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Table 2. Hydrogen-bonding geomet~. (A, °) 
D--H. • .A H. • .A D. . .A D--H. • .A 

N I--H 1. • .O4' 1.94 (2) 2.803 ( 1 ) 153 ( I ) 
N3--H3. • .02" 1.99 (2) 2.845 ( 1 ) 170 ~2) 

Symmetry codes: (i) x, ~ - y, ~ + :" (ii) -x ,  - y ,  I - z. 

Although, from the cell parameters, the crystal symmetry 
appears to be very close to orthorhombic, Weissenberg and 
precession film data, together with diffractometer data, showed 
it to be monoclinic with a ~ angle very close to 90". 

Data collection: CAD-4 Sofm'are (Enraf-Nonius ,  1989). 
Cell refinement: CAD-4 Sofm'are. Data reduction: D A T R E D  
(Brookhaven National Laboratory & Birmingham Univer- 
sity, 1986). Program(s)  used to solve structure: SHELXS86  
(Sheldrick, 1990). Program(s) used to refine structure: 
SHELXL93  (Sheldrick, 1993). Molecular  graphics: OR- 
TEPII (Johnson, 1976) and P L U T O  (Motherwell  & Clegg, 
1978). Software used to prepare material for publication: 
SHELXL93 .  

We thank Dr J. R. Traynor for the synthesis and 
provision of a sample of the title compound. 

Acta  Cryst .  (1998). C54, 1938-1941 

H i g h l y  S t r a i n e d  C ~ C  B o n d s :  

3 - ( l ' - H y d r o x y - 4 ' - i s o p r o p y l - 2 ' , 2 ' - d i m e t h y l -  

l ' , 2 ' - d i h y d r o b e n z o c y c l o b u t e n - l ' - y l ) - 3 -  

m e t h y l - 2 - b u t a n o n e  E t h y l e n e  A c e t a l ,  (I) ,  

a n d  ( 3 S * , l ' S * ) - 3 - A c e t o x y - 2 - ( l ' - h y d r o x y -  

l ' , 2 ' - d i h y d r o b e n z o c y c l o b u t e n - l ' - y l ) - 2 -  

methylpentane, (II)t 

KATSUMI IIDA, ETSUYA KAWATA, KAORI KOMADA, 
MASAICHI SAITO, SHIGEKAZU KUMAKURA AND MICHIKAZU 

YOSHIOKA 

Department  o f  Chemistr3', Faculty o f  Science, Sai tama Uni- 
versit 3, Urawa, Sai tama 338, Japan. E-mail." skuma@chem.  
saitama-u.ac. jp 

(Received 5 Januar3." 1998," accepted 22 Juh" 1998) 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KA1294). Services for accessing these 
data are described at the back of the journal. 

_ .  

References 
Adams, R. L. P. & Davidson, J. N. (1981). The Biochemistr 3" of 

Nucleic Acids, 9th ed., ch. 7, pp. 186-187. London: Chapman and 
Hall. 

Allen, F. H., Kennard, O., Watson, D. G., Brammer, L., Orpen, A. G. 
& Taylor, R. (1987). J. Chem. Soc. Perkin Trans. 2, pp. S1-19. 

Barker, D. L. & Marsh, R. E. (1964). Acta Cra'st. 17, 1581-1587. 
Brookhaven National Laboratory & Birmingham University (1986). 

DATRED. Program for Data Reduction. University of Birmingham, 
England. 

Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius, 
Delft, The Netherlands. 

Gillespie, R. J. (1963). J. Chem. Educ. 40, 295-301. 
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge 

National Laboratory, Tennessee, USA. 
Lowe, P. R., Schwalbe, C. H. & Williams, G. J. B. (1987). Acta Crvst. 

C43, 330-333. 
Motherwell, W. D. S. & Clegg, W. (1978). PLUTO78. Program 

for Plotting Molecular and Crystal Structure.,. University of 
Cambridge, England. 

Rohrer, D. C. & Sundaralingam, M. (1970). Acta Crvst. B26. 546-553. 
Sheldrick, G. M. (1990). Acta Crvst. A46, 467-473. 
Sheldrick, G. M. (1993). SHELXL93. Program fi~r the Refinement ~" 

Crystal Structures. University of G6ttingen, Germany. 
Singh, C. (1965). Acta Crvst. 19, 861-864. 
Suhadolnik, R. J. (1970). In Nucleoside Antibiotics. New York: Wiley 

Interscience. 
Swindler, R. & Welch, H. D. (1957). Science, 125. 548-549. 

Abstract 
The crystal structures of the title compounds, C20H3003 
(I) and C16H2203 (II), are described. The benzocyclo- 
butene rings in (I) and (II) are approximately planar. 
The lengths of the C s p 3 - - C s p  3 bonds in the cyclo- 
butene tings of (I) and (II) are 1.659 (2) and 1.596 (2) A, 
respectively. The C- -C bond elongation observed in (I) 
may be ascribed to steric congestion and/or electronic 
effects on the bond exerted by the methyl groups and 
the alkyl side chain attached to the cyclobutenol moiety, 
together with a ring strain expected for a four-membered 
ring system. 

Comment  
Crystallographic and electronic structures of benzene 
derivatives fused to a strained small ring have been 
extensively studied (Boese & Bl~iser, 1988; Bl~iser et 
al., 1989, 1994). In the crystal of benzocyclobutene, 
an elongated Csp3--Csp 3 bond of 1.576 (1.580)~, 
was observed in the cyclobutene moiety which is 
coplanar to the benzene ring (Boese & Bl~iser, 1988). 
Recently, °much longer Csp3--Csp 3 bonds [1.710(5)- 
1.724(5)A] were observed in the cyclobutene rings 
fused to naphthalene and anthracene rings (Toda et 
al., 1996). In crystals of several benzocyclobutenol 
derivatives, C- -C single bonds longer than 1.60 A were 
also found in their cyclobutenol moieties (Courtois et 
al., 1975, 1977, 1987; Ianelli et al., 1990, Ianelli et 
al., 1992a,b; Ianelli, Nardelli, Belletti, Jamart-Gr/~goire, 

t 1UPAC names: 3-{8-hydroxy-4-isopropyl-7,7-dimethylbicyclo- 
[4.2.0]octa- 1 (61,2,4-trien-8-yl}-3-methyl-2-butanone ethylene acetal, 
(I), and 4-{8-hydroxybicyclo[4.2.0]octa- l(6),2,4-trien-8-yl}-4-methyl- 
pent-3-yl acetate, (II). 
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Mouaddib, Zouaoui & Caub?~re, 1992). Kaupp & Boy 
(1997) recently reviewed overlong C--C single bonds. 

We have previously reported on the thermal iso- 
merization of benzocyclobutenols obtained from photo- 
chemical reactions of ortho-alkylphenylketones (Yosh- 
ioka et al., 1991, 1992, 1993, 1997). In order to 
clarify the bonding mode of benzocyclobutene rings, 
X-ray structure analysis was carried out on the title com- 
pounds. Ab initio molecular orbital and density func- 
tional calculations were also performed on benzocyclo- 
butene and its derivatives to examine steric and elec- 
tronic effects on the bonding character by the ring sub- 
stituents. 

The benzocyclobutene rings observed in both com- 
pounds, (I) and (II), are approximately planar. Their ben- 
zene moieties are slightly deformed from the usual aro- 
matic rings; the endocyclic valence angles of aromatic- 
C atoms at the ring junction are larger than 120 ° and 
those next to the junction show smaller angles. Such 
deformation of bond angles was commonly observed in 
the crystallographic data of 26 benzocyclobutene deriva- 
tives retrieved from the Cambridge Structural Database 
(1996) [the mean bond angles at the ring junction and 
next to the ring junction are 122.9 (15) and 115.2 (18) °, 
respectively]. 

OH O/ ' ' 1  OH OAc 
, O 

(I) (1I) 

The C7--C8 bond in compound (I) has a length 
of 1.659 (2),~, significantly longer than 1.596 (3),~ in 
compound (II) as well as 1.576 A (1.580,~) in benzo- 
cyclobutene itself (Boese & Bl~ser, 1988). Similar 
bond elongation was found previously for the C - -  
C single bond [1.652(9) and 1.650 (10) ,~] of the 
cyclobutene ring in 2-(l'-hydroxy-4'-isopropyl-2',2'-di- 
methyl- 1 ',U-dihydrobenzocyclobuten- l'-yl)-2-methyl-4- 
hexen-3-ol (compound III) (Yoshioka et al., 1997), 
which is in a similar environment to that in compound 
(I). The cyclobutenol moieties in both (I) and (III) have 
two methyl groups and a bulky alkyl side chain on their 
respective positions. 

In order to examine the electronic effects of the ring 
substituents, ab initio calculations were carried out on 
benzocyclobutene and benzocyclobutenol by employing 
HF, MP2, B3LYP, BLYP, and SVWN methods with a 
6-31G* basis set (GAUSSIAN94; Frisch et al., 1996). 
Slight deformations are observed in the benzene rings 
of these molecules which are similar in extent to those 
observed in compounds (I) and (II). The lengths of the 
C- -C single bonds in their cyclobutene moieties, corre- 
sponding to C7--C8 bonds in compounds (I) and (IlL 
are calculated as follows; 1.572 (HF), 1.575 (MP2), 
1.582 (B3LYP), 1.595 (BLYP) and 1.562.& (SVWN) 
for benzocyclobutene, and 1.573 (HF), 1.579 (MP2), 

1.590 (B3LYP), 1.607 (BLYP) and 1.574,~ (SVWN) 
for benzocyclobutenol. On comparison of these values 
on each level of calculation, an hydroxy group seems to 
cause slight elongation of the C---C bond in the cyclo- 
butene ring. Furthermore, HF calculations were per- 
formed for 2,2-dimethyl- 1,2-dihydrobenzocyclobuten- 1- 
ol (DMDHBCB) and 1-tert-butyl-2,2-dimethyl- l ,2-di-  
hydrobenzocyclobuten- 1-oi (tBDMDHBCB) to examine 
the effect of methyl substituents and the bulky alkyl side 
chain on the elongated C7---C8 bond observed in com- 
pound (I). The lengths calculated for the C- -C single 
bond in their respective cyclobutenol moieties are 1.578 
(DMDHBCB) and 1.628 A (tBDMDHBCB). These cal- 
culations suggest that the methyl and tert-butyl sub- 
stituents affect the C- -C  bond elongation, though the 
calculations seem to be less reliable than those includ- 
ing CI. 

In the cyclobutene moiety of compound (I), the non- 
bonded contact between the methyl C9 and the methyl 
C15 of the side chain is 3.213 (3),~, which is much 
smaller than the usual methyl-methyl contact. The C8- -  
C7---C14 and C7--C8---C9 angles are 124.1 (2) and 
122.6 (2) ° , respectively; these are much larger than the 
usual tetrahedral angle. These observations indicate that 
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Fig. 1. The molecular structures of (a) (I) and (b) (II/ with 
50% probability displacement ellipsoids and showing the atom- 
numbering schemes. 
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seve re  steric  i n t e r ac t i on  can  be  an t i c ipa t ed  b e t w e e n  the  

s ide  cha in  and  the  cis-located m e t h y l  g roup .  Th i s  s teric  

i n t e r ac t ion  m a y  a lso  p lay  an i m p o r t a n t  ro le  in the  b o n d  
e l o n g a t i o n  o b s e r v e d  in c o m p o u n d  (I). T h u s ,  s teric  a n d / o r  
e l ec t ron i c  e f fec t s  o f  the  m e t h y l  g r o u p s  and  the  a lkyl  

s ide  cha in  a t t a ched  to the  c y c l o b u t e n o l  r ing s e e m  to be 
c ruc ia l  to the  C 7 - - C 8  b o n d  e l o n g a t i o n  in c o m p o u n d  

(I) and ,  hence ,  p l ay  an i m p o r t a n t  ro le  in the  t he rma l  

i s o m e r i z a t i o n  o f  the  c o m p o u n d .  

Experimental 

The title compounds  were obtained by irradiation of the 
corresponding arylketones by a high-pressure mercury lamp. 
Recrystallization was from hexane. 

Compound (I) 

Crystal data 

C 2 0 H 3 0 0 3  Mo Ka  radiation 
Mr = 318.46 A = 0.71073 A, 
Orthorhombic Cell parameters from all 
P2t 2121 reflections 
a -- 9.069 (5) ]~ 0 = 1-31 ° 
b = 9.595 (3) A /.z = 0.074 m m -  
c = 21.624 (7) .4, T = 298 K 
V = 1881.7 (13) h 3 Prism 
Z = 4  0.3 x 0.3 x 0 . 2 m m  
Dx = 1.124 Mg m -3 Colorless 
Om not measured 

Data collection 
Mac Science DIP3000 

diffractometer 
Area detector scans 
Absorption correction: none 
17 015 measured reflections 
3154 independent reflections 

2449 reflections with 
l>cr(/) 

Rm, = 0.037 
0m~ = 30.20 ° 
h = 0 ---~ 12 
k = 0 ---, 13 
l = 0 ~ 3 0  

Refinement 

Refinement on F 
R = 0.068 
wR = 0.071 
S = 1.320 
2449 reflections 
235 parameters 
H-atom parameters 

constrained 
w = exp(sin20/A2)/[o'2(F,,) 

+ O.O01(Fo) 2] 

(,4/Cr)m,, = 0.0084 
Z~pma× = 0 . 1 8  e ,~-3 
A p m i n  = - 0 . 2 7  e ,~-3 
Extinction correction: none 
Scattering factors from 

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

Table  1. Selected geometric parameters (A, o) for (1) 
OI---C7 1.423 (2) C 3 - - C 4  1.408 (3) 
C I - - C 2  1.376 (3) C 4 - - C 5  1.386 (3) 
C I - - C 6  1.386 12) C 5 - - C 6  1.377 (3) 
CI-- -C7 1.524 (2) C6---C8 1.521 (3) 
C2---C3 1.386 (3) C7---C8 1.659 (2) 

C 2 - - C I - - C 6  121.2 (2) O1- - -C7- -CI  108.4 (2) 
C 2 - - C I - - C 7  144.2 (2) O1-- -C7--C8 1105 (I) 
C 6 - - C I - - - C 7  94.5 (2) C 1 - - C 7 - - C 8  85.3 (1) 

C 1 --C2--C3 
C2--C3~'4 

C3~'4--C5 

C4--C5--C6 
C I - - C 6 ~ C 5  
C 1 - -C6--C8 
( ' 5 - - C 6 ~ 8  

116.7 (2) 
123.0 (21 
118.7 (21 
118.5 (21 
122.{) (2) 
95.8 (2~ 

142.2 c2) 

C f ~ - C 8 ~ ' 7  84.4 ( 1 ) 
C 6 - - - C 8 ~ ' 9  113.0 (21 
C 6 ~ 8 - - C I 0  113.8 (21 
C 7 ~ C 8 - - C 9  122.6 (21 
C 7 ~ 8 - - C  I 0 I 12.0 ( 2 ) 
( ' 9 - - ( ' 8 ~  I0 109.1 (21 

Compound (II) 

Crystal data 

C 1 6 H 2 2 0 3  

Mr = 262.35 
Triclinic 
PT 
a = 7.500 (2) ,~ 
b = 8.505 (2) 
c = 11.852 (5) ~, 
o~ = 85.22 (7) ° 
3 = 88.89 (7) ° 

"7 = 77.23 (3) ° 
V = 734.7 (4) ,~3 
Z = 2  
D, = 1.186 Mg m -3 
D,,, not measured 

Mo/Ca  radiation 
A = 0.71073 
Cell parameters from all 

reflections 
0 = 1-31 ° 
/1 = 0.080 m m - '  
T = 298 K 
Prism 
0.38 x 0.26 x 0.12 mm 
Colorless 

Data collection 
Mac Science DIP3000 

diffractometer 
Area detector scans 
Absorption correction: none 
7516 measured reflections 
4417 independent reflections 

2819 reflections with 
l>cr(/) 

Rin, = 0.030 
0m,~ = 30.18 ° 
h = 0---' 9 
k = -11  ~ 12 
1 --- - 1 6  ---, 16 

Refinement 

Refinement on F 
R = 0.060 
wR = 0.070 
S = 1.612 
2819 reflections 
236 parameters 
H atoms treated by a 

mixture of independent 
and constrained refinement 

Table  2. Selected geometric 

w= exp(lO.Osin20/A ~-) 
x [or" (F,,) 
+ 0.001 (F, , f]  -I  

(A/O')m~, = 0.0080 
Apma, = 0.17 e /~-3 
Apm,n = - 0 . 2 9  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
X-ray Cr3"stallography 
(Vol. IV) 

parameters (A, o) for (11) 
O 1 ~ C 8  1.423 (1) C 2 - - C 8  
C 1 ~ C 2  1.377 ( 1 ) C3---C4 
C 1 - - C 6  1.388 ( 1 ) C 4 ~ C 5  
C I - - C 7  1.519 11) C 5 ~ 6  
C 2 - - C 3  1.382 { 1 ) C 7 ~ ' 8  

C 2 - - C  1---C6 122.8 (11 C 3 - - C 4 ~ C 5  
C 2 ~ "  1 - - C 7  94.5 ( I ) C 4 - - C 5 - - C 6  
C ~ - C  1 ~ 7  142.6 (1) C I ----C(~-C5 
C 1---C2--C3 122.2 (1) C I - - C 7 - - C 8  
C 1 - -C2-- -C8 93.7 {1) 01 ~ C 8 - - - C 2  
C 3 - - C 2 - - C 8  144.0 ( 11 O 1 - -C8-- -C7 
C 2 - - C 3 - - C 4  115.3 ( 1 ) C 2 ~ ' 8 - - - C 7  

1.535 1 ) 
1.400 1) 
1.381 1) 
1.395 1 ) 
1.596 1 ) 

122.5 1) 
121.6 1) 
115.5 1) 
86.1 1) 

109.4 1 ) 
114.1 I) 
85.7 1 ) 

Weissenberg photographs were recorded on 30 frames of imag- 
ing plates mounted on a DIP3000 diffractometer, each of 
which was taken around the w axis with an oscillation range of 
6 °. The unit cells were determined by the routine SCALEPACK 
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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 

. . . .  

References 
Altomare, A., Cascarano, G., Giacovazzo, C., Guagliardi, A., Burla, 

M. C., Polidori, G. & Camalli. M. (1994). J. Appl. Co'st. 27, 435. 
Blfiser, D., Boese, R.. Billups, W. E., Halley, M. M., Maulitz, A. H., 

Mohler, D. L. & Volhardt. K. P. C. (1994). Angew. Chem. Int. Ed. 
Engl. 33, 313-305. 

Bl~iser, D., Boese, R., Brett. W. A., Rademacher, P., Schwager, H., 
Stanger. M. & Volhardt, K. P. C. (1989). Angew. Chem. Int. Ed. 
Engl. 28, 206-208. 

Boese, R. & Blaser, D. (1988). Angew. Chem. hTt. Ed. Engl. 27, 304- 
305. 

Cambridge Structural Database (1996). QUEST3D User~ Manual. 
Version 2.3.7. Cambridge Crystallographic Data Centre. 12 Union 
Road, Cambridge. England. 

Courtois, A., Carrd, M. C., Caub~re, P. & Grdgoire. B. (1987). Acta 
Crvst. C43, 501-503. 

Courtois, A., Protas, J., Mourad, M. S. & Caubbre, P. (1975). Acta 
Crvst. B31, 1907-1912. 

Courtois, A., Protas, J., Mourad, M. S. & Caubtre, P. (1977). Acta 
Crvst. B33, 208-210. 

Edwards, C., Gilmore, C. J., Mackey, S. & Stewart, N. (1996). 
CRYSTAN-GM. Program fi~r the Solution and Refinement of Crystal 
Structures. Version 6.3.3. University of Glasgow, Scotland. and 
MacScience Co. Ltd, Yokohama. Japan. 

Frisch, M. J., Trucks. G. W., Schlegel, H. B., Gill, P. M. W., Johnson, 
B. G., Robb, M. A., Cheeseman. J. R., Keith. T., Petersson, G, A., 
Montgomery, J. A., Raghavachari, K., Al-laham, M. A.. Zakrewski, 
V. G.. Ortiz, J. V., Foresman, J. B., Cioslowski, J., Stefanof. 
B. B., Nannayakkara, A., Challacombe, M.. Peng, C. Y., Ayala, 
P. Y., Chert. W., Wong. M. W., Andres, J. L., Replogle, E. S., 
Gomperts, R.. Martin, R. L., Fox, D. J., Binskley. J. S.. Defrees, 
D. J.. Baker. J., Stewart. J. P., Head-Gordon, M., Gonzalez, C. & 
Pople, J. A. (1996). GAUSSIAN94, Revision D.3. Gaussian Inc., 
Pittsburgh, Pennsylvania, USA. 

lanelli, S., Nardelli, M., Belletti, D., Geoffroy, P., CarrY, M. C., 
Mouaddib, A. & Caubbre. P. (1990). Acta Crvst. C46, 1318-1324. 

lanelli, S., Nardelli, M., Belletti, D., Jamart-Grbgoire. B., Mouaddib, 
A. & Caubbre, P. (1992a). Acta Crvst. B48, 178-185. 

Ianelli. S.. Nardelli, M.. Belletti, D.. Jamart-Grbgoire, B., Mouaddib, 
A. & Caub6re, P. (1992b). Acta Crvst. B48, 687-695. 

© 1998 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Ianelli, S., Nardelli, M., Belletti. D., Jamart-Gr~goire, B., Mouaddib, 
A., Zouaoui. M. A. & Caubbre, P. (1992). Acta Co'st. C48, 1730- 
[733. 

Johnson, C. K. (1970~. ORTEP. Report ORNL-3794, Oak Ridge 
National Laboratory, Tennessee, USA. 

Kammermeier, S,, Jones. P. G. & Herges, R. (1997). Angew. Chem. 
Int. Ed. Engl. 36, 1757-1760. 

Kaupp, G. & Boy. J. (1997). Angew. Chem. Int. Ed. Engl. 36. 48-49. 
Mac Science (1996). XDIP. DIP3000 Diffractometer Control Software. 

Mac Science Co. Ltd, Yokohama, Japan. 
Otwinowski. Z. & Minor, W. (1994). DENZO. An Oscil- 

lation Data Processing Suite for Macromolecular Crystall- 
ography. Yale University and the Howard Hughes Medical Insti- 
tute, New Haven. USA. 

Toda, F., Tanaka. K., Stein, Z. & Goldberg. I. (1996). Acta Co'st. 
C52, 177-180. 

Yoshioka, M., Iida, K., Kawata. E., Maeda, K., Kumakura, S. & 
Hasegawa, T. (1997). J. Org. Chem. 62. 2655-2657. 

Yoshioka, M., Miyazoe, S. & Hasegawa, T. (1993). J. Chem. Soc. 
Perkin Trans. 1, pp. 2781-2786. 

Yoshioka. M., Momose, S.. Nishizawa. K. & Hasegawa. T. (1992). J. 
Chem. Soc. Perkin Trans. 1. pp. 499-503, 

Yoshioka, M., Nishizawa, K., Arai, K. & Hasegawa. T. (1991). J. 
Chem. Soc. Perkin Trans. 1, pp. 541-547. 

Acta Cryst. (1998). C54, 1941-1943 

A Cytosine and Tryptophan Hybrid Dipep- 
tide: Cytosinyl-L-tryptophan-Water (2/6) 

MITSUNOBU DOl, MARIKO TARUI, MIHOKO OGATA, AKIKO 

ASANO AND TOSHIMASA ISHIDA 

Osaka UniversiO" o f  Pharmaceutical  Sciences, 4-20-1 
Nasahara, Takatsuki, Osaka 569-1094, Japan. E-mail: 
doit@ oysunO l.oups.ac.jp 

(Received 17 October 1997; accepted 8 June 1998) 

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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