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h = 2S: '~ r ' im.  S u c h  a r l  e:< . . . . .  , _+ "emum ~::czu ~ t h e  ri...-.,~.~+ t r a n _ ~ . i f J i c : n  ~,~o.E. 

a t t r - : i ,  b u t e d  t , : ]  ' . khe  R i - . a . c m ' t e r ( 4 )  ,, 
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C R Y S T A L L O G R A P H I C  DATA 

s p a c e  g r o u p  P6  

a = b ~', ~ ,  ....... ~ .~'~ 6 4  

V ,~ ~:~ ~, 3 9 4 1  

Z 3 

Nre~:  194~z 

N o b s  i 7 1 3  

R ~]I. 0 6  

l l l  I s  n c i t e L ~ J o r t h y  t~ ]  o b s e r v e  t h e  h i g h  s y m m e t r y  a-~ t h . i . s  
s t  r uc  t u r  ~:-~I a r r a n q e m e n t - .  T h e r e  a r e  t w o  s y m m e t r i c a l l y  
i n d e p e n d a n t  m o l e c u l e s  i n  t h e  c e ] . l ,  o n e  h e x a g o n a l ,  t h e  
o t h e r  t r i g o n a l .  ( o  o u r  k n o w l e d g e ,  t h e s e  i d e a l  s y m m e t r i e s  
< o r  ~'~-c~-d m o l e c u l e s  h a v e  n o t  b e e n  E o u n d ~  up  t o  d a t e .  

F i q u ~ e  3., P r o j e c t i o n  oT t h e  s t r u c t u r e  o n  t h e  ( a ~ b )  p l a n e , ,  
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EL 

F: iqu r "e  .q.. P r o j e c : L i o n  cM:: t h e  s t r u c t u r - e  on t h e  p ] . a n e  ( a , c )  . 

l h e  t w o  g u e s t  ~rlo i ec_u ]. e s  i n t h e  un i t c e i  :L a r e  
d i s o r - d e r e d ~  o n e  a l o n g  t h e  s i x  ; o l d  a x i s ,  t h e  o t h e r  aior-~cl 
the three ~old a > ' i s .  

1-he p r " i r n a r y  h y d r c - , x y i  g r o u p s  a r e  d:i. sc, r d e r e d  b e t w e e n  t h e  
g a u c h e . - g a u c h e  ...'-d-id 1.-he gaL.tche t r a n s  c o n . f a r m a t i o r ' , ~  I n  t h e  
m o d e l  s u g g e s t e d  b y  X - r a y  a n a l y s i s ~  i::he o c c u p a n r y  - f : a c t o r  o< 
t h e  , :~ l , .~L lChe- t rar ] . -~  c c 3 r l . f c ) r i l l , . ' ~ t i o n  is a l - ) o u t , 1  

- 1 / 6  ; o r  i : :he (::yd r n o : l e c u ] . e  a t  t h e  6 ~ o l d  a x i s  
--. I / 3  .-~-ol .. . .  [ h e  m o l e , : : u l e  at. t h e  3 . f o l d  a . x i s ,  bu t ,  ~ o r  

o n l y  t h r e e  p r i m a r " y  h y d r o : . ' y l  g r o u p s ~  t h e  e t h e r "  t h r e e  be, i n g  
e n t i .  r e l y  i n  t h e  g a u c h e . . - g a u c h e  c c l n ~ : o r m a t i o n .  

l h e  mosi: r e m a r k a b l e  . f a c t  e i - ' h i b i t e d  b ' /  t h i s  c r y s t a l  
s t r u c t u r e  i s  t h a t  t h e  d i s o r d e r  o~: t h e  p r i m a r - y  h y d r o > ' y l  
g r o u p s  oE t h e  h o s t  d e p e n d s  d i r e c t 1 ,  y u.pon t h e  o r i e n t a t i o n s  
o ;  t h e  g u e s t  m o l e c u l e .  I n  a l  I c a s e s  H-bond-- ]  a r e  
e s t a b l i s h e d  b e t w e e n  t h e  p r i m a r y  h y d r o x y l  g r o u p s  o< t h e  
h o s t  a n d  t h e  c a r b o n y l  g r o u p s  o~ ~ t h e  gue.-~ts."  

The  p o s i t i o n s  o< m o s t  o.f t h e  h y d r o g e n  a te ,  ms w e r e  
de te rm: i ,  n e d .  S e c o n d a r y  hydr'o::."tr g r o u p s  o.f t h e  h e x a g o n a l  c y d  
m o l e c u l e s  i] (2 )  I.-I and  0 (3)  H a r e  r e s p e c t i v e l y  a c c e p t e r  
and  d o n o r .  I n  t h e  t r i g o n a l  m o l e c u l e ,  t h e  t w o  s e c : o n d a r y  
h y d r o x y l  g r o u p s  a r e  d o n o r ' s  i n  o n e  g l u c : o s e  r e s i d u e  and  
a c c e p t o r - s  i n  t h e  o t h e r  r e s i d u e  o.f t h e  a s y m m e t r i c :  u n i t .  

I n  o r d e r  t o  spec: i . .Fy t h e  h y d r o g e n  p o s i t i o n s  
d y n a m i c  d i s o r d e r ,  n e u t r o n  d i  .f ~ : ra r ' . t i  on  a n d  
d i~ :Er 'ac t : i . c ,n  a t  l o w  t e m p e r a t u r e  w i l l  be  u n c i e r t a k e n .  

arld the 
X--Ray 
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r e ~-u;:l i I y c::q-:: i::: re i: ,:Ib :I. a, ( 5 ) . 

We h a v e  s h o w n  t - h a L  a sc, ] .  u b i  i i z a t i  c,n e - F < e c ' L  i s a l  so:, 
o b t a : n ' a , d  b y  A ~ S i B o c i a I L i ( ] f ' l  I , ~ i t h  c y d .  T h e  d e t o c : t i c i n  o {  t h i s  
C O f i i p  ]. ~i.~)+:i b EH- c, f i i e s  e . f ;  .f; e l ' .  t :  i ' < e  ! :  Ji r ( ] L t  i~i I h ( ]  J'] e r e m a r  k f.i Jz~ l E, 

c h i r c ~ p t . i c : a L  p r c i ! : , e r t ,  i e s  o . f  b i T .  i r - u l - : , i r " , .  Th~ :  t w o  e r - , a r r L i , : : x n e r i c :  
cori-for'mE:t: i c,ilS st:o.bi i 1. z e(::J by si ;-, i ri(~.racc.,c:,I ei:::u.i ar hydrc:,~;]eri 

bc.'.nd:-, as 4:o'..uwi in c:rysta]li.r]e b:i. lirc.tb:J, rl (6) in!::ercor":vr 

rap:(di y i n sc:,l uti on ,al..: r"oc~m tc-:,mperatur:::, by breaki ::g and 

r(-:~making a].:i, six H-bo.nds (.f:i.g,,5) . 

..0~ 

8 
~ 

< 

w _  t ............ 
xx 

/ / . .  ...... 

Fi q ure !=i. The two eriant i c, mer i c con{ormat ions o.f: 

c r i s t a l ! i n e  b i l i r u b i n .  

S e l e c t i v e  c o m p l e x a t i o n  o {  o n e  e n a n t i o m e r  i~_-" a c h i e v e d  
bv' c y d  i n  a q u e e u . s  a l k a l i n e  s o l u t i o n  w h i c h  l e a d s  t e  
opt:ical activity ({i0.6) (2). 
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350 aO0 450 500 A(nm) 

I , ! I 2 _  
400 500 600 X(nm) 

F::ic~L~re 6 .  CD s p e c t r u m  oH: b i l z r u b i n - / . ;  c y d  , pH=l~! )~ 
(i~,=:455nm,,~::~ ' ..... 2 , ,?  IE {m deq , , cm :~ , , dmo le - : L ) , ,  i n s e t  s h o w s  t h e  
L;b sp , -~c t rum o-f t h e  o::.~mplex b i l i r u b i n - i i g a n d i n .  

We r e p o r t  now t h e  c h i r a i  r e c o q n i t i o n  os b i l i r u b i r ~  b y  
p e r m e t h y i  a t e d  i~- c y d .  A b a s i c  r e q u l  r emen t :  { o r  t h e  
c o m p ! e x a t l o n  c]< b i i i r u b : i . r ~  w i t h  c y d  d e r i v a t i v e s  i s  a cQmm,::~n 
s o ! . v e n t .  The  CD s p e c t r u m  s h o w n  b e l o w  h a s  b e e n  o b t a i n e d  i n  
CH C l : s .  B e s i d e s ~ i t  seems  t h a t  CH Cl~s may be  e n c l a t h r a t e d  
and  t h e r e , : o r e ,  t h e r e  i s  a c o m p e t i t i c . x ]  w i t h  b i l i r u b i n  . f o r  
c y c ! o d e x t r i n  c a v i t y ~  T h i s  ~ :ac t  cars e x p l a i n  t h e  p o o r  
q u a l i t . y  o.f t h e  s p e c t r u m  c o m p a r e d  s t h a t  o f  ~!. c y d  ( < i g , , 7 ) .  
We a r e  p r e t - ] ~ e n t l v  p u r s u i n g  t h e  e x p e r i m e n t a l  s t u d y . .  

Fi~ure 7. CD spectrum oi: permethyl /$ cyd - bilirubin at a 

m~lar ratio Gq permethyl /:~ cyd to bilirubin ~< 50 : 1 in 

chl,]ra~orm, ( X = 455nm, 8 = -5.0 10 ~ deg.cm2.dmole-~). 
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3 ,  T h e  p h e r o m o n e  o <  t h e  o l i v e  t : ] . y :  

L.In d e... c: al"l e "' 

1 , 7  dioxaspiro (~,~,~=; = "  

1 h e  < i r s t  b i o l o g i c a l  e x p e r i m e n t s  h a v e  s h o w r ;  t h a t  t h e  

~ : , h e r o m o n e s  a r e  c o n s i d e r a b l y  s t a b i  i i z e d  a n d  t h e r e T o r e  

s l o w l y  r e ] . e , - ~ . s e d  a ; t e r  e n c : l a t h r a t a t i o n  i n  c y d .  

T h e  c e l l  p a r a m e t e r s  o ~  :~i c o m p : l ,  e x e d  w i t h  i : . . " - -cyd  a r e  
(~ :i. y e n  : 

space gr ou.p P1 

a (A) ,I. 5 ~ 6EO 

..... ~ ,, 7 2  

c 1 5 o 9::.5 

o : ( ' ~ )  :i. 0 t .  4 

A'. :1. IZ~ 1 .  7 

~'.~. :i. 0 3 .  2 

:ril : i .s  c h i r a t  a n d  c y d  c a n  b e  

O I"" t :  [:) E~ I' l r i r:: h t'." h e ffi o i '  E, 

e n a n t :i. o m e l-" 1::;: - ( - ) - ~... ( T i g .  :--J, ) 

u s e d  i n  o r d e r  . . . .  ~:..o i . s c ' , t a t e  

b i c:)]. c ,g  i c a i i  'v a c  .t.-:i v e  

S 

~:: i (~JL.W(.P- ~ ] .  [ ~'. 0 e n a n t  :i. ( : :m ie r  :i. d: i s , : ]~ner-~ i ;  o i :  ~.!~ ~ 

.... t.. i~,..- r - -  "1  

A t3 i'" c~'. ~ r e q u. i E~. :i. [: E, "{: Ol" n o rt J. :!. r] e a . r  c5j:3 t :i. ~': m ~. t e r i a J. :[. s i: h e 

a t::) .-::.b~.--J. r] c: E, o~:  i r ]ver , : . : : .~ : (oF. ,  cE.'l"V(:.e?.r !:::} "..-,' d ( : :a r ]  !::--~: L tSe~d .~W-~ ~:.'..~ .t:_c:)oi :i.r] 
c::,rdrE~r t o  a c l i  :i. e ' , , ' e  a rlC)F! cE,  r f t : i 'o~- ' . '~, , 'mm~-Pt:r t  [:: C : l " ' y s ( : a . t .  . L} ")! I:.i O1-:i::i.:~l"S 

7.-:~ r]e~N l:) r c] ,:: e d Li r ,~:e -l:oi"" ~.!"H~i! eVE:~].Lbat:i.(::}~"~ (::l{" "l::.J"ie ( : . u 'de . l "  o-~: a 
rrno]. E,[::Lt:[ a l ' -  r i o f - t  ]. :i l]iE,,:-3.r:[ i V .  



84 G. TSOUCARIS ET AL. 

p - n i t r o a n i  I i n e  ._.~!i i s  o n e  o~: t h e  m o s t  i n t e r e s t i n g  
m o l e c u l e s ~  T h e  CD s p e c t r u m  d e m o n s t r a t e s  a c o m p l e x a t i o n  w i t h  
o: c ' r  

F i g u r e  9 .  C[)  s p  e c  t r ~..~.m o.i: ,.::,'- c v d - ~ii~:; w i t , " ,  t i i e  m o l a r  
c o n c e n t r a t i o n % :  c . ~ - c v d  : i(~9. ltL~ '::~; M / i  ,, 3 ::: :f.,,5,, i (~  --:~' I " I / i  ,, 
�9 ' >, : 4!,{iI)[~nm, e : 7 . 6  J.,.,.::~-:"~' deq .cm- ' : = : . dmc , ] .~ . :  ,-:~ ) 

2 ) . K ~ S e n s s e  u r~d  F o C r a m e r  ; C h e m  ~ B e r .  :~ i _.~.~2 ,, 5~i9- ' . i : : i22 

< 1 9 6 9 ) .  
S .  l " a k e n a k a ~  N,, M a t s u u r a  a n d  N,~ T o k u . r a ! ~  T e t r a . h e d r o n  
L e t t e r ' ~ . ~  iiii~!~_~., 2 3 2 ! 5 - 2 3 2 8  ( 1 9 7 4 )  . 
,-fo ,.%:;..." e j I: I i ; C v c l  o d e x i : : r  i n s  a n d  t h e i r  :~. n c i  us:~. o n  
c o m p i e x e ' - ; , ,  ~ .~kademza : i .  k : Lad , : ] , ,  B u d a p e s t  i 9 8 2 ) , :  

2 ) ~  G,, L e  b:,.:.~. ~. ,, C,, d e  R a n q o  ~--~. n d G:, T s o u c a . r  i s :; :is!:: 
i r ' ~ t~  S y m p o s i u m  o n  C v c i o d e x t r i n s ,  E { u d a p , - ~ s t  ' . - ' . : [ 98 i )~  

3 )  ~ G,, L e  Ba~;~  C,, d e  R a n g o , ,  No R y s ~ . n  e k  a n d  G~ 
T s o u c a r ' J s ;  J .  ,:m.i. ] s  Phen,:::}m~:-~na,-[_..'.,,'.:!i}6I (:J. 984s 

< 4 } , ,  W. K l v n e  . 7 e t r a h e d r o n  13....,,. 2 9 ,  (:l. 9,~::~1.) 
C .  bjera.i=-.,s:i.; P , , N . A , , S  USA,, '~!'_"iiik~ :L~i]93 ( 1 9 6 2 . ; .  

( N }  A, ,F:o M c D c i r , a g h : ,  L.o P a l m a  a n d  D o A .  L . . i q b t n e r ~  ::i:ic.t. enr 

.[i:~.L-.]i[!i}~ 1 4 5  ( :!.98(~.);, 
{6 ; ,  G:, Le B a s , ,  A .  A i : i .  e g r c - : t ,  Y .  i"huJ.gu,:,,'~,n,, C~ d~-, Rai-tgc::, a n d  

M.  1~{a i ] . ] .v .~  A c t a  C r v s t ~  ~ _....}) ..36,, 3(; ]~}7-3(~I) : i . i  < 1 9 8 1 } ~ ) .  


