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CHAPTERCHAPTER 5 

Asymmetricc Synthesis of 2-Methyl-l,r-Binaphthyl through Suzuki 

Couplingss using Bulky Monodentate Phosphoramidites as Chiral Auxiliaries 

Abstract t 

Thee use of cliiral bulky monodentate phosphoramidites. based on the chiral diol backbones 

BINOLL and TADDOL. in the Suzuki reaction has been studied. The coupling of 1-

bromonaphthalenee and 2-methylnaphthylboronic acid yielding axially chiral 2-mcthyl-l . 1'-

binaphthyii  proceeds smoothly at room temperature in good yields and reasonable 

enantioselectiviticss of up to 63 %. The steric bulk of the ligands enforces mono-coordination and 

thereforee results in high reactivity. Screening experiments showed that the stereochemical outcome 

off  the reaction is dependent on the nature of the base, solvent, substrates and the ligand structure. 

Thee highest enantioselectivity was obtained using ligand (S,5,S)-6d ((lS,75)-4-(A'-rnethyl-/V-(5)-l-

phenylethylamino)-9.9-dimethyl-2.2.6.6-tetra(3,5-dimethylphenyl)-3.5.S.l{)-tetraoxa-4--

phosphabicyclof5.3.0]decane). . 
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ChapterChapter 5 

5.11 Introduction 

Thee biaryl sub-unit is found as an essential structural feature in many different fields of interest. 

Whenn the rotation around the aryl-aryl bond is restricted, the phenomenon of atropisomerism can 

arise,, thus resulting in the formation of different stereoisomers. These axially chiral biaryls are the 

centrall  building blocks in a wide variety of natural products and are also applied in chiral liquid 

crystals,, chiral reagents and as chiral phases for chromatography/1 2I Furthermore, many chiral 

ligandss applied in asymmetric catalysis consist of an atropisomeric biaryl backbone. 

Duee to their numerous applications, the synthesis of optically active l,l'-binaphthalenes has 

receivedd much attention. Most procedures reported to date use stoichiometric amounts of chiral 

auxiliariess or start from chiral substrates.1'" ' In addition, several papers have been published that 

describee the synthesis of binaphthalenes through catalytic asymmetric cross-coupling reactions. 

Importantt progress was achieved by Hayashi and co-workers, who showed that the palladium- or 

nickel-catalysedd Kumada coupling can lead to the cnantioselcctivc formation of substituted 1.1'-

binaphthyll  derivatives.1"1" ' High enantiosclectivities were reported for the synthesis of 

2.2'dimethyl-l.r-binaphthyll  from (2-mcthyl-l-naphthyl)magnesium bromide and 2-methyl-l-

naphthyll  bromide using Ni ' (S)-l-[(^)-2-(diphenylphosphino)ferroccnyl]cthyl methyl ether ((£)-

(/?)-PPFOMe)) as the catalyst (Scheme l). | l : ' Interestingly, the presence of the oxygen functionality 

inn the ligand appeared to be crucial for high stcreosclection. as the application of ligand 4b. which 

lackss the methoxy group, only gave racemic product. It was proposed that the coordination of the 

methoxyy group to the magnesium atom of the Grignard reagent during the transmetallation is 

responsiblee for the stereoselectivity.L'~"14' Use of bidentate ligands was generally found to result in 

inferiorr enantioselecti\ ities.'9'I? 

Br r 

11 2 (R)-3 

4a:: 95 % ee 
4b:: 1 % ee 

,, -PPho 

^ " ^^ S ^ R 4a: R = OMe 
L*== ^~yj Me 4b:R = H 

(S)-(R)-4 4 

Schemee 1. Enantioselective synthesis of 2,2'-dimethyl-1,1 "-binaphthyl (3) using asymmetric 

nickel-catalysedd cross-coupling reactions. 

Ni/L* * 

MgBr r 

11 ox 



AsymmetricAsymmetric Suzuki Couplings using Phosphoramidites 

Amongg the many palladium-catalysed cross-coupling reactions, the Suzuki reaction has gained 

aa large amount of interest as a method for constructing biaryls. ' ' ! It offers as the main advantage 

thatt the reagents employed are extremely mild and show a broad functional group compatibility 

comparedd to those used in classic methods and other cross-coupling reactions. In addition, the 

organoboronicc acids used as organometallic coupling partner arc inert towards oxygen and water. 

Recently,, several new catalyst systems have been developed that allow the coupling reaction using 

arylbromidess and -chlorides to proceed under mild conditions, sometimes even at room 

temperature.. '' Despite its enormous potential, only few studies on asymmetric Suzuki 

reactionss towards biaryls have been performed. The initial reports involved diastereoselective 

couplingss using chiral ligands. Only recently the synthesis of axially chiral biaryls through 

,, R = H. NMe2 

« ^ y - ' ^ V '' R =Cy, f-Bu 

5 5 

Figuree 1. Ligands applied in the asymmetric Suzuki reaction. 

cnantioselectivee Suzuki reactions has been published independently by Buchwald'"4' and 

Cammidge.',x'' In both cases, the ligands employed were bulky monodentate phosphines (Figure 1). 

Thee highest ee's were obtained for ligands containing an amino moiety together with the phosphine 

group.. A mechanism similar to that for the Kumada coupling, implying the compiexation between 

nitrogenn and boron prior to transmetalation, was proposed by Cammidge. Both procedures still 

requiree elevated temperatures, which may be undesirable in view of the chemo- and 

cnantioselcctivityy of the reaction. 

Inn the previous chapters, wc introduced a new class of catalysts based on monodentate bulky 

phosphoramiditee ligands that catalyse efficiently Heck- reactions at room temperature. Stimulated 

byy these results, wc decided to test the novel phosphoramidites in the related asymmetric Suzuki 

couplingg towards chiral biaryl units. In this chapter we show that palladium catalysts modified with 

chirall  bulky phosphoramidites indeed can give rise to smooth reactions under mild conditions with 

promisingg cnantioselectivities. 

4c:: R = NMe? 

(S)-(R)-4 4 
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Ar\\ Ar 

O ^ ^ OO R 
P-N N 

Arr Ar 

Arxx Ar 

. 0 ^^ - ^ O R 
P - N ' ' 

0 - ^ V ^ O - '' R' 

Arr Ar 

(R.RJ-TADDOLdenv. . 

ligandd 6a 6b 

(S.SJ-TADDOLderiv. . 

6cc 6d 6e e 6f f 

CH3 3 

CH3 3 

C2H5 5 

C2H5 5 

CH33 CH3 CH(CH3)2 C2H5 

(R)-CH(CH3)Phh (S)-CH(CH3)Ph C H ( C H 3 ) 2 C2H5 

A r == 3,5-(CH3)2C6H3 3,5-(CH3)2CBH3 3,5-(CH3)2C6H3 3.5-(CH3)2C6H3 
Ph h 2-Naphthyl l 

ligandd 6g 6h h 

NRR : 

NR' ' 

- N - C H 3 3 

A r == 3,5-(CH3)2C6H3 3.5-(CH3)2C6H3 

Ar.. Ar 

0 ^ > ^ O xx ,C2H5 

P-N N 
11 " 'C2H5 

Arr Ar 

Arr = 3,5-(CH3)2C6H3 

Si(CH3)3 3 

ligandd 7a 

C2Ht; ; 

7b b 

CH, , 

C2H55 (R)-CH(CH3)Ph 

fRj-BINOLderiv. . 

Figuree 2. Overview of the ligands employed in this studies. 

5.2.. Results and Discussion 

Ann overview of the ligands employed in this study is presented in Figure 2. The synthesis of the 

ligandss has been described in Chapter 4 of this thesis. 

Ass a model reaction we selected the coupling of 1-bromonaphthalene (8) and 2-

methylnaphthylboronicc acid (9) resulting in axially chiral 2-methyl-l.l '-binaphthyl 10 (Scheme 2). 

Thee palladium catalyst containing the chiral ligand was formed by incubation of Pd(dba)2 with two 
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B(OH)2 2 

Pdd / (R.R)-6b 

base e 

(R)-10 0 (Sl-10 0 

Schemee 2. Suzuki reaction of 2-methylnaphthylboronic acid with l-bromonaphthalene 

equivalentss of phosphoramidite during 15 minutes at 40 °C. Initial exploratory experiments showed 

thatt this coupling proceeds smoothly at 80 °C using 2 mol % of Pd(dba)2 together with 2 

equivalentss of ligand (R,R)-6b and K :CO, as base in a toluene water mixture (10/1 v/v). In Table 1 

thee results of the model reaction using different bases in both toluene and DME (1,2-

dimethoxyethane)) are shown. 

Tablee 1. Results of the palladium-catalysed Suzuki reaction of 8 and 9 to 10 at 80 °C" 

toluenee DME 

withoutt water with water' without water with water 

yield'' ee (%)''' yield1' ee (%f' yield' ee (%)'''' yield' ee (%)'''' entry y 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

base e 

K.,P04 4 

KOH H 

Ba(OH): ' ' 

CsOH H 

K 2C03 3 

Cs:CO, , 

BaF: : 

CsF F --

25 5 

29 9 

36 6 

33 3 

„„  A g 
11.. u . 

32 2 

n.d.'-' ' 

24 4 

21 1 

28 8 

37 7 

33 3 

32 2 

3 i i i 

n.d.'--

9 9 

34 4 

30 0 

37 7 

16 6 

n.d. . 

36 6 

n.d.'-' ' 

33 3 

+ + 

+/--

+ + 

+ + 

+ + 

+ + 

--
-- . 

34 4 

36 6 

37 7 

36 6 

36 6 

36 6 

n.d. . 

26 6 

""  conditions: 0.25 mmol 8, 0.38 mmol 9. 0.50 mmol base. 2.0 mL total solvent volume. 2 mol % 

Pd(dba);.. 4 mol % (R.R)-6b. Reaction time 16 hours. For details sec the experimental section. 

0.255 mL of water (1/10 v/v to organic solvent) added to the reaction mixture. ' determined 

qualitativelyy by TLC based on intensity of the product spot during observation under UV-light (254 

nm):: '-' denotes low yield (estimated 0-30 %), " + '-' denotes moderate yield (30-70%). '+' denotes 

highh yield (70-100%). " determined by I1PLC (Chiralcel O.I). ' (.S')-enantiomer formed in excess. ' 

Ba(OH);-- 8 H;0 was employed. " not determined. 

Itt has been shown by many research groups that the outcome of the Suzuki reaction is strongly 

influencedd by the reaction parameters, such as the solvent, base, temperature, boron compound 

ii 1 I 
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etc.. 'l'""" Both the base and solvent ha\e a large influence on the yield and enantioselectivity of the 

modell  reaction studied (see Table 1). For most reactions, higher conversions are obtained when 

DMM F is used as the solvent than when the reaction is performed in toluene. In addition, the 

presencee of water in the reaction mixture also lias a pronounced effect. This can be explained b_v 

thee improved solubility of the bases in the mixtures of water and organic solvent. The role of the 

basee is thought to form the boronate anion by coniplexation with boron.1"" 4; This renders the 

arylboronn species more nucleophilic. resulting in faster transmetalation. The hydroxide anion is 

likelyy to be the anionic species involved, which can form boronate nucleophiles. either by 

coniplexationn as a Lewis-base or by deprotonation of the boronic acid. The concentration of 

hydroxidee ion is higher when more of the base is dissolved. This is reflected in the higher yields 

thatt are obtained almost without exception when the reaction medium is more polar, thus in DMF 

orr when water is added to the reaction mixture. Similar arguments can be used to explain the higher 

yieldss when the inorganic base consists of softer ions (entry 1-6). Since the fluoride anion is also 

knownn to have a high affinity for boron."11 tluoride salts generally give good results in Su/uki 

couplings.. In contrast, in our model reaction application of BaF; and CsF only results in poor to 

moderatee yields of 10 (entries 7 and 8). The reason for this is unclear so far. 

Ann effect of the solvent, the presence of water and the base on the enantioselectivilv can also be 

observed,, but the differences are small. In DME the enantioselectivities tend to be slightly higher 

thann those obtained in toluene. The fact that the base has only a minor effect on the ee has 

importantt implications, since it allows the selection of the base that shows an optimal conversion 

towardss the product. Hence, the conditions that gave the highest yield, i.e. Ba(OH); or Cs^CCK in 

DMEE water (101 v v ] (entries 3 and 6) were chosen for the remaining experiments. 

Loweringg the reaction temperature often has a positive influence on the enantioselectivity in 

asymmetricc reactions. Therefore, we performed the reaction at 40 "C. using the same catalyst as 

appliedd for the model reaction in Scheme 2. In addition, to gain more insight into the scope of the 

reaction,, we tested several different substrates (see Scheme 3) under the same conditions. The 

resultss of these experiments are presented in Table 2. 

Loweringg the reaction temperature results in slightly higher ee's (Table 2. entry 1-2) without a 

largee deterioration of the yield of the reaction. Even at room temperature excellent conversions are 

obtainedd within 16 hours reaction time (entry 9). Remarkably, the relatively electron-poor catalyst 

systemss that are formed upon application of the bulky phosphoramidite ligands are still capable of 

activatingg arv 1 bromides under these mild conditions. This reactivity is likely to be caused by the 

coordinativee unsaturation that exists in the active form of the catalyst, as observed before (see 

Chapterss 3 and 4). At room temperature, the enantioselectivity obtained is 4X0« using Pd (R.R)-6b. 

Interestingly,, the use of iodonaphthalene 11 instead of the bromide substrate (8) results in 

considerablvv lower conversions. Apparently the catalyst suffers from faster deactivation, but the 

112 2 



AsymmetricAsymmetric Suzuki Couplings using Phosphoramidites 

Tablee 2. Results of the catalytic reaction between naphthyl halides 8,11,12 and boronic acids 9,13 

att 40 =C" 

entry y 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9." " 

napli i thyll  halidei.X. R) 

88 (Br. H) 

88 (Br. H) 

111 (I.H) 

111 (I.H) 

122 (I, CH3) 

12U.CH;,) ) 

12(1,, CH3) 

12(1,, CH3) 

88 (Br. H) 

boronicc acid (R') 

9(CH3) ) 

9(CH3) ) 

9(CH3) ) 

9(CH3) ) 

13(H) ) 

13(H) ) 

9(CH3) ) 

9(CH3) ) 

9(CH3) ) 

base e 

Ba(OH): ' ' 

Cs2C03 3 

Ba(OH); ' ' 

C'S;CO; ; 

Ba(OH); ' ' 

Cs2C03 3 

Ba(OH)2' ' 

Cs2C03 3 

Ba(OH)2' ' 

product t 

10 0 

10 0 

10 0 

10 0 

10 0 

10 0 

14 4 

14 4 

10 0 

yield' ' 

--
--

+/--

--

--

--

97' ' 

e e ( % r' ' 

47 7 

45 5 

42 2 

42 2 

36 6 

37 7 

n.d.' ' 

n.d.' ' 

48 8 

""  reactions run in DME/water (9/1 v/v) at 40 °C; for further details sec footnote Table 1. 

determinedd qualitatively by TLC. sec footnote Table 1.' determined by HPLC (Chiralcel OJ).'' (S)-

enantiomerr formed in excess. ' Ba(OH)y 8 H20 was employed. ' not determined. ~ reaction run at 

roomm temperature.'' determined by GLC. based on 8 using dihexyl ether as internal standard. 

8:: X = Br. R = H 

11:: X = I. R = H 

12:: X = I R = CH, 

Pd/(R.R)-6b b 

base e 

9:: R'= CH3 

13:: R' = H 

10:: R = H. : C H , , 
14:: R = CH3, R' = CH3 

Schemee 3. General reaction scheme for the Suzuki coupling between several naphthyl substrates. 

reasonn for this is unclear. When the reaction is performed using the substrate methyl naphthyl 

iodide,, both the yield and the ee arc lower. This suggests that the methyl moiety plays a role in the 

enantiodiscriminatingg step, which is the reductive elimination. Similar observations were made by 

Havashii  in the nickel-catalysed cross-coupling using Grignard reagents. '"' Under the conditions 

employed,, the more sterically demanding coupling between 2-methyl-iodonaphthalenc 12 and 2-

methylnaphthylboronicc acid yielded only trace amounts of product (14). Buchwald'1 and 

Cammidge'Sjj recently reported the synthesis of 2.2'-substituted binaphthyl derivatives using 

monodentatee phosphines in Suzuki couplings at higher temperatures (80-90 °C) and long reaction 
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timess (6 days when 3 mol  n„  Pd 4 is employed in 50 % yield and 85"» ee for 141") . Apparently 

thee sterie interactions between the two substituents at the positions next to the carbon atoms that are 

too be coupled hamper the C'-C bond formation and therefore require elevated temperatures. 

Wee screened a series of chiral phosphoramidite ligands to determine the structural ligand 

propertiess that steer the cnantioselectivity in this asymmetric Suzuki reaction. To this purpose, we 

performedd the reaction of 8 and 9 at room temperature using Ba(OII); as the base (Scheme 3) in a 

mixturee of DMF and water. The results are summarised in Table 3. 

Tablee 3. Ligand screening in the model reaction between 8 and 9 to 10 at room temperature' 

entry y 

1 1 

i i 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

ligand d 

(R.Rh6a (R.Rh6a 

(R.R)-(>b (R.R)-(>b 

(5..S>6b b 

(RM.Rh6c (RM.Rh6c 

iRM.Shbd iRM.Shbd 

(S,S,R)-6c (S,S,R)-6c 

{S.S.Sj-Gd {S.S.Sj-Gd 

(R.R)-6e (R.R)-6e 

(R.R}-6f (R.R}-6f 

(R.R)-bi (R.R)-bi 

(R)-7b (R)-7b 

AT" AT" 

3.5-xylyl l 

3.5-xylyl l 

3.5-xylyl l 

3.5-xylyl l 

3.5-xylyl l 

3.5-xylyl l 

3.5-xylyl l 

Ph h 

2-naphthyI I 

3.5-xylyl l 

--

RR11' ' 

Me e 

li t t 

Et t 

Me e 

Me e 

Me e 

Me e 

/-Pr r 

Et t 

Et t 

--

FT T 

Me e 

Et t 

Et t 

<rt)-CH(Mi i 

(5)-CH(VU U 

(ff)-CH(Mi i 

(S)-CH(Mt t 

/'-Pr r 

Et t 

Et t 

--

;)(Ph) ) 

*)(Ph) ) 

ï)(Ph) ) 

)(Ph) ) 

Yield' ' 

20 0 

97 7 

91 1 

71 1 

64 4 

65 5 

74 4 

26 6 

18 8 

40 0 

32 2 

eee (°o) (eonf.)'' 

377 (5) 

488 (S) 

488 (R) 

60(5) ) 

111 (/?) 

222 (/?) 

633 (/?) 

16(5) ) 

17(5) ) 

399 (5) 

133 (/f) 

''' reactions performed as described for entry 9. Table 2. For details sec the experimental section, 

fromm Figure 2. ' determined by GLC. based on 8 using dihexyl ether as internal standard. '' 

determinedd by chiral HPLC (Chiralcel OJ). 

Thee yields of binaphthyl 10 obtained using the different phosphoramidite ligands are quite 

sensitivee to the structure of the ligand: application of ligand 6b results in near-quantitative 

conversions,, while changing to other auxiliaries in some cases gives considerably lower yields (e.g. 

entriess I. 9. 10). When the reactions represented in entries 1 and 10 are performed at 40 °C\ yields 

exceedingg 90 "» are obtained, with only slightly lower ee (29 % and 35 % respectively for (R.Rhha 

andd (R.R)-M). The reason for the low conversion at room temperature is unknown at this stage, but 

wee propose that the stability of the ligands under these reaction conditions is different. Since the 

reactionn medium is strongly basic upon employing Ba(OH); as the base, the ligands are possibly 

attackedd by hydroxide ion and subsequently hydrolysed. This leads to the formation of phosphonate 

products,, that do not coordinate to the metal centre. The hydrolytic lability of the ligands is 

probablyy determined by a subtle interaction of electronic and sterie factors. Optimisation of the 
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strengthh of the base could improve the yields for the ligands showing low conversions under the 

standardd conditions. 

Thee stereoselectivity of the asymmetric Suzuki reaction studied shows a significant dependence 

onn the structure of the ligand employed. 1 hus. changing the alkyl substituents on the amine-moiety 

fromm ethyl to the smaller methyl group results in a decrease in ee from 48 °<> to 37 % (entry 1 ). 

Whenn the ligand having the opposite configuration of the TADDOLate backbone is used ((5,5)-

6b),, the enantiomer < 70-10 is obtained in the same ee as found using {R,R)-6b (entries 2 and 3). 

Thee reaction exhibits a large cooperatives effect when ligands 6c and 6d. containing the ehiral 1-

phenylethyll  group, are employed. Thus, the combination of the chirality in the backbone with the 

aminee having the same configuration results in ee"s of 60-63 %. while the ligands having the 

oppositee configuration give much lower ee. see entries 4-7. Substitution of the 3,5-(CH,):C,,H; 

moietiess in the ligand for smaller aryl groups, such as a phenyl or 2-naphthyl ring results in poor 

stereoselectivityy (entries 8-9). Ligand 6i shows a slightly lower ee than the analogue which lacks 

thee ring strain in the backbone, as observed earlier (Chapter 4). BINOL-based ligand 7b is not 

effectivee in inducing chirality for this reaction (entry I 1). 

5.33 Conclusions 

Wee have demonstrated that bulky monodentate phosphoramidite ligands can be applied 

successfullyy in palladium-catalysed Suzuki couplings. Moreover, the studies presented here show 

thatt asymmetric couplings are feasible under extremely mild conditions. Even at room temperature, 

thee synthesis of axially ehiral biaryls proceeds smoothly in reasonable enantioselectivity. Because 

off  the mild conditions of the reaction, the substrates can contain a wide variety of functionalities 

thatt would not be compatible using the earlier developed methods, e.g. the Kumada coupling that 

employss Grignard reagents. Although the enantioselectivities and catalyst loadings certainly leave 

roomm for improvement, we believe that these features make the application of bulky monodentate 

phosphoramiditee ligands in Suzuki chemistry a promising tool in asymmetric synthesis. 

5.44 Experimental Section 

Generall remarks. All experiments were earned out under a purified nitrogen atmosphere unless 

otherwisee noted. Solvents and reagents were purchased from Acros. unless stated otherwise. 

Toluenee was distilled from sodium: 1.2-dimcthoxyethane (DV1R) was used as received. The 

synthesiss of the ligands has been reported in Chapter 4 of this thesis. 2-Methylboronic acid"" and 

l-iodo-2-methvinapthalene",|| were prepared according to literature methods. Thin-layer 
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chromatographyy was carried out using Maeherey-Nagel SIL G L \ ' plates of Kicselgel 60. Column 

chromatographyy was performed using silica 60 (SDS Chromagel. 70-200 Jim). GC measurements 

weree performed on a Shimadzu GC-17A apparatus (split splitless. equipped with a F.I.D. detector 

andd a BPX35 column (internal diameter of 0.22 mm. film thickness 0.25 urn. earner gas 70 kPa 

He))) or on an Interscience HR GC Mega 2 apparatus (J&W Scientific. DB-1 column. 30 in film 

3.00 urn carrier gas 70 kPa He. F.I.D. detector). GC MS measurements (E.I. detection) were 

performedd on a HP 5890 5971 apparatus, equipped with a ZB-5 column (5% cross-linked phenyl 

polysiloxane)) with an internal diameter of 0.25 mm and film thickness of 0.25 jam. HPLC 

measurementss for determination of enantiomeric excesses were performed using a Gilson apparatus 

equippedd with an Dynamax UV-I absorbance detector. High Resolution Mass Spectra were 

recordedd at the Department of Mass Spectroscopy at the University of Amsterdam using FAB 

iomsationn on a JEOF JMS SX SX102A four sector mass spectrometer with 3-mtrobenzyl alcohol 

ass a matrix. 

Generall Procedure for Asymmetric Suzuki Couplings. A 5 ml. Schlenk-vessel equipped 

withh a magnetic stirring bar was charged with 0.010 mmol of the ligand. 1.0 mL of a freshly-

preparedd stock-solution of Pd(dba); in DME (5.00 mM. 0.005 mmol) and 1.0 mL of a stock-

solutionn of 1-bromonaphthalene in DME (0.25 M. 0.25 mmol). Dihexyl ether (50 p;L) was added 

andd the reaction mixture was heated to 40 CC and stirred for 15 min. After cooling to room 

temperature,, the base (0.50 mmol). 2-methylnaphthylboronic acid (56 mg. 0.30 mmol) and 0.20 

mLL of water were added. After stirring overnight, the reaction mixture was diluted with diethyl 

etherr (3.0 mL) and the organic phase washed with saturated aqueous NHjCI-solution (2 mL) and 

driedd over MgS04. The resulting solution was analysed by TLC (SiCK hexanes) or GLC to 

determinee the yield of 2-mcihyl-Lr-binaphthyl. Column chromatography (SiCK hexanes) yielded 

thee pure product1'"1 as a white crystalline solid. The enantioselecti\ ity was determined by chiral 

HPLCC (Chiralcel OJ. 250 x 4.6 mm ID, hexane ethanol methanol 1000 5 3.5 (note: the ethanol and 

methanoll  should be mixed before adding to the hexane) flow 1.0 mL mm.. UV 254 urn. tK 2-

methyl-l.r-binaphthyll  = 5.36 min. ((/O-enantiomer; determined by comparison of the sign of 

rotationn with the literature . 8.36 min (S). Care should be taken to remove all 1-

bromonaphthalenee starting material, since this compound overlaps with the </?)-enantiomer of the 

productt in HPLC. 
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