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SYNTHETIC APPROACHES TO BINAPHTHALENES . A REVIEW 

Miha T i g l e r  

Department of  Chemis t ry ,  E. K a r d e l j  U n i v e r s i t y  

6 1 0 0 0  L j u b l j a n a ,  YUGOSLAVIA 

INTRODUCTION 

B i n a p h t h a l e n e s  and i n  p a r t i c u l a r  b inaphthoquinones  have 

been i s o l a t e d  from v a r i o u s  p l a n t s  or are produced by microorga-  

nisms.’ They are g e n e r a l l y  formed from p h e n o l i c  s u b s t r a t e s  by 

o x i d a t i v e  b i o g e n e t i c  pathways.  Microorganisms and h i g h e r  p l a n t s  

c o n t a i n  d i m e r s  of  naphthoquinones.  So f a r  more t h a n  2 0  such  

compounds have been i s o l a t e d  and c h a r a c t e r i z e d .  Many of  them 

are  d i m e r s  of 5-hydroxy-1,4-naphthoquinone ( j u g l o n e ) .  On t h e  

o t h e r  hand, s y n t h e t i c  b i n a p h t h a l e n e s  have r e c e n t l y  become of  

i n c r e a s i n g  i n t e r e s t  e i t h e r  i n  c o n n e c t i o n  w i t h  t h e  p r e p a r a t i o n  

of  n a t u r a l  p r o d u c t s  and a n a l o g s  of t h e  b i o l o g i c a l l y  a c t i v e  

g o s s y p o l  or  f o r  s t u d y i n g  weak i n t e r m o l e c u l a r  i n t e r a c t i o n s  

i n  t h e  h o s t - g u e s t  r e l a t i o n s h i p ,  i n  p a r t i c u l a r  as  p o t e n t i a l l y  

h o s t - g u e s t  l a t t i c e  i n c l u s i o n s .  Binding s e l e c t i v i t y  i s  e f f e c t e d  

by t h e  s t e r i c  r e q u i r e m e n t s  o f  t h e  h o s t  and q u e s t  m o l e c u l e s  t o  

form t h e  s p e c i f i c  h o s t - q u e s t  a g g r e g a t e s .  Thus, b i n a p h t h a l e n e s  

have been used e x t e n s i v e l y  a s  c h i r a l  hos t  f o r  r e s o l v i n g  amino 

a c i d s , 5  f o r  asymmetric r e d u c t i o n  of  k e t o n e s  t o  o p t i c a l l y  

a c t i v e  a l c o h o l s ,  6,7 i n  t h e  asymmetric a l k y l a t i o n  or a r y l a t i o n  
of a ldehydes , ’  f o r  t h e  i s o m e r i z a t i o n  of a l l y l a m i n e s  t o  c h i r a l  

enamines , and o t h e r  s t e r e o s e l e c t i v e  t r a n s f o r m a t i o n s .  

2-4 

A v a r i e t y  of  methods e x i s t s  f o r  d i r e c t  j o i n i n g  two naphta-  

l e n e  r i n g s  t h r o u g h  carbon-carbon bond f o r m a t i o n ,  t h e  m o s t  i m -  

p o r t a n t  and commonly used  b e i n g  t h e  Ullmann r e a c t i o n , ”  t h e  

decomposi t ion  of diazonium s a l t s  ( t h e  P s c h o r r ,  o r  t h e  
Gomberg-Bachmann-Hey r e a c t i o n ’  3-’ 5, , p h e n o l i c  o x i d a t i v e  coup- 

l i n g ,  u s e  of v a r i o u s  o x i d a n t s 1 6  and a p l e t h o r a  of methods and 
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r e a g e n t s  which were a p p l i e d  o n l y  t o  p a r t i c u l a r  n a p h t h a l e n e  

d e r i v a t i v e s .  Fo r  example,  depend ing  on p a r t i c u l a r  o x i d a n t ,  

n a p h t h o l s  a r e  e i t h e r  d i m e r i z e d  t o  d e r i v a t i v e s  o f  b i n a p h t h a -  

l e n e  o r  d i n a p h t h o f u r a n ,  whereas  s t r o n g e r  o x i d a n t s  u s u a l l y  

d i s r u p t  t h e  n a p h t h a l e n e  r i n g  w i t h  t h e  f o r m a t i o n  of  a c i d s .  

A l l  t h e  methods mentioned g i v e  s y m m e t r i c a l l y  l i n k e d  b i n a p h t h a -  

l e n e  (1,l’- o r  2 , 2 ’ - ) ,  t h e  u n s y m m e t r i c a l l y  l i n k e d  ( 1 , 2 ’ - )  

b e i n g  seldom formed. I n  a d d i t i o n ,  many of t h e s e  methods have 

d i s a d v a n t a g e s  s i n c e  many a re  o f  l i m i t e d  u s e  as  t h e y  a r e  more 
of less c o n f i n e d  f o r  t h e  s y n t h e s e s  o f  symmetrical b i n a p h t h a -  

l e n e s  o r  b i n a p h t h o q u i n o n e s ;  t h e y  a l so  l a c k  of  r e g i o s e l e c t i v i t y ,  

u s u a l l y  r e q u i r e  severe r e a c t i o n  c o n d i t i o n s  and y i e l d s  are  ge-  

n e r a l l y  l o w .  T h e r e f o r e ,  it i s  almost i m p o s s i b l e  t o  p r e d i c t  

which s y n t h e t i c  a p p r o a c h  w i l l  be  s u c c e s s f u l  or w i l l  g i v e  t h e  

optimum y i e l d  of t h e  d e s i r e d  p r o d u c t .  

17 , 18 

I n  a d d i t i o n ,  s y n t h e s e s  o f  c h i r a l  b i n a p h t h a l e n e s  are  
l i m i t e d  a l t h o u g h  such  s y n t h e s e s  a r e  o f  g r e a t  v a l u e .  R e c e n t l y ,  

t h e r e  have been  some reports of s y n t h e s e s  where a x i a l  dissym- 

m e t r y  h a s  been induced  d u r i n g  t h e  f o r m a t i o n  of  t h e  b i n a p h t h a -  

l e n e  r i n g s  and t h e s e  a p p r o a c h e s  w i l l  be men t ioned  l a t e r .  

I .  FORMATION OF BINAPHTHALENES FROM NAPHTHALENES 

1. Thermal D i m e r  i z a  t i o n  - 

Therma l ly  induced  d i m e r i z a t i o n  of  n a p h t h a l e n e  d e r i v a t i v e s  

o c c u r  o n l y  i n  s p e c i a l  cases. Naph tha lene  i t s e l f  i s  d i m e r i z e d  

t o  2 , 2 ’ - b i n a p h t h a l e n e  a t  475OC and 25-50 atm.” The 2 , 2 ’ -  

isomer i s  a p p a r e n t l y  t h e  most  s t a b l e  u n d e r  such  ex t r eme  con- 

d i t i o n s  s i n c e  I l l ’ - b i n a p h t h a l e n e  when p a s s e d  o v e r  p l a t inum-  

a lumina  a t  49OoC i s  i s o m e r i z e d  i n t o  1 , 2 ’ -  and 2 , 2 ‘ - i s o m e r s .  
I t  h a s  been found t h a t  a l l  t h r e e  iscmeric b i n a p h t h a l e n e s  are  
i n t e r c o n v e r t i b l e  when p a s s e d  o v e r  s i l i c a  g e l  a t  49OoC and t h e  

o r d e r  of  s t a b i l i t y  i s  found t o  be  2 , 2 r - ~ 1 , 2 r - ~ 1 , 1 r - .  2 o  1 I 1 ‘ - B i -  

n a p h t h a l e n e  i s  a l s o  o f  i n t e r e s t  from t h e  p o i n t  of  view t h a t  

a s o l i d  s t a t e  r e s o l u t i o n  o c c u r s  and t h e  racemic (low-temper- 

a t u r e )  form i s  c o n v e r t e d  t o  t h e  c h i r a l  ( h i g h - t e m p e r a t u r e )  

form21 ( f o r  X-ray s t r u c t u r e  d e t e r m i n a t i o n  see 2 2 r 2 3  A r a t h e r  

20  
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

facile dimerization to a binaphthalene occurs with 5-isopropyl- 
6,7-dimethoxy-3-methyl-l-naphthol. The dimer was obtained 
first at elevated temperatures (15OoC then 215OC) .24'25 How- 
ever, it was later established that dimerization of the above 
naphthol occurs readily even in the solid state at -1OOC in 
an inert atmosphere to the same 2,2'-binaphthalene derivative 
(apogossypol tetramethyl ether). 

at 12OoC was observed with methyl 5-iodo-l,6,8-trimethoxy-3- 
naphtholate and the 1,l'-dimer is formed in about 80% yield. 
In a similar manner brief heating of related iodonaphthalenes 
afforded other 1,l'-binaphthalene derivatives. 29' 30 A binaph- 
thalene is formed also upon thermal dissociation of the trans- 
photodimer of 2-methoxynaphthalene (1) - the process being ac- 
companied by isomerization to 2',3-dimethoxy-1,2-dihydro-l,1'- 
binaphthalene. 

26 

Dimerization in the crystalline state upon brief heating 

27,28 

31 

TABLE I. 1,l'-Binaphthalenes from Thermal Coupling 
of Naphthalenes 

Starting Naphthalenea Product % Yield Ref. 

1,6,8(OMe) 3(COOMe) 5(I) 2,2',4,4',5,5' (OMe) 74,80 27,28 
7,7' (COOMe) 

1 (OH) 3(COOMe) 5(I) 2,2',4,4'(OMe) 5 29 
6,8 (OMe) 5,5' (OH) 7,7' (COOMe) 

1,6,8(OMe) 3(COOH) S(1) 2,2 ' ,4,4 ' ,5 I 5 ' ( OMe) 5 0 29 
7,7' (COOH) 

1 I 6 '8 (OMe) 5 (I) 2,2',4,4',5,5'(0Me) 48 29 

1,3 (OH) 2 (COOMe) 5 (I) 3,3',4,4' (OMe) 25 30 
7,8 (OMe) 5,5 ' ,7,7 (OH) 

6,6 (COOMe) 

a. Figures and substituents in parentheses indicate the 
relative positions of functional groups in the starting 
naphthalene and in the 1,l'-binaphthalene. 
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TISLER 

2,3-Dihydroxynaphthalene when oxidized with potassium 
nitrosodisulfonate is transformed into 3-hydroxy-1,Z-naphtho- 
quinone which dimerized to 2. If the dimer, for which the 
structure 2 has been proposed is heated in water the binaph- 
thalene derivative (3 )  is formed. 3 2  

OH 
m o /  

HO JGc) 
0 

aoH OH 

3 - 2 - 
2 .  Dimerization under the Influence of Acids, Lewis Acids 

and other Catalysts 

The acid-catalyzed dimerization of lI2-naphthoquinone to 
the dimeric quinhydrone (4, R = H, R1 = R2 = OH) takes place 
under relatively mild conditions (yield 6 7 % ) .  33-35 In a simi- 
lar manner the crossed condensation with 1- or 2-naphthol 
takes place to give 4 (R = R 

- 4 

= H ,  R2 = OH) in 25% yield34 or 1 36 (R = OH, R1 = R2 = H ) .  

For compound 2 (R = H, R1 = R2 = OH) several tautomeric 
forms are possible and it has been concluded that the above 
form exists in polar solvents, whereas in nonpolar solvents 
or in solid state the 1,l'-binaphthylidene form prevails. 37 

Dimerization, however, failed in the case of 1,2-naphtho- 
quinone-3-carboxylic acid. 38 
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0 0 

Me MeCONH R S  NHCOMe 

\ R  
\ Me 

0 \ / 
Me \ 

0 

In a similar manner acid catalyzed condensation of 3 ' 7 -  

dimethyl-1,2-naphthoquinone and 1,2-dihydroxy-3,7-dimethyl- 
naphthalene yielded upon oxidation with nitric acid the di- 
quinone - 5 in 64% yield. 

When equimolar amounts of naphthalene and lI4-naphtho- 
quinone are heated in the presence of palladium(I1) chloride 
2,2'-binaphthalene-l,4-dione is formed in 16% yield.39 1,4- 
Naphthoquinone is dimerized in acetic acid and quinoline or 
pyridine (yield 67-70%)  ,40 but in the presence of pyridine 
further condensation may take place. 41 Other examples of bi- 
naphthalene formation under the influence of metals or salts 
are collected in Table 11. 

35 

TABLE 11. Dimerization of Naphthalenes under the Influence 
of Metals or Salts 

Promotor 1,l'-Binaphthalene % Yield Ref. Starting 
Naphtha 1 ene 

Naphthalene SbC13 or SnC14 
in growing tube 
glowing Pt 
Se2Br2 ,A1C13 
FeC13 ,AlC13 or 
MoC15 

1 (Et) A1C13, MeCOCl 

1 (OMe) CUCl2 

1 (OMe) CuBr2 or CuC12 
A1C13 

1,l'-Binaphthalene - 42,43 

a - 44 
low 45 

b - 46 

4,4'(Et) c by product 47 

4,4 (OMe) + 
3 (C1) 4,4' (OMe) - 48 

4,4' (OMe) 40-70 48 
16 49 
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TABLE I1 (continued) 

Starting 
Naphthalene Promo t o r l,l'-Binaphthalene % Yield Ref. 

2 (OMe) A1C13 2,2' ( O M e )  

1 (OEt) A1C13 or 4,4' (OEt) 
A1C13,C1COOEt 
CuBr2 or CuC12 

low 49 
39 49 

60-84 48 

Naphthalene AlCl or 2,2'-Binaphthalene - 50,51 
Ni-c3rbonyl or 52 
alumosilicate 
earth 
MoC15 
i) TeC14, ii) Raney-Ni 

53 

100 46 
98 54 

1 (C1) FeC13 1,1'(C1) low 55 

quinone RhC13, EtOH 1,1' (OH) 4,4' (OEt) - 
1,4-Naphtho- 

56 

a. Together with much 2,2'-binaphthalene. Yield of the 
l,l'-isomer increaser; withincreasing temperature. 

b. In various yields, together with 1,2'- and 2,2'-isomers. 
c. Structure tentatively assigned. 

3 .  Oxidative Couuljnq 

Oxidative coupling of naphthols to give binaphthalene 
derivatives is widely used for the preparation of symmetrically 
substituted 1 , l ' -  or 2,2'-binaphthalenes. Various reagents ha- 
ve been used for these purposes and there is no general recom- 
mendation for a specific one since oxidative transformations 
of naphthols usually give in addition to the anticipated bi- 
naphthalenes various polymeric and quinonoid products. 

In the first step, in general, naphthoxyl radical are 
formed which rapidly react further, although stable radicals 
are also known. Further transformations of naphthoxyl radicals 
depend on the structural features and mechanistic possibilities 
have been discussed. "'18 Sometimes, in particular with spe- 

24 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHETIC APPROACHES TO BINAPHTHALENES 

cific reagents such as silver (I)oxide, dimeric quinones are 
formed. In the first step, naphthoxyl radicals are formed and 
couple exclusively at unsubtituted ortho and para positions 
to give first a dimeric naphthol, which may react further to 
form oligomers. In order to repress these processes, the star- 
ting naphthol should have all other positions where coupling 
may occur blocked, except the required one. In many cases, 
methoxy groups are used €or such purposes and they may be at 
a later stage transformed into a quinone carbonyl group. The 
advantage of oxidative coupling when compared to the naphthol/ 
naphthoquinone addition is that the site of formation of the 
new carbon-carbon bond is more or less unequivocal. However, 
both synthetic approaches are limited or even fai1,if bulky sub- 
stituents are present at position 2 in naphthols and at the 
quinonoid carbon-carbon double bond. Stronger oxidizing agents 
usually disrupt the naphthalene ring with the formation of 
acids. 

a) Ferric chloride 

Dianin was f i r ~ t ~ ~  to show that 1-naphthol undergoes 
oxidative coupling with this reagent. That 1,l’-binaphthalene- 
4,4’-diol is formed was shown also by others, 58-60 but it was 
discovered later61 that also 2,2'-binaphthalene-l , 1 '-dial is 
formed. The assigned structure was later found to be correct. 62 

The products from oxidative dimerization of naphthols 
with FeC13 are presented in Table 111. 

with FeC13 into binaphthylidene derivatives. For example, 8- 

acetamino-2-naphthol gives upon heating with FeC13 in aqueous 
hydrochloric acid 5 (R = H) (63% yield) which is also obtained 
with Cu (11) oxide in nitrobenzene ( 6 0 %  yield) . 8o  Similarly the 
hydroxy analog ( 5 ,  R = OH) is formed 8 o  whereas 4-cyclohexyl- 
-1-naphthol gives the 4-ox0 analogue 1.81 From 4-methyl-, 4- 

methoxy-, 4-cyclohexyl- or 4-phenyl-1-naphthol under similar 
conditions the bicyclic derivatives (8, - R =  Me, MeO, C641j’ Ph) 
were obtained in 46% to quantitative yield, respectively. 

In an overoxidation reaction napthols may be transformed 

6,81-85 

1,2-Naphthoquinone upon heating with FeCl is transformed 3 
into a compound €or which originally a structure of an ether 

2 5  
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TABLE 111. 

Starting Naphthalene - 1'1'-Binaphthalene % Yield Ref. 

FeC13 Oxidations of Naphthols 

2'2' (OH) - 57 I 63'64 
90 65 

4'4' (OH) - 34'57'61 
2,2',3,3' (OH) 73 66 

60 67 
2,2',6,6' (OH) 75 68 
2,2',717' (OH) 68 69 
2'2' (OH) 3'3' (OMe) - 70 
2'2' (OH) 3'3' (COOH) - 71-73'74 
2'2' (OH) 7'7' (S03H) 90 75 
2'2' (OH) 6'6' (Br) 58 76'77 
2'2' (OH) 3,3' (t-Bu) low 78 
515'161 6' ,717' 1818' ( H I  

2'2'-Binaphthalene 

1 (OH) 3(Me) 4(C1) lll'(OH) 3,3'(Me) 4,4'(C1) 86 79 
5'8 (OMe) 5,5',8,8' (OMe) 

b.The l evo  and dextro form 
:- - a.With ammonium ferric sulfate 

72 were separated. 

was proposed8' but later structure - 9 was assigned and con- 
firmed. 87 I 88 

C6"ll 

@+$J \ / \ / 

R R g 0 C&l 

7 - 

26 
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b) Potassium ferricvanide 

This reagent is frequently used for  oxidative coupling 
of naphthols in an alkaline solution (Table IV). With this 

TABLE IV. Oxidative Coupling of Naphthols with K3Fe(CN)6 

Starting 
Naphthalene 1'1'-Binaphthalene % Yield Ref. 

1 (OH) 3(Me) 4(OMe) 
2 (OH) 1 6 (t-Bu) 
6(OH) 5,8(Me) 1,2,3,4(H) 

2'2 (OH) 3 I 3' (t-Bu) 68 78 
5,5',6,6'1717',818' (HI 

2,2' (OH) 3,3',4,4' (Me) 43a 95 
515',6,6',7r7r ,818' (H) 

2 , 2 ' -Binaphthalene 

lll'(OH) 3,3'(Me) 4,4'(OMe) 61 96 
3,3' (OH) 4'4' 17,7' (t-Bu) 25 76 

lI1't4,4'(Me) 3r3' (OH) 40 95  
5'5' I 6 I 6' I 7 I 7' ,8 '8' (H) 

a.In a two phase system. b. Structure tentatively assigned. 

reagent overoxidation is also possible as shown later in se- 
veral cases. It is however possible to overcome this drawback 
by using a two phase system in which the product is protected 
from further oxidation. 

lrl'-Binaphtha1ene-2,2'-diol (10) - which is formed from 
2-naphthol is easily oxidized further by K3Fe(CN)6 or other 
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oxidants. Two crystalline products were obtained, peroxide 
and an ether. Both dissociate in solution forming deep-colo- 
ured radicals, formulated as 11 and 12. 

10 - 11 - 

For these two species ESR spectra were measured and showed 
the presence of radicals. Also oxidation of 10 with Ag20 gives 
a compound which is a radical in the solid state. All these 
dinaphthoxyl radicals are stable in the presence of air. 89 

When a solution of optically pure (S)-(+)-7-hydroxy- 
-1,5,6-trimethyl-1,2,3,4-tetrahydronaphthalene was dimerized 
with K3Fe(CN)6 only one pure isomer was obtained (yield 63%). 
The (S,S)-trans enantiomer was obtained in a completely ster- 
eospecif ic manner. If racemic starting material was used, 
a mixture of three diastereoisomeric dl-dimers were obtained 
in a ratio of 66:7.9:26.1. Mixed oxidation of 2-naphthol and 
6-bromo-2-naphthol gave a mixture of homo- and cross-coupled 
products. 91 

Overoxidation of the corresponding naphthols yields the 
quantitative yield, or 13, 

R18i 
1,l'- (13, c R = C1, 
R = NHCOMe, R1 = Cl), 

(14) 
the 2,2'-binaphthylidene derivative 

(yield 50%)~' and ,.92 Whereas the 8-substituted deriv- 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

atives, for example 13 (R = NHCOMe, R1 = Cl), are true quin- 
ones, the parent compound (13, R = R = H) is regarded as 

diradical. 
1 80,93 

13 
I 

1 5  - 14 - 
Similarly 2-mxhyl-1-naphthol is transformed with K3Fe(CNl6 
into 3,3'-dimethyl-l,l'-binaphthylidene-4,4'-dione in almost 
quantitative yieldg4 and from 2-methoxy-1-naphthol 3,3'-di- 
methoxy- l , l ' -b inaphthyl idene-4 ,4 ' -d ione  is obtained in low 
yield. 7 0  

c) Lead tetraacetate 

Lead tetraacetate has been used mainly to convert phe- 
nolic compounds into the quinone-diacetates, quinol acetates 
and quinones and there are only a few examples of i t s  appli- 
cation €or the synthesis of binaphthalene derivatives. 

1-Methoxynaphthalene when oxidized with lead tetraacetate 
gives 1,l'-binaphthalene derivatives together with a small 
amount of 1 ,4-dimethoxy-l , 2 -binaphthalene. 97 After four 
weeks at room temperature, 4,4'-dimethoxy-l,l'-binaphthalene 
was obtained in 51% yield;98 with an excess of lead tetra- 
acetate, 4-me thoxy- l , l ' - b inaph tha lene -3 ' , 4 ' -d ione  is obtained 
in appreciable quantity. 97 1 , 5-Dimethoxynaphthalene with a 
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TISLER 

molar proportion of lead tetraacetate gives as the main pro- 
duct the diacetoxy dimer (16, R = OAc) together with a smaller 
amount of the 3-acetoxy analog (16, R = H) and a substantial 
amount of the dione (17, R1 = R2 = H )  and its 3-acetoxy (17, 
R1 = OAc, R2 = H) and 5-acetoxy (17, R1 = H I  R2 = OAc) deriv- 
atives. With excess of lead tetraacetate also compound 18 is 
formed. 97 Similar results were obtained from oxidation of 
2,6-dimethoxynaphthalene. 97 

OMe R 2  OMe OMe 

OMe OMe 

R 
0 Me Me OMe 

18 - 
17 
_I 

16 - 

d) Lead (IV) oxide and Silver (I) oxide 

Oxidative coupling of 1-naphthols with Ag20 to give 2,2'- 
binaphthalene derivatives has been used in several cases to 
produce polysubstituted derivatives (Table V). similar to 5,8- 
dimethoxy-3-methyl-1-naphthol which is oxidized to the biqui- 
none, 
tion with Ag20 3,3'-dimethoxy-2,2'-binaphthalene 1,1~,4,4~- 
tetrone. 

4-hydroxy-1 I 2-dimethoxynaphthalene gives upon oxida- 

99 

For the most part 1-naphthols are oxidized with Ag20 into 
the corresponding 2,2r-binaphthylidene-l11r-diones (Table VI). 
Cross coupling was also successful with a mixture of 1,5-dihy- 
droxy-4-methoxy-7-methylnaphthalene and 4,5-dihydroxy-l-me- 
thoxy-7-methylnaphthalene with PbOZ to give 5,8'-dihydroxy-4,4'- 

106 dimethoxy-6',7-dimethyl-2,2'-binaphthylidene-ll~~-dione. 
In an analogous manner, co-oxidation of 4-methoxy-8-methyl-l- 
naphthol and 4-methoxy-5-methyl-1-naphthol with Ag20 afforded 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

TABLE V. 2,2'-Binaphthalenes from Naphthols and Ag20 

Starting Naphthalene 2,2'-Binaphthalene % Yield Ref. 

1(OH) 4(OMe) 1,l' (OH) 4,4' (OMe) 95 100 

1 (OH) 3(Me) 5,8(OMe) 1'1' (OH) 3'3' (Me) 1 3a 79 
515',8,8'-tetrone 

101 b 1 (OH) 3(Me) 4(0COMe) 3,3'(Me) 1,1',4,4' (OCOMe) low 

102 
8 (OMe) 8'8' (OMe) 

a.Together with 8% isodiospyrin (4,1'-dihydroxy-2,3'-dimethyl- 
1,2 ' -binaphthalene-5,5 ' ,8 ,8 ' - te t rone)  which was isolated pre- 
viously from Diospyros lotus. '03-'05 b.After subsequent ace- 
tylation. c.As by-product l-hydroxy-3,3'-dimethyl-4-acetoxy- 
8,8'-dimethoxy-2,2'-binaphthalene-l',4'-dione is obtained. 

in addition to the symmetrical 4,4'-dimethoxy-8,8'-dimethyl- 
and 4,4'-dimethoxy-5,5'-dimethyl-2,2'-binaphthylidene-lIl~- 
dione 4,4'-dimethoxy-5,8'-dimethy1-2,2'-binaphthy1idene-1,1~- 
dione as the main product in 42% yield. log Co-oxidation of 4- 
methoxy-6-methyl-1-naphthol and 4-methoxy-7-methyl-1-naphthol 
gave a mixture of 4,4'-dimethoxy-7,7'-dimethyl-, 4,4'-dimethoxy- 
6,7'-dimethyl- and 4,4'-dimethoxy-6,6'-dimethyl-2,2'-binaphthy- 
lidene-1 I 1 '-dione. log From 4-methoxy-6-ethoxy-1-naphthol and 
4-methoxy-7-ethoxy-1-naphthol a mixture of 4,4'-dimethoxy-6,6'- 
diethoxy-, 4,4'-dimethoxy-6,7'-diethoxy- and 4,4'-dimethoxy- 
7,7'-diethoxy-l,l'-binaphthylidene-lIl'-dione was obtained. 1 0 9  

A 1,l'-binaphthylidene derivative is formed when 2-methoxy- 
1-naphthol is oxidized with Pb02 to give 3,3'-dimethoxy-lI1'- 
binaphthylidene-1 I 1 '-dione. 34 Also 1 I 2-naphthoquinone when oxi- 
dized with Ag20 and in the presence of 1,l-dianisylethylene is 
transformed into the last mentioned product. '13 An unusual te- 
trone is formed in small yield when l17-dihydroxynaphthalene is 
oxidized with Pb02 to give l I l ' -b inaphtha lene-2 ,2 ' ,8 ,8 ' - te t ro-  
ne . 114 

It should be mentioned that the blue compound, obtained 
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TISLER 

TABLE VI. 2,2’-Binaphthylidene-l,l’-diones from Naphthols and 
Ag 0 or Pb02 2 

% Ref. R2 R3 R4 R5 Yield Starting Naphthalene Oxidant R1 

1 (OH) 4(OMe) Pb02 OMe - - - - - 107 

1 (OH) 4 , 5 (OMe) Ag20 OMe OMe - - - 93 106 
- 4 (OH) 1 , 5 (OMe) 

1 (OH) 4 (OMe) 6,7 (OEt) 
1 (OH) 4 , 5 (OMe) 7 (Me) 
4(OH) 1,5(OMe) 7(Me) 
1 (OH) 4(OMe) 5(C1) 
1(OH) 4(OMe) 5(Me) 
l(0H) 4(OMe) 8(C1) 
1 (OH) 4(OMe) 8(Me) 
1 , 5 (OH) 4 (OMe) 
4,5 (OH) 1 (OMe) 
1 , 5 (OH) 4 (OMe) 7 (Me) 
1 18 (OH) 4 (OMe) 6 (Me) 

OMe 
OMe 
OMe 
OMe 
OMe 
OMe 
OM e 
OMe 
OMe 

OMe 
OM e 
OMe 

- 
EtO 
Me 

OMe 95 106 
91 108 
92 106 
95 106 
78 109 
48 1 0 9  

9 2  109 
63 109 
68 106 
87 106 
71 106,110 
84 106, 
- 110-112 

OM e 
Me OMe 

c1 
Me 

c1 
Me 

OH 
- OH 

- b 

OHC 
Pb02 
Pb02 a 

OH 
- 

- 

Me 

a.Or with FeC13. b.Diosindigo B. c.Identica1 with the blue 
pigment isolated from Diospyros species (Diosindigo A). 

from chemical oxidation of 4-methoxy-1-naphthol and to which 
structure of 4,4’-dimethoxy-2,2’-binaphthylidene-l,lr-dione 
(19) was assigned, lo7 is decolorized with triphenylmethyl 
radical. It was later observed115 that 4-methoxy-1 -naphthol 

was transformed in alkaline medium through exposure to air to 
a blue compound which showed paramagnetic properties” and 

again structure 19 was accepted. The same compound was also 
obtained by anodic oxidation of naphthalene in methanol, 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

s a t u r a t e d  w i t h  calcium ox ide ,  i n  p a r t i c u l a r  i n  t h e  presence  

of oxygen. On t h e  b a s i s  of i t s  o x i d a t i o n  t o  t h e  b iquinone  and 
of o t h e r  d a t a ,  t h e  s t r u c t u r e  2 has  been proposed. '17 The 

b l u e  r a d i c a l  i s  s table  i n  s o l i d  s t a t e  a t  t empera tu res  above 

100°C,  b u t  it i s  d e c o l o r i z e d  by s u n l i g h t  i n  few minutes .  

20  1 9  - - 

e) Other  Oxidants  

A v a r i e t y  of r e a g e n t s  have been used f o r  o x i d a t i v e  d imer i -  

z a t i o n  of s u b s t i t u t e d  naphtha lenes ,  naph tho l s  o r  naphthylami- 

nes. These p roduc t s  are p resen ted  i n  Table  V I I .  Promising re- 
s u l t s  have been ob ta ined  w i t h  t h a l l i u m ( I I 1 )  t r i f l u o r o a c e t a t e  

as ox idan t  under v a r i o u s  c o n d i t i o n s ,  i n  p a r t i c u l a r  w i t h  elec- 
t r o n  r i c h  s u b s t r a t e s .  Y ie lds  a re  u s u a l l y  b e t t e r  when compared 

t o  t h o s e  w i t h  o t h e r  r e a g e n t s .  118,119 

TABLE V I I .  Ox ida t ive  Coupling w i t h  Var ious  Reagents  

Reagent S t a r t i n g  
Naphthalene 1 , l ' -Binaphtha lene  % Yield  Ref. 

1 ( O E t )  

1 ( M e )  
1 ( i - P r )  

1 (CH2COOMe) 

1 (Ph) 

1 ( N H 2 )  

V o C 1 3  o r  V C 1 4  

V 0 C l 3  4 , 4 '  (OMe) 

TTFA a 'b  

HC03H 

i s a t  i n ,  H 

T T F A ~  I 4 , 4 '  ( M e )  
TTFA 4 , 4 '  ( i - P r )  
TTFA' 4 , 4  (CH2COOMe) 

T T F A ~  4 I 4 '  (Ph) 

Fe2 (SO41 3 

4 , 4 '  (OH)  

4 , 4 '  ( O E t )  + 

4 , 4  * (MeCONH) 

33 

56140 

84 

51-88 

70 
- 
32-93 

34-70 

53 

55-98 
- 

1 2 0  

1 2 1  

118,119 

1 2 2  

1 2 3  
118 I 1 1 9  

118 

118 

118 
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TISLER 

TABLE VII (continued) 

Re agent Starting 
Naphthalene 1,l'-Binaphthalene 8 Yield Ref. 

d 
1 (Br) TTFA 
1 (I) TTFA~ 

4,4' (Br) 

4,4' (I) 

25-87 118,119 
25-94 118,119 

2 (OH) V205, 3OO0C 2,2' (OH) 20 124 

Cu-acetatelfor- 
miate or chloride - 125 
0 ,Ca0,300° 2 

M T A ~  
V0Cl3 or UC14 

59 - 

65 , 38 120 
60 126 

Cu-amine complex 62 127 

Cu-pyridine 
complex 
02/NaOH 

2 (OMe) VOCl (TFA ) 2,2' (OMe) 

70 127 
20 128 
7 (47) 121 

2 (PhNH) KMn04 2,2' (PhNH) 44 129 

2 (R-Ph-NH) KMnOqetf 2 I 2 (R-Ph-NH) 22-44 130 

5 (NO2) (COOEt)2KOEt 8,8' (NO21 10 131 
1 I 1 1,2, 314(H) , 2,2' , 3,3' I 4 I 4' (H) 

Cu -am i ne 
c omp 1 ex 

27 127 

1,7 (OMe) T T F A ~  4,4' ,6,6' (OMe) 41-74 118 

2 I 7 (OMe) V0Cl3 
1,2(Me) TTFA 

2,2',7,7' (OMe) 68 121 
3,3' ,4,4' (Me) 74 118 

1(NH2) 2(Me) FeC13 or H2S0 3,3'(Me) 4,4'(NH2) 74 134 
H202 /ACOH 50 135 
or FeC13 

2(OH) 5(NH2) MTAg 2,2' (OH) 5 , 5 '  (NH2) 13 136 
1 (OMe) 2(Me) TTFA b 3,3' (Me) 4,4' (OMe) 24-97 118,119 
1 (OMe) 2(C1) TTFAb 3,3'(C1) 4,4'(OMe) 8-94 118,119 
l(0Me) 2(Br) TTFAb 3,3' (Br) 4,4'(OMe) 11-86 118,119 
1(Br) 2(Me) TTFA 3,3' (Me) 4,4' (Br) 42 118 
6(OH) 7(t-Bu) Mn02 2,2' (OH) 3,3' (t-Bu) 48 78 
1,2,3,4(H) 5,5~,6,6~,7,7~,8,8' (H) 
1 (OH) 2 I 3 (COOMe) Mn02 4,4' (0H)2,2',3,3' 13 137 
i,4(n) ( COOMe) 

4 

3 4  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHETIC APPROACHES TO BINAPHTHALENES 

TABLE VII (continued) 

Starting 
Naphthalene Reagent 1'1-Binaphthalene % Yield Ref. 

2 (OH) 3 I 4 I 8 (Me) 0.1-mine 2,2'(OH) 3'3'14'4' 46 127 
5,6,7,8 (HI complex 8 I 8' (Me) 5 I 5' I 6 I 6' I 

7 '7 '  ,8,8' (HI 
212'14~4' (OH) 3,3' - 138 

4'4' (PhNH)5,5' (S03H) 1-30 139-142 
(COOEt 1 6 I 6 ' I 7 I 7' (OMe) I2 1 I 3 (OH) 6 , 7 (OMe) 

2 (COOEt) 
1 (PhNH) 8 (S03H) HN02 h 

a.TTFA = thallium (1II)trifluoroacetate. Yields vary depending 
on reaction conditions (in the presence of BF .0(Et)20r TFA). 3 

b.Or with Hg(OCOCF3)2, Pb(OCOMe)4, FeC13, CoF3. 
c. 95% yield with Pb (KOMe) 4. 
d.Or with Pb(OCOMe)4, FeC13, CoF3. 
e . R = m -Me0 I p-Me0 I p-Me I m- C1, m-Me . 
f.The p-Me derivative was also dimerized with FeC13,NaN02/H 
or in the presence of E-nitrosodimethylaniline and ZrCl2. 

g.MTA = manganese (111) tris (acetylacetonate) . 
h.Yields of 1-31% were obtained with X2Cr2O7' Cr03' CoF3' 

+ 
143 I 144 

Pb (OCOMe) I KMn04 or TTFA. 

In several cases oxidation of naphthalene derivatives 
yields the corresponding binaphthalene quinones (Table VIII). 

For example, 2,3-dihydroxynaphthalene is oxidized in the 
presence of Fremy's salt and the formed 3-hydroxy-l12-naphtho- 
quinone is dimerized in low yield to 2. Upon heating in water 
the latter is transformed in 30% yield into the binaphthalene- 
quinone - 3 together with other products. 32 

Binaphthylidene quinones were obtained from various 
naphthols or l12-naphthoquinone (Table IX) and naphthols or 
1'4-naphthoquinones can be transformed into the corresponding 
binaphthoquinones (Table X). The binaphthalenebiquinone 2 is 
obtainable by several methods. It is formed from 2-methoxy- 
naphthalene and lead tetraacetate at room temperature (2.3% 
yield) or from 1-acetoxy-2-methoxynaphthalene and lead tetra- 
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TISLER 

TABLE VIII. Oxidative Coupling to Quinones by Various 
Oxidants 

0 

Reagent Starting 
Naphthalene % Yield Ref. R1 R2 R3 

~~ - ~~ 

Naphthalene Cr03,Mn (11) 
Periodic acid 

2 (OMe) HC03H 
2 (OH) H202 ,Mo (VI) 

Cu (11) /colli- 
dine complex 

1 , 2 (OH) H ~ O ~  /OH- 
02/OH- 

3(OH) 2(COOH) Fremy's salt 

~ 

- - - 145 a 

- - - I 10 146 
- M e  - - 64 122 
- OH - - 67 147,148 

- - 

36 - 
- - OH OH 83 132 

- 133 
COOH OH COOH - 60 38 

a.Together with 1,2'-binaphthalene-lr,4'-dione. 

acetate at room temperature (6.2% yield) .98 It is formed 
also from 1,2'-naphthoquinone in the presence of acid, 33 with 
Pb02 41 or in a reaction with ethyl azidoformate among other 
products. 

3-hydroxy-2,2' -binaphthalenel,3' ,4,4'- tetrone. 87 A particular 
case represents the reaction of 2,3-dimethyl-5,7-diethoxy-l,4- 
naphthoquinone with BBr to give 2,2'-diethoxy-4,4'-dihydroxy- 
6,6',7,7'-tetramethyl-l,l'-binaphthalene-5,5',8,8'-tetrone in 
17% yield. 57 

151 

l12-Naphthoquinone is otherwise oxidized with FeC13 to 

3 

4,4'-Dichloro-2 I 2'-binaphthylidene-l , 1 'dione 

36 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

TABLE IX. Oxidative Coupling to 1,l"Binaphthylidene- 
4,4'-diones by Various Oxidants 

0 

Oxidant Starting 
Naphthalene R % Yield Ref. 

1 (OH) 2 (Me) Azobenzene Me 85 149 

Cr03 or 
K3Fe (CN) 20 34,150 

0 

0 

is obtained in quantitative yield from CrO oxidation of 4- 
chloro-1-naphthol. 03 Solutions of some binaphthoquinones are 
extremely sensitive to light (mamegaquinone dimethyl ether, 
bijuglone dimethyl ether) and are quickly transformed into the 
corresponding pentacyclic compounds. 

3 

106 

3 1  
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TISLER 

TABLE X .  2,2 '-Binaphthoquinones 

S t a r t i n g  compound Oxidant R R1 R2 R3 R 4  % Yield Ref.  

Naphthalene 
1 ( O H )  2 , 4 ( B r )  H N 0 3  

1 (OH)  4 (MeCONH) N a 2 C r 2 0 7  

o r  H N 0 3  o r  

F e C 1 3  

1 , 4-Naphthoquinone 

PdC12 

N3COOEt 

2 ( O H )  K2S208 

2 ( N H 2 )  K2S208 
2 ( M e N H )  K2S208 
2 ( E t N H )  K2S208 
2 ,5  ( O H )  K2S208 

K2S208 2 , 8 ( O H )  

2 ( O H )  5(OMe) K2S208 
K2S208 2 ( O H )  6 ( O M e )  

K2S208 2 ( O H )  7 ( O M e )  

K2S208 2 ( O H )  6 ( B r )  

K S O  
2 2 8  3 ( N H 2 )  5 ( O M e )  

- -  
- -  

- -  
- -  

OH - 
N H 2  - 
NHMe- 

N H E t -  

OH - 
OH OH 

OH - 
OH - 
OH - 
OH - 
NH2 OMe 

low 

60-75 

> 5  
- 

61 
7 0  
1 0 - 4 2  

1 0  

25 
13  

OMe 75 
OMe - 48 

OMe - - 4 4  

- B r  - 82 
- 47  - - 

152 

153 

39 

151 

154 

155 
155 

155 
156 
156 

154 
154 
154 
154 
155 

4 .  Reduct ive Coupling 

I t  has  been observed t h a t  r e d u c t i v e  coup l ing  occurred  

du r ing  a t tempted  r e d u c t i o n  of naphtha lenes  or naphthoquinones.  
Naphthalene,  when reduced w i t h  sodium and m i n e s  y i e l d s  numer- 
ous  p roduc t s ,  among them a l s o  dimers .  The product  d i s t r i b u t i o n  
v a r i e s  cons ide rab ly  depending on r e a c t i o n s  and t h e  s e l e c t e d  
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

amine. 158 If steric effects are present in the added amine, 
reductive amination diminished and reductive dimerization may 
increase. For example, with scdium in dipropylamine a remark- 
able selective formation of 1,2'-dimer results and at room 
temperature the dimers 22, 23 and - 24 were formed in a ratio 
of 73:11:16~ at higher temperatures (40-80°C) the dimer 22 was 
formed almost exclusively. 159 

22  -- 24 - 
2 3  - 

On the other hand, it is reported that reductive amination 
of naphthalene with sodium and in the presence of amines 
yielded also 1,1',2,2',3,3',4,4'-octahydro-2,2'-binaphthalene 
in 14-44% yield. 58 Other examples of reductive coupling with 
hydrazines and other reagents are given in Table XI. 

There are also several cases of dimer formation resul- 
ting from reduction of 1,2-naphthoquinones. From l12-naphtho- 
quinone upon reductive acetylation also 3,3',4,4'-tetraace- 

169 toxy-1,l'-binaphthalene was obtained as a minor product. 
3-Chloro-1,2-naphthoquinone when treated with diethyl zinc 
and thereafter with diazoethane was transformed into 2,2'- 
dichloro-3,3',4,4'-tetraethoxy-lIl~-binaphthalene. 170 7,7'- 

Dibromo-3,3~,4,4'-tetraacetoxy-lIl~-binaphthalene was ob- 
tained from 6-bromo-1,2-naphthoquinone and phenyl azide fol- 
lowed by reductive acetylation, or simply by reductive acetyl- 
ation of the above quinone. 17' Also 4 I 4-dichloro-1 I 2 I 3 I 4- 
tetrahydronaphtha1ene-lI2,3-trione dihydrate when reduced with 
stannous chloride afforded l,l'-binaphthalene-2,2', 3,3', 4,4'- 
hex01l~~ to which previously the structure of 1 I 2 I 3-trihydroxy- 
naphthalene was assigned. 

A variety of new complex reducing agents of the type 
NaH-RONa-MXn, prepared from activated sodium hydride (NaH-RONa) 
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TABLE XI. Binaphthalene from Reductive Coupling 

% Yield Ref. Starting Reagent 1,l-Binaphthalene NaFhthalene 
~ ~ 

160 Naphthalene i) Na, 4 , 4 ( i-Bu ) - 
ii) i-BuC1, 

NH3 
PhNHNH2/Pd-Hg 1,l‘-Binaphthalene 50 161,162 
complex of 60,27 163 
Ni or Zr salts 
NH2NH2 , Pd/C 14 164 

2 (OH) NH2NH2 2r2‘ (NH2) 45 165 

1 (COOMe) Na-Hg, H3B03 4 , 4 ’ (COOMe) 20 166 
1,1’,4,4’ (HI 

1 (COOMe) 2(OH) Na-Hg, H3B03 4,4’ (COOMe) 3,3’ (OH) - 167 
l,l’, 2,2’(H) 

2 , 2 ‘-Binaphthalene 

2 (Br) PhNHNHZ/Pd-Hg 2,2’-Binaphthalene 71 161,162 
NH2NH Pd/C 50 164 

2(OMe) 6(Br) NH2NH2, Pd 6 , 6 ( OMe ) 7 168 
2’ 

and various metal salts were examined for reduction of l-bromo- 
naphthalene. Complexes containing Ti, Cr, Mn, Fe, Ni, Cu, Cd 
or Zr salts yielded in addition to naphthalene, also l,lr- 
binaphthalene in yields up to 60%. 173 

5. Coupling of Halonaphthalenes in the Presence of Metals 

The Ullmann reaction remains one of the most important 
synthetic methods for the preparation of binaphthalene deriva- 
tives although reaction conditions of this coupling are quite 
severe. Therefore, this reaction is not suitable for highly 
functionalized and sensitive naphthalene derivatives. Examples 

4 3  
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

of the Ullmann reaction for 1,l'-, 1,2'- and 2,2'-binaphtha- 
lenes are presented in Tables XII-XIV and the use of other 
metals or salts is given in Table XV. 

TABLE XII. 1,l'-Binaphthalenes from the Ullmann Reaction 

1,l'-Binaphthalene % Yield Ref. Starting React ion 
Naphthalene Temp. (OC) 

1 (Br) 
1 (I) 
1(Br) 2 
1 (Cl) 2 
l(Br) 2 

OH 1 
COOMe) 
COOMe 

280-285 
230,280 2,2' (OH) 
290 2,2' (COOH) a 
190, 2,2' (COOMe) 
270-280 
120-130 (DMF) 2,2 ' (NO2) 
260 3,3' (NO2) 
2 20-23 0 4,4' (NO2) 
220-230 5,5' (NO2) 
in PhN02 8,8' (NO2) 
220-230 4,4' (OMe) 
220-240 5,5' (COOMe) 
290 8,8' (COOEt) 

8,8' (S03H) 
in PhN02 4,4',8,8'(N02) 
in PhN02 4,4' (Br)8,8' (NO2) 

50 
92,74 

- 
46 
72 

78,81 
- 
low 
- 
- 
43 

15-20 
75 
- 
- 
36 
- 

in tetralin 3,3'(Me) 4,4'(NH2) 39 

150-1 60 2,2' (NO2) 4,4' (Br) low 

21 0-230 4'4' (Br 8,8' (COOMe) 55 
2,2' (COOMe) 3,3' (OMe)C 
4,4' (NH2) 42 
2,2',3,3',4,4'(0Me) - 
5,5' (COOMe) 

220-230 

260-275 

174 
175,176 
124,177 
178 
179,180 
181,182 
183,184 
183 
174 
185 
186 
62 
187 
188 
189 
186 
186 

134 

184 

190 

38 

191 

a.Subsequent saponification of the diester 
b.Pht = phthalimido 
c.After hydrazinolysis 
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TABLE XIII. 1,2'-Binap:?thalenes from the Ullmann Reaction 

Reaction 1,2'-Binaphthalene % Yield Ref. Starting 
Naphthalene Temp. (OC) 

1(I) 2(N02) 175 1 ' ,2 (NO2 1 4 192 
and 2(I) 1(N02) 

1 (I) 4(OMe) 
and 2(I) 1 (OMe) 230-24 0 1 ,4 (OMe) low 62 

2(Br) and 
8 (C1) 1 (COOEt) 290 8 (COOH) - 193 

1(I) 4(OMe) 
and 3(Br) 2(COOH) 290 4 (OMe) 3' (COOH) low 194 

If 1-hromo-2-naphthoates of chiral alcohol of R- and S- 
configuration were used in the Ullmann synthesis, axial dissym- 
metry or R- and S-chirality was induced. The optical yields 
amounted up to 13% when the chiral alcohol was 1-menthol. 
In a similar manner chiral diol esters were used in the Ullmann 
synthesis, followed by cleavage of the ester likage and 
lithium aluminium hydride reduction. The induced chirality 
( S  or R) depends on the starting chiral diol and may be rela- 
tively high. 

21 3 

21 4 

A mixed coupling was successful when 6-bromo-1,2,3,4-te- 
trahydro-1,ll4,4-tetramethy1naphthalene was converted to the 
arylzinc reagent and coupled to ethyl 6-bromo-2-naphthalene- 
carboxylate in the presence of tetrakis(tripheny1phosphine) 
nickel ( 0 )  as catalyst (yield 48%) . 215 In other cases, cross- 
coupling was less successful, except for the preparation of 
1,2'-binaphthalenes (Table XIII). For example, the Ullmann 
reaction of a mixture of 1-bromonaphthalene and ethvl 8-chlo- 
ronaphthalene-1- carboxylate at 29OoC afforded 1 , 1 -binaphtha- 
lene in low yield. If 1-iodonaphthalene was used, in addition 
of the parent binaphthalene methyl lrl'-binaphthalene-8-car- 
boxylate at 29OoC afforded 1 , 1 '-binaphthalene in low yield. 
If 1-iodonaphthalene was used, in addition of the parent bi- 
naphthalene methyl l,lt-binaphtha1ene-8-carboxylate was also 

193 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

21 6 obtained in 14% yield. 

TABLE XIV. 2'2'-Binaphthalenes from the Ullmann Reaction 

2,2'-Binaphthalene % Yield Ref. Starting Reaction 
Naphthalene Temp. (OC) 

2 (Br) 
2 (1) 
2(I) and 2- 
iodomesitylene 
2(I) l(Me) 
211) l(Me0) 
2(I) 1 (NO2) 

280-285 
230-260 

260 
200-21 0 
in PhN02 or 
DMF 
120- 130 
130-135 
100 
in PhN02 
190-200 
190 
140 
110-120 or 
in DMF 

2,2'-Binaphthalene low 174 
67 195 

1'1' (Me) 
1 I 1' (MeO) 

low 196 

- 197 

59 - 

1,1' (NO2) 40 184,198 
44 183 

3'3' (NO2) low 199 
1 ,I' (S03Na) - 189 
4,4' (NO2) 31 200 
3'3' (COOMe) 50 180 
1 I 1 (NO2) low 183 
5,5' I 6 I 6'' 7 I 7' I 8,8' (H) 73 201 
3'3' (NO2) - 183,184 
5,5'r6,6'r7,7'r8,8'(H) - 199 

TABLE XV. Coupling of Halonaphthalenes in the Presence 
of Various Metals and Salts 

Promo t or Starting 
Naphthalene 1'1'-Binaphthalene % Yield Ref. 

1 (C1) Li (260OC) 
Na + Michlers 
ketone 

5(Br) 6,7(Me) i) Li 
1,213~4 !H) ii) CoBr 

1,l'-Binaphthalene - 202 
by- 
product 203 

2,2',3,3' (Me) 36 204 

8'8' (H) 
5'5' I61 6 ' r  7'7' 

BuLi 

1,2'-Binaphthalene 

l'(Br) 2(F) - 205 
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TABLE XV. (continued) 

Promotor Starting 
Naphthalene 2,2 '-Binaphthalene % Yield Ref. 

1 (Br) 
2 ((21) 
2(Br or I) 
2(Br) 6(OMe) 
2(Br) 1 (F) 
6(Br) 2(OH) 
6(Br) 2(OMe) 
2(Br) 3(Me) 
1,6,7 (OMe) 
1 , 3 (Br) 2 (OH) 
4 (OCOMe) 

A1C13 
Na 
Li 
TlBr 
BuLi 
Pd, NH NH2 

2 

i) BuLi 
ii) CoBr2 
SnC 1 /OH- 

Mg 

2 ' 2 ' - B inapht ha lene 

low 
good 

6, 6' (OMe) 72 
1 (F) low 
6'6' (OH) 10 
6,6' (OMe) low 
1,1',6,6',7,7'(OMe) 10 
3'3' (Me) 
4,4' (Br) 1,1',3,3' (OH) 40 

206 
203 I 207 
208 
209 

205 
168 
21 0 
21 1 

21 2 

6. Binaphthalenes Grignard and Organolithium 

Compounds 

Grignard reagents prepared from halonaphthalenes have 
been used in homo and hetero coupling reactions leading to 
binaphtalenes. Various reaction conditions have been employed 
(Table XVI I XVII). 

1'1'-Binaphthalene results in variable yields (up to 65%) 
from the action of various metal acetylacetonates on magnesium 
or lithium derivatives of naphthalene. 233 2-Methoxy-1-naphthyl 
lithium when oxidized with t-butyl hydroperoxide gave 4,4'-di- 
hydroxy-3,3'-dimethoxy-lIl~-binaphthalene in 7% yield. 
From heptafluoronaphthyllithium tridecafluoro-l,2'-binaphtha- 
lene was obtained as minor product via the corresponding naph- 
thalyne. 

234 

235 

a-Naphthoylmesitylene reacted with phenylmagnesium bromide 
to give 3,3'-diphenyl-l,l'-binaphthalene-4,4'-diol and also 
3,3'-diphenyl-l,l'-binaphthylidene-4,4'-dione. 236 To the 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

former product the structure of 2-phenyl-1-naphthol was as- 
signed previously. 237 

TABLE X V I .  1,l'- and 1,2'-Binaphthalenes v 2  Grignard 
Compounds 

1,l'-Binaphthalene % Yield Ref. Starting Second 

R 1 (MgBr) 
Naphthalene component 

H 

2 (Me) 

4 (Me) 
2 (OMe) 

t-BuBr 1,l'-Binaphthalene 
CrC13 
CUC 1 
AuC1.CO 
1 I 4-dichloro- 
2 -but y ne 

CUCl2 2,2' (Me) 

CrC13 4,4' (Me) 
B(OMe)3,H202 3,3' (OMe) 414' (OH) 

5 (i-propenyl) - 5 I 5' (i-propenyl) 

4 (F) phthalic 414' (F) 
anhydride 

H 

1,2'-Binaphthalene 

phenyl 2-OMe 1' (COOPh) 
1 - naphthoate 

- 217 
- 218 
80 34,219 
71 220 

88 221 

32 222 

- 218 
- 223 

low 224 
by- 22 5 
product 

78 22 6 

Although dissymmetric binaphthalenes have been utilized 
in asymmetric recognition, only recently synthetic routes to 
chiral binaphthalenes were developed. 2,3-O-Isopropylidene- 
2,3-dihydroxy-1,4-bis(diphenylphosphino)butane has been used 
in an asymmetric synthesis of 2,2'-dimethyl-l,lr-binaphthale- 
ne from 1-bromo-2-methylnaphthalene via its Grignard reagent. 
The (S)(+)dimer was obtained in 32% yield and 1.9% optical 
purity but in the presence of a nickel complex the dimer was 
obtained with 12.5% ee. 238'239 A new approach used nucleophylic 
aromatic displacement of an o-methoxy group activated by an 
achiral or chiral oxazoline substituent in the naphthalene 
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TABLE XVII. 2,2'-Binaphthalenes via Grignard Compounds - 

Second 2,2'-Binaphthalene % Yield Ref. 
Starting 

R 2 (MgBr) 
Naphthalene Component 

2,2'-Binaphthalene 28 227 
low 228 FeC13 

TlBr 84 209 
Me I 28 229 

c02 H 

2-bromonaphtha- 
lene 87 - 
phenyl 2 (OMe) 1 (COOH) a 5 9  226 
1-naphthoate 

1,l' (Me) low 230 
5,5' (Me) 8,8' (i-Pr) by-prod.231 

c02 
b 1 (Me) 

5 (Me) 8 (i-Pr) Me2S04 
1 (OEt) Et0H/H2SO4 3,3', 4,4' ( H I  - 232 
1i2,3,4 ( H I  

a.Together with scme 2,2'-binaphthalene 
b.As 2(MgI). 

ring. In this manner 2-(4,4'-dimethyl-4,5-dihydro-1,3-oxazol- 
-2-yl)-l-methoxynaphthalene (or with a chiral oxazoline at po- 
sition 2) when treated with l-naphthylmagnesium bromide af- 
forded after hydrolysis and reduction 2-hydroxymethyl-lIl'-bi- 
naphthalene in about 80% yield and 90% ee of (R)-isomer. 
In a similar manner the 2I-methyl derivative (68% yield, 87.4% 
ee of (R)-isomer) and the 2'-methoxy analog (71% yield, 96% 
ee of (R) -isomer) were prepared. 

240,241 

240,241 

Similar results were obtained from the reaction between 
- 25 and 26 ( R  = OMe) to give the 1,l'-binaphthalene 27 (R = OMe, 
OX = oxazoline group). In the presence of dichlorobis(tri- 
phenylphosphine) nickel as catalyst, the yield was over 90%, 
without added catalyst yields were 54% or 65%. 
Compound 27 ( R  = H) was obtained in the presence of catalyst 
in 75% yield. On the other hand, the lithio compound prepared 
from 1-bromo-2-methoxynaphthalene reacted with 25 to give 28 
(R = OMe) in 71% yield in the absence of catalyst and the 

242 
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27 - 26 - 25 - 

lithio compound prepared from 3-bromo-2-methoxynaphthalene 
afforded the same product in 79% yield. The lithio compound 
prepared from 2-bromonaphthalene reacted with 25 to give 2 
(R = H) in 98% yield and compound 2 (R = Me) was prepared 
from 25 and l-bromo-2-methylnaphthalene via its Grignard 
reagent in 80% yield. 242 From 
xides chiral ethers 30 were prepared. The l-menthoxy, qui- 
ninoxy, quinidinoxy, a-fenchoxy and bornoxy groups served as 
leaving groups. The 1,l’-binaphthalene 2 (R = H) was obtained 
in 12-83% yield with optical yields of 10-80% ee, whereas - 31 
(R = OYe) was obtained in 7-65% yield and optical yields were 
48-94% ee. 

and optically active alko- 

242 , 243 

ox 

28 

2 9  - 30 - 

4 7  
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7. Binaphthalene from Diazonium Salts, Nitro, AZo, 
Azoxy or Hydrazo Compounds 

Binaphthalenes with amino groups have been prepared in 
general from the corresponding nitro, azo, azoxy or hydrazo 
compounds with various reducing agents (Table XVIII). 

TABLE XVIII. Aminobinaphthalenes from Nitro, A Z O ,  Azoxy 
or Hydrazonaphthalenes 

Starting 
Naphthalene Reagent 1,l'-Binaphthalene % Yield Ref. 

2'2' -azo 

1,l'-hydrazo 
2,2'-hydrazo 

1'1 '-azo 

1 , 1 '-azcxy 
i l l r  (Br)-2,2'- 
az o 

Zn/AcOH, O2 2,2' (NH2) 
Zn/NH4C1 
SnC12/AcOH 4,4' (NH2) 
Zn/KOH 
SnC12/HC1 2,2' (NH2) 
Zn/ACOH 

2 n/AcOH 2,2' (NH2) 
HC1 or NaOH 
Zn/NH4C1 or 1 , 1' (NH2) 
KOH 
SnC12 

Z n/NaOH 1,1' (NH2) 
SnC l2 3,3' (NH2) 4,4' (Br) 

244 
245 

33 246,247 
- 248 

87'3 6 249-251 - 58 

lowa 246 
- 252 
- 44 
- 248,253 

- 

10 254 
- 253 
- 255 

a.l,l'-Diamino-2,2'-binaphthalene is the main product. 

Another useful method, although giving products in rather l o w  

yields is the decomposition of diazonium salts, prepared from 
na?hthylaaines, in the presence of various promotors (Table 
XIX) . 

Several binaphthalenes were prepared from derivatives 
of 8-amino-1-naphthoic acid lactams (naphthostyryls) which 
were first hydrolyzed and subsequently diazotized and treated 
with either Cu 0 and aqueous ammonia or with Cu2C12. Various 
l,l'-binaphthalene-8,8r-dicarboxylic acids were prepared by 
this method. 

2 
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TABLE XIX. Binaphthalenes from Decomposition of Diazonium 
Salts 

Starting 
Naphthalene Promotor 1'1'-Binaphthalene % Yield Ref. 

3'3' (Me) 4'4' (OH)a - 150 1(NH2) 2(Me) H2S04 
1(NH2) 4(Br) 8(N02) - 4 I 4' (Br) 8 8' (NO2) - 186 
1 (COOH) 5 (Cl) 8 (NH2) CU20/NH3 48 4' (C1) 8'8' (COOH) - 256  

1 (COOH)5(Br)8(NH2) Cu20/NH3 4,4'(Br) 8,8'(COOH) - 256 

2'2'-Binaphthalene 

2 (NH2) 2 n/CuS04 
2 (NH2) 3 (COOH) cu20 3 , 3 ' (COOH) 
2 (NH2) 1 (NO2) cu20 1 1 ' (NOZ) 

- 257 
71 258 
- 259 

a.Together with 2-methyl-1-naphthol. 

The 1'2'-binaphthalenes were prepared as follows. 
Treatment of 2-(nitrosoacety1amino)naphthalene with excess of 
amyl 2-naphthoate and subsequent heating the product with 
alkali gave besides an isomeric acid l12'-binaphthalene-2- 
carboxylic acid. 261 
reaction in the naphthalene series. It has been found that the 
second component of the reaction should be in liquid state 
at normal tempcrature and it must be present ill considerable 
excess. Another example is 3'-hydroxy-1,2'-binaphthalene-lr14'- 
dione which was obtained from the reaction between the diazo- 
nium salt, prepared from 1-naphthylamine, and 2-hydroxy-1'4- 
naphthoquinone. 262 Also 1 I 2'-hydrazonaphthalene when decom- 
posed with acid is transformed into 1,2'-diamino-l12'-bi- 
naphthalene in 95% yield.' 92 Diazotized 2-naphthylamine is 
transformed in the presence of 2-hydroxy-l14-naphthoquinone 
into 3-hydroxy-2 , 2'-binaphthalene-1 I 4-dione in 17-22% yield. 262 I 263 

, Recently, it has been found that 2,2'-hydrazonaphthalene 

This was the first example of a Hey 

is rearranged in an enantioselective way in the presence of 
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(+)camphor-10-sulfonic acid into 2,2'-diamino-l,l'-hinaphthal- 
ene with optical yields up to 15% in the (-)-enantiomer. It 
has been observed that enantioselectivity depends on solvent 
and tempera t ur e . 264 

11. FORMATION OF BINAPHTHALENES FROM TETRALONES AND OTHER 
REDUCED NAPHTHALENES 

Tetralones were converted into binaphthalenes mainly with 
Griqnard reagents. For the most part 1-tetralones have beenused 
as starting materials (Table XX). So far, only two cases of 
conversion of 2-tetralone have been reported. 2-TetraloneI 
when treated with 4-methoxy-1-naphthylmaqnesium bromide was 
transformed after dehydrogenation with sulfur into 4-methoxy- 
1 , 2'-binaphthalene, 275 whereas 3-methyloctahydro-2-naphthal- 
enone when treated with aluminium and mercuric chloride 
yielded 3,3'-dimethyl-hexadecahydro-2,2'-binaphthalene. De- 
hydrogenation of thelatter in the presence of palladized car- 
bon yielded 3,3'-dimethyl-2,2'-binaphthalene. 276 In addition, 
various reagents have been used for the dimerization of te- 
tralones and these products are presented in Table XXI. 

TABLE XX. Binapthtalenes from Tetralones and Griqnard 
Reagents 

1-Tetralone Naphthyl-MgBr 1,l'-Binaphthalene % Yield Ref. 
R Position 

of MqBr 

H 1 3,4(H)a 20 265 
17 34,266 
2 5  267 

6 (OMe) H 1 6 (OH) - 268 
5,8(Me) H 1 5,8(Me) 3,4(H)C 20 269 

2 (OMe) 1 2 (OMe) 51 270 
4 (OMe) 1 4 (OMe) 12 268 

b 
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TABLE XX. (continued) 

1- Tetra lone Napht hyl-MgBr 1,2'-Binaphthalene % Yield Ref. 
R Posit ion 

of MgBr 

1,2'-Binaphthalene 

H 2 d,e 48 87 
- 271,272 

268 
3,4(H) 2 3,3',4,4' (H) - 273 

6 (Me01 6 (Me01 2 6,6' (Me) 3,4 (HI 27 274 

6 (Me01 2 6'(OMe) 3,4(H) - 

a.Followed by heating the product in vacuo. 
b.After subsequent dehydrogenation with sulfur and demethyla- 
tion with HBr. 

c.Followed by hydrolysis and heating with AcOH. 
d.Dehydrogenation with sulfur. 
e.Dehydrogenation with Pd/C. 

From 1-tetralone and Ti(I1) salt, 1,1',2,2',3,3',4,4'- 
octahydro-1,l'-binaphthylidene was obtained, the ratio of 
E:Z forms being 7:3. In a similar manner the 2,2'-dimethyl 
derivative was obtained in 60% yield, but only the E isomer 
was formed. 292 

It has been known that dilute solutions of 2-tetralone in 
the presence of little alkali and air become deep indigo blue 
colored. This "tetralone blue test" 293 is used to recognize 
the presence of 2-tetralone or its derivatives. The structure 
of this compound (32) was elucidated and the compound is ob- 
tained either from 2-tetralone itself in alkaline solution 
and in the presence of air, or from 2-tetralone and 1,2-naph- 
thoquinone in the presence of alkali (yield 1.6, or 13.4%). 
In a similar manner from 6-bromo-1,2-naphthoquinone and 2- 
tetralone the 7-bromo analog of - 32 was obtained in 19% yield. 66 
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TISLER 

TABLE X X I .  Binaphthalenes from Tetralones and Various 
Reagents 

1-Tetralone Reagent 1,l'-Binaphthalene %Yield Ref. 

1 -Tetralone 

2 (OH) 
2 ( OCOMe 
7 (Me) 
7 (OMe) 

2 (OH) 3,3 (Me) 

1-Tetralone 

6 (OMe 

7 (OMe 

A1/Hg 3,3',4,4' (OH) 34 277 
2-methyl-1-naph- 
thy1 lithium 
BrCH2COOEt,Mg 

O2 
O2 
Al/H9 
A1/Hg 

piperidine,02 
morpholine,02 

Al/Hg 
A1/Hg 

Pd/C 

Se02 
HC1 

ethyl 
polyphosphate 
Amberlyst-15 
TiC14/Et3N 
TiC14/Et3N 

Tic l4 /Et3N 

2' (Me) 3,4 (H) 9 
3,3',4,4' (H) - 
3,4(OH) 3,4' (0x0) - 
3,4 (OH) 3', 4' (0x0) - 
7,7' (Me) 3,3',4,4' (H) 86 
l,l'(OH) 7,7' (0Mela 44 
1 ,i ,2,2' ,3,3' ,4,4' (H) 
3,3'(piperidino)4,4'(0H)- 
3,3' (morpholino) 4,4' (OH) - 
7,7'(Br) 3,3',4,4'(H) 48 

278 
27 9 
133 
133 
28 0 
281 

282 
28 2 
283 

44 269 

2,2' (Me) 3',4' (OH) - 284 
3,4 (0x0) 

1,2'-Binaphthalene 

3(OH) 1',3,4,4'(oxo) l o w  285 
1 ' (0x0) bl ' , 2 ' ,  3,3' - 28 6 
4,4'(H) 287 

6,6' (OMe) 1 ' (0x0) 
1',2',3,3',4,4'(H 
7,7' (OMe) 1 ' (0x0) 
1',2',3,3',4,4' (H 

- 288 
91 289 
70 290 
78 290 

70 290 

a.Not isolated pure. 
b.Previously, the structure of this product was erroneously 

assigned as 1',2,3,3',4,4'-hexahydro-l,2'-binaphthylidene- 
1'-one. 2 91 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

0 

Ultrasonic vibration, when applied to a mixture of 1- 
tetralone in refluxing cyclohexane and in the presence of 
basic alumina yields 1',2',3,3~,4,4'-hexahydro-l,2'-binaphthal- 
ene-1'-one in 77% yield.294 The yield is more than doubled as 
compared to the acid catalyzed dimerization of 1-tetralone. 
For the product from the last mentioned reaction an erroneous 
structure with an exo double bond was assigned on the basis 
of the previously tentatively proposed structure. 

291 

295 

111. FORMATION OF BINAPHTHALENES BY ADDITION OF NAPHTHOLS 
TO NAPHTHOQUINONES 

Naphthols add to naphthoquinones either in a neutral, 
alkaline or acid solution, scmetimes with preferential sub- 
sequent oxidation to quinones. The addition may be complicated 
by the formation of complex mixtures containing trimeric or 
polymeric products. 

Condensation of 1,2-naphthoquinone and 1-naphthol in the 
presence of sulfuric acid gives 4'-hydroxy-l,l'-binaphthalene 
-3,4-dione in 25% yield.34 A similar reaction between 3,7-di- 
methyl-1,2-naphthoquinone and 1,2-dihydroxy-3,7-dimethylnaph- 
thalene, but folowed by oxidation with nitric acid yielded 
2,2',6,6'-tetramethyl-l,l'-binaphthalene-3,3',4,4'-tetrone in 
64% yield. 35 3-Hydroxy-2-naphthoic acid and 1,2-naphthoquinone 
-3-carboxylic acid are transformed under neutral conditions 
into 2',3,4-trihydroxy-l,l'-binaphthalene-2,3~-dicarboxylic 
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TISLER 
38 acid in 64% yield. 

There are only two examples of 1,2'-binaphthalene forma- 
tion. 1,4-Naphthoquinone and l-naphthol are transformed in 
an acid-catalyzed reaction into lt2'-binaphthalene-l',4,4'- 
triol. 296 Similarly, plumbagin (5-hydroxy-2-methyl-1 , 4-naph- 
thoquinone) in admixture with its hydroquinone is transformed 
in buffered phosphate into a mixture of compounds and one 
compound, after isolation and methylation, was identified as 
4,8'-dimethoxy-3',7-dimethyl-l,2~-binaphthalene-l~,4~,5,8- 
tetrone. 2 97 

More examples are in the 2,2'-series. Naphthazarin, being 
a naphthol and a quinone, when dissolved in ammonia, is pre- 
sent in the form of an radical anion as judged from the ESR 
spectrum. A l s o  under anaerobic conditions and in the presence 
of pyridine and triethanolamine the same radical anion is 
formed . 29a For its further transformation into 2, 2'-binaphtha- 
zarin, trimers and polymers several mechanistic possibilities 
have been discussed. 298 Also under other reaction conditions 
binaphthazarin has been formed. 299-301 It is of interest to 
note that binaphthazarin is cleaved by diazomethane to give 
a naphthindazolequinone. 301 , 302 

In Table XXII are presented other examples of binaphtho- 
quinones prepared from mixtures of quinones and the corres- 
ponding naphthols. Besides this symmetrical dimerization also 
a dimerization through "C  -C I' positions was found in the case 
when 5-hydroxy-7-methyl-l ,4-naphthoquinone (7-methyljuglone) 
and 1,4,5-trihydroxy-7-rnethylnaphthalene were treated in pyri- 
dine- methanol at room temperature and in absence of air to 
give 5,8'-dihydroxy-7,6'-dimethyl-2,2'-binaphthalene-1,1',4,4'- 
tetrone in 29% yield together with a trimer. 305 On the other 
hand when 1,4-naphthoquinone and 1,4-dihydroxynaphthalene 
were heated in acetic acid in the presence of air 2,2'-binaph- 
thalene-1, 1 , 4 , 4'-tetrole was obtained. 4o  The same binaphthal- 
ene derivative, but acetylated, was obtained together with 
triphthaloylbenzene and lt4-diacetoxynaphtha1ene when the 
above quinone and dihydroxynaphthalene were treated with 
pyridine and acetic acid at room temperature. The ratio of 
products is dependent on the ratio of starting compounds. 

2 3  

299 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

TABLE XXII. 2,2'-Binaphthalene-l11~;4,4~-tetrones from 
Naphthoquinones and Naphthols 

R 1 ) y p p  Rl  

R R 
0 0 

% Yield Ref. R1 R2 Reaction Conditions 

Pyridine, MeOH, then - - OH 22-30 303 
chloranil or Ag20 47 , 62 304 

Pyridine, EtOH, AgZO Me - OHa 33-66 303 
30-40 304 

Pyridine/EtOH, Ag20 Me MeCO OH 85-94 303 

a.Mamegaquinone. Isolated from roots of Diospyros lotus to- 
103,105 gether with other compounds. 

b.Dianellinone. 

IV. CYCLIZATIONS AND CYCLOADDITIONS 

There are two main synthetic approaches for binaphtha- 
lenes in which naphthalene units are formed with cyclization. 
One of them used biphenyl derivatives as precursors and the 
other appropriately substituted naphthalenes where the side 
chain is used to form the second naphthalene ring. 

when treated with SOC12 and subsequently with A1C13 is trans- 
formed into (R)-(-)-2,2'-dimethy1-5,5~,6,6~,7,7~,8,8~-octa- 
hydro-lI l ' -binaphthalene-5,5 ' -dione in 64% yield. 306 In a 
similar manner, 2,2'- or 4,4'-dimethoxy-l,l'-biphenyl-3,3'- 
bis(butyric acid) obtained by Friedel-Crafts succinoylation 
of the corresponding biphenyls and subsequent Clemmensen 

(R) (-)-6,6'-Dimethyl-l,l~-biphenyl-2,2~-bis(butyric acid) 
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TISLER 

reduction, were cyclized with polyphosphoric acid into 7 , 7 ' -  

or 5 , 5 ' - d i m e t h o x y - 5 , 5 ' , 6 , 6 " , 8 , 8 ' - o c t a h y d r o - 1 , 1 ~ - b i n a p h -  

thalene-B,B'-dione. 307 Binaphthazarin was obtained in 1% yield 
by Friedel-Crafts condensation of 2,2',5,5'-tetramethoxybi- 
phenyl and maleic anhydride308 or in a better yield (8%) by 
cyclization of 2,2',5,5'-tetramethoxy-4,4'-bis(~-carboxypro- 
piony1)biphenyl under Friedel-Crafts conditions. 301 A pre- 
cursor of diospyrol, 8,8'-diacetoxy-4,4'-dibromo-6,6'-di-  

ethoxycarbonyl-lr1'-dimeth~~y-2,2'-binaphthalene was obtained 
in moderate yield from 5,5r-dibromo-4,4'-diformyl-2r2r-di- 
methoxybiphenyl in a Stobbe condensation with diethyl succi- 
nate and subsequent cyclization with acetic anh~dride.~" On 
the other hand, 3,3'-dimethyl-6,6',7,7'-tetrameth0xy-2,2~-bi- 
n a p h t h a l e n e - 1 , 1 r , 4 , 4 ' - t e t r o n e  was obtained in low yield in 
a cycloaddition reaction between 2,3-dimethoxy-lr3-butadiene 
and the corresponding bis-benzoquinone. 31 0 

Aroylnaphthalenes were used as starting material for the 
preparation of several binaphthalenes. They were submitted to 
Stobbe condensation with diethyl succinate to give the cor- 
responding half-esters, usually as a mixture of the E and 2 
isomers. These were cyclized with acetic anhydride to give a 
mixture of the corresponding phenanthrene derivative and bi- 
naphthalene. Examples are given in Table XXIII. 

Similarly, ~-(2-naphthyl)-s-phenylbutyric acid, after 
being converted into the acid chloride, was cyclized in the 
presence of A l C l  into 1,2,3,4-tetrahydro-2,2'-binaphthalene 
1 -one. 313 A mixture of 
from naphthalene and phenylacetyl chloride, when treated with 
ethyl cyanoacetate, gave a mixture of products, which upon 
separation and cyclization gave 3-cyano-2,2'-binaphthalen-4- 
01. 314 lr-Carboxy-l',2',3' ,4'-tetrahydro-l ,2'-binaphthalene- 
4'-one was prepared from diethyl ' 1 -  (0-carbethoxyphenyl) -:- 
(1-naphthyl) glutarate (obtained from 3-  (1-naphthyl) acrylate 
and diethyl homophthalate) after treatment with sodium and 
subsequent saponification. 315 An interesting synthesis is 
the cycloaddition of benzyne to t r i p h e n y l - n a p h t h y 1 - 2 ' - c y c l o -  

pentadienone to give 6 , 7 - d i m e t h y l - l r 3 , 4 - t r i p h e n y l - 2 , 2 ' - b i -  

naphthalene in 75% yield. 

3 
and B-benzylnaphthylketones, obtained 

31 6 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

TABLE XXIII. Binaphthalenes by Cyclization 

Precursor 1,l'-Binaphthalene 
R 

OCOMe 

R1 R % Yield Ref. R1 R2 R 

H H (Z + E) H H - 13 31 1 
OM e H ( Z  + E) OMe H - 13 311 

31 1 

OM e c1 ( Z  + E) OMe c1 - 19 31 1 

OMe OM e ( Z  + E) OMe OMea - - 

Precursor 1,2'-Binaphthalene 

R 

Me 
c1 
Br 
H 

W A - '  COOEt 

(El COOEt OCOMe Me 100 31 2 
(E + 2 )  COOEt OCOMe C1 92  31 2 
(E + 2 )  COOEt OCOMe Br 96 31 2 
(E + 2 )  COOEt OCOMe H 60 194 

a.Isolated as the phenol-acid after hydrolysis. 
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TISLER 

Preparation of binaphthalenes with the use of the Diels-Alder 
reaction has been achieved only in few cases. 7-Nitro-1,2,3,4- 
t e t r ahydro - l , l ' - b inaph tha lene -3 ,4 -d ica rboxy l i c  acid was pre- 
pared in 28% yield from p-nitrophenylmaleic anhydride and 1- 
vinylnaphthalene. 317 A similar reaction with phenylmaleic an- 
hydride afforded 1,2,3,4-tetrahydro-l,lr-binaphthalene-3,4- 
dicarboxylic acid in 36% yield. 267 1 , 1 -Naphthylbutadiene and 
p-benzoquinone are transformed at room temperature after 3 
days into c i s - s y n - 1 , 4 , 9 , 1 0 - t e t r a h y d r o - l , l ' - b i n a p h t h a l e n e - 5 , 8 -  

dione in 63% yield. 318 In a similar manner 6,6'-dimethylbi- 
phenyl-2,2',5,5'-diquinone when heated with excess of 2'3-di- 
methoxy-lI3-butadiene is transformed upon oxidation into 6,6', 
7,7'-tetramethoxy-3,3r-d~ethyl-2,2'-binaphthalene-l,lr,4,4r- 

tetrone in 52% yield. 310 Moreover , decahydro-2-naphthyl-1 , 4- 
benzoquinone when heated with 1,3-butadiene, followed by 
oxydation, afforded dodecahydr0-2,2'-binaphthalene-1~,4~- 
dione. 319 

V. BINAPHTHALENES BY RING OPENING OF POLYCYCLIC SYSTEMS 

Polycyclic aromatic or heterocyclic compounds have been 
used for the preparation of few binaphthalene derivatives. 
From pentaphene upon ozonolysis and reductive work-up 2,2'- 
binaphthalene-3,3'-dicarboxaldehyde was obtained in 25% yield. 
The same compound was a l s o  obtained via Os04 oxidation, fol- 
lowed by sodium periodate oxidation. When chromium trioxide 
was used as oxidant the corresponding diacid was obtained in 
14% yield. 2 5 8  By reductive cleavage of octahydrodibenzo /a. i. / 
biphenylene with lithium 1,1',2,2',3,3',4,4'-octahydr0-2~2~- 
binaphthalene was obtained. 

sium hydroxide at 24OoC and above were transformed into 1 , 1 - 
binaphthalene-2-carboxylic acid, 8 o  1 , 2 -binaphthalene-2- 
carboxylic acid, 321 2 , 2 -binaphthalene-1-carboxylic acid 
or 2,2'-binaphthalene-3-carboxylic acid. 

320 

The isomeric dibenzofluorenones, when heated with potas- 

180 
180 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

Fused a-pyrones were used  t o  p r e p a r e  1 1 2 ' -  or 2 , 2 ' - b i -  
n a p h t h a l e n e s .  Ring opening  o c c u r r e d  upon h e a t i n g  i n  t h e  p r e -  

s e n c e  of p a l l a d i z e d  c a r b o n  a t  260° f o r  1 4  h and t h u s  l 1 2 ' - b i -  

n a p h t h a l e n e  ( 9 0 %  y i e l d )  or  i t s  6'-methoxy a n a l o g  (65% y i e l d )  

and 2 , 2 ' - b i n a p h t h a l e n e  ( 9 0 %  y i e l d )  or i t s  5-methoxy- (36% y i e l d ) ,  
6-methoxy- ( 8 0 %  y i e l d )  and 7-methoxy ( 6 0 %  y i e l d )  d e r i v a t i v e s  

were o b t a i n e d .  3 2 2  On t h e  o t h e r  hand h y d r o l y s i s  o f  hexamethyl- 

t e t r a h y d r o a u r o f u s a r i n  ( t w o  f u s e d  y-pyrone r i n g s )  i n  4 N  N a O H  

gave  7 , 7 ' - d i a c e t y 1 - 1 , 1 ' , 3 , 3 ' , 4 , 4 " - o c t a m e t h o x y - 2 , 2 ~ - b i n a p h -  

t h a l e n e - 6 , 6 ' - d i o l  i n  modera te  y i e l d .  323 

V I .  MISCELLANEOUS METHODS 

1. A r y l a t i o n  of Ambident I o n s  

A r y l a t i o n  of n a p h t h o l s  w i t h  2,3-dichloro-1,4-naphthoqui- 
none i s  i n  p r i n c i p l e  an  a r y l a t i o n  w i t h  a r e a c t i v e  h a l o  com- 
pound s i n c e  h a l o q u i n o n e s  can  b e  r e g a r d e d  as  v i n y l o g s  of a c y l  

h a l i d e s .  3 2 4  Moreover , n a p h t h o l s  behave i n  s e v e r a l  r e a c t i o n s  

as ambident  i o n s  g i v i n g  upon a l k y l a t i o n  a l so  C - a l k y l a t e d  pro-  
d u c t s  and it h a s  been w e l l  e s t a b l i s h e d  t h a t  p r o t i c  s o l v e n t s  

f a v o u r  C - a l k y l a t i o n .  325  A l s o  t h e  added b a s e  h a s  a profound 

e f f e c t  on t h e  outcome of t h e  r e a c t i o n  s i n c e  i n  a f u r t h e r  
t r a n s f o r m a t i o n  d i n a p h t h o f u r a n q u i n o n e s  can  be formed. 

2,3-dichloro-1,4-naphthoquinone, 326 t h e  C - a r y l a t e d  s t r u c t u r e  

w a s  a s s i g n e d  t o  t h e  p r o d u c t .  327  The 0 - a r y l a t e d  compound w a s  

a l so  s y n t h e s i z e d .  

Although it w a s  r e p o r t e d  t h a t  2-naphthol  i s  0 - a r y l a t e d  w i t h  

1 2 1  

T h e o r e t i c a l  c a l c u l a t i o n s  by t h e  s e m i e m p i r i c a l  MNDO method 

c o n f i r m  t h a t  i n  a d d i t i o n  t o  t h e  oxygen atom i n  1- or 2-naphtho- 
l a t e  p o s i t i o n s  2 o r  1 ,  r e s p e c t i v e l y ,  are e x p e c t e d  t o  be a t t a c k e d  

p r e f e r e n t i a l l y  by e l e c t r o p h i l e s .  Although sodium a c e t a t e  

proved t o  be t h e  m o s t  a d e q u a t e  b a s e  added i n  t h e s e  C - a r y l a t i o n s ,  
t h e  r e a c t i o n  g i v e s  p r a c t i c a l l y  t h e  same r e s u l t  i f  l i t h i u m  hy- 
d r o x i d e  i s  used .  21 I n  t h i s  manner, 2 , 3-dichloro-1 , 4-naphtho- 

quinone  reacts  w i t h  2-naphthol  i n  t h e  p r e s e n c e  of sodium ace- 
t a t e  (36% y i e l d )  or  l i t h i u m  hydroxide  (33% y i e l d )  t o  g i v e  3 ' -  
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TISLER 

chloro-2-hydroxy-1,2'-binaphthalene-l',4'-dione 121,327 and 

from 1-naphthol 3-chloro- l ' -hydroxy-2,2 ' -binaphthalene-l14-  

dione was obtained in 70% yield. 121 

2. Decomposition of Sulfides or Disulfides 

There are only few examples of binaphthalene formation 
from sulfur containing naphthalenes. Desulfuration of 2-naph- 
thalenethiol with NaEt3BH and CoC12 gives besides naphthalene 
also 2,2'-binaphthalene in 27% yield. 328 The same compound is 
also formed from 2,2'-dinaphthyl disulfide after heating with 
powdered Raney-nickel at 22OoC (yield 68-90%) and as by-pro- 
duct naphthalene is formed. In lower yield (50%) the same bi- 
naphthalene is formed from 2-naphthyl thiobenzoate at 22OoC 
and in the presence of Raney-nickel. 329 1 ,l'-Binaphthalene- 
2,2'-diol is formed on heating bis(2-hydroxynaphthyl-1)sulfide 
or disulfide with copper at 230-240°C. 3 30 

3. Formation of Binaphthalenes in the Presence of Radicals 

Organic radicals may be used for dimerization of naphthal- 
enes. In this manner, 3,6-di-t-butyl-2-naphthol when oxidized 
with 2,4,6-tri-~-butylphenoxyl is transformed into 3,3'16,6'- 

331 A tetra-t-butyl-l,l'-binaphthalene-2,2'-diol - in 63% yield. 
tentative structure of 4,4',7,7'-tetra-~-butyl-2,2'-binaphtha- 
lene-3,3'-diol was assigned to the product obtained from treat- 
ment of lI6-di-t-butyl-2-naphthol with 2,4,6-tri-t-butylphe- - 
noxyl (yield 69%).76 Also from the reaction between 3,4-dihy- 
dro-2,4,6- t r ipheny1-2H-1,2,4,5- te t razin-1-y1 radical and 2- 
naphthylmagnesium bromide at O°C 2 , 2 '-binaphthalene was obtai- 
ned in 86% yield. 332 

4. Dimerization of Naphthols under the Influence of 
Enzymes 

Enzymatic oxidative coupling of naphthols has been tried 
in few cases. It is well known that several enzymes of hig- 
her plants are able to influence the coupling of phenols and 
amines. A laccase from Polyporus versicolor has been used in 
the preparation of 2,2r,3,3'-tetramethyl-l11r-dihydro-l11~-bi- 
naphthalene-4,4'-dione from 2,3-dimethyl-l-naphthol (yield 51%). 94 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

The same enzyme tranformed in the psesence of oxygen 2-methyl- 
1-naphthol into 3,3r-dimethyl-l,l'-binaphthylidene-4,4'-dione 
in 63% yield.94 With an oxidase and in the presence of oxygen 
4-methoxy-1-naphthol was transformed into 4,4'-dimethoxy-2,2'- 
binaphthylidene-1,l'-dione. 3 33 

5. Electrochemical Methods 

1,l'-Binaphthalene is formed by electrolysis of l-naph- 
thylmagnesium bromide or of lithium, cadmium and zinc deri- 
vatives of naphthalene in 34-48% yield. 334r335 Anodic oxida- 
tion of naphthalene in the presence of mesitylenelg6 or in 
the presence of various alkylbenzenes gives 1,l'-binaphtha- 
lene in yields up to 36% depending on the particular alkyl- 
benzene and reaction conditions. 336 Anodic oxidation of 1- 
naphthol yielded l , l ' - b inaph tha lene -4 ,4 ' -d io l .  337 In a similar 
manner 4,4'-diamino-lI1'-binaphthalene is formed from l-naph- 
t h ~ l a m i n e ~ ~ ~  and 1 - (3 , 4-dimethoxybenzylamino) -6 I 7-dimethoxy- 
naphthalene or its 6-bromo derivative are transformed into 4,4' 
bis(N-3,4-dimethoxyphenylmethylamino)-6,6~,7,7~-tetramethoxy- 
1,l'-binaphthalene or its bromo analog (yield 42 or 48%). 
Electrolytic oxidation of 1-methylnaphthalene on lead anode 
gave 4,4'-dimethyl-lI1'-binaphthalene in 10% yield, together 
with 39% of unchanged material and polymers. 340 Electrocherni- 
cal reduction of the Wieland-Miescher ketone yielded a mixture 
of compounds among them also 2,2'-dihydroxy-l,lO'-dimethyl- 
2,2',3,3',4,4',6,6',7,7"-dodecahydro-2,2~-binaphtha1ene- 
5,5'-dione. 

339 

341 

In a recent study of electrochemical oxidative dehydro- 
dimerization of naphthylamines this method gave the best 
result when compared to other selected oxidants. 4,4'-Diani- 
l i n o - l , l ' - b i n a p h t h a l e n e - 5 , 5 ' - d i s u l f o n a t e  was obtained from 
8-anilino-1-naphthalenesulfonate in 30% yield (50% yield by 
HPLC). In a similar manner 1- and 2-anilinonaphthalene were 
converted into 4,4'-dianilino- and 2,2'-diani1ino-lIl'-bi- 
naphthalene in 35% and 28% yield, respectively. 142 
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6. Photochemical Formation of Binaphthalenes 

Photoexcited naphthalene (irradiation of naphthalene in 
acetonitrile-water and in the presence of triethylamine with 
a medium pressure mercury lamp) is transformed into 1,1',4,4'- 
tetrahydro-1,l'-binaphthalene as the major product. Also 1- 
methoxynaphthalene is photochemically reduced into the 5 , 5 ' -  

dimethoxy analog. 342 Photolysis of 1-nitro-2-phenylnaphthal- 
ene gives 3,3'-diphenyl-l,l'-binaphthalene-4,4'-diol in 43% 
yield. 236 

2-Naphthyllithium in ether gives upon irradiation (high 
343 'ssure mercury lamp) exclusively 2,2'-binaphthalene, 

whereas tri-1-naphthylboron is transformed into 1,l'-binaph- 
thalene in poor yield. 344 

Although phenols readily undergo coupling by the action 
of chemicals and form C-C or C-0 bonds, 1- and 2-naphthols 
do not undergo any photodimerization. It is known that ir- 
radiation of phenol gives all five possible 0- and p- C-C 
and C-0 coupling dimers. Methoxy, cyano and methoxycarbonyl 
substituted naphthalenes give cyclodimers formed by 1,4-1,4- 
coupling. However, it was found that sodium 1-naphtholate 
when irradiated with a high pressure mercury lamp is trans- 
formed into 1',4'-dihydr0-1,1'-binaphthalene-4,8~-diol (81% 
yield) , probably via a photoinduced nucleophilic addition. 
The dimer, after being heated to its decomposition point 
(184OC) 
compound, dissolved in benzene-methanol is irradiated, a 
mixture of a 1,2'-dimer and a pentacycle is formed, whereas 
in the presence of naphthalene besides other products also 
1,1',4,4'-tetrahydro-l,l~-binaphthalene is formed. 

is reverted to 1-naphthol. 345 If the same starting 

346 

It was observed already in 1893 that 2-hydroxy-1,4- 
napnthoquinone (lawsone) is dimerized on prolonged keeping. 
This dimerization to 3,3~-dihydroxy-2,2'-binaphthalene-l11', 
4,4'-tetrone has been later elaborated photochemically on a 
preparative scale. 347f348 In a similar manner the 2-methoxy 
analog has been transformed into the same product. 348 There 
is also a report that sunglight irradiation of the cyclo- 
butane dimers of 1,4-naphthoquinone and its 2-methyl or 2- 
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SYNTHETIC APPROACHES TO BINAPHTHALENES 

phenyl derivatives yields the corresponding (3,3'-disubsti- 
tuted) 2,2'-binaphthalene-l,lf,4,4'- tetrones. 349 

2-Methyl-2,3-epoxy-2,3-dihydro-l,4-naphtho~uinone re- 
acted photochemically with xanthene to give 3,3'-dihydroxy- 
3,3'-dimethyl-1,1~,2,2',3,3',~,4~-octahydro-2,2'-binaphtha- 
lene-l,1',4,4'-tetrone in 4% yield. 350 The dimer is most 
probably formed via the hydrogen abstraction by the excited 
epoxyquinone from xanthene. 

7. Others 

It is of interest to note that 4,4'-dimethoxy-Z,2'-bi- 
naphthylidene-1,l'-dione is obtained in low yield from treat- 
ment of 1,4-dihydroxynaphthalene with diazomethane. 100 
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