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§ INTRODUCTION

Chlorine dioxide (Clﬂz) is well known to react with aliphatic amines to
give products of oxidative dealkylation or, in the presence of a Bf-hetero
atom, oxidative fragmentation.! In most cases a single mechanism, involving
rate determining formation of an aminium cation radical, is operative.! n-
and p-Substituted benzyldimethylamines are unexceptional;2 however, with
henzyl~-t-bhutylamine and dibenzylamine, a~hydrogen ahstraction competes with
electron abstraction, and with benzylamine it is the predominant rate-~ '

- determining process.3 Kinetic studies had heen carried out under pseudo-first
order conditions with a large excess of amine at controlled pHs (range
6 to 9), and product analyses were done following reaction of €10, with excess
or stolchiometric equivalents of amine. Under these conditions only cleavage 7
products were found.!”3

We sought to study the effects of 0102 in excess on certain amines {in

dilute aqueous mixtures, under conditions chosen to further our understanding
of the chemistry of C102 when used as a water disinfectant.

MATERYALS AND METHODS

A Hewlett Packard Model 5985B gas chromatograph/mass spectrometer/data
system (GC/MS/DS) equipped with a 180 x 0.2 cm glass column packed with
3 percent 0V-1 on Gas Chrom Q was used for product analyses. GC conditions
generally were 80° for 1 min, then AT 15°/min to 240°. Mixtures containing
b primarily amides # and S were more conveniently analyzed at 200° for 1 or
2 min followed by the same programming to 240°. Wigh resolution mass spectra
were performed by the Middle Atlantic Mass Spectrometry Lahoratorv, The .Johns
Hopkins University School of Medicine, Baltimore, MP, TLC separatfons were
performed on Merck silica gel F-254 plates (N.25 mm thickness) with 1:1
hexane-ether as eluant. The melting point (uncorrected) was determined on a
‘ Thomas-Hoover capillary apparatus. The c1oz solution (N.017 M) was prepared
- from reagent grade potassium persulfate and sodium chlorite.!

e

GENERAL PROCEDURE FOR CHLORINE NIOXTDE OXIDATIONS

Solutions of dibengylamine (1, 1 x 10'2 mmol or ethyl N ,N-dihenzyl- 1
glycinated (2, 5 x 1072 mmol) in acetonitrile (2.5 mL) and €10, (2 mL of the
0.017 M solution in 0.5 mL of 0,1 M phosphate buffer, pH 6.8) were mixed and
. allowed to stand 1 to 2 hr. For experiments at lower pH, dilute HC10, was

. added dropwise to the buffered C102 solution before mixing. After reaction,
the mixtures were saturated with NaCl and, if necessarv, ad justed to near
neutrality before extraction with CH,Cl,. The dried CH,Cl, extracts were

! evaporated to dryness without heating, and the residues were dissolved in

k acetone for analysis by GC/MS. The results of typical runs are summarized in
Table 1.
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Tabhle 1. Products of the Reaction of Acyclic Amines
with Excess 0102 at pH 6.8

Anides
PhCHO PhCH,NH, 1 PhCR=NCH,Ph  (HO),CHOO,Rt? 3 & 5 Others

1® trace 4 38¢ 27 -— 16 - - 15
¥ 12 16° 25 _— 2% - - 14
2® trace 0 23 12 27 5 21 4 8
a. Identified on the basis of its mass spectrum.

b One hr.

c. Starting material.

d. Two hr.

ETHYL N,N-DIBENZYLOXAMATE (&) AND RTHYL N-BENZOYL~N-BENZYLGLYCINATY (5) FORMED
WITH IN SITU GENFRATED C10,

A mixture of 2 (38 mg, 0.132 mmol), 0.16 M NaCl0, (50 mL), 0.08 M NanCl
(50 mL), and 1 M HC10, (4.7 mL) had pH 2.6. 1t was stirred 1.5 hr, then
adjusted to pH 6 with dilute KOH and saturated with NaCl hefore extraction
with two portions of CH,Cl,. The organic products (37 mg) were analyzed by
GC/MS (shown in Figure %) gefore gseparation and {solation of the two major
amides by preparative TLC. High resolution mass spectra: caled for C g"1qN03
297.1360; found for & 297.1369; found for 5 297.1363. Characteristics of &:
wp 81-82°; m/e (relative intensity) 297 (1.5), 206 (97), 132 (21), 91 (100).
Characteristics of 5: colorless syrup; m/e (relative intensity) 297 (1.2),
192 (90), 105 (100), 91 (23), 77 (29). Principal fragments {ia the low
resolution mass spectra of & and 5 are shown structurally in Figures 2 and 3,
and complete tabulations are given.

RESULTS AND DISCUSSION

We have shown that, for two acyclic amines having active a-methylene
groups, reaction with Cl10, in excess leads to a significant amount of amide
formation in competition with oxidative dealkylation. Thus, N-benzoylbenzyl-
amine (3) constituted 25 to 30 percent of the products of the relatively
unreactive dibenzylamine (1). For the case of ethyl N,N-dihenzylglycinate
(2), where two different a-methylene groups may compete in formation of
isomeric amides, we studied its reaction with excess Cl10, under different
conditions of pH and solvent. Over the pH range 4 to 7 Zn the optimum medium,

1:1 acetonitrile-water, product compositfon did not vary greatly, and amides
constituted 20 to 30 percent of the products. Despite the 2:1 preponderance
of benzyl to carboethoxymethylene, isomer 4 predominated over § by a factor of
3 to 5. Table 1 summarizes the results of a typical run. Below pR 4, 2 was
consumed less readily and the ylelds of amides were ower, with & still
predominant.
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Figure 1, GC/MS Analysis of reaction products of ethyl N,N-dibemzylglycinate
wvith C10, generated in eitu at pK 2.8,
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Figure 2, Mass spectrum of ethyl N ,N-dibenzyloxamate.
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While amide formation by C10, has not been previously reported, the extent
i of competitive cleavage reactions under the above conditions precluded :
: synthetic utility in these cases. However, treatment of 2 with C10, generated 1]
3 in situ® from the reaction of chlorite and HOCl at pH 2.5-3 gave amides & and 1
g S in a combined yield of 80 percent, with 5 predominating (Scheme 1). These
o amides were readily separated by preparative TLC. At higher pR the in situ
reaction was slower and the yields of amides were lower. It should be
emphasized that HOCl alone at pH 2.8 gave only cleavage products, while
3 chlorite alone was inert.

Scheme 1

C10,, HOC1 @ 0 0
(PhCH,) ,NCH, OBt ——=————3 PhCNCH,C0,Et + (PhCh,),NCCO,RE + PhCNHCH,Ph + Others
pH 2.5-3 c

H,Ph
2 5, 55&51 4, 30£5% 3, 5437 5£37%

CONCLUSIONS

Previously reported conversions of amine a-methylene groups to carbonyls
have been generally limited to cyclic amines. For example, ruthenium tetrox-
ide was useful for the oxidation of N-substituted pyrrolidines to amides, and
; in some cases further to imtdes.’ N-Arylpyrrolidones were obtained on ozona-
tion of N-arylpyrrolidines,® and air oxidation of N-butylisoindoline gave
< predominantly N~butylphthalimidine and N-butylphthalimide.? Some years prior

to initiation of this work, N-butyl-3-hydroxyphthalimidine (6) had been

ohserved in our laboratory as the major product of Cl0, treatment of N-butyl-

1soindoline.l? We now anticipate that 0102 may be of general utility in the
' oxidation of active o-methyleme groups in acyelic amines as well.

fffzﬁ*/)k\\

i N=Bu
W/

6 H OH

In additfion to this practical aspect, the observed predominance of amide &
over 5 except in the in situ reaction at low pH may be of some mechanistic
significance. 1In the reactions of preformed Cl0,, loss of the more acidic
proton from the initial aminium cation radicalllappears to be the preferred

Ll process, whereas in the in situ case at low pH, direct abstraction of the §

j a~hydrogen to give the more stable radical (benzyl vs. glycine a~carbon) may ¢
be favored. Thus the possibility of a difference in mechanism with the two
reagents, preformed and in situ generated, suggested earlier by the observa-
tion of different ratios of cleavage products from benzyldimethylamines in the
two cases,2 remains to be investigated.,

’{ While neither Cl10, in acetonitrile-water mixtures or the aqueous in situ
. conditions at low pH 3up11cates water disinfection conditions, the possible

;é presen. . of ami’ in amine-containing waters after C10, treatment must now be
¥ conside.... {n  sessment of hazards.
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