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Refinement 

Refinement  on F 
R = 0.041 
wR = 0.053 
S = 1.033 
1075 reflections 
138 parameters  
All H-atom parameters  

refined 
w = 1/[o'2(F) + 0.0020F 2] 

(A/or)max = 0.002 
Apmax - 0.20 e A, -3 
mpmin = -0 .36  e ~ -3  
Atomic scattering factors 

from CRYSRULER 
(Rizzoli, Sangermano, 
Calestani & Andreetti, 
1989) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters ( ]k 2) 

Ueq = (1/3)EiEjUija~ a 7 ai.aj. 

x y z Ueq 
OI 0.1267 (3) 0.4131 (1) 0.8735 (1) 0.0371 (4) 
C2 -0.0253 (4) 0.3361 (1) 0.8335 (2) 0.0354 (6) 
C21 0.0798 (4) 0.2447 (1) 0.8683 (2) 0.0369 (6) 
C22 0.3126 (4) 0.2266 (1) 0.9404 (2) 0.0378 (6) 
C23 0.3948 (4) 0.1286 (1) 0.9641 (2) 0.0348 (6) 
O231 0.6363 (3) 0.1196 (1) 1.0300 (2) 0.0483 (5) 
0232 0.2561 (3) 0.0613 (1) 0.9265 (I) 0.0449 (5) 
C3 -0.2612 (4) 0.3638 (1) 0.7643 (2) 0.0410 (7) 
C4 -0.2601 (4) 0.4626 (1) 0.7606 (2) 0.0424 (7) 
C5 -0.0234 (4) 0.4876 (1) 0.8269 (2) 0.0357 (6) 
N50 0.0889 (3) 0.5777 (1) 0.8549 (2) 0.0414 (5) 
O501 0.3145 (4) 0.5830 (1) 0.9144 (2) 0.0640 (7) 
0502 -0.0488 (3) 0.6453 (1) 0.8155 (2) 0.0584 (7) 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry, bond distances and angles 
involving H atoms and torsion angles have been deposited with the 
IUCr (Reference: NA1083). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 
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Table 2. Selected geometric parameters (A,, o) 
01---c2 1.372 (2) c23---0232 1.221 (2) 
01---c5 1.355 (2) c3--c4 1.409 (2) 
c2---c21 1.434 (2) c4---c5 1.345 (2) 
c2--c3 1.364 (2) C5--N50 1.419 (2) 
C21---C22 1.330 (2) N50---O501 1.225 (2) 
C22--C23 1.469 (2) N50--O502 1.226 (2) 
C23---O231 !.323 (2) O231--H231 0.90 (2) 
C2---O1---C5 104.8 (2) C2--C3---C4 107.3 (2) 
O1---C2---C3 II0.0 (2) C3--C4--C5 105.0 (2) 
O1---C2--C21 118.5 (2) O1---C5---C4 113.0 (2) 
C21--C2--C3 131.5 (2) C4--C5--N50 130.5 (2) 
C2---C21---C22 125.9 (2) O1--C5--N50 116.6 (2) 
C21--C22---C23 119.2 (2) C5--N50--O502 116.7 (2) 
C22---C23--4)232 123.8 (2) C5--N50---O501 118.7 (2) 
C22--C23--O231 113.5 (2) O501--N50----O502 124.6 (2) 
O231---C23---O232 122.7 (2) C23---O231--H231 110 (2) 

Data collection: DIF4 (Stoe & Cie, 1992a). Cell refinement: 
DIF4. Data reduction: REDU4 (Stoe & Cie, 1992b). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1985). 
Program(s) used to refine structure: SHELX76 (Sheldrick, 
1976). Molecular graphics: PLUTON93 (Spek, 1993). Soft- 
ware used to prepare material for publication: PARST 
(Nardelli, 1983). 

2,6-Bis(dimethylamino)-3,5-pyridine- 
dicarbaldehyde 
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Abstract 
The title molecule,  C11HI5N302, sits on a crystallo- 
graphic twofold axis. This highly substituted pyridine 
compound has a very distorted pyridine plane (+0.1 ,~) 
with the aldehyde O atoms displaced from the plane by 
ca 1.0,& and the dimethylamino groups (planar within 
0.06 ,~,) tilted away from the pyridine p lane  by 20.5 (1)o. 
The C 1 - - C 2  bond length [1.438 (3 )A]  is much longer 
than that normally found in pyridine [1.379 A; Allen, 
Kennard,  Watson, Brammer,  Orpen & Taylor (1987). J.  
Chem. Soc. Perkin Trans. 2, pp. S 1-S 19], as reasonably 
expected from consideration of  steric effects. 

The authors thank American Cyanamid  Company 
(Pearl River, New York) for providing the crystals. One 
of  them (TO) is indebted to the Research Council of  
the K. U. Leuven (Belgium) for Senior Fellowship No. 
F/92/32. 
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Comment 
The structure determination of  the title compound (I) 
was carried out in order to obtain more structural param- 
eters for 2,6-diaminopyridine derivatives and to see how 
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1932 CI1HI5N302 

a tetra-subst i tuted pyr id ine  ske le ton  w o u l d  reflect  its 
steric c rowdednes s  in the bond ing  geometry .  The  effect  
o f  subst i tuents  on  the con fo rma t ion  is impor tant  because  
2 ,6 -d iaminopyr id ine  der ivat ives  fo rm strong hyd rogen -  
bond ing  interact ions  wi th  nuc leo t ide  base pairs (Hamil -  
ton, Ge ib  & Dixon ,  1992). Such  a ske le ton  fo rms  part o f  
m a n y  he te rocyc les  wh ich  funct ion  as D N A  intercalators  
(Mi tcher  & Rao,  1984). 

o o 

~ ~ e ~  

(I) 

C2 

Fig. 1. View of CIlH15N302 showing the labelling of the non-H 
atoms. Displacement ellipsoids are shown at 50% probability levels. 
H atoms are shown as small circles of arbitrary radii. 

Experimental 
The title compound was obtained by reaction of 2,6- 
dimethoxypyridine with Vilsmeier reagent following a liter- 
ature procedure (Shiao, Shyu & Tamg, 1990). Suitable crys- 
tals for this study were obtained from dichloromethane-hexane 
(1:2) solution as colorless rods (m.p. 412-414 K). 

Crystal data 

CIlH15N302 Mo Ka radiation 
Mr = 221.26 A = 0.7107 ,~ 
Monoclinic Cell parameters from 25 
C2/c reflections 
a = 18.316 (1) ,~ 0 = 8.04-18.52 ° 
b = 8.270 (1) A # = 0.09 mm - l  
c = 7.438 (1) A T = 298 K 
fl = 92.358 (3) ° Rod 
V = 1125.7 (2) A 3 0.63 × 0.38 x 0.38 mm 
Z = 4 Colorless 
Dx = 1.306 Mg m -3 

Data collection 
Enraf-Nonius CAD-4 Rim = 0.003 

diffractometer 0max = 22.5 ° 

0/20 scans 
Absorption correction: 

empirical 
Tmin = 0.908, Tmax = 
0.999 

839 measured reflections 
733 independent reflections 
616 observed reflections 

[F > 2rr(F)] 

Refinement 

Refinement on F 
R = 0.033 
wR = 0.041 
S = 2.28 
616 reflections 
105 parameters 
All H-atom parameters 

refined 
w = 1/[rr2(F) + 0.0004F 2] 
(A/or)max = 0.003 

h = - 1 9  --+ 19 
k =  0---+ 8 
1 = 0 - - + 7  
3 standard reflections 

frequency: 60 min 
intensity variation: 6% 

mpmax = 0.100 e ,a, -3 
mpmin = - 0 . 1 2  e ~ - 3  
Extinction correction: 

secondary 
Extinction coefficient: 

0.151 (17) 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV, Table 
2.3.1) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2) 

1 * * Ueq = ( /3)~iPqUija i aj ai.ay. 

x y z Ueq 
NI 0 0.1135 (3) 1/4 0.041 (1) 
N2 0.1239 (1) 0.1030 (2) 0.2384 (2) 0.050 (1) 
O1 0.1656 (1) 0.4129 (2) 0.0199 (2) 0.065 (1) 
C1 0.0626 (1) 0.1932 (2) 0.2303 (2) 0.039 (1) 
C2 0.0631 (1) 0.3653 (2) 0.2025 (3) 0.040 (I) 
C3 0 0.4436 (4) 1/4 0.043 (2) 
C4 0.1170 (1) 0.4606 (3) 0.1118 (3) 0.050 (2) 
C5 0.1962 (1) 0.1701 (4) 0.2817 (4) 0.067 (1) 
C6 0.1176 (2) -0.0729 (3) 0.2419 (5) 0.072 (2) 

Table 2. Selected geometric parameters (/~, °) 

N1---C1 1.336 (2) O1---C4 1.211 (3) 
N2--C1 1.348 (2) C1---C2 1.438 (3) 
N2---C5 1.459 (3) C2---~3 1.383 (4) 
N2---C6 1.460 (3) C2---C4 1.451 (3) 
CI--N1---C1 i 120.81 (19) N2---C1---C2 122.94 (16) 
C1--N2---C5 123.13 (19) C1----C2---C3 114.60 (17) 
C1--N2--C6 119.06 (19) C1---C2---C4 127.80 (17) 
C5---N2--C6 116.53 (21) C3---C2----C4 117.11 (19) 
N1---C1--N2 116.06 (17) C2---C3---C2 i 124.15 (24) 
N 1--C 1---C2 121.00 (16) 

Symmetry code: (i) -x,  y, ½ - z. 

Intensity data were corrected for Lorentz, polarization and 
absorption effects. Data collection was carried out using 
CAD-4 Software (Enraf-Nonius, 1989). Data reduction and 
structural refinements were performed using the NRCVAX 
package (Gabe, Lee & Le Page, 1985). The structure was 
solved by direct methods and refined with full-matrix least- 
squares cycles. All non-H atoms were refined with anisotropic 
displacement parameters. All H atoms were refined with 
isotropic displacement parameters. Fig. 1 was produced using 
ORTEPII (Johnson, 1976) and shows the molecular structure 
and atomic labelling. 

We thank the Nat ional  Sc ience  Counci l  and A c a d e m i a  
Sinica  for the f inancial  support.  
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Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates, complete geometry, including bond distances and angles 
involving H atoms, and torsion angles have been deposited with the 
IUCr (Reference: CRl129). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Comment 
The title compound (I) belongs to a class of com- 
pounds called monobactams. Its core is a principal 
building block of natural and synthetic /3-1actam an- 
tibiotics (Chemistry and Biology of/3-Lactam Antibi- 
otics, 1982). Its molecular structure (Fig. 1) com- 
prises a four-membered cyclic amide with the phenyl 
and amino substituents in a trans arrangement. The 
geometry of the four-membered ring is similar to 
that reported for trans-l-(N-tert-butyl)-3-(N-tert-butyl- 
N-ethylamino)-4-methoxycarbonyl-2-azetidinone (II) 
(van Vliet, Jastrzebski, Klaver, Goubitz & van Koten, 
1987) and trans-(3R,4S)- 1-(R)-a-methylbenzyl-3- 
(2,2,5,5-tetramethyl- 1 -aza- 2,5-di silacyclopentyl)-4- (2- 
pyridyl)-2-azetidinone (III) (van der Steen, Kleijn, Spek 
& van Koten, 1990). 

H 2 N  ' Ph 
t-B~ I C !"-" 

Et~N COOMe Si----N 2-C5HaN 
/ I ", 

N 

t-Bu MiPh 

(II) OII) (I) 
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trans-3- Amino- 1-methyl-4-p henyi- 2- 
azetidinone, C I o H 1 2 N 2 0  

The previously reported trend of relatively long C - -  
N and short C~----O amide bonds (compared to normal 
amides) being a common feature for monocyclic (Davis 
& Storr, 1984) as well as bicyclic (McGregor, 1984)/3- 
lactams is not observed here. The significant puckering 
of the core four-membered ring is also in disagreement 
with earlier observations, but the value of the average 
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Abstract 
The central four-membered azetidinone ring of the title 
compound is puckered significantly with an average ring 
torsion angle of 5.1 (1) °. Molecules form infinite two- 
dimensional hydrogen-bonded networks via N - - H . - . N  
[ N . . . N  3.379 (3) A] and N - - H . . . O  [ N . . . O  3.056 (3) A] 
interactions. 

cG~~.cst o/.cD 

k2 c s j J ~ c  9 

~ C 3  N1 ~. ~__. 

Fig. 1. Structure of (I) with displacement ellipsoids drawn at the 50% 
level. 
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