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Note

T he crysta l and  m olecu lar  stru ctu re o f  6 ,8 ,1 5 ,16b, 16c, 17- 
h ex a h y d ro -1 6 b ,1 6 c-d ip h en y l-7 H ,1 6 H -6 a ,7 a ,1 5 a ,1 6 a -  

te tra a za n a p h th o [5 ,6 ]a zu la n o [2 ,l,8 ,-ij]n a p th o [f]a zu len e-  
7 ,16-d ion e

W . P. B o s m a n ,(3)* J .  M . M . S m it s , ,2) R . d e  G e ld e r ,(2) J . N . H . R e e k ,(I) a n d  R . J . M . N o lte '1»

Received March 6, 1996

T h e  c r y s t a l  a n d  m o l e c u l a r  s t r u c t u r e  o f  a  c l i p  c o n t a i n i n g  m o l e c u l e  is  d e s c r i b e d .  T h e  s t r u c t u r e  

w a s  s o l v e d  b y  v e c t o r  s e a r c h  m e t h o d s  a n d  r e f i n e d  b y  l e a s t  s q u a r e s  m e t h o d s  to  R\ =  0 . 0 7 6 8  

[ /  >  2 c t ( / ) ] .  C r y s t a l  d a t a :  C 4 0 H 3 0 N 4 O 2 H C C I 3 , t r i c l i n i c ,  s p a c e  g r o u p  P I ,  a =  9 . 3 0 2 ( 2 ) ,  b =  

1 2 . 9 8 1 ( 2 ) ,  c =  1 5 . 7 6 5 ( 2 ) Â ,  a  =  6 5 . 9 1 ( 2 ) ° ,  (3 =  7 6 . 4 0 ( 2 ) ° ,  y  =  8 0 . 1 5 ( 1 ) ° ,  V  =  1 6 8 2 . 9 ( 4 ) Â \  

Z  =  2 .

K E Y  W O R D S :  C r y s t a l  s t r u c t u r e ;  r e c e p t o r ;  c l i p  s h a p e d  m o l e c u l e .

I n tr o d u c t io n

In the c o u rse  o f  our s tu d ie s  a im ed  at the d e v e lo p 

m en t o f  s y n z y m e s  (sy n th e t ic  e n z y m e s ) ,U lb a n e w  

ser ie s  o f  c lip  sh a p ed  m o le c u le s  w ere  d e s ig n e d  in order  

to g e t  a better in s ig h t in to  the factors w h ic h  in f lu e n c e  

the b in d in g  o f  d ih y d r o x y b e n z e n e  m o le c u le s  in to  th ese  

recep to rs .2 F rom  ear lier  s tu d ie s3 it is k n o w n  that c lip  

m o le c u le s  w ith  1,4 d im e th o x y n a p h ta le n e  ( l a )  or fu n c -  

t io n a liz e d  1,4 d im e th o x y b e n z e n e  s id e  w a lls  ( 2 ) 4 are  

not ab le  to b in d  arom atic  g u e s t  m o le c u le s . A  p o s s ib le  

ex p la n a tio n  is that the m e th o x y  grou p s are b lo c k in g  

the ca rb o n y l g ro u p s o f  the d ip h e n y lg ly c o lu r il .  T h e r e 

fore, w e  sy n th e s iz e d  a c lip  m o le c u le  w ith  n a p th a len e  

m o ie t ie s  (2 ,3  c o n n e c te d )  not h a v in g  the m e th o x y  

grou p s ( l b ) ,  in order to stu d y  the ro le  o f  th ese  g ro u p s .

(,) D e p a r t m e n t  o f  O r g a n i c  C h e m i s t r y ,  N i j m e g e n  S O N  R e s e a r c h  

C e n t e r ,  U n i v e r s i t y  o f  N i j m e g e n ,  T o e m o o i v e l d ,  6 5 2 5  E D  N i j 

m e g e n ,  T h e  N e t h e r l a n d s .

(2) D e p a r t m e n t  o f  I n o r g a n i c  C h e m i s t r y ,  N i j m e g e n  S O N  R e s e a r c h  

C e n t e r ,  U n i v e r s i t y  o f  N i j m e g e n ,  T o e m o o i v e l d ,  6 5 2 5  E D  N i j 

m e g e n ,  T h e  N e t h e r l a n d s .

(3) R I M  L a b o r a t o r y  o f  S o l i d  S t a t e  C h e m i s t r y ,  U n i v e r s i t y  o f  N i j 

m e g e n ,  T o e m o o i v e l d ,  6 5 2 5  E D  N i j m e g e n ,  T h e  N e t h e r l a n d s .

* T o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .
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A n  X -ray  d iffra ctio n  e x p e r im e n t w a s  undertaken  to 

esta b lish  the th r e e -d im en sio n a l structure o f  the c o m 

p ou n d  sy n th e s iz e d . T h e  structure app eared  to b e  the  

title  c o m p o u n d .

E x p e r im e n t a l

T h e  crysta l data and a su m m a ry  o f  the data c o l l e c 

tion , the structure so lu t io n  and re fin em en t are g iv e n  

in T able 1. T h e  a to m ic  p o s it io n a l and v ib ration a l 

param eters are g iv e n  in T ab le  2 . S in c e  e x p e r ie n c e  

s h o w e d  that the d ip h e n y lg ly c o lu r il  unit from  s im ila r  

c o m p o u n d s  can  be u sed  as a su ita b le  r ig id  fra g m en t6 

for structure so lu t io n , th is unit w a s  input to a v ec to r  

search  p rogram .7 T h e  p h a sin g  p o w e r  o f  the m o d e l  

p ro v ed  to be su ff ic ie n t  to s o lv e  the stucture. T h e  h y d ro 

g e n  a to m s o f  the m eth y l gro u p s w ere  o b ta in ed  by  

rotation  o f  an id e a liz e d  m eth y l grou p  to m atch  m a x i 

m u m  e lec tro n  d e n s ity  in a d if fe r e n c e  F ourier sy n th e s is .  

T h e rem a in in g  h y d r o g e n s  w ere  g en era ted  at c a lc u la te d  

p o s it io n s . A ll h y d r o g e n s  a to m s w ere  re fin ed  rid in g  on  

the parent a to m s w ith  co n stra in ed  iso tro p ic  tem p era 

ture factors. A  d if fe r e n c e  F ou rier  sy n th e s is  rev e a le d  

the p resen ce  o f  o n e  c h lo r o fo r m  s o lv e n t  m o le c u le  w h ic h  

is partly d isord ered . O n e o f  the c h lo r in e  a to m s o f  the

1 0 7 4 - I5 4 2 /9 6 /0 5 0 0 -0 3 6 5 S 0 9 .5 0 /0  ©  1996  P le n u m  P u b lis h in g  C o rp o ra t io n
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1a R=OMe 
1b R=H

ch lo ro fo rm  m o le c u le  w a s  sp lit in to  tw o  parts. T h e  

co rr esp o n d in g  o c c u p a tio n  factors w ere  se t to add up 

to o n e  during  re fin em en t.

D is c u s s io n

T h e structure and a to m ic  n u m b erin g  are presen ted  

in F ig . l . n G e o m e tr ic a l c a lc u la t io n s 12 rev ea led  no 

unusual g e o m e tr ic a l featu res. C a lc u la tio n s  w ith  P L A 

T O N 13 r e v e a le d  no  h ig h er  sy m m etry  and no further  

resid u al so lv e n t  a c c e s s ib le  area. T h ere is a h yd rogen  

b on d  b e tw e e n  the h y d ro g en  atom  o f  the ch lo ro fo rm  

m o le c u le  and the ca rb o n y l o x y g e n  o f  the d ip h e n y lg ly -

2 co lu r il unit (O -H :  2 .1 8 (4 )  A ; / O - H - C :  1 7 2 .(3 )°).

S c h e m e  1 C o m p a r in g  the structures o f  l a  and l b  o n e  can  c o n 

c lu d e  that the c a v it ie s  o f  th ese  c lip  sh a p ed  m o le c u le s  

are very  sim ilar. T h ere  are so m e  d if fe r e n c e s  lik e  the

F ig .  1. O R T E P  d ra w in g  w ith  a to m ic  n u m b e r in g .  T h e rm a l  e l l ip s o id s  a re  at 4 0 %  p ro b ab ili ty .
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T a b le  1. C ry s ta l  d a ta  a n d  s u m m a ry  o f  in te n s i ty  d a ta  c o l le c t io n ,

s t ru c tu re  so lu t io n ,  a n d  re f in e m e n t

C ry s ta l  d a ta

C o m p o u n d C 4 0 H 3 0 N 4 C V H C C I 3

C o lo r /s h a p e C o lo r le s s / re g u la r

C ry s ta l l iz a t io n C h lo ro fo rm

F o rm u la  w e ig h t 7 1 8 .0 5

C ry s ta l  sy s te m T ric l in ic

S p a c e  g ro u p P I

T e m p e ra tu re ,  K 2 0 8 (2 )

C ell c o n s ta n ts “U
a , AA 9 .3 0 2 (2 )

b, Âo 1 2 .9 8 1 (2 )

c , A 1 5 .7 6 5 (2 )

a ,  ° 6 5 .9 2 (2 )

ß . ° 7 6 .4 0 (2 )

° 8 0 .1 5 (1 )

C e ll  v o lu m e ,  A 3 1 6 8 2 .9 (4 )

F o rm u la  u n i ts /u n i t  ce ll 2

£>caic, g  c m " 3 1.417

| i caic, m m - 1 0 .3 1 7

F ( 0 0 0 ), e le c tro n s 7 4 4

In te n s i ty  d a ta  c o l le c t io n

D if f ra c to m e te r /s c a n E n ra f -N o n iu s  C A D -4 /cD -scan

R a d ia t io n ,  g ra p h i te M o K a  ( \  =  0 .7 1 0 7 3  A )

m o n o c h ro m a to r

C ry s ta l  d im e n s io n s ,  m m 0 .0 9  X 0 .1 3  X 0 .3 9

S c a n  w id th ,  ° 1.5

S ta n d a rd  re f le c t io n s 3, e v e ry  7 2 0 0  s e c o n d s  

e x p o s u re  t im e

D e c a y  o f  s ta n d a rd s 1 .0 0 - 1 . 0 2

R e f le c t io n s  m e a s u re d 16212

2 0 - ra n g e  ° u p  to  5 6

R a n g e  o f  h, k, I - 1 2  <  h <  12, - 1 7  <  k <  

17, - 2 0  <  / <  20

C o r re c t io n s

L o re n z -p o la r iz a t io n

E M P A B S 5  c o r re c t io n 0 .9 9 3 -1 .0 1 1

In d e p e n d e n t  re f lc n s  (o b s .,  I„ 8 1 0 6 (4 2 1 0 )

>  2 c r ( / J )
R bM merge 0 .0 6 3

C o m p u te r  p r o g ra m s 1 L o ca l p ro g ra m s

S tru c tu re  so lu t io n  a n d  re f in e m e n t

S tru c tu re  so lu t io n V ec to r  s e a rc h  m e th o d s 7

C o m p u te r  p ro g ra m s D IR D IF 8  (O R IE N T , 

T R A C O R )

S tru c tu re  r e f in e m e n t F u l l-m a tr ix ,  le a s t - s q u a re s  o n  1

n o n -H  a to m s A n is o tro p ic

H -a to m s S ee  e x p e r im e n ta l

C o m p u te r  p ro g ra m s S H E L X L 9

S h if t /e sd L ess  than  0 .0 4

N o . o f  r e s t r a in ts /p a ra m e te r s 0 /4 6 4

G o o d n e s s -o f - f i t  on  F2 1.005

R in d ic e s  [I >  2cr(I)J P ,  =  0 .0 5 9 ,  wR2 =  0 .1 2 2

R in d ic e s  (all d a ta ) P ,  =  0 .1 3 9 ,  u P 2  =  0 .1 5 6

L a rg e s t  d iff. p e a k  an d  h o le , 0 .6 4 8  a n d  —0 .5 0 3

e - A - 3

a L e a s t - s q u a re s  r e f in e m e n t  fo r  25 re f le c t io n s ,  9 .5 °  <  0 <  13°.

bR,„^c = 2| |F„I -  <IF„I)/ 2IF0I.
c U s in g  n e u tra l  s c a t te r in g  fa c to rs  an d  a n o m a lo u s  d is p e r s io n  

c o r r e c t io n s . 1 0

T a b le  2 . A to m ic  c o o rd in a te s  (X  104) an d  e q u iv a le n t  iso tro p ic

d is p la c e m e n t  p a ra m e te r s  ( A 2  X 103)

X y
✓ z Ueq

0 ( 1 ) 4 9 4 5 (2 ) 3 6 3 8 (2 ) 1730(1 ) 3 3 (1 )

0 ( 2 ) - 7 3 5 ( 2 ) 4 1 1 3 (2 ) 3 9 0 6 (1 ) 3 2 (1 )

N ( 1) 1518(2 ) 4 6 3 3 (2 ) 3 9 2 6 (2 ) 2 3 (1 )

N (2 ) 3 7 6 0 (3 ) 4 0 2 5 (2 ) 3 0 4 3 (2 ) 2 4 (1 )

N ( l ' ) 8 6 9 (3 ) 5 0 6 2 (2 ) 2 5 3 9 (2 ) 2 5 (1 )

N ( 2 ') 3 3 5 4 (3 ) 5 2 4 5 (2 ) 1623(2 ) 2 3 (1 )

C ( l ) 5 3 7 0 (4 ) 7 1 4 1 (3 ) 3 6 7 1 (3 ) 4 8 (1 )

C (2 ) 6 0 6 2 (4 ) 6 4 6 6 (3 ) 3 1 8 0 (3 ) 4 7 (1 )

C (3 ) 3 8 9 3 (4 ) 7 0 5 8 (3 ) 4 0 6 6 (3 ) 4 7 (1 )

C (4 ) 5 2 6 9 (4 ) 5 7 3 5 (3 ) 3 0 7 1 (2 ) 3 5 (1 )

C (5 ) 3 0 8 9 (4 ) 6 3 2 5 (3 ) 3 9 6 5 (2 ) 3 4 (1 )

C ( 6 ) 3 7 6 2 (3 ) 5 6 7 2 (2 ) 3 4 4 8 (2 ) 2 5 (1 )

C (7 ) 2 8 5 7 (3 ) 4 9 7 6 (2 ) 3 2 3 4 (2 ) 2 4 (1 )

C ( 8 ) 4 1 8 (3 ) 4 5 4 4 (2 ) 3 4 9 7 (2 ) 2 4 (1 )

C (9 ) 4 1 0 0 (3 ) 4 2 2 2 (2 ) 2 1 0 6 (2 ) 2 5 (1 )

C (1 0 ) 1632 (3 ) 3 8 1 6 (2 ) 4 8 8 1 (2 ) 2 7 (1 )

C ( l l ) 4 3 8 7 (3 ) 3 0 7 1 (2 ) 3 7 8 3 (2 ) 2 8 (1 )

C (1 2 ) 1943(3 ) 2 6 0 6 (2 ) 4 9 5 9 (2 ) 2 6 (1 )

C ( 13) 3 2 5 7 (3 ) 2 2 4 1 (2 ) 4 4 3 7 (2 ) 2 6 (1 )

C ( 14) 9 4 1 (3 ) 1832(3 ) 5 5 4 2 (2 ) 2 9 (1 )

C (1 5 ) 3 4 9 9 (3 ) 1137 (2 ) 4 5 3 1 (2 ) 2 6 (1 )

C ( 16) 1173(3) 6 8 4 (3 ) 5 6 5 3 (2 ) 2 8 (1 )

C ( 17) 2 4 7 9 (3 ) 3 2 4 (2 ) 5 1 4 1 (2 ) 2 7 (1 )

C ( 1 8) 148(4) - 1 1 5 ( 3 ) 6 2 5 4 (2 ) 3 7 (1 )

C ( 19) 2 7 1 8 (4 ) - 8 1 8 ( 3 ) 5 2 4 4 (2 ) 3 3 (1 )

C (2 0 ) 4 1 0 (4 ) - 1 2 1 4 ( 3 ) 6 3 3 7 (2 ) 3 9 (1 )

C (2 1 ) 1700(4 ) - 1 5 7 4 ( 3 ) 5 8 3 4 (2 ) 3 9 (  1 )

C ( l ' ) 1597(5 ) 9 1 7 9 (3 ) 1626(2 ) 4 6 (1 )

C ( 2 ') 2 9 7 4 (5 ) 8 6 9 8 (3 ) 1328(2 ) 4 4 (1 )

C ( 3 ') 4 3 5 (4 ) 8 5 2 6 (3 ) 2 0 9 0 (2 ) 4 2 (1 )

C ( 4 ') 3 1 4 2 (4 ) 7 5 4 8 (3 ) 1500(2) 3 4 (1 )

C ( 5 ') 6 1 3 (4 ) 7 3 6 8 (3 ) 2 2 8 5 (2 ) 3 3 (1 )

C ( 6 #) 1979(3 ) 6 8 7 5 (2 ) 1992(2) 2 6 (1 )

C ( 7 ') 2 2 3 9 (3 ) 5 5 9 8 (2 ) 2 2 9 0 (2 ) 2 3 (1 )

C ( 1 0 ') - 2 0 ( 3 ) 5 1 9 0 (3 ) 1849(2 ) 2 9 (1 )

C ( l l ' ) 3 0 1 3 (3 ) 5 4 5 1 (3 ) 6 9 9 (2 ) 2 7 (1 )

C ( 1 2 ') 6 1 5 (3 ) 4 4 6 2 (2 ) 1281(2 ) 2 7 (1 )

C ( 1 3 ') 2 0 7 9 (3 ) 4 5 9 1 (3 ) 7 2 6 (2 ) 2 7 (1 )

C ( 1 4 ') - 2 2 6 ( 3 ) 3 6 9 9 (3 ) 1273(2) 3 1 (1 )

C (  1 5 ') 2 6 1 7 (4 ) 3 9 4 7 (3 ) 198(2) 3 3 (1 )

C ( 1 6 ') 3 1 9 (4 ) 3 0 3 7 (3 ) 7 1 3 (2 ) 3 1 (1 )

C ( 1 7 ') 1770(3 ) 3 1 5 6 (3 ) 175(2) 3 2 (1 )

C ( 1 8 ') - 5 5 5 ( 4 ) 2 2 6 7 (3 ) 6 7 9 (2 ) 3 8 (1 )

C ( 1 9 ') 2 3 1 4 (4 ) 2 4 9 2 (3 ) - 3 8 2 ( 2 ) 3 8 (1 )

C ( 2 0 ') - 6 ( 4 ) 1 6 6 4 (3 ) 116(3) 4 1 (1 )

C ( 2 T ) 1434 (4 ) 1 7 6 7 (3 ) - 4 0 6 ( 3 ) 4 2 (1 )

C h lo ro fo rm  m o le c u le

(O c c u p a t io n  fa c to rs  fo r  the  d is o rd e re d  C l(3 1 )  a n d  C l(3 2 ) : 0 .5 0 (5 ) )

C (91 ) 5 2 6 0 (4 ) 1138 (3 ) 1964(3 ) 4 1 (1 )

C l ( l ) 6 5 4 9 ( 1 ) 3 9 0 (1 ) 2 7 0 1 (1 ) 7 0 (1 )

C l(2 ) 5 8 6 9 (1 ) 1 1 0 2 ( 1 ) 8 4 5 (1 ) 7 5 (1 )

C l(3 1 ) 3 5 0 2 (1 1 ) 7 3 6 (1 5 ) 2 4 2 3 (1 0 ) 101(3)

C l(3 2 ) 3 5 7 9 (1 2 ) 5 3 9 (1 6 ) 2 4 8 8 (1 0 ) 111(4)

a Ueq is d e f in e d  as o n e  th ird  o f  the  trace  o f  the  o r th o g o n a l iz e d  

Uij tenso r.



368 B o sm a n , S m its , d e  G e ld e r , R e e k , a n d  N o lte

tapering  o f  the c a v it ie s  and the tw ist  in the m o le c u le s .  

T h e se  d iffe r e n c e s  are, h o w e v e r , a resu lt o f  crysta l p a ck 

ing  e f fe c ts  and are c o n s is te n t  w ith  the f le x ib ility  o f  

the m o le c u le s .  From  b in d in g  s tu d ies  w e  c o n c lu d e d  that 

c lip  l b  is in d eed  ab le  to b in d  1,3 d ih y d r o x y  b en zen e ,  

h o w ev e r , w ith  a lo w  a sso c ia t io n  co n sta n t (6 0  M -1 ). 

T h e se  data su g g e s t  that the m e th o x y  grou p s o f  l a  are 

in d eed  p la y in g  an im portant role in b lo c k in g  the ca v ity  

for the b in d in g  o f  arom atic  su b strates, a lth o u g h , other  

e ffe c ts  are lik e ly  to be in v o lv e d  as w e ll .  Further stu d ies  

to co n firm  th is h y p o th e s is  w ill be reported  e lse w h e r e .
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