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Fig. 1. Compound (24) with thermal ellipsoids at the 30%
probability level. H atoms are shown as spheres of arbitrary
size. ’

products (Mehta, Srikrishna, Reddy & Nair, 1981)
have been discussed.
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Structure of 1,7,10,16-Tetraoxa-4,13-dithiacyclooctadecane-2,6-dione at 163 K

By STEVEN B. LARSON* AND -STANLEY H. SIMONSEN
Department of Chemistry, University of Texas at Austin, Austin, TX 78712, USA

(Received 11 September 1989; accepted 14 November 1989)

Abstract. C12H2006S2, M, = 324‘41, trichnic, PT, a=
8-7876 (13), b=8-6117(12), c=11-85512Q) A, a=
90-391 (12), B =118-85(2), y=97-823(10)°,
7758 2) A®, Z=2, D, = 1-389 gcm 3, A(Mo Ka) =
0-71069 A, ux=3476cm™!, F000)=344, R=
0-0407 for 2274 reflections (F=4o0). The macro-
cycle backbone forms an elliptical cavity with
approximate C2 symmetry despite the presence of
the carbonyl groups. The conformation, beginning
at Ol, is (ag”g*, g*aa, ag*a),; al C—S—C—C

"*To whom correspondence should be addressed. Present
address: ICN Nucleic Acid Research Institute, 3300 Hyland
Avenue, Costa Mesa, CA 92626, USA.
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V=

fragments are gauche whereas all C—O—C—C frag-
ments are gnti. Differences in torsion angles related
by the pseudo-twofold axis are less than 17° (r.m.s.
deviation: 9-5°). The macrocycle is not planar; the S
atoms are 1:1702(7) and 1-1289 (7) A out of the
mean plane of the 18 backbone atoms and pointed
out of the cavity [the dihedral angles between the
C—S—C fragments and the backbone mean plane

_are 114-43 (11) and 11591 (13)°]. Two H atoms are

inside the cavity. The carbonyl O atoms are 0-184 (2)
and 0-847 (2) A out of the plane. The average C—C,
C—O(ether) and C—S bond distances are 1-504 (16),
1-424 (8) and 1-814 (11) A. Bonds in the ester por-
tions are also normal.

© 1990 International Union of Crystallography
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Experimental. The title compound (1) was prepared
by the reaction of thiodiglycol dichloride and
1,4,10,13-tetraoxa-7-thiatridecane under high
dilution conditions and was crystallized from
chloroform/ether solution as white platelets (Maas,
Bradshaw, Izatt & Christensen, 1977). A summary of
data collection and structural refinement is given in
Table 1. Unit-cell parameters were obtained by least-
squares refinement of the setting angles of 15 reflec-
tions with 25-0 < 26 < 34-2°. A Syntex P2, autodif-
fractometer with a graphite monochromator and a
Syntex LT-1 inert-gas (N,) low-temperature delivery
system was used for all measurements. Data reduc-
tion was carried out as described by Riley & Davis
(1976). Stability correction was based on intensities
of four check reflections which were measured every
96 reflections. Absorption corrections were based on
crystal-size measurements. The function minimized
was >w(|F,| — |F.|)% where w=o072 or=Fo,/2I,
and o;= [Ny, + Nugi + Npgo + (0-04D7]2.

L

(M

The structure was solved in space group Pl start-
ing with three S atoms whose coordinates were
deduced from a sharpened Patterson map. The struc-
ture was augmented with 37 additional non-H atoms
via two subsequent difference maps. Severe corre-
lation of parameters and strange relationships
between corresponding bond lengths of the two mol-
ecules prompted a search for a center of inversion
that would relate the two molecules. Thus, the origin
was shifted to coincide with the inversion center and
the refinement was continued in space group P1 with
one molecule per asymmetric unit. 20 H atoms were
located in a AF map as peaks of 0-52-1-19 ¢ A~% at
R =0-072. All atomic positional parameters, aniso-
tropic thermal parameters for non-H atoms and
isotropic thermal parameters for H atoms were
refined by full-matrix least squares [SHELX76 (Shel-
drick, 1976)] except that a single isotropic thermal
parameter for the H atoms attached to C12 (H124
and H12B) was refined since refinement of an indivi-
dual U for H124 resulted in a negative value. Scat-
tering factors and anomalous-dispersion corrections
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Table 1. Summary of data collection and refinement

(a) Data collection (163 K)
Mode

Scan range (°)

Background

w scan

1-0

Stationary counts 1° before and
after the Ka peak for total
scan time

Scan rate (°min~') 1-5-5-0
Exposure time (h) 20
Stability correction range on / 0-925-1-036
Check reflections 003, 020, 400, 222
26 range (°) 4-0-50-0
Range in Akl, min. 0,-10,-14

max. 10,10,11
Total reflections, measured, unique 2375, 2375
Crystal dimensions (mm) 0-29 x 0-24 x 0-16
Crystal volume (mm?) 00104
Transmission-factor range 0-918-0-950
(b) Structure refinement
Reflections used (F= 40p) 2274
No. of variables 261
Goodness of fit, S 1-816
R, wR 0-0407, 0-0512
R for all data 00538
Max. shift/e.s.d. 0-0003
Extinction parameter 1-8 (12) x 10" 7
Max., min. density in difference 0-50, —0-26

Fourier map (e A~3)

Table 2. Fractional atomic coordinates and equivalent
isotropic temperature factors

Uey=1ZZ, U a/a;a,a,

X y z Uey(A)
o1 0-6763 (2) 07401 (2) 00503 (2) 00281 (8)
@ 07885 (3) 0-8451 (3) 00329 (2) 00261 (10)
3 0-9507 (3) 07796 (3) 00589 (3) 00301 (12)
S4 1-10455 (8) 0-79414 (8) 0-23187 (7) 0-0320 (3)
CS 1-0050 (3) 0-6395 (3) 0-2878 (3) 0-0268 (11)
C6 1-0107 (3) 0-4756 (3) 0-2454 (3) 0-0275(11)
(6] 0-9847 (2) 0-3715(2) 0-3199 (2) 0-0329 (8)
c8 0-9746 (4) 02070 (3) 02824 (3) 00373 (14)
9 0-8991 (4) 0-1098 (4) 0-3524 (3) 0042 (2)
010 0-7251 (3) 0-1365 (2) 0-3093 (2) 0-0393 (9)
cll 0-6409 (5) 0-0495 (4) 03714 (4) 0046 (2)
Ci12 0-4792 (5) 0-1231 (4) 0-3460 (3) 0-046 (2)
s13 0-52869 (9) 030501 (9)  0-44476(7) 00367 (3)
Cl4 0-6154 (4) 0-4532 (3) 0-3735 (3) 0-0334 (12)
Cl5 0-4724 (4) 0-5078 (4) 02543 (3) 00371 (13)
016 0-5532 (2) 0-6292 (2) 0-2093 (2) 0-0342 (8)
C17 0-4324 (3) 0-6667 (3) 00837 (3)  0:0315(12)
C18 0-5243 (3) 07965 (3) 0-0453(3) 00296 (12)
019 0-7616 (2) 0-9767 (2) 0-0026 (2) 0-0352 (9)
020 1-0322 (3) 0-4402 (2) 0-1567 (2) 00435 (10)

for all non-H atoms were taken from International
Tables for X-ray Crystallography (1974); H-atom
scattering factors were taken from Stewart,
Davidson & Simpson (1965). Atomic parameters are
listed in Table 2;* bond lengths, bond angles, torsion

* Tables of anisotropic thermal parameters, H-atom param-
eters, bond lengths and angles involving H atoms, least-squares
planes and structure-factor amplitudes have been deposited with
the British Library Document Supply Centre as Supplementary
Publication No. SUP 52441 (12 pp.). Copies may be obtained
through The Technical Editor, International Union of Crystallog-
raphy, 5 Abbey Square, Chester CH1 2HU, England.
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angles and selected interatomic distances are given in
Table 3. Atom labeling is shown in Fig. 1. Packing of
the unit cell is illustrated in Fig, 2. Principal com-
puter programs are given by Gadol & Davis (1982).
Figures were drawn with ORTEPII (Johnson, 1976);
least-squares planes were calculated with PLANES
(Cordes, 1983).

Related literature. As seen in other noncomplexed
thia-oxa macrocyclic polyethers (Huffman, Camp-
bell, Dalley & Larson, 1981; Dalley, Larson, Smith,
Matheson, Izatt & Christensen, 1981; Barnes, Paton,
Prout, Turner & Schroth, 1988), the S atoms in (1)
point away from the cavity. The elliptical form of the
cavity is similar to that of 18-crown-6 (Maverick,
Seiler, Schweizer & Dunitz, 1980; Dunitz & Seiler,
1974) and thia-18-crown-6 (which is isomorphous to
18-crown-6) (Huffman et al., 1981) although these

Fig. 1. Thermal-ellipsoid plot of (1) illustrating atom labeling and
ellipsoidal conformation of the macrocycle. Some short
C—H---O intramolecular contacts which may affect the molecu-
lar conformation include H3B--020 [2-51 (3)A], H5B--01
[2:55 (3) A] and H144--010 [2-48 (3) A]. Thermal ellipsoids are
drawn at the 50% probability level.

Fig. 2. Crystal packing diagram of (1) viewed approximately
perpendicular to the ac plane. H atoms have been omitted for
clarity. Closest intermolecular contacts are O19---H8B
[2:47 (3) A}, 019--H34 [2-51 (3) A] and 020--H3B [2:61 (3) A).

1,7,10,16-TETRAOXA-4,13-DITHIACYCLOOCTADECANE-2,6-DIONE

Table 3. Bond lengths (A), bond angles (°) and torsion

angles (°)

1 2 3 4 1—2 1—2—3 1—2—3—+4
C2 01 CI8 CI7T 1337(3) 116:5 (2) 1729 ()
3 ¢ 01 CI18 1112 (2) 1719 (2)
o9 C2 C3 sS4 97-4 (3)
019 C2 01 CI8 121103) 1235 (3) -67 (4)
4 @ C ol 1-823 (3) 1107 (2) -812(2)
cs sS4 1798 (3) 102:72 (13) 751 (2)
C6 C5 sS4 C3 1-511 (4) 1143 (3) 702 (2)
07 C6 C5 S4 110-3 (3) 161-3 (2)
020 C6 07 C8 -31(4)
020 €6 C5 S4 1-199 (4) 1261 (3) ~19:9 (4)
c8§ 07 C6 C5 1-459 (3) 115:5 (3) 1757 (3)
9 € 07 C6 1-490 (6) 107-1 (3) -1652 (3)
010 C9 C8 O7 1413(4) 1091 (3) 64-4 (3)
Cll 010 C9 C8 1-427 (5) 113-6 (3) -179:5 (3)
C12 Ciu 010 C9 1-532 (6) 107-8 (3) 164-0 (3)
S13 Cl12 Cll 010 1-820 (4) 1144 (2) =772 (3)
Cl4 SI3 CI2 Cll 1815(4) 1049 (2) 759 (3)
CI5 Cl4 SI13 Cl2 1501 (4) 1122 (2) 788 (3)
016 CI5 Cl4 SI3  1432(4) 107:8 (2) 1773 (2)
Cl7 016 CI5 Cl4 1423(3) 111:5 2) 1688 (3)
Cl18 C17 016 Cl5 1-492 (5) 108-3 (2) 1784 (3)
o1 Cl18 - C17 016 1457 (4) 106-8 (2) 581 (3)
C3 C2 019 1-497 (4) 125-3 (3)

o7 C6 020 1336 (4) 123+6 (3)
Interatomic distances between S and O atoms in the macrocyclic
ring

1 2 1.2 1 2 12

ol S4 322(2) Ol 07 4-665 (3)
01 010 6-015 (3) o1 S13 6-509 (2)
01 016 2711 (3) S4 o7 3-939 (2)
S4 ol10 6-474 (2) S4 S13 7-509 (2)
S4 016 4737() 07 010 2789 (3)
07 S13 4-868 (3) o7 016 4-308 (3)
o10 S13 3315 (3) 010 016 4-666 (3)
S13 016 4019 (2)

structures have centers of inversion. Hexathia-18-
crown-6 (Hartman, Wolf, Foxman & Cooper, 1983)
is also elliptical. The C—O—C—C and C—S—C—C
conformations are all anti and all gauche, respec-
tively, consistent with the observation by Hartman et
al. (1983) that the vast majority of the C—O—C—C
conformations found in the literature are anti
whereas all C—S—C—C conformations are gauche.
7,16-Dithia-18-crown-6, the non-carbonyl analog
of (1), is elliptical with a center of inversion (Dalley
et al., 1981).

This work was supported by the Robert A. Welch
Foundation Grant F-017. The authors are grateful to
J. S. Bradshaw and N. K. Dalley for supplying the
compound.
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Structure of 1,2,3,5,6,10ba-Hexahydro-68-hydroxy-4a-methyl-
6a-phenylpyrrolo[2,1-a]isoquinolinium Iodide

By MASOOD PARVEZ

Department of Chemistry, The Pennsylvania State University, University Park, PA 16802, USA

BRrUCE E. MARYANOFF AND DAvVID F. McCOMSEY

Chemical Research Department, Janssen Research Foundation, Spring House, PA 19477, USA

(Received 1 September 1989; accepted 5 December 1989)

Abstract. C,;H,,NO*.I~, M,=407-30, ortho-
rhombic, Pbca, a=13-687 (2), b=14-056 (2), c=

18055 (4) A, V=34733A% Z=8, D,=
1-558 Mg m 3, A(Cu Ka) = 1-5418 A, w=
14-64 mm~", F000)=1632, T=293(1)K, R=

0-0689 for 1762 observed reflections with 1> 3o(J).
The six-membered central ring is in a distorted chair
conformation and the five-membered ring is cis-fused
to it. The planes of the phenyl rings are inclined at
1119 (3)°. The I atom and the O atom of the
hydroxy group are in van der Waals contact
[I--H(O1) 2:57 A, 1---HO1—O(1) 163-0°].

Experimental. The preparation of the title compound
has been described elsewhere (Sorgi, Maryanoff,
McComsey, Graden & Maryanoff, 1989). Colorless
crystals were obtained by slow crystallization at
room temperature from a mixture of methanol:2-
propanol. An elongated needle of approximate size
0-16 x 0-22 x 0-40 mm was used for data collection.
Accurate cell dimensions and a crystal-orientation
matrix were determined on an Enraf-Nonius CAD-4
diffractometer by a least-squares refinement of the
setting angles of 25 reflections in the 6 range 20-30°.
Intensity data were collected by the w-26 scan
method with w-scan width (0-60 + 0-14tanf)° and
variable scan speed of 1:3—5-5° min ~ ' using graphite-
monochromatized Cu Ka radiation with indices # 0
to 16, kK 0 to 16 and / 0 to 21 in the @ range 5-65°.
The intensities of three standard reflections measured

0108-2701/90/050931-02%03.00

every 2 h showed no evidence of crystal decay. Inten-
sities of 3399 reflections were measured, 1762 had 7
> 30(I), and were used in the structure solution and
refinement. Data were corrected for Lorentz and
polarization factors and for empirical absorption
(North, Phillips & Mathews, 1968); maximum and
minimum transmission coefficients were 1-00 and
0-33, respectively.

The structure was solved by the heavy-atom
method. Refinement of the structure was by full-
matrix least-squares calculations on F’s, initially
with isotropic and finally with anisotropic tempera-
ture factors for the non-H atoms. At an intermediate
stage in the refinement a difference map revealed all
H atoms which were included in subsequent cycles at
geometrically idealized positions (C—H 0-95 A),
with an overall isotropic temperature factor. Re-
finement converged with R=0-069 and wR=
[Ewd?/YFE?"?=0093. Max. shift/es.d. was less
than 001, S = 1-596, w = 1/[0*(F,) + 0-10(F,)?], min.
and max. electron density in the final difference map
being —0-39 and 0-43 € A3, respectively. Scattering
factors were those of Cromer & Mann (1968) and
Stewart, Davidson & Simpson (1965) and allowance
was made for anomalous dispersion (Cromer &
Liberman, 1970). All computer programs used were
part of the Enraf-Nonius Structure Determination
Package (B. A. Frenz & Associates Inc., 1985), and
the figures were plotted using ORTEP (Johnson,
1976).
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