1 g. (0.1 mole) pare-phenylphenacyl chloride, 11.6 cc.
(0.11 mole) isopropyl nitrite and 300 cc. ether, there was
obtained brownish crystals of the crude glyoxylohydroxamyl
chloride. Recrystallization from hot benzene gave 21.2 g.
(81.8 %) of a yellow crystals of para=-phenylphenylglyoxylo-
hydroxamyl chloride, which formed a red melt at 157-8°,

Para-Chlorophenylglyoxylohydroxamyl Chloride. Para-

chlorophenacyl chloride was nitrosated in the usual menner.
From 19.0 g. (0.1 mole) of ketone, 11.6 cc. (0.1l mole) iso-
propyl nitrite and 200 cc. ether, there was obtained yellow=

ish erystals of crude product, which after recrystellization



from hot carbon tetrachloride gave 16.7 g. (76.6 %) of glisten-
. 0

ing, colecrless needles, m.p. 120-1". Para-chlorophenylglyoxyl-
ohydroxamyl chloride is soluble in alcohol and ether in colds

in benzene and toluene, on heating, but insoluble in petroleum

benzine and ligroin.

Para-Methoxyphenylglyoxylohydroxamyl Chloride. When ni-

trite was added to a suspension of para-methoxyphenacyl chlo~
ride, the colorless solution became yellow and remained as such
on subsequent additions of nitrite; also, the reaction mixture
did not warm up sufficiently to cause the éther to reflux.
From this, it was evident that nitrosation was no proceeding.
The addition of a few drops of wzter appeared to catalyze the
reaction; the mixiure warmed up and began to reflux and the
color disappeared. When a further addition of nitrite was
made, the mixture became orange ¢nd after about ten to fifteen
seconds, it became colorless againj whereupon one-hzlf of the
required nitrite was in, complete solution occurred; and there-
after nitrosztion proceeded in the usuval manner.

The yield of para-methoxyphenylglyoxylohydroxemyl chlo-
ride obtained from 9.2 g. (0.05 mole) ketone, 5.8 cc. (0.085
mole) isopropyl nitrite and 100 cc. ether, to which was added
0.2 cc. water, was 8.8 g. (82 %) after recrystallization from
carbon tetrachloride. The product thus obtained consisted of
colorless, needles, MmM.p. 137-90; soluble in ether, alcohol
and ethyl acetate in the cold &md in ligroin, carbon tetra-

chloride and benzene on heating. 1In view of the fact that the
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para-methoxyphenacyl chleoride probably contained some of its
ortho- isomer, the above nitrosated product may contain some

ortho-methoxyphenylglyoxylohydroxamyl chloride.

Para-Hydroxyphenylglyoxylohydroxamyl Chloride. To a sus~-

pension of 17.1 g. (0.1 mole) para-hydroxyphenacyl chloride in
280 cc. ether was added 12.6 cc. (0.1l mole) butyl nitrite.

Nitrosation proceeded as usual. Recrystallization of the erude

product from Poiling w-amylacetate-toluene (1:8) gave 14.5 g.
of fine, colorless crystals, dec. 158-90; further addition of
toluene to the mother liquor gave 3.0 g. of crystals, dec.,
158-99; totel yield, 17.5 g. (87.5 %). 1In another run, the
crude product was recrystallized in the cold from ether-ben-
zin (1:3), the yield of product waes 15.0 g.; concentration of
the mother liquor gave an additional 3.5 g. of crystals; to-
tal yield 18.5 g. (95.5 %). Para-hydroxyphenylglyoxylohydrox=-
amyl chloride had a sternutatory actionj it dissolved in al-
cohol, ether, acetone and ethyl acetate in the cold; in amyl
acetate on heating, but was insoluble in benzene, toluene and

carbon tetrachloride.

Ortho-Hydroxyphenylglyoxylohydroxamyl Chloride. Attempts
to nitrosate ortho-hydroxyphenacyl chleride by the general

method described, geve a high melting product which possessed
a violent lachrymatory action. This product did not give the
color reaction with pyridine. Moreover, the color changes

which occur during nitrosation of other phenacyl halides was
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not observed here, and it was doubted whether nitrosation took
place. Hartung (5) has previously reported that he was unable

to nitrosate ortho-hydroxy~ subgstituted propiophenones.

3,4-Dihvdroxyphenyglyoxylohydroxamyl Chloride. 3,4-Dihy-

droxyphenacyl chloride was nitrosated as a suspension in ether;
after approximately one-half of the necessary nitrite had been
added, complete solution occurred, and the reaction mixture
gradually darkened as nitrosation proceeded. The solution ob-
tained from the reaction of 18.7 g. (0.1 mole) 3,4-dihydroxy-
phenacyl chloride with 12.6 cc. (0.1l mole) butyl nitrite in
400 cc. ether (to which wes added 3 cc. HOH()was concentrated
by distilling off the one-half the volume of solvent added
from a water-bath. The addition of 200cc. benzene precipftated
17.8 g. (82.4 %) of 3,4-dihydroxyphenylglyoxylohydroxamyl chlo-
ride, d. 184-5°.



Table VI. Arylglyoxylohydroxamyl Halides.

AR.CO.C(:NOH)X Yield | M.P. (Kjeldahl|Nitrogen
(0C.) | Cale. % Found
CgHgeC0.C( :NOH )12 85.6 [132-3 - -
06H5.CO.C(:NOH)Brb 1231-4 6.14 .88
para-CHB.CGH4.CO.C(:NOH)Cl 74.2 |126=8 7.10 G.88
para-CeHB.Ceﬁé.CO.C(:NOH)Cl g8l.6 |157-8 5.4 5.32
(dec.)
para-CHSO.Cgﬂé.CO.C(:NOH)Cl 82.0 [137-9 .56 6.65
para~HO.CgHy .CO.C(:NOH)CL 87.5-1158-9
92.5 |(dec.) 7.02 7.01
ortho-H0.CgH, .CO.C( :NCH)CL
3,4-(HO)oCgHgCO.C(:NOH)CL 82.4 %ﬁé;S) 6.47 6.28

a er a4 R .
Desgeribed in Beilstein.

b Not pure.




C. Properties of Arylglyoxylohydroxamyl Halides.

Studies on the properties of arylglyoxylohydroxamyl hali=-
des reported by other workers, has been discussed in the lit-
erature. survey. In this section, only the observations made

in this investigation will be considered.

Decomposition of Carboxylic Acidg. Decomposition of the
arylglyoxylohydroxamyl halides in alkaline solution was car-
ried out according to the following general procedure:

In a 250 ec. short-neck, round-bottom flask, fitted with
a reflux condenser, were placed 0.03 mole of the arylglyoxylo-
hydroxamyl halide and 100 cc. water in which was dissolved
4.0 g. (0.1 mole) sodium hydroxide. The reaction mixture was
refluxed for about one to one and half hours, after which 211
of the glyoxylohydroxamyl halide dissolved with the formation
of an orange-colored solution. After refluxing an additional
hour, the reaction mixture was cooled and concentrated hydro-
chloric acid was added with stirring until no further preci-
pate was produced. The mixture was cooled and the crude pro-
duct filtered off with suction and recrystallized from a mix-
ture of alcohol and water in the appropiate proportions. In
some cases, decolorization was accomplished by the addition of
1.0 g. of Norite.

The acids obtained using the above procedure have been pre-
viously described. Proof of their identity is given by their

melting points; where the corresponding acids were available in
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Table VII. Arylcarboxylic Acids Obtained From

Arylglyoxylohydroxamyl Halides

73

AR.CO.C(:NOH)C1 AR.COOH M.P. | Yield

%

CgHg.CO.C(:NOH)CL CgHg - COOH 122 20

CGH .CO.C(:NOH)Br

para-CGH5.C6H4.CO.C(:NOH)Cl para-CeHg.CgH, . COOH 224 99

para-ClCGH4.CO.C(:WOH)Cl para=Cl.C.H, .COCH 239 o8

para-CHg0.CgH, .CO.C(:NOH)C1 para-CHq0.CoH, .COOH | 181-3 80

a
para-HO.CgH,.CO.C(:NOH)CL para=-HO.CgH, .COOH 211 80

3,4-(HO), . CgHgCO.C(:NCH)C1®

Loss of product occurred by recrystallization; only about 50
percent of acid was recovered; the experiment was not repeated.

Corresponding acid could not be obtained using the general

procedure.




in stock, mixed melting point determinations were run.
Attempts to prepare protacatechuic acid by the decomposi-
tion of 3,4-dihydroxyphenylglyoxylohydroxamyl chloride accord-
ing to the general procedure described, failed. 1In view of
the excellent yields of azcids obtained from other glyoxylo-

hydroxamyl halides, this possible application merits further
study.

Reactions with Amines. The reaction of arylglyoxylohy-

droxamyl halides with aniline to form crystalline anilides
was utilized as a method of obtaining characteristic deriva-

tivest

AR.CO.C(:NOH)X + 2C6H5NH2 ——

AR.CO.C(:NOH)NHC6H5 + C6H6NH2.HCI

The general procedure employed for the preparation of these
derivatives is based on that of Rheinboldt and Schmizt-Du-
mont (76):

To 0.03 mole of the arylglyoxylohydroxamyl hal ide dis-
solved in 100 cc. anhydrous ether was added 0.06 mole of ani-
line (freshly-distilled). The flagk was stoppered and allowed
to stand at room temperature, with occasional shaking, for
four days. The aniline hydrochloride which precipitated aut,
was filtered off with suction and solvent removed from the
filtrate by concentration in a vacuum desiccator. The crude

anilide thus obtained was purified by recrystallization.
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The anilides of para-hydroxy- and 3,4-dihydroxyphenyl-
glyoxylohydroximic acids are insoluble in ether; hence these are
precipitated from the etheral solution together with the aniline
hydrochloride. This precipitate of mixed crystals was then
washed with cold water containing a little hydrochloric acidj; in
this manner, the aniline hydrochloride was washed out and the
anilide remaining was dried with suction and purified by recrys-
tallization.

The various anilides prepared and their characteristics
are summarized in Table VIII,

The anilides of arylgiyoxylohydroximic acids were found to
have interesting properties. On heating, they melt with decom-
position; with concentrated sulfuric acid in the cold, they de-
compose with the formation of a dark purple color. On heating
with dilute sodium hydroxide solution they decompose with the
formation of an isocyanide~ identified by the characteristic
odor. A similar observation was made in attempts to recrystal-
lize these derivatives from the higher boiling solvents, such
as xylene, amyl acetate, etc.

Several attempts were made to determine whether char-
acteristics crystalline amides could De obtained by reacting

arylglyoxylohydroxamyl halides with aliphatic amines, as

C6H5.CO.C(:NOH)C1 + 203ﬁ7HHé —

CoHzoCO. (sNOH)NHCoH, + CgHpNHp (HCL

els

The above reaction was tried; a vioclent reaction took place



Table VIII.

Anilides of Arylglyoxylohydroximic Acids.

AR.CO.C(:NOH)NHCgHg Recrystallizing |Characteristics| Dec.P. | Kjeldahl Nitrogen
AR= Solvent (°c.) Calc. % Found
CgHpeCO.C(:OH) -2 Toluene Yellow flakes | 145-6 -- -
b .
para-CHg.CgHy.C(sNCH) - Isopropyl alcohol|Fine,colorless | 163-4 11.02 11.00
B needles
para=C,H..C H .CO.C(:NOH)—c Isopropyl alcohol|Yellow, brown 135-6 -- -
67564
flakes
para-Cl.C6H4.CO.C(:NOH)- Isopropyl alcohol La{%e? yellow 145-6 10.2 10.01
flakes
para-CH,0.C.H,.CO.C(:H0H)- |Dilute Alcohol  |Pale-yellow, 148-50 | 10.4 10.22
- (50%) fine needles
para-HO.C6H4.CG.C(:NOE)u Dilute alcohol Pale-yellow, 184-5 10.90 11..1
- (50%) fine needles
r -H CO.C(sNCH )=
ortho dO.C6H4.VO.V\.hC )
8,4-(HC)osCgHy.CO.C(:NCH)~- |Acetone-Toluene Small,yellow 155d 10.26 10.0
(1:2) needles

a 3 L) LIS ] .
Described by Rheinbeldt and Schmitz-Dumont (76).
Not pure for snszlysis.

b . .
PreViously described by author (82).
Began to darken.

oL
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on mixing the amine with the glyoxylohydroxamyl chloride in
ether- analogous to that which occurs when = carboxylic acid
chloride is treated with a primary amine. It was not possible,
however, to isolate a crystalline product from the reaction
mixture. Further investigation in this line was temporarily
discontinued.

Another interesting property of arylglyoxylohydroxamyl
halides was their behaviour with pyridine. All of the aryl-
glyoxylohydroxamyl halides prepared in this investigation on
treating with pyridine immediately reacted with the evolution
of heat and the formation of a red-wine color which gradudlly
darkened after standing for several minutes. Identification
of the product or products obtained was not considered; how-
ever, it was found that oximino- compounds of the types,
AR.CO.C(:NOH)H, AR.CO.C(:NOH)CH3, R.CHz.C(:NOH)COOH,
CHQ.C(:NOH)COOR and the chloromethylketones, AR.CO.CH &l gave
such color reaction with pyridine. It is probable that this

test may prove characteristic for the hydroxamyl halide groups:

-S, =X
NOH

Oximztion of Arylglvoxvlohvdroxamyl Halides. Oximes of

some of the arylglyoxylohydroxamyl halides were prepared ac-

cording teo the reaction:

AR.CO.C(:NOH)X + HpNOH ——» AR.C(:NOH.C(:NOH)X -+ HOH



The general procedure employed is based on that described by
Rheinboldt and Schmitz-Dumont (76):

A solution of 0.04 mole of hydroxylamine hydrochloride
in 25 cc. water was added to a solution of 0.02 mole of the
arylglyoxylohydroxamyl halide in 25 cc. alecohol. Sufficient
alcohol was then added, drop by drop, until a clear solution
resulted. After allowing the reaction mixture to stand for
three to five days, crystals began to precipitate out; after
two weeks, the crystals obtained were filtered off with suc~
tion, dried and recrystallized from a suitable solvent. The
mother liquor gave a positive hydroxamic acid test with fer-
ric chloride solution. The oxime of 3,4-dihydroxyphenylgly-
oxylohydroxamyl chloride could not be isolated by the above
procedure- probably on account of the increased degree of
solubility of this ketone in alcohol and water.

The glyoximes obtained in this investigation are color-
less, crystalline compounds which melt with decomposition.

The summery on glyoximes is presented in Table IX.
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Table IX. Aryl Halogenoglyoximes.
AR.C(:NOH).C(:NOH)CLl | Recrystallizing | Dec.P. | Kjeldahl Nitrogen
AR Solvent (°c.) Calc. % Found
a
CgHg- Isoamyl alcohol | 186-7 - --
b
para-CH3.06H4- Isoamyl alcohol | 185-6 13.17 12.7
para-C el Coy~ Butyl alcohol 177 10.2 10.08
para-Cl-,6H4- 178-9
para~-HO.C.H, - Dioxane-Heptane 183-4 13.52 13.33
ortho-HO.C6H4-
c
3,4-(HO)2C6H3-

Described by Rheinboldt and Schmitz~Dumont (76).

b

Previously described by author (88).

C (Could not obtained by general procedure.
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D.__Reduction Studies on Aryleglyoxyvlohydroxamyl Chlorides.

Studies by Hartung and his associates (3,4,5,6) show that

isonitrosoketones of the type, AR.CO.C(:NOH)R, where R is any

alkyl group, may be reduced using palladium-charcoal catalyst

to the corresponding eminoalcohols, AR.CHOH.CHRNH,, in good

yields:

AR.CO.CHR( :tNOH) + 3H2

Pd

AR.CHOH.CHRNH, + HOH
(HC1)

A summary of these studies indicate that:

(1) Reduction of oximinoketones in absolute alco-

(2)

(3)

hol, using palladium catalyst, to aminoalcohols
proceeds readily; the products may be obtained
pure and in excellent yields (3,4,5,6).

The use of three equivalents of hydrogen chlo-
ride prevents the formation of contaminating
secondary and tertiary amines and increases
the rate of hydrogen absorption (4); the opti-
mum concentration being in absolute alcohol 2
normal in hydrogen chloride (112).

Preparation of the palladinized-charcoal in a
0.2 normal agueous solution of sodium acetate

produces a catalyst of "high activity" (112).

The structural similarity between oximinoketones of type

(I) and the arylglyoxylohydroxamyl chlorides (II), is obvious:



e oy
(1) (11)

In order to convert compounds of type (II) into arylethanol-
amines, it should be possible to employ a similar type of hy-
drogenation, which would simultaneously replace the chlorine

with a hydrogen atom:

AR.CO.C(:NOH)C1 + 4 H, —Fd_, AR.CHOH.CH,NH,.HC1 + HOH

HC1

A priori it was expected that the chlorine atom ought to
be easily replaced. The lability of the chlorine has already
been described,- it shows properties characteristic of the
chloring in a carboxylic acid chloride. Furthermore, Rosen-
mund (113) has reduced aromatic acid chlorides to aldehydes, re-
placing the chloring by hydrogen with the =2id of palladium cata-
lyste

AR_CfO BN AR-cf'O + HCl
C1 Pd H
In these reduction studies the optimum conditions found

for the oximinoketones, AR.CO.C(:NOH)R, were also employed.

Catalysts. The palladium-charcoal catalysts were prepared
py essentially the same method as @escribed by Hartung (3,40).
The general procedure follows:

A suspension of palladium chloride? or a solution of pal-

8 courtesy of J. Bishop & Co. Platinum Works; Malvern, Pa.

8l
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ladium chloride® (each cc. representing the equivalent of 0.1
g+ palladium), and Norite (E.K. & Co.) in distilled water or
an aqueous seolution of sodium acetate was shaden in an atmos-
phere of hydrogen until saturated. The palladinized-charcoal
thus obtained was filtered off, washed with several portions
of distilled water, followed by alcohol, and dried with suc-
tion. Drying required only about ten minutes. 1In some in-
stances, highly active catalysts began to glow on drying and
even ignited; the glow was immediately quenched with water and
the catalyst again washed with alcohol and finally used before
all the alcohol had evaporated.

The following are the various types of catalysts employed:

Catalyvst No. 1t

3.0 g. Norite

0.6 g. palladium chloride

100 cc. distilled water
Catalyst Ne. 11t

3.0 g. Norite
0.6 g palladium chloride
100 cc. 0.2 N sodium acetate solution

Catalyst No. III:

A 10 pércent palladinized-Norite catalyst by
courtesy of Sharp & Dohme, Inc.
Catalyst No. IV3s

3.0 g. Norite

® Courtesy of Sharp & Dohme, Inc., Philadelphia, Pa.
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6.0 cc. palladium chloride solution
100 cc. 0.5 N sodium acetate solution

Catalyst No. Vi

3.0 g« Norite
6.0 cc, palladium chloride solution

100 cc. 1 N sodium acetate solution

Reduction Mixture. This mixture was prepared by dissolv-

ing the arylglyoxylohydroxamyl chloride in absolute alcoholic-
hydrogen chloride. The palladinized-charcoal catalyst was then
added and the suspension shaken in an atmosphere of hydrogen.
The apparatus used, except in one experiment, was essentially
that described by Hartung (40).

The alcoholic-hydrogen chloride was prepared by passing
dry hydrogen chloride into absolute ethanol. The solution thus
prepared (of known concentration) was kept in a well~-stoppered

bottle in the refrigerator and diluted as needed.

Reduction of Phenvlglvoxylohydroxamyl Chloride. Reduc-

tions on this chloroisonitroscketone were carried. The condi-
tione and results are summarized in Table X.

Reference to this table shows that if absolute alcohol is
not used in the reduction mixture, the rate and extent of hy-
drogen up-take are unfavorable- less than one eguivalent was
taken up (Exp. 1). In all remaining experiments, alsolute al-
cohol was used. In each instance the first of the calculated

four moles of hydrogen was taken up very rapidly; for the sec-



84

A - 100 cc. slcohol (95 %); 20 cenc. HC1.

B - 100 ce. absolute slcohol (2N in HCL).

Table X. Reduction of Phenylglyoxylohydroxemyl Chloride
Exp. | lMole | Reaction .Moles‘Hydfogen Consumed |
No. of Catalyst Solvent Time i Hours)
Ketone 1 2 3 4 !
............... | SRR SRNSORPUUR SR SUCINY S SR
1 0.04 I A a7
L ----- I p—|— L ——————————— b s o - e - L T Lk R e S ek
2 0.04 1 B 1.3 | 2.5% 2
}. ------ R il ekt R e bt e a—.._.-..,..—........._---....,m-—.-n-.;c.-...u
3 0.04 11 B 2.5% | a.0cd
4 0.02 | Exp. 2 r B o.e | z.0cd | [T
5 0.04 I B ’ 1o [T be |
..................................... - P U KR U I FUR I R ——
6 0.02 11 B 0.5 2,5¢ 7,04
7 0.04 Exp. © B 0.7 ' a0 | T
8 0.04 Exp. 6,7 B 3.0_ 16:65 ------------------
9 0.02 11T B 0.7 17 1.2¢d 1773757777777
---------------------------------------------------- R S —
10 0.02 1 C 0.5 1.c0cd 5.0
11 0.02 | Exp. 9 C 0.5 | 1.08 | T
____________________________________________ R P IS D
12 0.02 | Exp. 2, 11 C 0.7 1.5
——————————————— - -————-——--——1-—-—--—---——---——- - D W D . e @ - = S - a w  wn
13 0.02 IV C 0.3 0.3 0.4¢ b
....... SRS PRSPPI My UUIEUHPUE RIS FIURpHOUPE Sy SO SRR
14 0.02 | Exp. 13 C 0.3 0.3 d
........................... T s oL T L g

C - 50 cc. ebsolute alcohol (Contaihing 4 ecuivelents of
hydrogen chloride.

a_ Theoreticsl not quite reached.
P_ Reduction was zllowed to proceed overnight.

C. Added

water, -

d_ wortified with fresh catelyst.
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ond mole the rate slowed up (Exp. 2,3,6,7,8,9,10 and 11).

In experiments 3,4,7,8,11 and 12, reduction ceased after
two moles were taken up. The product from these was isolated
by filtering off the catalyst and evaporating the filtrate to
dryness over concentrated sulfuric acid, soda lime and anhy-
drous calcium chloride in an evacuated desiccator. The pale-
yellow crystals thus obtained were then dissolved in boiling
absolute alcohol, the solution cooled and anhydrous ether
added, whereupon colorless crystals precipitated out. These
decompose into a red ®ffervescent melt at about 190-200°-
characteristic of aminoketone hydrochlorides of the type,
AR.CO.CHRNH5.HC1. Analysis (Kjeldahl) of the recrystallized
compound showed 14.8 percent nitrogen. The products on treat-
ment with ammonia gave yellow crystals, which after recrystal-
lization from alcohol, melted at 194-60; analysis (Kjeldahl)
showed 12.3 percent nitrogen; qualitative tests for chlorine
were negative. This led to the consideration of the possible

formation of diphenylprayzine (I),

HC/N\ -CH B
| g 675 C6H5-g-Q-N'H2.HCl
C6H5-C\N, H hd
(1) (I1)

which is obtained by treating w-aminoacetophenone hydrochloride

(II) with ammonia. Diphenylpyrazine melts at 195-60; calcula-

tion for nitrogen, is 12.03 percent. A mixed melting point de=~
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termination of the above product with known diphenylpyrazine
showed no lowering. Thus, the identity of the compound ob-
tained from the product isolated after two moles of hydrogen
has been absorbed is proven.

In experiments 2,5,6,9,10 and 15, the third mole of hy-
drogen was taken up with considerable difficulty. Even in ex-
periment 5, which was carried out under pressure (150 1bs),
the take-up of the first two moles was exceedlingly rapidj the
third equivalent was consumed with difficulty. The addition
of water or fresh catalyst (except Exp. 15) to the reaction mix-
ture was necessary to cause the veduction to proceed to this
point; after this, however, the absorption of hydrogen ceased.
The product thus obtained, from each reduction, was isolated
and recrystallized as before. The melting point was indefi-
nite, 195-205%; no pyrazine was obtained however. Analysis
(Kjeldahl) showed 10.42 percent nitrogen.

In experiment 15, hydrogenation proceeded with ease, after
the calculated three equivalents of hydrogen hed been taken up,
reaction was stopped. The crude product isolated, after re-
moval of the catalyst and evaporation of the filtrate, was dis-
solved in water containing four eguivalents of hydrogen chlo~-
ride and fresh catalyst (V) added. Even after six hours the
absorption of hydrogen was negligicle.

In one reduction (Exp. 13), in which a "a very active"
catalyst was used, thle first three molés of hydrogen were taken

up with easej water was added and after allowing the reduction



to proceed overnight, the calculated fourth equivalent of hy-
drogen was consumed. The crude product, obtained after removal
of the catalyst and evaporation of the filtrate and recrystal-
lization from absolute alcohol-ether, melted with decomposition
at 211-205 yield 3.0 g. A mixed melting point with pure phenyl-
ethanolamine showed no lowering. Thus, from 3.7 g. (0.02 mole)
phenylgloxylohydroxamyl chloride, there was obteined 3.0 g.
(0.0173 mole) phenylethanolamine, or 86.4 percent of the theore-
tical. The reduction undoubtedly was quantitative and manipu-
lation accounts for the 0.47 g. (13.7 %) not isolated.

In view of the fact that the first mole is taken up very
rapidly, the second, less readily, the third with difficulty
and the fourth with extreme difficulty, it is natural therefore
to speculzte about the successive steps or the course of reduc-
tion.

The hypotheticel transient intermedizates obtainable by the
addition of one equivalent of hydrogen are shown below:

cH et (1)
675 SH SNOH

/H
C H_~C=C (11)
675 0 S NOH

He
NOH ' - -v-c’Cl
6°5 & "“ymon

Cl

(I11)

(1v)

7\

CH ~G-C
6575 Mg

(1) is considered unlikely fTor two reccons: Firstly, there
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is no known instance of reduction of oximinoketcnes, in which
the :C:0 group is reduced before the tNOH; secondly (I) could
not, on further reduction give diphenylpyrazine.

(II) is improbabl@ for then the product would be identi-
cal with isonitrosoacetophenone, which may be obtained by di-
rect nitrosation of acetophenone, =2nd reduction from this point
would be expected to follow the same pattern given by this
known intermediate; in other words, it should take up two moles
of hydrozen with comparative ease to give the ;roduct,
Cy5. 00 CHy o TCL. From the experimental evidence, this is
not the cese.

Compoundg (IITI) or (IV) are likely. (III) on taking up

one moles of hydrogen might go,

c1
CeHg-CHOH=C O (v)
CeHs=C '-“:Cl L C6H5-g-CH2NH0H (VI)
< "NCH :
I C1
CeHe~C=C L (VIT)
&g ~ WHg L HCL

(IV) in a similar menner might concelvebly continue in

this fzehion,

Cl
Cﬁﬁg-CHOH-C§ (VIIT)
(@] N’H )
C1 H
s~ HZ =
C H-=-C=C > C.H -C-C (1)
eF5g 0, N €5 & TSyy
\\& S H_C1
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(V) and (VIII) are ruled out because they cowld herdly

2ive Jiphenylpyrazine. @

@]

r the game reason, (VI) is eliminated.
This leaves (VII) which

Pl

e identiczl with (X).
Compound (X) is an unusual structure but is consistent with

certain experimentally observed facts:

. .behaviour .. for ]
(1) The melting point, is charscterictic,an a~amino-

ketene,
(2) It yields diphenylpyrezine; for this, an amino

group « to an keto-carbonyl is essential.

Since only two moles of hydrogen were taken up, this is the only
way in which formation of an amine can be accounted for. Un-
fortunately, the analyticel data are inadequste. The nitrogen
determination was made on recrystaliized materialé but it is
possible that while dissolving with heat, the-C:;N; structure
is unstable and hence may have decomposed under this treatment.
Further reduction to the three-fourths stage beyond which
it was difficult to go, may be postulated to proceed in either

of two directions:

Cels=§CHp- g FCL (K1)
H_CL .
CeHe-G-C T HH _Cl
€758 "> wmy.mHCL Calig-c-c (X110
OH “NH,.HCL

The product obtained after three moles of hydrogen had been
taken up is quite resistant to further reduction (Exp. 2,5,6,-

9,10)3; furthermore, no pyrazine was obtained on the addition



of ammonia to the reduction filtrate 2nd the crystalline pro-
duct does not form a red melt. Now, if &-aminoacetophenone (XI)
were obtzined at this point- this is capable of further reduc=-
tion with comparative ease to phenylethanolamines= diphenylpyra-
zine should have been formed, and moreover (XI) gives a red
melt. These considerations eliminzte (XI); hence, the reduction
of the :C:0 group to -CHCOH~- is postulated to give

HHEH C1

C

_b:j

CAHpm
"5 bu ™ . He1

Here again, the attachment of chleorine and an amine group to the

same carbon is unusual.

Reduction Studies on Other Arylglvoxylohydroxamyl Chlorides.

The results from four experiments show thet the reduction of par-
ahydroxyphenylglyoxylohydroxamyl chloride proceeds in a menner
analogous to that described under phenylglyoxylohydroxamyl chlo-
ride, i.e., the abscrption of the first two moles proceeds with
comparative eazse. After this, absorption of hydrogen ceased
completely; but when water or fresh catalyst were added, reduc-
tion continued, although very slowly, until the third equivalent
had been taken up; further reducticn was not possible under the
conditions tried. The product isolated at the half-way mark
gave a yellow pyrazine which remained uncheanged even &at 250°;
this compound was not chapacterized however.
One reduction was carried out using 3,4-dihydroxyphenyl-

glyoxylohydroxamyl chloride and another using par:-methylphenyl-

20
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8lyoxylohydroxamyl chloride. In both instances, the first two
moles of hydrogen were absorbed fairly readily; the third, rather
slowly, an&mzhen after water and fresh catalyst had been added.
Reduction ceased at this point.

The reduction of arylglyoxylohydroxamyl chlorides merits
further study. From the results thus far obtained, it is very
likely that the use of a "highly active" palladium catalyst may
make possible the reduction of @1l of these intermediates to

the desired arylethanolamines.
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SUMMARY AND CONCLUSIONS

A critical literature survey of the various methods em-
ployed in the synthesis of the phenylethanolamines is
Presented.

The chemical derivation and nomenclature of arylglyoxylo-
hydroxamyl halides is described, and a literature survey
of the synthesis and properties of these compounds is
given.

Extension of the general nitrosation reaction to other
aryl halogenomethylketones has been studied; the reaction
has Dbeen applied to seven aryl halogenomethylketones, re-
sulting in good yields of arylglyoxylohydroxamyl chlo-
rides.

The anilides and glyoximes have been prepared as charaet-

eristic defivatives of most of these arylglyoxylohydrox-
amyl chlorides.

Initial studies on the catalytic reduction of arylglyoxy-

lohydroxamyl chlorides according to the reaction, |

s

AR.CO.C(:NOH)C1 + 4 Ho ~—> AR.CHOH.CHgNHp.HCL + HOHW 1

are described.

Limited data mow available indicate that the reduction pro=-

bably proceeds as follows:

,C1 2 H,, H _C1 H,
AROCO.C§ -'--—'-'9 AR-CO;C\
NOH NHé.HCl
H C1 H |
AR .CHOH.C Ty AR.CHOH.CHZNH.HCl
NH,.HC1

2



(7)

(8)

23

Evidence in support of this view is discussed.

Initial studies indicate that the use of sodium acetate
in preparing the catalyst may make possible the reduction
of all of these compounds to arylethanolamines.
Phenylzlyoxylohydroxamyl chloride has been successfully

reduced to phenylethanolamine in excellent yields.
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