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Structure of 4-Bromopyrazabole
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Abstract. C¢HoB,BrN,, M,=238.7, monoclinic,
P2,/n, a=6.756 (2), b=13.012 (4), c=10.931 (4) A,
B=91.50()°, V=9606(5)A>, Z=4, D,=
1.650 Mg m 3, Cu Ka radiation, A = 1.54178 A, u
=5.510mm™", F000)=472, T=108(2Q)K, R=
4.45%, 1185 unique observed data. The molecule has
a butterfly arrangement of three condensed rings
with a boat-shaped central B,N, moiety. The Br is
bonded to the B in an axial position with a B—Br
length of 2.075 (5) A. The shorter B—N bond dis-
tances in the N,BHBr group [1.530 (6) A ave.] com-
pared to the B—N bonds in the N,BH, group
[1.562 (7) A ave.] suggest that the N,BHBr group is
the stronger Lewis acid.

Introduction. The synthesis of pyrazabole and a few
of its derivatives was first reported by Trofimenko
(1966). Since then, dozens of other pyrazaboles have
been reported; this subject was recently reviewed by
Niedenzu (1988). The compound 4-bromopyrazabole
was found to be thermally unstable with respect to
formation of 4,8-dibromopyrazabole and pyrazabole
(Hanecker, Hodgkins, Niedenzu & N6th, 1985). A
study of the crystal structure of 4-bromopyrazabole
was undertaken to look for structural reasons for
this instability.

Experimental. A sample of 4-bromopyrazabole was
synthesized from boron tribromide and a molar
excess of pyrazabole according to Hanecker, Hodg-
kins, Niedenzu & No&th (1985). Unreacted pyraza-
bole was removed by sublimation over a three day
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period at bath temperatures of 312-316 K. A small
portion of the white powdery residue was then
placed in an ampoule, and the ampoule was sealed
under vacuum. The bottom 1cm of this ampoule
was heated in a mineral bath at bath temperatures of
313-318 K;; the rest of the ampoule was cooled to
ambient temperature by a stream of air. During the
next 22d, colorless prismatic crystals were slowly
deposited on the inside surface of the ampoule just
above the level of the mineral oil.

A colorless prism of dimensions 0.20 % 0.25 x
0.45 mm was mounted on a Syntex P1 diffractometer
equipped with a nitrogen gas-stream sample cooler.
Cell parameters were determined from the setting
angles of 24 intensity maxima with 26 values from 41
to 50°. Intensity data were measured using @ scans
with a scan range of 0.40° and a variable scan speed
of 2 to 12°min~!. Stationary crystal/stationary
counter background measurements were made 0.8°
above and below peak maxima for 16.7% of the
total scan time. A semi-empirical absorption correc-
tion was applied to the data giving minimum and
maximum transmission factors of 0.007 and 0.743.
Intensity data were collected in the 26 range 3.5 to
114° with —7<h<2, 0<k<l14, —1l=<i=<]1l.
Three standard peaks (313, 251, 035) were remea-
sured every 50 data with a maximum variation of
0.02. The 1949 measured data were merged giving
1293 unique data with R,, = 6.49%. The structure
was solved by direct methods. The structure was
refined by full-matrix least squares on F using 1185
observed [F> 40(F)] data. Initial positions of H
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Table 1. Atomic coordinates and isotropic equivalent
thermal parameters (A% x 10%)

X y z U *
C(1) =0.1395 (7) 0.1011 (4) 0.6371 (5) 299 (15)
C(2) 0.0398 (8) 0.1185 (3) 0.5821 (6) 343 (17)
C(3) 0.1589 (6) 0.1630 (3) 0.6719 (4) 323 (15)
N(3a) 0.0561 (4) 0.1735 (3) 0.7736 (3) 232 (11)
B@4) 0.1126 (7) 0.2274 (4) 0.8939 (5) 261 (15)
N(4a) 0.0096 (5) 0.1689 (3) 0.9956 (3) 257 (11)
C(5) 0.0714 (8) 0.1476 (4) 1.1114 (5) 354 (16)
C(6) —0.0692 (8) 0.0930 (4) 1.1678 (5) 407 (18)
(7 —0.2204 (7) 0.0804 (3) 1.0805 (4) 357 (16)
N(7a)  —0.1714 (5) 0.1261 (2) 0.9768 (4) 253 (12)
B(8) —0.2885 (7) 0.1390 (4) 0.8519 (6) 326 (18)
N(8a) —0.1283 (5) 0.1349 (2) 0.7525 (4) 247 (12)
Br(1) 0.00165 (6) 0.37598 (3) 0.88390 (4) 313 (3)
H(4) 0.256 (6) 0.235 (3) 0.898 (4) 324)
H8a)  —0.399 (6) 0.074 (4) 0.854 (4) 32 (4)
H(8b) =0.363 (6) 0.207 (3) 0.863 (4) 32 (49)

* Equivalent isotropic U defined as one third of the trace of the
orthogonalized U ; tensor.

Table 2. Selected bond lengths (A) and angles (°)

B(4)—Br(1) 2.075 (5) N(4a)—C(5) 1.351 (6)
N(8a)—C(1) 1.336 (6) N(da)—N(7a) 1.354 (5)
C(1)—CQ) 1.385 (7) C(5)—C(6) 1.349 (7)
C(2—C(3) 1.380 (7) C(6)—C(7) 1.389 (7)
C(3—N(3a) 1.333 (6) C(7—N(7a) 1.330 (6)
N(32)—B(4) 1.530 (6) N(7a)—B(8) 1.569 (7)
N(3a)—N(8a) 1.357 (4) B(8)—N(8a) 1.555 (7)
B(4)—N(4a) 1.530 (6) B(8)—H(8a) 1.13 (5)
B(4)—H(4) 0.97 (4) B(8)—H(8b) 1.03 (5)
Br(1)—B(4—N(3a)  107.5 (3) C(5—N(4a)—N(7a)  108.2 (4)
Br(1)—B(4)—N(4a)  109.4 (3) N(da)—C(5)}—C(6)  109.4 (4)
N(@Ba)—C(1)—C(2)  109.1 (4) C(5—C(6—C(7) 105.2 (5)
C(1)—CQ)y—C3) 105.1 (5) C(6—C(7)—N(7a)  109.8 (4)
C(2—C(3)—N(3a)  109.2 (4) C(—N(7ay—B@®)  131.2 (4)
C(3)—NQGa)—B@) 1298 (3) C(7—N(7a)}—N(da)  107.4 (4)
C(3)—N(3a)—N(8a) 108.5 (3) B(8)—N(7a)—N(4a) 121.4 (4)
B(4—N(3a)}—N(8a) 121.5 (3) N(7a)—B(8)—N(8a)  105.1 (3)
N(3a)—B(4—N(4a) 106.7 (3) B(8)—N(8a)—C(1)  130.4 (4)
B(4)—N(@4a)—C(5)  130.4 (4) B(8)—N(82)—N(3a) 121.5 (4)
B(4)—N(4a)—N(7a) 1214 (3) C(1)—N(8a)—N(3a)  108.1 (4)

atoms were calculated. Boron H positions were
refined independently; positions of H atoms in the
pyrazolyl (N,C;Hs) groups were refined using a
riding model. Non-H atoms were refined anisotropi-
cally. A single isotropic temperature factor was
refined for all H atoms. A total of 128 parameters
were refined. The structure converged to R = 4.45%,
wR=1581%, S=160 with a maximum A4/0 of
0.005. Weights used in refinement were given by
[0?(F) + 0.0008F% ' with o?(F) determined by
counting statistics. The maximum and minimum
peaks in a final difference electron density map were
1.04 and —0.73 e A3, respectively. The two large
(>0.6eA™%) peaks in the difference map were
located about 1.1 A from the Br atom. Complex,
neutral-atom scattering factors were taken from
International Tables for X-ray Crystallography (1974,
Vol. IV). All programs used were from the
SHELXTL-Plus software package (Sheldrick,
1990).
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Atomic coordinates and equivalent isotropic ther-
mal parameters are given in Table 1. Selected bond
lengths and angles are presented in Table 2.* 4-
Bromopyrazabole has a boat-shaped central B,N,
ring. The numbering scheme is shown in Fig. 1 and
the packing in Fig. 2.

Discussion. The acute dihedral angles between the
plane of the four N atoms and the two BN, are
30.3 (5) and 29.7 (3)°. These values suggest a slightly
flatter boat than was seen in pyrazabole [35.5 (1) and
33.4 (3)° (Hanecker, Hodgkins, Niedenzu & Noth,
1985)]. The compound 4,4,8,8-tetrabromopyrazabole
(Hanecker, Hodgkins, Niedenzu & Noth, 1985) sits
on a crystallographic 2/m site and thus the B,N, ring
is planar.

The Br in 4-bromopyrazabole occupies an axial
position on the B(4) boron atom. The B—Br length
in 4-bromopyrazabole, 2.075 (5) A, is longer than the
2.009 (8) A seen in the tetrabromo compound, longer
than the 2.051 A B—Br bond length average seen in
4,8-dibromo-2,6-dichloropyrazabole (Niedenzu &
Noth, 1983) and about the same as the 2.072 (14) A

* Lists of anisotropic thermal parameters, H-atom parameters
and structure factors have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
54882 (7 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England. [CIF reference: CR0390]

Fig. 1. Numbering scheme of 4-bromopyrazabole showing 50%
probability thermal ellipsoids.

X

Fig. 2. Packing diagram of 4-bromopyrazabole.
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seen in a dibromoboryl-phenanthroline compound
(Klebe & Tranqui, 1984). This lengthening may help
to explain. the thermal instability of 4-bromopyraza-
bole relative to the two symmetrical compounds
pyrazabole and 4,8-dibromopyrazabole (Hanecker,
Hodgkins, Niedenzu & No6th, 1985). Also, the two
kinds of B—N bonds in 4-bromopyrazabole are of
distinctly different lengths: N,BHBr 1.530 (6) A
average; N,BH, 1.562 (7) A average. The latter
B—N bonds are similar to those observed in pyraza-
bole, 1.553 (3) A. The B—N bonds in the tetrabromo
compound are 1.521 (12) A. Thus the B atoms in
these three compounds should be ranked in order of
increasing Lewis acidity as: N,BH,, N,BHBr,
N,BBr,. Similar reasoning has been. invoked to
explain trends in B—N bond lengths in other B-
halopyrazaboles (Clarke, Das, Hanecker, Maria-
tegui, Niedenzu, Niedenzu, Noth & Warner, 1987;
Hanecker, Hodgkins, Niedenzu & Noéth, 1985).

Acta Cryst. (1992). C48, 1262-1265
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Abstract. C;gH,sNO;, M, = 293.3, monoclinic, P2,/a,
a=12.456 (2), b=6.735(4), c=16.1353)A, B=
92.17(1)°, V=1353 A% Z=4, D(110K) = 1.440
D, (295 K) = 1.387, D,(295K)=1.380 gcm 3,
Mo Ka, A=0.71069 A, £ =090cm™', T=110K,
F000) =616, final R=0.034, 1889 unique reflec-
tions. A repulsive interaction between the mor-
pholine moiety and the carbonyl oxygen (Q9) is
observed, which distorts the angles O9—C9—C9a
[123.3 (1)°] and N1—C1-—C9a [122.0 (1)°]. Both O9
and to a lesser extent O10 are bent out of the
anthraquinone plane, but in opposite directions.

y

Introduction. The title compound 1-morpholino-
anthraquinone (I) was synthesized as a precursor to

* This structure was solved in an introductory class to X-ray
crystallography.
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the anthraquinone-based podand (II) which is
related to previously synthesized anthraquinone-
based lariat ethers (Gustowski, Delgado, Gatto,
Echegoyen & Gokel, 1986a,b; Echegoyen, Yoo,
Gatto, Gokel & Echegoyen, 1989). In the course of
those investigations we found that (I) is about four
orders of magnitude more basic than (II) (Kauf-

mann, 1991).
HyCO /\/Oj
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