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Versatility of Weinreb Amides in the Knorr Pyrrole Synthesis
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Abstract.  N-Methoxy-N-methyl-o-enaminocarboxamides were prepared starting from enamines and

1 A i F N T S S T N ciihaenmiiamt  Arunlizating
Weinreb o-aminoamides. Their reaction with oganometallic compounds and subsequeni cyclization
S

constitute a versatile alternative in the Knorr pyrrole synthesis. © 1999 Elsevier Science Ltd, All rights reserved.
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Introduction

One of the most important limitations of the Knorr pyrrole synthesis is the easy autocondensation of
starting a-aminoketones.” They are frequently prepared in situ by reduction of an e-oximino ketone or by
g y y prep y

deprotection of either a masked carbonyl group (e.g. a ketal derivative) or a masked amino group (e.g. a

method is different (Scheme 1). Here, N-methoxy-N-methyl-c-enaminocarboxamides 8-16, obtained from
enamines (1-4) and from N-methoxy-N-methyl-o-aminocarboxamides 5-7, react with organometallic compounds
or diisobutylaluminium hydride to give carbonyl derivatives 17-20, which can later cyclize to give pyrroles 21-
24,

reagent
selectively attacks the carboxamide group. The Z function remains untransformed (nitrile, ester or ketone). In this
paper we study the influence of Z, R' and the organometallic compound, and the scope and limitations of the

synthetic method is indicated.
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Scheme 1

Synthesis of Weinreb a-Vinylaminoamides

In the first stage B-aminocrotonitrile 1, ethyl-p-aminocrotonate 2 and B-auminoenones 3 and 4 react with N-

leading with good yields to the o-vinylaminoamides 8-16 (Table 1). The interchange of nitrogenated
substituents”’ is produced by gentle healing of a dissolution of the reagents in methanol. Autocondensation of the

«-amino amides was not observed.

Table 1. Preparation of Weinreb o-Vinylaminoamides 8-16.

Start Amide® Z R TEC) Time(hy Product  Yield (%)
i 5 CN H 30 6 8 79
1 6 CN Me 35 6 9 85
1 7 CN 'Pr 35 15 10 83
2 5 CO.Et H 20 12 11 75
2 6 CO,Et Me 20 20 12 85
3 5 COMe H 35 10 13 81
3 6 COMe Me 30 12 14 72
4 5 COPh H 35 10 15 73
4 7 COPh 'Pr 35 15 16 72

(a) Hydrobromide derivative.
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When the secondary enamines 8-16 react with an equimolar amount of the organometallic compound

(R*MgBr, R’Li) they form a conjugated anion 25 which deactivates the electrophilic function Z.*'° If an excess
of reagent is used, only the N-methoxy-N-methyl-carboxamide group is transformed into a carbonyl group

(Scheme 2). Normally, a strict control of the temperature and proportion of reagents is unnecessary and it is

advisable to use tetrahydrofuran as the solvent.'' In the preparation of the enaminoesters 18, which are very
unstable 1in medium acid. the hvdrolvcis chould take nlace in nentral conditions
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Scheme 2

The success achieved in the preparation of compounds 17-20"° depends essentially on Z and R'. When R’ is
different from hydrogen, the reaction with organomagnesium or organolithium compounds occurs satisfactorily,
irrespective of the nature of Z. However, if R' = H, a significant influence of Z can be observed: the results are
still good for enaminonitriles (Z= CN), but may deteriorate for enaminoesters (Z= CO,Et) and are irrelevant for

gnaminones (L= ¢ AN

JP T, m 1

to other processes which affect the a-aminocarboxamide group. Thus, in the reaction of 15 with methyilithium
(or MeMgl) we have been able to identily 27 as the main product (Scheme 3). The compound is the result of a
rearrangement of the methoxy group. This rearrangement would not take place or would be more difficult when

R'is ditferent from hydrogen.

?Me ?Me H
AN N }\t\
B S Py e
v > A
PN\Me F’W)\/kMe
MeLi
15 27 61%
Scheme 3
The hydrolysis of the metallic intermediates 26 (Scheme 2) occurs with total or partial simultaneous
:yc.:luau(_n to 21-24. Consequently, no attempts were made to isolate 17-20 from the reaction mixture' and the
nracess was continued with hacie catalvsis (EtONa/EtOH) in order to obtain a comnlete transformation to pvrroles
lJl\JV\-x) D YYD WL WIW LS VY IR LD N \—uLuIJ.'JI D \ASANTL VG RN /S B/ 11 LG L7 i A \.’lell.ll\.al\d [ R S a e MO pF YRR
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condensation. In the case of 20n, in which the basic treatment was unsuccessful, we proceeded to a reflux in
toluene inthe presence of silica gel. When the same treatment is applied to 191, the cyclization-aromatization

occurs mainly with deacetylation to give 2,5-dimethyl-3-(2-methyl-1,3-dithiolan-3-yl) pyrrole 28.
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cyclizations to a-acyl pyrroies. Among the examples chosen, the compounds 24m and 24n show the potential

use of the synthetic method in the preparation of pyrroles with functionalized substituents.

r 117 -

PR 7S DU, T 5 YOO S Al o P -~y ~A + L .7 1 . 1 o
ADIC &, I'TCparaion OI ryrroies Z1-24 ITom wemreo o- vinylaminoamdes 3-10.

Reaction with organometallic compounds Cyclization

+ Lomrad BNV TTI N L
101 0DSCIvVed riscncr-rink-type

Start 7 R Organometallic R* Ratio T (°C) Time |Meth" Time  Product (%)
(h) (h)
8 CN H DIBAL-H H 1:22 50 05 A 21a (73)
8 CN H DIBAL-H H 14 -50 10 4 A 21a (62) 29a° (0)
8 CN H EtMgBr EL :3 8 1 B | 21c (68)
8 CN H Buli Bu 03 0 1 b 21d (65)
8 CN H PhMgBr Ph 03 10— 0 2 B 3 21e (63)
9 CN Me  DIBAL-H 222 =50 i A 21f (92)
9 CN Me  DIBAL-H -4 S0—10 4 A 21F (27) 29f° (35)
10 CN 'Pr DIBAL-H 122 -50 0.5 A 21j (75)
10 CN 'Pr DIBAL-H H L4 50—~ 10 8 A 21§ (15) 29§° (65)
10 CN 'Pr MeLi Me 23 18 2 AP 21k (76)
11 COEt H DIBAL-H H 1220 20 ! A 22a (68)
11 CO.Et  H MeLi Me 3 -10 1 A 22b (62)
il COEt H Ph.i Ph .3 -10 ! B 2 22e (47)
12 CO.Et Me  DIBAL-H H 122 220 I A 22F (74)
12 COEl Me  MeLi Me 3 0 1 A® 22g (30)
12 CO.Et  Me  PhLi Ph 23 0 1 B 2 22h (83)
13 COMe H DIBAL-H H 3 -50 5 A 23a (62)
13 COMe H MeLi Me 3 -10 I AP 23b (10)"
14 COMe Me  DIBALH H 23 S0-200 3 - 14 (85)
14  COMe Me  PhMgBr Ph :3 1% i B i 23h (71)
. M ~S_Me —S_Me .3 20 ' C i 28 (4
14  COMe Me <5><u Csx .3 200 ] C i 28° (48)
15 COPh H DIBAL-H H 22 .50 2 A 24a (28) 30 (36)
15 COPh H MelLi Me :3 5—10 2 _ 24b (12) 27 (61)
16 COPh 'Pr DIBAL-H H 03 10-20 3 _ 16 (88)
16 COPh  'Pr  MecLi Me :3 0 0.5 B 2 24k (69)
16 COPh 'Pr  PhMgBr Ph 23 18 2 B 5 241 (62)
16 COPh  'Pr O~ M O~ 1:3 8 1 B 5 24m (65)
\O/ )\Oj
: i ] -S . 90 — 5 5
16 COPh 'Pr C‘J_“ (_ S}_ 23 200 2 C 1 24n (59)

(a) Methods: A spontaneous, B EtON&/EtOH, C silica gel/toluene. (b) The basic conditions of the hydrolysis (LiOH) makes the

cyclization process easier. (¢} Z = COH. (d) The remainder is degraded. (¢) Z = H.
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The reaction of aminonitriles 8-10 and aminoesters 11-12 with diisobutylaluminium hydride needs stricter
control conditions than with organolithium or organomagnesium compounds. In general, at -50°C and with a ratio
of substrate/DIBAL-H [ : 2.2, excellent yields of 17-20 were obtained, which were spontaneously cyclized to
pyrroles (Table 2). At higher temperatures, and with a greater proportion of hydride, other processes take place
which decrease the yields of 21-23.

In the experiments starting from 10 (Z= CN, R'=Pr), very interesting results were achieved: depending on
the temperature and the nronortion of reacents. the reaction can he ctanned at 213 (759 or continue ta 201 (659
pPrietit QU UL PRUPULUVH UL IRGELLILS, L ITAC U LAl U0 SIUPPCU at &aj (/270 U LULIIMIUEC WO L7 (0270

%“

by simultaneous reduction of the amide and nitrile groups. Unfortunately, the effectiveness of the c¢ontrol
conditions can not be extended to their homologues 8 and 9. in which the size of R' may decisively influence the
double reduction. The yields of the 3-pyrrolcarboxaldehyde derivatives 29a.f,j decrease in the order 'Pr > Me >

H (Scheme 4).

HOC H N ! o ?Me .
NC O I‘l\l NG H
Pt )L \I o e T
e ~ ~gt DiBAH Mg O “R1 DIBAH ~ \-‘ Me” N SN
g R Y R o
! y J - N |
H H H L H _] W
28a R'=H 0% 8 R'=H 2la R'=H 73%
29f R'=Me 35% 9 R =Me 21f R'=Me 92%
29f R'='Pr 65% 10 R'='Pr 21 R'='Pr 75%
Scheme 4

I B W4 TNTIY AT

The influence of R' in the reduction of the B-aminoenones 13-16 with DIBAL-H is very different to that
obscrved in their reactions with organometallic compounds (R’Li and R*-Mg'Pr). Surprisingly, 14 and 16, with
R'#H, are resistent to the reduction. When R'=H (13 and 15), even though the expected pyrroles are produced,
reductions in the enone group may take place. For example, starting from 15, together with 24a, the 1-phenyl-2-
buten-1-one (30-55%) is produced by a conjugated reduction-elimination.'*'* Once again, the B-aminoenones are

the substrates which present the greatest limitations in our synthetic method.

Conclusion

In the Knorr pyrrole synthesis, as in many other organic processes, Weinreb amides have been shown to be
very versatile starting compounds. They are especially useful in the preparation of pyrrole derivatives in which we
wish to vary systematically the B-substituent, whether this be H, alkyl, aryl and even some functionalized

substituents.
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Melting points were measured on a Reichert-Jung Thermo Galen and are uncorrected. Boiling points
correspond to the oven temperature in a Kugelrohr GKR-51. IR spectra were obtained on a Perkin Elmer 1720 X
spectrometer. NMR spectra were recorded on a Bruker AC300 spectrometer, and chemical shifts are given
downtield from SiMe, as an internal standurd; ""C-NMR spectra were carried out with complete 'H decoupling
and the assignments were made by additional DEPT experiments. Mass spectra were measured on a Hewlett-
Packard 5988A mass spectrometer,

The starting enamines were

[N The N-methoxv-N-methv -

mranadiiea ar 1 h« s e s A Tratiirac rraes
proceduie he N-methoxy-N-methyl-o-aminocarboxamides 5-7 (hydrobromide derivatives) were

I6

o

prepared from their corresponding BOC-g-amino derivatives'® (or CBZ-a-amino derivatives) by deprotection
with HBr in AcOH (33%) and precipitation in dry cther."’

Preparation of compounds 8-16 from enamines 1-4 and amides 5-7. General procedure. A
mixture of 1-4 (12.18 mmol) and 5-7 (14.62 mmol) in 25 cm® of methanol was stirred at 40°C for the times given
in the Table 1. At the end of the reaction, monitored by TLC, the solution was concentrated in vacuo. The
cessive washines with water when the residue was a

xture were removed by successive washings esi

dryness. The product was recrystallized from toluene or dichloromethane/diethyl ether

*C?A

or chromatographed on silica gel with dichioromethane/diethyl ether (10 : 1) as ciuent (
the later processes without purifying'® (12).
The chemical yields and the physical and spectral characteristics of these products are given below.
2-(2-Cvano-L-methylvinylamino)-N-methoxy-N-methylacetamide (8): 79%, colorless crystals, mp. 98°C.
IR (KBr) 3338, 2192, 1667, 1592 ¢cm’'; '"H NMR (300 MHz, CDCl,) § = 2.17 (s, 3H), 3.25 (s, 3H), 3.75 (s,
3H), 3.76 (s, 1H), 3.81 (d. J=4.0, 2H), 5.35 (br, IH, NH); "C NMR (75.4 MHz, CDCL,) § = 20.10 (CH;)

SIS, 270 (S, 13k, 2.0 (M, S Ty mddgy W (UL, DR, 2NIRS, 0 R SNIVRSN T YATRL, LA L2 .,--‘,

32.42 (CH,). 43.54 (CH,), 61.63 (CH,), 61.63 (CH), 121.41 (C), 159.15 (C), 168.39 (C);: MS: m/z 183 (M".
63), 95 (100). (Found: C, 52.56; H, 7.17; N, 22.87. C,H,;N,O,requires C, 52.44; H, 7.15; N, 22. 94"’)
2-(2-Cyano-1-methylvinylamino)-N-methoxy-N-methylpropionamide (9): 85%, pale- yellow oil. IR (film)

3319, 2197, 1661, 1604, 1551 cm™; '"H NMR (300 MHz, CDCl,) § = 1.27 (d, J=6.8, 3H), 2.02 (s, 3H), 3.14
(s. 3H). 3.68 (s, 3H), 3.69 (s, 1H), 4.18 (m, 1H), 5.48 (d, J=6.5, 1H, NH); "C NMR (75.4 MHz, CDCl,) 8 =
17.14 (CH,), 20.12 (CH,), 32.22 (CH,), 48.32 (CH), 60.58 (CH,), 61.59 (CH), 121.57 (C), 158.74 (C),
172,51 (C): MS: m/z 197 (M", 13), 109 (100).

2-(2-Cyano-1-methylvinylamino)-N, 3-dimethyl- N-methoxybzvttyran‘zide (10): 83%, colorless crystals,
mp. 115°C. IR (KBr
3H). 0.90 (d, J=6.8, 3H), 2.01 (m, J=6.8, 1H), 2.08 (s, 3H), 3.17 (s, 3H), 3.70 (s, 3H), 3.90 (s, in), 4.06
(dd, J=8.5 and 6.8, 1H) 5.10 (d, J=8.5, 1H, NH); ""C NMR (75.4 MHz, CDCl,) 3 = 17.90 (CH,), 19.46
(CH,), 20.45 (CH,), 31.64 (CH), 31.90 (CH,), 57.21 (CH), 61.11 (CH,). 61.42 (CH), 121.54 (C), 160.05
(C), 171.83 (C); MS: nv/z 225 (M*, 13), 137 (100). (Found: C, 58.65; H, 8.47: N, 18.73; C, H (N0, requires
C, 58.65; H, 8.50, N, 18.65 %).

Ethyl 3- ((N-mm‘lmn -methylcarbamaoyl) methylamino) crotonate (11): 75%, colorless crystals, mp. 68°C.
16 1678 1600 1202 1272 1180, 1165 cmy': '"H NMR (300 MHz, CDCl,) & = | 25 (t. 1=7.2.
1 L1y 11 oasioayy U 1.4 N vy 3

10/0, IU\JU, 14}4. 1&/4y, 110U,

n

r) 328¢

0

iL

UJ
’ [ 3

o Wl =da) Wt s . . N sINN — TN\ @ oNn 4 —_a Q
o, 1024, 10U/, 104D Lﬂ'l N INIVIRR DUV I/, WiJUd3) O = V.07 (4, J—V.0,

s LK 4 NAVEIN U
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.64 (CH,), 19.68 (CH,), 32.48 (CH,)
(CH,), 61.53 (CH,), 84.07 (CH), 160. 63 (C), 168.77 (C), 170.22 (C); MS: mvz 230 (M" 12), 96 (100).
(Found: C, 52.03; H, 7.92; N, 12.13. C, H,]N,O, requires C, 52.16; H, 7.88: N, 12.17 %).

Ethyl 3-(1-(N-methoxy-methylcarbamoyl) ethylamino) crotonate (12): 85%, pale-yellow oil. IR (film)
3310, 1683, 1659, 1290, 1170 cm’'; '"H NMR (300 MHz, CDCL,) § = 1.19 (t, J=7.1, 3H), 1.36 (d, J=6.9, 3H),
1.85 (s, 3H), 3.16 (s, 3H), 3.68 (s, 3H), 4.04 (q, J=7.1, 2H), 4.44 (S. IH). 4.49 (m, 1H), 8.80 (d, J=8.4, IH,

—_
=
o
‘!\‘)
o)
v

47
NH); “C NMR (75.4 MHz, CDCl,) § = 14.47 (CH,), 19.26 (CH,), 19.36 (CH,), 32.29 (CH,), 48.95 (CH),
SR 27 (C ) 1 3Q¢CH R K7 (CHY 18028 /Y 168000 (Y 17392 {0y MK m/2 744 (MY 11Y 11O 100N
S04/ ATy, U137 \\,‘113}, OI.67 (X, 1J7. 39 (), 10UV, 77\ ), 17022}, VA, V2 £59 (ivl , 1 1), 11U {(1UU}.

(
2-(2-Acetyl-1-methylvinylamino)-N-methoxy-N-methylacetamide (13): 81%, colorless crystals, mp.
98°C. IR (KBr) 3403, 1674, 1628, 1610, 1555 cm™; '"H NMR (300 MHz, CDCl,) 8 = 1.88 (s, 3H), 1.97 (s,
3H), 3.16 (s, 3H), 3.69 (s, 3H), 4.13 (d, J=6.0, 2H), 5.02 (s, {H), 10.83 (br, 1H, NH); "C NMR (75.4 MHz,
CDCL) § = 18.97 (CH,), 28.76 (CH,), 32.33 (CH,), 43.87 (CH,), 61.40 (CH,), 96.31 (CH), 162.42 (C).
169.28 (C), 195.48 (C); MS: m/z 200 (M", 28), 112 (100). (Found: C, 53.90; H, 8.08; N, 13.95. C;H ,N,O;
requires C, 53.99; H, 8.05: N, 13.99%).

N-Methoxy -N-methyl-2-(1-methyl-3-0xo-1-butenylamino) propionamide (18): 72%
(film) 3321, 1668, 1613, 1574, cm’'; '"H NMR (300 MHz, CDCl,) 8 = 1.40 (d, J=7.0. 3H),
(s, 3H), 3.16 (s, 3H), 3.67 (s, 3H), 4.52 (m, J=7.0, iH), 4.96 (s, 1H), 10.86 (d, J=7.0, 1H, NH); "C NMR
(75.4 MHz, CDCl,) § = 18.54 (CH,), 18.55 (CH,), 28.42 (CH,), 31.90 (CH,), 48.74 (CH), 61.07 (CH,).
95.65 (CH). 160.32 (C), 172.16 (C), 194.73 (C); MS: nvz 214 (M", 16), 126 (100).

N-Methoxy-N-methyl-2-( [ -methyl-3-oxo-3-phenyl-1-propenylamino) acetamide (15): 73%, colorless

crystals, mp. 115°C. IR (KBr) 3410, 1668, 1602, 1593, 1533 cm™; 'H NMR (300 MHz, CDCl,) § = 2.07 (

3H). 3.22 (s, 3H), 3.74 (s, 3H), 4.25 (d, J=6.0, 2H), 5.76 (s, IH), 7.37-7.89 (m, SH), 11.51 (br, 1H, NH)
‘P}\\JD (T8 A MU= 'YLy 8 = 1070 (CH Y 2940 (CH Y 4402 (CHT Y AT SA ((CH Y Q207 (CHY 17704

COINIVIR (/0.4 MINZ, LI 0= 10 /U (i), D457 \Tl3j, 99,44 (Lol ), ULDU (L TT,), 7007 (dhy), La/i.us
{CH), 128.09 (CH), 130.48 (CH), 140.38 (C), 164.16 (C), 169.18 (C), 188.34 (C); MS (CI): mvz 263 ( M+1,
100). (Found: C, 64.23; H, 6.89; N, 10.66. C,H (N,O,requires C, 64.10; H, 6.92; N, 10.68%).

N, 3-Dimethyl-N-methoxy-2-( I -methyl-3-oxo-3-phenyl-1-propenylamino) butyramide (16): 72%. pale-
yellow oil. IR (film) 3320, 1667, 1600, 1582, 1554, 1323, 1297 cm™; 'H NMR (300 MHz, CDCl,) 5 = 0.98 (d,
J=6.7, 3H), 1.03 (d, J=6.7, 3H), 1.99 (s, 3H), 2.20 (m, J=6.7, 1H), 3.12 (s, 3H), 3.62 (s, 3H), 4.33 (dd,
J=9.6 and 6.7. LH), 5.67 (s, 1H), 7.30-7.90 (m, SH), 11.68 (d, J=9.6, 1H, NH); ""C NMR (75.4 MHz,

), 19.74 (CH,), 31.51

reaction (monitored by TLC), the mixtwe was hydrolyzed. The organic layer was decanted, washed with water,
dried (Na,S0,) and evaporated. The carbonyl intermediates 17-20 were not isolated and the concentrate

underwent cyclization treatment.
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Cyclization of 17-20 to pyrroles 21-24, Method B. The previously mentioned reaction mixtures of
17-20 (approximately 2.2 mmol) and 0.151 g (2.22 mmol) of EtONa were stirred in 15 cm® of ethanol at room

temperature for the times given in Table 2. At the end of the reaction, the mixture was poured into 50 cm’ of water
and extracted with dichloromethane (3 x 50 cm?). The organic layer was washed with water, dried over Na,S0,
and evaporated under reduced pressure. The product was chromatographed on silica gel, using dichloromethane
or dichloromcthane/diethyl ether (in a variable proportion from 10 : 1 to 20 : | ) as eluent.

Cyclization of 19i and 20n to pyrroles 23i and 24n. Method C. The reaction mixture of 19i or
20n (approximately 2.2 mmol) and silica gel (5 x w/w) was refluxed in toluene (50 ¢m?) for | h. The silica gel
was filtered off and washed thoroughly with hot chloroform. The solvent was removed and the concentrate was
recrystallized from hexanc/cthyl acetate or chromatographed on silica gel using dichloromethane as eluent.

2-Methylpyrrole-3-carbonitrile (21a): 73%, colorless crystals, mp.131°C (lit.,"”” 131-132°C). IR (KBr)
274, 2222, 1576, 1462, 1376, 1098, 900, 765, 742 cm’'; '"H NMR (300 MHz, CDCl,) 6 = 2.41 (s, 3H), 6.33

t,J=2.8, 1H), 6.61 (1, J=2.8, 1H), 8.94 (br, IH, NH); "C NMR (75.4 MHz, CDCl,) 5 = 12.01 (CH,), 90.65
(C), 111.05 (CH), 117.46 (CH), 117.46 (C), 137.49 (C); MS: m/z 106 (M". 54), 105 (100). (Found: C, 67.89;
H, 5.68; N, 26.43. C;HN, requires C, 67.90; H, 5.70; N, 26.40%).

4-Lthyl-2-methylpyrrole-3-carbonitrile (21c¢): 68%, colorless oil, bp. 177-180°C at 1 mmHg. IR (film)

3310, 2218, 1580, 1458, 1430, 1375. 1095, 750 cm’'; 'H NMR (300 MHz, CDCl,
o .

(9%}

PO s

.39 (m, iH}, 74 (br, 1H, NH); ~

4«But_\‘1—2—meth_vlpyrru/e-3-carb0nifrile (21d): 65%, colorless oil, bp. 185-190°C at | mmHg. IR (film)
3300, 2212, 1575, 1460, 1429, 1372, 1095, 745 cm’’; '"H NMR (300 MHz, CDCl,) 6 = 091 (t, J=7.2, 3H),
1.34 (m, 2H). 1.56 (m, 2H), 2.37 (s, 3H), 2.49 (t, J=7.6, 2H), 6.37 (m, 1H), 8.69 (br, 1H, NH); “*C NMR

(75.4 MHz, CDCI,) 8§ = 12.17 (CH,), 13.76 (CH,), 22.22 (CH,), 25.47 (CH,), 32.23 (CH,), 91.23 (C), 114.21
(CH), 117.42/(C), 127.05(Cy, 137.19 (C); MS: m/z 162 (M, 18), 119 (100).

2-Methyl-4-phenyipyrrole-3-carbonirrile (21e): 63%, colorless crystals, mp.i161°C. IR (KBr) 3271, 2214
1606, 1538, 1466, 752, 738, 694 cm™; 'H NMR (300 MHz, CDCl,) 5 = 2.46 (s, 3H), 6.82 (d. J=2.6, lH),
7.25-7.63 (m, 5H), 8.63 (br, 1H, NH); "C NMR (75.4 MHz, CDCl,) & = 12.33 (CH,), 90.05 (C), 114.49
(CH), 117.39 (C), 126.26 (CH), 126.70 (C), 126.95 (CH), 128.77 (CH), 133.06 (C), 138.91 (C); MS: m/z 182
(M, 100). (Found: C, 79.06; H, 5.51; N, 15.43. C,,H N, requires C, 79.10; H, 5.53; N, 15.37%).

5-Dimethylpyrrole-3-carbonitrile (21f): 92%, colorless crystals, mp. 89°C (lit.,™ 89°C). IR (KBr) 3303,

2215, 1602, 1533, 1458, 1432, 788, 766 cm’'; 'H NMR (300 MHz, CDCL) & = 2.20 (s, 3H), 2.36 (s, 3H),
5.96 (d, J=1.6, 1H), 8.42 (br, 1H, NH); "C NMR (75.4 MHz, CDCl,) 5 = 12.05 (CH,), 12.50 (CH,), 90.36
(C), 107.89 (CH), 117.70 (C), 127.45 (C), 136.42 (C); MS: nvz 120 (M*, 48), 119 (100). (Found: C, 70.03;

H. 6.68; N, 23.29. C;HN, requires C, 69.98; H, 6.71: N, 23.31%).
S-Isopropyl-2-methylpyrrole-3-carbonitrile (21j): 75%, colorless crystals, mp. 86°C. IR (KBr) 3268,
2219, 1600, 1525, 1463, 788, 738 cm™*; 'H NMR (300 MHz, CDCl,) 3 = 1.24 (d, J=6.9, 6H), 2.39 (s, 3H),
2.87 (m, J=6.9, 1H), 5.97 (m, 1H), 9.28 (br, 1H, NH); "C NMR (75.4 MHz, CDCl,) 8 = 11.82 (CH,), 22.13
(CH,), 26.65 (CH), 88.91 (C), 104.74 (CH), 118.28 (C), 136.89 (C), 138.99 (C); MS: m/z 148 (M*, 22), 133

12, 210,20 S L
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DA-Dimethvl-S.icanranvinveenlo_ 2 cnavhanitvilo (1) TAECL  rnblaslace ~msctale s 1707 ID /DY
S TTAS v YT T Gpr i y i GO0 Ll DUNITHE N & A FUY0, CUIUNICSY Liyslald, Hip. 120 . IR (DDi)
b s T4 n ~7 1 AN 1 AL oA oty ATR ATy S anns Pt eVt L v e o~ Prp— .
32D 0, 1408, 740 cm™; 'H NMR (300 MHz, LUL!;) 8 =1.20 (d, J=7.0, 6H), 2.05 (s, 3H),

5
2.95 (m, J=7.0, [H), 8.45 (br, 1H, NH); "C NMR (75.4 MHz, CDCl,) § = 9.47 (CH,), 12.12
(CH;), 22.28 (CH,), 25.20 (CH), 91.96 (C), 114.48 (C), 117.71 (C), 133.19 (C), 134.75 (C); MS: m/z 162
(M7, 17), 147 (100). (Found: C, 74.14; H., 8.68; N, 17.18. C 1, N, requires C, 74.03; H, 8.70; N, 17.27%).
Ethyl 2-methylpyrrole-3-carboxylate (22a): 67%, colorless crystals, mp. 78°C (lit.,*" 78-79°C). IR (KBr)

3289, 1673, 1575, 1444, 1322, 1267, 1201, 1122, 1095, 1050, 779, 719 cm™; '"H NMR (300 MHz, CDCL,) 8 =
1.35 (1, J=7.0, 3H), 2.51 (s, 3H), 4.28 (g, J=7.0, 2H), 6.54 (m, 1H), 6.55 (m, [H), 9.15 (br, |H, NH); "*C
N MM (78 4 M7 OCINVCIY 8 — 1207 (CHY 14128 (LT Y SQ27 /01Ty 110 1D /LIy 111790 /7Y 11& Q9
SMIVOR /DT VAL, i) 00T 10000 Gy ), 1900 (a1, J7.0 7 (L, ), Liviis (LI, 111.2Y (V) 110.74
¥ a2 B Y 12I& AN 10 1L£ 1& M ANAC i 1&n A A+ AO INate VAT 'y 1 ral Ve N TaY Y ~ o~ N 4 o1 o
L), 1230.40 (L), 100,10 (L)) M VZ 155 (M, 48), 1Us (1UU). (Founa: C, 0Z./U; H, /7.20; N, Y.10

C,H,NO, requires C, 62.73; H, 7.24, N, 9.14%).

Ethyl 2,4-dimethylpyrrole-3-carboxylate (22b): 62%, colorless crystals, mp. 76°C (lit.,”” 74-75°C). IR
(KBr) 3310, 1665, 1582, 1439, 1326, 1262, 1130, 1091, 786, 731 cm™; '"H NMR (300 MHz, CDCl,) 8 = 1.36
(t, J=7.1, 3H), 2.25 (s, 3H), 2.50 (s, 3H), 4.28 (q, I=7.1, 2H), 6.36 (d, J=1.0, 1H). 8.00 (br, 1H, NH); "*C

NMR (75.4 MHz, CDCl,) 6 = 12.60 (CH,), 14.09 (CH,), 14.49 (CH,), 59.04 (CH,), 110.80 (C), 114.12
(CH), 121.59 (C), 135.83 (C), 166.28 (C). (Found: C, 64.70; H, 7.82; N, 8.40. C,H ,NO, requires C, 64.64;
H, 7.84: N, 8.38%)

Ethyl 2-methyl-4-phenylpyrrole-3-carboxylate (22e): 47%, colorless crystals, mp. 109°C (lit.,” 108°C).
[R (KBr) 3365, 1673, 1444, 1288, 1232, 1126, 755, 698 cm’; "H NMR (300 MHz, CDCly) 8 = 1.08 (1, I=7.1,
3H), 2.41 (s, 3H), 4.09 (g, J=7.1, 2H), 6.43 (d, J=2.5, 1H), 7.13-7.33 (m, 5H), 8.49 (br, 1H, NH); "C NMR
(75.4 MHz, CDCl,) & = 13.89 (CH,), 14.06 (CH,), 59.34 (CH,),109.71 (C), 115.47 (CH), 126.11 (CH),
127.01 (C), 127.45 (CH), 129.25 (CH), 135.81 (C), 136.16 (C), 165.93 (C); MS: m/z 229 (M", 100). (Found:
C.73.28.H, 6.61; N, 6.12. C,,H,.NO, requires C, 73.34; H, 6.59; N, 6.11%).
date (22f): 74%, colorless ¢ (
(KBr) 3293, 1666, 1436, 1224, 1087, 800, 775, 730 cm; '"H NMR (300 MHz, CDCL,)
3H), 2.19 (s, 3H), 2.47 (s, 3H), 4.25 (g, J=7.2, 2H), 6.20 (m, 1H), 8.17 (br, 1H, NH); C NMR (75.4 MHz,
CDCl,) 8 = 12.57 (CH,), 13.10 (CH,), 14.48 (CH,), 59.21 (CH,), 107.35 (CH), 111.49 (C), 125.59 (C),
134.25 (C), 165.84 (C); MS: m/z 167 (M, 68), 138 (100). (Found: C, 64.54; H, 7.87; N, 8.41. C;H:NO,
requires C. 64.64; H, 7.84;: N, 8.38%).

Ethyl 2,4,5-trimethvipyrrole-3-carboxylate (22g

113°C (lit,

r'?
)
’

=
-
>
7
-
~3

%

O

|

5 =
“C

rJ

80%, colorless crystals, mp. 105°C (lit., 33 103-105°C).
995, 784, 750 r‘m’I ]H NMR (lﬂﬂ MHz CDCl1.)

, 84, 1rlL, u._u.”

6, 1055, Q, 5
3H), 2.11 (s, 3H), 45 (s, 3H), 4.26 (q, J=7.1, 2H), 8.02 (br, 1H, NH) *C

3286, 1655, 1465, 1431, 1268, 1250
1,
4 MHz, u,)ug) 6=1044 (Lrh), 10.92 (\,Hx), 13.82 (CH,), 14.48 (CH,), 58.93 (C

*w
—
w
—_
»
w
jan
e
)

N, 7.72. C“)HHNOJ requires C, 66.27; H, 8.34; N, 7.73%).
Ethyl 2,5-dimethyl-4-phenylpyrrole-3-carboxylate (22h): 83%, colorless crystals, mp.126°C (lit.,”® 127-
128°C). IR (KBr) 3259, 1658, 1445, 1425, 1290, 1164, 1091, 785, 755, 700 cm™"; 'H NMR (300 MHz, CDCIB)
&= 1.05 (1, J=7.1, 3H), 2.12 (s, 3H), 2.52 (s, 3H), 4.08 (q, J=7.1, 2H), 7.21-7.36 (m, 5H), 7.94 (br,
NH); "C NMR (75.4 MHz, CDCl,) 8 = 11.17 (CHW) 13.62

JJ
”
o
~
>
LJJ
JI‘A
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LJ ]
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m/z 243 (Mt 70N 214 (1000 (Fannd: O 74 (A T0A4-N 8§72 ¢~ W NO ram N TANS. T 7T NA N
U LTS TR Ty LML ULV RV, R, TV, DL, LU, N, DT 0. g T IS BCHUTENS W, 7V, T, /WU, O
& THCN
J. 1070y,

3-Aceryl-2-methylpyrrole (23a): 62%, colorless crystals, mp. 87°C (lit.,”” 87-88°C). IR (KBr) 3212, 1625,
1569, 1451, 943, 892, 730, 674 cm™; '"H NMR (300 MHz, CDCl,) 8 = 2.39 (s, 3H), 2.52 (s, 3H), 6.48 (m,
IH). 6.54 (m, [H), 9.84 (br, IH, NH); "C NMR (75.4 MHz, CDCl,) 5 = 13.80 (CH,), 28.31 (CH,), 110.43
(CH). 115.85 (CH), 120.45 (C), 135.36 (C), 195.59 (C); MS: m/z 123 (M*, 47), 108 (100). (Found: C, 68.29;
H, 7.35; N, 11.33. C,H,NO requires C, 68.27; H, 7.37; N, 11.37%).

3-Acetyl-2,4-dimethylpyrrole (23b): 10%, colorless crystals, mp. 138°C (lit.,” 138°C). IR (KBr) 3216,
TA&1TT 1AT72 144D QA2 QNN "TI&EN ‘ml bt NIRAD 7NN RAIT. AT Y € A AT 73 Tt AWALIY Y AT s ATIN N SN
1OL /7, 1973, 1444, 740, OUU, /OU CITl T INIVIN (JQUU Iz, LU ) 0= L.47 (U, J=1, OI1), <.45 (>, 2I1), £.0U
(s, 3H), 6.37 (m, 1H), 8.98 (br, IH, NH); "C NMR (75.4 MHz, CDCl,) 8 = 13.66 (CH,), 15.13 (CH,), 30.82

(CH,), 11498 (CH), 120.44 (C), 120.46 (C), 136.07 (C), 19590 (C); MS: my/z 137 (M*, 18), 122 (100).
(Found: C, 69.94; H, 8.12: N, 10.22. C;H, NO requires C, 70.05; H, 8.08; N, 10.21%).
3-Aceryl-2,5-dimethyl-4-phenylpyrrole (23h): 71%, palc-yellow crystals, mp. 134°C (lit.,” 135°C). IR
(KBr) 3230, 1631, 1604, 1584, 1525, 1446, 1412, 964, 808, 759, 701 cm'; 'H NMR (300 MHz, CDCl,) & =
NH); BC NMR (75.4 MHz, CDCI

A 73 M T » == il ittt ] ~=3
S=1102(CH\ 1408 (C 30.63 (CH.). 121.34 (C). 122.14 (C). 123.42 (C). 126.51 (CH). 128.11 (CH)
v Lha e AR i lg)y ATWU (Nl )y JULUT ATy, 1A LIT ) el 1T R, 1LDTE ), LU 1 (a1, LJ-U-& 1 \~1xiy
130.40 (CH), 133.37 (C), 136.70 (C), 196.99 (C); MS: my/z 213 (M*, 72), 198 (100). (Found: C, 78.90; H
7.07, N, 6.54. CH {NO requires C, 78.84; H, 7.09; N, 6.57%).

3-Benzoyl-2-methylpyrrole (24a). 28%, colorless crystals, mp. 121°C. IR (KBr) 3310, 1600, 1570, 1555,
1449, 1368, 1280, 885, 790, 745, 720, 702 cm™'; 'H NMR (300 MHz, CDCL,) § = 2.53 (s, 3H), 6.40 (1, J=2.6,
1H), 6.53 (dd, J=3.0 and 2.6, 1H), 7.42-7.83 (m, 5H), 9.44 (br, 1H, NH): “C NMR (75.4 MHz, CDCl,) § =
13.70 (CH,), 112.42 (CH), 115.76 (CH), 119.43 (C), 127.99 (CH), 128.92 (CH), 131.13 (CH), 136.94 (C),
140.53 (C), 192.99 (C); MS: myz 185 (M, 7), 77 (100). (Found: C, 77.86; H, 5.92; N, 7.52. C,H,,NO
requires C, 77.81; H, 5.99; N, 7.56%).

3-Benzoyl-2,4-dimethyipyrrole (24b): 12%, colorless crystals, mp.129°C (lit.,
3215, 1604, 1572, 1462, 1426, 1348, 903, 800, 756, 701 cm™; 'H NMR (300 MHz, CDCL) 6
2.13 (s, 3H), 6.37 (s, 1H), 7.39-7.70 (m, SH), 8.71 (br, 1H, NH); "C NMR (75.4 MHz. CD(.!_,) 5=12.17
(CH,), 13.75 (CH,), 115.23 (CH), 120.46 (C), 120.65 (C), 128.15 (CH), 128.85 (CH), 131.33 (CH), 134.89
(C), 141.35(C), 194.83 (C): MS: m/z 199 (M*, 70), 198 (100). (Found: C, 78.36; H, 6.60; N, 7.05. C,;H,;NO
requires C, 78.36; H, 6.58; N, 7.03%).

3-Ben:,uy1~2,4~dimethyl~5-isopropylpyrrole (24k): 69 %, colorless CLystals mp. 134°C. IR (KBr) 3255,

7 119 170
120-147

T,

.3 R

CH,), 13.67 (CH,), 22.30 (CH,), 24.73 (CH) 13.67 (C), 120.85 (C), 128.04 (CH), 128.92 (CH),

131. (CH 132.40 (C), 133.06 (C), 141.57 (C), 194.63 (C) MS: m/z 241 (M, 46), 22 d:

79.72; H, 7.90; N, 5.78. C,;H ,NO requires C, 79.63; H, 7.94; N, 5.80%).
3-Benzoyl-5-isopropyl-2-methyl-4-phenylpyrrole (241): 62%, pale-yellow crystals, mp. 185°C. IR (KBr)

3241, 1610, 1598, 1562, 1527, 1451, 1418, 763, 737, 699 cm’; 'H NMR (300 MHz, CDCl,) § = 1.23 (d,
J=7.0, 6H), 2.39 (s, 3H), 3.11 (m, J=7.0, 1H), 6.96-7.58 (m, 10H), 8.22 (br, 1H, NH); "C NMR (754 MHz,
DIy S = 1321 (C Yy 2207 (CHY 2470 (CHY 12014 (CY. 12002 (Y. 12536 (CHY. 127.39 (CH)
LPUL) 0 = 15,21 (LI}, 25U/ (UIly), &7./U (LI, 1V 0T (L), 1aVda (), 30 Vu,, ,,,,, (RS2 5 N



12781 (CHY 12080 (CHY 1UYNQ (CHY 121 17 /LIy 17272 1Q 70 1727 £ 147y 178 ££ 765 1720 Q1
fefed b ALy, 1&7 U AR ), 1OUUT (D), 100 04e (D), 135,10 (L), 135,00 (L), 135.00 (L), 15¥.81 (L),
104 79 (Y NAQ. 2 INT AA+ 1NN ST Y L IR . T & e - N 4 PREPN ~ TT mTi 3 i T
17%.cc (L)) M mvz 2us (M, 10U). (Found: €, 83.14; H, 6.95; N, 4.63. C, H,NO requares C, 83.13; H,
6.98; N, 4.62%).

3-Benzoyl-4-(3,3-ethylenedioxypropyl)-S-isopropyl-2-methylpyrrole (24m): 65%, pale-yellow crystals,
mp. 158°C. IR (KBr) 3247, 1591, 1425, 1333, 1043, 889, 750, 701 cm’'; 'H NMR (300 MHz, CDCl,) § = 1.22
(d. J=7.0, 6H), 1.76 (m, 2H), 1.99 (s, 3H), 2.64 (m, 2H), 3.09 (m, J=7.0, IH), 3.75-3.93 (m, AA’BB’, 4H),

473 (1, J=5.0, 1H), 7.37-7.70 (m, SH), 7.89 (br, 1H, NH); "C NMR (75.4 MHz, CDCl,) 8 = 13.89 (CH,),
19.29 (CH,), 22.91 (CH _‘\ 24.47 (CH), 35.67 (CH,), 64.65 (CH,), 104.34 (CH). 11840 (C). 120.11 (O)

L Js L y SV iy, VTLUY ANdly ), iVTWIT O (Walj, 1105V (L), 14Vaid (W),
128.10 r"l-l 12890 (CHO. 123123 (CHY. 12210 (0CY. 123339 () 141 49 (). 194.45 (O MS: I AT IAAE
128010 (aa TLO.ZUAAAL), TJecd W0, LTJL IVRG ), 133.30 (L), 14147 (L), 1Y4.40 (L), IVID! IVZ 327 (ivl,
30), 105 ( OO) (Found: C, 73.38; H, 7.73: N, 4.29. C, H,,NO, requires C, 73.36; H, 7.70; 4.28%).

3-b’enz()yl—4-(1,j-dlthzolan-2~_yl)-5—isopmpyl-?.-methylpyrmle (24n): 59%, yellow crys[als, mp. 271°C.
IR (KBr) 3295, 1608, 1590, 1569, 1445, 1421. 1284, 1168, 950, 736, 718, 700 cm™; 'H NMR (300 MHz,
CDCl,) 8 = 1.27 (d, J=7.0, 6H), 1.82 (m, 1H), 2.00 (s, 3H), 2.04 (m, 1H), 2.76 (m, 4H), 3.88 (m, J=7.0,
IH), 5.44 (s, IH), 7.37-7.74 (m, SH), 8.16 (br, 1H, NH); "C NMR (75.4 MHz, CDCl,) & = 13.87 (CH,),

23.27 (CH,), 25.35 (CH,), 25.41 (CH), 33.09 (CH,), 43.26 (CH), 116.21 (C), 118.15 (C), 128.16 (CH),
128.99 (CH), 131.55 (CH), 132.74 (C), 138.58 (C), 141.04 (C), 193.76 (C); MS: m/z 347 (M+2, 4), 345 (M",

33), 239 (100). (Found: C, 66.07; H, 6.73; N, 4.06. C,,H,,NOS, requires C, 66.05; H, 6.71; N, 4.05%).
2-Methoxy-N- methyl-2-(I-methyl-3-oxo- 3-phenyl-1-propenylamino) acetamide (27): 61%, brown oil.

IR (film) 3392, 1674, 1600, 1581, 1542, 1477, 1320, 1063, 750, 703 cm™; '"H NMR (300 MHz, CDCl,) § =

2.18 (s, 3H), 2.86 (d, J=5.0, 3H, N-CH,), 3.40 (s, 3H), 5.07 (d, J=9.0, 1H), 5.82 (s, 1H), 6.78 (m, 1H,

. v 3 - N
NH), 7.30-7.90 (m, 5H), 11.41 (d, J=9.0, 1H, N'H); ""C NMR (75.4 MHz, CDCl,) § = 19.81 (CH,), 26.07
IFH QJ.7’) (CHY Q317 (CHY Q4 QS (CHY 127 15 (CHY 1298725 (CHY 121 0 (CHY 12072 (Y 1R N7
VXL )y Tl AN ARy )y OJekd \Nkd)y, JTIIANNAL, dadido \dl), 140.40 (M1, 10100 (v, 137074 (), 183U/
Yy 1AQ 1N 1y 100 AQ 7™ MACQHY, o ly VLD FAAT 1NN ANA 7 1NN
1), 1UG IV L), 10757 (L), VIO ), IIVZL LV (VL , 1U), 2U4 { 1UU)

2.5-Dimethyl-3-(2-methyl-1,3-dithiolan-2-yl) pyrrole (28): 48%, colorless crystals, mp. 147°C. IR (KBr)
3311, 1411, 1270, 1141, 1064, 788, 738, 676 cm™; '"H NMR (300 MHz, CDCl,) § = 1.95 (m, 1H), 2.05 (m,
1H), 2.06 (s, 3H), 2.19 (s, 3H), 2.49 (s, 3H), 2.78 (ddd, J=14.4, 6.8 and 3.1, 1H), 3.05 (ddd, J=14.4, 9.9
and 2.9, 1H), 6.00 (m, [H), 7.65 (br, IH, NH); "*C NMR (75.4 MHz, CDCl,) 8 = 12.75 (CH,), 13.89 (CH,),
25.11(CH,), 28.39 (CH,), 29.85 (CH,), 47.81 (C), 106.23 (CH), 121.21 (C), 123.86 (C), 124.49 (C); MS:
m/z 229 (M+2, 2), 227 (M+ 22), 120 IOO,L (Found: C, 58.06; H, 7.51; N, 6.14. C, H;NS, requires C, 58.10;

H, 7.54; N, 6.16%).

2.5-Dimethylpyrrole-3-carboxaldehyde (29f): 35%, colorless crystals, mp. 144°C (lit., #145°C). IR (KBr)
3231, 3181, 1636, 1602, 1578, 1480, 1372, 1270, 1153, 998, 840, 811, 657 cm™; '"H NMR (300 MHz, CDCl,)
& = 2.20 (s, 3H), 2.49 (s, 3H), 6.19 (m, [H), 9.10 (br, 1H, NH), 9.76 (s, 1H); "C NMR (75.4 MHz, CDCl,) &
= 11.49 (CH,), 12.57 (CH,), 105.07 (CH), 122.01 (C), 128.32 (C), 138.18 (C), 185.15 (CH); MS: m/z 123
(M™, 97), 122 (100). (Found: C, 68.26; H, 7.40; N, 11.38. C;H,NO requires C, 68.27; H, 7.37; N, 11.37%).

S-Isopropyl-2-methylpyrrole-3-carboxaldehyde (29j): 65%, colorless crystals, mp. 124°C. IR (KBr)

3253, 1627, 1595, 1486, 1369, 1307, 1178, 1118, 1060, 813, 755, 655 cm'; 'H NMR (300 MHz, CDCl,) § =
1.22 (d, J=6.9, 6H), 2.51 (s, 3H), 2.85 (m, J=6.9, 1H), 6.25 (d, J=2.4, 1H), 9.64 (br, 1H, NH), 9.77 (s, [H);
“C NMR (75.4 MHz, CDCi,) 8 = 11.40 (CH,), 22.12 (CH,), 26.68 (CH), 101.93 (CH), 121.47 (C), 138.87
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