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Refinement 

Refinement on F 2 (A/a)m~ = 0.01 
R[F 2 > 2or(F2)] = 0.056 Apmax = 0.263 e ,~-3 
wR(F 2) = 0.187 Z~pmin = -0.292 e ~-3 
S = 1.033 Extinction correction: none 
6199 reflections Scattering factors from 
296 parameters International Tables for 
H atoms: see below Crystallography (Vol. C) 
w = 1/[cr2(Foe) + (0.026P) 2 

+ 5.43P] 
where P = (Fo e + 2F~)/3 

Table 1. Selected geometric parameters (A, °) 
s i--Cl 1.805 (5) s2--cl4 1.800 (5) 
S1----C3 1.861 (5) $2---C16 1.861 (4) 
OI---C2 1.423 (5) O3--C15 1.42(I (5) 
O1~C3 1.426 (5) O3--C16 1.437 (5) 
O2----CI 1 1.421 (5) O4----C24 1.425 (5) 

C l--S 1---C3 92.4 (2) C 14---$2--C 16 92.(I (2) 
C 2 ~ I - - C 3  111.7(41 C15---O3--C16 III.6(3) 
C2--C I--S I 103.6(41 C 15--C 14---$2 104.1 (4) 
O1--C3--S I 105.9 (3) O3----CI 6--$2 105.9 (3) 
C8---C3--S1 108.4 (31 C21---C16---$2 108.7 (3) 
C4---C3--S I 112.6(31 C 17---C16---$2 113.2(31 

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

D--H. • .A D--H H. . .A D. . .A D--H. • .A 
O2--H2. • .04' 0.82 1.89 2.693 (5) 166.4 
O4---H4. • -02" 0.82 1.85 2.655 (5) 166.9 

Symmetry codes: (i) 1 + x, - ½ - y, ½ + z; (ii) - x ,  - 1 - y, - z .  

The space group P2~/c was determined uniquely from the 
systematic absences. The H atoms were located from a 
difference map and were allowed to ride at geometrically 
idealized positions, with C--H and O--H distances of 0.95 
and 0.82 A, respectively. 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular Structure Corporation, 1988). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduction: 
TEXSAN (Molecular Structure Corporation, 1994). Program(s) 
used to solve structure: SAPI91 (Fan, 1991). Program(s) used 
to refine structure: SHELXL97 (Sheldrick, 1997). Molecular 
graphics: TEXSAN. Software used to prepare material for 
publication: SHELXL97. 

The authors thank the Natural Sciences and Engineer- 
ing Research Council, Canada, for providing the diffrac- 
tometer through an equipment grant to the University of 
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Abstract 

The title compound, C24H34N406, is an end-protected 
tripeptide and the peptide backbone adopts an extended 
conformation. The peptide units are trans and show 
significant deviations from planarity. The crystal pack- 
ing enables neighbouring molecules to interact through 
an antiparallel /3-sheet arrangement. An intramolecular 
hydrogen bond occurs between the peptide backbone 
carbonyl group and the N atom in the tryptophan side 
chain. An interesting feature of the packing is that the 
tryptophan side chain straddles both hydrophobic and 
hydrophilic environments. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FG1452). Services for accessing these 
data are described at the back of the journal. 

References 
Fan, H.-F. (1991). SAPI91. Structure Analysis Program with Intelli- 

gent Control. Rigaku Corporation, Tokyo, Japan. 
Frechina, J. V., Sanz, V., Cervilla, A., Ramirez, J. A., Ghilardi, C. A. 

& Orlandini, A. (1992). Acta Cryst. C48, 1523-1525. 
Johnson, C. K. (19761. ORTEPII. Report ORNL-5138. Oak Ridge 

National Laboratory, Tennessee, USA. 
Molecular Structure Corporation (19881. MSC/AFC Diffractometer 

Control Software. MSC, 3200 Research Forest Drive, The Wood- 
lands, TX 77381, USA. 

Comment  

The observed bond geometry of the title tripeptide, 
(I), agrees with expectations. All the peptide units are 
trans and show significant deviations from planarity. 
The conformation of the butoxycarbonyl (BOC) group, 
characterized by the torsion angles 0o (C1-- -O1--  
C 0 ' - - N 1 )  and w0 ( O 1 - - C 0 ' - - N 1 - - - C A )  is trans-trans 
(Benedetti et al., 1980). The peptide chain backbone 
torsion angles are 4J - 108.8(51, ~bl - 167.8(4), 
~l - 173.5(41, 42 = --106.4(5),  ~2 = 115.3(4), 
~v2 = -- 169.6 (41, 43 = -- 100.0 (51, if)3 = - 2 9 . 6  (6) 
and a73 = - 1 7 6 . 0 ( 5 )  °, and represent an extended 
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conformation, with a chain-repeat distance (C 1A...C3A) 
of 6.095 (7) A,. 

O O O O 
t II II II II 
Bu--OC--N H~CH2C--N HffHC--N HffHCOMe 

./ 
Me ~Me 

(I) 

Successive peptide chains related by the crystallo- 
graphic 21 screw axis parallel to the a axis form an infi- 
nite ribbon of antiparallel #-strands interacting through 
characteristic inter-chain hydrogen bonds involving pep- 
tide amino and carbonyl groups. The valyl side chain 
adopts the conformation g - t  [Xl = -47 .6  (6) and X2 = 
-170.6(4)°] .  The tryptophan side chain adopts Xl - 
-67 .9  (5) and X2 = 77.5 (7) °, in contrast to that ob- 
served in Trp-Gly-Gly dihydrate (Subramanian & Saha- 
yamary, 1989), where X1 = -171.6  and X2 = 101.0°. 
The N atom of the imidazole ring in tryptophan forms 
an intramolecular N - - H . . . O  hydrogen bond with atom 
O0' of the urethane moiety IN4.. .O0'  2.917 (6), H. - .O 
2.10A, and N4- -H . . -O0 '  159°]. This tripeptide se- 
quence occurs only rarely in proteins, as for example 
in carboxypeptidase (Rees et al., 1983) and cytochrome 
C551 (Matsuura et al., 1982), where they display an 
c~-helical conformation. In the present case, the molec- 
ular conformation is/3-sheet. 
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Fig. 1. Perspective view of the title molecule, with displacement 
ellipsoids shown at the 30% probability level. 

The crystal packing produces alternating layers of 
non-polar and polar regions perpendicular to the c axis 
(Fig. 2). The non-polar layers are formed essentially by 
the hydrophobic moieties of the BOC group, valyl and 
tryptophan side chains, while the polar regions consist of 
the peptide moieties. The crystal packing makes the side 
chain of the tryptophan occupy the interspace between 
the hydrophobic and hydrophilic environments. One side 
of the tryptophan ring is exposed to the cluster of hydro- 
phobic groups (such as BOC and the valyl side chain) 
constituting the non-polar layer, while the other side is 
exposed to polar groups. 

Fig. 2. Packing of the molecule down a axis, with the c axis vertical 
(PLUTO; Motherwell & Cleggl 1978). 

Experimental 

The title tripeptide was synthesized by the solution-phase 
method using tert-BOC as the N-protecting group. Coupling 
reactions were carried out by the dicyclohexyl carbodiimide/1- 
hydroxybenzotriazole method. The final peptide was purified 
by silica-gel column chromatography and characterized by 
spectroscopic methods (Konig & Geiger, 1970). Crystals were 
obtained by slow evaporation of a methanol/water solution at 
room temperature. 

Crystal data 

C24H34N406 C u / C a  radia t ion 
Mr = 474.55 A = 1.5418 ,~, 
Orthorhombic Cell parameters from 25 
P2t 2~ 2~ reflections 
a = 9.022 (1) A 0 = 5-20 ° 
b = 11.052(1) ~, # = 0.709 mm -~ 
c = 26.580 (3) ,~, T = 293 (2) K 
V - 2650.3 (3) ,~3 Parallelepiped 
Z = 4 0.42 x 0.30 x 0.20 mm 
Dx = 1.189 Mg m- 3 Colourless 
Dm not measured 
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Data collection 

Enraf-Nonius  CAD-4 0ma× = 65 ° 
diffractometer h = 0 ~ 10 

w/20 scans k = 0 ~ 12 
Absorption correction: none l = 0 ---, 31 
2554 measured reflections 3 standard reflections 
2544 independent  reflections every 100 reflections 
2189 reflections with frequency: 60 min 

I > 2or(/) intensity decay: < 2 %  
Rim not available (see below) 

Refinement 

Refinement on F 2 (A/cr)m~ = 0.004 
R[F 2 > 2o'(F2)] = 0.051 Apmax = 0.194 e ,~-3 
wR(F 2) = 0.178 A p m i n  = -0 .231  e ,~-3 
S = 0.913 Extinction correction: none 
2542 reflections Scattering factors from 
307 parameters International Tables for  
H atoms riding Crystallography (Vol. C) 
w = 1/[a2(Fo 2) + (0.0708P) 2] 

where P = (Fo 2 + 2F,?)/3 

Tab le  1. Se lec ted  torsion angles  (°) 
C I - - O I ~ 0 ' - - N  I 178.8 (5) 
OI--C0t--N 1--CIA 172.7 (4) 
C0'--N I - - C I A ~ I '  108.8 (5) 
N I--C 1A---C I '--N2 167.8 (4) 
C IA--C I '--N2---C2A 173.5 (4) 
C 1 '--N2---C2A--C2' - 106.4 (5) 
N2--C2A--C2B---C2D1 - 170.6 (4) 
N2~C2A---C2B---C2D2 -47.6 (6) 
N2---C2A--C2'--N3 115.3 (4) 
C2A--C2'--N3--C3A - 169.6 (4) 
C2'--N3-473A---C3' - 100.0 (5) 
N3---C3A--C3B---C3GI -67.9 (5) 
C3A~3B--C3G1---C3G2 77.5 (7) 
N3---C3A--C3'---O4 -29.6 (6) 

Tab le  2. Hydrogen -bond ing  geome t ry  (A, o) 

D--H. . .A D--H H. . .A D. . .A D--H. . .A 
N4--H 1N4. - -O0' 0.86 2.10 2.917 (6) 159 
NI--H1NI. • .O2 ti 0.86 2.11 2.937 (6) 161 
N2--H 1N2. • .O I '" 0.86 2.05 2.899 (5) 171 
N3--HIN3. • .03  tni 0.86 2.16 3,010 (5) 171 

Symmetry codes: (i) ½ + x, ½ - y, 2 - z; (ii) x - ½, ½ - y, 2 - z; (iii) 
l +x, ½ y, 2 - z .  

The title structure was solved by direct methods and refined 
by full-matrix anisotropic least squares assuming all H atoms 
riding in calculated positions with fixed isotropic U's. The 
data collection was not continued beyond 0m~ = 65 ° due to 
the large number  of  too-weak reflections, and also because of  
the sudden failure in the encoders of  the goniometer  device. 
Rim was not available since the data collection and processing 
were carried out by a fees-for-service organization which 
sent only hkl, Fo and cr(Fo), and deleted the files before 
Acta Crystallographica Section C's requirements regarding 
Rint became known. Since we used the TWIN option, the Flack 
parameter was suppressed. 

Data collection: SDP (Frenz, 1978). Cell refinement: SDP. 
Data reduction: SDP. Program(s) used to solve structure: 
SHELXS86 (Sheldrick, 1990). Program(s) used to refine 
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics: 
ZORTEP (Zsolnai, 1997). Software used to prepare mate- 
rial for publication: SHELXL93 and PARST (Nardelli, 1983, 
1995). 

SB t h a n k s  the  C S I R ,  India ,  for  the  a w a r d  o f  a s e n i o r  
R e s e a r c h  F e l l o w s h i p .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: NA1355). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

T h e  crys ta l  s t ruc tu re  o f  the  t i t le  c o m p o u n d ,  C~2Hl l -  

N 3 0 4 ,  has  b e e n  d e t e r m i n e d  as par t  o f  a s tudy  o f  the  
l u m i n e s c e n t  ac t iv i ty  o f  o x a z o l i n - 5 - o n e s  [S ingh  & S i n g h  
(1994) .  Indian J. Chem.  33B,  2 3 2 - 2 3 5 ] .  T h e  d ihed ra l  
ang le  b e t w e e n  the  2 - o x a z o l i n e  ( 4 , 5 - d i h y d r o o x a z o l e )  and  

p h e n y l  r ings  is 1 2 . 4 8 ( 8 )  °. A c o n j u g a t i o n  e f fec t  is 
o b s e r v e d  in the  d i m e t h y l a m i n o m e t h y l e n e  moie ty .  
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