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n inc  mc lu ru inc  r i ngs  ( \ l  t  t h r r t  uc  h l t ve  c rL l l cd  I - l t r b ( \ 1 \1 \1  t . ,  / \ -  o
( 2 ) T h i s n l t l l c c t t l c l l S S O c i l I t l ' 5 r i i t l r n i I t c c - c 1 t t i r l t l c t t t s t l t . ' f r - a
ne t t hc r r l i s r ) c l unu ru l c  ( nc t rhc ' r (C ' , \ ) 3 )  t o  f b r t l t  t t  h \d r ( )gc l l -  f  -C ,o  Hc r
l , n , t . f . . i  , , rp r , , , t t , - ' , l ccu l l i r  agg l ' cg i . I t c  t ' r t ' c t r l l l p t r . i t i . . , n  t i L t t - , -  o {  

v r t

( \ l \ l \ 11 . ,  '  gneohc r ( f ' . \ )  ( - t t .  T i t i s  i t gg l ' cg r t tL '  i 5  g1 . r111p1r rcc l  o l '  H . * , -1 :L

te r l  n ro lecu lcs  i n  th re r .  pa ra l l c l  C 'A .  '  i l . * " ru . . t t c . " . i " l  r t t t r l  i s  X r - - - i * i - - \ - f
r t l b i l i zc t i  b r  -5 - l  [ 11 l f  oge t l  h r tnc i s .

The  no t r l t t nc l l t r t t i t t c  c le  t ' i r  l r t i i  c  2  u  as  s - r  t t t h r ' : i z t t i  h r  t r . i l l g

t h e  p r o c c d u r e  s h o ' n r  n  t n  S c h c t n e  l .  T h i s  s \  n t h e s i s  c \ t c l l d :  i t

s t ra tcg \  u  e  ha r  e  c lesc r ihcc l  p re  v ioL t : l r  . t : '  
- l  

Thc '  r r r - r y  l r  I  sp ; t c -

e rs  be t i i een  ad jucc t t t  t ne l l t t n i r t . -  r i r t gs  i n  e l t ch  l t r t r t  o t ' 2  n i l t t c l - t

t ho :e  r re  ha re  usc t l  i t r  t gg reg i . I t es  b r t sed  c ) l l  t \ \ t )  p l r ra l l e l

C 'A .  '  N I  .  r c l se t t c ' \ . [ ' ] '  
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"ful ly staggered" .  ec i i psed"

Hub(MMM). , '9Neohex(CA) 4

+ 14  add i t i ona l

H u b ( M M M ) ,

S c h r ' n r c -  l .  S l n t h r ' s i s  o f  H u b (  \ l \ l \ l ) r  ( 2 ) .

) tnqolt

A homogeneous  so lu t i o r t  o f  Hub ( I ' l i l , l i l l ; , '  9neohe r (CA)
(J)  u 'as  prepared bv rn ix ing one equiva lent  o f  2  and n ine

eqr-r ir , 'alents of 3 in chloroform (Scherne 2). \ \ 'e have- ennu-

mc'rated at least 16 dif ferent gel l t t i ' t r ical col l forr lr-rS l i -s bc'-

in-e possibi l i t ies for . l . tel  \ \ 'e bel ieve that the a-c-qrr-gate exists

i n i t i a l l v  as  a  m i r t u re  o f  t he  many  ava i l ab le  con fo rmers  on

mir ing the t r , r ' r - r  d i f  tere  n t  c r ) lnponents .  Thc 'c t l t t rc rs ion of ' th is

rni\ tLlre to a sitr-sle supramolectt lar a-sgrcgatc'  of corl tposit ion

4 occurs  over  about  ;18 h  a t  room temperature (or  1  min a t

re f lLrx)  in  ch lorofonn.  as jud-ued b)  tHN\ ' {R spect roscopl .
The supramolecu lar  aggregate 4  was character ized b i

tH NNIR spect roscopl  (COS\ ' .  NOE.  and NOESY erp. ' r t -

ments) .  ge l  pc- rmeat ion chromatograph)  (GPC).  and vapor

pressure osm(r rnet r ) '  ( \ 'PO).  The 'H N\ ' lR spect ru tn  o f  4

(F ig .  l a )  sho l vs  a  sha rp  se t  o t ' r esonances  t ha t  can  be  as -

s ign. 'd  te- '  a  s ing lc-  c t  n for tn . - r  o f  thc  sLtpran lo lect r lar  aggrc ' -
gate.  These sharp resonl lnces cont rast  u ' i th  the broad.  poor-

l i -c le f ined resonr"urccs observet l  in  the spcct r t l ln  obta inet l
f rom unconrp lered 2 in  CDCI.  (F i - t  I  c ) :  thc  broadeni t rg  t - r f

t l te  resoni tnccs i t t  th is  spect runt  rn l t \  re t ' l cc t  h indcrcd ro t l t t i ( r l l

about  amide bonds in  2  and or  se l f ' - i tssoc i l t ion o f  2 .  Eren rn

a s i rong hvdro-sen-bonding so l r ,ent  such as d i rneth l ls t t l f t - r r -

i de  (DNISO) .  how 'eve r .  t he re  i s  l i t t l c -  dc ' t r r i l  i n  t hc .  'H  N \ lR

S c h e m e  L  S e l t ' - a s s e n r b l r  t r f  H u b { \ 1 \ l \ t ) r '  9 n e o h c x ( C . \ t  ( - l r  T h :

t i . ,n l t l  i : , . i t l , ' r r  sh . " ' r  i l  : l i ! '  i l : .1  [ ' r . r  111 ' ;11  lc lLs t  l6  posr : i ' l l i : l : '

s p e c t r L l n r  o l 2 .  T h c  s p e c t r u m  i n  F i g r r r c  I l - ' : l  .  '  : - . -  - : - : - : : -

g l t t r ' imn rcd i . r t . ' l r  a f t . - r  m i r i ng  t hc -  c i r i l - . :  " - ' '  ' I  , ' . - :  - 1  T : :

progres: io t t  f ro tn  a  n l ix ture o l  c t )n l ( r l ' : l : : ' : ' '  {  i i ; l  1  b t  t t r

a  s i ns le  c t t n f r - t r t n r - r  (F ig .  l a )  i s  c l c r r r  t : '  i * , " :  l i \ \ lR  spec -

rn r .  Thc  obse r ra t i on  o f  d i sc r c t c '  r J . , ' . ' . . :  -  - '  :  ' : '  t ; 1 .  t l i f t e ren t

cr )n f t )nners  conf i rms that  c- rch. r t tS ' :  ; . ' : , ' , l . l l  thL- l l . l  i s  s lou on

th r -  N \ lR  t ime  sca le .  The : i \  rC . t - r i ' . . : r ' . . u .  \ \ r t h  equa l  i n tens i -

t i c s  ( r .  i n  F i g .  l l t )  h e t u . ' c t r  , i  1 l  . : : : . i  1 6  c o r r e s p o n d  t o

th ree  se t s  o f  t he  two  uns \ r . 1 l n r i i r r . . r l  h rd rogen -bonded  i so -

c \ i . r nu r l t t c  p r r ) t ons  sccn  i t r  c . l - - l :  ( ' \ .  \ 1 - r  r ose t t e  i n  4 .  The

observat ion o f  f i>Lr r  c i i :c t " : tc  s i r tq lc ts  (v .  F i -u .  I  a)  bet* 'een

r i : 1 .8  and  2 .1  f o r  t i r , - .  f L r r . l r  n l c . t h i l  s r , r bs t i t t t en t s  [ ( a )  ( d t

Scheme 2]  prov idcs l 'u r lh : ' t '  suppt ' r r t  for  the-  proposec l  s t rL l . -

tLr r -e  o f  -1 .  C 'oo l i r tg  t l l t  : r t r l lp l . -  h l ts  n t )  € f - fcc t  or r  thc  s ic t l ' r l '

ohserved in  thc-  rH \ \ lR spc 'c t rum.  Th is  feat t t re  s t ren! l i l r ' : . .

thc  in ferencc-  th l t t  thr .  r i 'S t ) r to l lC€S observc-d t i t  ] ( ) \  K : : :

F igure I  a  be long t r r  a  s in*c le  conf  ormer  anc l  I IL) l  t \ )  . r

rup i  c l  ly  -cq u i l i  b r l  t  i  r r  g  tn  i  r t  ure  o f  c r . rn f  ormat i  t - r  l ts .  t '  "  i  \  t tc  i . ' . r  : '

Orerhat tscr  e t lcc ts  bet r rc 'c -n  the imic le  protons ot l  thc  l : . r rc \ i i l ] -

l r a te  n t c t l ecu l cs  (3 )a r t t l  t hose  t t t ' t he  t t i e l a t t t i t l c  t ' i t l r .  t : l  f  . , , 11 -

t l r r l  thc-  gcr )n te t r \  o f  thc  hydrogen-bondet i  fCr i t ' r l l . .  i . t l l ! i  i . l re

I  n n c c i h l o  I
I t " - " " ' " ' - l
i  conformers I

t  I  ( ' l l I  l 6 '
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.  .  - ' : r l  r i  r t l t  t hc  s t ruCtu l ' c  th t r t  $e  n : ' \ ) l - r r ) se  t i r r  . 1  \ \ r '  c l r r
. . ' i - '  \ O L :  i n t c n r c t i o n :  h c t u c c r r  I l . t ) t t ) r ) :  i n  u r l - j l r c c n t

\ 1  r t r : r ' t t C S .  T l r i s  t c l r t r r r L -  l l c . l n .  l i t . r i  \ \ a  a l l t r t t r t  t l c d u e i .
r : . : . . i L r ( ) L l \ l _ \ .  r i h i c l r  t r l - t i r - .  1 - r q , . . 1 f l - ' e r \ n l i r r ' 1 1 1 ; 1 1 1 p 1 ; . 1  l
, r ' :  l r  t l t c  t h c n n r r r l t n l r r n t - . r l l r  1 - , ; . ; . ' i i ' . ' r l  ( t i l t s c r . r c t i  )  r r n t ' .

i r t  thc ' :c  t r i rccs i \  i . r  c ( ) I \a( l  ur 'ncc '  o f  d iss t ' rc i l r t ion o f  thc  augrc-
c l i t c  t h i r t  oce t r r s  t l u r i nc  t l r c  l r n r r l r s i :  b r  GPC ' .  l r n t l  n r t ) r c  t r r i l -
i n c  i s  s c c n  i n  ( ' l l ( ' 1 .  t l l r r r  i n  ( ' f l . ( ' 1 , .  T h r :  c l i t ' t c r c n c c  i n t l i -
c ; . r t c s  t h . r t  t i r c : t l r h i l r t r  o t ' . 1  i :  l o r r c r  i n  CHC ' l - , .  t l i c  s t r t ) r r sc r
I l r c i r t l g c l t - b o n t l i r t g  : 9 l r c p t .  t I l r r r  i t  i s  i n  C H , C ' 1 , . t '  l l  , . \ l -
t h t t ug l t  r l i s : i r e  i t r t i t r n  ( ) ccu l ' \  r l L r r i nc  l r nu l r : i :  r t f -  J .  t hc  GPC
re : t t l t s  cs t l r l ' r l r : l r  t h l r t  t hc  r l i s r , . r e i l r t i t r r r  i :  S l t r u  i r n t l  i nc l r e r r t r ' .
t l tc rc forc ' .  t l r l r t  . l  rs  surpr - is inc l r  s tu t r le .

Thc 'n ro lec l l l l r r  \ \ r . i g i t t  n l  t o r . l  h l r :  bcen  ob t t r i ned  b i . \ ' pO
in ch lorotor rn .  us ins t i rur  t l i t ' te r r 'n t  rno lccu l l r r  r r 'e ig l r t  s t i .ur -
da rds . t l r l  Each  s tL rn t l r t r t l  g i \ c \  i ' t  r ) bsc [ \ ed  , l  t ha t  i s  u i t h i n
l - 5oo  o f  t hc  ca l cu lu t cc l  r l i l ue  o t ' - l  ( 6 .11_ i  kD l ) .  Obse rvec l
nr r r lecu lur  uc. ishts  r ' r t '  J  urc .  - r .6  kDl  (s tandurd:  . \ ' . . \ ' ' -b is -
/ t ' r '1 -but t r r rcarbr tnr l -gr . r rn ic id in  S) .  6 .4  kDu ( :ucr r )sc .  oc t i i -
l ucc ta te ) .  6 . , j  kD ; r  ( p t r l l s t l  r ene ) .  7 . - r  kDa  (pe rbenzo r l - / i -
c r c l odc r t r i n  ) .

. \d t l i t i t rn  t r f '  on l_r  thrcc  cc lu i r  a lents  o f  3  to  onc er lL l i \a le l t t
of 2 lclds trr l i rrnlrt ion ol t ' rnl , l  ful lr  assernblec' l  . l :  crccss 2
r .nr i r i l r :  L l  l t ! r ) lnp lcred.  \ \ 'e  dr r  n t t t  Obserre  anV i r t tc ' r rnec l ia tes
( r u e h  . i \  I  I L r l . , r \ l \ l \ l ) r  .  S n e o h e r ( C z \ )  t h e  s i n s l e  l l i r e r
: : - r - i r ' - ' - r . : i -  5 ,  r '  f i u l . ' t \ 1 \1 \ { ) - r  .  6nc ' t r he r (C .A . )  t he  doub le
L r ' . . ' r -  . , _ : - : : ' , ' r . L l -  6 r  , r n  t hc  p l t t h r i a r  be t * ' ec ' n  2  anc l  4 .  Th i s
t r  j - - ' . r ' , . t i : t r i t  i n t i r , . l i c . .  t h . r t  t he  se l f - - asse 'mb l v  o f  4  d i sp lavs
: ,  . : : , \ ' ,  , '  

" : ' -  
t .  j : :  .  l : \

The se l f -ussentb lv  o f  tcn nro lecu lcs  in to  a  s ing le
st tp t 'u ln t t l t , t t ( l ( r r  u . {qr ( 'gut t ,  (11 that  is  s tab i l ized b: '  l i l t . t .  lour .
hl 'c ' l rogen boncls clemonstrates further the potential of
n to lccu l l r r  sc l i ' -usscnrb l r  l rs  a  s t l i teg\  f  or  thc  prL-parat io i r  o t -
w'el l -detl  ne,. l  ch..nr icul nlr n ost n rct Lr res. I  n pr rt  icLr lu r.  these re-
su l ts  i l lu : t r r r t t  that  para l lc - i  hr  drosen-bonc lc t l  CA-r  .  \ , { - r
roset tes arc  l r  s t ructura l  nro t i f  that  is  i i  e l l -su i ted to  the prepa-
r i r t ic )n  o l  i r i rcc .  s r r l lc tura l11 cornp ler  suprunro lecu lar  asgrc-
ga tes.

Ex pe r itrtert I u I P r ot'edttre

l { u b t \ l \ 1 \ 1  r . ,  r 2 r . - l - r i l l L r , r r c ' i r c e r i c  r c i d  ( 1 . - i  m L ) * a s  a d d c ' d  d r c r p * i s e  i o  a  s o l u -
t io r t  o t '  l  ( - l , i l  l ) r - r .  ( )  lg  rnnr t r l )  in  CH, ( ' i .  (  l r )  n rLy  a t  0  c ' .  The reac t ion  mix rure
\ ra i  wr rnr rd  to  l - i  C 'anc l  s t i r rec i  to r  I  h .  T l r i s  so lu t ion  rvus  d i lu tcd  * i rh  to luene
(10 rnL)  und c t rncent ru te t l  in  \ucur ) .  Thr .  res i r lue  was pr l r t i t i r )n " 'd  be t r recn
EtO-- \c  1 - -< t )  n t l - ) . t r rc l  l t1  ueor is  \ tL ,CC; .  ( , i ' ) , ,  s . r lu r i i tn .  l r  rnL . t .  T l rc  o r_gun ie  c r -
l r i . r c t  w a s  r l u s h e d  w i r h  a q u e o u s  N a . C O ,  ( 5 , ) o  s o l u t i o n .  2 5  n r L ) .  b r i n e
( l  r  l5  rnL t .  t l r ie r l  t r re r  i r tgSt  ) . .  t l l te rcd .  und concent ru tc 'd  in  \ .acuo lo  g r \c
'+01 rng  (0 .176 nrnr t r l .9 , io ,o )o l ' thc  dcpro tec t ;d  anr inc  as  a  *h i te  lbam Ih i -uh- rcs-
c r lu r i t rn  FAB \ lS :  , r  _ -  c l l cd  tb r  c , .H , , ,N , , ,o ]  :  ( [ . l l  +  H]  

-  
)  14 i4 .0910.  tbunc l  .

l l 5 1  0 q - i 9 ]  T h i s . r n i n c ( 1 9 ( ) n r s . 0 . l 7 - l m m t r l ) r ' , a s d i s s c r l r e d i n c H , ( 1 , ( l r ) m L )
a n t l  c l i - i s c r p r o p l l e r h l l l m i n c  1 D I p E . , \ ) ( ( )  l 9  m L ) a n t l  t h e  s o l u t i o n  * a s  c o o l e d  r o
t )  ( . 1 . - 1 . - i - B e n z ' : n c t r i c u r l - . o n r l c h l t r r i t J c t l - l l n r g . ( ) . ( ) 9 , l - l m m o l ) r l : r s u r i r - l c t l  : r n . l
thc  s r r lu t i r rn  * , i - .  i r l l o r i cd  [ r )  \ \ i . rn r ' r  to  ] - i  C ' . , { t ' te r  9 t j  n r ins .  the  rc 'ac t ion  nr ix tu rc
* : r s  t l i l t r t . . d  * i r h  ( ' t { - (  i .  1 1 5  r n l _ )  a n d  * r r s h c ' d  w i t h  a q u e o u s  \ l , C O . ,  1 , s , 1  ,
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