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Refinement 

Refinement  on F z 
R[F 2 > 2or(F2)] = 0.035 
wR(F 2) = 0.095 
S = 1.017 
2682 reflections 
215 parameters  
Only coordinates of  H atoms 

refined 
w = 1/[o'2(Foe) + (0.0405P) 2 

+ 0.9201P] 
where  P = (Fo e + 2F~)/3 

(z~/O')max < 0.001 
Apmax = 0.162 e ,~-3 
Apmin = --0.136 e ,~-3 
Extinction correction: 

SHELXL97 (Sheldrick, 
1997) 

Extinction coefficient: 
0.0038 (4) 

Scattering factors from 
International Tables for  
Crystallography (Vol. C) 

Table 1. Selected geometric parameters (,4, °) 
CI--N2 t.314 (2) N I---C2 1.425 (2) 
CI--NI 1.333 (2) N3---C8 1.416 (2) 
CI--N3 1.341 (2) 

N2--CI--NI 119.38 (15) CI--NI--C2 126.88 (14) 
N2---CI--N3 118.72 (14) C 1--N3---C8 125.69 (13) 
NI--CI--N3 121.90 (14) 

N2---C I--N 1---C2 151.2 (2) C I--N 1----C2---C3 -29.0 (2) 
N2---C1--N3--C8 149.9 (2) CI--N3--C8--C9 -38.1 (3) 

Table 2. Hydrogen-bonding geometry (,4, o) 

D--H.  • .A D---H H. • .A D. • .A D--H. • .A 
N1--HI- • -O1 0.876 (19) 1.894 (19) 2.753 (2) 166.2 (16) 
N2--H2A. • .02 0.90 (2) 2.03 (2) 2.906 (2) 166.3 (17) 
N2--H2B. • .O1 i 0.889 (19) 2.03 (2) 2.885 (2) 162.2 (17) 
N3--H3. • .02 ii 0.884 (19) 1.937 (19) 2.776 (2) 158.0 (17) 

Symmetry codes: (i) x, 2 - y, z - ½; (ii) ½ - x, y - ½, - ½ - z. 

All H atoms were  clearly seen in a difference Fourier  map at 
an intermediate stage o f  the refinement.  The coordinates of  the 
H atoms were  freely refined with an isotropic displacement  
parameter  U(H) = 1.2Ueq of  the parent  atom. The data collec- 
tion was complete  up to 25 °, but only a partial shell up to 
27.5 ° was measured  because the crystal fell off  the mount ing 
pin before the end of  the data collection. Examinat ion o f  the 
crystal structure with PLATON (Spek, 1995) showed that there 
are no solvent-accessible voids in the crystal lattice. 

Data collection: CAD-4 Software (Enraf -Nonius ,  1989). 
Cell refinement:  CAD-4 Software. Data reduction: SDP- 
Plus (Frenz, 1985). Program(s)  used to solve structure: 
SHELXS97 (Sheldrick, 1990). Program(s)  used to refine struc- 
ture: SHELXL97 (Sheldrick, 1997). Molecular  graphics: OR- 
TEPII (Johnson, 1976). Software used to prepare material  for 
publication: SHELXL97. 

The authors are indebted to Dr J. C. Prata Pina for his 
invaluable assistance in the maintenance of the CAD-4 
diffractometer. This work was supported by Fundaq~o 
para a Ci~ncia e a Tecnologia (FCT). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK1285). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

In the title compound, C 6 H v N 3 0 3 ,  the NNO2 group 
is twisted ca 59 ° from the planar pyridine ring. The 
nitramino group is almost planar, with the N7 atom 
diverging 0.15 A from the C4-N8-C11 plane. The lone 
pair on N7 is included into the N-nitro group 7r-electron 
system resulting in two independent sets of multicenter 
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re-orbitals. Significant anisotropy of the temperature 
dependence of thermal expansion is observed in the 
range 90-300 K. 

Comment 

In a typical aliphatic nitrimine, the N q N  bond is long 
and the N-nitro substituent may be considered as a 
free rotating group (Cameron et al.,  1979). The 1,4-di- 
hydro-l-methyl-4-nitriminopyridine molecule is nearly 
planar, indicating strong mesomeric interaction between 
the aromatic sextet and the NNOe re-electron system 
(Bujak et  al.,  1998). 

It can be anticipated that in 4-(N-methylnitramino)- 
pyridinium 1-oxide, (1), the unshared electron pair of 
the amide nitrogen may be included into the aromatic 
system. In such a case, the molecule should have a 
relatively short C4 N7 bond and long N7--N8 bond 
as in 4,N-dinitrocamphorimine (Cameron et  al., 1979). 

O2N~..N~Me 

I_ 
O 

(1) 

The NNO2 group in (1) is nearly planar: the N7 atom 
diverges from the C4-N8--Cll plane by 0.15 A only. 
The C4 C7 bond is even longer than in the 1-methyl- 
4-(N-methylnitramino)pyridinium cation (Zaleski et al.,  
1999) [1.430 (4) versus  1.403 (4)A] while the N7--N8 
bond is within two standard deviations of the same 
length. The nitramino group is twisted by ca 59 ° 
with respect to the pyridine ring, hence there is no 
conjugation between them. The planarity of the nitr- 
amino group indicates trigonal hybridization of the N7 
atom. The N7--N8 distance is significantly shorter than 
that of a typical single N- -N  bond [1.350 (4) versus  
1.425 ,~]. We must conclude that the lone pair belongs 
in fact to the re-electron system which is spread on 
the NNO2 group. The N---O bond length in the nitr- 
amino group of (1) is nearly the same as observed in the 
ArNO2 group of 4-nitropyridine 1-oxide (Wang et  al., 
1976; Coppens & Lehman, 1976). The latter contains a 
three-center n-electron system with two electron pairs 
occupying one bonding and one non-bonding re-orbital. 
Within the nitramino group the electron distribution 
should be analogous, considering the similar N- -O  
bond order. A simple count of electrons confirms this 
suggestion: there must be three occupied re-orbitals with 
HOMO of antibonding character. 

The N- -O bond rengths in the nitro groups of (1) and 
4-nitropyridine 1-oxide are the same (1.297 A) within 
experimental error. In 4-(N,N-dimethylaminolpyridine 
N-oxide, (2), this bond is longer by ca 0.05 A (Nakai 
et  al., 1988). An analogous reasoning leads to the 
conclusion that in (2), the mesomeric interaction shifts 

the unshared electron pair on the exocyclic-N atom 
to the antibonding, multicenter n-orbital. There is an 
alternative possibility for (1): the lone pair is included 
into the N-nitro group rr-electron system. It results in the 
two independent sets of multicenter re-orbitals which are 
responsible for the geometry of (1) and for the reactivity 
(explosive!) of this compound. 

]'---N 

Fig. 1. Molecular structure of (1) at 300 K showing 50% probability 
displacement ellipsoids. 

The molecules of (1) are arranged in chains along 
the a axis connected by C5--H5. . .O1 hydrogen bonds 
(Fig. 2). The temperature dependence of lattice param- 
eters between 300 and 90K shows large anisotropy 
(Fig. 3). There is almost no expansion along the a axis 
and the largest changes are in the bc  plane along a di- 
rection at ca 30 ° to the c axis. To determine the rea- 
son of this unusual anisotropy of thermal expansion we 
have determined the structure of (1) at 90 K also. The 
molecular structure of (1) does not change with temper- 
ature. The lengths of all bonds are the same, within three 
standard deviations, of those at 300 K. The anomaly in 
thermal expansion may be explained by weak electro- 

Fig. 2. Projection of the crystal structure of (1) on the a c  plane at 90 K. 
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static in te rac t ions /hydrogen  bonds  b e t w e e n  O10  and 0 9  
and H3. These  interact ions  br ing c loser  chains  o f  (1) 
molecu les .  

16.10 

~ 12.78-- 

12.76 

12.74 -- 16.00 

6.96 ~ o~" 

15.90 

. <  6.92 "~ 

15.80 

E 6.88 [ 

I ' ' ' '  I ' ' ' '  I ' ' ' '  I ' ' '  15.70 
100 150 200 250 

Temperature (K) 
Fig. 3. Temperature dependence of lattice parameters of (1). Scales 

for all axes on this plot have been chosen to give the same Al/l. 

Orthorhombic 
Pbca 
a = 12.758 (3) ,~, 
b = 6.964 (1) ~, 
c = 16.053 (3) ~, 
V = 1426.3 (5) ]k 3 
Z = 8  
Dx = 1.575 Mg m -3 
D,, not measured 

Data collection 
Kuma KM-4 diffractometer 
~--0 scans 
Absorption correction: none 
3354 measured reflections 
1716 independent reflections 
962 reflections with 

I > 2cr(/) 
Rint = 0.042 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.059 
wR(F 2) = 0.180 
S = 1.092 
1716 reflections 
137 parameters 
H atoms treated by a 

mixture of independent 
and constrained refinement 

Cell parameters from 28 
reflections 

0 = 18-23 ° 
# = 0.133 mm - t  
T = 293 (2) K 
Plate 
0.48 × 0.40 × 0.36 mm 
Light yellow 

0ma~ = 28.06 ° 
h =  -16- - - ,  16 
k = - 9  ---~ 0 
l = -21  ~ 0 
2 standard reflections 

every 50 reflections 
intensity decay: 0.86% 

w = 1/[cr2(Fo 2) + (0.059P) 2 
+ 1.722P] 

where P = (Fo 2 + 2F~2)/3 
(A/O')max = 0.018 
Apma~ = 0.275 e ~ - 3  
mpmin = -0 .298  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Experimental 

The title compound was obtained from N-methyl-N-(4-pyridyl)- 
nitramine prepared as described previously (Daszkiewicz et al., 
1994): N-methyl-N-(4-pyridyl)nitramine (1.53 g, 10 mmol) was 
added in portions to a solution of hydrogen peroxide (5 ml of 
30% H202, 50 mmol) in acetic acid (50 ml), the mixture was 
maintained at 323 K for 24 h and evaporated under vacuum. 
A non-volatile residue was crystallized several times from 
methanol yielding 4-(N-methylnitramino)pyridinium 1-oxide 
(0.53 g, 31%) as light yellow crystals (m.p. 401--406 K with 
decomposition) suitable for X-ray diffraction studies. I H NMR 
(DMSO-d6, p.p.m.): 8.33 (d, 2H), 7.58 (d, 3j = 7.5 Hz, 2H, 
aromatic protons), 3.67 (s, 3H, N-methyl group); 13C NMR 
(DMSO-d6, p.p.m.): 139.5 (C2, C6), 124.0 (C3, C5), 135.9 
(C4), the signal of the methyl group is overlapped with the 
solvent multiplet; IR (KBr, cm-~): 1271 and 1515 (N-nitro 
group), 1296 (nitro-group stretching vibrations). 

In the thermal expansion study, lattice parameters were re- 
fined at each temperature (20 K intervals) from the setting an- 
gles of 28 reflections in the range 18 < 20 < 23°; the temper- 
ature was controlled and measured using an Oxford Cryosys- 
tems attachment; the accuracy of temperature measurements 
is +0.1 ° 

Compound (1)at300K 
Crystal dam 

C6HTN303 
Mr= 169.15 

Mo Ko~ radiation 
)~ = 0.71073 .~ 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A2 ) for  (1) at 300 K 

Ueq = (1 /3 )~ i~ j l_Na ia Ja i . a j .  

x y z Ueq 
O1 0.37636(16) 0.2114(3) 0.52021 (16) 0.0491 (7) 
Nt 0.28343 (18) 0.2325 (4) 0.55178 (16) 0.0354 (6) 
C2 0.2713 (2) 0.2986 (4) 0.6302 (2) 0.0374 (7) 
C3 0.1741 (2) 0.3189 (4) 0.6645 (2) 0.0356 (7) 
C4 0.0862 (2) 0.2722 (4) 0.61802 (18) 0.0319 (6) 
C5 0.0992 (2) 0.2053 (4) 0.53795 (18) 0.0353 (7) 
C6 0.1977(2) 0.1852(4) 0.50611 (19) 0.0372(7) 
N7 -0.01555 (19) 0.3056 (4) 0.65257 (16) 0.0374 (6) 
N8 -0.0813 (2) 0.1543 (4) 0.65851 (16) 0.0404 (6) 
09 -0.0443 (2) -0.0078 (3) 0.64907 (16) 0.0522 (7) 
O10 -0.17248 (18) 0.1887 (4) 0.67699 (17) 0.0580 (7) 
CI I -0 .0604 (3) 0.4987 (6) 0.6543 (3) 0.0489 (9) 

Table 2. Selected geometric parameters (A, ° ) f o r  (1) at 
300 K 

O I - -N I 1.298 (3) C4---N7 1.430 (4) 
N 1 ~ C 2  1.350 (4) C5---C6 1.363 (4) 
N 1---C6 1.357 (4) N7--N8 1.350 (4) 
C2----C3 1.365 (4) N7--C11 1.462 (4) 
C3---C4 1.386 (4) N8---OI0 1.224 (3) 
C4---C5 1.377 (4) N8---O9 1.233 (3) 

N8--N7---C4 117.7 (2) Ol 0----N8---O9 124.9 (3) 
N8--N7----C 11 118.2(3) O 10---N8--N7 117.1 (3) 
C4---N7---C11 120.8 (3) O9- -N8- -N7 117.9 (3) 

C5---C4---N7--N8 60.8 (4) C4-- -N7--N8--OI0 - 170.0 (3) 
C3---C4---N7--N8 - 123.0 (3) C11--N7--N8---OI0 - 10.3 (4) 
C5--C4---N7---C11 -98 .4  (4) C4- -N7- -N8- -O9  13.5 (4) 
C3---C4---N7---C11 77.8 (4) CI 1--N7--N8---O9 173.2 (3) 



J A C E K  Z A L E S K I  et al. 1295 

o 

Tab le  3. Hydrogen-bonding geometry (A, ° ) f o r  (1) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
C5--H5. • .Ol ~ (300 K) 1.00 (3) 2.25 (3) 3.048 (4) 136 (2) 

(90 K) 0.97 (3) 2.21 (3) 3.009 (4) 139 (3) 

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

Compound (1) at 90 K 

Crystal data 

C6H7N303 
Mr = 169.15 
Orthorhombic  
Pbca 
a = 12.756 (3) ,g, 

o 

b = 6.870 (1) A 
c = 15.740 (3) ,g, 
V = 1379.4 (5) ,~3 
Z = 8  
Dx = 1.629 Mg m -3 
Dm not measured  

Data collection 

Kuma KM-4 dif f ractometer  
w--0 scans 
Absorption correction: none 
1757 measured  reflections 
1757 independent  reflections 
1183 reflections with 

I > 2o'(/) 

Mo KoL radiation 
,~ = 0.71073 A, 
Cell parameters  from 28 

reflections 
0 = 18-23 ° 
/z = 0.133 m m  - I  
T = 9 0 . 0 ( 1 )  K 
Plate 
0.48 x 0.40 x 0.36 m m  
Light yel low 

0max = 30.87 ° 
h = 0 ---~ 17 
k = - 9  ---~ 0 
I =  - 2 0  ---* 0 
2 standard reflections 

every  50 reflections 
intensity decay: 0.32% 

(Sheldrick, 1990); software used to prepare material for pub- 
lication: SHELXL97. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: GDI027). Services for accessing these 
data are described at the back of the joumal. 
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Refinement 

Refinement  on F 2 
R[F 2 > 2or(F2)] = 0.058 
wR(F 2) = 0.146 

S =  1.153 
1757 reflections 
137 parameters  
H atoms treated by a 

mixture o f  independent  
and constrained ref inement  

w = 1/[o-2(Fo 2) + (0.0066P) z 

+ 6.7646P] 
where  P = (Fo 2 + 2/72)/3 

(A/or)max < 0.001 
Apmax = 0.423 e ,~-3 
Z~pmin = - 0 . 3 8 6  e ~ - 3  
Extinction correction: none 
Scattering factors f rom 

International Tables for 
Crystallography (Vol. C) 

T a b l e  4. Fractional  atomic coordinates and equivalent 

isotropic displacement  parameters  (A 2 ) f o r  (1) at 90 K 

Ueq = (1/3)Ei~jUqaia2ai.a). 

x y z Ueq 
OI 0.37956 (17) 0.21 l0 (3) 0.51814 (15) 0.0171 (5) 
N1 0.2860(2) 0.2321 (4) 0.55015 (16) 0.0130 (5) 
C2 0.2743 (2) 0.3028 (4) 0.6305 (2) 0.0129 (6) 
C3 0.1766 (2) 0.3244 (4) 0.6659 (2) 0.0134 (6) 
C4 0.0887 (2) 0.2740 (4) 0.6184 (2) 0.0117 (6) 
C5 0.1008 (2) 0.2037 (4) 0.5367 (2) 0.0127 (6) 
C6 0.2001 (2) 0.1838 (4) 0.5036 (2) 0.0134 (6) 
N7 -0.0131 (2) 0.3087 (4) 0.65405 (17) 0.0128 (5) 
N8 -0.0798 (2) 0.1559 (4) 0.65894 (17) 0.0136 (5) 
09 -0.04386 (18) -0.0094 (3) 0.64919 (15) 0.0169 (5) 
O10 -0.17175 (17)  0.1924 (4) 0.67684 (15) 0.0184 (5) 
Cll -0.0585 (3) 0.5049 (5) 0.6559 (2) 0.0160 (6) 

For both compounds ,  cell refinement:  Kuma Diffraction 
Software (Kuma,  1997); data reduction: Kuma Diffraction 
Software; program(s)  used to solve structures: SHELXS97 
(Sheldrick, 1997a); program(s)  used to refine structures: 
SHELXL97 (Sheldrick, 1997b); molecular  graphics: SHELXTL 
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(1R,2R,3R,3'R,4R )-3-[ ( 2-Furyl)hydroxy. 
methyl]-l,7,7-trimethylbicyclo[2.2.1]heptan- 
2-ol, a new camphor-based chiral auxiliary 
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Abstract 

C a m p h o r  ch i r a l  d e r i v a t i v e s  h a v e  p r o v e n  to  be  v e r y  

p o w e r f u l  ch i r a l  a d j u v a n t s  in o r g a n i c  s y n t h e s i s .  T h e  ab-  

so lu t e  m o l e c u l a r  c o n f i g u r a t i o n  o f  t he  t i t le  c o m p o u n d ,  

C15H2203,  has  b e e n  d e t e r m i n e d  d u e  to  the  ch i r a l  
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