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Abstract. M, = 330-43, monoclinic, P2,/c, a=
12.589 (2), b=12-317(2), c=12-231(2Q)A, B=
10353 (2)°, V = 1843.9 A3, Z=4, D, .=

1-190 Mg m~3, Cu Ko radiation, 1= 1.54184 A, u=
0-613 mm~!, F(000) = 712, T =277 (1) K, R =0-054,
R,=0.084 for 1420 reflections. The structure was
solved by direct methods and refined by full-matrix
least-squares calculations. This compound, which can
be thought of as a lactim derivative of half a
mesobilirubin molecule or alternatively as a substituted
pyrromethene, adopts a Z configuration with a syn-
periplanar conformation at the methine single bond.
While there is no intermolecular hydrogen bonding,
there is an N—H---N intramolecular hydrogen bond.

Introduction. The title compound, hereafter referred to
as methoxyxanthobilirubinic acid methyl ester, is a
derivative of xanthobilirubinic acid and thus can be
considered as one half of a molecule of mesobilirubin
IXa (rings A and B). Naturally occurring bile pigments
and their derivatives have pyrrolinone rings in the
lactam form. In these lactam derivatives hydrogen
bonding is generally very important, especially in
bilirubin itself where there is extensive intramolecular
hydrogen bonding between the lactam oxygens and the
peripheral propionic acid groups (Bonnett, Davies,
Hursthouse & Sheldrick, 1978). The title compound has
the pyrrolinone ring in the lactim form. In addition,
since both the propionic acid group and the pyr-
rolinone O atom are methylated, hydrogen bonding is
much less likely. Therefore, an accurate structure
determination would be of interest to provide a
comparison with bile pigments and their derivatives.

* Present address: Crystallography and Molecular Biology
Division, Saha Institute of Nuclear Physics, 92 APC Road,
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Experimental. Title compound prepared by the method
of Fischer & Adler (1931). Single crystals grown by
slow evaporation of a saturated solution in methanol at
room temperature; light-yellow crystals were trans-
parent and needle-shaped, crystals of suitable size
obtained by cutting the needles with a razor blade.
Syntex P1 diffractometer, Cu K radiation with a graphite
monochromator, monochromator and tube mount in
perpendicular mode; degree of mosaicity of the graphite
crystal taken as 0-5, 26/w scan mode, approximate
crystal dimensions 0-2 x 0-2 x 0-2mm. A total of
1795 reflections measured in the range 26 < 115°, 1420
unique reflections considered observed with I > 3a(J).
Intensities of three standard reflections measured after
every 97 reflections; cell dimensions obtained from a
least-squares analysis of angle measurements of 15
strong reflections in the range 42° <28 < 62°, sys-
tematic absences 40/ for / odd and 040 for k odd.
Corrections for Lorentz and polarization effects and
crystal decay (ca 3%) applied; no absorption correc-
tion. Structure solved by direct methods using the
program MULTAN78 (Main, Hull Lessinger, Germain,
Declercq & Woolfson, 1978), calculations performed
on a PDP 11/40 computer using the Enraf—Nonius
structure determination package (Frenz, 1978); use was
also made of the PDP 11/40 Vector General graphics
system (Morimoto & Meyer, 1976; Swanson,
Rosenfield & Meyer, 1982). Non-hydrogen atoms were
refined by full-matrix least-squares methods, minimiz-
ing 2wl F,| — (1/k)\F,1]* with w = 1/0*(F,), where k is
the scale factor. Most of the H atoms (except six which
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were idealized with C—H length of 0-95 A) were
located from a difference Fourier synthesis. H atoms
were assigned fixed isotropic thermal parameters of
4.0 A? and none were refined except for that attached
to N(2) which plays a significant role in the structure.
The refinement was stopped when the highest shift/
error ratio was 0-41, average shift/error = 0-08, final
R=0-054, R,=0-084, S=2.4, Scattering factors
from Cromer & Waber (1974); anomalous-dispersion
corrections applied to all non-hydrogen atoms (Cromer,
1974). A difference Fourier calculated at the final stage
was featureless, the highest difference peak, 0-15 e A3,
having no chemical significance. No correction for
secondary extinction.

Discussion. The positional parameters along with their
e.s.d.’s are given in Table 1.* An ORTEP (Johnson,
1965) drawing of the structure is shown in Fig. 1. The
numbering scheme used is also given. The molecule
assumes a Z configuration with a synperiplanar
conformation at the methine single bond. Thus the
molecule resembles one-half of a porphyrin ring. The Z
synperiplanar arrangement is the one found in both
naturally occurring bile pigments such as bilirubin
(Bonnett, Davies, Hursthouse & Sheldrick, 1978), their
derivatives such as biliverdin dimethyl ester (Sheldrick,
1976), and most synthetic di-, tri-, and tetrapyrroles
(e.g. Cullen, Pépe, Meyer, Falk & Grubmayr, 1979,
and references therein). Only a few structures with the
E configuration have been reported (Sheldrick, Bor-
kenstein, Blacha-Puller & Gossauer, 1977; Hori et al.,
1981).

As is found for most of the Z isomers of oxo-
dipyrromethenes previously reported (Cullen, Black,
Meyer, Lightner, Quistad & Pak, 1977; Sheldrick et al.,
1977; Cullen et al.,, 1979), the dipyrrolic skeleton is
relatively planar. The dihedral angle at the methine
single bond is 2-7°. The individual pyrrole rings are
planar. The maximum deviation of an atom from the
plane of the pyrrole ring to which it belongs is 0-01 A.

In almost every structure of a bile pigment or their
derivatives thus far reported, the pyrrolinone rings are
in the lactam form, the exception being dimethoxy-
bilirubin dimethyl ester (Sheldrick & Becker, 1979),
which has these rings in the alternative lactim form. The
observation that the lactam form is predominant has
also been verified by X-ray photoelectron spectroscopy
(Falk, Gergely, Grubmayr & Hofer, 1977). In the
present case, however, this ring (4) is in the lactim
form. Bond lengths and angles are shown in Table 2.
There is a great deal of bond fixation in ring 4, the

*Tables of H-atom parameters, thermal parameters, least-
squares planes and structure factors have been deposited with the
British Library Lending Division as Supplementary Publication No.
SUP 38634 (13 pp.). Copies may be obtained through The
Executive Secretary, International Union of Crystallography, 5
Abbey Square. Chester CH1 2HU, England.
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pyrrolinone ring, so that the form as shown in the
introduction predominates for this ring. This is especially
apparent from the N(1)-C(1) and N(1)-C(4) dis-
tances, which are characteristic of pure C—N double
and single bonds respectively. Similarly the C,—~C,,
C,—C, and C_—C,, distances are also what would be
expected given the predominance of this form. The
C,—N-C, angles in rings 4 and B are typical of those
tabulated for pyrrole rings respectively bearing and
lacking an imino H atom (Hoard, 1975). The
nomenclature for the various types of C atoms is given
in Fig. 1.
Table 1. Fractional coordinates derived from least-
squares refinement

For non-hydrogen atoms the thermal factor Beq = $2,2(a,.a)) ;.
H(N2) was refined isotropically and the value given is the refined
isotropic parameter. In this and subsequent tables, the value in
parentheses is the e.s.d. of the least significant digits.

x » z Bey (AY)
o)y 0-4577(2) 0-1488 (2) 0-1777 (2) 5-29 (8)
0(2) —0:0253(2) 0-6499 (3) —0-1046 (2) 5-67(8)
0(3) 0-1220 (3) 0-7481 (3) —-0-0297(2) 6-48 (9)
N(1) 0-3574 (3) 0-2411 (3) 0-0202 (3) 4.01(8)
N(2) 0-3131(3) 0-4423 (3) —-0-0702 (3) 3.81(8)
C(1) 0-3906 (3) 0-1522 (3) 0-0749 (3) 3-86 (9)
C(2) 0-3483 (3) 0-0533 (3) 0.0184 (3) 4-1(1)
C(3) 0-2820(3) 0-0857 (3) —0-0805 (3) 3.82(9)
C4) 0-2884 (3) 0-2046 (3) —0-0817 (3) 3.87(9)
C(5) 0-2381 (3) 0-2746 (3) -0-1632(3) 3-9(1)
C(6) 0-2465 (3) 0-3900(3) —0-1613(3) 3.49 (9)
C(7) 0-1953 (3) 0-4696 (3)  —0-2349 (3) 3.52(9)
C(8) 0-2317(3) 0-5709 (3) —0-1872(3) 3.3109)
C(9) 0-3044 (3) 0-5499 (3) —0-0851 (3) 369 (9)
C(10) 0-3691 (4) 0-6257 (4) 0-0019 (3) 4.7(1)
C(1 0-1178 (4) 0-4523 (4) —0-3468 (4) 4.6 (1)
C(12) 0:1967 (3) 0-6811 (3) —0:2334 (3) 4.0 (1)
C(13) 0-0805 (4) 0-7092 (4) —0-2259 (3) 4.4 (1)
C(14) 0-0642 (3) 0-7059 (4) —0-1098 (3) 4-4 (1)
C(15) ~0-0531(5) 0-6461 (5) 0-0006 (4) 8-2(2)
C(16) 0-4907 (4) 0-2493 (4) 0-2314 (4) 5.7(1)
C(17) 0-3751(4) —-0-0580 (4) 0.-0652 (4) 5-4 (1)
C(18) 0-2163 (4) 0-0169 (4) —0-1711(4) 4.9 (1)
C(19) 0-2710(5) —0-0073 (4) —0-2645 (4) 6-6 (1)
H(N2) 0-349 (3) 0-386 (3) —0-003 (3) 4.1(8)

T
Ci161
Fig. 1. ORTEP (Johnson, 1965) drawing of methoxy-
xanthobilirubinic acid methyl ester. Thermal ellipsoids for

non-hydrogen atoms are drawn for 50% probability. Thermal
parameters for H atoms have not been drawn to scale. Also
shown are the crystallographic numbering scheme and the
nomenclature for the various types of C atoms (shown in square
brackets) and the intramolecular hydrogen-bonded distances (A).
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Table 2. Interatomic distances (A) and angles (°)

Bond angles involving the intramolecular hydrogen bond are also
given. The N—H and average C—H values are 1-09 (3) and 0-98 A,
respectively.

o(-C(1) 1.342 (3) N()—C(1) 1-300 (3)
O(1)—C(16) 1417 (4) N(1)—C(4) 1-416 (3)
0(2)-C(14) 1-335 (4) N(2)—C(6) 1-387 (3)
0(2)-C(15) 1410 (4) N@2)—C(9) 1-339 (3)
0(3)-C(14) 1-195 (3)

C(H—C(2) 1.440 (4) C(-C(@®) 1-409 (4)
C(2-C(3) 1.359 (4) c(NH-Ccun 1-498 (4)
c)-cU7) 1-494 (4) C(8)~C(9) 1-389 (4)
C(3)-C(4) 1-466 (4) C(8)—C(12) 1-496 (4)
C(3)-C(18) 1-483 (4) C(9)—C(10) 1-504 (4)
C(4)—C(5) 1-357 (4) C(12)-C(13) 1527 (4)
C(5)—C(6) 1-426 (4) C(13)—C(14) 1-482 (4)
C(6)-C(7) 1.384 (4) C(18)—C(19) 1-495 (5)
C()=-O()=C(16)  117-3(2) C(5)—C(6)-C(7) 132:4 (3)
C(14)-0(2)-C(15)  117-0(2) C(6)—C(7)~C(8) 107-5 (2)
C()=N(1)—-C(4) 104.0 (2) C(6)—C(N—C(11)  126.8 (3)
C(6)-N(2)-C(9) 109-6 (2) C@®)-C(N-C(1)  125-7(3)
O(1)—C(1)=N(1) 124-4 (3) C(7)-C(8)-C(9) 106-8 (2)
0(1)—C(1)-C(2) 120-3 (3) C(1~-C(8)-C(12)  127-5(2)
N(D—C(1)—C(2) 115.3 (3) C(9)—C(8)-C(12)  125-6 (3)
C(1)-C(2)-C(3) 105-1 (2) N(2)—C(9)—C(8) 1088 (3)
C(D=-CQ)-C(17)  124-6(3) N(2)—C(9)-C(10)  120.4 (3)
C(3)=C(2)-C(17)  130-3(3) C(8) C(9)-C(10)  130-8 (3)
C(2)—C(3)-C(4) 106-2 (3) C®)—C(12-C(13)  112:6 (2)
C(2>-C(3)-C(18)  128.0(3) C(12—C(13)-C(14) 113.6 (3)
C(4)-C(3)-C(18)  125-8(3) 0(2)-C(14-0(3)  123-:0(3)
N(1)=C(4)—C(3) 109-4 (3) 0(2)—C(14)—C(13)  111-6 (3)
N(1)—C(4)-C(5) 122.0 (3) 0(3)-C(14)—C(13)  125-4 (3)
C(3)=C(4)—C(5) 128-6 (3) C()-C(I18)=C(19)  114.2(3)
C(4)-C(5)—C(6) 127.0(3) C(6)-N(2)—H(N2) 112 (1)
N(2)—C(6)—C(5) 120-3 (2) C(9)-N(2)-H(N2) 138 (2)
N(2)—C(6)—C(7) 1072 (2) N(2)—H(N2)-N(1) 138 (2)

Fig. 2. Stereoview of the packing in the unit cell, viewed
approximately down the ¢ axis. Unit-cell edges are indicated by a
solid line for a, long-dashed lines for b, and short-dashed lines for
c. N atoms are designated by tetrahedral marks, O atoms by
octahedral marks. (This diagram drawn with the aid of computer
program PACK: Swanson, Rosenfield & Meyer. 1982.)

The degree of delocalization is greater in ring B, but
even in this ring the N(2)—C(6) bond length is longer
than the N(2)—C(9) distance. These distances corres-
pond to approximate bond orders of 1.5 and 1
respectively. This would be expected given the
localization found in ring 4.

METHOXYXANTHOBILIRUBINIC ACID METHYL ESTER

Because only one N atom bears an H atom, steric
effects should be less than in the lactam form of
Z-oxodipyrromethenes, where both N atoms bear H
atoms. This is especially evident in the C,—C,—C,
angle of 127.0 (3)° which is significantly smaller than
the value found (133°) in the Z-synperiplanar
oxodipyrromethenes. The trends in bond parameters
discussed here are similar to those found in di-
ethoxybilirubin diethyl ester (Sheldrick & Becker,
1979).

There is an intramolecular N(1)---H(N2)—-N(2)
hydrogen bond, the existence of which may in part
account for the planarity of the molecule. Bond
parameters for this hydrogen bond are given in Fig. 1
and Table 2. The other reported lactam oxodipyr-
romethenes all have intermolecular hydrogen bonding,
but none is possible in this case, given the observed
planarity of the molecule.

The title compound may also be considered as an
unsymmetrically substituted pyrromethene, which
might exist as either of the following tautomeric forms.

0—CH,

Pyrromethenes are known to exist in a canonically
structured form from ESCA measurements (Falk,
Hofer & Lehner, 1974). As there is a very rapid
tautomerization process available in the pyrromethene
series (e.g. Falk, Gergely & Hofer, 1974a) the
equilibrium position is not given a priori. This position
might be on either extremum or it might correspond to
a 50/50 mixture. Such a tautomerism has been
observed in another O-methylated pyrromethene, which
may be compared to the title compound (Falk,
Grubmayr, Thirring & Gurker, 1978). Earlier X-ray
structural results on a symmetric neutral pyrromethene
were inconclusive on the question of the imino H atom,
since its position was disordered (Sheldrick, Borken-
stein, Struckmeyer & Engel, 1978). Therefore, this
study presents the first case of a structure of an un-
symmetrically substituted pyrromethene where the
tautomeric situation is clearly defined. The only other
work which indicated a single tautomer was a LIS-
NMR study of unsymmetrically substituted pyr-
romethenes (Falk, Gergely & Hofer, 1974b).

In contrast to pyrromethenones, the O-methyl
derivatives do not isomerize photochemically (Falk,
Grubmayr & Neufingerl, 1979) and have very little
fluorescence (Falk & Neufingerl, 1979a). The intra-
molecular hydrogen bond in the O-methyl derivatives
gives rise to an extremely efficient radiationless de-
excitation process and is responsible for these dif-
ferences (Falk & Neufingerl, 19795).

A packing diagram of the contents of the unit cell is
given in Fig. 2. As is observed for many of the planar
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dipyrromethenes, the molecules pack in parallel sheets,
approximately 3-5-3-7 A apart. It is believed that this
arrangement stabilizes the planarity of the pyrrolic
skeleton because of dispersion forces between the sheets
(Sheldrick, Borkenstein, Blacha-Puller & Gossauer,
1977). There are no intermolecular contacts less than
3.5 A between non-hydrogen atoms.

We acknowledge support of this research project by
the Robert A. Welch Foundation, The National
Institutes of Health and the Texas Agricultural Experi-
ment Station.
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Abstract. M,=274.35, monoclinic, P2,/g, a=
9.079 (2), b=12.073(2), ¢=12-371013)A, pf=
107-21 (2)°, V=1295.32 A3, Z =4, D, =

1-407Mgm=, A(CuKa)=1-54184 A, u(CuKa)=
3.49mm~!, F(000)=568, T=298K, R=0-063,
R, =0-064 for 1259 reflections. S—S is 2-021 (2) A
and the C—S—S—C dihedral angle is 80-8 (3)°. The
compound is monomeric and has a gauche confor-

0108-2701/83/101387-03%01.50

mation with respect to the S—S bond. Short contacts
(~ 3-0 A) are present between the S and O of the two
halves of the disulphane.

Introduction. The symmetric disulphone compounds of
type RSSR contain the disulphide bridge which plays an
important role in stabilizing macromolecular (protein)
structures in three dimensions. The title compound
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