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PURBVE R T DRI BTV 27 + v BATE
Hahso (R - L 1968; 1969a; 1969b; |1 -
Lk, 1968; (yks, 1970). Lk T7Rare v
(AA), Fr Far7zare v (DAA) BLU2,3-
o4 by a vk (DKG) oENmE sz &,
TOEE Iy CHF LML CTHRE TAEETH
% (bR, 19685 dakt - (LE, 1968; (LS, 1970).
SSICAARYEE LT Y Y ve VR (EA), 7
EFex ) vyve vy (DEA) 230G AAov 3+
YRRz 2T v (AA-Palm) R E & EETH 3 ¢ & H3H
SMIENTVS (EHDS, 1973). Zhb@3udh
LAFROT Y VA — i U2 omRbEHs g
NREZEEC TR EHEEINEHDTHDT, Kk
ZIEDAA AANVY 7221V YT Iy (OPD) &
HERCZORAEEER T 9 v 732 LEEEHRR
Wikd 5. oAbz v V- nEEghL
&7 bV EBUCHUESHYE OMBRERET 5 T &1,
MR b RYUL D TH B LHEFEIN B,

AABE2 I v CELUTREERTROSDOTHD
TR SEBR LB RITRESHD. &5 AA &
RHOMIERICBNT, €23y ComLiF TR
<, HRRIAIE &L LTREORBICBIELFASh
3. L LAAREMLLYTL, B2ORKTHRS
hah, 20125 LT Fig 1ItRT &5k DAA,
DKG, #v o v b L-pentose reductone (L4
7 b v C), 2,3,4-trihydroxypent-2-enoic acid (1
&7 +v B), 5-methyl-3,4-dihydroxytetrone (L
£ v A; MDT) % BiH1 §5b005% 5. Has-
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Fig. 1. Degradation of ascorbic acid.

selquist (1955) i DAA %43 L TH$ 5% aci-v &
7 b MDT Thaz 280 —7F, #HE
(1959 a,b) i3 DAA % 5 BEBBKRERTIAL,
2EOVE S b, b, 2,3,4-trihydroxypent-
2-enoicacid B XU'%2D 5 7 + MDT 24 L.
i, SR (1972) & AA BEEWEOT A+ Y #
BEMRIERORBRICE T, DAA 5 L DKG#%
WSt EEmL, &<k Cu* Kk {gEsh3
&% Tillman RIEIC LD DI, FTHIOH
B, 2,30VE) bBERT AT EEEE s v b
757 4—ICkED, DAA 21 L DKG @ DNA
X BB TR B YIEICAER T 2L 47 b
VI X OTIT b BT LR L.

LT AA BEYHE O HESBEE S SIKVE s b
Y OMBh OMERICT S0, MDT 8L, €0
BB TR L. Chid AA ORItk >T4
KITBLD20VE 7 bV THDT, LrbIFZ VR
2EL, AAIGIVEBEEE 2TV 3.
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IR LR 4 ER RO 7o AR B R BRI
TLRHH L LY 5.

x B ik

R—=—o0O% FI5T 14— FEHEREHK No. 51 %
AoER ERECIDT 2/~ - B -k (4: 1
1) TREBES, 8% 2,6-Y/uniz/—wl V7
= /=L DRE L.

HHBBIRA~S b MDT ki (20 #g/ml)
BEEBEICLD BE <V F o0~ HESHICES
MPS-50 iz k> CHlE L 7.

FRIMERINARS ML RO EER~ Y 7=
v IR-20 #I¢ KBr §e&HEic X >CTRIZE L 7-.

HESSE BAE & LT EEBAE LT B
Sarcoma 180 OE/k% Y v VIETHEERRL, %
@ 0.2ml (HEREL 5X109) %4E% 438, KEN20g
@ ddN = 2 OEREEBITEABE L TEELL
fo. BHEBHD O —FHEIMDT 2851, BRLT
EBEELAE L TIESSRE KD, B0 EII
BURRERO~ Y RORELS XUEFOEZ LA
2 L7z, MDT 3 0.01 M Bk (oH 5.7 <
FLLIY Yy VRICEEIEEL, €0 0.2ml 24
Bz

EBRERS LUEXK

1. MDT OFF&l

MDT Fv 47 b v o 1 ETHDTIMEICE AT
BRICHHENH 20T, HBRNESICHETESC L
PHETH Y, Fi-HEEEORBRICE LBENSEO
REEES B, 20D OINEH» S, benzyl ben-
zoyl glycolate & ethyl benzoyl lactate @ Claisen
WEiIck 3E8mE: (Micheel-Haarhoff, 1940) &,
DAA % BT 9B s ¢ TiRE 3 % /5% (Euler-
Hasselquist, 1955) &ic >\ THET L7z,

a) &Rk

(i) Benzyl monochloroacetate M&xY,

(0]

— Il
<_>CH20H + HO-C-CH,Cl
0

\_\/\CHZ o-d- -CH,CI

54 g monochloroacetic acid & 54 g benzyl al-
cohol L ZRARIEE P CIHMR, HIRILKRF =%
FETHIOSEBUTCHENISES. chE BADT
2B LicobBkhic®A, oLz

BIE Lic. =— 7V CHIRL, = —7 VE%E MK
By bV YL TERGE T — T VRS, RO R
Fnik 3~4mmHg THEZEREL, 1066C/3mmHg
OEFEHED . & 47.58.
(ii) Benzyl benzoyl glycolate ®O&7k
(0] (o)

S NeH o RZnN
\_/CHZ 0-C-CH,Cl 4+ NaO )
N

C
P
> ¢ NCH,-0-C-CH,-0-C-<¢

\_/CHZOCCHZOC\_/

k7 + + v ehic 36.9g benzyl monochloroace-

tate, 29g ZRFERHRF PV v A, 3gavilF YT

R, SRR ENE, ERUIELF P Y Y
LAEJEAIL, ﬂﬁﬁ&%d&ﬁoﬁ%ﬁﬁ, CRRHBT BETK
A % &R i Ue. B{iﬁ LTS B
7 PV BROKPOERE IE 26g, L 5TC
Tk 59~60°C).

(iii) Ethyl benzoyl lactate D&k

7o 1
C2H5—O—C—C|H—CH3 +c-0-¢¢ —>
I ™1 i
— >C,;H, O-C-CH-0-C <_ >

27 g benzoyl chloride & 27g ethyl lactate &
F AT 5 2ahTREL, hd 170°C © 28
RahnAL, Hodtd 100ml 7 oe kv a%inz T L
fz. sauokaaj@s 100ml 10 % KEEc 2 [, 100
ml 5 GkEftF ) v 2 T2E, 100ml 2 BHigT
LEDEME Licth, & oIk Tohkic?s 3 & Ttk
Liz. D0OTHAEA NV Y I ATRIR LR, Z2umk
WaeBE Ul BELS% 3mmHg &1 T &M
L, 119°C ojisy 2% 7. & 23g.

(iv) MDT &Rk

0=C-0C,H;

|
CH;-CH

l
N
0-co-L _ >
OH OH

f_
C == C

— CHa—ClH (|:=0
N/

0-co-¢
HQIC 0-CO </
+ C=0

| Vas
O—CHZ—\_

NS

10 mg benzyl benzoyl glycolate & 8.3 g ethyl
benzoyl lactate & Aig~v £y 100 g s L,
BRI REBA LM OEEE, 90°~95°C icig 2 i



MDT obufEgst 133

HMUBHELEEHN ) UL 36285 DETHBA LK.
IR T A E A ) T AREBRLAY YA F
5— FHF L7c. chicikT 4 7 —ov 100ml %
WS oA 2 ~ 3 EEIEL, KK TRHI%RR < S
LA S A Y v 4 &8RO INBRRANM, Sike —
PTG R S — v & D, NV YT HIBEEE
e, ARhGENHR = F v THI, MOKBRRS ) U AT
N KR, ?7”(&73:(‘& L(ﬁf%’f" L, YEOZFLZ—FN
T, AR M CES Lico b, —16°C i
LT MDT %} & Lt Fonkbold DA, L
oYY Th 5. I 130 mg.

b RfEER

5.28g AA # 30ml JKiCifR, 3.3g p-_v /%

svAE100ml 2 F vz —FICEM LD ERE
L, 109 qum*thm,ﬁﬂ®#//@¢
PWLicng Fax/ vikz—7 v THitBRI: L.
St DAA JKiFHC CAEITIE U TR ‘?EV)
IN BB NA T, 90°C T 1~ 2BEmMM L. &
BT LI ey Y T/l 7 7 v -2-h
AU lREMBGRL: Uiz, D0 TKED SER T F 0T
MDT ZiliH L, fEkse - b Y o 2 chikichs, &
HLT—16°C i 1 BifikiF 45 & MDT AR L
7-. IUfFHE 60 mg~100 mg.

¢ MDT EZROHEE

RERIRIE B K ORI X0 TR ER O

&MZ”V/ FovZe Fig, 2 1OR$HS, WifLNE5EEK
—H L, AA OLOICE L. 3380, 1290 cm-1:

Table 1. Some properties of MDT,
MDT ‘ literature
Xmax (mﬂ) 257 257.5
m. p. O 175 175
is | C (%) 4 46.41 46. 16*
analysis | g (%) ‘ 4.85 4. 61*

* Calculated value
MDT : The same as in Fig. 2,

KW 5 1730, 1620: 7 7 P VB S SICHRABTIX
MRRPEE:, FEB ORI BEFLL, XM
78D LR BEE & —F& L (Table 1), Ffer—r¥—7
u7b¢574—m;éRfﬁ%~ﬁLk(H&3l
WOTHRCE N ThOERERAOTSELZI RN E
,r;sa:bnz)m, BRER LU EZRECHET D, T
LT e A L.

1k, TOMDT KIFRERLEETH DT, BRI
KBS B E PR DEPHICET BT &0, REBNIC
BI5E Lo BB R = 7 b v ORI AR DIET 5 &
Bgani: (Fig. . ZoEE DAA Rkic kD
JAEL L7 MDT fERH SDOdPehric BELTEX5T
Hol-.

2. MDT oiifEEt

EHS (1973) © AA BlEHE ik >0 TOREBRE
KD, Zh LRSS ThEEEERD 7.
Jibt, 85mM MDT k%ML, £o 0.2ml
(MDT 2.3mg (0.017m moles)) % [EEMIE O

.

3000 2000 1800
Wave number

Fig. 2. IR spectrum of MDT.

1600 1400 1200 1000 800 700
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a: MDT was prepared by the condensation method
from benzylbenzoylglycolate and ethylbenzoyliactate.
the acid degradation method from dehydroascorbic acid.

b: MDT was prepared by
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Fig. 3. Paper chromatogram of MDT.
Paper: Toyo No. 51. Ascending me-
thod. Solvent: Butanol - acetic acid -
water (4: 1: 1), Detection: 2,6-Dichlo-
rophenolindophenol,

OD.
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Fig. 4. Variation of UV spectrum of MDT
solution. Aqueous solution of MDT (20 xg/
m]) was kept at room temperature for
different hours indicated. MDT : The same
as in Fig. 2.

EEE,EE 1R, 9HMREL, ITHEEBHL
BEERANE L. 58, BHRPEhicEE~y =
OHREBIVEEORSZ SRR L.

g S Table 2 iRdhs, #AKHICBNT
MDT i k2 50 #i2EOMMHERT N, T
G U T Fig, S iR Lok, MDT ERICKT
BEE O NBEE D & DI TEL Dz,
FEOHINGETL Sh 3EHASED SN iz,

DAA ©h7a—n7 3 v O RESEE %E O
Cut 2Nz iickviffisnscMnlidlig
gmshi. 2T MDT iBiicEORED 1/50,
FbH LTmM icil 5 X 5 FERSRERIRICE» LR
BRiICFHW-. {EDoTHERE{IZ 55 ng (0. 34 4 moles)

Table 2, Antiumor potency of MDT.

control MDT
Mﬁgse body tumor body tumor
* | weight | weight | weight | weight
(g) (g) (g (g)
1| aLs 6.8 35.2 5.2
2 | 26.8 6.5 27.6 4.1
3 26. 4 6.2 35.1 4,0
4 37.7 5.6 35.6 2.8
5 33.2 39 35.0 2.8
6 40. 4 3.9 27.7 2.1
7 27.0 3.5 30.9 1.2
8 37.9 3.3 18.7 1.0
9 29.1 3.0 32.1 0.8
10 36.1 2.9 29.3 0
Aver- |
age 33.6+1.9 4.64+0.5 | 30.7+1.7 2.4+0.5
E. |

Inhibition (%) ’ 47.5

Antitumor potency was principally assay-
ed as follows using mouse sarcoma-180 and
10 male ddN-mice of 4 weeks old in each
group. MDT (b in Fig. 2) was dissolved in
Ringer’s solution at room temperature (final
conc. 85mM) and 0.2 ml (containing 2.3mg
or 0.017m moles MDT) were subcutaneous-
ly injected once a day for 9 times from the
next day after implanting sarcoma-180. In
the control, Ringer’s solution was injected
instead of MDT solution, On the 17th day,
tumor was weighed in all groups.
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Fig. 5. Increment of body weight of
mouse and tumor by MDT administra-
tion. The same as in Table 2.

mhExhiz.

EEFA R A0 5 458 1 E, 10 HERS L,
15 BEIcHE LSt Table 3 iid. MDT o
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PolEgikic 3 3 Cutt OEHIRIBEEAEED S
he, BLABETETSEZLS b EbN 3.
ZoiE MDT il BRTHE L0 THD
to. $62C, MDT 2KBFHEP TR DR LT
fodic, TOXIBHREZECIEHEFEINS. £
TUERAHE A OKS Ls o LTl L,
LItk L7z, coBadbE 1@, 10 AR, 3 10
G Ueds, 2oz 198 BicfFofz. Table
4 1R ko, MDT zBluc#ls Uz aicid 30
BFEEE DR MMHILHIE DSER H o 218 Elshok
2, Cutt A 32 L 2 OMEBLIZVED

5NB EBbpDl.

1, C OROEEE(L%E Fig. 6 ic/Rd %, MDT
OFEI X 0 L BEED SKEOBINAIZ Sh
BRI I D BOEEE RIT T C EER s

LD &) BEHYREBRICE TR, RS s E YT
AN TERIAICEEL, = THEERIET 2T
LWNETHB. MDT BEETIC REE THDHD
T, =0 VEAAKICONVTEHLIHLTEHL. Ll
MDT DZbAETE 272508 80858 Uik,
ZOx#D Cu?t It X DIREsh B2 &, MDT 0%
(LSRR E R I RE T HERE TR LG s

Table 3. Effect of Cu?* on antitumor potency of MDT
solution dissolved at room temperature.

f

" control MDT i MDT + Cu?+
ouse No. body weight,[tumor weight,| body weight,[tumor weight,| body weight,[tumor weight,
(8) (8) (g) (g) (g) (g)
1 37.0 | 9.5 26.2 6.3 35.4 6.3
2 33.2 9.2 30.0 4.6 34.7 53
3 37.0 8.7 31.0 4.2 25.3 4.5
4 28.1 8.5 32.6 4.1 30.1 4.0
5 32.7 8.0 24.8 2.8 26.5 2.9
6 32.4 7.3 28.2 2.7 28.3 2.8
7 32.3 | 7.2 28.6 2.6 30.0 2.4
8 33.5 \ 5.6 32.2 1.9 35.3 2.1
9 31.9 5.5 29.1 1.3 24,7 2.0
10 32.2 \ 4.0 29.6 1.0 — —
Average=+S.E. 33.0+0.8 l 7.4+0.6 : 29.24+0.8 3.24+0.5 30.0+1.4 3.6+0.5
Inhibition (%) 57.3 51.2

Test solutions (85 mM MDT and 85mM MDT+17mM CuSO,) were prepared by dissolv-
ing them in Ringer’s solution at room temperature. Antitumor potency was assayed as in
Table 2 with some modifications, Administration of MDT : 2.3 mg (0. 017 m moles) MDT
or 2.3mg (0.017m moles) MDT455 xg (0. 34 » moles) CuSO,. Injection of the reagent was
conducted for 10 times and antitumor potency was assayed on the 15th day.

Table 4. Effect of Cu?* on antitumor potency of MDT

solution dissolved in the cold.

control MDT MDT +Cuz+
Mouse No. |- < e — . : =
body weight,|tumor weight,| body weight,{tumor weight,| body weight,/tumor weight,
) (g) (g) (8) (g) () (g)
1 43.2 9.1 36.9 8.2 32.3 4.6
2 37.9 7.4 35.7 7.3 26.4 2.9
3 31.8 4.4 27.7 3.5 27.5 1.8
4 28.7 4.2 23.0 3.0 26.5 1.2
5 26.1 4.0 31.4 2.6 25.4 0.3
6 37.2 3.0 28.3 1.0 28.0 0.3
7 30.2 2.9 19.3 1.0 23.6 0.1
8 25.4 0.5 29.6 0.6 25.5 | 0.1
9 - — 27.9 0.5 - [ —
10 — — —_ — — | —
AverageiS.E.l 32.6+2.2 4.44+1.0 28.941.9 3.1+1.0 26.940.9 1 1.4+0.6
Inhibition (%) 30.3 68.2

Test solutions (the same as in Table 3) were prepared by dissolving them in Ringer’s
solution in the cold. Antitumor potency was assayed as in Table 3, but on the 19th day.
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Fig. 6. Increment of body weight of
mouse by MDT-}-Cu?* administration.
The same as in Table 4,

MDT BUMTd b 2FEORRAERT DS, Cu iy
KXOPZOTHRBET T2 flABbicERE
Mo, MDT 2L &1 &2 TEALT B8 THI
PR A 28 H 501 5 ¥ H v BEORTG %
MEF 2 EMEISNSE. WTRICLTH, BROXE
HLEYIAT Db O KIZTHER S BESHD,
&S IRAERBOTH DAA L IERIE RO, B
&b MDT 22 o hilEgik2Rd ¢ LS
WTHB. [EOTLE 7 VAR HLEEEY T
ERBELED LT 5bNbONOWEF IR, —I5EH
RLDTHBEEL LN .

i &

5-Methyl-3, 4-dihydroxytetrone 4 7sh b L & 2
F v AD L ko, benzyl benzoyl glycolate
& ethyl benzoyl lactate @ ¥& iIc k3 &
DAA » oD BB DIRIL E % LRI Lic, 20 4
H, OTHOHETHEXZRVD, REBCLLbE
BORNEZLELTIMEOEN L, £ LTHES
BAL.
DT 5-methyl-3, 4-dihydroxytetrone @<= =
[EIEIELS Sarcoma 180 1T b9 2 HullESik % Ak L
7z. 5-Methyl-3, 4-dihydroxytetrone i3 REETH
HOTRBTIC HEBRERYL, 23mg 58, 1H
1@, gr10EEE g2 Eickb, {930 BREDOH
[EEESRD DN BB X B0, HED Cu?t
OHER I DYRIFD SNt —HBETHERS
35 & 50 BREEOHREHEMEER Lk, Cu?* OHF
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Summary

5-Methyl-3, 4-dihydroxytetrone (MDT) was prepared by condensation of benzyl ben-
zoyl glycolate with ethyl benzoyl lactate. The former had been synthesized from mono-
chloroacetic acid and benzyl alcohol through benzyl monochloroacetate. The latter had
been prepared from benzoyl chloride and ethyl lactate. On the other hand, MDT was
prepared by degradation of dehydroascorbic acid with sulfuric acid started from p-ben-
zoquinone treatment of ascorbic acid. By elemental analysis and comparison of some
properties such as UV and IR spectra, melting point and Rf value, difference was not
observed in the both preparations. For the purpose of easy and efficient preparation of
MDT in the present study, therefore, the method preferred to the degradation of de-
hydroascorbic acid.

Then, antitumor potency of about 50 9 against sarcoma 180 of mouse was shown
by subcutaneous injection of MDT. Some retardation of growth of mouse was also
incidentally observed. When injecting solution of MDT had been prepared at room
temperature, effect of Cu** on the antitumor efficiency was not indicated. On the
contrary, the quite low efficiency was estimated by administering MDT solution pre-
pared in the cold. In this case, however, the efficiency was enhanced by injecting MDT
with a small amount of Cu?*,



