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cyclic systems of biological importance (Chaudhuri et 
al., 1998; Khan et al., 1998), we have synthesized 
the title compound, (2), via a palladium-catalysed reac- 
tion between 2-methoxyiodobenzene and 2-(N-benzyl- 
N-prop-2-ynyl)aminophenyl tosylate. The present X-ray 
structural study of (2) was undertaken in order to estab- 
lish the regio- and stereoselectivities of the reaction. 
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Abstract 
In the title compound, C23H21NO2, the molecule con- 
tains three essentially planar benzo rings (A, B and 
C) and displays the Z-configuration. The six-membered 
oxazine ring adopts a half-boat conformation and is 
fused to phenyl ring A. The dihedral angle between 
the planar part of the oxazine moiety and ring A is 
4.70 (6) °. A strong conjugation effect is reflected in the 
C---O [1.377(3)-1.385(3)A] and C--N [1.396 (2) ,~] 
bond lengths. 

Comment 
Benzoxazine, (I), a heterocyclic ring system, is present 
in many natural products (Sainsbury, 1984). Substituted 
benzoxazines have attracted considerable attention for 
their therapeutic, antioxidant and stabilizing activities 
(Abood et al., 1997; Mylari et al., 1990; Palmer et 
al., 1988). As part of our on-going study of hetero- 
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The structure of (2) contains discrete molecules 
separated by normal van der Waals distances. The 
molecular dimensions (Table 1) are comparable with 
those in related structures (Chamontin et al., 1998; 
Lubini & Wouters, 1996; Millini et al., 1993). 

The Z-configuration of the molecule, with a methoxy- 
phenyl group on the Csp 2 atom of the oxazine ring, 
is established by the C7---C8---C9--O1 torsion angle 
of -1.8 (3) °. The three aromatic rings A (Cll-C16), B 
(C2-C7) and C (C18-C23) exhibit the expected plan T 
geometries, with a maximum deviation of 0.007 (3)A 
for an in-plane atom (C22) from the corresponding least- 
squares plane through the endocyclic atoms. The dihe- 
dral angles A/B, A /C  and B/C are 23.95 (6), 84.82 (6) 
and 102.54 (6) °, respectively. The six-membered hete- 
rocyclic ring (C9, C10, N, C16, C11 and O1) adopts an 
approximately half-boat conformation and is fused to 
the phenyl ring A. Atoms C 10 and C 11 lie on the same 
side of the best plane through C9, O 1, C 16 and N, with 
displacements of 0.606 (2) and 0.082 (2) ?t, respectively. 

C ~  Cll 

c 2 ~  ~ o2- ~o 

Fig. 1. ORTEPII (Johnson, 1976) view of molecule (2). Displacement 
ellipsoids are drawn at the 50% probability level and H atoms are 
shown as spheres of an arbitrary radius. 
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The dihedral angle between the planar part of the ox- 
azine moiety and the phenyl ring A is 4.70 (6) °. The cis 
orientation of C1---O2 with respect to C2---C3 about the 
O2---C2 bond [C1---O2---C2---C3 - -6 .7  (4) °] results 
in repulsion between the C 1 and C3 atoms, and because 
of this the O2- -C2- -C3  bond angle is increased by 
about 10 ° compared with O2---C2----C7 (Sakaki et al., 
1976). 

The 7r-electron delocalization of the aromatic rings 
extends its influence to the adjacent atoms. This is 
reflected in the bond lengths and torsion angles in- 
volving atoms N, O1 and 02. The C16---N bond 
length of 1.396 (2) ,~ is significantly shortero than C10--- 
N [ 1.465 (2) A] and C 17--N [ 1.456 (2) A]; the C- -N 
single bond and C = N  double bond distances are 1.48 
and 1.28,4,, respectively (Allen et al., 1987). Similarly, 
the observed C- -O bond lengths [Cll---O1 1.385(2), 
C9---O1 1.385(2) and C2---O2 1.377 (3) A,] (Table 1) 
are shorter than a C---O single bond (,1.43 A) and 
longer than a C:=O double bond (1.23A) (Allen et 
al., 1987), indicating that O1 and 02  are conjugated 
with the r-electron systems of the neighbouring ben- 
zene rings. The C14 C15---C16---N [178.5 (2)°], O1- -  
C11---C12----C13 [ -  178.2 (2) ° ] and O2---C2---C3---C4 
[179.9 (2) °] torsion angles indicate a nearly planar con- 
figuration. 

Experimental 

A mixture  o f  2 -me thoxy iodobenzene  (1.76 mmol) ,  2-(N-benzyl- 
N-prop-2-ynylamino)phenyl  tosylate (2.11 mmol) ,  (PPh3hPdC12 
(0.05 mmol )  and CuI  (0.09 m m o l )  in t r ie thylamine  (7 ml) was 
stirred for 16 h at r oom temperature .  The  product  obta ined 
after usual  work-up  was cycl ized by ref luxing with K O H / H 2 0  
(15 equivalents  KOH in 3 ml H 2 0 )  in e thanol  for 8 h to yield 
the title c o m p o u n d ,  (2). Single  crystals suitable for X-ray 
analysis were  obta ined by s low crystal l izat ion f rom a dilute 
solut ion of  (2) in a l ight pe t ro leum (333-353  K)/ether  mixture  
(1:1). 

Crystal data 

C23 H21 NO2 Cu K s  radiat ion 
Mr = 343.41 )~ = 1.5418,4,  
Monoc l in ic  Cell parameters  f rom 20 
P2t / c reflections 
a = 12.103 (1) ,4, 0 = 3 0 - 4 0  ° 

o 

b = 5 .630(1 )  A /z -- 0.628 m m  -1 
c - 26.795 (1) ,4, T -- 296.2 K 
/3 = 93.655 (6) ° Pr ism 
V =  1822.1 (4) ,~3 0.45 x 0.35 x 0.15 m m  
Z = 4 Colour less  
Dx = 1.252 M g  m -3 
D,, not  measu red  

Data collection 

Rigaku  AFC-5R dif f ractom- 2486 reflections with 
eter I > 2o'(/) 

w/20 scans Rint = 0.013 

Absorp t ion  correct ion:  
empir ical  (North et al., 
1968) 
Tmi, = 0.817, Tma~ = 0.910 

3249 measured  reflections 
3102 independen t  reflections 

0ma~ = 78.18 ° 
h = 0 ---, 15 
k = 0---,  6 
1 = - 3 4  ---' 33 
3 s tandard reflections 

every 150 reflections 
intensi ty decay:  < 1.5% 

Refinement 

Ref inement  on F 2 
R[F 2 > 2o'(F2)] = 0.046 
wR(F 2) = 0.120 
S = 1.079 
3102 reflections 
235 parameters  
H a toms t id ing 
w = 1/[tr2(F 2)  + (0 .0567P)  2 

+ 0 .3786P]  
where  P = (Fo 2 + 2F~)/3 

(A/o.)max - 0 .002 
Apmax = 0.133 e ~ - 3  
Apmin = --0.185 e ,~-3 
Ext inct ion correction: none  
Scat ter ing factors f rom 

International Tables for 
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Table 1. Selected geometric parameters  (,4, °) 
1.465 (2) 
1.456 (3) 
1.327 (2) 
1.487 (3) 
1.398 (2) 
1.513 (2) 

130.2 (2) 
115.62 (15) 
110.17(15) 
121.74 (15) 
114.2 (2) 

174.6 (2) 

01------c I 1 1.385 (2) N------C I 0 
O 1--C9 1.385 (2) C7---C8 
O2---C2 1.377 (3) C8--C9 
O2--C 1 1.401 (3) C9---C 10 
N---CI6 1.396(2) C11---C16 
N---CI 7 1.456 (2) CI 7----C18 

C 11---O1--C9 118.73(14) C9---C8------C7 
C2----O2---C 1 119.1 (2) O 1---C9----C 10 
CI 6---N---C 10 111.81 (13) N---C I 0--C9 
O2--C2---C3 124.3 (2) OI---CI I---C 16 
O2--C2------C7 114.6 (2) N---C 17---C 18 

C 1---4)2---C2----C3 -6.7 (4) C7---C8---~9-----C 10 
O2--C2------C3-----C4 179.9 (2) OI----C! I----C12---C13 - 178.2 (2) 
C5----C6---C7---C8 -- 177.9 (2) C14----C15---C16--N 178.5 (2) 
C3---C2----C7---C8 178.7 (2) C16--N----CI7---CI 8 -75.9 (2) 
C7----C8---C9----O1 -1.8 (3) CI0---N---CI7----CI8 148.7 (2) 

H a toms were  refined us ing a r iding mode l  and their isotropic 
d i sp lacement  parameters  were  set to 1.2 t imes (1.5 t imes  for 
CH3 groups)  the equivalent  d i sp lacement  parameters  o f  their  
parent  atoms.  

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular  Structure Corporat ion,  1994). Cell ref inement:  
MSC/AFC Diffractometer Control Software. Data reduct ion:  
TEXSAN (Molecular  Structure Corporat ion,  1995). Program(s)  
used to solve structure: MULTAN88 (Debaerdemaeker  et 
al., 1988). Program(s)  used to refine structure: SHELXL93 
(Sheldrick,  1993). Molecular  graphics:  ORTEPII (Johnson,  
1976). Sof tware  used to prepare  material  for publicat ion:  
SHELXL93. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK1280). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The title compound, C9HI0N+.C1 - ,  contains two 
symmetry-independent formula units in the unit cell. 
The independent organic cations have similar confor- 
mations and coordination geometries, whereas the chlo- 
ride ions have very different coordination spheres. All 
six independent alkyne groups form ~--------~C--H...C1- 
hydrogen bonds, with C.-.C1- separations in the nar- 
row range 3.46-3.63 A. 

Comment 
The title compound, (I), was prepared and its crystal 
structure determined in order to elucidate the hydrogen- 
bond interactions. Interest is focused especially on the 
three alkyne groups of the cation because ~ - - H . - . X  
hydrogen bonding often plays an important role in 
terminal alkynes (Steiner, 1998a). 

~ +  
N- H---CI- 

(I) 

The crystal structure of (I) contains two symmetry- 
independent formula units, as shown in Fig. 1. The 
conformations of the two cations are very similar, as 
are their coordination geometries with the chloride ions 
(Table 1). The bond lengths and angles are all nor- 
mal. Each cation is in contact with five chloride ions, 
as shown in the Scheme below. The dominant N + m  

CI- / / / / 
H 

C! . . "H ._..~/~ H CI 

"'"H-'~ ~'~ ~H "~" CI- 

H 

'Cl- 

H.. .C1- hydrogen bond and the three ~ - - H . . . C 1 -  
hydrogen bonds all have distances in the usual ranges 
(Steiner, 1998b). In addition, each cation forms a short 
contact to a chloride ion positioned opposite the N - -  
H vector, leading to three C- -H. . .C1-  contacts. The 
two corresponding N ÷.. .CI- separations are N1...C12 = 
3.760 (2) and N2...C12 = 3.832 (2)A, which are in the 
distance range typical of this interaction (Desiraju & 
Steiner, 1999). 

In structures with more than one molecule or formula 
unit per asymmetric crystal unit (Z' > 1), it is of interest 
to see if this is associated with different conformations 
and intermolecular interactions. In (I), the conformation 
and immediate surroundings of the two organic cations 
are almost identical, but the two chloride ions have 
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