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Abstract. The oxrdative drmerlzatron of P-naphthol is studied by means 
with several copper(II)asune complexes as oxidants. using primary amrues 
a chemical yield of 95X-98X is obtained. Using (+)amphetamme as cots- 
plexmg amine a 94%-96X optically pure product 1s obtained It 18 
established that this stereoselectivity is a result of selective precl- 
prtatron of the copper((+)amphetamme-(-)bmaphthol complex with a 
simultaneous racemization of the (+)bmaphthol 

INTRODUCTION 

],I’-Binaphthalene_2,2’-drol, hereafter called bmaphthol, is a compound used m a broad field of 

research In particular optically pure binaphthol has been used for various applications 

a) enantroselective reduction of ketones (1.2.3) b) stereoselectrve polymerrsation of hetero- 

cyclic monomers (4) c) rnductron of axral drssymsetry Into 1,l ‘-bmaphthyl bond via an rntra- 

molecular Ullmann reactron (5) d) syntheses of chrral macrotrrcyclrc lrgands (6) and macro- 

cycles (7) e) as a resolvrng agent (8) f) rn chromatographrc resolutrons (9) 

In most of these studrea the optrcally pure binaphthol used ~8 obtarned from racemrc brnaphthol 

by resolution of the crnchonrne salt of its phosphate ester (8) Racemrc brnaphthol is synthe- 

sized by an oxadatrve drmerrzatron of 2-naphthol wrth PeC13 as an oxrdant (IO) 

Optically active brnaphthyls can be synthesrzed drrectly vra three stereoselectrve routes 

a) an rntramolecular Ullmann coupling (5) b) a nucleophrlrc aromatrc substrtutron (11,12) c) an 

oxrdatrve drmerrzation of P-naphthol wrth copper(II)amrne complexes as oxrdants (13) 

The last method interested us as thrs reaction drstrngurshes rtself from the other laborrous ones 

by rts simplicity. Furthenrore our rnterest was stimulated as the oxrdrerng copper(II)amrne corn- 

plexes are described to mrmic the actron of copper(H) contarnrng enzymes, e g tyrosrnase, known 

to catalyze brosynthetrc phenol coupling (13.14) 

Ferrnga and Uynberg reported 

with variable modest optrcal 

In order to get insight Into 

R s 

for thrs reaction varyrng chemrcal yrelds of bmaphthol 00-63X) 

activities (up to 8%). both dependrng on the chorce of amrne (13). 

the oxrdatrve couplrng reaction our rnvestrgatrons mrtrally concen- 
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trated on the factors determrnrng the chemrcal yreld Subsequently, the research vas extended to 

stereochemrcal aspects of the reactron It was concluded that the hrghly effrcrent stereoselectrve 

formation of S-(-)brnaphthol was not the result of the oxrdatrve reactron itself, but of a selec- 

tive crystallrzatron and racemraatron during the reaction 

EXPERIMENTAL PROCEDURES AND APPARATUS 

A Synthetic procedure 

Where no special remarks are made, the syntheses of brnaphthol were performed accordrng to the 
following procedure 
At room temperature the stated amount of amrne was drssolved rn 20 ml methanol, 6 mmol of a copper 
(1I)salt drssolved in IO ml methanol was added and the solution stirred magnetrcally After 30 ml- 
nutes the stated amount of 2-naphthol rn 10 ml methanol was added and the total volume brought up 
to 60 ml with methanol After 20 hours the brovn precipitate (a binaphthol-copper(amine com- 
plex) was destroyed vrth 40 ml 4N HCl. When all the precipitate was dissolved, 100 ml of water was 
added and the brnaphthol crystallrzed from the solution and was isolated by filtration and drred 
rn vacua The whole procedure, even the filtration, was performed under N atmosphere The presen- 
ce of oxygen grve rise to impurities and, as is clear from the paragraph ? Bthanolamrnes’. can 
have Influence on the yield of the reaction. 

B Optical rotation 

Brnaphthol vas drssolved rn TBP, concentratron O.Sg/lOO ml, and the [ali was compared to the lrt- 
erature value of -35.5’ (15) to calculate the optrcal purity 

C. Quantitative analysis of the yields 

When the chemrcal yreld of the reaction has to be estimated exactly, procedure A was followed up 
to the addrtron of 100 ml of water. Instead of the addition of water to the homogeneous solutron 
thrs solutron vas extracted thrice vrth 60 ml of drethylether. The combrned ether layers were 
washed three times with 40 ml of water and dried over Na2S04 The ether vas evaporated rn vacua 
and the residue was acetylated with a mrxture of 3 ml pyrrdrae and 2 ml acetic anhydrrde After 
two hours 50 ml 2N HCl was added and the mrxture extracted vlth diethylether (3x60 ml) The com- 
blued etheral layers vere washed vrth water (3x10 ml) and dried over Na2S04 After evaporation of 
the ether m vacua the residue vas dissolved rn a mrxture of hexane/n-propanol (96 4) containing 
a standard amount of blphenyl added as a internal standard, and the mixture was analyzed quantr- 
tatively via HPLC. 

D. Apparatus 

Polarrmeter, Perkin-Elmer 141. BPLC LDC Constsmatrc I combined vrth a W III detector and an HP 
3390 A integrator Column, LrChrosorb-Sr-60-10. Eluent Hexane/n-propanol 96 4 

RESULTS AND DISCUSSION 

A. Chemical yield 

Al. The rnfluence of the structure of the anune and the storchrometry of the reaction 

As we were interested in the properties of armnes requrred to form a copper(H) complex effectrve 

as an oxidant, several basic aannes were tested Stoichromatrrc research was combined vrth these 

experrments by addrng variable amounts of amrne to 6 mnol copper(II)nrtrate and 6 nsaol 2-naphthol 

Table I shows the tested amrnes and their pKa values and Figure I shows the chemrcal yield of bl- 

naphthol as a functron of the amine/copper(H) ratro 

All prrmary amrnes shov similar behaviour over the Table I. 

full range of amlne/copper(II) ratios A dlstrnct 

plateau value 1s reached at a 4 1 amrne/copper(II) 

ratio. Thrs 4.1 ratlo corresponds vrth the ratio 

necessary to form an optrmal square-planar copper(X) 

snune complex (16). However, thrs does not mean that 

this ratio 1s the same rn the actual oxrdrzmg com- 

plex because Z-naphthol (pKar9.5) vrll protonate and 

replace some of the amrne rn the complex Thrs sup- 

positron LB corroborated by experiments using sodium 

STRUCTURE NAME PKO 

H$-Cl+-NH2 ETHYLAMINE 108 

0 
W-NH2 BENZYLAMINE 9 3 

0- 

FH3 a-METHYL- 98 
CH-NH2 EENZYLAMINE 

I I 
(CHa-CH& NH DIETHYLAMINE 145 

P-naphtholate, vhere the plateau value vas reached at (CH3-CH& N TRIETHYLAMINE 11 0 
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Frg I Percentage yrefd on brnaphthol as a 
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Fig 2. Percentage yreld on brnaphthol as a 
functron of the amount of 2-naphthol. 

e 3 1 amlne/copper(IX) ratlo In the sequence prrmary, secondary and tertrary amrne the plateau 

level drops from 67% tot 40% and 0% respectrvely These differences cannot be attrrbured to pKa 

differences, hence the structure of the armne seems to be the declsrve factor. 

Both the observed maxrmal yreld of 67% obtarned urth primary amtnes and the observatron that the 

dark brown precxpltate, obtarned at the end of the reaction, contains copper(I1) (cf 14b). gave 

rkse to the supposrtion that copper(I1) 1s wlthdrawn from the reactron. In that case equlmolar 

amounts of copper(D) and Z-naphtha1 ~111 not be the optrmal condltron to drmerize 2-naphthol 

quantrtatrvely, as can be seen from the following equatron 

3 Cu(I1) + 3 2-naphthol + 2 Cu(I) + 1 blnaphthol-mu + 1 2-naphthol 

werght 67% weight 33% 

So for quantrtatlve drmerrsation the ratio between copper(U) and 2-naphthol has to be at least 

3:Z. Frgure 2 shows the results of an experiment rn whrch the amount of Z-naphthol was varied, 

using fixed amounts of copper(II)nrtrate (6 ussol) and ethylasnne (24 mmol) An rncreaslng copper/ 

2-naphthol ratro drd enhance the bznaphthol yield up to 98% To be sure of an optrmal sltuatlon a 

rat&o of 2.1 can be chosen. 

Based on the f rndrngs so far, 

a strxt nitrogen atmosphere, 

of 2’8.1 With this procedure 

A2, Ethanolamrnes as lrgands. 

we suggest the following condrtions to get an optrmal yreld 

a prrmary amine as a llgand and a copper(II)fammel2-naphthol ratio 

a reproducible yield of at least 95% LS obtarned. 

In the lzterature 113) It xe reported that by maans of butanolaanne and ephedrine as lrgands a 

neglrgrble brnaphthol yreld LS obtarned These compounds are representatrves of the rwportant 

class of ethanolamrnes. Ethanolamines are known to be brdentate (17). r e to coordrnate wrth the 

amine nitrogen as well as with the hydroxy oxygen Because of thus rntramolecular lrgand brndrng, 

the copper(II)ethanolannne complex can be considered to be very stable (13). Oxrdataon of the 2- 

naphthol by the complex would imply the formatron of copper(I) and thus an unfavourable change in 

complex geometry (18). For this reason copper in these complexes 2s not expected to act as an 

oxidant zn thrs kind of reactions. However, because of the biological Importance of ethanolaaunes 

we extended the number of tested ethanolasunes to five (Table II) 

In a nrtrogen atmosphere none of the tested copper(II)ethanolamrne complexes drd oxzdrze 2-naph- 
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thol to an appreciable extent, supportrug the explanatron described above. By accrdent, however, 

we noticed that 111 the presence of oxygen 8 fairly high yreld of brnaphtbol (up to 72X) was ob- 

tained. This points to ox1datlon by d1oxygen 1n complex wrth copper and amine, as has been 

descrrbed 1n the lrterature (14,19,20,21). Wrth regard to thr8,phenomenon special attentron ha8 

been paid to rsopropanolarmne (IPA) Frgure 3 shows the results of experrments in which the amount 

of isopropanolamine has been varied. The copper(I1)/2-naphthol ratio 1n these experlmeats was kept 

on I:1 

Table II. 

tH2-N;I ETHANOLAMINE 

HO 

cH3---“4: ISOPROPANOLAMIN~ 

CH>-CH-CHZ-CHJ BUTANOLAMINE 

’ ?H, HO 

0- 
CH- CH- CH3 NOREPHEDRINE 
I I 

MD NH2 

#- F”-F”- CH3 EPHEDRINE 

CH3 

AmtnelCuCl2 

Fag. 3 Percentage yield on brnaphthol as a 
functron of the IPA/copper(II) ratio. The 
copper(II)/2-naphthol rat10 was fixed at 1 1. 

The appearance of a maximum yield at an IPA/copper(IX)chlorrde ratio of 2.5.1 1s strrkrng. A semi- 

lar relationship was found with coppernrtrate, implying the ratio to be independent on the counter 

1on. Considering the equal pKa values of Z-naphthol and IPA, Z-naphthol ~111 be at least partly 

deprotonated wrthout simultaneously berng taken up as a Irgand 1n a copper(I1) ccsnplex, Thrs 1n 

contrast to the mechanrsm described for copper(II)amrne complexes The extra consumption of IPA 

may be responsible for the fact that the maximum rn FlgUre 3 18 situated at an ethanolsmine/ 

copper rat10 hrgher than 2:). 

Kxperlmants with norephedrrne as a complexing etha- 

nolamrne showed 8UUlar behavrour. 

For the mechanism of the oxrdatron reacrion it 18 

propxedthat the approach of a naphtholate anion 

to the complex vi11 take place at the site opposite 

to the coordrnated oxygen. The naphtholate anion now 
HZ 

supplies an electron to dioxygen v1a cOpper and 

1s oxidized. By mean8 of oxygen as an oxidant 1x1 Fig. 4, A square-planar complex structure 

thrs vay (22) an unfavourable change in complex of raopropanolamrne and copper(U) 1n 
oresence of oxvaen. 
* 

-_ 
geometry as avoided a8 copper 18 not reduced 

to copper(I), Figure 4 shows the proposed square-planar complex structure under oxygen atmosphere 

As can be seen from Figure 3, an increase of the IPA/copper(II) ratio drm1nishes the biaaphthol 

yield finally to zero. We assume that at a high rsopropanolamrne concentration all 61x copper(I1) 

coord1natron sites are occupred by 1sopropanolamme. In that srtuetzon the copper(X) Cannot Coor” 

dinste wrth oxygen and the naphthol anion and no oxidation 18 possible. 

A3. The influence of the anion of the copper(I1) salt. 

In order to determrne the influence of difference 1n anzon by the reaction under nrtrogen atmos- 

phere , experiments were carried out with copper(II)nrtrate, chloride, sulfate and acetate The 
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copper(2-naphthol/armne ratlo was fIxed at 2 1 8 according to the standardlzatron established 

1.n paragraph Al No srgnlfrcant drfferences In binaphthol yreld (95%) were found using the various 

Cu(II) salts However, an important advantage was noticed when copper(II)chlorrde was used Wrth 

ethylamrne and amphetamine as a c6mplexing anune a homogeneous solution of the complex m methanol 

was ob tanned, this in contrast to the precrpltate formed when using the other copper(I1) salts 

So a further standardrzatron was flxed the use of copper(II)chlorrde Instead of the previously 

used nltrate Wrth thrs new standardization again a relatlon was determined between the amine/ 

copper ratio and the brnaphthol yield Ethylamlne and amphetamine were used as primary amines 

(Fig 5) 

As was expected, the plateau reached a level of nearly 100% Wrth copper(II)nIt thrs level 

started at a 4 I ratlo amrne/copper(II) (see Fig 2) But with copper(II)chlorrde the level is 

reached at an armne/copper(II) ratio of 2 I This 

difference between nrtrate and chloride is under- 1007 

standable consrdering the greater ability of % 

chlorrde to coordinate as a ligand compared to 

nrtrate It 1s likely that a copper(II)chlorrde/ 

amine complex rn a I 2 2 ratlo LS formed Thrs 1s 

in accordance with the literature (15.16) descrr- 

brng the same drfference between chloride and nr- 

trate rn the formation of square-planar copper(I1) l Cl+-Cl+NH2 

complexes In order to produce a very high chemical 

yield the standardized copper(II)/amme/2-naphthol LO- 
0 

0-C H2-Y+NHI 
ratio of 2 8 1 was marntarned CH3 

Surrmarizing what has been found so far it can be 

stated that a srmple, reproducible, highly effl- 26 

crent synthesis of pure racemrc blnaphthol is pos- 

sable when the following condrtlons are used 

- a nitrogen atmosphere during the whole procedure r 9 
- a primary amine as a ligand 0 2 T L 6 

AmnreKuCl2 
- copper(II)chlorrde as oxrdant 

Frg 5 Percentage yield on brnaphthol as a 
- a copper(II)/armne/2-naphthol ratro of 2 8 1 function of the amrne/copper(II) ratio The 

amounts of copper(I1) and 2-naphthol were 
fixed at 6 and 3 mmol respectively 

B Stereoselectlvlty 

Feringa and Wynberg (13) reported optical purrtres up to 8% for the drmerrzatron of 2-naphthol, 

usrng choral copper(II)amrne complexes as oxrdlzrng agents In our department several chrral aml- 

nes were tested The anunes, chemical yield and optical purrty are llsted in Table III 

As can be seen, stereosekctlve induction was very poor wrth most amrnes The superior optical 

purity produced by using S-(+)-a-methyl-phenylethylamine (S-(+)amphetamme) as a llgand was sur- 

prlsrng Very srmrlar amines (see Table III) showed far less stereoselectlve rnductlon The fact 

that with amphetamine an unprecedented optrcally pure brnaphthol could be obtained (23) stimulated 

us to optirmse thrs reaction A problem whrch had to be faced was the rrreproducrbillty of the 

optical purity of the endproduct, (-)brnaphthol. under apparently tdentlcal reactron condrtlons 

As was described ln ‘Experrmental procedures’, the syntheses were carried out at room temperature 

and no influence of temperature on chemical yield was observed However, 1x1 view of the lrreprodu- 

clblllty of the optical purity obtained, we decided to set up experiments m order to determrne 

the relation between the optical purity and chermcal yield at one hand and temperature on the 

other The standardrzatlon fixed with respect to the chermcal yield was applied, so all reactions 

were carried out usrng a copper(II)chlorrde/S-(+)amphetanune/2_naphthol ratlo of 2 8 I Each pro- 

cedure, rncludlng the rsolatron of brnaphthol by crystallrzatron, was carried out at one chosen 

temperature Figure 6 shows the results of these experiments The chemical yield was independent 

of temperature (95-98X) However, within a very small temperature range (IO to 2OoC) the optical 
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Table III. 

STRUCTURE NAME 

?” 
CH,-W-C&-NH2 ISOPROPANOLAMINE 

F % U-METHYL- 

CH-NH2 BENZYLAMINE 

P-METHYL- 

PHENYLETHYLAMINE 

:HEMICAL ENANTIOMERIC 
YIELD EXCESS 

1% 0% 

97% 8% 

97% 8% 

C~_~--N& =-METH’fL- 
98% 96% 

PHENYLETHYLAMINE 
CHs [AMPHETAMINE) 

L 

purity rncreased from 5% e.e. up to 96% e e. These results solve the problem of the rrreproduclbr- 

lrty of the experrments before the varration In ‘room temperature’ between ca 15 and 25OC ex- 

plarns the variatron m the optrcal purrty obtarned. 

The determined relation between temperature and the stereoselectrvrty of the reaction 1s remar- 

kable as rn general a reverse relatronshrp is found So these data give rise to the supposrtlon 

that not the oxrdatrve couplrng reactron itself induces stereoselectivity but, depending on solu- 

brlltres and In thrs way on temperature, stereoselectrve crystallrsatron of the (-)binaphthol- 

copper(II)chlorrde-(*)amphetamlne complex (brown precrprtate) should be responsrble for the ste- 

reoselectrvrty of the process. A srmultrneoua racennsation of the remarnrng (+)bmaphthol rn solu- 

tion (wether or not complexed) would explain the found combanatron of a hrgh optical purrty and a 

hrgh chesucal yield. These supposrtrons were checked experimentally as follows At a temperature of 

25’C under nitrogen atmosphere (*)amphetarmne and copper(II)chlorrde dissolved In methanol were 

added successrvely to a methanolrc solution of race&c brnaphthol. After 20 hours the precrprtated 

complex ~8s frltered off, Binaphthol was tsolated both from the precipitate and from the filtrate 

and analyzed, The data ste shown rn the schema. 

It can be seen that the orrgrnally racemrc binsphthol 1s transformed Into an enantromeric mrxture 

of 89% (r)binaphthol and 11% (*)brnaphthol, This experrment was repeated at O’C. The precrprtate 

(94%) and the brnaphthol in solution (6%) drdn’t show any optical actrvity. 

These results confirm the suppositron that tt 

is not the oxrdstive dnnerrsataon responsible 

100. 
%ee. 

80. 

60. 

for the atereoselectrvzty of the process but 

the stereoselectrve crystall&satron of the 

complex. 

LO- 

20. 

* 
0 10 20 30 *c 

Frg. 6. Tire rnfluence of temperature on the 
ootrcal DUrltY of the isolated blnaohthol 

FINAL REMARKS 

Firstly the trtle of our previous paper (23) 

“A HIGHLY STEREOSELECTIW SYNTHESIS OF 

Sf~)~(i,f’~BXNAPHTHUENE)-2,2’-DLOL” 18 not 

correct. The formatton of S-(-jbmaphthol 

turns out to be a stereoselectrve crystallr- 

sation combrned wrth recemlzatron rn solutron, 
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2s”c 

RACEMIC 

I 

BINAPXTHOL 

S(+)AMPHETAMINB 

PRECIPITATE SOLUTION 

a “second order asymnetrrc transformatron” 

(13) 

Secondly rt 1s clear from our mechanrstrc re- 
B 

search that thrs reaction cannot be presented 

A 
any longer as a model for the brosynthetrc 

oxldatlve phenol couplrng as 1s mentioned by 

C Ferlnga and Wynberg (13) 

Thrrdly it is established that although 

S-(-)blnaphthol is described to be optically 

stable (IOO’C, 24hr) in droxan-water (24), rn 

CA(-B) - CA(-B)zCA(+B) 
the presence of copper(amine complexes 

i I 

racermzatron occurs even at room temperature 

CHEMICAL YIELD 87%~ 

OPTICAL PURITY 91X(-)B 

13%B 

12S(+)B 

89X(-)BINAPHTHOL 

llX(+)BINAPHTHOL 
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