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Cyclotene Hydrate, C6HsO2.H20 
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Abstract 
The title compound exists as the 2-hydroxy-3-methyl- 
cyclopent-2-enone tautomer hydrogen bonded to a water 
molecule. All three H atoms bonded to O atoms are 
involved in a hydrogen-bonding network that assembles 
the molecules into chains along the b axis. 

Comment 
Cyclotene is a volatile compound commonly encoun- 
tered in foods. It is found in coffee beans (Gianturco et 
al., 1963), is extensively used as a flavouring component 
in the food industry and has been the subject of much 
study. For example, the mechanism of its formation from 
two molecules of acetol has recently been discussed 
(Nursten, 1997) and its formation from other precursors, 
such as ascorbic acid, has been reported. It plays a role 
in the Maillard reaction, particularly in the formation 
of certain volatile pyrazine derivatives, and it has been 
synthesized by a variety of methods (Strunz, 1983; Dos 
Santos & De Magalhaes, 1991). Cyclotene can, in prin- 
ciple, exist in many tautomeric forms (Nursten, 1997), 
but is usually represented in either the dicarbonyl form, 
(la), or the enol form, (lb), since it displays reactions 
characteristic of both of these. In non-polar solutions, it 
exists as tautomer (lb). Cyclotene is often supplied as 
a crystalline hydrate, the nature of which has not been 
established. We now report an accurate low-temperature 
X-ray crystal structure of this compound. 

o o 

(la) (lb) 

state, cyclotene hydrate exists as the 2-hydroxycyclo- 
pent-2-enone tautomer, (lb) (Fig. 1). The cyclo- 
pentenone ring is essentially planar [maximum devia- 
tion from the mean plane is 0.003 (2)A]. The geometry 
is similar to that in other crystallographically character- 
ized cyclopentenones (Ley et al., 1993; Tsuboi et al., 
1983). 
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Fig. 1. Perspective view and atom labelling of the title compound. 
Displacement ellipsoids are drawn at the 50% probability level and 
H atoms are drawn as small circles of arbitrary radii. 

Each of the three oxygen-bonded H atoms is involved 
in an intermolecular hydrogen bond (Table 2). The 
cyclotene hydroxyl group is hydrogen bonded to the 
adjacent water O atom and each of the water H atoms is 
bonded to the carbonyl O atom of an adjacent molecule. 
This hydrogen-bonding network connects the molecules 
in chains along the b axis (Fig. 2). 

Fig. 2. Packing diagram, viewed down the a axis, showing the hydro- 
gen-bonding network. 

Experimental 

The sample was freshly recrystallized from an aqueous 
solution of the title compound. 

The successful location and refinement of the hy- 
droxyl H atom, along with the bonding geometry 
(Table 1), unambiguously establish that in the solid 

Crystal data 

C6HsO2.H20 Mo K a  radiation 
Mr = 130.14 ,X = 0.71073 ~, 

© 1998 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Acta Crystallographica Section C 
ISSN 0108-2701 © 1998 



S ~  E. F A Y L E  et al. 405  

Triclinic 
PY 
a = 6.8829 (2) ,~ 
b = 6.9979 (3) 
c = 7.8655 (3) ,~ 
a = 111.529(1) ° 
/3 = 95.615 (2) ° 
7 = "1:06.786 (2) ° 
V 328.45 (2) ,~3 
Z = 2  
Dx = 1.316 Mg m -3 
Dm not measured 

Cell parameters from 3259 
reflections 

0 = 2.86--26.44 ° 
# = 0.105 m m  - l  
T = 153 (2) K 
Block 
0.54 × 0.46 × 0.39 m m  
Colourless 

Data collection 

Siemens SMART CCD 
diffractometer 

Exposures over 0.3 ° ~p or w 
rotation scans 

Absorption correction: none 
3259 measured reflections 
1258 independent  reflections 
1152 reflections with 

I > 2o'(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.045 
wR(F 2) = 0.116 
S = 1.135 
1258 reflections 
92 parameters 
H atoms treated by a 

mixture of  independent  
and constrained refinement 

eint = 0 . 0 5 0  
0max = 2 6 . 4 4  ° 

h = - 8  ---~ 8 
k = - 8  ---* 8 
l =  - 9 - - - * 9  
no standard reflections 

intensity decay: none 

w -- 1/[tr2(F 2) + (0.0542P) 2 
+ 0.117P] 

where P = (Fo 2 + 2F2)/3 
( A / o ' ) m a x  = - - 0 . 0 0 1  
Apmax = 0.223 e ,~-3 
Apmin = - 0 . 2 3 4  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Tab le  1. Se lec ted  geometr ic  parame te r s  (,4, o) 

OI---CI 1.227 (2) C3----C6 1.491 (2) 
O2----C2 1.350 (2) C3--C4 1.499 (2) 
O2--H21 0.86 (2) C4----C5 1.531 (2) 
C1---C2 1.456 (2) O3--H31 0.88 (3) 
C1---C5 1.499 (2) O3--H32 0.86 (3) 
C2--C3 1.342 (2) 

OI----C 1---C2 124.30 (14) C2----C3----C6 127.21 (15) 
O1---C1---C5 127.38 (14) C2----C3----C4 110.99 (14) 
C2--C 1---C5 108.32 (13) C6---C3---C4 121.80 (13) 
C3---C2---O2 132.23 (14) C3--C4----C5 105.34 (13) 
C3------C2----C I 110.82 (14) C1---C5----C4 104.53 (13) 
O2--C2---C 1 116.94 (13) 

Table  2. Hydrogen-bond ing  geomet ry  (,4, o) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
O2--H21. • .03 0.86 (2) 1.78 (2) 2.618 (2) 165 (1) 
O3--H31- • .OP 0.88 (2) 2.02 (2) 2.888 (2) 166 (1) 
O3--H32. • -O1 ii 0.86 (2) 1.91 (2) 2.760 (2) 167 (1) 

Symmetry codes: (i) 1 - x, 2 - y, 2 - z; (ii) x, y, z - 1. 

Crystal decay was monitored by measurement  of  duplicate 
reflections. The three oxygen-bonded H atoms were located 
by difference Fourier calculations and refined isotropically; 
other H atoms were placed geometrically and refined with a 
riding model  (including free rotation of  the methyl group). 

Data collection: SMART (Siemens, 1995). Cell refinement: 
SA/NT (Siemens, 1995). Data reduction: SA/NT. Program(s) 
used to solve structure: SHELXS86 (Sheldrick, 1990). Pro- 
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gram(s) used to refine structure: SHELXL93 (Sheldrick, 1993). 
Molecular graphics: SHELXL93. Software used to prepare ma- 
terial for publication: SHELXL93. 

W e  t h a n k  D r  D. K. W e e r a s i n g h e  ( F i r m e n i c h  Inc. ,  N J, 
U S A )  fo r  a g e n e r o u s  s u p p l y  o f  the  t i t le  c o m p o u n d .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: TAll 97). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

T h e  crys ta l  s t ruc tu re  o f  the  t i t le  c o m p o u n d ,  CI5HI3N3,  
has  b e e n  d e t e r m i n e d  by  X - r a y  d i f f rac t ion .  T h e  m o l e c u l e  
is p l a n a r  and  the  c rys ta l  p a c k i n g  is d e t e r m i n e d  b y  v a n  
de r  Waa l s  and  g r aph i t i c  in te rac t ions .  

Comment 
N - S u b s t i t u t e d  b e n z a m i d o x i m e s  s h o w  a c o m p l e x  be-  
h a v i o u r  in r e ac t i ons  w i th  ni t r i le  o x i d e s  d e p e n d i n g  o n  
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