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Crystal data 

C22 H31N2Os S~ .C1- .H20 
Mr = 521.10 
Orthorhombic 
P2t2j21 
a = 10.5075 (15) ,~, 
b = 10.6251 (15) ~, 
c = 23.407 (3) A 
V = 2 6 1 3 . 1 ( 6 ) ~ 3  
Z = 4  
D~ = 1.325 Mg m -3 
Dm not measured 

Mo Ka  radiation 
A = 0.71073 ~, 
Cell parameters from 25 

reflections 
0 = 20 -24  ° 
# = 0.34 m m -  
T = 296 K 
Needle 
0.63 x 0.38 × 0.32 mm 
Colorless 

Data collection 

Enraf-Nonius  CAD-4 
diffractometer 

30/50 scans 
Absorption correction: none 
3482 measured reflections 
3482 independent reflections 
2786 reflections with 

I > 2cr(/) 

0max = 27.82 ° 
h = - 1 3 - - ~  13 
k = 0 ~  13 
l = 0 7 3 0  
3 standard reflections 

frequency: 83 min 
intensity decay: 0 .16% 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.040 
wR(F 2) = 0.108 
S = 1.09 
3482 reflections 
422 parameters 
H atoms: see below 
w = 1/[a2(F 2) + (0.0461P) 2 

+ 0.7969P] 
where P = (Fo e + 2F~?)/3 

(Z~/O')max = 0.017 

Apmax = 0.24 e ,~-3 
Aprnin = - 0 . 2 7  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Absolute configuration: 
Flack (1983) 

Flack parameter = 
- 0 . 2 2 ( 1 0 )  

Tab le  1. Hydrogen-bond ing  data (,4) 

082. • .Cl' 2.990 (3) 0100. • .082 3.315 (5) 
N4. • .C1 3.212 (3) O 100. • .CI'" 3.326 (5) 
N4.. -O8 I" 2.866 (4) 

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

H atoms, except for those in the ethoxy group, are refined 
isotropically. H19A and H19B are calculated based on C20A. 
Torsion angles as well as the occupancy factor for C20A and 
C20B were refined. The average bond length and the bond 
angles are in agreement with the accepted values. The absolute 
configuration of  the molecule was chosen based on previous 
studies. 

Data collection: CAD-4 Operations Manual (Enraf-Nonius,  
1977). Cell refinement: CAD-4 Operations Manual. Data 
reduction: PROCESS in MoIEN (Fair, 1990). Program(s) 
used to solve structure: SIR (Altomare et al., 1994) (direct 
methods).  Program(s) used to refine structure: SHELXL93 
(Sheldrick, 1993). Molecular graphics: ORTEPII (Johnson, 
1976). Software used to prepare material for publication: CIF 
VAX in MolEN. 

We w o u l d  l ike to t h a n k  Dr  Ph i l l ip  F a n w i c k  for  his  
a s s i s t ance  w i th  the  r e f i n e m e n t  o f  this  s t ruc ture .  Th i s  
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w o r k  is s u p p o r t e d  by  the  P u r d u e / W i s c o n s i n  P r o g r a m  on  
the  Ef fec t  o f  Wa te r  on  M o l e c u l a r  M o b i l i t y  o f  C rys t a l l i ne  
and  A m o r p h o u s  So l ids .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BK1260). Services for accessing these 
data are described at the back of the journal. 
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A b s t r a c t  

In the  crys ta l  s t ruc tu re  o f  the  t i t le c o m p o u n d ,  

C19H25NO3, the  ? - l a c t a m  h e t e r o c y c l i c  r ing  is planar .  
T h e  c y c l o h e x y l  and  m e t h o x y c a r b o n y l  subs t i t uen t s  are 
trans. 

C o m m e n t a i r e  

La s t ruc tu re  de  o ~ - c y c l o h e x y l - / 3 - m e t h o x y c a r b o n y l - ? -  
l ac t ame ,  (I), a 6t6 6tabl ie  par  d i f f r ac t ion  des  r ayons  X 
sur  m o n o c r i s t a l  afin de  d r t e r m i n e r  la c o n f i g u r a t i o n  de  

la m o l r c u l e  et su r tou t  la d i s p o s i t i o n  des  d e u x  a t o m e s  

Acta Cr3"stallographica Section C 
ISSN0108-2701 ©1997 



1920 CI9H25NO3 

MeOOC 

maintenu sous reflux pendant 2 h. A la fin de la r6action, on 
6vapore le solvant, le r6sidu obtenu est purifi6 sur colonne 
h base de gel de silice avec l'hexane-ac&ate d'6thyle (8/2) 
comme 61uant. Le produit d6sir6 est obtenu avec un rendement 
de 55%. 

(]) 

d'hydrog~ne vicinaux des deux carbones asym6triques 
d u  groupement 7-1actame. Le groupement  3,-lactame est 
pratiquement plan (r.m.s.A = 0,098 A), l '6cart maxi- 
mal par ra.pport au plan moyen est observ6 pour C3 
[0,131 (2)A].  Cette conformation est rencontr6e dans 
des compos6s ayant des groupements h6t6rocycliques 
proches (Chiaroni, Riche & Langlois,  1995; Lynch, 
Hulme, Magnus & Davis, 1995). Les hydrog~nes port6s 
par les carbones asym6triques respectifs C2 et C3 du 
groupement  3,-lactame sont en trans, ils se trouvent de 
part et d 'autre  du plan moyen  ~ des distances respec- 
tives de celui-ci: - 1 , 0 1  (2) et 1,01 (2),~. De m~me, les 
atomes de carbone C12 du cyclohexyl  et C18 du car- 
bonyl,  li6s ~ C2 et C3 sont en trans l 'un  par rapport 

l 'autre et s'61oignent orespectivement de celui-ci de 
0,843 (4) et - 0 , 7 6 6 ( 4 ) A .  L 'hydrog~ne de C12 est en 
gauche par rapport ~t l 'hydrog~ne de C2, il d6vie du 
plan du -~-lactame de 0,55 (2)A.  Les groupements cy- 
clohexyl et ph6nyl sont en position 6quatoriale et de 
part et d 'autre de ce plan. L ' a tome d 'oxyg~ne du car- 
bonyl  C18==O2 pr6sente une certaine d61ocalisation: il 
est partag6 en deux sites avec des taux d 'occupat ion de 
0,68 et 0,32 (a s6par6s par ~0 ,7  ,~,). 

C7 

csl- ,  -c,0 

ol N c t ~ c  O 

C15 ~ ~ C17 C18 03 

C16 b 

Fig. 1. Vue perspective de C19tt25NO 3. Les ellipsoides ont 50% de 
probabilit& 

Donndes cristallines 

CI9H25NO3 
Mr = 315,40 
T_riclinique 
P1 
a = 6,286 (2) ,~, 
b = 7,698 (2) ,~ 
c = 18,144 (5) /k 

= 90,65 (2) ° 
= 91,92 (3) ° 

"~ = 96,51 (3) ° 
V = 871,7 (4) ,~3 
Z = 2  
Dx = 1,202 Mg m -3 
Dm non mesur6e 

Mo Kc~ radiation 
A = 0,71070 ,~ 
Param~tres de la maille 

l'aide de 25 r6flexions 
0 = 8-16 ° 
# = 0,081 mm -I 
T = 293 (2) K 
Plaquette 
0,58 x 0,22 x 0,22 mm 
Incolore 

Collection des donndes 

Diffractom~tre CAD-4 
Balayage w/20 
Pas de correction 

d'absorption 
3323 r6flexions mesur6es 
3071 r6flexions 

ind6pendantes 
1830 r6flexions avec 

I > 2~r(/) 

Rim = 0,030 
0max ---- 24,97 ° 
h = - 7  ---~ 7 
k = 0 ----, 9 
l = -21 ~ 21 
1 rfflexion de r6f6rence 

fr6quence: 120 min 
variation d'intensit6: 

16,7% 

Affinement 

Affinement ~ partir des F 2 
R[F 2 > 2o-(F2)] = 0,053 
wR(F 2) = 0,150 
S = 1,055 
3071 r6flexions 
318 param&res 
Tous les param&res des 

atomes d'hydrog~ne 
affin6s 

w = 1/[o-2(Fo 2) + (0,0815P) 2 
+ 0,0593P] 

o~a P = (F} + 2F,2)/3 

(A/o')max = 0,043 
mpmax = 0,189 e ,~,- 3 
Apmin = -0,242 e ,~-3 
Correction d'extinction: 

SHELXL93 (Sheldrick, 
1993) 

Coefficient d'extinction: 
0,038 (7) 

Facteurs de diffusion des 
International Tables for 
Crystallography (Vol. C) 

Tableau 1. Selected geometric parameters  (,~, o ) 
N I~C 1---C2 109.1 (2) C I--N l--C4 113.8 (2) 
C 1---C2---C3 104.2 (2) C1--N 1---C5 124,7 (2) 
C 4 - ~ C 3 - - - C 2  104,5 (2) C4~N1~C5 121,2 (2) 
N 1 ~ 4 - - C 3  103,4 (2) 

N 1--C1-~C2---C3 7,9 (2) C2--C3~C4~N I 22.2 (2) 
CI--~2---C3~C4 -- 18,5 (2) C3~C4--N 1--CI -18,0 (3) 
C12---C2--C3~C18 95,2 (2) C4---NI--CI---C2 7,1 (3) 

Pattie exp6rimentale 
Dans un ballon muni d'un r~ffig6rant, on introduit 10 mmol 
de l'itaconate substitu6 et 21 mmol de benzylamine dans 10 ml 
d'un m61ange m6thanol-eau (9/1). Le m61ange r6actionnel est 

Collection des donn~es: CAD-4 EXPRESS (Duisenberg, 1992; 
Macicek & Yordanov, 1992). Affinement des param~tres de 
la maille: CAD-4 EXPRESS. R6duction des donn6es: MoIEN 
(Fair, 1990). Programme(s) pour la solution de la structure: 
SHELXS86 (Sheldrick, 1985). Programme(s) pour l'affinement 
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de la structure: SHELXL93. Graphisme molEculaire: ORTEPII 
(Johnson, 1976). Logiciel utilis6 pour preparer le materiel pour 
publication: StlELXL93. 

Des documents complEmentaires concernant cette structure peuvent 
&re obtenus/~ partir des archives Electroniques de I'UICr (REfErence: 
CF1182). Les processus d'acc~s h ces archives est donne au dos de la 
couverture. 
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Comment 
As part of continuing studies on the origin of the intense 
sweetness of D-fructose, (1), we have reported the 
preparation, the solution composition, and an evaluation 
of the sweet taste of the 3-deoxy analog of D-fructose, 
namely, 3-deoxy-D-erythro-hexulose, (2) (Szarek et al., 
1995). Compound (2) was found to be sweet, a result 
that indicated that the hydroxyl group at C3 is not an 
essential function of the glycophore of D-fructose. In 
order to detect structural features such as intramolecular 
hydrogen bonding (Woods, Szarek & Smith, 1990) that 
may be responsible for the sweet taste of (2) and to 
identify possible structural differences with D-fructose, 
the crystal structure of (2) was also determined. 

OH 

H ( ~ R  CH2OH 

OH 

(1) lflp; R=OH 
(2) 2tip; R=H 
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Abstract 
The title compound, 3-deoxy-D-erythro-hexulose (3- 
deoxy-D-fructose), C6H1205, crystallizes from ethanol as 
the/3-D-pyranose form in the 2C5 conformation. Signif- 
icant differences from /%D-fructopyranose (D-fructose) 
are observed in the hydrogen-bonding scheme. The pri- 
mary hydroxyl group is hydrogen bonded internally to 
the ring oxygen in D-fructose, while it forms an in- 
termolecular bond to the analogous oxygen of another 
molecule in the 3-deoxy analog. In both molecules, the 
hydroxyl group attached to anomeric carbon is a strong 
hydrogen-bond donor; it is also a hydrogen-bond accep- 
tor in D-fructose, but not in 3-deoxy-D-fructose. 
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3-Deoxy-o-fructose crystallizes from ethanol solution 
as the /3-D-pyranose form (2/3p) in a 2C5 chair confor- 
mation (Fig. 1), i.e. the same structural entity as the 
preponderant form of (2) in aqueous solution (Szarek 
et al., 1995). The Cremer & Pople (1975) puckering 
parameters for 2~p [0 = 177.5 (3), ~ = 108o(6) °, Q = 
0.556 (3), q2 = 0.026 (3) and q3 = -0 .555 (3) A] indicate 
a nearly ideal chair conformation. As shown by the av- 
erage torsion angle around the ring [55.6 ° for the title 
molecule versus 55.2 ° for /3-o-fructopyranose (Takagi 
& Jeffrey, 1977)], the removal of the hydroxyl group 
at C3 does not change significantly the degree of puck- 
ering of the ring. The hydroxymethyl group is oriented 
+sc (gauche) with respect to 06,  as in 1/3p; the torsion 
angle O1---C1---C2--O6 is -62 .4  (3) in (2) and -61 .4  ° 
in (1). 

Comparison of bond lengths and angles between 
the title molecule and D-fructose [from X-ray (Kanters 

H5 

O 5 ( ~  H H I 
4 04 Ol 

C4~~~7/-~C3 
z /  , 

' . ~ :  

' 2 H 2  

Fig. 1. View of the title molecule showing the labeling scheme. 
Displacement ellipsoids are shown at the 50% probability level and 
H atoms are drawn as spheres of arbitrary size. 
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