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GENERAL

All commercially available reagents except benzpgtoxide were used as received, and all solvente we
obtained from commercial sources and used withaithér purification. Inert atmosphere JNs utilized only
where noted specifically, and magnetic stirringised throughout. The heating mantles used in tbik were

of the all-metal type, either fluoropolymer coatedvith anodized finish.

Thin layer chromatography (TLC) was performed orCHhlates with a fluorescent silica coating, carred
either aluminium sheets or glass. They were vigadliby UV-light, or by immersion in a solution ather
(NHg)eM0,0,44H,0 and Ce(SQ,4H,O in aqueous 80, a solution ofp-anisaldehyde, conc. B0, and
glacial CHCO,H in 96% EtOH or a solution of KMnQK,CO; and NaOH in water (followed by heating for
all). Silica gel 60 (40-63um) was used for flash chromatography, either mdywalwith an automated system,
using EtOAc/hexanes of technical quality.

'H NMR and™C NMR spectra were recorded on a spectrometer tipgrat 300/200 MHz'H) or 75/50 MHz
(**C). Chemical shifts are reported in parts per oll§) and are, unless otherwise noted, reported relatv
internal references of the solvent: 3.30/49.0 f@,;@D, 2.49/39.7 for DMSQk and 7.26/77.0 for CDgl
Electrospray ionization mass spectra were recootlean ESI-TOF mass spectrometer and infrared spere
recorded on FTIR spectrometers. Melting points wagtermined on a standard melting point apparatas a
optical rotation was recorded with a polarimetercatm temperature. Enantiomeric excess was detethiiy
HPLC analysis using analytical columns (250 mm4.6 mm) packed with either cellulose tris(3,5-
dimethylphenylcarbamate) coated on i silica gel, amylose trisf-a-methylbenzylcarbamate] coated on 5

um silica gel or amylose tris(3,5-dimethylphenylcariate) coated on 10n silica gel.

Important notes:

Several of the reactions in this work using metjlates were undertaken without adding additional
stabilizer/inhibitor than the one added originahly the manufacturer of the methacrylic starting ariat. As
methacrylates from different suppliers may contifferent amounts and types of inhibitor, a smaiantity of
an appropriate free radical inhibitor such as hgdimoone, hydroquinone monomethyl ether (MEHQ) @&-c;
tert-butyl-p-cresol (BHT) can be beneficidlowever, excessive use of inhibitors is completetietrimental in
the preparation of these polymer beads unless stepse taken to remove them before polymerization.

For noncrystalline compounds that could not be fimai by recrystallization, residual solvents from
chromatography were gently driven off by adding @H&nhd evaporatingn vacuo after addition of a small
amount of inhibitor NMR spectra were then recorded immediately. Bexaok the reactive nature of
noncrystalline methacrylates towards polymerizatialh traces of solvents cannot always be remowefdrb
recording spectra (this is marked in the NMR s@gctr

In the free radical polymerization of unsaturateohomers, azo initiators should be used wheneverdmrino

groups (or amine salts) are present because thdytdequickly react with peroxides.



Experimental details contained in previous disclosies

The preparation of acrylic proline-derivativa$, as well as the preparation of polymer-supportedines9 and
11-14 has been reported by us earfiérin addition, the experimental procedures connettethe results of
Table 1 have also been detailed by us previcduBlglymer-supported prolir@is prepared in complete analogy
with 10 by simply usingrans-4-hydroxy+ -proline instead ofis-4-hydroxyb-proline hydrochloridé.

cis-4-Hydroxy-D-proline hydrochloride

A 500 mL round bottom flask was charged withns-4-hydroxy+-proline (42.40 g, 323 mmol) and acetic
anhydride (250 mL, 2645 mmol). The mixture wasretirfor 16 h at 90 °C to give a clear, light brosaiution.
This was concentratad vacuo, using a water bath kept at 60 °C, to give a wisdorown oil. This residual oil
was dissolved in aqueous HCI (2 M, 250 mL) anduseftl for 3 h to give a dark, nearly black, solutidhe
solution was treated with activated charcoal (1g)l4vhile hot (for 15 min under stirring) and theacuum-
filtered through a short pad of kieselguhr. Théntigellow filtrate was evaporateéd vacuo, using a water bath
kept at 70 °C, to give an off-white, crystallinelido The fibrous crystals were dissolved by additiaf 96%
EtOH (200 mL), under heating to the boiling poittt,give a clear solution. The solution was poune ia
beaker and stirred at the boiling point while, éalfg, methyl tert-butyl ether (MTBE, 100 mL) was added,

HO keeping the mixture at the boiling point. Towartie tend of the addition, crystals
T started to form. Stirring and heating was immedjatiscontinued, and the solution
N "'CO2H left for crystallization at room temperature fot4h. The solution was then cooled in

:CI an ice/water bath for ~30 min, vacuum-

filtered, the crystals washed with MTBE (10(g}
mL) and dried at room temperature for 20 h to giie4-hydroxyb-
proline hydrochloride (38.16 g, 70%) as colorleggstals. The same
crystals could, if needed, be recrystallized onogenfrom EtOH/MTBE
(4:1) to give material of analytical purity (84%coeery), or from pure
96% EtOH (74% recovery) to give the needle-shapgstals depicted

on the micrograph to the right. This is a well-kmoaompound. M.p.
118-121 °C, )& = +11.4 (c = 1.07, MeOHYH NMR (200 MHz, CQOD): § = 2.28-2.41 (m, 1H, H-3), 2.51
(ddd, 1H,J = 14.1 Hz, 10.0 Hz and 4.2 Hz, H-3), 3.32-3.46 2id, H-5), 4.46-4.56 (m, 2H, H-2 and H-4) ppm.
¥C NMR (50 MHz, CRQOD): = 38.3, 54.8, 59.5, 70.1, 171.8 ppm. IR (KBr): 343272, 3023, 1710, 1584
cm®. HRMS (ESI) calcd for ¢H;0NO;" [M—CI]: 132.0660; found 132.0660.

Note: The interesting mechanism of this transformatimrolves trapping of the hydroxyl (in position 4)dove

thecis-product from a planar ring-closed acyl-intermeelf4t

Crosslinked methacrylic polymer beads by suspensiotbpolymerization (10)
Commercial 2-methacryloyloxyethylsuccinic acid @8%L, 129 mmol, containing 750 ppm MEHQ) was added
0 to neat SOGI(50.0 mL, 689 mmol) and stirred at room tempegafar 30 min
)ﬁ(o\/\ok/\[(m and at 50 °C for 1 h. The excess SO@E4s evaporated under reduced pressure
o o to give 2-methacryloyloxyethylsuccinoyl chlorideas a slightly yellow oil.
We have reported this transformation eadier.



A 500 mL round bottom flask was charged wits-4-hydroxyb-proline hydrochloride (11.236 g, 67 mmol)
and hydroquinone (11 mg), and dissolved by addibbrCRCO,H (40.0 mL) to give a clear and colorless
solution. The crude methacrylic acid chloride wakled, and the reaction mixture was stirred at room
temperature for 2 h. The solution was cooled incafwater bath and ED (250 mL) was added (slowly at first)
under vigorous stirring. A syrupy precipitate forresirring was discontinued, and the precipitats atowed to
settle by gravity for 1 h. The reaction flask wasmpved from the ice/water bath, the supernatantdeaanted
and EO (100 mL) was added, swirled and then decanted.e Tiesidual syrupy O-(2-
methacryloyloxyethylsuccinoylis-4-hydroxyb-proline hydrochloride/ was dissolved by addition of Gal,
(150 mL) together with some hydroquinone (20 mgcessive amounts are detrimental for subsequent
(0] polymerization!). A solution of diert-butyl dicarbonate (14.615 g, 67 mmol) and
O/,, EtN (25.0 mL, 179 mmol) in CKCl, (100 mL) was added carefully under cooling
O"’CO H from an ice/water bath. After the initial reactibad subsided, the solution was
O '}' refluxed for 1 h and then cooled in an ice/watehbA solution of NaHSQ(25.93
g, 188 mmol) in water (200 mL) was added. The nmiixtwas stirred for 5 min,
8 separated, and the aqueous phase was extractedCWi@l, (100 mL). The
0 combined organic phases were washed with briner(B0containing a few drops
‘\( © of 88% HPQ,, dried over anhydrous MgSCfiltered and evaporated vacuo to
give a pale yellow oil of crude N-tert-butyloxycarbonylo-(2-
methacryloyloxyethylsuccinoyRis-4-hydroxyb-proline 8, used immediately for the next step. An analytical
sample was prepared by adding a small sample decmaterial dissolved in GBI, onto a small column of
silica, washing with a portion efpentane and then eluting the pure compound wif® HData are reported for
the mixture of carbamate rotamers. Colorless @jp’[F +22.1 (c = 0.579, CHgL *H NMR (300 MHz, CDC)):
8 = 1.34/1.38 (s, 9Hert-Bu), 1.85 (s, 3H, Me), 2.20-2.60 (m, 6Hxt2-3 and QCCH,CH,CG,), 3.37-3.67 (m,
2H, 2xH-5), 4.25 (s, 4H, OCKCH,0), 4.27-4.44 (m, 1H, H-2), 5.18 (br. s, 1H, H-B)51 (s, 1H, methacrylic
H), 6.03 (s, 1H, methacrylic H), 9.36 (s, 1H, £ ppm.**C NMR (75 MHz, CDC)): & = 18.0, 28.0 (2C),
28.4, 28.8, 34.3/35.9, 51.6/52.2, 57.4@, 62.1, 62.2, 71.9/72.8, 80.4/81.2, 126.0, 13553.6/155.1, 167.0,
171.2/171.4, 171.8, 174.0/175.4 ppm. IR (film): 848247, 2980, 2934, 1739, 1733, 1638'ctHRMS (ESI)
calcd for GoH,gNOygNa" [M+Na']: 466.1689; found 466.1699.
A three-necked 500 mL round bottom flask was changigh an egg-shaped stirring bar (¥4 in), potassium
iodide (80 mg, inhibits polymerization in the aqueg@hase), 0.5 wt% aqueous polyvinyl alcoho), 205 000
CI‘,H3 CH, ] and 88% hydrolysis, 300 mL) and 88%R®, (0.30

I I
ﬁ—f —cC ) (CHz C ) mL). All the oily N-tert-butyloxycarbonyl©-(2-
X J\ y ZJ

o o methacryloyloxyethyl-succinoyBis-4-hydroxy-D-

H K@ H proline 8 (obtained in about 72% overall yield) was
0

O p© \f dissolved in benzyl methacrylate (43.27 g, 246
\5\ mmol) together with ethyleneglycol dimethacrylate
© o, (1.290 g, 6.51 mmol), toluene (30.0 ml) and benzoyl

Q--:COZH 10 peroxide (442 mg, purified by recrystallization rfro

: CHCIs/MeOH). This monomer mixture was added

carefully to the aqueous solution under stirring #me system was flushed with, for 5 min. The suspension



was polymerized under Nn a heating mantle at 80 °C for 15 h at a corssfirring rate of 700 rpm. The
suspension was cooled to room temperature and gani@ MeOH (500 mL). The beads were allowed tdleset
by gravity for 10 min, and the supernatant was dexhoff. The process was repeated with more Me&lH (
mL). The beads were then vacuum-filtered and wastitdMeOH (200 mL) and water (2000 mL), and dried
for 71 h at room temperature to give nearly cokglpolymer beads (58.91 g) as a free-flowing powder

A portion of these beads (20.80 g) was purifiedSmxhlet-extraction with CpCl, (300 mL) for 22 h in a
cellulose thimble (48123 mm), transferred to a beaker, “collapsed” bgitawh of MeOH (250 mL), vacuum-
filtered, washed with MeOH (100 mL) and dried abmotemperature for 27 h to give colorless beadsl@8),
useful for subsequent peptide couplings or other
reactions. CHN-Analysis (%): N 0.82, C 67.79, H17.0
(catalyst loading: 0.59 mmol/g).

Another portion of the beads (21.37 g) was swollen
CH,CI; (200 mL) and CECO.H (50 mL) was added. The
suspension was stirred gently at room temperatuiré h.
The beads were then vacuum-filtered and washed with
CH,Cl, (200 mL), E{N/MeOH (1:9, 200 mL), BN/THF
(2:9, 100 mL), THF (100 mL) and finally MeOH (200

mL). The beads were loaded into a cellulose thimble

(43x123 mm), and Soxhlet-extracted with b (300 mL) for 19 h. The swollen beads were tramsféto a
beaker, MeOH (250 mL) was added and the suspensanvacuum-filtered. The beads were washed with
MeOH (100 mL), dried at room temperature for 4® lyive slightly colored bead<0 (19.16 g). CHN-Analysis
(%): N 0.90, C 67.53, H 6.75 (catalyst loading:4r6mol/g). IR (KBr): 3436, 3091, 3066, 3034, 299254,
1730, 1632 cih.

Note: If necessary, beads that agglomerate to “lumpy’ @mpractical material can give nice powders, eithe
gently using a porcelain pestle or by reslurrying beads in MeOH, vacuum-filtering, washing withtevaand

drying at room temperature.

Prolineamide beads by peptide coupling (16)
A portion of Boc-protected acrylic beads (5.6735mpared frontrans-4-hydroxy+-proline (see ref. 2) was
CHs CHj swollen in CHCI;, (100 mL) andPr,NEt (1.7269

[ [ [
CH,— cﬁ—% CHy— cﬁ—é CH,— C g, 13.36 mmol) was added, followed b$)-@-
{ | A A AL
0”0 0”0 0”0 n

amino-1,1,2-triphenylethanol S(15, 3.1983 g,

H K@ H 11.05 mmolf and O-(benzotriazol-1-yl)-

O\fo N,N,N’,N’-tetramethyluronium tetrafluoroborate

~  (TBTU, 3.9069 g, 12.17 mmol). The mixture was

o o, O stirred at room temperature for 4 h.
O\“/H O The beads were vacuum-filtered, washed with
H o) : oA 16 small amounts of CKCl, (a total of 200 mL),
© transferred to a 150 mL beaker and formic acid

(98-100%, 50 mL) was added. The mixture was stifoedl9 h at room temperature and vacuum-filterguke



beads were washed with water (200 mL), saturatett@aeg NaHCQ
(200 mL), water (200 mL) and MeOH (100 mL). The d®avere then
loaded into a cellulose thimble (800 mm), Soxhlet-extracted with
CH,CI, (200 mL) for 20 h and transferred to a 150 mL leeald
portion of MeOH (120 mL) was added, and the suspensvas
vacuum-filtered. The product was dried at room terafure for 26 h to
give colorless beadks (5.9327 g). CHN-analysis (%): N 1.41, C 69.57,

Note: Deprotection with formic acid is beneficial hesince deprotection with GEO,H/CH,CI,, followed by
Et;N/MeOH in the standard manner have been foundeedni us to be detrimental to the enantioselegtioft

the catalyst in the aldol reactionwhitrobenzaldehyde and acetdne.

Prolineamide beads by peptide coupling (17)
A portion of Boc-protected acrylic beads (5.6229pg¢pared frontis-4-hydroxyb-proline (see above) was
CHs swollen in CHCI, (100 mL) andPrNEt (1.7422

| e P
CH,— cﬁjl CH,— cﬁ—é CH— C g, 13.48 mmol) was added, followed bR)-@-
X y z
A A A

n amino-1,1,2-triphenylethanol R{15, 3.3321 g,

o~ o 0”7 o
H K@ H 11.52 mmolj and O-(benzotriazol-1-yl)-

O\fO N,N,N’,N’-tetramethyluronium tetrafluoroborate
~~  (TBTU, 3.9721 g, 12.37 mmol). The mixture was

g O stirred at room temperature for 4 h.
O 8 O The beads were vacuum-filtered, washed with
” 1)1/ OH 17 small amounts of C}Cl, (a total of 200 mL),
O transferred to a 150 mL beaker and formic acid

(98-100%, 50 mL) was added. The mixture was
stirred for 19 h at room temperature and vacuutaréld. The beads were washed with water (200 naty)rated
aqueous NaHC®(200 mL), water (200 mL) and MeOH (100 mL).
The beads were then loaded into a cellulose thinB&g100 mm),
Soxhlet-extracted with C}€l, (200 mL) for 21 h and transferred to a
150 mL beaker. A portion of MeOH (120 mL) was addadd the
suspension was vacuum-filtered. The product wasdddt room
temperature for 49 h to give colorless bedds(6.2086 g). CHN-
analysis (%): N 1.55, C 70.55, H 6.55 (catalystdlog: 0.55
mmol/g). IR (KBr): 3512, 3370, 3090, 3064, 30339292952, 2890,

1729, 1672 ci.
Note: Both enantiomers of 2-amino-1,1,2-triphenyletHafi®) are commercially available. However, both are

very easily prepared on large scale by treatingntie¢hyl ester hydrochloride af or D-phenylglycine with
PhMgBr in E;0.*



trans-4-Hydroxy-a,a-diphenyl-L-prolinol hydrochloride (19)

To a stirred suspension whns-4-hydroxy+-proline (55.38 g, 422 mmol) in EtOH (96%, 500 m&doled in an

ice/water bath, was added S@@46.0 mL, 634 mmol) via an addition funnel over a

HO,
g period of 15 min. The suspension was then heatedfliox and kept there for 3 h. The
Q\COZEt resultant clear and colorless solution was coofedrn ice/water bath, and the product
H 18 crystallized. A portion of EO (500 mL) was added, and the suspension was dstirre
HCI

vigorously, vacuum-filtered and washed with@&t100 mL). The product was dried at

room temperature for 23 h to giveans-4-hydroxy+-proline ethyl ester hydrochlorid&8 (73.12 g, 88%) as

white fibrous crystals.

A three-necked 2000 mL round bottom flask equippétt a long reflux condenser, addition funnel anasg
stopper was charged with an oval stirring bax@®mm) and
Mg-turnings (40.24 g, 1655 mmol). Dry Bt (80 mL) was
added to the Mg-turnings, followed by a small pmrtiof a
solution of bromobenzene (175 mL, 1665 mmol) in BRO

(500 mL) to initiate the reaction. The rest of BleBr-solution
was then added over a period of 1 h 40 min, keefiay
addition rate so as to maintain gentle reflux. Afaeldition,

stirring was continued for 1 h to dissolve most lsigd the

mixture was diluted with dry ED (420 mL) and cooled in an

ice/water bathtrans-4-Hydroxy- -proline ethyl ester hydrochlorid&8

(46.46 g, 237 mmol) was added under stirring, #mction flask was
transferred to a heating mantle and refluxed faruhder stirring, giving
a quite clear solution and a heavy precipitate. Teawection flask was
then cooled in an ice/water bath, and its contemt®e carefully poured
into crushed ice (1250 mL) contained in a 3000 meaker.
Concentrated aqueous HCI (37%, 140 mL) and watéf (®L) was
added under stirring by a glass rod. As much asiplesof the colored
top organic layer was decanted,@&t(200 mL) was added and the
decanted off again after some stirring. Concerdratpueous NE(25%,
25 mL) was added to adjust pH of the slurry to agpnately 9, and the

slurry was vacuum-filtered. The filter cak

- HCI

19

was washed with water (1000 mL) and MTBE (200 nmd &ransferred to a 600 mL
beaker. The crude product was suspended in MeOB (@5 and CECOH (19
mL, 247 mmol) was added to dissolve the materigfive a dark-colored, but clear,

solution which was vacuum-filtered to remove reaiddg. An ice-cold methanolic

HCI solution (prepared by dropping 25 mL of aceathloride into 100 mL of MeOH under cooling from an

ice/water bath) was added, followed by@{700 mL). A precipitate quickly formed, the susgien was stirred

vigorously for 10 min, then vacuum-filtered, an& tbroduct washed with g2 (350 mL). A second portion of

material precipitated from the mother liqueur cemsling and was isolated (after cooling in an icégwhath) in

the same manner. The material was dried for 24rbaah temperature to giveans-4-hydroxy«,a-diphenyl+ -



prolinol hydrochloridel9 (32.10 g, 44% in total) as near colorless andfisrmaterial of good purity, used as is
for the next step. An analytical sample was prepdmerecrystallization of this material from 96%CH. M.p.
266-268 °C (dec.) a2’ = +8.6 (c = 0.232, MeOHJH NMR (200 MHz, CROD, calibrated by residual EtOH at
8=1.17):6 = 1.95 (dd, 1HJ = 13.7 Hz and 6.8 Hz, H-3), 2.19 (ddd, 1H; 13.7 Hz, 10.7 Hz and 4.1 Hz, H-3),
3.22 (d, 1HJ = 12.2 Hz, H-5), 3.34 (dd, 1H,= 12.2 Hz and 3.4 Hz, H-5), 4.53 (br. s, 1H, H&PN7 (dd, 1H)

= 10.7 Hz and 6.8 Hz, H-2), 7.18-7.45 (m, 6H, Ph-H*7-7.54 (m, 2H, Ph-H), 7.62-7.70 (m, 2H, Phggm.

¥C NMR (50 MHz, CRROD): & = 36.4, 55.4, 66.6, 70.7, 78.2, 126.7, 126.8,@,2828.8, 129.5, 129.9, 145.3,
145.4 ppm. IR (KBr): 3400, 3306, 3027, 1450, 99T'cHRMS (ESI) calcd for GHoNO," [M-CI]: 270.1494;
found 270.1491.

Note: Kapfhammer and Matthes reported already in 1938oc@edure very analogous to the one above for
preparation of the same compound as its free amifteat procedure was found useful for preparation of
material on the 1-5 g scale. However, we foundrthecedure unworkable at larger scales. The pro@sciree
amino alcohol) is a poorly soluble material thajuiees disproportionate amounts of solvents fohleottraction
and subsequent recrystallization. In our procedi@ve, the crude material is brought into soluasrits more

soluble trifluoroacetate salt and precipitatediaeiss soluble hydrochloride with good purity.

trans-4-Hydroxy-a,a-diphenyl-L-prolinol

This material can be prepared as reported (seeditsm above).For convenience, the properties and copies of
NMR spectra of this compound is included here foegsy pure sample prepared by recrystallizatiotheffree
amino alcohol in a MeOH/PhMe/THF-mixture as theerkiture values in our finding tends to be a little
inconsistent:

M.p. 190-192 °C,{]3’ = —115.3 (c = 0.215, DMSOJH NMR (200 MHz, DMSOe): § = 1.17-1.31 (m, 1H, H-
3), 1.50-1.67 (m, 1H, H-3), 2.37 (s, 18&c-OH), 2.72 (dd, 1HJ) = 10.9 Hz and 1.4
Hz, H-5), 2.94 (dd, 1HJ = 10.9 Hz and 4.4 Hz, H-5), 4.08 (s, 1H, OH or NH)
4.44-4.56 (m, 2H, H-2 and H-4), 5.05 (s, 1H, OHN\34), 7.06-7.31 (m, 6H, Ph),
7.40-7.47 (m, 2H, Ph), 7.54-7.62 (m, 2H, Ph) ppi@.NMR (50 MHz, DMSO«d):

d = 36.7, 55.6, 63.0, 71.2, 77.5, 125.5, 126.1, 2,2626.7, 127.9, 146.8, 148.3 ppm. IR (KBr): 338281,
3087, 3059, 2977, 1495, 1446 tnHRMS (ESI) calcd for GH,NO," [M+H"]: 270.1494; found 270.1488.

O-(2-Methacryloyloxyethylsuccinoyl)4rans-4-hydroxy-a,a-diphenyl-L-prolinol hydrochloride (20)

A 250 mL round bottom flask was charged with contigr2-methacryloyloxyethylsuccinic acid (48.5429,1
mmol, containing 750 ppm MEHQ) and SQCr5.0 mL, 1034 mmol) was added. The reaction méxtuas
stirred at room temperature for 30 min, MEHQ (25) mas added, and stirring was continued at 50 1Gfo
min. Excess SOGlwas removedn vacuo to give the 2-methacryloyloxyethylsuccinoyl chitgil as a light
yellow oil.

A 500 mL round bottom flask was charged witlans-4-hydroxy«,a-diphenyli-prolinol hydrochloride19
(32.00 g, 105 mmol), which was then dissolved bgitiaah of CRCO,H (100 mL). The solution was cooled in
an ice/water bath, and the crude methacrylic abidrile was added. The light brown reaction mixturas
removed from the ice/water bath and was stirre@ain temperature for 2 h. It was then cooled dogairain

an ice/water bath and carefully diluted with@&t500 mL). The resulting dispersion was stirregovously for



20 min, then removed from the ice/water bath antluen-filtered. The solid was washed with@&t300 mL)
and dried at room temperature overnight.
The crude product was transferred to a 500 mL betgether with hydroquinone (120 mg) and dissolired

EtOH (96 vol%, 300 mL) under stirring by heating ttee boiling point. !

@)
Boiling MTBE (200 mL) was added slowly to the cadr solution. O/,,
Crystallization initiated, stirring was discontirtdyeand the solution left for
OH

crystallization at room temperature for 5 h. Thgstals were vacuum-O

h to give O-(2-methacryloyloxyethylsuccinoylyans-4-hydroxy,o- 20

filtered, washed with MTBE (300 mL) and dried abmotemperature for 65 § - HCI
70%). M.p. 187-190 °C (dec.)oJf’ = -87.7 (c = 0.195, CH@l *H NMR ©
(200 MHz, DMSO#g): § = 1.60-1.75 (m, 1H, H-3), 1.85 (s, 3H, Me), 2.21-

2.40 (m, 1H, H-3), 2.63 (s, 4H,,0CH,CH,CO,), 3.23-3.56 (m, 2H,
2xH-5), 4.28 (s, 4H, OCKCH,0), 5.01 (br. s, 1H, H-2), 5.24 (s, 1H,
H-4), 5.66 (s, 1H, methacrylic H), 6.02 (s, 1H, hatrylic H), 6.69 (s,
1H, OH), 7.12-7.42 (m, 6H, Ph-H), 7.43-7.54 (m, 2*h-H), 7.65-
7.78 (m, 2H, Ph-H), 8.99 (br. s, 1H, NH), 10.51. @&r1H, NH) ppm.
¥C NMR (50 MHz, DMSO+dg): 6 = 18.1, 28.7, 29.1, 32.6, 51.2, 62.2,
62.6, 64.0, 73.1, 77.1, 125.4, 126.%)2127.2, 127.5, 128.4, 128.6,
135.8, 144.4, 144.6, 166.6, 171.6, 172.1 ppm. IBrjK3235, 2960,
1733, 1636, 1169, 1149 €mHRMS (ESI) calcd for §H3;,NO;" [M-CI: 482.2178; found 482.2163.

diphenyli-prolinol hydrochloride20 as a white and fluffy solid (37.78 g, Oi

O-(2-Methacryloyloxyethylsuccinoyl)-trans-4-hydroxy-a,a-diphenyl-L-prolinol trimethylsilyl ether (21)
O-(2-Methacryloyloxyethylsuccinoylrans-4-hydroxy-,a-diphenyli-prolinol  hydrochloride 20 (5.2975 g,
10.2 mmol) was suspended in &Hb (40 mL) and aqueous,KO; (10%,
40 mL) was added. The mixture was stirred vigonpusk 5 min and
separated. The aqueous phase was extracted wiGl£(20 mL) and the
combined organic phases were dried over anhydrogSQyland filtered
into a round bottom flask. The Mgg@as washed with extra Gal, (20
mL) and filtered into the same flask. lodine (0.044, 0.16 mmol) and
HMDS (3.20 mL, 15.3 mmol) were added to the clegution, and the

reaction mixture was stirred at room temperaturedfbh and quenched by

addition of MeOH (3 mL). After stirring for 10 mirthe volatiles were
evaporatedn vacuo and the residual oil was dissolved in £ (40 mL) and treated with a solution of
NaS,045:5H,0 (4.52 g, 18.2 mmol) in water (40 mL) under stigrifor 5 min. The mixture was separated, and
the organic phase was dried over anhydrous MgSi@ered and evaporateth vacuo to to give O-(2-
methacryloyloxyethylsuccinoyljrans-4-hydroxyse,a-diphenyli-prolinol trimethylsilyl ether21 as a clear and
only slightly colored oil of good purity, and uses is for the polymerization. An analytical sampkes prepared
by adding a small sample of crude material disgbimeCH,Cl, onto a small column of silica, washing with a

portion of n-pentane and then eluting the pure compound wigtd.E€olorless oil, ]2’ = -8.5 (¢ = 0.1086,



CHCL). *H NMR (CDCk, 200 MHz):5 = —0.10 (s, 9H, TMSO), 1.65 (dd, 1Bi= 14.2 Hz and 7.0 Hz, H-3),
1.81-1.96 (m, 5H, H-3, Me and NH), 2.58-2.66 (m,, 4MCCH,CH,CO,), 2.92-2.97 (m, 2H, H-5), 4.27-4.36
(m, 5H, H-2 and OCKCH,0), 4.95-5.04 (m, 1H, H-4), 5.59 (quint, 18= 1.5 Hz, methacrylic H), 6.12 (br. s,
1H, methacrylic H), 7.20-7.50 (m, 10HxR2h) ppm.C NMR (50 MHz, CDCJ): & = 2.0, 18.1, 28.8, 29.1, 34.5,
53.0, 62.1, 62.2, 63.8, 75.6, 82.6, 125.9, 12629.A, 127.3, 127.4, 127.6, 128.3, 135.7, 144.9,214656.9,
171.7, 171.9 ppm. IR (film): 3087, 3059, 3025, 29%B96, 1738, 1732 ch HRMS (ESI) calcd for
CsgH4oNO;Si* [M+H™]: 554.2574; found 554.2563.

Crosslinked methacrylic polymer beads by suspensiotbpolymerization (22)
A three-necked 250 mL round bottom flask was chéngith an egg-shaped magnetic stirring bar (% % in),
potassium iodide (60 mg, inhibits polymerizatiornthie agueous phase),®0; (185 mg) and 0.5 wt% aqueous

(|3H3 <|:H3 <|:H3 polyvinyl alcohol (M, ~ 205000 and 88%
CH,— cﬁ—% CH,— cﬁ—% CH,—¢C hydrolysis, 130 mL). A mixture of all th®-(2-
A A A |
oo oo s n methacryloyloxyethylsuccinoyljrans-4-
H | H hydroxy-o,a-diphenyl+i-prolinol trimethylsilyl
0~0 O\fo ether 21 prepared as described above was

dissolved in methyl methacrylate (16.55 g, 165
mmol) together with ethyleneglycol
dimethacrylate (0.712 g, 3.59 mmol), toluene (20
ml) and 2,2’-azobis(2-methylbutyronitrile) (222

22

I.
-3~ mg). This monomer

mixture was added carefully to the aqueous solutiogter stirring, and the system we
flushed with N for 5 min. The suspension was polymerized undgrirNa heating
mantle at 70 °C for 16 h at a constant stirri »
rate of 550 rpm.
The suspension was allowed to cool and t
poured into a beaker containing MeOH (3(
mL). The beads were allowed to settle &=
gravity, and the supernatant was decan
off. The process was repeated once mg
after addition of MeOH (300 mL), the bead

were then slurried in water, vacuum-filtered andhesd with water (1500 mL). Drying

at room temperature gave a quantitative recovery polymer beads22 containing immobilized
Jogrgensen/Hayashi diarylprolindt TMS-ether.

CHN-Analysis (%): N 0.48, C 60.74, H 7.61 (catalgstding: 0.34 mmol/g). IR (KBr): 3437, 2998, 292846,
1734, 1630 cm.
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PEG-methacrylate polymer beads by suspension copahgerization (23)

A portion of O-(2-methacryloyloxyethylsuccinoyljrans-4-hydroxye,a-diphenyl+-prolinol trimethylsilyl ether

21 was prepared in completely quantitative yield fr@a{2-methacryloyloxyethylsuccinoytrans-4-hydroxy-
a,a-diphenylt-prolinol hydrochloride20 (5.451 g, 10.5 mmol), HMDS (3.30 mL, 15.8 mmol3dasn (32 mg,
0.13 mmol) in CHCI, (a total of 100 mL) for 4 h in a completely analag manner as to that described above
for the same compound.

A three-necked 250 mL round bottom flask was chéngith an egg-shaped magnetic stirring bar (% % in),

CHs CHs CHs potassium iodide (36 mg, inhibits
[ I I o .
CH,— C CH,— cﬁ—é CH,— c% polymerization in the aqueous phase),
&J\ X J\ Y z n o K,CO; (46 mg), 0.5 wt% aqueous
' polyvinyl alcohol (M, ~ 205 000 and 88%
O+\/O+ 1) 01’\/01/£k

0._0 89 1214 hydrolysis, 150 mL). A mixture of all the

O-(2-methacryloyloxyethylsuccinoyl)—

N O trans—-4-hydroxye,a-diphenyl+-prolinol
y trimethylsilyl ether 21 prepared as
O - - s 1
N ) described above was dissolved in PEG
—si— 600 dimethacrylate (WM ~750, 7.71 Q)

together with PEG 400 methyl ether
methacrylate (M ~475, 7.82 g), toluene (20 ml) and 2,2'-azobis(l

methylbutyronitrile) (216 mg). This monomer mixtusas added carefully to,§

the aqueous solution under stirring, and the systes flushed with Blfor 5
min. The suspension was polymerized undgirNa heating mantle at 70 °(
for 16 h at a constant stirring rate of 600 rpm.
The suspension was allowed to cool to room temperainder stirring and
became milky-white (at lower temperatures, the RfB&ins become hydrate(
and the porogen = toluene i
forced out of the beads). Th
mixture was poured into a 60(
mL beaker, followed by water

(350 mL). The beads were allowed to settle by gyafer 30 min,
and the milky supernatant was decanted off. Moreemg800 mL)
was added, and the mixture was vacuum-filtered arRdhed
thoroughly with water (2000 mL) and MeOH (500 mlJhis

washing was done by adding the solvent in smaltigms on the

Buchner-funnel, allowing most of it to drain by wgitg, and applying vacuum to drain away the resit tefore

the next portion of solvent was added. The beads dsed at room temperature for 45 h to give sligbolored
polymer bead®23 (19.22 g). CHN-Analysis (%): N 0.69, C 57.08, 2B .(catalyst loading: 0.49 mmol/g). IR
(KBr): 3446, 2874, 1733, 1636 ¢n

Note: Unlike the more conventional microporous beadssdhmseads are of a swellable macroporous type &nd ar

easier to purify. They do generally not require I8ekextraction prior to use.
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(59)-5-Benzyl-2,2-dimethyl-3-(2-hydroxyethyl)-imidazoidin-4-one hydrochloride (25)
L-Phenylalanine (45.75 g, 277 mmol) was suspendédei®H (350 mL), and the suspension was cooled in an
ice/water bath. Thionyl chloride (24.2 mL, 332 mijnehs added over a period of 15 min, the reactimskfwas
removed from the ice/water bath and the clear goluvas stirred at room temperature for 28 h. \ildatwere
CO,Me removedin vacuo and the residual solid was slurried in@t(200 mL), filtered by
vacuum, washed with E? (100 mL) and dried at room temperature for 16 Qive
©/\'\E‘|2' HCI L-phenylalanine methyl ester hydrochloride as aevhitlid (58.46 g, 98%).
A portion of L-phenylalanine methyl ester hydrochloride (58.227) mmol) was dissolved in ethanolamine
(100 mL, 1662 mmol), and the viscous solution wirsesl at room temperature for 26 h. The reactidxtume
was transferred to a 1000 mL separatory funnelvaas diluted with CHCI, (400 mL) and then with aqueous
K,CO; (20% by weight, 300 mL). The mixture was thoroyghWirled and

0O
separated. The aqueous phase was extracted wi@l£3x200 mL), and the

/\/OH
N . . .
H combined organic phase was dried over anhydrous Qyig8ltered and
NH
2 evaporatedn vacuo in a 1000 mL round bottom flask to give essentigllire
L-phenylalanylaminoethanol (53.82 g, 96%) as a wéuila. If necessary, a small amount of@Etan be used to
initiate crystallization.
All the L-phenylalanylaminoethanol in the 1000 mL round dwwttflask was dissolved together with
TsOHH,O (1.497 g, 7.9 mmol) in a mixture of acetone (280 andi-PrOH (350 mL). The round bottom flask

| was fitted with a Dean-Stark trap, placed in a ingatantle and heated to 85

°C over 20 min and stirred at this temperatureSfdr, the liquid collected in
the Dean-Stark trap (a total of 93 mL over 5 h) wasarded. The reaction

mixture was concentrateich vacuo to give a light brown oil. The oil was

diluted with MeOH (50 mL) and an ice-cold methanolCl-solution
(prepared from 30 mL of acetyl chloride added adhefunder vigorous
stirring to 100 mL MeOH under cooling from an icater bath) was added
over a couple of minutes. The warm solution wasted with EO (500 mL)
slowly under vigorous stirring (1 %% inch egg-shaped stirring bar) to give a
suspension of white product crystals in a lightimesolution. The suspension
was stirred for 40 min, filtered by vacuum, washath Et,O (150 mL) and
dried at room temperature for 40 h to giv&)(5-benzyl-2,2-dimethyl-3-(2-hydroxyethyl)-imidazadin-4-one
hydrochloride25 (62.77 g, 85%) as a practically white powder. Thiss essentially pure product, but was
slightly colored and subsequently recrystallizedotlews:
All of the product was dissolved in MeOH (200 mh)a 1000 mL
OH beaker by heating to the boiling poin

The beaker was removed from t

O g
N heating source and under vigoro
N)< stirring (5«12 mm triangular stirring
H bar), E}O (500 mL) was added.

25 . Hcl -
Crystals formed, and the mixture wa

stirred at room temperature for 40 min, vacuunefdd, and the

12



crystals were washed with £t (150 mL). The crystals were dried at room temfpueeafor 27 h to give pure
(59-5-benzyl-2,2-dimethyl-3-(2-hydroxyethyl)-imidaidin-4-one hydrochlorid@5 (58.74 g, 94% recovery).
M.p. 144-146 °C (dec.)o]?’ = —-84.1 (c = 1.03, MeOH}H NMR (200 MHz, CRQOD): & = 1.64 (s, 3H, Me),
1.80 (s, 3H, Me), 3.16 (dd, 1d= 15.1 Hz and 10.6 Hz, benzylic H), 3.35-3.58 8, benzylic H and -CN),
3.63-3.82 (M, 2H, -ChD-), 4.67 (dd, 1HJ = 10.6 Hz and 3.7 Hz, H-5), 7.25-7.50 (m, 5H, ppin.*C NMR
(50 MHz, CD,OD): 6 = 23.7, 25.0, 34.9, 44.1, 59.3, 60.1, 79.3, 1283D.1, 130.3, 136.6, 168.7 ppm. IR (KBr):
3146, 3088, 2939, 2692, 2540, 1721 tnRMS (ESI) caled for GH»iN,O," [M-CI: 249.1603; found
249.1595.

Note: A different portion of crude product crystals (B8.g) was recrystallized in a 1000 mL round botftask
by dissolution in EtOH (96%, 300 mL) by heatingti@ boiling point. Under vigorous stirring (1 %2% inch
egg-shaped stirring bar), MTBE (500 mL) was addedly, keeping the mixture at the boiling point.yStals
started to appear at the end of the addition aedrélction flask was removed from the heating soamd
stirred at room temperature for 1 % h and then undeling from an ice/water bath for 30 min. Thgstals
were filtered by vacuum and dried at room tempeeafar 45 h to give pure §-5-benzyl-2,2-dimethyl-3-(2-
hydroxyethyl)-imidazolidin-4-one hydrochlorid (47.23 g, 86% recovery).

Recrystallization in pure MeOH, EtOH or mixtures tbbse withi-PrOH was also possible, but gave much

poorer recovery of product.

(59)-5-Benzyl-2,2-dimethyl-3-(2-methacryloyloxyethyl)imidazolidin-4-one (26)

A 100 mL round bottom flask was charged with anlydrMeSG@H (40.0 mL) and cooled in an ice/water bath.
Over a period of 20 min, a portion of §55-benzyl-2,2-dimethyl-3-(2-hydroxyethyl)-imidazdih-4-one
hydrochloride25 (10.14 g, 35.6 mmol) was added in small portiofise salt dissolved under HCl-evolution.

[R5

Methacryloyl chloride (6.90 mL, 71.3 mmol) was addmd the reaction mixture was,

stirred at 0-5 °C for 3 h 30 min (giving off HCK give a clear solution. The clea

solution was carefully diluted with g (50 mL) while still under cooling, and the

solution was transferred to a 1000 mL separatonndéli More E£O (550 mL) was
0] added to give phase separation, the mixture

O*/§: swirled and allowed to separate. The bottom yell¢ = =

o g layer of the product methanesulfonate was alloweed

N drip directly into a stirred mixture of GEl, (200

N)< 26 mL) and a solution of ¥CO; (42.80 g, 310 mmol) in

H water (250 mL). The mixture was stirred for 5 m

after completed addition and the organic phaseratgth The aqueous phase wj{

extracted with CKCI, (2x100 mL), and the combined organic phases were dned

anhydrous MgSQ filtered and evaporateth vacuo to give a nearly completely

colorless oil of (5)-5-benzyl-2,2-dimethyl-3-(2-methacryloyloxyethyipidazolidin-4-one26 (8.69 g, 77%) of
very good purity and used immediately in the neégpsAn analytical sample was prepared by addisgall
sample of crude material dissolved in £ onto a small column of silica, washing with a pmrtof n-pentane

and then eluting the pure compound with@tColorless oil, ¢]3’ = —45.3 (c = 0.232, CHgl *H NMR (200
MHz, CDC): § = 1.17 (s, 3H, Me), 1.28 (s, 3H, Me), 1.86-1.95 &H, Me and NH), 3.10 (d, 2H,= 5.4 Hz,
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benzylic H), 3.25 (dt, 1H] = 14.3 Hz and 6.6 Hz,xH in -CH,N), 3.61 (dt, 1HJ = 14.3 Hz and 5.7 HzxH in
-CH,N), 3.80 (t, 1HJ = 5.4 Hz, H-5), 4.19-4.32 (m, 2H, -GB-), 5.58 (quint, 1HJ = 1.6 Hz, methacrylic H),
6.09 (t, 1H,J = 1.2 Hz, methacrylic H), 7.17-7.35 (m, 5H, Phjrpp*C NMR (50 MHz, CDCJ): & = 18.1, 26.3,
27.7, 36.7, 39.0, 58.5, 61.7, 75.8, 125.8, 12628.3, 129.3, 135.7, 136.5, 166.9, 174.3 ppm. IRn}fi 3433,
3029, 2978, 2929, 1718, 1687, 1637 tniRMS (ESI) calcd for GHpsN,Os" [M+H']: 317.1865; found
317.1870.

Note: The yield of the final product should be takenralicative as it contains traces of €. As a control
experiment for the structural integrity of the immblidinone skeleton under these acidic conditiansample of
(59-5-benzyl-2,2-dimethyl-3-(2-hydroxyethyl)-imidazdin-4-one  hydrochloride 25 in MeSQH (since
MeSGQ;H has a higher affinity for these amines than ddé&s$, the latter is evolved when HCI is present or
developed during a reaction) was left in a polatenéor several hours to observe any change ircalpgictivity.
This experiment verified that this imidazolidinoisecompletely stable under the reaction conditidttswever,

at elevated temperatures, there will be a slow hposition over time.

PEG-methacrylate polymer beads by suspension copahgerization (27)

A three-necked 500 mL round bottom flask was chéngith an egg-shaped magnetic stirring bar (% ¥% in),
potassium iodide (84 mg, inhibits polymerizationtire aqueous phase),®0; (88 mg), 0.5 wt% aqueous
polyvinyl alcohol (M, ~ 205000 and 88% hydrolysis, 300 mL). ol

mixture of all the (9)-5-benzyl-2,2-dimethyl-3-(2-
methacryloyloxyethyl)-imidazolidin-4-one26 prepared as describe
above was dissolved in PEG 600 dimethacrylatg W50, 15.86 Q)
together with PEG methyl ether methacrylate, (M475, 15.40 @),

?Hs\ CHa CH ] toluene (30 ml)
_ [ o o N \
{—g% A and  22-
J\ J\ n O
(e) [e] (@)

? ¥ azobis(2-methylbutyronitrile) (343 mg). This moname

g ol
X

[e]
Q 01’\/01L . .
@N &9 1214 Mixture was added carefully to the aqueous solution
N
H

min. The suspension was polymerized undgemM\a heating mantle at 70 °C for 15 h at a constaming rate of
800 rpm.

The suspension was allowed to cool to room temperainder stirring

27
under stirring, and the system was flushed witHfdx 5

and became milky-white (at lower temperatures,RE& chains become
hydrated and the porogen = toluene is forced outhef beads). The
mixture was poured into a 1000 mL beaker, follovegdvater (500 mL).
The beads were allowed to settle by gravity for ,1ahd the milky
supernatant was decanted off. More water (500 nm&$ added, and the
mixture was vacuum-filtered and washed thoroughty water (2000 mL) and MeOH (500 mL). This washing
was done by adding the solvent in small portionshenBiichner-funnel, allowing most of it to drain gravity,
and applying vacuum to drain away the rest of foteethe next portion of solvent was added. Thedbewere
dried at room temperature for 68 h to give compyeatelorless polymer bead¥ (35.21 g). CHN-Analysis (%):
N 1.80, C 56.70, H 8.37 (catalyst loading: 0.64 rig)oIR (KBr): 3436, 2874, 1734, 1697 ¢m
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General procedure for the asymmetric aldol reactiorof benzaldehydes with cyclohexanone
Benzaldehyde derivative (0.40 mmol) was dissolvedyiclohexanone (2.0 mmol), contained in a smaill (by
gentle heating on a water bath if necessary). Waté4 mL) was added, followed by the polymer be@dsr
10, 10 mol%). For noncrystalline benzaldehydes, tla¢ ig charged with polymer beads first, followeg the
benzaldehyde derivative and solvents/additives.

The reaction was mixed gently with a closed capjllabe and then left without stirring for 24 h.é& heaction
mixture was diluted with EtOAc and transferred tenaall folded paper filter. The polymer beads weeshed
with additional small quantities of EtOAc (20 mL tintal for dilution and washing), and the filtrateas
evaporatedn vacuo to yield the crude product. Purification by flasblumn chromatography on silica gel with
EtOAc/hexanes yielded the pure aldol product. Tiastdreomeric ratio was determined'byNMR analysis of
the crude product, and the enantiomeric excesslat@smined by HPLC analysis of the purified prodédtthe

aldol products are well-known compounds with spesttopic data in accordance with literatbire.

2-(Hydroxy(2-nitrophenyl)methyl)cyclohexan-1-one
NO, OH O Purified by flash column chromatography on silical gvith EtOAc/hexanes (10-20%
EtOAc). Yellow 0il®*° HPLC (Daicel Chiralpak OD-H, 10%PrOH in isohexane, 0.5
mL/min, A = 254 nm): § = 15.1 and 16.6 min (synk £ 20.8 and 24.1 min (anti).

2-(Hydroxy(3-nitrophenyl)methyl)cyclohexan-1-one

o4 O Purified by flash column chromatography on silied gith EtOAc/hexanes (10-20%

O,N EtOAc). Colorless soli®® HPLC (Daicel Chiralpak AD-H, 10%-PrOH in
isohexane, 0.5 mL/min, = 218 nm): ¢ = 33.9 and 35.5 min (synk £ 39.5 and 49.5

min (anti).

2-(Hydroxy(4-nitrophenyl)methyl)cyclohexan-1-one
OH O Purified by flash column chromatography on silieh with EtOAc/hexanes (10-20%
EtOAc). Yellow solid*®*HPLC (Daicel Chiralpak AD-H, 10%PrOH in isohexane,
O,N 1.0 mL/min,A = 254 nm): ¢ = 18.1 and 20.8 min (synk £ 23.2 and 31.4 min (anti).
2-(Hydroxy(4-trifluoromethylphenyl)methyl)cyclohexan-1-one
OH O Purified by flash column chromatography on silied gith EtOAc/hexanes (0-10%
EtOAc). Colorless solif® HPLC (Daicel Chiralpak OD-H, 5%PrOH in isohexane,
F\C 0.5 mL/min,A = 217 nm): 4 = 16.5 and 18.3 min (synk £ 22.6 and 28.4 min (anti).
2-(Hydroxy(phenyl)methyl)cyclohexan-1-one
OH O Purified by flash column chromatography on silical gvith EtOAc/hexanes (0-20%
EtOAc). Colorless o0if*” HPLC (Daicel Chiralpak AS-H, 5%PrOH in isohexane, 0.5
mL/min, A = 210 nm): = 32.4 and 36.3 min (synk £ 41.3 and 44.4 min (anti).
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2-(Hydroxy(4-bromophenyl)methyl)cyclohexan-1-one
OH O Purified by flash column chromatography on silica gith EtOAc/hexanes (0-20%
EtOAc). Colorless soli”HPLC (Daicel Chiralpak AS-H, 10%PrOH in isohexane,
Br 0.5 mL/min,A = 217 nm): 4 = 23.2 and 26.4 min (synk £ 30.6 and 32.8 min (anti).
2-(Hydroxy(4-methoxyphenyl)methyl)cyclohexan-1-one
OH O Purified by flash column chromatography on silied @ith EtOAc/hexanes (0-20%
EtOAc). Colorless oif® HPLC (Daicel Chiralpak AD-H, 5%PrOH in isohexane,
0.5 mL/min, A = 220 nm): 4 = 64.6 and 68.5 min (syn) £t 78.8 and 80.9 min
(anti).

MeO

2-(Hydroxy(3,4-dichlorophenyl)methyl)cyclohexan-1-oe
OH O Purified by flash column chromatography on silicad gith EtOAc/hexanes (0-20%
Cl EtOAc). Colorless soli@® HPLC (Daicel Chiralpak AD-H, 10%PrOH in isohexane,

cl 0.3 mL/min,A = 215 nm): 4 = 32.8 and 36.6 min (synk £ 45.1 and 49.0 min (anti).

General procedure for the asymmetric aldol reactiorof benzaldehydes with acetone

Benzaldehyde derivative (0.40 mmol) was dissolve@detone (8.0 mmol), contained in a small vial.t&¥a
(0.14 mL) was added, followed by the polymer be@ddsor 17, 10 mol%). For noncrystalline benzaldehydes,
the vial is charged with polymer beads first, falkd by the benzaldehyde derivative and solventgiaesl.

The reaction was mixed gently with a closed capillabe and then left without stirring for 24 h.é& heaction
mixture was diluted with EtOAc and transferred tenaall folded paper filter. The polymer beads weeshed
with additional small quantities of EtOAc (20 mL tiotal for dilution and washing), and the filtrateas
evaporatedn vacuo to yield the crude product. Purification by flasblumn chromatography on silica gel with
EtOAc/hexanes yielded the pure aldol product. Tiiengomeric excess was determined by HPLC anabfsis
the purified product. All the aldol products areli@own compounds with spectroscopic data in adance

with literature’

4-Hydroxy-4-(2-nitrophenyl)butan-2-one
NO2 OH O Purified by flash column chromatography on silical gvith EtOAc/hexanes (0-30%
EtOAC). Light yellow oil’*““HPLC (Daicel Chiralpak AD-H, 3%PrOH in isohexane, 0.5
mL/min, A = 254 nm): ¢ = 47.4 and 49.8 min.

4-Hydroxy-4-(3-nitrophenyl)butan-2-one
OH O Purified by flash column chromatography on silied gith EtOAc/hexanes (0-30%
O2N EtOAc). Colorless oil***HPLC (Daicel Chiralpak AS-H, 20%PrOH in isohexane,
1.0 mL/min,A = 254 nm): ¢ = 12.9 and 16.8 min.
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4-Hydroxy-4-(4-nitrophenyl)butan-2-one
OH O Purified by flash column chromatography on silical with EtOAc/hexanes (20%

EtOAc). Light yellow solid”®® HPLC (Daicel Chiralpak AS-H, 20%-PrOH in
0N isohexane, 1.0 mL/min, = 254 nm): ¢ = 16.2 and 20.4 min.
2
4-Hydroxy-4-(4-trifluoromethylphenyl)butan-2-one
OH O Purified by flash column chromatography on silied gith EtOAc/hexanes (0-30%

EtOAc). Light yellow oil”™® HPLC (Daicel Chiralpak AS-H, 5%-PrOH in
F.C isohexane, 1.0 mL/min, = 230 nm): ¢ = 14.1 and 17.7 min.
3

4-Hydroxy-4-phenylbutan-2-one
OH O Purified by flash column chromatography on silical gvith EtOAc/hexanes (0-20%

EtOAc). Colorless oil® HPLC (Daicel Chiralpak AS-H, 5%-PrOH in isohexane, 1.0
mL/min, A = 210 nm): ¢ = 20.9 and 23.3 min.

4-Hydroxy-4-(4-bromophenyl)butan-2-one
OH O Purified by flash column chromatography on silicad with EtOAc/hexanes (0-20%

EtOAc). Light yellow oil’®® HPLC (Daicel Chiralpak AS-H, 15%-PrOH in
Br isohexane, 1.0 mL/mir, = 230 nm): ¢ = 10.4 and 12.2 min.

Recycling experiments on the aldol reaction of acebe and 4-nitrobenzaldehyde

A vial was charged with prolineamide polymer beft 10 mol%), 4-nitrobenzaldehyde (4.0 mmol), acetone
(80.0 mmol) and water (1.40 mL). The reaction wiasesl gently at room temperature for 24 h. Theypwr
beads were filtered, and the vial and beads weshedhwith EtOAc (50 mL). The combined organic phaas
concentratedn vacuo, and the residue was purified by column chromatplyy on silica gel (20% EtOAc in
hexanes) to give pure aldol product as a yellowds&nantiomeric excess was determined by HPLCyaisabf

the purified product as described above.

The polymer beads were left to dry in the filteppaand reused without further purification. A shtalrrection

was undertaken for any mechanical loss of polyneads.

Cycle Isolated yield FHe
1 76% 84
2 85% 99
3 79% 98
4 82% 91
5 81% 90

@ Before the fifth cycle, the beads were treated Wi@O,H for 4 h, washed with NaHCGJaqg) and MeOH and dried at room
temperature before use. Although this treatmenbwem residues, it left the catalyst performanctugity unaffected.
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General procedure for asymmetric cascade reaction

A vial was charged with polymer bead®?( 20 mol%) and 2-chlor@-nitrostyrene (1.00 mmol). Toluene (4.0
mL) was added together with a stirring bar, cinn@elayde (1.05 mmol) and propanal (1.20 mmol). The
reaction mixture was stirred for approximately 2uisy in which time the polymer beads had swollen
considerably, and further stirring was discontinu€lde reaction mixture was then left at room terapee for
the indicated time. The reaction mixture was tramsfd to a filter paper with a small
amount of EtOAc. The vial and the polymer beadseweashed several times with
small amounts of EtOAc (50 mL in all for transfardawashing). The mixture was

concentratedn vacuo, and the residue was purified by column chromaplyy on

silica gel (0 - 20% EtOAc in hexanes) to give theduct as a white solid.
Spectroscopic properties in accordance with liteeft HPLC (Daicel Chiralpak OD-H, 109%-PrOH in
isohexane, 1.0 mL/mirl, = 240 nm): ¢ = 12.7 (major) and 19.7 min (minor, only detectafur the racemic
sample).
For reactions with PEG-suppo3, the procedure is completely analogous except thattoluene was
substituted with MeCN (2.0 mL) in one of the expants.

Using ref. 8, and adopting the specific substratekcatalysts, the following catalytic cycle carshggested:

For 22 in PhMe:
120 h: 23% yield and >99% ee
168 h: 32% yield and >99% ee

o @(\/Noz
+
9 \)I cl
%
o,

Ph
N Ph
H oTmMs

b
For 23 in PhMe or MeCN,
<«—— conversion beyond this is

©\\ extremely slow
al NO,

e e

H OTMS

Iminium catalysns

For the corresponding standard monomeric cata($(-)-o,a-diphenyl-2-pyrrolidinemethanol trimethylsilyl
ether, the reported yield in the original work afderset. al. is 51% after 16-24 h reaction tifiét seems like
only a well-expanded microporous network as tha@fcan accommodate the necessary conditions for the
second step and subsequent ring-closure to take.pla
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Asymmetric Diels-Alder reactions of 4-nitrocinnamatiehyde and cyclopentadiene

A vial was charged with PEG-methacrylic polymerd®@7, 15 mol%) and 4-nitrocinnamaldehyde (1.5 mmol).
A solvent mixture of MeCN and water (95:5, 1.50 miis added, followed shortl
by CRCO,H (~0.23 mmol) and freshly cracked cyclopentadighd mmol, prepared

by cracking dicyclopentadiene in a heating mantlé9® °C as shown to the right
The mixture was stirred gently at room temperafore24 h and then diluted wit
EtOAc and filtered. The polymer beads were washigd BtOAc (totally 25 mL for
dilution and washing) in small portions. The orgaphase was washed with brine (
mL), dried over anhydrous MgS@nd evaporateth vacuo to give the crude produc
as a brown oil. The crude product was purifieddgding onto a column of silica ge
and eluting witm-pentane followed by 40% £ in n-pentane.
The exolendo relationship was determined Bii-NMR analysis. The enantiomeri
excess was determined by HPLC-analysis after remuatf the product to the
corresponding alcohol with NaBHind subsequent conversion to the benzoyl 8gteypical procedure is given
below for the racemic sample:
A sample of racemic and purified Diels-Alder addu@@.1103 g, 0.45 mmol), prepared from 4-
o} nitrocinnamaldehyde, cyclopentadiene and (+)-
; CHO_» 7 OH . 0~ “Ph 2,2,3-trimethyl-5-benzyl-4-imidazolidinone
s hydrochloride28, was dissolved in MeOH (2.0
mL) and NaBH (0.0213 g, 0.56 mmol) was added. The mixture wiased at room temperature overnight (15
h) in a vial. Water (10 mL) and conc. HCI (1.0 mkgre added. The mixture was stirred for 5 min, ated
with EtO (25 mL), and the organic phase was washed wittebdried over anhydrous Mg%@nd evaporated
in vacuo to give a near colorless oil. The oil was dissdlire CH,Cl, (7.0 mL) and BN (0.20 mL, 1.43 mmol)
and benzoyl chloride (0.10 mL, 0.86 mmol) were addeder cooling from an ice/water bath. The mixtewes
stirred for 4 h, in which time the water bath wédlsweed to expire, and then diluted with,&t (25 mL) and
aqueous HCI (0.5 M, 25 mL). The mixture was switledroughly, separated, and the organic phase \sabeu
with aqueous HCI (0.5 M, 25 mL), saturated aquelasliCQ; (25 mL) and finally brine (25 mL), dried over
anhydrous MgS@and evaporateth vacuo to give a slightly yellow oil of good purity andiiged for direct
HPLC analysis.
For the experiment conducted on gram-scale withctitalyst in its HCI-form, the procedure is comelet
analogous except that 4-nitrocinnamaldehyde (7.5obnmand cyclopentadiene (22.5 mmol) was used with
polymer bead27 (15 mol%) and MeCN/kD (95:5, 7.50 mL) containing one equivalent of H@lative to the
catalyst). Work-up scaled accordingly (125 mL EtGaxd 100 mL brine).
For recycling experiments, the polymer beads wefetb dry in the filter paper and reused withoutttier

purification. A small correction was undertaken &y mechanical loss of polymer beads.

exo- And endo-3-(4-nitrophenyl)bicyclo[2.2.1]hept-5-ene-2-carboaldehyde

Light yellow oil.*® Enantiomeric excess was determined after convetsia benzoyl ester as
CHO
= described aboveHPLC (Daicel Chiralpak AD-H, 2%-PrOH in isohexane, 1.0 mL/min, 300
nm): & = 21.0 éxo, major), 22.5¢ndo, major), 28.7 €xo, minor) and 40.4¢hdo, minor) min.
NO,
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