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Summary: Substrate selectivity was obtained in the chlorination of a series of nm-alkyl phenyl
;;Egrs by chlorine water on a reversed-phase high performance liquid chromatography column at
There have been only a few reports of chemical reactions performed on high performance
liquid chromatography (HPLC) columns,1 and none of them has addressed selectivity. Herein, we
report striking substrate selectivity coupled with modest regioselectivity in the chlorination
of a series of n~alkyl phenyl ethers (1) conducted under HPLC conditions on a reversed-phase
column in real-time (i.e,, with continuous eluant flow).
Individually and/or in competition rums, ethers 1 were monochlorinated with chlorine
water to give 2 and 22 on a 25 cm x 4.0 mm (i.d.) column of 10-pm LiChrosorb RP-18 (EM)3 at
25°C. In a typical experiment, a MeCN solution of one or two ethers was injected at time (t)

= 0 onto the column equilibrated with 40% (v/v) MeCN-H, 0 at flow rate of 0.5 mL/min, which was

2
maintained throughout the procedure. At t = 5 min, the eluant composition was linearly chang-
ed to 100% H20 (pH 5.5) during 3 min, and at t = 17 min, an aliquot of chlorine water4 was

injected. At t = 20 min, linear gradient elution was begun with MeCN-H,_O, which gave resolved

2
2, 3, and unreacted 1, with UV detection at 254 nm.5’6
CgHgOR ———> p-CIC.H,OR + 0-CIC H,OR
1 2 3
a, R=CH b, R = CH, ¢ R=C4H, 4, R = C,Hy
e R=CgH)y £ R=Cgljy 8> R = Cpolys

The results of individual reactions with la, le, 1f, and lg on the column, and with la

and le in 95:5 (v/v) H,0-MeCN under homogeneous conditions are summarized in Table I. For

2
both la and le, the para/ortho product ratio (2/3) was greater in the column than in the howmo-
geneous reaction. 1In the chlorinations of le by chlorine water in aqueous micellar sodium

i . . . 7
dodecyl sulfate and H_ 0 at 25°C, we found similar ratios of 3.77 and 1,31, respectively. The

2
enhanced para regioselectivity was interpreted7 in terms of polarity effects and greater
shielding of the ortho positions by the micellar superstructure. Comparable effects probably

operate within the C.,~bonded phase in the column reaction,

In each entry oéBTable I, 2 and 3 were obtained to the exclusiom of the corresponding
n-alkyl 2,4- and/or 2,6-dichlorophenyl ethers,2 although they were formed with larger active
chlorine/l ratios. However, the use of lesser ratios in entries I-4 did not simply result in
proportionately smaller yields of 2 and 3. For example, below a ratio of about 10 in entry 1,
no chlorination occurred. Furthermore, in entries 1l-4, note that a larger value of active

chlorine/l was required to effect reaction with la than with the other ethers. Also, its con-
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version to 2 and 3 without the formation of disubstituted products was considerably higher.

Competition runs with various ether pairs resulted in substantial substrate selectivity
in most cases; the results are summarized in Table II. Selective chlorinations of le in the
presence of la, lb, lc, and of even closely related homolog ld were obtained on the column.
These results are in marked contrast to the comparable reactivities expected for the members
of each pair under homogeneous conditions, as evidenced by the competition (entry 13) and
individual runs (entries 5 and 6) with la and le in 95:5 (v/v) H,0-MeCN. Also, selective
reaction of 1f in the presence of le was achieved, but there was no selectivity in the compe-
tition between 1f and lg. Also note that the nggjgzggg ratios in the competition runs were
the same as those in the individual runs.8

Chlorine water contains Cl2 and HOCI1 in equilibrium,a’9 and both are possible chlorinat-
ing agents. For example, with an overall concentration of 0.0329 M, those of Cl2 and HOCl are
0.0144 M and 0.0185 M, respectively.ﬁ However, the concentration within an aliquot will
decrease as it moves through the column due to dilution by the 100% HZO eluant. The relative
amounts of the two species within the aliquot will depend on the overall concentration and on
a complex set of undefined factors, including the partitioning of Cl2 and HOCl between the
aqueous mobile phase and the Cla—bonded phase.lo A control demonstrated that Cl.2 is probably
the active chlorinating agent. An aqueous 0.020 M HOCl solution containing 0.27 M ﬁgzsoa and
adjusted to pH 1.8 with HCIOE.11 was substituted for 0.021 M chlorine water, pH 2.1, in the
chlorination procedure with le; little reaction, if any, was observed.

. 4 ’ . 5a,b
In view of the relative retention times,” ’

the selectivity in the competition runs

likely derives at least in part from chromatographic separation of the two ethers on the col-
umn. Control runs demonstrated that once the eluant composition has been changed to 100% H20
in the reaction procedure, the two competing ethers are essentially stationmary within the col-

umn. However, prior to this immobilization within the C, -bonded phase,12 the more hydrophil-

18
ic ether (i.e., the shorter chain homolog) has traveled farther down the colummn. As a result,
after its injection, the aliquot of chlorine water encounters and reacts with the more lipo-

philic ether girst.13

Due to this reaction and to dilution, when the remaining chlorine water
reaches the more hydrophilic ether, its concentration is too low to effect chlorinatiom during
the limited contact period. Apparently, the chromatographic separation, if any, of 1f and lg
prior to immobilization is insufficient to effect selectivity.

Taken as a whole, the results suggest that the Cla—bunded phase and/or the bonded
phase-aqueous mobile phase interface are possible reactive sites, as opposed to the mobile
phase. In addition to chromatographic separation, the substrate selectivity may also involve

different solubilization sites for the ethers within the -bonded phase, to which Cl_ has

€18 2
variable access. The relative importance of this factor is under active investigation using,
in part, FT-IR spectrometry and kinetic measurements,

In summary, it has been shown that a reversed-phase HPLC column can be used as a chemical
reactor for the chlorination of alkyl phenyl ethers with simultaneous quantitation and separa-
tion of reaction products. Furthermore, competition rums have demonstrated that such a column
can also impart substrate selectivity to reactions of compounds with the same intrinsic reac-

tivity but different relative hydrophilic/lipophilic characters.,



Table I. Individual Monochlorinations at 25°C.

active

entry med ium® ether chlorine/l? % yld 2 + gé Z/ge
1 column la 11.0 91 3.92 + 0.2
2 column le 1.1 50 3.43 + 0.2
3 column 1f 0.8 45 4.01 ¥ 0.2
4 column Ig 0.8 40 4.55 * 0.3
5 95:5 (v/v) H,0-MeCN la 5.0 86 1.88 + 0.1
6 95:5 (v/v) H,0-MeCN Ie 5.0 87 1.24 + 0.1

%5ee text for the procedure of entries 1-4; the reaction time for entries 5
and 6 was 15 min, bIn entries 1-4, 5 pL of a 0.12 M solution of 1 in MeCN was
injected; in entries 5 and 6, [1] = 1.1 x 10—4 M. ®Molar ratio of 012 plus
HOC1l (by iodometry) to 1. In entries 1-4, an aliquot of 4.13 x 10-2 M chlo~-
rine water was injected. In entries 5 and 6, a portion of the same solution
was added to the reaction mixture to give the indicated ratio. dBy calibrated
HPLC analysis during the run itself for entries 1-4, and of the reaction mix-

ture for entries 5 and 6. For each entry, +2% for 2-5 runs. eAverage devia-

tions are given for 2-5 runs.

Table II. Competitive Monochlorinations at 25°C.

% yld 2 + id,e g/ge,f
entry medium? ethersb’c LH HH LH HH
7 column la vs. le 0 50 3.52 + 0.2
8 column 1b vs. le 0 50 3.28 + 0.1
9 column lc vs. le 0 50 3.47 + 0.2
10 column 1d vs. le 0 50 3.42 + 0.3
11 column le vs. 1f 0 35 3.98 + 0.3
12 column 1f vs. 1lg 40 35 4,03 + 0.2 4.62 + 0.3
13 95:5 (v/v) la vs. le 70 76 1.71 + 0.1 1.25 + 0.1
HZO-MeCN

%5ee text for procedure of entries 7-12; the reaction time for entry 13 was 15
min. bIn entries 7-12, 5 pL of a MeCN solution 0.12 M in each ether was
injected; in entry 13, [la] = [le] = 1.1 x 10-4 M. ®Meaningful active chlo-
rine/total 1 ratios are unavailable for emntries 7-12; amn aliquot of 3.75 x
10-2 M chlorine water was injected that gave the maximum yield of 2 + 3 from
the higher homolog without the formation of disubstituted products. With
larger aliquots in entries 7-11, the lower homolog also reacted, but to a
lesser extent than the higher homolog. In entry 13, a portion of the same
solution was added to the reaction mixture to give active chlorine/total 1 =
2.5. dwith respect to the total amount of 1, 2, and 3, by calibrated HPLC
analysis during the run itself for entries 7-12, and of the reaction mixture
for entry 13. For entries 7-12, +2%, and for entry 13, #4%, for 23 rums.
Runs of entry 7 with an internal standard demonstrated that the HPLC yields
represent absolute yields. ®LH = lower homolog; HH = higher homolog. fAver-

age deviations are given for >3 runs.
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