X-RAY STRUCTURAL INVESTIGATION OF ALKALOIDS.
IITI. MOLECULAR STRUCTURE AND ABSOLUTE CONFIGURATION
OF (4)-EXCELSINE

S.~-M. Nasirov, V. G. Andrianov, UDC 547.944/945+539.26
Yu. T. Struchkov, and S. Yu. Yunusov

The alkaloid (+)-excelsine C;.H33NOg¢, isolated from the roots of Aconitum excelsum
(Leucostomum) Worosch., family Ranunculaceae, was assigned the structure (I) on the basis of
chemical and spectral characteristics {1]. Thus, this new alkaloid was assigned to the
diterpene group with the lycoctonine skeleton and with an oxygen bridge forming a tetrahydro-
furan ring.

In order to determine the structure and absolute configuration of (4)-excelsine independ-
ently and objectively, we have performed a complete x-ray structural investigation of the
monohydrate of its hydriodide C,:Ha3NOg*HI*H,0 (we have shown the presence of a molecule of
water of crystallization). Preliminary results of this investigation have been published
previously [2]. :

In the formulas given below, the numbering of the atoms is given according to the cor-
responding publications in which, unfortunately, it varies (for (I) from [2], for (II) from
{10], for (III) and (IV) from [1l4, 15]). 1In the discussion of the true structure of (+)-ex-
celsine (I') in this paper use is made everywhere of the numbering of the lycoctonine skele-
ton introduced by Przybylska [14, 15].
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Fig. 1. The cation of (+)-excelsine in the structure stud-
ied: a) absolute stereochemistry; b) torsional angles (degrees).

EXPERIMENTAL METHOD AND INTERPRETATION OF STRUCTURE

The experimental investigation was performed on a Hilger—Watts automatic four-circle dif-
fractometer with CuK, radiation (graphite monochromator). The parameters of the rhombic ele-
mentary cell were refined by the method of least squares from 12 reflections with & > 30°.
These and other crystallographic characteristics are as follows:

C22Hs3*NOg*HI#H,0 a = 10.970(7) A
M = 535.5 ‘ b = 20.194(9) A
dmeas = 1.56 g/cm?® c = 10.747(7) A
dcalc = 1.55 g/em® vV = 2381 A°
Space group P2,2,2, Z =4

The intensities of the reflections (w scanning bx_Ehe method of ordinate analysis [3])
were measured in the two independent octants hkl and hkl. After taking into account the
Lorentz and polarization factors, the averaging of equivalents, and the rejection of weak
reflections with |Flz < 30 we obtained a working group of 1817 reflections. A three-dimen-
sional Patterson synthesis showed the position of the iodine atom, and the coordinates of
the remaining atoms were determined by successive approximations of three-dimensional elec-
tron density series in which the molecule of the water of crystallization also appeared. The
structure was refined in the block-diagonal anisotropic approximation to R = 0.068. The co-
ordinates and thermal parameters obtained are given in Table 1.

In the calculations we made use of the atomic amplitudes given by Hanson et al. [4].
The calculation was performed by the Roentgen-70 program [5], and the anisotropic refinement
and determination of the absolute configuration by the UMNKSA program [6].

The absolute configuration was determined by the method of Chekhlov et al. [7] in the
process of refining the structure taking into account the effect of the anomalous scattering
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Equations of the Planes of Some Fragments of the Molecule and Deviations of the Atoms from These Planes (A, A)

TABLE 2.

335y — 3,463z = 5,409
F18,880x — 2,783y -+ 6,121z = 6,141

D:3,219x + 9,737y +- 8,872z = 7,521

E:2,938x 4 18,

Ring F

atom

......

Ring p

Ring E

atom

.....

atom

Ring €

atom

Ring B

|

atom

Ring a

atom

......

Q?'
1)
11)
C(12)

C
C(
C
C

{

*Atoms not included in the calculation of the equations of the planes.

of the x rays, in this case the CuKy radiation, by the io-
dine atoms. In addition to the other parameters, the abso-
lute correction Af" was refined; its initial value was taken
as zero while the final value proved to be 6.5 * 0.3, i.e.,
agreeing well with the theoretical value of 6.835 [8]. The
positive nature of the value of Af" found shows that the re-
fined model corresponds to the true absolute configuration.

Structure of (+)-Excelsine and Molecular Geometry. The
absolute stereochemistry of (+)-excelsine is shown in Fig.
la, which corresponds to structural formula (I'). Although
the lycoctine skeleton is actually confirmed, the new
formula (I') does not coincide with the 0ld one (I) in two
important details. 1In the first place, the tetrahydrofuran
ring is not closed: there is an OH group in the C(18) atom.
In the second place, the presumed oxygen bridge is realized
as an epoxy tie-piece C(3)—0(1)-C(16) "at a bridge head"
like the epoxide of the sesquiterpene longifolene [9].

The molecule has a rigid three-dimensional skeleton
consisting of seven rings (including the three-membered
epoxide ring). The conformations of the rings can be judged
from the figures in Tables 2 and 3.

The cyclohexane ring A is an unsymmetrical boat 8y11g
with different bendings of the angles (the C(8) departs from
the plane of the bottom of the boat by 0.83 A and the
C(ll)oatom by 0.34 R as compared with the ideal value of
0.73 A [10]). The cyclopentane ring B has the eEoenvelope
conformation: the deviation of the C(8) by 0.75 A corres-
ponds to its value for an ideal Cs envelope [11]. The
cyclohexane ring C (atoms 5, 6, 7, 12, 13, 14) is a "Cis
distorted chair; the C(7) and C(14) atoms deviate in opposite
directions by 0.46 and 0.89 A, respectively. In the ideal
Ce¢ chair they deviate by #0.73 A [10]). The cyclopentane
ring D (atoms &4, 5, 14, 13, 15) is an almost ideal °T,,
half-chair; the deviations of the C(5) and C(l4) atoms by
0.39 and 0.43 A, respectively, ip opposite directions are
close to the ideal values (0.39 A) [11]. The piperidine
ring E (atoms 1, 2, 3, 4, 5, 14) is a °C;. distorted chair;
deviations of the C(3) and C(l4) atoms are 0.71 and 0.75 A,
respectively, i.e., almost ideal, but the remaining members
of the ring depart from their mean plane by *0.12 A. The
cyclohexane ring F (atoms 3, 4, 5, 18, 17, 16) is a “*'"B
boat close to the ideal form: the C(4) and C(17) atoms de-~
part from the mean plane of the other four by 0.73 and 0.80
A. Deviations of the rings from the ideal conformations
are customary for alkaloids [10, 12] and are due to certain
strains in them when they take part in a rigid condensed
polycyclic system, and also to some steric hindrance between
the substituents.

All the ring linkages A/C, B/C, C/E, and D/F are of the
cis type, which corresponds to the 4a,6a,9a,148 configura-
tion. The bonds from the rings to the substituents have
the following orientation N—Et equatorial to ring F, the
bonds with the epoxy bridge C(3)-0(1) and C(16)-0(1) are
equatorial, and the C(18)—0(2)H bond is axial to ring F,
the C(7)—0(3)H, C(12)—0(6)H, and C(10)—0(5)Me bonds are
equatorial, and the C(8)—0(4)Me bond is axial to ring A.

The (+)-excelsine molecule has 14 asymmetric centers,
including the N(1) nitrogen atom, inversion relative to
which is impossible because of the rigid conformation of
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TABLE 3. Comparison of the Torsional Angles, Degrees

Ring Angle+ v | u |ldeal Ring Angles I' | 1 [Ideal
12—-7—8—9 | 470|471 +60 15—-4—5—14 1 +41|+43| +50
7—-8-9—10 |—65|—69| —60 4—5—14—13 [ —-560] --51 | —

60
8-9—10—11 [+16|—19] 0 p | 5=14—13—15 +40|+41 | +5
ol 9—10—11-12{+30(+31| +60 || ,.,.2. h4—13—15—4 | “15{ —13| _19
(1'B) 1o—11—12—7 | —24| —28| <60 || (*Ts) h3_15_40s5 |{—17|—19| —19
1-12-7—8 |-27|-25] 0

Sum —
Sum 0 l-1 0 1141 0
19—6—-7--8 +28 | +26{+36,5 14—-1-2-3 +44) +441 +60
6—7—8-9 |—49|-—49|—60 1—2-3-4 |—=55]—46{ —60

B | 7-8—9—19 |4+50! 451 |+60
. 8—9—19—6 |—32|—34[436,5
CE) |9-19—6—7 |+3 |+4 | O

E | 2-3—4-5 |4+74|+64| 460
sc.) | 3—4-5-14 |=18| -13| —60
(CC) | 4—5—14—1 | +69|+70| +60

5—14—1—2 | —57|—60] —60

Sum 0|2 0
Sum +2 |—1 0
14—5—6—7 | —50|—50| —60 16—3—4—5 |—59]|—58| —60
5—6-7—12 |+33| +34] +60 3—4—5-18 | +51|+49| +60
c | 6-7-12—13 | ~37/ ~36| —60 F 45—18—17 | +11]—2 | +60
. 7—12—13— 14| +61 | +62| +60 || .. . | 5—18—17—16] —66| —47| —60
(') h2—13—14-5 | —75|—78| =60 || (*''B) |(8—17—16—3 | +60| +38| +60
13—14—5—6 |+69|+68| +60 17—16—3—4 |+5 | +16] 0
Sum +1 0 0 _ Sum +2 | —4 0

*The numbers of the atoms are given: for example, 12-7-8-9
denotes the torsional angle around the C(7)—C(8) bond in the
C(12)—C(7)—C(8)—C(9) tetrad.

ring E due to its linkage with the neighboring ring. In the Cahn—Ingold—Prelog nomenclature
[13], the configuration found must be given the symbols 1(N)S,3R,4S,5R,6S,7S,8S,9R,108,
125,135,14R,165,188.

The structure of (+)-excelsine is similar to that of lappoconine (II), another aconitum
alkaloid from Aconitum septentrionale Koelle, which differs only by the absence of the epoxy
bridge and by the presence of an MeO group (instead of OH) in position 18. An x-ray struc-
tural analysis (with the determination of the absolute configuration) [10] shows the complete
identity of the absolute stereochemistry of the skeleton and the orientation of the substitu-
ents in the two alkaloids. They have the lycoctonine skeleton, the conformation of which
has been determined ‘previously by a complete x-ray structural analysis with determination of
the absolute configuration of (+)-des(hydroxymethylene)lycoctonine (III) [14] and (+)-des-
methanolaconinone (IV) [15]. The same carbommitrogen skeleton is contained in delcosine
[16], delpheline [17], delphinine [18], and the most important alkaloid of plants of the
genus Aconitum — aconitine [19].

The absolute configurations of the skeleton without substituents of (+)-excelsine (I')
and of lycoctonine [judging from the structures of its derivatives (III) and (IV)] are identi-
cal: 1(N)S,3S,4R,5S,6R,7R,9R,125,13R,14R. The conformations of all the rings are identical
apart from ring F. In (+)-excelsine and lappaconine (II) it acquires the boat conformation
stabilized by strong intramolecular N(1)es+H—0(2) hydrogen bonds with lengths of 2.77(1) and
2.73(1) A, respectively. In the lycoctonine (III) derivative, where there is no such hydro-
gen bond, this ring has the chair conformation. Thus, with the exception of some details
due to the difference in the substituents, (+)-excelsine has the same absolute stereochem-
istry of the molecule as other Aconitum alkaloids.

What has been said is illustrated by the closeness of the torsional angles [20] deter-
mining the conformations of the rings in (+)-excelsine (I') (Fig. 1b) and in lappaconine (II)
[10]. These values are given in Table 3 together with the idealized values for the corres-
ponding cyclohexane [20, 21] and cyclopentane [11l] conformations. The difference between
the ideal and experimental values is obviously due to a distortion of the real conformations
of the rings in the alkaloids. However, for all the rings the sums of the torsional angles
are practically equal to zero, which shows the accuracy of their determination.
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Fig. 2. Cation of (+)-excelsine in the structure studied:
a) bond lengths (K); b) valence angles (degrees).

The bond lengths (Fig. 2a) and the valence angles (Fig. 2b) in the cation and their
standard deviations are given in Table 4. The lengths of the ordinary C—C bonds in the
rings vary from 1.49 to 1.60 A, but the mean value of 1. 55(2) X is close to the standard
value of 1.541(3) A [22]. These variations can be explained by some general strain of the
condensed polycyclic system which is also shown in the substantial deviations of the real
conformations of the rings from the ideal conformations mentioned above. The mean bond
length at the nitrogen atom is 1.53(2) A and is fairly clese to the usual length of a

N—C(sp?®) bond of a quaternmary (ammonium) tetrahedral nitrogen atom, 1.549 A [23]. The mean
length of an 0—C(sp®) bond is 1.42(2) A and is fairly close to the usual figure [22].

The nature of the variation in the valence angles is shown in Table 5. In spite of the
considerable variations of the angles that are customary for alkaloids [10, 12], their mean
values in the rings are close to the ideal values of 109.5° and 60° (in the epoxy ring).

Packing in the Crystal. Although the hydrogen atoms could not be localized, the inter-
atomic distances show that all six active hydrogens (two from the water molecule, three from
OH groups, and one from a quaternary nitrogen) participate in the hydrogen bonds shown by
broken lines in Fig. 3 (the geometric parameters of the H bonds are also given in Table 6).

(]

The N-Heee0(2) and 0(3)—Heees0(6) bonds (lengths 2.77 and 2.69 A, respectively) are in-
tracationic bonds and stabilize the conformation of the cation. In the structure of the
hydrobromide of lappaconine (II) [10], the corresponding distances are 2.73 and 2.55 k.
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Fig. 3. Projection of the structure on the bc face.

TABLE 5. Variations of the Valence Angles (degrees) in the

Rings
. Limiting values of
Ring the angles Mean angle

A (6-membered) 102,3—115,5 110,9
B (5~-membered) 99,1—112,1 104,6
C (6-membercd) 102,2—118,3 109,9
D (5-membered) 98,1-106,4 103,0
E (6-membered) 98,1-115,2 107,6
F (6-membered) 101,3—-113,5 108,6
Epoxy (3-membered) 52,4—64,4 60,0

The 0(2)—He+«0(3')H bond (2.74 A) unites the cations into infinite helices about the .
2, axes parallel to [100]. The HO(w)-Hes+¢0(3') and 0(6)—Hee+0(w;)H, bonds (2.70 and 2.81 A,
respectively) through the water molecules also unite the cations into helices about the 2,
axes parallel to [001]. Finally, the HO(w')—HeseI™ andI'-:+H-NH-bonds (3.51 and 3.65 &,
respectively) through the anions "crosslink' both types of helices in the direction of the
2, axes parallel to [010], forming a three-dimensional skeleton.

It must be mentioned that in the structure of (II), as well, the quaternary nitrogen
participates by its one hydrogen in two H-bonds (a fairly rare case of a so-called "bifur-
cate' hydrogen bond [10, 24]). The water molecule participates in three H bonds, and each of
the three OH groups in two bonds. Judging from their lengths, all seven H bonds are strong
ones [25], and the angles between them and between them and the valence bonds are close to
tetrahedral or trigonal (of course, only in those cases where it may be considered that the
hydrogen atom is present on the donor—acceptor line; see Table 6).
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TABLE 6. Hydrogen Bonds*

Donor — acceptor Bond length, A Angle, deg
N+—H...0(2)}T 2,77% 0(@-N-1 70(75) * *
N*—H...I™ 3,65 0(2-N—C (2 111

0 2)—N—C(14) 74

0 (2)—N—C(2?) 133

1—N—C (2 93

1 —N—C (14 141

1-N-C(22) 83

0(29—-H...0(3) 2,74 N -0(2—0(3) 143

N —0 (9)—C(18) 90
0(3)-0 (2—C(18) 1087 T

0@3)—H...0( 2,69% 0(2)—03)—0(6 151
© © 0 52';—0 fs%—c((v)) 124171

0()-0@)C ) 67

0 (6)—0 (3)—0 (w") 85
0(2)—0@)-0 (w) 1051
o (w)—0@)-C(7) 12411

O (6)=H...(w’ © 2,81 0 (3)—0 (6)—0 (w’ 48
) ) ofsg-oésg—cf;’) 8641

0 (w)-0(6)-C(12) 117
O (w)—H...0(3) 2,70 0 (3)—0 (w)—O0 (6) m't
O(w)—=H...I~ 3,51 0 (3)—0 (w)—1I" 1stt
0 (6)—0 (W)=T1 . 105 t1

O (w)—I'—N’ 146

*The primes denote atoms removed from their initial positions.
+Bifurcate bond.

IIntracationic bonds.

**%In structure (II) this angle is 75°.

++It is to be expected that these angles would be close to
109.5° or 120°.

The substances were made available by M. S. Yunusov and V. A. Tel'nov, and the single

crystals investigated were obtained by G. N. Zakharova.

SUMMARY

On the basis of a complete x-ray structural investigation, the structural formula of

(+)-excelsine has been refined and its absolute configuration has been determined.

7.

8.
9.
10.
11.
12.

13.

192

LITERATURE CITED

V. A. Tel'nov, M. S. Yunusov, and S. Yu. Yunusov, Khim. Prirodn. Soedin., 129 (1973).
S.-M. Nasirov, V. G. Andrianov, Yu. T. Struchkov, V. A. Tel'nov, M. S. Yunusov, and
S. Yu. Yunusov, Khim. Prirodn. Soedin., 812 (1974).

N. G. Bokii, Yu. T. Struchkov, D. N. Kravtsov, and E. M. Rokhlina, Zh. Strukt. Khim.,
14, 291 (1973).

H. P. Hanson, F. Herman, J. D. Lea, and S. Skillman, Acta Crystallogr., 17, 1040 (1964).
V. I. Andrianov, B. L. Tarnopol'skii, and Z. Sh. Safina, Roentgen-70. Automated System
of Programs for X-Ray Structural Calculations [in Russian], OIKhF, Akad. Nauk SSSR,
Moscow (1972).

A. N. Chekhlov, Yu. T. Struchkov, and A. I. Kitaigorodskii, Zh. Strukt. Khim., 15,

754 (1974).

A. N. Chekhlov, Yu. T. Struchkov, and A. I. Kitaigorodskii, Zh. Strukt. Khim., 15,

917 (1974). ‘ '

D. T. Cromer and D. Liberman, J. Chem. Phys., 53, 1891 (1970).

J. A, McMillan et al., Tetrahedron Lett., 5, 419 (1974).

G. I. Birnbaum, Acta Crystallogr., B26, 755 (1970).

K. S. Pitzer and W. E. Donath, J. Amer. Chem. Soc., 81, 3213 (1959).

S.-M. Nasirov, V. G. Andrianov, Yu. T. Struchkov, and S. Yu. Yunusov, Khim. Prirodn.
Soedin., 197 (1976) [in this issue].

R. S. Cahn, C. Ingold, and V. Prelog, Angew. Chem. Int. Ed., 5, 385 (1966).



14. M. Przybylska and L. Marion, Canad. J. Chem., 34, 189 (1956); 37, 1843 (1959); M.
Przybylska, Acta Crystallogr., 14, 429 (1961).

15. M. Przybylska and L. Marion, Canad. J. Chem., 37, 1116 (1959); M. Przybylska, Acta
Crystallogr., l4, 429 (1961).

16. L. Marion, Pure Appl. Chem., 6, 621 (1963); R. Anet et al., Canad. J. Chem., 36, 766
(1958).

17. 0. E. Edwards et al., Canad. J. Chem., 36, 1097 (1958).

18. K. Wienser et al., Tetrahedron Lett., No. 3, 11 (1959).

19. K. Wienser et al., Tetrahedron Lett., No. 2, 15 (1959).

20. W. Klyne and V. Prelog, Experientia, 16, 523 (1960).

21. N, L. Alinger, J. Amer. Chem. Soc., 81, 5727 (1959).

22. Tables of Interatomic Distances and Configurations in Molecules and Ions, Chemical
Society, London (1958).

23. T. Sato and H. Koyama, J. Chem. Soc., B, 1070 (1971).

24, J. Donohue, in: Structural Chemistry and Molecular Biology, San Francisco (1968).

25. W. C. Hamilton and J. A. Ibers, Hydrogen Bonding in Solids, W. A. Benjamin, New York
(1968) .

STRUCTURE AND FEATURES OF THE FRAGMENTATION OF THE PRODUCTS OF THE
REDUCTION OF DUBINIDINONE

I. A. Bessonova, Ya. V. Rashkes, UDC 547.944/945+543,51
and S. Yu. Yunusov

Structures (I) and (II) have been put forward for dubinidine and the product of its
periodic acid oxidation [1]. Structure (I) has been confirmed by the synthesis of dubini-
dine [2]. The present paper reports on the structure of products (III) and (IV) obtained pre-
viously in the Clemmensen reduction of (II) [3].

The UV spectra of (III) and (IV) are characteristic for 2-quinolone derivatives [4].
The phenolic nature of (IV) is confirmed by a hypsochromic shift of the UV spectrum in alkal-
ine solution, which is typical for 4-hydroxy-2-quinolone bases [5], and also by the prepara-
tion of an O-methyl derivative (V) by the action of diazomethane on (IV).

The IR spectra of (III) and (IV) show intense adsorption with maxima at 1660 and 1655
cm™?, respectively, which are due to the amide carbonyl of a 2-quinolone.

The molecular weights of products (III) and (IV), determined mass spectrometrically
(245 and 231), differ by a methylene group. However, the methylation product (V) was not
identical with (III). 1In the spectra of (IV) (Fig. la), and of (V), the ions (M — 43)+
(m/e 188 and 202, respectively) far exceed all the other peaks, which possibly shows the
presence of an open chain. In the spectrum of (III) (Fig. lc), a more uniform distribution
of the intensities of the peaks of the ions M+, M —15%, and (M — 57)% is observed, which
indicates the cyclic structure of this molecule. The formation of the fon (M — 31)*, which
is characteristic for an OCHs group at C. [6], shows the presence of a methoxy group of a dif-
ferent type. On deuteration with deuterodiethylamine [ND(C.Hs)a2], leading to the replace-
ment of the hydrogens on the carbons adjacent to the carbonyl group [7], in compound (IV)
the peak of the MY ion shifted by 7 m.u. (Fig. 1b). In view of the presence of the phenolic
hydroxyl and the NH group in the 4-hydroxy-2-quinolone nucleus, the exchange of the addition-
al five hydrogens means that substance (IV) has a —CH,~CO—CHs grouping. The displacement of
the maximum peak with m/e 188 by 4 m.u. confirms that the formation of this ion involved the
elimination of a COCDs; group. The peak of the ion with m/e 174 was displaced by two units,

Institute of the Chemistry of Plant Substances, Academy of Sciences of the Uzbek SSR,
Tashkent. Translated from Khimiya Prirodnykh Soedinenii, No. 2, pp. 217-223, March-April,
1976. Original article submitted April 30, 1975,
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