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opposite direction to the quatemary  N side chain (~'2 
= - 3 ° ) .  In (I), the arrangement of the alkyloxy 
chain over the benzamide moiety allows the H atoms 
of the terminal C atoms to interact favourably with 
some of the H atoms of the B phenyl ring and with 
the O atoms of the ester group. This favourable 
interaction is supported by the lower van der Waals 
contribution to the total steric energy of this isomer 
with respect to the second isomer, which shows 
smaller bending and torsional energy values. On this 
basis we can assume that the van der Waals interac- 
tions involving the alkyloxy side chain are respon- 
sible for establishing the overall structure of the 
cation and its freedom of motion. 
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Abstract. (3S,4S,5S,6S,9R)-3,4-Dihydroxy-5,6-di- 
hydro-/3-ionol, C13H2403, M r  = 228.3, monoclinic, 
P2~, a = 6.746 (1), b = 7.712 (1), c = 12.620 (10) A, /3  
= 102.86 (1) °, V = 640.1 (5) A 3, Z = 2, Dx = 
1.18 g cm -3, A(Cu Ka) = 1.5418 A, /z = 6.21 cm -1, 
F(000) = 252, T = 298 K, R = 0.055, wR = 0.058 for 
622 reflections with I_> 3tr(I). The ring adopts a 
slightly distorted chair conformation, and the side 
chain is in an extended configuration. The structure 
is stabilized by two intermolecular O---H...O 
hydrogen bonds [2.846 (1) and 2.860 (1)/~]. Bond 
lengths and angles are in the usual range. 

Introduction. The compound (I) was isolated from 
the leaves of Apollonias barbujana (Lauraceae) which 

* To whom correspondence should be addressed. 

0108-2701/92/122192-03506.00 

were collected in the Canary Islands. A large number 
of the ionone-related compounds have been found 
mainly in the tobacco leaf (Enzell, Wahlberg & 
Aasen, 1977; Wahlberg, Eklund, Enzell & Berg, 
1987; Ohloff, 1978; Wahlberg & Enzell, 1987), Vitis 
vinifera grapes (Nykiinen & Suomalainen, 1983; 
Marais, 1983) and quince fruit (Winterhalter, 
Harmsen & Trani, 1991; Ishihara, Tsuneya, Shiota, 
Shiga & Nakatsu, 1986). 

! 
H O ~  A / ~o 

2. 

(I) 
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Table 1. Atomic coordinates and equivalent isotropic 
temperature factors (A2 x 103) with e.s.d.'s in 

parentheses 

Ueq = ~Y.i Yj Uija,* aj*a,.aj. 

x y z Ueq 
O1 -0.1982 (9) -0.5003 -0.6508 (3) 32 (2) 
02 0.0070 (8) -0.0703 (7) -0.5691 (3) 28 (2) 
03 - i.0094 (9) 0.2017 (7) -0.7241 (3) 35 (2) 
CI -0.4152 (13) -0.1971 (9) -0.8074 (4) 21 (3) 
C2 -0.1972 (13) -0.2704 (9) -0.7828 (4) 25 (3) 
C3 -0.1067 (12) -0.3344 (9) -0.6679 (5) 22 (3) 
C4 -0.1433 (13) -0.2047 (9) -0.5812 (5) 29 (3) 
C5 -0.3649 (12) -0.1357 (9) -0.6027 (4) 19 (3) 
C6 -0.4316 (13) -0.0589 (8) -0.7186 (4) 19 (3) 
C7 -0.6367 (12) 0.0220 (10) -0.7344 (5) 23 (3) 
C8 -0.6787 (14) 0.1836 (9) -0.7695 (5) 28 (3) 
C9 -0.8777 (13) 0.2747 (9) -0.7888 (5) 28 (3) 
Cl0 -0.9875 (16) 0.2717 (14) -0.9067 (6) 57 (4) 
CI1 -0.5746 (14) -0.3414 (10) -0.8118 (5) 35 (3) 
CI2 -0.4543 (14) -0.1108 (10) -0.9185 (5) 35 (3) 
CI3 -0.3887 (15) -0.0054 (11) -0.5159 (5) 37 (3) 

Experimental. The air-dried leaves (2.2 kg) were 
extracted with MeOH under reflux and the solvent 
was evaporated in vacuo to yield 38 g of extract, 
which was chromatographed on a silica gel column 
eluted with n-hexane/EtOAc of increasing polarity. 
The fractions eluted with n-hexane/EtOAc 60:40 
were combined and, after solvent evaporation, the 
pure compound (I) (23 mg, 0.001%) was obtained by 
repeated chromatographies on silica gel; m.p. 
435-436 K (acetone/benzene 60:40); [a]D 24°C -34 .0  ° 
(c 0.52 g dm -3, MeOH). 

A single crystal with dimensions 0.3 x 0.3 x 
0.2 mm was used for measurements on a Siemens 
AED diffractometer, with graphite-monochromated 
Cu Ka radiation, w/20 scan mode. The lattice con- 
stants were obtained from least-squares refinement of 
17 reflections in the interval 20 ___ 20 ___ 40 ° and two 
standard reflections monitored every hour showed no 
significant intensity decay. Of the 888 data measured 
with 3 _< 20 _< 121 °, 624 were independent with 622 
having I___ 3cr(l) (index range h = 0---,4, k = 0 ~ 8 ,  l 
= - 13---, 13) considered observed and used in struc- 
ture determination and refinement. No absorption 
correction. The structure was solved by direct 
methods (SHELXS86; Sheldrick, 1986) and refined 
on F by full-matrix least squares (XRA Y76; Stewart, 
Machin, Dickinson, Ammon, Heck & Flack, 1976). 
Some H atoms could be localized in the difference 
Fourier maps, and others were calculated 
(HSEARCH; Fayos & Martinez-Ripoll, 1980), but 
all were included with a fixed isotropic contribution 
(U = 0.06 ,A, z) and not refined. A weighting scheme 
[w = k/f(Fo)12f(sinO/a)] to obtain flat dependence of 
A2F vs Fo and sinO/A was performed (PESOS; 
Martinez-Ripoll & Cano, 1980). Refinement con- 
verged to R = 0.055, wR = 0.058, S = 2.750 for 144 
refined parameters; overdetermination ratio 4.3; 
max. shift/e.s.d. 0.022; min. and max. zaF map 

excursions - 0.220 and 0.188 e ] k -  3 respectively. 
The absolute configuration was determined as 
3(S),4(S),5(S),6(S),9(R) by comparison of 34 Bijvoet 
pairs with Fo-< 10 ___ (Fo), which were in the range 5 
___ Fc _< 50 and 0.15 _< sin0/a < 0 .4A -1 (CONFAB; 
Martinez-Ripoll & Fayos, 1980). The averaged 
Bijvoet differences are 0.173 for the correct enantio- 
mer vs 0.211 for the incorrect enantiomer. Atomic 
scattering factors were from International Tables for 
X-ray Crystallography (1974, Vol. IV). Geometrical 
calculations were made with PARST  (Nardelli, 
1983). 

Discussion. Table 1" gives the final positional and 
equivalent isotropic thermal parameters for all 
non-H atoms. The molecular structure for the 
correct enantiomer of the title compound including 
the atom-numbering scheme is illustrated in Fig. 1. 
Bond distances, bond angles and relevant torsion 
angles are shown in Table 2. The molecular structure 
of the title compound consists of a six-membered 
ring with an a-equatorial side chain. The ring 
exhibits a slightly distorted chair (4C1) conformation 
as shown by the ring puckering parameters (Cremer 
& Pople, 1975): Q = 0.538 A, 0 = 170.0 (10) ° and ~p 
= 104.2 (6) ° for the sequence C1, C2, C3, C4, C5, 
C6, with C1 and C4 displaced -0 .608(11)  and 
0.660 (10) A from the best plane through C2, C3, C5 
and C6 atoms (max. deviation ±0.04,A,). The 
hydroxy groups on C3 and C4 have a 1,2-diaxial 
relationship. The stereochemistry of the double bond 
is E. Average values for distances a r e  C(sp3)------C(sp 3) 
=1.554(11),  C(sp3)--f(sp2)=l.492(13), C - - O  = 

* Lists o f  structure factors, anisotropic thermal parameters  and 
H-a tom parameters  have been deposited with the British Library  
Document  Supply Centre as Supplementary Publication No.  S U P  
55260 (8 pp.). Copies may  be obta ined through The Technical 
Editor,  International  Union  of  Crystal lography,  5 Abbey  Square,  
Chester  CH1 2HU,  England. [CIF reference: AL0522] 
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Fig. 1. Molecular  structure and atomic number ing  for (I). 
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Tab le  2. Bond lengths (A), bond angles (°) and some 
torsion angles (o) with e.s.d. 's in parentheses 

O1--C3 1.460 (9) C2---C3 1.528 (9) 
02-424 1.438 (10) C3---C4 1.546 (10) 
O3----C9 1.452 (11) C4---C5 1.556 (13) 
C1--C2 1.545 (13) C5---C6 1.553 (9) 
C1---C6 1.572 (10) C5---C13 1.525 (1 l) 
C1---CI 1 1.544 (12) C6--C7 1.494 (13) 
C1---C12 1.524 (9) C7--C8 1.335 (11) 
C8---C9 1.490 (13) C9---C10 1.511 (10) 

C11---C1---C12 107.9 (7) O2---C4--C5 113.7 (8) 
C6----C1---C12 109.6 (7) C4---C5---C13 110.6 (7) 
C6--C1---Cll 111.0 (7) C4--C5--C6 lll.2 (8) 
C2---CI---C12 108.0 (8) C6---C5---C13 111.8 (7) 
C2---C1---C11 111.7 (8) C1--C6--C5 111.2 (6) 
C2--C1--C6 108.7 (7) C5--C6---C7 110.7 (6) 
C1---C2--C3 118.2 (8) C1---C6--C7 113.6 (6) 
O1---C3---C2 109.4 (7) C6--C7---C8 124.0 (I0) 
C2--C3--C4 111.8 (7) C7--C8---C9 127.9 (9) 
O1--C3---C4 109.0 (7) O3--C9--C8 111.6 (7) 
O2----C4----C3 108.9 (8) C8---C9----C10 112.5 (8) 
C3---C4---C5 113.5 (6) 03--C9---C10 108.8 (9) 

C2----C1---C6----C7 179.4 (9) O1---C3----C4--O2 157.4 (7) 
C12---C1----C6----C5 - 172.5 (8) C2--C3--C4---C5 46.1 (11) 
C11--C1---C6--C5 68.5 (10) O1--C3---C4---~5 - 74.9 (10) 
C2-----C1----C6----C5 - 54.7 (10) C3----C4----C5---C6 - 53.7 (10) 
C6---C1---C2---C3 50.2 (11) O2---C4---C5---C6 71.5 (10) 
C11---C1----C2----C3 - 72.5 (10) C3---C4---C5---C13 - 178.6 (8) 
C11---C1---C6---C7 -57.1 (10) C4---C5---C6---C1 58.3 (10) 
C1--C2--C3--O1 74.6 (10) C13---C5---C6---CI - 177.5 (8) 
C1---C2--C3---C4 - 46.2 (11) C6--C7---C8---C9 179.4 (9) 

1.450 ( 1 0 ) A .  The  valence  angles  invo lv ing  tetra-  
hedra l  a n d  t r igona l  C a t o m s  have  m e a n  values  o f  
111.1(7)  a n d  126.0(10)  ° , respectively.  M o l e c u l a r  

p a c k i n g  is de t e rmined  by  h y d r o g e n  b o n d s  o f  the 
O---H-- .O type  invo lv ing  the hYldroxy O a t o m s  in the 
equivalent positions -x ,  y - ~ ,  - z - 1  [O(1)...O(2) 
2.846 (1), H(1) . . .O(2)  1.972 (1) A, O(1)---H(1) . . .O(2)  
143.3(6)°] ,  a n d  x +  1, y,  z [0 (2) . . .0 (3 )  2 .860(1) ,  
H(2) . . .O(3)  1.941 (1) A, O(2)---H(2). . .O(3)  

150.5 (5)°]. O t h e r  con tac t s  are cons i s ten t  w i th  v a n  
der  W a a l s  in terac t ions .  

This  w o r k  was  suppor t ed  by  G o b i e r n o  de 
Cana r i a s ,  Conse je r i a  de E d u c a c i r n ,  g r an t  No .  
24/31.07.89, and  Span i sh  C I C Y T  g ran t  PB88-0420.  
IB t h a n k s  the  A I E T I  for  a fel lowship.  
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Abstract .  CI3H16N205, Mr = 280.3, monoc l in ic ,  P2~, 
a = 10.307 (3), b = 9.364 (3), c = 7.394 (2) A, fl  = 
104.65 (2) °, V = 690.5 .A_ 3, Z = 2, Dx = 1.35 g cm -3,  
a ( C u  Ka)  = 1.5418 A,  /z = 7.9 c m -  1, F(000) = 296, 

T = 293 K,  R = 0.055 for  1209 observed  reflexions.  
The  b e n z a m i d e  g r o u p  is no t  p lanar .  The  h y d r o x y l  
g roup  is engaged  in an  i n t r a m o l e c u l a r  h y d r o g e n  
b o n d  wi th  the c a r b o n y l  o f  the a m i d o  group .  A 
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