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ratio test (Hamilton, 1965) gave theoretical
136170005 = 1.00108 while the value obtained for
this . structure was # = wR(+)/wR(—)=1.0654.
Hence, because. # > % 16770005, the probability that
the opposite enantiomer is correct can be accepted at
the 99.5% confidence level. The final full-matrix
least-squares refinement of the correct enantiomer
(—x,—y,—2) gave R=10.0690 and wR = 0.0644 for
3860 observed reflections [F,> 30(F)]. Function
minimized was Xw(|F,| — |F|)>. The extinction
parameter, x, refined to 1.3 (4) x 1077 where F.,, =
F(1 — xF?/sin6). Final (4/0)y. Was 0.001 and resid-
ual electron density —0.45<4p <0.71 ¢ A~3, the
maximum was near to the P atom. Calculations were
carried out using the SHELXS86 (Sheldrick, 1986)
and SHELX76 (Sheldrick, 1976) systems. Final
atomic parameters for the correct enantiomer are
given in Table 1.* Bond lengths and angles are listéd
in Table 2. The conformation and configuration of
the molecule, and atomic numbering are shown in
Fig. 1. The absolute configuration of the P atom is S
while the menthyl group has the configuration
1R,2S,5R, which is consistent with that established
for (—)-menthol (Ohrt & Parthsarathy, 1975). The
intermolecular N—H--S hydrogen bond [N-:S =
3-393(4), H-S=243A, /N—H-S=176° links
the molecules to form a chain parallel to the shortest
of the crystallographic axes, a.

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters and torsion angles have been deposited with
the British Library Document Supply Centre as Supplementary
Publication No. SUP 54511 (21 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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C22H30NOPS

Related literature. The title compound is a product of
stereospecific reactions investigated as part of the
stereochemical studies on thiophosphonates (Luczak,
Yopusinski & Michalski, 1991).

MenO\ Y S CC14/Et3N Meno\ (/S HZNPh
VRN Fetention RN Taversion
Ph H reten on Ph C1 nvers n
@ @ M NHPh
——— enO\ b Y
\}
Ph 7N S

Knowledge of the absolute configuration of the
chiral P atom of O-menthoxy-N-anilinophenylthio-
phosphonate enables the determination of the con-
figurations of its precursors (1) and (2).

The compound was kindly supplied by Professor J.
Michalski and Dr A. Lopusinski. This work was
supported in part by the Ministry of National
Education (grant IIL.11. P/03/143).
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Structure of 4,4-Diphenylcyclohex-2-en-1-one (Monoclinic Form)

By SARA ARIEL, JIANXIN CHEN, JOHN R. SCHEFFER AND JAMES TROTTER
Department of Chemistry, University of British Columbia, Vancouver, BC, Canada V6T 1Y6

(Received 29 May 1991; accepted 12 August 1991)

Abstract. C,gH,cO, M, =248.33, monoclinic, P2,/c,
a=7139(6), b=15823(2), c=12472(5A4A,
B=103.12(9°, V=1372(1)A3, Z=4, D,=
1202gem™3, Mo Ka,, A=0.70930A, u=
07cm™!, and CuKa;,, A=154056A, u=
5.3cm™!, F000)=528, T=295K, R=0.052 for
1245 reflections (Mo), 0.070 for 2164 reflections
(Cu). The structure is disordered with two

0108-2701/92/020400-03$03.00

(equivalent) molecular conformations occupying the
same site (50:50). The cyclohexene ring has a C(5)-
sofa conformation.

Experimental. Crystals from ethanol, colourless
prisms, 0.25 x 0.25 x 0.4 mm. Nonius CAD4-F dif-
fractometer, monochromatized Mo Ka and Cu Ka
radiations were used. Solution of the structure with a

© 1992 International Union of Crystallography
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Table 1. Positional (fractional x 10°) and equivalent
isotropic thermal parameters (A* x 10°) (Cu data)

U., = i * (trace of diagonalized U tensor).

X y z Uy,
o(1) 10581 (3) 910 (2) 4335 (2) 118
(1) 9005 (3) 704 (2) 3802 (2) 75
cQ)* 7357 (17) 1051 (6) 4039 (8) 81
C(2)* 7161 (14) 721 (6) 4240 (8) 69
C(3) 5520 (4) 516 (2) 3654 (2) 62
C@4) 5158 (3) 270 (1) 2440 (1) 50
C(5) 7036 (3) -102 (2) 2243 (2) 62
C(6)* 8762 (12) 93 (5) 2865 (7) 74
C(6")* 8759 (11) 480 (5) 2620 (8) 76
¢0) 4510 (3) 1049 (1) 1728 (2) 54
C(8) 5204 (4) 1220 (2) 790 (2) 74
C(9) 4571 (5) 1905 (2) 129 (2) 91
C(10) 3259 (5) 2445 (2) 374 (3) 95
c(n 2522 (4) 2290 (2) 1286 (3) 9]
C(12) 3141 (4) 1596 (2) 1964 (2) 69
C(13) 3629 (3) —-435(1) 2172 (2) S1
C(14) 3690 (4) -1108 (1) 2884 (2) 75
C(15) 2400 (5) ~1770 (2) 2648 (2) 90
C(16) 1019 (4) -1779 (2) 1681 (2) 80
C(17) 942 (3) =1121 (2) 954 (2) 72
C(18) 2230 (3) -453(1) 1199 (2) 62

* Occupancy = 0.5.

data set collected with Mo radiation (maximum 8 =
21°, maximum sing/A = 0.50 A~"') revealed large dis-
placement parameters for some atoms, probably
resulting from disorder. It seemed advantageous to
attempt to resolve the disordered atoms by collecting
a second data set to higher resolution; since the
high-angle data with Mo radiation were quite weak,
Cu radiation was used for the second data set (maxi-
mum 6 = 65°, maximum sind/A = 0.59 A~"). Lattice
parameters from 25 reflections with 8 = 26-48° (Cu).
Intensities for 8 < 21° (Mo) [< 65° (Cu)), hkl: —7 to
7,0t015,0to 12[—8 to 8,0 to 19, 0 to 15], w24
scan, scan width (a + btan@)° (a=1.10 [1.20], b=
0.35[0.14]) at 2.2-10 [1.8-6.7]° min "', extended 25%
on each side for background measurement, three
standard reflections showed no significant variation,
Lp but no absorption corrections. 1430 (Mo) and
2481 (Cu) unique reflections measured, 1245 (Mo)
and 2164 (Cu) with F> 3¢(F). Structure by direct
methods, refined by full-matrix least-squares pro-
cedures. Refinement with the Mo data resulted in
large thermal parameters and unusual molecular
dimensions for C(2) and C(6); the analysis was
repeated with new Cu data, and these atoms were
each resolved into two disordered sites. Refinement
on F, with w = 1/0%(F), where o*(I) = S + 4(B; + B,)
+(0.041)>, S=scan, B, and B, = background
counts, locally written programs and SHELX76
(Sheldrick, 1976); anisotropic thermal parameters for
non-H atoms, H atoms from difference maps, refined
with isotropic thermal parameters. Mo data: final R
= 0.052, wR =0.047 for 1245 reflections with F>
3o(F), R=10.061 for all 1430 reflections [with single
sites for C(2) and C(6); split-atom sites are unlikely
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Table 2. Bond lengths (A) and angles (°) (Cu data)

C(1)y—0(1) 1214 (3) C(9)—C(10) 1.352 (5)
C(1)y—C(2) 1.389 (13) C(10)—C(11) 1.380 (6)
C(1)—C(2) 1.535 (11) C(11)—C(12) 1.395 (4)
C(2)—C(3) 1.543 (11) C(7—C(12) 1.387 (4)
C2)—C3) 1.274 (9) C(4)—C(13) 1.544 (3)
C(3y—C(4) 1.528 (3) C(13)—C(14) 1.381 (3)
C4)—C(5) 1.533 (3) C(14)—C(15) 1.382 (4)
C(5—C(6) 1.334 (8) C(15—C(16) 1.374 (4)
C(5)—C(6) 1.523 (8) C(16)—C(17) 1.373 (4)
C(1)—C(6) 1.497 (9) C(17)—C(18) 1.389 (3)
C(1)—C(6) 1.487 (11) C(13)—C(18) 1.386 (3)
C4)y—C(7) 1.528 (3) *C(2)—C(2) 0.608 (15)
C(7—C(®) 1.397 (4) *C(6)—C(6") 0.685 (12)
C(8)—C(9) 1.375 (4)

C(2)—C(1)—0(1) 120.2 (5) C(6')—C(5)—C@4)  113.1 (4)
CQ)—CO)y—0(l) 1243 (4) C(5)—C(6)—C(1) 122.0 (6)
C(6)—C(1)—0(1) 121.9 (4) C(5—C(6)—C(1)  110.8 (6)
C(6)—C(1)y—O(l)  119.5(4) C(8)—C(T—C(4) 1217 (2)
C(6—C(1)—C(2) 117.9 (6) C(12—C(N—C@) 1211 (2)
C6—C(1)—C(2) 1094 (5 C(12—C(H—C@B)  117.2(2)
C(6')—C(1)—C(2) 1129 (6) C(9—C(8)—C(7) 121.6 (3)
C(6'—C(1)—C(Z) 1160 (5) C(10—C(9)—C(8) 1209 (3)
CB3y—C2)—C(1) 114.7 (7) C(11)—C(10)—C(9)  119.2 (3)
CO—C2)—C(1) 1229 (D) C(12—C(11)—C(10)  120.8 (3)
C(4)—C(3)—C(2) 112.9 (4) C(11)y—C(12—C(7) 1203 (3)
Cy—C(3)—C(2) 1241 (5) C(14—C(13)—C(@)  120.0 (2)
C(7—C(4)—C(3) 109.3 (2) C(18—C(13)—C()  122.6 (2)
CO13—C@)—C3) 1105 (2) C(18—C(13)—C(14) 117.3 (2)
CU13)—C@)—C(7) 1106 (2) C(15—C(14—C(13) 121.7 (2)
C(5)—C(4)—C(3) 107.4 (2) C(16y—C(15)—C(14) 120.4 (3)
C(T—C(@)—C(5) 112.1 (2) C(IT—C(16)—C(15) 119.1 (3)
C(13—C@4)—C(5)  106.8 (2) C(18)—C(17—C(16) 120.4 (2)
C(6)—C(5)—C(4) 123.0 (4) CIT)—C(18—C(13) 121.2 (2)

* Separation between disordered atoms.

Fig. 1. View of the diphenylcyclohexenone molecule, showing the
disorder.

to reduce these R factors (Nowell, Rettig & Trotter,
1972)]; Cu data: final R = 0.070, wR = 0.073 for 2164
reflections with F>30(F), R=0.076 for all 2481
reflections [split-atom model; high values of R are a
result of difficulty in modelling the disordered struc-
ture; atoms other than C(2) and C(6), particularly
C(1), undoubtedly also have slightly split positions],
maximum 4/0 = 0.07 [0.23], 4p = —0.18 to +0.18
[—0.28 to +0.20]e A~ Atomic scattering factors
were those from SHELX76. Positional parameters
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are in Table 1, bond lengths and angles in Table 2
and a view of the molecule is in Fig. 1.*

Related literature. The structure has been determined
as part of a study of the photochemistry of cyclo-
hexenones (Zimmerman, Rieke & Scheffer, 1967;
Schuster, 1980; Chen, Hwang, Scheffer & Trotter,
1991). An orthorhombic form is obtained from
hexane solvent (Zimmerman & Zuraw, 1989).

* Lists of positional parameters, bond lengths and angles, a
stereoview of the molecule (Mo data), anisotropic thermal param-
eters, H-atom positions, torsion angles and structure factors have
been deposited with the British Library Document Supply Centre
as Supplementary Publication No. SUP 54502 (22 pp.). Copies
may be obtained through The Technical Editor, International
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England. [CIF reference: CR0362]
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Abstract. C;,H3304S, M, = 430.60, monoclinic, P2,,
a=6.922(2), b=16.733(2), c=10.070(3) A, B=
96.88 (2)°, V=115804) A% z=2, D, =
1.24gem ™3, CuKa, A =1.54178 A, p =149 cm™},
F000)=468, T=291K, R=0.050 for 3558
observed reflections. The development of methods
for the construction of five-membered carbocycles is
a topic of current interest as a result of the ubiqui-
tous occurrence of such rings in many biologically
active products. We have recently developed [De
Lombaert, Nemery, Roekens, Carretero, Kimmel &
Ghosez (1986). Tetrahedron Lett. 27, 5099-5102] a
novel two-step (3+ 2) annulation yielding highly
functionalized fused cyclopentanones. We are now
developing an enantioselective version of this
sequence. In this context we have studied the asym-
metric Michael addition of a chiral homoenolate to
cyclohexenone from which the title compound was
obtained in an optically pure crystalline form. The
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present X-ray crystallographic study establishes
unambiguously the absolute stereochemistry of the
title compound and the precursor homoenolate.

Experimental. Title compound prepared as shown
below.

MeO. ,OMe g OMe

S0, oMe [ l_ ] ( I ]
LOH " ome Hi -
1 o)
M OH®

3

D, not measured. Parallelepiped crystal with dimen-
sions 0.35 x 0.4 x 0.2 mm. Lattice parameters refined
using 18 reflections in the range 10 <28 <49°.
Huber four-circle diffractometer and Rigaku rotating
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