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expect the isotropic coupling constant for tl_le two o
protons to be 20 G, assuming @, for the RCH, con-
figuration is 24.4 G.2 Unfortunately, the extraction of
the isotropic splitting from the anisotropic (largely
polycrystalline) spectrum in Figure 1 is made difficult
by the overlapping brought about by the nitrogen
triplet substructure. Even though the spectrum indi-
cates that the two protons are equivalent, the line
shapes of the individual components in the outer trip-
lets do not resemble those which normally characterize
an axially symmetric hyperfine tensor.®! Also, the
structure of the group at low field appears to consist of
two inner and two outer features in addition to the
more intense triplet. Faced with these facts, we have
obtained a tentative value for the isotropic splitting an
simply from the center of gravity of each flanking
group. This procedure results in a value of 26 = 2 G
which is appreciably greater than the 20 G estimated
from the @, value, but we must concede that the dis-
crepancy could well be due to our oversimplified analy-
sis.

After this note was submitted for publication, we
learned that Wood and his eoworkers® have obtained
the isotropic spectra of several isocyanatoalkyl radicals
in an adamantane matrix. Their values of ag® (21.1 G)
and a¥ (4.2 G) for the isocyanatoethyl radical agree
with our results almost within experimental error, so
this supports the inference that the coupling to nitrogen
in our spectrum is largely isotropic. The isotropic
spectrum of the isocyanatomethyl radical would be of
particular interest, but this has not been reported.®
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There has been a recent surge of interest in the study
of proton exchange kinetics of biologically important
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classes of organic compounds.2—® To date these com-
pounds have been principally amines, carboxylic acids
and amides, mercaptans, and peptides. For example,
the study of H-D exchange kineties of polypeptides’—?
and synthetic polyamides!® has been useful to biochem-
ists in elucidating chemical behavior of these com-
pounds as a function of their substituents and conforma-
tional properties.

We became interested in proton exchange kinetics of
biologically active compounds because of the recogniton
that physical chemieal properties such as oil-water
partitioning, dissociation constants, dielectric constants,
and electron densities of molecules are important in
determining the type and magnitude of their biologic
activity.’' As a prelude to an extensive investigation
of the role of proton exchange in biological activity of
certain N—-H bearing drugs we studied N-methylpro-
pionamide and ethyl N-methylcarbamate. The title
compound is a known general anesthetic!? and a carcino-
gen!® and possesses antileukemic activity.!* N-Me-
thylpropionamide was studied because of (1) its strue-
tural and chemical similarity to the title compound, and
(2) because of its low degree of biologic activity. The
analytical technique used herein was high-resolution
nmr spectroscopy.

Experimental Section

All spectra were obtained in the frequency sweep
mode on a Hitachi Perkin~-Elmer R20A high-resolution
nmr spectrometer operating at 60 MHz and equipped
with a wvariable-temperature probe and digital fre-
quency counter. Temperatures reported are within
+1° and were calibrated with ethylene glycol. Spec-
tra were recorded at 30-Hz sweep width at 1000-sec
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sweep time and were checked to assure saturation did
not oceur.

pH measurements were determined with a Corning
Model 12 pH meter equipped with a Corning Triple
Purpose Ag/AgCl electrode and a saturated KCI refer-
ence electrode. NBS buffers were used as calibration
standards. All pH measurements and nmr spectra
were obtained in CO, free triply distilled water which
was stored under argon. Measurements were deter-
mined in a water-jacketed vessel at 34 = 0.5°. The
pH of the solutions were varied using HCI or KOH in
CO; free water.

Values of r were computed from individual spectra
using an IBM 360/65 computer programmed with the
general equations of Arnold,* which corrects for T
effects; T, was obtained from the N-CH; line width
under slow proton exchange conditions and is limited by
the field inhomogeneity.

N-Methylpropionamide. The amide was obtained
commercially (Eastman reagent grade) and used with-
out further purification.

Ethyl N-Methylearbamate. Ethyl chloroformate (0.1
mol) and methylamine hydrochloride (0.1 mol) were
added to a mixture of water-ether containing triethyl-
amine (0.2 mol) and stirred for 1 hr. The ether layer
was separated, dried over MgSO,, and filtered, and the
excess ether was removed to give a yellow oil.  Distilla-
tion afforded a 659 yield of the carbamate ester, bp
164° at 754 mm [lit.** bp 170° (760 mm) ].

Results and Discussion

Equations for the probable mechanisms of proton
exchange were adapted from the published work on N-
methylacetamide!” and are listed below.

ka+

RH* 4+ H;+O —
RH + H2(+)H* (acid catalyzed) (1)

kor
RH + OH = R- + HOH (base catalyzed) (2)

k2
RH + HOH + RH*

RH* 4+ HOH + RH (bimolecular) (3)

ks

RH* + HOH T—
RH + H*OH (water catalyzed) (4)
Using these mechanisms, the overall rate expression
is
rate 1
g Tl /T T +
RE - kg +[HsO"] +
k-ou[OH] + k[RH] + ks[H0] (5)
The overall rate (1/7) was determined by following
the collapse of the N-CH; doublet. The exchange
mechanisms were investigated as a function of pH and
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Figure 1. Log rate of proton exchange vs. pH:
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0, 0.5 M CH;CH,C—N—CH; in H;0;
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|
0, 0.5 M CH:CH,—0—C—N—CH; in Hy0;
H

0
I
A, 1.0 M CH,CH,—0—C—N—CH, in H,0.
H

concentration of exchanging species. Activation ener-
gies were determined by measuring the rate of collapse
of a doublet by varying the temperature at a fixed pH.

From a plot of log 1/7 vs. pH, Figure 1, it can be seen
that carbamate esters are subject to specific acid- and
base-catalyzed proton exchange. In this respect they
behave similarly to amides.’® In Figure 1 it can also
be seen that again like amides, carbamate ester proton
exchange is not a function of concentration, either under
acidic or basic conditions. This rules out the possi-
bility of bimolecular mechanisms significantly contrib-
uting to any proton exchange rate either under basic or
acidic conditions.

It is reported that with amides in water ks is small
compared to ky+ork-ow.'® It was observed by us that
ks is also small for carbamate esters in water. In a
solution where neither [H;O+] or [~OH] is large the
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Norms
Table I: Rate Constants for N-H Proton Exchange and Energies of Activation®
k—0H, kg +, Ey (acid), E, (base),
Compound M -1 gee—t M-tgec! keal/mol keal/mol
CH;CH,CONHCH, 3.81 == 0.26 X 108 1.08 0.1 X 102 10.66 & 0.46 b
CH;CH,OCONHCH; 5.87 & 2.07 X 108 5.62 4= 1.23 X 10¢ 8.56 == 0.55 11.07 = 0.50

« Rate constants and energies of activation were determined on 0.5 M solutions of amide and carbamate esters.
® Hydrolysis occurred at elevated temperatures.

were determined at 34°.

Rate constants

exchange is slow (a sharp well-resolved doublet is ob-
served).

On the basis of these data the overall rate expression
is simplified to

rate 1 ~
—_— = - = ](; + H O+ ]*C—- OH 6
RE - a+[HsO*] + k-ou[OH] (6)
Under acidic conditions hydroxide conecentration is
insignificant, simplifying the expression to
rate 1
o = = k + H O+ 7
BH = o = b [HO] @)
while under basic conditions, where hydronium ion
concentration is considered insignificant, the expression
is

RH

The acid- and base-catalyzed rate constants and the
activation energies of proton exchange of N-methylpro-
pionamide (reference compound) and ethyl N-methyl-
carbamate are listed in Table I. Under basic condi-
tions there is no significant difference in the amide and
carbamate ester rate constants, while there is a larger
difference under acid conditions. Under basic condi-
tions both can donate their proton through similar
intermediates (Scheme I). In both cases the carbonyl

Scheme 1

0]

rate 1 -
o= k-ou{OH] (8)

R—C—NH—CH; <>

0- o -
. -on
R—C=N—CH; —— | R—C::=N—CH,
H

0]

R—O0—C—NH--CH; <>
O- 0] -
-+ -OH 1
R—0—C=N—CH; = | R—0—C:=:N—CH;

H
and nitrogen atoms can participate significantly to
stabilize the transient negatively charged intermediates.
From the data it appears that ester oxygen resonance

with the carbamate carbonyl is not a significant factor
during base-catalyzed proton exchange. Such reso-
0] O-
| +

R—0—C—NH—CH; <> R—0=C—NH—CH;
nance would be expected to retard nitrogen carbonyl
resonance interaction resulting in a smaller base-cata-~
Iyzed rate constant (k-ou) than found with the amide.

In the presence of acid (H;Ot) the carbamate ester
has a significantly higher rate constant (kx+) than the
amide (Table I). It has been postulated' that under
acid conditions amides exchange protons through inter-
mediate C which is in equilibrium with A (Scheme II).

Scheme 1T
+0H OH

| +
R—C—NH-CH,; <> R—C=NH—CH,

) B
0 Hc:/
I
R—C—NH—CH,

A H:0+
O H

A similar intermediate seems likely to be involved with
carbamates. Carbamates can probably be protonated
to intermediates E, F, and possibly G (Scheme III).
The protonated ester oxygen form G is probably not a
significant factor in proton exchange because, in at
least strong acid (SbF:~FSO,H-S0,), carbamate esters
exhibit only carbonyl protonation.!® Species E, the
carbamate carbonyl protonated form, is significantly
different from the similar amide form, B, in that E has
an additional stabilizing resonance contributor—the
ester oxygen carbonyl resonance. Significant participa-
tion of the ester oxygen in resonance with the carbonyl
would promote basicity of the nitrogen atom facilitating
formation of F and E. The significantly larger protoly-
sis rate constant (kg+) for the carbamate ester is evi-
dence that carbamate esters possess a significant
amount of ester oxygen carbonyl electronic delocaliza-
tion in an acid medium. In the presence of acid the
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Scheme III
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energy of activation of the carbamate ester is lower
(8.56 %= 0.55 keal mol—?) compared to the amide (10.66
=+ 0.46 keal mol~1) offering some further evidence that
carbamate esters exchange protons with greater facility
than amides.

Summary and Conclusion

From the data, carbamate esters and amides, in the
presence of H;O*, exchange protons through similar
intermediates, but the rates of exchange are signifi-
cantly different with carbamates exchanging faster
than amides. This difference seems best explained as
being due to differences in resonance and inductive
influences by the two types of neighboring groups on the
nitrogen basicities. Under the conditions of this study
the carbamate nitrogen thus appears to be more basic
than the amide nitrogen. These'same influences appear
to be of less consequence during base-catalyzed ex-
change as evidenced by identical rate constants for the
amide and carbamate ester.

The Observation of Positive Temperature
Coefficients in the Bromine Nuclear Quadrupole
Resonance Spectra of the Diethylammonium
Salts of Hexabromoantimony(III) and
Hexabromobismuth(I1I)

by T. B. Brill*

Department of Chemistry, University of Delaware,
Newark, Delaware 19711

and G. G. Long

Department of Chemistry, North Carolina State Untversity,
Raleigh, North Carolina 27607 (Received January 11, 1971)

Publication costs assisted by the University of Delaware

The halogen nuclear quadrupole resonance spectra
of hexahalometallate ions are of interest because nu-

The Journal of Physical Chemistry, Vol. 7§, No. 12, 1971

Notrs

OH OH

+ + |
R—0—C—NHCH; <> R—0—C=NHCH; <> R—0=C—NHCH,
E

0~
+ |

H
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merous possible variations in the metal halogen bond are
detectable simply by changing the metal, while most
other factors remain essentially constant.:? The pres-
ent work was initiated in an attempt to extend the
series of MX¢"— ions for which nqr data are known to
Sb(III) and Bi(III). It was found that strong 7*Br
and %'Br resonances could be recorded in [(CoH;)s-
NH;:SbBrs and [(C;H;),NH,];BiBr,. In addition, it
was of interest to determine the temperature depen-
dence of the halogen resonance frequencies for the pur-
pose of comparison with other M X"~ ions.

Experimental Section

Synthesis. The antimony (bismuth) salt was pre-
pared by adding 5 g of Sby0;(Bi:03) to 20 ml of hot
concentrated HBr or HCI, After the SbyO;(Bi,03) had
dissolved, a stoichiometric amount of diethylamine was
added dropwise to the hot solution, and upon cooling,
the well-formed colorless crystals of the compound were
filtered off and dried over KOH. Other compounds
mentioned in this paper were synthesized and analyzed
in a similar manner. Carbon and hydrogen analyses
were carried out by Galbraith Labs., Knoxville, Tenn.

Anal. Caled for [(C.H;):NH;]:SbBrs: C, 17.49; H,
4.42; 8b, 14.78. Found: C, 17.75; H, 4.56; Sb, 14.96;
mp 169-170°. Caled for [(C;H;):NH,[;BiBrs: C,
15.83; H, 3.95. Found: C, 15.84; H, 3.79; mp 194~
195°.

Spectral Measurements. The nqgr spectra were re-
corded using a Wilks Scientific NQR-1A spectrometer.
Frequency measurements were made by zero-beating
an external CW signal generator with the oscillator
spectrum on a Tektronix 1120 spectrum analyzer. The
signal generator frequency was then measured precisely
with a Monsanto 150A electronic counter. Using
superregenerative techniques, two closely spaced reso-
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