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Data collection 

Enraf-Nonius CAD-4 
diffractometer 

~/20 scans 
Absorption correction: none 
4732 measured reflections 
4732 independent reflections 
2038 reflections with 

I > 2o'(/) 

0m,~ = 29.95 ° 
h = - 1 0  ---, 10 
k = 0 ---, 16 
1 = 0 ~ 2 3  
3 standard reflections 

frequency: 60 min 
intensity variation: <3% 

P~pe, G. (1979). DATARED. Programs Jbr X-ray Diffraction Data 
Reduction. CRMC2-CNRS, Marseille, France. 

Sheldrick, G. M. (1990). Acta Crvst. A46, 467-473. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of G6ttingen, Germany. 

Refinement 

Refinement on F 2 
R[F 2 > 2o-(F2)] = 0.036 
wR(F 2) = 0.066 

S = 0.923 
4732 reflections 
376 parameters 
H atoms refined with fixed 

values for d = 1 ~, and 
U = 0.05 A-' 

w = 1/[o.2(F, 2) + (0.0036P) 2] 
where P = (F,~ + 2/7,2)13 

(A/a)m,~ = 0.002 
Apm..,~ = 0.09 e ~-3  
Apm,n = -0.18 e ~-3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table 1. Selected 

C7--N21 1.371 (3) 
C8--O18 1.366 (2) 
C I1 - -N I2  1.287 (3) 
NI2--O13 1.277 (2) 
O18--C19 1.452 (2) 

C 8 ~ 7 - - N 2 1  123.0 (2) 
C7---C8--O 18 118.6 (2) 
OI3--NI2~CI I 125.3 (21 
O13--N12--CI4 113.4 (2) 
Ct I--N12---C~4 ~2~.2 (2~ 
C8-~9--C11--N 12 168.6 (2~ 
C9--C11--N12--O13 8.2 (3) 

geometric parameters  (,4, °) 

CI9--N22 1.464 t2) 
CI9~C20 1.497 t31 
C 19---C25 1.515 (3) 
C20--N21 1.311 (3) 

C8--OI8~19 118.6 (2) 
O 18--C19---C20 108.8 (2) 
N22--C 19---C25 104.0 (2) 
C20--N21--C7 117.3 (2) 

C 9 - - C 1 1 - - N 1 2 ~ 1 4  -168.0 (2) 

Data collection: CAD-4 Operations Manual (Enraf-Nonius, 
1977). Cell refinement: CAD-4 Operations Manual. Data 
reduction: DATARED (Pbpe, 1979). Program(s) used to solve 
structure: SHELXS86 (Sheldrick, 1990). Program(s) used to 
refine structure: SHELXL93 (Sheldrick, 1993). Molecular 
graphics: ORTEPII (Johnson, 1976). Software used to prepare 
material for publication: SHELXL93. 
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Supplementary data for this paper are available from the IUCr 
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Abstract 

The title compound,  diisopropyl (2 ,5-dimethylpyrrol-  
id in-2-y l )phosphonate ,  C12H26NO3P, was isolated as 
colorless crystals during the synthesis of o~-amino- 
alkenylphosphonates and their transformation to o~-phos- 
phorylated pyrrolidines via an aminomercura t ion-  
demercuration sequence. As the stereochemical selectiv- 
ity of this type of reaction is difficult to predict because 
of  its dependancy on experimental  conditions, the crystal 
structure is reported here. X-ray analysis shows a trans 
stereochemistry of the two methyl groups. 

Commentaire 
La synthbse d 'une s6rie d'c~-amino alk6nylphosphonates 
et de leur transformation en pyrrolidines c~-phosphor- 
yl6es via une s6quence aminomercurat ion-d6mercur-  
ation a d6ja 6t6 d6crite dans de pr6c6dents articles 
(Roubaud et al., 1994, 1996; Fr6javille et al,, 1995). Elle 
est ici appl iqu6e/ t  la mol6cule (2,5-dim6thylpyrrolidin- 
2-yl)phosphonate de diisopropyle, (I), selon le sch6ma. 
La derni~re 6tape conduit  h l 'obtention de deux isombres 
g6om6triques cis et trans. La st6r6os61ectivit6 de ce type 
de r6action est difficile h pr6dire car elle d6pend des con- 
ditions exp6rimentales. Cependant  l ' isom~re trans (mi- 
noritaire) a pu ~tre isol6 par des recristallisations suc- 
cessives dans le n-pentane/a 253 K. La structure de cet 
isom~re a fait l 'objet  de notre 6tude cristallographique et 
a permis d 'une part, de confirmer la position trans des 
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826 CI2H26NO3P 

deux groupements m6thyles fix6s sur le cycle pyrroli- 
dine et, d 'autre  part, la g6om6trie respective des atomes 
asym6triques ainsi que celle du groupement phosphon- 
ate, afin d 'appr6hender  des conformations privil6gi6es 
envisageables b. l '6tat liquide. 

C H 2 : f ' ~ O  HP(O)(Oipr)2 ~ ~, P(O)(Oipr)2 
CH 3 NH~,_ ~ CH2~NH2~CH~. 

CH3N~-~P(O)(Oipr)2H / "N" xCH 3 ~ ~ Hg(OAc)2 

H ~ - ~  P(O)(Oipr)2 H CH 3 

CH3 . CH3 
c15 

La Fig. 1 est une vue de la mol6cule avec 
la num6rotation adopt6e. Le cycle pyrrolidinique se 
pr6sente sous forme enveloppe: l 'a tome C4 se situant 
h 0,569 ( 7 ) A  du plan moyen (C1-C3,  N). Les groupe- 
ments m6thyles, C5 et C6, de part et d 'autre  du plan 
(C1-C4,  N), ~ des distances respectives de 1,373 (6) 
et - 0 , 3 0 1  (6).~ confirmant ainsi leur isom6rie trans. 
L'a tome  d 'azote  est darts un 6tat d 'hybridat ion sp3: la 
distance entre l ' a tome N et le plan d6fini par les trois 
atomes (C1, C4, HN) est de 0,424 (2) .~ pour un angle 
moyen autour de N de 109,2 (2) °. Pour l 'ensemble de 
quatre mol6cules voisines, h savoir, le (2,5-dim6thyl-  
pyrrolidin-2-yl)phosphonate de diisopropyle, (I), le (2,5- 
dim6thylpyrrol idin-2-yl)phosphonate  de di6thyle, (II), 
le (5-isopropyl-2-m6thylpyrrolidin-2-yl)phosphonate de 
di6thyle, (III) (Le Moigne, 1997), et le (N-hydroxy-  
2-m6thylpyrrol idin-2-yl)phosphonate  de didthyle, (IV) 
(Barbati et al., 1997), les atomes d 'hydrogbne [com- 
pos6s (I), (II) et (III)] ou groupement OH [compos6 
(IV)] fix6s sur l 'a tome d 'azote  conservent la mame con- 
figuration spatiale ~ savoir en trans par rapport ~ l 'a tome 
de phosphore, ce qui place le doublet libre de l 'a tome 
d 'azote  en position cis par rapport h l 'a tome de phos- 
phore. La cohdsion cristalline est essentiellement assur6e 

Cll ( ~  O14 
CI0 ~O16 

c6 ~' o's 

C 4 ~  ~ C 5 C 1 5  ~" ~ C9 

Fig. 1. G6om6trie mol6culaire du (2,5-dimdthylpyrrolidin-2-yl)phos- 
phonate de diisopropyle [(I); ORTEP; Johnson. 19651. Les cl- 
lipsoides de vibration des atomes non hydrog~ne ont une probabilit6 
de 50%. Les atomes d'hydrog~ne sont repr6sentds par dcs spheres 
de rayon arbitraire. 

par des liaisons hydrogbne intermol6culaires du type 
O I . . . H ~ N  de 3 ,020 (6 )A .  Les autres contacts inter- 
mol6culaires sont du type Van der Waals. 

Partie exp6rimentale 

Le compos6 a 6t6 pr6par6 par recristallisation dans le n-pen- 
tane h 253 K. Des monocristaux incolores sous forme parall61- 
6pip6dique ont 6t6 obtenus. 

Donndes cristallines 
CI2H26NO3P 
M,. = 263,31 
Orthorhombique 
Pbca 
a = 10,098 (2) ~, 
b = 18,902 (4) ,~, 
c = 16,710 (3) ~, 
V= 3189.5 (11) ~3 
Z = 8  
D, = 1,097 Mg m -3 
Dm= 1,10 (1) Mg m -3 
D,,, mesur6e par flottaison 

Mo/Ca radiation 
A = 0.7107 ,~ 
Param~tres de la maille 

l 'aide de 25 r6flexions 
0 = 2 -28  ° 
p = 0.171 mm -~ 
T = 293 (2) K 
Petit prisme 
0.4 x 0,3 x 0,3 mm 
Incolore 

Collection des donndes 
Diffractombtre Nonius 

CAD-4 
Balayage 0 
Pas de correction 

d'absorption 
1901 rdflexions mesur6es 
1901 r6flexions 

ind6pendantes 

I 151 r6flexions avec 
I > 2o-(/) 

0 ..... = 28 ° 
h = 0 ~ l l  
k=  0--~ 21 
/ = 0 ~  19 
3 r6flexions de r6f6rence 

fr6quence: 60 min 
variation d'intensit6: n6ant 

Affinement 

Affinement ~ partir des F 2 
R[F 2 > 2o(F2)] = 0,045 
wR(F 2) = 0,090 
S = 1,082 
1901 r6flexions 
154 parambtres 
H atomes non refin6s 
w= l/[o-2(F,~) + (0,028P) 2] 

off P = (F,} + 2F,2)/3 

(A/O')m,~ = 0,085 
Ap .... = 0,24 e ~-3  
zAIp .... -- -0 ,24 e ~,-~ 
Pas de correction 

d'extinction 
Facteurs de diffusion des 
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Tableau 1. Paramktres 
C1--N17 .492 (4) 
C I --C5 ,498 (4) 
C I--C2 ,554 (4) 
CI--PI3 .813 (3) 
C2--C3 ,491 (5) 
C3--C4 .472 (5) 
C4--N 17 .450 14) 
C4--C6 .481 (5) 
C7--O 15 .443 (4) 

gdomdtriques (f~, o) 
C7---C8 
C7---C9 
C10---C12 
C I(~-C I 1 
C1(~-O16 
PI3--O14 
PI3--O16 
P13--OI5 

1.466 (5) 
1,499 (5) 
1,390 (6) 
1.407 (6) 
1,443 14) 
1,45812) 
1,567 (2) 
1,582 12) 

N 17----C I ~C5 113,7 (3) 
N 17--C 1--C2 102,9 (31 
C5--C 1 ~C2 113.0 (31 
N 17~-C1--P13 104.4 (21 
C 5 ~ I - - P I 3  110.9 (2) 
C2~1- -P I3  111.4 12) 
C3- -~ '2~  1 105.6 (31 

C8--C7--C9 
C 1 2 ~ C 1 ~ 1 1  
C12--C 10---OI6 
CI 1--C1(~-OI6 
OI4--P13~O16 
O14--P13~15 
O16~P13--O15 

I 11.4 (41 
115,615) 
110.7 (4) 
112.3 (4) 
113.12114) 
115,60113) 
103.31 (13) 
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C4---C3---C2 106.4 (3) OI4--PI  3---(_'1 114.92 ( 141 
N 17--C4--C3 103.313) Ol~-P13--c I 107.66 (15) 
N 17---C~6 112.6(3) O15--P13--CI 100.88 (14) 
C3--C4--C6 I19.014) C7--OI5--PI 3 119.3 {2) 
OI 5~'7--C8 109.5 (4) CI0--O16--P13 123.4 ~21 
O 15~7----C9 106.2 (3) C4--N 17--C 1 107.9 (3) 

Collection des donn6es: CAD-4 Operations Manual (Enraf- 
Nonius, 1977). Affinement des param~tres de la maille: 
CAD-4 Operations Manual. R6duction des donn6es: SDP 
(Frenz, 1978). Programme(s) pour la solution de la structure: 
SHELXS86 (Sheldrick, 1990). Programme(s) pour l'affinement 
de la structure: SHELXL93 (Sheldrick, 1993). Graphisme 
mol6culaire: ORTEP (Johnson, 1965). Logiciel utilis6 pour 
pr6parer le mat6riel pour publication: Word5,1a sur Macintoch 
IIvx. 

Des documents compl6mentaires concernant cette structure peuvent 
6tre obtenus b. partir des archives 61ectroniques de FUICr (R6f6rence: 
PA1253). Les processus d'acc~s hces archives est donn6 au dos de la 
couverture. 
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instead of the tautomeric N-hydroxy-N'-nitrosoamino 
[R- -N(OH)- -N: -O]  form. Variation of the bond dis- 
tances and good planarity indicate that resonance 
takes place in the [N202]H moiety. The molecule 
assumes an overall elongated conformation. Two centro- 
symmetrically-related molecules form a dimer via two 
three-centered N 1 - - H . . . 0 2 / 0 3  hydrogen bonds. Crys- 
tal packing consists of alternating hydrophilic and 
hydrophobic layers. 

C o m m e n t  

Compounds containing the NO group, such as the 
N-nitroso compounds, have been studied extensively 
due to their various physiological effects (Scanlan & 
Tannenbaum, 1981). Compounds of the R2N[N202]- 
anion are of current interest as pharmacological probes 
due to their ability to regenerate nitric oxide (NO), 
which is known as a multifaceted bioregulatory agent 
(Saavedra et al., 1992). However, compounds of the 
R[N202]H type have rarely been studied. Alanosine, 
which shows antibiotic and anticancer activities, is 
one of the few examples to have been isolated from 
microorganisms (Murthy et al., 1966). X-ray analysis of 
L-alanosine showed that, unlike the previously proposed 
structure, the H atom of the [N202]H moiety is bonded 
to the terminal O atom instead of the penultimate one 
(Jalal et al., 1986). The title compound, (I), with an 
[N202]H moiety, shows weak herbicidal activity and the 
present X-ray analysis has been performed to establish 
its structure. 

O~_N-'~N 
I 
OH 

(1) 
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A b s t r a c t  

The title compound, C~3H2:N303, exists in the N'- 
hydroxy-N-oxidodiaziniumyl [ R - - N ( O ) : N - - O H ]  form 

R ~ ,  R ' R .~.~/ R " 

-o/N'~-N Ho /N~N 
I II 

OH O 

(II) (Ill) 

An ORTEPII  drawing (Johnson, 1976) of the title 
molecule with the atomic numbering scheme is pre- 
sented in Fig. 1. The molecule exists in the N'-hydroxy- 
N-oxidodiaziniumyl form, (II), instead of its tautomeric 
N-hydroxy-N-nitrosoamino form, (III), as found in L- 
alanosine. The N2--N3 distance of 1.271 (4).~, is 
slightly longer o than the average value for a double 
bond [ 1.24 (1) A]. The N2---O2 distance of 1.265 (3) oA 
is shorter than the N3--O3 distance of 1.369(4)A, 
showing that the N2--O2 bond possesses consider- 
able double-bond character. These bond distances imply 
that the correct structure is (I), with resonance in the 
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