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Studies on Flavin derivatives. The Crystal and Molecular Structure of
4a-Allyl-3,5,7,8,10-pentamethyl-4a,5-dihydroisoalloxazine

By ROLF NORRESTAM
Institute of Inorganic and Physical Chemistry, University of Stockholm, S-104 05 Stockholm, Sweden

(Received 29 December 1971)

The crystal structure of 4a-allyl-3,5,7,8,10-pentamethyl-4a,5-dihydroisoalloxazine, C;sH2,N,O,, has
been derived from three-dimensional X-ray diffractometer data. The unit cell is orthorhombic, space

group P2,2,2,, Z=4, with the dimensions a=17-422, 5=12-777 and c=7-564

A. The structure was

determined by direct methods (variance-weighted Y, formula). Full-matrix least-squares refinement of
the structural parameters gave an unweighted linear R value of 0-035 for 1608 observed reflexions. The
4a-allyl-substitution gives bond angles around the carbon atom C(4a) of about 109-5°. The presence of
this tetrahedral carbon atom causes a slight twist of the molecules along the alloxazine ring system.
The intermolecular contacts suggest that the crystal structure is largely held together by conventional

van der Waals forces.

Introduction

The flavoenzymes, which have an isoalloxazine moiety
as a part of the prosthetic group, form a class of redox-
active enzymes playing an important role in biological
redox processes (see e.g. Ehrenberg & Hemmerich,
1968). The isoalloxazine group occurs in three different
states of oxidation — the oxidized, the radical (mono-
hydroisoalloxazine) and the fully reduced (dihydro-
isoalloxazine) states. The present structure determina-
tion of 4a-allyl-3,5,7,8,10-pentamethyl-4a,5-dihydro-
isoalloxazine (Fig. 1) is part of a series of structural
investigations of flavin derivatives (¢f. Kierkegaard
et al., 1971) undertaken at this Institute.

In previous papers we have shown that the iso-
alloxazine ring of neutral (non-protonated) derivatives
is bent in fully reduced 1,5-dihydroisoalloxazines (see
e.g. Norrestam, von Glehn, Hagman & Kierkegaard,
1969) and planar in oxidized isoalloxazines (Norrestam
& Stensland, 1972). The present investigation will
provide structural information about another group of
fully reduced derivatives, the 4a,5-dihydroisoallox-
azines.

A number of biochemical studies support the fact
that irreversible flavin reduction, giving 4a,5-dihydro-
compounds, does occur (see e.g. Gavron, 1963). The
possible role of 4a-substituted flavins as intermediates
in group transfer processes during the catalysis of
flavin enzymes has been extensively studied (cf.
Walker, Hemmerich & Massey, 1967 and Hemmerich,
Ghisla, Hartman & Miiller, 1971).

Experimental

A crystalline specimen of 4a-allyl-3,5,7,8,10-penta-
methyl-4a,5-dihydroisoalloxazine was kindly supplied
by Dr S. Ghisla (University of Konstanz, Germany).
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The preparation of some other 4a,5-dihydroalloxazines
is described by Jefcoate, Ghisla & Hemmerich (1971).
The crystals were examined by X-ray photographic
methods (Guinier, oscillation and Weissenberg tech-
niques). The X-ray photographs indicated orthorhombic
symmetry and the systematic extinctions among the
reflexions were consistent with space group P2,2,2,.
The crystal finally selected had the dimensions
0-20 x 0-30 < 0-22 mm, with the prismatic axis along
[010], and was mounted on a goniometer along this axis.
Precise unit cell parameters were obtained by least-
squares refinement of manual single-crystal diffractom-
eter measurements with Cu Ka radiation (A= 1-54184 A).

Crystal data

Composition of asymmetric unit C;gH,,N,O,, (cal-
culated molecular weight=326-4); a=17-422 (5), b=
12777 3), ¢=7-564 (5) A, V,=1683-8 A3, D.=1-29
g.ecm~3, Z=4, u(Cu Ka)=71 cm™!, space group=
P2.2.2,.

Three-dimensional X-ray intensity data were col-
lected on a Siemens AED single-crystal diffractometer
with graphite-monochromatized Cu K radiation, using
a scintillation detector with pulse height discrimina-
tion. The 1789 independent reflexions within €< 68°
were measured with the 6#-26 scan technique (scan
interval 1-6°) and the background intensity for each
reflexion was calculated as the average of the intensi-
ties measured at each of the ends of the scan interval.
To facilitate a judgement of the random counting
errors of the data, a plot of the percentage of the
collected data with (I ¢,)/]ei < Orer VEISUS 0, Was
performed and is shown in Fig. 2. The calculation of
the e.s.d.’s of the net intensities, a(/,.,), was based on
conventional counter statistics. Only the 1613 inde-
pendent reflexions (90%) for which 0(/,e.)/Ine; <0:10
were used in the subsequent calculations. The net
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intensities were corrected for Lorentz, polarization and
absorption effects (the transmission factors varied be-
tween 0-84 and 0-88.)

Structure determination and refinement

The crystal structure was solved by application of
direct methods (see e.g. Karle & Karle, 1966) in which
variance-weighted >, relations were used for estimation
and refinement of phases. A detailed description of the
phasing programs is given elsewhere (Norrestam,
1972).

Approximate overall temperature and scale factors
were obtained from a usual Wilson plot using a local
version of the program FAME (Dewar & Stone). The
statistical averages and distribution of the derived
normalized structure factors |E| are given in Table 1.
From the 205 highest |E|’s (JE| greater than 1-5), the
914 best triple-phase relations having |E(h)E(—K)E(k —
h)| greater than 12-0 (the variances of the relations used
will then be below 0-6 rad?, according to the table
given by Germain, Main & Woolfson, 1970). Of the
205 reflexions used for generating triple relations,
thirteen (|E|’s below 1-8) did not enter into any rela-
tions.

Table 1. Statistical data
for the normalized structure factors

Experi- Theoretical Theoretical
mental centrosymmetric  non-centrosymmetric
{El» 0-80 0.798 0-886
{JE|2—-1) 1-000 1-000 1-000
{|EJ2} 0-94 0-968 0-736
|El>1 29-0% 32:0% 37-0%
|E|>2 39 50 1-8
|E{>3 1-0 0-30 0-01

Several 3, relations indicated that the phases of the
reflexions 022 and 14,0,0 were both 0-0 radians (esti-
mated probabilities above 0-9). Analysis of the 914 triple
relations showed that the reflexions 783 and 892
entered into several relations involving two reflexions
whose phase sums were known from symmetry im-
posed phase restrictions to be 7/2, modulus zn. By
assigning the value 7/2 to these two reflexions, and the
value 7/4 to the reflexion 6,11,1, a proper set of origin
and enantiomorph-defining reflexions was obtained.

To obtain phases of most of the 192 reflexions in-
volved in the triple relations, two unknowns, 043 and
012, were included in the basis set. These two reflexions
have restricted phases, so that four alternative possible
solutions existed. The basis set used and the phases
obtained by the phasing program, together with the
phases calculated after completion of the structure de-
termination, are given in Table 2.

For each of the four solutions, four different figures
of merit were calculated, viz. the number of phases
determined with e.s.d.’s below 7/4, the number of
triple relations having phase-sums between —n/4 and
7/4, the r.m.s. deviation of the triple-phase sums from
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Table 2. Basis set used for solving the phase relations

Initial Refined Calculated
Indices |E| value phase value phase value phase value
7 8 3 386 nf2 1-64 1-76
611 1 339 n/4 1-:26 0-44
8 9 2 329 nf2 1-99 217
0 4 3 439 T b4 n
0 1 2 304 nf2 nf2 nf2
0 2 2 319 0 0 0
14 0 0 259 0 0 0

zero and the sum J|E;| cos ¢; (Where g; is the phase for
reflexion number 7). The solution giving the most
promising figures of merit was used to calculate an E
map.

The fifteen highest peaks in this map made chemical
sense and their positions together with isotropic
temperature factors (initialized 3-0 A2) and one overall
scale-factor were refined by four cycles of full-matrix
least-squares treatment, to yield an unweighted R
value (R=3|k|F,|—|F/|/>k|F,) of 0-41 for all 1613
reflexions. At this stage all the atoms were treated as
carbons. From a subsequent difference electron density
map, three more atoms were located. From knowledge of
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Fig. 1. Schematic drawing of 4a-allyl-3,5,7,8,10-pentamethyl-
4a,5-dihydroisoalloxazine, with atoms within the rings num-
bered for reference in the text.
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Fig. 2. Percentage of the collected data with g(lnet)/Inet<0re1
plotted versus Grel.
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Table 3 (cont.)

the schematic structural formula (¢f. Fig. 1), it was
possible to identify the 18 atoms and thus assign proper
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sion of the program LALS (Gantzel, Sparks & True-
blood).

The molecular conformation, together with the
atomic labels used, is shown in Fig. 3. In Tables 4, 5
and 6, the positional and thermal parameters are given
with their e.s.d.’s. Tables 7 and 8 show the intramo-
lecular bond distances and angles uncorrected for
thermal vibration.

After the completion of the structure determination,
the phases obtained from the phasing program were
compared with the phases calculated in the last least-
squares cycle. The average deviation of all the 145
phases determined with e.s.d.’s below 45° was 14°.
The average deviation of the phases for the 88 re-
flexions having phase values not restricted by space
group symmetry, was 23°. This last deviation, 23°, is
somewhat higher than those usually obtained (about
15-20°) for structures of similar complexity treated by
the variance-weighted >, formula. A possible explana-
tion (Hauptman, 1964) is the large overlap in Patterson
space for crystal structures built up of roughly planar
molecules consisting of hexagons and having fairly
parallel molecular planes. However, the E map did not
show any of the confusing spurious peaks to be ex-
pected, according to Biirgi & Dunitz (1971), for such
structures.

A comparison between the phases obtained by the
so called weighted 3, formula (Karle & Karle, 1966),
and by the variance-weighted >, formula used in the
present study, showed that the average deviation of the
phases not restricted by symmetry became 31 and 23°
respectively. Thus, the more proper weighting used in

STUDES ON FLAVIN DERIVATIVES. STRUCTURE OF C,;H;,N,0,

the latter case produces significantly improved phase-
estimates.

Discussion

The crystal structure projected on (001) and (010) is
shown in Fig. 4. The fairly planar molecules are
oriented in such a way that their molecular planes are
almost parallel and perpendicular to the ¢ direction.
Lack of proper hydrogen donors precludes conven-
tional hydrogen-bond formation in the crystal struc-

Table 6. Hydrogen fractional atomic coordinates
and isotropic temperature factors

The estimated standard deviations are given in parentheses

H(6) 0-380 (1) 0-210(2) 0736 (3) 32 (4) A2
H(9) 0-:366 (1)  0-552(2) 0956 (3) 334
H(13a) 0-817 (3) 0358 (4) 0679 (10) 129 (18)
H(13b) 0-795 (3) 0-284 (5) 0-652 (9) 12:1 (20)
H(13¢c) 0-804 (4) 0244 (5) 0-818 (9) 13-5 (17)
H(14a) 0-508 (1) 0468 (2) 0577 (3) 27 (4
H(14b) 0-598 (1) 0464 (2)  0-520 (3) 39(5)
H(15a) 0-560 (2)  0-247 (3) 1:022 (5) 5-8(7)
H(15b) 0-576 (2) 0161 (2) 0-867 (4) 4-8 (6)
H(15¢) 0494 (2) 0160 (2) 0939 (4) 5:4(7)
H(17a) 0-202 (2) 0256 (2) 0-884 (5) 51 (7)
H(17b) 0244 (2) 0-181(3) 0758 (5) 6-8 (8)
H(17¢) 0202 (2) 0292(3) 0701 (6) 77 (10)
H(18a) 0234 (2) 0-553(3) 0951 (6) 8:8 (10)
H(18b) 0192 (2) 0472(3) 0-830(5) 62 (8)
H(18c) 0-200 (2)  0-446 (3) 1:013 (6) 72 (9)
H(20a) 0556 (2) 0570 (3) 1-114 (5) 65 (8)
H(20b) 0-490 (2) 0:635(4) 0-985(7) 8-7 (10)
H(20c) 0472 (2) 0-563 (3) 1-153 (6) 78 (9)
H(24) 0-565 (2) 0-304 (3) 0:357 (6) 8:6 (10)
H(34a) 0425 (2) 0:392(3) 0380 (5) 68 (8)
H(34b) 0445 (2) 0-300 (3) 0:235(5) 6-4 (8)

Table 5. Anisotropic thermal parameters for the nonhydrogen atoms

The estimated standard deviations are given in parentheses. The temperature factor expression used is
expl~(h2by1 + k2bys + 12b33+ hkbyo+ hib13 + kiby3)]

b|1><104 b22X104 b33><104 b12X104 b13X104 b23X104
N(1) 23 (1) 50 (1) 214 (4) —14 (1) -9(2) —43 (3)
C(2) 23 (1) 57 (1) 196 (4) —12 (1) -8(3) -5@
N(3) 18 (1) 52(1) 181 (3) —2(1) 4 (2) 18 (3)
C4) 21 (1) 38 (1) 157 (3) -4 (1) 13 (2) 20 (3)
C(4a) 19 (1) 34 (1) 137 (3) ~5(1) 2(2) 4 (3)
N(5) 20 (1) 32(1) 142 (3) -6 (1) 32 3(2)
C(5a) 20 (1) 35Q) 116 (3) -2(1) 5(2) 2(3)
C(6) 24 (1) 41 (1) 138 (3) —11 (1) 32 -3(3)
C(7) 21 (1) 57 (1) 127 (3) -9(1) 1) 8(3)
C(8) 22 (1) 61 (1) 144 (3) 7 (1) 7 (3) 10 (4)
C(9) 24 (1) 42 (1) 162 (3) 7Q1) 9(2) ~10 (3)
C(%a) 21 (1) 37 (1) 127 (3) —4 (1) 6 (2) -2 (3)
N(10) 22 (1) 36 (1) 171 (3) =3 1(2) —35(3)
C(10a) 21 (1) 33 (1) 157 (3) -7() -2(2 0(3)
0(12) 23 (1) 95 (1) 341 (5) ~33 (1) —20 (3) —84 (5)
C(13) 20 (1) 75 (2) 253 (5) 7(2) 18 (3) 12 (6)
0(14) 26 (1) 50 (1) 237 (3) 6 (1) 22 (2) —53(3)
C(14a) 24 (1) 40 (1) 156 (4) -5(1) 12 (2) 26 (3)
C(15) 26 (1) 47 (1) 201 4) 10 (1) 11 (3) 56 (4)
C(17) 23 (1) 84 (2) 208 (5) —18 (2) 4(3) -9(5
C(18) 24 (1) 87 (2) 264 (6) 16 (2) 12 (4) —46 (6)
C(20) 32 (1) 48 (2) 215 (5) —9(2) 9Q) —754)
C(24a) 32 (1) 57 (1) 146 (4) 12 (1) 11 (2) 6 (4)
C(34a) 38 (1) 74 (2) 179 (4) —12(2) -2003) 12 (5)
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ture. Most of the intermolecular distances (Table 9)
are of the same order as van der Waals distances. The
largest deviations from van der Waals contact dis-
tances occur between the keto oxygen atoms, O(12)
and O(14), carrying negative atomic charges, and
various other atoms, most of which probably have small
positive atomic charges. Thus the crystal structure is
probably held together largely by conventional van der
Waals forces between molecules oriented in an elec-
trostatically favourable way.

As seen from Table 10, the isoalloxazine ring system
is not strictly planar. The r.m.s. deviations of the atoms
from the least-squares plane (labelled I in Table 10),
through the atoms forming the ring system are as high
as 0-19 A. The largest deviations from the-least squares
plane occur for atoms C(4), C(4a) and N(5) (—0-23,

Table 7. Intramolecular bond distances in A
with estimated standard deviations in parentheses

N(1)—C(2) 1374 (3)
C(2)—NQ@3) 1410 (2)
N(3)—C(4) 1-366 (2)
C(4)—C(4a) 1-526 (2)
C(42)—N(5) 1-465 (2)
N(5)—C(52) 1-421 (2)
C(5a)—C(6) 1-389 (3)
C(6)—C(7) 1-388 (3)
C(7)—C(8) 1-411 (3)
C(8)—C(9) 1387 (3)
C(9)—C(9a) 1387 (3)
C(92)—N(10) 14424 (2)
N(10)—C(10a) 1347 (2)
C(102)-N(1) 1304 (2)
C(4a)—C(10a) 1-515 (3)
C(52)—C(9a) 1-400 (2)
C(2)—O0(12) 1216 (2)
N(3)-—C(13) 1-467 (3)
C(4)—O0(14) 1-215 (2)
C(4a)—C(14a) 1571 (3)
N(5)—C(15) 1-469 (3)
C(1)—C(17) 1-511 (3)
C(8)—C(18) 1-507 (3)
N(10)—C(20) 1467 (3)
C(142)-C(24a) 1-493 (3)
C(24a)-C(34a) 1-305 (3)
C(6)—H(6) 0-94 (2)
C(9)—H(9) 101 (2)
C(13)---H(13a) 0-81 (6)
C(13)---H(13b) 0-76 (7)
C(13)—H(13c) 1-16 (6)
C(142)-H(14a) 0-99 (2)
C(142)-H(14b) 100 (3)
C(15—H(152) 1-03 (4)
C(15)—H(15b) 0-92 (3)
C(15)—H(15¢) 1-05 (3)
C(17)—H(172) 0-90 (3)
C(17)—H(17b) 1-01 (4)
C(17)—H(17c) 0-97 (4)
C(18)—H(18a) 102 (4)
C(18)—H(18b) 0-89 (4)
C(18)—H(18c) 0-94 (4)
C(20)—H(20a) 097 (3)
C(20)—H(20b) 1-00 (5)
C(20)—H(20c) 0-98 (4)
C(242)-H(24) 0-91 (4)
C(342)-H(34a) 0-94 (4)
C(342)-H(34b) 1-00 (4)
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—0-46 and 0-25 A respectively). This distortion of the
planarity of the ring system is obviously due to the
large C(sp®) character of the C(4a) atom. Thus, the
average of the six bond angles (cf. Table 8) at C(4a) is

Table 8. Intramolecular bond angles (°)

Only bond angles involving non-hydrogen atoms are given.
The estimated standard deviations are given in parentheses.

C(102)-N(1)—C(2) 1196 (2)
N(1)—C(2)—N(3) 1202 (2)
N(1)—C(2)—O0(12) 121-3 (2)
N(3)—C(2)—0(12) 118-4 (2)
C(2)—N(3)—C(4) 1240 (2)
C(2)—N(3)—C(13) 1177 (2)
C(4)—-N(3)—C(13) 118-2 (2)
N(3)—C(4)—C(4a) 1171 (2)
N(3)—C(4)—0(14) 1222 (2)
C(4a)—C(4)—0(14) 1206 (2)
C(4)—C(4a)-N(5) 109-4 (1)
C(4)—C(4a)-C(10a) 1115 (2)
C(4)—C(4a)-C(14a) 1072 (2)
N(5)——C(4a)-C(10a) 1116 (2)
N(5)—C(4a)-C(14a) 111-2 (1)
C(10a)-C(4a)-C(14a) 105-8 (1)
C(4a)—N(5)—C(5a) 1111 (1)
C(42)—N(5)—C(15) 1157 (1)
C(5a)—N(5)—C(15) 1126 (2)
N(5)—C(5a)-C(6) 1210 2)
N(5)—C(52)-C(9a) 1206 (2)
C(6)—C(5a)-C(9a) 118:5 (2)
C(52)—C(6)—C(7) 122:4 (2)
C(6)—C(7)—C(8) 1187 (2)
C(6)—C(1)—C(17) 1201 (2)
C(8)—C(N—C(17) 1212 (2)
C(7)—C(8)—C(9) 1189 (2)
C(7)—C(8)—C(18) 1215 (2)
C(9)—C(8)—C(18) 119:6 (2)
C(8)—C(9)—C(9a) 1219 (2)
C(9)—C(9a)-N(10) 1222 (2)
C(52)—C(9a)-C(9) 119:6 (2)
C(5a)—C(9a)-N(10) 1182 (2)
C(92)—N(10)-C(10a) 1213 (2)
C(92)—N(10)-C(20) 1188 (2)
C(102)-N(10)-C(20) 1198 (2)
N(10)—C(10a)-N(1) 119:5 (2)
C(4a)—C(102)-N(10) 1152 (2)
N(1)—C(10a)-C(4a) 1252 (2)
C(4a)—C(14a)-C(24a) 1148 (2)
C(142)-C(242)-C(34a) 1242 (2)

Table 9. Intermolecular distances less than 3-6 A
between non-hydrogen atoms

Estimated standard deviations are given in parentheses.

Code for symmetry-related atoms

Superscript Atom at
None X, ¥, z
i 3—-x, 1=y, %+z
ii 1—x, —4+y,3—2
iii I+x, 3-y,1-2z
N(1)- - - C(13%) 3-561 (3) A
0(12): - -C(2Y) 3-519 (3)
0(12)- - -N(3YH) 3-260 (3)
0(12)- - - C(4) 3:535 (3)
O(12)---C(13) 3-556 (2)
0(12)- - - C(14a?) 3417 (2)
0O(14)- - - C(91) 3:297 (2)
O(14)- - - C(171) 3-327 (3)
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109-4°, close to the ideal value 109-5° for tetrahedral
atoms, and the four intramolecular bonds (¢f. Table 7)
involving C(4a) have single-bond lengths. Calculation
of least-squares planes (labelled II, Il and IV in Table
10) through the three six-membered rings of the iso-
alloxazine ring system reveals that the pyrimidinoid
(II) and benzenoid (IV) rings are almost planar, while
the pyrazinoid (III) ring deviates significantly from
planarity. The relative orientation of these three planes

and Z are in

Table 10. Deviations of the atoms

from least-squares planes

The planes are of the form AX+ BY+ CZ=D, where X, Y,
units relative to the axes a, b and ¢. The atoms
indicated with asterisks were omitted from the calculations of
the least-squares planes.

Deviation from

Deviation from

plane 1 plane 1I
N(1) 0-166 A N(D 0014 A
C(2) 0-136 C(2) —-0-074
N(@3) 0-024 N(@3) 0-033
C(4) —-0-232 C(4) 0-052
C(4a) —0-455 C(4a) —-0-102
N(5) 0-253 C(10a) 0-076
C(5a) 0-136 *0(12) —0-181
C(6) 0-172 *C(13) 0-071
C(7) 0-065 *0O(14) 0-146
C(8) —0-146 *C(14a) —1-585
C(9) —-0-177 *N(5) 0-847
C(9a) —0-003 *N(10) 0-250
N(10) 0:089
C(10a) —0-028
*0(12) 0-267
*C(13) 0-134
*0(14) -0-322
*C(14a) —2-004
*C(15) 1-638
*C(17) 0-138
*C(18) -0-335
*C(20) 0-362
*C(24a) —2-597
*C(34a) —-3-102
Deviation from Deviation from
plane 111 plane IV
C(4a) —-0311 A C(5a) —0:014 A
N(5) 0-254 C(6) —0-009
C(5a) —0-016 C() 0-022
C(9a) —0-153 C(3) —0-011
N(10) 0-097 C(©%) —0-011
C(10a) 0-129 C(9a) 0-024
*N(1) 0-465 *N(5) —0-041
*C(4) 0-075 *N(10) 0.148
*C(6) —0-137 *C(7) 0-053
*C(9) —0-476 *C(18) —0:046
*C(14a) —1-880
*C(15) 1-664
*C(20) 0-370
Root mean square
deviation of the
atoms without
asterisks from
Plane A B C D the planes
I 0075 -—0-470 0-879 3-870 0-186 A
11 —0056 —0-606 0793 1-090 0-066
111 0201 —0-455 0-867 4:985 0-187
v 0026 —0-358 0933 4-443 0-016
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can be seen in Fig. 3. Thus, the molecule is slightly
twisted along its elongation, due to the presence of the
tetrahedral C(4a) atom. The angle between the normals
to the least squares-planes of the benzenoid and py-
razinoid rings is 12-1°, and that for the pyrazinoid—
pyrimidinoid pair is 17-7°.

To visualize the bond scheme consistent with the
intramolecular bond distances obtained, approximate
n-bond orders were evaluated (Table 11) from the
linear m-bond order — bond distance correlation func-
tions suggested by e.g. Ross & Skancke (1967) and
Fischer-Hjalmars & Sundbom (1968): d=A4 —p x 0-180
(where p is the bond order, d the corresponding bond
distance in A, and A is a constant which has been deter-
mined to be 1517 A for C-C, 1-458 A for C-N and
1-368 A for C-O bonds). These functions have been
originally developed to evaluate bond distances from
n-bond orders obtained from semi-empirical molecular
orbital calculations of the Pariser-Parr—Pople type on
strictly planar molecules. Since the molecules in this
study are nonplanar, the bond orders given in Table 11
should be treated only as rough estimates. However,
the bond order values obtained agree fairly well with
the commonly accepted n-bond scheme (¢f. Fig. 1) for

c(17)

C(7}
pa

)

Fig. 3. Conformation of 4a-allyl-3,5,7,8,10-pentamethyl-4a,5-
dihydroisoalloxazine, as seen (a) perpendicularly to, and (b)
parallel to the molecular plane, with the atoms numbered
for reference in the text. The non-hydrogens are represented
by their thermal ellipsoids.
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)

Fig. 4. Packing diagram, excluding hydrogens, projected (a)
on the ab plane and (b) on the ac plane.

a fully reduced 4a,5-dihydroisoalloxazine ring system
in the neutral state.

From the bond orders in Table 11, the = electrons
of the benzenoid ring appear completely delocalized;
bond orders range from 0-59 for the C(7)-C(8) bond to
0-72. In the pyrazinoid ring the N(10)-C(10a) bond has
a fairly high (0-62) bond order. In the pyrimidinoid
ring the highest bond order (0-86) is obtained for the
C(10a)-N(1) bond. Fairly high bond orders, 0-47 and
0-49, also occur for the N(1)-C(2) and N(3)-C(4) bonds
in this ring. The two oxygens, O(12) and O(14),
attached to this ring are obviously keto, since the two

Table 11. Estimated intramolecular © bond orders, ob-
tained from linear bond order—bond distance correlation

Sfunctions
Bond Bond order Bond Bond order
N(1)—C(2) 0:47 C(10a)-N(1) 0-86
C(2)—N(@3) 0-27 C(4a)—C(10a) 0-00
N@3)—C(4) 0-49 C(5a)—C(9a) 065
C(4)—C(4a) 0-00 C(2)—0(12) 0-85
C(4a)-N(5) 0-00 N@3)—C(13) 0-00
N(5)—C(5a) 0-21 C(4)—0(14) 0-85
C(5a)-C(6) 0-71 C(4a)—C(14a) 0-00
C(6)—C(7) 0-72 N(5)—C(15) 0:00
C(7H)—C(8) 0-59 C(H—CU7n 0-00
C(8)—C(9) 0-72 C(8)—C(18) 0-06
C(9)—C(9a) 072 N(10)—C(20) 0-00
C(9a)-N(10) 0-19 C(14a)-C(24a) 0-13
N(10)-C(10a) 0-62 C(24a)-C(34a) 1-18
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bond orders for the bonds C(2)-O(12) and C(4)-0O(14)
are both 0-85. Thus, there seems to be some delocaliza-
tion of x electrons over the region N(10)-C(10a)-N(1)-
C(2)-0(12), since all the involved bond orders deviate
appreciably from zero. As discussed above, the bonds
involving the carbon atom C(4a) are almost pure single
bonds, as is evident from Table 11.

The geometry of the allyl group attached to the
carbon atom C(4a) of thc isoalloxazine ring agrees
reasonably with that obtained by Dragonette & Karle
(1965) in the structure of allylthiourea, as regards the
bond lengths 1-305 (3) and 1493 (3) A for the
C(34a)-C(24a) and C(24a)-C(14a) bonds, and 124-2 (2)
and 114-8 (2)° for the angles C(34a)-C(24a)-C(14a)
and C(24a)-C(14a)-C(4a). Thus, Dragonette & Karle
obtained the values 1:27 (1) and 1-53 (1) A for the
corresponding bonds, and 128 (1)° and 113 (1)° for the
angles.

The bond C(14a)-C(4a) between the allyl group and
the isoalloxazine ring is 1-571 (3) A, whereas a usual
C-C single bond is 1-54 A (Sutton, 1958). Similarly, in
the structure of S5-ethyl-3,7,8,10-tetramethylisoallox-
azinium perchlorate (Norrestam & Tillberg, 1972), the
bond between the carbon atom of an ethyl group and
the nitrogen N(5) of the isoalloxazine ring is 1-529 (6)
A, compared with the usual C-N single bond length
1:48 A (Sutton, 1958). These long bond lengths suggest
that the bonds between the alkyl groups and the iso-
alloxazine rings are weakened in these two derivatives.
It has also been shown, in investigations (¢f/. Hemme-
rich, Ghisla, Hartmann & Muiiller, 1971) of the chem-
istry of different alkyldihydroisoalloxazines, that one
characteristic feature is the ease of addition and
removal of the alkyl substituents. This feature is, of
course, relevant to the possible role of alkyldihydro-
isoalloxazines as intermediates in group transfer pro-
cesses involving flavin enzymes,

The author is indebted to Professor Peder Kierke-
gaard for his active and stimulating interest in this
work, and for all facilities placed at his disposal.
Thanks are also due to Dr S. Ghisla for the supply of
the crystals used in this work, to Dr M. von Glehn for
assistance with some of the computations and to Dr
Don Koenig for valuable comments on the manu-
script and for his correction of the English of this
paper.

This investigation has been performed with financial
support from the Tri-Centennial Fund of the Bank of
Sweden and from the Swedish Natural Science Re-
search Council.

References

BiUrat, H. B. & Dunirz, J. D. (1971). Acta Cryst. A27, 117.

DRAGONETTE, K. S. & KARLE, I. L. (1965). Acta Cryst. 19,
978.

EHRENBERG, A. & HEMMERICH, P. (1968). In Biological Oxi-
dations. New York: Interscience Publishers.

FiscHER-HJALMARS, I. & SuNDBOM, M. (1968). Acta Chem.
Scand, 22, 607,



1720

GAavVroN, H. (1963). Nature, Lond. 194, 1270.

GERMAIN, G., MaIN, P. & WooLFsoN, M. M. (1970). Acta
Cryst. B26, 274.

HansoN, H. P., HERMAN, F., LEA, J. D. & SKILLMAN, S.
(1964). Acta Cryst. 17, 1040,

HaurTMAN, H. (1964). Acta Cryst. 17, 1421,

HEeMMERICH, P., GHisLA, S., HARTMANN, U. & MULLER, F.
(1971). In Flavins and Flavoproteins. Baltimore: Univer-
sity Park Press.

HuGHES, E. W. (1941). J. Amer. Chem. Soc. 63, 1737.

JercoaTe, C. R., GHisLA, S. & HEMMERICH, P. (1971). J.
Chem. Soc. (C), p. 1689,

KIERKEGAARD, P., NORRESTAM, R., WERNER, P.-E., CsO-
REGH, 1., vON GLEHN, M., KARLSON, R., LEIJONMARCK,
M., RONNQuIST, O., STENSLAND, B., TiLLBERG, O. &
TorBIORNSSON, L. (1971). In Flavins and Flavoproteins.
Baltimore: University Park Press.

Acta Cryst. (1972). B28, 1720

STUDES ON FLAVIN DERIVATIVES. STRUCTURE OF C,3H,,N,O,

KARLE, J. & KARLE, 1. L. (1966). Acta Cryst. 21, 849.

NORRESTAM, R. (1972). Acta Cryst. A28. In the press.

NORRESTAM, R., voN GLEHN, M., HAGMAN, L.-O. & KiERr-
KEGAARD, P. (1969). Acta Chem. Scand. 23, 2199.

NORRESTAM, R. & STENSLAND, B. (1972). Acra Cryst. B28,
440.

NORRESTAM, R. & TILLBERG, O. (1972). Acta Cryst. B28,
890,

Roos, B. & SKANCKE, P. N. (1967). Acta Chem. Scand. 21,
233,

STEWART, R. F., DaviDsoN, E. R. & Simpson, W. T. (1965).
J. Chem. Phys. 42, 3175.

SutTon, L. E. (1958). Tables of Interatomic Distances and
Configuration of Molecules and lons. London: The Chem-
ical Society.

WaLKER, W. H., HEMMERICH, P. & Massey, V. (1967).
Helv. Chim. Acta 50, 2269.

Structure d’un Dérivé de 1a Pyrazoline-1
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(Regu le 1 décembre 1971)

trans-3-Phenyl-3-methoxycarbonyl-4-p-methoxyphenyl-1-pyrazoline crystallizes in the space group P2,/c
with Z=4. The unit-cell constants are a=14-183, b= 5-777, c=22-681 A and = 120-20°. The pyrazoline
ring is not planar: the carbon atom C(4) is out (0-5 A) of the plane of the other atoms of the heterocycle.

The length of the double bond N=N is 1-240 A,

Introduction

Les diphényl-3,4, carbométhoxy-3, pyrazoline-1 cis et
trans substituées au niveau des phényles sont obtenues
par addition de diazométhane sur la double liaison
centrale des acides a-phényl cinnamiques substitués.
Elles se décomposent a une température légérement
supérieure & leur point de fusion; les produits obtenus
sont, pour les dérivés frams, des cyclopropanes et,
pour les dérivés cis, des oléfines. Aucune régle concer-
nant le mécanisme de cette décomposition n’a pu
tre établie. Il semble cependant certain que la con-
formation des pyrazolines joue un role important sur
la nature des produits obtenus. Dans cet ordre d’idée,
nous avons envisagé I’étude de quelques pyrazolines
typiques (tant cis que trans).

Dans ce travail nous déterminons la structure de la
phényl-3, carbométhoxy-3, p-méthoxy-phényl-4, pyra-
zoline-1 trans (C,;gH,sN,05).

H
H
N, /
H
CsH4OCH
N [\ 614 3
CsHsCOOCH;

Les spectres UV et IR donnent peu de renseigne-
ments sur cette structure. Par contre, les spectres r.m.n.
indiquent qu’il s’agit probablement d’une structure
rigide et que le cycle pentagonal s’écarte de la planéité
(Roelens, 1970).

Partie expérimentale

Les cristaux sont incolores. 1ls ont la forme de prismes
allongés suivant I’axe b, dont la base est un hexagone
irrégulier. Leur point de fusion est de 138-139°. Les
données cristallographiques sont les suivantes:

a= 14,183 A
b= 5777
c= 22,681
f= 120,20°
V= 16061 A3

Groupe spatial P2,/c
Z=4_(C18H18N203)

Densité calculée: 1,283 g.cm™3
F(000)=656.

Les parametres de la maille, aprés avoir été évalués
sur des films de Weissenberg, ont été déterminés avec
plus de précision en mesurant, au moyen d’un diffrac-
tometre, ’angle 26 de quelques réflexions.



