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HETEROCYCLIC ANALOGS OF PLEIADIENE.
63." SYNTHESIS AND CRYSTAL STRUCTURE OF 1-

AMINOPERIMIDINES

A. F. Pozharskii, O. V. Kryshtalyuk, G. G. Aleksandrov,

and V. V. Kuz'’menko

By action of O-picrylhydroxylamine on perimidine and 2-methylperimidine, we have synthesized their 1-amino
derivatives. An x-ray diffraction investigated of 1-aminoperimidine showed that the amino group in them is
found in a pyramidal configuration with the axis of the unshared electron pair lying in the plane of the
heterocyclic ring, oriented roward the p-carbon atom.

Recent investigations of different N-aminoazoles have shown that the amino group in them, both in solution and in the
crystalline state, has a pyramidal configuration [2]. Moreover, the orientations of the unshared electron pair of the amino
nitrogen relative to the plane of the heterocyclic ring may be different. Thus in I-methyl-9-aminoxanthine [3], N-
aminobenzimidazolium salts [4], and in l-aminobenzimidazole itself [5], a conformation of type 1 is realized, in which the axis

of the unshared electron pair is located in the plane of the aromatic ring and is oriented toward the g-carbon atom. Stabilization
of a conformation of type II proved to be possible in one case as a result of intramolecular hydrogen bonding with the

substituent in the 2 position [6].

N

\>;_

NH

Ila, b

R

N
! J
N ONL
' | H
H
I 11 H
NO,
1 ():N-Q—()an
NO, \\
7 —R
2. PhCHO
N H
A /
CN=C
\Fh
iva, b

I~V aR=H. hR=Me¢

I HA

e ot
2. NHLOH

{
N

P
N

\

NI,

vVa,b

It is logical to assume that the major factor promoting realization of conformation I for 1-aminobenzimidazole and its
salts is electrostatic attraction of the unshared electron pair of the amine nitrogen and the p-carbon atom, bearing a significant
positive charge. In this connection, we though it would be interesting to study the molecular structure of 1-aminoperimidine
(Va), the six-membered analog of N-aminoazoles. On the other hand, in the molecule of this compound, the positive charge
of €y, atom is significantly higher than in benzimidazole [7], which should favor conformations of type I even more; on the
other hand, in this conformation the hydrogen atoms of the amino group and the hydrogen atom in the 9 position prove to be
somewhat closer than such atoms in the [-aminobenzimidazole molecule. The latter circumstance might conversely destabilize
conformation I and make conformation 1 preferred.

*For Communication 62, see
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Fig. 1. Numbering of the atoms and the conformation of the
N-amino group in the -aminoperimidine molecule (Va).

K3

Fig. 2. Packing of 1-aminoperimidine (monohydrate)
molecules in the crystal lattice.

N-Aminoperimidines were unknown until recently. Attempts to obtain them by electrophilic amination of perimidines
by hydroxylamine-O-sulfonic acid in basic medium proved to be unsuccessful, predominantly due to them facile oxidizability
of the N-anion and the related strong resinification [8]. Conversely, amination of 1-alkylperimidines under neutral conditions
using O-mesitylsulfonylhydroxylamine led to formation of the corresponding N-aminoperimidinium salts in good yield [8, 9].
In this paper, we have attempted to use this method for amination of perimidine itself, in hopes that subsequent deprotonation
of the salt formed would allow us to obtain l-aminoperimidine as the base. As the aminating agent, we used O-
picrylhydroxylamine, the use of which has given good results in a number of cases [4, 10].

The reaction between O-picrylhydroxylamine and a double equivalent of perimidine (IIIa) was carried out in ethanol
at room temperature. The process was accompanied by strong resinification and led to formation of a mixture of perimidine
picrate and 1-aminoperimidine, which could not be separated by conventional means. In order to isolate the amine Va, the
reaction mixture was treated with benzaldehyde and the hydrazone IVa formed was separated using column chromatography.
lts subsequent hydrolysis in hydrochloric acid led to the amine Va in 54% yield, calculated on the basis of the O-
picrylhydroxylamine used. We synthesized 1-amino-2-methylperimidine (Vb) in 12% yield similarly from 2-methylperimidine
(I1Ib) through the hydrazone IVb.
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TABLE 1. Atomic Coordinates (in fractions of the axes of the unit cell) and Thermal

Corrections Ujsq)/U eq) in the Molecule of Compound Va

Atom } ' i3 } H Utisuy- 1 eq) .
e . S S
N l 1,1413(3 005479 | (.5106(4) 0.055()
N2 i 10iTED 0182149 1 0,36%1 (4) 0.048(2)
Nia ! 0,94%0+4) 036000 | 0,2412i4r | 0,060(2)
Cory | 1A SuRid 0130y | n.4413¢5) | 0.050(2)
oy \ L2313 | 020200 l 0.4808(6) | 0.065(3)
iy ; L2aK28) L -0481h 041057 | 00753
Cry : st L usier | 030700 ] 0.07113)
Cem L0636 A 0371 i 015776 | 007613,
Cu pavsns L o213 | 0423905 | 0 N8O
C i, Gursess L oeze | IRLITEI . 0,066
Co, | 102994 000200 ! 0203504 } G,08202)
Cin ! LioTe na6200) 0.3347151 | 004812
o | EA2iNS) § 035300 0 64405 W 0.05713)
Ay ; 107304 08T DATHE 0,052
W L0743 L 02ie2m L 02880 L 008812
B TR IS TR AP TSR 032005 1 00078
Voneis E 0usIid ; 0,4200) 0.27404) ; 0.087(%)
Hey ; L2700 ] 02800 05571 | 00878
i 5 130114 060 04355 L nosTs
o, | 12130 0,631 | 0,25 o | 0.087¢8)
s | 1.075¢h SSTIN | oatas 0.N87(8)
o | 0.952(4) ? ¢ 2300 | 0,049 1) 0.087(8)
Fion ! 0.92104 1 cosm 0645 | 0.0871(8)
o { 1.057(4) 2,340 0.51415) ! 0.087(8)
Howy : 078143 RURERL Y] i 0,359¢3) [EXILERD!
iz | 0.757:3) S0.38THT 0.294¢3 | G160
TABLE 2. Bond Lengths in the Molecule of Compound Va
Bond 3 1Ay Bond LY
Nen—Cin 141607 Nop-Con 1.257(8)
NN 44T Niz—Csy ! 1,419
Ny Crin 13407y Ny - Houan 0.916)
Neyy--TiNay 0.92(5) Cony—LCrn 1,37619)
Ciy—-C 1,391 (%) Ca—Cry . 1.4241)
Croy=—H2y 0,995 Cry—Cra 1.35¢1)
Cry—Hey 1,006} Cen—Coy 14141
Cray—Hey 1.0206) Cosy—CUm 1.34¢1)
Cis;—Clioy id40h Csy—Hisy 0,97(6)
Co— 03 1,41¢1) Ciop—Him | 1,00(5)
Crny—Cimy 1.3494%) Coy—H 0,99(6)
Ciy—Cro ! 1,432(8) Cray—Cl1gy 1.418(8)
Cop—Thy (R W —How 0,95(4)
W THirwy 0,934y

Like other 1-substituted perimidines, the amines Va.b are yellow-green crystalline materials whose V spectrum is quite
identical to the spectrum of I-methyl- or 1.2-dimethylperimidine. The latter circumstance indicates the absence of any
conjugation between the amino group and the = system of the heterocycle, which is observed only or sp? hybridization of the
amino nitrogen and realization of one of the two possible conformations corresponding to type I or 11. In the hydrazones [Va,b,
clear conjugation exists between the heterocycle and the azomethine group. evidence for which is their bright orange color and
the presence of an absorption maximum at 430 nm.
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TABLE 3. Bond Angles in the Molecule of Compound Va

Angle @ (degrees) Angle i v (degrees)
Coonvenlon { H7.06i5 NN GOU ) 122,05
NesNgCun % 117045 CaaNgCon 120,015
NNty i TOU) NNty JOAYRY
PoopNmHee | 1015 M€l SERTLY
NGl ' 120,25 Cint i Ceny 120,500
C:HtmCoy IR S(6s CaCinthy [RPERY
Cinlintion IREEE ConCinlon 121,37
CHCinthy 1216 ConCintley { 117(4)
CeCanCrin 121,47 ConCrathy ' 1213
CanCmntly 11743 Cio,CisiCoiny 121.5(T
CeyCiatles 123408 CumC 11604
Cis;CaCeyy 122,01 CisCmtlins 123403
CnCrort iy 115433 CiCnllemy 117,9061
CoyCntlmy 119(3) CisiCnytliny 12343
NoyCem 123,0¢5; Ny CimyCon L14.345)
CrnlmCm 122,78 CslCinyCizy ? 121.045)
CoyConCrim 121,315 CayConCim 117,745
CenCunless 124,947 CinCp 7.0
CisCrnaCn 118,266) NenConNm 126,615
NipCantiay 12183 NosCondlnn 11263
HiwyWHpw 100(4)

TABLE 4. Deviatiuns of Some Atoms from the Average Plane of the Va Molecule

Atom Deviatipn (A Atom ! Deviation (A
Ny -0,0034 Ciny -0,0079
Ny -0.0031 Cizy -,0055
Cy 0,0084 Cey 0,0155
C -0,0017 Com 0,0012
Cpy -0,0050 Can 0,0011
Ciy ~-0,0039 N3y 0,0182
Cis -0,0032 HN 0,700
Ci) 0,0078 HinN -0.716

TABLE 5. Chemical Shifts of 4-H and 9-H Protons {(in CDCly) and Position of
Long-Wavelength Absorption Maximum (in CH,OH) in Some 1-R-2-R!-Perimidines

, Chemical shifypprrmi - Joe nm
K b T M‘M?« o g &
11 1 3 1 i
— NS SO NP PR S
‘ ‘ }

Cils I 5 6.55 3 613 331 14,16
s Chs 6.86 g 6,21 330 (4.1
Nit: H 5,56 ; 6.24 33 aS
N Cls 6,44 | 6.29 330 (406
N-CHCothy I 6,90 ! 6.7% 430 (3,90
N=CHCH: 1 O3 ! 6.86 | 617 430 (3.2

In the PMR spectra of amines Va,b, the signal from protons of the NH, group is found at 3,95 and 3.76 ppm
respectively, which is a record upfield shift for all the known N-aminoazoles [2]. The most plausible explanation for this is
that the amines Va,b exist in a conformation of type 1, in which the hydrogen atoms of the amino group projecting over the
naphthalene ring experience an effect from the paramagnetic component of the ring current. This effect, although to a somewhat
lesser degree, probably also occurs in 1-aminobenzimidazole, in the PMR spectrum of which the signal from the NH, protons
{4.84 ppm) also is found very much upfield compared with, for example, the N-aminopyrazoles and N-aminotriazoles [2]. Our
x-ray diffraction investigation of 1-aminoperimidine confirmed that conformation | is realized also in the crystalline state (Figs.
1 and 2, Tables 1-4). This is probably the first crystallographic investigation of a simple derivative of perimidine, so let us first
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mention a number of structural characteristics of the perimidine system itself. It is practically flat: the maximum deviation of
the ring atoms from the average plane is no more than 0.015 A (Table 4). Note the shortening of the N1y —=Cy1y bond in the
heterocycle (1.28 A), and also the marked alternation of the C —C bonds in the naphthalene system: the C(},—C), C3,—Cy),
C(s5y=Cs)» and C 5, —C(g) bonds are somewhat shorter (1.34-1.38 A) than the rest of the bonds, the lengths of wl‘1ich lie within
the range 1.41-1.43 A. The N3, atom of the amino group insignificantly deviates from the plane (by only 0.02 A). The amino
group itself, as in 1-aminobenzimidazole, has a conformation of type 1. Thus the hypothesis about the electrostatic nature of
the stabilization of the given conformation has found further support. We note that we isolated 1-aminoperimidine in the form
of a very stable monohydrate, for which we also performed a structural analysis. In the crystal lattice, each water molecule
W participates in the formation of four hydrogen bonds, in which both unshared electron pairs of the oxygen atom and both
hydrogen atoms are employed (Fig. 2). Two bonds connect the water with two different amino molecules W —H... Ny, (2 —
X, ¥, I —z)yand W...H=N, (3/2 — x, 1/2+y, 1/2 — z). In turn, each amine molecule is bonded through th N, atom and
the N3y —H bond with two different water molecules W, and W ,,. The hydrogen bond N”)“‘W(l) is characterized by the
following parameters: the N“)...HW(I) and N“)...OW(I) distances are 1.89(4) and 2.825(7) A respectively, the Nm_..H——O
angle is equal to 171(4)°. The hydrogen bond with participation of the N-amino group is looser and obviously less strong:
Ny H...OW ;) is 2.28(6) A and N3,...O0W 5, is 3.011(7) A, the angle O...H—N,3, is equal to 137(4)°. The second hydrogen
atom of the water molecule participates in the conformation with the unshared electron pair of the adjacent water molecule W
(3/2 — x, 1124y, 1/2 — z), the O—H...O and O...0 distances are 2.00(4) and 2.882 A respectively, the angle O—H...O
1s equal to 156(4)°. The described system of hydrogen bonds in this structure leads to formation of spirals of H-bonded water
molecules, twisted about the 2, crystallographic axis and the Va molecules H-bonded with them. According to the classification
in [11], this type of H-bonded water molecule in hydrates is assigned to type E.

Interesting conclusions concerning the conformations of the azomethine group in the compounds [Va,b can be drawn
by analyzing the features of their PMR spectra and electronic absorption spectra (Table 5). We know that for the PMR spectra
of 1-substituted perimidines, appreciable upfield separation of the signals from the 4-H protons and especially the 9-H protons
is characteristic, where they appear as two doublets of doublets at 6.8-6.9 and 6.2-6.3 ppm respectively [12]. As we see from
Table 5, this also pertains to the amines Va,b, and also to the hydrazone IVb. However, in the PMR spectrum of the hydrazone
IVa, the signal from the 9-H proton is shifted by ~0.5 ppm downfield compared with its usual position. An obvious reason
for this may be the anisotropic effect on this proton of the unshared electron pair of the azomethine nitrogen, which is possible
only or realization of a flat or almost flat conformation of IVa. However, in the PMR spectrum of the hydrazone IVb, we do
not observe an anomalous shift of the 9-H proton signal. It is logical to assume that in this case, due to overlap of the 2-methyl
group and the azomethine proton, the benzylidene amino group is turned about the N—N bond by a ve.y significant angle,
which completely removes its deshielding effect on the 9-H proton. The value of this angle () may be estimated by comparing
the intensity of the long-wavelength band of both hydrazones IVa,b using the familiar relation in [13] ¢/g;, = cos?e, where ¢
and g, are the extinction coefficients of the nonplanar (IVb) and the planar (IVa) models. Taking into account the data presented
in Table 5, the angle ¢ is found to be equal to 63°.

EXPERIMENTAL

The PMR spectra were recorded on the Unity-300 instrument in a CDCly solution, internal standard TMS. The IR
spectra were taken on the IKS-40 instrument in vaseline oil, the electronic spectra were taken on the Specord M-40
spectrophotometer m methanol. The course of the reactions and the purity of the compounds obtained were monitored by TLC
on plates with AL, O, (Brockmann activity I11), chloroform as the eluent, visualization by iodine vapor. The melting points were
measured on the PTP instrument in sealed glass capillaries and were uncorrected.

The elemental analysis data for the synthesized compounds for C and H correspond to the calculated values.

X-ray Diffraction Analysis of 1-Aminoperimidine (Va). The crystals of composition CyHgN5-H,0 were grown from
aqueous ethano! (1:1), monoclinic, @ = 15.422(1), b = 5.3694(6), ¢ = 12.586(1) A, v = 105.05(1)°, V = 1006.5(2), A3,
Z = 4, space group P2,/n. The structure was deciphered by the direct method and refined by the least-squares method in the
full-matrix anisotropic approximation (isotropic approximation for the hydrogen atoms) to R = 0.0696 (R, = 0.073) for 886
reflections with F2 > 6¢. Syntex-P1 diffractometer, ACuKa, graphite monochromator, 6/26 scanning, 3 < 26 < 120°. The
final coordinates of the atoms are presented in Table 1, the bond lengths and bond angles are presented in Tables 2 and 3.
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1-Benzylideneaminoperimidine (IVa, CgH3N3). A. O-Picrylhydroxylamine (1.71 g, 7.0 mmoles) was added to a
solution of 2.3 g (13.7 mmoles) perimidine (Illa) in 40 ml ethanol [14]). The mixture was stirred for 30 min at room
emperature, after which the precipitate formed was filtered, washed with 10 ml ethanol, dissolved in 50 ml glacial acetic acid,
and boiled for 1 h with 0.4 ml benzaldehyde. Then the acetic acid was completely driven off under reduced pressure 20 mi
chloroform was added to the residue, and 2.46 g (44%, based on the perimidine) perimidine picrate was filtered off: yellow-
green needles, mp 252-254 decomp. . from water), identical in all characteristics to a known sample. The chloroform solution
was passed through a column with ALOy (/ = 30 cm. d = 2), chloroform as the eluent. The fraction with Ry = 0.7 was
collected, which 1s the hydrazone [Va. Yield, 0.38 g (20%).

An additional amount of the amine Va is found in the alcoholic filtrate remaining after the first filtration of the reaction
mixture. Benzaldehyde (0.7 m!) was added to i, and this was boiled for 4 h. Then 0.36 g (19%) of hydrazone [Va was isolated
as described above. Overall yield, 0.72 g (38%, based on the perimidine). Fine orange crystals with mp 173-174°C (decomp.,
from ethanol). IR spectrum: 1631 (C=N), 1588 cm~! (ring). UV spectrum, A, (1g €): 234 (4.49), 250 shoulder (4.34), 320
shoulder (4.04), 334 (4.11), 345 shoulder (4.02), 3:64 shoulder (3.97), 430 nm (3.92). PMR spectrum: 6.78 (1H, m, 9-H),
6.90 (1H, d.d, 4-H), 7.20 (4H, m, 5-H-8-H), 7.48 (3H, m, 3'-H-5'-H), 7.58 (1H, s, 2-H), 7.84 (2H, m, 2'-H, 6'-H), 8.40
ppm (1H, s, N=CH), J45 = 6.45, J44 1.90 Hz.

B. A mixture of 0.58 g (3.5 mmoles) perimidine and 0.37 g (1.5 mmoles) O-picrylhydroxylamine in 15 ml ethanol
was stirred at room temperature for 30 min, then 0.15 ml benzaldehyde was added and this was boiled for 4 h. The solvent
was evaporated to dryness, the residue was triturated with 10 ml chloroform, and 0.45 g (46%) perimidine was filtered off.
The filtrate was passed through a column witii AL, O, collecting 0.13 g (4%) of compound [Va.

1-Benzylideneamino-2-methylperimidine (IVb, C,oH,sN;). A mixture of 3.75 g (20.6 mmoles) 2-methylperimidine
(IlIb) and 2.5 g (10.2 mmoles) O-picrylhydroxylamine in 35 ml ethanol was stirred at room temperature for 2 h, after which
the solvent was driven off under vacuum. Acetic acid (35 ml) and 2 mli benzaldehyde were added to the residue and this was
boiled for 1 h. Then the acetic acid was completely driven off, the residue was triturated with 40 ml chloroform, and 2.76 g
(38%) 2-methylperimidine picrate was filtered off: brown platelets, darkening at > 170°C and melting with decomposition at
237-238°C (from DMF-water, 1:2). The chloroform mother liquor was passed through a column with ALO; (I = 30 cm, d
= 2.5 cm), eluting with chloroform and collecting the fraction with R, = 0.8, which is the hydrazone [Vb. Yield, 0.57 g
{10%). Fine orange crystals with mp 116-118°C {decomp., isooctane). IR spectrum: 1623 (C==N), 1610, 1578 em™! (ring).
UV spectrum, A, (ig €): 260 (4.32), 320 (4.08), 430 nm (3.22). PMR spectrum: 2.19 (3H, s, CHy), 6.17 (1H, d.d, 9-H),
6.86 (1H, d.d, 4-H), 7.12 (4H, m, 5-H-8-H), 7.58 (3H, m, 3’-H-5'-H), 7.94 (2H, m, 2'-H, 6'-H), 8.56 ppm (1H, s, N==CH),
Jys = Jgg = 7.33, J4 = 0.88, J49 = 1.17 Hz.

1-Aminoperimidine (Va, C;;HoN;-H,0). A suspension of 0.56 g 1-benzylidenaminoperimidine (IVa) in 30 mli5%
hydrochloric acid was boiled with simultaneous distillation of the benzaldehyde (Dean and Stark attachment) until complete
disappearance of the hydrazone residue (~ 2 h). The solution formed was boiled for 5 min with activated charcoal and filtered
hot, and then the mother liquor was evaporated to dryness. Obtained: 0.32 g (70%) of 1-aminoperimidine hydrochloride in the
form of the monohydrate C,,HgN;-HCI-H,0. Yellow crystals with mp 223-225°C (decomp., from water), darkenat > 170°C.
IR spectrum: 3395 (broad H,0), 3300, 3150, (NH,), 1680 (H,0), 1640 (C=N), 1613 cm ! (ring). Upon neutralization of
the aqueous solution of the hydrochloride with concentrated aqueous ammonia, we obtained grayish-green platelets of the base
in the form of the monohydrate, mp 120-122°C (decomp., from an ethanol —water mixture, 1:1). IR spectrum: 3434 (H,0),
3314, 3140, (NH,), 1640, 1587 cm~! (ring). UV spectrum, Anax (g €)1 233 (4.54), 331 nm (4.15) with ring absorption up
o = 420 nm. PMR spectrum: 3.95 (2H, s, NH,), 6.24 (1H, d.d, 9-H), 6.86, (1H, d.d, 4-H), 7.19 (4H, m, 5-H-8-H), 7.46
ppm (1H, s, 2-H), Jg9 5.86, J59 = 2.34, J;5 = 7.33, J,c = 9.88 Hz.

1-Amino-2-methylperimidine (Vb, C;;H;;N3). The amine Va was obtained similarly from the hydrazone IVb. Yield,
60%. Light green crystals, mp 153-157°C (decomp., from isooctane). IR spectrum: 3450 (broad, H,0), 3323, 3158 (NH,),
1626, 1584 cm™! (ring). UV spectrum, Amax (1g €): 330 nm (4.16). PMR spectrum: 2.38 (3 H, s, CH;y), 3.76 (2H. s, NH,),
6.29 (1 H, d.d, 9-H), 6.84 (1 H, d.d, 4-H), 7.20 (4H, m, 5-H-8-H), J;5 = 7.32, J ;s = 0.88, Jgq = 6.44, J;9 = 1.76 Hz. The
hydrochloride was fine yellow crystals, mp 285-287°C (decomp., from water), darken at a temperature > 170°C. [R spectrum:
3290, 3193, 3149 (NH,), 2635 cm~! (NH).

We would like to thank the Competitive Center for Basic Natural Science at St. Petersburg University for financial
support of our research.
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