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SIMPLIFIED CONDITION FOR SYNTHESIS
OF CURCUMIN I AND OTHER CURCUMINOIDS

Submitted by K. V. D. Babu and K. N. Rajasekharan*
(03/29/94)
Department of Chemistry, University of Kerala
Trivandrum 695581, Kerala, INDIA

Curcumin I (1a), the yellow pigment of turmeric exhibits a variety of pharmacological prop-
erties including recently reported antitumour! and anticancer? properties. It has also been evaluated as
a photodynamic agent useful in the destruction of bacteria® and tumor cells.* In connection with some
of these studies we required several curcuminoids. A practical route for curcumin synthesis has been
devised by Pabon.® Kashima® et al. have also synthesised curcumin using 2,3,5-trimethylisoxazolium

salt as the starting material. Synthesis of curcumin has also been described in the patent literature.’
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Generally these syntheses®’ feature the masking of the reactive methylene group of acetylacetone by
complexation with boric oxide, followed by reaction with vanillin. Along with boric oxide, alkyl
borate esters can also be used. We now report operationally much simpler conditions for the synthesis
of curcuminoids.

Vanillin, acetylacetone and boric acid in dry N,N-dimethylformamide was treated with a
small amount of 1,2,3,4-tetrahydroquinoline (2) and glacial acetic acid. Heating and work up as
described in the experimental afforded curcumin I as orange yellow powder in 78% yield. The
product was found to be fairly pure (tlc, hple, nmr: impurities less than 2%). Dimethyl sulfoxide could
also be used as a solvent but others like acetone, ethanol and acetonitrile did not work. We found that

even though boric oxide could be employed, the use of the cheaper boric acid generally resulted in a

2 ArCHo 2, HOAc, DMF
+ Ar—CH=CH—C-CH,-C-CH=CH—Ar (1)
CH3COCH,COCH3 H3BO;, A, 4 hrs g |(|)

1a, Ar = 4-Hydroxy-3-methoxyphenyl; 1b, Ar = 2-Hydroxyphenyl
1c, Ar = 4-N,N-Dimethylaminophenyl; 1d, Ar = 4-Hydroxyphenyl
le, Ar = 3,4-Dimethoxyphenyl; 1f, Ar = 3,4-Methylenedioxyphenyl
1g, Ar = 4-Methoxyphenyl

better yield. Several other bases such as morpholine, piperidine, triethylamine, n-butylamine, pyridine
and N-ethylaniline were screened as a reaction promoter. We observed that the use of 1,2,3,4-tetrahy-
droquinotine resulted in a cleaner product and much higher yields. Morpholine appeared to be the next
best choice. In contrast to the slow addition of n-butylamine recommended in Pabon’s method, here
the amine in acetic acid was added in one lot. The omission of acetic acid drastically reduced the yield
and purity of the product. The method was found to be suitable for the preparation of a variety of
curcuminoids (la-1g). The yields were generally good. In addition, the excellent purity of the crude

products and the short reaction time are other noteworthy features of the present method.
EXPERIMENTAL SECTION

Commercial reagents and solvents were from E. Merck (India) and Fluka. 'H NMR and Mass
Spectra were run on Varian EM-390 and JEOL IMS D-300 spectrometers. HPLC was done on a
Shimadzu LC-6A system using C18 Shimpack ODS analytical column and methanol as solvent.
Melting points are uncorrected and element analysis was done at Central Drug Research Institute,
India. TLC was done on Eastman chromatogram plastic backed silica gel sheets using ethyl acetate-
petroleum ether mixtures.

Typical Procedure.-To a solution of vanillin (1.53 g, 0.01 mol) and acetylacetone (0.51 mL, 0.005
mol) in dry N,N-dimethylformamide (1 mL) was added boric acid (1 g) and the mixture was heated

on a water bath for 5 min. Then a mixture of 1,2,3,4-tetrahydroquinoline (0.1 mL) and glacial acetic
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acid (0.3 mL) in N,N-dimethylformamide (! mL) was added and heating was continued for 4 hrs over
a water bath. After cooling, acetic acid (20%; 50 mL) was added with vigorous stirring. The orange
yellow mixture containing the precipitated curcumin was further stirred for | hr; the solid was
collected, washed with water and air dried to afford curcumin I [1,7-bis-(4-hydroxy-3-
methoxyphenyl)- 1,6-heptadiene-3,5-dione], (1.45 g, 78%), mp. 172-175°. Further purification was
performed by dry column chromatography using silica gel (120-200 mesh) eluted with chloroform
(recovery 80%), mp. 182-184° (lit3 yield, 78%; mp. 184-186°); 'H NMR (CDCl3): 8 3.91 (6H, s,
2xOMe), 5.96 (1H, s, 4-H), 6.66 (2H, d, J = 16 Hz, 2,6-H), 6.86 (2H, d, J = 8 Hz, 5-ArH), 7.16 (2H,
dd, J=2 Hz and 8 Hz, 6-ArH), 7.3 (2H, d, J = 2 Hz, 2-ArH), 7.58 (2H, d, J = 16 Hz, 1,7-H); M*: 368.
Anal. Caled for C, H, O C, 68.46; H, 5.47. Found: C, 68.32; H, 5.37

The following compounds were synthesized as above:
1,7-bis-(2-Hydroxyphenyl)-1,6-heptadienc-3,5-dione (1b), mp. 163-164°, 73% yield; '"H NMR
(DMSO-d,): 8 6.00, (1H, s, 4-H), 6.70 (2H, d, J = 16 Hz, 2,6-H), 6.86 (2H, d, J = 3 Hz, 3-ArH), 7.32
(4H, dd, J = 3 and 6 Hz, 4,5-ArH), 7.58 (2H, d, J = 16 Hz, 1,7-H), 7.80 (2H, d, J = 6 Hz, 6-ArH)
10.10 (2H, s, Ar-OH); M*: 308.

Anal. Caled for C (H, O,: C,74.01; H 5.32. Found: C, 74.18; H, 5.23
1,7-bis-(4-N,N-Dimethylaminophenyl)-1,6-heptadiene-3,5-dione (1¢), mp. 210-212°, 82% yield (lit?
yield, 36%; mp. 206-207°); 'H NMR (CDCL,): § 3.00 (12H, s, N-CH;) 5.70 (1H, s, 4-H), 6.41 (2H, d,
J =16 Hz, 2,6-H), 6.71 (4H, d, J = 8 Hz, 3,5-ArH), 7.50 (4H, d, / = 8 Hz, 2,6-ArH), 7.70 2H, d, J =
16 Hz, 1,7-H); M*: 362.

Anal. Caled for Cp3H, N,O,: C, 76.21; H, 7.23. Found: C, 76.05; H, 7.18

Curcumin 11 |1,7-bis-(4-Hydroxyphenyl)-1,6-heptadiene-3,5-dione] (1d), mp. 220-224°, 70% yicld
(lit.” mp. 224-226°, 68% yield); 'H NMR (DMSO-d,): 8 5.90 (1H, s, 4-H), 6.62 (2H, d, J = 16 Hz,
2,6-H), 6.90 (4H, d, J = 8 Hz, 3,5-ArH), 7.54 (4H, d, J = 8 Hz, 2,6-ArH), 7.60 (2H, d, / = 16 Hz, 1,7-
H), 9.90 (2H, s, Ar-OH); M+: 308.

Anal. Calcd for C¢H,,0,: C, 74.01; H, 5.23. Found: C, 74.21; H, 5.08
1,7-bis-(3,4-Dimethoxyphenyl)-1,6-heptadiene-3,5-dione (1e), mp. 135-138° 55% yicld (lit.® mp. 137-
138°, 73% yield); '"H NMR (CDCl,): 8 3.90 (12H, 5, 4xOMe), 5.80 (1H, s, 4-H), 6.46 (2H, d,J = 16
Hz, 2,6-H), 6.84 (2H, d, J = 8 Hz, 5-ArH), 7.06 (2H, d, J =2 Hz, 2-ArH), 7.12 (2H, dd, / = 2 and 8
Hz, 6-ArH), 7.58 (2H, d, J = 16 Hz, 1,7-H); M*: 396.

Anal. Caled for C23H2406: C, 69.68; H, 6.10. Found: C, 69.71; H, 5.81
1,7-bis-(3,4-Methylenedioxyphenyl)-1,6-heptadiene-3,5-dione (1f), mp. 185-190°, 56% yield (liL.®
mp. 198-199°, 59% ); "H NMR (CDCL,): 8 5.7 (1H, s, 4-H), 5.92 (4H, s, -OCH,0-), 6.66 (2H, d, J =
16 He, 2,6-H), 6.86 (2H, d, J = 8 Hz, 5-ArH), 7.16 (2H, dd, /=2 and 8 Hz, 6-ArH), 7.31 2H, d, 7 =2
Hz, 2-ArH), 7.58 (2H, d, J = 16 Hz, 1,7-H); M*: 364.

Anal. Caled for Cy H, Oy C, 69.22; H, 4.43. Found: C, 69.31; H, 4.29
1,7-bis-(4-Methoxypheny)-1,6-heptadiene-3,5-dione (1g), mp. 166-168° 53% yield (lit.’> mp. 164-
168°, 57% yield); 'H NMR (CDCl,): 8 3.92 (6H, s, OCH,) 5.80 (1H, s, 4-H), 6.41 (2H, d, J = 16 Hz,
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2,6-H), 6.72 (4H, d, /= 8 Hz, 3,5-ArH), 7.3 (4H, d, J = 8 Hz, 2,6-ArH), 7.6 CH, d, J = 16 Hz, 1,7-H);
M*: 336.
Anal. Caled for C,,H,,0,: C, 74.97; H, 5.99. Found: C, 74.87; H, 6.14

Acknowledgement.- K. V. D. B. acknowledges CSIR (Government of India) for a fellowship and is
thankful to Dr. George Thomas, RRL (CSIR), Trivandrum for HPLC analysis.
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A HIGH-YIELD SYNTHESIS OF 3-PENTADECYLPYRIDINE

Submitted by Wayne M. Stalick* and Joseph H. Murray
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Fairfax, VA 22030

Long chain and fused-ring heteroaromatic compounds which have been identified as major
constituents in oil shale and lower rank bituminous and lignite coals' are believed to play a major role
in their liquefaction properties; however, their influence during thermolyses is unknown.? It is esti-
mated that nitrogen-containing compounds constitute 40% of the shale crude and GC/MS analyses
shows a preponderance of these to be alkylpyridines.® A number of studies have shown that model

compounds can give good extrapolations to the natural products under pyrolysis conditions; however,
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