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(DENZO; Otwinowski & Minor, 1994) employing all reflec- 
tions observed. H atoms in compounds (I) and (II) were placed 
at calculated positions (C--H 0.96 A), except for the hydrox- 
yl-H atoms which were found from difference Fourier maps. 
In compound (I), all H atoms were refined isotropically using 
a riding model, while HI was refined with an isotropic dis- 
placement  parameter. In the final cycle of  refinement,  isotropic 
displacement  parameters  of  the methyl  H atoms on C12 and 
C13 were fixed to their values equal to those obtained from 
the previous cycle. All H atoms in (II) were refined isotrop- 
ically. In the final cycle of  refinement,  all H parameters  of  
methyl  C14 and C16 were held fixed to those obtained from 
the previous cycle. 

For both compounds ,  data collection: XDIP (Mac Science,  
1996); data reduction: DENZO (Otwinowski  & Minor, 1994); 
program(s) used to solve structures: SIR92 (Altomare et al., 
1994); program(s) used to refine structures: CRYSTAN-GM 
(Edwards et al., 1996); molecular  graphics: ORTEP (Johnson, 
1970); software used to prepare material for publication: 
CRYSTAN-GM (Edwards et al., 1996). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: OA 1055). Services for accessing these 
data are described at the back of the journal 
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Abstract 
The hybrid dipeptide of the title compound, 2CI~H~9- 
NsO4.6H20, containing cytosine base and L-tryptophan 
was crystallized in hexahydrated form; the solvent oc- 
cupies 12% by weight of the asymmetric unit. Two 
independent molecules were distinguished by the differ- 
ent directions of their indole rings. All polar atoms of 
the title compound participate in hydrogen-bond forma- 
tion, and a tight network is built by combination with 
solvent-mediated hydrogen bonds. A ~--Tr electron in- 
teraction was observed between the indole and nucleic 
base; it is facilitated by hydrogen bonds. 

Comment 
The title compound, C-Trp, was designed in order 
to investigate the cooperative interactions between the 
nucleic acid and polypeptide molecules (Ishida et al., 
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1942 2C18HI9NsO4.6H20 

1990); hydrogen bonding and 7r-Tr stacking between the 
nucleic base and the functional group of the peptide was 
expected (H618ne & Maurizot, 1981). The properties of 
its chemical structure are similar to those of peptide 
nucleic acid (PNA). It is known that if the indole ring is 
hybridized with nucleic base it has high affinity against 
N7-quarternized guanine (Kamiichi et al., 1986, 1987). 
In this paper, we report the interaction between indole 
and cytosine stabilized by water-mediated hydrogen 
bonds in the title compound, C-Trp. 

NH 2 

N 

2 O O [ ' I "  .6H~O 

C-Trp 

The crystals of C-Trp are in the hexahydrated form 
and contain two crystallographically independent dipep- 
tide molecules. All water atoms participate in hydrogen- 
bond formation with the dipeptide. In the case of the 
C-Trp complex with 7-methylated guanine, a pentahy- 
drate has been reported (C-Trp:guanine:water - 1:1:5; 
Ishida et al., 1993). Solvation may be necessary for 
the crystallization of this type of hybrid molecule. 
The two crystallographically independent molecules are 
mainly characterized by the orientation of the indole 

ring: the torsion angles ~ (C9/29--N 10/30---C 10/30-- 
C11/31) and X (N10/30---C10/30--C12/32--C13/33) 
are - 159.7 (5) / -  122.1 (4) and 82.9 (4)/-66.8 (4) °, re- 
spectively. Both molecules contain carboxylate groups 
because there is no significant difference in the C- -O 
bond lengths [C11/31--Oll/31 = 1.24(4)/1.25(2) and 
C11/31--O12/32 = 1.27 (13)/1.26(17) A, respectively]. 
The acceptor O12/32 atoms of the carbonyl groups 
are located within hydrogen-bonding distance of the 
N23/3 and N24/4 atoms of cytosine in both molecules 
[2.734 (5)-2.913 (5) A]. These possible interactions sug- 
gest an amino-imino tautomerism in the cytosine base, 
although the Ap maps showed no clear H atom bonded 
to the N3/23 atom. Therefore, the chemical structure of 
the cytosine base is treated as the amino tautomer in 
this report. 

The indole and cytosine rings are in parallel and over- 
lapped arrangements; the ring-ring distance is shorter 
than expected from the van der Waals radii, the shortest 
distance being C 4 . . . C 3 8 ( x -  1, y, z -  1) = 3.370 (7)A. 
It has been suggested that the highest occupied molec- 
ular orbital (HOMO) of the indole ring prefers an in- 
teraction with the lowest unoccupied molecular orbital 
(LUMO) of the nucleic base (Ishida et al.. 1993). A 
7r-Tr electron interaction is also suggested between the 
cytosine base and the indole ring in this crystal. Fur- 
thermore, the N atom of indole is hydrogen bonded 
to the carbonyl O atom of cytosine [N34.. .O22(x+ 1, 
y, z) = 3.073 (6)A], and also to the c~boxyl O atom 
[NI4..-O31 (x, y -  1, z -  1) = 2.958 (5) A]. Interactions 
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Fig. 1. A view of the title compound with displacement ellipsoids drawn at the 50ok probability level. 
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o f  this type  have  been  obse rved  both in natural  pept ides  

(H61~ne & Maur izo t ,  1981; Niu & Black,  1979) and in 

syn the t ic  mode l s  (Hami l ton  & Little,  1990), and they  

w o r k  coope ra t i ve ly  in the se lec t ive  r ecogn i t ion  b e t w e e n  

the side cha in  o f  a romat i c  a m i n o  acids and nucle ic  bases  

(Kami ich i  et al., 1987). In C-Trp,  the h y d r o g e n  bonds  

f o r m e d  b e t w e e n  the indole  r ing and ne ighbour ing  O 

a tom m a y  faci l i ta te  rr-Tr e lec t ron  in terac t ion  b e t w e e n  the 

a romat i c  side cha in  o f  the a m i n o  acid  and  the nuc le ic  
base. 

Experimental 

C-Trp was synthesized from 1-ethylcarboxycytosine and tryp- 
tophan methyl ester according to a previous report (Kamiichi 
et al., 1987). An aqueous methanol solution yielded crystals 
of the hexahydrated form. 

Crystal data 

2C~H~gNsO,~.6H_,O Cu Kcx radiation 
M, = 846.85 A = 1.5418 
Triclinic Cell parameters from 18 
P 1 reflectiorls 
a = 9.2032 (8) * 0 = 19.87-20.53 ° 
b = 14.792 (4) ,~ p = 0.931 mm -~ 
c -- 7.483 (2) A. T -- 293 (2) K 
c~ = 101.15 (2) ° Needle 
/3 = 96.175(14)" 0.78 x 0.11 x 0.10 mm 

= 88.701 (13) °. Coiourless 
V 993.6 (4) 
Z = I  
D, = 1.415 Mg m -3 
Om not measured 

Table  1. Hydrogen -bond ing  geome t ry  (f~, °) 

D--H. • .A D--H H. • .A D. • .A D--H...A 
N3--H. • -032 2.734 ~5) 
N4--H4A. • -032 0.86 2.101 2.83715) 143.3 
NI4--HI4. • .O31' (I.86 2.140 2.958 (5) 158.6 
N23--H. • .OI2 2.913 (5) 
N24--H241 - • .OI2 0.86 2.116 2.891 (51 149.7 
N34--H34- • -022" 0.86 2.213 3.073 ~6) 178.6 

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

Scan widths were (1.732 + 0.3tan0) ° in ~ with a back- 
ground/scan time ratio of 0.5. H atoms were geometrically 
located and refined as riding with fixed isotropic displacement 
parameters (U,,,, = 1.2U~q for the associated C atom, or U .... = 
1.5U~q for methyl C atoms). H atoms of water molecules were 
picked up from the difference Fourier map, except for those 
of O1W and O5W. No clear peaks were found for O1W or 
O5W from the map. 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular Structure Corporation, 1991). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduction: 
MSC/AFC Diffractometer Control Software. Program(s) used 
to solve structure: SnB (Miller et al., 1994). Program(s) used 
to refine structure: SHELXL97 (Sheldrick, 1997). Molecular 
graphics: ORTEPIII (Burnett & Johnson, 1996). Software used 
to prepare material for publication: PARST (Nardelli, 1983). 

This  s tudy was  par t ia l ly  suppor ted  by  a Grant - in-  

Aid  for  Scient i f ic  Resea rch  (No. 07672427)  f rom the 

Min is t ry  o f  Educa t ion ,  Sc ience ,  Sports  and Cul ture  o f  

Japan.  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: OS1006). Services for accessing these 
data are described at the back of the journal. 
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Data collection 

Rigaku AFC-5R diffractom- 
eter 

20--w scans 
Absorption correction: none 
6799 measured reflections 
6774 independent reflections 

(including Friedel pairs) 
6397 reflections with 

I > 2o-(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2o.(F2)] = 0.054 
wR(F 2) = 0.168 
S = 0.966 
6774 reflections 
542 parameters 
H atoms riding 
w = 1/[o.2(F,~) + (0.0792P) 2 

+ 1.7713P] 
where P = (F,~ + 21=,2)/3 

(A/o.)m~ = 0.005 
Z~pmax = 0.557 e ,~-3 
Apmin = -0 .408  e ,~-3 

Riot = 0.023 
0m,..x = 65.09 ° 
h =  - I 0 - - - ,  10 
k =  -17- - - ,  17 
1= - 8  ---, 8 
4 standard reflections 

every 100 reflections 
intensity decay: 4.4% 

Extinction correction: 
SHELXL97 (Sheldrick, 
1997) 

Extinction coefficient: 
0.0309 (15) 

Scattering factors from 
International Tables for  
Co'stallography (Vol. C) 

Absolute structure: Flack 
(1983) 

Fiack parameter = 0.I (3) 
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