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The crystal structure of the title compound, [(S)-(ÿ)-BINAP]

or C44H32P2, is enantiomorphous to the previously reported

(R)-(+)-BINAP [Deeming et al. (1997). Organometallics, 16,

6004±6009], with effectively no differences in the molecular

geometry apart from being of opposite absolute con®guration.

Comment

The ability to selectively form one enantiomer in preference to

the other (asymmetric catalysis) is undoubtedly one of the

major advances in modern drug design and synthesis. In 2000,

the total worldwide sales of single-enantiomer compounds was

123 billion US dollars (Stinson, 2001). In recognition of the

outstanding contributions to this ®eld, Noyori received the

Nobel Prize for Chemistry in 2001, with much of his work

being centred around the different chiral forms of 2,20-bis-

(diphenylphosphino)-1,10-binaphthyl (BINAP) (Noyori,

2002). BINAP is a conformationally ¯exible atropisometric

diphosphine, which is able to coordinate to several transition

metal centres, such as rhodium (Ikariya et al., 1985), ruthen-

ium (Toriumi et al., 1982) and palladium (Ozawa & Hayashi,

1992). Once BINAP is coordinated, the high steric hindrance

around the metal centre affords complexes which are

extremely potent for asymmetric hydrogenation (Noyori,

2002). An example of this is the synthesis of (ÿ)-menthol, in

which a [Rh-(S)-BINAP] derivative is utilized to induce

chirality in the ®nal product. A search in the Cambridge

Structural Database (Allen, 2002) reveals that only the (R)-

(+)-BINAP crystal structure has been reported so far

(Deeming et al., 1997). We report here the structure of the S

enantiomer of this renowned organic ligand.

[(S)-(ÿ)-BINAP], (I), crystallizes in the monoclinic space

group P21, with one molecule in the asymmetric unit, as

depicted in Fig. 1. Individual molecules of (S)-(ÿ)-BINAP are

spatially arranged in close packing along the a direction (Figs.

2 and 3). The structures of the R and S enantiomers are

essentially the same, except for being of opposite absolute

con®guration (Deeming et al., 1997).
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Experimental

(S)-(ÿ)-2,20-Bis(diphenylphosphino)-1,10-binaphthyl was purchased

from Aldrich (99.99% purity). Crystals suitable for X-ray diffraction

analysis were obtained by recrystallization from methanol.

Crystal data

C44H32P2

Mr = 622.64
Monoclinic, P21

a = 9.1206 (2) AÊ

b = 18.7541 (7) AÊ

c = 9.9829 (3) AÊ

� = 103.206 (2)�

V = 1662.40 (9) AÊ 3

Z = 2

Dx = 1.244 Mg mÿ3

Mo K� radiation
Cell parameters from 6595

re¯ections
� = 1.0±25.0�

� = 0.16 mmÿ1

T = 180 (2) K
Block, white
0.23 � 0.21 � 0.16 mm

Data collection

Nonius KappaCCD diffractometer
Thin-slice ! and ' scans
Absorption correction: multi-scan

(SORTAV; Blessing, 1995)
Tmin = 0.934, Tmax = 0.981

11117 measured re¯ections
5303 independent re¯ections

4457 re¯ections with I > 2�(I)
Rint = 0.043
�max = 25.1�

h = ÿ10! 10
k = ÿ22! 20
l = ÿ11! 11

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.042
wR(F 2) = 0.088
S = 1.04
5303 re¯ections
415 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0313P)2

+ 0.2494P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.22 e AÊ ÿ3

��min = ÿ0.28 e AÊ ÿ3

Absolute structure: Flack (1983)
Flack parameter = ÿ0.04 (8)

Table 1
Selected geometric parameters (AÊ , �).

P1ÐC1 1.828 (3)
P1ÐC13 1.838 (3)
P1ÐC7 1.837 (3)
P2ÐC33 1.832 (3)

P2ÐC39 1.841 (3)
P2ÐC32 1.843 (3)
C22ÐC23 1.504 (3)

C1ÐP1ÐC13 103.59 (13)
C1ÐP1ÐC7 102.88 (13)
C13ÐP1ÐC7 101.83 (12)

C33ÐP2ÐC39 102.39 (13)
C33ÐP2ÐC32 101.88 (12)
C39ÐP2ÐC32 100.36 (13)

All H atoms were placed in calculated positions and allowed to

ride during subsequent re®nement, with Uiso(H) = 1.2Ueq(C). A total

of 2287 Friedel pairs were used in the re®nement.

Data collection: COLLECT (Nonius, 1998); cell re®nement: HKL

SCALEPACK (Otwinowski & Minor, 1997); data reduction: HKL

DENZO (Otwinowski & Minor, 1997) and SCALEPACK;

program(s) used to solve structure: SIR92 (Altomare et al., 1994);

program(s) used to re®ne structure: SHELXTL (Bruker, 2001);

Figure 2
Crystal packing of two (®lled and hollow bonds) molecules of (I).

Figure 3
Perspective view of the crystal structure of (I) along the c direction.

Figure 1
The molecular structure of (I), showing the labelling scheme for all non-H
atoms. Displacement ellipsoids are drawn at the 30% probability level
and H atoms are shown as small spheres.



molecular graphics: SHELXTL; software used to prepare material

for publication: SHELXTL.
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