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Abstract. The structure of lactarorufin B is verified by X-ray analysis.
Crystals of the title compound, C,,H,3;0sBr, are monoclinic,
a=16.55b=6.75¢=20.07A, p = 111.7°, Z = 4, space group C2.
The intensities were collected on a diffractometer using Cuk,
radiation. A Patterson synthesis revealed the heavy-atom position. A
block-diagonal and full-matrix least-squares refinement with aniso-
tropic temperature factors for non-hydrogen atoms led to a final R of
6.9 %. The results indicate that the lactone carbonyl oxygen occurs at
C(5) and not at C(13) as was deduced earlier from chemical and
spectroscopic evidences.

Introduction

An european mushroom species Lactarius rufus is very common
in coniferous and mixed forests. Some 45 years ago the chemical
constituents of Lactarius rufus were investigated and trehalose,
lipides, dextrines, and lactaric acid were isolated. Its milky juice was
reported to possess certain antibiotic properties. It was, however, not
until early 70’s when attention was drawn to isolate chemical
substances responsible for this activity. From ethanolic extract of
fresh Lactarius rufus four new sesquiterpenes were isolated for which
the name lactarorufins: A, B, C and D was proposed (Daniewski and
Kocor, 1970). The structure of lactarorufin A was elucidated on the
basis of chemical transformations, degradation, and spectral proper-
ties (Daniewski and Kocor, 1971). The structures of lactarorufin B
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(Daniewski et al., 1973) and C (Daniewski and Thoren, 1975) were
similarly established.

X-Ray crystal structure analysis of lactarorufin B, 3,8-ether 14-p-
bromobenzoate given in this paper has verified the structure of
lactarorufin B itself. The results proved the position of the lactone
carbonyl oxygen at C(5) and not at C(13) as was announced earlier
(Daniewski and Kocor, 1973). The remaining structural features were
found to be in agreement with those of chemical and spectroscopic
evidences.

Our findings also permit us to postulate that the same change in the
position of the lacton carbonyl should be introduced in regard to
closely related lactarorufin A, because chemical evidences for the
structure of lactarorufin B were largely based on the correlation of its
transformation products with the compounds obtained from
lactarorufin A the structure of which was elucidated earlier.

Experimental and crystal data

Crystals of lactarorufin B 3,8-ether 14-p-bromobenzoate were grown
from isobuthanol-ethanol solution in the hexane atmosphere. The
crystals were colourless prisms elongated along the b-axis suitable for
X-ray work. The cell dimensions and space group were determined
from the precession photographs of 40/, 0k/, and h1/layers taken with
CuK, radiation. The diffraction symmetry and systematic extinctions
indicated space groups C2, Cm or C2/m. However, the unit cell
contains four asymmetric molecules and C2 is the only possibility. The
cell dimensions given are those obtained by least-squares fit of 14 high-
angle reflexions measured on a diffractometer. The crystal density was
measured by flotation in aqueous potassium iodide.

Crystal data: C,,H,305Br, MW = 447, m.p. 162—165°, mono-
clinic, space group C2, a = 16.55(2), b = 6.75(1), ¢ = 20.072) A, B
=111.73(5)°, V=2081A% D, =141, D,=142g-cm 3, Z = 4,
F(000) = 920.

The crystal used to collect intensities on a Hilger-Watts four-circle
full automatic diffractometer with graphite monochromatized Cuk,
radiation was 0.3 x 0.2 x 0.2 mm. The crystal was so oriented that the
b-axis coincided with the @-axis of the four-circle goniostat. 1728
reflexions with sin 0/4 < 0.5 were measured. Using the criterion
I >30 (1) 1584 intensities were considered observable, where o (I) is
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given by [N + k?(Ny; + Ny,)]'2. In this expression N is the total
number of counts accumulated during the scan, N, , and N, , are the
background counts at either end of the scan range, k is the ratio
(Tscan/ Tokg) Of the total scan time. The integrated intensity measure-
ment was made by scanning reflexions with 0 : 2 0 scan technique at a
rate of 1° per minute over 20 range of 2°. The background was
counted for 20s at each of the scan limits. During data collection
monitoring of a standard reflexion every 50 counts showed that the
crystal was stable and properly aligned, the maximum intensity
variation being 0.8 9, of its mean value. The intensities were corrected
for the usual Lorentz and polarization factors. No absorption
correction was applied. The reduction to structure amplitudes were
performed after data collection using the Hilger and Watts Software
System.

Structure determination and refinement

The bromine atom coordinates were found from the Harker section
P(uOw) of the Patterson function. Unrefined positional parameters of
the heavy atom were x = 0.62, y = 0.0 (free choice), z = 0.36. The
atomic scattering factors for C, H, N, O, Br were those of
International Tables for X-Ray Crystallography, 1969. An initial
residual R = 2||F,|— |F,||/Z|F,| for unrefined bromine atom coor-
dinates was 0.36. The phases yielded by the bromine atom were used to
compute a three-dimensional Fourier map. There was a pseudo-plane
of symmetry introduced into the first electron density distribution.
Using the bond scan, structure factor and electron density calculations
the whole structure was revealed, R value being 0.26. Minimizing the
quantity @ = X||F,|— |F,||* a refinement of structural parameters
was carried out by block-diagonal least-squares calculation. Three
cycles of calculation with isotropic temperature factors for all atoms
lead to R ~ 0.22. Three more cycles were applied, but R did not
decrease. Molecular geometry calculations made at this stage had
shown the molecule to possess a good chemical and stereochemical
sense. A difference Fourier map did not supply evidence that any of
the atoms was incorrectly placed and that there were any additional
atoms in the unit cell. After consideration of all the chemical and
spectral data on the structure of lactarorufin B, lactone carbonyl
oxygen was removed and a new difference Fourier synthesis was
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Table 2. Fractional coordinates of hydrogen atoms ( x 10%) (calculated geometrically)

X y z X y z

H(2) 547 581 275 H(41) 571 256 107
H(8) 463 866 80 H(42) 504 193 154
H(9) 470 878 200 H(101) 325 828 172
H(11) 463 336 280 H(102) 320 631 115
H(12) 417 305 187 H(131) 293 665 0
H(18) 349 663 529 H(132) 360 686 —50
H(19) ~ 348 427 624 H(141) 423 775 320
H(21) 402 —-32 505 H(142) 313 720 275
H(22) 386 196 406

computed. It came out that at the carbon atoms C(5) and C(13) and at
nearly the same distance to each of the atoms there were peaks of
about the same height. Now the peak at C(5) was accepted. Three
cycles of block-diagonal least-squares isotropic approximation were
calculated giving R = 0.17. Next, three cycles of full-matrix least-
squares anisotropic refinement were accomplished and R converged
to 0.092 for 1538 reflexions. A third difference Fourier synthesis
revealed 17 out of 23 hydrogen atoms. However, during the refine-
ment procedure the hydrogen atoms behaved very poorly and we
decided to publish the positional parameters of H-atoms computed
geometrically with C—H distances of 1.07 A. In the next refinement
step two more cycles of full-matrix were applied, but the coordinates
of the hydrogen atoms were not refined and isotropic temperature
factors B, = 4 were affixed. The final R value was 0.069 for 1465
reflexions. All the calculations were done with the NRC crystallog-
raphic programmes system (Ahmed et al., 1966) on ICL-4/70 com-
puter. Final atomic parameters are given in Tables 1 and 2.

Description and discussion of the structure

Interatomic distances and valency angles of non-hydrogen atoms are
presented in Tables 3 and 4. Figure 1 illustrates the numbering of the
atoms and the structural formula. The standard deviations range from
0.015 to 0.025 A for the bond lengths and from 0.9 to 1.9° for bond
angles. The molecular conformation is illustrated in Figure?2. The
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Table 3. Bond distances (A). Standard deviations in parentheses

C(1)—C(2) 1.532(17) C(9) —C(10) 1.595(19)
C(1)—C(11) 1.577(19) C(10)—C(11) 1.541(18)
C(2)—C(3) 1.562(16) C(11)—C(14) 1.510(17)
C(2)—C(9) 1.536(16) C(11)—C(15) 1.563(20)
C(3)—C(4) 1.545(18) C(13)—0(26) 1.448(19)
C(3)—C(12) 1.584(16) C(14)—0(24) 1.437(16)
C(3)—0(25) 1.440(16) C(16)—C(17) 1.487(21)
C(4)—C(6) 1.490(18) C(16)—0O(23) 1.165(23)
C(5)—C(6) 1.450(20) C(16)—O(24) 1.319(18)
C(5)—0(26) 1.354(18) C(17)—C(18) 1.357(21)
C(5)—0(27) 1.232(18) C(17)—C(22) 1.331(23)
C(6)—C(7) 1.311(20) C(18)—C(19) 1.392(25)
C(7)—C(@8) 1.477(18) C(19)— C(20) 1.352(23)
C(7)—C(13) 1.541(19) C(20)—C(21) 1.324(25)
C(8)—C(9) 1.547(17) C(20)— Br(28) 1.930(15)
C(8)—0(25) 1.430(16) C(21)—C(22) 1.378(25)

Table 4. Valency angles (°). Standard deviations in parentheses

C(2)—C(1)—C(11) 105(1) C(8)— C(7)— C(13) 128(1)
C(1)—C(2)—C(3) 119(1) C(7)—C(8)— C(9) 112(1)
C(1)—C(2)—C(9) 107(1) C(7)— C(8)— O(25) 105(1)
C(1)—C(11)— C(10) 101(1) C(7)—C(13)— 0(26) 104(1)
C(1)—C(11)— C(14) 11(1) C(9)—C(8)—0(25) 100(1)
C(1)—C(11)—C(15) 113(1) C(8)—C(9)— C(10) 116(1)
C(3)—C(2)—C(9) 104(1) C(9)—C(10)— C(11) 106(1)
C(2)—C(3)—C(4) 115(1) C(10)—C(11)— C(14) 109(1)
C(2)—C(3)—C(12) 113(1) C(10)—C(11)— C(15) 11(1)
C(2)—C(3)—0(25) 101(1) C(14)—C(11)— C(15) 11(1)
C(2)—C(9)—C(8) 104(1) C(11)—C(14)—0(24) 109(1)
C(2)— C(9)—C(10) 105(1) C(14)—O(24)— C(16) 118(1)
C(4)—C(3)—C(12) 112(1) C(17)—C(16)— O(23) 127(2)
C(4)—C(3)—0(25) 108(1) C(17)—C(16)— 0(24) 115(1)
C(3)— C(4)—C(6) 109(1) C(16)— C(17)— C(18) 118(1)
C(12)— C(3)—0(25) 108(1) C(16)— C(17)— C(22) 123(1)
C(3)—0(25)—C(8) 107(1) 0(23)— C(16)— O(24) 118(2)
C(4)—C(6)—C(5) 129(1) C(18)— C(17)— C(22) 119(2)
C(4)—C(6)—C(7) 121(1) C(17)—C(18)— C(19) 122(2)
C(6)— C(5)—O(26) 110(1) C(17)—C(22)— C(21) 119(2)
C(5)—C(6)—C(7) 109(1) C(18)— C(19) — C(20) 117(2)
C(6)— C(5)—0(27) 130(1) C(19)— C(20)— C(21) 121(2)
C(5)—0(26)—C(13) 108(1) C(19)— C(20) — Br(28) 118(1)
0(26)— C(5)—0(27) 120(1) C(21)— C(20) — Br(28) 121(1)
C(6)— C(7)—C(8) 124(1) C(20)—C(21)— C(22) 122(2)

C(6)—C(7)—C(13) 108(1)
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21 22
28
20 17 16
Br
19 18 0 CH 3
23 15

Fig. 1. Structural formula and numbering of atoms

Fig. 2. The molecule of lactarorufin B

Fig. 3. The molecular packing in the crystal
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Table 5. Selected dihedral angles (°)

Ring A Ring C
C11)—-C(1)—-C(2)—C@H) -—28 0(25)-C(3)—C(4)—C(6) —43
C@2)—-C(1)—-Cc11)—Ccao) 40 C(3)—C4)—C(6)—C(7) 8
C(1)—C(2)—C(9)—C(10) 5 C(4)—C(6)— C(7)—C(8) -2
C2)—-CH)—-Ccuo—-car) 21 C(6)— C(7)— C(8)—0O(25) 30
COY)—-C(o—Ccunn—-ca) —37 C(4)—C(3)—0(25)—C(8) 76

C(7)—-C(@B)—0(25)—C(3) —66

Ring B Ring D
C(9)—C(2)—C(3)—0(25) 20 0(26)—C(5)—C(6)—C(7) 2
C(3)—-C(2)—C(9)—C(8) 9 C(5)—-C)—C(7)—Cc(13) -2
C(2)—C(3)—0(25)—C(8) —44 C(6)— C(7)—C(13)—0O(26) 2
0(25)—-C(8)—C(9)—-C(2) —34 C(6)—C(5)—0(26)—C(13) —1
C(9)—-C(8)—0(25)—C(3) 50 C(7)—C(13)—0(26)—C(5) —1

Table 6. Least-squares planes and atomic deviations (A). All equations are expressed
in orthogonal Angstrom space. Atoms not included in planes calculation are denoted

by (*)

Plane (1) 0212X 0.454Y —0.865Z = — 3.812
(1) 0.019
Q) —0.029
C(9) 0.028
C(10) —0.018
co)* 1.129
c@®)* 1.336
cun* —0.614
252 =0.0023
Plane (2) —0.602X —0.653 Y ~0.460 Z = —8.423
CQ) 0.053
) —0.035
C®) 0.036
C(9) —0.053
0(25)* —0.636

252 = 0.0081
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Table 6. (continued)
Plane (3) 0.835X +0.111Y —0.539 Z = 5.381
C(4) 0.022
C(5) —0.030
C(6) 0.002
C(7) 0.001
C(8) —0.023
C(13) 0.028
c(3)* —0.171
025" 0.652
262 = 0.0026
Plane (4) 0.838X +0.086 Y -0.538 Z = 5.322
C(5) 0.003
C(6) 0.018
C(7) —0.018
C(13) 0.002
027) —0.011
C+ 0.054
C®®)* 0.065
25 = 0.0008
Plane (5) —0.882X -0.133 Y -0.452Z = —6.700
C(16) —0.016
C(17) —0.021
C(18) 0.012
C(19) 0.034
C(20) —0.006
C(21) —0.021
C(22) 0.036
0(23) —0.017
0(24) 0.015
Br(28) —0.016
cis* 0.055
252 = 0.0045
Table7. Angle between perpendiculars of planes (°)
Plane (1) and (2) 55.5 Plane (2) and (4) 108.2
(1) and (3) 53.6 (2) and (5) 344
(1) and (4) 52.8 (3) and (4) 1.5
(1) and (5) 74.7 (3) and (5) 120.5
(2) and (3) 109.1 (4) and (5) 120.5
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results obtained allowed to verify the structure of lactarorufin B to
indicate the lactone carbonyl group at C(5) and not at C(13) as
deduced earlier from the chemical and spectroscopic evidences,
(Daniewski and Kocor, 1973).

The conformation of the A, B, C, and D rings is described by the
torsion angles, least-squares planes, and angles between perpendi-
culars of the planes listed in Tables 5, 6, and 7 respectively. The A ring
has the “'VE envelope conformation (Schwartz, 1973) with C(11)
displaced by —0.614 A out of the plane defined by the remaining ring
atoms. The five-membered B ring adopts ®?5E envelope confor-
mation with O(25) displaced by —0.636 A out of the second plane.
The six-membered C ring containing a double bond between C(6) and
C(7) adopts a distorted half-chair ®*> H,3, conformation with O(25)
and C(3) displaced by 0.652 and —0.171 A respectively out of the third
plane. The D ring constrained by conjugation of double bonds C(6)—
C(7), 1.311 A, and C(5)—0O(27), 1.232A, is planar. The ring junction
between A and B is cis with both C(11) and O(25) exo. The B/C ring
Junction is also cis. The overall conformation of A, B, and C rings is
cis-syn-cis.

The p-bromobenzoate moiety geometry is in agreement with the
commonly accepted data.

The molecular packing in the crystal is shown in Figure 3. There
are no intermolecular contacts that are significantly shorter than the
sum of the corresponding van der Waals radii.
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