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ABSTRACT

A rapid, efficient, clean and environmentally benign exclusive method of synthesis of symmetrical phthaloic bis-
amine dithiocarbamic anhydrideshas been developed using reaction of sym-phthaloyl dichloride with amine
dithiocarbamic anhydride effectively in an aqueous medium with excellent yields under microwave irradiation. The
results were compared with conventional methods. All the ecofriendly synthesized symmetrical phthaloic bis-
amine dithiocarbamic anhydrideswere characterized by analytical and spectral methods. The photochemical
decomposition of symmetrical phthaloic bis-amine dithiocarbamic anhydridesyielded a mixture of several
products, consisting of trans-biphthalyl and amine thiuram disulfide as major products. The mechanisms of the
green synthesis and photochemical reactions have also been studied.

Keywords: Green synthesis, microwave irradiation, photochamieactions, symmetrical phthaloic bis-
amine dithiocarbamic anhydrides

INTRODUCTION

The organic synthesis is one of the major roleegarch in chemistry, from plastics to medicatiquaiticipates in
the improvements of everyone life. Over the past feecades, many significant advances in practispéets of
organic chemistry have included novel synthetiatsgies and methods as well as advent of a vaay afr
analytical techniques. In these environmentallysciwmus days, the developments in the technologydaested
towards environmentally sound and cleaner procedutence, the present day chemists are no longéined to
using only thermal energy for driving chemical m@aes. With increasing complexity of the problemsdathe
availability of newer methods of activation of cheal reactions, chemist have restored to using wialety of
techniques such as photochemical, electrochenmsocalpchemical, microwaveand enzymatic methods. \&éty
availability of ultrasound and microwave sourcégjit use in chemistry has gained momentum recently.

Green chemistry [1-5]revolves around the designelbgment and implementation of chemical processes
products that reduce or eliminate hazardous sutessan a way i.e. feasible and economically viableat is why it
is placed in the frontier areas of chemical redeanmd has been focused for considerable recerardsdt is a
more eco-friendly green alternative to conventicectamistry practices. It applies not only to thenofacture and
use of chemical products- solvents, raw materiad stermediates, but also to the manufacture aswl af
pharmaceutical and biotech products, consumer andefnold products and to just about any imaginatilele of
manufacture or manufacturing process one can naheechemical and pharmaceutical industries areyawader
pressure to develop more environmentally frienabyamic reaction methodologies. Microwave irradiafibas been
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shown not only to reduce reaction times but ofteprovide higher yields of the desired products@spared to
traditional heating methods [6-7].Therefore, micaxe irradiation is used for a variety of organiaations due to
its use in more rapid and cleaner syntheses ofnargampounds.All thermally driven reaction candueelerated
by microwave. The spectacular reswita shorter reaction time, experimental simplicityesévity of products and
easy work up etc. were obtained giving clear intiticaon the potentialities of this technique ovenweentional
heating. Thus, microwave induced organic synthbsisomes a part of green chemistry. Now-a-days #lse
termed as e-chemistry because it is easy, econeffective and eco-friendly.

MATERIALSAND METHODS

Materials and Techniques

All starting reagents were purchased from commesaarces and used without further purification.Syetrical
phthaloyl dichloride, unsymmetrical phthaloyl diomnide, dimethylamine dithiocarbamate,
diethylamine dithiocarbamate, pyrrolidine dithiobamate, piperidine dithiocarbamate, etc. were
prepared by reported standard procedures [8-12].

The microwave irradiations were performed usingoamercial / kitchen microwave oven model BMO: 700T
(BPL- make).All irradiation experiments were cagrieut using a non-rotating annular photochemicattar. All
melting points were determined on a melting poimparatus and are uncorrected. Infrared (KBr) spesere
recorded on a Perkin-Elmer, Model-137 infrared sp@hotometer and UV spectra were determined on a
Beckmann-DB spectrophotometer. NMR spectra weserded on a Brucker Varian-300 MHz NMR spectrometer
in CDClk with TMS as an internal standard. The chemicaltslife expressed fscale downfield from TMS and
proton signals are indicated sas singlet,d = doublet,t = triplet, g = quartetm = multiplet. The TLC was run on
silica gel plates using acetone-benzene (1:3)adttigant. All compounds were analysed satisfalgtdor C, H, S

and N using Carl-Ebra 1106 elemental analyser graranalytical laboratory.

(a) Synthesis of Symmetrical Phthaloic bis-amine Dithiocarbamic Anhydride:

A solution of amine dithiocarbamic anhydride inatlwas gradually added to an ether solution of strical
phthaloyl dichloride at 300K over 5 minutes in magrave oven. The mixture was washed with
water to remove any unchanged amine dithiocarbamatethe ether solution was dried over anhydrous
N&;SOy. Removal of the solvent under vacuum gave a pitodbhéch recrystallized from a mixture (1:1) of ethe

and methylene chloride to give phthaloic bis-amithiocarbamic anhydridesl{(Scheme-1).
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Scheme-1: Synthesis of Symmetrical Phthaloic bis-amine Dithiocarbamic Anhydrides

(b) Photolysis of phthaloic Bis-amine dithiocarbamic anhydride

A solution of synthesized phthaloic Bis-amine ddbarbamic anhydride in dry benzene was
irradiated for one hour around 278K. Removal ofv&slt under vacuum gave a residue which on
treatment with methylene chloride gave trans-bigiyh, m.p. 625-627K after recrystallization from
acetic acid.

Further, the removal of solvent from the methylestdoride soluble fraction gave amine thiuram
disulfide, m.p. 417K, on crystallization from a nixe (1:1) of ether and methylene chloride
(Scheme-2).
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Scheme-2:Photolysis of phthaloic bis-amine dithiocarbamic anhydrides
RESULTSAND DISCUSSION

Analytical and Spectral Characterisation of Phthaloic bis-pyrrolidine dithiocarbamic anhydride (1a):
Molecular Formula: C18HoN205Sy; Molecular Mass: 424u

Analytical Data:
calculated: %C =50.94 %H= 04.72 %N=06.60 %S480
Found: 57.85 03.50 06.55 25.80

IR Spectrum (KBr) .5, = 1675cmt (C=0 group) and 14716t (C=S).
UV Spectrum (CIéCIZ) D‘max] =290nm, ¢, 31,100) and 410nmg,(400).

Analytical and Spectral Characterisation of Phthaloic bis-piperidine dithiocar bamic anhydride (1b):
Molecular Formula: C20H24N20284; Molecular Mass: 452u

Analytical Data:
calculated: %C =53.09 %H=05.31 %N=06.19 %S= 28.32
Found: 53.15 08. 2 06.20 28.30

IR Spectrum (KBr) .4, = 1684cmt (C=0 group) and 14716th (C=S).
UV Spectrum (CHCI,) [A},,,] = 296nm, ¢, 18,700) and 410nmg,(500).
NMR Spectrum (CDQ): 8= 4.41ppm (8H), 1.73ppm (12H) and 7.5ppm (4H, artizha

Analytical and Spectral Characterisation of Phthaloic bis-Dimethylamine dithiocarbamic anhydride (1c):
Molecular Formula: C14H16N205S; Molecular Mass: 372u

Analytical Data:
Calculated: %C =45.16 %H= 04.30 %N= 07.52 %S=34.41
Found: 45.20 04.40 407 . 34.35

IR Spectrum (KBr) .4, = 1686cmt (C=0 group) and 1493¢th (C=S).
UV Spectrum (CHCI,) [A},,,d = 290nm, ¢, 32,900) and 410nmg,(600).

Analytical and Spectral Characterisation of Phthaloic bis-Diethylamine dithiocarbamic anhydride (1d):
Molecular Formula: C18H24N20284; Molecular Mass: 428u

Analytical Data:
Calculated: %C =50.46 %H=05.61 %N= 06.54 %S=29.91
Found: 50.25 . 66 06.72 29.85

IR Spectrum (KBr) .4, = 1686cmt (C=0 group) and 1476¢th (C=S).
UV Spectrum (CZ‘H50H) [xmaX] =290nm, ¢, 24,300) and 410nmg,(250).
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NMR Spectrum (CD(;)J): d= triplets at 1.31ppm (12H, methyl),quartet at pp® (8H, methylene) and multiplet at
7.63ppm (4H, aromatic of anZ.B2 pattern).

Table-1: Comparison of % yield of synthesized compounds

A % Yield
Compound | m.p (in K) Classical method Green methgd
la 413 68 79
1b 406 66 82
1c 389 53 76
1d 360 76 92

Table-2: The % yield of photolysed compounds

% Yield
Compound
trans-biphthalyl | thiuram disulfide
1a 30 75
1b 46 40
le 37 a3
1d 33 42

In our present efforts at preparing the symmetriizghnthates of the typ&, we have examined the reactions of
symmetrical phthaloyl dichloride with a few aminé&h@bcarbamates. The reaction of symmetrical pluyial
dichloride with pyrrolidine ditbiocarbamate, forample, gave a 92% yield of a product, m.p. 414K idedtified

as symmetrical phthaloic bis-pyrrolidine dithiocantic anhydride ¥a) (scheme-3). The identity ofla was
continued on the basis of analytical results aretspl data. The infrared spectrumlaf showed a characteristic
absorption band at 1471 @mdue to the C=S group [13]. The ultraviolet absorptspectrum ofla was
characterized by two absorption maxima at 290 £n31,100) and 410 nng,(400). The absorption characteristics
of 1a are quite similar to those of the analogous bengimeridine dithiocarbamic anhydrides.

The NMR spectrumKigure-1) of 1a shows two multiplets at 2.17 ppm (8H) and 3.9 @i)( Of these, the peak at
2.17 ppm is assigned to the methylene protons, dxeay the nitrogen atom, whereas, the one at 318 jgpdue to
the methylene protons adjacent to the nitrogen stofrthe pyrrolidine rings. The aromatic protonpesgr as a
multiplet centered around 7.69 ppm (4H), charastierdf an AB, system [14].

Our next objective was to study the reaction ofgshmmetrical phthaloyl dichloride with amine ditbarbamates
with a view to understanding the mode of theseti@as. The formation of the symmetrical isontex in this

reaction clearly indicates that the preferred modeattack of the nucleophile is on the carbonylbcar of

symmetrical phthaloyl dichloride and not on thebcer atom attached to the halogen atomsthegme-3). In

continuation of our studies, we have examined ¢aetions of a few other amine dithiocarbamates syithmetrical
phthaloyl dichloride [15]. The reaction of symmedli phthaloyl dichloride with piperidine dithiocaumate,
dimethylamine dithiocarbamate and diethylamine iddarbamate gave the corresponding symmetricalapbith
bis-amine dithiocarbamic anhydridds, 1c and1d, in yields ranging between 78—93%.
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Scheme-3:M echanism ofsynthesis of symmetrical phthaloic bis-amine dithiocarbamic anhydrides

It is interesting to note that the C-S bond fiss@nthe type postulated for the fragmentation ofland aroyl
xanthates has also been suggested for the phatabfsdithiocarbamic anhydrides. Thus, in the phaisl of
benzoic-piperidine dithiocarbamic anhydride, a mnigt of products such as benzoic acid, benzoyl e,
benzoyl cyclopentamethylene thiocarbamyl disulfihe cyclopentamethylene thiuram bisulfide are fatnfefree-
radical mechanism has been suggested to accoutieféormation of these products.

In the present investigation, we have examined phetolysis of a few symmetrical phthaloic bis-amine
dithiocarbamic anhydrides with a view to studyihg hature of the products formed in these reactions

The photolysis of symmetrical phthaloic bis-pyrdatie dithiocarbamic anhydriddd) for example, gives rise to a
mixture oftrans-biphthalyl in 30% yield and pyrrolidine thiuranmsdifide in 73% yield.

The formation of both photolysed products can @ased on the basis of C-S bond fission a%angiving rise to
the radical intermediates.

The diradical species can isomerize to the carleemediate, which then undergoes dimerizatiogite trans-
biphthalyl. The formation of thiuram disulfide mayise through the dimerization of the radical spe&imilarly,
the photolysis of other symmetrical phthaloic bigwnige dithiocarbamic anhydrides suchlés 1c and1ld gave, in
each casdrans-biphthalyl and the corresponding thiuram sulfigeEheme-4).
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Scheme-4:M echanism of photolysis of phthaloic bis-amine dithiocarbamic anhydrides
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Fiugre-1: NMR spectrum of symmetrical phthaloic bis-pyrrolidine dithiocarbamic anhydride (1a)

CONCLUSION

In the present protocol we observed better yiefds ishorter period compared to the conventionahoat In
conclusion, we have described here an efficient emdronmentally benign synthesis of phthaloic hisine
dithiocarbamic anhydrides and their photochemieattions under microwave irradiation which is sieqhild
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and ecofriendly from green chemistry point of viebMhe photochemical decomposition of phthaloic bishae
dithiocarbamic anhydrides yielded a mixture of sel/@roducts, consisting dfans-biphthalyl and amine
thiuram disulfide as major products. The mechanisfrihe green synthesis and photochemical reactiane also
been presented.
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