ACETALS OF LACTAMS AND ACID AMIDES
XIX.* SYNTHESIS OF 3-CYANO-6-DIM ETHY LAMINO-2-PYRIDONE AND
PYRROLO-, PYRIDO-, AND AZEPINO[2,3-b]JPYRIDINE DERIVATIVES

V. G. Granik, O. Ya. Belyaeva, UDC 547.74'8211891'82'83,07
R. G. Glushkov, T. F. Vlasova,
and O. 8. Anisimova

The reaction of a-cyano-g-dimethylaminocrotonic acid amide with acetals of dimethyl aceta-
mide and N-methylbutyro-, -valero-, and ~caprolactams gave enaminoacrylamidines, cyecli-
zation of which gave 3-cyano~6~dimethylamino~2-pyridone and the corresponding pyrrolo-,
pyrido-, and azepino[2,3-blpyridine derivatives.

Dimethylformamide diethylacetal readily reacts with enaminoamides to give enaminoacylamidines, which
undergo smooth cyclization to pyrrolo-, pyrido-, and azepino(3,2-c]pyridine derivatives when they are heated [1]:

N(CHy),
=
(ccz); (CH;),NCH{OC,H,),  (CH,) N) a (CH,); /\r?m
N - CONH, KN X kN:g/\o
|
CH; CN cH, CN (!:H.‘S CN

As seen from the above scheme, in this case the amidine grouping is attacked at the 3-CH, link of the
saturated heteroring with splitting out of dimethylamine, It seemd of interest to ascertain whether this sort of
cyclization is possible when the attack occurs at an a-CH, (CH;) group in the enamine rather than in the ami-
dine portion of the molecule and when the attacking particle is the ¢~carbon atom of the enamine rather than
the meso atom of the amidine fragment. With this in mind we subjected a-cyano-g-dimethylaminoacrylamide
(I [2] to reaction with the diethylacetals of N,N-dimethylacetamide (I}, and N-methylbutyro~-, ~valero-, and
-caprolactams (fIla-c, respéctively). The IR spectra of IV and Va-c do not contain absorption bands of an NH,
group but do contain absorption bands at 1580, 1650, and 2200 cm’i, which are related to C=0, C=N, and
C=N groups, It should be noted that the signal of the dimethylamino groups in the PMR spectra (Table 1) of
Va-c and one of the corresponding signals in the spectrum of amidine IV at room temperature are markedly
broadened doublets that are converted to narrow singlets as the temperature is raised; this constitutes evi-
dence for hindered rotation of these groupings.

N(CHy),
CN
(NS Hia-c “Cf ):—(JCHQ)H s NCZ/TCHZ)“
CONH, O0ANF N 0N N)
H |
I CHy CH;
l" va-c Via-¢
N(CH,),
NC NC
ST
)
NZN(CH,), o N N(CH,),
v vil Van=1;b n=2:C n=3

* See [1] for communication XVIII.

S. Ordzhonikidze All-Unjon Scientific-Research Pharmaceutical-Chemistry Institute, Moscow 119021,
Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 8, pp. 1106-1109, August, 1977, Original article
submitted April 13, 1976.

0009-3122 /77 /1308-0891$07.50 © 1978 Plenum Publishing Corporation 891



Ho¥6'L [ 2CHDIN Lot .
GG 1 'HSv.L'S 80°c - - — [8'63]9's |6'88] OFNCHSD[6'ST|S'S [£'6G] 00€ {IIA
(Toued|
-01d-7
td4
09 83'L gz'e jog'el 281 [19°e|L'0B|v'9 J0'eC | OSNF D80G (€' [8vo —1¥E [ D1A
56| 3L ore |— nm.m_mw._ 6¢'¢]3'65(8'S S'€9| OPNMHO'D|S'E{8'S {2’69 00€ | dIA
juc] (TR "Hn— alatlataln|ulo NI g
) ) Elejsle] PpRwI0) o dul B
.M jeorndwy % ,m
e wdd “(4paD) wnaoads YN "oy “ofeD 9lp ‘pURO A

soArjeAlIa( suoplidd-g-ourLAD-g *Z mqm<H

*9UEBXOY —SUS ZUD( UIOI] POZI[[BISAIODI SBM OA pUB ‘0}B}90R 1430 W0} PozI][BISAIOSI oIoM q‘BA Put Al spunodwo) .

ARy v av'e 691 vz |are |ges | s | 6 ooty | oze | s [oee | eo—we o
oures ouL| 'L 62'E = olee | 603 |60t |ges | 1L | S ONMIFD | 0% | £z | 919 | gier—ier qA
s oun) L
~euEnd | gL V' = | = |ae | w0 ge | ¥t |g'sz | €L | 009 oNITD | 8ge | UL | 668 | ss1—sar eA
S(CHDIN .
v |82 | om egt w0t N D) 0% e9c | rL |28 ONYHYD | vz | o |28 | sor—0n AL
o\b .ﬁ.—.ﬂ.—»ﬂ. H—-0= HHIOIN F0-L | D9 _ 110-¢ _ RPN _ Bltek D1 N — H — ol eNUIIO} N _ H _ o] o . @50&
) wdd *(5a0) wnnoeds YA % “oreD reopdur % ‘pumod ~weo

o-8A pue Al seulprwejfovoutwsuy ‘1 ATdV.L

892



A molecularionpeak (M — 220) is observed in the mass spectrum of Va. The fragmentation is in agree-
ment with the proposed structure and is realized via the following scheme:

125 177

-5

RS

-H
N
i‘\ j\\i' Le- —é::cn—l—N/CHe
N i “cH,

|
én ! 0 .xﬁf
% g7l {12y 163

The most favorable process is cleavage of the bonds in the @ position relative to the carbonyl group to give
fragments With m/e 125 and 123 {the most intense peak belongs to the ion with m/e 125).

From the data presented above it can be stated that the reaction of acetals of acid amides and lactams
with enaminoamidines is general in character and can be used for the synthesis of various enaminoacyl-
amidines,

We then attempted to bring about the cyclization of enaminoacylamidines IV and Va-c to 2-pyridone de-
rivatives, It was found that the cyclization reaction is extremely sensitive to the ring size of the starting ami-
dines. thus 1-methyl-6-cyano-7- oxo-1,2,3,4,7,8-hexahydro-1,8-naphthyridine (VIb) is formed in good yield
when Vb is heated at 180°C for 7 min. A higher temperature (220°C) is required for the cyclization of IV and
VII, whereas the cyclization of an enaminoacylamidine with a seven-membered ring (Vc) proceeds satisfactori-
ly to give pyridoazepine VIc only in the presence of a catalyst (p-toluenesulfonic acid) at 200°C. Heating ami-
dine Va under various conditions leads to pronounced resinification, and VIa could not be purified, Its struc-
ture was confirmed by the similarity between its UV spectrum and the spectra of VIb,c and VII and also by
mass spectrometric data. An intense molecular jon peak (m/e 175) is observed in the mass spectrum of VIa.
Elimination of a hydrogen atom, which leads to stabilization of the charge on the N atom of the five-membered
ring, subsequently predominates. The resulting ion is extremely stable and has the maximum intensity. Its
subsequent fragmentation is probably due to the presence of two tautomeric forms, as evidenced by the com-
petitive elimination of HyO and CO molecules that is observed in the spectrum. The fragmentation was con-
firmed by the presence of the corresponding metastable transitions:

+

M +
NC -‘ NC NC - -‘
LI = X ="1 ="
07N N 07N N HO” SN N
H | H | |
CH, CH, CH, H,
N
W
=

131 *

oO—2Z

175 174 156

-Co

116

The structures of pyridines VIb,c and VII were confirmed by the PMR spectra (Table 2),

EXPERIMENTAL

The PMR spectra of the compounds were recorded with a JNM- 4H~100 spectrometer with tetramethyl-
silane as the internal standard. The IR spectra of mineral oil suspensions of the compounds were recorded
with a Perkin— Elmer 457 spectrometer. The mass spectra were recorded with an MKh-1303 mass spectrome-
ter with direct introduction of the samples into the ion source, The ionizing-electron energy was 30 eV. The
temperature of the ionization chamber was 125°C.

N,N-Dimethyl (@ ~cyano-g-dimethylaminoacryloyl)acetamidine (IV). A solution of 6 g of acetal IT in 20 ml
of toluene was added dropwise to a refluxing solution of 4.2 g of T in 20 ml of toluene, and the mixture was re-
fluxed for 2 h. It was then cooled and filtered, and the toluene was removed from the filtrate by distillation.
The residue was triturated with ether to give IV. Compounds IVa-c (Table 1) were similarly obtained,

3-Cyano-6-dimethylamino-2-pyridone (VII). A 1-g sample of IV was heated at 220°C for 10 min, after
which the mixture was cooled, and ethanol was added to give VII. Compounds VIa-c were similarly obtained,
See Table 2 for the analytical data and the PMR spectra of Vib,c and VIL
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STUDY OF THE ELECTRON INTERACTIONS OF
POLYSUBSTITUTED AZOLES BY PMR AND IR SPECTROSCOPY

N. N. Zatsepina, I. F. Tupitsyn, UDC 547.78.72.73.77 : 543.422,25.4
A, I. Belyashova, A, A, Kane,
N. 8. Kolodina, and G. N. Sudakova

The IR and PMR spectra of an extensive series of methyl derivatives of aromatic and hetero-
aromatic compounds were investigated. With a few exceptions, the experimental data on the
chemical shifts of the protons (¢CHs) and the intensity of the band of the symmetrical stretch-
ing vibration [(ACH)V 2] for five- and six~membered heterorings can be united in a single reac~-
tion series with polysubstituted toluenes within the framework of an additive scheme. The
(ACH)V 2 values correlate satisfactorily with the calculated (by the CNDO/2 method) total
charges on the carbon and hydrogen atoms of the methyl group. In contrast to the intensities
of the IR bands, linear relationships bétween the chemical shifts and the charges on the hydro-
gen atoms-are observed only within the limits of particular reaction series. The lack of a
unified relationship was interpreted as being the result of the effect of the ring current, the
contribution of which to the 6CHs value depends on the nature of the heteroatom.

In our previous papers [1, 2] we demonstrated the applicability of the principle of additivity for the charac-
terization of the contributions of the individual substituents and heteroatoms to the changes in the kinetic and
spectroscopic parameters of the methyl group in the polysubstituted toluenes and their heteroanalogs. In the
present research we made an attempt to extend the indicated approach to the IR and PMR spectroscopic charac-
teristics of methyl derivatives of five-membered aromatic heterocycles and to ascertain the possibility of a
quantum-chemical description of the trend of the change in these parameters.

Applicability of the Additive Scheme

PMR Spectra, The chemical shifts of both aromatic protons and the protons of methyl groups bonded to
the heteroaromatic ring in azoles have been studied in a number of papers (for example, see [3-19]). However,
in the overwhelming majority of cases only the effect of variable substituents on the é value as the nature and
position of the heteroatomic groupings built into the ring remain fixed has been investigated. The experimental
data presented in Table 1 make it possible to thoroughly analyze the entire set of data on the change in the
shielding constants of the protons of the methyl group in azoles of various types.

As in [2], we used a variant of the additive scheme in which the effect of each substituent in the azole ring
characterizes the Ad; increment, which reflects its contribution to the 5CHs value in the correspond ing. mono-
substituted toluene; the contributions of the heteroatomic —O—, —S~, —N(CH;)—, and —N= groups are conveyed
by the magnitude of the A6CH; chemical shift in the furan, thiophene, N-methylpyrrole, and pyridine rings with
respect to toluene as the standard compound (¢° = 2,34 ppm). Moreover, in conformity with the generally
accepted concepts regarding the transmission capacities of the —O—, —~8—, and —NH— heteroatoms in five-
membered rings [20], all of the azole ring positions adjacent to them are considered to be ortho-like, the
1-3(4), 2-4, and 3-5 positions are considered to be meta-like, and the 2-5 positions are considered to be para~
like positions of the benzene ring,

State Institute of Applied Chemistry, Leningrad 197198, Translated from Khimiya Geterotsiklicheskikh
Soedinenii, No. 8, pp. 1110-1119, August, 1977. Original article submitted June 16, 1976,
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