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Studies on the Fluorescent Substances Produced by Aspergillus fungi

(VIII) Purification and Isolation of Asperopterin B and Chemical
Properties of Asperopterin B and A

Yasuyuki Kaneko and Minoru Sanada

(Department of Agricultural Chemistry, College of Agriculture, University of Nagoya,
Nagoya, Japan)

A new pterin, Asperopterin B (abbreviated to B), which is a bluish purple fluorescent
product of Aspergillus fungi, was extracted and isolated in a crystalline form from a culture
broth of Aspergillus oryzae T-17 together with Asperopterin A (abbreviated to A). Che-
mical properties of A and B were studied. A was shown to be a glycoside pterin derivative
and was hydrolyzed by acid and fractionated into a sugar moiety and aglycon pterin. The
former was identified as ribose and its benzylphenylhydrazone precisely coincided with that
prepared from D-ribopyranose in the IR spectra and X-ray diffraction pattern, suggesting to
have p-configuration. A study on the properties of B proved B was identical with the aglycon
of A. A consisted of one mole of B and one mole of ribose, the reducing end of which
was bound to the aglycon. B had molecular formula CsHoN;O;-1/2H,O. Its partial
structure was investigated and defined as a derivative of 2-amino-4, 7-dihydroxypteridine, by
the UV and IR spectra, an elementary analysis, its reaction against AgNQ;, comparison with
synthetic pterins, chelation reaction on Cu®* and hot alkali decomposition. As substituents
for -C;HsO, the -CH,OH side chain was evidenced to exist at Cs of the pteridine skeleton
and -CH; was elsewhere. This was evidenced by alkaline KMnO, oxidation, Al-Hg reduc-

tion and others.
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1. Asperopterin A REOFE LY OFE
IT& D Asp. oryzae T-17 #IEEL AZEEE, 3K
SO IEBEHLTREE LT

2. AODERIUKSHE L F DBRK/IADELRIG
140 mg DA% 2NH:SO: 40 ml (Z7&» LikBkhiz
EL, 2hr nE#% YY) 2/kThT, BaSO« AFEIL
PG ERER Sy, aglycon ONEE ZO{MIZET 3.
Naphthol i, TTC RIK2E 5 FHEDRKILIDE

BERIEZA~®, QIR REIO A & HRRFIFIEIC
%t UfT75 - 7z, Table 1.
Table 1. Qualitative test reaction of sugar
component® in Asperopterin A.
. Before acid | After acid
Test reaction hydrolysis | hydrolysis
a-Naphthol reaction | + +
Indole reaction + +
TTC* reaction - +
Bial reaction -+ -+
Malaprade reaction + +

* 2, 3, 5-triphenyltetrazolim chloride

3. AKAEYPD p-) K—2Z D benzylphenyl-
hydrazone & X~ EHT B EEED p-
Y& — R D hydrazone FEREKRE L, X-fRE
WA FE L7z, North American Philips Co. @
Norelco diffractmeter, Ni 7 4 V4 —, CuKa X-#
o7, EHEUEIZ Geiger Counter TEREFHEE Y E
BElZ 1/2inch/min. ERBRZHIIEEE 3BkV, FE
7 15mA, time constant 4 sec, EZEE 2°/min,
divergence slit 1°, 26 Cu g,
18.9°x O b DOEHTHEAKIZK 100, Fig. 3 ITH
FBOEHT ARy b,

receiving slit 0.006"’,

RERERBLUEER

1. Asperopterin A OBRIK/LHMRIEIZDINT
Asperopterin A, C13H17O7N5'Hzo {2 isoxanthopte-
rin CeHiO:Ns 73 X D@D pterin HTzH L, Ns
$H< CHO %<, IHFEHELIKREL, B

220 IR 2/ biZ 3450cm-! fhaTiced < Wgfk
WERIEE LTV, PERESKETRS  ORER
TARDTHICRBICE DA TH 505, N/30 Figp
BICEVBRBRICE L EEMBEIT5. Lich-TA
A EL pterin EF X S5NP, BRE TIKET
i, Table 1 XS ITFDARIKIL, a-naphthol
G, 2,3, 5-triphenyltetrazolium chloride (TTC) X
I ESO ICBHELEILYD, ADSFHRICEHSHICE
THEBEET S EARLTIONAS. & 512 Bial UG
DR EEABEE ET5wx, DL AR
H B,

Table 1 iTBWOTIKSEFIOZEEHT A HSBEMEAIR
Ll d_TBitETH -7, ART7TH VHIZIR
FETH DI L TiRleEmss <, pH 18 T
100°C, 30 mim B L THIFEA EE(LLITAS, pH1
{Z 100°C, bmin ¥ XEET1 ALET I EHEL
T&~N—7D7bf§AL%bm§%Z¥vh$$

T 5. muﬂ@z@wc\hw TEEmHEET
TS fodic, BEEEDEAI—BIKSEINT,

AxDbH® %aﬁ% BRI EE X 5. L L TTC
BERHOEAIE 0.1N NaOH 17 1~2min B I
BZOTHRIZE ST, COXKHTRATETIERE
BNbDEEZ NG, TLTEZOBERESIPLED
BILAREMZ) av FEAIKED aglycon EHAL
TWB T Ep¥ 3, g7z TTC & Malaprade JR4~®
BozEns, JE—2D Cx, Cs, Cu @5’59\
L HBEE2RRIT free © OH %2HT3Z
LT3,

2. ABXSODUKR—-ZELTORE ETAD
KRR M SHEX e EE s U, ks
BROSET T 5 LHOBBEEICILS b, HEROHL
RBeot s, PMFE%E Dowex-I-COs” FED A
T URBREE S T L FBE L, aglycon CHEEINLE
FERPIMEARERE. BHAK%E Dowex-50-H FZ
BB EEE A A VEAY RS, B SRS
BT 5 L |E Y S v TRORKMCGR G EF L. <~
W= m= b ST T 4 =TI R D DS ERND
& anilinehydrogenphthalate 2 & D D RBOD
ZAw FAEELD Fig. 1, Table 2 0 & < fE#ED p-
JR—=2&E Ry sk —FK L. LA DBEIIHRE
TN -7z,

RIZHEEE 3 5 7217 benzylphenylhydrazone (73
Wio, ¥ 5y REEX 4 0.5ml (39 30mg) 1T 30 mg
D ¥ KEER Y — 4 & benzylphenylhydrazine hydro-
chloride 45mg LA4E L, €512 0.3ml Ox %/ —
NEMZ 1SEZLU S REDHR—KKET 3. itk
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0.7ml RN 1EEEET 5. B L2ED hydra-
zone ¥EEAEILL, 0.2ml OKTEE LEE TER
B, T—FUTHRELR =2/ ~d s BT
W YER 30mg, FERICLT p-Y K—ZD hydra-
zone DIZBERRLLTIIR p-) R—X X VFEHT 5. 1B
X4*® hydrazone ¢ mp 124°C, #HED p-J F—2
hydrazone @ mp 123~124°C (TN HERFMIE) T

Lsperopterin A

Hydrolyzed with 2 NH2S04
in boling- water.

B{—%Lk. BREBR LS mp OETEZREA
Mot WED IR 2y b (KBr %) & Fig. 2
DT EL L —F LI, ZHEED HERX-FEFTER
ZHELtc A, Fig. 3 IGRTTE L ERED
TETAB Lz, PlEick D ADKEESIE - F—
REEZONB.

Asperopterin A CisHirOrNs 302 %R T & <

Benzylphenylhydrazone

100
Acid hydrolyzate o D-Ribose Benzylpnenylhydrazone 0
Neytrogzed with baryta § 80F
water, filter B 2
barium sg‘;r?mféom ‘%E Asperopterin A Sugar Fraction 50§
' ) = E 60 Benzylphenylhydrazone =
a N H o~ T
Barium_sulphate] Fiirate | %3 % ~40§
Passed through Dowex-1- £ € § 40 <
§ ga S
CG3 form column, to 5. 120783
eliminate fluorescent é &2 E
aglycon fraction and <% 200 g
anionic impurities. I {0 =
i Y
= o . . . s
[Efivent from Dowex-1] Dowex-1 Column adsorbing 4000 3500 3000 2500 2000 1900 1800 700 1600
| Passed through Dowex-50- agiycon fraction efc Wave Number (CM-1)
| orm cciumn, fo remove ] Eluted from the resine
; cathionic impurities. with Ml
| Efluent from Dowex-50j ate |
) >0 Eluai ) 100
| Freeze-dried. R ”{“-'Of”‘/fggﬂesoﬂ . D-Ribose leo
‘ — - cotumn chromatography. g
l[Syrupy residue sugar frachon] — : aropny . % 80 / Benzylphenyinydrozons 2
- - Filtrol column Ee \A/\/\f =
i greoh?d wff'rl\h{\g-g;eqqff{d adsoraing oglycon gmg ~Boc’,Z £
| benzylphenyihydrazine- . ) c « § 60} g
formed crystal was | Eluted with §%£ S
| centrifuged. | waler-acetone, £g z 40 5
[Crude crystal Eluate | s § &40 gz
| Recrystoliized from } Concentrated. 3 20 (A i A . €5
| hot etranol, T T 8 20+ speroptein A Sugar Fraction {4 =
YEl\Ow needles = Benzylphenylhydrazone 10
Asperopterin A sugar fraction ] {eqlycen traction) OL. .
Dex?zfyiphenylhydrozone, white ; 1500 1400 1300 1200 1100 1000 906 8% 700 650
crysiai
| Wave Numbper (CM-')
Fig. 1. Fractionation and isolation of sugar Fig. 2. Comparison in IR spectra of benzylphenyl-

moiety and aglycon pterin from acid
hydrolyzate of Asperopterin A.

hydrazone of Asperopterin A sugar fretion
and D-ribose.

Table 2. Paper chromatographic identification of sugar fraction with ribose.

!

Rg*
Solvent — -
Aspersog%:rrirfr?gtl}(x);dxl'glyzate ! p-Ribose

n-Butanol, acetic acide, water (4:1:2) 139 141
n-Butanol, ethanol, water (5:1:4) 161 159
Phenol saturated with water 139 140
Ethylacetate. pyridine, water (12:5:4) 123 123
Ethar}o!, 0.01M citric acigl citrate buffer pH 3.5 | 121 121
containig 0.01M boric acid (9:1) | .

Isopropanol, water (9:1) | 111 110

* Rg:

distance substance traveled from origin %100

Spray:
acid phloroglucinol

distance glucose traveled from origin
p-anisidine hydrochloride, aniline hydrogenphthalate, trichloroacetic
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Table 3. Structure of pterins.
100 T T T
| OH NH,
N N
80+ N7 4 5 ) N3 *5 8
H,N7 XN N7 NOH HO” XN~ NN oy
60k isoxanthoptein 2,7-dihydroxy-
4-aminopteridine
40r 3. HEBEEBLIVOD Asperopterin B D53l
1 BHE  RICHEEERDCEETEDENREIN
20l | % B AZoBIHEEL 7. BIERYY TR/ K DT Asp.
J MMVWM oryzae T-17 Z8E U BBCHBEOBBEATIIL,
’ 0%+ &/~ ET VIFT AT LB T ST
T B —— 74 =T I80% A 2 — VTR B &, KEDLE
28 ETIHOETAEMEBSAL SSEELINS.
Fig. 3-(1). X-ray diffraction intensity curve of F 72 Filtrol (& 7212 Magnesol*) # 5 A iCRE YL

Asperoterin A benzylphenylhydrazone.

100 r—

80r

60r

401

V

10 20 30 40
28

Fig. 3-(2). X-ray diffraction intensity curve of
p-ribose benzylphenylhydrazone.

2-amino-4, 7-dihydroxypteridine (isoxanthopterin)
(Table 3)~CeH:O:Ns»» Z % & L, fuic) F—2
BE -C:HO: 281 &30, Bz -C.H:O o
A EIAH, T pteridine ORIBEICH S EEZ S
na.

Albert'® 2 X hif pteridine #8813 X KITHE
RS B ENDS, ~NHe, -OH 0 & {KERAMD
EREEAMT S EE LD, BAERY 350C THE
HIs 8B, ADDE D DOKEESERS (193°0)
ABHLTOEODE, )V R—REORBEERZEILTHND
1eHTHHD.

Wic pterin %, BBEMICT € b VEEAREINLTT
b KTEBENTEEADERD SBESHIR TIN5,
ZDEALTNVIFDFTLIu= T 57 4 —T4E|
TN BE4SA, %9 Filtrol (Magnesol) #5472
0w 5T 4 —CRMBEREL, DOTIERYOD
ADREEEICBE 55D EFEL Dowex-I-CO’ JEH
Sunsnw s 574 —IChIT5E, THODRELE
W LI SBICHERMBE SN » o, tiid Dowex-
I 225 pterin DOIFEFOBMEICARE O HCl p3Hz
5L, DOVTEBIhIEERS O HC sEEERD
ADBBITIIIFHELEZ 5, BICK L TIRBICH
SLAEFTF2 D EEZ NG, T I TIEFAMICE
—i¢ Dowex-l D75 o TEBBRHY RS, B
Bk L pH % HCl T2.01C#HE L, iz Filtrol
F 7212 Magnesol DHF AT HEERF LD KBELT
HCl £kEH, 7€ b VKTHEM U BESZREER
HiT 5 & MERARROBEMSRE SN
IZR1E»» 0 Filtrol Grade 58 &4 B UBIRETH
Shsuw b7~ KFERLEA.

4. ADHIVKSERYNS ZD aglycon DBEiE T
OB&ED—E  Fig. 1 ITRT X 5 ICTADBINKE
s S EBEBAEDOMR L aglycon K43 % Dowex-I 1T
Wz Lnteds, s Dowell m o A%WERT S
D E4LFEUHENT, batch itk v HCl TE#:
B UBEERE, pH 4£2.0iCHIE L Magnesol 7 7 4
KRER LY, 72 VEEZ1D, 2%,

Magnesol

590“ ......

* [E Westvaco Chlor-alkali Division, Food Machi-
nery and Chemical Corp. (New York) ZIzE#l
synthetic magnesium silicate AR5 &3 5.
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EBRBEMICEBALTT | b K TEBFRAHEAAED
T5. BBEREDINLDI/v= T T 4 —ERRE
L7+ b YKIBERZBRETNE aglycon X
BaEMRERE LTIFNT 3. 20E4&S Magne-
sol 78=}777 4 —BREDBRETHAZLEEE
3, LOPEDOR—»—suv b S 56D Ry B
REEERR L CHEES N BOE L L EIT—
B,

LORBDIEHOEINIIEE pteridine DRHZICHEK
BEThEEZZONAWZ, KAMBIZEIDADY K-
R %% pterin aglycon OANEHN, LrdbEh
BA4ETBEFINTWHELR—TH 5 LEbN
5., COBBRE == Ju= b7 74— ICKD
Fig. 4 & Table 4 {Z5Rk L7z, IR, UV =<7 b,
BAOEBROMENE—METHS T LEEW L.

O Asperopterin
Rr0.24-- 1D b------- 1 @+ '8
ReQIGA D +--| F------A .—--AspeAropTerin
origin

Asperopterin  Asperopferin  Asperopterin
A before A affer in culture fiuid
acid hydrolysis acid hydrolysis of Aspergilius

Fig. 4. Paper chromatogram of Asperopterin group
before and after acid hydrolysis.
Solvent: n-butanol, acetic acid, water
(4:1:1).

nxy, S, P ASFRL. TEMME:C, 41.66;
H, 4.58 ; N, 29.57 ErEfE CsHsNs;Os 1/2H.0 : C,
41.38; H, 4.34; N, 30.156% ; 4>F3, CsHsNsOs-
1/2H.0 o4F8 232.2. UV, IR 2%/ t i Fig.
6. 7. BO pK ZOWEERICHRE LI, §iibb
BoFhoikB L UERE group DIEEEICLE - TEIL
Eh 3 UV 227 b vDEEIZ0. 1M Y 220 (pH
2.8~3.7), 0.1MHEF#RiE (pH 4.8~5.6) 0.1MY

Fig. 5. Crystals of Asperopterin B.

Table 4. Paper chromatographic identification of Asperopterin A aglycon

with Asperropterin B.

Sol ks
oivent <
Asp 2;22?? A Asperopterin B

n-Butanol, acetic acid, water (4:1:1) 0.14 0.14

5% Na.HPO, 0.42 0.42
Methanol, n-butanol, benzene, water (2:1:1:1) 0.53 1 0.51

4% Na-citrate 0.44 “ 0.45
sec-Butanol, formic acid, water (8:2:5) 0.35 ; 0.35

5. BOMEHEE BidEwkk b s EIERE LEHZESF
V=2 —TERT S LERARER L LTE
5h%. Fig. 5 REDEBEETH 3. K260°CL HIRE
SrfEAEIRY, 310°C BILLTRE T 2 0BfE LS.

N

i (pH 6.0~8.1), 0. 1NEsE (pH 9.5~10.0
EORERTHEE Lz, WERERICEDZ pH
OD oIt Fig. 8, 9 T&H pK iLELl_‘ LT 8.2

<2.87% P L7z, 0.01N NaOH * pH stat iz k53

A

v (v
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® 158, 1A ' BEOLEET D DR ICHTIHE 13
1.Or . . 3.0r
| 257 292 —:é
ost mu mu
“ Z 20f
o T 2
o2t g
0 ) A — U L L i i d l.O"
220 260 300 340 380
Wave length (mu)
Fig. 6. UV spectra of Asperopterin B. oL. — L
= (0.1IN N NaOH, ---- pH 8.1, 253 4 6 H 8 10
------ pH 60~28, —— 0.IN HCI P
Fig. 10. Alkali titration curve of Asperopterin B.
g loo T Y EEBIT Fig. 10 T pKa’ {Hi3#98.6. &
£ 8o FIMEL D BOSTFRA2EE 7. Rast AR
£ DT B DHFREKROBIC LTRH7.. Bl isoxan
2 40t thopterin (Table 3) #7-13% D ~6-methyl k-
20 : UV =2~y bvpsiERs0T, BoBlI3BL, BETX
40003500 3000 2500 2000 1900 180017001600 BL UV 2x7 bAORBISED B, BD 6 ALK
Wave Number (CM-!) TS F 7213 lone pair 2F T2 RAIBEF- 3%
gl R P TORNEEEINZDOT, T 5AK pterin
2% ORI 5 BEICE Y 5 HTFBHEE 25 BOAT
E &0y B%Kk»1E %, Isoxanthopterin & % -6-methyl {&
= 407 ® 0.1N NaOH rh 340 & 341mp O logé& 134.02
201 | L4 UTHOBD 385mp @ E}S ALK 523.0 b
1500 1400 13001200 11001000 900 800 700650 57D4FRIZ 230 L Esh, FESFROSTFR
Wave Number (CM-!) LX~F L
Fig. 7. IR spectrum of Asperopterin B. BIRKE 7 = / —MICA K VIR RHiCBEEDK

(KBr) RS, T VTR B, B, BRES

AZDBNEBERY, x4/ -0, YTy, B
ROk, =2/~ 0T &2/ —w, TRV, X
YINTNA—NICRBBEREL, T—F), R
FN, smuaTFvha, NyEY, ABI—FNVIEE
ICRAE, 7=/ —vEREEDOBERTHBIRALE
BEARIRB S EMERNER LIFICT L ) itk
THRLN.,

6. A&BIz®!F 3 pteridine HOFEEIZDT
Asperopterin A CuHuNsOr 55 ) Ky F1EEE
§I< & CsHsNsOs %48, BOSFREEETS. L

g §

o
Changing ratio of 0.D. (%)

Fig. 8 The relation of pH and OD:sim. of
Asperopterin B.

Jook 1eh>TARB LATE ) £—2 1 5Fh SMRE O
503 5EOMDELBRYTSS.
o A, BEbKEHED SOBRBEIC X D RALRE
E EU, gh ==y po=w 52,4, —TA, BIC
b AR ERBET 2 LERBOHUSER LT, A
Fig. 9. The relation of pH and ODasms of SMIZENTFZ D pteridine FHEK/z & X1 luma-
Asperopterin B. zine (2, 4-dioxopteridine), 6, 7-dimethyllumazine, 2-
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14 , &F RZ-

EH = BT H47%, 10694

amino-4-oxo-pteridine-7-carboxylic acid, 2-amino-
4-oxo-6-methylpteridine +OMLZEIIE ORI
BiEERY. —F& 212, uracil, 4, 5-diaminouracil,
4~amino-5-nitrosouracil &£ ¢F barbituric acid 7g &
fhZ %D pyrimidine [{LAMIIBETHSZ. Lich-
“TA & BIC pteridine #psbh 3 2 EZHOLNLTH B,
pteridine % CJHLN: it U NsO: O BAsERAL
Te & DT, KICEHAT 310°C L THRR LI VEE
» 5, Bid -NH,, ~-OH K% pteridine O RIS &
LTETAHLEEZONB,

7. B¢& 2,7-dihydroxy-4-aminopteridine &
DLE  COBREEHE®D pterin DA B 5 UV =
7 PvH B ICKBO b DOEKRETIL isoxantho-
pterin (2-amino—4, 7-dihydroxypteridine) & 2,7-
dihydroxy-4-aminopteridine #§ (Table 3) »3dH 3.
Z L THEAGHRUBEORAEE . ¥T Ben

dick &DETHEV 2-hydroxy—4. 5, 6-triaminopyri-
midine ZA&R L, Th & diethyloxalacetate # K
I+ 2, 7-dihydroxy~4-amino-6-methylpteridine %
/220, COERERBERICEDRT S, ZLTBE
Ih SDERREETiceEnEho KMnO. Biti%t
RSO N5 T 4 ~CE DHE LI, BBD
TEL btk D& 4D pterine {3 Ce ORIGEHS
-COOH cEft3n 5%, Table 5 D@V BIT 2,7-
dihydroxy-4-amino £DWNFNES, T EFNLD
-6-H R VEBRFEERE A ELS. KMnO B kic
X3 B O-6-h R VEBEREKDS 2, 7-dihydroxy-4-
aminopteridine-6-carboxylic acid &—ZF L7, L
7o TBIEA K & dERL KMnO: ik D-6-H 0
VEBRFEEEET S LS SHBND 2, 7-dihydroxy-
4-aminopteridine ¥ T37L0.

8. B OETIHULNE EHS™IZ 6, 7-di-

Table 5. Paper chromatographic comparison of Asperopterin B, 2, 7-dihydroxy-
4-aminopteridine group and their KMnOQ: oxidation product.
Ry
Sample

@
Asperopterin B ; 0.33 | 0. 37
Its KMnO: oxidation product 0.17 0.52
2, 7-dihydroxy-4-amino-pt.-6-CH.COOH 0.51 | 0.75
Its KMnO: oxidation product® 0.13 | 0.30
2, 7-dihydroxy-4-amino-pt.-6-CHz 0.20 | 0. 45
Its KMns oxidation product® 0.13 { 0. 30

Solvent: (1) #n-butanal, acetic acid, water (4:1:1);
(2) 4% Na-citrate. * These were same compounds.
Table 6. Hot alkali decomposition of pterins and flavins.

(:/an C,

CH, NN YO
CH, N/Y\'(N“

Riboflavin 0

CH,
|
CH, N N\fo CH
CH, N I’/NH CH
0

Lumiflavin

G-Compound 0

Ten mg of each sample in 2ml 1IN NaOH was heated at 100°C for 30~60 min which

H:N

resulted in decomposition forming

H2N>CO'

H
H,C N N 0
KBTIZ\K
6
5 3NH
H.C N \‘;/
0
6,7-dimethyllumazine

The above treatment did not cause

formation of §2N>CO.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

£ 15 1AH)

MEOLEET 2 W MRICET AR 15

methyl-ribolumazine (G Compound) & 6-methyl-
7-hydroxyribolumazine % Table 6 DIERHE 4 H
Tk Y SEL, REDAERICELYD lumazine D
C. iz -OH %413 0 OFEBAEHPL:. 127KL
‘Table 6 FB¥D & < pteridine D Ns i3 FRiC
BHREDH D Z EHSRIBBHICIL S DT IVETD
4. B 10mg @RI T VvH ) »E% IRC-50 T
TAaYBE, B R—t—Jsuo<brIiTva—k
Ehrlich R TRRZRRELIBBET, BO G (T
-OH #7i3 =0 BEAELEVITIE Ne ICEH#H
EHISNER U
g. Cu* & Asperopterin @ chelation

Pl Rz X v Bid isoxanthopterin {L&BICET S &8
ABHTEBHELN, CEILIKELNCT LD
i€ Co OBHED -OH THAH L 2RO ELTHED
7z, Albert? T Liid Table 7 FTEBO T & { pterin
oz DEMUKIE Co finic ~-OH B2 H T 284D
A Cu?, Fer, Co?* DBIIKELEA A4~ & chelate

L %RRT 5. =T Tumer, HE®®OHIE
Itk b, BIRKICHTBEME WNTHEIWR, A
CwiEegRA Table 7 ©T & SZEORBEIC, LU
(A)+(B) i2%i20. 02 VICHEOBRIC—EBDOKICE
WMEATS. (A) REBHAoE vE, (B) RADE
N EBHT., RicZh bDEKRO pH 2 NaOH T
11.3ICHIET B &, BEDAD Amex O 259,360 mp
DMz 660 mp ICHE Amax % chelation ITK 3¥=2)
CHIREGREETS. Chx 660mp THETD
L, Bair (A)/((A)+(B)) itxfd 5 OD (3 Table
7, Fig. 11 @& Sic (A)/((A)+(B))=0.5 iTEL
TR O bMENE T VEEINRIIER L -
7z, COERIZA, LichH->TBS Table 7 FERICHR
s BZ &% 1.1 O chelate complex % Cu? &
DL BT EABERLY®, ALBIE G fLiTHHLD
ic ~-OH %#%7 5, Table 7.

10. B¢& isoxanthopterin & DlkE BO
%A isoxanthopterin~CeHsO:Ns &3 i BidZh

Table 7. Relation between Cu?* adding ratio and the formation of
Asperopterin B—Cu?* chelate complex.

> m | ol | e e,

0. 004*(mole) 0. 016*(mole) 0.2 0.078
0. 006 0.014 0.3 0.10

0. 008 0.012 0.4 0. 158
0.010 0.010 0.5 0.205
0.012 0. 008 0.6 0.154
0.014 0. 006 0.7 0.085
0.016 0. 004 0.8 0.045

{A): moles of CuSO;-5H,0O
(B): moles of Asperopterin A

[A]+[B]=0.02 mol

* For example, 0.4 ml and 1.6 ml of each 0.01M solution were mixed.
Chelation of bivalent metal ion and heterocyclic N compound.

ribityl
§
CH, N N\%O
N
IT CH, N
o |
0 Me Me 0]

8-Oxyquinoline Riboflavine

N 1\1\
< N
|
0 Me 0]
N
{ )
RN N
1;2 Complex
1;1 - Complex
Pterin
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16 &7

2 -HH %

(BET 5547%, 10694F

03r

0.D. 660 mp

T

ol

0 0z 04 06 08
(A)/(A)+(B]
[A)+(B)=0.02

Formation of Asperopterin B-Cu?*
chelate complex.

Fig. 11.

&0 -CHO 72135, BO UV 27 bvEAS
T isoxanthopterin &NV & T 5 &, K<k
LUTOE IR E 2 RIERKITIZ 7 bH3E 51,
AMO-SImE 713 B3 isoxanthopterin £ D#] 15mp
D, AR B IHH 4mp OFA bathochromic
shift Z7RLTW%. BTk -CH:O 237 FDREHA
FEZ 5N, ARBYR—RD7HE LIy 7 FED
ns.

DIz isoxanthopterin-6-carboxylic acid ® -6-
acetic acid A 4#r3 & LT isoxanthopterin 2S5
BEEABLUBEN—/ Y-y BT 574 —TH
BL, WIENE—F LTI EZED 7,

11. BOTIVZI=ILTZINHLET 270,
FNRT 51818[3 4517 isoxanthopterin, xanthopterin, 2,
4,6- = 7213 2, 4, 7-trihydroxypteridine OO Cs AL
LT ORSERELAET 2 FEER T VA U IERD
Tz areits (Al-Hg SR TRT
T5E, Ind Co ORIEEEEELC ZAIS isoxan-
thopterin 73 &_Q:h: RL, TORJBIZ pterin DOHEE

PEICHRAT= % N Oy B@{B‘J BOFEE LA
BEEET LD c:@ummno)ﬂ 10mg @
H OH
/I L 1
3 | .
ngm H o HoN N~ TOH

R: COOH, -CH(OH)CH:
-CH.NH., ~CH.COCH:

B#% 5% NaOH 15ml iZiFf2 L #9 100mg DEKE
{b U7z Al-Hg 2iZ, BB LTIsaMET 3. BEH
#% INBHCI T & LIFR T 2 0BEmL L, LBOD
EKTHRERERT S, EERR b &0FEME L3RI
EEA, MEEEL -7 & —ov - BREE - K(4:1:1),
4% VB —FBLU3% NHCl @ 3D R~
Nea2 7574 —~TIRITDBE Ry BELSED
% oAk 3% NaOH icisbh L, 5
EMAFEL mp, IR 27 PR EER~/IDB
ERLTH-7. Licdi->TBIE G fLiccDk 573
BB ERNHDOEZELONS.

12. B® MnO: £ & U NalO. Bt &%,
SEE 520 iz kg (kRIZSR L7z 7-hydroxypteridine
D6 ﬁ@{ﬂﬂ% 12, MnO. TEe{t 4 3 & 3= T-6-COOH

cZ%, LBDOB% 5% NaOH [Z#E» LA MnO

Secleb N

R: -CH.COOH, -CH(CH3)COOH,
-CH(C.H;5)COOH, ~-CH(OH)CHs,
-CH:NH., -CH,COCHs

- f:15,16,25).

ALEMA, WHELS>D 20min BB ETHHRTS.
%% MnO: ZPRILFEE Al-Hg 0546 EET
N g N5 T 4= TR, BIEEA
OB ZIT TN - 72 RIZBIC0.2M NalO,
:iu 2ml ZMAPREHZREHIZEER LT —/¥—
sgaw ST =TT eh, BOEREASNE
Mo to, LichioT 6Lz Lo BHBRERFE LS.
13. Bo7)AUt% KMnO. E{t 7-Hydro-
xypteridine ¥ T MnO: Bt T-6-H v R VEETS
MR LIS A O, pteridine D 6 fLIZHEDE
BEAFIEECR SN, TN ORIED LD TR
LA S50, L L, BRSITENEZT A
i KMnOs TEALT 2 T NTOEED Co RIED
-COOH IzHgin&it, Lnd ZOMIBIE 6 (LicD &%
Rz i2 4. Forrest, Van Baalen 52728 HsBiffE L /2
BEE Anacvstis nidulans O 2 FE$AD pterin T
BEORG BRSNS, &I TIROZ &E MnO:
TEALTTRETS H O DEIEE A, B 6 LICELT S
7Tovs U KMnO. E{LR
0.5N NaOH ZiH#%,
KMnO: % 13 DR E

ARy T RNl o T
JnAimArs, 20mg OB
BOCITARBHENLD2D2%
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w185 1 H

DABE LI B E TN, 50°C, 3)RFT 5. B
Fo KMnO« 2xx/ —VTaEL MnO: DL
PR, BKTHROPREEEESE 15ml ICR
LA R Tl LTIt N T 2 BRI O R ERERZEE
JKEDERE L, TEMTE : C, 39.86; H, 3.37;
N, 29.02; O, 27.55 FEE CsH:NsO4-1/8H.0; C,
40.13; H, 3.05; N, 20.25, O, 27.57% Th*%B
wEERBE Lt~ —su< 25 7 4 —% Table
8. UV, IR -7 r% Fig 12,13 TR UKD, B
Az t—rt—r a2 257 4 —LEBEOMICBLD
Ry BEHHL, 20 UV 27 b VRFREESR
S Ly bathochromic shift (0.1N NaOH, 365mpu
T 10mp) E5R U7, THHLEKEED pteridine
WBEUTH B0 6 OB DRI ZYEH T DRILIC
E DA L7z, L L isoxanthopterin-6-carboxylic
acid TI270. BLEZ#E LTBO 6 fLic MnO: T
BmiLxninT, 7aoh ) KMnO: T@BILEN S
£ RIEE OB OSHEDICEET 5.

Table 8. Paper chromatography of Asperopterin

B. Its KMnO; oxidation product and its
KMnO: oxidation then Al-Hg reduction

product.
Ry
Sample ; ;

(1) ] (2) | (3)
Asperopterin B 0.3310.37 | 0.51
Its KMnO: oxidation product | 0.17 | 0.52 | 0.69
Isoxanthopterin 0.10 1 0.54
-6-caboxylic acid :
The derivative made by Al-|0.38 { 0.34 | 0.48
Hg reduction of the KMnOs; |
oxidation product of Aspero-
pterin B |
Isoxanthopterin 0.22 1 0.29

Solvent: (1) n-butanol, acetic acid, water
(4:1:1); (2) 49 Na-citrate; (3) 3%
NH.Cl.

L it

330

220 260 300 340
Wave length (mu)

Fig. 12. UV spectra of KMnQO: oxidation
product from Asperopterin B.

0.IN NaOH, - 0.IN HCI

BMEOLET 2 RN ECRT M 17

©

o]
=T
3

o L] |‘"
5 70 7 Asperopterin B
2 5 ) ¥4 kM O oxidation product 60
E G from Asperoplerin B
5 40
= 30| :
' 120
1ok
or

1500 1400 1300 1200 1100 1000 900 8CO 700650
Wave Number (CM-')

r ™ v r . , r 100"
90¢. e S N\ J
[ Asperoplerin B8 ) 80
270 A~ KMnOs oxidation |
5 [ product from ' 460
2 50r Asperopterin B ! .
a
- 140
g 301 Ny
&L N\ 2o
{OF \J
0

0 L . ) . R R . .
4000 350C 2000 2500 2CQ0 1900 1BCO {700 1600
Wave Number (CM-!)

Fig. 13. Comparison in IR spectra of Aspero-
pterein B and its KMnO. oxidation
product. (KBr).

14. Bo KMnO. B{tipon Al-Hg EXT pin
Iz~ 7-18 1 isoxanthopterin D Cs & -COOH
MEES LA, Tovn VIERET Al-Hg TE
b E, O -COOH mENT Co KBEBREDI
L isoxathopterin $8iC 735, B& 7w ) KMnO.
T L TE e E D 6 fiLic -COOH 2FT 5785
12, ¥56i Al-Hg iﬁiﬁ%}ﬁf;i&f ~-6-COOH %
DRz EMTE D EELZ, KMnOs Bibicxd UE
TEIMEAER L, BILDHES 4mg & Al-Hg T
ML, RIBEAEMT Magnesol #5 AKKKE,
KR 0.1% 7 v & =T KTEBEL L Ka %k
B s, HCl TEHEE URRT 2 elET7Tv0 Y
PETIARE, B TIRERRA LR L, R—¥—
sm=w b 574~ UV 27 bk Table 8,
Fig. 14 1079, MERNCH L Ry BEEZICENLL,

1.0

.06
e

O I
ozt

Ol L L ) s L " . P

220 280 200 340 380

Wave length (mpu}
Fig. 14. UV spectra of the derivative made

by Al-Hg reduction of the KMnO;
oxidation product of Asperopterin B.
—— 0.IN NaOH, ------ 0.1N HCI
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18 &F EZ-EH ®

BT 474, 19694

F 72 UV ZFEME 570933 LI hypsochromic shift
%mbt.tﬂmib%bﬁKB%m%£D Ce &
EMNENTH LY pterin 2R L7z, L L iso-
xanthopterin & |2£ 72,

15. B @ KMnO:. EtHao Cs LTS
-COOH B#EOFEHELBD C: [fIZofhoEiRE
[T PEZBBUTBO KMnO: B{LEsE
YEOD 6 MORMKICERTE -6-COOH B#ELH
THLELRLUTOBRICKLVEETHS.

(1) IR 2227 v i BEHEsd 5 & (Fig. 13) Bk
YNCiZE 71T 3100~3200, 1630, 1700 CM- FisFic
E— s BHERL, WIFNHMD pterin FOHEICH
T6fic -COOH HAEUR7n&LERan3, Fig
15 {2 isoxanthopterin-6-carboxylic acid @ IR X ¢
7 AT HBEMBINEE CHEEOERRBASND

(2) Table 9 B, BE{t#, £0BrHBLU 6-
methyl-isoxanthopterin, £0OE{tY), ZN%EX5IC
BLUbDOREE T2 LMAD 0. 1IN Hit Y — &'t
@ UV Bl AER LUz, B>BBHIT 10mp O
bathochromic shift %, BE{t#—Al-Hg BT
10 mp @ hypsochromic shift Zi#24 s, NI TE
-6-CHz {£—>-6-COOH {£——6-(H) (k1516 DIFEIT
Ron3 vy b L2 AKTE. COBEEIBBILY
»s -6-COOH =& L, Al-Hg BT TENHEET 3
EWVIEZZLEBEET S, BRic Table 10 Ok
-COOH D& % pterin & 75U pterin BLU B &
@ KMnO. B{t¥4E 1 0.6N FEV—& &
0.5N 7 VvE=TICEEL, VFFY - ayFv .-k

100

Table 10. Paper chromatography of Asperopterin
B, its KMnO, oxidation . product and
others in NaOH and NH.OH solution.

Ry
Sample 05N NaOH 05N NH.OH
solution solution

Isoxanthopterin 0.37 | 0.40
Isoxanthopterin 0.04 0.11
-6-COOH
Asperopterin B 0.61 0.67
Its KMnO. oxida- 0.04 0.19
product

Solvent: lutidine, collidine, water (1:1:1)

Q1) D= —gu= bS5 7 4 —FE LI
—fkic -COOH %H 35S pterin ICIBOWE
ELT, ehbDT7 vyE=2y AERCOBEBRIZED
FREELT Ry BPR&E LR 528, Na EI3fEsEs
BAwikg A, Table 10 T isoxanthopterin & BT
BEOHEET Ry KEBALNT, WINb L LEE
LT 373, isoxanthopterin-6-carboxylic acid & B
Bt TiRdhic Na 5RESICIEZ D, TvE=Y
LBIIBEIC CNEOBEILTVA, Zhid B itk
~COOH ERFELZOBBIEMIcR 2 L2EkD
THDTHB.

B®D KMnO: EBt47id, TESTOREE, HFR
CsH/NsO:-1/8H0 LRES /. L7cd-TB &
COBILICK D REFD BT, KE2EF %
FOER1FEFEBLUHEICS - 72, BRILIKE L
KMnO: OEBELB CHIC—FT 3. UV 2= b
WEBLE D v 7 P EISMCREMDIRNC LD G

5.l | EEREMUNCEE - - L EREE A SR,
€ [ g = LTBitin s Al-Hg © -COOH %R i —6-
20 3 e S T - -
F 4000 3000 2000 1800 1600 1400 1200 1600 800 600 (H) f&i2 UV #5L0B iz e A e—HT 5. 20T
Wave Number (CM-!) 35T B D3 6 SLOAIEH! CREAFIRE A, lone pair 73
Fig. 15. IR spectrum of isoxanthopterin—6- EERF STV EAERTS, UEAHBRELUTB
carboxylic acid. O 6 AL FGHNC BT % BifeEld -CH.OH L#EEX
Table 9. Shift in UV spectra of Asperopterin B and other isoxanthopterin compounds
by KMnO, oxidation and then Al-Hg reduction.
Sample i A shift 1 i Aoz shift
Asperopterin B | 355 (m,u)}bathochromm ig‘_’é?_’l’:h"pterm t 341 (mp) }bathochromic
: 10(mg) 9(mpu)
Its KMnO: oxidation product | 365 J | isoxanthopterin | 350
_ i jhvpsochromm 10 ' -6-COOH }hypsochromic 10
Product of KMnO: oxidation } 355 " isoxanthopterin | 340
and then Al-Hg reduction ! P -6-(HD) {

* In 0.IN NaOH.
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