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Abstract. M r =  246.73, monoclinic, P2Je, a = 
11.895 (3), b = 9.228 (2), e =  12-820 (3) A, f l=  
117.18(2) ° , V =  1252A 3, Z = 4 ,  D m= 1-30, D x= 
1 .29Mgm -3, 2 ( C u K s ) =  1.5418A, p = 2 . 4 8 m m  -~, 
F(000) = 524, T =  277 (1) K. Final R = 0 . 0 4 0  for 
1291 observed reflections. The folded conformation of 
the molecule is different from the extended one usually 
preferred by similar biologically active compounds. 

Introduction. Naphazoline exhibits many of the phar- 
macological activities of epinephrine. However, its 
chemical structure differs considerably from that of the 
usual sympathomimetic amines. The skeleton of most 
of the sympathomimetic amines is comprised of a 
benzene ring and an ethylamine side chain attached to 
it, whereas in naphazoline, the ethylamine side chain 
becomes a part of the heterocyclic ring. Naphazoline is 
an t~-adrenergic agonist and powerful hypertensive 
vasoconstrictor of low toxicity. The outstanding cardio- 
vascular action of naphazoline is to constrict peripheral 
blood vessels, although it is used chiefly as a nasal and 
ocular decongestant. It is a powerful 0t-receptor stim- 
ulant, but naphazoline differs from other sym- 
pathomimetic amines in that it depresses instead of 
stimultes the CNS (Weiner, 1980). 

HCI 

Experimental. Single crystals grown by slow 
evaporation of an aqueous solution at room tem- 
perature (301 K), density determined by flotation in a 
mixture of bromoform and benzene, cell dimensions 
first determined from rotation and Weissenberg 
photographs and later more accurately on a diffrac- 
tometer kept at 277 (1) K by centring 15 reflections in 
range 45 < 2 0 <  67°; systematic absences 0k0 for k 
odd and hOl for l odd indicated space group P2Je; data 
collected with a crystal 0.__25 x 0.20 x 0.40 mm, o>-20 
scan mode, Syntex P1 diffractometer, graphite- 
monochromatized Cu K~t, 1503 independent reflections 
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measured in range 20 < 120 °, 1291 of these considered 
observed with I >  30(/); three standard reflections 
measured after 97 reflections showed no significant 
change in intensity; data corrected for geometrical 
factors but not for absorption; structure solved by 
direct methods with M U L T A N  (Main, Woolfson, 
Lessinger, Germain & Declercq, 1978); full-matrix 
least-squares refinement of positional coordinates and 
isotropic temperature factors of all non-H atoms 
reduced R to 0.115, quantity minimized w ( I F o l -  
IF c I) 2, unit weights used throughout refinement; H 
atoms fixed in calculated positions (B = 4.0 A 2) and 
refinement completed by block-diagonal least-squares 
cycles with anisotropic temperature factors for non-H 
atoms; in last cycle R = 0.040 and S = 0 . 9 2  and 
parameter shifts were less than their standard deviation; 
the highest coordinate shift-to-error ratio was 0.42, 
while the average shift to error = 0.14; final Fourier map 
featureless; scattering factors from International Tables 
for  X-ray Crystallography (1974); XRA Y ARC (1971) 
program system used for calculation. 

Discussion. The atomic coordinates are given in Table 
1" and the atoms are labelled in Fig. 1. 

The bond lengths and angles are given in Table 2. In 
the imidazoline ring, C(8) -N(1)  and C(8)-N(2)  bonds 
are short and indicative of double-bond character. N(2) 
is protonated and both N(1) and N(2) participate 
in hydrogen bonding. N(1)-H.. .Cl(x,½-Y,½+z) = 
3.092 (3) A and N(2)--H. . .  Cl(--x, l--y, l - z )  = 
3. 133 (3)A. The H.. .CI distances are 2.33 (5)A and 
the N-H. . .C1  angles are 173.7 (5) and 176.8 (5) ° 
respectively. Thus each CI atom is involved in two 
intermolecular hydrogen bonds of the form N(1 ) -  
H.- .C1. . -H-N(2) ,  that link the molecules into con- 
tinuous chains parallel to b (Fig. 2). 

Both the naphthalene and imidazoline rings are 
planar. The dihedral angle between these two planes is 
94.1 o. The interesting feature of the present compound 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom coordinates and least-squares-planes' data have been 
deposited with the British Library Lending Division as Supplemen- 
tary Publication No. SUP 38278 (12 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU, England. 
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is its molecular conformation when compared to similar 
biologically active amines. It is to be noted that 
naphazoline has sympathomimetic properties and a 
phenethylamine skeleton [C(1) to C(6) as the phenyl 
ring and C ( 6 ) - C ( 7 ) - C ( 8 ) - N  as the side chain] can be 

Table 1. Fractional atomic coordinates and equivalent 
isotropic temperature factors with their e.s.d.'s in 

parentheses 

BCq is calculated by the expression Beq = ])_j.i)_..)flu(aiai). 

x y z Beq(A z) 
CI 0.1291 (I) 0.2223 (1) 0.5183 (I) 4-0 (1) 
N(1) 0-1494 (3) 0.4207 (3) 0.8094 (2) 3.8 (2) 
N(2) 0-0778 (3) 0.5738 (3) 0.6644 (3) 3.9 (2) 
C(1) -0.2896 (3) 0.3986 (4) 0.6504 (3) 3.3 (3) 
C(2) -0.3814 (3) 0.3024 (4) 0.5700 (3) 3.9 (3) 
C(3) -0.3480 (4) 0.2104 (5) 0.5011 (3) 4.7 (3) 
C(4) -0.2296 (4) 0-2100 (4) 0.5117 (3) 4.7 (3) 
C(5) -0.1374 (4) 0-3056 (4) 0-5910 (3) 3.9 (3) 
C(6) -0.1656 (3) 0.3988 (4) 0.6588 (3) 3.2 (3) 
C(7) -0-0683 (3) 0.5050 (4) 0.7434 (3) 3.9 (3) 
C(8) 0.0536 (3) 0.5005 (4) 0.7393 (3) 3.4 (3) 
C(9) 0.2581 (4) 0.4386 (4) 0.7846 (3) 4.0 (3) 
C(10) 0.2079 (4) 0.5479 (4) 0.6831 (3) 4.0 (3) 
C(I 1) -0-3245 (4) 0.4894 (4) 0.7202 (3) 4.1 (3) 
C(12) -0.4441 (5) 0.4847 (5) 0.7091 (4) 5.3 (3) 
C(13) -0.5339 (4) 0-3901 (6) 0-6305 (4) 6. i (4) 
C(14) -0.5037 (4) 0.3019 (5) 0-5621 (4) 5.5 (3) 

Table 2. Bond distances (f~) and bond angles (o) with 
their e.s.d.'s in parentheses 

N(1)-C(8) 1-309 (4) C(3)-C(4) 1.352 (6) 
N(I)-C(9)  1.475 (5) C(4)-C(5) 1.413 (5) 
N(2)-C(8) 1.310 (5) C(5)-C(6) 1.369 (5) 
N(2)-C(10) 1-473 (5) C(6)-C(7) 1.526 (5) 
C(1)-C(2) 1.419 (5) C(7)-C(8) 1.475 (5) 
C(1)-C(6) 1.429 (5) C(9)-C(10) 1.535 (5) 
C(1) -C( l l )  1.424(5) C(I 1)-C(12) 1.362(6) 
C(2)-C(3) 1.407 (5) C(12)-C(13) 1.391 (7) 
C(2)-C(14) 1.411 (5) C(13)-C(14) 1.360 (7) 

C(8)-N(1)-C(9)  111.3(3) C(1)-C(6)-C(7)  118.4(3) 
C(8)-N(2)-C(10) 111-3 (3) C(5)-C(6)-C(7)  121.9 (3) 
C(2)-C(1)-C(6)  118.7 (3) C(6)-C(7)-C(8)  113.3 (3) 
C(2) -C( I ) -C( I  1) 118.5 (3) N(I ) -C(8)-N(2)  112.3 (3) 
C(6)-C(1)-C(I  1) 122.7 (3) N(1)-C(8)-C(7) 123.6 (3) 
C(I ) -C(2)-C(3)  119.3 (3) N(2)-C(8)-C(7) 124. I (3) 
C(1)-C(2)-C(14) 118.7 (4) N(1)-C(9)-C(10) 102.5 (3) 
C(3)-C(2)-C(14) 122.0 (4) N(2)-C(10)-C(9) 102.6 (3) 
C(2)-C(3)-C(4)  121.2 (4) C(1)-C(I  I)-C(12) 120.3 (4) 
C(3)-C(4)-C(5)  120.1 (4) C(I I)-C(12)-C(13) 121.2 (5) 
C(4)-C(5)-C(6)  121.0 (4) C(12)-C(13)-C(14) 120.1 (5) 
C(I ) -C(6)-C(5)  119.7 (3) C(2)-C(14)-C(13) 121.3 (4) 

~C(11) ,,~,~( 12 ) 
)-- ~~'C(13) 

C( 10)~ N(2) C(5)/~ ~ ~  

Fig. 1. An ORTEP drawing (Johnson, 1965) of  the molecule with 
the atom-numbering scheme. The thermal ellipsoids are recorded 
at the 50% probability level. 

Fig. 2. Projection of the crystal structure down the b axis. 

thought to be hidden in the molecule. The structure and 
conformation of a number of conformationally mobile 
active phenethylamines have been studied and it has 
been observed that with a few exceptions most of these 
compounds adopt an extended trans conformation 
(Carlstr6m, Bergin & Falkenberg, 1973; Hebert, 1979; 
Duax, 1978). This would require the torsion angles r~ 
and r 2 involving atoms C ( 1 ) - C ( 6 ) - C ( 7 ) - C ( 8 )  and 
C ( 6 ) - C ( 7 ) - C ( 8 ) - N  in the present structure to be 
around +90 and +180 ° respectively. As a result the 
distance (DN) of the amino nitrogen from the centre of 
the benzene ring in phenethylamines is found to be 
around 5/k. This distance is thought to be of 
considerable significance (Horn, 1974; Carlstr6m, 
1973; Hebert, 1979). In naphazoline hydrochloride r l 
and r2 are found to be -176 .8  (6) and 85.4 (6) ° 
respectively which is just the reverse. This indicates that 
the side chain is almost in the plane of the naphthalene 
ring and is in the folded form instead of being 
maximally extended. The conformation is then mar- 
kedly different from that of most of the other 
sympathomimetic amines. Since the side chain is folded, 
the distance D N of the protonated N atom from the 
centre of the adjacent phenyl ring in the present 
compound is 4.30 (1).A which is much less than the 
usual value of 5.1 to 5.2 .A obtained for most of the 
sympathomimetic compounds studied so far. Ad- 
renaline hydrogen tartrate (Carlstr6m, 1973) is an 
example where the conformation is seen to be different 
(q = - 3  °) but the side chain is extended (r2 = 179 °) 
and the distance DN here is maintained at 5-18 A. 
There are, however, some examples of phenethylamines 
and related compounds where this distance is less than 
5 A (lying between 3.89 to 4.07 A) but they exhibit the 
gauche (r2 = 60 °) conformation in the crystal struc- 
tures (Baker, Chothia, Pauling & Weber, 1973; Ernst & 
Cagle, 1973; Kennard, Giacovazzo, Horn, Mongiorgi 
& Riva di Sanseverino, 1974; Grunewald, Waiters, 
Flynn, Atwood & Greese, 1978). It is also interesting to 
note that like naphazoline, another madrenergic agon- 
ist, clonidine, differs from the conventional chemical 
structure of sympathomimetic amines. Clonidine, 
however, conforms nicely with the preferred confor- 
mation of sympathomimetic compounds (Cody & 
DeTitta, 1979) while naphazoline has an altogether 
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different conformation. This conformational difference 
in naphazoline is of interest particularly in visualizing 
the complementary ct-adrenergic receptor sites. 
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Rosemarie Swanson of Texas A. & M. University, 
College Station, USA for their valuable help. We also 
thank Bhabha Atomic Research Centre for providing 
access to their IRIS 80 computer in Calcutta. 

References 
BAKER, R. W., CHOTHIA, C., PAULING, P. & WEBER, H. P. (1973). 

Mol. Pharmacol. 9, 23-32. 
CARLSTROM, D. (1973). Acta Cryst. B29, 161-167. 
CARLSTROM, D., BERGIN, R. & FALKENBERG, G. (1973). Q. Rev. 

Biophys. 6, 257-310. 
CODY, V. & DETITTA, G. T. (1979). J. Cryst. Mol. Struct. 9, 

33-43. 
DUAX, W. L. (1978). Mol. Struct. Diffr. Methods, 6, 261-328. 

ERNST, S. R. & CAGLE, F. W. JR (1973). Acta Cryst. B29, 
1543-1546. 

GRUNEWALD, G. L., WALTERS, D. E., FLYNN, D. L., ATWOOD, S. 
D. & GREENE, M. W. (1978). Acta Cryst. B34, 3462-3465. 

HEBERT, n. (1979). Studies on the Molecular Structure of et- and 
fl-Adrenergic Agents. Thesis, Karolinska Institute, Stockholm. 

HORN, A. S. (1974). Biochem. Pharmacol. Suppl. 23(1), 320-322. 
International Tables for X-ray Crystallography (1974). Vol. IV. 

Birmingham: Kynoch Press. 
JOHNSON, C. K. (1965). ORTEP. Report ORNL-3794. Oak Ridge 

National Laboratory, Tennessee. 
KENNARD, O., GIACOVAZZO, C., HORN, A. S., MONGIORGI, R. & 

RIVA DI SANSEVERINO, L. (1974). J. Chem. Soc. Perkin Trans. 2, 
pp. 1160-1163. 

MAIN, P., WOOLFSON, M. M., LESSINGER, L., GERMAIN, G. & 
DECLERCQ, J. P. (1978). MULTAN 78. A System of Computer 
Programs for the Automatic Solution of Crystal Structures from 
X-ray Diffraction Data. Univs. of York, England, and Louvain, 
Belgium. 

WEINER, N. (1980). The Pharmacological Basis of Therapeutics, 
6th ed., edited by L. S. GOODMAN & A. GILMAN, pp. 144 & 168. 
New York: Macmillan. 

XRAY ARC (1971). Program system. Agricultural Research 
Council, London. 

Acta  Cryst. (1983). C39, 497-499 

Strueture du M6thyl-2 Ph~nyl-5 Aza-1 Bieyelo[2.1.0]pentanediearboxylate-2,4 de 
Dim6thyle ,  C15H17NO4: Un Premier Exemple de Aza-I Bieyelo[2.1.0]pentane 

PAR B. FOUCHET ET M. JOUCLA 

D~partement de Physique Cristalline et Chimie Structurale,  E R A  au C N R S  n ° 389, Universit~ de Rennes,  Campus 
de Beaulieu, 35042 Rennes  C E D E X ,  France 

ET L. TOUPET 

Groupe de Physique Cristalline, E R A  au C N R S  n ° 015, Universitd de Rennes,  Campus de Beaulieu, 35042 
Rennes  C E D E X ,  France 

(Recu le 21juin 1982, acceptd le 15 ddcembre 1982) 

Abstract. M r=  275.3, monoclinic, P21/c, a = 
12.127 (3), b =  11.706 (2), c =  10.781 A, f l =  
109.3 (2) °, V = 1444 A 3, Z = 4, D x = 1.266 Mg m -a, 
2(Mo Ks)  = 0.71069 A, /t(Mo Kct) = 0.086 mm -1, 
T =  293 K, F ( 0 0 0 ) =  584, R = 0.049 for 960 obser- 
vations [ I >  0.6o(/)].  This compound is the first 
example of a 1-azabicyclo[2.1.0]pentane and the X-ray 
analysis was necessary to confirm such a structure and 
for stereochemical studies. 

Introduction. La formation des aza-1 bicyclo- 
[2.1.0]pentanes r~sulte de la r~action des anions 
d'imines d~riv~es d'amino-acides avec des alc~nes 
portant sur le m~me atome de carbone un groupement 
~lectroattracteur et un groupement nucl~ofuge 
(Fouchet, Joucla & Hamelin, 1981): 
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A 
R ~ R ~ 

"\c==c/ i / ~ H  

C6Hs --b ~ C /7 
~C======N C~) R H /  

H / Ui® ~-~" CO2CH 3 

CO~CHa 

A = CN, CO2R; R ~ = H. CH 3, C6Hs; R = CH 3, C6H s 

L'originalitb de ce type de compos+ ainsi que le 
probl+me st6r~ochimique soulev+ par cette r6action ont 
rendu n+cessaire l'&ude fi l'aide de rayons X. 

Partie exp~rimentale. Les cristaux ont ~t~ prepares par 
~vaporation lente d'une solution dans un m~lange 
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