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Pairs of diastereoisomeric di-1-amino-2-nitro-1-phenylpropanes (Ila and IIb) were obtained when the secondary amines
morpholine, piperidine or pyrrolidine underwent addition to (2-nitropropenyl)-benzene (I). The adducts were reduced to
the corresponding l-morpholino-, 1-piperidino- or 1-pyrrolidino-2-amino-1-phenylpropanes (Va and Vb). Results obtained
when two of these pairs of diainines (the pairs of morpholino and piperidino compounds) were treated with nitrous acid per-
mitted assignment of the erythro (Va) and threo (Vb) configurations to the individual diamines and to the amino nitro com-
pounds (IIa and IIb) from which they were obtained. Evidence of the thre¢o configuration (Vb) was the formation of hydra-
tropaldehyde in the nitrous acid reaction; evidence of the erythro configuration (Va), the formation of propiophenone. The
erythro forms (I1a) of the amine adducts appeared to be less stable than the corresponding threo forms (1Ib) and to be formed
more rapidly from a presumed common intermediate of the aci-nitro type. The influence of steric hindrance on the a-
carbon protonation of chelated forms of the aci-nitro intermediates is suggested as an explanation of the kinetically favored
initial formation of the erythro compounds (IIa). A possible correlation of these results with the stereochemistry of reac-
tions of iodine-amine complexes with unsaturated compounds? is also discussed. Only a threo adduct (IIb) has thus far
been obtained in the addition of the dimethylamine to (2-nitropropenyl)-benzene (I). Likewise, in the addition of the
primary amines benzylamine and cyclohexylamine to (2-nitropropenyl)-benzene (I), only one racemic form of the adduct

IV was obtained from each amine,
tions of the latter two were not investigated.

Iodine—amine complexes have been shown to re-
act in a stereospecific fashion with a number of
unsaturated compounds.? The compounds which
react with these reagents are of types which are also
capable of undergoing conjugate addition of pri-
mary or secondary amines. In seeking an under-
standing of the mechanism and the stereospecific-
ity of the halogen—amine reactions we have been
led to undertake an examination of the addition of
amines to (2-nitropropenyl)-benzene (I). The
resulting adducts, the Il-amino-2-nitro-1-phenyl-
propanes, would contain two asymmetric carbon

All three of these adducts were reduced to the corresponding diamines but the configura-

to learn whether some kind of stereospecificity
does, in fact, prevail in conjugate additions of this
type and, by determining the relative configura-
tions of the two asymmetric centers formed, the
nature and possible explanation of any such stereo-
specificity.

We have found that when (2-nitropropenyl)-
benzene (I) is treated with morpholine, piperidine
or pyrrolidine under suitable conditions, the ad-
ducts can be obtained as mixtures of diastereoiso-
mers (IIa and IIb) which can be separated by
means of fractional crystallization. Good yields
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atoms, and would therefore theoretically be cap-
able of existing in two diastereoisomeric racemic
forms, each of which is represented here by the for-
mula of one enantiomorph (IIa or IIb). However,
although the addition of amines to «,3-unsaturated
nitro compounds is well known, we have been able
to find no record in the literature of the formation
of more than one member of the pair of diastereo-
isomeric racemates which should exist in the case of
many of such adducts.® It was our first objective

(1) Institute Fellow in Organic Chemistry, 1954-1956. This paper
is based on a thesis submitted by John E. Anderson in partial fulfill-
ment of the requirements for the degree of Doctor of Philosophy at the
Carnegie Institute of Technology, April, 1956,

(2) (a) P. L. Southwick and D. R. Christman, TH1S JoURNAL, T4,
1886 (1952); (b) 76, 629 (1953); (c) N. H. Cromwell and R. J.
Mohrbacher, $bid., 75, 6252 (1953); (d) N. H. Cromwell, R. P. Cahoy,
W. E. Franklin and G. D. Mercer, ¢bid., 79, 922 (1957).

(3) Reactions in which diastereoisomeric products might in theory
have been obtained by the addition of ammonia or amines to «,3-
unsaturated nitro compounds are described in the following references:
(a) D. E. Worrall, Ta1s JoURNAL, 48, 919 (1921); (b) 60, 2841 (1938):
(¢) D. E. Worrall and J. Finkel, #b:d., 61, 2969 (1939); (d) J. I.oevenich
and H. Gerber, Ber., 68, 1707 (1930); (e) J. Loevenich, J. Koch and
U. Puchnot, sbid., 68, 636 (1930); (f) R. L. Heath and J. D. Rose,
J. Chem. Soc., 1486 (1947).

(70-959%,) of the adducts were formed, but sep-
aration of the pure diastereoisomers was sometimes
difficult. In the case of all three of the amines,
when the addition reactions were conducted be-
tween equimolecular amounts of the amine and the
nitrodlefin in petroleum ether, or in benzene—
petroleum ether mixtures, the form now considered
to have the erythro configuration (IIa) predom-
inated in the initial crystalline precipitate. On
the other hand, from reaction mixtures produced
when an excess of the amine was used, or when the
addition was conducted in ethanol, usually only the
threo isomer (IIb) could be separated in the pure
form, presumably because these conditions per-
mitted the approach to a state of equilibrium in
which the threo isomer was largely predominant.
The erythro isomers (IIa) were observed to be un-
stable with respect to conversion into tareo isomers
(ITb) when attempts were made to recrystallize
them from ethanol. In the case of pyrrolidine it
was possible, by conducting the reaction in etliyl
ether and using two moles of pyrrolidine to one of
(2-nitropropenyl)-benzene (I), to obtain an adduct
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as a crystalline, water-soluble pyrrolidinium salt
of the ac¢i-nitro form (III),

The addition of dimethylamine to (2-nitro-
propenyl)-benzene (I) was attempted only in a
solution containing ethanol and yielded the threo
form of the adduct (IIb) under these conditions.
It was also possible to obtain adducts (IV) with
the primary amines cyclohexylamine and benzyl-
amine by means of a procedure which involved the
precipitation of these products from the reaction
mixtures by forming the hydrochlorides. In the
cases of both of these amines only one racemic form

CeH:CH—CHCH; CsH:CH—CHCH;
IV RNH NO, VI RNH NH,

of the adduct was obtained, but the configuration
of this form was not determined.

The assignments of the configurations Ila or IIb
to the two forms of the adducts obtained with mor-
pholine and piperidine, and to the one form ob-
tained with dimethylamine were based upon the re-
sults of experiments in which the diamines Va and
Vb, secured by reduction of the adducts, were
deamininated and rearranged by the action of
nitrous acid. In order to make such experiments
meaningful it was necessary to find a method of
reducing the nitro group of the adducts in such a
way as to leave undisturbed the configuration at
carbon 2, the point of attachment of the nitro
group. Reduction by use of lithium aluminum hy-
dride, a procedure which had been used previously?
with closely related compounds, resulted in the for-
mation of mixtures of diastereocisomeric diamines,
presumably due to loss of configurational stability
at carbon 2. This result is in agreement with the
observations of Kornblum and Fishbein,* who re-
cently reported that complete racemization occurs
in the reduction of (—)-2-nitrodctane to 2-amino-
octane with lithium aluminum hydride. In ex-
periments with tireo forms of the morpholino and
piperidino derivatives (IIb, Ro;N- = morpholino or
piperidino) a single diamine was obtained when
conversion to the diamine was accomplished by
hydrogenation over Raney nickel in ethanol solu-
tion or, in the case of an experiment with the threo-
morpholino derivative, by hydrogenation over
platinum oxide in glacial acetic acid. Evidently
the original configuration of the adducts was re-
tained in these experiments. However, the cat-
alytic hydrogenation methods failed to preserve
the configuration when applied to the erythro forms
ITa. Investigation of other methods of reduction
led to the finding that the amino nitro compounds
ITa and IIb enjoy a considerable configurational
as well as structural stability in concentrated aque-
ous hydrochloric acid, and that both threo and
erythro forms can be reduced in that medium by
use of stannous chloride with little or no inter-
change of configurations.®? Each of the amino
nitro compounds of the types IIa, ITb and IV were
reduced in this manner, and the resulting diamines
(Va, Vb or VI) were characterized, either in the
form of the free bases, as salts with sulfuric or p-

(4) N. Kornblum and L. Fishbein, TH1s JoURNAL, 77, 6266 (1955).

(5) It isreported (ref. 4) that configurational stability is maintained
in the reduction of ( ~)-2-nitroSctane with iron in glactal acetic acid.
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toluenesulfonic acid, or as phenylthiourea deriva-
tives. The benzylamino derivative (VI, R =
benzyl) reacted with two moles of phenyl isothio-
cyanate to give the compound VIIa, but the cyclo-
hexyl derivative (VI, R = cyclohexyl), like the di-
amines of the types Ila and IIb (which yielded the
phenylthiourea derivatives VII), reacted with only
one mole of the reagent.

CeH:CH—CHCH,

|
RN HNCSNHCH;
VII
CeH,CH

CH;CH; NCSNHC,H;,
Vila

When those forms of the diamines which have
been assigned the threo configuration Vb were
treated with nitrous acid and the neutral com-
ponent of the reaction mixtures was treated with
semicarbazide, mixtures of the semicarbazones of
hydratropaldehyde (IX) and acetophenone were
obtained. Before fractional crystallization the in-
frared spectra of the crude semicarbazones obtained
in an experiment with threo-morpholino compound
contained all of the bands found in the spectrum
of hydratropaldehyde semicarbazone and in the
spectrum of acetophenone semicarbazone, but no
others. The presence of the acetophenone deriva-
tive, which represented a considerable proportion
of the mixture when the deamination-rearrange-
ments were conducted in 509 acetic acid rather
than in aqueous hydrochloric acid, can evidently
be ascribed to nitrous acid degradation of hydra-
tropaldehyde (IX), as was demonstrated by experi-
ment, Treatment of hydratropaldehyde with ni-
trous acid under one of the sets of conditions used
in the experiments with the diamines, followed by
treatment of the product with semicarbazide,
yielded acetophenone semicarbazone. The prin-
cipal, if not the sole, course of the deamination—
rearrangement itself is thus considered to be that
represented in the equations

CHCH,
|
HNCSNHC:H;

H H Cl-
HNO, | | H.0
C CCH, ——
HCl i |
RzN + CsH; H
VIII

H-——C|:-——C|:CH, + RsNH,C1-
0 CH, IX

On the other hand, when diamines now believed
to be of the erythro configuration were allowed to
react with nitrous acid, treatment of the neutral
fraction of the reaction mixtures with semicar-
bazide yielded propiophenone semicarbazone and
the derivatives of hydratropaldehyde and aceto-
phenone appeared to be absent. Thus the de-
amination-rearrangement of the erythro-diamines
Va evidently involved hydrogen rather than phenyl
migration as shown.

The postulated hydrogen migration should be
promoted by electron donation from the morpho-
lino nitrogen, and it seems unlikely that much of
the propiophenone could result from hydrolysis of
an enamine such as (1-morpholinopropenyl)-ben-
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zene, .which would be formed if decomposition of
the diazonium salt should lead to proton elimina-
tion from carbon 1.

H 7C-
_ HNO, | H,0
Va ——— | CH;C——CCH, —
HCI o
RN*  H

X
CJL;ﬁZCH;CHa + R,NH,CI-

By utilizing assumptions which Curtin and his
associates® have shown to be valid for interpreting
the results of the similar deamination-rearrange-
ment reactions of a number of a,a-diaryl-g-amino
alcohols it has been possible to assign configurations
to the diamines Va and Vb on the basis of the ni-
trous acid reactions. It is assumed that phenyl
migration and hydrogen migration, which lead to
hydratropaldehyde and propiophenone, respec-
tively, proceed wia transition states in which the
migrating group or atom makes its new attach-
ment on the side of carbon 2 opposite that from
which the nitrogen of the intermediate diazonium
ion is simultaneously making its departure.’
Hence, transition states for phenyl and hydrogen
migration in the threo forms would be represented
by the diagrams XIa and XIb, respectively, and
in the erythro forms by the diagrams XIIa and
XIIb, respectively.® It is further assumed that,
other things being equal, the favored migration

CHy _H CHy H
. P ~A--
Pho” gt H 2 Ngt
H” TNR, RN Ph

XIb

XIb

Xllo érythro forms

will be that which involves the minimum of steric
interaction in the transition state of groups on
carbon 1 with groups on carbon 2. Of the transi-
tion states for phenyl migration (XIa and XIIa)
that derived from the threo isomer (XIa) is clearly
the more favorable, for it separates the bulky sub-

(6) (a) P. I. Pollack and D. VY. Curtin, THis JourNaL, T2, 961
(1950); (b) D. Y. Curtin and P. I. Pollack, ibid., 78, 992 (1951);
(¢) D. V. Curtin, E. E, Harris and P. I. Pollack, ¢bid., T8, 3453 (1951);
(d) D. Y. Curtin and M. C. Crew, $bid., TT, 354 (1955).

(7) Most recent investigators of similar rearrangements have fa-
vored the view that it is the diazonium ion which undergoes rearrange-
ment. B. M. Benjamin and C. J. Collins, TH1s JoUurNAL, 78, 4952
(1936), list references concerning the nature of the amine-nitrous acid
reaction and of the rearrangement process. Very recently D. J.
Cram and J. E. McCarty, ibid., 79, 2866 (1957), and A. Streitwieser
and W, D. Schaeffer, 7bid., T9, 2888 (1957), have discussed the mecha-
nisms of rearrangetnents and other reactions undergone by alkyl-
diazonium fons. However, the same conclusions regarding configura-
tion would follow from an Interpretation of the present results on the
basis of a process such as the cyclic molecular rearrangement of a
diazo-hydroxide pictured by P. S. Bailey and J. G. Burr, ébid., 75,
2951 (1953).

(8) In these diagrams solid arrows crossed by & dotted linie show the
breaking of a bond by a shift of electrons in the indicated direction.
Datted arrows indicate formation of a new bond,
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stituted amino group, R,N, from methyl, whereas
XTIla places these groups in a position to interact.
Thus it seems safe to assume that those diamines
(V) which yield hydratropaldehyde have the #hreo
configuration®; it should also be noted that in the
diazonium intermediates of the threo configuration,
steric interactions between groups should favor a
high population for the conformation which leads
directly to the transition state for phenyl migration
(XIa), and should therefore exert a steric effect
more favorable to phenyl migration than to hydro-
gen migration.®

It then follows that the other member of each
pair of diastereoisomeric diamines, the one which
in each instance yielded propiophenone as the de-
amination-rearrangement product, is of the erythro
configuration, and that of the two transition states
for hydrogen migration (XIb and XIIb) those
(XIIb) derived from erythro forms must have been
the more favorable. Presumably this signifies
that there is less interaction between neighboring
methyl and phenyl groups in XIIb than between
neighboring methyl and R.N in XIb. Such would
certainly be the case if in the transition state of the
rearrangements formation of the carbon-nitrogen
double bond leading to the presumed intermediate
X has progressed to the point of making it necessary
for the substituents on the amino nitrogen to
approach the plane defined by carbons 1 and 2 and
the amino nitrogen. For although in XIIb inter-
action between phenyl and methyl can be mini-
mized by rotation of phenyl, the lack of free rota-
tion about the developing carbon-nitrogen double
bond would have the effect of forcing the substitu-
ents R (methylene groups of the heterocyclic rings
in the present cases) into strong interaction with
the methyl group in the case of transition states
XIIa and XIb, and could account for the apparent
failure of these states to contribute to the reactions.

A more detailed study than has thus far been
attempted should be made of the conditions which
control the configuration which is produced in the
addition of the amines to (2-nitropropenyl)-ben-
zene (I). However, there are a number of indica-
tions from the present work that the erythro forms
are produced more rapidly than the tireo forms,
and that the threo forms are easily secured only be-
cause they are favored in the equilibrium between
the forms which is reached under appropriate condi-
tions. It already has been mentioned that the
erythro forms separated from solution first when
the compounds were prepared in benzene-petro-
leum ether mixtures. This result could, of course,
have been determined in part by relative solubilities
and rates of crystallization, and is not necessarily a
reliable indication that the erythro forms are ac-
tually produced more rapidly than the threo forms
in the addition process.’® However, rather more
substantial evidence pointing to the same conclu-

(9) (a) This would be one of the expected manifestations of the
“cis effect.”” See D. V. Curtin, Record Chem. Progress, (Kresge
Hooker Sci. Lib.), 15, 111 (1954). The cis effect wonld presumably
be quite large in the present instance, (b) Cf. D. J. Cram and J. E.
MocCarty, Tms JourNar, 79, 2866 (1957).

(10) N. H. Cromwell and R. A. Setterquist, ibid., 76, 5752 (1954),
have recently investigated a case in which solubility relationships

may have an important effect on the position of equilibrium between
diastereoisomera which are interconvertible by enolization,
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sion was found in the demonstration that conver-
sion of the protonated aci-nitro form (the salt
XIII) to the protonated amino nitro compound
(the salt XIV) in aqueous hydrochloric acid (in
which there is no apparent interconversion of com-
figurations) leads very largely to the erythro con-

figuration. A solution of di-threo-1-morpholino-2-
CHs Cl-
|+ 0O° HCI
CottiCH-—— =R —
OH
R2I!\T+
H
XIII
CeH5CH-——C|:HCHz Cl-
R2I|\T+ NO;
H
X1V
nitro-1-phenylpropane (IIb, R;N = morpholino)

in aqueous sodium hydroxide was prepared. Such
a solution must contain the sodium salt of the aci-
nitro form of the compound, which cannot exist in
diastereoisomeric configurations.!’ When the solu-
tion was poured into an excess of 209, aqueous
hydrochloric acid and the mixture was allowed to
stand for 24 hours to complete the conversion into
the nitro form, it was the erythro configuration of
the compound which was isolated following neu-
tralization of the solution and use of an isolation
procedure involving ether extraction and precipita-
tion of the hydrochloride of the compound from
the ether extract.!?

Nitrous acid reactions have not as yet been car-
ried out on those diamines Va and Vb in which
R:N is the pyrrolidino group, but configurations for
the two pyrrolidino adducts (IIa and IIb, R,N =
pyrrolidino) have been assigned tentatively on the
assumption that the less stable, more rapidly
formed isomer is the erythro compound. It is
worthy of note in this connection that when the
pyrrolidinium salt of the aci-nitro form of 1-pyr-
rolidino-2-nitro-1-phenylpropane (III) was dis-
solved in concentrated hydrochloric acid and then
reduced with stannous chloride, only the assumed
erythro form of di-1-pyrrolidino-2-amino-1-phenyl-
propane (Va, R:N = pyrrolidino) was obtained.

Chelated aci-nitro forms XV of the amino nitro
compounds IIa or ITb would be the initial products
of the amine addition to the unsaturated nitro
compound I if such addition proceeded in the 1,4-
manner by a bimolecular (quasi six-ring) process,
as has been suggested previously by Cromwell and
Cram!® for the conjugate addition of amines to
a,B-unsaturated ketones. The experiments just

(11) N. Kornblum, N. H. Lichtin, J. T. Patton and D. C. Iffand,
TH1s JourNaL, 69, 307 (1947).

(12) The indications from recent experiments on a larger scale per-
formed by J. R. Stemniski in this Laboratory are that when the 1-
morpholino-2-nitro-1-phenylpropanes (IIa and IIb, R;N = mor-
pholino) are formed in aqueous hydrochloric acid solution from the
hydrochloride of the corresponding aci-nitro compound (XIII, RoN =
morpholino) the erythro—threo ratio is greater than 3 to 1. The Nef
hydrolysis reaction occurred only to a minor extent, if at all.

(13) N. H. Cromwell and D. J. Cram, THis Journ~aL, 6§, 301
(1943).
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described with salts of the ac¢-nitro forms' seem to
demonstrate that the degree of stereospecificity
represented by the observed initial preponderance
of the unstable erythro forms must be compatible
with a mechanism involving aci-nitro intermedi-
ates.’ Indeed, if it can be assumed that the che-
lated condition represents a favored state for the
aci-nitro forms, it is not difficult to explain why it
is the erythro form of the adducts (IIa) which is
kinetically favored. In the conversion of an aci-
nitro form in the chelated condition XV into the
nitro form IIa or IIb, the attack of a proton donor
(here represented as the hydronium ion) at carbon
2 would be less obstructed by the hydrogen at car-
bon 1 than by the phenyl, and should therefore be
expected to accomplish the protonation most fre-
quently from the lower side of the ring as depicted
here, the side of the hydrogen atom. If such an
influence does operate, it would favor the erythro

0~ O,N CH

,O—flﬁ' 2 3
A\ RN H
Her  epfy CHe >

y : H Ph

) '

R H H0 ITo

p:ava

form (ITa), as shown. Recently Zimmerman!t

(14) Such ac¢i-nitro compounds are apparently very unstable in the
free form with respect to decomposition into the parent amine and the
unsaturated nitro compound I. The derived anions are evidently
stable, since the compounds dissolve without decomposition in aqueous
sodium hydroxide. The hydrochlorides of the aci-nitro compounds
(XIII) are evidently stable also, for stable solutions are obtained by
adding solutions of the sodium salts of acs-nitro forms quickly to an
excess of aqueous hydrochloric acid, The instability of the free acs-
nitro forms is shown by the fact that bringing either a solution of their
hydrochlorides XIII in hydrochloric acid or solutions of their sodium
salts in sodium hydroxide to the neutral point results in a rapid dissocia-
tion into the parent amine and (2-nitropropenyl)-benzene (I) with
precipitation of the latter compound from the aqueous solution. On
the other hand, the neutralization of acid solutions of the hydro-
chlorides of the nitro forms (XIV) in aqueous acid results in precipita-
tion of the amino nitro compound IIa or IIb,

(15) The aci-nitro forms and their derived anions would, of course,
provide a route for the observed interconversion of the diastereoiso~
meric amino nitro compounds ITa and IIb which occurs in neutral
hydroxylic solvents or in non-hydroxylic solvents when excess amine is
present. The success of our efforts to obtain the less stable erythro
forms of three of these compounds in some quantity can be attributed
to the facts that (1) the eryihro forms Ila were kinetically favored
in the conversion of the aci-nitro forms of the adducts or their anions
into the nitro forms, and (2) the adducts could, when desired, be puri-
fied substantially in the absence of agents for proton transfer so that
the erythro forms Ila, once obtained, did not revert rapidly back to the
aci-nitro forms and thence to the stable threo configuration IIb of the
nitro forms. Ingold has discussed at length a number of analogous
situations concerned with prototropic processes in all of which the less
stable tautomer is the one formed most rapidly in the protonation
process. See C. K. Ingold, “Structure and Mechanisms in Organic
Chemistry,”’ Cornell University Press, Ithaca, N. V., 1953, Chapter X.

(16) (a) H. E. Zimmerman, Tms JournaL, 78, 1168 (1956); (b)
H, E. Zimmerman, J. Org. Chem., 20, 549 (1955). In certain other
situations there is evidence that what should be the more stable forms
have been kinetically favored in ketonization processes. See observa-
tions and theory by Cromwell, ¢f al., ref. 2d. If an attempt is made
to extend Cram'’s rule of ‘‘steric control of asymmetric induction’
(D.J. Cram and F. A. Abd Elhafez, Tms JourNaL, T4, 5828 (1954)) to
a-carbon protonation of these aci-nitro compounds initial predomi-
nance of the erythro forms is predicted onmly if R:N— is considered ef-
fectively smaller than phenyl. NoTE ADDED 1N PROOF: Since this
paper was submitted for publication H. E, Zimmerman, T, E, Nevins
and B. 8. Thyagarajan have reported that in the conversion of the
aci-nitro form of l-nitro-2-phenylcyclohexane into the nitro form the
less stable cis.isomer is favored. See Abstracts of the 132nd Meet-
ing of the American Chemical Society. New Vork, N. Y., September
8 to 13, 1957, p. 89-P.
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has demonstrated that in the ketonization of the
enol forms of certain cyclic ketones the preponder-
ant formation of a kinetically favored, less stable
diastereoisomer can be explained in a very similar
fashion.

A reasonable extension of this interpretation of
conjugate amine addition could be used to explain
the net #rans addition which apparently must be
assumed® ' in order to account for the prepon-
derant frans configuration which has been observed
in the ethylenimine ketones produced by the action
of mixtures of a primary amine and a primary
amine—iodine complex on an a,G-unsaturated ke-
tone of the trans configuration.’®!® Conjugate ad-
dition of a primary amine to the ketone would lead
to the chelated intermediate XVI, which might be
expected to undergo attack by the iodinating agent
(here shown as the N-iodo amine RNHI) mainly
on the side of the chelate ring away from the sub-
stituent R’/ on the B-carbon. This would result
in an erythro configuration for the adduct XVII
and hence to the observed frams-configuration of
the ethylenimine ketone XVIII.?*2! However,
the use of bromine rather than iodine with a pri-

mary amine has led in one instance mainly to a
cis-ethylenimine ketone,?d a result which attests to
the probable multiplicity of the factors governing
the stereochemistry of reactions involving N-halo
primary amines.

Experimental??

dl-erythro- and dl-threo-1-Morpholino-2-nitro-1-phenylpro-
pane.—A solution of 65.2 g. (0.4 mole) of (2-nitropropenyl)-

(17) N. H. Cromwell and M. A. Graff, J. Org. Chem., 1T, 414 (1952).

(18) Similar experiments with an a,8-unsaturated ketone having the
¢is configuration of substituents on the a,8-double bond are in progress
in these laboratories., The reaction mechanism suggested here would
require the formation of the frans-ethylenimine ketones from the css-
a,B-unsaturated ketones also. 2rans addition of the elements of an
N-iodamine by a concerted process, as postulated previously,P:17
would presumably be expected to lead to a considerable proportion
of the cis-ethylenimine ketone from a ¢is-a,B8-unsaturated ketone.

(19) Predominant frans addition also has been observed in the
addition of acids to «,f-unsaturated ketones. See (a) W.R. Vaughan,
R. L. Craven, R. O. Little, Jr., and A. C. Schoenthaler, TH1S JOURNAL,
77, 1594 (1955), and (b) A. I. Kosak and H. M. Leyland, J. Org.
Chem., 21, 733 (1956).

(20) It is assumed that the ring-closure entails an inversion of con-
figuration at the a-carbon. Cf. (a) N. H. Cromwell, G. V. Hudson,
R. A. Wankel and P. J. Vanderhorst, THis Jour~aL, 78, 5384 (1953);
(b) F. H. Dickey, W. Fickett and H. J. Lucas, {bid., T4, 944 (1952);
(¢) G. K. Helmkamp and H. J. Lucas, 7bid., 74, 951 (1952).

(21) The stereochemistry of additions of N-halo secondary amines to
unsaturated systems (see P. L. Southwick and W, L. Walsh, TaIs
JournNaAL, 77, 405 (1955)) is a current subject of investigation in these
laboratories. Prof. N, H. Cromwell reports (ref. 2d and private
communication) that he is engaged in an extended study of the stereo-
chemistry involved in the formation of ethylenimine ketones #ia
additions of primary amines to a-bromo-e,8-unsaturated ketones and
of N-haloamines to a,8-unsaturated ketones.

(22) Microanalyses by Drs. G. Weiler and F. B. Strauss, Oxzford,
England, and Geller Microanalytical Laboratories, West Englewood,
N. J. DMelting points are corrected.
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benzene??in 250 ml. of a mixture of two volumes of petroleum
ether, b.p. 65-110°, and one volume of benzene was immersed
in an ice-bath and 34.8 g. (0.4 mole) of morpholine was
added dropwise while the mixture was agitated. After a
short period of standing, a first crop of 62 g. of white crystals
separated, m.p. 75-85°. By a process involving concentra-
tion of mother liquors and systematic fractional recrystalli-
zation of the various crops of crystals from the same kind of
petroleum ether-benzene solvent mixture, it was possible
to separate from a total of 95 g. (a 95% yield) of mixed
diastereoisomers 25 g. (a 259 yield) of the erythro form,
white prisms, m.p. 84-85°, and 23 g. (a 23% yield) of the
threo form, white prisms, m.p. 141.5-143.5°.

Anal. Caled. for CiHisN:03: C, 62.38; H, 7.25; N,
11.19. Found (erythro form): C, 62.73; H, 7.45; N, 11.2.

Found (threo form): C, 62.67; H, 7.11.

dl-erythro- and di-threo-1-Piperidino-2-nitro-1-phenylpro-
pane.—To a solution of 65 g. (0.4 mole) of (2-nitropropenyl)-
benzene in 200 ml. of petroleum ether (b.p. 65-110°), 34 g.
(0.4 mole) of piperidine was added dropwise while the mix-
ture was agitated and cooled in an ice-bath. A number of
crops of crystals totaling 90 g. (90% yield) were obtained
by filtering the solution after a short period of standing and
then repeatedly concentrating and filtering the mother
liquors. Systematic fractional crystallization from a 2:1
benzene-petroleum ether mixture then vielded 23 g. of the
erythro product as white prisms, m.p. 72-73.5°, and 26 g.
of the threo product, also as white prisms, m.p. 95-96°.

Anal. Caled. for CHpoN:0s: C, 67.71; H, 8.12; N,
11.28. Found (erythro form): C, 67.62; H, 8.17. Found
(threo form): C, 67.96; H, 8.10; N, 10.9.

di-erythro- and dl-threo-1-Pyrrolidino-2-nitro-1-phenylpro-
pane.—To a supersaturated solution containing 62 g. (0.38
1mole) of (2-nitropropenyl)-benzene (I) dissolved in 150 ml.
of petroleum ether (b.p. 65-110°) 27 g. (0.38 mole) of pyrro-
lidine was added rather rapidly while the mixture was agi-
tated and cooled in an ice-bath at frequent intervals to con-
trol the rise in temperature. The mixture was then placed
in an ice-bath and the 12 g. of white crystals (m.p. 36—39")
which quickly separated were removed and recrystallized
from ether. White leaflets were obtained (7 g., 8% vield),
m.p. 38-39°. This is thought to be the erythro adduct.
After the remainder of the reaction mixture had been
allowed to stand for several hours, an additional 62 g. of
white crystals, m.p. 79-83°, were removed. This mate-
rial was recrystallized several times from a 2:1 petroleum
ether (b.p. 65-110°)-benzene mixture to vield 33 g. (37%
yield)oof the presumed threo adduct as white prisms, m.p.
85-87°.

Only the threo form was stable enough in the free form
to be analyzed.

Anal. Caled. for CisHisN:0:: C, 66.64;
Yound (threo form): C, 66.54; H, 7.53.

A hydrochloride, m.p. 115-116°, which is thought to.be
mainly that of the erythro form was obtained by passing
hydrogen chloride into a dry ether solution of the erythro
adduct and recrystallizing the resulting precipitate from an
ethanol-ether mixture. However, analysis showed the
carbon content of the sample to be somewhat lower than tle
caleulated value, although the expected results for hydrogen
and nitrogen were obtained.

Anal. Caled. for CisHisN:0--HCl: C, 57.67; H, 7.07;
N, 10.35. Found: C, 56.02; H, 6.89; N, 10.30.

Pyrrolidinium 1-Pyrrolidino-2-aci-nitro-1-phenylpropane.
—Pyrrolidine (10.75 g., 0.15 mole) was added dropwise to
a solution of 25 g. (0.15 mole) of (2-nitropropenyl)-benzene
in 150 ml. of dry ether while the mixture was agitated and
cooled in an ice-bath. Shortly after this addition was com-
pleted another 10.75 g. of pyrrolidine was added rapidly
to the mixture. A white crystalline precipitate (40 g.,
m.p. 64-68°) separated immediately. Following recrys-
tallization from anhydrousether, white prisms were obtained,
m.p. 71-73°. The yield was 29 g. (629%,). This substance,
which is freely water-soluble, decomposes, probably by loss
of pyrrolidine, unless kept in a stoppered container or re-
frigerated.

H, 7.74.

(23) H. B. Hass, A. G. Susie and R. L. Heider, J. Org. Chem., 15, 8
(1950).
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Amnal. Caled. for C1sH1sN:0,-CHyN: C, 66.85; H, 8.90;
N, 13.7. Found: C,66.56; H, 8.78; N, 13.2.

The compound also was obtained by addition of an equiva-
lent of pyrrolidine to an ethereal solution of either the di-
erythro or dl-threo form of 1-pyrrolidino-2-nitro-1-phenylpro-
pane. From the threo form the yield was low, probably be-
cause conversion to the aci-nitro form was slow in this case.

di-threo-1-Dimethylamino-2-nitro-1-phenylpropane.—A
solution of 22.5 g. (0.5 mole) of anhydrous dimethylamine in
75 ml. of absolute ethanol was added slowly to a solution of
82.5 g. (0.506 mole) of (2-nitropropenyl)-benzene in 200 ml.
of a 1:1 mixture of benzene and petroleum ether (b.p. 65—
110°). After a short period of standing, this solution de-
posited 62 g. (59.59, yield) of a white precipitate, m.p.
107-111°, After several recrystallizations from the 1:1
benzene-petroleum ether mixture, 47 g. (45% yield) of the
tllzlrfo5f.dduct was obtained as white prisms, m.p. 110.5~

Anal. Caled. for C;HpeN:O;:
Found: C, 63.77; H, 7.71.

1-Cyclohexylamino-2-nitro-1-phenylpropane.—To a solu-
tion of 33 g. (0.2 mole) of (2-nitropropenyl)-benzene in 150
ml. of anhydrous ether 20 g. (0.2 mole) of cyclohexyl-
amine was added slowly. A short time after the addition
was completed, a stream of hydrogen chloride was passed
into the solution. A solid precipitate soon began to form,
but after a few minutes a gummy material began to separate.
At this point the gas flow was interrupted and the solution
was filtered to remove 8 g. of a solid, m.p. 170-195°, which
proved to be mainly cyclohexylamine hydrochloride. Ad-
dition of hydrogen chloride to the filtrate then caused sepa-
ration of a gummy precipitate which fully solidified when
the mixture was allowed to stand. The precipitate was
removed by filtration and washed several times with ether.
Crystallization from an absolute ethanol-ether solution
vielded 30 g. (50%) of white needles, m.p. 182-135°. This
proved to be the hydrochloride of 1-cyclohexylamino-2-
nitro-1-phenylpropane.

A solution of 10 g. of this product in 100 ml. of water was
made slightly alkaline by addition of a 109 aqueous sodium
hydroxide solution and extracted three times with ether.
The combined ether extracts were washed once with water,
dried over Drierite and concentrated under reduced pres-
sure. Recrystallization of the residue several times from
petroleum ether (b.p. 65-110°) yielded 3 g. (849%) of 1-
cyclohexylamino-2-nitro-1-phenylpropane as small white
prisms, m.p. 62-64°.

Anal. Caled. for C;3HauNO,: C, 68.67; H, 8.45; N,
10.68. Found: C, 68.91; H, 8.19; N, 10.8.

Addition of Benzylamine to (2-Nitropropenyl)-benzene —
Benzylamine (21.4 g., 0.2 mole) was added to a solution of
33 g. (0.2 mole) of (2-nitropropenyl)-benzene in 150 ml. of
anhydrous ether. Hydrogen chloride was passed into the
solution and the initial solid precipitate consisting mainly
of benzylamine hydrochloride (10 g.) was removed by
filtration. The gummy precipitate obtained by further
addition of hydrogen chloride became solid after a period of
standing and was recrystallized from an absolute ethanol-
ether mixture to give 35 g. (a 589, yield) of white needles,
m.p. 135-136°. This product, which was evidently the
hydrochloride of 1-benzylamino-2-nitro-1-phenylpropane,
was not further characterized except by means of the reduc-
tion described below.

Reduction of 1-Amino-1-phenyl-2-nitropropanes (Ila, IIb
and IV).—Reduction by stannous chloride in hydrochloric
acid solution (procedure A) was used with all of the com-
pounds. When the sample of an amino nitro compound
reduced by this procedure consisted of a single diastereoiso-
mer in substantially pure form no difficulty was ever en-
countered in obtaining the resulting diamine or its deriva-
tives as single diastereoisomers. en, as in reduction
with lithium aluminum hydride (procedure C), mixtures of
diastereoisomeric diamines were produced, the phenyl-
thiourea derivatives formed with phenyl isothiocyanate
melted over a considerable range and could be separated
into two components by careful fractional crystallization.
Catalytic hydrogenation over Raney nickel or platinum
(Adams) catalysts (procedure B) gave a single product
with the threo isomers that were reduced in this manner, but
mixtures of diastereoisomers with erythro forms.

Procedure A.—Quantities as well as proportions of mate-
rials used were very similar in most of the experiments.

C, 63.44; H, 7.74.
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In the cases of the cyclohexyl and benzylamine adducts
(IV, R = cyclohexyl or benzyl) and the erythro-pyrrolidine
adduct (IIa, R;N = pyrrolidino) the compound to be re-
duced was added to the stannous chloride-hydrochloric
acid solution in the form of the solid hydrochloride, whereas
in all other cases the compounds were dissolved in hydro-
chloric acid and added in solution, as in the standard pro-
cedure given below:

A solution of ¢a. 0.08 mole of the amino nitro compound
in 75 ml. of concentrated hydrochloric acid was added to a
stirred solution of 68.5 g. (0.86 mole) of stannous chloride
in 75 ml. of concentrated hydrochloric acid. The rate of
addition was controlled so as to maintain the temperature
of the mixture at 50-60°. This temperature wasnaintained
by heating for 1 hour after the addition was complete, and
the mixture was then poured into 300 ml. of water. The
resulting solution was cooled in an ice-bath and neutralized
by careful addition of 140 g. (3.5 moles) of sodium
hydroxide in a concentrated aqueous solution. The mix-
ture was then extracted four times with 400-ml. portions of
ether. The ether extracts were dried over Drierite and
concentrated under reduced pressure. The product was
then purified by distillation under reduced pressure.

Procedure B.—A solution of 0.08 mole of the amino nitro
compound in 150 ml. of absolute ethanol was shaken with
1.0 g. of Raney nickel catalyst using an initial hydrogen
pressure of 3 atmospheres. When absorption of hydrogen
ceased the catalyst was removed by filtration, the filtrate
was concentrated under reduced pressure, and the product
was purified by distillation under reduced pressure.

Hydrogenation of similar quantities of material was
carried out in the same manner using 1.0 g. of platinum
oxide (Adams) catalyst and 100 ml. of acetic acid as the sol-
vent. The acetic acid was removed by addition of 20%
sodium lhydroxide and the product was collected by ex-
haustive extraction into ether, then purified by distillation
under reduced pressure.

Procedure C.—Typical results for reduction with lithium
aluminum hydride are described in the following account
of an experiment with dl-threo-1-morpholino-2-nitro-1-
phenylpropane. A solution of 15 g. (0.06 mole) of this
amino nitro compound (m.p. 140-143°) in 175 ml. of an-
hydrous etlier was added dropwise to a stirred solution of
6 g. (0.16 mole) of lithium aluminum hydride in 200 ml. of
anhydrous ether. Therate of addition was regulated so that
only a gentle refluxing of tlhe ether was produced. The
mixture was stirred for one hour after the addition was com-
plete, then water was added cautiously to destroy the excess
of lithium aluminum hydride. After addition of 250 ml. of
a 209 sodium potassium tartrate solution the mixture was
shaken, the ether layer was drawn off and the aqueous solu-
tion was extracted several times with ether. After the
combined ether solutions had been dried over Drierite the
solvent was removed by distillation and the residual oil was
distilled under reduced pressure to yield 9.7 g. (759 yield)
of a colorless oil, b.p. 150-159° (4 mm.).

From a 5-g. sample of this oil dissolved in petroleum ether
(b.p. 30-60°) and kept under refrigeration impure dl-threo-1-
morpholino-2-amino-1-phenylpropane separated in crystal-
line form, m.p. 70-79°. TFollowing several recrystalliza-
tions from petroleum ether (30-60°) 2 g. of the pure di-
threo-diamine was obtained, m.p. 84-85°, as described
below.

On the other hand, when the phenylthiourea was prepared
from a 2-g. sample of the same oil the derivative obtained
in pure form (0.2 g., 89, yield) after repeated recrystalliza-
tion from 959, ethanol melted at 177-179° and proved to be
the dl-erythro form described below.

Characterization of the Diamines Va, Vb and VI.—In-
dividual diamines of the types V and VI are described be-
low, together with the derivatives used in their characteri-
zation. Phenylthioureas were prepared by heating the di-
amines with phenyl isothiocyanate as in the procedure
given by Shriner, Fuson and Curtin.2?¢ Sulfates were pre-
pared by dissolving approximately 0.5 g. (or 0.0023 mole) of
the diamine in 3 ml. of absolute ethanol and adding a solu-
tion of 0.23 g. (0.0023 mole) of concentrated sulfuric acid
dissolved in 2 ml. of absolute ethanol. Isopropy! alcohol
was then added dropwise until a cloudiness developed in the

(24) R. L. Shriner, R, C. Fuson and D. Y. Curtin, ‘‘The Systematic
Identification of Organle Compounds,’”” John Wiley and Sons, Inc.,
New York, N. Y., 1956, p. 227.
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solution, which was then cooled until crystallization occurred.
The sulfates were recrystallized from absolute ethanol or abso-
lute ethanol-isopropyl alcohol mixtures. p-Toluenesulfon-
ates were prepared by adding solutions containing 0.85 g.
(0.005 mole) of p-toluenesulfonic acid in 4 ml. of absolute
ethanol to solutions prepared from approximately 0.44 g.
(or 0.002 mole) of the diamine in 4 ml. of absolute ethanol.
Crystallization was induced by cooling the mixture and the
salts were then recrystallized from absolute ethanol.

_dl-erythro-1-Morpholino-2-amino-1-phenylpropane —The
yield (procedure A) was 61.3%, of a colorless oil, b.p. 150~
153° (4 mm.). The phenylthiourea, dl-erythro-N-(1-
methyl-2-morpholino-2-phenylethyl)- N’ - phenylthiourea,
was obtained in 809, yield, white needles from 959, ethanol,
m.p. 177-179°.

Anal. Caled. for CyHuNOS: C, 67.57; H, 7.09; N,
11.82. Found: C, 67.29; H, 7.23; N, 11.8.

_The sulfate, apparently a monohydrate, was obtained in
55% yield as white needles, m.p. 184-185°. Awnal. Caled.
for CisHaN»O-H:S04+H,0: C, 46.41; H, 6.59. Found:
C, 46.25; H, 6.59.

Tlge p-toluenesulfonate, apparently a monohydrate, was
obtained in 619, yield as white platelets, instantaneous m.p.

153:1540. Anal. Caled. for C13H29N20'2C7H3035'H201
C\ZT, 15’.7687; H, 6.53; N, 4.80. Found: C, 56.07; H, 6.50;
Ny &8,

. dl-threo-1-Morpholino-2-amino-1-phenylpropane.—The
vield was 66% by procedure A.; procedure B gave 627,
V\(lth Raney nickel, 539, with platinum oxide. The colorless
oil, b.p. 150-155° (4 mm.), solidified on cooling and was re-
crystallized from petroleum ether (b.p. 30-60°) to give fine
white needles, m.p. 84-85°.

Anal. Caled. for C;3HxN.0: C, 70.51;
12.9. Found: C, 70.87; H, 9.15; N, 12.7.

The phenylthiourea, dl-threo-N-(1-methyl-2-morpholino-2-
phenylethyl)-N'-phenylthiourea, was obtained in 859, yvield
as white needles from 959, ethanol, m.p. 184-185°. Anal.
Caled. for CypHyuN;0S: C, 67.57; H, 7.09; N, 11.82.
Found: C, 67.46; H, 7.01; N, 11.7.

The melting point of a mixture of this thiourea derivative
with that (m.p. 177-179°) obtained from the erythro form
of the diamine was depressed to 170-175°,

A benzoyl derivative, di-threo-1-morpholino-1-phenyl-2-
benzamidopropane, which was obtained in 709, vield
from the diamine by the Schotten-Baumann procedure, gave
white needles, m.p. 166-167° from 95%, ethanol.

Anal. Caled. for C2aH24N202: C, 74.04;
Found: C, 74.20; H, 7.48.

di-erythro-1-Piperidino-2-amino-1-phenylpropane.—Pro-
cedure A gave a yield of 649, of colorless oil, b.p. 140-142°
(4 mm.).»

The phenylthiourea, dl-erythro-N-(1-methyl-2-phenyl-2-
piperidinoethyl)-N’-phenylthiourea, was obtained in 809,
vield as white needles, m.p. 180-181° from 959, ethanol.
Anal. Caled. for CoHaN,S: C, 71.34; H, 7.69; N, 11.89.
Found: C,71.77; H, 7.62; N, 11.8.

The sulfate, evidently a monohydrate, was obtained in
709 vield as fine white needles, m.p. 217-219° from absolute
ethanol. Awnal. Caled. for CisHNs-H,S0,-H0: C, 50.27;
H, 7.83; N, 8.38. Found: C, 50.30; H, 7.87; N, 7.95.

The p-toluenesulfonate, also a monohydrate, was ob-
tained in 659, vield as fine white platelets, instantaneous
m.p.212-213°. Amnal. Caled. for CiyHzeN2-2CH0:S-H,0:
C,57.93; H,6.80. Found: C, 38.29; H, 7.00.

dl-threo-1-Piperidino-2-amino-1-phenylpropane .—Proce-
dure A gave a 68.59%, yield, procedure B (Raney nickel) a
51% vield of a colorless oil, b.p. 141-143° (4 mm.), which
solidified. Recrystallization from n-hexane gave fine white
needles, m.p. 51-52°,2%

Anal. Caled. for CiHzN;: C, 77.01; H, 10.15; N,
12.83. Found: C, 76.75; H, 10.29; N, 12.8.

The phenylthiourea, dl-threo-N-(1-methyl-2-phenyl-2-pi-
peridinoethyl)-N’-phenylthiourea, was obtained in 909,
vield as white needles from 959, ethanol, m.p. 178-179°.
Amnal. Caled. for CqHxNsS: C, 71.34; H, 7.69; N, 11.89.
Found: C, 71.09; H, 7.76; N, 11.7.

(25) Some samples of this compound have frozen when stored in a
refrigerator.

(26) Melting points obtained for the free base were somewhat
variable, and there are indications of a crystalline form melting at
ca. 55°,

H, 9.22; N,

H, 7.46.
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A small (1-2°) but reproducible melting point depression
is observed when this derivative is mixed with the corre-
sponding erythro derivative.

dl-erythro-Pyrrolidino-2-amino-1-phenylpropane.—Proce-
dure A gave a 529, vield of a colorless oil, b.p. 105-107°
(1 mm.).

The phenylthiourea, dl-erythro-N-(l-methyl-2-phenyl-2-
pyrrolidinoethyl)-N'-phenylthiourea, was obtained in 70%
vield as white prisms from 95% ethanol, m.p. 145-146°.
Anal. Caled. for CpHaN3S: C, 70.75; H, 7.42; N, 12.38.
Found: C, 70.89; H, 7.47; N, 12.2.

The p-toluenesulfonate was obtained in 609, vield as
fine white needles, m.p. 220-222°. Anal. Caled. for Cis-
HyN2-2CH0:8: C, 59.10; H, 6.61. Found: C, 59.04;
H, 6.95.

Reduction of pyrrolidinium dl-1-pyrrolidino-2-gci-nitro-1-
phenylpropane (I1I), essentially by procedure A, but using
a solution prepared from approximately 6 N hydrochloric
acid in double the usual volume to introduce the salt into the
reduction mixture, gave a 30% yield of dl-erythro-1-pyrroli-
dino-2-amino-1-phenylpropane, and a quantitative recov-
ery of pyrrolidine. The phenylthiourea prepared from the
sample of erythro-diamine obtained in this way melted at
145-146° and was identical with that described above, as
indicated by the mixed melting point test. There was no
indication of the presence of the derivative of the threo-
diamine described below.

dl-threo-1-Pyrrolidino-2-amino-1-phenylpropane.—Pro-
cedure A gave a 509, yield of a colorless oil, b.p. 130-134°
(4 mm.).

The phenylthiourea, d/-threo-N-(1-methyl-2-phenyl-2-pyr-
rolidinoethyl)-N’-phenylthiourea, was obtained in 889
yield; white prisms from 959, ethanol, m.p. 145-146.5°.
This m.p. is essentially the same as that of the erythro
isomer, but the m.p. of a mixture of the diastereoisomers was
mnarkedly depressed.

Anal. Caled. for CoHaNsS: C, 70.75; H, 7.42; N,
12.38. TFound: C,70.79; H,7.27; N, 12.5.

The p-toluenesulfonate was obtained in 669, yield, as
white prisms from absolute ethanol, instantaneous m.p.
195-196°. Amnal. Caled. for C13HaoN2-2CH0:S: C, 59.10;
H, 6.61. Found: C, 59.01; H, 6.66.

dl-threo-1-Dimethylamino-2-amino-1-phenylpropane.—
?rocedt;re A gave an 829, yield of a colorless oil, b.p. 80-83°
2 mm.).

The phenylthiourea, di-threo-N-(1-methyl-2-dimethyl-
amino-2-phenylethyl)-N'-phenylthiourea, was obtained in
909, yield; white platelets from 959, ethanol, m.p. 166-
167°. Anal. Caled. for CisHuNsS: C, 68.97; N, 7.39;
N, 13.40. Found: C, 68.89; H, 7.34; N, 13.2.

The sulfate, a monohydrate, was obtained in 779, yield;
white leaflets from absolute ethanol, m.p. 190-192°. Anal.
Caled. for CiH;sN2-H:S0,-H:O: C, 44.87; H, 7.55; N,
9.52. Found: C, 44.31; H, 7.19; N, 9.60.

The p-toluenesulfonate, a monohydrate, was obtained
in 779 yield as fine white needles from absolute ethanol,
instantaneous m.p. 155-156°. Amnal. Caled. for CyHis-
N2-2CiH0:8-H,0: C, 55.55; H, 6.84; N, 5.20.
C, 55.51; N, 6.82; N, 5.33.

dl-Cyclohexylamino-2-amino-1-phenylpropane.—Proce-
dure A gave a 539 yield of a colorless oil, b.p. 125-130° (3
m

Found:

m.).
The phenylthiourea, presumably di-N-(1-methyl-2-cyclo-
hexylamino-2 - phenylethyl) - N’ - phenylthiourea, was ob-
tained in 909 yield; white needles from 959, ethanol, m.p.
173-175°. Anal. Caled. for CpHuNS: C, 71.89; H,
7.95; N, 11.43. Found: C, 72.16; H, 7.84; N, 11.3.

The p-toluenesulfonate was obtained in 659 vield; fine
white needles from absolute ethanol, m.p. 257-258°. Anal.
Caled. for CisH24N2-2C7H:0:S: C, 60.38; H, 6.98. Found:
C, 60.03; H, 7.17.

dl-Benzylamino-2-amino-1-phenylpropane.—Procedure
A gave a 569, vield of a colorless oil, b.p. 162-165° (4 mm.).

The phenylthiourea, dI-N,N’-bis-(phenylthiocarbamyl)-1-
benzyvlamino-2-amino-1-phenylpropane (V1iIla), was obtained
in 659, vield as white prisms from 95% cthanol, m.p. 165-
166°.

Anal. Caled. for CsoHoNgS:: C, 70.55; H, 5.92; N,
10.97. Found: C, 70.21; H, 5.90; H, 10.9.

The p-toluenesulfonate was obtained in 689, yield; white

prisms from absolute ethanol, m.p. 197-198°. The conipo-
sition corresponds to that of a monohydrate,
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Caled. for ClsHmN2'2C7H303S'H20: C, 59.80;
H, 6.31. Found: C, 60.19; H, 6.58.

Deamination-Rearrangement Experiments with the
Diamines V.—The nitrous acid reaction was carried out with
both the threo and erythro forms of the morpholino and
piperidino compounds and with the one (threo) form of the
dimethylamino compound. Two different procedures were
employed, one using hydrochloric acid, the other acetic acid.

In the hydrochloric acid procedure samples of the diamine
(1.0-2.5 g.) were dissolved in 50-75 ml. of water by addition
of slightly more than two moles of concentrated hydrochloric
acid per mole of diamine. The solutions were cooled in an
ice-bath and a solution of sodium nitrite (6-9 moles per
mole of diamine) in water (5~10 ml.) was then added drop-
wise. The solutions were stored in a refrigerator for two
days, then made basic by addition of a 109} sodium hydrox-
ide solution and extracted several times with ether. The
ether solutions were extracted with 109, hydrochloric acid
to remove unchanged starting material, then concentrated
under reduced pressure to leave the deamination-rearrange-
ment products as neutral residual oils, In most experi-
ments some of the starting material was recovered by
making the hydrochloric acid extracts basic and extracting
with ether. The basic fraction obtained in this way was
usually converted to a picrate for comparison with the pi-
crate of the starting material.

In the experiments conducted in acetic acid solution 1.0~
2.5-g. samples of the diamines were dissolved in 33-100
ml. of 50% aqueous acetic acid and treated at 2° with solu-
tions of 1.0-5.0 g. of sodium nitrite dissolved in 5-10 ml. of
water. Otherwise the procedure was essentially the same
as in the experiments described above in which aqueous
hydrochloric acid was used.

The neutral oils obtained from these experiments were
converted into semicarbazones by use of a procedure given
by Shriner, Fuson and Curtin.?” In the experiments con-
ducted with the threo- and erythro-morpholino compounds
the infrared spectra of the crude semicarbazones were
examined (in Nujol mulls) before the derivatives were
recrystallized, then again after purification. Samples of
the purified semicarbazones from the various experiments
were identified with authentic samples of hydratropaldehyde
semicarbazone, acetophenone semicarbazone or propiophen-
one semicarbazone by comparison of melting points, mixed
melting points and, in the case of the experiments with the
morpholino compounds, by comparison of infrared spectra.
As shown by the data quoted below, the spectra of the three
semicarbazones differed markedly in the 5.5-6.5 u region
of the infrared.

Results of experiments with individual diamines follow.

Reaction of dl-erythro-1-Morpholino-2-amino-1-phenylpro-
pane.—When 1 g. of the diamine was treated with nitrous
acid using the hydrochloric acid procedure a crude semicar-
bazone was obtained in three fractions; 0.23 g., m.p. 171-
175°; 0.09 g., m.p. 165-170°; and 0.05 g., m.p. 155-170°.
A Nujol mull prepared from a mixture of these three frac-
tions displayed the infrared spectrum characteristic of pro-
piophenone semicarbazone, with bands at 5.86(shoulder),
5.93, 6.02, 6.22(shoulder), 6.29 and 6.41 u. Recrystalliza-
tion of these crude products from 959 ethanol affected the
spectrum merely in removing the shoulder at 5.86 x and
somewhat altering band intensities. A spectrum identical
with that of the crude derivative was obtained from an
authentic sample of propiophenone semicarbazone which
had been recrystallized from 959, ethano!l with seeding by a
crystal taken from a recrystallized portion of the above
derivative, However, another sample of propiophenone
semicarbazone recrystallized from 959%, ethanol without
such seeding showed a slightly different spectrum, possibly
either because of the presence of a second dimorphic form or
because of a difference in crystal orientation in the Nujol
mulls.?® Bands observed in the 5.5-6.5 u region were at
5.84, 5.96, 6.28(shoulder) and 6.39 . The bands at 5.84
and 5.97 yx in this sample may correspond to those at 5.93
and 6.03 u in the other samples, and the 6.39 x band was so

Anal.

(27) Ref. 24, p. 218.
pounds was used.

(28) See discussion by F. A. Miller in H. Gilman, ‘“Organic Chemis-
try,” John Wiley and Sons, Inc.,, New York, N. Y., 1953, Vol. III,
pp. 138-130.
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strong and broad as to suggest that it may have concealed the
band at 6.29 u (probably due to phenyl) observed in the
other determinations.

Reaction of di-threo-1-Morpholino-2-amino-1-phenylpro-
pane.—When 1 g. of the diamine was treated with nitrous
acid using the hydrochloric acid procedure a neutral oil
weighing 0.414 g. was obtained. With semicarbazide, 0.3
g. of this oil yielded three crops of crystals: 0.24 g., m.p.
120-128°; 0.10 g., m.p. 128-130°; and 0.05 g., m.p. 135-
150°. A Nujol mull prepared from a mixture of these
three samples showed the following bands in the 5.5-6.5 u
region of the infrared: 5.75, 5.92, 6.07, 6.16,6.26 and 6.32 u
(shoulder). Bands were found at 5.92, 6.06, 6.16 and 6.24
u for hydratropaldehyde semicarbazone and at 5.75, 6.22
(shoulder) and 6.32 ux for acetophenone semicarbazone.
Thus, the semicarbazone mixture from deamination-rear-
rangement had the spectrum of a mixture of hydratropalde-
hyde and acetophenone semicarbazones. (The 6.22 u
shoulder of acetophenone semicarbazone was obscured in the
spectrum of the mixture by the strong 6.24 x4 band of hydra-
tropaldehyde semicarbazone.)

Reaction of dl-erythro-1-Piperidino-2-amino-1-phenylpro-
pane.—When 1 g. of the diamine was treated with nitrous
acid using the acetic acid procedure, 0.61 g. of neutral oil
was obtained, and this yielded a crude semicarbazone, m.p.
160-165°. The m.p. was raised to 172-175° by one re-
crystallization from 959 ethanol. The yield of recrystal-
lized derivative was 839, assuming that the oil contained
only propiophenone. No depression of the melting point
was observed when this material was mixed with authentic
propiophenone semicarbazone, m.p. 178-179°.

Reaction of dI-threo-1-Piperidino-2-amino-1-phenylpro-
pane.—When 1 g. of the diamine was treated with nitrous
acid using the acetic acid procedure the 0.5 g. of neutral oil
obtained yielded a crude semicarbazone, m.p. 180-189°.
Recrystallization from 959% ethanol raised the m.p. to 194-
197°. The yield of recrystallized material would have been
equivalent to 409, if the oil had consisted only of aceto-
phenone. The melting point was not depressed by admix-
ture of the sample with authentic acetophenone semicar-
bazone, m.p. 197-198°,

Reaction of di-threo-1-Dimethylamino-2-amino-1-phenyl-
propane.—When 2.5 g. of the diamine was treated with ni-
trous acid by the hydrochloric acid procedure the 1.4 g. of
neutral oil obtained yielded a crude semicarbazone, m.p.
120-140°. Following purification by recrystallization from
959, ethanol, the m.p. was raised to 149-150° and was not
depressed by admixture of the sample with authentic hydra-
tropaldehyde semicarbazone, m.p. 150-151°,

dl-erythro-1-Morpholino-2-nitro-1-phenylpropane from
Sodium d!- Morpholino- 2 - aci - nitro-1 - phenylpropane.—A
solution of the sodium salt of the aci-nitro form of 1-mor-
pholino-2-nitro-1-phenylpropane was prepared by first dis-
solving 5 g. of dl-threo-1-morpholino-2-nitro-1-phenylpro-
pane in 20 ml. of 209, hydrochloric acid, then adding the
solution dropwise with stirring to 60 ml. of 109 sodium
hydroxide. The resulting clear solution of the sodium salt
was added dropwise with stirring to a solution prepared from
370 ml. of concentrated hydrochloric acid and 150 ml. of
water. Theacid solution, which remained clear, wasallowed
to stand for 24 hours to allow complete conversion of the
aci-nitro form to the nitro form. A 120-ml. portion of the
solution was carefully neutralized with sodium hydroxide
solution. (A 209, solution was used until the end-point
was approached, then a 59 solution.) The mixture was
extracted with 50 ml. of ether, and the ether solution was
dried over Drierite, then evaporated to leave 0.6 g. of a
yellow oil, which failed to solidify. It was dissolved in
10 ml. of anhydrous ether and hydrogen chloride was passed
into the solution. The oily hydrochloride which precipi-
tated crystallized after it was dissolved in 3 ml. of absolute
ethanol and the solution was diluted with ether. The 0.4 g.
of white needles obtained, m.p. 111-112°, was dissolved in
3 ml. of water and 1%, sodium hydroxide was added to the
solution until no further precipitation occurred. The oily
precipitate crystallized, and was filtered from the solution
and washed with water. The white prisms so obtained
melted at 83-84° and did not depress the m.p. of the erythro
forx%;_xg.;g. 84-85°, but a mixture with the threo form meited
at 1°.
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