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ABSTRACT

In  the  p re s e n t work, starting*  from 8 ,8 ^“h isb ro m o m eth y l-l,l* - 

b in ap h th y l, the  fo llow ing  new compounds were p rep a red .

RC-H p-CIT EOOC-a c pEg-COOE EtOOO-E C I Œg-COOEt

/COOEt 

■""2 COOEt Eg COOE

COOHe

COOMe

COOMe

PIQ



X”pBgCEgOH

l,l* -B in a p h th y l-8 ,B * -d ia c e tic  a c id  v/as re so lv ed  through i t s  

qu in in e  s a l t  and A rrhenius param eters and T ra n s itio n  S ta te  Theory 

Functions f o r  racém isa tio n  were determ ined fo r  i t .  Another un bridged  

compound, 1 ,1* -b in a p h th y l-8 ,8  *-b is(m e th y len ep y rid in iu m )d iio d id e , was 

o b ta in ed  o p t ic a l ly  a c t iv e  from o p t ic a l ly  a c tiv e  8 ,8 ’-bisbrom om ethyl- 

1 ,1 * -b in a p h th y l.

8 ,8*-B ridged ca rb o cy c lic  compounds were ob ta ined  in  o p t ic a l ly  

a c t iv e  forms from the  re so lv ed  dinaphtho [S ,l-a b , 1 *,8 *- d ^  -cyc lonona- 

2 ,4 -d ie n e -8 ,8 -d ic a rb o x y lic  a c id .  A ll th e se  o p t ic a l ly  a c tiv e  carb o cy c lic  

compounds v;ere found to  be o p t ic a l ly  s ta b le  even when m elted ,

8,8*-B ridged E -h e te ro c y c lic  compounds were ob ta ined  o p t ic a l ly  

a c t iv e  by u s in g  as  o p t ic a l ly  a c tiv e  p re c u rso r the  8 ,8 ’-bisbrom oraethyl- 

1 ,1* -bina,phthy1 and were a lso  found o p t ic a l ly  s ta b le  up to  t h e i r  decom­

p o s it io n  p o in ts ,  '

The main fe a tu re s  o f  th e  u l t r a - v i o l e t  ab so rp tio n  sp e c tra  in  95^



e th a n o lic  s o lu tio n  o f a l l  8 ,8 ’-b rid g ed  1 ,1 ’-b in ap h th y ls  correspond

w ith  those o f the  p a re n t compound, 1 ,1 '-b in a p h th y l.

O p tica l r o ta to ry  d is p e r s io n ( o ,r ,d . )  and c i r c u la r  d ic h ro ism (c ,d ,)

s p e c tra  o f the  o p t ic a l ly  a c t iv e  compounds were s tu d ie d  in  95^ e th a n o l.

From th ese  c h iro p t ic a l  s tu d ie s ,  and by c o r re la t io n  w ith  o th e r w orkers’

assignm ents, i t  i s  shown th a t  a b so lu te  c o n fig u ra tio n  can be a ss ig n ed

in  the  short-w ave reg io n  below the short-w ave u l t r a - v i o l e t  a b so rp tio n
( o . r .d . )

band, A short-w ave p o s i t iv e  Cotton e ffe c t/c o rre sp o n d s  to  th e  ^ -c o n f ig ­

u ra t io n  and a n eg a tiv e  Cotton e f f e c t  corresponds to  the  R -co n fig u ra tio n , 

Compounds w ith  _S-configuration :

+  )

I®  OIO

â-(+- ) S - ( + )
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^  P rev io u s ly  a ss ig n ed  by chem ical c o r re la t io n  from a  compound o f 

kncwn a b so lu te  c o n fig u ra tio n  by X -ray c r y s ta l  a n a ly s is  (Akimoto,

S l i io ir i ,  l i t a k a  and Yamada, I 968) .

'jf: P rev io u s ly  a ss ig n ed  by chem ical c o r re la t io n  w ith  a  compound whose 

c o n fig u ra tio n  was a ss ig n ed  a f t e r  asymmetric re d u c tio n  o f a  ketone w ith 

a  re a g en t o f  known ab so lu te  c o n fig u ra tio n  (lÆislow and McGinn, 1958).

Our o p t ic a l  r o ta to ry  d isp e rs io n  and c i r c u la r  dichroism  o b serv a tio n s  

a re  r e la te d  to  th ese  a b so lu te  assignm ents, and hence th e  c o n fig u ra tio n s  

o f  th e  new o p t ic a l ly  a c t iv e  compounds a re  determ ined .



1 .  IimiOEUCTIOE

For a  long  tim e nine-membered r in g  compounds rem ained very  hard  

to  sy n th e s is e , bu t th e  d iscovery  o f the  a cy lo in  method o f r in g  c lo su re  

made i t  easy to  sy n th e s ise  s a tu ra te d  ca rb o cy c lic  compounds* The s te r e ­

ochem istry  o f the  a c y c lic  m olecule i s  such th a t  i t  cannot e a s i ly  adopt 

th e  conform ation re q u ire d  fo^ c y c lis a t io n  by o th e r m ethods.

An in te r e s t in g  d iscovery  o f Kenner ( I 913) fo r  the  sy n th e s is  o f 

seven-membered r in g  compounds in  the  2 ,2 ’-b rid g ed  b iphenyl s e r ie s  u s in g
■tkj,

P e rk in ’s method le d  to/know ledge th a t  double bonds in  an a c y c lic  m olecule 

to  be c y c lise d  improves the  chances o f i t s  c y c l i s a t io n .  However, the  

u se  o f  P e rk in ’s method to  sy n th es ise  sim iilar bu t nine-membered r in g  

compounds d id  n o t succeed; Mi slow , Hyden and Schaefer ( I 962) a ttem pted  

th e  d ie thy lraa lonate  condensation  w ith  2 ,2 ’-b isbrom oethy lb iphenyl under 

a  v a r ie ty  o f experim ental co n d itio n s  b u t th e  method f a i l e d  to  g ive a 

nine-membered r in g ,  Tlie au th o rs  were su c c e ss fu l in  sy n th e s is in g  a n in e -  

membered r in g  a c id  ( l )  by c a rry in g  ou t an a cy lo in  r e a c t io n  on the  app­

r o p r ia te  dim ethyl e s t e r  to  form a ten-merabered r in g  ketone in c o rp o ra tin g  

a  2 ,2 ’-b ipheny l system ; th e  ten-membered r in g  was then  reduced in  s iz e  

by one Carbon atom, through i t s  to luenesu lphonhydrazide .

Few h e te ro c y c lic  compounds in  th i s  category  a re  known; B entley  

and Robinson (1952)"rep o rted  the  p re p a ra tio n  o f phenyld ihydrothebaine

( 2) which has an asymmetric carbon atom and e x is t s  in  fou r d ia s te re o -  

raeric fo rn s , they  were a l l  i s o la te d  ty  Sm all, Sargent and B ra lley  (1947)*



B entley  and Robinson (1952) d esc rib ed  the  p re p a ra tio n  o f  ( 3) fo r  which

-COOH

Ph

;iT-Me
MeO'

“IT-Me

Med"

( 1 ) . (2 ) (3 )

H a ll and Manser ( 1967) found th e  a c t iv a t io n  energy fo r  racém isa tio n  to  

be 31*5 k c a l mol Compound (4  ̂ i s  re p o rte d  to  be o p t ic a l ly  s ta b le  a t  

150° (F o rbes, Mann, M illa r  and Moelwyn-Hughes, I 963) .  A phosphonium 

compound ( 5) i s  re p o rte d  o p t ic a l ly  a c tiv e  by A llen , M illa r  and Mann 

( 1967)* P echerer and B ros! (1967) re p o rte d  the  p re p a ra tio n  o f (6) b u t 

a tte m p ts  to  b r in g  about o p t ic a l  re s o lu t io n  f a i l e d .  R ecen tly , Hwang 

( 1972) ob ta ined  o p t ic a l ly  a c tiv e  the  nine-membered r in g  2 ,2 ’-b rid g ed  

b ip h en y l(7)# I t  appears th a t  nine-membered r in g  bridged b ip h en y ls .

o

2B iP

MeO

MeO W e

( 6) (7)



owing to  the  non-honded in te r a c t io n s  in  the  r in g ,  re q u ire  much more 

energy to  in v e r t  t h e i r  c o n fig u ra tio n s  than the  low er homologues, and 

thus a re  o p t ic a l ly  s ta b le .

In  the  p re se n t work, nine-membered carb o cy c lic  and h e te ro c y c lic  

compounds in c o rp o ra tin g  the 8 ,8 '- p o s i t io n s  o f 1 ,1 '-b in a p h th y l were 

sy n th es ised  in  very  good y ie ld s :  they  could be p repared  in  o p t ic a l ly  

a c tiv e  form and were found to  be o p t ic a l ly  s ta b le  up to  t h e i r  m eltin g  

p o in ts :  no mechanism can be envisaged fo r  tn e i r  c o n fig u ra tio n a l in v e r­

s io n . Models suggest th a t  they  a re  probably  confo rm ationa lly  as w ell 

as c o n f ig u ra tio n a lly  s ta b le  m olecules and th is  assessm ent adds i n t e r e s t  

to  th e i r  sp ec tro sco p ic  p ro p e r t ie s .  O bservation o f  c h iro p t ic a l  p ro p e r t ie s  

down to  s h o r te r  w avelengths than  have p re v iu u s ly  been s tu d ie d  has le d  

to  f in d in g  t\70 C otton e f fe c ts  o f op p o site  s ig n s  below ihe -band o f 

th e  u n p o la rised  ab so rp tio n  spectrum : th i s  has le d  to  p roposing  new 

c r i t e r i a  fo r  ab so lu te  c o n fig u ra tio n a l assignm ent in  1 ,1 '-b in a p h th y ls .

Ihe v a l id i ty  o f  th ese  assignm ents r e s t s  upon some compounds o f  known 

a b so lu te  co n fig u ra tio n  determ ined by stan d ard  methods, ( - f  ) ^ ^ g - l , l ' -  

B inaphthyl has been ass ig n ed  ^ -c o n f ig u ra t io n  (Akimoto, S h i r o i r i ,  l i t a k a -  

and Yamada, I 968) by i t s  chem ical c o r re la t io n  w ith  (4*)^ ^ g -2 ,2 '-d ih y d -  

ro%y-3,3  ' - h i  sm ethoxycarbonyl-1,1  ' -b in ap h th y l fo r  which the  ^ c o n f ig u r ­

a t io n  vrcis a ss igned  by the  X-ray c ry s ta llo g ra p h ic  method. (^ )c ^ y g -2 ,2 '-  

Bimethy1 -1 ,1 '-b in a p h th y l has been c la s s i f ie d  as  ^  on the  b a s is  o f the 

asym/netric re d u c tio n  method (Mislow and McGinn, 1938). Thèse two 

compounds a lso  show C otton e f f e c ts  o f the  same n a tu re  in  tn i s  reg io n  

of s h o r te r  wavelength which correspond w ith  those  o f our new compounds.
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2. SÏHTHETIC WORE

2.1  General In tro d u c tio n  to  S y n th e tic  Work

a .  Methods o f r in g  c lo su re . For th e ‘p re p a ra tio n  o f th e  nine-membered 

c a rb o cy c lic  and h e te ro c y c lic  compounds in c o rp o ra tin g  the 8 ,8 ‘-p o s i t io n s  

o f  1 ,1 ‘-b in a p h th y l, 8 ,8 ‘-bisbrom om ethyl- 1 ,1 '-b in a p h th y l (8) (B adar,

Cooke and H a r r is ,  I 965) was se le c te d  as  a  s t a r t in g  m a te r ia l and from i t  

c y c lise d  p roducts  were ob ta ined  in  very  good y ie ld s .  For the  l a s t  80 

y e a rs  chem ists have been in te r e s te d  in  the p re p a ra tio n  and p ro p e r t ie s  

o f  c y c lic  m olecules b u t only fo r  the  l a s t  30 y ears  have the  medium r in g  

compounds (c o n ta in in g  8 to  11 atoms in  the  r in g )  been the s u b je c t o f 

p a r t i c u la r  i n t e r e s t  and sy stem atic  in v e s t ig a t io n ;  use has been made o f 

th e  o b serv a tio n  th a t  in  c e r ta in  cases a  g iven  type o f in te rm o le c u la r  

condensation  r e a c t io n  can be made to  take  p lace  in tra m o le c u la r ly , depending 

la rg e ly  upon the  s iz e  o f  the  r e s u l t in g  r in g  compound,

A number o f methods o f r in g  c lo su re  can b e  found in  th e  l i t e r a t u r e ;  

the  fo llo w in g  a re  among those  which have been freq u e n tly  u sed .

( 1 ) .  P y ro ly s is  o f  the  heaver m etal s a l t s  o f  o<W -alkyldicarbo% ylic a c id s  

(H uzicka, S to l l  and S ch inz, I 926 ) ; y ie ld s  o f  up to  eight-membered r in g  

compounds were very  good, bu t fo r  n in e - ,  te n -  and eleven-membered r in g  

ketones y ie ld s  were n e g l ig ib le .  The f a i lu r e  to  o b ta in  n in e  to  eleven 

membered r in g  ketones by th i s  method i s  explained  by the r in g s ,  a l th o u ^  

puckered, being  h ig h ly  congested and s t r a in e d , Ifervel and G lass (1938) 

were ab le  to  sy n th e s ise  a, cyclohonanone by u s in g  th i s  method (th ey
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attem pted  to  re so lv e  i t  b u t f a i l e d ) ,

( 2 ) ,  In  1909, Thorpe d iscovered  th e  in tra m o le c u la r  c y c l is a t io n  o f  a d ip -
iWi/t 4o

o n i t r i l e  in  the  presence o f sodium e th o x id e , lo a d in g - to a  five-membered 

r in g  e n a m in o n itr ile , Z ie g le r , E berle  and O hlinger (1933) extended the 

procedure o f  Thorpe by (a ) u s in g  h igh  d i lu t io n ,  (b) u s in g  d ie th y l  e th e r  

as  so lv e n t, and (c) u s in g  an amide as the  c a ta ly s in g  b a se . L a te r  Z ieg le r  

and h is  a s s o c ia te s  found th a t  an a lk a l i  m etal d e r iv a tiv e  o f  an a ra lk y l 

amine such as H -m eth y lan ilin e , i s  a  most e f fe c t iv e  c a ta ly s t .  This method 

was found e f fe c t iv e  f o r  the  p re p a ra tio n  o f 5 to  33 membered r in g  compounds, 

except f o r  the  9 sund 11 membered r in g s ,  Z ieg le r  and Aumhammer (1934) 

p rep ared  a cyclononanone u s in g  th i s  method b u t w ith  only 2 ,8 ^  y ie ld ,

( 3) .  The c y c l i s a t io n  o f e s te r s  o f d ica rb o x y lic  a c id s  le ad in g  to  k e to -  

e s te r s :  Bieclonann (1894) d iscovered  th a t  a d ip ic  o r p irae lic  e s te r s  on 

h e a tin g  w ith  sodium in  th e  presence o f tra c e s  o f e thano l g ive a cy c lo - 

pentanone o r  a cyclohexanone, This method a lso  d id  n o t g ive s a t i s f a c to r y  

y ie ld s  fo r  th e  medium-sized r in g  compounds, only  a  few cyclooctanones 

have been p rep ared  by i t ,  B lic k e , Azuara, Doorenbos and H o te llin g  (1953) 

used  sodium h y dride  as the  base c a ta ly s t  and re p o rte d  6 l^  y ie ld  o f  an 

eight-nmembered r in g  k e to - e s te r ,  Leonard and Schim elpfenig (1958) 

ob ta ined  a  15/^ y ie ld  o f an e i^ t-raem bered  r in g  compound by u s in g  p o ta s ­

sium t-b u to x id e  as  a  b ase , Borgan and Dale (1970) re p o rte d  the  p rep a r­

a t io n  o f 4i4>7 I 7 - te tram ethylcyclononanone ( 30^  y i e l d ) .  However, even 

u s in g  h ig h  d i lu t io n ,  the compounds co n ta in in g  n ine  and e leven  atoms in  

th e  r in g  a re  o b ta in  in  very  poor y ie ld s  o r  n o t a t  a l l ,  which i s  probably  

due to  d e s ta b i l i s a t io n  o f the  p re fe rre d  conform ation f o r  c y c lis a t io n  by
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tra^iisa.nmilar s t e r i c  in te r a c t io n .

(4)* The "best and o f te n  the only  method o f  s e le c t io n  f o r  the  p re p a ra tio n  

o f  medium-sized r in g  ketones i s  the  a c y lo in  condensa tion . In  th i s  method 

the  t?ro e s te r  groups o f a  d ie s t e r  a re  reduced to  a  hydroxyketone hy a 

d isp e rs io n  o f m olten sodium d ro p le ts  in  x y le n e , llie  a c tu a l  r e a c t io n  

p roduct i s  an e n e -d io l which g iv es  acy lo in  a f t e r  a c id i f i c a t io n ,  th e  ene- 

d io ls  a re  very  s e n s i t iv e  to  oxygen and th e re fo re  th i s  r e a c tio n  i s  c a r r ie d  

o u t in  an atm osphere o f  n i tro g e n .

COOR

( % ) n 4Ra 2R0“  R a^ ' (C^^)

C-O" Ra"̂

COOR

H (C&s)
0-0“  Ra*̂

0-0

.CEOS

The m a jo rity  o f  the  nine-memhered r in g  compounds made by th e  a cy lo in  

method a re  found in  the  work o f  B lom quist, %9heeler and Chu (1955)»

( 5) .  Mislow, Hyden and Schaefer (1962) a ttem pted  the  m alonic e s te r  

condensatioij. fo r  th e  p re p a ra tio n  o f  a  nine-membered r in g  b iphenyl 

compound bridged  in  the  2,2*-p o s i t io n s ,  bu t th i s  method f a i le d  to  g ive • 

the  d e s ire d  p ro d u c t. They then  succeeded in  p rep a rin g  a nine-membered 

r in g  a c id  ( l )  by c a rry in g  ou t an acy lo in  condensation on the  e s te r  o f  c. 

d icarb o iry lic  a c id ,  follow ed by r in g  c o n tra c tio n  in  a  s e r ie s  o f  r e a c t io n s .

^LcEg-CEg-COOCE

lEg-CEg-COOUH^ rCH^-CH^-C- 0
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i .  p-ToluenesTilphonylhydrazine 

i l .  Sodiiua hydroxide

CEg-CEg-C'=:0

2 2

:-cooH

( 6 ) ,  One cyclononanone has been re p o rte d  hy K ohler, T is c h le r ,  P o t te r  

and Thompson (1959) p repared  "by the  r in g  expansion re a c tio n  o f  c y c lo - 

octanone w ith  diazomethane in  61% y ie ld *

( 7 ) .  R ab in o v itz , G azit and Bergmann ( l 970) re p o rte d  the  sy n th es is  o f a 

nine-membered r in g  compound, d ibenzocyclononate traene(5^) by c a rry in g  

ou t a  W it t i g  r e a c t io n  between b ip h e n y l-2 ,2*-d ia ldehyde and the  bisphos- 

phorane derived  from trim eth y len e  bromide" in  the presence o r  sodium 

methoxide in  d im ethyl forma/iiide in  an atm osphere o f argon*

b* Schemes o f  new work* Tlie new work d esc rib ed  in  th i s  Thesis i s  

summarised in  the  fo llo w in g  schemes.

Scheme 1 ; Unbridged 8 ,8 '- d is u b s t i tu te d  1 ,1 ‘-b inaph thy ls*

Br-H CH^-Br

(8)

OIQ

QIC
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OIQOIQ
EtOOC-H,HOOC-H,

OIOQIO

(11)■ ( 10)

(8 ) ÎI-H

QIO
(12)



15

Scheme 2: 8 ,8 '-B rid g ed  1 ,1*-b in a p h th y ls .

Br-EgC

0HgTOOH

Ĥ ^COOMe

OIQ

. U J j U J  ^ ^ O O E t

HgC—^ pn^^COOEt

/COOH 

PîIg'̂ COOîI

(14)

COŒvîe

E.^COOMe

(17)

/CEgOE 

OE

orâ
(18) (19)
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OIO

OIQ
(8)

OIO] ®

OIO

(22)

(20)

( 21)
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2 .2  D iscussion  o f  Syritlietio Work

a .  Tlie s t a r t in g  m a te r ia l  (8 ,8 * -B istrom om ethy l-l, 1 ^-D inaphthy l).

8 ,8 ’-Disbromomethyl-1 ,1  •-'b inaphthyl (8) was p repared  f i r s t  (^Badar, 

Codice and H a r r is , 1965)* 8 ,8 ‘-B ishydroxym ethyl- 1 ,1 ’-b in ap h th y l was 

d isso lv ed  in  warm g la c i a l  a c e t ic  a c id  and h o t hydro bromic ac id  added 

to  i t  w itii s t i r r i n g ;  a  gum lilce p roduct v/as ob ta ined  which e v en tu a lly  

gave a  80^ y ie ld  o f th e  bisbromomethyl compound(8). Two m o d ifica tio n s  

o f  the method were t r i e d :

( i )  Since h a lid e  form ation  i s  r e v e r s ib le ,  and m t e r  l ib e r a te d  d u ring  

the  r e a c t io n ,  an e q u iv a len t amount o f  a c e t ic  anhydride was added to  

"the d io l  d isso lv ed  in  h o t g la c ia l  a c e t ic  a c id  befo re  adding h o t hydro - 

bromic a c id ;  th i s  gave an 86^ y ie ld  o f a  p u re r  p ro d u c t,

( i i )  Phosphorous trib ro m id e  v/as used in  p lace  o f a c e t ic  a c id /a c e t ic  

anhydride and hydrobromic a c id ; th e  phosphorous trib rom ide  a c ts  as 

re a g en t and as s o lv e n t . This method, which gave a  y ie ld  o f S$fo was 

adopted fo r  subsequent p re p a ra tio n  o f the bisbromomethyl compound ( s ) ,  

as th e  y ie ld  i s  e x c e lle n t  and the  p roduct i s  s ta b le  when s to re d .

The bisbromomethyl compound (8 ) has advantages as  s y n th e tic

p re c u rso r ; th e  weaJcly b a s ic  h a lid e  ions a re  e a s i ly  re p la ce d  by a  wide

v a r ie ty  o f n u c le o p h ile s : th i s  work d e sc rib e s  re a c tio n s  w ith  cyanide

io n , a  t e r t i a r y  amine, sodiom alonic e s te r  and secondary am ines, 
new

b . T h e /sy n th e tic  v/ork i s  d iv id ed  in to  two main c la s s e s :

A, IJnbridged 8 ,8 ’-d is u b s t i tu te d  1 ,1 ’- b in aph thy ls

( i )  Open chain  carbon compounds

( i i )  Open chain  qu a te rn ary  ammonium s a l t
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B, 8,8*-B ridged 1 ,1 ’-b in ap h th y ls

( i )  C arbocyclic compounds

( i i )  H e te ro cy c lic  compounds w ith  n itro g e n  in  the  b ridge

A, Unbridged 8 ,8 ’- d is u b s t i tu te d  1 ,1 ’-b in ap h th y ls

S everal compounds w ith  m ethyl and s u b s t i tu te d  m ethyl groups in  

th e  8 ,8 ’-p o s i t io n s  o f 1 ,1 ’-b in ap h th y l have been sy n th es ised  and t h e i r  

s te reo ch em istry  s tu d ie d  (E adar, Cooke and H a rr is , I 965) ,  some sp e c tro ­

scop ic  ( IR , ÎÎIÎR, u*v , and mass sp e c tra )  o b serv a tio n s  have been re p o rte d  

(Mazengo, I 968; Dixon, H a rris  and ilazengo-, 1971» E s r f is  and lîazengo, 1967)

( i )  Open chain  carbon compounds : To p rep are  1 ,1 '-b in a p h th y l-8 ,8 ’-d ia c e t ic  

a c id  (1 0 ) , the  bisbromomethyl compound (8) was tr e a te d  w ith  aqueous 

e th a n o lic  potassium  cyan ide . The colour o f the  re a c tio n  became b r ic k  

r e d .  A fte r  th re e  hours h e a tin g  under r e f lu x  and working up; the  b isc y a -  

nomethyl compound ( 9 ) was o b ta in ed  in  77«5^ y ie ld .  I t  was e a s i ly  hydro­

ly sed  to  (10) by h e a tin g  w ith  e th a n o lic  potassium  hydrox ide . P u r i­

f i c a t io n  befo re  and a f t e r  a c id i fy in g  w ith  hy d ro ch lo ric  a c id  gave 

c o lo u r le ss  8 ,8 ’- d ia c e t ic  a c id  ( lO ), m .p. 320°jd, This a c id  i s  n o t 

a p p re c ia b ly  so lu b le  in  e th a n o l, m ethanol, carbon te tr a c h lo r id e  o r 

chloroform ; good so lv en ts  f o r  i t  a re  dimethylformamide and d im ethy l- 

su lphox ide . O ther examples o f  arom atic  d ic a rb o x y lic  a c id s  having  h igh  

m e ltin g  p o in t and being  sp a r in g ly  so lu b le  a re  te re p h th a l ic  a c id  ( 500° 

s u b l .)  and 1 ,1 ’-b in a p h th y l-8 ,8 ’-d ic a rb o x y lic  a c id  (505 -  5 2 4 °d .).

The e th y l e s t e r  (11) o f  the  ac id  (10) was p repared  (w ith  a  view 

to  a ttem p tin g  a Dieclonann re a c t io n )  by the  re a c tio n  o f th io n y l c h lo rid e
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in- benzene s o lu t io n , follow ed by etnanol*  This e s t e r  was very  so lu b le  

in  chloroform  and in  methanol and f a i l e d  to  c r y s t a l l i s e  from e i th e r  of 

them; i t  c r y s t a l l i s e d  from a  very  co n cen tra ted  e th a n o lic  s o lu tio n  w ith 

m .p . 95*“96°. Such a low m eltin g  p o in t i s  s u rp r is in g  w hile  i t s  p re c u rso r 

a c id  decomposed a t  320° .
4

( i i )  A b is(m ethy lenepyrid in ium ) io d id e : The re a c tio n  o f  p y rid in e  w ith  

the  bisbromomethyl compound (8) took p lace  smoothly to  g ive  1 , 1 ' -  

b in a p h th y l-8 ,8 '-b is(m eth y len ep y rid in iu m ) dibrom ide. This s a l t  was hygr­

oscopic and very  so lu b le  in  w a te r: i t  was converted  in to  the  io d id e  by 

trea tm en t w ith  a h o t aqueous so lu tio n  o f  potassium  io d id e .

B. 8 ,8 ' - Bridged 1 , 1 ' - b inaphthyls

( i )  Ihe fo llo w in g  g en e ra l re a c tio n s  were a ttem pted

1 . T horpe-Z ieg ler r e a c t io n :  This r e a c tio n  has proved s a t i s f a c to r y  fo r  

the  p re p a ra tio n  o f seven-membered r in g  e n am in o n itr ile s  in  the biphenyl 

and 2 ,2 '-b r id g e d  1 , 1 ' -b in ap h th y l s e r ie s  b u t in  the  p re se n t work the 

8 ,8 '-b iscyanom ethy l compound ( 9) gave only recovered  s t a r t i n g  m a te r ia l .  

IR and IBvIR s p e c tra ,  m .p ., mixed m .p, and e lem ental a n a ly s is  were a l l  

unchanged. Another a ttem p t was made u s in g  the  so d io -d e r iv a tiv e  o f R-meth- 

y la n i l in e  as a  c a ta ly s t  b u t i t  a lso  f a i l e d  to  g ive the d e s ire d  c y c lic  

p ro d u c t•

2 . Dieclonann re a c t io n :  D ie th y l 1 ,1 '-b in a p h th y l- 8 ,8 '- d ia c e ta te  (11 ) was 

t r e a te d  wdth sodium .ethoxide in  Dieckmann co n d itio n s ; th i s  re a c tio n  

a lso  f a i le d  to  g ive a  nine-membered r in g  compound and the  s t a r t in g  

m ateria ,l was recovered  com plete ly .
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3* P erk in  method o f  c y c l i s a t io n ; Although i t  i s  unusual f o r  the  p repa­

r a t io n  o f  a  nine-membered r in g  compnund by the  r e a c t io n  o f an o(W-alkyé- 

Z d lh a lid e  w ith  d ie thy lm alona te  to  succeed, in  th i s  case th e  a ttem p t 

met w ith  su c c e ss , the c y c lic  e s te r  ( I 3 ) was formed in  j i e l d . .  To 

t e s t  the  p o s s ib i l i t y  o f form ing the 8 ,8 '- d is u b s t i tu te d  p ro d u c t, two 

e q u iv a len ts  o f sodiom alonic e s t e r  were u sed , bu t th i s  excess d id  n o t 

a f f e c t  the  e x c e lle n t  y ie ld  o f the  c y c lic  p ro d u c t.

This e s te r  ( I 3 ) was e a s i ly  hydrolysed  to  the d ic a rb o x y lic  a c id  ( I 4 ). 

Care was taken  to  minim ise the  chances o f d eca rb o x y la tio n . This a c id  i s  

v e ry  so lu b le  in  e th an o l and in  dimethylformamide bu t very  sp a rin g ly  

so lu b le  in  chloroform  and carbon te t r a c h lo r id e .  I t  m elted w ith  a  b r is k  

e ffe rv escen ce  a t  235“ 236° ,  r e s o l id i f i e d  qu ick ly  and m elted again  a t  

253- 234° •  D ecarboxylation o f  ( I 4 ) on a  p re p a ra tiv e  sca le  gave mono- 

carb o x y lic  a c id  (1 5 ) , m .p. 252-254°,

Methyl e s te r s  o f c y c lic  d ic a rb o x y lic  a c id  ( 14) and monocarboxylic a c id  

( 15) :  To obv ia te  the  r i s k  o f decarb o x y la tio n  during  e s t é r i f i c a t i o n ,  the 

m ethyl e s te r  o f the  d ia c id  ( I 4 ) was p repared  by adding' the powdered 

a c id  in  sm all p o r tio n s  to  a co ld  e th e re a l  so lu tio n  o f diazom etliane. 

C ry s ta l l i s a t io n  o f the  p u r i f ie d  product from benzene gave 92 .6^  o f 

dim ethyl e s te r  ( l ? ) ,  m .p. 258-260°.

The m onocarboxylic a c id  (15) i s  n o t ap p rec iab ly  so lu b le  in  benzene, 

b u t i t  goes in to  so lu tio n  as i t  r e a c ts  w ith  th io n y l c h lo rid e  ; trea tm en t 

w ith  methanol gave the  m ethyl e s t e r ,  m .p. 186-188°.

The a lco h o ls  corresponding  to  the  monomethyl e s te r  (16) and d i ­

m ethyl e s te r  ( I 7 ) were made by red u c tio n  w ith  lith iu m  aluminium hs^dride;
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the  alcohol. (18) c ry s ta ll is e d , from chloroform , m .p. 74-76° ^92/5) 

y ie ld .  The d io l  ( 19) c r y s ta l l i s e d  from benzene in  sh in in g  n e e d le s , 

m .p. 196° ( 75/  y i e ld ) .

( i i )  IT eterocyclic  compounds co n ta in in g  n itro g e n  in  the  b rid g e ; The 

success o f th e  re a c t io n  o f sod iod ie thy lm alonate  w ith  tlie bisbromo­

m ethyl compound (8) to  g ive a  good y ie ld  o f a nine-membered r in g  e s te r  

(13 ) encouraged us to  a ttem p t th e  r e a c t io n  w ith  secondary am ines. 

Secondary amines can be a lk y la te d  tw ice to  form qu a tern ary  s a l t s ,  so 

the  second s tag e  o f r e a c t io n  could be in tra m o le c u la r .

R»
I

Br-H^C CH.-Br + ;H -R

H
2 1 1 2  , Br-H

g
The fo llow ing  secondary amines were t r i e d .

( 1 ) P ip e r id in e ; P ip e r id in e  (2 mole) d isso lv e d  in  chloroform , was added to  

'.a so lu tio n  o f  the  bisbromomethyl compound (8 ) ( l  mole) in  chloroform

a t  room tem perature and then  warmed up to  38°/^ 67̂ 3 y ie ld  o f  the c y c lic  

bromide (20) was ob ta in ed  a f t e r  p u r i f ic a t io n .

( 2 ) D iethylamine and ( 3 ) B ia lly la m in e ; 'Q uaternary  d ie th y l and d ia l ly l  

amraonium bromides were p rep ared ; both  o f them were very  so lu b le  in  

w ater and f a i le d  to  c r y s t a l l i s e .  These bromides were converted  in to  

th e  corresponding  io d id e s  (21) and (2 2 ), which c r y s ta l l i s e d  from aqu­

eous s o lu tio n . Beaven, H a ll ,  L e s s lie  and Turner (1952) re p o rte d  the 

high s o lu b i l i ty  o f 1 ,1 -d ie th y l-2 , 7 -d ih y d ro -4 ’ ,1 "-dim ethoxy-3,4 ,5 * 6 - 

dibenzoazepinium  bromide in  w a ter but t h a t  the  io d id e  could be c r y s t a l -
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^ l i s e d ,

2 .5  Ring Size and Ease o f Formation

Mne-merabered ca rb o cy c lic  and h e te ro c y c lic  compcundg in  the  p re se n t 

work were formed very  e a s i ly  and in  very  good y ie ld s .  Such an ease o f 

form ation  o f nine-membered r in g s  "by chem ical methods (excep t by the  acy - 

lo in  method) i s  u n u su a l. The common d i f f i c u l ty  o f form ation  o f nine-mem­

bered. and o th e r  medium-sized r in g s  i s  a t t r ib u te d  to  an ex cessive  t r a n a -  

an n u lar s t r a in ;  the e f f e c t  o f th i s  s t r a in  i s  sa id  to  be favourab le  to  

the  r in g  c lo su re  as  the  s iz e  o f the  r in g  in c re a se s  from $ to  6 membered, 

i s  le s s  favourab le  fo r  the  seven-membered r in g  and most unfavourab le  fo r  

medium-sized r in g s ,  b u t a f t e r  th a t  the  van d e r W aal's re p u ls io n  fo rce s  

ac ro ss  the  r in g  become c o n s tan t making c lo su re  e a s ie r  fo r  th e se  la rg e  

s iz e d  r in g s  ( S ich er, 1962).

In  a l ip h a t ic  m olecu les , f i v e -  and six-raembered r in g s  a re  e a s i ly  

formed, but seven-membered a re  formed w ith  d i f f i c u l ty .  In tro d u c tio n  o f 

arom atic  groups in to  the  chain  r e s u l t s  in  rem arkable' ease o f- form ation 

o f  th e  seven-membered r in g s  in  thé b iphenyl s e r ie s ;  Kenner ( I 9I 3) 

p repared  a seven-membered r in g  by condensation  between 2 ,2 '-b isb ro m o - 

m ethylbiphenyl and sodiom alonic e s te r  . ( 25) ' '  ’ '

yCOO'Et ^ ^  COOEt
f  ITa OEt

^ U U O E t----------  ̂ ^  COOEt

( 23)
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He a lso  observed, th a t  the condensation  between the  bishrom om ethyl- 

b iphenyl and two m olecu lar p ro p o rtio n s  o f m alonic e s te r  in  the presence 

o f  sodium ethox ide  le d  only  to  the same c y c lic  p ro d u c t. Using e th y l 

e th a n e -1 ,1 ,2 ,2 - te tra c a rb o x y la te  in  the p resence o f  sodium ethoxide in  

e th an o l he was a b le  to  p repare  an eight-membered ring* e s te r  124) .  th e

4-
E -Ç -(COOEt) 

H-C-( COOEt),

2 4 -
Ha OEt

CH-C-(COOEt;,

-C-(COOEt),^

in te r a c t io n  o f 2 ,2 '-bisbrom om ethylbiphenyl and e th y l p rop an e-1 ,1 ,5 ,5 -  

te tra c a rb o x y la te  in  tlie  presence o f  sodium ethoxide (Heaven, B ird , H a l l ,  

Johnson, Ladbury, L e s s lie  and T urner, 1955) f a i le d  to  g ive the  n in e -  

megbered ca^rboo^^cllc compound* The a ttem p t o f Mislow, Hyden and Schae­

f e r ,  1962) to  p repare  a  nine-membered r in g  compound by condensation 

between 2 ,2^-b isbrom oethy lb iphenyl and d ie thy lm alonate  in  the  presence 

o f  sodium ethoxide a lso  met w ith  no su ccess , g iv in g  2,2*-d iv in y lb ip h en y l 

( 25) as a r e s u l t  o f the e lim in a tio n  re a c t io n .

Chg-CH -B r COOEt
/

CH^-CH^-Br
+

COOEt

't'
Ha OEt"

CH.

( 25)
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The product o f  a  Thorp e -Z ie g le r  re a c tio n  from 2,2* -h i  s cyanome th y l -  

"biphenyl (Kenner and T urner, I 9I I )  le d  to  good y ie ld s  o f a  seven-memhered 

r in g  im in o n it r i le  (2 6 ) . Kenner ( I 913) suggested  th a t  the  cause o f th i s

Bg-CN

Ea OSt :c- m

(26)

ease o f  form ation  o f  seven-memhered r in g  compounds i s  th a t  the  two arom­

a t i c  double bonds m inim ise the  s t r a in  and make the chain  comparable 

w ith  the s a tu ra te d  n -p en tan e . Another im portan t fe a tu re  o f form ation  o f 

th ese  seven-membered r in g  compounds in  the  b iphenyl s e r ie s  i s  the  absence 

o f  yô -hydrogens in  the  2,2* s u b s ti tu e n ts  in  the  ch a in , thus p rec lu d in g  

e lim in a tio n  r e a c t io n s .

R eactions leaôûng to  c y c l is a t io n  can be d iv ided  in to  two c la s s e s :

( i )  TJhere only  one carbon-carbon bond i s  formed a t  a  tim e, and

( i i )  where two carbon-carbon bonds a re  formed a t  the same tim e (concerted  

r e a c t io n s ) .  In  th e  p re se n t work re a c tio n s  used belong to  c la s s  ( i )  and 

a re  o f  in tram o le c u la r-n u c leo p h ilic -d isp lac e rae n t ty p e , where the nucleo­

p h ile  and the le av in g  groups both a re  p re se n t in  the  same m olecule, e .g .

ch„ 5 c
Z ' (C E g)- < 2 (CH2 ) -

CH, -t-
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In  the  m alonic e s te r  condensation the  n u c le o p h ilic  cen tre  i s  a carhanion

and both the  groups Z and Z* a re  s tro n g ly  e le c tro n  w ithdraw ing, ab le  to

s t a b i l i s e  th e  n eg a tiv e  charge. The le av in g  group Kp i s  a  h a lid e  io n , A

conform ation i s  re q u ire d  in  which the r e a c t in g  end groups v / i l l  be c lose

to g e th e r and p ro p e rly  in  l in e  fo r  an S ^ 2  r e a c t io n . The p resence  o f

r i g i d  groups such as double bonds, arom atic  r in g s  o r  bullcy s u b s t i tu e n ts

in  the  chain  o f  the  compound being c y c lise d  decreases the  p o s s ib i l i t y

o f in te rm o le c u la r  r o ta t io n s  and hence the  number o f p o ss ib le  unfavourable

conform ations; a s  a r e s u l t  favourab le  conform ation becomes more p ro b ab le , •

and increases the p o s s ib i l i t y  and the  y ie ld  o f c y c lise d  p ro d u c t.

In  g e n e ra l, h igh  d i lu t io n  technique m inim ises the p ro b a b i l i ty  o f  the

in te rm o le c u la r  re a c tio n s  and the chance o f in tram o lecu la r c y c lis a t io n  
in

im proves; b u t/ th e  p re se n t work the co n d itio n s  of h igh  d i lu t io n  were n o t 

re q u ire d  which su g gests  unusual ease o f  form ation o f the  nine-membered 

r in g s ;  thus a m ajor c o n tr ib u tio n  to  ease  o f re a c t io n  comes from the  

s te reo ch em istry  o f 8 ,8*-bisbrom om ethyl-1 ,1 *-b inaphthyl (B) and the c y c lise d  

p ro d u c t, i'-ccondly, the  p resence o f two naphthy l groups p rev en ts  vigorous 

in te rm o le c u la r  r o ta t io n s  o f the chain  and encourages the  p re fe r re d
I

conformai-iori fo r  c y c l i s a t io n ,  I h i r d ,  t h i s  bisbromome th y l compound does 

n o t hsve -hydrogens in  the  chain  to  be c y c lis e d ,so  th a t  xhe a l te rn a t iv e

o f o le f in  form ation  i s  n o t a v a ila b le .
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2*4 Spectroscopy and S tereochem istry

a .  In tro d u c tio n . EM spectroscopy  i s  younger than  u .v .  and IR 

spec tro scopy , bu t in  a  very  sh o rt p e rio d  i t  has advanced as  a  very  

im portan t to o l  fo r  o rgan ic  chem ists. The u se  o f  R1ÜR spectroscopy  to  a 

s te reo ch em is t, a p a r t  from the  d e term in a tio n  o f  g ro ss  m olecu lar s tru c tu re  

l i e s  in  d e te rm in a tio n  o f c o n fig u ra tio n  and conform ation.

(1 ) E lu c id a tio n  o f s t ru c tu re  o f  unknown compounds: Tlie p ro to n  Mffi sp ec t­

rum t e l l s  some most im portan t fe a tu re s  about the  s t ru c tu re  o f a  m olecule: 

f i r s t ,  the chem ical n a tu re , o f  p ro to n s , observed by the  use  o f chem ical 

s h i f t  ( y  ) .  P ro tons in  s im ila r  chem ical environm ents have s im ila r  chem ical 

s h i f t s .  Second, in te g ra t io n  o f the M!R spectrum  t e l l s  the r a t i o  o f 

numbers o f p ro to n s  o f each k in d . T h ird , sp in -sp in  s p l i t t i n g  g iv es  in fo r ­

m ation about how many p ro to n s  a re  on each carbon atom a d ja c e n t to  any 

atom b earin g  one o r more p ro to n s . For example, a  mono-enol de riv ed  from 

( 27) could p o s s ib ly  be (28) o r  ( 29) .  To f in d  n^ich  i s  c o r r e c t ,  the

E '—OH

OH

OH,

( 27) 128) {29)

chem ical s h i f t  i s  used (B redenberg, 1959)» the s ig n a l a t  y  3.25  i s  an 

hydroxyl group s ig n a l ,  a t  7*57 i s  a  m ethylene and a t  7*97 a m ethyl s ig n a l .  

The in te g ra t io n  suggests the  r a t i o  o f p ro tons 1 :4 :3 ; which could be 

exp lained  w ith  s tru c tu re  (28) and n o t (2 9 ) . S tru c tu re  (29) would give
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f iv e  s ig n a ls  in  an in te g ra te d  r a t i o  1 î 1 :1 :2 :5 . The methyl s ig n a l i s  

n n s p l i t  su g g es tin g  th a t  th e re  i s  no p ro ton  p re s e n t on the  a d jac e n t carbon 

atom .

{2}  D eterm ination o f c o n f ig u ra tio n ; P ro tons in  g e o m etrica lly  isom eric  

s i tu a t io n s  have d i f f e r e n t  chem ical s h i f t s ,  fo r  example,

Ha Eh Ha E '

)» = <  ■ > — (
R R R Hb

e l s -  ' t r a n s -

The c i s -  p ro tons re so n a te  a t  lower m agnetic f i e ld  than the t r a n s -  p ro tons. 

13) D eterm ination  o f  conform ation: I f  a  g iven p ro ton  i s  in  d i f f e r e n t  

environm ents in  d i f f e r e n t  conform ations, i t  w i l l  g ive a  s ig n a l c o rre s ­

ponding to  each environm entj and the  r e l a t iv e  peak a reas  o f  th ese  s ig n a ls  

r e f l e c t  the  r e l a t iv e  p o p u la tio n s  o f the conform ations, fo r  example c y c lo -  

hexane a t  - 110° shows two s ig n a ls :  th e  c h a ir  form i s  by f a r  the m ajor 

conformer p re s e n t and one s ig n a l i s  due to  a x ia l  pro tons and an o th er due 

to  e q u a to r ia l p ro to n s . The s iz e  o f th e  coupling  co n stan t ( J )  between 

p ro tons Ea and Hb on a  p a i r  o f a d jac e n t carbon and depends on the 

p lanes C^C^Ha and C^CgEb. T rager, V incenzi and H u itr ic  (1962) a f t e r  the 

study o f many cyclohexane d e r iv a tiv e s  re p o rte d  the  use o f the  coupling

Ha Ea Ea Hb. /'—A.Hb 2

'^Ham 2-4 cps J.HaHb 5-12 cps
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co n stan t fo r  conform ational d e te rm in a tio n ; the  coupling  co n stan t i s  

two to  th re e  tim es as la rg e  between a n t i  p ro to n s  (a x ia l)  as  between 

gauche ( a x ia l- e q u a to r ia l  o r e q u a to r ia l - e q u a to r ia l)  p ro to n s .

T h e o re tic a l c a lc u la tio n s  o f Karplu s  (1963) show th a t  the  coupling  

co n stan t should depend upon the  cosine o f the d ih e d ra l a n g le . The 

coupling  co n stan t th e re fo re  would be zero fo r  a  d ih ed ra l ang le  o f 90° 

and in c re a se  to  a m oderate va lu e  from 90° to  0*̂ and in c re a se  to  a  h igh  

value from 90° to  180°(see  page/^jq).

In  m olecules which a re  r e a d i ly  in te rc o n v e r t ib le  ro tam ers , s ev e ra l 

conform ations a re  p ro b ab le , and any p ro to n  in  the m olecule can occupy a i l  

p o s s ib le  p o s it io n s  in  a very  sh o r t tim e; the  #IR spectrum re p re se n ts  an 

average p o s i t io n .  H iis  phenomenon has been observed in  many open chain  

m olecules and in  some c y c lic  compounds, f o r  example* cyclohexane ($0 ) ;  

the  c h a ir -c h a ir  in te rc o n v e rs io n  o f cyclohexane i s  so ra p id  a t  room

Ea

Hb

(30)
a.

tem perature  th a t  th e  ffiîIR spectrum  shows o n ly ^s in g le  sharp  s ig n a l .

A part from th e  c l a s s i f i c a t io n  o f  p ro to n s  based upon th e i r  chem ical 

n a tu re , liislow  and Haban ( 1961) c la s s i f ie d  p ro tons o f conventional s t e r ­

eoisom ers in to  th re e  main c la s s e s .
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( l )  E qu ivalen t p ro to n s ; P ro tons whose p o s it io n s  in  the m olecule a re  

in te rc o n v e r t ib le  by r o ta t io n  about an a x is  o f  ro ta t io n  to  g ive an in ­

d is t in g u is h a b le  s t ru c tu re  from the  o r ig in a l  s t ru c tu re  a re  known as 

" e q u iv a le n t" . The n ecessa ry  requ irem ent fo r  p ro to n  equ ivalence  i s  i n t e r ­

conversion  by a x is  o f  ro ta t io n  and n o t by an o p e ra tio n , e .g .  in  

th ese  d if lu o ro  compounds, each has a  s e t  o f two e q u iv a len t f lu o r in e  atoms

H H 
\ /

F

and a  a x i s .  Secondly, m olecu lar dissymmetry does n o t p rec lude  equiv­

a len ce  o f p ro to n s , fo r  example compound ($ 2) ,  where the  m ethine p ro tons 

a re  equi-valent.

H----

E qu ivalen t p ro tons can be found in  m olecules which belong to  th e  a x ia l  

p o in t group (ex c lu d in g  ) ; m olecules belonging  to  n o n -a x ia l p o in t

groups (C^, and 0^) cannot show pro ton  eq u iv a len ce .

( i i )  E n an tio to p ic  p ro to n s : In  enan tio iso m eric  environm ents the  p ro tons 

a re  c a l le d  " e n a n tio to p ic " . E n an tio to p ic  p ro tons could be in terchanged  

only by a r o t a t io n - r e f le c t io n  o p e ra tio n  (S^) and n o t by a ro ta t io n  (C^, 

n  > 1 ) .  This o p e ra tio n  g ives an in d is tin g u is h a b le  s tru c tu re  from
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tne o r ig in a l .  The environm ents o f e n a n tio to p ic  p ro tons a re  nonsnperira- 

p o sab le , fo r  example; compounds (33) and (34)# In  th ese  m olecu les, the

CE.

^ S

Fb

01

Ea J

Cl

C—C CH.
I -
Hb

(33) (34)

p ro to n  Ha i s  the  r e f l e c t io n  o f  Eb in  the m irro r p lanes (S ^ ) . Only non­

l in e a r  and a c h ir a l  m olecules can have e n a n tio to p ic  p ro to n s . Asymmetric 

m olecules (p o in t group C^) a re  no n ax ia l and c h i r a l ,  which means th a t  

asymm etric m olecules cannot have eq u iv a len t o r en an tio to p ic  p ro to n s . The 

only  d if fe re n c e  between eq u iv a len t and e n an tio to p ic  p ro tons i s  th a t  ena­

n t io to p ic  p ro to n s  in  a c h ir a l  so lv en t o r re a g en t e x h ib it t h e i r  d is t in c — 

tiv e n e ss  as  they  a re  tlien in  d ia s te re o iso m e ric  s i tu a t io n s .

( i i i )  E ia s te re o to p ic  p ro tons : When th e  stereochem ical environm ents o f  

p ro to n s  a re  d ia s te re o iso m e ric , th e  p ro tons a re  sa id  to  be " d ia s te re o -  

to p ic " .  The n ecessa ry  requ irem ent fo r  d ia s te re o to p ic  p ro tons i s  th a t  they  

must n o t he in te rch an g ed  by any symmetry o p e ra tio n . asymmetric molec^ 

u le  (p o in t group C^) cannot have eq u iv a len t o r e n a n tio to p ic  p ro tons hut 

can have d ia s te re o to p ic  p ro to n s , fo r  example: p ro p io lac to n e-2 -E  (35)»

Ea

Eb

In  th i s  compound Ea and Eb a re  d ia s te reo to p ic
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Tlie p resence o f asymmetry in  a m olecule co n ta in in g  a  methylene 

group makes the  methylene p ro to n s  n o n -eq u iv a len tj fo r  example in  the  

compound ( 36) Ha and Hh a re  d ia s te re o to p ic  p ro to n s ; the environment o f 

Hb i s  d ia s te re o to p ic  w ith  the  environment o f Ha, a  s i tu a t io n  which i s

Br

Me

Br

Ha
üüOMe Hb

( 36)

independent o f  conform ation (lîislow , I 966) ,

The two d ia s te re o to p ic  p ro tons may be on two d i f f e r e n t  carbon atom s, 

f o r  example compound (3 7 ) î the  two o le f in ic  p ro tons Ha and Hb in  th is  

asymmetric m olecule a re  d ia s te re o to p ic  and show two s ignals#

H^ • ^CHBCl

Ha. Hb

(37)

Dissymmetric nonasymmetric m olecules may a lso  have d ia s te re o to p ic  

s i tu a t io n s ,  f o r  example ( 38) ,  th i s  belongs to  p o in t group (C g), th e re

Ha ,Ha

Hb

'(3 8 )

a re  two eq u iv a len t m ethylene groups each co n ta in in g  two d ia s te re o to p ic  

protons# lihen Xtr-S, the  spectrum  shows an AJ3 doub le t (Mislow, G lass ,
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Eopps, Simon and Wahl. j r . , 1^64J* K urland, JEhibin and Wise ( I 964) in  

tn e  case where 0 observed an AJ3 q u a r te t  f o r  the  d ia s te re o to p ic  

m ethylene p ro tons in  carbond isu lph ide  a t  - 105^ and the fo u r  l in e s  

merge in to  one a t  43°•

. M olecular asymmetry i s  n o t n ecessa ry  f o r  d ia s te re o iso m e ric  s i t u a t ­

io n s : an a c h ir a l  m olecule (39) co n ta in s  d ia s te re o to p ic  p ro tons Ha and Hb, In  

th e  c h ir a l  m olecule t r a n s - l ,  2 -d i ch i orocyclopropane ( 40)-H a and Ha* a re ' 

e q u iv a le n t, ' Hb and Hb* a re  e q u iv a le n t.

Ha

Eb

H

Cl

01

(5 9 )

Hb'

HaHb

Ea* (40)

The two param ete rs , chem ical s h i f t  and coupling  c o n stan t a re  u s e fu l 

to  determ ine the  equivalence o r  non-equivalence of p ro tons in  a  m olecule.

Chemical S h i f t : A p ro ton  in  a  m olecule i s  always sh ie ld ed  by e le c tro n s  

and th e  f i e ld  s tre n g th  a t  a  c o n s ta n t frequency n ecessa ry  fo r  resonance 

i s  n o t the  same fo r  p ro tons in  d i f f e r e n t  environm ents• E q u iv a len t 

p ro tons w i l l  re so n a te  a t  th e  same value o f the  ap p lied  m agnetic f i e ld  

bu t n o n -eq u iv a len t p ro tons as  they  a re  d i f f e r e n t ly  s h ie ld e d !w ill  re q u ire  

d i f f e r e n t  v a lues o f  the  a p p lie d  m agnetic f i e l d  to  re s o n a te , i . e .  w ith  

th e  v a r ia t io n  in  the  m agnetic f i e l d ,  s ig n a ls  w il l  appear a t  sep a ra te  

and s u ita b le  p la ce s  fo r  each n o n -eq u iv a len t p ro to n . This dependence o f • 

s ig n a l p o s it io n  on the  environm ent o f the p ro ton  i s  known as "chemical
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s h i f t " ,  measured a s  the  d is ta n c e  o f  i t s  s ig n a l from a s tan d ard  ^ e .g , 

te tram e th y l s i l a n e j • In  an a p p lie d  m agnetic f i e l d  the e le c tro n s  o i r c u l-  

a t in g  around the  n u c le i  produce/^field  known as/seco n d ary  f i e l d :  i f  the 

secondary f i e l d  opposes the  ap p lie d  m agnetic f i e ld ;  then  the  e f f e c t  on 

a  p ro to n  in  the  f i e ld  i s  lmo?m as  sh ie ld in g  and the  s ig n a l i s  s h if te d  

u p fie ld *

For benzene, when the  a p p lie d  f i e l d  i s  p e rp en d icu la r to  the  p lane 

o f  the  r in g  a r in g  c u rre n t i s  s e t  up , and the  secondary f i e l d  a t  the  

p ro tons i s  p a r a l l e l  to  th e  main ap p lie d  f i e ld  and in  the  same d ire c t io n  

a t  the s i t e  o f the  arom atic  p ro to n . The r e s u l t in g  f i e ld  a t  the p ro to n  i s  

in c reased  which b rin g s  about i t s  resonance a t  low er ap p lied  m agnetic 

f i e l d ,  i . e .  i t  i s  d e -sh ie ld e d . But in  the  case where a  p ro to n  l i e s

 ̂ Î  t  I  Applied f i e ld  

d i r e c t ly  above the p lane  o f the r in g  c u rre n t, i t  i s  sh ie ld e d . For 

examplehjVLLi spectrum  o f (4I )  i s  re p o rte d  by Waugh and Fessenden (1957)»

HwC- CH,

U l )
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the  CHg p ro to n s  T/hich a re  ly in g  over the benzene r in g  re so n a te  a t  

h ig h e r m agnetic f i e l d  ( i . e .  a re  sh ie ld ed ) than those d i r e c t ly  a tta ch e d  

to  the  benzene r in g .

E qu ivalen t o r e n a n tio to p ic  p ro to n s  a re  eq u a lly  sh ie ld ed  and must 

e x h ib it  the  same chem ical s h i f t :  f o r  example iso p ro p y l ch lo rid e

CH -̂--------CHCl-------- CE  ̂ shows only two B ët s ig n a ls .  S im ilarly ,,

(a) (b) (a)

(a )  E_0. Eb

(a  ) E C m,

shows only  two EfvlH s ig n a ls ,  one f o r  m ethyl and an o th er fo r  me th in e  

p ro to n s . P ro tons which show equal chem ical s h i f t s  a re  termed as  •iso ch ­

ronous* by Abragam (196I ) .

E ia s te re o to p ic  p ro tons must have d i f f e r e n t  chemical s h i f t s  and a re  

s a id  to  be^anisochronous*. Tliey a re  chem ically  n o n -eq u iv a len t and must 

be m ag n e tica lly  non-equ iva .len t. Sometimes the  non-equiyalence i s  n o t 

s u f f ic ie n t ly  la rg e  to  show d e te c ta b ly  d i f f e r e n t  chem ical s h i f t s .  For 

example a doubly b ridged  biphenyl (42) (p o in t group E^) has fo u r e q u i-

0
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v a le n t  m ethylene groups each co n ta in in g  geminal d ia s te re o to p ic  ( i . e .
es

n o n -eq u iv a len t) p ro to n s  Ha and Eb, but dc  ̂n o t show d i f f e r e n t  chem ical 

s h i f t s  fo r  th ese  p ro tons under normal co n d itio n s  (iîis low . G lass, Hopps, 

Simon and Wahl j r . ,  19^4)*

The e f f e c t  o f tem perature change on con fo rm ationa lly  l a b i l e  d ia s te ­

re o to p ic  p ro tons may be to  show a  q u a l i ta t iv e  change in  the  sp ec tru m :a  

q u a r te t  a t  room tem perature  may become a  s in g le t  a t  h ig h e r  tem pera tu res; 

a  s in g le t  a t  room tem perature  may appear as a  q u a r te t;  a t  lower tempera­

tu r e s ,  f o r  example, tn e  Ht® spectrum  o f 15E-dibenzo |c , ^  benzim idazo- 

[ l , 2 - ^ -a z e p in e , shows a do u b le t a t  50^ , a  f in e  q u a r te t  a t  20° and 

low er tem peratures and a  s in g le t  a t  60° and above (Hwang, 1972). The

<-
20°  50°  60°

tem perature a t  which th e  peaks merge in to  one i s  known as th e  "co a lesc ­

ence tem p era tu re" . Temperature v a r ia t io n  and coalescence tem perature 

o b serv a tio n s  in  s u ita b le  cases h e lp  in  the  d e term ina tion  o f the  f r e e  

energy o f in v e rs io n  energy o f in v e rs io n  and en thalpy  o f

in v e rs io n  AH 7̂  (Anderson, 1965)*

The s u b s t i tu te d  benzamide (43) e x h ib its  fo u r methoxyl s ig n a ls  in

^C H (lïe)C E Æ i

(43)OMe



36

t-b u ty lb en zen e  so lu tio n  a t  60° and th ese  s ig n a ls  coalesce  f i r s t  i n t o '

tv7o a t  130° and then  in to  a s in g le t  a t  163°. From tl3i s  in fo rm ation

S id d a ll and G arner ( I 966) determ ined th e  seps,rate  r o ta t io n  b a r r ie r s

about the  ca rb o n y l-n itro g en  and a ry l-c a rb o n y l bond, both a re  above 
-120 k c a l mol •

Coupling C onstan t; S p in -sp in  coup ling  occurs between chem ically  non­

e q u iv a len t p ro to n s . D ia s te re o to p ic  p ro tons because o f t h e i r  d if fe re n c e s  

in  environment and r e la t io n s h ip s ,  must have d i f f e r e n t  coup ling  co n stan ts  

( J )  w ith  re s p e c t to  any nucleus in  the  same m olecule.

In  t\70 s e ts  o f two e q u iv a len t o r  en an tio to p ic  p ro to n s , i f  one o f 

th e  n u c le i  in  the  f i r s t  s e t  and one o f the n u c le i  in  the second s e t  a re  

in  d ia s te re o iso m e ric  s i tu a t io n s ,  then  one s e t  o f en an tio to p ic  o r equiv­

a le n t  n u c le i  can couple w ith  the  o th e r , f o r  example in  t r a n s - l , 2-d ic h lo -  

rocyclopropane (40)> the  two m ethylene hydrogens Ha and Ha’ a re  equiva­

l e n t  and s im ila r ly  Hb and Hb*. llie re  a re  two types o f  v ic in a l  methylene 

me th in e  co u p lin g s , one t r a n s -  coupling  between Ha and Eb o r between Ha* 

and Eb* and second c i s -  coupling  between Ha and Hb* o r ' between Ha* and 

Eb.”



37

b . lIî.ïR s p e c tra ,  r e s u l t s  and d iscu ss io n

The MliR c h a r a c te r i s t ic s  o f  8 ,8*- d is u b s t i tu te d  unbridged and 8,8*- 

b ridged  1 ,1 *-b inaphthy ls a t  room tem perature a re  c o lle c te d  in  Table I  

and the  supposed source o f  th e  s ig n a l g iv e n .(60 Mffz, TîiS)

Compound and so lv en t Aromatic pro ton  

T' (ppm)

Other p ro ton  

i  (ppm)

( l )  l-“IIetho3cycarbonylnaphtha- 

len e  (CDOl )

( H ) 8”Brom o-l-m ethoxycsrbonyl-

2 .0 0 -3 .1 6  (?H)

2 .15-2 .95  (6h)

6 .3  -COOGH (3E)

6 .1  -COOCE (3H)

naph thalene  (CDC1_)
J

MeOO COOMe

(CDCl,)

2 .03 -2 .85  (12H) 7.33 -COOCE (6h )

(iv ) l-h a p h th y lc a rb in o l 

(CDCl )

( V) 8,8* -Bishyclr oicyme th y l- 1 ,1 * -

t in a p h th y l ( CDCl )

(VI ) ].-BromomethyInaphthalene 

(CDCl ) . .

2 .00 -2 .95  (7H) 

2 .10 -2 .95  (12H)

1 . 90- 3.05  (7H)

5.17 -CEg (2H)

7.57 -CH (IH)

6.03 -CEg (4H)

8.25 -OH (2H)

5.30 -CHg (2H)

E_-Dr

ICDCl_)

2. 05- 2.80 (12H)
5 . 99—

5.94 -CEg (4E)
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Compound and so lv en t Aromatic p ro ton  

•Y (ppm)

O ther p ro ton  

Y (ppm)

(¥111 ) 8,8*~Biscyanomethy 1 - 

1 ,1*-h inaph thy1 ( CDCl^)

(IX) D ie thy l 1 ,1  *-h in a p h th y l-  

8 ,8*-d ia c e ta te  (CDCl^)

2 .00-2 .75  (12H)
5 .9 2 -

6 .1 7 “
2 .00-3 .00  (12H)

EtOOC-E -COOEt

,COOEt

CH^^COOEt

(CDCl^)

COOMe

(CDCl,)

5.96  -CHg 

(4H)

6.75 -CSg (42)
a tta c h e d  to  naphthalene r in g s .j

6 . 20.
6 . 30^

6.45 6.36  -COOCHg-

2 . 15- 3.58  (12H)

6 . 55-

8 . 95'
9.04
9.15

5.90

(42)

CĤ  (6h)

3.25

3 . 26J

3.55
3.38

(2H)

b .e o - x V  
7 . 04- / ^

5.98 
6110 
6 . 22—, 
6 .5 4

a tta ch e d  to  
naphthalene r in g s .

— 6.16  -COOGH2"

2 . 16- 3.38  ( 12H)

5.251
5.26
5.55
5.58

(22)

8.83
8.94
9.05

5.89-
6.13
6.80
7.04

CH-

(42)

(62)

V  6.46  -CHg (42)

a tta ch e d  to  
naphthalene rin g s ,

6.64  -COOCE. (6H)
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Compound and so lv en t Aromatic p ro ton

Y (ppm)

(X II) I Q

CH, COOH

(XIV) fOlO
COOCE.

(CDOL )

-OEgOE 

2 CEgOE

(XVI)

(CDCl )
.CEg CEgOE

3.28

3.30
3.38
3.40

3.27
3.29

3.31

3 . 38'
3.40
3.42

(2E)

(2E)

2 . 20- 3.40  (12H)

3.25
3.27  
3.31
3.381
3.40  
3.42

3.24
3.28

3.36
3.40

(2H)

(2E)

2.20-3.46 (12H)

3 . 30!
3.32
3 . 34J
3.42
3.44
3.46

( 2H)

Other p ro ton  

Y" (ppm)

Hot observed due to  the  

a b so rp tio n  o f d im ethy l- 

formamide (so lv e n t)

Not observed

A very  com plicated 
m u lt ip le t  (d o u b le ts  become 
t r i p l e t s )

6.67  -COOCE, (3E)

This compound shows a compl- j 

ic a te d  m u lt ip le ts  and was n o t
i ■ !

ap p rec iab ly  so lu b le .

A very  com plicated s e t  
o f  complex m u ltip le ts  was 
observed, which made d i f f i c u l t  
to  la b e l s ig n a ls  ( s e e  
NMR spectrum No. 2)
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Compound and so lv en t Aromatic p ro ton  

Y (ppm)

Other p ro ton  

Y (ppm)

(XVII)

(GDC1-)

2 .18-3 .59  (12H)

(CDCl ) O

3.25
3.27J
3.37

3.39

(2E)

1 .9 -3 .3 9  (12H)

3.25
3.27
3.37
3.39

(2E)

4.71
4 .94
4.99
5.22

7.05

8.25

4.79
5.05,
5.12
5.36

7.06
7.19
7.29
7.42

8.75
8.87
8.99

4.96  -GEg (4H)

a tta ch e d  to  
naph thalene  r in g s .

-CHg (zj5, a l ip h a t ic )

-CH„ (6H, a l ip h a t ic )

5.07 -CSg (4H)

a tta ch e d  to  
naphthalene r in g s ,

7 .24  -CHg (4H)
a tta ch e d  to  

methyl groups.

CĤ  (6h )
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D iscussion  o f  th e  IRTR sp e c tra  in  Table I  

(Roman num erals in  p a ren th eses  r e f e r  to  Tahle l )

( i )  S h ie ld in g : A com parative study o f RlvlR c h a r a c te r is t ic s  o f  mono and 

d is u b s t i tu te d  nap h th a len es, 8 -s u h s t i tu te d  and 8 ,8 * -d i8 u b s t i tu te d - l , l* — 

h in ap h th y l8 has shovm. th a t  th e  groups in  the 8,8*-p o s i t io n s  o f 1 ,1 * - 

h inaph thy l a re  sh ie ld e d . In  compound ( l )  the  methoxycarbonyl p ro to n s 

show a sharp  s in g le t  a t  Y 6 .5  bu t the  same p ro tons in  compound ( i l l )  

re so n a te  a t  S im ila r ly  f o r  compound (IY) a s in g le  s ig n a l fo r

m ethylene (a tta c h e d  to  naphthalene r in g )  pro tons appeared a t  5*17» bu t 

when the  two u n i t s  of (XV) a re  jo in ed  to  make the  8 ,8 * -d isu b s titu te d  

1 ,1 *-b inaphthyl system (V) th e  m ethylene p ro tons re so n ate  u p f ie ld  a t  

6 . 05* S liie ld ing  i s  a lso  observed in  going from (v i)  to  (V I l) ,  and in  

th e  l a t t e r  compound th e re  i s  the  a d d itio n a l fe a tu re  th a t  the  s in g le t  o f  

(V l) a t  5.30  i s  rep laced  in  (T il)  by a  q u a r te t  cen tred  a t  5«94 Ppm.

Dixon, H a rris  and lîazengo ( 1971) observed the  m ethyl-pro ton  resonance 

in  sp e c tra  o f some mono- and d is u b s t i tu te d  methyl l , l* - b in a p h th y ls .

In  8-methy1 -1 ,1 *“b in ap h th y l, th e  methyl group i s  h e ld  above th e  p lane  

o f the  opposite  naphthalene r in g  which causes lon^range sh ie ld in g  fo r  

th e  m ethyl p ro ton  to  re so n a te  u p f ie ld  ( Y 8 . 52) in  comparisjfon w ith  

1 -m ethylnaphthalene (7*47). Ihe s t e r i c  re p u ls io n  between s u b s ti tu e n ts  

in  th e  8 ,8 ’-p o s i t io n s  and naphthalene r in g s  i s  enhanced by a  second 

m ethyl group and reduces the long-range sh ie ld in g  by o p p osite  naphth­

a len e  r in g s  a  l i t t l e  (8 .2 5 ) . In  2 ,2 * -d im e th y l- l , l ’-b in ap h ttiy l, the  methyl 

p ro ton  re so n a te s  u p fie ld  compared w ith  2-m ethyInaphthalene, again
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showing the p resence  o f long-range sh ie ld in g  o f  the  methyl pro tons by 

th e  opp o site  naph thalene r in g s ,  bu t long-range sh ie ld in g  in  th i s  molecule 

i s  le s s  than th a t  fo r  the  8 ,8*-d im ethyl compound. The d iffe re n c e  between 

th e  chem ical s h i f t s  o f  2 ,2*-d im ethy l-1 ,1  *-b in ap h th y l and 2-m ethylnaphth- 

a len e  i s  0 . 42 , whereas th a t  between 8,8*-d im ethy l-1 ,1 * -b in ap h th y l and 

1-me th y lnaph tha lene  i s  0 .78 ; th i s  suggests th a t  each methyl group in  

th e  2 ,2 ’-d im ethy l compound i s  f a r th e r  away from th e  o p p o site  naph thalene 

r in g  cen tre  than in  8 ,8*-d im ethy l compound. From th i s  d a ta , w ith  some 

assum ptions, th e  average d ih e d ra l ang les fo r  2 ,2 '-d im e th y l and 8 ,8 * - 

d im ethyl compounds a re  c a lc u la te d  to  be 85-90° and 55” 80° re s p e c tiv e ly  

(Dixon, H a rris  and Pîazengo, 1971).

( i i )  Equivalence and n o n -equ iva lence : M ethylene p ro tons in  unbridged 

8 ,8 ’- d is u b s t i tu te d  1 ,1 ’-b in ap h th y ls  (V, V II, VUl) a re  d ia s te re o to p ic  

and they  should in  p r in c ip le  show observab le  geminal coup ling , b u t in  

compound (v) th e  non-equivalence was n o t d e te c ta b le  and the  geminal 

m ethylene p ro to n s  appeared as  a  s in g le  s ig n a l .  In  compounds (V Il) and 

(V II l)  th ese  d ia s te re o to p ic  geminal m ethylene pro tons appeared as a 

q u a r te t  a t  room tem perature  ( j =  11 cps) and ( j -  10 cps) re s p e c tiv e ly  

in  60HÏZ s p e c tra .  Hie non-equivalence o f methylene p ro tons in  th e  8 ,8 ’-  

p o s it io n s  in  th e  e th y l e s te r  o f l , l* -b in a p h th y l-8 ,8 * -d ia c e t ic  a c id  a lso  

was n o t o b serv ab le , Tlie methylene p ro tons in  th i s  e s te r  ( ix )  reso n ated  

a t  Y 6.75 as averaged s in g le t .

In  a l l  8 ,8 ’-b rid g ed  1 ,1 ’-b in ap h th y ls  the  d ia s te re o to p ic  geminal 

m ethylene p ro tons Ha and Hb in  compounds (x) to  (XVIIl) were observed
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to  be sp in  coupling  n o n -eq u iv a len t. 8 ,8*-B ridged 1 ,1♦-b in ap h th y ls  

w ith  a  tiYofold a x is  o f symmetry (C^) show la rg e  J  v a lu e s , fo r  example 

the  compound (x) shows J  = 14 cps as cen te red  a t  Y 6.47» Sucn a la rg e

BOpaxaiion o f  peaks was expected as caai be seen from 'the medel (P ig . ). ) 

th a t  the  environm ents o f th e  d ia s te re o to p ic  geminal m ethylene pro tons
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a re  rem arkably d i f f e r e n t .  Each Hà i s  in  th e  p lane  o f  a naphthalene 

r in g  and must be d e -sh ie ld e d , w hile  Hb i s  p o in tin g  to  the  second

naphthalene r in g  and must be com paratively  sh ie ld ed  due to  the  lo n g - 

range s h ie ld in g  e f f e c t ,  thus as a r e s u l t  they  show ^^ a  la rg e  d iffe re n c e  

in  chem ical s h i f t s  (see  spectrum Ho. l )

E f fe c t o f re p la c in g  one group b̂ r hydrogen atom on b ridge  ( c e n tr a l  carbon 

atom ): The observed sp in  coupling  non-equivalence o f geminal m ethylene 

p ro tons must be a  fu n c tio n  o f angle  (p ( /hCH) as w ell a s  o f t h e i r  

d i f f e r e n t  chem ical s h i f t s .  Karplu s  ( I 965) extended th i s  concept to  

v ic in a l  p ro to n s , co n sid e rin g  the  d ih e d ra l ang les  in s te a d  o f  [ e CB. o f 

gem inal p ro to n s : he emphasises the  d i f f i c u l t i e s  invo lved . The in tro d u c t­

io n  o f  a  hydrogen atom in s te a d  o f  one -COOEt (o r o th e r group) s u b s t i t ­

u en t in c re a se s  th e  com plexity o f  m olecule. I t  a lso  th e re fo re  in c re a se s  

th e  com plexity o f  th e  spectrum (see  spectrum Ho. 2 ) . To so lve  such HÎ/IR 

spectrum and to  d e sc rib e  the  placem ent o f  each new peak some o th e r 

param eters (d is ta n c e s  and an g le s ) w il l  be needed; the  spectrum would 

depend on a l l  o f th e se  param eters in  some s p e c if ic  ways.

For te t r a h e d r a l  bond ang les ^ d  normal bond d is ta n c e s , the  v ic in a l  

coupling  co n stan t i s  g iven by

A -f B COS ÿ  4- C cos2jp 

where Az: 4cps, B;r -t-cps and C- 9 /2 cp s . K arplus (1963) ex p la in s  th a t  

the  c lo se  v a lues o f co n stan ts  A and C s ig n ify  th a t  the  coupling  w il l  

be sm all when Ç:= $0^ and la rg e  when 0*̂  o r 180°. The n eg a tiv e  sign

o f B im p lies  J  . (1 8 0 ° ) \  J  . (0 ° ) .  Thus J  . (0°) and J  . (180°)
V I C  '  ̂ /  V I C   ̂ '  V I C  '  '  V IC

a re  p o s i t iv e .
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The in tro d u c tio n  o f p ro ton  He a t  the  c e n tr a l  atom o f the  bridge 

in c o rp o ra tin g  the  8 ,8 ’-p o s i t io n s  o f 1 ,1 '-b in a p h th y l g ives a  compound )

which belongs to  p o in t group (C ^): we have a s i tu a t io n  w ith  added

v ic in a l  coupling , malcing th e  spectrum more com plicated than  w ith  only

geminal coupling  (see  fo r  example spectrum Ho. 2), There a re  a la r g e r  numGei

( F ÿ .  2 - ) '

o f  param eters invo lved  than in  a  compound o f p o in t group (CL), bu t a t
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p re s e n t i t  i s  n o t c e r ta in  in  what ways,
arom atic

( i i i )  Aromatic P ro to n s ; S p l i t t in g  o f h in ap h th y l/p ro to n s  was observed in  

two w ell sep ara ted  complex m u lt ip le ts  fo r  unhridged 8 ,8 '- d is u h s t i tu te d  

l , l* -h in a p l i th y ls .  On th e  o th e r  hand the s p l i t t i n g  o f h inaph thy l arom atic 

p ro to n s  in  8 ,8 ^-bridged compounds was found to  be in to  th re e  complex 

groups o f m u lt ip le ts  in  the  in te g ra te d  r a t i o  o f  2 :3 :1  (4H, 6H 82id 2H), 

One group o f m u lt ip le ts  fo r  two pro tons was observed in  between-^ 3*2- 

3*45 fo r  a l l  the  8 ,8 '-b r id g e d  1 ,1 '-b in a p h th y ls . 8 ,8 ^-Bridged 1 ,1^-binapk- 

e th y ls  w ith  a  tw ofold  a x is  o f symmetry (C ^), fo r  example compound (x) 

show two dou b le ts  o f n e a r ly  equal peak h e ig h ts  in  th i s  reg io n  correspon­

ding  two p ro tons (see  spectrum IT o.l). These doublets could be due to  

th e  coupling  r e la t io n s h ip  between two n o n -eq u iv a len t p ro tons Ha and Hb 

w ith  the  7 , 7 '-  p ro to n s  o f  1 ,1 ^ -b in ap h th y l system .

In  the  compounds belonging to  p o in t group (C^) where one o f the  

two s u b s t i tu e n ts  a t  the  c e n tra l  carbon atom o f the  b ridge  i s  hydrogen 

He, th e  doub le ts  (2H) fo r  compounds belonging  to  p o in t group (Cg) 

appeared as two t r i p l e t s  ( l : 2 : l )  (2H), The coupling  co n stan t i s  very  

sm all, roughly  1 ,5  cp s. In  th e se  cases sp in  coupling in te ra c t io n s  

could be between th e  ^ p r o to n  and one non-equ iva len t. Ha, and two n e a r ly  

eq u iv a len t p ro to n s , Hb and He.

.00..

Another , o b se rv a tio n  was th a t  th e  s ig n a ls  fo r  arom atib  protons^
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w hile s t i l l  in  th re e  sep ara ted  s e ts  o f  m u lt ip le ts ,  were ra th e r

more com plicated than  fo r  compounds o f  p o in t group (Cg). There i s  

equivalence between p a i r s  Ha, Ha*, Hb, Hb* and H^^ . H^, in  m olecules

w ith  Cg symmetry ( c e n tra l  b rid g in g  carbon atom c a rry in g  l ik e  su b s titu e n ­

t s ) .  liThen He re p la ce s  one s u b s t i tu e n t  on the  c e n tra l  carbon atom, th e re  

i s  C, symmetry and a l l  the  p a i r s  lo se  equ ivalence. Proton He hasÿequal
CL

r e la t io n s h ip  w ith Hb* and Ha* ( e ,e )  b u t /d i f f e r e n t  re la t io n s h ip  with^Ha 

and Hb m ethylene p ro tons ( a ,e ) .  A ll th ese  f a c to rs  to g e th e r , and perhaps 

more, a re  re sp o n s ib le  fo r  the com plications o f the  observed HIG. spectrum .
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2#5 Mass S pectra  and S tru c tu re  E lucida tio n

a .  In tro d u c tio n , Tlie most im portan t a p p lic a tio n s  o f mass sp ec tro ­

scopy to  o rgan ic  chem istry  S re  to  determ ine the  m olecular w eight and 

to  e lu c id a te  the  m olecular s t r u c tu r e .  On e le c tro n  "bombardment o f a 

molecule M a number o f p rocesses may occur:

E 4- e"  M~ ( l )

M. 4- e“  z: 2e" . . .  (2)

M +  e"  =  + (n +

o f which th e  (2) i s  the commonest. At h igh  energy fragm enta tion  can 

take  p lace  in  v a rio u s  w ays:-

ABCD + 0-   > ABCB' + 2e

ABCB'  ̂ -------------------------------- A/ + BCD'

^  ' AB’i’ -V CD'

B*̂  + A' ^  ^  I- B'

AD"̂  + BC'; C3T + AB' ,  e tc .

In  ah ap p lied  m agnetic and e l e c t r i c  f ie ld s  the  p o s it iv e  io n s  w ith 

d i f f e r e n t  m ass-to -charge  r a t io s  can be sep a ra ted  and th e i r  m/e values 

and r e l a t iv e  abundance measured. Corresponding to  * the  accu ra te  

m olecu lar w eight, and the  r e s t  o f th e  fragm enta tion  p a t te rn  g iv e / c lues 

to  e lu c id a te  the  s t ru c tu re  o f the  m olecule.

Y?hen the  r a t e  o f decom position of the  m olecular io n  to  fragm ents 

i s  very  f a s t ,  the  io n  w il l  decompose befo re  reach in g  the  a c c e le ra tin g  

p la te ;  the  fragm ents o f the m olecular ion  w il l  be a c c e le ra te d  and re c o r­

ded, th e re fo re  the spectrum would c o n s is t only o f fragm ent ion  peaks
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and no peak fo r  the  m olecular io n .

As th e  ion  tak es  about 10 ^ sec . to  reach  th e  a c c e le ra t in g  reg ion  
—4and 10 sec . to  become f u l ly  a c c e le ra te d , a  m etastab le  t r a n s i t io n  could 

be observed in  such a case where the  h a l f - l i f e  o f the  ion  l i e s  in  b e t— 

Ween 10 ^ to  lO” '̂  s e c . ,  and the  corresponding peak appears as a broad 

peak (hump) ?4iich  can be recogn ised  by c a re fu l in sp e c tio n  o f the  spectrum. 

The corresponding  mass m fo r  a m etastab le  peak i s  r e la te d  to  the  mass 

o f th e  o r ig in a l  ion  m^, and th e  mass o f th e  product ion  m  ̂ by the  

fo llow ing  equation  (m )^

m = --------
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b . Mass s p e c tra , r e s u l t s  and d iscu ss io n

( l ) .  Mass sp e c tra  o f u n b rid led  8 , 8 *-d is u b s t i tu te d  1 ,1*-b in a p h th y ls :

( i )  Mass spectrum o f 8 , 8 ’-b ism e th o x y ca rb o n y l-l,l* -b in ap h th y l, 

M cLafferty and G-ohlke (1959) suggested  th a t  in  arom atic e s te r s  the 

p r in c ip a l  ions a r is e  by cleavage a t  the  acy l bond o r a t  th e  a lkyloxy 

bond w ith rearrangem ent o f one o r two hydrogen atom s.

t  ( 4
ArCO OR — > ArCO ' RO"

ArCO— OR -> ArCOOH •+ R(-H)

The mass sp ec tro sco p ic  d e term ina tion  o f th e  m olecular w eights o f the  

tv/o c r y s ta l  forms o f  8 , 8 *-bismethp% ycarbonyl- 1 ,1  *-b in ap h th y l agrees 

w ith  (see  pageé'7 ) ;  m olecular ion  pealc appeared a t  m/e

570 and th e  base pealc a t  m/e 252. Radar, Cooke and H a rris  ( 1966) 

re p o rte d  th e  form ation  o f a  six-membered r in g  k e to -e s te r ,  by the t r e a t ­

ment o f  8,8* -bism ethoxycarbonyl- 1 ,1  * -b in ap h th y l w ith  su lp h u ric  a c id ; the  

mass spectrum of the  e s te r  has a lso  suggested the  form ation o f  th i s  s ix -  

membercd r in g  k e to - e s te r  (see  below ). Ho d iffe re n c e  was observed between 

th e  sp e c tra  o f the  two c r y s ta l l in e  form s. The fo llow ing  i s  a p o ss ib le  : -

in te r p r e ta t io n  o f  th e  fragm enta tion  p a t te rn :  I

0 1 0
COCH3

> DIQ
370
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DIQ
HOOi

/ - -CO

DIQ -HCOOH
EOOl

OTO
297

y

-coon

4"

252

-CO

279

-CO

V

1 4

DIO.DIO
or DIDDID

251
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( i i )  lias8 spectm m  o f 8 ,8 '- tiscy an o m eth y l-1 ,1 *-"binaphthy 1. A lip h a tic

n i t r i l e s  "break u su a lly  a t  the cK-hond w ith  th e  accompanied t r a n s fe r  o f

a  hydrogen atom, 

f
E-GEg-GHg-Œ RCH-CEg .4. E C N

For 8 ,8 '-h iscy an o m eth y l-1 ,1 '-"b inaphthy l, the  fragm enta tion  o f the 

m olecular ion  (100/5) s ta r te d  w ith  the  e lim in a tio n  o f  a -faydrogea atom and 

hydrogen cyanide m olecule follow ed "by the e lim in a tio n  o f  n e u tra l  hydrog­

en cyanide, g iv in g  m/e 277 (22%^). The forma,tion o f a seven-mem"bered r in g  

in  the  fragm enta tion  p rocess was supported "by the  appearance o f m/e 

265 . Proposed ro u te  o f th e  fragm en ta tion :

DIQQIQ
I C E

o n
E C - E i

QIQ
QIQ304

OIQ
QIQ 277

CE

DIQ
QIQ -  C H 265

QIQ
252

4-
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( i i i ) Mass spectrum o f 1 ,1 '-b in a p h th y l- 8 , 8 ' - d ia c e t ic  a c id  and i t s  

d ie th y l  e s te r .  The common fragments fo r  th ese  compounds g ive peaks a t  

m/e 279, 277, 265 (lO d /) and 252. The appearance o f peaks a t  m/e 352 

f o r  the  ac id  (lO) and a t  J>QO f o r  the d ie th y la c e ta te  ( l l )  a re  the  f i r s t  

decom position fragm ents, correspond to  the  form ation o f a nine-membered 

r in g  system (see  below) in  the  ac id  and d ie th y la c e ta te  r e s p e c tiv e ly . An 

acc u ra te  de te rm in a tio n  o f the  mass o f the m olecular io n  and o f some 

o th e r  fragm ent io n s  occuring  in  th e  fragm entation  o f 1 ,1 '-b in a p h th y l-  

8 ,8 '- d ia c e t ic  a c id  suggested the  m olecular form ula which a re

f i t t e d  w ith the r e s u l t s  ob ta ined  from elem ental m icroanalysis  (se e  page 

72 )•  A peaJc a t  m/e 352 fo r  which mass measured 352*1092 f i t s  the  

form ula *̂24^ 6^2 (c a lc u la te d  mass 352.1100). This peak correspond to  a  

nine-membered r in g  k e to -c a rb o x y lic  a c id  in c o rp o ra tin g  the  8 ,8 '-p o s i t io n s  

o f 1 ,1 '-b in a p h th y l system . There i s  a  second peak a t  m/e 324 (mass meas­

u red  324.1158 and mass c a lc u la te d  324. 1150) f i t t i n g  th e  form ula ^23^ 6^2 

corresponding  to  an eight-membered r in g  carboxy lic  a c id .. The t l i ird  peak 

a t  279, could be formed by the  e lim in a tio n  o f -COOH, f i t t i n g  the  form ula 

^22^15 (^^88 measured 279.1171, mass c a lc u la te d  279.1174). Ihe n e x t 

fragm ent occuring  i s  a f t e r  the  e lim in a tio n  o f  a  hydrogen m olecule a t  

m/e 277 w ith form ula (mass measured 277. 1013, mass c a lc u la te d

277. 1017) .  Tliis fragm ent lo se s  one carbon atom g iv in g  a seven-membered 

r in g  hydrocarbon w ith  100/5 r e l a t iv e  abundance fo r  which the  form ula i s  

^21^13 measured 265.1017, mass c a lc u la te d  265.IC I7 ) .  The n ex t

frag m en t'io n  formed i s  due to  the  e lim in a tio n  o f  a  m ethine group le av ­

in g  ^ p e n tac y c lic  arom atic hydrocarbon ( th e  most c h a r a c te r is t ic
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the
fragm ent in  the  1 ,1 '-b in a p h th y l s e r i e s ) .  A s im ila r  p a t te rn  fo r /d ie th y l  

a c e ta te  ( l l )  m s  observed as shorn in  th e  fo llovdng  scheme:

ROOCH CĤ COOR -  ROÏÏ

R = Et^ LMJ -̂426

CH-COOR

R =  E ;  ra/e= 352 

R ■= Et^ m/e = 380

r
OIQ

QIQ
j

4-

279

-

-  COOR
<-

277

-COOR

R— H y m /e r 3^4 

R - E t  ̂m/e - 352

-CO
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(2 ) îîass sp e c tra  o f 8 ,8 '- t r id g o d  1 ,1  ^-'b inaphthyls:

( i )  XTass sp ec tra  o f car~bocycli c  coinpounds

In  th e  carh o cy c lic  compounds the  most common pealis appeared

fo r  m/e va lu es  o f 291, 290, 279» 277» 265 and 252. The form ation  o f a 

peak a t  m/e 291 in  the  carh o cy c lic  compounds suggested th a t  the b rid g in g  

r in g  was very  s ta b le  and the  fragm enta tion  o f the  r in g  system d id  n o t 

occur t i l l  th e  s u b s ti tu e n t groups a t  the c e n tra l  carbon atom o f the  

b rid g in g  r in g  were com pletely e lim in a ted ; and in  a d d itio n  to  th is  

evidence th e re  i s  the  appearance o f the  doubly charged sp ec ies  (c o rre s ­

ponding to  m/e 290) which shows a  peak a t  m/e 145» Bleankney (1930) 

has suggested  th a t  the  rem om l o f two o r more e lec tro n s  w ithout r e s u l t ­

in g  in  fragm en ta tion , i s  e sp e c ia lly  c h a r a c te r i s t ic  o f compounds having  

a  s tro n g  r in g  s t ru c tu re .

Mass spectrum  o f 8 ,8-di ethoxy carbonyl [dinaph tho ( 8 ,1 -ab , l* ,8 * - d e ) l -  

cyclonona-2,4~dienes A c a re fu l de term ination  o f m olecular væ ight and 

m/e v a lues fo r  the  fragment ions o f th is  compound supported th e  presence 

o f a  nine-membered r in g  in  the system . A suggested e x p la in a tio n  o f th e

abundance r a t io s  of th e  fragm ent ions fo r  th i s  compound i s :

■4-

vCOCCHt 

CZ ^COC'Et

ŒO
ÎIÎCOOEt- ÎICOOEt

-b

45( 564
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m/e 3^4

T COOEt-OEt-Et

ItOIQ OIQ
-  coÏHCOO

m
291

— co,

- H

OIQ

m
290

OIQ

m
265

o û

- HCOOEt
— HC—C.H

DIQ
€H,

291
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The e lim in a tio n  o f  HCOOEt from th e  m o lecu lar io n  i s  supported  hy the  

appearance o f a  m e ta s ta h le  peak a t  m/e 382.5» i . e .  ( 364) ^ / 458.

The fo rm ation  o f  th e  fragm ent io n s  m/e 384» 291, 265 and 252 were 

rechecked (High re s o lu t io n  mass m easurem ent). The peak a t  m/e 384 

corresponds to  ^£6^20^2 measured 384.1470» mass c a lc u la te d

364. 1483) .  The most s ta b le  fragm ent in  the p ro cess  m/e 29I» ob ta ined  

a f t e r  th e  e lim in a tio n  o f  carboethoxy groups which f i t s  th e  form ula 

C g ^^^  (mass m easured 291. 1172 , mass c a lc u la te d  291. 1174) .  The n e x t 

and most common fragm ents , found in  a l l  th e se  new compounds a t  m/e 265 , 

f i t s  th e  form ula (mass measured 265 . 1011, mass c a lc u la te d  265.IO I7)

Tlie n e x t fragm ent th e  fo rm ation  o f  a  p e n ta c y c lic  arom atic  hydrocarbon 

^20^12 supported  by the  mass measured 252.0929 (mass c a lc u la te d  

252 . 0939) .  This spectrum  a lo n g  .w ith o th e r  evidence confirm ed the 

proposed s t r u c tu r e  o f  th i s  compound.

COOH.

Mass spectrum  o f  ( I 4 ) ÏÏ pĤ GOOH

The mass spectrum  was observed a t  220° ( see page 61 ) which i s  a 

s u f f i c i e n t ly  h ig h  tem peratu re  to  decarb o x y la te  th i s  a c id  b e fo re  the  

fo rm ation  o f th e  m olecu lar io n , and to  e x p la in  the  reaso n  f o r  the  absence 

o f  m olecu lar io n  peak a t  380. The p a re n t peak in  th e  spectrum  was the  

base peali a t  m/e 358» which determ ines the  m olecu lar w eight o f  the  mono­

carboxyl io  ac id  ( 15 ) .  The proposed ro u te  o f  frag m en ta tio n  i s :
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(Absent^

- CO,
»

COOH

- COOH

- CH

>CH

OTO

- 2H

CH1]H,

291
-  ECsCH

4-

293

OIQ
CH

OTQ
265
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lia s3 spectrum  o f  ( 19)

STQj yC H g O a

H^C ^  C H ^.O H

A siigsested. e x p la in a tio n  o f  th e  ahnndance o f  th e  fragm ent io n s  fo r  

t i l l s  compound i s :

-CIT,

M '-  354

:oH

-  H

-  EC5 0 E,

A t-

C=zCE -  ECHO

279

«- CH-O

“f"

CH

277 265 252
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( i i )  T.Iass spectrum  o f 8 ,8 ' - 'bridged IT -heterocyclic  compound;

Mas3 spectrum  of 8 ,8 - d ia l ly l  d in a p h th o ( 8 ', l '- a h ,  l" ,8 " - d e )  -cyc lonona-

-ÜJQJ =CH2

' "̂ 2 CH^-CH-CH^

2 ,4 -d ien e-8 -azep in iu m  io d id e .

The mass spectrum  o f th i s  compound

d id  n o t show a peali a t  m/e 291 h u t showed 

294 and 293 SLs expected fo r  the  rep lacem ent o f  a  carhon atom hy a n itro g e n  

atom in  the  r in g ,  The hase pealc was observed a t  m/e 4h  ̂p robab ly  a l l y l  

io n , as i t  has "Uwo e q u i^ ^ le n t resonance s t r u c tu r e s ,  which in c re a se s  i t s

HgO=CE-CEg4s t a b i l i t y .

The n ex t most abundant fragm ent io n s  a re  a t  m/e I 68 ( a l l y l  io d id e )  and 

a t  m/e 335* The m o lecu lar w eight o f th i s  compound was observed le s s  

by 168. This f i r s t  io n  pealc in  th e  spectrum  i s  a t  m/e 335» the  t e r t i a r y  

am ine. So the  frag m en ta tio n  observed s ta r te d  from th i s  t e r t i a r y  amine,

CH
-Ô

2 ^C E -C E  =  CEg

I -C E .-C H  =C E _ f ■-CH^-CH ~  CH,2 "CEg-CE=.CEg

a daugh ter m olecu lar io n  (m/e 535) v/hich i s  oC -b ranched , th e re fo re  the  

f i r s t  most abundant fragm ent would be expected by the  e lim in a tio n  o f  a  

hydrogen atom. The supposed frag m en ta tio n  i s :
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4

X2
CE,

■H, '

335

-H

4-

%̂IT-CH-CH= CH,

334

-  CH,

-  m

 C H

294

CH,-  HC •■= CH

OIQ
320

•+

CE

CH,

279

OIQ
-  2H ^_CH -  C

277 265 \  ** CE yi 252
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2 .6  Experim ental: Syntheses

P re p a ra tio n  o f 8 ,8 '-h i8 h ro m o m e th y l- l ,l '-b ln a p h th y l 

(B adar, Cooke and H a r r is ,  I 965)

P u r i f ic a t io n  o f  1 ,8 -n a p h th a lic  anhydride

Commercial 1 ,8 -n a p h th a lic  anhydride (200 g)  was d isso lv ed  in  2.5/^
V

aqueous sodium hydjoxide s o lu t io n  hy h e a tin g  in  a s ta in le s s  s t e e l  beaker 

and f i l t e r e d .  The f i l t r a t e  was b o ile d  w ith  d e c o lo u r is in g  ch arco a l and 

k ep t h o t fo r  one hour and f i l t e r e d ,  'The f i l t r a t e  was b o ile d  and a c id i f ie d  

w hile  h o t w ith  d i lu t e  h y d ro c h lo ric  a c id ; th e  p re c ip i ta te d  a c id  anhydride 

was f i l t e r e d  o f f ,  washed w ith  w ater and d r ie d .  C ry s ta l l i s a t io n  from 

a c e t ic  anhydride gave long  n eed le s  (188 g ) ,  ra.p, 272-273°« I t  showed no 

change in  appearance b efo re  i t  m elted , ^

M ercuration  o f 1 ,8 -n a p h th a lic  anhydride 

(Rule and B a rn e tt ,  1932)

P u r if ie d  1 ,8 -n a p h th a lic  anhydride ( I 88 g) was d isso lv e d  by h e a tin g  

in  2 , 3^  aqueous sodium hydroxide and f i l t e r e d  in to  a  20 l i t r e  f la s k  

u s in g  a g lassw ool p lu g . Tlie f i l t r a t e  was hea ted  under r e f lu x  fo r  15 min. 

M ercuric  oxide (208 g , re d )  was d is so lv e d  in  g la c ia l  a c e t ic  a c id  ( I 5I  cil) 

and w ater ( 56O m l) . The m ercuric  a c e ta te  s o lu tio n  was added to  the  

b o i l in g  s o lu tio n  o f n a p h th a lic  a c id  s o lu t io n , the  r e a c tio n  m ix ture  was 

made a c id ic  by th e  a d d itio n  o f g la c ia l  a c e t ic  a c id  and h e a tin g  under
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r e f lu x  continued  fo r  about 100 h o u rs , sw ir lin g  from tim e to  tim e , d u ring  

which carbon d io x id e  came o f f .  The com pleteness o f  re a c t io n  was checked 

by d ip p in g  a sh in in g  copper w ire in to  the  re a c t io n  m ix tu re , and f in d in g  

no m ercury d e p o s it io n ; a  t e s t  p o r tio n  w ith  sodium hvdroxide gave a 

c le a r  s o lu t io n . The re a c t io n  p roduct was coo led , f i l t e r e d ,  washed w ith  • 

w a te r , e th an o l and f in a l ly  w ith  e th e r  and d r ie d .  The cream co loured  

p ro d u c t weighed 3^5 S (87^)*

P re p a ra tio n  o f 8 -b rom o-l-naph tho ic  ac id  

(Rule and B a rn e tt ,  1952)

The mercuri-compound (95 s )  was suspended in  5OO ml o f  g la c i a l  

a c e t ic  a c id  and 50 ml o f  w a te r . The m ix tu re  was s t i r r e d  m echan ically  

and cooled domi to  -10° in  a  s o l id  carbon d io x id e /ace to n e  b a th . The 

b rorainating  s o lu tio n  was p rep ared  by add ing  11 ml o f  bromine in  I 50 ml 

o f  5O/'’ aqueous sodium bromide s o lu t io n ;  th i s  was added dropwise to  the 

mecuri-compound keep ing  th e  tem peratu re  below 0°; then  the  re a c tio n  

m ix ture  was allow ed to  warm to  room tem peratu re  and h ea ted  to  90° ,  

poured in to  th re e  l i t r e ? o f  b o i l in g  w ater and f i l t e r e d  q u ick ly . The bromp 

a c id ^ p re c ip ita te d  ou t on cooling^was f i l t e r e d  o f f ,  washed w ith  w ater 

and d r ie d .  Tlie p rocedure was rep ea ted  w ith  th e  r e s t  o f  mercuri-compound. 

C r y s ta l l i s a t io n  from benzene gave 6Sfo y i e ld ,  m .p. 175-174°*

P re p a ra tio n  of 8-brôm o-l-m ethoxj’'carbonylnaphthalene 

(R ule, P u r s e l l  and Prown, 1954)

8-B rom o-1-naphthoic a c id  (75 g) was d is so lv e d  in  510 ml o f benzene
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by h e a tin g  -under refl-u.x and f r e s h ly  d i s t i l l e d  th io n y l c h lo r id e  (23 ml)

added dropw ise. The re a c tio n  m ixture was b o ile d  under r e f lu x  fo r  4«5

h o u rs , coo led , f r e s h ly  p repared  anhydrous methanol (75 ml) was added

dropw ise and b o i l in g  under r e f lu x  continued  fo r  an a d d it io n a l  h o u r, Tlie

r e a c t io n  m ix ture  was coo led , washed w ith  w a te r , w ith  aqueous sodium

carbonate  and f i n a l l y  vmth w a te r . The benzene la y e r  was d r ie d  over

calcium  c h lo rid e  and 'bhe benzene d i s t i l l e d  o f f ,  A syrupy re s id u e  ob ta ined

was d i s t i l l e d  between 1 5 6 - l6 0 ° /l  mm. The d i s t i l l a t e  was s t i r r e d  in  an 
gave

ic e  ba th  an d /a  c o lo u r le s s  s o l id  which on c r y s t a l l i s a t i o n  from petroleum  

e th e r  (b ,p .  40-60°) gave 55 g o f  the  e s t e r  (73^ ;y i e ld ) ,  m .p, 35-36°,

P re p a ra tio n  o f 8 ,8 * -b ism ethoxycarbony l-1 ,1 *-b in ap h th y l 

( Cooke and H a r r is ,  1963)

8-Brom o-l-m ethoxycarbonylnaphthalene on TJllmann re a c t io n  a t  200°, 

w ith  copper bronze gave 8 ,8 '-b ism eth o x y ca rb o n y l-1 ,1 * -b in ap h th y l. I t  

c r y s t a l l i s e d  from e th an o l in  two c r y s ta l l in e  form s, p la te s  and prism s 

as  p re v io u s ly  d e sc rib ed  (Cooke and H a r r is ,  I 963) .

The f i r s t  c r y s ta l l in e  form : p la te ,  m elted  a t  156- 158° i f  taken  

slow ly , b u t when th e  m .p, was determ ined in  an ap p ara tu s  p reheated  

up to  140° ,  i t  m elted  a t  145-147°* 'The second c r y s ta l l in e  form: p rism , 

m elted  a t  I 56- I 58®, no change observed i f  th e  ra,p. was taken  in  a  p re -
4

h ea ted  appara'kus,

IR spectrum  (n u jo l m u ll) : a  sharp s tro n g  band a t  1?00 cm ^ confirmed
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th e  p resence  o f  carbonyl groups in  both forms o f the e s t e r .

The MIR s p e c tra  o f th e se  two forms observed in  CDCl^ s o lu tio n  a t  

room tem peratu re  d id  n o t show any d if f e r e n c e s ,  and e x h ib ite d  a complex 

m u lt ip le t  between 2 . 03- 2.85  ppm ( 12ÏÏ, a rom atic ) and a s in g le t  a t f  7*33 

(6H, m ethoxycarbonyl) fo r  th e se  form s.

Mass s p e c tra :  mass measured f o r  p la t e s ,  370.1204; f o r  p rism s, 

370 . 1206 . re q u ire s  370.1205. The r e l a t iv e  abundances ob ta in ed

f o r  th e se  two forms show sm all d if fe re n c e s  fo r  the  same v a lu es  o f m /e, 

and a re  shown below ( Ion so u rce , 180°; Trap c u r re n t ,  lOO/j

m/e R e la tiv e  abundance (^) m/e R e la tiv e  abundance (^ )

P la te s Prism s P la te s Prism s

370 97 80 251 12 11

339 6 5 250 25 ■ 24

311 6 7 168 4 5

307 33 32 127 17 20

279 26 27 125 22 22

254 4 5 115 11 12

253 24 25 28 11 17

252 100 100

P re p a ra tio n  o f  8 ,8 ' -b ishydroxym ethy1 - 1 ,1 '-b in a p h th y l 

(B adar, Cooke and H a r r is ,  I 965)

Powdered lith iu m  aluminium hydride  (1 .5  g) was suspended in  4OO ml 

o f  anhydrous d ie th y l e th e r  in  a  w e ll d r ie d  th ree -n eck ed  f la s k  f i t t e d
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w ith  a  dropping fu n n e l, s to p p er and a w ater condenser f i t t e d  v/ith 

calcium  c h lo rid e  tube a t  the  to p . A so lu tio n  o f 9 ,S*-hisuethoxycarbo­

n y l -1 ,1  ’“b in ap h th y l was added slow ly u s in g  a dropping fu n n e l to  the  

re f lu x in g  suspension  o f li th iu ra  aluminium h y d rid e . A fte r  th e  complete 

a d d itio n  o f e s t e r ,  b o i l in g  under r e f lu x  was con tinued  f o r  fo u r  hours 

and coo led ; th e  excess o f re a g e n t Was decomposed by u s in g  wet e th e r ,  

a  l i t t l e  w ater and f i n a l l y  w ith  d i lu te  su lp h u ric  a c id . The e th e re a l  

la y e r  was washed w ith  w a te r , d r ie d  over anhydrous sodium su lp h a te  and

e th e r  d i s t i l l e d  o f f .  The re s id u e  was d is so lv e d  in  h o t benzene from which
was

i t  c r y s t a l l i s e d  on c o o lin g . The c r y s ta l l in e  d io l/h e a te d  a t  100° fo r  

two hours in  a  vacum d r i e r  to  remove benzene o f c r y s t a l l i s a t i o n .

Y ie ld  3 .5  g ( 8 8 .8 / ) ,  m .p. 1 5 1 -152°,( l i t . ,  151-152°).

P re p a ra tio n  o f  8 ,8 ’-bisbromomethiyl- 1 ,1 ’-b in a p h th y l 

(B adar, Cooke and H a r r is ,  1985)

8 , 8 ' -B ishydroxym ethyl-1 , 1 ' -b in a p h th y l was d isso lv ed , in  warm a c e t ic  

a c id  and h o t hydrobrom ic a c id  added to  i t  w ith  v igorous s t i r r i n g ;  a gum 

l ik e  p roduct was o b ta in e d . Tiie method was then  m odified .

(a )  The d io l  (1 g) was d isso lv e d  in  a  l i t t l e  g la c ia l  a c e t ic  a c id  by 

v/arming and an e q u iv a le n t amount o f  a c e t ic  anhydride added. Warm hydro- 

bromic a c id  ( l8  ml) was added slow ly to  the  v ig o ro u sly  s t i r r e d  s o lu tio n ; 

a  v io le n t  exotherm ic re a c t io n  secu red  du rin g  which s p e c ia l  ca re  was 

needed. When the  yellow  s o lid  s ta r te d  s e p a ra tin g  the rem ainder o f  the  

hydrobrom ic a c id  was added a l l  a t  one t ime  and th e  r e a c t io n  m ixture
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s t i r r e d  fo r  an o th er 15 min. I t  was poured q u ick ly  in  to  an ic e -w a te r  

m ix tu re , s t i r r e d ,  the  so lu tio n  d ecan ted , the  s o l id  washed se v e ra l tim es 

w ith  w a te r , f i l t e r e d  and d rie d  in  an evacuated  d e s ic c a to r .  C r y s ta l l i s a ­

t io n  from chloroform  gave sh in in g  yellow  powder 1 .2  g (86/ ) ,  m .p. 191-

192° ( l i t . ,  191- 192° ) .

(b ) The d io l  (5 g) was added in  sm all p o r tio n s  a t  room tem peratu re  to  

m o.gnetically  s t i r r e d  phosphorous trib ro m id e  (25 g , 6 mole) in  a  100 ml ' 

round bottom f la s k  f i t t e d  w ith  a  calcium  c h lo rid e  tu b e . The re a c t io n  

was v ig o ro u s . A fte r  th e  a d d itio n  was com plete, s t i r r i n g  was continued  

f o r  an o th er I 5 m in, Tiie r e a c t io n  m ix ture  was poured in to  a  v ig o ro u sly  

s t i r r e d  ic e -w a te r  m ix tu re  and th e  p r e c ip i ta te d  yellow  s o l id  was f i l t e r e d ,  

washed s e v e ra l tim es w ith  w a te r , aqueous sodium b ica rb o n a te  and f i n a l ly  

w ith  w ater and d r ie d .  C r y s ta l l i s a t io n  from chloroform  gave sh in in g  

ye llow  powder 7 S (99/)>  m .p ., 191- 192° .

The MÎR spectrum  in  CDCl^ s o lu tio n  e x h ib ite d  a  complex m u lt ip le t  

a t  Y 2 .1 -2 .8 0  ( 12H, arom atic) and a ( l : 4 : 4 : l )  q u a r te t  a t  5*74» 5*90,

5 , 99 , 6.15  c en te red  a t  5*94 ( 4H, m ethy lene).
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P re p a ra tio n  o f new 8 ,8 '- d is i ib s t i tu te d  1 ,1  ‘“b in ap h th y ls

P re p a ra tio n  o f 8 ,8 ’-biscyanornethy1 - 1 ,1 ’“b inaph thy l (9)

8 , 8 '“Bisbromoraethyl“ l , l ’-b in a p h tb y l (7*5 g , 1 moleV was suspended 

in  100 ml o f  95 p e r c en t e th an o l and added over a p e rio d  o f two hours 

to  a  r e f lu x in g  so lu tio n  o f potassium  cyanide (2 .6  g , 2 .4  mole) in  6 ml 

o f  w ater and 17*3 ml o f  e th a n o l. D uring the a d d itio n  o f bisbromomethyl 

compoimd the  co lo u r o f the  r e a c t io n  tu rn ed  to  b r ic k  re d . A fte r an 

a d d i t io n a l  th re e  hours o f  h e a tin g  under r e f lu x ,  tne  s o lu tio n  ws.s coo led , 

d i lu te d  w ith  w ater to  complete the p r e c ip i ta t io n  o f th e  p ro d u c t, f i l t e r ­

ed, washed w ith  w ater and d r ie d .  C r y s ta l l i s a t io n  from benzene gave 

dark re d  c r y s ta l s  4*5 S (7 7 «5/0, m .p ., 218-223°^.5 u s in g  an appara tu s 

p reh ea ted  a t  220°, m .p, 230- 232° .

(Pound: C, 8 6 .4 ; H, 4*8; IT, 8,5* ^24^l6^^2 G, 8 6 .7 ; H, 4 .8 ;

H, 8 .4 / ) .

IR spectrum  (n u jo l m u ll) : a  sharp  band a t  2250 cm ^ confirm s the 

p resence  o f n i t r i l e  groups ( “ G—h s t r e tc h in g ,  2240-2260 cm ^ (sh a rp ) , 

Bellam y, 1957).

NIvIR spectrum  in  CDCl^ so lu tio n  a t  room tem peratu re ; a  complex 

m u lt ip le t  betweenT' 2 .0 0 -2 .7 5  (12h, a rom atic ) and a  ( l : 4 : 4 : l )  q u a r te t  

c en te red  a t  Y 5«96 (4H, m ethy lene).

Mass spectrum : mass measured 332.1313; c a lc u la te d  fo r  *^24^ l̂6^2* 

332.1314 . The r e l a t i v e  abundances o f tlie fragm ents a re
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m/e R.A. m/e R.A. (^ ) m/e R.A.

555 26 504 45 263 15
552 100 302 15 252 50

551 51 292 17 250 8

550 8 291 15 152 6

517 4 290 21 151 6

316 4 289 15 159 17

515 4 277 21 138 21

507 8 276 15 131 15
3O6 21 266 15 83 15
505 2b 263 59

15"553 re p re s e n ts  M4-1; i t s  p resence  i s  due to  II
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P re p a ra tio n  o f 1 ,1 '-b in a p h th y l-8 ,8 '~ d ia c e t ic  a c id  (,10)

8 ,8 '~Biscyanornetiiyl“l , l ’-b in ap h th y l (5 g)  was suspended in  e thano l 

and h e a te d  under r e f lu x  and 100 ml o f 50^  aqueous e th a n o lic  potassium  

hydroxide s o lu tio n  added; h e a tin g  was con tinued  u n t i l  th e  ev o lu tio n  o f 

ammonia gas ceased , Ihe r e a c t io n  m ixture was coo led , the  s o l id  s a l t  was 

d is so lv e d  in  w a te r ^ b o i le d  w ith  d e c o lo u r is in g  charcoal and f i l t e r e d .

The f i l t r a t e  was a c id i f ie d  w ith  h y d ro c h lo ric  a c id  to  p r e c ip i ta te  the 

8 ,8 '- d i a c e t i c  a c id  which was f i l t e r e d  o f f ,  washed w ith  w a ter and d r ie d . 

The a c id  o b ta ined  was g re y ish  w hite  in  c o lo u r; i t  was d isso lv e d  in  

b o il in g  m ethanol, t r e a te d  w ith  d e c o lo u r is in g  ch arco a l and f i l t e r e d .  

C o lo u rless  c r y s ta l s  appeared , 4»3 S ( 8 1 ,8 ^ ,  m .p, ^20°^,

(Pound: C, 7 7 .7 ; h , 5 ,0 ; 0 , 1 7 .2 , re q u ire s  C, 77 .8 ; h , 4 ,9 ;

0 ,

The IR spectrum  (n u jo l m u ll) shows a s tro n g  band a t  1700 cm ^ 

c o n s is te n t  w ith  the  p resence  o f a  c a rb o x y lic  a c id  group,

M1ÎR spectrum : u n fo r tu n a te ly  th i s  a c id  i s  n o t ap p re c ia b ly  so lu b le  in  

chloroform  and carbon te t r a c h lo r id e ;  id̂ îR sp e c tra  were observed in  dimeth- 

ylform am ide and in  d im ethy lsu lphoxide bu t could n o t g ive  r e l i a b l e  

in fo rm atio n  about the  m olecule because o f t h e i r  own s ig n a ls  in  the 

re g io n s  o f i n t e r e s t .

Mass spectrum ; mass measured 370,1195» c a lc u la te d  fo r  ^2^18^4  

370, 1205 . The r e l a t i v e  abundances o f fragm ents a re :



m/e R.A. (fo) m/e R.A. (ÿ ; m/e R.A. I#;

370 28 279 56 263 16

3:52 8 278 24 233 8

326 8 277 28 2!)2 20

323 10 276 20 239 8

324 14 267 20 140 8

323 8 266 56 139 24
281 12 28^ 180 138 24
280 16 264 12

A ccurate determ ination , o f tne mass o f the  m olecu lar ion  and o f  some 

o th e r  fragm ent io n s :

Measured mass P o ss ib le  form ulae C alcu la ted  mass

370.1193 ^24^18*^4
370.1205

332.1092 ^ 24^16^2 332.1100

324.1138 C23%1602 324.1130

279.1171 ^22^13 279.1174

277.1013 ^22^13 277.1017

265.1017 G21%13
265.1017

252.0941 ^2Cpl2 232.0939
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P re p a ra tio n  o f  d ie th y l  1 ,1 '- b in a p h th y l-8 ,8 ‘“d ia c e ta te  (.11)

1 ,1 ‘-B in ap n th y l- 0 ,8 ‘- d ia c e t i c  ac id  (.1 g) was d is so lv e d  in  100 ml 

o f  anhydrous benzene (d r ie d  o ver  calcium  c h lo rid e )  by h e a tin g  under 

r e f lu x ,  f r e s h ly  d i s t i l l e d  th io n y l c h lo r id e  (0 .5  ml) was added to  the  

b o i l in g  benzene so lu tio n  and h e a tin g  under r e f lu x  continued  fo r  ano ther 

th re e  h o u rs; th e  m ix ture  was cooled and a b so lu te  e th an o l (5 ml)padded 

dropw ise. A fte r  a fu r th e r  hour o f h e a tin g , the  R eaction  m ixture was 

coo led , washed w ith  v /ater. The sep a ra ted  benzene la y e r  was d r ie d  over 

calcium  c h lo rid e  and d i s t i l l e d  o f f .  The re s id u e  was cooled in  an ic e  

baxh w nile  s t i r r i n g ,  A ye llow  crude p roduct ob ta ined  was d is so lv e d  in  

h o t e th a n o l, bo iled  w ith  d e c o lo u r is in g  charcoa l and f i l t e r e d ,  ibrom 

th e  co n cen tra ted  f i l t r a t e  the d ie th y l e s t e r  c r y s ta l l i s e d ,  1 g (8 7 /) ,  

m .p. 95-96°. (Found: C, 7 8 ,7 ; S , 6 .1 ; O,15.0,Cg^Hg^O. re q u ire s  C,79»0 ; 

H, 6 .1 ; 0 , 1 5 .0 / ) .
-1The IR spectrum  (n u jo l m u ll) shows a s tro n g  band a t  17:0-1725 cm 

as  expected  fo r  an ethoxj’-carbonyl group (Bellam y, 1957).

The HTi/IR spectrum  in  CBCl^ so lu tio n  a t  room tem p era tu re , shows a 

complex m u lt ip le t  a t  T  2 ,0 0 -3 .0 0  is o la te d  in  two groups fo r  4R and 8H 

(a ro m a tic ) . A s in g le t  a t  6 .75 (4h , m ethylene p ro to n s  a tta c h e d  to  naphth­

a len e  r in g s ) ,  a  (1 :3 :3 :1 )  q u a r te t  cen te red  a t  Y 6,56  (4h? methylene 

p ro to n s  o f  ethoxycarbonyl groups) and a (1 :2 :1 )  t r i p l e t  c en te red  a t  

8 .94  (OH, m ethyl p ro to n s  o f the  ethoxycarbonyl g ro u p s).

Mass spectrum : mass measured 426 .1820 , . r e q u ire s  426. I 83I .

R e la tiv e  abundances o f fragm ent io n s  a re  given be-low, Tnera i s  a meta­

s ta b le  t r a n s i t io n  a t  339*
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ïïi/e R.A. ( / ; m/e R.A. ( / ) m/e R.A. ( / )

426 6 324 5 276 19

381 5 323 23 266 16

380 13 305 11 265 100

354 3 280 13 264 8

353 11 279 54 252 11

352 24 278 46 239 5

351 5 277 43 139 8

339 :=
( 380)'

426
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P re p a ra tio n  o f 1 ,1 ’-b in a p n tliy l-8 j8 ‘“ bis(^niethylenepyridinitunj d lio d id e  (12)

8 ,8 '-B i8 b ro m o m e th y l- l ,l '-b in a p h th y l 1̂ 1 g)  was added to  an excess 

o f  h o t anliydrous p y rid in e  (d r ie d  over p o ta ss iirn  nydrox ide^ , s t i r r i n g  

m a g n e tic a lly . W ith in  a  few m inutes a  s o l id  appeared . Tne re a c tio n

m ix ture  was coo led , f i l t e r e d  and washed w ith  l i g h t  petroleum  ( b .p .  40-  

6 0 °); i t  q u ick ly  absorbed w ater from the  atm osphere. I t  was d isso lv ed  

in  w ater in  which i t  i s  very  so lu b le  and b o ile d  w ith  d e co lo u r is in g  

c h a rc o a l, f i l t e r e d  and th e  f i l t r a t e  was c o n ce n tra te d , but the s a l t  d id  

n o t c r y s t a l l i s e  o u t. A h o t aqueous s o lu tio n  o f  potassium  io d id e  was added, 

and on c o n ce n tra tio n  tne io d id e  p r e c ip i ta te d ,  which was again  d isso lv ed  

in  w a te r , b o iled  Tdth d e c o lo u r is in g  c h a rc o a l, and f i l t e r e d .  C r y s ta l l i s a ­

t io n  from the f i l t r a t e  a ffo rd ed  yellow  c r y s ta ls  1 .4  g (87.5/Q o f th e  

d ih y d ra te , m .p ., lo s e s  w ater around 165° and decomposes a t  196°.

(Pound: U, 52 .9 ; h , 4 ,2 ; II, 5 .8 ; I ,  54 .8 ; 0 , 4*5 (by d i f f e r e n c e ) .

C glîggHgIg.aigO 0 , 5 2 .8 ;  H, 4 . 2 ;  H, 5 .8 ;  I ,  54 .8;  <3, 4 .3 ^ ) .

The IR specbi '̂O'i (n a jo l m ull) shovTS a band a t  5500-5420 cm > which 

i s  co n sisten t v/itl: the presence o f water o f c r y s ta ll is a t io n  and explains  

the change in  appearance when taking the m eltin g  p o in t.
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P re p a ra tio n  o f 8 , B-dietho:cycarbonyl [clinaphtho ( 8 ,1 -a b , 1 *, 8 ‘ -de  )] -  

cy c lo n o n a-2 ,4 -d ien e  (15 )

yCOOEt

ÇE hCOOEt

8 ,8 * -B isb ro rao m eth y l-l,l* -b in ap h th y l (4*12 g , 0.047  mole) was

suspended in  dioxan (10 ml) in  a  w e ll d r ie d  th ree-necked  f la s k ,  f i t t e d

w ith  a  dropping fu n n e l, a  s to p p e r and a  w ater condenser and s t i r r e d

m a g n e tic a lly . S od ioethy lm alonate , p rep ared  in  a  d r ie d  and stoppered

f la s k  by d is s o lv in g  0 .64  S o f  f r e s h ly  c u t sodium m etal in  40 ml o f 
and

a b so lu te  e th a n o l/ad d in g  i t  to  th e  d ie th y lm alo n a te  (2 .06  g , 0.07  mole)

was added dropw ise to  the m ag n e tica lly  s t i r r e d  dioxan suspension  a t  room

tem p era tu re . The re a c t io n  m ix tu re  ?^as h e a te d  under r e f lu x  w ith  o ccas io n a l
and

s w ir lin g  fo r  th re e  h o u rs /  c o d e d  dov/n to  room tem p era tu re , when the  

r e a c t io n  m ix tu re  con ta ined  a s o l id .  Water was added to  com plete the  

p r e c ip i ta t io n  o f  the  p ro d u c t, which was f i l t e r e d ,  washed w ith  w ater 

and d r ie d . The crude p ro d u c t was d is so lv e d  in  benzene by b o i l in g ,  

t r e a te d  w ith  d e c o lo u r is in g  ch arco a l and f i l t e r e d .  C r y s ta l l i s a t io n  from 

th e  f i l t r a t e  gave 4 .8  S ( 9 6 ^ ,  m .p. 265- 264° .

(Pound; C, 7 9 .5 ; H, 5 .9 ; 0 , 1 4 .7 . ^29^ 26^4 C, 79 .4 ; H, 6 .0 ;

0 , 14 . 65̂ ).

M olecular w eight (M echrolab Osmometer, in  benzene s o lu tio n )  found 

457 .7 ; re q u ire d , 438.

The IR spectrum  (hexach lo robu tad iene  m u ll) , shows a sharp  s tro n g
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-1band a t  1715 cm , as expected  fo r  e thoxycarbonyl g roups, and 5050, 

5050, 2990 , 2975 ( s t ro n g ) ,  2950, 2950, 2890 cm"^ fo r  OH, CHg and ÜH 

s tre tc h in g s*

The hl'IR spectrum  in  CPCl^ s o lu tio n  a t  room tem perature  e x h ib ite d  

a very  com plicated  m u l t ip le t  between Y 2.15-5*56 (1211, a ro m atic ) in  

th re e  is o la te d  s e t s .  An o c te t ,  m ix ture  o f two q u a r te t s ,  analysed  by 

comparing w ith  compound ( I 7 ) ; one q u a r te t  ( l : 2 : 2 : l )  cen te red  a t f  6 ,47 

( 4JI, m ethylene p ro to n s  a tta c h e d  to  naph thy l re s id u e s )  and an o th er 

q u a r te t  ( l : 5 : 5 : l )  c en te red  a t '(6 .1 6  (4 h , m ethylene p ro to n  o f ethoxy- 

carbonyl g ro u p s), and a t r i p l e t  (1 :2 :1 )  cen te red  a t  8*94 (6h , m ethyl 

p ro to n s  o f ethoxycarbonyl g ro u p s).

Mass spectrum : mass measured 456.1826; re q u ire s  456.1851.

The r e l a t i v e  abundances fo r  th e  fragm ent ions a re :

m/e H.A. (i') m/e . H.A. ( / ) m/e ■ H.A. (5 ')

458 81 292 51 266 25

565 5 291 100 265 57

564 6 290 50 252 12

555 12 289 62 145 6

320 6 278 19 78 18

519 25 277 ' 57 44 51
518 18 276 57 52 50

There i s  a  m e ta s ta b le  peak a t  502.5 %  (564) /458 . 

A ccurate d e te rm in a tio n  o f masses o f some fragm ent ions

Measured mass P o ss ib le  form ulae C alcula

364.1470 ^26^ 20^2 364.146
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Measured mass P o ss ib le  form ulae C alcu la ted  mass

291.1172 i-f
^^5 15 291.1174

265.1011 ^ 21^13 265.1017

252.0929 ^20^12 252.0939
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P re p a ra tio n  o f (finaplitho( 8 ,1 -a b , 1 ' ,8 * -d e )3 -cy c lo n o n a-2 ,4 “d ie n e -8 ,8 -

d ic a rb o x y lic  a c id  (14)

vCOOH

'COOH

The d ie th y l  e s te r  (1$) (6 g)  was p laced  in  a  500 ml round bottomed

f la s k  f i t t e d  w ith  a w ater condenser and heated  under r e f lu x  w ith  50 ml 

o f  e th a n o l. E th an o lic  potassium  hydroxide (40 ml) was added and h e a tin g  

under r e f lu x  con tinued  fo r  th re e  hours w ith  m agnetic s t i r r i n g .  The 

potassium  s a l t  came ou t du ring  the  r e a c t io n ,  I'he m ixture was cooled 

and the  potassium  s a l t  was d is so lv e d  in  w a te r , b o ile d  w ith  d e co lo u r is in g  

charcoa l and f i l t e r e d .  The f i l t r a t e  was cooled down and a c id i f ie d  w ith  

co ld  d i lu te  h y d ro c h lo ric  a c id  to  p r e c ip i ta te  th e  d ia c id  (14)» f i l t e r e d ,  

washed w ith  w ater and d r ie d  in  an evacuated d e s ic c a to r ;  m .p. 235- 236° 

w ith  a b r is k  e ffe rv e sc e n c e , s o l id i fy in g  and re m e ltin g  a t  252-254°. Y ie ld  

4 .8  g  ( 92 . 3: J .

(Pounds C, 74 .9 ; h> 5 .0 ; 0 , 1 9 .8 . re q u ire s  C, 75 .0 ; H, 5 .0 ;

0 , 20.0^9.

The e ffe rv escen ce  observed between 235-238° and subsequent s o l id i ­

f i c a t io n  can be ex p la in ed  by d eca rb o x y la tio n  and lo s s  o f a  m olecule o f 

w ater o f c i y s t a l l i s a t i o n .

Ill spectrum  (hexach lo robu tad iene  m u ll) ; a  sharp  s tro n g  band a t
hi -11700 c . r "  as expected fo r  carboxyl g roup , a  broad band a t  35OO cm

f o r  w ater m olecu le .
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IHÎR spectrum : This  a c id  i s  n o t so lu b le  in  chloroform  o r  carbon 

te t r a c h lo r id e ;  the  b e s t  so lv en ts  a re  e th an o l and dim ethylform am ide. To 

lo c a te  the  p resence  o f sh ie ld ed  arom atic  p ro tons the  spectrum  was run 

in  ini-dim ethylform am ide, the  i?jo s e ts  o f d o u b le ts  appeared a t  y  3 .28 , 

3 . 3O; 3 . 58 , 3.40  (2H, a ro m a tic ) .

Mass spectrum : mass measured 338.1301, th i s  i s  too sm all fo r  th e  

a c id  p rep ared  bu t the  r e s u l t  f i t s  th e  form ula f o r  th e  d e c a r-

boxy la ted  a c id  (1 5 ) , mass c a lc u la te d  338.1307* The mass spectrum  was 

observed a t  220° w ith  a  tra p  c u rre n t 70 eV; th e  r e s u l t  i s  c o n s is te n t  

w ith  the  easy  d eca rb o x y la tio n  o f th e  d ia c id  (1 4 ) . The r e l a t i v e  abund'— 

otnces o f th e  fragm ent io n s  a re

m/e R.A. (^ ) m/e R.A. (ÿ) m/e R.A.

380 ab sen t 276 31 152 6

338 100 266 37 145 22

337 6 265 56 138 30

293 25 . 264 12 132 12

292 21 263 15 ,131 16

291 30 252 21 123 12

289 15 250 5 119 6

279 12 239 6 112 5

278 18 224 5 44 68

277 37 165 9 29 16
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P re p a ra tio n  o f [d in a p h th o (8 ,l-a b , l ' , 8 ' - d e ^  -c y c lo n o n a-2 ,4 -d ie n e -8 -

carb o x y lic  a c id  ( 15)

The c y c lic  d ic a rb o x y lic  a c id  ( 1 4 ), (4  g) was h ea ted  in  a  hard

g la s s  tube Immersed in  a  m etal b a th  a t  250-240° fo r  15 m in ., when the
was

d ia c id  s ta r te d  m e ltin g , a  b risk  e ffe rv escen ce /o b serv ed  and a f t e r  th a t  

i t  again  s o l id i f i e d  and rem elted ; i t  was coo led , d isso lv e d  in  2 .5 ^  

aqueous sodium hydroxide s o lu tio n  and f i l t e r e d .  The f i l t r a t e  was b o ile d  

w ith  d e c o lo u r is in g  c h a rco a l, f i l t e r e d ,  Tne f i l t r a t e  was a c id i f ie d  w ith  

h y d ro c h lo ric  a c id  to  p r e c ip i ta te  the  ac id ’ (1 5 ), f i l t e r e d ,  washed 

w ith  w ater and d r ie d .  Y ie ld  3*0 S (85 . 7A , m .p. 252- 254° .

(Pound: G, 85 .1 ; H, 5 .4 ; 0 , 9 . 3 . re q u ire s  C, 8 5 .2 ; H, 5 .3 ;

0 , 9 . 4^ ) .

The IS  spectrum  (KUr d is c )  sho^s a  sharp  baud a t  1700 cm as  

expected  f o r  th e  ca rb o x y lic  group .

HME spectrum ; th i s  a c id  i s  n o t ap p re c ia b ly  so lu b le  in  chloroform  

o r carbon te t r a c h lo r id e ;  th e  b e s t  so lv en ts  fo r  i t  a re  e th an o l and 

W -dim ethylform am ide. To lo c a te  the  p resence  o f sh ie ld ed  arom atic  

p ro to n s  th e  spectrum  was run  in  HR-dimethylformamide, and the two s e ts  

o f  t r i p l e t s  ( 1 :2 :1 ) ;  one a t 3. 27,  3*29 and 3*31 and an o th e r a t  Y  

3*38, 3 .40 and 3.42 were observed in  p lace  o f  two d o u b le ts  in  the d ia c id .



P re p a ra tio n  o f 8 ,8-dime tho:-:ycarbonyl - [dina,phtho ( 8 ,1 -a b , 1 ’ , 8 ’ -de ) j  —

cy clo n o n a-2 ,4 -d ien e  (17)

X300Me

RpCOCMe

The c y c lic  d ic a rb o x y lic  a c id  (1 g)  was added to  a  co ld  e th e re a l  

s o lu t io n  o f  f r e s h ly  p rep ared  diazom ethane (0 .5  g) w ith  continuous 

s w ir lin g ; when the  e ffe rv escen ce  was over the e th e re a l  s o lu t io n  was 

washed w ith  aqueous sodium carbonate  and f i n a l l y  w ith  w a te r . The 

e th e r e a l  la y e r  was d r ie d  over anhydrous sodium su lp h a te  and d i s t i l l e d  

o f f .  C r y s ta l l i s a t io n  from benzene gave 1 g o f  the  e s te r  (92.6/^), m .p. 

258-260°. (Round: 8 , 78 .9 ; H, 5 .2 ; 0 , 1 5 .7 . ^2T^22°4. 0 , 79 .0 ;

H, 5 .3 ; 0 , 1 5 .6 ^ ) .

IR spectrum  (n u jo l m u ll) :  a  sharp  s tro n g  band a t  1720 cm ^ as 

expected  fo r  m ethoxycarbonyl g roups.

EMR spectrum : The Id,IR spectrum  was observed in  CDCl^ s o lu tio n  a t  

room te m p era tu re . I t  e x h ib ite d  a complex m u lt ip le t  from Y 2 .16 -5 .58  

(1211, a ro m atic ) in  th re e  i s o la te d  s e ts  o f m u l t ip le ts .  One s e t  i s  

sh ie ld e d  and appears in  two s e ts  o f d o u b le ts , each s e t  co rresponding  

to  one p ro to n . There i s  a  s in g le t  a t  Y  6 .64  (6H, methoxj^carbonyl 

p ro to n s ) and a  ( l : 2 : 2 : l )  q u a r te t  cen te red  a t  qf 6.46  (4h , m ethylene 

p ro to n s  a tta ch e d  to  naphthalene r in g s ) .
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P re p a ra tio n  o f 0 -m ethoxycarbony l-[d inaph tho (8 ,1 -ab , 1 ' , 8 ' -d e ) ]  -cyclonona-

2 ,4 -d ien e  ( l6 )

ïÙCOOMe

The c y c lic  m onocarboxylic a c id  (1 5 ), (3 g), was suspended in  

anhydrous benzene (100 ml) in  a  w e ll d r ie d  th ree-necked  round bottomed 

f la s k  f i t t e d  w ith  a  dropping fu n n e l, s to p p e r , and a  w ater condenser 

c a r ry in g  a calcium  c h lo rid e  tu b s , and h ea ted  under r e f lu x  ( i t  d id  n o t 

d is s o lv e ) .  Piroshly d i s t i l l e d  th io n y l c h lo r id e  ( l  ml) was added dropwise 

to  the  m ag n e tica lly  s t i r r e d  benzene suspension  o f the  a c id  (15) ,  -̂î d 

th e  whole hea ted  under r e f lu x  f o r  th re e  hours ; the s o lu tio n  became 

c lea rs  was coo led , 5 ml of f r e s h ly  p rep ared  anhydrous methanol added and 

the  m ixture hea ted  under r e f lu x  fo r  an o th er 50 m in .; i t  was coo led , 

washed th r ic e  w ith  w a te r , th r ic e  w ith  aqueous sodium carbonate  and 

f i n a l ly  w ith  w ater (1 .5  g o f th e  ac id  was re c o v e re d ) . The benzene la y e r  

was d r ie d  over calciuwi c h lo r id e  and benzene d i s t i l l e d  o f f .  Ihe brown 

re s id u e  was s t i r r e d  in  l i g h t  petro leum  ( b .p .  40 -6 0 °), a  g re y ish  w hite 

s o l id  filto .i.'cd o f f .  C r y s ta l l i s a t io n  from e th y l  a c e ta te /e th a n o l  gave 

1 .4  g ( 90/ 9 , m .p. 186-138°.

M olecular w eight determ ined in  the M echrolab Osmometer u s in g  

e th y l a c e ta te  as a so lv e n t: found 551, re q u ire d  552.

(Found: C, i t : ...i ; ii, 5 ,7 : C. 9 .2 . r e q u ire s  0 , 8 5 .2 ; H, 5 .? ;

0 , 9 .U ) .
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IH spectrum  (n u jo l m u ll) , a s tro n g  band a t  1728 cm ^ i s  in  accord  

w ith  the  expected  band fo r  me thoxycarbonyl group.

Tlie îîTvIR spectrum  observed in  CbCl^ s o lu tio n  a t  room tem perature 

has shovn c h a r a c te r i s t i c  com plicated m u lt ip le ts  between 2 . 20- 5,40  ( l2 ii, 

a rom atic ) and a sharp  s in g le t  a t  Y 6 .67 (5%, m ethoxycarbonyl p ro to n s)
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P re p a ra tio n  o f 8 ;8 -b ish y d ro ry m e th y l-[d in a p h th o (8 ,l-ab , 1 ‘ , 8 '-de)H  -c y c lo -

n o n a-2 , 4 -d lene  (19 )

Lithium  aluminium hy d rid e  (0*5 b ) was p laced  in  a  w e ll d r ie d  

th ree -n eck ed  round bottomed f la s k ,  f i t t e d  w ith  a  dropping fu n n e l, 

s to p p e r and a d r ie d  w ater/co n d en ser carr;;,i.ng a calcium  c h lo rid e  tu b e , 

and 250 ml o f  anhydrous d ie th r/l e th e r  added. The lith iu m  aluminium 

hy dride  suspension  was h ea ted  under r e f lu x ,  s t i r r i n g  m ag n e tica lly . The 

powdered d ie th y l  e s t e r  ( l  g) suspended in  100 ml o f anhydrous d ie th y l

e th e r ,  was added over a. p e rio d  o f 50 m in, and h e a tin g  continued  fo r  5
\

h o u rs ; a f t e r  co o lin g  the  excess p f  re a g e n t was destroyed  by adding a 

few drops o f  w ater and 50 ml p f  d i lu te  su lp h u ric  a c id  and then  h eated  

im der r e f lu x  fo r  a n o th e r yO m in ,? d u rin g  th i s  p e rio d  the  re a c tio n  

m ix ture  became c le a r ,  and was then  coo led . The e th e re a l  la y e r  ?;as sepa­

r a te d ,  washed w ith  w ater and d r ie d  over anhydrous sodium su lp h a te  and 

e th e r  d i s t i l l e d  o f f .  C r y s ta l l i s a t io n  from benzene gave c o lo u r le s s  

n eed le s  0 .6  g (75/0? m .p. 196° .

(Pound: C, 84 . 6 ; H, 6 .y : 0, 9 .0 .  *^25^^22^2 ^^^^^res C, 84 .7 ; H, 6 .3 ;

0 , 9 p .

The IR spectrum  (hexach lo robu tad iene  m ull) shows a  s tro n g  band a t  

3340 cm"*̂  as expected fo r  the p resence  o f a  hydroicyl group and a t  306O, 

3050, 3000, 296O, 2950 ( sh a rp ) , ^920, 2890 (sh a rp  and s t ro n g ) ,  2860 and
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2790 cm~  ̂ f o r  OH and CII and arom atic  CII s t r e tc h in g .

The ïïi.îR spectrum : th i s  d io l  i s  n o t a p p re c ia b ly  so lu b le  in  chloroform  

o r  caruon te t r a c h lo r id e ,  and th e re fo re  in te g r a t io n  vms n o t s a t i s f a c to r y ' 

The sh ie ld ed  arom atic  p ro to n s  appeared in  two so ts  o f d o u b le ts  a t  5*24 

and 3.28 and an o th e r a t  3.36  and 3.40  as  i s  c h a r a c te r i s t i c  o f th e se  

(%rclic compounds.

Mass spectrum : mass measured 354*1615; c a lc u la te d  fo r  02 2̂^202 

354*1620. The r e l a t i v e  abondances fo r  th e  io n s  invo lved  in  tlie 

frag m en ta tio n

m/e R.A. (̂ ^7 m/e m/e R.A. (fo)

355 27 280 11 165 2

354 100 279 44 153 5

336 2 278 17 145 3

335 2 277 29 138 3

317 5 267 29 83 7

305 19 265 12 44 . 2

291 12 252 14 28 22

290 12 239 2 18 13

289 27



P re p a ra tio n  o f [d inap litho( 8 ,1 -a b , l ',8 '- d e ^ - c y c lo n o n a - 2 ,4 - d ie n e - 8 -

c a rb in o l (18)

igXHgOH

The c y c lic  monomethyl e s te r  (1 6 ) , (3 was p laced  in  a w ell d rie d  

S o x le t e x t r a c to r ,  and 0 .75  g o f powdered lith iu m  aluminium hydride  was 

suspended in  1000 ml o f anhydrous d ie th y l  e th e r  in  the d r ie d  th re e ­

necked two l i t r e  round bottomed f la s k  below; th e  ap p ara tu s  was then  

h ea ted  under r e f lu x  f o r  th re e  h o u rs , s t i r r i n g  m ag n e tica lly . The excess 

o f th e  re a g e n t was decomposed by trea tm en t w ith  wet e th e r ,  a  l i t t l e  

w a te r , and d i lu te  su lp h u ric  a c id ; h e a tin g  was continued  fo r  an o th er 

hour and th en  the  m ix tu re  co o led . The e th e re a l  la y e r  was washed w ith  

v ra ter, d r ie d  over anliydrous sodium su lp h a te  and e th e r  d i s t i l l e d  o f f .

The crude p ro d u c t was d is so lv e d  in  cyclohexane and b o iled  w ith  deco l­

o u r is in g  c h a rc o a l, f i l t e r e d  and c ry s ta ll is e d " f ro m  the f i l t r a t e ,  m .p. 

47-49°. The e lem en ta l a n a ly s is  showed th a t  th e  d e s ired  compound was n o t 

p u re , so i t  was r e c r y s t a l l i s e d  from ch loroform , m .p. 74“?6 ° . Y ie ld , 2.7 g  

(9 2 .6 /)) . (Pound: G, 88 . 6 ; H, 6 . 3 : 0 , 5 .0 . re q u ire s  0 , 88 . 8 ;

E f 6 .2 ; 0 , 4 . 9^ ) ,

The IR spectrum  (hexach lo robu tad iene  m ull) shows 36OO (w eak),

3350 cm~^ (broad) bands as  expected fo r  th e  p resence  o f hydroxyl group.

The M.1R spectrum  determ ined in  CDC1„ s o lu tio n  a t  room tem peratu re , 

e x li ib its  two s e ts  o f t r i p l e t s  fo r  sh ie ld ed  arom atic  p ro to n s  (see  #IR 

spectrum  IÎ0 . 2 ) .
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P re p a ra tio n  o f [d j.nap iitho(8% l‘-a b , l ‘' ,8 '’-d e )]-cy c lo a o n a -2 ,4 ~ d ien e -8 - 

a z e p in iu m -l-sp iro -  [5 , 8]  te  tra d e  cane-1 ’* ’-p ip e r  id inium  bromide (20)

8 ,8 * -B isb ro rao m e tn y l-l,l‘-b in a p h th y l (5 S, 1 moleV was d isso lv e d  

in  50 ml o f  chloroform  and a s o lu tio n  o f p ip e r id in e  (2 .3  m l, 2 mole) 

in  chloroform  (50 ml) added dropw ise w hile s t i r r i n g  m ag n e tic a lly . The 

r e a c tio n  m ix ture  was warmed to  50° over a  w a ter bath  and k e p t a t  th i s  

tem peratu re  f o r  90 m in. I t  was cooled  and e th e r  added to  p r e c ip i ta te  

th e  brom ide, which was f i l t e r e d  o f f  and d r ie d  by s u c tio n . The crude 

p ro d u c t, 5 Si was d is so lv e d  in  w a te r , b o ile d  w ith  d eco lo u ris in g  ch arco a l 

and f i l t e r e d .  The f i l t r a t e  was co n cen tra ted  and the  bromide c r y s ta l l i s e d  

o u t, 4 .6  g ( 67 . 6/ ’) ,  m .p . 280-290°d ,, m elted  a t  314-316° an ap p ara tu s  

p reh ea ted  to  300° .

(Found: C, 72 .8 ; H, 5*9; E, 3 .1 ; Br, 1 8 .0 . C^yH^^hBr re q u ire s  C, 73*0;

H, 5 .9 ; w, 3 . I ;  B r, I 8 . 0;)) .

The IR spectrum  (hexach lo robu tad iene  m ull) shows bands a t  304O,

3010 ( s t ro n g ) ,  2990, 2980, 2970, 2940 (b ro ad ), 2900 (w eak), 2860 cm”^ 

fo r  CH, CEg a t r e tc h in g .

' The E1.ÎR spectrum  in  CDCl^ s o lu tio n  a t  room tem perature  ex h ib ited  

a  com plicated  m u lt ip le t  from 2.18 to  3*39 (12H, a rom atic  ) ,  sep a ra ted
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in to  tlire e  complex s e ts  o f m u l t ip le t s .  Two d o u b le ts  cen te red  a t  3*26 

and 3 . 38; each w ith  a s e p a ra tio n  o f le s s  than  0 .1  ppm are  c h a r a c te r i s t i c  

o f the  c y c lic  system .

A q u a r te t  c en te red  a t  4*96 (4H, methylene p ro to n s  a tta c h e d  to  

naph thalene  r i n g s ) .  A broad s in g le t  a,tT 7*05 (4H, p ip e r id in e )  and 

a n o th e r broad s in g le t  a t f  8.25  (6H, p ip e r id in e ) .
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Preparation o f 8 ,8 -d ie th y l |d fnaphtho(0,l-ab , l ’ ,8 * -d e}] -cyclonona-

2 ,4 “diene-8-az,epiniim  iod ide (21)

8 , 8 ' -B isbronom ethy l-1 , 1 ’-b in a p h th y l (4  g , 1 mole) was d isso lv ed

in  anhydrous benzene by h e a tin g , F resh ly  d i s t i l l e d  diethyla.m ine (1 .0 8  g ,

2 .2  mole) was added over 20 m in. to  the  m ag n e tica lly  s t i r r e d  benzene

s o lu tio n  o f the  bisbromomethyl compound. P r e c ip i ta t io n  o f  the  bromide

s a l t  was com pleted by adding  petroleum  e th e r  (b .p .  40- 60° ) ;  i t  vfas
tke.

f i l t e r e d  by su c tio n , b u t q u ick ly  absorbed w ater fronyatm osphere. I t

was d is so lv e d  in  w a ter in  which i t  i s  very  so lu b le  and b o iled  w ith

d e c o lo u r is in g  c h a rc o a l, f i l t e r e d  and the f i l t r a t e  c o n cen tra ted , but the

s a l t  d id  n o t c r y s t a l l i s e  o u t. A h o t aqueous so lu tio n  o f potassium  io d id e
was

was added, and on c o n ce n tra tio n  tiie io d id e  p r e c ip i ta te d ,  w hich/again  

d is so lv e d  in  w a te r , bo iled  w ith  d e c o lo u r is in g  charcoa l and f i l t e r e d .  

C r y s ta l l i s a t io n  from the  f i l t r a t e  a ffo rd e d  the.m onohydrate in  need les

4 g ^88 . 8^ ) had m .p. 210- 212° ;  i t  changes i t s  appearance between 155-

160°. (Pound: C, 62.7? h , 5*7; E? 2.9? 0 , 3 .2 ; I ,  25*4*

re q u ire s  0 , 6 2 .8 ; H, 5«7 ?&0 ; 3*2; I? 25*5 /0*

The IR spectrum  (hexachlorolM todieu.e m ull) shows band between 

3500-3450 (broad) in d ic a t in g  the  p resence o f  w ater and e x p la in in g  the
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change in  appearance when taJcing the m e ltin g  p o in t .

The I'Em spectrum  in  CDCl^ s o lu tio n  a t  room tem peratu re  e x h ib ite d  

th re e  is o la te d  s e ts  o f m u lt ip le ts  a t  1 ,9  to  3*39 (1211, a ro m a tic ) . A 

qua .rte t cen te red  a t  Y5*07 (4h , m ethylene a tta c h e d  to  naph thalene  

r in g s ) ,  an o th er q u a r te t  cen te red  a t 7*24 (4%, methylene p ro to n s) and 

a  t r i p l e t  (611, m ethyl p ro to n s ) .
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Preparation o f  8 ,8 -d ia lly l-[d in a p h th o (8 ,l-a b , l ' ,8 * - d e ) ]  -cyclonona-

2,4-diene-8-azepiniT m  iod ide (22)

 ̂ ©/ÎHg-CH^CHj 

WgÙ- 1 p /c H g -C H  =-CH

o
8 ,8 '-B isb ro m o m e th y l- l ,l '-b in a p h th y l (2 g , 1 mole) was d isso lv e d  

in  d r ie d  (calcium  c h lo rid e )  benzene by h e a tin g  and f r e s h ly  d i s t i l l e d  

d ia lly la m in e  ( l  g , 2 ,2  mole) was added w hile  s t i r r i n g  m ag n e tica lly .

The re a c t io n  m ix ture  was h ea ted  under r e f lu x  fo r  30 m in ,, a f t e r  10 min. 

a  s o l id  appeared . The re a c t io n  m ixture was coo led , petro leum  e th e r  

(b .p .  40-60°) added to  complete the  p r e c ip i ta t io n ,  and f i l t e r e d .  The 

s o l id  bromide was d is so lv e d  in  w a ter in  which i t  i s  very  so lu b le  and 

b o ile d  w ith  d e c o lo u r is in g  c h a rc o a l, f i l t e r e d ,  and th e  f i l t r a t e  was 

c o n ce n tra te d , bu t th e  bromide f a i l e d  to  c r y s t a l l i s e  o u t. A h o t aqueous 

s o lu t io n  o f po tassium  io d id e  was added and on c o n ce n tra tio n  the  io d id e  

p r e c ip i ta te d  o u t, vrhich was ag a in  d is so lv e d  in  w a te r , b o ile d  w ith  

d e c o lo u r is in g  c h a rco a l and f i l t e r e d .  C r y s ta l l i s a t io n  from the  concen­

t r a t e d  f i l t r a t e  a ffo rd e d  long  n e e d le s , 1 ,6  g ( 72 . 7/ ) ,  m .p. 182-184°. 

(Pound: C, 6 6 .6 ; H, 5 .2 ; IT, 2 ,7 ; X, 25*7. ^28^26^^ re q u ire s  C, 66 ,8 ;

H, 5*2; F , 2 .8 ; I ,  2 5 .3 / ) .  F u r th e r  g ra v im e tric  d e te rm in a tio n  o f io d in e  ; 

2 5 .2 / .

The IR spectrum  (hexach lo robu tad iene  m ull) shows bands a t  3080,
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3040, 3000 ( s t ro n g ) ,  2980 (w eak), 2940, 2890 (weak) fo r  CH and GĤ  

s t r e tc h in g .

This compound d is so lv e s  in  chloroform  a t  room tem perature  and

then  im m ediately p r e c ip i ta te s  ou t from th i s  s o lu t io n , and does n o t

d is so lv e  a g a in ; thus we f a i l e d  to  observe the  FM  spectrum ,
f o r  the  second peak 

Mass spectrum ; mass measured^534*1593? c a lc u la te d  f o r

334*1596* 335could  be a t e r t i a r y  b a se , ^ e  could n o t work on i t

f u r th e r  due to  i t s  u n p le a sa n t p h y s io lo g ic a l p ro p e r t ie s .  The p a re n t

peaJc in  th e  spectrum  a t  m/e 335 i s  ex p la in ed  by th e  e lim in a tio n  o f  one

m olecule o f a l l y l  io d id e  (m/e 16b) b e fo re  the  r e s t  o f th e  frag m en ta tio n

s t a r t e d ,  le av in g  The r e la t i v e  abundances f o r  the  re s p e c tiv e

io n s  a re

m/e R . A ,  ( / ) m/e R . A .  ( / ) m/e B . A ,  ( / )

335 3 0 211 22 147 3
334 2 3 276 17 " 146 3
3 2 0 3 266 7 142 5
3 0 6 3 265 17 139 5
2 9 5 3 264 5 1 3 8 5
2 9 4 13 263 13 134 6
2 9 3 13 2 5 2 6 132 8
2 9 2 7 ' 250 3 127 6
291 5 208 53 -  41 100
2 9 0 .5 194 3 39 -  46
280 , 8 , 168 83
2 7 9 22 166 19
278 8



95

8 ,8 -B ia l ly l  [d inaph tho(8 ' , l ’-a b , l ' ’,8 ”-d e )j-cy c lo n o n a -2 ,4 -c Iien e - 

8-azepiniuin io d id e  (20) was s e n t to  C heste r B ea tty  R esearch I n s t i t u t e ,  

I n s t i t u t e  o f Cancer R esearch: Royal Cancer H o sp ita l , London, 8 .W.3 ,

(D r. T .A .C onnors), I t  was te s te d  fo r  tumour in h ib i t in g  p r o p e r t ie s .  The 

r e p o r t  follows-;

TUT TOUR: R^ Lymphoma

C ell In n o c u lu m  1 .9  10^. S ite  o f T r a n s p la n t  s . c .  ( in g u in a l) .

Sex & S tra in  o f  Mice   Ç CBA/LAC

V e h ic le   A rachis o i l .  Route o f in je c t io n s  . . . . .  i . p .

Dosage Schedule ...........  S ing le  dose.

Maximum e f f e c t iv e  d o s e .. ,t ... Minimum e f f e c t iv e  dose

Dose

mg/Kg

Fumber
o f

anim als

Days o f 
T re a t­

ment

Days o f 
death

Range o f 
days o f
death

Average /  In c re a se  in  

su rv iv a l tim e 

over c o n tro l

c o n tro l 10 - 9 ,9 ,9 ,9 ,9 ,  
9 ,9 ,1 0 ,1 0 ,1 1

9-11 9 .4 -

25 5 5 5 ,9 ,9 ,9 ,9 5-9 8 .2 -1 2 .8

50 5 3 5 ,5 ,6 ,6 5 6 5-6 5.6 - 40,4

100 5 3 4 ,4 ,4 ,4 )4 , 4 4 .0 - 57.4

200 5 3 4 ,4 ,4  Î 4 Î 4 • 4 4 .0 - 57.4

400 5 3 4 ,4 ,4 ,4 )4 * 4 4 .0 - 57.4

800 5 3 4 ,4 ,4  ) 4 ) 4 ' 4 4 .0 - 57.4

At doses as low as 50 : death s are  due to  drug to x ic i ty .  At

25 mg/Kg, however, th e re  i s  one e a r ly  d eath  due to  drug to x ic i ty  w hile
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th e  rem aining  fo u r d eaths a re  due to  the  tumour. Under th e se  co n d itio n s  

th e  compound e x e r ts  no an ti-tu m o u r e f f e c t .  I t  i s  a  compound which i s  

very  to x ic .
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3 . OPTICAL WORK

3.1 In tro d u c tio n  to  P re p a ra tiv e  O p tica l Work

The p re s e n t work in c lu d e s  two c la s s e s  o f new o p t ic a l ly  a c t iv e  

compounds:

a* ünhrldged 8 ,8 ‘- d i s u b s t i t u t ed 1 ,1  • -‘b inap iitny ls 

b . 8 ,8 ‘-B ridged  l , l* - b in a p n tn y ls  

A b r i e f  summa r̂y o f p re p a ra t iv e  o p t ic a l  work i s  shown in  th e  schemes on 

th e  fo llo w in g  pages.

a .  Unbridged 8 ,8 ’- d is u b s t i tu te d  1 ,1 '-b in a p h th y ls  

( i )  O p tic a lly  a c t iv e  1 ,1* -b in a p h th y l

(H a rris  and Me11o r , 1981; Cooke and H a r r is ,  19^3J 

O p tic a lly  a c t iv e  1 ,1*-b in a p h th y l was p repared  by u s in g  the  method 

o f  Cooke and H a rr is  (1983) from th e  o p t ic a l ly  a c tiv e  (+  ) ^ ^ g - l , l* -  

b in a p h th y l-4 ,4 '-d ia m in e . The 4*4^-n ap h th id in e  was o b ta ined  o p t ic a l ly  

a c t iv e  fo llo w in g  th e  p rocedure o f  T h e ilack e r and Hopp (1939)* The 1 ,1*- 

b in ap h th y l I s  o p t ic a l ly  l a b i l e ,  th e re fo re  sp e c ia l  p re c au tio n s  were 

taken  to  p rev en t lo s s  o f o p t ic a l  a c t i v i t y .  H igher v a lu es  o f o p t ic a l  

r o ta t io n ,  in  v a rio u s  s o lv e n ts , were found than  b e fo re ; in  benzene 

L^]578 268° ( [ ^ ] H- 245° ,  Cooke and H a r r is ,  1963)* In

te tra h y d ro fu ra n  107° ( H  104°* Akiraoto, l i t a k a ,  S h io i r i

and Yamada, I 968) .  In  e th an o l 223°, however, i f  th e  b inaphtnyl

was d is so lv e d  a t  room tem peratu re  and th e  r o ta t io n  re a d  as q u ick ly  as 

p o s s ib le ,  was t  203° ,
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Scheme a . ïïnb rid ged  8 , 8 *”d is u b s t i t u t e d  1 , 1 ’-b in a p h th y ls

( i )  O p t ic a l ly  a c t iv e  1 , 1 ’-b in a p h th y l

(H a rr is  and Me11o r , l $ 6 l ;  Cooke and H a r r is , 1983)

( i  ) -   \C Z)/ ^ 2  2(ilmjnonium-( t  ) -brom ocam phor-TT-sulphonate)

(•f ) ~ 4 14 ' -H aphthidine(am m oninm -( 4- ) — bromocamphor- n - su lp h o n a te  )

Ammonium h yd rox id e

( t  ) - 4 , 4  ' -H a p h th id in e  -f 6 ( Ammonium-( + ) -bromocamphor- H -su lp h o n a t^

( 4 - ) - 4 , 4 ' -H ap h th id in e
( i )  HCl/HaHO,

( i i )  % pophosphorous a c id
 ̂ ( - r ) - ! , ! ’-B inaph th y l

( i i )  O p tic a l ly  a c t iv e  1 , 1 ’- b in a p h th y l- 8 , 8*- d ic a r b o x y lie  a c id  and 

su b sta n c e s  d e r iv e d  from i t .

O p t ic a l ly  a c t iv e  1 , 1 ' - b in a p h t h y l - 8 ,8 ’- d ic a r b o x y l ic  a c id  

(M eisenheim er and B eissvvenger, 1952)

( ±  ) -  HOG COCH
( i )  B ru cin e/ùîeOH

( i i )  HaOR/HCl
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(Cooke and H a r r is , 19^3)

CDOMe (  f  )-M e000 COOMe

Q) ro

(4- )-HOOG COOH

(.+  )-HO-H

LiAlH,

(B adar, H a rr is  and Cooke,
1965)  ̂ , ,

CE -̂OH (-)-HO-H^C CH -̂OH

PBr,

DIQ

(B adar, Cook'^ and H a r r is , I 9 6 5 )

_ or  HBr 
3

(-)-B r-E gO

'V P y r id in e

( + ) - H-H,

OIG
( - ) -

V© 1
HgC

rB

3®
©
-N
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( i i i j  O p tica lly  a c tiv e  i,i '-b in a p h th y l~ 8 ,6 * -d ia c e t ic  acid

DIO
c ±  ) -  EOOC-H, -COOH B rucine

DIQ
A cetone

( + )-A c id .B r u c in e 4- ( - ) -A c id . B rucine

( i )  HaOE/CECl

( i i )  HCl

( +  ) -A c id  +  B rucine h y d r o c h lo r id e  ( - ) - A c i d 4-B rucine h y d r o c h lo r id e

Scheme b . O p t ic a l ly  a c t iv e  8 , 8 ^-bridged  1 , 1 ’-b in a p h th y ls

( i )  C a r b o c y c lic  Compounds

(  l i r  II .COOH

( ±  ) -  H ^ C --^  CH. 'COOH .

D
2 '-' I • 4- Q u in id in e

E thanol

( - ) -A c id .Q u in id in e 4- ( + ) -A c id .Q u in id in e
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( i )  ŒiCl^/EaOE (f)-Br-EgC 

( i i )  HGl

-B r (+)'EgC

yCOOEt

'COOBt

yCOOE

( - ) -  H H- 'COOH ( + ) -  H.O

4- 4-

(Q uin id ine h y d ro ch lo rid e )

COOH

COOH

( - ) -  EgC

D écarboxylation

( + ) -  H OĤ  COOH

-H

f̂ -aXcOOMe

oTq ■H

( •(-)- n  ^ ^ C O O IIe

A n
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CH. CH.OH + )

OIO

Q T Q I  /COOH
c /

CHg ĈOOH ( + ) -  H

OOH

cég'NiooH

CH^2
M/

( - ) -  2

COOMe

COOMe

\X LiAlH,

OIQ •COOMe

CH. COOMe

OIQ

( - ) -  H,

yDEgOE

CĤ OH ( + ) -  EgC 2 CHgOE
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( i i )  8 , 8 ’-!Drid{jed IT -h e te r o c y c lic  compounds

( “ ) -  Er-n^C I ÇEg-Er P ip e r id in e  ( - ) -

P i a l l y la m in e /  

P otassiu m  io d id e

( - ) -  HgC

D ieth y lam in e/P oâassiu m  io d id e

Q  .CE - C S - CE 

\̂ x ii^ -c a -C E ^

( - ) -  EgC
2. \ s t



104

O p tic a lly  a c t iv e  1 ,1  " -b in a p h th y l-S ,8 ’-d icaxboxyli.c  a c id , and 

sub stan ces  d e riv ed  from i t

l , l* -b in a p h th y l-8 ,8 * -d ic a rb o x y lic  a c id  was o p t ic a l ly  a c t iv a te d  by 

th e  c r y s t a l l i s a t i o n  o f i t s  d ia s te re o ra e ric  brucine s a l t s  from methanol 

u s in g  th e  method o f  Ileisenneim er and üeissw enger ( l9 3 2 j .  O p tic a l ly  

a c t iv e  b ,8 * -b ism e th o x y c a rb o n y l- l,l‘-b in a p h th y ls  were p repared  from 

th e  o p t ic a l ly  a c t iv e  a c id s  (Cooke and H a r r is ,  lS>65j* These o p t ic a l ly  

a c t iv e  m ethyl e s te r s  were reduced to  th e  re s p e c tiv e  8 ,8 ’- d io l s  (w ith  

change in  s ig n  o f o p t ic a l  r o t a t i o n ) ,  converted  in to  the  8 ,8 '-b isb rom o- 

m ethyl compounds {&) fo llo w in g  the  procedure o f B adar, Cooke and H arris  

(1965)* O p tic a l ly  a c t iv e  (8) was used to  p rep a re  q u a tern ary  ammonium 

h a l id e s  (12 , 20, 21 and 2 2 ). In  the  p re p a ra t io n  o f o p t ic a l ly  a c t iv e  

compounds d e riv ed  from o p t ic a l ly  a c t iv e  (8 ) no change in  s ig n  o f  

o p t ic a l  r o ta t io n  was observed ,

( i i i )  O p tic a l ly  a c t iv e  l , l* - b in a p h th y l - 8 ,8 ‘- d ia c e t i c  a c id s  (lO )

HOOC-H g-COQE

The re s o lu t io n  o f  1 ,1 '-b in a p h th y l-8 ,8*- d ia c e t i c  a c id  (10) was 

a ttem p ted  w ith  b ru c in e , q u in id in e  and qu in in e  in  m ethanol, e thano l 

and ace to n e . The a c id  i t s e l f  was n o t a p p re c ia b ly  solubxe in  methanol 

o r e th an o l but in  th e  p resence o f  the  a lk a lo id  i t  went in to  s o lu tio n .
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When equ im olecu lar amounts o f -a c id  and q u in id in e  were d isso lv ed

in  e th an o l and l e f t  to  s tan d , lo n g  n eed les  c r y s ta l l i s e d  o u t; however 

m*p, and mixed m .p. w ith  q u in id in e  and o p t ic a l  r o ta t io n  o f th e se  

n eed le s  showed th a t  i t  was only  q u in id in e  i t s e l f *  Y/ith b ru c in e  in  metha­

n o l and a lso  in  e th an o l c r y s t a l l i s a t i o n  d id  n o t occur; on slow evapo­

r a t io n  at; room tem peratu re  a  g e l was obtained*

On c r y s t a l l i s a t i o n  o f the  s a l t  w ith  qu in in e  from e th an o l the  f i r s t  

crop was o p t ic a l ly  in a c t iv e  a c id .  On c o n ce n tra tio n  o f the  f i l t r a t e  

from th e  f i r s t  crop and on s tan d in g  o v e rn ig h t a  qu in ine s a l t  w ith  

n e g a tiv e  o p t ic a l  r o ta t io n  c r y s ta l l i s e d  o u t which on decom position 

l ib e r a te d  th e  la e v o ro ta to ry  a c id ;  but on re p e a tin g  the  same p rocedure , 

i t  f a i l e d  to  c r y s t a l l i s e .  The so lv e n t e th an o l was th en  re p la ce d  by 

ace to n e , from which th e  f i r s t  ( ) - r o ta to r y  qu in ine  s a l t  c r y s ta l l i s e d .  

The f i l t r a t e  was co n cen tra ted  and gave qu in in e  s a l t  w ith  n eg a tiv e  

o p t ic a l  r o ta t io n .

E acem isation  o f  th e  a c id  was c a r r ie d  in  O.Uf aqueous

sodium hydroxide between 111- 157°* Ho decay in  th e  degree o f  o p tic a l  

a c t i v i t y  “was observed below 9W°. The o p t ic a l  s t a b i l i t y  was a s  expected 

in  th e  range o f 8 ,8 '-d im e th y 1 - 1 ,1 ‘-b in a p h th y l and 8 ,8 ‘-bishydroxym ethyl- 

1 ,1 ‘-b in a p h tn y l compounds AWiich have been re p o r te d  f a i r l y  s ta b le  a t  

room tem perature  (B adar, Cooke and H a r r is ,  1965)*
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b . O p tic a lly  a c t iv e  8 ,8 ’- ’brid^'ed l ,l* ~ l) in a p h th y l3

R eso lu tio n  o f |c lin ap h th o (8 ,l-ab , l * ,8 '- d e ) ]  -c y c lo n o n a -2 ,4 -d ie n e -8 ,8 -  

d ic3 /rboxylic  a c id  ( I 4 )

PTO
The r e s o lu t io n  was c a r r ie d  o u t u s in g  equ im olecu lar p ro p o rtio n s  

o f th e  a c id  and q u in id in e . The racem ic a c id  was known to  d eca rb o x y la te , 

and th e re fo re  to  m inim ise th e  r i s k  o f d eca rb o x y la tio n  o f the o p t ic a l ly  

a c t iv e  a c id  d u rin g  r e s o lu t io n ,  tlie  s o lu tio n s  were n o t h e a te d ; where i t  

was n ecessa ry  to  remove th e  so lv e n t , a  ro ta to ry - f ilm  ev ap o ra to r was 

u se d . Toth th e  a c id  and q u in id in e  were d isso lv e d  in  e thano l s e p a ra te ly , 

f i l t e r e d  and mixed to g e th e r  g e n tly :  v igo rous s t i r r i n g  of th e  mixed 

s o lu tio n s  r e s u l te d  in  the  appearance o f racem ic d ia s te re o m e ric  s a l t s .

In  a  few m inutes tim e a f t e r  m ixing th e  s o lu tio n s  s h o r t  n eed le s  s ta r te d  

to  c r^ '-s ta llise  which on s tan d in g  o v e rn ig h t took the  shape o f w hite  

f lo w e rs . Tae f i l t r a t e  was co n cen tra ted  on a  ro ta to r y  f ilm  e v ap o ra to r , 

and gave o p t ic a l ly  impure s a l t .  C r j - s ta l l i s a t io n  o f  f i r s t  crop gave 

( - ) ^ 4g - s a l t ,  th e  f i l t r a t e  from the  second crop gave ( 4 r ) ^ ^ ^ - s a l t .  A fte r 

th e  th i r d  c ro p , the  rem ainder was l e f t  a s  a  g e l .  ( - ) ^ ^ ^ - S a l t  on decomp­

o s i t io n  gave ( - ) - a c id  and (4- )^ ^ ^ ~ sa lt gave (-f ) - a c id .  Wuen the  

re s o lu t io n  v rs  e a r n e d  o u t on a la rg e  s c a le ,  o p t ic a l ly  a c tiv e  a c id s
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Y /e r e  n o t o b ta in ed  w ith  ouch hi{^h r o ta t io n s  as  o b ta in ed  from sm alle r 

amounts•

O p tic a l ly  a c t iv e  [d in a p h th o (8 ,l-a b , l* ,8 * -d e )]  -c y c lo n o n a -2 ,4 -d ie n e - 

8 -c a rb o x y lic  a c id  ( I 5)

COOH

O p tic a lly  a c tiv e  a c id s  ( 14) vrere h ea ted  s e p a ra te ly  in  pyrex 

g la s s  tubes p laced  in  a p reh ea ted  m eta l b a th  up to  220- 225° in  o rd er 

to  o b ta in  (-k ) and ( - )  o p t ic a l ly  a c tiv e  ac id s  ( 15) .  D ecarboxylated 

p ro ducts  were e x tra c te d  w ith  d i lu te  aqueous sodium hydrox ide , b o ile d  

w ith  d e c o lo u r is in g  c h a rc o a l, f i l t e r e d  and p re c ip i ta te d  from the  h o t 

f i l t r a t e  a c id i f ie d  w ith  d i lu te  h y d ro c h lo ric  a c id . The s igns o f o p tic a l  

r o ta t io n s  corresponded to  t h e i r  p re c u rso r s , b u t the  amount o f r o ta t io n  

was approx im ate ly  doubled. This may be connected w ith  the  d isappearance 

o f Cp symmetry in  ( 15 ) which was p re s e n t in  (14)« This deca rb o x y la tio n  

o f o p t ic a l ly  a c t iv e  a c id  (14) shows th a t  i t  i s  an o p t ic a l ly  s ta b le  

compound and does n o t pe rm it the  in v e rs io n  o f i t s  c o n f ig u ra tio n .

Methyl e s te r s  o f the  o p t ic a l ly  a c t iv e  a c id s  were p repared  by 

re a c t io n  w ith  diazom ethane in  co ld  e th e re a l  s o lu t io n s .

O p tic a l ly  a c t iv e  a lc o h o ls : O p tic a lly  a c t iv e  m ethyl e s te r s  ( I 6 ) and (17) 

were reduced to  co rrespond ing  o p t ic a l ly  a c tiv e  a lco h o ls  (18) and (1 9 ) .
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The s ig n  o f o p t ic a l  r o ta t io n s  fo r  the  a lco h o ls  l\Qre rem ained the  same 

as fo r  t h e i r  p re c u rso r  e s te r s ,

P re p a ra tio n  o f  o p t ic a l ly  a c tiv e  8 ,8~diethoxycarbonyl [d in a p h th o (8 ,l-a b , 

l * ,8 '- d e ) ]  -cy c lo n o n a-2 ,4 “ diene ( I 5) and d in a p h th o [8 ,l-a b , l* ,8 * -d e ) ]  -  

cy c lo n o n a -2 ,4 -d ie n e -8 ;8 -d ic a rb o x y lic  a c id  by an o th er method:

For the  purpose o f chem ical c o r r e la t io n  to  d e riv e  a b so lu te  configu­

r a t io n s ,  ( 4 - )^^g-bisbrom om ethyl compound (8) was t r e a te d  w ith  s o d io d ie th -  

y lm alonate  in  anhydrous d ie th y l  e th e r  to  o b ta in  o p t ic a l ly  a c tiv e  e s te r  

( 15) .  C r y s ta l l i s a t io n  gave 33/^ o f o p t ic a l ly  in a c t iv e  e s te r  ( I 3) ,  the 

f i l t r a t e  was evaporated  to  d ry n ess, d isso lv e d  in  e th an o l and f i l t e r e d .  

C r y s ta l l i s a t io n  from th e  f i l t r a t e  gave 50/^ o f (*t )^ ^ ^ -d ie th y l e s te r  ( I 3) .  

Tliis e s te r  was hyd ro lysed  to  o b ta in  o p t ic a l ly  a c tiv e  d ia c id  ( I 4 ) .  The 

("h )^ 4^ -a c id  o b ta in ed  has a l i t t l e  h ig h e r  o p t ic a l  r o ta t io n  than  the 

one o b ta in ed  by r e s o lu t io n ,  R e su lts  o f the  racém isa tio n  experim ents a re  

d iscu ssed  l a t e r .
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3 .2  E xperim ental: P re p a ra tio n  o f o p t ic a l ly  a c t iv e  compounds and 

ra c ém isa tio n  o f one o p t ic a l ly  a c tiv e  compound

P re p a ra tio n  o f o p t ic a l ly  a c t iv e  1 ,1 * -b in a p h th y l-8 , 8 ' - d ia c e t i c  a c id

( l )  Quinine (1 .2  g , 1 mole) was p laced  in  300 ml o f e th an o l and 1 ,1 * - 

b in a p h th y l-8 ,8 '- d i a c e t i c  a c id  (1 ,4  g , 1 mole) was added, and the 

s o lu tio n  was h ea ted  u n t i l  a l l  the  s o l id  d is so lv e d , f i l t e r e d  and the

f i l t r a t e  co n cen tra ted  down to  100 m l. On s tan d in g  o v e r-n ig h t i t  gave

n e e d le s , which were f i l t e r e d ,  washed wdth a  l i t t l e  e th an o l and d r ie d . 

Y ie ld  0 ,5  g , m .p. 30?°^. In  e th an o l as w ell as in  h-dim ethyIform am ide 

s o lu t io n  i t  d id  n o t show any o p t ic a l  r o ta t io n ;  th i s  was racem ic ac id  

re co v e red .

The f i l t r a t e  was ag a in  co n cen tra ted  down to  50 ml and a f t e r  s ta n ­

d ing  o v e r -n ig h t , a w hite  c ry  t a l l i n e  p roduct d ep o sited  was f i l t e r e d ,  

washed w ith  a  l i t t l e  e th '-no l and d r ie d .  Y ie ld  0 .5  g» m .p. 123-127°. 

^ ^ ^ ^ -0 .3 9 5 ° »  (c _ -0,4485 1 ^ 0 .5 ;  iRJ-dimethylform amide),

(Found: C, 71*6; H, 6 .8 ; 0, 1 5 .8 ; -N, 5*6. The mono qu in in e  s a l t  

^44^^4?^6^2 0, 76.1  ; ii, 6 .1 ; 0, I 3 . 8 ; II, 4.0'h'), This s a l t  was

supposed to  be the  mono s a l t  o f q u in ine  b u t i t  has some e x tra  q u in in e , 

Ho second crop o f th e  qu in ine  s a l t  c r y s t a l l i s e d .

L ib e ra tio n  o f o p t ic a l ly  ac iv e  a c id  (10)

The q u in ine  s a l t  IHl,. .,̂ -“176°' was d is so lv e d  in  chloroform  and 

shaken ivith d i lu te  aqueous sodium hyd ro x id e . The a lk a l in e  la y e r  was
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sep a ra te d  and washed w ith  chloroform, se v e ra l tim es and a i r  was hahhled

through to  remove tr a c e s  o f chloroform  and the  s o lu tio n  f i l t e r e d .  The

f i l t r a t e  was a c id i f ie d  w ith  d i lu te  h y d ro c h lo ric  a c id , the  p r e c ip i ta te d

a c id  was f i l t e r e d ,  washed w ith  w a ter and d r ie d  in  an evacuated  d e s i^ a to r ,
r  n20

m .p. 308° .  o' g -0 .0 8 ° , trJg ^ g  - 307? ( 0 = 0 . 052 , 1= 0 . 5 , 95^  e th a n o l) .

(Pound: C, 7 7 .? ; H, 5 .O; 0 , I 7 . 3 . re q u ire s  C, 77 .8 ; H, 4 .9 ;

0 , 1 7 .3 /0 •  This procedure on re p e titio n  d id  n o t g ive  a  c r y s ta l l in e  

qu in in e  s a l t ,  and th e re fo re  i t  was decided  to  change the  s o lv e n t .

( 2 ) Quinine (0 .8  g , 1 mole) was d is so lv e d  in  I 50 ml o f  acetone and 

1 , 1 ‘-h in a p h th y l-8 , 8 ’- d ia c e t i c  a c id  ( l  g , 1 mole) added to  i t ;  th e  s o lu t ­

io n  was h ea ted  u n t i l  a>ll d is so lv e d  and then  f i l t e r e d .  On s tan d in g , 

a f t e r  a  few hours c o lo u r le s s  s o l id  c r y s ta l l i s e d  o u t, which was f i l t e r e d  

and washed w ith  a  l i t t l e  ace tone  and d r ie d ,  y ie ld  0 .7  g , m .p. 120-128°.
r r  *120

^ ^ 4^ ^ 0 , 05° ,  1/ 138° ( £ = 0 . 072 , 1 - 0 . 5 , R,IT-dimethylformamide) .

(Pound: C, 73»7 > H, 6 .3 :  3*6 * The monohydrate o f qu in ine  s a l t

(^44^42^6-^2'^2° :^Gquires C, 7 4 * 2 ;.E, 5 .9 ; N, 3 .9^)*

The f i l t r a t e  was co n cen tra ted  up to  50 ml and on s tan d in g  o v e r-
r* 1

n ig h t  i t  gave 0 .6  g , m .p. 1 1 9 - 1 2 5 ° . - 0 . 06° ,  L?^J^^g-142°' (£ = 0 .0 8 4 ,

1- 0 , 5 , E ,ÎT-dime thylfDrraamide ) .

(Pound: C, 73*8; E, 6 . 3 ; ff, 3 *3* The monohydrate o f  qu in ine  s a l t  

re q u ire s  C, 74*2; E, 5*9 ; E, 3*9/0 * S to ich io m e tr ic  

com position o f th ese  qu in ine  s a l t s  i s  e v id e n tly  n o t sim ple .
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L iberation o f o p t ic a lly  a c tiv e  acids

Tlie procedure  used  was th e  same as on page 109 • The q u in in e  s a l t  

138° gave th e  a c id , m .p. 308-310°. ^  0 . 205° ,

k 227° "  (jc = 0 .1 8 , 1~  0 . 5 , E,lT-dim ethylforraam ide).

(Pound; C, 7 8 .1 ; H, 5«P* Cg^E^gO^ re q u ire s  C, 7 7 .8 ; H, 4*9/0•

The q u in in e  s a l t [ ^ l  -142°' gave th e  a c id , m .p. 309-310^,
, r n 20 240

-0 .2 6 ° , j - 245° ( £ - 0 .2 1 2 ,  1 = 0 . 5 , E ,E -dim ethylform am ide).

U n fo rtu n a te ly  the  m a te r ia l  was i n s u f f i c i e n t  to  t r y  fo r  g r e a te r  o p t ic a l  

p u r i ty .

R acém isation  o f ('V ) - 1 ,1 ’-b in a p h th y l-8 ,8*- d ia c e t i c  a c id  in  O.lE aqueous

sodiim  hyd rox ide  s o lu tio n

( -V ) - 1 ,1 ’-B inaphthy1 -8 ,8 ’- d ia c e t i c  a c id  (0.1868 g) was d isso lv e d

in  50 ml o f  decinorraal aqueous sodium hydroxide and p o rtio n s  o f  th is

s o lu t io n  se a le d  in  pyrex  g la s s  am poules, k e p t in  an o i l  th e rm o sta t a t

s e le c te d  tem p e ra tu res , withdrawn a t  s u i ta b le  in t e r v a l s ,  cooled immedia-
20 ^

t e ly  to  room tem peratu re  and o p t ic a l  r o ta t io n  m easured, '^ c /^ '^ 8.465
r -n 20
L 248.9  ( t im e = 0 )
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Tem perature

(°C )

Time 

(m in . ) ( " )

Tem perature

( ° c )

Time 

(m in . ) ( ° )

111 15 0 .4 3 0 123 120 0 .0 6 0

30 0 .3 9 5 133 15 0 .2 3 5

45 0 .3 6 0 30 0 .1 3 0

60 0 .3 3 5 45 0 .0 6 5

90 0 .2 8 0 60 0 .0 3 5

125 15 0 .3 6 5 137 15 0 .1 3 5

30 0 .2 8 0 30 0 .0 3 5

45 0 .2 2 5 35 0 .0 2 2

60 I 0 .1 5 5 45 0 .0 0 0

___ ______________
90 I 0 .1 0 8

.... ........................ r ,,, r

The u l t r a - v i o l e t  ab so rp tio n  spectrum  (P erk in -S lm er Double Beam 

S pectrophotom eter 124) o f th e  recovered  a c id  was found id e n t ic a l  w ith  

the  u .v .  spectrum  o f the  o r ig in a l  racem ic ac id  in  O.IH aqueous sodium 

hydroxide s o lu t io n .

C a lcu la t i on o f A rrhen ius param eters f o r  racém isa tio n

The r a te  c o n s ta n t  k ?fas determ ined a t  each tem peratu re  u s in g  the

f i r s t  o rd e r r a t e  eq u a tio n ;

k  -  — lo g  
t

The enc-rp.Y o f  a c t iv a t io n  f o r  ra c ém isa tio n  E was found g ra p h ic a llyra c

a s  w ell as u s in g  the  method o f l e a s t  sq u ares;
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oio
R acem isa,tion o f  ( 4 * ) -  HOOC-H,

i n  O.IH HaOH

10

137°)

45 60 75 90 105 120 135150

Tine in  n in n te a
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A rrhen ius p lo t  f o r  ( 4 - )~ l,l*-'b iziaph .tiiy l~8 ,8  

d ia c e t ic  a c id  in  0 .1  JN ilaOH (aqueous)

10 //T
2 .5

(Figure 4)

2.6



113

( i )  G raphical d é te rm in a tio n  o f  Data used (a lso  used  fo r  l e a s t

squares m ethod), hence f ig u re s  re ta in e d  t i l l  end.

T°K

. . . . . , ,

10^/T (x) k sec ^ log^^k seoT^ (y)

504.2 2.6028110. 0.0000915 - 4.05058

596.2 2.5259777 0,0002825 - 5.54929

406,2 2.4610414 0.0007205 - 5.15757

410,2 2.4570552 0,0014217 -2.84720

The s lo p e o f  th e  l in e  ( f i g u r e ) i s ,  0 .200 /0 ,029  =  6 ,89(655) 

E = 6 . 89( 655) X 2,505  X 1 , 9 0 8 -  51, 5( 4 ) k c a l iTiol"^ ,

( i i )  C a lcu la tio n  of E hy l e a s t  squares method V /  ra c  --------------------------- — ——

The equation  k -  (where k i s  r a t e  c o n s ta n t, A p ro b a b i l i ty

f a c to r ,  R the  gas c o n s ta n t ( I . 988) and T a b so lu te  tem p era tu re) can be

^v ritten  as log^Qk :r  log^^A -  E/2,505RT .................... .. ( l ) .  In  the

equation  y ••= a 4- b":  (2 ) ,  (Hammett, 1941) on f i t t i n g  a

s e r ie s  o f measurements o f th e  v a lues o f x and y ,  th e  b e s t  va lu es  of 

a and b can be ev a lu a ted  by th e  r e la t io n s h ip s  5 

2
£ x  £ y  -  ■£ x £ x y

n 1  x^ -  ( £^c)^

n

b

i.:;-  -

-  ( £ x ) 2n > X
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I f  th e  v a r ia b le  % i s  talc en. as log^^k and the  v a r ia b le  x  as  10 /T , then  

th e  s lope  b (a  c o n s ta n t)  v rill be eq u iv a len t to  - S / 2 . 503R and the  

eq u a tio n  c o n s te n t a  \T ill be e q u iv a len t to  log^^A from equation  ( l ) .

C a lc u la tio n  o f b and a :

xy

- 10,5116604 6.7746251

-  8,9583288 6.3704634

-  7.7241997 6.0606631

-  6.9410044 5.9430405

Ii 10 . 0264653, -  - 13 . 57264, £ x y = =  - 34.1351933

25 . 1487921, 4 i x ^ =  100 . 5951684, ( 100.5300064

4 1 x y  r  - 136 . 5407732, £ ^ é . y -  - 136 . 0856040, n =  4 -

th e
P u tt in g  th ese  v a lu es  i n / s t a s t i c a l  equation  to  determ ine th e  s lope  of 

th e  l i n e j  b i s y  -6 ,9 8 5 2 .

E = -b  X 2.303  X 1.988 -  6.9852  X 2.303  X 1.988
-1-  31*9 9 = 32.0  k c a l mol .

C a lcu la tio n  o f log^^A a t  111°C: P u tt in g  th e  v a lu es  o f y ,  x and b in  

equation  (2 ) ,  a = - 4 .O3858 - ( -6 .9 7 8 2 2 l)(2 ,6 0 4 l6 6 6 )

log^^A = 14 .

i . e .  -  32 k c a l molra c
-1 log^^A zz 14
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C a lc u la tio n  o f T ra n s itio n  S ta te  Theory F unctions ( ^  3 ^  , , /AF^ )

Cagle and F a rin g  (1951) suggested  the  a p p lic a t io n  to  racém isa tio n  

o f the  a b so lu te  r e a c t io n  r a t e  theo ry  equation  (C la sto n e , L a id le r  and 

E yring , 1941)»

^ h

where k i s  r a t e  c o n s ta n t, ^ tra n sm iss io n  c o e f f ic ie n t  ( u n i t y ) , K i s  

Boltzmann c o n s ta n t, h P la n c k ’s c o n s ta n t, ÙB.^ en thalpy  o f a c t iv a t io n ,  

en tropy  o f a c t iv a t io n ,  R gas c o n s ta n t and T ab so lu te  tem pera tu re ; 

th ey  showed th a t  th e  en tropy  o f  a c tiv a tio n . ■ AS /  malces an impor­

t a n t  c o n tr ib u tio n  to  th e  ra c ém isa tio n  v e lo c i t i e s  o f a tro p iso m e rs . In  

f a c t  every  p ro cess  depends upon two t e r r a s a n d  A3^, and a, change 

o c c u rrin g  in  the  p ro cess  i s  favoured i f  i s  sm all o r / \S ^  i s

p o s i t iv e ,  which corresponds v a th  a  em ail energy o r an in c re a se  in  
in  the  t r a n s i t io n  s t a t e  

d is o r d e r / r e s p e c t iv e ly ,  W hene/er the  tem peratu re  g i s  n o t very

h ig h , bo th  the  term s and Th a re  im p o r ta i t .  However in  a l l  cases

a p ro cess  le a d s  to  th e  minimum p o s s ib le  va lu e  of T iis /"  , f o r  the

system and th i s  minimum v a lu e  i s  knovai as f r e e  energy o f a c t iv a t io n  A F^

thus the  a b so lu te  r e a c t io n  r a t e  th eo ry  equation  c.an be w r i t te n  a s ;

k _K T. 
h

Z.\H^was c a lc u la te d  u s in g  the  r e l a t io n  A Hr" := E -  RT fo r  each 

tem peratu re  and the  mean o f the fo u r v a lu es  taken  g iv in g  51.2  k c a l mol \  

Zip-T^was c a lc u la te d  from eq u atio n ,

^F?^=:47,22T -  4 . 576T. loG^QÜS^g^yT) (H a ll and H a r r is , I 96Q) fo r  each
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tem peratu re  and the  mean va lue  o b ta in ed  29.6 k c a l mol 

/I S w a s  c a lc u la te d  from the  equation  A -  T A g#  fo r

each tem peratu re  and the  average va lue  was determ ined -t5*6 e .u .

The h a l f - l i f e  a t  l l l^ C  i s  126 min.

Hence, AF Â" = 29.6 k c a l mol AH^ — 31.2  k c a l mol AS = 3 .6  e .u .
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,1 ‘ -J llnaph thy l-.'l, A ’ -diajnine 

(T h e ilack e r and Hopp, 1959)

4 ,4*-H aphth id ine  (2 .8  g, 1 mole) was d is so lv e d  in  50 ml o f h o t 

ace tone  and th i s  s o lu tio n  was then  poured in to  400 ml o f w a te r .

H .H ydrochloric  a c id  (40 ml) was added to  the  n ap h th id in e  s o lu tio n  f o l l ­

owed im m ediately by a s o lu tio n  o f ajnmonium ( 4 ) -  ^  -bromocamphor- -  

su lphonate  (6 .5  g , 2 m ole). On s tan d in g  th e  p r e c ip i ta te  was f i l t e r e d  o f f  

and d r ie d  away from th e  l i g h t  in  a. vacuum. I t  was c r y s ta l l i s e d  from

60'j aqueous e th a n o l. F i r s t  crop gave pinliy c r y s ta l s ,  y ie ld  2 ,5  g, m ,p.
20 o r  n

330-552 . o(_^^f0.44 , 98 .9  (c  0 . 2232, 1=: 2, 60^ ace tone)

^H 75°, 60/j ace tone  (T h e ilack e r and Hopp, 1959)*
20 r .-.20

Second crop : y ie ld  2 ,0  g , m .p, 550-555°, 0,18 , 4-115.8
Tliis p robab ly  co n ta in s  (h ) - a c id .

L ibe ra t io n  o f the  o p t ic a l ly  a c t iv e  n ap h th id in e

The brom ocam phor-7f-sulphonate (5 g) was suspended in  60 ml o f

e th an o l and a  few p ie c e s  o f ic e  added. The s o lu tio n  was made a lk a l in e

w ith  ammonium hydrox ide , when th e  amine was p r e c ip i ta te d ,  f i l t e r e d ,

washed w ith  w&ter and d r ie d  in  an evacuated  d e s ic c a to r .  Y ie ld  1 ,5  g,

m .p, 198-200°. t d j ^ g + 4 5 V °  (o =  0 .168 , % = 0 .5 , a c e to n e ) .

r  -|22
b 4 2 ±  1 , acetone (T h e ilack e r and Hopp, 1959).

O p tic a l ly  a c t iv e  1 ,1 * -b in a p h th y l 

(Cooke and H a r r is ,  1965)

The ( “f  j -  n ap h th id in e  (0 .5  g) was d isso lv e d  in  co ld  h y d ro ch lo ric
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a c id . Aqueous sodiun n i t r i t e  (0 .25  S) was added v/ith the  h e lp  o f a

dropping  p ip e t te  keep ing  the  tem peratu re  below 0 ° . The r e a c tio n  m ixture

was poured in to  20^ qqueous hypophosphorous a c id  ( 10-15 m l) s t i r r i n g

m ag n e tica lly  ; a deep yellow  p r e c ip i ta te  appeared , which was f i l t e r e d  o f f ,

washed w ith  coM  w a te r , w ith  co ld  d i lu te  h y d ro c h lo ric  a c id  and f i n a l ly
O’

w ith  w a te r , and d r ie d  ove?^suc tion  pump. Tlie p roduct was e x tra c te d  w ith  

co ld  benzene (55 m l) , the  s o l id  re s id u e  was r e je c te d  and the deep red  

s o lu t io n  was k e p t co ld  and washed w ith  ic e -c o ld  aqueous sodiuin hydroxide 

s o lu t io n ,  w a te r , h y d ro c h lo ric  a c id  and f i n a l l y  w ith  w a te r . The benzene 

la y e r  was shaken w ith  calcium  c h lo rid e  and f i l t e r e d ,  and d i lu te d  w ith  

55 ml o f  ic e -c o ld  petro leum  e th e r  (b .p .  4 0 -6 0 °).

An alum ina column was p rep ared  Y/ith ic e -c o ld  alum ina packeted  in  a  

1" wide column surrounded w ith  a  v/ater ja c k e t  through which ic e -c o ld  

w ater was c i r c u la te d  to  m a in ta in  th e  tem pers,ture s,s low as p o ss ib le  

du rin g  th e  e lu t io n  p e r io d , Tne benzene-petroleum  m ixture was run  through 

th i s  column and e lu te d  Yzith ic e -c o ld  ^0^ petro leum  e th e r , ( b .p . 40-60°) 

in  10^ e th e r  s o lu t io n .  Tlie so lv e n t was removed by b ubb ling  a  stream  

o f d r ie d  a i r ,  keep ing  the  s o lu t io n  c o n ta in e r  in  an ic e  b a th . The co lo u r­

le s s  p ro d u c t, m .p. 157-158° was d r ie d  in  an evacuated d e s ic c a to r .  

(P rev ious w orkers gave m .p. 157-159° and 245*5°, benzene-petro ­

leum e t h e r ) .

Measurement o f o p t ic a l  r o ta t io n :

C< 0 .0 5 ° , 1^^570 4-268° (c  = .0.058, 1 = 0 .5 ,  benzene)
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( e s  0 .344 , 1 = 0 . 5 , d ioxan)

X - 578 546 456 405 365

+ 0.18° ■+ 0 . 21° + 0 . 59° + 0 . 535° + 0 . 765°

wT' + 104° + 122° +  226? + 311° + 455°

(0  = 0.0356 , 1 - 1 , 955  ̂ e th an o l)

o(. t  0,075 ° + 0 . 005° + 0 . 140° + 0 . 195° + 0 . 295°

WI + 223° ■+ 252? +  416? + 580° -+ 877°:

(£=  0 ,028 , 1 = 0 .5 ,  t  e t  r  ahy d o fu r  an ) 
r  i2 5
W  585+107?
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R eso lu tio n  o f 1,1* - 'b in r.ph thy l-S , 8 ' -d ica rb o x y l io  a c id  

(R eiserdieim er and B eissuonger, 1932)

( jr ) - 1 , 1 *-M n ap h th y l- 8 , 8 *- d i  c a r  "boxy l i e  a c id  (2  g) was added to  a 

m ethano lic  s o lu tio n  o f b rucine  (2 .8  g , in  600 m l) . The s o lu tio n  was 

b o ile d  u n t i l  a l l  th e  a c id  d is so lv e d , f i l t e r e d  and evaporated  down to  

about 400 m l. On sto^nding the  s o lu tio n  d ep o sited  n e e d le s , 2 .2  g , m .p. 

220- 235° .  -1 .8 1 ° , M 546 - 472^ (c  z 0 . 1912, 1 - 2 , ch lo ro fo rm ).

r  1 o r  0^^ * 4 _
l ^ J ^-395 (ile isenheiraer and B e is sw e n ^ r , 1932) and -481 (Cooke

and H a r r is ,  I 963) .

The m other l iq u o r  was ev ap o ra ted  down to  dryness and th e  re s id u e  

was d is so lv e d  in  e th y l a c e ta te  by b o ilin g ' and f i l t e r e d  h o t .  The f i l t r a t e  

was co n cen tra ted  to  250 m l, on s tan d in g  c r y s ta l s  ob ta ined  2 .4  g , m .p. 210-
. r  1

225 . ^  j ^ t 2 . 00 , ( c ^  0 .2128, 1 = 2 , ch lo ro fo rm ).

483*  ̂ (Cooke and H a r r is ,  I 963) .

L ib e ra tio n  o f o p t ic a l ly  a c tiv e  a c id s

The ( - ) -b ru c in e  s a l t  (2  g) was d is so lv e d  in  chloroform  and the

a c t iv e  a c id  was e x tra c te d  w ith  co ld  aqueous sodium h ydrox ide . Tlie a lk a l^

in e  s o lu t io n  wa.s v/aehed w ith  ch loroform , a i r  was bubbled through to

remove the  t ra c e s  o f  ch loroform , and f i l t e r e d .  The f i l t r a t e  vras

a c id i f ie d  w ith  d i lu te  h y d ro c h lo ric  a c id  to  p r e c ip i ta te  the  a c t iv e  a c id ,
4r

which was f i l t e r e d ,  washed w ith  w ater and d r ie d  in  an evacuated  desiccajor, 

m .p. 318-319°d. c (c |4&-0 . 94° , M 5/15 -#39° ( c c  O.056, !=■ 2, chloroform ) .

5/]6 - 740"7°) in  N,lf-dimethyifozmamiide, m .p. 319- 322°  (Mazengo, 1568)
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The (4 ')-ac id  was ob ta ined  from the  b ru c in e  s a l t  ii

20.5  5

r  -n21
in  a

î im ila r  way, m .p. 5I 8-319 d . (X.̂ . .  t  0 .68 , 9## = 0.0576,
p T 2 0 . 5  240

^46-t* 7 5 8 , 9 ° IT,H-dim et h y l f ormamide ^llazengo, I 9 6 8 J,1 = 2, ch lo ro fo rm ),

P re p a ra tio n  o f o p t ic a l ly  a c t iv e  8 ,8 '-b iom ethoxycarbonyl-1 , 1 ' -b in ap h th y l 

(Coolce and H a r r is ,  I 965)

( - ) - 8 ,8 '- H i  smotho:{y carbony l-1 ,1 ' -b inaph  th y l -859°

Finely^ ground ( - ) - l , l ' - b i n a p h t h y l - 8 ,8 '-d ic a rb o x y lic  ac id^ (5  g) 

was added to  a  co ld  e th e re a l  s o lu tio n  o f diazom ethane (1 .3  g in  100 m l) . 

With a  b r is k  e ffe rv escen ce  th e  p o r tio n s  o f th e  ac id  added were d isso lv ed  

and th e  e s t e r  s e p a ra te d . The e th e r  was evaporated  and th e  s o l id  p ro d u c t 

was shalcen w ell w ith  aqueous sodium carb o n a te , f i l t e r e d  and washed 

w ith  w ater and d r ie d  in  an ev a lu a ted  d e s ic c a to r ,  m .p. 123- 125° .
r  -1 20  C jj-É>YrrVL/yvUc(e)
L ^ J ^  -217*^°^(Cooke and H a rr is  re p o rte d  th e  same m .p .) .

( 'h )-8  ) 8 ' -Hism ethox^'^carbonyl-l, 1 ' -b in a p h th y l wan p repared  in  a  s im ila r  

way from th e  ac id  |^]q^^'^9CC°) m .p. 124- 125° ,  s o l id i f i e d  and rem elted
O rjl , 0  ̂A/

a t  157 • Ir 210 ^  ( Cooke and H a rris  re p o r te d  the same m .p ,) .

P re p a ra tio n  o f o p t ic a l ly  a c t iv e  8 ,8 '-b ishydroxym ethy l- 1 ,1 '-b in a p h th y l 

(Badar^ Cooke and H a r r is ,  I 965)

( '4' ) -8 ,8  ' -H i shydrox^/m ethyl-l ,1“̂ -b in a p h th y l

( - ) - 8 , 8 ' -Hismethox^^rcarbonyl-l, 1 ' -b in a p h th y l (5  g, 1 mole) suspen­

ded in  anhydrous e th e r  (1 L) was added to  li th iu m  aluminium hydride  

( 1 .5  g , 3 mole) end h ea ted  under r e f lu x  fo r  90 min. The excess of
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lith iu T i alum iniun hydride  was decomposed by trea tm en t w ith  a few drops 

o f w ater and then d i lu te  su lp h u ric  a c id , th e  e th e r  la y e r  was sep a ra ted  

and washed w ith  w a te r , d ried  over anhydrous sodium su lp h a te  in  the  

r e f r i g e r a to r  and th e  e th e r  d i s t i l l e d  o f f .  C r y s ta l l i s a t io n  from
r 1 23

benzene gave ( r ) - d i o l ,  m .p, 148° ,  cL ^ ^ g rO ,2 5 °  |o y  f  96?

(c  r.0 . 52 , 1 - 0 . 5 ,  95^ e th a n o l ; .

1̂ ^ 1 5 4 6 H,H-dimethylformamide (B adar, Cooke and H a r r is ,  I 965;

(~ ) -8 ,0 '-B ish y d ro x y m e th y l- l ,l '-b in a p h th y l was ob ta ined  from ( 4 r ) -8 ,8 * -

b ism e th o :cy ca rb o n y l-l,l '-b in s .p h th y l in  a  s im ila r  way, m .n. 145- 14#°* 
r 1 ^ 2 .5

- 0 . 24° ,  - 93 . (c  = 0 . 504, 1 = 0 .3 , 9^^ e th a n o l) .

546 "32° lT,M-dimetnylfoimaraide (B adar, Cooke and H a r r is ,  I 965)

P re p a ra tio n  o f o p t ic a l ly  a c t iv e  8 ,8 '-b isb ro m o m eth y l-l,l* -b in a ,p h th y l 

( Badar, Cooke and H a r r is ,  19#3)

The ( - h ) - d io l  (6 g) was powdered and added in  p o r tio n s  to  s t i r r e d  

phosphorous trib ro m id e  (30 g , 6 m ole). A fte r  the  a d d itio n  was com plete, 

th e  s t i r r i n g  was continued  fo r  an o th er I 5 m inutes and the re a c t io n  

m ix tu re  was poured in to  v ig o ro u s ly  s t i r r e d  ic e -c o ld  w a te r , th e  yellow  

s o l id  se p a ra te d , was f i l t e r e d  and v/ashed w ith  aqueous so lu tio n  o f 

sodium b ic a rb o n a te , then  w ith  w ater and d r ie d  in  an evacuated d e s ic c a to r .
r  *1 20 0

Y ie ld  7 ,5  g , m .p. 180-182 . j 4-548 (IT,H-dinethylform am ide)

r ^  470° (P adar, Cooke and H a r r is ,  19#3)*

The ( - ) -8 ,8 * -b isb ro m o m e th y l- l ,l '-b in a p h th y l was p rep ared  in  a

W20 ^
. . -557 (H jH-dim ethylform am ide).

346

'346
-466 ,6°(Padar, Cooke and H a r r is ,  1965).
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P re p a ra tio n  o f o p t ic a l ly  a c tiv e  l ,l '-b in a p h th y l-8 ,8 * -b is (m o th y le n e -  

pyrid in ium ) d i io d id e ,

(-)- l,l* -B in a n h th y l-8 ,8 * -b is (m e th v lG n ep y rid in iu m ) d i io d id e

( - ) -8 ,8 '-B i8 b ro m o n e th y l- l , l '-b in a p h th y l  (1 g) -180°

in te r a c te d  w ith  o.nhydrous p y rid in e  a t  room tem peratu re  on s t i r r i n g  

them to g e th e r  fo r  ^0 m in, llie  s o l id  was se p a ra te d , f i l t e r e d  and washed, 

w ith  petro leum  e th e r  (h ,p , The bromide was d isso lv e d  in  w ater

and h o t aqueous potassium  io d id e  added to  .p r e c ip i ta te  the  io d id e , 

which was a.gaiin d is so lv e d  in  w ater and warmed w ith  d e c o lo u r is in g  

c h a rc o a l, f i l t e r e d .  The f i l t r a t e  was slow ly c o n cen tra ted . C r y s ta l l i s a ­

t io n  gave 0 ,5  g o f  ( -  ) -1 ; 1 * -b inaph th y l - 8 ,8  ' - b i  s (̂ me th y l en ep;}Ti dinium ) ,
22

d iio d id e , m .p. 198-203°. o /^^g_o .020°, -27*7° (c f :0 ,1 4 4 , 1 = :0 .^ 4 .

(Pound: C, 54.3? H, 3 ,7 ; H, 3 .9 ; I ,  3 5 .3 . re q u ire s

0 , 52 .8 ; E , 4 .2 ;  E, 3 .8 ; I ,  3 4 .8 ^ ).

( t - ) -  l ,l '-H in a p h th y l-8 ,8 * -b is (m e th y le n e p y rid in iu m ) d iio d id e  was 

p rep a red  in  a  s im ila r  way from (w -)-8 ,8 * -bisbrom om ethyl- 1 ,1 '-b in a p h th y l

3 4 8 . 7 ° ,  m.pV 200- 204° .  < 5 ^ 5 + 0 . 4 0 ° ,  2 0 2 . 8 °  ( 0  = 0 . 5 9 6 ,

0 . 5 , 93^ e th a n o l) ,

(Pound: C, 52 .9 ; B, 4 .2 ;  E, 3 .8 ; I ,  3 3 .2 . C re q u ire s

0 , 52 .8 ; E, 4 .2 ;  E , 3 .8 ; I ,  34 .8^^.

^  The specimen a v a ila b le  o f th e  (-)-bisbrom om ethyl compound was much

le s s  o p t ic a l ly  pu re  than  of the ( + )-Drsoromomethyl compound.
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R esolu tion  o f ^linaphtlio( 0 ,1 -ab , 1 ' , G’-d e)] -cyclonona-2 , 4 -d ien e-8 ,8 -

d ic a rb o x y lic  a c id  ( 14 )

Q uinidine ( 4*25 g , 1 mole) was d is so lv e d  in  e th an o l (200 m l)

and the  a c id  ( 5*0 g , 1 mole) d is so lv e d  in  e th an o l (200 ml) added

slow ly to  the  q u in id in e  s o lu t io n .  On s tan d in g  f o r  a  l i t t l e  tim e need les

s ta r t e d  s e p a ra t in g , a f t e r  s tan d in g  o v e r-n ig h t the  c r y s ta ls  were f i l t e r e d ,

washed w ith  e th an o l and f i r s t  d r ie d  on su c tio n  pump and then  in  an
21

evw.cuated d e s ic c a to r ,  y ie ld  g? m .p. 198-200 . *~0.08 ,
r- 21
Ir -42- ' (£. =  0 . 38; 8 . 5 , ITjII-dimethylformemide).

(Pound: C, 7#*3î B, 6 .1 ; IT, 4*0; 0 , I 3 . 7 . ( th e  mono q u in id in e

s a l t )  re q u ire s  C, 7#*5> H, 5*9; E, 4 .0 , 0 , 13*#/0*

Second c ro p : The f i l t r a t e  was co n cen tra ted  by so lv en t ev ap o ra tio n  on a 

r o ta to r y  f ilm  e v ap o ra to r a,nd f i l t e r e d ,  th e  f i l t r a t e  on s tan d in g  gave a

s o l id ,  f i l t e r e d ,  washed w ith  e th an o l and d r ie d ,  y ie ld  I .5  g ,  m .p. 185-
r -j21 '

192 , I- -1 4̂5 44*1 > which on decom position gave an a c id  o f o p tic a l

r o ta t io n  - 51 . 3° ( e th a n o l) .

Third  crop : The f i l t r a t e  from th e  second crop vras k ep t o v e r-n ig h t and 

gave a c r y s ta l l in e  q u in id in e  s a l t ,  which when f i l t e r e d ,  washed w ith  

e tha.no 1 end d r ie d , y ie ld  3 . CO g , m .p, 198-201°, 0 .1 9 3 ° ,
21

b 187 . 3° (jc = 0 .2 0 8 , 1_ = 0 . 5 , h ,E-dim ethylform am ide) .

(Pound: 0 , 74*4; H, 6 .0 ;  E, 4 ,0 ; 0 , 15 , 3 .  The monohydrate o f q u in id in e  

s a l t  re q u ire s  C, 7 4 .6 ; H, 6 .1 ; ii, 3,9» 0 ,* 1 5 ,5 ^ ) .
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L ib e ra tio n  o f a c t iv e  ac id s

The -q u in id in e  s a l t ,  [r/jg~42.1° (1 g) was suspended in  

chloroform  and the  a c id  was e x tra c te d  w ith  d i lu te  aqueous s o lu tio n  of 

sodium h ydrox ide . The a lk a l in e  so lu tio n  was washed w ith  chloroform  to  

remove th e  t r a c e s  o f q u in id in e , and f i n a l ly  a i r  was bubbled th r o u ^  

t h i s  s o lu tio n  to  remove the  tra c e s  o f chloroform , and f i l t e r e d .  The f i l ­

t r a t e  wa.s a c id i f ie d  w ith  co ld  d i lu te  h y d ro ch lo ric  a c id  to  p r e c ip i ta te  

th e  a c t iv e  a c id , which wa.s f i l t e r e d ,  washed v l th  w ater and d rie d  in  

an evacuated d e s ic c a to r ,  y ie ld  0 .5  g , m .p. 195- 198°» ^^<-0 . 54°»
r n -
p j ^46 -318 .5  (c = 0.0848, 1 -  2, 95^' e th a n o l ; .

(Found: C-, 74«9> H, 5 .2 ; 0 , 1 9 .9 . ^25^ 8^4 *^2^ re q u ire s  C ,% 0; B, 5 .0 ; 

0 , 2 0 .Oÿ).

The ( 4- )-q u in id in e  s a l t  [p'J 187.5° \ 1  g) was decomposed in  a 

s im i la r  way to  g iv e  an a c id  which m elted  a t  195- 200° .  ci ^^^4 -0 .72°,

Foc! - r  549 . 5° ( c r  0 . 412 , 1 - 0 . 5 , 95-4 e th a n o l) .1546

(Found: C, 7 4 .8 ; H, 5 .2 ; 0 , 1 9 .9 . ^25^18^4*^2^ re q u ire s  C, H, 5 .O;

0 , 20 . 09Q .

Summary: s a l t a c id

- 42 . 1° - 518. 5’

+ 44 . 1° - 51 . 5°

4187 .5° + 349. 5°

Because o f th e  sm all amounts, o p t ic a l ly  a c tiv e  compounds were n o t 

. f u r th e r  o p t ic a l ly  p u r i f ie d .
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Preparation o f o p t ic a lly  a c tiv e  d in ap h th o(8 ,l-ab , l ’ ,8'--de) -c y c lo -

nona-2 , 4 -d ien e-8 -carb oxy lic  acid  ( 15)

The ( - ) -d ic a r b o x y lic  a c id  (5 g) -235*3° in  a  h a rd  g la ss

tube immersed in  a  m eta l b a th  was h ea ted  up to  220- 225° , and s t i r r e d  

w ith  a  therm om eter, vJlien i t  was a l l  m e lted , i t  was cooled and e x tra c te d  

w ith  d i lu te  aqueous sodium hydro x id e . % e a lk a l in e  so lu tio n  was b o ile d  

w ith  d e c o lo u r is in g  c h a rc o a l, f i l t e r e d  and a c id i f ie d  w ith  d i lu te  hydro­

c h lo r ic  a c id  to  p r e c ip i t a t e  th e  a c id , the  p r e c ip i ta te d  a c id  v/as f i l t e r e d ,

washed w ith  w a ter and d r ie d .  C r y s ta l l i s a t io n  from e th an o l gave 3*9 g»
f 122

m .p. 2 2 0 -2 2 2 ° . 'V  -0 .3 4 ° , "515 (0  = 0 . 132 , 1 ^ 0 .5 ,  95::̂

e th a n o l ) .

(Pound: C, 8 5 .1 ; E, 5 .3 ; 0 , 9 . 5 . ^24^18^2 C, 85 .2 ; H, 5 .3 ;

0 , s . % ) .

The ( +  )-d ica r 'b o x y lio  a c id  257.5° was deoarhoxylated  in

a s im ila r  way and the  m onocarboxylic a c id  a f t e r  c r y s t a l l i s a t i o n  from 

e th an o l ob ta in ed  had m .p. 220-222°. o 4 0. 115° ,  ^  522°

(jc = 0,044» 1 = 0 .5 , 95/ '̂ e th a n o l) .

(Pound: C, 8 5 .0 ; H, 5 .5 ; 0 , 9 , 3 . Cg^E^gOg re q u ire s  C, 85 .2 ; H; 5.5»

0 , 9 . 4; ' ) .
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Preparation of o p t ic a lly  a c tiv e  8,8-dimethoxycarlDonyl [d inaphtho(8,l-ab ,

1* ,8 '-d e )]-cy c lo n o n a -2 ,4 -d ien e  ( l? )

P re p a ra tio n  of ( - ) -d im e th y l e s t e r

The ( - ) -d ic a rb o x y lic  a c id  ( l  g ) ,  [f^] -235° was added in

sm all p o r tio n s  to  a co ld  e th e re a l  s o lu t io n  o f diazom ethane. A ll p o rtio n s  

o f th e  a c id  d is so lv e d  w ith  a b r is k  e ffe rv e sc e n c e . $he e th e re a l  la y e r  

was washed w ith  aqueous sodium carbonate  so lu tio n  and f i n a l ly  w ith  

w a ter and d r ie d  over anhydrous sodium su lp h a te  and the  e th e r  d i s t i l l e d  

o f f .  The m ethyl e s te r  was c r y s ta l l i s e d  from m ethanol, 0 ,8  g , m ,p, l6 5 -
r  q 2 1

167°, -0 .0 9 5 ° , -263° (c =  0 . 072 , 1= 0 .5 , 95^ e th a n o l) .

(Pounds c ,  7 8 .9 ; H, 5 .4 ; 0 , 1 5 .7 . ^27^^22^4 0, 79 .0 ; H, 5 .4 ;

0 , 1 5 .6 ÿ ).

P re p a ra tio n  o f  (4 - )  -d im ethy l e s te r

The ( 4 - ) -d im ethy l e s t e r  was o b ta in ed  in  a  s im ila r  way to  the  ( - ) -  

d im ethyl e s t e r ,  from (-f ) -d ic a rb o x y lic  a c id  ( l  g ) ,  j ^ J ^^^4-257.-. -

C r y s ta l l i s a t io n  from m ethanol gave 0 .7  g , m .p. 164-1#5°.
r  1

0 .0 7 5 °, M ^ ^ ^ t 2 3 4 b  , . ( c  = 0 .064, 1=  0 .5 , 957' e th a n o l) .

(Foimd: C, 79«0; H, 5 .5 ; 0 , 1 5 .7 . *^27®22°4 C, 79 .0 ; H, 5 .4 ;

0 , 15.6??).
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carbonyl
P re p a ra tio n  o f 8-m ethox^^dinaphtho(8 , l - a b ,  l ‘ , 8 '- d e ) ]  -cyc lonona- 

2 , 4-d ien e  ( l 6 j

P re p a ra tio n  of ( - ) -“monomethyl e s te r

The ( - ) -m onocarboxylic a c id  (1 g ) ,  was e s t e r i f i e d  hy

th e  trea tm en t w ith  e th e re a l diazom ethane in  a  s im ila r  way and c ry s ta ­

l l i s e d  from m ethanol, y ie ld  0 .9  g» m .p. 110- 112° ,  c ( c / f - 0 . 335° ,
r 121
^ 5 4 5  -478° (,c= 0 .1 4 , 1 -  0 .5 , e th a n o l) .

(?o-andi C, 8 5 .1 ; H, 5 .6 ; 0 , 9 .0 . 0 , 85 .2 ; H, 5 .7 ; 0 , 9.1??)

P re p a ra tio n  o f  ( 4- ) -monomethyl e s te r

Tlie (t-)-monomethyl e s t e r  was o b ta in ed  in  a  s im ila r  way as  above

from (t)-m o n o carb o x y lic  a c id  (1 g ) , . C r y s ta l l i s a t io n
o r^ '|2 1

from m ethanol gave 0 .8  g , m .p. 111-112 , 0 .0 8 ° , f546'^ , u ->545 T 444,

(_c= 0 , 036, 2 "  0 . 5 , 95^' e t h a n d ) .

(Pound: C, 8 5 .1 ; H, 5 .5 ; 0 , 9 .1 . O^^H^qO  ̂ re q u ire s  C, 85 .2 ; H, 5 .7 ;

0 , 9 . 12D.
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Preparation o f o p t ic a l ly  a c tiv e  8,8-bishydroxym etliyl [d inaphtho(8,l-a’b,

l ' ; 8 ' - d e ) ]  -cyclon on a-2 ,4 -d ien e (19)

P re p a ra tio n  o f ( - ) - d i o l

Powdered ( - ) -d im e th y l e s te r  (0 ,5  g ) » -263  was hea ted

under r e f lu x  in  100 ml of anhydrous e th e r  in  dry c o n d itio n s . 0.25  g

o f li th iu m  aluminium h y dride  suspended in  100 ml o f anhydrous e th e r  was

added slow ly and h e a tin g  con tinued  f o r  fo u r  h o u rs ; a f t e r  co o lin g  the

excess o f l i th iu m  aluminium h y dride  was destro y ed  by adding  a  few

drops o f w ater and 100 ml o f  d i lu te  su lp h u ric  a c id , and h e a tin g  fo r

a n o th e r 30 m in u te s . The e th e re a l  la y e r  was se p a ra te d , v/ashed w ith  w ater

and d rie d  over anhydrous sodium su lp h a te  and the  e th e r  d i s t i l l e d  o f f .

The crude p ro d u c t was c r y s ta l l i s e d  from chloroform , y ie ld  0.25 g , m.p.
r ,-|21.5

155-156 . 545 - 0 . 31 , 1-  J 5 4 5  -578° (c  = 0 .164 , 1= 0 . 5 , 95T̂  e th a n o l) .

(Pound: C, 84 . 6 ; H, 6.2* ^25^^22^2 8 , 8 4 ,7 ; E , 6 .2 ^ ) .

P re p a ra tio n  o f ( 'b ) - d i o l

The ( +  ) - d io l  was p rep ared  in  a  s im ila r  way from (-f )-d im ethy l 

e s t e r  M .p. 155-157°, 0(545  V-0 .1 7 ° , ^ 545^320°

(_p= 0 . 106 , 1= 0 ,5 , 95^ e th a n o l) .

(Pound: C, 8 4 .6 ; H, 6 . 4 . ^ 2 ^ 2 'p 2  0 , 8 4 .7 ; H, 6 .3 /0*
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Preparation o f o p t ic a lly  a c tiv e  8-bishydroxym ethyl[dinaphtho( 8 ,1-ab,

1 ' ,8 '-d e)]-cyclon on a-2;4 -& ien e  (18)

P re p a ra tio n  of ( - ) - a lc o h o l

Powdered ( - ) -monomethyl e s te r  (0 .5  g ) ,  ^^^-478^ was reduced

in  a  s im ila r  v/as as used fo r  dim ethyl e s t e r s .  C r y s ta l l i s a t io n  from 

chloroform  gave, 0 .2  g , m .p. 80-84° (e ffe rv e s c e n c e ) .
r 122

^ 5 4 5  -0 .5 1 ° , W 546 - 554“ ,■ ( 0 = 0 .1 8 4 , 1= 0 . 5 , 95?? e th a n o l) .

(Pound: C, 8 7 .8 ; H, 6.2* ^2^2Çp  8, 8 8 .8 ; H, 6 ,2^^ ,

P re p a ra tio n  o f (4 )-a lc o h o l

Powdered (4- ) -monomethyl e s t e r  (O.5  g ) ,  !f^] ^4^4-444^ /  was 

reduced  in  a  s im ila r  way and c r y s ta l l i s e d  from ch loroform , y ie ld  O.3  g , 

m .p. 81-84° (e f fe rv e s c e n c e ) .  c< 0 . 13° ,  1 ^ ] 546^ 580°(o = 0 . 052 ,

1.“ 0 . 5 , 95?  ̂ e th a n o l) .

(Found: C, 8 8 .6 ; H, 6 .2 .  C^^H^qO re q u ire s  C, 6 8 .8 ; H, 6 .2 ^ ) .
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P re p a ra tio n  o f o p t ic a l ly  a c tiv e  8 , 8-d ie th o x y ca rb o n y l[d in ap h th o (8 , l - a b ;  

l ' , 8 ’-de)3  -cyclonona-2,4~<iiene (R eac tion  o f  . ( + ) - 8 , 8 '-b isbroraom ethyl- 

l ,  1 ' -b in a p h th y l w ith  d i e th y l m alonate)

( 4 ) - 8 , 8 * -B isb ro m o m eth y l-l,l’-b in a p h th y l ( l  g , 0.047  mole)

L)4 (̂4348° was suspended in  anhydrous e th e r  (10 ml) in  a  w ell 

d r ie d  th ree -n eck ed  f la s k ,  f i t t e d  w ith  a  dropping fu n n e l, a  s tp p p e r 

and a  w a ter condenser end s t i r r e d  m a g n e tic a lly , Sodiom alonic e s t e r ,  

p rep ared  in  a  d r ie d  and sto p p ered  f la s k  by d is so lv in g  0 . l 6g o f f r e s h ly  

c u t sodiuin m etal in  10 ml o f a b so lu te  e th an o l and adding  th i s  to  the  

d ie th y lm a lo n a te  ( 0 .5  g , 0.07  m ole), was added dropwise to  th e  s t i r r e d  

e th e r  suspension  a t  room tem p era tu re . % e  r e a c t io n  m ix ture  was hea ted  

under r e f lu x  f o r  15 m inu tes, cooled  down to  room tem p era tu re , when i t  

con ta in ed  s o l id .  W ater was added to  com plete the  p r e c ip i ta t io n  of the 

p ro d u c t which was f i l t e r e d  o f f  washed w ith  w ater and d r ie d .  The crude 

p ro d u c t was d is so lv e d  in  benzene by b a i l in g  , t r e a te d  w ith  d e co lo u ri­

s in g  ch arco a l and f i l t e r e d .  C r y s ta l l i s a t io n  from the  f i l t r a t e  gave 0 .5  é 

. m .p. 265° ;  which was found to  be o p t ic a l ly  in a c t iv e  (mixed m .p. 

w ith  racem ic e s t e r ,  265- 264°)*  The f i l t r a t e  o f th i s  in a c t iv e  e a te r  

was evaporated  to  dryness and d is so lv e d  in  e th an o l t r e a te d  w ith  decolo­

u r i s in g  c h a rco a l, f i l t e r e d  and c r y s t a l l i s a t i o n  from the  f i l t r a t e  gave

0 .5  g o f  the  e s t e r ,  m .p. 128- 130° .  g 4- 0 . 34° ,  M  g +  317°

(o=  0 .2 1 4 , i  = 0 .5 ,  95/? e th an o l)

(Found: C, 7 9 .2 ; H, 5 .9 . re q u ire s  C, 7 9 .4 , H, 6.0??).



154

( 4  ) -D ie th y l e s te r  | ^ ]  ^^^4517 was hydro lysed  to  d ic a rh o x y lic  

a c id  u s in g  potassium  hydroxide in  a  s im ila r  way as was used fo r  racem ic 

e a te r  h y d ro ly s is .  A fte r  normal working up th e  a c id  o b ta in ed  had m.p. 

198-200°(^effervescence) and rem elted  a t  219- 220° ,  m .p. and mixed m .p. 

w ith  a c id  p repared  b̂ r r e s o lu t io n  were found the  same.

<=<^^4 0 . 57° ,  ' C ç= 0 .0 8 , 1 = 2 , 95?? e th a n o l) .
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Preparation o f o p t ic a lly  a c t iv e [d in a p h th o (8 ',l '-a b , 1",8 " ~ d e)j-cy c lo -

n on a-2 ,4 -d ien e-8 -azep in iu m -l-sp iro [5 ;8 ]tetrad ecan e-l" '-p ip erid in iu m  ■

bromide ( 20)
r 1 n*

( i )  8 ,8 ’-B isb ro m o ra e th y l-l,l’-b in ap h tliy l ( l  g , 1 m o le ), p  | ^^^-180 , was

d is so lv e d  in  10 ml o f dry benzene and a  s o lu tio n  o f p ip e r id in e  (0 .5  ml,

2 mole) in  10 ml o f dry  benzene added dropw ise a t  room tem p era tu re ,

s t i r r i n g  m a g n e tic a lly . L a te r  th e  tem peratu re  was ra is e d  up to  50°, a

s o l id  p ro d u c t appeared , was f i l t e r e d ,  washed w ith  petro leum  e th e r  (b .p .

40-60°) and d r ie d  by su c tio n ; i t  was d is so lv e d  in  w a te r , b o ile d  w ith

d e c o lo u r is in g  c h a rc o a l, f i l t e r e d .  C ry s ta l l i s a t io n  gave G.8g o f bromide,
20

m .p. 250-255°a. C< 5 4 g -o .l5 ° , -156“ ( c ^ 0 . 192 , 0 . 5 ,

95/^ e th a n o l) .

(Pound: C, 72.9» H, 5*8; E, 3*2; B r, 17*9* ^27^26^^^ re q u ire s  C, 73*0;

H, 5.9 ;  E, 3 .1 ; B r, 17.9>#).

( i i )  8 ,8 '-B isb rom om ethy l-1 ,1 ‘-b in ap h tliy l (1 g , 1 m ole),

was t r e a te d  w ith  p ip e r id in e  in  a  s im ila r  way. C r y s ta l l i s a t io n  from

w ater gave 0.75 g o f  th e  c y c lic  p ip e rid in iu m  brom ide, m .p. 251- 255°*
• 21

<=< g + 0 . 52° ,  4 s f  (c =  0 . 216, 1 = 0 .5 , 95>? e th an o l)

(Found! C, 6 9 .4 ; H, 6 .1 ;  H, 3 .0 ; B r, 1 8 .1 , CgyHgglfBr.EgO re q u ire s

C, 7 0 .1 ; H, 6 .1 ; » , 3 .0 ; B r, 17.5??).
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Preparation of o p t ic a lly  a c tiv e  8 ,6 -d ie th y l [dinaphthoi, 8 ,1-ab , l ' , 8 ‘-d e j -

cyclonona-2,4-diene-8-azepinium  iod ide (2 l)

r -1( i )  ( - ) “8 ,8 '-B is h ro n o m e th y l- l , l '-h in a p h th y l  ( l  g ) ,  lf^J^^^-180 was 

d is so lv e d  in  anhydrous benzene and f r e s h ly  d i s t i l l e d  d ie thy laraine

(0*25gj 2 .2  mole) was added a t  room tem p era tu re . A fte r  tkie a d d itio n
IsSCLS o

o f  d ietnylam ine^com pleted  the  r e a c t io n  m ix ture  was warmed to  60 ; a

s o l id  sep a ra te d  and petro leum  e th e r  (b .p .  40-60°) was added in  o rd er

to  com plete the  p r e c ip i ta t io n .  The bromide was f i l t e r e d ,  washed w ith

petro leum  e th e r  and tr a c e s  o f so lv e n t removed by s u c tio n , I t  was

d is so lv e d  in  w ater and b o ile d  w ith  d e c o lo u r is in g  c h a rco a l, f i l t e r e d

and the  f i l t r a t e  c o n ce n tra te d , b u t s a l t  d id  n o t c r y s t a l l i s e .  l%ien a

h o t aqueous s o lu tio n  o f potassium  io d id e  was added, a  p r e c ip i ta te

sep a ra te d  which was re d is so lv e d  by h e a tin g , t r e a te d  v/ith d e c o lo u r is in g

ch arco a l and f i l t e r e d .  C r y s ta l l i s a t io n  from th e  f i l t r a t e  geve, 0 .9  g

o f the io d id e , m .p. 130- 155° .  -0 .1 1 5 ° ,  -287° ( 0 = 0 . 08 ,

2 -  0 . 5 , 95/7 e th an o l)

(Found: C, 6 1 .3 ; B, 5 . 5 ; E, 2 .8 ; I ,  26 . 4 . C a lcu la ted  fo r  C^^B^^EE.H^O

C, 62 . 8 ; H, 5 . 6 ; E, 2 . 8 ; I ,  2 5 .5 ^ ).

( i i )  The (+) io d id e  was p repared  in  a  s im ila r  way from ( 4 )-b isbrom o- 

m ethyl compound 1^1 ,4348^ and c r y s ta l l i s e d  from v /a te r, m .p. 152-
T 1

155 . o ( . . .g + 0 .4 ° ,  i?^J545 +  3 6 f  ( c= 0 . 22 , 1 = 0 . 5 , 955? e thnno l)

(Foimd! C, 65 . 6 ; H, 5 .6 ; H, 2 .9 ; I ,  2 5 .4 . C2gE2g i T L r e q u i r e s

e ,  62 . 8 ; H, 5 . 6 ; » ,  2 . 8 ; I ,  25.5??).



137

Preparation o f 8 ,8 - d ia l ly l  [d inaphtho(8 ,l-ab , 1 ' , 8 '-d e)l-cy clo n o n a ~ 2 ,4 -

diene-B-asepinium  iod id e (22)

( i )  R eac tion  o f ( - ) - 8 , 8 ’-b isb rom om ethy l-1 ,1 ’-b in a p h th y l w ith  d i a l l y l -

amine: ( - ) - 8 , 8 ‘-liisb ro m o m e th y l- l ,l’-b in a p h th y l, j^ ]^ ^ ^ -1 8 0 °  was t r e a te d

v/ith  d ia lly la m in e  in  a  s im ila r  way as w ith  d ie th y lam in e , and tn e

bromide formed was convert^ed  in to  the  iodide*  C r y s ta l l i s a t io n  from
r  1^1*4

v/ater gave io d id e , m*p* 170-173 , ^^^ -0.29  , p j  -140^

(2 = 0 *412 , l_r 0 . 5 , 95^ e th a n o l) .

(Pound: 0 , 66*4; H, 5*2; E , 2*7; 1 , 24*4. *^28^26^^ re q u ire s  C, 66*8;

H, 5 .2 ; E , 2 .8 ; I ,  25.3^)

( i i )  R eaction  o f  ( + )-8 ,8*-b isbrom om ethy l- 1 ,1 ’-b in a p h th y l w ith  

d ia lly la m in e  : ( + ) - 8 ,8  ’ -bisbromome th y l - 1 ,1 ' -binaphthy(^' ̂  543°

was t r e a te d  w ith  anhydrous benzene s o lu tio n  o f  d ia lly la m in e  in  a  

s im i la r  way and th e  bromide formed was converted  to  io d id e  by the  

tre a tm e n t w ith  a  h o t aqueous so lu tio n  o f  potassium  iodide*  C r y s ta l l i ­

s a t io n  from w a ter gave io d id e , m.p* l69-171°> 0.695°» 279°

jc.=  0.0^4» 3. = 0*5, 95̂ 0 e th an o l)

(Pound: C, 64*7; R, 5 .2 ; E , 2*7; I» 24. 6 .  r e q u ire s  C, 66*8;

H, 5 .2 ; E , 2 .8 ; I ,  25.5^0
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3*3 D iscu ss io n : O p tica l A c tiv ity  and O p tica l S t a b i l i t y  in  8 ,8 ’-

D isu b s titu te d  1 ,1 ’-B inaph thy ls

a .  O p tic a l a c t i v i t y  in  unbridged 8 ,8 '- d i s u b s t i tu te d  1 , 1 ' -b in a p h th y ls

A fte r th e  problem o f  the  o r ig in  of o p t ic a l  a c t i v i ty  in  b iphenyls

was so lved  (T urner and LePevre, 1926; B e ll and Kenyon, 1926 and

M il ls ,  1926) , Kuhn and A lb rech t (1928) a p p lie d  th e  p r in c ip le s  to

1 ,1 '-b in a p h th y ls .  Tliey a re  "a tro p iso m ers" , and under normal co n d itio n s
they

th e  achievem ent o f  p la n a r i ty  becomes im probable and th u s /p o sse ss  

o p t ic a l  a c t i v i t y .  The phenomenon o f o p t ic a l  a c t i v i t y  in  the  1 ,1 ’-  

b in ap h th y l s e r ie s  was f i r s t  r e a l i s e d  in  1928 by Kuhn and A lb rech t. 

These au th o rs  dem onstrated  th e  r e s o lu t io n  o f 1 ,1 ’-b in a p h th y l-2 , 2 ' -  

d ic a rb o x y lic  a c id .  About 40 y e a rs  ago, S tan ley  ( 193I )  and C o rb e llin i 

( 1931) und a  y e a r  l a t / e r  M eisenheimer and Beisswenger (1932) p repared  

o p t ic a l ly  a c t iv e  1 ,1 ’-b in a p h th y l-8 ,8 '-d ic a rb o x y lic  a c id  and remarked 

on i t s  low o p t ic a l  s ta b i l i ty *  lu  1949, B e ll and Waring and in  1954» 

Crawford and Smytîy B e ll and Morgan^ H a ll ,  H idgwell and Ih m e r  i n v e s t i ­

g a ted  th e  s tra n g e  f a c t  th a t  1 ,1 ’-b in a p h th y l-3 , 5 ’-d ic a rb o x y lic  a c id  

which has no c a rb o o y lic  group in  the  in te r f e r in g  p o s it io n s  i s  more 

o p t ic a l ly  s ta b le  than  th a t  o f 8 ,8 ’-d ic a rb o x y lic  a c id .  Another s im ila r  

example where th e  amino groups a re  n o t s u b s t i tu te d  in  the  in te r f e r in g  

p o s i t io n s  o f 1 ,1 ‘-b in ap h tliy l i s  4 , 4 '-n a p h th id in e , o b ta in ed  o p t ic a l ly  

a c t iv e  by T h e ilack er and liopp (1959). By i t s  deam ination H a rris  and 

M ellor (1961) j  Cooke and H a rr is  ( I 9 6 3 )  were ab le  to  o b ta in  o p t ic a l ly
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a c tiv e  1 ,1 ’-b in a p h th y l ( h a l f - l i f e  I 3 min. a t  50° in  E ,IT -dim ethylfor-

mamide). R ecen tly  Pincock and Wilson (1971) re p o rte d  the  spontaneous

c r y s t a l l i s a t i o n  o f o p t ic a l ly  a c t iv e  1 , 1 '-b in a p h th y l from i t s  racem ic

m elt# The degree o f o p tic a l  s t a b i l i t y  o f  th e se  c h ir a l  b in ap h th y ls

depends m ainly upon the  e f f e c t iv e  s iz e  o f the b lock ing  b a r r ie r s  bu t

th e  8 ,8 ‘-d ic a rb o x y lic  a c id  and i t s  e s te r s  a re  e x c e p tio n a l.

1 ,1 '-B in ap h th y Is  w ith  id e n t i c a l  s u b s t i tu e n ts  in  the  2 , 2 '- ,  4 , 4 ' -

5 ,5 ’- ,  6 ,6 ^ - ,  7 ,7 ’-  nnd 8 ,8 ’-p o s i t io n s  have tw ofold axes o f s^mmietry

and belong to  p o in t group (G ) ;  i . e .  they  a re  dissym m etric nonasymraetric 
The es the

mol ecul es . y ax i s  pass^ through the  c en tre  o f / l , l ‘-bond and b ise c ts  the  

d ih e d ra l ang le  between l ik e  s u b s t i tu e n ts .

M onosubstitu ted  1 ,1 ’-b in a p h th y ls  a re  examples o f p o in t group (C^)^ 

These m olecules la c k  a l l  symmetry elem ents and a re  th e re fo re  as^Tnmetric.

b . O p tic a l a c t i v i t y  in  b ridged  1 ,1 '-b in a p h th y Is

A la rg e  number o f o p t ic a l ly  a c tiv e  compounds in  th e  b iphenyl, 

s e r ie s  and some in  1 ,1 '-b in a p h th y l s e r ie s  vd th  a  b ridge  runn ing  from 

one r in g  to  th e  o th e r  have been re p o rte d  d u rin g  the  l a s t  20 y e a rs  from 

the  Schools o f  P ro fe s s o r  E .E .T urner and Dr. D.M.Hall in  Englan.d and 

P ro fe s so r  K.Mislow in  u n ited  S ta te s .  Tlie o v erlapp ing  o f th e  s u b s ti tu e n ts  

i s  n o t th e  only  p r in c ip a l  cstuse o f r e s t r i c t e d  r o ta t io n ,  the  an g u la r 

s t r a i n  in  th e  t r a n s i t io n  s t a t e  o f ra c ém isa tio n  i s  a lso  re s p o n s ib le .

Up to  now the  2 ,2 ‘-b rid g ed  1 ,1 ’-b in a p h th y ls  a re  loiown o p t ic a l ly  a c tiv e  

which have been made by a  l in k  between th e  naphthalene r in g s  by means of
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a  chain  in  such a manner as to  form a r in g  la r g e r  than  five-m em hered,

A six-merabered 2^2*-b rid g ed  1 j l ’-b in ap h tliy l (44) o b ta in ed  in  o p t ic a l ly  

a c t iv e  form was re p o r te d  by h a l l  and Turner (1955) w ith  $0.8 k ca l

mol 'Ih is i s  a dissyiim ietric nonasyrm etric  m olecule (G^)*

J J  ““ 2

(4 4 )

Mien th e  2 j2 ‘-p o s i t io n s  a re  jo in ed  vd th  a  s a tu ra te d  chain  w ith  

th re e  a tom s, th e  compounds a re  more o p t ic a l ly  s ta b le  than  th o se  w ith  

sir-m em bered r i n g s . % en  th e  2 ,2 ’-p o s i t io n s  a re  bridged  by th re e  atoms 

and they  have two id e n t ic a l  fu n c tio n a l groups a t  the  c e n tr a l  atom of 

the  b ridge  th ey  a re  d issym m etric nonasymmetric m olecules (C^) ,  bu t 

when the  two groups a t  the  b ridge  a re  n o t id e n t ic a l  (o th e r  th in g s  

rem ain ing  the  sam e), th e  m olecules la c k  a l l  elem ents o f symmetry and 

a re  tlin re fo re  asymm etric (C^)

OIO.
CH,

(C,, ae:is lemr ce through the  c en tre  o f 1 ,1 '-bond o f 1 ,1 '-b in a p h tliy l and 

the  c e n tr a l  atom of the  b r id g e ) .
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c* O ptical s t a b i l i t y  in  nnbridged 1 ,1 ’-b inaphthyls

Tiie p re s e n t work i s  m ainly concerned vfith th e  o p t ic a l  s t a b i l i t y  

o f 1 ,1 ’-b in a p h th y ls  w ith  two id e n t ic a l  s u b s t i tu e n ts  in, th e  8 ,8 ’-  

p o s i t io n s  (C^) .  In  th e se  compounds the  r o ta t io n  about the  1 ,1 ’-bond 

o f  b inaph thy l i s  p reven ted  by th e  in te r fe re n c e  o f the  b lo ck in g  s u b s t i ­

tu e n ts  in  the  2 and 8*, and 2 ’ and 8 p o s i t io n s .  An ex ten s iv e  work on 

th e  s te reo c h e m is try  o f 8 - and 8 ,8 '- d i s u b s t i tu t e d  1 ,1 '-b in a p h th y ls  has 

been done d u rin g  l a s t  19 y e a rs  in  the  school o f h r .  M.M.Harris (H a rris  

and M ello r, 1959; 19&1; H a rr is  and L ing , 1962; Cooke and H a r r is ,  196$; 

B adar, Cooke and H a r r is ,  196$; Badar emd H a ,rris , 1964; H a r r is ,  Mazengo 

and Cooke, 196?; h ixon, H a rr is  and Mazengo, 1971; Browne, H a,rris , Mazengo 

and Singh, 1971). E a r l i e r ,  S tan ley  ( I9 $ l)  suggested^the  reaso n  fo r  

th e  low o p t ic a l  s t a b i l i t y  o f th e  8 ,8 ’-d ic a rb o x y lic  a c id  may be due to  

th e  f a c t  th a t  th e  carb o x y lic  groups in  th i s  a c id  a re  in  the  p e r i -  

p o s i t io n s .  D is to r t io n s  a re  le s s  l i k e ly  in  the  2 ,2 ’-p o s i t io n s  and thus 

th e  2 ,2 ’- d ia c id  bhows o p t ic a l  s t a b i l i t y .  Cooke and H a rr is  (196$) c a l­

c u la te d  th a t  th e  en tropy  f a c to r  o f  t r a n s i t i o n - s t a t e  th eo ry  fu n c tio n s  

i s  n o t s u f f i c i e n t  to  e x p la in  th e  low er o p t ic a l  s t a b i l i t y  in  th ese  

compounds a lth o u g h  i t  accounts fo r  much o f  th e  o p t ic a l  i n s t a b i l i t y  of 

th e  8 ,8 '- d ia c id  in  aqueous a l k a l i .  Follow ing the  o b serv a tio n s  o f H em ik , 

H e rb s te in , Schmidt and H e rsh f ie ld  (1954) t h a t  th e  overcrow ding in  a 

m olecule a r i s e s  when the  d is ta n c e  between two non-bonded carbon atoms 

l ie 'b e lo w  $A -, Cooke and H a rr is  (196$) suggested  th a t  in  th e  8 , 8 ' -  

d ia c id , th e  bond d is ta n c e  between the two p e r i -  s u b s t i tu te d  carbon
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atoms i s  very  sm all (2 , 4  A ) and th e re  a re  tvm se r io u s  com pressions.

The way to  find , r e l i e f  from th e s e  com p ression s w ith o u t d eco m p o sitio n  

i s  th e  o u t -o f -p la n e  d i s t o r t io n s  o f  th e  8 , 8 ’-ca .r‘b o x y lic  g ro u p s, which  

a llo w s  them to  p a ss  through the p la n a r  t r a n s i t i o n - s t a t e .  In  I 9 6 5 ,
tOOzfK cm

B adar, Cooke and H a rr is  r e p o r t e d 8 , 8 * - d i s u b s t i t u t e d  1 ,1 * -h in a p h -  

t h y ls  which have co m p a ra tiv e ly  la r g e r  e f f e c t i v e  volum es o f  th e  s u b s t i ­

tu e n ts  than th o se  p r e v io u s ly  r e p o r te d , and found a  c o n s id e r a b le  in c r e a s e  

in  t h e ir  o p t ic a l  s t a b i l i t y ,  bu t d id  n o t  r e a ch  th e  degree o f  s t a b i l i t y  

ob served  f o r  2 , 2 ’- d is u b s t i t u t e d  1 , 1 ’-b in a p h th y ls .

On th e  b a s i s  o f  o p t ic a l  s t a b i l i t y  1 , 1 ’-b in a p h th y ls  s tu d ie d  p rev io u s  

to  th e  p r e s e n t  work can be d iv id e d  in t o  two c a ta g o r ie s :

I s  Those which ra cem ise  (T ab le  I I )

2 . Those whj.ch do n o t  r a c e m ise '(T a b le . I I j )  .

In  th e  p r e s e n t  work tvm 8 , 8 ’- d is u b s t i t u t e d  1 , 1 ’-b in a p h r n y ls ,

1 , 1 ’- b in a p h t h y l- 8 ,8 ’- d i a c e t i c  a c id  ( l O)  and 1 , 1 ’-b in a p h th y 1 - 8 ,8  

b is (m e th y le n e p y r id in iu m ) d i io d id e  (1 2 )  were o b ta in ed  in  o p t i c a l ly  

a c t iv e  form , th e  form er by r e s o lu t io n  w h ile  th e  l a t t e r  was s y n th e s is e d  

from i t s  o p t i c a l l y  a c t iv e  p r e c u r so r , 8 , 8 ’-b isb r o m o m e th y l-1 ,1 ’-b in a p h -  

t h y l  ( 8 ) ,  As th e  p yr id in iu m  compound (1 2 ) decomposed in  h o t  s o lv e n t s  

th e  r a c é m isa t io n  co u ld  n o t  be s tu d ie d . In  th e  d ia c e t i c  a c id  (lO ) th e  

p a s s in g  b a r r ie r s  are m ethylene groups and i t  was assumed th a t  i t  

would p o s s e s s  th e  d egree  o f  o p t ic a l  s t a b i l i t y  o f  th e  ord er  s im ila r  

to  8 , 8 ’- d in e t h y l  and 8 , 8 ’-bishydro>:ym ethyl- 1 , 1 ’-b in a p h th y l (Badar,
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Cooke and H a r r is ,  I 965) , Ike a c t iv a t io n  energjr o f ra c ém isa tio n  and the 

T ra n s it io n  S ta te  Theory fu n c tio n s  a re  g iven  below in  Table IV ,

Table IV

Compound Era c lOg^gA 6E/^
i

Solvent

8 , 8 ' - (k ca l/rao l) (k ca l/m o l) (k c a l /m o l) |( e .u .)

cn 27.6  • 11.0 30.4 26.8

I

- 9 .4 HSF

CHj

CĤ OH 29.2 12.6 29.8 28.4 -3*4 DIÆP

CHgOE
1

CK^coce
1

i
31.9 14 .0  ; 29.6 3 1 .2  ' 4-3.38! O.IE

CE COOH i
1 1 1

EaOE

The c o r r e la t io n  o f o p t ic a l  s t a b i l i t i e s  suggests  th a t  th e  s t e r i c  s i t u ­

a t io n s  in  th e se  compounds a re  probably  very  s im i la r .
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d* O ptical s t a b i l i t y  in  bri(%ed 1 ,1 ‘-b inaphthyls

The o p t ic a l  s t a b i l i t y  o f  9>10“dihydro-3>4»5>6~dibenzophenantnrene

( 4 4 ) cannot f a i r l y  be compared w ith  th a t  o f  l , l ‘~ b in a p h th y l, becau se  

th e  tr a n s -p a s s in ^ :r o u te  i s  n o t  a v a i la b le .

The en largem en t o f  th e  b r id g in g  r in g  from s i x  atoms to  seven  atoms 

h a s sho\7n a  g r e a te r  o p t ic a l  s t a b i l i t y  in  t h i s  s e r i e s  o f  compounds.

H all and Turner (1955) re p o r te d  some seven-membered r in g  compounds in  the  

2 , 2 *-bridged  1 , 1 ' -b in ap h th y 1 s e r ie s ;  (4- ) ^ ^ ^ -2 , 7-d ih y d ro - (2 * , l * ,3 , 4 ) 

( l " , 2" , 9 , 6 ) -a z e p in iu m -l-8p iro - l" '- p ip e r id in iu m  bromide (45 )> a  seven- 

membered r in g  compound o b ta ined  from (-)^ ^ ^ ~ 2 , 2 '-b isb ro m o m e th y l-l,l  

b in a p h th y l, has h a l f  l i f e  o f 26 hours a t  172° in  e th y len e  g ly c o l .  The 

low o p t ic a l  s t a b i l i t y  i s  in  f a c t  a  dram atic  change in  th e  2 , 2 '- d i s u b s -  

t i t u t e d  1 , 1 '-b in a p h th y l s e r ie s  as the  correspond ing  unbridged  binaph­

th y l  s a re  com pletely  o p t ic a l ly  s ta b l e .  The reaso n  fo r  th e  low s t a b i l -

(45)

i t i e s  in  th e se  r in g  compounds, suggested  by H a ll and T urner (1955), i s  

th a t  th e  passage through th e  p la n a r  t r a n s i t io n  s t a t e  o f th e  2 , 2 ' -  

b ridged  1 ,1 '-b in a p h th y Is  i s  m ainly due to  th e  co n sid e rab le  re d u c tio n  

in  th e  ^ - r r r r  in te r - p la n a r  ang le  in  t h e i r  ground s t a t e  compared
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w ith  the  unhridged ones, thus th e  m olecule re q u ire s  le s s  energy to  

pass through the  t r a n s i t io n  s t a t e ,

Ho seven o r eight-memhered r in g  compounds in  th e  8 , 8 ' “b ridged  

1 , 1 ' “b in ap h th y l s e r ie s  has y e t  been re p o r te d  In  the  p re s e n t

work th e  8 , 8 '-b r id g e d  ca rb o cy c lic  and h e te ro c y c lic  (nine-membered r in g )  

compounds were o b ta in ed  in  o p t ic a l ly  a c tiv e  s t a t e ,  they  a re  o p t ic a l ly  

s ta b le  and f a i l e d  to  racem ise . For example, a f t e r  they  had been 

h ea ted  up to  m e ltin g  and k ep t a,t th a t  tem peratu re  f o r  h a l f  h o u r, then  

cooled doüTi slow ly to  s o l id i f y ,  they  were recovered  unchanged chem ically  

and w ith  the  same r o ta t io n .  The H -h e te ro cy c lic  (q u a te rn a ry  ammonium 

s a l t s )  compounds a lso  d id  n o t show any s ig n  o f ra c ém isa tio n , they  

decomposed on m e ltin g ,

A th e o r e t ic a l  tre a tm en t f o r  th e  o p t ic a l  s t a b i l i t y  and the  energy

re q u ire d  to  b r in g  th e  cyclononadiene system in to  the  t r a n s i t io n  s t a t e

•to  in v e r t  th e  c o n fig u ra tio n  seems a  v e ry  com plicated  ta s k ,  which could
o

n o t be very  l i k e ly  to  g ive an a cc u ra te  answ er. LcjMng a t  the  photo­

graph of th e  m odel, the d i s to r t io n  i s  r e a l l y  spread  ■. over th e  whole 

m olecu le , a l l  th e  bonds, even th e  marn 1 , 1 *-bond o f 1 ,1  *-b in a p h th y l, 

and the  naph thalene  r in g s  a re  d is to r te d  and i t  w il l  be d i f f i c u l t  to  

woz'k ou t the  r e a l  amount of energy fo r  t h i s  m olecule which could b r in g  

i t  in to  the  p la n a r  t r a n s i t io n  s t a t e .  A c ru d e s t c a lc u la t io n  on the  l in e s  

fo llow ed by îlls low , Kyden and S chaefer ( 1962) g ives a  v a lu e  o f appro­

x im ate ly  75-80 k ca l mol “ (from c a lc u la t io n  208 k c a l mol ^ ) ,  an 

im possib ly  h igh  xi-p iro .
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In  the  gTOimd s t a t e  o f those  nine-merahered ring: compounds, only

one conform ation observed to  be p o s s ib le ;  th e  D ried ing  models

V

I
I

suggest a  p o s s ib i l i t y  o f a h ig h ly  overcrowded second conform ation , made 

by app ly ing  a v e r y  g re a t  s craii'i, which i s  very  u n lik e ly :  th e  c e n tra l  

atom of th e  b ridge  and the  fu n c tio n a l groups have to  make a  home in
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th e  m oiety  o f the arom atic  system , and they  f e e l  severe  overcrow ding. 

The in te r p la n a r  angle between th e  two naph thalene  r in g s  i s  ap p ro x i- 

m ately  o rth o g o n a l. A huge amount of energy^would he re q u ire d  to  b r in g  

th e  m olecule in to  a  c i s -p ia n a r  conform ation , which would break the  

bonds b e fo re  i t  happens to  o ccu r^ . As none o f th e  p a ss in g  t r a n s i t io n  

mechanisms looks fa v o u ra b le , th e  complete o p t ic a l  s t a b i l i t y  o f the 

nonacyclodione system in  the p re se n t work seems p e r f a c t ly  re a so n a b le .
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4 . UliTRA-VTOLET ADSOFŒTIOiT S P D im  OF 1,1'-BIÜAPET2YL3

4»1 In tro d u c tio n

U l t r a - v io le t  a b so rp tio n  s p e c tra  a re  fre q u e n tly  used in  s te re o ­

chem istry  to  study the  s t e r i c  e f f e c t s  in  b ia ry ls  » The bond jo in in g  t?/o 

a r y l  u n i t s ,  c a l le d  the  ’in te ra n n u la r  bond*, has p a r t i a l  double bond 

c h a ra c te r ,  and may show a ty p ic a l  a b so rp tio n  spectrum  of th e  whole 

m olecu le . When two o r more chromophores have maximum co n ju g a tio n , the  

7f - e le c tr o n s  a c ro ss  th e  in te ro n n u la ,r  bond v.dll have a maximum o v erlap , 

which r e s u l t s  in  resonance between the two chromophores; th u s  the  ab­

s o rp t io n  band shows a bathochrom ic s h i f t  v.dth an in c re ase d  in te n s i ty  of 

a b so rp tio n .

The ang le  between th e  A'planes o f two chromophores i s  c a l le d  the

'd ih e d ra l  a n g le ',  end a  g radua l in c re a se  in  th e  degree o f d ih e d ra l

ang le  up to  90° reduces g ra d u a lly  th e ij* -e le c tro n  overlap p in g  acro ss

th e  in te ra a in u la r  bond, and reduces th e  amount o f resonance between
the

th e  tTra chromophoric g roups. T h en /d ih ed ra l ang le  i s  s u f f i c i e n t ly  la rg e ,  

th e  - e le c t r o n  overlap  ac ro ss  th e  in te ra n n u la r  bond i s  g r e a t ly  reduced 

and th e  r e s u l t in g  e le c tro n ic  ab so rp tio n  appears as the  sum o f t%TO compo­

n e n t p a r t s  o f the  m olecu le . This i s  the  case w ith  h ig h ly  h in d ered  

m o lecu les .

An ex ten s iv e  s tudy  has been made in. th e  bipnenyl s e r ie s  on the  

r e l a t io n  between conform ation  end co n ju g a tio n . Benzene m ainly  absorbs
I

u .v .  l i g h t  in  two re g io n s ; one around nm, an in te n s e  band (Emax^ 

8000), and an o th er between 230-270 nm. Tne ab so rp tio n  spectrum  of 

•biphenyl i s  q u ite  d i f f e r e n t  from th a t  o f benzene, the  maximum
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i s
a b so rp tio n  bond| s h i f te d  b a th och rom ically  to  255 lua (6  max  ̂ 18000) and 

has
th e  f in e  s tru c tu re ^ d isa p p e a re d ; th e se  e f f e c t s  a re  due to  th e  p resence  

o f resonance between the  two benzene r in g s  tiirough th e  in te ra n n u la r  

bond, th e  ab so rp tio n  band o f b ipnenyl a t  255 nm i s  kno\m as th e  ‘con­

ju g a tio n  band ' .
K obertson ^ l^ b l j ,  T r o t te r  ( 196I ) ,  Hargrea.ves and R izv i (1962)

Dhar (1952) /u s in g  X -ray c ry s ta llo g ra p h y  suggested  a co p lan ar

s t r u c tu r e  fo r  b ipheny l in  c r y s ta l l in e  s t a t e ,  and l a t e r  Braude (1945) among 
o th e rs

^suggested a  d ih e d ra l ang le  n e a re r  to  45° in  s o lu tio n .

In  compounds where th e  s u i ta b le  p o s i t io n s  o f b iphenyl a re  s u b s t i ­

tu te d  w ith  -bullqy s u b s t i tu e n ts  g iv in g  s t e r i c  h in d rance  to  p la n a r i ty ,  

and th e  two benzene r in g s  a re  k e p t a p a r t  from th e  resonance a c ro ss  th e  

in te ra n n u la r  bond, th e  co n ju g a tio n  band d isap p ea rs  ; f o r  example, the  

e le c tro n ic  a b so rp tio n s  o f  2 ,2 * ,4 > 4 '»6 ,6 '-hexam ethylb iphenyl appears 

as  th e  sum o f th e  a b so rp tio n  by ti70 1 , 5,5-'fcrim ethylbenzene u n i t s

(O 'Shauglinessy and Rodebush, I 94O), th e  co n ju g a tio n  band o f b iphenyl
an

does n o t appear « B iphenyls in  s o lu tio n  have/ i n f i n i t e  number o f con— 

f  o m ations^  and which one has been invo lved  in  th e  e le c tro n ic  t r a n s i t io n s  

e x h ib ite d  in  th e  a b so rp tio n  spectrum  i t  i s  d i f f i c u l t  to  know. To over­

come t h i s  u n c e r ta in ^ ty  in  th e  ground s t a t e ,  th e  2 ,2 ‘- p o s i t io n s  o f 

b ipheny l have been jo in ed  w ith  a  s a tu ra te d  b ridge  o f one o r more atoms; 

in  th e se  cases th e  p lan es  o f two benzene r in g s  can have a  c e r ta in  f ix e d  

d ih e d ra l ang le  ( in  n o n - f le x ib le  m olecu les) p roducing  a s t r a in le s s  

m u ltip la n a r  r in g ,  p rov ided  th a t  normal bond le n g th s  and an g les  o b ta in  

in  the  ground s t a t e .
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I>ea,ven, H a ll, L e s s lie  and T urner re p o rte d  th e  n .v .  ab so rp -

tio n  spectrum  of 9>10~dihyclrophenanthrene ( 46) whichAls a  - e ^ l in e a r  

%el&c]fle and shows a h igh  in te n s i ty  t%,npical biphenyl band a t  264 nm 

6 max, 17000j and broad low in te n s i ty  hand a t  299«5 ^  mar, 4450) .  

Tile appearance o f  th e se  a b so rp tio n  hands se p a ra te  from the  unconjugated  

phenyl chromophores made i t  reaso n ab le  to  th ird i about a  l e s s e r  d ih e d ra l 

an g le  in  th i s  compound than  b iphenyl i t s e l f .

H a ll and Minhaj (1957) w ith  the  use  o f normal co v alen t r a d i i  and 

bond an g les  c a lc u la te d  the d ih e d ra l ang le  f o r  (46 ) as  15°. A group 

w ith  P ro fe sso r  E.E.TTimer a t  Bedford C ollege and o th e rs  re p o rte d  u .v .  

a b so rp tio n  s p e c tra  o f se v e ra l seven-membered r in g  compounds ob tained  

by jo in in g  the  2 ,2 ’-p o s i t io n s  of b ip h en y l. The u .v .  a b so rp tio n  spectrum  

of (47) was re p o r te d  by Cope and Smith (1956) fo r  which Heaven and H all 

( 1956) c a lc u la te d  d ih e d ra l ang le  49° from sc a le  m odels. On in c re a s in g  

th e  s iz e  o f the  b r id g in g  r in g  by fo u r atoms ( 48) ,  Cope and Smith (1956) 

observed i t s  u .v .  a b so rp tio n  spectrum  and found a hypsochromic s h i f t  o f 

th e  b iphenyl co n ju g a tio n  band a t  255 am ( 6 max, 908Ü) and long-wave 

in f l e c t io n s  s,t 265 nm and 275 nia. The appearance of long-wave a b so rp tio n  

as in f l e c t io n s  and th e  hypsochromic s h i f t  o f the ab so rp tio n  maximum
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w ith  reduced in te n s i ty  suggest a com paratively  la rg e  d e p a rtu re  from the

T f-e le c tro n  overlap  a c ro ss  th e  in te ra n n u la r  bond, Heaven and H all (1956)

measured a  d ih e d ra l ang le  59° (and 75^) fo r  th i s  compomid. from a s c a le  model.

In  1962, H i8low, Bydon and S chaefer re p o rte d  the  u .v .  a b so rp tio n

spectrum  of ( l )  a f l e x ib le  m u ltip la n o r  r in g  compound; the  b iphenyl

co n ju g atio n  band a.ppea.rs as an in f l e c t io n  a t  2^1 nm ( cmax 5550) w ith

long-wave ba,nds appear/’n^ a t  265 nm ( t  rno.x 800) and 273 hra ( C max 600)

su g g es tin g  a l a r g e r  d e p a rtu re  from resonance between the two benzene 
the

r in g s  th ro u g h / in c e ra n n u la r  bond. Suzu'ci ( 1967) by u s in g  LCAO-Î.IO method 
the

c a lc u la te d /d ih e d ra l  ang le  fo r  th i s  a c id  ( i )  to  be 68 .

From th i s  s e r ie s  o f b ridged  biphenyl compounds in  t h e i r  ground 

s t a t e  i t  i s  concluded th a t  as th e  bialdge i s  e n la rg ed , the dihed.ral 

ang le  in c re a s e s , the  degree o f co n ju g atio n  a c ro ss  the in te ra n n u la r  bond 

d e c re a se s , and the  m olecule p o s se s s .s  a more and more s t r a in le s s  m u lti­

p la n a r  c o n f ig u ra tio n . l , l * - 33rns-plithy] i s  a n e x t h ig h e r analogue of 

b ip h en y l, formed by the  l i n e a r  an n o ]a tio n  o f benzene r in g s  and th e re fo re  

s im ila r  g e n e ra l is a t io n s  could be ap p lied  to  b ridged  l , l* - b in a p h th y ls .
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4*2 U l t r a - v io le t  A bsorption S p e c tra , R esu lts  and D iscussion

1: In stru m en t Unicam Spectrophotom eter (S? 500)

2; .Source o f r a d ia t io n  540 run to  520 nm Tungsten lamp, below 520 nm

hydrogen lamp 

5: C e ll 2 mm s i l i c a  c e l l

4 : S o lven t 9 5 r e th an o l

U l t r a - v io le t  a b so rp tio n  c h a r a c te r i s t i c s  a re  g iven  in  the fo llow ing  

ta b le  and s p e c tra  a re  in  f ig u re  5 — -g.
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tri trr  -yj. o l  o t a 1)3 o j-*p t io n  s p e c tr a  c h a r a c t e r i s t i c s  ; ( -nm)

Compound a.nd 

c o n c e n tr a t io n

Short-w ave hand Long-wave hand 

Xmax £maochinax E Amin £ min

19) 224.5  54800 265 5000 (280) 7890

ü . 2-0 .02 502 12570

(10) 222.5  G5100 257 5500 269 7500

0 .12 -0 .012 279 10000

290 12700

501 1200

524 2430

(11) 225 87500 257 5550 267 7500

0 .12 -0 .012 277 9900

290 15100

501 12100

524 2200

(12) 221.5  159400 274 11200 285 12560

0.144-0 .0144 ' 295 15400

(14) 225.5  79550 255.5  4850 272 8880

0 . 176- 0.0176 285 14100

295 17400

502 14100

' 519 1900

(15) 224 82600 256 4680 275 8900

0 . 176- 0.0176 285 I 58OO

295 17800

504 14000

. 519 2000
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Compound and 

c o n c e n tr a t io n

Short-w ave band

Xmax Emax "Amin €,min

223.5  85500 255 5100

225 75900 255 4750

225 88700 255 4290

225 87500 257 5100

225 85500 255 4200

Long-'wave band 

Amax 2  max

( I S )

0 . 12- 0.012

(17)

0 . 108- 0.00664

(18)

0 .28-0.00168

(19)

0 . 52- 0.0054

(20)

272 9350

282 15900

293 I 85OO

305 I 48OO

319 2100

272 8770

282.5 15200

292.5 16570

302.5 15100

319 1800

273 9550

284 15000

293 I 89OO

303 15500

319 2500

'274 8990

284 15240

294 16600

305 12900

520 1970

286 15000

297 17600

305 14500

521 2200
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Compound and ]liort-v/ave band long-w ave band

c on c en t  r  a t  i  on max

( 21 ) 222 8600275

0 . 26- 0.026 287

296.5 15900

15700

2750

14260

297 17000

15000

320 2800
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D iscu ssio n  o f th e  u l t r a - v i o l e t  a b so rp tio n  sp e c tra  o f l , i ’-b in ap h th y Is

a ,  Unbrid^'ed. 6 ,8  *-d.i s u b s t i tu te d  1, i  ' -b inaph  thy  Is

( i )  Open chain  carbon compounds:

N aphthalene p o ssesses  d ih e d ra l symmetry and in  e q u ilib riu m  the  n u c le a r  

co n fig u re .tio n  o f naph thalene  in  ground e le c tro n ic  s t a t e  belongs to  p o in t 

group ( D ^ ) , and shous a  u .v .  ab so rp tio n  spectrum  w ith  a low in te n s i ty  

band a t  312 nm ( £m?.xn» 100-1 BOD) w ith  f in e  s t r u c tu r e ;  the  second ab so r­

p t io n  i s  o f in te rm e d ia te  i n te n s i ty  around 275 nm (^Q.-'lOpOO) w ith  w ell 

re so lv ed  s t r u c tu r e .  Tlie th i r d  a b so rp tio n  band i s  an in te n se  band a t  

220 nm (2- n / i o ^ ) . % en  the  two naphthalene u n i t s  a re  jo in ed  to g e th e r  to  

make l , l '- b i n a p h t h y l ,  an in h e re n tly  d issym m etric chromophore, th e  p a re n t 

hydrocarbon in  th e  s e r ie s  o f  s u b s t i tu te d  1 ,1 * -b in s p h th y ls , i t s  u .v .  

a b so rp tio n  spectrum  resem bles to  a  c e r ta in  e x te n t th a t  o f n ap h th a len e . 

P r ie d e l ,  O rchin and Reggel (1948) re p o r te d  the  u .v .  ab so rp tio n  spectrum  

o f  1 ,1 '-b in a p h th y l (95q e th a n o l)  and s a id  th a t  i t  does n o t show a 

se p a ra te  co n ju g a tio n  band a s  does b ip h en y l. The f in e  s t r u c tu r e  fe a tu re s  

in  th e  1 ,1 '-b in a p h th y l spectrum  a re  o f  in te rm e d ia te  o rd e r , t h i s  suggests 

th a t  th i s  m olecule no lo n g e r p la n a r  ^ p a r t ly  on th i s  b a s is  H a rr is  and 

l l e l lo r  (1961) became co n fid en t in  i t s  o p t ic a l  a c t i v i t y  and were ab le  

to  o b ta in  i t  in  o p t ic a l ly  a c t iv e  form.

Brown and ilo n tea th  R obertson ( I 98I )  by X -ray c ry s ta llo g ra p h ic  

s tu d ie s  m ade/prelim inary  o b serv a tio n  o f the  ang le  between the  two 

n aph thalene  p lan es  as  75° f o r  c r y s ta l l in e  s t a t e .  L s.ter, K err and
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Jlonteath  R obertson ( I 969) a ls o  by X -ray c ry s ta llo g ra p h y  found th a t  i t s  

c l s - conform ation e x is t s  w ith  a d ih e d ra l angle  68°.

Recording to  m o lecu lar o r b i t a l  theory?-, w hatever i s  the  degree o f 

d ih e d ra l angle  th e re  would be a t  l e a s t  some T j-e lec tro n  o v erlapp ing  

a c ro ss  the  in te ra n n u la r  bond. I f  th e re  i s  some i(" -e lec tro n s ' in te r a c t io n  

th en  i t  must have a co n ju g a tio n  band in  i t s  a b so rp tio n  spectrum  r e s u l ­

t in g  from the  resonance between the  -two naphthalene u n i t s ,  b u t th i s  

m ight be overshadowed by the  short-w ave s tro n g  ab so rp tio n  band a t  

220 nm (Browne, H a r r is ,  liazengo and S ingh, 1971)* The v ib ra t io n a l  f in e  

s t r u c tu r e  and the  appearance o f  long-wave ty p ic a l  naphthalene band a t  

313 ni-fi ( 3I 6O, sh o u ld er) correspond to  the  nonp lanar s t ru c tu re  o f 1 , 1 ' -  

b in a p h th y l. LeFevre*, Sundaramand Sundaram ( 1963) from m olar K err cons-tant 

d e te rm in a tio n s  c a lc u la te d  th e  d ih e d ra l ang le  in  s o lu tio n  fo r  1 , 1 ' -  

b in ap h th y l o f 48°» i t  would be p robab le  th a t  th e re  i s  s t i l l  some degree 

o f  resonance betw/een the  n ap h thy l u n i t s  through th e  in te ra n n u la r  bond 

and weak J f  - e le c t r o n  in te r a c t io n  r e s u l t in g  in  weaker in te n se  ab so rp ^  

t io n  band which i s  c e r ta in ly  overlapped by a s tro n g  a b so rp tio n  band 

a t  220 nm.

The s u b s t i tu t io n  o f groups in  the  8 ,8 '- p o s i t io n s  o f 1 ,1 '-b in a p h th y l 

in tro d u ce s  some m olecu lar overcrow ding which i s  re l ie v e d  by in tro d u ­

c in g  d i s to r t io n s  (H a rris  and E el l o r ,  196l_J Cooke and H a r r is ,  19&3) 

making p o s s ib le  p a ss in g  o f th e se  s u b s t i tu e n ts  in  the  p la n a r  t r a n s i t io n  

s t a t e  of ra c ém isa tio n ; th e  same s u b s t i tu e n ts  in  th e  2 ,2 '-p o s i t io n s  do 

n o t need those  d is to r t io n s  as th ey  a re  le s s  crowded and thus a re  opticpuiÿ
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s ta b l e .  Tliese d is to r t io n s  change the  geometry o f the  m olecule and could 

explo.in why th e  u .v .  a b so rp tio n  sp e c tra  o f  the  8 ,8 * -d i8 u b s ti tu te d  1 ,1 ’-  

b in ap h th y ls  d i f f e r  s u b s ta n t ia l ly  from those  o f  2 ,2 ’- s u b s t i tu te d  compou­

n d s . Ihzengo (1968), H a rris  and Ilazengo ( I 967) re p o rte d  th e  u .v .  o f 

some 8 ,8 ’- d i s u b s t i tu te d ,  8 - s u b s t i tu te d  and 2 ,2 ’- d is u b s t i tu te d  1 ,1 ’-  

b in ap h th y ls  and concluded th a t  in  2 ,2 '- d i s u b s t i tu te d  1 ,1 '-b in a p h th y ls  

the  degree o f tw is t  around th e  in te ra n n u la r  bond in  the  ground s ta t e  

may be la rg e r  th an  in  8 , 8 '-  and 8-subs t i  t u t  ed 1 ,1 '-b in ap h  th y ls .  The 

a b so rp tio n  minimum in  2 ,2 '- d i s u b s t i tu te d  compounds shows a hypsochromic 

s h i f t  and decreased  in te n s i ty  to g e th e r  vfith developed f in e  s t ru c tu re  and 

appearance o f th e  long-wave ty p ic a l  naph thalene  bend compared w ith  the 

8 ,8 ' compounds, f o r  example, (lsfe.zengo, I 968)

Compound rain ^min

2 ,2 '-d im ethy  1 - 1 ,1 '-b in a p h th y l 248 nm 4400

8 ,8 '-d im ethy  1"1 ,1 '-b inaph thy l 256 nm 5800

2 ,2 '-b ishyd roxym ethy l-1 ,1  ' -b in a p h th y l 250 nm 5100

8 ,8 '-b ishyd roxym ethy l- 1 ,1 '-b in a p h th y l 258 nm 5800

l , l '-B in a p h th y i-8 ,8 '-d ic a rb o % y lic  a c id  and i t s  m ethyl e s t e r  show 

an a b so rp tio n  band a t  short-w ave le n g th  219.5 run ( 6 max 6OOOO) and 

259*5 (sh o u ld e r , 44000) and f o r  the  m ethyl e s te r  219,5 ( tm ax 65OOO)

and 258 nm (470OO). This s p l i t t i n g  o f th e  short-w ave band does n o t 

ap p ear in  the  spectrum  of th e  2 ,2 '-d ic a rb o x y lic  a c id .  The s p l i t t i n g  

o f the  short-w ave band in  8 ,8 '- d ia c id  and i ts .m e th y l  e s te r  was suggested  

(Ilazengo, I 968) to  be due to  the  co n ju g atio n  between ca rb o x y iic  a c id  

group and the  co rrespond ing  naph thy l re s id u e s  and n o t between the  two
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naphthalenes,

Tlie rep lacem ent o f th e se  ca rb o x y iic  groups in  th e  8 ,8 ’-p o s i t io n s  

o f 1 ,1 ’-b in a p h th y l by b u lk ie r  groups (n e th y l ,  bishydroxym ethyl and 

bisbrom om ethyl) show developed f in e  s t r u c tu r e  and the  absence o f a  

s p l i t  band a t  239*5 nm o f th e  8 ,8 ’-d ic a rb o x y lic  a c id ;  the s p e c tra  

resem ble more c lo s e ly  th e  spectrum  o f 1 ,1 ’-b in a p h th y l i t s e l f .  Tlie s tudy  tvns ^  

o f the  e f f e c t  o f c a rb o x y iic  a c id  and e s te r  groups i s o la te d  by m ethylene 

groups from the  naph thy l u n i t s  in  the  8 ,8 ’-p o s i t io n s ;  the  s p e c tra  

o f 1 ,1 ’-b in ap h tl'n rl-8 , 8 ’- d ia c e t i c  a c id  (lO ) and i t s  e th y l e s t e r  ( l l )  

and 8 ,8 ’-b iscyanom ethyl- 1 ,1 ’-b in a p h th y l (9 ) were observed in  95y  e th a n o l.

The sp e c tra  o f (IÔ) and ( l l )  resem ble those  o f 1 ,1 ’-b in a p h th y l 

i t s e l f  and 8 ,8 ’- d i s u b s t i tu te d  (m ethyl and bishydroxym ethyl) compounds, 

which sug g ests  th a t  the  ca rb o x y iic  groups do n o t e f f e c t  the  a b so rp tio n  

p a t te r n  in  th e se  compounds (lO and 11) as  they  a re  i s o la te d  from the  

a rom atic  n u c le i .  The p o s i t io n s  o f the a b so rp tio n  minima in  (lO) and 

(11 ) a t  257 ( ^max 5500) and ( 5550) re s p e c t iv e ly  a re  very  c lo se  to

th o se  o f the  8 ,8 ’-d im e th y l-1 ,1 ’-b in a p h th y l and 8 ,8 ’-b ishydroxym ethy l- 

1 ,1 ’-b in a p h tiiy l; th e se  f in d in g s  suggest th a t  d ih e d ra l angle  in  (lO ) 

and (11) corresponds to  t h a t  o f 8 ,8 ’- d is u b s t i tu te d  methyl and b ish y d r-  

oxjmiethyl compounds, and. th e  s t e r i c  s i tu a t io n s  in  th ese  compounds a re  

p robab ly  th e  same.

The ab so rp tio n .sp ec tru m  of 8 ,8 ’-biscyamiomethyl- 1 , 1 ’-b in ap h th y l 

( 9 ) d id  n o t resem ble th a t  o f i t s  d ia c id  (lO ); a  long-wave le n g th  s h i f t  

o f th e  spectmun was observed w ith  re d u c tio n  in  in te n s i ty  o f th e  absor(^-
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t io n  mrximum o.t sh o rt-vuve  le n g th . The f in e  s t ru c tu re  fe a tu re  o f 

-band d isap p eared  and the  ab so rp tio n  minimum bathoch rom ically  sh ifted *

( i i )  U.v* a b so rp tio n  spectium  o f 1 ,1 '-b in a p h th y l~ 8 ,8 ’-b is (rn e th y len e - 

pyrid in ium ) d iio d id e  ( l2 ) :

The u .v .  a b so rp tio n  spectrum  of (12) d id  n o t resem ble th e  o th e r  

compounds in  th i s  s e r ie s  and d id  n o t show v ib ra t io n a l  f in e  s t ru c tu re  ; a t  

th e  same tim e th e  long-wave band o f naph thalene  d isap p ea red . The ab so rp ­

t io n  minimum was observed a,t 274 nn { C-min 11200) and th e  short-w ave 

u n s p l i t  in te n se  band a t  221.5 nm ( 155)400) .  I t  can be supposed th a t  

t h i s  m olecule has 'the,.* same d ih e d ra l ang le  as in  o th e r  8 ,8 '-c l is u b s -  

t i t u t e d  l , l '- b i n a p h t h y l s .  The s h i f t  o f ab so rp tio n  minimum towards lo n g - 

\m velength  a t  274 rm (u s u a lly  around 257-258 nm) w ith  a com paratively  

h ig h  in te n s i ty  could  be due to  the  p y rid in e  a b so rp tio n  band r e s u l t in g  

from th e  t r a n s i t io n  a t  252nm p ilso  some shou ld ers  a t  the  long-wave

end o f th i s  band (G illam  and S te rn , 1957)? thus t h i s  observed minimuia 

i s  n o t the  r e a l  minimum fo r  the  main 1 , 1 ' -b in a p h th y l n u c leu s . Organic 

c a tio n s  norm ally  have an e x c ite d  s ta t e  le s s  p o la r  than  t h e i r  ground 

s t a t e  and show a  la rg e  b lue  s h i f t  o f charge t r a n s f e r  a b so rp tio n  on 

changing from a le s s  p o la r  to  more p o la r  s o lv e n t . In  th i s  m olecu le, 

the  u .v .  spectrum  observed in  95p e th an o l and in  chloroform  d id  n o t 

show any s h i f t  o f the  a b so rp tio n  bands. This again  could be due to  

th e  charge s t a b i l i s a t i o n ,  which the in c re a se d  p o la r i ty  o f th e  so lv en t 

could n o t e f f e c t  o r i t  could be due to  the  two ends o f the  m olecule 

hav ing  p o s i t iv e  charge and hence b :e (f )-(-'}-) re p u ls io n s . Another reason
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m ight he found in  th a t  th e  p o s i t iv e ly  charged n itro g e n  atom i s  ly in g  

over the  ^ - c lo u d  o f th e  o p p o s ite  naph thalene  r in g .

b* U l t r a - v io le t  a b so rp tio n  s p e c tra  o f 8 ,8 ’-b rid g ed  1 ,1 ’-b in ap h th y Is  

In  th e  ground s t a t e  b r id g in g  makes th e se  1 ,1 '-b in a p h th y Is  m u lti­

p la n a r  w ith  one p re fe r re d  conform ation .

^ i )  C arbocyclic  compounds:

H a ll and Turner (1955) re p o r te d  th e  p re p a ra tio n  o f 9*10-d ihydro-  

3 ,4 »5>6-dibe.nzophenanthrene (44) • The u .v .  spectm ia o f th i s  compound 

(H a ll and Hazengo, 196?) shows a s tro n g  co n ju g atio n  band a t  239 

( 2 max 42000) .  T his m olecule i s  n e a r ly  p la n a r  as th e  b r id g in g  m ethylene 

groups reduce th e  d ih e d ra l a n g le . Tliis m olecule i s  & dissym m etric and 

has a tw ofold  g,xis o f  symmetry (C ^). Compounds in  th i s  s e r ie s  w ith  

th re e  atoms in  th e  b rid g e  (Mislow, G lass , O’B rien , R u tk in , S te in b u rg , 

Weiss and B je r a s s i ,  1962) a lso  show s p l i t t i n g  o f the  short-w ave maxi­

mum a b so rp tio n  band. Compound (49) show an ab so rp tio n  maximum a t  220 nm 

( 112200) and 232 nm (74000); s im ila r ly  an oxepin ( 50) shows th i s  s id e

(49) O‘o)
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band a t  2^1 nui ( 724OO)

U l t r a - v io le t  a b so rp tio n  s p e c tra  o f 1 ,1 ’’-b in a p h th y l-8 , 8 *-b rid g ed  

ca rb o cy c lic  compounds

, The d ic a rb o x y iic  a c id  ( I 4 } belongs to  p o in t group (CL) and mono- 

c a rb o x y lic  a c id  (15) to  p o in t group (G^), but the main u .v .  a b so rp tio n  

c h a ra c te rs  o f both a c id s  were found to  be very  c lo se  (see  f ig u re  6^7 ). 

l l ie ’ two s p e c tra  p o ssess  f in e  s t ru c tu re  and the  long-wave ty p ic a l  naph­

th a le n e  band appeared a t  519 hu (sh o u lü e r, 1900-2000), A s l ig h t  re d u c tio n  

i n  th e  in te n s i ty  o f  ab so rp tio n  minlmuia and blue s h i f t  compared w ith  

un bridged compounds suggests  th a t  the  try is t about the  1 ,1 '-bond in  

th e  b ridged  compounds i s  la r g e r ,  A marked d if fe re n c e  betv/een the  sp e c tra  

o f  open and bridged  compounds was found in ' th a t  the  carb o x y iic  a c id  

groups o f th e  l a t t e r  d id  n o t e f f e c t  the  spectrum  of the  main sk e le to n , 

th i s  j s  presum ably because t]iey a re  i s o la te d  ly/ carbon atoms from the 

arom atic  r in g  system , Tlie sp e c tra  o f t h e i r  m ethyl e s te r s  ( I 6 ) and ( l ? )  

resefeble the  a c id s  su g g estin g  th a t  the  f a c to r s  invo lved  in  th e  t r a n s i ­

t io n s  were very  s im ila r .

The rep lacem ent o f the  mot';o::y carbonyl groups by b i shydr oxyme th y l 

groups on the  c e n tr a l  carbon a t e r  o f th e  b ridge  d id  n o t a l t e r  very  much 

th e  s p e c tra  o f t h e i r  s y n th e tic  p re c u rso rs . The e f f e c t  o f hydroxyl 

groups was found s im ila r  to  t';c  8^0* -b ish y d roxyraeth y l  o r 2 ,2 '-b is h y d ro -  

xymethyl 1 ,1 '-b in a p h tliy Is  and the  a l ip h a t ic  ch a in , Owing to  i t s  auxoch­

rom ic n a tu re ,  a s l ig h t  in c ro c c ’ in  in te n s i ty  o f th e  a b so rp tio n  bands 

were found; fo r  example the d:wi ;chvl e s te r  ( 17) shows a b so rp tio n  maximum



170

a t  223 nin ( ‘d r.cx  7^900) c:.id the  d ia lc o h o l (19) a t  225 nm ( 2 ,nax 8^500)

Imt the  appearance o f th i s  hand in  both mono- and d ia lc o h o ls  (18) 

and ( I9 )  a re  ' d i s t i n c t l y . s i m i l a r ,  in  both, cases maximum a b so rp tio n  

occurs a t  225 nm, thus the  s t e r i c  s i tu a t io n s  in  th ese  c a rb o cy c lic  

( 8 , 8 * -b rid reh  1 , 1 ’-b in a p h tir / ls )  compounds a re  presum ably approxim ately  

th e  same,

( i i )  U l t r a - v io le t  a b so rp tio n  s p e c tra  o f 8 , 8 ’-b rid g ed  îf-h e te ro c y c lic

compounds

The ab so rp tio n  spectrum  o f th e  compound ( 20) shows an in te n se  

short-w ave band a t  223 (&maz 8^500) very  c lo se  to  th a t  o f the  

c a rb o cy c lic  compounds. Pine s t ru c tu re  fe a tu re s  were s l ig h t ly  d im inished  

and th e  long-w^ave ty p ic a l  na-phthalene band appeared as  shou lder a t  

321 nm (Gmar 2^200), S p l i t t in g  o f the p -b a n d  was observed (see  f ig u re  8  ) 

r h i s  m ight be due to  the  p o s i t iv e  charge o r  to  the  p resence  o f h a lid e  

.io n  in  the  s o lu tio n .

The ab so rp tio n  sp e c tra  o f th e  compounds ( 2 l )  and (22) resem ble 

( 20) ;  t h e i r  ab so rp tio n  maximum appeared a t  222 nm ( £ms.x 90OOO) and 

223 nm ( 6 max 93000) r e s p e c t iv e ly ,  o th e r  fea .tu res  o f t h e i r  sp e c tra  

were rem ained very  c lo se  to  each o th e r . The p o s i t io n  o f the  ab so rp tio n  

minimum in  tlie se th re e  q u a te rn ary  ammonium h a lid e s  were found a t  

255 nm (4200) ,  255*5 nm(4200) and 254*5 nm (42OO), which i s  exp lained  

by th e  d ih e d ra l an g les  in  th e se  compounds being  the  same and o th e r 

s t e r i c  s i tu a t io n s  a re  a lso  very  c lo se  to  each o th e r . V a ria tio n s  in  

th e  le n g th  o f the  s u b s t i tu e n ts  a t  the b ridge  carbon atom and a lso  on
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th e  azep in iiin  n itro g e n  d id  n o t e f f e c t  the  main chromophoric t r a n s i t io n  

c h a r a c te r i s t i c s  o f the sn o c tra .
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5 . CIIIÎIOFTICAL EFFECTS' AM) STEEEOCHMJICAL CQRREIATIOITS

5 .1  In tro d u c tio n

ITom Yeirj beg ln ing  o f  s te reo c h e m is try  i t  has heen r e a l i s e d  th a t  

th e  o p t ic a l  a c t i v i t y  o f  a m olecule i s  a  fu n c tio n  of th e  arrangem ent 

o f  atoms o r groups d is t r ib u te d  in  th e  space w ith in  th e  m olecule, and 

t h i s  c lo se  r e l a t io n  between o p t ic a l  a c t i v i t y  and th e  m o lecu lar geometry 

i s  r e f le c te d  in  th e  re fin em en t o f th e  s tudy  o f a b so lu te  s te reo c h e m is try . 

The o p t ic a l  a c t i v i t y  o f  en o rgan ic  m olecule n e c e s s a r i ly  re q u ire s  

c h i r a l  s t r u c tu r e  o f th e  m olecu le , to g e th e r  w ith  th e  c h ir a l  d i s t r ib u t io n  

o f v a lence  e le c tro n s  which a re  p re se n t in  th e  in d iv id u a l chromophores 

o f  th e  e le c tro n ic  s p e c tra .  On th i s  b a s is  i t  could be imagined th a t  the 

m olecule i s  a  framework o f  e le c tro n ic  o s c i l l a t o r s ,  a l l  o f  them c o n tr i ­

b u te  to  th e  t o t a l  o p t ic a l  a c t i v i t y ;  as a r e s u l t  the  o p t ic a l  a c t i v i t y  

in  a  m olecule i s  th e  sum o f  r o ta t io n  o f  p la n e -p o la r is e d  l i g h t  c o n tr i ­

b u tio n s  both  by the in te n s i ty  and a n iso tro p y  o f  each a b so rp tio n  band,

A d issym m etric m olecule which has se v e ra l chromophores o f  d i f f e r e n t  

n a tu r e , where one o r more than  one e le c tro n ic  t r a n s i t io n  can occur c o rr­

esponding to  each chronophcre, shows Cotton e f f e c t s  (d e fin ed  l a t e r ) .  

P ro fe sso r  A.Eoscowita ( I 96I ,  I 962) c l a s s i f i e d  o p t ic a l ly  a c t iv e  chro­

mophores in to  two c la s s e s :

( i )  In h e re n tly  dissym m etric chromophores, and

( i i )  D issym m etrically  p e rtu rb e d  s^rnimetric chromophores.

In  the  in l ie rc n tly  d is s y u jo t r ic  chromophores, e le c tro n s  occupy an enan t­

iom eric  co n fig a ra ,tio n  even in  an a c h ir a l  environjaent and have very
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high o p tica l a c t iv i t y  and show in ten se  Cotton e f f e c t s ,

The s ig n  o f  th e  C otton e f f e c t  o f  an in h e r e n t ly  d issym m etric  

chromophore i s  d i r e c t ly  r e la t e d  to  th e  c h i r a l i t y  o f  th e  chronophore  

i t s e l f ,  hut th e  s ig n  o f  C otton  e f f e c t  o f  a sym m etric chromophore p e r t ­

urbed i n  a c h ir a l  en v iron m en t, e . g .  a k e to  group, depends on th e  c h i r a l i t y  

o f  th e  p e r tu r b in g  medium,

Tlie o p t ic a l  a c t i v i t y  o f  a  m o lecu le  can be a s s e s s e d  by two e f f e c t s  

on p o la r is e d  l i g h t :  c ir c u la r  b ir e fr in g e n c e  and c ir c u la r  d ic h r o ism . The 

form er i s  s tu d ie d  by m easuring  th e  r o t a t io n  o f  th e  plane' -of p o la r is a t io n  

o f  th e  p la n e -p o la r is e d  l i g h t ,  or in  o th e r  words th e  d i f f e r e n c e  in  v e lo ­

c i t y  o f  th e  r i g h t -  and l e f t - c i r c u l a r l y  p o la r is e d  beam, a s  a fu n c t io n  

o f  th e  energy o f  r a d ia t io n .A  p lo t  o f  m o lecu la r  r o t a t io n  o f  th e  o s c i l l ­

a t in g  p la n e  o f  l i n e a r ly  p o la r is e d  l i g h t  a g a in s t  w avelength  ( nra) g iv e s  

an o p t ic a l  r o ta t o r y  d is p e r s io n  ( o . r . d . )  c u r v e , For compounds which do 

n o t absorb  in  a  p a r t ic u la r  r e g io n  o f  w a v e le n g th , th e  p lo t  i s  a " p la in  

cu rve" , bu t i f  th e  m o lecu le  ab sorb s r a d ia t io n  a s  a  r e s u l t  o f  an e l e c t r ­

o n ic  t r a n s i t io n  an anom alous curve o r  "Cotton e f f e c t "  i s  o b serv ed . The 

s ig n  and am p litu d e o f  a  C otton  e f f e c t  curve g iv e  s i g n i f i c a n t  in fo r m a tio n  

about th e  r e a l  arrangem ent o f  th e  l ig a n d s  in  sp ace  ( i . e , ,  th e  a b s o lu te  

c o n f ig u r a t io n )  o f  th e  m o le c u le , IZhen th e  p o s i t i v e  extremum o f  th e  o . r .d ,  

curve ( th e  p eak) i s  a t  lo n g e r  w avelen gth  than th e  n e g a t iv e  extremum 

( th e  tr o u g h ), th e  C otton e f f e c t  i s  p o s i t i v e ;  when th e  n e g a t iv e  extremum 

i s  a t  lo n g e r  w avelen gth  than  the p o s i t i v e  extremum, th e  C otton e f f e c t  

i s  n e g a t iv e ,  •
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U nits  and d e f in i t io n s  o f  o p t ic a l  r o ta to r y  d isp e rs io n  param eters

M olecular r o ta t io n  [ mJ i s  de fin ed as

r  1 I ' M  .
|_Mj -z  ------------- ( in  degrees)

100

Tdiere M i s  th e  m olecu lar w eight o f  th e  o p t ic a l ly  a c tiv e  compound and 

the  s p e c i f ic  ro ta tio n *

[4

Trough

-The am plitude a -  ( [ m] fo r  extremum o f  long\.avelength  -  [m] fo r

extremum o f  s h o r te r  w avclength)/lOO  , expressed  in  

degrees* The h o r iz o n ta l  d is ta n c e  h (h read th  o f the  Cotton e f f e c t  i s  

de fin ed  as h r  Xp "  ^2 > where and a re  the w avelength o f peak

and trough  r e s p e c tiv e ly  and exp ressed  in  nanonel-ers (nm), ^  i s  the  

w avelength where th e  curve changes i t s  s ig n  a.cd r o ta t io n  i s  z e ro .

# ie n  the  r a d ia t io n  has a  frequency c lo se  ■'•o an a b so rp tio n  band, 

bo th  th e  r e f r a c t iv e  in d ic e s  and th e  e x tin c tio n  c o e f f ic ie n ts  fo r  l e f t -  

and r i g h t - c i r c u l a r l y  p o la r is e d  beams which maoa on th e  p lane  p o la r is e d  

l i g h t  w i l l  n o t be id e n t ic a l  and th e re fo re  a f t e r  p a ss in g  throu/,ii th e
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o p t ic a l ly  a c t iv e  substance  th e  two ?/aves w i l l  n o t recombine to  maJce 

p la n e -p o la r is e d  11^ h t bu t w i l l  r e s u l t  in  an e l l i p t i c a l l y  p o la r is e d  

v ib ra t io n  form, making an angle  o< between i t s  m ajor a x is  and the 

o r ig in a l  p lane  o f  p o la r i s a t io n .  The medium i s  s a id  to  e x h ib it  c i r c u la r

(The r o ta t io n  d  and e l l i p t i c i t y  y  o f p la n e -p o la r ise d  l i g h t  

emerging from an o p t ic a l ly  a c tiv e  s o lu tio n  in  the  ab so rp tio n  re g io n j

d ich ro ism . The e l l i p t i c i t y  o f  th e  wave i s  de fin ed  as the  ang le  whose 

tan g en t i s  th e  r a t i o  o f  th e  m inor to  th e  m ajor a x is  o f 't h e  e l l i p s e .  

U n its  and d e f in i t io n s  o f  c .d .  param eters

M olar e l l i p t i c i t y  i s  d e fin ed  as

e j  z 5500/16

where % d i f f e r e n t i a l  a b so rp tio n . Tie am plitude

a  i s  40.28 A& o r O.,O122'|^0

• A p lo t  o f m olar e l l i p t i c i t y  a g a in s t  waveloL.gth (nm) g ives a 

c i r c u la r  dichroism  ( c .d . )  cu rve .
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5a2 S tereochem ical C o rre la tio n s :

The fo llo w in g  methods ha.ve "been ap p lie d  to  skewed bia-ry ls ( in h e re ­

n t ly  d issym m etric) to  determ ine ab so lu te  configura-tion

( l )  Asymmetric S y n th e s is : -  In  th i s  method asymmetry in  in tro d u ced  in  

th e  course  o f a r e a c t io n ,  which in v o lv es  th e  p r e f e r e n t ia l  form ation  o f

one o r  o th e r  d ia s te re o iso m e r in  th e  r e a c t io n  o f (z t ) -su b s tance  w ith  an

unsym m etrical re a g e n t, Tlie re a g e n t approaches th e  p a r t  o f th e  m olecule 

to  be reduced from th e  le s s  h in d ered  s id e ,  M eerwein-Ponndorf-Verley 

re d u c tio n  o f a  k e to  group has proved e f f e c t iv e  as suggested  by Woodward,

ïïend ler and B ru tschy (1945)• A b ip h en y lic  ke tone  has been reduced by
a b so lu te

c e n tr a l ly  asymm etric a lco h o ls  o f  know n/configura tion  Newman, E utk in  

and Mislow (1958) and r e s u l te d  in  c o n f ig u ra tio n a l d e te rm in a tio n  o f 

b ipheny ls  and l a t e r  o f l , l* - b in a p h th y ls  (Mislow and McGinn, 1958)* The 

s te r e o s p e c i f ic i ty  o f  th i s  method i s  g e n e ra lly  a p p lic a b le  one, 

R -c o n fig u ra tio n s  a ss ig n ed  on th e  b a s is  o f  asymm etric sy n th e s is  and 

chem ical c o r r e la t io n :  (?,Iislow and McGinn, 1958)

•COOH

■CH,t-GOOH

(SI)

l-CH,

:oH= 0



177

/g c o n fig u ra tio n  a ss ig n ed  to  which the  o th e rs  a re  r e la te d .  The compound

( 54) d i f f e r s  from k e tones (RE’C.=-0) in  th e  c la s s ic a l  M eerwein-Ponndorf- 

V erley re d u c tio n  in  two ways: (a ) I t  can e x i s t  in  enan tiom eric  form s,

(b ) hydrogen t r a n s f e r  to  e i th e r  face  o f the  carbonyl group in  a  given 

enantioraer produces th e  same a lco h o l ( 5 5 ) > i . e ,  R-(54) only  g ives 

R-(55) on re d u c tio n ; t h i s  i s  because compound (54) i s  a dissym m etric 

nonasyrm etric  m olecule and ha,s a  tw ofold a x is  o f symmetry O^, and the  

compound (55) i s  an asymm etric m olecule (C ^). Compounds w ith  th re e  atoms 

in  the  b r id g in g  in  the  2 ,2 ‘-p o s i t io n s  o f  l , l '- b in a p h th y l s  a re  f a i r l y  

h ig h ly  o p t ic a l ly  s t a b l e .  Hydrogen can be tra n s fe re d  by a  g iven  en an t- 

iomer o f  (RR’CHOH) i . e .  _S-(-h)“ 2 -o c tan o l to  e i th e r  face  o f  th e  carbonyl 

carbon o f (5 4 ) . Prom in s p e c tin g  models o f  th e  t r a n s i t io n  s t a t e ,  i t  was 

expected th a t  re d u c tio n  o f th e  R -isom er by _S-octanol would tak e  p lace  

q u ick er th an  th a t  o f  th e  Syisom er. As ^ - ( 4 - )-2 -o c ta n o l produces R - ( - ) -

( 55) ,  which i s  r e la te d  to  ( 4r) - 1 , 1 ‘-b in a p h th y l-2 ,2 ‘-d ic a rb o x y lic  a c id  

( 51) ;  thus g iv es  th e  R -c o n fig u ra tio n  f o r  th e  "o p tica l isom ers of the 

compounds shown above,

( 2) C o n fig u ra tio n a l c o r r e la t io n  o f  b ia ry ls  by O p tica l P isp la c e ra e n ts :-  

F i t t s ,  S ie g e l and Mi slow (1958) argued th a t  th e  success o f Preudenberg’s 

D isplacem ent Rule in  th e  c e n tr a l ly  asymm etric o p t ic a l ly  a c t iv e  compounds 

depends on th e  s im i la r i ty  in  s iz e  and shape o f  the  m olecules to  be 

compared. The au th o rs  s a id  th a t  l ik e  s h i f t s  in  o p t ic a l  r o ta t io n  w il l  

take  p la ce  in  r e la te d  d e r iv a t iv e s  o f b ia ry ls  o f  the  same c o n fig u ra tio n .
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and make a b a s is  f o r  a chem ical c o r r e la t io n .  Using th e  p o l a r i s a b i l i t y  

theory  o f o p t ic a l  a c t i v i t y ,  t 'le  au th o rs  a ss ig n ed  the S_-configuration to  

(4 r)-9 ,1 0 -d ih y d ro -3 ,4 ;5 * 6 -d ib o n zo p h en an th ren e  (44)• T herefo re  i t s  

s y n th e t ic  p re c u rso r , ( — ) - 2 ,2 ’- d ia c id  ( 51) has a lso  ^ -c o n f ig u ra t io n .

Tke. A bsolute c o n fig u ra tio n s  o f th ese  compounds a lre ad y  re p o rte d

(Mi8low and McGinn, 1958) confirm  the  v a l id i t y  o f th i s  r u l e .  F i t t s ,  

S ieg e l and Mi slow (1958) observed th e  o p t ic a l  ro ta t io n s  o f  s ev e ra l
ih

2 ,2 ’-b rid g ed  b ib y ls  o f known c o n f ig u ra tio n . 2 ,2 ’-B ridged compounds 

d e riv ed  from 8 - ( - ) - 6 ,6 ’- d i n i t r o - 2 ,2 ’-d ip h en ic  a c id s  and _ S -(-)-d ich lo ro - 

2 ,2 * -d ip h en ic  a c id s  have strong^ d e x tro ro ta to ry  power than  t h e i r  p a re n t 

unbridged  a c id s .  2 ,2 ’-B ridged compounds d e riv ed  from ^ - (4 -  ) - 6 ,6 ’-dim eth- 

' y l - 2 , 2 ’-d ip h e n ic  a c id s  again  show co n sid e rab ly  la r g e r  d e x tro ro ta t io n . 

On the  b a s is  o f th e se  fin d in g o  i t  has been proposed by P i t t s ,  S ieg e l 

and tiislow  (1958) th a t  > going from unbridged  to  2 ,2 ’-b r id g ed  b ia r y ls ,  

in v o lv in g  a change in  th e  in te r p la n a r  a n g le , r e f l e c t s  a c h a r a c te r i s t i c  

change in  th e  s ign  and magnitude o f  th e  o p t ic a l  r o ta t io n ,  and fo llow s 

a  g en e ra l ’O p tica l D isplacem ent R u le ’ , i . e .  a  sym m etrically  s u b s t i tu te d  

h in d ered  b ia ry l  has the  ( r e s p . R-) c o n f ig u ra tio n , i f  in  going from 

an unbridged  to  a b ridged  system , the  o p t ic a l  a c t i v i t y  s u f fe r s  a  marked 

s h i f t  in  the  p o s i t iv e  ( r e s p . n e g a tiv e )  d i r e c t io n .  Tliis r u le  i s  p e rm i^ - 

^ t iv e  bu t n o t o b lig a to ry : as the  au th o rs  a lso  said ,"w e would a lso  

h e s i t a t e  a t  th i s  tim e to  come to  firm  co nclusions u n le ss  th e  ’marked 

s h i f t ’ in  our ru le  invo lved  both a change in  s ig n  and reaso n ab ly  la rg e  

change in  m agnitude o f r o ta t io n " .
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($ ) C liiro p tic a l e f f e c t s : -  M slow  (1958) proposed th a t  th e  d e ta i le d  

study  o f o p t ic a l  r o ta to r y  d isp e rs io n  w i l l  f iu n is h  u s e fu l  in fo rm atio n  

about c o n f ig u ra tio n a l assignm ent,

C, D je ra s s i  ( I 960) e s ta b lis h e d  th e  u se fu ln e ss  o f  o . r . d .  curves f o r  

c o n f ig u ra tio n a l assignm ent in  o p t ic a l ly  a c t iv e  ke tones o f knom  ab so lu te  

c o n f ig u ra tio n . Mi slow , Bunnenberg, Ri chords , Wellman and Bj e ra s  s i  ( I 965) 

found th a t  th e  c i r c u la r  d ichro ism  ( c .d . )  curves o f skewed b ia ry ls  ( in ­

h e re n t ly  d issym m etric chromophores) a re  o f extreme u se fu ln e ss  in  s e p a ra tin g  

th e  in d iv id u a l e le c tro n ic  t r a n s i t io n s  re sp o n s ib le  f o r  th e  t o t a l  Cotton 

e f f e c t .

From th e  r e s u l t s  o f th e se  two. o p t ic a l  p ro p e r t ie s  o f  c h i r a l  mole­

cu le s  i t  i s  g e n e ra lis e d : c o r r e la t in g  th e  s ig n  and shape o f  Cotton e f f e c ts  

can c o r r e la te  th e  c o n fig u ra tio n  o f compounds. An enan tiom eric  p a i r  of 

m olecules have id e n t ic a l  Cotton e f f e c t s  o f  o p p o site  s ig n ,

5 .5  O p tica l R o ta to ry  D isp ersio n  and A bsolute C onfigu ra tion  o f  1 ,1 * -  

B inaphthyls
 ̂   ' were

a .  In tro d u c tio n . _ S p ec tro sco p ic  o b s e rv a tio n s /c o lle c te d  by Mi slow ,

G lass , O 'B rien , R u tk in , S te in b e rg , Y/eiss and D je ra s s i ( l9 6 2 ) fo r  a  s e r ie s

o f  s u i ta b ly  s u b s t i tu te d  unbridged  and b ridged  b ip h en y ls , 2 ,2 '- d i s u b s t i -

tu te d  unbridged  and bridged  1 ,1 * -b in a p h th y l3 , and t h e i r  co n fig u ra tio n s

r e la te d  to  th o se  compounds whose a b so lu te  c o n fig u ra tio n s  were a lread y

ass ig n ed  by some o th e r  s tan d a rd  m ethods. They a lso  found th a t  change in

conform ation b rin g s  about a  c h a r a c te r i s t i c  change in  o . r . d .  Cotton
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e f f e c t  cu rve . Tlie Icngv/cvelength Cotton e f f e c t  o f th e  2 ,2 ’~hridged 

h ia r y ls  i s  g e n e ra lly  accompanied by a Cotton e f f e c t  a t  s h o r te r  wave­

le n g th , o f o p p o site  s ign  and g r e a te r  am p litude , wiiich u s u a lly  dominates 

th e  s ig n  o f r o ta t io n  in  th e  v i s ib le  re g io n . For 2 ,2 '-b r id g e d  b ia r y ls  

hav ing  th e  R -c o n f ig u ra tio n , th e  s ign  o f the  longw avelength Cotton 

e f f e c t  i s  n e g a tiv e  f o r  6 , 6 * -d in i tro  d e r iv a t iv e ,  p o s i t iv e  fo r  6 , 6 ' -  

d im ethyl and 6 , 6 '-d ic h lo ro  d e r iv a t iv e  and 2 , 2 '- d i s u b s t i tu te d  1 , 1 *- 

b in a p h th y ls .

Unbridged 1 ,1 ‘-b in ap h th y Is  po ssess  complex u .v .  a b so rp tio n  sp e c tra  

dominated by maxima Bt 285 and about 230 nm (Frompton, Edw ards,Jn, 

and Henze, 1948) v.iiich correspond  to  the  complex o . r . d .  s p e c tra .

M slow  a t  a d . ( 1962) reco rded  two o . r .d .  Cotton e f f e c t s  fo r  1 ,1 * -  

b inaph thy ls  w ith  -CEgOH, -GH^Br, -CIî^, -COOH, -COOMe, -CGI'IH  ̂ groups 

s u b s t i tu te d  in  th e  2 , 2 ' - p o s i t io n s ,  cen te red  a t  285 nm and below 250 nm 

r e s p e c t iv e ly .  In  £i.ll cases a p o s i t iv e  285 nra Cotton e f f e c t  corresponded 

to  th e  R -c o n fig u ra tio n ,

B ridg ing  wi th  a, s a tu ra te d  chain  c o n ta in in g  two atoms in c o rp o ra tin g  

th e  2 , 2" -p o s ltio n rj o f  1 , 1 '-b in a p h th y ls  ( i . e .  compound 44) changes the  

u .v .  a b so rp tio n  p a t te r n  w ith  a  marked r e d - s h i f t  compared w ith  th e  un­

b ridged  hydrocairbon spectrum ; in  p a r t i c u l a r ,  a t  long-w aveleng ths, 

bands a t  520 nm, 328 nm, 535 and 348 nm. (H a ll and Maaengo> 196?) 

ap p ear. TMs compound shows a  r e d - s h i f t  o f  Cotton e f f e c t  which i s  

a s so c ia te d  w ith  i t s  u ,v .  ab so rp tio n  r e d - s h i f t :  i t s  C otton e f f e c t  i s  o f 

enormous am plitude {1370000^) c en te red  n e a r  250 nm.
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In  c o n tr a s t ,  the  o . r . d .  curves o f  b ridged  compounds co n ta in in g  

th re e  atoms in  th e  b ridge  jo in in g  th e  2 ,2 ‘-p o s i t io n s  o f 1 ,1 '-b in a p h th y l 

have u .v .  ab so rp tio n  s p e c tra  dominated by maxima a t  220 nm, 2^2 nm and 

306 nm. The r e d - s h i f t  o f th e  longv/avelength a b so rp tio n  baud a t  283 nm 

and 293*5 nm o f  1 , 1 ' -b in a p h th y l i t s e l f ,  in  comparison w ith  th e se  

bridged compounds, a lso  appears in  o . r . d ,  curves y ie ld in g  two Cotton 

e f fe c ts  o f o p p o s ite  s ig n , c en te red  around 3OO nm and below 240 nm re s p e c t­

iv e ly .  îÆislow e t  ad . ( 1962) suggested  th a t  a p o s i t iv e  3OO nm Cotton 

e f f e c t  corresponds to  th e  R -c o n f ig n ra tio n ,

b . O p tica l r o ta to r y  d isp e rs io n  s p e c tra ,  r e s u l t s  and d isc u ss io n  o f 8 ,8 * -  

d is u b s t i tu te d  unbridged  and b ridged  1 ,1*-b in a p h th y ls  in  th e  p re se n t 

work

In s tru m en t: P erk in-E lm er S p ec tro p h o to p o la rim ete r (P 23)

S l i t :  3 Gain: 3» Damp: 7; O rd in a te : 0 .1 ° .

S o lv en t: 95^ E thanol

Formula a p p lie d  in  c a lc u la t io n s :  Q iJ ^  x M
100

where M i s  m o lecu lar w eight o f th e  c h i r a l  compound, [oÇj i s  s p e c if ic  

r o ta t io n (  in  d eg rees) and i s  d e fin ed  as < ^obs/c  1̂ .

2  =: O .O j(leng th  o f c e l l ) ,  _c i s  c o n ce n tra tio n  o f  c h i r a l  compound in  

g/lOO m l. (K o b s .(o b se rv ed  o p t ic a l  r o ta t io n )  =: 0.001 x obsenred 

d e f le c t io n  ( in  d iv is io n s  o f th e  c h a r t p a p e r ) , where 0,001 i s  l e a s t  count.
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O p tic a l r o ta to r y  d is p e r s io n  d a ta  ( nm ,jocj in  p a r e n th e s e s ) .

a. am plitude o f  sh o r t-w a v e le n g th  C otton  e f i e c t ( l I o t e :  th e  compounds are  

n o t n e c e s s a r i ly  o p t i c a l ly  p u r e .)

( - ) - l , l ' - B i n a p h t h y l - 0 , 8 ‘-d ica rh o % y lic  a c id  (_c 0 .1 2 9 6 -0 ,0 0 1 1 1 8 4 )

546 ( - 839° ) ,  4Ç0 ( - 2160° ) ,  340 ( - 5780° ) ,  320 ( - 2500° ) ,  312 ( - 3900° ) ,

304.5  ( 0° ) ,  270 ( 1 1 0 8 2 5 ° ) ,  259 (> -4614° ) ,  249.5 ( + 16)100° ) ,  242 ( 0° ) ,

253 ( - 563,890° ) ,  230 ( - 537,500° ) ,  215 ( - 295,000° ) ;  (a  .. 1,984000° ) .

( 4- ) -^  ' -D ish ro m o m eth y l-l, 1 * -b in ap h  th y l  (_c- u ,0 3 0 4 -0 .0 0 1 8 2 4 )

54s ( + 348° ) ,  320 ( T 986° ) ,  295 ( + 10360° ) ,  290 ( +  12500° ) ,  285 (113900° ) ,  

258 ( +  25000° ) ,  255 ( + 23500° ) ,  243 (0° ) ,  238-235 ( - 82000° ) ,  277 ( - 95000° ) ,  

220 ( - 46700®); 514500° )

( "b) - 8 ,8  *-d im e th y l- 1 ,1  *-b in ap h t h y l  (£ = 0 .0 1 4 -0 .0 0 2 8 )

546 ( +  250° ) ,  330 ( + 714°), 325 ( 11420° ) ,  320 ( + 714° ) ,  313 ( 0° ) ,  295-

291.5  ( - 4600° ) ,  203 (0 ° ) ,  275 ( + 23600° ) ,  270 (+25700°), 265 (+27800°),

260 (+  28200° ) ,  25c (+  41000° ) ,  245-242 ( + 42500° ) ,  235 (+  85700° ) ,

220 ( 0° ) ,  222. 5-220 ( - 35700° ) ,  215 ( - 48000° ) , ’ 205 ( - 8900°)

( a =  377600° ) .

( +  ) - 2 , 2 ' - l : in s t h r l - l ; l ' - M n ap h fn y l ( c  ^ 0 .5 7 2 -0 .0 0 0 9 2 )

546 (+  22° ) ,  352 ( 0° ) ,  327 ( -2 9 7 ° ) , 321.5 (o ° ) ,  319 ( + 220° ) ,  315 ( 0° ) ,

305 ( - 890° ) ,  298 ( 0° ) ,  275 ( + 15100° ) ,  265 ( + 16000° ) ,  260 ( + 13000° ) ,

245 (+  39000° ) ,  233.5 ( + 185000° ) ,  230 ( 0®), 224.5  (-266000  ) ,

220 (-152000  ) ,  216  ( . 1 0800° ) ;  (à :, 1054000° ) .
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( -h ) - l , l ‘-Binaphthyl (c  -  O.O56-O.OOC

578 0203°), 320 ( + 5 5 c f) , 3 1 5 (+ 8 0 c r) , 310 ( r 506" ) ,  300 (+  3 o f ) ,

293 ( r  490dP),  290 (+  5700^ ) ,  285 ( f  11500^ ) ,  283 ( t  1200d^), 2?2 (+  15000" ) ,  

255 (+ 9900' ) ,  230 (+  9800cT), 225 ( d ' ) ,  220 ( - I 8OOO0M), 219 ( -1 8 5 0 0 d ') ,

217 (-iGOOOcF), 214 (d^) ,  208 ( + 78000^), (a  ^ 518800^)

( +  ) - l , l '- B i n a p h th y l - 8 ,8 ’- d ia c e t i c  a c id  (lO ) ( c c  0.0512-0.002048)

546 (+  227" ) ,  340 ( + 1270" ) ,  335 ( t l l 7 0 ' ) ,  328 ( t 2lOGf),  320 (k50d f ) ,  

315 ( i  780=) ,  310 ( + 490* ) ,  306 ( 0* ) ,  300 ( - 590" ) ,  293 ( - 490" ) ,  291 ( 0° ) ,  

280 ( t 730Cf),  277 ( + 7400* ) ,  269 ( r i o o o o f ) ,  %65 ( + 1220Cf),  260 (+  12700* ) ,  

252 ( + 20500* ) ,  247.5  ( + 37000° ) ,  239 ( 0° ) ,  227 ( - 8050# ) ,  225 ( - 73000^ ) ,

213 (-3 6 6 0 0 f); (a  = 434600°)

( - ) - l , 1 ' - B inaphthy1- 8 , 8 ‘- d ia c e t i c  a c id  ( lO) (£  % 0 .056-0.00112)

546 ( - 307^ ) ,  400 ( - 700° ) ,  330 ( - 2300° ) ,  311 ( c r ) ,  307 ( + 1200° ) ,  293 ( d " ) ,  

280 ( - 11300° ) ,  276-273 ( - 13600° ) ,  270 ( - 1540Cf),  268 ( - 16500° ) ,  260 ( -  

19000* ) ,  254 ( - 48000° ) ,  250 ( - 49000" ) ,  248 ( - 55500" ) ,  239 ( # ) ,  

228 ( ^ 134000° ) ,  220 (+$2000°), 217.5 (cP) ;  ( a ?  5I 86OO0" ) .

( 4 - ) - l , l ‘-B in a p h th y l-8 ,8 ‘-h i8 (m ethy lenepyrld in ium ) d iio d id e  ( l2 )

(c  := 0 . 0512- 0 . 0031)

546 (-^2 0 2 * ), 340 ( + 780*), 328 ( +1270°), 320 ( + 29C r), 315 ( c f ) ,  

304 ( - 390° ) ,  301 ( 0° ) ,  290 (+7300° ) ,  275-270 I '. I 0700f ) ,  250 ( + 34000° ) ,  

231.5  ( 0^ ^ , 220 ( - 40000° ) ,  217 (-48000*), 210 (-dOCOCr), (a  ^ 6OOOOO)
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( r ) - ( l 3 )  ' (c = 0 . 0163- 0 . 000326)

346 (+317*),  436 ( + 7 0 0 * ) ,  405 ( +962*) ,  365 ( t l 6 2 0 * ) ,  330 ( + 2400*),

310 (+650c f ) ,  300 ( +4600° ) ,  275-270 ( + 11300d r ) ,  263 ( + 1300^ ) ,

260 . ( + 12600° ) ,  243 ( f 49000° ) ,  235 ( + 26000° ) ,  233 ( 0° ) ,  227.5 ( - 330000^ ) ,  

215 ( - 150000" ) ;  (a -  1659000 ) .

( 4 - ) - ( l4 ) ^ ( c  =  0 . 033- 0 . 00132)

546 ( + 356*) ,  340 ( + 1500=) ,  310 ( + 8000° ) ,  295 ( + 4700° ) ,  284 ( + 7600") ,   ̂

275 (+  9000* ) ,  270 ( +8800" ) ,  247 (+  74800* ) ,  242.5  ( + 7700CT), 232. 5( 0° ) ,

222 ( - 190000' ) ,  214 ( 0 ° ) ,  208 ( + 91000" ) ,  (a= I I 7OOOO ) .

( - ) - ( l 4 r  l a  = 0 . 204- 0 . 000816)

546 ( -3 1 8 ° ) , 340 ( - 1900* ) ,  320 ( -  3200* ) ,  310 ( - 390d ) ,  299 (-220dP),

271 ( - 9300"),,266  ( - 7600^ ) ,  260 ( - 9000" ) ,  245 ( - 3060dP),  233 (dP) ,

222 ( + 290000° ) ,  212 (+ 160000° ) ,  ( a =  1300000^ ) .

( + ) - ( 1 7 )  (c_= 0 . 0168- 0 . 00336)

546 ( + 257" ) ,  310 ( +7400* ) ,  297 ( + 4200° ) ,  243 ( + 5300CP), 233 (OP), 

225-223 ( - 148800° ) ,  218 ( - 107000" ) ,  213 ( 6 r ) ,  (a :JB 3600d " ) .

( - ) - ( l 7 )^(c:%  0 . 01968- 0 . 0023616)

564 ( - 264* ) ,  310 ( - 9000° ) ,  293 ( - 76OOP), 273-270 ( - 15000" ) ,  260 ( - 15300° ) ,  

244 ( - 67000° ) ,  233 ( d ' ) ,  230 ( + 440000° ) ,  221 ( + 1650: 0° ) ,  214 ( + 114000° ) ,  

( a =  930000° ) .

^  I'Tun'bsrs r e f e r  t o />'///-*/6
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( + ) - ( l 9 ) (c  = 0 . 03504- 0 . 0014016)

546 ( +  3 2 0 f ) ,  320 (+  2 0 0 0 ° ) ,  311 ( + 3 4 0 0 * ) ,  295 ( + 7 0 0 0 ° ) ,  244 (+  5 2 8 0 0 ° ) ,

2 3 4 .5  ( 0 " ) ,  225 ( - 2 3 5 0 0 0 ' ) ,  215 ( 0 " ) ,  210 ( . +  50000= ),  ( a  = 1020000° ) .

46
( - X I 9 )  ( c  c 0 . 02048- 0 . 00328)

546 ( -  378°), 310 (-5 0 0 0 °), 295 (-3600"), 268 (-11000"), 268 (-9300"), 

245-242 (-5 0 0 0 0 °), 235 (0 ° ) ,  230 ( +56600°), 224 (+ 9 6 0 0 0 * ), 215 ( + 68000"'),

( a  =  . 5 2 0 0 0 0 ° ) ,

( + ) - ( l 5 )  (c  = 0 .022 -0 .0011)

546 (-523'")f 3^0 ( + 6000°), 300 (+ 8600*), 290 1 + 6000* ) , 270 (-v IO6OO*;,

264 (+  11000*), 244 (+  66000"), 235.5 (0 " ), 222 (-91000"), 220-215

( - 1000000* ) ,  212 ( - 68000° ) ,  ( a  = 56OOOO*).

( - ) - ( l 5 )  ( 0 = 0.0304-0.00473;

546 (-513'^), 320 (-5900*), 313 (-6900"), 305 (-6 0 0 0 °), 295 (“7000"),

290 (-7 2 0 0 °), 246 (-61000"), 235.3 (0 * ) , 230 ( r  82000* ), 220-217 

( +126000*), 215 (+ 1 1 6 0 0 0 * ), 205. (.+ 42000*), (a  -  630000").

( + ) - ( l 6 )  ( 0 = 0.056-0.001064)

546 (•444*), 320 ( + 5800* ), 306 (4 -8 5 0 0 °), 273-269 ( 4- 11600* ), 240 

(+ 8 6 0 0 0 ° ) , 232 (0 * ) , 225 (-94000*), 220 (-7 0 0 0 0 °), 216 (-5 6 0 0 0 °),

(a  -- 630000").
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( - ) -  ( 16) ( c =. 0 . 023- 0 . 00046)

346 ( - 478° ) ,  320 ( - 4100" ) ,  307 ( - 5400" ) ,  300 ( - 4000" ) ,  269 ( - 12600° ) ,

264 ( - 12000° ) ,  242.5  ( - 67000*) ,  232 (0 °^, 221 ( 4- 88000° ) ,  21? ( + 91000° ) ,

210 ( +76000*), (a =  558000*).'

( + ) - ( l 8 )  (o = 0+02- 0 . 0004)

546 ( + 500*) ,  320 ( + 5000*) ,  310 ( + 8 2 0 0 * ) ,  296 ( + 6 2 0 0 ° ) ,  255 (4r 23000*),

243 ( + 44000* ) ,  233 ( 0° ) ,  230 ( - 250000*),  220 ( - 460000^ ,  216 ( - 440000*) ,

( a c  1640000" ) .

96
( - ) - ( l 8 ) (c  0 .084-0.001344)

546 ( - 554* ) , 320 ( - 5400" ) ,  315 ( - 6800* ) , 297 ( - 1800° ) ,  260 ( - 12500" ) ,  

245 ( - 61000° ) ,  235 ( 0° ) ,  230 ( + 253000* ), 222.5  ( +  390000* ) , 215 

(+160000°), (a  := 1400000" ) .

^  . .  . .

( +  ) - (2 0 )  ( c -  0 .08 -0 .008 )

546 ( +  4 s f  ) ,  340 ( 41500° ) ,  313 ( 44600° ) ,  297 ( 0° ) ,  290 ( - 2250° ) ,  

279 ( 0° ) ,  243 ( 444000° ) ,  235 ( 0° ) ,  230 ( - 230000° ) ,  225 ( - 250000° ) ,  

215 ( 0° ) ,  ( a = 1300000° ) .

*
(_)_(20) (e 0.0808-0.001616)

546 ( - 156° ) ,  340 ( - 1000° ) ,  315 ( - 2400° ) ,  297 ( 0° ) ,  291 ( 4- 1200° ) ,

289 ( 0° ) ,  245 ( - 31000° ) ,  243 ( - 31000° ) ,  235 ( 0° ) ,  227 ( 477000° ) ,

220 ( + 62000° ) ,  210 ( + 31000° ) ,  (a  -  480000°).
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( + ) - ( 2 l )  (c ^ 0 .044-0.001584)

546 ( + 363* ) , 340 ( + 2730* ) ,  314 ( + 7200* ) ,  298 ( 0" ) ,  293 ( - 2400^ ) ,

285 ( - 6 8 # ) ,  279 ( 0" ) ,  265 ( t 8400* ) ,  250 ( +8500* ) ,  243 ( + 43000*) ,

237 (0 * ), 222.5  ( - 205000*), 218 ( - 160000* ) , (a  = 1180000*).

( - ) - ( 2 l )  (c  -  0.0021-0.000084)

546 ( - 287* ), 330 ( - 4000° ) ,  315 ( - 6000* ), 298 ( 0* ) ,  293 ( + 2000° ) ,  280 ( 0° ) ,  

246 ( - 44000* ) , 238 ( 0* ) , 230 ( t 210000° ) ,  225.5  ( 'H 226000* ) ,  220

( + 150000" ) ,  215 (+  120000°), (a  -  1040000° ) .

( + ) - ( 22) ( c = 0 . 058- 0 . 00116)

546 ( + 279°), 340 ( + 2600° ) ,  312.5  ( -+ 7700° ) ,  295 ( 0° ) ,  292.5  ( - 1400* ),

282 ( 0° ) ,  246 (V 60000° ) ,  239 (0 ° ) ,  225 (-280000°), 210 (-146000°),

(a  = 1700000° ) .

( - ) - ( 2 2 )  (  0 = 0 . 0412- 0 . 0049)

546 ( - 140" ) ,  340 ( - 1900° ) ,  314 ( - 4200° ) ,  300 ( -6 0 0 ° ) , 298.5 ( 0 ° ) ,

295 ( + 1700* ) , 283 ( 0° ) ,  245 ( - 36000" ) ,  238 l 0 ° ) , 225 ( + 90000° ) ,

223 ( + 91000* ), 205 ( + 60000°), (a  = 646000° ) .
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D iscu ssion : R ecognition of short-v;ave Cotton e f fe c t  for configu rational

assignm ent

( l )  O p tica l r o ta to r y  d isp e rs io n  sp ec tra  o f unbridged 8 ,8 ’- d is u b s t i tu te d  

1 ,1 ’- b i n a p h t h y l s 1 ,1 ’-E in ap h th y l i t s e l f  e x h ib its  ab so rp tio n  maximes 

a t  220 nm ( p - b a n d ) ,  283 nm and 295*5 nm ( ^  -band) rh ic h  correspond 

w ith  th e  complex o . r . d .  Cotton e f f e c t s .  A shoyt-wave p o s i t iv e  C otton 

e f f e c t  o f very  h igh  am plitude ( 718800"^) cen te red  n e a r 225 iDïi and

th e  correspond ing  shape o f th e  long-wave Cotton e f f e c t  curve w ith  i t s  

u .v .  a b so rp tio n  spectrum  c h a ra c te r is e s  i t  as an in lie re n tly  dissym m etric 

chromophore.

N aphthalene abso rbs a t  220 nm (/3-banc^^ 275 ^  -bandy and a

weaker band a t  312 nm (cK -b a n d ). Kie sm all Cotton e f f e c t  315 nm I s  

a ss ig n ed  to  the  weeker a b so rp tio n  band, Tlie com paratively  la rg e  p o s i t iv e  

C otton e f f e c t  maximum a t  272 nm o f l , l ‘-b in a p h th y l can be a ss ig n ed  to  

th e  ^  -band and f i n a l l y  th e  short-w ave p o s i t iv e  Cotton e f f e c t  cen te red  

a t  225 ^  can be a ss ig n ed  w ith  confidence to  the  g -b an d ,

B adger, Brewer and Lewis ( I 962) concluded t t r t  a n eg a tiv e  Cotton 

e f f e c t  a s so c ia te d  w ith  the  jS-band o f 1 ,1 ’-b ia n th ry 1s in d ic a te s  R- 

co n fig u rs .tio n  and a p o s i t iv e  Cotton e f f e c t  h e re  a i  ^^-con figu ra tion ,

( 4- )^ ^ g - l,l* -B in a p h th y l has been assigned  th e  b-configura.11 on by X-ray 

c ry s ta l lo g ra p h ic  m ethods(A kim oto ,8Iiio iri, l i t a b a  red  Yamada, 19o8).

These au th o rs  re p o rte d  the  R -co n fig u ra tio n  o f (b  )rn n -2 ,2 ^ -d ih y d ro x y -
i J  i  O

3,3*-tism e th o x y carb o n y l-1 ,1  *-b in a p h th y l, and then c o rre la te d  come 

o th e r  1 ,1 '-b in a p h th y ls  in c lu d in g  1 ,1  ’-binapht]:yd i  be e l f  w ith  i t  through
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chem ical r e la t io n s h ip s  which were a lre ad y  Imown,

(4- )p-.^ - 2 ,2 '-D im ethy l- 1 ,1 ’-h ir iap h th y l: This compoimd i s  com pletely  

o p t ic a l ly  s ta b le  and has been ass igned  the  _S~config'iirahion on th e  b a s is  

o f  a  n e g a tiv e  Cotton e f f e c t  n e a r  285 nm (l.îislow , Q ia ss , O 'B rien , K utk in , 

S te in b e rg , Weiss and D je ra s s i ,  I 962) end asym m etric sy n th e s is  (l.Iislow 

and McGinn, 1958) and X -ray c ry s ta l lo g ra p h ic  method (Akimoto, S h io i r i ,  

li ta lc a  and Yamada, I 968) .  By analogy w ith  2 ,2 '- d i s u b s t i tu te d  1 , 1 ' -  

b ia n th ry ls  (Badger, jjrewer and Lewis,' 1952) a  p o s i t iv e  C otton  e f f e c t  

a s s o c ia te d  w ith  short-w ave u .v .  a b so rp tio n  mâ dLmuiri r e l a t e s  to  _S-con- 

f ig u r a t io n  o f th i s  compound, ( see  f ig u re  10̂  ) .

(4* )(-.^ -8 ,8 '-D im e th y l- l , l '- b in a n h th y l :  This shows th re e  Cotton e f f e c t spzpD ------ —  ---------------------------- T6
(see  f ig u re  /<?.)• A weak p o s i t iv e  Cotton e f f e c t  vhich  could  be du ̂ o p t i ­

c a l ly  a c t iv e  t r a n s i t io n s  o f th ^  long-wave ty p ic a l  naph thalene  band: a  

s tro n g  n e g a tiv e  Cotton e f f e c t  n e a r  285 nil which can be a ss ig n ed  to  the  

j j  -band o f  u .v .  ab so rp tio n s  and a s tro n g  p o s i t iv e  C otton e f f e c t  c en te red  

n e a r  25O nm due to  fi -band o f the  u .v .  a b so rp tio n . This s te p -b y -s te p  

o b se rv a tio n  o f o . r . d .  curve o f (4 r ) -^ ^ ^ ~ 8 ,8 '- d im e th y l- l , l '-b in a p h th y l  

shows th a t  i t  resem bles the o . r . d .  curves o f (*r ) - 1 ,1 '-b in a p h th y l and 

( b ) - 2 , 2 '-dime th y l - 1 , 1 ' -b inaph  th y l .

As th e  o p t ic a l ly  a c t iv e  t r a n s i t io n s  in  a l l  th e se  th re e  compounds 

a re  o f th e  seme n a tu re , t h i s  f a c t  le d  us to  a ss ig n  ^ -c o n f ig u ra t io n  to  

th e  ( b ) -isom er o f 8 ,8 '-d im e th y l-1 , 1 ' -b in a p h th y l.

(+ ) p ,f - 8 ,8 '-B is b r o m o m e th y l- l , l '- b in a p h th y l :  This i s  a  sy n th e tic  p re c u r­

so r  o f ( T ) - 8 , 8 ' -d im eth y l- 1 , 1 ' -b in a p ltth y l. I t  shows one p o s i t iv e  Cotton .
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e f f e c t  w ith  in f l e c t io n  n e a r 2^0 nm and ^16 nm, which a re  dominated by 

long-wove u .v* a b so rp tio n  bonds. This d id  n o t show any n eg a tiv e  long­

wave Cotton e f f e c t  bu t a c le a r  s tro n g  p o s i t iv e  Cotton e f f e c t  a s so c ia te d  

w ith  i t s  p - a b s o rp t io n  band su g g es tin g  i t s  _S -configuration  ( see f i g . | 0  ) .  

( - ) ^ ^ ^ - l , l * - B in ap h th y l-8 ,8*-d icarbo% ylic  a c id : This a c id  shov/s two 

Cotton e f f e c t s  o f o p p o site  s ig n , A long-wave n eg a tiv e  C otton e f f e c t  

dominated by t r a n s i t io n s  o f a broad u .v .  a b so rp tio n  band a t  3^9 and 

a very  weak a b so rp tio n  band a t  332 rmi. '3?lie long-wave t r a n s i t io n s  appear 

in  th e  o . r . d ,  spectrum  (see  f ig u re  (0 ) .  A short-w ave s tro n g  p o s i t iv e  

Cotton e f f e c t  o f enormously high  am plitude (1̂ 83700°) a s so c ia te d  

w ith  the  u . v .  ab so rp tio n  band a t  239*5 irm suggests  i t s  _S -configura tion .

On the  b a s is  o f a s tro n g  p o s i t iv e  Cotton e f f e c t  a s s o c ia te d  w ith  the  

^-ban .d  ^ -c o n fig m ’a t io n  can be a ss ig n ed  to  unbridged  8 ,8 * -d is u b s ti tu te d  

1 ,1 * -b in a p h th y ls , and o th e r  compounds derived  from ( - ) - 8 , 8 ’-d ic a rb o x y lic  

a c id .

' ^ : a

Br-H^ I CH^-Er

O

[AS

( t)  ”*b

O

( - ) - s
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( 4 - ) -  and ( - ) - l , l* - E in a p h th y l - 8 ,8 '- d i a c e t i c  a c id s  (lO)

The u .v .  ab so rp tio n  spectrum  o f ( i ) - 1 ,1 ’-b in a p h th y l- 8 ,8 ’- d ia c e t i c

a c id  (lO ) resem bles th a t  o f ( i t  ) - 8 ,8 '-dj.m ethy 1 -1 ,1 ’-b in a p h th y l w ith

f in e  s t ru c tu re  f e a tu re s  o f the  -band and th e  appearance o f ty p ic a l

n aph thalene  band a t  524 nm. In  th e  o . r .d .  spectrum , th re e  Cotton e f f e c t s

were observed (see  f ig u re  |j ) f o r  each o f th e  enan tiom ers. A long-wave

Cotton e f f e c t  averag ing  n e a r 5IO nm could be assigned  to  th e  o p t ic a l ly

a c t iv e  t r a n s i t io n s  o f in f l e c t io n  in  the  u .v .  ab so rp tio n  spectrum  a t

324 nm. A second in te n s e  Cotton e f f e c t  cen te red  n e a r  2^0 nm c a r be due
band

to  th e  ^ -a b so rp tio n /a n d  a short-w ave s tro n g e s t  Cotton e f f e c t  i s  c e r ta in ly  

due to  th e  ^ -b a n d  o f u .v .  spectrum . From th e  in sp e c tio n  o f  the  u .v .  

a b so rp tio n  spectrum  i t  i s  concluded th a t  chromophoric n a tu re  o f carb o - 

x y l ic  a c id  groups in  th e  8 ,8 ’-p o s i t io n s  o f l ’, l ’-b in a p h th y l a re  in s u la te d  

from th e  arom atic  chromophores. The f in e  s t ru c tu re  fe a tu re s  o f th e ^  -band 

a re  a ls o  observed in  th e  o . r .d .  s p e c tr a .  A p o s i t iv e  C otton e f f e c t  a sso c ­

ia te d  w ith  th e  p - a b s o r p t io n  band a ss ig n s  _S -configuration  to  

1 ,1 ’-b in a p h th y l- 8 , 8 ’- d ia c e t i c  a c id  and a  n eg a tiv e  Cotton e f f e c t  h e re  

R -c o n fig u ra tio n  to  th e  ( - ) ^ ^ g - l , l* - b in a p h th y l - 8 ,8 ’- d ia c e t i c  a c id .

(+  ) ^^g -1 ,1 ’-B in ap h th y l- 8 ,8 ’-b is(m eth y len ep y rid in iu m ) d iio d id e  ( l 2 ) :

Tills compound v/as d e riv ed  from (+  )^ ^ ^ -8 ,8 ’-bisbromomethy 1 - 1 ,1 ’-b in a p h - 

th y l which has the  ^ -c o n f ig u ra t io n . This a ls o  has shown th re e  Cotton 

e f f e c t s  o f  o p p o site  s ig n s , and a  p o s i t iv e  C otton E f fe c t w ith  f in e  s t ru c ­

tu r e .  The p o s i t iv e  Cotton e f f e c t  a s s o c ia te d  w ith  th e  short-w ave absorp­

t io n  band o f th e  u .v .  spectrum  cen te red  n e a r  231 nm a lso  i s  a  evidence
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f o r  i t s  ^ -c o n f ig u ra t io n  (see  f ig u re  )| )•

( 2) O p tic a l r o ta to r y  d isp e rs io n  sp e c tra  o f 8 ,8 ’-b rid g ed  1 ,1 '-b in a p h th y li

( a ) .  C arbocyclic  compoimds:

The ( 4* ) ̂ ^ ^ -8 ,8 -d i ethoxy carbonyl [dinaph tho  ( 8 ,1 -a b , 1 ’ , 8 ’ -de ).] -  

cyc lo n o n a-2 ,4 -d ien e  ( I 3) was sy n th e s ise d  from ( -b )^ ^ ^ -0 ,8 ’-bisbrom o- 

m ethyl- 1 ,1 ’-b in a p h th y l to  which th e  ^ -c o n f ig u ra tio n  was a ss ig n ed  on th e  

basis^ '^a  p o s i t iv e  sh o rt-w ive  C otton e f f e c t .  A p o in t o f i n t e r e s t  a r i s e s  

h e re :  ICislow and McGinn (1958) and F i t t s ,  S ieg e l and Mi slow (1958) 

from t h e i r  work proposed a  g e n e ra l O p tica l D isplacem ent R ule ; in  th e  

p re s e n t work th e  r u le  was n o t obeyed.' ’ T liis compound shows one s tro n g  

p o s i t iv e  Cotton e f f e c t  o f enormously h ig h  aaip litude (4-165^^00^) a s so c ia ­

te d  w ith  th e  ^ -b a n d  (see  f ig u re  |9  ) .  A long-wave p o s i t iv e  C otton 

e f f e c t  corresponds to  th e  o p t ic a l ly  a c t iv e  t r a n s i t io n s  due to  th e  

ty p ic a l  naph thalene  brnd^and th e  f in e  s t r u c tu r e  f e a tu re s  w ith  in f l e c t io n s  

correspond  to  th e  ^ -b a n d ,. The o . r . d .  spectrum  resem bles th a t  o f 1 ,1 ’-  

b in ap h th y l i t s e l f ,  very  c lo se ly  in  th e  short-w ave re g io n .S -p o n fig u ra tio n  

i s  ass ig n ed  to  t h i s  compound.

This e s te r  on h y d ro ly s is  grve o p t ic a l ly  a c tiv e  d ic a rb o x y lic  a c id  

(14 ) .  .The o . r . d .  spectrum  i s  v e ry  c lo se  to  th e  o . r . d .  spectrum  of i t s  

p re c u rso r  d ie th y l  e s t e r  ( I 5) .  Secondly, ( j : ) - ( l 4 )  was re so lv e d  and 

(* t-)- and ( - ) - a c id s  were decarboxy la ted  to  t h e i r  correspond ing  mono­

c a r boxy l i e  a c id s  ( 15) .  Methyl e s te r s  of ( 4- ) -  and ( - ) -  mono- and d i­

carb o x y lic  a c id s  were reduced to  the  co rrespond ing  a lc o h o ls .  O .r .d .
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c h a ra c te rs  o f th o se  compounds were observed to  be the  same (see  f ig u re  

ITo a d d it io n a l  Cotton e f f e c t  was seen in  th e  case o f m ono-derivatives 

w ith  p o in t  group (C^),  i . e .  d u ring  d ecarb o x y la tio n  the  hydrogen atom 

can re p la c e  e i th e r  o f the  cm^boicylic a c id  g roups, thus th e se  m olecules 

la ck  a l l  elem ents o f  symmetry. The Cotton e f f e c t s  observed in  th e se  

compounds, both d is u b s t i tu te d  (C^) .and m onosubstitu ted  (C^) a re  p robab ly  

due only  to  o p t ic a l ly  a c tiv e  a rom atic  chromophores. ' j ^ l l  th e se  r e la te d  

compounds to  which S -c o n f ig u ra tio n  i s  a ss ig n ed  ' , show p o s i t iv e

r o ta t io n  in  the  v i s ib l e  re g io n , which i s  dominated by th e  s tro n g  s h o r t­

wave p o s i t iv e  C otton e f f e c t  . Isom ers showing a  n e g a tiv e  s tro n g  C otton 

e f f e c t  a s s o c ia te d  w ith  short-w ave u .v .  ab so rp tio n  Diaxima a re  ass igned  

th e  by c o n f ig u ra tio n .

(b) 8 ,8 ’“Bridged lT »heterocyclic  compounds:

The o . r . d ,  s p e c t r a ^ o f  compounds (20) ,  ( 2 l )  and (22) d if f e r e d  from 

th e  c a rb o cy c lic  compounds in  one sen se , th a t  they  show m u ltip le  C otton 

e f f e c t s .  A ll th e se  q u a te rn ary  ammonium compoimds(20) to  (22) were o b ta in ed  

in  ibtoir o p t ic a l ly  a c tiv e  form from o p t ic a l ly  a c tiv e  8 ,8 ’-bisbrom om ethyl- 

1 ,1 ’-b in a p h th y l. In  t h e i r  u .v .  s p e c tra  (see  f ig u re  g )  a  s p l i t  component 

o f th e  short-ïvyve ^ -b a n d  was observed , which could show a  n eg a tiv e  

Cotton e f f e c t  averaged n ea r 230 nm (see  f ig u re  jy ) .  A long-wave p o s i t iv e  

Cotton e f f e c t  i s  due to  weak t r a n s i t io n s ’. A ll  th ese  compounds show 

s tro n g  Cotton e f f e c t s  a s so c ia te d  w ith  th e  short-w ave a b so rp tio n  band. A 

s tro n g  p o s i t iv e  C otton e f f e c t  in  th i s  re g io n  again  i s  an evidence fo r  

f ig u r a t io n  and a n eg a tiv e  Cotton e f f e c t  fo r  the  R -c o n fig u ra tio n . 

("^)%^g^d3omorn in  t h i s  s e r i e s  a re  assigned  ^  and (-)^^g -iso m ers  R-
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c o n f ig u ra tio n ,

These f in d in g s  o f o . r . d .  s p e c tra  in  the  p re se n t work made us 

c o n fid en t to  p ropose: A s tro n g  p o s i t iv e  Cotton e f f e c t  a s so c ia te d  w ith  

th e  short-w ave u .v .  ab so rp tio n  band r e l a t e s  to  _S -configuration  and a 

n e g a tiv e  Cotton e f f e c t  r e l a t e s  to  R -c o n fig u ra tio n .
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5 «4 C ircular Dichroism and Absolute Configuration o f 1 ,1 ’-Binaphthyls

a .  In tro d u c tio n , M islow, Bunnenberg, Records, Wellman and D je ra ss i
curves

(196$) re p o rte d  th a t  c ,d . / o f  tw is te d  b ipheny ls  a re  o f extrem e u s e f u l­

n ess  to  id e n t i f y  th e  e le c tro n ic  t r a n s i t io n s  which a re  s o le ly  re sp o n s ib le  

for. th e  in d iv id u a l Cotton e f f e c t s .  I n te n s i ty  o f c .d ,  curves p a r a l l e l s  

h igh  e x tin c tio n  c o e f f ic ie n ts  o f  the  ab so rp tio n  spectrum , and h igh  amplA- 

, .tude in  the  o . r . d .  curve; a l l  to g e th e r  they  c h a ra c te r is e , the  in te r n a l  

c h i r a l i t y  o f chromophores p re s e n t in  a  m olecu le . % e s ig n s  o f th e  c .d .  

curves correspond to  th e  s ig n s  o f  th e  r e la te d  o . r .d .  cu rv es. The g re a t  

advantage of c .d .  over o . r . d .  i s  th a t  th e  overlap p in g  t a i l s  o f  o . r . d .  

bends dominated by short-w ave C otton e f f e c t s  a re  reduced in  c . d ,  which 

a s s i s t s  in  the  i d e n t i f i c a t io n  o f unsuspected  weak o p t ic a l ly  a c tiv e  t r a n s ­

i t i o n s .  Tliey a p p lie d  th e se  g e n e ra l is a t io n s  to  some 1 ,1 ’-b in a p h th y ls . 

Unbridged 2 ,2 '- d i s u b s t i tu te d  1 ,1 ’-b in a p h th y ls  have u .v .  a b so rp tio n  • 

maximu, around 235 nmi and 230 nm, A n e g a tiv e  285 nm Cotton e f f e c t  r e l a t e s  

to  R -c o n fig u ra tio n  o f th ese  compounds.

1 ,1 ’-B in ap h th y ls  b ridged  in  th e  2 ,2 ’-p o s i t io n s  have in  common c .d .  

s p e c tra  a t  270 nm and 3IO nm o f op p o site  s ig n s  which correspond to  

th e  o p p o s ite ly  signed  o . r . d .  curves cen te red  n e a r 265 nm and 3OO nm

re s p e c t iv e ly .  A p o s i t iv e  3OO nm Cotton e f f e c t  r e l a t e s  to  th e  Rgcon-
decoYds .

f ig u r a t io n ( l l i s  1 ow, Bunnenberg, R ich a rd s , Wellman and B je ra s s i ,  I 963) .
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b . C ircu la r  d ic h ro isn  s p e c tra ,  r e s u l t s  and d iscu ss io n  o f 8 ,8 '- d i s u b s t i ­

tu te d  unbridged  and b ridged  1 , 1 ' -b in a p h th y ls  in  the  p re se n t work

Instrum ents ( i )  F ica  S p e c tro p o l-I  ( c . d .  a ttachm ent) 

c e l l u r l r m ,  s e n s i t i v i t y ^  0 .1  

Formula used  in  c a lc u la t io n s :

/ÔC- ( c o e f f ic ie n t  o f e x tin c t io n )

2 .5  X reco rd ed  d e f le c t io n  x s e n s i t i v i t y ( o . l )  x lO” *̂ x M.W. 

c (g /L ) X 1 (cm)

( i i )  K oussel-Jouan D ichrograph

c e l l  " 1 imn, s e n s i t i v i t y -  1 .5

Formula used  In  c a lc u la t io n s :

reco rded  d e f le c t io n  x s e n s i t i v i t y  ( I . 5 ) x 10 '^x M.W.
-

S o lv en t: 957  ̂ e th an o l

c (g /L ) X 1 (cm)
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Circular dichroism data ( nm, in p a re n th ese s)  

(-)-l,l'-Binaphthyl-8,8'-dicar'boxylic a c id  (£  -  0,6-0.024)

340 ( - 1900) ,  334 ( - 32000) ,  330 ( - 33800) ,  326 (-37000), 324 ( - 32000) ,

296-289 ( - 30300) ,  281 ( 0 ) ,  270 ( f  176000) ,  231 ( f 35000) ,  230 ( t l 40000) ,  

240 ( t  420000) ,  232.3  ( 0 ) ,  223 ( - 300000) ,  214 ( 0 ) .

( t  ) - 8 ,8 ’-Eishromomethyl- 1 ,1 ’-binaphthyl (_o ■= 0 .3 -0 .0 2 )

340 ( 0 ) ,  300 ( - 35000) ,  270 ( - 22000) ,  263 ( - 26000) ,  260 ( 0 ) ,  241 ( f  142000) ,  

238 (0 ) ,  228 ( - 760000) ,  218 ( - 380000) .

(-V )-8,8’-Dimethyl- 1 ,1 '-binaphthyl (_c -  0 .23-0 ,0046)

335 (0 ) ,  330 ( - 1400) ,  323.5  ( - 4400) ,  323 ( 0 ) ,  321 ( t  1600) ,  318 (+  800) ,  

316 ( r io o o ) ,  313 (+ 800) ,  306.3  ( i - 3200) ,  302 ( 0 ) ,  300 ( - 1600) ,

290 ( - 26000) ,  287 ( - 35000) ,  283 $35200) ,  269.3  (0 ) ,' 257. 5- 235.5  (+32000) ,

250 ( k 33000) ,  229.3  ( + 1200000) ,  222.3  ( 0 ) , '2 2 0  (-200000), 218 ( - 32OOOO),

213 ( - 220000) ,  210 ( 0 ) .
I

( + ) - 2 , 2 ' -D im ethy l-1 , 1 ' - t in a p h th y l  (o=  0 .4 1 8 -0 .OO836)

340 ( 0) ,  335- 325. ( - 220) ,  320 ( - 2900) ,  312 ( - 890) ,  306.5  ( - 2500) ,

305-304 ( -2 2 0 0 ), 283 ( - 29SOO), 280 (-28900), 259 (O),' 228.5 ( + I 24OOOO),

224.5 (0) ,  222 ( - 545000) ,  221 ( - 590000) ,  213 ( 0) .
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-B inaph thy l ( c ^  0 .124-0.0124)

310 ( 0 ) ,  303 ( - 2300) ,  300 ( - 3600) ,  293 ( - 7000) ,  290 ( - 7600) ,  283 

(-7 8 0 0 ), 280 (-6 1 0 0 ), 263 ( 0 ) ,  260 ( + 3700), 233 (+IOOO), 230 (+  2000), 

243 ( ~ 0 ) ,  240 ( ~ 0 ) ,  2?3 ( r  823000) ,  220 ( 0 ) ,  218 ( - 370000) ,  216 

( - 430000) ,  214 ( - 390000) ,  208 ( - 39000) .

( t - ) - ( l 3 ) *  (c  = 0 . 204- 0 . 04O8 )

320 (4-2600), 300 (24000), 290 (^  10000), 234 (+ 6 6 0 0 0 ) ,  248 (4-48000),  

229 ( t 720000), 222.3 (0 ) ,  213 (-900000), 212 (-740000).

( 4 r ) - ( l 4 )  (O btained from I 3 ) (c  ^  0 ,84-0 .0336)

330 ( 0 ) ,  302 ( + 23300) ,  283-280 ( + 3900) ,  260 ( + 23OOO), 23O (+  620000) ,

223 (0 ) ,  213 ( - 1060000) ,  213 ( - 940000) .

( f  ) - ( l 4 ) (o b ta in ed  by re s o lu t io n )  ( c -  0 . 23- 0 . 023)

34O-33O ( - 34000) ,  320 ( - 1600) ,  319 ( - 19000),.312  ( 0 ) ,  302 (+ 94000) ,

297 ( + 70000) ,  293-292 (+ 72000) ,  289 (+  38000), 287 (+ 44000) ,  283

( -k 34000) ,  283 (+ 44000) ,  263 ( + 230000) ,  263.3  (+ 240000) ,  233 (+ 200000) ,

232 (+  3800000) ,  223.3  ( 0),217  ( - 6000000) ,  210 ( - 3400000) .

( - ) - l 4 ^(c-.=  0 .176- 0 . 0176)

340 (+  29000) ,  31% ,(0) 7 .303.3  ( - 130000) ,  299 ( - 90000) ,  296.3  ( - 107000) ,  

287 ^-8000), 264 ( - 240000) ,  260-233 ( - 200000) ,  232 ( - 6100000) ,  224.3  ( 0) ,  

218 (+ 7000000) ,  210 ( + 42OÜOOO).

hunibers r e f e r  to  p .  ̂ /a /6
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(4 r )_ ( l5 )^ ^  (c  = 0 . 13- 0 . 013)

340 ( - 1000) ,  323 ( 0) ,  301 (4 9000) ,  300 ( + 8300) ,  295-293 ( + 9700) ,

287 ( Î 7400) ,  260 (^  27000) ,  235 $24000) ,  231 ( H 380000) ,  223 ( 0 ) ,

216 .( - 300000) ,  210 ( - 33GOOO), 203 ( - 300000) ,  200 ( - 170000) .

( - ) - ( l5 ) ^ ^  (c  = 0 .0 8 -0 .0 0 8 )

340 ( - 1400) ,  322.3  ( - 5500) ,  320 ( - 4200) ,  306 ( - 17000) ,  301 ( - 13000) ,

300 ( - I 6OOO), 297-293 ( - 16700) ,  286.3 (-11000), 230 ( - 34000) ,  230 

( - 760000) ,  223 (0 ) ,  213 ( + 630000) ,  212 ( + 340000) ,  210 ( + 280000) .

( 4- ) - ( l 6 )  (0  = 0 . 18- 0 . 0108)

330 ( t 640) ;  323 ( -+ 2300) ,  3I 8 ( + 1300) ,  303 (+  11000) ,  298 (+ 9000) ,

296 (+  10000) ,  287 (-+ 7000) ,  263 ( + 34000) ,  233 (+30000) ,  230.3  (+ 830000) ,

223.3 ( 0 ) ,  216 ( - 600000) ,  205 ( - 170000) . .

( - ) - ( l 6 ) ^  (c  = 0 . 36- 0 . 014)

335 ( - 800) ,  322 (-4 0 0 0 ), 318 .3 (-3 0 0 0 ), 304 ( - 16000) ,  300 (-13000),'

293 ( - 16000) ,  289 ( - 7000) ,  263 ( - 35000) ,  262 ( - 36000) ,  235 ( - 55000)^

230 ( - 870000) ,  223 ( 0 ) ,  216 ( + 300000) ,  203 (+ 160000) .

( + ) - ( l 7 )  (c  = 0 .186-0 .0186)

320 ( + 3600) ,  3I 8 ( + 3000) ,  303 ( + 12000) ,  293-295 ( + 11000) ,  288 

(+  6300) ,  263 (+30000) ,  235 ( + 27000) ,  230.3  ( h 630000) ,  223 ( 0 ) ,

218 ( - 460000) ,  213 ( - 450000) ,  208 ( - 180000) .
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( - ) - ( l 7 )^^ (c  U.29- 0 , 0252)

330 ( - 3700) ,  321 ( - 6300) ,  310 ( - 3600) ,  304 ( - 18000) ,  300 ( - 13000) ,  297 

( - 16000) ,  293 ( - 13000) ,  280 ( - 4600) ,  264 ( - 33000) ,  260 ( - 34000) ,  231 

( - 700000) ,  223 ( 0 ) ,  217.3  ( r  480000) ,  203 ( v  130000) .

( + ) - ( l 8 ) (c  =  0 . 1632- 0 . 01982)

320 ( 0 ) ,  300 (+ 19000) ,  290 (+ 7000) ,  264 ( -+ 30000) ,  260 (+ 14000) ,  236 

( + 9700) ,' 230-228 ( + 400000) ,  224 ( 0 ) ,  218 ( - 600000) ,  212 ( - 300000) .

( - ) - ( l 8 ) ^  (c.-^ 0.38  - 0 . 019)

340 ( - 2000) ,  323 ( -  3000) ,  323-321 ( - 3000),318  ( - 4700) ,  304 ( - 18000) , '

301 ( - 17000) ,  300-299 ( - 17300) ,  297 ( - 19000) ,  288 ( - 12000) ,  264 ( - 30000) ,  

230 ( - 800000) .  223 ( 0 ) ,  217 ( + 360000) ,  203 ( + 230000) .

( + ) - ( l9 )^ ^  (c  = 0 .4 8 -0 .024 )

333 ( t 240) ,  324 (+1700),  302 ( + 13000), 301 ( v  11000) ,  300 (-h 12000) ,

288 ( 4- 8000) ,  281 (+ 14000) ,  273 ( + 14000) ,  270 ( t  16000) ,  233.3  (+ 13000) ,

231.3 ( + 380000) ;  226 (0) ,  220 ( - 430000) ,  210-203 ( - 130000) .

( - ) - ( l 9 ) ^  ( c  =• 0 . 0376- 0 . 0069)

330 ( 0) ,  333 ( - 13000) ,  270 ( - 90000) ,  260 ( - 98000) ,  232 ( - 73000) ,  233 

( - 680000) ,  223 ( 0 ) ,  213 ( ^ 700000) ,  210 (+ 600000) ,  207 ( 0 ) .
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4+
( • + ) -  (20) (o = 0 . 71- 0 . 071)

320 ( 0 ) ,  310-300 ( + 15000), 291 ( 0 ) ,  280 ( - 35000) ,  276 ( - 15000) ,  260-  

256 ( - 120000) ,  244 ( 0 ) ,  233 ( + 520000) ,  225 ( 0 ) ,  216 ( - 900000) ,  210 

( - 700000) .

( - ) - ( 20) ^  (0 = 0 .54-0 .0378)

320 ( 0 ) ,  306 ( - 4000) ,  289 ( 0) ,  280 ( +8000), 2?0 (+ 2 0 0 0 ) , 255 ( + I 6OOO), 

244 ( 0 ) ,  234 ( - 170000) ,  225 ( 0) ,  218 ( + 300000) ,  216 ( + 150000) ,  213 ( 0) .

( + ) - ( 2l )  (c  = 0 .4 -0 ,0 8 )

320 (+9OOU), 310-306 ( +18000), 292 ( + 200000) ,  280 (O ), 260 ( - 6OOOO), 

248 ( 0 ) ,  234 ( + 530000) ,  226 ( 0 ) ,  218 (-1200000), 214 (-1150000).

( - ) - ( 2 l ) ^  (c  =  0 . 4- 0 . 056)

320 (-3 0 0 0 ), 300 ( - 1 8 0 0 0 ) ,  279 (0 ) ,  255 (+  1 8 0 0 0 ) .  249 (0 ) ,  233 (-250000), 

226 (0 ) ,  218 (+ 2 3 0 0 0 0 ), 212 (0 ) .

( + ) -  (22) (c  T= 0.1183 -0 .0 5 9 )

320 ( + 20000) ,  300 ( + 50000) ,  280 ( + 30000) ;  236-232 (+  440000) ,  226 ( 0 ) ,  

215 (-970000), 214 (-800000).

( + ) - ( l 2 ) ^  (c  •= 0.71  - 0 . 142)

340 ( 0 ) ,  320 ( - 5000) ,  296 ( - 40000) ,  293 ( - 55000) ,  286 ( - 55000) ,  266 ( 0 ) ,  

234 ( + 260000) ,  231 ( t  280000) ,  222.5  ( 0 ) ,  220 ( - 280000) ,  214 ( - 940000) . '
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't\
( '+ ) _ ( 10 ) (o = 0 . 54- 0 . 054)

3 1 0  ( - 1 7 0 0 ) ,  286 -280  ( - 18000 ) ,  2 5 0  ( O ) ,  2 3 0  ( t  1 3 5 0 0 0 ) ,  2 2 6  ( O ) ,  2 2 0  

( - 3 4 0 0 0 0 ) ,  2 1 4  ( - 1 3 0 0 0 0 ) .

( - ) - ( lO )  ( c  = 0 . 0 . 4- 0 . 04 )

300 (0 ) ,  284-280 (-& I0000), 2?0 (4 r l3 0 0 0 ), 250 (O ), 23I  (-IIOOOO),

226 ( 0 ) ,  2 2 2  ( . +  2 6 0 0 0 0 ) ,  2 2 0  ( + 2 5 0 0 0 0 ) ,  217 ( 0 ) .
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F igure 20
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D iscussion

C irc u la r  d ichroism  spectrum  o f  ( 4 - , 1 ' - b i n a p h t h y l T h e  c .d ,  

spectrum  o f  th i s  compound added to  the  d e ta i l s  o f t h e  o . r . d .  by 

re v e a lin g  two im p o rtan t bands o f o p p o site  s ig n , t h e  n eg a tiv e  w ith  a 

d i s t i n c t  sh o u ld er, in  the  sh o rt-w av e len g th , This corresponds w ith  

th e  tv/o c .d .  bands o f o p p o site  s ig n s  a s so c ia te d  w i t h  the  short-w ave 

u .v .  ab so rp tio n  spectrum  in  ( - ) ^ ^ ^ - l , l* - b ia n tb r y l s ,  to  which (G rin te r  

and blason, 1964J a ss ig n ed  th e  R -c o n fig u ra tlo n , The Cotton e f f e c t s  

o f  ( + ) - l , l ‘-b in a p h th y l b ear a  d i s t i n c t  resem blance to  those  o f the 

( - ) - l , l ‘-b ia n th ry ls  excep t th a t  they  appear a t  s h o r te r  w avelengths and 

r e f e r  to  th e  enantiom er o f op p o site  c h i r a l i t y .  T herefo re  a  p o s i t iv e  

c .d .  C otton e f f e c t  (225 nm) and a  n e g a tiv e  a t  1216 rim) r e l a t e s  to  

c o n fig u ra tio n  in  1 ,1 ’-b in a p h th y l.

C irc u la r  d ichro ism  spectrum  o f  ( 4 - ) c / f - 2 ,2 '- d im o th y l - l , l* - b in a p h th y l ; -  

M slow , jet ( 1963) determ ined the c .d .  8pect:c.ri o f  t h i s  compound 

above 240 nm and a ss ig n e d S ^ o o n fig u ra tio n  on the bo s i  s o f th e  p resence  

o f  a  n e g a tiv e  285 nm Cotton e f f e c t ,  A f u r th e r  obe , vm.tion o f i t s  c .d .  

spectrum  in  th e  p re s e n t work do\?n to  208 un revc .led a new Cot 1:on e f f e c t  

which . corresponds w ith  i t s  o . r . d .  Cotton e f f e c t .  Tj-e two c .d . bends o f 

o p p o site  s ig n  resem ble.those o f ( 4 t ) ^ ^ ^ - l , l ? - b iu  'p b th y l su g g estin g  

th a t  the  arom atic  chromophores causing  th ese  o p v . - . l l y  a c t iv e  t r a n s i t io n s  

in  th e se  two compounds sj?e o f a s im ila r  n a t iu e .

C ircul a r  d ichroism  spectrum  o f (+-") - 8 ;8 ! - d i a e th y l - l , l '- b in a p h th y l : -  

The c .d .  spectrum  o f  t h i s  compound was o tu c ie r t  ■ ■icor s im ila r  cond itions,
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I t  shows a s tro n g  long-wave n eg a tiv e  c .d ,  band about 285 nm and in  ad d i­

t io n  to  i t  shows two M nds o f  o p p o s ite  signs a s so c ia te d  w ith  i t s  u .v .  

a b so rp tio n  short-w ave band. Such a  f in e  correspondence between the  c .d , 

bands o f ( p ) - 8 , 8 '-d im e th y l and (-b )-2 ,2 * -d im e th y l compounds in  a d d itio n  

■to . ( f  ) - l . , l  -b in a p h th y l made u s  th in k  about the  im portance o f th ese  

short-w ave C otton e f f e c t s  f o r  c o n f ig u ra tio n a l assignm en ts . The ( 4  ) -  

8 ,8 ’-d im e th y l-1 ,1 * -b in a p h th y l was a ss ig n ed  _ S -con figu ra tion .

C irc u la r  d ichro ism  s p e c tra  o f 4 ) - 8 ,8*-bisbromornethy 1 - 1 ,1 ’-b in a p h th y l 

and ( , - ) - l , l '- b in a p h th y l - 8 ,8 ‘-d ic a rb o x y lic  a c id : -  The c .d ,  spectrum  o f 

th e  (+• ) - 8 ,8 ’-bisbrom om ethyl compound resem bles th a t  o f l 4 ) - l , l ’-  

b in a p h th y l, ) - 2 , 2 '-d im e th y l-1 ,1 '-b in a p h th y l and ( b  ) - 8 ,8 ’-d im e th y l-  

1 ,1 ’-b in a p h th y l: a  n e g a tiv e  short-w ave c .d .  band and p o s i t iv e  one a t  

s l i g h t ly  lo n g e r w avelength r e l a t e s  i t  to  _S -configura tion ,

The ^ -} -8 ,8 '-d ic a rb o x y lic  a c id  showed m u ltip le  c .d .  bands, in  ag ree ­

ment w ith  Mason i l9 6 8 j .  The short-w ave re g io n  c .d .  bands resem ble th a t  

o f  (b )-8 ,8 * -b isb ro m o m e th y l compound. Thus a l l  th e  unbridged  1 ,1 ’-  

b in ap h th y ls  showing a  n e g a tiv e  c .d .  band in  the  short-w ave re g io n  and 

a  p o s i t iv e  one a t  s l ig h t ly  lo n g e r w avelengths have _S-configura tion .

C irc u la r  d ichro ism  s p e c tra  a f  ( b ) -  and ( ^ J - l , l '- b in a p h th y l - 8 ,8 ’- d ia c e t i c

a c id s : -  The c .d .  sp e c tra  o f  th e se  enantiom ers show a 280 nm Cotton

e f f e c t  and two c .d ."b an d s  o f o p p o site  s ig n s  a s s o c ia te d  w ith  th e  u .v .
the

a b so rp tio n  -band . A n e g a tiv e  280 nm c .d .  band o f / ( 4 - ) -enan tiom er r e l a t e s  

i t  to  8 -c o n f ig u ra tio n , which in  a d d itio n  ' a  short-w ave n eg a tiv e
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ô*d, band confirm e (F ig . % 9/)• S im ila r ly  the  ( - ) -  enantiom er has R- 

conf ig u ra -tio n ,

C irc u la r  d ichro ism  spectrum o f 1 ,1 *-b in a p h th y l- 8 , 8 ’-b is (m e th y le n e p y rid i-  

nii3m) d i io d id e : -  This compound a lso  shows an in te n s e  285 nm c .d .  band, 

and as i t  was d e riv ed  from - 8 ,8 ’-b isb ro raom ethy l-1 ,1 ’-b in a p h th y l,

i t  would have ^ -c o n f ig u ra t io n . The short-w ave c .d .  n e g a tiv e ly  signed  absorp­

t io n  i s  very  in te n s e .

C irc u la r  d ichroism  s p e c tra  o f 8 ,8 ’-b rid g ed  1 , 1 '-b in a p h th y ls

( i )  C arbocyclic  compounds

C irc u la r  d ichro ism  curves ob ta in ed  f o r  th i s  c la s s  o f compounds 

were found to  correspond  w ith  t h e i r  o . r . d .  cu rv e s<

From th e  s y n th e s is  o f 8 ,8 -d im eth o x y ca rb o n y l[d in ap h th o (8 ,l-ab , 

l ’> 8 ’- d e ) ]  -cy c lo n o n a-2 ,4 -d ien e  (13) the  isom er o f th i s

compound i s  a ss ig n ed  _S -con figu ra tion . I t  shows f in e  s t ru c tu re  correspond­

in g  to  th e  u .v .  t r a n s i t io n s  o f th e  ^ -b a n d  and s tro n g  - ' c .d .

C otton e f f e c t  (see  f ig u re  22 ) composed o f two o p p o s ite ly  signed bands 

under th e  short-w ave u .v .  a b so rp tio n  band. This e s te r  on h y d ro ly s is  

gave ( 4 )“ d ic a rb o x y lic  a c id , which shown th e  same c .d .  Cotton e f f e c t .

The short-w ave n eg a tiv e  and p o s itiv e -  c .d .  bands o f  th i s  a c id  were found to  

correspond w ith  those obtained, by r e s o lu t io n  o f ( b  ) - ( l 4 ) .

The ( b  ) -d ic a rb o x y lic  a c id  (14) ,  and ( f  )-m onocarboxylic a c id  ( 15) 

t h e i r  m ethyl e s t e r s ,  and co rrespond ing  a lco h o ls  a l l  shown th e  same
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c .d . Cotton e f f e c t  I th e ir  l^-)-ena.ntiomers showed opposite Cotton e f f e c t s .

( i i )  K -Jle terocyclic  8 ,8 '-b r id g e d  compounds

D inaphtho^S*,1 *-ab, l ” ,8''’-d e ) -cy c lf.n o n a-2 ,4 ~ d ien e-8 -azep in iu m -l- 

sp iro  [5 ,^ - t e tra d e c a n e -1 ’" -p ip e r id in iu m  bromide I20j and 8 ,8 - d ie th y l [ d i -  

naphtho(,8’ ,1  *-ab, l" ,8 " -d e ^ -c y c lo n o n a -2 ,4 -d ie n e -8 -a z e p in iu m  io d id e  (21j 

show m u ltip le  Cotton e f f e c t s .  A long-wave p o s i t iv e  C otton e f f e c t  and a 

p a i r  o f short-w ave p o s i t iv e  and n eg a tiv e  c .d .  bands a re  in  correspondence 

w ith  t h e i r  o . r .d .  cu rv es . 8 ,8 -D ia l ly l  [dinaphtho(.G’ ,l* -a b , l" ,8 " -d e } ]  -  

cy c lo n o n a-2 ,4 -d iene-8 -azep in ium  io d id e  [,22) d id  n o t show a nega-tive 

C otton e f f e c t  which was seen f o r  the  o th e r  two compounds n e a r  260 nm 

(see  f ig u re  , bu t two s tro n g  p o s i t iv e  and n eg a tiv e  bands a s so c ia te d

w ith  t h e i r  u .v .  short-w ave a b so rp tio n  band were found c h a r a c te r i s t i c  fo r  

a l l  th e se  compounds (w ith  p o s i t iv e  r o ta t io n  in  v i s ib le  re g io n  ) which 

r e l a t e  th ese  (4  )-enan tiom ers to  _S -configura tion .

C onclusion: A n e g a tiv e  c .d ,  band a t  s h o r te s t  w avelength ( 2 2 0  nm)

and a p o s i t iv e  one 15-20  nm h ig h e r , i s  c h a r a c te r i s t i c  o f ^ -c o n f ig u ra t io n .
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Optica! Rotatory Dispersion and Circular Dichroism Spectra of Optically
Active 1,1 '-Binaphthyl
By P a t r i c i a  A. B r o w n e ,  M a r g a r e t  M .  H a r r i s , *  R. Z. M a z e n g o ,  a n d  Shyam  SingN,  B e d f o r d  C o l l e g e ,  R e g e n t ' s  

Park,  L o n d o n  NW1 4 N S

T h e  o. r .d.  a n d  c .d .  s p e c t r a  o f  1 , 1 ' - b i n a p h t h y l  in e t h a n o l  s o l u t i o n  h a v e  b e e n  d e t e r m i n e d  in t h e  r e g i o n  2 0 8 — 3 2 0  n m .  
C o m p a r i s o n  of  t h e  c u r v e s  w i t h  t h o s e  of  s u b s t i t u t e d  1 , V ' - b i n a p h t h y l s  of  e s t a b l i s h e d  chi ra l i t y  l e a d s  t o  t h e  c o n c l u s i o n  
t h a t  t h e  d e x t r o r o t a t o r y  (A = 5 8 9  n m )  e n a n t i o m e r  of  this ,  t h e  p a r e n t ,  c o m p o u n d  h a s  t h e  5 - c o n f i g u r a t i o n .  Th i s  
re s u l t  is in a c c o r d  w i t h  t h a t  a r r i ved  a t  b y  c h e m i c a l  c o r r e l a t i o n  w i t h  a s u b s t i t u t e d  1 , 1 ' - b i n a p h t h y l  in w h i c h  t h e  c o n ­
f i g u r a t i o n  w a s  a s s i g n e d  b y  X - r a y  c r y s t a l l o g r a p h i c  m e t h o d s .

O n  account of its  optical lab ility , th e specific rotation  of 
op tica lly  pure. 1 ,1 '-b inaphthyl in so lu tion  cannot be 
know n accurately: th e  hichest values prev iously  quoted  
by different workers are -1-245° in b en zen e-ligh t
petro leu m ,’ [a'’-.,.,, -f-]')2° in benzene,^ - f  104° in
tetrahydrofuran,^ >.1;,,. 1-250';’ in d im ethylfonnam ide,^
[alggg 4 -220° in benzene.^ The last tw o values refer to  
specim ens obtained liy spontaneous enantiom eric crysta l­
lisation  from a rni lt, the others from de-arnination of an 
op tica lly  active diam ine. S ince it seem s th at the  
original prepam i.i\'c m ethod ’ is as effective and as 
reliable as any, we h a \e  continued  to  use it. On th is 
occasion  the starting  m aterial w as (-f )-4,4'-d iam ino- 
l ,l '-b in a p h th y l, V - .y -  4-45-7° (c -  0-164, / -  0-5, 
acetone) ; since tliis com pound is also op tica lly  labile, it

im d  A n n  S. M cllo r ,  Chem.  a n d  Ind. ,  
:<■ a n d  M arg are t ;  .M. H a n i s ,  J .  Chem.

 ̂ Ma.r,earcl .Af. Man- '
1961,  l o s e ;  A n n  S.
Soc. ,  196:1,

'  A.  K.  C o l t ' T  a n d  A'. C l e me n s ,  J. P h y s .  Chem. ,  19G4, GS.
6 5 1 ;  J .  P m e y .  Chem.  . C 196.5, 87,  847.

was kept in solution  for as short a tim e as possib le w ith  
the w orking tem perature k ept as low  as w;is practically  
feasib le {ca. O') during the preparation and purification  
of the product. W hen the 1 ,1 '-b inap hthyl (m.p. 158°) 
obtained  w as shaken at 0° for 1-5 h in 96%  eth anol, a 
solution  was prepared w hich show ed the follow ing  
specific' rotations, ialg?/ 4 -223°, 4-253°,
+ 4 1 7 ° , 4 5 8 0 ° , 4 -878° (c =  0  0336, /  =  1).
H ow ever, if the b in aphthyl w as d issolved  at room  
tem perature and the rotation  read as quickh- as possible, 
[a:578“̂  w as 4-203° (c =  0-064, I =  0 5 . 96" ; ethanol). 
In d ioxan solu tion  th e  variation  w ith  w avelength  w as

l“J578 +  105°, -4 1 2 2 ° ,% 227°,

365 +  433° (c =  0-344, I =  0-5). In benzene Y

® H .  .A k im o to .  T .  S h io i r i ,  Y .  l i f a k a ,  a n d .  S. Y a m a d a ,  Tefya-  
hedron Lcl ie i s ,  1968,  97.

* R .  1£. C a r t e r  a n d  L .  D a h l g r e n ,  . 4cla Chem.  Scand. ,  1969, 
504.

® R .  E .  P i n c o c k  a n d  K .  R .  AVilson, J .  A m e r .  Chem.  Soc. ,  1971, 
83 ,  1291.
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w as -1-208'^ (c =  0 038, I - -  0-5) and in tetrahydrofiiran  

w as 4-107" (c =  0  0:28, / =  O n).
1'Ik' correspondence Ix-tween tliese \';ducs and those  

previou sly  published leads to th e  specu lation  th a t, in the  
crysta llisa tion  of o])tically  im pure l ,r - l) in a p h th y l from  
so lu tion , there is an elem ent of spontaneous optical 
purihcation , as has been observed from  th e m elt, and  
th at tlu'se specihc rotation s represent a fairly close  
approxim ation  to  ojilica! purity, ajxart from  the loss due 
to  racém isation w hilst the rotation  is m easured. V\'e 
h a \ e used th is sam ple to determ ine the o.r.d. and c.d. 
spectra, precautions txinc ;̂ taken to  conserve the optical 
a c tiv ity  of so lu tion s before and during th e  determ in­
a tion s; even so, the values for o.r.d. and c.d. g iven  by  
the spectra  are a lw ays less th an  w ould  be g iven  by an 
op tica lly  pure specim en.

T he u .v . spectrum  of I ,r -b in a p h th y l was cited  in 1948 
as ev idence for tlie  non-p lanarity  of the m olecu le; 
m axim a at 226,® 285, and 295 nm ' w ere reported  
and the absence of a separate band corresponding w ith  
the ‘ conjugation  band ' of b iphenyl w as noted . R e­
determ ination  of th e  s]iectrum  b etw een  208 and 320 nm  
in 96°4  ethanol, has revealed  m ore deta il: 220 (s
108,000), 249 (4760), 262infl. (6210), 272infl. (9720), 283  
(14,300), 293-5 (14,000), and 313sh nm  (3160). N ap h th a ­
lene itself has a strong baud 220 nm , a m oderately  
in ten se  band at 275 nm  and a w eaker band at 312 nm.

T he o.r.d. spectrum  w as determ ined  at 8" in 96%  
eth an o l and the c.d. spectrum  at 7" in ethanol. The c.d. 
spectrum  adds to the detail of the o.r.d. (see F igure) by  
re \e a lin g  tw o im portant bands of opposite sign, one  
carrying a d istin ct shoulder, in the short w avelength  
regie

Mislow and his co-w orkers have stu d ied  ex ten siv e ly  
th e  o.r.d.® and c.d.® s])ectra of several su b stitu ted  1,1'- 
binaphthyls, recognising the tw isted  sy stem s as in­
herently  d isym m etric chrom ophores: th ey  m ake the
generalisation  that a ]iositi\ e Cotton effect centred at 
285 nm  corresponds w ith the R  configuration in th is  
series. U sing their criterinn, the c.d. sjK'Ctrum of 1,1'- 
binaphthyl ^ (-f)-rotatory at show s a n egative
C otton effect in the 285 nm region and hence has the  
.8-configuration. This conclusion is in agreem ent w ith  
the recent assignm ent, based on chem ical correlation  
w ith  an op tica lly  a c t i \c  su b stitu ted  1 ,1'-b inaphthyl, 
w hich waa found to  have th e  S-configuration  b y  A'-ray 
crystallographic methods.®

The other published data  w hich are in teresting  for 
com parison in the. short w avelength  region relate to  
(—)-d im eth y l-l,l'-b ian th ry l-2 ,2 '-d icarb oxy la te . B adger  
and his co-w orkers determ ined the o.r.d. spectrum  of 
th is com pound and found it to ha\ c tw o C otton effects  
of opposite sign, a large n egative  one centred at 271 nm

® R .  A. F r i c d c l ,  M. O r c h in ,  a n d  L .  Rcg!>el, J .  A m e r .  Chem.  
Soc. .  I!)4S. 70,  101».

’ \". L .  F r a i n p t o i i ,  J .  D. E d w a r d s ,  j i in . ,  a n d  H .  K. H e n z e ,  
J .  .‘1)»ey. Chem.  .Ser., lf)48, 70 .  2'284.

" J \.  Mis low, .M. . \ .  W .  Cdass. R ,  E .  O 'B r i e n ,  P .  R i i t k i n ,  
D .  H .  S le in b e rR ,  f. W e i s s ,  a n d  C. D je r a s s i ,  J .  .Amer.  Chem.  Soc. ,  
B'iG2, 84,  1455.

and a sm all positive one centred at 377 nm. B y  an alogy  
w ith  Mi.slow’s generalisation for 1 ,l'-h in a p h th v ls  regard­
ing the Cotton effect at tlie  longer w avelength , p ositii e 
in th is case, th ey  assigned the R -configuration to  the  
(— )-enantiom er. Shortly  after, Grinter and Mason 
determ ined the c.d. spectrum  of th e  sam e com pound; 
th ey  found th e  exp ected  p ositive c.d. absorption in the  
region of tlie  long w ave band, and in the short w a \ e 
region where the u .v . spectrum  show ed split com ponents, 
found tw o strong circular d ichroism  absorptions, of 
opposite sign. The Cotton effects of the ( -I-) - ! ,! ' -  
binaphthyl bear a d istin ct resem blance to those of the

Q E )

-60

300260220
X (nm)

I ' . v .  (------- ), o . r .d .  (..............), a n d  c .d .  (---------- ) s p e c t r a  o f  1 ,1 '-
b i n a p h t h y l .  +  2 2 3 ; ;  t h e  l o w - i n t e n s i t y  p a r t s  o f  t h e
o . r .d .  a n d  c .d .  s p e c t r a  a r e  p l o t t e d  o n  a  t e n - f o l d  a u g m e n t e d  
s ca le

( — ) - l , 1 '-b ianthryld icarboxylic ester excep t th a t th ey  
appear a t shorter w avelengths and refer to  tlie  enantiom er  
of opposite  ch irality .

H ence all the availab le  evidence leads to  the conclusion  
th a t the enantiom er of 1 ,1 '-b inaphthyl w hich is (4 -)-  
rotatory  in th e  v isib le  region has th e S-configuration .

E X P E R I M E N T A L

Optical rotations in the region 3 6 5 — 5 7 8  nm were taken 
with a Zeiss photoelectric precision polarimeter, with 
temperature control.

The u.v. spectrum was determined on a Unicam spectro­
photometer (SP 5 0 0 )  in 9C "o  ethanol; c =  0 - 1 8 8 — 0 -0 1 8 8  
g/1. 2 mm cell.

The o.r.d. spectrum was determined on a Perkin-Elmer 
spectrophotometer (P.23), with temperature control at S'

* K. M islow ,  E .  B u n n e n b e r g ,  R u t h  R i c h a r d s ,  K .  W e l l m a n ,  
a n d  C. Dje ra .ssi ,  / .  A m c r .  Chem.  Soc. ,  1963, 85,  1342.

G. M. B a d g e r ,  R .  J .  D r e w e r ,  a n d  G. E .  L ew is .  J .  Chem.  Soc. ,  
1962,  4268 .

“  R .  G r i n t e r  a n d  S. F .  M as o n ,  T r a n s .  F a r a d a y  Soc. ,  1964, 60.  
2 7 4  (see a l s o  S. 1-’. .Mason,  ' O p t i c a l  R o t a t o r y  D is p e r s io n  a n d  
C i r c u l a r  D i c h r o i s m  in  O r g a n ic  C h e m i s t r y , ’ ed .  S n a t z k e ,  H e y d e n ,  
L o n d o n ,  1967, ch .  4.
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in 9G°o ethanol, c = 0-56—0 007 g/1, 1 mm cell. O.r.d. 
data Ol® in parentheses); 208 ( + 78,000°), 214 (0°), 217 
(-1(30+00°), 219 (-185,000°), 220 (-180,000°), 225 (0°), 
230 ( + 98,000°), 255 ( + 9900°), 272 (+15.000°), 283
(+12.000°), 285 ( + 11,500°), 290 ( + 5700°), 293 ( + 4900°), 
300 ( + 300°), 310 ( + 500°), 315 ( + 800°), and 320 nm 
( + 550°).

The c.d. spectrum was determined on a Fica Spectropol I, 
with temperature control at 7° ,  in ethanol, c  = 0-124— 
0-0124 g/1, 1 mm cell. C.d. data (molar ellipticity [6] in 
parentheses): 208 (-59,000), 214 (-590,000), 216
(-430,000), 218 (-370,000), 220 (0); 225 ( + 825,000),
240 (~0), 245 (~0). 250 (+2000), 255 (+1000), 260 ( + 3700).

265 (0), 280 (-8100), 285 (-7800), 290 (-7600), 295 
(-7000), 300 (-3600), 305 (-2300), and 310 nm (~0).
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