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(A) Previous work

1. Introduction (1) Ref. 7

R* 1 5

Pyrrole is one of the most important simple hetgetes, and Rix L NH 0? . H
many substituted or functionalized pyrrole derives are widely RS R o RESN7 TR
used in different fieldS.In pharmaceutical field, pyrrole ring as @ Ref. 8 Re K
an important structural unit widely exists in natwad unnatural R3 RO on R R
products showing different bioactivities, such agitamtics =0 + SNy A N /N\ Ar
anti-HIV agents anti-inflammatory agenfsimmunosuppressive " o RY 0=§=0 O
and anticancer agerts.So the synthesis of various ) Ref. 9 R
polysubstituted pyrroles is improtant, and a variet synthetic P R R o R R2 R
strategies have been develofelich as the Hantzsch method or No+ N=( + Lior N, T s » NH,
modified Hantzsch methodologies usindpaloketones, ammonia R! oN ';1 R4
or primary amines ang@-dicarbonyl compounds as substrates R= ~Spior —N
(Scheme 1-A, Eq. 1)the reaction of aldehydes, N-(substituted (4) Ref. 10 " . oRA
sulfonamido) acetophenones améctivated nitriles (Scheme 1- R " o .
A, Eq. 2)? the synthesis method using isonitriles as thecsoaf leo+ R Oj - Rs\ffL
the heterocyclic nitrogen (Scheme 1-A, Eq’ e reaction of ’ R? g R
nitroalkenes, amines and 1,3-dicarbonyl compoudfiéme 1- ©) Ret. 11 COR? RS COR?
A, Eq. 4)° the reaction of glyoxals os-diketones, primary S?HTR“ ., i o ¥
amines and dialkyl acetylenedicarboxylates whichdeeether R : TR T , RN~ TCOR?
additives (Scheme 1-A, Eq. 5)Although these strategies have o R
been developed, the synthesis of penta-substipyadles from (B) This work ot ,
readily available starting materials under simplenditions /&Noz NH, : Ry POR
remains in demand. So, we develop a facile onespethod to R e | TR /N COR*
provide penta-substituted pyrroles wanitroepoxides, primary COR’ R®
amines and dialkyl acetylenedicarboxylates (SchesBg. Scheme 1. Previous and New Synthesis of Polysubstituted
2 Results and discussion pyrrole Derivatives

OCorresponding author. Tel./fax: +86-571-8820-84&8H-571-8820-8452; e-mail addresses: guolinzhang@di.cn (G. Zhang),
yyu@zju.edu.cn (Y. Yu).
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Table 1. Optimization of Reaction Conditiofis

A e
cl CO,Me
1a 2a 3a cl 4m
la:2a:3a  Conversiofi
Entry Base (equiv Solvent  T(°C) (equiv.) (%)
1 KoCO; (1) MeOH 80  1:1:1.05 25
2 EtN (1) MeOH 80  1:1:1.05 33
3 DIEA(1) MeOH 80  1:1:1.05 45
4 - MeOH 80  1:1:1.05 92(90f
5 - EtOH 80 1:1:1.05 78
6 - n-propanol 80 1:1:1.05 23
7 - n-butyl 80 1:1:1.05 trace
alcohol

8 - t-butanol 80 1:1:1.05 12

- CH.Cl, 80  1:1:1.05 n.r.
10 - CH:CN 80  1:1:1.05 n.r.
11 - DMF 80  1:1:1.05 n.r.
12 - MeOH RT  1:1:1.05 11
13 - MeOH 50 1:1:1.05 12
14 - MeOH Reflux 1:1:1.05 69
15 - MeOH 100 1:1:1.05 40
16 - MeOH 80 111 90(88Y
17 - MeOH 80  1:1.05:1 83
18 - MeOH 80 1:1.1:11 79

®Reaction conditions: 3-(4-chlorophenyl)-2-methyhi®-ooxirane (0.5 mmol,
1.0 equiv.),p-toluidine and dimethyl acetylenedicarboxylate, had mL of

solvent, 10 h, in sealed tubBReaction was performed in reflux device.

‘Determined by high-performance liquid chromatogsapbased on the
disappearance of the starting 3-(4-chlorophenyh)e2hyl-2-nitrooxirane.
dIsolated yields.

Initially, 3-(4-chlorophenyl)-2-methyl-2-nitrooxiree la, p-
toluidine 2a and dimethyl acetylenedicarboxylatga were
selected as reagents to optimize the reaction tionsli Firstly,
screening of bases (Table 1, entries 1-4) reveahkdthe good
conversion occurred under the conditions without adglitive
(Table 1, entry 4). Then, the optimization of saolve
demonstrated that MeOH (Table 1, entry 4) was sup&giother
aprotic and protic solvents (Table 1, entries 5-1d)addition,
when the reaction was conducted at different tempersit the
conversion decreased in different degrees (Tablenfries 12—
15). Furthermore, when changing the ratio of reactiobstrates,
the conversion of the reaction slightly decreaSable 1, entries
16-18). On the basis of the initial study, the optimeaction
conditions was obtained, that is, 3-(4-chloropheg@yihethyl-2-
nitrooxirane  1a, p-toluidine 2a and dimethyl

products of all reactions were obtained in the yiefd64% ~
91%.

Table 2. Scope of the Reaction ofNitroepoxides, Primary
amines and Dialkyl acetylenedicarboxylates Undetirdgd
Conditions®

CO,R*
CO.R* X 3 2
O NO, . NH, . H MeOH, 80°C N\ COuR
- ( 3 ~
R R? R 10h,sealed tube R1
CO,R* R2
1 2 3 4
@\ CO,Me CO,Me @\ CO,Me
N N
L )—co,Me N\\ CO,Me N—co,Me
al
42,82% 4b,77% 4c,88%
@\ CO,Me @\ COMe \©\ COMe
N N N
/\)i\kcozrvle H—cozMe L )—co,Me
4d,69% 48,90% 4,87%
F
\@\ CO,Me CO,Me O\ CO,Me
NN ©A N\ N\
— COzMe - COzMe — COzMe
49,75% 4h,74% 4i,76%
CO.Me CO,Me CO,Me

N N
__)—COzMe _)—CopMe N—coMe

B
"
Sy

Cl

4j,78% 4k,64% 41,81%
CO,Me @\ CO,Et CO,Et
NN NN Sy QA
__)—COaMe )~ CO.Et _ )—COEt
Cl 0y 0/
4m,90% 4n,84% 40,79%
\©\ COLE
N
\\ CO,Et
cl
4p,91%

®Reaction conditions: all reactions were conductedien the conditions from
Table 1, entry 4. Isolated yields.

No matter aryl or alkyl substitution at'Rind R positions of
nitroepoxidesl could give the corresponding products in good

acetylenedicarboxylatga were conducted in sealed tube at 80°Cyields @a-4e), especially, the yield ofe with phenyl at the R

for 10 h with MeOH as solvent (Table 1, entry 4).

Subsequently, the scope of the reaction was stugietw) a
set of a-nitroepoxides 1, primary amines2 and dialkyl
acetylenedicarboxylates3 under the optimized

and R positions was 90%. Moreover, both aliphatic amiaes
aromatic amines were reactivéa( 4f-4j), and aromatic amines
afforded the desired products in a higher yieldntladiphatic

reaction amines 4a compared talj, 4b compared talk, 4c compared to

conditions. The a-nitroepoxides were prepared through the4l!). Furthermore, the vyields of reactions using djeth

straightforward epoxidation of nitroalkenes, whichulcb be
readily obtained by standard nitroaldol/Henry reactf The
results were shown in Table 2. On the whole, thereesi

acetylenedicarboxylate or dimethyl acetylenedicaytaie were
basically the same and just had slightly differe(ecompared
to 4a, 40 compared to4j, 4p compared to4m). In our
experiments, the highest yield was obtained, whem-3-(



chlorophenyl)-2-methyl-2-nitrooxiranep-toluidine and diethyl
acetylenedicarboxylate were used as the reagéms (

In order to study the proposed mechanism of ttastien, the
controlled experiments were performed (Scheme 23tl¥i the
possible intermediate® and 6 were obtained by separately
treating  3-(4-chlorophenyl)-2-methyl-2-nitrooxiranda and
dimethyl acetylenedicarboxylat®a with p-toluidine 2a.***
Then, intermediate 5 and 3-(4-chlorophenyl)-2-methyl-2-

4, | Experimental section
4.1 General

All solvents were purified according to standard rodthprior
to use. Melting points were recorded on a BUCHI B-B#ting
point apparatus. NMR spectra were recordedfoNMR at 500
MHz and**C NMR at 125 MHz. FotH NMR, tetramethylsilane
(TMS) served as internal standabd@) and data are reported as
follows: chemical shift, integration, multiplicity s€singlet,
d=doublet, t= triplet, g=quartet, m=multiplet), armbupling

nitrooxirane la reacted under the optimal reaction conditionsgonstant(s) in Hertz. FoF'C NMR, TMS ¢=0) or DMSO

above (Route 1), meanwhile, intermediate and dimethyl

(6=40.45) was used as internal standard and spectra wer

acetylenedicarboxylatea reacted under the same conditions gptained with complete proton decoupling. LC-MS &fi@MS

(Route 2). The result was that only the Route 2 geded
effectively to give the desired produbh.
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Scheme 2. Controlled Experiments

Based on the results presented above, a possibtdiae
mechanism is proposed as shown in Scheme 3. Inabe af
amine2, the nitroepoxidd. is attacked by the lone-pair electrons
on the nitrogen of amin2 and undergoes a ring opening to give
the intermediaté. The intermediaté affords the intermediatd
driven by the excellent leaving ability of nittdThen, the lone-
pair electrons on the nitrogen of intermedidtecontinues to
attack dialkyl acetylenedicarboxylat€s orderly forming the
intermediate 111 and 1V. Subsequently, intermediatéV
transforms into final product by eliminating one molecule of
H.0.

R® 3
/ R
(o no, R3 HN  O-H ]
[\ > -HNO, H o]
RACR N, | A
\_/ R (NOZ R' R?
1 2 ' I
CO.R* *
R? 2 s COR* COR* COR*
NN oore MO | R R?N)\/COQRA
; CORY «—— (q — b
R! 5 R~ 1&%9
R H g20H R COR*

Scheme 3. Proposed Mechanism

3. Conclusion

In conclusion, we have developed a novel, one-poteth
component strategy to synthesize penta-substipyedles from
a-nitroepoxides, primary amines and dialkyl
acetylenedicarboxylates. This reaction was finishiedgood
yields via a ring opening, an intermolecular nuplgtc attack
and an intramolecular condensation. Due to the adganof
operational simplicity and no need for any addgijviis reaction
would be a practical strategy for pharmaceuticalding blocks.
The structures of the penta-substituted pyrrokés were
characterized bjH NMR, °*C NMR, and HRMS.

data was obtained using Agilent Technologies 6224 TOF
LC/MS. The starting materiab-nitroepoxides were prepared
according to literature methodsThe starting material primary
amines and dialkyl acetylenedicarboxylates were ceroially
available. The intermediaté&sand6 were prepared according to
literature method¥> **

4.2 General procedure for
substituted pyrroles 4

the synthesis of penta-

A mixture of a-nitroepoxidel (0.5 mmol, 1.0 equiv.) and
primary amine2 (0.5 mmol, 1.0 equiv.) in MeOH (3 mL) was
stimed at 80°C oil bath. After 3 min, dialkyl
acetylenedicarboxylat8 (0.525 mmol, 1.05 equiv.) was added
dropwise. The mixture was unceasingly stirred inestalibe at
80°C oil bath for 10h (TLC monitoring). After comfiten, the
solvent MeOH was evaporated in vacuo and the resicage w
treated with column chromatography (silica gel, 5-8%
EtOAc/hexane) to give pure penta-substituted pyrrddedp.

421  Dimethyl 4-methyl-1,5-diphenyl-1H-pyrrole-2,3-
dicarboxylate (4a). Pale yellow solid; yield: 82% (0.1431g); mp:
134.3~134.7°C'H NMR (500 MHz, CDCJ) & 7.26 — 7.23 (m,
3H), 7.22 — 7.19 (m, 3H), 7.11 — 7.09 (m, 2H), 7.04 2), 3.90
(s, 3H), 3.67 (s, 3H), 2.19 (s, 3HJC NMR (125 MHz, CDGJ) &
165.98, 161.72, 137.99, 135.89, 130.73, 130.60,442828.11,
127.96, 127.67, 125.86, 119.55, 118.46, 52.01, 311D.66.
HRMS (ESI): m/z caled for GH,oNO, [M+H]*: 350.1387, found:
350.1387.

422  Dimethyl 4-methyl-1-phenyl-5-(p-tolyl)-1H-pyrrole-2,3-
dicarboxylate (4b). Pale yellow solid; yield: 77% (0.1398g); mp:
149.7~150.3°C*H NMR (500 MHz, CDC)) § 7.28 — 7.24 (m,
3H), 7.12 — 7.09 (m, 2H), 7.01 (d,= 7.9 Hz, 2H), 6.94 — 6.91
(m, 2H), 3.89 (s, 3H), 3.66 (s, 3H), 2.27 (s, 3H), A4BH).”°C
NMR (125 MHz, CDC}) & 166.08, 161.70, 138.10, 137.47,
136.06, 130.55, 128.71, 128.42, 128.14, 128.07,5[27125.53,
119.67, 118.27, 51.97, 51.73, 21.19, 10.67. HRMSI)(E8/z
caled for G,H,,NO, [M+H]": 364.1543, found: 364.1549.

423  Dimethyl 5-(4-chlorophenyl)-4-methyl-1-phenyl-1H-
pyrrole-2,3-dicarboxylate (4c). Pale yellow solid; yield: 88%
(0.16859); mp: 156.8~157.6°CH NMR (500 MHz, CDC)) &
7.29 — 7.26 (m, 3H), 7.20 — 7.17 (m, 2H), 7.10 — 7107 2H),
6.98 — 6.95 (m, 2H), 3.89 (s, 3H), 3.67 (s, 3H), A9,8BH)."*C
NMR (125 MHz, CDCJ) & 165.77, 161.63, 137.72, 134.44,
133.82, 131.92, 129.07, 128.64, 128.36, 128.33,0652826.34,
119.45, 118.80, 52.09, 51.77, 10.66. HRMS (ESI): calzd for
C,H1sCINO, [M+H] *: 384.0997, found: 384.0999.

424  Dimethyl 4-methyl-1-phenyl-5-propyl-1H-pyrrole-2,3-
dicarboxylate (4d). Yellow liquid; yield: 69% (0.1087g);H
NMR (500 MHz, CDCY) § 7.46 — 7.42 (m, 3H), 7.22 — 7.19 (m,
2H), 3.87 (s, 3H), 3.60 (s, 3H), 2.31 (t, 2H), 2.153(d), 1.33 —
1.25 (m, 2H), 0.75 (t) = 7.4 Hz, 3H).*C NMR (125 MHz,
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CDCl) & 166.70, 161.05, 138.16, 136.82, 128.80, 128.67Hz, 2H), 4.03 — 3.99 (m, 2H), 3.86 (s, 3H), 3.84 (s, 3N 1 (s,

128.02, 122.98, 120.89, 116.55, 51.87, 51.66, 2@3%8, 13.79,

9.96. HRMS (ESI): m/z calcd for,;@4,,NO, [M+H]": 316.1543,
found: 316.1543.

425  Dimethyl 1,4,5-triphenyl-1H-pyrrole-2,3-dicarboxylate
(4e). Yellow solid; yield: 90% (0.1850g); mp: 162.1~16ZL9'H

NMR (500 MHz, CDCJ) § 7.31 — 7.28 (m, 3H), 7.20 — 7.15 (m,

7H), 7.12 — 7.08 (m, 1H), 7.07 — 7.03 (m, 2H), 6.98.89 (m,
2H), 3.80 (s, 3H), 3.69 (s, 3HYC NMR (125 MHz, CDG)) &
166.77, 160.49, 138.04, 137.10, 133.26, 131.13,1430.29.85,
128.50, 128.42, 128.37, 128.00, 127.83, 127.79,7626.23.04,
122.86, 122.49, 52.33, 51.91. HRMS (ESI): m/z cafod
CogHoNO, [M+H]™: 412.1543, found: 412.1545.

42,6  Dimethyl 4-methyl-5-phenyl-1-(p-tolyl)-1H-pyrrole-2,3-

3H), 1.97 (s, 3H), 1.55 — 1.47 (m, 2H), 0.68J)(t 7.4 Hz, 3H).
¥C NMR (125 MHz, CDGJ)) § 166.91, 161.78, 138.39, 136.82,
130.58, 129.29, 128.03, 121.41, 121.27, 117.70{%147.50,
24.79, 21.34, 10.95, 10.22. HRMS (ESI): m/z calcd fo
CyH.aNO, [M+H]*: 330.1700, found: 330.1703.

4212 Dimethyl 5-(4-chlorophenyl)-4-methyl-1-propyl-1H-
pyrrole-2,3-dicarboxylate (4l). Pale yellow solid; yield: 81%
(0.1414g); mp: 66.7~67.4°CH NMR (500 MHz, CDCJ) & 7.46
—7.42 (m, 2H), 7.22 — 7.19 (m, 2H), 4.02 — 3.98 ZH), 3.86 (s,
3H), 3.85 (s, 3H), 1.97 (s, 3H), 1.54 — 1.46 (m, 2H$8Qt,J =
7.4 Hz, 3H).®C NMR (125 MHz, CDCJ) §166.60, 161.74,
135.16, 134.72, 132.05, 129.51, 128.95, 122.20,112118.12,
51.92, 51.84, 47.54, 24.79, 10.93, 10.19. HRMS (B8 calcd

dicarboxylate (4f). Pale yellow solid; yield: 87% (0.1580g); mp: for C;gH»,CINO, [M+H]": 350.1154, found: 350.1156.

132.7~133.2°C’H NMR (500 MHz, CDC})) & 7.23 — 7.20 (m,
3H), 7.06 — 7.03 (m, 4H), 6.98 (m, 2H), 3.89 (s, 3HH8IS, 3H),
2.29 (s, 3H), 2.18 (s, 3HJC NMR (125 MHz, CDCJ) § 166.03,
161.82, 137.98, 135.89, 135.33, 130.74, 130.70,1029.27.94,
127.77, 127.59, 125.90, 119.31, 118.34, 52.03, 15122.13,
10.69. HRMS (ESI): m/z calcd forH,,NO, [M+H]*: 364.1543,
found: 364.1548.

427  Dimethyl 1-(4-fluor ophenyl)-4-methyl-5-phenyl-1H-
pyrrole-2,3-dicarboxylate (4g). White solid; vyield: 75%
(0.1377g); mp: 135.5~136.0°CH NMR (500 MHz, CDC)) 5
7.24 — 7.21 (m, 3H), 7.10 — 7.07 (m, 2H), 7.04 — 7102 2H),
6.96 — 6.91 (m, 2H), 3.90 (s, 3H), 3.69 (s, 3H), 44, 7BH)."*C

NMR (125 MHz, CDC}) & 166.06, 162.94, 161.47, 160.96,

136.34, 133.99, 133.96, 130.71, 130.32, 129.94,8729.28.12,
127.88, 125.28, 120.29, 118.46, 115.55, 115.3708251.90,
10.61. HRMS (ESI): m/z calcd for ,@,FNO, [M+H]":
368.1293, found: 368.1294.

428  Dimethyl 1-benzyl-4-methyl-5-phenyl-1H-pyrrole-2,3-
dicarboxylate (4h). Colorless liquid; yield: 74% (0.1344g)H

NMR (500 MHz, CDC}) § 7.38 — 7.35 (m, 3H), 7.22 — 7.16 (m,
5H), 6.80 (d,J = 6.8 Hz, 2H), 5.33 (s, 2H), 3.88 (s, 3H), 3.72 (s

3H), 2.05 (s, 3H)**C NMR (125 MHz, CDCJ) & 166.57, 161.66,
138.10, 137.14, 130.75, 130.58, 128.61, 128.54,4R2827.12,
126.04, 122.51, 121.58, 118.28, 51.85, 49.30, 10HRMS
(ESI): m/z caled for §H,,NO, [M+H]": 364.1543, found:
364.1543.

429  Dimethyl 1-cyclohexyl-4-methyl-5-phenyl-1H-pyrrole-

4213 Dimethyl 5-(4-chlorophenyl)-4-methyl-1-(p-tolyl)-1H-
pyrrole-2,3-dicarboxylate (4m). White solid; yield: 90%
(0.1787g); mp: 132.4~133.0°CH NMR (500 MHz, CDC)) &
7.19 (d,J = 8.4 Hz, 2H), 7.06 (d] = 8.1 Hz, 2H), 7.98 — 6.95 (m,
4H), 3.88 (s, 3H), 3.68 (s, 3H), 2.31 (s, 3H), 2.163(d). °C
NMR (125 MHz, CDC})) & 165.88, 161.75, 138.30, 135.03,
134.48, 133.71, 131.93, 129.32, 129.14, 128.33,72271.26.30,
119.22, 118.65, 52.16, 51.81, 21.19, 10.71. HRMSI)(E8/z
caled for G,H,,CINO, [M+H]": 398.1154, found: 398.1159.

4214 Diethyl 4-methyl-1,5-diphenyl-1H-pyrrole-2,3-
dicarboxylate (4n). Pale yellow solid; yield: 84% (0.1584g); mp:
99.8~100.6°CH NMR (500 MHz, CDCJ) 6 7.26 — 7.23 (m,
3H), 7.22 = 7.19 (m, 3H), 7.12 — 7.09 (m, 2H), 7.0827m, 2H),
4.37 (9,9 = 7.1 Hz, 2H), 4.11 (g) = 7.1 Hz, 2H), 2.19 (s, 3H),
1.38 (t,J = 7.1 Hz, 3H), 1.10 () = 7.1 Hz, 3H)°C NMR (125
MHz, CDCk) 6 165.61, 161.22, 138.12, 135.65, 130.73, 130.65,
128.42, 128.19, 128.08, 127.96, 127.62, 125.91,711918.31,
60.97, 60.63, 14.32, 13.84, 10.65. HRMS (ESI): ndica for
CygH24NO, [M+H]": 378.1700, found: 378.1701.

4215 Diethyl 4-methyl-5-phenyl-1-propyl-1H-pyrrole-2,3-

"dicarboxylate (40). Pale yellow liquid; yield: 79% (0.1356g}4

NMR (500 MHz, CDCJ) § 7.47 — 7.40 (m, 3H), 7.27 — 7.24 (m,
2H), 4.32 (dgJ = 12.0, 7.1 Hz, 4H), 4.03 — 3.99 (m, 2H), 1.97 (s,
3H), 1.56 — 1.48 (m, 2H), 1.35 (dt= 12.7, 7.1 Hz, 6H), 0.68 (t,

J = 7.4 Hz, 3H)C NMR (125 MHz, CDGJ) § 166.52, 161.29,
136.53, 131.16, 130.75, 128.56, 128.46, 121.60,5021117.51,
60.70, 60.69, 47.52, 24.82, 14.35, 14.15, 10.99]16l0HRMS

2,3-dicarboxylate (4i). White solid; yield: 76% (0.1350g); mp: (ESI): m/z calcd for GH,NO, [M+H]": 344.1856, found:

124.0~126.5°C*H NMR (500 MHz, CDC)) 8 7.46 — 7.41 (m,
3H), 7.26 — 7.23 (m, 2H), 3.98 -3.91 (m, 1H), 3.903(d), 3.82
(s, 3H), 1.97 (s, 3H), 1.86 — 1.82 (m, 4H), 1.72)¢;, 12.8 Hz,
2H), 1.53 (d,J = 10.4 Hz, 1H), 1.11 — 1.04 (m, 3HJC NMR

(125 MHz, CDC}) 6 165.89, 164.14, 134.76, 132.04, 131.12,

128.47, 128.42, 125.31, 118.07, 117.58, 59.06, %2%1.43,
32.71, 26.23, 25.02, 10.70. HRMS (ESI):
CyH26NO, [M+H] " 356.1856, found: 356.1857.

4210 Dimethyl 4-methyl-5-phenyl-1-propyl-1H-pyrrole-2,3-
dicarboxylate (4j). Colorless liquid; yield: 78% (0.1229g3H

m/z calcd fo

344.1856.

4216 Diethyl 5-(4-chlorophenyl)-4-methyl-1-(p-tolyl)-1H-
pyrrole-2,3-dicarboxylate (4p). White solid; vyield: 91%
(0.1934q); mp: 128.7~129.4°CH NMR (500 MHz, CDC)) 5
7.20 — 7.17 (m, 2H), 7.05 (d,= 8.2 Hz, 2H), 6.98 — 6.95 (m,
4H), 4.35 (qJ = 7.1 Hz, 2H), 4.12 (g = 7.1 Hz, 2H), 2.31 (s,
3H), 2.17 (s, 3H), 1.37 (] = 7.1 Hz, 3H), 1.12 (tJ = 7.1 Hz,
3H). ®C NMR (125 MHz, CDGJ)) & 165.45, 161.22, 138.23,
135.18, 134.26, 133.64, 131.93, 129.25, 128.30,8127126.41,
119.39, 118.51, 61.05, 60.62, 21.17, 14.31, 131866. HRMS

NMR (500 MHz, CDC})) § 7.47 — 7.40 (m, 3H), 7.28 — 7.25 (m, (ESI): m/z calcd for GH,:CINO, [M+H]": 426.1467, found:
2H), 4.02 (ddJ = 8.4, 6.7 Hz, 2H), 3.87 (s, 3H), 3.85 (s, 3H), 426.1467.

1.98 (s, 3H), 1.55 — 1.47 (m, 2H), 0.67 Jt= 7.4 Hz, 3H).°C

NMR (125 MHz, CDCJ) § 166.83, 161.79, 136.68, 131.07, Acknowledgements

130.74, 128.58, 128.51, 121.64, 121.23, 117.80845151.82,
4753, 24.78, 10.94, 10.21. HRMS (ESI):
C1gH,,NO, [M+H]™: 316.1543, found: 316.1548.

4211 Dimethyl 4-methyl-1-propyl-5-(p-tolyl)-1H-pyrrole-2,3-
dicarboxylate (4k). Colorless liquid; yield: 64% (0.1053g)H
NMR (500 MHz, CDC}) é 7.27 — 7.24 (m, 2H), 7.14 (d,= 8.0

m/z calcd fo
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