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ABSTRACT

Polycationic Organic Salts - Syntheses an d  Investigations

by

Ja im eL ee  Io la n i C o h e n  

A d v iso r: P ro fe s s o r  R o b e r t E ngel

A variety  o f  polyam m onium  and  polyphosphonium  organic salts have 

been p repared . This w ork has involved the synthesis an d  investigations o f 

these  polycationic species based on several s tru c tu ra l categories including 

“strings,” “rings,” cyclodextrin derivatives, DMAP, pyridine, and 

im idazolium  derivatives. It has been dem onstra ted  th a t several 

applications for these newly p repared  m aterials exist. These include th e ir 

capabilities as antibacterials, th e ir use as an tihyd rophob ic  agents, the ir 

in teraction  w ith DNA, h o st/g u est binding capabilities w ith a  variety o f 

biologically significant organic anions, as well as th e ir  conversion to ionic 

liquids. Most recently , w ork has been d irec ted  tow ard  the  preparation  o f 

a  new category  o f ionic liquids - Liquid Ionic Phosphates, re ferred  to as 

LIPs. These m aterials are  particularly intriguing an d  have potential 

applications fo r batteries, non-aqueous polar reaction  m edia, “green” 

extractive processes, an d  as catalysts.
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x x iii

Statem ent o f Problem 

The in ten t o f the p resen t project has been the p repara tion  and  

investigation o f several series o f polycationic salts w ith particu lar 

s tru c tu ra l topologies, polyam m onium  an d  polyphosphonium  salts. 

S tructural limits for facile syntheses w ere to be explored, along w ith the 

exam ination of potential applications for the  particu lar salts. The 

investigations o f particu lar applications w ere to include in teractions with 

biologically related  system s as well as non-biological system s. Finally, the 

in ten t was also to investigate the  possibilities for conversion o f the  paren t 

polycationic salts into room  tem pera tu re  ionic liquids.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 1

HISTORICAL

INTRODUCTION

For som e years chem ists have been concerned w ith polyam m onium  

organic salts. These in triguing com pounds are highly charged, water- 

soluble, organic species th a t serve as m odels for th e  investigation of 

biological supram olecu lar in terac tions, m odify solubilities o f organic 

m aterials as an tihydrophob ic  agents, act as ion exchange agents and  Find 

use as polyelectrolytes. W ith th e  great developing in te re s t in this Field, 

th e  p rep ara tio n  o f new ion exchange dendrim ers, polyam m onium  

“s trin g s” an d  polym ers, polycationic macrocycles (paracylophanes and 

re la ted  structu res), m odified cyclodextrin  derivatives an d  non-aqueous 

ionic liquids have been investigated  by ou r laboratory. M ultiple cationic 

sites (am m onium  an d  phosphonium ) are  located w ithin  th e  covalent 

s tru c tu re  o f each o f the  species, w ith associated “free-floating” anions. 

For som e o f the m aterials a v arie ty  of aspects have a lread y  been 

investigated, including m olecular topology, biochem ical interactions, 

an tibacteria l effects, solubility enhancem ent, and  h o s t/g u es t binding 

in terac tions.

DENDRIMERS

Previous w ork in o u r labora to ry  included syntheses and  studies of
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polycationic dendrim ers, com pounds incorporating m ultid im ensional 

elem ents of repetitive sym m etry , rem iniscent o f th e  sym m etry  o f fractals. 

In p as t years others have investigated  a wide range o f  m acrom olecular 

an d  supram olecular s truc tu res looking tow ard the  possible application of 

such  species. [1-3]

D endrim ers incorporate  fo u r fundam ental s tru c tu ra l com ponents:

1) a core  or  foundation site fo r th e  diverging b ranches o f th e  cascade o r 

d en d rite  structure; 2) one o r  m ore branching arm s em anating  from  the 

core site, each incorporating a  fu r th e r  branch point; 3) extension  units 

betw een th e  core and  b ranch  sites an d  between b ranch  sites, an d  4) a 

term inal functionality for each o f  the branches, including a  reactive site 

th a t allows continued system atic elaboration of the  d en d ritic  structu re 

(Figure 1).
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Figure 1

General s tru c tu re  o f dendrim ers - In add ition  to  a  focus 
site, dendrim eric  struc tu res con tain  b ranch  points, 
extension units linking branch points, an d  term inal 
functionality.

Originally repo rted  m ore than  10 years ago [1,2,3] th e  preparation  

o f polyam ine d end rim ers elaborated  to  large generations (Scheme 1 ) 

consists o f re itera tive  sequential Michael add ition  o f acry lonitrile  to each 

o f several N-H linkages available, followed by reduction  to new am ino 

g roups a t the  term ini.

H7C=CHCN NaBH4
RNH-, — =------------- ► RN(CH2CH2CN)2 ------------ ► RN(CH-,CH-,CH,NH..),CoCl2 - - - - -

H->C=CHCN NaBH4
—  ------------- ► RN(CH2CH2CH,N[CH2CH^CN]-,)-,  ►

CoCl2

RN(CH2CH2CH2N[CH2CH2CH2NH2]2)2

Scheme 1
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The construction o f PAMAM (polyam idoam ine) d end rim ers has also 

been accom plished in a  sim ilar m anner. [4-8] Starting w ith  an  am ino o r 

am m onia  core, exhaustive M ichael add ition  o f m ethyl acry late  generates 

an  esteric  p roduct upon  w hich ester-am ide in terchange is perform ed  with 

ethylenediam ine. The new te rm in i are “R-NH2 ” sites upon  which 

exhaustive Michael add ition  m ay  again be perform ed for con tinued  

e labo ra tion  o f the  d en d rim er (Scheme 2).

H2C=CHCO,CH3 HoNCH2CH,NH.
NH3 ----------------- — N(CH2CH2C02CH3)3 —=--------------=----

h 2c =c h c o 2<:h 3
N(CH2CH2C(0)NHCH2CH2NH2)3 ---------------------- ►

H  N f H  C H  N H
N(CH2CH2C(0)NHCH2CH2N[CH2CH2C02CH3]2)3 _ J  2 ^

N(CH2CH2C(0)NHCH2CH2N[CH2CH2C(0)NHCH2CH2NH2]2)3

Schem e 2

Efforts by co-workers in  th is labora to ry  were d irec ted  tow ard 

incorporating  cationic am m onium  an d  phosphonium  sites w ithin the 

covalen t dendrim eric s truc tu re . N itrogen has the poten tial o f serving as a 

b ranch  poin t o f a dendrim er s tru c tu re  while bearing four carbon 

substituen ts and  a positive charge. T riethanolam ine was used as the
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fundam ental building block for the  construction  o f such am m onium  

dendrim ers. Upon alkylation of triethanolam ine w ith an  ord inary  

haloalkane, a  “balloon” type structu re could be generated , expanding in 

th ree  directions from  th e  core and  from each o f the  b ranch  points (Figure 

2 ).

HO.
OH

OH

OH

OH

OH

OH

Figure 2

Example o f a “balloon” dendrim er - The am m onium  sites 
are branch poin ts about the focus site (long alkyl chain) 
with ethylene units as the extension units and  term inal 
hydroxyl groups.

Similarly, initial alkylation o f the trie thanolam ine core with

2 -chloroethanol allows the  construction o f a  “s ta r” type dendrim er with 

spherical symm etry, capable of being e laborated  in four directions from 

th e  core with each b ranch  poin t being capable o f expanding in three 

d irections (Figure 3). [9,10]
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HO
OH

OH
HO

OH

OH

OH

OH

Figure 3

Example o f a  “s ta r” den d rim er - The cen tra l am m onium  
ion site is th e  focus site, w ith ethylene units as extension 
units, additional am m onium  ion sites as branch points, 
and  hydroxyl groups as the termini.

Elaboration o f these “s ta r” and  “balloon” dendrim ers were 

perform ed in a stepwise m anner, initially activating the term inal hydroxyl 

groups by conversion to  tosylate esters followed by disp lacem ent with 

triethanolam ine.

Changing the term inal functionality modified the solubility o f the 

polyam m onium  dendrim ers. For example, with hydroxyl groups a t the 

term ini, significant w ater solubility (and hydroscopic character) was 

m aintained th roughout the elaboration  to higher generation stages 

(incorporating up to 40 positive charges in an individual molecule). At
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th e  sam e time, m oderate  solubility  in “organic” solvents such as 

aceton itrile  was m ain tained  a t a  level sufficient to allow m easurem ent o f 

NMR spectra. Acylation o f the  term inal hydroxyl groups resu lts in  a  

negligible decrease in w ater solubility  and  organic solubility  increases 

significantly. [11] In addition , m olecular modeling o f the  “s ta r” an d  

“balloon” dendrim ers ind icated  th a t the “free-floating” an ions (chloride, 

fluoride, an d  n itrate) w ere associated w ith the surface o f  th e  den d rim er 

s tru c tu re  ra th e r  than  being in terca la ted  w ithin the  cationic arm s (Chem 

3D+™). A rep resen ta tion  o f the  m odeled den d rim er species is illustra ted  

in Figure 4 for the  second generation  “s ta r” dendrim er derived  from  

triethanolam ine.
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(a)

Figure 4

Modeled second generation “star” dendrimer - Chem 
3D+™ energy-minimized (local minimum) views of the 
second-generation “star” polyammonium dendrimer
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based  on  trie thano lam ine  - (a) Ball-and-stick 
p resen ta tion  showing the  d istortions o f  the  in ternal N-C- 
C an d  C-C-H bond angles o f the  covalen t structu re; (b) 
Space-filling p resen ta tion  indicating location o f the  
ch lo ride  an ions a t the  surface o f th e  covalent s tructu re . 
A tom  types a re  as show n below.

N ® 0 ® C  ^ C 1 0 H

D endrim ers derived  from  trie thano lam ine incorporate  m ultiple 

charged sites th a t  a re  located in close proxim ity  to each o th e r w ithin the 

covalent s tru c tu re . In effect, since the anions d o  no t have sufficient space 

within the  arm s o f the  den d rim er to stabilize these charges, the in terio r o f 

the covalent s tru c tu re  becomes d isto rted  an d  undergoes facile cleavage 

(Hofm ann-type elim ination) to relieve this strain . As a  result, although 

these m aterials can be purified for analyses, th ey  decom pose w ithin a  

short period  o f time, a  few m onths even w hen s to red  below 0  °.

F u rth er efforts in this laboratory  concerned  w ith the syntheses of 

am m onium  d end rim ers  focused on  the p rep ara tio n  of chiral am m onium  

dendrim ers. [12,13] Incorporated  as com ponents o f the  extension units 

were q u a te rn a ry  am m onium  sites. The use o f

l,4-d iazabicycio[2 .2 .2]octane (dabco) w ith q uatern iza tion  o f bo th  o f its 

nitrogen cen te rs  provided the  cationic sites for the  dendrim er. This was 

achieved a t one end w ith a derivative o f (S )-l,2 ,4 -bu tanetrio l. The
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(S )-l,2 ,4-butanetrio l p rov ided  th e  stereogenic b ranch  p o in t for the newly 

p repared  chiral dendrim er. Shown in Scheme 3 is the  general approach 

for th e  synthesis o f th is series o f  com pounds.

^  + ) < q  1 - EtOAc

2. H30

00

2 X-.N. 1

0

6 X'

R

etc.

Scheme 3
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Using this approach , a series o f ch ira l polyam m onium  dendrim ers 

have been synthesized bearing up to 14 am m onium  ion sites and 7 

defined  stereogenic sites in the covalent s truc tu re . [14]

Interestingly, the optical ro ta tion  u n d e r s tan d ard  conditions of 

m easurem ent does no t change significantly upon increasing the num ber 

o f stereogenic sites. Seebach, e t al [15] have also observed this 

phenom enon w ith the  synthesis o f a  chiral non-ionic dendrim er. The 

sim ultaneous in troduction  o f a significant increase in m ass o f the 

d en d rim er with the  in troduction  o f new stereogenic cen ters results in a  

d ilu tion  o f the  optical effect. In add ition , no conform ational chirality 

would appear to be present.

POLYAMMONIUM STRINGS

The construction  o f polycationic “s tr in g ” species has also been 

accom plished. The rationale for these syntheses derived from  

consideration  o f po ten tial in teractions o f such species w ith the  

polyanionic groove o f doub le-stranded  DNA. A polycationic string species 

is one in which cationic sites (am m onium  sites) are  located a t regular 

in tervals along a  linear covalent s truc tu re , ra th e r  than  a  branching one 

(as in a  dendrim er). The question was asked, “Could such a  polycationic 

string w ind abou t the  helix by association w ith the  anionic sites 

(phosphate  d iester/m onoan ion ) o f the  m ajor groove?”
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To answ er this, a  series o f such polyam m onium  string  species, each 

bearing two to ten  cationic sites, regularly spaced along the  backbone of 

the  covalent struc tu re , again w ith free-floating anions, was prepared.

Such defined polycations could be generated by a  reiterative two-step 

process involving initial generation  of an  am m onium  ion site by alkylation 

o f a  te rtia ry  am ine using an  co-halo-l-alkanol. This is followed by 

conversion o f the  term inal hydroxyl groups to halides in o rd e r to activate 

the “ends” o f the string. C ontinued alkylation would then  be 

accom plished. A generalized approach to the  synthesis o f such “strings” 

bearing dabco units as the  source o f am m onium  sites is shown in Scheme 

4. [16]
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/   ̂ HOCH,(CH-,)nCH2CI + / — "\ +
N ^ \ . N   ► H O (C H ,V ,— N ^ V ^ N —  ( C H ^ O H

2cr + cr
soci, + n r \ +

 =-----   Cl(CH2)n+2—  N ^ \ N—  (CH2)n+2Cl
N ^ N - (CH2)n+2OH

2cr

H0(CH2)„_2—V \ , N t ( C H 2)„,2—V \ ^ N - f C H 2)„_2- V \ ^ N— (CH2)^ 20H

6cr
repeat prior two steps 
for string extension

Schem e 4

C onstruction o f the m onocationic “extension u n its” is accom plished

by perform ing the reaction o f dabco  w ith  one equ ivalen t of an  co-halo-1 -

alkanol in ethy l acetate solution. U nder these cond itions the

m onocationic species precip itates im m ediately  as it is form ed and  is

readily  isolated (Scheme 5).

/ ---- \  HOCH-,(CH,)nCH,Cl C1~ + r —\
N ^ \ ^ N --------- 1------1-----------► HO(CH2)n+2—

\ _ /  E tO Ac \ _ y

Schem e 5

C onstruction o f a series o f d icationic strings have also been 

prepared  by treating dabco with two equivalents o f an  to-halo-l-alkanol in
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acetonitrile. The solvent, acetonitrile, is used  to keep the  m onocationic 

string in solution to  allow quatern iza tion  o f  th e  second am ine g roup  to 

occur (Scheme 6 ).

2 Cf
/ ---- \  HOCH2(CH,)nCH,Cl + /Z  \  +

N ^ \  :---------- ► HO(CH2)n+2—  N ^ \ N—  (CH9>n+,OH
c h3c n  \ _ _ 7  “ “

Schem e 6

The construc tion  of a series of d ication ic  strings bearing dabco units 

a t the term ini has also been prepared . T hese have been a tta ined  by 

treating an  a,a>-dihaloalkane w ith an  excess o f dabco  in acetonitrile 

(Scheme 7).

^ 2 Br~

BrCH2(CH2)riCH2Br N ^ \ ^ N — CH2(CH2)nCH2- l ' ^ ^ N

Scheme 7

The th ree  series of cationic species allow elaboration  o f the  string  to 

give polycationic strings with either an  o d d  o r  even num ber o f dabco 

units (Scheme 8 ).
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+ /T  \  + SOCl2 + /T  \  +
HO(CH2)n+2—  N ^ \ . N —  (CH2)n+2OH  Cl(CH2)n+2—  N ^ \^ N —  (CH2)n+2Cl

2 Cl' 2 0 -

^  ' C1' N ^ Y /N — (CH2)n+2OH

+ /7 ~ ^  +
HO(CH2)n+2—  N ^ \^ N -(C H 2)n+2—  N ^ \^ N —  (CH2)n+2- N ^ \ x>N—  (CH2)n+2OH

6 0 -

repeat prior two steps 
for string extension

"Strings" with odd number of dabco units

KOCH2(CH2)nCH2Br

4-  y  ' ^  - f  * +  H i  y  ^

HO(CH2)n, 2- N ^ N - C H 2(CH2)nCH2- N ^  N-(CH2)n+2OH

4cr
Cl(CH2)n+2- N ^ ^ N - C H 2(CH2)nCH2- N ^ \^ N - ( C H 2)n+2Cl

+ cr
N ^ V -N —CH^(CH,)nOH 
\  / "Strings" with even number of dabco units

Scheme 8
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Co-workers in this labora to ry  have resu lted  in the  observation o f 

significant an tibacteria l activity  (£  coli) for several o f  these polycationic 

strings. [16-18] It is suspected th a t the  polycationic strings increase the  

perm eability  o f the  ou ter m em brane o f the bacteria  allowing the en trance  

o f toxic substances an d  the  loss o f v ital m aterials.

POLYCATIONIC COMBS

Elaboration o f polycationic “strings” o r dendrim eric  “balloons” 

along an  insoluble polym eric backbone provides polycationic “com bs” o r  

“com b-burst” species. Previous w ork in th is labora to ry  used M errifield’s 

peptide resin (2 % div iny lbenzene/sty rene crosslinked polym er which has 

been chlorom ethylated) as th e  backbone for th e  construction  o f the 

w ater-insoluble polycationic species which m ay serve as anion exchange 

m aterials. [19,20] After reaction o f th e  p aren t resin  w ith either an  w- 

hydroxyalkyl-substituted dabco o r triethanolam ine, elaboration o f the 

string o r balloon was accom plished by successive trea tm ents with 

activating agent an d  appropriate  co-hydroxyalkyl-substituted dabco (or 

triethanolam ine). A lthough com plete elaboration  o f  all reactive sites was 

no t accom plished, very  high capacities could be atta ined . With “balloon” 

type system s exchange capacities of as high as 13 m eq /g  could be 

achieved, as m easured  by bo th  spectroscopic m easurem ents o f
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picrylsulfonic acid  exchange an d  H NMR m easurem ents of ch loroacetate

exchange. Investigation o f th e  ion  exchange capabilities o f these m aterials 

indicated  th a t th e  initially associated chloride ion could be exchanged 

read ily  w ith a  varie ty  o f o th e r m onoanions (halide, n itrate, chloroacetate, 

tosylate), a lthough  som e (conjugate bases o f acids w eaker than  

chloroacetic acid) could no t be exchanged. D ianions, such as sulfate, 

could be taken  up  by the  m aterial, bu t no t readily  released. M olecular 

m odeling o f th e  species (Chem 3D+™) ind icated  th a t m onoanions would 

be associated n ea r th e  surface o f th e  “balloon” b u t dianions could 

p ene tra te  the  arm s o f the  cascade and  be sh ielded from  the w ater a t the 

surface. H ydrocarbon “balloons” e labora ted  on  the  Merrifleld resin, 

term inating  in carboxylate groups provide relatively high capacity weak 

cation  exchangers. [20] These m aterials rap id ly  exchange sodium , 

potassium , an d  silver ions.

RINGS

A nother geom etrically in trigu ing  category o f m olecular species are  

rings th a t can su rro u n d  a variety  o f  guests. Selective recognition o f guest 

m olecules by syn thetic  receptors such as paracyclophanes, cyclodextrins, 

polyoxy- o r polyam ino- macrocycles an d  o th e r ring structu res has been 

extensively rep o rted  in the last few years. [21-23]
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PARACYCLOPHANES

The p rep ara tio n  o f a  series o f  parayclophanes o f the  general 

s tru c tu re  (Figures 5 an d  6 ) was first p resen ted  in 1959 by D.J. Cram and  

K. Dewhirst. [24]

/  \
(CH2)m

/  \
(CH2)n

/  \

-(CH2 )n-

Figure 5 
[m,n] paracyclophanes

Figure 6  

[n] paracyclophanes

The spec tra  an d  reactiv ity  o f  com pounds o f s tru c tu re  as shown in 

Figure 5 v ary  as the  d istance betw een the  two benzene rings is altered. 

[24,25] These effects have been in te rp re ted  in term s o f transannu la r 

in terac tion  of the  p -e lectron  clouds o f the  two arom atic nuclei with one 

another, as de te rm ined  by the com parative in teractions w ith 

tetracyanoethylene as shown in Figure 7. [26]
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NC/# .CN

nct A CN

(CHa),m (CH2)n

Figure 7
p-Interaction o f a paracyclophane with TCNE

More th a n  40 years la ter chem ists are  still studying this intriguing 

class o f host molecules. Recently, extensive experim ental an d  theoretical 

studies of th is category of supram olecular interaction, particu larly  w ith 

biological com plexes (photosyn thetic  an tennae  and  reaction cen ters), has 

been investigated. [27,28] These studies include the synthesis o f a  series 

o f paracyclophane derivatives th a t ho ld  chrom ophores of varying degrees 

o f conjugation using palladium -m ediated coupling reactions. [29] These 

molecules m im ic solid-state in terac tions in m ain-chain polychrom ophores 

and  conjugated emissive polym ers. T heir optical properties give insight 

in to  the energetics o f photoexcitations localized in a d iscrete 

chrom ophore relative to a state  contain ing  the through-space delocalized
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paracyclophane core. This op tical response o f ch rom ophore  aggregates 

p rovides an  im p o rtan t tool in th e  studies o f in term olecu lar interactions 

an d  bonding.

O thers have investigated  selective recognition o f guest molecules by 

synthetic  recep to rs th ro u g h  th e  form ation o f hydrogen  bonds w ith the 

paracyclophane host. These studies have been perfo rm ed  m ainly in 

lipophilic solvents because o f  th e  strong solvation o f th e  in teracting  

g roups in po lar m edia. [21-23]

O thers have designed  th is class o f host m olecules fo r th e  selective 

recognition o f anions, such as carboxylic acids o r nucleotides, in aqueous 

solution. This is an  im p o rtan t targe t in view o f the  biological relevance o f 

studies in th is solvent. [30-36] W ith this in mind, polyam m onium  

macrocycles have been synthesized  as they  m ay behave as efficient 

recep tors for polycharged an ions in aqueous solution. [30-40]

Valtancoli, e t al have rep o rted  on the  synthesis an d  basicity 

properties o f a  polyam ine paracyclophane m acrocyle (Figure 8 ). [41]
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N

Figure 8

A polyam ine paracyclophane m acrocyle

P ro tonation  o f this paracyclophane occurs on  the  benzylic n itrogens 

and  resu lts  in  th e  form ation o f  a  species with a charge o f  4+. This species 

is p resen t in  so lu tion  over a  w ide pH range.

The sam e group had also re p o rted  on the synthesis an d  p ro tonation  

behavior o f a  paracyclophane con ta in ing  arom atic m oieties, sh o rt 

ethylenic chains connecting th e  am ine groups, n itrogen  m ethylation  and 

piperazine rings (Figure 9). [42]
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Figure 9
A paracyclophane con tain ing  piperazine moieties

The la tte r paracyclophane d iffers from  the form er by the  presence 

o f two p iperazine rings w ithin th e  macrocyclic host structu re . The 

coord ination  of anionic guests can  be achieved by using, as host species, 

po lypro tonated  form s of aza-paracyclophanes. [39] The binding 

properties of this preorganized recep to r tow ard anionic species has been 

analyzed using ATP and ADP recognition. [42] The basicity properties of 

such a recep to r are strictly re la ted  to its binding features and  the study of 

their p ro ton  transfer behavior is a  key step in the analysis of the binding 

characteristics toward anionic species. In this vein, potentiom etric as well
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as^H an d  n m r  techniques have been used. [41]

With this in m ind, o u r colleagues have been involved w ith the 

synthesis and  investigations o f polycationic paracyclophanes.

CYCLODEXTRINS

Cyclodextrins (CDs), also know n as Schardinger dextrins, 

cycloamyloses, an d  cycloglucoamyloses, com prise a  fam ily o f cyclic 

oligosaccharides ob ta ined  from  starch  by enzym atic degradation . They 

w ere discovered in 1891 by Villiers [43], bu t the  first de ta iled  description 

o f the  p reparation  an d  isolation was m ade in 1903 by Schardinger. [4 4 ]

There are  num erous applications o f CDs including th e ir use as 

catalysts, as m icrovessels to perfo rm  chem ical reactions, process aids, 

stabilizers o f com pounds, “m asking effects” o f a guest, a  red u cer of 

volatility  o f a  guest, d irec to r o f chem ical reactions, co n tro lle r o f 

fluorescence and  light absorption , an  enzym e mimic, an d  as a  drug carrier 

system . [45-50]

Investigation o f cyclodextrin chem istry  has been on  th e  increase for 

several decades. The descrip tions o f the  struc tu re  and  p roperties  of CDs 

and  the ir applications have been the subject o f several books [51-57], a 

num ber o f review articles [58-74], m ore than  800 paten ts, and  

innum erable papers. This enorm ous effort in the  study  o f  CDs is a result
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o f  th e  fact th a t such m olecules have inheren t in terest, th a t  is, their 

physical an d  chemical p ro p ertie s  m erit study.

The descrip tions o f th e  s truc tu re  and  properties o f cyclodextrins 

explains why these relatively  sim ple organic com pounds exhibit complex 

fo rm ation  w ith o th e r o rgan ic  molecules; acting as a  h o s t  molecule. This is 

w hy they  are  excellent m odels o f  enzymes which led to th e ir  use as 

catalysts, bo th  in enzym atic a n d  nonenzym atic reactions; and  they are 

n a tu ra l products an d  read ily  available for m ost researchers.

Cyclodextrins a re  cycloamyloses, generally o f 6,7, 8 , o r  9 

carbohydrate  units, respectively  known as a,p, y, or 5-CD, linked through 

th e  anom eric  site (a-linkage) to  the  4-position hydroxyl group. 

Cyclodextrins with 10-13 glucose units have also been identified  by 

chrom atographic m ethods. [75] CDs com posed o f less th an  six glucose 

un its a re  no t known to exist d u e  to steric h indrance [76] an d  the 6 -fold 

charac te r o f the starch  helix. [77] As their appearance suggests in the 

cyclodextrin  molecules, the  glucose units, all in classical C l chair 

conform ation, are linked by a -1 ,4  bonds. [Figure 10]

n
Figure 10 

G eneral s tru c tu re  of a cyclodextrin
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This geom etry  gives the  CD th e  overall shape o f  a  truncated  cone with the  

w ider side form ed by the  secondary  2 - an d  3-hydroxyl groups and  the 

narrow er side by the  prim ary  6 -hydroxyl. [Figure 1 1 ]

Primary Hydroxyl Face

H'
OH

Secondary Hydroxyl Face

Figure 11
The cyclodextrin p rim ary  hydroxyls are located 

on th e  narrow er edge o f the  tru n ca ted  cone, 
while the  secondary  hydroxyls a re  located 

on the  w ider edge.

The num ber o f glucose units determ ines the  dim ension and size of the 

cavity. [Figure 12]
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0.57

137 nm

a-cyclodextrin

1.53 nm

P-cyclodextrin

L-69 nm

y-cyclodextrin

Figure 12 
D im ensions and  sizes o f a, p/y-CD’s.

The cavity is lined by th e  hydrogen atom s and th e  glycosidic oxygen 

bridges. The nonbonding  electron  pairs o f the glycosidic oxygen bridges 

are  d irected  tow ard th e  inside of the cavity, producing  a high electron 

density  and  lending it som e Lewis base character. As a resu lt o f this 

special arrangem ent o f the  functional g roups in th e  cyclodextrin 

molecules, the cavity is relatively hydrophobic, w hile the  external faces 

are  hydrophilic. In th e  cyclodextrin molecules a  ring  o f hydrogen bonds 

is also form ed in tram olecularly  betw een the 2 -hydroxyl and  the

3-hydroxyl groups o f ad jacen t glucose units. This hydrogen  bonding gives 

the CD a rem arkably rigid structure.

As a consequence o f these s tru c tu ra l features, CDs have some 

unique physical and  chem ical properties. CDs are  w ater-soluble with 

solubilities of 14.5, 1.85, and  23.2 g /1 0 0  mL for a - ,  p-, andy-CD
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respectively. Spectroscopic stud ies on  CD in aqueous solution suggest th a t 

the  conform ation o f  CDs in so lu tion  is alm ost identical to th e ir 

conform ation in th e  crysta lline state . CDs a re  stable in  alkaline solutions; 

however, they  a re  susceptib le to acid  hydrolysis. U nder norm al 

experim ental conditions (pH h igher than  3.5, and  tem pera tu res lower 

than  60 "C), CDs a re  fairly  stable. The m ost characteristic  p roperty  o f  CDs 

is the ir rem arkable ab lity  to  fo rm  inclusion com plexes w ith a wide varie ty  

o f  guest m olecules rang ing  from  organic o r  inorganic com pounds of 

neu tra l o r ionic n a tu re  to  noble gases. An obvious requ irem en t is th a t the  

guest molecules m ust fit in to  the  cavity, even if only partially. Complex 

form ation  in  so lu tion  is a  dynam ic equ ilib rium  process w hich can be 

illustra ted  by eq 1 , w here CD is cyclodextrin, G is the guest molecule, and  

CD-G is the  inclusion complex.

The stability of the inclusion complex can be described in terms of a 

formation constant (Kf) or a dissociation constant (K^) as defined in eqs

CD + G CD-G ( 1)

2 and 3.

Kf  = [C D -G ]/([C D ][G ])

Kd = 1 /K f  =  ( [CD] [G ])/[C D -G ] (3)
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It has been generally  accepted  th a t the binding forces involved in 

th e  com plex form ation a re  (i) van  d e r  Waals in terac tions (o r hydrophobic 

in teractions) betw een th e  hydrophobic  m oiety  o f th e  guest molecules and  

th e  CD cavity; (ii) hydrogen  bonding betw een the po lar functional groups 

o f  th e  guest m olecules a n d  th e  hydroxyl groups o f  CD; (iii) release o f 

h igh-energy w ater m olecules from  the  cavity  in the  com plex form ation 

process; an d  (iv) release o f s tra in  energy  in  the  ring fram e system  of the 

CD.

The geom etric characteristics an d  th e  po larity  o f guest molecules, 

th e  m edium , and  tem p era tu re  are  the m ost im portan t factors for 

determ in ing  the  stability  o f  th e  inclusion complex. G eom etric ra th e r th an  

th e  chem ical factors are  decisive in determ in ing  the  k ind  o f guest 

m olecules which can p en e tra te  in to  the  CD cavity. If th e  guest is too 

small, it will easily pass in an d  o u t of th e  cavity with little o r no bonding 

a t all. Complex form ation w ith  guest m olecules significantly larger than 

th e  cavity  m ay also be possible, bu t the  com plex is form ed in  such a  way 

th a t only  certain  groups o r  side chains pene tra te  in to  th e  CD cavity.

The stability o f an  inclusion com plex also depends on  the polarity o f 

the  guest molecule. Only substra tes th a t a re  less polar th a n  w ater can 

form  inclusion complexes w ith  CDs. The stability  o f a com plex is
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proportional to th e  hydrophobic character o f  the  guest molecule. Highly 

hydrophilic molecules complex very  weakly o r  n o t a t all.

Complexing ab ility  can also be im proved by chem ically modifying 

the CD molecules. CDs can be m odified by (i) substitu ting  for the H atom  

o f the  prim ary  o r secondary  hydroxyl groups, (ii) substitu ting  for one o r 

m ore prim ary a n d /o r  secondary hydroxyl groups, (iii) elim inating the 

hydrogen atom s o f  th e  -CH2 OH groups (i.e. by conversion  to  -COOH), o r 

(iv) sp litting one o r m ore C2 -C3  bonds th rough  a  periodate  oxidation.

As a  result o f  com plex form ation , the  characteristic  p roperties o f 

the guest substance, such  as solubility [78,79], chem ical reactivity 

[59,80], pKa values [81,82], diffusion [54,83], electrochem ical properties 

[84-87], and  spectral properties [88-97] will be changed.

Cyclodextrins have served as prototypes for novel host com pounds 

and  catalysts. The use o f CDs as m icrovessels to  perform  chemical 

reactions has a ttrac ted  the  in te rest o f chem ists since the  1960’s. [98-99] 

The effects o f CDs on organic reactions are d ivided m ainly into two 

types. The first is th e  effect on covalent bonds w here the reaction 

proceeds according to Michaelis-Menten type kinetics. CD and  the 

reactan t intially form  a [CD-reactant] reaction in term ediate involving a 

covalent bond which then  leads to  the product. These catalytic effects 

have been studied an d  reported  as the “enzyme m odel”. The second
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effect does n o t involve a  covalen t bond. The hydrophobic cavity o f the 

CD gives th e  reac tan t access to  a  new reaction environm ent, an  “extra 

reaction  field” in w hich the  reactivity , such as ra te  o r selectivity, changes. 

The role o f  th e  CD is n o t always defined as catalyst. In these instances, 

th e  CD m ediates the  reactions. Most o f our understand ing  o f CD inclusion 

phenom ena has been derived  from  studying an  aqueous system  in an 

equilibrium  state. In th is  sta te , the  hydrophobic forces a re  assum ed to be 

responsible fo r d riv ing  a  guest in to  the  CD’s hydrophobic interior, w here 

a  1:1 host-guest com plex usually  form s and w here there  is no in teraction  

w ith o th e r CD m olecules.

Cyclodextrins, being enantioselective, a re  used as d rug  carrier 

system s. The m ost com m on pharm aceutical application  o f CDs is to 

enhance the  solubility, stability , an d  bioavailability o f d rug  molecules. 

[57,100-102] However, n a tu ra l cyclodextrins have relatively low 

solubility, bo th  in w ate r an d  organic solvents, w hich limits the ir uses in 

pharm aceutical form ulations. Chemists have recently  p repared  various 

CD derivatives so as to ex tend  th e  physicochemical properties and 

inclusion capacity o f  n a tu ra l cyclodextrins as novel drug  carriers. [103- 

105] Among the desirab le  p roperties o f a d rug  carrier is th a t the ca rrier 

itself be bioadaptable. The second desirable a ttrib u te  for the drug ca rrie r 

is the ability  to con tro l the  ra te  and  tim e of d rug  release. Amphiphilic o r
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ionizable CDs can  m odify  the ra te  o r tim e o f  d ru g  release an d  b ind  to th e  

surface m em brane o f cells, w hich may be u sed  fo r the enhancem ent of 

d rug  absorp tion  across biological barriers. T he final requ irem en t o f a  

d rug  ca rrie r is its ab lity  to deliver a d rug  to  a  targeted  site; conjugates o f  

a  drug w ith CDs partia lly  fulfill th is requ irem en t. Thus, CDs have 

significant po ten tia l as d rug  carriers in ad v anced  dosage forms; however, 

m ost of them  are  on ly  a t  the beginning o f safe ty  evaluation. The fu tu re  

should see a  grow th in the n u m b er o f com m ercial products using CD- 

based form ulation. [45]

Cyclodextrins a re  extrem ely a ttrac tive  com ponents o f artificial 

biocatalysts an d  o th e r  biom im etic m aterials. [46] They are readily  

available, they  b ind  hydrophobic substra tes in to  the ir cavities in w ater 

solution, and  they  have two rim s of hydroxyl g roups th a t can e ither react 

w ith substrates them selves o r be used to a tta c h  o th e r catalytic and  

functional groups. In terest in CDs as com ponen ts o f enzym e models was 

first stim ulated w ith  the  publication o f th e  book  Einschlussverbindungen 

(Inclusion C om pounds). [106] Since the CD is used  to bind a substrate, 

such species can be considered  to be artificial enzym es. These catalysts 

generally show su b stra te  specificity, for m olecules tha t can bind into the 

CD cavity. [47]

There are num erous industrial applications o f  CDs. These include
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its selected  use in  foods such as cinnam on-flavored  apples, flavored tea, 

pepperm in t-flavored  chewing gum , m u sta rd  oil steak sauce, lem on and  

g rapefru it candies, vitam in B fru it ju ice beverage, lem on-flavored sugar, 

an d  processed  cheeses as a  flavor stabilizer, flavor deliverer, its m asking 

o f b itte rness an d  o f  vitam in odo r, an  ab so rb an t o f odor, in the  rem oval o f  

cholestero l, in cosm etics and  p e rso n a l care  item s such as artificial tann ing  

lotion, pow dered  h a ir  bleach, perfum e, cold  cream  and  skin cleanser in its 

m asking o f  odor, prolonged release, an d  stability  and  in laundry  d rie r 

sheets as a  fragrance control. [107]

At th is po in t we begin o u r w ork  tow ard  the  synthesis of a  varie ty  o f  

cyclodextrin  derivatives.
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POLYCATIONIC STRINGS

Polyammonium organic salts are  an  intriguing category  of 

com pounds th a t have been receiving particu lar in te rest in recen t years. 

Potential applications for such  h ighly  charged, w ater soluble organic 

m aterials include serving as m odels for the  investigation o f  biological 

supram olecular interactions, acting as an tihydrophobic agents, and  use as 

polyelectrolytes.

The preparation  and  investigation o f ionene polym ers has been a  

topic o f  in terest for some time. [108] Ionene polym ers, p roduced  by the  

reaction in  DMF solution of d ihalides w ith diamines, bear qua te rn ary  

am m onium  ion sites a t regu lar in tervals along chains o f  indefinite length. 

Prior efforts of this laborato ry  have been directed tow ard  th e  synthesis of 

non-branching (string) polycations o f defined  size and  charge. [12]

Polycationic strings, salts having cationic sites located a t regular 

intervals along a linear chain o f defined length, have po ten tia l for a 

variety  o f applications. One such  poten tial application for these highly 

charged organic m aterials is to serve as antihydrophobic agents which 

would increase the aqueous solubilities of otherw ise relatively insoluble 

organic solutes. [109-113]

With this structural concept in mind, the synthesis of a series of
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polycationic s trings based on dabco (l,4-d iazabicyclo[2 .2 .2]octane) un its 

has been u n d ertak en  by o u r laboratory. [114] All new com pounds exhib it 

NMR spectra  in  acco rd  w ith their p roposed  structu res and  elem ental 

com bustion analyses in  accord with h y d ra te d  forms o f  the proposed 

structu res. The p rep a ra tio n  o f a  m onoca tion ic  string, l - ( 2 ’- 

hydroxyethyl)-1 -azonia-4-azabicyclo[2.2.2] octane ch loride {11, 

previously p rep a red  by  o u r  laborato ry  is show n in Scheme 9.

+

stir
rt

EtOAc

cr
OH

{i}

Scheme 9

In this synthesis dabco is treated with one equivalent of 2-chloro-l- 

ethanol in ethyl acetate solution. The reaction mixture is stirred at room
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tem pera tu re  to give th e  m onocation ic salt as a  p recip ita te . The solvent, 

e thy l acetate, is chosen fo r th e  synthesis of m onocationic strings because 

p recip ita tion  occurs upon  q u a te rn iza tio n  o f the  firs t te rtia ry  am ine to 

give th e  target product. U nder conditions sim ilar to  these-a series o f 

new  m onocationic strings }3, 5 , 6 , 7 , 8, 10, 11} have been synthesized, 

as  shown in Table 1 . Previously, o thers in the sam e labora to ry  have 

p rep ared  related  m onocationic strings including l-(3 -hyd roxyp ropy l)-l- 

azonia-4-azabicyclo[2.2 .2]octane ch loride {2}, l-(8 -h y d ro x y o c ty l)-l- 

azonia-4-azabicyclo[2 .2 .2]octane ch loride {4}, an d  l-(4 -b u te n y l)-l-  

azonia-4-azabicyclo[2.2 .2]octane brom ide {9}.
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Table 1 - New M onocationic Strings

Structure Number Name

cr
(CH2)6OH 

,______   B f
N ^\^N — (CHjDgOH

l-(6-hydroxyhexyl)-Tazonia-4-azabicycIo[2.2.2]octane
chloride

l-(9-hydroxynonyl)-l-azonia-4-azabicyclo[2.2.2]octane
bromide

Cl'

N ^ \ ^ N — (C H ^ pO H

+ B f

r ~ \ + Br
N -C H 2CH=Chh

l-( 10-hydroxydecyl)- l-azonia-4-azabicyclo[2.2.2]octane 
chloride

l-(ll-hydroxyundecyl)-l-azonia-4-azabicycIo[2.2.2]octane
bromide

8 l-(3-propenyl)- l-azonia-4-azabicyclo[2.2.2]octane
bromide

+ B f
N^\^.N—(CH2)hCH3 1 0  l-(dodecyl)-l-azonia-4-azabicyclo[2.2.2]octane

bromide

 B f
N^\^N-CH2C6H5 11 l-(benzyl)-l-azonia-4-azabicyclo[2.2.2]octane

bromide

As shown in Scheme 10, a series of dicationic dabco-based  strings 

have also been prepared .
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stir, heat 
reflux

CH3CN

2cr
OH

{12}

Schem e 10

The d icationic string  1,4-bis( 10’-hydroxydecy l)-l ,4- 

diazoniabicyclo[2.2.2]octane d ich loride  {12} is synthesized by treating 

one equ ivalen t o f dabco w ith two equivalents o f 10-chloro-l-decanol in 

acetonitrile solution. The reaction m ixture is heated  an d  s tirred  a t reflux. 

For th e  synthesis o f th e  series of dabco-based dicationic strings, 

acetonitrile  is used as the  solvent to  allow quatern ization  o f the  second 

am ine to occur in solution w ithout p recip ita tion  o f the m onocationic salt. 

[16]

Similarly, didabco dicationic strings have also been previously 

p repared  by o thers in o u r laboratory  as shown in Scheme 11.
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N Br,
Br

stir, heat 
reflux

CH3CN

v _ y  2Br-
\ _ v

{ 1 3 !

Scheme 11

The dicationic d idabco  string  4-(2’-{ l”-azonia-4’-azabicyclo[2.2.2]octyl}- 

r-e thy l)azon ia-l-azab icyc lo [2 .2 .2 ]octane  d ib rom ide  {13} is p repared  by 

treating fou r equivalen ts o f dabco (an excess) w ith  1 equivalen t o f 1,2- 

d ichloroethane in acetonitrile. The reaction  m ixture is heated  and  s tirred  

a t reflux an d  the  p ro d u c t is isolated by filtra tion  from  th e  reaction 

medium. The rem aining  exam ples of the  series o f newly p repared  salts 

{14}-{20} in  th is category are  shown in  Table 2.
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Table 2 - New Dicationic Didabco Strings

Name

4-(6'-{r'-azonia-4"-azabicyclo[2.2.2]octyl}- 
1 '-hexy I)azonia- l-azabicyclo[2.2.2]octane 
dichloride

4-(8'-{ 1 ”-azonia-4"-azabicyclo[2.2.2]octyl}- 
r-octyl)azonia-l-azabicyclo[2.2.2]octane 
dichloride

4-(9'-{ 1 ”-azonia-4"-azabicyclo[2.2.2]octyl}- 
r-nonyl)azonia-l-azabicyclo[2.2.2]octane 
dibromide

4-( 10'-{ 1" -azonia-4" -azabi cy clo [2.2.2] octy 1}- 
1 '-decyI)azonia-1 -azabicyclo[2.2.2]octane 
dichloride

4~(12'-{l"-azonia-4"-azabicyclo[2.2.2]octyI}- 
l'-dodecy l)azonia-1-azabicyclo[2.2.2]octane 
dibromide

4-(10'-{r'-azonia-4"-azabicyclo[2.2.2]octyl}-
l'-decyl)azonia-l-azabicyclo[2.2.2]octane
dichloride

4-(4'-{l"-azonia-4"-azabicyclo[2.2.2]octyl}- 
r-(Z)-2’-butenyl)azonia-l-azabicyclo[2.2.2] 
octane dichloride

The above th ree  series o f strings (m onocationic, m onodabco 

dicationic an d  didabco dicationic) a re  used as building blocks for more 

elaborate string syntheses. An exam ple o f the  use of the strings for 

fu rther synthesis is shown in Scheme 12.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Structure Number
+  2 c r

14

+  2 c r

N^V^N-(CH2)10N ^ \-N  15

+ 2 Br'

(CH2)g-N^\--N 16

+  2 c r

N^V>N- (CH2)ia 17

2 Br’
rr~\ v —v

rr^V_.N-(CH2)12t^ \--N  18

/  2 Cl*
N^V-Nf-CH2CH=CHCHe-N^V-N 19 
^ f  cis ^ f

f — v +  2 C l " +
N ^ \ —N-CH 2C^^C CH 2— NFA—-N 20
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2C1-

{ 1 4 }

c h 3c n
stir, heat 
reflux

OH { 2 3 }

Schem e 12

When {14} is trea ted  w ith two equivalents o f 2-brom o-1-ethanol in 

aceton itrile  a  tetracationic  d idabco  string  is generated  as w ith l-(p- 

hydroxyethyl)-4-(6’-{4”-(p -hydroxyethy l)-l”,4”- 

d iazoniabicyclo[2 .2 .2]octyl}-l’-hexyl)-l,4-d iazoniabicyclo[2 .2 .2]octane 

dibrom ide dichloride {23}.

Previously, o thers in the labo ra to ry  have p repared  two tetracationic 

didabco strings, l-(p -hydroxyethy l)-4 -(2’-{4”-(p-hydroxyethyl)-l”,4”- 

d iazoniabicyclo[2 .2 .2]octyl}-l’-ethyl)-l,4-d iazoniabicyclo[2 .2 .2]octane 

te trabrom ide, {21}, and  l-(p -hydroxyethy l)-4 -(3 ’-{4”-(p-hydroxyethyl)-
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1 ” ,4”-diazoniabicyclo [2.2.2] octyl}-1 ’-propyl) -1,4- 

diazoniabicyclo[2.2.2]octane dibrom ide dichloride, {22}.

The series o f newly p repared  salts {23 }-{28} in th is  category are  

shown in Table 3.

Table 3 - New tetracationic d idabco strings 

S t r u c tu r e  N u m b e r N am e

+

2Br 2C1' 
+

HO(CH2)2— N— (CH2)b—  r s f \ }  N— (CH ^O H

+ 4Cr
rr\

2Br 2C1‘
+ + r r \  +

HO(CH2)2— tCV- N— (01 )̂8— N^V-N— (CH^H

2Br 2C1'
+ r~\ +

23

HO(CH2)3— -N— (Cl-fe) e— l\rV- N— (CH^H 24

25

L -(2-hydroxyethyl)-4-(6’ -{4’ ’ -(2-hy droxyethy 1)- 
1’ ’ ,4”  -diazoniabicycIo[2.2.2]octyI>-1 ’ -hexyl)-
1.4-diazoniabicyclo[2.2.2]octane dibromide 
dichloride

I -(3 -hydroxypropyI)-4-(6’ -{4’' -(3 -hydroxypropyl) 
- 1’ ’ ,4”  -diazoniabicyclo[2.2.2]octyl}-l' -hexyl)-
1.4-diazoniabicyclo[2.2.2]octane tetrachloride

l-(2-hydroxyethyI)-4-(8’-{4” -(2-hydroxyethyl)- 
1 ”  ,4’' -diazoniabicyclo[2.2.2]octyl}-1 ’ -octy 1)-
1.4-diazoniabicycIo[2.2.2]octane dibromide 
dichloride

h o (CH2)2—  nkV - n — (CHgjio- rr* V . n—  (c h 2)i£>h

4cr
+rrs + + r-\ +

HO(CH2)io— N A - N — (C H ^icr-N ^A —N— (C H ^icPH

4cr
+ r ~ \  + + / — v +

ci(CH2) io— r r V - n -  ( o y  10-  n — (c h ^  cpi

1 -( 2-hydroxyethyI)-4-( 10’ -{4’ ’ -(2-hydroxyethy I) - 
26 1” .^” -diazoniabicyclo[2.2.2]octyl}-l'-decyI)-

l,4-diazoniabicycIo[2.2.2]octane dibromide 
dichloride

1 -(10-hydroxydecyl)-4-( 10’ -{4’ ’ -(10-hydroxy decyl)- 
27 1’ ’ ,4” -diazoniabicyclo[2.2.2]octyl}-l ’ -decyl)-

1,4-diazoniabicyclo[2.2.2]octane tetrachloride

l-(10-chlorodecyl)-4-(10'-{4"-(10-chlorodecyl)- 
2 g  1’ ’ ,4'' -diazoniabicyclo(2.2.2]octyl}-l ’ -decvl}-

l.4-diazoniabicyclo[2.2.2]octane tetrachloride
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didabco  strings, l-(p -hyd roxyethy l)-4 -(2 ’-{4”-(p -hydroxyethy l)-l”,4”-

d iazon iab icyclo[2 .2 .2]octy l}-r-ethy l)-l,4 -d iazoniab icyclo[2 .2 .2]octane 

te trab rom ide ,{21} an d  l-(p -hydroxyethy l)-4 -(3 ’-{4”-(p-hydroxyethyl)- 

1 ” ,4”-diazoniabicyclo [2.2.2] octy l}-1 ’-propyl) -1,4- 

diazoniabicyclo[2.2.2]octane d ibrom ide dichloride, {22}.

Com pound {28} was synthesized by treating  the  corresponding 

alcohol {27} with th ionyl chloride in chloroform . Activation o f the 

hydroxyl group thus allows fu rth e r elaboration  of {2 8} w ith a  nucleophile 

to  extend the chain.

A series o f new dicationic strings have also been p repared  using 

N,N,N’,N’-tetram ethylene diam ine in reaction  w ith a  varie ty  o f co-chloro-1- 

alkanol units. The p repara tion  o f a  represen ta tive  m em ber o f this 

category, 4 ,4 ,7 ,7 -tetram ethyl-4 ,7-d iazoniadecan-l,10-d io l dibrom ide, 

{29}, is shown below in Scheme 13.
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c h 3c n
stir, heat, 
reflux

HO

Schem e 13

A solution o f Ar,N,N',AT-tetramethylethane diam ine in acetonitrile is 

trea ted  w ith two equivalents o f 2 -b rom o-l-e thano l to give the new 

dicationic te tram ethy l d iam ine string, {29}.

The series o f newly p repared  salts [29}-{37} in th is category are  

shown in Table 4.

{29}
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Table 4  - New dicationic te tran iethy l d iam ine strings

Structure

+
I *  1HO(CH2)3— N - t C H ^ O H  
I 2 B f I

| + a c r  | +
HO(CH2)3 N— (CH2)3 N (CH2)3OH

(CH^OH

. 2 c r
HO(CH 2)6 N—  (Chfe)y

2 c r+ I +
HO(CH2fe N—  (CH 2)4 N----- (CHsbOH

+ 2 Cl' | +
HO(CH2 )e N—  (CH2)4 N----- (CH 2)6OH

1+ 2Cr u
HO(CH2)10 N _(C H 2)4 N (CH^1CP H

2 c r
HO(CH2)3------ N— (CH2)6-----N (CHa)3OH

| + 2 a- | +
HO(CH2)s N—  (CH2>6 N (CH2)6OH

2 C I ' , +  
HO(CH2 )j~— N—  (CH 2)g N (CH2)3OH

Number

29

30

31

32

33

34

35

36

37

Name

4,4,7,7-tetramethyl-4,7-diazoniadecan- 
1,10-diol dichioride

4,4,8,8-tetramethyl-4,8-diazoniaundecan- 
1,11-diol dichloride

7,7,11,1 l-tetramethyl-7,11-diazoniaheptade 
1,17-diol dichloride

4,4,9,9-tetramethyI-4,9-diazoniadodecan- 
1,12-diol dichloride

7,7,12,12-tetramethyl-7,12-diazoniaoctadeci 
1,18-diol dichloride

11,11,16,16-tetramethyl-l 1,16-diazonia- 
hexaeicosan-l,26'diol dichloride

4,4,11,1 l-tetramethyl-4,11-diazoniatetra- 
decan-l,14-diol dichioride

7,7,14,14-tetramethyl-7,14-diazoniaeicosan- 
1,20-dioI dichioride

4,4,13,13-tetramethyi-4,13-diazoniahexadec 
1,16-diol dichioride

The effects of th e  polycationic strings on the  solubility  of weakly polar 

non-ionic organic substances in aqueous so lu tion  have been determ ined
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using NMR spectrom etry . [114] Sodium pivaloate, used  as an  in ternal 

reference m aterial, was dissolved in d eu terium  oxide to  a  defined  

concentration . A sa tu ra ted  therm ally  equ ilib ra ted  sam ple o f 4- 

brom otoluene in  this reference m edium  was th en  investigated  by

com parative in teg ra tion  o f th e  AA’BB’ signal o f  th e  4 -brom oto luene

relative to the  upfield singlet o f th e  pivaloate an io n  to determ ine  the 

solubility o f  th e  4-brom otoluene. Salts w ere th e n  a d d e d  to the  solution in 

th e  presence o f  an  excess o f th e  4-brom oto luene a n d  th e  solution 

reequilib rated , noting th e  effect o f these changes o n  th e  relative 

in tegrations o f the  AA’BB’ signal an d  the p ivaloate an ion  signal. For the 

baseline determ ination , weighed quan tities o f NaCl w ere added  to the 

solution, while for investigations o f  the  an tih y d ro p h o b ic  effect o f the 

polycationic strings the  exact am oun t o f sa lt ad d ed  was determ ined  by

in tegration  o f th e  NMR signals of th e  salts.

With added  NaCl th e  an tic ipated  “norm al” decrease  in solubility o f a 

hydrophobic substance (4-brom otoluene) is observed  upon  increasing the  

ionic s treng th  o f the m edium . This decrease in so lubility  is indicated in 

Figure 13 w ith the  curve show n as curve (a).
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2

1.5

C7H7Br Solubility 

(M x 10,000)

0.5

0
0 0.1 0.2 0.3 0.4 0.5

Added Salt (M)

(a) NaCl, (b) {21}, and (c) {23}

Figure 13 - Variation in 4-Bromotoluene Aqueous Solubility with Changing Salt
Concentration

Such a phenom enon  is the re su lt o f  w ater-ion interactions which increase 

th e  A G° for cavity  form ation to accom m odate a  non-w ater-binding 

solute. [115]

For ad d ed  polycationic string salts th e  solubility o f  the hydrophobic 

m aterial was determ ined  in the  sam e m anner. In general, for the range o f 

polycationic salts investigated, an  increase in aqueous solubility for the 

hydrophobic test substance was noted a t  low concentrations of added  

polycationic string. The increase o f 4-brom otoluene aqueous solubility
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upon  add ition  o f a  selection o f  polycationic string species to  particu lar 

concentrations is indicated  in T ab le  5.
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Table 5 - Aqueous Solubility o f  4-B rom otoluene as a 
Function o f  Selected A dded Salts

S a lt C o n c e n t r a t io n  C7 H 7 Br S o lu b i l i ty

None — 4.6x1 O'4 A/

NaCl 0.342 M  1.8x10*  M
4cr

+ / — s +  + / — s +
HQ(CH2)z— N - (CHglg— N— (CH^OH 0.0036 M  1.3x10 3 A/

2cr 
+ ch 3 ch 3

HO(CH2)6—  — (CH2)6OH 0.0275 M  2.0x10 M
CH3 ch3

2cr
ch3 ch3
1 -  ^ ,+  0.0071 M  L0xl0~3 M+

HOCCHals—  N—  (CH2)3OH

ch3 ch3

2cr
+ f H3 ?+3

HO(CH2)3—  N— (CH2)6—  N—  (C H ^O H

ch3 ch3
0.0096 M  1.1x10‘3 A/

The an tihydrophob ic  effect n o ted  (salting-in effect) is understood  to be a  

result o f a d irec t “bridging” in teraction  betw een th e  w ater and the 

hydrophobic solute. [109-113] The polycationic strings, bearing both 

those regions which do  not have a  favorable AG° fo r in teraction with w ater 

(hydrophobic) an d  those which, being ionic, do  have a  favorable AG° fo r
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in terac tion  w ith  water, serve to associate favorably w ith bo th  solute and  

solvent. It w ould n o t  ap p ear th a t the  an tihydrophobic effect observed 

here is th e  resu lt o f  aggregate fo rm ation  an d  encapsulation o f solute, as 

would be found  with a typical d e te rg en t effect. The an tihydrophobic 

agent involved herein  is: 1) com pletely soluble in the aqueous m edium  

ra th e r  th an  form ing a  bilayer o r  micelle, an d  2) is s tructu ra lly  quite 

d iffe ren t from  typical detergen ts w ith localized hydrophobic and  

hydrophilic regions, b u t struc tu ra lly  sim ilar to dicationic “gem inis” (vide  

infra  p .55). The an tihydrophobic  effect o f the  polycationic strings is 

understood  to be m uch closer to  th a t o f  a  small alcohol o r  polyol, serving 

as a “b ridge” between the polar w ater a n d  the  non-polar hydrophobic 

solute.

It was observed th a t upon con tinued  addition  o f polycationic string 

salt species to the aqueous m edium , th e  solubility o f the 4-brom otoluene 

began to decrease. (A sim ilar decrease was no ted  in studies using 

benzene.) This variation  in solubility w ith  changing polycationic salt 

concentration  is illustrated in Figure 13 fo r added  {21}. The variation is 

shown in th e  curve indicated  as curve (b), an d  as curve (c) for added  salt 

{25}.

A large increase in ionic streng th , and  thereby  the w ater-ion 

in teractions which increase the AG° for cavity  form ation to accom m odate 

a non-w ater-binding solute [115], is a tte n d a n t with increasing
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concen tra tion  o f  the  polycationic species. At h igher concentrations o f th e  

polycationic salts, th e  bridging an tihydrophob ic  effect o f the  “organic- 

like” cationic species is overcom e by the  rap id ly  increasing effect o f  the  

“salting-out” process, prim arily  due  to th e  (m ore rap id ly  increasing) 

n u m b er o f associated anions.

The polycationic string  species clearly  exhib it a  significant 

an tihydrophob ic  effect, increasing the aqueous solubility o f hydrophobic 

organic m aterials.

An add itional in triguing system  for possible in teraction o f the 

polycationic strings w ould be with the polyanionic  surface o f DNA 

duplexes. Such in terac tions would be an tic ipa ted  to  be observable 

th rough  observation  of the  circular d ichroism  signals for DNA and  various 

duplex polydeoxyribonucleotides in the UV region due  to differential 

absorp tion , as well as d ifferential scattering, as has been reported  [116- 

121] u n d e r various so lu tion  conditions fo r specific condensed form s o f 

DNA. These conditions include nonaqueous solvents, high salt 

concentrations, the  add ition  o f polym ers, a n d  gelation into fibers. The 

term  psi (V) has been used to characterize [117-119] these enhanced  CD 

effects an d  the  nucleic acid m aterials p roduced  u n d er these varying 

conditions a re  re fe rred  to  as ^  condensates. It has been proposed [119] 

th a t such condensed  form s may be im portan t in the  packaging of DNA, as 

found in chrom atin .
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W ith this in m ind, we investigated th e  in teractions o f the 

polycationic strings w ith  deoxyribonucleotide duplexes using circular 

dichroism  spectrom etry . [122] Upon ad d itio n  o f a  tetracationic string 

bearing two fully  q u a te rn ized  dabco un its (4-f n e t charge) w ith carbon 

linkers o f vary ing  lengths, CD spectral changes w ere produced  indicative 

o f conform ational changes. Specifically, th e  in tensity  increased by a 

factor g rea te r th a n  100 along w ith small shifts in  th e  wavelengths o f the 

maxima an d  m inim a. This implies a high degree o f specificity for the 

in teraction betw een th e  tetracationic s tring  an d  the polynucleotide chains 

in the condensates.

Similarly, o th e r  cationic strings have been p repared  using N,N,N’,N -  

te tram ethy l d iam ines. A represen tative o f th is series is N,N,N’,N - 

tetramethyl-N,lV-bis( 3 -hydroxypropyl)-l ,4-di(azoniam ethyl) benzene 

dibrom ide {3 8} as show n in Scheme 14.

Br Br

CH3CN (CH3)oN(CH2)3OH

(CH3)2N + +  N(CH3)2

HO(CH2)3 (CH2)3OH
{38}

Scheme 14
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Treating  a ,a ’-dibrom o-para-xylene w ith  two equivalents o f  

3 -d im ethylam ino-1-propanol in  ace ton itrile  gives the  dicationic arom atic  

string . U pon trea tm en t o f {38} w ith th iony l ch loride in  chloroform  

provides th e  corresponding ch lo rinated  string , N,N,N’,N '-tetram ethy  1-N ,N - 

b is(3 -ch lo rop ropy l)-l,4 -d i(azon iam ethy l)benzene dichloride 13 9}. Once 

again, th is  activates the  molecule an d  allows nucleophilic a ttack  to  occur 

an d  fu r th e r  e laborate the  string as show n in  th e  synthesis o f 

tetramethyl-A^AT-bis-1 ”-(3 1 ” ,4”-d iazon ia-4”-(8- 

hydroxyoctyl)bicyclo[2.2 .2]octyl}-l,4-diazoniam ethylbenzene) 

h ex ach lo rid e l40} in Scheme 15.
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\
(CH3)2N + +  N(CH3)2

{39}

2Br'

CH3CN /  \  + C1'
 (CH2)8OH

' \  / {4}

2Br" 4C1'

+

{40}

Scheme 15

Hexacationic string {40} is p repared  by treating the dicationic chlorinated 

arom atic string {39} w ith two equivalents of the  m onocationic string {4} 

in acetonitrile.

A nother simple type o f string structu re  is synthesized by treating 

a ,a ’-dibrom o-para-xylene w ith two equivalents of dabco in acetonitrile to
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give the dicationic didabco string, 1,4 -b is -( l’- azon ia-4’- 

azabicyclo[2.2.2]octane)m ethyl- benzene d ib rom ide {41} as show n in  

Scheme 16.

\
Br

c h 3c n
stir, heat, 
reflux

Br

V /

2Br‘

{41}

Schem e 16

POLYCATIONIC RINGS

O ther investigators have been  concerned  w ith the  p reparation  an d  

stu d y  o f several types o f polycationic organic species. “Ionene” polym ers, 

relatively high m olecular weight w ater soluble polym ers containing a  large 

num ber o f qua ternary  am m onium  ion sites, w ere earlier repo rted  as being 

p repared  by the  reaction o f a,co-ditertiary am ines in dim ethylform am ide 

solution. [123] Polymerization occurs p resum ably  as a  resu lt o f all 

d ifunctional reactants rem aining in  solution th roughou t the reaction time.
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A series o f  stud ies o f p a rticu la r in te re s t have also been perfo rm ed  on  

insoluble polycationic polym ers, these  being cross-linked po lystyrene 

species to  w hich a re  a ttach ed  n um erous phosphonium  o r  am m onium  

sites. [124-126] These la tte r  m ateria ls  have been found  to exhibit 

significant an tibacteria l activity . Dicationic salts re fe rred  to  as “gem inis” 

have also  been p rep ared  [127-129] w ith potential u tility  in skin care 

[129], an tibac te ria l agents [131], separa tion  processes [132] an d  

solubilization  processes [133]. These m aterials have s tru c tu ra l sim ilarity  

to ce rta in  o f th e  “polycationic s trin g s” previously re p o rted  from  o u r 

labora to ry . [134-136]

W ith th is in m ind we becam e concerned  w ith the  p repara tion  o f 

several series o f cyclic po lycation ic  organic salts. These a re  m edium ­

sized ring  system s (ten  to  tw enty-six  m em bered p aren t rings) w herein  th e  

q u a te rn a ry  am m onium  ion sites a re  linked by  sa tu ra ted  aliphatic chains as 

well as u n sa tu ra ted  linkages con tain ing  arom atic, olefinic, an d  acetylenic 

functionalities.

We have found th a t the use o f a  solvent system, m oderate ly  po lar 

bu t on ly  w eakly favorable to d isso lu tion  of ionic species, allows 

cyclization o f the  in itially  form ed salt species to occur w hen  the reagen ts 

are s tru c tu ra lly  capable o f ring form ation. [137] We have found 

aceton itrile  to be the  so lvent o f  p a rticu la r choice for such  cyclizations in 

th a t it p rovides only m odera te  solubility  for q ua ternary
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am m onium  salts a t room  tem pera tu re , presum ably denying soluble 

reac tan ts  ready  availability to  th e  initially form ed in term ediate  species, 

thus facilitating ring fo rm ation . The stepwise form ation o f such cyclic 

salts is illustra ted  in  Scheme 17 w herein  the  in term ediate salt precipitates 

from  solu tion  and  undergoes cyciization ra th e r th an  rem aining in solution 

to  undergo  polym erization.

x

-R in solution
RjNvwv NF?2

+ .

+

X>/n̂ /wnX

F̂ N’vwv'wNf
R

intermediate salt

POLYMER

precipitate
CYCLIZATION

Scheme 1 7

In this m anner a  variety  o f polycationic rings have been prepared . These 

include polycationic dabco system s. [137] The synthesis o f a 

represen tative  o f this category  o f new ring systems is show n in Scheme 

18.
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\  /
Br Br

c h 3c n
2C1

{14}

+

2 Br' 2 Cl"

{42}

Scheme 18

Here we tre a t a ,a ’-d ibrom o-para-xylene with one equ ivalen t o f the 

d idabco string  {14} in aceton itrile  solution to give th e  te tracation ic  

paracyclophane, p -xy ly l-l,4”-(4-{6,- ( l ”,4’-diazoniabicyclo[2.2.2]octane)- 

l ’hexyl}azonia)-l-azoniabicyclo[2.2.2]octane d ib rom ide d ich lo ride  {42}. 

For this type o f ring system  som e purification is requ ired  to  remove traces 

o f unreacted  d ite rtia ry  am ine reagent. This is accom plished w ith repeated 

wrashing of the p roduc t w ith ho t acetonitrile, followed by e thy l acetate 

and  anhydrous ether. The p roduc t is then  dried  und er h igh  vacuum  to
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give the  p u re  ta rg e t m aterial.

The series o f  newly p rep ared  salts {42}-{45} in  th is category  a re  

shown in Table 6.
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Structure

Table 6 - New paracylophane dabco rings 

Number Name

2 Br 2 Cl'
42 p-xy lyl -1,4" -(4-{6'-( 1" ,4" -diazaoniabicy clo-

[2 .2 .2 ]octane) - 1 ’-hexyl}azonia) - 1 -azonia- 
bicyclo[2 .2 .2 ]octane dibromide dichloride

2 Br 2 Cl' 43

4 Br 44

p-xy lyl-1,4"-(4-{8’-( 1" ,4" -diazaoniabicy clo-
[2 .2 .2 ]octane> -1 ’-octyl }azonia)- 1-azonia- 
bicyclo[2 .2 .2 ]octane dibromide dichloride

p-xylyl-1,4"-(4-{9'-( 1" ,4"-diazaoniabicy clo-
[2 .2 .2 ]octane) - 1 ’-nonyl }azonia) - 1 -azonia- 
bicyclo[2 .2 .2 ]octane tetrabromide

2 Br 2 Cl' p-xylyl-l,4"-(4-{10’-(r ’,4"-diazaoniabicyclo-
[2 .2 .2 ]octane) - 1 '-decy t}azonia)- 1-azonia- 
bicyclo[2 .2 .2 ]octane dibromide dichloride

This approach  accom plishes the  construction o f a new category of 

in term ediate-sized heterocyclic salts related to  the  intriguing
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paracyclophanes. These p ro d u c ts  exhibit 1H an d  -^C  n m r  spectra in

perfect accord w ith the  p roposed  structures. The salts a re  m ildly 

hydroscopic and  exhibit quan tita tive  elem ental analyses in accord with 

sim ple hyd ra ted  form s o f th e  proposed  structu res. (All o f the 

polycationic salts a re  som ew hat hydroscopic. Exposure to a ir results in

th e  im m ediate ad so rp tion  o f  various am ounts o f w ater.) The -̂ H and

NMR spectra o f th e  polycationic heterocyclic p roducts a re  rendered  

relatively simple a n d  d istinc t from  th a t o f starting  m aterials, partially 

reacted  species o r polym eric species by  the  in h eren t sym m etry  o f their

structu res. For exam ple, the  -^C  NMR spectrum  of the polycationic

p roduc t {42} exhibits a  to tal o f eight signals (5, D20: 22.71, 26.09, 52.27, 

52.54, 66.34, 69.12, 129.59, 135.52).

Both upp er a n d  lower lim its are observed with regard  to ring size 

for th e  facile fo rm ation  o f th e  polycationic heterocyclic salts. A ttem pts 

to  generate polycationic heterocyclic salts by the general approach of 

addition  o f the a,a>-ditertiary am ine in acetonitrile fail w hen a ,a ’-dibrom o- 

para-xylene is tre a te d  w ith th e  dicationic didabco strings {13} and {17}, 

as illustrated  in Scheme 19.
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O
Br Br

/ — \  + 2Br~ + / ----^
n^ A ^ n— (CH2)12— r r A —N

Polycationic paracyclopane Polycationic paracyclopane

Scheme 19

In these instances th e  m acrocycle forms on ly  to  a  lim ited extent (less th an  

40%) w ith m ost o f  th e  sta rtin g  reagents y ielding ionene polymer, relative

It was o u r desire  to  de term ine if such cyclic polycationic species 

m ight be able to  serve as m odifiers of DNA conform ation . We have 

previously dem onstra ted , th rough  m easurem ent o f changes in the circular 

dichroism  spectra, th a t polycationic “strings” can  in te rac t with double­

stran d ed  DNA. [122] W hereas polycationic “strings” m ight be capable of 

in teracting w ith double-stranded  DNA by associating helically with the 

phosphate-anion  rich m ajor groove of the  DNA over an  extensive d istance 

along the helix, an indiv idual unit of the polycationic heterocycles would 

be anticipated  to be capable o f interaction only a t a  single, relatively sh o rt

am ounts being estim able from  the  NMR spectra.
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region o f th e  helix. [137]

In sp ite  o f  th is, it was show n tha t a very  significant change is 

observed in  th e  CD spec tra  o f  double-stranded  DNA w hen  challenged w ith 

the  polycationic heterocycles. T he polycationic heterocycles clearly have 

a  strong influence o n  th e  duplex  structu re  o f DNA. [137]

As show n in  Figure 14, th e  addition  o f [4 2 ]  (7.6 x lCT^M) to a

solution o f poly(dGdC)-poly(dGdC) (8.2 x 1CT5M) in nucleo tide phosphate

produces a  very  no tab le  change in  the n a tu re  o f  the  DNA CD spectrum .

The less conservative CD spectrum , curve A in Figure 14, which is typical 

o f poly(dGdC)-poly(dGdC) solutions, is changed  to a  m ore  conservative 

CD spectrum , curve B in  Figure 14, upon add ition  o f  [4 2 ] .
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6

+ 7.6 x 10"5 M {1+10}
4

2

0

2

•4

poly(dGdC)-poty(dGdC)
[N P]=8.2x 10"5 M6

8

220 240 260 280 300 320
Wavelength (nm)

Figure 14 - Effect o f {42}  on  the CD o f poly(dGdC)-poly(dGdC).

T hat is, for curve B the m axim um  and  minimum a t longer an d  

sho rter w avelength about 260 nm  are o f approxim ately th e  sam e 

m agnitude. The half-saturation poin t fo r this change occurs w ith an

addition  o f {42} to an extent o f 3.3 x 10"5 M, at which concen tra tion

cationic sites o f the polycationic heterocycle and base pairs o f th e  DNA 

are  in a  ra tio  slightly less than 1.

The conservative aspect o f  the  CD spectra o f polynucleotide
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duplexes has been show n to be re la ted  to the relative d isplacem ent o f the 

tw ist axis joining the p a ired  bases from  the dyad  (or twofold) axis o f th e  

helix. [138] The polycationic heterocycles such as [42} clearly  have a 

strong influence on th e  dup lex  s tru c tu re  o f DNA as ev idenced  by these 

resu lts.

In a  sim ilar m anner, a  new  series o f polycationic m etacylophanes  

w ere synthesized. [139] This w ork  was com pleted by V albona Behaj, 

w hom  I m entored . An exam ple o f  th is series is show n in Schem e 20.

ci ci

c h 3c n

{16}

{46}

Scheme 20

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 65

Here we tre a t a, a ’-dichloro-m efa-xylene w ith  one equ ivalen t o f a  

dicationic didabco string  {16} in  aceton itrile  so lu tion  to  give m -xy lyl-1,4” 

(4-{10,- ( l ”,4,-d iazon iab icyclo [2 .2 .2 ]oc tane)-l’decy l}azon ia)-l- 

azoniabicyclo[2.2.2]octane te trach lo rid e  {46}. Table 7 lists the  new 

tetracation ic  m etacyclophanes {46 ]- {52}.

Table 7 - New te tracation ic  m etacyclophanes

Structure Number Name

46 m-xylyl-1 ,4"-(4-{ 10'-( 1 ",4"-diazaoniabicyclo-
[2 .2 .2 ]octane) - 1 ’-decyl}azonia) - 1 -azonia- 
bicyc!o[2 .2 .2 ]octane tetrachloride

2 Br* 2 CP

47 m - xy ly 1-1,4" -(4- {9'-( 1 " ,4" -diazaoni abicy clo
 *.___ \ t i _____ n _____ * \ i __2 .2 .2 ]octane) - 1 -nonyl}azonia) - 1 -azonia- 

bicycio[2 .2 .2 ]octane dibromide dichloride

m-xylyl-1,4"-(4- {B'-( 1" ,4"-diazaoni abicyclo-
[2 .2 .2 ]octane) - 1 -octyl}azonia) - 1 -azonia- 
bicyclo[2 .2 .2 ]octane tetrachloride
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Table 7 - contd.

(CH;

2 Br' 2 Cl'

0

CH=C

2 Br' 2 Cl'

4 cr

49

50

51

m-xylyl-1,4"-(4-{6'-( 1 ",4"-diazaomabicyclo-
[2 .2 .2 ]octane) - 1 '-hexy 1 }azonia) - 1 -azonia- 
bicyclo[2 .2 .2 ]octane tetrachloride

m-xylyl-1,4"-(4-{3’-( l",4"-diazaoniabicyclo-
2 .2 .2 ]octane) - 1 -propyl }azonia) - 1 -azonia- 
bicyclo[2 .2 .2 ]octane dibromide dichloride

m-xylyl-1,4”-(4-{cc"-(1 ’",4" -diazaoniabicyclo-
[2 .2 .2 ]octane)-a'-p-xylyl}azonia)-l-azonia- 
bicyclo[2 .2 .2 ]octane dibromide dichloride

52 m-xyiyl-1,4"-(4-{4'-( 1",4"-diazaoniabicy clo-
[2.2.2]octane)-4-(Z)-2'-butenyl}azonia)-l-azonia- 
bicyclo[2 .2 .2 ]octane tetrachloride

A series o f dicationic m etacyclophanes have been p rep ared
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similarly. This p rocedure  involves trea tm en t o f the a,to-dihaloarom atic 

ring w ith one equivalent o f an  a,to-diaminealkyl species in acetonitrile  

solution. A represen tative  m em ber o f th is category is illu stra ted  in 

Scheme 21.

ci ci

\

2 c r

{53}

Scheme 21

Treating a ,a ’-dichloro-m -xylene with N,N,N ’,/V-te tram e t hy  lb utailediam ine 

in acetonitrile solution gives the  new dicationic m etacylophane product, 

m -(2 ,2 ,7 ,7-tetrarnethyl-2 ,7-diazoniaoctylene benzene (53  J. The new 

com pounds {53}-{54} in this series are listed in Table 8.
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Table 8 - New dicationic m etacyclophane rings

Structure Number Name

+  + \y>

c h 3
53 m-(2,2,7,7-tetramethyI-2,7-diazoniaoctyIenyl)benzene

54 tfJ-(2,2-9,9-tetramethyl-2,9-diazoniadecyleneyl)benzene

A series o f te tracation ic  ort/iocyclophanes have also been p repared  

using th e  sam e p rocedure  as illustra ted  in Scheme 22. [138]
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ch3cn

< 5

2cr

{55}

 (CH îo---- {16}

Schem e 22

In a sim ilar m anner to th a t no ted  previously, a ,a ’-dichloro-ort/2oxylene 

was trea ted  w ith a  dicationic d idabco  string  {16} in acetonitrile  to give 

th e  cyclic, o-xylyl-1,4”-(4 -(10 ’-( 1 ” ,4 ’-diazoniabicyclo[2.2. 2] octane)- 

l ’decyl}azonia)-l-azoniabicyclo[2 .2 .2]octane te trach loride  {55}. Table 9 

lists the  com pounds synthesized in th is series {55}-{56}.
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Table 9 - New tetracationic orthocyclophanes

Structure Number

55

Name

o-xylyl-1,4"-(4-{ 10'-( 1",4"-diazaoniabicy clo-
[2 .2 .2 ]octane)~ 1 '-decy 1 }azonia) - 1 -azonia- 
bicyclo[2 .2 .2 ]octane tetrachloride

2 Br 2 Cl'

I—(CH2)7“

56 o-xylyl-1,4"-(4-{9'-( I ",4"-diazaoniabicycIo-
2 .2 .2 ] octane) - 1 '-nony 1 }azoni a) - 1 -azonia- 
bicyclo[2 .2 .2 ]octane dibromide dichloride

The above o rthocyclophane series are  chiral. These m aterials were 

m odeled using Chem 3D+ w hich indicates a significant barrie r to  rotation, 

indicating the poten tial o f these to be resolved in enantiom eric form. The 

general approach  includes th e  form ation o f d iastereoisom eric salts which 

should be capable o f separating  by o rd inary  means. We have used 

dibenzoyl ta r tra te  fo r the  generation  o f d iastereoisom eric salts, as this 

has been accom plished w ith  o th e r chiral cationic species. [140]

In all instances for the rings derived from a ,a ’-d ihalo -para, -meta, 

and  -ortho-xylene above, p ro d u c t form ation is rap id  w ith  precipitation of
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th e  re su ltan t cyclic cationic salt. Some contam ination  o f th e  in itially  

isolated p roduc t by th e  sta rtin g  dicationic d idabco string  is o ften  

observed. Isolation of the  p u re  ta rg e t cyclic m aterials in  th ese  instances 

is accom plished e ith e r by rep ea ted  washings o f the  im pure salts w ith 

w arm  acetonitrile, o r  by th e  use o f  a  significant excess o f th e  d ihalide  

reagent.

The above th ree  series a re  m o n o  arom atic te traca tion ic  ring  species.

In the sam e m anner, a  series o f tetracationic ch ira l b iphenyl ring 

species w ere p repared . [139] An exam ple o f this series is show n in 

Schem e 23.
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ch3cn

 ___   + 2Br
£ T A + +/ t~a

 (CH2)T2 [ y V ^ N {17>

{59}

—̂ (CH îcr-^

Schem e 23

These m aterials are  syn thesized  by treating  2 ,2’-b is (b ro m o m eth y l)-l,l’- 

b iphenyl w ith a dicationic d idabco  string species in aceton itrile  solution 

to  give th e  tetracationic b ipheny l ring, 1,1 ’-biphenylylm ethylene-1 ”,4” 

(4”-{12’” - ( l ”’\ 4 ””-d iazon iab icyclo [2 .2 .2 ]octane-l’”-dodecy l}azonia)-l”- 

azoniabicyclo[2 .2 .2]octane te trab ro m id e  {59}. Table 10 lists the 

com pounds p repared  in th is  series {57}-{59}. [138]
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Table 10 - New tetracation ic ch ira l biphenyl rings 

Structure Number Name

4Br‘ 57

58

4Br' 59

l,r-biphenylylmethyIene-r,,4"’,-(4"-{9"'- 
(1M ",4" "-diazoniabicyclo[2.2.2]octane-1 
nonyl}azonia)l-azoniabicyclo[2 .2 .2 ]octane 
tetrabromide

1, l'-biphenylylmethy lene-1 ",4" "-(4"-{ 10'"- 
(1" 'i ,4""--diazoniabicyclo[2.2.2]octane--l"C 
decyl}azonia)l-azoniabicyclo[2 .2 .2 ]octane 
dibromide dichloride

l,l'-biphenylylmethylene-l",4""-(4"-{12"'- 
(1"" ,4""-diaZ0 niabiCycl0 [2.2.2]octane-r"- 
dodecyl }azonia) 1 -azoniabicyclo[2 .2 .2 ]octane 
tetrabromide

A series o f d icationic chiral biphenyl rings were prepared under sim ilar 

conditions. A represen tative  m em ber o f th is category is illustrated in

Scheme 24,
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CH3CN (CH3)^ *N(CH3)2

2Br' {60}
(CH3)2I

-̂------(CH2)'

N(CH3)2

Scheme 24

T rea tm en t o f 2,2’-b is(b ro m o m eth y l)-l,r-b ip h en y l w ith  N,N,N’,N’- 

te tram ethy lp ropane d iam ine in acetonitrile solution resu lts in  the cyclic 

p roduc t, 2 ,2 ,-(2”,2”,6”,6”-te tram ethy l-2”,6”-d iaz o n iah ep ty len y l)-l,l,- 

b iphenyl dibrom ide {60}. Table 11 lists the newly syn thesized  m aterials 

in this category { 6 0 }-{61}. [138]
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Table 11 - New dicationic ch ira l biphenyl rings 

Structure Number Name

(CH3)2

60

+ 2Bf 
N(CH3)2

2,2'-(2,\2",6",6"-tetramethyI-2",6"-diazonia- 
heptylenyl)-1 ,1''-biphenyl dibromide

61
+ /  \  + 2Br' 

(CH3)2IST N(CH3)2

(CH2)2”^

2,2'-(2",2",7",7"-tetramethyl-2",7"-diazonia- 
octylenyl)-l,r-biphenyl dibromide

The resolution o f th e  enantiom ers is p resen tly  u n d er investigation in o u r 

laboratory. 

A series o f dicationic non-chiral b iphenyl rings have been p repared  

in a sim ilar m anner. A representative m em ber is illustrated  in Scheme 25.
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ch3cn

(CH3)2N 2cr
-(CHzfcr

\

‘N(CH3)2

I +
N(CH3)2 {62}

Schem e 25

This is accom plished by trea ting  4 ,4 ,-b is-(ch lo ro m eth y l)-l,r-b ip h en y l 

w ith N,N,N ’,N  -te tram ethy lbu tane d iam ine in acetonitrile solution to 

genera te  4 ,4 ,-(2”,2”,7”,7”-te tram eth y l-2 ”,7”-d iazo n iao c ty len y l)-l,r-  

biphenyl dichloride {62}.  Table 12 lists the com pounds in this category 

{ 6 2 H 6 3 * . [138]
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Table 12 - Dicationic nonch ira l biphenyl rings 

Structure Number Name

r O O i
(CH3)2N

(c h 3)2i^

2 cr
-(CHgJz-

2cr
-(CH2)4-

62
N(CH3)2

rOOn 63

jJ(CH3)2

4,4’-(2" ,2" ,7" ,7"-tetramethyl-2 '* ,7"- 
diazoniaoctylenyl)-1 ,1  '-biphenyl 
dichloride

4,4'-(2",2",9" ,9"-tetramethyl-2" ,9"- 
diazoniadecylenyl)-1,1 '-biphenyl 
dichloride

A nother series o f struc tu ra lly  sim ple paracyclophanes has also been 

p repared . This is accom plished by trea ting  a, a ’-dibrom o-para-xylene 

w ith  one equivalent o f an  N ^ N ^ N ’-tetram ethylalkyldiam ine species in 

aceton itrile  to give th e  new polycationic paracyclophane, p-{2,2,6,6- 

tetram ethyl-2 ,6-d iazoniaheptylenylbenzene dibrom ide {64} as shown in 

Schem e 26.
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N(CH3)2

Scheme 26

The series o f newly p re p a red  salts £64}-{66} in  th is category  are shown in  

Table 13. [138]
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Table 13 - D icationic paracyclophane rings

Structure Number Name

\
H3C\  l + \ = /  + I ✓C H 3  64 /?-(2,2,6,6-tetramethyl-2,6-diazonia-

> heptylenylbenzene dibromide

h3c.
N +  -------

H3C^

\ c h 3 

+ 2Br‘
c h 3

65 p-(2,2,7,7-tetramethyl-2,7-diazonia- 
octyienylbenzene dibromide

2Br*
66 p-(2,2,9,9-tetramethyl-2,9-diazonia- 

decylenylbenzene dibromide

These new ring system s have exhibited an  in terac tion  w ith double­

s tran d ed  DNA resulting in a  change in th e  conform ation o f the  DNA as

evidenced th rough  the c ircu lar d ichroism  (CD) spectrum . [137] The

and  13C NMR spectra o f  these  heterocyclic p roducts a re  rendered

relatively  sim ple and d istinc t from  th a t o f the starting  m aterials, partially 

reacted  species, or polym eric species by th e  in h eren t sym m etry  o f their

struc tu res. For example, th e  ^3C NMR spectrum  o f th e  polycationic

heterocyclic p roduct [661 exhibits a total o f seven signals, assignable as
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show n in  Figure 15a. M olecular m odeling (Chem 3D+ o f  {66} indicates 

th a t th e  hydrogen atom s a ttach ed  to the  cen tra l ca rbon  atom s between 

the  am m onium  sites are located between 4.7 and  5.7 A directly  above th e  

arom atic  ring, a position in w hich a diam agnetic anisotropic shift o f  th e ir  

NMR signals should be observable. (For o th e r  species, e.g., 164} the  

bridging  hydrogens a re  closer to  the  arom atic ring, b u t lie m ore tow ard 

th e  side o f th e  arom atic ring ra th e r  th an  d irectly  above the arom atic ring, 

in  a  zero-effect region with reg ard  to a  d iam agnetic anisotropic effect; 

w ith  y e t o th e r salts th e  bridging hydrogens a re  significantly m ore d is tan t 

from  th e  arom atic ring, a lbeit above it.) In fact, an  upfield sh ift o f 0.21 6 

is observed  (Figure 15c) for th e  bridging p hydrogens o f the cyclic system  

{66} as com pared w ith the p hydrogens o f an  open-chain analog 13 8}.
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133.029
(a)

(b)

(c)

(CH3)2Nr \

V

129.110
66.414

24.715 /  +/
N(CH3)2

48.993

64.255

21.515

13C chemical shifts of {66} 
7.61

(CH3)2N

V

L

4.26

N(CH3)2 2.96
1.86 / +

J 3.29

1.40

chemical shifts of {66} 
7.65

4.54

(CH3)2Nn\ \ j ( C H 3)2 3  03

3  39  (  + OH
v _ y

2.07 3.65

chemical shifts of {38}

Figure 15 (a) 13C chemical sh ifts  o f {66}. (b) *H chem ical shifts o f {66}.
(c) 1H chem ical shifts o f {38}.

A new series of dicationic rings containing olefinic linkages have 

also been p rep ared  in a sim ilar m anner. The synthesis o f  a representative
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m em ber o f th is category  is show n in Schem e 27.

82

-i H

V ______

Cl

ch3cn

Cl

{68}

Schem e 27

T reatm en t o f c is-l,4 -d ich io ro -2 -bu tene  w ith one equivalent o f N,N,AF,AP- 

te tram ethy lbu taned iam ine in ace ton itrile  solution gives the  new  cyclic 

species, 4 ,4 ,9 ,9-tetram ethyl-4 ,9-d iazoniacyclodecene d ich lo ride  168}. 

Table 14 lists the new m aterials in  this series }67}-{69}. [138]
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Table 14 - New dicationic olefinic rings 

Structure Number Name

V  /
h3c  1 7  , CH3 67  4,4,8,8-tetramethyI-4,8-diazoniacyclo-

+ 2CV nonene dichloride
h3c/ c h 3

\  S H
HgQ i G — | 6 8  4,4,9,9-tetramethyl-4,9-diazoniacyclo-

\ ' + + Y  2 Cl' decene dichloride

H3C ^  \ /  c h 3

H H

H3c S  I I I 'c h 3

H30  I G G 1 qh3 69 4,4,11,11-tetramethy 1-4,11-diazoniacyclo-
+ 2 Cl' dodecene dichloride

These ring system s also exhibited an  effect on double-stranded  DNA. 

[137]

It is w orthy  of no te  th a t th e  cyclic salts a re  m ore soluble in 

acetonitrile th an  are the open-chain salts.

Similarly, a series o f d icationic rings containing acetylenic linkages 

were p repared . This is illustra ted  in Scheme 28. [141]
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S ci

ch3cn

y

Schem e 28

Treating  l,4-d ichloro-2-butyne w ith  one equivalent o f N,N,N’,N ’~ 

te tram ethylpropanediam ine in aceton itrile  solution generates th e  new 

dicationic ring containing an acetylenic linkage, 4 ,4 ,8 ,8-tetram ethyl-4 ,8- 

diazoniacyclononyne dichloride {70}. Table 15 lists the p rep ared  

com pounds in th is series {70}-{72}. [141]
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Table 15 - New dication ic  acetylenic rings 

Structure Number Name

85

4,4,8,8-tetramethyl-4,8-diazoniacyclo- 
nonyne dichloride

2 Cl' 71 4,4,9,9-tetramethyl-4,9-diazoniacyclo- 
decyne dichloride

H3( / *  | | | CH3

4,4,11,11-tetrame thy 1-4,11-diazoniacyclo- 
dodecyne dichloride

The a,co-dihaloalkanes read ily  undergo reaction witli te rtia ry  amines 

to  generate  quaternary  am m onium  salts as previously repo rted . [137, 

139] Isolation o f the salts from  this series is qu ite  facile. T he 

precip ita ted  salt is recovered in excellent yield by suction filtration , 

washing with ethyl acetate an d  d iethyl ether, and drying u n d e r high 

vacuum . No fu rth e r purification  is required .

The construction  o f such polycationic heterocycles contain ing  

in term ediate  sized rings are  o f particu lar interest as they bea r potential 

for selective interactions w ith a  varie ty  o f anionic species, in add ition  to 

DNA. [137]
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Similarly, a  new series o f tetracationic rings con tain ing  alkyne 

linkages have been p re p a red . A rep resen tative  m em ber o f  th is category is 

illu stra ted  in  Scheme 29.

 (CĤ g------

Scheme 29

Treating  l,4 -d ich loro-2-bu tyne w ith one equivalent o f th e  dicationic 

string  £ 15} in aceton itrile  so lu tion  gives the  new te tracation ic  alkyne ring, 

l ,4 -b u t-2 -y n e y ly l-r-4 ,” (4 ,-18”- ( r ”,4’”-d iazoniab icyclo[2 .2 .2]octane)-l”- 

octy l}azonia-r-azoniabicyclo-[2 .2 .2]octane te trach lo ride  £73}. Using 

dabco derived diam ines, the  reac tan t itself is a salt with lim ited solubility
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in acetonitrile. Heating is req u ired  to effect so lubilization  o f these 

diam ines, a  portion  o f w hich co-precipitates w ith  th e  ta rg e t tetracationic 

heterocyclic alkynes. Purification o f the p ro d u c t sa lt requ ires repeated  

washing with h o t ace ton itrile  to  effect p referen tia l solubilization o f the 

starting  m aterial an d  leave th e  pu re  target salt.

It is notable th a t the  a,ca-bis-(l-azonia-4-azobicyclo[2.2.2]octyl)- 

alkane dihalides in w hich th e  chain  connecting th e  two dabco derived 

rings holds fewer th a n  eight carbons, do n o t give cyclic p roduc t via this 

reaction. Polymeric polycationic m aterials a re  th e  p rim ary  products 

under such circum stances. M odeling (Chem 3D+) o f  th e  target cyclic 

species to be derived  from  such diam ines indicates th a t  significant strain  

would be p resen t in the ring, leading to a  conclusion th a t the  diam ine is 

incapable o f reaching the  req u ired  distance in a  sufficiently  facile m anner 

to close such a  ring. The new tetracationic alkyne rings { 7 3 7 6 1  are 

listed in Table 16.
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Table 16 - New tetracationic alkyne rings

Structure Number Name

r
-(Chb)(- I '

r n

4  Cl'

73

2 Br' 2 Cl* 

74

4  Cl'

75

2 Br* 2 Cl"

76

1,4-but-2-yneylyl- r,4"’-(4’{8"-( 1"I,4,'‘- 
diazoniabicyclo[2.2.2]octane)-l"-octyl}azonia- 
1 '-azoniabicydo[2.2.2]octane tetrachloride

1,4-but-2-y ney lyl -1' ,4'" -(4' {9"-( 1'" ,4' 
diazoruabicyclo[2.2.2]octane)-l"-nonyl>azonia- 
r-azoniabicyclo[2.2.2]octane dibromide 
dichloride

1,4-but-2-yneylyl- r,4"’-(4,{ 10"-( l'",4'"- 
diazoniabicyclo[2.2.2]octane)-l"-decyl}azonia- 
l'-azoniabicyclo[2.2.2]octane tetrachloride

1,4-but-2-yneylyl-1 ,,4"'-(4’{ 12"-( 1 M,,4’"- 
diazoniabicyclo[2.2.2]octane)-l"-dodecyl }azonia 
l'-azoniabicyclo[2.2.21octane dibromide 
dichloride

The polycationic heterocyclic alkynes thus syn thesized  exhibit intriguing 

characteristics in biologically related systems, includ ing  m odificaton of
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the  con fo rm ation  o f doub le-stranded  DNA [137] and  the  ex trac tion  o f 

cholestero l fro m  artific ial m em branes [141].

All o f th e  above forem entioned  ring  system s bear unsaturated  

linkages. A new  series o f  dicationic rings bearing saturated  linkages have 

been p rep ared . The synthesis o f  a  rep resen ta tive  m em ber in th is  category 

is illu stra ted  in  Schem e 30.

2 c r

Schem e 30

Treating N ^ N ^ N '-te tram e th y l-l,6 -h ex an e  diam ine with 1,6- 

d ich lorohexane in  acetonitrile  so lu tion  generates the  new dicationic 

sa tu ra ted  ring, 1 ,1 ,8 ,8 -te tram ethy l-l,8 -d iazon iacyclo te tradecane 

dichloride [77}. Table 17 lists the  com pounds in this ca tegory  {77}-
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Table 1 7 -  New dicationic sa tu ra ted  rings

Structure

■(CĤ

Number

+1— n2)4— | + 2 cr
(CH3)2N N(CH3)2 77

*------- (CH2)4-----*

Name

1,1,8,8-tetramethyl-1,8-diazoniacycIo- 
tetradecane dichloride

+ |------- (CH2)l----1 + 2 B f
(OH3WI N(CH3)2

'---------(CH^g----'

78 1,1,8,8-tetramethyl-1,8-diazoniacycIo- 
hexadecane dibromide

| + 2 Br-
(OH3)2N IWCHafc 79

'------- (CH^-; 1

1,1,8,8-tetramethyl-1,8-diazoniacyclo- 
heptadecane dibromide

+ r ~
(CH3)2N

(CH2)2- 2 Br'
N(CH3)2

80

-(CHgJg-

(CH2)4- |  +  2 B r'+

(CH3)2N N(CH3)2

I (CH2)7------ 1

81

1,1,6,6-tetramethyl-1,6-diazoniacyclo- 
tetradecane dibromide

1,1,8,8-tetramethyl-1,8-diazoniacyclo- 
heptadecane dibromide

+ r ~
(CH3)2N

(CHa)- "| + 2CP
N(CH3)2

8 2

-(CĤ ar

1,1,5,5-tetramethyl-1,5-diazoniacyclo- 
pentadecane dichloride
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POLYCATIONIC TRANSFECTINS

Introducing DNA into cells w ith cationic lip ids can be a  pow erful 

tool fo r exam ining the roles o f genes in biological system s. For exam ple, 

an tisense oligonucleotides, delivered  in to  cells w ith  cationic lipids, have 

becom e s tan d ard  tools for the  elucidation o f gene funtion. [142,143] 

Cytofectins have been p repared  th a t deliver DNA efficiently to a  b road  

spectrum  o f cell lines in the presence o f serum  contain ing  grow th m edia. 

[144] It is o f in te rest to  synthesize cytofectins th a t can deliver plasm ids 

as well as oligonucleotides in to  cell nuclei.

To th is end  a  series of polyam m onium  salts w ith  potential use as 

transfectins was prepared . The synthesis o f a  represen tative m em ber in 

this category is shown in Scheme 31.

{23}

o

DMAP (cat)
py

Ch%(CH 2)1A
stir

’f

CFb(CH (CH^Ha {83}

Scheme 31
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This was accom plished by treating  th e  tetracationic d idabco  string  123} 

w ith 4 equivalents o f  decanoyl ch loride  in pyridine w ith a  catalytic 

am ount of 4 -d im ethylam ino-l-pyrid ine while stirring. T he pyrid ine  was 

evaporated u n d e r reduced  pressure an d  the  rem aining c ru d e  m aterial was 

dissolved in w ater, then  allowed to reac t w ith sodium  b icarbonate  for 

neutralization o f  an y  rem aining acyl chloride. Volatiles w ere again  

evaporated  u n d e r reduced  p ressure  to  give th e  new transfectin , l ,4 ”-bis- 

(1-nonyl 4-butanoyl)-4-(6 ,-{ l”,4”-diazoniabicyclo[2 ,2 ,2]octyl}-l,-hexyl)- 

l,4-diazoniabicyclo[2.2 .2]octane te trach lo rid e  {83}. Table 18 lists the 

com pounds p rep a red  in this category {83} - {84}.

Table 18 - New Transfectins

Structure & Number Name

4C1' ^ l,4“-bis-(l-nonyl 4-butanoyl)-
CHaCCH^OCCXCH^s— !^ ^ N -(C H 2fe-+f Q N — (CH^aOCOCCH^^CHg

gj diazoniabicyclo[2.2.2]octane
tetrachloride

+ 4C1 + l,4"-bis-(l-undecyl 4-butanoyl
CH3(CH2)noOCO{CH2>r - I T ' C n - ( C H ^ n Q N - ( C H 2)^CO(CH2),0CH3 p ^ Z ^ t y l T p h r x y n - r i 0 "

8 4  diazoniabicyclo[2.2.2]octane
tetrachloride

These newly prepared  m aterials contain  both a lipid-like com ponent 

so they may be able to get th rough  cell m em branes, as well as possess 

ionic sites tha t can in teract with highly polar m aterials including enzym es 

to  assist in perform ing gene splicing applications.
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POLYPHOSPHONIUM STRINGS

A series o f po lyphosphonium  strings has been prepared. O thers have 

rep o rted  on  polym eric po lyphosphonium  salts th a t dem onstrated 

an tibacterial activity  against Staphylococcus aureus  and Escherichia coli, 

leading us to new  syntheses. [124-126]

W ith th is in m ind, a  series o f  new polycationic phosphonium  strings 

were synthesized. The synthesis o f  a  rep resen ta tive  m ember in this 

category is illu stra ted  in  Schem e 32.

p.

<ph)2p ^ ' ' ^ 1 (Ph)2 (8S>
c h 3

Scheme 32

T reatm ent o f l,2 -b is(d ipheny lphosph ino )e thane  w ith two equivalents of
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iodom ethane in acetonitrile so lu tion  while heating gave the  new dicationic 

phosphonium  string, l,2-bis(P-m ethyl-P,P-diphenyl)phosphonioethyl 

diiodide, {85}. Table 19 lists all o f  the  newly p repared  com pounds in this 

category  {85} - {91}.
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Table 19 - New dicationic po lyphosphonium  strings

Structure
2 1‘ f H3

P(ph)2 
+(Ph)2P ^ ^ ^  

I
CH3

21' c h 3

(Ph)2P—  (CH 2)3-P(Ph)2 

CH3 +

Number Name

85 1,2-bis(P-methyl-P,P-diphenyl)phosphonio-
ethyl diiodide

86 13-bis(P-methyI-P,P-dipheny l)phosphonio-
propyl diiodide

2F CH3
+  I

(Ph)2P— (CH 2)4-P(Ph)2

CH3 +

87 l/J-bisCP-methyl-P.P-diphenyOphosphonio- 
butyl diiodide

2T CH3

(Ph)2P— (CH^e—P(Ph)2 

CH3 +

88 l.fj-bisCP-methyl-P.P-diphenyOphosphonio- 
hexyl diiodide

2 Br' +

(Ph)2P/S s ^ ' P{Ph)2

21'

(Ph)2P— (CH2)3- P ( P h )2

y

89

90

l,2-bis(P-allyl-P,P-diphenyl)phosphonio- 
ethyl dibromide

13-bis(P-allyl-P,P-diphenyl)phosphonio- 
ethyl diiodide

2 Br'
+

(Ph)2P—  (C H ^ s - P( Ph)2

y
91 l,6-bis(P-allyl-P,P-diphenyl)phosphonio- 

hexyl dibromide
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NEW ALCOHOL PROTECTING GROUP

The developm ent o f new approaches for the  p ro tec tion  o f  hydroxyl 

functionalities, particu larly  p rim a ry  hydroxyl functionalities, is a  topic o f 

continuing in terest. In the  course o f our efforts tow ard  the  synthesis an d  

evaluation  o f characteristics o f  polycationic organic salts, we p rep ared  

several esters in the  general category  of alkyl a-azoniacarboxylates, 

carboxylic esters bearing a  q u a te rn a ry  am m onium  site a t  the  a-position  as 

shown in Figure 16.

These m aterials have d em o n stra ted  stability a t pH=7 b u t reactivity  for 

cleavage und er slightly m ore acidic conditions provide intriguing 

possibilities for serving as p ro tec ting  functions. Specifically: a) given th e  

bulk o f the  substituen t a t the  a-carbon  site, significant selectivity for 

p rim ary  as opposed to secondary  hydroxyl groups is anticipated; b) the 

incorporation  o f the  cationic site  into the p ro tec ted  alcohol increases 

dram atically  the  aqueous solubility  of the organic m aterial allowing it to 

be operated  upon efficiently by reagents in neutra l aqueous solution; and

x

Figure 16 - A carboxylic ester bearing a  q u a te rn a ry  
am m onium  site a t the a-position
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c) slight m odification o f th e  pH of the  m edium  allows rap id  cleavage of 

th e  protecting  function an d  regenera tion  o f the  alcohol functionality.

To this end, a  series o f these  new m aterials has been p repared . The 

synthesis o f a  representative m em ber o f  this category is show n in Scheme 

33.

o
Cl

CHoCl-,

cr
{92}

Scheme 33

T reatm ent of a  solution o f m ethyl chloroacetate in m ethylene chloride 

with a  solution o f dabco in m ethylene ch loride w ith heating and stirring 

gives {92} with the hydroxyl protecting g roup attached. Table 20 lists all 

o f the m aterials in this category {92} - {95}.
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Table 20 - New alcohol p ro tec ting  groups 

Structure Number

cr
92

O 2 Cl O
93

2 Cl

The above m aterials are th en  trea ted  with w ate r a t pH=5 to generate the 

free carboxylate group (acid  o r anion) as show n in Schem e 34.

o  a

*o^

w —
{92}

p H  =  5

O
N^N^N free carboxlate group 

(acid or anion)

Scheme 34
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It is an tic ipated  th a t these new com pounds, w hen allowed to react 

w ith  a  p rim ary  alcohol will g enera te  an  este r (a m asked alcohol) as 

illu stra ted  in  Scheme 35.

o

Schem e 35

An ap p rop ria te  solvent m ust be used in  o rd e r to com bine both  the 

zw itterionic salts an d  o rd in ary  organic m aterials. However, with ou r 

experience o f solubilities o f salts it is expected th a t e ith e r  pyridine o r 

aceton itrile  should allow facile este r form ation. It is an tic ipated  th a t 

facile synthesis w ithout the use o f  unreasonable excesses o f e ither the 

alcohol o r the  a-azoniacarboxylic acid species will occur.

POLYCATIONIC CYCLODEXTR1N DERIVATIVES

The functionalization o f CDs for specific in troduction  of 

substituen ts has been thoroughly  established. [145-150] A series of

NT'\,N alcohol protecting group

DCC, DMAP R'OH 
CH3CN

o cr
N'^S-.N protected alcohol
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polycationic derivatives o f cyclodextrins (CDs) has been p rep ared  as 

illustra ted  in  Figure 17. [150]

n = 6(ct), 7 ( P ) , 8 (y)

R = cationic substituen t

Figure 17 - Polycationic derivatives of cyclodextrins

The general approach  to th e  p reparation  o f such m aterials is 

illustra ted  in  Scheme 36.

a

n

n

{96 a  : n=6} 
{96 p : n=7} 
{96 v : n=8}

Scheme 36
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Treatm ent o f  the  p a ren t CD with an  excess o f p-toluenesulfonylchloride in 

pyridine, followed by evaporation o f volatiles generates a per-tosylated 

CD at the 6-position hydroxyl groups. [145] This per-tosylated  CD is 

subsequently  trea ted  w ith a  m onocationic string  as show n in Scheme 37.

Treatm ent o f the tosylated p-CD {96p} in acetonitrile solution with an 

eight equivalent solution (slight excess) o f th e  m onocationic string {1 } in 

acetonitrile solution generates the  target per-derivatized  polycationic p- 

CD derivative {97}. Both solutions o f tosylated CD an d  monocationic 

string m ust first be thoroughly heated and  stirred  in acetonitrile to

ch3cn
stir, heat, 
reflux

{1}

7

{97}

Scheme 37
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com pletely dissolve, th en  the  two solutions can  be com bined. The 

reaction m ixture is refluxed fo r a  m inim um  o f two days to  allow full 

reaction to  occur. The resu ltan t p recip itate is then  w ashed with e thy l 

acetate and  e th e r  solutions, filtered, an d  the  recovered  solid is d ried  

u n d er high vacuum . Table 21 lists all o f th e  new polycationic CD 

derivatives in th is category {97-115}, w here a-CD = a-cyclodextrin; b-CD 

= p-cyclodextrin; g-CD = y-cyclodextrin. All o f th e  m aterials are  per- 

derivatized w ith a  cationic substituen t, as no ted , a t the  6-position 

hydroxyl groups o f the  cyclodextrin.
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Table 21 - New polycationic CD derivatives 

Structure Number

14 c r
+  /  V +

b-CD— N"X.N-(CH2)2OH 97

-K  +
14 a*

b-CD— N^VN-(CH2)3OH 98

12 cr
+ / — v +a-CD— rr^VN-(CH2)6OH 99

14 cr
b-CD— N^U4-(CH2)eOH 100

12 cr
+ / — * +a-CD— NrVlM-(CH2)8OH 101

14 c r

b-CD— fvpVW-(CH2)8OH 102
+  4------ +

16 cr
+  /  V +

g-CD— N^Vl4-(CH2)8OH 103

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 104

12 Br'

a-CD—  r f 'V . N -  (CH^gOH 

14 Br'

b-CD—  r f ' V N -  (CH^gOH

12 c r

a-CD—  N '" V  14- (CH2) i 0OH
+ / — +

m c t

b-CD—  (CH2) i 0OH

12 Br'
+  /— * +  

a-CD—  IN T V N -  (CH2)i iOH

+  s  +

14 Br'

b-CD— ISP̂ VJNI— (CH2)i 10H 

12 Br'

a-CD— t^VN-(CH2)nCH3 

14 Br'
+ / — * +b-CD— (CH2)i iCH3

1 2  c r
+  /  S. +

a-CD—  I A .N -  CH2C6H5

1 4  c r
+ / — * +b-CD— ch2c6h5

1 2  c r
-f -

a-CD—  NpCj4- (CH3)4CN

14 c r

b-CD— M- ( CH2)4CN
+  /  V +

104

105

106

107

108

109

110 

111 

112

113

114

115
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Derivatives {114} and  {115} were p repared  by an  undergraduate, 

Valbona Behaj, und er m y d irection . The starting  m aterial m onocationic 

string was p repared  by trea ting  dabco w ith one equ ivalen t o f 5- 

chlorovaleronitrile in ethyl ace ta te  solution to give th e  p u re  m onocationic 

cyano salt, 5 - ( l ,-azonia-4-azobicyclo[2.2 .2]octyl)valeronitrile chloride, 

{116}.

A po in t w orthy  of note regard ing  the  synthesis o f  these  new 

m aterials concerns the anion  o f  th e  isolated product. Perform ance o f the  

reaction in acetonitrile resu lts in  th e  precip itation  o f  th e  salts in the 

halide  form  ra th e r  than  the tosy late form. The salt form , involving the 

tosylate, rem ains in solution in  acetonitrile. Presum ably, the  m ore 

organic tosylate anion associates closely w ith the  polycationic CD and  

m aintains solubility in the organic m edium , the p recip ita te  being solely, 

und er p ro p e r conditions, th a t w ith  the  halide gegenion.

All p roducts exhibit a n d  ^ C  NMR spectra in accord  w ith their

proposed structu res as dem onstra ted  w ith the an d  ^ C  NMR spectrum  

o f {102} in Figure 18, along w ith  satisfactory com bustion analyses 

agreeing w ith the ir form ulations. Details o f the an d  ^ C  n m r  spectra 

are  given in the experimental.
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+ ^CH^CH^sCHaOH

14 Cl

OH

{1 0 2 }

i  r" 1------ —r
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a isa s ii
■— p i  n* fw  #* « •  <V•  K. •* »•. m w m
i SKI  I /

ssssssSSSSSS
SNK/

Figure 18 - S tructure, an d  ^ C  NMR spectrum  of p-CD derivative
[ 102 }

All o f these salts are  som ew hat hydroscopic, even upon sh o rt 

exposure to room  air, so analyses are  fo r the hyd ra ted  form s of the  salts. 

This has been observed as well for o th e r  polycationic salts synthesized by 

o u r laboratory . [12] COSY spec tra  allow assignm ent of particu lar p ro ton  

signals to sites w ithin the organic s tru c tu re  as illustrated with the  p-CD 

derivative [102}  in Figure 19.
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L$ 7.I.

Figure 19 - COSY spectrum  o f p-CD derivative {102}

The yields o f these  new m aterials, as would be expected, is relatively 

low, based on starting  m aterial (tosylated  CD o r  m onosubstitu ted  DABCO 

cation).

It was envisioned th a t species so substitued  a t the  sm aller rim  of the 

conical section defined by th e  CD s tru c tu re  could exhibit particu lar 

b inding  characteristics tow ard  organic anions, serving as host species for 

a  varie ty  o f anions. These species w ould bear, in add ition  to the 

cylindrical cationic region, two hydrophobic regions, one w ithin the CD
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cone an d  th e  o th e r on the  opposite side, above the  cationic region. The 

polycationic CD derivatives thus synthesized  could be im agined to have a  

general tu b e  shape. Each cationic reg ion  would be flanked on  e ith e r side 

by  relatively  hydrophobic regions, th e  in te rio r of the  paren t CD unit, and  

the  so-called tails attached  above as illu stra ted  in Figure 20. The COSY 

spectrum  show n in Figure 19 illustra tes the  two sets o f signals for th e  

DABCO ring  a t 3.4 and  3.7 ppm  an d  the  a - site a t  3.7 ppm  connected  to 

the  ad jacen t site o f the  chain a t 1.3 ppm .
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variable

3 hydrophobic region-1 5 .1  A

] cationic region
- 2 .7  A

variable

parent cyclodextrin 
(hydrophobic interior)

- 5 .0 A

5 .7A

a'C D ; for 7.8A

Figure 20 - “Tube shape s truc tu re” o f CD derivatives 
showing cationic region flanked by hydrophobic regions

The tu b u la r n a tu re  o f these derivatives would be variable; w hile the  lower 

p o rtion  would be rigid, th e  top  po rtion  may be envisioned as long flexible 

ropes, form ing a tube w hen these  ropes come together. The lipophilic
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in teraction  o f these ropes is assisted by hydrophobic in teractions w ith the  

external w ater.

The inclusion of an ion  guests w ithin the  tube  o f th e  CD derivatives 

would be an tic ipated  to  m odify the  NMR chemical shifts o f the  host CD 

derivative in a  p red ic tab le  m anner. T itration o f the  host species with 

added  anion guest species w ould be expected to  provide association 

constants for th e  system s, as well as indications o f the  o rien ta tion  of 

host/guest in teractions. The m ost readily  observed quan tita tive  indicator

o f in teraction o f th e  host an d  guest species is th e  change in the  -*-H NMR

spectrum  o f the  host polycationic CD upon being challenged w ith the 

anionic guests. In fact, an  upfield shift o f the  signals for hydrogens in the  

vicinity o f the cationic sites o f th e  polycationic CD is observed upon 

addition  of the  guest anionic species. This is in accord w ith  an  

in terpre ta tion  in which those hydrogens are additionally  shielded from 

the applied m agnetic field by the  additional high electron density  

associated with th e  guest anionic site. Further, qu ite  rap id  exchange of 

guest species betw een th e  conditions o f host-bound an d  free in solution is 

noted; only a  single signal is observable for the polycationic CDs w hen 

challenged w ith the  guest anionic species, ra th e r than  separate  signals for 

associated and  unassociated hosts.

Given this situation , some standard  aspects com m only used in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



determ ination  of h o st/g u est association  constan ts and  o th e r  b inding 

characteristics a re  precluded. T he varia tion  o f this change in chemical 

shift w ith th e  changing of the  re la tive  concentrations o f host an d  guest 

species can be used to  de te rm in e  association  constants [151-153], bu t is 

no t am enable to  the d irec t d e te rm in a tio n  o f  the  sto ichiom etry  o f the 

association using con tinuous v a ria tio n  o f  mole concen tra tion  m ethods.

[154.155] A 1:1 association o f h o s t w ith  guest is deduced  by th e  fit of the 

d a ta  w ith th e  Benesi-H ildebrand eq u a tio n  fo r such an  association

[151.156] an d  by calculations o f  host cavity  and  guest sizes using Chem 

3D+.

For m easurem ent o f the associa tion  constants, to m easu red  neutral 

solu tions (D 2 O, pD = 7) o f th e  polycationic CD hosts w ere ad d ed  varying 

am ounts o f m easured solutions o f the  biologically derived  oxyanion 

guests, volum es being ad justed  for standard ization .
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POLYCATIONIC CYCLODEXTRIN HOST/GUEST BINDING INTERACTIONS WITH 

AMINO ACIDS AND TETRAPEPTIDES

The guests include a  series o f th re e  phosphorus oxyanions from 

biological sources, six carboxylate  sa lts  o f ^ p ro te c te d  n a tu ra l a-am ino 

acids (and  one sodium  salt o f  a  free am ino  acid), and  two carboxylate 

salts o f te trapep tides. These guest species a re  ind icated  in Table 22.

Table 22 - Guest species investigated  w ith host polycationic
cyclodextrin  derivatives

P h o s p h o ru s  o x v a n io n s  ( d i s o d iu m  s a l ts )

(-)-(lR ,2S )-(l,2 -epoxypropy l)phosphon ic  acid (i)
2 ’-deoxyadenosine m o n ophosphate  (ii)
2 ’-deoxythym idine m onophosphate  (Hi)
A m in o  a c id  d e r iv a t iv e s  ( s o d iu m  s a l ts )

N-acetyl-L-phenylalanine (iv)
N-acetyl-L-cysteine (v)
N^acetyl-L-tyrosine (vi)
N-acetyl-L-leucine (vii)
A^acetyl-L-glutamic acid  (viii) 
folic acid [pteroylglutam ic acid] (ix)
L-lysine (x)
P e n tid e s  (so d iu m  s a l ts !

phenylalanylglycylglycylphenylalanine (xi) 
prolylphenylalanylglycyllysine {xii)
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The added  guest species w ere sufficiently d ilu te  th a t  no  m easurable 

change in pH could  be observed over the range o f  concen tra tions o f guest 

used (0.1-4.5 equ ivalen t o f guest com pared to host). W ith the exception 

o f  the highest concen tra tion  o f guest, with which was m easured  the 

limiting (maximum) change o f chem ical shift approxim ating  fully 

com plexed host, calculations o f association constan ts  w ere m ade using 

th e  lower concentrations o f guest relative to hosts. It is w ith these 

concentrations th a t the  greater, an d  thereby  m ore accu ra te  for purposes 

o f  association co n stan t calculations, changes o f chem ical sh ift w ith 

increasing concentrations could be noted.

As previously noted, in terac tion  o f the  organic an ion  guests w ith the 

polycationic functionalized CD hosts could be n o ted  th ro u g h  changes of

the  chemical shifts o f ^H-NMR signals derived from  th e  hydrogens located

n ear the  cationic region o f the  host species. Specifically, upfield shifts in 

the  signals for th e  hydrogens o f th e  DABCO rings an d  ad jacent sites of the 

host species were no ted  as a  resu lt of shielding by association with the 

guest anionic species. Figure 21 illustrates those particu la r hydrogens for 

the  a-CD derivative {10 6 J.
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DABCO-a 

DABCO-2 I
CHz(Chfe)sCH20H

DABCO-1

1 2 Q '

HO.

OH

Figure 21 - H ydrogens o f  {106} exhibiting upfield  shifts.

R epresentative spec tra  showing the  changes in th e  chem ical shifts o f 

signals for hydrogens n ear th e  cationic sites o f the  host a re  shown in 

Figure 22.
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Figure 22 - Effect o f guest Af-acetyl-L-Phe ( iv )  on  NMR spectrum  
o f host polycationic CD derivatives. On left is {101}; to

the rig h t is {106}.

Specifically, represen tative  spec tra  for th e  in teractions o f  th e  polycationic 

a-CD derivatives {101} and {106} w ith N-acetyl-L-phenylalanine (iv ) are
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shown.

Assignments o f th e  sh ifted  signals to specific sites have been made,

confirm ed through th e  use o f  1H-COSY 2D NMR m easurem ents on the

p aren t polycationic CDs an d  on the complexes. R epresentative COSY 

spec tra  for {1081 an d  a  so lu tion  of {108} w ith ad d ed  AAacetyl-L- 

phenylalanine ( iv )  a re  show n in Figure 23.
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Figure 23 - (a) COSY o f {106}; (b) COSY of {106} with added
0.05 equivalents o f ( iv ) .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 119

The m agnitude o f  chem ical shift changes, even  a t  low loading o f the 

guest species, along w ith  th e  exhibition o f only a  single set o f NMR signals, 

clearly  indicate several characteristics o f the in terac tions. First, there  is a  

rap id  equilibration o f “free” an d  “bound” guest species. Further, this 

association is a  strong  o n e  an d  occurs w ithin the  “tu b e” o f the host ra th e r 

th an  a t the  external su rface  as illustrated in Figure 24.

NH
NH

1 / 2 ,
1 / 2+

1 /2
1 / 2+

Figure 24 - Association of the guest, N^acetyl-phenylalanine, (iv), 
inside the “tube” of the polycationic CD host.
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We u n d ers ta n d  this from  th e  observations o f only one set o f signals for 

th e  affected  hydrogens; th e  guest in terac ts  equally w ith all o f th e  charged 

sites o f  a  p articu lar chem ical type. In teraction  outside th e  tube would 

resu lt in a  significantly m ore  com plex NMR spectrum  as all hydrogens o f  a  

p articu la r chem ical type w ould  have d ifferen t in teractions w ith the 

an ionic  gu est species.

A ssociation constan ts fo r each  guest-host in terac tion  were 

d e te rm in ed  through the m easu rem en t o f the changes in chem ical shift 

upon  ad d itio n  o f increasing am oun ts o f guest species using the  Benesi- 

H ildebrand  m ethod (plot p rov id ing  slope o f K in Equation 1).

*

I
(A b s  - A r e e )  

(6m  ax ■ 6 fre e )
[C D ]stoic

K  =

[C D ]stoic
(6obs '  Srr e e ) 

(6max * 6free)
[C D ]stojc [guestJstoic (60bs ” Sfree)

(S,'max " S fre e )

[C D ]stojc

Equation 1

The resu lts  are  shown in Table 23.
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Table 23 - Association constan ts (K) for binding of anions 
w ith polycationic cyclodextrin derivatives

Guest Host

{101} {106} {108} {116} {110} {102} {107} {109} {117} {111}
1 0.036 * 0.073 0.042 0.020 0.0048 * 0.38 0.031 *
ii 0.099 0.080 1.2 0.025 * 0.39 0.012 2.6 * *
in 0.086 0.049 * * * 0.46 0.22 * * *
iv 1.0 5.6 24 3.4 1.1 4.2 1.8 7.6 4.0 5.6
V 5.6 15 28 7.6 67 120 7.2 34 76 18
vi 0.16 2.2 1.1 5.3 0.24 44 0.72 2.0 1.7 1.6
vo 3.1 2.2 0.89 1.0 0.43 4.0 3.3 0.86 7.3 0.55
via 1.4 1.9 1.0 1.0 1.1 3.9 13 0.45 1.4 0.71
ix 2.6 2.3 3.6 2.5 2.9 3.4 6.2 1.3 2.1 0.28
X 2.8 1.0 1.5 4.7 0.72 3.2 31 1.3 1.7 0.50
xi 1.3 0.89 13 1.0 0.91 23 2.7 1.7 12 0.62
xii 36 4.2 11 27 25 39 13 12 33 5.4

Calculations o f  K (M* x 10^) in each instance w ere m ade on the basis of

changes in chem ical shift o f the hydrogens o f the  DABCO ring m ore 

d istan t (DABCO-2) from  the cyclodextrin un it (refer to Figure 21). These 

hydrogens in all instances exhibited the  g reatest maximal change in 

chemical shift an d  thereby  provided the  m ost reliable indicator of 

binding.

Benesi-Hildebrand type graphs o f th e  chem ical shift d a ta  for 

DABCO-2 hydrogens for the systems {10 8 \ and  1106} with the addition o f 

M acetyl-phenylalanine ( iv )  are shown in Figure 25.
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3  1 0 ' 4

x =  { 1 0 1 }  +  tv 
D = {106}- + iv2.51 O'4

1 . 5  1 0 ' 4

■4

5 1 0 °

3 10’8 6 1 0

([Host]stoic - { (6 0bs- 5frce)/(5 max " 5 f r e e ) [ H o s t ] stoic) X
([Guest]stoic "{(^obs* ^freeVC^max " Sfree)(H o S t]S(0ic)

Figure 25 - Plots using Benesi-Hildebrand method for determination of A'
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The linearity  o f each  o f these p lo ts (lines show n are  least square fits of 

the  data) is in accord  only w ith a  1:1 association  o f  host an d  guest.

T here a re  sizable variations in th e  values o f th e  association 

constants m easured . First, th e  association constan ts no ted  for the  

phosphorus oxyanion species, while g rea te r th an  unity , a re  generally  less

than 103 (4.8-460, w ith only  one observed  to  be g rea te r th an  103 :1,200).

Significantly s tro n g er in teractions a re  observed  w ith th e  am ino acid series

for which th e  general range is 103-104 , w ith  one instance ({102}

interacting w ith  th e  te trapep tide  x ii)  m ore  than  103. The CD derivative

m ost effective a t  serving as host fo r all o f  the  am ino acid series guest is 

{102}, th a t bearing  the  8-hydroxyoctyl substituen t on  each o f th e  DABCO 

rings. Significantly strong in terac tions a re  observed w ith each o f th e  host 

CD derivatives exam ined. These results a re  prom ising for potential utility  

o f the polycationic CDs as selective binding and  tran sp o rt agents for 

peptides.

W hile th e  binding of the  en tire  series o f am ino acid derivatives and  

the te trap ep tid es  studied  is qu ite  strong, th e  o rien ta tion  o f binding is not 

the sam e fo r all o f these guest species in  a  given host. As no ted  

previously, th e  values for the  association constan ts were determ ined  

through observation  of the changes in chem ical shift for the DABCO-2
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hydrogens, a  change th a t was quite sim ilar for all o f  the host/guest 

systems. O bservation o f changes o f all o f the  hydrogens within the  

cationic region o f the  CD derivatives indicates d iffe ren t degrees o f change 

in chem ical sh ift for the  DABCO-a hydrogens (refer to Figure 21),  

depending on  th e  specific host and guest species. Particularly with th e  N~ 

acetyl-glutam ic acid (v i i i )  an d  the folic acid ( ix )  guest systems, w ith all 

host species, negligible change in the  chem ical sh ift of these DABCO-a 

hydrogens could be no ted  while the changes in chem ical shifts for 

DABCO-1 an d  DABCO-2 hydrogens rem ained com parable to tha t for o th e r  

system s studied. This was also observ ed for the rem ainder of the guests 

on in terac tion  w ith hosts {110} and {111}, those w ith  the  dodecyl (so- 

called) tail lacking any  functionality th a t could provide polar or 

hydrogen-bonding in teraction  from  the  tail.

These la tte r results suggest th a t approach o f th e  guest to the host 

can occur in two d ifferen t ways, depending on the  natu re  of any 

additional po lar o r anionic substituent on  the guest and  the ability o f  the  

host to accom m odate such substituents.

In the  norm al situation, the guest m ay en te r th e  host from the “to p ” 

o f the tube. The anionic portion of the guest associates with the  cationic 

region from  th e  top, approaching closely to the DABCO-a region. We 

in te rp re t the results as dem onstrating th a t this m ode of approach occurs
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w ith the guest species derived from  Phe, Cys, Tyr, Leu, and  Lys, as well as 

the  two te trapep tides studied.

A lternatively, approach  of the  guest to th e  host could occur from  

the  bottom  o f the  tube, the paren t CD side. T he anionic region o f the 

guest would thereby  approach first the  DABCO-a hydrogens relatively 

unshielded. This la tte r  approach would be favored  in two types o f 

instances: (1) w ith all CD derivatives, those system s for w hich an  

additional o r anionic substituent is p resen t o n  th e  guest, and  (2) w ith all 

m onoanionic guests interacting w ith a  host {110} and {111} devoid of 

any capability o f hydrogen bonding o r ionic in teraction  involving the 

distal regions o f th e  tail. The observations suggest that this approach  

occurs for JVFacetyl-glutamic acid and  folic ac id  species. Such system s 

involve relatively unfavorable in teractions o f th e  hydrophobic tail a t the 

top o f the host tube w ith any portion o f  the  guest. Figure 26 illustrates 

approach o f N-acetyl-phenylalanine ( iv )  to {106} versus the  approach  of 

jVFacetyl-glutamic acid (v iii)  to {106}.
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W-Ac-Phe, sodium s a l t  W-Ac-Glu, d isod ium  sa lt

as  o p p o s e d  to

1 / 2 1 / 2 '

HO
HN

CH;

NH

1 / 2 '1 / 2 ' .

HO.
OH O

• CH;

NH

1 / 2 1 / 2-O
+

HO
OH 0

Figure 26 - Approach of iVacetyl-phenylaianine (iv)to to {106} versus 
the approach of iV-acetyl-glutamic acid (viii)to {106}.
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POLYCATIONIC CYCLODEXTRIN HOST/GUEST BINDING INTERACTIONS WITH 

THE CONJUGATE BASES OF PHOSPHORUS-CONTAINING AND CARBOXYLC 

ACIDS

The polycationic CD derivatives have also been investigated for their 

binding capabilities w ith  a  series o f biologically significant phosphate salts 

and  a,co-dicarboxylic acids. These include phosphonom ycin, 

deoxyadenosine-5’-m onophosphate, deoxythym idine-5’-m onophosphate, 

oxalate, m alonate, succinate, g lu tarate, ad ipate , pim elate, subarate, 

azelate, sebacate, fum arate , m aleate, acetylene dicarboxylate and 

tereph thala te  as illu stra ted  in Figure 27.
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Figure 2 / 
carboxyiic ;

Na^OzC-COa^Na

Na+'O 2C-CH2-C02"+Na

Na+*0 2C-(CH2)2-C02‘+Na

Na+‘0 2C-(CH2)3C02'+Na
Na+~ OzC-tCHzJ^Oz^Na

Na+'O 2C-(CH2)5C02_,'Na

Na+ O2C-(CH2)6C02 '+Na
Na+*O2C-(CH2)7C02'+Na

Na+'O 2C-(CH2)8C02"+Na

co2- -q2ĉ  ^co2~
0 2c  2 Na+ 2 Na+

-o2c— = — co2- 'o2c— V - c o 2-
V /

2 Na+ 2 Na+

2 o 3p '  ch3
2 Na+ 

phosphonomycin

2 Na
OH

OH

2 Na

OH
dAMP dTMP

- Conjugate bases of phosphorus-containing and 
icias investigated with polycationic CD derivatives 

for host/guest binding interactions

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 129

A ddition o f  the  an ionic form s o f th e  dicarboxylic acid  o r 

p hosphorus acid species to aqueous (D20) so lu tions o f  th e  polycationic

CD species, also results in  a  significant change o f  th e  1H NMR for those

polycationic species.

As w ith  the  stud ies w ith th e  interaction o f th e  m odified CDs with the

am ino acids an d  peptides, the  signals from  th e  sites in  th e  region of

th e  positive charges a re  sh ifted  upfield  indicating those hydrogens to be 

shielded by th e  presence o f th e  associated anions.

As previously noted , th e  m agnitude o f the shifts an d  the  simplicity 

o f  the resu lting  spectra  ind icate  th a t association o f  the  guest with the host 

occurs inside the “tube” o f th e  host species as illu stra ted  in  Figure 28.
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c ° i -

co2-

Figure 28 - Association of an a,co-dicarboxylic acid guest inside 
the “tube” of a polycationic CD host
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The variation  o f the change in chemical shift for th e  th ree  sets of 

hydrogens o f the  a-CD derivative generated from  the DABCO-substituted 

w ith  the  co-hydroxydecyl group {106} (labeled DABCO-1, DABCO-2, and 

DABCO-a) with add ition  of increasing am ounts of d isodium  sebacate is 

show n in Figure 29.

D ^ O  s o lu t io n

Added Guest 
(equivalents) a

Upfield Shift (Hz) 
1 2

0 0 0 0

0.1 17 15 19

0.2 33 30 37

0.5 72 65 80

max 220 189 245

dabco

[Host]/(Guest] ( M )

"0.5” 0.000828/0.000413 

“0.2" 0.00102/0 .000203  

“0.1“ 0.00110/0.000110

dabco 2

dabco 1

12 Cl '

HO

OH

{106}

Figure 29 - Upfield change of chemical shift upon addition 
of sebacate (disodium salt) to {106}
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As previously  no ted  calculation o f appropriate  association constan ts 

for the  in terac tions o f the  dicarboxylic acids and  phosphorus acid species 

w ith the  m odified polycationic CDs are as shown in Table 24.

Table 24  - Association constants, K, for the in terac tions o f 
dicarboxylic acids an d  phosphorus acid species w ith  the  

polycationic CD derivatives

Determined Values of K  (xlO3)

/Guests’:
101 102 106 107 108 109 112 113 110 111

Oxalate * 36 13 * 57 14 * ¥ 12 25

Malonate * * 1 ♦ * 2 * ¥ 2 1.7

Succinate * 4.5 1 * 9.9 9.9 m ¥ 2.8 0.5

Glutarate * 7.6 3.1 * 1.5 4.4 ¥ ¥ 2 1

Adipate * 4 1.7 ¥ 8.2 16 * 3.4 1.6 1.7

Pimelate ♦ 3.6 5.2 ¥ 2.1 6 ¥ ¥ 9.9 *

Subcrate *. 26 5.5
•

• 13 49 m ¥ * 24

Azeiate * * 1.8 * 17 29 ¥ ¥ 49 83

Sebacate * 24 3.4 ¥ ¥ ¥ * ¥ * *

Fumarate * * 2.4 ¥ 0.4 3.3 ¥ ¥ 1.4 2.8

Maleate * 2.4 5.6 ¥ 3.1 4.1 ¥ ¥ 7.9 7.1

Terephthaiate 0 ¥ ¥ ¥ 21 56 ¥ ¥ 7.5 14

Acetylene
Dicarboxylate

« * ¥ * 35 32 ¥ ¥ 13 7.7

Phosphonomycin 0.036 0.005 * • 0.073 0.38 0.042 0.031 0.020 «

dAMP 0.099 0.39 O.OSO 0.012 1.2 2.6 0.025 « V ¥

dTMP O.OSo 0.46 0.049 0.22 * * ¥ « m
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Several conclusions can be m ade on  the basis o f these data . First, 

the  association constants, in m ost instances, are  quite significant.

Second, th e  association constan ts for th e  phosphorus-containing anions 

are less th an  those for the d icar boxy late anions. Third, th e  association 

constan ts fo r th e  dicarboxylate an ions a re  com parable w ith  those for 

in teraction o f th is type o f m odified CD w ith substituted am ino acid and  

te trapep tide  anions. Fourth, th e  varia tion  of association constan t with 

length o f th e  dicarboxylate chain  is intriguing; the shortest chain, oxalate, 

m easures 3.187 A from  anionic-oxygen to  anionic-oxygen an d  exhibits a 

very strong  equilibrium  in teraction . This equilibrium  in teraction  

decreases as th e  chain is lengthened  as in m alonate an d  succinate, and  

again increases w ith greater d istance betw een carboxylate sites. The 

oxylate d ian ion  m atches best w ith the d istance between q u a te rn ary  

am m onium  sites on the  d isubstitu ted  DABCO regions th a t m easures 2.7 A 

from  anionic-oxygen to anionic-oxygen.

Several possibilities can be envisioned for the m ode o f association 

of the dicarboxylates inside the  m odified CD. First, we can envision one 

carboxylate site associating w ith the  cationic region while the  second 

“hangs” beneath  it th rough the  p a ren t CD cavity. Second, there  is the 

possibility th a t one carboxylate site could associate w ith the cationic 

region while the  second is “elevated” above it in the hydrophobic “tube”
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form ed by the R’ “tails”. Finally, w ith a  dicarboxylate o f p ro p e r length, 

such as w ith the  oxalate dianion, th e  two anionic sites could bridge the  

cationic region. The th ree  m odes o f association o f the dicarboxylates 

with th e  m odified CDs are illustra ted  in Figure 30.

.co

co 2

CO

CO
CO

CO

Figure 30 - Three rnudes of association of the dicarboxylates inside
the modified CDs.
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For the  dicarboxylates o f g reater length than  oxylate, a  high degree of 

association (large value o f K) would be expected on ly  w hen the 

dicarboxylate was sufficiently  long to allow one an ion ic  site to associate 

with the cationic region while the  o ther hangs below the  hydrophobic CD 

cavity in the aqueous m edium.

We can look a t  th is in an o th er way, illustrating  the  capability of 

“bridging” for the  oxalate system , the loss of com pletely  favorable 

interactions for the  succinate system, and  the  ab ility  o f larger species (fo r 

example sebacate) to  associate with both  the cationic region of the host 

as well as the external aqueous m edium  as illu stra ted  in Figure 31.
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;co

co

co.

Figure 31 - Capability of “bridging” for the  oxalate system, the loss of 
completely favorable interactions for succinate system, and the 

ability o f sebacate to associate with both the cationic region 
of the host as well as the external aqueous medium.

Overall, this new class of cyclodextrin derivative provides 

particularly intriguing capabilities for encapsulation of anionic species in 

aqueous solution. We may anticipate potential utility of such host species 

in applications requiring selectivity, separation of anionic species, 

transport in biologically related systems, and analyses.
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NEW CATIONIC RING SYSTEMS

137

A new series o f  polycationic rings containing e th e r linkages has also 

been p repared . The synthesis o f a  represen tative m em ber in this category 

is show n in Scheme 38.

\  /
Br Br

c h 3c n
stir, heat 
reflux

2CP

{117}

£  2 Br' 2 Cl'

{118}

Scheme 38

T reatm ent o f a ,  a ’-dibrom o-p-xylene with one equivalent of the newly 

p repared  dicationic d idabco e th e r linked string,

l,2 -d i-(2 ’- | l ”-azonia-4”-azabicyclo[2.2.2]octyl)ethoxyethane dichloride 

*117} in acetonitrile  solution yielded the new tetracationic heterocycle,
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p-xy lyl-1 ,4” (4- [ 8 ’-(1 ” ,4”-diazoniabicyclo [2.2.2] oc tane) - 3 ’, 6 ’-dioxolo-1 

octyl}azonia)-l-azoniabicyclo[2 .2 .2]octane d ibrom ide dichloride, [1 1 8 } , 

contain ing  e th e r  linkages.

The p repara tion  o f the  new  dicationic e th e r linked string [117} 

used in th e  above synthesis is illu stra ted  in Scheme 39.

c h 3c n
heat, stir 
reflux

N ^ S ^ N  (4 eq)

2cr
{117}

Scheme 39

T reatm en t of ethylene glycol bis-(2-chloroethyl) e th e r w ith an 

excess o f dabco in acetonitrile so lu tion  generated  the new dicationic 

d idabco e th e r  linked string, l,2 -d i-(2 ’- [ l ”-azonia-4”- 

azobicyclo[2.2.2]octyl)ethoxyethane dichloride, [117}.

Table 25 lists the newly p repared  heterocycles in this category.
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Table 25 - New polycationic rings contain ing  e th e r  linkages

Structure Number

\  / 2 Br' 2 Cl'

118

r>i
\ +

< y

o o \

A / \ /

4 c r 119

T hese new m aterials are m em bers o f a  particu larly  interesting 

category. Bearing bo th  cationic sites and  u n sh ared  pairs o f electrons at 

heteroatom s they have the possibility of b ind ing  to small polar molecules 

o r to m etal ions w ith associated anions.

M olecular m odeling using Chem 3D+ o f the  polycationic macrocycle 

indicates th a t a cavity exists of sufficient size to  act as a host for a variety

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 140

o f species such as highly  polar small molecules. Figure 3 2 illustrates the 

new m acrocycle, {118}, m inim ized using Chem 3D+.

Figure 32 - M olecular m odeling o f {118} using Chem 3D+.

OTHER NEW POLYCATIONIC STRINGS AND RINGS

Recently, a  varie ty  o f new polycationic string and  ring system s have 

been prepared . In th e  string category, th is includes the  p reparation  of an 

unsym m etrical dicationic string as illustra ted  in Scheme 40.
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ci

ch3cn
+  C l -

OH {3}

2cr
OH

{120}

Schem e 40

Treating a-ch loro to luene w ith one equivalent o f m onocationic string, {3}, 

in acetonitrile solution gives the new dicationic string, l-benzyl-4-{6’- 

hydroxyhexyl}-l,4-diazoniabicyclo[2.2.2]octane dichloride, {120}.

New ortho-dicationic rings have also been prepared . The synthesis 

o f a represen tative m em ber of th is category is illustra ted  in Scheme 41.
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ci Cl

N(CH3)2

ch3cn (CH3)2I

+
2cr

{121}
(CH3)2N

\ r v

N(CH3)2

Schem e 41

T reatm ent o f a, a ’-dichloro-o-xylene w ith  one equivalent o f N,N,N’,N -  

te tram ethy lbu tane diam ine in aceton itrile  solution gives the  new  

dicationic ortho  ring, l,l,6 ,6 -te tram eth y l-l,6 -d iazo n ia [3 ,4 ]b en zo - 

cyclodecane dichloride, {121}. Table 26 lists th e  com pounds in  th is 

category 1121 ,122} .
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Table 26 - New dicationic o rtho  rings 

Structure Number Name

1,1,6,6-tetramethyl-1,6-diazonia[3,4]-benzo- 
cyclodecane dichiloride

(CH3)2N N(CH3)2

W

122 1,1,6,6-tetramethyl-1,6-diazonia[3,4]benzo-
cyclododecane dichloride

(CH3)2N N(CH3)2

'—

A new tetracationic biphenyl ring has also been prepared in a  sim ilar 

m anner. Scheme 42 illustra tes the  p repara tion  o f such by trea tin g  2 ,2 ’- 

b is(brom om ethyl)-1 ,1’-b iphenyl w ith one equivalent of the d ication ic  

didabco string, {14}, in aceton itrile  so lu tion  to generate, 1,1’- 

b ipheny lm ethy lene-l”,4””-(4”-{6’”- ( l ””,4””-diazoniabicyclo[2.2.2]octane- 

1 ’”-hexy 11 azonia) 1 -azoniabicyclo[2.2.2]octane dibrom ide d ich lo ride , 

{123}.
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Br Br

c h 3 c n

2 c r
N ^ V J n {14}

+ 2 Br' 2 a
{123}

Schem e 42

A nother tetracationic ring system  prepared  involves trea tm en t o f 

c is-l,4 -d ich loro-2-butene w ith one equivalen t of the  same dicationic 

d idabco string, {14} in acetonitrile  so lu tion  to give the new ring, 1,1’- 

b ipheny lylm ethylene-1”, 4 ” ”- (4’- {12 (1””, 4 ” ” - 

d iazoniabicyclo[2 .2 .2]octane-l ”’-hexyl}azonia) 1- 

azoniabicylo[2.2.2]octane dibrom ide dichloride, {124} as show n in 

Scheme 43.
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Cl Cl

c h 3 c n

2cr 
+  +

rr^ V -N  (CH2)6------N— \^ N  {14}

4 cr

{124}

Scheme 43

MENTORING OF UNDERGRADUATES

A varie ty  o f new m aterials including polycationic strings, rings, and  

CDs have been p repared  by undergraduates in th e  laboratory  under my 

direction .

NATALIA RIVERA, freshm an undergraduate 

Table 27 lists the new polycationic species synthesized  by this s tuden t 

{125} - {138}.
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Table 27 - New polycationic species p rep ared  by N. Rivera

Structure Number

2 B r

+
2 B r *

N. +
2Br* 2

CHi

+  .N^ +

CH,

2 cr

0  0

125

126

127

128

Q .
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4 Cl 130

* 0
c h 2c 6h 5 c h 2c 6h 5

131

^  —  1 327
OTs

I N  +r0 N̂  '
6 Cl" 3 OTS
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h o (c h 2v

(C H 2)6OH

/ r s (IX 2 C l
136

(C H 2) 6OH

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 149

OH

2 C l *

OH

Com pound {130} is p rep ared  by treating a solution o f a, a '-d ichloro-m - 

xylene w ith two equivalents of {11} in acetonitrile w ith heating and 

stirring for a m inim um  o f th ree days. Com pound {13 2} is p repared  by 

trea ting  trie thanolam ine w ith five equivalents (an excess) of p- 

toluenesulfonylchloride in pyridine, and {133} is generated  by treating
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{13 2} w ith th ree  equivalen ts o f com pound {131} in  acetonitrile  solution. 

{131} is also trea ted  w ith  th ree  equivalents o f  DABCO (in excess) in 

acetonitrile  so lu tion  to  p re p a red  {134}; as well as by trea ting  {131} with 

th ree  equivalents o f a  m onocationic string, {3} in aceton itrile  to generate 

{135}. M onocationic string , {3}, is also trea ted  w ith  one  equivalent of a - 

ch loro to luene in ace ton itrile  to  p repare  the dicationic string, {136}. Two 

equivalents o f N ,N -dim ethylam ino-l-propanol a re  a d d e d  to an  acetonitrile 

so lution o f a ,a ’-d ichloro-o-xylene to give {13 7}. Similarly, the  same 

starting  reagen t an d  equivalen ts was added to  a  so lu tion  o f a ,a ’-dichloro- 

m-xylene to generate  {13 8}. Two equivalents o f DMAP in  acetonitrile 

solution is ad d ed  to a n  aceton itrile  solution o f a ,a ’-dibrom o-p-xylene to 

p repare  the  new dicationic DMAP string, {139}.
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MARIE THOMAS, jun io r underg raduate  

Table 28 lists all the new m aterials p repared  by the above nam ed 

studen t u n d er my supervision { 1 4 0 } - j 15 2 

Table 28 - New polycationic species p rep ared  by M. Thom as

S tru c tu re  N um ber

+  B r " 
N ^ V ^ N — (C H 2) i 7C H 3

B r '  I '
+ /  \  +

CH 3— N ^ \ ^ N — (C H 2)8O H

2 Br
+

140

141

C H 2=CH CH 2— N ^ V ,  N -  C H 2 c h 2 c h =c h 2 142

err
+  r ~ \  +

CH3— N - ^ V ^ N -C H , C 6 Hs
143

B r Cl
+ /  \  +

C H 3(C H ,)11— n^ V j v - c h 2c 6h 5 144

B r I

CH3— N ^ N - C C H j j u O H  145
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14 Br*
+

b-CD—N/ V , N —CH2 CH2 CH=CH2 146

14 B r

b - C I l - N ^ V - N —C H , CH=CH2 147

14 C l

b-CD—N ^ V ^ N — (CH2)8OH 148

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 153

h 3c  c h 3

149

h 3c  c h .

150
+

(CH2)fiOH

h 3c  c h 3 
' n '

151

+
(CH2)8OH

h 3c  c h 3 
V

152

CH2C6H5

Shown in Table 28 is a  monocationic string, {140}, which is 

p repared  by trea ting  one equivalent of dabco w ith 1-brom ododecane in 

an  ethyl acetate solution. Com pound {141} is an unsym m etrical 

dicationic string  th a t is p repared  by treating  m onocationic string, {4}, 

with one equivalen t of methyliodide in acetonitrile solution while heatin

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 154

an d  stirring  a t  reflux for a m inim um  o f  two days. Com pound {142} is 

p repared  by  trea tin g  m onocationic string , {8}, w ith one equivalent o f  4- 

b ro m o -l-b u ten e  in  acetonitrile so lu tion . Com pound {143} is generated  

by treating {11} w ith an  acetonitrile so lu tion  o f  m ethyl iodide, and 

com pound {144} is p repared  by trea tin g  {11} w ith an  equivalent o f 1- 

brom ododecane in  acetonitrile so lu tion , while {145} is p repared  by 

treating an  ace ton itrile  solution o f {7} w ith  iodom ethane.

The p-CD polycationic derivatives, {146} - {148} are generated by 

treating the  tosy lated  p-CD, {96p}, w ith  eight equivalents o f the 

appropria te  m onocationic DABCO strings. Newly p repared  m onocationic 

DMAP derivatives {149} - {152} a re  generated  by treating DMAP with: 

two equivalen ts (an  excess) o f iodom ethane  (to generate {149}); one 

equivalent o f th e  m onocationic string , {3}, (to generate {150}); one 

equivalent o f {4} (to  generate {151}), a n d  one equivalent o f {11} (to  

generate {152}).

A nother series o f polycationic salts p repared  by the  same s tu d en t is 

the chiral strings. The synthesis o f a  represen tative  m em ber in this 

category is illu stra ted  in Scheme 44.
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O H  N ? H  ^

O H  EtOAc OH Cl *

R -(-)-3-chloro-l,2-propanediol {153}

Scheme 44

T reatm ent o f R -(-)-3-chloro-1,2-propanedio l w ith one equ ivalen t o f dabco 

in an  ethyl ace ta te  solution while stirring  a t room  tem pera tu re  gives the 

new polycationic ch ira l string, {153}. Table 29 lists all o f the  new salts in 

this category {153} - {156}.
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Table 29 - New polycationic chiral s trings p repared  by M. Thom as

Structure Number

OH

Cl*OH

153 R-(-)

4 C l '

OH OH

154 R, R-(-)

OHOH

155 R,R-(-)

156 R,R-(-)
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C om pounds {154} - {156} are  p rep a red  by trea ting  2 equivalents 

o f  {15 3} in aceton itrile  solution w ith  1 equivalen t o f a n  a,co-dihalo 

species. Schem e 45 illustrates th e  p re p a ra tio n  of such m aterials.

{153}

C l'

OH

CH3CN 
stir, heat 
reflux

r O n
Br Br

r Q n .

^ ,a a {156}

OH

Schem e 45

Salts o f  th e  opposite stereochem istry , i.e. (S,S) have also been 

p repared  using the  sam e approach b u t s tarting  with th e  antipode, (S)-3- 

chloro- 1 ,2-propanediol. Table 30 lists th e  m aterials in th is category {15 7}
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- {159}. 

Table 30 - New polycationic chiral salts p rep ared  by M. Thom as

Structure Number

OH OH

157 S, S-(-)

OH OH

NT + N 2 Br * 2 Cl

A series o f polycationic resins have also been prepared by the
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above-m entioned student. This is accom plished by trea tm en t o f 

“M errifield’s peptide resin”, a  ch lorom ethy lated  polystyrene w ith  5% 

divinylbenzene co-polymer, w ith a  so lution o f dabco o r dabco  derivative 

in acetonitrile  solution. The p rep ara tio n  o f  a  dabco derived  string  in this 

category  is illustra ted  in Scheme 46.
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C H ,C 1

ncr
{160}

Scheme 46 

Table 31 lists th e  new polycationic resins p repared  by M. Thom as
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under m y supervision {160} - {162}.

Table 31 - New polycationic resins p repared  by M. Thomas

Structure Number

n Cl 160

3n Cl

C c i r 1

161

n Cl n OTs

{163}

162

Polycationic resin  {161} is p repared  by treating  the p a ren t resin with a 

solution o f {20} in acetonitrile as illustra ted  in Scheme 47.
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CHoCN {20}

3n ClI—O - 1 +

{161}

Schem e 47 

Resin {16 2} is prepared  by trea ting  {160} with a solution o f  {16 3} in 

aceton itrile  as shown in Scheme 48.
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{160}

c h 3c n {163}

a Cl "n OTs"

{163}

{162}

Scheme 48

C om pound {163} is a tosylated polycationic cyclodextrin  derivative th a t 

is p rep a red  by tosylating polycationic CD derivative, {113}, a t the  2 and  3 

positions o f the  glucose ring. F urther reaction o f {16 3} allows 

substitu tion  to occur w ith the  free am ine site o f the dabco ring on the 

polycationic resin, {160}. The p repara tion  o f {163} is show n in Scheme 

49.
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14 cr

OH {113}

stir, rt 8 equiv. TsCl 
pyridine

14 OTs'

Tsi {163}OTs

c h 3c n
n Cl

{160}

■ O - 1 

£

+  -  r v r  - {162}n Cl n OTs

{163}

Schem e 49
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AMIR RIKIN, senior undergraduate

Table 32 lists the  new materials p repared  by th e  above studen t 

under m y direction {164} - {174}.

Table 32 - New polycationic species p rep ared  by A. Rikin 

Structure Number

HO.
164

OH

B r' Cl 
+

-V V .N X’"V> ^
165

166

167

168
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Structure Number

169

Br

2 Br

CH, 2 ClCH3
+  I I +

HO(CH2) 3 —  N— (CH2)! o- N—  (CH2) 3 OH
I

CHi CHi

(CH3)2N

170

171

CH3 CH3 2 B r '

HO(CH2)3— N—(CH2)9— N— (CH2)3OH 172
c h 3 c h 3

173

3' 2 174

Com pound {164} is p rep ared  by treating  triethanolam ine with one 

equivalen t of a-ch loro to luene in acetonitrile solution. a-Chlorotoluene is 

also used  to p repare  com pounds {165} - {167} by adding one equivalent 

o f it to  an acetonitrile  so lu tion  o f m onocationic s tring  species, ({8} to
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generate {165}; {170} to generate  {166}; {2} to generate {167}). 

Compound {16 8} is p rep ared  by treating  DABCO with one equivalent o f  4- 

b rom o-l-bu tene in  an  e thy l acetate  so lu tion  (to  generate the 

monocationic string), followed by m ethylation  w ith  m ethyliodide in 

acetonitrile so lu tion  to give the  dicationic unsym m etrical string.

Compound {169} is p rep ared  by  treating {8} w ith  a  solution of 

iodom ethane in acetonitrile, an d  com pound {170} is prepared  by treating  

DABCO with one equ ivalen t o f  1 -brom opentane in an ethyl acetate 

solution. C om pound {171} is generated by  trea ting  {170} w ith one 

equivalent o f allyl b rom ide in  acetonitrile so lu tion . Dicationic strings 

{172} and {173} a re  p repared  by treating two equivalents o f 

dim ethylam ino-1-propanol w ith an  a,co-dihalo alkane in acetonitrile  (for 

generation o f {172} 1,9-dibrom ononane, a n d  fo r generation o f {173} 

1,10-dichlorodecane) while heating and stirring  a t reflux for a  m inim um  

of one day. The sa tu ra ted  dicationic ring {174} is prepared  by treating  

N,N,N’,N -tetram ethylhexane diam ine w ith one  equivalent o f 1,10- 

dichlorodecane in acetron itrile  w ith heating an d  stirring.

FARRAH HOROWITZ, undergraduate

Table 33 lists all o f the new m aterials p rep ared  by F. Horowitz und er 

m y direct supervision {175} - {182}.
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Table 33 - New m aterials prepared  by F. Horowitz

Structure Number

cV r ~ 0 _i ^ H

OH  ̂ Z° H HCKi  ^ O H

OH ' ° H

176

^rO^O^î oTs
J X s  20T s‘ y ^ OT

T sO  T s Q r  0 T s

+  / A - T V n  8 O T s{O H (CH 2)2>3N^ I \  /  ^  "  ^ |^ ^ + ^ N {(C H 2 )2 0 H }3

{OH(CH2)2>3N N « C H * P H b  ^  \ { ( C H a ) 2OH}3

{OH(CH2)2}3N
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V

^ 7

i n
OH ° h c - ^  OH

\ n . * »
J t ,

2 Cl

179

180

2 Cl

I OH 181

182

0H '° hV >  oh

Com pound {175} is p repared  by treating  th ree  equivalents of 

trie thanolam ine (an excess) with a ,a ’-dibrom o-p-xylene in acetonitrile 

solution while heating and  stirring. C om pound {176} is prepared 

sim ilarly in th a t 4 ,4 ’-b is(b ro m o m eth y l)-l,l’-biphenyl is treated  with an  

excess of trie thanolam ine, while {177} is generated  by treating {175}
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with p-to luenesulfonyl chloride in pyridine. The octacationic salt, {178}, 

is p rep ared  by treating {176} w ith p-toluenesulfonyl chloride in  pyrid ine 

solution to  tosylate the hydroxyl groups, followed by reaction w ith eight 

equivalents o f  triethanolam ine in  acetonitrile. Com pound {17 9} is 

synthesized by treating a ,a ’-dichloro-o-xylene with two equivalents o f 

trie thano lam ine in acetonitrile solution. The m eta  analog, {18 0}, is 

generated by  using a ,a ’-dichloro-m -xylene. The olefinic string, {181}, is 

p repared  b y  treating  two equivalents o f triethanolam ine w ith cis-1,4- 

d ichloro-2-butene, and  the acetylenic string, {182}, is p repared  by using 

l,4 -d ich loro-2-bu tyne as the  d ihalide. All o f the salts listed in Table 33, 

w ith th e  exception  o f {177}, a re  h ea ted  and  stirred  a t reflux for a  

m inim um  o f  two days. (Com pound {177} is stirred  a t room  tem pera tu re  

for one day , th e  volatiles are evapora ted  under reduced pressure, an d  the  

resu ltan t p ro d u c t is then  d ried  u n d e r high vacuum.) The products a re  

isolated by  filtration, washed w ith e thy l acetate and e th e r solutions, then  

dried u n d e r high vacuum.

VALBONA BEHAJ, senior underg raduate

Table 34  lists all of the p rep a red  salts (not noted  previously) 

prepared  by V. Behaj (Shteto) u n d e r m y supervision {183} - {211}.
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Table 34  - Salts p rep ared  by V. Behaj

Structure Number
2 Cl *

Br * Cl *
+

183

184

Br * Cl
185

N CH
186

187

Cl -

+

Cl

+ OH

Cl *

188

189

190
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0 ^ 0 191

192

+  2 C 1  +
</ — (C H 2) l0— N

Br Br
\\ //

Cl
v ^ n +

Cl

Q,N
I + Cl

193

194

195

196
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N
h 3c<  c h 3

Cl •

H ,C

B r‘

N— CH3

W
+  C1 

N ^ ^ N —
W

197

198

199

200

CH3 201
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202

2 Cl* 203

i

2 Cl *

CH3 CHi

2 Cl *

CH CH

204

205

206

174
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? " 3
■3 2 Br- 9 Hj

HO(CH2)3 N (CH 2)9 -N  (CH 2) 3OH

c h 3 c h 3

HO(CH2)3
? " 3

2 Cl*

N (CH2) 10-

c h 3

^ h 3

-N  (CH 2)3OH

CH,

207

208

B r '
209

210

H3C 2 Cl * CH3
\  + +/

N (CH2)8 Nv
H ,C

-(CH2)4-

CH,
211

The dicationic unsym m etrical string, {183}, is p rep ared  by treating a 

so lution of m onocationic string, {3}, in acetonitrile w ith one equivalent of 

a-chlorotolune. C om pound {184} is similarly p repared  by treating {3} 

w ith 4-brom o-l-bu tene, an d  {185} is generated by the  reaction of {2} 

w ith 4 -brom o-l-bu tene in acetonitrile. The above th ree  reactions are
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heated  and  stirred  a t reflux for a  m inim um  o f two days, p recip ita te  

collected by suction filtration, w ashed  w ith  solutions o f ethyl acetate  and 

ether, and  d ried  under high vacuum . T he series o f m onocationic 

pyridinium  salts are p repared  by trea ting  pyridine with an  a-halo  species 

in acetonitrile. For example, {186} is p repared  by treating pyrid ine with 

one equivalen t o f iodom ethane, an d  {187} by treating pyridine w ith one 

equivalent o f allylbrom ide. Similarly, {18 8 } is p repared  by treating  

pyridine w ith one equivalent o f a-ch lo ro to luene , {189} by treating 

pyrid ine w ith 3-chloro-1 -propanol, an d  {190} by treating pyridine with 

one equivalen t o f 6 -chloro-l-hexanol. The p roducts are  collected by 

rem oval o f volatile m aterials u n d e r reduced  pressure, followed by drying 

und er high vacuum . A series o f dicationic, d ipyrid ine salts have also been 

prepared . T reatm ent o f an  a,w -dihaloalkane w ith two equivalents o f 

pyrid ine in acetonitrile gives a new series o f salts {191} - {193}. These 

products are  isolated by filtration an d  d ried  under high vacuum. A series 

o f m onocationic halo-arom atic pyrid ine  system s have also been prepared. 

Treating 4-brom o-a-brom otoluene w ith  one equivalent o f pyrid ine in 

acetonitrile gives {194}. Products {195} and {196} have been similarly 

prepared . A series of m onocationic DMAP derivatives have been 

generated  by treating an 4-halo(or nitro)-a-halo-to luene with one 

equivalent o f DMAP in acetonitrile {197} - {199}. A nother series of salts
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includes im idazolium  derivatives {200} - {206}. The general p repara tion  

fo r these m aterials involve trea tm en t o f  1 -m ethy 1-im idazole w ith an  

ap p ro p ria te  halogen species in  acetonitrile. C om pounds {207} and  {208} 

w ere p rep ared  by trea ting  two equivalents o f N ,N-dim ethylam inopropanol 

in  acetonitrile solution w ith  one equivalen t o f 1,9-d ibrom ononane (to 

generate  com pound {207}) and  w ith one equivalen t o f 1 , 1 0 - 

d ich lorodecane (to genera te  com pound {208}). The m onocationic string , 

{209} is p repared  by trea ting  dabco in e thy l acetate solution w ith  one 

equivalen t o f 4 -b rom o-l-bu tene. C om pound {209} is then  dissolved in 

an  acetonitrile solution while adding  one equivalent o f a-ch lo ro to luene  to  

p rep are  th e  unsym m etrical dicationic string, {210}. The sa tu ra ted  

dicationic ring, {2 1 1 } is p repared  by trea ting  N ^ N ^N -te tram eth y lh ex an e  

d iam ine w ith  one equ ivalen t o f 1 ,8 -d ichlorooctane in acetron itrile  

solution.
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NEW IONIC LIQUIDS

Recently, room -tem peratu re ionic liquids have generated  much 

excitem ent am ong the chem istry  com m unity for their po ten tia l as green 

“designer solvents.” They have potential for applications in batteries, as 

non-aqueous po lar reaction m edia, for “green” extractive processes, and  

as catalysts. Some batteries con tain  lithium  salts th a t is an  ionic liquid, 

b u t th ey  are  no t as fluid as o ften  desired. C urrently p repared  m aterials 

a re  cand idates fo r electrolytes in such applications. “G reen” extractive 

processes re la te  to separations and  isolations perform ed w ithou t recourse 

to  volatile organic solvents. Thus, using an ionic liquid, w hich is generally 

non-volatile, is p referred  over volatile solvents.

Ionic liquids are liquids th a t are com prised entirely  o f ion pairs. 

Thus, m olten sodium  chloride is an  ionic liquid, w hereas a  so lution of 

sodium  chloride in w ater (a m olecular solvent) is an ionic solution. By 

mixing certa in  organic (e.g. substitu ted  am m onium  halides) salts with an 

inorganic com pound such as AICI3 , chemists can often p roduce an  ionic 

liquid a t o r below room  tem perature. In general, the anions in an ionic 

liquids a re  w hat provide it w ith  its room  tem perature liquid 

characteristics. The rationale for these m aterials being liquid ra th e r than 

solid a t room  tem peratu re  is th a t the organic cations are sufficiently big 

com pared  w ith the anions, m uch larger than  cations o f o rd in ary  salts,
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such as Na+. D isparity in the  size o f cation and  anion can  be a factor in

the  ability  to  form  a  solid lattice. For example, w ith anions o f high charge 

density  an d  cations of low charge density  the  body o f the  cations 

necessarily will interact, e ither charges repelling a n d /o r  organic portions 

in teracting. Thus, form ation o f  a  solid lattice could be h indered . For 

example, while LiF form s a  very  stable crystalline lattice, as does Csl, the  

lattice o f Lil is significantly less stable. For a  given cation, chemists can 

choose the an ion  th a t they  need  to make an  ionic liquid. By carefully 

choosing th e  cation and  anion to m odify the  properties, one can “tu n e” an 

ionic liquid to provide one w ith the  precise physical an d  chemical 

p roperties desired .

R oom -tem perature ionic liquids typically consist o f  organic cations 

containing nitrogen (am m onium -type cations) and  app rop ria te  inorganic 

anions. In recen t years a  variety  o f m ixtures o f alum inum  chloride with 

the 1 -alkylpyridinium  chlorides have been reported  to be m olten a t or 

near room  tem perature. Melts o f  this type m ay be p rep ared  easily. [151] 

The m ost com m on salts used to m ake ionic liquids are  those with 

tetraalkylam m onium , tetraalkylphosphonium , N,iV-dialkylimidazolium, 

and AAalkylpyridinium cations as shown in Figure 33.
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+
n r 4

(1) tetraalkyl ammonium (2) tetraalkylphosphonium

R R'

R

(3) IV,N' -dialkylimidazolium (4) A'-alkylpyridinium

Figure 33 - (1) Tetraalkylam m onium , (2) tetraalkylphosphonium ,
(3) N,N ’-dialkylim idazolium , and  (4) N-alkylpyridinium  cations

The two basic approaches to  the preparation  o f ionic salts are: 1) 

m etathesis - adding two ionic com pounds in solution so th a t they  can 

swap coun terions - with, for exam ple, a  silver, Group I m etal o r 

am m onium  salt o f  the  desired  anion; an d  2 ) acid-base neutra lization  

reactions.

One o f the first ionic liquids p repared  th a t exhibited  potential for 

use in  biphasic catalysis is M ethyl-N -m ethylim idazolium  

te trafluoroborate . [152] This m aterial was prepared  by m etathesis of 

N -ethyl-N -m ethylim idazolium  chloride with silver te trafluo robora te  in 

m ethano l as illustrated in Schem e 50.
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cr
CH3CH2—  —  c h 3

zV-ethylW-methylimidazolium chloride 

Ag[BF4]MeOH

BF4'
ir

CH3CH2  CH3

yV-ethylW-methyl imidazolium tetrafluoroborate 

Scheme 50

Ionic liquids are  unconventional, yet an  interesting class o f  apro tic  

solvents for studying the  chem istry  o f inorganic, organom etallic, and  

organic solutes. These ionic liquids a re  potentially  useful as electrolytes 

in batteries, photoelectrochem ical cells, and  electroplating processes.

Ionic liquids may offer un ique selectivity o r even to tally  new 

chem ical reactions com pared  w ith conventional solvents. They are  

nonvolatile and  nonflam m able, often have high therm al stability, and  are  

relatively undem anding an d  inexpensive to m anufacture.

W ith the  num erous categories o f polyamm onium and  

polyphosphonium  salts synthesized in o u r laboratory, we began the
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conversion of o u r new (solid) salts into a  unique ca tegory  o f ionic liquids 

th rough  exchange of the anion.

Num erous reports have been m ade o f the conversion o f 

m onoam m onium  (solid) salts to non-aqueous ionic liquids by such anion 

exchange. The m ost extensively investigated series o f non-aqueous ionic 

liquids include those in w hich the organic cation is e ith e r an  N- 

alkylpyridinium  o r an  N^alkyl-N-(alkyl)’im idazolum  species. [152-155] 

These species involve only  organic m onocations, w ith th e  single exception 

o f  a dicationic species involving two im idazolium  sites a t opposite ends o f 

a  long alkyl chain. [156]

It seemed tha t ou r previously prepared  po/ycationic species, 

m atched w ith app ropria te  anions, could produce ionic liquids with 

in teresting  properties. To this end  we began the conversion of ou r halide 

salts in to  species w ith th e  possibility of being liquids a t room  

tem perature, and poten tial for industrial applications. This w ork was 

done by myself as well as undergraduates under m y direction in our 

laboratory  (Valbona Behaj, Amir Rikin, Marie Thom as an d  D anny 

M ancheno).

Initial efforts were d irec ted  toward the  p repara tion  of 

hexafluorophosphate salts o f the polycationic species using a  well- 

established procedure as illustrated  in Scheme 51. [157]
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aq. HPF6

CHz (CHz)^

{45}

= r \  4 PF6

C Hj (CHjiJf

W ater-insoluble solid

{45}-PFs
Scheme 51

This p rocedure  involves the  treatm ent o f the  p a ren t halide salt w ith 

a n  aqueous so lution o f hexafluorophosphoric acid (one charge 

equivalent). Application o f th is procedure to the  polyam m onium  species 

{45J generated  a solid th a t was negligibly soluble in w ater, w ith solubility 

characteristics corresponding  to those previously rep o rted  for 

m onocationic im idazolium  an d  pyridinium  species. This and  o th er 

m aterials o f th is type could be isolated by filtration  an d  w ere d ried  under 

high vacuum  conditions for several days.

As these m aterials w ere isolated by recovery a fte r precipitation 

from  aqueous solution, th e ir NMR spectra were m easured  in DMSO-d^

solution. These m aterials exhibited and NMR spectra

corresponding to those observed for the paren t halide salts. However, the
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31P NMR spectra  of these m aterials indicated th a t they  were not the pure

hexafluorophosphate species. The 31P NMR spectrum  shown in Figure 34

indicates the presence o f th e  hexafluorophosphate an ion  w ith a 

sym m etrical sep tet cen tered  a t  approxim ately  -144 ppm .

iliiiaaitimi

J i •m

Figure 3 4  - ^ Ip  NMR spectrum  o f {45 J-PFfc' from  reaction  o f {45} with
60% hexafluorophosphoric acid

In addition, o f particu lar note, is the  presence o f an  add itional signal in
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the NMR spectrum  n ear 0 ppm. In the  spectrum  shown above this

signal is relatively small, being significantly larger in preparations with 

o ther salts. The presence o f this signal, an d  the relatively low yields 

observed fo r the  hexaflurophosphate salts (20-40%) indicated tha t 

ano th er p ro d u c t could possibly be isolated from  the reaction m ixture,

th a t p roduc t producing the  extraneous signal in the NMR spectrum ,

bu t seem ingly w ithout effect on the  an d  NMR spectra.

Interestingly, w ork previously reported  by o thers d id  not involve

m easuring th e  ^ lp  NMR spectra.

Evaporation o f the rem aining aqueous solution from these 

preparations indeed led to the isolation o f a  new category of ionic liquid. 

Removal u n d e r high vacuum  conditions fo r a  week, o f the water, from  the  

aqueous po rtion  o f the  hexafluorophosphate conversion of the 

polyam m onium  halide salts gave a  significant yield (30-50%) of a highly 

viscous liquid as illustrated  in Scheme 52.
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A queous portion

Evaporation

r

W ater-soluble liquid 

{45}-LIP

Scheme 52

Again, this liquid exhibited *-H and  NMR spectra in com plete

correspondence with those for the  paren t halide salts, but was com pletely 

soluble in D ?0, unlike the isolated solids. These w ater soluble liquids also

exhibited clean NMR spectra with a single unsplit signal near 0 ppm

(relative to 85% phosphoric acid) indicating th e  gegenion to be simple 

phosphate.
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H exafluorophosphate salts, w hich  are  poorly soluble in  w ater, could 

be isolated an d  studied by rep ea ted  w ashings o f the solid isolates w ith

w ater un til the ^ lp  NMR spectrum  no  longer exhibited the signal n ea r 0

ppm . All o f  these solids, in co n tra s t to  th e  hexafluorophosphate salts o f  

m onocationic species, exhibited m elting  points well above room  

tem p era tu re  an d  have thus n o t been th e  prim ary  focus o f o u r studies.

Testing o f an  aqueous so lu tion  o f the  new liquids w ith  silver n itra te  

ind icated  ch loride o r brom ide ion con tam ination  to be below levels 

detec tab le  by  th a t technique. We th e reb y  conclude th a t halide 

con tam ination  is negligible in  these products.

W ith th e  evaporation o f the  su p e rn a tan t solution, a  new series of 

ionic liquids, Liquid Ionic Phosphates, re ferred  to as LIPs, was p rep ared  as 

listed in Table 35.
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Table 35 - New LIPs

[ l l l - L I P [201-LIP [311-LIP
[35}-LIP [36J-LIP [381-LIP
[451-LIP [48J-LIP [491-LIP
[52}-LIP [681-LIP [691-LIP
[70J-LIP [711-LIP [771-LIP

[ 1 121-LIP [1131-LIP [1171-LIP
[118J-LIP [124]-L IP [1281-LIP
[131}-LIP [1371-LIP [1381-LIP
[1421-LIP [1431-LIP [1491-LIP
[1501-LIP [1521-LIP [1671-LIP
[168}-LIP [1871-LIP [1881-LIP
[1931-LIP [2051-LIP [2061-LIP
[2071-LIP [2081-LIP [2091-LIP
[2101-LIP

(Note, com pound  {209}-LIP was p rep ared  by treating a didabco 

dicationic string previously p repared  by  o thers in the laboratory. The 

didabco dicationic string consists o f th ree  m ethylene groups between the 

dabco units. Com pound [2101-LIP was p repared  by treating one 

equivalent of ethylim idazole w ith iodom ethane [152].)

All o f these new m aterials exhibited  ^H, ^ C ,  and 31p n m r  spectra

in accord w ith th e  proposed structu res. NMR spectra of the LIPs, after

drying u n d er high vacuum, indicated the  residual w ater content to be 

below the lim it o f reliable m easurem ent by th a t technique. The 40 new 

com pounds listed in Table 35 are  all w ater soluble, viscous liquids a t 

room  tem pera tu re  (approxim ately 25° C).
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It is in teresting  to no te th a t on ly  m onocationic an d  d icationic string 

LIPs have been prepared. Conversions o f longer strings w ith a  g rea te r 

n u m b er o f  cationic sites led to p h osphate  salts, but those m aterials 

rem ained  solid a t  room  tem peratu re , m elting above 40° C.

A no ther interesting observation  is th a t all of the cyclic LIPs p repared  

bear unsaturated  linkages. Several sa tu ra ted  cyclic poly cations have 

been converted  to the ir phosphate  salts, bu t these rem ained solid  a t  room  

tem p era tu re , albeit soluble in w ater.

A series o f polycationic cyclodextrin  LIPs have also been p repared . 

These species should be o f particu la r in te rest with regard  to applications 

owing to  th e  h o st/g u est b inding characteristics of our polycationic 

cyclodextrin  derivatives.

The approach  to the synthesis o f these LIPs proceeding th ro u g h  the 

use o f hexafluorophosphoric acid has p articu la r drawbacks. Among these 

are: 1 ) a  significant portion o f  the  yield is d iverted to the 

hexafluorophosphate  species; 2 ) th e  use o f hexafluorophosphoric acid to 

p rep are  phosphates is unnecessarily expensive and hazardous fo r 

applications requiring  large scale preparations; and 3) the use o f  fluorine 

is environm entally  unfriendly. For these reasons, alternative approaches 

to the p repara tion  of the LIPs w ere sought.

One approach  to the p reparation  o f LIPs involves the d irec t ion
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exchange using classical insoluble ion exchange resins. T rea tm en t o f ou r 

halide salts with a  large excess o f DOYVEX 2-X8 in the p h o sp h a te  form  in 

aqueous medium, followed by evaporation  o f the w ater u n d e r  reduced 

pressure, was investigated fo r th e  p repara tion  o f large q u a n tity  o f the LIPs. 

[158] This approach  is illu stra ted  in Scheme 53.

LIP

Scheme 53

In some instances th is w orked qu ite  well, bu t in o th e r instances was

DOWEX 2-X8 
phosphate form

(48J-L1P
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plagued by difficulties o f its own, including incom plete exchange o f the  

halide, as no ted  w ith silver n itra te .

Yet an o th er approach to th e  p repara tion  o f  th e  LIPs was investigated, 

th a t involving trea tm en t o f the  polycationic halide salts with 85% 

phosphoric  acid (one charge equivalent) as show n in  Scheme 5 4 .

Pure LIP

Scheme 54

Removal of all volatile m aterials (w ater and  hydrogen halide) u n d er

85% H3 PO4

1 '
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reduced  pressure, p rovided pure  LIPs in good yield w ith com plete 

conversion  to the phosphate  salt.

Some o f the new ly synthesized LIPs rem ain solid a t room  

tem pera tu re , bu t exhib it sufficiently low m elting points, in the  range o f 

40-50° C. Table 36 lists all o f the  com pounds in this category.

(Note, com pound {211 }-LIP was p repared  by a graduate  student, Chris 

Massone, in the sam e laboratory. This m aterial is a  d iphosphonium  string 

th a t is p repared  by treating  a ,a ’-dibrom o-p-xylene in acetonitrile solution 

w ith two equivalents o f triphenylphosphine. The aforem entioned s tuden t 

has also p repared  an o th e r diphosphonium  string using 4 ,4 ’,- 

b is(brom om ethyl)- 1 ,1 ’-biphenyl as the a,co-dihalo species.)

These m aterials have capabilities for applications as ionic liquids a t 

relatively low tem peratures.

O ther newly p repared  polycationic phosphates rem ain solid a t 

tem pera tu res g reater th a t 80 * C. These new m aterials are  listed in Table 

37.

Table 36 - Solid  LIPs melting a t 40-50° C.

{141-LIP
{1281-LIP
{48}-LIP

{1211-LIP
{1741-LIP

{1251-LIP
{2111-LIP
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Table 37 - Solid  polycationic phosphates m elting >80 "C.

{101-LIP {42J-LIP {431-LIP
{70}-LIP {741-LIP {1051-LIP

{1111-LIP {1261-LIP {1651-LIP
{1681-LIP {1701-LIP {1911-LIP
{2091-LIP

Table 38 lists spectroscopic and  physical characteristics for som e o f  

the  newly p repared  LIPs, including density  and  specific conductivities th a t 

were m easured  by  a  g rad u a te  studen t in  our laborato ry , Sharon Tall 

[158]
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Table 38 - Densities an d  specific conductivities o f  LIPs.

LIP D ensity  (g/m L) Specific C onductiv ity  (cm- 1W-1) s s/K Cl r e f
25 C 40 C 60 C

{48}-LIP 1.78 0.057 0.063 0.061 19
{45}-LIP 1 . 8 6 0.063 0.052 0.082 2 1

{52}-LIP 1.82 0.063 0.060 0.071 2 1

{77}-LIP 1.58 0 .064 0.081 0.087 2 1

{124}-LIP 1.82 0.038 0.052 0.050 13
{6 8 }-LIP 1.58 0.053 0.056 0.071 18
{71}-LIP 1.96 0.026 0.027 0.042 9
{137}-LIP 1.90 0.042 0.053 0.067 14
{46}-LIP - 0 . 0 0 1 0 - - 0.3
{47 }-LIP — 0.040 - - 13

NOTE: 0.02M  aqueous KC1 reference solution, specific conductiv ity  = 0.03
cm~1 W" 1  a t  25 3 C

Interestingly, a  series o f ionic liquids containing halides  as the  anion 

m atched  w ith e ith e r im idazolium  o r am m onium  cations have been 

p rep a red  as struc tu ra lly  pu re  m aterials. These new com pounds are  listed 

in  Table 39.

It is intriguing th a t com pounds £200} and {201} a re  liquids as the 

halide  salts. Im idazolium salts containing only sa tu ra ted  substituen ts are 

solid. [152] We have isolated the  unsaturated  species {200} and  {201} 

as liquids. A dditional im idazolium  halides with unsatu ra ted  linkages are 

being sythesized to determ ine if this is a  general phenom enon.
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Table 39 - New ionic liquids bearing halide  anions

Struc tu re  Num ber

Cl

CH

CH.

(CH3)2N + 2 C l ' + N (CH 3)2

201

200

137

HO OH

In com parison with previously  reported  room  tem pera tu re  

non-aqueous ionic liquids, th e  newly prepared  LIPs exhibit particu lar 

advantages. These include: 1) ease o f preparation, requiring  only  85% 

phosphoric  acid ra ther th an  th e  use o f quite reactive (and  u n d e r certain
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non-aqueous ionic liquids, the newly p repared  LIPs exhibit particu lar 

advantages. These include: 1) ease o f p reparation , requ iring  only 85% 

phosphoric acid ra th e r  than  the  use o f  qu ite  reactive (and  und er certain  

circum stances hazardous) hexafluorophosphoric acid, tetrafluoroboric  

acid o r  a lum inum  chloride, which requ ire  contro lled  atm ospheric 

conditions; 2 ) the  resu ltan t salts a re  unreactive w ith w ater; 3) although 

viscous, the  LIPs are  liquids a t room  tem perature, while the  

hexafluorophosphate salts o f m onocations m elt above room  tem peratu re  

and  th e  hexafluorophosphate salts of polycations we have prepared  

rem ain solid up  to 75° C; 4) particu larly  high specific conductivities; and  

5) the po ten tia l use as m edia for electrochem ical processes requiring a 

large electrochem ical window.
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EXPERIMENTAL

General

All chem icals used  in  syntheses, purification, an d  com parison 

analyses w ere o f com m ercial reagent quality  and  w ere used w ithout 

purification. NMR spec tra  w ere m easured  using a  Bruker 400 MHz 

DPX400 in strum en t. All optical ro tations w ere m easured  using a  Jasco 

DIP-140 in s tru m en t (1 dm  cell, aqueous solution w ith a  sodium  vapor 

lam p), and  all CD sp ec tra  w ere m easured using a  Jasco 500C CD/ORD 

instrum ent. All UV/Vis spec tra  w ere m easured  using a Hewlett-Packard 

m odel G1103A spectropho tom eter. Elemental analyses were perform ed 

by Schwarzkopf M icroanalytical Laboratory, W oodside, NY.

Preparations

Preparation  o f 1-(6 -hvdroxvhexvl)-1 -azonia-4-azabicvclof2.2.21 octane 

ch loride (3). l,4 -D iazabicyclo[2.2 .2]octane (8.211 g, 0.0732 mol) was 

dissolved in e thy l ace ta te  (40 mL). 6 -C hloro-l-hexanol (10.0 g, 0 .0732 

mol) was slowly a d d e d  w ith stirring. The reaction m ixture was s tirred  a t 

room  tem pera tu re  for one day. The resu ltan t gum m y precipitate was 

collected (16.1 g, 8 8 .0 %) by suction filtration and  washed w ith anhydrous 

e th er (3 x 30 mL), th en  d ried  under high vacuum. Calcd. for 

C12H25n 2OC1#2(H2 ° ) : C 57.93%, H 10.13% Found: C 58.04%, H 

10.24%. NMR (6 , D 7 0 ) - 1 H: 1.29, br, 4H; 1.45, br, 2H; 1.67, br, 2H;
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3.09, br, 6 H: 3.15, t  (/= 4 Hz), 2H, 3 .29, b r, 6 H; 3.49, t  (J=8 Hz), 2H. 1 3 C:

19.78, 23 .24 , 24.03, 29.63, 42.88, 50.73, 60.22, 63.22.

Preparation of l - f 6 -hvdroxvhexyl)-1 -azo n ia-4-azabicyclo[2.2.21octane 

chloride (5 ) . l,4-D iazabicyclo[2 .2 .2]octane (8.00 g, 0.0713 mol) was 

dissolved in  e th y l acetate (40 mL). 9-B rom o-l-nonanol (23.88 g, 0 .0713 

mol) was slowly added  w ith stirring . The reaction  m ixture was s tirred  a t 

room tem p era tu re  for one day. The re su ltan t brow n pow der p recip ita te  

was collected  (19.9 g, 83.2%) by suction  filtra tion  an d  w ashed w ith 

anhydrous e th e r  (3 x 30 mL), th en  d ried  u n d e r high vacuum . Calcd. for 

C15H31N2OBr* 2(H 2°): C 53-73%, H 9.32% Found: C 54.02%, H 9.53%.

NMR (8 , D ?0 ) - 1 H: 1.06-1.41, m, 10H; 1.64, t, 2H; 1.97, br, 2H; 3.06-

3.16, m, 6 H; 3.27, t, 8 H, 3.49, t, 2H. 1 3 C: 21.51, 25.30, 25.90, 38.40, 

28.73, 28 .74 , 31.2, 44.52, 52.47, 66.10.

Preparation o f 1-f 10-hvdroxydecvP-l-azonia-4-azabicyclo[2 .2 .2]octane 

chloride ( 6 ) . l,4-D iazabicyclo[2 .2 .2]octane (3.30 g, 0 .0294  mol) was 

dissolved in e thy l acetate (40 mL). 10-C hloro-l-decanol (5.66 g, 0 .0294  

mol) was slowly added w ith stirring. The reaction m ixture was s tirred  a t 

room  tem p era tu re  for two days. T he re su ltan t white precipitate was 

collected (7.92 g, 88.0%) by suction filtration  and  w ashed with anhydrous 

e ther (3 x 30 mL), then dried  u n d er high vacuum. Calcd. for
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c 16H33N2OCl#2(H2 ° ) : C 67.00%, H 8.79% Found: C 67.11%, H 8.87%. 

NMR (8, D20 ) -̂ H: 1.20, br, 12H; 1.43, br, 2H; 1.64, br, 2H; 3.11, br, 6H;

3.16, br, 2H; 3.28, br, 6H; 3.49, t (/= 8 Hz), 2H. 13C: 21.42, 25.33, 25.85,

28.41, 28.86, 28.75, 28 .81 , 31.59, 44.52, 52 .37 , 62.21, 65.02.

Preparation o f 1-(1 l-hydroxyundecyI)-l-azonia-4-azabicyclor2.2 .21octane 

brom ide (7).  l,4 -D iazabicyclo[2 .2 .2]octane (3 .30  g, 0 .0294  mol) was 

dissolved in ethy l ace ta te  (40 mL). 11-C hloro-l-undecanol (5.50 g,

0.0294 mol) was slowly ad d ed  with stirring. The reaction  m ixture was 

stirred  a t room  tem p era tu re  for th ree days. T he resu ltan t white 

precipitate was collected (7.95 g, 81.0%) by suction  filtration and  w ashed 

with anhydrous e th e r (3 x 30 mL), then  d ried  u n d e r high vacuum. Calcd. 

for C17H35N20B r«(H 20 ): C 56.19%, H 9.71% Found: C 56.24%, H

9.72%. NMR (6,D20 ) 1H: 1.18, br, 14H; 1.42, b r, 2H; 1.63, br, 2H; 3.09,

br, 6H; 3.13, br, 2H; 3.27, br, 6H; 3.46, t ( > 5  Hz), 2H. 13C: 23.60, 27.53,

28.04, 30.61, 30.88, 31.00, 31.11, 31.20, 33.78, 46.70, 54.54, 54.58, 

64.60.

Preparation o f 1 -f 3 -p rooenv l)-1 -azonia-4-azabicvela 12.2.21octane 

brom ide (81. l,4-D iazabicyclo[2.2 .2]octane (3.0 g, 0 .0267 mol) was 

dissolved in ethyl ace ta te  (40 mL). Allyl b rom ide (3.26 g, 0.0267 mol) 

was slowly added  w ith  stirring. The reaction m ixture was stirred a t room
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tem pera tu re  for one day. The re su ltan t gum m y precip ita te  was collected 

(5.1 g, 82.2%) by suction filtration  an d  w ashed w ith anhy d ro u s e th e r (3 x 

30 mL), then  dried  u n d er high vacuum . Calcd. fo r CgH17N2Br*H70: C 

45.08%, H 7.35% Found: C 45.16%, H 7.42%. NMR (6, D 20) - 1H: 3.16, t, 

6H; 3.38, t, 6H; 3.97, d  (7=3 Hz), 2 H; 5 .61-5.70, m, 2H; 5 .90-6.00, m, 1H. 

13C: 42.78, 55.57, 65.11, 122.21, 127.61.

P reparation  o f l-(dodecyl)-l-azonia-4-azabicyclor2 ,2 .21octane brom ide

(1 0 ) . l,4-D iazabicyclo[2.2.2]octane (9 .00  g, 0 .0732 mol) was dissolved in 

e thy l aceta te  (40 mL). 1-Brom ododecane (18.2g, 0.0732 mol) was slowly 

added  w ith stirring. The reaction m ixture was s tirred  a t room  tem pera tu re  

for one  day. The resu ltan t gum m y precip itate  was collected (23.2 g,

82.8%) by suction filtration and  w ashed w ith anhydrous e th e r (3 x 30 

mL), then  d ried  under high vacuum. Calcd. for C ^g H g y ^B r: C 59.70%,

H 10.50% Found: C 59.75%, H 10.55%. NMR (6, D 20) - 1H: 0 .73 , t, 3H; 

1.68-1.24, br, 18H; 1.64, br, 2H; 3.07-3.16, m, 8H; 3.27-3.30, m, 6H. 13C:

12.69, 20.34, 21.33, 24.78, 27.37, 27.67, 27.78, 27.83, 27.99, 28.02,

30.48, 43.43, 51.25, 63.90

Preparation of l-(benzvl)-l-azonia-4-azabicvclor2.2.21octane bromide

(1 1 ). l,4-D iazabicyclo[2.2.2]octane (4.0 g, 0 .0357 mol) was dissolved in 

ethyl acetate  (40 mL). Benzyl brom ide (9.00g, 0.0357m ol) was slowly 

added  w ith stirring. The reaction m ixture was stirred  a t room  tem pera tu re
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for o n e  day. The re su lta n t brow n pow der p recip itate was collected (7.8 g, 

91.0%) by suction filtra tion  an d  w ashed w ith anhydrous e th e r  (3 x 30 

mL), then  dried  u n d er high vacuum . Calcd. for C ^ H j g ^ B r ^ f ^ O :  C

55.13%, H 6.76% Found: C 55.20%, H 6.82%. NMR (6, D20 ) - 1H: 2.95-

3.12, m, 6H; 3 .24-3.28, m, 6H; 4 .69 , s, 2H; 7.36-7.48, m, 5H. 13C: 46.63,

5 4 .4 4 , 70.86, 127.42, 131.14, 132.33, 132.38.

P reparation  of l^ -b isd O ^ h y d ro x y d e c y l) - !^ -

diazoniabicyclor2.2.21octane d ich loride  (1 2 ) . (6) (1 .00 g, 0 .00232  mol) 

was dissolved in aceton itrile  (25 mL). 10-C hloro-l-decanol (0.45 g, 

0 .00232 mol) was slowly added  w ith stirring. The reaction  m ixture was 

s tirred  a t room  tem p era tu re  for five days. The resu ltan t w hite  precipitate 

was collected (0.75 g, 65.2%) by suction filtration and  w ashed  w ith 

anhydrous ether (3 x 30 mL), then  d ried  under high vacuum . NMR analysis 

show ed only 25% com plete reaction; therefore, the m aterial was dissolved 

in acetonitrile  (50 mL) an d  10-ch loro-l-decanol (0 .684 g, 0 .00355 mol) 

was slowly added w ith stirring . Reaction was continued a t reflux until the 

NMR o f  the  precip itate ind icated  conversion was m ore th a n  99% . Calcd. 

for C2 6 H54N 202Cl2*2(H 20): C 58.52%, H 10.96% Found: C 58.16%, H

10.68%. NMR (6, D20 )  - 1H: 1.12-1.35, br, 28H; 1.35-1.48, m, 4H; 1.65- 

1.77, br, 4H; 3.40-3.51, m, 8H; 3.87, s, 12H. 13C: 18.98, 22.89, 23.41,
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25.97, 26.21, 26.30, 26.36, 29.14, 42.08, 49.93, 59.77.

P reparation  o f  4 -(6 ,- f r >-azonia-4”-azabicvclor2 .2 .21octyn-r- 

hexv 1)azonia-1 -azabicvclof2.2.21 octane d ich loride (1 4 ) . 1,4- 

D iazabicyclo[2.2.2]octane (43.39 g, 0.387 mol) was dissolved in 

acetonitrile  (75 mL). 1,6-D ichlorohexane (15.00 g, 0 .0967 mol) in 

acetonitrile (50 mL) was ad d ed  dropw ise with stirring. The reaction 

m ixture was s tirred  a t room  tem p era tu re  for one day. The resu ltan t white 

p recip itate was collected (29.9 g, 81.7%) by suction filtra tion  and  washed 

with ethyl acetate (3 x 30 mL) an d  anhydrous e th e r (3 x 30 mL), then  

dried  under high vacuum. Calcd. for C ig H jg N ^ C ^ f l^ O ) :  C 54.40%, H

9.64% Found: C 54.31%, H 9.72%. NMR (6, D20) - 1H: 1.29, br, 4H; 1.66,

br, 4H; 3.00 - 3.16, br, 16H; 3.26, br, 12H. 13C: 27.77, 31.89, 50.85, 

58.74, 70.99.

P reparation  o f 4 -(9 ’- f l ”-azonia-4”-azabicvclor2.2.21octvlM  *- 

nonvl)azonia-l-azabicvclor2 .2 .2]octane d ihrom ide (1 6 ) . 1,4- 

D iazabicyclo[2.2.2]octane (8.50 g, 0.0758 mol) was dissolved in 

acetonitrile (50 mL). 1 ,9-D ibrom ononane (2.00 g, 0 .00947 mol) in 

acetonitrile (50 mL) was added  dropwise with stirring. The reaction 

m ixture was s tirred  a t room  tem pera tu re  for two days. Ethyl acetate (100 

mL) was added to cause precipitation. The resu ltan t white precipitate was 

collected (3.8 g, 92.2%) by suction filtration  and w ashed w ith ethyl
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acetate (3 x 30 mL) and  anhydrous e th e r  (3 x 30 mL), th en  d ried  under 

high vacuum . Calcd. for C2 2H'-H M iBr2 # 1 -5 (H2Q :̂ C 56.83% , H 10.12%

Found: C 56.79%, H 10.18%. NMR (6 , Dz O) - 1 H: 1.25, b r, 10H; 1.63-

1.65, br, 4H; 3.12-3.17, br, 16H; 3 .27-3.31, br, 12H. 1 3 C: 19.30, 23.58, 

26.18, 26.31, 42.35, 50.21, 62.81.

P reparation  o f  4 - (1 0 M r ,-azonia-4”-azabicyclor2.2.21octyh-l *- 

decv llazon ia-1 -azabicvclof2.2.21 o c tan e  dichloride (1 7 ). 1,4- 

D iazabicyclo[2.2.2]octane (8.50 g, 0 .0758  mol) was dissolved in  

acetonitrile  (50 mL). 1,10-D ichlorodecane (2.00 g, 0 .00947  mol) in 

acetonitrile (50 mL) was added  dropw ise with stirring. The reaction  

m ixture was stirred  a t room  tem p era tu re  for two days. Ethyl aceta te  (100 

mL) was ad d ed  to to  cause precip itation . The resu ltan t w hite p recip ita te  

was collected (3.8 g, 92.2%) by suction  filtration and  w ashed w ith  ethyl 

acetate (3 x 30 mL) and  anhydrous e th e r  (3 x 30 mL), then  d ried  under 

high vacuum . Calcd. for 0 2 2 ^ 4 4 ^ 0 7 * 1.5(H 2 0): C 57.13%, H 10.24%

Found: C 57.22%, H 10.51%. NMR (6 , D 2 0 ) - 1 H: 1.25, br, 12H; 1.65, br,

4H; 3.05-3.10, br, 16H; 3.25-3.31, br, 12H. 1 3 C: 22.67, 27.11, 29.68, 

29.87 45.73 53.60, 66.22.

Preparation  of 4 -(l 2’-f l ”-azonia-4”-azabicvclor2.2.21octvH -r- 

doderv l)azonia-l-azabicvclor 2 .2 .2 ]octane dibrom ide H 8 ). 1 ,4 -
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D iazabicyclo[2.2.2]octane (20.0 g, 0.178 mol) was dissolved in 

aceton itrile  (50 mL). 1 ,12-dibrom ododecane (14.5 g, 0 .0445 mol) in 

acetonitrile  was added  dropw ise w ith stirring. The reaction  m ixture was 

s tirred  a t  room  tem pera tu re  for n ine days. Volatiles w ere evaporated 

u n d er reduced  pressure, then  the  resu ltan t w hite p recip ita te  was collected

(19.2 g, 78.0%) and  d ried  u n d er high vacuum . NMR (6, D20 ) - *11: 1.18,

br, 16H; 1.65, br, 4H; 2.75, s, 4H; 3.07, t, 12H. 13C: 21.46, 25.88, 28.76,

28.88, 44.52, 45.42, 52.37, 65.01. This m aterial was used w ithout fu rth e r 

purification.

P reparation  o f  4-( 10M 1 ”-azonia-4”-azabicvclor2.2,21octvlM W Z)-2- 

hutenvH azonia-l-azabicvclof2.2.21octane d ich lo ride  (1 91. 1,4- 

D iazabicyclo[2.2.2]octane (5.0 g, 0.0446 mol) was dissolved in 

aceton itrile  (50 mL). cis-l,4-D ichloro-2-butene (2 .79  g, 0 .022 mol) in 

acetonitrile  was added  dropw ise w ith stirring. The reaction m ixture was 

s tirred  a t  room  tem peratu re  for n ine days. Volatiles w ere evaporated  

und er reduced  pressure, then  th e  resu ltan t w hite p recip ita te  was collected

(6.53 g, 85.1%) an d  d ried  und er high vacuum . NMR (6, D20 ) - -̂ H: 3.14,

br, 12H; 3.37, br, 12H; 4.01, d  (J=14 Hz), 4H; 6.26, t, 2H. 13C: 42.59,

50.66, 58.33, 124.63. This m aterial wras used w ithout fu rth e r purification. 

P reparation  o f 4-( 10’-? 1 ”-azonia-4”-azabicvdor2 .2 .21octvIi-l,-(Z)-2-
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butyl.vl)azonia-l-azabicvclor2.2.21octane dichloride (2 0). 1,4- 

D iazabicyclo[2.2.2]octane (5.0 g, 0 .0445 mol) was dissolved in 

acetonitrile  (50 mL). cis-l,4 -D ichloro-2-butyne (2.78 g, 0.0222m ol) in 

acetonitrile was ad d ed  dropw ise w ith stirring. The reaction  m ixture was 

s tirred  a t room  tem p era tu re  for n ine days. Volatiles w ere evaporated  

u n d e r reduced p ressu re , then  the resu ltan t w hite p rec ip ita te  was collected 

(8.4 g, 86.9%) an d  d ried  u n d e r high vacuum . This m ateria l was used 

w ithou t fu rther purification .

Preparation  of l-(p -hydroxyethy l)-4 -(6M 4”-(B -hvdroxvethvl)-l” .4”- 

diazoniabicvclor2.2.21octvU -l,-hexvl)-1.4-diazoniabicyclor2.2.21octane 

dibrom ide d ichloride (2 3 ). (14 ) (1.00 g, 0 .00264 mol) was dissolved in 

acetonitrile  (25 mL). 2-Brom o-1-ethanol (2.532 g, 0 .0205 mol) was 

slowly added  with stirring . The reaction m ixture con tinued  to be heated 

and  s tirred  a t reflux for one day. The resu ltan t white p recip ita te  was 

collected (0.85 g, 83.3%) by suction filtra tion  and w ashed w ith anhydrous 

e th e r (3 x 30 mL), then  d ried  under high vacuum. Calcd. for 

C22H46N4 ° 2 Br2Cl2*4 (H2 ° ) : C 37.67%, H 7.76% Found: C 37.72%, H 

7.39%. NMR (6, Dz O) - 1H: 1.50-1.65, br, 4H; 1.85-2.04, br, 4H; 3.38-

4.31, br, 36H. 13C: 21.77, 25.17, 51.44, 52.35, 55.25, 65 .26 , 66.71.

Preparation of 1 -('p-hvdroxvpropvn-4-(6M4”-('a)-hvdroxvpropvn-1 ”.4”- 

diazoniabicvclof2.2-21octvn-r-hexvn-1.4-diazoniahicvclor2.2.21ortane
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te trach loride  (2 4 ) . (14 ) (10.00 g, 0 .0264 moi) was dissolved in 

acetonitrile  (75 mL). 3-C hloro-1-propanol (4.99 g, 0 .0525  mol) was 

slowly added  w ith  stirring. The reaction  m ixture con tinue to heat and stir 

a t  reflux for one day. The re su ltan t w hite precipitate w as collected (14.3 

g, 69.1%) by suction filtration an d  w ashed with anhydrous e th e r  (3 x 30 

mL), then  d ried  u n d e r high vacuum . NMR analysis show ed incom plete 

reaction; therefore, to th e  sam ple acetonitrile (75 mL) was added . 3- 

Chloro-1 -p ropanol (4.99 g, 0.0525 mole) was added  w ith  stirring. 

Reaction m ixture con tinue to  h ea t and  stir a t reflux for one day. Residue 

collected by suction  filtration. It was washed with e th e r (3 x 30 mL) an d  

d ried  u n d er high vacuum . Calcd. for C 42fl50^4O 2^4*4 ^H2^^ : ^  38.12%, 

H 7.54% Found: C 38.29%, H 7.60%. NMR (6, D20) - 1H: 1.51-1.64, br,

4H; 1.83-2.02, b r, 4H; 2.27-2.35, br, 4H; 3.37-4.29, br, 36H. 13C: 21.76,

25.15, 26.60, 51.43, 52.31, 55.21, 65.24, 66.69.

Preparation of 1 -(ft-hvdroxyethvP-4-(8M 4”-(,ft-hydroxyethvl')-l ” .4”- 

d iazoniabicvclor2 .2 .21octvfl-l’-octvl)-1.4-diazoniabicvclor2.2.21octane 

d ibrom ide d ich loride (25 ). (15 ) (4.581 g, 0.01126 mol) was dissolved in 

acetonitrile  (25 mL). 2-B rom o-l-ethanol (5.626 g, 0 .0405 mol) in 

acetonitrile (25 mL) was slowly added  w ith stirring. The reaction  m ixture 

continue to heat an d  stir a t reflux for one day. The resu ltan t white 

precipitate was collected (4.5 g, 61.2%) by suction filtration  and  washed
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w ith anhy d ro u s e th e r (3 x 30 mL), then  d ried  u n d er high vacuum. Calcd. 

fo r C24H5QN402Br2Cl2#2(H 70): C 41.57% , H 7.84% Found! C 41.31%, 

H 7.68%. NMR (6, D20 ) - 1H: 1 .28-1 .38 , br, 8H; 184-1.99, br, 4H; 3.48-

4 .12 , br, 36H. 13C: 21.83, 25 .42 , 28.17, 51.55, 52.41, 55.30, 65.65, 

66.72.

P reparation  o f l-fp -hydroxyethv l)-4 -( 10M 4”-fft-hvdroxvethv l)-r,.4”- 

diazQ niabicycior2.2.21octvH -l,-decvl)-1.4-diazoniabicyclor2.2.21octane 

d ib rom ide d ich loride (2 6). (1 7 ) (2.232 g, 0.00513 mol) was dissolved in 

ace ton itrile  (25 mL). 2-Brom o-1-e th an o l (2.562 g, 0.0205 mol) was 

slowly added  w ith stirring. The reaction  m ixture continued  to be heated  

a n d  s tirred  a t reflux for two days. The resu ltan t w hite precipitate was 

collected (2.1 g, 63.3%) by suction  filtra tion  and  w ashed with anhydrous 

e th e r  (3 x 30 mL), then  d ried  u n d e r  high vacuum . Calcd. for 

c 26H54N4 ° 2 Br2Cl2 #3 (H2 ° ): C 42-22%, H 8.17% Found: C 42.52%, H 

7.91%. NMR (5, D20) - 1H: 1 .18-1.29, br, 12H; 1.67-1.81, br, 4H; 3.35-

4.12, br, 36H. 13C: 21.82, 25.54, 28.40, 28.59, 51.37, 52.36, 55.25,

65.68, 66.68.

Preparation of 1.4-bisf lO’-hvdroxvdecvO -l^-

diazoniabicvclor2.2.21octane d ich lo ride  (2 7 ) . (1 7 )(1 .0 0  g, 0.00232 mol) 

was dissolved in aceton itrile  (25 mL). 10-C hloro-l-decanol (0.45 g,
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0.00232 mol) was slowly a d d e d  w ith stirring . The reaction  m ixture was 

s tirre d  a t room  tem p era tu re  fo r five days. The re su ltan t w hite p recip itate  

was collected (0.75 g, 65.2%) by  suction filtration  an d  w ashed  w ith 

anhy d ro u s e th e r (3 x 30 mL), th en  dried  u n d e r high vacuum . NMR analysis 

show ed only  25% com plete reaction; therefo re , th e  m ateria l was dissolved 

in  aceton itrile  (50 mL) a n d  10 -ch lo ro -l-decano l (0 .684  g, 0.00355 mol) 

was slowly added  w ith stirring . Reaction was con tinued  a t  reflux until th e  

NMR o f  the  precip itate  in d ica ted  the reaction  to  have p roceeded  to m ore 

th an  99% com pletion. Calcd. fo r C4 2 Hg5 N4 0 2 Cl4 * 2 (H 2 0 ): C 58.52%, H

10.96%  Found: C 58.16%, H 10.68%. NMR (6, D20 ) - 1H: 1.18-1.29, br,

32H; 1 .68-1.80, br, 8H; 2 .15-2 .19 , m, 8H; 3.31-4.10, br, 18H; 4.11-4.15,

b r, 18H. 13C: 18.18, 18.21, 18.26, 19.01, 19.41, 20.21, 20.78, 20.79,

21 .31 , 21.39, 21.65, 21.70, 21 .80 , 24.01, 25.49, 28.51, 28.59, 51.44,

52 .49 , 55.20, 65.69, 67.01.

P reparation  of l-((3 -ch lo rodecv l)-4 -n0 ’- i4 ” -(ft-chlorodecvl,) - l” .4”- 

d iazoniabicyclor2 .2 .21octvn-r-decyl)-1 .4-diazoniabicvclor2 .2-21octane 

te trach lo rid e  (2 8 ) . (27 ) (2.65g, 0.00323 mol) was dissolved in 

ch loroform  (30 mL). Thionyl chloride (8.00 g) was slowly added  with 

stirring . After two hours, abso lu te  ethanol was then  ad d ed  dropw ise with 

s tirring  until reaction ceased. Volatiles w ere evaporated  u n d er reduced 

p ressu re  then  d ried  u n d er h igh  vacuum  (1.7 g, 59.2%). Calcd. for
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C42H84N4C16 #2(H 2 ° ) : C 53.22%, H 9.99% Found: C 52.94%, H 10.31%. 

NMR (5, D20 ) - 1H: 1.18-1.29, br, 32H; 1.68-1.80, br, 8H; 2.15-2.19, m,

8H; 3.31-4.10, br, 18H; 4 .11-4 .15 , br, 18H. 13C: 18.18, 18.21, 18.26,

19.01, 19.41, 20.21, 20.78, 20.79, 21.31, 21.39, 21.65, 21.70, 21.80,

24.01, 25.49, 28.51, 28.59, 51.44, 52.49, 55.20, 65.69, 67.01. 

P reparation  o f 4 .4 .7 .7-tetram ethyl-4 .7-diazoniadecan-1.10-diol dichloride 

(2 9 ). 1,2-D ibrom oethane (3.00 g, 0.0160 mol) was dissolved in absolute 

e thano l (75 mL). 3-D im ethylam ino-l-propanol (3.295 g, 0 .0319 mol) 

was slowly added  w ith stirring. The reaction m ixture was heated  and 

s tirred  a t reflux for six days. Volatiles were evaporated  u n d er reduced 

pressure an d  d ried  under high vacuum . NMR analysis showed only 35% 

com pletion  o f reaction; therefore, to the m aterial 3 -d im ethylam ino-l- 

p ropanol (excess) in  absolute e th an o l (50 mL) was ad d ed  w ith stirring. 

Reaction con tinued  to be hea ted  an d  stirred  at reflux until it was m ore 

than  99% com plete reaction. The target p roduct was isolated by filtration 

and  d ried  u n d er high vacuum  (5.2 g, 82.5%). Calcd. fo r 

c 12H30N2 ° 2 Br2*(H2O): c  38.71%, H 5.98% Found: C 38.52%, H 5.87%. 

NMR (6, D20) - 1H: 1.88-1.91, br, 4H; 2.20-3.24, br, 4H; 3.12, s, 12H;

3.30-3.50, m, 8H; 3.59-3.75, m, 4H. 13C: 19.05, 26.06, 27.34, 53.26, 

60.43, 62.64, 64.81.
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P reparation  o f 4 .4 .8 .8 -tetram ethy l-4 .8 -d iazon iaundecan-l. 11-diol 

d ich lo ride  (3 0 ). 1 ,3-D ichloropropane (1 .00 g, 0 .00885 mol) was 

dissolved in  abso lu te  ethanol (75 mL). 3-D im ethylam ino-1-propanol 

(1 .826 g, 0 .0177 mol) was slowly ad d ed  w ith stirring . The reaction 

m ix ture was h ea ted  and  stirred  a t reflux for two days. Volatiles w ere 

evaporated  und er reduced  pressure an d  d ried  u n d e r high vacuum. NMR 

analysis show ed th e  reaction to be on ly  15% com plete; therefore, to  th e  

m ateria l 3-d im ethylam ino-1-propanol (excess) in  abso lu te  ethanol (50 

mL) was added  to th e  reaction m ixture w ith  stirring . Reaction con tinue  to 

h ea t an d  stir a t  reflux until m ore th an  99% com plete reaction (1.6 g, 

64.0% ). Calcd. for C 48.89%, H 10.10% Found: C 48.99% ,

H 10.39%. NMR (6, D20 ) - 1H: 1.90-2.01, br, 4H; 2 .22-3.20, br, 2H; 3.10,

s, 12H; 3 .33-3.55, m, 8H; 3.60-3.79, m, 4H. 13C: 19.07, 27.37, 53.23,

60.45, 62.60, 64.79.

P reparation  o f 7.7.11.1 l-te tram ethvl-7 .1  l-d iazon iahep tadecan -1 .1 7-diol 

d ich loride 131). N ^M iV ^N -tetram ethyl-l^-propanediam ine (2.00 g, 

0 .01563 mol) was dissolved in acetonitrile  (75 mL). 6-C hloro-l-hexanol 

(4.19 g, 0 .03072 mol) was slowly added  w ith stirring . The reaction 

m ixture con tinue to be heated and  s tirred  a t reflux for seven days. 

Volatiles were evaporated  under reduced pressure  an d  d ried  under high 

vacuum  to give the white pow der p roduc t (4.2 g, 74.2%). Calcd. for
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C l 9 H4 4 N2 O2 CI2 : C 4-8.71%, H 10.21% Found; C 4-8.81%, H 10.30%. NMR 

(6 , D2 0) - 1 H: 1 .30-1.37, br, 8 H; 1 .45-1.62, m, 4H; 1.68-1.78, m, 4H;

2.20-2.28, m, 2H; 3.07, s, 12H; 3 .25-3 .34 , m, 8 H, 3.51, t, 4H. 1 3 C: 14.84,

20.04, 22.75, 23.3, 29.12, 48 .81 , 58.14, 59 .67 , 62.93.

P reparation o f  4 .4 .9 .9-tetram ethvl-4 .9-d iazoniadodecan-1 .12-dio l 

d ichloride f3 2 ) . JV -tetram ethy l-l,4 -bu taned iam ine (2.00 g,

0 .00139 mol) was dissolved in aceton itrile  (75 mL). 3-C hloro-1-propanol 

(2.63 g, 0 .0278 mol) was slowly added  w ith  stirring . The reaction m ixture 

was con tinued  to  be heated  an d  stirred  a t  reflux for fou r days. The 

resu ltan t w hite pow der p rec ip ita te  was collected  by suction  filtration, 

washed w ith anhydrous e th er (3 x 30 mL), an d  d ried  u n d er high vacuum . 

NMR analysis show ed im purities present; therefore, the  m aterial was 

repeatedly  w ashed until the NMR exhibited no extraneous signals beyond 

the limits o f observable im purities. T here was thus isolated the pure 

m aterial (0.25 g, 54.3%). Calcd. for ^ 4 *1 3 4 ^ 0 2 0 2 : C 48.95%, H

10.13% Found: C 48.90%, H 10.21%. NMR (5, D2 0 ) - 1 H: 1.23-1.38, m,

8 H; 1.40-1.55, m, 4H; 1.61-1.80, br, 8 H; 2.98, s, 12H; 3.17-3.32, br, 8 H;

3.45-3.55, t, 4H. 1 3 C: 19.97, 22.63, 25.38, 26.03, 31.73, 51.30, 62.31,

63.67, 65.04.

Preparation of 7.7.12.12-tetramethvl-7.1 2-diazoniaoctadecan-l.l 8-diol
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dichloride (3 3). iV,N,N,,.N H etram ethyl-l,4 -butanediam ine ( 2 . 0 0  g, 0.0138 

mol) was dissolved in ace ton itrile  (75 mL). 6 -C hloro-l-hexanol (3.77 g, 

0.0276 mol) was slowly ad d e d  w ith stirring. The residue was collected by 

suction filtration, w ashed w ith e th e r (3 x 30 mL), an d  d ried  under high 

vacuum  (4.2 g, 73.0%). Calcd. for C2 0 H4 5 N2 O 2 CI2 ’. C 49.12% , H 10.32%

Found: C 49.27%, H 10.40%. NMR (5, D2 0) - 1 H: 1 .33-1 .47 , br, 8 H; 1.48-

1.49, br, 4H; 1.61-1.64, b r, 8 H; 3.16, s, 12H; 3.33, m, 8 H; 3.69, t, 4H.

1 3 C: 18.83, 21.48, 24.24, 24.88, 30.59, 50.15, 61.17, 62 .53 , 63.90.

Preparation o f 11 .11 .16 .16-te tram ethy l-l 1.16-diazoniahexaeicosane-l .26- 

diol d ichloride (3 4 ). iV,Ar,N',,Ar-te tram ethy l-l,4 -bu taned iam ine  (2.00 g, 

0.00139 mol) was dissolved in acetonitrile (75 mL). 10-C hloro-l-decanol 

(5.37 g, 0.0277 mol) was slowly added with stirring. The reaction  m ixture 

continued to be heated  an d  stirred  a t reflux for four days. The resu ltan t 

white pow der p recip ita te  w as collected by suction filtration , washed w ith 

anhydrous ether (3 x 30 mL), and  dried under high vacuum . NMR analysis 

showed im purities p resen t; therefore, the m aterial was repeated ly  washed 

until the  NMR exhibited no  m ore detectable im purities. In this way the 

pure  targe t m aterial was isolated (0.50 g, 68.5%). Calcd. fo r 

C28H62N2 ° 2 C12: C 4 7 -72% > H 10.01% Found: C 47.69%, H 10.21%. NMR 

( 6 , D7 0) - 1 H: 1.35-1.49, br, 12H; 1.51-1.52, br, 8 H; 1.63-1.66, br, 8 H;
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3.19, s, 12H; 3.35, m, 8H; 3.72, t, 4H. 13C: 18 .21 ,18 .52 ,18 .83 , 19.21,

19.70, 21.48, 24 .27 , 24.91, 30.66, 50.17, 61.20, 62.56, 63.94.

Preparation o f 4.4.11.1 l-te tram eth v l-4 .1 1 -d iazon ia te tradecane-1.14-diol 

dichloride (3 5). 1 ,6-dichlorohexane (1.00 g, 0 .00645 mol) was dissolved 

in absolute e thano l (75 mL). 3 -D im ethylam ino-l-propanol (1.331 g, 

0.0129 mol) was slowly added  with stirring. The reaction  m ixture was 

heated an d  s tirred  a t  reflux for two days. Volatiles w ere evaporated  u n d e r  

reduced pressure an d  d ried  u n d er high vacuum . NMR analysis showed 

im purities present; therefore, it was w ashed w ith  hexane (3 x 30 mL) an d  

dried  u n d er high vacuum  to give the p u re  m ateria l (1.8 g, 77.6%). Calcd. 

for C16H38N 202Cl2*(H 20): C 53.17%, H 10.60% Found: C 62.88%, H

10.59%. NMR (6, D20 ) - 1H: 1.23-1.38, m, 12H; 1 .38-1.51, m, 4H; 1.60-

1.75, m, 8H; 2 .90-3 .01 , s, 12H; 3.12-3.25, m, 8H; 3.45-3.58, t, 4H. 13C:

24.08, 26.83, 27.43, 27.52, 33.20, 34.08, 52.75, 63.95, 65.95, 66.22. 

Preparation o f 7 .7 .14 .14-tetram ethyl-7 .14-d iazon iaeicosan-l .20-diol 

dichloride (3 Gl.N .N .N '.N -tetram ethvl-l .6-hexanediam ine (2.00 g,

0.001161 mol) was dissolved in acetonitrile (75 mL). 6-C hloro-l-hexanol 

(3.17 g, 0.0232 mol) was slowly added w ith stirring . The reaction m ixture 

was heated  and  s tirred  a t reflux for 6 hours. Volatiles were evaporated 

under reduced  p ressu re  and  dried under high vacuum  (0.31 g, 60.1%).
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Calcd. for 0 2 2 ^ 5 0 ^ 2 ^ 2 ^ 2 *  ^  48.24%, H 10.01% Found: C 48.30%, H 

10.11%. NMR (6 , D 2 0 ) - XH: 1.28-1.32, m, 12H; 1.43-1.49, m, 4H; 1.66-

1.67, br, 8 H; 2.94, s, 12H; 3 .16-3.20, m, 8 H; 3.49, t, 4H. 1 3 C: 22.16,

24.68, 24.91, 25.50, 25.60, 31.31, 46.11, 62.08, 64.07, 64.32. 

P repara tion  o f 4 .4 .13 .13-te tram ethy l-4 .13-d iazon iahexadecan -l. 16-diol 

d ich lo ride  (3 7). 1,8-D ichlorooctane (1.00 g, 0 .00546 mol) was dissolved 

in  abso lu te  e thano l (75 mL). 3 -D im ethylam ino-l-propanol (1.13 g, 

0 .0109  mol) was slowly ad d e d  w ith stirring. The reaction  m ixture was 

h ea ted  an d  s tirred  a t reflux for th ree  days. Volatiles w ere evaporated  

u n d e r reduced pressure an d  d ried  und er high vacuum . NMR analysis 

show ed 80% com pletion o f reaction; therefo re , to the  m aterial 3- 

d im ethylam ino-1-propanol (1.13g, 0.0109 mol) in absolu te e thano l (25 

mL) was added  to the  reaction  m ixture w ith stirring  until reaction was 

m ore th an  99% com plete. In this way the p u re  target m aterial was 

iso la ted  (1.4 g, 61.4%). Calcd. for ^ 3 *1 4 4 ^ 0 2 0 2 * (H 7 0 ): C 48.75% , H

10.91% Found: C 49.19%, H 11.31%. NMR (6 , D2 0) - l H: 1.30, s, 8 H;

1.65-1.75, br, 4H; 1.85-1.95, m, 4H; 2.99, s, 12H; 3.15-3.35, d  (J= 4Hz),

8 H; 3.61, t, 4H. 1 3 C: 20.97, 24.49, 25.02, 27.11, 49.77, 58.14, 60.58,

63.35.

Preparation  of N.N.N^A/,-tetramethvl-N '.N-bis('3-hvdroxypropyl) 1.4-
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difazoniam ethyl) benzene d ibrom ide (3 8 ): a .a ’-D ibrom o-p-xylene (1.00 g, 

0 .00379 mol) was d issolved in  e thano l (75 mL). 3-D im ethylam ino-l- 

p ropanol (0 .780 g, 0 .00758 mol) was slowly ad d ed  w ith  stirring. The 

reaction  m ix ture was s tirred  a t room  tem p era tu re  fo r two days. Volatiles 

w ere evaporated  u n d e r reduced  pressure and  foam y precip itate was d ried  

u n d e r h igh vacuum  (1.25 g, 70.2%). Calcd. fo r <̂ 1 8 *1 3 4 ^ 0 2 1 ^*2 : C

45.97%, H 7.28% Found: C 45.73%, H 7.20%. NMR (5, D 2 0) - 1 H: 2.00,

m, 4H; 2.95, s, 12H; 3 .33, m, 4H; 3.57, m, 4H; 4 .52 , s, 4H; 7.61, s, 4H.

1 3 C: 25.72, 50.51, 58.82, 67.72, 67.82, 130.33, 134.27.

P reparation o f N. N. N \  N - te tra m eth  vl-N. N - bis (3 -c h lo ro p ro  p v l) - 1 ,4- 

di(azoniam ethyl)benzene_dichloride (3 9 ) . (3 8) (1 .25 g, 0.0027 mol) 

was dissolved in ch loroform  (30 mL). Thionyl ch lo ride  (excess) was slowly 

ad d ed  w ith stirring . The reaction  m ixture was s tirred  a t room  tem peratu re  

fo r four hours. Absolute e thano l was added  w ith s tirrin g  until reaction 

ceased. S tirring was con tinued  for one day. Volatiles w ere evaporated 

u n d e r reduced  pressure, w ashed with e th e r ( 3 x 3 0  mL) and  dried  u n d er 

high vacuum . (0.7 g, 61.9%). Calcd. for C1gH32N2Cl4»H20: C 41.17%, H

6.52% Found: C 41.39%, H 6 .6 8 %. NMR (5, CD3 CN) - 1 H: 2.01, m, 4H;

2.95, s, 12H; 3.38, m, 4H; 3.59, m, 4H; 4.56, s, 4H; 7.65, s, 4H. 1 3 C:

25.76, 50.54, 58.84, 67.75, 67.83, 130.35, 134.31.
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Preparation o f V .N .N \N '-tetram ethyl-jV .N -bis-r’-(3’- f r , .4 ”-diazonia-4”-(8- 

hydroxyQ ctvl)blcyclor2.2,21octylM .4-diazoniam ethvIbenzene) 

hexachloride (4 0 ) . (4) (0.89 g, 0 .0021 mol) was dissolved in  acetonitrile 

(50  mL). (3 9) (1.136g, 0 .00420 mol) was slowly ad d ed  w ith stirring. The 

reaction  m ixture was hea ted  an d  s tirred  a t reflux for th ree  days. Volatiles 

were evaporated  under reduced  p ressu re  and  the  p ro d u c t d ried  under 

high vacuum . (1.2 g, 53.8%). Calcd. for C ^ H ^ qN ^ C ^ B ^ C I ^ ^ I ^ O ) :  C 

42.08% , H 9.05% , N 6.40% Found: C 42.22%, H 9.10%, N 6.51%. NMR (6,

D20) - 13C: 18.54, 22.85, 23.19, 26 .58 , 26.86, 29.87, 21.91, 45.93,

51.46, 52.75, 53.38, 53.74, 63.54, 67.15, 69.99, 131.15, 135.60. 

P reparatiom of 4-(aM  l ”-azonia-4”-azabicvclor2.2.21octyH-a- 

(m ra)p-henvly)azonia-1 -azabicvclof2.2.21 octane d ib rom ide (41 ). a ,a ’- 

D ibrom o-p-xylene (1.00 g, 0 .00379 mol) was dissolved in  acetonitrile 

(100 mL). l,4-D iazabicyclo[2 .2 .2]octane (1.70 g, 0 .0152 mol) was slowly 

added  w ith stirring. The reaction m ixture was stirred  a t room  tem perature 

fo r one day. The resu ltan t w hite p rec ip ita te  was collected (1.4 g, 75.7%) 

by suction filtration and  w ashed w ith anhydrous e th er (3 x 30 mL), then 

dried  und er high vacuum. Calcd. for C2 o H3 ?N4Br? : C 47.44% , H 6.77%

Found: C 47.13%, H 7.01%. NMR (6, D20 ) - 1H: 3.09, t, 12H; 3.39, t,

12H; 4.48, s, 4H; 7.57, s, 4H. 13C: 43.35, 50.3, 66.58, 127.72, 132.93.
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Preparation o f p-xvlvl-1.4”-(4 -16’- ( l ”.4”-diazoniabicvclor2.2.21octane)- 

rh ex v H azo n ia )-l-azoniabicvclor2.2.21oc ta n e  d ibrom ide d ich lo ride  (42) .  

a ,a ’-D ibrom o-p-xylene (2.00 g, 0 .00758 mol) was dissolved in 

aceton itrile  (75 mL). (14) (2 .87 g, 0 .00758 mol) was slowly ad d e d  w ith  

stirring. T he reaction  m ixture was hea ted  an d  stirred  fo r one day. T he 

solution was cooled an d  w hite pow der m ateria l was collected by suc tion  

filtration, w ashed  w ith e th e r (3 x 30 mL), an d  d ried  under high vacuum . 

NMR analysis revealed  starting  m aterial was present; therefore, the 

m aterial was w ashed w ith h o t aceton itrile  (3 x 30 mL) then  w ith 

anhydrous e th e r  (3 x 30 mL), then  d ried  u n d e r  high vacuum  un til NMR 

indicated to  i t  be m ore th an  99% pure. (4.43 g, 91.0%). Calcd. fo r 

C26H44N4 Br2C12 * 7 (H20): C 4 0 -58%, H 7.60%  Found: C 40.25%, H 

7.75%. NMR (6, D20 ) - 1H: 1.36, s, 4H; 1.76, s, 4H; 3.50, s, 4H; 3 .75-

4.15, br, 24H; 4 .76-4 .90 , b r, 4H; 7.69, s, 4H. 13C: 22.71, 26.09, 52 .27 ,

52.54, 66 .34 , 69.12, 129.59, 135.52.

Preparation o f p-xvlyl-1.4”-(4-18*-( l ”.4”-diazoniabicvclor2.2.21octane>- 

1 ’octyH azonia)-1 -azoniabicvclo l~2.2.21 o c tan e  d ibrom idedirh  loride ( 4 3 ) . 

a ,a ’-D ibrom o-p-xylene (1.00 g, 0 .00379 m ol) was dissolved in 

acetonitrile  (75 mL). (15) (1 .54 g, 0 .00379 mol) was slowly added  w ith  

stirring. T he reaction  m ixture was heated  an d  stirred  for one day. The 

solution was cooled an d  the  resu ltan t w hite  pow der precipitate was
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collected by suction filtration , w ashed w ith  e th e r (3 x 30 mL), an d  d ried  

u n d e r high vacuum . NMR analysis revealed  starting  m aterial was present; 

therefore, the  m ateria l was w ashed w ith h o t acetonitrile  (3 x 30 mL) then  

w ith anhydrous e th e r (3 x 30 mL), then  d ried  u n d e r high vacuum  until the  

NMR indicated  it to  be m ore th a n  99% pure . (2.31 g, 90.9% ). Calcd. for 

c 28H48N4Br2C12 #3(H 2 ° ): C 4^-36%, H 7.50% Found: C 46.07% , H 

7.82%. NMR (6, D20 )  - XH: 1.28, br, 8H; 1.59-1.79, br, 4H; 3.40-3.53, m,

4H; 376-4.9, br, 24H; 4 .82 , s, 4H; 7.69, s, 4H. 13C: 23.61, 27.22, 30.07,

53.09, 53.50, 67.50, 69.91, 130.41, 136.33.

P reparation  o f p -xv ly l-l,4”-(4-19,- ( l w.4”-diazoniabicyclor2.2.21octane)- 

rnonyH azonia)-l-azon iab icyclo r2 .2 .21octane te trab ro m id e  (4 4 ). a ,a ’- 

D ibrom o-p-xylene (1.00 g, 0 .00379 mol) was dissolved in acetonitrile  (75 

mL). (16) (1.64 g, 0 .00379 mol) was slowly added  w ith stirring . The 

reaction  m ixture was heated  and  s tirred  for one day. The so lu tion  was 

cooled an d  the  w hite pow der p recip ita te  was collected by suction  

filtration, w ashed w ith e th er (3 x 30 mL), and  dried  u n d e r h igh  vacuum. 

NMR analysis revealed  starting  m aterial was present; therefo re , the 

m aterial was w ashed w ith  ho t acetonitrile (3 x 30 mL) then  w ith 

anhydrous e th e r (3 x 30 mL), then  dried  und er high vacuum  until NMR 

ind icated  m ore th an  99% pure. (1.4 g, 47.0%). Calcd. for 

C30H52N4 Br4 * 3(H 2O): C 43.82%, H 7.76% Found: C 47.65% , H 7.83%.
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NMR (6, D20 ) - 1H: 1.27, br, 10H; 1.72, br, 4H; 3 .35-3.52, br, 4H; 3.75,

br, 24H; 4 .82, s, 4H; 7.70, s, 4H. 13C: 22.48, 26.04, 28.83, 29.08, 51.83,

52.01, 66.29, 68.61, 129.10, 135.05.

Preparation o f p-xvlyl-1.4”-(4-f 1 0 V l”.4”-diazoniabicvclor2.2.21octane)- 

1 ’decyl lazonia)-! -azoniabicycloT2.2.21 octane d ibrom ided ich loride (4 5 ) . 

a ,a ’-D ibrom o-p-xylene (1.00 g, 0 .00379  mol) was dissolved in 

aceton itrile  (75 mL). (17) (1 .64  g, 0 .00379 mol) was slowly added  w ith 

stirring. The reaction m ixture was heated  and  stirred  for one day. The 

solution was cooled and  the  w hite  pow der precip itate  w as collected by 

suction filtration, washed w ith e th e r (3 x 30 mL), an d  d ried  u n d er high 

vacuum . NMR analysis revealed  starting  m aterial was presen t; therefore, 

the  m aterial was washed w ith ho t acetonitrile (3 x 30 mL) then  w ith 

anhydrous e th e r (3 x 30 mL), th en  dried  und er high vacuum  until the NMR 

indicated  it  to be m ore than  99% pure. (1.5 g, 57.5%). Calcd. for 

C30H52N4Br2C12# 3 (H2 ° ) : C 4 3 -S2%, H 7.76% Found: C 47.65%, H 

7.83%. NMR (6, D20 ) - 1H: 1.11-1.36, br, 12H; 1.721, br, 4H; 3.47, br,

4H; 3 .75-4.12, br, 24H; 4.82, s, 4H; 7.69, s, 4H. 13C: 22.64, 26.39, 29.31, 

29.52, 52.12, 52.29, 66.60, 68.94, 129.42, 135.34.

Preparation of m-xvlvl-1.4”-(4-f lO’- f l”.4”-diazoniabicvclor2-2.21octanel- 

1 ’decvnazonia)-l-azoniahicvclor2.2-21ortane tetrachloride (46 ). a , a ’-
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D ibrom o-m -xylene (2.1 g, 0.012 mol) was d isso lved  in acetonitrile  (75 

mL). (1 7 ) (5.22 g, 0.012 mol) was slowly a d d e d  w ith stirring. The 

reaction m ixture was heated and  s tirred  for o n e  day. The solution was 

cooled an d  the  w hite pow der precip ia te  was collected  by suction 

filtration, w ashed w ith e ther (3 x 30 mL), a n d  d ried  u n d er high vacuum  

(4.3 g, 68.0%). Calcd. fo r C30H52N4 Cl4«2(H 2 O): C 45.61%, H 7.71%

Found: C 47.69%, H 7.74%. NMR (6, Dz O) - 1H: 1.18, br, 12H; 1.48, br,

4H; 3.05, t, 4H; 4.01, br, 24H; 4.86, s, 4H; 7 .79 , br, 4H. 13C: 21.85, 25.6,

28.49, 28.69, 51.35, 51.53, 65.87, 68.26, 127.02, 131.53, 136.49, 137.50. 

P reparation o f in-xvlyl-1.4”-(4-i9 ,- ( l ” .4”-diazoniabicvclor2.2.21octanel- 

1 * non vl 1 azonia) -1 -azoniabicvclo T2.2.21 octane  d ib rom ide dichloride (47) .  

c^a’-D ibrom o-m -xylene (2.1 g, 0.012 mol) was dissolved in acetonitrile 

(75 mL). (16 ) (5.45 g, 0.012 mol) was slowly ad d e d  w ith stirring. The 

reaction m ixture was heated and  s tirred  for o n e  day. The solution was 

cooled an d  the  w hite pow der p recip ita te  was collected by suction 

filtration, w ashed w ith e ther ( 3 x 3 0  mL), an d  d ried  u n d er high vacuum  

(5.0 g, 57.0). Calcd. for C3QH5 ?N4Br2Cl2 *2(H 20): C 43.71%, H 7.71%

Found: C 47.64%, H 7.79%. NMR (6, D20) - 1H: 1.30, br, 10H; 1.75, br,

4H; 3.94, br, 24H; 4.88, s, 4H; 7.55-7.80, m, 4H. 13C: 20.82, 24.55,

27.31, 27.54, 50.51, 64.81, 66.54, 68.94.
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P reparation of m -xylvlene-1.4”-(4-{8’- ( l ”,4”- 

d iazoniab icvclor2 .2 .21octane)-l’octvH azonia)-l-

azoniabicvclor2.2.21octane te trad ich lo rid e  (4 8 ) . a ,a ’-D ibrom o-/n-xylene 

(2.1 g, 0 .012 mol) was d isso lved  in  aceton itrile  (75 mL). (1 5 ) (4.21 g, 

0.012 mol) was slowly a d d e d  w ith  stirring . The reaction m ix ture was 

hea ted  an d  stirred  for one day . T he solution was cooled an d  the  w hite 

pow der p recip itate was collected  by suction  filtration, w ashed  w ith  e th e r 

(3 x 30 mL), and dried  u n d e r  h igh  vacuum  (5.2 g, 70.0%). Calcd. for 

C2 8h 4 8 n4 c 14*(h 20): C 45.31% , H 7.35% Found: C 45.20% , H 7.40%.

NMR (6, D20 ) - 1H: 1.32, br, 8H; 1.75, b r, 4H; 3.51, t, 4H; 3 .94 , br, 12H;

4.02, br, 12H; 4.78, s, 4H, 7 .76 , b r, 4H. 13C: 20.66, 24.29, 27 .13 , 50.35,

51.31, 64.40, 67.08, 125.83, 130.34, 135.30, 136.30.

P reparation of m -xvlvlene-1.4”-(4-f6*-( 1 ”A ”- 

d iazoniabicvclor2 .2 .21octane)-lT iexynazonia)-l-

azoniabicvclor2.2.21octane te trac h lo rid e  (4 9 ) . a ,a ’-D ibrom o-m -xylene 

(2.1 g, 0 .012 mol) was dissolved in aceton itrile  (75 mL). (1 4 ) (1.43 g, 

0.012 mol) was slowly added  w ith  stirring . The reaction m ixture was 

heated  an d  stirred  for two days. The solution was cooled an d  the w hite 

pow der precipitate was collected by suction filtration, w ashed  w ith e th e r 

(3 x 30 mL), and dried  u n d er h igh  vacuum  (5.4 g, 83.0%). Calcd. for 

C26H4 4 N4 C14 * 2 (H20): C 40.44% , H 7.62% Found: C 40.39% , H 7.69%.
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NMR (6, D20) - 1H: 1.39, br, 4H; 1.79, br, 4H; 3.52, t, 4H; 3.94, br, 12H;

4.02, br, 12H; 4.86, s, 4H, 7 .78, br, 4H. 13C: 21.75, 25.17, 46.10, 51.58,

65.42, 68.24, 127.01, 128.71, 136.47, 137.51.

P reparation o f m -xvlvlene-1.4”-(4-{3’- q ”.4”- 

d iazon iab icvclo r2 .2 .21octane)-rp ropvH azon ia)-l-

azoniabicycloF2.2.21 o c tane  d ib rom ide d ich loride (5 0). a ,a ’-Dibrom o-m- 

xylene (2.1 g, 0.012 mol) was dissolved in  acetonitrile  (75 mL). (13) 

(4 .04 g, 0.012 mol) w as slowly ad d ed  w ith stirring. The reaction m ixture 

was hea ted  and  s tirred  fo r two days. The solution was cooled an d  the 

w hite pow der p recip ita te  m ateria l was collected by suction filtration, 

w ashed w ith e ther (3 x 30 mL), and  d ried  u n d er high vacuum  (3.1 g, 

57.0%). Calcd. for C2 6 H44N4Br2Cl2 *3(H20): C 40.35%, H 7.59% Found:

C 40.41%, H 7.60%. NMR (6, Dz O) - 1H: 2.45, br, 2H; 3.64, br, 4H; 4.05,

br, 24H; 4.88, s, 4H; 7 .68, br, 4H. 13C: 15.61, 51.22, 52.11, 60.86, 68.34, 

126.94, 131.58, 136.54, 137.23.

Preparation of m-xylyl-1.4”-(4 - la ”>- ( r ” .4 ,”-diazoniabicvclor2.2.21ortane)- 

q ’-p-xvlvHazonia)-! -azoniabicvclor2.2.21octane d ibrom ide dichloride 

(5 1 ). a ,a ’-D ibrom o-m -xylene (2.1 g, 0.012 mol) was dissolved in 

aceton itrile  (75 mL). (4 1 ) (3.17 g, 0.012 mol) was slowly added  with 

stirring. The reaction m ixture was heated and  stirred  for two days. The
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so lu tion  was cooled a n d  th e  w hite pow der p recip ita te  was collected by 

suction filtration, w ashed w ith e th e r (3 x 30 mL), an d  d ried  under high 

vacuum  (2.90 g, 68.0%). Calcd. fo r C2gH4QN4Br2Cl2#4(H 20): C 41.56%,

H 7.52% Found: C 40.49% , H 7.60%. NMR (6, D20 ) - 1H: 4.03, br, 24H;

4.85, b r, 8H; 7.63, br, 8H. 13C: 44.64, 51.42, 52.48, 68.40, 126.96, 

128.63, 134.12, 134.25, 134.61, 136.54.

P reparation  of m -xvlvl-1.4n-(4 -i4 ,- ( l ”.4”-diazoniabicvclor2.2.21octane)-4- 

(Z)-2,-butenvH azonia)-l-azoniabicvclor2.2 .21octane te trach lo ride  (5 2). 

a ,a ’-D ibrom o-m -xylene (2.1 g, 0.012 mol) was dissolved in acetonitrile 

(75 mL). (19) (1.5 g, 0 .012 mol) was slowly added  w ith stirring. The 

reaction  m ixture was hea ted  and  stirred  for one day. The solution was 

cooled an d  the w hite pow der p recip itate was collected by suction 

filtration, washed w ith e th e r  (3 x 30 mL), and  dried  u n d e r high vacuum 

(4.3 g, 46.0%). Calcd. fo r C24H 38N4Cl4«3(H20): C 45.58%, H 7.68%

Found: C 47.62%, H 7.70%. NMR (6, D20) - 1H: 1.18, br, 12H; 1.48, br,

4H; 3.05, t, 4H; 4.01, b r, 24H; 4.86, s, 4H; 7.79, br, 4H. 13C: 21.85, 25.6,

28.49, 28.69, 51.35, 51.53, 65.87, 68.26, 127.02, 131.53, 136.49, 137.50. 

P reparation of m -(2 .2 .7 .7 -te tram eth .vl-2.7-diazoniaoctvlenyl)benzene 

d ichloride (5 3 ). a ,a ’-D ibrom o-m -xylene (2.1 g, 0 .012 mol) was dissolved 

in acetonitrile  (75 mL). N ,N ,N ',N -tetram ethylbutanediam ine (1.73 g,
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0.012  m ol) was slowly added  w ith  stirring . The reaction m ix ture  was 

h e a te d  an d  s tirred  for two days. The so lu tion  was cooled an d  the  white 

po w d er p rec ip ita te  was collected by suction  filtration, w ashed  w ith e th e r 

(3 x 30  mL), an d  d ried  u n d er high  vacuum  (4.1 g, 93.0%). Calcd. for 

C16H2 8 N4 C12 * (H2 ° ) : C 40.35% , H 7.59%  Found: C 40.41% , H 7.60%. 

NMR (6, D20 ) - 1H: 1.99, br, 4H; 3.05, s, 12H; 3.50, br, 4H; 4.60, s, 4H;

7.70, b r, 4H. 13C: 18.59, 48.56, 63.18, 66.75, 127.26, 129.32, 134.37, 

136.38.

P repara tion o f m -f2 .2 .9 .9-tetram ethv l-2 ,9 -d iazon iadecelenvn  benzene 

d ich lo ride  (5 4 ) . a ,a ’-D ibrom o-m -xylene (2.1 g, 0.012 mol) was dissolved 

in ace ton itrile  (75 mL). N,N,N ',./V-tetramethylhexanediainine (2.01 g,

0.012 m ol) was slowly added  w ith  stirring . The reaction m ixture was 

h ea ted  a n d  s tirred  for two days. The solution was cooled an d  th e  white 

pow der p rec ip ita te  was collected by suction  filtration, w ashed  w ith e th e r 

(3 x 30  mL), and  d ried  u n d er high  vacuum  (1.1 g, 58.0%). Calcd. for 

C18H3 2 N4 C12 * (H2 ° ) : C 40.41% , H 7.54% Found: C 40.45% , H 7.59%.

NMR (6, D20 ) - 1H: 1.43, br, 4H; 1.89, b r, 4H; 3.01, s, 12H; 3.34, t, 4H;

4.54, s, 4H, 7.72, br, 4H. 13C: 22.43, 25.48, 49.89, 65.10, 67.68, 128.67, 

130.50, 135.57, 137.54.

P reparation  o f o-xvIvl-1.4”-(4-f 10 ,- ( l ”.4”-diazoniabicvclor2.2.21octanei-
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rdecvH azcm ial-l-azpn iab icvclo r2 .2 .21octane te trach lo ride  (5 5L a,a’- 

D ibrom o-o-xylene (2.1 g, 0 .012  m ol) was dissolved in aceton itrile  (75 

mL). (1 7 ) (5.22 g, 0.012 moi) w as slowly added  w ith stirring. The 

reac tion  m ixture was heated  a n d  s tir re d  for one day. The solu tion  was 

cooled an d  the w hite pow der p rec ip ita te  was collected by suction  

filtra tion , w ashed with e th e r (3 x 30  mL), and  d ried  u n d er high vacuum  

(4.3 g, 69.0% ). Calcd. for C^QH^2hl4Cl4*2(H20): C 45.42%, H 7.65%

Found: C 47.49%, H 7.70%. NMR (6, D20 )  - 1H: 1.22, br, 12H; 1.66, br,

4H; 3 .42 , br, 4H; 3.84, br, 12H; 3 .98 , br, 12H; 5.06 s, 4H. 13C: 22.25,

26 .00, 28.97, 29.08, 51.53, 51 .76 , 65 .02 , 66.22, 127.29, 133.81, 137.01. 

P reparation  of o-xvlvl-1.4”-(4 -f9» -(rL 4”-diazoniabicvclor2.2.21octane)-l 

nonyH azonia)-l-azon iab icyclof2 .2 .2 ]octane tetrachloride. (5 6L a ,a ’- 

D ibrom o-o-xylene (2.1 g, 0 .012  mol) was dissolved in aceton itrile  (75 

mL). (1 6 ) (5.05 g, 0.012 mol) w as slowly added  w ith stirring. The 

reaction  m ixture was heated a n d  s tirred  for one day. The solution was 

cooled an d  the  w hite pow der p rec ip ita te  was collected by suction 

filtration , w ashed with e ther (3 x 30 mL), and  dried  under high vacuum  

(3.9 g, 65.0%). Calcd. for C2gH5QN4Cl4*(H20): C 45.31%, H 7.60%

Found: C 47.37%, H 7.65%. NMR (6, D20 ) - 1H: 1.26, br, 10H; 1.69, br,

4H; 3 .46 , br, 4H; 3.88, br, 12H; 4 .02 , br, 12H; 5.10, s, 4H, 7.77, s 4H.
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1 3 C: 22.06, 25.76, 28.57, 28 .80 , 51.39, 51.63, 65.29, 66 .05 , 127.12,

133.66, 136.64.

Preparation o f  1.1 ’-hiphenvlvlm ethvlene-l ”.4””-(4’M 9”’-(' 1 ””.4 ””- 

diazoniabicvc Io f2 .2 . 2 1  o c tan e) - 1  non vl? azon ia) - 1  - 

azoniabicvclor2.2.2]octane te trab ro m id e  ( 5  7). 2 ,2’-B is-brom om ethyl- 

l ,r -b ip h e n y l (4.08 g, 0 .012 mol) was dissolved in aceton itrile  (75 mL). 

(1 6 ) (6.12 g, 0.012 mol) was slowly added  w ith stirring. The reaction  

m ixture was heated  and  s tirred  for one day. The solution was cooled and 

the  w hite pow der p recip ita te  w as collected by suction filtration , w ashed 

with e th er (3 x 30 mL), and  d ried  u nder high vacuum  (7.8 g, 77.0%). 

Calcd. for C3 5 H 5 4 N4 Br4 *3(H 2 0 ): C 43.55%, H 7.41% Found: C 47.60%,

H 7.46%. NMR (6 , D2 0 ) - 1 H: 1.19, br, 10H; 1.61, br, 4H; 3.96-3.72, br,

28H; 4.18, d  (J=14 Hz), 2H; 4 .84 , d  (J=14 Hz), 2H. 1 3 C: 21.14, 24.86,

27.65, 29.22, 43.92, 50.73, 65 .06 , 65.68, 122.29, 125.61, 129.77, 132.77, 

134.47, 141.08.

Preparation o f l.r-h iphenv lv lm ethv lene-1  ”.4””-('4”- n 0 ”>- n  ”».4 »”- 

diazQ niabicvclor2.2.21octanei-l,”decvH azoniai-l- 

azoniabicvclor2.2.21octane d ib rom ide dichloride 05 8 ) . 2 ,2 ’-Bis- 

brom om ethyl-1,1 ’-biphenyl (4.08 g, 0.012 mol) was dissolved in 

acetonitrile (75 mL). (17) (5.22 g, 0.012 mol) was slowly added  with
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stirring . The reaction  m ixture w as hea ted  and  stirred  for th ree  days. The 

so lu tion  was cooled an d  the  w h ite  pow der p recip ita te  was collected by  

suction filtration, w ashed w ith e th e r  (3 x 30 mL), and  d ried  u n d e r high 

vacuum  (4.37 g, 47.0%). Calcd. fo r  C3 6 H5 6 N4 Br2 Cl2 » 3 (H 2 0 ): C 43.40% ,

H 7.35% Found: C 47.39%, H 7.41% . NMR (6 , D2 0 ) - 1 H: 1.20, b r, 12H;

1.62, br, 4H; 3.11-3.71, br, 28H; 4 .16 , d  0 = 1 4  Hz), 2H; 4.81, d  0 = 1 4

Hz), 2H, 7.55, m, 8 H. 1 3 C: 23.29, 27.03, 29.88, 30.13, 46.03, 52.90,

67.26, 67.86, 124.46, 127.87, 129 .77 , 131.94, 134.94, 136.65, 143.25. 

P reparation  o f l .r -b ip h e n v ly lm e th y le n e -l’’,4””-(4”-U 2 ’”- q ””.4””- 

d iazoniabicyclor2 . 2 .2 1 o c ta n e )- l”’dodecyH azonia)-l- 

azoniabicyclor2.2.21octane te trab ro m id e  (5 9): 2 .2 ’- 2 ,2’-bis- 

b rom om ethyl-1,1’-biphenyl (4 .08 g, 0.012 mol) was dissolved in 

aceton itrile  (75 mL). (18 ) (6.62 g, 0.012 mol) was slowly ad d ed  w ith 

stirring. The reaction m ixture was hea ted  and  stirred  for two days. The 

solu tion  was cooled an d  the  w hite  pow der precip itate  was collected by 

suction filtration, washed with e th e r  (3 x 30 mL), and  d ried  u n d er high 

vacuum  (6.10 g, 57.0%). Calcd. fo r C3 gHgQN4 Br4 * 2 (H? 0 ): C 43.76% , H

7.65% Found: C 47.81%, H 7.62%. NMR (5, D2 0 ) - 1 H: 1.13, br, 16H;

1.59, br, 4H; 3.21-3.69, br, 28H; 4 .14 , d (/= 14 Hz), 2H; 4.81, d  (/=  14

Hz), 2H, 7.51-7.72, m, 8 H. 1 3 C: 23.06, 26.84, 29.77, 30.12, 30.20, 45.70,
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52.65, 67.05, 67.71, 127.63, 131.71, 134.70, 137.25, 143.01.

Preparation o f 2,2,-(2”.2”.6”.6”-te tram ethy l-2”.6”diazoniaheptv lenvn-

l .r -b ip h e n y l d ib rom ide (6 0 ): 2 ,2’-B is-b rom om ethy l-l,l’-b iphenyl (4.08 

g, 0.012 mol) was dissolved in  aceton itrile  (75 mL). N,N,N’,N ’- 

te tram ethylpropanediam ine (1.56 g, 0 . 0 1 2  mol) was slowly added  w ith 

stirring. The reaction  m ixture was heated  an d  s tirred  fo r two days. The 

solution was cooled an d  th e  w hite  pow der p recip ita te  was collected by 

suction filtration, w ashed w ith e th e r  (3 x 30 mL), an d  d ried  u n d er high 

vacuum  (5.13 g, 91.0% ). Calcd. fo r C2 iH 3 QN2 Br2 # (H 2 0 ): C 44.16%, H

7.25% Found: C 44.25% , H 7.30%. NMR (6 , D 2 0) - l H: 1.73, br, 2H; 2.89,

br, 4H; 3.07, s, 6 H; 3.19, s, 6 H; 4.78, br, 4H, 6 .12-7.79, m, 8 H. 1 3 C:

17.57, 51.50, 56.12, 61.89, 66.02, 126.75, 129.67, 131.34, 133.58, 

134.93, 141.19.

Preparation o f 2 .2 ,-(2 ”.2”.7”.7”-te tram ethy l-2”.7”diazoniaoctvlenvn-1 1 

biphenyl dibrom ide (6 1 ): 2 .2>-B is-b rom om ethv l-l.l,-bipheny1 (4.08 g, 

0.012 mol) was dissolved in  aceton itrile  (75 mL). N,N,N*,N’- 

te tram ethylbutanediam ine (1.73 g, 0.012 mol) was slowly added  w ith 

stirring. The reaction m ixture was heated  an d  stirred  for th ree  days. The 

solution was cooled an d  the  w hite pow der p recip ita te  was collected by 

suction filtration, w ashed w ith e th e r (3 x 30 mL), and  d ried  und er high 

vacuum  (4.64 g, 80.0%). Calcd. fo r C 22H 32N ?Br?*(H ?0): C 46.17%, H
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7.41% Found: C 46.20%, H 7.45%. NMR (5, D2 0 ) - 1 H: 2.13, br, 4H; 3.03,

b r, 6 H; 3.13, s, 6 H; 3.39, s, 4H; 3.90, br, 4H, 7.48-7.63, m, 8 H. 1 3 C:

22.95, 51.79, 52.93, 65.99, 67.10, 128.68, 130.11, 130.32, 132.66, 

132.97, 142.08.

Preparation  of_4,4!-(2,\ 2 ”.7”.7”-te tram ethv l-2”.7”d iazo n iao c tv len v l)-l.l’- 

biphenvl dichloride (6 2 ): 4 .4 ”-B is-b rom om ethy l-l.l’-biphenyl (4.08 g, 

0.012 mol) was dissolved in  acetonitrile  (75 mL). N,N,N’,iV'- 

tetram ethylbutanediam ine (1.73 g, 0.012 mol) was slowly added  w ith 

stirring. The reaction  m ixture was heated  and  stirred  for one day. The 

solution was cooled an d  th e  w hite pow der p recip ita te  was collected by 

suction filtration, w ashed w ith e th e r  (3 x 30 mL), an d  dried  u n d er high 

vacuum  (4.03 g, 85.0%). Calcd. fo r C2 2 H3 2 N2 C12 «(H 2 0): C 46.71% , H

7.75% Found: C 46.69%, H 7.70%. NMR (6 , D 2 0 ) - 1 H: 2.30, br, 4H; 3.05,

s, 12H; 3.41, br, 4H; 4.55, s, 4H; 7.63, AA’BB’, 8 H. 1 3 C: 18.68, 51.28,

62.33, 69.99, 128.11, 129.44, 135.19, 143.44.

Preparation o f 4 .4 ,-(2 ”.2”.7”.7”-te tram ethv l-2”.7”d iazoniaoctv lenvn-l .!»- 

biphenyl d ichloride (63): 4 .4”-B is-b rom om ethy l-l.r-b ipheny l (4.08 g, 

0.012 mol) was dissolved in acetonitrile  (75 mL). N,N,N’,N’- 

tetram ethylhexanediam ine (2.06 g, 0 . 0 1 2  mol) was slowly added  w ith 

stirring. The reaction m ixture was heated  and  stirred  for two days. The
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solution was cooled an d  th e  w hite powder p recip ita te  was collected by 

suction filtration, w ashed w ith e th e r (3 x 30 mL), an d  d ried  und er high 

vacuum  (3.35 g, 66.0%). Calcd. for C2 4 H3 6 N2 C12 *(H 2 0 ): C 47.25%, H

7.81% Found: C 47.39%, H 7.84%. NMR (6 , D 2 0 ) - 1 H: 1.41, br, 4H; 1.86,

br, 4H; 2.97, s, 12H; 3.28, br, 4H; 4.65, s, 4H, 7.67, AA’BB’, 8 H. 1 3 C:

22.24, 25.48, 49.72, 64.64, 67.56, 127.15, 127.86, 133.72, 141.85. 

Preparation o f p-(2 ,2 ,6 .6-tetram ethvl-2.6-diazoniaheptylenylbenzene 

dihrom ide (641: a .a ’-D ibrom o-p-xvlene (2.64 g, 0.01 mol) was dissolved 

in acetonitrile (75 mL). N,N,N ’,N’-tetrame thylpropanediam ine (1.3 g, 0.01 

mol) was slowly added  w ith stirring. The reaction m ixture was heated and  

s tirred  for one day. The solution was cooled an d  the  w hite pow der 

precip itate  was collected by suction filtration, w ashed w ith  e th e r (3 x 30 

mL), an d  d ried  u n d er high vacuum  (3.50 g, 89.0%). Calcd. for 

C1 5 H2 6 N2 Br2 *(H 2 0 ): C 47.62%, H 7.61% Found: C 47.59% , H 7.70%.

NMR (6 , D2 0 ) - 1 H: 2.30, br, 4H; 3.05, s, 12H; 3.41, br, 4H; 4.55, s, 4H;

7.63, AA’BB’, 8 H. 1 3 C: 18.68, 51.28, 62.33, 69.99, 128.11, 129.44,

135.19, 143.44.

Preparation of p-f 2 .2 .7 .7-tetram ethvl-2.7-diazoniaoctylenvlbenzene 

dihrom ide (65): a .a ’-D ibrom o-p-xvlene (2.64 g, 0.01 mol) was dissolved 

in acetonitrile (75 mL). N,N,N’,N M etram ethylbutanediarnine (1.44 g, 0.01
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mol) was slowly added  w ith stirring . The reaction m ixture was hea ted  and 

s tir re d  fo r one day. The solution was cooled and  the  w hite pow der 

p rec ip ita te  was collected by suction  filtration , washed w ith  e th e r  ( 3  x 30 

mL), a n d  d ried  u n d er high vacuum  (3.47 g, 85.0%). Calcd. for 

c 16H2 8 N2Br2*3 (H2 ° ): C 4 1 -57%, H 7.41% Found: C 41.65% , H 7.25%. 

NMR (6 , D2 0 ) - 1 H: 1.87-2.15, br, 4H, 3.02, s, 12H, 3 .47-3.52, br, 4H,

4 .53, s, 4H, 7.65, s, 4H. 1 3 C: 18.17, 48.38, 62.45, 66.14, 128.27, 133.43.

P reparation  o f p-(2 .2 .9 .9-tetram ethvl-2 .9-diazoniadecylenvlbenzene 

d ib rom ide (6 6 ): a .a ’-D ibrom o-p-xylene (2.64 g, 0.01 mol) was dissolved 

in  aceton itrile  (75 mL). N,N,N’,N’-tetram ethylhexanediam ine (1.72 g, 0.01 

mol) was slowly added  w ith stirring . The reaction m ixture was heated  and 

s tirred  for one day. The solution was cooled and the  w hite pow der 

p rec ip ita te  was collected by suction  filtration , washed w ith e th e r  (3 x 30 

mL), a n d  d ried  und er high vacuum  (3.44 g, 79.0%). Calcd. fo r 

C18H3 2 N2Br2*2 (H2 ° ) : C 45.77%, H 7.68% Found: C 45.43% , H 7.95%. 

NMR (6 , D2 0 ) - 1 H: 1.40, br, 4H, 1.86, br, 4H, 2.96, s, 12H, 3.29, br, 4H,

4.26, s, 4H, 7.61, s, 4H. 1 3 C: 21.52, 24.72, 48.99, 64.26, 66.41, 129.11,

133.03.

P reparation  o f 4 .4 .8 .8-tetram ethvl-4 .8-diazoniacvclononene d ichloride 

(6 7 ). cis-l,4-D ichloro-2-butene (4 .00  g, 0.032 mol) was dissolved in
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ace ton itrile  (75 mL). N ,N ,A T,N '-tetram ethyl-l,3-propanediam ine (4.16 g, 

0.03 2mol) was slowly ad d ed  w ith stirring . The reaction  m ixture continued  

to  be hea ted  an d  s tirred  for th ree  days. T he solu tion  was cooled and  the  

w hite  pow der p recip ita te  was collected by  suction  filtration, washed w ith 

e th e r  (3 x 30 mL), an d  d ried  u n d e r high vacuum  (8.5 g, 82.5%). Calcd. for 

c 11h 24n 2C12*2H2 ° : c  51 -24%> H 10.41% Found: C 51.17%, H 10.52%. 

NMR (6 , D2 0 ) - 1 H: 1.36, s, 4H; 1.76, s, 4H; 3.02, s, 12H; 3.21-3.35, m,

4H; 4 .03  - 4.12, d(4H z), 4H; 6.20-6.3, m , 2H. 1 3 C: 21.51, 24.70, 49.67,

59.77, 63.84, 126.33.

P reparation  o f 4 ,4 .9 .9-tetram ethvl-4 ,9-diazoniacvclodecene dichloride 

168). c is-l,4 -D ichloro-2-butene (3.0 g, 0 .0024  mol) was dissolved in 

aceton itrile  (75 mL). N,N,AT,NM :etramethyl-l,4-butanediamine (3.46 g, 

0.0024m ol) was slowly added  w ith  stirring. The reaction  m ixture 

con tinued  to be heated  an d  s tirred  for fou r days. The solution was cooled 

an d  th e  w hite pow der p recip ita te  was collected by suction filtration, 

w ashed w ith e th e r (3 x 30 mL), an d  d ried  u n d er high vacuum  (0.41 g, 

63.1%). Calcd. for C1 2 H 2 6 N2 C12 »H 2 0: C 50.17%, H 9.82% Found: C

50.22% , H 9.74%. NMR (6 , D2 0 ) - XH: 1.85, br, 4H; 3.03, s, 12H; 3.42, br,

4H; 4 .12 , d , 4H; 6 .21-6.34, m, 2H. 1 3 C: 21.51, 52.89, 62.80, 65.75,

129.12.
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Preparation  o f (Z )-l.l.8 .8 -te tram ethv l-l,8 -d iazon iacvclododec-3 -ene  

d ich lo ride  (6 9 ). c is-l,4 -D ich loro-2-bu tene (4.32 g, 0 .0346  mol) was 

dissolved in  acetonitrile  (75 mL). N,N,N’,N '-te tram ethy l- 1 ,6 - 

hexanediam ine (5.96 g, 0.0346m ol) was slowly added  w ith stirring. The 

reaction  m ixture con tinued  to be heated  an d  s tirred  for one day. The 

solu tion  was cooled a n d  th e  w hite pow der p rec ip ita te  was collected by 

suction filtration, w ashed w ith e th e r (3 x 30 mL), and  d ried  und er high 

vacuum  (9.5 g, 82.5%). Calcd. for C1 4 H 3 0 N2 Cl2 *2H 2 O: C 50.44%, H

10.28% Found: C 50.27%, H 10.41%. NMR (6 , Dz O) - 1 H: 1.36, s, 4H;

1.76, s, 4H; 3.02, s, 12H; 3.21-3.35, m, 4H; 4 .03-4 .12 , d  (J= 4  Hz), 4H;

6.20-6.3 , m, 2H. 1 3 C: 21.51, 24.70, 49.67, 59.77, 63.84, 126.33.

P renaration o f 4 .4 .8 .8-tetram ethvl-4 .8-diazoniacyclononve dichloride

( 7 0 ) . c/s-1,4-D ichloro-2-butyne (4.0 g, 0 .0325 mol) was dissolved in 

aceton itrile  (75 mL). N,N,N’,N ’-tetra.m ethyl-1,3-propanediam ine (4.23 g, 

0.03 25mol) was slowly added  w ith stirring. The reaction  m ixture 

con tinued  to  be hea ted  an d  stirred  fo r one day. The solution was cooled 

and  the  w hite pow der precip itate was collected by suction filtration, 

w ashed w ith e th er (3 x 30 mL), and  d ried  u n d er high vacuum  (7.3 g, 89.2 

%). Calcd. fo r ^ H ^ N ^ l ^ ^ O :  C 47.33%, H 5.78% Found: C

47.51%, H 5.62%. NMR (6 , D2 Q) - 1 H: 2.26, m, 2H; 3.23, s, 12H; 3.52, m,
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4H; 4 .65, s, 4H. 1 3 C: 16.24, 49 .77 , 50 .39 , 59.82, 79.03.

P reparation o f  4 .4 .9 .9-tetram ethvl-4 .9-diazoniacvclodecvne d ich loride

(7 1 ). c is-l,4 -D ich loro-2-bu tyne (4.0 g, 0 .0325 mol) was d issolved in 

acetonitrile  (75 mL). N ^A ^iV M :etram ethyl-l,4 -butanediam ine (4.69 g, 

0 .0325mol) was slowly added  w ith  stirring . The reaction m ixture 

continued  to  be h ea ted  an d  s tirred  fo r one  day. The solu tion  was cooled 

and  the  w hite pow der p recip ita te  was collected by suction filtration , 

washed w ith e th e r  (3 x 30 mL), a n d  d ried  u n d e r high vacuum  (11.9 g, 

90.0%). Calcd. for C12H24N2C12 #3H2 ° : c  4 4 -86%> H 9.41% Found: C 

44.91%, H 9.42%. NMR (6 , Dz O) - 1 H: 1.86, br, 4H; 3.16, s, 12H; 3.49, br,

4H; 4.44, s, 4H. 1 3 C: 20.87, 51.98, 56.28, 65.41, 81.35.

Preparation o f 4.4.11.1 l-te tram ethyl-4 .11-d iazoniacyclododecvne 

dichloride (7 2 ) . c is-l,4 -D ich lo ro -2 -bu tyne (4.0 g, 0 .0325 mol) was 

dissolved in aceton itrile  (75 mL). N , AT-tetramethy 1-1,6- 

hexanediam ine (5.60 g, 0.0325m ol) was slowly added  w ith stirring . The 

reaction m ixture con tinued  to be hea ted  a n d  stirred  for one day. The 

solution was cooled an d  the  w hite pow der precip itate was collected by 

suction filtration, w ashed with e th e r  (3 x 30 mL), and  d ried  u n d e r high 

vacuum  (8.5 g, 89.1%). Calcd. fo r C 1 4 H 2 gN 2 Cl2 * 2 H7 0 : C 50.75%, H

9.74% Found: C 50.61%, H 9.70%. NMR (6 , D 7 0 ) - 1 H: 1.39, br, 4H; 1.77,
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br, 4H; 3.13, s, 12H; 3.39, m, 4H; 4.39, s, 4H. 1 3 C: 21.23, 24.28, 49.61, 

53.4, 63.94, 78.87.

P reparation  o f 1.4-but-2-vnevlv l - r .4 ’”-(4 ’f8”- ( r ”.4”’- 

diazo niabicyclo 12. 2 . 2 1 o c tan e ) - 1 ’’-octvl 1 azon ia - 1  >-

azoniabicyclof2 .2 .21 octane te trach lo rid e  (73 ). cis-l,4 -D ichloro-2-butyne 

(1.0 g, 0 .00813 mol) was d issolved in acetonitrile  (75 mL). (15) (3 .3 lg , 

0.00813 mol) was dissolved in ace ton itrile  (50 mL) an d  was slowly added  

w ith stirring. The reaction  m ix ture continued to be hea ted  an d  stirred  for 

th ree  days. The so lu tion  was cooled and  the  w hite pow der precip itate was 

collected by suction  filtration , w ashed  w ith e th e r (3 x 30 mL), and  dried 

u n d e r high vacuum . The m aterial was repeatedly  w ashed un til the NMR 

exhib ited  no  detec tab le  im purities (3.8 g, 87.0%). Calcd. fo r 

C2 4 H 4 4 N4 C14 «H 2 0 : C 52.86%, H 8.45% Found: C 52.23%, H 8.77%.

NMR (6 , D 2 0 ) - 1 H: 1.33, br, 8 H; 1.78, br, 4H; 3.55, m, 4H; 4.01, m, 12H;

4.12, m, 12H; 4 .79, s, 4H. 1 3 C: 20 .63, 24.21, 27.06, 50.23, 50.84, 64.52,

79.29.

P reparation  o f 1 .4 -bu t-2 -vnev lv l-l’.4 ’”-(4T9”-n  ’”.4’”- 

d iazoniabicvclo f 2 .2 . 2 1  o c tan e ) - 1  "-nonvU azonia-1 *-

azoniabicyclor2.2.21octane d ib rom ide  dichloride (7 4 ): cis-1,4-D ichloro- 

2 -bu tyne (1.0 g, 0.00813 mol) w as dissolved in aceton itrile  (75 mL). (16)
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(4.14g, 0.00813 mol) was dissolved in acetonitrile (50 mL) an d  was slowly 

added  w ith stirring. The reaction  m ixture continued  to be heated  and  

s tirred  for four days. The so lu tion  was cooled an d  the w hite pow der 

p rec ip ita te  was collected by suction  filtration, w ashed w ith e th e r (3 x 30 

mL), an d  d ried  under high vacuum . The m aterial was repeated ly  washed 

un til NMR exhibited no detec tab le  im purities (3.76 g, 73.0%). Calcd. for 

C25H46N4 Br2CI2#2H2 ° : C 52.79%, H 8.83% Found: C 52.81%, H 8.87%. 

NMR (6 , D2 0 ) - 1 H: 1.30, br, 10H; 1.77, br, 4H; 3.57, br, 4H; 4.01, br,

12H; 4.12, br, 12H; 4.80, s, 4H. 1 3 C: 20.48, 24.12, 26.88, 27.04, 50.31, 

50.75, 53.77, 64.39, 79.28.

Preparation  o f  1.4-but-2-yneylyl-l».4”»-(4’f lO M l”».4”>- 

diazoniabicvclor2 .2 .21octane)-l”-decvH azpnia-l’-

azoniabicyclor2.2.21octane te trach lo ride  (7 5 ) : cis-l,4-D ichloro-2-butyne 

(1.0 g, 0.00813 mol) was dissolved in acetonitrile (75 mL). (17) (4 .5 lg , 

0.00813 mol) was dissolved in acetonitrile (50 mL) and  was slowly added 

w ith stirring. The reaction m ixture continued to be heated  and  stirred  for 

four days. The solution was cooled and  the w hite pow der p recip itate was 

collected by suction filtration, w ashed with e th e r (3 x 30 mL), and  dried 

u nder high vacuum. The m aterial was repeatedly w ashed until NMR 

exhibited  no detectable im purities (3.45 g, 76.0%). Calcd. for 

C26H4 8 N4C14 #2H20: C 5 2 -6 5%, H 8.71% Found: C 52.68%, H 8.80%.
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NMR (6 , D2 0 ) - 1 H: 1.23-1.45, br, 12H; 1.76, br, 4H; 3.51, br, 4H; 3.99,

br, 12H; 4 .12 , br, 12H; 4.78, s, 4H. 1 3 C: 21.89, 25.61, 28.53, 28.73,

51.46, 52.09, 55.01, 65.86, 80.52.

P reparation  o f  1.4-bu t-2 -vnev lv l-l,.4”,-(4 ,?12”- ( l ”,.4,w- 

diazoniabicvclo \2 .2 . 2 1  octane) - 1  ’’-dodecvliazonia - 1  >- 

azoniabicycloT2.2.21 octane d ib rom ide d ich loride (7 6 ) : cis-l,4-D ichloro- 

2-butyne (1.0 g, 0.00813 mol) was dissolved in aceton itrile  (75 mL). (18) 

(4.49g, 0 .00813 mol) was dissolved in acetonitrile  (50 mL) an d  was slowly 

added w ith  stirring. The reaction  m ixture continued to be h ea ted  and 

stirred  for five days. The solution was cooled an d  the  w hite pow der 

p recip itate was collected by suction filtration , w ashed w ith  e th e r  (3 x 30 

mL), and  d ried  und er high vacuum . M aterial was repeated ly  washed until 

NMR exhib ited  no detectable im purities (4.11 g, 72.0%). Calcd. for 

c 28H52N4 Br2c l2 #2H20: c  52.89%, H 8 .6 6 % Found: C 52.86%, H 8.71%. 

NMR (6 , D2 0 ) - 1 H: 1.08-1.28, br, 18H; 1.73, br, 4H; 3.51, br, 4H; 3.99,

br, 12H; 4.08, br, 12H; 4.76, s, 4H. 1 3 C: 23.68, 27.39, 30.30, 30.63,

30.71, 53.49, 53.92, 56.88, 67.68, 82.41.

P reparation o f  1.1.8.8-retram ethvl-1.8-diazoniacyclo-14-decane 

dichloride (7 7). N,N,N’,N H etram eth y l-l,6 -hexanediam ine (1.0 g,

0.00580 mol) was dissolved in e thy laceta te  (75 mL). 1,6-Dichlorohexane
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(0.90 g, 0 .00580 mol) was slowly added  w ith  stirring . The reaction 

m ixture con tinued  to  be heated  an d  s tirred  fo r six days. The solution was 

cooled a n d  the  w hite pow der p recip ita te  was collected by suction 

filtration, w ashed w ith  e th e r  (3 x 30 mL), a n d  d ried  u n d er high vacuum  

(1.63 g, 85.8%). Calcd. fo r C 1 6 H 3 6 N2 C12 *2H 2 0 : C 50.14%, H 10.82%

Found: C 49.89%, H 11.03%. NMR (6 , D2 0 )  - 1 H: 1.34, br, 10H; 1.82, br,

8 H; 2.96, s, 12H; 3 .23, br, 8 H. 1 3 C: 23.19, 26.53, 51.54, 65.37.

P reparation o f 1 .1 .8 .8 -tetram ethyl-1.8-diazoniacvclohexadecane 

d ib rom ide (7 8 ). N,N,N \N  -te tram eth y  1-1,6 -hexanediam ine (1.0 g, 

0 .00580 mol) was dissolved in  e thy l ace ta te  (75 mL). 1,8-D ibrom ooctane 

(1.58 g, 0 .00580 mol) was slowly added  w ith  stirring . The reaction 

m ixture con tinued  to  be heated  and  s tirred  fo r six days. The solution was 

cooled an d  th e  w hite pow der p recip ita te  was collected by suction 

filtration, w ashed w ith e th e r  (3 x 30 mL), an d  d ried  u n d er high vacuum  

(2.12 g, 82.5%). Calcd. fo r C 1 8 H4 0 N2 Br2 *2H 2 O: C 50.14%, H 10.82%

Found: C 49.89%, H 11.03%. NMR (6 , DzO) - 1 H: 1.24-1.44, br, 12H;

1.68, br, 8 H; 2.96, s, 12H; 3.20, br, 8 H. 1 3 C: 20.16, 20.19, 23.50, 23.71, 

26.28, 48.58, 62.26, 62.57.

Preparation o f l.l,8 .8 -te tram ethy l-1 .8 -d iazon iacvclohep tadecane 

d ih rom ide f7 9 ). N ,N ,N ',JV-tetram ethyl-l,6 -hexanediam ine (1.0 g,
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0 .00580  mol) was dissolved in e thy l acetate  (75 mL). 1 ,9-D ibrom ononane 

(1.66 g, 0 .00580 mol) was slowly ad d e d  with stirring. The reaction  

m ixture con tinued  to be h ea ted  an d  s tirred  for one day. The solution was 

cooled an d  the  white pow der p rec ip ita te  was collected by  suction 

filtration, w ashed with e th e r (3 x 30 mL), and  dried u n d e r high vacuum  

(1.91 g, 73.2%). Calcd. fo r C 1 9 H3 4 N2 Br2 « 2 H2 0 : C 50.14%, H 10.82%

Found: C 49.89%, H 11.03%. NMR (6 , D2 0) - 1 H: 1.21-1.40, br, 14H;

1.68, br, 8 H; 2.96, s, 12H; 3 .17-3.2, b r, 8 H. 1 3 C: 22.39, 22.43, 25.72,

26.03, 28.67, 28.84, 50.87, 64.44, 64.81.

P reparation  o f l,l,6 ,6 -te tram ethy l-1 .6 -d iazon iacvclo te tradecane 

d ich loride (8 0 ). -te tram e th y l-1,4-butanediam ine (1.0 g,

0 .00693m ol) was dissolved in  e thy l aceta te  (15 mL). 1,8-D ibrom ooctane
\  '

(1.89 g, 0 .00693 mol) was dissolved in  ethylacetate (15 mL) an d  was 

slowly ad d ed  with stirring to  the  solution. The reaction m ixture continued  

to be h ea ted  and  stirred  for ten  days. The solution was cooled an d  the 

w hite pow der precipitate was collected by suction filtration, w ashed w ith 

e th e r (3 x  30 mL) and  dried  u n d er h igh  vacuum  (1.14 g, 83.2%). Calcd. 

for C1 6 H 3 6 N2 Br2 * 2 H2 0 : C 40.86% , H 9.00% Found: C 40.51%, H 9.02%.

NMR (6 , D 2 0 ) - 1 H: 1.55, br, 8 H; 1.62-1.85, br, 8 H; 3.00, s, 12H; 3.16-

3.38, br, 8 H. 1 3 C: 19.13, 21.80, 25.25, 27.89, 50.38, 62.91, 64.35.
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Preparation o f l.l,5 ,5 -te tram eth v l-l,5 -d iazo n iacv c lo p en tad ecan e  

d ibrom ide (81 ). ^A T ,N ^N -tetram ethyl-l,4-butanediam ine (1.0 g, 0.0069 

mol) was dissolved in  e th y l acetate  (75 mL). 1 ,9-D ibrom ononane (1.97 g, 

0 .0069 mol) was slowly ad d ed  w ith stirring. The reaction  m ixture 

con tinued  to be h ea ted  a n d  stirred  for one day. The solu tion  was cooled 

an d  the  w hite pow der p rec ip ita te  was collected by suction filtration, 

w ashed with e th e r  (3 x 30 mL), an d  d ried  under high vacuum  (2.21 g, 

75.9%). Calcd. fo r C 1 7 H 3 0 N2 Br2 *3H 2 O: C 50.20%, H 10.89% Found: C

50.31%, H 11.05%. NMR (6 , D2 0 ) - 1 H: 1.30, br, 10H; 1.62-1.88, br, 8 H;

3.01, s, 12H; 3 .18-3 .39 , br, 8 H. 1 3 C: 18.73, 21.42, 24.92, 27.55, 27.71, 

49.99, 62.48, 63.96.

Preparation of 1.1.3.-tetram ethvl-1 .3-diazoniacvclo-15-decane dichloride 

(8 2 ) . - te tra m e th y l-1,3-propanediam ine (2.0 g, 0.015 mol) was

dissolved in ethyl ace ta te  (75 mL). 1,10-D ichlorodecane (3.25 g, 0.015 

mol) was slowly ad d ed  w ith  stirring. The reaction m ixture continued  to be 

hea ted  and  stirred  fo r th re e  days. The solution was cooled an d  the white 

pow der p recip itate was collected by suction filtration, w ashed with e th e r 

(3 x 30 mL), and  d ried  u n d e r  high vacuum  (3.28 g, 64.1%). Calcd. for 

C17H38N2C12#3H20: C 54.90%, h  11-52% Found: C 54.95%, H 11.48%. 

NMR (6 , D2 0) - 1 H: 1.30, br, 10H; 1.62-1.88, br, 8 H; 3.01, s, 12H; 3.18-
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3.39, br, 8 H. 1 3 C: 18.73, 21.42, 24.92, 27.55, 27.71, 49 .99 , 62.48, 63.96.

Preparation  o f l -4 ”-b is-(l-n o n v l 4-butanovl)-4 -(6’- i l ”.4”- 

d iazoniabicvclo \2 .2.21 octvU -1 ’-hexyl) -1 .4-d iazoniabicyclo \2 .2.21 octane 

te trach lo ride  18 3 ) . (2 3) (2 .0  g, 0.003 mol) was dissolved in pyridine (50 

mL). A solution o f decanoy l ch lo ride  (1.03 g, 0 .006 mol) in pyridine (50 

mL) was slowly ad d ed  w ith  stirring . 4 -D im ethylam ino-l-pyrid ine (catalytic 

am ount) was added  to  th e  reaction  m ixture. The reaction  m ixture 

con tinued  to be s tirred  fo r th ree  days. The volatiles w ere evaporated 

u n d er reduced  p ressu re  an d  the  resu ltan t m aterial d ried  und er high 

vacuum  (1.61 g, 61.4% ). Calcd. fo r C4 4 Hg^N^ 0 4 Cl4 «H 2 0 : C 55.12%, H

11.86% Found: C 55.21%, H 11.91%. NMR (6 , Dz O) - 1 H: 0.74, t (J=8 Hz),

6 H; 1.19, br, 32H; 1 .38-1.46, br, 8 H; 1.78, br, 4H; 2.04, br, 4H; 3.51, br,

4H; 3.62, br, 4H; 3.86, br, 28H. 1 3 C: 13.86, 21.70, 22.51, 24.83, 25.14,

26.38, 29.01, 29.12, 29.23, 31.68, 38.09, 51.45, 58 .07 , 63.20, 65.21,

163.50, 184.46.

P reparation  o f 1.4”-b is-ll-u n d ecy l 4 -bu tanoy l)-4 -16M l”.4”- 

d iazon iab irvc lo r2 .2 .21octvn -l,-hexyl)-1.4-diazoniabicyclor2.2.2]octane 

te trach lo ride  184). (23) (2.0 g, 0.003 mol) was dissolved in pyridine (75 

mL). A solution dodecanoyl ch loride (1.03 g, 0.003 mol) in pyridine (50 

mL) was slowly ad d ed  w ith  stirring. 4-D im ethylam ino-1-pyridine (catalytic
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am oun t) was ad d ed  to the  reac tion  m ixture. T he reaction  m ixture 

co n tinued  to be heated  a n d  s tirred  fo r one day. The volatiles were 

evapora ted  u n d e r reduced  p re ssu re  and  the re su ltan t m aterial dried 

u n d e r high vacuum  (1.58 g, 58.4%). Calcd. fo r C ^ H qqN ^ C ^ C I^ ^ O : C

56.12%, H 11.43% Found: C 56.19% , H 11.46%. NMR (6 , D2 0 ) - 1 H: 0.72,

t ( > 8  Hz), 6 H; 1.15, b r, 32H; 1.39, br, 4H; 1.41, br, 4H; 1.75, br, 4H;

1.95, b r, 4H; 2.03, t  (J=8 Hz), 4H; 3.48, br, 4H; 3.59, b r, 8 H; 3.90, br,

24H. 1 3 C: 13.87, 21.71, 21 .75 , 22.32, 22.51, 24.81, 25.11, 26.35, 29.00,

29.10, 29.19, 31.66, 38 .07 , 51 .45 , 58.05, 63.18, 65.20, 163.50, 184.43. 

P reparation  o f 1.2-bis(P-m ethyl-P.P-diphenvl)phosphonioethvl diiodide

(8 5 ) . 1 ,2-B is-b iphenylphosphinoethane (2.0 g, 0 .005 mol) was dissolved 

in  aceton itrile  (75 mL). A so lu tion  o f iodom ethane (1.42 g, 0.01 mol) in 

aceton itrile  (25 mL) was a d d e d  w ith  stirring. T he reaction  m ixture 

con tinued  to be heated an d  s tirred  for three days. The resu ltan t white 

pow der p recip ita te  was collected  by vacuum  filtra tion , w ashed with 

anhyd rous e th e r (3 x 30 mL) th en  d ried  u n d er high vacuum  (2.28 g, 

67.1%). Calcd. for C2 8 H 3 0 P2 l2 *H 2 O: C 50.40%, H 10.31% Found: C

50.65%, H 10.49%. NMR (6 , D 2 0 ) - 1 H: 2.44, m, 6 H; 3.09, br, 4H; 7.64-

7.80, br, 20H. 1 3 C: 65.25, 120.41, 129.21, 129.36, 131.36, 134.56. 3 1 P: 

26.87.
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P reparation  o f 1.3-bis( P-rnethyl-P,F-diphenyl)phosphoniopropvl diiodide

( 8 6 ). 1 ,3-B is-biphenylphosphinopropane (2.0 g, 0.005 mol) was 

dissolved in aceton itrile  (75 mL). A solution o f  iodom ethane (1.41 g, 0.01 

mol) in acetonitrile (25 mL) was added  with stirring. The reaction 

m ixture continued to be hea ted  an d  stirred  for four days. The resu ltan t 

w hite pow der p recip ita te  was collected by vacuum  filtration , w ashed with 

anhydrous e ther (3 x 30 mL) then  d ried  under high vacuum  (2.19 g, 

63.2%). Calcd. for C2 gH3 2 P2 I2 *H2 0: c  50.37%, H 10.29% Found: C

50.49% , H 10.50%. NMR (6 , Dz O) - 1 H: 2.49, m, 6 H; 3.12, br, 6 H; 7.59-

7.65, br, 20H. 1 3 C: 51.29, 65.23, 121.39, 128.06, 130.14, 130.19, 133.13. 

3 1 P: 24.23.

P reparation  o f 1.4-bis(P-m ethvl-P,P-diphenyl)phosphoniobutvl diiodide

(8 7 ) . 1 ,4-B is-biphenylphosphinobutane (2.0 g, 0.005 mol) was dissolved 

in acetonitrile (75 mL). A solution o f iodom ethane (1.39 g, 0.01 mol) in 

acetonitrile  (25 mL) was added  w ith stirring. The reaction m ixture 

con tinued  to be hea ted  an d  stirred  for four days. The resu ltan t white 

pow der precip itate was collected by vacuum  filtration, w ashed with 

anhydrous e ther (3 x 30 mL) then  d ried  under high vacuum  (2.28 g, 

67.1%). Calcd. fo r C3 oH 3 4 P2 I2 «H2 0 : C 50.55%, H 10.35% Found: C

50.57% , H 10.41%. NMR (6 , D2 0 ) - l H: 2.13, m, 6 H; 3.31, br, 8 H; 7.55-
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7.72, br, 20H. 1 3 C: 49 .28 , 51.35, 65.19, 129.48, 129.61, 131.59, 131.69, 

134.44. 3 1 P: 24.04.

P reparation  o f 1.6-bis(P-m ethvl-P.Adiphenvl)phosphoniohexyl diiodide

( 8 8 ). 1 ,6-B is-biphenylphosphinohexane (2.0 g, 0 .004  mol) was dissolved 

in  aceton itrile  (75 mL). A solu tion  o f iodom ethane (1.12 g, 0.008 mol) in 

aceton itrile  (25 mL) was ad d ed  w ith stirring. The reaction  m ixture 

con tinued  to be hea ted  an d  s tirred  a t reflux for five days. The resu ltan t 

w hite pow der p recip ita te  was collected by vacuum  filtration , w ashed with 

anhyd rous e th e r (3 x 30 mL) then  d ried  under high vacuum  (1.75 g, 

59.6%). Calcd. fo r C3 2 H 3 8 P2 l2 #H2 0 : C 50.65%, H 10.42% Found: C

50.70%, H 10.49%. NMR (6 , D2 0 ) - 1 H: 1.92, m, 6 H; 3.25, br, 12H; 7.50-

7.65, br, 20H. 1 3 C: 49 .28 , 50.21, 51.34, 64.99, 120.21, 130.16, 130.28,

132.38, 132.48. 3 1  P: 24.30.

P reparation  o f 1.2-bis(P-allvl-P,P-diphenyl)phosphonioethyl dihrom ide

(8 9 ) . 1 ,2-B is-biphenylphosphinoethane (2.0 g, 0.005 mol) was dissolved 

in aceton itrile  (75 mL). A solution o f allyl brom ide (1.20 g, 0.01 mol) in 

aceton itrile  (25 mL) was ad d ed  w ith stirring. The reaction m ixture 

con tinued  to be hea ted  an d  s tirred  a t reflux for th ree  days. The resultant 

w hite pow der p recip ita te  was collected by vacuum  filtration, washed with 

anhydrous e th er (3 x 30 mL) then  d ried  under high vacuum  (1.96 g,
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61.2%). Calcd. fo r C3 2 H3 4 P2 Br2 *H 2 0 : C 50.65%, H 10.42% Found: C 

50.70% , H 10.49%. NMR (6 , D 2 0 )  - 1 H: 3.01, t, 4H; 5.22, m, 4H; 5.43, d,

2H, 7 .63 , m, 20H; 7.83, t, 4H. 1 3 C: 50.42, 51.57, 120.55, 128.71, 128.83, 

131.51, 131.56, 131.61. 3 1 P: 26.84.

Preparation_Qf 1,3^bis( P-allyl-RP-diphenyl) phosphonioethvl d iiod ide (9 0 ) . 

1 ,3-B is-biphenylphosphinoethane (2.0 g, 0 .004 mol) was dissolved in 

aceton itrile  (75 mL). A solution o f  allyl b rom ide (0.97 g, 0 .008 mol) in  

aceton itrile  (25 mL) was added  w ith  stirring . The reaction  m ixture 

con tinued  to  be heated  an d  s tirred  a t  reflux for four days. T he resu ltan t 

white pow der p recip itate was collected by vacuum  filtration , w ashed w ith 

anhyd rous e th e r (3 x 30 mL) th en  d ried  u n d e r high vacuum  (1.57 g, 

58.9%). Calcd. fo r C3 3 H3 6 P2 Br2 »H 2 0 : C 50.65%, H 10.42% Found: C

50.70%, H 10.49%. NMR (6 , D2 0 )  - 1 H: 1.55, m, 2H; 3.04, t, 4H; 5.19, m,

4H; 5 .39 , d , 2H, 7.58, m, 20H; 7.81, t, 4H. 1 3 C: 47.81, 50.39, 51.60,

65.27, 116.27, 117.11, 130.82, 133.44, 133.49, 133.54. 3 1 P: 24.66. 

P repara tion of 1.6-bis(P-allvl-P,F-diphenvl)phosphoniohexyl d ibrom ide 

('91). 1,6-B is-biphenylphosphinohexane (2.0 g, 0.004 mol) was dissolved 

in aceton itrile  (75 mL). A so lu tion  o f  allyl brom ide (0.97 g, 0.008 mol) in 

acetonitrile  (25 mL) was added  w ith  stirring . The reaction m ixture 

con tinued  to be heated and  s tirred  a t  reflux for Five days. The resu ltan t
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w hite pow der p recip ita te  was collected by vacuum  filtration, washed w ith 

anhydrous e th e r (3 x 30 mL) then  dried  u n d er high vacuum  (1.72 g, 

62.0%). Calcd. for C3 6 H4 2 P2 Br2 *H2 0 : C 50.65%, H 10.42% Found: C

50.70%, H 10.49%. NMR (6 , D 2 0 ) - 1 H: 1.55, m , 2H; 3.04, t, 4H; 5.19, m,

4H; 5.39, d , 2H, 7.58, m, 20H; 7.81, t, 4H. 1 3 C: 45.55, 49.27, 50.43,

51.65, 65.31, 115,27, 118.79, 129.21, 131.83, 132.86, 133.21. 3 1 P: 23.21. 

P reparation o f (9 2 ) . l,4-D iazabicyclo[2 .2 .2]octane (5.0 g, 0 .0446 mole) 

was dissolved in  m ethylene chloride (50 mL). A so lu tion  o f m ethyl 

ch lo roacetate  (4.4 g, 0 .0446 mol) in m ethylene ch lo ride  (75 mL) was 

slowly added  w ith stirring . The reaction m ixture was s tirred  at room 

tem pera tu re  fo r one day. The resu ltan t white pow der precipitate was 

collected (8.43 g, 85.7%) by suction filtration an d  w ashed with anhydrous 

e th e r (3 x 30 mL), then  d ried  under high vacuum . Calcd. for 

C9h 17n 2 ° 2 C1: C 45.91%, H 10.70% Found: C 46.02%, H 10.85%. NMR

( 6 , Dz O) - XH: 3.13, m, 3H; 3.59, m, 12H; 3.73, s, 2H. 1 3 C: 47.77, 51.63,

52.06, 60.25, 164.01.

P reparation  o f (9 3 ) . l,4-D iazabicyclo[2.2.2]octane (5.0 g, 0.0446 mole) 

was dissolved in m ethylene chloride (50 mL). A solution of m ethyl 

ch lo roacetate  (19.36 g, 0 .1784 mol) in m ethylene ch loride (75 mL) was 

slowly added  w ith stirring. The reaction m ixture was heated  and stirred  a t
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reflux for th ree  days. The resu ltan t w hite pow der p rec ip ita te  was 

collected (11.7 g, 79.7%) by suction filtra tion  an d  w ashed w ith anhy d ro u s 

e ther (3 x 30 mL), then  d ried  u n d er h igh  vacuum . Calcd. for 

c 12H22n 2 ° 4 c12: C 45.98%, H 10.77% Found: C 46.11%, H 10.91%. NMR 

(6 , Dz O) - XH: 3 .78, s, 6 H; 4.30, t, 12H; 4.63, s, 4H. 1 3 C: 51.30, 52.50,

60.30, 163.20.

Preparation o f  (9 4 ) . M ethyl ch lo roaceta te  (1.30 g, 0 .012 mol) was 

dissolved in m ethy lene ch loride (75 mL). A solution o f (3) (3.0 g, 0 .012 

mol) in m ethylene chloride (75 mL) was slowly added  w ith stirring. The 

reaction m ixture was hea ted  an d  stirred  a t  reflux for th ree  days. The 

resu ltan t w hite pow der p recip ita te  was collected (2.95 g, 76.2%) by 

suction filtration an d  w ashed with anhydrous e th er (3 x 30 mL), then 

dried  u nder high vacuum . Calcd. for C 45.70%, H

10.87% Found: C 46.81%, H 10.99%. NMR (5, D2 0 ) - 1 H: 1.23-1.45, br,

8 H; 3.31, t, 4H; 3.71, s, 3H, 4.11, t, 6 H; 4.20, t, 6 H; 4.49, m, 2H. 1 3 C:

21.50, 25.56, 28 .72 , 28.79, 28.91, 32.21, 52.39, 54.01, 62 .25 , 65.79, 

164.09.

Preparation o f i 9 5 ). Methyl ch lo roaceta te  (0.65 g, 0.006 mol) was 

dissolved in m ethylene chloride (75 mL). A solution o f (6 ) (2 .0  g, 0 .006 

mol) in m ethylene chloride (75 mL) was slowly added w ith stirring. The
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reaction  m ixture w as h ea ted  an d  s tirred  a t reflux fo r two days. The 

re su ltan t w hite pow der p rec ip ita te  was collected (1 .69 g, 6 8 . 1 %) by 

suction filtration an d  w ashed w ith anhydrous e th e r (3 x 30 mL), then  

d ried  und er high vacuum . Calcd. for C1 9 H3 7 N7 O3 CI2 : C 45.89%, H

10.89% Found: C 46.91% , H 10.97%. NMR (6 , D2 0 )  - 1 H: 1.20-1.41, br,

16H; 3.29, t, 4H; 3 .76, s, 3H, 4 .07 , t, 6 H; 4.16, t, 6 H; 4.53, m, 2H. 1 3 C:

21.74, 25.32, 25.49, 28.37, 28.64, 28.72, 28.78, 31.57, 44.28, 51.68,

52.43, 53.98, 62.19, 65.82, 165.03.

P reparation o f (9 6 a ) . a-C yclodextrin  (3.0 g, 0.003 mol) was dissolved in 

pyrid ine (50 mL). A so lu tion  o f  p-toluenesulfonyl ch loride  (4.3 g, 0.025 

mol) in  pyridine (75 mL) was slowly added  w ith stirring. The reaction 

m ixture was s tirred  a t  room  tem p era tu re  for one day. The volatiles w ere 

evaporated  u n d er reduced  p ressu re  an d  the resu ltan t brow n gum-like 

m ateria l was collected  (4.35 g, 79.2%). Note, as these  a re  labile 

m aterials, no analysis o r NMRs o f this m aterial is listed.

Preparation o f (9 6 p ). p-Cyclodextrin (3.0 g, 0.0026 mol) was dissolved in 

pyrid ine (50 mL). A solu tion  o f p-toluenesulfonyl ch loride  (4.8 g, 0.023 

mol) in pyridine (75 mL) was slowly added  with stirring. The reaction 

m ixture was stirred  a t room  tem pera tu re  for one day. The volatiles were 

evaporated  und er reduced  p ressu re  and  the resu ltan t brow n gum-like 

m aterial was collected (4.37 g, 81.7%). Note, as these  a re  labile
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m aterials, no analysis o r  NMRs o f th is m aterial is listed.

P reparation  o f (9 6v). y-Cyclodextrin (3.0 g, 0.0026 mol) was dissolved in 

p y rid ine  (50 mL). A so lu tion  o f  p-to luenesulfonyl ch loride (4.9 g, 0.021 

mol) in  pyrid ine (75 mL) was slowly added  w ith stirring. The reaction 

m ix ture was s tirred  a t room  tem p era tu re  for one day. The volatiles w ere 

evapora ted  u n d er reduced  p ressu re  an d  the  resu ltan t brow n gum-like 

m ateria l w as collected (3.78 g, 65.1%). Note, as these a re  labile 

m aterials, no  analysis o r  NMRs o f  th is m aterial is listed.

P reparation  o f (9 7 ). (960) (3.0 g, 0.0015 mol) was dissolved in 

ace to n itrile  (75 mL). A so lu tion  o f  (1) (4.9 g, 0.12 m ol) in aceton itrile  

(50 mL) was slowly added  w ith stirring . The reaction m ixture was heated  

an d  s tirred  a t reflux for four days. The volatiles were evapora ted  u n d er 

red u ced  p ressu re  an d  th e  re su ltan t p recip ita te  collected ( 1 . 5 7  g, 40.0%). 

Calcd. fo r C 9 g H i8 2 ^1 4 ^3 5 ^^1 4 # ^ ^ 2 ^ ^ ‘ ^  41.14%, H 7.02% Found: C 

44.31% , H 7.11%. NMR (5, D 2 0 ) - 1 H: 3.48-3.55, m, 14H; 3.64, m, 28H;

3.76, m, 42H; 3.96, m, 42H; 4.04, m, 28H, 4.95, d (7=3 Hz), 7H. 1 3 C:

44.43, 52 .21 , 55.42, 60.66, 66 .98 , 72.33, 72.58, 73.64, 81.51, 102.36. 

P reparation  of (9  8 ). (96p) (3.0 g, 0 .0014  mol) was dissolved in 

ace ton itrile  (75 mL). A so lu tion  o f (2) (1.96 g, 0.011 mol) in aceton itrile  

(50 mL) was slowly added  w ith stirring . The reaction m ixture was heated  

and  s tirred  a t reflux for four days. The volatiles were evaporated  under

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 250

reduced  pressure  an d  th e  re su ltan t p recip itate  collected (1.40 g, 37.0%). 

Calcd. for C1 0 5 H 1 9 6 N1 4 O 3 5 Cl1 4 *5(H 2 O): C 44.87%, H 7.66% Found: C

45.02% , H 7.41%. NMR (8 , DzO) - 1 H: 2.00, m, 14H; 3.56, t ( >  8  Hz),

14H; 3.63, t  ( >  7 Hz), 14H; 3 .76-3.98, br, 126H; 4.96, d  ( >  8  Hz), 7H.

1 3 C: 23.50, 42.97, 50.28, 56.80, 59.21, 61.97, 70.84, 71.09, 72.15, 80.05,

100.88 .

Preparation o f (9 9 ) . (9 6 a )  (3.0 g, 0 .0016 mol) was dissolved in 

aceton itrile  (75 mL). A so lu tion  o f  (3) (2.98 g, 0.012 mol) in acetonitrile  

(50 mL) was slowly ad d ed  w ith stirring. The reaction m ixture was heated  

an d  s tirred  at reflux for four days. The w hite pow der p recip ita te  was 

collected by filtration, w ashed w ith  e thy l acetate an d  e th e r solutions and  

d ried  und er high vacuum  (1.69 g, 41.0%). Calcd. for

c 108H204N1 2 °3 0 C112#3(H 2O): C 4 9 *32%> H 8.05% Found: C 49.20%, H 

8.17%. NMR (8 , D 2 0 ) - 1 H: 1.33, br, 24H; 1.47, m, 12H; 1.73, m, 12H; 

3.41, t ( >  8  Hz), 12H; 3 .48-3.58, brm , 36H, 3.67, br, 36H; 3.73-3.81, 

brm , 48H; 4.96, d  (> 3 .5  Hz), 6 H. 1 3 C: 23.01, 26.24, 26.79, 32.61, 45.48,

52.35, 61.75, 63.07, 66.69, 73.12, 73.52, 75.21, 82.91, 103.16. 

P reparation of ( 1 0 0 ) . (96p) (3.0 g, 0.0015 mol) was dissolved in 

acetonitrile  (75 mL). A solu tion  o f  (3) (2.98 g, 0 .012 mol) in acetonitrile  

(50 mL) was slowly added  with stirring. The reaction m ixture was heated
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an d  s tirred  a t reflux fo r th ree  days. The w hite pow der p rec ip ita te  was 

collected by filtration, w ashed w ith  e thy l acetate an d  e th e r  solutions an d  

d ried  u n d e r high vacuum  (1 .74  g, 39.0%). Calcd. for 

^ 1 2 6 ^ 2 3 8 ^ 1 2 ^ 3 5 ^ 1 4 * ^ (^ 2 ^ "  ^  50.20%, H 8.10% Found: C 49.96%, H 

8.37%. NMR (6 , D2 0) - 1 H: 1.33, b r, 28H; 1.47, m, 14H; 1.75, m, 14H;

3.50, t (7=7.5 Hz), 14H; 3 .52-3 .81 , brm , 20H, 4.98, d  (7=4), 7H. 1 SC:

20.78, 23.96, 24.56, 30.37, 43 .89 , 50.50, 59.61, 60.86, 64 .52 , 71.25,

71.38, 72.58, 80.52, 101.25.

Preparation o f ( 1_Q 1). (9 6 a )  (3 .0  g, 0 .0016  mol) was dissolved in 

aceton itrile  (75 mL). A so lu tion  o f (4) (3.31 g, 0.013 mol) in aceton itrile  

(50 mL) was slowly added  w ith stirring . The reaction m ixture was hea ted  

an d  s tirred  a t reflux for five days. The w hite pow der p recip ita te  was 

collected by  filtration, w ashed w ith  e thy l acetate and  e th e r  solutions an d  

d ried  u n d e r high vacuum  (1 .40  g, 32.0%). Calcd. for 

C120H228N1 2 °3 0 C112*4(H 2 ° ) : C 51.17%, H 8.44% Found: C 51.01%, H 

8.62%. NMR (6 , D2 0) - XH: 1.34, br, 48H; 1.49, br, 12H; 1.75, br, 12H;

3.37, t  (7=8.7 Hz), 12H; 3 .50-3 .88 , brm , 120H, 5.02 d  (7=3.4), 6 H. 1 3 C:

22.18, 26.48, 26.92, 29.71, 29 .80 , 32.83, 45.65, 52.99, 61.79, 63.29,

73.46, 73.59, 73.63, 74.76, 82 .71 , 103.48.

Preparation  of ( 1 0 2 ) . (96p) (3.0 g, 0 .0015 mol) was dissolved in
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aceton itrile  (75 mL). A so lu tion  o f  (4) (3.31 g, 0 .012 mol) in ace ton itrile  

(50 mL) was slowly ad d ed  w ith  stirring. The reaction  m ixture was hea ted  

a n d  s tirred  a t reflux fo r fo u r days. The w hite pow der p recip ita te  was 

collected by filtration , w ashed w ith ethyl acetate  an d  e th e r  solutions an d  

d ried  u n d e r high vacuum  (1.97 g, 41.0%). Calcd. fo r 

*~T 4 0 *̂ 2 6 6 ^ 1 4 ^ 3 5 ^ 1 4 * 3 ̂ 2 ^ ) : C 51.64%, H 8.42% Found: C 51.37% , H 

8.65%. NMR (6, D2 0 )  1H: 1.35, br, 56H; 1.47, br, 14H; 1.77, br, 14H;

3.36, t  (7=9 Hz), 14H; 3 .50-3 .83 , brm , 140H, 5.02 d  (7=3.5 Hz), 7H. 13C:

21.79, 25.19, 25.78, 28.52, 28 .56 , 31.60, 44.26, 51.35, 60.36, 61.80,

65.35, 72.18, 72.22, 73.56.

Preparation o f ( 1 0 3 ) . (96y) (3 .0  g, 0 .0013 mol) was dissolved in 

aceton itrile  (75 mL). A so lu tion  o f (4) (3 .59 g, 0.013 mol) in aceton itrile  

(50 mL) was slowly ad d ed  w ith  stirring. The reaction m ixture was h ea ted  

an d  s tirred  a t reflux fo r six days. The w hite pow der p recip itate  was 

collected by filtration , w ashed w ith ethyl acetate an d  e th e r  solutions an d  

d ried  u n d er high vacuum  (1.40 g, 29.8%). Calcd. for 

^ T 5 8 ^ 3 0 0 ^ 1 6 ^ 4 0 ^ 1 6 * ^ ^ 2 ^ : ^  51.72%, H 8.51% Found: C 51.98%, H 

8.76%. NMR (6, D20 ) - l H: 1.35, br, 60H; 1.48, br, 16H; 1.78, br, 16H;

3.38, t (7=8.8 Hz), 16H; 3 .51-3.85, brm , 160H, 5 .04 d  (7=4 Hz), 8H. 13C:

21.79, 25.20, 25.77, 28.50, 28.59, 31.63, 44.25, 51.34, 60.39, 61.83,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Cohen 253

65.35, 72.20, 72.25, 73.61.

P reparation  o f ( 1 0 4 ) . (9 6 a ) (3 .0  g, 0 .0013 mol) was dissolved in 

ace to n itrile  (75 mL). A so lu tion  o f  (5) (4.35 g, 0.013 mol) in aceton itrile  

(50 mL) was slowly added  w ith stirring . The reaction m ixture was heated  

a n d  s tirred  a t reflux for five days. T he w hite pow der p rec ip ita te  was 

collected by  filtration, w ashed w ith  e thy l acetate an d  e th e r  solutions and  

d ried  u n d e r  high vacuum  (1.29 g, 30.1%). Calcd. for 

^ 1 2 1 ^ 2 3 0 ^ 1 2^30®r l 7#^ ^ 2 ^ ^ : ^  51.65%, H 8.43% Found: C 51.72%, H 

8.51%. NMR (6 , D 2 0) - 1 H: 1.34, br, 50H; 1.49, br, 12H; 1.76, b r, 12H;

3.39, t (/=  8  Hz), 16H; 3.49-3.83, brm , 120H, 5.03 d  (7=3.4 Hz), 6 H. 1 3 C:

21.76, 22.18, 25.19, 25.74, 28.52, 28.58, 31.61, 44.23, 51.34, 60.38,

61.80, 65 .31 , 72.19, 72.29, 73.64, 103.41.

P reparation  of ( 1 0 5 ) . (96p) (3.0 g, 0 .0014  mol) was dissolved in 

ace ton itrile  (75 mL). A solu tion  o f  (5) (4.35 g, 0.013 mol) in acetonitrile  

(50 mL) was slowly added  w ith stirring . The reaction m ixture was heated 

an d  s tirred  a t reflux for four days. The white powder p recip ita te  was 

collected by  filtration, w ashed w ith  e thy l acetate and  e th e r  solutions and 

d ried  u n d e r high vacuum  (1.54 g, 32.5%). Calcd. for 

C127H2 39N1 4 °3 5 Br14#4 (H2 ° ): C 51-72%> H 8.49% Found: C 51.68%, H 

8.69%. NMR (6 , D2 0 ) - 1 H: 1.34, br, 58H; 1.48, br, 14H; 1.75, br, 14H;
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3.37, t (7*7.5 Hz), 18H; 3.50-3.81, brm , 140H, 5.02 d  (7=4 Hz), 7H. 1 3 C:

21.74, 22.17, 25.18, 25 .72 , 28.50, 28.56, 31.59, 44 .20 , 51.33, 60.37,

61.79 , 65.30, 72.17, 72 .28 , 73.64, 103.38.

Preparation of ( 1 0 6 ) . (9 6 a )  (3.0 g, 0 .0014 mol) was d isso lved in 

aceton itrile  (75 mL). A so lu tion  o f (6 ) (3.02 g, 0 .011 mol) in acetonitrile 

(50 mL) was slowly ad d ed  w ith  stirring. The reaction  m ix ture was heated 

an d  stirred  a t reflux fo r five days. The w hite pow der p rec ip ita te  was 

collected by filtration, w ashed with ethylacetate a n d  e th e r  solutions and 

d ried  u n d er high vacuum  (1.63 g, 40.0%). Calcd. for 

C132H252N1 2 °3 0 C112*4 (H2 ° ) : c  53.11%, H 8.78%  Found: C 52.90%, H 

9.13%. NMR (6 , D2 0 )  - 1 H: 1.32, br, 72H; 1.47, br, 12H; 1.76, br, 12H;

3.43, t (J= 8  Hz), 12H; 3 .51-3 .81 , brm , 120H, 5.03 d  (7=3.5 Hz), 6 H. 1 3 C:

20.82, 24.65, 24.86, 27 .71 , 28.02, 28.18, 28.21, 30.86, 43 .41 , 50.39,

61.27, 64.68, 71.07, 71.27, 71.48, 73.28, 81.53, 101.85.

Preparation o f ( 1 0 7 ) . (9 6 p) (3.0 g, 0.0013 mol) was dissolved in 

aceton itrile  (75 mL). A so lu tion  of (6 ) (3.04 g, 0 .010  mol) in acetonitrile 

(50 mL) was slowly ad d ed  w ith stirring. The reaction  m ixture was heated 

an d  s tirred  a t reflux for four days. The w hite pow der p rec ip ita te  was 

collected by filtration, w ashed with ethyl acetate an d  e th e r  solutions and 

d ried  u n d er high vacuum  (1.76 g, 40.0%). Calcd. for
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^ 1 5 4 ^ 2 9 4 ^ 1 4 ^ 3 5 ^ 1 4 * ^ ^ 2 ^ ^ : ^  53.05% , H 8.73% Found: C 53.12%, H 

8.60%. NMR (6 , D2 0) - 1 H: 1.25, br, 84H; 1.45, br, 14H; 1.76, br, 14H;

3.35, t  (7=9 Hz), 14H; 3.49-3.81, brm , 140H, 5.02 d  (7=3.5 Hz), 7H. 1 3 C:

21.33, 24.06, 24.91, 25.34, 28.08, 28.17, 28.35, 31.20, 43 .88 , 50.90,

60.08, 61.65, 65.10, 71.57, 71.95, 73.30, 81.00, 101.93.

Preparation o f ( 1 0 8 ) . (9 6 a ) (3.0 g, 0 .0013 mol) was dissolved in 

aceton itrile  (75 mL). A solution o f (7) (3.63 g, 0.010 mol) in  aceton itrile  

(50 mL) was slowly added w ith stirring . The reaction m ixture was heated 

and  s tirred  a t reflux for five days. The w hite pow der p recip ita te  was 

collected by  filtration, w ashed w ith e thy l acetate  and  e th e r solutions and  

dried  u n d e r h igh  vacuum  (1.24 g, 36.0%). Calcd. for 

^ 1 3 8 ^ 2 6 4 ^ 1 2 ^ 3 0 ^ r 12* ^ ^ 2 ^ ^ ' ^  40.01% , H 7.61% Found: C 45.86%, H 

7.83%. NMR (6 , D 2 0) - 1 H: 1.35, br, 84H; 1.47, br, 12H; 1.78, br, 12H;

3.35, t (7=9 Hz), 12H; 3.51-3.88, brm , 120H, 5 .04 d (7=3.5 Hz), 6 H. 1 3 C:

23.51, 27.61, 27.68, 29.75, 30.62, 31.88, 31.97, 32.04, 33.64, 46.01,

53.01, 61.77, 63.82, 67.20, 73.68, 74.04, 75.89, 83.39, 104.05. 

Preparation of ( 1 0 9 ) . (96p) (3.0 g, 0 .0012  mol) was dissolved in 

aceton itrile  (75 mL). A solution o f (7) (3.63 g, 0.010 mol) in acetonitrile  

(50 mL) was slowly added with stirring. The reaction m ixture was heated 

and  s tirred  a t reflux for five days. The w hite pow der p recip ita te  was
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collected by  filtration , washed w ith e th y l aceta te  and  e th e r solutions and  

d ried  u n d e r high  vacuum  (1.24 g, 44.0% ). Calcd. for 

^ 1 6 1 ^ 3 0 8 ^ 1 4 ^ 3 5 ^ 1 4 * ^  46.34% , H 7.58% Found: C 46.31%, H 

7.82%. NMR (5, D 2 0 ) - 1 H: 1.33, br, 98H; 1.45, br, 14H; 1.77, b r, 14H;

3.36, t  ( > 9  Hz), 14H; 3.49-3.81, brm , 140H, 5.02 d  0 3  Hz), 7H. 1 3 C:

24.06, 27.56, 28.04, 30.79, 30.98, 31 .08 , 31.14, 33.91, 46.52, 53.46, 

62.45, 64 .26 , 67.77, 74.48, 74.58, 75 .94 , 83.62, 104.61.

P reparation  o f ( 1 1 0 ) . (9 6 a )  (3.0 g, 0 .0013  mol) was dissolved in  

ace ton itrile  (75 mL). A solution o f (1 0 ) (3.61 g, 0.010 mol) in 

aceton itrile  (50 mL) was slowly ad d ed  w ith  stirring. The reaction mLxture 

was h ea ted  an d  s tirred  a t reflux fo r six days. The brown powder 

p rec ip ita te  was collected by filtration , w ashed  w ith e thy l acetate an d  e th er 

solutions an d  d ried  under high vacuum  (1 .24  g, 33.0%). Calcd. for 

C244H27gN^ 2 0 2 4 S r^ 2 *4 (H2 0 ): C 48.17% , H 7.97% Found: C 48.08%, H 

8.13%. NMR (6 , DzO) - 1 H: 0.87, t (7=5), 18H; 1.24, br, 108H; 1.65, br, 

12H; 3.32, t  (7=9 Hz), 12H; 3.59-3.88, b rm , 108H, 5.02 d  (7=3.5 Hz), 6 H. 

1 3 C: 15.47, 23.37, 24.26, 24.32, 27.47, 30.46, 30.97, 31.39, 31.82, 31.90,

33.72, 45.91, 52.94, 61.58, 66.24, 72 .13 , 73.84, 75.77, 83.19, 103.98. 

P reparation  o f ( 1 1 1 ) . (96p) (3.0 g, 0 .0012  mol) was dissolved in 

aceton itrile  (75 mL). A solution o f  (1 0 ) (3.61 g, 0.010 mol) in
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acetonitrile  (50 mL) was slowly ad d ed  w ith stirring. T he reaction  m ixture 

was hea ted  and  s tirred  a t reflux  fo r five days. The brow n pow der 

p rec ip ita te  was collected by  filtration , w ashed w ith e thy l acetate and  e th e r  

solu tions and  d ried  u n d er h igh  vacuum  (2.09 g, 33.0%). Calcd. for 

<̂ 1 6 8 ^ 3 2 2 ^1 4 <-)28®r 1 4 * 3 ^ 2 ^ : ^  48.51%, H 7.95% Found: C 48.36%, H 

8.18%. NMR (6 , DzO) - 1 H: 0.85 , t  (7=5), 21H; 1.16, b r, 126H; 1.60, br, 

14H; 3.25, t (7=9 Hz), 14H; 3 .48-3.78, brm , 126H, 4.96 d  (7=3.5 Hz), 7H. 

1 3 C: 13.74, 21.02, 21.72, 22 .34 , 25.82, 28.64, 28.76, 28.87, 28.92, 29.04,

31.48, 44.20, 51.20, 51.86, 60 .02 , 65.25, 72.17, 73.61, 81.26, 102.38. 

Preparation  of 11 1 2 ) . ( 9 6 a )  (3.0 g, 0.0013 mol) was dissolved in 

aceton itrile  (75 mL). A so lu tion  o f  (10) (2 .10 g, 0 .010 mol) in 

acetonitrile  (50 mL) was slowly added  w ith stirring. The reaction  m ixture 

was hea ted  and  s tirred  a t reflux  for four days. The w hite pow der 

p rec ip ita te  was collected by filtration , w ashed w ith e thy l acetate and e th e r  

solutions and d ried  u n d er h igh  vacuum  (1.11 g, 34.0%). Calcd. for 

^T 1 4 ^ 1 6 8 ^ 1 2 ^ 2 4 ^ 1 2 * 3 (H 7 O): C 53.28%, H 6.83% Found: C 53.16%, H 

6.99%. NMR (6 , D2 0 ) - l H: 3 .66, br, 12H; 3.70-3.92, brm , 108H; 4.98, br,

6 H; 7 .49-7.64, br, 30H. 1 3 C: 42.2, 49.3, 49.6, 59.1, 67.7, 70.3, 72.2, 80.1, 

100.2, 123.6, 128.4, 130.3, 131.7.

P reparation  of ( 1 1 3 ) . (96p) (3.0 g, 0.0013 mol) was dissolved in
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acetonitrile  (75 mL). A solution o f (10) (2 .1 0  g, 0 .010 mol) in 

acetonitrile (50  mL) was slowly added  w ith  s tirring . The reaction  m ixture 

was heated a n d  s tirred  a t  reflux for five days. T he w hite pow der 

precip itate was collected by filtration, w ashed  w ith  e thy l aceta te  an d  e th e r 

solutions and  d ried  u n d e r high vacuum  (1.11 g, 31.0%). Calcd. for 

C133H 196N1 4 ° 2 8 C114# 4 (H2 ° ) : c  53.12%, H 6.84% Found: C 53.25%, H 

6.62%. NMR (6 , D 2 0 )  - 1 H: 3.49, br, 14H; 3 .56-3 .91 , brm , 126H; 4.98, b r

(7=3.6 Hz), 7H; 7 .47-7 .59 , br, 35H. 1 3 C: 44 .4 , 51.1, 51.2, 60.5, 72.1,

72.3, 73.4, 81 .4 , 102.2, 125.6, 130.0, 131.9 , 133.3.

Preparation o f ( 1 1 4 ) . (9 6 a ) (3.0 g, 0 .0013 m ol) was dissolved in 

acetonitrile  (75 mL). A solution o f  (1 1 6 ) (2 .30  g, 0 .010 mol) in 

acetonitrile (50 mL) was slowly added  w ith  s tirring . The reaction  m ixture 

was heated an d  s tirred  a t reflux fo r Five days. T he white pow der 

precipitate was collected by filtration, w ashed  w ith ethyl acetate and  e th e r 

solutions and  d rie d  u n d e r high vacuum  (1.22 g, 38.0%). Calcd. for 

C l0 2 ^ 1 7 4 ^ 1 8 ^ 2 4 C ll? #-(H ?0 ): C 49.04%, H 7.18% Found: C 49.11%, H 

7.02%. NMR (6 , D2 0 ) - XH: 1.67, t (7=8 Hz), 12H; 1.88, m, 12H; 2.53, t 

(7=8 Hz), 12H; 3 .46-3 .57 , brm, 24H; 3 .68-3 .85 , brm , 96H; 4.96, d (7=4 

Hz), 6 H. 1 3 C: 16.44, 21.15, 21.72, 44.27, 51 .29 , 60.47, 64.38, 71.94, 

72.30, 73.74, 81 .52 , 101.75.
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Preparation o f ( 1 1 5 ) . (960 ) (3 .0  g, 0.0013 mol) was dissolved in 

aceton itrile  (75 mL). A so lu tion  o f  (1 1 6 ) (2.30 g, 0 .010  mol) in 

acetonitrile  (50 mL) was slowly ad d ed  w ith stirring . The reaction m ixture 

was heated  and  s tirred  a t  reflux  fo r six days. The w hite pow der 

p recip ita te  was collected by  filtra tion , washed w ith  e thy l acetate an d  e th e r 

solutions and dried  u n d e r  high  vacuum  (1.46 g, 42.0%). Calcd. for 

C119H208N2 1 °2 8 C114*4(H 2 ° ) : C 48.54%, H 7.22% Found: C 48.23%, H 

7.57%. NMR (5, D 2 0 )  - 1 H: 1.66, t U = 8  Hz), 14H; 1.88, m, 14H; 2.51, t 

U = 8  Hz), 14H; 3 .44-3.49, brm , 28FI; 3.54-3.85, brm , 112H; 4.96, d  (/= 4 

Hz), 7H. 1 3 C: 18.59, 23 .26 , 23 .82 , 46 .43 , 53.51, 62.70, 66.50, 74.27,

74.53, 75.55, 83.55, 104.32.

P reparation  o f 1.2-di-(2’- f l ”-azon ia-4”-
\  *

azo_bicvcir2.2.21octvnethoxyethane d ich loride ( 1 1 7 ) . 1,4- 

Diazabicyclo[2 .2 .2 ]oc tane (5 g, 0.045 mol) was dissolved in acetonitrile 

(50 mL). Ethylene glycol bis-(2-chloroethyl) e th e r (2.06 g, 0.011 mol) 

was slowly added w ith stirring . T he reaction m ixture was heated  and  

s tirred  a t reflux for one day. The re su ltan t white pow der precipitate was 

collected (3.70 g, 82.0%) by suction  filtration and  w ashed w ith anhydrous 

e th e r  (3 x 30 mL), then  d ried  u n d e r high vacuum. Calcd. for

C18H36N4 ° 2 C12*(H20 ): C 41.20% , H 7.01% Found: C 41.36%, H 7.12%. 

NMR (8 , D2 0 ) -
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l H: 3.14, t, 12H; 3.44, m, 18H; 3.66, s, 4H; 3 .93 , br, 4H. 1 3 C: 46.22,

55.08, 65.30, 65.37, 71.63.

Preparation o f p-xylvl-1.4”(4-18’- ( l ”.4”-diazoniabicvclor2.2.21octane)- 

S -^-dioxolo-U -Q ctyl\azonia)- 1-azoniabicvclof2.2.21 octane dibrom ide 

dichloride (1 1 8 ). (1 1 7 )  (2.06 g, 0.005 mol) was dissolved in acetonitrile 

(50 mL). c^a’-Dibromo-pvxylene (1.32 g, 0.005 mol) was slowly added 

w ith stirring. The reaction  m ixture was heated  an d  stirred  a t reflux for 

four days. The resu ltan t w hite pow der p rec ip ita te  was collected (2.34 g, 

69.5%) by suction filtration  an d  washed w ith anhy d ro u s e th er ( 3 x 3 0  

mL), then  d ried  under high vacuum. Calcd. for

C26H44N4 ° 2 Br2C12*2(H 2 ° ) : C 41.78%, H 7.01% Found: C 41.49%, H 

7.35%. NMR (6 , Dz O) - 1 H: 3.56-3.61, br, 4H; 3 .62-3 .66 , br, 4H; 3.97, br,

32H; 7.64, s, 4H. 1 3 C: 44.14, 51.20, 52.43, 63.74, 64.87, 68.16, 128.53,

134.53.

Preparation o f m-xvlvl-1.4”(4 -i8 ’-(T”.4”-diazoniabicyclor2.2.21ortanp)-

3 ,.6,-d ioxolo-r-octyR azonia)-l-azoniab icvclor2 .2 .21octane tetrach loride 

(1 1 9 ) . (1 1 7 ) (2.06 g, 0 .005 mol) was dissolved in  acetonitrile (50 mL). 

a ,a ’-Dichloro-m-xylene (0.88 g, 0.005 mol) was slowly added  with 

stirring. The reaction m ixture was heated  and  s tirred  a t reflux for five 

days. The resu ltan t w hite pow der precip itate was collected (1.82 g,

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.



Cohen 261

62.3%) by  suction filtration a n d  w ashed w ith anhyd rous e th er (3 x 30 

mL), th en  d ried  under high vacuum . Calcd. for C26H44N402C l4*2(H 20):

C 41.79%, H 7.03% Found: C 41.85% , H 7.12%. NMR (6 , D2 0 )  - 1 H: 3.54-

3.59, b r, 4H; 3.61-3.68, br, 4H; 4 .01 , br, 32H; 7.59, s, 4H. 1 3 C: 44.16,

51.24, 52.47, 63.75, 64.89, 68 .20 , 128.58, 134.54.

P reparation  o f  l-benzvl-4-f 10 -hydroxvdecv lM .4-

diazoniabicvcloT2.2.21 octane  d ich lo rid e  (1 2 0 ). ( 6 ) (2 .00 g, 0 .007 mol) 

was dissolved in  ethyl ace ta te  (100  mL). a-C hloroto luene (1.01 g, 0.007 

mol) was slowly added w ith s tirring . The reaction m ixture was heated  and  

stirred  a t reflux for th ree days. T he resu ltan t w hite pow der p recip itate 

was collected  (2.34 g, 78.1%) by  suction  filtration  an d  w ashed w ith  

anhydrous e th e r  (3 x 30 mL), th e n  d ried  u n d er high vacuum. Calcd. for 

c 19H32N2OCl2 * 2(H20): C 5 0 -31% > h  10.69% Found: C 50.42%, H 

10.71%. NMR (6 , D2 0) - XH: 1 .18-1.24, br, 18H; 1.41, br, 2H; 1.70, br,

2H; 3.46, br, 4H; 3.90-3.94, br,12H ; 7.49, br, 5H. 1 3 C: 19.78, 23.24,

24.03, 29.63, 42.88, 50.73, 60 .22 , 63.22.

P reparation of o-(2 .2 .7 .7-tetram ethyl-2 .7-diazoniaoctv lenvl)benzene 

( 1 2 1 ) . a ,a ’-D ichloro-o-xylene (4 .00  g, 0.023 mol) was dissolved in 

aceton itrile  (100 mL). K M N ^A P-tetram ethylbutane diam ine (3.31 g,

0.023 mol) was slowly ad d ed  w ith  stirring . The reaction m ixture was
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h ea ted  and s tirred  a t  reflux fo r four days. The re su ltan t w hite  pow der 

p recip ita te  was collected (4.95 g, 67.5%) by  suction  filtra tio n  and  w ashed 

w ith anhydrous e th e r ( 3 x 3 0  mL), then  d ried  u n d e r h igh  vacuum . Calcd. 

fo r C 1 6 H2 8 N2 Cl2 * 3 (H 2 0 ): C 49.75%, H 9.89% Found: C 49.81%, H

10.02%. NMR (6 , D2 0 ) - 1 H: 1.70, br, 4H; 2 .96-3.03, m, 12H; 3.68, t, 4H;

4.84, s, 4H; 7.67, br, 4H. 1 3 C: 16.92, 18.56, 48.15, 48 .43 , 63.28, 127.56, 

130.44, 134.54.

Preparation o f o -(2 .2 .9 .9 -te tram ethvl-2 .9-d iazoniadecvlenvl)benzene 

(1 22 ). a ,a ’-D ichloro-o-xylene (4 .00  g, 0 .023 mol) was dissolved in 

aceton itrile  (100 mL). Ar,N ,N '",N-tetram ethylhexane d iam ine (3.30 g,

0.023 mol) was slowly ad d e d  w ith  stirring. The reaction  m ix ture was 

hea ted  and  stirred  a t reflux fo r five days. The re su ltan t w hite  powder 

p rec ip ita te  was collected (4.95 g, 62.0%) by  suction filtra tio n  and w ashed 

w ith anhydrous e th er (3 x 30 mL), then d ried  und er high vacuum . Calcd. 

for C 1 8 H3 2 N2 C12 *3(H 2 0 ): C 49.79% , H 9.92% Found: C 49.85%, H

10.03%. NMR (6 , D2 0 ) - 1 H: 1.70, br, 8 H; 2 .97-3.01, m, 12H; 3.70, t, 4H;

4.85, s, 4H; 7.68, br, 4H. 1 3 C: 16.92, 17.01, 18.56, 48 .15 , 48.43, 63.28, 

127.56, 130.44, 134.54.

Preparation of l . l ,-h iphenv ly lm ethv lene-l”.4””-(4 M 6 ,”- n  ””.4 ””- 

d iazoniabicyclor2 .2 .2 1 o c ta n e ) - l>”hexvl?azonia)-l -
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azoniabicvclor2.2.21octane d ib ro m id e  d ichloride (123) .  2 ,2 ’-Bis- 

b ro m o m eth y l-l,r-b ip h en y l (3 .00  g, 0 .006 mol) was dissolved in  

aceton itrile  (100 mL). (14) (2 .27 g, 0.006 mol) was slowly ad d e d  w ith 

stirring. T he reaction m ixture was h ea ted  an d  s tirred  a t  reflux for six 

days. The re su ltan t white pow der p recip ita te  was collected (2.12 g, 

49.2%) by suction filtration a n d  w ashed with anhydrous e th e r  (3 x 30 

mL), th en  d ried  under high vacuum . Calcd. for 0 3 2 *1 4 3 ^ 8 ^ 0 2  ̂ ( F ^ O )

C 50.61%, H 11.46% Found: C 50.72%, H 11.51%. NMR (6 , D 2 0 ) - 1 H:

I.25 , br, 4H; 1.64, br, 4H; 3.17, t, 12H; 3.21, t, 12H; 3.70, br, 4H; 4.69, s,

4H; 7.67, m, 8 H. 1 3 C: 20.42, 24.01, 43.42, 50.26, 51.12, 63.70, 121.77,

121.79, 129.28, 132.29, 133.99, 140.57.

P reparation  o f  1 .4 -bu t-2 -enev lv l-r.4”,-(4 ’f8”- ( r ”.4”’- 

d iazoniabicyclor2 . 2 .2 1 o c ta n e )- l”-o c ty llazo n ia -r- 

azoniabicyclor2.2.21octane te trach lo rid e  (1 2 4 ) . cis-l,4-D ichloro-2- 

bu tene (1.0 g, 0.008 mol) was dissolved in acetonitrile (100 mL). (14) 

(3.00 g, 0 .008  mol) was slowly ad d ed  w ith stirring. The reaction  mLxture 

was hea ted  an d  stirred  a t reflux for five days. The resu ltan t w hite  pow der 

p recip ita te  was collected (0.75 g, 39.1%) by suction filtration  an d  w ashed 

with anhyd rous e ther (3 x 30 mL), then  dried under high vacuum . Calcd. 

for C22H4 2 ^ 4 C14 *3(H20): C 51.32%, H 11.51% Found: C 51.40%, H

II.60% . NMR (6 , D2 0) -
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1 H: 1.40, s, 4H; 1.80, s, 4H; 3 .45-3 .50 , br, 4H; 3.83-4.10, b r, 24H; 4.41-

4.59, br, 4H; 6.39, s, 2H. 1 3 C: 22.57, 25.94, 52.22, 52.46, 61 .64 , 66.14, 

127.78.
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CONCLUSION

A series of polyam m onium  an d  polyphosphonium  salts w ith a  range 

o f  s tru c tu ra l topologies have been synthesized. These have included those 

w ith  "string” and  “ring” topologies, as well as derivatives o f cyclodextrins. 

In teractions of the polycationic salts w ith  bacteria an d  DNA have been 

stud ied . W ith several o f th e  "strings” inhibition o f grow th o f bacteria has 

been observed, and  changes in  the  conform ation o f DNA have been 

observed w ith both "strings” an d  “rings.” Cyclodextrin derivatives have 

been stu d ied  as hosts fo r in terac tion  w ith a  wide range o f biologically 

sign ifican t organic m olecules.

Conversion o f the  polycationic salts into room  tem pera tu re  ionic 

liquids has been successful using phosphate as the  counterion . These bear 

significant potential for a  v arie ty  o f applications.
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