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Abstract-The synthesis of 2-(poly-p-styryl)ethyl esters of hexanoic, heptanoic, octanoic, nonanoic-and decanoic 
acids as well as (poly-p-styryl)methyl octanoate and poly-2-(nitro-p-styryl)ethyl octanoate are described and their 
photochlorination are studied and compared with the monomeric (conventional) photochlorination of the methyl, 
benzyl and 2-phenylethyl esters of these acids. Hypotheses are advanced to explain the results on monochlorination 
products. 

The use of insoluble polymers as supports for reagents 
and/or substrates in organic chemistry has received 
considerable attention in recent years, since it can solve 
a series of problems that by way of conventional 
methods cannot be undertaken.’ Besides a major ap- 
plication in the stepwise synthesis of macromolecules,- 
i.e. Merrifield’s solid-phase peptide synthesis’-several 
other uses of this technique have been devised in the 
present decade, based on some advantages or properties 
of the method, mainly: (i) dilution or separation of reac- 
tants,’ (ii) simple filtration of the polymeric reagent -or 
reacted mixture4-, (iii) three-phase tests,5 (iv) introduc- 
tion of environments with different polar and/or steric 
requirements, for a given reaction, relative to its solution 
analog.6 

The last property, which we believe has great poten- 
tial, e.g. in remote functionalization, has not been fully 
exploited. Two approaches can be suggested to accom- 
plish remote functionalization in solid phase: (i) both 
reagent and substrate are bound on the polymer (e.g. 
cross-linked polystyrene) in which case only those posi- 
tions of the substratk close to the reagent-proximity 
depending on steric and conformational factors-would 
be functionalized (Fig. l), (ii) only the reagent (or the 
substrate) is bound on the polymer and now functional- 
ization will be imposed by steric hindrance towards the 
substrate (or reagent) approaching from the solution. In 
the second case (Fig. 2), selective functionalization on 
anchored substrate units will be clearly favoured by their 
close proximity-using a highly loaded polymer-and by 
the size of the reagent. 

In the present paper we wish to report our work, based 
on the latter approach, on the reaction between solution- 
photolytically generated chlorine radicals (as reagent) 
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Fig. I. 

tThis work was presented, in part, at the VIII Int. Conf. 
Photochemistry, Edmonton, Canada (Aug. 1975). 

Fig. 2. 

and several alkanoic acids (as substrate) anchored on 
different insoluble supports derived from cross-linked 
polystyrene. 

Very few reagents have been previously employed to 
carry out radical remote functionalization: the triplet 
state of benzophenone’ and some aryldichloroiodine 
compounds* on steroid substrates, and chromium triox- 
ide9 and four types of radicals (Cl., Br., RO. and RjNf)” 
that efficiently abstract hydrogen atoms from alkanes. 

Preferential functionalization on alkanoic acids deriva- 
tives has been observed in a few instances. Money et ~1.~ 
studied the reaction between long chain methyl al- 
kanoates and chromium trioxide and found enhanced 
reactivity at some of the chain positions. Examples of 
selective chlorination are also known; Deno et al. repor- 
ted selective photochlorination at the terminal Me group 
of alkanoic acids adsorbed on alumina” and on the other 
hand butyric, hexanoic and octanoic acids are selectively 
photochlorinated at Cd and C, by conducting the reac- 
tion in 90% sulfuric acid;” finally, Deno13 and SchBfer14 
have also reported regioselective chlorination of several 
substrates (I-hexanol, hexanoic acid, dicarboxylic acids, 
etc.) when treated with N-chlorodiisopropylamine in 
sulfuric acid. 

EXPERIMENTAL 
The following esters (In, lb, le. Id, le. If and 19) were 

photochlorinated in homogeneous phase: Photochlorinadons 
were carried out in a small conventional photochemical reactor 
vessel with a Pyrex immersion well and a-mercury lamp Phillips 
HPK-125, during IO min. on 1 g of ester dissolved in IO ml CCL. 
to which 8 ml ofa soln of Cl* & Ccl, (0.029 g C&/ml) was ad&i: 
In this way conversions of ca 28% on monochloroalkanoates 
were achieved, while little or no di- or polychloroalkanoates 
were observed. 

Gc analysis of the monochloroesters was effected on a Perkin- 

947 



948 P. Bosch, et al. 

Elmer F-21 instrument using a flame detector and a 2 m x 2.5 mm, 
5% DEGS on Chromosorb W-AW-DMCS 60/80 mesh column. 
The seven isomeric methyl monochlorooctanoates were 
identified by mixed injection with independently preparedI 
authentic samples. Their retention times increase in the order 
2-chloro, 3-chloro, 4-chloro, etc. in the octanoate series, and the 
same order was assumed for the other series studied; in fact, 
Deno has observed the same trend for the three methyl chloro- 
butyrates.” Peaks for 6-chloro/7_chloro and I_chloro/9-chloro in 
the decanoate series were not resolved and each pair integrated 
as a whole. 

The following polymeric esters were photochlorinated: poly@- 
styryl)methyl octanoate (a “polymeric” benxyl octanoate) 2, 
poly-2-(p-styryl)ethyl hexanoate 3n, poly-2-(p-styryl)ethyl 
heptanoate 3b, poly-2-@-styryl)ethyl octanoate 3e, polyd-@- 
styryI)ethyl nonanoate 3d, poly-2-@-styryl)ethyl decanoate 3e 
and poly-t-(nitro-p-styryl)ethyl octanoate 3f. Two kinds of 
polymer 2 were used: “diluted” 2 (sample 2a) prepared by 
treatment of commercial Merrifield resin (chloromethylated sty- 
rene-2% DVB copolymer, Ll-1.4meq Cl/g) with octanoic acid 
and triethylamine, and “concentrated” 2 (sample 2b) prepared by 
stoichiometric chloromethylation2” of 2% cross-linked polysty- 
rene, 2.1 meq Cl/g, followed by octanoic acid-triethylamine 
treatment. 

The preparation of 3a-e was conducted essentially as pre- 
viously described’ for p-(2-hydroxyethylhmlystyrene: treatment 
of a slurry of 2% cross-linked polystyrene in CC4 with Br2 
(stoichiometrically) in the presence of thaBium(II1) acetate gave 
p-bromopolystyrene (3.2 meq Brig); this was converted to the 
Li-derivative by n-BuLi in toluene, then reacted with ethylene 
oxide followed by hydrolysis with aq. HCI-dioxane (the resulting 
polymer contained 2.9meq OH/g) and final acylation with the 
corresponding acid chloride. Nitration of 3e by fuming nitric 
acid2” furnished 3f. 

After each synthetic step as well as before analysis or utilixa- 
tion, the polymers were thoroughly washed with several solvents 
and dried under vacuum at 80” over P20J “Solid phase” pho- 
tochlorination of 2a-b and 3a-f was effected as follows: to a 
slurry of the polymeric ester (1 g) in CCI, (15 ml) a soln (3-4 ml) 
of Cl2 in CCL (29mgCMml) was added and the mixture was 
irradiated under stirring for 10miu. The polymer was then 
filtered, washed and transesterified by refluxiug with HCI- 
MeOHdioxane. Removal of the polymer by filtration yielded the 
mixture of uureacted and chlorinated alkauoic acids in the form 
of methyl esters, ready for gc analysis. No scrambling of Cl takes 
place during transesterification, since a sample of photo- 
chlorinated methyl octanoate maintained its composition, as shown 
by gc, after refluxing with methaaolic HCI. Preferential trsns- 
esterification of the chlorinated products was not observed in a 
time-coarse study of this step, in which gc analysis revealed that 
the mixtures of chloroesters liberated from a photochlorinated 
polymer (3~) during transesterification at times varying from I hr 
to 2 days had the same compositions. In these “solid phase” 
photochlorinations the photoconversion to monochlorinated al- 
kanoic acids was 2535%. 

RESULTS AND DlscUsSMlN 
The results of the homogeneous photochlorination of 

la-e and “solid phase” photochlorination of 3a-e are 
given in Table 1. The conventional results for la-e agree 
with the scarcely reported data found in the literature for 
the photohalogenation of alkanoic esters.16 Thus, the 
methylene hydrogens at CZ are strongly deactivated due 
to the inductive effect of the methoxycarbonyl group and 
this effect is still apparent, at least in part, for Cj. On the 
other hand, the hydrogens at C, are less reactive than 
other methylene hydrogens, while maximum reactivity is 
found at Co--l, probably due to the greater inductive 
effect of the Me group and/or hyperconjugation. 

A comparison between both series of values in Table 1 
immediately shows a diminished reactivity for C, in 

“solid phase”, contrary to what could be expected (Fig. 2 
and relevant text in the Introduction). However, this fact 
can be explained by recalling Russell’s resultsI on radi- 
cal chlorination of hydrocarbons in n-electron rich 
aromatic solvents: under these conditions the rate 
determining step, H-atom abstraction from the hydro- 
carbon, is effected by a r-complex between the elec- 
trophyllic chlorine radical and the aromatic nucleus, and 
accordingly the reactivity of the reagent decreases while 
its selectivity increases. Although our photochlorinations 
were conducted in carbon tetrachloride, the afkanoate 
moieties anchored to the polymer are surrounded by 
benzene rings, which might form Ir-complexes with the 
Cl atoms, thus increasing their selectivity. Figures 3 and 
4 represent two possible ways of Cl atom delivery from 
such n-complexes, “intramonomeric” and “in_ 
trapolymeric” respectively. 

Fig. 3. 

Fig. 4. 

Data from Table 2, in which photochlorination results 
are given for all tested derivatives of octanoic acid, can 
be of great value in assessing this possibility. If this da@ 
are considered together with data in Table 1, some 
general conclusions can be established. 

Relative reactivities from Tables 1 and 2 show a quite 
general and gradual increase in reactivity. from CZ to 
C,-r in all cases. The immediately apparent explanation 
based on transmission of the electron deficiency (due to 
the inductive effect of the methoxycarbonyl group) along 
the chain is untenable at such long distances as three or 
more u bonds. 

Comparison between columns lc and lb in Table 2 
shows that CsHsCl. is a much milder reagent than Cl., 
since the former has a strong discrimination against the 
hydrogen atoms attached to Ci? and to the terminal Me 
group. Relative reactivities from compounds If, lg, 2a, 
2b and 3c (Table 2) are found to have values intermediate 
between those of the first and last columns. This is a 
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Table 2. Photochlorination of several octanoic acid estersa*b. 

.z 
i! 

- 

2 

3 

4 

5 

6 

7 

a 

- 

0.9(0.09) 

9.5CO.93) 

13.6t1.4) 

13.2f1.3) 

21.3(2.1) 

26.1C2.5) 

15.4Cl.O) 

3.74(0.11 

7.5(1.16) 

3.3(2.0) 

6.5(2.55) 

3.7(4.44) 

3.5(3.63) 

3.7(1.0) 

1.61(0.3) 

6.3(1.2) 

22.0(4.4) 

la.ac3.7) 

2O.OC4.0) 

23.7(4.7) 

7.5(1.0) 

-- 

0.98(0.26) 

4.7 '(1.26) 

i2.at3.43) 

20.4f5.47) 

27.6t7.4) 

27.aC7.45) 

5.6ll.O) 

0.62(0.16) 

4.6(1.19) 

14.1C3.65) 

21.2t5.48) 

27.5(7.11) 

26.1(6.75) 

5.atl.o) 

- 

1.3CO.2) 

4.6(0.7) 

11.3(1.7) 

15.4(2.4) 

30.0(4.6) 

27.6(4.2) 

g.a(l.0) 

t 

13.53co.a) 

3.26(0.2) 

14.7(0.9) 

10.5CO.6) 

12.24tO.7) 

21.33t1.3) 

24.5Cl.O) 

O.O(O.0) 

3.0(1.5) 

14.0(7.0) 

24.Of12.0) 

30.0(15.0) 

26.0(13.0) 

3.0(1.0) 

a) Solvent, unless otherwise stated, was carbon tetrachloride. b) See footnotes a and b of Table 1 
c) Oata from reference12 

clear indication of a mixed mechanism, part of the REFERENCES 

hydrogens being abstracted by free Cl radicals while 

&gate acid (o;equivalent enol form) of the ester group, 

another part are abstracted by n-complexed Cl radicals. 

formed under the presence of hydrogen chloride. 

The relatively high reactivity of C1 in all polymeric esters 
(Tables 1 and 2) might, however, indicate the operation 
of yet another mechanism, which should be ionic and 
proceed through reaction of Cl molecules with the con- ’ 
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C/tern. In. Edit. 13,99 (1974); “C. C. Leznoff, Chem. Sot. Rev. 
3, 65 (1974); iii A. Patchornik and M. A. Kraus, Pure Appl. 

The very low relative reactivity values for compound 
3f indicate that Cl atoms generated in solution attack 
preferentially the terminal positions of the anchored 
octanoyl moiety, possibly because of the reduced ability 
of the electron-deficient benzene rings of the nitrated 
polymer to complex electrophyllic Cl atoms and/or low 
swelling of the nitropolymer by the solvent. However, 
since values for 3f are even smaller than for lc, a second 
effect, such as preferential attack at positions nearer to 
the interface polymer-solution, must be operative. CIZ 
molecules, nevertheless, seem to have a better chance to 
enter the polymer lattice since C2, in this case is highly 
reactive. 

tions on Solid Supports’ (Edited by G. R. Stark). p. 111. 
Academic Press, New York and London (1971). 
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The small relative reactivity maxima found for Cs in 
3e, If, lh and for C4 in lc, Id, 3d, le. 3f and lg throw no 
light on the question of “intramonomeric” vs “in- 
trapolymeric” Cl atom delivery. Contributions from both 
mechanisms can be operative, but their incidence in 
reactivity differences must be small, since Table 2 shows 
little, although appreciable, contribution of the ?r- 
complexed radical mechanism. 
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