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Spherical crosslinked poly(vinyl alcohol) (PVA) beads with good mechanical stability were prepared by
reverse-suspension polymerization, using dimethyl sulfoxide (DMSO) as a cosolvent in an aqueous phase.
Poly(ethylene glycol)s with varying chain lengths were grafted onto the PVA beads by anionic polymerization
of ethylene oxide. The thermal behavior, morphology, and swelling were evaluated for each of the new
polymer matrices. High loading and good swelling in water and organic solvents were characteristic of the
PEG-grafted PVA beads. The polymer beads also exhibited good mechanical and chemical stability and
were unaffected by treatment Wwi6 N HCI and with 6 N NaOH. The hydroxyl groups of the PVA-PEG
beads were converted into aldehyde, carboxylic acid, and isocyanate functions to provide scavenger resins
and were extended by way of a benzyl alcohol in a Wang linker. The transglutaminase substrates dipeptides
(Z-GIn-Gly) and heptapeptides (Pro-Asn-Pro-GIn-Leu-Pro-Phe) were synthesized on PVA-PEG_5, PVA-
PEG_20, and the Wang linker-derivatized PVA-PEG resins. The cleavage of the peptides from the resins
using MeOH/NH mixture at different temperatures {€ and room temp) and 50% TFA/DCM provided,
respectively, peptide methyl esters, amides, and acids in good yields and purity as assessed by LC-MS
analysis.

Introduction onto PS-DVB resin to increase loading (up to 4.3 mmol/g)

New solid supports having higher functional group loading @"d improve swelling in water (up to 2.6 mL/g); however,
and good swelling in a variety of solvents have been pursuedd.rawbacks to this strategy include a relauvely low grafting
to accomplish a wider range of solid-phase and solution- Yi€ld and the presence of both primary and secondary
phase chemistry Although crosslinked polystyreredivi- alcohols that may exhibit different reactivities. Although
nylbenzene (PS-DVB) matrickave been effective in solid- dendrimer-based solid-phase supports have been prepared
phase chemistry to produce peptides and small moleculesWith higher functional-group loadint their separation from
the hydrophobic polystyrene backbone has poor compatibility the reaction media necessitates size-exclusion chromatog-
with aqueous and polar solvents, potential reactivity under raphy. Moreover, the presence of amide and ester bonds
electrophilic chemical conditions, and is generally unsuitable Within the dendrimer structure limits the chemistry that can
for on-bead magic-angle spinning (MAS) NMR analysts.  be performed on these suppotts.

Polyethylene glycol (PEG) has been used to prepare resins In a novel approach to address the need for a high-loading
that overcome the shortcomings of the PS-DVB resins. For resin having optimal swelling and stability, we have grafted
example, PEG-grafted PS-DVB resimsd PEG-cross-linked  PEG chains onto a hydrophilic core. Cross-linked poly(vinyl
resin$ have exhibited improved swelling in water and polar alcohol) (PVA) resins are hydrophilic solid supports that have
solvents and are compatible for on-bead MAS NMR analysis, been successfully used as scavengers in organic synthesis.
one-bead one-compound (OBOC) library synthésisd on- By grafting short PEG chains onto cross-linked poly(vinyl
bead high-throughput screening of large compound libréries. ajcohol) resin, we have developed a novel polymer matrix

High-loading resins are effective scavendeand offer  that exhibits remarkable swelling in a range of solvents and
promise for a variety of chemistry. High loading on a resin  hjgh |oading. The new PEG-grafted PVA resins were initially
with high swelling in a wide range of media has, however, applied in the solid-phase synthesis of a dipeptide substrate
not yet been aghleved, in part, because of the restrictions ofgq 4 resin-supported TEMPO catalyst for alcohol oxidation
the hydrophobic PS-DVB core. For example, most contem- j, 4 biphasic mediur® In addition, the PEG-grafted PVA

porary PEG-grafted PS-DVB and PEG-cross-linked resins rgqing proved suitable for the on-bead MAS NMR analysis.
have normally low (0.20.5 mmol/g) functional group

loading. As an alternative to PEG, polyglycéfabas grafted In this paper, details are now relayed on the preparation

and physical characterization of the PEG-grafted PVA resins
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synthesis has been studied in the construction of peptideScheme 1.Anionic Polymerization of Ethylene Oxide onto
esters, amides, and acids. The hydroxyl groups on the PVA-PVA Beads

PEG resin have also been oxidized into aldehyde and _ Q o B
carboxylic acid groups to provide potential scavenger resins. .k 1 PVA O " 1) /7 oé.o\w /}ﬁO,H
These studies have demonstrated the merits of this novel -~~~ 2)H*

. ; ; L T : : DMSO 2 PVA-PEG_n
high-loading resin that exhibits good swelling in both / -
agueous and organic media. DMSO 2 2 OH

HyC"~"CH,k 1 PVA
Results and Discussions dimsyl fon

Preparation of PVA Beads. Cross-linked PVA beads  (110°C) conditions in dioxane, the poor swelling of the PVA
have previously been prepared (method*A)y a pre-cross-  peads in dioxane inhibited polymerization on the resin.
linking step involving mixing an aqueous solution of |nstead, considerable amounts of linear PEG were produced.
alkalized linear PVA with the cross-linker epichlorohydrin, The beads obtained from this treatment exhibited relatively
before the addition of paraffin oil. Although spherical PVA poor stability upon treatment with strong base at high
beads were isolated from this process, the yields weretemperature.
re!ati_vely low because of the |QW solubility of epic_:hlorohy-_ Anionic polymerization of ethylene oxide has been typi-
drin in the aqueous PVA solution and the sharp increase in cally performed in THF to prevent chain transfer and yield

viscosity and gelation pf Fhe aqueous so_luti_o_n at the Igter a polymer with narrow polydispersi#§.Multiple attempts
stage of the pre-cross-linking step, which inhibited effective {4 polymerize ethylene oxide onto the PVA beads in THF

dispersion into the paraffin oil. By employing cﬁmethylsgl- provided, however, no weight increase, and resin was
foxide as a co-solvant (method B), a miscible solution recovered that exhibited the same FT-IR and NMR spectra
containing epichlorohydrin and alkalized PVA was obtained 55 tne starting PVA resin. The poor swelling of PVA beads
that dispersed more effectively into paraffin oil to yield i, THF was concluded to have blocked the accessibility of
spherical cross-linked PVA beads in a 93% yield. The cross- e hydroxyl groups for deprotonation and polymerization.
linked PVA beads had a mean size of 8% as ascertained  p\MsO was found to be a good solvent for swelling PVA
by particle sizing a suspension of the resin in water. The peads. Although under strongly basic conditions, DMSO can
PVA beads that were prepared by method B exhibited betterpq deprotonated to form dimsyl ions (Scheme'*1jhe
mechanical stability than those made by method A, likely geprotonation of DMSO was considered to occur at a rate
because of their higher degree of crosslinking. much slower than propagation of PEG chains from alkoxides

Preparation of PVA-PEG Resin. Cross-linked PVA  because dimsyl ions are stronger bases than alkoXides.
beads have a relatively high loading of hydroxyl groups{15  Anionic polymerizations of ethylene oxide in DMSO pro-
17 mmol/g) and swell well in aqueous media. The introduc- vided a PEG-grafted polymer of molecular weight in close
tion of short PEG chains onto the cross-linked PVA core agreement with the calculated vali#ésyith faster polym-
was thus explored to improve swelling in organic solvents. erization rates resulting from the higher dissociation constant
Two pathways have been commonly used to attach PEG ontoof paired iong? The improved swelling of PVA beads in
PS-DVB matrices: grafting of linear PEG onto Merrifield DMSO was considered to increase the accessibility of the
resin®>>and anionic polymerization of ethylene oxide onto hydroxyl groups making them easier to be deprotonated and
hydroxyl-terminated resip5°1617|nitially, a few different exposed for initiating ethylene oxide polymerization.
strategies were attempted to graft linear PEG onto PVAresin  potassium naphthalene, dimsyl ion, and PVA-supported
(see Supporting Information), including ether bond formation potassium alkoxide, all can initiate the polymerization of EO
by displacement of toluenesulfonate-activated PVA resin with (Scheme 1). To avoid the formation of ungrafted linear PEG
alkylized PEG, alkylation of alkylized PVA resin with mono iy solution, potassium naphthalene and the intermediate
PEG chloride, as well as sequential acylations of PVA and dimsyl ion were minimized by allowing the alkaline suspen-
PEG with a diisocyanate. Low-coupling yields as indicated sjon to stir for an additional hour after the complete
by little mass gain was obtained in the attempted Williamson gisappearance of the green color of potassium naphthalene.
ether syntheses on the cross-linked PVA core. Although although linear PEG was produced in solution and some
carbamate-linked PEG-grafted PVA could be made using ethylene oxide may have leaked out of the reaction mixture,
isophorone diisocyanate (IPDI), the pronounced hydrophobic the anionic polymerization of EO onto PVA beads in DMSO
contribution of IPDI made the PVA-IPDI-PEG resin unsuit-  \as reproducible as illustrated by the successful attachment
able as an amphiphilic support. of PEG segments corresponding to five EO repeating units

The polymerization of ethylene oxide was next explored onto the PVA beads in three consecutive reactions (Table 1,
on the cross-linked PVA core to make PEG-grafted PVA entries 2-4). By adding different amounts of ethylene oxide
resin. Polymerization of ethylene oxide onto 2-(1-methyl)- to the reaction, we produced a series of PVA-PEG copolymer
hydroxyethyl polystyrene at high temperature under high- beads<? with different PEG chain lengths (Table 1). Hydroxyl
pressure had been reported for the preparation of PEG-graftedyroup loading in the copolymers was measured by acetic
PS-DVB bead$’ When ring-opening polymerization of anhydride titration and corresponded closely to the calculated
ethylene oxide onto the cross-linked PVA beads was loading, based on the weight increase of the beads after
examined using similar high-pressure and high-temperaturereaction.
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Table 1. Conditions for Anionic Polymerization of Ethylene Oxide and Selected Properties of PVA-PEG CopolymerRResin

|—calcdb L titrdC L FmocCI
units EO mass gain (mmol/g) (mmol /g) (mmol/g)
resing (n) (mL) (%) —OH —OH Fmoc-gly —OH
2A 2 PVA-PEG_2A 2.2 1.8 71 9.9 9.2 2.1 4.8
2A 5 PVA-PEG_5A 4.3 3.0 140 7.3 6.5 1.9 4.0
2A 5 PVA-PEG_5A 5.0 3.0 150 6.8 6.2 1.8 3.7
2A_5 PVA-PEG_5A 5.6 3.0 165 6.2 5.8 1.7 3.2
2A 8 PVA-PEG_8A 7.4 3.2 242 5.0 4.5 1.6 2.8
2A_12 PVA-PEG_12A 12.1 4.0 360 3.7 35 1.4 2.4
2A_15 PVA-PEG_15A 15.2 5.0 460 3.0 2.3 1.2 1.9
2A_20 PVA-PEG_20A 19.9 6.0 598 2.4 21 1.0 14
2B 5 PVA-PEG_5B 5.1 25 124 6.7 6.2 1.9 4.0
2B 12 PVA-PEG_12B 12.5 4.0 350 3.6 3.4 1.6 2.8
2B_20 PVA-PEG_20B 19.8 5.0 600 21 2.0 11 15

a Starting with 0.4 g PVA beads and 2.7 mmol naphthalene potassiliheoretical loadings of hydroxyl group were calculated on the
basis of the mass gain onto the beddsoadings of hydroxyl group were ascertained by titrating the excess acetic acid formed upon the
reaction of copolymer beads with acetic anhydritlieoading was calculated by the Fmoc-UV metheé®VA-PEG nA and nB resins
were synthesized from PVA beads that were made by methods A and B, respectively.

20 -

Loading of Hydroxyl Groups. Theoretically, linear PVA

= 181 u DMF
has one alcohol group per repeating unit, and the loading of 3 1 | iamch
linear PVA with 98% hydroxylation has a maximum % ™17 . = Toluer

theoretical value of 22 mmol/g. Cross-linking PVA dimin- :; .
ishes the number and the accessibility of the secondary£ s !

hydroxyl groups. The hydroxyl group loadings of PVA beads 5 °_ __ . | ‘

orption(m
1

Solven
.

1 crosslinked with epichlorohydrin by both the pre-gelation ]
(method A) and DMSGwater (method B) processes were, 0

Il
respectively, titrated to be 17 and 15 mmol/g. Polymerization " o3 o7 o877 o7 % o o & & &;@b
of EO onto cross-linked PVA maintains the number of Qa‘f @f @f Q,‘f‘o Qﬁ@ @vg& qﬁ’" qﬁ” “
hydroxyl groups; however, the gain in mass of grafting PEG g ,re 1. swelling of PVA (LA and1B), PVA-PEG @A n and
decreases the loading proportionately. Titrated loadings using2g_n), TentaGel, Wang, and Merrifield resins.

Ac,0 were found to be in close agreement with the calculated

value, based on the weight increase of the beads (Table 1) PEG bead® was studied using a solveninass absorption
To evaluate the accessibility of the hydroxyl groups during method with a capillary to transfer the solvent to the polymer.
peptide and organic synthesis, PVA-PEG reskhsvere The swelling behavior of PVA beads$ prepared by
acylated with N-Fmoc glycine. The Fmoc loading was then methods A and B, PEG-grafted PVA beaBsMerrifield
determined by spectrophotometric measurement at 300 NnMresin, Wang resin, and Tenta Gel resin was studied in six
of the dibenzofulvene adducts formed after treatment of the common solvents (Figure 1): water, DMF, THF, DCM,

Fmoc resin with piperidine. The hydroxyl group loadings acetonitrile, and toluene. PVA beatB prepared in DMS©&
were determined using this Fmoc method to be lower{1.5 water according to method B were observed to swell less
4.8 mmol/g) than those measured by the@ditration (2.6~ than beadslA prepared by the pre-cross-linking using
9.2 mmol/g). The Fmoc method was assumed to reflect themethod A: 7 and 10 mL/g in water and 8 and 12 mL/g in
accessibility of the OH groups because acylation with the DMF, respectively. In organic solvents, such as toluene,
sterically more-hindered Fmoc-glycine was expected to occur acetonitrile, and DCM, the PVA beadsswelled<2 mL/g.

on fewer hydroxyl groups than the smaller acetic anhydride.  The copolymer bead exhibited good swelling in water
The PVA-PEG beadg exhibited typically higher loading  ang in organic solvents (Figure 1). PEG-grafted PVA

than commercial PEGylated solid supports, which have copolymer bead®B (prepared by method B) with higher
typical loadings of<0.5 mmol/g. For example, copolymers  py/ cross-linking swelled less in water and organic solvents
with PEG chain lengths of 15 and 20 units had hydroxyl rejative to copolymer bead®A (prepared by method A)
group loadings of around 2 mmol/g. Higher loadings (2t0 5 having a similar PEG chain length. Decreased swelling in
mmol/g) were obtained by decreasing the amount of EO in ppMF and water was proportional to the increase in PEG
the feed during the polymerization. chain length for PEG-grafted PV2A and2B. The swelling

Swelling of the PVA-PEG Beads.Contingent with the  of resin2A in water and DMF peaked at two EO units (15
growth of the PEG chain length, the graft copolymer beads and 17 mL/g, respectively) and decreased to around 9 mL/g
2 became softer and stickier after lyophilization, yet they at longer PEG chain length (20 EO units). In the case of the
dispersed well in solution. The swelling of the graft polymer2A, an increased solubility in less-polar organic
copolymer beads was thus not measured by common methodsolvents was proportional to the increase in PEG chain
for detecting change of volume, where the dry volume and length. On the other hand, swelling in nonpolar solvents was
the swollen volume of resin are measured using a syringenot proportional to PEG chain length for the PEG-grafted
or graduated cylinde® Instead, the swelling of the PVA-  PVA beads2B that possessed higher PVA cross-linking.
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Figure 2. FT-IR spectra of PVA resinlA and PVA-PEG (ppm)
copolymers2A_n of different PEG lengths. Figure 3. 'H NMR spectra of PVA resinlA and PVA-PEG

copolymers2A_n of different PEG lengths.
Relative to the PVA beads, the swelling of PVA-PEG

beads? in organic solvents was significantly improved and \ _32 N ’O_E ‘-;_C:Z

usually increased with PEG chain length. For example, the pees f § % o ; o

low swelling of 1 mL/g for PVA beadsl in DCM was 1 ©Y i

increased to 12 mL/g fd2A_20 upon attachment of around i a u

20 EO units (8 mL/g for densely crosslink2s_20). In THF “ DMF A l i PVA
and acetonitrile, swelling was increased from2 (PVA we2 J| f O PN =
beads) to about-68 mL/g at longer PEG chain lengths. In

toluene, the swelling increased by a factor of 2 upon going r | | [,‘

from O to 20 units of EO grafted polymer. In organic 11BS J|U|,‘__ J'L.'r'.__,'lk_,..'u..\ I J_L L
solvents, compared with Merrifield and Wang re¥iRVA- - o ' _ o
PEG copolymer resil had similar swelling properties except ™ = =~ = =~ = & = & b e 1w 0

Figure 4. HR-MAS *H NMR (600 MHz, spin rate of 6 kHz, DMF-

in toluene. The PVA-PEG resi@ exhibited consistently _ ;
d;) spectra of PVA-PEG Wang linker residdB 5and 11B 20.

higher swelling and swelled faster than Tenta Gel resin in
all solvents. The PVA-PEG resins may thus be useful for the grafting of 2-20 PEG chain lengths. Concurrently, the
packing in columns for continuous-flow peptide synthesis ether band at 1106 crh and the methylene band at 2870
because their consistently high swelling should result in slight cm™ became stronger with increasing PEG chain length.
volume changes in the pack material upon application of NMR Study of the PVA-PEG Beads.PVA-PEG resins
different solvents during synthesis. 2A were initially characterized by liquid gel-phase proton
Stability of PVA-PEG Beads. After the mixture was NMR spectroscopy using DMS@s to swell and suspend
magnetically stirred for 48 h during the anionic polymeri- the resinin a 20 cm NMR tube. ThEl NMR spectra showed
zation of EO, the resulting copolymer beads were observedthat very distinct changes occurred to the PVA beads after
under the microscope. The densely crosslinked PVA-PEG the anionic polymerization (Figure 3). The chemical shifts
bead<B exhibited a more consistent spherical form relative of the diastereotopic hydroxyl resonances of the beaded PVA
to 2A, indicative of higher mechanical stability. To examine polymer in DMSOd;s were observed at 4.2, 4.4, and 4.6 ppm,
chemical stability, PVA-PEG bead®B 5 were exposed respectively, for the different stereochemical configurations
overnight ® 6 N NaOH ax 6 N HCI, respectively. The beads of the PVA polymeric chaing® In contrast, a single signal
were observed to remain spherical under the microscope, andor the hydroxyl groups of the PEG-grafted PVA copolymer
their FT-IR spectra were unchanged. After treatment, the was observed at 4.5 ppm, and the intensity decreased
PVA-PEG bead®B 5 were acylated with Fmoc-glycine, proportionally with increasing PEG length. The relative
and the loadings of polymer-supported Fmoc-glycine were intensity of the proton signals at 1.4 ppm for the PVA
found to be 1.71 and 1.85 mmol/g by UV spectrophotometry backbone diminished sharply on the elongation of the PEG
after Fmoc cleavage for resins expose®tN NaOH and to chains. The line widths of the proton signals of the PEG
6 N HCI, respectively, which compared favorably with the methylene groups at 3.8 ppm became sharper as the PEG
loading of original 2B_5 supported Fmoc-glycine (1.83 chains grew longer and more mobile.
mmol/g). MAS H NMR spectroscopy with &H MAS nanoprobe
FT-IR Study of the PVA-PEG Beads. Infrared spec-  with a spinning frequency of around 6 kHz was also used to
troscopy was employed to characterize beads before and afteon-bead analyze resin-bound compounds. On-bead structure
the anionic polymerization. In the IR spectrum of PVA beads, analysis of Wang linker resihlB using HR-MAS'H NMR
a strong absorption for the hydroxyl group was observed at spectrometry was performed (Figure 4) and two-dimensional
3380 cm! (Figure 2). Although no hydroxyl groups were HMQC and TOCSY spectra (see Supporting Information)
consumed during synthesis, the copolymer beaeihibited were recorded to identify the structure. Re$kB 20 with
lower hydroxyl group absorption as the mass increased fromPEG chains of 20 units provided a better resolution and
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narrower line widths in DMFRd; than11B 5. Splittings of ® ©
aromatic proton doublets were observed to be 6.5 Hz at 7.50
and 7.22 ppm in the spectrum of Wang re&ibtB 20; in

contrast, no splittings were observed in the spectrum of “

11B.5. ) ) smoother surface th&B_5. Optical microscopy showed that
DSC study of the PVA-PEG beads 2A.Differential PVA beads and PVA-PEG beads were both spherically

scanning calorimetry (DSC) was used to study the thermal shaped with bead sizes varying from 30 to 130 in water.

behavior of the PVA-PEG bea@. The first DSC heating Modification of PVA-PEG resin 2B. Densely cross-

curves of the copolymerA with different lengths of PEG  jinked PVA bead©B had better mechanical properties than
were recorded at a heating rate of I/min after they were  py/a beads2A,4 which broke when stirred magnetically.

cooled with liquid nitrogen from room temperature-+d.00 Beads2B also swelled well in aqueous and organic media.

°C at a speed of-10 “C/min. The pure PVA beads have & These mechanical properties suggested application of resins
glass transition at about 3C (Figure 5). For the copolymers  op in solid-phase chemistry.

with short PEG chains, thf glass transition temperature  pjigh functional-group density is particularly desired for
decreased from 50 to te25 °C ancj finally shifted to the  gcayenger resirfsin the interest of providing potential
glass transition of PEG (about50 °C) at the PEG chain  gcavenger resins, the hydroxyl groups on the PVA-PEG resin
lengths of>8. The absence of multipléy's suggests that 5 12 were oxidized into aldehyde and carboxylic acid
grafting was homogeneous. The DSC curves for copolymersyroups and further converted into an isocyanate function.
2A with PEG chain lengths of 15 and 20 exhibited melting T prepare aldehyde resBB_12, PVA-PEG resir2B_12
peaks of the PEG chain at about 10 and'@0respectively, ;s initially exposed to Swern oxidation conditions-¢80
suggesting that the PEG ghams were long enqugh to alignoc: however, no carbonyl band was observed by FT-IR
t_hemselves into a crystalline phase. The melting point of spectroscopy, most likely, because of the poor diffusion of
linear PEG has been reportétb depend on PEG molecular  he oxidant into the rigidified backbone of PEG at low
weight: 400-500 and 600 g/mol PEG melted at 10 and-20 temperature Ty of PEG= —50 °C). The bleach/TEMPO/
25°C, respectively. The grafted PEG also showed a similar pcm procedure was next employed to convert the hydroxyl

relationship between melting points and molecular weight. groups on the PVA-PEG resin into aldehyde groups (Scheme

to have PEG molecular weights of 660 and 880 g/mol, and time (overnight) were used to push conversion, over-

exhibited melting points that were 10 andZ0) respectively,  oxidation of the OH groups occurred; the corresponding acid
lower than that of the corresponding linear PEG because of\yas gbserved by FT-IR spectroscopy (1735 &nand no
the inhibition of PEG-chain crystallization by the crosslinked a|dehyde groups were detected by a dansylhydrazine-
PVA polymer matrix. flourescence titration. Presumably, aldehydes were being
Morphology Study. Cross-linked PVA bead4B have oxidized by bleach into acids. Aldehyde resB_12 was
been shown to have porous structures by scanning electrorproduced by a two-step TEMPO oxidation process. First,
microscopy (SEM}# and the pore size decreased with the TEMPO in DCM was oxidized with bleach. The phases were
degree of cross-linking. The SEM spectra of the cross-linked separated, and the organic phase was in turn applied to
PEG-derivatized PVA bead®B suggested that the pores oxidize PVA-PEG resii2B_12. After this oxidation process
were filled in by flexible PEG (Figure 6). Finally, PVA-  was employed, no carboxylic acid was observed by FT-IR,
PEG copolymefB_5 and2B_20 with PEG chains of 5and  and the aldehyde loading was ascertained to be 0.8 mmol/g
20 units have a gel-like structure. BeadB 20 had a using rapid fluorescence titratidffor resin3B_12.

Bleach TEMPOICH.CN

A
; : hO)P{O)N5 : 140°C :
oA ~on P 10 A ~__N 1oL A~
0._ ~ T ™y 2 Q ~ Ty 0_0\...- o neo
o 58 o B
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Scheme 3.Preparation of PVA-PEG ResihlB Possessing
a Wang Linker and Dipeptide Synthesis
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To prepare carboxylic acid res#B_5, acetonitrile was M
used to solvate both TEMPO and PVA-PEG re2B 5 in

the aqueous bleach phase during the oxidation (Scheme 2). A . . I - .

The resulting resiB_5 exhibited a strong carbonyl band Wavenumber (cm™)

(1737 _le) n the FT'IR_ spectrum _|ndlc_at|ve _Of the Figure 7. FT-IR spectra of PVA-PEG Wang linker resliB and
formation of carboxylic acid. Carboxylic acid res#B_5 intermediate resins.

was reacted with diphenyl phosphoryl azide in 1-methyl-2- ) ) ) _
pyrrolidinone to yield the carbonyl azide re§B_5. In the ES/TEE é-RDéF;?rf’“de and Heptapeptide Synthesis on
FT-IR spectrum oB6B_5, the carbonyl band shifted to 1718

cm1, and a characteristic azide band appeared at 2162 cm

1h0°C 15

’G"_Qﬂ zonoy—( Q=

2M NH;/MeOH
—— Z-GInG ly-OMe

Nitrogen elemental analysis of redB_5 indicated an azide 18 | smuNHMeOH
loading of 2.27 mmol/g. Curtius rearrangement by heating ,, oEhon | QL e O Towment g
carbonyl azide resirbB_5 in THF at 140°C provided 28 3 pparimelmur 2 pierdne B ME oo aarPrOGILe e OHre
isocyanate resi6B_5. The shift of the-CONs band (2162~ ""&°* P "
cm™1) to a—NCO band (2266 crt) in the FT-IR spectrum 18| BMSOH o coproainLowrmPns NH,

L ovemight 18

was indicative of isocyanate formation. The application of
PVA-PEG aldehyde, carboxylic acid, and isocyanate resinsfor 11B 5 and11B 20. Similar loadings of hydroxyl groups
3B, 4B, and6B as scavengers and supports is presently underwere ascertained for resirislB 5 and11B 20 using the
investigation. assay featuring Fmoc-glycine coupling followed by UV
Wang linker resinsl1B were synthesizéd to compare detection of the dibenzofulvene adduct after the cleavage
reactivity with the popular PS-DVB counterpart in peptide with piperidine (1.74 and 1.08 mmol/g, respectively). On-
and small-molecule synthesis. Immobilization of Wang linker bead HR-MAS'H NMR spectra were recorded to confirm
onto the PVA-PEG resin was accomplished using the Cu- the structure of Wang linker resihlB as discussed above
()-catalyzed [2+ 3] dipolar cycloaddition reaction between (Figure 4). Three characteristic absorptions for the aromatic
an organic azide and a terminal alkyne (Scheme 3) because&ing were observed at 1598, 1514, and 1465 tin the
such chemistry is usually high yielding and tolerant of FT-IR spectrum of PVA-PEG Wang resinklB 5 and
oxygen and wate® Azide resins8B_5 and8B_20, having 11B 20 (Figure 7).
chain lengths of 5 and 20 units, respectively, were first  Peptide Synthesis on the PVA-PEG Resinghe trans-
synthesized in two steps fro@B. Methanesulfonation of  glutaminase substrates dipeptide Z-GIn<43hnd heptapep-
resins2B, with methanesulfonyl chloride in DCM at TC, tide Pro-Asn-Pro-GIn-Leu-Pro-P¥ewere synthesized on
gave methanesulfonate resif3, the FT-IR spectrum (Figure  PVA-PEG resin®2B_5 and2B_20 and Wang resink1B 5
7) of which exhibited two strong sulfonyl stretch bands at and11B_20 using standard Fmoc chemistrgnd DIC and
1352 and 1174 crt, as well as a significantly decreased HOBt for coupling. The peptides were cleaved from the
hydroxyl absorption around 3400 chrelative to the starting  resins using three different conditions (Scheme 4). The
alcohol resin2B. After exposure of methanesulfonate resin quality of product from cleavage by hydrolysis and ami-
7B to sodium azide, the FT-IR spectrum indicated the nolysis of the peptide residue from the resin was observed
complete disappearance of the sulfonyl bands and theto be sensitive to the concentration of the alkaline solution
appearance of a new strong azide absorption at 2106.cm and temperature. The dipeptide was cleaved from resins
Nitrogen elemental analysis indicated azide loadings of 2.42 13B 5 and13B_20 using a 2.0 M solution of ammonia in
and 1.25 mmol/g for azido resBB_5 and8B_20 with PEG methanol at OC for 1 h tofurnish Z-GIn-GlyOMel5%? (75
chain lengths of 5 and 20 units, respectively. 4-Propargyloxy- and 84% yields and 98 and 96% LC-MS purities). Hep-
benzyl alcohol 10 was prepared by alkylation of the tapeptide methyl estet6 was obtained fronil4B 5 and
phenoxide ion op-hydroxy benzyl alcohdd with propargyl 14B 20 using the same conditions in 53 and 18% isolated
bromide in a 96% yield. Propargyl etht®@ was then reacted  vyields and 75 and 50% LC-MS purities. Dipeptide amide
with azide resin€B_5 and8B_20 in the presence of catalytic  17*% was obtained from resiri3B 5 using a saturated
Cul to give the triazole-linked PVA-PEG Wang resitiB 5 solution of ammonia in methanol at room temperature
and11B_20, respectively. The loading of the benzyl alcohol overnight in a 98% isolated yield and a 92% LC-MS purity.
group tethered by the triazole was determined by nitrogen Heptapeptide amid&8 was isolated from treatment of resin
elemental analysis to be 1.63 and 1.08 mmol/g, respectively,14B 5 with the same conditions by precipitation from
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acetone with diethyl ether in a 99% isolated yield and a 70%
LC-MS purity. Z-GIn-Gly*® was synthesized on Wang resins
11B 5 and11B 20 and cleaved using a 50% solution of
TFA in DCM (v/v) at room temperature fd h which gave
100 and 65% yields and 90 and 91% LC-MS purities,
respectively.

Magic-angle spinning (MASYH NMR experiments were
performed on a Bruker Avance 600 NMR spectrometer (600
MHz) equipped wih a 4 mMmHRMAS *H probe with a spin
rate of ~6 kHz. Approximately 5 mg of beads was
transferred into a Nano NMR tube and swollen ingd0of
DMF-d;. The spectra were recorded at room temperature with
a presaturation at 3.65 ppri and **C NMR spectra of
PVA-PEG resins and small molecular-weight products were

High-loading resins with remarkable swelling in organic recorded on a Bruker Avance 400 spectrometer operating at
and aqueous media were developed by grafting short PEG400 MHz for*H and 100 MHz for'*C. FT-IR spectra of the
chains onto a cross-linked PVA core by anionic po|ymeri- PVA beadS, PVA-PEG beadS, and their functionalized resins
zation of ethylene oxide. PEG-grafted PVA copolymer beads Were recorded on a Bomen MB-100 FT-IR spectrometer at
2 were shown by high-resolution scanning electron micros- room-temperature using potassium bromide pellets made with
copy to be a typical gel phase with a smooth surface. ground polymer beads. The thermal properties of the polymer
Relatively homogeneously shaped and functionalized beadsPeads were analyzed on a differential scanning calorimeter
2 were characterized by NMR and FT-IR spectroscopy as (TA instrument DSC2910). The optical images of the beads
well as DSC. Moreover, PEG-grafted PVA Wang resin Were recorded under an Axioskop 2 Plus (Zeiss) optical
11B 20 exhibited a well-resolved on-bead MAS NMR microscope. The morphology of the polymer beads was
spectrum. Modification of PVA-PEG resir2B by way of examined by electron microscopy using a field-emission
alcohol activation and displacement, as well as by oxidation, Scanning electron microscope (FE-SEM, from S-4700) after
gave resins with aldehyd® carboxylic acid4, acyl azide  the sample was coated with gold. Liquid chromatography/
5, isocyanates, and azide8 functions. In addition, dipolar ~ mass spectrometry (LC/MS) traces were obtained on a
cycloaddition of a propargylated Wang linker on azide resin coupled Gilson LC-ThermoFinnigan MSQ instrument equipped
8 gave Wang resiil Peptide synthesis was successfully Wwith a Prevail Allteck C18 (5 micron 258 46 mm) column
accomplished on grafted copolymer resthand the Wang using a gradient consisting of a mixture of A (0.01% TFA
resins11 derivatized with different PEG chain lengths. In in H0) and B (0.01% TFA in CkCN) over 20 min with
summary, their observed physical and spectral properties,80% A/20% B, then over 5 min with 20% A/80% B, then
as well as their utility in synthesis, all indicate that PEG- over 5 min with 10% A/90% B, and finally with 80% A/20%
grafted PVA resins should find many practical applications B; the MS conditions were as follows: scan, $&D0; cone
for solid-phase chemistry and solid-supported catalysis. ~ voltage, 30 kV; temperature, 408C; mode (polarity),
positive. UV—vis data were obtained on a WWis spec-
trometer (Cary 300 Bio, Varian). Bead size was analyzed
on beads suspended in water using a Horiba LA 950 particle
sizer.

Conclusion

Experimental Section

Materials and Instruments. Linear PVA (98% hydro-
lyzed, M,, = 13 000-23 000), epichlorohydrin (EP, 99%),
sorbitan monoleate (Span 80), ethylene oxigleyty! lithium Preparation of PVA Beads.Crosslinked PVA beadsA
solution in hexane (1.6 mol/L), Z-GIn-OH, 1-hydroxyben- were first prepared as previously reported (method éging
zotriazole hydrate (HOBU), 1,3-diisopropylcarbodiimide (DIC), €pichlorohydrin as a cross-linker. Subsequently, PVA beads
4-dimethylaminopyridine (DMAP), ammonia (2.0 M solution 1B, having a higher degree of crosslinking, were prepared
in methanol), and piperidine were purchased from Sigma- by method B as described below. Sodium hydroxide (4 g)
Aldrich. Paraffin oil was purchased from American Chemi- was dissolved into a 15 wt % solution of PVA (40 g) in
cals; Fmoc-GIn-OH, Fmoc-Gly-OH, Fmoc-Pro-OH, Fmoc- DMSO and HO (1:1 v/v) and filtered into a 500 mL round-
Asn-OH, Fmoc-Leu-OH, and Fmoc-Phe-OH were purchased bottom flask equipped with mechanical stirrer. The mixture
from Novabiochem. The chemicals mentioned above were was stirred and heated to 7€ to obtain a clear solution.
used without further purification. Acetic anhydride (99% Epichlorohydrin (7 mL) was then added to the PVA solution
from Aldrich) was dried and distilled from sodium and stored Wwith gentle mechanical stirring at 7@ for pre-crosslinking
under argon, tightly sealed. Pyridine was dried and distilled for 1—2 min. Paraffin oil (200 mL, preheated to 7Q) was
from sodium hydroxide. Dimethyl sulfoxide (DMSO) and added to the viscous solution, and mechanical stirring was
benzene were dried and distilled from calcium hydride. increased to a speed of 800 rpm; then Span 80 (0.4 mL) was
Tetrahydrofuran (THF) was dried and distilled from sodium added to the reaction mixture. Beads were formed in the
in the presence of benzophenone after the solution turnedreverse suspension and solidified at’"@for 24 h. The PVA
dark blue. Potassium naphthalene was prepared in dry THFbeads were filtered and rinsed with petroleum ether, THF,
from naphthalene and potassium at a concentration of 0.45and water and were transferred into a Soxhlet extractor. The
M (titrated with a standard hydrochloric acid solution using beads were extracted successively with THF, acetone, and
phenolphthalein as indicator). Merrifield resin (2% DVB water, each for 24 h. The beads were transferred to a

crosslinking, 1068-200 mesh, loading of 2.0 mmol/g) and
Wang resin (1% DVB crosslinking, 16200 mesh, loading

of 1.0 mmol/g) were purchased from Fluka, and Tenta Gel
S OH resin (9Qum, 0.2-0.3 mmol/g) was obtained from
Rapp Polymere GmbH.

lyophilizer and freeze-dried for 48 h to provide PVA beads
1B (5.6 g, 93% yield) with the swollen mean bead size of
87 um in water. The hydroxyl group loading of PVA beads

1B was analyzed to be 15 mmol/g by back-titration of the
excess of acetic acid after acetylation of the hydroxyl groups
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with acetic anhydride in pyridine. The FT-IR spectrum of
the PVA beadsdlB exhibited a strong OH stretching band
around 3400 cmt.

Anionic Polymerization of Ethylene Oxide onto the
PVA Beads.PVA beadsl, prepared by either method A or

Journal of Combinatorial Chemistry, 2007, Vol. 9, No. 889

PVA-PEG Aldehyde Resin 3B_12A stoppered plastic
tube-shaped reactor fitted with a Teflon filter was charged
with TEMPO (0.45 mmol, 70 mg) in 2 mL of DCM and
1.25 mL of bleach (0.4 M), buffered with KHCGCat pH
9.1, treated with aqueous KBr (0.5 M, 0.08 mL), and shaken

B, were employed in PEG grafting. All glassware and needles at room temperature for 30 min. The phases were separated.
were flame-dried under vacuum and purged 3 times with The deep red DCM phase was transferred into another plastic
nitrogen. PVA beadd (0.4 g) were placed into a 100 mL  tube-shaped reactor containing copolyr@2& 12 resin (50
flask, equipped with a DearSStark trap, containing 20 mL Mg, 3.0 mmol/g), and the mixture was shaken for 2 h. The
of dry benzene and heated at a reflux overnight to remove resin3B_12 was filtered and washed with DCM, THF, and
the water-benzene azeotrope. Benzene was distilled off diethyl ether, and then it was dried under vacuum. A strong
under vacuum, and 25 mL of dry DMSO was charged into absorption was observed at 1610¢nm the FT-IR spectrum

the flask to swell the PVA resin. A calibrated amount of Of the oxidized PVA-PEG beads. The aldehyde loading was
potassium naphthalene in THF (0.45 M, 6 mL, 0.45 equiv) ascertained to be 0.66 mmol/g by a rapid fluorescence
was introduced dropwise into the flask using a double-tip determinatiofy of the excess dansylhydrazine remaining after
needle and argon pressure. The mixture was stirred for 2 htreatment of aldehyde resBB_12 with approximately 200

to allow the green color from the naphthalene potassium to mol % (or 300 mol % relative to aldehyde loading) of

completely disappear. Ethylene oxide of a known volume dansylhydrazine.
was passed through a calcium hydride drying column and PVA-PEG Carboxylic Acid Resin 4B_5. PEG-grafted

condensed into a dry flask containing 2 mLrebutyl lithium
(1.6 mol/L) solution in hexane at78 °C. The dry ice/

PVA 2B 5 (0.1 g, 4.0 mmol/g) was agitated with 3 mL of
bleach (0.4 M, 3 eq.) and 0.12 mL of KBr (0.5 M, 10 mol

acetone bath was removed, and as the flask warmed, theé) at pH 9.1 (buffered with Na})€Os). A TEMPO (6.3 mg,
ethylene oxide was allowed to distill into the resin suspension 0.04 mmol) solution in acetonitrile was added to the mixture,

which was cooled to-78 °C. After ethylene oxide transfer

which was agitated overnight at room temperature. The resin

was completed, the polymerization mixture was heated andwas filtered and washed with water, 0.1 M HCI, water, THF,

magnetically stirred at 40C for 48 h. The resin was filtered

and diethyl ether and dried under vacuum (FT-IR 1747

and rinsed with water and THF and subsequently extractedcm™). The carboxylic acid loading of residB_5 was
successively with THF and water using a Soxhlet extractor measured to be 2.3 mmol/g by nitrogen elemental analysis
for 24 h per solvent. The beads were finally freeze-dried for after the conversion of the carboxylic acid groups into the

48 h to give copolymer resig, which was characterized by
FT-IR, NMR, DSC, and SEC (Figures—5) and stored
below 5°C under nitrogen.

Loading Determination by Fmoc-Fluorescence Mea-
surement3* Swollen PVA-PEG resi2 (20 mg) was acylated
with N-(Fmoc)glycine {500 mol % relative to the titration
loading of the resin) by stirring overnight at room temper-
ature in 0.5 mL of DMF in the presence of DIG$00 mol
% relative to the titration loading of the resin) and 2.5 mg
of DMAP (~10 mol % relative to the titration loading of

corresponding acyl azid&supon treatment with diphenyl
phosphoryl azide in THF overnight. The FT-IR spectrum of
acyl azide resirbB_5 showed a strong band at 2155 ¢ém
for the azide absorption. Isocyanate re®ih 5 was prepared
from acyl azide resirbB_5 by Curtius rearrangement on
heating to 140C in THF for 30 min. The FT-IR spectrum
of resin6B_5 exhibited an isocyanate band at 2255 &m
Methanesulfonate PVA-PEG Resin 5BTo a suspension
of PVA-PEG resin2 (0.5 g, 6.2 mmol/g for PVA-PEG_5B
and 1.55 g, 2.0 mmol/g for PVA-PEG_20B, respectively)

the resin). The resin was successively rinsed with 15 mL of and EtN (3.3 mL, ~1000 mol %) in DCM at 0°C,
DMF, 25 mL of DCM, and 10 mL of diethyl ether and was methanesulfonyl chloride (3.48 §,1000 mol %) was added
dried to a constant weighA 5 mg aliquot of the coupled  dropwise. The ice bath was removed, and the reaction
resin was treated with 1 mL of piperidine solution in DMF mixture was stirred overnight at room temperature. The resin
(1:4) for 1 h and diluted to 50 mL with ethanol. The loading was filtered, washed with DCM, THF, and diethyl ether three
of the Fmoc-glycine was determined by UV measurement times each, respectively, and dried under vacuum, to yield a
at 301 nm of the liberated dibenzofulvene adduct generatedlight yellow methanesulfonate resii8. FT-IR: 1352, 1174
by treating the resin with the piperidine/DMF solution. The cm™.
loading of OH group was calculated from the Fmoc loading.  Azide PVA-PEG Resin 8B.A suspension of methane-
Swelling. A glass capillary was used to transfer solvent sulfonate resiryB (~3 mmol) and Na (2.0 g,~1000 mol
to the beads (roughly 3 mg), which were weighed on a poly- %) in DMSO (40 mL) was heated and stirred overnight at
(tetrafluoroethylene) slice to avoid excess solvent adhering 70 °C, filtered, washed with DMF, DCM, THF, and diethyl
to the matrix. The beads absorbed solvent from the capillary ether, 3 times each, and dried under vacuum to yield yellow
until equilibrium between the solvent in capillary and in the azide resin8B. The FT-IR spectrum showed a strong
swollen bead was reached. This procedure was repeatedbsorption at 2106 cm for N3. Azide loadings of resi8B
several times over a period of 10 min to allow full swelling Wwere determined to be 2.42 and 1.25 mmol/g by nitrogen
of the beads. The beads saturated with solvent were therelemental analysis for the resins with PEG chains of 5 and
weighed using a microbalance, and the weight gain was 20 units, respectively.
converted into the volume of solvent retained per gram of  Preparation of Wang Linker Resin 11B. Azido-PVA-
polymer. PEG_20 resir6 (400 mg, 1.25 mmol/g) was agitated with
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4-propargyloxy-benzyl alcohdlOB (405 mg,~500 mol %),
Cul (9.6 mg, 10 mol %), DIPEA (0.5 mL, 525 mol %), and
PhsP (14 mg, 10 mol %) in DMF (3 mL) at room temperature

Luo et al.

0 7.33 (m, 5H, CH aromatic benzyl), 5.08 (s, 2H, £€H
benzyl), 4.18 (m, 1H, CH GIn), 3.93 (m, 2H, Gi&ly), 2.34
(m, 2H, CH y GIn), 2.08 (m, 1H, CHf GIn), 1.93 (m, 1H,

for 24 h. The suspension was filtered, and the resin was CH, 8 GIn. 13C NMR (75 MHz, CB;OD): 6 178.1, 177.6,

rinsed successively with pyridine (8 20 mL), DCM (3 x
20 mL), THF (3x 20 mL), and diethyl ether (X 20 mL)
and dried under vacuum to yield a brown Wang linker resin
11B. The Wang linker loadings were determined by nitrogen

175.1, 160.3, 141.2, 129.7, 128.2, 128.1, 54.8, 44.9, 32.8,

30.0. LC-MS: tgr 3.60 min,m/z 338.0 [M + H]*.
Z-GIn-Gly-OMe 15. The title compound was synthesized

on 2B_5 (1.39 mmol/g) an®B_20 resins (0.98 mmol/g)

elemental analysis to be 1.63 and 1.08 mmol/g, respectively,following the methods described above. In the coupling step,

for resins11B with PEG chains of 5 and 20 units. The

Z-GIn was employed instead of the Fmoc amino acid. The

loading of hydroxyl groups were also measured to be 1.74 cleavage of peptides from the PVA-PEG rediB was

and 1.08 mmol/g, respectively, farlB 5 and11B 20, by
acylation of the resin with Fmoc-glycine and detection of
the fluorescence of the fulvalene adduct after Fmoc removal.
FT-IR spectrum of Wang linker resifilB: 1614, 1598,
1514, 1465 cmt. On-bead HR/MASH NMR in DMF-d+:
0 8.43 (s, 1H), 7.50 (d, 2H] = 6.5 Hz), 7.22 (d, 2H) =
6.0 Hz), 5.38 (s, 2H), 5.17 (bs, 1H), 4.81 (s, 2H), 4.74 (s,
2H), 4.10 (s, 2H), 3.683.80 (m, PEG-H), 1.281.92 (m,
PVA-H)

General Procedure for Peptide SynthesisSwollen PVA-
PEG resin2B (105 mg for2B_20 and 35 mg fo2B_5) in
1.5 mL of DMF was treated witN-(Fmoc)glycine (309 mg,
~500 mol %), DIC (168:L, ~500 mol %), and DMAP (2.5
mg, ~10 mol %), stirred overnight at room temperature,
filtered, and successively rinsed with 15 mL of DMF, 25
mL of DCM, and 10 mL of diethyl ether. Loading was

performed in a 2.0 M solution of ammonia in methanol for
1 h at 0°C. After resin filtration and the methanol wash,
the filtrate and washings were combined and evaporated.
Z-GIn-Gly-OMe 15 was precipitated with methanol/ether and
isolated in a 75% vyield (14.6 mg, 98% purity by LC-MS
analysis) and in an 84% yield (28.8 mg, 96% purity by LC-
MS analysis) from2B_5 and2B_20, respectively. A white
solid was obtainedH NMR (300 MHz, CQyOD): ¢ 7.33
(m, 5H, CH aromatic benzyl), 5.08 (s, 2H, €benzyl), 4.18
(m,1H, CH GlIn), 3.93 (m, 2H, CKGly), 3.70 (s, 3H, methyl
ester), 2.34 (m, 2H, Cky GIn), 2.08 (m, 1H, CH/j GlIn),
1.93 (m, 1H, CH 8 GIn). 13C NMR (75 MHz, CQxOD): ¢
177.9,174.9,171.7,158.4,138.1, 129.5, 129.1, 128.9, 67.8,
55.9,52.6,41.8,32.4,29.1. LC-M%; 12.95 min,m/z352.0
M + H]*.

Pro-Asn-Pro-Gin-Leu-Pro-Phe-OMe 16.The title com-

measured as described above by the Fmoc-fluorescencéound was synthesized on resiB_5 (1.2 mmol/g) and
measurement. The swollen acylated resin was stirred for 22B_20 (0.64 mmol/g) following the above-mentioned pro-

h with 3 mL of acetic anhydride/pyridine solution (2:3 v/v)

tocols. Cleavage of peptide estH# from the PEG-grafted

to acetylate any residual alcohol groups. The resin was PVA resin14B was performed using a 2.0 M solution in

successively washed with 15 mL of DMF and 25 mL of
DCM. The loading of the Fmoc-glycine was determined by

methanol of ammonia at ©C for 1 h. After resin filtration
and the methanol wash, the filtrate and washings were

UV measurement at 301 nm of the liberated dibenzofulvene cOmbined and evaporated. Heptapeptide methyl ésteras

adduct®* Fmoc cleavage was carried out with 3 mL of a
20% piperidine solution in DMF for 1 h. The deprotected
resin exhibited a positive Kaiser t&§tThe coupling of the

obtained in a 53% yield (10.1 mg from 59 mg of resin, 75%
purity) and an 18% yield (12.9 mg from 46 mg of resin,
50% purity by LC-MS analysis) from resin8B 5 and

first amino acid (Fmoc-Phe) in the heptapeptide synthesis 23_291 respectively. LC-MStr 12.96 min,m/z 826.4 [M
and elongation were performed by treating the deprotected"‘ H]

resin withN-(Fmoc)-amino acid{250 mol %), HOBt (250
mol %), and DIC (250 mol %) in DMF (1.5 mL). The

Pro-Asn-Pro-Gin-Leu-Pro-Phe-NH, 18. The Pro-Asn-
Pro-GIn-Leu-Pro-Phe peptide was also cleaved from resin

mixture was shaken overnight at room temperature, and thel4B_5 using a saturated methanol solution of ammonia at
resin was filtered and washed successively with 15 mL of room temp overnight. After resin filtration and the methanol
DMF, 50 mL of DCM, and 10 mL of diethyl ether. Coupling Wash, the filtrate and washings were combined and evapo-

was monitored by the Kaiser test.

Z-GIn-Gly 12. The title compound was synthesized on
Wang resins11B 5 and 11B 20 following the methods

described above. The cleavage of dipeptide from the Wang-

linker resins11B was performed on treatment with a 50%
solution of trifluoroacetic acid in dichloromethane for 1 h
at room temperature. After resin filtration and dichlo-

rated. Heptapeptide amide3 was isolated by precipitation
from acetone/diethyl ether at20 °C in a 99% vyield (20
mg from 35 mg of resin with a loading of 0.65 mmol/g) and
70% purity by LC-MS analysis. LC-MStg 3.95 min,m/z
811.3 [M + H]+ HR-MS: m/z calcd for GoHs9N 1009 [M

+ H]*™ 811.4461, found [MH+ H]™ 811.4465.
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