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Absiract: New chiral phosphinephosphites (R)-(5,5"dichloro-2-diphenylphosphino-4,4',6,6'- teuamethylbipbmyi-z-
yIX(§)-1,1'-binaphthalen-2,2'-diyl)phosphite [abbreviated (R,S)-BIPHEMPHOS]} and its enantiomer (§,R)-
BIPHEMPHOS have been synthesized from 5,5'-dichloro-4,4',6,6'-tetramethyl-2,2-biphenyldiol in enantiomerically
purc form. Their Rh(I) complexes have been shown to be highly efficient catalysts for asymmetric
hydroformylations of a variety of olefinic substrates. The corresponding phosphinephosphites derived from 2,2-
biphenykliol were also tested as ligands for asymmetric hydroformylation,

Recently we have reported that the Rh(I) complexes of phosphinephosphite ligand (R,S)-1 and its enantiomer
(S,R)-1 are highly efficient catalysts for enantioselective hydroformylation of a variety of mono- and 1,2-
disubstituted olefins.!2 In these ligands atropisomeric 1,1'-binaphthalene moieties are used as chiral elements.
Since subtle alteration in structural and electronic properties of chiral ligands often brings about an important
change in the efficiencies of asymmetric catalysis,3 we have synthesized new phosphinephosphites 2 having
biphenyl backbone.

New phosphinephosphite ligands (S,R)-2a, (R.R)-2a, and their enantiomers have been synthesized as shown
in Scheme 1. Racemic 5,5-dichloro-4,4',6,6'-tetramethyl-2,2'-biphenyldiol (3a) was prepared by a coupling of
4-chloro-3,5-dimethylphenol without solvent by using FeCl3 as oxidizing agent in 30% isolation yield.4
Compound 6a was prepared in 53% overall yield from 3a in three steps as we reported for the synthesis of 1.1
The reaction of racemic 6a with enantiomerically pure (R)-7 in the presence of NEt3 gave a diastereomeric
mixture of (§,R)-2a and (R,R)-2a, which could be easily separated by silica gel column chromatography to
give pure (S.R)-2a (32%) and (R,R)-2a (21%). The absolute configurations of the two diastereomers of 2a

(R.S11: Ar = CHs [(R, 5)-BINAPHOS)
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could be assigned by the comparison of P—P coupling constants of 31P NMR spectra with those of (S,R)- and
(R,R)-1.5-6 Similarly, (S,R)-2b and (R,R)-2b were prepared starting from 2,2'-biphenyldiol (3b). 31P NMR
spectrum of the product mixture showed that two compounds were formed in 55:45 ratio, which were assigned to
(5,R)-2b and (R,R)-2b, respectively.5:7 Atempted separation of each diastereomer by either recrystallization or
column chromatography resulted in recovery of the same mixture, which indicates that the rotation around the

biphenyl axis of 2b is restricted in solution at room temperature, but they are not stable enough to be separated.

Reaction of Rh(acac)(CO)2 and 1.0 equiv of 2 in CH2Cl, afforded complex Rh(acac)(2) in quantitative
yield.8 Interestingly, when the diastereomeric mixture of (§,R)-2b and (R,R)-2b (55:45 by 31P NMR) was
treated with Rh(acac)(CO)z in CH2Cl2, only one complex was obtained,” whose structure has not been

elucidated yet (vide infra).
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Hydroformylations catalyzed by Rh(acac)(2) were carried out in the presence of three fold excess of free
ligands. In most cases, however, the catalyst species were prepared in situ by simply mixing Rh(acac)(CO)2 and
4.0 equiv of 2. Some selected results are given in Table 1. The results obtained with ligand 1 are also listed in
parentheses.!2 When (R,S)- or (S,R)-2a was used as ligand, high regio- and enantioselectivities have been
obtained. Forall of the substrates listed, the values are almost the same or even higher compared with those
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Table 1. Hydroformylations of olefins 8 and 11 catalyzed by phosphinephosphite—Rh(I) complexes?®

Substrate  Ligand? Temp Time S/C Convs® 9/10¢.d 9 or 12d.e Config/
< h % or 12/13 % ee
8a (S,R)-2a 60 42 1000 >99 90/10 (88/12) 94 (94) S-(+)
8a (R.R)-2a 60 40 1000 95 92/8 16 R-()
8a (S,R)-2b+ 60 40 1000 98 89/11 69 S-(+)
(R,R)-2b
8b (S.R)-2a 60 40 1000 65 85/15 (86/14) 90 (92) R-(+)
8c (S,R)-2a 30 40 1000 51 23/77 (24(16) 85 (75) S-(+)
8d (S,R)-2a 60 40 3500 — — 85 (82) R-(-)
11a (S.R)-2a 60 20 200 62 92/8 (92/8) 88 (83) +)
11b (R.S)-2a 60 12 500 74 95/5 (96/4) 96 (97) )

4 Reactions were carried out in benzene (solvent/substrate ratios were 0.5—1) in a 50-mL autoclave under 1:1 mixture of H and CO
at initial total pressure of 100 atm. ? Catalysts were prepared in situ by addition of 4.0 equiv of 2 to Rh(acac)(CO); unicss otherwise
sated. € Conversions and 9/10 or 12/13 ratio were determined based on LH NMR using PhaCH> as intemal standard. The ratios of
9/10 or 12/13 together with the conversions reflect the actual yield. ¢ The results obtained with (S,R)- or (R,S)-1 are given in
parentheses. ¢ Determined by GLC analysis with & chiral capillary column (CHROMPACK Cp-Cyclodex 8-236M (9a, 9¢, 9d) or
astec Chiraldex B-PH (12a, 12b)) of acids derived by Jones oxidation of the products, or 1H NMR of 9b using Eu(hfc)3 . !

Determined by the sign of optical rotation. £ Since 84 is very volatile, only turnover number / hour (3.7) was determined by 'H
NMR using PhyCHJ> as an internal standard.



obtained by use of (R,$)- or (§,R)-1. On the other hand, the reaction using (R,R)-2a—Rh(acac)(CO); system
as catalyst resulted in much lower ee (16%) as has also been observed for the reaction with (R,R)-1.! Notably,
reaction of 8a with the catalytic system derived from a mixture of (§,R)-2b and (R,R)-2Zb (55:45) and
Rh(acac)(CO), afforded (5)-9a in 69% ee whose absolute configuration is the same with that of the product
obtained using (S,R)-1 and (S,R)-2a. Since only one 2b—Rh(I) complex has been formed by the reaction of a
chirally flexible mixture of (§,R)-2b and (R,R)-2b with Rh(acac)(CO)z, the result suggests that the catalyst
formed in situ is a (5,R)-2b—Rh(I) complex.

The above results show that (S,R)- and (R,5)-2 are highly efficient ligands for Rh(I)-catalyzed asymmetric
hydroformylations. The starting 2,2"-biphenyldiol derivatives are casily accessible by oxidative coupling of a
variety of substituted phenols. Thus, new unsymmetrical phosphinephosphites 2 will become versatile chiral
ligands for asymmetric hydroformylations, Optical resolution of 3a is now underway.
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The P—P coupling constant of (5,R)-1 (29.2 Hz) is considerably larger than that of (R,R)-1 (9.2Hz).1

6. All new compounds 2—6 gave satisfactory elemental analyses and consistent spectral data. (§,R)-2a: pale
yellow solid, mp 155—162 °C (dec), [o]p2> = -281 (c 1.0, toluene), 31P NMR (toluene-dg) 8 -13.4 (d,
Jp.p=35.1 Hz) and 146.7 (d). (R.R)-2a: pale yellow solid, mp 153—159 °C, [a]p?2 =-252 (c 1.0,
toluene), 31P NMR (toluene-dg) 8 -12.6 (d, Jp.p = 12.2 Hz) and 145.8 (d). A 55:45 mixwre of (R.5)-2b
and (5,5)-2b: pale yellow solid, mp 150—156 °C, [a]p22 = 324 (¢ 1.0, toluene), 31P NMR (toluene-dg)
(S,R)-isomer: 8 -11.9 (d, Jp.p = 35.1 Hz) and 146.8 (d), (R,R)-isomer: 3 -11.5 (d, Jp.p =21.4 Hz) and
146.8 (d).

7 A mixture of (S,R)-2b and (R,R)-2b was obtained in 62% yield from 6b.

8. Rh(acac)[(S,R)-2a): 31P NMR (toluene-dg) & 49.4 (dd, Jp.p = 84.0 Hz, Jru.p = 175.5 Hz) and 159.8 (dd,
Jrn.p = 330.4 Hz). Rh(acac)[(R,R)-2a]: 3!P NMR (toluene-dg) 8 51.2 (dd, Jp.p = 82.4 Hz, Jra.p = 180.0
Hz) and 154.7 (dd, Jrn.p = 325.0 Hz). The complex derived from a mixture of (S,R)-and (R,R)-2Zb and
Rh(acac)(CO)y)(tentatively assigned to Rh(acac)[(S.R)-2b]): 3!P NMR (CDCl3) & 50.4 (dd, Jp.p = 87.0
Hz, Jryp = 174.0 Hz) and 160.2 (dd, Jry.p = 328.1 Hz).
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