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An efficient diversity-oriented strategy has been developed for the solution-phase parallel synthesis of di-
and trisubstituted pyrrole libraries. Methyl esténsere effectively converted to 1,2-di- and 1,2,5-trisubstituted
pyrroles5 and 6 in three steps. Treatment of estewith vinylmagnesium bromide in the presence of
copper (I) cyanide yielded the corresponding homoallylic ketyn&hich was subjected to ozonolysis or
Tsuji—Wacker oxidation to yield the respective cyclization precursdand 4 after aqueous workup.
Compounds3 and4 were condensed without further purification with a primary amine to afford the desired
1,2-di- or 1,2,5-trisubstituted pyrrolésand6 in good yield and purity.

Introduction Q HsC,
(e}
I

Pyrroles™* are abundant as constituents of natural O HN "

product§—® and have broad synthetic utility in both materials 0 o

CH
science and medicine. Pyrrole-containing pharmaceuticals O / N\ CHs to,me:in
include the cholesterol-lowering drug atorvastatin calcium CHa
(Lipitor, Figure 1), notablas the first drug to earn in excess HsC
of $1 billion in its first year of sales. Pyrroles exhibiting a on 2 N’\\(OQOCH
1,2,5-trisubstitution pattern display interesting biological COZHOH I H O ?
properties, including antipsychofi&; 12 antiinflammatory:314 CHa
radioprotectivés and spasmolytié17 activity. Two clinical tipitor amtolmetin

examples of pyrroles displaying this substitution pattern are Figure 1. Representative pyrrole-containing drugs.
the nonsteroidal antiinflammatory agents amtolmetin and densation of isonitriles with 1.3-dionds. Lewis acid-

tolmetin'® (Figure 1). activated [3+ 2] dipolar cycloaddition of doneracceptor
Despite the value of pyrrole-containing compounds as cyclopropanes with nitrile, [3 + 2] cycloaddition of
biological agents, few combinatorial strategies exist for their O-propargylic salicylaldehydes wittN-alkylglycinates3?
synthesis, relative to the abundant approaches available forregiospecific alkylation of lithiated 2-alkynylamines or
the related indole and imidazole counterpattdlulticom- 2-alkynyl alcohols with alkyl isothiocyanaté$,and the
ponent coupling has been most often used to preparemicrowave-assisted cyclization of 1,4-diketoesrs.
multisubstituted pyrroles because preassembly of complex The commonly utilized PaalKnorr®>3approach, in which
precursors for cyclization is not required. Nevertheless, a 1,4-diketone is condensed with an amine, is particularly
pyrroles prepared from multicomponent pathways typically well suited for the synthesis of pyrroles bearing a 1,2,5-
possess limited diversity and invariably contain at least one trisubstitution pattern. The requisite 1,4-diket®i# com-
aryl substituent, often juxtaposed with one or more electron ponent is often obtained by the Ste¥éf reaction, which
withdrawing groups. For example, pyrrole libraries have been typically combines an aldehyde with amn-unsaturated
constructed in solutici?* and on solid suppoi®?? by the ketone under cyanide or thiazolium salt catalysis. The
cycloaddition of 1,3-dipoles to activated olefins (nitrosty- usefulness of a combined Stettdtaal-Knorr sequence for
renes) or alkynes. Pyrrole assembly by the addition of the diversity oriented generation of pyrroles has been
enaminones or imines to nitrostyrenes has found applicationexemplified by several recent solf##? and solution-
using solvent-freé solid-supported® and microwave-  phasé*“*® examples. Although of wide scope, the Stetter
assistetf conditions. A solid-phase adaptation of the classical reaction usually only gives best yiefsvith straight-chain
Hantzsch’ cyclocondensation of enaminones withbro- aliphatic, aryl, and heteroaryl aldehydes, and chromatography
moketones has also been descriffetihe paucity of com- is usually required to obtain suitably pure 1,4-dicarbonyl
mercially available olefins and alkynes and the tendency for compounds. In the context of pyrrole generation, alternative
unsymmetrical alkynes to give regioisomeric mixtures are strategies for 1,4-dione synthesis have generally been less
general limitations to the above approacffeRecent strate-  tolerant of structural diversit§f—4°
gies that may be amenable to improving diversity in pyrrole  Recently, we describ&¥ a protocol for synthesizing
library synthesis include the rhodium-catalyzed cyclocon- homoallylic ketone® by a copper-catalyzed cascade addition
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Figure 2. Diversity elementA1-A5, B1-B5, and 1,2-di- and 1,2,5-trisubstituted pyrrolesnd6.

of vinyl Grignard reagent to carboxylic ester$® 1 (Scheme
1). Homoallylic ketones2 possessing a wide variety of
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core (Figure 2). Pyrrole construction began with the prepara-
tion®® of homoallylic ketone<, obtained by treatment of a

functional groups, such as amines, sulfonamides, alcohols,series of esterg with excess vinylmagnesium bromide in
and carbamates, have been effectively prepared by thisthe presence of catalytic amounts of CUCN in THF&H

reaction. Oxidation of the olefin terminus ®has now been
explored to afford the PaaKnorr cyclization precursor3
and 4 for use in the generation of 1,2-di- and 1,2,5-
trisubstituted pyrrole® and®6, respectively (Scheme 1 and

°C (Scheme 1). Ketone® usually required purification by
flash chromatography, except in the case of ket@hb,
which was sufficiently pure after aqueous workup to be used
in subsequent chemistry. Oxidation of the olefin terminus

Figure 2). The utility and general scope of this convenient was performed in two ways. Ozonolysis of ketdh@2 in
method for combinatorial solution-phase synthesis has nowMeOH/CH,CI, (5:1) at—78 °C followed by treatment with
excess MgS afforded the masked 1,4-ketoaldehyda2.5”
Alternatively, ketone2 was oxidize® with 20 mol % of

been demonstrated.

Results and Discussion

PdC} and 100 mol % of CuCl in the presence of oxygen to

A library of 30 diverse pyrroles has been synthesized by generate the 1,4-dion¢ (Scheme 1). The crude products

judicious choice of a primary amiri, the requisite starting

obtained after aqueous work up and lyophilization of the

esterl, and oxidation conditions for the respective introduc- residual DMF were typically of sufficient purity for subse-
tion of diversity at the 1-, 2-, and 5-positions of the pyrrole quent steps. Pyrrole formation was completed by condensa-



Substituted Pyrroles from Carboxylic Esters

Scheme 1. Grignard/Ozonolysis/PaaKnorr and Grignard/
Tsuji—Wacker/PaatKnorr Sequences for the Synthesis of
Pyrroles5 and 6
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Table 1. Yields and Purities of 1,2-Di- and
1,2,5-Trisubstituted Pyrrole€s and 6

entry pyrrole isolated yield (%) crude purity (%)
1)01\ e 7 Mer jK/\/ 1 5A2B1 94 56
R™ "OCH3  30.50 mol% CucN R 2 5-A2B2 84 >08
THE. - 45°C 3  5A2B3 54 >98
1 ’ 2 4 5-A2B4 89 79
A) 1. O3, MeOH/CH,Cl,, - 78°C g g'ﬁigi g; Z%g

2. Me,S -

. 7 6-ALB2 96 85
o pacs ‘;r . 8 6-A1B3 83 96
; Cu 9  6-AlB4 4 95¢
Oz DMFRLO 10 6-AlB5 99 93
o 11 6-A2B1 89 98
J\ R2NH,, HOAc 12 6-A2B2 69 95
R1/Q\R3 " A 13 6-A2B3 67 78
A2 65-80° C 14 6-A2B4 77 95
15 6-A2B5 77 97
5 R3=H 3: R3 = -CH(OMe), 16 6-A3B1 95 96
) 17 6-A3B2 93 79
6:R® = Chs 4:R®=-COCH; 18 6-A3B3 78 96
. . . . o . 19  6-A3B4 86 76
tion of five primary amineB diversity elements with 20 6-A3B5 98 97
compounds and4 under Paat-Knorr conditions to generate 21 6-A4B1 86 85
the pyrroles5 and®6, respectively (Scheme 1). Two sets of gg g:ﬁjgg ?3 gg
cyclization conditions were utilized. quked ketoaldehyde 54 6-A4B4 90 95
3-A2 was successfully cyclized onto amiBg300—500 mol 25 6-A4B5 90 92
%) in a biphasic mixture of 1,2-dichloroethane and HOAc/ 26 6-A5B1 ¢ 83
H,O (1:1) at 80°C. Alternatively, dione4 was condensed 27 6-A5B2 7z 84
: . . 28 6-A5B3 72 94
with amineB (300—-500 mol %) in the presence of a 1:1 29 6-A5B4 55 68
mixture of NaOAc/HOAc (1 equiv w/w) in anhydrous 30 6-A5B5 4% 88

toluene or acetonitrile at 6%C. Under both sets of conditions,
pyrrole formation was generally rapid~(—5 h) and
uneventful, as monitored by TLC analysis. Typical workup
involved removal of excess amine by partitioning of the
reaction mixture between $/CH,Cl, (2:1) and phosphate
buffer (pH 6.8), followed by drying over MgSand removal

of volatiles by rotary evaporation and lyophilization. In this
manner, pyrroless and 6 were isolated in 5487% and
42—99% vyields, respectively, with purities ranging from
56—99% to 68-97%, as determined by reversed-phase
HPLC at 214 nM (Table 1). In several instances, chroma-
tography was performed to provide spectrally pure material
(Table 1).

Pyrroles rich in functionality were thus efficiently deliv-
ered by the three-step Grignard/TstiWacker/PaatKnorr
sequence from aliphatic and aromatic esfeslthough the
Tsuji—Wacker process limits diversity at the 5-position to a
methyl substituent, the potential may exist to oxidize this
position for further modification&®%* Moreover, the se-
guential ozonolysis/PaaKnorr reaction sequence on homo-
allylic ketone2-A2 furnished pyrrole$-A2B1—B5, which
may be suitable for derivatization at the 5-position by various
chemical modifications, such as Vilsmeigiaack? formy-
lation (Figure 2). Furthermore, pyrroles such@GA84B1—

B5 and 6-A5B1—B5 that possess amine and carboxylate

aFrom 3 or 4. P As determined by reversed-phase HPLC with
monitoring at 214 nM¢ Isolated yield after trituration from EtOAc/
hexane (1:1)d Purity of product after trituratiort Yield after
chromatography.

usually necessary, the subsequent oxidation and cyclization
steps provide pyrrole producksand6 that are sufficiently
pure for biological assays. This is usually not the case in
solution-phase approach&$*%3 involving the Stettef4°
reaction because chromatography is typically required in the
later part of the sequence to remove the thiazolium catalyst
used in the 1,4-dione synthesis.

Conclusions

A total of 30 pyrroles was synthesized in good yield and
purity from a series of structurally diverse methyl esters by
utilizing sequential Grignard/ozonolysis/Pa#norr and
Grignard/Tsuji-Wacker/PaatKnorr reaction sequences. Of
the 30 examples, 5 were 1,2-disubstituted, and 25 displayed
a 1,2,5-trisubstitution pattern. The improved product diversity
and ease of product isolation distinguishes this new protocol
as an effective method for synthesizing pyrrole libraries.

Experimental Section

General. For reactions performed under anhydrous condi-

handles offer potential for the attachment of additional tions, glassware was either oven- or flame-dried, and the
diversity elements. In comparison to the related StetterfPaal reaction was performed under a positive pressure of argon.
Knorr approaches, this route exhibits certain advantages, suctAnhydrous solvents (THF, Ci&N, toluene) were obtained

as the ability to employ relatively stable, functionally diverse by passage through solvent filtration systems (GlassContour,
esters instead of aldehydes in the synthesis of the penultimatdrvine, CA). NMR spectra were recorded on either a Bruker
cyclization intermediate8 and4 (Scheme 1). Furthermore, AV 400-MHz or AV 300-MHz spectrometer. Chemical shifts
although chromatography of the homoallylic ketoRds for *H and '3C NMR spectra were recorded in parts per
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million from tetramethylsilane with the solvent resonance
as the internal standard (chloroforén7.24 ppm, 77.00 ppm).

Hansford et al.

MHz, CDCl) 6 1.63-1.76 (dgJ = 11.3,~3 Hz, 2H), 1.86-
1.95 (m, 2H), 2.12 (s, 3H), 2.31 (,= 11.6, 3.8 Hz, 1H),

High-resolution mass spectra were performed by the Centre2.39 (dt,J = 11.6,~3 Hz, 2H), 2.56-2.62 (m, 2H), 2.64

régional de spectroscopie de masse de I'Univérsie
Montreal. HPLC analysis was performed on a Higgins
Analytical C18 reversed-phase analytical colunym@STarga
250 x 4.6 mm; Part No. TS-2546-C185). Analytical elutions
were performed using a flow rate of 1 mL/min, and gradients
of 96%/4% to 0%/100% A/B over 20 min (method A), 80%/
20% to 0%/100% A/B over 20 min (method B), 70%/30%
to 0%/100% A/B over 20 min (method C), 60%/40% to 0%/
100% A/B over 20 min (method D), and 40%/60% to 0%/
100% A/B over 15 min (method E), or under isocratic
conditions with 10%/90% A/B (method F), where &
H,0—0.1% TFA and B= CH;CN/H,0O(90:10)-0.1% TFA.
Retention timesR,) are reported as followsR; (min) and
elution conditions. Homoallylic ketone8A1—A3 were
prepared as previously reportétEster1-A5 was prepared
from g-alanine by esterification (MeOH/MeCOCI), followed
by Boc-protection (diert-butyl dicarbonate/N&£Os in di-
oxane/HO). Palladium (ll) chloride (99.9%) and copper (1)
chloride (99+ %) were purchased from Aldrich.
4,4-Dimethoxy-1-phenylbutan-1-one (3A2). A solution
of 2-A2 (257 mg, 1.6 mmol) in MeOH/CHCl, (5:1, 10 mL)
was treated with ozone at78 °C until a blue color persisted.
The —78 °C reaction mixture was purged with a stream of

argon to remove excess ozone, treated with dimethyl sulfide

(0.6 mL, 8 mmol), and stirred overnight, after which time

the bath temperature had warmed to room temperature.

Removal of the volatiles by rotary evaporation followed by
lyophilization gave crude product (260 mg, 78%) which was

sufficiently pure for the next step. NMR data was consistent

with the literature®*
General Procedure for the Synthesis of 1,4-Diones (4).

2.70 (m, 2H), 3.66-3.74 (m, 2H), 7.4#7.61 (m, 3H), 7.76-

7.75 (m, 2H):3C NMR (100 MHz, CDC}) 6 26.9, 29.8, 33.9,
36.8, 45.5, 47.3, 127.6, 129.0, 132.8, 136.2, 207.0, 210.0.
HRMS (FAB) m/z 324.1258 [M+ HT; calcd for GgHoo-
NO,S: 324.1264].

General Procedure for the Synthesis of Pyrroles (5).
For the preparation of pyrrolésA2B1, 5-A2B2, 5-A2B4,
and5-A2B5, a biphasic mixture 08-A2 (1 equiv) and amine
B (300—500 mol %) in HOAc/HO (1:1, 1 mL) and 1,2-
dichloroethane (1 mL) was heated to ®with rapid stirring
until complete consumption of the starting material was
observed by TLC. Slightly modified conditions were em-
ployed for the preparation of pyrrol&-A2B3 due to the
water-soluble nature of amir&3 and the increased propen-
sity of 5-A2B3 to degrade under the reaction conditions;
hence, a mixture 08-A2 (1 equiv), amineB3 (500 mol %)
was buffered with KOAc (0.86 g) in HOACHAD/CH:CN
(1:1:1, 1.5 mL) and heated at 8C for 12 h. After cooling
to RT, the reaction mixture was partitioned betweesOEt
CH.CI; (2:1) and NaCO;s solution (5% aqueous). The layers
were separated, and the aqueous phase was extracted with
Et,O/CH.CI, (2:1). The combined organic phases were
washed with pH 6.8 sodium phosphate buffer, dried with
MgSQ,, and evaporated.

Example: 2-Phenyl-H-pyrrole (5-A2B2). Prepared
from 3-A2 (32.5 mg, 0.156 mmol) to yield crude product
(21 mg), which was chromatographed (90:10 hexanes/
EtOAC) to give the title compound (12.5 mg, 56%) as a solid.
H NMR (400 MHz, CDC}) 6 6.30 (dd,J = 2.7 Hz, 1H),
6.50-6.56 (m, 1H), 6.83-6.88 (m, 1H), 7.20 (tJ = 7.4
Hz, 1H), 7.36 (tJ = 7.7 Hz, 2H), 7.44-7.50 (m, 2H), 8.36
8.55 (br s, 1H)23C NMR (75 MHz, CDC}) 6 105.9, 110.1,

A two-necked flask fitted with a septum and connected t0 11gg 1238 126.2 128.9 132.1. 132.7. ESM& 144
an oxygen-filled balloon via a three-way tap was charged ( 1 ,H)# R: 155 (’method, Q). ’

with PdC} (~0.2 equiv) and CuCH1.0 equiv), treated with
a solution of DMF/HO (7:1, ~3 mL/mmol CuCl), evacu-
ated, and flushed with oxygen three times. After stirring at

room temperature for 1 h, the mixture was treated via syringe

with a solution of homoallylic keton2 (1.0 equiv) in DMF/
H,O (7:1, ~1 mL/mmol homoallylic ketone) and stirred

General Procedure for the Synthesis of Pyrroles (6).
A mixture of 1,4-dionet (1 equiv), amineB (300—500 mol
%) and NaOAc/HOAc (prepared by mixing equimolar
guantities of NaOAc and HOAc; 1 equiv w/w) in toluene
(with aminesB2—B5) or MeCN (with amineB1) (~10 mL
solvent per 1 mmo#) was heated at 6%C until complete

overnight. On occasion, if TLC analysis revealed unreacted consumption of starting material (TLC). After cooling to

starting material, an additional quantity of PeC+0.2 equiv)
was added to the mixture, and stirring was continued until

room temperature, the reaction mixture was partitioned
between EXO/CH.Cl, (2:1) and pH 6.8 sodium phosphate

the starting_ material was gqmpletely consumed (TLC). The pyffer (with aminesB1, B3—B5) or 1 M HCI solution (with
reaction mixture was partitioned between EtOAc and HCI amineB2). The layers were separated, and the organic phase
solution (1 M aqueous), and the layers were separated. Theyas washed with pH 6.8 sodium phosphate buffer (with

aqueous layer was extracted with several portions of EtOAc,

aminesB1, B3—B5) or 1 M HCI solution (with amineB2).

and the combined organic layers were washed with water The aqueous phase was extracted witfOEEH,Cl, (2:1),
and brine. The aqueous washings were extracted with EtOAC,and the combined organic phases were dried with MgSO

and the combined organic phase was dried with Mg&da
evaporated. Lyophilization of residual DMF from the crude
product afforded 1,4-dioré of sufficient purity for the next
step.

Example: 1-(1-Benzenesulfonylpiperidin-4-yl)-pentane-
1,4-dione (4A1). Prepared as a pale brown oil (294 mg,
95% yield) from2-Al (295 mg, 0.96 mmol):H NMR (400

Volatiles were removed by successive rotary evaporation/
lyophilization.

Example: 1-Benzenesulfonyl-4-(1-benzyl-5-methylH-
pyrrol-2-yl)-piperidine (6 -A1B2). Prepared frord-Al (22.2
mg, 0.068 mmol) andB2 to yield the title compound (25.8
mg, 96%) as an orange/brown powder after lyophilization.
H NMR (400 MHz, CDC}) 6 1.68-1.83 (m, 4H), 2.09 (s,
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3H), 2.18-2.34 (m, 3H), 3.78:3.88 (m, 2H), 4.97 (s, 2H), (19) Dolle, R. E.J. Comb. Chem2002, 4, 369-418.
5.89 (d,J = 3.5 Hz, 1H), 5.91 (dJ = 3.5 Hz, 1H), 6.77 (d, (20) Dhawan, R.; Arndtsen, B. Al. Am. Chem. So2004 126,

— 468-469.
J=6.9 Hz, 2H), 7.187.29 (m, 3H), 7.497.64 (m, 3H), (21) Caldarelli, M.; Habermann, J.; Ley, S. V. Chem. Soc.

7.73-7.78 (m, 2H).°C NMR (75 MHz, CDC}) 6 138.4, Perkin Trans 11908 107110,
136.1, 135.5, 132.6, 128.9, 128.7, 128.4, 127.6, 127.1, 125.3, (22) Strocker, A. M.; Keating, T. A.; Tempest, P. A.; Armstrong,
106.0, 103.4, 46.6, 46.4, 33.3, 32.3, 12.2. HRMS (&2 R. W. Tetrahedron Lett1996 37, 1149-1152.

394.1725 [M; calcd for GaH2eN20.S: 394.1715]R;: 23.7 (23) Mijalli, A. M. M.; Sarshar, S.; Baiga, T. Jetrahedron Lett.
1996 37, 2943-2946.

(method A). (24) Ranu, B. C.; Dey, S. Setrahedron Lett2003 44, 2865—
2868.
Acknowledgment. This work was supported by grants  (25) Trautwein, A. W.; Jung, GTetrahedron Lett1998 39,
from Fonds Qukecois de la recherche sur la nature et les 8263-8266.

technologies (FQRNT), Valorisation-Recherche “Ge (26) Ranu, B. C.; Hajra, A.; Jana, Bynlett200Q 75-76.

. P . (27) Hantzsch, AChem. Ber189Q 23, 1474.
(VRQ), and the Natural Sciences and Engineering Research (28) Trautwein, A, W.; Sssmuth, R. D.: Jung, Gioorg. Med.

Council of Canada (NSERC). We thank Mr. Dalbir Sekhon Chem. Lett1998 8, 2381-2384.
for mass spectral analysis. (29) Improved regiocontrol may be possible: Katritzky, A. R.;
Huang, T. B.; Voronkov, M. V.; Wang, M. Y.; Kolb, HJ.
Supporting Information Available. Detailed experi- Org. Chem200Q 65, 8819-8821.

mental procedures, characterization and spectroscopic data 3% Izafiy;?f'; Kojima, S.; Murahashi, S.€rg. Lett.2001, 3,

for all compounds. This material is available free of charge 31y vy, M.; Pagenkopf, B. LOrg. Lett. 2003 5, 5099-5101.

via the Internet at http://pubs.acs.org. (32) Bashiardes, G.; Safir, |.; Barbot, F.; Ladurantyletrahedron
Lett. 2003 44, 8417-8420.
References and Notes (33) Brandsma, L.; Nedolya, N. A.; Trofimov, B. A&ur. J. Org.

) ) Chem.1999 10, 2663-2664.
(1) Ferreira, V. F.; de Souza, M. C. B. V.; Cunha, A. C.; Pereira, (34) Minetto, G.; Raveglia, L. F.; Taddei, Norg. Lett.2004 6,

L. O. R;; Ferreira, M. L. GOrg. Prep. Proced. Int2001, 389-392.
33, 411-454. (35) Knorr, L. Chem. Ber1885 18, 299.
(2) Gilchrist, T. L.J. Chem. Soc. Perkin Trans.2D01, 2491 (36) Paal, CChem. Ber1885 18, 367.
2515. . (37) Ho, T.-L.Synth. Commuril974 4, 265-287.
(3) Patterson, J. MSynthesisl976 281—302. _ (38) Hudlicky, T.; Price, J. DChem. Re. 1989 89, 1467-1486.
(4) Sundberg, R. omprehensgie Heterocyclic Chemistry JlI (39) Stetter, H.; Kuhlmann, HOrg. React1991, 40, 407—496.
Katritzky, A. R., Rees, C. W., Scriven, E. F. V., Eds.;  (40) Stetter, HAngew. Chem., Int. Ed. Engl976 15, 639—
Pergamon Press: Oxford, 1996, Vol. 2, pp +296. 712.
(5) Loya, S.; Rudi, A.; Kashman, Y.; Hizi, Biochem. J1999 (41) Raghavan, S.; Anuradha, Bynlett2003 711—713.
344, 85-92. (42) Kobayashi, N.; Kaku, Y.; Higurashi, K.; Yamauchi, T.;
(6) Kim, S.; Son, S.; Kang, HB. Kor. Chem. Sac2001, 22, Ishibashi, A.; Okamoto, YBioorg. Med. Chem. LetR002,
1403-1406. 12, 17471750.
(7) Boger, D. L.; Boyce, C. W.; Labroli, M. A.; Sehon, C. A.;  (43) Braun, R. U.; Zeitler, K.; Muller, T. J. Drg. Lett.2001, 3,
Jin, Q.J. Am. Chem. S0d.999 121, 54-62. 3297-3300.
(8) Gribble, G. W.Comprehensie Heterocyclic Chemistry ;lI (44) Jacobi, P. A.; Buddhu, S. C.; Fry, D.; Rajeswari,)SOrg.
Katritzky, A. R., Rees, C. W., Scriven, E. F. V., Eds,; Chem.1997 62, 2894-2906.
Pergamon Press: Oxford, 1996, Vol. 2, pp 2@b7. (45) Taber, D. F.; Nakajima, KI. Org. Chem2001, 66, 2515—
(9) Thompson, R. BFASEB J.2001, 15, 1671-1676. 2517.
(10) Vanwijngaarden, I.; Kruse, C. G.; Vanhes, R.; Vanderheyden, (46) Rao, H. S. P.; Jothilingam, Setrahedron Lett2001, 42,
J. A. M.; Tulp, M. T. M. J. Med. Chem1987, 30, 2099~ 6595-6597.
2104. (47) Rao, H. S. P.; Jothilingam, S.; Scheeren, HTétrahedron
(11) Vanwijngaarden, I.; Kruse, C. G.; Vanderheyden, J. A. M.; 2004 60, 1625-1630.
Tulp, M. T. M. J. Med. Chem1988 31, 1934-1940. (48) Hewton, C. E.; Kimber, M. C.; Taylor, D. Kletrahedron
(12) Scott, M. K.; Martin, G. E.; Distefano, D. L.; Fedde, C. L.; Lett. 2002 43, 3199-3201.
Kukla, M. J.; Barrett, D. L.; Baldy, W. J.; Elgin, R. J.; (49) Ong, C. W.; Chen, C. M.; Wang, L. H.; Jan, J.JJ.Org.
Kesslick, J. M.; Mathiasen, J. R.; Shank, R. P.; Vaught, J. Chem.1998 63, 9131-9134.
L. J. Med. Chem1992 35, 552-558. (50) Hansford, K. A.; Dettwiler, J. E.; Lubell, W. DDrg. Lett.
(13) Martinez, G. R.; Walker, K. A. M.; Hirschfeld, D. R; 2003 5, 4887-4890.
Maloney, P. J.; Yang, D. S.; Rosenkranz, R1IAVied. Chem. (51) Watanabe, S.; Suga, K.; Fujita, T.; Saito,Alst. J. Chem.
1989 32, 890-897. 1977, 30, 427—431.
(14) Khanna, I. K.; Weier, R. M.; Yu, Y.; Collins, P. W,; (52) Morris, A. F.; N4, F.; Snowden, R. LPerfumer Flaorist
Miyashiro, J. M.; Koboldt, C. M.; Veenhuizen, A. W.; Currie, 1991, 16, 33—35.
J. L.; Seibert, K.; Isakson, P. Q. Med. Chem1997, 40, (53) Suga, K.; Watanabe, S.; Yamaguchi, Y.; Tohyama, M.
1619-1633. Synthesis97Q 189-190.
(15) Law-Ho; Pera, M. H.; Taillandier, G.; Fatome, M.; Laval, J.  (54) Watanabe, S.; Suga, K.; Fuijita, [6r. J. Chem.1973 11,
D.; Leclerc, G.Eur. J. Med. Chem1993 28, 703-707. 71-74.
(16) Cavier, R. R.; Rips, R.; Notteghem, M.-Dherapie1961, (55) Watanabe, S.; Suga, K.; Fujita, T.; TakahashiCén. J.
16, 991-997. Chem.1972 50, 2786-2787.
(17) Buu-Hd) N. P.; Rips, R.; Derappe, G. Med. Pharm. Chem. (56) Larson, G. L.; de Lpez-Cepero, I. M.; Torres, L. E.
1962 5, 13571362. Tetrahedron Lett1984 25, 1673-1676.
(18) Tubaro, E.; Belogi, L.; Mezzadri, C. NEur. J. Pharmacol. (57) Certain functional groups, such as alkylamines may not be

200Q 387, 233—-244. tolerant of these conditions. See: Lubell, W. D.; Rapoport,



898 Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 6 Hansford et al.

H.J. Am. Chem. S0@987, 109, 236-239 and ref 14 therein. (61) Thyrann, T.; Lightner, D. ATetrahedron Lett1995 36,

The requisite 1,4-keto aldehydes were also prepared from 4345-4348.
ketone2-Al and2-A5 and were converted into their pyrrole (62) Vilsmeier, A.; Haack, ABer. Drsch. Chem. Ge4927, 60,
counterparts contaminated with unidentified side products. 119-122.
These examples were not further optimized. (63) Raghavan, S.; Anuradha, Retrahedron Lett2002 43,
(58) Tsuji, J.Synthesid984 369-384. 5181-5183.
(59) Moreno-Vargas, A.; Robina, |.; Fernandez-Bolanos, J. G.; (64) Molander, G. A.; Cameron, K. @. Am. Chem. S0d.993
Fuentes, JTetrahedron Lett1998 39, 9271-9274. 115 830-846.

(60) Thyrann, T.; Lightner, D. ATetrahedron Lett1996 37,
315-318. CC049904X



