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potential acceptor explains the fact that the OH
group is not involved in a hydrogen bond.
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Structure of an Aspmn Derivative: 2-(2-Methoxybenzyloxy)-2-methyl-4H-1,3-
benzodioxin-4-one
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Abstract. C;;H 405, M, = 300-31, monoclinic, P2,/n,
a=14196(2), b= 10 131 (1), c=10- 601 (1) A
B =104-658 (7)°, = 1475-0 (3) A3, Z=4,
D,=1352gcm 3, )«(Mo Ka) = 071073 A, L=
0-9075cm™!, F(000) =632, T=295K, R=0-056,
wR=0-071 for 1052 unique reflections (I > 30) and
200 variables. The title compound (I) is a cyclic
ortho ester derivative of aspirin. The dioxane ring of
the aspirin moiety is in a half-boat conformation, the
2-methoxybenzyloxy group is axial to this ring. The
structure of (I) shows similarities to those of two
other cyclic ortho ester aspirin derivatives, 2-methyl-
2-(2-naphthyloxy)-(II) and 2-(2-methoxyphenoxy)-2-
methyl-4H-1,3-benzodioxin-4-one (III).

Introduction. Aspirin (IV) is in common clinical use,
but unfortunately it has several bad qualities such as
a relatively narrow therapeutic margin, it irritates the
gastric mucosa, and it hydrolyses relatively quickly
to salicylic acid (V). Therefore, various attempts
have been made to design prodrugs for aspirin which
do not have the mentioned undesirable effects
(Hansen & Senning, 1983). (The term prodrug refers
to a compound which will act as a precursor of a
particular drug when administered to an organism.)
The chemical structure of the title compound (I) and
two other cyclic ortho ester aspirin derivatives whose
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crystal structures are known by X-ray analysis, (II)
(Jorgensen & Hansen, 1982) and (III) (Destro &
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Saccarello, 1983), can be generalized as (VI). This
type of ortho ester will undergo hydrolysis according
to the scheme below, which shows model pathways

© 1990 International Union of Crystallography
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for hydrolytic breakdown of (VI) to (IV) and (V)
(Hansen & Senning, 1983), where only following
path 1, path 1.1 and path 3, path 3.2 will yield
aspirin (IV). Depending upon the substituent R,
compounds (VI) can undergo hydrolysis either solely
to aspirin (IV) or solely to salicylic acid (V) or to a
mixture of both (Ankersen & Senning, 1989).

OR—C—OH
|

CHy
patr 11

o
It Patr 12

c
CHa/ No

av av)

The question of the reaction mechanism is still
open, but it has been suggested that the strength
(length) of the bonds from C(8) (Fig. 1) to the
adjacent oxygens will control the path of hydrolysis
so that the weakest (longest) bond will be hydrolysed
in the first step in the reaction (Ankersen, Nielsen &
Senning, 1989).

This makes it essential to know the binding geom-
etry around C(8) in Fig. 1, to be able to predict
which paths the hydrolysis of the ortho ester will
follow according to the proposed hypothesis.

Experimental. Compound (I) was synthesized by
Ankersen & Senning (1989). A crystal grown from

Fig. 1. ORTEP drawing of (I) showing the atom-numbering
scheme. The thermal ellipsoids are set at the 50% level. H atoms
not shown.
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chloroform solution was chosen. Its size was 0-5 x
0-25 x 0-50 mm. Preliminary cell dimensions and the
space group were determined from Ok/, 1kl, hkO and
hk1 precession pictures and 40/ and A1l Weissenberg
pictures. The crystal was mounted on a Huber four-
circle diffractometer. The cell dimensions were
determined from the setting angles of 115 reflections
with 18° <26 < 29°.

Intensities were measured out to 28,,., = 50° using
an w26 scan with Nb-filtered Mo Ka radiation,
scan width (2-0 + 0-692tan#)° divided into 50 steps,
the counting time was 4 s step~!. Reflections with
0<h=<l6e, —12<k=<0, —12=</<12 were meas-
ured giving 2619 independent reflections of which
1052 had 7> 3o(l). Reflections 600 and 404 were
monitored every 50 reflections, the overall fall-off in
intensity was 43%, so the data were rescaled to
correct for this. Reflections were integrated using the
Nelmes (1975) method. No absorption correction
was made.

The ~positions of all the non-H atoms were
determined from MULTAN80 (Main et al., 1980).
The H atoms were identified on a 4p map, and ideal
positions were calculated assuming C—H = 0-95 A
and were not refined. All non-H atoms were refined
anisotropically, a common isotropic thermal param-
eter was refined for the H atoms. The final R(F) =
0-056, wR(F)=0-071, w=l/o(F), where o(F)=
[cF?) + 1-:05FY2 - |F|, where oJ(F% is the
standard deviation of F? from counting statistics,
S = 1-6613,(A/0)max = 0005, —0-3<4p <0-3e A7°,

Fractional coordinates are listed in Table 1,* bond
distances and angles are listed in Table 2, and equa-
tions of least-squares planes of the molecule and the
deviation of the atoms from these planes are listed in
Table 3. Computations were carried out on a
VAX6210 computer with the following programs:
INTEG based on the Nelmes (1975) algorithm for
integration; DATAP and DSORTH (State University
of New York, Buffalo) for rescaling and sorting;
modified ORFLS (Busing, Martin & Levy, 1962) for
least-squares refinement; ORFFE (Busing, Martin &
Levy, 1964) for geometry and errors; ORTEP
(Johnson, 1965) for drawings. Atomic scattering fac-
tors; Cromer & Mann (1968) for C and O; Stewart,
Davidson & Simpson (1965) for H.

Discussion. The crystal packing is shown in Fig. 2.
No intermolecular distances in the crystal are shorter
than would be expected from van der Waals radii; it
can be assumed that the molecular geometry

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
53133 (11 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.
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Table 1. Fractional atomic coordinates and equivalent
isotropic temperature factors

Ueq = ( ]/3)2,21 UU ai‘aj‘a"-aj.

x ¥y z U, (&)
o) 1-1057 (3) 00024 (3) 03670 (3) 0047 (2)
0(2) 1.0089 (3) 00727 3) 0-1645 (3) 0047 (2)
0@3) 1.0622 (3) 02183 (4) 0-0430 (4) 0061 (3)
0(4) 09816 (2) 01390 (3) 03610 (3) 0039 (2)
0(5) 09703 (3) 04028 (3) 02402 (3) 0053 (2)
c() 1-1611 (4) 0-1791 (5) 02557 (5) 0038 (3)
c@) 1-1754 (4) 00955 (5) 03613 (6) 0038 (4)
ce) 1:2588 (4) 00980 (5) 04603 (5) 0047 (4)
C(4) 1-3301 (4) 01881 (6) 04530 (6) 0055 (4)
c(s) 13175 (4) 02756 (6) 03498 (7) 0052 (4)
C(6) 1-2342 (5) 02714 (5) 02515 (5) 0047 (4)
cQ) 1.0760 (4) 0-1645 (5) 01484 (6) 0044 (4)
c@®) 1.0110 (4) 00331 (5) 0-2954 (5) 0043 (4)
C) 09496 (4)  -00894 (5) 02859 (6) 0061 (4)
C(10) 08822 (4) 01804 (5) 03092 (5) 0-046 (4)
can) 08696 (4) 03158 (5) 03622 (5) 0039 (3)
ca2) 0-8106 (4) 03321 (5) 0-4466 (6) 0059 (4)
c(13) 07948 (5) 04566 (7) 0-4930 (7) 0073 (5)
c(14) 0-8397 (5) 05625 (6) 0-4567 (6) 0066 (4)
c(1s) 0-8982 (4) 05499 (5) 03728 (6) 0056 (4)
C(16) 09135 (4) 04262 (5) 03251 (5) 0042 (4)
can 1.0141 (5) 05131 (6) 01927 (6) 0072 (5)
Table 2. Bond distances (A), bond angles (°) and

selected torsion angles (°)

C(2—o(1) 1:379 (6) C(3—C(Q) 1:370 (10)
C(8)—0(1) 1-401 (8) C(4)—C(3) 1379 (7)
C(7—0(2) 1:373 (6) C(5—C(4) 1:384 (8)
C(8—0(2) 1-438 (6) C(6)—C(5) 1:365 (10)
o(N—0Q3) 1214 (6) C(9)—C(8) 1-505 (7)
C(8)—0(4) 1:399 (6) C(11)—C(10) 1:510 (7)
C(100—0(4) 1-441 (7) C(12—C(11) 1380 (8)
C(16)—0(5) 1372 (7) C(16)—C(11) 1:386 (7)
C(17)—0(5) 1-431 (6) C(13)—C(12) 1-392 (8)
C(2—C(1) 1377 (7) C(14y—C(13) 1:353 (8)
C(6)—C(1) 1-405 (7) C(15—C(14) 1:368 (9)
C(H—C(1) 1-442 (10) C(16)—C(15) 1388 (7)
C@Q—O0(1)—CEB)  1152(4) 0(1)—C@—0R)  111:5(5)
C(H—0@)—C@®) 1176 (5 O(1)—C(8—0(4) 1055 (5
C(8)—0(@4)—C(10) 1148 (4) O(1)—C@)—C(9) 1083 (4)
C(16—0(5—C(17) 1184 (4) 0Q—C@B)—0@4) 1093 (4)
C(2—C(1)—C(6) 1185 (6) 0@)—C@—C() 1071 (5
Cy—C(1)—C(7) 1200 (5) 0@)—C@®—C©O) 1152 (4)
C(6)—C(1)—C(7) 12144 (5) O@)—C(10—C(11) 1086 (4)
o(1)—C@—C(1) 1198 (6) C(10—C(11)—C(12) 1199 (5)
o(1)—C(2—C(3) 1180 (5 C(10—C(11)—C(16) 1215 (5)
C(1)—C(2—CR) 122:1 (5) C(12)—C(11)—C(16) 1185 (5)
C(2—C(3)—C(4) 1183 (5) C(1)—C12)—C(13) 121-1 (5)
C(3—C(4)—C(5) 121:2 (6) C(12)—C(13)—C(14) 1192 (5)
C(4)—C(5)—C(6) 1199 (5) C(13)—C(14—C(15) 1212 (5)
C(1)—C(6)—C(5) 1200 (5) C(14)—C(15—C(16) 1198 (5)
0(—C(M—0@3) 1176 (6) O(5)—C(16)—C(11) 1153 (4)
0Q—C(N—C(1) 1162 (5) O(5)—C(16)—C(15) 1245 (5)
oB3)—C(N—C(1) 1260 (6) C(11)—C(16)—C(15) 1201 (5)
OQ)—CE—O0@—C(10) 646 (6) O@)—C(10y—C(11)—C(16) 688 (6)

C(8)y—O(4y—C(10y—C(11) —163-9 (4)

observed in the crystal structure is similar to the
molecular geometry of (I) in solution. The aspirin
moiety of (I) [O(1), O(2), O(3), C(1), C(2), C(3),
C@4), C(5), C(6), C(7) and C(8)] is in a half-boat
conformation with the 2-methoxybenzyloxy group in
the axial position (Fig. 1). As seen from Table 3 all

Cl7H1605

Table 3. Least-squares planes of the aspirin moiety
and the 2-methoxybenzyloxy moiety of (I)
Equation for the least-squares

plane of the aspirin moiety of
M (ax+by +cz—d=0):

Equation for the least-squares
plane of the 2-methoxyben-
zyloxy moiety of (I):

a=1789 (8), b="726 (7),
c=—582(6), d= 645 (6)

a=88(8),b=-14(),
¢c=63(5),d=94(8)

Distance from the plane (A) Distance from the plane (&)

o(1) 0-121 (3) 0o(5) 0-016 (4)
0(2) 0-025 (3) C(10) —0-020 (6)
0(3) 0-097 (4) (1) 0012 (5)
[o(0))] —0:076 (5) C(12) —0-002 (6)
CQ2) 0-028 (4) c(13) -0-024 (7)
C(3) 0-091 (5) C(14) —0-002 (7)
C(4) 0-043 (5) C(15) 0-006 (6)
C(5) - 0091 (5) C(16) 0-014 (5)
C(6) —0147 (5) C(17) —0-049 (7)
() -0017 (5)

C(8) —0-433 (5) Angle between the two planes 83-3°

Fig. 2. ORTEP view of unit cell along the b axis, atom spheres are
on an arbitrary scale.

atoms of the aspirin moiety of (I) except C(8) are
lying in a plane — the largest deviation from the
plane, 0-147 (5) A, is found for C(6) in the benzene
ring. This agrees with the bond distances and angles
of a conjugated 7r-electron system for all the aspirin
moiety atoms except C(8), which is also observed for
(II) Jergensen & Hansen, 1982) and (III) (Destro &
Saccarello, 1983).

With the exception of O(4), the atoms of the
2-methoxybenzyloxy group [O(4), O(5), C(10), C(11),
C(12), C(13), C(14), C(15), C(16) and C(17)] also lie
in a plane. This plane is almost perpendicular to the
first (see Table 3, Figs. 1 and 2). The largest devia-
tion from the common plane is 0-049 (7) A for C(17).
This value as well as the bond angles and distances
indicate a conjugated -electron system for the
atoms O(5), C(11), C(12), C(13), C(14), C(15) and
C(16).

Although the 2-methoxybenzyloxy group is rather
flexibly linked to the aspirin moiety of (I) through
O(4) and C(10) — in particular much more flexibly
than for the B-naphthyl group of (II) and the 2-
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methoxyphenoxy group of (III) ~ it should be noted
that there are contacts shorter than van der Waals
radii between the two parts in (I). These contacts,
which are not strictly determined either by cyclic
structure or by two atoms being bonded to the same
atom, are O(2)--C(10) 2-86 A, C(9)--C(10) 293 A
and O(5)-~C(7) 3-13 A. These short non-bonding
contacts must be due to favourable packing of the
crystal with this conformation of the molecule, as no
favourable intramolecular contacts are seen here
such as the contact O(5)-C(7) observed for (III)
(Destro & Saccarello, 1983).

To some extent the bonding geometry around C(8)
in (I) must be caused by short non-bonding intra-
molecular contacts and the crystal-packing forces.
For that reason, care has to be taken when trying to
predict the behaviour of (I) in solution, but keeping
this in mind one would predict that the O(2)—C(8)
bond, which is somewhat longer than the two other
O—C bonds around C(8), should be the most sus-
ceptible to hydrolysis according to the hypothesis
proposed by Ankersen, Nielsen & Senning (1989).
This assumption is supported by the fact that (I)
yields 51-1% aspirin (IV) and 48-9% salicylic acid
(V) upon hydrolysis at pH = 74 and a temperature
of 310K (Ankersen & Senning, 1989), indicating
that the hydrolysis follows either path 1 or 3 of the
reaction scheme.

The conformation of the half boat of the aspirin
moiety of (I) is closer to ideality (see Table 2) than
the equivalent part of (III) (Destro & Saccarello,
1983), probably because of the more tlexible linkage

Acta Cryst. (1990). C46, 2419-2421
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between the two parts of the molecule causing fewer
unfavourable short non-bonding intramolecular
contacts.

I would like to thank Dr A. C. Hazell and Dr R.
G. Hazell for their advice, help and stimulating
interest.
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Structure of Tetraphenylphosphonium Decahydro-8-hydroxy-9-methyl-6-carba-nido-
decaborate(1 —) Ethanol Solvate

By V. SUBRTOVA AND V. PETRICEK
Institute of Physics, Czechoslovak Academy of Sciences, Na Slovance 2, 180 40 Praha 8, Czechoslovakia
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Abstract. C24H20P * CzH |4B90 - .CZHSOH, M, =
536-89, triclinic, P1, a =10-253 (3), b= 10971 (2), ¢
=14326(5) A, a=8996(2), B=8122(3), y=
8874 (2)°, V = 15922 (8) A%, Z =2, D,, (flotation) =
1-122, D, = 1-120 gcm ™3, A(Mo Ka) =0-71073 A,
=106 cm ™', F(000) = 568, T =293 K, R = 0-058 for
3982 observed independent reflections. The novel
monocarbadecaborane anions have OH ligands
attached to the B8 atoms. The oxygen of the OH
group is involved in O—H--O hydrogen bonding

0108-2701/90/122419-03%03.00

with the ethanol solvent. Two anions and two
alcohols form a centrosymmetric ‘dimer’. Mean
0102 = 2763 (4) A, mean O—H--O = 174 (5)°.

Introduction. Crystals of the title compound were
prepared in the Institute of Inorganic Chemistry of
the Czechoslovak Academy of Sciences by the specif-
ic stepwise degradation reaction of a reactive isomer
(r-C,BoH,3;) (Plesek, Jelinek, Stibr & Hefmanek,
1989). The removal of one B and one C atom from

© 1990 International Union of Crystallography



