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tained as an extremely hygroscopic yellow powder in a
yield of 20-25 mg.
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Spontaneous Reactions of 1,3-Substituted 1,4-Dihydropyridines
with Acids in Water at Neutrality. II. Nuclear

Magnetic Resonance Studies”

Kyoung S. Choit and Spyridon G. A. Alivisatos

ABSTRACT: Spin-spin coupling assignments for the
ring protons in 1-methyl-1,4-dihydronicotinamide were
studied with the aid of double-irradiation decoupling
techniques in a 100-Mcycle nuclear magnetic resonance
spectrometer. The mechanism and kinetics of the
primary protonation reactions of 1-methyl-, 1-propyl-,
and 1-benzyldihydronicotinamides were also studied
with the aid of nuclear magnetic resonance spectros-
copy. It was shown that all signals due to ring protons
decay simultaneously, following second-order kinetics.

T;e spontaneous reactions of reduced nicotinamide—
adenine dinucleotide (NADH)! with orthophosphates
and other acidic anions in neutral watery milieu were
previously followed by ultraviolet spectroscopy and
the results were analyzed kinetically (Alivisatos et al.,
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1 Abbreviations: NADH, reduced nicotinamide—adenine
dinucleotide; 1-R-DHN, variously substituted (at position 1)
1,4-dihydronicotinamides.
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At the same time, new signals appear in the nuclear
magnetic resonance spectra of these reaction mixtures.
Assignments of chemical shifts for the new signals
were achieved with the aid of 2-, 4-, and 6-monodeuterio
derivatives of the above compounds and by means
of kinetic considerations. The structure of the primary
protonation product of these dihydropyridine deriva-
tives, as emerges from this study, is more or less con-
sistent with concepts based on spectrophotometric
studies.

1964, 1965). These spontaneous reaction sequences
may be related, as models, to biological interactions
occurring during the first step (references in Lehninger
and Wadkins, 1962) of oxidative phosphorylation.
In this context, it was of interest to explore the appli-
cability of nulcear magnetic resonance spectroscopy
to our studies. In the present communication we report
results obtained by interaction of model 1-substituted
1,4-dihydronicotinamides (1-R-DHN) with phosphate
and monochloroacetate. It is shown that the kinetics
and the mechanism of these processes may be sub-
stantially clarified by this new approach.

Materials and Methods

1-Methylnicotinamide iodide was prepared accord-
ing to Karrer ef al. (1936). It was reduced with sodium
dithionite to 1-methyl-1,4-dihydronicotinamide by the
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FIGURE 1: Proton magnetic resonance spectra of 1-
methyldihydronicotinamide (0.5 M in D.O at 32.5°)
in the absence (lower) and in the presence of
potassium phosphate (0.5 M, pH 7.0). Spectra after the
addition of phosphate were taken at various intervals
and a few are shown in this figure. Sweep rates were 4
min.

method of Karrer and Blumer (1947) as modified
by Hutton and Westheimer (1958). 1-Propylnicotin-
amide iodide and 1-benzylnicotinamide chloride, and
their 1,4-dihydro derivatives, were prepared according
to Karrer and Stare (1937).

2,3-Pyridinedicarboxylic acid (quinolinic acid), 2,5-
pyridinedicarboxylic acid (isocinchomeronic acid),
and tetramethylsilane were purchased from Aldrich
Chemical Co., Inc. Deuterium oxide (99.75%) and
deuteriochloroform (99%) were E. Merck, AG,
Darmstadt (Germany), products. Monochloroacetic
acid was a Fisher reagent.

Deuterated Derivatives. 2-Deuterionicotinamide and
6-deuterionicotinamide were prepared as described
by Mauzerall and Westheimer (1955). The 1-methiodides
of these compounds were reduced with dithionite in
H.0, as above, to the 1,4-dihydro derivatives (Hutton
and Westheimer, 1958). Nicotinamide methiodide,
reduced with dithionite in D,O, resulted in a 4-mono-
deuterio-1,4-dihydro derivative (Hutton and West-
heimer, 1958). Inorganic potassium orthophosphate
solutions (pH 7.0) were prepared from the mono-
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FIGURE 2: Proton magnetic resonance spectra of 1-
propyldihydronicotinamide (0.3 M in CDCl; at 32.5°)
in the absence (lower) and in the presence of
CH,CICOOH (0.3 ™). Spectra after the addition of
monochloroacetic acid were taken at various intervals
and a few are shown in this figure. Sweep rates were 4
min.

and dipotassium salts. Whenever the deuterated buffer
was required, such solutions were freeze dried and
redissolved in D,O four times.

Nuclear magnetic resonance spectra were recorded
on a high-resolution Varian Model HR-100 100-Mcycle
spectrometer equipped with a Varian-4343 tempera-
ture-control unit. Most studies were performed at
325 = 0.5°, Chemical shifts were measured in §
(parts per million) from either internal or external
tetramethylsilane. In the solvents used in this study,
chemical shifts measured from external tetramethyl-
silane are generally found at § 0.45-0.49 downfield
as compared to internal tetramethylsilane. However,
since the nature of our studies required only relative
localization of shifts within a given spectrum, in most
cases no attempt was made to correct for bulk suscepti-
bility, etc. (references in Jardetzky and Jardetzky,
1962). Decoupling was achieved by double irradiation,
using a Hewlett-Packard 200 AB audiooscillator and a
V4354A frequency sweep model.

Results and Discussion

The 100-Mcycle proton resonance spectra of 1-
methyl-DHN (in DO, external tetramethylsilane) and
of 1-propyl-DHN and of 1-benzyl-DHN (both in
CDCl;, internal tetramethylsilane) are shown in the
lower section of Figures 1, 2, and 3, respectively.
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Chemical shifts and spin-coupling constants obtained = T < <+ <+ g
from these spectra are gathered in Table I. Values % | Ny
for 1-benzyl-DHN are practically identical with those 5 [ agpas fl 3
reported by Diekmann er al. (1964); they are also in (30 P e %‘
excellent agreement with shifts in CDCl; reported £ ! N
by Meyer er al. (1962) with reference to external g‘ PR B~
cyclohexane. Similarly, chemical shifts for 1-propyl- O T e 2 °
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DHN observed in our laboratory are practically identi- IS 3 %
cal with those reported by Ludowieg er al. (1964). ; j &<
The downfield shift of the signal of NH, protons in E E %;
compounds reported here is approximately 0.5 ppm v ‘ - 5%
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reported by other investigators mentioned above, g Sg '; ; N £ 8
indicating differences in experimental conditions. Most 5 ! g | -z f-« ?j 2 v‘ﬁ‘
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compounds used in our studies. Shifts originally as- E < E g 8 E f §
192 signed by Hutton and Westheimer (1957) to signals b n 2
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FIGURE 4: A part of the nuclear magnetic resonance
spectrum of 1-methyl-DHN in acetone-ds recorded (I)
in the absence and (II) during irradiation at the region
of the H, proton (8 2.90 downfield from external tetra-
methylsilane; amplitude 600 mv). All § values are in
parts per million.

from protons of 1-methyl-DHN in deuterioacetone
with reference to external cyclohexane are also in
very close agreement with our data obtained under
similar conditions (not included in Table I). They
appear at 2.04 ppm upfield as compared to the signals
of the same protons in D;O with reference to external
tetramethylsilane.

Spin-spin coupling assignments for the protons
of 1-methyl-DHN have not been studied systematically
in the past. In the course of the present work, 1-methyl-
DHN in acetone-ds was used in double-irradiation
experiments. As shown in Figure 4, irradiation at the
region of the H, signal produced modifications of
signals due to H; and H; protons. Corresponding
modifications of signals due to various protons were
also observed when the regions due to H., and Hs
protons were irradiated (Figure 5). These modifications
provided necessary and sufficient data for unambiguous
coupling assignments of all ring protons. The actual
values of coupling constants (Table I) were determined
from expanded spectra. These coupling constants are
identical with constants reported for the benzyl (Meyer
et al., 1962; Diekmann er al., 1964) and the propyl
(Ludoweig et al., 1964) derivatives. They are also in
good agreement with a value for J. of the methy!l
derivative, first reported by Hutton and Westheimer
(1958). The latter coupling (i.e., Jy.5 across the C-N-C
bridge) may be used as an additional argument in favor
of the planarity of the ring in 1-substituted 1,4-dihydro-
nicotinamides (Meyer er al., 1962). As Kosower (1962)
pointed out, a nonplanar model of such compounds
would require a tetrahedral nitrogen atom involving

NMR STUDIES OF REACTIONS OF

am 300 200 100

FIGURE 5: Portions of the nuclear magnetic resonance
spectrum of 1-methyl-DHN in acetone-ds recorded
(I) in the absence, (IT) during irradiation at the region of
the H; proton signal (§ 6.69 downfield from external
tetramethylsilane; amplitude 700 mv), and (III) during
irradiation at the region of the Hg proton (8 5.59 down-
field from external tetramethylsilane; amplitude 700
mv),

four sp® bonds, one containing the lone electron
pair, whereas the planar structure would require a
trigonal nitrogen atom (i.e., three sp? bonds, one p
orbital for the lone pair). Obviously, the latter arrange-
ment would be much more favorable for a coupling
between H; and He.

Time-dependent changes of chemical shifts due to
protons of 1-substituted 1,4-dihydronicotinamides in
the presence of acidic anions (in D,O) or acids (in
CDCl;) were followed by recording nuclear magnetic
resonance spectra at frequent intervals after admixture
of the reactants. Spectra included in Figures 1-3
are representative examples. In general, as the reactions
progressed, areas under the signals due to protons
H,;, H;, H;, and H; diminished simultaneously and
finally disappeared. This was taken as an indication
of completion of reaction 3 (primary protonation;
see Alivisatos ef al., 1965).

Simultaneously with the decay of previously well-
defined signals, new peaks appeared in the nuclear
magnetic resonance spectra of reaction mixtures. These
new signals were, as a rule, wider and more diffuse
(see Figures 1-3). Long after completion of reaction 3,
the set of newly formed signals showed changes, as
expected from previous spectrophotometric studies
(Alivisatos et al., 1965). However, in the present work
only changes corresponding to reaction 3 (i.e., the
primary protonation) were studied in detail.

Signals appearing during interaction of 1-methyl-
DHN with orthophosphate are listed in Table II.
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FIGURE 6: Time dependence of the changes of the areas
under the signal due to H; (one proton) and under the
wide peak at § ~2.5 (four protons) in the nuclear mag-
netic resonance spectra of reaction mixtures of 1-
methyl-DHN and D.PO,~ in D,O at 32.5 & 0.5°,

Assignments for these signals are based on a combina-
tion of studies with deuterio derivatives and kinetic
analysis, as follows. The multiplet at § 7.4-7.8 is missing
when the 2-deuterio derivative is serving as the reactant
(Table II). On this basis, it was assumed that the de-
caying signal due to H. (5§ 7.26) is actually shifted
downfield in its new (multiplet) form. Consequently,
the addition product of areas under the decaying
signal of H, and the growing signal at § 7.4-7.8 should
remain constant (0.5 M) during the initial phase of
the sequence (reaction 3). This and the (known) ratios
of the areas of the two peaks permitted computation
of the molarity of intact 1-methyl-DHN at any time
(1), while reaction 3 was in progress. Assuming that a
second-order process was in progress (i.e., one mole-
cule of the DHN interacting with one molecule of
phosphate; see Alivisatos er al., 1965) and considering
that initially the two reactants were present at equimolar
concentrations, it was expected (Frost and Pearson,
1961) that at the initial stages of reaction 3, the inte-
grated equation (eq 1) would be valid.? In this equation

1
(c — x)

1
— - =k €))]
c

2 In previous studies (Alivisatos et al., 1965) the concentration
of the proton donor (i.e., H:PO,~) was several orders of mag-
nitude higher than that of the dihydronicotinamide derivative
(NADH). This ensured practically constant pH throughout the
duration of the reaction and permitted a treatment of the pri-
mary protonation of NADH in terms of pseudo-first-order
kinetics. In the present study, the two reactants were used in
equimolar concentrations. The obvious experimental disad-
vantage of this setup in a watery milieu (D:0) is that as the
reaction progresses the concentration of H.PQ<~ will be different
(higher) than that predicted from eq 1 due to interaction of
one of the products (HPO42~) with water (see also Johnston
et al., 1963), Thus, under our conditions (initial pH 7.0), at a
time when the concentration of 1-methyl-DHN is less than
one-third of its initial value, eq 1 is no more applicable. Although
a more suitable kinetic treatment accounting for this “catalytic™
role of phosphates as proton donors in watery milieu could be
worked out, we preferred in the present contribution to describe
the initial stages of the process in terms of strictly second-order
kinetics (see Figure 6), thus stressing the analogy with the similar
reactions of the benzyl and propyl derivatives in organic solvents.

AND ALIVISATOS
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TABLE I1: Chemical Shifts of Signals from Mixtures®
of Potassium Phosphate with 1-Methyl-1,4-dihydro-
nicotinamide and Its Deuterio Derivatives at Times
of Completion of Reaction 1.

Derivativese

R-2d R-4d R-6d

No. Chemical Shifts? R

1 Wide peak at 3 3 2 3
~2.5

2 Complex at 3 3 3 3
3.2-3.6

3 Sharp singlet at + + + +
~4.86

4 Multiplet at 1 - 1 1
7.4-7.8

5 Small peak at + + + +
8.2-10.0

a Reaction mixtures contained equimolar quantities
(0.5 M) of potassium orthophosphate (pH 7.0) and of
the desired 1-methyl-1,4-dihydronicotinamide deriva-
tive in DyO at 32.5 = 0.5°. ¢ Values represent § (parts
per million) downfield from external tetramethylsilane.
¢R = methyl. Values represent number of protons
corresponding to the signal.

¢ stands for the initial concentration of the reactants
(¢ — x) is the concentration of 1-methyl-DHN at time
t, and k; is the rate constant for reaction 3 (i.e., the
primary protonation). As shown in Figure 6, this ex-
pectation was fulfilled until approximately two-thirds
of the initial quantity of 1-methyl-DHN had been
consumed. The rate constant determined from this
plot was ~2 X 10~1M~!min~1L

Our next attempt was to determine the origin of the
wide peak appearing at § 2.5 (Figure 1 and Table II).
Using as a yardstick the combined areas under the
decaying signal due to the H, proton and under the
growing multiplet at § 7.4-7.8 we established that this
growing signal at § 2.5 was due to three protons.
Thus, using the expression

1
05m 1 — area under signal at § 2.5
' 3(area under § 7.26 + area under § 7.4-7.8)

(2)

we obtained for various times (¢) the values plotted
as circles in Figure 6. This relation (1:3) was also
maintained when the 2- and 6-deuterio derivatives
were used as the reactants with phosphate in D.O.
When, however, the 4-deuterio derivative was present
in the mixtures, the area under the § 2.5 signal corre-
sponded to approximately two protons. Considering
that the corresponding signals in reaction mixtures
containing either 1-benzyl-DHN or 1-propyl-DHN
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TABLE Iil: Chemical Shifts of Signals from Mixtures of Monochloroacetic Acid with 1-R-1,4-Dihydronicotinamides
and Their Deuterio Derivatives at Times of Completion of Reaction 1.#

Derivativese

No. Chemical Shiftsb R, R;-2d R;-4d R;-6d R, R;-6d
Wide signal at ~1.5-2.5 4 4 3 4

1a Wide signal at ~1.8-2.54 4 (4)
Signal at ~5.40 1 1 1 - 1 -

2a Signal at ~4.70 + +

3 Signal at ~5.82 + + + +

4 Complex at 6.8-7.8 6 5 6 6 1 1

5 Small peaks at 8.2-10.0 + + + + + +

¢ Reaction mixtures contained equimolar quantities (0.3 M) of the acid and the desired dihydronicotinamide deriva-
tive in CDCl; at 32.5 &= 0.5°. ® Values represent § (parts per million) downfield from internal tetramethylsilane.
¢R; = benzyl; R; = propyl. Values represent number of protons corresponding to the signal. ¢ The upfield portion
of this signal is covered by the 8-CH, of propyl; see Figure 2. Parentheses indicate uncertainties in the evaluation of

this area.

corresponded to four protons (see below) it was con-
cluded that the signal at § 2.5 is due to protons of two
methylene pairs of the product (reaction 3): the protons
of the methylene at position 4 and the two protons
of a newly formed methylene group at position 5.

H_H
p i<t CONH, .. H CONH,
D,PO; D
| l > H | (3)
H H H

DII R,0 1‘{
R R

1 1

In reaction 3, R; stands for methyl, benzyl, or propyl,
and R, in watery milieu, is a hydrogen atom (Anderson
and Berkelhammer, 1958).

The upfield migration of signals stemming from
these two groups of protons lends further support to
the mechanism depicted in reaction 3. Loss of A;s
results in a more shielded environment for protons in
positions 4 and 5 of the product. The downfield migra-
tion of the signal due to H. indicates more extensive
deshielding occurring simultaneously with the loss of a
cross-conjugated? two-double-bond system.

The complex at § 3.2-3.6 (Figure 1) originally
corresponds to the two H, protons and the three 1-
methyl protons. During the course of the reaction the
shape of this complex and the area under the signals
change drastically. At completion of the primary
protonation step (reaction 3), this area corresponds to
three protons (Table II) and it is probably solely due to
the three methyl protons. Changes in the shape of this
signal (multiplet instead of the expected singlet) are
also observed in the corresponding signal stemming
from the protons of the CsH; group of the benzyl

8 For evidence pointing toward overlap between the orbital
containing the nonbonding electrons on nitrogen and the =«
orbitals of the double bonds see Kosower (1962).

derivative* and, less clearly, in the diffuse signal stem-
ming from the protons of the a-methylene group of
the propyl derivative. These apparent multiplet struc-
tures of signals due to the H, (sextet?) and the methyl
group protons (octet?), clearly observed after comple-
tion of the primary protonation, cannot be solely due
to changes of the configuration of the molecule (i.e.,
deviations from planarity) and are difficult to reconcile
with present concepts of the mechanism of this reaction
(presence of isomeric forms?). They are now under
careful scrutiny in this laboratory.

The sharp signal at § ~4.86 (Figure 1) did not vary
its position at different spinning speeds of the sample
tube in the instrument. Consequently, it is not a side
band of the neighboring HDO signal. This signal
should be considered together with small signals de-
veloping in the range of 8-10 ppm downfield (Figure 1).
As a group, they are reminiscent of the spectrum
of nicotinamide methiodide (ring protons resonating
downfield and methyl protons at § 4.86). It is evident
that a rather small percentage of 1-methyl-DHN
is oxidized to 1-methylnicotinamide during the reac-
tion period.

The presence of the intense HOD band and changes
of the signal due to the methyl protons (see above)
prevented unequivocal conclusions regarding the fate
of H during the primary protonation step of 1-methyl-

4+ A glance at the spectra of Figure 3 gives the impression
that the signal due to H: shifts during the reaction from the
upfield side to the downfield side of the signal due to the CsHj
protons. This impression, however, is not substantiated by studies
with the 2-deuterio derivative. In such studies, the general area
under the curve at § 6.8-7.8 corresponds to five (instead of six)
protons. Despite this, the signal downfield of the large band
of CsHs forms gradually as occurs with the nondeuterated
derivative. It appears that the signal from the Ce¢Hs protons
changes to a complex of peaks (or a multiplet), as happens with
the signal of the methyl protons in the f-methyl derivative (see
text).
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FIGURE 7: Time dependence of the changes of the areas
under the signals due to H, (two protons) and Hs
(one proton) and of the wide peak at 1.4-2.6 (four
protons) in the nuclear magnetic resonance spectra of
reaction mixtures of 1-benzyl-DHN and CH.CICOOH
in CDCl; at 32.5 & 0.5°.

DHN. The benzyl and propyl derivatives proved more
suitable for such studies. Reactions were carried out
in CDCl;. The solubility of monochloroacetic acid in
this solvent and the sharp singlet of its two methylene
protons (5 4.02 downfield from internal tetramethyl-
silane) were the reasons for choosing this moderately
strong acid (pK’ = ~2.85) as a proton donor in our
systems.

Signals appearing during interactions of monochloro-
acetic acid with either 1-benzyl-DHN or 1-propyl-
DHN are listed in Table III. Assignments for the
nuclear magnetic resonance signals due to protons in
reaction mixtures of the benzyl derivative were based
on the following observations and kinetic considera-
tions. The area of signals between é 6.8 and 7.8 corre-
sponds, at ¢ = 0, to six protons, i.e., the five protons
of C¢H; and the H, (Figure 3). It is assumed that as
in the reactions of the methyl and propyl derivatives,
the signal due to H; moves upfield during this reaction. *
It remains, however, in the same general region (8
6.8-7.8) and this renders the area under the complex
constant (i.e., corresponding to six protons) throughout
the reaction period. An additional reference is provided
by the constant area under the signal at & 4.02 (i.e.,
due to the two protons of monochloroacetic acid).
Since changes of the nuclear magnetic resonance signals

AND ALIVISATOS
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of all protons in the dihydronicotinamide moiety occur
concomitantly, relative changes of the areas under any
of these signals with respect to the constant areas
cited above may be used for the computation of the
molarity of intact 1-benzyl-DHN remaining at time ¢
in the mixture. In Figure 7 the rates of decay of the
signals due to the H, and H; protons were used, sepa-
rately, in computing 1/(¢ — x) values for the dihydro-
nicotinamide moiety in 1-benzyl-DHN. Additional
values were obtained from the growing area under the
signal at 6 1.5-2.5. The latter was assumed to corre-
spond to four methylene protons (see above) and a
modified version of expression 2 was used for this
computation. As shown in Figure 7, values from all
three parameters defined closely the same straight
line when the reciprocals of the molarity were plotted
vs. time. The &y, computed from the slope of this curve,
was ~3 X 10~2M ! min—t,

As mentioned previously,* the 2-deuterio derivative
of 1-benzyl-DHN was helpful in the clarification of the
upfield migration of the signal of H, during protonation
of this compound. In a similar manner, the 6-deuterio
derivative served in the elucidation of the fate of the
signal due to this proton. As shown in Table III, the
growing signal at ¢ 5.40 was missing from such spectra
(see below).

We cannot offer, at present, an interpretation for the
signal at & 5.82 (see below). The small peaks at ¢
8.2-10.0 are due to the oxidized form of the benzyl
derivative.

Similar considerations were applied in the interpreta-
tion of nuclear magnetic resonance spectra of reaction
mixtures containing the 1-propyl derivative (Figure 2
and Table III). The areas of the methyl proton in the
side chain and the methyl proton of CH,CICOOH
were used as yardsticks of comparison. As in the
1-methyl derivative, the signal due to H, migrated
downfield, where it appeared as a multiplet (probably
sextet). As in the 1-benzyl derivative, the signal due to
H, migrated upfield (from é 564 to 540). Following the
pattern set by both the methyl and benzyl derivatives,
the methylene protons at positions 4 and 5 moved up-
field. Signals due to the « and 8 CH; protons in the
side chain became rather diffuse indicating similar
changes as those observed in the 1 substituents of the
other two derivatives (see above). The rate constant
for the propyl derivative was estimated to be of the
order of 5.5 X 10~*M ! min™!,

In spectra of reaction mixtures containing propyl or
benzyl derivatives it was desirable to exclude the
possibility that signals in the general area between
& 5 and 6 were due to NH; protons. Thus, temperature
elevation (from 33 to 50°) and deuterium exchange
(shaking of the organic phase with D;0O) did not alter
the signals in this area. In the latter experiments the
spectrum of material extracted in D;O exhibited
mostly signals of the oxidized forms of the substituted
dihydronicotinamide.

In conclusion, primary protonation of 1-methyl-
DHN by D:PO,> in D;O exhibits almost identical
changes of the nuclear magnetic resonance spectra with
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those observed during primary protonation of 1-
benzyl-DHN or 1-propyl-DHN by CH,CICOOH in
CDCl;. The salient points of such changes and the
interpretations given at present are as follows. (1)
Signals due to protons Hy, Hs, H;s, and Hg, originally
present in the spectra, decay concomitantly. This
indicates general structural changes, involving read-
justment of all bonds in the molecule. The rate of this
decay may be described in terms of second-order
kinetics, indicating a bimolecular reaction. (2) The signal
due to H; migrates downfield by approximately § 0.18.
This migration is indicative of more extensive deshield-
ing and it occurs concomitantly with the loss of a cross-
conjugated two-double-bond system in the molecule.
This same change is probably responsible for the
increased ultraviolet absorption in the range of 290-
300 mu. The shape of the nuclear magnetic resonance sig-
nal due to the H; proton also changes during this migra-
tion (from a doublet to a multiplet, probably a sextet).
The origin of the multiplicity is now under investigation.
(3) The signal due to the H, methylene protons moves
upfield by approximately & 0.5. This, together with the
movement of two additional protons from position 5
to the same general area (broad signal at approximately
2.5 ppm downfield from internal TMS) reflects the loss
of A;s during primary protonation. (4) In reaction
mixtures in CDCl; (i.e., benzyl and propyl derivatives)
the signal due to Hs moves upfield by approximately &
0.25. The analogous upfield movement of the signal
due to H, in the reaction of 1-methyl-DHN with D,PO,~
in D;O is concealed by the intense signal due to HDO.
Considering that the original signal due to Hs in the
methyl derivative (i.e., before protonation) was sepa-
rated by § >1.0 from the HDO band, it follows that this
signal migrates to a much larger extent upfield® as
compared to the upfield migrations of its counterparts
in CDCIl;. Now, signals due to methyne protons adja-
cent to OC(=0) R appear, in general, at lower fields
(~1.2 ppm) as compared to methyne protons adjacent
to OH. The above-mentioned differences are taken as
indication of an addition of the anion (CH,CICOO™)
to the carbon at position 6. In D;O, any association
of the phosphate anion is subject to hydrolysis, thus
giving rise to the hydroxylated product (Anderson and
Berkelhammer, 1958). It would be of interest to study
the possibility of such a transient state (see also footnote
3in Alivisatos er al., 1965) with the aid of a phosphorus
resonance spectrometer. (5) Signals due to protons of
the 1 substituent (i.e., methyl, benzyl, or propyl) change
shape during protonation (singiets become multiplets

5 With approximate corrections (0.45-0.50 ppm) for external-
internal tetramethylsilane, the original position of the signal
due to Hs (before reaction) is practically the same in all deriva-
tives (see Table I).

and existing multiplets acquire rather diffuse shape).
The source of these changes is presently unknown, but
it is believed that they will prove useful, in the future,
in the clarification of the mechanism of the reaction
and a better understanding of the structure and shape of
the product.
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