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Crystal data 

CIsH21N303S 
Mr = 323.41 
Monocl in ic  
P21/n 

a = 10.8326 (7) A, 
b = 14.3281 (15) ,4, 
c = 10.976 (3) A 
f l =  107.026 ( 1 R :  
V 1628.9 (4) 
Z = 4  
Dr = 1.319 Mg m -3 
Dm not measured 

Cu K a  radiation 
A = 1.54178,4, 
Cell parameters  f rom 25 

reflections 
0 = 2 0 - 3 0  ° 
# = 1.906 m m -  
T = 293 (1) K 
Block 
0.30 x 0.26 × 0.18 mm 
Colorless  

Data collection 

Enra f -Nonius  C A D - 4  
diffractometer  

w/20 scans 
Absorpt ion  correction: 

~b scans (North et al., 
1968) 
Tmi, = 0.654, Tmax = 0.710 

3018 measured reflections 
2871 independent  reflections 

Refinement 

Refinement  on F 2 
R[F 2 > 20-(F2)] = 0.053 
wR(F 2) = 0.149 

S = 1.019 
2871 reflections 
201 parameters  
H atoms constrained 
w = 1/[0-2(Fo 2) + (0.09P) 2 

+ 0.65P] 
where  P = (Fo 2 + 2F,?)/3 

2345 reflections with 
I > 20-(/) 

Rint = 0.026 
0max = 68.0 ° 
h = 0 ---~ 13 
k = 0 ---~ 17 
l = - 12 ~ 12 
3 standard reflections 

every  200 reflections 
intensity decay: 1.48% 

(A/if)max < 0.001 
Apmax = 0.605 e ,~-3 
Apmin = - 0 . 2 1 0  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

T a b l e  1. Selected geometric parameters (~t, o) 

S1--OI 1.419 (2) N I---CI 1.394 (3) 
S1~O2 1.427 (2) N2---C 1 1.333 (3) 
SI--N1 1.634 (2) N2--N3 1.414 (3) 
S1--C2 1.758 (3) N3----C9 1.465 (3) 
O3--C1 1.218 (3) N 3 ~ 1 5  1.473 (4) 

OI--S 1---O2 119.46(12) CI--NI--SI 124.6(2) 
OI--SI--N1 108.59(12) C1--N2--N3 121.6(2) 
O2--S1--NI 103.22(11) N 2 - - N 3 ~ 9  111.3(2) 
O1--S1--C2 I08.88 (12) N2--N3---C15 109.8 (2) 
O2--S I--C2 108.56(12) C9--N3---C 15 104.1 (2) 
N I--S 1---C2 107.48 (I1) 

T a b l e  2. Hydrogen-bonding geometry (~i, o) 

D--H. • .A D--H H. • .A D. • .A D--H. . .A 
N I--H 1- - -02' 0.86 2.23 2.967 (3) 143 
N2--H2. • -03" 0.86 2.15 2.949 (3) 153 

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

The space group was uniquely determined from the systematic  
absences.  

Data collection: CAD-4 Software (Enraf -Nonius ,  1989). 
Cell refinement: CAD-4 Software. Data reduction: TEXSAN 
(Molecular  Structure Corporat ion,  1994). Program(s)  used to 
solve structure: SAPI91 (Fan, 1991). Program(s)  used to refine 
structure: SHELXL97 (Sheldrick, 1997). Molecular  graphics: 

ORTEPII in TEXSAN. Software  used to prepare material for 
publication: SHELXL97. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FGI499). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

In m o l e c u l e s  o f  the  t i t le  c o m p o u n d ,  C23HI8N2 ,  t w o  

i n d o l e  s y s t e m s  and  o n e  p h e n y l  r ing  a re  c o n n e c t e d  

t h r o u g h  a c o m m o n  C a t o m .  T h e  t w o  i n d o l e  s u b s t i t u e n t s  

a re  m u t u a l l y  o r t h o g o n a l .  W e  h a v e  i d e n t i f i e d  t w o  N - -  
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H...Tr(indole) intermolecular interactions involving dif- 
ferent indoles: the H. . .Cg distances are 2.35 and 2.60 
(Cg = centroid of six-membered ring of the relevant 
indole). 

Comment 
Many indoles show interesting chemical and biological 
activities. Pharmacological studies of numerous indole 
derivatives have shown that most of them display anti- 
inflammatory (Rodriguez et al., 1985) and antimicrobial 
properties (E1-Sayed et al., 1986). The interaction of in- 
dole with DNA molecules has been reported (Sivaraman 
et al., 1996). Here we report the structure of 3,3'-benzyl- 
idenediindole, (I). 

CH 

H H 
(I) 

Both indole moieties are quite planar and are at 
right angles to each other (Fig. 1). The phenyl ring is 
perpendicular to indole A [dihedral angle 85.9 (1) °] and 
makes an angle of 65.5 (1) ° with indole B. The twisting 
of the indole moieties with respect to the phenyl ring can 
be seen from the torsion angles C 9 ' - - C 3 ' - - C 1 0 - - C l l  
-101.0(2)  ° and C 9 - - C 3 - - C 1 0 - - C l l  166.4(2) °. The 
small tilts between the planes of the five-membered and 
six-membered tings in indoles A and B are 1.3 (1) and 
2.6 (1) °, respectively. 

Fig. 2 shows the packing of the molecules down 
the a axis and also the presence of two distinct N - -  
H...Tr hydrogen bonds, one of 2.35]k (HI ' . . .Cg l )  
with an N I ' - - H I ' . . . C g l  angle of 172 ° and one of 
2.60,~, (H1.. .Cg2) with an N1--H1-- .Cg2 angle of 
158 ° (Table 2). These values agree well with values 
from the Cambridge Structural Database (Allen et al., 
1991) which show that N--H.. .Tr geometries may be 
structurally significant when the H. . .Cg distance is less 
than 2.6A and the N- -H . . .Cg  angle is between 130 
and 180 ° . 

Fig. 2. A view of the molecular packing down the a axis. 

IndoleB C4'"~ ° ~ ,  T ~-I2ndolcA 

C 1 6 ~  CII 

C141 ~ C 1 3  

Fig. 1. The molecular structure of the title compound with 30% prob- 
ability displacement ellipsoids and the atom-numbering scheme. H 
atoms are shown as circles of an arbitrary radius. 

The H. . .C  range for N I ' - - H I ' - - - C g l  is from 2.6 
to 2.9,~, and for N1--H1. . .Cg2 is from 2.4 to 3.3 ,~. 
Our results may be compared with some H.-.Cg values 
for N--H.-.Tr interactions reported earlier. In a neu- 
tron study of vitamin B~2 coenzyme there is strong 
intramolecular hydrogen bonding, with an H. . .Cg cfis- 
tance of 2.59A (Starikov & Steiner, 1998), and for 
2- and 3-aminophenols the distance 2.309 A has been re- 
ported (Allen et al., 1997). In an X-ray study of 1,4-bis- 
(di-2-pyrrolylmethyl)benzene H.- .Cg distances of 2.42 
and 2.52./~ have been reported (Bennis & Gallagher, 
1998). This type of amino or amide N--H.  • -Tr aromatic 
hydrogen-bonding interaction has recently been theoret- 
ically postulated in model systems and experimentally 
described in globular proteins. It has been suggested that 
such interactions may provide stability, contribute to the 
folding process or have a functional role in proteins. The 
molecule is stabilized by the presence of strong N - -  
H...Tr intermolecular interactions (Crisma et al., 1997). 
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T h e  p a t t e r n  o f  N - - H . . . C g  c o n t a c t s  g i v e s  r i se  to  i n f in i t e  
d o u b l e  l a y e r s  o f  m o l e c u l e s  c o m p o s e d  o f  c h a i n s  r u n n i n g  
a l o n g  the  c d i r e c t i o n ,  e a c h  o f  w h i c h  is r e l a t e d  to  t w o  
e q u i v a l e n t  a d j a c e n t  c h a i n s  b y  i n v e r s i o n .  

Experimental 

To a solut ion of  m e t h y l m a g n e s i u m  iodide (1 .16g ,  7 m m o l )  
in diethyl e ther  ( 1 5 m l )  was added indole (0 .8g ,  7 m m o l )  
in diethyl e ther  (12 ml) and stirred at room tempera ture  for 
5 min.  To the resul t ing stirred solut ion of  i ndo ly lmagnes ium 
iodide were added  N-benzyl ideneani l ine  (0.45 g, 2.5 mmol )  
and ind ium tr ichloride (0 .110g ,  0.5 mmol )  in M e C N  (15 ml). 
The  reaction mixture  was stirred for 20 h, then poured  into a 
saturated a m m o n i u m  chloride solut ion (20 ml) and extracted 
with ethyl acetate (3 x 20 ml). The  combined  extract was dried 
over  sod ium sulfate and concentra ted  under  reduced pressure.  
The  residue was ch romatographed  in a co lumn packed  with 
silica gel and eluted with ethyl ace ta te /pet ro leum ether  (1:4) 
to afford 0 . 6 g  (7.5%) of  3 ,3 ' -benzyl idenedi indole .  Crystals  
were g rown f rom the aqueous  methanol  solut ion by slow 
evaporat ion.  

Crystal data 

C23HtsN2 Cu Kc~ radiation 
Mr = 322.39 A = 1.54178 ,~ 
Monocl in ic  Cell parameters  f rom 15 
P21/ c reflections 
a = 10.1867(10)  ,~ 0 = 2 - 1 8  ° 
b = 9.759 (2) ,~ # = 0.550 m m -  
c = 17.7778 (10) ,4, T = 293 (2) K 
/3 = 94.009 (10) ° Rectangular  
V = 1763.1 (4) ,~3 0.30 x 0.20 x 0.15 m m  
Z = 4 Pale b rown 
D~ = 1.215 Mg m -3 
Dm not measured  

T a b l e  1. Se lec ted  geometr ic  parame te r s  (,4, ~) 

N I ~ 8  1.360(3) NI'~-C2' 1.369(2) 
N 1--C2 1.369 (3) NI '~C8 '  1.365 (2) 
N 1 --H I 0.86 N I '--H I ' (I.86 
C8--N I---C2 109.1 (2) C2'--N 1 '--C8' 109.06(14) 
C8--N1--HI 125.45(11) C2'--NI'--H I' 125.47(10) 
C2--N1--HI 125.45(11) C8'--NI ' --HI '  125.47(10) 
C 3 ~ 2 - - N  I 110.4 (2) C3'---C2'--N 1 ' 110.4 (2) 
N 1 ~ 8 ~ 9  107.1 (2) N I '----C8'---C7' 130.8(2) 
N 1--C8--C7 130.8(2) N I ' ~ 8 ' - - - C 9 '  107.0(2) 

C9---C3~10---CI1 166.41 (15) C9'~C3'---CI0---Cll -101.0(2) 

T a b l e  2. Hydrogen-bond ing  geomet ry  (A, °) 

Cgl is the centroid of the six-membered ring C4--C9 and Cg2 is the 
centroid of the six-membered ring C4'-C9' .  

D--H.  • -A D- -H H- - -A D- • -A D--H. • .A 
NI ' - -HI ' - . .Cgl '  0.86 2.35 3.211 (2) 172 
N I--H 1. • .Cg2" 0.86 2.60 3.401 ( 1 ) 158 
Symmetry codes: (i) 1 - x, - y ,  - z ;  (ii) x, ½ - y, z - ½. 

H a toms were posi t ioned geometr ica l ly  and refined using a 
t id ing model  with N - - H  0.86, C - - H ( a r o m a t i c )  0.93 and C - -  
H(aliphatic) 0.98 ]~. 

Data collection: CAD-4 Software (Enraf -Nonius ,  1989). 
Cell refinement:  CAD-4 Software. Data reduct ion:  SDP 
(Frenz, 1978). Program(s)  used to solve structure: SHELXS86 
(Sheldrick,  1990). Program(s)  used to refine structure: 
SHELXL93 (Sheldrick,  1993). Molecular  graphics:  ZORTEP 
(Zsolnai,  1997). Sof tware  used to prepare material  for publi-  
cation: SHELXL93 and PARST (Nardelli ,  1983, 1995). 

R K  t h a n k s  U G C  fo r  a F e l l o w s h i p  a n d  D V  t h a n k s  
U G C  ( I n d i a )  fo r  p r o v i d i n g  f u n d i n g  u n d e r  t he  U G C  
C a r e e r  A w a r d  s c h e m e .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM 1241 ). Services for accessing these 
data are described at the back of the journal. 

Data collection 

Enra f -Non ius  C A D - 4  
di f f rac tometer  

w/20 scans 
Absorp t ion  correction: none  
3531 measured  reflections 
3331 independent  reflections 
2616 reflections with 

I > 2a ( / )  
Rint = 0.044 

Refinement 

Ref inement  on F 2 
R(F)  = 0.053 
wR(F 2) = 0.162 
S = 1.063 
3318 reflections 
227 parameters  
H-a tom parameters  

const ra ined 
w = 1/[a2(F}) + (0.137P) 2] 

where  P = (Fo 2 + 2F,?)/3 
(A/or)max = 0.014 

0m,× = 69.96 ° 
h = 0 ~  12 
k = 0 ---, 11 
l = - 2 1  ~ 21 
3 standard reflections 

every 200 reflections 
frequency:  60 min  
intensity decay: < 1% 

Apmax = 0.23 e ,~-3 
Apmin = - 0 . 2 0  e ,~-3 
Ext inct ion correction: 

SHELXL93 (Sheldrick,  
1993) 

Ext inct ion coefficient:  
0 .0028 (8) 

Scat ter ing factors f rom 
International Tables for  
Crystallography (Vol. C) 
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A b s t r a c t  
The peptide chain in CI5H29N305 adopts an extended 
conformation. The peptide unit is trans and shows sig- 
nificant deviations from planarity. The crystal pack- 
ing enables neighbouring molecules to interact through 
hydrogen bonding in an anti-parallel fashion. 

C o m m e n t  
The conformation of the tert-butoxycarbonyl group 
in the title peptide, (I), is characterized by the tor- 
sion angles 00 = 175.6(3) ° ( C 1 - - O 1 - - C 0 ' - - N 1 )  and 
w0 = -173 .7  (3) ° (O1--C0P--N1-----C1A) as trans-trans 
(Benedetti et al., 1980). The peptide unit is trans 
and shows significant deviation from planarity (Aw = 
10.7°). The carboxyl group makes a dihedral angle 
of 37.5 ° with the adjacent peptide unit. The peptide 
chain backbone is folded with the conformation ~ = 
-119 .8 (3 ) ,  ~Pl = 0.9(4),  ~vl = 169.3(3), ~2 = 
- 1 3 9 . 6 ( 3 )  and ~b2 = 161.1 (3) °. 

H H H H 
, I I I 1 
Bu--O--C--N--C--C--N ~ C--C ~ NH 2 

i~r 20 Me OH 

(I) 

The side chain of the leucyl residue has torsion 
angles X1 = - 5 8 . 9 ( 4 ) ,  X21 -- 174.4(3) and X2z = 
- 6 0 . 5  (5) ° , corresponding to the commonly observed 

© 1999 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

g - ( t g - )  conformation (Benedetti et al., 1983). The side- 
chain conformation of the threonyl residue is described 
by Xll ( N 2 - - C 2 A - - C 2 B - - C 2 G )  = - 5 1 . 5  (3) ° and Xi2 
( N 2 - - C 2 A - - C 2 B - - O 2 G )  = 73.2 (3) °. For comparison, 
in Gly-Thr -H20,  Xll = - 6 2  and X12 = 61 ° (Yadava & 
Padmanabhan, 1973) and in Boc-Phe-o-Leu-Thr-OMe,  
Xll = - 6 9 . 4 ( 5 )  and X12 = 49.9(4) ° (Doi et al., 1993). 

The peptide chain folding introduces an intramolecu- 
lar interaction [2.629 (3)A] between N2 and 02 ' .  Such 
an interaction and an accompanying large deviation 
from planarity of the peptide unit have been observed in 
other peptides, such as Leu-Leu (Mitra & Subramanian, 
1994) and Leu-Ala  (Mitra et al., 1996). 

The packing gives rise to layers of molecules per- 
pendicular to the c axis, with three intermolecular N - -  
H . . . O  hydrogen bonds holding the molecules together 
in each layer, while the layers are stabilized through 
hydrophobic and van der Waals interactions. 

O2G ~ C 2 G  

02' ~ ~ C 2 A  

~ O1' 

C 3 ~ ~ C 2 0 ' ~ 0 '  ( ~ C 1 D 2  

Fig. 1. Perspective view of the molecule, with displacement ellipsoids 
shown at the 50% probability level. H atoms have been omitted for 
clarity. 

E x p e r i m e n t a l  

The crystals were obtained by slow evaporation of a 
methanol/water solution at room temperature. 

Crystal data 

CIsH29N305 Cu Ka radiation 
Mr = 331.41 A = 1.5418 ,~, 
Orthorhombic Cell parameters from 25 
P212121 reflections 
a = 7.713 (2) ,~, 0 = 15-22 ° 
b = 8.674(1) A, ~ = 0.719 mm -1 
c = 28.325 (6) ,~, T = 293 (2) K 
V = 1895.0 (7) ,~3 Parallelepiped 
Z = 4 0.40 × 0.28 × 0.20 mm 
D~ = 1.162 Mg m-3 Colourless 
Om not measured 
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