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REDUCTIVE AMINATION OF CARBONYL
COMPOUNDS USTNG LIGNIN SULFONIC

ACID AS CATALYST AND BOROHYDRIDE
EXCHANGE RESIN
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Abstract.. An efficient and mild method for reductive amination of a variety of aldehydes-with amines in presence of lign[r

sulphonic acid as catalyst and borohydridc exchange resin at room temperatuic rvas explored. Borohydride exchange resin was

utilized successfully tbr the reductive atnination ofsatulated as well as unsatutated aldehydes'

Kel rvords: amination. lignin sulphonic acid' Bolohydride exchange t'esin

T. I}lTRODUCTION

The seiective reduction of functional groups is a common need in organic-synthesis' .Polymer 
supported borohydride

exchange resin (BER) was first sy,thcsized by G;;;";;;i;;ilyith"y t"p-otf,d BER as a reducing agent for the reduction of

benzalclehyde to benzyl alcohol. BER has ,"r.rui uduur.,tages over other polymer supported reagents 2 As compared to sodium

borot.lyarid., BER is highly stablc an<l easy to handle 3

A number of reage[ts] were developed for ttre selective redr,rction,of carbonyl.compounds to the corresponding products'

These reagents used have some disadvar',tug", lit. 
"omfle* 

..u"tion work up, 1ow yieids' etc BER was extensively used in the

re<iuction of carbonyl compounds in aicohol solvents.5 Alomatic as well as aliphatic aldehydes andtetones reduced using BER as

a reducing agent. Selective reduction of o,B- ur-,saturated aldehydes and ketones was done using BER'5b

Several reducing systems were develop.a .,rirg sgR in combination ri,'ith catalysts tuJh u. phenyl disulfide,6 2,4 ronene'1

Et:NHCl,r NiClz-6Hzo.s 6gn ,.a".., conjugatcd effienic linkage selectively.e It was usecl as reducing agent for the reduction ol

conjugated acid chlorides,r0 aryl and *ttony,,."_uenrlririi*,,t o"*,,,,.r,f alkynes.r3 nitroso amines,la selenium.lsBER as a mild,

efficient and selective reducing agent than NJII, f"; ;h. reduction of carbonyl compounds without being reduction of a' B-

unsturation was reported 
a rnild and selective reducing agent for the reductive

ln the present wot'k. we hercin reporr thc rpplicatio.t "i.?FR 
as - "" -

ami.ation of aldehydes i*i n u-i... tt using lignin sirlphorric acid in ethanol at room temperature' (Scheme 1)
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XPERIMENTAL PROCEDURE
raration of Borohydride exchange resin (BER)

To 5 g of resin (Amberlyte IRA-400) 100 mL of 10% H

500 mL beaker and washed with distilled water 4-
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II. General procedure
Aromatic aldehyde (1 mmol), aniline (1 mmol) and catalyst lignin sulphonic acid in solvent ethanol (5 mL) were stirred at

room temperature for about 10 minutes. Sodium borohyclride exchange resin (2 mmol) was then added to the reaction mixture and

stirring was continued. After completion of the reaction as judged by TLC, the contents of flask were filtered, washed with
dichloromethane (2 x 15 mL)" evaporated and concentrated. The solid obtained was then purified by column chromatography
(petroleum ether : etliylacetate : 9:1 V/V).

III. RESULTS AND DISCUSSION
The reductive amination of a variety of aldehydes by lignin sulphonic acid as catalyst with a mild reducing agent BER was

studied. The results are summarized in Table 1. It was observed that the arornatic aldehydes having different substituents
underwent the reduction in2-2.5 h. aflbrding the coresponding arnines in good yields.

Entries (4, 8, l2) clearly demonstrate that the olet'inic tunctionality is stable to the present experimental conditions. Thus as

cornpared to NaBH,r, BER was fbund to be specific reagent fol the a, /- unsaturated aldehyde.
IV. CONCLUSION

An efficient method for thc reductive arnination of carbonyl compounds using iignin sultbnic acid as a catalyst and BER
as mild reducing agent with dillerent amines has been reported. BER rvas found to be an interesting chemoselective reducing
agent for carbor.ryl cornpounds especially fot' ct, B- unsaturated aldehyde 'uvhich was sensitive to NaBHa.

Tatrle 1 : Reductive amination of carbo nds using LSA and BER
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ABSTRACT

A simple procedttre is described .for the s.ynthe.si.s of phenctx.y acetic acid esters by activation of carboxylic acitl
group of phenoxyacetic acid using Phosphonitrilic Chloride ancl N-rnethyl ntorpholine.

Kelm'ords: Phenoxyacetic acid, Phenols, Phosphonitrilic chloride, N-methyl morpholine.

INTRODUCTION

Esterification is one of the most important and commonly used reactions in organic chernistry. In organic slmthesis,

the conversion of carboxylic acids to corresponding esters is an impot'tant and well known organic transformation

[1-3]. Esterification leactions have great importance [4,5] in the synthesis of naturai products contailing two or.

tnole calboxylic glorrps.

In food chen.ristry, phenolic estels of organic acids, particular'ly those of cresols and phenols whicli are excelle1t

flavor compounds as they posscss a combination of su,eet, floral and fruity odours were studied [6]. The

corresponding esters having differer.rt lunctionalities have been used in the manufacture ofinsecticicles, anti-oxidants

and photosensitizers [7,8]. Sevelal methods were developed for esterillcation using catalysts. The various

catalysts/reagents used fbr the esteliiication are Me2NS02C1 t9], Trifluoroacetic anhyclride (TFAA) t10],
Diisopropylazodicarboxylate (DIAD)iPhrP [1], CC14/PPhr [12], Anhydr.ous znctllAlc\ [13], 2-Chioro-1-

methylpyridinium iodide [14], N,N-Bis (2-oxo-3-oxazololidinyl) phosphordianiiclic chloride [15], paratoluene

sultbnyl chlolide (p-TSC) [16], Mn (OAC). [17], TiO (acac)2 [1g], Montmorillonite_Tia* [19], Benzotr.i azol_l_

ylox}tlis (dimethylaminophosphonium-hexafluolophosphate) IBOPI t201, Dicyclohexylcarbodiamide (DCC) 12ll,
Diaryl arnmonium alsen sultblratc [22-26).
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Phosphonitr:ilic chloride (PNT) is a white crystalline compound rvhich is thermally stable and soluble in variety of

organic solvents. It is less nroisture sensitive. non-irritating compound and easy to handle. PNT has been used as an

activator in various organic transfbrmations [27-33]. Therefore we report herein the PNT as an activator for the

activation ofphenoxy acetic acid.

In tl.re present u,ork, phenoxy acetic acid (l) rvas activated by using PNT and NM\'{ in chloroforrn and coupled with

variety ofphenols (Il) to get the correspondir.rg phenoxy acetic acid esters (lll) at roon.r ten-rperature (Scheme 1).

o

,,.1-Vo-('H2-cooH + Ar - on P=fl,NW. r,.1l-o-cH,-[-o- o,.' \:/ cHCl3. r.r. \:/ -"/

IIIIIl
Schemc l: Phenoxy acetic acid esters lbrmation

EXPERIMENTAL PROCEDURE

Preparation of p-Methyl Phenoxy Acetic Acid

In a round bottom flaskp-cresol (1 g) and NaOH (9 mol%) were taken. Chloro acetic acid (2.5 mL) was added drop-

wise and little water was added in a round bottom tlask. The contents of the flask were heated on water bath for I h,

cooled and rvater (10 mL) was added. The contents were acidified with dilute HCI to congo-r'ed and extracted with

diethyl ether. The ethereal extract was then rvashcd r.r,ith water (10 mL). The aryloxy acetic acid obtained was then

extracted by shaking with 5% Na2COr (25 mL) solution and aciditred with dilute HCl. The p-methyl phenoxy acetic

acid obtained r,vas recrystallized iiom ethanol.

o

,,.0o' * .Jo, ;#f#=,.,DoJo*' + HC,

p-Cresol Chloroacetic ircicl

Preparation of Phenoxl, Esters of Phenols

p-Methylphenoxyacetio acid

Typical procedure: PNT (0.025 mrnol), NMM (1.5 mrnol) and chloroform wele stirred at room temperature for

about 5 minutes. p-Methyl pl.renoxy acetic acid (1.5 rnmol) was added and stirred at room ter.nperature for 30

rninutes. Then p-cresol (l 5 mrnol) was addccl to the reaction n-rixture and stirring was continned at room

temperature. The progress of reaction was monitored by TLC and after completion of the reaction, the contents of

the flask were transfened to separating funnel, washed 3-4 times by l0% NaOH, water', dlied over Na2SOa and

filtered. The organic layer obtained was evailorated in vaccum and purified by flash column chrornatography. A

similar procedure was used for the synthesis of other esters.

Spectral analysis: The prodr-rcts were confirrned by tlreir physical constiints and characterized by spectral analysis

IR, rHNMR and mass spectroscopy. The spectral analysis of the representative compound is given as:

IQ.AG
Shri Guru Brrddhisrvami Mahavidvalaya
Purna {ji:) *i!,i. Parlhani - 43151i {iil. .)
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P-(tolylphenoxy)-4-methylphenoxyacelate

o
ll, I 755 -C -O ester

IR (cm-'):

1220 Ar-O-C

'HNMR (5 ppm): 2.3, S, 3H, A1'-CH:; 2.3, S, 3H, AI-CH3;

4.5, S, 2H, -ClI:-; 6.8-7.3, M, 8H. Ar-u

Mass: (M+) 256

RESULTS AND DISCUSSION

Conder.rsation ofp-rnethyl phenoxy acetic acicl rvith a variety of phenols was carried out by ttsing PNT together with

NMM as activator in chloroform at room temperatu'e. The results ale summarized in Table 1' In this method' PNT

rvas activatecl with NMM in chlor.ofbrm at roonl temperature which tl.ren activates pher.roxy acetic acid' The

activated p-methyl phenoxy acelic acid then reacteci with valious phenols to aflbrd the corresponding phenoxy esters

in good yields.

Table 1. Synthesis of phenoxy acetic acid esters of phenols using PNT/i'{MM

Phenoxy acetic acid ester

,,.$o-.n,-.-oQ

*''e"-*'-[-"Q

-/\tlO-{1 /)\\ //r-

,,.eo*"r,-.-o-ft.,

tL-: a.-. O."rrLi..,-*i l{,L.-ll"al"-a

Entrv Phenol
Yield (%)

i 92

2
91

3
89

4
92

5
93

6
(l ')
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CONCLUSION

PNT in combination r'vith NMM was proven to be an effective activator ol phenoxy acetic acid to couple with
phenols lbr the preparation ot'biologically important phenoxy acetic acid esters under mitd col<titions in good

yields.
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INTRODUCTION
The use of microu'ave irradiation in olganic synthesis has bccome increasingly popular rvithin the pharrnaceutical and

academic areas, because it is a new enabling technology for drug discovery and development [1-13]. New synthetic applications show
a variety of new chemistries performed with microwave iradiation. Leadbeater and co-workers [14] have shown that reacting an
activated aryl bromide rvith an arylboronic acid in water, using tetra-butyl amnroniurn bron.ride (TBAB) as a phase-transfer catalyst
(PTC), r'esults in a successfully coupled biaryl Suzuki product rvithout the aid of a palladiurn catalyst. In addition, a transition-metal-
lree Sonogashira reaction between au aryl bromide or iodide and phenylacetylene results in respectable yields [15]. In this case,
polyethylene glycol was used as the phase-tlansfer agent. One interesting example is the palladium-catalyzed amination of (azahetelo)
aryl chlorides. Aryl chlolides are knorvn to be quitc unreactive due to the C Cl bond strength, but with microwave heating for 10
tninutes, these arninations were reactive [16]. N4icrorvave-assisted. in-rproved intrarnolecular amination of aryl bromides to
benzirnidazoles [17] is another example.

Microwave irradiation is fast becoming a soul'ce of energy for biochemical applications. Many of the biochemical molecules
are temperature-sensitive. At prcsent, there have bcen studies published on carbohydrates [18-2.1], nucleosides [25-30], peptides [31-
391, proteins U4,40,41), peptoids l42l the polymerase chair.r reaction (PCR), and trypsin digestion. Keeping in view the applications
of microwave chemistry,',ve herein repott ouf studies of microwave assisted synthesis of 1,8-dioxooctahydroxanthenes using PNT as
catalyst and TBAB as PTC.

Xanthene derivatives has atttacted the considerable interest of the chemists because of their wide range of biological and
phat'maceutical properties like antiviral, 143-411antibacterial [45], anti-inflamatory 146-4'71, anticancer [48], anti-nociceptive [49] and
anti-plasrnodial [50] etc activiLies. These are also usecl as sensitizers in photodynau.ric therapy t51,52], as antigonists ofparalyzing
action ofzoxazolamine [53],leuco-dyes [5,1], lasel technoloSy [55], as versatile synthons because ofthe inherent r.eactivity ofthe
inbuiltpyranling[56]. 1.8-dioxooctahydroxanthenesare\rer:yirlportantderivativeofxanthenesinrvhichaphenylsubstitutedpyran
ringisfusedoneithersidervithtlr,ocyclohexenonerings. 1.8-dioxooctahydroxantheneshavewiderangeofapplicationsinthefieldof
medicinal chemistry. It shorvs biological activities such as antiviral, antibacterial and anti-inflammatory activities [57]. Several
methods rvere developed and adopted to synthesize 1,8-dioxooctahydroxantl'rcnes including cyclo dchydration. trapping ofbenzynes
by phenol [58], the cyclocondensation of 2-hydroxy aromatic aldehydes and 2tetralone [59-60]. These procedur.es involve acid or
base-catalysed condensation of active methylene calbonyl con.rpounds with aldehydcs. However, these metho6s have limitations of
prolonged reaction times, poor yields and side reactions of aldehydes.

Synthetic methods reportcd using variety of catalysts/reagents such as Silica sulphuric acid [61], Dowex-50 W t62],
HC1O4.SiO2 and PPA.SiO, [63], Fer*-Montrnorillonite [64], Diammonium hydrogen phoiphate t651, TMSCI [66], Tetrabutyl
ammonium hydlogen sulphate [67], Hydrochloric acid [68], SbCl3.SiO, [69], Cyanulic chloride [70], Bich [71]. Selectfluort'1721,
NaHSOa.Si02 and Silica chloride [73], lnCl1.4H2O in ionic licluid [7a],p-Dodecylbenzenesnlfonicacid (DBSA) [59,60],p-fSa [2S1,
Amberlyst-15 [76],ZnO-nano particle, 171)Fe- Cu/ZSM-5 [7S]Ce-ZSM-l l Zeolite [79], FeNP(@SBA-15 t801.

Present work
In the present'uvork, we herein leporl the microwave assisted synthesis of 1,8-dioxooctahydroxanthene 6etivatives III by the

condensation of a variety of aldehl,des I, with din.redone II in water Using phosphonitrilic chloride as catalyst and TBAB as pTC
(Scheme 1) 

A pN,r ra^n L, ^ AAA
Ar-(.Ho * .-l- 'l t)f,,1111,,',' o -.)".-.\n \r\\-liow ,-.--]]-,,4-k

Scheme 1.

Experirncnfal procedure
Amixture of aromatic aldehyde (1 mmot), dimedone (2 mmol), andphosphonitrilic chlolide (0.1 mmol) as catalystwere

taken in a 50 mL beaker contairring TBAB (50 mg) dissolved in water (10 mL). The cor.rtents of the beaker.were inadiated,nder
micror'vavc (450 W) for appropliate time as shown in Tablc l. The progress of the reaction was rronitored by TLC. After completion
of the reaction, the reaction mixture was cooled to room ternperature, water was added ancl solid product obtained. It was filtered o11'
and was pulified by reclystallzation frotn ethano[.

Spectral analysis
Essentially pure products were obtaiued u,hich rvele confirmcd by cornparisor.r with authentic sarnples by their physical

constants and characterized by speotral analysis IR, rIJ NMR and mass spectroscopy.
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H:C

H:C

3,3,6,6-tetlamethyl-9-chlorophenyl-2,4,5,7-tetrahydlo(2II)-9-hydro( 1 H)xanthene- 1 ,8-dione
lR (crn-r) 3 100, 2962, 28'7 5. 161 8. 1(r24. 1550. 1 361

1.00 (6H, s, C Me2); I .12 (6H, s, C Me2);'HNMR (6 pprn) :

2.10 - 2.23 (4H, 2xCHr); 2.41 (1H, s, 2x CH:);
4.63 (lH, s, CH); 7.12 (2H, Ar-H); 1.29 (2H, Ar-H)
Mass : 385 (+M)

HsC

H:C

3,3,6,6-tetrarnethyl-9-(4-nitrophenyl)-2,4,5, 7-tetrahyclro(2H)-
9-hydro( i H)-xanthene- 1,8-dione
tR(cm-r) : 3070,2958,2810,1654, t616. 1514, t361

'lrNMR (6 pp*) : 1 .00 (6H, s, C Me2)r I .12 (6H, s, C Me2);
2.10 - 2.3 (4H,2x CHr); 2.215 (4H, s, 2xCH2);
4.80 (1H, s, CI-I); 7.25 (2H. Ar-II); 7.,1 (2I{, Ar-H)
Mass 395 (+M)

RESULTS AND DISCUSSION
The condensation of dimedone and arornatio aldehydes with TBAB in presence of the catalyst PNT afforded the

corresponding 1,8-dioxooctaliydroxanthene derivatives r-rnder the mict'orvave conditions.
Several functionalities present in aryl aldchydes such as chloro, nitro, methoxy, methyl and hydroxyl groups tolerated the

reaction conditions in 2-3 rninutes of short tirr-re. Alomatic aldehydes liaving both electron donating or rvithdrawing groups reaoted
readily with dimedone to ploducts in 87-96 % yields (Tab1e 1). As can be seen frorn the table, it rvas possible to carry out the reaction
rvithin shorter times in moderate to good yields.

Initially the reactions were can'ied out u,ithout addition of TBAB, but with thc addition of TBAB as phase transfer agent, the
reactions proceeded cleanly. Thus, PNT together with TBAB under microwave in'adiation was found to be a suitable method for the
condensation of various aromatic alclehycles r.vith dirnedone in watel to afford the coresponding products.

CONCLUSIONS
In couclusion, a selies of l,S-dioxooctahydloxanthenes wel'e synthesized using PNT as an efficient catalyst by the

condensation of aldehydes and din.redone in good yields. A11 the reactions were conducted in water as a green solvent under
microrvave in'adiation.
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Table 1 : Phosphonitrilic chloride catalysed synthesis ofvarious 1,8-dioxooctahydroxanthene derivatives.

Entry Aldehydc Time
(Min.)

Yield
(%)

M.P.eC)
Observed

M.P.eC)
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