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Abstract: Recently microwave-induced chemical synthesis of curcumin-metformin adduct to enhance the efficacy of metformin in 
preventing the formation ofAdvanced Glycation End Products (AGEs) has been reported from authors’ laboratory. The present 
studies describemicrowave-induced chemical synthesis and mass spectral characterization of curcumin-phenformin adducts using 
LC-MS/MS. The mechanism of formation and its analytical data via Thin-Layer Chromatography (TLC) combined with MS/MS 
fragmentation revealed a major six membered ring adduct and a minor eight membered ring isomer. A facile chemical synthesis and 
identification of major and minor isomers presented in this study may offer novel therapeutic strategies for inhibiting AGEs as well 
as anti-cancer treatments. 
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Graphical abstract: Mechanism of formation of curcumin-phenformin adducts. 
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1. Introduction 

Metformin, phenformin and aminoguanidine are all 

nucleophilic hydrazino compounds which block the 

formation of fluorescent AGEs [1-6]. They also prevent 

glucose-derived collagen cross linked Amadori products 

in-vivo and in-vitro [6-9]. Recently microwave-induced 

chemical synthesis of curcumin-metformin adducts 

and its characterization via TLC-Electrospray ionization 

mass spectrometry has been described [10]. Also the 

combination of metformin with the phytochemicals 

present in okra seed extract to enhance the efficacy for 

inhibiting AGEs and their comparison with different 

AGEs inhibitors has been reported [10-14]. A 

protective role of metformin, 2-aminoguanidine and 

phenformin in the impairment of the anti-oxidant 

properties of human serum albumin in patients with 

diabetes has been established [1, 5, 7-9]. The 

anti-cancer and anti-diabetic effects of phenformin and 

metformin have prompted researchers to investigate 

their use in clinical medicine [3, 4, 15-26]. Although 

phenformin is 50 times more potent than metformin as 

an anti-diabetic drug, it is associated with lactic 

acidosis side effects [3]. A recent study elucidated that 

phenformin has better anti-cancer activity than 

metformin as accompanied by significant inhibition of 

tumor growth [3]. 

The exact mechanisms by which metformin and 

phenformin reduce cancer risk have not been 

established [19-28]. But a synergistic anti-cancer 

effect of phenformin combined with sodium oxamate, 

a known lactate dehydrogenase (LDH) inhibitor 

reduced the side-effect of lactic acidosis [3, 4]. 

Inhibition of complex I is cited as the plausible 

mechanism in these studies [3, 4, 10]. 

Curcumin (Fig. 1) is a major dietary phenol present 

in yellow spice turmeric as well as in the plant 

Curcuma Long Linn [29-32]. Its biological activities 

including antidiabetic and anticancer effects have been 
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Fig. 1  Curcuma Longa Linn. 
 

extensively studied [10, 32-34]. Curcumin has shown 

its natural brain protecting action by blocking 

aggregation and fibril formationin patients from 

Alzheimer’s disease [35-40]. Therefore, in order to 

enhance biological activity of phenformin and reduce 

the side effects associated with this medication, the 

present studies describe a facile microwave-induced 

chemical synthesis and mass spectral characterization 

of curcumin-phenformin adduct. Furthermore, 

understanding the chemical, biochemical and 

mechanistic implications of this new target molecule 

may have the potential to serve as more potent 

anti-diabetic and anti-cancer drugs. 

2. Materials and Methods 

Phenformin (Phenethyl biguanide) was purchased 

from Sigma Chemicals. Curcumin powder was obtained 

from Walgreen. Glacial acetic acid was obtained from 

Sigma-Aldrich. Aluminium backed plates for TLC 

were obtained from Macherey-Nagel, Germany. Silica 

Gel (63-200 µm particle size) was purchased from 

Sigma-Aldrich. Electrospray-Atmospheric pressure 

Ionization Mass Spectra (ES-API) in the (+ve) and 

(-ve) ion mode was recorded using Agilent electrospray 

mass spectrometer. UV-Visible studies were performed 

using a Nano drop1000 Spectrophotometer as described 

previously [31, 34]. 

2.1 Experimental Procedure 

Curcumin (6 mg; 0.012 mM) was dissolved in 

ethanol (3 mL) and vortexed for 30 seconds followed 

by heating in the microwave oven for 35 seconds with 

3 second intervals. Mixture was vortexed again for 
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another 30 seconds and centrifuged at 6,000 RPM (5 

mins). The clear supernatant was transferred in a clean 

vial followed by addition of phenformin hydrochloride 

(10 mg), triethylamine (300 µL) and a catalytic 

amount of glacial acetic acid (200 µL). The reaction 

mixture vortexed and subsequently heated in the 

microwave oven for 40 seconds at 3 seconds intervals. 

The final reaction product was monitored via Thin- 

layer chromatography (aluminum backed pre-coated 

SILG/UV254) TLC plates in the solvent system: 

CHCl3:CH3OH = 24:4 (v/v) (Fig. 2). The desired 

compound (10 mg) was evaporated to dryness under 

N2 atmosphere at room temperature and the residue 

chromatographed on preparatory TLC Silica Gel 

plates (Fig. 3). For purification by Flash Column 

Silica Gel Chromatography the reaction mixture was 

applied to a glass column filled with (2.1 g) of silica 

gel particle size (63-200 µm) as described previously 

[10]. Elution was performed using 100 mL of a 

mixture of hexane/ethyl acetate (30:70 v/v) and 

subsequent elution with increasing amounts of ethyl 

acetate with hexane (50:50 v/v) provided pure 

fractions 3,4,9-13 (4.5 mg). UV-Visible Nano drop 

Spectrophotometry of the staring material Curcumin 

(Fig. 3) and the curcumin-phenformin adduct is shown 

in Fig. 4. 

Mass spectral characterization was accomplished 

using LC-MS/MS. Electrospray-Atmospheric Pressure 
 

 
Fig. 2  TLC: CHCl3: CH3OH = 24:4 (v/v), Curcumin: 
starting material (SM), reaction mixture (RM). 

 
Fig. 3  UV-Vis Nano drop spectrophotometryanalysis of 
Curcumin. 
 

 
Fig. 4 UV-Vis Nano drop spectrophotometry analysis of 
Curcumin-phenforminadduct . 
 

Ionization Mass Spectra (ES-API) in the (+ve) and 

(-ve) ion mode was recorded using Agilent electrospray 

mass spectrometer. The mass spectral characterization 

of the curcumin-phenformin adduct exhibited a 

molecular ion peak at M/Z = 537 (30% intensity) and 

a fragment peak at M/Z = 310/311 [M+−(149+77)] 

(Fig. 5). The eight memberedring isomer exhibited a 

mass spectral fragment at M/Z = 354 [M+ - (184), 

100% intensity, derived from the fragment (239-55)] 
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Fig. 5  MS/MS of Curcumin-phenformin major (right panel) and minor (left panel) isomers (M/Z = 537). Major isomer (six 
membered ring, top right panel) fragment M/Z = 310/311. Minor isomer (eight membered ring, bottom left panel) fragment 
M/Z = 354. 
 

(Fig. 5). The LC-MS/MS spectrum of the reference 

standard phenformin M/Z=206/207 recorded in the 

positive ion mode is shown in Fig. 6. 

3. Results and Discussion 

Authors recently described comparative efficacies 

of metformin, phenformin, yellow curcumin and white 

curcumin in inhibiting the advanced glycation end 

products AGEs [10-12] (Fig. 7). The efficacies of 

metformin with OSE and phenformin with yellow 

curcumin in inhibiting AGEs were 78% and 45% 

respectively. In a previous publication authors 

elucidated the reaction mechanism of formation of 

curcumin-metformin adduct [10]. 
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Fig. 6  MS/MS of phenformin (positive ion mode M/Z = 
206 starting material). 
 

 
Fig. 7  Comparison of the anti-glycosylation activity of 
metformin, phenformin, yellow curcumin and white 
curcumin as shown by SDS-Gels. 

Present studies describe a facile synthetic strategy 

for the formation of major and minor 

curcumin-phenformin adducts. Target oriented 

synthesis showed two isomeric forms of adduct in 

90% and 10% yield respectively. Mass spectral 

characterization showed a molecular ion at M/Z = 537 

(30% intensity) and a fragmented peak at M/Z 

=310/311 (100% intensity; +ve ion mode) confirming 

the formation of six membered right isomer as shown 

(Fig. 5, top right panel). Another major fragment 

MS/MS in the (-ve ion) mode exhibited M/Z = 354 

(100% intensity) as shown in Fig. 5 which has been 

tentatively assigned to the eight membered ring isomer.  

Two possible curcumin-phenformin reaction pathways 

are illustrated (Figs. 8, 9). The highly nucleophilic 

nature of phenformin exists in two isomeric forms. 

When reacted with curcumin, its aplanar molecule results 

are in formation of six and eight membered ring 

adducts. The authors will isolate in large amounts and 

investigate the chemistry, biochemistry and mechanistic 

implications of these two adducts. Authors believe 
 

 
Fig. 8  Reactionmechanism: Curcumin-phenformin adduct 
(Rf = 0.53, Major Isomer). 
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Fig.9 Reactionmechanism: Curcumin-phenformin adduct 
(Rf = 0.69, minor isomer). 
 

 
Fig.10 Reactionmechanism: Curcumin-metformin adduct 
(Rf = 0.69, minor isomer). 

that the major isomer according to the reaction 

mechanism shown in Fig. 8 is thermodynamically 

more stable than the minor isomer as illustrated by the 

reaction mechanism in Fig. 9. A plausible proposed 

reaction mechanism for the formation of eight 

membered ring of curcumin-metformin adduct 

described in authors’ previous studies is shown in Fig. 

10. 

This information will be extremely helpful in 

elucidating the mechanism of inhibition for advanced 

glycation end products in the individuals suffering 

from type II diabetes mellitus and various cancers [3, 

15-28]. 

4. Conclusion 

Chemical synthesis and identification of major and 

minor isomers presented in this study may offer novel 

therapeutic strategies for inhibiting not only AGEs but 

anti-cancer drugs treatments. 
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