This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

N-Chloro Nylons as Polymer Reagents

H. Schuttenberg®; G. Klump®; U. Kaczmar?; S. R. Turner*; R. C. Schulz®

2 Institut fiir Makromolekulare Chemie der Technischen Hochschule Darmstadt, Darmstadt, West
Germany ® Facultad de Ciencias Exact as, Universidad Nacional de la, Plata, Argentina ¢ Xerox
Corporation, Webster, New York

To cite this Article Schuttenberg, H. , Klump, G., Kaczmar, U. , Turner, S. R. and Schulz, R. C.(1973) 'N-Chloro Nylons as
Polymer Reagents', Journal of Macromolecular Science, Part A, 7: 5, 1085 — 1095

To link to this Article: DOI: 10.1080/10601327308060484
URL: http://dx.doi.org/10.1080/10601327308060484

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601327308060484
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10:17 25 January 2011

Downl oaded At:

J. MACROMOL. SCL—-CHEM., A7(5), pp. 1085-1095 (1973)

N-Chloro Nylons as Polymer Reagents

H. SCHUTTENBERG, * G. KLUMP, U. KACZMAR, S. R, TURNER,t and
R. C. SCHULZ}

Institut fiir Makromolekulare Chemie der Technischen
Hochschule Darmstadt
Darmstadt, West Germany

ABSTRACT

A series of N-chlorinated nylons were prepared so that in
most cases more than 90% of the N—H bonds were con-
verted to N=— Cl bonds. Suitable chlorinating reagents were
t-butyl hypochiorite, chlorine monoxide in carbon tetra~
chloride, and aqueous hypochlorous acid. Chemical and
spectroscopic evidence helped confirm the N—Cl1 polymeric
structures. The N-chlorinated polymers were found to
readily oxidize secondary and primary alcohols in the same
manner as low molecuiar weight N-halogenated amides and
imides. The N-chlorinated polymers were also found suit-
able for the oxidation of sulfides to sulfoxides. In most
cases of the oxidation of alcohols and sulfides, the polymers
formed an insoluble powder which was readily removed by
filtration, facilitating the work-up of the desired product.

INTRODUCTION

Because of the unique properties associated with a polymer in
comparison to a corresponding low molecular weight substance, there
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has been an effort in recent years to use polymers as reagents in
chemical reactions. In order for a polymer molecule to serve as a
chemical reagent it must have a large number of reactive groups
along its backbone. The classic works of Cassidy [1] and Manecke
[ 2] with redox resins exemplify the basic concept of incorporating
reactive small molecules into a polymer chain.

The incorporation of the known reactivity of N-halogenated
amides and imides like N-chlorosuccinimide (NCS) and N-bromo-
succinimide (NBS) into a polymer system is one area that has re-
ceived attention. Okawara [3], as early as 1958 and later in 1969,
reported the synthesis of linear and cross-linked polyimides and
their subsequent N-bromination. These polymers were not of high
halogen content and were not characterized to a large extent. They
were found to have some activity as both oxidation and bromination
reagents; however, they were not as reactive as NBS. Yaroslavsky
and co-workers [ 4] have also recently used this type of polymer for
brominating substituted styrenes. The first report of the halogenation
of some of the many linear polyamides that are readily available was
made by Bamford [ 5] and co-workers in 1968, This work was in the
main concerned with N-chlorinated nylon fibers and the grafting of
other monomers to these fibers. Wayman and colleagues [6] also
have chlorinated various polyamides and studied the release of
chlorine. However, in all the above cases little was reported on the
characterization of the halogenated polymers. In continuation of our
earlier work on polymers with reactive groups a systematic study
was undertaken of preparing N-chlorinated linear polyamides, fully
characterizing the products, and then investigating the oxidation and
other reaction capabilities of these chlorinated polymers.

PREPARATION AND CHARACTERIZATION
OCF POLYMERS

The chlorination of several linear polyamides (e.g., nylon 66, nylon €
and nylon 3) was successfully accomplished by the use of t-butyl hypo-
chlorite or chlorine monooxide in carbon tetrachloride [ 7]. Aqueous
hypochlorous acid has also been found to serve as an easy reagent to use
for these chlorinations. Both t-butyl hypochlorite and hypochlorous
acid yielded chlorinated polymers without appreciable degradation. In
nearly all cases, greater than 90% N-chlorinated polymers were obtaine:
i.e., 90% of the N—H bonds were converted to N—Cl bonds (Table 1).

The chlorine content was determined by iodometric titration and
verified by total chlorine elemental analysis. The NMR spectrum (Fig,
of the N-chloro nylon 66 (NC-66) shows the methylene protons adjacent -
the nitrogen shifted downfield and as a triplet as would be expected. The
IR spectrum of NC-66 (Fig. 2) is in complete agreement with the propos
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TABLE 1. Exampies of Chlorinations of Various Polymers

Chlorination Time Temp Yield Conversion

Polymer reagent (hr) (°c) (%) (%)
Nylon 66 t~BuOCl 3 15 86 94
'C1,0 12 -20 80 93
HQC1 40 20 95 95
Nylon 3 t-BuOCl 3 15 68 10
HOC1 24 20 95 59
Nylon 6 t~-BuOCl 3 15 80 55
(~)-Poly-S- (~)-4-methylazetidinone-(2)
t-BuOCl 24 20 90 95
HOC1 24 20 95 -

N-—Cl structure. The N— H bands at 3300 and 3080 cm™" have dis-
appeared as has the amide II band at 1530 cm ™. The carbonyl band is
blue shifted about 35 cm™*.

The modified polymer, which now has no hydrogen bonds, has re-
markable solubility properties in comparison with the original nylon.
The once difficult to dissolve nylon is now readily soluble in chloroform,
benzene, and toluene among others. The chlorinated polymers also have
been observed to undergo both thermal and photochemical rearrangements.
These studies will be published at a later date.

Because of its ease of preparation and ease in handling (white powder),
NC-66 was chosen for the following oxidation studies.

OXIDATIONS

NC-66 was found to be capable of oxidizing a large variety of compounds
including hydroquinone, o- and p-phenylenediamine, benzidine, hydrazo-
benzene, ferrous sulfate, formic acid, primary and secondary alcohols,
and sulfides. The oxidations of alcohols and sulfides were studied in the
greatest detail because of the importance of preparative methods for these
conversions.

OXIDATION OF ALCOHOLS

NC-66 was found to easily oxidize secondary alcohols to ketones under
very mild conditions (35°) { 8]. The general reaction, shown in Eq. (1),
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was done in the presence of pyridine to take up the released hydro-
chloric acid. As diagrammed here, the polymeric reagent can easily
be regenerated. Table 2 shows the results of several oxidations with

pyridine

NC—-66 + 2RR'CHOH nylon 66 + 2RR'C=0 (1)

-pyridine HC1
t-BuQCl or
HOC1

NC-66 in comparison to the literature values of two low-molecular
weight reagents, 1,3-dibromo-5,5-dimethylhydantoin (DBH) [ 9] and
N-bromoacetamide (NBA) [ 10]. Yields were determined in all cases
by gas chromatography and in some cases by preparation of the semi-
carbazone derivative. In most cases the yields were as good as or
better than those obtained with DBH and NBA. The oxidations were
found to be quite dependent on the solvent. Benzene and cyclohexane
were found to be the preferred solvents. With these solvents the
reduced polymer was an insoluble powder, facilitating separation
from the oxidation products.

Primary alcohols were also oxidized by the N-chloro nylon (Table 3
[8]. Aliphatic primary alcohols yielded, for the most part, the esters
of their corresponding acids, probably by way of the hemiacetal as
previously described in the chromic acid oxidation of primary alcohols
[11]. The yields with the polymer are of the same order as those of
other methods described in the literature.

OXIDATION OF SULFIDES

Although hydrogen peroxide has been the most widely employed
reagent for the oxidation of sulfides to sulfoxides and sulfones [ 12]
{Eq. 2), numerous other reagents have been found suitable for these
conversions. Walling and Mintz [ 13] have reported the use of hypo-
chlorites for these conversions. Harville and Reed [ 14] found
N-halosuccinimides in methanol convenient reagents for these oxida-
tions. We have found NC-66 in methanol also to be suitable for the
oxidation of various sulfides to sulfoxides as shown in Table 4. In
contrast to the NBS and NCS reactions which were done at 0°, slightly
elevated temperatures were necessary for these reactions. The
products were identified from their IR spectra (S=0 1020-1050 cm ™)

o] ¢ o7 ¢
R—S—R" R—?—R' (2)

0O

R—§5~R!
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TABLE 3. Examples of Oxidation of Primary Alcohols with NC-66 at
35° and 48 hr

In reaction mixture

Ester Aldehyde Alcohol
Alcohol (%) (%) (%)
PhCH, OH 0 95% 0
PhCH=CHCH, OH - 10 40
CH,(CH,),CH,0H 80 5 0
CH,(CH,) ,CH,OH 5 5 -

3atter 24 hr.

TABLE 4. Examples of Sulfide to Sulfoxide Oxidation

Yield after
Temp Time Crude mp purification
Substrate °C) {hr) (Pure mp) (%)
PhCH,SCH ,Ph 60 1.5 110-115 -
(134-135)
" 60 3 oil -
" 50 1.25 95-100 -
" 40 4 115-120 -
" 20 24 100-108 -
PhCH,SPh 60 1 105-115 -
(123) -
" 40 4.5 115-117 70
" 502 1.5 115-118 70
PhSPh 50 L5 Oily solid 65
(70.5)

3with N-chloro- {-)-poly- S-{~)- 4-methylazetidinone-( 2).
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and where possibly by recrystallization to pure compounds with
correct melting points.

In all cases the crude yvield was nearly quantitative since the
reduced polymer reagent was easily separated by filtration, a definite
advantage of the nylon. It was difficult to obtain a pure product be-
cause of incomplete conversion. The incomplete conversion was
attributed to the side reaction of methanol oxidation and thermal re-
arrangement. The absence of side reactions of the sulfides was
indicated by an NMR spectrum of the crude reaction product from the
oxidation of dibenzylsulfide at 40°. The spectrum showed a 78/22
mixture of sulfoxide to sulfide and no other products. Thin-layer
chromatography corroborated that only starting material and sulfoxide
were present. '

Since sulfoxides which have two different R groups can be chiral,
we thought it worthwhile to explore the use of an optically active N—Cl1
nylon to attempt the asymmetric oxidation of a suifide to a sulfoxide.
(-)-Poly-S- (-)- 4~-methylazetidinone~(2) [ 15] was N-chlorinated to
95% of the theoretical amount (Eq. 3). Unfortunately considerable
chain degradation occurred, as shown by the viscosity comparison,
under the somewhat more rigorous conditions. The oxidation of phenyl

CH, O CH, O
l 1 t-BuOCl | f
—*(‘:—CHZ-C—II‘I— :c—cnz—c—blr- (3)
H g HCOOH/ H cl1
CHCl,~CHCL,
nsp/c = 3.290 nsp/c = 0,527

benzyl sulfide to its sulfoxide proceeded smoothly; however, the result-
ing sulfoxide was optically inactive.

COLUMN OXIDATIONS

Application of the oxidative capabilities of the N-chloro nylons to
columns has been found feasible. Columns have been prepared utilizing
nylon particles or nylon-coated inert substances such as glass beads.
Several oxidations have been carried out. The results of these ex-
periments will be presented at a later date.
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EXPERIMENTAL

Preparation of Polymers

The preparation of N-chloro polyamides by t-BuQCl and Cl,0 has
been previously described [7]. The aqueous HOCL solution was pre-
pared by the method of D' Ans and Freud [ 16] from 10-12% sodium
hypochlorite solution. From the iodometric titration of the HOCl the
concentration was 0.1 to 0.7 m. An example of the chlorination pro-
cedure using the HOCI solution is as follows: In a 500-ml Erlenmeyer
flask 2.55 g of nylon 66 particles, of 0-0.3 mm diameter, were covered
with 220 ml of 0.11 m HOCI solution and stirred in the dark. After 40
hr the nylon was filtered and washed with water several times.

The polymer was then purified to a powder by dissolving in benzen
(50°) and precipitating into ether. Iodometric titration showed a 95%
conversion of N—H to N=—Cl.

Oxidation of Alcohols

The experimental procedures followed for the alcohol oxidations
have been previously described [ 8].

Oxidation of Sulfides

General Procedure

To a mixture of sulfide (5.0x 10~* mole) and 30 ml of reagent
grade methanol, NC-66 (5.0 X 10™% equivalents) was added and the
heterogeneous mixture was stirred for the duration of the reaction
time. The polymer was removed by filtration and the resulting
filtrate evaported carefully on a rotary evaporator. Recrystallization
was done in the appropriate solvent.
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