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The preparation of a dendritic graft polymer by a very efficient synthesis of polyglycerol directly on a
polystyrene resin is presented. This one-step process can be performed on a multigram scale to provide a
chemically stable polymeric support. The resulting hybrid polymers were fully characterized by diverse
analytical methods (NMR, IR, ESEM, UV detection of cleaved protecting groups, and mass-spectrometric
methods). They combine a high loading capacity (up to 4.3 mmblwith good swelling properties in a

wide range of solvents (including water), which is the major drawback for many existing solid phase supports.

In comparison to the widely employed PEGylated resins, these hybrid materials offer a 10-fold higher loading
capacity. Their suitability as supports for organic synthesis and for the immobilization of reagents has been
demonstrated. These materials also swell in water, and consequently, it should be possible to use these new
hybrid materials for synthesis in protic solvents.

Introduction we report a simple and efficient one-step approach to

In recent years, the use of polymeric supports has becomedendrltlc polyetherpolyols grafted onto solid-phase PS beads

. . . ) ._and their application as supports for multistep organic
increasingly important, especially for automated synthesis : . . : :
. . . synthesis and for boronic ester reagents in Suzuki couplings.
and combinatorial chemistry. To a large extent, weakly cross- : . . .
. o . Furthermore, these high-loading hybrid supports show in-
linked polystyrene (PS) beads were primarily used for this . . g . o
T . . teresting physicochemical properties, such as swelling in
application. However, the low loading of functional groups ; . :
. I - . . many solvents including protic solvents such as water and
(typically <1.5 mmol g*) and the limited swelling properties
: o -~ methanol.
of this unpolar matrix in polar solvents are the major
disadvantages of these solid-phase supports. Also, the ability
to screen the final product directly on the resin is becoming
more and more attractive. To obtain beads with better NMR  For the heterogeneous (gel phase) synthesis of the dendritic
characteristics and to achieve better swelling properties in apolystyrenegraft-polyglycerol hybrid polymer beads (PS-
large variety of solvents, PS-based resins have been equipped-PG) (Scheme 1), we have modified an efficient protocol
with poly(ethylene glycol) (PEG) chains as spacers, solubi- for the homogeneous anionic ring-opening polymerization
lizing groups, or cross-linking unifs? Perfect dendrons were  of glycidol, which was reported recently. To achieve a
grafted stepwise onto PS beads to overcome the poor loadingeasonable swelling of the solid-phase support and a homo-
capacities and to obtain high-loading supports (up to 2.2 geneous graft polymerization throughout the bead, we used
mmol g 1).24 Two systems based on aryl ether dendrons have DMF/diglyme or dioxane as solvents. In addition, the
been reported and synthesized stepwise (6 steps for generazomplete metalation of the initiator (e.g., hydroxyethylated
tion 3) on the PS suppottThese PSpolyether hybrid PS1a) became necessary to achieve high conversions. This
materials combine high chemical stability and good swelling is in contrast to soluble hyperbranched polyglycerol (PG),
properties in polar solvents. The major drawbacks of these where only about 10% of the initiator is deprotonaté®iA
perfect dendrons attached to the PS backbone, however, arsignificant advantage of this heterogeneous process is the
tedious synthesis and still limited swelling in protic solvents. easy separation of autoinitiated monomer, which forms
Linear high-loading PS hybrid polymers, such as Rasta soluble PG, by simple filtration. Several dendritic BHRG
silanes; ROMPSphere$,and PS resins, containing linear hybrid polymers2a—d with different degrees of polymeri-
polyglycidol group$also require a multistep approach. Here, zation (DPs) have been prepared starting from the monoal-
cohollawith a loading capacity of 1.3 mmol¢(Table 1).

Results and Discussion
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Scheme 1. Synthesis of Different P§-PG Hybrid Polymers faintness attacks, hypokinesia, and cranial traumas. Recently,

2a—e (see also Table 1) gabapentin-lactar, was accidentally found to show novel
O neuroprotective propertié3.
O\/[ou Our retrosynthetic approach traces these compounds back
“-|>\/0H (E oH to a polymer-supported (diethylphosphono)acetic &iend
o OH a carbonyl compound (i.e., cyclohexanofe)o test the
®\ O —— 2 ,o potential of this newly developed high-loading polymeric
X DMF/Diglyme o O
120 °C I\EO support in multistep organic synthesis, we performed the

1a X =-CH,CH;- . . .
e e | four-step synthesis of gabapentin-lact&non the hybrid

polymer2d (Scheme 2).
After immobilization of (diethylphosphono)acetic acid on

Because of the living character of this polymerization, the PSg-PG-resin2d and condensation with cyclohexanone
different sizes of dendritic structures can be grafted onto the by a Horner-Wadsworth-Emmons reaction, compour
PS resin. Depending on the amount of added glycidol reacts in a Michael addition with nitromethane to an
monomer (2-10 equiv) various DPs (26) could be  jmmobilizedy-nitroestei8. One of the decisive disadvantages
achieved, which results in loading capacities in the range of of solid-phase chemistry is the difficult reaction monitoring
2—5mmol of OH g* (Table 1). In addition, a tetra(ethylene  and product analysis. However, in this case, we could utilize
glycol) (TEG) graft,2e was prepared (initiatob) and IR spectroscopy, since we were able to directly compare the
linked to the resin as a benzyl ether; the soluble FH& spectra to the analogous products on the soluble PG support,
was cleaved by trifluoroacetic acid (TFA) and trimethylsi- hich have been characterized unambiguously via additional
lyloromide (TMSBr) to determine its degree of polymeri- 14 and 3C NMR.14 For example, the success of the
zation by ESI-MS and its degree of branching (B850%) immobilization step could be estimated by the appearance
by *C NMR. of a carbonyl band in the product IR. Furthermore, the

For the investigation of the grafting process, we also Michael addition step could be monitored, since an alkene
studied the surface morphology of the polymer beads by band decreased and a nitro band concomitantly increased
environmental scanning electron microscopy (ESEM) (Figure (1647 and 1547 crmi, respectively, on both the insoluble
1). In contrast to the starting resia (smooth surface) and  and the soluble support). In the final step, in situ reduction
the PEGylated resins (crystalline surfatdahe surface of of the nitro group to form the aminoest@rand cyclative
these hybrid materials was covered by the honeylike structurecleavage yielded gabapentin-lact@&mHowever, under the
of PG. This might be caused by the absence of a melting conditions employed (Zn/HCl/reflux), the release was not
point and the low glass-transition temperatufg € —35 fully selective, and a mixture was obtained which required
°C) for PG. additional purification through column chromatography (52

The resulting hybrid materia, also shows good swelling mg of 5, 39% over four steps from only 200 mg of resin).
properties in a wide range of solvents including water and Nevertheless, we have demonstrated that our new dendritic
methanol (Table 2)2 These polymer characteristics are hybrid materials can be used as solid supports for the
important for their performance in (bio)organic synthesis and multistep synthesis of biologically relevant molecules.
are similar to those of PEGylated resins. However, it is  To demonstrate the applicability of these hybrid polymers
noteworthy that these polystyregeaft-polyglycerols (PS- as supports for reagents in catalysis, we immobilized
g-PG) have loading capacities which are a factor of 10 higher phenylboronic acid on high-loading RSPG 2d and used

than those of PEGylatédesins. the resulting boronic esterdQ, as polymeric reagents in
Further evidence for this new type of high-loading hybrid Suzuki coupling reactions (Scheme 3).
polymer Qa) was obtained from it$3C NMR spectrum The IR spectra of the boronic est&®d agreed well with

(Figure 2). In the'*C NMR spectrum of polystyrengraft- those obtained from the soluble analogbidn the Pd-
polyglycerol resirn2a, intense signals of dendritic polyglyc-  catalyzed Suzuki coupling gi-bromoacetophenone with 2
erol are present, similar to those of soluble polyglycerol: 63.6 equiv of phenylboronic estdi0, quantitative conversion into
ppm primary terminal alcohol, 69.6 ppm secondary alcohol 4-acetylbiphenyll1 was achieved. The excess of the sup-
in the chain, 71.1 ppm secondary terminal alcohol, and 73.1 ported boronic ester could efficiently be removed by simple
ppm neighboring carbon to secondary alcohol in the cth#in. filtration.

The signals of the partially hydroxyethylated polymer

backbone are also apparent, but they show significant line Summary and Conclusions

broadening. In summary, we have demonstrated that these new high-
To demonstrate the utility of these high-loading supports loading polystyrene-polyglycerol hybrid polymers2, have
(2d) in organic synthesis, we performed a multistep synthesis interesting physicochemical properties, which classify them
of a drug analogue on these supports and used them for theas ideal polymeric supports for the multistep synthesis of
immobilization of reagents or catalysis (i.e., boronic acids druglike molecules and for the immobilization of reagents
for Suzuki couplings). in catalysis. They combine high-loading capacity with good
The commercial drug gabapentih as an analogue of swelling properties in a wide range of solvents, which is
GABA (y-aminobutyric acid)3, is useful in the therapy of  lacking for many existing solid-phase supports. In compari-
certain cerebral disorders, such as some forms of epilepsyson to the widely employed PEGylated resins, these hybrid
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Table 1. Parameters and Loading Capacities of the DifferengH8s Hybrid Polymera—e

PS equiv loading capacity

initiator support glycidol solvent DP (mmol g%) method
la 2a 10 Dioxane 2 2.7 Fmoc
la 2b 20 DMF/Diglyme 2-3 3.1 Fmoc
la 2c 30 DMF/Diglyme 4-5 4.0 Fmoc
la 2d 30 Dioxane 56 4.3 Fmoc
1b 2e 20 Dioxane 34 3.5 ESI-MS

aThe DP was calculated based on Fmoc end-group analysis or absolute masses in the cas@ef resin

absolute DMF (20 mL) was added to the reaction mixture
at 120°C over a period D5 h using a dosing pump. The
reaction was terminated witl N HCI (7 mL), and the
mixture was filtered. The polymer was washed with MeOH/
THF (100 mL) (gradient) and diethyl ether (20 mL) and
finally dried in vacuo to yield 6.2 g ofc as pale yellow
beads. IR (KBr): v 3425 [OH], 3080, 3060, 3020 [AfH],
2920 [CH], 1630, 1510, 1450 fEC], 1025 cm? [C—0O—
(left) and the resulting hybrid polymer R$SPG bead=d (right). Cl.

(Diethylphosphono)ethanoic Acid PS3-PG Ester 6.This
reaction was performed under an inert gas atmosphere with
exclusion of water. P§-PG2d (1 g, 4.34 mmol of OH g?)

Table 2. Swelling Properties of the P&PG Hybrid
Polymers in Various Solvents (mL¢)

resin CHCl, dioxane DMF MeOH HO was treated with absolute GEl, (30 mL). (Diethylphospho-
2a 7.5 6.6 5.7 2.8 2.1 no)acetic acid (1.4 mL, 1.7 g, 8.7 mmol, 2 equiv) and DMAP
gg 6'% 5 S,g 0 Z'g %g gg (0.095 g, 0.78 mmol, 0.18 equiv) were added. The flask was
2d 5.0 5.4 5.2 3.0 26 installed on a shaker, and while the mixture was shaken, a
2e 7.0 7.0 5.9 2.6 2.0 solution of DCC (1.79 g, 8.68 mmol, 2 equiv) in absolute
Merrifield (PS) 8.3 7.8 5.6 1.6 0 CHClI, (30 mL) was added via syringe drop by drop over a

period of 1.5 h. In doing so, a white precipitate formed. The
materials offer a 10-fold higher loading capacity. Their Mixture was shaken for 12 h at room temperature and then
suitability as supports for organic synthesis was demonstratedfiltered. The residue was washed intensively with a gradient
by the four-step synthesis of gabapentin-lacgamll organic from pure CHCI, to pure THF and was then dried at high
reactions carried out on the new BSRG support2d, were ~ vacuum and analyzed via IR. IR (KBr): 3327, 2928, 2851,
more straightforward because of the general applicability of 1736, 1626, 1575, 1537, 1437, 1312, 1271, 1244, 1088, 1047,
a simple filtration step, compared to the membrane separation968, 893, 642 cm. The filtrate was concentrated in vacuo
techniques used for the soluble polyglycerol supports. and analyzed by means &f and**C NMR spectroscopy.
Because of their ability to swell in water, these new hybrid [t mainly contained the excess (diethylphosphono)acetic acid,
materials also may be suitable for synthesis in protic solvents.DCC, andN,N-dicyclohexylurea.
) ) Cyclohexylidene-ethanoic Acid PSy-PG Ester 7. This
Experimental Section reaction was performed under an inert gas atmosphere with
General. NMR-spectra were obtained on a Bruker DRX exclusion of water. A slurry of (diethylphosphono)acetic acid
500 (solvent or external standards; sample amountHor  PSg-PG estei6 (max 4.34 mmol (diethylphosphono)acetic
NMR 10-20 mg, for3C NMR 60-100 mg). IR spectra  acid groups, 1 equiv) in absolute THF (30 mL) was mixed
were obtained on a Bruker IFS66 FT-IR spectrometer in the with cyclohexanone (0.68 mL, 0.64 g, 6.5 mmol, 1.5 equiv).
range of 4008-500 cntl. If not otherwise stated, the The flask was installed on a shaker, and upon shaking, LDA
commercially available chemicals are used without further (2.39 mL d a 2 M solution inn-heptane, 4.77 mmol, 1.1
purification. For water-free procedures, the solvents were equiv) was added dropwise via syringe over a period of 1.5
dried conventionally. The glassware was dried overnight at h. The mixture was shaken for 12 h at room temperature
105 °C, heated under high vacuum at 4890, and flushed  and then filtered. The residue was washed intensively with
with Ar three times just before the reaction. The addition of a gradient from pure THF to pure MeOH and back to pure
chemicals was carried out under argon. THF and was then dried at high vacuum and analyzed via
Polystyreneg-polyglycerol 2c.In a 250 mL three-necked  IR. IR (KBr): v 3431, 2929, 3261, 2339, 1717, 1653, 1558,
flask, hydroxyethylated PS beads (5.0 g, 1.3 mmol of OH 1540, 1456, 1385, 1272, 1207, 1126, 850, 758, 699, 668
groups/g polymer) were suspended in absolute diglyme (25¢cm 2.
mL). After swelling, they were deprotonated using BO (2'-Nitromethyl-cyclohex-1'-yl)ethanoic Acid PSg-PG
(6.55 mL d a 1 M solution in absolute THF) at 40 over Ester 8. Cyclohexylidene-ethanoic acid RPG ester7
12 h. THF andBuOH were distilled off, and the residue (max 4.34 mmob.,5-unsaturated ester groups, 1 equiv) was
was mixed with absolute DMF (50 mL). While the mixture washed with a gradient of pure THF to pure DMF and mixed
was gently stirred with a mechanical stirrer, a solution of with nitromethane (0.94 mL, 1.06 g, 4 equiv) and TBAF
freshly distilled glycidol (13.1 mL, 14.6 g, 197 mmol) in  (8.68 mL d a 1 M solution in THF, 8.68 mmol, 2 equiv).
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Figure 2. 13C NMR spectrum of polystyrengraft-polyglycerol resin2a (swollen in CDC}).

Scheme 2. Structures of the Neurotransmitters GABA
Gabapentiid, Gabapentin-lactar, and Synthetic Route to
5 on PSg-PG Hybrid Supports

0,
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3
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(Fs-g P8 Fo cyclative
d) O NH; cleavage
—_— E—— 5
9 overall yield

39%

(a) DCC (2 equiv), cat. DMAP, abs. GBI, RT, 12 h; (b) LDA (1.1

equiv), abs. THF, RT, 12 h; (c) MeN@4 equiv), TBAF (2 equiv), DMF,

40°C, 48 h; (d) Zn/HCI, EtOH/THF (1:1), reflux, 4 h.

Scheme 3.Immobilization of Phenylboronic Acid on the
PSg-PG-suppord and Application in Suzuki
Cross-Coupling Reactions

OH + HO/B ——— O‘B
. : @

4.3 mmol OH g

quant. conversion

(a) CHCE reflux; (b) 4 mol % Pd(PP3)4, K2COs, DMF, 120°C, 72 h.

(KBr): 3409, 2928, 1736, 1647, 1547, 1453, 1384, 1271,
1126, 759, 700, 540 cm.

2-Aza-spiro[4.5]decan-3-one (Gabapentin-lactam) 5.
The PSg-PG-supportedy-nitroacid 8 (max 0.87 mmol
nitrogroups, 1 equiv) was slurried in EtOH/THF (1:1). Zinc
powder (1.0 g, 15 mmol, 18 equiv) and concentrated aqueous
HCI (1.0 mL, 35 mmol, 40 equiv) were added, and the
mixture was refluxed for 4 h. Reaction control was performed
via TLC (TBME/MeOH 95:5, detection UV/KMnQ R; =
0.26). The reaction mixture was filtered over Celite, and the
filtrate was neutralized with saturated aqueous Naki@x@
concentrated in vacuo. Diethyl ether andCHwere added
until all solids were dissolved. After phase separation, the

The flask was installed on a shaker, and the mixture was aqueous layer was extracted three times with diethyl ether.
shaken for 24 h at room temperature and then stirred for 24 The combined organic layers were dried over Mg%@d

h at 40°C. After filtration and washing with DMF, the

concentrated. The release reaction was not fully selective,

residue was dried at high vacuum and analyzed via IR. IR and the crude product contained considerable amounts of
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nonidentified byproducts. Purification by means of column

Roller et al.

TMS: trimethylsilyl

chromatography (eluent TBME/MeOH 95:5) gave 52 mg References and Notes

(39%) of 5. The analytical data'f, 3C NMR) agreed well
with the published dat#.

Phenylboronic Acid PSg-PG Ester (2-Phenyl-4-PSg-
PG-[1,3,2]-dioxaborolan) 10.In a 100 mL flask with a
magnetic stirrer, P§-PG 2d (1.00 g, 1.45 mmol terminal
1,2-diol groups) was preswollen in p.a. CHGor 1 d.
Phenylboronic acid (1.77 g, 14.5 mmol, 10 equiv) was added,
and the mixture was refluxed under Degbtark conditions
for 30 h with gentle stirring. After it was cooled, the mixture
was filtered, and the residue was washed intensively with
CHCl; and dried at high vacuum to give the immobilized
boronic acid10 in quantitative yield. IR (KBr): v 3429,
3056, 3025, 2920, 2361, 1603, 1498, 1441, 1399, 1368, 1322,
1218, 1097, 1027, 993, 800, 761, 699, 644 tm

4-Acetylbiphenyl 11.In a 100 mL two-necked flask,
phenylboronic acid P§-PG estefl0(113 mg, approximately
0.15 mmol boronic acid groups, 2 equiv) was suspended in
water-free DMF (5 mL) under an argon atmosphere. Potas-
sium carbonate (26 mg, 0.19 mmol, 2.4 equpromoac-
etophenone (15 mg, 0.08 mmol), and tetrakis(triphenyl)-
phosphine palladium(0) (4 mg, 0.003 mmol, 0.04 equiv) were
added, and the mixture was heated with gentle stirring to
120°C for 72 h. For determination of the conversion, the
crude product was filtered, and the solvent was evaporated
in vacuo. Detailed analysisH, *C NMR, TLC) revealed
the quantitative conversion of-bromoacetophenone to
4-acetylbiphenyll1 (crude sample contains traces of cata-
lyst). *H NMR (500 MHz, CDC}): 6 2.64 (s, 3H, Me),
7.40-7.47 (m, 3H, 3H, 4-H), 7.62-7.68 (m, 4H, 2-H, 2
H), 8.03 ppm (m, 2H, 3-H).}3C NMR (125.8 MHz,
CDCly): 6 26.8 (Me), 127.4, 127.4 (2-C,-Z), 128.4 (4
C), 129.1, 129.1 (3-C,'&C), 136.0 (4-C), 140.0 (4C), 145.9
(2-C), 198.0 ppm (€0).
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Abbreviations

DCC: N,N-dicyclohexylcarbodiimide

DMAP: N,N-(dimethylamino)pyridine

DMF: N,N-dimethylformamide

DB: degree of branching

DP: degree of polymerization

ESEM: environmental scanning electron microscopy
ESI: electron spray ionization

Fmoc: fluorenylmethoxycarbonyl

GABA: y-aminobutyric acid

MS: mass spectrometry

NMR: nuclear magnetic resonance

PEG: poly(ethylene glycol)

PG: polyglycerol

PS: polystyrene

ROMP: ring-opening metathesis polymerization
TBAF: tetrabutylammoniumfluoride

TBME: tert-butyl methyl ether

TEG: tetra(ethylene glycol)

TFA: trifluoroacetic acid

Tg: glass transition temperature

(1) (a) Bayer, EAngew. Chem., Int. Ed. Endl991, 30, 113—
128. (b) Park, B.-D.; Lee, H.-l.; Ryoo, S.-J.; Lee, Y.-S.
Tetrahedron Lett1997 38, 591—594. (c) Wright, P.; Lloyd,
D.; Rapp, W.; Andrus, ATetrahedron Lett1993 34, 3373~
3376. (d) Bayer, E.; Rapp, W. European Patent EP 0187391
B1 1993.

(2) (a) McCairn, M. C.; Tonge, S. R.; Sutherland, AJJOrg.
Chem.2002 67, 4847-4855. (b) McCairn, M. C.; Hine, A.
V.; Sutherland, A. JJ. Mater. Chem2003 13, 225-231.
(c) Spivey, A. C.; Srikaran, R.; Diaper, C. M.; Turner, D. J.
Org. Biomol. Chem2003 1, 1638-1640.

(3) (a) Haag, RChem—Eur. J. 2001, 7, 327-335. (b) Haag,
R.; Roller, S. InPolymeric Materials in Organic Synthesis
and CatalysisBuchmeiser, M. R., Ed.; Wiley-VCH: Wein-
heim, Germany, 2003; pp 36844. (c) Basso, A.; Evans,
B.; Pegg, N.; Bradley, MTetrahedron Lett200Q 41, 3763~
3767. (d) Basso, A.; Pegg, N.; Evans, B.; Bradley,Bdr.

J. Org. Chem200Q 3887-3891. (e) Basso, A.; Bradley,
M. Tetrahedron Lett2003 44, 2699-2702. (f) Fromont,
C.; Bradley, M. Chem. Commun200Q 283-284. (g)
Lebreton, S.; Monaghan, S.; Bradley, Mdrichimica Acta
2001, 34, 75—-83. (h) Swali, V.; Wells, N. J.; Langley, G.
J.; Bradley, M.J. Org. Chem.1997, 62, 4902-4903. (i)
Wells, N. J.; Davies, M.; Bradley, Ml. Org. Chem1998
63, 6430-6431. (j) Ling, F. H.; Lu, V.; Svec, F.; Fobhet, J.
M. J. J. Org. Chem2002 67, 1993-2002. (k) Arya, P.;
Rao, N. V.; Singkhonrat, J.; Alper, H.; Bourque, S. C,;
Manzer, L. EJ. Org. Chem200Q 65, 1881-1885. (I) Tam,
J. P.; Zavala, FJ. Immunol. Method4989 124 53—61.
(m) Lebreton, S.; Newcombe, N.; Bradley, Metrahedron
Lett. 2002 43, 2475-2478. (n) Lebreton, S.; Newcombe,
N.; Bradley, M. Tetrahedron Lett2002 43, 2479-2482.
(o) Dahan, A.; Weissberg, A.; Portnoy, @hem. Commun.
2003 1206-1207.

(4) (a) Basso, A.; Evans, B.; Pegg, N.; Bradley, @hem.
Commun.2001, 697-698. (b) Dahan, A.; Portnoy, M.
Macromolecule2003 36, 1034-1038.

(5) Lindsley, C. W.; Hodges, J. C.; Filzen, F.; Watson, B. M;
Geyer, A. G.J. Comb. Chem200Q 2, 550-559.

(6) Barrett, A. G. M.; Cramp, S. M.; Roberts, R. Srg. Lett.
1999 1, 1083-1086.

(7) (a) Basinska, T.; Slomkowski, S.; Dworak, A.; Panchev, |.;
Chehimi, M. M. Colloid Polym. Sci2001, 279 916-924.
(b) Dworak, A.; Panchev, |.; Trzebicka, B.; Walach, W.
Polym. Bull.1998 40, 461-468.

(8) (a) Haag, R.; Tk, H.; Mecking, S. Patent Application DE
10211664A1, 2002. (b) Sunder, A.; Hanselmann, R.; Frey,
H.; Milhaupt, R.Macromoleculed4999 32, 4240-4246. (c)
Sunder, A.; Mihaupt, R. Patent Application DE 19947631A1,
1998.

(9) Sunder, A.; Mlhaupt, R.; Haag, R.; Frey, HAdv. Mater.
200Q 12, 235-239.

(10) Sunder, A.; Mthaupt, R.; Haag, R.; Frey, HMacromol-
ecules200Q 33, 253—-254.

(11) (a) Vaady, L.; Rajur, S. B.; Nicewonger, R. B.; Guo, M.;
Ditto, L. J. Chromatogr., £00Q 869 171—-179. (b) Carpino,
L. A.; Han, G. Y.J. Org. Chem1972 37, 3404-3409.

(12) The swelling was determined in a calibrated 4 mm glass tube.

(13) (a) Jehle, T.; Feuerstein, T. J.; Lagreze, W.D%r Oph-
thalmologe2001, 98, 237-241. (b) Jehle, T.; Lagee, W.
A.; Blauth, E.; Krigle, R.; Schnierle, P.; Leking, C. H;
Feuerstein, T. Naunyn-Schmiedeberg’s Arch. Pharmacol.
200Q 362 74—-81.

(14) Roller, S.; Siegers, C.; Haag, Retrahedron2004 60,
8711-8720.

(15) Hebel, A.; Haag, RJ. Org. Chem2002 67, 9452-9455.

CC050139B



