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Oryzamutaic acids B–G (1–6), structurally unique nitrogen-containing heterocyclic alkaloids, were iso-
lated from the endosperm (polished rice) of an Oryza sativa mutant. The structures and relative stereo-
chemistries of 1–6 were elucidated on the basis of spectroscopic and single-crystal X-ray diffraction
analyses.

� 2009 Elsevier Ltd. All rights reserved.
Rice (Oryza sativa) is a major cereal crop in the world. The rare
rice cultivar Hatsuyamabuki, which has yellow endosperm, was se-
lected from the progeny obtained by treatment of the rice cultivar
Kinuhikari with c-rays. The agronomic traits of Hatsuyamabuki are
almost the same as those of Kinuhikari except for the color of the
endosperm. Recently, we isolated oryzamutaic acid A, a novel type
of yellow pigment with a nitrogen-containing heterocyclic ring
system, from the yellow endosperm (polished rice) of Hatsuyama-
buki.1 Oryzamutaic acid A has attracted great interest from bioge-
netic point of view. In our continuing study of yellow pigments in
the endosperm of Hatsuyamabuki, we isolated oryzamutaic acids
B–G (1–6). In this Letter, we describe the isolation and structure
elucidation of 1–6.

The endosperm (40 kg) of Hatsuyamabuki was extracted with
200 L of aq MeOH (MeOH/H2O, 1:9) for 1 day at 25 �C. Then, 1.8 L
of aq MeOH (MeOH/H2O, 5:1) was added to the extract (648 g),
and the solution was centrifuged at 3500 g for 10 min at 25 �C.
The supernatant (368 g) was subjected to C18 column chromatog-
raphies followed by C18 HPLC to yield oryzamutaic acid B (2,
3.4 mg, 0.000009% yield) and C (3, 0.6 mg, 0.000002% yield) as yel-
low powder, and D (4, 46.0 mg, 0.000115% yield), E (5, 17.8 mg,
ll rights reserved.

: + 81 942 53 7776.
0.000045% yield), F (6, 1.8 mg, 0.000005% yield), and G (7,
5.2 mg, 0.000013% yield) as colorless powder.

Oryzamutaic acid B (1)2 had the molecular formula, C17H23N3O4,
established by HRESIMS [m/z 334.1759 (M+H)+, D �0.2 mmu] indi-
cating eight degrees of unsaturation. The 13C NMR and DEPT 135
spectra resolved 17 carbon signals comprising four quaternary car-
bons, including two carbonyls, seven methine carbons, and six
methylene carbons (Table 1). Oryzamutaic acid C (2)3 showed al-
most the same HRESIMS, 13C NMR, and DEPT 135 spectra as 1.
Oryzamutaic acid D (3)4 had the molecular formula, C17H25N3O4,
established by HRESIMS [m/z 336.1916 (M+H)+, D �0.2 mmu] indi-
cating seven degrees of unsaturation. The 13C NMR and DEPT 135
spectra resolved 17 carbon signals comprising four quaternary car-
bons, including two carbonyls, five methine carbons, and eight
methylene carbons. Oryzamutaic acid E–G (4–6)5–7 showed almost
the same HRESIMS, 13C NMR, and DEPT 135 spectra as 3.

The gross structures of 1–6 were elucidated by analyses of 1D
and 2D NMR spectra (Table 1, Fig. 1). The 1H–1H DQFCOSY spectra
of 1–6 indicated two partial structural units. The HMBC for H-7 to
C-6 and C-11 and their chemical shifts indicated the connection of
C-6, C-7, and C-11 through a nitrogen atom, and the correlation for
H-6 to C-4, C-5, and C-13 indicated that C-4, C-6, and C-13 attached
to C-5. The HMBC for H-14 to C-13 and their chemical shifts indi-
cated the connection of C-13 and C-14 through a nitrogen atom,
and the correlation for H-12 to C-13 indicated the connection of
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Table 1
NMR spectropic data (800 MHz, D2O) for oryzamutaic acid B–G (1–6)

Position Oryzamutaic acid B (1) Oryzamutaic acid C (2) Oryzamutaic acid D (3) Oryzamutaic acid E (4) Oryzamutaic acid F (5) Oryzamutaic acid G (6)

dC, mult. dH (J in Hz) dC, mult. dH (J in Hz) dC, mult. dH (J in Hz) dC, mult. dH (J in Hz) dC, mult. dH (J in Hz) dC, mult. dH (J in Hz)

1 176.2, qC 176.2, qC 176.0, qC 176.1, qC 176.1, qC 176.1, qC
2 55.7, CH 3.72, t (6.2) 55.5, CH 3.71, t (6.3) 55.7, CH 3.73, t (6.1) 55.6, CH 3.70, t (6.2) 55.6, CH 3.70, t (6.2) 55.8, CH 3.71, t (6.2)
3a 31.3, CH2 2.01, m 31.5, CH2 2.04, m 31.3, CH2 1.99, m 31.5, CH2 2.02, m 31.4, CH2 2.03, m 31.1, CH2 1.96, m
3b 1.95, m 1.97, m 1.93, m 1.95, m 1.96, m
4a 24.3, CH2 2.37, t (8.1) 24.1, CH2 2.48, m 24.3, CH2 2.34, m 24.0, CH2 2.45, m 23.9, CH2 2.44, m 24.1, CH2 2.36, m
4b 2.36, m 2.31, m 2.29, m 2.28, m 2.28, m
5 101.0, qC 100.6, qC 99.8, qC 99.3, qC 98.6, qC 98.9, qC
6 154.7, CH 7.40, s 154.9, CH 7.43, s 160.6, CH 7.36, s 160.6, CH 7.38, s 158.3, CH 7.44, s 158.0, CH 7.40, s
7a 130.5, CH 6.42, m 130.5, CH 6.43, m 55.2, CH2 3.64, m 55.2, CH2 3.66, m 58.2, CH2 3.68, m 58.1, CH2 3.66, m
7b 3.20, m 3.20, m 3.48, m 3.47, m
8a 113.9, CH 5.33, m 114.0, CH 5.34, m 25.8, CH2 1.78, m 25.8, CH2 1.78, m 30.3, CH2 1.78, m 29.7, CH2 1.77, m
8b 1.57, m 1.58, m 1.53, m 1.57, m
9a 22.0, CH2 2.20, m 22.1, CH2 2.22, m 23.7, CH2 1.89, m 23.7, CH2 1.90, m 24.5, CH2 1.61, m 24.2, CH2 1.60, m
9b 2.18, m 1.38, m 1.39, m
10a 26.9, CH2 2.34, m 27.0, CH2 2.37, m 31.2, CH2 2.19, m 31.4, CH2 2.23, m 27.6, CH2 1.89, m 25.2, CH2 1.90, m
10b 1.66, m 1.71, m 1.33, m 1.38, m 1.60, m 1.58, m
11 58.5, CH 3.68, ddd

(15.8, 11.7, 3.0)
58.4, CH 3.65, ddd

(15.8, 11.3, 5.4)
60.0, CH 3.23, ddd

(16.2, 11.0, 3.5)
59.9, CH 3.22, ddd

(15.7, 11.6, 3.2)
62.8, CH 3.77, ddd

(12.2, 8.6, 4.1)
62.9, CH 3.72, ddd

(11.6, 8.3, 4.1)
12 40.8, CH 2.94, ddd

(15.8, 11.5, 5.6)
39.9, CH 2.84, ddd

(15.8, 11.3, 5.4)
41.7, CH 2.78, ddd

(16.2, 11.6, 5.5)
41.0, CH 2.71, ddd

(15.7, 11.5, 5.2)
38.0, CH 3.27, ddd

(11.5, 7.8, 4.1)
39.1, CH 3.36, ddd

(12.3, 7.6, 4.1)
13 167.2, qC 164.3, qC 166.4, qC 166.1, qC 164.4, qC 165.0, qC
14 58.0, CH 4.22, d

(6.3)
59.0, CH 4.11, dd

(11.3, 5.4)
57.5, CH 4.20, d

(6.1)
58.9, CH 4.06, dd

(11.4, 5.4)
59.4, CH 4.08, dd

(10.8, 5.2)
58.3, CH 4.16, dd

(6.1, 1.4)
15a 26.4, CH2 2.32, m 27.1, CH2 2.46, m 26.1, CH2 2.30, m 27.1, CH2 2.41, m 27.6, CH2 2.37, m 26.9, CH2 2.28, m
15b 2.14, m 1.73, m 2.09, m 1.69, m 1.71, m 2.10, m
16a 20.2, CH2 2.05, m 22.9, CH2 2.23, m 20.6, CH2 1.98, m 23.4, CH2 2.14, m 21.5, CH2 1.86, m 19.0, CH2 1.70, m
16b 1.34, m 1.48, m 1.24, m 1.41, m 1.67, m 1.53, m
17 179.2, qC 179.2, qC 179.4, qC 179.6, qC 179.5, qC 179.8, qC
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Figure 1. Selected 2D NMR correlations of oryzamutaic acids B–G (1–6).
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C-12 and C-13. The HMBC for H-2 to C-1 indicated the connection
of C-1 and C-2, and the correlation of H-14 to C-17 indicated the
connection of C-14 and C-17.

Oryzamutaic acids B–G (1–6) are considered to be biogeneti-
cally derived from three amino acids because their C-2 and C-14
Figure 2. ORTEP drawing of oryzamutaic acid E (4).
bind a carboxyl group and a nitrogen atom. In addition, another
nitrogen atom is contained in the molecules. The relative configu-
ration of 4 was determined by single-crystal X-ray diffraction anal-
ysis8 (Fig. 2), and the absolute configuration was elucidated on the
assumption that C-2 is in the configuration of L-amino acid. The rel-
ative stereochemistries of 1–3, 5, and 6 were deduced from analy-
ses of 1H–1H coupling constants and NOESY spectra (Fig. 3). The
J(H-14/H-15b) and J(H-14/H-15a) values of 1 (6.3 and 0.0 Hz,
respectively), 3 (6.1 and 0.0 Hz, respectively), and 6 (6.1 and
1.4 Hz, respectively) were similar to those of oryzamutaic acid A
(5.9 and 0.0 Hz, respectively).1 The NOESY correlations for H-15b/
H-12 of 1, 3, and 6 indicated that both H-15b and H-12 were axial.
Thus, the relative stereochemistries of C-14 to C-12 (through C-15
and C-16) of 1, 3, and 6 were similar to that of oryzamutaic acid A.
The J(H-12/H-11) values of 1 (15.8 Hz) and 3 (16.2 Hz) and NOESY
correlations for H-12/H-16a, H-12/H-10b, H-11/H-16b, H-11/H-
10a, and H-16a/H-10a of 1 and 3 indicated that the relative stereo-
chemistries of C-12 to C-11 of 1 and 3 were trans, like that of oryz-
amutaic acid A. The J(H-12/H-11) value of 6 (4.1 Hz) and NOESY
correlations for H-16a/H-12, H-16a/H-11, H-12/H-11, H-12/H10b,
and H-11/H-10b of 6 indicated that the relative stereochemistry
of C-12 to C-11 of 6 was cis. The J(H-14/H-15b) and J(H-14/H-
15a) values of 2 (11.3 and 5.4 Hz, respectively) and 5 (10.8 and
5.2 Hz, respectively) were similar to those of 4 (11.5 and 5.2 Hz,
respectively). The NOESY correlations for H-14/H-16b of 2 and 5
indicated that both H-14 and H-16b were axial, and the
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correlations for H-15b/H-12 of 2 and 5 indicated that both H-15b
and H-12 were axial. Thus, the relative stereochemistry of C-14
to C-12 (through C-15 and C-16) of 2 and 5 was similar to that of
4. The J(H-12/H-11) value of 2 (15.8 Hz) and NOESY correlations
for H-16a/H-12, H-12/H-10b, H-16b/H-11, H-11/H-10a, and H-
16a/H-10a of 2 indicated that the relative stereochemistry of C-
12 to C-11 of 2 was trans, like that of 4. The J(H-12/H-11) value
of 5 (4.1 Hz) and NOESY correlations for H-16a/H-12, H-16a/H-
11, H-12/H-11, H-12/H-10b, and H-11/H-10b of 5 indicated that
the relative stereochemistry of C-12 to C-11 of 5 was cis.

Oryzamutaic acids A and B–G (1–6) are structurally unique
nitrogen-containing heterocyclic alkaloids. Oryzamutaic acids A,
B (1), and C (2), which are yellow, possess double bonds between
C-7 and C-8, between N-3 and C-13, and between C-5 and C-6. In
contrast, oryzamutaic acids D–G (3–6) lack the double bonds be-
tween C-7 and C-8 and are colorless. Single-crystal X-ray diffrac-
tion indicated that N-2 of 4 was sp2 hybridized with some sp3

character. Thus, the resonance structure expanding from N-3 to
C-8 (through C-13, C-5, C-6, N-2, C-7, and C-8) is responsible for
the yellow color of oryzamutaic acid A, 1, and 2.
Oryzamutaic acid D (3) inhibited the root and shoot growth of
lettuce (Lactuca sativa) seedling (I25, i.e., 25% inhibitory concentra-
tion, 1.5 and 2.0 mM, respectively).
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