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The preparation of insoluble functional polymers by chemical modification' is of current concern 

in view of the large number of applications which these resins possess. We have been interested 

mainly in the reactions of crosslinked polystyrene resins which are available commercially in 

convenient bead form, and are easy to functionalize by reaction on the aromatic rings. Resins 

containing multiple amine functions 2y3*7 have been used extensively to prepare polymeric comple- 

xing agents which can selectively bind various metal ions. Although polymers containing malono- 

nitrile or similar dinitrile functionalities are likely to be useful in the preparation of such 

chelating resins, they have received little attention as their preparation results in low func- 

tional yields and in products which may be contaminated with undesired functionalities. The 

best published procedure* for the preparation of such polymers involves the reaction of a chloro- 

methylated product with the anion of malononitrile in DMF using ethoxide ion as base. This 

method produces a polymer in which only 30% of the original chloromethylated sites have been 

transformed into the dinitrile. Our recent success in the use of phase transfer catalysis to 

prepare sulfur ylides on solid phase from the corresponding polymeric sulfonium salts4 prompted 

US to test the application of phase transfer catalysis to the transformation of functional 

groups on insoluble polymers. Thus, alkylation of malononitrile with crosslinked polystyrene 

is achieved in almost quantitative yield using phase transfer catalysis in a three phase system5. 

The polymer (1% crosslinked, 1.8 mequiv Cl/g, Oegree of Functionalization D.F. = 0.205) is swol- 

len in o-dichlorobenzene containing an excess of malononitrile. After addition of a 50% solution 

of NaOH and a small amount of tetrabutyl arrmonium hydroxide, the mixture was stirred at 80' for 

2-3 days. After washing thoroughly and drying, the polymer showed a very sharp CN absorption 

at 2200 cm -' in the infrared spectrum and contaited 4.67%N (1.67 mequiv. dinitrile/g,D.F.=0.200) 

for a functional yield of 98%. The malononitrile polymer could be reduced easily by reaction 

with lithium aluminium hydride to yield the polymer-bound diamine in essentially quantitative 

conversion. 
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A second, somewhat similar polymeric diamine was prepared using also a three phase reaction with 

phase transfer catalysis; for this reaction the polymer itself was used as nucleophile. The 

starting material was a readily available p-cyanomethylated polystyrene6(l% crosslinked, 2.5mequiv 

CN/g, D.F. = 0.29) which was used in phase transfer reaction involving o-dichlorobenzene as 

swelling agent, with chloroacetonitrile, 50% aqueous sodium hydroxide and Adogen 464 (Aldrich 

Chem. Co.) as phase transfer catalyst. The product of the reaction contained 5.76% N (2.06 

mequiv. dinitrile/g; D.F.=0.26) for an 88% functional yield. Duplicate experiments attempted 

under slightly different conditions gave almost identical results, indicating that the trinitrile 

which might conceivably form by abstraction of two acidic hydrogens from the starting polymer, 

was not obtained. The IR spectrum of the dinitrile included two sharp CN bands centered at 

2200 cm-'(strong) and 2250 cm-'(medium). Conversion of the dinitrile to the diamine was accom- 

plished easily by reduction of the polymer with LiA1H4. The reduction was accompanied by the 

disappearance of the CN bands and the appearance of a new band at 3400 cm-l. 

FH2CN 

0 
OH-/Phase Transfer 

P -CH2CN 
ClCH2CN 

~ o F _ 
- P - H CN 

/ @-k;:, 

CH2CN T@-[H-CH2N~2 

H2CH2NH2 

Acknowledgement: Financial support by the National Science and Engineering Research Council of 

Canada is gratefully acknowledged. 

References and Notes: 

1) 

2) 
3) 

4) 

5) 

6) 

7) 

J.M.J. Fr&het and M.J. Farrall, "Chemistry and Properties of Crosslinked Polymers". 

S.S. Labana, Ed., Academic Press, 59-83 (1977); M.J. Farrall and J.M.J. Fre'chet, J. Org. 

Chem., fi, 3877-82 (1976). 

C. Bied Charreton, J.P. Idoux, and A. Gaudemer, Nouveau J. de Chimie, 2, 303-5 (1978). 

L.R. Melby, J. Am. Chem. Sot., 97, 4044-51 (1975); H. Nishide, J. Deguchi and E. Tsuchida, 

Chem. Lett., 169-74 (1976); J. Katal, F. Svec, E. Kaladova and Z. Radova, Angew. Makromol. 

Chem., 43, 93-101 (1976). 

M.J. Farrall, T. Durst and J.M.J. Fre'chet, Submitted to Tetrahedron Letters. 

The reactions were tested with chloromethylated polymers (1.5 to 4.2 mequiv Cl/g) prepared 

from Bio-Beads SXl (Bio-Rad Laboratories) or Amberlite XE-305 using chloromethyl ethyl 

ether and anhydrous SnC14 in CHC13 for the chloromethylation. 

The polymer was prepared from a chloromethylated resin by displacement of with NaCN using 

phase transfer catalysis or using NaCN in DMF; J.M.J. Frechet and M. J. Farrall, 

unpublished data. See also J.T. Ayres and C.K. Mann, Polym. Letters, 3, 505 (1965). 

R.J. Card and D.C. Neckers, J. Am. Chem. Sot., 2, 7733-7734; J. Org. Chem., 43, 2958- 

2960 (1978); Inorg. Chem., 2. 2345-2349 (1978). 

(Received in USA 7 November 1978) 


