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The crystal and molecular structures of three derivatives of Lythraceous alkaloids, O-
methyllythranidine N,0,O-triformate (2), 22-bromolythranine N.O,O-triacetate (3), and O-
methyldeacetyl lythramine (4) were determined. The conformational chiralities of the biphenyl
group in the crystals of these compounds were in conformity with those proposed on the basis of
circular dichroism studies as the predominant forms in solution.
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Lythranine, lythranidine, and lythramine are classified as Lythraceous alkaloids of type
A.» They possess a unique basic skeleton which is regarded as a heteraphane® having a meta-
bridged biphenyl moiety and four asymmetric carbon atoms. The biphenyl group is twisted
about the bond joining the two rings by repulsion between the substituents at the ortho and
ortho’ positions. However, no atropisomerism occurs because of the smallness of the ortho
substituents of the biphenyl* and the flexibility of the residual part of the macrocyclic ring in
these molecules. Thus, rotational isomers differing in the helicity of the biphenyl unit coexist
at equilibrium in solution.

From a circular dichroism (CD) spectral study of these alkaloids,” the predominant
conformational chiralities of the biphenyl groups in solution have been proposed based on the
CD spectrum of 22-bromolythranine (1), the absolute configuration of which was elucidated
by an X-ray study.” The chiralities assigned for 1, O-methyllythranidine N,0,0-triformate
(2), 22-bromolythranine N,0,0O-triacetate (3) and O-methyldeacetyllythramine (4) are R, S,
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TaBLE 1. Crystallographic Details for 2, 3 and 4

2 3 4
C;0H;;,NO;, C;,H,,BrNOy C,sH;,NO,-CH,O

Fy 523.6 672.6 483.6
Crystal system Monoclinic Orthorhombic Monoclinic
Space group P2, P2,2,2, P2,
a(A) 15.569 (2) 17.725 (1) 14.558 (1)
b (A) 7.439 (1) 17.802 (1) 7.896 (1)
¢ (A) 11.876 (1) 10.602 (1) 11.676 (1)
B () 94.95 (1) 90.00 (0) 98.04 (1)
V4 2 4 2
D, (gem™3) 1.269 1.335 1.208
Crystal size (mm) 0.3x0.2x0.1 0.3x0.2x0.1 0.3x0.3x0.3
Number of independent reflections measured

2746 3460 2643

Number of reflections with non-zero weight
used for least-squares refinement

2449 3139 2479
R 0.053 0.043 0.035
¢? 0.00251 0.00120 0.00175

R and S, respectively. Here, we described the crystal structure determination of 2, 3
and 4, undertaken in order to identify the molecular structures representing one of the
possible conformations of these molecules.

Experimental

Colorless crystals of 2, 3, and 4 were obtained from methanol solutions. Those of 4 were crystallized in the
methanol-solvated form. The unit cell dimensions were determined by least-squares fitting of 26 values of 20
reflections measured on a Rigaku X-ray diffractometer. Crystal data are listed in Table 1.

Three-dimensional intensity data were collected on the diffractometer with graphite-monochromated CuKu
radiation (1= 1.54178 A). Integrated intensities were measured in the range of 0 <70 “ with an » — 20 scan technique, a
constant o scan speed of 0.05 s™! and an w scan range of (1.0+0.2-tan()) . Backgrounds were counted for 5s on
both sides of each reflection. Three standard reflections monitored every 100 reflections showed no significant change
during data collection. All intensities were corrected for Lorentz and polarization factors, but not for absorption
effects.

Structure Determination and Refinement

The structures were solved by using the program MULTAN 78.%' The hydrogen atoms were located in each
difference electron density map calculated after block-diagonal least-squares refinement of the positional and
anisotropic thermal parameters of the non-hydrogen atoms. At the final stage of the refinement including the
positional parameters of the hydrogen atoms, the parameter shifts were smaller than half the corresponding standard
deviations. The temperature factor of each hydrogen atom was assumed to be equal to the equivalent isotropic.
temperature factor of the atom to which it was bound. The function minimized in the refinement was 3> (w| AF)?). The
weighting scheme was w=1/g*(F,) for observed reflections with | F,| > a(F,) and | AF| <30(F,), and w=0 otherwise.
o(F,) was estimated as o(F,)=[0,2(F,)+¢*| F,|?]'”?, where ¢,(F,) is the standard deviation due to counting errors.”
The values of R (=Y |4F|/3 | F,|) and ¢? at the final stage are given in Table I. The atomic scattering factors were
calculated using the analytical expression f=3[a; exp (—b;4 ™ ?sin’0)] +¢ (i=1—4).%

The absolute configuration of 3 was determined by the anomalous-dispersion method. with differences between
the intensities of Bijvoet pairs estimated from the counter data measured with MoKo radiation (4=0.71069 A). The
values of 4f" and Af’" used for the bromine atom were —0.374 and 2.456.® respectively. The computations were
done with a FACOM M-150F computer at Shionogi Research Laboratories.”
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Results and Discussion

Final atomic coordinates for all atoms except for hydrogens are listed in Table II. The
methanol molecule in 4 is represented with C(Me) and O(Me). Perspective views of the
respective molecules are given in Figs. 1, 2, and 3. The junction of the oxa-quinolizidine ring

TaBLE II. Fractional Coordinates ( x 10*) of Non-Hydrogen Atoms with Their
Estimated Standard Deviations in Parentheses

Atom 2 3 4
x y z X y z X y z

C(1) 2587 (3) —2007 (9) 5721 (3) 2621 (2) 5171 (3) 1000 (4) 3957 (1) 8564 (4) 6381 (2)
C(2) 3443 (3) 2125 (8) 5154 (3) 2512 (2) 5923 (3) 320 (5) 4100 (1) 6908 (4) 5732 (2)
C®3) 3481 (3) —3599 (8) 4272 (3) 2557(2) 6643 (3) 1100 (4) 3272 (1) 6353 (4) 4877 (2)
C4) 4388 (3) —3929 (8) 3933 (3) 2024 (3) 6655(3) 2242 (5) 3469 (1) 4786 (4) 4184 (2)
C(5) 4824 (2) —2312 (8) 3448 (3) 1886 (2) 7464 (2) 2675(4) 2587 (1) 4152(4) 3450 (2)
C(6) 5668 (3) —2816 (9) 2950 (4) 1328 (3) 7913 (3) 1889 (5) 2740 (2) 2561 (4) 2758 (2)
C(7) 5513 (3) —3866 (9) 1855 (4) 1354 (3) 8734 (3) 2255(6) 2860 (2) 985(4) 3514 (2)
C(8) 4886 (2) —2888 (9) 1018 (3) 1222 (3) 8839 (3) 3662 (6) 2049 (2) 828 (4) 4195(2)
C(9) 4033 (2) —2460 (B) 1544 (3) 1723 (2) 8330 (2) 4497 (4) 1925(1) 2405 (4) 4921 (2)
C(10) 3343 (2) —1580 (8) 718 (3) 2539 (2) 8614 (2) 4631 (5) 1065 (1) 2152 (4) 5549 (2)
Cn 2990 (2) —2911 (9 —184 (3) 2997 (2) 8261 (2) 5705(5) 1184 (1) 2497 (4) 6857 (2)
C(12) 2357 (3) —2098 (10) —1092 (3) 3263 (3) 7463 (3) 5452(4) 1930 (1) 1389 (4) 7527 (2)
C(13) 1404 (2) —1969 (9) —8S56 (3) 3786 (3) 7151 (3) 6456 (5) 1925(2) 1381 (4) 8848 (2)
C(14) 1189 (2) —700 (0) 64 (3) 4027 (2) 6343 (3) 6211 (4) 1955(1) 3118 (0) 9390 (1)
C(15) 1011 (2) 1079 (8) —134 (3) 4273 (2) 5880 (3) 7182 (4) 1293 (1) 3639 (4) 10057 (2)
C(16) 814 (2) 2256 (8) 731 (3) 4538 (2) 5161 (2) 6945(4) 1306 (1) 5251 (4) 10537 (2)
Cc(17) 774 (2) 1611 (7) 1819 (3) 4566 (2) 4884 (2) 5728 (4) 1995 (1) 6408 (4) 10346 (1)
C(18) 945 (2) =213 (7) 2046 (2) 4298 (2) 5334 (2) 4727 (4) 2681 (1) 5904 (4) 9678 (1)
Cc(19) 1150 2) —1316 (8) 1179 (3) 4037 (2) 6052 (2) 4995 (4) 2643 (1) 4277 (4) 9223 (2)
C(20) 943 (2) =911 (7) 3226 (3) 4229 (2) 5095 (2) 3395(4) 3369 (1) 7115(4) 9307 (2)
C@21 175 (2) —1425 (8) 3671 (3) 4835(2) 4918 (2) 2613 (4) 4022 (1) 8021 (4) 10079 (2)
C(22) 210 (3) —2099 (8) 4767 (3) 4724 (2) 4841 (2) 1325(4) 4656 (1) 9081 (4) 9633 (2)
C(23) 994 (3) —2289 (B) 5394 (3) 4013 (2) 4907 (2) 790 (4) 4640 (1) 9242 (4) 8447 (2)
C(24) 1764 (3) —1785 (8) 4982 (3) 3393 (2) 5067 (2) 1546 (4) 4000 (1) 8378 (4) 7670 (2)
C(25) 1718 2) —1086 (7) 3888 (3) 3512(2) 5144 (2) 2832(4) 3375(1) 7318 (4) 8128 (2)

C(26) 4194 (3) 428 (8) 2611 (4) 1112(3) 7076 (2) 4519 (4) 1706 (1) 5489 (4) 4759 (2
N(27) 4257 (2) —1384 (7) 2575 (2) 1659 (2) 7549 (2) 4026 (3) 1815 (1) 3905 (4) 4152 (1)
0(28) 4479 (3) 1350 (7) 3409 (3) 866 (2) 6547 (2) 3935(4) 2520 (1) 6005 (3) 5509 (1)
0(29) 2571 (2) —4344 (7) 410 (2) 2530(2) 8232(2) 6836(3) 307 (1) 2254 (4) 7240 (1)

0(30) 580 (2) 2621 (7) 2716 (2) 4821 (2) 4187(2) 5404 (3) 2035 (1) 8038 (3) 10719 (1)
c@31) 673 (3) 4522 (8) 2644 (4) S5216(3) 3779 (3) 6357(5) 1291 (2) 8664 (5) 11255 (3)
0(32)  —558(2) —1258 (7) 2959 (2) 5553(2) 4910(2) 3141 (3) 4013 (1) 7740 (4) 11231 (1)
C(33)  —1341 (3) —1905(10) 3343 (5) 5891 (3) 4219(3) 3257(5) 4629 (2) 8708 (5) 12029 (2)
0(34) 3186 (2) —5258 (7) 4781 (2) 3318(2) 6739(2) 1604 (3)
Cc@3s) 2846 (3) —6521 (9) 4070 (5) 3847 (3) 7025(3) 826 (5)
0(36) 2739 (2) —6381 (8) 3071 (3) 3701 (3) 7257 (3) —192(4)
c37) 2777(3)  —6020 (10) 307 (7) 2513 (3) 8821 (3) 7586 (5)
0(38) 3286 (6) —6502 (12) —269 (11) 2890 (3) 9379 (3) 7414 (5)
C(39) 836 (4) 7231 (4) 5831 (6)
0(40) 5629 (2) 3665 (2) 2816 (4)
C(41) 6615 (3) 4292 (3) 13957 (6)
C(42) 4609 (3) 6963 (3) 1404 (7)
C(43) 1978 (4) 8693 (6) 8643 (7)
Br(44) 5567 (1) 4707 (1) 241 (1)
C(Me) —417(2) 2307 (5) 2468 (3)
O(Me) 82 (1) 3804 (4) 2664 (2)
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Fig. 1. Perspective View of the Molecule 2

Fig. 2. Perspective View of the Molecule 3

Fig. 3. Perspective View of the Molecule 4
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in 4 is cis. The absolute configurations at the chiral centers of 3 are common to those of 1: M
helicity for the biphenyl group, and 3S, SR, 9R, 11 at the asymmetric carbons. For 2 and 4,
the chirality of the biphenyl group was determined to be S relative to the asymmetric carbons,

TasLE III.

Molecular Dimensions Relevant to the

Biphenyl Groups of 2, 3 and 4

2 3 4

Dihedral angle between the

mean planes of the benzene

rings () 81.8 (2) 59.0 (1) 56.1 (1)
Torsion angle ()

C(19)-C(18)-C(20)-C(25) 79.9 (7) -53.9(5) 51.6 (4)

C(16)-C(17)-0O(30)-C(31) —~19.7 (8) —12.5(6) —~5.5(5)

C(22)-C(21)-0(32)-C(33) —3.4(9) —77.0 (5) 6.2 (5)
Interatomic distance (A)

C(18)-C(20) 1.495 (7) 1.480 (6) 1.492 (4)

O(30)- - -0(32) 3411 (7) 3.016 (7) 2.868 (4)
Bond angle ()

C(16)-C(17)-C(18) 119.4 (5) 119.2 (4) 119.0 (3)

C(16)-C(17)-0(30) 124.8 (5) 124.8 (4) 124.6 (3)

C(18)-C(17)-0(30) 115.8 (5) 116.0 (4) 116.4 (3)

C(17)-C(18)-C(20) 120.0 (5) 125.6 (4) 122.5 (3)

C(19)-C(18)-C(20) 120.9 (5) 115.6 (4) 118.3 (3)

C(17)-C(18)-C(19) 119.0 (5) 118.7 (4) 118.7 (3)

C(18)-C(20)-C(21) 121.3 (5) 124.7 (4) 124.0 (3)

C(18)-C(20)-C(295) 119.4 (5) 117.5 (4) 117.4 (3)

C(21)-C(20)-C(25) 119.3 (5) 117.3 (4) 118.6 (3)

C(20)-C(21)-C(22) 119.0 (5) 119.9 (4) 119.1 (3)

C(20)-C(21)-0(32) 115.9 (5) 117.9 (4) 116.7 (3)

C(22)-C(21)-0(32) 125.1 (5) 121.7 (4) 124.2 (3)

TaBLE IV. Molecular Dimensions Relevant to the
Piperidine Rings of 2, 3 and 4
2 3 4

Displacement of N(27)

out of the plane of

C(5), C(9) and C(26) (A) 0.144 (5) 0.234 (4) 0.434 (3)
Bond distance (A)

C(26)-N(27) 1.352 (8) 1.386 (6) 1.457 (4)
Bond angle ()

C(5)-N@27N-C(9) 114.4 (5) 113.4 (3) 114.3 (3)

C(5)-N@Q27)-C(26) 119.0 (5) 119.2 (4) 107.2 (3)

C(9)-N@27)-C(26) 123.6 (5) 119.8 (4) 113.7 (3)
Torsion angle (°)

C(4)-C(5)-N(27)-C(26) 133.6 (6) —45.5 (5) 53.6 (3)

H(C5)-C(5)-N(27)-C(26) 11 (4) —163 (4) —60 (2)

C(10)-C(9)-N(27)-C(26) —28.1 (8) 141.3 (4) 60.8 (4)

H(C9)-C(9)-N(27)-C(26) — 144 (3) 28 (3) —59 (2)

NQ27)-C(5)-C(6)-C(7) —53.1(7) 60.7 (5) —-52.3(3)

C(6)-C(5)-N(27)-C(9) 59.5 (6) —64.5 (4) 54.3 (4)

C(5)-C(6)-C(7)-C(8) 52.6 (7) —55.1(6) 53.4 (3)

C(6)-C(7)-C(8)-C(9) —54.7(7) 50.0 (7) —56.0 (3)

C(7)-C(8)-C(9)-N(27) 57.6 (6) —50.0 (6) 56.5 (3)

C(8)-C(9)-N(27)-C(5) —61.3 (6) 58.3 (5) —55.5(3)
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TaBLE V. Torsion Angles within the Macrocyclic Rings of 2, 3 and 4

2 3 4
Mean e.s.d. value () 0.6 0.5 0.3
C(24)-C(1)-C(2)-C(3) -55.9 —64.7 116.8
C(1)-C(2)-C(3)-C4) —167.3 —54.1 175.4
C(2)-C(3)-C4)-C(5) —58.7 —159.4 173.0
C(3)-C(4)-C(5)-N(27) - —47.6 —155.8 —52.3
C(4)-C(5)-NQ27)-C(9) —65.4 165.0 —73.3
C(5)-NQ27)-C(9)-C(10) 171.8 —69.4 —175.6
N(27)-C(9)-C(10)-C(11) —167.0 —70.7 —109.8
C(9)-C(10)-C(11)-C(12) —175.2 75.1 —58.9
C(10)-C(11)-C(12)-C(13) —85.2 173.7 —166.6
C(11)-C(12)-C(13)-C(14) 67.0 178.1 —53.0
C(12)-C(13)-C(14)-C(19) —93.2 25.4 —53.8
C(13)-C(14)-C(19)-C(18) —179.1 175.9 178.1
C(14)-C(19)-C(18)-C(20) —177.7 176.6 —171.5
C(19)-C(18)-C(20)-C(25) 79.9 —539 51.6
C(18)-C(20)-C(25)-C(24) —~177.8 168.2 —178.3
C(20)-C(25)-C(4)-C(1) 179.6 —176.3 - 178.9
C(25)-C(24)-C(1)-C(2) —22.4 104.0 —60.1

Fig. 4. Structures of the Piperidine Rings of 2 (Left) and 3 (Right)

adopting the same absolute configurations as those of the corresponding atoms in 3.
Molecular dimensions relevant to the biphenyl groups and the piperidine rings are presented
in Tables III and IV, respectively.

In the crystal of 4, the methanol of solvation joins the two molecules, which are related
by a 2, axis, by forming the hydrogen bonds of O(Me)---N(27) [2.857 (4) A] and
O(Me)---0(29) (—x, 1/2+y, 1 —z) [2.788 (4) A]. No intermolecular distances shorter than
the sums of van der Waals radii are found in 2 and 3.

The benzene rings of the biphenyl group in 2 are markedly twisted about the C(18)-C(20)
bond, but those in 3 and 4 are rather less twisted. In the markedly twisted form, the bond
angles around C(18) and C(20) deviate little from 120°. However, those in the less twisted
form are deformed to reduce the repulsive interaction between O(30) and O(32). Differences
among the bond lengths of C(18)-C(20) are not significant. The methyls in methoxyl groups
lie approximately on the planes of the benzene rings to which they are bound, but this is not
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the case for the acetyl group of 3.

The piperidine rings of all the molecules and the hydrooxazine ring of 4 adopt chair
forms. The ring conformations in 2 and 3 are shown in Fig. 4. The N(27) atoms are in
nonplanar configurations in spite of the partial double bond character of the amide group,

>N(27)“_~(If(26)'~"0(28). This is due to the A'? type interactions between the group
substituted at N(27) and the C(5)- or C(9)-equatorial groups.'® The bond lengths of N(27)-
C(26) are elongated as the planarities of N(27) are decreased on going from 2 to 4 (Table I'V).
The O(28) atom of 2 and the C(39) methyl group of 3, which are bulky units attached to C(26)
in the substituents at N(27), are oriented toward the neighboring equatorial hydrogen atoms
[H(5) of 2 and H(9) of 3], not toward the equatorial methylene groups [C(10) of 2 and C(4) of
3]. This seems to play a part in the reduction of A type strain.

Torsion angles within the macrocyclic rings of 2, 3 and 4 are listed in Table V. Those
related to the C(1)—N(27)—C(13) are close to the values for the gauche or trans confor-
mation, but C(24)-C(1)-C(2)-C(3) [116.8(3)°] and N(27)-C(9)-C(10)-C(11) [109.8(3)°] of 4
are rather close to the value for the partially eclipsed conformation.

References and Notes

1) Part XII: K. Fuji, T. Yamada, E. Fujita, K. Kuriyama, T. Iwata, M. Shiro and H. Nakai, Chem. Pharm. Bull.,
32, 55 (1984).

2) K. Fuji, T. Yamada, E. Fujita and H. Murata, Chem. Pharm. Bull., 26, 2515 (1978).

3) F. Vogtle and P. Neumann, Tetrahedron, 26, 5847 (1970).

4) E. L. Eliel, ““Stereochemistry of Carbon Compounds,”” McGraw-Hill, New York, 1962, Chapter 6.

5) R.J. McClure and G. A. Sim, J. Chem. Soc., Perkin Trans. 2, 1972, 2073.

6) P. Main, S. E. Hull, L. Lessinger, G. Germain, J. P. Declercq and M. M. Woolfson, *“MULTAN 78, A System
of Computer Programs for the Automatic Solution of Crystal Structures from X-Ray Diffraction Data,” Univ.
of York, England, and Louvain, Belgium, 1978.

7y D. F. Grant, R. C. G. Killean and J. L. Lawrence, Acta Crystallogr., B25, 374 (1969).

8) ‘“International Tables for X-Ray Crystallography,” Vol. IV, Kynoch Press, Birmingham, 1974, p. 99.

9) Lists of structure factors, anisotropic thermal parameters of the non-hydrogen atoms, positional parameters of
the hydrogen atoms, and bond lengths and angles are available on request from one of the authors (M. S.).

10) Y. L. Chow, C.J. Colon and J. N. S. Tam, Can. J. Chem., 46, 2821 (1968).

NII-Electronic Library Service





