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Acylation resins in a new monolithic format have been prepared by the functionalization of polyethylene-
encased porous poly(chloromethylstyrergedivinylbenzene) disks. These disks have been obtained from a
monolithic rod prepared by polymerization in a cylindrical glass mold, then cut into a disk format. A free
radical azo initiator 4,4azobis(4-cyanovaleric acid) attached to available chloromethyl functionalities at
the surface of the pores was used to initiate graft polymerization of 4-acetoxystyrene or chloromethylstyrene
from the surface. Addition of a small percentage of divinylbenzene to the polymerization mixture leads to
the formation of a layer of swellable reactive polymer gel at the surface of the macropores. This both
prevents the undesirable increase in flow resistance through the monolith and improves the yield of grafting.
The final reaction steps involve formation of an active phenolic moiety grafted to the disks and its reaction
with acid anhydride. The use of grafted disks as acylating resin to transform various amines to amides in
flow-through operations is demonstrated in a variety of solvents including alcohols. The acylation ability of
the depleted disks can easily be recovered, and the disks can be reused many times.

Introduction carbamic anhydride’s,derivatives of 2,3,5,6-tetrachloro-

Combinatorial chemistry has undergone an enormous nydroguinoné,oximes? N-trifluoroacetyl-nylon 66, oximino
0 i 1 - -3-Ni
increase in popularity because of the large numbers of esters® and derivatives of 4-hydroxy-3-nitrobenzophen@ne

compounds that can be rapidly prepared and screened fof'@ve been studied.
their properties. Typically, the solid phase as developed by The vast majority of polymers used in PASP reactions to
Merrifield in 1963 is used as a support for a covalently date are prepared and used in the shape of beads. This format
bound starting compound, which is first transformed to the is often preferred because the preparation of beads using
desired product and then cleaved from the support. This Suspension polymerization is simple and well worked out
approach is favored because it facilitates product workup for the wide range of chemistries. As a result, beads
after each reaction step, reducing it to a mere filtration and containing a range of reactive groups are commercially
enabling the fast preparation of compouAddowever, the available!? The continuing quest for acceleration of com-
number of available reactions on solid phases is currently binatorial synthesis requires extensive automation of proc-
limited. In contrast, the variety of solution-phase reactions €sses in which the precise handling of beads of varying sizes
is virtually endless, and therefore, the solution-phase ap-may become difficult. As a result, new formats of polymer
proach to library preparation is more versatile. The major supports have recently emerged. For example, we reported
weakness of solution-phase synthesis, the tedious purificationthe preparation of modified macroporous polymer monoliths
steps that are usually required along the reaction path, mayin the shape of disks for use as polymeric scavengers to
be addressed by using insoluble reactive polymers inremove excess amines from solutions in a technique called
polymer-assisted solution-phase (PASP) reactiof@r “reactive filtration”* Similarly, Sherrington and co-workers
example, these polymers can be used as scavengers to remowsed swellable polymer disks as a support for solid-phase
impurities or excess reagents from solutions, leaving the Synthesis;' and Janda prepared monolithic gel supports in a
purified product in solution. Another PASP approach relies variety of Euclidean shapésin addition to the facilitated
on polymers bearing reactive groups that can effect a handling of these macroscopic objects, the monolithic formats
transformation of molecules in solutidnBecause these thatwe have developed can be easily used in a flow-through
polymeric reagents can be used in excess, the reactions maynode that accelerates mass transfer within the pores, thus
be driven to completion and the excess polymeric reagentallowing considerable reduction in contact times to achieve
can later be removed simply by filtration. A number of the same extent of reaction as with typical beads.
acylating resins such as polymer-bound anhydridgithio- In this communication we report the preparation and use
of monolithic disks with activated ester functionalities that

_T The Center for New Directions in Organic Synthesis is supported by extend the previous function of disks from that of passive
Bristol-Myers Squibb as Sponsoring Member. .

scavenging componéitto that of a polymer-supported

*To whom correspondence should be addressed. Phone: (510) 643- ) - ) !
3077. Fax: (510) 643-3079. Email: frechet@cchem.berkeley.edu. reagent that actively participates in the reactions.
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Results and Discussion ester bond. In addition, the nitrogen content of the monolithic

Preparation of the Monolithic Disks. As described in disks increases from 0 to about 0.7% (after heating to remove
detail in our previous work3 the monoliths were prepared nitrogen gas), suggesting the incorporation of about 0.5
in an unstirred mold by bulk polymerization of a mixture mmol/g of initiator functionalities. The pores of the func-
that included a functional monomer (chloromethylstyrene), tionalized monoliti2 are then filled with a toluene solution
cross-linker (divinylbenzene), and free radical initiator (2,2  of 4-acetoxystyrene (AcOS) containing 1% divinylbenzene
azobis(isobutyronitrile)) dissolved in porogenic solvents with respect to the monovinyl monomer and heated to initiate
(toluene and dodecanol) at 70. This polymerization affords ~ grafting. The addition of cross-linker ensures that all
a unique pore size distribution quite dissimilar to that of monomers introduced into the pores form a gel grafted at
macroporous beads prepared from a mixture of equal the surface of the pores of the monolith. The slight cross-
compositiont® The monolithic materials typically contain  linking of the grafted layer also decreases the flow resistance
both small pores that contribute to the surface area and largeof the overall monolithic structur€. Although the amount
pores that facilitate flow through the monolith. To increase of grafted polymer cannot be directly quantified using
their mechanical stability and simplify their handling, the elemental analysis, a weight increase of 0.055 g is seen for
monoliths used in this study were prepared as cylinders with a disk with an original mass of 0.424 g. This value matches
a diameter of 12 mm encased in shrinkable polyethylene exactly the expected weight increase, indicating complete
tubing for a final diameter of 14 mm. The polyethylene incorporation of the monomer into the grafted gel. The IR
sheath protects the edges of the monolith, allowing it to be spectrum of the grafted polym&rshows a carbonyl peak at
cut into disks about 5 mm thick. The tubing also helps to 1760 cn* and confirms the presence of polymerized AcOS
seal the monolith in the cartridge used for reaction as moieties. As demonstrated in our previous wétkhere is
solutions flow through the monolith rather than escaping little change in the porous properties of the monoliths before
from its edges. and after grafting.

Monolith-Supported Nitrophenyl Esters. The prepara- We discussed in our previous wéfkhat the amount of
tion of the polymeric acylation reagent is shown in Scheme grafted polymer must balance the need for high capacity with
1. The benzylic chloride group of poly(chloromethylstyrene- that for unobstructed flow through the monolith. This is
co-divinylbenzene) (CMSDVB) monolith 1 serves as a  achieved by grafting using a 20% monomer solution, afford-
handle for further functionalization. First, the CM®VB ing disks with a functionalization of 0-30.5 mmol/disk.
monolith is reacted with 4;4azobis(4-cyanovaleric acid) To prepare the polymeric reagent, the poly(4-acetoxy-
(ACVA), an azo initiator containing reactive carboxylic acid styrene) units are activated by submerging the grafted
functionalities via displacement of the halogen of the benzyl monolithic disks in concentrated nitric acid for 30 min,
chloride groups located at the pore surface and forming anthereby effecting nitration of the aromatic rings (Scheme 1).
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= 40 - that links the polymer gel to the surface of the monolith
g, . . remains intact. Finally, the absorption bands of the nitro
= 30 1 group can be clearly seen in the IR spectrum of Figure 2b at
£ 9| P 1554 and 1341 cnt.
-‘E . The last step in the preparation of the monolith-supported
2 107 acylating reagent is the attachment of the desired acyl group
g 0 ‘ ‘ ‘ ‘ ‘ to nitrated polyme#. This is easily achieved by reaction of

0 30 60 90 120 150 monolith4 with a carboxylic acid anhydridgin the presence

of pyridine. The carbonyl band is again clearly seen in the

Figure 1. Effect of reaction time on multiple nitration of grafted IR spectrum at 1760 Cm,‘ D!sappearance of the phenollp
acetoxystyrene moieties. Reaction conditions are the following: disk O—H band from the IR InQIcates that all of the phenc_)llc
grafted with a solution of 20% 4-acetoxystyrene and 0.4% divinyl- groups have reacted, leading to an acyl groups capacity of

benzene in toluene; nitration in concentrated nitric acid; extent of 0.71 mmol/g or 0.34 mmol/disk. This value is consistent with
nitration calculated from elemental analysis of nitrogen. the observed reactivity.

Reaction time, min

Since the number of nitro groups present in the product, as Monolith-Supported Tetrachlorophenyl Esters. An al-
determined by elemental analysis of nitrogen, exceeds theternative monolith-supported acylating reagent with chem-
number of grafted AcOS rings, it is likely that some phenyl istry based on 2,3,5,6-tetrachlorohydroquinone (TCHQ) was
groups are nitrated in both the 3- and 5-positions. Therefore, prepared using the reaction path shown in Scheme 2. Once
the nitrogen content of the monoliths after nitration is found again the starting material is the CM®VB monolith 1

to be 2.9%. This exceeds the value of 2.6% that would be functionalized with the ACVA free radical initiator. The
obtained by incorporation of nitrogen through the nitrile pores of monolith2 are then filled with a solution of
groups of the initiator (0.7%) and through mononitration of chloromethylstyrene (CMS) in toluene containing divinyl-
the acetoxystyrene residues (1.9%). This finding suggestsbenzene (1% in respect to the monovinyl monomer) and
that about 15% of the rings bear two nitro groups. Figure 1 heated to achieve complete polymerization of the monomers.
shows that increasing the reaction time of the nitration to Grafting of the CMS is necessary in order to increase the
120 min does not significantly increase the extent of nitration. amount of reactive benzylic chloride groups of the original
Figure 2 shows the IR spectra of both the original monolith monolith. The weight increase upon grafting is similar to
3 and its nitrated counterpadt Clearly, the peak of €0 that observed from grafting 4-acetoxystyrene. As expected,
stretch vibrations at 1760 crhcorresponding to the acetyl the size of the characteristic benzylic chloride IR peak at
group disappears as the phenolic ester groups are cleaved t@265 cnt! increases during this reaction. The halogen atoms
the free phenol during the nitration reaction. In contrast, the of the benzylic chloride moieties located in the grafted gel
band at 1735 cnt corresponding to the benzylic ester bond were displaced by reaction with,N-dimethylformamide
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Figure 2. Infrared spectra of monolithic disks grafted with poly(4-acetoxystyrene) before (a) and after (b) 30 min nitration: (peak 1) 1735
cm1, carbonyl group of ester linking the grafted polymer to the monolith; (peak 2) 1766, arbonyl group of acetyl originating from

grafted poly(4-acetoxystyrene); (peak 3) 1554 and 1342amtro groups; (peak 4) 3540 crh hydroxyl groups of substituted phenol
moieties.
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solution of TCHQ in the presence of potassium carbonate gas chromatographic analysis was used to determine the
to afford polymer9. The capacity of this monolith as amount of reacted amine. An example of GC monitoring of
determined from the elemental analysis for chlorine is 0.8 benzylamine uptake in samples taken before and after
mmol/g or about 0.4 mmol/disk. The IR spectrum of the passage through a monolithic acetylating reagent is shown
product of this reaction now shows a new peak at 3500'cm in Figure 3. Approximately a 3-fold excess of acylating
corresponding to the phenolic groups. Acylation by reaction groups was used in this experiment. A large benzylamine
with acetic anhydride in pyridine leads to a monolith- peak is clearly visible in the sample of the original solution.
supported activated est&d with a carbonyl peak at 1785  This peak is almost invisible after a reaction time of 8.0 min,

cm ~1in its IR spectrum. while a peak with a retention time of 4.27 min correspond-

Acylation with Monolith-Supported Reagents. The ing to the N-benzylacetamide can be seen. GC analysis
advantage of using monolithic disks instead of an array of indicates a conversion of 99.3% based on the disappearance
beads is that solutions can be pumpledughthe monolith. of amine.

This convective transport of reagents to the reactive sites is Figure 4 shows that the extent of the reaction depends on
faster than the slow diffusion process that must occur within the residence time of the amine inside the pores of the
the pores of typical beads. To achieve the desired flow of monolith. The residence time can easily be controlled by
solutions through the monolith, the grafted monolithic disks altering the rate at which the amine solution flows through
were encased in a polyethylene ring and inserted into thethe monolith. Clearly, a longer residence time allows more
custom-made holder described previously. of the amine to react. For example, approximately 74% of
To conduct the acylation reactions using the supported the amine is consumed after a residence time of 1.0 min
reagent, a solution of amine in a specific solvent was pumpedachieved at a flow rate of 24.0 mL/h. An increase of the
though the monolith using a pulseless syringe pump, andresidence time to 8.0 min at a flow rate of 3.0 mL/h affords
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Figure 3. Gas chromatographic analysis of reaction solutions before and after passing the monolithic acetylating disk. Reaction conditions
are the following: grafted disk nitrated for 30 min and acylated with 1:1 acetic anhydride/pyridine for 20 h; solution of 0.1 mmol of
benzylamine in 1.5 mL of THF; flow rate of 3.0 mL/h; residence time of 8.0 min. (a) Amine peak in the original solution before the
acylation reaction. (b) Location of amide peak before reaction. (c) Location of amine peak after acylation reaction. (d) Amide peak after
reaction. Overall conversion is 99.3%.

s 100 Table 1. Preparation of Acetamides from Various Amines
£ g Using Monolithic Acylating DisR
'-g amine solvent conversiof%
g 601 benzylamine tetrahydrofuran 99.3
%S 40 butylamine dichloromethane 89.9
= phenethylamine tetrahydrofuran 99.7
S 20 diethylamine dichloromethane 97.4
5 0 3,5-dimethylaniline tetrahydrofuran 49.2
0 10 20 30 a Disk grafted with a solution of 20% 4-acetoxystyrene and 0.4%
. . . divinylbenzene in toluene; flow rate of 3.0 mL/h; residence time
Residence time, min of 8.0 min. Solution of 0.1 mmol of amine in 1.5 mL of solvent.

Figure 4. Effect of residence time on conversion. Reaction ¢Conversion determined by GC.

conditions are the following: disk grafted with a solution of 20% . . .
4-acetoxystyrene and 0.4% divinylbenzene in toluene; nitration time ~ 1he general effectiveness of the solid-phase acylation
of 30 min; acylation with 1:1 acetic anhydride/pyridine for 20 h; reagent was demonstrated using a variety of amines. As
solutions of 0.1 mmol of benzylamine in 1.5 mL of tetrahydrofuran expected, the reactivity of the specific amine relates to its
were pumped through disk at various flow rates. nucleophilicity. Table 1 shows that the monolithic reagent
about 99% conversion. This result confirms ag#ithat the affords conversions close to 100% after 8 min of reaction
flow-through implementation of these reactions enhancestime with both nonaromatic primary and secondary amines.
reaction rate and leads to high conversions at shorter reactiorin contrast, the conversion of the acylation reaction with 3,5-
times compared to more common bead-supported reagentsdimethylaniline, which is a poor nucleophile, is less than
Typically reaction mixtures containing these beads must be 50% under identical conditions.

maintained for several hours to achieve an extent of reaction The nitrated polymer-bound phenol moieties react with a
comparable to that obtained with the monolith in less than 1 variety of acid anhydrides to form a number of different
h. In addition, the flow-through mode allows the cartridge acylation reagents. Table 2 shows a few examples of various
containing the disk to be easily attached to a pump and usedgroups used to acylate benzylamine. Most of the reagents
in an automated system. are very reactive, affording conversions over 98% after only
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Table 2. Acylation of Benzylamine Using Various
Monolithic Solid-Phase Reagefts ()
RP conversiorf, % ;‘ ‘l‘%
methyl 99.3 i
ethyl 98.7 ?‘f !
i-propy! 100 : !
tert-butyl 93.4 o
hexyl 100 / i
henyl 100 i i
phemyl r— : F 314(2)_;
aReaction conditions: monolith disk grafted with a toluene U . =S
solution of 20% 4-acetoxystyrene and 2% divinylbenzene, nitrated . . .
and activated; 0.1 mmol of benzylamine solution in 1.5 mL of 44 1.45 15 1.55

tetrahydrofuran; flow rate of 3.0 mL/h, residence time of 8.0 min.
bR is the substituent of the acyl group that was attached to the
nitrophenol moiety of the grafted disk by reaction with specific
carboxylic acid anhydride in pyridine solutiohConversion of
amine determined by GC.

Figure 6. Gas chromatograms of reaction solutions before reaction
(1), after reaction using only acetylating disk (2), and after reaction
using both acetylating and scavenging disks in series (3). Reaction
conditions are the following: acylating disk grafted with a solution
of 20% 4-acetoxystyrene and 0.4% divinylbenzene in toluene;
nitration time of 30 min; acylation with 1:1 acetic anhydride/
pyridine for 20 h; scavenging disk grafted with a solution of 20%
4,4-dimethyl-2-vinylazlactone and 0.2% divinylbenzene in toluene;
solutions of 0.3 mmol benzylamine in 1.5 mL of tetrahydrofuran
pumped through disk at a flow rate of 3.0 mL/h; residence time of
8.0 min.

100 q

tested under conditions similar to those for the nitrophenol-
type reagent. Results achieved with both types of monolith-
supported reagent are fully comparable. For example, the
0- n ‘IR acetylation of benzylamine with the TCHQ-based disk in
1 2 3 4 5 6 7 THF affords a conversion of 96.2% after 8.0 min of residence

Figure 5. Regeneration of acylating activity. Reaction conditions time. L . . . .
are the following: disk grafted with a solution of 20% 4-acetoxy- ~ COombination of Reaction and Scavenging in a Single
styrene and 0.4% divinylbenzene in toluene; nitration time of 30 Step. The construction of the disk holder allows the use of
min; acylation with 1:1 acetic anhydride/pyridine for 20 h; solutions  several disks stacked on top of each other. Clearly, the use
of 0.1 mmol benzylamine in 1.5 mL of tetrahydrofuran pumped ot more than one acylating disk can increase the overall
through disk at a flow rate of 3.0 mL/h; residence time of 8.0 min; . . . )
regeneration after each reaction by submersion of the disk in 50% reaCt_'On capacity of the SYStem'_ln a_dd't'on' this a_Iso_ enabl_es
pyridine solution of acetic anhydride for 20 h. the simultaneous use of disks with different chemistries. This
is demonstrated by a combination of acylation and scaveng-
8 min of residence time. The slightly lower conversion ing to ensure the preparation of a pure amide.
observed fortert-butyl ester can be ascribed to steric For this demonstration, we used a single acetylating disk
effects. containing nitrophenyl ester functionalities that reacted with
The acylating moiety of the monolith-supported reagent benzylamine under conditions for which 86% conversion is
can be easily regenerated by reattaching the desired acyhchieved and 14% of the original amine remains in solution
group through treatment of the disk in situ with a solution together with the amide. Trace 1 in Figure 6 is the GC
of anhydride and pyridine. This process does not lead to anychromatogram of the amine solution prior to reaction with
decrease in acylation efficiency. This is demonstrated throughthe acylating disk. Trace 2 represents the amine solution after
the reaction of benzylamine with the polymer-supported being passed through a single acylating disk containing an
reagent followed by reactivation with acetic anhydride. As equimolar amount of acylating moieties with respect to the
shown in Figure 5, no loss in reactivity is observed even amine. Because conversion is 86%, a peak for benzylamine
after seven consecutive acetylatiaeactivation cycles. can still be seen. A peak corresponding to the amide is also
All of the reactions described above have been carried outseen at a retention time of 4.27 min. However, once another
in tetrahydrofuran or dichloromethane as solvents. Surpris- disk-grafted poly(2-vinyl-4,4-dimethylazlactone) is placed
ingly, the acylation reaction also proceeds fairly well in protic downstream, it scavenges all of the residual benzylamine and
solvents such as 2-propanol. For example, the acetylationno amine peak at 1.47 min can be seen (GC trace 3),
of benzylamine in 2-propanol affords a conversion of 89.9% indicating that all remaining free amine has been scavenged.
in 8 min. The IR spectrum of the monolithic polymer taken This purification is readily achieved because the chemistries
after reaction indicates the presence of unreacted acetylof the two disks are strictly segregated and do not interfere
groups. This suggests that the polymeric reagent is not readilywith each other. It should be emphasized that this binary
quenched with the alcohol. Only a very small peak corre- reaction in a single path cannot be accomplished with beads
sponding to less than 5%@opyl acetate is detected in the functionalized with relevant chemistries admixed to an amine
GC. solution because both types of beads (reagent and scavenger)
The alternative monolith-supported acylation readet would compete for the amine at the same time and the yield
based on tetrachlorohydroquinone chemistry (Scheme 2), wasas well as purity of the desired amide would be compromised.

Conversion, %
(3]
o
!
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Conclusion reaction flask were added several monolithic CM®»/B
Polymer-supported reagents prepared in a macroscopicd'SkS' The refacuonhwaﬁ carrlg_cfi_ o(;J;yv::hout stlrr:mg at roomd
disk format are a useful alternative to the more common €Mperature for 48 h. The modified disks were then extracte

bead-supported reagents. These disks are obtained by modi‘f"ith diethyl ether in a Soxhlet extractor for 24 h. IR: 1735

s o )
fication of a porous polymer monolith through the grafting M = (€=0). For characterization purposes and prior to
of a coating of reactive polymer gel at the surface of their elemental analysis, the monolithic disks were subme_rged in
very large pores. The disks operate in a flow-through mode ©/uéne and heated to 7€ for 20 h to remove the diazo
that accelerates mass transfer, requiring much shorter reactio'0UPS. followed by washing with THF to remove any
times to achieve almost complete conversions. In addition, Unattached compounds. Elemental analysis of nitrogen after
the use of such macroscopic objects that can be handled!S h€ating: 0.69% N, or 0.5 mmol/g of initiating species.
individually can facilitate automation of processes in which ~ CGrafting of 4-Acetoxystyrene. The monolithic disks
polymer-supported reagents are used. The disk technobgy‘uncnonahzed with a free radical initiator were submerged
also enables the use of disks with different chemistries in In @ toluene solution containing 20 wt % AcOS and 2% DVB
series. Because the chemistries of these disks are spatiallfWeight with respect to that of AcOS). The mixture was
separated, it is possible to achieve several consecutivePurged with nitrogen for 10 min, and the flask was sealed
chemical transformations in a single path. The approachand heated in a bath to 7€ for 20 h. The soluble polymer
demonstrated in this report is general and can be easilyWas removed from the grafted disks by extraction with THF

extended to a number of monoliths with a broad variety of In & Soxhlet apparatus for 24 h. Any polymer gel on the

functional groups. outside surface of the monolith was removed mechanically
using a razor blade. IR: 1760 cm(C=0). The weight
Experimental Section increase of 0.055 g/disk corresponds to essentially complete

Materials. Chloromethylstyrene (CMS) (a mixture of 3- Incorporation of the monomer.
and 4-isomers) was purchased from Dow Chemical and I\.I|traF|on of Disks Gr.afted with 4-Acetoxystrene. Mono-
4-acetoxystyrene (AcOS) was purchased from Aldrichi-4,4 lithic disks grafted with AcOS gel were completely sub-
Azobis(4-cyanovaleric acid) was purchased from Aldrich and Merged in concentrated nitric acid for 30 min. They were
purified by repeated washing with diethyl ether. Divinyl- then washed thoroughly with water, then washed with
benzene (DVB, Aldrich, 80% grade) was a mixture of triethylamine, and extracted with methanol in a Soxhlet
isomers containing ethylvinylbenzenes as the major impuri- 2Pparatus for 24 h. IR: 1554, 1341 ch{NO,); 1735 cm*
ties. 2,3,5,6-Tetrachlorohydroquinone was obtained from (C=O from attached initiator); 3247 crh (phenolic OH).
Sigma. It was recrystallized prior to use. All other reagents Elemental analysis: 2.87% N.
were obtained from Aldrich and used as supplied. Formation of Activated Acetic Acid Ester. A monolithic
Instrumentation. IR spectra were taken on a Mattson disk containing grafted nitrophenol groups was submerged
Genesis Il FTIR spectrometer using the total reflectance in @ 1:1 solution of acetic anhydride in pyridine and allowed
mode. Porous properties of the polymers were measuredtO react without stirring for 20 h. After reaction, the disk
using a Micromeritics Autopore 9420 mercury intrusion Was extracted with THF in a Soxhlet apparatus for 24 h. IR;
porosimeter. Gas chromatography was carried out using anl760 cm* (ester G=0).
HP 6890 series GC system equipped with an autoinjector Formation of Other Activated Esters. Monolithic disks
and 30 m HP-5 column. The data were acquired and containing grafted polymer gel with nitrophenol groups were
processed with HP GC ChemStation software. submerged in a solution of the appropriate anhydride in
Preparation of Poly(chloromethylstyreneco-divinyl- pyridine and allowed to react without stirring for 150 h. The
benzene) Monoliths. The monoliths were prepared in molds disks were then extracted with THF in a Soxhlet apparatus
consisting of a 14 mm i.d. glass tube sealed at one end andor 24 h.
containing walls lined with a shrinkable polyethylene tub-  Grafting of Vinylbenzyl Chloride. The monolithic disks
ing.:® 2,2-Azobis(isobutyronitrile) (0.12 g, 1 wt % with  functionalized with free radical initiator were submerged in
respect to monomers) was dissolved in a solution of CMS a toluene solution containing 20 wt % CMS and 2% DVB
(4.8 g), DVB (7.2 g), toluene (5.25 g), and 1-dodecanol (wt % with respect to CMS). The mixture was purged with
(12.75 g). The mixture was purged with nitrogen for 10 min, nitrogen for 10 min, and the flask was sealed and heated in
the mold was filled with this mixture, and its open end was a bath to 70°C for 20 h. The soluble polymer was removed
then sealed using a rubber septum secured with wire andfrom the grafted disks by extraction with THF in a Soxhlet
adhesive tape. The polymerization was allowed to proceedapparatus for 24 h. Any polymer gel on the outside surface
in a thermostated bath for 20 h at 70. The glass tube was  of the monolith was removed mechanically using a razor
then carefully crushed, and the monolith, tightly embraced blade. IR: 1265 cm (benzyt-Cl). Elemental analysis:
by the polyethylene tubing, was removed and sliced into 5 12.33% CI (1.2 mmol/g additional benzylic chloride groups).
mm thick disks using a table saw. These disks were extracted Attachment of 2,3,5,6-Tetrachlorohydroquinone. A
with THF for 24 h in a Soxhlet apparatus. Elemental monolithic disk grafted with CMS gel was submerged in a
analysis: 9.67% Cl (2.7 mmol/g benzy! chloride groups). solution of 0.5 g (2.0 mmol) of 2,3,5,6-tetrachlorohydro-
Attachment of 4,4-Azobis(4-cyanovaleric acid) to Mono- quinone (TCHQ) and 0.18 g (1.3 mmol) of potassium
lith Surface. To a solution of 3.33 g of ACVA and 2.22 g carbonate in 1.75 mL ofN,N-dimethylformamide. The
of triethylamine in 6.66 mL ofN,N-dimethylformamide ina  solution was heated at 7C for 36 h and then washed with



Macroporous Polymer Disks

THF in a Soxhlet apparatus for 24 h. IR: 1368 ¢rfphenol
C—0); 3500 cm?! (phenol O-H); 710 cm! (aromatic
C—Cl); 1265 cn1! (benzykCl); 1735 cnmt (C=0 from
initiator). Elemental analysis: 15.32% CI (0.8 mmol/g TCHQ
groups).

Formation of TCHQ-Based Activated Esters.A mono-
lithic disk containing grafted polymer gel with TCHQ groups
was submerged in a solution of acetic anhydride in pyridine
and allowed to react without stirring for 150 h. The disk
was then extracted with THF in a Soxhlet apparatus for 24
h. IR: 1785 cm? (C=0).

Acylation of Amines Using Monolithic Supported
ReagentsThe monolithic disk was placed in a custom-made
stainless steel holder and attached to a syringe pump (KD
Scientific model 101). In a typical reaction, the monolith
was first washed with the desired solvent, and then the
solution containing the amine to be reacted was pumped
through the monolith at a specific flow rate. After the reaction
was completed, the monolith was washed again with the
solvent. The difference in composition of the solutions,
determined before and after reaction by means of gas
chromatography, was used to estimate the amounts of amine
that had reacted.
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