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ABSTRACT

Synthesis of Phosphonium  C ascade M olecules 

By

K astlnari S iw ijiii 

Advisor: P rofessor R obert E ngel

T he sy n th e s is  of a  se ries of cascade  m olecules (dendrim ers) In w hich 
th e  co re  a n d  b ra n c h  p o in ts  a re  p h o sp h o n iu m  s i te s  h a s  b ee n  
accom plished. The prim ary  cores of th ese  cascade  m olecules a re  e ither 
b id irec tio n a l, te trad lrec tional. o r pen tad lrec tlona l for th e  developm ent 
of th e  gen era tio n s of the  cascade  s tru c tu re . S econdary  b ra n ch  po in ts , 
also phosphon ium  Ion sites, are  all b id irec tiona l for the  developm ent of 
fu r th e r  g e n e ra tio n s  o f th e  c a sc a d e  s t ru c tu re .  The p h o sp h o n iu m  
cascades rep resen t a  novel add ition  to  th e  general c la ss  of dendrim erlc 
m olecules. N um erous possibilities exist for th e  u se  of su c h  s tru c tu re s  In 
ion exchange an d  o ther supram olecu lar p rocesses.
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INTRODUCTION

G eneral

A lthough  It h a s  long  b ee n  recognized  in  th e  fu n c tio n in g  of 

b iochem ical sy stem s, i t  is only  in  relatively  rece n t y e a rs  th a t  th e re  

h a s  b e e n  d ev e lo p ed  a  s ig n if ic a n t in te r e s t  in  th e  c o n c e p t of 

" s u p ra m o le c u la r  ch e m is try "  invo lv ing  n o n ‘b io log ica l m o le c u le s . 1 

R ecently , L ehn . et aL h av e  re p o r te d ^  th e  sy n th e s is  of a  v a rie ty  of 

su p ram o lecu les  a n d  a lso  explored th e  u se  o f su c h  su p ram o lecu le s  in  

o rg an ic  sy n th e se s  a s  w ell a s  in  b io logical s tu d ie s . S u p ra m o le c u la r  

chem istry , th a t  is th e  tra n s ie n t in te ra c tio n s  of tw o o r m ore m olecules 

allow ing fu r th e r  covalen t ch an g es  (su ch  a s  a re  p re s e n t In biological 

s y s te m s  w ith  e n z y m e -s u b s tra te  b in d in g  o r  lip id  p a c k in g  in to  

m em b ran e  com ponen ts), h a s  b een  recognized o f la te  to  be  o f u s e  in  

lab o ra to ry  sy n th e tic  p rocedu res . H ie  m o st p ro m in en t ex am p les of th is  

u tility  a re  given by th e  cryp ta tes.

T he developm ent of c ry p ta tes  o f alkali m eta l io n s  h a s  facilita ted  

th e  perfo rm ance of a  varie ty  of organic sy n th eses . 3 A ssociation  o f th e  

a lk a li m e ta l ca tio n  of a n  ino rgan ic  reag en t w ith  a  c ry p ta te , s u c h  a s  

p o ta ss iu m  ion w ith  18-crow n-6, allow s th e  chem ically  active an io n  to  

ex is t in  a  n o n -asso c ia ted  form  In a  rela tively  ap o la r  o rgan ic  so lven t. 

T h is  type of a sso c ia tio n  m ay  read ily  be  app lied  to  o rgan ic  sy n th e ses . 

F o r exam ple, a s  illu s tra te d  below, u s e  of 18-crow n-6  e lim in a te s  th e  

no rm al asso c ia tio n  of th e  t-butoxlde an io n  w ith  th e  p o ta ss iu m  ion  an d  

th e reb y  ren d e rs  th e  an io n  m ore nucleophlllc. T his ap p ro ach  allows

1



high yields of t-bu ty l e th e rs  to  be o b ta in ed  In a  m odified 

W illiamson sy n thesis .4

C X =  * ‘ o c o t"- C X ° - f
In an o th e r  nucleoph illc  s u b s t itu tio n  re ac tio n  involving su c h  

"naked  anions", p o ta ss iu m  cyanide in  aceton ltrlle  re a c ts  w ith  alkyl 

h a lid es  In th e  p resen ce  of 18-crow n-6 to  give n ltriles  m ore rap id ly  

an d  In higher yields th a n  can  be a tta ined  by  "conventional" m ethods .5

CHjCN 
KCN -------------

18-crown-6

E ste r form ation via the  d isp lacem ent of a  halide fay a  carboxylate 

sa lt Is facilitated th rough  th e  addition  to th e  reac tion  m ix ture of the 

sphero idal m acrotrlcycllc cryp tate  A 5-5  (Fig. 1).



y
COOK + B r

A

In a  reac tio n  o th e r  th a n  a  nucleoph tlic  s u b s t i tu tio n  p rocess, 

18-crow n-6  fac ilita tes th e  H o m er reac tio n  of benzyl p h o sp h o n a te s  

w ith  ca rb o n y l co m p o u n d s. T he p h o sp h o n a te  a n io n  is  fo rm ed  by  

r e a c t io n  o f th e  b e n z y lp h o s p h o n a te  w ith  s o d iu m  h y d r id e  in  

te tra h y d ro fu ran .0

F unctlona lized  crow n e th e rs  have a lso  b een  u se d  to  accom plish  

en h an ced  organic sy n th e ses  th ro u g h  specific assoc ia tions. For 

exam ple , fac ilita ted  p ep tid e  sy n th e se s  h av e  b e e n  p erfo rm ed  u s in g  

th io l-s u b s titu te d  crow n e th e rs  to  b in d  th e  "growing” p ep tid e  c h a in  

a n d  th e  in co m in g  am in o  a c id . 10 T h is  ty p e  o f fa c ilita ted  re a c tio n  

closely m im ics th e  sim ple m ode l11 o f enzym e catalysis.

Recently , a  m u ltl-d en d a te  ca tio n -en c ap su la tin g  a g e n t b ea rin g  a  

reactive  p e n d a n t a rm  h a s  b een  s t u d i e d . 12 S u ch  a n  ap p en d ag e  to  th e  

com plex lng  c e n te r  sh o u ld  allow  a  fu r th e r  reac tiv ity  to  b e  asso c ia ted  

w ith  it (Schem e 1).

CHO

99%

3



H ,N

H ,N

MeNO^, HCHO 37% aq. solution 
N&2 CO3 , Stir 2h

H-»N

H3N

^ ■ N  N —  *

"s_ _ _ r
n o j

co.Br2.6H2O

MeOH

"V
N NH2

3+

S ch em e 1

T he exam ples n o ted  above o f su p ram o lecu la r  ch em is try  have all 

involved " in te rn a l in te rac tio n s" . A no th er ca teg o ry  of su p ra m o le c u la r  

ch em istry  Involves b in d in g  a t  th e  su rface  of a  h o s t  m olecule. In su c h  

in s ta n c e s  d is tin c tio n  betw een  th e  "host" a n d  "guest" species becom es 

less  clear. A ssignm ent of th e  te rm s is  a  m a tte r  o f perspective.

4



The cascade  m olecules (or dendrim ers) a re  a n  in te re s tin g  c lass  

o f s tru c tu re s  w hich  have been  developed In rece n t y ea rs . Recently, 

Tom alia, et aL have p repared  a  series of cascade  m olecules w hich  are  

collectively know n a s  s ta rb u r s t  d e n d r im e rs ,13  an d  th is  b ra n c h  of 

"sup ram olecu lar chem istry" shou ld  sp a rk  new  developm ents in  bo th  

organic an d  m acrom olecular chem istry . These m olecules in co rp o ra te  

s tru c tu ra l repetition  In an  ordered m anner, s ta rtin g  w ith  an  in itiation 

co re  from  w hich  e m a n a te  two o r m ore  Iden tica l b ra n c h e s , each  

b ran ch  contain ing  fu rth e r b ran ch  sites. W ith successive genera tions of 

b ran ch  sites, a  cascade s tru c tu re  develops a  geom etry ak in  to th a t  of a  

fra c ta l se t. T hese m olecu les have sign ifican t p o ten tia l to  serve a s  

m odels for biological sup ram olecu lar in te rac tio n s a s  well a s  for ionic 

in te ra c tio n s  of th e  type found  w ith  c ry p ta te s  a n d  c la ss ic a l ion 

exchange polym ers.

"Cascade" m olecules, orig inally  designed  to  provide m olecu lar 

cavity topology w ithou t th e  size restric tio n s of th e  cyclic c ry p ta te s , 14 

m ay be described in s tru c tu ra l te rm s a s  those  w hich incorporate  th ree 

co m p o n en ts . T hese  inc lude: (1) a  core o r fo u n d a tio n  s ite  for th e  

diverging b ran ch e s  of th e  cascade; (2) one o r m ore b ran ch in g  ch a in s 

em an atin g  from  th e  core site, each  ch a in  leading to a  fu rth e r  b ran ch  

po in t ( a  secondary  core); (3) a  te rm inal functionality  for each  of th e  

b ra n c h e s . T he ca scad e  m olecu les differ from  o rd in a ry  polym eric 

species In th a t  each  u n it added (branch w ith secondary  core)

5



p erm its  m ore th a n  one fu rth e r m onom eric species to  lin k  to  it. 

T h is is  show n graphically  below  for a  "unid irectional" cascad e  system  

w ith  d u a l b ra n ch in g  ch a ra c te ris tic s . E ach  "dot” re p re se n ts  a  b ra n c h  

p o in t w ith  th e  lin es being  th e  b ran ch in g  c h a in s  em an a tin g  from  each  

core. T he geom etric ch a ra c te ris tic s  o f s u c h  a  species have led 

to  its  d escrip tio n  a s  a  chem ical " tree” 15 (Fig. 2).

CORE

Fig. 2

A n a rc h ite c tu ra l an a ly s is  of tre e s  Is ap p licab le  to  th e  design  of 

c a sc a d e  m o l e c u l e s . T h e  design  o f ca scad e  m olecu le  co n s tru c tio n  

m u s t inco rpora te  p roper functiona lity  a t  th e  growing te rm in i s u c h  th a t  

fu r th e r  in c re ase s  in  size m ay b e  carefu lly  co n tro lled .17*1® The choice 

o f th e  p rin c ip a l a n d  se c o n d a ry  c o re s  d e te rm in e s  th e  d ire c tio n a l 

c h a ra c te ris tic s  of th e  b ran ch e s  an d  th e  overall sh ap e  o f th e  m olecule.

To d a te , a  sm a ll v a r ie ty  o f c a s c a d e  m o le cu le s  h a s  b ee n  

sy n th e s ized . T he p ro to ty p e  c a sca d e  m o lecu les sy n th e s iz ed  Involved 

p rim ary  alkyl am ino g roups a tta c h ed  a t  th e  core an d  b ra n c h  p o in ts . 14 

M ichael add ition  of each  of th e  p rim ary  am ino  fu n c tio n s w ith



two u n its  of acrylonitrUe provided dual b ranch ing  w ith a  cyano 

fu n c tio n  a t  th e  te rm in i of th e  b ra n c h e s  (Schem e 2). ( A  sim ila r 

ap p ro ac h  h a s  b een  u sed  s ta r t in g  19 w ith  n ltro m e th a n e  a n d  

acrylonitrU e.)

B oth n itrile  functions w ere reduced  to p rim ary  am ino functions 

for fu r th e r  d ev e lo p m en t o f th e  c a sc a d e . B o th  u n id ire c tio n a l 

(b en zy lam ln e  a n d  cy c lo h ex y lam in e  co re s )  a n d  b id ire c tio n a l 

(ethyienediam ine an d  2 ,6 -dlam lnom ethyipyrldlne cores) w ere u sed  in 

th is  work.

CN

n „ 2 2cq. CH2 ■  CHCN

CN
LAH

4 eq.
CH2 -  CHCN

CH2NH2

N
\

Scheme 2
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A u n id irec tio n a l "tree" s tru c tu re  b ea rin g  hydroxyl g ro u p s w as 

generated  s ta rtin g  w ith  a n  alkyl halide a t  th e  core v <h triple 

b ra n c h in g  provided  by d isp lacem en t of Uie h a lid e  u s in g  trie th y l 

s o d lo m e th a n e  tr lc a rb o x y la te .  1 5 .2 0  R ed u c tio n  o f th e  p e n d a n t 

ca rb o x y la te  e s te r s  provided p rim ary  alcoho l te rm in i w h ich  w ere 

fu rth e r  m odified for su b se q u e n t ex tension  o f th e  b ra n ch in g  system , 

again  u s in g  sod lom ethane trlcarboxylate . U pon red u ctio n  of th e  es te r 

linkages a  cascade  m olecule bearing  m ultip le  hydroxyl g ro u p s a t  its  

su rface  w as o b ta ined  (Schem e 3). T hese m olecu les, referred  to a s  

"arborols', b ea r ch arac te ristics  of "unlm olecular micelles" derived from 

a n  a rch itec tu ra l m odel of trees, specifically th e  Leeuw enberg model. 

T his cascade design genera tes a  m olecular s tru c tu re , hav ing  a n  ou te r 

su rface covered w ith po lar functional groups. Since th is  m odel Is based  

on a  sim ple m athem atical p rogression  ( Xn * En ~1 ], It deno tes a  new  

c lass  of cascade s tru c tu re s . Since these  cascades a re  based  on  arboreal 

design , th ey  a re  logically called arborols. Sy lvanols a re  th u s  th e  

polyspherlcal cascade analogues.
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CH 3(CH2)4CH2CHO
C2HjOH/Oir

HjCO

c
or*
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OOOC2H5  ________________ _/ V ' '

f  Y ^C O O CjH s DMSO.KjCO) 
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\  ^<X)NH
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R— T  'C 0N H C (C H j0H)3

.C0NHC(CH20Hh 
/ /^CX)NHC(CH20H>3

^^^CO N H C(C H jO H )3

Schem e 3

In a  s im ila r m an n er w as g en e ra ted  a  se rie s  o f b id irec tio n a l 

ca scad e  m o l e c u l e s .21 a  series of lin ear a .a -a lip h a tic  d ih a lid es  w as 

functionalized  w ith triethy l sodlom ethanetricarboxylate . "Dumbbell" 

sh ap ed  bid irectional arboro ls bearing  n ine  free hydroxyl g ro u p s a t  

each  en d  w ere th en  form ed by  am idatlon  of th e  h e x a es te r  w ith  

tris(hydroxym ethyl)am lnom ethane.



All of th e  b id irec tio n a l tr ip ly  b ra n c h e d  a rb o ro ls  th u s  form ed 

w ere fo u n d  to  b e  w a te r  so lu b le . T h a t w h ich  is  i l lu s tr a te d  below  

(described a s  a  (9)-10-[9] arborol) a lso  exhib ited  reversib le form ation  

of a  gel w ith  rod sh ap ed  com ponents (Fig. 3).

F ig. 3  B id irection al aitoorol bearing a  d ecam eth ylen e core

T rld irec tio n a l c a sca d e  m olecu les have  b een  p re p a re d  s ta r t in g  

from  b o th  m esity len e2 2  a n d  am m o n ia  c o re s .2 3 .2 4  T h a t g e n e ra te d  

u s in g  a  m eslty len e  co re  in c o rp o ra te d  tr ip le  b ra n c h in g  u s in g  th e  

t r l e t h y l  s o d lo m e th a n e  t r i c a r b o x y l a t e - t r i s ( h y d r o x y m e t h y l )

am ln o m e th a n e  ro u te  a s  n o ted  above for a rbo ro l sy n th e s is

(Schem e 4). In  th is  In s tan c e , how ever, th e  hydroxy l g ro u p s  w ere 

converted  to  b en zo a te  e s te rs  g en e ra tin g  a  su rfa ce  on  th e  

sp h e rica l c a scad es  le ss  hydrophilic  th a n  for th e  sim ple  arbo ro ls . T h is 

m ate ria l w as found to  be qu ite  soluble in  typical o rgan ic  so lven ts an d  

inso lub le  in  w ater, b u t  still hygroscopic.
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In  th e  In s tan ce  of th e  tr ld irec tio n a l ca scad e  g en e ra ted  w ith  a n  

am m o n ia  core, b ra n c h e s  w ere a tta c h e d  u s in g  M ichael ad d itio n  w ith  

m e th y l a c ry la te . T he r e s u l t a n t  sp e c ie s , w ith  e s te r  te rm in i, w as  

su b jec ted  to  e th y len ed iam ln e  am ld a tio n  followed by  fu r th e r  M ichael 

add ition  a t  e ach  en d  of th e  new  p rim ary  am ino  term in i w ith  m ethyl 

a c ry la te  to  give p o ly am ld o am ln e  (PAMAM) d e n d r im e rs . In  th is  

m a n n e r  a  ca scad e  w as g en e ra ted  w ith  trld irec tio n a l c h a ra c te ris tic s  

a t  th e  p rim ary  core, b u t  b id irec tiona l c h a ra c te r is tic s  a t  e a ch  fu r th e r  

b ra n c h  p o in t (Schem e 5).
0 O

II  1
,CNH NH2

CH2=C H C O O C H ,(A )
nh , --------------------------------

HjNCH^HjNHjiB)

0

NHj  NH2 
(Gen. 1.0)

I_______ (Gsn.2)

S ch em e B
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Two re p o r ts  o f  th e  p re p a ra t io n  o f  te tra d ire c t lo n a l c a sc a d e  

m o lecu le s  h av e  b ee n  m ad e . T h e  f ir s t  o f th e s e  Involved a  ro u te  

com pletely  an a lo g o u s to th a t  described  above for th e  a rb o ro ls . 25 . 26  

A h y d r o c a r b o n  c o r e  d e r i v e d  f r o m

l,5 -d lb ro m o -3 .3 -b is (2 -b ro m o e th y ])p e n ta n e  w as  u s e d  w ith  tr le th y l 

s o d io m e th a n e  t r lc a r b o x y la te  fo llo w ed  b y  a m id a t lo n  w ith  

tr ls (h y d ro x y m eth y l)am in o m eth an e . T he r e s u l ta n t  sp h e ric a l c a sc a d e  

m olecu le  is  rep o rted  to  be  w a te r  so lu b le  a n d  cap ab le  o f p rov id ing  

a q u e o u s  so lu b iliz a tio n  of a  v a rie ty  o f o rg an ic  m a te r ia ls  b y  th e ir  

inc lusion  w ith in  th e  folds of th e  hydrophobic b ran ch e s .

A p o ly e th e r c a sc a d e  m olecu le derived  from  a  p e n ta e ry th r ito l 

core (using  p en tae ry th rito l te trabrom ide) h a s  b een  rep o rte d .2 7 T h is  Is 

a n  In te re s tin g  a n o m a ly  to  a n tic ip a te d  o rg an ic  c h e m is try  a s  th e  

n e o p e n ty l h a l id e  s y s te m  Is g e n e ra lly  q u ite  s lu g g is h  In s u c h  

d is p la c e m e n t r e a c t io n s .  D is p la c e m e n t o f th e  b ro m id e s  u s in g  

4-(hydroxym ethy l)-2 ,6 ,7 -trioxab icyclo [2 ,2 .2 |octane (as Its so d iu m  salt) 

p rovides th e  trip ly  b ran ch e d -te trad irec tlo n a l s tru c tu re . C onversion  of 

th e  su rface  hydroxyl g ro u p s to  h a lid es  allow s fu r th e r  b ra n c h in g  u s in g  

th e  sam e  type of d isp lacem en t reac tio n . C o n tin u ed  reac tio n  th ro u g h  

th ree  levels of seco n d ary  b ra n c h  p o in ts  h a s  b een  accom plished . W ith 

a tte m p te d  fu r th e r  deve lopm en t o f th e  ca sca d e , th e  p a c k in g  o f th e  

fu n c tio n a l g ro u p s  b ecam e to o  co n g ested  fo r co m p le te  re a c tio n  to  

o ccu r (Schem e 6 ).
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CtCHjBrk + 4K+ OCHj 
PE-Br (4 )

{alioxide of HTBO)

CKCHaOCHzCtCHaOTs)^ TaCI/Pyrtdins 

PE-Tos( 12)

NaBr / DM Ac

C(CH^OCH 

PE-BO(4)
CH3OH
aq.HCI

CKCHjOCHjC^HaOH)^ 

PE-OH (12)

C KCHaOCHaCtCHzBrlgU 

PE-Br (12)

CKCHjCXJHjCfCHjOCHj 

PE-BO (12)

PE-OH (108)

1. TsCI/pyridine
2. NaBr / DMAc
3. alkoxkle of HTBO

CHgOH
aq.HCI

CHpCH^CHjOCHjCfCHpH)^

PE-OH (36 )

S ch em e 6

A "tentacled  Iron sandw ich" h a s  been  dccrlbed^®  w hich  ho lds 

the  potential for u se  a s  a  p lan a r hexadlrectional cascade core. Also, a  

se rie s  of "star-com b" po lym ers b ased  on  po ly b u tad len e  have b een  

p rep ared  an d  th e  viscoelastic p roperties  of th e ir  m e lts  have been  

s tu d i e d .2 9  Finally, a  se rie s  of "s ta rb u rs t"  d en d rlm ers  h a s  been  

p repared  u sin g  2 ,4-d in ltrofluorobenzene (as th e  core) in  reaction  w ith 

su b stitu ted  an llines.30
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H ig h ly  b r a n c h e d  p o ly m e rs  h a v e  re c e iv e d  c o n s id e r a b le  

s y n th e t i c a l -3 4  a n d  th eo re tica l35-38  a tte n tio n  recen tly . P e rh a p s  th e  

ea rlie s t re lev an t exam ples of s u c h  h ighly  b ran ch e d  s tru c tu re s  a re  th e  

ca sca d e  m o lecu les o f Vogtle35  w h ich  h a d  relatively  low m olecu lar 

w eights. Later, a n d  a lm ost s im u ltan eo u s  w ork  by T om alia32 

a n d  N e w k o m e 3 3  produced  tru ly  m acnom olecular h y p erb ran ch ed  

po lym ers, s u c h  a s  th e  th e  s ta rb u r s t  polym ers. T he In te re s t In th e se  

m a c ro m o lecu le s  is  d u e  to  th e ir  novel, h ig h ly  b ra n c h e d , g lo b u la r  

s tru c tu re  th a t  Is rem in iscen t of m an y  Im p o rtan t biological m olecu les. 

T he d iscovery of new  p h en o m en a  o r new  p ro p ertie s  m ay  b e  expected  

from  th e  s tu d y  o f th e s e  u n iq u e ly  s h a p e d  a n d  n o n -e n ta n g le d  

m acrom olecu les.

S ta r b u r s t  d e n d r lm e rs  a re  th re e -d im e n s io n a l, h ig h ly  o rd e red  

oligom eric a n d  polym eric co m p o u n d s form ed by  re ite ra tiv e  seq u en ces  

s ta r t in g  from  sm alle r m olecu les," in itia to r cores" s u c h  a s  am m o n ia  o r 

p e n ta e ry th r ito l .  P ro te c tin g  g ro u p  s tra te g ie s  a re  c ru c ia l fn th e s e  

sy n th e se s , w hich  proceed via d isc re te  "Aufbau" s ta g e s  referred  to a s  

genera tions. C ritical m olecu lar design  p a ram ete rs  s u c h  a s  size, 

sh ap e , a n d  su rface  ch em istry  m ay be con tro lled  by  th e  

reac tio n s  a n d  sy n th e tic  b u ild in g  b lo ck s u sed . S ta rb u r s t  d en d rlm e rs  

c a n  m im ic c e r ta in  p ro p e rtie s  of m icelles a n d  lip o so m es a n d  even 

th o s e  o f b lo m o lecu les  a n d  th e  s till m ore co m p lica ted , b u t  h igh ly  

organized, bu ild ing  b locks of biological sy stem s. N um erous 

app lica tions of th e se  com pounds a re  conceivable , p a rticu la rly  in
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m im icking th e  fu n c tio n s of large biom olecules a s  d ru g  c a rr ie rs  an d  

im m u n o g en s. T h is  new  b ra n c h  of "sup ram olecu lar"  ch e m is try  sh o u ld  

s p a rk  a d d it io n a l d e v e lo p m e n ts  In o rg a n ic  a n d  m a c ro m o le c u la r  

ch em istry .

T he r e s u l t in g  co v a le n t a r c h i te c tu re  c a n  b e  sy s te m a tic a lly  

co n tro lled  by  s tep w ise  re ite ra tiv e  re a c tio n  se q u e n c e s  (g enera tions). 

T h is p ro cess  Involves th e  following s tep s .

1. S ta r t w ith  a n  in itia to r core I  p o sse ss in g  Nc reactive s ite s  (e.g.,

Nc =3 for am m onia).

2 . C hoose a  reac tio n  seq u en ce  so  th a t  ea ch  o f th e  Nc reactive 

s ite s  a d d s  a  r e a c ta n t  B j  p o sse s s in g  N5  (Nfe>l) new  reac tiv e  s ite s , 

w hich  in tro d u ce  m ultip licity , to  o b ta in  dendrimer39 d 0 of gen era tio n  

0. W ith am m onia  a s  in itia to r core . a  p-alanlne derivative (N^ » 2) 

m igh t b e  ch o sen  a s  reac tan t.

3 . U se p ro te c tio n /d e p ro te c tio n  s tra te g ie s  to  e n s u re  th a t  B i 

re a c ts  w ith  all reac tive  s ite s  o f I, b u t  th a t  no  reac tio n s  o ccu r a t  th e  

new  reactive s ite s  on B j of d en d rim er D0 .

4. Define a n  ite ra tive  seq u en ce  Involving ad d itio n  of new  

re a c ta n ts  Bj+2 to  th e  m olecu le Dj of g en e ra tio n  1 to  form  a  new

d e n d rim e r D j+ i of genera tion  1+ 1.

In th is  fash io n , it is  p o ssib le  to  co n tro l size, sh a p e , topology, 

flexibility, an d  su rface  ch em istry  a t  th e  m o lecu lar levels.
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S u c h  s p a c e - f i l l in g , te rm in a l ly  fu n c t lo n a l lz e d  m o le c u la r  

o rg an iza tio n s have b ee n  coined  " s ta rb u rs t  d en d rlm ers" .3 0  O ne ca n  

grow  p re d ic ta b le , s to ic h io m e tr ic  s t r u c tu r e s  u p  to  a  se lf-lim ited  

d im en sio n  (generation), w h ich  is  d e te rm in ed  by  Nc an d  N5  a s  well a s  

b y  th e  d im e n s io n s  o f th e  s t r u c tu ra l  c o m p o n en ts . T h e  b ra n c h in g  

im plicit in  Nb> 1 lead s to  geom etric in c rease  in  th e  n u m b e r  of a to m s 

for each  g en era tio n . For exam ple, th e  n u m b e r of ^ -a lan in e  m o n o m ers 

for s ta r b u r s t  po lyam idoam ines (PAMAMs) w ith  am m o n ia  a s  in itia to r  

core is 3, 9 , 21 . 45, 93 . 189, 381 , 765. an d  1533 for g en e ra tio n s  0-8. 

respectively . S ince th e  overall size can  only grow  linearly  b ec au se  of 

th e  c o n s tr a in ts  o f th e  co v a len t b o n d s , th e s e  sy s te m s  ev e n tu a lly  

becom e congested  an d  change from  an  open, s ta rf ish -sh a p ed  m olecule 

to  a  b a ll-sh ap ed  s tru c tu re . All of th e se  ca sca d e  m olecu les u n d erg o  a  

v a rie ty  o f  su rfa c e  rea c tio n s  th ro u g h  th e  te rm in a l fu n c tio n a l g ro u p s  

p re se n t a t  th e  ex terio r su rface .

T h u s, all of th e  above sy n th e tic  w ork  3 2 -3 4  h a d  p rim arily  been  

d irec te d  to w ard s  th e  s y n th e s is  of d e n d ritic  m a c ro m o lecu le s  by  a  

d iv erg en t m ethodology. In th e se  ca ses , g row th o cc u rs  from  a  ce n tra l 

co re  b y  su c c e ss iv e  s tep w ise  a d d itio n  a n d  a c tiv a tio n  s te p s  w h ich  

m u ltip ly  th e  n u m b e r  of b ra n c h e s . A s ig n if ic a n t fe a tu re  o f th is  

m ethodology Is th e  rap id  in c rease  in  th e  n u m b e r  o f reactive g ro u p s  a t  

th e  p e r ip h e ry  o f th e  g row ing  m acro m o lecu le . P o ten tia l p ro b lem s 

w hich  m ay  a r ise  a s  grow th is  p u rsu e d  in c lu d e  Incom plete  reac tio n  o f 

th ese  te rm in a l g roups, w hich w ould lead  to  im perfections in th e  n ex t
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genera tion , o r th e  large excesses of reag e n ts  th a t  a re  requ ired  to  force 

re a c t io n s  to  o cc u r. T h is , In tu r n ,  p r e s e n ts  d iff icu ltie s  in  

pu rifica tion . Very recently , H aw ker4^  h a s  reported  a  new  ap p ro ach  

a n d  m e th o d o lo g y  fo r th e  s y n th e s is  of d e n d r itic  m o lecu le s  w h ich  

overcom es th e se  p rob lem s a n d  m ay  be u se d  for d iffe ren t fam ilies of 

s tru c tu re s .

To d a te  th e  ca sca d e  m o lecu les w h ich  h av e  b ee n  sy n th e s ized  

have involved doubly, triply, a n d  q u ad ru p ly  d irec ted  b ran ch  p o in ts  and  

co res , all b e in g  electrically  n e u tra l s ite s . A lthough  th e re  h a s  b een  a 

s ig n ifican t sy n th e tic  effort for th e  g en e ra tio n  of new  ca scad e  

m olecu les In re ce n t y ea rs , no co m p o u n d s h av e  b een  p rep a red  in  

w h ich  th e  p r im a ry  a n d /o r  se c o n d a ry  co re s  a re  io n ic  s i te s .  T he 

co n s tru c tio n  of d en d rlm ers  in  w hich  a re  inco rpo ra ted  large n u m b e rs  

o f sy m m etrica lly  d is tr ib u te d  ch a rg ed  s ite s  is  a  se r io u s  p rob lem  of 

o rg a n ic  s y n th e s is  w h ich  In I tse lf  is  c h a lle n g in g  a n d  g e n e ra te s  

m a te ria ls  o f in te re s tin g  an d  po ten tia lly  usefu l ch a rac te ris tic s .

P hosphonliim  cascad e m olecu les

Efforts of th is  labo ra to ry  have re su lted 41_43  In th e  sy n th e s is  of 

a  se ries  of cascad e  m olecules in  w hich  th e  p rim ary  core a n d  secondary  

b ra n c h  p o in ts  a re  positively charged, p h o sp h o n lu m  Ion sites . T h u s, th e  

c a sca d e  in co rp o ra te s  a  geom etrically  in c re as in g  n u m b e r  o f positively 

ch arg ed  s ite s . S ta r tin g  from  a  p roperly  functiona lized  a lky ltriary l- or 

te tra a ry lp h o sp h o n iu m  sa lt, cascad e  m olecules have  b ee n  co n s tru c te d  

in  th e  cov a len t s tru c tu re  in  w hich  a re  p re s e n t u p  to  fo rty  ca tion ic  

s ites . T hese m olecules th u s  Incorporate  a  large (defined) n u m b er
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of cationic s ite s  w ithin  th e  cascade s tru c tu re , having a n  equal 

n um ber of associated  anions.

The build ing  u n it for th e  phosphonfum  cascade m olecules w hich 

have been  sy n th esized  is tr i(p -m e th o x y m e th y lp h e n y l)  p h o s p h ln e  

(TMMPP). syn thesized  by  th e  reac tio n  of th e  G rlgnard  derived from  

p-(m ethoxym ethy l) b ro m o b en zen e  w ith  p h o s p h o ru s  tr ic h lo rid e .4 4  

Five in d iv id u a l c a sc a d e  s e r ie s  h av e  b ee n  p re p a re d  from  th is  

fu n d am en ta l u n it  (in itiation  core). T hree of th e se  Involve th e  in itia l 

re ac tio n  of th e  TMMPP w ith  m e th y l iod ide, benzy l b ro m id e  o r 

octadecyl brom ide to genera te  th e  sim ple q u a te rn a ry  p h o sp h o n lu m  

sa lt. From  each  of th ese  prim ary  cores there  em anate  th ree  b ran ch es 

o f th e  developing  ca scad e , a n d  th is  le ad s  to th e  fo rm a tio n  of 

b id irec tio n a l cascad e  m olecules. In th e  fo u rth  se ries , th e  TMMPP 

h a s  been  quatem ized  w ith an o th er u n it for a  developing b ranch , 

u sin g  p-(m ethoxym ethyl) brom obenzene in th e  p resen ce  of 

nickel(II) b rom ide4 ®'47  a t  elevated tem p era tu re  an d  p re ssu re . From  

th is  p rim ary  core (initiation core) the re  em an a te  fou r b ran ch es  of th e  

develop ing  c a sc a d e  lead in g  to  th e  fo rm atio n  o f te tra d lre c tlo n a l 

cascade  m olecules.

In th e  fifth  se rie s  th e  TMMPP h a s  b ee n  oxidized to th e  

co rre sp o n d in g  o x id e 4 ® an d  from  th is  n eu tra l in itia tio n  core th e re  

em an a te  th re e  b ra n c h e s  of th e  developing ca sca d e  lead ing  to th e  

form ation  of b id irec tio n a l cascad e  m olecules. T he five fu n d am en ta l 

cores for th e  cascade s tru c tu re s  a re  show n below (Fig. 4).
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T he ap p ro ach  to  th e  developm ent of th e  ca scad e  s tru c tu re  for 

e a ch  o f th e se  p rim ary  co re  u n its  h a s  been  to  d ep ro tec t th e  benzylic 

e th e r  lin k a g e , g e n e ra tin g  a  b en zy lic  h a l id e  s i te .  follow ed b y  

p h o sp h o n lu m  ion  form ation  u s in g  a n  excess of TMMPP. T he m ethyl 

e th e r  linkage w as determ ined  to  be  of the  an tic ip a ted  h igh
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stab ility  d u rin g  G rlgnard  reac tion  a n d  p h o sp h o n iu m  ion  form ation, 

b u t  im m e d ia te ly  s u s c e p t ib le  to  c le a v a g e  w ith  tr im e th y ls l ly l  

io d id e .4 9 -5 0  T h u s  th e  c leavage of th e  benzy llc  e th e r  lin k ag e  is  

a c c o m p lish e d  b y  t r e a tm e n t  o f th e  co re  m a te r ia l  w ith  e x c e ss  

trim ethylsily l iodide in  aceton itrlle . The reac tio n  lead in g  to  cleavage of 

a  benzyllc e th e r  linkage goes to  com pletion  w ith in  4  h o u rs , y ield ing  

th e  benzyllc iodide an d  th e  trim ethylslly l e th e r  of m e th an o l. T he la tte r  

b y -p ro d u c t is easily  rem oved along  w ith  th e  so lvent by  evapora tion  a t  

red u ced  p re ssu re . T he re s id u a l trlsbenzylic  iod ide (or te trak lsbenzy llc  

Iodide) is  reac tiv e  w ith  m o is tu re  a n d  is  u s e d  Im m ed ia te ly  In a  

c o n tin u in g  reac tio n  w ith  ex cess  TMMPP. In th is  m a n n e r  s t ru c tu re s  

co n ta in in g  th ree , fou r a n d  five positive ch a rg es  (as show n  below) In 

th e  cascad e  s tru c tu re  have been  p rep ared  (Fig. 5).

4 X'

R-P<
+ o c h 2p

+
CH20CH3

R -  CH3 . C6H5CH2 . n -C 18H37

Br

O — > [— o
+

CH*OCH3
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C ascad e  s tru c tu re s  developed w ith  th e  firs t a n d  th ird  o f th e se  

species have  th e  fu n d a m e n ta l s h a p e  of a  "bulb" grow ing o u t from  a  

"stem". T he second  of th e  s tru c tu re s  no ted  above h a s  a  sp h erica l a rray  

of b ra n c h e s  ab o u t th e  p rim ary  core. C on tinued  efforts will e labo ra te  

o n  th e  n a tu r e  o f th e  "stem ". e n la rg in g  i t  a n d  p ro v id in g  

functionalizatlon  for fu rth e r  chem ical reac tions.

T h e  th ird  of th e  s t r u c tu r e s  n o te d  ab o v e  h a s  a  re a c tiv e  

p h o sp h o ry l g ro u p  a t  th e  in it ia t io n  core s ite . In  g en e ra l, c a sc a d e  

m olecu les und erg o  a  varie ty  o f re a c tio n s51 th ro u g h  th e  te rm inal 

functional g roups p resen t a t th e  o u te r surface .

T h e  th ird  of th e  above c a sc a d e  m o lecu les  sy n th e s iz e d  c a n  

u n d e rg o  re a c tio n  a t  th e  in it ia t io n  s ite . T h u s  th e  th ird  c a sc a d e  

m o lecu le  h a s  b e e n  co n v e rted  to  th e  c o rre sp o n d in g  p h o s p h i n e 5 ^  

derivative by  m ean s  of reduction  o f th e  phosphory l g roup  p re se n t 

a t  th e  in itia tio n  s ite  a n d  th e n  com plexed w ith  gold (I) ch lo rid e53  to  

give th e  following com plex (Fig. 6).

r

A u C l.P .

3 J 3

Fig. 6
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For th e  species w ith  b id irec tio n a l p rim ary  cores (the first se ries  

of th e  above th ree  s tru c tu re s  of Fig. 5), the  cascade s tru c tu re  h a s  been  

e labora ted  to  two fu rth e r layers of pho sp h o n lu m  sites . Sim ilarly, for 

th e  species w ith  te trad irec tlo n a l p rim ary  core (the second o f th e  

th ree  s tru c tu re s), the  cascade  s tru c tu re  h a s  been  elaborated  to one 

m ore layer of phosphonlum  site. The procedure u sed  for th is  h a s  been  

fundam entally  sam e a s  th a t  u se d  for th e  firs t cascade  layer a s  noted  

previously. These m olecules th u s  Incorporate a  large (defined) n u m b er 

of cationic sites w ithin the  cascade s tru c tu re s , hav ing  an  equal n um ber 

of associa ted  an ions a n d  b e a r  m ultiple m ethoxy g roups a t  its  surface. 

The com plete reaction  sequences Involved In the  sy n thesis  of cascade 

m olecu les a s  well a s  th e  an a ly tic a l/sp ec tro sco p ic  d e ta ils  a re  fully  

d iscussed In the Resu lts  and D iscussion  sectio n .

T he final ta s k  is  to  sy n th esize  c a sc a d e  m o lecu les  w ith  a  

p en tad lrec tio n a l core s tru c tu re . D ue to Its ab ility  to form  covalen t 

bo n d s to five a tom s a t  a  tim e, th e  p h o sp h o ru s  is a  particu larly  good 

cand idate  for the  generation  of cascade m olecules to be synthesized  In 

m ore th a n  four d irec tions. The fu n d am en ta l core s tru c tu re  for th e  

p en tad lrec tiona l cascade  m olecules to be syn thesized  In th is  effort is 

to be syn thesized  u sin g  m ateria ls  d iscussed  in  th e  previous section. 

T he s ta n d a r d  a p p ro a c h  Involv ing  re a c t io n  o f a  q u a te r n a r y  

pho sp h o n lu m  sa lt w ith  an  aryl lith ium  reag en t o r G rignard  is  to  be  

u s e d . 54-65 The fundam ental core for th is  cascade  s tru c tu re  is show n 

below (Fig. 7).
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T he d ep ro tec tlo n  of th e  benzyllc e th e r  linkage h a s  b ee n  done 

u s in g  lo d o tr lm e th y ls lla n e  to  g e n e ra te  a  b en z y llc  h a l id e  s ite . 

D isp la cem en t o f th e  leav ing  g ro u p  u s in g  th e  p rev io u s ly  d esc rib ed  

tria ry lp h o sp h in e  (TMMPP) will beg in  a  p en tad lrec tio n a l ca sca d e  w ith 

p h o sp h o n lu m  ion secondary  co res (Fig. 8 ).

CH2OCH3

Pig. 8

The S ign ificance o f th e  cascade m olecu les for further stu d y

T h e  in tr ig u in g  s tru c tu ra l  a s p e c ts  of c a sc a d e  m o lecu les m ake 

th e m  p a r tic u la r ly  w o rth y  o f fu r th e r  in ten s iv e  In v estig a tio n . S everal 

p o in ts  m ay be no ted  in  su p p o rt of th is  s ta tem en t.

F irs t, w h ile  b e a r in g  so m e s im ila ritie s  to  o rd in a ry  po lym ers , 

c a sc a d e  m o lecu les h av e  a  h ig h e r  d eg ree  o f s t r u c tu r a l  d e fin itio n . 

C a sc a d e  m o lecu les  c a n  b e  d es ig n ed  a n d  sy n th e s iz e d  to  b e  o f a  

p a r tic u la r  size an d  m olecular weight. As a n  analogy, th ey  w ould have a 

s im ila r  re la tio n s h ip  to  o rd in a ry  p o ly m ers  a s  d o es  th e  m o lecu le  

decapheny la lan ine  to  a  p rep ara tio n  of "polyphenylalanine of m olecular



w eight approx im ate ly  1500".

S econd , c a sc a d e  m o lecu les c a n  b e  d es ig n ed  a n d  sy n th e s ized  

w ith  a  h ig h  d eg ree  o f co n tro l o f th e  s u r fa c e  a n d  In te rn a l 

fu n c tio n a lity  rela tive to  th e  su rro u n d in g  m ed ia  th a n  c a n  be easily  

accom plished  w ith  o rd in a ry  polym eric species. T he degree of so lven t 

p e n e tra b ili ty  to  th e  In te r io r  of th e  sp e c ie s  co u ld  p re su m a b ly  be 

regu la ted  by v aria tio n  of th e  leng th  a n d  functiona lity  o f th e  b ran ch e s . 

C oncerns regard ing  th e  v aria tio n s  of conform ation  w ith  so lven t change 

w h ich  o ccu r w h en  u s in g  o rd in a ry  fu n c tlo n a lized  p o ly m ers  c a n  be 

m in im ized .

T h ird , th e  cascad e  s tru c tu re  Is expected  to  allow  th e  ex istence 

of d isc re te  m o lecu les b e a rin g  large n u m b e rs  o f s e p a ra te d  e lec trica l 

ch a rg e  w hile m a in ta in in g  so lub ility  in  ap o la r  m edia . T h ro u g h  p ro p e r 

choice of th e  functiona lity  of th e  b ra n c h  p o in ts  (secondary  cores) an d  

th e  In terven ing  b ra n c h  u n its , h igh  e lec trica l ch a rg e  c a n  b e  "burled” 

w ith in  a  hydrophob ic  su rface . S u ch  m a te ria ls  a re  of p rac tica l In te rest 

for p u rp o se s  o f p h a se  tra n s fe r  c a ta ly s is  a n d  Ion exchange . W hile o f 

In te re s t  for th e ir  so lv a tio n  c h a ra c te r is tic s , th e  c a sc a d e  m o lecu les 

p re p a re d  to  d a te  h av e  b e e n  lim ited  to  n e u tra l  sp e c ie s  b e a r in g  

relatively po lar su rfaces . T he b id irec tio n a l "benzoylated arborol" no ted  

above exh ib ited  a  so m ew h at le ss  hydroph ilic  su rface  th a n  th e  o th e rs , 

b u t  still bo re  a  m oderately  po lar functionality  availab le  to  su rro u n d in g  

m olecu les.

F inally , th e  ex istence  of a  "core" of m odifiable fu n c tio n a lity  an d  

d irectional a sp ec ts  for th e  a ttach ed  cascad e  h o ld s  prom ise for the
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re a d y  p re p a ra t io n  a n d  in v e s tig a tio n  o f sp e c ie s  w h ich  c a n  m im ic 

s u r fa c e  in te ra c t io n s  o f  en zy m atic  s t r u c tu r e s .  S t ru c tu r e s  c a n  b e  

d e s ig n e d  a n d  s y n th e s iz e d  in  w h ic h  tw o  s i te s  o f c o o rd in a te d  

in te ra c tio n  c a n  b e  p laced  in  close sp a tia l p rox im ity  w hile be ing  

c o n n e c tiv e ly  d i s t a n t .  W ith  a  c a s c a d e  m o le c u le  th i s  c a n  b e  

ac co m p lish ed  w ith  a  so lu b le  o r  in so lu b le  m a c ro m o le e u la r  su rfa c e  

w ith o u t sign ifican t co n cern  for con fo rm ational v a ria tio n  a s  w ould  be 

th e  s itu a tio n  w ith  o rd in a ry  lin ear m acrom olecu les. A difficulty  in  th e  

c rea tion  of su c h  m a te ria ls  to serve a s  enzym e m odels lies in  th e  design  

o f c a sc a d e  sy s te m s  w h ich  w ill "fold b ack "  u p o n  th e  co re  w ith  

p red ic tab le  a n d  re a s o n a b le  levels o f c a sc a d e  g en e ra tio n . A lthough  

su ffic ien t crow ding  of su rfa c e  fu n c tio n a litie s  h a s  b ee n  c re a te d  in  a 

te tra d irec tio n a l ca sca d e  to  h in d e r  fu r th e r  r e a c t i o n .6 6 ,6 7  n o  ca sca d e  

m o lecu le  h a s  th u s  fa r  b e e n  p re p a re d  w h ich  w ou ld  In c o rp o ra te  

p rox im ate  re la tio n sh ip  of th e  core w ith  th e  developing ca scad e  volum e 

su rface . A system  o f m ore highly coo rd ina ted  p rim ary  an d  seco n d ary  

co res is  likely req u ired  for th is  to  be  ob ta ined .
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RESULTS AND DISCUSSION

The a p p ro a c h  tow ard  th e  sy n th e s is  o f d e n d rlm e rs  b ea rin g  

n u m ero u s  phosphon lum  sites  w ith in  th e  covalent s tru c tu re s  Involves 

th e  design  a n d  p rep a ra tio n  of a  su ita b le  re ag en t to serve a s  th e  

reiterative s tru c tu ra l com ponent. T his com ponent m u s t be capab le  of 

form ing a  phosphonlum  ion species in  a  facile m anner, an d  contain , in 

ad d itio n , several sym m etrica lly  d is tr ib u te d  m ask ed  s ite s , each  of 

w hich upon  activation  is capab le of reac tion  w ith  add itional u n its  of 

the  original reagen t. The fu n d am en ta l bu ild ing  block In th e  p re se n t 

proposal for th e  sy n th es is  of cascade m olecules u s in g  p h o sp h o n lu m  

sites a s  th e  prim ary  an d  secondary cores Is a  p ro tected  p-brom obenzyl 

alcohol m ay be protected**® either a s  th e  t-butyldlm ethylsllyl e th e r  or 

as the  t-butyl e th er (Fig. 9).

OP

P -  - C ( C H 3)3( - S i  (CH3)2C (CH3)3 

Fig. 9

The initial a ttem p t w hich h a s  been  m ade for th e  co n stru c tio n  of 

th e  c a s c a d e  s p e c ie s  In v o lv ed  th e  p r e p a r a t io n  o f th e  

t-buty ld lm ethylsily l e th e r of p-brom obenzyl alcohol 1 , an d  th is  w as 

achieved easily  In excellent yield according to th e  know n procedure 

an d  Its u se  a ttem p ted  in  th e  G rignard  reac tion  w ith  p h o sp h o ru s  

trich lo ride  (Schem e 7).
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Scheme 7 1

W hile sm all q u a n titie s  of th e  ta rg e t m a te ria l cou ld  b e  iso lated , 

m o st of th e  s ta r tin g  m a te ria l h ad  undergone cleavage o f th e  sllyl e th e r 

linkage lead ing  to  u n u s a b le  s ld e -p ro d u c ts  a s  confirm ed  by  *H n m r 

spectroscopy . F u rth e r, a tte m p ts  to  u s e  te rtia ry  e th e r  lin k ag es in itia lly  

a s  p ro tec tio n  for th e  in c ip ie n t b ra n c h  p o in ts  in  th e  f irs t reac tio n  

p ro v e d  f ru i t le s s .  O n  th e  o th e rh a n d , th e  m e th y l e th e r  o f 

p -b ro m o b en zy l a lcoho l w as p re p a re d  in  q u a n tita tiv e  y ie ld  b y  th e  

m e th o d  reported® ®  by  J o h n s to n e  for a lk y la tio n  o f a lcoho ls to  give 

e th e rs . To serve a s  th e  fu n d a m e n ta l re ite ra tiv e  co m p o n en t of th e  

p h o s p h o n lu m  c a s c a d e  sp e c ie s , th e  t r ia ry l  p h o s p h in e  2  

( t r l (p - m e th o x y m e th y l)p h e n y lp h o s p h in e  * TftlBCPP) h a s  b een  

p rep ared  (Schem e 8 ) an d  sto red  u n d e r  argon  g as  d u e  to  its  

h igh  reactiv ity  w ith  m o istu re .
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■ O *  V - T y - C H f l C H ,

1. Mg, THF

2 . PCI3, THF

K > i  
S ch em e 8 . 2

T rld lxectioual cascad e m olecu les

T h e  co m p le tio n  o f th e  p r im a ry  p h o s p h o n lu m  Ion co re  is  

accom plished  a s  illu s tra ted  in  S chem e 9. The p h o sp h in e  cen te r  of 2  is  

q u a tem lzed  by  reac tio n  w ith  a n  alkyl h a lid e  to  g en era te  th e  p rim ary  

core for a  b id irec tio n a l developm ent of th e  ca scad e . M ethyl, benzyl, 

octadecyl h a lid e s  have b een  u sed  to  g en e ra te  th e  sim ple  q u a te rn a ry  

p h o sp h o n lu m  s a l ts  a n d  from  ea c h  of th e se  p rim a ry  co res  th e re  

em an a te  th ree  b ra n c h e s  of th e  developing ca sca d e  for th e  gen era tio n  

o f  th e  t r l d i r e c t l o n a l  c a s c a d e  m o le c u le s .

29



CHpCHj
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3a

— CHjOCHj

Br
n-C,8H37p V -  CH20CH3

• 3

Br

C6H5CH2P

3b 3 C

S ch em e 9

All of th e  above prim ary  phosphon lum  Ion cores were confirm ed 

by 3 *P an d  *H NMR spectroscopy (see Table 1).

T he app roach  to  th e  developm ent of th e  cascade  s tru c tu re  for 

each  of these  prim ary  core u n its  h a s  b een  to  dep ro tec t the  benzyllc 

e th e r  lin k ag e , g e n e ra tin g  a  benzy llc  h a lid e  s ite , follow ed by  

phosphon lum  ion form ation u s in g  an  excess o f TMMPP. Cleavage of 

th e  benzyllc e th e r  linkage is  accom plished  by  tre a tm e n t of th e  core 

m a te ria l w ith  ex cess  tr im eth y ls lly l Iodide in  ace to n ltrlle . T h is 

reaction  of benzyllc e th ers  is  know n to proceed readily and  

selectively a t  room  tem p era tu re  to  yield benzyllc iodide In excellen t 

yield. The reac tion  leading to  cleavage of a  benzyllc e th e r  linkage of 

th e  above prim ary  cores goes to  com pletion in  3-4 hours, yielding the
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benzyllc Iodide an d  th e  trim ethylsllyl e th e r  of m ethano l. T he la tte r  

b y -p ro d u c t is easily  rem oved along  w ith  th e  so lven t by  evapo ra tion  a t  

red u ced  p re ssu re . T he trlsbenzyllc  iodide Is confirm ed by  *H NMR In 

w hich  th e  p ea k  for O-CH3  m oeity h a s  com pletely  d isa p p ea re d . H ence 

It is  a n  ideal ro u te  for s im u ltan eo u s depro tection  a n d  ac tiva tion  for th e  

p re s e n t sy n th e tic  aim . T h u s  th e  benzyllc e th e r  fu n c tio n  in  3 a -c  Is 

efficiently cleaved u s in g  trim ethylslly l Iodide. T he re s id u a l trlsbenzyllc  

Iodide Is reac tiv e  w ith  m o is tu re  a n d  Is u s e d  Im m ed ia te ly  In a  

c o n t in u o u s  re a c t io n  w ith  e x c e s s  TM M PP. T h e  a p p r o a c h  fo r 

In co rp o ra tio n  o f su ccess iv e  g en e ra tio n s  o f th e  c a sc a d e  s t ru c tu re  is  

i l lu s tr a te d  in  S ch em e 10 for th e  sy s te m  b e g in n in g  w ith  3 a - c .  

(S tru c tu re s  for g en e ra tio n s  beyond  th e  p rim a ry  co re  a re  in d ica ted  

u s in g  th e  genera tion  n u m b e r In p a ren th e se s  along  w ith  th e  n u m b e r of 

th e  p rim ary  core s tru c tu re .)
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T he reac tio n  of trim ethylslly l iodide w ith  th e  core m a te ria l leads 

to  th e  fo rm ation  of a  s ign ifican t a m o u n t o f iod ine a s  a  s ld e -p ro d u c t 

w h ich  c o n ta m in a te s  th e  ta rg e t m a te r ia l. H ow ever, n o  a t te m p ts  a t  

pu rifica tio n  a re  m ad e  a t  th is  s tag e  ow ing to  th e  h igh  reac tiv ity  of th e  

ta rg e t m ateria l. R ather, pu rification  is  perform ed a fte r fu r th e r  reac tion  

w ith  TM M PP in  re flu x in g  a c e to n itr l le  so lu tio n . T h e  su c c e s s iv e  

g e n e ra tio n s  o f c a sc a d e  sp e c ie s  w ere Iso la ted  a s  d a r k  sem i-so lid  

m a te ria ls  w hich w ere readily  so lub le in  m o st so lven ts. In each  in s tan c e  

p u rifica tion  a t  th is  s tage  is  accom plished  by  in itia l rem oval of so lvent 

u n d e r  red u ce d  p re s s u re  followed b y  flash  ch ro m a to g ra p h y  on  silica  

gel. F inally, a fte r rem oval of so lven t a n d  excess TMMPP, th e  m a te ria l 

Is p assed  th ro u g h  a  co lum n o f Dowex 2-X 8 in  th e  iodide form  u s in g  a  

m ixed so lven t o f e th an o l a n d  w ater. O n ev ap o ra tio n  of th e  so lven t th e  

grow ing cascad e  s tru c tu re  is  iso lated  a s  hydroscopic solid  w h ich  is  a ir  

s tab le . T he purified  m a te ria ls  exhib ited  sp e c tra  (*H NMR. 3 l p  NMR. 

IR ) a n d  e lem en ta l an a ly s is  in  acco rd  w ith  th e  p ro p o sed  s t ru c tu re s  

(Table 1). In teresting ly , th e  so lub ility  c h a ra c te r is tic s  of th e  pu rified  

m a te r ia ls  w ere s ign ifican tly  d iffe ren t from  th a t  in  th e  c ru d e  s ta te . 

W hile still exh ib iting  sign ifican t so lub ility  in  a  varie ty  o f so lven ts, th e  

so lub ility  of th e  purified  m ate ria ls  w ere n o tab ly  lower th a n  th a t  of th e  

c ru d e  m a te ria ls . T he h igher g en era tio n  ca scad e  m olecu les m a in ta in ed  

so lub ility  In low m olecu lar w eight alcoho ls a n d  ace to n itrlle , a lth o u g h  

th e  read y  so lubility  in  acetone, chloroform , a n d  d im ethyl sulfoxide h ad  

d e c re a s e d  w ith  3 (3 )b . A lth o u g h  a ll s p e c ie s  w ere  s ig n if ic a n tly  

hydroscopic , w ate r so lubility  d ecreased  w ith  th e  h ig h e r genera tion
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cascade  species. A dsorbed w ater Is easily rem oved In vacuo  w ithou t 

dam age to the  fundam ental s tru c tu re .

A nalysis of th e  cascade species elaborated  a  single layer beyond 

th e  co re  u s in g  th in  layer ch ro m ato g rap h y  ex h ib its  a  sing le  spo t, 

d is tin c t from th e  s ta rtin g  m aterial an d  TMMPP.

For each  of th e  exam ples ( 3(2)* an d  3(2)b  ). reac tions 1 an d  2 

of schem e 10 were repeated  for one fu rth e r genera tion  of th e  cascade 

s tru c tu re . T his re su lts  in each  In stan ce  in  th e  form ation  of species 

co n ta in ing  forty cationic (phosphonlum ) s ite s  em bedded  w ith in  th e ir 

s tru c tu re s . The resu ltin g  th ird  generation  cascade  species ( 3(3) a & 

3 (3 )t> ) were purified by  th e  addition of diethyl e th e r to th e  so lu tion  of 

ca sca d e  species in  ace to n itrlle  so lu tio n  an d  th e  p rec ip ita ted  p u re  

cascade  species were filtered.

E ach  of th e  firs t two reac tion  seq u en ces ( 1 an d  2  of Schem e 

10) for th e  in tro d u ctio n  of fu rth e r g en e ra tio n s of th e  cascad e  ( 3 ( 1 )  

a -c  an d  3(2) a-c ) provided a  m odera te  yield (22-92% ) of purified  

product. The reaction  sequence to form th e  th ird  genera tion  cascade  

m a te ria ls  ( 3 (3 )*  an d  3(3)b  ) , how ever gave p u re  p ro d u c ts  In only 

poor yield ( 15-20%  ). an d  the  p u re  m ateria ls  exhibited  no significant 

so lub ility  in  m o st of th e  so lvents, excep t for ace ton itrlle . S u itab le  

so lub ility  w as found in  aceton ltrlle -d3  to allow th e  m easu rem en t of 

NMR spectra .

T he so lu b ility  c h a ra c te r is t ic s  a n d  a n a ly tic a l d a ta  for th e  

trid lrec tlonal cascade m ateria ls  syn thesized  are  su m m arised  in Table 

1.
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Table 1 - Analytical and Solubility Data for Indirection*! Cascade Molecules

Compound R

3a CH3

3b CftHjCHj 

3c CigH3 7

3(l)a CH3

*H NMR (6 60 MHz)* 31P NMR (6)# FormuU OH Anal. CalccL(Found)

31 [3H, d, J=24]

3.4 [9H, s) 
4.6{6H, s]
7.6-8.0 [12H, m]

21.4 C25H30O3PI C: 55.98(55.90)
H: 5.64(5.59)

3.4[9H, s] 
4^[8H, br]

71-7.7[17a m]

22.7 C3 j H^C^PBr C: 63.81(64.03) 
H: 6.21(6.30)

0.9 [3 a  t, J=6]

1.3 [3 0a  br]
2.3 [2H, m]

3.4 [9a s]
3.6-41 [2a m] 
4.6 [6a br]
7.6-8.0 [12a m]

41.00 C42HM0 3PBr C: 69.30(69.12) 

H:8.79(8.49)

31 [3a d, J=22] 21.8 ,29.3 C<h H 101O9PaU C: 5614(56.01)
3.4 [27H, br] a  5.12(5.27)

4.5 [24a br]
7.3-7.9 [48a m]

Solubility* 

sol. (a-g)

so l (a-g) 

sol. (a-g)

sol. (b-g) 
si. sol. (a)



Table 1 - Analytical and Solubility Data for Tridirectional Cascade Molecules (contd)

Compound R lH NMR (6 60 MHz)* 31P NMR (6)# Fonnula C/H Anal. Cakd.(Found)

3(l)b C ^ C H j 3.3 [27H, s]
4.5 [26H, br]
7.1-7.9 [53H, m]

22.0,28.0 C jo o H ^ O ^ B r^  C: 58.98(59.00)
H: 5.25(5.29)

3 (l)c  Cu H37 0.9 [3H, t, J*6]
1.3 [30H.br]

2.3 [2H, m]
3.4 [27H, s]
3.6-4.2 [2H, m] 
4.6 [24H, br]
7.6-8.0 [48a m]

41.0,29.0 C iuH ucO sP ^ C: 59.36(59.06) 
H:6.10(6:01)

3(2)a CH3 3.2 [3ad ,J=21]

3.4 [8 ia  s]
4.5 [78a br] 
7.1-7.8 [156a m]

21.9, 29.6 C3oiH3180 27P13I13 C: 56.31(56.19)
H: 4.99(5.28)

Solubility*

sol. (b-g) 
sl.soL (a)

soL (b-g) 
sLsol (a)

soL (b-g) 
si. soL (a)

3(2)b CsHjCHj 3 .5 [8 ia * ] 23.0,30.1 C ^ H ^ O jrP tfln  C: 56.60(56.21)
4.6 [80a br] a  4.94(5.30)

7.1-7.9 [16ia m]

sol. (b-g) 
si. sol. (a)



Table 1 - Analytical and Solubility Data for Tridirectional Cascade Molecules (contd.)

Compound R NMR (5 60 MHz)* 31P NMR (8 )# Fonnula C/H Anal. CakxL (Found)

3(2)c ChH37 0.9 [3H, t, J=6 ]

1.3 [32a s]
2.3 [2H, m]

3.4 [8 ia  s]
4.6 [78H, br] 
7.1-7.8 [156a m]

40.0,28.5 C3  ] 8 H3 5 2 O2 7 P1 3 I1 3 C: 57.21(56.97) 
f t  5.27(5.39)

3(3)a CH3 3.2-35  [247a br] 
4.5 [240H, br] 
7.1-7.9 [480H, m]

29.0 C9 2 2H9 660s1 P4ol40 C: 56.33(56.30)
H; 4.95(4.70)

3(3)b CfPsCH2 3.5 [243a s]
4.5 [242a br] 
7.2-7.8 [485a m]

30.0 ^928^970^81^40^40 58.98(58.58)
H: 4.91(5.11)

Deuteriochlofoform or deuterioacetonitrile solution, relative to TMS 
#Deuteriochlorofbnn or deuterioacetonitrile solution, relative to 85% H3P04, 81 MHz 
* a-water, b-acetonitrile; c-chkxofocm; d-acetone; e-DMSO, f-ethanol; g-methanol

Solubility*

soL (b-g) 
si. sol. (a)

sol. (b-g) 
si. sol. (a)

sol. (b,f,g) 
si. sol. (c-e) 

insol. (a)



As c a n  be seen  from  T able 1, In  e a c h  in s ta n c e  th e  3 1 P NMR 

sig n a l for th e  p h o sp h o n iu m  b ra n c h  o ccu red  - 8  ppm  dow nfleld (28 

ppm  downfleld relative to  ex terna l 85%  p h o sp h o ric  acid) from  th a t  for 

th e  in itia tio n  core p h o sp h o n iu m  s ite s  (21 p p m  for 3 (l)a -b  & 3(2)a-b  

a n d  41 p p m  for 3 ( l ) c  & 3 (2 )c  dow nfleld  re la tiv e  to  e x te rn a l 65%  

p h o sp h o ric  acid). F irs t, seco n d , a n d  th ird  g en e ra tio n  p h o sp h o n iu m  

s i te s  w ere in d is tin g u is h a b le  from  e a c h  o th e r  b y  th e ir  3 1 P NMR 

chem ical sh ifts . W ith th e  th ird  genera tion  species 3 (3 )a  an d  3(3)b  on ly  

o n e  s ig n a l for p h o s p h o ru s  co u ld  b e  o b se rv ed  in  th e  3 1 P NMR 

sp e c tru m . W hile in  th e  3 1 P s p e c tra  o f p r io r  g e n e ra tio n  sp e c ie s  

s e p a ra te  s ig n a ls  co u ld  b e  o b se rv ed  fo r th e  co re  a n d  p e r ip h e ra l 

p h o sp h o n iu m  io n  s ite s , th e  s e p a ra tio n  of th e  tw o s ig n a ls  w as  

in su ffic ien t in  th e se  two in s ta n c e s  for th e  sm a lle r  co re  s ig n a l to  be 

observed. T he large signal for th e  p e rip h e ra l p h o sp h o n iu m  ion s ite s  

overlapped  th e  region of th e  core signal.

Tetradiract&onal cascad e m olecu les

F or th e  g en e ra tio n  o f th e  p rim ary  co re  for a  te tra d lre c tio n a l 

developm ent of th e  cascad e , th e  p h o sp h in e  ce n te r  o f 2  is  q u a tem ized  

b y  re a c tio n  w ith  p -m e th o x y m e th y lb ro m o b e n z e n e  a t  e le v a te d  

te m p e ra tu re  a n d  p re s s u re  In th e  p re se n c e  of n ick e l b ro m id e  a s  

ca ta ly s t (Schem e 11).
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CHpCHa

CHjOCHs CHgOCHj

2  S ch e m e 11 4

T he above reac tio n  lead ing  to  th e  fo rm ation  of th e  p rim ary  core 

for te tra d lrec tlo n a l c a sc a d e  m olecu le p rovided  p u re  p ro d u c t In on ly  

poor yield (7%). S uccessive g en e ra tio n s  of th e  ca sca d e  s tru c tu re  a re  

in tro d u ced  a s  per  S chem e 12 via  t re a tm e n t w ith  lo d o trlm eth y ls ilan e  

followed by  a n  excess of trl(p*m ethoxym ethy lpheny l)pho8p h in e  (In a  

s im ila r  w ay to  th e  g en e ra tio n  o f tr id irec tio n a l c a sc a d e  m olecu les). 

E ac h  o f th e  f irs t two reac tio n  se q u e n c e s  (1 a n d  2 o f  S chem e 12) 

provided a  m o d era te  y ield (23% for 4(1) a n d  93%  for 4(2)) o f purified  

p ro d u c t.

E ach  o f th e se  gen era tio n s w as purified by  flash  ch ro m ato g rap h y  

on  silica  gel u s in g  a  m ixed solvent o f e th an o l a n d  aceton itrile . T hese 

purified  cascad e  m olecu les show ed a  single sp o t a t  th e  orig in  in  TLC 

e x p e rim e n t (w ith s ilic a  gel c o a tin g  a n d  a c e to n itr i le  a s  so lven t), 

d is tin c t from  th e  s ta r tin g  m ateria l an d  TMMPP. T he so lub ility  of th e se  

purified  cascad e  m olecules w as found  to  be  very s im ila r to  th a t  found 

for th e  trid irec tiona l cascad e  m olecules.

T he so lu b ility  c h a ra c te r is t ic s  a n d  a n a ly tic a l  d a ta  fo r th e  

te tra d lre c tlo n a l c a sc a d e  m a te r ia ls  sy n th e s iz ed  a re  su m m a rise d  In 

T able 2.

39



— ^  CH2OCH3
ISi(CH3)3

c h 3c n ' ( - O H .

p

3

4 X'
+
P< c h 2p  ^ —  CH2OCH3

4(1)

1. ISi(CH3>3

2 p[“ 0 “ CH2OCH3l

CH2OCH3l

4(2) 

S ch em e 12



Table 2 - Analytical and Solubility Data for Tetndirectional Cascade Molecules

Compound lH NMR (5 60 MHz)* 31P NMR (S)# Formula C/H Anal. CakxL(Found)

3.5 [12H, s]
4.6 [8H, s]
7.6-7.9 [16H, AABBl

20.9 C32H360 4PBr C: 64.54(64.18) 
H: 6.09(6.29)

4(1) 3.4 [36H, s]
4.6 [32H, br] 
6.8-7.8 [64H* m]

21.5, 28.0 C124H1320 12P3I3 C: 57.20(56.95) 
H: 5.11(5.32)

4(2) 3.4 [108H, s]
4.5 [104a br] 
6.8-7.8 [208a m]

21.0, 28.0 ^40qH420^36P 17̂ 17 C: 56.59(56.37) 
H: 4.98(5.11)

* Deuteriocfakcofovm or deuterioacetonitrile solution, relative to TMS
* Deutehochkrofbrm or deulerioacetonitrile solution, relative to 85% H3P04, 81 MHz
* a-water, b-acetonitrile; c-chkxofann; d-acetone; e-DMSO, f-ethanol; g-methanol

Solubility1 

so l (a-g)

. so l (b-g) 
si. sol. (a)

sol. (b-g) 
si. sol. (a)



As c a n  b e  seen  from  T able 2 . In ea ch  In s tan c e  th e  3 1 P  NMR 

signal for th e  p h o sp h o n iu m  b ra n c h  (for te trad lrec tlo n a l cascade  

m olecules) o ccu rred  a t  - 8  ppm  dow nfleld (28 ppm  dow nfleld relative 

to  ex te rn a l 85%  p h o sp h o ric  acid) from  th a t  fo r th e  In itia tio n  core 

p h o sp h o n iu m  s ite s  (21 p p m  dow nfleld re la tiv e  to  85%  p h o sp h o ric  

acid). A gain, s im ila r to  tr id irec tio n a l ca scad e  m olecu les, f irs t a n d  

seco n d  g en e ra tio n  p h o sp h o n iu m  s ite s  w ere  in d is tin g u is h a b le  from  

each  o th e r  by  th e ir  3 1 P NMR chem ical sh ifts . All of th e se  co m p o u n d s 

a re  found  to  b e  hyd ro sco p ic  a s  c a n  b e  se e n  from  th e ir  e lem en ta l 

analysis values.

T rid irectional cascad e m olecu les co n ta in in g  n eu tral p hosphoryl 

group a t th e  prim ary core s ite

So far, c a sca d e  m o lecu les (trid irec tio n a l a n d  te tra d lrec tlo n a l)  

have b een  p rep a red  co n ta in in g  ca tion ic  (phosphon ium ) in itia tio n  site  

a t  th e  p rim ary  core a n d  secondary  core a s  well. All of th e se  m olecules 

cou ld  u n d erg o  a  varie ty  o f reac tio n s  th ro u g h  th e  te rm in a l functiona l

g ro u p s  (O-CH3 ) p re s e n t a t  th e  o u te r  su rface . A new  tr id irec tio n a l

ca scad e  m olecule h a s  b een  p rep ared  co n ta in in g  a  reactive  phosphory l 

g ro u p  a t  th e  In itia tion  site  a n d  p h o sp h o n iu m  ion a t  th e  developing 

secondary  b ran ch . T his k ind  of cascad e  m olecule ca n  u n d erg o  reac tion  

a t  th e  in itia tio n  s ite  a n d  Indeed , th e  p h o sp h o ry l g ro u p  of th e se  

m olecu le  h a s  b ee n  red u ced  to  th e  p h o sp h ln e  su ccessfu lly  a n d  th e n  

com plexed w ith  gold (1) ch loride .
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T he p rim ary  core for th e  above tr id irec tio n a l ca scad e  m olecule 

h a s  b een  p rep a red  successfu lly  by  ox idation  of th e  p h o sp h ln e  2  u s in g  

H ydrogen Peroxide in  glacial acetic  acid a s  p e r th e  Schem e 13.

T he co m p o u n d  5  w as o b ta in ed  in  90%  yield a n d  w as fu r th e r  

purified  by  flash  ch rom atog raphy  on  silica gel u s in g  a  m ixed so lven t o f 

e th an o l a n d  ace to n itrile . P u re  com pound  5  show ed a  single sp o t in  

TLC experim en t u s in g  aceton itrile  a s  e lu en t w ith  R f value  of 0 .62 . The 

com pound  5  w as found to  be so lub le in  a  varie ty  of so lven ts inc lud ing  

e th an o l,ch lo ro fo rm .m e th an o l a n d  DMSO. T he 3 1 P NMR show ed  a  

single p eak  a t - 3 0  ppm .

T he trid irec tio n a l developm ent of th e  ca scad e  s tru c tu re  for th e  

above p rim ary  core co n ta in in g  p hosphory l g roup  w as ach ieved  easily  

a s  p e r Schem e 14 via tre a tm e n t w ith  lo d o trim eth y ls llan e  followed by  

a n  excess of trl(p -m ethoxym ethy lpheny l)phosph ine  (in a  s im ila r  w ay 

to  th e  g en e ra tio n  of tr i a n d  te trad lrec tlo n a l ca scad e  m olecu les). The 

3 1 p  NMR of 5 (1 )  show ed  tw o p e a k s , one  a t  - 3 0  p p m  (due to  

P h o sp h o ry l g roup) a n d  th e  o th e r  a t  - 2 8  p p m  (due to  se c o n d a ry  

p h o sp h o n iu m  b ran ch ). E lem enta l an a ly sis  ind ica ted  th e  com pound  to  

be  hydroscopic.

i CHjOCHj

glacial CH^COOH

2 5

S ch em e 13
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T h e  co m p o u n d  8(1) c o n ta in in g  a  p h o sp h o ry l g ro u p  a t  th e  

in itia tio n  s ite  w as  red u ced  su ccessfu lly  u s in g  tr lch lo ro s llan e  in  1:1 

a c e to n ltr ile /m e th y le n e  ch lo ride  to  give 6(1) (Schem e 14) co n ta in in g  

p h o sp h in e  c e n te r  a t  th e  In itia tio n  s ite . T he NMR sp e c tru m  of 

6 ( 1) show ed two p eak s, one a t  -  -16  p p m  d u e  to  p h o sp h in e  ce n te r  a t  

th e  In itia tio n  s i te  a n d  th e  o th e r  a t  - 2 8  p p m  d u e  to  s e c o n d a ry  

p h o sp h o n iu m  site . T he com pound  6(1) w as s to red  u n d e r  a rg o n  g as  

d u e  to  Its  ex trem e a ir  sen sitiv ity  a n d  u se d  Im m ediate ly  in  fu r th e r  

reac tio n .

T he com pound  6 (1 ) w as converted  w ith o u t an y  d ifficulty  to  th e  

c o r re s p o n d in g  gold  (I) co m p lex  7 (1 ) by  t r e a t in g  w ith  s o d iu m  

te tr a c h lo ro a u ra te  (111) in  1:1 a c e to n e /e th a n o l  (S chem e 14). T he 

e lec tro n ic  s p e c tra  of 7(1) show ed, in  ad d itio n  to  b a n d s  d u e  to  th e  

a ro m a tic  lig a n d s , a  s in g le  b a n d  a t  2 7 5  n m  p re su m a b ly  of th e  

go ld-to-ligand  ch arg e -tran sfe r.

P entadlrecttanal cascade m olecu les

In a d d itio n  to  d e n d r tm e rs  b e a rin g  a  p h o sp h o n iu m  ion  core 

s u r r o u n d e d  b y  r e p e a t in g  b r a n c h  p h o s p h o n iu m  io n  s i te s ,  a  

q u in q u ed irec tio n a l core [P(V)| h a s  b een  s y n t h e s i z e d w i t h  a sso c ia ted  

p h o sp h o n iu m  ion  b ra n c h  p o in ts . In th is  in s ta n c e  th e  core is  n e u tra l 

w hile th e  b ra n c h  p o in ts  a re  positively charged .

T he p rim ary  q u in q u e d irec tio n a l co re  [P(V)| h a s  b e e n  p re p a re d  

su ccessfu lly  b y  th e  reac tio n  o f a  q u a te rn a ry  p h o sp h o n iu m  s a l t  4  w ith  

a n  aryl lith ium  reag en t a s  p e r  th e  Schem e 15.
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T he above reac tio n  lead ing  to  th e  fo rm ation  o f p h o sp h o ra n e  8  

w as accom panied  fay th e  form ation of L ithium  brom ide a s  s ide  p ro d u c t 

w h ich  w as filtered from  th e  reac tio n  m ix tu re . T h is  q u in q u ed irec tio n a l 

co re  8  w as o b ta in ed  in  83%  yield a n d  w as found  to  b e  so lub le  in  a  

varie ty  o f so lven ts  in c lu d in g  chloroform , e th an o l a n d  ace to n itrile  b u t  

in so lub le  in  w ater. The 3 1 p  NMR sp ec tru m  o f 8 show ed a  single peak  

a t  -94 ppm .

T he p en tad lrec tio n a l deve lopm ent o f th e  c a sc a d e  s t ru c tu re  for 

th e  above q u in q u ev a len t p h o sp h o ru s  w as ach ieved  easily  a s  p e r  th e  

S chem e 16 via t r e a tm e n t w ith  lo d o trlm e th y ls llan e  follow ed by  a n  

ex c ess  o f TMMPP (in a  s im ila r  w ay to  th e  g e n e ra tio n  o f tr l  a n d  

te tra d lre c t lo n a l c a sc a d e  m o lecu les  a s  d is c u s s e d  in  th e  p rev io u s  

sec tion ).
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The 3 I p  NMR of com pound 8(1) show ed two p eak s, one a t  -95  

ppm  (due to p rim ary  qu lnquevalen t core) an d  th e  o th e r a t  29  ppm  

(due to secondary  phosphonium  branch).
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EXPERIMENTAL SECTION 

General

All chem icals w ere o f com m ercial reag en t q u a lity  a n d  w ere u sed  

w ith o u t fu r th e r  p u rifica tio n  w ith  th e  follow ing ex cep tio n s: b en zen e  

a n d  te tra h y d ro fu ra n  w ere d is tilled  over so d iu m  h y d rid e  a n d  s to red  

over m o le c u la r  sieves; ch lo ro fo rm  w as  d is tille d  over p h o s p h o ru s  

pen toxlde; ace ton itrile  w as d istilled  a n d  s to red  over m o lecu lar sieves; 

p h o sp h o ru s  trich lo ride  w as fresh ly  d istilled  p rio r to  u se . S ilica gel for 

p rep ara tiv e  ch ro m ato g rap h y  w as from  B ak er (230-400  m esh). In frared  

sp e c tra  w ere m e asu red  u s in g  a  P erk in -E lm er 1600 FTIR. UV sp e c tra  

w ere m e asu red  u s in g  CARY 14DS w ith  AVTV asso c ia te s  u p g rad e . The 

I f i  NMR s p e c tra  w ere m e a su re d  u s in g  e i th e r  a  V a rta n  E M 360 

(60MHz) or IB M -B ruker W P200SY (200MHz) in s tru m e n t. T he 3 1 P 

NMR s p e c tr a  w ere m e a s u re d  u s in g  th e  IB M -B ru k er I n s tru m e n t  

o p era tin g  a t 81 MHz. Ion exchange w as perform ed u s in g  DOWEX 2-X8 

(20-50  m esh) In th e  iodide form . E lem en ta l a n a ly se s  w ere perform ed 

by  D ese rt A nalytics, T ucson , Arizona, o r  S chw arzkopf M icroanalytical 

Laboratory , W oodslde. New York.

P re p a ra tio n  o f  p-fmethaxymethyDbromobenzene 

To d im ethy l sulfoxide (175 mL) w as ad d ed  pow dered  KOH (18.0 

g, 321 mmol). After s tirr in g  for 5 m in, p -brom obenzyl a lcohol (15 .0  g, 

8 0 .2  mmol) w as ad d ed , followed Im m ediately  by  lo d o m eth an e  (2.8  g. 

160 mmol). T he re su ltin g  so lu tio n  w as s tirre d  a t  room  te m p e ra tu re  

for 30  m in  a fte r  w hich  th e  m ix tu re  w as p o u red  in to  w a te r  (350 mL)
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an d  ex trac te d  w ith  m ethy lene  ch lo ride (4 X 2 0 0  mL). T he com bined  

o rg an ic  e x tra c ts  w ere  w a sh e d  w ith  w a te r  (5 X 100  mL). d r ie d

(MgSC>4 ). filtered, an d  evapora ted  u n d e r  red u ced  p re s s u re  to  give th e

p u re  p-(m ethoxym ethyl)brom obenzene (15 .5  g, 96%) w h ich  exh ib ited  

NMR a n d  IR sp e c tra , a n d  e lem e n ta l a n a ly s is  in  acco rd  w ith  th e

proposed  s tru c tu re . *H NMR (200 MHz; CDCI3 ; A) 3 .4  [3H. s). 4 .4  (2H, 

s). 7 .1 -7 .5  [4H. AA’BB). Calcd. for CsH gO B r: C. 47 .79 ; H, 4 .51 . Found: 

C. 47 .82 ; H. 4 .47 .

Preparation o f  p-ft-butyldtmethylsttylaxymethyUbromobenzene 

To d im eth y l fo rm am lde (200 mL) w as ad d e d  p -b ro m o b e n z y l  

alcohol (15 .0  g. 8 0 .2  m m ol). A fter s tirr in g  forlO  m in, im idazole ( 5 .5  

g, 8 0 .7  m m ol) w as added , followed b y  t-b u ty ld im e th y ls ily lc h lo r id e  

(12.1 g. 8 0 .2  m m ol). T he re su lt in g  so lu tio n  w as  s t i r re d  a t  room  

te m p e ra tu re  for 2 4  h  a n d  th e  so lv en t w as  rem oved  a t  re d u c e d  

p re s s u re  a n d  th e  re s id u e  w as filtered . T he filtra te  w as  d isso lved  in  

150 m L of ethy l ace ta te  a n d  w ash ed  w ith  w a te r  (3 X 100 mL), d ried

(MgSC>4 ), filtered, an d  evapora ted  u n d e r  red u ced  p re s su re  to  give th e

p u re  p -U -b u ty ld iin c th y ls lly lo x y m eth y l)b ro m o b en zen e  (15.1 g, 62%) 

w hich  exh ib ited  NMR a n d  IR sp ec tra , a n d  e lem en ta l an a ly sis  in  accord

w ith  th e  p roposed  s tru c tu re . *H NMR (60MHz; CDCI3 ; 5) 0 .0  [6H, s],

0 .8  [9H, s], 4 .4  |2H , sj, 7 .1 -7 .5  (4H. AA’BB'). Calcd. for C i 3 H2 iO S iB r: 

C. 51.77; H. 6 .97 . Found; C. 51 .98; H, 7.02.
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Attem pted syn thesis o f trUp-t-toutyldimethylsilyloxymethyl) 

phenyl phosphine (1)

In a  1 L 3- n ec k  flask  fitted  w ith  a  p a d d le  s ti r re r , d ro p p in g  

funnel, an d  reflux  co n d en ser w ere p laced m ag n esiu m  tu rn in g s  (1.18 g. 

4 8 .5  mmol) a n d  d ry  THF (15 mL). The flask  w as flu shed  co n tin u o u sly  

w ith  n itro g e n . A so lu tio n  o f p - U - b u ty ld im e th y ls l ly lo x y m e th y l )  

b rom obenzene (14 .48  g, 48 .1  mmol) In  d ry  THF (125 mL) w as added  

d ropw lse  to  th e  m ix tu re . A fter com pletion  o f ad d itio n , th e  reac tio n  

m ix tu re  w as h ea ted  a t  reflux for 45  m in  u s in g  s te am  h ea t. At th is  tim e 

th e  reac tio n  m ix tu re  w as cooled w ith  Ice a n d  fu rth e r  THF (40 mL) w as 

ad d ed . A so lu tio n  of p h o sp h o ru s  trich lo rid e  (2 .19  g, 15 .9  m m ol) In 

THF (20 mL) w as th e n  ad d ed  dropw lse over a  period  o f 4 5  m in  w ith  

c o n tin u o u s  s tir r in g . A fter th e  ad d itio n , th e  re a c tio n  m ix tu re  w as  

s t i r re d  a t  room  te m p e ra tu re  fo r 3 0  m in , a n d  allow ed  to  s ta n d  

overnight. H ydrochloric acid (40 mL co n cen tra ted  in  130 m L of w ater) 

w as ad d ed  slowly w ith cooling in  a n  ice b a th  a n d  c o n tin u o u s  stirrin g . 

T he reac tio n  m ix tu re  w as co n c en tra ted  u n d e r  red u ce d  p re s s u re  an d  

th e  re s id u a l aq u e o u s  so lu tio n  w as ex trac ted  w ith  e th e r  (3 X 50  mL). 

T he o rg a n ic  p o r t io n s  w ere  co m b in ed , d r ie d  (MgS0 4 ). f ilte re d .

evapora ted  u n d e r  red u ced  p re ssu re  to  give sem i-solid . *H NMR of th is  

sem i-so lid  show ed th a t  m o s t of th e  s ta r t in g  m a te ria l h a d  u n d e rg o n e  

cleavage of th e  silyl e th e r  linkage lead ing  to  u n u s a b le  s ld e -p ro d u c ts . 

F u rth e r , a tte m p ts  to  u se  te rtia ry  e th e r  lin k ag es Initially  a s  p ro tec tio n  

for th e  in c ip ien t b ra n c h  p o in ts  in  th e  firs t reac tio n  proved  fru itle ss . 

O n th e  o th e rh a n d , th e  m ethy l e th e r  o f  p -b ro m o b en zy l a lcoho l w as
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p rep a red  In q u an tita tiv e  yield by  th e  m ethod  rep o rted  by  Jo h n s to n e  

an d  tri{p-m ethoxym ethy l)pheny l p h o sp h in e  w as  p rep a red  a s  show n 

below.

Preparation o f  trtfp-methaxymethyUphenylphosphtne (2)
In a  1 L 3 -n ec k  f la sk  fitted  w ith  a  p ad d le  s ti r re r , d ro p p in g  

funnel, a n d  reflux co n d en se r were p laced  m ag n esiu m  tu rn in g s  (3.02 g, 

124 mmol) a n d  d ry  THF (25 mL). T he flask  w as flu sh ed  co n tin u o u sly  

w ith  n itrogen . A so lu tio n  of p-(m ethoxym ethyl) b rom obenzene (25.0 g, 

124 mmol) in  d ry  THF (175 mL) w as ad d ed  dropw lse to  th e  m ix tu re . 

After com pletion  of addition , th e  reac tion  m ix tu re  w as h ea ted  a t  reflux 

for 45  m in  u s in g  s te am  h ea t. A t th is  tim e th e  reac tio n  m ix tu re  w as 

cooled w ith  ice a n d  fu r th e r  THF (60 mL) w as  ad d ed . A so lu tio n  of 

p h o sp h o ru s  trich lo ride  (5.70 g, 4 1 .6  mmol) In THF (25 mL) w as th e n  

ad d ed  dropw lse over a  period o f 45 m in  w ith  co n tin u o u s  s tirrin g . After 

th e  add ition , th e  reac tion  m ix tu re  w as s tirred  a t  room  te m p e ra tu re  for 

3 0  m in , a n d  allow ed to  s ta n d  overn igh t. H ydrochloric  ac id  (50 mL 

co n c en tra ted  in  150 m L w ater) w as ad d ed  slowly w ith  cooling in  an  

Ice b a th  a n d  c o n t in u o u s  s t i r r in g . T h e  re a c tio n  m ix tu re  w as 

c o n c e n tra te d  u n d e r  re d u c e d  p re s s u re  a n d  th e  re s id u a l a q u e o u s  

so lu tio n  w as ex trac ted  w ith  e th e r  (3 X 50  mL). T he o rgan ic  p o rtio n s

w ere com bined , d ried  (MgS0 4 ), filte red , ev ap o ra ted  u n d e r  red u ced  

p re s su re  to  give th e  p u re  tr t(p -m e th o x y m eth y l)p h en y lp h o sp h ln e  (2 ) 

(10.1 g, 62%  yield) a s  sem i-solid  w hich  exh ib ited  *H a n d  3 1P NMR, 

a n d  IR sp e c tra , an d  e lem en ta l a n a ly s is  in  acco rd  w ith  th e  p roposed

s tru c tu re .  *H NMR (60 MHz. CDCI3 , 6) 3 .4  [9H, s], 4 .5  [6H. s |,

51



7 .1 -7 .9  [12H, AA'BB’]. 3 1 p  NMR (81 MHz. CDCI3 , p p m  re la tive  to

ex ternal H3PO4 ) -16. Calcd. for C24H27O 3P: C, 73.08: H. 6 .90 . Found: 

C, 72.94; H. 6 .81 .

P reparation  of methyl trtfp-methaxymethyVphenylphosphonium 

Iodide (3a)

A so lu tio n  of 2  (1 .0  g, 2 .5  mmol) in  d ry  benzene  (15 mL) w as 

p laced  In a  100 mL flask  fitted w ith  a  reflux co n d en se r an d  w hich  w as 

flu sh ed  c o n tin u o u s ly  w ith  d ry  n itro g en . A so lu tio n  o f m e th y l Iodide 

(0 .73  g, 5 .0  m mol) In b en zen e  (10 mL) w as ad d e d  to  th e  reac tio n  

so lu tion  w hich  w as s tirred  a t  room  te m p era tu re  for 24  h r. T he so lven t 

w as rem oved from  th e  reac tion  m ix tu re  u n d e r  red u ce d  p re s su re  an d  

th e  re s id u e  w as su b jec ted  to  flash  ch ro m ato g rap h y  on  s ilica  gel w ith  

a c e to n itr ile  to  give th e  p u re  m e th y l t r i ( p -m e th o x y m e th y l) p h e n y l  

p h o sp h o n iu m  iodide 3a  (1.31 g. 96%  yield) w h ich  exh ib ited  sp e c tra  

a n d  e lem en ta l an a ly s is  in accord  w ith  th e  p roposed  s tru c tu re  (Table 

1).

Preparation o f First-generation Tridirectional Phosphonium  

Cascade Molecule (3( l)a)

A so lu tio n  of 3 a  (0.5 g, 0 .9 3  mmol) in  d ry  ace to n itrile  (25 mL) 

w as p laced  In a  ro u n d -b o tto m ed  flask  fitted  w ith  a  reflux  co n d en se r 

a n d  f lu s h e d  c o n t in u o u s ly  w ith  d ry  n itro g e n . A s o lu t io n  of 

io d o trlm e th y ls ilan e  (1.12 g. 5 .5 9  mm ol) in  d ry  ace to n itrile  (15 mL) 

w as added  slowly w ith  co n tin u o u s stirring . The reac tio n  m ix tu re  w as
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refluxed for 16 h r, a n d  th en  cooled. T he so lven t w as evapora ted  u n d e r 

red u ced  p re s su re  to  give th e  c ru d e  benzyllc iodide, w h ich  w as u se d  

w ith o u t fu r th e r  pu rifica tion . T he c ru d e  benzyllc Iodide w as d issolved  

In d ry  aceton itrile  (40 mL) an d  p laced In a  ro u n d -b o tto m ed  flask  fitted  

w ith  reflux  co n d en se r a n d  flu sh ed  co n tin u o u s ly  w ith  d ry  n itrogen . A 

so lu tio n  of 2  (1.1 g. 2 .8 0  mmol) In d ry  aceton itrile  (35 mL) w as added  

slowly w ith  co n tin u o u s  s tirrin g . The so lu tio n  w as refluxed  for 2 4  h r  

a n d  th e n  cooled to  room  te m p e ra tu re . T he so lv en t w as rem oved  a t  

red u ce d  p re s s u re  to give th e  c ru d e  p ro d u c t. T he p u re  p ro d u c t w as 

iso lated  by  p assag e  th ro u g h  a  DOWEX 2-X8 co lum n In th e  iodide form , 

e lu tin g  w ith  30%  aq u eo u s  e th an o l, an d  evapo ra tion  of th e  so lvent. In 

th is  m a n n e r  th e  p u re  p ro d u c t 9 ( l)a  (1.01 g) w as iso la ted  in  54%  yield 

w hich  ex h ib ited  s p e c tra  a n d  a n a ly s is  In acco rd  w ith  th e  p ro p o sed  

s tru c tu re  (Table 1).

Preparation o f Second-generation Tridirectional Phosphonium 

Cascade Molecule (3(2)a)

A so lu tio n  of 3 ( l ) a  (0 .29  g. 0 .1 5  mmol) In d ry  ace to n itrile  (25 

mL) w as  p la ced  in  a  ro u n d -b o tto m e d  fla sk  f itted  w ith  a  re flu x  

co n d e n se r  a n d  flu shed  co n tin u o u sly  w ith  d ry  n itrogen . A so lu tio n  of 

lo d o trim eth y ls llan e  (0 .52 g, 2 .6 0  m m ol) In  d ry  ace to n itrile  (25 mL) 

w as ad d ed  slowly w ith  co n tin u o u s stirring . The reac tion  m ix tu re  w as 

refluxed for 16 h r, an d  th e n  cooled. T he so lvent w as evapora ted  u n d e r  

red u ce d  p re s su re  to  give th e  c ru d e  benzyllc Iodide, w h ich  w as u se d  

w ith o u t fu r th e r  purification , The c ru d e  benzyllc Iodide w as dissolved
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In  a c e to n i t r i le  (35  mL) a n d  th e  s o lu t io n  w a s  p la c e d  In  a  

ro u n d -b o tto m e d  f la s k  f itte d  w ith  re f lu x  c o n d e n s e r  a n d  f lu sh e d  

co n tin u o u sly  w ith  d ry  n itrogen . A so lu tion  of 2  (0.52 g. 1.31 mmol) In 

d ry  ace to n itrile  (40 mL) w as ad d ed  slow ly w ith  c o n tin u o u s  s tirr in g . 

T h e  s o lu tio n  w as  re flu x ed  for 3 0  h r  a n d  th e n  cooled  to  room  

tem p era tu re . T he so lven t w as rem oved a t  red u ced  p re s su re  to  give th e  

c ru d e  p ro d u c t. T he p u re  p ro d u c t w as Iso lated  by p a ssag e  th ro u g h  a  

DOWEX 2-X8 co lu m n  in  th e  Iodide form , e lu tin g  w ith  30%  aq u eo u s  

e th a n o l, a n d  ev ap o ra tio n  of th e  so lven t. In th is  m a n n e r  th e  p u re  

p r o d u c t  3(2)a  (0.51 g) w as iso la te d  in  55%  yield  w h ich  exh ib ited  

sp e c tra  an d  an a ly sis  In accord  w ith th e  proposed  s tru c tu re  (Table 1).

Preparation q f Third-generation Tridirectional Phosphonium Cascade 

Molecule (3(3)a)

A so lu tio n  o f 3(2)a (0 .20 g, 0 .032  mmol) in  d ry  ace to n itrile  (20 

mL) w as  p la ced  in  a  ro u n d -b o tto m e d  f la sk  f itted  w ith  a  re flu x  

co n d en se r an d  flu sh ed  co n tin u o u sly  w ith  d iy  n itrogen . T here w as th e n  

ad d ed  slowly w ith  co n tin u o u s s tirr in g  a  so lu tio n  of lodo trim ethy lsilane 

(0 .34  g, 1.68 mmol) in  d ry  aceton itrile  (25 mL), a n d  th e  m ix tu re  w as 

h e a te d  a t  reflux  for 24  h r. After th is  tim e th e  so lu tio n  w as cooled to  

room  te m p e ra tu re  a n d  th e  so lven t w as rem oved a t  red u ced  p re ssu re  

to  give th e  c ru d e  benzy llc  iodide. T he c ru d e  benzy llc  iod ide w as 

d isso lved  in  d ry  aceton itrile  (20 mL) a n d  p laced  in  a  ro u n d -b o tto m ed  

flask  fitted w ith  a  reflux  co n d en ser an d  flu shed  co n tin u o u sly  w ith  d ry  

n itrogen . T here w as added  a  so lu tio n  of 2  (0 .34  g, 0 .8 6  mmol) in  d ry
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aceton itrile  (30 mL) a n d  th e  reac tio n  m ix tu re  w as h ea ted  a t  reflux  for 

4  d ays. A fter th is  tim e th e  so lu tio n  w as cooled a n d  th e  so lv en t w as 

ev ap o ra ted  u n d e r  red u ced  p re s s u re  to  give th e  c ru d e  p ro d u c t. The 

c ru d e  m a te ria l w as purified  by  p assag e  th ro u g h  a  DOWEX 2-X8 In th e  

Iodide form , e lu tin g  w ith  30%  a q u e o u s  e th a n o l. T he e lu e n ts  w ere 

ev a p o ra ted  u n d e r  red u ced  p re s s u re  to  give th e  p u re  3 (3 )a . T h is  

com pound  3(3 )a  w as fu rth e r  purified  by  th e  ad d itio n  of d le th y le th er to  

a  so lu tio n  of 3(3 )a  in  ace ton itrile  an d  th e  ta rg e t m a te ria l p rec ip ita ted  

from  so lu tio n  an d  w as collected by filtration  an d  dried . In  th is  m a n n e r  

p u re  3(3 )a  (0.08 g) w as Isolated in  15% yield w hich  exhib ited  sp ec tra  

an d  an a ly sis  In accord  w ith  th e  proposed  s tru c tu re  friable 1).

Preparation o f benzyl trUp-methoxymethyUphenylphosphonium  

bromide (3b)

A so lu tio n  o f 2  (0 .54  g. m m ol) in  d ry  b en zen e  (15 mL) w as 

p laced  In a  100 mL ro u n d -b o tto m ed  flask  fitted  w ith  reflux  co n d en se r 

a n d  w hich  w as flu sh ed  co n tin u o u sly  w ith  d ry  n itrogen . A so lu tio n  of 

b rom obenzene (0 .235 g. 1.37 mmol) in  b enzene (10 mL) w as ad d ed  to  

th e  reac tio n  so lu tio n  w hich w as refluxed for 2 4  h r . A fter cooling, th e  

so lv e n t w as  rem oved  a t  re d u c e d  p re s s u re  a n d  th e  re s id u e  w as 

s u b je c te d  to  f la sh  c h ro m a to g ra p h y  o n  s il ic a  gel e lu t in g  w ith  

ace to n itrile  to  yield 3b  (0.73 g, 94%  yield) w h ich  ex h ib ited  sp e c tra  

an d  elem en ta l an a ly sis  in  accord  w ith  th e  p roposed  s tru c tu re .
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Preparation o f First-generation Tridirectional Phosphonium 

Cascade Molecule (3(l)t>)

A so lu tio n  o f 3 b (0 .7 3  g, 1.29 mmol) In d ry  ace to n itrile  (30 mL) 

w as p laced  in  a  ro u n d -b o tto m ed  flask  fitted  w ith  a  reflux  co n d e n se r  

a n d  f lu s h e d  c o n t in u o u s ly  w ith  d ry  n i tro g e n . A s o lu t io n  o f 

lo d o trlm e th y ls ilan e  (1 .55  g, 7 .7 5  m m ol) in  d ry  ace to n itrile  (30 mL) 

w as ad d ed  slowly w ith  co n tin u o u s  stirring . T he reac tion  m ix tu re  w as 

refluxed for 16 h r , an d  th e n  cooled to  room  te m p era tu re . T he so lvent 

w as ev ap o ra ted  u n d e r  red u ced  p re s s u re  to  give th e  c ru d e  benzyllc 

Iodide, w h ich  w as  u se d  w ith o u t fu r th e r  p u r if ic a tio n . T h e  c ru d e  

benzyllc Iodide w as dissolved in  d ry  aceton itrile  (55 mL) an d  p laced  In 

a  ro u n d -b o tto m e d  f la sk  f itted  w ith  re flu x  c o n d e n se r  a n d  f lu sh ed  

co n tin u o u sly  w ith  d ry  n itrogen . A so lu tio n  of 2  (1.53 g. 3 .8 7  mmol) in 

d ry  ace to n itrile  (35 mL) w as ad d ed  slow ly w ith  c o n tin u o u s  s tirr in g . 

T h e  s o lu t io n  w as  re flu x ed  for 2 4  h r  a n d  th e n  coo led  to  room  

tem p era tu re . T he so lven t w as rem oved a t  red u ced  p re ssu re  to  give th e  

c ru d e  p ro d u c t. T he p u re  p ro d u c t w as Iso la ted  by  p a ssa g e  th ro u g h  a  

DOWEX 2-X 8 co lu m n  in  th e  iodide form , e lu tin g  w ith  30%  aq u eo u s  

e th a n o l, a n d  ev ap o ra tio n  o f th e  so lv en t. In  th is  m a n n e r  th e  p u re  

p r o d u c t  3 ( l jb  (0 .5  g) w as iso la ted  in  22%  yield  w h ich  ex h ib ited  

sp e c tra  an d  an a ly sis  in  accord  w ith  th e  p roposed  s tru c tu re  (Table 1).
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Preparation qf Second-generation Tridirectional Phosphonium

Cascade Molecule (3(3)b)

A so lu tio n  of 3 (l)b  (0.19 g, 0 .0 9 3  mmol) In d ry  ace to n itrile  (25 

mL) w as p laced  in  a  ro u n d -b o tto m e d  f la sk  f itted  w ith  a  re flu x  

co n d e n se r  an d  flu shed  co n tin u o u sly  w ith  d ry  n itrogen . A so lu tio n  of 

lo d o trlm eth y ls llan e  (0 .337 g. 1 .68 mm ol) in  d ry  ace to n itrile  (20 mL) 

w as added  slowly w ith co n tin u o u s stirring . T he reac tion  m ix tu re  w as 

refluxed for 20  h r , an d  th e n  cooled to  room  te m p era tu re . H ie  so lven t 

w as ev ap o ra ted  u n d e r  red u ce d  p re s s u re  to  give th e  c ru d e  benzyllc 

iod ide , w h ich  w as  u s e d  w ith o u t f u r th e r  p u r if ic a tio n . T h e  c ru d e  

benzy llc  iodide w as d isso lved  In ac e to n itr ile  (30 mL) a n d  th e  

so lu tio n  w as p laced  in  a  ro u n d -b o tto m e d  f la sk  f itted  w ith  re flu x  

co n d en se r an d  flu shed  con tin u o u sly  w ith  d ry  n itrogen . A so lu tio n  of 2  

(0.34 g, 0 .8 4  mmol) In d ry  ace ton itrile  (30 mL) w as ad d ed  slowly w ith 

c o n tin u o u s  s tirr in g . T he so lu tio n  w as refluxed  for 3 0  h r  a n d  th e n  

cooled  to  room  te m p e ra tu re . T he so lv en t w as  rem oved  a t  re d u c e d  

p re ssu re  to  give th e  c ru d e  p ro d u c t. T he p u re  p ro d u c t w as iso la ted  by  

p assag e  th ro u g h  a  DOWEX 2-X8 co lu m n  In th e  Iodide form , e lu tin g  

w ith  30%  aq u e o u s  e th an o l, a n d  ev ap o ra tio n  o f th e  so lven t. In th is  

m a n n e r  th e  p u re  p ro d u c t 3(2)b (0 .38  g) w as Iso la ted  in  64%  yield 

w h ich  exh ib ited  sp e c tra  a n d  an a ly s is  in  acco rd  w ith  th e  p ro p o sed  

s tru c tu re  (Table 1).
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Preparation o f Third-generation Tridirectional Phosphonium 

Cascade Molecule (3(3)b)

A so lu tio n  of 3(2)b (0.11 g. 0 .0 1 7  mm ol) In d ry  ace to n itrile  (10 

mL) w as p la c e d  In a  ro u n d -b o tto m e d  fla sk  f itte d  w ith  a  re flu x  

co n d en se r a n d  flu sh ed  co n tin u o u sly  w ith  d ry  n itrogen . T here  w as th e n  

added  slowly w ith  c o n tin u o u s  s tirr in g  a  so lu tio n  of lodo trlm ethy lsllane 

(0.18 g. 0 .9 2  mmol) In d ry  aceton itrile  (10 mL). a n d  th e  m ix tu re  w as 

h ea ted  a t  reflux  for 24  h r. After th is  tim e th e  so lu tio n  w as cooled to 

room  te m p e ra tu re  a n d  th e  so lven t w as rem oved a t  red u ced  p re s su re  

to  give th e  c ru d e  benzy llc  iodide. T he c ru d e  benzy llc  iod ide  w as 

dissolved In d ry  ace to n itrile  (25 mL) a n d  p laced  in  a  ro u n d -b o tto m ed  

flask  fitted  w ith  a  reflux  co n d en se r a n d  flu shed  co n tin u o u sly  w ith  d ry  

n itrogen. T here w as ad d ed  a  so lu tion  of 2  (0 .180 g, 0 .4 5  mmol) in  d ry  

aceton itrile  (20 mL) a n d  th e  reac tio n  m ix tu re  w as h ea ted  a t  reflux  for 

3  days. A fter th is  tim e th e  so lu tio n  w as cooled an d  th e  so lv en t w as 

ev ap o ra ted  u n d e r  red u ced  p re s s u re  to  give th e  c ru d e  p ro d u c t. The 

c ru d e  m ate ria l w as purified  by p assag e  th ro u g h  a  DOWEX 2-X8 In th e  

Iodide form , e lu tin g  w ith  30%  a q u e o u s  e th an o l. T h e  e lu e n ts  w ere 

ev a p o ra ted  u n d e r  red u ce d  p re s s u re  to  give th e  p u re  3 (3 )b . T h is  

com pound  3(3)b w as fu rth e r  purified  by  th e  ad d itio n  o f d ie th y le th er to 

a  so lu tion  of 3(3)b  in  aceton itrile  a n d  th e  ta rg e t m a te ria l p rec ip ita ted  

from  so lu tio n  an d  w as collected by  filtra tion  a n d  dried . In th is  m a n n e r  

p u re  3(3)b  (0.07 g) w as iso la ted  in  21%  yield w hich  exh ib ited  sp e c tra  

a n d  an a ly sis  In accord  w ith  th e  proposed s tru c tu re  fTable 1).
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Preparation of octadecyi tri(p-methoxymethyl)phenyl 

Phosphonium bromide (3c)

A so lu tio n  of 2  (0.82 g, 2 .0 8  mmol) in  d ry  o-xylene (25 mL) w as 

p laced  in  a  100 mL ro u n d -b o tto m ed  flask  fitted  w ith  reflux  co n d en se r 

a n d  w hich  w as flu sh ed  co n tin u o u sly  w ith  d ry  n itrogen . A so lu tio n  of 

octadecy lbrom ide (0 .70  g, 2 .0 8  mmol) in  o-xylene (15 mL) w as added  

to  th e  reac tio n  so lu tio n  w h ich  w as refuxed  a t  145° C for 4 8  h r  an d  

th e n  cooled to  room  te m p era tu re . T he so lven t w as rem oved from  th e  

reac tio n  m ix tu re  u n d e r  red u ced  p re ssu re  an d  th e  re s id u e  w as w ashed  

w ith  n -h ex an e  (30 mL) to  rem ove a n y  u n re a c te d  octadecy i b rom ide 

a n d  th e n  finally  sub jec ted  to  flash  ch ro m ato g rap h y  on s ilica  gel w ith  

ace to n itrile  to  give th e  p u re  p h o sp h o n iu m  s a l t  3 c  (0.25 g. 17% yield) 

w h ich  exh ib ited  sp e c tra  a n d  e lem en ta l a n a ly s is  in  acco rd  w ith  th e  

p roposed  s tru c tu re  (Table 1).

Preparation o f First-generation Tridirectional Phosphonium 

Cascade Molecule (3(l)c)

A so lu tion  of 3 c  (0.13 g. 0 .1 8  mmol) in  d iy  ace to n itrile  (15 mL)

w as p laced  in  a  ro u n d -b o tto m ed  flask  fitted  w ith  a  reflux  co n d en se r

a n d  f lu s h e d  c o n t in u o u s ly  w ith  d ry  n itro g e n . A s o lu t io n  of

io d o trlm eth y ls llan e  (0 .22  g, 1 .08  mm ol) in  d ry  ace to n itrile  (10 mL)

w as ad d ed  slowly w ith  co n tin u o u s  stirring . The reac tio n  m ix tu re  w as

refluxed for 2 4  h r . an d  th e n  cooled to  room  te m p e ra tu re . T he so lven t

w as ev ap o ra ted  u n d e r  red u ce d  p re s su re  to  give th e  c ru d e  benzyllc

iod ide , w h ich  w as u se d  w ith o u t fu r th e r  p u r if ic a tio n . T h e  c ru d e
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benzyllc iodide w as dissolved in  d ry  aceton itrile  (25 mL) an d  p laced  in 

a  ro u n d -b o tto m e d  fla sk  f itted  w ith  re flu x  c o n d e n se r  a n d  f lu sh ed  

co n tin u o u sly  w ith  d ry  n itrogen . A so lu tio n  of 2  (0.21 g. 0 .5 4  mmol) in  

d ry  ace to n itrile  (10 mL) w as ad d ed  slow ly w ith  c o n tin u o u s  s tirr in g . 

T he s o lu t io n  w a s  re flu x ed  for 2 4  h r  a n d  th e n  coo led  to  room  

tem p era tu re . T he solvent w as rem oved a t  red u ced  p re s su re  to  give th e  

c ru d e  p ro d u c t. T he p u re  p ro d u c t w as iso la ted  by  p assag e  th ro u g h  a  

DOWEX 2-X8 co lu m n  in  th e  Iodide form , e lu tin g  w ith  80%  aq u e o u s  

e th a n o l, a n d  ev ap o ra tio n  o f th e  so lv en t. In  th is  m a n n e r  th e  p u re  

p r o d u c t  3(1 )c (0 .37  g) w as iso la ted  in  92%  yield  w h ich  ex h ib ited  

sp e c tra  an d  an a ly sis  in  accord  w ith th e  p roposed  s tru c tu re  (Table 1).

Preparation o f Second-generation Tridirectional Phosphonium 

Cascade Molecule (3(2)c)

A so lu tio n  of 3 ( l ) c  (0 .43  g, 0 .1 9  mmol) in  d ry  ace to n itrile  (20 

mL) w as  p laced  in  a  ro u n d -b o tto m e d  fla sk  f itted  w ith  a  re f lu x  

c o n d e n se r  a n d  flu shed  co n tin u o u sly  w ith  d ry  n itrogen . A so lu tio n  of 

io d o trim eth y ls llan e  (0 .68  g, 3 .4 2  m m ol) in  d ry  ace to n itrile  (10 mL) 

w as added  slowly w ith co n tin u o u s  stirring . T he reac tion  m ix ture w as 

refluxed for 2 0  h r  an d  th e n  cooled to  room  te m p e ra tu re . T he so lven t 

w as ev ap o ra ted  u n d e r  red u c e d  p re s s u re  to  give th e  c ru d e  benzyllc 

Iodide, w h ich  w as  u s e d  w ith o u t f u r th e r  p u r if ic a tio n . T h e  c ru d e  

benzy llc  iod ide w as  d isso lved  in  ac e to n itr ile  (20 mL) a n d  th e  

so lu tio n  w as p laced  in  a  ro u n d -b o tto m e d  fla sk  fitted  w ith  re flu x  

co n d en se r an d  flushed  con tin u o u sly  w ith  dry  n itrogen . A so lu tion  of 2
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(0.68 g, 1.71 mmol) In d ry  aceton itrile  (10 mL) w as ad d ed  slowly w ith 

c o n tin u o u s  s tirr in g . T he so lu tio n  w as  re fluxed  for 2 4  h r  a n d  th e n  

cooled to  room  te m p e ra tu re . T he so lv en t w as rem oved a t  red u ce d  

p re s su re  to  give th e  c ru d e  p ro d u ct. T he p u re  p ro d u c t w as iso la ted  by  

p assag e  th ro u g h  a  DOWEX 2-X 8 co lum n  In th e  Iodide form , e lu tin g  

w ith  80%  a q u e o u s  e th an o l, a n d  ev ap o ra tio n  of th e  so lven t. In th is  

m a n n e r  th e  p u re  p ro d u c t 3 (2)c (1 .55  g) w as Iso la ted  In 68 % yield 

w h ich  ex h ib ited  s p e c tra  a n d  a n a ly s is  In acco rd  w ith  th e  p ro p o sed  

s tru c tu re  (Table 1).

Preparation o f tetra(p-m ethaxym ethyl)phenylphosphonium  

bromide (4)

A so lu tio n  of 2  (0 .500 g, 1.26 mmol) In d ry  m eth an o l (5mL) w as 

p laced  In a  p re s s u re  tu b e  w ith  a  te flon  n ee d le  valve a lo n g  w ith  

p-(m ethoxym ethyl)brom obenzene (0 .225 g. 1.26 m m ol) a n d  an h y d ro u s  

nlckel(U) b ro m id e  (0 .007  g. 0 .0 3 2  m m ol). T h e  tu b e  w as f lu sh ed  

co n tin u o u sly  w ith  d ry  n itrogen  a n d  closed. The closed  tu b e  w as k ep t 

in  a n  oil b a th  m a in ta in ed  a t  180° for 48  h r. A fter cooling to  room  

te m p e ra tu re , th e  so lven t w as ev ap o ra ted  a t  red u ced  p re s su re  to give 

th e  c ru d e  p ro d u c t, w h ich  w as purified  by  f la sh  ch ro m a to g rap h y  on 

silica  gel (50 g) u s in g  1:1 a c e to n ltr lle /e th a n o l m ix tu re  a s  e lu en t. In 

th is  m a n n e r  w as Iso la ted  p u re  4  (0 .0 5 0  g, 7%) w h ich  ex h ib ited  

sp e c tra  an d  an a ly sis  in  accord  w ith  th e  proposed  s tru c tu re  (Table 2).
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Preparation of the First-generation Tetradirectionat Cascade 

Moiecufe (4(1))

A so lu tio n  o f 4 (0 .040 g, 0 .067  mmol) In d ry  aceton itrile  (15 mL) 

w as p laced  in  a  100 mL ro u n d -b o tto m ed  flask  fitted  w ith  a  reflux  

co n d en se r an d  flu shed  con tinuously  w ith  d ry  nitrogen. To it w as added  

slowly w ith  co n tin u o u s  stirrin g  a  so lu tion  of lodo trim ethy isllane (0.110 

g, 0 .5 3 8  mmol) In d ry  ace to n itrile  (5 mL). T he reac tio n  m ix tu re  w as 

refluxed for 16 h r  an d  th e n  cooled to  room  te m p e ra tu re . T he so lven t 

w as rem oved a t  red u ced  p re s su re  to  give th e  c ru d e  benzyllc Iodide. 

T he c ru d e  Iodide so  ob ta ined  w as disso lved In d ry  aceton itrile  (25 mL) 

a n d  p laced  in  a  100 mL ro u n d -b o tto m ed  flask  fitted  w ith  a  reflux  

co n d en se r a n d  flushed  co n tin u o u sly  w ith  d ry  nitrogen. To it w as added  

slowly w ith  co n tin u o u s  s tirr in g  a  so lu tion  of 2 (0.15 g. 0 .3 8  mmol) In 

d ry  ace ton itrile  (10 mL). The so lu tion  w as refluxed for 24  h r  a n d  th en  

cooled to  room  te m p e ra tu re . T he so lv en t w a s  rem oved a t  red u c e d  

p re s s u re  to  give th e  c ru d e  p ro d u c t w h ich  w as  p a s se d  th ro u g h  a 

DOWEX 2-X8 co lum n In th e  iodide form u sin g  30%  a q u e o u s  e th an o l a s  

e lu en t. T he m a te ria l iso la ted  from  th is  tre a tm e n t w as fu rth e r  purified  

by  flash  ch rom ato g rap h y  on silica gel (40 g) e lu tin g  w ith  a  1:1 m ix ture 

o f ace to n itr ile /e th a n o l. E vaporation  of th e  e lu e n ts  gave th e  p u re  4(1) 

(0 .040  g, 23%) w hich  exh ib ited  sp e c tra  a n d  a n a ly s is  in  acco rd  w ith  

th e  p roposed  s tru c tu re  (Table 2).
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Preparation of the Second-generation Tetradiroctional 

Cascade Molecule (4(2))

A so lu tion  of 4(1) (0.030 g. 0 .012  mmol) In d ry  aceton itrlle  (15 

mL) w as p laced  In a  ro u n d -b o tto m ed  fla sk  fitted  w ith  a  reflux  

condenser an d  flushed con tinuously  w ith d ry  nitrogen. To It w as added  

slowly w ith  con tinuous stirring  a  solution of lodotrlm ethylsilane (0.056 

g, 0 .27  mmol) in dry  acetonitrlle (5 mL). The m ix ture w as refluxed for 

16 h r  an d  th e n  cooled to room tem peratu re . The solvent w as removed 

a t  reduced  p re ssu re  to  give th e  crude  iodide. T he c ru d e  Iodide th u s  

obtained w as dissolved in dry acetonitrlle (25 mL) an d  p laced  in  a  100 

mL round-bo ttom ed  flask  fitted w ith  a reflux co n d en ser a n d  flushed  

con tinuously  w ith  dry nitrogen. There w as added  to it a  so lu tion  of 2 
(0 .110 g, 0 .2 9 0  mmol) In dry  aceton itrlle  (10 mL) an d  th e  reac tion  

m ix ture w as hea ted  a t  reflux for 24  hr. After th is  tim e th e  solvent w as 

evaporated  u n d e r  reduced  p re ssu re  to give the  crude  p ro d u ct, w hich 

w as purified by passing  th rough  a  DOWEX 2-X8 co lum n in  th e  iodide 

form  and  th en  sub jected  to flash  chrom atography  on silica gel (40 g) 

elu ting  w ith a  1:1 m ixture of ace ton itrlle /e thano l. Upon evaporation of 

th e  e lu e n t th e re  could  be Isolated p u re  4(2) (0 .078 g, 93%) w hich 

exhibited sp ec tra  an d  an a ly sis  in accord w ith th e  proposed s tru c tu re  

(Table 2).
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Preparation of tri(p-methoxymethyf)phenyl phosphine oxide (5)

To a n  ice-cold so lu tio n  of 2  (1.00 g, 2 .5 3  mmol) in  glacial acetic 

ac id  (8 mL) w as  a d d e d  d ro p w lse  d u r in g  s t i r r in g  30%  a q u e o u s  

hydrogen  peroxide (1 mL). A fter th is  th e  reac tio n  m ix tu re  w as p o u red  

In to  100 mL of w ater. T he oxide w as p rec ip ita ted  a s  w hite  solid a n d  

w as  collected  by  filtra tio n  to  give th e  c ru d e  5  (0 .80  g) in  77%  yield. 

T he co m p o u n d  8  w as fu r th e r  p u rified  by  fla sh  ch ro m a to g ra p h y  o n  

silica  gel (50 g) u s in g  ace to n itrlle  a s  e lu en t to  yield p u re  5  (0 .500  g.

48%  yield). 1H NMR (60 MHz. CDCI3  8) 3 .4  [9H. s |.  4 .5  [6H. s].

7 .2 -7 .9  [12H, AA BB'l. 3 1 p  n m R  (81 MHz. CDCI3 , ppm  rela tive  to

e x te rn a l H 3 P O 4 ) +30. C alcd. for C2 4 H 2 7 O 4 P: C. 7 0 .1 6 : H. 6 .5 7 .

Found: C. 69 .85; H, 6 .66 .

Preparation o f tri(p-methoxymethyi)phenyl phosphine sulfide

A so lu tio n  of 2  (1.00 g. 2 .5 3  mmol) in  d iy  to lu en e  (30 mL) w as 

tak en  in  a  100 m L round-bo ttom ed  flask  fitted wl+h a  reflux  co n d en se r 

an d  flushed  con tinuously  w ith  d ry  nitrogen. A so lu tion  of su lfu r (0.16 g, 

5 .0 6  mmol) in  d ry  to luene  (10 mL) w as ad d ed  to th e  reac tio n  so lu tion  

w hich  w as refluxed  for 4 8  h r  a n d  th e n  cooled to  room  te m p e ra tu re . 

E xcess su lfu r w as rem oved by filtration  an d  th e  so lvent w as rem oved a t  

red u ced  p re s su re  to  yield th e  req u ired  p ro d u c t (0 .98  g. 91%  yield). 

lH  NMR (60 MHz. CDCI3  8) 3 .4  [9H. si. 4 .5  [6H, s). 7 .2 -7 .9  [12H.

AA ’BB'). 3 1 P NMR (81 MHz, CDCI3 , ppm  relative to  ex te rn a l H3 PO4)
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+43. Calcd. for C2 4 H2 7 O3 PS: C, 67 .53 ; H. 6 .33 . F ound : C, 67 .05 ; H, 

6 .38 .

Preparation q f First-generation Trldirectlonal Phosphonium 

Cascade Molecule (5(1))

A so lu tio n  of tt ( 0 .4 9  g( 1.2 m mol) In d ry  ace to n itrlle  (20 mL) 

w as p laced  In a  ro u n d -b o tto m ed  flask  fitted  w ith  a  reflux  co n d en se r 

a n d  f lu s h e d  c o n t in u o u s ly  w ith  d ry  n itro g e n . A s o lu t io n  o f 

iodo trim ethy lsllane  (1.43 g. 7.2 mmol) In  d ry  ace ton itrlle  (35 mL) w as 

ad d ed  slowly w ith  co n tin u o u s stirring . T he reac tio n  m ix tu re  w as 

refluxed  for 16 h r  an d  th e n  cooled to room  te m p e ra tu re . T he so lven t 

w as  ev ap o ra ted  u n d e r  red u ced  p re s s u re  to  give th e  c ru d e  benzyllc 

Iodide, w h ich  w as u se d  w ith o u t fu r th e r  p u r if ic a tio n . T h e  c ru d e  

benzyllc iodide w as dissolved in  d ry  aceton itrlle  (45 mL) an d  p laced  In 

a  ro u n d -b o tto m e d  fla sk  fitted  w ith  re flu x  c o n d e n se r  a n d  f lu sh ed  

co n tin u o u sly  w ith  d ry  nitrogen. A so lu tio n  of 2  (1.41 g, 3 .6 0  mmol) in 

d ry  ace to n itrlle  (35 mL) w as ad d ed  slowly w ith  c o n tin u o u s  s tirrin g . 

T h e  so lu t io n  w as  re flu x ed  for 2 4  h r  a n d  th e n  coo led  to  room  

te m p era tu re . T he solvent w as rem oved a t  red u ced  p re ssu re  to give th e  

c ru d e  p ro d u c t. T he p u re  p ro d u c t w as iso la ted  by p a ssa g e  th ro u g h  a  

DOWEX 2-X8 co lu m n  in  th e  iodide form , e lu tin g  w ith  30%  aq u e o u s  

e th a n o l, a n d  ev ap o ra tio n  o f th e  so lven t. In  th is  m a n n e r  th e  p u re  

p r o d u c t  5(1) (1 .43  g) w as  iso la ted  in  63%  y ie ld  w h ich  ex h ib ited  

sp e c tra  an d  an a ly sis  in  accord  w ith  th e  p roposed  s tru c tu re . l H NMR 

(60 MHz, CDCI3  8) 3 .4  [27H, brj. 4 .5  (24H. br], 7 .3 -7 .9  [48H, ml.
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3 1 P NMR (81 MHz. CDCI3 , p p m  rela tive to  ex te rn a l H3 P O 4 ) +28.0.

+30.0 . C alcd. for C 9 3 H g g O io P 4 !3 : C, 59 .37 ; H, 5 .30 . F ound : C, 

59 .00 ; H. 5 .38 .

Preparation o f Second-generation Tridirectional Phosphonium  

Cascade Molecule (5(2))

A so lu tio n  of 5  (1) ( 0 .5 8  g, 0 .31  mmol) In d ry  ace to n itrlle  (25 

mL) w as p la ced  fn a  ro u n d -b o tto m e d  f la sk  f itted  w ith  a  reflux  

c o n d e n se r  an d  flu sh ed  co n tin u o u sly  w ith  d ry  n itrogen . A so lu tio n  of 

iodo trim ethy lsilane  (0.56 g. 2 .8  mmol) in  dry  ace ton itrlle  (30 mL) w as 

added  slowly w ith  co n tin u o u s stirring . The reac tion  m ix tu re  w as 

refluxed for 16 h r  an d  th e n  cooled to  room  te m p e ra tu re . T he so lven t 

w as  ev ap o ra ted  u n d e r  red u ced  p re s su re  to  give th e  c ru d e  benzyllc 

iod ide, w h ich  w as  u se d  w ith o u t fu r th e r  p u r if ic a tio n . T h e  c ru d e  

benzyllc Iodide w as dissolved in  d ry  aceton itrlle  (45 mL) an d  p laced  in 

a  ro u n d -b o tto m e d  flask  f itte d  w ith  re flu x  c o n d e n se r  a n d  f lu sh ed  

co n tin u o u sly  w ith  d ry  n itrogen . A so lu tio n  o f 2  (1.1 g, 2 .7 8  mmol) in 

d ry  ac e to n itrlle  (30 mL) w as ad d ed  slow ly w ith  c o n tin u o u s  stirrin g . 

T h e  s o lu t io n  w as  re flu x ed  for 2 4  h r  a n d  th e n  coo led  to  room  

tem p era tu re . T he so lven t w as rem oved a t  red u ced  p re ssu re  to  give th e  

c ru d e  p ro d u c t. T he p u re  p ro d u c t w as Iso la ted  by p a ssag e  th ro u g h  a  

DOWEX 2-X8 co lum n  in  th e  iodide form , e lu tin g  w ith  30%  aq u eo u s  

e th a n o l, a n d  ev ap o ra tio n  o f th e  so lven t. In  th is  m a n n e r  th e  p u re  

p r o d u c t  5(2) (1 .49  g) w as  iso la ted  in  77%  yield  w h ich  ex h ib ited  

sp e c tra  an d  an a ly s is  In accord  w ith  th e  proposed  s tru c tu re . *H NMR
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(60 MHz, CDCI3  6) 3 .4  |81H. br], 4 .5  (78H. brl, 7 .2-7 .9  [156H. m).

NMR (81 MHz. CDCI3 . ppm  relative to  ex ternal H3 PO 4 ) +28.0.

+30.0. Calcd. for C 3 0 o H 3 i5 0 2 8 P l3 ^ I2 : C. 57.24: H. 5 .00. Found: C, 

57.01; H. 5.14.

Preparation o f the phosphine derivative (6(1)) from the first 

generation tridirectional cascade molecule (5(1))

A so lu tio n  of 5 (1 )  (0 .770  g, 0 .41  mmol) In 1:1 m ix tu re  of 

d lch lo rom ethane/ace ton itrlle  (40 mL) w as placed in a  round-bo ttom ed  

flask  fitted  w ith  a  reflux  co n d en ser an d  th e  so lu tion  w as s tirred  a t 

room  tem peratu re . To th is  so lu tion  w as added  trich lo rosllane (0.61 g. 

4 .51  mmol) an d  th e  re su ltin g  so lu tio n  w as s tirre d  for 4  h r . The 

so lu t io n  w as  e v a p o ra te d  a n d  th e  re s id u e  w a s  d isso lv ed  in  

d lch lo ro m eth an e  (90 mL) an d  th e n  n eu tra lized  w ith  1 mL o f 30% 

KOH. The o rgan ic  layer w as d ried  over m o lecu lar sieves a n d  th e  

so lv en t w as  rem oved a t  red u ced  p re s s u re  to  give th e  req u ired  

p h o sp h in e  6(1) (0.76 g. 99.6%  yield). l H NMR (60 MHz, CDCI3  6) 3.4  

(27H, br], 4 .5  [24H, br). 7 .3 -7 .9  [48H, m |. 3 * P  NMR (81 MHz,

C D C I3 , ppm  relative to  ex tern a l H3 P O 4 ) +28.0, -16 .0 . Calcd. for 

C93Hgg0 9 P4 l3 : C, 59.89; H, 5.31. Found: C, 59.20; H, 5.58.
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Preparation o f the gold (1) complex (7(1)) from the phosphine 

derivative (6(1))

S o d iu m  te te ra c h lo ro a u ra te  (III) (0 .05  g, 0 .1 2  m m ol) w as 

d issolved in  a  1:1 m ix tu re  of acetone an d  e th an o l (10 mL) an d  th e  

phosp h in e  derivative 6(1) (0.45 g. 0 .24  mmol) in chloroform  (15 mL) 

w as added  w ith  stirring . The so lu tion  becam e w arm , the  yellow colour 

d isa p p ea re d , a n d  a  w h ite  p rec ip ita te  form ed. A fter f iltra tio n , th e  

solvent w as rem oved a t  reduced  p re ssu re  to give th e  requ ired  gold (I)

com plex 7(1) (0.49 g. 97%  yield). *H NMR (60 MHz. CDCI3  8) 3 .4

|27H, brl, 4 .5  [24H, br], 7 .3 -7 .9  [48H, ml. UV sp e c tra  ( 1 X 10 ' 5

mol dm*3 solu tion  in  CHCI3 ) 275 nm . Calcd. for Cg3H ggO gp4 l3AuCl:

C, 53.30: H. 4.72. Found: C. 52.81; H, 4.58.

Preparation o f perUalp-methaxymethyVphosphorane (8)

D ry d le th y le th e r  (10  mL) w as  ta k e n  in  a 100  mL 

round-bo ttom ed  flask  fitted w ith a  reflux condenser a n d  w as flushed 

con tinuously  w ith  argon gas. Lithium  (0.05 g, 7.2  mmol) w as added  to 

the  flask an d  a  so lu tion  of p-(m ethoxym ethyl)brom obenzene (0.031 g,

0 .1 6  mmol) in  d ie thy l e th e r  (10 mL) w as added  to th e  flask. The 

so lu tion  w as s tirred  a t  room  tem p era tu re  for 12 h r  an d  allowed to 

s ta n d  overnight. T etra(p-m ethoxym ethyl)phosphonium  brom ide (0.09 

g, 0 .15  mmol) w as added  to  th e  reaction  flask  a n d  th e  so lu tion  w as 

s tir re d  a t  room  te m p e ra tu re  for 3 d ay s . L ith ium  b ro m id e  w as 

p recip itated  from the  solution a s  a  w hite pow der an d  w as Altered. The
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so lv e n t w as rem oved  a t  re d u c e d  p r e s s u re  to  give th e  re q u ire d  

p h o sp h o ra n e  8  (0 .08 g. 83%). l H NMR (60 MHz. CDCI3 5) 3 .4  [15H. 

s], 4 .5  (10H, s], 7 .3 -7 .9  [20H, m]. 3 1 p  NMR (81 MHz, CDCI3 , ppm

rela tiv e  to  e x te rn a l H3 P O 4 ) -9 4  ppm . C alcd. for C4 0 H 4 5 O 5 P: C, 

75 .45: H. 7 ,12 . Found: C, 75.43: H, 7.12.

Preparation o f First-generation Pentadirectional Phosphonium  

Cascade Molecule (8(1))

A so lu tio n  of 8  (0 .08  g, 0 .1 3  mmol) in  d ry  ace to n itrlle  (25 mL)

w as p laced  In a  ro u n d -b o tto m ed  flask  fitted  w ith  a  reflux  co n d e n se r

a n d  f lu s h e d  c o n t in u o u s ly  w ith  d ry  n itro g e n . A s o lu t io n  of

io d o trlm eth y ls llan e  (0.25 g. 1 .30 mmol) in  d ry  ace to n itrlle  (10 mL)

w as ad d ed  slowly w ith  co n tin u o u s stirring . The reac tio n  m ix tu re  w as

refluxed  for 16 h r  an d  th e n  cooled to  room  te m p e ra tu re . T he so lven t

w as ev ap o ra ted  u n d e r  red u ced  p re s s u re  to  give th e  c ru d e  benzyllc

iod ide , w h ich  w as  u se d  w ith o u t fu r th e r  p u r if ic a tio n . T he c ru d e

benzyllc iodide w as dissolved In d ry  aceton itrlle  (40 mL) a n d  p laced  in

a  ro u n d -b o tto m e d  fla sk  fitted  w ith  re flu x  c o n d e n se r  a n d  f lu sh ed

co n tin u o u sly  w ith  dry  nitrogen. A so lu tion  o f 2  (0 .300  g, 0 .7 6  mmol) In

d ry  ace to n itrlle  (35 mL) w as ad d ed  slowly w ith  c o n tin u o u s  s tirr in g .

T he so lu tio n  w as  re flu x ed  for 2 4  h r  a n d  th e n  cooled  to  room

tem p era tu re . T he so lven t w as rem oved a t  reduced  p re ssu re  to  give th e

c ru d e  p ro d u c t. T he p u re  p ro d u c t w as iso la ted  by p assag e  th ro u g h  a

DOWEX 2-X8 co lu m n  In th e  iodide form , e lu tin g  w ith  30%  aq u e o u s

e th a n o l, a n d  ev ap o ra tio n  o f th e  so lven t. In  th is  m a n n e r  th e  p u re
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p ro d u c t 6(1) (0.370 g) w as Isolated In 95%  yield. *H NMR (60 MHz. 

CDCI3 5) 3 .4  (45H,s J, 4 .5  (40H, br]. 7 .3-7 .9  (80H, m]. 3 J P NMR (81 

MHz, CDCI3 . ppm  relative to external H3PO4 ) -95.0. 29.0. Calcd. for 

C 155H 165O 15P6 I5 : C, 60.26; H, 5.38. Pound; C, 60.32; H. 5.40.
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