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The di-threo- and dl-erythro-a-bromo-g-morpholinobenzylacetophenones (Ia and Ib) can be rearranged under carefully

selected conditions to vield 8-bromo-a-morpholinobenzylacetophenones (Illa or IIIb).
methanol to yield the di-threo- and di-erythro-B-methoxy-a-morpholinobenzylacetophenones (IVa and IVb).

Compounds Ia and Ib react with
The rearrange-

ment and rearrangement-methanolysis products IIIa, IIIb, IVa and IVb were evidently formed vie the ethylenimonium
ketone bromines IIa and IIb, which usually reacted in a stereospecific manner. )
Compounds Ia, Ib and ITIb undergo dehydrobromination with sodium ethoxide to yield the known e-morpholino-cis-

chalcone (Va).
the same conditions.

Compounds IIIa, IVa and IVb yielded the previously unknown «-morpholino-trans-chalcone (Vb) under
Thus the bromides IIla and IIIb may have given stereospecific frans-elimination reactions, but the

elimination reactions of bromides Ia and Ib and the methoxy compounds IVa and IVb are stereoconvergent rather than

stereospecific.

Rate studies and stereochemical observations indicate that dehydrobromination of the bromides Ia and Ib

involves attack of the base upon the ethylenimonium ketone bromides ITa and IIb.

Reactions of a-bromo-B-amino ketones of the
type A, in which the amino function is tertiary,
were investigated some years ago by Cromwell and
his associates, and have more recently been studied
in this Laboratory.

CHART 1
RCH—CHCOR’ + YH —» RCH—CHCOR’ + HBr

|
R”zN Br Y NR”z

A B
fon

N

RCH—CHCOR’

i NH,O C2H5

RCH-=CCOR’

R”:N -~ N + Br-
NaOC2H5

N
C R” R” D

It has been observed that these compounds react
with amines,® with water! or with methanol* to
yield products in which the bromine is replaced at
the a-position by migration of the amino function,
and the @-position is occupied by a nucleophilic
group from the attacking reagent. The equation
A — B, in which YH represents a nucleophilic
reagent, describes these reactions in general terms.
It has also been recognized? that dehydrobromina-
tion of the compounds A involves migration of the
amino function to yield e-amino-e,B-unsaturated
ketones of the type C.2

Cromwell and Cram,® who first demonstrated
the migration of the 8-amino function by examining
the structures of products obtained in reactions of
type A compounds with amines, concluded that
ethylenimonium ketone bromides (D), formed by
neighboring group displacement of the a-bromine,
must be intermediates in the rearrangement-
displacement processes A - B. The rearrange-

(1) Supported in part by aresearch grant ((G-9484) from the National
Science Foundation.

(2) This paper is based principally on a thesis submitted by Yoon-
Chai Lee in partial fulfillment of the requirements for the degree of
Doctor of Philosophy at the Carnegie Institute of Technology, August,
1961.

(8) (a) N. H. Cromwell and D. J. Cram, J. Am. Chem. Soc., 65,
301 (1943); (b) N. H. Cromwell and 1. H. Witt, :bid., 68, 308 (1943).
These papers include a review and interpretation of earlier work by
Cromwell and others.

(4) P, L. Southwick and W. L. Walsh, ¢bid., 7T, 405 (1955).

(5) N. H. Cromwell, #bid., 63, 2897 (1940).

ment—elimination reactions A — C were explained
in a similar fashion,??

Originally the «-bromo-g-amino ketones (A)
were obtained by the addition of amines such as
morpholine to a-bromo-a,3-unsaturated ketones.’~7
More recently it has been discovered that other
diastereoisomers could be obtained by adding N-
bromomorpholine to an appropriate a,B-unsatu-
rated ketone.!? The availability of both eryihro
and threo isomers of compounds of the type A has
made possible the investigation of steric effects in
reactions of intermediate ethylenimonium ketone
bromides (D) which is the subject of this paper.
The results to be described here were obtained with
compounds derived from morpholine and chalcone;
.., R and R’ in the above formulas were phenyl,
and R,"N— was the morpholino group. Evidence
was presented previously that the isomer of type A
prepared by morpholine addition to a-bromo-
chalcone has the threo configuration.”®  The results
of the present investigation strongly support this
configurational assignment, as will become evident
later in the discussion.

The investigation was concerned with: (1)
rearrangement reactions, (2) methanolysis reactions
and (3) elimination reactions. These three aspects
of the work are interrelated, as indicated in Chart
IT, but will be discussed separately below under
appropriate headings.

Rearrangement of the Diastereoisomeric «-
Bromo-3-morpholinobenzylacetophenones (Ia and
Ib).—As reported recently,” the assumed dl-threo-
a-bromo-g-morpholinobenzylacetophenone (Ta)
undergoes rearrangement to yield one of the 8-
bromo-e-morpholinobenzylacetophonones  (I1Ia)
when refluxed for ¢a. 20 minutes in methanol. A
more satisfactory method of obtaining the re-
arrangement product has been found since; if
Ia is allowed to dissolve in a methanol-acetone
mixture at room temperature, the resulting solution
vields IITa when concentrated by evaporation.
As obtained in this manner the 8-bromo compound

(6) R. H. Jordan, R, E. Lutz and D. F. Hinkley, Jr., J. Org. Chem,,
16, 1442 (1951).

(7) P, L. Southwick and R. J. Shozda, J. Am. Chem. Soc., 81, 5435
(1959).

(8) N. H. Cromwell, F. H. Schumacher and J. L. Adeliang, 7bid.,
83, 974 (1961), give a correlation with compounds of known configura-
tion,
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IITa is easily purified; there is no evidence of
mixed diastereoisomers or methanolysis products.

When the assumed dl-erythro isomer Ib was
treated with methanol under conditions identical
to those used with Ia it was converted into a
rearranged methanolysis product, as discussed
below. However, by refluxing Ib in acetonitrile it
was possible to obtain a rearranged product IIIb.
That compound IIIb, like IIla, was not an a-
bromo ketone could be shown by its failure to
oxidize acidified potassiuin iodide solutions.® The
infrared spectrum of IIIb differed in a few details
from that of its precursor Ib, but was essentially
identical with that of I1Ia.

It is evident that the ions of the ethylenimonium
ketone bromides ITa and IIb recombine in suitable
solvents to form the §-bromo-a-morpholino ketones
IIIa or IIlb. On the question of whether re-
arrangement product IIIb represents a single
configuration different from IIla, the evidence is
somewhat equivocal. The melting point of IIIb
was lower (131° as compared to 138° for 11Ia) but,
due to decomposition on melting, mixed melting-

(9) N. H. Cromwell and J, A, Caughlin, J. Am. Chem. Soc., 87, 2235
(1945),

point comparisons showing slight depression were
probably not conclusive. One sample of IIIb,
as discussed below, yielded o-morpholino-cis-
chalcone (Va) when heated with sodium ethoxide
under conditions which produced mainly o-
morpholino-trans-chalcone (Vb) from IIla. An-
other sample of IIIb, on the other hand, gave a
mixture of Va and Vb, with the latter apparently
predominating, when treated with sodium hy-
droxide in ethanol at 25°. The ultraviolet spec-
trum of the product mixture was virtually identical
to that obtained from IIIa under the same condi-
tions.

It might reasonably be assumed that, as in
the case of related ethylenimines,'® the ethylen-
imonium ions would be formed by a neighboring
group displacement with inversion, and that the
reaction with bromide ion which completes the
rearrangement would likewise tend to produce
inversion. Thus I1Ia is shown as a ¢hreo compound
and IIIb as an erythro compound. Some support
for these configurational assignments is found in the

(10) (a) N. H. Cromwell, G. V. Hudson, R, A, Wankel and P, J.
Vanderhorst, ¢bid., 758, 5384 (1953); (b) F. H. Dickey, W. Fickett and
H. J. Lucas, ibid., T4, 944 (1952); (¢} G. K. Helmkamyp and H. J.
Lucas, ibid., 74, 951 (1952).
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dehydrobromination experiments discussed below.
The period of heating required for rearrangement
of Ib to IIIb may in some experiments, however,
have allowed IIIb to change over, at least in part,
to the configuration of IIla. More work is needed
to establish whether the rearrangement of Ib in
acetonitrile was stereospecific.

Methanolysis with Rearrangement of the Di-
astereoisomeric «-Bromo-g-morpholinobenzylace-
tophenones (Ia and Ib).—Previously the assumed
dl - erythro - a - bromo - 8 - morpholinobenzyl-
acetophenone (Ib) was found to yield a S-methoxy-
a-morpholinobenzylacetophenone  (IVb) when
heated with methanol for cg. twenty minutes.*
In the present investigation it was found that the
bromomorpholino ketone Ib reacts rapidly with
methanol even at 20°; apparently its half-life in
a 1:1 methanol-acetone mixture at this tempera-
ture is less than five minutes, as judged by the
amount of unchanged a-bromo ketone revealed by
a rough quantitative method based upon reduction
with acidified iodide solutions.! As already men-
tioned, the assumed dl-threo-isomer Ia, on the other
hand, yielded mainly a rearrangement product
(I11a) rather than a rearranged solvolysis product
when heated for a short time with methanol” or
allowed to stand in a methanol-acetone solution.
The rate of reaction of Ia in methanol is much
slower than the rate of reaction of Ib; at 20° Ia
appeared to have a half-life of ca. 120 minutes in
the methanol-acetone mixture, as estimated by the
same method used with Ib. The difference in the
rates of reaction of the two isomers under these
conditions can be attributed in part to a difference
in the rate of formation of intermediate ethylen-
imonium bromides; as will be shown in the last
section of this discussion, a ‘“cis effect’’ retards the
formation of the c¢is-ethylenimonium bromide IIa.!!

By heating the dl-threo-a-bromo-g-morpholino
ketone (Ia) in methanol for a longer period of time
(ca. 5.5 hours proved sufficient) it was transformed,
unquestionably /e the rearrangement product
IIla to a large extent, into a A-methoxy-e-mor-
pholinobenzylacetophenone (IVa). The latter
product, m.p. 124.5-126°, was not identical with
the diastereoisomer IVb, m.p. 116-117°, obtained

(11) (a) A review of ‘“‘cis effects” has been published by D, V.
Curtin, Record Chem. Progress, (Kresge-Hooker Sci. Lab.), 18, 111
(1954). (b) Since the rough reaction rate data under consideration
here (unlike the more accurately determined elimination rate data
discussed below) are in some particulars not fully consistent with
other observations, it would probably be hazardous to attempt to draw
any further conclusions from them. Thus, although the rate experi-
ments with Ia at 20° in methanol and acetone indicated that the
progress of the reaction had nearly ceased at ca. 509, conversion of Ia,
suggesting possible equilibration of Ia with the rearrangement product
ITla, a preparative experiment carried out at room temperature
apparently resulted in at least 949%, conversion of Ia to IIla. The
conversion of Ib to IVb also appeared to become very slow at ca.
70% of completion in the rate experiments, but in this case it was to
be expected that salt formation between liberated hydrogen bromide
and starting material would exert a rate-retarding effect as the reaction
progressed. The rough rate data on the rearrangement of Ia had
another peculiarity; the reaction rate appeared to be greater during
the second measured time interval than during the first. A more
meaningful comparison of solvolysis rates could no doubt be obtained
from separately prepared ethylenimonium ketone salts similar to
ITa and IIb, but having an anion of sufficiently low nucleophilicity to
permit their isolation. It now appears that ethylenimonium ketone
perchlorates of this general type can be isolated and characterized
(private communication from Dr. Nelson J. Leonard).
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from dl-erythro-a-bromo-g-morpholinobenzylaceto-
phenone (Ib).* The two compounds displayed a
large mixed-melting point depression and there
were considerable differences in their infrared
spectra in the ‘‘finger-print” region.

If the second @-methoxy-a-morpholino ketone
(IVa) had resulted from a direct methanolysis of
the rearranged bromide IIla, it seems likely that a
difficultly separable mixture of the diastereoisomers
IVa and IVb would have resulted. That such was
not the case suggests that the methanolysis pro-
ceeded primarily wig attack of methanol on the
cis-ethylenimonium ketone bromide IIa, which
might be expected to be in equilibrium with the
rearranged bromide IIIa. The rather unlikely
possibility that IIla was converted first into IVb
and then into IVa by a thermodynamically favored
epimerization can evidently be dismissed; IVb
was unchanged by heating for 5.5 hours in refluxing
methanol in the presence of hydrogen bromide
(heating of IVb hydrobromide).

The stereospecificity of the methanolysis reac-
tions of Ia (or IIIa) and Ib would seem to suggest
that the cis- and trans-ethylenimonium ketone
bromides IIa and IIb enjoy an appreciable con-
figurational stability and that both undergo
methanolysis by the same mechanism. A nucleo-
philic attack by methanol on the g-carbon of Ila
or IIb with inversion of configuration is probably
the most reasonable way in which to explain the
preservation of the configurational difference with
a cousiderable degree of stereospecificity. If this
explanation is correct, the methanolysis product
from Ia or I1Ia would have the threo configuration
IVa and that from Ib the erythro configuration
IVh.

The fact that both of the methanolysis products
IVa and IVb have the methoxyl group at the 8-
carbon was demonstrated by their conversion to an
a-mnorpholinochalcone (Vb) by treatment with
sodium ethoxide. There would be no reason to
anticipate a rearrangement in these §-eliminations
of methanol. The stereochemical implications of
the result are considered in the second part of the
next section.

Sodium Ethoxide-induced Elimination Reac-
tions. Dehydrobromination of the (-Bromo-a-
morpholinobenzylacetophenones IIla and IIIb.—
In the base-induced dehydrobromination of g-
bromo ketones the degree of stereospecificity ob-
served may be rather slight. Thus, for example,
it is found that dehydrobromination of erythro-
chalcone dibromides with sodium or potassium
acetate yields both cis- and trons-a-bromochalcones
with the cis-isomer in some cases the minor product,
although it would be expected to predominate if the
configuration of the product were controlled by a
concerted frans-elimination mechanism.'2.9® (The
threo-dibromides give the expected frans-a-bromo-
chalcones.) Lutz, Hinkley and Jordan!? have
suggested that elimination vie an intermediate
enolate accounts for the low order of stereospeci-
ficity in such reactions.

(12) R. E. Lutz, D. F. Hinkley, Jr., and R, H. Jordan, J. Am. Chem,

Soc., T3, 4647 (1951).
(13) P. L. Southwick and R, J. Shozda, ibid., 81, 3298 (1859).
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Dehydrobromination of the B-bromo-a-mor-
pholinobenzylacetophenones IITa and IIIb showed
some stereospecificity. The a-morpholinochalcone,
Va, m.p. 94°, obtained from one sample of IIIb
was identical with the a-morpholinochalcone ob-
tained earlier from either the threo- ot the eryihro-
a-bromo-3-morpholinobenzylacetophenone (Ia or
Ib),*5 but the product Vb, m.p. 76-78°, from the
threo compound I1Ia was the previously unknown
geometrical isomer of Va.

The structure of the new a-morpholinochalcone
(Vb) was established by the demonstration that it,
like the other geometrical isomer Va, yielded
benzyl phenyl diketone upon hydrolysis,® and by
the observation that the isomer Vb reverted to
the previously known isomer Va simply upon being
allowed to stand at room temperature.!* The
ultraviolet spectrum of the new isomer Vb was
similar to that of the known isomer Va. As
measured in 95%, ethanol, Va had its principal
maximum at 259 my, ¢ 19,000, whereas the corre-
sponding maximum for Vb was at 257 mu, € 16,150.
Both had a very broad maximum of low intensity
in the visible range; Amax was 380 my, € 1,520, for
Va and 392 my, € 2,270, for Vb. The most sig-
nificant difference in the spectra of the two com-
pounds was the location of absorptions appearing
as shoulders on the long wave length side of the
principal absorption bands. In the case of Va a
shoulder at ca. 285 my, ¢ 16,000, indicated a band
centered at ca. 287 mu, ¢ = 14,000. In the case of
Vb the shoulder was at ca. 300 my, € 8,500, indicat-
ing a band centered at ce. 302 mu, ¢ == 8300.
This latter band in Vb may represent a trans-
chalcone absorption.’®

The infrared spectra of the isomers Va and Vb
were also similar, but significant differences were
evident which could serve as the basis for con-
figurational assignments. The carbonyl band in
the previously known form is found at 5.97u
in carbon tetrachloride, whereas in the new isomer
this absorption is at 6.04u. Among «,8-un-
saturated ketones those compounds which have
substituents ¢ss to the carbonyl function display
carbonyl absorption at shorter wave lengths, due
to steric interference with coplanarity in the
conjugated system.’® It has therefore been con-
cluded that the new a-morpholinochalcone, ni.p.
76--78°, probably has the trans-chalcone con-
figuration Vb, the previously known isomer having
the cis-chalcone configuration Va. These are the
configurations expected to result if the previously
assumed configurations of the diastereoisomeric
B-bromo-a-morpholino ketones IIIa and IIIb
are correct and the dehydrobrominations follow a
trans-elimination mechanism.?’

i14) The possibility that this isomerization requires photochemical
activation has not vet been investigated adequately, and the stability
relationship of the two isomers in the absence of light is upcertain.
Isomerization does not occur readily in refluxing ethano! alome, al-
though there appears to be a rather slow conversion of Vb to Va
(accompanied by decomposition) at the reflux temperature in ethanolic
sodium ethoxide solution. The interesting isomerization in the solid
state at room temperature deserves further investigation.

(15) (a) W. B. Black and R. E. Lutz, J. Am. Chem. Soc.. TT, 5134
(1955); (b) A. Hassner and N. H, Cromwell. ¢bid., 80, 8393 (1958);
() R. D. Campbell and N. H. Cromwell, tbid., 79, 31456 (1957).

(16) E. A, Braude and C. J. Timmous, J. Chem. Soc., 3756 (1935);
sce also refs. 15b and 15c.
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Stereoconvergent Methanol Elimination from
the g-Methoxy-a-Morpholinobenzylacetophenones
IVa and IVb.—When either of the diastereoisomeric
B-methoxy-a-morpholinobenzylacetophones (IVa or
IVDb) was heated for 5 minutes with sodium ethoxide
in ethanol, elimination of methanol occurred.
In the case of both of the diastereoisomers IVa
and IVb the isolated product was almost exclusively
a-morpholino-trans-chalcone (Vb), although smail
amounts of the cis-isomer Va could be separated
by careful fractional crystallization when heating
was continued for 20 minutes. The configuration
produced in these elimination reactions was
apparently not the result of equilibration of
isomers in the product, but the reactions cannot
be regarded as stereospecific in the usual sense,
since starting materials of differing configurations
vield a product of the same configuration. Pre-
viously the term ‘“‘convergent configuration control”’
was applied to this type of result.” The adjective
“stereoconvergent” may be suggested as a con-
venient one-word designation for reactions char-
acterized bv convergent, kinetically determined,
configuration control.®

The predominant isomer (Vb) formed from
either starting material is that expected to result
from ¢rans-elimination of the elements of methanol
from the threo-3-methoxy ketone IVa. Obviously
a concerted #rans-elimination is #of involved in the
formation of Vb from the erythro-3-methoxy
ketone IVb, however, unless the elimination
process occurs subsequent to isomerization of the
erythro-3-methoxy ketone IVb into the fthreo-g-
methoxy ketone IVa. Such an isomerization,
if it occurred, would presumably depend upon
formation in the basic reaction mixtures of an
intermediate sodium enolate VI. The same eno-
late, which, of course, could also be derived from
the threo-3-methoxy ketone IVa, would likewise

(17) There is, however, a possibility that in neither instance is the
predominant configuration of the elimination product actually deter-
mined by a conceried trans dehydrobromination. It is conceivable
that dehydrobromination of the erythro isomer IIIb might proceed
via the ethylenimonium ketone bromide IIb and that dehydrobromina-
tion of the threo isomer I1la might proceed via a bromo enolate an-
alogous to the methoxy enolate pictured in formula VI, The results
would still indicate that the configurational assignments to 1ITa and
1IIb were correct, however, since if either isomer reverted rapidiy
to an ethylenimonium ketone bromide and was thus converted to
a-morpholino-cis-chalcone (Va) it is the erythro isomer which would
be expected to do so.

(18) (a) Eliel, in elaborating an earlier suggestion by Zimmerman
(J. Am, Chem. Soc., 81, 108 (1959)), has recently advocated the use of
“‘stereoselective’’ as a general term defined in such a way as to embrace
not only stereospecific reactions, in which the configuration of the
starting material influences the configuration of the product, but also
those reactions {(for which he does not suggest any special term)
displaying what we have called “‘convergent configuration control”
in ref. 7 (See I. L. Eliel, “Stereochemistry of Organic Compounds,”’
MeGraw-Hill Book Co., Inc., New York, N, Y., 1962, p. 436.) ‘‘Sterco-
selective reactions,” if defined as suggested by FEliel, might appro-
priately be subclassified as either stereospecific or sterenconvergent
when it can be determined whether the configurational outcome is
dependent upon, or independent of, the configuration of the starting
material. (b) Recent investigations have revealed analogous behaviorin
other base-induced elimination reactions. See, for example, the case
of the 2-chloro-1,2-diphenylethyl p-tolyl sulfones studied by S. J.
Cristol and P. Pappas, Abstracts of the 140th Meeting of the American
Chemical Society, Chicago, I11., September 3 to 8, 1961, p. 18-Q. $. J.
Cristol and R. S. Bly, Jr., J. 4m. Chem. Soc., 82, 143 (1960), provide
a recent review and discussion of work on steric effects in base-induced
dehydrohalogenations; see also ref. 19b.
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be an intermediate in a non-concerted methanol
elimination. Thus, it is not necessary to assume
a completed isomerization of the erythro-g-methoxy
ketone IVb in order to account for the formation
of the o-morpholino-irans-chalcone Vb; it is
quite possible that the sodium enolate VI, whether
produced from IVa or IVb, would yield principally
the oa-morpholino-frans-chalcone Vb when the
elimination is completed by loss of methoxide iomn.
If resonance in the enolate anion tended to stabilize
a planar configuration about a partial double bond
between the a-carbon and the carbonyl carbom,
then the normal tendency for steric interactions
to be minimized would result in the “overlap
control” suggested by Zimmerman® (see formula
VI®), and the expected product from the non-
concerted elimination would he the observed a-
morpholino-trans-chalcone (Vb).

Direct Dehydrobromination of Intermediate
Ethylenimonium Ketone Bromides (Ila and IIb).—
Treatment of either of the di-threo®- or erythro-a-
bromo-8-morpholinobenzylacetophenones (Ia or Ib)
with sodium ethoxide results in the formation of
the compound now considered (vide supra) to be
a-morpholino-cis-chalcone (Va). Thus the elim-
ination reactions of these compounds, which occur
under conditions that do not appreciably inter-
convert Va and Vb, are not stereospecific, but
stereoconvergent.

The work of Cromwell and Cram?® provided
evidenice that these dehydrobrominations neces-
sarily involve intermediate formation of an ethyl-
enimonium ketone bromide, but it has not hereto-
fore been established whether the base acted
directly on the ethylenimonium ion, as was orig-
inally suggested,® or on rearrangement or sol-
volysis products such as IITa or the ethoxy analog
of IVa. It has now become evident from con-
sideration of the results presented above that
the ethylenimonium bromide IIa derived from the
threo-a-bromo-3-morpholino ketone Ia must be
directly attacked by sodium ethoxide, since the
dehydrobromination of Ia yielded a-morpholino-
cis-chalcone (Va), whereas dehydrobromination
of the rearrangement or methanolysis products
IIIa) or IVa yielded a-morpholino-frans-chalcone
(Vb).

The fact that dehydrobromination produces
a-morpholino-cis-chalcone (Va) from either the
cis- or the trams-ethylenimonium ketone bromides

(19) See (a) H. E, Zimmerman, L. Singer and R, 8. Thyagarajan,
J. Am. Chem. Soc., 81, 108 (1959); (b) H, E. Zimmerman and L.
Ahramjian, ibid., 81, 2086 (1959); (¢) H. E. Zimmerman and L.
Ahramjian, bid., 82, 5459 (1960). “Overlap control”’ evidently
represents an important influence favoring stereoconvergent results
in elimination reactions leading to conjugated systems.

(20) Formula VI is intended to represent a configuration and con-
formation in which the four bonds attached to the Ci to C: enolate
double bond lie in a plane perpendicular to the plane determined by the
bonds between Cp and Cs and between Cs and the methoxyl oxygen.
Transition state geometry of this kind has been assumed!®® to prevail
in the dehydration of the erythro- or threo-3-hydroxy-2,3-diphenyl-
propionic acids and related compounds under conditions used in the
Perkin reaction, The selection of VI as the most reasonable picture
of a favored configuration and conformation which would lead to the
transition state for elimination of methoxide ion is based upon examina-
tion of steric interactions in molecular models of both geometrical
isomers of the enol form of B-methoxy-e-morpholinobenzylaceto-
phenone. The geometry indicated by VI would appear to minimize
these interactions.
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IIa or IIb indicates that at some stage in the
reaction process an intermediate or transition
state occurs in which the original configurational
difference is lost. An intermediate enolate zwit-
terion (VII) represents an interesting possibility of
this kind. It is not clear, however, why the
collapse of such a zwitterion should result in a
high degree of convergent configuration control
to yield essentially only the ¢is form of e-mor-
pholinochalcone (Va).?!

Sodium ethoxide attack upon the ethyleni-
monium ketone bromides IIa and IIb must be
rapid enough to intercept these intermediates
before they can undergo rearrangement or sol-
volysis. It might therefore be surmised that the
rate-controlling step in dehydrobromination with
excess base should be formation of the inter-
mediates ITa or IIb; the steady-state approx-
imation should be applicable to concentrations of
ITa and IIb, and rates of formation of the elim-
ination product Va should approach closely the
rates of formation of 1Ia and ITh.

In order to examine this possibility, the rates of
dehydrobromination of the «-bromo-3-morpholino
ketones Ia and Ib at 25° by the action of sodium
hydroxide in ethanol solution were measured by
an ultraviolet spectrophotometric method. The
reactions were found to follow a first-order rate
equation with respect to Ia and Ib, and the rates
were not increased by doubling the concentrations
of sodium hydroxide. (Sodium hydroxide con-
centrations were either five or ten times the molar
concentrations of Ia or Ib.) It is believed, there-
fore, that the measured dehydrobromination rates
reveal the rates of formation of the ethylenimonium
ketone bromides IIa and IIb. The very rapid
reaction rates led to difficulties in obtaining ac-
curately reproducible data; the half-lives of
the erythro and threo compounds Ib and Ia were
only 54 and 200 seconds, respectively, under the
conditions used. However, the quality of the
data was adeguate to demonstrate unmistakably
that the rate of formation of the assumed frans-
ethylenimonium ketone bromide IIb (kb = ca.
12.6 X 10-° sec.™) was much greater than that
for the assumed cis isomer IIa (ki = ca. 3.53 X
103 sec.” ).

Tt has been concluded, on the basis of thesc
results, that formation of the c¢is-ethylenimonium
ketone bromide Ila shows the expected rate
retardation due to steric interactions (cis-effect)
between the phenyl and benzoyl groups, and
that dehydrobromination rate studies supply
additional strong support for the previous con-
figurational assignments to compounds la and
Ib. With these configurations firmly ecstablished
it is possible to attach more importance to sug-
gestions” which have been made regarding the
manner in which configuration control might be
exercised in the formation of Ia and Ib by the
conjugate addition reactions of morpholine or N-

(21) It is possible that collapse of a zwitterion of the type VII
would be directed almost exclusively toward formation of ae-mor
pholino-cis-chalcone (Va) because this would allow an immediate
release of crowding between the spiromorpholino group and the phenyl
at the @-carbon which would be present in the ethylenimonium ketone
bromide or the zwitterion VII.
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bromomorpholine indicated in Reaction Chart II,
The configurations are those required by the
hypothesis that in the conjugate additions inter-
mediate chelated B-amino enols are formed and
then ketonized by protonation or bromination
from the less hindered side of the chelate ring.’

NoTe AppEp IN Proor.—Recently, nuclear magnetic
resonance measurements have provided evidence regarding
the configurations of Ia and Ib which is not dependent on
the interpretation of any reaction process. In the spectrum
of Ib, as compared to that of Ia and appropriate related
compounds, the lines assignable to the two oxygen-linked
methylenes of the morpholino group are moved cz. 0.5
p.p.m. to higher field, an effect which probably must be
attributed to long-range shielding by a phenyl group. The
most favorable conformation of the erythro configuration
would place the benzoyl group gauche to the morpholino
group, and, as models indicate, the phenyl portion of the
benzoyl group would then be properly located to exert a
diamagnetic effect such as that observed in the spectrum of
Ib (unpublished observations by P. L. Southwick and G. E.
Milliman).

Experimental?2.23

Rearrangement of dl-threo- and di-erythro-a-Bromo-S-
morpholinobenzylacetophenones (Ia and Ib). Preparation
of di-threo-g-Bromo-a-morpholinobenzylacetophenone
(IIIa).—A mixture of 2 g. (0.0053 mole) of threo-a-bromo-8-
morpholinobenzylacetophone (Ia), 50 ml. of acetone and
125 ml. of methanol was stirred vigorously at room tempera-
ture for a period of 8 hours, while the starting material
gradually dissolved. Aqueous sodium bicarbonate (30 ml.)
was then added to the solution. A yellow solid immediately
precipitated, The mixture was kept at 0° for 2 hours.
The solid was removed by filtration and crystallized from
petroleum ether (b.p. 65-110°). Pale.yellow needles (0.82
g., m.p. 138-139° dec.) were obtained. The volume of the
mother liquor from the crystallization was then reduced to
half by evaporation under reduced pressure and an addi-
tional 1.05 g. of the same yellow product, m.p. 138.5-140°
dec., separated. The total amount of the rearrangement
product obtained was 1.87 g. (949, vield). The infrared
spectrum of this material was identical with that of an
authentic sample, m.p. 134-137° dec.,” and did not show
the band corresponding to a methoxy! group (9.10 u)
which indicates the presence of a methanolysis product in
certain samples prepared by refluxing Ia in methanol;
infrared spectrum (in chloroform): 3.40(70), 3.51(67),
5.96(38), 6.23(64), 6.32(70), 6.70(72), 6.89(47), 7.27(65),
7.35(66), 7.56(60), 7.72(53), 7.87(55), 8.04(56), 8.49(57),
8.74(47), 8.98(20), 9.34(59), 9.72(64), 9.95(54), 10.30(62)b,
10.90(63), 11.51(49), 11.82(64)sh.

A 1-g. sample of the compound treated with acidified
potassium iodide as described by Cromwell and Caughlin®
vielded only a trace of iodine. Only 0.3 ml. of 0.03 N
thiosulfate was required for its titration.

Rearrangement Product (IIIb) of di-erythro-a-Bromo-3-
morpholinobenzylacetophenone (Ib).—Commercial aceto-
nitrile was treated with sodium carbonate until gas evolution
ceased. The acetonitrile was then distilled from phosphorus
pentoxide. The freshly distilled acetonitrile (50 ml.) and
3.8 g. (0.01 mole) of erythro-a~bromo-g-morpholinobenzyl-
acetophenone, m.p. 132-134°,4 were refluxed for 2.5 hours
in an apparatus protected from moisture, and then left at
room temperature for 12 hours. The acetonitrile was
removed by evaporation under reduced pressure., The
dark-brown residue was extracted several times with boiling
petroleum ether (b.p. 65-110°) and the extracts combined.
The petroleum ether solution was evaporated to dryness
and the residue air-dried. The crude rearrangement prod-

(22) Microanalyses by Drs. G, Weiler and F, B, Strauss, Oxford,
Eng., and Geller Microanalytical Laboratories, Bardonia, N, Y,

(23) Infrared spectra were determined with a Perkin-Elmer model
21 spectrophotometer equipped with rock-salt optics, Solutions usu-
ally contained 40 mg. of sample per ml, of solution. Figures listed are
wave lengths of absorption bands in microns, followed by the percent-
age transmittance (figure given in parentheses). Absorptions which
appear as shoulders on other bands are indicated by the notation sh,
very broad absorptions by b. Ultraviolet spectra were measured with
a Cary recording spectrophotometer or with a Beckman spectro-
photometer. mode! DU.

P. L. Soutuwick, A. K. COLTER, R. J. OWELLEN AND Y.-C. LEE

Vol. 84

uct, m.p. 121-124°, weighed 2.5 g. The brown residue
remaining after the petroleum ether extraction contained
starting material.

The melting point of the rearrangement product was not
raised by recrystallization from petroleum ether unless the
admixed starting material was removed by methanolysis.
To 50 ml. of boiling methanol was added 2 g. of the crude
rearrangement product and the solution heated for 5 to 7
minutes. The solution was immediately cooled by evapora-
tion under reduced pressure, causing the rearrangement
product to be precipitated. After evaporation had reduced
the volume to one-half, 1.2 g. of a flaky white solid was
collected by filtration. One recrystallization from petro-
leum ether (b.p. 65-110°) yielded the pure product, m.p.
130-131° dec.; infrared spectrum (in chloforom): 3.40(75),
3.52(76), 5.10(96), 5.99(42), 6.26(76), 6.32(84)sh, 6.71(87),
6.91(56), 7.30(86), 7.58(72), 7.74(63), 7.90(70), 8.06(63),
8.76(65), 8.99(30), 9.38(83), 9.72(83), 9.96(67), 10.40(80),
10.88(82), 11.53(61), 11.80(80).

Anal. Caled. for CuHgl:NBr: C, 60.97;
N, 3.74. Found: C, 61.42; H, 5.60; N, 3.73.

Admixture of this compound with the starting material
produced a depression of the melting point to 122-125° dec.
The m.p. of a mixture with IIla was 124-127° dec. The
test with acidified potassium iodide showed that at most not
more than a trace of a-bromo ketone was present.

Infrared Spectra of dl-threo and dl-erythro-a-Bromo-g-
morpholinobenzylacetophenones (Ia and Ib).—The prepara-
tion of these compounds has been described previously,*=¢
but infrared data had not been recorded and are given here
for comparison with rearrangement products I11a and IIIb;
spectrum of the threo-isomer (1a) (in chloroform): 3.46(76),
3.56(76), 5.93(34), 6.27(74), 6.34(82), 6.72(85), 6.92(52),
7.24(92)sh, 7.32(81), 7.39(78), 7.53(78), 7.61(77), 7.76(70),
7.93(50), 8.50(79), 8.80(68), 9.00(28), 9.19(84), 9.70(92)b,
9.94(81)sh, 10.20(64), 10.88(79), 11.48(62); spectrum of
the erythro-isomer Ib (in chloroform): 3.29(74)sh, 3.40(62),
3.54(59), 5.96(25), 6.26(54), 6.34(63), 6.92(34), 7.35(56),
7.57(51), 7.74(57), 7.93(39), 8.06(49), 8.56(55), 8.77(41),
9.01(11), 9.40(52), 9.76(60), 10.00(40), 10.26(46), 10.90-
(57), 11.37(52), 11.67(49), 12.00(62).

Methanolysis of dl-threo and di-erythro-o-Bromo-g-
morpholinobenzylacetophenones (Ia and Ib). Preparation
of dl-threo-8-Methoxy-a-morpholinobenzylacetophenone
(Illa).—Five grams of threo-a-bromo-g-morpholinobenzyl-
acetophenone (Ia, m.p. 131-132°) and 70 ml. of absolute
methanol were refluxed for 5.5 hours. The solution was
cooled to room temperature, and poured into 140 mil. of a
saturated sodium bicarbonate solution. The mixture was
placed in a refrigerator for 2 hours and the yellow crystals
which separated were removed by filtration and crystallized
from petroleum ether (b.p. 65-110°). The yield was 3.2 g.
(70%), m.p. 123-126°. Following several recrystalliza-
tions from the same solvent, 2.8 g. (60%) of the compound
was obtained as stout, colorless to pale yellow needles, m.p.
124.5-126°. A mixture of this compound with the pre-
viously described* dl-erythro-B-methoxy-a~-morpholinobenzyl-
acetophenone (m.p. 116-117°) showed a depression to
108-112°; infrared spectrum (in carbon tetrachloride):
3.30(65)sh, 3.42(63), 3.52(62), 5.94(34), 6.23(76), 6.32(84),
6.70(80), 6.90(53), 7.30(77), 7.40(76), 7.48(74), 7.58(77),
7.64(80), 7.76(67), 7.89575), 8.04(67), 8.24(70), 8.40(65),
8.48(57), 8.64(70), 8.76(58), 8.95(20), 9.10(28), 9.12(67),
9.72(83), 9.86(82), 10.00(77), 10.16(47), 10.78(78), 10.86-
(65), 11.52(53).

Anal. Caled. for CpH»O3N: C, 73.82; H, 7.12; N,
4.30. Found: C, 73.88; H, 7.29; N, 4.49.

Preparation of dl-erythro-g-Methoxy-a-morpholinobenzyl-
acetophenone (IIlb).—The first procedure, similar to that
described by Southwick and Walsh, ¢ is given for comparison
with the second (room temperature) procedure. One and
one-half grams (0.0046 mole) of erythro-a-bromo-g-mor-
pholinobenzylacetopehone (Ib) (melting point 134-135°)
was dissolved in 20 ml. of absolute methanol. This solution
was heated on a steam-cone for about 20 minutes. Distilled
water (20 ml.) was added to the solution and the precipitate
was filtered out. Sodium bicarbonate was added to the
filtrate and additional crude g-methoxy-a-morpholinobenzyl-
acetophenone was precipitated. This was combined with
the first portion. The total crude yield was 1 g. (779).
The crude material was recrystallized twice from petroleum

H, 5.39;
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ether (b.p. 65-110°) to yield light-yellow prisms, m.p.
116-117° (reported* m.p. 116-117°).

In another experiment 2 g. of compound Ib was dissolved
in 50 ml. of methanol at room temperature during a period
of 25 minutes with continuous shaking. When worked
up as in the experiment described above, 1.4 g. (809%,) of
crude product was obtained which yielded the same com-
pound, m.p. 116-117°, after crystallization from petroleum
ether; infrared spectrum (in carbon tetrachloride): 3.30-
(80), 3.40(59), 3.54(60), 5.96(30), 6.25(73), 6.32(82),
6.70(84), 6.90(42), 7.28(76), 7.48(71), 7.56(72), 7.64(74)sh,
7.74(64), 7.91(68), 8.03(63), 8.22(44), 8.36(72)sh, 8.44(70),
8.49(71), 8.62(59), 8.74(69)sh, 8.96(17), 9.04(29)sh, 9.22-
(58)sh, 9.32(70)sh, 9.56(68), 9.68(75)sh, 9.74(73), 9.88(68),
10.00(81), 10.32(63), 10.90(79), 11.00(77), 11.34(80),
11.56(64).

Approximate Rearrangement and/or Solvolysis Rates of
the a-Bromo-3-morpholinobenzylacetophenones (Ia or Ib)
in Methanol and Acetone at 20°.—The reaction vessel was a
1-1. flask equipped with a mechanical stirrer and a thermom-
eter, which was placed in a constant temperature bath at
20 £ 0.5°. The a-bromo-B-morpholinobenzylacetophenone
(Ia or Ib, 2.00 g.) was placed in the flask and dissolved in
200 ml. of dry acetone which had been cooled to 20°. The
reaction was started by addition of 200 ml. of absolute
methanol which had been maintained at 20°, Aliquot
portions (20 ml.) of the solution were then removed at
appropriate time intervals. To these aliquots were added
16 ml. of 0.2 N potassium iodide and 0.6 ml. of 3 N hydrogen
chloride in dry methanol, and the mixtures were allowed to
stand at 20° for 25 minutes. Water (50 ml.) and 2 ml. of a
2% starch indicator solution in water were added to these
mixtures, which were then immediately titrated with 0.030
N sodium thiosulfate to a colorless end-point.?

TABLE ]
dl-threo-a-BROMO-8-MORPHOLINOBENZYLACETOPHENONE (Ia)
Time of Mi. 0.030 ¥ Fraction of
reaction, sodium thiosuifate a-Bromo ketone
minutes (av. 3 runs) remaining
Start 16.5 1.00
20 15.7 0.95
40 13.4 .81
60 11.5 .70
80 10.3 .62
100 8.9 .54
120 8.2 .50
140 8.2 .50

At the end of one run the remaining solution was treated
with an equal volume of distilled water, and made alkaline
with saturated sodium bicarbonate. The product, collected
by filtration and crystallized from petroleum ether (b.p.
65-110°), proved to be di-threo-f-bromo-a-morpholino-
benzylacetophenone (II1a).

TasLE II
dl - erythro - o - BROMO - § - MORPHOLINOBENZYLACETO-
PHENONE (Ib)

Time of M. 0.030 N Fraction of
reaction, sodium thiosulfate a-Bromo ketone
minutes (av., 3 runs) remaining
Start 14.4 1.00
2 9.2 0.64
5 5.4 .38
10 4.5 .31
15 4.0 .28
20 4.1 .28
30 4. .28

Dehydrobromination of di-threo and dl-erythro--Bromo-a-
morpholinobenzylacetophenones (IlIa and IIIb). Prepara-
tion of a-Morpholino-irans-chalcone (Vb) from Illa.—
dl-threo-a-Morpholino-g-bromobenzylacetophenone (I1la),
m.p. 138-140°, (3.8 g., 0.01 mole) was added to a boiling
sodium ethoxide solution prepared by dissolving 0.23 g.
(0.01 mole) of sodium in 10 ml. of absolute ethanol. The
mixture immediately developed an orange-yellow color and
a white precipitate (sodium bromide) settled out. Heating
under reflux was continued for 7 minutes. The mixture
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was immediately cooled and diluted with ether. The
sodium bromide was removed by filtration, the ether solu-
tion was dried over magnesium sulfate, and the ether was
evaporated under reduced pressure. Recrystallization of
the residual solid from 959, ethanol, gave bright yellow
needles (2.1 g., 719%), m.p. 76-77° dec. The analytical
sample, obtained after further recrystallization from ethanol,
melted at 76-78°; infrared spectrum (in carbon tetra-
chloride): 3.22(73), 3.35(60), 3.48(54), 6.04(21), 6.21(50),
6.30(68)sh, 6.69(65), 6.89(31), 6.99(61), 7.15(53), 7.28(58),
7.32(65)sh, 7.53(57), 7.68(60), 7.95(28), 8.02(21), 8.49(47),
8.65(38), 8.92(11), 9.29(59)sh, 9.35(55), 9.58(42), 9.72(53),
9.98(61), 10.16(24), 10.80(51), 11.45(54), 11.78(51), 13.93-
(32), 14.42(21), 14.75(55); ultraviolet spectrum (in 959,
ethanol): maxima: 257 mu, € 16,150 (shoulder at 300 my,
€ 8,500); 392 myu, € 2,270; minima; 227 mg, € 9,000; 350
my, ¢ 1,540.

Anal. Caled. for CyupHNO,: C, 77.90; H, 6.49; N,
4.78. Found: C, 77.56; H, 6.52; N, 4.90.

Hydrolysis of «-Morpholino-frans-chalcone.—Three grams
of a-morpholino-trans-chalcone, m.p. 76-78°, was heated
under reflux for 25 minutes in 30 ml. of 159, sulfuric acid.
No odor of benzaldehyde was noted, An oil which sepa-
rated from the mixture was taken up in ether. The ether
solution was washed with water three times and dried over
magnesium sulfate. The ether was removed under reduced
pressure to leave a residual oil and some colorless needles.
The solid fraction melted at 61-63° after two recrystal-
lizations from aqueous acetone (benzyl phenyl diketone is
reported® to melt at 61-63°).

To a solution of 2 g. of the oil fraction in 10 ml. of ethanol
was added 0.97 g. of o-phenylenediamine and the mixture
was warmed gently on a steam-cone for a few minutes.
The mixture was left at room temperature for 2 hours. The
precipitated white needles were removed by filtration and
recrystallized from aqueous acetone to yield 2.3 g. (80%)
of the quinoxaline, m.p. 98-99°, Admixture of the quin-
oxaline derivative® of the diketone obtained by hydrolysis of
a-morpholino-css-chalcone (Va) with the above product
produced no depression of melting point (m.p. 98-99°).

Preparation of a-Morpholino-cis-chalcone (Va) from
IITb.—Five grams (0.013 mole) of the rearrangement
product ITIb was treated with 0.46 g. {0.02 mole) of sodium
dissolved in 13 ml. of absolute ethanol as in the experiment
with IIIa above. Refluxing was continued for 15 min.
Processing of the mixture as described above yielded 3.5 g.
(89%) of product, which after two crystallizations from
ethanol was obtained as orange plates, m.p. 92-94°; infra-
red spectrum (in carbon tetrachlotide): 3.27(82), 3.30(82),
3.38(70), 3.50(67), 5.97(29.5), 6.24(30), 6.35(66), 6.70(87),
6.91(36), 7.24(53), 7.48(81.5), 7.68(75), 7.89(29), 8.12(30),
8.22539), 8.36(41), 8.52(51)s, 8.57(47), 8.62(66)s, 8.91(18),
9.36(82), 9.56(83), 9.74(78), 9.99(82), 10.21(30),10.73(74),
10.95(75), 11.20(82)s, 11.35(73), 11.47(72); ultraviolet
spectrum {in 95%, ethanol): maxima: 259 mgy, e 19,000
(shoulder at 285 muy, € 16,000); 380 mg, ¢ 1,520; minima:
229 myu, 8,900; 340 mu, € 1,070. The compound was identi-
cal with the product obtained from compound Ia.’

Isomerization Experiments with o-Morpholino-trans-
chalcone (Vb).—(a) Three grams (0.01 mole) of a-mor-
pholino-trans-chalcone, m.p. 75-77.5°, in a 25-ml. erlen-
meyer flask was illuminated for 36 hours with a reflector
infrared lamp (G.E. 250 watt, 115 volt) placed at a distance
of about 18 inches. The yellow solid slowly melted and
turned to a reddish gel. The gel was crystallized twice from
95% ethanol to yield 2.0 g. (67%) of orange plates, m.p.
92-94°, A mixed melting point with a sample of the higher-
melting ¢is form of a-morpholinochalcone showed no de-
pression (m.p. 92~94°) and the infrared spectra were the
same,

(b) Three grams (0.01 mole) of «-morpholino-trans-
chalcone (Vb) in an 8&mm. clear glass vial was allowed to
stand in the laboratory for 3 weeks with occasional shaking.
The bright yellow'color gradually turned to orange. Follow-
ing three crystallizations from 95%, ethanol, orange plates,
m.p. 91-93°, were obtained. The substance showed no
depression of the melting point when mixed with a sample
?{/ t)he higher-melting c¢is form of e-morpholinochalcone

a).

(¢) Six grams (0.02 mole) of a~morpholino-trans-chalcone
(Vb) was added to a boiling sodium ethoxide solution
prepared by dissolving 0.92 g. of sodium in 20 ml. of absolute
ethanol. The mixture was heated under reflux for 20
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minutes. To the cooled solution 30 ml. of water was
added and the mixture was extracted with ether. The
ether solution was evaporated under reduced pressure.
The resulting reddish gel was crystallized twice from
aqueous ethanol to yield 1.0 g. (159%) of orange plates,
m.p. 92-94°, A mixed melting point with a-morpholino-~
cis-chalcone (Va) was not depressed. Four grams of red oil
which resisted crystallization remained.

(d) When 1.0 g. of a-morpholino-trans-chalcone (Vb)
was refluxed for 24 hours in 20 ml. of ethanol, 0.9 g. of start-
ing material, m.p. 76-78° dec., was recovered.

Methanol Elimination from di-threo- and di-ervthro-g-
Methoxy-a-morpholinobenzylacetophones (IVa and IVb).
Elimination from the threo-Isomer IVa, Five-minute
Reaction Period.—d/-threo-3-Methoxy-a-morpholino-benzyl-
acetophenone (IVa) (5 g., 0.016 mole) was added to a
boiling sodium ethoxide solution prepared by dissolving 0.47
g. (0.02 g. atom) of sodium in 10 ml. of absolute ethanol.
Heating under reflux was continued for 5 minutes. The
solvent was immediately evaporated at reduced pressure
without heating. The residual oil was washed with water
and crystallized from ethanol to yield 2.6 g. (54%,) of yellow
needles, m.p. 75-78°. The product melted at 76-78°
after recrystallization from ethanol and was shown by mixed
melting point to be the same as samples of a-morpholino-
trans-chalcone (Vb) prepared from IIIa.

Twenty-minute Reaction Period.—The experiment de-
scribed above was duplicated except that heating under
reflux was continued for 20 minutes. The residual oil, a
mixture of the ¢is and trans isomers, was washed with water.
The water was decanted and the residual oil was dissolved in
hot 959 ethanol. A red oil separated at the bottom of the
flask when the mixture was cooled. The mixture was
poured into a separatory funnel and the oil was separated
from the upper layer of solution. Cooling of the upper
layer in the refrigerator caused separation of additional oil.
The red oils were combined and crystallized from aqueous
ethanol to yield e-morpholino-cis-chalcone (Va) as orange
plates, m.p. 91-93°. The yield was 0.6 g. (183%,). The
ethanol solutions from which the oil had separated, when
concentrated by evaporation and cooled, yielded «-mor-
pholino-frans chalcone (Vb) as yellow needles, m.p. 75-78°,
vield 2.2 g. (499%).

Elimination from the erythro Isomer IVb. Five-minute
Reaction Period.—The same procedure as described above
for threo isomer was followed with the same amounts of
materials. The product was exclusively the #rans isomer
Vb, yellow needles, m.p. 75-78°, vield 2.2 g. (48%)

Twenty-minute Reaction Period.—The same procedure
as described above for the threo isomer was followed again
with the same amounts of materials. The separation
procedure was also the same. In one run the yield of c¢is
isomer was 0.1 g. (2%) and of frans isomer 1.8 g. (40%,).

Dehydrobromination of di-threo- and di-erythro-o-Bromo-
g-morpholinobenzylacetophenones (la and Ib). Prepara-
tion of o-Morpholino-cis-chalcone (Va) from Ia or Ib.—
dl-threo-a~-Bromo-g-morpholinobenzylacetophenone (Ia) (10
g., 0.027 mole) was dropped into a boiling sodium ethoxide
solution prepared by dissolving 0.92 g. of sodium in 26 ml.
of absolute ethanol. Heating under reflux was continued
for ca. 4 minutes until a white precipitate formed. The
mixture was rapidly cooled to 0° by addition of ice and was
then extracted with ether. The ether solution was dried
over magnesium sulfate and the ether evaporated. Three
crystalhzatlons of the residue from 959, ethanol yielded 6.4 g.
(819, yield) of orange plates, m.p. 90-93°. One more
recrystallization raised the melting point to 94-96°. Crom-
well® reported the m.p. 94-96° for the product prepared in
the same manner but with a longer heating period (20
minutes). An extended heating period appeared to reduce
the yield.

A similar experiment with dl-erythro-a-bromo-g-morpho-
linobenzylacetophenone (Ib) in which the same quantities
of materials were used but heating was extended to 10
minutes gave a somewhat lower yield (5.6 g., 709,) of a less
pure product (m.p. 88-92°). The m.p. reached only 90—
03° after a total of four crystallizations.

Dehydrobromination Rates.—All runs were conducted
with 6.00 X 107% mole (0.0225 g.) quantities of the bromo-
morpholino ketones Ia and Ib. The samples were weighed
into a one-liter volumetric flask. Methylene chloride
(25 ml.) was then added to dissolve the sample and thereby
avoid delay in getting the compound dissolved when mixed
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with the ethanol solution containing the base. The volume
of the reaction solution was made up to 1 liter by addition
of ethanolic sodium hydroxide prepared by diluting 5.00-ml.
quantities of agueous sodium hydroxide of known concentra-
tion to 1 liter with 959, ethanol. The ethanolic sodium
hydroxide was brought to 25.00 = 0.010° before use. The
reaction solutions were mixed as rapidly as possible, then
introduced into the sample cell of the spectrophotometer
(Beckman, model DU) to begin the series of readings.
Four thermospacers adjoining the cell compartment were
connected to a bath held at 25.00 % 0.025° to maintain
constant temperature during the reaction period. Time
intervals were measured from the time of the initial reading.

The course of the reaction was followed by measurement
of optical densities at an appropriate selected wave length,
280 mu. First-order rate constants were calculated by
means of the expression

B = lanDg° — 0.D,

1T {7 0D - 0D,
where O.D, is the optical density reading at the time of the
initial reading (zero time), O.D., the reading at time ¢, and
0.D., the reading after at least 15 half-lives. The mmal
optical density readings corresponded to 43 to 539, reaction
with Ib and to 25 to 389, reaction with Ia. Measurements
were made with both compounds until reaction was at least
909, complete. Over the range of the measurements the
calculated first-order rate constants showed no regular

trends. The results are summarized in Table III.
TaBLE III
ELIMINATION RATES, 25°
No. of
104 [basel, values
Compound M averaged 103 k1, sec. ™!
Ib, erythro 3.02 7 11.8 £0.4
isomer 3.02 7 13.4 = .7
6.04 9 12.6 £ .9
6.04 7 12.0 £ .6
la, threo 3.02 10 3.64 = .06
isomer 3.02 12 3.63 = .19
3.02 11 3.82 & .13
6.04 8 3.39 &= .03
6.04 9 3.19 £ .07

The average value of &; for Ib was (12.5 & 0.6) X 10™3
sec.” !, for Ia (3.53 & 0.19) X 10~%*sec.”’. Very few large
deviations occurred among points in an individual run.
The somewhat larger variations between values of %; for the
duplicate runs may be due to temperature variation. The
reactions were so fast that if slight temperature changes
occurred during the mixing and solution transfer operations
they would persist through most of the run. The necessity
to work very fast doubtless also increased the chance for
error in measuring times and optical densities. The un-
expected slight decrease in reaction rate with increase in
sodium hydroxide concentration may merely reflect in-
accuracies in the measurements.

At the end of some of the runs ultraviolet spectra of the
product solutions were determined over the range 230 to
320 mu. These spectra agreed remarkably well with the
spectrum of e-morpholino-cis-chalcone (Va). However, a
slightly reduced absorption at ce. 260 mpu and increased
absorption at wave lengths greater than 300 mu suggested
the formation of a few per cent, of a by-product with
spectrum resembling that of trans-chalcone.

Preliminary rate experiments conducted in a similar way
with samples of the B-bromo-a-morpholino ketones IIla
and IIIb indicated slower elimination processes and a more
complex kinetic behavior, with an increase in rate with
increase in sodium hydroxide concentration. In 6.04 X
10~* N sodium hydroxide, estimated initial pseudo-first-
order rate constants at 25° were 0.7 X 1072 sec. ™! for IIla
and 1.5 X 107% sec.™! for IIIb. In the case of compound
11Ib the ultraviolet spectrum of a solution at the end of the
elimination reaction appeared to indicate the formation of
about 609, of a-morpholino-trans-chalcone (Vb), 409, of
a-morpholino-cis-chalcone (Va). The proportion of Vb
formed appeared to be slightly higher from IIla, although
the spectrum of the product mixture was very similar.



