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Abstract. To diphenylglycoluril (2), four aliphatic chains were attached, each with a vanillyl alcohol 
group at the end. In an acid-catalyzed reaction, three of the vanillyl alcohol groups cyclize to form 
a cyclotriveratrylene unit. The resulting compound (3) has a well-defined cavity and a free, func- 
tionalized arm. Cyclization of four vanillyl alcohol groups (5) does not occur, probably for steric 
reasons.

Introduction

Organic molecules containing an intramolecular cavity, as 
well as a nearby catalytic centre, are currently receiving a 
great deal of attention as synthetic equivalents of enzymes 
(so called synzym es)1. Recently, we showed that such syn­
thetic systems can be constructed from concave building 
blocks containing ligating a rm s2. Coordination of the arms 
to a metal centre results in the formation of a metallocage 
(Fig. 1). In this approach, the metal has a dual function: 
(i) it holds the framework of the cage and (ii) it is a poten­
tially reactive site.
In this paper we describe a different approach to the syn­
thesis of molecules containing a cavity as well as a catalytic 
centre. The approach is outlined in Fig. 2. If one starts from 
two concave sub-units with different numbers of reactive 
groups or functionalities (X and Y in Fig. 2,A), a cage m o­
lecule can be assembled in which one or more of these 
groups are unused. In a later stage, these groups can be 
converted into catalytic functions (Fig. 2,A). Alternatively, 
one can use a concave building block with reactive groups 
(P) and perform a cyclocondensation or cyclopolymerisa- 
tion reaction. If this reaction is a controlled process, 
reactive groups will remain which can there be transformed 
into catalytic functions (Fig. 2,B). We have used procedure 
B to synthesize a cage compound which involves the con­
cave building blocks cyclotriveratrylene (1) and diphenylgly­
coluril (2)3,4. This molecule has one functional group that 
can be transformed into a catalytic function.
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Fig. 1. Formation of a metallocage.

IU P A C  nam es o f  com pounds :  cyclotriveratrylene (1) =
10,15-d ihydro-2 ,3 ,7 ,8 ,12,13-hexam ethoxy-5 / / - t r ibenzo[a ,  d,g]cy- 
c lononene;  vanillin (6 ) = 4-hydroxy-3-m ethoxybenzaldehyde; 
vanillyl alcohol = 4-hydroxy-3-methoxybenzyl alcohol; d iphe­
nylglycoluril, see Experimental.
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Fig. 2. Two strategies (A and B) to synthesize a compound 
possessing a cavity as well as a catalytically active centre.

Results and discussion*

To diphenylglycoluril'' (2), four - ( C H 2)6-  arms, ter­
minated with vanillyl groups, were attached as shown in 
Scheme 1. Vanillin (6) was heated in aqueous base with 
1,6-dibromohexane under phase-transfer conditions using 
methyltrioctylammonium chloride (Aliquat 336) as the 
phase-transfer catalyst to give compound 7 (81%). The 
latter compound was coupled ( ~ 5 0 % )  to 2 in N,N-d\- 
methylformamide using sodium hydride as base. The 
resulting product was quantitatively reduced to the corre­
sponding benzylic alcohol 9 with N a B H 4 in dioxane. An 
alternative route, in which 1,6-dibromohexane is first 
attached to 2 and subsequently coupled to vanilin, was un­
successful.
Intramolecular condensation of the vanillyl alcohol sub­
units in 9 was achieved by heating in formic acid under 
high-dilution conditions. Chromatographic work-up afiford-

Scheme 1

HQ~ ^ 3 ~ CHQ Br<Q':>6 Pr----Br-(CH2)6- 0 - ^ y C H 0
HjCO HjCO

6 7

Ph2-GU-[-(CH2)6- 0-/^-CH20H ]-*
H3CO
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ed tw o  sol ids ,  c o m p o u n d s  3 a n d  4, in a p p ro x im a te ly  3 0 %  
a n d  10% yield, respect ively .  C o m p o u n d  3 c o n ta in s  a cyc lo ­
t r ive ra t ry lene  sub -un i t  a n d  o ne  free a rm .  It w as  fully c h a r a c ­
te r ized  by e lem en ta l  ana lys is  a n d  s p e c t ro s c o p ic  t e c h n iq u e s  
(see E xp e r im en ta l ) .  T h e  c y c lo t r im e r iza t io n  reac t io n ,  by 
w hich  3 is fo rm ed ,  can  p ro c e e d  in tw o  w ays  with  re sp ec t  to 
the  d iphenylglycolur i l  uni t ,  lead ing  to four s t e r e o i s o m e rs  
(Fig. 3). T h e  p re s e n c e  o f  th ese  i so m ers  can  be seen  in the  
l3C N M R  s p e c t r u m  w hich  sh o w s  m o re  th a n  o n e  signal for 
each  c a r b o n  a to m  o f  3. T h e  benzylic  c a r b o n  o f  the  free a rm  
gives only one  signal in the  l3C N M R  s p e c t r u m ,  ind ica t ing  
th a t  the  free a rm  is n o t  in f luenced  by the  s te re o iso m e rs .  So 
far, we have  no t  been  able  to s e p a r a t e  these  isom ers .  
B ased  on  the  F A B  M S  a n d  'H  N M R  s p e c t r a ,  we a sc r ib e  a 
non-cycl ic ,  t e t r a m e r ic  s t ru c tu re  to c o m p o u n d  4. W e  found  
th a t  the  ra t io  3/4 d e p e n d s  on the  reac t io n  c o n d i t io n s  used.  
F o r  in s tan ce ,  w h e n  a m ix tu re  o f  ace t ic  ac id  a n d  sulfuric 
acid (100 :1 ,  v /v)  is s u b s t i tu t e d  for formic  ac id ,  only 
c o m p o u n d  3 is fo rm ed .  W e  asc r ibe  this  to  the  fact  t h a t  the  
c o n d e n s a t io n  o f  the  vanillyl a lcohol  g ro u p s  is a revers ib le  
p r o c e s s 3d'6. In the  p re s e n c e  o f  s t ro n g  ac id ,  4 is c o n v e r t e d  
into  the  th e rm o d y n a m ic a l ly  m o re  s tab le  3.
T h e  cyclic t e t r a m e r  5 cou ld  n o t  be d e t e c t e d  in o u r  reac t io n  
m ix tures .  T h e  F A B  m a s s  s p e c t r u m  o f  3 s h o w e d  a signal  a t  
m/z 1167 w hich  cou ld  c o r r e s p o n d  with  (M  + H ) + o f  5. FIow- 
ever,  with  the  aid o f  M A I K E  s p e c t r o s c o p y  ( M a s s  A n a ly sed  
Ion Kine t ic  Energy)  in c o m b in a t io n  with  'H  N M R ,  
we w ere  able  to sh o w  th a t  this  signal is d u e  to  a r e a r r a n g e ­
m en t  o f  the  p r o t o n a t e d  s id e -a rm  o f  3 ( S c h e m e  2). O u r  result

Me Me
O o

Abbreviated as 
P h 2-G U -H 4

Cl b Oil

O OMe
J

Fig. 3. Four stereoisomers

OCHj

Fig. 4. Conformations o f  cvclotetraveratrylene: the “crown" 
form (a) and the "sofa" form (b).

3 4 5
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suggests that ring closure of 4 to 5 is an unfavourable pro­
cess. It is known from the literature7 that cyclotetraveratry- 
lene can have three conformations: two related “crown” 
forms (C4v, and C2v, Fig. 4a) and a “sofa” form (C2/l, 
Fig. 4b). The latter is the most stable, since it has one of its 
vcratryl units in a less strained upward position. CPK 
models suggest that a “sofa” form of the cyclotetraveratry- 
lene sub-unit in 5 is not possible for steric reasons. 
Preliminary experiments show that the CH.OH function of 
the free arm in 3 can be easily modified. Our efforts are 
being directed towards the derivatization of 3 with 
imidazolyl functions. These functions can act as a nucleo- 
philic catalyst on a substrate bound in the cavity of 3 or 
they can be used to coordinate a transition metal centre.

Experimental

G eneral

Unless o therwise  indicated, com m ercia l  materia ls  were  used as 
received. D M S O ,  dioxane and D M F  were dried over 4 A sieves 
and  m ethanol  over 3 A sieves prior  to use. Diethyl e ther,  to luene 
and  hexane were distilled from sodium  ketyl, while CHC13 was 
distilled from C aC l2 . FAB m ass  spec tra  were recorded  on a VG 
Z A B  2F  spec trom ete r  (matrix: 3-nitrobenzyl alcohol). IR spec tra  
were m easu red  on a Perk in-E lm er M odel 283 spectrom eter .  
'H  N M R  spec tra  were recorded  on Varian EM-360, Bruker 
AW-80 and  Bruker  W P-200 ins trum ents .  Chem ical  shifts (5) are 
repor ted  in ppm  downfield from internal ( C H 3)4Si. A bbrevia t ions  
used are s = singlet, d = double t ,  t = triplet, q = qua r te t ,  m = mul- 
tiplet and  br = broad. Coupling con s tan ts  are repor ted  in Hz. Ele­
m enta l  analyses were carr ied  out by the Elemental  Analytical 
Section o f  the Insti tu te  for Applied Chem istry  T N O ,  Zeis t ,  The 
N ether lands .  Melting points  were de te rm ined  on a M ettler  
FP5/FP51  photoelectr ic  melting point appara tus .  Silica gel 60 
(M erck ,  particle size 0 .040-0 .063 m m , 2 3 0 -4 0 0  mesh, A S T M ),  
neutral  a lum ina  (Janssen ,  active, 5 0 -2 0 0  micron, 7 0 -2 9 0  mesh, 
A S T M )  and Sephadex  LH-20 (P h a rm ac ia )  were used in column 
chrom atography .  Thin-layer ch ro m ato g rap h y  was perform ed using 
plates o f  silica gel 60 F254 (M erck )  and  a lum ina  (M erck ,  neutral ,  
type E).

C om pounds

Tetrahydro-3  a , 6a-d iphenylim idazo  [ 4 ,5 -<\] im id a zo le -2 ,5 (  1 H, J H j -  
-dione (diphenylglycoluril) (2 )

This com p o u n d  was synthesized  according  to a l i terature  p roce ­
d u re 5.

4 -(6 -B rom ohexy loxy )-3 -m ethoxybenza ldehyde  (1)

A solution o f  6.08 g (40 m mol)  o f  6 and 1.6 g (40 m m ol)  o f  sodium 
hydroxide in 40 ml o f  w a te r  was vigorously st irred with 97.6 g (400 
mmol, 61 ml) o f  1,6-d ib rom ohexane  and 1.5 g o f  Aliquat 336 at 
7 0 ° C for ca. 5 h. The  progress  o f  the reaction was followed with 
T L C  (silica, eluent C H C l 3/ C H 3O H ,  10:1 v/v). T o  this end,  a 
sample  o f  the w ater  layer was acidified to pH  6 and ex trac ted  with 
CHC13. After T L C  had  indicated  the d isap p ea ran ce  o f  6 , the 
organic layer was ev ap o ra ted  to dryness  under  reduced  pressure. 
The  remaining oil was dissolved in chloroform, w ashed  with a
0.25 M  aqueous  sodium  hydroxide solution, three limes with a 
sa tu ra ted  aqueous  sodium  chloride solution and evapora ted  under  
reduced  pressure. The  c rude  p roduc t  was crystallized from ether. 
Yield 10.17 g (80 .7% ) o f  7 as white crystals;  m.p. 53.1 °C. IR 
(KBr):  2920 ( C H . ) ,  2850 ( O C H 3), 2620 (C H O ),  1670 ( C = 0 ) ,  1580 
(Ar), 1260 (C O A r) ,  550 ( C B r ) c m - ' .  1H N M R  (CDC13): 6 9.81 (s,
1H, A rC H O ) ,  7 .5 - 6 .8 (m, 3H, A rH ) ,  4.09 (t, 2H , C H .O A r ) ,  3.90 
(s, 3H, O C H 3), 3.40 (t, 2H , C H 2Br), 2 .2-1.2 [br m, 8H, ( C H . ) 4].

1,3 ,4 .6 -T e tra k is /6 -(4 - fo n n y l-2 -m e th o xyp h en o xy )h exy ll te tra h yd ro -  
-3 a ,6 a -d ip h en y lim id a zo [4 ,5 -d ] im id a zo le -2 ,5 ( l  H ,3 H )-d io n e  (8 )

A mixture o f  0.53 g (22 m mol)  o f  N a H ,  1.47 g 5 m m ol)  o f  2 and 
6.93 g (22 mmol) o f  7 in 125 ml o f  D M F  was stirred at 5 0 °C  for 
16 h under  a nitrogen a tm osphere .  The  reaction mixture was

adjusted  to pH 7 using 1 M  hydrochloric  acid with vigorous 
stirring. The  solvent was evap o ra ted  under  reduced  pressure  and 
the residue was dissolved in chloroform , w ashed  three  times with 
a sa tu ra ted  aqueous  sodium chloride solution, dried ( M g S 0 4), 
filtered over infusorial ear th  and  evapo ra ted  under  reduced  
pressure. The  remaining yellow oil was purified by colum n c h ro m a ­
tography (silica, eluent C H C l3/ C H 3O H ,  30:1 v/v). T he  p roduc t  
fractions were collected, s tirred in diethyl e ther  for 1 h and  then 
evapora ted  under  reduced  pressure  to yield 3.08 g (5 0 % )  o f  8 as a 
white foam; m.p. 52.6°C. IR (KBr):  2920 ( C H . ) ,  2850 ( O C H 3), 
2605 (C H O ),  1720-1670 (C = 0 ) ,  1580 (Ar), 1260 (C O A r)  c m - ' .  
'H  N M R  (CDC13): 5 9.78 (s, 4 H ,  A rC H O ) ,  7 .5-6 .5  (m, 22H, A rH ) ,  
4.03 (t, 8H, C H .O A r ) ,  3.89 (s, 12H, O C H 3), 3 .5-2 .8  (br m, 8H, 
N C H 2), 2 .3-1.0 [br m, 32H, ( C H 2)4]. FAB M S : m /z  1231 
(M + H ) f ; o ther  signals were observed  at m /z  values c o r re sp o n d ­
ing to the equation:  1231 -  k  x 82 (alkyl chain)  -  / x 152 (vanillyl 
group),  k  = 1, 2, 3, / = & , . . . ,  3.

/. 3 , 4 .6-T e trak is / 6- / 4 -(hydroxym ethy l)-2 -m ethoxyphenoxy / h e x y l j  tetra- 
h yd ro -3 a ,6 a -d ip h en y lim id a zo [4 ,5 - d / im idazo le -2 ,5(1 H . i H )-dione (9)

T o a mixture o f  0.88 g (0.72 m m ol)  o f  8 and  0.45 g (11.9 m mol)  of  
finely pow dered  N a B H 4 in 100 ml o f  d ioxane,  15-20  ml o f  1 M  
aqueous  sodium hydroxide was added  dropwise  with stirring. 
During this addit ion ,  the tem p era tu re  rose to approxim ate ly  30°C. 
The  resulting mixture was stirred for 1 h, b rought  to pH  6 with 
concen tra ted  hydrochloric  acid and  evapo ra ted  under  reduced  
pressure. T he  resulting oil was dissolved in CHC13 , w ashed  three 
times with a sa tu ra ted  aqueous  sodium chloride solution, dried 
( M g S 0 4 ), filtered over infusorial ear th  and  con cen tra ted  in vacuo. 
The remaining oil was f t i r r e d  in e ther  for 1 h. The solvent was 
evapora ted  under  reduced  pressure  to yield 0.88 g ( «  100%) o f  9 
quanti ta tively  as a white foam. IR (KBr):  3640-3120  (O H ) ,  2920 
( C H . ) ,  2850 ( O C H ,) ,  1680 (C = 0 ) ,  1585 (Ar), 1260 (C O A r) ,  
1090-950 (C O H )  c m - 1. 'H  N M R  (CDC13): 5 7 .2-6 .4  (m, 22H, 
A rH ) ,  4.52 (s, 2H , C H .O H ) ,  3.90 (t, 8H, N C H . ) ,  2 .1-0 .9  [br m, 
32 H, ( C H . ) J ,  between 3.0 and  1.5 (s, 4 H ,  C H . O H ).  FAB M S: 
m /z  1239 (M + H ) \  1221 M + H - H . O ) + , 1185 (M + H - 3 H . O )  + , 
1167 (M + H - 4 H . O )  + .

Ring closure to com pounds  3 a n d  4

To 200 ml o f  formic acid, a solution o f  200 mg (0.16 m mol)  o f  9 in
1 ml o f  D M F  was ad d ed  dropwise  with vigorous stirring at 
am bient  tem pera tu re .  Thereaf te r ,  the mixture was hea ted  to 6 0 °C  
during which time a green colour developed. Within 2 \  h, the 
solution had becom e colourless again and the solvent was e v a p o ­
ra ted  under  reduced  pressure. T races  o f  formic acid were rem oved  
by codistil lation with toluene. The  residue was first purified by 
gel-permeation ch ro m a to g rap h y  (S ephadex  LH-20, eluent CHC13). 
The produc t  fractions were collected and  refluxed in m ethanol  for 
15 min. After evapora t ion  under  reduced  pressure ,  the residue was 
further purified by ch ro m ato g rap h y  over silica (eluent ethyl 
ace ta te /ch lo ro fo rm /m ethano l ,  10:10:1 v/v/v); yield % 59 mg (3 1 % )  
of  white 3; m.p. >  125°C (decomp.).  IR (KBr):  3640-3200  (O H ),  
2920 (C H .) ,  2850 ( O C H , ) ,  1700 (C = 0 ), 1600 (Ar), 1255 
(C H .O A r) ,  1040-980 (C O H )  c m ' 1. 'H  N M R  (CDC13): 5 7 .5-6 .2  
(m, 19H, A rH ) ,  4.8 (d, 3H, A rC /Z H A r,  J  14 Hz),  4.6 (s, 2H, 
A rC Z / .O H ) ,  4 .4 -3 .3  (m, 23H, C H .O A r ,  O C H 3 , A r C H /7  Ar, J  
14 Hz)', 3 .3-2 .2  (br m, 8H, N C H , ) ,  2 .2 -0 .7  [br m, 32H, ( C H , ) 4L 
13C N M R  (CDC13): 5 159.9-160.4 (C = 0 ) ,  150.7-146.1 (Ar), 
134.3-130.2 (Ar), 128.9-127.3 (Ar), 122.1-110.9 (Ar), 88.8-88.5 
[N C (N )A r] ,  70.3-68.8  (C H .O A r) ,  65.2 ( C H .O H ) ,  56.2-55.7 
( O C H 3), 44 .9-41 .9  ( N C H . ) ,  36 .5-36 .2  (A rC H .A r ) ,  32 .4-24.2  
[ (C H .X J .F A B  M S: m /z  1185 (M + H ) + , 1167 M + H - H . O ) \  
1032 (M + H-vanil ly l  alcohol (C 8H 90 3)) + , 950 M + H - C H 2 
chain)  + . Anal, calcd. for C 7. H 880 , , N 4 : C 72.97, H 7.43, N 4.73,
O 14.86; found: C 73.13, H 7.58, N  4.45, O 14.84%.
Yield « 1 9  mg (1 0 % )  o f  white 4; m.p. >  120°C (decomp.).  IR 
(KBr):  3640-3200  (O H ),  2920 ( C H , ) ,  2850 ( O C H 3), 1700 (C = 0 ) ,  
1600 (Ar), 1255 (C H .O A r ) ,  1040-980 (C O H )  c m - ' .  'H  N M R  
(CDC13): 5 7 .25-6 .30  (m, 19H, A rH ) ,  4.75 (s, 2H , A rC /Z .O H ) ,  
4 .25-3 .45  (m, 26H, C H .O A r ,  O C H 3 , A rC H .A r ) ,  3 .40-2 .30  (br  m, 
8H, N C H . ) ,  2 .20-0 .70  [br m, 32H, ( C H . ) J .  FAB M S : m /z  1185 
(M + H) + , 1167 (M + H - H .O )  + .
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