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Software (Molecular Structure Corporation, 1988) was used
for data collection and cell refinement. TEXSAN (Molecular
Structure Corporation, 1992) was used for data reduction.
The structure was solved by Patterson methods (PATTY in
DIRDIF; Beurskens et al., 1992) and expanded using Fourier
techniques (Beurskens et al. 1992). H atoms were located
from a difference map and fixed at ideal positions with U,

= 1.2U(C). All calculations were performed using TEXSAN.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the TUCr (Reference: TA1039). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

X-ray structure analyses of Smiles rearrangement and
further cyclization products of 2-[3-cyanopropylthio-
(and oxy)]pyridine-3-carbonitriles revealed the struc-
tures of 5-amino-8-methyl-1,2-dihydrothieno[2,3-k][1,6]-
naphthyridine, C;;H;;N3S, and 5-amino-8-methyl-1,2-
dihydrofuro[2,3-A][1,6]naphthyridine, CyH;;N3O. The
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crystals of both compounds are isomorphous; mono-
clinic, space group P2;/n. The molecules, related by
a centre of symmetry, are linked through N—H..-N
hydrogen bonds. Common features of bond lengths and
angles that characterize the thieno and furo[2,3-A][1,6]-
naphthyridine skeletons are described.

Comment

We have found a novel method of synthesis of
the thieno[2,3-h]naphthyridine skeleton from 2-(3-
cyanopropylthio)pyridine-3-carbonitrile and its 5-methyl
derivative (Sasaki, Rouf, Kashino & Hirota, 1994,
1995). Further application of the method to 2-(3-cyano-
propyloxy)-6-methylpyridine-3-carbonitrile gave rise to
the furo[2,3-A][1,6]naphthyridine skeleton (Rouf, 1995).
This unique synthetic method, including Smiles rear-
rangement followed by cyclization, has proved useful
for the syntheses of heterocyclic systems containing N,
O and S atoms. 5-Amino-1,2-dihydrothieno[2,3-A][1,6]-
naphthyridine, (I), 5-amino-8-methyl-1,2-dihydrothieno-
[2,3-h][1,6]naphthyridine, (II) and 5-amino-8-methyl-
1,2-dihydrofuro[2,3-h]{1,6]naphthyridine, (III) showed
relaxation activity against carbamylcholine chloride-
induced tracheal muscular contraction (Rouf, 1995). In
the present paper, the structures of (II) and (III) are
reported and compared with that of (I) (Sasaki, Rouf,
Kashino & Hirota, 1994).

NH,

z I\N
R SN & X
(DR=H,X =S

(IDR=Me, X =S
(IIHR=Me, X =0

The overall ring systems of (I), (II) and (III) are
planar with max1mum deviation of 0.299 (4), 0.132 (4)
and 0.094 (3)A respectively, at C(2). Among (I), (II)
and (III), some differences are observed in the deviation
of the amino and methyl substituents from the ring
plane: the amino N(14) atom of (I) shows a significant
deviation of 0.167 (4) A from the ring plane, in contrast
with those of (II) and (IOII) where the deviations are
0.003 (2) and 0.031(2) A, respectively. The methyl
group in (III) is distorted by 0.106 (2) A from the rin
plane, which is larger than the deviation of 0.012 (3)
in (II). However, shortening of the N(9)—C(8), C(6)—
C(7), N(4)—C(5) and C(10)—C(11) bonds is commonly
observed for the molecules of (I), (II) and (III). These
molecules are also characterized by widening of the
N(4)—C(11)—C(10) angle.

In the crystals of (I), (II) and (III), pairs of molecules,
related by a centre of symmetry, are linked through
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an N—H.-:N hydrogen bond to form a dimer. Each Experimental
constituting molecule in the dimeric unit is linked to a . .
neighbouring dimer through a hydrogen bond between ~Compound (I) was obtained by the synthesis method of

. A . Sasaki, Rouf, Kashino & Hirota (1994, 1995) and recrystal-
the amino group and N(9) to form a three-dimensional lized from ethanol. Compound (III) was obtained by the syn-
hydrogen-bonded network.

thesis method of Rouf (1995) and recrystallized from ethanol.

Compound (II)

Crystal data

CuHiNsS Mo Ka radiation

M, =217.29 A=071073 A
Monoclinic Cell parameters from 25
P2 /n reflections
a=10.04(1) A =10-11°
b=9572(4) A p =027 mm™!

¢ =10.680(5) A T=296K

B =98.16 (6)° Plate

vV =1016(1) A 0.45 x 0.25 x 0.15 mm
Z=4 Yellow

D, =1420 Mg m™>

Data collection

Rigaku AFC-5R diffractom- Rin = 0.026
eter Omax = 26°

w/26 scans h=0—12

Absorption correction: k=0-—11
none Il=-12 - 12

2116 measured reflections
2003 independent reflections
1230 observed reflections

[/ > 30()

3 standard reflections

monitored every 97
reflections

intensity decay: 1%

(b)

Refinement
Fig. 1. Displacement ellipsoid plots with atomic numbering for (a) _ -3
(II) and () (III). Ellipsoids of 50% probability are drawn for non- Refinement on F Apmax = 0.20 e AA_J
H atoms; H atoms are represented as spheres equivalent to B = R =0.038 Ap{niﬂ = —024e :
1.0 A2, wR = 0.031 Extinction correction:
S=149 Lo = (1 + gle)

1230 reflections
181 parameters
H atoms refined
w = 1/o?(F)
(A/0)max = 0.11

Extinction coefficient:
g=2.15x 107°

Atomic scattering factors
from International Tables
for X-ray Crystallography

(1974, Vol. 1IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A’) for (Il)

Beq = (87r2/3)2,'2jU,jai‘a;a,-.aj.

X y z Beq
S(3) 0.75225 (8) 0.14148 (9) 0.72812 (7) 4.59 (4)
N@4) 0.8248 (2) 0.0008 (2) 0.9436 (2) 3.4(1)
N(9) 0.4503 (2) —0.2002 (2) 0.9046 (2) 29(1)
N(14) 0.9020 (3) —0.1117 (3) 1.1276 (3) 4.8 (1)
() 0.5144 (3) 0.0006 (4) 0.7091 (3) 3.9(Q)
C@) 0.5805 (3) 0.1225 (4) 0.6497 (3) 4.3(2)
C(5) 0.7996 (3) —0.0896 (3) 1.0318 (2) 3.1(1)
C(6) 0.6435 (3) —0.2621 (3) 1.1127 (3) 3.3()
C(7) 0.5205 (3) —0.3263 (3) 1.0970 (3) 3.7(1)
C(8) 0.4254 (3) —0.2908 (3) 0.9917 (3) 3.3(D
C(10) 0.6010 (2) —0.0373 (3) 0.8305 (2) 2.6(1)
A . . c1) 0.7244 (3) 0.0237 (3) 0.8475 (2) 29(1)
Fig. 2. The crystal packing of (III) viewed along the ¢ axis. Hydrogen ca2) 0.6730 (2) —0.1626 (3) 1.0253 (2) 2.6 (1)
bonds are shown by broken lines. Convert a to ¢, and ¢ to —a 10 C(13) 0.5724 (2) —0.1345 (3) 09211 (2) 2.5(1)

obtain the corresponding view for (II). C(15) 0.2892 (4) —0.3578 (5) 0.9739 (4) 5.0(2)
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Compound (HI)
Crystal data
CnHiiN3O Mo Ka radiation
M, =201.23 A=071073 A
Monoclinic Cell parameters from 25
P2, /n reflections
a=9975(5) A 6 =10.5-11°
b =9.695 (5) A p=0.09 mm™~
c=10.1459) A T=297K
B =97.92 (6)° Prismatic
V=972(2) A’ 0.52 x 0.40 x 0.25 mm
Z=4 Brown
D.=1375Mgm™>
Data collection
Rigaku AFC-5R diffractom- Rin = 0.009

eter Omax = 26°
w/20 scans h=0—12
Absorption correction: k=0—-10

none I=-12 - 12

2014 measured reflections

3 standard reflections

1922 independent reflections
1345 observed reflections
[ > 30D}

monitored every 97
reflections
intensity decay: 1%

Refinement
Refinement on F

Apmax = 0.19 ¢ A3

R =0.038 Apmin = —0.12¢ A3
wR = 0.036 Extinction correction:
S=187 Toorr = Io(1 + gI.)

1345 reflections
181 parameters
H atoms refined
w = 1/oX(F)
(A/0)max = 0.17

Extinction coefficient:

2=593 x 107

Atomic scattering factors
from International Tables
for X-ray Crystallography

(1974, Vol. 1V)

Table 2. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A*) for (111)

Beg = (SWZ/S)E;EjUgja;‘a]a,'.aj.

X z Beq
03) 1.2550 (1) —0.1069 (1) 0.2556 (1) 4.38 (6)
N(4) 1.0621 (1) 0.0099 (2) 0.1690 (1) 3.57(7)
N(©9) 1.0862 (1) 0.2075 (2) 0.5412 (1) 345(7)
N(14) 0.8715 (2) 0.1281 (2) 0.0854 (2) 4.57(9)
C(1) 1.2990 (2) —0.0067 (2) 0.4751 (2) 41(1)
C(2) 1.3413 (2) —0.1188 (2) 0.3833(2) 4.2(1)
C(5) 0.9676 (2) 0.1026 (2) 0.1898 (2) 3.21(8)
C(6) 0.8729 (2) 0.2716 (2) 0.3402 (2) 374 09)
C( 0.8829 (2) 0.3318 (2) 0.4627 (2) 4.2(1)
C(8) 0.9902 (2) 0.2958 (2) 0.5617 (2) 37709
C(10) 1.1732(2) 0.0473 (2) 0.3941 (2) 295(7N
C(1n) 1.1579 (2) —0.0120 (2) 0.2727 (2) 3.17 (8)
C(12) 0.9691 (2) 0.1728 (2) 0.3151 (2) 293 (D)
C(13) 1.0759 (2) 0.1445 (2) 0.4194 (2) 2.84 (7)
C(15) 0.9992 (3) 0.3570 (4) 0.6991 (3) 5.7Q)

Table 3. Bond lengths (Ae ) and angles (°) for (1) and (11])

(I (X=5) () (X = 0)
X(3—CQ) 1.816 (4) 1458 (3)
S(3)—C(11) 1754 (3) 1.364 (2)
N(4)—C(5) 1330 (3) 1340 (2)
N@)—C(11) 1.351(3) 1.338 (2)
N(9)—C(8) 1321 (3) 1.323(2)

N(9)—C(13) 1.367 3) 1.369 (2)
N(14)—C(5) 1.360 3) 1.350 (3)
C(1)—C(2) 1.525 (4) 1.528 (3)
C(1)—C(10) 1.500 (4) 1.497 (3)
C(5—C(12) 1.443 (3) 1.440 (3)
C(6)—C(7) 1.369 (4) 1.364 (3)
C(6—C(12) 1.394 (3) 1.404 (3)
C(N—C(8) 1.410 (4) 1.407 (3)
C(8—C(15) 1.499 (4) 1.506 (3)
C(10)—C(11) 1.358 (3) 1.348 (3)
C(10—C(13) 1.402 (3) 1.401 (2)
C(12)—C(13) 1.419 (3) 1.421(2)
C(2—X(3)—C11) 91.8 (1) 106.4 (1)
C(5—N@—C(11) 116.6 (2) 115.1(2)
C(8—N(9—C(13) 117.8(2) 117.7 (2)
C(2)—C(1)—C(10) 108.1(3) 101.3 (2)
X(3—C@—C(1) 109.0 (2) 107.8 (2)
N@)—C(5—N(14) 115.7 (3) 116.0 (2)
N@)—C(5—C(12) 1224 (2) 1223 (2)
C(7—C(6)—C(12) 120.0 (3) 119.4 (2)
C(6—C(7—C(8) 119.1 3) 119.8 (2)
N@©)—C(8)—C(7) 123.1 (3) 123.0 (2)
N(9)—C(8)—C(15) 116.9 (3) 116.7 (2)
C(1)—C(10—C(11) 114.7 (3) 1094 (2)
C(1)»—C(10—C(13) 127.42) 1332(2)
C(11)—C(10}—C(13) 117.7 (2 117.4(2)
X(3—C(11)—N4) 118.6 (2) 116.7 (2)
X(3)—C(11)—C(10) 114.5(2) 1143 (2)
N(4)—C(11)—C(10) 126.9(2) 129.0 (2)
N(9—C(13)—C(12) 122.7(2) 122.8 (2)
C(10—C(13)—C(12) 118.4(2) 1174 (2)
C(5—C(12)—C(6) 124.6 (2) 124.02)
C(5—C(12—C(13) 118.0(2) 118.8 (2)
C(6)—C(12)—C(13) 117.3(2) 117.2(2)
C(T—C(@8)—C(15) 120.0(3) 1204 (2)
Table 4. Geometry of hydrogen bonds ( A, °)
D A DA H---A D—H---A
an
N(14)) N(@4) 3.135(4) 2.17(3) 153 (2)
N(14") N(©9) 3.438 (4) 2.65(3) 154 (1)
(I
N(14it) N(4) 3.060 (3) 2.17(2) 174 (2)
N(14") N(9) 3.238(3) 2.43(2) 167.8 (7)
(I
N(14") N(4) 3.051 (5) 2.08 (4) 179 (4)
N(14%) N©) 3.043 (5) 2214 163 (5)
Symmetry codes: (i) 2 — x,—y,2 — z (i) x — },—y — §,2 — 3}

(i) 2 —x, -y, -z (V) L +xi -yi+z,(v) -x1 -yl -z
vi)x,} —y,z2— 3.
Structure refinement was carried out at the X-ray Laboratory
of Okayama University

For both compounds, data collection: RASAII (Rigaku Cor-
poration, 1990); cell refinement: RASAII; data reduction:
TEXSAN (Molecular Structure Corporation, 1985); program(s)
used to solve structures: MITHRIL (Gilmore, 1984); pro-
gram(s) used to refine structures: TEXSAN; molecular graph-
ics: ORTEPII (Johnson, 1976).

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the TUCr (Reference: AS1216). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The crystal structure of 2-bromoacetoxybenzoic acid,
CoH;BrO,, shows it to be a close structural analog of
aspirin. The carboxylic acid moiety is twisted by 7.7 (4)°
out of the plane of the aromatic ring. The acetyl group,
like that of aspirin, shows bond-angle distortions from
ideal values while remaining essentially planar. The Br
atom is rotationally disordered and has been modeled as
occupying two sites related by a 13 (1)° rotation about
the C8—C9 bond.

Comment

Aspirin exerts its anti-inflammatory and antipyretic ef-
fects through inactivation, via specific covalent modifi-
cation, of the cyclooxygenase enzyme. In the course of
our studies of this enzyme, we synthesized the title com-
pound, (I), which covalently modifies and inactivates
the cyclooxygenase in a manner analogous to aspirin.
In addition, (I) carries the heavy Br atom, enabling us
to employ it as a crystallographic probe of the enzyme’s
active site (Loll, Picot & Garavito, 1995).

: _COOH
O/W\CHZBr

)]
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Fig. 1 shows a perspective view of the title com-
pound. Three distinct planar groups are seen in the mol-
ecule. The six members of the benzene ring show an
r.m.s. deviation from the least-squares plane of 0.005 A,
while atoms O3, O4, C8 and C9 of the acetyl group
show an r.m.s. deviation of 0.006 A from their least-
squares plane. The plane of the acetyl group makes
an angle of 84.5(1)° with that of the ring. As is the
case for aspirin (Wheatley, 1964), the three atoms of the
carboxylic acid moiety are not coplanar with the ring;
in this case, however, the angle is more pronounced,
being 7.7 (4)°. This large twist may be required to ac-
commodate the packing of the bulky Br atom in the
lattice, while maintaining the intermolecular hydrogen
bonding between carboxylic acid groups across the cen-
ter of symmetry.

Fig. 1. View of the title compound showing the atomic labeling
scheme (ORTEPIIL; Johnson, 1976). Displacement ellipsoids for
non-H atoms are plotted at the 50% probability level and H atoms
are drawn as spheres of arbitrary radii. Only one of the two
rotameric positions of the Br atom is shown for clarity.

All bond lengths within the title molecule are normal.
Slight distortions in the ring angles are observed around
the C1 atom, suggesting that even with the large twist
of the carboxylate group, repulsion between that group
and the ring tends to pull C1 outward slightly from the
ring center. Pronounced deviations from the ideal bond-
angle value of 120° are found in the acetyl group, with
the C9—C8—03 angle being only 107.9 (3)°. Similar
non-ideal angles are seen in the acetyl group of aspirin.

The C8—C9 bond has been modeled as existing in
two rotameric states with 04—C8—C9—Br torsion an-
gles of —31.2(6) and —44.0(9)°, and refined occupan-
cies of 0.60(2) and 0.40 (2), respectively (see Fig. 2).
In each case, the Br atom is in van der Waals contact
with the aromatic H3, H4 and H5 atoms from neighbor-
ing molecules. Details of the packing may be seen in
Fig. 3.
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