290 sh, 309, 351. PMR spectrum in deuteropyridine (ppm); 7,92 (d, 9 Hz, H-2',6'); 7,20 (d,
9 Hz, H-3'5"); 6.77 (s, H-3); 2.50 (s, 8-CHs); 2.44 (s, 6-CHs). ,

The Triacetate of (V). PMR spectrum in CDCls (ppm)¢{ 7.90 (H-2',6'), 7.30 (H-3',5"),
6.72 (8-3), 2.27 (8-CHs), 2.10 (6-CHs), 2.42 (s, CHs3CO), 2.35 (s, 2CHsCO).

CONCLUSION
The spectral properties of a number of C-methylflavones have been studied.

It has been shown that, in contrast to literature statements, the 6-C-methyl group has
the same influence on the UV spectra as 6-0O-substitution in producing a shift with AlCl,/HC1,

In the mass spectra of the flavonoids, the prbduction of intense (M — 15)+ ions is usu=-
ally connected with the presence of a 6-0CHz or an 8-0CHy group. For the 6,8-di-C-methyl-
flavones, similar ions are characteristic in the presence of a 7-0OCH; group.
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X-RAY STRUCTURAL STUDY OF SESQUITERPENE ESTERS FROM PLANTS OF THE GENUS Ferula.
I. CRYSTALLINE AND MOLECULAR STRUCTURES OF THE CAROTANE
ESTER LAPIDOLIN

B. Tashkhodzhaev, M, K. Makhmudov, L. A. Golovina, UDC 547.992:547.37+548.737
A. I. Saidkhodzhaev, M. R. Yagudaev,
and V, M, Malikov

An x-ray structural study has been made of the carotane ester lapidolin: dif-
fractometer: Mo Ky radiation, 1601 reflections, direct method, R factor 0.099.
The spatial structure of the lapidolin molecule has been determined. The orien-
tation of the ester group in position 10 has been found.

Structure (I) has been proposed on the basis of spectral characteristics and chemical
transformations for lapidolin, Cz,H2¢0s — a carotane ester isolated from the roots of Ferula
lapidosa [1].

A comparative analysis of the PMR spectra of lapidolin and compounds close to it in
structure, lapidolinol (II), lapidolinin (III), has enabled the most probable orientations
of the substituents and the type of linkage of the rings to be determined. Conclusions re-
lating to the stereochemistry of lapidolin have been made on the basis of the following facts.
The characteristic pattern of the splitting of the signal at C(6) with its neighbors (m:
5.32 ppm; W‘/2 = 24 Hz) shows the axial orientation of H(6) and the a-pseudoequatorial orien-
tation of t&e angeloyl residue geminal to the proton, with the trans-linkage of the cyclo-
pentane and the cycloheptane rings [2]. The presence in the spectrum of (I) of two doublets
(2.8 and 4.87 ppm) is the result of the interaction of the epoxide proton with the vicinal
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Fig. 1. Geometry of the lapidolin molecule.

TABLE 1. Coefficients of the Equations Ax + By + Cr
the Main Planar Fragments of the Molecule of (I) and the
Deviations of the Atoms (8) from the Planes

= 0 of

Plane Atom 5A P B c D
Five-membered ring C(ly* | —0,60
c() | —0,03
C(3) 0,06 | —1258| 7,55 | —5,34 | 3,66
C) | —0.04
¢ (5) 0,03
Seven-membered ring C (1) —0,01
C (10) 0.01
c(n | —o0.01
C(6) 0,01 { —10,75 8,22 —6,68 5,25 -
C (9)* —1,0%
C (8)* —1, 14
C(5)* 0,74
Ester group at C(2) I C®2) —0,01
O (16) 0,02
C{I7) | —0,02 | —0,71 8,52 | —7,39 7,50
0(18) 0.01
C (19) 0.00
Ester group at C(6) C (6) 0,03
O(@1) ; —0,04
C (22) —0,00 | —12,09 3,51 5,58 0,80
0(23) | —0.01
C (24) 0,02
Ester group at C(10) C (10) 0,02
029 | —-0.03
C (30) 0,00 | —2,48 4,15 9,81 4,42
O (31 —0,01
C (32) 0,02

*These atoms were not included in the calculation of the equa-

tions of the planes.

gem-acyl proton at C(10). The value of the spin—spin coupling constant (SSCC) of these pro-

tons (J = 6 Hz) shows the o position of the oxide ring (by analogy with lapiferin) [3].

The

configuration of the C(10)-OAc ester group still remains ambiguous, i.e., analysis of the

molecular model shows that the SSCC of the H(9) and H(10) protons does not depend on the

orientation of this bond, The relative position of the isopropyl radical was determined in
the following way. When the PMR spectra of lapidolin and lapidolinin (III), which are based
on the same alcohol — lapidolinocl (II) — are compared, it can be seen that the replacement

288



TABLE 2. Valence Angles (w, degrees) of the Molecule
of (1)
!

Angle | w Angle w Angle w Angle w
2—1—5 103,0 5—4—-20] 110,3 | 14—8-28 116,3 | 6—21—=22 115,0
2—1—10 112,2 11—4—20] 108.1 8—9—10 123,8 |21—-22—-23 126 3 -
2-1—15 103,1 | 1—5—4| 1053 | 8-9-28 58,9 |21 —29-—24 113.2
5—1--10 115,3 | 1—5—6{ 113,5 | 10-9—28 120,3 [23—22-24 1205
5—1—15 115,83 | 4-5—6] 116,0 | 1—-10-9 112.2 [22—-24-25 113.6
10—1—15 | 107.2 | 5—6—7 | 112,6 | 1-10—29 | 1(6,7 (222425 127.3
1—2-3 103,8 | 5—6—21] 107,5 —10—-29 | 109,65 |25-—-24—26 119.2
[—2—16 108,1 | 7—6--21| 106,0 | 4—11—12| 115,56 (24-26-27 122.6
3—2-16 110,4 | 6-7—8 | 113.2 | 4-11—13| 13,4 | 8-28—29 61 5
2—-3—4 1087 | 7—8—=9| 117,9 | 12—11—33 | 105,9 |10—-29—-30 116 3
3—4.5 104.7 | 7—8—14| 115,8 | 2—16—17 | 117,3 [29-30—3! 192.5
3—4-11 112,5 7—8—28] 112,65 | 16 -17—18 123,8 293032 113 8
3—4-20 1059 | 9—8—14] 121.8 | 16—17—19 | 112.6 [31--30—32 123,7
J—4—11 114,9 | 9—-8-28 59,7 | 18—17—19| 123,5
TABLE 3. Coordinates (x 10") and Isotropic Thermal Param-
eters of the Atoms of the (I) Molecule

Atom xla y.o zjc Bj A2

C(l) 2510 (8) 10673 (10) 1224 (12) 6.72

e 2504 (8) 10982 (10) 2707 (11) 5,19

C(3) 1677 (9) 9960 (9) 3348 (10) 7.13

C#4) 1450 (8) 0047 (9) 2433 (10) 4.35

C (®) 2277 (1) 9547 (7) 1319 (10) 4,24

C (6) 1984 (7) 8976 (7) 14 (10) 3,96

C(7) 2836 (8) 9418 () —959 (11) 5.57

C(8) 3049 (7) 10402 (7) ~— 1685 (9) 5,79

C(©) 3407 (7) 11368 (7) —812(8) 5,96

C (i0) 3521 (8) 11420 (8) 534 (12) 5,11

C(i1) 1476 (7) 8175 () 3137 (9) 6.52

C(12) 2540 (12) 8418 (1V) 3684 (12) 7,85

C(13) 682 (13} 7737 (10) 4348 (i1) 11,62

C(14) 2439 (8) 10208 (10) —2931 (9) 9,32

C(15) 1617 (7) 10820 (7) 586 (10) 6.41

0 (16) 3515 (6) 11305 (7) 3250 (8) 7,92

c(17) 3881 (8) 12066 (3) 4111 (1) 6.84

0(18) 3393 (8) 12455 (8) 4526 (17) 8,44

C(19) 4951 (9) 12365 (8) 4566 (13) 8,48

0 (20) 416 (5) 8664 (7) 1921 (8) 7,70

0 (2N 1720 (8) 7898 (5) 963 (7) 5,17

C(22) 1139 (8) 7222 (10) —646 (14) 4,98

0 (23) 783 (7) 7332 () —1550 (11) 7,32

C (24) 964 (12) 6140 (10) —410(15) 8 90

C(25) 156 (10) 5308 (18) —1351 (34) 17,51

C (26) 1379 (23) 5386 (17) 382 (39) 20,21

C (27) 2515 (36) 5545 (28) 719 (31) 17,77

0 (28) 4126 (6) 11217 (7) —1798(8) 8,73

0 (29) 4987 (5) 11122 (5) 917 (7) 5,03

C (30 5208 (8) 11871 (9) 817 (9) 8,29

0 (31) 5557 (6) 12737 (7) 531 (12) 9,90

C (32) 6030 (8) 11511 (10) 1145 (1) 8,23

of the aliphatic acid residue at C(6) by an aromatic acid residue leads to a paramagnetic
shift of the doublet of one of the isopropylmethyl groups by 0.12 ppm (from 0.85 to 0.97 ppm).
This indicates identical orientation of the acyl residue at C(6) and of the isopropyl group

[4].

Consequently, the latter has the a-pseudoequatorial orientation.

Thus, it follows from

what has been said above that the following is the most probable relative configuration for

lapidolinol [5]:

& D Dh
1, R=—C~— C=CH-CH3, R2=R_3=Ac

o R = Ry= Ry=H

om. R1 = - ]BI‘QBGHS
0

F{2 = R3=_= Ac

0OCH,
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o

Fig. 2. Packing of the lapidolin molecules.

In order to determine the spatial structure of lapidolin (I) unambiguously, we performed
an x-ray structural investigation. We give its results in the present paper.

It can be seen from Fig. 1 that the five- and seven-membered rings have the trans-linkage
with the following orientations of the substituents: The ester groups attached in positions
2, 6, and 10 and the epoxy group at position 8,9 are o-oriented and the methyl groups in po-
gitions 1 and 8 and the OH group in position 4 are B-oriented. On the whole, the linkage of
the two rings and the orientation of the substituents in lapidolin coincides with that which
is observed in p-bromobenzoyllaserol [67.

The C(1-5) five~membered ring in (I) has the C(1) B-envelope conformation: The departure
of the C(l) atom from the plant of the other four amounts to 0.60 K (Table 1). The seven-
membered ring in (I), in contrast to what is observed in laserol, has the chair conformation
(in laserol, the ring is present in the boat form): The C(1), C(10), C(6) and C(7) atoms
lie in a single plane with an accuracy of 0.01 A and the distanges by which the C(9), C(8),
and C(5) ,atoms depart from this plane are—1.04,—1.24, and 0.74 A. The ester groups are
planar to within an accuracy of 0.04 A (see Table 1). However, the butenyl part of the ester
group at C(6) is twisted somewhat relative to the plane of the C(6), 0(21), C(22), 0(23), and
C(24) atoms (20°), which shows some disturbance of the conjugation of this section. The bu-
tenyl unit is itself distorted{ The torsional angle of the C(25)—C(24)=C(26)—C(27) fragment
is 38°,

No anomalies are observed in the valence distances and angles (see Fig. 1 and Table 2).
The mean square deviations of the determination of the lengths of the bonds do not exceed
0.022 K, with the exception of the distances in the butenyl unit. Because the lability of
this unit [the C(25), C(26), and C(27) atoms have large temperature factors (see Table 3)]
the standard deviations in the determination in the lengths of the valence bonds in it
amounted to 0.05 A and the corresponding valence angles at the C(24) and C(26) atoms were de-
termined with an error of 2.4°, although in the determinations of the other angles it was no
worse than 1.2°. The values of the valence angles and distances found for the (I) molecule
are, on the whole, close to those observed in related compounds (see, for example, [6, 7,

81).

The packing of the molecules of (I) as projected on the plane of the a and b axes is
shown in Fig. 2. The molecules, transformed by 3, screw axes, are linked by intermolecular
hydrogen bonds and form an infinite chain directed along the ¢ crystallographic axis. An
intermolecular hydrogen bond exists between the O0(20)H...0(18) atoms.

EXPERIMENTAL

Lapidolin crystals grown from solution in ethanol were first investigated by the photo-
graphic method: The parameters of the elementary cell and the space group were determined
from precession photographs. Then these parameters were refined on a "Syntex" diffractometer
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using Mo Ka radiation! a =b = 14.850(7), c = 10.226(4) X, Deale = 1.160 g/cm?®, space group
P3;, z = 3. A three-dimensional set of intensities was obtained on the same diffractometer,
In the primary treatment of the group of results, weak reflections with I'sx 20 were excluded.
The final group of structural amplitudes amounted to 1601 independent nonzero reflectionms.

The structure was determined by the direct method using the Rentgen-75 program [9].
After the standardization of the structural amplitudes for determining the phases of the
program, 318 amplitudes with E = 1.20 were selected. An attempt to interpret the structure
in the "automatic 'regime" was unsuccessful. After numerous variations of the coordinate and
basis reflections we found a solution in which the basis group consisted of the following re-~
flections:

h % ! E
Coordinate reflections —6 7 7 3,51
Basis reflections 4 9 1 3,01
-3 2 1 3.00
—8 13 0 2.8
-7 8 7 274
1 ] 3 2,64

With this basis group, 512 variant were calculated. In the E-synthesis best with respect to
the R factor (0.26), 28 nonhydrogen atoms out of 32 were revealed. To find the lacking atoms
and to localize those that had been found more accurately, several p(xyz) syntheses were cal-
culated. Then the structure was refined by the method of least squares (MLS) in the iso-
tropic approximation to R = 0.13. In the following stage, the position parameters of all
the atoms were refined in the full-matrix anisotropic approximation to R = 0.099. Attempts
to determine the positions of the H atoms from an electron density difference synthesis were
unsuccessful. The coordinates of the atoms and the isotropic temperature factors are given
in Table 3.

CONCLUSION

The spatial structure of the carotane ester lapidolin has been determined by the method
of x-ray structural analysis. The relative orientations of the substituents in position 1,
2, 4, 6, 8, and 10 have been revealed.
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