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Ah&a&-Chlorination of iodinated crosslinked polystyrene with Cl, gave polyaryliododichloride con- 
taining I. I mm01 of active chlorine per gram of resin, while fluorination of the same iodinated resin with 
XeF, gave polyaryliododifluoride, containing 1.05 nun01 of active fluorine per gram of resin. Both resins 
reacted with I,ldiphmylethylene, reaction with polyaryliododifluoride giving rearranged l,l-ditluoro 
I ,2diphenylethane, while polyaryliododichloride gave 1,2dichloro-1, l-diphenylethane and 1, l-diphenyl 
2-chloroethene. The stereochemistry of chlorine addition with polyarylicdodicbloride to cis or trans-l- 
phenylpropene is very similar to that observed in the reaction with Cl, under ionic conditions, and its 
reactivity differs markedly from (dichloroiodo)benzene, which reacts via radical intermediates. Similar 
studies with I-phenylalkynes and norbomene are described. 

Polymeric resins can be chemically transformed so 
that they can act as reagents, and besides offering a 
simpler experimental technique, the chemical reac- 
tivity can also be changed when the reagent is at- 
tached to a polymer backbone.’ Katchalski and co- 
workers have pointed out the important role of the 
polymeric backbone observed in chlorination and 
bromination of alkyl substituted benzene derivatives 
with N-chloropolymaleimide* and N-bromopoly- 
maleimide,3 where chlorination of toluene was di- 
rected towards the benzene nucleus.* 

(Dichloroiodo)benzenes react with alkenes and al- 
kynes mainly via radical intermediates to give di- 
chloro products. Halensleben has prepared a polymer 
supported analogue from polystyrene and found that 
reaction with cyclohexene gave only trans products4 
We have already found that iodination of “popcorn” 
polystyrene resulted in a polymer containing 32% of 
iodine, while further reaction with xenon difluoride in 
the presence of HF in methylene chloride at 25” gave 
polyaryliododifluoride, the amount of active fluorine 
on the polymer resin depending on the amount of 
XeF, t~sed.~*~ In experiments where 3.04mmol of 
XeF, per gram iodinated “popcorn” polystyrene was 
used, the reagent contained 2.19 mm01 of active 
fluorine. 

We now wish to report the synthesis and properties 
of crosslinked polymer supported aryliododichloride 
and aryliododifluoride. Iodination of crosslinked 
polystyrene (2% DVB), which was prepared by emul- 
sion polymerization, contained 26.2% of iodine after 
iodination, which means that more than one quarter 
of the phenyl rings was functional&d. However, 
further reaction of 1 g of polymer resin with 3 mmols 
of XeF, gave polyaryliododifluoride containing only 
one half of the amount of active fluorine compared 
to that prepared in the reaction with iodinated “pop 
corn” polystyrene. Introduction of chlorine at 0” in 
a chloroform suspension of iodinated crosslinked 
polystyrene gave polyaryliododichloride containing 

I. 1 mmol of active chlorine per gram of polymer 
resin. Further, we studies the reactivity of both 
reagents with 1. ldiphenylethene (2). Polyaryl- 
iododifluoride in methylene chloride in the presence 
of a catalytic amount of HF gave rearranged 
1 ,I-difluoro 1Jdiphenylethane as sole product in 
high yield, while reaction with polyaryliododichlo- 
ride, besides addition, also resuhed in the elimination 
product (Scheme 1). Conversion of the starting olefin 
(2) in chloroform, and the ratio between 1,2dichloro 
I,1 diphenylethane (3) and I, I diphenyl Zchloro- 
ethene (4) depended on the reaction temperature and 
reaction time, and is presented in Scheme 1. 
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Being interested in the effect of a polymer back- 
bone on the reactivity of a polymer supported dichlo- 
roiodo reagent (l), we studied the stereochemistry of 
chlorine addition to cis and trans-1-phenylpropene-1, 
where it is known that the reaction with (dichlo- 
roiodo)benzene occurs through radical intermediates’ 
and with Cl, through ionic intermediates,* the 
different pathways for the two reactions being 
strongly reflected in the stereochemistry of addition 
(Scheme 2). A 2 h reaction of 1 mmol of alkene 5 or 
6 with 1 g of 1 in methylene chloride under reflux 
gave four products in the case of E-alkene (S), and in 
the case of Z-alkene (6), three products. Conversion 
of starting olefin under the mentioned conditions was 
more than 70%. The structures of the products were 
determined on the basis of spectroscopic data and by 
comparison to compounds prepared by independent 
synthesis.8 The results presented in Scheme 2 show 
that the polymer backbone significantly changed the 
course of chlorination, while the stereochemistry of 
chlorine addition is very similar to that observed in 
chlorination with Cl,. The presence of oxygen as 
radical scavenger also had no significant effect on the 
stereochemistry of addition. 

Reactions with norbomene have often been used to 
differentiate the ionic or radical character of various 
reactions. It was also confirmed in reactions with 
norbomene that chlorination with (dichloroiodo) 
benzene9 occurred via a radical pathway, thus for- 
ming only 2-exe-3endodichloronorborane, and exo- 
2,3dichloronorborane, while reaction with chlorine 
in the presence of oxygen led to four products via 
ionic intermediates, whereas chlorination with Cl, in 
a nitrogen atmosphere resulted in six products, which 
was explained by a course of reaction partially radical 
in nature. A 2 h reaction of 1 mmol of norbomene 

SlfREOCtlfMlSlRV Of CHLORlWf ADDlllOW 10 I-FWEllVLPROPfYf -1 

RfAOf NT ALKE Wf 

Scheme 2. Scheme 

I 

t 

P I4 
‘1.1 [‘/.I 

Rff 

- - 7 
- - 1 E 3 9 

16 - 

12 I 

21 - 

2 lb 6 

10 
I I 

6 6 

(11) in 20 ml of methylene chloride under reflux with 
1 (1 g) resulted in more than 80% conversion of the 
starting olefin and four products were isolated by 
preparative GLC (Scheme 3). The structures of the 
products were established on the basis of spec- 
troscopic data and by comparison with compounds 
synthesized independently. The product distribution 
stated in Scheme 3 was determined by analytical GLC 
and represents average data from three experiments, 
(with a maximum error f0.5%) and again confirms 
the similarity of the reactions of the polymer- 
supported dichloroiodo derivative to those of Cl,. 

The stereochemistry of chlorine addition to acety- 
lenes strongly depends on the reagent used, and the 
structure of the acetylene. First we studied the effect 
of the amount of I-phenylpropyne and the reaction 
time on the conversion of starting acetylene, and on 
the stereochemistry of chlorine addition with poly- 
aryliododichloride. Reaction time and the amount of 
halogenating agent (1) affected the degree of con- 
version, but little influence on the stereochemistry of 
addition was observed (Scheme 4). The influence of 
the reagent on the stereochemistry of chlorine addi- 
tion to I-phenylpropyne is evident from Scheme 4, 
and again the similarity of reactivity of poly- 
aryliododichloride with Cl, is confirmed. 

Further, we investigated the effect of the structure 
of the acetylene on the stereochemistry of chlorine 
addition with polyaryliododichloride. Reaction of (1) 
with phenylacetylene, besides the cis and trans ad- 
duct, also gave 57% of I-phenyl-2chloro acetylene, 
while addition of chlorine with (1) to I-phenyl-2-t- 
butylacetylene occurred predominantly cis. The pres- 
ence of oxygen had no significant effect on tire 
stereochemistry of addition (Scheme s]. 

All these results once again indicate the important 
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influence afthe polymer backbone an the reactivity of 
the supported reagent. 

k&nation of cros&ked polys~yret~ 
In a 2-L three necked llask, equipped with re!btx eott- 

denser, glass stirrer, and thermometer, 83 ml of WA Ws%&, 
3Ufmf of nitrobenzene, 50 g of iodine, 16.6 g of HIO,, 
125 ml of CC&, and 50 g of polystyrene (PA of DVB, 
prepared by emulsion ~l~e~~~on and activated with 
TETRA vol. 40, No. et 

various solvents) were stirred for I6O h at 1 IO”. Polymer 
resin was f&red off, washed with ethanol, then placed in a 
Soxhlet apparatus and extracted for 24 h with methyleue 
chloride and after drying in air at room temperatum, 62 g 
of iodinated product was isolated. For elemental analysis, 
1 g of product was dried in vacua at 62” to constant weight 
and O.9g of product containing 26.2% of iodine was ob- 
mined. 

Crosslinked polyaryli~ori 
5 g of air&& iodinated polystyrene, 2.7 g of Xc& and 

50 ml of methyIene chloride were placed in a 100 ml poly- 
~yl~e~k~d~r ~~~~g~e~~~~wa~~~~ 

with a catalytic amount of I-IF. After I h polymer the beads 
were filtered off, washed with methylene chloride and dried 
for 24 h in air at room temperature and 6.211 of 
polyaryliododifluoride was isolated. 1 g of air dried product, 
when dried in vacua at 62” to constant weight, gave 0.97 g 
of product. 1 g of polymer resins contained 1 .OS mm01 of 
active fluorine, dawns by titration of the iodine libe- 
rated from a solution of KI. 

Crosslinked pa&ryliUUorti (I) 
6g of air dried iodinated polystyrene and 12Ornl of 

chloroform were placed in a 25Oml glass flask and under 
stirring at 0” chlarine was introduoed until the rt?aGtiO~ 

mixture remained yellow-green in colour, and was then 
stirred at room temperature for an editions hour. The 
polymer beads were Wered OR, washed with chloroform, 
dried in air at room temperature for 24 h, and 7.5 & of 
polyaryliododichloride was obtained. I g of air dried prod- 
uct when dried in vacua at 62” to constant weight, gave 

0.89 g of product. I g of polymer resins contained 1. I malO 

of active chlorine, determined by titration of the iodine 
liberated from a solution of KI. 

15 ml of methylene chloride, 1 mm01 of l,l-diphenyl- 
ethene, and 1 g of polyaryliododilIuoride were placed in a 
polyethylene vessel and under stirring a catalytic amount of 
HF was introduced in the reaction mixture, which WBS 

stirred for 2h at room temperature. Insoluble polymer 
beads were littered off, washed twice with metbylene chlo- 
ride, and the comb&d filtrate was washed with aqueous 
NaHCU, water, and dried over Na$&. The solvent was 
evaporated in vacua and 21Omg of crude product was 
obtained which was analysed by NMR spectroscopy; it was 
round that all the olefin was converted to I,ldifluoro- 
I ,2diphenylethane. 

Chlorofotm (IS ml), I m~i or l,l~ph~yIe~~e and 
1 g of polyaryiiododichloride were placed in a glass vessel. 
The reaction mixture was stirred at room temperature or 
heated at 62” far 1 to 4 h. The polymer beads were filtered 
off, the solvent evaporated in uucuo and 200-220mg of 
reaction mixture were obtained. The products were isolated 
by preparative GLC and identlfted on the basis of their 
spectroscopic data. Product ~st~butions were determlned 
by ‘H NMR and data are presented in Scheme 1. 

Chlorination oj cis or tram-l-pheny/propene-l (6 or S) 
Alkene (1 mmol), I g of polyaryliododichloride and 20 ml 

of metbylene chloride were heated under retlux for 2 h, the 
polymer beads were filtered off, the solvent evaporated in 
vaeuo and the crude reaction mixture analysed by iW NMR 
and GE. In Scheme 2 ayerage data for the product 
distribution from three experiments, obtained by %I NMR 
are presented. The structures or the products were estab- 
lished on the basis of spectromopic data and by comparison 
with those synthesized independently. 

C~or~r~~ of ~r~r~~ (f 1) 
Norbomene (I mrnol), I g of ~1~~~~~0~~ and 

Bml of metbyiene chloride were hutted under retlux for 
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2 h, the polymer beads were filtered off, the solvent evapo- 
rated in vacua and the crude reaction mixture analysed by 
GLC. The averaged data of three experiments are presented 
in Scheme 3. Pure products were isolated by preparative 
GLC and their structure was determined on the basis of 
spectroscopic data and by comparison with compounds 
synthesized independently. 

Chlorination of I-phenylpropyne (16) 
Various amounts of acetylene and polyaryliododichloride 

were heated under reflux for various time-&e Scheme 4). 
After the usual work-up, the crude reaction mixture was 
analysed by ‘H NMR; the product distributions are 
presented in Scheme 4. products were isolated by prepara- 
tive GLC and their structures determined on the basis of 
spectroscopic data and by comparison with those syn- 
thesized independently. 

Chlorirkdion of phenylacetylene and I-phenyl-Zt-butyl- 
acetylene 

The acetylene (1 mmol), I g of polyaryliododichloride and 
20ml of methvlene chloride were heated under reflux for 
5 h, and the &de reaction mixture analysed by ‘H NMR 
after the usual work-up procedure. Product distributions 
determined by ‘H NMR are presented in Scheme 5. In 
chlorination of phenylacetylene with 1, beside E and 21,2- 
dichloro-I-phenylethene, I-phenyl-2chloroacetylene in 5% 
relative yield, as determined by GLC, was also formed. 
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