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The Conformation of Non-Aromatic Ring Compounds. LXV.*
The Crystal and Molecular Structure of 3f-p-Bromobenzoyloxy-13a-androst-5-en-17-one

By J.C.PORTHEINE AND C. ROMERS

Department of Chemistry, X-ray and Electron Diffraction Section, University of Leiden,
Postbox 75, Leiden, The Netherlands

(Received 9 March 1970)

The steroid 3f-p-bromobenzoyloxy-13«-androst-5-en-17-one crystallizes in the orthorhombic system
with four molecules per unit cell. The space group is P2,2;2; and the lattice constants are a=16-216
+0-006, 5=19-873 +0-009 and ¢=6-853+0-003 A. The photographic data were collected at — 180°C
(Cu K« radiation) and estimated visually. The structure was determined by application of a minimum
function and by Fourier techniques. Refinement by least-squares procedures resulted in an R value of
0-117. The results of separate refinements of a- and c-axis data are discussed. The molecule has a cis
junction between rings C and D which causes flattening of ring C. Ring D has an approximate ‘envelope’
conformation with the atom C(14) as flap. The 4 and C rings have the usual chair conformation while

B is a ‘half chair’.

Introduction

This publication is a continuation of earlier reports on
the molecular geometry of steroids with various con-
figurations at the asymmetric carbon atoms (Hesper,
Geise & Romers, 1969, and papers cited therein). The
title compound 3f-p-bromobenzoyloxy-13a-androst-5-
en-17-one (hereafter APBA) has a frans junction be-
tween rings B and C and a cis junction between rings
C and D (see Fig. 1). Accordingly, its configuration is
86, 9a, 108, 13a, 14a. The corresponding compound
3B-p-bromobenzoyloxy-androst-5-en-17-one with trans
C/D coupling and belonging to the normal 88, 9«, 108,
138, 14a-series will be discussed in a separate paper
(Portheine, Romers & Rutten, 1970). This study
was undertaken in order to investigate the conforma-
tional differences between the molecule under consider-
ation and its 138-isomer.

Experimental

Irradiation of the normal steroid 38-hydroxy-androst-
5-en-17-one (13f-configuration) with ultraviolet light
in methanol solution induces partial conversion of the

* Part LXIV: de Hoog & Havinga (1970).

configuration at C(13) (Bots, 1958). From the isolated
13a-isomer the heavy-atom derivative APBA was pre-
pared in benzene/pyridine solution with p-bromoben-
zoylchloride as reagent (Pot, 1964). Colourless ortho-
rhombic needle-shaped crystals were obtained from a
solution in acetone.

The unit-cell dimensions were determined from zero-
layer Weissenberg photographs about [100] and the
needle-axis [001]. The films were calibrated with super-
posed Al powder lines [a(Al)=4-0492 A at 20°C;
A(Cu Koy)=1-54051 and A(Cu Ku,)=1-54433 A]. The
observed density (flotation method) at 20°C corre-
sponds to four molecules per unit cell (see Table 1).
Absence of the odd reflexions #00, 00 and 00/ indicates
the space group P2,2,2;.

Table 1. Crystallographic data of APBA

3p-p-Bromobenzoyloxy-13x-androst-5-en-17-one
Molecular composition  C,ygH3;BrO3;, M =4714 g.mole-!1

Melting point 162-164°C

Space group P212,2y

a 16-216 (0-006) A*

b 19-873 (0-009)

c 6-853 (0-003)

dobs 1:35 (20°C)

deatc 1-417 g.cm'-" (— ISOOC)
14 22085 A3
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Table 1 (cont.)

F(000) 984 electrons
VA 4 molecules.cell-!
4 (Cu Ka) 29-9 cm—1

* Quoted errors are twice the calculated standard devia-
tions.

Non-integrated intensity data were collected with the
equi-inclination Weissenberg multiple-film technique,
using Ni-filtered Cu K« radiation at —180°C (Altona,
1964). Data were recorded from a crystal mounted
about [001] (layers /=0-6) and from a cut crystal about
[100] (layers A=0-9). The dimensions of the crystals
were 0:15x0-10x 1-12 and 0-20%x0-20 x0-40 mm re-
spectively. In both cases the longest dimension .coin-
cided with the axis of rotation.

Altogether 2523 independent reflexions (including
337 non-observed ones) were obtained from the first
crystal and 1744 (including 131 non-observed ones)
from the second. The total number of possible inde-
pendent reflexions in the Cu sphere is 2890.

The reduction of intensities to structure factor mod-
uli, Fops, was performed in the usual way by multiplica-
tion with the Lorentz—polarization and Phillips (1956)
factors, (Lp)~! and P respectively. No correction for
absorption was applied.

Attempts were made to correlate the data from the
c- and g-axis crystals by means of the scaling program
of Rae (1965). The correlation can be expressed in the
‘measure of agreement’,

2.200| Fovs(a) — Fovs(c)l/Z[Fobs(@) + Fobs(c)] ,

which in this case amounted to 20-0 %. The result is
rather unsatisfactory and appears to be caused by sys-
tematic differences. This is also indicated by the overall
temperature factors, which were exp (—1-56 sin2 §/22)
for the g-axis data and exp (—2-58 sin2 §/22) for the c-
axis data. Introduction of an ‘extra’ temperature factor,
exp (—1:0 sin2 §/A2), into the e-axis data gave only a
slight improvement in the correlation and was omitted
afterwards. For reasons explained in the next section
it was decided to keep separate data sets. During the
final stages of this investigation the results of separate
and simultaneous refinements of these sets were judged
by statistical and chemical criteria.

Refinement

The structure was determined by the usual heavy-atom
method, i.e. scanning of a Patterson function (based
upon c-axis data) for the positions of the bromine at-
oms and application of a Buerger minimum function
at these positions. Nine atoms were not located but
found in a subsequent Fourier synthesis.

The two data sets were used separately for isotropic
refinement of the structure by the least-squares proce-
dure in the block-diagonal approximation. The blocks
were 3 x 3 for positional parameters and 1 x 1 for the
isotropic individual B values. The ten g-axis scaling
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factors were combined with an overall temperature fac-
torin an 11 x 11 block. The same combination was ap-
plied to the seven c-axis scaling factors. The number of
parameters in the respective refinements was 131 and
128.

The scattering factor used for bromine was the func-
tion evaluated by Cromer & Waber (1965); for oxygen
and carbon the values were taken from International
Tables for X-ray Crystallography (1962). For hydrogen
the scattering factor values of Stewart, Davidson &
Simpson (1965) were employed.

The structure amplitudes Fobs were weighted with a
factor w(Fons)=1/[a+ Fobs + b(Fobs)?] if Fops > Fmin and
with W(Fobs)=W(Fmin) if Fobs < Fmin. Values for the
parameters a=2-00, b=0:20, and Funin=1-30 in the
two refinements were chosen in such a way that
>w(Fobs) X [Fobs — Feale/ S(Fobs)]? is independent of the
range of Fops values. Feaje is the modulus of the cal-
culated structure factors on the absolute scale and
1/S(Fobs) the scaling factor which reduces Feate to the
scale of Fops.

The function >w(Fobs) X [Fobs—
minimized in the refinement.

The smallest estimated intensity value (before reduc-
tion) was in this case 1:00. The non-observed reflexions
were given intensities of 0-25 resulting in slightly vary-
ing values of F’'=[0-25 x (Lp)~1 x P]'/2 after reduction.
Only if Feale/S(F') > F' were these reflexions included in
the refinement with constant weights 0-035 (g-axis data)
and 0-070 (c-axis data).

During the final cycles hydrogen atoms were intro-
duced at calculated positions and were not refined;
their B values were fixed at 1-56 and 2-58 A2 respec-
tively. Convergence was reached after nine cycles for
the g-axis data and ten cycles for the c-axis data. Corre-
sponding final values for the conventional agreement
indeX R= leobs - Fcalc/S(Fobs)I/ZFobs WeEre Ra =
12-4% and R,=10-8 %.

The positional parameters resulting from these re-
finements were virtually the same (see next section) and
suggested a simultaneous anisotropic refinement in
which the reciprocal layers of each set were utilized
with separate scaling factors. The dimensions of -the
blocks were now 3 x 3 for positional parameters, 6 X 6

Fcalc/S(Fobs)]2 was

c 0 un

Fig.1. Numbering of the atoms and nomenclature of 38-p-
bromobenzoyloxy-13a-androst-5-en-17-one  (IUPAC-IUB,
1969).
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for vibrational parameters and 18 x 18 for one overall
isotropic temperature factor, ten g-axis scaling factors

and seven c-axis factors.

The hydrogen atoms were treated as indicated before,
with a B value of 2-07 A2 The same weighting function

was used, the parameters now being a=0-00, 5=0-30
and Fmin=2-00. The weight for the non-observed re-
flexions was 0-11. After seven cycles the shifts were
smaller than one sixth of the standard deviations and
the refinement was terminated. The R value was 11:7 %.

Table 2. Fractional coordinates x 10% (r;) of APBA after isotropic refinement using a- and c-axis data, their
differences A(10-3A), standard deviations o(4) (1073 A), final fractional coordinates x 10*
after simultaneous anisotropic refinement and standard deviations o in the latter (10-3 A)

Ccn

C(2)

C(3)

C(4)

C(5)

C(6)

(M

C(@8)

C(9)

C(10)

C(1n)

C(12)

C(13)

c(14)

C(15)

C(16)

cau7mn

C(18)

C(19)

C(1")

N X NS X NS X NS X NS X NW X NS X NS X NS X NSNS X NS XNSRXNS X NS XNSTX NS XN XNSXx NS X

3

a-Axis
— 1303
1208
3193
—529
976
2011
—803
400
680
—1505
640
—682
—2206
915
430
—-2972
711
-6
—3750
957
930
—3621
1605
2200
—2807
1517
3341
—2053
1450
1955
—2709
2133
4767
—3393
2141
6221
—4231
2198
5232
—4376
1688
3514
— 5091
1994
2371
—4930
2752
2460
—4393
2875
4209
— 4965
o 2132
6717
—1829
“ 2118
883
464
—-212
223

c-Axis
—1300
1209
3193
—547
969
2040
—807
408
692
—1484
628
—672
—2214
910
448
—2969
707

35
—3757
965
930
-3614
1592
2213
-2792
1530
3337
—2038
1441
1935
—2698
2129
4773
—3396
2149
6223
—4249
2198
5233
—4353
1686
3552
—5098
1999
2392
—4926
2755
2456
—4383
2870
4242
—4933
2134
6751
—1817
2113
883
450
—203
233

a4 a(4) Simultaneous ¢
-7 25 —1299 9
-2 18 1208 8
-0 20 3191 8
28 24 — 540 9
15 17 972 7
-20 21 2019 9
7 26 —805 9
—16 17 403 7
-8 21 697 8
—-34 25 — 1489 10
25 17 634 8
-7 22 - 683 9
13 22 —2215 9
10 16 911 7
-12 22 433 8
-6 25 —2966 9
7 17 705 7
—28 19 2 9
11 27 —3750 9
- 16 19 967 8
1 22 938 9
—-10 25 —3614 9
27 17 1600 8
-9 20 2209 9
-24 24 —-2797 9
-26 17 1521 8
3 21 3344 8
—24 25 —2038 9
17 17 1445 7
14 20 1953 9
—-17 24 —2700 9
7 16 2128 7
-4 21 4769 8
S 24 —3396 10
-17 18 2142 8
-1 22 6225 9
29 25 —4246 10
-1 17 2197 7
-5 21 5217 8
-37 25 —4366 10
5 17 1686 7
—26 20 3533 9
10 27 —5093 10
-9 18 2000 8
—15 23 2374 9
-7 27 —4926 11
-5 19 2753 9
3 24 2444 10
—-17 25 —4390 9
11 16 2867 7
—-23 20 4211 8
-51 26 — 4940 10
-5 19 2132 9
-23 23 6735 9
—19 27 — 1816 10
11 17 2114 8

0 20 897 9

23 24 447 9
—19 17 —-207 7
-7 21 227 9
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Table 2 (cont.)

ri a-axis c-axis

Cc@2) x 1091 1075
y —425 —440

z —1173 —1145

C@3") x 1035 1041
y —289 —-275
z -3190 —3130

C4) x 1622 1633
¥y —504 —508

z —4424 —4388

C(5) X 2267 2282
¥y —894 —884

z —3689 —3705
C(6) X 2371 2354
' y —-1024 —1033

z —1702 —1699

C(7) X 1737 1748
y —807 - 810

z —447 —425

0Q3) X —114 —126
y 198 197

z —552 —547

o@17) x —4109 —4113
¥y 3411 3398
z 4742 4734
o) X 424 404
y —385 —386
z 1954 1954
Br X 3097 3094
y —1206 —1205
z — 5439 —5434

Discussion of the refinement

The positional and thermal parameters, »; (i=x, y, z if
1, 2, 3) and B, of the separate refinements are given in
Tables 2 and 3 respectively. The atom numbering is
shown in Fig. 1. Table 2 indicates that for an arbitrary
coordinate the absolute difference in its values resulting
from the two refinements, 4=[ri(a)—ri(c)]a; (a:=the
corresponding lattice constant), is nowhere larger than
twice its standard deviation, o(4)=(02+02)"2.

Table 3. B values of APBA after refinement of a- and
c-axis data (B, and By), the difference (Bg— B;) and
the standard deviation of this difference o(By,— Be)

B, Bc B a—Bc (e} (Ba—Bc)
cQ) 111542 211742 —1.02A2 0-30A2
CcQ) 0-89 2:07 —1-18 0-30
Cc(3) 1-28 1-88 —0-60 0-31
C4) 1-17 221 —1-04 0-32
C(5) 0-80 1-98 —1-18 0-27
C(6) 1-03 2-14 —1-12 031
C(n 1-58 2:02 —0-44 0-34
C(8) 1-01 1-93 —092 031
C(9) 1-05 2-08 —1-03 031
C(10) 1-06 2:00 —0-95 0-30
C(11) 0-95 213 —1-18 0-30
C(12) 0-92 2-59 —1-67 0-32
C(13) 0-88 240 —1-52 0-30
C(14) 1-04 1-98 —094 0-30
c(15) 1-38 215 —0-78 0-33
C(16) 121 2:67 —1-46 0-33
can 0-94 1-90 —096 0-30
C(18) 1-18 269 —1-51 0-34
C(19) 1-30 2-08 —078 0-31

a4 o(4) Simultaneous o
27 25 1080 9
29 18 —434 7
19 21 —1165 9

—-10 25 1035 9
—-27 18 —280 8
—41 22 —3167 9
—18 27 1631 11
8 19 —501 8
—25 25 —4402 10
—25 23 2277 9
—19 17 — 890 7
11 21 —-3702 9
28 27 2361 10
18 19 —1028 8
-2 24 —1729 10
-19 28 1748 10
7 20 —810 8
—15 27 —464 11
20 16 —125 6

2 12 198 S
-3 15 —557 6
7 17 —4114 7

26 13 3404 6

5 16 4744 7

31 17 406 7

3 13 —388 6
-0 16 1950 7
6 3 3095 1
-2 2 —1206 1
—4 2 — 5437 1

Table 3 (cont.)

B. B By—B: o(Ba—Bc)
C(19) 1-20 2:11 —-0-91 0-30
C(2) 1-16 1-92 —-0-76 0-31
C@3) 1-31 2:29 —0-98 0-33
C4) 1-62 2:78 -117 0-35
C(5) 0-83 1-98 -115 0-29
C(6") 1-48 2-80 —1:32 0-36
(7)) 2:15 2:94 —-0-79 0-37
0Q3) 1-17 2:03 —0-85 0-22
o7 1-43 2-81 —1-38 0-25
o(1) 1-39 2:58 -119 0-25
Br 2:00 3:06 -1-07 0-03

It may be concluded that the positional parameter
values of the two refinements are not statistically differ-
ent. On the other hand, Table 3 reveals a systematic
discrepancy between the B values:

(Ba— By)~ —30(Bs— Be).

The positional parameters of the two refinements
were compared by means of Hamilton’s (1964) R-ratio
test. This test indicates whether, at a certain significance
level, the geometric model (positional parameters) of
the ¢-axis refinement should be rejected, under the as-
sumption that the c-axis model is correct. Using c-axis
data, refinement of isotropic thermal parameters and
scaling factors was carried out with fixed positional
a-axis parameters. An R value R=11-3% was ob-
tained.

Consider the function £ (v, N, «) where v is the num-
ber of fixed parameters (v=90), N is the number of de-
grees of freedom (in this case the number of observed
c-axis reflexions, 2186 minus the number of param-
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eters, 128) and « is the significance level. If the ratio
R//R, is smaller than Z (90, 2058, 0-005)=1-03 the
a-axis model cannot be rejected. The observed ratio is
11-3/10-8=1-05 which indicates rejection of the g-axis
model. However, the hypothesis that the c-axis model
is the correct one cannot be verified. The g-model was
not therefore rejected in favour of the ¢-model. The
R-ratio test is, strictly speaking, only valid for the gen-
eralized agreement factor (Hamilton, 1965) but may
be applied to the conventional R index.

The bond lengths in the two geometric models and
the corresponding standard errors are listed in Table 4.
The differences in bond lengths do not exceed twice the
standard deviations. Moreover, no serious deviations
with respect to literature values are observed.

We assumed that the geometric models were equiva-
lent. This equivalence is not valid for the dynamical
models (vibrational parameter sets). The observed dis-
crepancies are brought about by an accumulation of
systematic errors, i.e. spot-shape and extinction effects
and neglect of absorption in the B values. The physical
meaning of these values is therefore doubtful at best.

@

O
| s

1101106 __" 126
-0

L C(1)-C(10)-C (9):108
L C(5)-C(10)-C(19):109
L C4)-c13)-c(18): 111
®) L C(12)-C(13)-C(17):114

©

Fig.2. (a) Bond lengths of APBA in Angstrém units, (b) va-
lency, and (c) torsional angles in the steroid skeleton in
degrees.
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Table 4. Bond lengths (A) of APBA and calculated
standard errors (10-3 A) after separate
and simultaneous refinements

a-axis c-axis simultaneous

C(1)—C(2) 1-563 (27) 1-530 (18) 1-543 (12)
C(1)—C(10) 1:558 (28) 1-547 (18) 1-542 (12)
C(2)—C@3) 1-529 (21) 1-507 (18) 1-511 (11)
C(3)—C4) 1-547 (28) 1-506 (18) 1-529 (13)
C(4)—C(5) 1-474 (27) 1-519 (18) 1-508 (12)
C(5)—C(6) 1-341 (29) 1-319 (15) 1-318 (12)
C(5)—C(10) 1-511 (20) 1-495 (19) 1-514 (11)
C(6)—C(7) 1-498 (30) 1-:507 (17) 1-518 (12)
C(7)—C(8) 1-569 (21) 1-542 (18) 1-545 (11)
C(8)—C(9) 1-544 (29) 1-545 (17) 1-545 (12)
C(8)—C(14) 1-529 (28) 1-521 (18) 1-529 (13)
C(9)—C(10) 1-554 (28) 1-566 (18) 1-564 (13)
C(9)—C(11) 1-574 (20) 1-552 (18) 1-560 (11)
C(10)-C(19) 1-561 (21) 1-559 (17) 1-556 (11)
C(11)-C(12) 1-492 (26) 1-507 (20) 1-506 (13)
C(12)-C(13) 1-522 (29) 1-543 (19) 1-546 (14)
C(13)-C(14) 1-571 (19) 1-547 (20) 1-549 (12)
C(13)-C(17) 1-540 (19) 1-513 (17) 1-519 (10)
C(13)-C(18) 1-572 (28) 1-527 (21) 1-538 (13)
C(14)-C(15) 1:526 (29) 1-572 (18) 1-553 (13)
C(15)-C(16) 1-530 (22) 1-529 (17) 1-522 (12)
C(16)-C(17) 1-501 (25) 1-525 (21) 1-508 (13)
C(1")-C2) 1-458 (26) 1462 (19) 1471 (13)
C(2)-C(3") 1-411 (21) 1-400 (22) 1-408 (13)
C(2)-C(7) 1-386 (29) 1-407 (17) 1-401 (13)
C(3)-C@) 1-344 (29) 1-371 (20) 1357 (14)
C@4")-C(5) 1-395 (27) 1-374 (17) 1-388 (13)
C(5")-C(6") 1-396 (21) 1-410 (23) 1-386 (14)
C(6")-C(7") 1409 (30) 1387 (21) 1:389 (14)
C(3)—0(3) 1456 (24) 1454 (15) 1-456 (10)
C(17)-0(17) 1216 (19) 1-185 (13) 1-214 (10)
C(1)-0(3) 1-352 (22) 1-339 (14) 1-:340 (10)
C(1)-0(1") 1-237 (18) 1-237 (20) 1:236 (11)
C(5") -Br 1-907 (18) 1-882 (13) 1-889 (9)

After six cycles of c-axis refinement a difference map
was calculated. Outstanding anisotropy was observed
for the bromine atom, the direction of greatest vibra-
tion being, in the plane of the benzene ring, perpendi-
cular to the bond Br-C(5"). The thermal effects of the
other atoms could not be distinguished. Nor could the
hydrogen atoms be located.

Consideration of these facts prompted us to carry
out the third refinement procedure mentioned in the
previous section. The final positional parameters from
this simultaneous refinement are listed in Table 2. The
determinants of the Uy tensors are positive definite for
all atoms. However, due to the procedure applied, the
Uy values cannot have a physical meaning and are not
tabulated here.* Table 5 is the final list of observed and
calculated structure factors corresponding to an R
value of 11-7 %. The very strong reflexions 011 and 111
from the c-axis data and 170 and 401 from the g-axis
data were omitted in the last cycles of the refinement.

The geometric model of the simultaneous refine-
ment was tested according to Hamilton using the a-
and c-axis data separately. The resulting R values were
R,=12:6% and R;=10-9%. The ratios R,/R,=1-02
and R;/R,=1-01 proved to be smaller than the critical

* A list of Uy values is available upon request.
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Table 5. Observed and calculated structure factors (FO and FC) of APBA on four times absolute scale - - -
c-axis data are given first; for the non-observed reflexions (minus sign) FO x 0-7 is on four times absolute scale. .-

WR L B FC M K L FO FC M K L FO FC W R L FO B W X L FY Kl 4 € L €] F
0 20 8 159 612 0 -2 213 0 -2 13T 2 -2 1710 o 11z aw
0 4.0 42 ae 413 0 3 B1s 0 13 1es13 3 0 188 17 0 9 ER LI

o 6 0 227 1 41 0 17 o st 392 15 Nt B w1
a8 0 17 1A 418 0 v ATA D 88 ITIT1D 0 188 13320 2 0 31 2w
019 0 193 118 4t 0 e Mo a A ATV o 2% 2720 3 5 3201 0
012 0 420 426 417 O ax 0 0 1ls 1261312 0 -28 1320 & o st 1

a0 30 418 0 e 10 39 321310 0 -2 10 30 L]

s 0 1 149 416 0 w8 > 9 3% 311314 0 142 1WA Z0 b O Tl o g

8 0 129 13 320 0 -2% M2 0 21 MIVIS 0 a8 s g 2 1 325 0 M

0 0 108 118 421 o0 -2y 9t 0 27 2211318 0 18 18 0 ) . Bt 3

2 0 10 Al 422 A -2 T 20 W UTIILT O 19 17 0 & . o1 oan

4 0 136 13 420 0 1T 176 Y 3 0 201 M IVIL 0 d a1 O § . .

1 0-213 181 426 0 3 38 % 4 0 =0 121319 0 20 29 0 & . IR

20 58 T 43235 0 29 a2 & S 0 201 AV 2 0 -26 28 0 T . 2 n

30 217 M1 1 0 32 2) 9 60 2 i 1o ez o s . oo

40 10 52 0 30 200 % T O 21} WA Z 0 132 118 O 9 . vz

3 0 A88 434 3 3 0 -4 1 a M O 138 17S1c 3 0 23 239 010 . SIS

6 0 4% 430 5 4 0 A5 gl ¥ 9 0 23 281t & 3 I o . [EIRNR IS

T o M 35 0D 16) 164 €10 0 2 2314 % 3 <3 N 012 . st

8 0 1 95 5.5 0 JA7 e a1} A W AT1e A O 2 %k 01V . ay an

9 0 193 229 4 7T 5 #s AL 912 O 2% 3 1e 7 5 qlA  or O1% . 1%

0 0 15¢ 14 S 8 0 19 17 1) 0 1) 1M1 4 5 (36 9 01 . 135 131
111 0 &8 T 3 9 0 -1% 19 Al 0 3 316 S 0 -25 & 018 . s e
112 <20 9 310 0 A3 a3 1L 0 % S 1sls 0 -2¢ 18 017 Ny R
113 383 3% SIL 0 =21 21 916 0 -25 sleil 7 % 4% 0 1A . wloa
114 1 8 312 0 L T 0 13 1831612 0 a1 a5 010 . 151

s -2 T3 oo 2 R0 ro rrie1y 0 -23 13 020 . I

. <25 1 sl 0y a0 -2 111814 5 102 133 0% . aoas

T 219 515 0 -2 5 0 70 M 113 0 132 121 027 . -y
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values £(90, 1482, 0-005)=1-04 and . %Z(90, 2058,
0-005)=1-03 respectively. Consequently, the ‘simul-
taneous’ model cannot be rejected in comparison with
the a- and c-axis models at the significance level 0-005.
The geometric calculations of the molecule are there-
fore based on the ‘simultaneous’ geometric model.
Moreover, it can be seen (Table 4) that for chemical
reasons the ‘simultaneous’ model is the best..

The molecular geometry

The bond lengths and calculated standard errors are
tabulated in Table 4 [see also Fig. 2(a)]. Systematic er-
rors were not taken into account and, consequently,
the standard errors are too small. The values of the
valency and torsional angles are shown in Figs. 2(b)
and (c). The average standard deviations are 0-8 and
1:2 degrees respectively.

In view of the size of the standard deviations the ob-
served bond lengths do not differ from the expected
values. This is certainly not true for the valency angles;
for example C(2)-C(1)-C(10), C(8)-C(14)-C(13) and
C(3)-O(3)-C(1"). The observed values are 115, 115 and
117° while the expected values are respectively 111, 110
and 110°.
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The ether valency angle C(3)-O(3)-C(1") is quite
large but in agreement with recent values found in solid
monochloroacetic anhydride (121°; de Kok & Romers,
1969) and in gaseous acetic anhydride (116°; Vledder,
Mijlhoff, Leyte & Romers, 1970).

The distribution of torsional-angle values indicates
that rings 4 and C are ‘chairs’ and ring B is a ‘half
chair’. Fig. 3 shows the Newman projections along the
bond C(13)-C(14) of the compounds APBA and digi-
toxigenine. The latter is a recently reported steroid
which also possesses a cis junction of the rings C and

®

Fig.3. Newman projections of (a¢) APBA and () digitoxigenine
along the bond C(13)-C(14). Coupling of the rings C and
D is indicated.
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D (Karle & Karle, 1969). The projections demonstrate
the cis coupling of C and D. The atom C(18) has an
a-configuration in APBA and a f-configuration in digi-
toxigenine.

It has been shown (Altona, Geise & Romers, 1968)
that a cyclopentane-like ring in any state of its pseudo-
rotational circuit can be characterized by its values of
the parameters ¢, the measure of puckering and 9,
the phase designating the actual conformation. The
conformation of a steroid D-ring can be described as a
fixed state in that circuit, with J confined to the range
—36° [C(14)-‘envelope’ conformation] to + 36° [C(13)-
‘envelope’] for different molecules. The value of = —34°
in APBA corresponds to a nearly ideal ‘envelope’ con-
formation with C(14) as flap.

In steroids with D rings trans-fused to C rings with-
out keto groups at C(17), ¢ is found in the range
46-50°; steroids with trans fusion and possessing such
a keto group have somewhat flatter D rings with gu,
~44° [average of four observations taken from: Braun,
Hornstra & Leenhouts (1969) and from Altona, Geise
& Romers (1968)]. For APBA (cis C/D) ¢ is somewhat
smaller (41°).

The puckering of ring D in digitoxigenine (¢, =36°)
is still smaller. However, the comparison with this
steroid is hardly warranted since it contains a f-hy-
droxyl group at C(14) and a lactone group at C(17).
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The torsional angles ¢(17-13-14-15) and ¢(12-13-14-
8) are governed by the ‘equality rule’ introduced by
Bucourt (1964) and later discussed by Geise, Altona &
Romers (1967). The observations for this molecule
—38 and —42° are in agreement with this rule. A
‘normal’ C ring in the ‘chair’ conformation demands a
torsional angle ¢(12-13-14-8)~55°. Consequently its
conformation in APBA is strongly distorted. Since the
angle ¢(14-8-9-11) changes only slightly under distortion
(Bucourt & Hainaut, 1965) there is no transmission of
the distortion towards ring B. The 1,4-interactions
C(11)-C(17) and C(8)-C(17) correspond to distances
3-13 and 3-13 A. These distances would assume the ex-
tremely small values of 3-00 and 3-09 A respectively if
¢(12-13-14-8) retained the value 55°.

The double bond C(5)-C(6) dictates small values for
¢(9-10-5-6) and ¢(1-10-5-4). This effects the same de-
formation of ring 4 as observed for ring C.

The overall-shape of the molecule (Fig. 4) is rather
elongated, notwithstanding the cis junction of rings C
and D.

The packing

A projection of the structure along [001] is shown in
Fig. 5. The reference molecule I (x, y, z) is surrounded
at a distance less than 4-20 A by fourteen molecules
(II-XTV) having the following coordinates:
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Table 5 (cont.)
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In the end 106 intermolecular distances proved to be
smaller than 4-20°A. The smalle stones occur between
the carbonyl oxygen atom and other atoms:
O(1)-C(4"), (I1-1, I-11I) 3-20, O(17)-C(6"), (XI-1, I-IX)
3-35, O(17)-C(2), (VII-I, I-XV) 3-44, O(17)-Br, (X-I,
I-VII) 3-47, OQ1')-C(3"), (II-I, I-III) 3-51 and
0O(1")-C(18), (I-1V, V-I) 3-55 A. The next smallest dis-
tance (3-56 A) is between Br and C(2") (I-XII, XIII-T).
The intermolecular interactions of the type I-XIV and
I-VI are rather large (smallest value 3-84 A). No mutual
interactions occur between the Br atoms (see Fig. 4).
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|
e
|

B NP et DO NP N N
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All calculations were performed on the IBM 360/50
computer of the Central Computing Laboratory of the
University of Leiden. We acknowledge the contribu-
tions of Mrs E. W. M. Rutten who wrote the least-
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Fig.4. Side and top view of the molecule of APBA. Atoms are
indicated with valence radii by overlapping circles. The ‘bond-
frame’ is superposed for reasons of clarity.
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squares and Fourier programs and of R. A.G. de Graaff
for developing the geometry programs. We wish to
express our thanks to Mrs L. Willemsen, who produced
the photographs and to F. C. Mijlhoff for discussions
on the R-ratio test.
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