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4305 reflections
289 parameters
H atoms riding (see text)
w = U[o*(F2) + (0.0575P)?
+ 1.5671P]
where P = (F? + 2F2)/3

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (fi, °)

C9A— S10A 1.664 (4) C9B—S108 1.666 (4)
C9A—S114 1.735(4) C9B—S11B 1.738 (4)
C13A—S144 1.726 (4) C13B—S12B 1.734 (4)
C13A—S124 1.732 (4) C13B—S14B 1.736 (4)
CI5A—S14A 1.805 (5) C15B—S14B 1.801 (5)
S11A—S124 20486 (14) S11B—S12B 2.0479 (14)
C9A—S11A—S124 97.25(14) C9B—S11B—S128 96.71 (13)
C13A—S812A—S11A 93.61(13) C13B—S12B—SI11B 93.99 (13)
C134—S14A—C15A 104.7 (2) C13B—S14B—CI15B 105.5 (2)

Owing to technical reasons beyond our control, we were forced
to measure a slightly restricted data set (up to 65° in 6 instead
of the usual 67°). In spite of this drawback, a very adequate
ratio of reflections to parameters (~15) was attained, and
refinement on F using the whole data set led to reasonable
R factors, as well as satisfactory s.u. values for parameters
involving non-H atoms. H atoms were placed at idealized
positions and allowed to ride with isotropic displacement
factors 1.25 times larger than those of their hosts.

Data collection: CAD-4-PC (Enraf-Nonius, 1993). Cell re-
finement: CAD-4-PC. Data reduction: MolEN (Fair, 1990).
Program(s) used to solve structure: XS in SHELXTL/PC
(Sheldrick, 1991). Program(s) used to refine structure:
SHELXL93 (Sheldrick, 1993). Molecular graphics: XP in
SHELXTL/PC. Software used to prepare material for publica-
tion: CIFTAB (Sheldrick, 1993), PARST (Nardelli, 1983) and
CSD (Allen, Kennard & Taylor, 1983).

Data collection was performed at the Laboratorio
Nacional de Difraccién (LANADI), La Plata, Argentina.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: AB1441). Services for accessing these
data are described at the back of the journal.

References

Aimar, M. L. & de Rossi, R. H. (1996). Tetrahedron Let. 37, 2137-
2140.

Allen, F. H., Kennard, O. & Taylor, R. (1983). Acc. Chem. Res. 16,
146-153.

Bueding, E., Nolan, P. & Leroy, J. P. (1982). Res. Commun. Chem.
Pathol. Pharmacol. 37, 292-303.

Enraf-Nonius (1993). CAD-4-PC. Version 1.2. Enraf-Nonius, Delft,
The Netherlands.

Fair, C. K. (1990). MolEN. An Interactive Intelligent System for
Crystal Structure Analysis. Enraf-Nonius, Delft, The Netherlands.

Jeffrey, G. A. & Shiono, R. (1959). Acta Cryst. 12, 447-454.

Kensler, T., Styczynkl, P., Groopman, J., Helzlsouer, K., Curphey, T.,
Maxuttenko, Y. & Roebuck, B. D. (1992). J. Cell. Biochem. Suppl.
161, 167-172.

Landis, P. S. (1965). Chem. Rev. pp. 237-245.

Lu, F. L., Keshavarz-K, M., Srdanov, G., Jacobson, R. H. & Wudl, F.
(1989). J. Org. Chem. 54, 2165-2169.

Nardelli, M. (1983). Comput. Chem. 7, 95-98.

© 1997 International Union of Crystallography
Printed in Great Britain — all rights reserved

1127

Pedersen, C. Th. (1982). Adv. Heterocycl. Chem. 31, 63-113.

Pedersen, C. Th. (1995). Sulfur Rep. 16, 173-221.

Prochaska, H. J., Yeh, Y., Baron, P. & Polsky, B. (1993). Proc. Natl
Acad. Sci. USA, 90, 3953-3957.

Sheldrick, G. M. (1976). SHELX76. Program for Crystal Structure
Determination. University of Cambridge, England.

Sheldrick, G. M. (1991). SHELXTL/PC. Version 4.2. Siemens Ana-
lytical X-ray Instruments Inc., Madison, Wisconsin, USA.

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of
Crystal Structures. University of Goéttingen, Germany.

Wang, Y., Lin, C. & Wei, C. H. (1985). Acta Cryst. C41, 1242-1244.

Wei, C. H. (1983). Acta Cryst. C39, 1079-1082.

Wei, C. H. (1985). Acta Cryst. C41, 1768-1770.

Wei, C. H. (1986). Acta Cryst. C42, 1836-1839.

Wei, C. H. (1987). Acta Cryst. C43, 113-115.

Acta Cryst. (1997). C53, 1127-1131

Four 9-Alkylthiophenanthrenes at 193 K
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Abstract

Four 9-alkylthiophenanthrenes, namely, 9-methylthio-
phenanthrene, C;sH;,S, (1), 9-ethylthiophenanthrene,
CieHi14S, (2), 9-propylthiophenanthrene, C;7H;6S, (3)
and 9-butylthiophenanthrene, C3H,gS, (4), have been
characterized by X-ray analysis. Compound (1) crys-
tallizes in space group P2; with two molecules, and
the other three compounds, in a novel display of iso-
structurality, in space group P2,/c, with one molecule
per asymmetric unit.

Comment

Some 9-alkylthiophenanthrenes were recently required
as starting materials in connection with our studies
of the preparation of new hemithiodithioacetals and
their reactions (Kansikas, Leskeld, Sipild & Hase, 1995;
Kansikas, Sipild & Hase, 1996).

After crystallization, the title compounds (2), (3)
and (4) were found to appear as colorless plates, and
compound (1) as light brown rods or yellow needles.
Melting points were determined in open capillary tubes
with an electrothermal apparatus and are uncorrected.
Thin yellow needles of (1) have a melting point of
367K, but the thicker light brown cystals used in
the structure determination have a melting point of
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1128 CisHi2S, CigHisS, Ci17H16S AND CigH, S

364 K. The melting point for compound (2) is in good
agreement with the range 352-355K for 9-ethylthio-
phenanthrene crystallized from petrol ether—dichloro-
methane (Node, Nishide, Ohta, Fuji, Fujita, Hori &
Inayama, 1983).

O
Q (2) R = CyH;

(3) R=C3Hg

\ () R=CyH,g

g Fig. 2. Stereoscopic view of compound (1) showing molecular packing
as seen from the b-axis direction.

Fig. 3. View of compound (2) with atom labels. Displacement
ellipsoids are drawn at the 50% probability level.

Fig. 4. Stereoscopic view of compound (2) showing molecular packing
as seen from the c-axis direction.

®) Bond lengths C4a—C4b and C9—CI10 in phenan-
Fig. 1. View of (a) molecule a and (b) molecule b of compound (1) threne have been found to differ by 0.122 and 0.100 A

with atom labels. Displacement ellipsoids are drawn at the 50% i!l an X-ray (Sa) and a neutron (5b) Smdy’ respec-
probability level. tively (Kay, Okaya & Cox, 1971). For 9-trimethylsilyl-
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phenanthrene, (6) (Lu, Hseu & Lee, 1977), and the
present structures, (1)—(4), the differences are 0.099,
0.100, 0.102, 0.098, 0.092 and 0.073 A for (1a), (1b),
(2), (3), (4) and (6), respectively. The packing diagram
for (4) is similar to Fig. 4.

Fig. 5. View of compound (3) with atom labels. Displacement
ellipsoids are drawn at the 50% probability level.

I

Fig. 6. Stereoscopic view of compound (3) showing molecular packing
as seen from the c-axis direction.

Experimental

The 9-alkylthiophenanthrenes were prepared from 9-bromo-
phenanthrene, KOH and alkylthiol in dimethylformamide
(Sipila & Hase, 1997). Crystals suitable for X-ray analysis
were obtained by recrystallization from ethanol.

Compound (1)

Crystal data

CisHiaS Mo Ka radiation
M, = 22431 A =0.71069 A

Fig. 7. View of compound (4) with atom labels. Displacement

1129

ellipsoids are drawn at the 50% probability level.

Monoclinic

P2, .
a=11786(2) A
b=5543(1) A
c=17.799 (4) A
B = 106.16 (3)°_
V=11169 4) A®
Z=4

D, =1.334 Mgm™®
D, not measured

Data collection

Rigaku AFC-7S diffractom-
eter

w/26 scans

Absorption correction: none

2323 measured reflections

2323 independent reflections

1815 reflections with
I>20()

Refinement

Refinement on F2

R[F? > 20(F%)] = 0.073
wR(F?) = 0.209

S = 1.040

2306 reflections

291 parameters

Cell parameters from 20
reflections

0 =5-10°
p=0.255 mm™'
T=193(2) K

Rod

0.3 x 0.2 x 0.2 mm
Light brown

Omax = 26.51°
h=0—> 14
k=0—6

I=-22 21

3 standard refiections
every 100 reflections
intensity decay: <1%

Apmax = 0577 e A3

Apmin = —0571 ¢ A3

Extinction correction:
SHELXL93

Extinction coefficient:
0.005 (5)
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H atoms riding
w = U[c*(F2) + (0.103P)?
+ 1.09P)
where P = (F2 + 2F2)/3
(A/G')max < 0.001

CisHi2S, Ci6H14S, C17H16S AND CigH )5S

Scattering factors from
International Tables for
Crystallography (Vol. C)

Absolute configuration:
Flack (1983)

Flack parameter = 0.16 (22)

Table 1. Selected geometric parameters (/i, °) for (1)

S1—C19 1.765 (7)
S1—Cl112 1.797 (9)
Cl4—Cl4a 1.422(9)
Cl4a—Cl4b 1.465 (9)
Cl4a—Cl110a 1.399 (10)
Cl14b—C15 1.402 (10)
Cl14b—C18a 1.415(9)
Cl18a—C19 1.448 (10)
C19—C110 1.363 (9)
C110—C110a 1.430(9)
C19—S1—C112 103.1 (4)
C14—Cl14a—Cl4b 122.2(7)
Cl4b—Cl14a—Cl10a  119.1(6)
C14a—C14b—C15 122.9 (6)
Cl4a—C14b—Cl8a 119.0 (6)
C14b—C18a—C19 120.1 (6)
C110—C19—Cl8a 120.0 (6)
C110—C19—S1 124.0 (6)
C18a—C19—S1 116.0(5)
C19—C110—C110a 121.3 (6)
Cl14a—C110a—C110  120.5(6)
Compound (2)

Crystal data

CisHjaS

M, = 238.35

Monoclinic

P21/C

a=9054(4) A
b=20.644 9 A

c=6659 3) A

B =98.10 (3)° .
V=12322(10) A®

Z=4

D, =1285Mgm™
D,, not measured

Data collection

Rigaku AFC-7S diffractom-
eter

w/20 scans

Absorption correction: none

1897 measured reflections

1851 independent reflections

1389 reflections with
I>20()

Refinement

Refinement on F*

RIF? > 20(F?)] = 0.068
wR(F?) = 0.155

S =1.030

1843 reflections

155 parameters

H atoms riding

$2-C29 1.797 (7)
S2—C212 1.741 (9)
C24—C24a 1.410 (10)
C24a—C24b 1.470 (9)
C24a—C210a 1.409 (10)
C24b—C25 1.366 (11)
C24b—C28a 1.416 (11)
C28a—C29 1.417 (1)
C€29—C210 1.372 (10)
C210—C210a 1.447 (10)
C29—S2—C212 104.7 (4)
C24—C24a—C24b 1229 (7)
C24b—C24a—C210a 1182 (6)
C24a—C24b—C25 123.1(7)
C24a—C24b—C28a 119.0 (7)
C24b—C28a—C29 120.8 (6)
C210—C29—C28a 121.1(7)
C210—C29—S2 118.5(7)
C28a—C29—S2 120.3 (6)
C29—C210—C210a  119.8(7)
C24a—C210a—C210  121.1(6)

Mo Ko radiatgon

A =0.71069 A

Cell parameters from 20
reflections

6 =5-10°

p=0235 mm™"

T=193(2)K

Plate

0.3 x 0.2 x 0.1 mm

Colourless

Rin = 0.037

Omax = 25.00°

h=-10—- 10

k=0—> 24

1=0—-7

3 standard reflections
every 100 reflections
intensity decay: none

(A/0)max < 0.00L

Apmax = 0316 e A3

Apmin = —0.343 e A3

Extinction correction:
SHELXL93

Extinction coefficient:
0.0032 (19)

w = U[c3(F2) + (0.0485P)*
+ 1.426P]
where P = (F2 + 2FA/3

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 2. Selected geometric parameters (/i, °)for(2)

S—C9 1.769 (4)
S—C12 1.794 (4)
C4—Cda 1.412 (6)
C4a—C4b 1.462 (5)
C4a—C10a 1.405 (6)
C4b—C5 1.406 (6)
C9—S—CI12 104.1 (2)
C4—C4a—C4b 123.1 4)
C4b—C4a—C10a 118.2 (4)
C4a—C4ab—C5 121.6 (4)
C4a—C4b—C8a 119.9 (4)
C4b—C8a—C9 119.4 (4)
Compound (3)

Crystal data

Ci7Hi6S

M, = 252.37

Monoclinic

P2| /C

a=9067(3) A
b=21.123(7) A

c=7007(3) A
B=99.123)°
V= 1325.05 (9) A®
Z=4

D, = 1.265 Mg m™*
D,, not measured

Data collection

Rigaku AFC-7S diffractom-
eter
w/20 scans
Absorption correction: none
2654 measured reflections
2599 independent reflections
2419 reflections with
1> 20()

Refinement

Refinement on F?

RIF? > 20(F)] = 0.050

wR(F?) = 0.186

S =1.040

2585 reflections

227 parameters

H atoms: refined coordinates
and isotropic U

C4b—C8a 1422 (6)
C8a—C9 1.449 (5)
C9—C10 1.360 (6)
C10—C10a 1.426 (6)
C12-C13 1.526 (6)
C10—C9—C8a 119.9 (4)
C10—C9—S 123.9(3)
C8a—C9—S 1162 (3)
C9—C10—Cl10a 1218 (4)
C4a—C10a—C10 120.7 (4)
C13—Cl12—S 108.2 (3)

Mo Ko radiation

A =0.71069 A

Cell parameters from 20
reflections

0 =4-10°

po=0.223 mm™'

T=193 (2)K

Plate

0.3 x 0.3 x 0.2 mm

Colourless

Rint = 0.036

Omax = 26.49°

h=-11 - 11

k=0— 26

I1=0-8

3 standard reflections
every 100 reflections
intensity decay: none

w = 1/[c*(F3) + (0.142P)?
+ 0.179P]
where P = (F2 + 2F2)/3
(A/0)max = 0.004
Apmax = 0474 ¢ A7
Apmin = —0.295 e A™3
Extinction correction: none
Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 3. Selected geometric parameters (ﬁ, °)for (3)

$—C9 1.764 (2)
S—Ci12 1.806 (2)
C4—Cda 1.411 (2)
C4a—C4db 1.462 (2)
C4a—Cl10a 1.411(3)
C4b—C5 1.407 (3)
C9—S—CI12 104.06 (9)
C4—C4a—C4b 123.1(2)
118.6 (2)

C4b—C4a—C10a

Cab—C8a 1.418 (2)
C8a—C9 1.452 (3)
C9—Cl10 1.363 (3)
C10—C10a 1.430 (2)
C12—C13 1.524 (3)
C13—C14 1.511 (3)
C10—C9—S§ 123.68 (14)
C8a—C9—S 116.26 (12)
C9—C10—C10a 121.7(2)



C4a—C4b—C5
C4a—C4b—C8a
C4b—C8a—C9
C10—C9—CBga

121.9(2)
119.8 (2)
119.47 (15)
120.1 (2)

Compound (4)
Crystal data
CigHisS

M, = 266.38
Monoclinic

P2| /C

a=9010 4 A,
b=123124 (8) A

c=6888(3) A
B=97813)°
V= 1421.8 (10) A3
Z=4

D, = 1.244 Mg m™3
D,, not measured

Data collection

Rigaku AFC-7S diffractom-
eter

w/26 scans

Absorption correction: none

2851 measured reflections

2851 independent reflections

2273 reflections with
I>20()

Refinement

Refinement on F?
R[F? > 20(F?%)] = 0.060
wR(F?) = 0.166
S =1.964
2839 reflections
227 parameters
H atoms riding
w = [c*(F}) + (0.0016P)*
+ 0.1P}
where P = (F2 + 2FH3

JARNO KANSIKAS AND KAIJA SIPILA

C4a—C10a—C10 120.3(2)
C13—Cl12—S 107.45 (13)
Cl14—C13—C12 111.3(2)

Mo Ko radiation

A =0.71069 A

Cell parameters from 20
reflections

0 =4-8°

= 0211 mm™!
T=193 (2K

Plate

0.3 x 0.2 x 0.2 mm
Colourless

Omax = 26.51°
h=-11—-11
k=-28 — 28
I=0—8

20 standard reflections
every 100 reflections
intensity decay: none

(A/T)max = —0.077

Apmax = 0.362 e A7°

Apmin = ~0.631 e A™?

Extinction correction:
SHELXL93

Extinction coefficient:
0.0016 (14)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 4. Selected geometric parameters (A, ° ) for (4)

S—C9 1.766 (3)
S—CI2 1.803 (3)
C4—Cda 1410 (3)
C4a—C4b 1.449 (4)
C4a—C10a 1416 (4)
C4b—C5 1418 (4)
C4b—C8a 1430 (3)
C9—S—C12 104.51 (13)
C4—C4a—Cdb 123.1 (2)
C4b—C4a—Cl0a 118.8(2)
C4a—C4b—C5 122.5(2)
C4a—C4b—C8a 120.2(2)
C4b—C8a—C9 118.4(2)
C10—C9—C8a 120.7 (2)

C8a—C9 1.459 (4)
Co—C10 1.357(4)
C10—C10a 1.430 (4)
C12—C13 1.527 (4)
C13—Cl14 1.525 (4)
Cl14—CI5 1.521 (4)
C10—C9—S 123.6 (2)
C8a—C9—S 115.7(2)
C9—C10—C10a 121.5(2)
C4a—C10a—C10 120.3(2)
CI13—Cl12—Ss 107.5(2)
C14—C13—CI12 111.7(2)
C15—C14—C13 112.1(3)

Observed intensities were corrected for Lorentz and polar-
ization effects and extinction. All non-H atoms were refined
anisotropically. H atoms with isotropic U values were placed
in calculated positions and refined using a riding model for (1),
(2) and (4). In compound (3), additional H-atom coordinates
and isotropic U values were refined.
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For all compounds, data collection: MSC/AFC Diffrac-
tometer Control Software (Molecular Structure Corpora-
tion, 1992); cell refinement: MSC/AFC Diffractometer Con-
trol Software; data reduction: TEXSAN (Molecular Struc-
ture Corporation, 1993); program(s) used to solve structure:
SHELXTL/PC (Sheldrick, 1990); program(s) used to refine
structure: SHELX193 (Sheldrick, 1993); molecular graphics:
SHELXTL/PC; software used to prepare material for publica-
tion: SHELXL93.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: KA1230). Services for accessing these
data are described at the back of the journal.
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Abstract

The molecular shape of the title compound, C,4H34N,-
O3S,, in the crystalline state is characterized by internal
twofold symmetry, with the eight-membered ring adopt-
ing a crown conformation.
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