Available online at www.sciencedirect.com

SOIENCE<dDIHEOT®

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

HYVINO3I 10N

AR

" <
ELSEVIER Journal of Molecular Catalysis A: Chemical 244 (2006) 179-182

www.elsevier.com/locate/molcata

Mannich reaction in Binsted acidic ionic liquid: A facile
synthesis of3-amino carbonyl compounds

Suman Sahoo, Trissa Josépls.B. Halligudi

Inorganic Chemistry and Catalysis Division, National Chemical Laboratory, Dr. Homi Bhabha Road, Pashan Road, Pune 411 008, Maharashtra, India

Received 25 July 2005; received in revised form 13 September 2005; accepted 13 September 2005
Available online 17 October 2005

Abstract

Bronsted acidic ionic liquid containing nucleophile 1-methylimidazole and triphenylphosphine with 1,4-butane sultone and inorganic aniol
p-toluenesulfonic acid (PTSA) and trifluoroacetic acid (TFA) catalyzed Mannich reaction smoothly to @féonino carbonyl compounds in
excellent yield and less time. Effect of addition of two drops of water on the product yield and effect of anions and cations of the ionic liquid o
the reaction rate have been investigated. The ionic liquid was easily separated from the reaction mixture by water extraction and was recycled
times without any loss in activity.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction have also been known to catalyze these reactions in good yields
with the aid of surfactant only. Lanthanide triflate in solvents
Mannich reaction is one of the most important@bond  like dichloromethane and acetonitrile have also been known to
forming reactions in organic synthesis for the preparation otatalyze Mannich reactigi6,17]
secondary and tertiary amine derivatij&s These amines are As there is a growing demand for the development of organic
further used for the synthesis of many intermediates, biologicallyeactions in environment friendly media, synthetic manipula-
active and natural products such as alkaloids and polyketidetions have to be made to minimize the use of hazardous chem-
The products of Mannich reaction are maihamino carbonyl icals like replacing the traditional organic solvents in reactions
compounds and its derivatives that are used for the synthesis ahd their subsequent workup with other non-toxic solvents like
amino alcohols, peptides, lactams and as precursors to opticallyater or super critical C® In this context Akiyama et )10,11]
active amino acids. The conventional catalysts for classical Marhave reported Mannich type reactions in aqueous media.
nich reaction of aldehydes, ketones and amines involve mainly lonic liquids have attracted extensive research interest in
organic and mineral acids like prolirjfé—4], acetic acid[5], recent years as environmentally benign solvents due to their
p-dodecylbenzenesulfonic adi@] and some Lewis acid3,8]. favorable properties like non-inflammability, negligible vapour
They often suffer from the drawbacks of long reaction times angbressure, reusability and high thermal stabi[itB,19] They
harsh reaction conditions, toxicity and difficulty in product sepa-have also been referred to as ‘designer solvents’ as their physi-
ration, which limit its use in the synthesis of complex molecules cal and chemical properties could be adjusted by a careful choice
The most frequently used promoters like Lewis acid catalyst®f cation and anion. Apart from this they exhibit acidic proper-
[9], Bronsted acid catalysfd40,11] and Lewis base catalysts ties. Combining these unique properties of ionic liquids they are
[12] have been reported to catalyze Mannich reaction. Scandiugmerging as a ‘green reaction media’ (catalyst + solvent). The
triflate, copper triflate, scandium tris(dodecylsulfate) and scandse of ionic liquids as reaction medium may offer a convenient
dium tris(dodecanesulfonatd)3], InClz [14] and HBF; [10,15]  solution to both the solvent emission and catalytic recycling
problem[18,20-22]
Among the different Mannich type reactions reported, the

* Corresponding author. Tel.: +91 20 25893300/2004; fax: +91 20 25893761€2ction of silyl enolates with aldimines have been reported
E-mail address: t.joseph@ncl.res.in (T. Joseph). in ionic liquids [23]. Ruthenium complexes and ytterbium(lIl)

1381-1169/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.molcata.2005.09.012



180 S. Sahoo et al. / Journal of Molecular Catalysis A: Chemical 244 (2006) 179-182

triflate catalyzed Mannich reaction in BMIM[PF6] have beenature (25 C) in a round-bottomed flask fitted with a condenser.
reported[24,25] Mannich reaction using Bnsted acid ionic  After a certain time the reaction mixture became viscous and
liquids as catalysts and solvent have also been rep{éid solidified. At this stage the time was noted and the ionic lig-
Our recent interest has been in the development of new symntid was separated from the reaction mixture by extraction with
thetic methods on using ionic liquids as reaction mdaig. copious amount water (63 ml). The ionic liquid being soluble
Herein as a part of the program to investigate the differenin water comes in the water layer. The solid was separated by
organic reactions feasible in &nsted acid ionic liquids, we filtration and product was recrystallized from ethanol and vac-
report a simple and fast reaction of different aldehydes, ketonasum dried for 5h. The product was identified usittg NMR
and amines to afford correspondifigamino carbonyl com- in CDClz with TMS as reference (300 MHz) and by FTIR on
pounds. To the best of our knowledge in the open literaturea Shimadzu (model 8201 PC) spectro-photometer using KBr
Mannich reaction involving catalytic amount of ionic liquids plates in a frequency range. The ionic liquid in the filtrate was
bearing triphenyl phosphonium sultone/immidazolium sultoneseparated from the unreacted starting materials by extracting the
as cation and TFA/PTSA as anion are unprecedented. The reditrate with ether. Then the water layer containing ionic liquid
tion proceeded very fast with high yield of the desired Mannichwas vacuum dried at 7@ for 5 h to remove water and the ionic
base using catalytic amount of ionic liquid. The effect of aniondiquid was reused.
and cations of the ionic liquid on the reaction rate has also been

investigated. 3. Results and discussion

2. Experimental The Mannich reaction of aldehydes, ketones and amines in
presence of Bimsted acidic ionic liquids is conducted at room
temperature and the results are summariz8abie 1 No Man-

nich base is observed in the absence of ionic liquidble 1
All the aldehydes, ketones, amines, were obtained from
S.D. Fine Chemicals, Mumbai. 1-Methylimidazole and 1,4-
sultone were obtained from Lancaster (UK), and were used agble 1 ) S o
received. Triphenylphosphine was obtained from Aldrich ChemXesults of Mannich reaction with different ionic liquids

icals, USA. Trifluoroacetic acid (TFA) was obtained from Fluka Entry Aldehyde Amine Ketone lonic liquid (g) Time (h) % Yield

2.1. Chemicals

Chemicals ang-toluene sulfonic acid (PTSA) was obtained 7 1, 1b 1c Nil 10 0
from Loba Chemie, India. 2 1a 1b 1c PTSA(0.1) 4 55
3 1la 1b 1c TFA (0.06) 4 57
e g 4 1la 1b 1c MIM-TFA (0.5 2 70
2.2. Synthesis of ionic liquids 5 1a b 1o MIM-PTSE« (0.)65) 5 70
6 1la 1b 1c PS-TFA (0.65) 45min  96.7
The synthesis of these ionic liquids has been carried out using 1a 1b 1c PS-PTSA (0.65) 45min 85
a similar method reported in the literatui28]. The method 8 1a 1b 1c PS-PTSX0.5)  45min 77
involves the reaction of neutral nucleophiles triphenylphosphing®  1a 1b lc PS-PTSN0.65) ~ 45min 80
and N-methyl imidazole with 1,4-butane sultone in equimolar ° i: ;E 12 ggggﬁ Eg'ggg 1; 83
ratio to afford the zwitterions that is further converted into ionic;, 7, 3b 1c PS-PTSA (0:65) 12 0
liquid by acidification with PTSA and TFAScheme L The 13 1a 4b 1c PS-PTSA (0.65) 2 76
ionic liquid was formed quantitatively and in high purity as 14  1a 5b 1c PS-PTSA (0.65) 12 0
assessed by NMR. 15 la 1b 2c PS-PTSA (065) 2 35

Reaction condition: aldehyde:amine:ketone, 1:1:1 (mole ratio); tempera-
2.3. Mannich reaction: a typical procedure ture =25°C. Two drops of water (0.06 g) was added to the ionic liquid to allow
proper mixing. 1a=benzaldehyde, 1b =aniline, 1¢c =acetophenone, 2a=chloro

. . . ...__benzaldehyde, 2b=2,4-xylidene, 2c =cyclohexanone, 3b=cyclohexyl amine,
In a typical reaction, benzaldehyde (1 equiv., 0.59), aniling,, _, ) oo aniline. 5b¥-methyl aniline.

(Lequiv., 0.45g), acetophenone (1 equiv., 0.6 g), and ionic lig- a No water added. Reaction with PTSA and TFA was carried out using 2.5g
uids (0.65 g) as catalysts and solvent were stirred at room tempest-ethanol.

+
- " )
A~_~S0H|  Anion g A~ S0 H Anion
P /l\ \%N
Triphenylphosphine sultone N-methylimmidazolium sultone

Where, anion = PTSA™ or TFA~

Scheme 1. Schematic diagram of ionic liquid.
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AN of PS-PTSA (0.65g)Table 1 entry 9). It suffered from the
o NH, “HO /C drawback of poor mixing and hence low yield. Hence addition
0 NH of small amount of water to the solid ionic liquid will lead to
©)J\ . é . é Tonic Liquid higher yield. To study the effect of water on the 1st reaction,
r.t. O O we deliberately added 1 ml of de-ionized water to the ionic lig-
1e 1b 1a uid and carried out the reaction but a decrease in the yield was
, _ , ~ obtained. Hence, large amount of water is not favorable for the
Scheme 2. Reaction scheme for Mannich reaction of acetophenone, aniline a?@aetion. Similar trend was also observed on varying the sub-
benzaldehyde. L .
strates as well as the ionic liquids. In our further studies, we
added two drops of water to the ionic liquid in each reaction.
All the ionic liquids were easily recyclable after remov-
ing starting materials and water. PS-PTSA was recycled four

Table 2
Catalyst recycling of ionic liquid for Mannich reaction

Entry Cycle Mannich base, % yield times for the reaction of benzaldehyde, aniline and acetophe-
1 Fresh 87 none (Table 2. Even after four recycles, product was obtained
2 1strecycle 86 with similar yield and purity of those obtained in the first recycle.

3 2nd recycle 85 The ionic liquid retained its structure even after four recycles as
4 3rd recycle 85 .

5 4th recycle 85 confirmed by NMR.

Reaction condition: benzaldehyde:aniline:acetophenone, 1:1:1 (mole ratio}l Conclusions
ionic liquid=PS-PTSA (0.65g), temperature =25 Two drops of water

(0.06 g) was added to the ionic liquid. .
In summary, this study evaluates the effect of very small

amount of sultone-based ionic liquids as potential catalysts for

entry 1). Mannich reaction with TFA and PTSA in ethanol Mannich reaction of aldehyde, amine and ketone. This work
(2.59) gave a yield of 57 and 55%4dpble 1, entries 2, 3). The shows that the yields are much improved and the reaction is
study shows that catalytic amount of ionic liquids bearing triph-much faster in this particular ionic liquid which we have used
enyl phosphonium sultone/immidazolium sultone as cation andnd recovery of the ionic liquid from the reaction mixture is pos-
TFA/PTSA as anion catalyzes Mannich reaction in very lessible by simple extraction with water. This method avoids the
time and gives high isolated yield. All the above ionic liquids use of acid catalysts and environmentally unfavorable volatile
are suitable for Mannich reaction, however, catalytic amount obrganic solvents. The most attractive part of this work is that
triphenyl phosphonium sultone TFAa solid at room tempera- only small amount of ionic liquid can catalyze this reaction in
ture (PS-TFA), gave the highestyield in very less time comparetess time. The simple experimental procedure, fast reaction, easy
to otherionic liquids studiediable 1 entry 6). On comparingthe product separation and reuse of ionic liquids makes the use of
results obtained on using immidazolium sultone as cation anthe above ionic liquid a greener and economically viable cata-
PTSA as anion (MIM-PTSA), itis observed that triphenyl phos-lyst for the synthesis @§-amino carbonyl compounds compared
phonium sultone PTSA (PS-PTSA) gave higher yidldile 1.  with the traditional protocols.
entries 5, 7). This could be because strongly acidic II's bind with
amines and reduce the formation of Mannich base. Reaction &cknowledgments
cl-benzaldehyde with aniline and acetophenone gave a yield of
84% over a period of 2 hT@ble 1 entry 10). 4-Bromo aniline TJ acknowledges DST for Young Scientist Fellowship. One
gave ayield of 76% over a period of 2Table 1 entry 13) and  of the authors SS thanks CSIR, New Delhi for granting her JRF.
cyclohexanone gave ayield of 35%aple 1, entry 15). No Man-
nich base was obtained on using 2,4-xylidene, Anahethyl  Appendix A. Spectral data for the Mannich products
aniline which could be because of space hindrafi@blée 1
entries 11, 14). In case of cyclohexyl amine also no Mannich 3-(N-Phenylamino)-1,3-diphenyl-1-acetone:'H  NMR
product was obtainedable 1 entry 12). (200 MHz, CDC}): 3.41 (2H, d), 4.93 (1H, m), 6.48 (2H, d),

To optimize the reaction conditions, Mannich reaction6.59 (1H, m), 7.01 (2H, m), 7.18 (1H, d), 7.24 (2H, m), 7.35
was carried out with benzaldehyde, aniline and acetophenor(8H, m), 7.85 (2H, d); IR (cm?): 3399, 3024, 2974, 1672,
(Scheme Rusing PS-PTSA (0.5 g, a sticky solid atroom temper-1598, 1515, 1295, 1221, 1080, 1026, 1001, 860, 693, 512.
ature), which gave ayield of 77%éble 1 entry 8). However, on 3-(N-Phenylamino)-3-(3-chlorophenyl)-1-phenylacetone:
increasing the amount of PS-PTSA (0.65 g), the yield increasetH NMR (200 MHz, CDCb): 3.42 (2H, m), 4.93 (1H, m), 6.52
to 80% only Table 1 entry 9). On reusing PS-PTSA (a vis- (2H, d,J=7.95Hz), 6.60 (2H, m), 7.01 (2H, m), 7.18 (2H, m),
cous liquid and not a sticky solid), it was observed that the yield?.24 ¢H, d,J=7.05Hz), 7.36 (3H, d[= 7.9 Hz), 7.49 (1H, m),
increased to 87%Table 2 entry 2) even though some loss of 7.82-7.85 (2H, d/=7.8Hz); IR (cnT1): 3390, 3035, 1674,
PS-PTSA cannot be ruled out during handling. This could bel596, 1515, 1377, 1292, 1222, 1080, 1002, 929, 860, 749, 690,
because of the thorough mixing of the ionic liquid in the reac-621, 516.
tion medium due to the presence of water in ionic liquid, which  3-(N-P-Bromophenylamino)-1,3-diphenyl-1-acetone:1H
lead to higher yield. This was not the case with first reactiolNMR (200 MHz, CDC}): 3.39 (2H, m), 4.87 (1H, m),
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6.34-6.38 (2H, dJ=7.9Hz), 7.06-7.10 (2H, d/=8.25Hz), [8] P. Desai, K. Schildknegt, K.A. Agrios, C. Mossman, G.L. Milligan, J.
7.16-7.25 (3H, m), 7.29-7.34 (2H, d=9Hz), 7.37-7.41 _Aube, J. Am. Chem. Soc. 122 (2000) 7226.
(ZH, m)’ 7.47-7.50 (1H, m)’ 7.80-7.85 (ZH, b=7.95 HZ), [9] M. Shimizu, S. Itohara, Synlett (2000) 1828.

TN, [10] T. Akiyama, J. Takaya, H. Kagoshima, Synlett 9 (1999) 1426.
IR (em™): 3339, 3020, 2937, 1675, 1509, 1485, 1367, 1308[11] T. Akiyama, K. Matsuda, K. Fuchibe, Synlett (2005) 322.

1273, 1119, 1072, 859, 753, 683, 518. [12] E. Takahashi, H. Fujisawa, T. Mukaiyama, Chem. Lett. 33 (2004) 936.
2-[1-(N-Phenylamino)-1-phenyllmethylcyclohexanon [13] S. Kobayashi, T. Busujima, S. Nagayama, Synlett 5 (1999) 545.

NMR (200 MHz, CDC§): 1.65 (2H, m), 1.81-1.92 (4H, m), [14] T.P. L_oh, L.L. Wei, Tetrahedron Le_tt. 39 (1998) 323.

2.32-2.43 (2H, m), 2.74-2.77 (1H, m), 4.62-4.64 (1H, dﬁg § Axdvama, 9. Takaya, W, Kagoshima, Isitft”';t(tl; é;;’mio“f’

_ _ . Manabe, Y. Morl, 5. Kobayasnhl, synie .
J=17.09Hz), 6.53-6.56 (2H, d,=7.88 Hz), 6.63-6.65 (1H, m), [17] S. Kobayashi, H. Ishitani, S. Komiyama, D.C. Oniciu, A.R. Katritzky,
7.03-7.07 (2H, m), 7.22-7.27 (1H, m), 7.30-7.34 (ZH, m), Tetrahedron Lett. 37 (1996) 3731.
7.38-7.40 (2H, m), 7.41-7.44 (2H, d=7.9Hz); IR (cnT?): [18] T. Welton, Chem. Rev. 99 (1999) 2071.

3339, 3011, 2923, 2811, 1674, 1592, 1507, 1310, 1114, 10419] P. Wasserscheid, W. Keim, Angew. Chem. Int. Ed. 39 (2000) 3773.
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