Tetrahedron Letters, Vol. 37, No. 30, pp. 5347-5350, 1996
Pergamon Copyright © 1996 Elsevier Science Lid

Printed in Great Britain. All rights reserved

PII: S0040-4039(96)01090-8 0040-4039/96 $15.00 + 0.00

(R)- and (S)-6,6'-Dimethyl- and 6,6'-Dimethoxy-2,2'-diiodo-1,1'-biphenyls:
Versatile Intermediates for the Synthesis of Atropisomeric Diphosphine Ligands.!
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Abstract: Starting from enantiomerically pure 6,6'-dimethyl- or 6,6'-dimethoxy-2,2'-diiodo-1,1'-
biphenyls (1a or 1b) a variety of atropisomeric diphosphine ligands of defined axial chirality are
directly accessible in good yields: asymmetric diphosphines of type B and the corresponding
diphosphines with one (type C) or two (type D) stereogenic phosphorus atoms. Pitfalls of the
lithiation/phosphination reaction are discussed. The number of P-chiral diastereomers can be
reduced by thermal epimerization. Copyright © 1996 Elsevier Science Ltd

The Rh and Ru complexes of bipheny! diphosphines of type A, such as 3a (R! =Ph) or 3b (R! = Ph) are
highly efficient catalysts for the asymmetric hydrogenation of standard substrates (e.g. B-keto esters, allylic
alcohols etc.)2. For the hydrogenation of unconventional substrates (e.g. y-oxo olefins, o-pyrones)>3, atropiso-
meric diphosphines with different steric and electronic properties are often required. As demonstrated, the di-
phosphine properties can be modified by varying the substitution pattern at the two phosphorus atoms3b-g, In
the case of biphenyl diphosphines, this would lead to ligands of type B, C and D (Scheme 1). So far, one di-
phosphine of type B32, but no member of the other two classes combining a stereogenic axis with one or two
stereogenic phosphorus atoms has been published?.
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Scheme 1. a: R=Me; b: R=0Me (only (R)-enantiomer shown);

The ready availability of the enantiomerically pure 6,6'-dimethyl- and 6,6'-dimethoxy-2,2"-diiodo-1,1'-
biphenyls (1a and 1b) of defined axial chirality! has now opened up a direct access to enantiomerically pure
diphosphines of type B-D. Thus monolithiation of 1, preferably with -BuLi, and phosphination with dialkyl-
or diarylphosphinous chlorides afforded the homochiral iodo monophosphines 2 in 60-80% yield (Table 1 ).
Lithiation of 2 with n-BuLi and phosphination with achiral or racemic phosphinous chlorides led to the asym-
metric diphosphines 4 (Table 2) and 5 (Table 3), respectively, In an analogous way, diphosphines 6, which
are stereogenic at both phosphorus atoms, were prepared from 1 and racemic chlorophosphines. When carried
out at low temperature (-70°), these reactions gave good yields (60-85%) and proceeded with full retention of
the biphenyl stereochemistry. However at higher temperatures (> -20°), under otherwise identical conditions,
(R)-2a and (R)-1a were converted exclusively to the racemic dibenzophosphole (rac)-87 and phenyllithium
(Scheme 2). The latter reacted with CIPPh; to give triphenylphosphine or, in the absence of CIPPhy, could be
trapped as benzoic acid by adding dry ice to the reaction mixture. Similarly, treatment of (R)-1b and (R)-2b
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with one equivalent of BuLi (> -20°) led to the new racemic dibenzofurans (rac)-137 and (rac)-147, respective-
ly, in 55-85% yield (Scheme 3). These results indicate a great tendency of the aryllithium species to undergo in-
tramolecular attack on the hetero atom, favouring oxygen over phosphorus if both are present as in 7b. The cru-
cial effect of the temperature on the outcome of these lithiation/phosphination reactions is striking and might also
explain the contradicting results reported in the literature for the phosphination of 2,2-dilithiobiphenyi8.
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Scheme 2. (only (R)-enantiomer shown)

Intramolecular interaction of the aryllithium species with the phosphorus atom was evident also at low
temperature (-70°). The reaction of the chiral diiodide (R)-1a with BuLi and diphenylphosphinic chloride in lieu
of diphenylphosphinous chloride at -70° yielded the racemic dioxide (rac)-11. In contrast, the analogous reac-
tion of monoiodide (R)-2a gave the monoxide (R)-12 without racemization (Scheme 2). These results might be
explained by assuming an equilibration of the intermediate 9 via a symmetric dibenzophosphole type interme-
diate such as 10.
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Scheme 3 (only (R)-enantiomer shown)

The heterotopicity of the phosphorus substituents of diphosphines C and D is reflected in the chemical
shifts of the methyl and methoxy groups in the [HNMR spectra, thus enabling the assignment of the relative
configuration of the stereogenic phosphorus atoms, particularly when the lTHNMR s&)cctra of both epimers are
known?. The relatively high field IHNMR signals of the methyl (3a; 1.40 ppm)102 and methoxy (3b; 3.15
ppm)10b groups at C(6) or C(6') are due to ring current shielding by phenyl rings. Contributing to this shielding
are: a) the biphenyl system (depending on the interplanar angle of the biphenyl)!0a.c¢; b) the aryl substituent on
phosphorus at C(2') or C(2) located in a stacking position above the methyl or methoxy group of the biphenyl
system102.11_In some cases the assigned configuration was confirmed by X-ray crystallography!2.

Table 1: lodo monophosphines
R R'  OMeppm [a)p® (A [0fp?® (S mp (°C) (rac); mp (°C)

(A &(S)-2a Me Ph 1.94; 1.54 -44.8 +43.5 167-168 166-167
(S)-2a Me Tol 1.93; 1.55 +55.7 136.4
(S)-2a Me Cyhex 2.02; 1.94 +8.7 138-144(dec.)

8OMe ppm
(S)-2b OMe  Ph 3.75; 3.09 -9.0 125.7 194-195

For Tables 1-3: []p2%° (c = 0.5-1, CHClg).



Table 2: Diphosphines of class B lacking C2>-symmetry .

R R'  R2  Oeppm [0 (A [o)o?”(S)  mp(C)
(Rior(S4a Me Ph o-Thienyl 144;136  +71.9 -70.2 149-151
(S)-4a Me Tol a-Thienyl 1.44; 1.39 -48.0 foam
(Ryor(S)-4a Me Ph  o-Furyl 150;1.37 -66.3 +66.7 123-125
(Rlor(Sy4a Me Ph  Cypent 1.91;1.31 -39.5 +40.4 129-130
(Ryor(S-4a Me Ph Et 1.92; 1.42 -24.8 +25.5 107.5-108
(S-4a Me Ph Cyhex  1.92;1.27 +52.3 185-186
(Ryor(S-4a Me Tol Cyhex  191; 128 715 +69.4 166-167
8OMe ppm
(R)-4b OMe Ph Cyhex  3.68;3.08  +10.3 238-239
(S)-4b OMe Ph Et 3.69; 3.18 - -40.0 foam
(S)-4b OMe Ph  Cypent  3.66; 3.07 -15.7 210-211
(S)-4b OMe Ph  o-Furyl  3.44; 3.11 - -28.4 213-214
(S)-4b OMe Ph iPr 3.67; 3.01 - -29.0 147.5-148
(5)}-4b OMe Ph o-Thienyl 3.27;3.13 - -102.0 223.5-223
(S)-4b OMe Ph 35-BuoPh 3.29; 2.98 - -56.8 106-107
Table 3: Diphosphines of class C or D, with one or two stereogenic P-atoms
R R' R2 R3 sackd OSmeppm [ap2” ®) mpeC)  P'-config.
(A(S-5a¢ Me Ph Ph 'Bu Ph 135,106 +154.3  140-141 A stable
(5s)-5ad  Me Ph Ph Bu 'Bu 204,128 -121.0  142-143 A unstable
(R(R)-5ad  Me Ph Ph 'Bu Bu 205 1.28 147-149 A unstable
(5)(S)¢-5a€  Me pTol Ph  'Bu 'Bu 2.04;1.32 142-143 A unstable
(RY(S)-5a ) Me pTol Ph 1IBu Ph  1.36;1.06 +168.6 161-162 A stable 12
(R)(S)-5a Me Ph Ph Cyhex Ph 133,100 +129.0 187-188 Astable '2
(R)(FA)-5a Me Ph Ph Cyhex Cyhex not isol. A unstable
(RRNS)}6a9 Me - Ph Cyhex Ph 0.92 +164.8  187-188 A stable 12
(S,5)(RA-6a9  Me - Ph Cyhex Ph 0.92 -166.6  190-191 A stable
(5.5)1(516ah  Me - Ph Cyhex Cyhex. 1.97 -56.0  (159°) 190 A unstable
(SANS}6a )  Me - Ph Cyhex Ph/Cy  notisol.
(RRAN(S)6akK Me - Ph  1Bu Ph 0.98 +183.5  138-139 A stable
(55(s-6al Me - Ph tBu  lBu 2.01 -246.0  143-144 A unstable 12
(SA(S)6a™  Me - Ph 'Bu PhiBu 196,105 +34.6 120-121

a) Stack = stacking position!?, e.g. one of the substituents on phosphorus is situated in an nearly parallel posi-
tion above the adjacent phenyl ring of the biphenyl backbone (cf. the stereoscopic drawing of (R)-3a (R1 =
Ph)10a b} (c = 0.5-1, CHCI3). ©) A Stable; apolar, major product; '8u: 1.1 ppm (d, J = 12.6 Hz). 9) (R)(R) or
(S)(S); polar, minor product; 1Bu: 1.10 ppm (d, J = 12.3 Hz}); on heating at 100° complete epimerization to (S)(R)-
and (R)(S)-5a, respectively. €) Polar, minor prod.; on heating at 100° complete epimerization to (F)(S)-5a; tBu:
1.08 ppm (d, J = 12.0 Hz). ) A Stable; apolar, major prod.; 1Bu: 1.11 ppm (d, J = 12.6 Hz). 9) A Stable; C»-
symmetry. ™ First mp: 159°, second mp: 190°; during melting {159° — 190°) full conversion to (R,R)(S)-6a and
(S,R)(S)-6a. ) Not isolated. K) A Stable; Co-symmetry; tBu: 1.20 ppm (A-part of AgA'gXX'-spectrum, X = P; J ~
12.0 Hz). D 1Bu: 0.91 ppm (d, J = 12.0 Hz). ™) "Meso", tBu: 1.06 (d, J = 12.0 Hz) and 0.63 ppm (d, J = 12.0 Hz).
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The diastereomers with the sterically more encumbered substituent in the stacking position epimerized at
elevated temperatures to the less strained, more stable isomers with the sterically less demanding substituent in
this position. Thus the labile diastereomer (5,5)(S)-6a (R2 = Ph, R3 = Cyhex) (Cy-stacking; Table 3) exhibits
melting points at 159° and 190°, which indicates epimerization to the higher melting diastereomers having one or
two phenyl groups in a stacking position (Ph-stacking). Accordingly on heating, the (§,5)(S)-diastereomer was
completely converted to a mixture of the (S,R)(S)- and (R,R)(S)- diastereomers. Similarly, the thermally labile
compounds (S)(S)-5a (R! = Ph or pTol, R2 = Ph, R3 = 'Bu) (‘Bu-stacking: Table 3) epimerized completely to
the stable (R)(S)-isomers (Ph-stacking).
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In conclusion, enantiomerically pure diphosphines of type A and B and P-chiral diphosphines of type C

and D have become easily available in one step starting from the pivotal intermediates 1 and 2. Diphosphines of
type C and D can undergo thermal epimerization at the chiral P-atoms. In case of type C diphosphines this
allows the conversion of diastereomer mixtures to diastereomerically pure compounds.
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