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Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w/20 scans 
Absorption correction: 

Gaussian, calculated 
Train = 0.900, Tma,, - 0.963 

1350 measured reflections 
654 independent reflections 
248 reflections with 

I > cr(/) 

Refinement 

Refinement on F 
R = 0.049 
wR = 0.040 
S = 1.169 
248 reflections 
30 parameters 
H atoms: see below 
Weights: calculated from 

measured e.s.d.'s 

Rint = 0.036 
0max = 25 ° 
h = 0 ---~ 10 
k = - 1 3  ~ 13 
l = 0 ----~ 8 
3 standard reflections 

frequency: 240 min 
intensity decay: 3% 

(m/O')max = 0.0002 
Apmax = 0.322 e ,~-3 
Apmin = -0 .428  e ,~-3 
Extinction correction: none 
Scattering factors from Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: HAll 89). Services for accessing these 
data are described at the back of the journal. 
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N-Carboxy-DL-phenylalanine Anhydride 

Table  1. Fractional atomic coordinates and equivalent 

isotropic displacement parameters (,~2) 

Ueq = (1/3)~i ~j UiJa~ a~ ai.a). 

x y z Ueq 
S 1 0.21604 (14) 1/4 0.0509 (9) 
CI 1 0.3662 (5) I/4 0.038 (3) 
C2 1.0785 (6) 0.5578 (3) 1/4 0.050 (2) 
C3 1.2903 (5) 0.3993 (4) I/4 0.060 (3) 
N1 1.1263 (4) 0.4391 (3) 1/4 0.0404 (16) 

o 

Table  2. Selected geometric parameters (A, o) 
s--cl  1.681 (5) C2--NI 1.390 (5) 
C1--NI 1.346 (4) C3--NI 1.458 (5) 
C2---C2 i 1.329 (7) 
NIi---CI--NI 105.3 (4) CI--NI---C2 110.4 (4) 
N1---C1--S 127.4 (2) CI--NI---C3 124.8 (3) 
c2i--C2--NI 106.9 (4) C2--N1---C3 124.7 (4) 

S--C I--N 1---C2 180.0 H2--C2--N 1 ---C3 0.0 
S--C 1 --N 1--C3 0.0 N 1---C2--C2 ~-N I' 0.0 
H2---C2--N 1 ~  1 180.0 H2--C2--C2i--N 1 ' 180.0 
Symmetry code: (i) 2 -- x, y, ½ - z. 

All non-H atoms were located from electron density maps 
and were refined anisotropically by full-matrix least squares. H 
atoms were located from difference Fourier synthesis and were 
not refined postionally, while the displacement parameters 
were refined isotropically. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: Xtal3.4 
(Hall, Flack & Stewart, 1995). Program(s) used to solve 
structure: Xtal3.4. Program(s) used to refine structure: Xtal3.4. 
Molecular graphics: ORTEPII (Johnson, 1976) in Xtal3.4. 
Software used to prepare material for publication: Xtal3.4. 

D W T  a c k n o w l e d g e s  suppor t  f r om Air  Force  cont rac t  
F3 3615-94-D-5  801 /TMC-94-5  801-0026-1 ,  and PAF ac- 
k n o w l e d g e s  suppor t  f rom Air  Force  cont rac t  F33615-95-  
C-5423.  The  authors  thank  A1 Frat ini  and D o u g  Dudis  
for  he lpfu l  d iscuss ions .  

HITOSrn KANAZAWA, a HIDEHIRO UEKUSA b AND Y o n  
OHASI-D b 

O Department of Education, Fukushima University, 
Matsukawa-machi, Fukushima, 960-12, Japan, and 
bDepartment of Chemistry, Tokyo Institute of Technology, 
O-okayama, Meguro-ku, Tokyo 152, Japan. E-mail: 
uekusa @ chem. titech, ac.jp 

(Received 24 September 1996; accepted 12 March 1997) 

Abstract 

T h e  N 1 - - H 1  imino  g roup  o f  the f i v e - m e m b e r e d  r ing  
o f  the title c o m p o u n d ,  C10H9NO3, fo rms  i n t e rmo lecu l a r  
h y d r o g e n  bonds  b e t w e e n  O1 a long  the a axis and 
b e t w e e n  0 3  a long  the b axis. Thus ,  a t w o - d i m e n s i o n a l  
h y d r o g e n - b o n d i n g  n e t w o r k  fo rms  a layer  p e r p e n d i c u l a r  
to the c axis.  The  layer,  w h i c h  consis ts  o f  one  o f  two  
i n d e p e n d e n t  mo lecu l e s ,  s tacks a l te rna te ly  a long  the c 
axis and p roduces  a s a n d w i c h  structure.  

Comment  

The  re la t ionsh ip  b e t w e e n  the crysta l  s t ructures  of  N- 
ca rboxy  anhydr ide s  ( N C A s )  of  L-amino acids  and  their  
po lymef i zab i l i t y  in the sol id state has been  s tudied by 
K a n a z a w a  (1992a)  and  K a n a z a w a  & K a w a i  (1980).  The  
crysta l  s t ructures  o f  g lyc ine  N C A  ( K a n a z a w a ,  Matsura ,  
Tanaka ,  Kakudo ,  K o m o t o  & Kawai ,  1976a),  L-alanine 
N C A  ( K a n a z a w a ,  Matsura ,  Tanaka,  K a k u d o ,  K o m o t o  
& Kawa i ,  1976b), 3 , -benzyl-L-glutamate  N C A  (Kana -  
zawa ,  Ohashi ,  Sasada  & Kawai ,  1978a),  L- leucine N C A  
( K a n a z a w a ,  Ohashi ,  Sasada  & Kawai ,  1978b),  L-valine 
N C A  ( K a n a z a w a ,  Ohash i  & Sasada,  1984) and DL-valine 
N C A  (Takenaka ,  Ohash i  & K a n a z a w a ,  1994) have  been  
d e t e r m i n e d  so far. 
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The crystal of  the title compound,  (I), contains 
two independent  molecules,  A and B. However,  as 
the molecular  structures are almost identical, only the 
dimensions  of  molecule  A are listed in Table 1. The 
geometrical  structure of  the f ive-membered ring of this 
molecule  is similar to that of  the other six NCAs so far 
determined.  

(I) 

Intermolecular  hydrogen-bond distances and angles 
are listed in Table 2. Al though the six NCA crystals 
listed above show ribbon-type or dimer-type hydrogen 
bonding,  only this crystal has a two-dimensional  hydro- 
gen-bond network that forms layers in molecules  A and 
B perpendicular  to the c axis. The layers are stacked 
alternately along the c axis to form a sandwich structure. 

In Fig. 2, benzyl groups are packed in a layer with 
the f ive-membered NCA rings in another layer; the two 

C8A ~ 
C9A ~ C7A 

C10A 

' ~ C5A C6A 

C4A 

O3A C3A {t i ~  N1A 

Fig. 1. Structure of L-phenylalanine NCA (ORTEPII; Johnson, 1976) 
with the numbering scheme for the non-H atoms. Displacement 
ellipsoids are drawn at the 50% probability level; H atoms are drawn 
as small circles of arbitrary radii. (The structures of molecules A 
and B are very similar; thus, only the structure of molecule A is 
shown.) 

O B A c 

Fig. 2. Projection of the crystal structure of DL-phenylalanine NCA 
along the a axis. The labels D and L represent the l> and L- 
enantiomers, respectively. Molecules A and B are indicated by the 
labels A and B. 

layers are al igned alternately. This sandwich structure 
is very important for the solid-state polymerizat ion of 
amino acid NCAs (Kanazawa, 1992b). 

Experimental 

The title compound was obtained by the reaction of DL-phenyl- 
alanine and trichloromethyl chloroformate in tetrahydrofuran, 
as for the other NCAs. The reaction product was recrystallized 
from a mixture of ethyl acetate and hexane. 

Crystal data 

C I o H 9 N O 3  C u  Kc~ r a d i a t i o n  

Mr = 191.18 A = 1.54184,4, 
Orthorhombic Cell parameters from 25 
Pna2 ~ reflections 
a = 9.606 (2) * 0 = 25.79-27.48 ° 
b --- 6.378 (2) ,~, p = 0.864 mm-i  
c = 30.077 (5) A T = 296 (2) K 
V = 1842.7 (7) ~3 Plate 
Z = 8 0.30 x 0.10 x 0.10 mm 
D~ = 1.378 Mg m -3 Colorless 
Dm not measured 

Data collection 
Rigaku AFC-5R diffractom- 

eter 
w-20 scan 
Absorption correction: 

empirical via 0 scans 
(North, Phillips & 
Mathews, 1968) 
Tmi, = 0.881, Tmax = 0.917 

1503 measured reflections 
1503 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2o(F2)] = 0.034 
wR(F 2) = 0.090 
S = 1.089 
1443 reflections 
253 parameters 
H atoms not refined 
w = 1/[o'2(Fo z) + (0.0479P) 2] 

where e = (Fo 2 + 2F,?)/3 
( A / o ' ) m a x  < 0.001 
Apma~ = 0.135 e A,- 3 
Apmi, = --0.154 e •-3 

1304 reflections with 
I > 2o-(/) 

0max = 62.48 ° 
h = 0 ---, 10 
k=  0---, 7 
l =  - 3 4  ---, 0 
3 standard reflections 

every 100 reflections 
intensity decay: 1.928% 

Extinction correction: 
SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.0019 (2) 

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

Absolute configuration: 
Flack (1983) 

Flack parameter = 0.3 (4) 

Table 1. Selected geometric parameters (A, o) 
OIA---CIA 1.204(4) N IA---C3A 
O2A---C2A 1.369 (4) C2A---C3A 
O2A---C IA 1.394 (4) C3A----C4A 
O3A--C2A 1.195 (4) C4A---C5A 
N IA---C IA 1.325 (4) 

C2A---O2A--C IA 109.0 (2) O2A---C2A---C3A 
CIA--NIA----C3A 113.4 (3) N IA----C3A---C2A 
OIA----C1A--NIA 130.9 (3) NIA---C3A---C4A 
O 1A---C IA---O2A 120.9 (3) C2A~C3A~C4A 
N IA------C 1A----~2A 108.3 (3) C5A---C4A---C3A 
O3A----C2A---O2A 121.5 (3) C6A----C5A---C4A 
O3A-MZ2A--C3A 129.4 (3) CIOA--C5A---C4A 

1.446 (4) 
1.499 (5) 
1.541 (5) 
1.511 (5) 

109.1 (3) 
100.0 (3) 
114.0 (3) 
I 11.4 (3) 
113.5 (3) 
12t .2 (3) 
120.4 (3) 
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Table  2. Hydrogen-bonding geometry (A, o) 

D---H. - -A H. • -A D. • .A D--H. • -A 
NIA--H1A. • . O 1 A  i 2.319 (3) 2.898 (4) 124.88 (9) 
NIA--HIA. • .O3A ii 2.471 (4) 3.110 (4) 131.59 (9) 
N 1B--H 1 B- • -O 1B iii  2.340 (4) 2.918 (4) 124.8 ( 1 ) 
N 1B--H 1 B- • .O3B ~v 2.444 (4) 3.099 (4) 133.45 (9) 
Symmetry codes: (i) x - ½, 2~ - y, z; (ii) x, 1 + y, z; (iii) ½ + x, - ½ - y, z; 
(iv) x,y - 1,z. 

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. 
A24, 351-359. 

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

Crystal Structures. University of GOttingen, Germany. 
Takenaka, Y., Ohashi, Y. & Kanazawa, H. (1994). Acta Cryst. C50, 

1950-1952. 

Extinction conditions indicated that the space group was Pna21 
(No. 33) or Pnam (No. 62). Successful structure solution by 
direct methods and successive refinement confirmed the space 
group to be Pna2~. Although two independent enantiomers 
(molecules A and B) are related by a local inversion center 
at x = 0.86, y = 0.50, z = 0.33, this crystal structure can 
not be described by the centrosymmetric space group (Pnam). 
The absolute structure was not determined [X = 0.3 (4); 
Flack, 1983]. H atoms were located at geometrically calculated 
positions and were included in the refinement using the riding 
model. Polar axis restraints were applied according to the 
method of Flack & Schwarzenbach (1988). Data collection 
was performed for the independent region of the reciprocal 
space. Because some reflections were in a blind region of 
the equipment, their equivalent reflections, i.e. h k - l ,  were 
measured instead. 

Data collection: MSC/AFC Diffractometer Control Soft- 
ware (Molecular Structure Corporation, 1992a). Cell refine- 
ment: MSC/AFC Diffractometer Control Software. Data reduc- 
tion: TEXSAN (Molecular Structure Corporation, 1992b). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990). 
Program(s) used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular graphics: TEXSAN and ORTEPII (John- 
son, 1976). Software used to prepare material for publication: 
SHELXL93. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: DE I051). Services for accessing these 
data are described at the back of the journal. 

Acta Cryst. (1997).  C53 ,  1156-1158  

4-(1-Phenylpiperidin-4-ylidene)cyclo- 
hexanone 

Htam Koo t~AN,  a ANTHONY L. SPEK, a F ~ ' ~ s  J. 
HOOGESTEGER b AND LEONARDUS W.  JENNESKENS b 

aBijvoet Center for Biomolecular Research, Department 
of  Crystal and Structural Chemistry, Utrecht Universit), 
Padualaan 8, 3584 CH Utrecht, The Netherlands, and 
bDebye Institute, Department of Physical Organic Chemistr3, 
Utrecht Universi~, Padualaan 8, 3584 CH Utrecht, The 
Netherlands. E-mail: huub @ chem. ruu. nl 

(Received 22 October 1996: accepted 10 March 1997) 

Abstract 
The  title c o m p o u n d ,  C17H21NO, crys ta l l izes  wi th  two  
i n d e p e n d e n t  m o l e c u l e s  in the a s y m m e t r i c  unit.  T h e  
c o n f o r m a t i o n  o f  the m o l e c u l e s  is essent ia l ly  the same.  
All  sa tura ted  r ings adopt  a cha i r  con fo rma t ion ,  w h i c h  is 
a p re requis i te  for  eff icient  cha rge  transfer.  
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Comment 
E n d - f u n c t i o n a l i z e d  o l i g o ( c y c l o h e x y l i d e n e s ) ,  w h i c h  con-  
sist o f  cha i r - type  c y c l o h e x a n e  r ings  c o n n e c t e d  via 
doub le  bonds  ( H o o g e s t e g e r  et al., 1995), are ver-  
satile m o l e c u l a r  bu i ld ing  b locks  for  the p repara t ion  
o f  s u p r a m o l e c u l a r  assembl ies ,  such as non -cova l en t  
po lymer - l i ke  sys tems  (Hooges tege r ,  J enneskens ,  Kooi j -  
man ,  Ve ldman  & Spek,  1996), L a n g m u i r - B l o d g e t t  
m o n o -  and  mul t i l ayers  ( H o o g e s t e g e r  et al., 1997), and  
the r ipen ing  and g r o w t h  o f  mic roc rys ta l s  depos i t ed  on 
s i l icon by sp in -coa t ing  (ten Gro tenhu i s ,  van der  Ee rden ,  
H o o g e s t e g e r  & Jenneskens ,  1996). S ince  o l igo (cyc lo -  
hexy l idenes )  are semi- r ig id  a l iphat ic  br idges ,  possess-  
ing a o'-Tr-cr topology ,  it was  env i s aged  that end-  
func t iona l i za t ion  wi th  an e l e c t r o n - d o n o r  and  an e lec t ron-  
accep to r  mo ie ty  w o u l d  g ive  op to-e lec t r ic  c o m p o u n d s ,  
i.e. mater ia ls  w h i c h  g ive  long- range  cha rge  separa t ion  
by e lec t ron  t ransfer  f rom the d o n o r  to the accep to r  
upon  pho toexc i t a t ion  ( P a d d o n - R o w ,  1994, and refer-  

ences  therein) .  
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