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A series of N-{tosylmethyljimino compounds [TosCH,N=C(L)A] has been prepared, and applied to a new,
base-induced, one-operational synthesis of otherwise more difficultly accessible 2,3,4-trisubstituted pyrroles
from electron deficient olefins. This regiospecific process probably is an 1,3-anionic cycloaddition, combined
with the elimination of sulfinic acid and a leaving group L. The group A is retained as the 2-substituent of the

resulting pyrroles.
J. Heterocyclic Chem., 18, 1127 (1981).

The combination of a sulfonyl, a methylene and an iso-
cyano group as in tosylmethyl isocyanide (TosMIC, 1), pro-
vides a molecule of diverse and powerful synthetic utility.
The applications of 1 are, in part, based on transfer of the
CH,N=C moiety to unsaturated substrates, for example
Michael acceptors, to form 1,2,5-unsubstituted pyrroles
(2). Variations in the methylene and the sulfonyl parts of 1
lead to further extensions of tosylmethyl isocyanide chem-
istry which have been subject of previous reports (2,3).
Now changes at the isocyano side of 1 are under investiga-
tion, which includes the preparation and synthetic appli-
cations of compounds of type 2 and 3.

RS0,CH,N=C L} {TosMIC)

RSOCHN=C=2 2  (Z, reference 4)

L
RSOZCH2N=C< 3 (L,A, see text)
A
(R = p-tolyl}

The conjugate bases (4) of 3 react with Michael accep-
tors as depicted in Scheme I to give trisubstituted pyrroles
7 (Table II) (5). In order to arrive at compounds with an
aromatic sextet one of the substitutents (L) in 3 should be
a leaving group, while the other (A) is retained in the pro-
duct 7. In a related fashion tosylmethyl isocyanide (i.e. L
and A are void in 4) leads to disubstituted pyrroles (7, A =
H), and with different substrates to other azoles as well (2).
Recently, we have shown that 2-amino-},3-o0xazoles can be
synthesized by a comparable reaction from carbodiimides
2 (Z = NR) and aldehydes (4).
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For L and A see Toble [, for R and X see Table 1

In reactions of tosylmethyl isocyanide and the deriva-
tives 2 and 3 the tosyl group fulfils the unique role of an
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activating substituent temporarily present in the carba-
nion forming phase, which is spontaneously lost by a
1,2-elimination of p-toluenesulfinic acid (TosH) in the final
stage (2,4). In this respect synthons 3 are an improvement
over ester substituted methylimino derivatives, for exam-
ple EtOCH,N = C(OEt)R, which have been used by Corn-
forth (6) in the synthesis of oxazoles and imidazoles by re-
action with ethyl formate in a two step process (cf.subse-
quent paper) (7). Cornforth’s reagent lacks the possibility
of a direct elimination, comparable to the elimination of
p-toluenesulfinic acid from 6, and therefore is much more
restricted in the substrates it can react with.

Our new pyrrole synthesis is based on the formation of
the C(2)—C(3) and C(4)—C(5) bonds of the ring system,
which in itself is not a new approach (8). An attractive as-
pect of the present method is, however, the possibility of
introducing in 7 both carbon substituents or hetero substi-
tuents in the 2-position by variation of group A in 3 (Table
II). We have employed for A the following groups: Me, Ph,
MeS and MeO; for leaving group (L) MeS, MeO and Cl
were used (Tables I and II). In a subsequent paper the
same synthons 3 are applied to the synthesis of oxazoles
and imidazoles (7).

Results and Discussion.

All N<{tosylmethyl)imino synthons 3 (Table I) used in
this study are new compounds (5). They have been pre-
pared by S- or O-methylation with methyl fluorosulfonate
of the corresponding N-{tosylmethylXthio)amides (in case
of 3a-c), of methyl N-(tosylmethyl)dithiocarbamate (to give
3e), or by methoxide substitution of chloride in the
dichloro adduct of tosylmethyl isocyanide (for 3d and 3f).
Details are given in the Experimental section (5,9). Com-
pounds 3 are sufficiently stable to be stored without
specific precautions, except for 3b, which can be handled

best as a fluorsulfonic salt.
For substrates in the pyrrole syntheses we have selected

the following Michael acceptors: c,8-unsaturated ketones,
esters and nitriles. The results obtained with these com-
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Table I

L
N{Tosylmethyl)imino Compounds TosCH,N=C{ (3)
A

Compound L A Yield Mp (°C)
(%)

3a MeS Ph 74 98.5-100.5
3b MeO Me 81 9093 dec (a)
3c MeS Me 73 103-104.5
3d MeO MeO 67 108-110
3e MeS MeS 93 122-123
i Cl MeO 70 131.5-133

(a) Isolated and used as fluorosulfonate sait.

pounds are collected in Table II. Chalcone (trans-phenyl
2-phenylethenyl ketone) is a particularly attractive sub-
strate, which gave positive results with all imines 3 from
Table 1. In fact, the optimal reaction conditions (base-
solvent system) have been determined for each of the
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individual imino compounds 3 in reactions with chalcone
(entries 1,7,8,12,13). We have assumed that these condi-
tions were appropriate for reactions with the other sub-
strates as well.

In addition to entry 1, pyrrole 7a was formed equally
well (in 69% yield) with potassium t-butoxide in DME-¢-
butyl alcohol but not with nucleophilic bases like sodium
ethoxide or potassium hydroxide. Unlike 3a, the reaction
conditions with 3b and 3¢ were more critical. Good results
were obtained with chalcone only in aprotic medium using
sodium hydride in DME-DMSO or potassium ¢-butoxide in
tetrahydrofuran (entries 7 and 8); much lower yields of 7g
were obtained, however, with butyllithium (in tetrahydro-
furan) or with sodio dimethyl sulfoxide (in DME-DMSO).
The unsatisfactory results of entries 9 and 10 probably
reflect a combination of lower electrophilicity (1,3-aniono-
philicity) of the substrates as compared with chalcone (10),
and the relative instability of the conjugate base of 3c
(and 3b as well) relative to 3a, d and e (11). Competing for-
mation of a substrate-anion completely prevented reaction
to pyrrole 7j (entry 11), and gave but a low yield of 7f (en-
try 6), which reflects the greater stability of the anion
derived of 3a. Synthon 3d gave 2-methoxypyrrole 7k,
which was air-sensitive like other 2-alkoxypyrroles (12). At-

Table 11

Pyrroles 7 Synthesized from N{Tosylmethyl)imino Compounds 3 and Michael Acceptors

TosCH2N=c:; + RcHmenx %% 20°C, 0.5-1n i@\
-HL, ~ TosH " A
3 5 H
7
Entry L A R' X Compound Yield Mp 13C.nmr (CDCl,)
(%) °C 8 C(5) J COYH)
1 MeS Ph  Ph PhCO 7a 73 198.5-200 117.9 (188.0)
2 MeS Ph  Ph MeOOC 7b 58 164.5-165.5
3 MeS Ph Ph C=N 7c 63 266-267
4 MeS Ph Me MeCO 7d 61 165.5-166
5 MeS Ph Me C=N 7e 39 (a) 141-1445
6 MeS Ph  EtOOCCH, Et00C 71 33 121-122
7 MeO Me Ph PhCO 72 75 235236 (Lit (14):231)
8 MeS Me Ph PhCO g 91 235-236 115.8 (188.0)
9 MeS Me Ph Et00C 7h 10 101-103 (Lit (14):105)
10 MeS Me Ph C=N 7i (b) -
11 MeS Me EtOOCCH, Et00C 7j (© -
12 MeO MeO Ph PhCO 7k 45 (d) ca. 100 dec 110.0 (188.5)
13 MeS MeS Ph PhCO 7 73 171-173
14 MeS MeS Ph MeOOC 7m 72 110-111.5 119.2 (188.0)
15 MeS MeS Ph C=N n 70 183-184.5
16 MeS MeS Me MeCO 70 41 153.5-155

(a) Regioisomeric 4-cyano-3-methyl-2-phenylpyrrole was isolated in 3% yield, and was identical with a sample synthesized independently from
a-tosylbenzyl isocyanide and crotononitrile, D. van Leusen, unpublished results, ¢f., reference 8d. (b) No 7i formed, 5 recovered almost quantitatively.
(c) No 7j formed, with 1.1 equivalent of sodium hydride both reactants recovered. (d) Crude, unstable product.
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tempts to hydrolyse 7k to the probably more stable
3-benzoyl-4-phenyl-SH-pyrrolin-2-one were unsuccessful
(13). Finally, synthon 3e gave the expected 2-methylthio-
pyrroles in good yields using excess of potassium t-but-
oxide in DME-¢-butyl alcohol (entries 13-16). With sodium
hydride in DME-DMSO yields were somewhat lower. With
one exception only (entry 5) the reactions of Table II were
regiospecific.

The structures of the new pyrroles in Table II are
established beyond doubt. Two compounds (7g and 7h)
have the same melting points reported previously for com-
pounds prepared otherwise. Besides, compounds 7a and
7g were identical to the products of a Knorr synthesis (14)
obtained in yields of 3 and 73%, respectively. Also, the
structure of the regioisomer of 7e was supported by an in-
dependent synthesis (Table II, footnote a). For diagnostic
purposes the *C chemical shifts of the unsubstituted ring
carbon C(5) and the 'J C(5)-H values of a series of compar-
able pyrroles are included in Table II. The coupling con-
stants J of 188.0-188.5 Hz are typical for the a-position.
For the parent pyrrole these values are *J C(2)H = 182 Hz
and 'J C(3)H = 168 Hz (15). For 4-benzoyl-2-methyl-3-
phenylpyrrole, which is a positional isomer of 7g, the
comparable data are § C(5) = 126.3 and 'J C(5)}-H = 188.2
Hz (16), the chemical shift difference with 7g being due
mainly to the influence of the 4-benzoyl substituent (17).

Mechanistic Aspects.

It is reasonable to assume that the first step in our pyr-
role synthesis is the formation of anion 4 (Scheme I),
which actually is a 2-azaallyl anion (18). This assumption is
supported by H-D exchange experiments carried out with
3a (19). After 4 has been formed, several pathways are con-
ceivable, differing mainly in the sequence of the various
elimination processes. A (two-step or one-step) 1,3-anionic
cycloaddition (20) of 4 to the substrate molecule (3) would
give 6 (as is supposed in Scheme I), which via 8 (loss of L")
or 10 (loss of Tos) leads to 9, and eventually on
N-protonation to 7 _‘Scheme II), Alternatively, the
1,3-dipoles TosCH-N=CA (11) or HC=N-CAL (12) could
be formed from 4 by elimination of L~ or Tos", respective-
ly. The 1,3-dipolar cycloaddition of 11 or 12 to 5 would
again lead to 8 or 10.

Scheme Il
R’ X R . R’ X
H M - TosH = -HL H MA
Tos > > () e Wy
H N7 A -u* H N NSA —H* N7 L
-} 9 10

Other things being equal, the isolation of 5-p-chloro-
phenyl-2-phenyl-4-tosyl-2-oxazoline (see subsequent paper
(7)) as an intermediate (still containing a tosyl substituent)
in the synthesis of S5-p-chlorophenyl-2-phenyl-1,3-oxazole
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from 3a and p-chlorobenzaldehyde may be used, with the
help of Occam’s Razor, as an argument against a reaction
path via 12 (— 10).

We have sought to differentiate between the remaining
routes 4 — 7 via 6 or via 11, using compound 3a (L =
MeS, A = Ph), by the following observations: (i) If reaction
4a — 1la takes place, it does not appear to be an
equilibrium, because in the presence of EtS™ no exchange
of MeS in 3a was observed; (ii) When the reaction of entry
1 (Table II) was carried out without chalcone 64% of 3a
could be recovered after 40 minutes. Thus, irreversible
formation of 11a would allow a maximum yield of 36% of
7a by this route, whereas 71% is found after 40 minutes.
Therefore indications are that a 1,3-anionic cycloaddition
is not an unlikely pathway.

EXPERIMENTAL
General.

All experiments, with the exception of those in which water was used as
a solvent, were carried out under dry nitrogen. The following solvents
were distilled prior to use: DME and THF (from lithium aluminum
hydride), dichloromethane and ethyl ether from phosphorus pentoxide,
methanol from Mg; anhydrous DMSO and t-butyl alcohol were stored
over sieves (Linde 4A). Commercial starting compounds were used
without further purification, unless otherwise stated. Elemental
microanalyses were carried out in the Analytical Department of this
laboratory. The following apparatus was used: Varian A-60 (*H-nmr; the
aromatic signals of tosyl are approximated by an ABq); Varian XL 100-15
(FT; *C-nmr); Unicam SP 2000 (ir); AEI MS-902 (70 eV; all new com-
pounds gave satisfactory mass spectra); Reichert with microscopic at-
tachment (mp).

Methyl N{Tosylmethyl)thiobenzimidate (3a).

To a solution of N{tosylmethyl)thiobenzamide (see below, 7.63 g, 25
mmoles) in dichloromethane (75 ml) was added methyl flucrosulfonate
(3.42 g, 30 mmoles) with a syringe. After stirring for 14 hours the mix-
ture was added to a nearly saturated solution of sodium chloride (150 mt),
containing potassium hydroxide (1.96 g, 35 mmoles). After separation,
the water layer was extracted twice with dichloromethane. The combined
organic layers were dried (magnesium sulfate) and concentrated. The
solid residue was crystallized once from a mixture of dichloromethane-
ethyl ether-pentane to give 5.90 g (74%) of 3a, mp 95.597°.
Recrystallization from the same solvent mixture gave an analytically
pure sample, mp 98.5-100.5°; ir (nujol): 1600 C=N, 1320 and 1135 cm™*
(SO,); 'H-nmr (deuteriochloroform; E-Z mixture): § 2.00, 2.34, 2.42 and
2.46 (four s, 6H), 4.68 and 5.04 (two s, 2H), 6.9-8.0(q + m, 9H,] = 8.5
Hz).

Anal. Caled. for C,(H,,NO,S,: C, 60.16; H, 5.37; N, 4.38; S, 20.07.
Found: 60.0; H, 5.4; N, 4.3; S, 19.9.

N{Tosylmethyl)}thiobenzamide.

A solution of N{tosylmethyhbenzamide (14.5 g, 50 mmoles) (21} in
DME (150 ml) was stirred for 50 hours with phosphorus pentasulfide
(11.1 g, 100 mmoles) after which the excess of phosphorus pentasulfide
was removed and the solution concentrated to about 10% of its original
volume. The residue was added to a saturated sodium chloride solution
(21). The wet precipitate was dissolved in dichloromethane and dried
(magnesium sulfate). After removal of the solvent 14.8 g (97 %) of product
was obtained, mp 142.5-144.5° (lit (22): 140.5-142°). A mixture mp with
an authentic sample (22) showed no depression.

Methyl N{Tosylmethyl)acetimidate Fluorosulfonate (3b).

Methyl fluorosulfonate (22.8 g, 200 mmoles) was added to a solution of
NA{tosylmethyl)acetamide (22.7 g, 100 mmoles) (21) in 1,2-dichloroethane



1130

(250 ml) at 55°. After stirring for 3.5 hours at 55° the mixture was cooled
to room temperature and pentane (20 ml) was added gradually. Further
cooling (to —15°) and addition of more pentane (10 ml) gave 27.5 g
(81%) of 3b, mp 90-93° dec. Methyl N{tosylmethyl)acetimidate (freed
from its fluorosulfonate salt by addition to a nearly saturated sodium
chloride solution containing 1.5 equivalents of potassium hydroxide
followed by extraction with dichloromethane) was characterized spec-
troscopically without further purification; ir (nujol): 1650 (C=N), 1305
and 1130 cm™! (SO,); *H-nmr (deuteriochloroform): § 1.89 (s, 3H), 2.46 (s,
3H), 3.60 (s, 3H), 4.61 (s, 2H), 7.35 and 7.84 (ABq, 4H, J = 8 Hz); ms M*
m/e 241 (calcd. for C,;H,;NO,S 241.3).

Methyl N{Tosylmethyl}thioacetimidate (3c).

This compound was prepared analogously to 3a from
NAtosylmethyl)thioacetamide (see below, 13.12 g, 54 mmoles ) and
methyl fluorosulfonate (6.84 g, 60 mmoles) in a yield of 10.30 g (73%),
mp 100-102°. An analytically pure sample was obtained by two
crystallizations from a mixture of dichloromethane-ethyl ether-pentane,
mp 103-104.5°; ir (nujol): 1610 (C=N), 1310 and 1130 ¢cm™ (SO,); ‘H-nmr
(deuteriochloroform; E-Z mixture): § 2.0-2.3 and 2.44 (two s + m, 9H),
4.574.76 (s + m, 2H), 7.3 and 7.79 (ABq, 4H, J = 8 Hz).

Anal. Caled. for CH,,NO,S,: C, 51.34; H, 5.87; N, 5.44; S, 24.92.
Found: C, 51.2; H, 5.9; N, 5.3; S, 24.8.

N{Tosyimethyl)thioacetamide.

This compound was prepared analogously to N{tosylmethyl)thiobenz-
amide (see above) from N{tosylmethylacetamide (22.7 g, 100 mmoles)
(21) and phosphorus pentasulfide (22.2 g, 50 mmoles) in DME (300 ml)
for 26 hours to yield 19.8 g (82%) of product, mp 138.5-140.5°.
Analytically pure material was obtained by two crystallizations from
ethyl ether-pentane mp 142-143°; ir (nujol): 3340 (NH), 1310 and 1130
cm™ (SO,); '"H-nmr (deuteriochloroform): & 2.46 (s, 3H), 2.50 (s, 3H), 5.31
(d, 2H, J = 6.5 Hz), 7.31 and 7.79 (ABq, 4H, ] = 8.5 Hz).

Anal. Caled. for C, ,H,,NO,S;: C, 49.36; H, 5.38; N, 5.75; S, 26.35.
Found: C, 49.4; H, 5.2; N, 5.7; S, 26.1.

Dimethyl N{Tosylmethyl)iminocarbonate (3d) and Tosylmethyl Iso-
cyanodichloride.

Gaseous chlorine (dried over calcium chloride) was slowly led into a
solution of tosylmethyl isocyanide (TosMIC, (23), 13.65 g, 70 mmoles) in
dichloromethane (200 ml) at —5° until a sample showed no longer a
N=C band at 2150 cm™*. Excess of chlorine was removed with a nitrogen-
stream (20 minutes). After careful removal of the solvent crude
tosylmethyl isocyanodichloride was dissolved in a solution of sodium
(9.66 g, 0.42 mole) in a mixture of methanol (200 ml) and DME (30 ml).
[Pure tosylmethyl isccyanodichloride was obtained from
dichloromethane-ethyl ether-pentane mp 70-73.5° (lit (24): 70-73.5°)]. The
mixture was stirred for 30 minutes at —5°, for 1.5 hours at room
temperature, then added to a saturated sodium chloride solution (21).
Extraction with ethyl ether, drying (magnesium sulfate), and concentra-
tion gave 12.1 g (67%) of 3d, mp 104.5-107°. An analytically pure sample
was obtained by two crystallizations from dichloromethane-ethyl ether-
pentane mp 108-110°; ir (nujol): 1660 (C=N), 1310 and 1140 cm™ (S0.);
'H-nmr (deuteriochloroform): § 2.44 (s, 3H), 3.58 (s, 3H) 3.69 (s, 3H), 4.48
(s, 2H), 7.23 and 7.74 (ABq, 4H,J = 9 Hz).

Anal. Calcd. for C,,H,,NO,S: C, 51.35; H, 5.87; N, 545; S, 12.46.
Found: C, 51.4, H, 5.9; N, 5.4; S, 12.5.

Dimethyl N{Tosylmethyl)iminodithiocarbonate (3e).

This compound was prepared analogously to 3a from methyl
N<{tosylmethyl)Mithiocarbamate (see below, 50.0 g, 182 mmoles) and
methyl fluorosulfonate (21.8 g, 191 mmoles). Work-up with sodium bicar-
bonate (21.0 g, 280 mmoles), instead potassium hydroxide, gave 49.1 g
(93%) of 3e, mp 119-121°. Crystallization from dichloromethane-hexane
gave an analytically pure sample, mp 122-123%; ir (nujol): 1655 (C=N),
1305 and 1135 cm™ (S0,); ‘H-nmr (deuteriochloroform): § 2.27 (s, 3H),
2.40 (s, 3H), 2.47 (s, 3H), 4.71 (s, 2H), 7.28 and 7.79 (ABq, 4H, ] = 8 Hz).

Anal. Caled. for C,,H,,NO,S,: C, 45.65; H, 5.22; N, 4.84; S, 33.23.
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Found: C, 45.6; H, 5.3; N, 4.9; S, 33.3.
Methyl N{Tosylmethyl)chloroformimidate (3f).

Potassium t-butoxide (7.98 g, 70 mmoles) was added portionwise to a
solution of crude tosylmethyl isocyanodichloride (prepared as described
above, under 3d, from 9.75 g (50 mmoles) of tosylmethyl isocyanide) in a
mixture of methanol (150 ml) and DME (40 ml). After stirring for 30
minutes at —5°, the mixture was added to a saturated sodium chloride
solution (21). The precipitate was collected, dissolved in dichloromethane
and dried (magnesium sulfate). Concentration and crystallization of the
residue from dichloromethane-ethyl ether (1:2) gave 9.20 (70%) of 3f, mp
130-133°. Two more crystallizations gave an analytically pure sample,
mp 131.5-133°; ir (nujol): 1660 (C=N), 1310 and 1140 cm™* (SO.); 'H-nmr
(deuteriochloroform): & 2.45 (s, 3H), 3.82 (s, 3H), 4.62 (s, 2H), 7.31 and
7.79 (ABq, 4H, ] = 8 Hz).

Anal. Caled. for C, H,,CINO,S: C, 45.89; H, 4.62; Cl, 13.54; N, 5.35; S,
12.26. Found: C, 45.9; H, 4.6; Cl, 13.7; N, 5.3; 5, 12.3.

Methyl N{Tosylmethyl)dithiocarbamate.

Prepared according to the procedure for ethyl N{tosylmethyl)dithio-
carbamate (25), by stirring a mixture of sodium p-toluenesulfinate (35.4
g 200 mmoles), formaldehyde (33% solution in water, 20 ml, 220
mmoles) and methyl dithiocarbamate (26) in formic acid (100 ml) and
water (130 ml) for 16 hours at 35°. On cooling to 0°, the precipitate was
collected, washed with water and dried in vacuo to give 40.2 g (73%) of
product, mp 143-146°. An analytically pure sample was obtained by two
crystallizations from methanol, mp 150-152°; ir (nujol): 3330 (NH), 1315
and 1140 e¢m™! (SO,); ‘H-nmr (deuteriochloroform): § 2.46 (s, 3H), 2.57 (s,
3H), 5.33(d, 2H, J = 6.5 Hz), 7.34 and 7.84 (ABq, 4H,] = 8.5 H2), 7.7-8.1
(m, 1H).

Anal. Caled. for C,(H,,NO,S,: C, 43.61; H, 4.76; N, 5.07; S, 34.92.
Found: C, 43.6; H, 4.8; N, 5.2; S, 35.0.

3.Benzoyl-2,4-diphenylpyrrole (7a).

To a stirred suspension of sodium hydride (50% in mineral oil, 0.11 g,
ca. 2.3 mmoles) in DME (5 ml) and DMSO (1.5 ml) a mixture of 3a (0.35 g,
1.1 mmoles) and chalcone (0.21 g, 1.0 mmole) was added all at once. Evo-
lution of hydrogen started immediately. After stirring for 1 hour, the re-
action mixture was poured in saturated sodium chloride solution (70 ml)
and neutralized with 1N hydrochloric acid. The yellow precipitate was
collected, washed with water and dissolved in dichloromethane. Water
was separated, and the organic layer was dried (magnesium sulfate) and
concentrated. The residue was crystallized from acetone-ethyl ether-
pentane to give 0.24 g (73%) of 7a, mp 193-195.5°. An analytically pure
sample was obtained from acetone-pentane (twice), mp 198.5-200°; ir (nu-
jol): 3250 (NH) and 1625 cm™ (CO); *H-nmr (deuteriochloroform): § 6.91
d, 1H, J = 2.5 Hz), 7.0-7.7 (m, 14H), 7.7-8.0 (m, 2H).

Anal. Caled. for C,H,,NO: C, 85.43; H, 5.31; N, 4.33. Found: C, 85.3;
H, 54; N, 4.4.

Isomeric 4-benzoyl-2,3-diphenylpyrrole (27), the expected isomer of 7a
from a non-regiospecific addition of 3a, was not detectable by tlc in the
mother liquor after crystallization of 7a, ¢f., however (entry 5, Table II).

Pyrrole 7a was prepared independently in 3% by a Knorr synthesis
(14) from q-aminoacetophenone and dibenzoylmethane. The two
preparations were identical (ir and mixture mp).

3-Carbomethoxy-2,4-diphenylpyrrole (7b).

Solid imidate 3a (1.40 g, 4.4 mmoles) was added all at once to a suspen-
sion of sodium hydride (50% in mineral oil, 0.58 g, 12 mmoles) in a mix-
ture of DME (18 ml) and DMSO (4 mli). After the evolution of hydrogen
had stopped (ca. 8 minutes) methyl cinnamate (0.65 g, 4.0 mmoles) was
added all at once. After 30 minutes work-up as described for 7a (washing
with 5 ml of ethyl ether-pentane (3:7) gave 0.64 g (58%) of 7b, mp
158-161°. Analytically pure 7b was obtained by two crystallizations from
dichloromethane-ethyl ether-pentane mp 164.5-165.6°; ir (nujol): 3300
(NH) and 1670 cm™* (CO); *H-nmr (deuteriochloroform): é 3.74 (s, 3H),
6.69 (d, 1H, J = 2.5 Hz), 7.2-7.7 (m, 10H), 8.1-9.0 (m, 1H).

Anal. Caled. for C,,H,,NO,: C, 77.96; H, 5.45; N, 5.05. Found: C, 77.8;
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H, 5.5; N, 5.0.
3-Cyano-2,4-diphenylpyrrole (7c).

This compound was prepared analogously to 7b from 3a and cin-
namonitrile (0.52 g, 4.0 mmoles) and obtained (after washing with ethyl
ether) as a solid in a yield of 0.62 g (63 %), mp 268-270°. Recrystallization
(twice) from acetone gave an analytically pure sample, mp 266-267°; ir
(nujol): 3250 (NH) and 2230 cm™* (C=N); 'H-nmr (DMSO-de): & 7.0-7.9 (m).

Anal. Caled. for C,,H,,N,: C, 83.59; H, 4.95; N, 11.46. Found: C, 83.3;
H, 5.0; N, 11.3.

3-Acetyl-4-methyl-2-phenylpyrrole (7d).

This compound was prepared analogously to 7b from 3a (1.76 g, 5.5
mmoles) and pent-3-en-5-one (90%, 0.47 g, 5.0 mmoles), and worked up as
described for 7a, yielding 0.61 g (61%) of 7d, mp 164-167°. An
analytically pure sample was obtained from dichloromethane, mp
165.5-166°; ir (nujol}: 3200 (NH) en 1615 cm™ (CO); 'H-nmr
(deuteriochloroform): § 2.06 (s, 3H), 2.30 (s, 3H), 6.55 (m, 1H), 7.38 (broad
s, 5H), 8.1.9.0 (broad m, 1H).

Anal. Caled. for C;H,,NO: C, 78.37; H, 6.57; N, 7.03. Found: C, 78.3;
H, 6.6; N, 7.0.

3-Cyano-4-methyl-2-phenylpyrrole (7e) and 4-Cyano-3-methyl-2-
phenylpyrrole.

This compound was prepared analogously to 7b from 3a (1.40 g, 4.4
mmoles) and crotonitrile (0.27 g, 4.0 mmoles) in 45 minutes, yielding
[after two washings with ethyl ether-pentane (3:7)] 0.26 g (36%) of 7e, mp
141-144°. Concentration of the combined washing liquids, followed by
chromatography (preparative tlc on aluminum oxide:benzene) gave a se-
cond crop of 7e (0.021 g, 3%, mp 140-143°) and 0.023 g (3%) of its
isomer (4-cyano-3-methyl-2-phenylpyrrole, mp 122-125.5° (rep (27):
126-127°). Three crystallizations from ethyl ether-pentane gave an
analytically pure sample of 7e, mp 141-144.5° (dimorphous); ir (nujol):
3320 (NH) and 2220 cm™ (C=N); 'H-nmr (deuteriochloroform): § 2.20 (d,
3H,J = 1 Hz), 6.55 (m, 1H), 7.2-7.7 (m, SH), 8.5-9.3 (m, 1H).

Anal. Caled. for C,H,,N,: C, 79.09; H, 5.53; N, 15.37. Found: C, 78.8;
H, 5.5 N, 15.3.

3-Carbethoxy-4-carbethoxymethyl-2-phenylpyrrole (7f).

This compound was prepared in 45 minutes analogously to 7b from 3a
(1.60 g, 5.0 mmoles). 1,3-dicarbethoxypropene (1.12 g, 6.0 mmoles) and
sodium hydride (ca. 8 mmoles), followed by work up as described for 7a
to give a viscous solid, which was washed with ethyl ether-pentane and
crystallized from ethyl ether-pentane, yield, 0.50 g (33%) of 7f, mp
118-121°. An analytically pure sample of 7f was obtained from ethyl
ether-pentane (2 times), mp 121-122°; ir (nujol): 3350 (NH) and 1705,
1690 ¢cm™! (C=0); H-nmr (deuteriochloroform): § 1.1-1.5 {(m, 6H), 3.77
(broad s, 2H), 3.9-4.3 (two q, 4H,J = 7 Hz), 6.45 (broad d, 1H,J = 2.5
Hz), 7.0-7.5 (m, 5H), 8.5-9.3 (m, 1H).

Anal. Caled. for C,;H (NO,: C, 67.76; H, 6.36; N, 4.65. Found: C, 67.7;
H, 6.3; N, 4.7.

3-Benzoyl-2-methyl-4-phenylpyrrole (7g).

Sodium hydride (50% in mineral oil, 0.14 g, ca. 3 mmoles) was added
to a mixture of 3¢ (0.26 g, 1.0 mmole) and chalcone (0.23 g, 1.1 mmoles)
in DME (4 ml) and DMSO (1 ml). After 1 hour, work-up as described for
7a, a white solid was obtained which was washed with water and dried in
vacuo over phosphorus pentoxide yielding 0.24 g (91%) of 7g, mp
235-236° slight dec (lit (14): 231°), which was identical with an authen-
tically prepared sample (14); ir (nujol): 3220 (NH) and 1590 cm™ (CO);
'H-nmr (DMSO-d,): § 2.40 (s, 3H), 7.0-7.9 (m, 11H). Pyrrole 7g was obtain-
ed in 75% yield when 3b was used, instead of 3c.

3-Carbethoxy-2-methyl-4-phenylpyrrole (7h).

Reaction of 3¢ (1.29 g, 5.0 mmoles) and ethyl cinnamate (0.81 g, 4.6
mmoles) analogously to 7g gave a mixture consisting mainly of 7h and
ethyl cinnamate. Column chromatography (aluminum oxide,
dichloromethane) gave, after standing for two weeks, 0.15 g of crystalline
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material, which on recrystallization from ethyl ether-pentane gave 0.10 g
(10%) of Th, mp 101-103° (lit (14): 105°); ir (nujol): 3350 (NH) and 1660
cm™! (CO); 'H-nmr (deuteriochloroform): 6 1.21 (t, 3H), 2.50 (s, 3H), 4.23
(q, 2H,J = 7 Hz), 6.50 (d, 1H, J = 2.5 Hz), 7.1-7.5 (m, 5H), 8.2-9.0 (m,
1H).

3-Benzoyl-2-methoxy-4-phenylpyrrole (7k).

A solution of 3d (0.26 g, 1.0 mmole) and chalcone (0.25 g, 1.2 mmoles)
in DME (6 ml) was added to a mixture of potassium t-butoxide (0.68 g, 6
mmoles) in ¢-butyl alcohol (6 ml). After 1 hour, work-up as described for
7a, resulted in a viscous solid which was washed with ethyl ether (10 ml)
to give 0.12 g (45%) of 7k, mp ca. 100° dec. Further purification was un-
successful due to instability; ir (nujol): 3200-2900 (broad NH) and 1580
cm™! (CO); 'H-nmr (deuterioacetone): § 3.73 (s, 3H), 6.43 (d, 1H,J = 2.5
Hz), 6.8-7.3 (m, 8H), 7.5-7.7 (m, 2H); exact mass m/e 277.113 (calcd. for
C,,H;sNO, 277.110).

3-Benzoyl-4-phenyl-2-methylthiopyrrole (71).

Reaction, analogously to 7k, of 3e (0.35 g, 1.2 mmoles) and chalcone
(0.21 g, 1.0 mmoles) in 50 minutes and work-up as described for 7a,
resulted in a solid which was washed with ethyl ether-pentane (3:2) (10 ml)
to give 0.21 g (73%) of 71, mp 167.5-170°. Recrystallization (twice) from
ethyl ether-acetone (3:2) gave an analytically pure sample, mp 171-173°
slight dec; ir (nujol): 3350 (NH) and 1615 em™ (CO); 'H-nmr
(deuterioacetone): § 2.33 (s, 3H), 6.9-7.4 (m, 9H), 7.55-7.8 (m, 2H).

Anal. Caled. for C,,H,,NOS: C, 73.70; H, 5.15; N, 4.77; S, 10.92.
Found: C, 73.6; H, 5.2; N, 4.7; S, 10.9.

3-Carbomethoxy-4-phenyl-2-methylthiopyrrole (7m).

This compound was prepared analogously to 7k from 3e (0.69 g, 2.4
mmoles) and methyl cinnamate (0.32 g, 2.0 mmoles) to give (after
washing with ethyl ether-pentane (3:7) (20 ml)) 0.36 g (72%) of 7m, mp
106-108.5°. Crystallization from ethyl ether (charcoal) gave an analytical-
ly pure sample, mp 110-111.5°; ir (nujol): 3350 (NH) and 1675 em™! (CO);
'H-nmr (deuteriochloroform); 6 2.45 (s, 3H), 3.72 (s, 3H), 6.64(d, 1H, ] =
3 Hz), 7.1-7.5 (m, 5H), 8.2-9.3 (m, 1H).

Anal. Caled. for C,,H,,NO,S: C, 63.13; H, 5.31; N, 5.67; S, 12.96.
Found: C, 63.3; H, 5.3; N, 5.6; S, 13.0.

3-Cyano-4-phenyl-2-methylthiopyrrole (7n).

Reaction of 3e (0.70 g, 2.4 mmoles) and cinnamonitrile (0.26 g, 2.0
mmoles), and work-up as described for 71, gave 0.30 g (70%) of 7mn, mp
177.5-180°. An analytically pure sample was obtained by crystallization
(twice) from dichloromethane-ethyl ether-pentane, mp 183-184.5°; ir (nu-
jol): 3240 (NH) and 2220 cm™* (C=N); 'H-nmr (deuterioacetone): & 2.46 (s,
3H), 7.1-7.7 (m, 6H).

Anal. Caled. for CH,N,S: C, 67.26; H, 4.71; N, 13.07; S, 14.96.
Found: C, 67.1; H, 4.6; N, 13.2; S, 15.1.

3-Acetyl-4-methyl-2-methylthiopyrrole (70).

A mixture of 3e (0.87 g, 3.0 mmoles) and pent-3-en-2-one (90%, 0.28 g,
3.0 mmoles) was added to sodium hydride (60% in mineral oil, 0.40 g, 9
mmoles; the oil was removed previously with pentane) in DME (15 ml).
After 50 minutes, work-up as described for 7a gave 0.21 g (41%) of 7o,
mp 151-153°. Recrystallization (twice) from dichloromethane-ethyl ether
(charcoal) gave an analytically pure sample, mp 153.5-155°; ir (nujol):
3330 (NH) and 1620 cm™ (CO); 'H-nmr (deuterioacetone): 6 2.25 (d, 3H, J
= 1Hz), 2.46 (s, 3H), 2.54 (s, 3H), 6.6-6.75 (m, 1H).

Anal. Calced. for C,H,,NOS: C, 56.77; H, 6.55; N, 8.28; S, 18.94. Found:
C, 56.8; H, 6.5; N, 8.2; S, 19.0.

Attempted Exchange of MeS for EtS in 3a.

A solution of sodium ethanethiolate was prepared by addition of 0.5 ml
of a solution of ethanethiol (4V in DME, 2.0 mmoles) to sodium hydride
(0.13 g (ca. 3.0 mmoles) of a 60% suspension in mineral oil from which
the oil was removed by washing with dry pentane under nitrogen). Five
minutes after the evolution of hydrogen had stopped (in ca. 3 minutes),
this solution was added with a syringe to the reaction mixture in DME (4
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ml) formed in 15 minutes from 3a (0.32 g, 1.0 mmole) and sodium
hydride (0.086 g, ca. 2.0 mmoles, oil removed as above). After 25 minutes
the mixture was worked up, as described for 7a, to give 0.271 g of a
brown-yellow oil which contained 52.5% of 3a (determined in duplo by
'H-nmr using dimethylsulfone as an internal standard). No signals of an
ethyl group were observed.
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