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Comment 
Many effective and useful asymmetric catalyses using 
optically active transition-metal complexes have been 
developed (Nugent, RajanBabu & Burk, 1993). The 
2,2'-binaphthyl group is considered to be a highly 
suitable moiety for endowing ligands with effective 
chirality (Kagan, 1985). In the course of our studies 
on the development of new chiral ligands for effect- 
ive asymmetric catalysis using transition-metal com- 
plex catalysts, we have synthesized a monodentate 
phosphine ligand, ( ___ )-7-phenyldinaphtho[2,1 -b;1 ',2'- 
d]phosphole (I), representing a new type of chiral 
phosphine based on the binaphthyl moiety, and have 
made a preliminary report of its preparation, proper- 
ties and X-ray analysis (Tani, Tashiro & Yamagata, 
1992). Recently, the preparation and properties of 
the same compound and the X-ray crystallographic 
analysis of the arsenic analogue were reported 
(Watson, Willis & Wild, 1993). Here we report the 
full details of the results of the crystallographic 
analysis of the title compound for comparison with 
that of the arsenic analogue. 
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Abstract 
An X-ray diffraction study of a crystal of the title 
c o m p o u n d ,  C26HI7 P, showed that the naphthyl rings 
bend away from each other and deviate significantly 
from planarity; the whole molecule has helical 
chirality. The crystal chosen for the crystallographic 
analysis had P absolute configuration, indicating 
that spontaneous resolution had occurred during 
crystallization. 

The phosphine (I) was prepared from the reaction 
of dichlorophenylphosphine with a slight excess of 
( -+ )-2,2'-dilithio- 1, l'-binaphthyl, analogously to the 
method reported in the literature (Watson, Willis & 
Wild, 1993), and was isolated in 60% yield after 
crystallization from ethanol as pale yellow crystals, 
m.p. 430.5-432 K. For the X-ray crystallographic 
study, a single crystal grown from methanol was 
used. 

The molecular structure and a stereoscopic view 
are shown in Figs. 1 and 2, respectively. The molecu- 
lar structure and the crystal dimensions are similar to 
those reported for the arsenic analogue (Watson, 
Willis & Wild, 1993). Although the five-membered 
phosphole ring and each benzene ring in the bina- 
phthyl moieties are almost planar, the naphthyl rings 
are bent significantly away from each other, making 
the compound chiral. The maximum shifts from the 
calculated mean planes are 0.084 (4)/~ for the phos- 
phole five-membered ring and 0.075 (4)/~ for the 
benzene rings. The crystal chosen for the X-ray 
analysis belonged to the enantiomeric space group 
P2~ and the absolute configuration was determined 
to be P. This result indicates that spontaneous 
resolution had occurred during crystallization, 
although compound (I) racemized easily in solution 
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: a t  room temperature, as indicated by the 
temperature-dependent 13C N M R  study [AG + 
59.4 kJ mol -  1 at 253 K (Tani, Tashiro & Yamagata,  
1992)]. The dihedral angles between the benzene 
rings (plane 2, plane 4) and the phosphole ring (plane 
1) are 6.67(9) and 12.03 (9) °, respectively. Each 
napthalene moiety is also folded considerably at the 
C - - C  bond fusing two benzene rings; the dihedral 
angle between plane 2 and plane 3 is 12.2 (2) ° and 
that between plane 4 and plane 5 is 9.6 (1) °. The 
phenyl ring (plane 6) is almost perpendicular 
[92.9(2) °] to the phosphole ring (plane 1). The 
dihedral angles between rings are summarized in 
Table 3. The dihedral angle between the outer ben- 
zene rings and that between the inner pair are 
38.2 (2) and 18.7 (2) ° , respectively, which are similar 
to those reported for the arsenic analogue [39.3 and 
20.4 °, respectively (Watson, Willis & Wild, 1993)]. 
The distance between H(8) and H(13) is 2.33 (5)A. 
The average distance of the P - - C  bonds [1.823 (7) .~] 
is shorter by 0.12 A than that of the As---C bonds in 
the arsole [1.947 (10).~ (Watson, Willis & Wild, 
1993)]; this difference is close to the difference of the 
covalent radii of P and As. 

C(24) 

°='i 
"U ) co,,, c+ 

I H ( a ) C ( a ) o y - < ,  • ~ C( ) 

c, , , ,  c,,o, c , , , _ _  

~ C(10) C(1) C12) C(3) 

C(15) COd) C(13) H(13) 

Fig. 1. Molecular structure of the title compound (ORTEPII; 
Johnson, 1976). 

Experimental 
Crystal data 

C26HI7P 

Mr = 360.39 
Monoclinic 
P21 
a -- 10.9127 (9) .A, 
b -- 7.9906 (8) ~, 
c = 10.8248 (9) * 
/3 = 93.456 (7) ° 
V = 942.2 (1) ,~3 
Z = 2  
Dx = 1.270 Mg m -3  

Dm = 1.234 (1) M g  m -3  

D,, measured by flotation in 
aqueous CsC1 

Data collection 
Rigaku AFC-5R diffractome- 

ter 
03 scans  

Absorption correction: 
empirical (North, Phillips 
& Mathews, 1968) 
Tmin -- 0.832, Tmax = 
0.999 

2876 measured reflections 
2785 independent reflections 
2665 observed reflections 

[Fo > 3.0cr(Fo)] 

Refinement 

Refinement on F 
R-- 0.0386 
wR = 0.0463 
S-- 1.771 
2665 reflections 
311 parameters 
All H-atom parameters 

refined 
w = l/o'2(F) 

Fig. 2. A stereoview of the title compound. 

Cu Ka radiation 
A = 1.5418 ,~ 
Cell parameters from 20 

reflections 
0 = 21-23 ° 
# = 1.31 mm -~ 
T = 293 (1) K 
Plate 
0.80 × 0.60 × 0.10 mm 
Pale yellow 
Crystal source: crystalliza- 

tion from methanol 

Ri~, = 0.015 
0max = 60 ° 
h = - 12 ~ 12 
k = - 8  ---* 8 
l = 0---~ 12 
3 standard reflections 

monitored every 150 
reflections 

intensity variation: not 
significant 

(A/o')max = 0.0001 
Apmax = 0.35 e .~-3 
mpmin = -0.29 e ~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.2B) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2) 

Ueq = (1/3)~i~jUija~ a*. ai ay j " . 

x y z Ueq 
P 0.16836 (7) 0.2500 0.31413 (6) 0.0467 (4) 
C(l) 0.3232 (3) 0.1856 (4) 0.2837 (2) 0.0415 (16) 
C(2) 0.4156 (3) 0.1392 (4) 0.3738 (3) 0.0510 (19) 
C(3) 0.5289 (3) 0.0966 (5) 0.3386 (3) 0.0540 (19) 
C(4) 0.5589 (3) 0.1148 (4) 0.2134 (3) 0.0467 (16) 
C(5) 0.6805 (3) 0.0874 (5) 0.1785 (4) 0.0580 (20) 
C(6) 0.7143 (3) 0.1319 (5) 0.0643 (4) 0.0607 (22) 
C(7) 0.6294 (3) 0.2087 (4) -0.0200 (3) 0.0537 (19) 
C(8) 0.5096 (3) 0.2285 (5) 0.0079 (3) 0.0448 (15) 
C(9) 0.4686 (3) 0.1728 (4) 0.1234 (2) 0.0394 (14) 
C(10) 0.3442 (3) 0.1885 (3) 0.1582 (2) 0.0372 (14) 
C(11) 0.2311 (2) 0.2249 (4) 0.0806 (2) 0.0363 (14) 
C(12) 0.2059 (3) 0.1976 (3) -0.0506 (2) 0.0377 (14) 
C(13) 0.2792 (3) 0.0964 (4) -0.1236 (3) 0.0440 (16) 
C(14) 0.2504 (3) 0.0753 (5) -0.2475 (3) 0.0535 (19) 
C(15) 0.1474 (3) 0.1536 (5) -0.3047 (3) 0.0587 (20) 
C(16) 0.0708 (3) 0.2443 (5) -0.2362 (3) 0.0537 (17) 
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C(17) 0.0951 (2) 0.2629 (4) -0.1066 (2) 0.0441 (15) 
C(18) 0.0076 (3) 0.3419 (5) -0.0336 (3) 0.0514 (18) 
C(19) 0.0253 (3) 0.3431 (4) 0.0926 (3) 0.0490 (17) 
C(20) 0.1364 (2) 0.2839 (4) 0.1491 (2) 0.0412 (15) 
C(21) 0.1965 (3) 0.4622 (4) 0.3742 (2) 0.0445 (16) 
C(22) 0.1322 (3) 0.5198 (5) 0.4718 (3) 0.0480 (18) 
C(23) 0.1480 (3) 0.6812 (5) 0.5157 (3) 0.0548 (19) 
C(24) 0.2276 (4) 0.7864 (5) 0.4611 (3) 0.0621 (21) 
C(25) 0.2940 (4) 0.7311 (5) 0.3644 (3) 0.0693 (22) 
C(26) 0.2790 (4) 0.5694 (5) 0.3221 (3) 0.0600 (21 ) 

Table 2. Selected geometric parameters (A, o) 
P--C(I) 1.815 (3) P--C(20) 1.819 (3) 
P--C(21) 1.835 (3) C( I )--C(10) 1.391 (4) 
C(10)--C(I 1) 1.479 (4) C(I 1)--C(20) 1.391 (4) 
H(8). • -H(I 3) 2.33 (5) 

P--C(I)--C(2) 125.7 (2) P--C(1)--C(10) 112.5 (1) 
P--C(20)--C(11) 111.6 (2) P--C(20)--C(19) 125.9 (2) 
P--C(21)--C(22) 119.8 (2) P--C(21)--C(26) 121.7 (3) 
C(1)--P--C(20) 89.4 (1) C(I)--P--C(21) 100.9 (1) 
C(20)--P--C(21) 103.2 (1) C(2)--C(I)--C(10) 121.8 (3) 
C(1)--C(10)--C(9) 117.9 (2) C(I)--C(10)--C(11) 112.2 (2) 
C(9)--C(10)--C(I 1) 129.6 (3) C(10)--C(ll)--C(12) 129.1 (3) 
C(10)--C(11)--C(20) 112.6(2) C(12)--C(11)--C(20) 118.1 (2) 
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5,6-Dihydroxy-7-methoxyflavone 

Table 3. Dihedral angles (°) between least-squares planes 

Plane 1: P, C(1), C(10), C(I 1), C(20). Plane 2 C(1)-C(4), C(9), C(10). 
Plane 3: C(4)-C(9). Plane 4: C(11), C(12), C(17)-C(20). Plane 5: C(I 2)- 
C(17). Plane 6:C(21)-C(26). Napl 1: C(I)-C(10). Napl 2:C(11)-C(20). 

Plane 1--Plane 2 6.67 (9) Plane l--Plane 4 12.03 (9) 
Plane l--Plane 6 92.9 (2) Plane 2--Plane 3 12.2 (2) 
Plane 2--Plane 4 18.7 (2) Plane 3--Plane 5 38.2 (2) 
Plane 4--Plane 5 9.6 (1) Napl 1--Napl 2 28.7 (1) 

The  posit ional  parameters  for all non-H a toms were de te rmined  
by direct me thods  (Sheldrick,  1985). The  ref inements  were car- 
ried out by ful l-matrix least-squares techniques  (Imoto,  1990). 
All H a toms were located in a difference Fourier  map.  The  A f '  
and A f "  componen t s  of  anomalous  dispers ion were inc luded in 
the calculat ion for the P a tom (Cromer  & Ibers, 1974). The  re- 
fined structure showed  P helicity. On the other hand,  the enan- 
t iomeric  structure gave R and wR values of  0.0494 and 0.0601. 
Thus,  we dec ided  that the title c o m p o u n d  has the absolute con- 
figuration P. All calculat ions were carried out on an NEC A C O S  
930S compu te r  at the Research Center  for Protein Engineer ing,  
Insti tute for Protein Research,  Osaka Universi ty.  
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Abstract 
The 5-hydroxy group of the title compound, 
5,6-dihyd roxy-7-methoxy-2-phenyl-4H- 1 -benzo- 
pyran-4-one, C~6H ~205, forms a cyclic intramolecular 
hydrogen bond O(3)--H..-O(2), H.-.O = 1.71 (3)A~, 
with the carbonyl group. The heterocyclic ring is not 
coplanar with the phenyl ring. The C(7) methoxy 
group is in the plane of the y-benzopyrone ring 
with the torsion angle C(11)--O(4)--C(7)--C(8)= 
2.9(3) ~. 
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Comment 
The dihedral angle of 12.2 (2) ~ between the phenyl 
ring and the y-benzopyrone portion of the molecule 
(I) is significantly different from those of two related 
structures, 5-hydroxy-7-methoxyflavone (Shoja, 
1989) and 5-hydro×yflavone (Shoja, 1990), with 
dihedral angles of 24.8 (:2) and 5.7 (7) ~j, respectively. 
Given the wide range of dihedral angles and the fact 
that all three of these molecules contain hydrogen 
bonding, it is unlikely that any planarity is solely a 
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