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Solid-Phase Synthesis of an Isoxazolinopyrrole Library
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Department of Chemistry, Usersity of California, One Shieldsu:&nue, Dais, California 95616-5295
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A four-step solid-phase synthesis of isoxazolinopyrrdethat employs an acid-labile 2-(4-formyl-3-
methoxyphenoxy)ethyl polystyrene HL redins reported. Resin-bound vinyl sulfodds obtained by DIC
coupling with acid4, which was in turn synthesized in solution phase by a regioselective nitrile oxide
1,3-dipolar cycloaddition. The resin-bound pyrr@levas synthesized on solid phase by pyrrole annulation
with various isocyano derivatives and potassitputoxide in which the sulfone-anion generated by Michael
addition gives the desired pyrrole through internal condensation followed by a sigmatropic [1,5]-hydrogen
shift. The resulting isoxazolinopyrroléswere released from resihby 10% TFA in moderate to excellent
overall yields from 2-(4-formyl-3-methoxyphenoxy)ethyl polystyrene HL reisin

Introduction reductive aminations; in the present example, repeat treatment
was needefl Complete reductive amination was confirmed
by IR (disappearance of=€0 peak at 1678 cnt) as well
as by positivep-chloranil test (deep blue colot).The first
real challenge confronted was development of a reliable route
to the requisite polymer-bound vinyl sulforge Indeed, all
attempts to introduce the vinyl sulfone moiety on polymer

| Support were problematic. For example, attempts to introduce
the vinyl sulfone moiety by reaction between the resin-bound

biologically active compoundsWe, therefore, believe these 0XIMe and excess phenylsulfonyl 1,3-diene through 1,3-

isoxazolinopyrroles8 may prove useful as a molecular dipolar gycl_oaddnmn was troublesomg as a result of the

scaffold for library production. Indeed, a solid-phase syn- Polymerization of phenylsulfonyl-1,3-diene under the reg-
thesis of isoxazolinopyrroles has already been described byViSite basic conditions (e.g., I in Scheme 2). In an attempt
our groug in which a sulfinate-functionalized resin [from O introduce the vinyl phenylsulfonyl moiety under neutral
styrene/2% divinylbenzene copolymer beads (PS/D¥Bs co_ndmons by qmlde cou_pl_mg, the preparation of c_arboxyhc
employed. Four problems were encountered in using this acid or free amine containing phenylsulfonyl 1,3-dienes was
sulfinate-functionalized resin: (i) low yields {®4%), (ii) also investigated, but these compounds resulted in decom-
a necessity for flash column chromatography purification POsition or polymerization by their own acidity or basicity
after the cleavage step, (iii) difficulty in introducing diversity (.9, Il in Scheme 2).

Combinatorial chemistry and related parallel synthesis
techniques are important drug discovery tools for lead
generation, target validation, and lead optimizaficand
solid-phase organic synthesis (SPOiIS)arguably the most
important method in combinatorial synthesis. The target of
this investigation, isoxazolinopyrro& contains isoxazoline
and pyrrole heterocycles that constitute important structura
moieties occurring frequently in natural products and other

on the pyrrole moiety (e.g8i, 8j, 8k, and 8l), and (iv) an In light of these problems, we decided to introduce the
inability to functionalize the pyrrole nitrogen prior to resin  required vinyl sulfone moiety as well as the isoxazoline
cleavage. moiety in solution phase by regioselective nitrile oxide 1,3-
dipolar cycloaddition on phenyl sulfone-1,3-dienes as the key
Results and Discussion step (Scheme 3}.The resulting acidd were obtained from

commercially available benzenesulfinic acid sodium Salt
by S-alkylation with alkyl iodide; sulfone monoanion elec-
trophilic 1,2-addition to methacrolein; acetylation followed

pyrrole annulatiofh®is employed as the key solid-phase step, PY in Situ (in the case of acida) or stepwise (in the case of

and nitrile oxide 1,3-dipolar cycloadditiéis employed as acid 4b) p-elimination; regioselective 1,3-dipolar cycload-
o : . . P

the key solution-phase step. In the first solid-phase step, 2-(4-dition to the distal €&C; and finally, saponificatioft. It

formyl-3-methoxyphenoxy)ethy! polystyrene HL redir1.1 should be noteq that phenylsulfonyl .1,3—dieméb, the
mmollg) was loaded with various primary amin@sby precursor for acidib, could not be obtained unless a base

repeated reductive aminatf(Scheme 1). It is generally ~ Stronger than DBU was employétBoth phenylsulfonyl 1,3-
known that imine formation of resin-bound aldehyde is dienesl2aand12b were kept in solution because of their

slower than imine formation on resin-bound amine in tendency to polymeriz€ As anticipated, 1,3-dipolar cy-
cloaddition of diene compoundfaand12b with the nitrile

* Corresponding author. Phone: (530)-752-8192. E-mail: mjkurth@ oxide derived from methyl 4-(hydroxyiminomethyl)benzoate
ucdavis.edu. (+ bleach) gave only isoxazolind8aand13b, respectively;

Herein, we report an efficient solution-/solid-phase syn-
thesis of isoxazolinopyrrolegfrom acid-labile 2-(4-formyl-
3-methoxyphenoxy)ethyl polystyrene HL resinn which

10.1021/cc034023w CCC: $27.50 © 2004 American Chemical Society
Published on Web 11/20/2003
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transformation can be monitored by a negatehloranil
test (disappearance of blue color) and was confirmed by TFA
m cleavage. Fortunately, no Michael addition of amine to the
vinyl sulfone moiety occurred during this transformation. It
should also be noted that amide bond formation required
repeat treatment at higher resin loading (1.1 mmol/g),
n whereas it was not necessary at lower resin loading (0.51
mmol/g)* To obtain the desired pyrrole moiety on polymer
support, pyrrole annulatiéhwas performed with various
isocyano derivatives (3 equiv) in the presence & Bu (3
equiv) as base. Greater equivalents dORu resulted in
lower yields. The desired isoxazolinopyrroles were obtained
by resin cleavage with 10% TFA (see Table 1). As hoped,
pure isoxazolinopyrroles8f were obtained without the need

none of the regioisomeric or dicyclized alternatives were for chromatographic purificatiot. Not surprisingly, the
detected (e.g., we observed complete chemo- and regio-yields of isoxazolinopyrroles derived from vinyl sulfones

selectivity; seedain Figure 1 andl3b in Figure 2).

lacking ano-methyl group (entrie8a—8l) were lower than

Indeed, attempts to form the bis(isoxazoline) adduct of those obtained fromo-methyl-substituted vinyl sulfones
13bfailed because nitrile oxide dimerization occurred in lieu (entries8m—8x) because, as previously observed by Zard

of 1,3-dipolar cycloaddition to the vinyl sulfone moiety.

et al witha-substituted nitroalkenégcyclization in the case

Presumably, nitrile oxide dimerization is favored because of a primary a-sulfonylcarbanion is inefficient [e.g., no

of not only the steric hindrance imparted by the two bulky product with8e—8h; low yield with 8a, 8c, 8d, 8v, and8w/].
groups on the internal double bond, but also by sulfone When isocyanoacetylpiperidine was used as the isocyano
deactivation of this dipolarophile. The methyl group at the derivative in reaction with resin bound vinyl sulfoBdéaving

C-5 isoxazoline position on acid was necessary because no methyl group on the vinyl sulfone, no product was
sulfone elimination takes place in the presence of base if obtained (entries8e—8h). Extending the observations of

there is a proton at this positidhTargeted acidda and4b

Magnus et al? isoxazolinopyrrolesi, 8j, 8k, and8l were

were both obtained from commercially available benzene- obtained by exclusive elimination of the (4-methyl)phenyl

sulfinic acid sodium sal® in excellent yield (Scheme 3).

sulfinate rather than the phenylsulfinate (see Scheme 1).

The vinyl sulfone moiety was tethered to resin by amide Additionally, in the case o@n, no desired product was

bond formation between resBand acid4 (4 equiv) in the
presence of DIC (4 equiv) and HOBt (4 equiv). This

obtained. It should also be noted that attempted functional-
ization of the pyrrole nitrogen in resin was problematic.
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Scheme 3
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Figure 2. X-ray crystal structure oi3b.

In contrast, there was no problem in the solution-phase model

4b, R=Me. 90%

Experimental Section

studies of this reaction using benzyl or benzoyl halide as

the electrophiles. This provides yet another example of

General. 2-(4-Formyl-3-methoxyphenoxy)ethyl polysty-

reactivity differences between solution- and solid-phase rene HL resin (106200 mesh, 1% cross-linked; 1.1 mmol/

transformationg’

Conclusions

g, batch no. A28821) and 2-(4-formyl-3-methoxyphenoxy)-
ethyl polystryene resin (166200 mesh, 1% cross-linked;
0.51 mmol/g, batch no. A25465) were purchased from

In summary, an efficient solid-phase parallel synthetic Novabiochem. Hexamethyldisiloxane was purchased from
route to an isoxazolinopyrrole library has been developed. Aldrich. Tetrahydrofuran was distilled from sodium/ben-
The advantages of this method include moderate to high zophenone ketyl immediately prior to use. The following
product yields, excellent crude product purities, and the reagents were prepared by literature methods: methyl vinyl

improved ability to C-functionalize the pyrrole scaffold.

sulfonel0a!! ethyl vinyl sulfonel0b,'! (3-methylbuta-1,3-
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Table 1. Isoxazolinopyrroles Generated on Solid Support

[\’]—O Me R3
Ri __NH
HN Rz
o
8

entry R Rz Rs MW (calcd) MW (found) (MH") yield (%P purity (%)
8a CH,Ph H CQEt 431.2 432.2 32 99
8b CHy-2-Fuf H CO,Et 421.2 422.2 44 99
8c CH,CH(CHs), H COEt 397.2 398.2 15 97
8d CH,CH,OCH; H COEt 399.2 400.2 14 96
8e CH,Ph H C(O)-1-Pip 470.2
8f CHy-2-Fuf H C(0)-1-Pip 460.2
89 CH,CH(CHs), H C(0)-1-Pip 436.3
8h CH,CH,OCH; H C(0)-1-Pip 438.2
8i CH,Ph SQPH Hd 499.2 500.1 68 98
8] CHy-2-Fuf SOPH! Hd 489.1 490.1 26 97
8k CH,CH(CHs), SOPH! Hd 465.2 466.2 30 98
8l CH,CH,OCH; SOPH! Hd 467.2 468.1 53 99
8m CH,Ph Me CQEt 445.2 446.2 44 95
8n CHz-2-F» Me COEt 435.2
80 CH,CH(CHg), Me CO,Et 411.2 412.3 70 89
8p CH,CH,OCH; Me COEt 413.2 414.2 22 90
8q CH,Ph Me C(O)-1-Pip 484.3 485.3 56 96
8r CHy-2-Fuf Me C(O)-1-Pip 474.2 475.3 34 93
8s CH,CH(CHg), Me C(0)-1-Pip 450.3 451.3 100 84
8t CH,CH,OCH; Me C(0)-1-Pip 452.2 453.3 27 78
8u CH,Ph Me SQTol 527.2 528.3 26 98
8v CHy-2-Fuf Me SQTol 517.2 518.3 31 99
8w CH,CH(CHs), Me SQTol 493.2 494.3 58 93
8x CH,CH,OCH; Me SQTol 495.2 496.2 45 97

aReported yields are determined By NMR integration with internal standard (hexamethyldisiloxane). The overall yields are based on
the initial loading of the 2-(4-formyl-3-methoxyphenoxy)ethyl polystyrene HL résihPurities were determined by HPLC [22820 nm,
on an Xterra MS @ column; Waters, 2.1 mnx 50 mmx 3.5um) using a linear gradient from 5% GEN (0.01% TFA) in water (0.01%
TFA) to 100% CHCN (0.01% TFA) in 18 min (flow rate, 0.2 mL/min)f.Fu = furan and Pip= piperidine.? In the case of entrie8i—8l,
the —SO,Ph moiety of the vinyl sulfone is retained, and th&€0,Tol moiety, derived from TosMIC, is eliminated.

diene-1-sulfonyl)benzer2a® 1 methyl 4-(hydroxyimino- g, 7.8 mmol) in CHCI, (78 mL). The mixture was vigorously
methyl)benzoaté? and isocyanoacetylpiperidirié. Other stirred overnight at room temperature, at which time the
solvents and reagents were used as received from commercigbhases were separated, and the aqueous phase was extracted
suppliers. Reactions in the solid phase were performed on awith CH,Cl, (30 mL x 2). The combined organic extracts
Trident automated library synthesizer (Argonaut Technolo- were dried over MgSg) and the solvent was removed under
gies). All reactions, unless otherwise described, were per-reduced pressure. Triturating the resulting residue witDEt
formed under an inert atmosphere of dry nitrogen. Melting gavel3a(2.4 g, 80%) as a white solid: mp 18€; IR (neat)
points are uncorrected. All infrared spectra were determined1713, 1611, 1591, 1282, 1147, 1085 ¢m'H NMR

on a Genesis Il Mattson FTIRH and *C NMR were (CDCl): 6 8.03 (d,J=8Hz, 2H), 7.877.84 (m 2H), 7.64
measured in CDGlat 400 and 100 MHz, respectively. Yields (d, J = 8 Hz, 2H), 7.63-7.50 (m, 3H), 7.01 (dJ = 15 Hz,
were determined by'H NMR integration with internal 1H), 6.67 (d,J = 15 Hz, 1H), 3.91 (s, 3H), 3.35 (d,= 17
standard (hexamethyldisiloxane). In the case of isoxazoli- Hz, 1H), 3.28 (dJ = 17 Hz, 1H), 1.62 (s, 3H)%*C NMR ¢
nopyrroles 8ato 8l), 5 uL (0.0235 mmol) of hexamethyl-  166.44, 155.50, 145.60, 139.84, 133.88, 133.23, 131.77,
disiloxane was used. In the case of isoxazolinopyrr@es 130.55, 130.14, 129.56, 127.92, 126.65, 85.65, 52.49, 46.14,
8x), 10uL (0.0471 mmol) of hexamethylsiloxane was used. 25.38. Anal. Calcd for gH1oNOsS: C, 62.32; H, 4.97; N,
Elemental analyses were determined at MidWest Microlab, 3.63; S, 8.32. Found: C, 62.14; H, 4.99; N, 3.54; S, 8.07.
Indianapolis, IN. The specifications of the LC/MS are as  4-[5-(2-Benzenesulfonylvinyl)-5-methyl-%&-dihydroisox-
follows: LC/MS (with a Waters 2695 and a Waters PDA  azol-3-yl]benzoic Acid 4a.Lithium hydroxide (47 mg, 1.95

996), ionization mode; electrospray ), mass range 200 mmol) was added at room temperature to a solution of ester
900 Da, 32-V cone voltage, column; XTerra Mg QNaters, 13a(0.5 g, 1.3 mmol) in CHCN/H,O (30 mL, 3:1). The
2.1 mmx 50 mmx 3.5um). mixture was stirred overnight at room temperature, at which

Methyl 4-[5-(2-Benzenesulfonylvinyl)-5-methyl-4,5-di- time the reaction was quenched by addition of TFA (0.15
hydroisoxazol-3-yllbenzoate (13a)Aqueous NaOCI (5.25%, mL). The solvent was removed under reduced pressure, and
38.7 g) was added dropwise afQ to a stirred mixture of  the resulting white precipitate formed was collected by
methyl 4-(hydroxyiminomethyl)benzoate (2.52 g, 14.1 mmol) filtration and recrystallized with MeOH to givéa (0.41 g,
and (3-methylbuta-1,3-diene-1-sulfonyl)benzera (1.62 85%) as a white solid. mp 191°€; IR (neat) 2875, 1677,
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1612, 1593, 1282, 1143, 1087 cin'H NMR (CDCL): ¢ methyl-allyl esterl1c(5.92 g, 21 mmol) in THF (210 mL),

8.12 (d,J = 8 Hz, 2H), 7.88 (dJ = 8 Hz, 2H), 7.69 (d, 1 M K'OBu in THF (21 mL, 21 mmol) was added atG.

J = 8 Hz, 2H), 7.64-7.53 (m, 3H), 7.04 (dJ = 15 Hz, The reaction mixture was stirred for 30 min and then

1H), 6.70 (dJ = 15 Hz, 1H), 3.39 (dJ = 17 Hz, 1H), 3.31  quenched by adding #@. The solvent was removed under

(d,J=17 Hz, 1H), 1.65 (s, 3H}*C NMR 6 171.11, 155.46,  reduced pressure, and the aqueous residue was extracted with

145.57, 139.82, 134.11, 133.90, 130.77, 130.59, 129.58,CH,CI, (50 mL x 3). The combined extracts were dried with

127.94,126.77, 85.80, 46.09, 25.38. Anal. Calcd fotHer MgSO; and evaporated under reduced pressure. It was used

NOsS: C, 61.44;H, 4.61; N, 3.77; S, 8.63. Found: C, 61.56; without further purification. This product was characterized

H, 4.72; N, 3.66; S, 8.48. by 'H NMR (CDCl): & 7.88-7.85 (m, 2H), 7.63-7.50 (m,
4-Benzenesulfonyl-2-methylpent-1-en-3-ol (11b)o a 4H), 5.30 (dd,J = 1.6 Hz, 1H), 5.15 (s, 1H), 2.00 (d,=

solution of ethyl phenyl sulfon&0b (10.9 g, 64 mmol) in 1 6 Hz, 3H), 1.95 (s, 3H) and IR (neat) disappearance of the

THF (300 mL) was addeah-butyllithium (48 mL, 76.8 C=0 peak (1735 crm).

mmol) at—78°C. After stirring 1 h at—78°C, methacrolein

(6.1 mL, 70.4 mmol) was added, and the reaction mixture

was allowed to warm to room temperature with stirring for . . !

30 min. Water was added, anq the THF was rgmoved underg'gg g) ti?:ﬁ)e 2Zrﬁewmhlet:higlgsvtvr?§t Z)g:chr(ia;eiiegazlf)t?

reduced pressure. The resulting aqueous mlxture was ex_pu.rification by column chromatography (30% EtOAC in

tracted with EtOAc (300 mlx 3), and the combined extracts

were dried over MgSQ filtered, and evaporated under hexanes). mp 154C; IR (neat) 1713, 1610, 1592, 1282,

reduced pressure. The colorless dilk; 14.6 g, 95%) was L1157, 1085 cm’; tH NMR (CDCL): 6 8.07 (d,J = 8 Hz,

used without further purification. IR (neat) 3481, 1645, 1282, 2H), 7.88-7.84 (m, 2H), 7.69 (d) = 8 Hz, 2H), 7.66-

1141 cntt; *H NMR (CDCL): 6 7.94 (d,J = 8 Hz, 2H), (7:% é;n'slg’(zjejiiz ézm,lZS),;élgzdgg (TY, ﬂ? 13;;4

7.73-7.59 (m, 3H), 5.18 (br s, 0.5H), 5.00 (br&= 1 Hz, , » 9 - , 9 - , ’

0.5H), 4.9454.90 ()m, 1H)(, 4.71 (br s) 0.5H)(, 428 (dii= 2.06-2.04 (m, 3H), 1.64 (s, 3H}’C NMR 6 166.41, 155.65,

9 and 1 Hz, 0.5H), 4.16 (dl = 1 Hz, 0.5H), 3.24 (dg) = 141.35, 139.78, 138.36, 133.70, 133.38, 131.59, 130.08,

9 and 7 Hz, 0.5H), 3.16 (dd,= 7 and 1 Hz, 0.5H), 2.97 129.42, 128.35, 126.62, 86.32, 52.46, 47.09, 26.75, 12.47.

2.94 (m, 0.5H), 1.72 (s, 1.5H), 1.60 (s, 1.5H), 1.25J¢=  Anal. Calcd for GiH»NOsS: C, 63.14; H, 5.30; N, 3.51; S,

7 Hz, 1.5H), 1.03 (dJ = 7 Hz, 1.5H);13C NMR 6 142.34,  8.03. Found: C, 62.79; H, 5.28; N, 3.39; S 7.90.

141.92, 137.45, 136.98, 134.30, 134.15, 129.42, 129.40, 4-[5-(2-Benzenesu|fony|propeneny|)_5_methy|_,5_dihy_

129.17,128.87, 116.29, 112.89, 75.79, 70.25, 63.10, 61.70,droisoxazol-3-yl]-benzoic Acid 4b The title compound was

19.54, 16.18, 12.60, 6.20. Anal. Calcd foiB8160sS: C,  prepared in 90% isolated yield as a white solid (1.25 mmol

5997, H, 671, S, 13.34. Found: C, 6003, H, 668, S, 13.12. SCa'e) from 4_[5_(2_Benzenesu'fony|_propeneny|)_5_methy|_
1-(1-Benzenesulfonylethyl)-2-methylallyl Acetate (11c).  4,5-dihydro-isoxazol-3-yl]-benzoic acid methyl est@&b and

To a solution of 4-benzenesulfonyl-2-methyl-pent-1-en-3- LjOH following a procedure similar to that described above

ol 11b (2.23 g, 9.3 mmol) in pyridine (10 mL) was added for 4a, except product was washed with,Btinstead of

acetic anhydride (10 mL) and a catalytic amount of DMAP  yecrystallization with MeOH. mp 189C; IR (neat) 2865,

at room temperature. The mixture was stirred at room 1682, 1616, 1592, 1286, 1158, 1086 ¢m!H NMR

temperature overnight. The reaction was quenched 46y. H (CDCL): 6 8.14 (d,J = 8 Hz, 2H), 7.87-7.84 (m, 2H),
EtOAc was added, and the organic layer was washed with ;7 73 (d,J = 8 Hz, 2H), 7.65-7.52 (m, 3H), 7.12 (s, 1H)

H,O (x 2) and with saturated aqueous CuS0lution until 3.45 (d,J = 17 Hz, 1H), 3.36 (dJ) = 17 Hz, 1H), 2.05 (s,
the water layer remained a light blue color and then washed3H)' 1.65 (s, 3H):%C NMR & 171.14, 155.44, 141.00,
with saturated NaHC®solution until the bubbles ceased. 139.84 138.20 1'34.13 133.60 130.65. 12932 128.29
The organic layer was dried with MgS@nd evaporated o6 61" g6 35 47,02 26,70, 12.37. Anal. Calcd fadGs

qnder reduced pressure. It was useq without further purlflca— NOsS: C, 62.32: H. 4.97: N, 3.63: S, 8.32. Found: C, 62.30;
tion and 2.5 g (95%) of1cwas obtained as a white oil. IR H 503 N 363 S 826

(neat) 1735, 1651, 1298, 1286, 1240, 1138 €miH NMR ) _
(CDCk): 6 7.91-7.86 (m, 2H), 7.76-7.55 (m, 3H), 5.69 General Procedure for Solid-Phase Synthesis of Isox-
(s, 0.5H), 5.46 (dJ = 9.5 Hz and 0.5H), 5.06 (s, 0.5H), azolinopyrroles. Ethyl 3-[3-(4-Benzylcarbamoylphenyl)-
5.03-5.01 (m, 0.5H), 4.944.92 (m, 0.5H), 4.844.83 (m,  S-methyl-4,5-dihydroisoxazol-5-yl]-1H-pyrrole-2-carbox-
0.5H), 3.49 (dgJ = 9.5 and 7 Hz, 0.5H), 3.23 (dg,= 7 ylate 8a. (A) Reductive Amination.2-(4-Formyl-3-methoxy-
and 1.5 Hz, 0.5H), 1.86 (s, 1.5H), 1:68.65 (m, 4.5H), 1.39  phenoxy) ethyl polystyrene HIL beads (80 mg) (IR (neat)
(d,J =7 Hz, 1.5H), 1.27 (dJ = 7 Hz, 1.5H);*C NMR ¢ 1678, 1601, 1492, 1452 crt) were swollen in DCE for 1
169.15, 169.12, 140.18, 139.45, 139.34, 137.64, 133.94,h. The DCE was drained, and triethylorthoformate (3.45 mL)
133.67,129.22, 129.20, 128.70, 117.96, 112.67, 76.07, 71.65was added to the resin, followed by addition of 0.9 M
61.40, 61.08, 20.75, 20.71, 19.55, 17.37, 11.02, 7.74. Anal. benzylamine in DCE (3.910 mL) at room temperature, and
Calcd for G4H1604S: C, 59.55; H, 6.43; S, 11.36. Found: then agitated for 2 h. The solution was removed by suction,
C,59.92; H, 6.28; S, 11.07. and the resin was treated with 1 M NagEN in THF (3.52
(4-Methyl-penta-2,4-diene-2-sulfonyl)benzene (12b)o mL) and 1% AcOH in DMF (3.52 mL) overnight underN
a solution of acetic acid 1-(1-benzenesulfonyl-ethyl)-2- The resin was washed five times with DMF, MeOH, and

Methyl 4-[5-(2-Benzenesulfonylpropenenyl)-5-methyl-
4,5-dihydro-isoxazol-3-yl]benzoate (13b)Compoundl3b
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DCM. The procedure was repeated, affording polymer-bound (m, 1H), 4.35 (qJ = 7 Hz, 2H), 3.68-3.63 (m, 4H), 3.57

amine3 as yellow beads (positivye-chloranil test): IR (neat)
1601, 1492, 1452 crm.

(B) Coupling. Polymer3 (80 mg) was swollen in DMF
(3.5mL) and 0.2 M HOBH,O in DMF (1.76 mL) and 0.12

M 4-[5-(2-benzenesulfonyl-vinyl)-5-methyl-4,5-dihydro-isox-

azol-3-yl]-benzoic acidia in DMF (2.93 mL) were added

(t, J =5 Hz, 2H), 3.40 (s, 3H), 1.86 (s, 3H), 1.39 Jt= 7
Hz, 3H). MS (ESm/z 400.2 (M+ H*).

8i. HPLC: RT = 0.96 min.’H NMR (CDCL): ¢ 8.64
(br's, 1H), 7.94-7.88 (m, 2H), 7.78 (dJ = 8 Hz, 2H), 7.62
(d,J = 8 Hz, 2H), 7.58-7.48 (m, 4H), 7.387.30 (m, 5H),
6.98 (t,J = 3 Hz, 1H), 6.42-6.38 (m, 1H), 4.66 (dJ = 6

at room temperature, after which 0.2 M DIC in DMF (1.76 Hz, 2H), 3.69 (dJ = 17 Hz, 1H), 3.35 (dJ = 17 Hz, 1H),
mL) was added at 6C. The resulting solution was agitated 1.70 (s, 3H). MS (ESIyWz 500.1 (M+ H™).
overnight at room temperature. The solution was removed 8j. HPLC: RT = 0.95 min.’H NMR (CDCLk): ¢ 8.87
by suction. The procedure was repeated. The resin was(br s, 1H), 7.89 (d,J) = 8 Hz, 2H), 7.76 (d,J = 8 Hz, 2H),
washed three times with DMF, MeOH, and DCM (negative 7.75-7.40 (m, 4H), 7.61 (dJ = 8 Hz, 2H), 7.34-7.31 (m,
p-chloranil test), affording polymeT as yellow beads: IR 1H), 6.95 (s, 1H), 6.626.56 (m, 1H), 6.36:6.31 (m, 2H),
(neat) 1679, 1636, 1602, 1493, 1452,1262,1148cm 4.65 (d,J = 5 Hz, 2H), 3.69 (dJ = 17 Hz, 1H), 3.33 (d,
(C) Pyrrole Annulation. Polymer5 (80 mg) was swollen ~ J = 17 Hz, 1H), 1.69 (s, 3H). MS (EShHvz 490.1 (M+
in THF (3.5 mL) for 30 min. 0.1 M ethyl isocyanoacetate in  H*).
THF (2.640 mL) ad 1 M potassiuntert-butoxide in THF 8k. HPLC: RT = 0.96 min.'H NMR (CDCl): 6 8.90
(0.264 mL) were added at5 °C. The reaction mixture was  (br s, 1H), 7.9%7.88 (m, 2H), 7.75 (d) = 8 Hz, 2H), 7.62
stirred at the same temperature for 1 h. The reaction mixture(d, J = 8 Hz, 2H), 7.56-7.48 (m, 4H), 6.96 (t) = 3 Hz,
was warmed to room temperature and then agitated for 151H), 6.26-6.20 (m, 1H), 3.69 (dJ = 17 Hz, 1H), 3.34 (d,
h. The reaction was quenched by adding water and thenJ = 17 Hz, 1H), 3.29 (tJ = 7 Hz, 2H), 1.91 (septefl = 7
agitated for 1 h. The solution was removed. The resin was Hz, 1H), 1.69 (s, 3H), 0.99 (d] = 7 Hz, 6H). MS (ESI)
washed three times with THFB (1:1) and then three times  mVz. 466.2 (M+ H™).

with DMF, water, THF, MeOH, and DCM, affording

8l. HPLC: RT = 0.97 min.!H NMR (CDCl;): ¢ 8.95

polymer7 as yellow beads: IR (neat) 1703, 1634, 1601, (brs, 1H), 7.92-7.48 (m, 11H), 6.94+6.88 (m, 1H), 3.65

1493, 1452 cmt.

(D) Cleavage.Polymer7 (80 mg) was treated with a 10%

v/v solution of TFA in CHCI; (3 mL). The reaction was

3.52 (m, 6H), 3.41 (s, 3H), 1.64 (s, 3H). MS (E8#)z 468.1
(M + H).
8m. HPLC: RT= 0.98 min.’H NMR (CDCL): 6 8.93

agitated for 1 h. The solution was collected, and the (prs, 1H), 7.79 (dJ = 9 Hz, 2H), 7.74 (dJ = 9 Hz, 2H),

remaining resin was retreated with a 10% TFA in £

7.40-7.34 (m, 5H), 6.61 (dJ = 3 Hz, 1H), 6.57-6.51 (m,

for an additional 1 h. The solution was collected, and the 1H), 4.66 (dJ = 6 Hz, 2H), 4.34 (dg) = 7 and 2 Hz, 2H),

resins were washed and collected withCH (2 x 3 mL).

3.78 (d,J = 17 Hz, 1H), 3.67 (dJ) = 17 Hz, 1H), 2.30 (s,

The combined solution was concentrated under pressuregH), 1.83 (s, 3H), 1,39 (t) = 7 Hz, 3H). MS (ESI)m/z
using a Genevac DD-4 centrifugal evaporator, affording 446.2 (M+ H™).

isoxazolinopyrroleBa.

8a. HPLC: RT= 0.97 min.’H NMR (CDCL): ¢ 9.15
(br s, 1H), 7.78 (dJ = 9 Hz, 2H), 7.72 (dJ = 9 Hz, 2H),
7.38-7.35 (m, 5H), 6.83 (tJ = 3 Hz, 1H), 6.55 (tJ = 3
Hz, 1H), 6.54-6.49 (m, 1H), 4.66 (dJ = 5.5 Hz, 2H), 4.35
(@, J = 7 Hz, 2H), 3.63 (dJ = 5 Hz, 2H), 1.85 (s, 3H),
1.38 (t,J = 7 Hz, 3H). MS (ESm/z 432.2 (M+ H*).

8b. HPLC: RT = 0.95 min.H NMR (CDCL): 6 9.14
(br s, 1H), 7.78 (dJ = 8 Hz, 2H), 7.72 (d,J = 8 Hz, 2H),
7.40-7.38 (m, 1H), 6.83 (tJ = 3 Hz, 1H), 6.56 (tJ = 3
Hz, 1H), 6.52-6.48 (m, 1H), 6.36-6.31 (m, 2H), 4.65 (d,
J=5.5Hz, 2H), 4.35 (g) = 7 Hz, 2H), 3.63 (dJ = 5 Hz,
2H), 1.86 (s, 3H), 1.38 (t) = 7 Hz, 3H). MS (EShm/z
422.2 (M+ HY).

8c. HPLC: RT = 0.99 min.’H NMR (CDCl): ¢ 9.10
(br s, 1H), 7.77 (dJ = 9 Hz, 2H), 7.72 (dJ = 9 Hz, 2H),
6.83 (t,J = 3 Hz, 1H), 6.57 (tJ = 3 Hz, 1H), 6.26-6.10
(m, 1H), 4.36 (qJ = 7 Hz, 2H), 3.64 (dJ = 3 Hz, 2H),
3.30 (dd,J = 7 Hz and 6 Hz, 2H), 1.961.88 (m, 1H), 1.86
(s, 3H), 1.39 (tJ = 7 Hz, 3H), 0.99 (d,] = 7 Hz, 6H). MS
(ESI) Mz 398.2 (M+ H*).

8d. HPLC: RT = 0.98 min.’H NMR (CDCl): ¢ 9.11
(br s, 1H), 7.78 (dJ = 8 Hz, 2H), 7.72 (d,] = 8 Hz, 2H),
6.83 (t,J = 3 Hz, 1H), 6.56 (tJ = 3 Hz, 1H), 6.54-6.49

80. HPLC: RT = 1.00 min.*"H NMR (CDCl): 6 8.94
(brs, 1H), 7.777.74 (m, 4H), 6.62 (d) = 2 Hz, 1H), 6.46-
6.32 (m, 1H), 4.34 (dgq) = 7 and 2 Hz, 2H), 3.78 (d] =
17 Hz, 1H), 3.67 (dJ = 17 Hz, 1H), 3.31 (tJ = 7 Hz,
2H), 2.31 (s, 3H), 1.981.86 (m, 1H), 1.83 (s, 3H), 1.39 (t.
J= 7 Hz, 3H), 0.99 (d] = 7 Hz, 6H). MS (ESIWz 412.3
(M + HY).

8p. HPLC: RT = 1.00 min.*H NMR (CDCl): ¢ 8.92
(br s, 1H), 7.78 (dJ = 9 Hz, 2H), 7.74 (d,J = 9 Hz, 2H),
6.66-6.60 (M, 2H), 4.34 (dg) = 7 and 2 Hz, 2H), 3.8%
3.57(m, 6H), 3.40 (s, 3H), 2.31 (s, 3H), 1.83 (s, 3H), 1.39
(t, J = 7 Hz, 3H). MS (ESI)m/z. 414.2 (M+ H").

8g. HPLC: RT = 1.00 min.*H NMR (CDCl): 6 8.64
(br's, 1H), 7.78 (dJ = 8 Hz, 2H), 7.68 (d,] = 8 Hz, 2H),
7.39-7.30 (m, 5H), 6.65:6.59 (m, 1H), 6.58 (br s, 1H), 4.65
(d, J = 6 Hz, 2H), 3.61-3.50 (m, 4H), 3.46 (dJ = 17 Hz,
1H), 3.41 (d,J = 17 Hz, 1H), 2.13 (s, 3H), 1.73 (s, 3H),
1.69-1.58 (m, 6H). MS (ESI)vz 485.3 (M+ H).

8r. HPLC: RT = 0.99 min.'H NMR (CDCl): 6 8.57
(br's, 1H), 7.72 (dJ = 8 Hz, 2H), 7.62 (d,J) = 8 Hz, 2H),
7.33-7.32 (m, 1H), 6.55-6.49 (m, 2H), 6.29-6.25 (m, 2H),
4.65 (d,J = 6 Hz, 2H), 3.61-3.51 (m, 4H), 3.51 (dJ = 17
Hz, 1H), 3.41 (d,J = 17 Hz, 1H), 2.07 (s, 3H), 1.67 (s,
3H), 1.64-1.50 (m, 6H). MS (ESI)Wz: 475.3 (M+ H).
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8s.HPLC: RT= 1.02 min.'H NMR (CDCL): ¢ 8.66
(br s, 1H), 7.75 (dJ = 8 Hz, 2H), 7.69 (dJ = 8 Hz, 2H),
6.59-6.57 (M, 1H), 6.44-6.37 (m, 1H), 3.6+3.50 (m, 4H),
3.50 (d,J = 17 Hz, 1H), 3.41 (dJ = 17 Hz, 1H), 3.30 (t,
J =7 Hz, 2H), 2.13 (s, 3H), 1.92 (septek= 7 Hz, 1H),
1.73 (s, 3H), 1.761.58 (m, 6H), 0.98 (dJ = 7 Hz, 6H).
MS (ES)m/z 451.3 (M+ H*).

8t. HPLC: RT = 1.01 min.’H NMR (CDCL): ¢ 8.53
(br s, 1H), 7.78 (dJ = 8 Hz, 2H), 7.70 (dJ = 8 Hz, 2H),
6.74-6.66 (M, 1H), 6.59-6.56 (m, 1H), 3.67 (qJ = 5 Hz,
2H), 3.60-3.53 (m, 8H), 3.40 (s, 3H), 2.13 (s, 3H), 1.74 (s,
3H), 1.70-1.56 (m, 6H). MS (ESWz 453.3 (M+ H*).

8u. HPLC: RT = 0.96 min.’H NMR (CDCl): & 9.35
(or s, 1H), 7.77-7.72 (m, 6H), 7.57 (d) = 9 Hz, 2H), 7.46-
7.32 (m, 5H), 6.79 (dJ = 3 Hz, 1H), 6.67-6.59 (m, 1H),
4.66 (d,J = 6 Hz, 2H), 3.49 (dJ = 17 Hz, 1H), 3.42 (d,

J=17 Hz, 1H), 2.38 (s, 3H), 2.22 (s, 3H), 1.58 (s, 3H). MS

(ESl) m/z. 528.3 (M+ H™).

8v. HPLC: RT = 0.96 min.*H NMR (CDCl): ¢ 9.32
(br's, 1H), 7.806-7.68 (m, 4H), 7.57 (dJ = 8 Hz, 2H), 7.39
(s, 1H), 7.36-7.26 (m, 2H), 6.8+6.78 (m, 1H), 6.626.54
(m, 1H), 6.38-6.31 (M, 2H), 4.66 (dJ = 5 Hz, 2H), 3.50
(d, J = 17 Hz, 1H), 3.42 (dJ = 17 Hz, 1H), 2.38 (s, 3H),
2.22 (s, 3H), 1.59 (s, 3H). MS (EShyz 518.3 (M+ H™).

8w. HPLC: RT= 0.97 min.'H NMR (CDCL): ¢ 9.23
(br s, 1H), 7.74 (dJ = 8 Hz, 4H), 7.57 (d,J = 8 Hz, 2H),
7.28 (d,J = 8 Hz, 2H), 6.86-6.77 (m, 1H), 6.246.14 (m,
1H), 3.50 (dJ = 17 Hz, 1H), 3.42 (dJ = 17 Hz, 1H), 3.30
(t, J =7 Hz, 2H), 2.39 (s, 3H), 2.23 (s, 3H), 1.96.82 (m,
1H), 1.60 (s, 3H), 0.99 (dJ = 7 Hz, 6H). MS (ES)m/z
494.3 (M+ HY).

8x. HPLC: RT = 0.98 min.'H NMR (CDCl): 6 9.35
(br s, 1H), 7.78-7.69 (m, 4H), 7.57 (d) = 9 Hz, 2H), 7.36-
7.26 (m, 2H), 6.79 (dJ = 3 Hz, 1H), 6.78-6.64 (m, 1H),
3.70-3.66 (M, 2H), 3.623.56 (M, 2H), 3.52:3.40 (M, 2H),

3.41 (s, 3H), 2.38 (s, 3H), 2.23 (s, 3H), 1.60 (s, 3H). MS

(ESI) m/z. 496.2 (M+ H™).
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