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React ion o f  cyanur ic  ac id  (CA)  wi th  melamine (M)  forms a
stab le ,  inso lub le  l : l  complex CA.M.3 We,  and others ,  be l ieve
that CA.M has a local structure represented by the lattice l.a We
have started a program in the design and synthesis of three-di-
mensional  supramolecu lar  assembl ies  based on the hydrogen-
bonding pat tern o f  CA.M.  Th is  program is  an extens ion of  the
strategy of molecular self-assembly that has been highly successful
in forming quasi-two-dimensional monolayers on sol id supports.5
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We sct as our f irst objcct ive the preparation of a soluble, stable
derivative of thc c1'clic hexamer CAr.M3 (see the boldfaced section
in I ). To promote the formation of this structure, we preorganized
thc three M units by connecting them covalently to a central "hub",
us ing "spokcs"  c ;onf 'ormat iona l lv  compat ib le  rv i th  the des i red
CA l .Mr  s t ruc tu r c .6  Hc re  u ' e  repo r t  t ha t  t he  t r i s (mc lam inc )
hubMs  (2 )  r eac t s  r i i t h  neohexv l  c ranu ra t c  (R 'C . \ .  3 )  i n  CHCI r
and for rns a  we l l -def incd I  : ,1  comnlcr  (hub\1,  )  (  R 'C '  {  ) ,  (  Sche nre
t ) . t

We  mon i t o red  t he  t i t r a t i on  o f  hubM:  (10  mM in  CDC l , y  r i i t h
so l id  a l iquots  o f  R 'CA by 'H NMR spect roscopy (F igure l ) .  The
spect rum of  uncomplcxed hubM, (bot tom t race)  has resonances
that  arc  broadcncd by sc l f -assoc ia t ion and rest r ic ted ro ta t ion
around thc amide and RNl{ - t r iaz ine bonds.  At  in tcrmediate
poin ts  in  thc  t i t ra t ion,  the spect rum shows resonances for  the
(hubM3)r(R'CA)r complex against a background of uncomplexed
hubM3.  The resonanccs for  the complex are sharp because i t  is
lockcd in to  a  s ing lc  conformat ion and exchangc betwecn thc
comp lex  and  hubN l ,  i n  so lu t i on  i s  s l ow  on  t hc  NMR t ime  sca le .
As  t he  t i t r a t i on  p rocccds .  t he  i n t cns i t i c s  o f  t he  resonances  f o r
(hubM:) r (R 'CA)r  increase unt i l  the l :3  s to ich iometry  is  reached.
and beyond this point there is no further change in the spectrum.8.e

The peak ass ignments  for  (hubMr)r (R 'CA) I  are  shown at  the
top of  F igure l .  Tw'o  features suppor t  the ass igned s t ructure:
F i rs t ,  scvera l  methy lene protons (g ,g '  and q.q ' )  o f  hubM3 are
d iastereotop ic  in  (hubMr)r (R 'CA) l  and thus appear  as two sep-
arate  resonances.  Second.  the two imide N-H protons (w and

(5)  Whitesides,  G. M.:  Laib in is.  P.  E.  Langmuir  1990,6,87-96.  Bain,  C.
D.;  Whi tesides,  G. M. Angew. Chem.l989,  10l ,  522-528.

(6) The importance of preorganization is clearly i l lustrated in the work of
Rebek.  Cram, and others.  Rebek.  J. ,  Jr .  Angew. Chem., lnt .  Ed.  Engl .1990,
29,245-255 and references therein.  Bryant ,  J . ;  Er icson,  J. ;  Cram, D. J.  Am.
Chem. Soc.  1990, 1 1 2,  1255- I  256.  Hydrogen-bonding networks have been
used in many imaginat ive approaches to the construct ion of  st ructural ly
def ined,  noncovalent  complexes.  Et ter ,  M. Acc.  Chem. Res.  1990, 2-1,
I  20- r  26.

(7)  Al l  new compounds gave sat is factory 'H NMR (500 MHz),  r3C NMR
(125  MHz) .  and  mass  spec t ra .

(8) We have examined the complexation of hubM3 with a number of other
cyanuric and barbituric acid derivatives. These compounds also seem to lead
to complexes analogous in structure to (hubMr), (R'CA)j ,  a l though some of
them contain up to l0% of other hydrogen-bonded species. We believe these
other hydrogen-bonded species to be conformational isomers of a symmetrical
l :3 complex (Scheme I)  in which one ol the M uni ts has been f l ipped 180"
wi th respect  to the plane of  the CA3.M, r ing.  These isomers have a dissym-
metr ic  arrangement of  the three "spokes".

(9)  R'CA alone has low solubi l i ty  in CDClr .  Beyond the l :3 sto ichiometry
the R'CA in excess of  that  required to form (hubM3)1(R'CA)3 does not  go
in to  so lu t i on .
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F igu re  l .  Spec t ra  o f  'H  NMR t i t ra t i on  o f  hubM3 (500  \ { } Jz ,  l 0  mM
in  CDCI3 )  w i th  R 'CA.  The  peak  ass ignments  a re  shoun  a t  the  top  o f
the f igurc.

Scheme l .  Sel f -Assembly of  hubM3 wi th R'CA To Give a
Supramo lecu la r  I  : l  Comp lex '

I  1 : 1
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F = CH2CH2C(CH3)3

R" = CHzCeHaC(CHr) :

^ u c M "  .  R  C A r .

oThe thr rd  spokc of  (hub iV l r ) , (R 'CA)3 has been drawn schemat ica l ly
for the sake of clari ty. The groups R' and R" were chosen to add
solub i l i ty  to  the complex and to  prov ide centers  eas i ly  analyzed byrH
N MR spcctroscopy.

w') of R'CA are in dif ferent hydrogen-bonding environments and
thus appear as separate resonances in the complex even though
they are ident ica l  in  uncomplexed R'CA.  NOESY stud ies are
also consistent with the proposed structure. We observed NOEs
between ( i)  the tert-butyl protons of R'CA (v in Scheme I) and
the ad jacent  aromat ic  protons of  hubM3 ( l  and m) and ( i i )  the
methy lenc and ter t -buty l  pro tons of  R 'CA ( t  and v)  and the
adjacent tert-buIyl protons of hubM, (s). In the (hubM3)r(R'CA)3
complex these groups are close together.

Severa l  o ther  methods suppor t  the l :3  s to ich iometry ,
(hubM:)r(R'CA)r. Vapor pressure osmometry (VPO) indicated
a MW of 2120to (calculated for (hubMr)r(R'CA)3 = 2133) over
the concentrat ion range 2-16 mM in CHCI, at 37 oC. Titrat ion
of  hubM3 (0.1  mM in  CHrCl2)  wi th  R 'CA moni tored by UV
spectroscopy indicated a l :3 complex. The complex is also stable
enough to withstand chromatography. Reverse-phase TLC (eluted
with 5Vo 2-propanol in CH2C12) gave three spots: a major spot

( l0) The values ol three separate determinations were MW = 2670,2640,
28  50 .
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for the complex (hubM3)1(R'CA): (Rr0.35-{.45) and minor spots
for  uncomplexed hubM: (Rr0.15-0.30)  and uncomplexed R'CA
( R /  0 . 0 ) . r r

Thcse data estab l ish the composi t ion and s t ructure o f
(hubMr)r (R 'CA)3.  Preorganizat ion,  i .e . ,  jo in ing the three mel -
am ine  un i t s  by  us ing  t he  1 ,3 ,5 -C6H3R,  hub  and  spokes  con fo r -
mat iona l ly  compat ib le  wi th  the des i red s t ructure (Scheme l ) ,  is
an important factor contr ibuting to the stabi l i ty of the complex.
Reaction of monomeric derivatives of M and CA in solution forms
complexes having approximately the correct molecular weight for
CAl .M3 by VPO,r2 but  crys ta l l iza t ion o f  these complexes y ie lds
extcnded l incar  s t ructurcs. l l  The apparent  so lu t ion molecu lar
weight  in  these systcms ntay represent  a  t rue cyc l ic  hexamer
CA3 .M l  o r  an  ave ragc  o f  l i nea r  and  cyc l i c  o l i gomers .
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( l l )  W e  h a v e  n o t  o b t a i n e d  c r y s t a l s  o l  t h e  l : 3  c o m p l e x  t h a t  a r e  s u i t a b l e
f o r  X - r a y  d i f f r a c t r o n .

(  l 2 )  V P O  i n d i c a t e d  a  M \ \ '  o i  2 7 1 0  f o r  a  l : l  n t i r t u r c , r i . \ . \ ' - b i s ( 4  r e r l
b u t r l p h e n r l ) m e l a m i n e  a n d  l . - 1 . , 1 - t r i p h e n l l p r o p v l  c r a n u r a r e  ( c a l c u l a t e d  f o r
t . \ . . \ ' - b i s t - 1 - l e r t - b u t i l p h e n r l ) m e l a m r n e 1 , 1 , 1 . 1 . - 1 - t r r p h c n r l p r o p r l  c \ a n u r a r e ) , r
=  2 3 7 0 )  o v e r  t h e  c o n c e n t r a t i o n  r a n g e  6 - 1 0  m \ {  i n  C } l C l .  a r  3 l  o C .  T h e  M W
est imated bv  VPO depends s t rong l l  on  concent ra t ton  a t  louer  concent ra t ions .

( 1 1 ;  1 . 1 " ' n .  - l  \ { :  \ { a s c a l .  \ 1  . :  D e C i a n .  . A :  F r s c h e r .  . 1  .  J .  C h e m .  S o c . .
( ' h e n r  C o n r m u n  1 9 9 0 . 4 7 9 - . 1 8 1  Z e r k o u s k r .  J ; S e t o .  C . :  W h i t e s i d e s .  G .  M . .
u n p u b l i s h e d  r e s u l t s .
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