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ABSTRACT
Ar? OH
Arl \N = ar—Hal+ = _+RLCHO +R-NH,
“R* 1) [Pd, Cu] A
R! 2) [thiazolium salt] | in a one-pot procedure
3) [acetic acid]

NEt,, A, 49-59 %
Ar! = electron deficient (het)aryl Ar2= (hetyaryl
1,2,3,5-Tetrasubstituted pyrroles can be synthesized in good yields in a one-pot, three-step, four-component process by a coupling—isomerization—

Stetter reaction—Paal—-Knorr sequence of an electron-poor (hetero)aryl halide, a terminal propargyl alcohol, an aldehyde, and a primary amine.
The structures of the 1,4-diketone 4f and the pyrrole 6b were additionally supported by X-ray structure analyses.

One-pot multicomponent processes have recently gained aclic classes can be readily accessed. Among numerous
considerable and steadily increasing academic, economic, andheterocycles the pyrrole core has always been one of the
ecological interest because they address very fundamentamost prominent since it constitutes important classes of
principles of synthetic efficiency and reaction desitgn. natural productsynthetic pharmaceuticaisand electrically
Additionally, the prospect of extending one-pot reactions into conducting materials such as polypyrroleln particular,
combinatorial and solid-phase synthé&égromises mani- 1,2,3,5-tetrasubstituted pyrroles are highly biologically active
fold opportunities for developing novel lead structures of and have proven to display antibactefiahtiviral (also anti-
pharmaceduticals, catalysts, and even novel molecule basedIV-1),° antiinflammatory:® and antioxidarit activity and
materials. With a palladiumcopper-catalyzed domino cross- to inhibit cytokine-mediated diseas®sThus, applying our
coupling—isomerization sequence of electron-poor halogen-

substitutedr-systems and 1-aryl prop-2-yn-1-ols furnishing || | R

1,3-di(hetero)aryl_ enones (i.e., chalcories® have recently Scheme 1. One-Pot Syntheses of Pyrazolines, Pyrimidines,
found a very efficient entry to three-component one-pot and Benzoheteroazepines Based upon a Couplsmmerization
syntheses of pyrrolidingspyrimidines? and 1,5-benzohet- Sequence
eroazepines(Scheme 1). OH

Considering the mild reaction conditions, quite a number EWG-n—Hal + =,
of generic structures of pharmaceutically relevant heterocy-  EWG: melilﬁc(}:gcvmg [Pd/Cu] l amine, THF

group

T Dedicated to Prof. Dr. Rolf Gleiter on the occasion of his 65th birthday. o

* X-ray crystal structure analysis. y hydrazines amidines o
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coupling—isomerization concept toward the synthesis of coupling in boiling triethylaminé® In all cases the beige to
pyrroles it can be easily envisioned that 1,2,3,5-substituted yellow 1,2,4-tri(hetero)aryl-1,4-diketondsvere obtained in
pyrroles should be accessible by combining a Stetter reaction,75—88% yield (Table 18

furnishing the 1,4-diketonédand a subsequent Paddnorr
cyclocondensation (Scheme %¥.¢Here, we wish to com-

Scheme 2. Retrosynthetic Concept for a Four-Component
Pyrrole Synthesis

A Paal-Knorr Ar?
Arl - condensation , )
NN g2 AP RENH,
R’ R'
Stetter
1,4-addition
coupling-
isomerization A
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Art—Hal + = 1_//\\< + R-CHO
AP Ar e}
Ar'= EWG(het)aryl Arz= (het)aryl

municate first synthetic studies on a novel one-pot pyrrole

synthesis based upon a couplirigomerization-Stetter-
Paal—Knorr sequence.

First, we tested the compatibility of the Stetter addition
of aldehydes to the in situ formed chalcone functionality.
Thus, we submitteg-bromo benzonitrile (1a) or 2-bromo
pyridine (1b), (hetero)aryl propynolg* and after some
reaction time (hetero)aryl aldehyd&sn the presence of a

thiazolium salt to the reaction conditions of the Sonogashira
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The NMR spectroscopic data support the formation of the
1,4-diketones, in particular, in tHél NMR spectra o4 by
the indicative appearance of the ABM-spin system with the
characteristic geminal and vicinal coupling constants for the
methylene group resonancéd € 18.0,3) = 4.3,3J = 9.6
Hz) and the vicinal coupling constants for the methine
resonancesy = 4.4,%] = 9.6 Hz). Furthermore, the structure
of 4 was unambiguously supported by an X-ray crystal
structure analysis (Figure 1) of compoutfef (Table 1, entry
6).

Figure 1. ORTEP plot of compoundf.

Finally, we have combined the one-pot couptingomer-
ization—Stetter reaction with the fourth step, i.e., a Paal
Knorr pyrrole reaction for designing a novel four-component
pyrrole synthesis. Thus, applyimgbromo benzonitrile (1a)
and 1-phenyl propyn-1-ol (2a) to the conditions of the
chalcone formation, after some reaction time adding (hetero)-

(15) Typical Procedure (4d).(Table 1, entry 4) A magnetically stirred
solution of 182 mg (1.00 mmol) of 4-bromo benzonitrila), 139 mg (1.05
mmol) of 1-phenyl propyn-1-0l3a), 14 mg (0.02 mmol) of Pd(PB&Cl>,
and 2 mg (0.01 mmol) of Cul in 5 mL of degassed triethylamine under
nitrogen was heated to reflux temperature for 16 h. After the mixture cooled
to room temperature, 115 mg (1.20 mmol) of furfuradl and 57 mg (0.2
mmol) of the thiazolium salt were added, and the reaction mixture was
heated to reflux temperature for 8 h. After being allowed to cool the mixture
was filtered, solvents were removed from the filtrate in vacuo, and the
residue was recrystallized from ethanol to give 261 mg (81%) of analytically
pure4d as light yellow crystals, mp 178C. 'H NMR (CDCls;, 300 MHz):

0 3.36 (dd,J = 4.3, 18.0 Hz, 1 H), 4.13 (ddl = 9.6, 18.0 Hz, 1 H), 5.21
(dd,J=4.4,9.6 Hz, 1 H), 6.53 (dd] = 1.7, 3.6 Hz, 1 H), 7.27 (m, 1 H),
7.42—7.63 (m, 8 H), 7.96 (d) = 7.2 Hz, 2 H).3C NMR (CDCk, 75
MHz): 6 42.5 (Ch), 48.8 (CH), 111.8 (Guay, 112.9 (CH), 118.8 (CH),
118.9 (Gua), 128.4 (CH), 129.0 (CH), 129.5 (CH), 133.0 (CH), 133.8 (CH),
136.4 (Guay, 143.9 (Guay, 147.2 (CH), 152.2 (Gua), 186.9 (Gua), 197.3
(Cqua)- MS (70 eV,m/z%): 329 (M, 17), 224 (M" — C¢HsCO, 11), 105
(CsHsCO, 40), 95 (GH3CO, 100). Anal. Calcd for &H1sNO3 (329.4): C,
76.58; H, 4.59; N, 4.25. Found: C, 76.54; H, 4.69; N, 4.19.

(16) All compounds have been fully characterized spectroscopically and
by correct elemental analysis or HRMS, respectively
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Table 1. Three-Component 1,4-Diketone Synthesis Based upon a Coupfingierization—Stetter—Acylation Sequehce

e
(HeyAr—7
OH

o 3 (Het)Ark __O
EWG-n~Hal + E—<(Het)Ar' n’%)j\ ! : Ii
2% (PhyP),PdCl,, 1% Cul EWG™ (Het)Ar HO s EWG™ (Het)Ar'
NEt,, A 20% ' N -
\ |

! 2 4 (7588 %)
Entry EWG-n-Hal  Propargyl alcohol Aldehyde 3 1,4-Diketone 4 (Yield %)°
1 2
o HetAk O
OH (Het)Arz—// (Het ’Ii
= L(Het)Ar1 EWG™ (Het)Ar'

NC
O
la 2a 3a
L0

2 1a 2a (HeuA= —O O 04
3b
: &

3 MeO.
HtA2=—< >——0Me
1a 2a (Henar

3c

4a (88 %)

4b (84 %)

3d
NC

H,

Het)Arz = g ﬁ
5 la 2a (Hen \@zp ©[s O o,
e SRAs

de (82 %)
6 QBr (Het)Art = —Q
1b 2b 3c
4£ (77 %)

aReaction conditions: 1.0 equiv of the (hetero)aryl hatldel.05 equiv of the propargyl alcoh@| 0.02 equiv of (P§P),PdCh, 0.01 equiv of Cul, 1.2
equiv of the aldehyd8, 0.2 equiv of the thiazolium salt, and NES mL/mmol halide)? Yields refer to isolated yields of compoundisfter recrystallization
estimated to be 95% pure as determined by NMR spectroscopy and elemental analysis.

aryl aldehydes3 in the presence of a thiazolium salt to the ously supported by an X-ray crystal structure analysis (Figure
reaction mixture, and finally adding primary amingsor 2) of compoundsb (Table 2, entry 2}/
ammonium chloride in the presence of acetic acid, the . . .
pyrroles6 were formed in moderate yields as a result of a In _C,O”C'”S'O”’ We,CO,UId ShOW, that the mild reaction
coupling-isomerization- Stetter-Paat-Knorr sequence (Table conditions of the couplingisomerization sequence of electron-
2)18.16 poor (hetero)aryl halides with 1-aryl propargyl alcohols
The formation of the pyrroles is strongly supported by the 9iving rise to chalcones can be extended to a one-pot three-
NMR spectra, in particular, in tH6C NMR spectra ob by component synthesis of 1,4-diketones (Stetter reaction) and,
the indicative appearance of the quaternary C-3 resonanceeven further, to a one-pot four-component pyrrole synthesis
at o 108 and the C-4 methine carbon signabat09 of the in the sense of a couplingsomerization-Stetter-Paat-
pyrrole core. In addition, the structure 6fwas unambigu-  Knorr sequence. Further studies directed to extend these one-
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Table 2. Four-Component Pyrrole Synthesis Based upon a
Coupling—Isomerization—Stetter—Paal—Knorr Sequénce

2% (PhyP),PdCl,, then:  NC
1% Cul amine (5) O
ta , 2a NEt,, A (4] acetic acid, A B O
then: 3 (Het)Ar2 Nh
HO, s
% [ 6 (49-59 %
20 % \/I»( . ( )
Entry 3 Amine 5 Pyrrole 6 (Yield %)
O  R-NH EWG~,
(Heyar—7 2 nI}—(Het)Ar'
(Het)Ar L
NC
! g
3b R=Bn M O

2 NC.
3d 5
:
NC.
3
3c R= O l O
"SoH O
5b

6b (55 %

&

)
\_}""c 6¢ (57 %)

NC.
3b = O i AN
O e (59 %)

3c NH,'CI

o o
¢

MeQ

6e (56 %)
5d

aReaction conditions: 1.0 equiv of the aryl halitie, 1.05 equiv of the
propargyl alcohoRa, 0.02 equiv of (P¥P,PdChb, 0.01 equiv of Cul, 1.2
equiv of the aldehyd@&, 0.2 equiv of the thiazolium salt, NE{2.5 mL/
mmol halide), 1.2 equiv of the aming and acetic acid (2.5 mL/5 mL
amine).b Yields refer to isolated yields of compoun@safter recrystalli-

Figure 2. ORTEP plot of compounéb.

Acknowledgment. The financial support of the Fonds
der Chemischen Industrie and the Dr.-Otto-R6hm Gedéacht-
nisstiftung is gratefully acknowledged.

Supporting Information Available: Experimental pro-
cedures and characterization of compou#dsd6. Tables
of data collection parameters, bond lengths and angles,
positional and thermal parameters, and least-squares planes
for 4f and6b. This material is available free of charge via
the Internet at http://pubs.acs.org.

0L0165185

(17) Crystallographic data (excluding structure factors) for the structures
reported in this paper have been deposited with the Cambridge Crystal-
lographic Data Centre as supplementary publication no. CCDC-164866 (
and no. CCDC-167867 (6b). Copies of the data can be obtained free of
charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ,
U.K. (Fax: + 44-1223/336-033. E-mail: deposit@ccdc.cam.ac.uk).

(18) Typical Procedure (6b). (Table 2, entry 2) According to ref 15
the coupling—isomerization—Stetter sequence was performed with 364 mg
(2.00 mmol) ofla, 278 mg (2.1 mmol) oRa, 44 mg (0.04 mmol) of Pd-
(PPh)2Cly, 4 mg (0.02 mmol) of Cul, 230 mg (2.40 mmol) 8d, and 114
mg (0.4 mmol) of thiazolium salt in 4 mL of triethylamine. After the mixture
cooled, 857 mg (8 mmol) of benzylaminga) and 2.5 mL of acetic acid
were added, and the mixture was heated to reflux temperature for 5 d. After
cooling and aqueous workup the residue was chromatographed on silica
gel (ethyl acetate/hexanes 1:6), and the residue was recrystallized from
ethanol to give 444 mg (55%) of analytically puBb as colorless crystals,
mp 104—105C. *H NMR (CDCls, 300 MHz): ¢ 5.14 (s, 2 H), 6.15 (dJ
= 3.1 Hz, 1 H), 6.36 (ddJ = 1.8, 3.2 Hz, 1 H), 6.55 (s, 1 H), 6.856.84

zation estimated to be 95% pure as determined by NMR spectroscopy and(M, 2 H), 7.18-7.25 (m, 3 H), 7-311‘7-35 (m, 7 H), 7.43 (dJ = 1.4 Hz,
elemental analysis. The acetylation occurred under the reaction conditions. 1 H), 7.50 (d,J = 8.4 Hz, 2 H).13C NMR (CDCk, 75 MHz): 6 48.9

d Nitrogen was transferred from glycine amide.

(CHy), 108.8 (Gua), 109.2 (CH), 111.2 (CH), 112.1 (CH), 119.4@),
122.3 (Gua), 124.6 (Gua), 125.9 (CH), 127.1 (CH), 127.6 (CH), 127.9
(CH) 128.5 (CH), 128.55 (CH), 129.1 (CH), 132.1 CH), 132.5,; 137.4

pot heterocycle syntheses to pharmaceutically and electroni-(Caua), 138.6 (Gua), 140.6 (Guar, 143.0 (CH), 145.1 (Ga). MS (70 eV,

cally interesting systems such as oligopyrroles are currently

underway.
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m/z(%): 400 (N, 86), 309 (M- — CgHsCHz, 100), 91 (GHsCH,, 32).
Anal. Calcd for GgH20N20 (400.5): C, 83.98; H, 5.03; N, 7.00. Found:
C, 83.88; H, 4.96; N, 6.97.
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