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The crystal and molecular structures of the title compound 1 have been determined by direct methods. The
crystals are monoclinic, space group P2;, with a=12.512(2), b=7.436(2), c=12.252(2) A, $=102.62(1)°, Z=2.
The structure was refined by full-matrix least-squares calculations to a final R of 0.056 for 2268 independently
observed reflections. This tricylic compound consists of five-, six-, and ten-membered rings and is slightly bent,
including two OAc side chains. The six-membered ring A has a typical chair conformation and the ten-membered
ring B adopts a chair—chair conformation. Ring C is a normal 8 envelope. The ring junctions of both A/B
and B/C are trans fusion. Two double bonds [C(8)=0(2), C(11)=0(4)] and two methyl groups [C(18), C(19)]
of ring B are oriented « face, and one double bond [C(9)=0(3)] is on the 3 face of this ring. The O-C-O bond
distances in the OAc side chains show partial double-bond characters.

Spectroscopic and chemical results of the title com-
pound 1 indicated the presence of a saturated ten-mem-
bered ring (Chart 1). Our interest focused on the reac-
tivity of this ring, ring conformation, the stereochem-
istry and the transannular distances of the 8-, 9-, and
11-carbonyl groups. To confirm these and to determine
the geometry of the ten-membered ring, a detailed ster-
eochemical study of 1 was undertaken. In addition, we
carried out a thermal-motion analysis and a potential-
energy calculation concerning the two OAc side chains
for large thermal motions.

Experimental

Crystal of 1 were prepared and recrystallized from eth-
yl acetate as colorless prisms (mp 452—454 K). Data were
collected at room temperature [295 K].

Crystal Data. C23H3207, M;=420.46, monoclinic, a=
12.512(2), b=7.436(2), c=12.252(2) &, B=102.62(1)°, V=
1112.4(3) A3. Preliminary cell data were determined from

Fig. 1. ORTEP drawing'® with the atomic numbering
looking down the a-axis.

Weissenberg and precession photographs by using Cu K«
(A=1.5418 A) radiation; accurate unit-cell dimensions were
obtained by a least-squares refinement of the setting angles

Table 1. Fractional Atomic Coordinates and Equiv-
alent Isotropic Thermal Parameters® with esds in
Parentheses

Atom z y z Beq/Az
O(1)  0.5844(3) 0.4875(0) 0.8985(2) 4.7(1)
O(2) 0.6791(2) —0.0724(7) 0.4507(2) 4.1(1)
0O(3) 0.8668(2) 0.4093(8) 0.5628(2) 4.5(1)
O(4)  0.6579(3) 0.4457(8) 0.3465(2) 4.7(1)
O(5)  0.8957(2) 0.1164(7) 0.1318(2) 3.8(1)
O(6)  0.7232(4) 0.5156(13)  1.0401(3) 12.0(4)
o(7) 1.0512(5) 0.2628(12)  0.1717(3) 13.5(4)
C(1) 0.6757(4) 0.5634(8) 0.6311(4) 3.2(2)
C(2) 0.6040(4) 0.5809(9) 0.7174(4) 3.7(2)
C(3)  0.6553(4) 0.4742(9) 0.8183(3) 3.8(2)
C(4) 0.6653(4) 0.2769(9) 0.7893(3) 3.4(2)
C(5) 0.7335(3) 0.2498(8) 0.7002(3) 2.9(1)
C(6) 0.7436(4) 0.0482(8) 0.6805(4) 3.4(2)
C(7) 0.8234(3) —0.0075(8) 0.6076(3) 3.2(2)
C(8) 0.7741(3) —0.0325(8) 0.4845(3) 3.1(2)
C(9) 0.7723(3) 0.3770(8) 0.5227(3) 2.9(1)
C(10) 0.6856(3) 0.3655(8) 0.5941(3) 2.7(1)
C(11) 0.7417(3) 0.3760(8) 0.3927(3) 3.2(2)
C(12) 0.8276(4) 0.3080(9) 0.3324(4) 3.4(2)
C(13) 0.8186(3) 0.1066(8) 0.3029(3) 2.7(1)
C(14) 0.8520(3) —0.0173(8) 0.4057(3) 2.9(1)
C(15) 0.8709(4) —0.2036(9) 0.3543(4) 3.9(2)
C(16) 0.9114(4) —0.1549(9) 0.2475(4) 3.7(2)
C(17) 0.9119(3) 0.0494(9) 0.2460(3) 3.3(2)
C(18) 0.7073(4) 0.0661(10)  0.2279(4) 3.7(2)
C(19) 0.5745(3) 0.2941(9) 0.5307(3) 3.2(2)
C(1') 0.6280(5) 0.5173(12)  1.0036(4) 6.4(3)
C(2')  0.5405(7) 0.5311(17)  1.0711(5) 7.7(4)
C(3') 0.9723(4) 0.2190(10)  0.1063(4) 5.1(2)
C(4') 0.9487(6) 0.2675(13) —0.0135(5) 6.0(3)

a) Anisotropically refined atoms are given in the form
of the isotropic equivalent thermal parameters defined
as: Beq=4/3(zz;§;ﬂij ai.-aj.).
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Table 2. Bond Distances (), Angles (8), and Torsion Angles (7) with esds in Parentheses

(a) Bond distances/A

/A /A
0O(1)-C(3) 1.458(6) C(6)-C(7) 1.535(7)
O(1)-C(1") 1.303(5) C(7)-C(8) 1.510(6)
0(2)-C(8) 1.207(5) C(8)-C(14) 1.519(6)
0(3)-C(9) 1.201(5) C(9)-C(10) 1.537(6)
0(4)-C(11) 1.196(6) C(9)-C(11) 1.555(5)
0O(5)-C(17) 1.457(5) C(10)-C(19) 1.531(5)
0(5)-C(3') 1.315(7) C(11)-C(12) 1.518(7)
0O(6)-C(1") 1.177(7) C(12)-C(13) 1.539(9)
O(7)-C(3") 1.173(7) C(13)-C(14) 1.543(6)
C(1)-C(2) 1.534(7) C(13)-C(17) 1.544(6)
C(1)-C(10) 1.553(8) C(13)-C(18) 1.522(6)
C(2)-C(3) 1.495(7) C(14)-C(15) 1.560(9)
C(3)-C(4) 1.523(9) C(15)-C(16) 1.546(8)
C(4)-C(5) 1.539(6) C(16)-C(17) 1.520(9)
C(5)-C(6) 1.528(9) C(1")-C(2") 1.513(11)
C(5)-C(10) 1.565(6) C(3')-C(4") 1.478(8)
(b) Bond angles/deg

6/° 6/°
C(3)-0(1)-C(1") 119.3(4) 0(4)-C(11)-C(9) 118.4(4)
C(17)-0(5)-C(3') 118.1(3) 0(4)-C(11)-C(12) 123.8(3)
C(2)-C(1)-C(10) 112.2(5) C(9)-C(11)-C(12) 117.3(3)
C(1)-C(2)-C(3) 108.6(4) C(11)-C(12)—-C(13) 114.5(4)
0O(1)-C(3)-C(2) 107.9(4) C(12)-C(13)-C(14) 113.4(3)
0O(1)-C(3)-C(4) 108.6(5) C(12)-C(13)-C(17) 110.5(4)
C(2)-C(3)-C(4) 110.8(4) C(12)-C(13)-C(18) 110.2(5)
C(3)-C(4)-C(5) 112.5(5) C(14)-C(13)-C(17) 96.2(4)
C(4)-C(5)-C(6) 108.6(5) C(14)-C(13)—C(18) 115.1(5)
C(4)-C(5)-C(10) 110.2(4) C(17)-C(13)-C(18) 110.8(3)
C(6)—-C(5)-C(10) 116.0(3) C(8)—C(14)—C(13) 117.8(4)
C(5)-C(6)-C(7) 116.3(5) C(8)-C(14)-C(15) 111.4(5)
C(6)-C(7)-C(8) 116.0(3) C(13)—-C(14)-C(15) 103.8(3)
0(2)-C(8)-C(7) 122.0(4) C(14)-C(15)-C(16) 103.9(5)
0(2)-C(8)-C(14) 121.4(3) C(15)—-C(16)—-C(17) 104.3(4)
C(7)-C(8)-C(14) 116.5(3) 0(5)-C(17)-C(13) 112.3(4)
0O(3)-C(9)-C(10) 122.1(3) 0(5)-C(17)-C(16) 110.7(4)
0(3)-C(9)-C(11) 114.8(4) C(13)-C(17)-C(16) 105.3(4)
C(10)-C(9)-C(11) 122.4(3) 0(1)-C(1')-0(6) 122.9(6)
C(1)-C(10)-C(5) 108.6(3) 0(1)-C(1)-C(2") 110.8(5)
C(1)-C(10)-C(9) 103.0(4) 0(6)-C(1)-C(2") 125.9(5)
C(1)-C(10)-C(19) 110.8(4) 0(5)-C(3)-0(7) 123.2(8)
C(5)-C(10)-C(9) 108.3(3) 0(5)-C(3')-C(4) 112.3(5)
C(5)-C(10)—-C(19) 111.8(4) O(7)-C(3')-C(4) 124.5(9)
C(9)-C(10)-C(19) 114.0(3)

of 32 reflections (18.2<26<24.6°) measured on an automatic
diffractometer. Space group P21, Z=2, D,=1.256 gcm ™3, \
(Mo Ka)=0.7107 A, 1 (Mo Ka)=0.86 cm™?, F(000)=452.
Approximate crystal dimensions: 0.30x0.35x0.40 mm.
Data Collection and Processing. Three-dimen-
sional intensity data were collected on a Hilger and Watts
automatic four-circle Y 290 diffractometer controlled by a
PDP 8 computer. The integrated intensities were measured
for 20<50° by the w—20 scan technique with Zr-filtered Mo
Ka radiation and a scintillation counter. Three standard
reflections (020, 131, 200) were monitored every 50 reflec-
tions and showed no significant variation over the data col-
lection. No decay corrections were applied. Thus, 2745 in-

dependent reflections (0<h<16; 0<k<9; —15<I<15) were
recorded, of which 2268 intensities having >0 (I) were con-
sidered to be observed. All of the intensities were corrected
for the Lorentz and polarization factors, and the normalized
structure factors |E,(h)| as well as the structure amplitudes
|Fo(h)| were derived. No absorption corrections were ap-
plied, since the specimen was considered to be sufficiently
small.

Structure Analysis and Refinement. The structure
was solved by a combination of direct methods with normal
heavy-atom methods. The program DIRECTERY yielded
the positions for 25/30 non-hydrogen atoms of one molecule.
Five other atoms were obtained from SEARCHER.Y The
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Table 2. (Continued)

(c) Torsion angles/deg

7/° /°

C(10)-C(1)-C(2)-C(3) 60.9(5) C(16)-C(17)-C(13)-C(14) __ 48.6(5)
C(1)-C(2)-C(3)~C(4) —59.5(5) C(1)-C(2)-C(3)-0(1) ~178.2(5)
C(2)-C(3)-C(4)-C(5) 58.4(6) C(2)-C(3)-0(1)-C(1) —135.5(6)
C(3)-C(4)-C(5)-C(10) —54.7(5) C(5)-C(4)-C(3)-0(1) 176.8(5)
C(4)-C(5)-C(10)-C(1) 53.1(5) C(4)-C(3)-0(1)-C(1") 104.4(5)
C(5)-C(10)-C(1)-C(2) —57.5(5) C(3)-0(1)-C(1')-C(2') 178.5(5)
C(9)-C(10)-C(5)-C(8) ~71.9(5) C(3)-0(1)-C(1')-0(6) ~8.2(5)
C(10)-C(5)-C(6)-C(7) 64.3(6) C(6)-C(7)-C(8)-0(2) —26.4(6)
C(5)-C(6)-C(7)~C(8) ~93.9(5) C(15)-C(14)-C(8)-0(2) —66.1(5)
C(6)-C(7)-C(8)-C(14) 157.7(4) C(13)-C(14)-C(8)-0(2) 53.7(4)
C(7)-C(8)-C(14)-C(13)  —130.3(4) C(2)-C(1)-C(10)-C(19) 65.6(4)
C(8)-C(14)-C(13)-C(12) 73.0(5) C(19)-C(10)-C(9)-0(3)  —170.8(5)
C(14)-C(13)-C(12)-C(11)  —71.2(5) 0(3)-C(9)-C(11)-O(4) ~137.7(5)
C(13)-C(12)-C(11)-C(9) 93.1(5) C(11)-C(12)-C(13)-C(18) 59.4(5)
C(12)-C(11)-C(9)-C(10)  —154.2(4) C(18)-C(13)-C(17)-0(5) 49.3(4)
C(11)-C(9)-C(10)-C(5) 143.5(4) C(15)-C(16)-C(17)-0(5)  —152.3(4)
C(17)-C(13)-C(14)-C(15)  —47.8(4) C(13)-C(17)-0(5)-C(3') 121.9(4)
C(13)-C(14)-C(15)-C(16)  31.0(5) C(16)-C(17)-0(5)-C(3')  —120.7(5)
C(14)-C(15)-C(16)-C(17)  —0.3(5) C(17)-0(5)-C(3')-C(4) 176.3(5)
C(15)-C(16)-C(17)-C(13)  —30.8(5) C(17)-0(5)-C(3")-O(7) —2.1(5)

Fig. 2. Molecular conformations showing the torsion angles (in degrees) and the transannular distances (in A): (1) : 343,
178-diacetoxy-8,9-seco-5a-androstane-8,9,11-trione (title compound), A :1,6-cyclodecanedione,” B : ( E)-33-(p-bromo-
benzoyloxy)-5,10—seco-1(10)-cholesten—5-one,8)C : eupatolide,® D : methylhallerin,'® E : ursiniolide A monohydrate.!)

approximate coordinates were refined by full-matrix least-
squares to minimized Sw{|Fo(h)|—|Fc(h)|]>. The 32 hy-
drogen atoms were located on a difference-Fourier synthe-
sis. Inclusion of the hydrogen atoms in subsequent cycles of
the least-squares refinement reduced R to 0.056, wR=0.050,
$=0.60(1) using 398 variables and (A/0)max=0.31 for 2268
reflections with >0 (I). The unit weight was applied. No
further appropriate weighting scheme could be found from
an analysis of the AF values. The max. and min. peak
heights in the final difference Fourier map were 0.16 and
—0.03 eA~3. The atomic-scattering factors used in all of
the calculations were taken from Ref. 2. All of the com-
putations were performed on an NEC PC-9801RA personal
computer using the DS*SYSTEM.Y The atomic coordinates
are given in Table 1.%

Results and Discussion

The configuration of the molecule with the atom
numbering scheme is illustrated in Fig. 1. The bond
distances, angles, and torsion angles are given in Ta-
ble 2

Ring A. The total ring puckering amplitude
according to Cremer and Pople? of ring A is Qr=
0.594(5) A, and the puckering parameters are gs=
0.035(5) A, gs=-0.593(5) A, ¢y =—-136.5(73)° and
02=176.6(5)°. The displacement asymmetry parame-
ters according to Nardelli® are Ds(C(2))=0.006(3) and
D,(C(2)-C(11))=0.008(2). These parameters indicate
a chair conformation slightly distorted from an ideal
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Table 3. Analysis of the Anisotropic Displacement Parameters (ADPs) in Terms of LST Rigid-Body Motion

and Internal Motions

Ruu =[Sw(AU)? /Sw(Uobs)?]'/?, where AU =U;;(obs)—Us;(calc), w=reciprocal of o(Ui;(obs))?,

A

=0.189 (for all U’s),
=0.161 (for diagonal U’s only).
average differences of the mean square displacement amplitude (A MSDAs) (AZ) along the
interatomic directions,
=0.0129 (for all pairs of atoms),
=0.0036 (for bonded atoms).
These values should be compared with mean esd of Uops[6(Uobs)| of 0.0028,
which implies an esd for A MSDAs of about 0.0046.

Libration <¢?>? Root-mean square of the Root-mean square of the
L-tensor® eigenvalues T-tensor®) eigenvalues
Group Along (deg?) Ly Lo Ls T T Ts
C(3"),C(4"),0(7) C(17)-0(5) 189(14)
4.48 1.81 1.43 0.208  0.173 0.168
C(1"),C(2"),0(6) C(3)-0(1) 121(23)

a) <¢2>:Mean-square libration amplitudes correlations of overall and internal motion with esds. b) L-tensor:the

libtrational tensor. c¢) T-tensor:the translational tensor.

Table 4. Experimental and Corrected Bond Distances (A) of Each OAc Side Chain

[Vol. 67, No. 1

Atom Uncorrected® Corrected Corrected Lower Upper
" most? ARGs® bounds? bounds?

C(17)-0(5) 1.457(5) 1.460 1.461 1.457 1.592
0(5)-C(3") 1.315(7) 1.348 1.320 1.317 1.504
C(3")-C(4") 1.478(8) 1.482 1.482 1.478 1.704
C(3")=0(7) 1.173(7) 1.203 1.178 1.214 1.642
C(3)-0(1) 1.458(6) 1.460 1.460 1.459 1.631
0(1)-c(1) 1.303(5) 1.325 1.307 1.305 1.552
C(1)-C(2) 1.513(11) 1.515 1.515 1.513 1.790
C(1)=0(6) 1.177(7) 1.198 1.182 1.195 1.606

a) The distances between a pair of atomic positions.

c) Assuming librational motion of rigid OAc groups about specific bonds.

cAhair form of cyclohexane chair |g3|>¢> and Qr<0.63

Ten-Membered Ring B. Two stable confor-
mations of ten-membered ring derivatives have been
proposed® based on X-ray crystallographic studies.
One is an extended crown conformation of approximate
Cop, symmetry. The other has the chair form in which
all of the carbon atoms of the skeleton can be distinc-
tively grouped into three types (types I—III) with their
intra/extra-annular position. A type-III atom is bonded
to one intra- and one extra-annular H atom.” Figure 2
illustrates the interdependences of the transannular dis-
tances, torsion angles, and the steric requirements of the
type-III atoms in the ten-membered ring compared with
the following compounds: 1,6-cyclodecanedione (A),*
(E)-38-(p-bromobenzoyloxy)-5,10-seco-1(10)-cholesten-
5-one (B),® eupatolide (C),” methylhallerin (D),
and ursiniolide A monohydrate (E).!*) In the title com-
pound 1 C(7) and the keto-carbon atoms [C(8), C(9),
C(11)] are in the type-III positions. Oxygen atoms oc-
cur preferentially at type-11I positions, since removing
a type-III intra-annular H atom produces a large de-
crease in the strain energy. Due to the effect of removing

b) Assuming rigid motion of non-Hydrogen of the molecule.

d) Involving hydrogen.

the transannular H---H, the transannular distances, C-
(7)---C(9) and C(8)---C(9) are short [3.061(5) and 3.081-
(4) A, respectively] compared with the sum of the van
der Waals radii [3.10 A for C---C]. These short distances
correspond so as to cause slight alterations in the tor-
sion angles w% 7 /w112 W78/ and w14 /w9710,
It probably corresponds to the weak transanuular bond-
ing [C(7)sp3---C(9)sp2 and C(8)sp2---C(9)sp2] associated
with an n:7* interaction. The same tendencies are
found in compounds B—E. The maximum deviations
of the least-squares planes I[C(6), C(7), C(9), C(10)],
II[C(7), C(8), C(9), C(11)], and III[C(8), C(11), C(12),
C(14)] are 0.068(3), 0.070(3), and 0.003(3) A, respec-
tively. Each four atoms are almost coplanar. The dihe-
dral angles between these planes (I/11, II/III, and I/III)
are 60.0(3), 59.9(3), and 4.8(2)°, respectively. The ring
puckering and displacement asymmetry parameters of
ring B are Qr=1.034(4) A, D,(C(8))=0.081(1), and
Dy (C(6)-C(5))=0.052(1). These indicate that the ten-
membered ring B adopts a chair—chair conformation.
Ring C. Four atoms [C(14), C(15), C(16), C-
(17)] of ring C are coplanar to a standard deviation
of 0.004 A. The maximum distortion of the bond an-
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Fig. 3. Calculated difference potentioal-energy profiles (AE) and contour lines for the rotation of each OAc side chain.
(a) Rotation about C(17)—-O(5) (solid lines) and O(5)—C(3') (dashed lines); (b) Rotation about C(3)-O(1) (solid
lines) and O(1)-C(1’) (dashed lines); (c) Concomitant rotations about C(17)-O(5) (¢1) and C(3)-O(1) (¢42); (d)

Concomitant rotations about O(5)—C(3') (¢1) and O(1)—

C(1’) (¢2). Contour lines are at 10 kJ mol™! intervals. The

zero of the energy is assumed for the conformation in the crystal. The counter-clockwise rotations are assumed as

positive.

gles occurs at C(13) in this ring, where C(14)-C(13)-
C(17) is 96.2(4)°. Atom C(13) is disposed by 0.77(1) A
from the mean plane of this ring, and especially shows
a departure from the tetrahedral conformation. The
ring puckering and displacement asymmetry parame-
ters [2=0.507(4) A, 0,=0.8(6)°, Dy(C(16))=0.088(2),
and Ds(C(13))=0.004(3)] of ring C indicate a pure en-
velope conformation with the apex at C(13).

Two OAc Side Chains. The large ellipsoids at O-
(6) and O(7) of Fig. 1 indicate a great degree of dynamic
or static disorder in that region. To confirm these, a
thermal-motion analysis of the anisotropic displacement

parameters (ADPs) was carried out in terms of the LST
rigid-body approximation according to Schomaker and
Trueblood'? as well as Trueblood,*® while also consid-
ering the correlations in the internal and overall mo-
tions according to Dunitz and White'*) using the pro-
gram THMA14.1® Table 3 lists the ADPs for the two
attached OAc rigid groups (ARGs). As can be seen
from the large <¢?> values, the small L of the ARGs
and the short distances, two of the OAc atomic displace-
ments are more pronounced, and the internal motions
have some relevance, particulary for these terminals.
An inspection of Fig. 1 and Table 3 suggests that a dis-
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Fig. 4.
axis is horizontal and the c-axis is vertical.

Stereoscopic view of the molecular packing in the unit cell. The origin is at the lower-middle corner, the a-

Fig. 5. Molecular packing diagram looking down the b-axis. The axes orientations are the same as in Fig. 4.

order should be considered around each OAc, although
no significant peaks appear in the difference map. The
corrected bond distances according to the two meth-
ods and the bounds following Busing and Levy!® were
calculated as shown in Table 4. Although the uncor-
rected bond lengths tend to become shorter, fairly con-
stant values were obtained by appropriate corrections.
The C(3')=0(7) and C(1')=0(6) distances of the cor-
rected ARGs are shorter than the lower bounds. The
most corrected bond lengths of each Ac are only longer
than the corrected ARGs. Atom—atom nonbonded po-
tential energy calculations were also carried out with
the program ROTENER,'” which makes use of a func-
tion of the type E;j=—Aj; T 6+Bijexp (—Cyrij). The

atomic charges are according to the method of Gasteiger
and Marsili.’® We assumed that there is no geometrical
change during rotation of the fragment and no Coulom-
bic energy. Figure 3 shows the curves and contour lines
of nonbonded potential energies as calculated from the
free molecules. The energy values are relative to the
energy corresponding to the observed conformation in
the crystal. The energy barriers about the O(5)-C(3')
and O(1)-C(1’) directions are high due to a steric hin-
drance caused by the hydrogen atoms of the methyl
group. On the other hand, the conformations of the
two OAc side chains correspond to points very wide
to the minima of van der Waals potential energy upon
rotaion of each OAc about the C(17)-O(5) and C(3)-
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O(1) directions, respectively. The two OAc conforma-
tions are not coincident with the potential-energy min-
imum [-50, AE=-11.1; —-30°, AE=-3.1 kJmol},
respectively]. However, the energies between —90 to
90° have close values with the isolated molecule [2307.1
kJ mol~!]. The contour lines indicate that quite severe
steric interactions occur upon rotation of the Ac, and
that no interactions occur upon rotation of the OAc.
These energy calculations suggest that each OAc vi-
brates centering around C(17)-O(5) and in the C(3)—
O(1) direction, respectively. Thus, this analysis shows
that the O—C-O bond distances indicate partial double-
bond interactions.

Crystal Packing. The stereo crystal-packing di-
agrams of 1 in a unit cell and the molecular packing
diagram are shown in Figs. 4 and 5, respectively. Two
molecules in a unit cell, which are related by the 2; axis
at (%, Y, %), are bounded to each other by van der Waals
contacts. The molecule is arranged in a parallel fash-
ion along the diagonal line through the a- and c-axes.
Short contacts are: O(2)---C(19) (1—z, —-%+y, 1-2)
3.380(6) A, O(3)---C(16) (2—=, %+y, 1-2) 3.242(10)
A, 0(6)---C(4) (x, y, 14+2) 3.550(16) A, and O(7)---C(7)
(2—g, +y, 1-2) 3.293(30) A.
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