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Chemistry of Amidines. Part 1.t Determination of the Site of Initial Protonation

in N'-Pyridylformamidines

lan D. Cunningham,” James S. Blanden, Juan Llor.1 Luis Mufioz and Andrew P. Sharratt
Department of Chemistry, University of Surrey, Guildford GU2 5XH, UK

A series of substituted N,N-dimethyl-N’-pyridylformamidines has been synthesised and the pK,
values of the conjugate acids have been measured in water at 25 °C. Consideration of the pK,
values shows that initial protonation is predominantly on the imino nitrogen of the amidine system
rather than on the pyridyl nitrogen. The effect of the protonation on the 'H and '3C NMR spectra of

the amidines is discussed.

In general, protonation of the amidine functional group N=C-N
occurs on the imino nitrogen (la) rather than the amino
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nitrogen because of resonance delocalisation of the positive
charge via the resonance form 1b.! However, when a substituent
to the system is also basic the site of first protonation may not
be obvious; such is the case for the pyridylformamidines 2-8.
Normally pyridines are less basic than amidines, but in the case
of these compounds it was unclear to what extent the pyridine
ring would effect the amidine and visa versa. The general
electron-withdrawing effect of the pyridyl group would be
expected to lower the pK, of the imino nitrogen, while donation
of either the imino or the amino nitrogen lone pairs into
the pyridine ring would be expected to increase the pK, of
the pyridine nitrogen. Since pK, values for the related
N-phenylamidines have been found to correlate well with
Hammett o constants,>2 as have values for substituted
pyridines,®> we have used a linear free energy relationship to
investigate the protonation of compounds 2-8.

While 'H NMR chemical shift values for amidines have been
analysed with respect to defining additivity parameters,* the
effect of protonation on chemical shift values for amidines does
not appear to have been examined, although some NMR data
are available for the guanidine-guanidinium system.?

Experimental
Preparation of the Aminopyridines.—2-Amino, 2-amino-5-

t For Part 2, see following paper.
t Present address: Departmento de Quimica Fisica, Universidad de
Granada, Granada, Spain.

Table1 M.p.s and microanalysis data for amidines 2-8

Found (required) (%)
Compound
(formula) Yield (%) M.p./°C C H N
2 69 68-71 66.7 8.0 258
(CgH,3N3) (66.2) (790 (257
3 59 98-99 66.3 7.6 26.0
(CgH,;N3) (66.2) (79) (257
4 48 29-31 — -— —
(CgH,;Ny) 343600 (- (5 ()
5 45 6869 520 5.6 228
(CgH,(CIN3;) (523) 54) (229
6 73 79-80 41.8 42 18.2
(CgH,(BrN;) 42.1) 44) (184
7 41 78-80 52.2 53 226
(CgH,(CIN3;) (52.3) 54) (229
8 75 160-161 49.5 5.3 28.8
(CsH,(N,0,) @4 (62 (89

chloro, 2-amino-4-methyl and 2-amino-5-methyl-pyridine were
purchased from Aldrich and were used as supplied. 2-Amino-5-
nitropyridine® was prepared by electrophilic nitration of 2-
aminopyridine and 2-amino-5-bromopyridine’ was prepared
by electrophilic bromination of 2-aminopyridine. 2-Amino-
4-chloropyridine was prepared from 2-picolinic acid by a
modification ® of the method of Graf.®

Preparation of Amidines—All the amidines 2-8 were pre-
pared by refluxing the appropriately substituted 2-amino-
pyridine (10 mmol) with N,N-dimethylformamide dimethyl
acetal (Aldrich) (9 c¢cm®) in methanol (15 cm?) until TLC
analysis showed the reaction to be complete; generally after
several hours. The amidines were recrystallised from light
petroleum (b.p. 60-80°C) to constant m.p. M.ps and
microanalyses are collected in Table 1.

Determination of pK,—The pK, values were determined by
potentiometric titration of 50 cm® of ca. 0.004 mol dm-?
solutions of amidine in water using 0.05 mol dm~3 hydrochloric
acid in portions of 0.2 cm3. Temperature control was main-
tained at 25 + 0.5 °C by use of a reaction vessel with a water
jacket supplied from a thermostatted water bath. The titration
curve data obtained was processed using a ‘Miniquad’ com-
puter program to calculate the pK,.

Determination of NMR Spectra—Spectra were run at 25 °C
on a Bruker AC-300 MHz NMR spectrophotometer. Samples
of the amidines (generally 14-16 mg, except where solubility was
a problem in which case as little as 2 mg) were accurately
weighed into an NMR tube and dissolved in D,0 before
running the 'H NMR spectrum; chemical shift values were
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Table 2 pK, values for the conjugate acids of the amidines 2-8
measured in water at 25 °C

Compound pK,

2 745 + 0.06
3 7.37 £ 0.02
4 7.20 + 0.03
5 6.85 + 0.03
6 6.68 + 0.03
7 6.48 + 0.03
8 5.37 + 0.06
N
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Fig.1 Plot of pK, values for the protonated amidines 2-8 in water at
25°C vs. 6°

ultimately referenced to dioxane (6 = 3.73 ppm). For spectra in
acid a similar amount (14-16 mg) was weighed out and then,
prior to running the spectrum, a quantity of 0.24 molar
DCI/D,O (generally 0.5 cm?) sufficient to provide a 1.1:1 mol
dm~? excess of DCl to amidine was added to dissolve the
sample. Spectra were also determined in a four- to five-fold
excess of acid, by using less of the amidine. A 'H NMR
monitored titration was performed on amidine 2 by the
repeated addition of small quantities (20 initially, then 50
mm?) of 0.244 mol dm~3 DCI/D,0O to a solution of 2, initially
0.052 mol dm™? in amidine; dioxane was used as an internal
standard. A similar titration was performed for amidine 5.
13C NMR spectra for 2 and 5 in D,0 and in DCI/D,O were
determined as above.

Results

Preparation of Amidines—All of the amidines except 4'°
were new compounds, and all showed IR and 'H NMR spectra
consistent with the proposed structures. All amidines were pure
by TLC analysis and gave satisfactory C,H,N microanalyses
(Table 1).

pK, Values in Aqueous Solution.—pK, values were measured
in water at 25 °C for the amidines 2-8. The values are collected
in Table 2. In no case was any evidence found for a second pK,
above pH = 3. A Hammett plot of pK, vs. ¢° is shown in Fig.
1.'' The plot is constructed assuming that the positional
relationship of the substituents is defined relative to the amidino
group. The rationale for this is given below. The value of p is
—2.2 + 0.1 and the correlation coefficient is >0.99. No
significant difference in p or the correlation coefficient is
found when ¢ is used'! instead of ¢°. A plot in which the
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substituents are defined relative to the pyridyl nitrogen, and
in which o values appropriate to pyridyl protonation3 are
used also gives a p value of —2.2, but a correlation coefficient
of 0.90.

'H NMR Changes on Addition of DCI—The 'H NMR
spectra of the amidines 2-8 in D, 0 at 25 °C are given in Table 3
and are as expected for these compounds. On prolonged
standing, and particularly on warming, there was evidence of
slow hydrolysis, particularly of those amidines bearing electron-
withdrawing substituents. Addition of 1.1 equivalents of DCl to
solutions of the amidines 2-8 in D,O caused all 'H NMR
signals to shift downfield. The magnitude of the shift of each
hydrogen in each compound is given in Table 4. In general it
can be seen that for most signals the change in § is more or less
independent of the substituent on the pyridyl ring, and the mean
values of Ad along with the standard deviations for each signal
are included in the table. No significant further change in the
spectra of amidines 4, 5, 6 and 8 was seen when further DCI
(up to four-fold excess) was added. However for the 5-
methylamidine 2 further changes were seen on addition of
excess DCIL.

Titrations of amidines 2 and 5§ were monitored by 'H NMR
spectroscopy. In the case of the 5-chloroamidine 5 a steady shift
in all signals was observed; by the end point of the titration all
signals had shifted by an amount within +0.02 ppm of that
given in Table 4. A similar result was obtained for the 5-
methylamidine 2 up to the addition of one equivalent; no further
change was apparent up to the addition of almost three
equivalents, but on further titration (addition of up to four
equivalents) further shifts were observed for all signals. The
values of Ad for addition of this excess DCI are also given in
Table 4. Although some broadening of some signals was
observed during titrations, no significant change in coupling
patterns was evident. There was no evidence of amidine
hydrolysis at room temperature in acidic solutions.

13C NMR Changes on addition of DCI—The '3C NMR
spectra of amidines 2 and 5 in D,O are given in Table 5. Signals
were assigned by use of correlation tables and from C-H
correlation spectra. Addition of 1.1 equivalents of DCI to
solutions of amidines 2 and § in D, O caused changes in the '3C
NMR spectra as shown in Table 5.

Discussion

The site of preferential protonation is clearly the imino nitrogen
of the amidino system. This can most elegantly be seen by
considering the tsomeric 5- and 4-chloro-substituted amidines §
and 7, respectively. Since a meta chloro group is more electron-
withdrawing than a para analogue, the compound whose
protonation site is meta to the chloro group will be the less
basic (lower pK,). From Table 2 it can be seen that the 4-
chloroamidine 7 is less basic than the S5-chloroamidine 5,
indicating that the imino nitrogen is the preferred site of initial
protonation. A similar analysis of the methyl-substituted pair 2
and 3 also indicates imino protonation. Further evidence is
provided by a consideration of the Hammett plot (Fig. 1), in
which a better correlation is obtained by assuming imino
protonation than by assuming pyridyl protonation. Further-
more, the slope of the correlation is close to values found for
protonation of the closely related N-phenylformamidines,?*-*
and appears to be typical of imino protonation. On the other
hand, the slope obtained by assuming pyridyl protonation
(—2.2) is very different from that expected from a consideration
of more simple pyridines, where p values are typically —6.> We
note that the pK, value for the S-nitroamidine 8 correlates better
if ¢° (or even o) is used rather than ¢ ~. This has been noted in
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Table 3 Values of 6 (ppm) for 'H NMR signals for amidines 2-8 in D, O at 25 °C along with coupling patterns and constants in Hz

N(CHj;),

Compound NCHN  HQ) H(4) H(5) H(6) CH,

2 296 308 801 6.82 7.51 — 7.95 2.20
(s) (s) (s) (d, 8) (dd,2,8) d,2) (s)

3 292 304 797 6.70 — 6.82 7.92 221
(s) s) (s) (s) (d, 6) , 6) (s)

4 291 302 794 6.84 7.60 6.94 8.05 —
(s) (s) (s) ,6) (t, 6) (t,6) (d, 6)

5 300 312 811 6.91 7.68 — 8.13 —
(s) (s) (s) (,9) (dd, 2,9) d,2)

6 300 311 813 6.88 7.82 — 8.24 —
(s) (s) (s) d,9) (dd, 2,9) ,2)

7 297 310 804 6.89 — 6.99 8.00 —
(s) (s) (s) (,2) dd,2,7) (d,7)

8 310 321 844 7.03 8.40 — 9.05 —
s) (s) (s) d,9) (dd, 3,9) d,3)

Table 4 Change in chemical shift (ppm) of 'H NMR signals due to amidines 2-8 in D,O on addition of 1.1 equivalents of DC1 at 25 °C

N(CH;),
Compound NCHN HQ@3) H(4) H(5) H(6) CH,
2¢ 0.28 0.32 0.69 0.33 0.25 — 0.15 0.07
(0.44) (0.46) (0.83) (0.96) (0.87) (0.46) (0.26)
3 0.30 0.32 0.64 041 — 0.32 0.17 0.18
4 0.36 0.40 0.87 0.42 0.32 0.36 0.25 —
5 0.29 0.33 0.79 0.29 0.20 — 0.20 —
6 0.28 0.33 0.78 0.27 0.20 — 0.19 —
7 0.32 0.35 0.86 043 — 0.36 0.26 —
8 0.28 0.31 0.73 0.37 0.20 — 0.12 —
mean Ad 0.30 0.34 0.77 0.36 0.23 0.35 0.19 0.13
+at (0.03) (0.03) (0.09) (0.06) (0.05) (0.02) (0.05) (0.06)

“ The values in parentheses are for addition of four equivalents of DCI and are for the change in é relative to its value in D,O. ® Standard deviation.

Table5 Chemical shift values (ppm) of '3C NMR signals due to amidines 2 and 5 in D,O at 25 °C and changes on addition of 1.1 equivalents of DCI

(Ad)
N(CH3),
Compound —————— NCHN C(2) Cc@3) C4) C(5) C(6) CH,
2 344 407 1571 1588 1163  140.1 1284 1472 167
AS 25 30 -39 —~11.2 2.7 19 37 12 0.1
5 346 409 1574 159.8 1173 1388 1254 1460  —
AS 2.8 35 =50  -126 -34 0.9 3.8 09 —
2.12.13

other imino systems and can be explained by assuming
that the imino N lone pair is at right angles to the n system of
the aromatic ring and that no delocalisation into the ring takes
place.

In the NMR spectra the consistency of the changes in & for all
signals and for all the amidines can be seen from Table 4 and
suggests a common site of initial protonation. The protonation
is reflected most significantly in the large shift of the formyl
proton, and we suggest that this is characteristic of imino
protonation. In the case of the 5-methylamidine 2 a second
protonation is detected on addition of further acid. The 'H
NMR changes accompanying this second protonation are very
different to those for the first; in particular, we attribute the
large shift for the pyridyl protons and the small shift for the
formyl proton to pyridyl protonation.

The '*C NMR data is more limited and many of the shifts are
rather small. Certain signals are shifted upfield on protonation

suggesting an increase in electron density at these carbons. In
particular the increase in electron density at the formyl carbon
is probably due to increased delocalisation of the amino lone
pair in the protonated form (1a and 1b).

No evidence for initial protonation on the pyridyl nitrogen
was found for any of the compounds 2-8. However, it is possible
that a small fraction of the protonation for any particular
amidine may be at this site; the approach that we have used
(using linear free energy relationships) is a rather crude one
and small deviations from the correlation would not be
apparent. This is particularly so at the upper (lower o, higher
pK,) end of our range, where based on the pK, vs. ¢ profile
for simple pyridines* we would expect the microscopic pK, of
the pyridyl nitrogen to increase more sharply (p of ca. —6)
with decreasing o than that of the amidino nitrogen. The
consistency of the 'H NMR changes on protonation over the
whole range supports a consistency of protonation site, but
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again a small contribution from pyridyl protonation might
not be detected.
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