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Abstract—The heartwood of Pterocarpus santalinus contains two major red pigments, santahin-A and santalin-B
which are partial methyl ethers of the same polyphenol (santalin) For locating the position of the methoxyl
groups, alkal fission and permanganate oxidation of the mixed ethyl methyl ethers are the most convenient By
this method santalin-A has been shown to be 9,10.12-tri-O-methylsantalin and santalin-B, 9,10,12,4'-tetra-O-
methylsantalin

IT HAS now been possible to locate unequivocally the position of methoxyls in santa-
lin-A [C;0H,;;0,(0OMe),;] and santalin-B [C;oH,,O(OMe),], the two major red pig-
ments of heartwood of Pterocarpus santalinus (red sandal). The isolation and the properties
of these two compounds have already been reported by Ravindranath and Seshadri.!

There are difficulties in the alkali fission as well as in the oxidative degradation with
permanganate of flavonoids having a number of free hydroxyls; usually the decomposition
1s complex and gives poor yields of the products. On the other hand, the method of ethyla-
tion and fission of the mixed methyl ethyl ethers 1s smoother and gives better yields and
has therefore been adopted 1n the present study.

Santalin-A pentaethyl ether was prepared by the ethylation of santalin-A using Etl-
K,CO;-acetone. Its fission with aqueous methanolic potash yielded four products just as
in the case of santalin permethyl ether.! They were identified as 2,4-dihydroxy-5-ethoxy-
benzaldehyde, 4-ethoxyresorcinol, a naphthaldehyde and the corresponding 1,2-naphtha-
quinone. The first two products showed that ring A in santalin-A has a free hydroxyl at

position C,. This 1s 1n agreement with its stability, colour and capacity to stain the skin
red (c.f. carayurin and carajurone \ The third comnound. the nanhthaldehvde, was con-

Lalapilll alC Lalaqjlivlln 120 UIATA COINPORAG, VT HapiitiiglCellyes,

verted into the fourth compound by Dakin’s oxidation; both contamed 3 methoxyls and

4 ethoxyls as determined by NMR and gave information about rings C, D, E and F.
Permanganate oxidation of the pentaethyl ether gave three acids, viz, 3,4-diethoxyben-

zoic, 2,4-diethoxybenzoic and 3,4,6-trimethoxyphthalic, whose 1dentity was confirmed by

comparison with svnthetic samples. Thus. santalin-A should have all the 3 mpfhn){v‘c n
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ring D and its structure would be 9,10,12-tri-O-methylsantalin (1). Arnone et al * suggested

* Part II1 1n the series “Chemustry of santalin pigments” For Part 1, see ref 1
! RAVINDRANATH, B and Sestiabri, T R (1973) Phyiochemustiy 12, 2781

2 PerxIN, A G (1914) Proc Chem Soc 30, 212

3 ARNONE, A, MERLINL L and NasiNt, G (1972) Tets ahed) on Letters 3503
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the same structure, from the spectral properties of the alkal fission products and solation
of a small amount of 2,4-dihydroxybenzaldehyde as one of the products

Santalin-B tetraethyl cther was prepared by the method of ethylation alicady men-
tiored Tos atkaty Gission also yrelded 2;4’-d’i’hydm'xv-S-C't'h'ox»bx.n'z:inud”' de-and d-cthovre-
sorcinol, as 1n the case of suntalim-A pentaethy] cther, showing absence of methoxyls n
ring A. but the naphthaldehyde and the 1,2-naphthaquinone were different fiom thosc

obtaned from santahin-A penracthyi ether However, threse two wert cic refated. s

the naphthaldehyde was convertible into the L ndphthdqmnom by alkalie H,O, The
NMR spectrun reveated idre [T[L\Llfu: of 4 metitoxyis aind I cthoxyls ir c:i-ch; sho’wmg that
trese are presert nr rgs O D B and BT details of } USE FITIES Wore obtained by per-
mangdndtc oxidation of the tetracthyl ether giving three acids which were identified as
3. 46-trrrettrox y pirtirche ared 3 4-drettox y bemzore s i the case of san --a-h-n-»r‘\- peritacthyl

cther; amrd the thod was dmcwm; ‘[ mg 2-ethoxyv-4-methoxybensoie aerd Santahin-B

should therefore have the structure 9.10.12.4-0-methylsantahin (2)

(1) Ry - Ra= R3=R4=Rg= H;
RGI R7? Re’:Me

(2) Ry =R;=Rg=Rs = H;
Rz = Rg = Ry
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3.4.6-trimethoxyphthalic acid,* m p 180-181 ' and their identities were confirmed by comparison with synthetic
samples (TLC, mmp, IR)

Santalin-B retraethyl ether Santalin-B was ethylated by the method described earlier The tetraethyl ether crys-
tallized from EtOAc-petrol in orange yellow needles, mp 176-177°, vK8 1634 cm~! (Found C, 710, H, 63
C4;H4404 requires C, 712, H, 62%) NMR () 123-166 (m, 12H, ~-OCH,CHj;), 360, 368, 373 and 406 (s,
12H, ~OCH,;), 3 70-4 30 (m, 10H, ~OCH,Me and -CH,Ar), 6 50-7 20 (m, 9H, Ar-H) and 9 50 (s, 1H, C,—H)

Alkali fission of the tetraethyl ether The tetraethyl ether (200 mg) was subjected to fission with aq methanolic
potash as described earlier Of the four products that were 1solated, two were identical with 2.4-dihydroxy-5-
ethoxybenzaldehyde mp 139-140° and 4-ethoxyresorcinol mp 72-73° (mm p, IR). The third compound was
a pale yellow semi-solid, gave green colour with FeCl; and formed a DNP derivative having mp 235-236° viule!
1726 cm™ !, NMR (8) 126-160 (m, 9H, OCH,CH,), 352, 363, 375 and 3 96 (s, 12H, OMe), 3 80-4 40 (m, 8H,
—OCH;Me and - OCH,Ar), 6 50-7 00 (m, TH, Ar-H), 11 40 (s, IH, CHO) and 14 40 (s, 1H, OH) This naphthalde-
hyde (10 mg) was treated with alkaline H,O, as described earlier which turned the solution red The product
was extracted with ether and on evaporation of ether a red semi-sohid was obtained which compared fully with
the 1,2-naphthaquinone (TLC and IR) produced as the fourth compound in the above alkali fission vu1°! 1678
cm™ !, 21198 245 and 380 nm

Permanganate oxidation To a soln of the tetraethyl ether (100 mg) 1n acetone (5 ml) 10%, aqg KMnO, (5ml)
was added at room temperature and allowed to stand for 24 hr It was worked up as described earlier to get
a residue (50 mg) which on silica gel column chromatography using CHCl;-MeOH (99 | and 97 3) mixture
yielded 3 crystalline compounds One was 1dentical with 3.4-diethoxybenzoic acid, 165 166, the second with
2-ethoxy-4-methoxybensoicacid, 114-115" and the third with 3.4.6-trimethoxyphthalic acid. 180-181°. their 1den-
tity was confirmed by comparison with synthetic samples (TLC, mm p and IR)

Synthetic samples 4-Ethoxyresorcinol and S-ethoxy-24-dihydroxybenzaldehyde Protocatechuic aldehyde
(14 g) in dry ether (20 ml) was refluxed with Et,SO, (0 7 ml) over anhyd K,COj (2 g) for 2 hr The mixture was
filtered and the ethereal soln was extracted 4% aq Na,CO; (10 ml x 3) The aqueous extract was acidified and
re-extracted with ether The residue from ether soln was chromatographed over silica gel Elution with CHCl;
yielded 4-ethoxy-3-hydroxybenzaldehyde which crystallized from aq methanol 1n colourless prisms. mp 125
126° (yield 075 g) (it > mp 125 ) The monoethyl ether (50 mg) was methylated using Mel-K,CO5— ether The
product had mp 62° and was found 1dentical with a synthetic sample of 4-ethoxy-3-methoxybenzaldehyde
obtained from ethylation of vanillin using EtI-K,COj~ether (n m p and IR) 4-Ethoxy-3-hydroxybenzaldehyde
(06 g) m 10 ml CHCl; was stirred with performic acid (5 ml, 30% H,O, HCO,H. 4 1) at 40’ for 30 min and
then kept overmight at room temperature, The CHCI; layer was separated, dried and the solvent distilled off
under reduced pressure The residue was refluxed with 15 ml of 4%, ethanolic KOH for 1 hr, acidified and
extracted with ether The ethereal soln on removal of solvent gave 4-ethoxyresorcinol that crystallized from alco-
hol in needles mp 71-72° (035 g) (Found C, 621, H, 66 CgH,,0; requires C, 623, H, 6 5) 4-Ethoxyresor-
cinol (0 2 g) was dissolved in DMF (1 ml) and POCI; (4 ml) added dropwise while cooling the mixture 1n an ice
bath The mixture was kept at 50-60° for 30 min and then at room temperature for 2 hr It was poured over
ice when a pale yellow solid separated 2,4-Dihydroxy-S-ethoxybenzaldehyde crystallized from alcohol in pale-
yellow plates mp 138-140° (Found C.589,H, 57 CoH O, requires C. 593, H,55)

3,4-Diethoxybenzoic acid Protocatechuic aldehyde (0 7 g) 1n acetone (10 mi) was refluxed with Et,80, (0 7 ml)
over anhyd K,CO; (1 g) for 4 hr The product was an o1l (075g) To a soln of the diethyl ether in acetone (05
g mn S mljag KMnO, (10%, 5 ml) was added and the mixture allowed to stand at room temperature for 24
hr Then on working up as described 1n an earher case. 3,4-diethoxybenzoic acid was obtamned in colourless
needles from aq alcohol mp 165-166° (it mp 166°)

2,4-Diethoxybenzoic acid f-Resorcylic aldehyde (07 g) was ethylated using Et,SO,-acetone-K,CO; The
product that crystallized from methanol had m p 70-71° The diethyl ether (0 5 g) was oxidized with aq KMnO,
as given earlier to get 2,4-diethoxybenzoic acid, colourless needles from alcohol mp 98-99° (it " mp 997)

2-Ethoxy-4-methoxybenzoic acid B-Resorcylic aldehyde (14 g) in ether (25 ml) was refluxed with Me,SO,
(0 5 ml) over anhyd K,CO; (2¢g) for 2 hr The product was taken up on a column of silica gel and eluted with
CHCl; First dimethyl ether was obtained, m p 71-72°(0 1 g). then the 4-methyl ether, crystallized from methanol
mn needles, mp 87-88° (yield 08 g) (Iit ® m p 88-89°) The 4-methyl ether (0 5 g) was ethylated by refluxing with
EtI (02 ml), K,COj; (08 g) and acetone (10 ml) for 3 hr The product that came as an o1l was directly oxidized
with KMnO, (10%, 5 ml) The aad crystallized from aq alcohol 1n colourless needles mp 113-114° {(Found
C. 610, H, 63 C,oH;,0, requires C, 612, H 6 1) 4-Ethoxy-2-methoxybenzoic acid prepared by a similar
method involving ethylation B-resorcylic aldehyde first, followed by methylation and oxidation had a mp 122~
123° (Found C, 608, H, 64 C,,H,,0,requiresC612, H61)
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