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Epimerization has been studied by polarimetric techniques.
It has also been studied by melting point of the epimer
mixture(l), ultreviolet spectroscopy(e’B), infrared spectro-
scopy(u), and peaper chromatography(u). However, the use of
proton magnetic resonance (PMR) to follow an epimerization has
not been reported, possibly becauseiit is difficult to find
one of an epimer palr that gives a signal free of Ilnterference
from other signals of its own and well separated from the
signals of the other epimer, Discrete and well-separated
signals can often be observed for each of tﬁe epimers of
certaln N-aryl-N-alkyl-a-~chloro-a-phenyl acetamides that are
sultably sybstituted in the N-aryl ring. Less favorable, but
often usable, signal separation occurs ﬁith the similar
a~phenoxypropionamides. The investigations of Adams and his

(5)

observed for such compounds.

coworkérs indicated that suitably long half lives should be

With these factors in mind we synthesized N~-methyl-N-
(2-methyl-4, 6-dibromophenyl) a-chloro~-a-phenylacetamide,

1 0 CH,
g 8.y (1)
e
Br
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and N-benzyl-N-(2,4,6~trimethyl-3-bromo-phenyl) a~phenoxy-
propionanide,

R CHs
HaC - § -C¢-x (11)
HaC CHg
Br
CHy
Compound I was prepared as follows:

CHg-N-H 1 CHg-N-H
CH p Acetic Br CHg Br, Ha
'@ Acid NH,OH __,
() CHs + 2Brp 35500 Br Distillation Br
CHg-N-H 6 g
‘ - d. ——— )
(2) Br ICI‘L—, + (CHaCHy)aN into HC C1l (in CHLCly) In dry Tce
Er

After ccmpletion of step (2) the reaction mixture was allowed
to warm to room temperature and stand overnight. It was then
filtered to remove (CH4CHp)sN-HC1 and the solvent was removed
by vacuum distlllation, The mixture was then dlssolved in
bolling to;uene and filtered while hot., About an equal volume
of hexane was added to the filtrate and 1t was set aside in a
bottle in the freezing compartment of a refrigerator overnight.
The bulk of the product settled to the bottom of the bottle
rapldly as mixed solid and separate liquid phases. However, a
small quantity of crystals collected slowly on the walls of
the bot<le; these were separated from the bulk of the product
and washed with and crystallized from ethyl ether. This part
of the product we designated imomer A (Melting point = 168°C).
The bulx of the product was crystallized from acetone and then
from ether in deliberate small yield to give isomer B (Melting
point = 164°C). Analysis showed:
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Theory C = 44,5, H = 3.3, N = 3.3, Br = 37.1

Found C = 44,6, H = 3.3, N = 3.2, Br = 36.6

Compound II was synthesized by & route very similar to

that used by Adaml(S). Bromomesidine, with triethyl amine as
an HC1l getter, was added to a-phenoxypropilonyl chloride in
dichloromethane, and allowed to stand o;ernight. After
washing with water to remove triethyl amine hydrochloride, the
resulting amide was crystallized from the solvent. This amide
was then substituted via the conventional reaction with sodium
hydride in refluxing xylene to produce II. Compound II was
isolated by molecular distillation at <10™* mm and 190°C to
glve nearly pure II which formed as a white crystalline solid
in the receiver. Thle distillate was an equimolar mixture
(by PMR) of isomers which we designated C and D. Isomer C was
easlly isolated by crystallization from & varlety of solvents*
(Melting point = 128°C). Analysis showed:

Theory C = 66,4, H = 5.8, N = 3.1, Br = 17.7
Found C = 66,3, H = 5.7, N = 3.0, Br = 17.2

However, for some unexplained reason we have nct been able to
isolate isomer D in pure form or even in a fraction richer in
D than the equimolar mixture.

The proton magnetic resonance (PMR) signals from the
aliphatic protons of isomers A and B of Compound I occurred at
different fields. The positions of these signals are
summarized in Table 1. All PMR measurements were made with a
Varian A-60 spectrometer** with the V-6057 variable temperature

accessory.

* Acetone was particularly effective.
**Varian Associates, Palo Alto, Calif.
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TABLE 1

Proton Magnetic Resonance Signals of Compound I
250 mg/ml in CHC1.CHCl, at 40°C
Chemlcal Shift, ppm from tetramethylsilane

H
N
Isomer o-methyl N-methyl -C=-C -
A 1.46 3.12 4.80
B 2.39 3.08 4,90

The N-methyl signals for the two isomers are not suffi-
c¢iently separated to be easily usable for analytical purposes
and no quantitative use was attempted. However, the o-methyl
and a-proton signals were completely separated and could be
used fcr independent estimates of lsomer abundance in mlxtures.

The PMR signels for isomers C and D of Compound II are
summarized in Table 2,

TABLE 2
Proton Magnetlc Resonance Signals of Compound II

222 mg/ml in CHC1.CHCl, at 40°C
Chemical Shift, ppm from tetramethylsilane

Q H o]
Methyl groups _ Ry I V4 _ _\ -
Isomer o rinar ¢ - CHp = N ¢ - ¢ E-Yocn
c 2,23 1,86 1.72 AB pattern Quartet Doublet,
Jpp = 13.6 cps, J =6.,0 cps J =6.0 cps

AY = 0,095 ppm  Center at 4.32 Center at 1.
Center at 4,69

D 2,23 1.97 1.65 4,69 Same as isomer Doublet,
c J = 6.0 cps
Center at 1.

*We have not determined the assignment of the signals to specific methy
groups on the ring.
The situatlon is not so favorable for quantitative
estimates of isomer abundance for II as for I. A slight
broadening prevents a satisfactory resolution of the methyl
signal at 1.72 (C) from that at 1.65 ppm (D). The methylene
signals of the benzyl groups are interesting in that for C
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they are a typlcal AB quartet, while for D a broad singlet is
obtalned at exactly the center of the C quartet. Evidently
these protons are distinctly nonequivalent in C but equivalent
or very nearly so in D*, Unfortunately there is too much

overlap of signals for any but qualitative analytical purposes.

The - C —\5 - CHa slgnals are Jjust barely separated at high
resolution and therefore are not useful. The methyl signals
at 1.86 (C) and 1.97 ppm (D) are almost entirely resolved and
therefore of some use for quantitative purposes. However, this
incomplete resolution qualifies the date derived for the
epimerization of II. Our estimates of isomer ratios for II
could be in error by as much as about 15% when the ratio is
large; while for I a precision of about 3% was routinely
achieved except for very large ratlos.

The isomer ratios, A/B for I, and C/D for II, were then
measured at appropriate time intervals as a means of following
the epimerization reactions. The 135°C run with I was made in
an evacuated sealed tube that was left in the spectrometer for
the duration of the run. Only the o-methyl signals were
scanned in thls run. All other runs were made 1in evacuated,
sealed tubes 1ln constant temperature baths with perilodic
interruptions to make the PMR measurements at 40°C. Peak areas
were measured by means of a planimeter on expanded PMR scans.
The ratio of isomer A to B (or C to D) was used in all calcu-
lations rather than signal areas for the isomers individually.
This technique minimizes the consequences of apparent

fluctuations in signal intensity. For I the results of

1
measurements of isomer ratios of -é-?-H proton signals and

o-methyl signals were the same within experimental error. In

*In sym-tetrabromoethane as a solvent, this singlet is
partially resolved into a doublet.
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the final calculations the two measurements were combined,

with the o-methyl results being glven twice the weight of the
a-proton results, This weighing recognizes the more favorable
slgnel-to-nolee ratio for the o-methyl signals., Sym-tetra-
chloroethane was chosen as the solvent for these determinations
because of 1ts bolling point, stability, and lack of signals

at high field.

The results from these runs are given in Table 3. The
raw data from the 119°C runs with I are givén in Figure 1 as &
demonstration of the fact that ldentical results were obtained
whether the starting isomer wes pure A or pure B, 1In all cases
the equilibrium mixture was equimolar in the two isomers (A and
B.or C and D). There are apparently no differences in thermo-
dynamic propertlies between the two isomers of the same com-
pound in sym-tetrachloroethane solution.

The: energles of activation and kinetlc date obtained for
I and I are quite similar to values obtalned for the
racemization of active biphenyls and also to values obtained
(5) for amides similar to I and II, We are inclined
to agree with Adams that the rate limiting step for epimeri-

by Adams

zation (or racemization as the case may be) 1s rotation around
the benzene-~to-nitrogen bond. The similarity between this

process and rotation around the bond that Joins the rings in a
biphenyl is8 toc great to be ignored., It should be pointed out,

(6)

non-planar to any degree, then inversion of the nitrogen atom

a8 we have earlier , however, that if the nitrogen atom is
must accompany the rotation,

We plan to continue these investigations with studles of
the effects of changing the solvent and of changing the
substituents in the molecules,

Trese investigations were performed in the course of work
under Contract AT(07-2)-1 with the U. S. Atomic Energy

Commission,
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TABLE 3
Rate Constants for Epimerization in CHCI1.CHCl.
Temperature, Rate Constent, Activation Frequency
Compound °c hr-? Energy, Kcal/mol Factor, hr~!
I 100 0.04%3 %0,002 25 8 x 10%*2
119 0.21 £0.01
135 0.7%  £0.0%
IT 100 0.0014% +0,0002 24 3 x 102
119 0.008 $0.001
146 0.050 #0.007
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FIG. 1 KINETICS OF EPIMERIZATION OF COMPOUND

IN CI,CHCHCI, SOLUTION AT 119°C
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