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Structural Analysis of Unknown Dyes Detected in Hajikami (ginger pickled in vinegar)

Fusako Ismikawal, Mitsuo Orsr, Tetsuya SHINDO, Masao HorIE, Akiko Yasur,
Shin-ichi UEHARA, Shuzo OGINO and Koichi ITo

(*Tokyo Metropolitan Institute of Public Health: 3—24-1, Hyakunin-cho,
Shinjuku-ku, Tokyo 169-0073, Japan; ' Corresponding author)

Hajikami (ginger pickled in vinegar) is often used as a relish for grilled fish, and it often
contains coloring agents. We detected Rose Bengal (R105) and two unknown dyes in some
Hajikami by thin layer chromatography.

In this study, we tried to characterize these unknown dyes by HPLC with photodiode array
detection (PDA-HPLC), liquid chromatography/mass spectrometry (LC/MS) and nuclear magnetic
resonance (NMR).

PDA-HPLC analysis showed that the spectra of the unknown dyes resembled that of R105,
suggesting the molecular structures of these two dyes are similar to that of R105. Furthermore,
LC/MS analysis suggested that the these dyes are R105 in which one or two iodines are replaced
by hydrogen. Finally, the two dyes were determined by 'H-NMR and !3C-NMR to be 4,5,6,7-
tetrachloro-3’,6’-dihydroxy-2’,7’-diiodo spiro[isobenzofuran-1(3H),9'-[9H xanthen]-3-one disodium
salt and 4,5,6,7-tetrachloro-3’,6’-dihydroxy-2’,7’-diiodo spiro[isobenzofuran-1(3H),9'[9H xanthen]-
3-one disodium salt.

(Received December 1, 2004)
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HESBRTIEHER) DKM (100 ug/mL)
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3. EBEH LU

HPLC: PU-1580 # 7, MD-1616 7 5 F ¥4 # — F
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LC/MS: LC i3 2695 /S —Ya vy EVa—i (U
A4 — % — X8, MS ld Quattro Ultima Pt (=4 7 ©
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NMR #&: JNM-a 500 (BARZEFEOED

4. TLC &f&

#EH . RP18 Fasys aluminum sheets (Merck #HED

BRAE: AFLTF T V-2 S ) — 5% Tk
FYwA(L:1:1)

5. PDA-HPLC &/

# 5 & COSMOSIL 5C18-AR (4.6 mm i d. X 250
mm, FH4 54 7R EOED; BEE: A 05% K
7 E=9LSEFAY ) —A-TEPF=b)AK(E:3:
4) iR, B, 05% Bl 7 v &= v A5, A 10-
100-100% (0-30-404) ® ¥ 3 vz v rMAEH, BHE
. 360~600 nm; # 5 L {EE: 40°C, #HE#E: 1 mL/
min; FAE; 10uL

6. LC/MS &4t

LC%&# # 3 &: CAPCELL PAK C18 UG120 (2.0
mm i.d.X 150 mm, SHISEIDO &) ; %Ei#E: Ak, 7+
F=FY, B, 001 mol/LEFMET vE=9 A, AR
5-40-50% (0-30-504) @/ 3 YT v riAH:, #5 4
HEE: 40°C; Fu#E: 0.2 mL/min; ZEAR: 1uL

MS&#H: A4 {LtE—F: BSI(—);, ¥+ E3Y—-F
JE: 200 kV; 2 — v BFE: 35 V; 4 &+ ViIEEE:
120°C; Bty 2B E: 300°C; R+ + Y EH: m/z
380~1,000
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Fig. 1. TLC chromatogram of extracted solution of
Hajikami and standard dye solutions
Developing solvent: Methyl ethyl
acetonitrile-5% sodium sulfate (1:1:1)
St: Xanthene dye mixture (R3, R104, R105, R106);
R3: Erythrosine; R104: Phloxine; R105; Rose Ben-
gal; R106: Acid Red; R105 old: Rose Bengal so-
lution after prolonged storage; Samp.. Extracted
solution of Hajikami; R401: Violamine R; R103:
Eosin; St2: Azo dye mixture (Amaranth (R2), New
Coccine (R102), Sunset Yellow FCF (Y5))

ketone—

BH U, IBHEAE S 5 ABEAKRTAIB, IROVTA VYT
VYT 4 — (045 um) TAHEE, BEERE (50°C) L
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54 L. Fig LIemRLic& 9T, @R Uhambks» S
3z Ey FEBHSH, 1 ARy PO RF{EIZRI05 &
—FLfhs, o2 2Ky b (RfE 047, 0.09) FWV
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3 LKA O 2 v RENEINT 5 & OWMEY b 5
TERD, THhoD2@EMRIOND I vREEETH
ZafeE=E A, R106 REAIRFEREZDITLIZE A3 R
By FHBRBHLI, TRENECH»LHEDO D E RF
E, BFES—FL. COBRLD, EUhasoRES
N7 R105 DAL 0 2 B3 13 R105 MBERY © b 5 AHE
HBEZ SNk,

2. PDA-HPLC

& U A, R105 REMRER B & O R105 2K
ERRTEMOR, ENLEEARITZEER) 2ER5
HEBICRLIRETHIT L. Fig 21cRk Lk o0
USRS 513 8 £ — 7 (P1, P2, P3) 45, R105 E17
REE» DS 3 E—7 (P1, P2’, P3') %5, R105 jEHeys



BFUhdH (EE) » oS Wi RNEEROMSE

95

June 2005
A P1 P2 P3
B
P1" P2 § P3
C
P1” P2" || P3"
n
D R105
....... ;-
0 10 20 30 40
(min)

Fig. 2. HPLC chromatograms of extracted solution of
Hajikami and R105 standard solution
HPLC conditions: column: COSMOSIL 5C18-AR
(4.6 mm i.d.X250 mm); mobile phase: A, MeOH-
MeCN-H;0 (3:3:4) containing 0.5% ammonium
acetate, B, 0.5% ammonium acetate, A 10-100-
100% (0-30-40 min); detection wavelength: 350~
600 nm; column temp. 40°C; flow rate: 1 mL/min;
injection volume; 10 zL
A: Extracted solution of Hajikami; B: R105
solution after prolonged storage; C: R105 standard
solution (standard obtained from Tokyo Kasei
Kogyo Co., Ltd); D: R105 standard solution
(standard obtained from the National Institute of
Health Sciences)

GERLERTZEGRDED »5b 3 B —2 (P17, P27, P3") A8
BliE N/, Pl Pl P & REEER D & Mt B0
(30.8, 31.7 53), BARBINEE R > TV (Anax 539,
545 nm, Fig. 3A). P2, P2’ & P2" (2155 &L O AIHELR
N A RS b WV (Amax 539 nm, Fig. 3B) AA—F L1z, £/
P3, P3’, P3" I3 REFHM B K U REIZINR <2 v
{Amax 557 nm, Fig. 3C) 25 R105 &%k (B #4805
EER) SR—Thb, TNSIZRI06ThB T &R
ahi. '
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Fig. 3. Absorption spectra of P1, P2 and P3 (R105)
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3. LC/MS
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75V EBRESLOEEEMAT, & Ch A
7%, R105 EMARAERS & U R105 8 GRR{LEK T
BOED 204 L7z,

i U S HHE O LC/MS St ofER % Fig. 4 TR L
2. Fig. 4B lKRL A& 512 P3 (R105) DA R Y bV
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Fig. 4. Total ion chromatogram (TIC) and mass spectra of extracted solution of Hajikami
LC conditions: column: CAPCELL PAK C18 UG120 (2.0 mm i.d.X150 mm); mobile phase: A, MeCN, B, 0.01 mol/L
ammonium acetate, A 5-40-50% (0-30-50 min); column temp.: 40°C : flow rate: 0.2 mL/min; injection volume:l xL

A: TIC; B, C and D: mass spectra of P3, P2 and P1

KRLEZPLPLEBVWTHPIELFLLIBTRAANRYS
hovsey — vHERIE N, BLAYEoEWIEEROS
Tdh 7. RS+ v OBELRVThOLEY b3
F—Thv, ERORMEEELD SEHS N 2THRES
b—FT BT EMD, Pl BLU P2 OAFHICIEP3 &FH
BIcAEOEENERET S EMREBEN, P1&P2
O [M—2Na+H]" 44 ¥ 3 m/z 719 B L T 845 I3
5h, FNFNONTEIZT64 B L0890 TH D LHEE
&hi.. Pl & P2 P2&P3 (RI05 £F&E1,016) HO
EEEF 126 ThHY, IhidiEho s vRSKRCE
BLEABOERZEIC—HT 3. DLoERN,PSPLIEPS
OfgER O3 vE 2 @, P23 vk 1 HEMKREHRS
N-EETH B RIS N,

X 5 R105 EXRER S L URF{LER T E GO B O
R105 #E#EiE & i LC/MS M 2TV, #/ohic P
L P2 P1",P2"D<wRA~Y bk LR Pl BXLU P2
DENERE L. ZOREPL & P1, P2 & P2'E P2

Table 1. 'H-NMR Spectral Data for P1, P2 and P3
(R105) in Methanol-d4

Pl P2 P3 (R105)

ppm JinHz &ppm JinHz Jppm Jin Hz

1 7.54 s 7.56 s 7.57 5
4 6.46 s

5 6.46 s 6.60 s

8’ 7.54 s 7.57 S 7.57 s

HzhZhE—{taWch s BRI i,
Pl’ i3 P2 LHERB LTI 72 Y ¥y — VHE—T
H2BCEMmLP2 D3 vVRONEBEORL BEREATH
ZzEpRBahi, TOT EMS P, P2 3 ERERN
WAEBRSEY ICRH SN TV ANEER, o3y
FOMNBEORN 2 2 O triiode (LA TH 3 T & TR
=X (Y
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Table 2. '3C-NMR Spectral Data and HMBC Correlations of P1, P2 and P3 (R105) in Methanol-d,
Pl P2 P3 (R105)
¢ ppm HMBC 6 ppm HMBC d ppm HMBC
1’ 139.6 139.3 139.1
2’ 100.4 H-1’, H-4' 96.5 H-1’ 96.6 H-1’
3’ 178.9 H-1’ 175.2 H-1’ 175.3 H-1’
4’ 102.7 75.9 75.7
5 102.7 102.9 75.7
6’ 178.9 H-8’ 178.7 H-8’ 175.3 H-8’
7 100.4 H-5', H-8’ 100.5 H-5’, H-8’ 96.6 H-8’
8 139.6 139.6 139.1
9’ 147.8 H-1’, H-8’ 146.9 H-1’, H-8' 146.2 H-1', H-8’
4'a 159.9 H-1’, H-4’ 158.8 H-1’ 159.7 H-1’
10'a 159.9 H-5", H-8’ 159.9 H-5', H-8" 159.7 H-8’
8'a 1134 H-5’ 113.3 H-5' 114.0
9'a 1134 H-4' 113.9 114.0
3 169.7 169.9 169.6
4-7, 3a 129.7 129.6 1294
and 7a* 129.8 129.7 129.7
132.4 132.5 1324
1324 132.7 1325
135.4 135.6 135.6
144.0 143.6 144.1
* The signals could not be assigned.
4. NMR HlE
avEOBEBMNEZMAENT, HUbsroikbiah
72 3% (P1, P2, P3) ® 'H-NMR & & U 13C-NMR % RI5E P1: R1, R2=H
L/, %@{'ﬁ%%% Table 1, 2 ‘:/‘]_:\.L/f:. 9N + P2: Ri=H, R2=1
P3 @ 'H, BC-NMR X <7 kI R105 DR X7 b o mtred
~F L, PSIRRIOSETH B EMNMR R F D Y
bR TE /. 1B, 'HNMR ©Tid 7.57 ppm (s, H-17, 8)
DY T FNDHA, BC-NMR Tld 14 KD ¥ '3 W HSEHI L

ShaC&, ELICHMBCICL 3 C, H OMEBEMED S,
P3O NMR 7— % 3+ 4 v 57 v EREAE T 2 65O
R105 DftFHEEE L X 2 bDTH - o (Fig. b).

P1 @ 'H-NMR X <% b VTl P3O H-1/, 8 icFHY T
% ¥ F v (754 ppm, s) ITHA, 6.46 ppm (s, H-4’, 5%)
DT FBERSN. £, BCNMR X <=2 VT
HPlIEP3ELERICIAERD Y7+ VARSI, &
bIT, MEBEBDARY b VEKIET 3 &, P3O 757 ppm
(C4',C5') @& 7'+ s P1 Tld 102.7 ppm & (EREEIC &~
7 r 950 LSNE, BEENT A FE Y T MEARL 2.
HMBC ¥ — # B LU LC/MS THEONKESFEm/z
719) 2 FEZAbHBE, PLEP3DCA, CERMDIvE
DIKFZICEBR L S TH B LR S (Fig. 5).

P2 ®'H-NMR 2~ b+ T 7.55 ppm (s, H-17), 7.57
ppm (s, H-8"), 6.60 ppm (s, H-5') ® 3K ®D & 7"+ VA3,
BBC.NMR Z %7 FIVTIE 20 KD & &+ VASERI S fuf-.
ChzP30RX~R7 bVEET 3 EP3DCE (75.7
ppm) O ¥ 7 F VA P2 Tid 102.9 ppm SEREEIC Y 7 b
TELMNE, BEEMUL A FE Y 7 MMEERLE, L
25T, HMBC ¥— 9 LU LC/MS THLhAHTFE
(m/z 845) A EZ &b B L, P2IIP3DCyRIDa vk

Fig. 5. Structures of P1, P2 and P3 (R105)

DBIKRFBCBRIS N LEBETH S RO T S M (Fig
B). )

P Lo#ERM,S, P1IZ4567-7 527 00-3'6-Yt
Fodv2/7-Y9a—-FRFo4vyxvYy 735 v 1(3H)
99HFH v 5 V13-4 V=7t Y vAall, P2i34567
Fh5/70w36-YVEFaFv247-b)a—FRE
o4 vRyy735 V- 1(S8H)Y[9HF Y v F 13-4 v =F
C) U AETH B LRSI L (Fig 5). B, Pl

EFRME TS D, P2 RARRNYAESHRE LB

® R106 OfIpEEFE LE—{t&YTH - .

5 REHR

R105 7 & 3 v FEAMiEE U - B OEREES 5 VWA
FBE A 5 B CRERB 1T - 2. R105 (EHAE
SCEAFTREME R DK (100 wg/mL) A ER B X CEHE
ITTFCRELELD, RULHBHEEITHEILPD
R105 % &WEIC &R (100 ug/mL) L, ERTHRELLS
DD IBHEOLHT T 6 M AKRE L 2. BRI THRE
Wi 1 BETRELTOBOMBRELL, EErERIE
ERBATER LB AL L GEELAY. ThoDERI
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0.1 mol/L 7kE{bF + ) ¥ £ ZNNA 3 L TEBEEEK L, 7R
ESETE Lo o, 0.1 mol/LKER{bs b U v A% A &
CEMUCHZERREE L choldhotizs
HPLC ZHWVWTREEL R, RI06ICHT2EIGELT
R LUKIES, ERNREKERTEPLSH 3%, P2 54
20% MR L. Uh LERIT TRERS L CREFRER
T P2H 2~3% ERT E20AHTPLIZEEALERKL
i ote, COREELD, R105 RKAKDTHRAICT Y
FAWEEEL T PL, P2 24T 50, BRERLEEERL
TS 5 L RN EETH B EBPEOhEE . &
1B OEH D S b T LhBESRHE AW &b
5, COMBEFERBRES L/ RI05 KAEKICIZ LIS
(£ #RELTEBLLE FFETICIhcAIEeES
EZiohi.

F & B

TLC, PDA-HPLC, LC/MS # X ' NMR 2 W T, R
106 FHBRTROH BB Uhds (EE) hroRbHshk?2
> ORABEOHEBEMTE L. TLC 8L U PDA-HPLC
DOWIXZ =2 badp s, Thb2EHEIGIRI05 UL
TREEO(LAYTH B T EREES N, LC/MS O
HERED, 2BFIZRIOBLS 1EVLE 2HO 2 vHRMSE
BEL-BED(LAYITH BT LRSI NL, SSKIH-
NMR, BC-NMR 2 <2 V5, Th S52BF
4567-F 520036V Fafv2' 7.3 —F2R
Falf4vyxr/735 v 18H),99H]F+vF v]3-4 v
—F U sl BLUP4567-F 5370036V
Fafv2,47-b)a—-Fatolfyxvy735v-1
(BH),9-[OH1* % v 7 V13-4 v=4 VU LIETHB LB
FEshit.

E 33
BETEREED £ UOREENIR ) XIF ) R E
TERERREE O 2 LT 5.
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