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Isolation and Characterization of Water-Soluble Intermediates of
Blue Pigments Transformed from Geniposide of Gardenia
jasminoides
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Gardenia blue dye was obtained through the reaction of methylamine with genipin, the aglycone of
geniposide isolated from the fruits of Gardenia jasminoides. The resulting blue pigments were passed
through Bio-Gel P-2 resin yielding five fractions, GM1—GMb5. Four fractions (GM1—-GM4) were all
blue pigments, and the first eluted higher molecular weight fraction GM1 had a higher tinctorial strength
than the later eluted lower molecular weight fractions, GM2—GM4. The last eluted GM5 fraction with
Amax Of 292 nm was colorless and was confirmed as the true intermediate of the blue pigments on
the basis of UV—vis spectrophotometric evidence. The GM5 fraction was composed of two epimeric
isomers, and their structures were characterized by 'H NMR, 'H—1H COSY, 3C NMR, and HMQC
and HMBC spectral measurements.
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INTRODUCTION

The fruit of Gardenia jasminoidess a unigue plant source
that provides a series of yellow, blue, and red colorants in the
food industry (). Yellow pigments in gardenia fruits, crocin
and related carotenoids, have been used traditionally for dyeing
foods and fabrics in East Asi&,(3). Edible blue pigments can
be obtained by a simple modification of colorless genipogide
(Figure 1), the major component of iridoid glycosides in
gardenia fruits4—7). Enzymatic hydrolysis of yields genipin HO
2 (Figure 1). The reaction o with primary amines such as
amino acids or proteins produces polymeric, water-soluble blue
pigments. Manipulation of the reaction conditions enables the
production of blue, green, violet, and red colorarits {This
simple process for the production of edible blue pigments from
genipin and primary amines is currently used by the food
industry of East Asia, including Korea and Japan.

Although the process to prepare the blue pigments from
genipin with primary amines is simple, the detailed mechanism
of blue pigment transformation is unclear. Reaction of genipin
with the simplest primary amine, methylamine, can provide
information regarding the transformation mechanism of the blue
pigments. Touyama et aB)reported that methylamine-reacted
genipin in aqueous ethanol gave a brownish-red reaction Materials. Dried fruits of G. jasminoideswere obtained from
mixture, which was supposed to consist of intermediates leading Kyungnam province, Korea, and ;tored in the refrigerator. The silica
to the blue pigments. They reported that the intermediates were%€! for column chromatography (Kiesel gel, 23000 mesh) and TLC

: . . . plates (Kiesel gel 60 F254) were purchased from Merck (Darmstadt,
organic solvent soluble while the resulting blue pigments were Germany) in order to isolate geniposide fr@njasminoidesBio-Gel

N " p hould be add o Tel. P-2 (MW fractionation range, 26€2600) resin was purchased from
To whom correspondence should be addressed. Tel: 82-31-201-2422. o armacia Fine Chemicals (Hercules, CA&-Glucosidase, NMR
Fax: 82-31-202-7337. E-mail: paikys@khu.ac.kr. B . : . .
t College of Environment and Applied Chemistry. solvents, and other chemicals including methylamine were obtained
* Plant Metabolism Research Center. from Sigma (Steinheim, Germany) and Aldrich (Milwaukee, WI).

R = Glucose 1 (geniposide)
H 2 (genipin)

Figure 1. Chemical structures of geniposide 1 and genipin 2.

polymeric and water soluble. There have been no reports about
water-soluble intermediates during transformation into the blue
pigments.

In this research, we isolated geniposidieom gardenia fruits
and hydrolyzed the compound wiflglucosidase. The resulting
colorless genipi2 was transformed into the blue pigments
through the reaction with the simplest amine, methylamine, to
elucidate the structural characterization of the blue pigments.

EXPERIMENTAL PROCEDURES
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Spectroscopic AnalysisThe UV—vis spectra were recorded on a
Milton Roy Spectronics 3000 spectrophotometét. NMR and 13C
NMR spectra in CDGlor D,O were measured on a 400 MHz FT NMR
(JEOL) at 400 and 100 MHz, respectively. EIMS spectra were obtained
with a JEOL JMS-AX505 WA mass spectrometer.

Isolation of Geniposide 1 and Genipin 2.Geniposidel from G.
jasminoideswas isolated using the methods of Endo and Tagu@hi (
with minor modifications. Geniposidg in acetate buffer (pH 5.0, 37
°C) was treated witlf-glucosidase fo5 h toyield genipin2. Detailed
procedures for the preparation ©fand 2 were reported previously
(6). The NMR spectrum of genipi@l in CDCl; showed two epimeric
isomers with the ratio of about 5:3H NMR (400 MHz, CDC}) major
component?a 6: 7.53 (s, H-3), 5.88 (s, H-7), 4.82 (d,= 8.5 Hz,
H-1), 4.35 (d,J = 13.2 Hz, H-10a), 4.29 (dJ = 13.2 Hz, H-10b),
3.74 (s, OMe), 3.22 (qd] = 8.5, 1.5 Hz, H-5), 2.89 (ddt] = 16.8,

8.5, 1.5 Hz, H-6a), 2.54 (td,= 8.5, 1.5 Hz, H-9), 2.07 (ddf = 16.8,

9.5, 1.8 Hz, H-6b)33C NMR (100 MHz, CDC}) §: 167.88 (CO),
152.44 (C-3), 142.06 (C-8), 130.86 (C-7), 110.78 (C-4), 96.34 (C-1),
61.34 (C-10), 51.29 (OMe), 48.23 (C-9), 39.04 (C-6), 36.69 (C43).
NMR (400 MHz, CDC%) minor componenb 6: 7.49 (s, H-3), 5.81

(s, H-7), 5.29 (s, H-1), 4.42 (d,= 13.0 Hz, H-10a), 4.21 (d} = 12.7

Hz, H-10b), 3.72 (s, OMe), 3.35 (td,= 8.0, 2.0 Hz, H-5), 2.74 (dd,

J = 16.5, 8.0 Hz, H-6a), 2.30 (br &} = 16.5 Hz, H-6b), 2.16 (m,
H-9). 3C NMR (100 MHz, CDC}) é: 167.80 (CO), 153.40 (C-3),
139.50 (C-8), 132.70 (C-7), 111.20 (C-4), 95.10 (C-1), 61.40 (C-10),
51.20 (OMe), 49.80 (C-9), 38.40 (C-6), 35.50 (C-5).

Transformation and Separation of Gardenia Blue Pigments.
Genipin2 (50 mg, 0.22 mmol) in 2 mL of 100 mM phosphate buffer
(pH 7.0, 70°C) was treated with methylamine (2.2 mmol) for 5 h. The
blue pigments were passed through Bio-Gel P-2 resin (MW fractionation
range, 206-2600) eluted with water. The column (262.2 cm) was
first washed with one bed volume of water and then eluted with 150
mL of water. Seventy fractions (2 mL/tube) of the blue pigments were
collected and measured at 290 and 585 nm with a-i¢ spectro-
photometer. Four types of blue pigments, GM1 (fraction nes9%
GM2 (fraction nos. 2%26), GM3 (fraction nos. 3t34), and GM4
(fraction nos. 3739), and a colorless GM5 (fraction nos.-467) were
collected and measured using BVis and NMR spectroscopy to clarify
their structures.

RESULTS AND DISCUSSION

Geniposidel obtained from gardenia fruits was hydrolyzed
with -glucosidase, and the resulting genigiwas transformed
into blue pigments through reaction with methylamine. -tV
vis spectra during the transformation of the blue pigments from
genipin with methylamine at 70C with a 1-min scanning
interval for 30 min showed that thinax of genipin at 240 nm
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Figure 2. UV-vis spectra for the formation of blue pigments from
methylamine-reacted genipin in 100 mM phosphate buffer (pH 7.0; 70
°C; scanning interval, 1 min).
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Figure 3. Elution profile of Bio-Gel P-2 resin chromatography for the
separation of blue pigments transformed from methylamine-reacted genipin
in 100 mM phosphate buffer (pH 7.0) at 70 °C for 5 h: GM1 (fraction
nos. 5-9), GM2 (fraction nos. 21-26), GM3 (fraction nos. 31-34), GM4
(fraction nos. 37-39), and GM5 (fraction nos. 46-57).
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decreased, while an intermediate peak at about 290 nm started§
rapidly to appear and then gradually decrease, and finally the 3
Amax Of blue pigment polymers at about 580 nm was produced §
(Figure 2). The transformed blue pigments were passed through <
a Bio-Gel P-2 resin chromatography column eluted with water,
and five fractions of GM+GM5 were collected Kigure 3).
Figure 4 shows the UV-vis spectra of GM+GM5 in H,O
(12.8 ug/mL each). Four fractions, GMIGM4, were blue
pigments. The first eluted, higher molecular weight polymeric
fraction GM1 had a much higher tinctorial strength than the
later eluted, lower molecular weight fractions GM@M4.
Absorption maxima in the blue region (ca. 580 nm) of GM1
GM4 were 0.225, 0.024, 0.089, and 0.086, respectiveiyure region at about 580 nm, confirming GM5 as a true intermediate
4). The last eluted GM5 fraction was not a blue pigment. of the blue pigments. There were sharp isosbestic points at 268
However, the colorless GM5 with an absorption maximum of and 315 nm. Further treatment of GM5 with methylamine under
292 nm was very unstable and easily converted into blue the same conditions elicited no spectroscopic changes, indicating
pigments.Figure 5 shows the transformation of GM5 to the that GM5 is already fully substituted with the methylamine
blue pigments at 70C with a 1-min scanning interval for 30  portion. Treatment of each GM2Z5M4 fraction at 70°C with

min, indicating that the absorption maximum of GM5 at 292 a 1-min scanning interval for 30 min or addition of methylamine
nm decreased, accompanied by an increase in the blue-absorbingt the same condition did not induce any spectroscopic changes,
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Figure 4. UV-vis spectra of GM1-GM5 in H,0 (12.8 ug/mL each).
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Table 1. NMR Data for Compounds 3a and 3b in D,O
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3a 3b
position 13c 1H (mult, J Hz) CosY HMBC (H— C) 13c 1H (mult, J Hz) CosY HMBC (H— C)
1 80.03 4.62 (d4.4) 9 3,5 79.42 4.76 (d 3.9) 9 3,5
3 14847  7.28(s) 1,5,CO0,NMe 14715  7.29(s) 1,5, COO, NMe
4 101.07 100.15
5 33.68 3.07 (td 7.3, 3.4) 6a, 6b, 9 4,9 34.32 2.94 (m) 6a, 6b, 9 4,9
6a 3931  2.59(ddt16.3,7.3,2.2)  5,6b,9 4,7,8 4015 2.67 (brdd 12.0, 8.0) 5,6, 7 7,8,9
6b 2.08 (br d 16.3) 5, 6a, 7, 10a, 10b 8 1.93 (br dd 12.0, 10.0) 5, 6a 7,8
7 129.63  5.65(3) 6b, 10a, 10b 5,6,8,9,10 13141 5.80(s) 6a 5,6,8,9,10
8 142.60 142.37
9 50.65  2.92 (m) 1,5 4653 279 (brdd 8.6, 3.9) 1,5 7,8
10a 60.04  4.08(d13.7) 6b, 7 7,8,9 6037  4.13(d13.7) 7,8,9
10b 4.03(d13.7) 6b, 7 7,8 4.10(d13.7) 7.8
COo0o 172.12 172.72
OMe 5196  3.55(s) C0o0 5201  357(s) co0
NMe 39.72  2.86(s) 1,3 4101 2.95(s) 1,3
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Figure 5. UV-vis spectra for the transformation of GM5 into blue pigments
in 100 mM phosphate buffer (pH 7.0; 70 °C; scanning interval, 1 min).

suggesting that each GMZM4 fraction is not any intermediate
able to transform into the blue pigments.

The IR spectrum of GM5 disclosed a hydroxyl band at 3424
cmt and a conjugated carbonyl band at 1676-énThe
molecular formula of GM5, &H17;NO,4, was deduced from the
molecular weight of 239.1158 based on HREIMS, 1D and 2D
NMR data, and EIMS and spectroscopic data of geniin
(C11H140s), a typical iridoid compound containing a hemiacetal
group. The only difference between GM5 addas that GM5
had a—NCHjz group instead of one oxygen atomZnAccording
to H and®3C NMR spectra, GM5 was not a single compound.
GM5 was composed of two isomers (12 carbons each) with
the ratio of about 3:2Table 1). A similar situation also occurred
in genipin 2. In our experiments? in CDClz showed two
epimeric isomers (11 carbons each) with the ratio of about 5:1,
although Djerassi et al10), Endo and TaguchBbj, and Drewes
and Kayonga11) did not describe epimers of this compound
in CDCl;. They reported only the major component 2fin
CDCls. We found that the epimeric position of genifrwas
the hemiacetal carbon with values &f96.34 and 95.10 and
with hydrogen atoms abd 4.82 and 5.29, respectively. The
presence of hemiacetal type carbon was also apparent in GM5
TheH NMR spectrum of GM5 showed signals of two sets of
15 hydrogens (approximate area ratio of 3:2) including two
olefinic hydrogens. Thé3C NMR spectrum contained signals
for two sets of 12 carbons (approximate area ratio of 3:2)
including 1 ester carbon @172.12 and 172.72 and 4 olefinic
carbons. HMQC data revealed that two sets of 9 carbons, 2
aromatic and 7 aliphatic carbons, were attached to hydrogens

methylamine.

The HMQC spectrum of GM5 clearly showed two sets of
nitrogen-containing hemiacetal type carbon atoms &80.03
and 79.42 with hydrogen atoms@#.62 and 4.76, respectively.
Two sets of methoxy group carbon atoms (QLHt 6 51.96

and 52.01 with hydrogens ét3.55 and 3.57 and aN-methyl
group carbon (NCh) at 6 39.72 and 41.01 with hydrogens at
0 2.86 and 2.95, respectively, were also shown by the HMQC
spectrum. Two sets of one carbon (C-10)&0.04 and 60.37
connected with two hydrogens @#4.08, 4.03 and 4.13, 4.10
and another carbon (C-6) a4t39.31 and 40.15 connected with
two hydrogens ab 2.59, 2.08 and 2.67, 1.93, respectively,
indicated that GM5 had two methylene groups. The COSY
spectrum data ifable 1 show an obvious coupling between
hydrogens of positions 1, 9, 5, and 6%4.62, 2.92, 3.07, 2.59,
and 2.08 (major) and 4.76, 2.79, 2.94, 2.67, and 1.93 (minor).
Two sets of HMBC correlations between hydrogens ef@H;

and C-1 #J) and C-3 §J) confirmed the location of thH-methyl
group (Table 1). TheH—13C long-range correlationsJ) were
also observed between H-3 and C-1, C-5, COO, and NMe. The
structure of GM5 Figure 6) was further ascertained by
comparison with'H and 13C NMR spectra of genipir2 and
three monomeric, organic-solvent-soluble components described
previously 8, 12) and our unpublished datkigure 6 shows a
proposed mechanism for the conversior2efith methylamine
into 3a and 3b.
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