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Acylphloroglucinols named rhodomyrtosones A-C and a lepstospermone derivative named rhodo-
myrtosone D were isolated from the acetone extract of the leaves of Rhodomyrtus tomentosa (Aiton)
Hassk. together with six known compounds. Their structures were established based on spectroscopic
analyses and comparison with related compounds.
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1. Introduction

Rhodomyrtus tomentosa (Aiton) Hassk. is a flowering plant in the
family Myrtaceae and often used in traditional Thai medicine.! Ex-
tracts and pure compounds from this plant have been shown to in-
hibit the growth of Escherichia coli and Staphylococcus aureus.? There
have also been reports that it has anti-hepatitis properties.! Extracts
have also acted as a blood platelet aggregation inhibitor and calcium
antagonist.? In addition, it is used in formulations of skin-whitening,
anti-aging and skin-beautifying agents.* Acylphloroglucinol,? flavo-
noids,>® tannins’ and triterpenes® have been identified from this
plant. In the course of our search for bioactive metabolites from
plants used in traditional medicine, we are therefore interested in
characterizing their chemical constituents. As a part of this project,
we have examined the chemical constituents of the leaves of
R. tomentosa and have isolated four new and six known compounds.

2. Results and discussion

Investigation of the acetone extract of the leaves of R. tomentosa
resulted in the isolation of four new compounds named rhodo-
myrtosones A-D (1-4) together with six known compounds: rho-
domyrtone (5),% combretol (6),° 3,3’ 4-tri-O-methylellagic acid (7),°
endoperoxide G3 (8),1° (6R,7E,9R)-9-hydroxy-4,7-megastigmadien-
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3-one (9)"" and a-tocopherol (10). The structures of these com-
pounds were elucidated by analyses of 'H, 13C NMR, COSY, HMQC
and HMBC spectroscopic data.

Rhodomyrtosone A (1) was obtained as a white solid. The IR
spectrum displayed absorption bands of a hydroxyl (3126 cm™1),
a non-conjugated carbonyl (1720 cm™!) and a conjugated carbonyl
(1650 cm™!) group. The HREIMS spectrum showed a molecular ion
peak at m/z 456.2133 corresponding to a molecular formula of
C26H3207 with 11 degrees of unsaturation. The '3C NMR and DEPT
spectra (Table 1) showed 3 carbonyl, 10 quaternary, 4 methine, 1
methylene and 8 methyl carbons. The '"H NMR spectrum (Table 1)
showed resonances of four methyl groups at 6y 1.52 (H-10), 1.42 (H-
11), 1.41 (H-13) and 1.34 (H-12). The evidences for H-12 and H-13
showed HMBC correlations (Table 1) to the carbonyl carbon C-3 (6¢
211.1) and vinylic oxycarbon C-4a (¢ 179.7) whereas H-10 and H-11
showed correlations to carbonyl carbons C-1 (6¢ 198.3) and C-3 (6¢
211.1) indicating the presence of a p-triketone moiety similar to 5.2
The low field chemical shift of C-4a (6c 179.7) indicated that the B-
triketone moiety was connected to the oxygen of a furan ring.'>!>
The signals of the two hydroxyl groups (6y 13.27, s, 6-OH and 9.78, s,
8-0OH), an aromatic proton (éy 6.11, s, H-7) and signals corre-
sponding to an isovaleryl group (0y 2.96 and 2.76, dd each, H-2’;
2.17, m, H-3’; 1.01, d, H-4’ and 0.99, d, H-5’) were derived from a di-
C-substituted phloroglucinol moiety with an isovaleryl group.'* The
spectrum showed further signals of a methine proton (dy 4.50, s, H-
9) and an isopropyl group (oy 2.40, hept, H-2"; 1.1, d, H-3” and
1.09, d, H-4"). The loss of a 43 m/z (C3H7) and 85 m/z (C4H9CO) from
a molecular ion confirmed the presence of isopropyl and isovaleryl
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groups. The HMBC correlations of the methine proton H-9 to C-4a,
C-4b, C-8, C-8a, C-9a and C-2” as well as of the methyl protons of an
isopropyl group to C-1” (6¢ 129.4) provided evidence that the B-
triketone was combined to a phloroglucinol moiety via a bisfuran
fused-ring bearing the isopropyl group. The 3] HMBC correlations of
6-OH and 8-0OH to an aromatic methine carbon C-7 and of 6-OH to
C-5 indicated that the aromatic proton was inbetween two hy-
droxyl groups (C-7), consequently the isovaleryl group was then
placed at C-5. The correlations of the methine proton (H-9) to the
isopropyl protons in the NOESY experiment provided the assign-
ment of a cis relative stereochemistry. Rhodomyrtosone A was thus
identified as 8,10-dihydroxy-5a-isopropyl-2,2,4,4-tetramethyl-7-
(3-methylbutyryl)-5a,10b-dihydro-4H-benzo[b]benzo[4,5]furo[3,2-d]-
furan-1,3-dione.

Rhodomyrtosone B (2) was a yellowish gum. Its molecular ion
peak at m/z 442.2352 in the HREIMS spectrum corresponded to
a molecular formula of CygH3406 with 10 degrees of unsaturation.
The appearance of the proton resonances (Table 1) of a chelated
hydroxyl group (éy 13.43, 6-OH), a free hydroxyl group (dy 6.40, 8-
OH), an aromatic proton (éy 6.23, H-7), an isopentyl group (éy 4.25,
t, H-9; 1.38, obscure, H-1” and H-2"; 0.89, d, H-3"” and 0.87, d, H-4"),
an isovaleryl group (6y 3.18 and 2.96, Hy-2'; 2.37, H-3’; 1.04, H-4'
and 1.01, H-5") and four singlet methyl groups of a B-triketone
moiety (6y 1.63, H-12; 1.47, H-13; 1.42, H-11 and 1.39, H-10) as well
as its molecular ion of 442.2352 indicated that 2 was a structural

isomer of rhodomyrtone (5).2 There were slight differences ob-
served for the chemical shifts of the chelated hydroxyl group (dy
13.43) and non-equivalent methylene protons of the isovaleryl
group (0y 3.18 and 2.96), consequently the isovaleryl group was
placed at C-5 rather than at C-7. The assignment was fully con-
firmed by the HMBC experiment (Table 1). Rhodomyrtosone B was
therefore identified as 6,8-dihydroxy-9-isobutyl-2,2,4,4-tetra-
methyl-5-(3-methylbutyryl)-4,9-dihydroxanthene-1,3-dione. It was
a 6-demethylated isomer of a synthetic 1,3-dioxo-4,9-dihydro-8-
hydroxy-6-methoxy-2,2,4,4-tetramethyl-5-(3-methyl-1-oxobutyl)-
9-(2-methylpropyl)-1H-xanthene (11).14

Rhodomyrtosone C (3) was obtained as a yellowish solid. Its
molecular formula of C41Hs540g was established on the basis of
a molecular ion peak at m/z 674.3853 in its HREIMS spectrum.
The 'H and 3C NMR spectra (Table 2) showed the singlet signals
that corresponded to two B-triketone moieties [ring A: oy 1.64
(H-12), 1.48 (H-13), 1.40 (H-10) and 1.37 (H-11); ring B: éy 1.66
(H-14"), 1.52 (H-15"), 144 (H-12) and 1.42 (H-13")]. Further-
more, two sets of resonances at dy 4.35 (t, H-9), 1.50 (obscure,
H-1” and H-2"), 0.90 (d, H-4") and 0.83 (d, H-3") and at 6y 4.39
(t, H-7"), 1.50 (obscure, H-8” and H-9”), 0.98 (d, H-11") and
0.84 (d, H-10") were in agreement with the resonances of two
isopentyl groups. The remaining resonances were those of an
isovaleryl group (g 3.23 and 3.02, dd each, H,-2’; 2.40, m, H-3/;
1.05, d, H-4' and 1.04, d, H-5) with their carbonyl function
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Table 1
The 'H, *C NMR spectral data and HMBC correlations for rhodomyrtosones A (1) and B (2)
No. 1° 2b
P oy (mult., Juz) HMBC (H— C) ¢ oy (mult., i) HMBC (H— C)
1 1983 s 1976 s
2 55.1s 56.1s
3 2111 s 211.7 s
4 456 s 472 s
4a 179.7 s 166.9 s
4b 159.8 s 1533 s
5 101.7 s 105.9 s
6 166.7 s 159.0 s
7 99.6 d 6.11 (s) C-5, C-6, C-8, C-8a 100.3 d 6.23 (s) C-5, C-6, C-8, C-8a
8 159.6 s 159.0 s
8a 104.2 s 105.9 s
9 45.0d 4.50 (s) C-4a, C-4b, C-8, C-8a, 251d 4.25 (t, 6.0) C-1, C-4a, C-4b, C-8, C-8a,
C-9a, C-2” C-9a, C-17, C-2"
9a 113.2 s 1145 s
10 244 q 1.52 (s) C-1,C-2, C-3, C-11 243 q 1.39 (s) C-1, C-2, C-3, C-11
1 241q 142 (s) C-1,C-2, C-3, C-10 244 q 142 (s) C-1,C-2, C-3, C-10
12 231q 1.34 (s) C-3,C-4, C4a, C-13 248 q 1.63 (s) C-3,C-4, C-4a, C-13
13 259q 1.41 (s) C-3, C-4, C-4a, C-12 254q 1.47 (s) C-3, C-4, C-4a, C-12
1 203.7 s 204.0 s
2! 515t 2.96 (dd, 14.7, 6.6), 2.76 (dd, 14.7, 6.6) C-1/,C-3, C-4, C-5 536t 3.18 (dd, 17.0, 6.5), C-1,C-3,C-4,C-5
2.96 (dd, 17.0, 6.5)
3 258d 2.17 (m, 6.6) C-2/,C-4, C-5 245d 2.37 (m, 6.5) C-1,C-2/,C-4,C-5
4 228 q 1.01 (d, 6.6) C-2/, C-3, C-5 229q 1.04 (d, 6.5) C-2/, C-3, C-5
5’ 227 q 0.99 (d, 6.6) C-2/, C-3, C-4 226q 1.01 (d, 6.5) C-2/, C-3, C-4
1” 1294 s 46.9 t 1.38 (obscure)
2" 354d 2.40 (hept, 6.9) C-1", C-3", C-4" 249d 1.38 (obscure)
3 15.7 q 1.11 (d, 6.9) C-17, C-2", C-4" 234q 0.89 (d, 6.5) C-17, C-2", C-4"
4" 156 q 1.09 (d, 6.9) C-17, C-2", C-3” 231q 0.87 (d, 6.5) C-17,C-2", C-3”
6-OH 13.27 (s) C-5, C-6, C-7 13.43 (s) C-5, C-6, C-7
8-OH 9.78 (s) C-7,C8 6.40 (br s)
¢ Bruker 300 MHz.
> Bruker 500 MHz.
€ Multiplicity deduced by DEPT.
forming a hydrogen bonding to the hydroxyl group (dy 13.50, Rhodomyrtosone D (4) was a yellowish solid. The IR spectrum

8-OH). Rhodomyrtosone C was therefore identified as 7-hydroxy- displayed absorption bands of a non-conjugated (1717 cm™!) and
8,14-diisobutyl-2,2,4,4,10,10,12,12-octamethyl-6-(3-methylbutyryl)- a conjugated (1675 cm™!) carbonyl function. The HREIMS spectrum
4,8,12,14-tetrahydro-5,13-dioxapentaphene-1,3,9,11-tetraone. The showed a molecular ion peak at m/z 428.2214 corresponding to

HMBC correlations confirmed the assigned structure (Table 2). a molecular formula of CysH3;0g. The 3C NMR and DEPT
Table 2
The 'H, *C NMR spectral data and HMBC correlations for rhodomyrtosone C (3)?
No. ocP Oy (mult,, Jy) HMBC (H—C) No. o> on (mult,, Jy,) HMBC (H—C)
1 1974 s 1”7 454 t 1.50 (obscure)
2 56.0 s 2" 253d 1.50 (obscure)
3 2116 s 3" 233 q 0.83 (d, 6.0) C-17, C-2”
4 472 s 4" 233¢q 0.90 (d, 6.0) C-1”, C-2"
4a 166.7 s 1” 1976 s
4b 1524 s 2" 56.2 s
5 105.7 s 3" 2114 s
6 150.5 s 4" 473 s
7 1076 s 5" 166.8 s
8 160.6 s 6" 113.5s
8a 1078 s 7" 252d 439 (t,5.4) C-4b, C-5, C-6, C-1",
c-57,C-6",C-8",C-9”
9 25.6d 435 (t, 5.7) C-1, C-4a, C-4b, C-8, 8" 46.8 t 1.50 (obscure)
C-8a, C-9a, C-17, C-2"
9a 1143 s 9" 250d 1.50 (obscure)
10 249q 1.40 (s) C-1,C-2, C-3, C-11 10" 234q 0.84 (d, 6.0) c-8”,C-9”
1 244q 1.37 (s) C-1,C-2, C-3,C-10 1 238 q 0.98 (d, 6.0) c-8”,C-10"
12 247 q 1.64 (s) C-3, C-4, C-4a, C-13 12”7 242q 1.44 (s) c-17,C-2",C-3"
13 250 q 1.48 (s) C-3, C-4, C-4a, C-12 137 238q 1.42 (s) C-1”,C-2", C-3"
1 204.6's 14" 253 q 1,66 (s) C-3",C-4", C-5"
2! 539t 3.23 (dd, 17.4, 6.6), 3.02 (dd, 17.4, 6.6) C-1, C-3/,C-4, C-5 15" 249q 1.52 (s) Cc-37,C-4",C-5"
3 245d 2.40 (m,6.6) C-1, C-2',C-4,C-5Y 8-OH 13.50 (br s) C-7, C-8, C-8a
4 228q 1.05 (d, 6.6) C-2/,C-3, C-5
5 226q 1.04 (d, 6.6) Cc-2/,C-3,Cc-4

¢ Bruker 300 MHz.
b Multiplicity deduced by DEPT.
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Table 3
The 'H, >C NMR spectral data and HMBC correlations for rhodomyrtosone D (4)
No. 4
oc? 0y (mult., Jyi,) HMBC (H—C)
109 19245
2(2) 5645
3(3) 2121's
4(4) 452 s
5(5) 1757 s
6 (6) 113.0's
7(7) 257 q 127 (s) C-1(17), C-2 (2'), C-3 (3'), C-8 (8')
8(8) 223q 134 (s) C-1(17), C-2 (2'), C-3 (3)), C-7 (7)
9(9) 2394 144 (s) C-3 (3'), C-4 (4'), C-5 (5)
10 (10) 2444 144 (s) C-3(3'), C-4 (4), C-5 (5)
17 465 d 469 (s) C-5 (5'), C-6 (6'), C-2", C-3"
2" 1282 s
3" 344d 2.37(hept, 6.9) c-2", C-4", C-5"
4", 5" 155q 1.02 (d, 6.9) c-2", C-3”

¢ Bruker 300 MHz.
b Multiplicity deduced by DEPT.

techniques (Table 3) showed signals for 4 carbonyl, 9 quaternary,
2 methine and 10 methyl carbons. The 'H NMR spectrum (Table 3)
revealed three singlet signals of methyl groups at 6y1.27 (H-7 and
H-7'), 1.34 (H-8 and H-8') and 1.44 (H-9, H-10, H-9’ and H-10'). In
the HMBC experiment (Table 3), these methyl groups correlated to
the carbonyl carbons [dc 212.1 (2xC=0), 192.4 (2xC=0)] thus in-
dicating the presence of two moieties of a symmetrical -triketone.
The resonances of a methine proton (dy 4.69, s, H-1”) and an iso-
propyl group (dy 2.37, hept, H-3” and 1.02, d, H-4”, H-5"), similar to
those in 1, were also observed. Rhodomyrtosone D or compound 4
is therefore 5a-isopropyl-2,2,4,4,7,7,9,9-octamethyl-7,10b-dihydro-
4H,5aH-benzo[b]benzo[4,5]furo[3,2-d]furan-1,3,8,10-tetraone. The
HMBC correlations (Table 3) of the methine proton H-1” to the
C-5(5"), C-6(6’) of a B-triketone, to C-2” and C-3” of the isopropyl
group along with the down field shift of C-2” (¢ 128.2) confirmed
the assigned structure. In addition, it was in good agreement with
a molecular formula of C;5H3,0¢ and the ion peaks at m/z 385, 358,
315 and 288 (Fig. 1). In the NOEDIFF spectrum, irradiation at the
resonance of the methine proton H-1” resulted in enhancement of
the isopropyl protons, indicating its cis stereochemistry.

It has been suggested that rhodomyrtone (5) arises from pre-
cursor 12.2 Rhodomyrtosone A (1), we suggest, would thus be

. +
60 010 _‘ :
- C3H7 -2 (CH3)2C=C=O
O O e

m/z 385 m/z 428

- (CH3),C=C=0
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derived biogenetically from the oxidation of the isobutyl side chain
of precursor 12 followed by formation of benzofuran via cyclization
and dehydration. Rhodomyrtosone D (4), we suggest, would then
arise from a condensation product (13) of leptospermone (14) and
a syncapic acid (15) as a consequence of the oxidation and benzo-
furan formation as suggested for compound 1.

In conclusion, four new and six known compounds have been
isolated from the leaves of R. tomentosa. The unique structures of
these new compounds consisted of the B-triketone moiety, which is
rare in natural products but have been commonly found in the
plants of the Myrtaceae family. Although a number of acylphloro-
glucinols condensed with a B-triketone moiety have been repor-
ted,>13-1> rhodomyrtosone A is the first example with a novel
bisfuran fused-ring skeleton and rhodomyrtosone D is a lep-
stospermone derivative. Future studies will focus on the in-
vestigation of the other constituents and their biological activity.

3. Experimental section
3.1. General experimental procedures

Melting points were determined on a Fisher-Johns melting
point apparatus and were uncorrected. Optical rotations were
measured in CHCl3 solution on a JASCO P-1020 polarimeter. UV
spectra were recorded by a SPECORD S100 spectrophotometer
(Analytikjena). The IR spectra were measured with an FTS 165 FT-IR
Perkins—Elmer spectrophotometer. The 'H and >C NMR spectra
were recorded in CDCl3 by an FI-NMR Bruker Avance 300 and
500 MHz spectrometers using TMS as the internal standard. The
EIMS and HREIMS mass spectra were obtained from a MAT 95 XL
mass spectrometer (Thermofinigan). Column chromatography (CC)
and quick column chromatography (QCC) were performed on silica
gel 100 and silica gel 60H (Merck), respectively.

3.2. Sample collection and identification

R. tomentosa samples were collected from Singha Nakorn Dis-
trict, Songkhla Province in the southern part of Thailand during
February 2007. The voucher specimen (A. Hiranrat 001) was iden-
tified by J. Wai and has been deposited in the herbarium of the
Department of Biology, Faculty of Science, Prince of Songkla
University, Thailand.

- (CH3),C=C=0

- (CH3),C=C=0

m/z 315

m/z 358

Figure 1. Major mass fragmentation patterns of rhodomyrtosone D (4).
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3.3. Extraction and isolation

The dried ground leaves of R. tomentosa (2.1 kg) were succes-
sively extracted at room temperature with CH,Cl,, Me,CO and
MeOH. The Me,CO extract (46.6 g) was fractionated by dissolving in
hexane to give soluble (21.4 g) and insoluble (25.2 g) fractions. The
soluble fraction was then separated by QCC and eluted with hex-
ane-CH,(Cl,, CH,Cl,, CH,Cl,-Me,CO and Me,CO gradient solvent
systems. The eluted fractions were combined into fractions A-I on
the basis of their TLC characteristics. Fraction B (177.6 mg) was
subjected to CC and eluted with hexane-CH,Cl, (85:15) to give
fractions B1-B3. Fraction B2 (122.7 mg) was further purified by CC
using hexane-CH>Cl; (85:15) as an eluent to produce 10 (73.5 mg).
Fraction D (1.3 g) was subjected to CC and eluted with a gradient of
hexane-CH,Cl; (9:1) to CH,Cl,—Me,CO (95:5) to give fractions D1-
D8. Separation of fraction D6 (105.5 mg) on CC after eluting with
hexane-CH,Cl;, (1:1) gave 1 (14.1 mg). Fraction F (606.0 mg) was
subjected to CC and eluted with CH,Cl, and CH,Cl,-MeOH gradient
to give fractions F1-F7. Fraction F2 (194.8 mg) was rechromato-
graphed using hexane-Me,CO (97:3) as an eluent to produce
3(103.9 mg). Fraction F3 (183.6 mg) was further fractionated by CC
and eluted with CH)Cl, to give fractions F31-F36. Fraction F33
(138.1 mg) was purified by CC eluting with hexane-Me,CO (97:3) to
give 5 (23.0 mg). Fraction G (2.92 g) was subjected to CC eluting
with CH,Cl,-MeOH gradient systems to give fractions G1-G3.
Fraction G2 (1.13 g) was fractionated by CC eluting with hexane-
Me,CO (9:1) to give fractions G21-G29. Fraction G24 (66.2 mg) was
subjected to CC and eluted with hexane-Me,;CO (95:5) to give
fractions G241-G245. Compound 6 (4.2 mg) was obtained from
fraction G245 (36.9 mg) by crystallization from hexane-Me;CO
(5:1). The mother liquor was further purified by CC eluting with
hexane-Me,CO (95:5) to produce 8 (0.7 mg) and 2 (1.3 mg). Frac-
tion H (1.67 g) was fractionated by CC eluting with hexane-Me,CO
gradient systems to give fractions H1-H6. Compound 7 (15.7 mg)
was crystallized from fraction H5 (304.5 mg), using hexane-Me,CO
(5:1) as a solvent. Fraction I (10.0 g) was fractionated by CC and
eluted with hexane-Me,CO with a polarity gradient to give frac-
tions 11-I8. Fraction I4 (126.1 mg) was subjected to CC and eluted
with hexane-Me,;CO (95:5) to produce 4 (9.9 mg). Fraction I5
(210.6 mg) was subjected to CC and eluted with hexane-Me,CO
(95:5) to produce 9 (5.5 mg).

3.3.1. Rhodomyrtosone A (1)

A white solid, mp 125-126°C. [a]%> —1.1 (c 0.80, CHCl3). UV
(CHCl3) Amax nm (log ¢): 270 (4.39), 327 (3.42). IR (CHCl3) vmax
(cm’1): 3126, 2969, 2935, 2874, 1720, 1650, 1617, 1502, 1452, 1303,
1180, 1052. HREIMS m/z 456.2133 (calcd for CygH3,07 456.2148).
EIMS m/z (% rel int.): 456 (M*, 61), 441 (33), 414 (20), 399 (100), 372
(17), 247 (40). H and 3C NMR spectral data, see Table 1.

3.3.2. Rhodomyrtosone B (2)

Ayellowish gum. [«]3° —182.0 (c 0.06, CHCl3). UV (CHCl3) Amax nm
(log £): 292 (3.82), 333 (3.20). IR (CHCl3) ¥max (cm™1): 3372, 2975,
2952, 2868, 1717, 1653, 1622, 1468, 1385, 1256, 1158, 1038. HREIMS
m/z 442.2352 (calcd for CygH340¢ 442.2355). EIMS m/z (% rel int.):
442 (M*, 1), 428 (13), 413 (14), 386 (22), 385 (91), 330 (8), 315 (28),

236 (46), 221 (24), 167 (38), 166 (63), 149 (77), 123 (60), 97 (49), 70
(100), 69 (90). 'H and >C NMR spectral data, see Table 1.

3.3.3. Rhodomyrtosone C (3)

A yellowish solid, mp 80-81 °C. [a]§’ —23.5 (¢ 0.39, CHCl3). UV
(CHCl3) Amax nm (log ¢): 263 (4.15), 306 (4.19), 348 (3.60). IR (CHCl3)
Vmax (cm_l): 3423, 2952, 2868, 1717, 1659, 1617, 1594, 1466, 1382,
1362, 1183, 1158, 1038. HREIMS m/z 674.3853 (calcd for C41Hs40s
674.3819). EIMS m/z (% rel int.): 674 (M*, 1), 617 (100), 547 (7), 419
(8). 'H and 3C NMR spectral data, see Table 2.

3.3.4. Rhodomyrtosone D (4)

Yellowish crystal, mp 160-162 °C. UV (CHCl3) Amax nm (log ¢):
246 (4.08), 298 (3.24). IR (CHCI3) rmay (cm™1): 2974, 2935, 2879,
1717,1675, 1656, 1468, 1398, 1387. HREIMS m/z 428.2214 (calcd for
C25H3,06 428.2199). EIMS m/z (% rel int.): 428 (M*, 84), 413 (23),
385 (28), 358 (20), 330 (65), 315 (100), 288 (51), 287 (44), 273 (32),
260 (25), 245 (22), 232 (28), 217 (32), 189 (27), 96 (26), 91 (31), 69
(76). 'H and '3C NMR spectral data, see Table 3.
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