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Abstract—The Ullmann coupling of 1 (R = H) gives a 2:1 mixture of diastereomers 2 (R = H) in 81% yield that are easily separated 
by silica gel chromatography. This procedure avoids the generally cumbersome and sometimes difficult resolution step with DBTA. 
Similar Ullmann couplings and separation of the corresponding diastereomers are employed with other derivatives of 1 (R = O/Bu, 
/Pr, Ph, and mesityl) ultimately affording a new series of 3,3'-disubsituted-MeO-BIPHEP derivatives. The use of these new deriva
tives in palladium-catalyzed asymmetric Heck reaction, Pd-catalyzed polyene cyelizations and rhodium-catalyzed hydrogenations is 
also reported. 
© 2005 Elsevier Ltd. All rights reserved. 

We recently reported the synthesis, resolution, and 
applications of a variety of 3,3'-disubstituted BIPHEP 
derivatives (3,3' groups = OMe, O/'Pr, OPiv, and OTol-
yl). In order to compare their efficacy in asymmetric 
reactions with that of MeO-BIPHEP 11 (Scheme 2), 
we embarked on preparing 11 according to the proce
dure reported by Schmid et al.2,3 but quickly found 
the resolution step with dibenzoyl-L-tartaric acid ( ( - ) -
DBTA) or di-^-toluoyl-L-tartaric acid ((-)-DTTA) to 
be cumbersome. Since then, we have experienced similar 
resolution problems with some of our newer 3,3'-disub-
stituted MeO-BIPHEP derivatives 3-6 (3,3' groups 
= O/Bu, /'Pr, Ph,4 and mesityl) and thus embarked on 
designing a new synthesis of MeO-BIPHEP 11 that 
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would alleviate the need for a classical resolution step. 
Herein we report our new synthetic strategy toward 
the preparation of phosphine oxides 2-6 that involved 
the attachment of a substrate bound chiral auxiliary to 
a suitable Ullmann precursor (i.e., 1) (Scheme 1), so that 
upon affecting an Ullmann coupling diastereomers 
would be formed that could be easily separated by col
umn chromatography.5 In addition, the corresponding 
phosphines of 3-6 are used in some asymmetric 
transformations. 

We started by redesigning the synthesis toward MeO-
BIPHEP (Scheme 2) to allow for the incorporation of 
a chiral auxiliary prior to the Ullmann coupling. 
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diastereomers are easily 
separated by silica gel 
chromatography 

Scheme I. 
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MeO 

11 MeO-BIPHEP 

Scheme 2. Reagents and conditions: (a) n-BuLi, THF, —78 °C, l h, 
then Ph2PCl, -78 °C to it. 2 h; (b) H202, MeOH, rt, 0.5 h (93% two 
steps); (c) LDA, THF, -78 °C, 1.5 h; then I2, THF, -78 °C to rt. I h 
(76%); (d) BBr,, DCM. rt, 12 h (93%); (e) (S)-2-acetoxypropanoyl 
chloride, TEA, DCM, it, 1 h (91%); (0 Cu powder, DMF, 150 °C, 3 h; 
separation of diastereomers by silica gel chromatography (76% both 
diastereomers); (g) KOH, EtOH, rt, 0.5 h; (h) Mel, DCM, HzO, 
Adogen, rt, 24 h (94"A, two steps); (i) CljSiH, «-Bu,N. xylene, 145 °C, 
24 h (89%). 

Halogen-metal exchange of bromide 7 with «-BuLi fol
lowed by the addition of ClPPh2

fi and H202
7 gave a 

phosphine oxide that when treated with LDA at 
—78 °C in THF followed by iodine gave 8 after removal 
of the methyl group with BBr3. Reaction of 8 with (5)-2-
acetoxypropanoyl chloride8 gave 9, which was subjected 
to an UUmann coupling9 to give a 33% de in favor of 
diastereomer (J?ax)-(+)-10. The diastereomers were eas
ily separated by silica gel chromatography, with the dia
stereomer with the 5ax configuration always having the 
larger Rr. Removal of the chiral auxiliary (KOH, 
EtOH), methylation (Mel, Adogen), and trichlorosilane 
reduction10 of the phosphine oxides provided MeO-BIP
HEP 11. Although the sequence is two steps longer than 
the original, a resolution step was not necessary and the 
diastereomers from the UUmann coupling were easily 
separated. 

The diastercomcric UUmann coupling strategy was 
applied to the synthesis of ligands 23, 29, and 34. Com
pound (+)-23 was prepared in twelve steps from 
hydroquinone 12 as outlined in Scheme 3. The UUmann 
coupling of 20 provided a 24% de in favor of (RdX)-(+)-
21. The diastereomers of 21 were separated and the RdX-
isomer carried on to compound (/?ax)-(+)-23.u Com
pound (+)-29 was prepared in 15 steps from 24 (Scheme 
4). UUmann coupling of 27 again gave a 3:2 mixture of 
(Rilx)-28 and (Sax)-28 that were easily separated by col
umn chromatography. Finally, UUmann coupling of 
32 gave a 1:1.3 mixture of diastereomers 33 (Scheme 5) 
that was eventually converted into compound (7?ax)-34 
in 12 steps from 2-bromo-4-methoxyaniline (30).I2 The 
same sequence outlined in Scheme 5 was used to prepare 
the 3,3'-dimesitylcne compound 35. Removal of the chi
ral auxiliary from (+)-35 and methylation gave (-)-36. 
Reduction of (-)-36 with Cl3SiH resulted in the reduc
tion of only one of the two phosphine oxides in 25% 
yield (75% unrcacted (—)-36). Changing the reaction 
conditions never afforded the desired bis-phosphine. 
Interestingly, treatment of (—)-36 with alanc unexpect
edly gave compound 37. 
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Scheme 3. Reagents and conditions: (a) Ac20, AcOH, rt, l h; (b) Br2, 
CHClj, 0 °C, I h; (c) 2-methyl-propene, DCM, TfOH, -78 °C, 4 h; (d) 
KOH, EtOH, rt, 15 min; (e) TBSCI, imid, DMC, rt, 1 h; (f) n-BuLi, 
THF, -78 °C, 1 h; then Ph2PCl, 2 h; then 11202, MeOH, 0 °C, 20 min; 
(g) LDA, THF, -78 °C, 1.5 h; then 1,, - 78 °C to rt, 1.5 h; (h) TBAF, 
THF, rt, 15 min; (i) (R)-2-acetoxypropanoyl chloride, DCM, TEA, 
DMAP, 0°C, 30 min; (j) Cu, DMF, 150 °C, 6 h; separation of 
diastereomers by silica gel chromatography (89% for both diastereo
mers); (k) KOH, EtOH, rt, 30 min; then Mel, DCM, Adogen, rt, 12 h: 
(1) HSiCk, xylene, 105 °C, 24 h. 
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Scheme 4. Reagents and conditions; (a) r-BuLi, Et20, -25 °C, 3 h, 
then Ph2PCl, -78 °C to rt, 12 h; (b) H202, MeOH, rt, 1 h (68% two 
steps); (c) pTsOH, acetone, rt, 1.5 h (91%); (d) MeMgBr, THF, 5 °C, 
1 h; (e) Mn02, acetone, rt, 36 h; (f) MeMgBr, THF, rt, 1 h; (g) Ac20, 
I20°C, 24h;(h)H2, Pt20, 1 atm, rt, 6 h; (i) LDA, THF, - 78 °C, 1.5 h; 
then I2, THF, -78 °C to rt, 2 h (55% six steps); (j) BBr,, DCM, rt, 20 h 
(93%); (k) (5>2-acetoxypropanoyl chloride, TEA, DCM, rt, 1 h (67% 
two steps); (1) Cu powder, DMF, 133 °C, 4 h; separation of diastereo
mers by silica gel chromatography (69% both diastereomers); (m) 
KOH, EtOH, rt, 1 h; (n) Mel. DCM, H20. Adogen, rt, 48 h; (o) 
Cl3SiH, n-Bu3N, xylene, 135 °C, 48 h (99% three steps). 

With (t)-(/v)-23, (t)-(J?)-29, and {-)-(R)-34 in hand, we 
compared the efficacy of these ligands in the asymmetric 
Heck arylation of 2,3-dihydrofuran and compared the 
results to those obtained with (+)-MeO-BIPHEP (11, 
Table 1). (4-)-MeO-BIPHEP 11 provided 65%,, conver
sion to products and gave 92% ee of 40, 63% ee of 42 
along with a small amount of the conjugated product 
41 (Table 1, entry 1). The ratio of 40:41:42 was 
83:7:10. The best result was with the 3,3'-di-OfBu 
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Scheme 5. Reagents and conditions: (a) n-C5H||ONO, benzene (or 
mesitylene), reflux, l.5h (52%); (b) n-BuLi, THF, -78 °C, 3 h, then 
Ph2PCl, -78 °C to rt, 12 h; then H202, MeOH, rt, 1 h (91%); (c) LDA, 
THF, -78 °C, 1.5 h; then I2, THF, -78 °C to rt, 2 h (78%); (d) BBr3, 
DCM, rt, 20 h (93%); (e) (S)-2-acetoxypropanoyl chloride, TEA, 
DCM, rt, 1 h {12%); (f) Cu powder, DMF, 145 °C, 4 h; separation of 
diastereomers by silica gel chromatography (72% both diastereomers); 
(g) K.OI1, EtOH, rt, 1 h; (h) Mel, DCM, H20, Adogen, rt, 48 h; (i) 
Cl3SiH, n-Bu3N, xylene, 135 °C, 48 h (93% three steps); (j) alane, THF, 
reflux, 3 h (78%). 

Table 1. Asymmetric Heck results with ligands 11, 23, 29, and 34 

OTf 

\ + 
0 

38 39 

3 mol% Pd(OAc)2 

6 mol% ligand 

benzene, 40 °C 
iPr2NEt, 24h 
sealed vial 

0
x " " P h 40 

Ph 41 

Ph 42 

Ligand /o Conversion Ratio of products 

40 ('X, ee) 41 42 (% ee) 

I (+)-(«)-•• 65 83 (92) 7 10(63) 

2 (+)-(«)-23 100 96 (89) 0 4(11)" 

3 (+)-(/?)-29 12 66(51) 0 34 (25) 

4 (-)-(R)-34 14 99 (>99) 0 1 (>99)a 

5 (-)-(/?)-34 60 99 (>99) 0 1 (>99)ab 

6 (R)-BINAP 41 91 (81) 0 9(61f 

"The major enantiomcr of 42 had the ^-configuration. 
b lOmol % Pd(OAc)2. 20 mol % (-)-(/})-34. 
c Results reported by Hayashi and co-workers." 

bisphosphine 23 (entry 2). The conversion to products 
was 100% with 40 formed in 96% yield with 89% ee. Li
gand 23 well outperformed (+)-(i?)-BINAP in % conver
sion, ratio of 40:42 and in % ee of 40.13 Both the 3,3'-di-
(Pr derivative 29 (entry 29) and 3,3'-di-Ph derivative 34 
(entry 4) gave poor conversions at 3 mol % Pd loading 
(12% and 14%, respectively);14 however, when the Pd 
loading was increased to 10 mol % with ligand 34, the 

conversion increased to 60% in a 24 h period. It is note
worthy that 34 gave 40 not only with a 99% ee but also 
with an excellent 40:42 ratio of 99:1 (entries 4 and 5). 
This is the highest % ee and product ratio observed to 
date in our laboratory using a variety of chiral cata
lysts.1,15 Work is continuing to improve the % conver
sion with (-)-(R)-34. 

Ligands (+)-(R)-23, (+)-(R)-29, and (-)-(R)-34 were 
then used in the palladium catalyzed polyene cyclization 
(43 —> 44) and compared to the results obtained with 
(+)-(.R)-MeO-BIPHEP (11, Table 2). (+)-(i?)-MeO-BIP-
HEP (11) afforded (R)-44 in 72% ee (53% yield). The use 
of the 3,3'-di-0-?Bu ligand (+)-(R)-23 gave a compar
able yield and slightly lower % ee than with 11; however, 
the absolute stereochemistry of the major enantiomcr 
was opposite of that obtained with (+)-(R)-l 1. This 
result is in line with the results obtained with other 
3,3'-diOR BIPHEP derivatives reported previously.1 

3,3'-Di-Ph-BIPHEP derivative (-)-(R)-34 gave a low 
53% yield and disappointing 24% ee. In this case, the 
major enantiomer had the ^-configuration, which was 
in line with that obtained using (+)-LR)-ll. Finally, 
(+)-(R)-29 gave (R)-44 in excellent yield (83%) and with 
an 80% ee. This is the highest % ee we have observed in 
this reaction to date.1-16 

Ligands (+)-(R)-23, (+)-(R)-29, and (-)-(R)-34 were 
then used in catalytic hydrogenations of acid 45 
(R = H) and ester 45 (R = Me) and compared to results 
obtained with MeO-BIPHEP 11 (Table 3).17 While (+)-
(Tv)-MeO-BIPHEP 11 performed poorly in the hydro-
genation of 45 (entry 1) an improvement was observed 
with ligand (+)-(R)-29. A lower % ee upon using (+)-
(R)-29 with acid 45 (R = H) was surprising given the 
excellent results with other ligands; repeating the reac
tion did not change the % ee. The best results were seen 
with ligands {+)-(R)-23 and (-)-(R)-34 with the latter 
giving the best results on hydrogenation with both the 
acid and ester of 45. 

Table 2. Asymmetric Pd-catalyzed polyene cyclization results with 
ligands 11, 23, 29, and 34 

5 mo% Pdj(dba)5 

10 mol% ligand 

PMP, toluene, 105°C 
48h 

Catalyst V« Y ie ld Ratio of 
enantiomers 

(«)_44 (5)-44 

% ee 

l (+)-(*)-« 53 
2 (+)-(«)-23 56 
3 (+)-W-29 83 
4 (-)-W-34 53 

86 
19 
90 

62 

14 

81 

II) 

38 

72 
62 

80 

24 
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Table 3. Asymmetric hydrogenation results with ligands 11, 23, 29, 
and 34 

N-
H 0 

45 

H,(2alml . 

Iinol 7, Rli(C01)),Orr. 
I.I moW ligand. 
MeOH, r.t., 24li 

OR 

N" 
H O 

46 

Catalyst % Conversion % ee (conlig) 

1 (+)-(«)-ll Me 100 
H 100 

2 (+)-(«)-23 Me 100 
II 100 

3 (+)-(«)-29 Me 100 
H 100 

4 (-)-(«)-34 Me 100 
H 77 

25.6 (R) 
19.5 (R) 
94.6 (R) 
97.7 (R) 
80.6 (/?) 
37.1 (R") 
98.5 (R) 
96.8 (R) 

'' Reaction attempted twice. 

W e have shown tha t a diastereoselective U l l m a n n cou
pling using a (+ ) -2 -ace toxypropanoy l g r o u p as the chiral 
auxil iary provides biaryl systems tha t are easily sepa
rated by silica gel c h r o m a t o g r a p h y , thereby avoid ing 
the generally c u m b e r s o m e and somet imes difficult reso
lut ion step wi th ( L ) - D B T A . Interest ingly, l igands (+)-
(R)-23, (+)-(R)-29, and {-)-(R)-34 each gave the best % 
ee's in the Hayash i Heck react ion, pa l lad ium-cata lyzed 
polyene cyclization and catalyt ic hyd rogena t i on of 45, 
respectively, indicat ing tha t one specific 3,3-disubst i tuted 
B I P H E P ligand is no t ideal for all a symmetr ic t ransfor
ma t ions . W o r k is con t inu ing to shor ten the synthet ic 
routes to 3,3 ' -disubsi tuted B I P H E P derivatives and 
apply ing these l igands in o ther asymmetr ic react ions . 
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