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A New Synthesis of Kigelin. Conversion of Elemicin into Kigelin 

By Nurami S. Narasimhan and Chintamani P. Bapat, Department of Chemistry, University of Poona, 
Pune-411 007, India 

The natural product elemicin has been transformed into the methyl ether of kigelin, a naturally occurring dihydro- 
isoco u mar i n from Kigelia pinnata . 

KIGELIN (2) is a naturally occurring dihydroisocoumarin, 
isolated from Kzgelia pinnata DC by Govindachari and 
his co-workers,l who also determined its structure. 
Three syntheses are reported for the compound. One is 
by Govindachari et another is by Chatterjea and his 
co-worker~.~ The third synthesis is by Narasimhan et 
al.* who used an aromatic lithiation reaction as a crucial 
step in the synthesis and obtained the compound in 
fewer steps and in better overall yield than in the previous 
met hods. 

Comparison of kigelin (2) with another natural product 
elemicin (1) 5 suggested that the latter could be trans- 
formed into kigelin (2) by a sequence shown in Scheme 1 .  

I 

( 2 )  
SCHEME 1 R = OMe 

Hence compound (1) was treated with the Vilsmeier- 
Haack complex prepared from N-methylformanilide 
(MFA) and phosphorus trichloride oxide. The reaction, 
however, provided only compound (5 ) ,  presumably 

R R R 

R = OMe 

formed by diformylation and reduction (this reaction has 
been discussed in an earlier paper 6). Attempts to  
obtain monoformylation by a variety of modifications 
[e.g.  1 mol equiv. of MFA-POC1,; N,N-dimethylform- 
amide(DMF)-POC1, ; use of solvents such as chloroform, 
etc.] failed and in each case only compound (5) was 
obtained in lower yield (with 1 mol equiv. MFA) with 
recovery of the starting compound. However, when di- 
chloromethane was used as the solvent and the Vils- 
meier-Haack complex was prepared from DMF and 

POCl,, the monoformylation product (3) was also ob- 
tained. It is not clear why the reactivity is altered by 
the use of dichloromethane. 

Thus, having compound (3) to hand, we tried to per- 
form the reactions in Scheme 1. However, oxidation of 
the formyl group to the acid group could not be achieved 
under a variety of conditions (AgN0,-NaOH; CrO,- 
H,SO, ; Jones' reagent ; H,O,-NaOH-dioxan ; a,d- 
bipyridyl-CrO, complex ; storage under oxygen). An 
alternative approach, involving reduction of the formyl 
group of compound (3) to give the alcohol (6), then 
cyclization to the isochroman (7), and finally oxidation 
of the isochroman to the desired dihydroisocoumarin (4) 
was then attempted. Here, although the formyl group 
could be reduced by NaBH, to give the desired alcohol 
in 94% yield, its further cyclisation to the isochroman (7) 
could not be achieved [PPA; H,SO,; HBr-AcOH; 
HC10,-H,O-benzene ; PdCl,(CH,CN) ,-NaH]. 

Finally, the desired conversion of compound (3) into 
compound (4) was achieved according to  Scheme 2. 
Treatment of the aldehyde (3) with mercury(I1) acetate 
in aqueous THF gave the alcohol (8) in 82% yield. 
Compound (8) on oxidation with pyridinium chloro- 
chromate furnished kigelin methyl ether (4) in 77% yield. 
Kigelin methyl ether (4) has already been demethylated 
to kigelin (2) by aluminium chloride in diethyl ether.2 

0 
R II OH 

( 3  1 ( 8  1 ( 4 )  
SCHEME 2 R = OMe 

EXPERIMENTAL 

All m.p.s and b.p.s are uncorrected. Silica gel used for 
flash chromatography was t.1.c. silica gel (>200 mesh) with- 
out binder. 1.r. spectra were recorded on a Perkin-Elmer 
337 spectrophotometer, and lH n.m.r. spectra on a Perkin- 
Elmer R32 (90 MHz) spectrometer using Me,Si as internal 
standard. 

6-Allyl-2,3,Ptrimethoxybenzaldehyde (3).-To the Vils- 
meier-Haack complex prepared by mixing DMF (12.7 ml) 
and POC1, (15 ml) at 0-5 "C was added a solution of 
elemicin (1) (10 g) in dry dichloromethane (30 ml). The 
mixture, protected from moisture, was left at room tem- 
perature for five days. It was then poured over crushed ice 
and stirred well. The cold solution was extracted with 
dichloromethane (3 x 25 ml) and then with diethyl ether 
(2 x 30 ml). The combined organic extracts were washed 
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in turn with water, aqueous sodium hydrogen carbonate, 
and saturated brine and then dried (Na,SO,). Evaporation 
of the solvent under reduced pressure gave an oil (6.35 g)  
which, on distillation under reduced pressure (b.p. 115- 
118 "C/1.5 mmHg), gave the starting compound (1) (5.1 g, 
51 yo recovery). 

The aqueous layer was treated with sodium acetate tri- 
hydrate (20 g) and the mixture was heated on a water-bath 
for 20-25 min. Extraction with diethyl ether, followed by 
washing of the extract with water, aqueous sodium hydrogen 
carbonate and water, drying (Na,SO,) and removal of the 
solvent under reduced pressure gave an oil (4.350 g) which, 
on flash chromatography ( 1-3% ethyl acetate-hexane as 
eluant) gave the aldehyde ( 3 )  as a pale yellow liquid (1.9 g, 
16.7%), b.p. 150-155 "C (bath temperature) a t  0.7 mmHg 
(Found: C, 66.1; €3, 6.75. C13H1604 requires C, 66.08; H, 
6.83%); vnmx. (neat) 1 680, 990, and 910 cm-l; 6 (CC1,) 
3.68br(2H,d, J7Hz,ArCH2),3.80(3H,s,OMe), 3.88(3H, 
s, OMe), 3.96 (3 H, s, OMe), 4.84-5.17 (2 H, m, CH=CH,), 
5.67-6.14 (1 H, m, CH,CH=CH,), 6.47 (1 H, s, ArH), and 
10.26 (1 H, s, CHO). 

Further elution (with 5% ethyl acetate-hexane) gave 
compound (5) (2.0 g, 17y0), m.p. 85 "C (hexane), identical 
with an authentic sample.6 

l-Hydroxy-6,7,8-trimethoxy-3-methylzsoc/zroman (8) .- 
Mercury(I1) acetate (638 mg) was dissolved in water (2 ml) 
with stirring. Tetrahydrofuran (THF) (2 ml) was then 
introduced, when a yellow precipitate was obtained. To 
the vigorously stirred mixture at room temperature was 
added a solution of compound (3) (425 mg) in T H F  (2 ml) 
over 2 min, by which time the yellow colour was completely 
discharged. Stirring was continued for further 20 min and 
then 3111 aqueous sodium hydroxide (2 ml) was added rapidly, 
followed by a solution of sodium borohydride (19 mg) in 3M 
aqueous sodium hydroxide (2 ml). The mixture was 
stirred until most of the mercury had coagulated. The 
supernatant THF layer was separated and the aqueous 
layer was saturated with sodium chloride and extracted 
first with THF (2 x 3 ml) and then with diethyl ether 
(2  x 15 ml). The combined organic extracts were evapor- 
ated to dryness under reduced pressure, the residue was re- 
dissolved in THF and the solution was passed through a 
short pad of neutral alumina. Removal of the solvent 
under reduced pressure gave the required alcohol ( 8 )  (375 
mg, 82%), m.p. 129-130 "C (ethyl acetate-hexane) (Found: 
C, 61.6; H,  7.1. C13H& requires C, 61.40; H, 7.14%); 
vmas (Nujol) 3 410 cm-l; 6 (CDC1,) 1.31 (3 H, d, J 6 Hz, 
CHMe), 2.56br (2 H, d, J 7 Hz, ArCH,), 3.5-3.64 (1 H, 
exchanges with D,O, OH), 3.81 (6 H, s, 2 x OMe), 3.91 
(3 H, s, OMe), 4.26-4.54 (1 H, m, CHMe), 6.01-6.2br 
(1 H, s,  collapses t o  sharp singlet after D,O exchange, 
CHOH), and 6.39 (1 H, s, ArH). 

Kigelin Methyl Ether (4) .-To a well stirred suspension of 

pyridinium chlorochromate (321 mg) in dry dichloromethane 
(3 ml) was added a solution of compound (8 )  (230 mg) in 
dry dichloromethane (2 ml) in one portion. The mixture 
was stirred for 16 h then diluted with dry diethyl ether (10 
ml). The organic phase was decanted and the precipitate 
was washed with dry diethyl ether (2 x 5 ml). The com- 
bined organic phases were washed in turn with IM HC1 
(5 ml), water, and brine. Drying (NazSO4) and evaporation 
of the solvent under reduced pressure gave a brown mass 
which was triturated with benzene and the extract was 
chromatographed over neutral alumina (benzene as eluant) 
to afford a solid which was crystallized from hexane to give 
the desired lactone (4) (175 mg, 77y0), m.p. 104 "C (lit.,, 
m.p. 105 "C) (Found: C, 62.3; H, 6.45; Calc. for Cl,H,,05: 
C, 61.89; H,  6.39%); v , , , ~ ~ .  (Nujol) 1 710 cni-l; S (CDCl,) 
1.43 (3  H, d,  J 7 Hz, CHMe), 2.81 (2  H, d, J G Hz, ArCH,), 
3.85 (3 H, s, OMe), 3.90 ( 3  H, s, OMe), 3.95 ( 3  H, s, OMe), 
4.32-4.73 (1 H, m, CHMe), and 6.5 (1 H, s, ArH). 

6-AlZyZ-2,3,4-trirnetkoxybenzyl Alcohol (6) .-To a solution 
of the aldehyde (3) (0.4 g) in T H F  (2 ml) was added a solu- 
tion of sodium borohydride (200 mg) in water (0.4 ml). 
The mixture was stirred for 1 h and then decomposed with a 
saturated solution of ammonium chloride (2 ml). The 
usual work-up procedure gave a viscous liquid (380 mg, 
94%) which could not be distilled. The product was, 
however, a single compound whose analytical and spectro- 
scopic properties corresponded to those of the U ~ G O / Z O ~  (6) 
(Found: C, 05.75; H, 7.7. Cl3Hl8OI requires C, 65.53; 
H, 7.61%); v,,,;,~. (Nujol) 3 500-3 300, 1 000, and 910 cm-l; 
6 (CDCl,) 1.8-2.0 ( I  H, exchanges with D,O, OH), 3.4br 
(2 H, d ,  J 7 Hz, ArCH,CH), 3.78 and 3.8 (total 6 H, 2 x s, 
2 x OMe), 3.88 (3  H, s ,  OMe), 4.52 (2  H, s, CH,OH), 4.84- 
5.16 (2 H, 111, CH=CN,), 5.72-4.2 (1 H, m, CH=CH,), and 
6.43 (1  H, s, ArH). 
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