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The UV, IR, and PMR spectra of N-methyl-2-aryliminolactams and their salts were ex-
amined. The ionization constants of the investigated amidines in aqueous alcohol depend
substantially on the ring size (the basicities fall in the order 6 > 7 > 5). On the basis of
the correlation dependences of the pK , values of the amidines and the Hammett o con-
stants it is shown that the 7 electrons of the benzene ring are conjugated both with the
C=N bond and with the p electrons of the exocyclic nitrogen atom. The angles of rotation
of the benzene ring with respect to the C=N bond were calculated.

The aim of the present research was to study the physicochemical properties of 1-methyl-2-arylimi-
nopyrrolidines (Ia-e), piperidines (ITla-e), and hexahydroazepines (Ifla-i) (Table 1), which were synthesized
by reaction of lactam acetals [2] with aromatic amines.
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1—II1 n=1—3; a R=p-OCHs; b R=p-CH;; ¢ R=H:; ¢ R=p-Cl; eR=n-NO;; f R=
=p-COO0C:Hs; g R=p-COCH;; h R=m-NOy; i R=m-F;j R=p-SO.NH,

The character of the UV spectra of amidines I-III depends substantially both on the type of substituent
in the benzene ring and on the size of the saturated nitrogen heteroring (Figs. 1 and 2). Moreover, the
spectra of II and III are similar to one another and differ substantially from the spectra of amidines I of
the pyrrolidine series (these differences become smaller when electron-acceptor substituents are present).
Similarly, the absorption bands of the C=N bonds in the IR spectra of amidines II and III lie at 1600-1612
cem™!, while for the analogous I compounds these bands are shifted appreciably to the high-frequency re-
gion (1630-1640 cm™). Differences in the IR and UV spectra of five-membered rings of this sort are also
characteristic for the corresponding lactams [3] and are probably due to partial weakening of the "amidine"
(or amide) conjugation in the pyrrolidone derivatives. A certain shift of the absorption maximum to the
shortwave region on passing from dioxane to protogenic solvents is observed in the UV spectra of amidines
I-1II (see Fig. 3), while the spectra in aqueous solutions, for example, for Ia, Ila, and Ila, practically coin-
cide completely with the spectra of these compounds in 0.1 N HCI. The indicated changes in the spectra
are apparently associated with ionization of the compounds. In fact, according to the pK, data (see below)
and the pH values of the solutions, these amidines are practically completely ionized in 50% alcohol (the
degree of ionization is 98-99%).

* See [1] for communication XTI.
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Fig. 1. UV spectra of N-methyl-2-aryliminopi-
peridines (Ifa-e) in dioxane.
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Fig. 2. UV spectra of N-methyl-2-(4-methoxyphenyl)pyrrolidine
(fa), -piperidine (Ila), and -hexahydroazepine (IIla) in dioxane.

Fig. 3. UV spectra of I1a in various solvents: 1) dioxane; 2) 0,1 N
NaOH; 3) 0.1 N HCI; 4) alcohol; 5) 90% alcohol.

It is known [4-6] that amidines are protonated at the imine nitrogen atom to give a cation (A) that is
stabilized by resonance (in contrast to thermodynamically less stable cation B).
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Comparison of the IR and PMR spectra of amidines I-IIT and their salts indicates that in our case a
proton also adds to the exocyclic nitrogen atom. Thus, in agreement with the results obtained in [4], a
shift of the absorption of the C=N group of 25-40 cm™! (which is characteristic for the development of a

C=1<Ir group) is observed in the IR spectra on passing from amidines Id, TId, and IIId to their hydrochlorides.
As one should have expected, a weak-field shift of the signals of all of the protons is observed in the PMR
spectra of the salts of these amidines as compared with the free bases. If it is assumed that structure B
with a localized positive charge on the cyclic nitrogen atom is realized during protonation, the weak-field
shift of the signals of the protons of the N—CH; and N—CH, groups should be considerably greater than the
shift of the signals of the ortho protons of the substituted amidine ring. In fact (see Table 2), the AS values
of the signals of these groups are close to one another, and in the case of amidines I and TII the weak-field
shift of the signals of the ortho protons of the benzene ring even exceeds the analogous shifts of the signals
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TABLE 1. N-Methyl-2-aryliminolactams’

lReazc. mp (erys= ,[ ' Found, % Cale, % |
Com~{Tem Pime, tallization : | Empirical ound, alCey o ‘*&
pound °C " lsolvent)or | ¥ | formmla i | | -]
| fh bp (mm) | | ¢ IH N C{H| N !f:
— 1 — ! [ |
! | ] | C
o |60 | 1 120121 ()| 1,5794/CuHlily !76,6'8,5 76,6 18,5/ 60
Ic ;20 | 4 117118 (4) | 1,5850/Ci.HuN, 1759182 75,8 8,1 40
IId go 1 |140—141 (3) | 1,5991|C11H 3N,Cl 1634 6,2 63,3162 45
e 0 1,5 (ﬁexane) | C1iH13N30, z160,4[6,0 192160359192 | g9
b | 50 | 15 |134—135 (5) | 1,5758|CisHisN; 77.3 |90 772189 |
flc i 50 1,5 |144—i45 (5)’15876 Ci3H 6Ny 76,5’8:6 76,6 |85 5732
IIIId ég ? 153—;54 (4)! 15966‘<Cinglsl§281 64,8 /6.8 64,767 80
(<] — : i
I | | (hexane) 125150N50 i61,8 6,5 61,8‘64 87
fle | 20 | 1 [107—109 | CigH}7N50 1632 68 17
- ) (heptane) } 13H17N50, . i6,8 16.8 63,2 ]6,8 17.0 190
60 198—300 (3) CisHzaN20; 70,1182:10,3 70,1 16,2
Mg 160 | 3 }g(])~ig§ @ CisHzoN;0 1733185 11,3]738 33%110 gé
; | (petroleum | ‘ ; I J ;
1 35 s fs;:?erfgsu)i c | oas| |
, ! — | i C13H17N30, 63,270 168632169 170 | g5
mi*: 20 | 3 (17701778 | CINE ey | 63270, 1681632 6, 8
e i J(acetone) i s 60'9'7,1‘-11.2 60,8 7,0 109[ 76
ity 20 | 2. 1239—240 | CisH1eNz0, 554 | 6,8 1‘5,2(55,5;5,3 150 | 54
| I (alcohod | l ‘ | | |

* These data are for the hydrochloride. Found, %: 7.5. Calcu-
lated, %: F 7.4
tFound, %: S11.2. Calculated, %: S11.4,

TABLE 2. Data from the PMR Spectra of Amidines Id, 1Id, and
IIId and Their Hydrochlorides

G foramyl | f g0 a8, |6 5
Compound ring profons,; 4% CH:—N,| A% 1 0cH,— 3 CHz, ad,
ppm ppm | ppm ppm | pp r{l Ppm ppm_
1 1
1d 6,75 057 335 | 047 | 293 | 3 235 | 058
1d-HCl 732 382 353 f |20
11d 6,63 0.7 322 | 033 297 | 63 22 0,27
11d- HCI 7,33 355 i 36 ! 247
1id 6,60 072 3835 | 038 307 | 0561 238 | 034
111d- HCI 7,32 3,73 | 383 ! ; 2,72

TABLE 3. pKg4 Values (50% Ethanol) for 1-
Methyl-2 -aryliminopyrrolidines (I), ~piper-
idines (II), and -hexahydroazepines (III)

R ( n=3 ’ n=2 f n=|\
i

H 891 . 9,28 8,73
p-CH; 9,44 9,61 9,13
p-OCHj, ! 9,61 9,86 9,23
#-Cl S 3 P 8,69 812
p-NO, i 631 | 6,96 6,41
m-NO, 690 |

m-F 7,89

p-COOEt 7,44

»-COCHj, 7,21

of the protons of the N—CH; and N—CH, groups; this is in agreement with the type A representation of the
structure of the cation.

The electronic interaction of substituents with the protonation center was investigated by a study of
the correlation dependence of the ionization constants of the investigated amidines (Table 3) with Hammett
o constants. The correlation of the pK, values of IIla-d, h, i, which do not have substituerits that are ca-
pable of direct polar conjugation, with the o constants is expressed by the equation

PK, =8.88—2860 (0,998, S, 0,076). 1)
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As seen from Fig. 4, points corresponding to amidines
IIle~g do not fit the line of this dependence, and the basicities
of these amidines are lower than the values calculated from
Eq. (1). This indicates the existence of a contribution of di-
rect polar conjugation to the interaction between the. electron-
acceptor substituents (p-NO,, p~-COCH;, and p-COOC,H;) and
the p electrons of the exocyclic nitrogen, which is the reac-
tion center, On the other hand, when o~ constants areused
for the indicated substituents, the corresponding points proved
to lie above the line corresponding to Eq. (1) (Fig. 4), i.e., the
effect of direct polar conjugation is realized only partially.
Consequently, the phenyl ring in the investigated amidines

Fig. 4. Dependence of the pK, values does not lie in-the plane of the C=N bond but rather is turned
of N-methyl-2-aryliminohexahydroaze- at a certain angle in such a manner that its 7 electrons are
pines (IIla-i) on the o constants. simultaneously in conjugation with both the = electrons of the

C=N bond and the p electrons of the nitrogen atom, Similar
rotation of the benzene ring was previously observed in an investigation of azomethines (for example, see
7, 87). It also follows from construction of molecular models (Dreiding and Stuart—Briegleb) that the
presence of a benzene ring in the place of the C=N bond leads to pronounced steric interactions, and tran-
soid orientation of the aryl ring with respect to the N—CH, group is most probable. The data obtained
from the correlation make it possible to calculate oq¢f for the p-NO,, p-COOC,H;, and p-COCH; groups,
and the equation [9]

Geff —O

—0

Cos? 0=

was used to calculate the angles of rotation of the phenyl ring, which proved to be 60, 61, and 63°, respec-
tively. Inasmuch as this angle is practically independent of the electron-acceptor strength of the substitu-
ents, it might be assumed that this sort of rotation of the aryl ring is also characteristic for other ami-
dines of the hexahydroazepine series.

A similar calculation for the pyrrolidine and piperidine amidines (disregarding the points for p-nitro
derivatives le and Ile) leads to the equation pK, = 8.68 — 2.30 (r 0.99, S, 0.077) and pK, = 9.24 — 2.30
(r 0.99, S, 0.037), respectively. The angles of rotation (§), which proved to be 49° for Ie and 50° for Ile,
were calculated from these equations and formula 2).

1t should be noted that an attempt to obtain amidine TITj, which contains a sulfamido group in the para
position, was unsuccessful. Just as in the reaction of lactim ethers with sulfanilamide [10], the reaction in
this case took place at the sulfamido group to give an acylamidine (IV):

(CHy);
\\N;Nsoﬁ-—@N Hy
|
CH,

v

Evidence in favor of the sulfanilamide structure of IV is its markedly depressed basicity as compared with
the basicities of amidines T (for IV, pK, < 2). The above direction of the reaction is understandable if one
takes into account the fact that the 1-methyl-2-alkoxy-7H,3,4,5,6-hexahydroazepinium cation and the al-
koxide anion [11], which strips a proton from the sulfanilamide group, are in equilibrium with the acetals

in solution. The reaction then proceeds at the anionic SO,NH center.

As seen from Table 3, the basicities of the investigated amidines depend on the ring size. Piperi-
dine derivatives II have the highest pK ; values; this is due to the high stabilization of cation A in six-
membered amidines, as was previously shown [3] in a comparison of the basicities of butyro-, valero-, and
caprolactams.

EXPERIMENTAL

The IR spectra of mineral-oil suspensions and CHCl; solutions of the compounds were recorded with
a Perkin-Elmer 457 spectrometer. The UV spectra of solutions of the compounds in dioxane, 95% hex~
ane—5% dioxane, alcohol, aqueous alcohol mixtures, and aqueous and alcoholic 0.1 N HCl and 0.1 N NaOH
were recorded with an EPS-3 spectrophotometer. The PMR spectra were recorded with a JNM-4H-100
spectrometer with tetramethylsilane as the internal standard. The basicity constants were calculated from
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the curves of potentiometric titration of 0.001 M solutions of the substances in 50% (by volume) ethanol [12].
The pH values were measured with a PHM-26 pH-meter with glass (G 222B) and calomel electrodes Ra~
diometer, Denmark). A total of two to three titrations were made for each compound, and eight to nine
constants were examined in the region of 15-85% neutralization. The standard error in the determination
of the basicity constants did not exceed 0.05 pK , units.

1-Methyl-2- (p-toluidylimino)pyrrolidone (Ib). A 4.5-g @26 mmole) sample of N-methylpyrrolidone di-

ethylacetal was added to 2.7 g (26 mmole) of p-toluidine in 20 ml of dry chloroform, and the mixture was
stirred at 60° for 1 h. The solvent was then evaporated, and the residue was distilled. The yield of ami-
dine Ib with bp 120-121° (3 mm) was 2.9 g (60%). Compounds Ib-e, Ilb-e, and IIle-i (see Table 1) were sim-
ilarly synthesized from the appropriate acetals, Compounds Ia, IIa, and Illa-d were previously described.
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