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Fig. 2. Projection of the structure down a. 

a consequence of steric hindrance between O(14) and 
H(C3) in the other possible rotational isomer. In a 
molecule with a bulky dimethoxybenzoyl substitutent at 
C(1) (Pavkovic, Glowinski, Feng & Brown, 1981)the 
carbonyl group is oriented syn relative to the N(2) -  
C(3) bond, indicating that the disposition of the 
C(3)-O(14) bond is a compromise between steric 
interactions with the neighboring substituents at C(1) 
and C (3). 

The heterocyclic ring has a sofa conformation in (I), 
a 1,3-diplanar form in (II) and a half-chair form in (III). 
In the present compound (IV) it is intermediate between 
1,3-diplanar and sofa conformations. Asymmetry 
parameters (Duax & Norton, 1975) z1C21'2 ---- 7.99 and 
ACsl= 7.02 indicate better consistency with the sofa 
conformation. 

Fig. 2 presents the molecular packing of (IV) in the 
unit cell. In the racemic structure two chiral molecules 
[asymmetric C(1)] across the inversion center (00!2) are 
joined by a weak C(1)-H(11). . .O(14) hydrogen bond. 
The H( l l ) . . .O(14)  distance equals 2.33 (2) , i  and 
according to Taylor & Kennard (1982) can be 

considered as a hydrogen bond. All other contacts are 
in the ranges of the van der Waals distances. 

The authors are indebted to Doc. Dr M. Roz- 
wadowska and Dr D. Br6zda for providing a sample of 
the compound. 
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Structure of N2-(p-Methoxyphenyl)-N1,Nl-pentamethylenebenzamid ine 

BY E. TYKARSKA, M. JASKOLSKI AND Z. KOSTURKIEWlCZ* 

Department of C~. stallography, Faculty of Chemistry, A. Mickiewicz University, 60-780 Poznari, Poland 

(Received 30 September 1985; accepted 2 January 1986) 

Abstract. 4-Methoxy-N-(a-piperidinobenzylidene)- 
aniline, CI9H22N2 O, M r = 294.40, orthorhombic, 
P212~21, a = 9.525 (1), b = 19.680 (2), c = 
8.757(1)A, V=1641 .4  (3) A 3, Z = 4 ,  Dm=1.18, 
D x = 1.19 g cm -3, 2(Cu Ka) = 1.54178 A, ~t = 

* To whom correspondence should be addressed. 

0108-2701/86/060740-04501.50 

5.05cm -~, F(000)=632,  room temperature, R =  
0.047 for 1189 observed reflexions. The benzamidine 
phenyl ring and the methoxyphenyl fragment (both 
approximately planar) are twisted with respect to the 
central amidine plane by 61.6(4) and 54.6(3) °, 
respectively. The piperidine ring is in a chair con- 
formation. The C - N '  and C - N  2 bonds are different 
[1.283 (5) and 1.372 (5) A, respectivelyl. 

© 1986 International Union of Crystallography 
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Introduction. The present structural study is the second 
of a series of investigations on amidines carried out in 
this laboratory. The title compound was synthetized 
and characterized by Oszczapowicz, Raczyfiska & 
Pawlik (1984). This structure investigation has been 
undertaken to determine the effect of the substituents on 
the amidine group. Our aim was also to compare the 
dispositions of the side fragments relative to the central 
amidine group and their dependence on the character 
and dimensions of those fragments. 

Table 1. Final fractional coordinates and equivalent 
isotropic thermal parameters (,/~ 2) 

Ueq = ( U I I  U22U33) 1/3. 

x y z Ueq 
N(1) 0.3130 (3) 0.2534 (1) 0.6949 (4) 0.048 (1) 
C(2) 0.1990 (4) 0.2196 (2) 0.7125 (5) 0.045 (1) 
N(3) 0.1967 (3) 0.1517 (1) 0-6765 (4) 0.047 (1) 
C(4) 0.1046 (4) 0.1032 (2) 0-7552 (5) 0.053 (1) 
C(5) 0.0599 (5) 0.0480 (2) 0.6440 (6) 0-062 (2) 
C(6) 0-1836 (5) 0.0137 (2) 0.5713 (6) 0.068 (2) 
C(7) 0.2820 (5) 0.0658 (2) 0.4998 (6) 0-065 (2) 
C(8) 0.3234 (5) 0.1202 (2) 0.6126 (5) 0.056 (2) 
C(9) 0.0627 (4) 0.2497 (2) 0.7660 (5) 0.043 (1) 
C(10) 0.0566 (4) 0.2858 (2) 0.9004 (5) 0-048 (1) 
C(I i) -0.0674 (5) 0.3148 (2) 0.9485 (5) 0.060 (2) 
C(12) -0.1867 (5) 0.3091 (2) 0.8601 (6) 0-062 (2) 
C(13) -0.1830 (5) 0.2733 (2) 0.7238 (6) 0.062 (2) 
C(14) -0.0578 (5) 0.2436 (2) 0.6773 (5) 0.053 (2) 
C(15) 0.3172 (4) 0.3251 (2) 0.7085 (5) 0.048 (1) 
C(16) 0.2382 (4) 0.3692 (2) 0.6196 (5) 0.052 (I) 
C(17) 0.2553 (5) 0.4391 (2) 0.6309 (5) 0.053 (2) 
C(18) 0.3531 (4) 0.4654 (2) 0.7297 (6) 0.055 (2) 
C(19) 0.4328 (5) 0.4220 (2) 0.8206 (6) 0.062 (2) 
C(20) 0.4157 (4) 0.3531 (2) 0.8075 (5) 0.058 (2) 
O(21) 0.3807 (3) 0.5340 (1) 0.7514 (5) 0.070 (1) 
C(22) 0.3042 (6) 0.5806 (2) 0.6610 (8) 0-079 (2) 

Table 2. Bond lengths (A) and angles (o) 

N(1)-C(2) 
C(2)-N(3) 
N(3)-C(4) 
C(4)-C(5) 
C(5)-C(6) 
C(6)-C(7) 
c(7)-c(8)  
C(8)-N(3) 
C(2)-C(9) 
C(9)-C(10) 
C(10)--C(l l) 
C(11)-C(12) 

1.283 (5) C(12)-C(13) 1-387 (7) 
1.372 (5) C(13)-C(14) 1.389 (6) 
1.468 (5) C(14)-C(9) 1-391 (6) 
1.520 (6) N(I)-C(15) 1.416 (5) 
1.500 (7) C(15)-C(16) 1.388 (6) 
1.523 (7) C(16)-C(17) 1-390 (6) 
1.509 (6) C(17)-C(18) 1.372 (6) 
1.467 (5) C(18)-C(19) 1.393 (6) 
1.502 (6) C(19)-C(20) 1.369 (6) 
1.376 (6) C(20)-C(15) 1.391 (6) 
1.377 (6) C(18)-O(21) 1.388 (5) 
1.379 (7) O(21)-C(22) 1.415 (7) 

N(I)-C(2)-N(3) 119.4 
C(2)-N(3)-C(4) 122.3 
N(3)-C(4)-C(5) 109.3 
C(4)-C(5)-C(6) 112.0 
C(5)-C(6)-C(7) 110.8 
C(6)-C(7)-C(8) I I 1.7 
C(7)-C(8)-N(3) 109.6 
C(8)-N(3)-C(4) 113.3 
C(8)-N(3)-C(2) 119.1 
N(3)-C(2)-C(9) 116.2 
C(2)-C(9)-C(I0) 120.4 
C(9)-C(10)-C(I I) 120.7 
C(10)-C(i 1)-C(12) 120.1 
C(I 1)-C(12)-C(13) 120-2 
C(12)-C(13)-C(14) 119.2 

(3) C(13)-C(14)-C(9) 120.4 (4) 
(3) C(14)-C(9)-C(10) 119.2 (3) 
(3) N(1)-C(2)-C(9) 124.4 (3) 
(3) C(2)-N(1)-C(15) 122.0 (3) 
(4) N(1)-C(15)-C(16) 124.1 (3) 
(4) C(15)-C(16)-C(17) 121.1 (3) 
(3) C(16)-C(17)-C(18) 119.9 (4) 
(3) C(17)-C(18)-C(19) 119.9 (4) 
(3) C(18)-C(19)-C(20) 119.6 (4) 
(3) C(19)-C(20)-C(15) 121.7 (4) 
(3) C(20)-C(15)-N(1) 117.9 (3) 
(4) C(17)-C(18)-O(21) 125-6 (3) 
(4) C(19)-C(18)-O(21) I14.5 (3) 
(4) C(18)-O(21)-C(22) i17.2 (3) 
(4) 

Experimental. Crystals obtained from ethanol, prisms. 
Crystal 0 .30 x 0.30 x 0.35 mm. D m by flotation. 
Syntex P21 diffractometer, 0-20  scan. Cell parameters 
from least-squares treatment of setting angles of 15 
reflexions with 2 0 <  2 0 < 3 0  ° . No absorption or 
extinction correction. Profile analysis according to 
Lehmann & Larsen (1974). Max. sin 0/2 = 0.547 A-; ,  
1302 reflexions measured in range h: 0-10,  k: 0-21,  l: 
0-9.  No significant intensity variation for two standard 
reflexions recorded every 1.5 h. 1195 observed refllex- 
ions with I _> 2a(/). Structure solved by direct methods 
using MULTAN80 (Main, Fiske, Hull, Lessinger, 
Germain, Declercq & Woolfson, 1980). Full-matrix 
least-squares refinement on F, w-l = a2(F), 10 H atoms 
located in Ap map, remaining determined geometrically. 
H atoms included with fixed isotropic thermal 
parameters in Fe, 6 extinction-affected reflexions ex- 
cluded from final refinement; anisotropic thermal 
parameters for non-H atoms. R = 0.047, wR = 0.054, 
S = 7 . 7 ;  (A/O')max --  0 . 1 3 ;  (AP)ma x --- 0" 14, (Ap)mi n = 
--0.19 e/k -3. Computer programs: MULTAN80 (Main 
et al., 1980), SHELX76 (Sheldrick, 1976) and local 
programs (Jask61ski, 1982). Molecular illustrations 
drawn using PLUTO (Motherwell & Clegg, 1978) and 
ORTEP (Johnson, 1976). Atomic scattering factors 
from International Tables for X-ray Crystallography 
(1974). All calculations performed on an R-32 
computer. 

Discussion. Atomic coordinates and bond lengths and 
angles are given in Tables 1 and 2, respectively.* 

The labelling sequence is shown in the formula 
below, and the stereoscopic view of the molecule is 
presented in Fig. 1. The values of bond lengths and 
angles as well as the endocyclic torsion angles in the 
piperidine ring are comparable with the values found in 
N2-(m-chlorophenyl)-Nm,Nl-pentamethylenebenzamidine 
(Tykarska, Jask61ski & Kosturkiewicz, 1986) and 
are typical of a chair conformation. The mean of 
the endocyclic torsion angles of the piperidine ring is 
56 (1) °. The C(9)-C(14) and C(15)-C(20)phenyl 
rings are planar, Z 2 = 5.45 and 8.00, respectively. The 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters and torsion angles have been deposited with the 
British Library Lending Division as Supplementary Publication No. 
SUP 42749 (9 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 
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methoxy group is in the plane of the phenyl ring, the 
displacements of O(21) and C(22) are not significant. 
The C(17)-C(18)-O(21)-C(22)  torsion angle is 
- 1 . 8  (5) °. The C(18)-O(21) bond I1.388 (5)AI is 
slightly longer than that [1.372(3)A] found by 
Cameron, Freer & Gilmore (1981) or those (1.362- 
1.376 A)found by Pavkovic, Glowinski & Feng (1981) 
in other methoxyphenyl groups. The amidine group is 
planar, X2=9.90. The sum of the valence angles 
around N(3) is 354.7 (5) ° which indicates a 
pronounced pyramidalization of this atom and a 
significant deviation from the sp 2 state. The N(1) -  
C(2) and C(2)--N(3) bonds differ more than in 
N2-(m-chlorophenyl)-NI,N~-pentamethylenebenzamidine 
[1.209 (6) and 1.365 (6)A] (Tykarska et al., 
1986) and in acetamidine [1.298 (1) and 1.334 (1) A] 
(Norrestam, Mertz & Crossland, 1983). The C(2) -  
N(3) bond in the present structure [1.372 (5)A] is 
intermediate between a single and double bond, while 
N(1)-C(2) [1.283 (5)A] has a predominant double- 
bond character. The C(15)-N(1)-C(2)--N(3)torsion 
angle [170.6 (4) °] confirms that N(1) -C(2) i s  not a 
pure double bond. The N(1) -C(2) -N(3)  angle 
[119.4 (3)°1 is similar to that found in the above-cited 
chlorobenzamidine derivative, but it deviates con- 
siderably from the values reported for acetamidine 
[125.5 (1) °] by Norrestam, Mertz & Crossland (1983), 
for acetamidine complexes [121.9 (2)°1 (Norrestam, 

1985) and for Nl-hexylene-N2- (p-nitrophenyl) - 
formamidine [122.1 (4) °] (Krajewski et at., 1981). 
The torsion angle N(1 ) -C(2 ) -N(3 ) -C(4 )  is 
149.9 (4) °. The mean plane through the piperidine ring 
is twisted by 22 (1) ° with respect to the amidine group. 
The situation is different from that in N~,NI-(1,5 - 
dimethylpentamethylene)-N2-phenylacetamidine (Gilli 
& Bertolasi, 1979) where the amidine group and the 
mean plane through the piperidine ring are coplanar. 
Owing to the partial double-bond character of the 
C(2)-N(3) bond the C(4) and C(8) atoms tend to lie in 
the amidine plane but overcrowding in the present 
molecule makes it impossible. This is justified by the 
non-bonded contacts the piperidine moiety makes with 
the other parts of the molecule, e.g. C(2).. .H(41) 
= 2.66 (4), C(2) . . .H(81)= 2-57 (4), C(9) . . .H(41)= 
2.47 (4)and C(14) . . .H(41) -  2.54 (4) A, 

The angles the amidine group makes with the planes 
of the phenyl ring 161.6 (4) °1 and the methoxyphenyl 
ring [54.6 (3) ° ] reveal the lack of conjugation between 
the amidine and aromatic fragments. The non-bonded 
intramolecular contacts N(1) . . .H(161)= 2.63 (4), 
C(2). . .H(141)--  2.71 (5), N(3) . . .H(141)= 2.86 (4) 
and C(9 ) . . .H (161 )=2 .84 (4 )A  indicate the steric 
hindrance between the phenyl rings and the amidine 
group. The molecular packing is shown in Fig. 2. No 
intermolecular contacts significantly shorter than the 
sum of the van der Waals radii are observed. 

7 , 6  - 

~ ~Lc~ 

L~u~ 7c~6 
C ~  17 

% 
Fig. 1. Stereodrawing of the molecule (OR TEP; Johnson, 1976). 

Fig. 2. Projection of the structure down e. 

The authors are indebted to Doc. Dr J. 
Oszczapowicz, Warsaw University, for providing a 
sample of the compound. 

References 

CAMERON, A. F., FREER, A. A. & GILMORE, C. J. (1981). Acta 
Cryst. B37, 1600-1604. 

G1LLI, B. & BERTOLAS1, W. (1979). J. Am. Chem. Soc. 101, 
7704-7711. 

International Tables for X-ray Crystallography (1974). Vol. IV. 
Birmingham: Kynoch Press. (Present distributor D. Reidel, 
Dordrecht.) 

JASKOLSKI, M. (1982). Fourth Symposium on Organic Crystal 
Chemistry, Poznafi, September 1982, edited by Z. KALUSKI, pp. 
70--71. A. Mickiewicz Univ. 

JOHNSON, C. K. (1976). ORTEP. Report ORNL-5138. Oak Ridge 
National Laboratory, Tennessee. 

KRAJEWSKI, J. W., URBAI~CZYK-LIPKOWSKA, Z., GLUZII~SKI, P., 
OSZCZAPOWICZ, J., BUSKO-OSZCZAPOWICZ, J., BLEIDELIS, J. & 
KEMME, A. (1981). PoLJ. Chem. 55. 1015-1024. 

LEHMANN, M. S. & LARSEN, F. K. (1974). Acta Cryst. A30, 
580-584. 

MAIN, P., FISKE, S. J., HULL, S. E., LESSlNGER, L., GERMAIN, G., 
DECLERCQ, J.-P. & WOOLFSON, M. M. (1980). MULTAN80. A 
System of Computer Programs for the Automatic Solution of 
Crystal Structures from X-ray Diffraction Data. Univs. of York, 
England, and Louvain, Belgium. 

MOTHERWELL, W. D. S. & CLEGG, W. (1978). PLUTO. Program 
for plotting molecular and crystal structures. Univ. of Cam- 
bridge, England. 

NORRESTAM, R. (1985). Acta Cryst. C41, 873-876. 
NORRESTAM, R., MERTZ, S. & CROSSLAND, I. (1983). Acta Cryst. 

C39, 1554-1556. 



E. TYKARSKA, M. JASKOLSKI AND Z. KOSTURKIEWICZ 743 

OSZCZAPOWICZ, J., RACZYIqSKA, E. & PAWLIK, T. (1984). Pol. J. 
Chem. 58, 117-124. 

PAVKOVlC, S. F., GLOWlNSKI, R. E. & FENG, M. P. (1981). Acta 
Cryst. B37, 1635-1637. 

SHELDRICK, G. M. (1976). SHEL,V76. Program for crystal 
structure determination. Univ. of Cambridge, England. 

TYKARSKA, E., JASK6LSKI, M. & KOSTURKIEWICZ, Z. (1986). Acta 
Cryst. C42, 208-210. 

Acta Cryst. (1986). C42, 743-745 

Structure of (4R*,4aS*,8aR*)-8a-Hydroxy-4-methylperhydroehroman-7-one, a Relay 
Material for Stereospeeifie Synthesis of fl-Turmerone 

BY HANS PREUT, WOLFGANG KREISER AND WOLFGANG DUMMER 

Fachbereich Chemie der Universitfft Dortmund, Postfach 500500, D-4600 Dortmund 50, Federal Republic of 
Germany 

(Received 6 November 1985; accepted 21 January 1986) 

Abstract. CIOH1603, M r =  184.24, monoclinic, P2Jc, 
a = 9 . 7 7 8 ( 6 ) ,  b = 8 . 8 0 9 ( 6 ) ,  c = 1 2 - 1 8 9  (6) A, t =  
112.10(5) ° , V = 9 7 3 ( 1 ) A  3, Z = 4 ,  Dx= 
1.258 Mg m -3, 2(Ag Ka) = 0.56083/f,, ~ = 
0.06 mm -l, F(000) = 400, T =  291 (I) K. Final R 
- -0 .056 for 1436 unique observed reflexions. In the 
crystal two molecules are linked by two symmetrically 
equivalent hydrogen bonds [O.. .O 2.800 (2)/~, H. . .O 
1.85 A, /_C-O--H 104°]. The two six-membered rings 
are both in similar chair conformations with corre- 
sponding parts of the two chairs coplanar. The 
6S,7R configuration is unambiguously determined for 
(-)-fl-turmerone. 

Introduction. In 1982 B. T. Golding published some of 
his results regarding the constituents of turmeric, from 
the rhizomes of Curcuma longa (Golding, Pombo & 
Samuel, 1982). This material serves as part of the 
colour and odour component of various curry powders. 
That investigation inter alia led to the isolation and 
constitutional determination of fl-turmerone (1) by 
careful and reliable assignment of the IH NMR 
spectrum. On the other hand, Golding's publication 
does not disclose anything about the relative and 
absolute configuration at the two adjacent chiral centres 
emerging from the structure of (1). Even its optical 
rotation is lacking, since the natural material was 
difficult to separate. When we decided to solve the 
question of stereochemistry in (1), a rule was originally 
applied, which we had found to work perfectly well with 
the 1-bisabolone class [i.e. (4); Bohlmann, Zdero & 
SchSneweiss, 1976], to establish the relative con- 
figuration by NMR; however, this method failed on 
turmerone (Preut, Kreiser, Mfiller & Jones, 1985). 
Apparently this failure was due to the fact that the ring 
keto group - with its dominant influence on the 
chemical shift of the secondary methyl signal - was 

lacking in (1). The corresponding shift value of (1) did 
not fit in either diastereomeric series. We therefore 
decided to prove the relative and absolute configuration 
of (1) by total synthesis. 

(-)-(1) (+)-(2) 

raG- (3) (÷)-(4) (synthetic 
enantiomer) 

Starting with optically active (+)-3-methyl-&-valero- 
lactone (2) of known absolute configuration (Jones, 
1984), we passed two crystalline intermediates during 
this first preparation of (1). One of them proved 
unsuitable for X-ray examination. The second 
substance (3) displayed three asymmetric centres, of 
which the acetal chirality at C(8a) was destroyed later 
on during the course of the highly stereospecific 
synthesis. This material showed a melting point of 
399K.  (For practical purposes the racemate was 
preferred for measurement.) In formula (3) the relative 
stereochemistry is already properly assigned according 
to the result of the X-ray determination. Since the 
centres C(4 and 4a) remain untouched until the final 
stage, they represent the conclusive arrangement of C (6 
and 7) in (-)-fl-turmerone (1). [The final product of a 
reaction sequence, which includes (3) as an intermedi- 
ate, was shown to be identical to fl-turmerone by ~H 

0108-2701/86/060743-03501.50 © 1986 International Union of Crystallography 


