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c2------c 1---426 122.0 (3) c6---475---c4 111.2 (2) 
c 1--c2--c3 124.6 (3) c8- -03--c5  117.2 (3) 
01--~3---c2 107.4 (3) 04---c8--03 122.8 (4) 
01---c3---c4 109.3 (3) 04----c8---c9 t26.2 (4) 
c2---c3--c4 112.7 (3) 03-4~8---429 111.0 (4) 
0 2 - - - c ~ 7  110.2 (2) 05---c6~c1 109.4 (3) 
02--424--c5 103.2 (2) 05---476---425 108.7 (2) 
c7--c4---475 110.6 (2) c 1---c6---475 112.8 (3) 
02--c4---c3 109.2 (2) c11y--05--c6 115.9 (3) 
c 7 - - c ~ 3  112.6 (3) 06--c10---05 122.7 (3) 
c5---c4----c3 110.7 (2) 06----c10--c11 125.2 (4) 
03---c5---c6 108.8(3) 0 5 - - - c 1 ~ 1 1  112.1 (3) 
03---475------c4 106.7 (2) 

Table 2. Hydrogen-bonding geometry (,2t, °) 

D--H. • .A D--H H. . .A D. • .A D--H. . .A 
OI--H1A. - .02' 0.82 2.02 2.793 (4) 157 
O2--H2A. • .OI 0.82 2.33 2.707 (4) 110 
O2--H2A- - -O6 i 0.82 2.24 2.873 (4) 135 

Symmetry code: (i) I - x, y - ½, ! - z. 

The H atoms were placed at geometrically suitable positions 
and refined with fixed isotropic displacement parameters U~so = 
1.2Ueq of the parent atom, except those belonging to O1, 02, 
C9 and C11, which were refined with Uiso = 1.5Ucq. The ab- 
solute s tereochemistry  could  not be determined from refine- 
ment of  the Flack parameter  because  intensities from Friedel 
mates were not measured.  The reported s tereochemistry  of  the 
structure is consistent  with the s tereochemist ry  of  the starting 
material and with spectroscopic  studies (Brovet to  et al., 1999). 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular  Structure Corporat ion,  1993). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduction: 
MSC/AFC Diffractometer Control Software. Program(s)  used 
to solve structure: SHELXS97 (Sheldrick, 1990). Program(s)  
used to refine structure: SHELXL97 (Sheldrick, 1997). Molec-  
ular graphics: ZORTEP (Zsolnai & Pritzkow, 1995). Sof tware  
used to prepare material for publication: PLATON98 (Spek, 

1990). 
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Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SX1084). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The title compound, C 2 2 H 2 0 0 2 ,  w a s  unexpectedly 
obtained in an attempt to synthesize 2-methylene-3,4- 
dihydronaphthalen-1 (2H)-one, a candidate cytotoxic and 
anticancer agent, and is a dimer of the expected 
product. 

Comment 
Recently, the cytotoxic evaluation of the Mannich base 
(I) revealed that its ICs0 figure towards murine P388 
leukaemia cells was 2.3 IxM (Dimrnock et al., 1998). 
Since Mannich bases are highly susceptible to deami- 
nation, liberating the corresponding c~,/3-unsaturated ke- 
tones (Carey & Sundberg, 1977), the preparation and 
bioevaluation of (2) was planned, with the aim of under- 
standing whether (I) or its putative breakdown product 
(2) was principally responsible for cytotoxicity. After 
heating an aqueous solution of (I) with a slight molar 
excess of potassium carbonate, a product was obtained 
whose mass spectrum indicated a molecular ion of 316, 
i.e. twice the value of (2). A survey of the literature re- 
vealed that a dimer of (2) had been reported previously 
(Brugidou & Christol, 1966), for which structure (3) had 
been proposed (Mtihlst~dt & Gensrich, 1966; Brugidou 
et aI., 1967). 

o o H 

(1) (2) 

(3) 
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The objective of  the present study was to determine 
the structure of  the 'd imer '  in order to evaluate the 
structure proposed and also to examine the shape of  
the molecule.  The 'd imer '  was active not only towards 
P388 cells (IC50 = 17 gM), but also to human K-562 and 
SR leukaemic cell lines, the IC50 values being 19 and 
9.5 pM, respectively. Thus, a knowledge of  the structure 
and shape of  the molecule may afford some indication 
as to the contributions of  different groups to bioactivity. 

The structure of  the title compound,  (3), is confirmed 
to be the same as that proposed previously (Miihlst~idt 
& Gensrich, 1966; Brugidou et al., 1967) and is 
presumably formed by a Diels-Alder- l ike reaction. 
The 'd imer '  can be viewed as two approximately 
planar components  jo ined  by a spiro-C atom. The two 
components  are both systems of  fused six-membered 
tings, each component  containing a phenyl  ring. The 
two phenyl  rings are nearly perpendicular to one another 
[75.95 (5)°]. 

The features of  the molecule that may influence its 
cytotoxicity are a ketonic-O atom, an ether-O atom 
and the two phenyl  rings. The O atoms can interact 
with proton-donor  groups on proteins or DNA, and 
the phenyl  t ings can have stacking interactions with 
aromatic systems on proteins or DNA. In addition, the 
phenyl  t ings can fit into major  and minor  grooves of  
DNA helices. The geometric relationship between these 
features may determine how this molecule interacts with 
a given binding site. 

c'4  6 ? 
o ,o 

Fig. 1. A general ORTEP view (Xtal3.5; Hall et al., 1997) of the title 
compound with non-H-atom displacement ellipsoids drawn at the 
50% probability level. For clarity, the H atoms are drawn as small 
spheres of arbitrary size. 

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

A solution of potassium carbonate (0.01 tool) in water (10 ml) 
was added slowly to a solution of (1) (0.008 tool) in water 

(20 ml). The mixture was heated under reflux for 24 h and 
after cooling, was extracted three times with chloroform. 
The combined organic extracts were washed with water 
and dried over anhydrous magnesium sulfate. Removal of 
the solvent gave a product which on recrystallization from 
diethyl ether/methanol gave (3) in 38% yield; m.p. 383 K 
(literature: 379-380 K; Mtihlstadt & Gensrich, 1966). Analysis 
calculated for C22H2002: C 83.51, H 6.37%; found: C 83.27, 
H 6.33%. The cytotoxic evaluation of (1) and the 'dimer' 
against murine P388 D1 cells was undertaken according to 
a literature procedure (Phillips et al., 1989) and examination 
against human leukaemic cells was performed according to a 
reported protocol (Boyd & Paull, 1995). 

Crystal data 

C22H2oO2 Mo Ka radiation 
Mr = 316.399 A = 0.71073 
Monoclinic Cell parameters from 25 
P21/ c reflections 
a = 8.0204(5)/~, 0 = 10.38-18.17 ° 
b = 9.0398 (10) ,~, /.t = 0.081 mm -~ 
c = 22.5974 (15) ~, T = 123 (2) K 
fl = 96.362 (6) ° Block 
V = 1628.3 (2),~3 0.47 x 0.25 x 0.20 mm 
Z = 4 Colourless 
Dx = 1.2907 Mg m -3 
Dm not measured 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 
SCanS 

Absorption correction: 
~b scan (North et al., 
1968) 
Tmi, = 0.936, Tmax = 1.000 

3762 measured reflections 
3286 independent reflections 

2825 reflections with 
I > 20-(/) 

Rint -- 0.025 
0max -- 26.28 ° 
h = - 9  ---~ 9 
k = 0 ---* 11 
l = 0 ---~ 28 
3 standard reflections 

every 200 reflections 
intensity decay: none 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.038 
wR(F 2) = 0.199 
S = 1.007 
3286 reflections 
218 parameters 
H atoms constrained 
w = 1/[0.2(Fo 2) + (0.0491P) 2 

+ 0.6387P] 
where P = (Fo 2 + 2F~)/3 

(A/0.)max = 0.001 
Apm~x = 0.315 e ~-3  
Apmin = -0.197 e ,~-3 
Extinction correction: 

SHELXL97 
Extinction coefficient: 

0.0072 (13) 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1992). Cell 
refinement: CAD-4 EXPRESS. Data reduction: Xtal3.5 (Hall 
et al., 1997). Program(s) used to solve structure: Xtal3.5. 
Program(s) used to refine structure: SHELXL97 (Sheldrick, 
1997). Molecular graphics: Xtal3.5. Software used to prepare 
material for publication: SHELXL97. 
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(S)-2,2'-Bis(methoxymethoxy)[ 1,1'-bi- 
naphthyl]-3,Y-dicarbaldehyde 

Comment 
Optically active l,l '-binaphthalene derivatives have 
been widely used in asymmetric reaction as chiral aux- 
iliaries (Rosini et al., 1992; Noyori, 1994). One of their 
advantages is that the dihedral angles between the two 
naphthalene ring systems have enough flexibility and 
adapt to the complexation with various metal ions. To 
some extent, the molecules can avoid possible steric 
repulsion by varying their dihedral angles. Their con- 
formation has been analysed in solution using circular 
dichroism (Hanazaki & Akimoto, 1972; Mason et al., 
1974), and in the solid state by X-ray diffraction (Aki- 
moto & Iitaka, 1969; Kerr & Robertson, 1969; Harata 
& Tanaka, 1973; Kuroda & Mason, 1981; Pauptit & 
Trotter, 1981, 1983; Franzini et al., 1991). 

We herein report the crystal structure of an opti- 
cally active (S)-binaphthalene derivative having 2,2'- 
bis(methoxymethoxy) and 3,3'-dicarbaldehyde groups. 
The title compound, (III), was prepared in two steps 
as shown in the scheme from commercially available 
(S)- 1, l'-bi-2-naphthol, (I). [A methoxymethoxy (MOM) 
group is a flexible chain of moderate length, and syn- 
thetically useful both for chelating to metal ions and for 
protecting an hydroxyl group. A formyl group is also a 
versatile functional group in organic synthesis.] 

OH 

OH 

(I) 

~ O C H 2 O C H 3  

~ OCH2OCH 3 

(II) 

, ~ C H O  

y "OCH2OCH3 
/   22 OCH3 
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Abstract 
The two naphthalene rings of the title compound, 
C26H2206,  are  in a transoid conformation. The dihedral 
angle between the mean planes of the naphthalene rings 
is large at 107.1 (3) ° . 

The two naphthalene rings are almost planoar with 
mean deviations of 0.017(3) and 0.039(3)A. The 
dihedral angle between the least-squares planes of the 
two rings is 107.1 (3) ° . To the best of our knowledge, 
it is one of the largest values ever reported in the 
crystal structure of 1,1'-binaphthalene derivatives [cf. 
103.1 for (R)- 1, l'-binaphthyl (Kuroda & Mason, 1981) 
and 111 ° for 2,2'-dimethoxy- 1, l'-binaphthyl (Gridunova 
et al., 1983)]. Interestingly, the crystals of these three 
compounds belong to the same space group, P412~2. 
Crystal packing of (R)-l,l '-binaphthyl was discussed 
in detail in comparison with that of racemic 1,1'- 
binaphthyl whose crystal belongs to the C21c group 
(Kuroda & Mason, 1981). This packing is relatively 
loose, thus causing a larger volume per molecule. It 
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