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14 15oximes. ’ Essentially, the rearrangement proceeds as a 
stereospecific intramolecular displacement in that the group 
anti to the oximido hydroxyl function always migrates"^
(Fig. 1). As a result of this stereospecificity, the Beck
mann rearrangement has been successfully employed to demon
strate the geometrical isomerism exhibited by unsymmetri- 
cally substituted oximes. The configurational assignments 
of such oximes have been determined on the basis of the struc
tures of the rearrangement products obtained from both oxime 
isomers.

NOH „ 0
II HR ' -C-R  >  R 1 -N-C-R

HON 0 1TII II H
R ’-C-R ------->  R ’-C-N-R

Fig. 1. The Beckmann Rearrangement of Unsymmetri- 
cally Substituted Oximes

Due to the high degree of stereospecificity exhibited 
by the Beckmann rearrangement, an optically active molecularly 
dissymmetric molecule such as l-methyl-2,6-diphenyl-4-piperi- 
done oxime (II) should afford an optically active rearrange
ment product. Further, the optical activity of the Beckmann 
rearrangement product obtained from such a molecularly dis
symmetric molecule should be attributed to atomic asymmetry 
rather than to molecular dissymmetry. The presence of enan
tiomeric carbon atoms at the C-2 and C-6 positions in II 
provides centers of mirror image configuration to which the 
configuration of the oximido hydroxyl function may be related. 
Hence, establishment of the stereochemistry of the Beckmann
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rearrangement product of (+)-II should not only provide a 
method for assigning the configuration of the oximido hy
droxyl function with respect to one of the enantiomeric 
centers, but also should provide a method for ascertaining 
the absolute configuration of the optically active oxime 
itself. Such a correlation would, in effect, relate the 
absolute configuration of a molecularly dissymmetric molecule 
to a molecule whose optical activity was due to atomic asym
metry and thereby provide a method of establishing the abso
lute configuration of a class of compounds exhibiting optical 
activity due to the unique type of molecular dissymmetry, 
geometrical enantiomorphic isomerism.

The well-established mechanism of the Beckmann re
arrangement has permitted its application in determining the
'stereochemistry of many unsymmetrically substituted oximes

14 15and has been successfully applied to alicyclic ketoximes. ’
15-17 12Most nitrogen heterocyclic ketoximes , including II ,

have failed, however, to yield identifiable rearrangement 
products when subjected to the usual acidic Beckmann rearrange
ment conditions. On the other hand, under basic rearrangement

18conditions similar to those described by Brown , racemic 1- 
methyl-2,6-diphenyl-4-piperidone oxime (II) has been demon
strated to undergo a normal Beckmann rearrangement to yield the
product expected from a cyclic ketoxime, a cyclic amide, 1,4-

13diaza-l-methyl-2,7-diphenyl-5-cycloheptanone (III). Em-
18ploying a modification of the procedure described by Brown ,

24(+)-II, [a] D +28.9°, after treatment with benzene sulfonyl
chloride in sodium hydroxide, gave a levorotatory Beckmann re-

2 A-arrangement product, III, [a] D -6.36°. Since the Beckmann 
rearrangement requires a migration of the group trans to the 
oximido hydroxyl function with concomitant migration of the 
alkyl group, the structure of the Beckmann rearrangement pro-
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duct obtained from (+)-II may be represented by Ilia or its 
mirror image Illb (Fig. 2) . -

H.

Ph!/

N /
OH HO.

I
c h 3

Ila

,H
Ph r\

0

H".
N-

,-H 
\ > h

HN

Ph
CH

CH,

N

H^
Phr p̂h

c h3

lib

Phi
CH3

Ilia II lb

Fig. 2. The Beckmann Rearrangement of 1-Methyl-
2,6-diphenyl-4-piperidone Oxime

Degradation of 1 ,4-Diaza-l-methyl-2,7-diphenyl-5-cycloheptanone

The isolation of a levorotatory lactam (III) from the 
base catalyzed Beckmann rearrangement of (-t-)-II, indicated that 
the rearrangement had proceeded stereospecifically without 
racemization of the optically active oxime II in the reaction 
medium. If the stereochemistry of the amide, (-)-III, obtained 
from the Beckmann rearrangement of (+)-II, were established by 
a simple degradative procedure, the configuration of the oximido
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hydroxyl group of (+)-II could be ascertained. Since the 
mechanism of the Beckmann rearrangement should not affect 
the configuration at the enantiomeric centers (C-2 and C-7 
in III) of the oxime II, configurational assignment of the 
oximido hydroxyl group may be designated as either syn or 
anti with respect to the appropriate enantiomeric center. 
Degradation of (-)-III should yield an optically active com
pound whose absolute configuration may be related, by chemi-

19cal and/or physical methods , to a compound of established 
absolute configuration and, therefore, could possibly be 
used to establish the absolute configuration of the dextro
rotatory isomer of II.

Preliminary studies concerned with the reactivity
13of II indicated III was resistant to exhaustive methyla- 

tion and N-oxide formation as a result of the steric hin
drance imparted on the free electron pair of the tertiary 
amino nitrogen by the adjacent bulky phenyl substituents.
Due to the lack of reactivity at the tertiary amino nitrogen

20of III, the Hofmann and Cope procedures normally utilized
for the step-wise degradation of nitrogen heterocyclics were
unsuitable methods by which a degradation of III could be
accomplished. Under acidic conditions, however, hydrolysis
of the amide linkage of III had been shown to occur along
with cleavage of the C-7, nitrogen bond. The only nitrogen-
containing product isolated from this hydrolytic cleavage
reaction was identified as p-(N'-methylamino)-p-phenylethyl- 

13amine (IV) , and on this basis it appeared likely that a 
one-step hydrolytic degradation of (-)-III could possibly be 
accomplished to yield an optically active compound with which 
the configuration of the oximido hydroxyl group of (+)-II 
could be correlated.

Employing a modification of the acidic hydrolysis



10

17conditions described by Dickerman and Lindwall , (-)-III,
23[a] D -6.36°, after treatment with 207> hydrochloric acid,

gave levorotatory f3-(N' -methylamino) -f3-ph.enylethylam.ine (IV),
2 A-[a] D -6.77°, along with a high yield of cinnamic acid 

(Fig. 3). A solid bis-phenylthiourea, which was subsequently 
demonstrated to be dextrorotatory, was obtained on treatment 
of (-)-IV with phenyl isothiocyanate. These results suggested 
that a one-step hydrolytic degradation of the stereospecifi- 
cally synthesized lactam, (-)-III, could possibly afford a 
chemical means of ascertaining the absolute configuration of 
(+)-!!, a molecularly dissymmetric molecule.

1) 20% HC1_______ \
 ̂ 2) Neutralization

-C00H Hr,N
+

Ph HN

T

H
™  ̂  V
c h 3

(-)-iv

Fig. 3. Acid Hydrolysis of (-)-1,4-Diaza-1-methyl-
2,7-diphenyl-5-eyeloheptanone

Isolation of levororotatory (3- (N' -methylamino)-(3- 
phenylethylamine (IV) from the acid hydrolysis indicated that 
cleavage of the amide linkage, as well as the C-7, nitrogen 
bond of (-)-III, had occurred without racemization of one of 
the asymmetric centers. Since (-)-IV is the N'-methyl deriva
tive of a-phenylethylenediamine, a comparison of the D-line 
rotation of (-)-IV with the D-line rotations of a-phenyl- 
alkylamines of established configuration should theoretically 
predict the stereochemistry of (-)-IV. Table I indicates that 
the D-line rotation of (-)-IV, isolated from the hydrolysis of



TABLE I

- - CH2R

R'
1 -H

2N// p̂h
D-Line Rotations 21 22of a-Phenylalkylamines 5

R R ’ [a] D [a] D , HC1

H H -29.3° -6.0°a
OH H - -26.3b
Ph H +47.9 +128a
n h 2 H -27.5 +17.9

COOH H -6.9 -
CO OH c h 3 ,h -19.3 +1.7

COOH c h 3 -8.6 -.9-2

c o o c 2h 5 c h 3 -15.5 -9.4

n h 2 c h 3 -6.77° -

a G. G. Lyle, J. Org. Chem. , 2_5, 1779 (1960) .

k R. Lukes, J. Kovar, J. Kloubek, and K. Blaha,
Chem. Listy, 51, 1501 (1957); C.A. 52, 1100 (1958).

C This Thesis.
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(-)-III, may best be compared with the D-line rotation of p-
21phenylethylenediamine. Since the D-line rotations of both 

of these compounds, (-)-IV and a-phenylethylenediamine, are 
in the same direction, the configuration of these two diamines 
should be comparable. Further examination of Table I, how
ever, suggests that the introduction of a methyl substituent 
on an amino nitrogen may alter the D-line rotation, for a 
change in levorotatory power was noted in the case of (3-amino
hydrocinnamic acid and its mono and dimethylamino derivatives

22 21 respectively. Although Arpesella and co-workers have
chemically demonstrated the configurational relationships of 
a number of a-phenylethylenediamine derivatives, failure to 
include the corresponding N 1-methyl analogues in their tabu
lations necessitated the utilization of a chemical method of 
establishing, unequivocally, the’ configuration of the levoro
tatory (3-(N' -methylamino)-p-phenylethylamine obtained from 
the acid hydrolysis of (-)-III.

Attempted Syntheses of (N ' -Methylamino)-(3-phenylethylamine

Perhaps the most valuable method available for estab
lishing the absolute configuration of an optically active 
compound of unknown configuration is by a comparison of the 
D-line rotation of the unknown with the D-line rotation of 
a compound of established configuration. Generally, this 
method of determining absolute configuration involves a 
stereospecific synthesis of the unknown compound from an opti
cally active compound of established configuration. Inspec
tion of the structural formula of IV suggests that the f3-(N'- 
methylamino)-(3-phenylethylamine (IV), isolated from the acid 
hydrolysis of III, may be obtained from an optically active 
amino acid of established absolute configuration, namely,
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a-aminophenylacetic acid (V). A series of reactions which 
would not destroy the asymmetry of V was proposed and the 
feasibility of these reactions tested with racemic a-amino
phenylacetic acid (V), (Fig. 4).

Attempts to synthesize the diamide VII by a reaction 
sequence involving initial conversion of the carboxylic acid 
group to the amide VI followed by formylation of the amino 
nitrogen of V proved unsuccessful. Attempts to prepare a-amino- 
phenylacetamide (VI) by the usual procedure (thionyl chloride 
followed by ammonia) resulted only in the isolation of the 
hydrochloride of V and path A (Fig. 4) was, therefore, aban
doned .

Since the diamine (IV) isolated from the acid hydroly
sis of III possesses a mono-methylamino as well as a primary 
amino function, experiments were designed to provide a method 
of synthesizing a-methylaminophenylacetic acid (VIII) and 
then converting the carboxylic acid function of VIII to the 
corresponding amide. Subsequent reduction of a-methylamino- 
phenylacetamide (IX) would yield the stereospecifically syn
thesized IV. Substitution of the hydrogen atoms of a primary 
amine by alkyl groups usually leads to the successive forma
tion of secondary and tertiary amines, and the product iso
lated from such reactions usually consists of a mixture of 
both types of amines. This difficulty may, however, be over
come by effecting the alkylation on a suitable amine deriva
tive, which after hydrolysis, yields the desired secondary
amine. Since benzenesulfonamides have been used for such

23 24types of secondary amine syntheses 5 , it appeared reason
able that the benzenesulfonamide of V could be utilized in a 
similar manner to yield VIII. The benzenesulfonamide of V

25was therefore prepared according to the standard procedure



Path A

Ph-CH-COOH

1. SOC1
2. NH.OH

0
IIPh—CH-C-NH, I 'NH2

VI

NH 2 Path B

Ph-CH-COOHPath C
HNCH

2. HCOOH VIII

HCONH,

1. SOC1 2->
2. NH.OH4

0
II■> Ph—CH—C—NH,

IHNCHO

VII

LiAlH.4
Y

Ph—CH—CH0NH0
i 2 2HNCH,

IV

LiAlH, j 4

0
IIPh—CH—C—NH,

IHNCH,

IX

Fig. 4. Proposed Syntheses of f3-(N1-Methylamino)-p-phenylethylamine
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23 24and subsequently treated with methyl iodide. 5 Hydroly
sis of the reaction mixture, however, resulted only in the 
isolation of the hydrochloride of V, and path B (Fig. 4) was 
abandoned.

A method specifically employed for the synthesis of
methylamino compounds is known as the Eschweiler-Clarke pro-

26cedure. This reaction involves the treatment of an amino 
compound with a formic acid-formaldehyde mixture, and, depend
ing on the ratio of aldehyde to acid, yields secondary or 
tertiary amines as products. When V was subjected to Esch
weiler-Clarke reaction conditions, only unidentifiable tars 
and oils were obtained. The absence of infrared absorption 
bands in the region of 1660-1600 cm.  ̂ along with the appear
ance of a carbonyl band at 1704 cm.  ̂ in the infrared absorp
tion spectra of the product mixtures obtained from this reac
tion indicated that decomposition of V had occurred. Clarke

27 . .and co-workers have observed this type of decomposition
with several amines in which the carbon atom bearing the amino
function was also attached to polar groups. In the examples 

27reported , a mixture of decomposition and condensation pro
ducts of varying degrees of complexity was usually obtained 
along with volatile bases. These investigators obtained ben- 
zaldehyde as one of the products from the treatment of a- 
aminophenylacetic acid with a mixture of formaldehyde in 
acetic acid. The presence of a carbonyl band at 1704 cm.  ̂
in the infrared absorption spectra of the oils obtained when
V was subjected to similar treatment with formic acid may be
attributed to the presence of benzaldehyde, since this would
be the expected non-volatile product if the decomposition of

27V proceeded as described by Clarke (Fig. 5).



H COOH
+ c h 2o

PhCHO + H2NCH3 < — -̂2—

■ >  "H COOH

Ph,

H

-co2
\J/

'C=N-CH,

Fig. 5. Mechanism of the Decomposition of 
a-Aminophenylacetic Acid Undeg-, 
Eschweiler-Clarke Conditions

Formyl derivatives of primary amines are stable sub
stances and may be heated to temperatures in the neighbor
hood of 200° without undergoing decomposition. Since the N-
formyl derivative (X) of a-aminophenylacetic acid had been

28prepared by Fischer and Weichold , a synthetic sequence in
volving X as an intermediate was designed as an alternate 
method of obtaining IV. Two possible pathways involving X 
as intermediate were investigated as possible synthetic routes 
to (3- (N' -methylamino)-p-phenylethylamine (IV). Catalytic re
duction of the formyl group of X to the corresponding a-methyl- 
amino acid VIII, followed by conversion of VIII to the amide IX 
and subsequent reduction could possibly lead to IV. Alterna
tively, reduction of VII which could be obtained from X by the 
standard procedures for the preparation of -amides would also 
be a plausible route for the synthesis of IV.
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H 0/Pt

Ph-CH-COOH
HNCHO

>  VIII

X
1. SOC1
2. NH.OH

VII

1. SOC1
2. NH.OH4

IX

LiAlH

LiAlH4

IV

Successive treatment of a-aminophenylacetic acid (V)
with formic acid, according to the procedure described by

28Fischer and Weichold , gave a solid derivative whose melting 
point was consistent with that of the N-formyl derivative of 
V described by these early investigators. The infrared ab
sorption spectrum of the product isolated from this reaction 
was consistent with X showing absorption bands at 3390 cm.  ̂
characteristic of the NH stretching frequency along with 
strong absorptions at 1697 cm.  ̂ indicative of the carbonyl 
stretching frequency of the N-formyl carbonyl, a doublet at 
1645 cm.  ̂ characteristic of the carboxylic acid carbonyl 
stretching frequency of the amino acid, along with the usual
absorption bands associated with a mono-substituted phenyl 

29ring. Attempts to reduce catalytically the N-formyl function 
of X in order to obtain the corresponding a-methylamino acid 
VIII proved unsuccessful resulting only in the isolation of the 
starting amino acid V. Successive treatment of X with thio- 
nyl chloride and ammonia, an alternate method for the pre
paration of the amide VII again resulted in quantitative 
recovery of V. The N-formyl group of X is apparently very 
sensitive to hydrolysis, for purification of X by recrystal
lization from water or solvents containing small amounts of 
water resulted in hydrolysis of the formyl moiety and again



resulted in quantitative recovery of the amino acid V. 

Synthesis of (3-(N 1 -Methylamino)-[3-phenylethylamine

Because of the experimental difficulties encountered 
by the introduction of the N-formyl group in the initial 
steps of the reaction sequence directed towards the synthesis 
of [3-(N ' -methylamino) -(3-phenylethylamine (IV), a reaction 
scheme was proposed whereby introduction of the N-formyl sub
stituent would occur in the final steps of the reaction 
sequence and thereby minimize the possibility of its under
going hydrolysis, for the final step in this series of reac
tions required an anhydrous reaction medium (Fig. 6).

0IIPh-CH-C-OHINH„

EtOH
HC1 >

0
IIPh-CH-C-0CoH c

I 2 5NH„

_NH„
EtOH

V XI

0
IIPh-CH-C-NH,

INH0

HCONH
0 
II2-> Ph— CH—C—NH 0

I 2HNCHO

LiAlH
THF

IV

VI VII

Fig. 6. Synthesis of (3-(N 1 -Methylamino)-f3-phenyl- 
ethylamine

The ethyl ester hydrochloride of V was readily ob
tained by bubbling an excess of anhydrous hydrogen chloride
into an anhydrous suspension of the amino acid V in ethanol,

30a procedure previously described by Kossel. Neutralization 
of an aqueous solution of the ester hydrochloride of XI afforded
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ethyl a-aminopheny1 acetate (XI) which was subsequently con-
31verted to the amide VI by treatment with anhydrous ammonia.

3A modification of the procedure described by Lyle and Lacroix 
for the formylation of 2-amino-l,2-diphenylethanol led to the 
isolation of a solid product whose melting point and spectral 
properties differed from those of any of the starting com
pounds. The infrared absorption spectrum of the product iso
lated from this reaction showed bands at 3350, 3275 and 3190 
cm.  ̂ characteristic of the NH stretching frequency of primary 
and secondary amides, two bands in the carbonyl region at 1690 
and 1665 cm.  ̂ characteristic of the secondary and primary
amide carbonyl stretching vibrations respectively, along with

29bands associated with a mono-substituted phenyl ring. Mass 
spectrometric analysis of the isolated product indicated a 
molecular weight peak at 178 mass units and analysis was con
sistent with the expected N-formylated product, a-formamido- 
phenylacetamide (VII) (Fig. 7).

44 77 106 118 134 149 161 178

Fig. 7. Mass Spectrum of a-Formamidophenyl- 
acetamide
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The fragmentation patterns of a number of compounds 
which have been subjected to mass spectrometric analysis 
have been determined and general rules established to explain 
the prominent peaks observed and those expected for certain33 3^  35
types of compounds subjected to such analysis. ’ Gilpin
has studied the mass spectral fragmentation patterns exhibited
by a number of aliphatic amides and found that the peak at
highest mass corresponded to the molecular weight of the amide.

35From the data obtained, Gilpin was able to determine the 
types of fragmentation and rearrangement ions which typified 
primary, secondary, and teriary aliphatic amides and on this 
basis established a number of generalizations which could 
possibly be employed in the characterization of unknown ali
phatic amides from their mass spectral data. The mass spec
trum of a-formamidophenylacetamide (VII) was expected to ex
hibit a fragmentation pattern similar to those observed for

35some of the amides studied by Gilpin. The presence of two 
different types of amide groups, a primary and a secondary, 
at the asymmetric carbon atom, coupled with the fact that the 
asymmetric carbon is also a benzyl carbon atom, complicated 
the interpretation of the fragmentation pattern observed for 
VII (Fig. 7).

The presence of a peak at 178 m/e units is consistent 
with the molecular weight of VII, the expected N-formylated 
product. The presence of two amide functions at the benzyl 
carbon atom leads to three possible pathways (Fig. 8) by 
which fragmentation of VII could occur to lead ultimately to 
a benzyl ion, m/e 90. Further, since the molecular weights 
of both amide functions of VII are the same, fragmentation 
attributed to cleavage of the benzyl-N-formyl bond (Path (c), 
Fig. 8) cannot be differentiated from a pathway involving 
cleavage of the benzyl-primary amide bond (Path (b), Fig. 8).
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H
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■H
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Fig. 8. Mass Spectral Fragmentation Pattern of 
ct-Formamidophenylacet amide

+ o
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The absence of a peak at M-28 m/e or 150 m/e units suggests 
that elimination of carbon monoxide does not occur initially, 
though a relatively weak peak at 149 m/e might indicate some 
loss of CHO and thereby suggest that some fragmentation of 
VII occurred by Path (c). On the other hand, the presence 
of a peak at 161 m/e, consistent with the elimination of 
ammonia from VII, indicates that fragmentation also occurred 
by Path (a). The three fragmentation pathways illustrated 
in Fig. 8 include ions of m/e 133 or 134 which might account 
for the most intense peaks in the spectrum. These ions would 
be resonance stabalized and would ultimately undergo further 
bond cleavage to the benzal ion m/e 91. The presence of a 
peak at 44 m/e, whose molecular weight corresponds to a C O N ^  
or HNCOH fragment, could arise by cleavage at either (b) or 
(c) and does not facilitate the establishment of a definitive 
fragmentation pattern for VII. Nevertheless, the structure 
of VII is upheld by the mass spectral data for the peaks, 
though their origin from VII remains undefined, correspond 
to ions which would be expected from mass spectrometric analy
sis of VII.

Synthesis of (-) -[3-(N ' -Methylamino)-|3-phenylethylamine

The series of reactions outlined in Fig. 6 was de
signed in a manner such that the asymmetric center of V would 
not be destroyed; hence,use of optically active a-aminophenyl- 
acetic acid (V) as starting material, would be expected to 
yield ^optically active (3-(N ' -methylamino)-(3-phenylethylamine 
(IV) of known absolute configuration.

Treatment of an anhydrous suspension of D - (-)-a-amino- 
phenylacetic acid (V) in ethanol, with anhydrous hydrogen 
chloride resulted in the isolation of the levorotatory ester 
XI (Fig. 9) which was immediately converted to a levorotatory
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amide VI. Formylation of (-)-cx-aminophenylacetamide (VI) 
with formamide afforded a levorotatory N-formyl derivative 
(VII) whose infrared spectrum and melting point were identi
cal to that of racemic a-formamidophenylacetamide (VII). 
Subsequent lithium aluminum hydride reduction of (-)-VII 
afforded a levorotatory diamine which was identical to (-)- 
|3-(N ' -methylamino)-p-phenylethylamine (IV) isolated from the 
acid hydrolysis of (-)-1,4-diaza-l-methyl-2,7-diphenyl-5- 
cycloheptanone (III). The diamine (IV) obtained from the 
reaction sequence outlined in Fig. 9, afforded a dextrorota
tory bis-phenylthiourea which was identical in every respect 
to the derivative obtained from the diamine isolated from 
the acid hydrolysis of (-)-III. The configuration of (-)-IV 
obtained from the alternate synthesis should be as illustrated 
by the Fischer projections in Fig. 9.

COOH
EtOH y. 

2 HC1 ^

CONH
H— C— NH H— C— NHI H— C— NH 2

Ph Ph Ph

D-(-)-V (-)-XI (-)-VI

HCONH2 ^ H— C— NHCHO
C0NHo 
I 2 LiAlH-4-^ H-

CH2NH2 
C— NHCH3

Ph Ph

(-)-VII (-)-IV

Fig. 9. Synthesis of (-)-£-(N1-Methylamino)-p- 
phenylethylamine from D - (-)-a-Amino- 
phenylacetic Acid



24

The optical rotatory dispersion curves of the 
derivatives of D-(-)-a-aminophenylacetic acid (V) utilized 
for the alternate synthesis of (-)-IV are shown in Fig. 10.
One of the outstanding features of the optical rotatory dis
persion curves of these derivatives is the striking decrease 
in levorotatory power noted on conversion of the carboxylic 
acid group of (-)-V to an ester, amide and amine respectively. 
The optical rotatory dispersion curve of D - (-)-a-aminophenyl- 
acetic acid (V) has a molecular rotation of 2,500° at 300 mpi , 
whereas the molecular rotation of a-aminophenyl acetate (XI), 
the ethyl ester of V, is of the order of 1900° at this same 
wavelength. Substitution of the carboxylic acid function of 
V by an amide group decreases the levorotatory power further 
for (-)-a-aminophenylacetamide (VI) has a molecular rotation 
of only 400° at 300 mp . The most striking decrease in rota
tory power observed in this series of amino acid derivatives 
was the 12° molecular rotation exhibited by a-formamidophenyl- 
acetamide (-)-VII at 300 mp. The relatively weak molecular 
rotation exhibited by (-)-VII at 300 m p  may be attributed to 
the fact that a degree of symmetry is imparted on the system 
by the introduction of the N'-formyl substituent. The pre
sence of two similar, but not identical, amide substituents 
separated only by the asymmetric carbon atom in (-)-VII may 
increase the symmetry of the molecule and thus result in a 
significant decrease in its rotatory power.-

The Absolute Configuration of (+)-l-Methyl-2,6-diphenyl-4- 
piperidone Oxime

Knowledge of the mechanism by which (+)-II was con
verted to (-)-III requires that the structure of (-)-III be 
as indicated in Fig. 2. A comparison of the D-line rotations
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VI
A-  A

VII

-2

-10

XICNIO1-I

r— i

-20 — /

-25

400 500 600

2
x
mo it-1

Wavelength, m p.

Fig. 10. Optical Rotatory Dispersion Curves of D-(-)-a-
Aminophenylacetic Acid (---), Ethyl a-Amino-
phenyl Acetate (-•---), a-Aminopheny1acetamide
(---), and a-Formamidophenylacetamide (-A-A-)
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of (-)-£- (N1 -methyl amino)-(3-phenylethylamine (IV) isolated 
from the acid hydrolysis of (-)-III with the D-line rotation 
of (-)-IV obtained by a stereospecific alternate synthesis 
from a compound of established configuration chemically 
establishes the absolute configuration of the amine (-)-IV. 
These facts then permit the assignment of the absolute con
figuration of (+)-l-methyl-2,6-diphenyl-4-piperidone oxime
( I I ) .

The stereospecific synthesis of (-)-p-(N'-methyl
amino) -(3-phenylethylamine (IV) from D - (-)-a-aminophenyl- 
acetic acid (V) indicated that the absolute configuration
of the diamine (-)-IV isolated from the reaction sequence

37illustrated in Fig. 9 to be R. The similar rotations ex
hibited by the diamines obtained from these different reac
tion sequences suggested that they were of the same absolute 
configuration. The fact that dextrorotatory bis-phenylthio- 
urea derivatives were obtained from both of these diamines 
unequivocally establishes the similarity of their stereo
chemical relationship. On the basis of these results the 
configuration of the levorotatory lactam (-)-III, obtained 
from the Beckmann rearrangement of (+)-II, is established to 
be as illustrated in Fig. 11. Consequently, the asymmetric 
carbon atom of (-)-III from which the R-diamine, (-)-IV, was 
derived by acid hydrolysis must be located at C-2 of Illb 
(Figs. 2, 11). The mechanism of the Beckmann rearrangement 
by which the lactam Illb was prepared, has been demonstrated 
to proceed by a trans migration of the methylene group anti 
to the oximido hydroxyl function and therefore should not 
affect the configuration at the enantiomeric carbon atoms 
(C-2 and C-6) of (+)-II. Since the R-diamine (-)-IV has been 
demonstrated to arise from the C-2 asymmetric center of (-)- 
Illb, from a consideration of the mechanism of the Beckmann



HO \

H.
Ph’

•H
Ph

CH,

PhS09Cl
OH"

NH

PhPh
CH

(-)-IIIb

207o HC1

OOH

Ph'

H
H 2N

+ H
HN'' N p h  
c h 3

(-)-iv

PhNCS> CH
C S

Ph-NH HN-Ph 

(+)

Fig. 11. Configurational Relationship of (-)- 
(3- (N 1 -Methylamino) -(3-phenylethylamine 
(IV), (-)-1,4-Diaza-l-methyl-2,7-di-
phenyl-5-cycloheptanone (Illb), and 
(+)-1-Methyl-2,6-diphenyl-4-piperidone 
Oxime (lib)



28

rearrangement, it follows that this asymmetric center must 
be located at C-2 of (+)-II. On the basis of the experi
mental evidence obtained from the stereospecific alternate 
synthesis of (-)-(3- (N ' -methylamino) -(3-phenylethylamine (IV) 
(Fig. 12), the Syn-R configuration was assigned to the dextro
rotatory isomer of (+)-l-methyl-2,6-diphenyl-4-piperidone 
oxime (lib) and thus provided the first example of absolute 
configurational assignment of a molecule exhibiting optical 
activity due to a unique type of molecular asymmetry, geo
metrical enantiomorphic isomerism.
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The Mechanism of the Neber Rearrangement

Previous investigations indicate that the course of
the Neber rearrangement is influenced by the relative acidi-

44 51ties of the protons alpha to the oximido function. ’
The subsequent removal of the more acidic proton, as was con
cluded by House and Berkowitz“* ̂ , must be ascertained, there
fore, by stereoelectronic substituent effects rather than 
by the stereochemical effect of the oximido configuration.
The Beckmann rearrangement, on the other hand, results from 
the migration of that group anti to the oximido hydroxyl 
function and is stereochemically controlled.^

R'—CH„—C—CH0R" 2 || 2
NOR

2 n or R'-CH -C-CH-R"
NOR NOR

(XXIX)

R-H V

R'-CH2-N

Beckmann
V

H0-C-CHo-R"II 2II

(XXXA) (XXXB)
V o

H IIR ’-CH2-N-C-CH2-R’'
R' /-R"

Fig. 18. A Comparison of the Reaction Course of 
the Neber and Beckmann Rearrangements

Depending on the relative acidities of the alpha 
methylene protons, the Neber rearrangement should lead to 
the predominant isolation of either XXXA or XXXB (Fig. 18).




