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SUMMARY

Neohesperidin dihydrochalcone (NHP-DC) is an intense sweetener,
1800 times sweeter than sucrose. It also contributes flavor enhancing
and modifying properties. NHP-DC has been recently authorized in the
European Union as an intense sweetener in a wide range of
energy-reduced of non-added-sugar foodstuffs, and also as a flavor
enhancer in an additional number of foods at concentrations below the
sweetness threshold.

Naringin and neohesperidin can be chemically converted into
NHP-DC. An analytical method to detect and quantitate flavonoid has
been developed and 27 kinds of Korean Citrus have been determined in
research searching for citrus species with high naringin and
neohesperidin contents., The cultivar Dangyooja (Citrus grandis
Osbeck) of the local citrus spp. of Cheju has a higher neohesperidin
content than the ‘Afin” and ’'Bouquet de Fleur’' varieties of Citrus
aurantium L. which is currently being used for the commercial
acquirement of this flavonoid. Neohesperidin extraction solution has
high viscosity due mainly to the pectin and saccharides. Therefore,
the hot 80% methanol neohesperidin extraction process had to be
supplemented " by nonionic polymeric adsorbent purification. Eluted
nechesperidin solution was chromatographed on HPLC for neohesperidin
purification.

The target molecule of this research, NHP-DC as an intensive
sweetener, was prepared via the sequential reactions starting from
naringin hydrate or neohesperidine. Especially, the preparation of

NHP-DC using neohesperidine as a starting material gave the excellent



yield and high purity. In this case, the simplification of synthetic
process by one-pot reaction would be attribute to achieve the
industralization owing to the reduction of cost.

For the purpose of industralization of NHP-DC, further research
based on these results should be focused on the neohesperidin
concentrate and purification process and the reaction condition,

recrystallization, yield, and purity of NHP-DC,
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dihydrochalcone & (Fig 1) sucroseRT}l 1500~18008] Tigto] 73t oz
n=72tu| 8 (FEHBREH%E, intensive sweetener)Z# 19634 Horowitz
& Gentiliof &3] H=x2T RuFglen #H2| EU Membership States,
Argentina, Switzerland W ChequiaolA 2A]Foj2] ARgo] $Fo] drt
(Bar et al. 1990). =3] NHP-DC: sugar alcohol @ T}E I zn|=Ziu|g
o} E3 A& Al 33| A BE(5 pen)ol A FHojd YSHAE e
olu g} flavor modifier® 2}-83tod cost A7 ¢ & Znjge Ha 2
A28 |5 4 glon =Y 2o o] sucrosedt ul¥ KA FHE
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Fig 1. NHP-DC
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> NHP-DC A= & 7
H]s=¥t FZ2] flavonoid W flavonoid chalconeS W2 Al EA o] A
WA 3 Qliu] 3] NHP-DCE= X 27HA] QAN WAY RaJ} glo
H naringin i nechesperidin® ZHE AX i Qlch. 53
naringing 293 ol§o] 7he¥ F=29 W2 o] F4IE L} neohesperi
-ding& AYgF o R -§831%] £33l naringing EUEAE neohesperidin
S AX NHP-DCE ¥HITA|Z]= wio] dR=EPE] HIAEr} (Horowitz &
Gentili, 1963). ¥ A HAL, naringing dZe U ToA
phloracetophenone 4’-B-nechesperidoside® £3]3}3L TiA] ¢ze] =27
A isovanillin®} &% A7 neohesperidin chalcone® BAAIZI F
cyclized}od neohesperiding AAAA]F]|I o]F hydrogenationr]F]|= ZHo.

2 F4=]o] 2t} (Krebechek et al. 1968).

> NHP-DC2] A] 38

NHP-DCE= ZulE % flavor modifier2M ] Higo] Hojdol= &
sta Az71ed g3 W FEred EFELE AEAddd €8 o
A Bt ot T 493t 9 o8 Jlao]l FAE BEAT AFolY
A gHo] ¥as o] glth NHP-DCE: 1998 ¥z 4508/kgoll THujE L gl
IRINA 222 B HZ A= agos gujge AE 9 o¢t
F, Ao} T vAFE &AM HEA o] FF3L glo] oA
A g o] 2EHE £UFsEol I3 &2 L= FIHACH

NHP-DCS] A|FFEE ¥A dzl AMgEI e ImnE,
Aspartamez} ®]aL ol & ], dE2 1996 ¥ AlE3o] It 180-190F
of ol=n, 19974 ¥x| A&EE FHo| 409%4 o]Erh %LH*]%‘%E#
o 608 (1997d)olm H& FEEE Aot UL 2] Aspartame A%
I Hg E2o| ulzy ol (1995 E:= 1996d) FH3 F71% He=
nl o] FujAIRe] whE g o] &Hch
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FuUolA A== AERENE WA flavonoid, naringin E
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- A)%t naringing o]-23t WHEE7IA] ¥4
€ FUAZRY HFH5AHEE NHP-IC ¥4
© NHP-DC A2 27 ¥y

]
- ®h
- Naringin®. E5€ NHP-DC AR XA ¥l
© NHP-DC &gy =& o F3 N4
- ZF el uiRt FAE AE
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Hl 2 & “Neohesperidin-dihydrochalcone

A=Y 2 S 227 Zof

# 1 A Neohesperidin @ Naringin £x] Alu}
% 9 B4 =

1. A A

Felvehs 71834, Aoz AR F HEtte] Xt g
o] uidbdo] e witidlAe] 2Fuzte] zhE it FFE olFH
(Lee, et al., 1987), A Aitake] 705 F=F x5t Uch uwhelA
2 Z7HA] =4t ZFHE o] 83 NHP-DC A2 F= HUE flavonoide] &
AdF= AFE AFolct

NHP-DC A Zojl&= neohesperidin ¥+= naringin BF7} 2UERE o]
€9 4 9lt}l. Neohesperidin hydrogenation L3S E NHP-DCE A|Z
g 4 9l o1} neohesperiding T}&F 3§31 EFo] “ED F3 AHgH
o]&°] 7Hedt &A= JUEe] U] o AFo|t). olo] H|3| naringin
2= NHP-DCE #2317 fl3lixe 943 dzde] 9 320 #sf, gz
2] ZZolMe] %3, cyclize W hydrogenation ZFE AXol dht}
naringin grapefruit®] $3 flavonoid® T}er 23} ojm] A o]
£o] 7Hedt & Z JPdElo] glo] NHP-IC AR AT K8 Hog B
=3 9lt} (Krbechek, et al., 1968). ¥ 2§ neohesperidin &0 o]&
3 = 3L Spain®] sour orange ‘Afin’ 3} ‘Bouquet de Fleur’ & o]
E%59 v|<53} (diameter 8-1mm)ofl Z}z}b 27.2, 29.3% (dry weight basis),
%3 (diameter 40-45mm)oll= 2tz 1.0, 3.7% 3R] 9lom 3yl

naringin Citrus paradisi u|<3}o] 75% (Keterson and Hendrickson,
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1953), grape fruit cultivar ‘Issac’ n]<zlol] 88% ¥R How RIE
3 Qlt} (Ortuno, et al., 1997).

At 272 naringin U nechesperidin ¥&fo g = U7t %3}
}39]8] naringin ¥38Fo] 3.03% (dry weight basis) (& & 1977), XAz}
Z]2}2] naringin ¥&Fo] Z}z} 1.09~3.06%, 2.83~4.25%, neohesperiding
Z}z} 0.050]3}~0.09%2} 3.01~4.84% TS5 o] gt} (2 5 1989). H}ER
th 23] Fo o] AF3] B gAY uwl I fao] o} o)
AWH wel AR ez F4ste Z¥E Boln AU naringin T
< A Zto] 949 slollA 19 FE7IA] 7.51%00 4 4.31%2, F-F=}7} 3.52%
ollAl 2.46%%, ZAERX|7} 4.59%0]A 2,202, FFo] 3.65%0lA 1.74%=%,
FHzAgo] 5.20%0 4] 1.68%2 ZA3tAT (% 5 1998).

2 oM FUA AFFEFE ZAY o= NP-IC A2 48

$43}7] 9istod EEY flavonoids Prg BT L 7t 5 &)of

wHE flavonoids ¥&F W3HE 31t
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2. A4z {9y

7l AlE

ZEF 5748 flavonoids ¥F EHAEZ:= 19989 AHFx 547
SdoflA 1Y +33t wf-Al (Dangyooja, Citrus grandis Osbeck), X2
(Jinkyool, Citrus sunki Hort. ex Tanaka), A|Z} (Jikak, Citrus
aurantium Linn), 7YX} (Kamja, Citrus benikoji Hort. ex Tanaka), B Z&
(Pyunkyool, Citrus tangerina  Hort. ex  Tanaka), e
(Dongjeongkyool, Citrus erythrosa Hort, ex Tanaka)®] BEANIZIH 6
% ZA=A (Okitsu Early, Citrus unshiu Marc,), t]Z4Z (Ootsu
No.4, Citrus unshiu Marc.), Y743 (Nankan No.4, Citrus unshiu
Marc. )2l &F9UZHF 3%, NW{UE (Sirayanagl, Citrus sinensis
Osbeck), 2 7WE (Seike, Citrus sinensis Osbeck), ZAUE (Yosida,
Citrus sinensis Osbeck)?] UEBL#AXHF 3F 0 JelettiHQd A¢EAS
8l (Sweetspring, Citrus unshiu X Citrus hassaku), 82} (Hassaku,
Citrus hassaku Hort. ex Tanaka), ¥323%l=2 (Natsumikan, Citrus
natsudaidai Hayata), <Atojollzt (Katsuyama Iyokan, Citrus iyo Hort.
ex Tanaka), ZuU o]z (Miyauchi Iyokan, Citrus iyo Hort. ex Tanaka),
M A (Kiyomi, Citrus unshiu X Citrus sinensis), #|& (Lemon, Citrus
limon Burm. f.), Q& (Sudachi, Citrus iyo Hort. ex Tanaka), -FA*}
(Yuzu, Citrus junos Sieb, ex Tanaka), %t (Pummelo, Citrus grandis
Osbeck)?] 10%F, & 22EZ & AIRstddc.

%7)o] whE flavonoids ¥ W3 A& f8) g2, Xz, #F

W ALEZY (Sadukam, Citrus pseudogulgul Hort. ex Tanaka) ,23

B
ok

(Miyagawa Wase, Citrus unshiu Marc.), %3 (Byungkyool, Citrus
platymamma Hort. ex Tanaka), Y13 (Binkyool, Citrus leiocarpa Hort.

ex Tanaka) 3 &7 (Hongkyool, Citrus tachibana Tanaka)?] 8EFo] tj
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3] 2z Adejdt 28FU 1999 89 4Ry 20Y THOE 5314,
olF 309 AL® 228 F 7l AA AFE= HFIIEUAAM A3t
gt

Neohesperidin F+&& % -f=t & x|zt HY A7 £4&
T AEEE 20008 AF= s7loA AEEHL s FHAL A4S )
o2 o] HAHEI] A= 2IITUAL AEE 6Y e 10
ZoR 73, o|F 20Yd TAHLE 43 X33t}

A szt AFE S7IERE Y FYste] ARgstAch B2
£ AEE A8E AAY AE ARG A8 A E 2 4 ¢
£ 27] v tisixe FAAANE AHL3dnt. BE A8 Ad20A
£% A2 F Ej7] (HANIL FM-680T) 2 Eajste] -20C QJElo] BE
st ARg-Stoict.

.‘_o'

ox

Y

1}. Flavonoids &2 ZAE
Alg Z+dfF 9] flavonoids®] F&ZAE& AR 7] ¢lslo] &)
& 9 250 uE xolE wlasigch. FEMEES AR HAsld A=
o] 10uiet 200042 EE F&3led flavonoids e Aol& ZHE3INL
o, 3% A &%E& 0, 4, 20, 40, 60, 90CE &3} flavonoids?]
F&2=E AESAc

t}. Flavonoids %Hgk 2
Zt A& Az Hwbo] 20082k2] N,N-dimethylformamide (DMF)& 37}
Slo] 90CoA 1027 F&31aL A YL st o] x2hg 33 W&
A A3 EZ3E 22908 micro filter (0.45um, Lida Co, Kenosha USA)
2 of3lo] RP-HPLC (Jasco Co. Tokyo, Japan)E &AJ3tgict, #4
column-& Capcell pak Cig UG120 ( ¢4.6X250mm, Shiseido, Tokyo, Japan)

S Agsiddon Al®E 5uE Y F o]l5ALE 0.5% acetic acid/water:

- 23 -



0.5% acetic acid/methanol (70:30)% methanol 38} gradient® £&A|Z
t}. §42 Inl/min, column®] 2E& 35TE FA|3lgE 3, U 280 nmofl Al
&3l $& 9 £Aol A-8¥ DMFS} methanol HPLC 3% AH&3}

om acetic acide=E BZFE AME3lgr}l. Flavonoids standard %
naringin, hesperidin, nechesperiding Sigma A} (St. Louis, USA),
eriocitrin, narirutin, didymin, sinensetin, 6-methoxyflanone,
tangeretinS Extrasynthese A} (Lyon, Genay-France)ZFE| {13}l A}
£3}lgt}t. 2} standard®] retention time eriocitrin 11.69, narirutin
15.27, naringin 16.35, hesperidin 16,96, neohesperidin 17.87, didymin
22.81, sinensetin 30,52, 6-methoxyflavone 36.05, tangeretin 36.23&2
2 UEelgn, o] EMRANAN ZIEFe major flavonoidsq] naringin,
hesperidin, nechesperidin®] retention timeo] ME 1 o]ie] Xlo|&

Uehis 72slo] 8239} (Fig 2).
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Intensity (uV)

2.5e+4

‘ H
A : Eriocitrin
B : Narirutin
C : Naringin
D : Hesperidin
20e+4 1 E : Neohesperidin
F : Didymin
G : Sinensetin I
H : 6-Methoxyflavone
1 : Tangeretin
1.5e+4 -
1.0¢+4 - G
5.0e+3
0.0

0 10 20 30 ’ 40

Time (min)

Fig. 2. Chromatogram of flavonoids standard.
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3. A3z ¢ 3%

7}. Flavonoids & X7 ZE

Flavonoids®] #4& ¢33 F=8ujELE dimethyl sul foxide(DMSO)
(Ortuno et al. 1997, Vandercook,1989), &+ E(Calvarano, et al.,
1996), methanol(Berhow, 1991), DMF/methancl(20/80, v/v, &&ul &
1996), DMSO/methanol(1/1, v/v, Manthey and Grohmann, 1996, Bar-Peled
et al., 1993) & DMF (Robards %, 1997)& A}2-3t Q31 ZAIESo0] R x
o5 gupdE £ AolE Urehlr]= ottt It hesperidino] Eof
it gaido] W2 T Z flavonoid®] F£& 5/4& e Yul DRl &
F&8o| vl &2 HYS Ry} (Robards 5, 1997).

= dFoA = AR FE22TE AAN] st G 2l E o]
&3t o] wiE W 2= wE F&EY Alo]E vl AEsIACH

Alzoll Z+zb 108}, 200812 E& 71stod 90TColA 1087 =23 2
2} wj8o] 713 ulgl naringin, neohesperidin, eriocitrin,
narirutin & didymin?] $+&8&9°] tl4 AIE A o0 hesperiding] F&2&
< Faulgo] A L YA ds A= eyl (Table 1). EY
$&4ujE& & E&= N N-dimethylformamide (DMF)& A& ] DMFo 23t
F&Z8o| thA AE|= Ao T LIElYIC} (data was not shown).

Fa2xo WE AolE Yot #I3le] Ao 200u[e] ES 7t
¥ 0, 4, 20, 40, 60, 90TColA 1087t & A] BE flavonoids?] F+&&
L& £ Apo]& JERA] Qalt) (Table 2). Robards & (1997)& 2571 &
7i3te]] whel flavonoids®] F&&o] F7isie, F3| MF &9 B¢
hesperidin®] F&-&o] ¥A3] F713tta 3toirt. & Aol GHAE
o]-&¥ F& A xo WE F&E TAY Hol:
flavonoids F&-&uj2= AJFQ] 200uje¥2] DMF, &% 9 A7 9
0T, 102702 SHaiTh.

—_

]

UfeRA] ekgrert
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Table 1. Contents of flavonoid according to solvent extraction

ratio.
Flavonoid contents (g/100g dry weight)
Extraction
ratio Neo 6-Methoxy Tange
Eriocitrin Narirutin Naringin ~ Hesperidin . Didymin  Sinensetin )
' -hesperidin -flavanone -retin
10 - - 225 015 212 - - - -

200 0.05 0.09 251 0.14 275 01 - - -

Table 2. Contents of flavonoid according to temparature,

Fiavonoid contents (g/100g dry weight)
Temparat

ure (€) e Neo 6-Methoxy Tange
Eriocitrin Narirutin Naringin  Hesperidin - Didymin  Sinensetin )
-hesperidin -flavanone  -retin

0 0064000 009+ 001 258+ 0.15 0.14+ 001 280+ 0.16 0.11+0.01 - - -

4 006+000 008+ 000 251013 0.14+ 001 273+ 0.16 0.10+£ 001 - - -

20 006+ 0.00 008+ 000 256+ 007 0.14+ 000 280+ 004 011+ 000 - - -

40 006+ 000 009+ 000 261£0.06 0.14£0.00 282+ 006 0.11+0.00 - - -

60 0.06+000 009001 261£0.18 0.14£0.01 283t 017 0.11+£001 - - -

90 0.05+000 009+ 000 251+£0.11 014+ 001 275+ 012 0.11+0.00 - - -
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L}, ZEF =32 flavonoids ¥k

FElvetol A idEE AEFY flavonoids $FFo] tidt 7|2x®
AZFE 8] dF 2L AR R Jts S35 A2 E flavonoids
LS A 22F AEF S Hu9 flavonoids &4 A
flavanone glycosideZ} th¥-&E& 2A|stH 1 FolMz il 2z, =
Z, WA, I, T 653 AT YA 16%0A= hesperidin
o] ¥ flavanone®E UE}YT}. Naringin U nechesperiding] ek
hesperidinzl= T} ZH3¥E lE}]o] hesperidin ¥&ro] 3.5% (dry
weight basis)& Bt 2FUZAF, USdAF, Satoldzt, Fuiold
Z B, 53F, 2HELZYY 12EFdAME AY ASIHA Yt
(Table 3).

sHolA2] UY T4 Z3 naringin FELXE BE e EF2
2L ‘BgP o] naringin ¥eFo] 4 4%2 J1AF B EA]9) naringin 0]9]9]
flavonoids7} A&l ZA&EEA] o} (Fig. 3) naringin®] Ee|7} H|z3d &
ojgt &zE ZithE it ‘AZ EF naringin ¥l 3.6%F wyoH
‘2]Z}' & neohesperidin®] ¥} EI 22EX ZF FHyE & 1,8%2 L}
Ehjo] (Fig 4) naringin @ neohesperidin BFE& t}ef {3t A=
g 715 ZLez AF=EHAdch w2 ‘FHZ3E oM E naringin ¥
B2 2% o|FLeR HAA A el & Jhe¥ ZoE CAdEgr)
Neohesperidin & A2}2+ ‘©{=}' (Fig 5), ‘X|z’, ‘©WZ (Fig 6)9]
2z} oF 2.2%, 1.8%, 1.0%2 ¥ nechesperiding] ctiaka| o] A}LE
91+ sour orange ‘Bouquet de Fleur’ <3e] 3, 7ol njx|x] ZE3h}t
‘Afin’ S3e]  1.0% Rrhs YA L F2I BHuiElo] BEIMsA]
ol &= gl

‘Bouquet de Fleur’ <3}olA]2] neohesperidin ¥8r& <t 3 7%
‘Afin’ 53} 1.0%2] 3.7 o] o]=gl o1} njslor= ztzt 29, 3%, 27.2%
2 AY TYY & Yehlol & AE A3} S3}oA 9] neohesperidin ¥
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ol 2.2%, 1.8%, 1.0%5 Uehd ‘FRAV, ‘A, ‘WE nj53ioAY
neohesperidin §&o] ol& FFol LAY 715740l 7IviHr}. 53 'IF
2t @A 2 S AAEFLE BE A FEA F AR i
vl = g3 Adule @A TARNEE ARREHI gl 2FUzo] AY
QF-EA Felvel Z2dsvlolA 4% A AMIEL e E52E d%
FTEHAAME Bl ZolW Zlow FPHAL

Naringin®} neohesperidin £]¢} flavanone % narirutin® RE E2
ofld Z&F et gf=l, 2z, JF, ¥, F3F, dE, €%, wa
W BFFsHES oF 0.2% o|3tR, I 2] 12F = 0.4%0]°d RE] AA

53] 23R} UELWA|FolA ] #PFo] ol Eriocitring

Ag=Hd oy 2, 534, #HE, 329 45T g o.
2~1.062 gol &2 HolgdaL vma] FFolA= 0.1% o]3t2 wf-§ &
g TFEo] g ZAes Ueputh Didyming 14FFoA ZAEEFHJoU
narirutin?} npPR7ix 2 SRUAR} VELAX|Fole o 0.2 F= ¥
FEol glevt I 2 ¥R W J|E} miFol: 0.1% oslE ¥R
Z ZAZ&=9r}. Flavanone glycosideql sinensetin, 6-methoxyflavone =}
tangereting 6-methoxyflavone2 ZlZofA] oF 0,3% et AL A5t
UHR] 16EFoA 0.1% o|3tE 23] A% HEE o sinensetin}
tangeretin® 78] RE EFolN A&HA et
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Table 3. Quantitation of flavonoids in twenty-two Citrus peels
grown in Korea,

Flavonoid contents (g/100g dry weight)

Sample w
Eriocitrin ~ Narirutin -~ Naringin  Hesperidin Neches Didymin  Sinensetin 6-Methoxy Tange

-peridin -flavone _ -retin
Satsuma mandarin
Okitsu Early 006+ 000 1.38+0.09 006+ 003 631+048 007+004 026+ 002 - 0041002 -
Ootsu No4 0.03+ 000 123+007 - 584+ 037 - 020+ 0.01 - 001+000 -
Nankan No4  003%001 083+013 - 544+ 053 - 0.14£0.03 - 001000 -
Sweet orange
Sirayanag! - 046+ 001 - 447029 - 0.23+0.03 - 001£000 -
Seike 003+ 000 057+007 - 461+ 074 - 0.18£0.17 - 002+002 -
Yosida 003+ 001 042+003 - 523%£0.73 - 0.23+003 - 001+000 -
Local Citrus spp. of Cheju
Dangyooja 008+ 001 0.13+002 208+0.17 0.16+001 2.15%£0.17 - - 003001 -
Jinkyoo! 005+ 001 009%+0.10 - 220+ 0.15 - 003+001 0071005 033+002 -
Jikak 005+ 001 0.12£009 3641013 008+ 004 181009 0.16%0.00 - 001000 -
Karmja 0.16+0.04 040+009 007+0.02 097+ 022 0064002 007x001 - 004001 -
Pyunkyool - 003+ 000 090+ 0.19 007001 101+021 - - 006£001 -
Dongjeongkyoo/  0.35%£ 005 0.10+0.02 - 484+ 041 - - - 007£002 -
Other late maturing Citrus varieties
Katsuyama hoken  0.0420.03 0.94+0.08 - 403+ 105 004+002 007£004 - 003+003 -
Miauch hokan 0.0410.00 1331022 - 3671044 - 0.12+ 001 - 002+000 -
Kiyomi 008+ 002 097x0.12 002+ 000 6.12+1.04 002+000 0.12+002 - 001+000 -
Lemon 0.95+ 004 004+ 0.00 - 1.99+0.20 - - - - -
Sudachi 026+ 0.03 069+ 007 045+0.14 1.10+032 049+003 - - - -
Yuzu - 0.39+ 005 022+ 002 055+008 021+002 - - - -
Pummelo 0.01+0.00 002£001 440x063 004+ 005 003+002 0.01x0.00 - - -
Sweetspring 0.06+ 0.01 093+0.11 - 355+ 045 - 0.09+ 001 - 002000 -
Hassaku - 0.10+ 001 2.90+0.35 010+ 003 088+0.12 - - 002+000 -
Natsumikan - 014003 212+051 0)0+003 085+0.19 - - - -

Data are means of three independent samples +£SD.
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Fig. 3. Chromatogram of citrus peel flavonoids : Mundan,
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Intensity(uV)
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Fig. 4. Chromatogram of citrus peel flavonoids : Jikak.
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Fig. 5. Chromatogram of citrus peel flavonoids : Dangyooja.

- 33 -



1.2e+5

1.0e+5 —
8.0e+4 —
Z 60e+d -
=
'3
5 Neohesperidin
[}
™ 4.0e+4
Naringin
2.0e+4 -
0.0 - W
! T T T
0 10 20 30 40 50

Time (min)

Fig. 6. Chromatogram of citrus peel flavonoids : Pyunkyool.
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th ZFF2 7)o ukd flavonoids & WL

Fujat ZHEFol A neohesperiding] THol B& LR JlUsH: &
Zo] A ulel NHP-DC AR E $1¥F YEEHZH neohesperiding] &
£o] 7t Zog st FAAY & Ad U 2 FE JMeEE ¥
stodch

2279 flavanoidst T2 Fao] nld«yt Jejold wizA 3
BE L FAE W (Maier, 1979), £730] whel #go] A ZA3te AL
2 483 gt} (Rouseff, 1980). uwlalr <3}ollA 2} neohesperidin ¥&F
o] ¥& TiAl Az, BF} 3o X0l o]FolAA 2 AR, F
Az, BE, UF 9 T2 8EF th3l &7ol ulE flavonoids ¥
HEE 43t

2zt ez FEFU 8YFE| 7xo AA AMEE 433N EXT
Azt BE ZAEFA 12 8% olsz} ujol e flavonoids #FFol
7V Wl A7 RolA4E Yigo] At FFS Ushidct
(Table 4~Table 10). &2} #2742}l o] nlste 2] neohesperidin
ol A uvetsten vz 5FF F neohesperiding thy H-F3t=
27 HARA dort

53] ‘ZfA & BE £H712] AIRolA nechesperidin®] ¥ako] t}h
£ flavonoids Foll H]3] VA3 &4 Uelyton 11 3 A|7]28E 20
do] ZFzt 23} £ Aol of 43%2] FAY ATt Lol T o]¥ 5
2t w8 A7 AL 83U gobrt 6x 3 Al 12€of thA] o] e
of 50%71 Zt4ste] F AT 13 7 Al of 60%x2 UEelkth 2 o]
2]2] flavonoids EZF 12} & x|7]of v]3] 2x} 47 A] oF 30~40%2] &
g a7t dojit F Z A3 glo] oy st 2F 7A £F Al
T &719 o} 65%TE7HA] Z48lo] neohesperidinyt@e] H3te} f{algt
B%E& vehidct

‘2)1Zp & 1x} % A] neohesperidin®] #aFo] AR 8FF F 7%
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£ 5.58%F LIEhg 2 naringing] ¥¥F 3t 5 57%F neohesperidin
3} AL 22 ¥ UEeh)glth Neohesperiding] Tare 22} 4% A i
2o} npRIIR R oF 43%7} AP oL O o] wrixlote Wi ALH
22 sl 3A +F7 A7[FE= GRALRTE o] Wolzon, P
Ho2E 1A wHAY of T37lA] RAHE o yeiych wd
naringing 3%} $¥ A|7}2|& neohesperiding] $ehH I}l FA13F A3
Lehis Zhastgl et 3 ofFols AL AR ot HEHonE= 14
Y A9 of 50%7to] Zrasle] AR 8EF F Yol M &tk
%] hesperidinz} didyming 1X} 4% Ao u]s] 3x} = 1] o] oF
506} = ZhAdlgdom, A8 /I eriocitrin} narirutin 7)o o}
2 gtere] wWislyl A UrhixA] gttt 2 5(1989) Al x|zte] %3}
of naringin 2.83~4.25%, hesperidin 0,19~0.73%, neohesperiding 3.0
1~4.84% e} il Basigdon o]lF £ AP 7x +F A9 4
29} ¥laL A] naringin®] 8k {-A1S}3, hesperidini} neohesperiding
Ot 2 UIE Ueld Ao2 Rt ERF iR xjzZte] 7x 8
A9 flavonoids®] S VAL St §arzt vz A AUz
Hls) AAFQ o] AE Zow Ueht AFFY flavonoids §Fo] 2
Az e 71F ol &3) xolE uvephd Ao FFEAc

‘B’ EZ 13} 7 A]7]¢] neohesperidin®] HaFo] 7} &otom
22t Y A7)0 1x}12] of 40%AE 73t o] F= 72} £% Aypx] 2
57t gl DRt} A Ze] vl A7 o] wpE xlo]& Uehie
ol F{AMA] Qokrh Naringin®] 3 EZ £FA7]of uiel o] x}o
7 wtem O 8] TthE flavonoidsf #ego] ZojA W3te] ZF¥ys ¥A
3] 7171 of & sich

FR=L 22z, B 0|89 5% #AEF= BT hesperidinoe] FH
flavonoid2 ©] % AFFEZE t}E BE EZo] v)3) nariruting] %ako]

oF 9. 4xE HAI] Loronm, FARAP3 WFL hesperidin, FTIFL

JO
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tangereting] ¥ako] &Qirl. o|E flavonoidsH 3t 1x} $Frjo ¥k

o w2 Hal Zaste AP KA Zo yrkych

FuUat 2EF F 2759 &4 Z3} neohesperidin £ 2 2 &7Hs
g Zog oF H AL AZ, BIFE 53] nS5HoA Y] o] w2
F-Atet | Z}te] neohesperidin £ 2 AP Ao 2 HAtE et eyt
‘A 9 ‘A2 1x YA F2] nechesperidin {ES 74zt 5. 07%,
5.58%% A2} neohesperidin®] 4t 3}o] o]-&E= ‘Afin’2} ‘Bouquet de
Fleur’ m|<3}e] 27.2%9} 29.3% Rrhs= H oo ako g velygth 1y
U R 2 ‘A ZP 8] neohesperidin - 13X +FAIZ|Z2HE 20
o] Azt 22} 47 Aol oF 40~43%2] FAY ATl dojyt Ao n|
Fo] Hr} o]& A]7]¢] ml&zloll:= ‘Afin’ 2} ‘Bouquet de Fleur’ 8] ujsz}
gol A, AYH 8ol 7t F= gl ¥RHA A& 75

A
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Table 4. Contents in the flavonoid in Korea Citrus peel (Date harvested 99.8.9)
Flavonoid confents (g/100g dry weight)
Sample Eriocitrin Narirutin Naringin Hesperidin _:::;;Sn Didymin Sinensetin G_—gzt\t:i(y Tangeretin
Dangyooja 0.06%0.00 0.29%+0.01 2.84+0.01 0.64%0,00 5.07+0.04 0.03%0.00 - - 0.06£0.00
Jikak  0.05%0.00 0.04%0.00 5,57%0.12 0.22%+0.03 5.58%0.11 0,52%0.01 - - -
Pyunkyool 0.06%+0.00 0.04£0.00 0.90£0.07 0.67+0.08 2.67£0.11 0.05%+0.00 0.03%0.00 - 0.34£0.05
Sadukam 0.20%0.01 9.38=+0.19 - 4.81+0.17 - 0.38+0.01 - - -
Mi;zgzwa 0.1240.01 3.29%0.20 0.05£0.00 17.70£0.19 0.08%0.00 0.580.01 - - -
Byungkyool 0.25%0.01 0,53+0,03 - 4.761+0.21 - 0.05+0.00 0.05%0,01 - 0.38+0.03
Binkyool 0.07%0.01 0.38%+0.07 - 11.63%0.56 0.03%=0,00 0.12£0.01 0.04X0.01 - 0.40%0.07
Hongkyool 0.25%0.00 0.21=0,02 - 7.34+0.48 0.03*+0.00 0.11+0.01 0.16%0,01 - 1,33%0.13

Data are means of four independent samples * SD
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Table 5. Contents in the flavonoid in Korea Citrus peel (Date harvested 99.8.31)

Flavonoid contents {g/100g dry weight)

Sample

Eriocitrin Narirutin Naringin

Neches

Hi idi s 1s
esperidin —peridin

-Meth
Didymin Sinensetin6 cthoxy Tangeretin

-flavone

Dangyooja 0.07%0.01 0.23%+0,01 1.91£0.10 0.33%0.02 2.89%0.15

Jikak  0.05%0.00 0.06%£0,.00 3.30£0.14 0.21+0.01 3.20%0.13

Pyunkyool - 0.22+0.16 0.56£0.02 0.2210.02 1.58%0.04

Sadukam 0.13%0,00 2.95%0.10

Miyagawa
Wase

Byungkyool 0.26%0.01 0.39%0.01

0.09£0.00 1.06%0,00

Binkyool 0.04%0,00 0.14%£0.01
Hongkyool 0.26%0.01 0.10%0.06

1.52+0.23 -
10,01£0.28 0.07+0.00

3.76+0.16 0.03+0.00
7.72£0.15 -
3.48%0.07 0.03%£0.00

0.42%0.01 -

0.05%0.00 0.03%0.00
0.09%0.00 0.02+%0.00
0.21%0.01 -

0.04%0.00 0.05x0.00
0.08%£0.00 0.03%0.00
0.05%0.00 0.22+0.02

0.12%+0.01
0.02%0.02
0.31x0,01

0.55+0.02
0.18%+0.04
1.73%0.14

Data are means of four independent samples £ SD



Table 6. Contents in the flavonoid in Korea Citrus peel (Date harvested 99.9.20)
Flavonoid contents (g/100g dry weight)
semple Eriocitrin Narirutin Naringin Hesperidin —;\Ieer:h(;sn Didymin Sinensetin 6_—26:\:):;’ Tangeretin
Dangyooja 0.07%0.00 0.25+0,03 1,88+0,.13 0,52+0,09 2.96+0,18 0.03:0.00 0.02+0.00 - 0.16%0.02
Jikak - - 2.53%0,26 0.10£0.02 2,11£0.25 0.39%0.07 - - 0.01%0.01
Pyunkyool - 0.04£0.01 0.36%0.09 0.30£0.06 0.66%0.13 0.04+0.02 0.03+0.01 - 0.24x0.11
Sadukam 0.17%0.03 2.76%+0.49 0.05%0,.00 1,67%0,29 0.06£0,01 0.14x0.02 0.02x0.00 - -
Mi{gii’”a 0.07£0.01 1.36£0.32 -  7.84%0.03 0.03+0.00 0.28+0.06 - - -
Byungkyool 0,.23£0.06 0,24+0.01 - 3.60+0. 64 - - - - 0.44+0.08
Binkyool - 0.1110.02 - 9.20+0,22 - 0.07%0.01 - - 0.090.04
Hongkyool 0.21%0.01 0.04+0.00 - 5.25+0.47 0.05%0.04 0.06%+0.01 0.12%0.02 - 1.13£0.26

Data are means of four independent samples X SD
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Table 7. Contents in the flavonoid in Korea Citrus peel (Date harvested 99.10.7)

Flavonoid contents (g/100g dry weight)

Sample

Eriocitrin Narirutin Naringin Hesperidin _::::1:; Didymin Sinensetin 6__;416::;2’ Tangeretin

Dangyooja 0.04%0.00 0.17£0.00 2.241+0.09 0.24%+0.01 2.71+0.09 - - - 0.05+0.01
Jikak  0.04%0.00 - 2.48%0.13 0.08+0.00 1.800.11 0.38+0.03 - - -

Pyunkyool - 0.031+0.00 0.84%0.03 0.06+0.00 1.05%=0.05 0.03%0,00 - - 0.19£0.01
Sadukam 0.13%0.01 3.23£0.04 - 1.27+0.01 - 0.14%0.00 - - -
Mivagawa o 06+0.00 2.00+0.03 - 8.59%0, 11 - 0.41%0.01 - - -

Wase

Byungkyool 0.20%0,.00 0.28+0.01 - 1.71%£0,04 - 0.04%0.00 0.04%0.01 - 0.38+0.01

Binkyool - 0.11+0.01 0.06+0.01 9.04£0.28 0.06%0.00 0.09+0.01 0.02=%0.00 - 0.21£0.04

Hongkyool 0.18%+0.00 0.05%0,01 - 4.19%+0.29 - 0.06%0.01 0.10%0.01 - 0.95+0.06

Data are means of four independent samples * SD
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Table 8. Contents in the flavonoid in Korea Citrus peel (Date harvested 99.10.29)
Flavonoid contents (g/100g dry weight)
Sasple Eriocitrin Narirutin Naringin Hesperidin —g::ihczsn Didymin Sinensetin 6__36:‘::: Tangeretin
Dangyooja 0.08+0.02 0.11+0.00 1.82+0.06 0,15+0,00 2.91+0.07 0.02%£0.00 - - 0.0410.00
Jikak  0,04%x0.00 0.02%0.00 2.47%=0.09 0.06%=0.00 1,.76+0.07 0.29%0.01 - - -
Pyunkyool - 0.04%0.00 0.72+0.05 0.08+0.01 0.99+0.06 0.01+0.00 0.01+0.00 - 0.14+0.01
Sadukam 0,171+0.01 3.832%0.19 - 1.52+0.07 0.03+0.00 0.15+0.01 0.02%+0.00 - -
Mi;,:izwa 0.05+0,00 1.32+0.07 -  6.49+0.37 -  0.25%£0.02 - - -
Byungkyool 0.231+0.00 0.29%0.00 - 1.92%0.04 - 0.03+0.00 0.0440.00 - 0.22%0.02
Binkyool - 0.08%0.00 - 8.05%0.46 0.03+0.00 0.08%0.00 - - 0.040.01
Hongkyool 0.16%0.01 0.03%0.00 - 3.14%0.19 - 0.031+0.00 0.10+0,01 - 0.63+0.04

Data are means of four independent samples

SD
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Table 9. Contents in the flavonoid in Korea Citrus peel (Date harvested 99.12.2)
Flavonoid contents (g/100g dry weight)
Sample
h . . 6-Meth .
Eriocitrin Narirutin Naringin Hesperidin Neo. e.s Didymin Sinensetin ethoxy Tangeretin .
-peridin -flavone

Dangyooja 0.08%+0.00 0.09%0.01 1,33%+0,07 0.11%£0.00 1.67%0.09 0.01£0.00

Jikak  0.05%0,00 - 2.31£0.06

Pyunkyool -

Sadukam 0.10%+0.00 1.80%0.08 -

Miyagawa
Fase

Byungkyool 0.21+0.01 0.19%+0.00 -

0.72£0.03 -

Binkyool - - -
Hongkyool 0,14%£0, 02 - -

0.57+£0.03
4,49+0,12

1.04+0.02
5.87+0.13
2.94x0.01

1.29%+0,03 0.32%0.00
0.04%+0.00 1.10+0,01 0.05%0,00 1.89+0.02 0,02%0,00

0.05%0.00
0.171+0.01
0.02£0.00
0,030, 00

0.01x0.01

0.06%0.00

0.11x0.01

0.21%0.02
0.0910.01
0.44%0.03

Data are means of four independent samples * SD



Table 10. Contents in the flavonoid in Korea Citrus peel (Date harvested 99.12.28)

Flavonoid contents (g/100g dry weight)

Sample ~
Eriocitrin Narirutin Naringin Hesperidin NeOt.le? Didymin Sinensetin 6-Methoxy Tangeretin
-peridin -flavone

Dangyooja 0.10x0.00 0.08£0.00 1.58+0.22 0.09£0.00 1.90=%0.06 - - 0.04%+0.00 -

Jikak  0.10%0.00 0.03%+0.00 2.86+0.07 0.04%0.00 1.47+0.02 0.33%0.00 - 0.02+0.00 -
Pyunkyool 0.05%0.00 - 0.59+0.02 0.10£0.00 1.65%0.05 0.01=+0.00 - 0.07+0.00 -
Sadukam 0,17+0.01 3,197%0.12 - 0.90£0.04 - 0.1010.00 - - -
Miyagava 1.46%0.08 - 4,15+0.19 - 0.28%0.01 - - -

Fase
Byungkyool 0,28+0.00 0.29%0,00 - 1.44%0.01 - - - 0.11£0.00 -
Binkyool - - - 5.41%+0.13 - 0.061+0.00 - 0.10X+0.00 -
Hongkyool 0,15%0,01 - - 1.73+0.08 0.04£0.00 0.03+0.01 - 0.34%0.02 -

Data are means of four independent samples £ SD



2} Neohesperidin $&& $I% W=t € |22 3% +H7] 24

Neohesperidin ¥sfo] #ief ©sh= =t L A2z +HAZIE
EA35171915lo] o] HAEE 64 SHeE ARE 233t ©F H
3HE B 3tacl.

‘DGR = 69 Sheoll 2123 A EolA neohesperidin®] o] 33%
(dry weight basis)ol o228 AU 1x 5%7] 8 Zgof ul3] 6v)
ol &2 ¥3& uUelgct (Table 11). o] R-& ¥ neohesperidin?]
ek ate] o] LE = AWQI4AF sour orange ‘Afin’ 2} ‘Bouquet de Fleur’
n|&ale] 27.2%, 29.3% BTl B2 Ao X BRa¥ R F MR &
& Ao yotFt}, EF neohesperiding] e} 2x} 4 2] 26%E 10
A Aol oF 21%7t ZAF Ao olFE A HAHA HLE RIS
o 6x} 5 A7IR] 27|12 o 8%E ZAFPgen 1 ol Zan|go] A
x} ytolArt (Fig. 7). AYE ul52e] 121 £4 Al7]¢ 22 8 2&9
neohesperidin¥g& 6.57%% AJE Az} 5.07%0] ¥[s)] &2 2o U}
o} o3t xpol= Aul Ale R ACY EY 5 wHBEAHY &
oloju} 7+ ZiAzte] UEAQ Qo] 23t Row Al 10¥ 10¢
AEEE 2.8%E AdE 22 A719 2.71%2} vy E& VERISICL

‘Z1z2} wgt 12} ¥ A] neohesperidin 29.33%2 AW 1x} B4
A171Q) 89 Zseol wl3] oF 5u) o} (Table 12) ‘Afin’2} ‘Bouquet de
Fleur’ ul&ate} AL 2 &2 ¥FE Uehidch s A7le] otE
HEt w23 SRR} {ABH 631 ¥ Al7lA| Aoz Zaste 27|
o] o 75%& UERALAL 2 o] Fol= AL L (Fig. 8)

ZUat Z4FF 27EF oot 3do] AA neohesperidin®] 4 Az}

A2 NEFQ FFAe; X2 27]0]%53}e] neohesperidin #iFo] x| F7}
2 Ba¥ o1& oW EFHr} &2 ZAoE Ueht AdH o|fo] ¥
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Table 11. Changes in the flavonoids of Dangyooja grown over a four month period,

Flavonoid contents (g/100g dry weight)

Date
harvested Eriocitrin Narirutin Naringin Hesperidin _222?:?“ Didymin Sinensetin 6__1{‘41?3;: _’I‘r‘a;g;
00. 6.22 - 0.36+0.02 4.65%+0.23 4.26%0.25 33.05%1.47 - - - -
00. 7. 1 - 0.40*+0.00 6.62%£0.09 3.16%x0.04 25 ,53*0.36 - - - -
00, 7.10 0.04+0.00 0.34%+0.14 9.22+0.47 2.17+£0.06 18.41%£1.04 0.03+0.01 - - -
00. 7.19 0.02%0.00 0.66+0.01 8.46+0.22 1.57%0.03 12.72x0,27 0.01%0,00 0.01=*0.00 - -
00, 7.29 0.06%0.00 0.52+0.00 5.08+0.09 1.04%0.03 7.87%0.26 _ 0.01%0.00 _ _
00. 8. 7 0.08+0.01 0.48%+0.02 5.08+0.20 0.70+0.02 6.57+0.14 - 0.01+0.00 - -
00. 8.16 0.06+0.00 0.39+0.01 3.99+0.18 0.47£0.02 4.64=£0.10 - 0.01+0.00 - -
00. 8.30 0.05+0.00 0.24%0.01 3.05%0.05 0.41£0.02 4.40%0.10 - 0.01+0.00 - -
00. 9.19 0.07%0.00 0.28+0.01 3.48+0.14 0.41%0.02 4.61%x0.22 0.01%0.00 0.01+0.00 - -
00.10.10 0.07%0.00 0.16%+0.00 1.57%+0.03 0.28%£0,01 2.85%+0.04 0.01£0.00 0.01+0.00 - -
00.10.30 0.12%0.01 0.22+0.00 1.95%0.05 0.32x0.01 2.84%0.09 0.01%0.00 0.01%0.00 - -

Data are means of four independent samples *+ SD
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Table 12.

Changes in the flavonoids of Jikak grown over a four month period.

Date

Flavonoid contents (g/100g dry weight)

harvested Eriocitrin

Narirutin

Naringin Hesperidin

Neohes
-peridin

Didymin

Sinensetin

6-Methoxy Tange

-flavone

-retin

00. 6.22 0.04%0.01
00. 7. 1 0.04%0.00

00.
00.
00.
00.
00.
00.
00.

7.10
7.19
7.29
8.7
8.16
8.30
9.19

00.10.19
00.10. 30

0.03%+0.01
0.02%0.00
0.0310.00
0.05%+0.00
0.04+0.00
0.04%0.00
0.05%+0.00
0.04%+0,00
0.05%0.00

0.01£0.00
0.04%0.00
0.03%+0.00
0.47%0.01
0.02%0.00
0.02£0.00
0.02+0,00
0.02%0.01
0.01%0.00
0.02%0.00
0.02x0.01

11.51+0.39 0.32%0.01
16.59+0.33 0.24%0.00
17.991+0.55 0.16:0.02
14.40£0.21 0.03%0.00
10.24£0.41 0.02%£0.00
9.86+0.41
8.37+0.35 -
6.5610.13 -
6.12%0,.31 -
4.99%0.19 -
3.95%0.12 -

29.33%0.77
21.04%0.29
17.56%1,76
12.23£0. 14
8.41%0.37
7.11£0.34
5.88+0.19
4.56%0,14
4,39+0,22
3.12%0.12
2.94%0.14

0.43%0.06
0.40£0.01
0.41+0,02
0.39%£0.02
0.37+0.01
0.33£0.01
0.33£0.03
0.26=%0,01
0.27x0.01

Data are means of four independent samples =+ SD



Flavanone content (g/100g dry weight)

35 +
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Date harvested

Fig 7. Changes in the flavonoids of Dangyooja.
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Flavanone content (g/100g dry weight)

35 A
—e— Naringin
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Data harvested

Fig 8. Changes in the flavonoids of Jikak.
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A 2 A Neohesperidin < 4 AA3Z} 23 sl

1. A4

Neohesperidin®] ZAA3lo] tdt Ru: I3 =B & 7153 W
ez ‘gzl A Ex ‘80% MRtE' & F chloroform Aol 2%
& HEAE el Husel otk gel g F& (BHBK 1973)
. Z] AZ BUS NaOH ol (pH 11~12) o 1A 2 BHAY

sl 320 BT GAOE F3 (pH 6.5) A F AY ¥

AU T GUST i 458 2AsT WAL (0C))N 100 FE
U5t H4eg of 5P M HAHEQ naringin hydrolated} A&
Al ol ¢He|d-&HYE A HAFHAE nechesperidin HEFA| Yo
28 o] Hal& o]|&3} naringin?} neohesperiding ] & 4 3t}
Naringin hydrolateE #2]%t 2t & ethyl acetate® HIE F &3}l F&
g ZeHsasi Algatol B3 o] Aol chloroforng H7ksjo] WA
oA 10~2094 7 WXsHE A Ha} Aol HEFHHW o]Zo] §3F
240C, & < 3% nechesperidin®l Ao T B IEo] gt}

Lo 292 3y AREYo] oF 38)r2] 80% methanol S H I}l
2~33] yiE3le 71d F2 F E2 FE2YE Y 553t A
® 539 chloroforng H7Islo] §3lAI F ALolA 104 FE ¥A|
18 Aol ¥EEHY o] AP L Eelsty 80% HEEE AYSIH ¥4
£ oF 7%2] HAZAA O T AL nechesperidino] YolA|= HOFE H I o]

=2

4 (o

[«

=4

Flavonoide] Atg3 o]2& $|3 s FZFHO R Calvarano %
(1996)0] oelo} el UFY ‘Bergamot’ peels?] AtHF o]-&L I8
o]2HE naringing F23l= ¥HE B A5t &, naringino]
hesperidino] B]3] hot waterol] &3 =7l £2 HSE o]-&3} hot waterE

2 X o]E ultrafiltration 3}3. T}A] ©]& macroporous cross-1inked
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polystyreneQ) Amberlite XAD 16 resinoll F2IA|# hot watero]] ¥7 &&
¥ sugars, acids, pectins, minerals 53} 2|7} 71531 ojujje] 34

&2 °F 92.6~95.3%0] o] ETtaL s}3irt.

B dPojHE 4 ‘d#ggy 9 ‘8 HygE F& F
“ chloroform AollA] 2] neohesperiding A& 7154 ZAESIGLeH
neohesperidin®] t©i& F&& 98] Amberlite XAD 16 column

chromatography?] - 7}54& AESIAC]
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2. AgxE f ¥y

7r A=
AFE 7l TUFR B VST E F20AH $3F Az F
4|7] (HANIL FM-680T)2 E2438l -20T W¥File] RESI A&}t

L dze] #4Y

G2t 2y A2ELE 4ufEke] 0.1 N NaOH (pH 11~12) &ofo] ¢f
117 =8t BA A2 F QAAMEe (7,700 X g Sorvall RC 5C Plus,
USA)3te] $£&9& Eesidirt. o] F&9& HCIZ pH 6.5712] F34A]2
F ¢} 173 Fo] E wizkx] Y FFAAC) o] 5HYL] pHE 4.58 2%
3l 0ColA 108 B= X 3te] naringin hydrolate?] H&& F=3t4
Tt} ZY& ethyl acetate® &3l ZIHs=3% AJgo] chloroform& 3
7vste] QB aoA 10~2093F WXSPHA WY HA} AA  neohes
-peridin®] ¥&& {=3tgch

tl. &uf F&4
a2t 2y AzE g 10u]3Fe] 55~60% methanol& H7}3ted 90T
oflA] ukshe 33 whE &% F dAal¥a (7,700 X g, Sorvall RC 5C
Plus, USA)3le] 23t &L 4Tol 315y wxjsigrt. olm $as&
pecting A ASIL F&AL I} FHIAUCE AP Aol H FAS
chloroform® 2 £3jA}7# A4 10d HE Wx]8}8 neochesperidin Z
3o H&& F=3iadch

2}. Neohesperidin £2]& & Az

gt 2y Az 2o 50ui3e] 80% methanold 713t BRIZL
HLoE 90ToA 143t A 23] wHERE gl $&F ARE WAL
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(7,700 x g, Sorvall RC 5C Plus, USA) ¥+ F A}A 88 YMIO membrane (MW
10,000 cut off, Amicon Co,, USA)L.® 47T, 60psiolA] ultrafiltrationd}
o] EA%F 10,0000 &L AAMCL 4SS Y 5T F
nonionic polymeric adsorbentQl Amberlite XAD-16 (Sigma Co., USA)2]
column (@4.1 x 30 cm)o F&A|7]3 EZH flavonoid: ethanol & £

A1ZiTh,

o}, HPLCE ©]-83t neohesperiding] #z|
Amberlite XAD-16 column chromatography® +#2]¥ flavonoid &&
2 =23 ¥ EA8 HPLCE o] &3l Aol EalE A=y
om o] wje E2|2AE Prep-HPLCo| 2 -£A]# neochesperidin®] &
AEstgT) oju) 24§ HPLColS] RelZA ABHE 9] Prep-HPLCO)
A2l EMZ7AL Table 13o] Uepjt).

Table 13. Condition of HPLC for crystallization of neohesperidin.

Laboratory condition Preparative HPLC
Column Capcell pak C;s UG120 Capcell pak C;s UGBO
(4.6 x 250 mm) (@10 x 65 cm)
Mobile phase 17~40% Acetonitrile 25% CH3CN
Gradient Isocratic Isocratic
Flow rate 1 mé/min 500 m¢/min
Detection UV 280 nm UV 280 nm
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3. A 2

7}, 4ze] €9 F&o] 23 neohesperiding] A&

ARE AT "Wi2t s 2u]ole naringin?} neohesperidino] ¢
1:18] H|E&EE &8s, R dFe] FEQY 13 2AFeA Y
naringin hydrolate AJ&ol] 2]3t nechesperidinz}e] Hza|& A|=3tgc}).
E A¥H M= A]7H] Zzfo] wha} naringin hydrate® FAEE 3o
HA-o] 3] £F HEErl. IAS AAY FYE ethyl acetate® 4}
E &% F 553 A g4 $2Eo] chloroform& H7}sto] 0THA
30 o] WxstAA WY M} AF nechesperiding] M && F=319
o1t AR A71A Yot FLY LS 33 o] I ov FHA
o AXE WEY + AE AHE 47l ol 4l Pratter (1981)= &7
gl $&2YUE BY narigin &0l 480l AHI ofEy o WP
science 2}7] BT} ‘Art’of 7iZch 2ji RESHH o] Wi olsH&E& A
st 2 A3 23 gA] o] #biHel AdEHE T AR HJEHegE
HysiA| 2 Zoz zivtE et

v} 8o &0l 2%} nechesperiding] A&

Nishiura 5 (1969)2} EFHfH¥%k (1973)2] 80% mshe F&Ho uwlel
neohesperidin®] &% Al=sigrt. Jeiut AHAZL AJdAY 592
chloroformoll 2 -3E=] IotE £ ozl 2F o] ZAstH= ZAF 9
AEol UEhA] Qfslth o ¥ oAl 33 ol wHF AAjdtgdent
neohesperidin 273 ¢ ¥&2 FE=ZA| fgrh

ojatzt o] pH Ao 2]3t naringin 24 & F nechesperiding]
273 A= & SulFEEEFH nechesperidin A3 A& Wy =ZF
279 tFFEYPo R LI E oEE Zoz sdE AL

2 dFoAE AF7HA] Bad ol of 30d Hof spud Yol
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m ¥z column chromatographyell 213t &AL Fe| 7|gol ¥ LT}
o]Fo]F o AlA| High Performance Liquid Chromatography (HPLC)ojl &]
3 B sk Hel A4t Jlgo] adstel AEED A Ao Abst
o] neohesperidin®] &Eeloj ‘§dos FE AR H&Y o] ohd HPLCe

gt E3HE Al=stglrt

T}. Neohesperidin ¥ & &8 AR
1) Neohesperidin®] A& F& uj&

HPLCOl A/ 4= Q= Z27NAE M2 nechesperidin B8 HRE
g3t S FRA dzAu Y] FFYZHA AT &S AESIACL
A EFA 2] 1000, 208), 30ul, 50uj8 FZul&L el 80% methanol
< Y3 2 A3} Lojako] 7R W 508 F+& |8 neohesperidin F
&-80] 7}A &alt} (Table 14).

Table 14. NHP concentration of Dangyooja according to extraction

ratio,

Extarion ratio 10 20 30 50

NHP concentration  2g/100g 1.98/100g 1.9g/100g 2.8g/100g

2) Nechesperidin H%E&2] A=
A2 FA 50u1F2] 80% methanol 2 F+& F WA Ee|3lq ZAYsH
8t neohesperidin £&YE& 3% RASPA pectin®® FHEE H o]
Jot o] AH2 YA EeBt tir] A AL H4&S Eol7] fl8A
AR HAES 13 HEste] diEelsta B89 39S 13
AT ZRA st tietAY Aol Alg3tdem o] &9
neohesperidin s 53= 3.44 mg/meo| It} o] €& T}A| ultrafiltration
Sto ER1RE 10,0000]732] E4& AAsH L™  o]ufe] neohesperidin 3

).

e,
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&2 oF 8Txoll W3gth. o] &UE TiA ZAUEHAI F Amberlite
XAD-16 column (@4.1 x 30.3 cm)ol} ZXr]7)22 E3 HEE 60% ethanol
2 £% AZr} Calvarano § (1996)2 naringing 30% ethanol® -£&A]
Zov B AYo|M= 30% ethanol& ©]8 A] nechesperiding] &&of 2|
#7gol glol 60% ethanolE& €& &ulE H=siyict. &&H o] A& tl
Al Ziet =&35le] $7 A2 Q) neohesperidin %= ‘Extract-I(Ext-I)’
& A =3}, Ext-1 2] nechesperidin v %+ 30.0%6.3 mg/n¢, ZAES
BUIRE 21.0£3.6 % (ww)ol €3iglen o= 27| AFIZL F&IAS
daEe] 3 Fop A A] H o] of 86xoll o] =TT

2}, HPLCol| 2]3%t neohesperiding] #2|
1) 248 HPLCE ©]-£3 neohesperidin®] &2
tiErEelale] FElzd 4B 3 A Ext-1& o83l 4
HPLC systemo]A ] Ze|2ZAE& AESIACL At $23}u]= naringin}
neohesperiding A 2] % ¥-H3IL slo] ol&Y A3 e 2AEH]
Za351m Ao 13 E3jo] Wy FelA 7+ JHedt 3 B R0 F
A Folr}, £ AARL TeE 93t §&RUL isocratric §EE
831 €41 acetonitrile 17% (Fig. 9), 30% (Fig. 10), 40% (Fig. 11)olA]
o] &&2Jel g vlaLssrh.
17% acetonitrile® 2] A] naringin?} neohesperidin® 33|
21519l 21} neohesperidin®] &&A|Zto] ¢ 50228 &Aool YWF 2

A3, 40% acetonitrileg ARR Ale= EAMx)7H2 #olz|t} naringinit

(o

e

neohesperidin®] 22]|=7} Yol o 30% acetonitrile?] 7-$ naringin
?} nechesperiding& ®&| 23|71 7Isslgon, £&A17F 9A] & 20~25
£ 7oz vz FAsigct. el oY 31§ HPLCol H-8317] HE
3} nechesperidin €& RulEE acetonitrile B 30% AF7} Ay A
L2 oFEHdch
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Intensity(uV)

8e+4

Naringin
Neohesperidin
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Fig. 9. Chromatogram of Extract-I on HPLC,

Mobile phase : 17%
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Intensity(uV)

4e+5 A
Neohesperidin
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Naringin
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Fig. 10, Chromatogram of Extract-1 on HPLC,
Mobile phase ; 30% acetonitrile
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Intensity(uV)
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Fig. 11. Chromatogram of Extract-I on HPLC.
Mobile phase : 40% acetonitrile
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2) Preparative HPLCE ©]£3! neohesperidin®] &#&]

HZXE Ext-12 2 HE] 2] neohesperidin w3 7IsA4E& AESIYCL

£Z80]E 25% acetonitrileE3}3L pressureE 4.5 W (Fig. 12),
4.8 ¥ (Fig. 13)2 3192 u Z2Zte] RAoJA naringin?} nechesperidin
o] £el=+ 4.5 W] 97t 47 o L3kol} nechesperiding] &-&A|ZH
2 z}z} 228 ~27%H, 2058 ~258 0% F=z}o] H9r} ofzt wialr},

4.8 W ZZ3tol 4 £3]13 neohesperidin FE 2 ¢+X& HPLCE ¥l
3t A3} nechesperidin o]&]e] ExEol AL EAEA] 42 Zoz HA
¥ olrt (Fig. 14). HPLCOlA &o}A neohesperiding ¥=3}rledf4
o] ¥=E ¥o] IR recording X 'H NMR 438 Az} At authenticz} &
g3 Ao = UEhyit)
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Neohesperidih

aon 730

Fig. 12. Chromatogram of Extract-1 on prep-HPLC.

Pressure : 4.5 ¥
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30:00



Nechesperidin

Fig. 13. Chromatogram of Extract-1 on prep-HPLC.
Pressure ; 4.8 W
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Retention Time (min)

Fig. 14. Chromatogram of the resulting fraction by preparative HPLC.
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n}. Neohesperidin thEFFAMS $]3} System?] A

AEANE ¥l SR nechesperidin THHAPANS $]%t system?] 47
E ‘B AlollA AMESEAL Qli= Prep-HPLCE 7|E 22 A3l

F2t47] Ext-Io] neohesperidin 0]2]8] EAo] AL 57 ol Ex)
Ho] gle= BE 7Z2Usted -8 column® pre column (Capcell Pak Cig
UGB0 column ¢5x25 cm)2} £2]8 ¥ column (Capcell Pak Cj;s  UG80
column @10x100 cm) 27H2 F/g3h= Zo| ulgtxygzios FAF g on
ol5 &ujE= 40% methanol Ei= 25~30% acetonitrile® AME¥ ZF§
13 £4 cycleg 30& ojUE ©& 7158 Zoz oyEAUCL
Neohesperidin ¢F 30, 0mg/méS X 3= F7hAA] Ext-1& o] RZA3}ojA
13] injection & 50mLET J1LE 7S 1Y 10X 7 71508 315 <
30g2] ito] Jhedt Aoz FHELL

AA| scheme Fig 140] Uenjglch.
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Extraction by 80% MeOH, 60 min, 90
(50¢ of peels + 2.5¢ 80% MeOH), 2times

v

K E o . " .
'—’——tonccmratlon by evaporatu:}( xract Filtration through | Final residue-,
Buchnerfunnel waste

Dried with air blowing at 25T
then ground by chopper

\

A 4
‘ Concentrate I
N\
Centrifuge at | Supemnatant : . Neohesperidin
8 Ultrafiltratio: Adsorption by elution by 60%EtOH
7700 xg w|__module XAD-16 resin y 680%
=g 8~
I g “y | €~mm——————] Concentration by evaporator
8V 2 [ex1] y evaporaor|
|Cemrifuge at7.700x g
£ g AR
g2la Prep-HPLC syste
ol g
s
B 5
Autoinjector £ g
i] g

Preparation
| Concentration I

Fg. '14. Scheme of neohesperidin mass production plan,
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At ZHE[FE5E NHP-DC AR Y E naringin X neohesperidin 2
g PAstch. SUd AEF 27% F AF AHAEE IdRAE, A
z)’, ‘BMF’ ol neohesperidino] o] HfFEFolglem Hd] {2} njgzt
(diameter 7.60%1.77 mm)2] neohesperidin ¥&2 33% (dry weight
basis)ol oj2g A|Z71x] RI¥ ofd FFHu}t 2 ZoT it
neohesperiding] tf& F&Fo FBI AT FIE|gitl. Neohesperidin
BePo=2s AF7HA] & &8 == §uiF& F chloroforn
Aol AR & M&A7le WHEch §ujF& F nonionic polymeric
adsorbent® %=A]Z] ¥ HPLCE st T3 o] A3t Aoz HQsia
80% oj4te] F+E&E Uehle F04AE AR FF W o] 5FEENH

Preparative HPLCE ©o]-£3%} nechesperidin £2] Z3-& ¥yl
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N 3 & “NHP-DC M= S AJj4” Fof

A1d A A

B oJFofA= Neochesperidine dihydrochalcone (NHP-DC)2] 3}Adub
=& 9 33 NS Sl BAoz S Itk

-z gl Uiyt BAE AR

- 3dFoE fE WYY =2 Y UL 2 2L o= AL A7

%] £ 2 259l Neohesperidine dihydrochalcone (NHP-DC) (6)& %443}
71 $iI%td  &UEEQ naringin  (1)& 29 dHEE] &N
phloroacetophenone 4’- 8 -nechesperidoside (2)& £33t ¥ tlr] ¢zt
ZZolA  isovanillin (3)& 718t FHUAFAAM WUFFUAYL  Neo-
hesperidine (4)& ¥}4d35lgltl. o]o]A] Neohesperidine (4)& €7]3lollA
Y2385t enone FEfE 2= Neohesperidine chalcone (5)2.2 ¥ A
71 ¥ Pd/CojL} Raney-Ni T& ©]-&¥ |Ug& F3) carbonyl group
HEAFIEA  olFZAYNE Aoz JHAFAAM HFHHEL
Neohesperidine dihydrochalcone (6)& ¥tAd3tth{Schemel).
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OH lsoverilin OH

j AN1215 np 113119 OMe
OMe O
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OHO

Sepl
4
K Nedheepericine
PAE4 CafisOlg 16468 PWBI05B G015 D 2047
RO6A19%6H0 meck)
Sepll
OH OH
NdOH OM; N@,OH OM
SepNV N
OHO 6 OHO
5
Neoheeperidne Dtychod BooraNHRDG)
RO4q 196H0 meckum) o CNOMCHHIE073 V61098 Cefb O

Scheme 1
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1. Naringin®ZH%¥| Neohesperidine Dihydrochalcone (NHP-DC)$]
33

Neringin (1) Z@H9 2% flavonoid 222X 4g3e $84
o] 9l& 'ﬂx‘a:' W oFo] a3l E ol Neohesperidine (4)2 =3 2]
E%49 seville (bitter) orange?] u|&zlolA wWAREE HRolr), & &
Tl #3553 EQ Nechesperidine dihydrochalcone (NHP-DC, 6)& 3}
3317] #l5td AdH ez Fujst 753t naringin (1)3} Neohesperidine
(4)S SUSAER 3l 24 dF3-& AP

Step 1I128] 3-8 o]83 Neohesperidine (4) ¥Hde] A-S 30% o)
28 @71 BE sollA g F¢ &0 F ZoE eyl @72
A& NaOHS} KOHZ} 2 AMgEojx|L}, LioH 22 the /2 @717 4}
£ +x rh

g 2= B HFHHEY F8olu 18-S |3 Aol 3%

2 71X ado2 A 1 H9lE 60-160 THER AR o] glch g ut
SAIZel ol e Thae Afolrt glout Ave 2E3le] B4 EAE
2] REEollA 2ol 158 ZtE WHEAIZECE dFHo glout gy
Holld = &3 4EgA] isovanillin (3)& 60 CollA] A7t A 3 Aex
v HEA3 A AR L34 Jhske Yol $& 488 Vel
At

Neohesperidine (4)2 Atz} 7] ZZo|AM Fig. 83} Zo] HYPLRE

SECINY

)
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OH

Neo’o 0. OH- Neo/o OH OMe
H+ N

OH O OH O

Fig. 13

Neohesperidine chalcone (5)< highly conjugated BHIZXE 7}x|o
LS i gled o] T2 EXI o|FAYS BUAIHE & 1
%] ¢l dihydrochalcone?] FZ7} ®t}. Nechesperidine dihydrochalcone
(6)& WE3H7] AT BUIEL & W g8 HolM 2 ZoE ¢
# 9lem FZ Pd/C, Raney-Niell &%t $43MEE 5& o|&3tx Ul
o] #UNEZA] carbonyl group2 B|HPAF|Z] ¢t X3 o|FAYTS A
o YA 4 e AF VYA Ago] axHrh HFEF
£ NHP-DC (6)&= YFoAe= L & 0.4-0.5 g8 &3=F 7IX 250
AL 2 2358 et} o] uloj ethanol, acetone, &2 dzta| 29
of ti3f & -&3[=E 7FA|L} ether, ethyl acetate, n-hexane, HZ F7)
ol B84 42 veldr welAd HFEEFJES ANFZE BF ¢
o] gulE A3 HEst= Zlo] T3tk NHP-DC= EF 204 pH 2
o] it ZANME o= A= P} ZAog BaW v} 9ch

2 AEolA = olu] F3jo] dFH FAY Wy oot AuH sMH
WHOE W3ls HRIEES Yo Y5tz sigdct 53 & AE
olME eolX AFRE uie} o] F3] gl F¥ h-Eol A2l KOH, NaOHY] &

%, 882 x whgA|ZF pH X3, purification W recrystallizationk
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7}. TRIAL A (stepwise reaction)

m Step I

B 1 Naringin hydrate (1, 4.85 g, 8.35 mmol)
KOH (4.7 g, 83.5 mmol), H:0 (40 nL)
1.25 h, rt /7 1.25 h, reflux / 6N HCI
eYield: 2.49 g (62.5%: yellowish white solid)
emp: 136-140 °C( 1it. 164-166 °C)
®Rs (n-BuOH:AcOH;H0:EtOAc=1:1:1:1) 0.68

Bl 2 Naringin hydrate (1, 4.85 g, 8.35 mmol)
NaOH (1.8 g, -45.0 mmol), H:0 (15 mL)
3 h, reflux /7 10% HCl
eYield: 2.71 g (68.0% yellowish white solid)
emp: 140-144 °C (lit. 164-166 °C)
e IR: 3390 (-OH), 1634 (-C=0) cm
¢ HPLC retention time: 2.98 (87.2%)
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@ Step II

v 1 Phloroacetophenone 4’-neohesperidoside (2, 2.62 g, 5.5

mmol )

KOH (6.7 g, 119.0 mmol), H,0 (10 mL)

Isovanillin (3, 1.4 g, 9.2 mmol, 1.7 eq)

1.5 h, 60 °C / conc. HCl

e o$2] isovanillin (3) #|A: n-BuOHE +3¥] A3
eYield: 1.35 g (40.1%: pale yellow solid)

emp: 199-202 °C (lit. 239-240 °C)

o Ry (n-BuOH:AcOH:H:0:EtOAc=1:1:1:1) 0.67

v

Phloroacetophenone 4’-nechesperidoside (2, 2.0 g, 4.19
mmol )

KOH (5.0 g, 89.1 mmol), H.0 (10 mL)

Isovanillin (3, 1.59 g, 10.5 mmol, 2.5 eq)

15 mim, 100 °C / 10% HCl

e o] E-2] isovanillin (3) #|A: n-BuOHE 3] A3
eYield: 1.04 g (42.0%: pale yellow solid)

emp: 197-202 °C (1it. 239-240 °C)

o IR: 3422 (-OH), 1636 (-C=0) cm™

¢ HPLC retention time: 3.50 (79.0%)
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1}, TRIAL B (succesive reaction)

M Step I - Step 11

B 1 Naringin hydrate (1, 4.85 g, 8.35 mmol)
NaOH (1.8 g, 45.0 mmol), H:0 (15 mL)
3 h, reflux 7/ KOH (5.0 g, 89.1 mmol)
Isovanillin (3, 1.59 g, 10.5 mmol, 1.25 eq), MeOH (10
mL)
1.5 h dropwise, 100 °C / 10% HCl
e o§F 2] isovanillin (3) AA: n-BuOHZE 3] M3
eYield: 1.81 g (35.5%: pale yellow solid)
e Ry (n-BuOH:AcOH:H,0:EtOAc=1:1:1:1) 0.45

e HPLC retention time: 3.51 (75.1%)

Bl 2  Naringin hydrate (1, 4.85 g, 8.35 mmol)
NaOH (1.8 g, 45.0 mmol), H.,0 (15 mL)
3 h, reflux / MeOH (10 mL), KOH (5.0 g, 89.1 mmol)
Isovanillin (3, 1.5% g, 10.5 mmol, 1.25 eq)
15 min dropwise, 100 °C / 10% HCl
e 2] isovanillin (3) #H|A: n-BuOHZE 4=3] A|H
e Yield: 2.33 g (45.7%: pale yellow solid)
emp: 199-204 °C (lit. 239-240 °C)
o IR: 3424 (-OH), 1636 (-C=0) cm™

o HPLC retention time: 3.48 (88.4%)
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HIM3  Naringin hydrate (1, 4.85 g, 8.35 mmol)
NaOH (1.8 g, 45.0 mmol), H:0 (15 mL), n-BuCH (60 mL)
1h rt/3h, 100°C / KOH (5.0 g, 89.1 mmol)
Isovanillin (3, 1.59 g, 9.20 mmol, 1.1 eq) in MeOH (10mL)
1.5 h dropwise, 60 °C / 10% HCl
e o &22] isovanillin (3) A|A: n-BuOHZE 3] A%
e Yield: 2.33 g (62.0%; pale yellow solid)

t}. TRIAL C (succesive reaction)

m Step I1II - Step IV

Bl 1 Neohesperidine (4, 1.00 g, 1.64 mmol), 2N NaOH (20 mL)
10% Pd/C (0.30 g), Hz, 3h, rt, 60 psi
5% HC1
eYield: 0.80 g (80.0% yellow solid)
o HPLC Retention time: 4.41 (81.0%)

w2 Neohesperidine (4, 0.100 g, 0.16 mmol), 2N NaOH (1 mL)
Raney-Ni (0.05 g), Hz, 14 h, rt, 1 atm
5% HC1
eYield: 0.093 g (93.0%: pale yellow solid)

e HPLC retention time: 3.92 (90.6%)
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2}, TRIAL D (succesive reaction)

W Step I - Step IV

Naringin hydrate 5.0 g (1, 97%, 4.85 g, 8.35 mmol)
NaOH (1.8 g, 45.0 mmol), H:0 (15 mL), n-BuOH (60 mL)
3 h, 100 °C

MeOH (10mL), KOH (5.0 g, 89.1 mmol)

Isovanillin (3, 1.59 g, 9.20 mmol, 1.1 eq), 1.5-2 h dropwise,
60 °C

10% HC1

10% Pd/C (0.30 g), Hz, 3h, rt, 60 psi

5% HC1

eYield: 3.3 g (65.0%: pale yellow solid)

emp: 140-144 C (lit. 152-154 °C)

e HPLC Retention time: 4.38 (79.0%)
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2. Neohesperidine2. 2 HE] Neohesperidine Dihydrochalcone (NHP-DC)2]
LIk

Qi A& ute} ol Naringin (1)& SUEH RS HFHHEY
Nechesperidine dihydrochalcone (NHP-DC, 6)& % A3st= J31F £33)
2 Z3 AgdAY 1S AE 8 ol &3 igA HulEEs
Isovanillin (3)28] £2u]-& & &2 Isovallin®] H AL} vIgF AU
Neohesperidine (4) 5ol tj¥t $2] 2 AHPY T& 23
ZoEe 2UEHEA Naringing o] &3t tlal FuUat ZHEFAN &
¥ Naringin3} Neohesperidine?d] 1:1 ZHTEZHE F2]H Neochesperidine
& 2USAE 3l d+E AYsHALL

2 Ao e oln S 38 FA Y i AR S BY
ste] Botom A3} WHe iyt AE B3l Uil HYEES &
AHoz Jdaxt st o] MM N Fo¥ FAREL alkaline
solutionUollA] @ o}Z Neohesperidine chalcone (5)2] enone 3 Ejjo]lA]
carbonyl groupg £ANSIR] QI3 EX 3] ojFAYNL Mejzom HYs]
o] E&E9l Neohesperidine dihydrochalcone (6)& ¥Ast= WS 7
he 2z} ibg F ZUEZFE B oy U2 §I=F ol & AL Z
Ad 2 EF AolAl e AT &ulE ol &Y FEUHE Bl =3
£9) Neohesperidine dihydrochalcone (6)& Z A 33l= EAjo|c}.

FARIEA] carbonyl groupZ &AFIR] dar EX3} o]FAYUTHE A
HEo g HAY 4 A& VMR de WHEEE Y WHES EF
lo1t,  neohesperidine  (4)EHFE  JhpEsie]l s oA
neohesperidine chalcone (5)o] YZz] Fgdite] )3l g T2
Abgol 3wdt #lofo] WER LR o4tHrt
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@ q,B-Unsaturated ketones .2 HE| saturated ketones?] A&z Fgiwt

H

1. Cat. hydrogenation

Catalysts: Pt, Pt0; Pt/C, Pd/C, Rh/C, Ph(PPhsP)Cl
2. Ni-Al alloy in 10% aq. NaOH & Zn-reduced Ni in aq. medium
3. Electrolysis in a neutral medium using copper or lead
cathods
LiAlH,, Cul in THF, 0°C
Potassium-graphite clathrate CgK

Biochemical reduction using microorganism

N oo

Baker ‘s yeast

thed] UEE2 48 e3TA 2 HFFHE 728l 4 &
53< #1Y FaAzEoln, HFHHEL NHP-DCY AHE HEUSS =Y

Lii=

(ml Specifications of NHP-DC

1. Appearance: White, crystalline powder
2. Assay: min, 95%(area% in HPLC, dried product)
3. By-products: max. 3% Naringin-dihydrochalcone(HPLC)
max, 2% others(Nechesperidine, Isovanillin etc.),

<1% each

4, Heavy metals: max. 20ppm
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AdE ez o o FaAdol ¥ A2 £&¥ Naringini
Neohesperidine®] 1:1 Z¥EE FE] ¥H-3-F7tA|Ql Neohesperidine (NHP,
4)E ¢34 Eelshkes 333 ol2FE T 5HEU Neohesperidine
dihydrochalcone (NHP-DC, 6)& ¥Ast7] ¢t wpHogx T oT A
Bt 2jdo] golFt AEjFQl FHAAQ Raney-Nie] Aol lojAe A}
€% 4 23 52 Wt 3F 4 BEUS F HESHES 4
e Al G2 3g3 A7 ATE Q3= FEFAA HEE R &
o e AL ZFY i HFHHES &ol3tA €2 4+ de 23

Y U ¢EF $d 4 A& AAPS B RolTh
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A2zAd AFUE
1. Aot % 7]7]

Al¥Ho] A}®¥ Naringin hydrate (97%)%= Acros?] AEEZ o|L3l9x
KOH, NaOHE thd 23 AES ol &3lalct. £ AEY HEELE AA
3t7] $i3 Suj2 ARS3Y n-butanold HAE E AFE olL&3stgct ub
22 APATol MR oFS ZAHL2 varian HPLC 9010 pump system3}
varian 9050 UV detectorE A}&35}oit), ¥ FEZE Neohesperidine,
Neohesperidine dihydrochalcone2 SigmaX|&-& o]£3}gcr}. o]|E2] HPIC
Z7z 2t E4e] 83 84& 7 7} Table 12, Table 139 Felstal
1=

el a3ge
235193 T2 B & 93] Perkin-Elmer FT-IR system& AFE3}giT)

Thomas Hoover capillary melting point apparatus& A}

Table 12. HPLC Condition

HPLC Condition
Detector A 282 nm (254 nm)
Column Capcell UG 120A 5 mm @ 46 mm x 250 mm
Elution Condition Acetonitrile : Water = 3/7
Flow Rate 1 mL/min
Injection Volume 10 ¢L
Column Temp. 30T
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Table 13. Physical Data of Naringin, Neohesperidine,
Neohesperidine dihydrochalcone (NHD-DC)

Physical Data|Naringin hydrate| Neohesperidine NHD-DC
F. W 580.55 610.58 612.30
Mol. Formula CorH32014 C2sH34015 CasHzs015
Melting Point| 166C (dec.) 239-240C 152-154 C
Rf 0.68 (1% HCI) 067 (1% HCD 0.43 (1% HCD
Color Yellow powder White powder White powder

2. Naringin® 2H%¥] Neohesperidine Dihydrochalcone (NHP-DC)2] ¥4

7}. TRIAL A (stepwise reaction)

Step I: Phloroacetophenone 4- /£ -neohesperidoside (2)2] ¥4
2 1: B4 7)F31olAM naringin hydrate (1) 5.0 g (97%, 4.85 g, 8.35
mmol)E& KOH 4.7 g (83.5 mmol)°] F-F<= 40 mlo &3 &o] 7Ivt ¢}
= L.26AI% B 2ol gt F 1.25A41 7 ¢ tdERYch ¥
F A2 10 g2 HF7ISIAL 60 TIH @A v 2=oA AZFEFFHE S
22 2g 1/32 &9 the 6N HCIE pH 622 ZAHF ¥ A7 7}
5 TollA HA¥ thE ALE= AAE o2 dAR¥ch AFH 1A
2

ol M A3t vt Mo TA] 2.49 g (62.5%)F F53c].

e

¥

M oY

0-
=

Bl 2: 24 7] F8todA naringin hydrate (1) 5.0 g (97%, 4.85 g, 8.35
mmol )& NaCH 1.8 g (45 mmol)o] Z-F< 15 mlo] &3)H & 713t thg
A1 B¢ tEgBREct 34 F 45 10 g& BUFSIA n-butanol®
3 MF ¥l 60 TIF ¥R e oA JIFFTHE NSEUEY 4&
1738 &¢ vl 10% HCIE pH 622 ZFHIL 5 3A|7F 718 0-5 CojjA W

A% vhy AEEE IS o3 € Azt BEE IAE oA )



AARsI =7 M) 314 2.7 g (68%)E T5YICL
m. p. : 140-144 C (lit. 164-166 °C)
HPLC Retention time : 2.98 (87.2%)

Step II: Neohesperidine (4)2] 3%

v 1: A A 7]F5ollA phloroacetophenone 4- B -nechesperidoside (2)
2.62 g (5.5 mmol )2 KOH 6.7 g (119.0 mmol)o] ZFHF4 10 mLoj 3% &
Ao 7}gt thE 60 TolM 7td#FErh -EEEel isovanillin (3)
1.40 g (9.2 mmol, 1.7 eq)& 713t F ¢ 1.5X] 7 H¢ T2 5oflA] 2utgt
th. 71471& AAY F 5 10.0 g& E7ISIAL ice-bathof A wdztgict,
n-Butanol 40 olE 43 A3 F 0-10 TolA conc. HCIE pH 628 X
AR i 0-5 TolA 1847 YXjitt. BEH IAE ol3sia A=z
F 2ol ARt AL 1A 1.35 g (40.1%)& 53t}

Wy 2: AAV|F3}elA phloroacetophenone 4- B -nechesperidoside (2)
2.0 g (4.19 mmol)S KOH 5.0 g (89.1 mmol)o] ZH< 10 mlojl £3¥ &
oof 713t T} 100 CollA 7jd#F3ict ¥kSEHEO] isovanillin (3)
1.59 g (10.5 mmol, 1.25 eq)E 7}3t ¥ o 1587 2ulgict. 71d71& A
A = 4L 10.0 g& HB7I8I3L ice-bathol A w3zt¥kc}, n-Butanol 40 mL
2 3 M F 0-10 TollM 10% HCIE pH 6.8 ZAZ Tt} 0-5 T
A 18A12F |3t AP H AAHE oSt AR F 2eolA EF
sto] il Mol T4 1.04 g (17.2 mmol, 42%)& $53it},

m p. : 197-202 C (lit. 239-240 °C)

HPLC Retention time : 3,50 (79%)

1}. TRIAL B (succesive reaction)

Step I-Step II: Naringin hydrate (1)Z-2E] Neohesperidine (4)2] 3%
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BhY 1: AL 7] {30 A naringin hydrate (1) 5.0 g (97%, 4.85 g, 8.35
mmol )2 NaOH 1.8 g (45 mmol)o] F-F<= 15 nlol -&31¥ &Jof 713 vh&
3zt Beot stgBFch 37 ¥ dF 10.0 g& HIISI2 n-butanol 2
3 AFZTL 60 T7F ¥R ¥t 22oA AFFTHE HSEHE &
& 1732 &9 th KOH 5.0 g (89.1 mmol )& H7I%F F 100 CollA 7t
HE3c}, o]ojA] isovanillin (3) 1.59 g (10.5 mmol, 1.25 eq)E MeOH
10 mLoll &3JA|Z fAE o 1.5x7te] HAA MA3| AHAsigch 71EIE
HAY F 4L 10.0 g& 7SI ice-bathojlA] Y@ZFiTt, n-Butanol 40
oLE 43 MHE F 0-10 CTollA 10% HC1Z pH 628 ZAZ tZ 0-5 C
oA 18212t WxIgict. BEE IANE st AR F 24004 2E
st} diezt o] 1A 1.81g (2.96 mmol, 35.5%)& +S¥rh

HPLC Retention time : 3.51 (75.1%)

Bhy 2: A 7]F3lo| A naringin hydrate (1) 5.0 g (97%, 4.85 g, 8.35
mmol )2 NaOH 1.8 g (45 mmol)o] ZF<= 15 mLoll -§3E §of 713 thx
3A 7 Fot sldBRYch ¥ F 42 10.0 g& HEIISIAL n-butanol =
43 MEFHCE 60 T @A U= A AFFHRE HSEUEY &
& 1/32 241 ThS MeOH 10 ml, KOH 5.0 g (89.1 mmol)& ¥ 7}¥t ¥ 100
CollA 71EdBEeIc), ool isovanillin (3) 1.59 g (10.5

eq)E 713t ¥ o 1587 auigic}, JMAVE AAY F IS 10.0 g2 3
7¥513L ice-bathol]A] 3z}3tT}. n-Butanol 40 ml® 3] AT F 0-10
CollA 10% HCIZ pH 628 ZAEY TS 0-5 TollAl 18x|7 Hx|3ict, A3
HE AAE A8t AR F 24 BT AT A A
2.33 g (3.81 mmol, 45.7%)& 53t}

m p. : 199 - 204 C (lit. 239-240 °C)

HPLC Retention time : 3.48 (88.4%)

mmol, 1.25
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B 3 A& 7]/t A naringin hydrate (1) 5.0 g (97%, 4.85 g, 8.35
mmol )& NaOH 1.8 g (45 mmol)o] FH 15 mLo] &3H Lo J}3la
n-BuOH 60ulE ZFTHE 100 °Collq 3A]t B¢t 7t@#Fecl 374 ¥ o
< 10.0 g& 7133 n-butanol 3] MH3Ikc} 60 CTIF PR =
EolA AFFHE HEERES P 1/32 ¢ thS MeOH 10 ml, KOH
5.0 g (89.1 mmol)& 7I13Ic} 60 ColA 7}E2uISIAA isovanillin (3)
1.59 g (10.5 mmol, 1.25 eq)E 1X]7 3050]A] 2A17te)] AX A AA3] 7}
T F o 158 ikt JHEV1E AASE 48 10 g& HIURE ¥
ice-batholA] 3z}gtch 0-10 TollA] 10% HCIE pH 628 A3 t}
n-Butanol 40 ml2 3 MHZ F 0-5 CollA 18AI7 Lx|gict. BE=
IAE st ARE F 2ol 2AYsto] Ay o] 24 3,16 g

(5.18 mmol, 62.0%)& 53t}

t}. TRIAL C (succesive reaction)
Step  I-Step  II: Neohesperidine (4)ZHE  Neohesperidine
Dihydrochalcone (6)2] 3%

2 1t Neohesperidine (4) 1.00 g (1.64 mmol)& 2N NaOH 20 mLo] 8-3)
A7) Tt 10% Pd/C 300.0 ngE 7}3 ¥ H, 60psistolA] 3hr7}sF =43}
28-S StHTh 10 Tol3t® ARt ok 5% HCIE pH 92 AT ¥ Znj

o z}3}aL THA] 5% HCIE pH 622 ZAgch 0-5 ToOlA 12412 WAy
ARE AAE st AZ3] =g e] 4] 0.80 g (80.0%)L &

HPLC Retention time: 4.41 (81.0%)

HY 2: Neohesperidine (4) 0.100 g (0.16 mmol)& 2N NaOH 1 mLoj &3

AlZl ThHE Raney-Ni 0.05 g5 713t F w2 Z3ES AlqhstofA] 14417
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2}. TRIAL D (succesive reaction)
Step I-Step II: Naringin hydrate (1)Z-2E  Neohesperidine
Dihydrochalcone (6)2] 3%

A4 7153100 A naringin hydrate (1) 5.0 g (97%, 4.85 g, 8.35 mmol )
NaOH 1.8 g (45 mmol)o] ZF4 15 mLo] &3¥ &¥o] 7}8l3L n-BuOH
60nL-E ZH¥THE 100 “CollA 3417 Bt 7hd$#Fech ¥z ¥ g2 10.0
g2 H7IIAL n-butanol 2 3] AMHZc}. 60 TIF 9A| Ut =M A
ZE5HE S EFEL ¢S 1/38 £ TS MeOH 10 ml, KOH 5.0 g
(89.1 mmol )& 7}¥tch. 60 CTollAl 7P 2urslAA isovanillin (3) 1.59 g
(10.5 mmol, 1.25 eq)& 1AIZF 30&olA 24]Ztell AAA AA3] 713t F
o} 1583 anidtch, 71471& AASIL A% 10 g& ¥/ ¥ ice-bath
oA Wzi3tt}h. n-Butanol 40mlE 43| A3 35} 2N NaOH 50mLol £33t
The 10% Pd/C 0.9gF 71312 H; 60psidloll Al 3hr7tef $A23p1ee 3%
Tl 10 C o]3l& YBZ}3l3 5% HCIE pH 98 gt& r}L &njE o213 ¥
THA] 5% HCIZ pH 622 ZAFICE 0-5 TollA] 1247 X3t F B9
IAE st AR o 42 ARSI A Mo 34 3.3

(5.43 mmol, 65.0%)& Lt}

g

m p. : 140 - 144 T (lit. 152-154 °C)
HPLC Retention time : 4.38 (79.0%)
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3. Neohesperidine® 2%-E] Neohesperidine Dihydrochalcone (NHP-DC)<]

38

7y A¥® 11 (11-1, 11-2, I1I-3) & III (III-1, III-2, III-3) & IV
(IV-1) (10% Pd/C A}&)
Aletgd T EIg = EZHL  (Naringin+Neohesperidine)2]
Neohesperidine 1.00 g (1,64 mmol)E& 2N NaOH 4,92 mL-20.0 mLoj -£3}A]
% th¥ 10% Pd/C (60.0 mg-300.0 mg)& 7}%t ¥ Hp latm E= 50-60psid}
oAl 3-15 hr 71} +4£3pH-g& 31Tl 10 To|3tE W3t thg 5% HCl
E pi 98 AP F FulE AAS}aL thA 5% HCIE pH 622 Z=Ech
0-5 TollA 12Xt X F PPH IAE A3t A=RAFIAY ethyl

acetate & MIBK Fi:= MEKZE &3} EHES 453t}

L A¥ vV (V-1, V-2, V-3, V-4) (Raney-Ni A}&)

Alekg EE ZEIE (Naringin+Neohesperidine)2] Nechesperidine 1.00
g-5.00 g (1.64 mmol- 8.20 mmol)& 2N NaOH 4.76 mL-23.8 mLoj €3]]
ThZ Raney-Ni 63.5 mg-317.5 mg& 71T F USEHES AgstolA 15
A T F4AIPES ¥k AR thE AYE W2 2k FaA 5N
HC1& 718te] pH 622 zA3ch BHE =3 g2 §9& 0-5 T
A 48AITY WA F gt APE A E JLEE HAHD F A
Zsto] =gty Ee €2 k39 2AE 2Eth AZFEHE g8 o
A IAE £%9 hot watero] §3AIZ] TS 0-5 Tojla] 48A]2F Whx]3t
F ZAdosta dAe2 AH, A2 AAN AL T JAILEIRA

E3&& 58
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234 d3 4 3%
1. Naringin® 2-+€| Neohesperidine Dihydrochalcone (NHP-DC)&] 3}Ad

2 AFdAME 71EY 88 oA 4719 =, A, e
=, pH, 23 ¥y, AZF PP oA & € ¥ 5o EFY 4
AE 7322} stgich vhge] APAH =9} ¢+ authentic compound Z 4]
Sigma Co. o] 7-9%t Neohesperidine (4)3} NHP-DC (6)& standard B3 ZE
Sto] AZPEE HPLCE ol-§3te] Hslolen ol& F3l AL WA
W oHkg 25 5o RS AESIaA} sjgct
A Step 1] @7loll 23t naringin (1)&] &3] 918 Z-$ KOHECT}
NaOHo| 2]¥F wigo] & ¢l el yxE= FE 8 4 A3, g A
7+ 3-3.5A] 7t A9}, Phloro- acetophenone 4’-neohesperidoside (2)
§ AMdEste] aAHE F9e pHe 5.5-6¥T7F Hsiglen ol
5-10%Ato] 2] F4tE& AME-3HTE. Step 118] Neohesperidine (4)& ¥/33}
71 1% F3NEge Z9 1 w842 HJlElE benzaldehyde Aol wh
gtA zfolz} izl BIEo] glot & MYl A18H isovanillin (3)
9] 7% 2-2.5 FFe] vk} 100 CollA o 5-15% F X2 Whgx|7to]
71 2 22E Ueiideh o £ isovanilling A WHPLEA
n-BuOHE AHE-TF MAEE o224 EF A7oe AU o oA

A},

r

NHP-DC (6)2] 3/dA] Pd/C W Raney-Ni& AM&3le] M=z Uk
AXA F EAS ¥4YE + ddoy €= 9 $EHoA it Azt
t}. TlE BYuP O A Zn dust/ glacial acetic acid WHE pH 2 A%
] Zargdoa 1A Zet 1EEF AFl= o g Neohesperidine
chalcone (5)1} NHP-DC (6)2] decompositiono] & Sit}.
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m 2 el Y
7}. IR spectra

-OH 3400 cm™: -C=0 1640-1650 cm™

1}. Melting points (°C) & UV spectra [UV maxima (nm/loge)]

Compounds mp Amax
Naringin 1 170-171 283/4.20
Neohesperidin 4 239-240 283/4.20
Neohesperidine chalcone 5 232-233 369/4.19
Neohesperidine dihydrochalcone 6 152-153 281/4.26

t}. Thin-layer chromatography

- Silica gel plates, visualized under UV light(375nm)

- Developed with H;0-saturated n-butanol

2}. 'H- & C-NMR spectra
o}, LC MS & FAB-MS

@} HPLC Condition & Elution Retention Time

Condition

A 282nm

Flow rate : Iml/min

Column : Capcell UG(Cis) 120 A 5xm 46mm ¢ x 250mm

Mobile phase : acetonitrile :

distilled water = 3/7
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_Retention time
Standard material
Naringin : 3.31 (97%)
Neohesperidine : 3.50 (90 % 1)
Neohesperidine dihydrochalcone : 4.41
4-Hydroxybenzaldehyde @ 4.49
Isovanillin : 4,34 (99%)

2 d39 TRIAL AL 7} g e ihg& ZFER
Naringin hydrate (1)% XE 87.2%% <$£X%X& 7lA|= Phloroacetophenone
4’ -nechesperidose (2)5F 68.0%2] &% AIsIgon, Step lIAE= HPYE 2
ZHRE 79%2] 58 71x|= Nechesperidine (4)F 42.0%2] 2% ¥Adsiact.

¥, TRIAL B Z7HA|Ql 313ME 28 H2)3}%] ¢t3 Naringin hydrate
(1) 23] Neohesperidine (4) A%3¢l Wgoz ushy] AW A=
A, U 28 3310 88.4%9 =& TR Y= 48 46.7%8 FTEE
a3t} ol= Exje] whH (J. Agri. Food. Chem 1968, 16, 108)9j
A2 & 32% Rrt 3 A4S UeERidch 3 e A= WEER
L= 8ujE 2 phased] H0+MeOH ¥ H0+n-PrOH 5& Alg3l= WHES 2
Bt o) 919t RAR ZE UEhdglch

TRIAL C:= &7] Jl5E3ol 23 S7t4Ql  Neochesperidine

hydrochalcone (5)& ¥2|3}*x] ¢3 Neohesperidine (4)C.ZH¥E

N

224, Step IofA

palladium/Co]L} Raney-Ni S5& 314 = A} 23} carbonyl groupd B S
3¢ 2 B3 olFAYRE MHF R HYA|IFAAM neohesperidine
dihydrochalcone (6)& @43 WH-go 2 3Pgdsiact. Y By 13
¥ 2§ Bsle] Hshe HYUE 6 80% o] P £ +&EF YAIsALL o]

BE ©EE wol7] 9% AAEA] +& HLE /fAsts o] Fasitl
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ute  Z7tA5Ql  Phloroacetophenone  4'-neohesperidose  (2),
Neohesperidine (4) % Neo- hesperidine hydrochalcone (5)&& 2|3t
] ¢x ZWEAQY  Naringin  hydrate (1)2FE HFFHEQ
Neohesperidine dihydrochalcone (6)& ¢143¢Q uh-go® IFd3te AHE
& TRIAL DE A E3lgon 65%2 &2 +&F 3l HYE 6& U3
ot} o] ZA% Isovanilling 1.5-2A1Ztell AAA HA3] 7lshe 23t o
#2| Isovanilling n-BuOHE A|A3H= Zo] Fo% 2] Ho, AIY
o] Arhe Zo] & wWieg 23l



2. Neohesperidine® 2% Neohesperidine Dihydrochalcone (NHP-DC)£]
33

2 AFoME &UEARA  Neohesperidine (4)& 83}
Neohesperidine chalcone (5)& HAXA X E2ZEHEYU Neohesperidine
dihydrochalcone (6)& ¥/d3te WHES ZAESIGon, dofx WEEY
E29E HFEHES 2P Q7S FHILE A=Sgrh

ZWEATL AF7te] HZAEE 95} Sigma Co. o T3 Aoz}
2jat Z+EFollA] £33t Neohesperidine W Naringinz} Neohesperidine
o] E}ES AgItden, S FA8) Pd/Colut Raney-Nig AHS:
e whiee] A2 AYE B S A =dle Holth HFEHEL
233 ezt o A BEE Ad 12 Ae 2FY ol 2
oz R gulE o8 23WY 5& AEstuA shuch vl

APAHL 223 T2 o] 'H NMR(DMS0-ds) spectra® authentic sample
o] 'H NWR spectra®}e] u]ZEM S Eshd Halstacy.

Pd/C3} Raney-Ni®| W]ZAHE A3} Pd/Ce] Zfol: g ARTAE
Bsta gutakel uEde] nitg Aejlg Exsiden AR ox
of&ol ULt Raney-Nig AHEET Bfole VA HIFIEFHE
NHP-DCE 3iut-go] 2B=E| g om, methylethylketone & 22| F&of 2t
233} =3 fsiA IYEHA AL FFHSE crudedt FElE Lol
th =, HUEAQ Nechesperidine (4)2E2FE HFFAHEU
Neohesperidine dihydrochalcone (6)& 34d3}7] 3 WHeoeEq FYU3
o8 felg HHA BAAA Raney-Nie] Ahgel glojqef AHg3 & vt
S22 58 HAH3= AN NSTYEZNEH HFTHH S 2L &9l

¢

SHAl 42 4 ok 23 4 28 Y 4 = AR Y FEES
$3 473 sk
&WEAQ Neohesperidine (4)2. 83 %|£E2EQl Nechesperidine
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dihydrochalcone (6)& $Adsl= vhH O 2 Pd/C WY Raney-Ni T2 A&z
Q HLAE o]&3te FAY WA Mol Ay TR Ry
sodium hydrosulfite?] AM2E ZEStgcT}h

o] A@FY F1H S8 st FHdel Feld AR HAE = sodium
dithionite (Nas$:04)2] ¥F-2AL AE3S] B7] 2|3l sodium dithionite,
NaOH 3 NaHCO:8] 2%, =, 2% 5 wg2A& WA 71dA
AEES Y FAH Ysks NHP-IC (6)F €L 4 YAtk T sl
carbonyl groupZ &AFSHR] ¢ X3 o] FAUE MY oT BUY
= AE e de YHEERE okEY WHES =5 o,
Neohesperidine (4)Z2% 7heEslo] 23} «o]F  Neohesperidine
chalcone (5)°] Zz] &l EIZ F<& FUA Y A8l ¥

&t Aeko] wpE Ao ® BT} Zinc/acetic acidE AME3t= WL 1of

fr

Aogl 8a|3l} Neohesperidine chalcone (5)0] pH 2 A X2 acetic
acid ol E3l7} dojd THsdol A& FAld olet A2 1 &%
ol 7}gur-2of 2]3] ring-closureXE]o] Neohesperidine (4) 2% F&o}lzt
Aoz olygrh

= g, f-Unsaturated ketones.© E-FE] saturated ketones®] +1Eyz PFlglu}
=1

1. Cat. hydrogenation

Catalysts: Pt, Pt0, Pt/C, Pd/C, Rh/C, Ph(PPhsP)Cl

Ni-Al alloy in 10% aq. NaOH & Zn-reduced Ni in aq. medium
Electrolysis in a neutral medium using copper or lead cathods
LiAlHs, Cul in THF, 0°C

Potassium-graphite clathrate CgK

Biochemical reduction using microorganism

N o R we

Baker's yeast
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1. A=i8el HYAEA sodium hydrosulfite?] A&

\ if AHS NHP | xN NaOH | Na:S:0; |Rxn Temp|Rxn Time| HPLC g i
I-1] A28 0.1 g|2N 0.72 mL | 250.7 mg t 15 h  |small amt.|Not good
2 I-2{A1¢4 0.1 g{2N 1.44 mL| 250.7 mg rt 15 h |small amt.|Not good
F [1-3]7 2% 0.1 g|2N 216 mL | 250.7 mg It 15 h  |small amt.|Not good
! I-4| A 2%k4 0.1 g|IN 288 mL| 2507 mg | reflux 15 h |small amt.|Not good
I-5|A1 %4 0.1 g|2N 1.44 mL|250.7 mg | reflux 15 h {small amt.|Not good

QM 7l vlel o] enoned] A=A
2 ZtAHo L} FFHoA oIt
A3 Ql enone?] A=Al HUAZA &uj7t &
sodiun hydrosulfiteg A}&-3}o] ¥E-2-&

LujE X IN EX 2N NaOHE Ap&3lglon ulgen g

E3FIIR] HEAIA JPEA o
column®] HPLCE authentic samplez} v]a3|] & Az HEFHERS] g

—

o AyEZ e

]

=3
‘6‘“—2‘

FE o E

HHE

d

A2

7 cl.

°]

A2

Exjstadct.

BHAEAM 4 Fulo AHS
AU it & Ad¥olA=

AT A8 st

SPEE

ZPA 71 SR AT E reverse

2. AElaQ FPAZA 10% Pd/Ce] ARgubY

4% No I?H%; Nign ;g;/é Pressure| " | Crystn  ['HNMR| ¥ x
1-1 "1’;};% 492 mL|600 mg | 1 atm |15 h O‘gr;S’ 2% NHP | No Rxn

Q—Hfﬁ -2 ﬁi?f 492 mL| 600 mg | 1 atm |15 b2 © 24| NgP | No Rxn
-3 ‘?ff 492 mL|600 mg | 1 atm |15 h da(zf_.Sn:)C:sfli | Na;il’ﬁf“* No Rxn
1r-1 T(? f 492 ml.| 600 mg |50 psig| Sh E\:/il?: s‘zi%;, IEIII){(IZNI/EIE accogx())ltished

T |m2| 5 g 492 miL | 600 mg |50 psig | 5 | S B P omplished
1m-3 ‘ff?f 492 mL| 600 mg |50 psig| 5h yellﬁli iﬁj §°n”]’§(‘f§rt: Not good

/:_Il\:';"j v-1 Al];}: f 20.0 mL|300.0 mg |60 psig| 3 h slf\gll;:()ljv g:iél I—\III){ClZNI/;Ig accorI:gltished
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19639 =0 B n]53] 3,087,8210] ¥ ME W&o 2jA 3}
AY  IIdAM e} o) NaOH-&jo 2 (4)
Neohesperidine chalcone (5)2.8 7}4-E3)3t ¥ 1 atmd}olr] HJPukeS
APystg oLt A wkgo]l JAE=A] odrt. mebx, AE IldAME J
Agri. Food. Chem. (1968, 16, 108) W UEE3] 50-154261(1975)0l 4 &}
Zo] 50 psigofl A VUGS A= A A -1 A3 111-29 F
%ol 'H NMR spectrag 3 & A HFHFAERY 482 T F=
A lon 25% PEI} upikge) FUEASA Exjsiqact. U=
A Naringin (1)} Neohesperidine (4)2] ZHE-& ALY A3 111-39)
ZBfole A8 78 B3 E3UEL] FeiE Uelkich

AY Vol E & SAAF]7] flste] A& alkaline -84z} Pd/C

2N Neohesperidine

ffo

=
24

S AH&3to] 60 psigoll A WSS A & Z} A IIoA Hrohs o
Zt o Whgo] APEo] 80%2] FWBES UEhiA oy o3| 20% FET}
otg e olglglth

3. AE1AQ BYAZA Raney-Ni2] AM&UY

49 | A8 2N - Rxn . 1 N
No. NHP | NaOH Raney-Ni |Pressure Time Crystn / Yield H NMR | =
63.5 mg MEK 3%, pale
O] -
v-1 214 %6 mi | (alloy. 1270] 1 atm |15h| yellow solid, |°" NHP-DCl, o orplished
1.00 g mg) 099 g / 99.0% (27t impure)
3000 mg € A A, EtOH
Alv-2| 8500 mL | calloy. 600.0] 1 atm |15 b | EFF NaClAA, jonly NHP-DC| 0o iched
¥ 1.00 g ) pale yellow solid, (pure)
v me 0.75 g / 75.0%
3175 mg MEK #%, pale .
V-3 g](;* B 1938 mL |Galloy. 635.0| 1 atm |15h| yellow solid, °"‘y(1\i}r§ DC| Accomplished
e mg) 482 5 / 962% D
. 3175 mg MEK #%, |[NHP-DC
V-4 5.00 23.8 mL | (alloy. 635.01 1 atm |15 h yellow solid, |major Not good
il mg) 230 g / 920% | (very impure)
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83 BUYPYP L 2L Pd/C Bk Raney-Nio] 73 E A@stx b
$E R F re-activationg& F3lo] 2jAJo] JHedt2E Hr}l {3t Wyol
gl ¥ 4 Utk AE V-1 n]ZESF  3,947,405(1976)0l & A
Raney-Ni& Fujgf wrF A1&3to] 4hgS JPAjZlew, I A Pd/CY
ZeolMste el HFHHERY Whgo] fHs] AWHAYOH crude
ele] &5 Ao FHHoE oAt}

AE V-2 M2 Z83Ee] A=2A4 pH 6 el HHgEUES]
=5 B3] AAY F ethanol& £7 713te] NHP-DCE &3lA 2 &
B} Alofl B/ H NaClE o3t} A AT} olojA o dg B3] AA
slo] HEHHES $5310 21} o] B¢ oF78 NHP-DC7L ethanolo] -§-3f
ol A V-1oA Ko}t ¢ 3T gou} AR £&& Uedch

AE V-33 A8 V4= AEARE A T Aoz AE V-39 Ffol
AY V-10A 2} uld7IAE Fu 2] Raney-NiZE HFFHEZ] Bt
o] &ZAx] g oL}, Naringin (1)} Nechesperidine (4)2] Z3IIE-S A} &
AE V-48] 2ol BLE EYEQ Naringin-DC2} NHP-DCEH-E] MEK
FEEME AHE3to Yile HFHAHEYU MHP-ICE major HUEE €

T Adey 2 1A ETES ZHSIA oA F2 Pyelzin ¥

%

A o mfu

£
=
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3. e EET FE Neochesperidin-dihydrochalcone (NHP-DC)2] Z
23 4 AEPE

2 dFA 32 AFF2] shiles [LAUE F USITUENA F
FEHEY NWP-ICE 2 F&€3 ©E2A dojue Zlojth &3
3ol d#d A-2(0-5 Tl B7| wAste] AR s YE2 A
A Jedes A3 HPA gdon +& EY A2 golrt w

2hd, & dToldE NSEUEI} Holx| YOHA NHP-ICo] ThY 4
2298 AU 89S ¥7) fsted ol FAx WS ol g3te] NHP-ICS]

ARl iy A7E AWstsch

—
49 No. ARG WY R F2 W om
Solvent

2 day 9 & 279 solid A, seeding 3o 717

Vi-1 0-5 °C, 2 d
PE VS ase gedE By

5 VI-2 Ethyl aceatae &9 g} £58 white solid 5 75
¥ |VI-3| Dichloromethane | 79 *%eo] 53 @&
VI

VI-4| Methylethylketone | $&3-2 584 ozt E& @ yellow solid”t +53%

VI-5| Methylisobutylketone | Methyethylketone ®.t} & 8o] €53

Ethylacetate?] 3¢ ¢% A2 HFFHEJ NP-ICE 5% +
dglevt F&o] nfg st en, dichloromethane?] F-f-ol= A F
&o] o]Foixx] Qkodrt. M F2 F&YE U Buie
methylethylketoneo] 2120 'H NMR 4102 ozt Ea-slgdont A Fay
22 HFEAES 5 5 AUdch A3 s EolF crudedt HF
EHES ¢ ZuHE €71 d3liAE oaty] o] AHF S AXof =
2 o] gnje] B nj¥ 3 Ao HIIHTE Methylethylketoned]
Z 2ol = methylethylketone Rt} @53t $&2¢€& HoFr).
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A B
A% No N}Pﬁ; Crystn / Yield |'H NMR|HPLC| Rerystn / Yield |'H NMR| HPLC 1‘
only [Pty 989%
MEK %%, pale | only . WA D WX, (A8
[} -
VII-1 ?ob*% vellow solid, |NHP-DC g;’gﬁ/y A ] white solid, “I(Vne DC Nmp-pC V‘forz
VBl 482 g/ 9%62% | (ure) |77°| 429 g / 85.8% ur’f Purity |
L pure 97.1%)
VI »
W4 mo) W3 no|NHP-DC ‘gx;’:fiﬁ:& A
VII-2 E 34| solid, MEK &,| major _ NHP-DC B B Not
500 g| vyellow solid, (very ceding Tl % good
230 g / 92.0% | impure) seecing ¥
no solid

AE VII-19] -9 MEK F&of o3) nf-f 52 +&ZA dofX NHP-DC
£ HNR B d3 &53idon] HPLC 24402 97.8%8 &2 &8
YUehlidct ol ¥z Alte g mimf F<Ql NHP-DCO| &=l 97.1% Kt}
43t Zolt}, o]®@A ¢€-2 NHP-DCE hot waterOiW 2 AZ gt Az} o)
< B2 £X(HPLC purity: 98.9%)F A 2ZZ3E<Q] NHP-DCE ALY Y
o] A FejEAM & 5 Addrh

A¥ VII-2%= Naringin (1)3} Nechesperidine (4)2] 35S Fql

A7l Aoz A, A Naringin-DCS} NHP-DCS] EFE S XHE MEKE =
éﬁ}@l 3= NHP-DC 3HE major product® ¥& 4 UL} ¥HSEY
% PP EYPES side productsE Uste] 'H MR H A} mh B¢t
t} ol AAAYE 23t hot awtero] &3[x|Zl F IR0 x5}
o1} AAHo] ABAE|R] ¢lo}r NHP-DCE seedingd EotoLl GA] AAo]
3235 =] ekatet.

1+
-—

32 32 o
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E A3 2UEAZA Naringin hydratel} FEAF7|HQ T AE
AFdollA Add Fuat ZF oA F&0] 7He¥t NeohesperidineE A}
L3l FFEHEJL 17z ZHojAHE AEEI 9lE Neohesperidine

dihydrochalconed %< &3} €22 €& 4+ d4drh 53,

——

L

NeohesperidineS SUEAZT 3= 7 9o+ one pot reaction® & vI-g
AE 4% 5 3lon, ARFHY 3 T2 AMEYe ZAE
S F olA AhEo] feldt Zes it PF E JF AYE
UE sto] 83} - atdste] SdolA BUANRGAIL] A AME Ha
B}, wbgAIRY, AR, AR T IS A A E Al
LAY 4 e AN BAFES ZEY ¥ AHE £3E AYolrt

Mt 2

o
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