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ABSTRACT

Meso-substituted dipyrromethanes were synthesizedexcellent yields by the one-pot condensation of
aldehyde/ketone and pyrrole in the presence oflyitaamount of the inexpensive, readily availahtel non-toxic
inorganic acid in aqueous media at room temperatinghis reaction the products were obtained iorsheaction
time and easy operation under mild conditions withasing any strong acid and minimize the orgamilvents.
Dipyrromethanes were filtered in high purity withaise of flash chromatography.
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INTRODUCTION

Polypyrrolic compounds are of wide interest in sal/areas, namely in porphyrins [1], materials i3c&[2], optics
[3], medicine [4] and related macrocycles [5]. Meststituted dipyrromethanes are important builditarks for
many of the structures of interest in the areasrghnic synthesis and pharmaceuticals [6]. Theilgyabf meso
substituted dipyrromethane to oxidation, duringgkethetic procedure, is always a cause for condédra isolation
and storage of such compounds under diverse conditiave been established allowing good to exdejieid of
meso substituted dipyrromethane to be obtainetdnchse where adequate substituents are presémé @yrrole
rings. Those substituents provide for the stabitifyboth the pyrrole precursors and the producyripnethane
[7,8].

Due to their great importance, a number of differggnthetic routes have been developed for thehsgig and
purification of dipyrromethanes in the last decad@#most, all the methods to achieve the dipyrromeésafrom
the excess of pyrrole and carbonyl compounds inpesence of various strong acids such agQE% [9],
trifluoroacetic acid [10,11] (TFA), methane sulforacid [12,13] and hydrochloric acid [14]. All treosnethods
required prolonged reaction time and exotic reactionditions. They imply necessarily a delicateetioontrol to
stop the reaction when the dipyrromethane concéonrés at its maximum and involve a final workuyat requires,
at least, the distillation of the excess pyrrolee3e studies mostly afford low to moderate yiefdsi@so-substituted
dipyrromethanes. The yields are reduced due tdottmeation of oligomeric products, which make theification
of the dipyrromethanes from the reaction mediunfiadift. The direct synthesis of dipyrranes fromedigides and
pyrrole gives a mixture of oligopyrromethane anpasation of each oligopyrromethane is difficult J18 is known
that acid catalysed reactions of pyrroles are éithibecause of their sensitivity to acids. The feastof nitrogen-
containing compounds activated with a catalytic amiaf conventional Lewis acids are also limitece da their
deactivation by strong coordination to the Lewiglam many cases stoichiometric amounts of thd acé required
[16]. However, the use of excess and even stoichibenamount of acids with organic solvents makaeshs
processes environmentally questionable.

To date, many more organic transformations haven lmegried out in water or aqueous media [17-19] thet
purification of dipyrromethanes were little diffiti20,21]. Although, the purification of dipyrrorieanes was done
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by the use of flash chromatography which is envitentally questionable, in recent year, novel a@d fained
special attention as a catalyst in organic synshiescause of many advantages such as excellebilgplin water,
non-toxic, easy to handling, inexpensive, eco-ftignnature, readily available and high reactiviigecently,
synthetically useful organic transformation usingrganic novel acid as a catalyst has been reportie literature
[22].

Inspired by the early repoand the critical role of inorganic acid in orgasinthesis provoked us to examine the
catalytic scope of novel inorganic acid in the &gsis of meso-substituted dipyrromethane. Herearaport the
high yield synthesis of meso-substituted dipyrrdraae in the condensation of pyrr¢l§ and cyclohexanong)

by making use of novel acid as catalysts undetirggiat room temperature reaction condition in ay\&hort time

<20 min Scheme 1 Table 3). However, the reported catalysts require longeaction time giving moderate yields

of products for this conversion. The present praceds superior in comparison with TFA, IRCCH,SO;H and
BF;O(Et), catalyzed reactions of carbonyl with pyrrole whiggnerated several unexpected products [23]. Whereas
expensive InG| TFA, CHSO;H and BRO (Et), catalyzed reactions took a very long reaction t{fng) [24].

@ =«

Ri R

3a. Rl = Rl = '(CH2)5

3b. Rl = R2 = CH3

3c. Rl = CH3, R2 = C2H5

3d. Rl = R2 = C2H5

3e. Rl = R2 = CH2CH2CH3

3f. Rl = Rl = '(CH2)4

3g Rl = CH3, R2 = C6H5

3h. Rl = CH3, R2 = p-N02C6H4

3i. Rl = CH2CH2CH3, R2 = C6H5

3] Rl = R2 = C6H5

3k. Rl = H, R2 = C6H5

3l. Rl = H, R2 = C6F5

3m. Rl =H, RZ = 4-C(CH3)3C6H4

3n. Rl = CH3, R2 = C6H5

30. Rl =H, RZ = 4'OCH3C6H4

3p Rl =H, R2 = 3,5-(C(CH3)3)'4'OH-C6H2

3q Rl =H, R2 = 3,5-(OCH3)2-4'OH-C6H2

3r. Rl = H, R2 = 2,4,6'(CH3)3'C6H2
Schemel: Synthesis of meso-substituted dipyrromethanes

MATERIALSAND METHODS

The melting points of compounds are uncorrectepressed in degree centigrade and recorded usingashbloover
Unimelt capillary melting point apparatus. PerkimrEr FT-2000 spectrometer was used for recordifigried spectra
(vmax in cM'). NMR spectra were obtained on a Jeol-delta-4@@tspmeter. The tetramethylsilane (TMS) was used a
an internal standard and the chemical shifisate expressed in ppm. ESI-MS were recorded byl OE-(KC-455)
mass spectrometer of Waters. TGA/DTA was recordgdPerkin-Elmer Diamond 1100. HPLC analysis was
performed on Waters 2998 Photodiode Array Deteotoa Waters PAH C18 HPLC column (4.6x250 mm) using
methanol as the eluent. The starting materials warehased from Spectrochem Chemicals India. Thelgywas
distilled prior to use and the solvents used wdraralytical reagent grade. The compounds syntbdsizere
characterized by melting poinf$J NMR, **C NMR, IR and ESI-MS techniques.

Synthesis of meso-substituted dipyrromethanes (3)

To a stirred solution of cyclohexanone (1 mmol) agdole (2 mmol) in 25 ml of water, acid cataly$00 mg) was

added at room temperature. The reaction mixturestwaed for appropriate time given in table 3 gmdgress of the
reaction was monitored by thin layer chromatograf@iyC). After the completion of reaction the reactimixture was

stirred for 1/2h more and desired product was #igitlin the round bottom flask. The solid precipit as a desire
dipyrromethane was collected by simple filtratimtidwed by washing with water (3x100 ml). Finallyet product
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was dried at room temperature. The purity of tr@dpct was checked by TLC and HPLC in methanol/ wltel,
vlv) as solvent, by comparing the retention timé¢hvauthentic samplesupplementary data Figure S3). As the
meso substituted dipyrromethanes undergo slow paiigation upon standing at room temperature.

5-spirocyclohexyldipyrromethane (3a): Physical state: off white solid; mp: 122-1%24 (lit [25] 104-106 °C); R:

0.59 (1:1 CHG}: Hexane, v/V); IR (KBr, cif): 3443, (-NH) 2976 (-Ck), 1548, 1443, 1025, 723 &m'H NMR

(400MHz, CDC} 25 °C)8 = 1.56 (m, 24H, -Ch), 2.06 (m, 16H, -Ck) 6.10 (m, 4Hg-pyrrolic CH) 6.56 (d,J = 1.12
Hz, 2H, a-pyrrolic CH) 7.66 (br s, 2H, NH)}*C NMR (100MHz, CDGCJ, 25 °C) § = 22.74, 25.90, 37.20 (-GH
cyclohexyl-C), 39.78(meso-C), 104.23, 107.8Bpyrrolic -C), 116.66, 137.8lafpyrrolic -C); ESI-MS : m/z =
Calculated (G4H1gN,), 214.1470: Observed (¥1214.5705; HPLC retention time: 2.1 min.

5,5-Dimethyldipyrromethane (3b): Physical state: white solid; mp: 55 °C (lit [26]-58°C); R 0.40 (1:1 CHGt
hexane, viv), IR (KBr, cif): 3429, (-NH) 2979 (-CH), 1554, 1445, 1025, 720 ¢mH NMR (400MHz, CDC} 25 °C)
8 =1.61, (s, 6H, -C}}, 5.91 (d,J = 2.9 Hz, 2H S-pyrrolic CH), 6.10 (m, 2HB-pyrrolic CH), 6.57 (dJ = 2.2 Hz 2H,
a-pyrrolic CH), 7.62 (br s, 2H, NH)J*C NMR (100MHz, CDCJ 25 °C)$ = 29.26 (-CH), 35.26 (neseC), 103.71,
107.62 f-pyrrrolic-C), 117.07, 139.0@{pyrrrolic-C); ESI-MS : m/z = Calculated ({H14N,), 174.1157: Observed (M
+Na) 197.1128; HPLC retention time: 2.9 min.

5-Ethyl-5-methyl dipyrromethane (3c): Physical state: brownish solid; mp: 192, R: .40 (1:1 CHC{: pet ether,
viv); mp: 102C; IR (KBr, cn): 3348 (-NH), 2931 (-CkJ cni'; *H NMR (400MHz, CDC} 25 °C)6 = 0.77 (t, 3H, -
CHs), 1.53 (s, 3H, -ChH), 1.97 (q, 2H, -CH), 6.10 (m, 4HS-pyrrolic -CH), 6.56 (dJ = 2.2 Hz, 2H,a-pyrrolic CH)

7.56 (br s, 2H, pyrrolic-NH)**C NMR (100MHz, CDCJ 25 °C)& = 8.77 (-CH), 25.51 (-CH)), 33.43 (-CH), 39.20
(meso-C), 104.65, 107.44-pyrrolic, -C), 116.96, 138.6%{pyrrolic, -C); ESI-MS : m/z = Calculated {€i:eN>),

188.1313: Observed (M+Na) 211.1215.

5,5-Diethyldipyrromethane (3d): Physical state: white solid; mp: 12 (lit [27]110-112°C); R .60 (1:1 CHC:
hexane, v/v), IR (KBr, cif): 3363 (-NH), 2943 (-Ch) crmi?, *H NMR (400MHz, CDC} 25 °C)3 = 0.84, (t, 3H, -Ch),
1.9 (q, 2H, -CH) 6.11 (m, 4H g-pyrrolic CH), 6.61(s, 2Hg-pyrrolic CH), 7.66 (br s, 2H, pyrrolic-NH)C NMR
(100MHz, CDC}, 25 °C)6 = 28.77 (-CH), 30.51 (-CHCHj), 36.20 (meso-C), 103.65, 107.4pyrrolic, -C), 116.86,
140.13 g-pyrrolic, -C); ESI-MS : m/z = Calculated {§115N,), 202.1470: Observed (y1202.2541.

5,5-Dipropyldipyrromethane (3¢): Physical stateyellowish solid; R 0.60 (1:1 CHG pet ether, v/v); IR (KBr,
cmi’): 3358 (-NH), 2932 (-C cmi’; 'H NMR (400MHz, CDC}, 25°C) & = 0.84 (t, 3H, -Ch) 1.04 (q, 2H, -Ch)
1.85 (g, 2H, -CH) 6.09 (m, 4H,B-pyrrole CH) 6.54 (d, 2Hg-pyrrole CH) 7.53 (br s, 2H, NH)}°C NMR
(LOOMHz, CDC} 25°C) § = 14.38 (CH), 17.33 (-CH), 39.68 (-CHCH,-), 42.59 (meso-C), 105.51,107.16 (
pyrrolic-C), 116.84, 137.31afpyrrolic-C); ESI-MS : m/z = Calculated (€1,,N,), 230.1783: Observed (M+1)
231.1599.

5-spirocyclopentyldipyrromethane (3f): Physical statewhite solid;R;: 0.51 (1:1 CHG: hexane, v/v); IR (KBr, cm
Y: 3433, (-NH) 2974 (-Ch), cm*; '"H NMR (400MHz, CDC} 25 °C)& = 1.76 (m, 16H, -Ch), 2.10 (m, 16H, -Cbh),

6.11 (m, 4Hg-pyrrolic CH), 6.55(brs, 2Hz-pyrrolic CH), 7.57 (br s, 2H, NH}’C NMR (100MHz, CDGJ 25 °C)3 =

23.64, 39.15 (-CH cyclopentyl-C), 46.95 (meso-C), 104.17, 107 .B+p¥rrolic-C), 117.17, 137.58u{pyrrolic-C);

ESI-MS : m/z = Calculated ¢gH;¢N>), 200.1313: Observed (M+K) 239.1001.

5-M ethyl-5-phenyldipyrromethane (3g): Physical state: white solid; mp: 16€ (lit [28]106 °C); R: 0.52 (1:1
CHCl;: hexane, viv); IR (KBr, cif): 3375 (-NH) 2942 (-Ch); *H NMR (400MHz, CDC} 25°C) & = 2.05 (s, 3H, -
CHsy), 5.97 (d, 2Hp-pyrrolic CH) 6.13 (m, 2Hp-pyrrolic CH) 6.67 (d,J) = 2.2 Hz 2Ha-pyrrolic CH) 7.12 (m, 5H. Ar-
H), 7.37 (br s, 2H, NH); ESI-MS : m/z = Calcula{&jgHeN,), 236.1313: Observed (M+2) 238.5668.

5-methyl-5-(4-nitr ophenyl)dipyrromethane (3h): Physical state: yellow solid; mp: 140 °C, (lit [2%2-144 °C); R
.61 (1:1 Ethyl acetate: Hexane, v/v); IR (KBr pgllem-1): 3402 (-NH), 3103, 2927, 1515 (-Néntisymmetric), 1343
(-NO, symmetric), 1099, 726 ¢in'H NMR & (400MHz, CDC} 25 °C)& = 5.94 (d, 2Hp-pyrrolic CH), 7.19 (m, 2H,
p-pyrrolic CH), 7.70 (brs, 2Hgz-pyrrolic CH), 8.08 (d,J = 8.8 Hz, 2H, phenyl), 7.87 (br s, 2H, NH), 8.08 Jds 8.4
Hz, 2H, phenyl), and 8.08 (d, 2H, phenyfic NMR (100 MHz, CDGJ 25 °C)8 = 28.43 (-CH), 47.52 (meso-C),
106.00, 106.814pyrrolic -C), 124.55, 128.67%{pyrrolic -C),136.09, 136.62 (Ar-C), 145.66, 152&%)); ESI-MS :
m/z = Calculated (¢H1sN30,), 281.1164: Observed (M+Na) 304.2086.

5-Phenyl-5-propyldipyrromethane (3i): Physical state: brownish viscous liquid; IR (KBm1): 3433 (-NH) 2948
(-CHg), 1456, 1256, 1096, 1115, 1023, 735, 726,040 (1:1 CHG} pet ether, viv);H NMR (400MHz, CDC},
25°C)8 = 1.78, (s, 3H, -CkJ 2.37 (t, 2H, -CH) 2.59 (t, 2H, -CH) 6.21 (dd, 4HpB-pyrrole CH) 6.65 (d, 2Hg-

318
www.scholarsresearchlibrary.com



Amit Kumar Rawat and S. M. S. Chauhan Der Pharma Chemica, 2014, 6 (1):316-322

pyrrole CH) 7.29 (m, 5H, phenyl -CH) 7.59 (br s,,28H); *C NMR (100MHz, CDCJ, 25°C) § = 25.99, 3069,
38.79, 42.90, 104.74, 107.30, 17.15, 125.55, 128.28.19, 137.57, 142.38; ESI-MS : m/z = Calculd@gH,oN,),
264.1626: Observed (M+Na) 287.1617.

5,5-diphenyl dipyrromethane (3j) Physical state: Grey needles; m.p: 262 °C (lit [36) °C);R;: 0.39 (1:1 CHJ:

hexane, v/v)!H NMR & (400MHz, CDC} 25 °C)& = 5.94 (m, 2H s-pyrrolic-H), 6.15 (m, 2H-pyrrolic-H), 6.71
(m, 2H, a-pyrrolic-H), 7.02 (d,J = 8.08 Hz, 4H, Ar-H), 7.16 (m, 6H, Ar-H), 7.86 &r2H, NH);**C NMR (100
MHz, CDCk 25 °C)3 = 55.60 (meso-C), 107.94, 109.56yrrolic -C), 117.37, 129.22fpyrrolic -C),126.76,
127.86 (Ar-C), 145.66, 152.59 (Cq); ESI-MS : m/Zalculated (GH1sN,), 298.1470: Observed (11298.0950.

5-phenyl dipyrromethane (3k): Physical state: white solid; mp: 100-10a. (lit. [31]101 C ); R: 0.47 (1:1
chloroform: hexane, V/V); IR (KBr pellet, cit 3343, 3057, 1457, 1258, 1095, 1114, 1026, 728; *H NMR
(400MHz, CDC} 25°C) 6 = 5.45 (s, 1H, CH), 5.93 (s, 2ppyrrolic-CH), 6.18 (m, 2Hp-pyrrolic-CH), 6.66 (m, 2H,
a-pyrrolic-CH), 7.22 (m, 5H, Ar-H), 7.82 (s 2H, NH)C NMR (100MHz, CDGJ 25°C)5 = 43.84, (meso-C), 107.04,
108.29 g-pyrrolic-C), 117.19, 126.88x«{pyrrolic-C), 128.33, 128.55 (Ar-C), 132.47, 142.@2q); ESI-MS : m/z =
Calculated (GH14N,), 222.1157: Observed (M+Na) 214.1089.

5-pentafluor ophenyldipyrromethane (3l) : Physical state: Gray solid; mp: 130 {i@2 131-132 °C); R 0.46
(chloroform); IR (KBr pellet, ci): 3343, 2956, 1460, 1255, 1117, 853, 731, AMIMR (400MHz, CDC} 25°C)$
= 5.87 (s, 1H, CH), 6.00 (s, 2K;pyrrolic, CH) 6.13-6.16 (m, 2 H3-pyrrolic, CH), 6.70 (dJ = 1.84 Hz, 2Hu-
pyrrolic, CH), 8.14 (br s, 2H, NH); ESI-MS : m/zGalculated (GHgFsN,), 312.0686: Observed (M+1) 313.1068.

5-(4-tert-butyl-phenyl)dipyrromethane (3m): Physical state: colorless crystal; mp: 165 °C[3&] 160 °C); R: 0.57
(1:1 chloroform: pet. Ether, viv); IR (KBr pelletm®): 3343, 2956, 1460, 1255, 1117, 853, 731, 727NMR
(400MHz, CDC} 25°C)5 = 1.28 (s, 9H, -(C(CHa), 5.43 (s, 1H, CH), 5.90 (s, 2fpyrrolic CH), 6.13 (dJ= 2.92 Hz,
2H, p-pyrrolic CH), 6.66 (s, 2Hg-pyrrolic CH) 7.11 (d, J = 8.08 Hz, 2H. Ar-H), 7.29, J = 8.08 Hz, 2H. Ar-H), 7.93
(br s, 2H, NH);*C NMR (100MHz, CDGJ 25°C)$ = 31.33 (CH)), 43.48 (C(CH)3 53.41 (-C), 107.03, 108.34 27(
pyrrolic-C), 117.05, 125.54{pyrrolic-C), 127.96, 132.69 (Ar-C), 138.92, 149.[&q); ESI-MS : m/z = Calculated
(CioH2:N,), 278.1783: Observed (Y1301.4315.

5-(4-methylphenyl)dipyrromethane (3n): Physical state: colorless crystal; mp: 1141#¢33]110-111 °C); R: 0.57
(1:1 chloroform: pet. Ether, v/v); IR (KBr pelletm®): 3343, 2956, 1460, 1255, 1117, 853, 731, 727/ NMR
(400MHz, CDC} 25°C) 6 = 2.05 (s, 3H, -Ch}, 5.97 (d, 2HS-pyrrolic CH) 6.13 (m, 2Hg-pyrrolic CH) 6.67 (dJ =
2.2 Hz 2Ha-pyrrolic CH) 7.12 (m, 5H. Ar-H), 7.37 (br s, 2HH)t *C NMR (100MHz, CDCJ 25°C)& = 21.07 (CH),
43.61 (meso-C), 107.02, 108.2F-dyrrolic-C), 117.87, 128.21o{pyrrolic-C), 129.32, 132.76 (Ar-C), 136.25, 138.19
(Cq); ESI-MS : m/z = Calculated {§1:6N,), 236.1313: Observed (Y1236.5767.

5-(4-methoxyphenyl)dipyrromethane (30): Physical state: white solid; mp: 98-99 °C (lit [3 °C.); R: 0.37 (1:1
chloroform: pet. Ether, viv), IR (KBr pellet, ¢hn 3345, 3092, 1610, 1513, 1460, 1255, 1176, 11032, 843, 737,
726;H NMR (400MHz, CDCJ 25°C)5 = 3.89 (s, 3H, OCH), 5.50 (s, 1H CH), 6.01 (s, 2pyrrolic-CH), 6.25 (m,
2H, p-pyrrolic-CH), 6.76 (m, 2R-pyrrolic-CH), 6.94 (dJ = 8.8, Hz, 2H Ar-H), 7.21 (d] = 8.04, Hz, 2H Ar-H), 8.00
(brs, 2H, NH);*C NMR (100MHz, CDCJ 25 °C)3: 43.05 (meso-C), 55.24 (-OGH07.00, 108.314pyrrolic -C),
113.91, 117.09«-pyrrolic C), 129.34 132.84 (Ar-C), 134.17, 158(2h); ESI-MS : m/z = Calculated (§;6N,0),
252.1263: Observed (M+Na) 275.1198.

5-(3,5-di-tert-butyl-4-hydr oxyphenyl)dipyrromethane (3p): Physical state: white transparent crystat; GR33(1:1
chloroform: pet. Ether, v/v); IR (KBr, ci): 3450 (-OH), 3369 (-NH) 2955, 2871, 1433, 123844, 1031, 731, 717;
'H NMR (400MHz, CDC} 25 °C)& = 1.41 (s, 18H, -C(Ch)), 5.14 (s, 1H, phenolic-OH), 5.36 (s, 1H, meso-CH)
5.93 (s, 2Hp-pyrrolic -CH), 6.17 (m, 2HB-pyrrolic -CH), 7.67 (dJ = 2.2 Hz, 2H,a-pyrrolic -CH), 7.02 (s, 2H, Ar-
H) and 7.87 (br s, 2H, pyrrolic-NHJ?C NMR (100MHz, CDCJ, 25 °C)5: 30.28 (-CH), 34.30 (-C(CH),), 43.86
(meso-C), 106.96, 108.28-pyrrolic -C), 116.89, 124.96x{pyrrolic C), 132.31 (Ar-C), 133.27, 135.83, 152 &Xy);
ESI-MS : m/z = Calculated ¢gH3gN,0), 250.2358: Observed (y1250.0105.

5-(3,5-di-methoxy-4-hydr oxyphenyl)dipyrromethane (3q): Physical state: white crystals;y R0.33 (8:2 CHG!
CH3;0H, v/v); mp: 148-150 °C; IR (KBr) 3451 (-OH), 3428\H), 2953, 1636, 1485, 1242, 1090, 1023, 966, 71
555 cm'; *H NMR (400MHz, CDC} 25°C)6 = 3.78 (s, 6H, -OCHJ, 5.36 (s, 1H, phenolic-OH), 5.43 (s, 1H, -CH),
5.93 (d, 2HB-pyrrole CH), 6.16 (m, 2H3-pyrrole CH), 6.44 (s, 2H, phenyl), 6.68 (m, 2iHpyrrole CH), 7.98 (br s,
2H, NH); °C NMR (100MHz, CDGJ 25°C)$ = 43.93 (neseC), 56.17 (OCH), 105.10, 107.08¢pyrrolic-C), 108.28,
117.116-pyrrolic-C), 132.51, 133.10 (aryl-c), 133.47, 18.(aryl Cq); ESI-MS : m/z = Calculated 1¢8:gN,O3),
298.1317: Observed (M+Na) 321.1323
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5-(2,4,6-trimethylphenyl)dipyrromethane (3r): Physical state: Grey solid; mp: 170 (li§f35] 170-171 °C); R 0.69
(1:1 chloroform: pet. Ether, viv); IR (KBr pelletm®): 3343, 2956, 1460, 1255, 1117, 853, 731, 727NMR
(400MHz, CDC} 25°C)$ = 2.05 (s, 6 H, Ch), 2.27 (s, 3H, Ch), 5.91 (s, 1H, CH), 6.00 (s, 2pyrrolic, CH) 6.15-
6.18 (m, 2 Hp-pyrrolic, CH), 6.65 (s, 2 Hg-pyrrolic, CH), 6.86 (s, 2H, Ar-H), 7.93 (br s, 2NH); ESI-MS : m/z =
Calculated (GH2gN,), 264.1626: Observed (M+1) 265.1892.

RESULTSAND DISCUSSION

Novel inorganic acid was synthesized by minor modifon of known procedure (See Supplementary ddtiag
identity of novel acid was unambiguously confirmeg DTA/TGA analysis and FT-IR spectrum. The caialyt
reaction was performed in homogeneous phase dtleetsolubility of the solid acid in the reactionstm. The
activities of the solid acids prepared at varioo®ants of acids and calcination temperatures amensrized in
(Table 1) in which n», ng and iy denote molar ratio of phosphoric, boric and sidfarcid used in the preparation
process. As a result, no activity for the syntheséction was presented without3®, added during the preparation
of the catalystTable 1, Entry 1), and the conversion of cyclohexanone was evigefithe catalyst prepared at
ne:ng:ns = 1:2:3 and calcinated at temperature of 100 th€ conversion of carbonyl compounds reached to
maximum 99% which is almost the maximum conversising novel inorganic acids as catalysts that Hzeen
reported so farf{able 1, Entry 4).

Table1: Condensation of pyrroleand cyclohexanonein different molar ratio of novel acid catalyst®

Entry Catalysts Time (min.)  Conversion of pyrrdie)(| Isolated Yield of DPM (3) (%

1 Ne:nging = 1:1:0 20 0 0

2 Nenging = 1:1:1 20 80 80
3 NeNgine = 1:1:2 20 90 90
4 Ne:nging = 1:2:3 20 99 99
5 NeNgine = 1:2:1 20 80 80
6 Ne:nging = 1:3:1 20 75 75
7 H,SO, 600 50 30
8 HsPO, 600 20 10
9 H:BOs 600 30 20

®Reaction conditions: reaction temperature 25 °@Jalyexanone (10 mmol); pyrrole (20 mmol), acithyest (100 mg ); solvent (25 mL) water,

The mesesubstituted dipyrromethanes were synthesized byré¢hction of pyrrole with aryl aldehydes/ ketoires
the presence of catalytic amount of novel inorgatid in good to excellent yield &ble 2) in water at room
temperature. The structure ofesesubstituted dipyrromethanes was characterizedHbiNMR spectroscopic and
mass spectrometric techniquedat@ in the supplementary information). The mixture was stirring at room
temperature for appropriate time given in tablen8 the product was isolated by simple filtratiomeTpurity of
dipyrromethane was confirmed by HPLC in methandtewr (1:1, v/v) as solvent, by comparing the rétentime
with authentic samplegSupplementary data, Figure S3). However, no product formation was observed in
absence of novel inorganic acid.

The synthesis of dipyrromethanes in various solfxastbeen done but it takes longer time for congpleind yield
of the product was also low due to the formationsimfe products like (tripyrromethane and polypyejoln
chloroform solvent a black tarry side product pgiyple was also observed. The best solvent forfah@ation of
dipyrromethane was a solvent which provide hydrogending with novel acid i.e. methanol/ethanol avater
(Table2).

Table 2: novel inorganic acid catalyzed synthesis of dipyrromethanesin various solvent?

Entry Solvent Time (min) Product B Isolated yiedd$ (%)
1 CHClg 30 3a 60
2 CH.Cl, 30 3a 70
3 EtOAC 45 3a 60
4 THF 40 3a 65
5 CeHs 45 3a 50
6 Toluene 45 3a 50
7 MeOH (EtOH) 20 3a 80
8 Hexane 60 3a 40
9 H,O 20 3a 99
Reaction conditions: ketone (10 mmol), pyrrole i&ol), acid catalyst (100 mg), water (25 f)atalyst was prepared by usual methisblated
yield.

This high yield formation of 5-aryldipyrromethaneda5,5-disubstituted dipyrromethanes in the preseimovel
acid prompted us to examine the reaction in watetlwer carbonyl compound&4-2r) with pyrrole. The reaction
products and yields are given ihiable 3).
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Table 3: Reaction of different aldehydes and ketoneswith pyrrolein water, catalyzed by novel inorganic acid®

Entry ﬂgekhe{gﬁzs &T}e) Product 3| Isolated yields of 3 (%
1 2a 20 3a 99
2 2b 20 3b 95
3 2c 20 3c 93
4 2d 20 3d 91
5 2e 20 3e 85
6 2f 20 3f 93
7 29 25 3g 91
8 2h 40 3h 85’
9 2i 30 3i 90
10 2j 40 3j 70
11 2k 20 3k 98
12 2l 20 3l 92
13 2m 20 3m 97
14 2n 20 3n 96
15 20 20 30 90
16 2p 20 3p 86
17 2q 20 3q 82
18 2r 30 3r 80

3Reaction conditions: arylaldehydes and ketones{t®I), pyrrole (20 mmol), acid catalyst (100 mgitev (25 ml)Catalyst was prepared by
usual methodfisolated yield’reflex temperature.

Meso substituted dipyrromethanes are formed in singoantitative yields when pyrrole was react widrious
aldehydes/ketones in the presence of a catalytmuatnof inorganic acid in water. The electrophaigbstitution
reaction of pyrrole with aldehyde proceeded smgottiiroom temperature. The results summarized able 3),
clearly indicate the scope of the reaction as #aetions of aromatic aldehydes as well as aromalijghatic and
alicyclic ketones Entries 3a-3r). A variety of substituted aromatic aldehydes wiyrrole in the presence of a
catalytic amount of inorganic acid in water gave torresponding meso substituted dipyrromethanexdellent
yields. It is reported that aromatic aldehydes keithnes with strong electron withdrawing substitusm the ring
require longer reaction time giving comparativebyvlto moderate yields of the corresponding mescttuked
dipyrromethane. In this context the present prdtaeaote worthy because even nitro substitutednatae ketone
underwent smooth reactions with pyrrole giving éhece yield of products under stirring and neutahditions in a
very short time (< 40 min). The immense advantdgeenovel acid catalyst is for both the aldehyded ketones.
Although the working action of novel inorganic acldading to meso-substituted dipyrromethane ineksuwt
yields, is not very clear at this stage, the priglary experimental results dictate that excellartdysynthesis of
meso-substituted dipyrromethane is not only posdiot also quite acceptable with green chemistry.

CONCLUSION

We have optimized a convenient methodology for thgnthesis of 5-aryldipyrromethanes, 5-aryl-5-
alkyldipyrromethanes and 5,5-dialkyldipyrromethameaqueous medium. A little or no work-up (simfileation
from the reaction mixture) was required. The sytith®mute is based on the condensation of aronaddiehydes and
ketones with pyrrole (2equiv.) in aqueous mediurd aatalyzed by novel acid. This method appearsetquite
general and by careful control of the reaction fimkich is strongly dependent on the nature ofallehyde and
ketones the dipyrromethanes can be obtained inra seective way. Essentially no tripyrromethaneotiher
oligomeric side products was obtained. This ‘gresymithetic route toward dipyrromethanes in watgrrasent, has
been (and will be) an impulse for research towdigbpyrrolic macromolecules.
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