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SYNTHESIS AND MOLECULAR STRUCTURE OF A
SUBSTITUTED 8-OXA-10-AZATRICYCLO-
[7.3.1.0]TRIDECATETRAENE

A. L. Soldatenkov, L. N. Kuleshova, T. K. Mandal,
V. N. Nesterov, Zh. A. Mamyrbekova, and
Yu. T. Struchkov

10, 11-Dimethyl-9-(coumarin-3-yl)- 12-ethoxycarbonyl-8-oxa-10-azatricyclo{7, 3, 1.0% 7Jirideca-2, 4,6-1 1 -tetraene
was isolated from the mixture of products from the condensation of salicyl aldehyde with acetoacetic ester and
methylamine. Its molecular structure has been established by x-ray crystallography.

The Hantzsch method has been widely used for the synthesis of biologically active 1,4-dihydropyridines [1]. However,
when salicyl aldehyde is used, complex mixtures of products are formed the structure of which is determined to considerable
degree by the nature of the CH active and amine components and the reaction conditions [2-6]. We have isolated the basic
product of the condensation of salicyl aldehyde with acetoacetic ester and methylamine: the polycyclic compound (I), the
structure of which has been established from 'H NMR, IR and mass spectroscopy and x-ray crystallography.

CHO
2 + 2 MeCOCH,COOEt  + NHMe =
o 2 2 - EtOH, -4 H,0

The IR spectrum of product (I) contains bands at 1730 and 1677 cm™~! corresponding to ester and lactone carbonyl
groups and also a band at 1622 cm™~! assigned to an isolated double bond. The 'H NMR spectrum contains singlets for two
methyl substituents in positions 10 and 11, plus the characteristic triplet (CH;) and quartet (CH,) of an OEt group. The
presence of a —CHCH, ~ group is indicated by two doublets of doublets at 1.94 and 2.62 ppm plus a triplet at 4.38 ppm with
coupling constants of 12.5, 3.7, and 2.6 H> There are two overlapping ABCD spectra of ortho-substituted benzene rings in
the aromatic region (7.0-7.8 ppm). A singlet of a single proton at 8.41 ppm may be assigned to 4'-H of the coumarinyl
substituent. The mass spectrum of compound | contains a molecular ion peak at m/z 417 (18%) with fragment 1ons which
confirm the presence of methyl, carbonyl, and ethoxycarbonyl groups in its structure.
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Fig. 1. Overall view and numbering of the atoms in
the molecule of compound 1.

From a comparison of the spectroscopic data with information in the literature on the reaction of salicyl aldehyde with
acetoacetic ester and amines [3-5], compound [ may be assigned the structure of a 9-(coumarin-3-yl) substituted 10,11-dimethyl-
12-ethoxycarbonyl-8-oxa-10-aza-tricyclotridecatetraene. A system with such a heterocyclic system was first described in 1987
[5], but unambiguous proof of its formation was not obtained. For additional confirmation of the structure, and to determine
the conformation of the heterocyclic fragments and the orientation of the substituents in compound I, we undertook an x-ray
crystallographic investigation. A general view of the molecule is shown in Figure 1 (the numbering of the atoms does not
conform to TUPAC recommendations). The atomic coordinates, bond lengths, and bond angles are given in Tables 1-3.

The most interesting feature of the structure of molecule 1 is the conformation of the tetrahydropyridine and
dihydropyran rings which make up the oxaazabicyclononane skeleton. The piperidine ring has a distorted boat conformation,
while the dihydropyran ring has a distorted chair conformation. The least squares plane for the piperidine passes through
Ny—Cy—C2y—C3y with divergences of no more than 0.002 A; atoms C4) and Cs, diverge from the plane in the same
direction by 0.916 and 0.284 A respectively. The least squares plane for the dihydropyran ring passes through atoms
('Zm-C“ 1y~ Ci16)—Ogsy with divergences of no more than 0.039 A. Atoms C 4y and Cs, diverge from it by 0.618 and —0.167
A respectively. The angle between the two planar parts of the oxaazabicyclononane fragment is 68.3°. The torsion angles are
as follows: —105.3% for C(})~N,=C5y=0,. —=79.3° for N, =C5,= 03 =Cj5), 80.5° for C(j,—=C(5y—C3=Cyy).
=92.6° for C3,=C3,—=C(11,=C(16). and —178.8° for C(3,—C4,—C(s5,—C(5,- There were no noteworthy distortions in bond
lengths or bond angles within the rings [7]. Atoms Ny, C,;. C,, C(yy, and C ¢, have planar trigonal configurations. The
increase of the bond angle C;,—C3,—C(y}, to 112.9° (in comparison with the tetrahedral angle) is probably connected to
interference between the unshared pairs of the two cyclic heteroatoms and between the w-systems of the olefinic bonds in the
two planar parts of the oxaazabicyclononane fragment. The Cy,—C5,—Cg, angle is also increased to 112°, and the
C(18y~C(5)— O3 angle correspondingly decreased (to 104.2°) because of steric hindrance between the N-methyl group of the
piperidine fragment and the carbonyl group of the coumarinyl substituent.

The N-methyl group has a cisoid position relative to the phenoxy substituent in the tetrahydropyridine ring which
accounts for the strong deshielding effect of the unshared pair of the nitrogen atom on the resonance frequency of one of the
protons (the cis-proton 13-H) of the methylene bridge (the difference in chemical shifts is about 0.7 ppm). Formation of the
transoid isomer would evidently be less favorable because of repulsion between the unshared pairs of the cyclic nitfogen and
oxygen atoms.
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TABLE 1. Atom Coordinates ( x 10%, for H x 10%) in the Molecule of Compound I

Atom x y x
[¢180) 1912¢2) 1817(5) 4563(2)
0 1792(2 4733(4) 4296(2)
03 2246(2) 32445 1472(2)
O 4758(2) 147615) 2449(2)
Oqs) 5366(2) 1703(5) 1394(2)
Ny 2759(3) 1220(5) 2374(2)
Coy 252743 1292(6) 3078(2)
Cy 2325(3) 287816) 3396(2)
C 23713 4549(6) 2937(2)
Cs) 3186(3) 4353(6) 247043
Cis 2996(3) 2813(6) 1965(2)
Cis) 2524(4) -503(M 3452(3
Cy 2750(5) -491(7) 1981(3)
Cy 2008(3) 3013(7 4130(2)
C) 1415(5) 4991(9) 4989(3)
Cao) 1220(5) 6934(10) 5082(4)
Cuy 1535(3) 4812(6) 2451(2)
C12) 764(3) 56996} 2666(3)
Cay 15(4) 5926(7) 2209(3)
Cusy 26(3) 5242(D) 1514(3)
Cas 779(3) 4357(7) 1282(3)
Cqie) 1523(3) 412916) 1753(2)
Camn 4637(3) 1860(7) - 1823(2)
C18) 3779(3) 2464(6) 1479(2)
Cq9) 3735(3) 2800(6) 766(2)
Coo) 4504(3) 2595(6) 331(2)
Cay 4494(3) 2947(7) -414(2)
Cian) 5262(4) 2772(D) -783(3)
Cp3) 6072(4) 2289(7) ~431(3)
Cpay 6100¢3) 1904(8) 292(3)
C25) 53193 2068(6) 659(D)
Hy3) 243(2) 560(35) 323(2)
Hsny 325(3) §3746) 216€2)
Hs2) 3723 4116 273(2)
Hen 309(3) -115¢6) 330(2)
Hs2) 194(3) -128(6) 335(2)
Hye3) 243(3) -28(6) 397(2)
Hen 222(3) -130(6) 211(2)
H72) 3374 -100(9) 205(3) -
H73) 278(4) 1(9) 145(4)
Hoony 9P 4217 500(3)
Hw2) 182(3) 457(6) 530(2)
Hoon 95(3) 703(T) 549(3)
Hion 181 ¢4y 768(8) 498(3)
Hqi03) 8314) 726(9 4704(3)
Hun 78(3) 621(7) 316¢3)
Hyy -52(3 647(6) 23712
Hyia) -53(4) 538(7) 121(3)
Hiisy 84(3) 407 503y
Heroy 318(3) 3185 5602
Hn 394(3) 326(6) -64(2)
Hi22y 52743 310 ~128¢3)
Ha3) 663(3) 22006) -69(2)
Hiza 659(3) 154(6) 52¢2)

The coumarin fragment is effectively planar (to a precision of 0.067 A) since the twist angle at the Cho _‘C(ZS) bond
is just 1.8°. Its plane is at 68° to the plane of the piperidine ring. Bond lengths and bond angles in both rings of the coumarinyl
unit are close to normal {7].

The COOEt group is planar, the angles C ;) —Cg—0O)—Cq and C g, =0y —Cg—C(yg, are 176.0 and 179.9°
respectively, and it is coplanar with the least squares plane of the piperidine ring (the dihedral angles C(},—C,,~C,— Oy,
and —Oyy, are 2.9 and —174.4° respectively). The benzene ring condensed with the oxaazabicyclononane unit is coplanar with
the least squares plane of the dihydropyran ring (with a precision of 0.036 A; the twist angle at the C;),—C 5, bond is 0.7°).
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TABLE 2. Bond Lengths in the Molecule of Compound I

Bond . A Bond . A Bond . A
Omy—Cys) 1,212(6) Ciy—Cisy 1.507(7 | Cue—Cus) 1,377(D
0@2y—Cys) 1.359(6) Ciy—C) 1.513t6) | Cas—Cpe) 1,388(6)
0O2)—C9) 1.436(7) Cy—Cs) 1.462(6) | Cun—Cns) 1,468(6)
O3—Cs) 1,445(5 Ci3—Cy 1.518(6) | Cusy—Cno 1,347(6)
O—Chis) 1,375¢5) Ciy—Cay 1.513¢(6) | Cuey—Cpo) 1,428(6)
O—Cun 1,204(5) Cy—Ci5) 1.501(6) C0y—Cqan) 1,407(6)
O—Cay 1,370(5) Cisi—Cusy 1.518(6) | Coy—Cos) 1.386(6)
O —Cas) 1,391¢5) Co—Cnny 1,49¢1) | Coan—Cay 1,355(D)
Niy—Cqy 1,366(5) Cun—Cny 1.389¢6) | Cpn—Cpy 1,387(7)
Ny—Cs) 1,459(6) Cun—=Cqiey 1,3916) | Can—Caw 1,372(7)
Ny—Cm 1,469(7) Cun—Cuy 1,379(7) Co—Cs) 1,368(7)
Ciy—Cq) 1,359(6) Cun—Cas 1,388(8)

TABLE 3. Bond Angles in the Molecule of Compound 1

Angle w (deg) Angle w (deg)
Ci3)—O02)—C9) 115,6(4) Cin—Cun—=Cue) 119,2¢4)
C(5—03)~C(16) 117,03 Cun—Can—=Chey 117.5(4)
Cun—0(5—Cps) 123,0(3) Can—Can—Cas) 121,908
Cy—Ny—Csy 122,8¢4) Cazn—Cun—Cua 119,3(5)
Ciy—Nmy—Cm 120,8(4) Ca—Cun—Cusy 120,5(5
C5H—Nmy—Cn [16,4(4) Cun—Cs—Cie) 119,3(4)
N(y)—Cy—C2) 121.2(4) 03)—Criey—Cay 123.2(4)
Niy—Cy—Cs) 114,3(4) 00— Cay—Cis 115,2(4)
Cy—Cy—Cim 124,5(4) Cun—Cum—Cus 121,6(4)
Ciy—Cay—Cy 117.0(4) O—Cun—0 116,9(4)
Cay—Cy—Cisy 123.3(4) Oy—Cun—=Cus) 125.8(4)
Cin—Cy—C® 119.5(4) Os—Cun—Cus) 117,3(4)
Ci)—C3)—Cry) 107,3(4) Cis—Cugy—Car 117,4(4)
C)—C—Can 112,9(4) Ci5i—Crisy—Cpiy) 123.0(4)
Cay—C3)—Cay 108,6(4) Can—Cusy—C9 119,4(4)
C3)—C—C5) 107.3(4) Cnay—Co—Con) 121,9(4)
O@—Cn—Nqy 108,5(3) Cao—Cro—Ca 124,0(4)
003)—C(5—Cry 110.2(4) Caoy—Con—Cs) 118.5(4)
Niy—Ci5—Cay 109,8(4) Cien—Can—Cps 117,4(4)
O3—Csn—Cus) 104,2(3) Croy—Con—Cray 120,2(4)
Ny—C5—Chsy 112,0¢4) Cian—Con—Coy 120,7(5)
Ciy—Ci5—Cps) 112.0¢4) Cy—Chan—Cia 120,5(5
Oy—Ci—0¢) 120.6(4) Cion—Coy—Cus 118,4(5
Om—Cs—Cey 128.1(4) 05— Cra5—Coan) 119,8(4)
O —Cia—Ciy L3 O5H—Crs—Craa) 117.5¢4)
O()—Ciny—Crin 108.6(5) Cum—Cos—Coy 122,7(4)
Ciy—Cun—Can 123,314y

The bond lengths in the benzene ring are within limits of 1.377-1.391 A (mean 1.385 A) and the bond angles within the ring
are 117.5°-121.9° (mean 120°). The angle between the mean planes of the two benzpyrane systems of the molecule is 31.4°.
Molecules of compound I in the crystal are associated by van der Waals forces.

EXPERIMENTAL

'H NMR spectra of CDCly solutions with TMS as internal standard were measured with a Bruker WP-80 (80 MHz)
spectrometer. IR spectra of KBr disks were recorded with a UR-20 spectrophotometer. Mass spectra were obtained with an
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LKB-2091 by direct insertion of the sample into the ion source (ionizing electron energy 70 ~V). The course of the reaction
and the purity of the product were monitored by TLC on Silufol UV-254 plates with 9:1 benzene —acetone as eluent. Spots
were revealed with iodine vapor.

Elemental analyses of compound I for C, H, and N agreed with calculated values.

X-Ray Crystallographic Study of Compound I. Crystals of compound I grown from chloroform were monoclinic
with the following parameters at —80°C: a = 14.771(5), b = 7.449(2). ¢ = 18.575(7) A, B = 92.28(2)°; V = 2042(2) A3;
dae = 1.403 g/cm3, Z = 4, space group P2(1)/c. Unit cell parameters and the intensities of 2554 independent reflexions were
measured on a four-circle automatic Syntex P21 diffractometer (A MoK, 3-filter, /28 scanning to 6,, = 26°). The structure
was solved by direct methods which revealed all non-hydrogen atoms, and refined by full matrix least squares methods in the
anisotropic approximation for non-hydrogen atoms using 1701 reflexions with / > 30(/). All hydrogen atoms were revealed
by difference Fourier syntheses and refined isotropically. The final value of the residual factor R = 0.044 (R, = 0.044). All
calculations were carried out using the SHELXTL program (PC version). Atom coordinates are given in Table 1, bond lengths
and bond angles in Tables 2 and 3.

10,11-Dimethyl-12-ethoxycarbonyl-9-(2-oxo-2H-1-benzopyran-3-yl)-8-oxa-10aza-tricyclo[7.3.1.0>"]trideca-2,4,6-11-
tetraene (I). A mixture of ethyl acetoacetate (10.4 g, 80 mmole), salicyl aldehyde (4.9 g, 40 mmole) and methylamine (3 g,
97 mmole) in ethanol (20 cm®) and ethanoic acid (10 cm3) was stirred for a day at room temperature. The precipitate was
separated, washed with cold ethanol and dried to give compound [ (5.17 g, 62%) as colorless crystals, mp 240-242°C (from
chloroform). R, 0,67. Found, %: C 71.9, H 5.5, N 3.2. Mt 417. Calc. for C;5Hy3NOs, %: C 71.9, H 5.5, N 3.2, IR
spectrum: 1730, 1677, 1622 cm~!. 'H NMR spectrum: 1.4 (3 H, t CH3sCH,), 2.41 3 H, s, 11-CHjy), 2.79 B H, s,
12—CH3), 1.94 (1 H, dd, J = 12.5, 3.7 and 2.6 Hz, anti-13-H), 2.62 (1 H, dd, sin-13-H), 4.25 (2 H, q, CH,CH3), 4.38
(1 H, t, 1-H), 6.95-7.65 (8 H, m H,,). 8.41 ppm (1 H, s, 4'-H). Mass spectrum m/z (I, %): M* 417 (18), [M — Me]*
402 (2), [M — CO]* 399 (2), [M — Et]* 388 (9), [M — OEq™* 372 (31), [M — H—OEt]*" 371 (100), [M — COOE{*
344 (50), 344 (47), 296 (23), 275 (17), 186 (10), 115 (16).

This work was supported by a financial subvention from the Russian Fund for Fundamental Research (project No. 94-
03-08338).

REFERENCES

1. D. Lednicer and L. A. Mitscher, The Organic Chemistry of Drug Synthesis, Wiley, New York (1980), Vol. 2, p. 283.
2. A. Sakurai and H. Midorikawa, J. Org. Chem., 34, 3612 (1969).

3. A. Sakurai, Y. Motomura, and H. Midorikawa, Bull. Chem. Soc. Jpn., 46, 973 (1973).

4. K. Rajyalakshmi and V. N. Srinivasam, J. Heterocycl. Chem., 17, 1737 (1980).

5. 1. Svetlik, F. Turecec, and V. Hanus, J. Chem. Soc. Perkin. Trans I, No. 3, 563 (1987).

6. A. T. Soldatenkov, I. G. Mobio, and N. S. Prostakov, Zh. Org. Khim., 24, 1566 (1988).

7. F. H. Allen. O. Kennard, D. G. Wartson, L. Brammer, A. G. Orpen, and R. Taylor, J. Chem. Soc. Perkin Trans.

II. No. 1, 81 (1987).
8. G. M. Sheldrick, SHELXTL PLUS. PC Version, Siemens Analytical X-Ray Instruments, Inc., Madison, Wisconsin
(1989), p. 366.

237



