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Summary: Several examples of transition metal mediated fnnctionalixation of chiral l.l’-bi-2-naphthol nitlate are 
described which proceed with complete retention of substrate chirality. The transformations described demonstrate 
the potential of Pd(0) mediated reactions for the stereoselective transformation of the C-O bonds in this substrate. 

In recent years, chiral2-substituted-l,l’-binaphthyls have been shown to be useful agents for asymmetric 

induction in a variety of organic reactions. 2 These substances can serve well as stoichiometric auxiliies or as 

ligands in catalytic transition metal mediated processes. As part of a program to generate additional binaphthyls for 

study in this area, we have examined the potential of functionalixhtg the readily available3 (R)-(-)-1.1’~bi-2- 

naphthol triflate CL). Although functionahxation at the G-H bond of chiral l.l’-bi-Znaphthol is well known,4 

transformations which convert the C-O bonds into other relevant fnnctionaJity for asymmetric induction (equation 1) 

are not well documented. Many examples of transition metal mediated functionalixation of aryl triflates am known5 

but at the time that this work was undertaken6 we were unable to find reports of such reactions with the subject 

triflate. Preservation of the substrate’s chiral integrity throughout the transformation is an obvious criterion for 

success of this approach. Murdoch7 has shown that a diarotixation/lithiation sequence performed on (R)-(+)-2.2’- 

diamino-1.1’~biiaphthyl can be useful under certain conditions. The diaxotixation approach has been applied to the 

synthesis of binaphthyl se1enides.h As a preface for embarking on the synthesis of novel binaphthyls from I-l’-bi- 

2-naphthol we studied two representative reactions of the derived triflate: Pd(0) mediated phosphorylation and 

Ni(0) mediated cyanation. The results described below bode well for the use of such reactions in the stereospecific 

functionalixation of chiral l,l’-bi-2-naphthol via its triflate. 

X = P&. q. SR. C&, etc. 
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The phosphorylation of the tritlate 1 had the most obvious relevance given the key achievements made 

possible with BINAP type ligand0-hk The avail&i&y of chiral binaphthyl phosphonates could in principle allow 

rapid construction of a variety of chiral binaphthyl phosphines variously substituted at phosphorus. Using a method 

published for such a conversions, the substrate reacted sluggishly; under vigomus conditions (140“ C, 44 hr. EtsN, 

2.9 equiv. HPO(OEth, 0.1 equiv. Pd(PPh&), incomplete conversion of 1 gave a 32 % yield of the 

on pr&~ 2.9 Only triflate cleavage was observed using PhzpOH under these conditions. Starting 

material could be recovered unracemized from these reactions.10 

(-)-AR’, R* = OTf 

(+)-2 R’ = OTf, R2 = POPh2 

(-)-3 R’ = OTf, R2 = PO(OEt)2 

(->4, R’ = OH R2 = POPh2 

(-)-5 R’ = OH, R2 = PO(OEt), 

(+)-6 R’ = H R2 = POPh2 

(-)-I R’ = H, R2 = PO(OEt)2 

(-)-8 R’ = H, R2 = OTf 

(-)-e R’ = OTf, R2 = CN 

(-)-JQ R’, R2 = CN 

Mom efficient conversion of 1 could be catried out by using the expedient described by Dolle, et. al? 1 In 

DMSO at 80 - 900 C containing 3 - 4 equiv. of the phosphotylating agent and 6 equiv. of EtN(i-Prh, 1 was 

completely consumed after 18 hr when the catalyst system Pd(OAc) (0.1 equiv./O.l equiv./B.22 
. . 

equiv.) was used. Monosubstltutlon prcducts 29 and 29 were isolated in yields of 65 - 77 % along with their 

respective hydrogenolysis products 69 (20 %) or p (11%). In reactions taken to completion, the remainder of the 

material (up to 10 5%) often could be accounted for by the uiflate hydrolysisra products 49 and 3.9 Bis- 

phosphorylation products were not apparent as significant products in the crude reaction mixture. Allofthe 

(>99Rb) 
. Cl0 

Several observations suggest that the hydrogenolysis products 4 and2 form by initial monohydrogenolysis 
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of the ditritlate 1 followed by phosphorylation rather than by hydrogenolysis of the monosubstitution products. 

Under conditions which resulted in complete conversion of1 to l,l’-binaphthalene (Pd(OAc)2 (0.1 equiv.), dppp 

(O.lequiv.), NaOCHO (0.22 equiv.), EtN(i-Prh (6 equiv.). DMSO, 80 - 900 C, 14 hr)l2,2 and 9 are not converted 

to 6 and 2. Monouiflate &9 prepared kom (R)-l,l’-binaphthalene-2-olne-2-oll3 stereospecifically couples with PhzPOH 

to form 6. 

The conditions of Widdouwnl4 described for triflate cyanation were also applied to 1. Although short 

catalyst lifetime appeated to limit the efficiency of the reaction with this hindered substrate, both 
. . . mH_ stereosDecificallvl0 under the described conditions (NiBrz (0.1 

equiv.), Ph3P (0.4 equiv.), 2Ln powder (0.3 equiv.), KCN (1.1 equiv), MeCN ; yield at 66 96 completion = 40 % 

9.10 96 ur). Attempts to force the reaction to complete disubstitution by using >2 equivalents of KCN were 

unsuccessful. 

While these studies address only two of the many possible transition metal mediated reactions of aryl 

triflates, we feel that they serve to illusaate the point that substitutionr of this tyne can be u&l 
. . . . 

$. The design and preparation of novel chiral 

ligands or auxiliaries based on this observation should help expand the important role of axially chit-al reagents in 

asymmetric synthesis. 

cal e~edure (2 and 4); A mixture of 5.00 g L 40 mL DMSO. 3.67 g Ph2POH. 0.204 g 

Pd(OAc)2,0.375 g 1,3bis(diphenylphosphino)propane and 9.5 mL EtN(i-Prh is purged for 20 minutes with a N2 

stream. The mixture is heated in an oil bath at 90’ C for 16 hr., cooled to ambient temperature and partitioned with 

500 mL, Et20 and 300 mL water. The organics are separated and washed four times with water (250 mL). twice 

with 5% aqueous HCI (250 mL), twice with water (250 mL), once with saturated aqueous NaHCQ (250 mL) and 

once with brute (250 mL). During the acid wash, solids may develop. These are filtered and washed with Et20 

(200 mL) to remove occluded product. The Et20 is combined with the main organic workup stream and, after 

dtying (MgSO4). concentrated to yield 5.07 g of a yellow foam. This material may be purified at this point using 

silica gel chromatography (PhCH3 :MeCN 191-e 1) to yield 2 as a white, friable foam (4.24 g, 77%) . 

Alternatively, the crude foam is dissolved in 75 mL ‘HIP and a solution of 3.5 g LiOH*HzO in 25 mL Hz0 is 

added. The mixture is stirred for 15 hr. at ambient temperature and partitioned with Et20 (300 mL) and 5% HCl 

(100 mL). The organics are washed twice with water (200 mL), once with brine (200 mL), dried (MgSO4) and 

concentrated to 3.94 g of a yellow solid. This material is purified by silica gel chromatography (CH2Cl2:THP 15: 1) 

to yield 4 as a white solid (3.21 g, 75% from 1, m.p.: 148-150 “C (decomp.)). The byproduct 6 may also be 

revocemd as a white foam (0.61 g). 

We would like to thank Dr. Colin Benrd for his etxmqcment during the course of this work. 
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