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A number of new lJ2-diaryl amino ketones and alcohols have been synthesized for pharmacological testing. The condensa- 
tion reaction between substituted benzoins and primary amines has been studied and applied t o  secondary amines. The re- 
sults of condensation between primary amines and unsymmetrically substituted benzoins, and isomerization and trans- 
amination of unsymmetrically substituted 1,a-diaryl amino ketones, seem to be consistent with already postulated mecha- 
nisms. Distinctive aroyl ultraviolet absorption bands are used to  show unequivocally or to  confkm the structures of the un- 
symmetrically substituted benzoins, desoxybenzoins and 1,a-diaryl amino ketones. 

A numher of substituted amino ketones and alco- 
hols (I and 11) based on the l12-diphenylethane 
system have been found to possess tumor-necrotiz- 
ing This paper deals with the prepara- 
tion of new compounds of these types; and it in- 
cludes a study of the Voigt reaction between amines 
and unsymmetrically substituted benzoins, the 
effect of substituents on the relative stabilities of 
the structurally isomeric unsymmetrically substi- 
tuted amino ketones, and the use of ultraviolet 
absorptions to prove the structures in a simple and 
unequivocal manner. 
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Unsymmetrically substituted benzoins needed as 
a starting point for many of the syntheses of amino 
ketones, e.9. 4-methoxybenzoin 111, are readily 

obtained in the more stable of the two isomeric 
forms by a cyanide-catalyzed reaction between 
two aromatic aldehydes of widely different char- 
a c t e r ~ . ~ * ' ~  The production chiefly of the stable form 
of the unsymmetrically substituted benzoin is con- 
sistent with the generally accepted mechanism of 
this reaction, the reversibility of the several steps, 
and the predictable relative stabilities of the two 
types of carbonyls in the several possible prod- 
U C ~ S . ~ ~ ~ O  The less stable isomer, 4'-methoxybenzoin 
(V), is made by the aluminum chloride-catalyzed 
condensation of phenyl glyoxal and 
and it can be rearranged to the stable isomer 111 
by alcoholic potassium hydroxide or sodium cy- 
anide, or by heat a10ne.l~ 

The desyl halides (Le. XII, XV) which constitute 
another starting point for synthesis can be made 
by the action of thionpl chloride on the corre- 
sponding benzoin or by bromination of the appro- 
priate desoxybenzoin (e.g. IV). These reactions 
usually can be controlled so as to avoid rearrange- 
ment. A specific unsymmetrically substituted 
desoxybenzoin can be made consistently by the 

Friedel-Crafts reaction between an arylacetyl 
(1) This work, described in a dissertation by J. W. El3 chloride and an aromatic system. The tin-hydro- 

was supported by a grant-in-aid from the National Institutes &loric acid reduction of an unsymmetrical benzoin 
of Health, under recommendation by the National Cancer 
Institute. to the desoxybenzoin however may involve re- 

(2) Present location, Monsanto Chemical Company, arrangements, l5,I6 and in our hands the stable 4- 
Nitro, West Virginia. methoxybenzoin (111) upon reduction by this 

(3) Baker, Dissertation, University of Virginia, June 
1952. 

(4) Lutz, Freek, and Murphey, J. Am. Chem. Soc., 70, (10) Buck and Ide, J .  Am. Chem. SOC., 53, 2350, 2784 
2015 (1948). (1931 ). 

( 5 )  Lutz and Murphey, J. Am. Chem. Soc., 71, 478 (11) Fuson, Weinstock, and Ullyot, J.  Am. Chem. SOC., 
(1949). 57,1803 (1935). 

(6) Hartwell and Kornberg, J.  Am. Chem. SOC., 67, 1606 (12) Arnold and Fuson, J .  Am. Chem. Soc., 58, 1295 
(1945). (1936). 

(7) Hartwell and Shear, Am. Assoc. Cancer Research, 38th ( 13) Fuson, Emerson, and Weinstock, J. Am. Chem. Soc., 
meeting, May 16-17 (1947) [cf. Cancer Research, 7, 716 61,412(1939). 
(1947)l. (14) Julian and Passler, J. Am. Chem. Soc., 54, 4756 

(8) Shear, Downing, and Hartwell, et al., Am. Assoc. 
Cancer Research, 40th meetiny, April 16-17 (1949) [cf. Cancer (15) Buck and Ide, J. Am. Chem. Soc., 53, 1536 (1931). 
Research, 9,625 (1949)l. (16) Ruck and Ide, J .  Am. Chem. SOC., 54, 3012 (1932). 

(9) Ide and Buck, Or& Reactions, 4, 269 (1948). 

(1932). 
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method gave the 4'-methoxydesoxybenzoin (IV) 
which has its carbonyl group in a different and 
more active position. 

The structures of the unsymmetrically substi- 
tuted benzoins and desoxybenzoins were de- 
termined or confirmed by the position of the ultra- 
violet absorption maxima of the isomers in those 
cases where the effect of the para substituent on 
the benzoyl group absorption mas distinctive (see 
discussion below). 

The preparation of secondary-amino ketones by 
the Voigt reaction between primary-amines and 
benzoins. In the case of the monomethoxybenzoins 
the reactrion pattern V +. VI1 and 111 --t IX may 

amines under controlled conditions gave in each 
case consistently the opposite and unstable type 
amino ketone IX, but under more drastic condi- 
tions gave the stable type amino ketone VII. 

More specifically benzylamine with phosphorus 
pentoxide a t  80" reacted with the stable 4-meth- 
oxybenzoin (111) to  give the unstable amino 
ketone IX; a t  100" using an excess of benzoin the re- 
sult was the same; a t  ca. 100' using an excess of ben- 
zylamine, one run gave mainly VI1 and another gave 
IX; a t  130" the stable benzylamino ketone VI1 mas 
the sole product; and in a reaction begun a t  80" 
to produce IX initially and completed at 155" 
the stable isomer VI1 mas the sole product. 

V unstable isomer VI VI1 stable isomer 

I catalyst 
or 140'25 

*R = benzyl 
or n-butyl 

CsH5CHCOC6H40CI13 * R N Z  CGHsCH-C.4r C~H~COCHC~H~OCHS 
I 

80-1000 NHR x's [ OH NR 
I X  unstable isomer 

I 
OH 

I11 stable isomer VI11 

and often does hold under relatively mild reaction 
conditions, and it may be expressed in terms of the 
Conrpei -Stel ens mechanism involving primary 
attack of amine a t  the carbonyl group, intermediate 
Schiff hases of the type VI and VIII, and subse- 
quent successive tautomerizations.4*17 cf. a's018,19 

One of the isomeric benzoins is unstable and under 
more drastic conditions may before condensa- 
tion rearrange to the other (e.g. V to 111) and thus 
lead to i,he formation of a single stable-type product 
or a mixture of products (e.g. T'II or/and IX). 
And one of the isomeric amino ketones produced 
under mild conditions may rearrange to  the other 
under the more drastic conditions (e.g. IX -+ VII). 
In  this series the isomer of type VI1 containing 
the anisogl group is the stable one because of the 
greater inherent stability of the anisoyl group as 
compawd with benzoyl. It was partly to  add to 
the evidence in this field that we have repeated 
successfully and extended the Cowper and Stevens 
work. The structures of the various amino ketones 
of the types VI1 and IX were demonstrated (or 
confirmcad) by their characterizing high-intensity 
ultraviolet absorption bands (see below). 

Benzj 1 and n-butylamines Tvhen condensed 
with the uiistahle 4'-methoxybenzoin under both 
controlled and drastic conditions gave in each 
case a single product, the amino ketone of opposite 
and stable type structure VII. The stable 4- 
methoxybenzoin (111) in reacting with these 

(17) Cowper and Stevens, J. Cheni. Soc., 347 (1940). 
(18) Bronn and Mann, J .  Chem. Soc., 858 (1949). 
(19) Julian, Meyer, Magnani, and Cole, J .  Am. Chem. 

______ 

Soc., 67,1203 (1945). 

With excess butylamine and phosphorus pent- 
oxide a t  78" the stable 4-methoxybenzoin (111) 
was converted into the unstable butylamino ketone 
IX; a t  100" a mixture of VI1 and IX was pro- 
duced; and a t  170" only the stable amino ketone 
1'11 could be isolated. Under the more drastic 
conditions both unstable type amino ketones IX 
underwent rearrangement to  the stable forms VII. 

When an excess of ethanolamine was condensed 
with the stable 4methoxybenzoin (111) a t  80" 
or 100" using phosphorus pentoxide as catalyst, 
only the stable amino ketone T'II mas obtained. 
A mixture of equimolar amounts of ethanolamine 
and I11 a t  80" gave apparently a mixture of the 
isomers VI1 and IX. Without the catalyst the 
reaction did not go a t  100" as it does with the 
more reactive 1,4'-dichlorobenzoin;5 cf. 

but i t  did go (without the catalyst) a t  1.10" to  the 
stable amino ketone VII. These reactions, while 
they do not fully correspond to  the pattern out- 
lined above, are understandable in terms of the 
logical assumption that the ethanolamino ketone 
(IX) is more reactive or labile than the corre- 
sponding benzylamino ketone, 

The reaction between amines and &(p-dimethyl- 
amino)benzoin (X) was of interest in this con- 
nection because of the high degree of stabilization 
of the carbonyl group by the strong para donor 
group. This benzoin, of the stable type like 111, 
condensed with benzylamine and with ethanol- 
amine only a t  the high reaction temperature of 
140" to give in each case the amino ketone of the 
stable type XI (at this high reaction temperature 
no catalyst was needed, however). Possibly the 
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unstable isomeric amino ketones of the type I X  
(as yet unknown in this series) were first formed 
but underwent rapid isomerization to the stable 
forms XI under the relatively drastic conditions 
required. 

Piperoin which is known to be less reactive than 
benzoinlz0 reacted with benzylamine a t  100” (with 
phosphorus pentoxide as catalyst) ; but a heating 
period much longer than usual was required to 
complete the reaction. 

The Vuigt reaction with secondary amines. 
There have been reports of several unsuccessful 
attempts to condense benzoin with the secondary 
amine, methylaniline. l7rZ1 However, under more 
severe than usual conditions, with consequently 
considerable complications due to by-products 
and resinification, i t  has now been found possible 
to effect the condensations of this type with 
methylaniline, benzylmethylamine or ethyl- 
ethanolamine, a t  close to boiling temperatures 
with phosphorus pentoxide as catalyst, to give 
the tertiary-amino ketones. The ethylethanolamino 
compound was in the cyclic hydroxymorpholine 
form (cf. XIV) ; it was synthesized in a second and 
unequivocal way by the condensation of ethyl- 
ethanolamine with desyl chloride. 

nitrogen did not react with benzoin under these 
drastic conditions. 

Since the above work was completed3 Heinzel- 
man and AspergrenZ2 have reported successful 
Voigt condensations using the reactive cyclic 
secondary amines pyrrolidine and piperidine. 

The less active unsymmetrically substituted 
benzoin, the stable 4-methoxybenzoin (111) , did 
not react as well with secondary amines as did 
benzoin itself. With benzylmethylamine i t  gave a 
product which ultraviolet absorption analysis in- 
dicated to be a mixture of the two isomeric amino 
ketones of the types VI1 and IX (NHR = GH6- 
CH2NCHs). Methylaniline gave non-crystalline 
products, and diamylamine did not react. 

Ethylethanolamine however reacted well not 
only with the stable 4-methoxybenzoin but also 
with the unstable isomer V and gave the hy- 
droxymorpholine (XIV) which is the cyclic form 
of the unstable amino ketone XI11 (of type IX). 
The structure of this compound XIT’ was cor- 
roborated by a second synthesis through condensa- 
tion of the corresponding bromo ketone of known 
structure XI1 with ethylethanolamine ; the cyclic 
arrangement XIV was shown by the absence of an 
aroyl ultraviolet absorption band. The validity of 

CzHs 
I x. 

CZHSNHCHZCHIOH 
I11 (or V) 

1 P~OS, refluxing 
L ’  

under the same reaction - I CH30C&CH’ ‘CH? 
Conditions I I 

C ~ H ~ O  C ~ H ~ O H  
XI11 (equilibrium 

lies on the side of XIV) 

CH~OC~H~CHCOC~S-  
I NHCzHs 

Br 

XI1 

CzHs 1 

XVII 

The result of the above condensation with 
methylaniline was somewhat surprising because 
at the high temperature involved aniline itself 
produces the indole. On the other hand it is note- 
worthy that diisobutylamine with its very con- 
siderable steric hindrance toward reaction a t  the 

(20) Torrey and Sumner, J. Am. Chem. SOC., 32, 1492 

(21) Cameron, Nixon, and Baaterfield, Trans. Roy. Soe. 
(1910). 

Can., 111, 25, :L45 (1931) [Chem. Abst., 26, 3250 (1932)j. 

the latter synthesis of the hydroxyniorpholine 
XIV and the structural conclusions involved were 
supported by the analogous synthesis of the 
isomeric hydroxymorpholine XVII through the 
hydroxyethylamino ketone XVI by condensation 
of the isomeric bromo ketone XV with ethyl- 
ethanolamine. Thus it appears that under these 
reaction conditions the inherently unstable primary 

(22) Heinzelmann and Aspergren, J .  Am. Chem. Soc., 
75,3409 f1953). 
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product of the Voigt reaction between the stable 
4-methoxybenzoin (111) and ethylethanolamine, 
namely the hydroxyethylamino ketone XIII, does 
not undergo rearrangement to  the more stable form 
XVI, and this is evidently because of prompt cycliza- 
tion and consequent fixing of this arrangement in 
the form of the hydroxymorpholine tautomer XIV. 
The equilibrium XI11 e XIV if it exists must lie 
so far over on the side of XIV that rearrangement 
through XI11 to XVI and XVII becomes negligibly 
slow under the reaction conditions. 

It might have been predicted that the unstable 
4‘-methoxybenzoin (V) in spite of the drastic 
conditions needed for condensation with ethyl- 
ethanolamine would give the hydroxymorpholine 
based on the stable amino ketone XVI. However, 
there was produced the same hydroxymorpholine 
XIV (based on the unstable amino ketone XIII) 
together with a significant amount of the stable 4- 
methoxybenzoin 111 which must have resulted 
from rearrangement of the starting material V. 
Obviously rearrangement of the unstable to the 
stable 4-methoxybenzoin (V + 111) was faster 
than the Voigt reaction, a conclusion which is sup- 
ported by the fact that this rearrangement V to  
I11 could be readily accomplished by the action of 
phosphorus pentoxide and diethylethanolamine 
which cannot itself undergo the Voigt reaction, a t  a 
temperature much lower than that required for 
the condensamtion of V and ethylethanolamine. 

Attempts to  condense piperoin with ethyl- 
ethanolamine, and to  condense 4-dimethylamino- 
benzoin (X) with this amine and also with benzyl- 
methylamine, were unsuccessful (starting ma- 
terials were recovered). These failures may be 
interpreted in terms of somewhat lower reactivities 
of the substituted benzoins as compared with 
benzoin itself. 

The mechanism of the Voigt reaction with primary 
amines proposed by Cowper and Stevens’’ in- 
volving Schiff bases of the benzoin carbonyl, is 
supported by the present studies, and i t  can be 
modified to apply to  secondary amines by assum- 
ing a quaternary-nitrogen analog of the Schiff 
base, ramely XVIII [a typical succession of steps 

R N R ~  
It 

I 
CBHaCCHC6HS XVIII 

OH 

has been outlined by H. and A.zz]. It is possible to 
explain the fact that the secondary amines gen- 
erally do not react as readily a.s primary amines, in 
terms of the steric requirements of an intermediate 
such as XVIII where the tetrasubstituted stilbene- 
like structure must involve considerably greater 
steric interferences with the planarity required for 
maximum resonance stabilization than exists in 
an ordinary Schiff base such as VI or its protonated 

form. Consistent with this viewpoint is the fact 
that the sterically more compact tetramethylene 
system of the pyrrolidyl analog of XVIII allows 
the reaction to  go easilyz2 whereas more bulky 
activating influence on the carbonyl or ani1 group 
open-chain substituents on nitrogen (Le.  diiso- 
butyl) effectively prevent the reaction. 

Incidentally i t  may be noted that this mechanism 
involves the equivalent of an enolization step 
which requires availability of a-hydrogen. With- 
out an a-hydrogen the reaction could only go by 
direct displacement of the a-hydroxyl, but such 
a displacement did not occur in attempts to  con- 
dense several primary amines with a-methyl and 
a-phenyl-benzoins. 23,24  

The mechanism of amino ketone rearrangements. 
The rearrangement of one unstable benzoin to the 
other (e.g. V to 111) can be accomplished by merely 
heating. 25 The comparable rearrangement of an 
analogous amino ketone however, which must 
include migratioii of the nitrogen moiety, and 
which a t  times includes displacement of one amine 
by another, does not go as easily and requires a 
catalyst. 19,25-27 Examples of amino ketone re- 
arrangements and displacements are the above- 
described isomerization of the benzylamino ketone 
XX into XIX, the conversion (trans-amination) of 
both of these isomers by the action of aniline and 
phosphorus pentoxide at 100’ into the “stable” 
anilino ketone XXV, and the requirement of the 
much higher temperature of 160-170” for conversion 
of the “unstable” anilino ketone XXVI into the 
“stable” isomer XXV.28 

Application of the principles discussed above 
under the Voigt reaction” seem to us to apply 
satisfactorily to  amino ketone rearrangements. 
Specifically one could account for the apparently 
direct displacement of benzylamine by aniline a t  
100” by assuming intermediates and steps such as 
XXI-XXIV29 and a-h, with the replacement of 
aniline by benzylamine a t  steps d-e. Similar inter- 
mediates could be written for conversion of XXVI 

(23) Wayland, Dissertation, University of Virginia, 

(24) Rinker (E. H.), Thesis, University of Virginia, June 

(25) Cowper and Stevens, J .  Chem. Soc., 1041 (1047). 
(26) Crowther, Mann, and Purdie, J .  Chem. SOC., 58 

( 1943). 
(27) Verkade and Janetzky, Rec. Irav. chim., 62, 763, 775 

(1943). 
(28) Cowper and Stevens did this at 120’ with aniline 

hydrobromide as the catalyst.% Other such transformations 
are described by Brown and Mann.I* 

(29) The isomerization mechanism can be elaborated in 
respect to the role of the acid catalyst.’B It is complicated by 
many ramifications and many conceivable steps, by the 
varying facility of reversal of the steps, and by the relative 
stabilities of the isomeric products which become all-impor- 
tant only when over-all equilibrium is achieved. 

It is noteworthy in this connection that Julian, et d . * 9  have 
actually isolated an enedianilide of the postulated type 
XXII in the reaction between desyl chloride and aniline. 

1952. 

1953. 
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CsHsCH,NHz, Pa0r 

100-150° 
CeH6COCHCeH40CHa 

I 
CeH6CHCOCeHdOCH3 + 

C B H ~ C H Z I ~ H  XIX NHCHzCeH5 

xx 
b d -CH-C- + -C=C- -4-CH- + -NH 

-NH N- C- -NH NH- + --N NH- + - -CH- 

XXII XXIII -NH NH- 

I l l  g I I  f I l l  
I I  

into X X Y  at 170”. And analogous steps could be 
written to  picture the participation of secondary 
amines by postulation of imonium ions of the type 

>C=NRz. The above explanations carry the 
assumptions that: although all of the steps are 
essentially reversible, some are not readily so; 
and that the benzylamino group exerts a greater 
to which it is alpha than does anilino. The nature 
of this mechanism entails obvious difficulties in 
the way of obtaining proof of the finer details and 
in making predictions as to  the specific course of a 
reaction in the field. 

The condensations of amines with unsymmetrically 
substituted desyl halides (XII, XV) produce amino 
ketones of corresponding structures, as if by direct 
displacement, a t  temperatures so low as to  preclude 
likelihood of rearrangements of either the desyl 
halide or of the products. Possibly, in analogy 
with the Voigt reaction and with rearrangement of 
amino ketones, the mechanism involves primary 
attack a t  the carbonyl carbon followed by intra- 
molecular displacement of the then more normally 
reactive bromine. 

Di-(pdimethy2aminophenzyl)Qcetophenone 
[XXVI‘1,30~31 known but desired for pharmacologi- 
cal testing] was made by condensation of phenyl- 
glyoxal or 4dimethylaminobenzoin (X) with di- 
meth~lani l ine ,~~ and i t  was reduced to  the cor- 
responding alcohol (XXVIII, new) by lithium 
aluminum hydride. 

+ 

isomer X (known), attack on the carbonyl of X 
by a second molecule of dimethyaniline, dehydra- 
tion to  the enol, and ketonixation to  XXVII. 

New 1,24iaryl amino alcohols (11), desired for 
pharmacological testing, were made by aluminum 
isopropoxide or lithium aluminum hydride reduc- 
tion of the corresponding amino ketones (I). 
I n  a few cases involving the ethylethanolamino 
ketones (I; R = C2H5; R’ = CH2CH20H) which 
are cyclic (cf. XIV), the more powerful reagent 
lithium aluminum hydride was necessary. In  all 
cases only one form of the amino alcohol was ob- 
tained and was assumed to  be the “ery th~o.”~ 

It should be noted that reduction of several of 
the compounds by aluminum isopropoxide (e.g. 
the 3,4-methylenedioxy compound) required some- 
what more drastic conditions than usual. The 4- 
dimethylamino-a-ethanolamino ketone (XI, R = 
CH2CH20H) did not react a t  all with this reagent 
under prolonged treatment, although lithium 
aluminum hydride reduced it without difficulty. 
The resistance here to  aluminum isopropoxide 
reduction cannot be ascribed to  cyclic structures 
(like XIV) because the compound shows strong 
aroyl type ultraviolet absorption and must there- 
fore be open-chain. It must be attributed to  the 
very powerful stabilizing influence of the p-di- 
methylamino group on the carbonyl, and it is con- 
sistent with the higher temperatures required to  
effect Voigt condensations with the corresponding 
benzoins (e.g. X). 

CdLN(CHah 
LiAlHd 

/C6H“(CHa)2 CeHrCH& 
CsHrN (CHdr 

($.HKCOCHO .t----- CeH6COCH 
POClr I \  

C~HIN(CH~)Z OH Ce&N(CH3)z 
\ 

[or XI 
XXVII XXVIII 

A logical mechanism for the condensation reac- 
tions showing some analogies to  the Voigt reaction 
involves the following steps: conversion of phenyl- 
glyoxal into the unstable 4’-dimethylaminobenzoin 
(unknown) ,32 rearrangement to  the more stable 

W,S-DiphenyZmorphoZi~es (XXIX). The number 
of carbon-substituted morpholines reported in the 
literature is small as compared with that of N- 
substituted derivatives, and no 2,3-diphenyl types 
are known except as the 2-hydroxy derivatives 
which are cvclic tautomers of the ethanolamino 

(30) Madelung and Oberwegner, Bm., 65,931 (1932). 
(31) Staudinger, Bm., 46, 3535 (1913). 
(32) Cf. the analogous Friedel-Crafts reaction which 

this stage when the aromatic hydrocarbon is 

ketones (cf. “XIV). One of the best preparative 
methods is the dehydration of the diethanolamines, 
and because of the availability of a number of these 
in the 1,2diphenyl series it seemed worthwhile to  

stops 
used.12-14 
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prepare a few examples of this class for pharmaco- 
logical testing. The method of Gilman and W a n ~ e r , ~ ~  
namely treatment with 70% sulfuric acid a t  100”, 
gave the morpholines in good yields. A s  was ex- 
pected both threo and erythro diethanolamines of 
the type XYIX gave the same morpholine XXX 
with elimination of stereochemical differences and 
formation presumably of the more stable threo 
(trans) 2,3-diphenylmorpholine configurations. This 
is consistent with the fact that in no case in the 2,3- 
diarylrnorpholines and their 2-hydroxy derivatives 
(XXX or XIT) have stereoisomers been obtained. 

70% His04 
____f 

100. 

ArCH-CHAr‘ 
I 1  

OH N(R)CHzCH*OH 

XXIX (a) threo [Ar = aryl] 
(b) erythro 

In  order to show that the compounds obtained 
were really dehydromorpholines (XXX) and not 
open-chain stilbenes, one of these was synthesized 
in a second may by reduction of the dehydro- 
morpholine XXXI. This reduction did not go with 
lithium aluminum hydride and required the more 
effective sodium-isoamyl alcohol combination; the 
result appeared to be a mixture of morpholine 
isomers from which however was isolated the same 
product XXX already obtained by dehydration of 
the diethanolamine XXIX. 

Ultraviolet absorption spectra were important and 
convenient in determining unequivocally the struc- 
tures of the unsymmetrically substituted benzoins 
and the corresponding 1,2-diphenyl a-amino 
ketones. The identifications were based on the 
positions of the high-intensity absorption maxima 
of the aroyl group which depend on the para ring- 
substituent. The tmo 4‘- and 4-methoxybenzoins 
(V and 111) have benzoyl and anisoyl type absorp- 
tions, respectively, of ca. 245 and 280 mp, E = ca. 
14,000 and 16,000 (Fig. 1); and these values com- 
pare closely with those of the 4’- and 4-methoxy- 
desoxybenzoins (c f .  IV) which have similar aroyl 
groups (Fig. 2), and with the values for the benzoyl 
group in ben~a ldehyde ,~~  ace t~phenone ,~~  and 
deso~ybenzoin,~~ and for the anisoyl in anisalde- 
h ~ d e ~ ~  and p-methoxya~etophenone~~ [benzene 
itself absorbs only very slightly a t  250 mp, E ca. 
200-300; 34, 3 6 8  37 and anisole absorbs a t  269 mp, 
c 1,48031]. It is of incidental interest here to  note the 

(33) Gilman and Wanser, J .  A m .  Chem. SOC., 73, 4030 

134) Doub and Vandenbelt, J. Am. Chem. Soc., 69, 2714 

(35) Alpen, Kumbler, and Strait, J .  Am. Chem. Soc., 

(36 )  Morton and Stubbs, J. Chem. SOC., 1347 (1940). 
( 3 7 )  Platt and Klevens, Chem. Revs., 41,301 (1947). 

(1951). 

(1947). 

72, 4558 ( 1950). 

low-intensity longer wave length absorption bands 
of the two benzoyl compounds V and IV; the bands 
at 272 mp, E 5,800, are doubtless anisole absorp- 
tions. We believe that those a t  ca. 310 mp, E 2,000, 
are not due to impurities, and are possibly due to in- 
teraction between the a-anisyl and the carbonyl 
groups. 3*,36 Comparable longer wave length bands 
would of course be obscured in the anisoyl com- 
pounds. 

The isomeric pair of p-methoxy-a-benzylamino- 
a-phenylacetophenones VI1 and ZX show absorp- 
tion curves which are almost identical with those of 

R CzHs 
I 

N 
I N 

XXXI 
‘0’ 

XXX 

the corresponding benzoins and desoxybenzoins 
(Fig. 3), except that the intensity of the 310 mp 
bands are suppressed to ca. e 500. 

FIG. 1.-A = CeHsCOCHOHCeH4OCHs 
B = C~H~CHOHCOCBH~OCHS 

B = CeHsCH&OCsH,OCHa 
FIG. 2.-A = C B H ~ C O C H ~ C ~ H ~ O C H ~  

Figure 4 shows the absorption curves of a typi- 
cal ethylethanolamino ketone which is in the cyclic 
form XVII. The curve for the ethanolamino analog 
where nitrogen is secondary shows a strong maxi- 
mum corresponding to  an aroyl group and is there- 
fore open-chain. In the curve for the reduced com- 
pound, the diethanolamine XXIX, this maximum 
is absent. The weak bands a t  375-280 mp, .E 3,500 
shown by both the cyclic compound XVII and the 
diethanolamine, are doubtless due to  the anisyl 
group itself, but the longer wave length band of the 
diethanolamine a t  312 mp, c 1,000 is not accounted 
for. 

The absorption curve for the 1,2-di-(3,4-methyl- 
enedioxypheny1)-a-ethanolamino ketone is very 

(38) Kumbler, Strait, and Alpen, J. Am. Chem. Soc., 72, 
1463 (1950). 
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similar to that of piperoin and the compound is 
therefore open-chain. The same holds for the cor- 
responding 4-dimethylamino pair, except that both 
the intensity and wave length of the maxima are in- 
creased considerably. 

EXPERIMESTAL3' 

Preparation of secondary and tertiary-amino ketones. Method 
1 of Table I .  From benzoins. A mixture of the benzoin, either 
(a) an equimolar quantity or (b) an excess of the amine, and 
0.5-1.0 g. of phosphorus pentoxide per 0.1 mole of the 
benzoin, was heated at  80-240" for 0.5-5.0 hours and cooled 
to room temperature. In two cases (G) an excess of the ben- 
zoin was used. The phosphorus pentoxide catalyst (d) was 
omitted in several experiments and (e) toluene was used as 
a solvent in one instance. The crude mixture of products after 
cooling was worked up directly either ( f )  through crystalli- 
zation of the free base, or (g) as the hydrochloride. The hydro- 
chloride was prepared by dissolving the crude reaction prod- 
uct in ether or chloroform, removing unreacted amine by 
extraction either with water or dilute hydrochloric acid, 
drying over sodium sulfate, and precipitating by addition 
of ethereal hydrogen chloride. Some of the free bases n-hich 
were crystalline and sufficiently stable were obtained from 
the hydrochlorides by treatment with aqueous sodium car- 
bonate. 

Xo reaction took place upon refluxing a mixture of excess 
ethanolamine, 4-dimethylaminobenzoin (X), phosphorus 
pentoxide, and boiling benzene. Likewise negative results 
were obtained with butylamine at  temperatures less than 
150" or in boiling benzene or toluene. Ethanolamine did not 
react with 4-methoxybenzoin (III), a t  100" when the cata- 
lyst was omitted. 

The formation of mixtures of isomers of some secondary- 
amino ketones occurred when unsymmetrically substituted 
benzoins were treated with primary amines in the presence 

(39) Analyses were bv Mrs. A. B. Wilgus, Mrs. hl. T. 
Smith, Mrs. C. M. hlcConnel1, Mrs. C. E. Jeffries, and 
Clark Microanalytical Laboratory. 

of phosphorus pentoxide as catalyst. For example, a mixture 
of 0.025 mole of 4methoxybenzoin (111), 0.075 mole of bu- 
tylamine, and 0.25 mole of phosphorus pentoxide, upon 
heating in a pressure bottle a t  100' for 2 hours, gave a mix- 
ture of hydrochlorides (73%) (cf. method Ig above). Upon 
recrystallization the first crop was the stable i8omer. The 
nature and approximate composition of the residual mix- 
ture was shown by its two ultraviolet absorption bands of 
254 mp, e 8,650 and 280 mp, E 8,400, which corresponded to 
the absorptions of the 4 and 4'-methoxyamino ketones. In 
each of two separate experiments a t  ca. 100' using 10% 
excess of benzylamine and phosphorus pentoxide as catalyst, 
a different isomer was isolated (no attempt was made to de- 
termine the small difference in conditions responsible for the 
inconsistency of these results). 

In another case a mixture of isomeric amino ketone 
hydrochlorides (65%) was obtained by heating 0.025 mole 
each of 4-methoxybenzoin (111) and ethanolamine, and 
phosphorus pentoxide, a t  80" for 2 hours. The first crop on 
recrystallization was stable isomer, The residual mixture 
showed ultraviolet absorption bands of 248 mp, e 10,300 and 
274 mp, E 6,780. 

In a third and similar case with 111, benzylamine, and 
phosphorus pentoxide at  130" for 2 hours, the mixture of 
hydrochlorides obtained (65%) (largely the stable isomer) 
gave a residual mixture with maxima at  245-252 and 276-286 
mp. 

The successful reactions between benzoins and secondmj 
amines, using phosphorus pentoxide as catalyst, are given in 
Table I. Negative results were obtained in the following inter- 
actions: benzoin with diamyl and diisobutglamine at  140' 
and 180" respectively; piperoin with ethylethanolamine at 
160'; 4-dimethylaminobenzoin (X) with methylaniline and 
with ethylethanolamine at  185" and 240' respectively; and 
4-methoxybenzoin (111) with methylaniline at  240'. 

Methylbenzylamine reacted with 4-methovybenzoin a t  
240' to give a product TThich was shown by ultraviolet ab- 
sorption analysis to be a mixture of the isomeric amino 
ketones. 

The product of reaction of 0.03 mole of ethylethanolamine 
and 0.01 mole of 4'-methoxybenzoin (V) a t  240" ( 2  hours) 
was taken up in ethanol. Upon cooling the isomeric 4-meth- 
oxybenzoin (42%) crystallized and was identified. Evapo- 
ration of the filtrate, solution of the residue in ether and addi- 
tion of ethereal hydrogen chloride gave 29% of cyclic amino 
ketone XIV (identified by mixture m.p.). 

Isomerization of 4'-methoxybenzoin (V)24 h v  the action 
of excess diethylethanolamine with phosphorus pentoxide 
catalyst ( loo', 2 hours) gave 92% yield of 4-methoij-benzoin 
I11 (identified by mixture m.p.). 

Preparation of secondary and tertzary ammo ketones. Method 
2 of Table I .  From desyl halades. A mixture of  the appropriate 
desyl halide and at least t n o  equivalents of the primary 
or secondary amine w s  allowed to stand at room temper- 
ature with such cooling as was necessary to control the nor- 
mally exothermic reaction. Only occasionally was applied 
heating required. In  a number of cases solid sodium car- 
bonate was added to the reaction mixture to neutralize the 
hydrogen halide produced. The mivture usually 17-as allowed 
to stand for one hour at room temperature t o  romplete the 
reaction, and was treated with water and ether. The ether 
solution containing the product was either (a) evaporated 
to obtain the base or (b)  treated with ethereal hydrogen chlo- 
ride to give the hydrochloride. The stable bases were often 
obtained from the purified hydrochlorides hg treatment 
with aqueous sodium carbonate. 

Preparation of amino ketones by the action o.f amines on  
other amino ketones (trans-amination). lllethod 3 of Table I .  
A mixture of 0.01 mole of the a-amino ketone or its salt, 
an excess of aniline (0.1 mole), and 0.25 g. of phosphorus 
pentoxide, was heated at  100" under an atmosphere of ni- 
trogen. The resulting oil m-as crystallized from ethanol. 
Negative results were obtained in the following interactions: 
0-phenyl-a-ethanolaminoaretophenone and ethylethanol- 
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TABLE I 
SUBSTITUTED 1.2-PHENYL-2-AMINOETHANONES 

Prep. Prep. Heating Reaction 
No. Amine Groupa fromb MethodC Time, Hrs. Temp., "C. 

CBH~COCH(N< ) C a s  
1 

2 

3 
4 

5 
6 
7 

8 

9 
10 
11 
12 

13 

14 

15 

16 
17 

18 

19 

20 

21 

22 

23 

A Ib,f 
B 2b 

2 
I 

185 
100 - - - Hydrochloride M 

N(CHs)C6H621t40 B 
Hydrochloride A 1b,g 2 185 
NHCHzCHzOH*HCI' B 2c 3 100 
N( CzH6)CHzCHz0H*HC14 A lbJg I 240 

- - - 

~uTu-CH~OC~H~COCH( N< ) C ~ H ~ O C H ~ - ~ U T U  
NHCHzCHzCHzCHa-HC1 C Ib,g 2 100 
NHC,H'N( C?H5)z*PHCl C Ib,g 2 100 
NHCHzCHsOH.HC1 C 1b,g 5 100 

D 2c 4 30 
-N( C~H~)CHZCH~OH*HCI D 2c 4 30 

(Sl4)-CHzOzC,H,COCH(N= ) C ~ H ~ ~ Z C H Z - ( ~ , ~ )  
NHCBH~N( C~HF,)~*HC~ 
NHCHzCHzOH.HC1 
NHCHzCH&HzCHa*HCl 
NHC& 
Hydrochloride 

NHCHzCHzOH 

Hydrochloride 

Dihydrochloride 
NHCHzCHzCHzCHa 

NHCHzCsHa 
Hydrochloride 

NHCHzCHzCHzCHa *HCl 
NHCeH5'7 

Hydrochloride 
N( CrH5)CHzCHzOH.HCl 

(cyclic)' 

NHCgH5" 

Hydrochloride 
NHCHzCHzCHLCHs-HCI 

NHCHzCHzOH.HC1 

NHCHzCsH5 
Hydrochloride 

N(CzH6)CHzCHzOH 
Hydrochloride (cyclic) 

E lbJg 4 
E Ib,g 4 
E Ib,g 5 
E Ib,f 2 
M 

F lbJf 0 . 5  
F Ib,d,f 0.5 
F lb,e,f 2 
M 
F Ib,f 2 
IlI 

N 
G laJg 2 
G lbJg 2 
G Ic,g 2 
G IbJf 2 
G lb,f 1 . 5  
G 1big 
M 
H 2aJc 0.5 
G 1b,g I 
I Ib,g 2 

I Ib,f 2 
J 3 2 
K 3 2 
M 
L 2a,c 1 
I Ib,g 2 
G Ib,g 2 

G Ib,d,g 2 
I 1b,g 2 
L 2a,b 1 
M 
I Ib,g 2 
G Ib,g 2 
G 1c,g 4i 
L 2a,b 1 
L 2a,c 1 

- - 
para-( CH~)~NCBH~COCH( N< )CsHs 

- - 

- - 
CsH&OCH( N< ) C ~ H ~ O C H ~ - ~ U T U  

- - 

2 
- - 

puru-CH80C6H4COCH( N: )C6& 

- - 

G Ib,g 2.75 
G Ib,g 0 . 5  

- - 

100 
100 
80 

100 - 

150 
150 
110 

150u 
- 

- 

- 
80 
80 

100 
80 

100 
170 

30 
240 
240 

- 

100 
100 
100 

30 
80 

170° 
80 

100 
140 
100 

3 

100 
130 
155* 
30 
30 

- 

- 

M.P.,dne 
Yield, % "C. 

78 
58 
- 
- 
68 
78 
37 

45 
30 
98 
61 
89 

55 
54 
59 
90 - 

55 
55 
54 

54 
- 

- 

- 
43 
55 
66 
84 
99 
66 

88 
12 
2gh 

- 

76 
47 
80 

79 
76 
30 
50 
54 
62 
57 
56 

51 
33 
63 
95 
75 

- 

- 

99-100 

222-224 
101-102 
207-209 
201-203' 
20 1-203 f 

- 

203-204 
178-1 80 
187-188 

185-186 
- 

203-204 
193-196 
235-236.5 
136-137 
220-222 

171-172 - 
- 

2 14-21 6 
103-104 
234-236 

86-88 
208-209 - 

- 
220-222 
136-137 

202-204 
192-194 

- 

- 
- 

144-145 
- 
- 

208-209 
222-224 
- 
- 

192- 194 
- 
- 
- 

90-91 
218-220 
- 
- 
- 

113-113.5 
163-164 

a This represents the nitrogen moiety. References when given are to original preparations of the known compound; the 
preparation described here may be similar or different. For analyses see Table 111. For ultraviolet absorptivities see Table I V  
and Figures 1-4. The compounds used in the condensations with the appropriate amines are the following: A = benzoin; 

(40) Lutz, Jordan and Truett, J. Am. Chem. Soc., 72, 4085(1950). 
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TABLE I1 
SUBSTITUTED 1 ,2-DIPHENYL-2-AMINOETHANOLS (11') 

No. NR3R4' R' 
Prep. Heating 

RZ Methodb Time, Hrs. Yield, % M.P.,' C.d 

1 

2 

3 

4 
5 

6 
7 

8 

9 

10 

11 
12 

K'HCHzCHzOH 

NHCHzCHzCHzCH3 

NHCHzCHzCHzCHs 

NHCeHa 
NHCHzCeHs 

N( CzHs)CHzCHzOH*HCl 
NHCHzCHzOH 

NHCHzCHzCHzCH3 

NHCHzCHzOH 

NHCHzCHzOH 

(hydrochloride) 

(hydrochloride) 

(hydrochloride) 

(hydrochloride) 

(hydrochloride) 

(hydrochloride) 

(dihydrochloride) 

(hydrochloride) 
NHCHzCH&HzCHa*HCl 
N( CHs)CH&& 

(hydrochloride) 

- 
Ib  
l a  

l a  

2a 
2a 

2b 

Ib  
l a  

2a 

- 

- 

- 

- 

- 

- 
- 
I b  
Ib  
2a - 

- 
67 
95 

91 

95 
96 

97 

82 
52 

67 

- 

- 

- 
- 

- 

- 
- 
92 
76 
90 - 

126-128 
229-230 
115.5-1 16.5 f 
207-208 
115-116l 
207-208 
141.5-142.5 
112-113 
199-200 
173-175 
112-113 

124-125 
177-178 
147-148 

206-208 

196-197 
115-116 
211-212 
234-235 
72-73 

230-232 

' The NRsR', R' and RZ groups are in the positions shown in formula 11. For analyses see Table 111. For ultraviolet 
For solvents of crystallization see Table 

Melting points are "corrected", e OzC& = 3,4-methylenedioxy. f Mixtures of compounds 2 and 3 showed unequivo- 
absorptivities see Table IV. See generalized directions in the experimental part. 
111. 
cal mixture m.p. depressions. 

amine a t  100" ; 2-( pmethoxypheny1)-a-anilinoacetophenone 
(XXVI) and ethanolamine a t  either 100" or 175', or ethyl- 
ethanolamine a t  185". 

The  stability of a-(pmethozypheny1)-a-benzylaminoaceto- 
phenone (XXV) under heating at  160' for 2 hours was 
demonstrated by recovery of the material in the form of its 
hydrochloride [cf. stability of amino ketones1*~26]. 

was prepared in 84% yield 
by addition of bromine over a half-hour to  dimethoxyde- 
soxybenzoin in carbon tetrachloride under illumination, 
identified by m.p.'2 and analysis. 

Preparation of amino alcohols by reduction of amino ketones. 
Method 1 Table 11, using aluminum isopropoxide. A solution 
of the amino ketone or its hydrochloride and four equivalents 
of aluminum isopropoxide in an excess of propanol-2, was 
heated under partial reflux until the test for acetone in the 
distillate was negative. The excess solvent was distilled under 
reduced pressure and the residue was treated with an excess 
of aqueous sodium hydroxide and water. The crude amino 
alcohol wa8 isolated and purified aa (a) the free base 
or (b) the hydrochloride. The hydrochloride was prepared 
by dissolving the crude amino alcohol in ether, drying over 
sodium sulfate and addition of ethereal hydrogen chloride. 
The base (when stable) was liberated from the hydrochloride 
by means of aqueous sodium carbonate. 

4,4'-Dimethoxydesyl 

Three amino ketones, two of which possessed cyclic hy- 
droxymorpholine structures, were recovered unchanged 
upon subjection to the above reduction conditions: namely, 
2,3-di-(p-anisyl)-2-hydroxy4ethylmorpholine, Z(p-anisy1)- 
2-hydroxy-3-phenyl4ethylmorpholine, and a-phenyl-a-(2- 
hydroxyethy1amino)-p-dimethylaminoacetophenone. 

Method d of Table 11 using lithium aluminum hydride. To 
an absolute ether solution of 0.5-1.0 molar-equivalent of 
lithium aluminum hydride was added portionwise the solid 
amino ketone or its hydrochloride, or an ether solution of 
the base when it waa sufficiently soluble. The resulting mix- 
ture was stirred for 1-2 hours a t  room temperature. Water 
and dilute sodium hydroxide were added cautiously and the 
ether layer waa washed and dried over sodium sulfate. The 
product was isolated (a) as the free base or (b) as the hy- 
drochloride aa described above in Method 1. 
Benzoyl-bis-(p-dimethylaminophenyl)methane (XXVII) was 

prepared by a modification of earlier methods.31 A solution 
of 13.5 g. of phenylglyoxal in 50 ml. of benzene was added 
dropwise over 30 minutes to a stirred mixture of 36.6 g. of 
dimethylaniline, 7 g. of phosphorus oxychloride, and 300 ml. 
of benzene. The mixture was stirred for an additional hour 
and allowed to stand overnight. Treatment with conc'd 
ammonium hydroxide, separation of the benzene layer, 
evaporation, and crystallization of the residue, gave 19.2 g. 

B = desylchloride; C = a n i ~ o i n ; ~ ~  D = CH30CaH4COCHBrC~H40CH3;42 E = piperoin;20 F = (CH3)~NC6H4COCHOH- 
C&P'31i G = CH30CsH4COCHOHC6H5; H = CH30C6H4CHBrCOC&;44 I = CHaOCeH&HOHCOC&,; J = CHI- 
O C J ~ ~ C H ( N H C H Z C ~ H ~ ) C O C ~ H ~ ~ H C ~ ;  K = CEH6CH(NHCH~C&15)COCeH40CH3; L = CH30CsH4COCHBrC~Ha;44 M 
represents the corresponding base from which the salt was made by the action of ethereal hydrogen chloride; N = the cor- 
responding hydrochloride from which the free amino ketone was liberated by the action of bases. e See the three general 
procedures and discussions in the experimental part. Particular variations are indicated by the one or more letters following 
the preparation method number. Solvents for recrystallization are given in Table 111. e Melting points are "corrected." 
1 Crystallized from isooctane-methanol mixtures. 0 The reaction was carried out in a pressure bottle. Ir In  the reaction a 
sizable amount (42%) of 4'-methoxybenzoin(II1) was isolated and identified, but none of the starting material V was re- 
covered. The yield of amino ketone was calculated from the amount of V used less the amount of I11 recovered. i Heated 
at 80" for 2 hours and then at 185' for an additional 2 hours. P The substituents are para. 

(41) Bosler, Ber., 14,323 (1881). 
(42) Henne and Bruylants, Bull. SOC. chim. Relges, 57, 

(43) Jenkins, Bigelow, and Buck, J .  Am. Chem. Soc., 52, 

(44) Jenkins, J .  Am. Chem. Soc., 56, 682 (1934). 
5198(1930). 

320 (1949) [Chem. Abstr., 43, 7922 (1949)l. 
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TABLE I11 
ANALYSE s 

Crystallization Carbon (or Nitrogen) Hydrogen (or Chlorine) 
 NO.^ Solventsb Empirical Formula Calc'd Found Calc'd Found 

1 

2 

5 
6 
7 
8 
9 

10 
11 
12 

13 

14 

15 

16 
17 
18 
.l9 
20 
2 1 

22 

23 

1 

2 

3 

4 
5 

6 
7 

8 

9 

10 

11 
12 

EtOH 

EtOH 
But.-CHaOH 

But.-CHsOH 
But .-CHaOH 

But .-CH,OH 
But .-CHIOH 
But.-CHaOH 
But.-CHZOH 
But.-CHsOH 

But.-CHaOH 

But.-EtOH 

Hexon.-CH30H 

EtOH 

.4cet.-EtOH 

EtOH 

EtOH 
But .-CHIOH 

But.-CHsOH 
But .-CHaOH 
But .-CHIOH 
But.-CHaOH 
But .-CHsOH 
But.-CHaOH 
But.-CHsOH 

EtOH 

EtOH 
But .-CHsOH 

But .-CHaOH 

i-0ct.-EtOH 
But.-CHsOH 

70% EtOH 

Isooctane 
Hexon.-CH30H 
Acet.-EtOH 
EtOH 

But .-CHsOH 

But .-CHsOH 
But .-CHIOH 
50% EtOH 
EtOH 
EtOH 
Acetone 
Acet.-EtOH 

Isooctane 
But.-CHsOH 

But .-CHIOH 
But .-CH,OH 
EtOH-Hz0 
But .-CHsOH 

COMPOUNDS LISTED IN TABLE I 

CzzHzi?JO 83.77 
CzzHzlNO.HC1 75.09 
CziHigNO 83.69 
CziHigNO.HC1 74.66 
CzoHzsNOa*HCl G6,Ol 
C Z ~ H ~ O N Z O ~ . H C ~  (6.13) 
C18HziNO4.HCl 61.44 
CzoHz6NOa*HCl 63.23 
CzsHziNzO5.HCl (5.80) 
Ci8Hi7NOs.HCI 56.92 
CzoHziNOa*HCl 61.30 
CzzHi7XOs 70.40 
CizH17N05.HCl 64.16 
Ci8HzzNzOz 72.45 
C18HzzNzOz.HCl 64.56 
CzoHz6Nz0 77.38 
CzoHzsNzO.2HCl 62.65 
CzzH*iNOz*HCl 71.82 
CzzHziNOz 79.73 
ClgHzaNOz.HC1 68.35 
CzoHigNOz*HCl 71.25 
CigHz3NOa.HCl 65.23 
CzoHiJVOz.HC1 71.28 
CigHzsNOz.HC1 68.35 
C17HigN08.HCl 63.45 

CzzHziNOz 79.73 
CzzHnNOa.HC1 71.82 
CisHzsNOa 72.82 
CigHz3NOs*HCl 65.23 

CeHziNOs 71.05 
Ci,HziN03*HCl 63.05 

CigHzsNOz 76.22 
CigHz5NOz*HCl 67.94 
CigHz6NOz 76.22 
CieHzsNOz.HC1 67.94 
CdziNOL 78.96 
CzzHz3NOz 79.24 
CzzHzaNOz.HC1 71.44 
CigHz,NOa-HCl 64.85 
CisHnNOa 68.12 
C18Hz3NOi.HCl 61.10 
CroHwNOa 72.95 
CzoH2VNOs*HCl 65.65 

ClsHzrNzOz*2HCI 57.90 
CisHisNOe 62.60 
Ci8HigNOs.HCl 56.62 
C~OHZ~?JO~.HCI (3.56) 
CzzHzsNO 83.24 
C&23NO'HC1 74.66 

COMPOUNDS LISTED I N  TABLE I1 

(4.33) 

C18&4?JZ02 (9.33) 

83.31 
74.99 
83.45 
74.37 
66.26 
(6,37) 
61.71 
63.21 
(5.80) 
56.94 
61.56 
70.13 
63.79 
72.10 
64.32 
77.11 
62.45 
71.65 
79.53 
68.58 
71.35 
65.02 
71.08 
68.06 
63.44 

79.66 
71.56 
72.56 
65.40 

70.70 
63.35 
(4.25) 
76.21 
67.79 
76.09 
67.68 
78.70 
79.36 
71.33 
64.76 
67.99 
60.97 
72.67 
65.72 
(9.59) 
57.93 
62.60 
56.88 
(3.47) 
83.06 
74.37 

6.71 
6.30 
6.35 
5.97 
7.20 

6.37 
6.90 

(7.18) 
4.78 
5.66 
4.57 
4.41 
7.43 
6.92 
8.44 
7.36 
6.03 
6.38 
7.25 
5.70 
6.92 
5.70 
7.25 
6.26 

6.39 
6.03 
7.40 
6.92 

7.37 
6.91 

8.42 
7.80 
8.42 
7.80 
6.63 
6.95 
6.54 
7.45 
7.30 
6.84 
8.26 
7.71 

7.02 
5.55 
5.28 

7.30 
6.84 

(4.35) 

6.70 
6.34 
6.44 
6.14 
7.18 

6.74 
7.16 

(7.03) 
4.72 
5.93 
4.53 
4.44 
7.58 
6.72 
8.32 
7.76 
6.03 
6.55 
6.88 
6.05 
7.02 
5.83 
7.33 
6.26 

(4.13) 
6.51 
6.37 
7.40 
6.93 

7.50 
6.95 

8.58 
7.85 
8.80 
7.70 
6.71 
7.16 
6.65 
7.41 
7.36 
6.75 
8.10 
7.84 

7.24 
5.89 
5.56 

7.29 
6.65 

a Number refers to compounds listed in Tables I and 11. Solvent abbreviations are: EtOH = 95% ethanol; But. = 
Also crystal- butanone; i-oct. = isooctane. (2,2,3-trimethylpentane); Hexon. = methyl isobutyl ketone; Acet. = acetone. 

lized from ethanol alone. 

(54%;); recrystallized from ethanol, m.p. 166.5-167.5' (it 
gave the correct analysis). 

The yield in the corresponding reaction with X and phos- 
phorus oxychloride in benzene (refluxing for 2 hours) was 
80%. 

The dihydrochloride was obtained from a benzene solu- 
tion of the base by the action of ethereal hydrogen chloride; 
recrystallized from butanone-methanol mixture, m.p. 
234-235'. 

Anal. Calc'd for C24H26N20.HC1: C, 66.80; H, 6.54. 
Found: C, 66.52; H, 6.42. 

A,,, 254 mp, E X 10-8, 30.80. 
I-Phenyl-$, %bis-(p-dimethylaminophenul )ethanol (XXVIII ) 

was made from the corresponding ketone XXVII in 64% 
yield by the above reduction method 2a; recrystallized from 
acetone, m.p. 183-184'. 

Anal. Calc'd for C24H~5N20: C, 79.86; H, 7.83, K, 7.73. 
Found:C, '79.68;H,7.83;N, 7.86. 
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TABLE I V  
ULTRAVIOLET ABSORPTION  SPECTRA^ 

Amax, m r  c x 10- Amin, mCc e x 10-8 

A 
B 
c 
D 
E 
F 
G 
H 

7. HCl 
10. HCl 
11. HCl 
13. 
14. 
15. HCI 
16. HCI 
17. 
19. 
19. HCl 
20. HCl 
21. HC1 
22. 
23. HCI 

1. HCl 
4. 

7. 
7. HCl 

COMPOUNDS USED IN THE SYNTHESES (see list belowb) 
274 

232; 280; 312 
232; 277; 313 

277 
222; 246; 310 

277 
232;241;272 
273; 345 

221; 275 
233; 283; 316 
233; 283; 317 
274; 345 

344 
230; 24Sdse 
221 ; 248 
223; 24Sd 
248; 280; 283 
248; 284 
221 ; 289 
220; 286 

280 
273; 279 

222; 274; 308 
288; 249; 276; 

284 
228; 274; 302 
228; 274; 302 

20.05 
21.51; 8.87; 9.07 
18.70; 7.14; 8.70 

18.22 
20.68; 14.70; 2.28 

17.02 
18.70;16.40; 5.88 
2.70; 28.08 

26.65; 18.85 
20.90; 9.46; 9.81 
20.42; 9.20; 9 .63 
3.54; 27.70 

27.62 
17.32; 15.96 
17.42; 15.90 
23.40; 31.82 
15.94; 19.45; 19.30 
16.05; 19.40 
13.64;17.69 
18.56; 17.32 

16.80 
3.40; 3.68 

COMPOUNDS FROM TABLE I 

COMPOUNDS FROM TABLE I1 

16.82; 3.81; 1.79 
16.82, 15.59; 3.46; 

3.44 
24.55; 5.42; 1.95 
23.80; 5.78; 2.21 

239 
255; 300 
251; 291 

241 
239 ; 303 

237 
238; 270 

268; 278 

244 
255; 302 
255; 302 
268; 279 

269 
242 
239 
227 

234; 259 
234; 259 

244 
243 
242 
246 

247; 290 
240; 272 

278 
248; 292 
250; 290 

5.24 
3.00; 8.15 
2.64; 5.14 

5.26 
13.84; 2.17 

1.87 
16.23; 5.82 
2.55; 2.47 

8.21 
3.70; 8.49 
2.93; 8.19 
3.45; 3.00 

8.55 
14.84 
14.60 
22.25 

12.65; 12.75 
12.62; 12.80 

1.65 
3.76 
2.84 
0.72 

2.51;1.51 
14.62 ; 3.36 

3.41 
2.93; 1 .78 
3.54; 2.08 

a Absorption spectra were determined by means of a Beckman DU quartz spectrophotometer, using 0.00005 molal absolute 
ethanol solutions. The compounds used in syntheses of amino ketones are as follows and were essentially by the procedures 
for which references are given; they had the reported melting points: (A) CH30C&14COCH2C6H40CH3P, l6r48 (B) CH202- 

E ~ O C H I ~ . ' ~  (F) CBHSCH~COC~H~OCH~P.'~~'~.~~ (G) C ~ H ~ C O C H Z C B H ~ O C H ~ ~ . ~ ~ , ~ ~ , ~ ~  (H) ( C H ~ ) Z N C ~ H ~ ~ O C H ~ C ~ H ~ ~ . ~ ~  
Weak anisole absorption is doubtless obscured by the tailing off of the main 

benzoyl peak. e Slight shoulder a t  280 mM, e 5,400. p The substitution is para. 

CsH~COCHOHCsH~0&H2C.zo (C) C H S O ~ C B H ~ C O C H O H C ~ H ~ . ~ ~  (D) C B H ~ C H O H C O C ~ H ~ O C H ~ ~ . "  (E) CeH5COCHOHCs- 

The O&HZ group is the 3,4-methylenedioxy. 

threo-i,%Dipheny1-3-ethanolaminoethanol (XXIXa) was 
obtained by condensation of 9.8 g. (0.05 mole) of cis-stil- 
bene oxide and 4.6 g. (0.075 mole) of ethanolamine a t  100' 
for 12 hours. Solution in ether, washing, drying, and evapo- 
rating gave 12.3 g. (96%); m.P. 119-120': recrystallized from . .  . . -  
benzene, m.p. 126-121". 

C, 74.71: H. 7.22. 
Anal. Calo'd for CleHlsN02: C, 74.68; H, 7.44. Found: 

'The hydrochloride waa crystallized from butanone-metha- 
no1 mixtures, m.p. 192-193'. 

Anal. Calc'd for C16H19NO~-HCl: C, 65.41; H, 6.86. 
Found: C, 65.49; H, 7.06. 

threo-i,2-DiphenyLd-ethylethanolaminoethanol (XXIXa) 
was prepared similarly (52%); crystallized from cyclo- 
hexanone, it had m.p. 101-102". 

Anal. Calc'd for C&?3N02:  C, 75.75; H. 8.12. Found: . .  
C, 75.61; H, 8.42. 

action of ethereal hydrogen chloride, m.o. 192-193 '. 
The hydrochloride was prepared from the pure base by the 

Anal. Calc'dfor CisH23NO2.HCI: N; 4.35; Found: N, 4.82. 
Preparalion of erythro-1 ,$diphen yL2-( N-benzyl)ethanol- 

aminoethunol (XXIXb, R = C H ~ C B H ~ ) ~ ~  was by the method 
described above; yield 54%, m.p. 132-133'. 

(45) Jenkins, J. Am. Chem. Soc., 54,1155 (1932). 
(46) Apitzsch, Ber., 40,1803 (1907). 
(47) TifTenoau and Levy, Bull. soc. chim. France, [4], 49, 

(48) Truett, Dissertation, University of Virginia, 1950. 
725(1931). 

2,9-Diphenylmorpholine (XXX, R = H). The red paste re- 
sulting from portionwise addition with stirring of 7.1 g of 
erythro-1,2-diphenylethanolaminoethanol (XXIXb) to 20 
ml. of cold (0') 70% sulfuric acid and heating a t  100" for 
3 hours, was poured into ice and neutralized with 25% so- 
dium hydroxide. The product was isolated by extracting with 
ether, drying, and evaporating; 5.8 g. (54%), m.p. 70-72"; 
recrystallized from ethanol-water mixture and from low- 
boiling petroleum ether, m.p. 82-84'. 

Anal. Calc'd for C&17xO: C, 80.36; H, 7.16. Found: 
C, 80.29; H, 7.35. 

The hydrochloride was precipitated from an ether solution 
of the pure base by ethereal hydrogen chloride and was 
recrystallized from butanone-methanol mixture, m.p. 271- 
273'. 

Anal. Calc'd for CI6Hl?NO-HC1: C, 69.68; H, 6.58. Found: 
C, 69.39; H, 6.51. 

A sample prepared similarly by dehydration of the threo 
isomer (XXIXa) gave the same product XXX.HC1, (64%), 
identified by mixture m.p. 
9,5-Diphenyl-~-ethylmorpholine (XXX, R = CzH6) was 

prepared both from XXIX(a) and (b) by the above pro- 
cedure (yields as the hydrochlorides 69 and 61% respec- 
tively; identity shown by mixture m.p.). The base was re- 
crystallized from ethereal-water mixture or from isooct.ane, 
m.p. 71-72'. 

Anal. Calc'd for ClsH21N02: C, 80.86; H, 7.95. Found: 
C, 80.67; H, 7.78. 



BO LUTZ AND RAKER VOL. 21 

Hydrochloride, crystallized from butanone-methanol mix- 
ture, m.p. 275-276". 

Anal. Calc'd for C18H21N02.HCl: C, 71.15; H, 7.30; C1, 
11.67. Found: C, 70.88; H, 7.41; C1, 11.64. 

Reduction of 2,S-diphenyl-6,6-dihydro-4-ethyl-l,4-oxazine 
(XXXI)4 (9.3 g.) by 9.6 g. of sodium in 175 ml. of boiling 
isoamyl alcohol (2.5 hours), hydrolysis, and washing, and 
evaporation under reduced pressure, gave an oil which was 
taken up in ether and converted into the hydrochloride; 
8 g. (75%), m.p. 185-205'. Upon recrystallization from 
butanone-methanol mixture it was identified by m.p. 275- 
276" and mixture m.p. as XXX (R = C2Hs). The residue 

gave fractions of wide and varied map. ranges, and probably 
contained some of the stereoisomer. 
.2,SS-Dipheny1-4-benzylmorpholine hydrochloride (XXX, 

R = C H Z C ~ H ~ )  was made similarly in 65% yield by dehy- 
dration of the erythro dialcohol XXIXb (heating time 5 
hours); crystallized from butanone-methanol mixture, m.p. 

Anal. Calc'd for C2sH2sNO2.HC1: C, 75.50; H, 6.61; N, 
228-230 '. 
3.83. Found: C, 75.27; H, 6.60, N, 3.90. 
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