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Abstract - The base-catalysed condensation of 2,5-dimethyl -
' ~phenylpyrrole-3,4-dicarbaldehyde with 2,4 -pentanedlone and
1-(R-methoxyphenyl)-l,3-butanedlone has been investigated

under differcnt reaction condltions (e.q. selvent, catalyst,

temperature, time).

Case-catalysed condensations of pyrrole-p-dicarbaldehydes with ketones are well

7

documentedlh , but there are no data on the cohdensation wlith ﬁ -diketones except
the paper of Davey and Gottfrlcd8 describing the condensation of o-phthalaldehyde
with 2,4-pentanedione. !n this paper we would like to describe In fu!l the experi-
mental detalls of the base-catalysed condensatfon of 2,5-dimethyl -l -phenylpyrrole-

3.,6-dlcarbaldehyde with B -diketonas of the type R-C0O-CH ~C0~CH, (where R=CH, and

2
CGHSOC“3)' which leads, depending on the reaction conditions applled, to the for-

mation of troponoid systems or o, ﬁ-mnsaturated carbonyl compounds.

2,5-Dimethyl ~1 ~phenylpyrrole-3,h-dicarbaldehyde {!) reacts over a period of 6-12 h
with 8 -diketones (I1a - b) In the presence of piperldine-acetic acid in bolling
ethano!, giving S5-substliguted Bﬁ-cyclohepta[g]pyrro1-6-ones {(ttla - b). The com-
pounds were purlfied by using tle on sillca gel and chloroform-acetone (9:1 v/v}

as eluent. The ylelds were 34% and 25%, respectively.

8y condensation of (1) with (11a) Tn boiling chloroform over a pericd of 4 h, us-
‘ing a mixture of pyrldinc-piperidine as catalyst, a mixture of S-substituted
Gu—cycloheptargjpyrrnl~6-onns {(t11a) and an intermediate aldol (IVa) was cobtained.
Purlflcation of the product by tlc and subsequent recrystallization from benzene-
petroleum ether {1:1 v/v) gave compound {il1la) In the yleld of 15% and compound
(|V3) in the yleld of 25%. When (1) reacted with {11b) in bolling benzene uslng
piperidine-acetic acld as catalyst, water helng removed by a Dean=Stark attach-

ment, another type of transformatlons was encountered., It was shown that the
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product dld not contain a seven-membered ring, but was actually an Oﬁ,ﬁ-unsatu—

rated ketone of the type {Vb). The condensation of (I) with (Ila - b) In baillng
ethancol in the presence of sodium ethoxide or potassium hydroxide as catalyst

over a period of 2 nh gave o, -unsaturated hetones (via - b).
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It seems that the basic ¢cleveage of B -diketones was effected by a mechanlsm of
reversal of the Clalsen condensation. This was conflrmed by condensaticn of equi-
molar quantities of (1) and p-methoxyacetophenone under the same reaction condl -
tions. When (!} reacted with (lla) Tn boiling ethanol using a mixture of
pyridine-piperidine as catalyst, a mixture of L -substituted Gﬂ-cyclohepta[g]pyr-
rol-G-one {{lla) and ol, 8 -unsaturated ketone (Vvia) was obtained. The compounds
were purified by using tle on silica gel and chloroform-acetone (S:1 v/v] as
ebluent. The yields were 29% and 135, respectively. The compound (Vl_b) was also

characterized through the formation of {ts oxime (Vll_t_,).
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The mechanism of the seven-membered ring formation may be plausibly represenced by

the following scheme:
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The experimental evidence, which supports this mechanism (s the isoi{ated iatermedl-

ate aldol (IV)B. The reaction proceeds by the formatlon of a resonance-stabilized

enolate ion which attacks the carbenyl carbhon of diaidehyde giving an alkoxide lon.

In the next step the proton transfer leads predominantly to an intermediate ajdol

product which undergoes intramolecular ring closure and subsequent base-catalysed

dehydration resylting the compounds {1V) and {111). Two resonable mechanisms would

seem possible to explain the formation of o,/ -~unsaturated carbony!

v},

compound

although experimental evidence is not available to support them. One could be a

base-catalysed aldol

condensation giving rise to a
readilly undergoes acid-catalysed dehydration,

an overall acid-catalysed process.
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EXPERIMENTAL

Melting points were determined on a Blchi apparatus and are not corrected. The ir
spectra were recorded on a Perkin-Elmer Model 227 and Model 377 spectrophotometers
in KBr discs., The 1H nmr spectra were recorded on a Varian T-60 or Joel JNM-FX 100
FT spectrometer with tetramethylsilane as the internal reference. Preparative
thin-tayer ¢chromatography (iig) was carried out on tlc plates (silica gel 60 FZSQ
pre-coated, 2 mm thickness) with chloroform-acetone {9:1 v/v) as eluent and the

plates were scaned under ultraviolet light, A =254 and 366 nm. AJl soltvents were

evaporated on a Devarot evaporator at a water-aspirator pressure using a water

bath set at 35-60°C.

S—Acetyi-],3-d|mathyl-2—phenyl-Gﬂ-cyclohEPta[g]pyrrol-6-one {(F11a)

Te a boiling selution of 2,5-dimethyl-1-phenylpyrrole~3,b-dicarbaldehyde (I)

(1.14% g, 0.005 wol) and 2,4-pentanedione (tla} (1.00 g, €.005 mol) in absolute eth-
anol {25 ml}, piperidine {10 drops) and acetic acid (6 drops) were added. The re-
action mixtuvre was heated under refiux for & h and allowed to stand at room tempe-
rature for 7 days. Removal of the solvent left the crude product, which was puri-
fied by tlc. Recrystallization from benzene-petroleum ether {(l:1 v/v) gave the
analitically pure pale-yellow crystals of (115a} (0.50 g; 34%), mp 165-1669C, ir

1

(kér) 1685, 1615, 1595, 1570 (C=0, C=C) cm '; nmr (c0c13) d 2.20 (s, 3H, CH,), 2.28

3
(s, 3H, CH3), 6.43 (d, J=12.3 Hz, IH, C7-H), 7.16-7.60 (m, 6R, aromatic + Cg-H},

8.02 (s, 1K, C,-H).

4

S*E-Anisoyl—l,3~dimethyl-2—phenyl—6ﬂ—cyclohepta{g}pyrrol-ﬁ-one (1rib)

To a boiling solution of (1) (¥.14 g, 0.005 mol) and I-{p-methoxyphenyl)-1,3-bu-
tanedione {lib) (6.96 g, 6.005 mol} in absolute ethanol (40 m)}, plperidine (10
drops) and acetic acid (6 drops) were added. The reaction mixture was heated un-
der reflux for 12 h and allowed to stand at room temperature for 7 days. After
evaporation of the mixture to dryness, the oliy semisollid residual was triturated
with ether and the unchanged starting material filtered off. Remaval of the salvent
left the crude residue, which was purifiea by tlc. Recrystallization from benzene-
petroleum ether (l:% v/v) gave (1V1b) as yellow crystals {D.24 g; 25%) mp

1

ZOD-EUZOC; ir (KBr) 1650, 1595, i580_ {C=0, C=C) cm '; nmr lCDCI3) d 2.25 (s, 6H,

CHB}' 3.80 s, 3n, ocns). 6.37 (d, J=13.8 Hz, IH, C_-H), 6.65-8.00 (m, 1TH,

7
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aromatic, C, -H, CB-H).

5-Acetyl-4,b-dihydro-l-hydroxy-1,3-dimethyl-2-phenyl-6H-cyclohepta[c]pyrrol-

6-one (Iva)

Compounds (1) (1.14 g, G.005 mol} and (i1a) (0.50 g, 0.0C5 mol) were dissclved In
chlaroform (10 ml}, and to this were added piperidine (4 drops), and pyridine (4
drops), and the reaction mixture was heated under reflux for 4 h. After being left
at room temperature for one day, the mixture was evaporated to dryness and the
oily residue was triturated with ether affording a crude product {(1.00 g}. Purl-~-
fication by tlc and recrystalization from benzene-petroleum ether {(1:1 v/v) gave
0.22 g (15%) of compound (11l1a}, mp 165-167°C and 0.38 g (25%) of compound (IVa)
as yellow crystals, mp 143-144°C; 1r (KBr) 3410 {(0-H), 1660, 1648 (C=0, C=C} cm_”
nmr (CDC|3) d 1.21 {d, J=b4.5 Hz, 1H, CQ-H). 1.70 (s, 3H, CH3)' 1.77 (s, 3H, CH3),
2.03 (s, 3H, CH3), 2,73 (d, J=4,5 Hz, 1H, CS'H],Q.57 {broad, 1H, QH}, 5.89 (d,

J=12.3 Hz, 1H, HC=C), 6.64-7.13 {m, GH, aromatic), 7.58B (d, J=12.3 Hz, 'H, C=CH).

(E)-4-(2-p-Anisoyl-3-oxo-1-butenyl}-2,5-dimethyl-1-phenylpyrrole-3-carbaldehyde (Vb)

Compounds (1) (1.14% g, 0.005 mol)} and {(1Ib) (0.96 g, 0.005 mol) were dissolved by
heating in benzene {40 mi}, and to this were added pliperidine (1 drop) and acetic
acid (4 drops). The reaction mixture was refluxed for 4 h, water being removed by a
Dean=5Stark attachment., After belng left at room temperature for 7 days, the so-
lution was evaporated to dryness and the crude residue triturated with ether. The
unchanged starting material was filtered off, the filtrate evaporated, and the
residue purified by tlc. Recrystallization from benzene-petroleum ether afforded
0.69 g (62%) of the compound (Vb) as pale-yellow crystals, mp 139-140°C; ir (KBr)

1660~-1640 (L=0, {=C) cm-l; amr (CDC13) d ¥.70 {s, 3H, CH 2.10 (s, 3H, CH3)'

3)'
2.40 (s, 3, CH3), 3.80 (s, 3H, ocn3), 6.65-7.86 {m, 9K, aromatic), 8.23 (s, 1H,

ethylenic), 9.92 (s, 1H, CHO).

(E)-4-(3-0xe-Y-butenyl}=-2,5-dimethyl-1-phenylpyrrole-3-~caraldehyde (V)a)

Me thod A:
A nhot solution of (1) (0.23 g, 0.001 mol) and (11a) (0.1¢ g, 0.001 mol} in abso-
lute ethanol (5 mi) was added dropwise to a stirred solution of sodlum ethoxlde

in ethanol (0.09 g Na/t0 ml ethanol). The reaction mixture was stirred and refluxed



for 4 h and allowed to stand at room temperature for 7 days. The solution was
chilled in ice bath and acldified with 5% hydrochloric acid to give yellow pre-
cipitate. Purification by tlc and recrystsallization from absolute ethancl afforded
0,20 g (73%) of compound (Via) as yellow crystals, mp 139-142°Cs i (KBr) 1685
{C=0 aldehydic), 1670, 1655 ({=0, C=C}, 12B5, 950 (HC=CH trans} cm_1; nmr (CDCl3]
J 2.24 (s, 3H, cn3), z.29 (s, 3H, £H3), 2.53 (s, 3H, cn3), 6.44 (d, J=12.3 Hz, IH,
ethylenic), 7.14-7.61 (m, 5H, aromatic}, 8.02 (d, J=12.3 Hz, 1H, ethylenic}, 10.35

(s, 1H, CHO).

Method B:

To a boiling solution of (t) (0.45 g, 0.002 mol) and (Ili) {(p.20 g, 0.002 mol) in
absolute ethancl (20 ml), piperidine {2 drops) and pyridine (2 drops) were added.
The reaction mixture was heated under reflux for 4 h. After being left at room
temperature for one day, the unchanged starting material was flltered off and the
mixture was evaporated to dryness. Purification by tlc and recrystallzation from
pbenzene-petroleum ether (1:1 v/v} gave 0.t2 g (29%) of compound (Illa}, mp 165-

167°C and 0.07 g (18%) of compound (Via), mp 139-142%C,

{E)-b-(2-p-Anlsoyl-l-ethenyl)-2,5-dimethyl-1-phenylpyrrole-3i-carbalidehyde (Vib)

Method A:

A hot solution of (1} (0.68 g, 0.003 mot) and (11b) (0.58 g, 0.003 mal) in abso-
lute ethanol (20 ml) was added to a stirred sclution of sodium ethoxide In ethanol
(0,28 g Na/20 m) echanol). The resulting red sclution was stirred and refluxed for
2 h and allowed to stand at room temperature for 7 days. Water was added to effect
precipitation, and the precipitated solid was coltected and puriflied by tlc. Re-
crystallization from absolute ethanol afforded .46 g (43%) of compound {(vib) as

yellow crystals, mp 180-182°¢.

Method B:

Compound {1} {1.14 g, 0.005 mal} and (rig) (0.98 g, 0.005 mol) were dissolved in
95% ethanol (40 al), and 50% agueous potassium hydroxide (2.5 ml) was added to the
stirred solution dropwise. The reaction mixture was stirred and refluxed for 2 h.
On coolirg, the salution was acidified with 5% hydrochloric acid and chilled In lce

bath to give a yellow crystalilne precipitate, which was collected by filtratlon,
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washed with water until neutral and dried. Puriflication by tlc and recrystalli-
zation from ethanol gave 0.87 g (48%) of compound (VIb) as yellow crystals, mp
180-182%C, ir (KBr) 1660 {C«0 aidehydic), 1640, 1635 {C=0, C=C), 1290, 960

(HC=CH trans) em ' nmr {CDCI,)  2.15 (s, 3H, CH3), 2.25 (s, 3H, CHy) 3.B0 (s,

3H, OCHB) 6.75-8.20 (m, 11H, aromatic + ethylenic), 10.15 {s, 1H, CHOJ.

(E}-4%-(2-p-Anisoyl-l1-ethenyl)-2,5-dimethyl=1-phenylpyrrole-3-carbaldehyde

Oxime (VIIE)

A solution of (VIb) (0.09 g, 0.25 mmol), hydroxylamine hydrochloride (0.034 g,
0.50 mmol) and scdium acetate (0.05 g) in ethanol (10 al) and water (0.5 ml) was
heated under reflux for i1 h. After addition of water, recrystallization of the
resulting precipitate from aquecus ethano) afforded the oxime (Vilb) (0.045 g,
48%) as yellow crystals, mp 202-20306; ir (KBr) 3500 (0-H}, 1638 {(C=0, (=C, C=N)
em™'i nme (coCly) & 2,12 (s, 3H, CHy), 2,09 (s, 3H, CH;), 3.86 (s, 3H, 0CH),

7.04-8.39 {m, 12H, aromatic + 2 ethylenic + azomethinic).
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