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Abstract: The reaction of 1-substituted vinamidinium salts with sarcosine ethyl ester produced 2,3-disubstituted pyrroles; a
similar reaction with glycine ethyl ester gave 2,5-disubstituted pyrroles. Reactions of related three-carbon synthons with
sarcosine and glycine were studied under basic, neutral and acidic conditions which demonstrated the utility of these derivatives
for the regiocontrolled preparation of disubstituted pyrroles. Copyright © 1996 Elsevier Science Ltd

Since many pyrrole containing compounds have demonstrated interesting
biological activity in recent years (e.g. Rigidin (1)1), there has been a

significant interest in the efficient preparation of such moleculesZ2.

Rigidin OH

Ideally in such systems the most efficent syntheses will require full
control of regiochemistry. For example in the case of Rigidin, there is a
2-phenacyl-3-phenyl arrangement for the eastern portion of the molecule.
Edstroml2 and SakamotolP have both synthesized Rigidin by first
constructing the uracil portion of the molecule and subsequently building
the pyrrole, aryl and aroyl groups at a later stage.
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Because of our interest in developing iminium salt based methodology which
could be used for the preparation of pyrrole containing natural products,
we now report the use of such systems for the regiocontrolled synthesis of
2,3~ and 2,5-disubstituted pyrroles. We have recently reported3 the
regiocontrolled synthesis of 4-~aryl-2-carbethoxy-N-substitutedpyrroles (5)
from the reaction of 2-arylvinamidinium salts (2) with glycine derivatives

(Scheme I).
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We have also reported4 the synthesis of a series of 5-aryl-2-carbethoxy-N-
substituted pyrroles (9) from the reaction of 3-aryl-3-chloropropeniminium
salts® (6) with N-substituted glycine derivatives (Scheme 2). The proposed
mechanism delineated in Scheme 2 involves a nucleophilic attack of the
amino group at the more electrophilic site of 6 which is the carbon bearing
the chlorine. After elimination of chloride, anion-mediated cyclization
followed by elimination of dimethylamine would yield 9. This reaction
worked equally well with glycine ethyl ester and sarcosine ethyl ester. The
use of this vinylogous iminium salt based methodology has consequently

provided two of the possible three isomeric disubstituted pyrrole systems.
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If unsymmetrical vinamidinium salts (10) were used instead of 6, a
different regiochemical control may be involved and the 2,3-disubstituted
pyrrole may result. These unsymmetrical vinamidinium salts are easily
prepared in one step from the corresponding chloropropeniminium salts®
(Scheme 3).
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For the 2,3-disubstituted pyrrole to be formed requires that nucleophilic
attack of the amino group of sarcosine ethyl ester on 10 would result in an
amine-exchange reaction at the least sterically hindered position. Anion-
mediated cyclization and elimination of dimethylamine from 12 would lead to
the 2,3-disubstituted pyrrole 13.

Scheme 4
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When the reaction of sarcosine ethyl ester and 10 was performed in the
presence of sodium hydride and DMF, good yields of 13 were obtained. The
aromatic substituents were represented by a variety of groups such as
phenyl, 4-chlorophenyl, 4-bromophenyl, 4-methoxyphenyl, 4-nitrophenyl and
4-methylphenyl and are listed in Table 1.

Table 1. Preparation of 2,3-Disubstituted Pyrrole Analogs

Compound Ar % Yield (Isolated)
13a 4~-MeOPh 71%
13b 4~MePh 63%
13c Ph 40%
13d 4-C1lPh 79%
13e 4-NO,Ph 52%
13f 4-BrPh 32%

The assignment of the 2,3-disubstitution pattern for these pyrroles was
determined in part by comparison of coupling constants of the pyrrole
hydrogens6. The coupling constant for pyrrole hydrogens at the 4 and 5
positions (2,3-isomer) 1is in the range of 2.5 Hz whereas the coupling
constant for the 3 and 4 positions (2,5-isomer) is in the range of 3.5 Hz.
The experimental coupling constant for the pyrrole series represented by
13a-13f is approximately 2.5 Hz. In addition, a NOESY NMR experiment was
run on 13a and the results (Table 2) are fully consistent with the assigned
2,3-disubstitution pattern. The NOESY cross peak pattern observed for 13a
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is clearly different from that observed for the 2,5-disubstituted pyrrole

isomer4.
Table 2. NOESY Correlation for a 2,3-Disubstituted Pyrrole
( H OCH;
~H )
" §
H24)
Hs
ITI CO,CH,CH;
CH;
OCH3 Hjy Hy Hy Hg NCH3
Ppm 3.75 6.88 7.25 6.10 7.07 3.84
OCH3 3.75 --- XXX -— -— -— -—
Hj 6.88 XXX -— XXX -— -— _—
H, 7.25  —-- XXX — XXX _— _—
Hy 6.10 —-—— —— XXX -——— XXX -
Hg 7.07 --- -~ - XXX - XXX
NCH3 3.84 --- -~ - - XXX

Note: XXX = NOESY cross peak

When glycine ethyl ester was treated with 10, the expected 2,3-
disubstituted pyrrole (13) was not the resulting product but the 2,5-
disubstituted pyrrole (14) was obtained instead (Scheme 5).

Scheme 5
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The regiochemical assignment was determined in part by coupling constants
of the pyrrole hydrogens.® The experimental coupling constant (H3-H4) of
4.0 Hz was consistent with the 2,5-substitution pattern. In addition we
also alkylated the nitrogen of the pyrrole to obtain the corresponding N-
methylated pyrrole (9) (Scheme 5). The 1H NMR and tlc of these pyrroles
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were identical to the H NMR and tlc of the pyrroles obtained in the
reaction of 6 with sarcosine ethyl ester.4

Since the reaction of chloropropeniminium salts (6) and unsymmetrical
vinamidinium salts (10) with glycine ethyl ester result in the same
substitution pattern, the same intermediate may be involved in both
reactions. It has already been proposed that a 2 to 1 adduct may be
involved in the reaction of chloropropeniminium salts (6)%4 with primary
amines. If that is the case, the starting material could be either 6 or 10
which would react with glycine ethyl ester to form an imino enamine (15 or
16) (Scheme 6). Anion-mediated cyclization would most likely occur at the
least sterically hindered position of the appropriate intermediate (15)
followed by elimination of glycine ethyl ester from 17 to form the 2,5-
disubstituted pyrrole (14). It appears from our previous studies that
primary amines tend to form bis-adducts with vinylogous iminium salts and
that secondary amines tend to form mono-adducts. This is presumably due to
the ability of the bis-adducts to form highly stabilized, intramolecularly

hydrogen bonded species.
Scheme 6
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Since the reaction with glycine ethyl ester gave interesting results, a
broader study of related three-carbon synthons was performed in order to
understand the role of steric vs. electronic factors in these reactions.
The synthons that were studied included the vinylogous amide (18),
chloropropeniminium salt (6a), vinamidinium salt (10a), B-chloroenal (19),
and vinylogous formamide (20). Scheme 7 shows how these synthons were made
and their relationship with one another. These synthons were treated with
sarcosine ethyl ester and glycine ethyl ester under basic (NaH, DMF
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reflux), neutral (DMF reflux), and acidic (HOAc reflux) conditions. Table
3 summarizes the results for the reaction with sarcosine ethyl ester and

Table 4 summarizes the results for the reaction with glycine ethyl ester.
Table 3.Reactions of Three Carbon Synthons with Sarcosine Ethyl Ester

Product (%Yield Crude)

Substrate NaH/DMF DMF HOAc
P sa (100%) sa (1000 s
10a 13a (71%) NR NP
18 NR NP NP
19 9a (85%) 9a (85%) NP
20 13a (21%) NP NP

All products were analyzed by 1H NMR and TLC and compared with authentic samples of 9a and 13a.
NP= No identifiable pyrrole products formed
NR= No reaction
Table 4. Reactions of Three Carbon Synthons with Glycine Ethyl Ester

Product (%Yield Crude)

Substrate NaH/DMF DMF HOAc
ea iaa (roow  w w
lca l4a (76%) NR NP
18 NR NP NP
19 l14a (60%) l4a (98%) NP
20 NR NP NP

All products were analyzed by 1H NMR and TLC and compared with authentic samples of 14a.
NP= No identifiable pyrrole products formed

NR= No reaction

The reactions of sarcosine (N-methylglycine ethyl ester) with the various
three carbon synthons depicted in Table 3 indicate that all of the
substrates with the exception of the vinylogous amide (18) can be converted
to disubstituted pyrroles. The chloropropenimium salt (6a) and the f-
chloroenal (19) react to give the 2,5-disubstituted pyrrole whereas the
vinamidinium salt (10a) and the vinylogous formamide (20) produce the 2,3-
disubstituted pyrrole under these conditions. It is also clear that the
chloropropeniminum salt, the vinamidinium salt and the B-chloroenal are
very good substrates for preparing the appropriate disubstituted pyrrole
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and that in most cases either basic or neutral reaction conditions are
successful for such transformations.

Analogous reactions of glycine ethyl ester with the various three carbon
synthons to form 2,5-disubstituted pyrroles as depicted in Table 4 suggest
trends similar to those observed for the sarcosine reactions. The single
exception was the vinylogous formamide (20) which formed no pyrrole under

the various reaction conditions examined.

Scheme 7
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In summary, we have synthesized a series of 2,3-disubstituted pyrroles
from the reaction of l-aryl-vinamidinium salts with sarcosine ethyl ester.
The corresponding reaction with glycine ethyl ester resulted in 2,5-
disubstituted pyrroles. A study of related three-carbon synthons revealed
the best substrates and conditions for pyrrole formation. This methodology
provides a clean and efficient regiocontrolled synthesis of 2,3-
disubstituted pyrroles which may possess interesting biological properties
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and also complements our previous work on the syntheses of 2,4- and 2,5-
disubtituted pyrroles. This methodology ,therefore, may provide a new
approach to the preparation of more complex, pyrrole containing substances
(e.g. Rigidin, 1).

Experimental Section’

The following procedures are typical of the experimental conditions used
for the reaction of vinylogous iminium salts and three-carbon synthons with
a-amino acid esters. The vinylogous iminium salts were prepared by
standard methods.> All pyrrole products were purified by radial
chromatography and gave a single spot upon TLC analysis on silica gel 7GF
with an ethyl acetate/hexane mixture used as the eluent.
2-Carbethoxy-3-(4-methoxyphenyl)-l-methylpyrreole (13a). A dry 100-mL,
three-neck, round-bottom flask was equipped with a reflux condenser and
magnetic stirrer and was placed under a nitrogen atmosphere. Into the flask
was placed 1.192 g (29.8 mmol) of a 60% mineral oil dispersion of sodium
hydride. The dispersion was washed with 30 mL of hexane and the hexane was
removed via cannula. Dry DMF (30 mL) was added to the flask. Sarcosine
ethyl ester HC1l (2.288 g, 14.9 mmoles) was carefully added followed by 2.0
g (5.96 mmol) of 10a. The mixture was stirred for 1 h at room temperature
followed by refluxing for 20 h. The solvent was removed in vacuo. The
residue was partitioned three times between water and chloroform, the
combined chloroform layers were dried over anhydrous magnesium sulfate,
filtered and concentrated. The residue was dissolved in 50 mL of a 70%
hexane and 30% ethyl acetate mixture and filtered through a 2.0 g plug of
200 mesh silica gel. The silica gel was washed with the mixture of hexane
and ethyl acetate, and the solvent was removed in vacuo (1.10g, 71% yield).
For an analytically pure sample, the residue was applied to a 1mm plate of
silica gel 60, which was mounted on a radial chromatotron. The sample was
eluted with a 70:30 mixture of hexane:ethyl acetate, and 1.08 g (64% yield)
of a 1light yellow o0il was obtained which had the following physical
properties: bp 95 °C at 0.05 Torr; lH NMR (cDClz) & 1.13 (t, J = 7 Hz,
3H), 3.84 (s, 3H), 3.93 (s, 3H), 4.15 (g, J = 7 Hz, 2H), 6.13 (d, J = 2.5
Hz, 1H), 6.77 (4, J = 2.5 Hz, 1H), 6.88 (d, J = 8.7 Hz, 2H), 7.35 (4, J =
8.7 Hz, 2H); 13c NMR (cDClj) & 16.2, 39.7, 57.3, 61.8, 112.1, 114.9, 120.7,
130.2, 131.3, 132.7, 135.7, 160.5, and 163.8; IR (neat) 1692 cm~1l; HRMS for
C15H17NO3, caled 259.1208, found 259.1209.
2-Carbethoxy-3~(4-methylphenyl)-1-methylpyrrole (13b). This material was
prepared in a manner identical to the previous procedure. A 63% yield of a
yellow oil was obtained which had the following physical properties: bp 86
Oc at 0.10 Torr; 1H NMR (CDCl3) & 1.12 (t, J = 7 Hz, 3H), 2.38 (s, 3H),
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3.93 (s, 3H), 4.15 (g, J = 7 Hz, 2H), 6.14 (d, J = 2.5 Hz, 1H), 6.77 (4, J
= 2.5 Hz, 1H), 7.14 (d, J = 8 Hz, 2H), 7.29 (d, J = 8 Hz, 2H); 13c NMR
(CDC13) 5 16.0, 23.2, 39.7, 61.8, 112.2, 121.0, 130.1, 131.5, 135.9, 136.0,
138.1, 163.9; IR (neat) 1693 cm-1; HRMS for Cj3sH;7NO,, caled 243.1259,
found 243.1264.

2-Carbethoxy-3-phenyl-1-methylpyrrole (13c¢). This material was prepared in
a manner identical to the previous procedure. A 40% yield of a yellow oil
was obtained which had the following physical properties: bp 86 ©C at 0.05
Torr; lH NMR (CDCl3) & 1.08 (t, J = 7 Hz, 3H), 3.95 (s, 3H), 4.14 (q, J =
7 Hz, 2H), 6.17 (d, J = 2.5 Hz, 1H), 6.78 (d, J = 2.5 Hz, 1H), 7.35 (m,
5H); 13c NMR (cDCljy) & 15.9, 39.6, 61.8, 112.2, 121.1, 128.6, 129.4, 130.2,
131.7, 135.7, 139.0, 163.8; IR (neat) 1695 em~1; Ms m/e 229 (M+):; anal.
calcd. for C34H15NO5-10% H0: C, 72.77; H, 6.63; N, 6.06; found: C, 72.70;
H, 6.57; N, 6.11.

2-Carbethoxy-3-(4-chlorophenyl)-1-methylpyrrole (134). This material was
prepared in a manner identical to the previous procedure. A 79% yield of a
yellow o0il was obtained which had the following physical properties: bp 86
OCc at 0.20 Torr; 1H NMR (cDCl3) & 1.13 (t, J = 7 Hz, 3H), 3.94 (s, 3H),
4.16 (g, J = 7 Hz, 2H), 6.13 (d, J = 2.5 Hz, 1H), 6.78 (d, J = 2.5 Hz, 1H),
7.33 (s, 4H); 13c NMR (cDCl3) & 15.8, 39.7, 61.9, 112.1, 121.1, 129.6,
130.3, 133.0, 134.4, 134.6, 137.4, 163.6; IR (neat) 1695 cm~1l; HRMS for
C14H34CLINO; calcd 263.0713, found 263.0714.
2-Carbethoxy-3-(4-nitrophenyl)-1-methylpyrrole (13e). This material was
prepared in a manner identical to the previous procedure. A 52% yield of a
yellow solid was obtained which had the following physical properties: mp
100-202 °c; 1H NMR (cDClz) & 1.11 (t, J = 7 Hz, 3H), 3.96 (s, 3H), 4.17
(g, J = 7 Hz, 2H), 6.19 (4, J =2.6 Hz, 1H), 6.83 (d, J = 2.6 Hz, 1H), 7.54
(d, 3 = 7 Hz, 2H), 8.20 (4, J = 7 Hz, 2H); 13c NMR (cDcly) 8§ 16.0, 39.8,
62.2, 112.2, 121.4, 124.7, 130.6, 132.4, 133.3, 146.0, 148.4, 163.2; IR
(CHC1l3) 1693 cm~1; Ms m/e 274 (M+): anal. calcd for Cy4H14N04: C, 61.30;
H, 5.15; N, 10.22; found: C, 61.35; H, 5.44; N, 10.21.
2-Carbethoxy-3-(4-bromophenyl)-l-methylpyrrole (13f). This material was
prepared in a manner identical to the previous procedure. A 32% yield of a
yellow oil was obtained which had the following physical properties: bp 91
©°C at 0.90 Torr; 1H NMR (cDCljz) & 1.12 (t, J = 7 Hz, 3H), 3.93 (s, 3H),
4,15 (q; 3 = 7 Hz, 2H), 6.12 (d, J = 2.6 Hz, 1H), 6.78 (d, J = 2.7 Hz, 1H),
7.27 (d, J = 8.5 Hz, 2H), 7.45 (d, J =8.5 Hz, 2H); 13c NMR (cDClj) & 16.0,
39.8, 61.9, 112.1, 121.1, 122.6, 130.3, 132.5, 133.3, 134.6, 137.9, 163.6;
IR (neat) 1698 cm™1l; MS m/e 307 (M+); anal. calcd for C14H14BrNO5: C,
54.56; H, 4.59; N, 4.55. found: C, 54.40; H, 4.45; N, 4.44.
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2-Carbethoxy-5- (4-methoxyphenyl)pyrrole (l4a). A dry 100-mL, three-neck,
round-bottom flask was equipped with a reflux condenser and magnetic
stirrer and was placed under a nitrogen atmosphere. Into the flask was
placed 1.058 g (26.5 mmol) of a 60% mineral oil dispersion of sodium
hydride. The dispersion was washed with 30 mL of hexane and the hexane was
removed via cannula. To the flask was carefully added 30 mL of dry DMF,
glycine ethyl ester HC1l (1.846 g, 13.2 mmol) and 2.00 g (5.29 mmol) of
10a. The resulting mixture was refluxed for 20 h, and the solvent was
removed in vacuo. The residue was partitioned three times between water
and chloroform, the combined chloroform extracts were dried over anhydrous
magnesium sulfate, filtered and the solvent removed. The residue was
dissolved in a mixture of 70% hexane and 30% ethyl acetate and filtered
through a 2.0-g plug of 200~mesh silica gel. The silica gel was washed
with additional solvent and the solvent was removed in vacuo to give 0.59 g
(46% yield) of a light brown solid. The product was characterized by lH
NMR and tlc and was identical to an authentic sample?.
2-Carbethoxy-5-(4-methylphenyl)pyrrole (14b). This material was prepared
by the above procedure except the reaction mixture was allowed to stir at
room temperature for one hour before refluxing. A brown solid was obtained
in 95% yield. The product was characterized by l1H NMR and tlc and was
identical to an authentic sample4.

2-Carbethoxy-5-(4-chlorophenyl)pyrrole (l14c). This material was prepared by
the above procedure except the reaction mixture was allowed to stir at room
temperature for one hour before refluxing. A light brown solid was obtained
in 28% yield. The product was characterized by lH NMR and tlc and was
identical to an authentic sample?.

2-Carbethoxy-5-phenylpyrrole (144d). This material was prepared by the above
procedure and a light brown solid was obtained in 93% yield. The product
was characterized by lH NMR and tlc and was identical to an authentic
sample?.

2-Carbethoxy-5-(4-nitrophenyl)pyrrole (l4e). This material was prepared by
the above procedure except the reaction mixture was allowed to stir at room
temperature for one hour before refluxing. A light brown solid was
obtained in 56% yield. The product was characterized by lH NMR and tlc and
was identical to an authentic sample?.
2-Carbethoxy~5-(4-bromophenyl)pyrrole (14f). This material was prepared by
the above procedure except the reaction mixture was allowed to stir at room
temperature for one hour before refluxing. A tan solid was obtained in 53%
yield. An analytically pure sample was obtained by radial chromatography
using a 70:30 mixture of hexane: ethyl acetate. A light yellow solid was
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obtained which had the following physical properties: mp 170-172 ©°C; 1H NMR
(cpclz) 8 1.37 (t, J = 7.1 Hz, 3H), 4.34 (q, J = 7.1 Hz, 2H), 6.53 (t, J =
3.7 Hz, 1H), 6.96 (t, J = 3.7 Hz, 1H), 7.44 (d, J = 8.7 Hz, 2H), 7.53 (d, J
= 8.7 Hz, 2H); 13c NMR (cDcl;) & 16.5, 62.6, 110.3, 118.8, 123.5, 125.8,
128.3, 132.3, 134.1, 137.6, 163.3; IR (CCly) 1697 cm~l; HRMS for
C13H12BrNO, calcd. 293.0051, found 293.0057.

2-Carbethoxy-5- (4-methoxyphenyl)-1-methylpyrrole (9a). A 100-mL, three-
neck, round-bottom flask was equipped with a magnetic stirrer and was
placed under a nitrogen atmosphere. Into the flask was placed 0.024 g (0.61
mmol) of a 60% mineral oil dispersion of sodium hydride. The dispersion
was washed with hexane and the hexane was removed via cannula.
Acetonitrile (30 mL) was added along with 0.010 g of 15-crown-5 as a
catalyst. 2-Carbethoxy-5-(4-methoxyphenyl)pyrrole (14a) (0.050 g, 0.204
mmol) and iodomethane (0.202 g, 1.43 mmol) were added and the mixture was
stirred overnight at room temperature. The solvent was removed in vacuo
and the residue was partitioned between water and chloroform. The combined
chloroform extracts were dried, filtered and concentrated in vacuo to yield
100% of a yellow solid. The product was characterized by 1H NMR and tlc
and was identical to an authentic sample?.
2-Carbethoxy-5~(4-methylphenyl)-1-methylpyrrole (9b). This material was
prepared in 100% yield by the above procedure. The product was
characterized by 1H NMR and tlc and was identical to an authentic sample?.
2-Carbethoxy-5- (4-chlorophenyl)-1-methylpyrrole (9¢). This material was
prepared in 100% yield by the above procedure. The product was
characterized by 1H NMR and tlc and was identical to an authentic sample#.
2-Carbethoxy-5-phenyl~l-methylpyrrole (9d4d). This material was prepared in
100% yield by the above procedure. The product was characterized by 14 NMR
and tlc and was identical to an authentic sample#.
2-Carbethoxy-5-(4-nitrophenyl)-1-methylpyrrole (9e). This material was
prepared in 100% vyield by the above procedure. The product was
characterized by lH NMR and tlc and was identical to an authentic sample?.
2-Carbethoxy-5~(4-bromophenyl)-1-methylpyrrole (9f). This material was
prepared in 100% yield by the above procedure. The 1H NMR and tlc of the
residue was 1identical to those of the compound prepared below. This
material was also prepared from 10f and sarcosine ethyl ester HCl by the
following procedure. A dry 100-mL, three-neck, round-bottom flask was
equipped with a reflux condenser and magnetic stirrer and was placed under
a nitrogen atmosphere. Into the flask was placed 0.48 g (12.0 mmol) of a
60% mineral oil dispersion of sodium hydride. The dispersion was washed
with hexane and the hexane was removed via cannula. To the flask was
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successively added, 30 mL dry DMF, sarcosine ethyl ester HC1l (1.10 g, 7.2
mmol), and 2.0 g (4.8 mmol) of 10f. The reaction mixture was stirred for
one hour at room temperature followed by refluxing for 2 h. The solvent was
removed in vacuo and the residue was partitioned between water and
chloroform. The combined chloroform layers were dried and concentrated.
For an analytically pure sample the residue was applied to a 1-mm plate of
silica gel 60, which was mounted on a radial chromatotron. The sample was
eluted with a 70:30 mixture of hexane: ethyl acetate and 0.30 g (20% yield)
of a white solid was obtained after solvent removal. The compound had the
following physical properties: mp 50-52 ©C; lH NMR (CDC13) & 1.34 (t, T =
7.1 Hz, 3H), 3.84 (s, 3H), 4.27 (g, J = 7.1 Hz, 2H), 6.16 (d, J = 3.7 Hz,
1H), 6.98 (d, J = 3.7 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.4
Hz, 2H); 13c NMR (cDCl3) & 16.5, 38.5, 61.9, 111.2, 119.6, 124.3, 126.1,
132.8, 133.0, 133.7, 142.2 and 163.4; IR (neat) 1705 cm~l; HRMS for
C14H14BrNOy calcd 307.0208, found 307.0208.
1-(4-Methoxyphenyl) -3~ (dimethylamino)-2-propenone (18). A dry, 150-mL,
three-neck, round-bottom flask was equipped with a reflux condenser and
magnetic stirrer. Into the flask was placed 20 mL of DMF, 5.0 g (33.3
mmol) of 4'-methoxyacetophenone and 15.87 g (133.0 mmol) of the
dimethylacetal of DMF. The resulting solution was heated at reflux for 8 h.
The DMF and the unreacted DMF acetal were removed in vacuo leaving 5.0 g
(74% yield) of a yellow solid when cooled to room temperature. This
material had the following properties: mp 95-96 ©C; l1H NMR (CDCli) & 3.00
(broad s, 6H), 3.80 (s, 3H), 5.67 (d, J = 12.3 Hz, 1H), 6.87 (d, J = 8.8
Hz, 2H), 7.74 (d, J = 12.3 Hz, 1H) and 7.87 (d, J = 8.8 Hz, 2H): 13c NMR
(CDC13) 3 39.3, 46.5, 57.3, 93.6, 115.3, 131.4, 135.1, 155.8, 163.7 and
189.3; IR (KBr pellet) 3006, 2911, 2837, 1636 and 1363 cm~l; HRMS for
C1H15NO; caled 205.1103, found 205.1101.
3-Chloro-3-(4-methoxyphenyl)-2-propenal (19). A 100-mL, three-neck,round-
bottom flask was equipped with a reflux condenser and magnetic stirrer.
Into the flask was placed 2.0 g (5.4 mmol) of 6a and 30 mL of 50:50
water:THF. The mixture was heated at 65-70 ©C for 4 h. After the THF was
removed in vacuo, the solution was extracted three times with chloroform.
The combined chloroform extracts were dried over anhydrous magnesium
sulfate and filtered. The chloroform was removed in vacuo leaving 0.8 g
(76% yield) of a brown solid which had the following properties: mp 58-60
oc; 1 NMR (CpCcly) & 3.87 (s, 3H), 6.62 (d, J = 7.0 Hz, 1H), 6.95 (d, T =
9.0 Hz, 2H), 7.73 (4, J = 9.0 Hz, 2H) and 10.18 (d, J = 7.0 Hz, 1H); 13c¢
NMR (CDClj) 6 57.6, 116.3, 124.5, 129.6, 131.0, 154.2, 164.7 and 193.7; IR
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(KBr pellet) 3423, 1664, 1398, 1273 and 1022 cm™l; HRMS for CjgHgO,5Cl
calcd. 196.0291, found 196.0285.
3-(4-Methoxyphenyl) -3~ (dimethylamino)-2-propenal (20). A 150-mL, three-
neck, round-bottom flask was equipped with a reflux condenser and magnetic
stirrer. 1Into the flask was placed 4.0 g (10.6 mmol) of 10a, 6.72 g (63.4
mmol) of sodium carbonate, and 70 mL of 50:50 water:THF. The mixture was
heated at reflux for 24 h. After the THF was removed in vacuo, the water
phase was extracted three times with chloroform. The combined chloroform
extracts were concentrated in vacuo and distilled at 160-172 ©C (25-28
Torr). The distillate was then purified by radial chromatography using a
gradient elution of hexane and ethyl acetate. A 30% yield of a light brown
oil was obtained which had the following properties: bp 162 ©°C at 25 Torr;
1y NMR (CDCl3) & 2.76 (broad s, 3H), 2.99 (broad s, 3H), 3.82 (s, 3H),
5.35 (d, J = 8.5 Hz, 1H), 6.91 (d, J = 8.6 Hz, 2H), 7.16 (d, J = 8.6 Hz,
2H) and 8.64 (d, J = 8.5 Hz, 1H); 13c NMR (cDCl3) & 57.4, 79.3, 105.6,
115.8, 128.0, 132.7, 162.4, 170.6 and 193.1; IR (CHCl3) 3417 (broad), 2937,
2838, 1609, 1386, 1251 and 1027 cm~l; HRMS for C12H35NO, calcd 205.1103,
found 205.1098.

Reactions Performed under Basic Conditions. A dry, 100-mL, three-neck,
round-bottom flask was equipped with a reflux condenser and magnetic
stirrer, and placed under a nitrogen atmosphere. Into the flask was placed
a 60% mineral oil dispersion of sodium hydride (0.098 g, 2.44 mmol). The
dispersion was washed twice with dry hexane and the hexane was removed via
cannula. To the flask was successively added 30 mL of dry DMF, sarcosine
ethyl ester hydrochloride (0.187 g, 1.22 mmol), and B-chloroenal (19a) (0.1
g, 0.51 mmol). The resulting mixture was stirred for 1 h at room
temperature followed by refluxing overnight. The solvent was removed in
vacuo and the residue was partitioned between water and chloroform. The
combined chloroform extracts were dried and concentrated leaving 0.11 g
(84% yield) of 9a. This material was characterized by lH NMR and tlc and
compared with those of an authentic sample?.

Reactions Performed under Neutral Conditions. Into a 50-mL flask were
placed 25 ml of dry DMF, sarcosine ethyl ester (0.187 g, 1.22 mmol), and fB-
chloroenal (19) (0.1 g, 0.51 mmol). The flask was equipped with a reflux
condenser and magnetic stirrer. The resulting mixture was stirred for one
hour at room temperature, followed by refluxing overnight. The solvent was
removed in vacuo and the residue was partitioned between water and
chloroform. The combined chloroform extracts were dried and concentrated
leaving 0.12 g (90% yield) of 9a. This material was characterized by lH NMR
and tlc and compared with those of an authentic sample4.
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Reactions Performed under Acidic Conditions. Into a 50-mL flask were placed
25 ml of acetic acid, sarcosine ethyl ester (0.187 g, 1.22 mmol), and fB-
chlorcenal (19) (0.1 g, 0.51 mmol). The flask was equipped with a reflux
condenser and magnetic stirrer. The resulting mixture was stirred for 1 h
at room temperature, followed by refluxing overnight. Water was added to
the reaction mixture and partitioned with chloroform. The combined
chloroform extracts were washed with saturated bicarbonate, dried, and
concentrated. The lH NMR and tlc of the crude material showed that no

pyrrole was produced or starting material recovered.
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