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Abstract
N ,A -B is (2 -h y d r o x y b e n z y l)a lk y la m in e  o ffe r s  a s e le c t iv e  and e f fe c t iv e  o n e -  

p ot sy n th e s is  for d ib e n z o -m o n o a z a -1 2 -c r o w n -3  v ia  the rea c tio n  w ith  1 ,3- 
b is (to sy lo x y )p r o p a n e .
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C h em istry  o f  su p r a m o le c u le s  is  a c h a lle n g in g  th e m e  to  d e v e lo p  the  
r e c o g n it io n  at m o le c u la r  l e v e l . 1 In p r in c ip le , su p ra m o lecu la r  p h e n o m e n a  are 
a c h ie v e d  from  e ith er  s e lf -a s s e m b lie s  or m a c r o c y c lic  c o m p o u n d s . In the c a se  o f  se lf -  
a sse m b lie s , th e  k e y  p o in ts  in v o lv e  the m o le c u la r  d e s ig n  w ith  a s ig n if ic a n t  n on -  
c o v a le n t  b on d  and th e  c o n d it io n  to in itia te  h o s t-g u e s t  in te r a c tio n .2 F or  m a c r o c y c le s , 
the s e le c t iv e  c y c l iz a t io n  is  n eed ed  for sy n th e s iz in g  the s p e c if ic  ring w ith  in c lu s io n  
p rop erties as s e e n  in  th e  c a se s  o f  cro w n  e th ers3'4 and c a lix a r e n e s .5 It sh o u ld  be n oted  
that the sy n th e se s  to  d e liv e r  c y c lic  c o m p o u n d s  require the d ilu te  c o n d it io n 6 an d /or the  
m eta l tem p la te  for  c o n tr o llin g  the typ e o f  the rea c tio n , su ch  as [ 1+ 1] and [2+ 2 ] 
c y c l iz a t io n .7 T h e  d if f ic u lt ie s  in  p ro d u c in g  m a c r o c y c le  are, th u s, the s e le c t io n  o f  
e f fe c t iv e  m eta l te m p la te , s e le c t iv e  c y c liz a tio n , p u r if ica tio n , and  sep ara tio n  ( i.e .,  
ch ro m a to g ra p h y , r e c ry sta lliza tio n , e tc .).

C r o w n  eth ers are m a c r o c y c le s  ob ta in ed  from  the rea c tio n  a m o n g  the reactiv e  
e th y le n e  g ly c o l .3 In m o st  c a se s , cro w n  eth ers are p ro d u ced  u n der tem p la te  e f fe c t  to  
a c h ie v e  the m a c r o c y c lic  s iz e  as d esired . F or e x a m p le , p o ta ss iu m  io n  is k n o w n  as a 
tem p la te  for 1 8 -c r o w n -6  w h erea s  so d iu m  ion  is u sed  for 1 5 -c r o w n -5 . It sh o u ld  be 
n oted  that o n ly  a certa in  c o n d it io n , the m a c r o c y c le s  are a c h ie v e d  in  h igh  y ie ld  to 
f o l lo w  w ith  sep a ra tio n  s te p s .3

R e c e n tly , A g a i et al. p ro p o sed  the sy n th e s is  o f  d ib e n z o -m o n o a z a c r o w n  
eth ers b ased  o n  p h e n o l-a z a -p h e n o l d e r iv a t iv e s .8 In that c a se , m o n o a z a -1 2 -c r o w n -4  
w a s the s m a lle s t  c ro w n  eth ers ob ta in ed  from  [1 +  1] c y c l iz a t io n  o f  to sy la ted  
d er iv a tiv e s  u s in g  p o ta ss iu m  io d id e  u n der the b a sic  c o n d it io n . A lth o u g h  the sy n th e s is  
g a v e  the n o v e l d ib e n z o -m o n o a z a  cro w n  eth ers, the y ie ld  w a s  ab o u t 30% .

F or the p ast f e w  years, our grou p  h as fo c u s e d  on  b e n z o x a z in e  and its 
d im er iz ed  d e r iv a t iv e s , i .e ., iV ,jV -b is(2 -h y d ro x y b en zy l)a lk y la m in es  (S c h e m e  1, 
c o m p o u n d s  1-3).9' 13 T h e se  d im er iz ed  co m p o u n d s  h a v e  u n iq u e  stru ctu res w ith  inter- 
and in tra m o lecu la r  h y d ro g en  b on d s to p erform  a sy m m e tr ic  r ea c tio n 9 and se le c t iv e  
c y c liz a tio n  v ia  e s te r if ic a t io n  and e th e r if ic a t io n .10' 11 C o n s id e r in g  the unit o f  N,N- 
b is (2 -h y d r o x y b e n z y l) -a lk y la m in e s , it sh o u ld  be n o ted  that th e  u n it g iv e s  U S  a 
d ip h en o l lin k ed  w ith  a z a -m e th y le n e  grou p  to p ro d u ce  d ib e n z o -a z a c r o w n  d er iv a tiv es . 
C o n sid er in g  the rea c tio n  o f  A (/V -b is (2 -h y d r o x y b e n z y l)a lk y la m in e s  w ith  1 ,3-
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b is ( to sy lo x y )p r o p a n e , o n e  m ay  r e c o g n iz e  th e  fe a s ib le  rea c tio n s  o f  linear  
p o ly m e r iz a tio n  and  m a c r o c y c liz a t io n  ([1 +  1] an d /or  [2+ 2 ] p a th w a y s)  as sh o w n  in  
S c h e m e  1. T o  our su rp rise , w e  fou n d  that the rea c tio n  g iv e s  [1 +  1] m a c r o c y c le  in 
h ig h  y ie ld  w ith o u t  b y -p rod u cts . In th is  artic le , w e  report the s e le c t iv e  and e f fe c t iv e  
sy n th e s is  p a th w a y  o f  yV,/V-bis(2 -h y d r o x y b e n z y l)a lk y la m in e  d e r iv a t iv e s  to p rov id e  
in ev ita b ly  a [1 +  1] d ib e n z o -m o n o a z a -1 2 -c r o w n -3  d er iv a tiv e .

Scheme 1 F e a s ib le  reactio n  o f  jV ,/V -b is(2 -h y d ro x y b en zy l)a lk y la m in e  and
1,3 -b is (to sy lo x y )p r o p a n e
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T h e rea c tio n  o f  iV ,./V -b is(2 -h y d ro x y -5 -m eth y lb en zy l)m eth y la m in e13, 1, and
l,3 -b is (to s y lo x y )p r o p a n e  w a s  carried  ou t as fo l lo w s . A  w h ite  p o w d e r  o f  1 (0 .2 7  g,
1 m m o l)  w a s  r e f lu x e d  in  a ce to n itr ile  (1 5 0  m L ) w ith  p o ta ss iu m  h y d ro x id e  (0 .1 1  g,
2  m m o l)  for an hour. A  so lu t io n  o f  l ,3 -b is (to s y lo x y )p r o p a n e  (0 .3 8  g , 1 m m o l)  in  
a ce to n itr ile  (7 0  m L ) w a s  ad d ed  d r o p w ise ly  and r e flu x e d  c o n t in u o u s ly  for 3 days 
b efo re  r e m o v in g  so lv e n t. T h e cru d e p rod u ct w a s  d is s o lv e d  in d ic h lo ro m eth a n e , 
w a sh ed  se v e r a l t im e s  w ith  w ater, b efo re  d rying  o v e r  an h yd ro u s so d iu m  su lfa te . T he  
so lv e n t  w a s  r e m o v e d  to ob ta in  the w h ite  product.

T o  a n sw e r  the q u e stio n  ab out w h ic h  c o m p o u n d  in  S c h e m e  1 is ob ta in ed , w e  
carried  ou t th e  structural ch a ra cter iza tio n s as fo l lo w s . C o m p o u n d  1 g a v e  the p eak s at 
3 2 4 0  c m ' 1 ( in te r m o le c u la r  H -b o n d ), 3 2 0 0 -2 6 0 0  c m ' 1 ( in tra m o lecu la r  H -b o n d ), 16 12  
c m ' 1 (tr isu b stitu ted  b e n z e n e ) , 13 5 0  c m ' 1 (C -N -C  stre tc h in g ), and 12 4 2  c m ' 1 (C -N  
stre tch in g ). A fte r  th e  reac tio n  w ith  l ,3 -b is (to s y lo x y )p r o p a n e , a n e w  p eak  at 
10 65  c m ' 1 d u e to  A r -0 -C H 2 stre tch in g  w a s  c la r if ie d  w h ile  the broad  O H  peak  w a s  
d isap p ea red  im p ly in g  th e s u c c e s s fu l e th e r ific a t io n .14 T h e  p eak  sh ifts  (1 3 5 0  to 1327  
and 12 42  to 1 2 5 0  cm "1) refer in g  to the c h a n g es  in v ib ra tion a l m o d e  o f  C -N -C  and C - 
N  stre tch in g  s u g g e s te d  the ch a n g e  in  structure. T h e c o m p o u n d  4 o b ta in ed  m ay eith er  
be an y o f  th o se  s h o w n  in  S c h e m e  1. T h e 'h  N M R  o f  4 (T a b le  1) d e c la res  the p roton s  
o f  jV ,A -b is (2 -h y d r o x y b e n z y l)a lk y la m in e  (p o s it io n s  o f  2 , 3 , 5 , 7 , 8 , and  9 , as sh o w n  in  
4a, 4b, and 4c in S c h e m e  1) and o f  p rop y l ch a in  (p o s it io n s  o f  10 and 11) w h erea s the  
'H - 13C H M B C  s h o w s  n earb y in teraction  b e tw e e n  C l  and H 1 0 . T h e se  con firm  the  
s u c c e s s fu l rea c tio n  o f  A ,A r-b is (2 -h y d r o x y b e n z y l)a lk y la m in e s  and 1 ,3 -  
b is (to sy lo x y )p r o p a n e . It is im p ortan t to n ote  that 'H -'H  N O E S Y  d em o n stra tes  the  
stron g in tera c tio n  o f  H 7  w ith  H 1 0  and H l l  im p ly in g  the p o s s ib ility  o f  c y c lic  
form atio n  e ith er  [1 +  1] or [2+ 2 ].

T h e  m a tr ix -a ss is te d  laser d e so rp tio n  io n iz a t io n  t im e -o f- f l ig h t  m ass  
sp ectro m eter  (M A L D I-T O F  M S ) sh o w s  a s in g le  p eak  at m /z  =  3 1 2 .6  w h ic h  p rec ise ly  
eq u a ls  to  th e  [1 +  1] form atio n  from  a p rop y l ch a in  and an A ,A -b is (2 - 
h y d r o x y b e n z y l)a lk y la m in e . 15

It is  im p ortan t to  n o te  that the m a c r o c y c liz a t io n  d e p en d s on  the n u c le o p h ilic  
reac tio n  b e tw e e n  p h e n o x id e  sp e c ie s  o f  A ,A -b is (2 -h y d r o x y b e n z y l)a lk y la m in e s  and
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l ,3 -b is ( to s y lo x y )p r o p a n e . W h en  the reactio n  w a s  carried  ou t w ith  so d iu m  h y d ro x id e ,  
w e  fo u n d  that th e  p rod u ct w a s  rarely ob ta in ed . H o w e v e r , the sy s te m  w ith  p o ta ssiu m  
h y d ro x id e  p ro d u ced  4 in  h ig h  y ie ld  (75% ). In o th er w o r d s , th e  s e le c t iv e  reaction  
m ig h t rela te to  th e  ro le  o f  p o ta ss iu m  h y d ro x id e  in  in d u c in g  the p h e n o x id e  sp e c ie s  to 
resu lt an e f fe c t iv e  reac tio n . It m ay  c o m e  from  th e in tra m o lecu la r  c y c liz a t io n  tak in g  
p la c e  fa ster  than  in term o lec u la r  c y c liz a tio n . O th er c o n d it io n s , su ch  as u s in g  the h igh  

c o n cen tra tio n  (>  5 m M ) an d /or ap p ly in g  to lu e n e  as th e  s o lv e n t , hard ly  g a v e  any  

m a c r o c y c le s .

Table 1 N M R  data for 4 in C D C 13

position
'h  5h, number o f 

protons, multip lic ity  
[J (Hz)]

l3C 8C 'H -I3C h m b c 'h - 'h n o e s y

1 - 155.586 - -

2 6.736, 2H ,d (7.90) 111.638 C 1 ,C3 ,C 4 ,C5 ,C 6 H3, HI 0

3 6.984, 2H, d (8.56) 128.379 C l, C2, C4, C5, C6 H2, H8

4 - 128.802 - -

5 6.977, 2H, ร 131.901 C l, C2, C3,C4, C6 H7, H8, H9

6 - 128.125 - -

7 3.614, 4H, ร 58.224 C l, C5, C6, C9 H5, H9, H10

8 2.259, 6H, ร 20.495 C l, C2, C3, C4, C5,C6 H3, H5

9 2.137, 3H, ร 40.959 C7 H5, H7

10 4.204, 4H, t (5.02) 67.789 C l,C l 1 H2, H7, HI 1

11 2.217, 2H, qu (4.86) 28.524 CIO H10

C o m p o u n d  4 w a s  recry sta llized  in  m eth a n o l to  ob ta in  the c o lo r le s s  cu b ic  
crysta ls . S in g le  crysta l a n a ly s is  b y  R iga k u  R A X IS -R A P ID  im a g in g  p late w ith  a 
so ftw a re  T E X S A N  w a s  carried  ou t to  c la r ify  the stru ctu re .16 T h e  resu lt d em on stra tes
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the o r th o rh o m b ic  sp a ce  grou p  Pnma  o f  a sy m m etr ic  u n it b e lo n g in g  to  m a cr o c y c lic  
c o m p o u n d . T h e  R \  v a lu e  (4 .7 % ) su g g e s ts  the a ccu ra cy  o f  [1 +  1] sym m etr ica l  
m a c r o c y c lic  c o m p o u n d . T h e  T E X S A N  g iv e s  an O R T E P  v ie w  (F ig u re  1) d ec la r in g  a 
1 2 -m em b ered  r in g  m a c r o c y c lic  co m p o u n d . It is  natural to  e x p e c t  the m ix tu re  o f  [1 +  1] 
and [2 + 2 ] m a c r o c y c le s  as p rod u cts. W e , th en , rep ea ted  our s in g le  crystal X -ray  
a n a ly s is  u s in g  d ifferen t crysta ls . A ll o f  the cry sta ls  sh o w e d  the structure o f  4b 
su g g e s tin g  th e  s e le c t iv e  rea c tio n  w ith o u t the s id e  rea c tio n  for  4c. W e su sp ec ted  that 
the reac tio n  m ig h t  b e  co n tr o lle d  b y [1 +  1] tem p la te  s ta b iliz e d  u n d er the r ig id ity  o f  
b e n z e n e  r in g  and  the inter- and in tram olecu lar  h y d ro g en  b o n d s  o f  A ,A -b is (2 - 
h y d r o x y b e n z y l)a lk y la m in e .

Figure 1. O R T E P  v ie w  o f  4b w ith  th e a to m ic  n u m b er in g  sc h e m e .

T o  c o n firm  that A (jV -b is(2 -h y d ro x y b en zy l)a lk y la m in e  lea d s  to the se le c t iv e  
and e f fe c t iv e  c y c liz a t io n , w e  further c la r ified  b y  u s in g  d ifferen t d e r iv a t iv e s , i .e ., N,N- 
b is (2 -h y d r o x y -5-e th y lb e n z y l)m e th y la m in e , 2, an d  Ar,jV -b is(2 -h y d ro x y -5 -  
m e th y lb e n z y l)p r o p y la m in e , 3. W e fou n d  that th e  c o m p o u n d  o b ta in ed  are 5b17 and  
6b18 as c o n fir m e d  b y  F T IR , N M R , and M A L D I-T O F  M S . C o n s id e r in g  4b, 5b, and
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6b, w e  e m p h a s iz e d  that the structure is  sy m m etr ica l w ith  p ro p y le n e  u n it lin k ed  by  
n itro g en  and o x y g e n  a to m s as m o n o a z a -12 -c r o w n -3  d e r iv a tiv e s .

T h e p resen t w o rk  d ec la res  an e f fe c t iv e  and s e le c t iv e  m a c r o c y c liz a t io n  b ased  
on  A ,A -b is (2-h y d r o x y b e n z y l)a lk y la m in e s  to  a c h ie v e  d ib e n z o -m o n o a z a c r o w n  ethers 
d e r iv a tiv e s  lin k e d  w ith  p ro p y len e  un it for o v e r  75%  y ie ld . T h e a d v a n ta g es  o f  th is  
sy n th e s is  stra teg y  are ( i)  th e  e a se  o f  o b ta in in g  7 /,A ^ -b is(2 -h y d ro x y b en zv l)a lk y la m in es  
(as it is  q u a n tita tiv e ly  ob ta in ed  from  the ring o p e n in g  o f  b e n z o x a z in e s  w ith  
p h e n o ls )14, ( i i )  the e f fe c t iv e  and s e le c t iv e  reac tio n  w h ic h  m ig h t b e  du e to the u n iq u e  
in ter- and in tra m o lecu la r  h yd ro gen  b on d s o f  jV ,A -b is(2 -h y d r o x y b e n z y l)a lk y la m in e s  
and the r ig id ity  o f  th e  b e n z e n e  ring , and  ( i i i )  the ro le  o f  p o ta ss iu m  h y d ro x id e  to  
in itita te  p h e n o x id e  s p e c ie s  for n u c le o p h ilic  reac tio n  w ith  to sy l d e r iv a t iv e s  and [1 +  1] 
tem p la te . A t  p resen t, w e  are s tu d y in g  in c lu s io n  p h e n o m e n a  o f  th e se  m a c r o c y c lic  
c o m p o u n d s .
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str e tc h in g ), 1 0 6 5  (ร, A r-O -C E h ); 'h  N M R  (6 0 0  M H z , C D C I3): <7 2 .1 3 7  (ร, 3H , 
N-CH3), 2 .2 1 7  (q u , 2 H , C -C H 2-C , J , =  4 .8 6  H z ) , 2 .2 5 9  (ร, 6H , A r-C H 3), 3 .6 1 4  
(ร, 4 H , N -C H 2-A r), 4 .2 0 4  (t, 4 H , C H 2- 0 ,  J2 =  5 .0 2  H z ), 6 .7 3 6  (d , 2 H , A r-H , J 3 =  
7 .9 0  H z ) ,  6 .9 7 7  (ร, 2 H , A r-H ), 6 .9 8 4  (d , 2 H , A r-H , J 4 =  8 .5 6  H z); ,3C N M R  
(6 0 0  M H z , C D C I3): ร  2 0 .4 9 5 , 2 8 .5 2 4 , 4 0 .9 5 9 ,  5 8 .2 2 4 , 6 7 .7 8 9 , 1 1 1 .6 3 8 , 
1 2 8 .1 2 5 , 1 2 8 .3 7 9 , 1 2 8 .8 0 2 , 1 3 1 .9 0 1 , 1 5 5 .5 8 6 ;  M A L D I-T O F  M S : m /z  3 1 2 .6  
(M + H +); A n a l. C a lc , for C 20H 25O 2N : C: 7 7 .1 4 , H: 8 .0 9 , N : 4 .5 0 , O: 1 0 .28 . 
Found: C: 7 6 .3 8 , H: 7 .6 9 , N : 4 .4 6 .

(1 6 )  C rysta l data  for  4b: C10H12.5ON0 .5, M  =  1 5 5 .7 1 , o r th o rh o m b ic , a =  9 .3 5 5 6 (7 ) ,  b 
=  1 5 .3 4 1 (1 ) , c =  1 1 .8 1 3 9 (8 )  Â , V  =  1 6 9 5 .6 (4 )  Â 3, T  =  2 9 6  K , sp a ce  group  Pnma
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(no.62), Z = 8 , p(Mo-Ka) = 0.78 cm’1, 12579 reflections measured, 1616 
unique (Æint = 0.032) which were used in all calculations. The final R 1 = 0.047 
and R\v = 0.121. X-ray data for compound 4b has been deposited with the 
Cambridge Crystallographic Data Centre as supplementary publication number 
CCDC 258583. Copies of the data may be obtained free of charge from CCDC, 
12 Union Road, Cambridge CB2 1EZ, UK (Fax: +44-1223-336-033. e-mail: 
deposit@ccdc.cam.ac.uk).

(17) The characterization for 5b: C22H29NO2 : FTIR (KBr, cm’1): 1503 (vs, 
trisubstituted benzene), 1248 (vs, C-N stretching), 1057 (ร, Ar-O-CFB); 
‘H NMR (400 MHz, CDCI3): <5 1.106 (6 H, t, Ar-C-CH3, J , = 7.622 Hz), 2.069 
(3H, ร. N-CH3), 2.170 (2H, qu, C-CH2-C, J2 =  4.837 Hz), 2.484 (4H, q, Ar-CH2- 
c, Ji = 7.622 Hz), 3.571 (ร, 4H, N-CH2-Ar), 4.141 (t, 4H, CH2-0, J 4 =  4.984 
Hz), 6.679 (d, 2H, Ar-H, J5 = 8.209 Hz), 6.911 (ร, 2H, Ar-H), 6.936 (d, 2H. Ar- 
H, J6 =  8.208 Hz); MALDI-TOF MS: m/z 338.85.

(18) The characterization for 6b: C22H29NO2 : FTIR (KBr, cm'1): 1505 (vs, 
trisubstituted benzene), 1253 (vs, C-N stretching), 1054 (ร, Ar-0 -CH2); 
'H NMR (400 MHz, CDC13): (50.804 (3H, t, CH3-C-C-N, J, = 7.329 Hz), 1.440 
(2H, m, C-CH2-C-N, J2 = 7.622 Hz), 2.028 (qu, 2H, C-CH2-C, Ji = 4.984 Hz), 
2.220 (6 H, ร, Ar-CH3), 2.345 (2H, t, C-C-CH2-N, J4 = 7.327 Hz), 3.557 (ร, 4H, 
N-CH2-Ar), 4.166 (t, 4H, CH2-0, J i = 4.984 Hz), 6.718 (d, 2H, Ar-H, J6 = 8.209 
Hz), 6.926 (d, 2H, Ar-H, J7 = 8.208 Hz), 7.076 (ร, 2H, Ar-H); MALDI-TOF 
MS: m/z 340.75.
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