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Data collection 

Stoe Imaging Plate 
Diffraction System (IPDS) 
diffractometer 

IPDS scans 
Absorption correction: 

Gaussian (HABITUS; 
Herrendorf, 1993) 
Tmin -- 0.715, Tma~ = 0.931 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(FZ)] = 0.037 
wR(F 2) = 0.110 
S = 1.063 
1959 reflections 
113 parameters 
H atoms treated by a 

mixture of  independent  
and constrained refinement 

6577 measured reflections 
1959 independent  reflections 
1726 reflections with 

I > 2o(/)  
Rint = 0.043 
0 .... = 25.95 ° 
h = - 1 1  ~ 11 
k = - 2 1  ~ 21 
1= - 8  ---~ 8 

w = l/[o.2(Foe) + (0 .0596P)  2 
+ 0.6557P] 

where P = (Fo e + 2F~?)/3 
(A/o')max < 0.001 
Z~pmax ---- 0.352 e fik -3 
Apmin  = - 0 . 4 0 6  e / ~ - 3  
Extinction correction: none 
Scattering factors from 
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Tab le  1. Se lec ted  geometr i c  parame te r s  (,4, °) 

S1---CI 1.747 (2) CI 1--C12 1.480 (5) 
S 1 ~ 2  2.069 (1) CI--N2 1.366 (3) 
$2---C2 1.735 (3) N2----C2 1.382 (3) 
$3---C2 1.624 (3) N2---C21 1.486 (3) 
NI----C1 1.292 (3) C21---C22 1.505 (4) 
N I--CI 1 1.466 (3) 

CI--S1--S2 93.55 (9) C1--N2----C2 118.7 (2) 
C2--$2--S1 96.17 (9) N2---C2--$2 114.6 (2) 
N2---CI--S 1 116.8 (2) 

Tab le  2. Hydrogen -bond ing  geome t ry  (,4, °) 

D---H. • .A D--H H. • .A D. • .A D--H. • .A 
NI--H1. • . C 1  i 0.81 (3) 2.35 (3) 3.140 (3) 166 (3) 

Symmetry code: (i) -x ,  ½ + y, ½ - z. 

Atom positions were obtained by direct methods as well 
as from Patterson maps. All non-H atoms were refined 
anisotropicaUy. The H atom attached to the N atom was 
located from a A p  map and refined isotropically. All other 
H atoms were treated as riding atoms. 

Data collection: IPDS (Stoe & Cie, 1995). Cell refinement: 
IPDS. Data reduction: IPDS. Program(s) used to solve struc- 
ture: SHELXS86 (Sheldrick, 1990). Program(s) used to refine 
structure: SHELXL93 (Sheldrick, 1993). Software used to pre- 
pare material for publication: SHELXL93. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: JZ1288). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
T h e  first c rys ta l  s t ruc tu re  o f  a chira l  d i a c e t o n e - D - g l u c o s e  
( D A G )  sulf inate ,  C I8H3007S ,  is r epor t ed .  T h e  abso lu t e  
c o n f i g u r a t i o n  (S) o f  the  S a t o m  is a s s igned .  P r e v i o u s  
a s s i g n m e n t s  o f  the  s t e r e o c h e m i s t r y  o f  a n a l o g o u s  D A G  
sul f ina tes  w e r e  o n l y  m a d e  ind i rec t ly  by  the i r  t ransfor -  
m a t i o n  in to  k n o w n  s u l f o x i d e s  via an SN2 process .  

Comment 
S u l f o x i d e s  are ve ry  u se fu l  too l s  as chi ra l  i n d u c t o r s  in 
a synmae t r i c  syn thes i s .  O n e  o f  the  m a j o r  m e t h o d s  o f  ob-  
t a in ing  s u c h  m o l e c u l e s  i n v o l v e s  the  r eac t i on  o f  a chi ra l  
su l f ina te  w i th  a G r i g n a r d  reagen t .  Th i s  t r a n s f o r m a t i o n ,  
ca l l ed  the  A n d e r s e n  syn the s i s  ( A n d e r s e n ,  1962, 1964),  
p r o c e e d s  w i th  i n v e r s i o n  o f  c o n f i g u r a t i o n  at sulfur.  It 
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was mostly exploited with menthyl p-toluenesulfinate 
(Mioskowski & Solladir, 1980), giving access to vari- 
ous chiral aromatic sulfoxides. 

Fernandez et al. (1992) recently developed a very 
efficient and cheap preparation of chiral sulfinates 
using diacetone-D-glucose (DAG) as the sole source of 
chirality. Guerrero-de la Rosa et al. (1995) improved 
the method for large-scale preparations. The reaction 
is diastereoselective and leads to either diastereomer 
by changing the nature of the base. Diisopropylethyl- 
amine and pyridine lead to sulfinates with an S and R 
configuration at sulfur, respectively. The transformation 
of the chiral DAG sulfinates into known sulfoxides 
allowed the authors to assign their stereochemistry. We 
recently reported a new asymmetric version of the thio- 
Claisen rearrangement, stereo-controlled by a racemic 
alkylsulfinyl group (Alayrac et al., 1997). In order to 
extend our methodology to the enantiopure series, we 
needed to prepare chiral dialkyl sulfoxides. Thus, we 
applied the method described by Fernandez et al. (1992) 
and were able to prepare the previously unreported DAG 
cyclohexanesulfinate, (I), by reaction of racemic cyclo- 

(I) 

hexanesulfinyl chloride with DAG in the presence of 
diisopropylethylamine. Crystallization was carried out 
from hot petroleum ether. 

C3 

O1 C4 

~ 0 C 1 ~ ~  

C12~ ~:)03 

Fig. 1. ORTEPH drawing (Johnson, 1976) of the title compound with 
45% probability displacement ellipsoids. 

The title molecule (Fig. 1) possesses six asymmetric 
centres, i.e. the C atoms C7, C8, C12, C13 and C14, 
and the S atom S1. The absolute crystal structure is 
determined with respect to the known configuration of 
the C atoms of the sugar moiety. As expected from the 
choice of the base, the configuration at sulfur is (S). 
This is the first direct assignment of the stereochemistry 
of a chiral DAG sulfinate. 

Bond distances and angles (Table 1) do not show any 
large deviations from expected values (Kojic-Prodic et 
al., 1984). A sterically favourable conformation where 
the cyclohexyl and glucose moieties stand away from 
each other occurs in the crystalline state, as indicated 
by the torsion angle about the S 1 - - O 2  bond [ C 1 -  
S1--O2---C7 = 157.2 (1)°]. 

The lone pair on sulfur could not be located in the 
difference Fourier syntheses. 

Exper imenta l  

The title compound was prepared according to the method 
of Fernandez et al. (1992). To a cooled (233 K) solution 
of cyclohexanesulfinyl chloride (5 g, 30 mmol, 1.4 equiva- 
lents), prepared according to the method of Youn & Herr- 
mann (1986), in anhydrous THF (40m l) was added drop- 
wise, under vigorous stirring, a mixture of diacetone-D-glucose 
(5.57 g, 21.4 mmol, 1 equivalent) and ipr2EtN (4.5 ml, 3.32 g, 
25.7 mmol, 1.2 equivalents) in dry THF (40 ml). The reaction 
mixture was stirred at 233 K for 1 h and was then quenched 
with water (25 ml) and diluted with CH2C12 (50 ml). The aque- 
ous layer was extracted with CH2C12 (25 ml). The combined 
organic extracts were washed successively with 5% aqueous 
HCI (25 ml), 2% aqueous NaHCO3 (25 ml) and brine (25 ml), 
then dried on Na2SO4 and concentrated to dryness to afford 
the crude sulfinate (9.15 g, 78% yield) as a white solid. The 
diastereomeric ratio was determined by ~H NMR analysis; 
R/S = <5/>95. This ratio was similar when the reaction was 
performed at 195 K. The compound was isolated as colour- 
less needles (5.4 g, 46% yield) by recrystallization from hot 
petroleum ether [m.p. 387 K, [a]~ 2 = -60  ° (c = 4, acetone)]. 
1I-t NMR (CDC13, 250MHz): 6 1.32, 1.35, 1.44 and 1.52 
[4s, 12H, OC(CH3)20], 1.20-2.05 (m, 10H, CH2), 2.62 (m, 
1H, CHSO), 3.96-4.15 (m, 2H, H-6), 4.26-4.35 (m, 2H, H- 
4 and H-5), 4.59 (d, J = 3.6 Hz, 1H, H-2), 4.72 (d, J = 
2.1 Hz, 1H, H-3), 5.90 (d, J = 3.6 Hz, 1H, H-I); ~3C NMR 
(CDC13, 62MHz): 6 24.4, 24.6, 25.1 and 25.21 (4 CH2), 
25.25 [1 OC(CH3)20], 25.6 (1 CH2), 26.3, 26.7 and 26.8 
[3 OC(CH3)20], 64.1 (CHSO), 66.7 (C-6), 72.6 (C-5), 79.9 
(C-3), 80.5 (C-4), 83.6 (C-2), 105.0 (C-I), 109.2 and 112.5 [2 
OC(CH3)20]; MS [CI, isobutane, m/z (%)]: 391 (MH ÷, 100), 
333 (23), 261 (32), 131 (13), 89 (12); HRMS: m/z = 391.1802, 
CI8H31075 (MH ÷) requires 391.1790; elemental analysis cal- 
culated for C18H30075: C 55.36, H 7.74, O 28.68, S 8.21%; 
found: C 55.24, H 7.73, O 28.75, S 8.25%. 

Crystal data 

CI8H3007S Mo Ka radiation 
Mr = 390.49 A = 0.7107 ~, 



264  C18H3007S 

Orthorhombic 
P212~21 
a = 8.792 (2) .~ 
b = 12.481 (2) ,~ 
c = 18.440 (4) ,4, 
V = 2023.5 (6)/~3 
Z = 4  
Dx = 1.282 Mg m -3 
Dm not measured 

Data collection 

Enraf-Nonius  CAD-4 
diffractometer 

o3 scans 
Absorption correction: none 
3346 measured reflections 
3346 independent  reflections 
2449 reflections with 

I > 2or(/) 

Cell parameters from 25 
reflections 

0 = 10.1-11.9 ° 
# = 0.195 m m  -~ 
T = 293 K 
Cubic fragment from a prism 
0.40 x 0.38 x 0.32 m m  
Colourless 

0max - 29.96 ° 
h = 0 ---~ 12 
k = 0 ---~ 17 
l = 0 ---~ 25 
2 standard reflections 

every 120 reflections 
intensity decay: - 4 . 6 1 %  
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Refinement 

Refinement  on F Apmax = 0.27 e ,~-3 
R = 0.040 Apmin = - 0 . 2 8  e ,~-3 
wR = 0.045 Extinction correction: 
S = 1.854 Zachariasen (1967, 1968) 
2449 reflections Extinction coefficient: 
236 parameters 1.3 (1) x 10 -6 
H' atoms: see below Scattering factors from 
w = 1/[a2(Fo) International Tables for 

+ 0.000221Fo 12] Crystallography (Vol. C) 
(A/O')max = 0.002 

Tab le  1. Selected geometric parameters (/t, °) 

Sl--Ol 1.46o (2) c2--c3 1.525 (3) 
S1--02 1.640 (1) C3---C4 1.512 (3) 
S 1---CI 1.803 (2) C 4 ~ 5  1.504 (3) 
O2----C7 1.448 (2) C5---C6 1.538 (3) 
C1---C2 1.513 (3) C7---C8 1.519 (3) 
CI---C6 1.517 (3) C7--C13 1.521 (3) 

O I--S 1--O2 107.3 (I) C2--C3---C4 111.3 (2) 
OI--Sl--CI 106.56 (9) C3---C4---C5 111.8 (2) 
O2--S1---C1 94.89 (8) C4---C5--C6 111.8 (2) 
S 1--02--C7 114.8(1) C I---C6--C5 110.0(2) 
S I---C 1--C2 113.5(1) O2--C7---C8 107.5(1) 
S 1---C 1----C6 110.6(1) O2--C7--C13 110.6(I) 
C2--C1---C6 111.9 (2) C8--C7--C13 101.4 (2) 
C 1---C2--C3 109.4 (2) 

H atoms were located from difference Fourier syntheses but 
were not refined. 

Data collection: CAD-4 Software (Enraf-Nonius,  1989). 
Cell refinement: CAD-4 Software. Data reduction: TEXSAN 
(Molecular Structure Corporation, 1995). Program(s) used to 
solve structure: SIR92 (Altomare et al., 1993). Program(s) used 
to refine structure: TEXSAN. Software used to prepare material 
for publication: TEXSAN. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: GSI019). Services for accessing these 
data are described at the back of the journal. 

Acta Cryst. (1999) .  C 5 5 ,  2 6 4 - 2 6 6  

A 2:1 co-crystal of 5-(2-pyridyl)-lH-1,2,4- 
triazole and 1,4-dihydroxybenzene 

M. NIEUWENHtrVZEr~, a R. KEIRSE, b B. SHAW b AND 
J. G. V o s  b 

"School of Chemistry, Queen's University, Belfast BT9 5AG, 
Northern Ireland, and bSchool of Chemical Sciences, Dublin 
City University, Glasnevin, Dublin 9, Ireland. E-mail: 
woody.m@qub.ac.uk 

(Received 27 Februar}' 1998; accepted 28 September 1998) 

Abstract 
In  the  2:1 co -c rys t a l  o f  5 - ( 2 - p y r i d y l ) - l H - 1 , 2 , 4 - t r i a z o l e  
(pyt)  and  1 , 4 - d i h y d r o x y b e n z e n e  (dhb) ,  2C7H6N4.-  

C 6 H 6 0 2 ,  the  py t  m o l e c u l e s  f o r m  t w o  i n d e p e n d e n t  N - -  
H . - . N  h y d r o g e n - b o n d e d  cha ins .  T h e  d h b  m o l e c u l e s  act  
as h y d r o g e n - b o n d i n g  b r i dges  b e t w e e n  the  t w o  py t  c h a i n s  
via t w o  O - - H . . - N  h y d r o g e n  bonds .  T h e  c o m p l e x  is 

fu r the r  s tab i l i zed  by a n u m b e r  o f  w e a k e r  in te rac t ions ,  
i n c l u d i n g  C - - H . . . N ,  C - - H . . - O  and  C - - H - - . 7 r  in te rac-  

t ions .  
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Comment 
Recen t ly ,  the  c rys ta l  s t ruc tu re  o f  a co -c rys ta l  be -  
t w e e n  1 , 4 - d i h y d r o x y b e n z e n e  (dhb;  h y d r o q u i n o n e )  and  
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