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Abstract : Chiral 2-diphenylarsino-2'-diphenylphosphino-1,1°-binaphthyl (BINAPAs) was synthesized
and found to be an effective ligand in an aryl triflate-using asymmetric Heck reaction.
© 1998 Elsevier Science Ltd. All rights reserved.

From its modest beginnings in the late 1980s, the asymmetric Heck reaction has developed into a
powerful method for the formation of both tertiary and quaternary chiral carbon centers, with enantiomeric
excesses typically 80% and in some cases, much higher.! The great majority of asymmetric Heck reactions
reported to date have utilized the BINAP ligand® system, which has proven to be the most effective system in
most of the cases in which the performance of different ligands has been assessed. However, in terms of the
practical use of asymmetric Heck reactions, there are still several problems, such as low reaction rates and
high catalyst loading. Quite recently, we have found that a pew chiral arsine ligand, 2,2’-
bis(diphenylarsino)-1,1’-binaphthyl (BINAs), is a much more effective ligand in intramolecular asymmetric
Heck reactions of alkenyl iodides.** However, BINAs is a much less satisfactory ligand in intramolecular
asymmetric Heck reactions of aryl triflates and/or alkenyl triflates.> To overcome this problem, we here
report the synthesis and evaluation of a new chiral ligand, 2-diphenylarsino-2’-diphenylphosphino-1,1°-
binaphthyl (BINAPAs), and demonstrate that BINAPAs is more effective than BINAP in asymmetric Heck
reactions that use aryl triflates.
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It was expected that BINAPAs would show a more satisfactory reactivity than BINAs in asymmetric
Heck reactions of aryl triflates and/or alkenyl triflates because we had observed earlier that for aryl triflates a
phosphine containing ligand was superior to BINAs.” Therefore, first an effective synthesis of BINAPAs
was attempted. Surprisingly, it was found that treatment of the ditriflate of binaphthol 1 derived from (R)-
BINOL with 10 mol % bis(1,5-cyclooctadiene)nickel, 11 mol % bis(diphenylphosphino)ethane,
diphenylarsine® (1 equiv), diphenylphosphine (1 equiv), and 1,4-diazabicyclo[2.2.2]Joctane (DABCO) (4
molar equiv) in DMF at 100 °C for 3 days provided the desired BINAPASs (2) in 30% yield together with a
trace amount of BINAP (3) and BINAs (4).5 Unfortunately, despite the convenient one-pot preparation and
rather good yield of BINAPAs, it was very difficult to achieve perfect purification of BINAPAs and exact
reproducibility of the results. Thus, a stepwise synthesis of BINAPAs was next examined. Treatment of 1
with S mol % palladium(Il) acetate, 5 mol % bis(diphenylphosphino)butane, diphenylphosphite (2 molar
equiv), and N,N-diisopropylethylamine (4 molar equiv) in DMSO at 100 °C for 12 h gave 5 in 90% isolated
yield,” which underwent reduction on treatment with HSiCl; (5 molar equiv) and triethylamine (7 molar
equiv) in toluene at 100 °C for 12 h® to furnish 6 in 90~98% yield. Finally, exposure of 6 to 10 mol %
bis(1,5-cyclooctadiene)nickel, 11 mol % bis(diphenylphosphino)ethane, diphenylarsine® (1.2 molar equiv),
and DABCO (4 molar equiv) in DMF at 100 °C for 12 h® afforded BINAPAs (2) in 64% isolated yield,
[a],2*+145.3 (c = 0.28, benzene). 'The optical purity of the isolated material was >95% ee, as determined by
HPLC (DAICEL CHIRALPAK OP(+)) using the dioxide i, readily derived from 2°

With large quantities of optically pure BINAPAs (2) in hand, we then evaluated 2 as a chiral ligand in
asymmetric Heck reactions of aryl triflates.  Toward this end, an intramolecular asymmetric Heck reaction
leading to the enantioselective construction of a benzylic quaternary carbon center was first investigated in
detail. The aryl triflate 7, which is known to be best converted to 8 in 87% ee and in 60% yield by reatment
with Pd;(dba); (5 mol %), (R)-BINAP (20 mol %), and K,CO; (5 molar equiv) in THF at 60 °C for 48 h,'* !!
was subjected to an asymmetric Heck reaction using Pdy(dba); (5 mol %), (R)-BINAPAs (20 mol %), and
K,CO; (5 molar equiv) in THF (60 "C, 36 h) to give 8 in 61% ee and in 86% yield.'"> Since the asymmetric
Heck reaction using BINAPAs appeared to proceed more speedily than the reaction using BINAP, as a next
step solvent effects were carefully examined. We were very pleased to find that, among the solvents
examined toluene and 1,2-dichloroethane provided the most exciting results. When an asymmetric Heck

Table 1. Intramolecular Asymmetric Hack Reaction Using BINAPAs and BINAP

OTBDPS
Pdy(dba)s
OTf chiral ligand
———ttettearr et
KoCO4 (5 molar equiv)
solvent
7 OTBDPS 8
run  chiral ligand solvent temp('C) time(h) yield(%) ee(%)
18 (R)-BINAP THF 60 48 60 87
2% (R)-BINAPAs THF 60 36 86 61
3%  (A)-BINAP toluene 60 14 78 87
4: (R)-BINAPAs  toluene 60 14 89 86
5,  (A-BINAP toluene 40 46 74 89
60 (R)-BINAPAs toluene 40 48 ) 88
7‘; (R)-BINAP 1,2-dichlorosthane 60 12 73 82
8> (RA)-BINAPAs  1,2-dichiorosthane 60 12 88 81
sbb (R)-BINAP 1,2-dichlorosthane 40 48 76 88
10° (R)-BINAPAs  1,2-dichloroethane 40 48 95 81

5 mol % Pd,(dba)s, 20 mol % ligand
10 mol % Pda(dba)s, 30 mol % ligand
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reaction of 7 was carried out using Pdy(dba); (5 mol %), (R)-BINAPAs (20 mol %) and K,CO; (5 molar
equiv) in toluene (60 °C, 14 h), 8 in 86% ee was formed in 89% yield. On the other hand, the reaction using
(R)-BIN AP under identical reaction conditions resulted in the formation of 8 in 87% ee and in 78% yield. A
much greater disparity between the reactivities of BINAPAs and BINAP was obtained by carrying out the
asymmetric Heck reaction at lower temperature as shown in Table 1 (run 5 and 6). Moreover, BINAPAs
also gave a better result than BINAP when 1,2-dichloroethane was used as a solvent. (Table 1, run 7 and 8).

After realizing that BINAPAs was a more effective chiral ligand than BINAP, enhancing the reaction
rate in the intramolecular asymmetric Heck reaction of the aryl triflate 7, we next examined the applicability
to an  intermolecular asymmetric Heck reaction of aryl triflates. An intermolecular asymunetric Heck
reaction of the aryl triflate 9 with 2,3-dihydrofuran (10) was reported by Hayashi, Ozawa and coworkers,'® in
which (R)-11 (72%, 67% ee) and (S)-12 (4%, 50% ee) were obtained on treatment with palladium(Il) acetate
(5 mol %), (R)-BINAP (10 mol %) and N,N-diisopropylethylamine (3 molar equiv) in benzene at 40 °C for 36
h. This transformation was carried out using (R)-BINAPAs under otherwise identical reaction conditions,
resulting in the formation of (R)-11 (28%, 82% ee) and (R)-12 (48%, 45% ee). It is quite noteworthy that
the product ratio was dramatically changed, indicating that the dissociation of the BINAPAs-Pd*-H complex
from a resulting olefinic double bond occurs more readily than that of the BINAP-Pd*-H complex. This is
the reason why (R)-2-phenyl-2,5-dihydrofuran (12) was formed as a major product. Pfaltz’s chiral ligand 13
has also been shown to furnish 12 as a major product.'* Thus, an asymmetric Heck reaction of aryl triflate 9,
2,3-dihydrofuran (10) and 13 was also carried out under identical reaction conditions. The results are
summarized in Table 2.

Table 2. Intermolecular Asymmetric Heck Reaction Using BINAPAs, BINAP, and Phosphinooxazoline ligand

Pd(OAC); (5 mol %) —
ot + { N Chiralligand (10 [ % !\ O_@
<>‘ <o> igand (10 mol %) ZOSO+ 5
9 1 12

10 base® (3 molar equiv)
benzene, 40 °C
o ) yield(%)® ee(%)°

un chiral ligand time(h) 1 12 (A1 (512 (A2

1 (R)-BINAP 36 72 4 67 50

2 (R)-BINAPAs 36 29 48 82 45

3¢ ligand 13 36 14 95
Initial condition: 9/ 10 / base / Pd(OAc), / chiral ligand =1 /5/3/0.05/ 0.1 i 0
2 Base; N,A-diisopropviethylamine P Isolated yield by silica gel column chromatography. PhoP N\)

¢ Determined by TH NMR analysis using an optically active shift reagent Eu(hfc)s.
9 pd,(dba)s was used. @ D

In conclusion, we have succeeded in synthesizing BINAPAs (2) for the first time and in evaluating
BINAPAS (2) as a chiral ligand in an asymmetric Heck reaction of aryl triflates, demonstrating that 2 is a
more effective chiral ligand than BINAP. Asmentioned in the introductory remarks, we already found that
BINAs is a more effective chiral ligand than BINAP in an intramolecular asymmetric Heck reaction of
alkenyl iodides. Thus, two chiral ligands, BINAs and BINAPAs, have been shown to have superior
reactivity to BINAP in an asymmetric Heck reaction. Further studies are currently under investigation.
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