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A versatile method for fast scavenging a variety of electrophiles using carbon nanotubes functionalized by
amino groups (CNT-NH,) is reported. Following the scavenging event, CNT-NH, can be easily separated
from the reaction mixture by filtration, leaving the desired products in excellent yields and purities.
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The use of polymer-supported scavenger reagents plays an
important role in solution phase combinatorial chemistry for the
purification and isolation of target compounds.! These scavenger
resins react selectively with excess reagents or side products in a
crude reaction mixture to give polymer-bound products that can
be removed readily by simple filtration, leaving the desired prod-
ucts in solution with high purities.? This revolutionary tool signif-
icantly simplifies work-up procedure and is widely employed.?
However, most polymer-supported scavenging protocols require
long reaction times because of the biphasic nature of the reaction
systems and hindered access to functional groups within the resin
cores.* To address this issue, some new strategies such as fluorous
scavengers,” soluble polymer-supported scavengers® and ionic
liquid scavengers’ have been reported.

Multi-walled carbon nanotubes (CNTs) have now been industri-
ally prepared with ton-scale. With the rapid development of pro-
duce technology, they will become a common type of raw
material in the near future.® CNTs have excellent mechanical prop-
erty, good chemical stability, small diameter and ample surface
area.’ They can be modified by attachment of organic molecules
or polymers to their surface. Highly modified CNTs can be dis-
solved (or dispersed) in a variety of solvents and easily separated
from the solvents by filtration.'® Although CNTs and functionalized
CNTs have been intensively investigated in many fields,!! to the
best of our knowledge, no reports to date have been published
on the application of CNTs for the reaction purification in solution
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phase combinatorial chemistry. Herein, we report the preparation
of amino-functionalized multi-walled CNTs (CNT-NH,) and its
application in scavenging excess electrophiles in solution phase
parallel synthesis.

The general strategy for the preparation of CNT-NH, is de-
scribed in Scheme 1.2 Three steps are included: (1) CNTs were
treated to attach carboxylic acid groups to their surface by oxida-
tion of the crude CNTs with a mixture of sulfuric acid/nitric acid
(3:1 by volume, respectively). (2) Carbonyl chloride groups-func-
tionalized CNTs (CNT-COCI), the intermediate products for further
chemical functionalization, were prepared via reaction of thionyl
chloride with carboxyl-contained CNT (CNT-COOH). (3) Amino
groups were introduced onto the surface of CNTs by reaction of
CNT-COCl with triethylenetetramine or tetraethylenepentamine,
generating CNT-NH, (4a or 4b). The FTIR spectra of 4a and 4b
are shown in Figure 1. The appearance of peaks at 3330, 1625
and 1384 cm™! attributed to the N-H, C=0 (corresponding to the
amide carbonyl group) and CH, stretches, respectively, indicates
that the amino groups were attached to the surface of CNTs. The
TEM image of 4a (Fig. 2) provides the direct evidence that CNT-
NH, were well dispersed and the tube structures were kept. The
TEM of 4b also shows similar features. CNT-NH, exhibit well solu-
bility (or dispersity) in DMF, H,0, CH,Cl, and CHCls;. The amino
functional loadings of 4a and 4b which were determined from
the acid-base titration were 1.2 mmol/g and 1.3 mmol/g,
respectively.'

Their applications as acyl chloride scavengers (see Scheme 2) in
the benzoylation of an array of amines using excess benzoyl
chloride or phenylacetyl chloride (Table 1, entries 1-8) were
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Scheme 1. Preparation of CNT-NH,.
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Figure 1. FTIR spectra of CNT-NH; (4a and 4b).

investigated.' Facile amidation was completed in less than 1 h for
amine in the presence of 1.5 equiv of benzoyl chloride and 2 equiv
of base (Et3N or pyridine). Upon completion of the reaction, scav-
enger (1.5equiv) was added. The mixture was sonicated for
10 min (or stirred for 30 min), filtered through a Polytetrafluoro-
ethylene membrane (0.22 pm pore size) and concentrated under
reduced pressure to give the target products in excellent yields

Table 1
Evaluation of the CNT-NH; (4a and 4b) as reaction scavenger

Figure 2. HRTEM image of the soluble CNT-NH, (4a).
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Scheme 2. Scavenging reaction.

and purities. It is worthy to note that only 10 min (or 30 min under
stir) was required to achieve satisfactory scavenging efficiency. In
comparison, the conventional polymer-supported scavenging pro-
tocols often require several hours to achieve the quenching reac-
tion (see Supplementary data).'**¢ We surmised that the short
sequestration duration of CNT protocol was mainly due to the fact
that functional groups were on the external wall surface of CNTs,
and electrophiles could easily get access to them.

Scavenger 4a and 4b were further investigated in the sulfona-
tion of a variety of amines with tosyl chloride present in excess
(Table 1, entries 9-14). The desired products in similarly high
yields and purities were achieved.

Entry R3XCI¢ R{R;NH Scavenger Base Yield® (%) Purity® (%)
1 Benzoyl chloride Butylamine 4a EtsN 90 >95
2 Benzoy! chloride Dibutylamine 4a CsHsN 84 >95
3 Benzoyl chloride Cyclohexylamine 4b Et;N 89 >95
4 Phenylacetyl chloride Butylamine 4a CsHsN 86 >95
5 Phenylacetyl chloride Dibutylamine 4a CsHsN 92 >95
6 Phenylacetyl chloride Cyclohexylamine 4a Et;N 91 >95
7 Phenylacetyl chloride Butylamine 4b EtsN 87 >95
8 Phenylacetyl chloride Dibutylamine 4b CsHsN 86 >95
9 Tosyl chloride Cyclohexylamine 4a CsHsN 93 >95

10 Tosyl chloride Butylamine 4a CsHsN 91 >95

11 Tosyl chloride Butylamine 4b EtsN 91 >95

12 Tosyl chloride Butylamine 4a Et;N 91 >95

13 Tosyl chloride Dibutylamine 4a CsHsN 93 >95

14 Tosyl chloride Dibutylamine 4b CsHsN 91 >95

2 Measured by weight after scavenging with the CNT-NH,.
> Determined by 'H NMR analysis(see Supplementary data).
€ X =CO or SO,.
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In summary, CNTs were modified by the attachment of amino
groups to their surface. The resulting CNT-NH, can be dissolved
(or dispersed) in a variety of solvents and separated from the sol-
vents by filtration. The utility of CNT-NH, for fast scavenging of
an assortment of electrophiles has been demonstrated. However,
the amino functional loadings of CNT-NH, are slightly lower than
that of conventional Polystyrene-supported scavengers.'” Increas-
ing the amino functional group content on CNTs and expanding
applications of this method are now underway.
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Preparation of scavenger CNT-NH, (4a): (a) 0.5 g of as-received multi-walled
CNTs was added to 400 mL of a mixture of sulfuric acid/nitric acid (3:1 by
volume, respectively). The mixture was treated with ultrasonic bath (40 kHz)
for 10 min, and then stirred for 8 h in reflux, followed by filtering through a
Polytetrafluoroethylene membrane (0.22 pum pore size), and washed with
water until no residual acid was present. The filtered solid was dried under
vacuum for 12 h at 60 °C, giving CNT-COOH (0.3205 g). (b) 0.3205 g of CNT-
COOH was suspended in 20 mL of SOCI,. The mixture was stirred at room
temperature for 12 h. The solid was then separated by filtration and dried
under vacuum for 6h, obtaining CNT-COCI (0.2825 g). (c) 0.2825 g of as-
prepared CNT-COCl was mixed with 5.0 mL of Triethylenetetramine and
stirred at room temperature for 24 h. The solid was separated by filtering and
washed with THF. The resulting solid was dried overnight in vacuum, obtaining
0.3135 g of CNT-NH,, (4a).

The titration was based on a procedure reported by Su and coworkers,'' and
typical procedure see supplementary material (S1).

. A typical procedure for amide formation and purification is as fellow: Benzoyl

chloride (0.13 g, 0.75 mmol, 1.5 equiv) was added to a solution of butylamine
(0.05 mL, 0.5 mmol, 1equiv), Et3N (0.14 mL, 1 mmol, 2 equiv) and CH)Cl,
(5mL). After stirring for 1h, CNT-NH, (0.32 g, 0.38 mmol, 1.5 equiv) was
added. The mixture was treated with ultrasonic bath (40 kHz) for 10 min. The
reaction was then filtered and washed with CH,Cl,. The filtrates were
evaporated under reduced pressure to afford the desired products.
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