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Abstract 
The title compound, CI7HIsNO3, forms a hydrogen- 
bonded network in the solid state consisting of O -  
H-. • O-~-C, C a r e n e - - H - ' - ~  and Carene--H"'Tr'arene 
intermolecular interactions, with shortest O.. .O, C. .-O 
and C.- .C distances of 2.625(2), 3.281(3) and 
3.652 (3),~, respectively. The interplanar angle between 
the five- and six-membered rings of the isoindole sys- 
tem is 1.07 (14) °, with the carbonyl O atom 0.I10 (3),~ 
from the C4N ring plane. 
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Comment 

The study of biologically active molecules is of pri- 
mary importance in medicinal chemistry. Processes such 
as hormone processing, viral replication and cancer cell 
invasion are critically dependent on protease enzymes 
which have recently become attractive target molecules 
in drug design (Testa et al., 1993). Many inhibitors are 
based on modified amino acids which incorporate the 
basic structural features determining normal enzyme- 
substrate interactions. Phthalimidine (isoindolin-l-one) 
derivatives often display biological activity as potential 
anti-inflammatory agents and antipsychotics. The major- 
ity of structurally determined phthalimidine systems are 
either N-substituted or have a hydroxy substituent at the 
3-position (McNab et al., 1997). The title compound, 
(I), synthesized as a racemic mixture from DL-phenyl- 
alanine, is part of an ongoing study of hydrogen-bonding 
interactions in amino acid derivatives. 

COOH 
(I) 

A view of molecule (I) (S configuration) with the 
atomic numbering scheme is given in Fig. 1 and 
selected dimensions are given in Table 1. The bond 
lengths and angles in the heterocyclic ring are similar  
to those reported previously (McNab et al., 1997) and 
in agreement  with expected values (Orpen et al., 1994). 
The angle between the five- and s ix-membered rings of 
the isoindole system is 1.07(14) ° and the maximum 
deviation from planarity for an atom in either ring 
plane is 0 . 0 2 1 ( 1 ) A  for C3, with the carbonyl 0 3  
atom 0 .110(3) ,~  from the C4N ring plane. This ring 
is almost perpendicular  to both the carboxylic acid 
CO2 plane [84.74(15)  °] and the 3-phenyl  ring plane 

l 

Fig. 1. A view of (I) with the atomic numbering scheme. Displacement 
ellipsoids are drawn at the 30c~ probability level. 
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[84.78 (6)°]. Examinat ion of  (I) with P L A T O N  (Spek, 
1997a) revealed voids in the crystal lattice of  volume 
16 A3, which is too small a volume for a solvent mol- 
ecule to occupy. 

The hydrogen bonding in (I) is dominated by O - -  
H . - . ~ - - C ,  C a r e n e - - H . - - ~  and Carene--H"'7t'arenc 
intermolecular interactions (Table 2 and Fig. 2). Con- 
ventional carboxylic acid O - - H . . - O  hydrogen bonding 
between pairs of  carboxylic acid groups with graph set 
R~(8) (Ferguson et at., 1995) is not observed. Hydro- 
gen-bonded rings with graph set R~(9) are formed from 
the combination of  (i) carboxylic acid O 1 - - H 1 . . . 0 3  ~ 
interactions with the heterocyclic ring C : = O  group 

I I [O1-- .O3 i 2.625 (2) * ;  symmetry  code: (i) s - x, ~ + y, 
z] and (ii) phenyl ring C 5 - - H 5 . . . O 2  ii contacts with the 
carboxylic acid C~-----O moiety [ 0 2 . - . C 5  ii 3.281 (3 )A;  

1 1 z]. Association of  (I) symmetry  code: (ii) g - x ,  y -  ~, 
about inversion centres as R/S hydrogen-bonded pairs 
arises through C--H'"Trarene interactions [C6 . - .Cg2" '  
3.623 (2 )A,  with ao corresponding shortest C . . . C  dis- 
tance of  3.652 (3 )A;  Cg2 is the ring centroid of the 
3-phenyl ring; symmetry  code: (iii) - x ,  - 1 - y, 1 - z]. 
The dimers are linked by C--H"-7rarene interactions 
[ C 1 6 . . - C g l  iv 3.739 ( 2 ) * ;  Cgl is the ring centroid of the 
isoindolinone phenyl ring; symmetry  code: (iv) x - ~ ,  

1 
2 y, l - z ] .  

\. 

t ramolecular O - - H - . . O  hydrogen bonds pairing off  to 
define the calixarene molecular cavity with coopera- 
tive intermolecular C - - H .  • "Trare,~ interactions determin- 
ing the polymeric self-inclusion process (B6hmer et at., 
1994; Gallagher et al., 1994). Further studies are in 
progress on interactions in related amino acid deriva- 
tives. 

Experimental 

The title compound was prepared by the overnight reaction 
of DL-phenylalanine and o-phthalaldehyde in refluxing CH3CN 
under N2 (Allin et al., 1996). Filtration of the hot solution and 
subsequent slow cooling of the filtrate allowed the isolation 
of large colourless crystals [m.p. 469-470 K (uncorrected)]. 

Crystal data 

CivHl.sNO3 Mo Ka radiation 
Mr = 281.30 A = 0.7107 ]k 
Orthorhombic Cell parameters from 25 
Pbca reflections 
a = 11.4712(8) A 0 = 9.55-19.33 ° 
b = 12.3457 (8) ,~, p = 0.088 mm- 
c = 20.582 (2) ,~, T = 294 (1) K 
V = 2914.9 (4) ,3  Block 
Z = 8 0.43 x 0.38 x 0.15 mm 
D, = 1.282 Mg m -3 Colourless 
O,,, not measured 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w-20 scans 
Absorption correction: none 
5641 measured reflections 
2558 independent reflections 
1620 reflections with 

I > 2~r(/) 

Rim = 0.013 
0max = 25 ° 
h = 0 ---' 13 
k = 0 ---* 14 
l = - 2 4  ~ 24 
3 standard reflections 

frequency: 120 min 
intensity decay: none 

Refinement 

Refinement on F-" 
R[F 2 > 2o(F2)] = 0.041 
wR(F'-) = 0.098 
S = 1.013 
2558 reflections 
191 parameters 
H atoms riding 
w= 1/[crX(F,~) + (0.0436Pf 

+ 0.3708P] 
where P = (F} + 2F,?)/3 

( A / o ' ) m a x  = 0 .001  

z2~Pmax = 0.138 e ~-3  
Z~pmln = --0.128 e ,~-3 
Extinction correction: 

SHELXL97 
Extinction coefficient: 

0.0040 (6) 
Scattering factors from 
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Fig. 2. A view of  the hydrogen-bonding  interactions in the crystal 
structure of (I). 

Table 1. Selected geometric parameters  (A, o) 

O1--CI  
O2--C I 
O3--C3 
N I - -C2 
N I--C3 
N I - - C I 0  

The presence of  C - - H - . - O  and C - - H .  • "Trarene inter- 
actions with stronger hydrogen bonds, e.g. O - - - H . . . 0 ,  
has been commented on previously (Steiner, 1997). 
The formation of  one-dimensional molecular  zippers in C2--N1--C3 C2--N l----C10 
calixarenes has been attributed to result from the in- C3--N~--Cm 

1.314(2) C I---C2 
1.194 (2) C2--C2 I 
1.239 (2) C3--C4 
1.452 (2) C9--C 10 
1.354(2) Cl i - -C21 
1.458 (2) 

121.55 (14) C I--C2---C21 
123.06(14) O3--C3--N 1 
112.94 (14) O3--C3--C4 

1.519 (2) 
1.531 (3) 
1.469 (2) 
1.491 (3) 
1.511 (3) 

112.07 (14) 
123.78 (16) 
129 .44  (16)  
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OI--CI--O2 124.(7(7 (18) 
OI---C1~C2 112.05(167 
O2--C 1 ~ 2  123.95 (187 
N I ~ 2 - - C I  109.241151 
N1~2--C21 112.79(151 

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

Cgl is the ring centroid of the isoindolinone phenyl ring and Cg2 is 
the ring centroid of the 3-phenyl ring. 

D--H.  • .A D - - H  H. - -A D. - .A D--H. • .A 
OI--H I. - .03' 0.87 1.78 2.625 (2~ 163 
C5--H5. • .02" (7.93 2.36 3.281 (3) 17 I 
C6--H6. - -Cg2" 0.93 2.69 3.623 (27 176 
CI(~-H16. • .Cgl" 0.93 2.97 3.739 (27 141 

Symmetry codes: (i) ~ - x, ~ +y,z;  (ii) ½ - x,y - ½,z; (iii) -x ,  - I  - 
y , l - z ; ( i v )  x -  ~ , - ~ - y , l - z .  

NI-- -C3~4 106.75(16) Orpen, A. G., Brammer, L., Allen, F. H., Kennard, O., Watson, D. G. 
C3---C4~'5 129.841187 & Taylor, R. (1994). Structure Correlation, Vol. 2. edited by H.-B. 
C8---C9--C10 129.88118~ Biirgi & J. D. Dunitz, Appendix A. Weinheim: VCH Publishers. 
NI--CI0---C9 102.20(147 Sheldrick, G. M. (1997a). SHELXS97. Program for the Solution of 

Co'stal Structures. University of Gtttingen, Germany. 
Sheldrick, G. M. (1997b). SHELXL97. Program for the Refinement of 

Co'stal Structures. University of G6ttingen, Germany. 
Spek, A. L. (1997a). PLATON. Molecular Geomet O. Program. Version 

of May 1997. University of Utrecht, The Netherlands. 
Spek, A. L. (1997b). PLUTON. Molecular Graphics Program. Version 

of May 1997. University of Utrecht, The Netherlands. 
Steiner, T. (1997). J. Chem. Soc. Chem. Commun. pp. 727-734. 
Testa, B., Kyburz, E., Fuhrer, W. & Giger, R. (1993), Editors. 

Perspectives in Medicinal Chemistr3'. Basel: Verlag Helvetica 
Chimica Acta. 

H atoms were a l lowed for as riding atoms with C - - H  distances 
in the range 0 .93 -0 .98 ,~ ;  the coordinates of  the carboxyl ic  
acid H atom were located in a difference Fourier  map in the 
latter stages of  refinement and included in the structure-factor 
calculations with O - - H  0.87 A, and C - - O - - H  110 °. 

Data collection: CAD-4-PC Software (Enraf -Nonius ,  1992). 
Cell refinement: SET4 and CELDIM in CAD-4-PC Soft- 
ware. Data reduction: DATRD2 in NRCVAX96 (Gabe et 
al., 1989). Program(s)  used to solve structure: SHELXS97 
(Sheldrick, 1997a). Program(s)  used to refine structure: NRC- 
VAX96 and SHELXL97 (Sheldrick, 1997b). Molecular  graph- 
ics: NRCVAX96, ORTEPII (Johnson, 1976) and PLUTON 
(Spek, 1997b). Sof tware  used to prepare material for publi- 
cation: NRCVAX96, SHELXL97 and WordPerfect macro PRP- 
CIF97 (Ferguson, 1997). 
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6-(4-Chlorophenyl)-3-methyl-2,4a-diphenyl- 
5,6-dihydro-lH,4aH-1,3-oxazino[2,3-d][1,5]- 
benzothiazepin- 1-one 
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Abstract 
The title compound, C31H24C1NO2S, has a cis-ring- 
fusion tricyclic structure, which is formed from a 
benzene ring, a seven-membered heterocyclic thiazepine 
ring and a 1,3-oxazinone ring. The 1,5-thiazepine ring 
has a slightly distorted boat-like conformation, whereas 
the 1,3-ox~inone ring adopts a half-chair conformation. 

Comment 
Benzothiazepines, especially those with a fused hetero- 
cyclic ring, are potential pharmaceutical agents (Corral 
et al., 1985; Bock et al., 1989; Xu & Jin, 1994). 5,6- 
Dihydro- 1H,4aH- 1,3-oxazino[2,3-d] [ 1,5]benzothiazepin- 
1-one derivatives with potential anxiolytic and hypnotic 
activities (Sternbach, 1979; Xu & Jin, 1992) were syn- 
thesized by the Diels-Alder reaction of 2,4-diaryl-2,3- 
dihydro-l,5-benzothiazepine derivatives and a-diazo- 
/3-diketone (Capuano & Gartner, 1981; Capuano & 
Wamprecht, 1986). When an asymmetric c~-diazo-/3- 
diketone, such as 2-diazo-l-phenyl-l,3-butanedione, is 
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