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Lactosylurea Dihydrate 
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drate which is of interest as a reusable resource. Reac- 
tion with urea to produce a lactosylurea makes it more 
useful as an animal feed (Merry, Smith & McAllan, 
1982). Reduction of lactosylurea may also yield a cheap 
starting material for the manufacture of polyurethane. 
The structure of the urea-modified saccharide, (I), has 
been inferred from spectroscopy and chemical means 
(Benn & Jones, 1960; Segal, O'Connor & Eggerton, 
1960; Shkantova, Dudkin & Grinshpun, 1967; Cerbulis, 
Pfeffer & Farrell, 1978), but there has been disagree- 
ment on whether or not rearrangement or ring opening 
occurs .  
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This structure determination shows that the lactosyl- 
urea has a /3-N-glycoside linkage and that the ring 
structure is otherwise unchanged. There is an intra- 
molecular hydrogen bond joining the 03'  H atom of 
glucose to 05  of galactose, as is also found in the 
structures of fl-lactose (Hirotsu & Shimada, 1974) and 
in a-lactose monohydrate (Noordik, Beurskens, Visser 
& Gould, 1984). The comparable O. . -O distances are 
2.744, 2.707 and 2.813 .~, respectively. There are eleven 
other relatively strong hydrogen bonds, including those 
to the two water molecules of hydration. 
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Abstract 
Lactosylurea dihydrate [(4- O-/3-D-galactopyranosyl- 1 - 
N-/3-o-glucopyranosyl)urea], C13H24N2Oll.2H20, crys- 
tallizes as a dihydrate in the space group P1. There 
are twelve distinct hydrogen bonds, including one intra- 
molecular hydrogen bond joining the glucose and galac- 
tose rings. This structure determination establishes that 
the reaction of urea with lactose does not lead to rear- 
rangement or to an acyclic form of lactose and that the 
urea forms a/3-N-glycoside linkage. 

Comment  

As the major carbohydrate component of whey (Gouda, 
Larm & Larsson, 1980), lactose is a surplus carbohy- 
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Fig. 1. The molecular structure of (I) showing 50% probability 
displacement ellipsoids. H atoms are shown as small circles of 
arbitrary radii. 

Experimental 

The title compound was prepared fol lowing the literature 
procedure of  Merry, Smith & McAllan (1982). 

Crystal data 

CI3H24N2OIj .2H20 Cu K s  radiation 
Mr = 420.37 A = 1.54178 ,~, 
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9 1 6  C 1 3 H 2 4 N 2 O l l . 2 H 2 0  

Tricl inic  
P1 
a = 4.7378 (3) ,4, 
b = 7 .5284 (6) A, 
c = 13.1036 (11) 
c~ = 87.836 (7) ° 
/3 = 86.108 (6) ° 
'y = 77.183 (6) ° 
V = 454.54 (4) ]k 3 

Z = I  
Dx = 1.536 M g  m -3  
Dm not  measu red  

Cell  parameters  f r o m  35 
ref lect ions 

0 = 1 0 - 3 0  ° 
/z = 1.207 m m -  

T = 130 (2) K 
Para l le lepiped 
0.38 x 0.15 × 0.12 m m  
Color less  

Data collection 

Syntex  P21 d i f f rac tomete r  
20--w scans 
Absorp t ion  correct ion:  

XABS2 (Parkin,  Moezz i  
& Hope,  1995) 

Zmin = 0.83, Tmax = 0.89 
1590 measu red  ref lect ions 
1590 independen t  ref lect ions 

1573 ref lect ions wi th  
I > 2o'(/) 

0max = 56.99 ° 
h =  - 1  ---~ 5 
k = - 7 - + 8  
l = - 14 ~ 14 
2 s tandard  ref lect ions 

every  198 ref lect ions 
in tens i ty  decay:  none  

Refinement 

Ref inemen t  on F 2 
R[F 2 > 2a(F2) ]  = 0.027 
w/~(F 2) = 0.069 
S = 1.072 
1590 ref lect ions 
254 parameters  
H a toms r iding 

w = 1/[o-2(Fo z) + (0 .0414P)  2 

+ 0 .1374P]  
where  P = (Fo z + 2F~)/3  

(A/o.)max = - 0 . 0 0 1  

Z~pmax = 0.190 e ,4,- 3 
Z~pmin = --0.193 e A, -3 
Ext inc t ion  correct ion:  

SHELXL93 
Ext inc t ion  coeff icient :  

0.010 (3) 
Scat ter ing factors  f rom 

International Tables for 
Crystallography (Vol. C) 

Abso lu te  conf igura t ion:  
F lack  (1983) 

F lack  paramete r  = 0.0 (2) 

T a b l e  1. Selected geometric parameters (f% o) 

1.390 (4) O3'--C3' 1.426 (4) 
1.435 (4) O5'--C5' 1.421 (4) 
1.438 (4) O5'---C1' 1.435 (3) 
1.435 (3) O6'--C6' 1.429 (4) 
1.423 (4) CI ' - -NI 1.430 (4) 
1.429(4) C1'--C2' 1.519(4) 
1.442 (3) C2'---C3' 1.521 (4) 
1.434 (4) C3'---C4' 1.534 (4) 
1.523 (4) C4'---C5' 1.518 (4) 
1.523 (4) C5'---C6' 1.514 (4) 
1.512 (4) O7--C7 1.242 (4) 
1.528 (4) N 1--C7 1.380 (4) 
1.506 (4) N2---C7 1.329 (4) 
1.427 (4) 

117.2(2) N I--C 1'--C2' 111.0(2) 
112.9(2) O5'---C 1 '---C2' 109.1 (2) 
106.9 (2) O2'--C2'--C1' 108.3 (2) 
109.7 (2) O2'---C2'---C3' 11 I. I (2) 
109.3 (2) C1'--C2'--C3' 112.4 (2) 
108.9 (2) 03'--C3'--C2'  106.3 (2) 
110.3 (2) 03'--C3'---C4' 112.7 (3) 
108.7 (2) C2'--C3'--C4' 111.4 (2) 
110.8 (2) 01--C4'--C5' 105.4 (2) 
113.0 (2) 0 !---C4'--C3' 112.4 (2) 
110.4 (2) C5'--C4'--C3' 110.1 (2) 
108.4 (3) 05 '--C5'--C6'  107.2 (2) 
110.3 (3) 05 ' - - c5 ' - - c4 '  110.6 (2) 
109.1 (2) c 6 ' - - c 5 ' - - c 4 '  112.9 (2) 

OI---C1 
O 1----C4' 
O2--C2 
O3--C3 
O4--C4 
O5--C1 
O5---C5 
O6---C6 
C 1---C2 
C2--C3 
C3---C4 
C4--C5 
C5---C6 
02'~2' 

C 1--4) 1--C4' 
C 1---O5---C5 
O I--C 1---O5 
O I---C 1---C2 
O5--C 1---C2 
O2--C2--C 1 
O2--C'2--C3 
C 1---C2--C3 
O3--C3---C4 
O3----C3---C2 
C4--C3--C2 
O4--C4---C3 
O4---C4--C5 
C3--C4--C5 

O5--C5---C6 
O5---C5---C4 
C6---C5--C4 
O6----C6--C5 
C5'---O5'---C 1' 
N I--C 1'---O5' 

106.4 (2) 0 6 ' - - c 6 ' - - c 5 '  
109.0 (2) C7--N 1--CI' 
113.1 (2) O7----C7--N2 
109.4 (2) O7---C7--N I 
I 12.0 (2) N2---C7--N 1 
107.7 (2) 

109.4 (3) 
121.3 (3) 
123.1 (3) 
122.0 (3) 
114.8(3) 

T a b l e  2. Hydrogen-bonding geometry (A, o) 

D--H- • .A D - - H  H. • .A D. . .A  D--H. • .A 
O2--H2. • .O3 'i 0.940 1.830 2.759 169.34 
O3--H3. • . O 6  i 0.940 1.798 2.690 157.37 
O4---H4. • -OIW '~ 0.940 1.712 2.644 170.91 
O6---H6. • . O 3  iii 0.940 1.742 2.676 172.20 
O2'--H2'- • . O 2  ill 0.940 1.845 2.757 162.83 
O3'--H3'- • .05 0.940 1.873 2.744 153.06 
O6'--H6'. • .02 '1' 0.940 1.872 2.711 147.34 
NI--H1N. • .O7" 0.946 2.006 2.917 161.07 
OIW--H1W. • .O2W 1.044 1.784 2.817 169.57 
O1W--H2W. • . O 2 k [  '~'i 1.033 1.766 2.740 155.62 
O2W--H3W. - .07" 0.878 1.981 2.829 162.03 
O2W---H4W- • .06' 0.989 1.798 2.727 155.24 

Symmetry codes: (i) x, y - 1, z; (ii) x, y, z - 1 ; (iii) x - 1, 1 + y, z; (iv) 
1 + x , y -  l ,z;(v)  l + x , y , z ; ( v i )  x -  l ,y,z.  

The handedness  o f  the crystal  was  indicated by  the F lack  
pa ramete r  (Flack,  1983) and also by the m e a s u r e m e n t  o f  
se lected Biv joe t  d i f ferences .  

Data  col lect ion:  P3/P4-PC Diffractometer Program (Sie- 
mens ,  1991a). Cel l  ref inement :  P3/P4-PC Diffractometer Pro- 
gram. Data  reduct ion:  XDISK (S iemens ,  1991b). P rogram(s )  
used  to solve structure:  SHELXS86 (Sheldr ick,  1990). Pro- 
gram(s)  used  to refine structure:  SHELXL93 (Sheldrick,  1993). 
Molecu la r  graphics:  XP (Siemens ,  1994). Sof tware  used  to 
prepare  mater ia l  for  publ icat ion:  SHELXL93. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SX 1015). Services for accessing these 
data are described at the back of the journal. 
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