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Refinement 
Refinement on F z 
R[F 2 > 2cr(F2)] = 0.029 
wR(F 2) = 0.080 
S = 1.056 
1725 reflections 
128 parameters 
H atoms: see below 
w -- l/[o'2(Fo 2) + (0.0416P) 2 

+ 0.5702P] 
where P = (F 2 + 2F,2)/3 

(A/if)max < 0.001 

Apmax = 0.321 e A, -3 
Apmin = -0.196 e A-3 
Extinction correction: 

SHELXL96 (Sheldrick, 
1996b) 

Extinction coefficient: 
0.0156(14) 

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

The data collection nominally covered over a sphere of re- 
ciprocal space, by a combination of nine sets of exposures; 
each set had a different ~o angle for the crystal and each expo- 
sure covered 0.3 ° in w. The crystal-to-detector distance was 
5.94 cm. Coverage of the unique set is over 99% complete to 
at least 26 ° in 0. Crystal decay was monitored by repeating 
the initial 100 frames of the first run at the end of data col- 
lection and analyzing the duplicate reflections. The data were 
corrected for Lorentz and polarization effects. All H atoms 
could be located by difference Fourier synthesis and were re- 
fined with fixed individual displacement parameters [U(H) = 
1.2Ueq(C)] using a riding model with C--H(aromatic)  = 0.95, 
C---H(secondary) = 0.99 or C--H(tert iary) = 1.0 A. 

Data collection: SMART (Siemens, 1995). Cell refine- 
ment: SMART. Data reduction: SAINT (Siemens, 1995). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990). 
Program(s) used to refine structure: SHELXL96 (Sheldrick, 
1996b). Molecular graphics: XP in SHELXTL-Plus (Sheldrick, 
1991). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KA1235). Services for accessing these 
data are described at the back of the joumal. 
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Abstract 
The title compound, C22H33NO3, was obtained by react- 
ing (1R,4S)-2-(3-methoxybenzylidene)- 1-methyl-4-iso- 
propylcyclohexane-3-one (E/Z 68/31%), obtained from 
(-)-menthone and 3-methoxybenzaldehyde by Clasien- 
Schmidt condensation, with morpholine by Michael- 
type addition. The structure was elucidated by IR and 
1H NMR spectral analyses, and the stereochemistry was 
obtained through an X-ray diffraction study. The abso- 
lute configurations of the four chiral centres were de- 
termined as 1R, 2S, 4S and 11S. Both the cyclohexane 
and N-morpholino rings were found to be in chair con- 
formations. 

Comment 
The title compound, (I), was synthesized in two steps 
according to a previous method used for synthesizing 
some aminobenzylcyclanols (0zarslan, Ertan, Sayraq, 
Akgtin, Demirdamar & Gtimti~el, 1994). 

7 ~ [/OCH3 

5 0 9; ?i o 
(I) 

The stereochemistry of one of these compounds, 
which are ciramadol analogues with opiate analgesic 
activity, (1R,4S)-2-(a-N-pyrrolidino-3-benzyl)- 1-methyl- 

t Alternative name: ( 1 R,2S,4S, I 1S)-2-[(3-methoxyphenyl)(morpholino)- 
methyl]-3-p-menthone. 
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4-isopropylcyclohexane-3-one, was studied by NMR 
spectroscopy (Burgemeister, Ozarslan, Ertan, Akgtin & 
Wiegrebe, 1994). In this study, the absolute configura- 
tions of C I and C4 were assigned as 1R and 4S, re- 
spectively, by analogy to the literature values given for 
( - ) -menthone  which was used as the starting material. 
On the other hand, due to the diastereoselectivity of 
the Michael addition at C l l  of (E)-(-)-2-benzylidene- 
menthone, the product was in the form of one isomer. 
The absolute configurations at C l l  and C2 were as- 
signed as 2S and 1 IS, respectively, and trans to each 
other by NMR simulation, COSY-90 and NOE mea- 
surements. However, a suitable crystal for X-ray analy- 
sis could not be obtained. In the present study, a new 
derivative in the same class of compounds carrying a 
methoxyl group in the phenyl ring was synthesized and 
crystallized from methanol. In the previous study, the 
menthone ring adopted a boat conformation. 

In the title compound, atoms C2, C3, C5 and C6 
of the cyclohexane ring form a plane which has a 
maximum deviation of 0.003 ,~,, with C4 ( - 0 . 6 4  ,~,) and 
C1 (0.72 ~,) lying on either side of the plane. Similarly, 
atoms C12, C13, C14 and C15 of the morpholino ring 
also form a plane which has a maximum deviation of 
0.02.~,, with O1 ( -0 .65~ , )  and N1 (0.70,~) on either 
side of the plane. This shows that both rings adopt a 
chair conformation. The cyclohexane C---C bonds vary 
between 1.524 (3) and 1.557 (2) A. The configuration 
of the three rings with respect to each other can be 
seen in the torsion angles about Cl l - - -C16,  C l l - - N 1  
and C11- -C2  (Table 1). This configuration brings the 
H atoms of C ll  close to C7, those of C 1 2  close to 
C1 and those of C2 close to C1; H l l . . . H 7 A  2.48, 

C22 

c,9  c,7 
 c20 \ ~16 / 

? 
C 3 ~ _ ~ C 2  ~C7 

C14 

Ol 

Fig. 1. ORTEPII (Johnson, 1976) drawing of the title compound. 
Displacement ellipsoids are plotted at the 50% probability level. 

H12A. . .H1 2.28 and H2.- .H1 2.38A,. H l l  and H2 
are axial, yet oppose each other with respect to the 
C atoms to which they are connected. These findings 
are in accordance with the results obtained from NOE 
difference experiments performed for the analogous 
compound in a previous study, confirming the absolute 
configurations of C 11 and C2 as 11S and 2S, and those 
of C1 and C4 as 1R and 4S, respectively. 

Experimental 

( 1R,4S)-2-(3-Methoxybenzylidene)- 1 -methyl-4-isopropylcyclo- 
hexan-3-one, (II) (mixture of diastereomers E/Z 68/31%). 
3 g of (-)-menthone and 0.5 g (excess) of Nail were stirred 
for 30 rain at 298 K in dry ether. 2.6 g of 3-methoxybenz- 
aldehyde were added dropwise over 2 h. A solid mass was 
decomposed with 50ml N HC1. The supernatant layer was 
extracted with ether and washed with saturated NaHCO3. 
Ether was evaporated at 15 Tort (1 Tort = 133.32 Pa) and 
the crude material was purified by column chromatography 
with ether/pentane (1:15) as eluent. To synthesize the title 
compound, (I), 1.09 g (4 mmol) of (II) were dissolved in 
an excess of morpholine and allowed to stand at room 
temperature. After standing for 3 d, 50 ml of ether were 
added to the reaction mixture. This solution was extracted 
three times with N HCI. The acid phases were combined 
and basified with NaOH. The resulting oily precipitate was 
dissolved in ether, washed with water and dried over Na2SO4. 
The ethereal solution was evaporated to dryness and purified 
with silica gel flash chromatography using ether/pentane (1:1) 
as eluent and crystallized from absolute MeOH. M.p. 351- 
35;2 K; [~]~o +84 (cl in MeOH); IR(KBr): 1707cm -l ,  CO; 
IH NMR: ~ 0.79 [9H, m, (CH3)2 and 1-CH3], 1.56 (1H, m, 
H-l), 1.81 (1H, m, H-8), 1.99 [4H, m, (CH2)2], 2.05, 2.40 
(2H each, m, 2 x N-CH2, morpholine) 2.80 (IH, m, H-4), 
3.36 (IH, dd, H-2, J2_li 11.4, J4.73 Hz) 3.63 (4H, m, 2 x 
O-CH2, morpholine), 3.82 (3H, s, O-CH3) 3.83 (1H, d, H-I1, 
Jll-2 11.4 Hz) 6.63 (1H, m, H-4', phenyl) 6.71 (1H, s, H-2', 
phenyl), 6.75 (IH, d, H-6', phenyl) 7.20 (1H, m, H-5', phenyl). 
Melting points were determined in capillaries using a Thomas- 
Hoover Unimelt apparatus and are uncorrected. A Bellingham 
Stanler P20 Polarimeter was used for [c~]~ °. IR spectra were 
obtained on a Perkin-Elmer FT-IR-1720X. ~H NMR spectra 
were recorded on a Bruker ARX 400 MHz NMR instrument 
in CDCI3, with TMS as the internal standard (chemical shifts 
in p.p.m.). 

Crystal data 

C22H33NO3 Mo Kc~ radiation 
M, = 359.49 A = 0.71073 
Monoclinic Cell parameters from 25 
P21 reflections 
a = 8.493 (1) ]k 0 = 4.6-16.5 ° 
b = 11.253 (2) ,~ # = 0.076 mm- 
c = 11.368 (2) ,~, T = 153 (2) K 
/3 = 108.46 (2) ° Prismatic 
V = 1030.6 (3),~3 0.35 x 0.28 x 0.23 mm 
Z = 2 Colourless 
Dx = 1.159 Mg m -3 
Dm not measured 
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Data collection 

Siemens P3 four-circle 
diffractometer 

w-20 scans 
Absorption correction: none 
2507 measured reflections 
2355 independent reflections 
2354 reflections with 

I > 2o-(/) 

Rint = 0.015 
0max = 27 ° 
h = 0 ---, 10 
k =  0 ---~ 14 
l =  - 1 4  --~ 13 
2 standard reflections 

every 100 reflections 
intensity decay: none 

Refinement 

Refinement on F 2 
R = 0.0305 
wR(F z) = 0.0704 
S = 0.943 
2354 reflections 
367 parameters 
H atoms: see below 

w = 1/[o-2(F 2) + 0.0446P2], 
P = (F~ + 2F~)/3 

Apmax 0.160 e A -  3 
Apmin = -0 .155 e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table 1. Selected geometric parameters (,4, o) 

o2--c3 1.213 (2) cII--C16 1.533 (2) 
NI---C15 1.465 (2) Cll--C2 1.540 (3) 
NI~CI2 1.472 (2) 
C15--N1--C12 108.6 (1) C16--Cli--C2 112.2 (2) 
CI5--NI--CII 111.9 (1) O2----C3--C4 122.4 (2) 
CI2--NI---CI1 116.9 (2) O2--C3--C2 122.0 (2) 
NI---CII~16 113.8 (1) C4--C3-~2 115.6 (2) 
NI--CI 1--C2 I11.7 (1) 
NI- -CII~l r~C21 -71.0 (3) CI5--N1---CII~16 -62.1 (2) 
NI---Cll--C16--C17 105.8 (2) C16--ClI~C2--C3 68.3 (2) 
C12--N1--CII--CI6 63.9 (2) CI6--CI1--C2--CI -168.6 (2) 

The structure was solved by direct phase determination 
and refined by full-matrix least-squares techniques on F 2. 
The refinement was completed with anisotropic displacement 
parameters for all atoms except H atoms which were generated 
geometrically and refined isotropically. 

Program(s) used to solve structure: SHELXS86 (Sheldrick, 
1985). Program(s) used to refine structure: SHELXL93 
(Sheldrick, 1993). Molecular graphics: ORTEPII (Johnson, 
1976). 
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Abstract 
In the solid state, trans-2,6-diphenyl-4-(hydroxyimino)- 
piper idinol ,  C17H18N202, (1), t rans-2 ,6-bis(1-methyl -  
pyr ro l -2 -y l ) -4 - (hydroxy imino)p ipe r id ino l ,  C I5 H20N402, 
(2), and t rans -2 ,6 -b i s ( th i en -2 -y l ) -4 - (hydroxy imino) -  
piper idinol ,  CI3H14N202S2, (3), adopt  confo rmat ions  
with an axial OH subst i tuent  on the ring N atom, in 
contrast  to the pre fe rence  for an equatorial  con fo rma t ion  
in solution.  Molecu le s  of  all three structures are held  
toge ther  in chains  by h y d r o g e n  bonding .  

Comment 
We have  previous ly  repor ted a IH and 13C N M R  study 
o f  the confo rma t ion  o f  several  ox imes  of  2 ,6-diaryl -  
p iper id in-4-ones  in solut ion (Dfaz et al., 1997). The  
crystal  structures of  three o f  these  c o m p o u n d s ,  the di- 
phenyl ,  (1), b i s (1-methylpyrro l -2-y l ) ,  (2), and bis( thien-  
2-yl), (3), der ivat ives  have  been  de t e rmined  in order  to 
establ ish their  preferred confo rma t ion  in the solid state. 

OH N v,," OH N / 

Ph""' Ph 
OH 

CH 3 H3C 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK1038). Services for accessing these 
data are described at the back of the journal. 
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OH 
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The  molecu la r  structures o f  c o m p o u n d s  (1), (2) and 
(3) are shown  in Figs. 1, 2 and 3, respect ively.  In 
each case, the h y d r o x y i m i n o  group displays a twofo ld  
or ientat ional  disorder.  The  crystals thus compr i se  a 
mixture  o f  two  forms,  d i f fer ing only  in the or ienta t ion 
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