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1. Introduction o RE N0, cat.ge rR2 RS
N : + CO ﬂ\
The pyrrole ring is a one of key structural elersei Rl R3 DME RN TR
H

numerous natural product$,synthetic medicinal agent$,and R?
novel material§. These widespread applications have triggered

the development of various synthetic methods ofrqigs. Scheme 1.
However, it often poses difficult problems of regiesévity and
is often complicated by the low chemical stability many
pyrroles derivatives on the reaction conditions.u§h the

2. Results and discussion

development of a simple and convenient synthetithae of When 4-nitro-1,3-diphenylbutan-1-ongaj was reacted with
various _gype of multisubstitutedHtpyrroles is of continuous .arhon monoxide (30 atm) in the presence of aytataimount
interest. of selenium (25 mol%) and 1-methylpyrrolidine ashase in

Recently, we and Chinese chemists have shown tameaital DMF solvent at 150 °C for 5 h, 2,4-dipheny#-pyrrole @a) was
selenium acts as a unique catalyst for the redaiatixclization ~ formed in 81% yield (entry 5 in Table 1). To deteren the
and reductive carbonylation of aromatic nitro commpds with ~ Optimized reaction conditionsla was allowed to react with
carbon monoxide giving the corresponding nitrogentaining ~ carbon monoxide in the presence of the seleniumlysatunder
heterocyclic compounds? Based on the continuous study of the various reaction conditions, and these resultshosvn in Table
utilization of carbon monoxide in organic synthesige now 1. When other amines, such as triethylamine, DBU, and
show a convenient synthetic method of various nubisituted ~ inorganic base, §CO;, instead of 1-methylpyrrolidine were used
1H-pyrroles by the reaction gfnitro substituted ketones, which @s & base, the yields 2& decreased due to the formation of 4-
are easily prepared by the Michael addition reaatibalkyl nitro ~ 0X0-2,4-diphenylbutanenitrile 34), 4-oxo-2,lAé-diphenbeutanaI
compounds with a,B-unsaturated carbonyl compounds, andoXime @a) or 1,3-diphenylpropane-1-on&a)™~ as by-products

carbon monoxide in the presence of the seleniunalysat (entries 7-9). In the case of dimethylacetamide QM
(Scheme 1§-* acetonitrile, and THF solvents, the yields2afslightly decreased

(entries 10-12). The yield oRa was diminished, when the
reaction was carried out at lower reaction tempeeat(80, 50,
80, and 120 °C) and a lower CO pressure (10 atmjident-4
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and 6). It is interesting to note that, at 30 aBcPG, oximed4a  Table 2. Synthesis of 2,4-diaryl substituted pyrréles

was obtained as the main product (entries 1 and 2). cat.gg
- . - 2
Table 1. Optimized reaction conditiofs NO CNMe Ar
NO, @t se Q ’ ﬂ
Q b + CO 1
ase 1 2 Ar N
Ph Ph + Cco Ar Ar DMF H
solvent
la 1 2
Ph \N\ OH Entry Art Ar? Yield (%)®
0
Ph— >y o o )K/[ Ph)K/\Ph 1 4-CH3CgH, Ph 2b 56 (61)
: Ph Ph 2 3-CHyCeH, Ph ¢ 64 (68)
2a 3a 4a 5a
3 2-CH3CgH,4 Ph 2d 30 (57)
Yield (%)P
Entry Solvent  Base  Temp. T teld (%) 4 4-CH;0CgH, Ph 2e 58 (66)
2a 3a 4a  5a
5 4-CICgH, Ph 2f 43 (64)
1 DMF CNMe 30 17 15 51 0 6 Ph 4-CHyCoHy 29 54 (63)
2 DMF 50 25 16 37 0
7 Ph 3-CH3CgH, 2h 50 (59)
3 DMF 80 43 12 13 3 )
8 Ph 2-CHaCeH, 21 32(51)
4 DMF 120 7 8 _
5  DMF 150 81(62) O 13 9 Ph 4-CHyOCgH, 21 44 (49)
6  DMF 150 77 0 0 10 10 Ph 4-CICgH,4 2k 66 (79)
! PMF F 10 2 n bod # Reaction conditionsta (0.4 mmol), selenium (0.1 mmol), 1-
8 DMF DBU 150 40 0 0 55 methylpyrrolidine (2.5 mmol), and DMF (2.5 mL) undg© (30
9 DMF K,COj 150 29 11 0 10 atm) at 150 °C for 5 h.
b . . .
10  DMA CNMe 150 67 5 0 10 Isolated yields. The numbers in parenthesis shav'th
NMR yields.
11 THF 150 43 3 6 17
“For 10 h.
12 CH4CN 150 64 4 4 12

The synthesis of 4-alkyl-2-phenyl- and 2-alkyl-4eplyl-1H-
2 Reaction conditionsia (0.4 mmol), selenium (0.1 mmol), Pyrroles,2l and2m, was successfully achieved by the selenium-

base (2.5 mmol), and solvent (2.5 mL) under CO (8@ dor 5 catalyzed reaction of the correspondirenitro substituted
h. ketones and carbon monoxide (entries 1 and 2 ineTa) The

b1 ) ) ) ) 2,3,4- and 2,3,5-tri- and 2,3,4,5-tetrasubstituteldpyrroles,2n-
_ H-NMR yields. The number in parenthesis shows |50Iate(§q, were also synthesized by the selenium-catalyzective N-
yield. heterocyclization of the correspondipgitro substituted ketones
® Under CO (10 atm). with carbon monoxide (entries 3-6). In the casehef synthesis
of 20 by the reaction using ethyl 2-acetoxy-4-nitro-3-

In order to elucidate the scope and limitationtw protocol,  phenylbutanoate, the ester group was inactive utidereaction
various 4-nitro-1,3-diarylbutan-1-ones were treatéth carbon  conditions (entry 4).

monoxide in the presence of the selenium catal5st rfiol%)
under the same reaction conditions as that of éniry Table 1.
These results are shown in Table 2. 4-Nitro-1-(4-yipttenyl)-
and 4-nitro-1-(3-methylphenyl)-3-phenylbutane-1-disaring an
electron donating group gave the corresponding yR4ar
diphenyl-H-pyrroles, 2b and 2c, in 61 and 68% yields,
respectively (entries 1 and 2). In the case of trbfii-(4-
methoxyphenyl)-3-phenylbutan-1-one, the yield of (42-
methoxyphenyl)-3-phenylH-pyrrole @e) decreased; however,
the yield of2e was improved by extending the reaction time (10
h) (entry 4). For the reaction of 1-nitro-1-(4-ctldphenyl)-3-
phenylbutan-1-one, in which the electron withdrawingup was
substituted on the aromatic rin@f was also obtained in a
moderate yield (entry 5). Similarly, the reductivél-
heterocyclization of the 3-aryl substituted 4-nitrphenylbutan-
1-ones with carbon monoxide smoothly proceededve tlie 2-
phenyl-4-aryl substitutedH-pyrroles,2g-2k, in moderate yields
(entries 6-10). Even when the sterically hindere@-diaryl
substituted 4-nitroketones, such as 4-nitro-1-(2Aylphenyl)-3-
phenylbutane-1-one, was used as the subsfdtajas obtained
in 57% vyield (entry 3).
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Table 3. Synthesis of multisubstituted pyrrofes Table 4. One-pot synthesis of multisubstituted pyrréles
cat.Se cat.ga
o R\ N0 CNMe RRR 0 - NOs CNMe CoHs00C R
ng " ﬂ\ )K/COOQH; ® /\(2 o /Z—ﬁ\Rz
R! R® DMF RN R R DMF N
R? H 6 7 2
(0.4 mmol) (30 atm) 2
Entry  Vinyl nitro compound Yield (%)°
Entry y-Nitoro carbonyl compound Yield (%)° ~_NO,

20 58

zZ
o
N
=

o}
1 21, 31%
Ph n-C,4Hg XxNO;
2L
2 CeHy Ph 2m, 53% 2 X = CHg 2r 59

z
%
>< i

o NO, 3 X =CH30 2s 58
3 Ph)H/[Ph 2n, 53% 4 X=Cl 2t 55
- NO,
o NO, 5 @N 2u 63
4 Ph)S/[Ph 20, 60%
COOC,Hg SUNO,
6 2v 39

2p, 36%

NO,
2w 16

2 X
o NO,
6 Ph Ph 2q, 25%
% Reaction conditions: 6 (0.4 mmol), 7 (0.4 mmoBlesium

a . . . (0.2 mmol), 1-methylpyrrolidine (2.5 mmol), and DMES5 mL)
Reaction conditiongy-nitro carbonyl compound (0.4 mmol), nder CO (30 atm) at 120 °C for 5 h.

selenium (0.1 mmol), 1-methylpyrrolidine (2.5 mmahd DMF ) .
(2.5 mL) under CO (30 atm) at 150 °C for 5 h. Isolated yields.

® |solated yields. For the reaction, 4-oxo-2,4-diphenylbutanenitrida)(and 4-
) ) / oxo-2,4-diphenylbutanal oximelg) were formed as by-products
Next, we investigated the one-pot synthesis Bfpyrrole (Table 1). Based on these results, we proposed ttrese
bearing an ethyl ester group by the selenium-czgalyreaction  compounds were intermediates for the selenium-cately
of ethyl acetoacetate6), [-nitrostyrene Ta) and carbon gypthesis of multisubstitutedipyrroles by the reaction of thye
monoxide. When6 was allowed to react witlfa under the pitrg substituted ketones with carbon monoxide. Tataim
pressure of carbon monoxide (30 atm) in the presesica  information on the reaction pathway, the nit8@and oximeda
catalytic amount of selenium (25 mol%) and 1-mathwiolidine  \yere separately treated with carbon monoxide in teegmce of
as the base in DMF solvent at 120 °C for 5 h, the-mot 5 catalytic amount of selenium at 150 °C for 5dr. te reaction
synthesis of H-pyrrole bearing ethyl ester group was of 33 3a was recovered in 67% yield with a small amount ef th
successfully attained to give ethyl 2-methyl-4-pfiekH- 1 pyrrole 2a (16%) (Scheme 2). On the other hand, in the case
pyrrole-3-carboxylate2p) in 58% yield (entry 1 in Table 4). 1- of 4a, 2a was obtained in 73% yield (Scheme 3). From these

Methyl-, 1-methoxy-, 1-chloro-4-(2-nitroethenyl)lxsmes, and results, it was suggested that the oxime may bemgortant
1-methyl-3-(2-nitroethenyl)benzene gave the cowesing 2-  intermediate during the reaction.

methyl-4-aryl-H-pyrrole-3-carboxylates2r-2u, in 59, 58, 55
and 63% vyields, respectively (entries 2-5). For #ierically Se (25 mol%) Ph

hindered  B-nitrostyrene, such as 1-methyl-2-(2- o |N| |:NMe (2.5 mmol)
Ph

3

nitroethenyl)benzene and 2-nitro-1-phenyl-1-propehe yields

of products2v and2w, were slightly decreased (entries 6 and 7). ph DMF (2.5 mL) Ph H
3a 150, 5h 2a, 16%
(0.1 mmol) (30 atm)

Scheme 2



4
N [_NMe (25 mmol
o ( ) a
*co Ph
Ph Ph DMF (2.5 mL) H
4a 150 C,5h 2a, 73%

(0.1 mmol) (30 atm)
Scheme 3
Path A Se + CO

lBase
R¢__NO, RY_NO RY__N.
o seco @ — O F "oH
e
R R® -co, R! R® R! R®
RZ

R2 R2

R2 R3 R2 R3
— o — A5,
R \N R4 -H, R N R
H

Path B
Base
Se + CO —> SeCO
cozl H,0
RY_NO RY_NH
o : H,Se o :
RY R3 RY R®
R2 R2
RZ R3 R2 R3
/Z—S\ 1/Z—§\ 4
-H,0 Rl \N R -H, R N~ R
H
Scheme 4

We cannot explain the reaction pathway in detailt au
plausible reaction pathway is shown in Scheme 4. Aatkfor
the preparation of the carbonyl selenide (SeCO) tha
acidolysis of secondary amine salts of the selaharaates
generated by the reaction of elemental selenium witbon
monoxide and secondary amine has already been sfidtwmas
proposed that the reductive deoxygenation of th® mjroup of
the y-nitro substituted ketones with SeCO to generatenifneso
is the first step in this reaction (path A in Scleed). The
tautomerization of the nitroso compounds smoothigceeded
under mild conditions to produce the oxinf@§vhen the reaction
was carried out under harsh reaction conditions,
deoxygenation of the nitroso, intramolecular cyatiian,
followed by dehydrogenation proceeded to form thd- 1
pyrrolest® On the other hand, a method for the preparatichef
hydrogen selenide amine salt by the reaction ofmefdal
selenium with carbon monoxide and water in the presenf
tertiary amine has already been shdwBased on the result, it
was also proposed that reduction of the nitro grmufhe amino
group by the hydrogen selenide amine salt, which geseerated
in situ by the reaction of selenium, carbon monexignd water
in the presence of 1-methylpyrrolidine, is a kegpsiof the
reaction (path B in Scheme 4)When the reaction of 4-nitro-

Tetrahedron

Se (25 mol%) Ph
CNMe (2.5 mmol) ﬂ
la + H,O + CcoO Ph
DMF (2.5 mL) N
(0.4 mmol) (2.5 mmol) (30 atm) 150, 5h 2a, 60%

Scheme 5

3. Conclusion

In conclusion, the selenium-catalyzed reaction yafitro
substituted carbonyl compounds with carbon monogalee the
corresponding multisubstitutedHipyrrole. The possibility of the
carbon monoxide-selenium catalytic system for tethesis of
N-heterocyclic compounds is currently under investan.

4, Experimental section

4.1. Reagents. The selenium and carbon monoxide were
commercially available and were wused without further
purification. They-nitro substituted carbonyl compounds were
synthesized by the Michael addition of nitromethane
nitroethane toa,B-unsaturated carbonyl compounds. All other
chemical agents were commercially obtained and ipdriby
distillation prior to use if necessary.

4.2. General Procedure for Selenium-Catalyzed Reaction
of y-Nitro Substituted Carbonyl Compounds with Carbon
Monoxide. To an autoclave,y-nitro substituted carbonyl
compounds (0.4 mmol), selenium (8 mg, 0.1 mmol) 4n
methylpyrrolidine (211 mg, 2.5 mmol), were addedidF (2.5
mL). The apparatus was then flushed several timds e@tbon
monoxide and fully charged with carbon monoxide &) at
room temperature. The reaction was carried out @t C5for 5 h.
The reaction apparatus was then cooled to room texye.
After the evacuation of the excess carbon monoxiesolution
was extracted with ethyl acetate. The organic layes dred
over MgSQ. The resulting mixture was filtered, and the fikra
was concentrated. Purification of the residue bgasidiel column
chromatography afforded the pyrroleCa(tion: The prepared
pyrroles slowly decomposed during the purificatior atoring
in solution.) The structures of the products wesgaed by their
'"H- and ™C-NMR, and mass spectra. The product was
characterized by comparing its spectral data witbsehof an
authentic sample or previous reports2ati® 2b,% 2e'° 2f % 2g,%

thej,° 2k,%9 21,** 20,72 2p,% 29,%* 3a,” and5a.*®

4-Phenyl-2m-tolyl-1H-pyrrole @c): m.p. 139-142 °CH-NMR
(400 MHz, CDCY}) 5 8.40 (s, 1H), 7.56 (dl = 7.7 Hz, 2H), 7.37-
7.23 (m, 5H), 7.19 (1) = 7.2 Hz, 1H), 7.10 (s, 1H), 6.81 (s, 1H),
2.38 (s, 3H);*C-NMR (100 MHz, CDC}) § 138.5, 135.5, 133.2,
132.4, 128.8, 128.6, 127.3, 126.5, 125.7, 125.4.6,2120.9,
115.4, 103.8, 21.5; IR (KBr): 3428, 1606, 1489,348B133, 924,
807, 793, 779, 756, 693 ¢MMS (EI) m/z 233 (M.

4-Phenyl-2e-tolyl-1H-pyrrole @d): m.p. 83-84 °C;'H-NMR
(400 MHz, CDC}) 4 8.26 (s, 1H), 7.57 (ddl = 8.4 Hz, 1.1 Hz,
2H), 7.39-7.34 (m, 3H), 7.29-7.14 (m, 5H), 6.64 (d&; 2.7 Hz,

1,3-diphenyl-butan-1-onelg) was carried out in the presence of 1.4 Hz, 1H), 2.50 (s, 3H)1,'°’C-NMR (100 MHz, CDC)) 6 135.7,

H,O (2.5 mmol), 2,4-diphenylH-pyrrole @a) was then formed
in 60% vyield (Scheme 5). Based on the result, Bathcluding

the reduction of nitro compound by hydrogen selengiving the
corresponding amine intermediate, cannot ruled out.

135.2, 132.6, 132.4, 131.1, 128.6, 127.9, 127.6.112125.8,
125.6, 125.2, 114.7, 106.8, 21.2; IR (KBr): 341958, 1690,
1600, 1488, 1129, 929, 757 AMS (El)m/z 233 (M).

2-Phenyl-4m-tolyl-1H-pyrrole @h): m.p. 145-147 °C (Li#? 117-
118 °C);'H-NMR (400 MHz CDC}) & 8.40 (s, 1H), 7.50 (d} =
7.2 Hz, 2H), 7.40-7.36 (m, 4H), 7.27-7.21 (m, 2H), 7(0Q =
2.0 Hz, 1H), 7.02 (dJ = 7.7 Hz, 1H), 6.82 (dd] = 2.5 Hz, 1.6
Hz, 1H), 2.38 (s, 3H)}*C-NMR (100 MHz CDCJ) & 138.1,



135.4, 132.9, 132.5, 128.9, 128.5, 126.6, 126.%.4,2125.9,
123.8, 122.3, 115.6, 104.0, 21.5; IR (KBr): 340838, 2919,
1603, 1487, 1136, 811, 790 AnMS (El)mz 233 (M).

2-Phenyl-4e-tolyl-1H-pyrrole @i): m.p. 108-109 °C (Lif? 154-

155 °C);'H-NMR (400 MHz CDC}) & 8.40 (s, 1H), 7.49 (d} =

7.7 Hz, 2H), 7.43-7.35 (m, 3H), 7.20 (&,= 13.4 Hz, 6.1 Hz,
4H), 6.90 (s, 1H), 6.68 (s, 1H), 2.46 (s, 3HE-NMR (100 MHz
CDCly) 6 135.5, 135.3, 132.5, 131.8, 130.6, 129.2, 12&8,3]

126.1, 126.0, 125.8, 123.8, 117.7, 106.9, 21.4(KRr): 3372,

3013, 2950, 1604, 1488, 1455, 1135, 814, 762;akiS (EI) mvz

233 (M).

2-Hexyl-4-phenyl-H-pyrrole  @m): 'H-NMR (400 MHz
CDCly) 6 7.82 (s, 1H), 7.49 (1 = 7.7 Hz, 2H), 7.30 (t) = 7.7

Hz, 2H), 7.13 (tJ = 7.2 Hz, 1H), 6.90 (s, 1H), 6.22 (s, 1H), 2.56

(t, J = 7.7 Hz, 2H), 1.65-1.58 (m, 2H), 1.33 (m, 6H), 0.8F E

6.6 Hz, 3H);"*C-NMR (100 MHz CDCJ) 5 136.0, 134.0, 128.5,

125.2, 125.0, 124.8, 112.7, 31.6, 29.5, 29.0, 228, 14.1. IR
(KBr): 3370, 2927, 1683, 1604, 1525, 1454, 7958, BO5 cni’;
MS (El) mz 227 (M).

3-Methyl-2,4-diphenyl-H-pyrrole @n): m.p. 119-123 °C;'H-

NMR (400 MHz CDCY) 5 8.17 (s, 1H), 7.48-7.38 (m, 8H), 7.29-

7.23 (m, 2H), 6.92 (d) = 2.4 Hz, 1H), 2.34 (s, 1HJ’C-NMR

(100 MHz CDC}) 6 136.2, 133.5, 129.7, 128.7, 128.3, 128.2,

126.9, 126.8, 126.3, 125.7, 115.9, 113.9, 11.5(KBr): 3454,
3056, 1692, 1603, 1492, 1449, 766, 755, 699 cMS (EI) m/z
233 (M).

4-Oxo-2,4-diphenylbutanal oximedd): m.p. 119-120 °C'H-

NMR (400 MHz CDCY)  7.94 (dd,J = 8.4, 1.1 Hz, 2H), 7.61 (d,

J=4.5Hz, 1H), 7.55 (6 = 7.5 Hz, 1H), 7.44 (] = 7.7 Hz, 2H),

7.36-7.24 (m, 6H), 4.39-4.35 (m, 1H), 3.78 (dd 17.2, 8.2 Hz,
1H), 3.26 (dd,J = 17.2, 5.7 Hz, 1H);*C-NMR (100 MHz

CDCl) $197.5, 152.6, 140.0, 136.8, 133.1, 128.8, 128.6,212
128.1, 127.3, 41.2, 41.3; IR (KBr): 3268, 2913, 16B§49, 936,
703 cm®; MS (El)m/z 235 (M- H,0).

4.3. General Procedure for Selenium-Catalyzed Reaction
of Ethyl 3-Oxobutanoate, Nitro Vinyl Compounds and

Carbon Monoxide. To an autoclave, ethyl acetoacetate (52 mg,

0.4 mmol), vinyl nitro compound (0.4 mmol), selemi8 mg,
0.1 mmol), and 1-methylpyrrolidine (212 mg, 2.5 mynevere
added to DMF (2.5 mL). The apparatus was then flusieséral
times with carbon monoxide and fully charged with boar
monoxide (30 atm) at room temperature. The reactivas
carried out at 120 °C for 5 h. The reaction apperatas then
cooled to room temperature. After the evacuationhef excess
carbon monoxide, the solution was extracted with |edlogtate.
The organic layer was dried over MgSOhe resulting mixture
was filtered, and the filtrate was concentrated.ffeation of the
residue by silica gel column chromatography affdrdine

pyrrole. Caution: The prepared pyrroles slowly decomposed

during the purification and storing in solution el structures of
the products were assigned by their and*C-NMR, and mass
spectra. The product was characterized by comp#@srgpectral
data with those of an authentic sample or previepsnts or2s’’
and2w.”®

Ethyl 4-(4-chlorophenyl)-2-methylH-pyrrole-3-carboxylate
(2r): m.p. 165-168 °C'H-NMR (400 MHz, CDC}) & 8.18 (s,
1H), 7.33-7.26 (m4H), 6.58 (dJ = 2.3 Hz, 1H), 4.18 (] =7.2
Hz, 2H), 2.55 (s, 3H), 1.18 (8 = 7.2 Hz, 3H);"*C-NMR (100

MHz, CDCk)  165.6, 136.3, 134.3, 132.0, 130.1, 127.6, 126.1,

115.4, 109.9, 59.4, 14.2, 14.0; IR (KBr): 3282, 865298, 1137,
797, 750 crit; MS (El)m/z 263 (M).

5
Ethyl 2-methyl-4p-tolyl-1H-pyrrole-3-carboxylate 2t): m.p.
127-128°CH-NMR (400 MHz, CDC}) 5 8.24 (s, 1 H), 7.28 (d,
J = 8.3 Hz, 2H), 7.13 (dJ = 7.7 Hz, 2H), 6.54 (dJ = 2.3 Hz,
1H), 4.18 (qJ = 7.1 Hz, 2H), 2.52 (s, 3H), 2.35 (s, 3H), 1.18)(t,
= 7.0 Hz, 3H);*C-NMR (100 MHz, CDCJ) 5 165.8, 135.9,
135.7, 132.8, 129.2, 128.2, 127.2, 115.2, 110.(8,581.1, 14.2,
14.0; IR (KBr): 3335, 1663, 1441, 1292, 1133, 787 c MS
(El) mViz 243 (M.

Ethyl 2-methyl-4m-tolyl-1H-pyrrole-3-carboxylate 2u): m.p.
89-90 °CH-NMR (400 MHz, CDC}) § 8.36 (s, 1 H), 7.25-7.18
(m, 3H), 7.06 (dJ = 6.8 Hz, 1H), 6.53 (d) = 2.3 Hz, 1H), 4.17
(9,3=7.2 Hz, 2H), 2.51 (s, 3H), 2.35 (s, 3H), 1.16)&, 7.2 Hz,
3H); *C-NMR (100 MHz, CDCJ) 5 165.9, 136.8, 136.1, 135.7,
130.0, 127.4, 127.2, 126.9, 126.4, 115.3, 109.%8,581 .4, 14.1,
13.9; IR (KBr): 3337, 1669, 1442, 1301, 1136, 788 'c MS
(El) m/z 243 (M.

Ethyl 2-methyl-4e-tolyl-1H-pyrrole-3-carboxylate 2v): m.p.
128-130 °C/H-NMR (400 MHz, CDC}) § 8.23 (s, 1 H), 7.20-
7.13 (m,4H), 6.45 (d,J = 2.3 Hz, 1H), 4.03 (q] = 7.2 Hz, 2H),
2.56 (s, 3H), 2.16 (s, 3H), 0.98 {,= 7.0 Hz, 3H);"*C-NMR
(100 MHz, CDC}) 6 165.7, 137.4, 136.3, 135.4, 130.2, 129.0,
126.7, 126.1, 124.8, 114.9, 111.1, 59.0, 20.3, ,13388; IR
(KBr): 3352, 1667, 1440, 1296, 1141, 759 &nMIS (El) miz 243
(M").
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Table 2. Synthesis of 2,4-diaryl substituted pyrréles
) ) i . cat.S
Table 1. Optimized reaction conditiohs © A
cat. g CNMG
o NO, o NO, ﬂ
+ co base + CO ANy
1 2
Ph Ph solvent Ar Ar DMF H
la 1 2
Ph OH Entry Ar Ar? Yield (%)
o &N N Q
N+ M v o 7 J 1 4-CHCoHs Ph 2556 (61)
Ph™ >N Ph Ph Ph Ph
H Ph Ph 2 3-CHCsH, Ph 2c 64 (68)
2a 3a 4a 3 2-CHCesH, Ph 2d 30 (57)
Yield (%F 4 4-CHOGCsH, Ph 2e58 (66)
Entry Solvent Base Temp. °C o 3% 43 5a 5 4-CIGH, Ph 2 43 (64)
1 DMF CNMe 30 17 15 51 0 © Ph 4-CHCeH, 2954 (63)
7 Ph 3-CHCHa 2h 50 (59)
2 DMF 50 25 16 37 0 8 Ph 2-CHCeH. 2i 32 (51)
3 DMF 80 43 12 13 3 9 Ph 4-CHOGH, 2j 44 (45)
4 DMF 120 71 70 8 10 Ph 4-CIGH, 2k 66 (79)
5 DMF 150 81(62) 0 0 13 # Reaction conditionsta (0.4 mmol), selenium (0.1 mmol), 1-
6 DMF 150 71 0 0 10  methylpyrrolidine (2.5 mmol), and DMF (2.5 mL) unde®© (30
o]
7 DMF  EtN 150 23 25 15 31 am)at1s50°Cforsh.
) DMF DBU 150 40 2 0 55 ® |solated yields. The numbers in parenthesis sha'th
NMR yields.
9 DMF KoCO; 150 29 1 0 10 y
c
10 DMA C 150 67 5 0 10 For 10 h.
NMe
11 THF 150 43 3 6 17
12 CHCN 150 64 4 4 12

% Reaction conditionsia (0.4 mmol), selenium (0.1 mmol),
base (2.5 mmol), and solvent (2.5 mL) under CO (B dor 5

h.

® IH-NMR yields. The number in parenthesis shows isolated

yield.
¢ Under CO (10 atm).




Table 3. Synthesis of multisubstituted pyrrofes

3
Table 4. One-pot synthesis of multisubstituted pyrréles

Cat,Se
o RN, CNMe R2 R
Rl R3 DME Rl N R4
R2 H
(0.4 mmol) (30 atm) 2
Entry y-Nitro carbonyl compound Yield (%)
o NO,
1 2,31
Ph n-C4Hg
o NO,
2 2m, 53
n-C6H13 Ph
o NO,
3 2n, 53
Ph Ph
o NO,
4 Ph Ph 20, 60
COOC,Hs
NO,
Ph Ph
o NO,
6 2q, 25
Ph Ph

Cal.Se
C,Hs00C R!
NMe ~2''5
o] Ny NO, C
+ R +CO I\
M__cooc,Hs R2 DME R
H
6 7 2
Entry Vinyl nitro carbonyl compound Yield (%)
xNO,
1 @N 2,58
X
2 X =CHjs 2n, 59
X =CHs0O 20, 58
4 X=Cl 2p, 55
- NO,
5 2q, 63
- NO,
6 ©i\/ 2m, 39
- NO2
7 2m, 16

# Reaction conditiongg-nitro carbonyl compound (0.4 mmol),

selenium (0.1 mmol), 1-methylpyrrolidine (2.5 mmahd DMF
(2.5 mL) under CO (30 atm) at 150 °C for 5 h.

® |solated yields.

@ Reaction conditions: 6 (0.4 mmol), 7 (0.4 mmoblesium
(0.1 mmol), 1-methylpyrrolidine (2.5 mmol), and DMES5 mL)
under CO (30 atm) at 120 °C for 5 h.

® |solated yields.
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