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(5-Methyl-2-0x0-1,3-dioxol-4-yl) methyl Thiamine Sulfide D& % & Ik
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Preparation and Characterization of (5-Methyl-2-0x0-1,3-dioxol-4-yl) methyl Thiamine Sulfides
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A new type of S-protected thiol-type thiamines (prodrugs), which have a (5-methyl-2-oxo0-1,3-dioxol-4-yl) methyl
group recognized as a biologically safe promoiety, were designed, prepared, and confirmed to show higher serum thia-
mine levels after oral administration to rats than after that of thiamine itself and bisbentiamin as standards. Thus it was
shown that the promoiety should be also used for improvement of poor oral absorption of drugs with a mercapto group,

in addition to the absorption of drugs with carboxyl, amino, and hydroxyl groups.
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EFEOSDO1IANFITORT v T OHBTHEAL
promoiety Td 5 (5-methyl-2-0x0-1,3-dioxol-4-yl)
methyl (DMDO %) # R H L, Z?OH% Ampicil-
lin IZJ&f U T Lenampicillin (1a) O BFIZEKIIL
72.D DWW T Z @ promoiety 1% carboxyl 2 Z2H 9 %
L&Y LIS T ® amino ﬁfa hydroxyl %2 H 9 %1t
EMOEHBRERL IRV ELZZEZ2HMEL
(Scheme 1).2 & 5 k, Z D promoiety 13t #
SNTERENYMTH D Acetion (3) & CO, IZ74
HZEMOREEDEWVRELTH S EMEINT
w53

Z D1%, 78 promoiety @ carboxyl <> amino
RS 5H AABEEEEM N\ DOEIRNE < DR
HE T OMA SN, HiEIMEER © Olmesartan (4)
(Z3EE, 2004 ), ¥ 5B =H#A % L  Faropen-
em daloxate (5) (%> MU —#, 2003 4£),> &%
Pid# © Prulifloxacin (6) (HAHETEEH, 2003 4F)6
7 c‘:fJ\Fa'ﬁj%'c“ N, WMKRTHEAZIN TS (Fig. 1).
EZ AN, Z @ promoiety 7% mercapto H D S JH T

il

RMEANRIERE, ORIESEEMR A
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ENALTHELEEDIZIOWTIIWEZIZm SN T
WRWN,

Mercapto 22 H T 2 EYDNT, ZDEziEH
LTEENS ORI ZLWET 2 I LTI LIzES
72 prodrug Dl & L THISNTWS b DI, Ak
IZ W Z8 72 thiamine O thiol & thiamine 7% &K A1 H
5. ThoZz2 KT 5 & disulfide % thiamine (7),
S-acyl % thiamine (8) & S-alkyl %! thiamine (9)
D3fEETHS (Fig. 2). 71D

—75, S-alkyl # thiamine (9) D& @ mercapto
HoMF#ELE L TIE, methyl % t-butyl /2 ED
alkyl 2R ENRFT SN TE D, TN HFERIT
A KN T thiamine {§M 2 F L A ERSI RN &N
wWEEINZ 12D

AWFE T S-alkyl 8 (9) BT 5#FEMAREL
T, thiol & thiamine ® SH %%t % DMDO # T{&
fifi U 7=t &¥ 73, carboxyl K, amino %, hydroxyl
HIZHE4E L 7= DMDO £ @ promoiety SR UK D1
BWRET DM EI NI DNTRAT 772012, W < )
7 @ S-DMDO thiamine 2 5 L, T 5 D in
vitro & in vivo iR 21T > AER ZME T 5.
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Scheme 1. Hydrolysis of DMDO-substituted Medicine by Esterase
HaCo OO
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Fig. 1. Application of DMDO Group to Medicines
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Fig. 2. Type of Thiamine Prodrugs
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AR THA L3, FhI4 7274, 8
Wbk, GRS, ERBE s bt B o —f U
etk AL <13 Aldrich fH#lOREZ2ZF D F £
AW /=. HPLC I%, Shimadzu #{f fff LC-10AT
(SPD) ZM /=, HPLC ® 7} 5 Al GL Science
#£ D Inertsil ODS-80A (4.6 X250 mm) % T 45
°C, UV I 254 nm, {fi# 1.0 ml/min, H,0-MeCN
REWETHEZIT>. hosrax 757
4 — 123 Merck fE3 2 U 157)L 60 (No. 1.07734)
ZEHLE. EEr O~ MY 57 4 —1% Merck #
BTLC 7L —h U NIl 60F,s, 2 L 7=,
Mass ZX7 KL (MS) 13, REi#BEE GC-MS-

QP2000A X3 H A% T 1% IMS-600H % fifi i L T
BIE L7z, RO ZA X2 ML (IR) &, HAZD
Jt IR-810 BU[EIH4% T 7R 4 43 S YE EBH XZ H AR50 8
#1481 FT-IR-470Plus B 7 — V) TA M RN o3 HE L
EHEALTHIEL . BBRIEBAXY ML (H
-NMR, BC-NMR) 1%, HAE T, ZEKEE
i INM-EX400 &% O8N INM-GX270 7% W\ T HIlE
U7z, Je&EaH (ED 1%, Yoot L¥® CHN
CORDER MT-6 Bt FE o trEkiE = W THlE L
o, BlRIEY I OB AR B FERF ST T B MP-J3 f R Al
S A D CHIE U T

1. S-DMDO Thiamine (13a) DA&RKE Thi-
amine ¥ (30.0g, 88.9 mmol) %7K (50 ml)
IZIEfR L, 20%NaOH /KigW (56.4 g, 0.267 mol)
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Z 0—SCITTML 7z #iZ  (5-Methyl-2-oxo-
1,3-dioxol-4-yl) methyl chloride (19.8 g, 0.133 mol)
ZER T (20°0) THML7Z., RKIKESYZ 30 5
MR, I 54EHZERL, HO0 (100ml),
2-propanol (100 ml) DJEIZPEHL 13a Z2157/-.
fiiimld, 2-propanol TIr\y, ME@AFES 2157z,

2. S- ( 5-methyl-2-0x0-1,3-dioxol-4-yl ) methyl
thiamine (13a) M.p.152-153, 'H-NMR (CD;0D,
TMS, 400 MHz) ¢ (ppm): 2.06 (3H, s), 2.08 (3H,
s),2.45 (3H, s), 2.66 2H, ¢, J=7.0Hz), 3.58 (2H,
s),3.72 2H, ¢, J=7.0Hz), 7.92 (1H, s), 7.93 (1H,
s). BC-NMR (CD;OD, 100 MHz) 6 (ppm): 19.3,
24.6,25.7, 26.0, 35.9,41.4, 61.6, 111.6, 134.6, 137.0,
137.7, 139.0, 152.9, 154.5, 165.5, 166.6, 167.3. IR
(KBr)v. (ecm~!): 3350, 3225, 2860, 1820 (DMDO),
1735, 1650, 1555, 1475, 1350, 1250, 1205, 1130, 1060,
1040, 980, 805, 760, 540. Anal. Calcd. for Ci;Hp,N,
OsS H,0: C, 49.50; H, 5.86; N, 13.58; S, 7.77.
Found; C, 49.78; H, 5.62; N, 13.42; S, 7.67.

3. S-DMDO Thiamine (13a) @ O-acyl ;%
S-DMDO thiamine (13a) (1.00g, 2.50 mmol) %
pyridine (20ml) 2V M L, ==& T acyl chloride
(7.50 mmol) ZMHML 7=, KINREEYZ 2 Kl
HL/~%, /K (300ml) & chlroform (500 ml) 7
A, %, AHEZ5E, MgSO, THIRRIR
L7z, FonREzZ ) W) aREAET S
HS L7 0xX b7 57 1 — (CHCL-Ethanol) 1T &
DFE® L, 2-propanol ZMA 5 Z &IZX DL
S, 13b—f 2%/, Hi#Mmi, 2-propanol TfT
VY, R S 21T

4. 0O-Benzoyl S-DMDO Thiamine (13b)
M.p.154-155, 'H-NMR (CDCl;, TMS, 400 MHz) ¢
(ppm): 2.01 (6H, s), 2.42 (3H, s), 2.81 (2H, br),
3.29 (2H, s), 4.47 2H, br), 6.02 2H, s), 7.24-7.54
(QH, m), 7.54-7.58 (1H, m), 7.78 (1H, s), 7.81
(1H, s), 7.96-7.99 (2H, m). 3C-NMR (CDCl;, 100
MHz) § (ppm): 9.19, 18.34, 24.58, 25.69, 31.12,
40.21, 62.19, 108.19, 128.48, 129.43, 129.51, 131.17,
133.27, 134.12, 136.32, 136.51, 151.71, 156.25,
161.98, 163.33, 166.36, 168.04. IR (KBr) .v (cm~!):
3325, 3145, 2950, 1820 (DMDO), 1715, 1650, 1585,
1560, 1475, 1430, 1370, 1310, 1270, 1200, 1110, 1070,
1030. MS (EI) m/z 498 (M*). Anal. Calcd. for Cy

HxN,O6S: C, 57.82; H, 5.26; N, 11.24; S, 6.43.
Found: C, 57.56; H, 5.41; N, 11.01; S, 6.55.

5. O-Butyryl S-DMDO Thiamine (13c) H
-NMR (CDCl;, TMS, 400 MHz) 6 (ppm): 0.97 (3H,
t,J=17.3Hz), 1.60-1.69 (2H, m), 2.03 (3H, s), 2.04
(3H, s), 2.29 (2H, ¢, J=7.3 Hz), 2.45 (3H, s), 2.70
(2H, br), 3.32 2H, s), 4.21 2H,¢,J=7.0Hz), 6.22
(2H, br), 7.80 (1H, s), 7.84 (1H, -CHO, s). 3C
-NMR (CDCl;, 100 MHz) 6 (ppm): 9.21, 13.72,
18.36, 18.68, 24.40, 25.50, 30.81, 36.05, 40.22, 61.53,
108.27, 131.22, 134.18, 135.92, 136.50, 151.71,
156.11, 162.01, 163.30, 167.89, 173.47. IR (KBr) .v
(ecm~1): 3310, 3200, 2960, 1820 (DMDO), 1740,
1680, 1590, 1560, 1460, 1440, 1370, 1260, 1200, 1190,
1140, 1090, 1040. Anal. Calcd. for C,;H,sN,O¢S: C,
54.30; H, 6.08; N, 12.06; S, 6.90. Found: C, 54.55;
H, 6.04; N, 11.89; S, 6.79.

6. O-Nicotinyl S-DMDO Thiamine (13d)

M.p. 138-139, 'H-NMR (CDCl;, TMS, 400 MHz) ¢
(ppm):2.04 (3H,s),2.08 3H,s),2.44 3H,s),2.87
(2H, br), 3.31 (2H, br), 4.53 (2H, br), 6.07 (2H,
br), 7.43 (1H, br), 7.80 (1H, s), 7.84 (1H, s), 8.27
(2H, br), 8.80 (1H, br), 9.18 (1H, br). *C-NMR
(CDCl;, 100MHz) ¢ (ppm): 9.17, 18.57, 24.61,
25.64, 30.97, 40.13, 62.68, 108.08, 123.37, 125.47,
130.86, 134.05, 136.56, 136.96, 150.63, 151.65,
153.66, 156.19, 161.98, 163.20, 165.07, 168.02. IR
(KBr) .v (cm~1): 3360, 3150, 1820 (DMDO), 1710,
1660, 1590, 1420, 1290, 1205, 1120, 990. MS (EI) m/
z 500 ((M+1) *). Anal. Calcd. for C,;H,5sNsO4S: C,
55.30; H, 5.04; N, 14.02; S, 6.42. Found: C, 55.16;
H, 5.26; N, 13.74; S, 6.12.

7. O-(4-Nitrobenzoyl) S-DMDO Thiamine (13e)
M.p. 164-165, 'H-NMR (CDCl;, TMS, 400 MHz) &
(ppm): 2.06 (3H, s), 2.09 (3H, s), 2.44 (3H, s),
2.89 (2H, br), 3.32 (2H, s), 4.55 (2H, ¢, J=7.0 Hz),
6.22 (2H, br), 7.80 (1H,s), 7.86 (1H, s), 8.18-8.33
(4H, m). BC-NMR (CDCl;, 100 MHz) & (ppm):
9.12, 18.53, 24.66, 25.56, 30.93, 40.11, 63.09, 108.02,
123.52, 130.50, 133.94, 134.76, 136.52, 136.80,
150.44, 151.53, 156.04, 156.13, 161.91, 162.99,
164.38, 167.86. IR (KBr) .v (em~'): 3350, 3120,
1820 (DMDO), 1730, 1650, 1560, 1530, 1460, 1420,
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1350, 1270, 1210, 1110, 1040, 1020. Anal. Calcd. for
CsHsNsOsS: C, 53.03; H, 4.64; N, 12.88; S, 5.90.
Found: C, 52.85; H, 4.79; N, 12.56; S, 6.11.

8. 0O-(4-Methoxybenzoyl) S-DMDO Thiamine
(13¢)  M.p. 157-158. 'H-NMR (CDCl;, TMS,
400 MHz) 6 (ppm): 2.02 (3H,s), 2.03 (3H, s), 2.45
(3H, s), 2.82 (2H, br), 3.33 (2H, s), 3.87 (3H, s),
4.46 (2H, br), 6.22 (2H, br), 6.91-6.95 2H, m),
7.80 (1H, s), 7.84 (1H, s), 7.93-7.97 (2H, m). 13C
-NMR (CDCl;, 100MHz) § (ppm): 9.15, 18.61,
24.53, 25.59, 31.15, 40.16, 55.44, 61.85, 108.22,
113.73, 121.81, 131.25, 131.46, 134.12, 136.14,
136.49, 156.16, 158.71, 161.98, 163.34, 163.49,
166.04, 167.91. IR (KBr) .v (cm~!): 3350, 3150,
2950, 1820 (DMDO), 1710, 1650, 1600, 1510, 1460,
1440, 1420, 1380, 1320, 1260, 1200, 1160, 1120, 1030.
Anal. Calcd. for C,sH»N,O,S: C, 56.81; H, 5.34; N,
10.60; S, 6.07. Found: C, 57.11; H, 5.53; N, 10.45; S,
6.29.

9. S-DMDO Thiamine (13a) @7 LAY k%
iz S-DMDO thiamine (13a) (0.94 g, 2.38 mmol)
% 80 % EtOH /KA (20ml) IZiAf L, NaOH
(0.11 g, 2.38 mmol) @ 80%EtOH (20 ml) A& %
ER ML 2. 30 L7z, 10%MeOH-
H% (20 ml, 8.25 mmol) # =R T (20°C) TN
I 5. 30 MR L%, RONER Z TR
5. B 5Nk 2 /K-EtOH 1R S 1A I TH#S 5
352 &12& D, thiamine HEEH (0.75g, I 93
%) TiH7z.

10. ABE BEEOEBRLEWE DO
BRI AN, pH6.8,20mM U > E#EE K %2 1 ml
A 7=%, =iRT 2 FpiRE % 25°C T 22 Refdlr >
FaxX—brU7& A 2FaXX—=FL7EBRERZZD
4B (25°C, 11000 rpm, 10 43) LT 5Nz B
50% 7= MUJV/KEETAHARL T HPLC
TEEL /.

11. FEAHE  #REEYH 1mg 2321
BREICEBOED, 51 UC0 pH6.8 1 > EIEE K
TEfMIg TRt sy /=) 25ml 2 A,
BU<IBRL CIARM%, 0.45um A>T 527 14)b
F—T AL THBRKkzHAM L=, 20K 2ml =
SGWL, 7% =) TS/ pH6.8 U U
BEW 2ml ZNA -, 1 RS TIREL, 3059

1 >FaX—hF (25°C) &, =058 (3000

rpm, 25°C, 1043) LT, bB# (2% ) —ILH)

E A OKk#H) DJEEZ HPLC THIE L. KK

ZHEW T BCFR S Log P 2R L 7z,

S BCfR ¥ Log P=Log (A7 & / — IV HIRE
/B KAR IR )

12. T b TORORRMEAER MM SD R
v b (HAF v —IV X - UN—#HKX 24, Yoko-
hama, Japan) % S HEMNIC CTHEE FTERICHL
=, Bk zE 5% (w/v) 77 EY JLKIERK
IZ 5 mg/ml DRETHE S, 10mg/kg DFRET
ARG Uz, REAYICHEIRE DRI L, EDTA
2Na LB L 7=, Mk thiamine & % HPLC %
WX DERZITo 2. D EOBEY BRI A IERIERHE
BREMmERZRESDKIREZITHEEL /=, Figures
3 J2TX 4 D A Concentration of Thiamine in Blood @
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Fig. 3. Blood Concentration of Thiamine after Oral Ad-
ministration of 13a, 13b and Thiamine Nitrate to Rats
Each point represents the mean+S.D. of three animals.
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Fig. 4. Blood Concentration of Thiamine after Oral Ad-
ministration of 13b, 14 to Rats
Each point represents the mean+S.D. of three animals.
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BHAER, #EBREAPoRkGERICRMLL, 0
R Il thiamine J2 2 K1 thiamine 325 (CO)
ELT, HEEOMYP thiamine RE (Ct) 725
BLUTEHLE., 3 CO L 264—445 ng/ml O #i
HTH- k.

A Concentration of Thiamine in Blood=Ct—C0

e R &ER

1. S-DMDO Thiamine :35&{& (13) D4R
REFFEIZ BT D, in vitro e in vivo TOXE) %
KT D720k E LT S-DMDO thiamine 7
K (13) 13, ATOHETHEKR L., £9, #ikD
IZHEVY, thiamine HEEEHE (10a) D /KFEWH I,
NaOH KIEWR ZERS® 5 Z LICKDERKRT S
thiol # thiamine (11a) 2%} L T, (5-methyl-2-0x-
0-1,3-dioxol-4-yl) methyl chloride (DMDO-CI])
AW 10 ZRH{E FICTEASES 2 EITXD,
Jixd" % S-DMDO thiamine (13a) %7 > 7Ry MZT
S4% DINRTEHKRT S Z &Ik L 72 (Scheme
2). LML, ZoHKLEY (13a) DIRNNE
S5TULBMENS HDOTRWERE LT, A%
KIBFBEHP ORI TH B0, LRkl s HiEd 5
12 13a O — MK 3R T, thiamine (1) &
diacetyl & CO, IZH RSN, MDD 13aFDH DMK
NOBRREZENZOETAHIENZEZAN. £ 2
T, TOZE2MWRTDHELEDIT, invitro TO
HEESME T TOREBHZFET 572012, 13a % 80%

EtOH /KA ¥ H T ® NaOH 12 & % R & it L 7=
ETA, 20C, 30 3 CRETHEEIND Z ENH
HHL 7= (Scheme 3).

F7z, 13a OFEAERTDH % O-acyl KO GFELTIZ,
S-DMDO thiamine (13a) &ffi% Oz E
PUHRTHRIBEI®EZZEICLD, HIET S O-acyl
FER (13b)-(13f) # [LEH RAF IR TS 2
EMTER (Table 1),

X7z, 7 v bAOROFKGITET 2 Mk iREZ
WMEtd 272012, #EEMEZERTL2ELED 1D
ELTARILEY (13a—f) EMEEY >SN THS
i thiamine (15) &, I HICHEKEIN TNV S
prodrug @ bisbentiamine (14) D7 EE{RE Log P %
HE L7z (Table 2).

2. S-DMDO Thiamine FFE&DZ v b & A
BORINEE SDMDOETO RS v OHT
1%, BRAKMEERER 2 /2720 13a 2D Log P fE
MEMETH o727, 1Ba Bk EREELZEAT S
ZEIZED LogP fENEMT DI EE2R ML &
(Table 2). =ZTS-DMDOHI7 O RS w7 OHT,
Log P i 23 i fii TBR/K B REH 2 FF 72 72 S-
DMDO thiamine (13a) &R BUKIEERERL T
H 5 benzoyl LA EA L~ 13b 2 EEL, v T
DR ORI E EBEL 2. 723 13a LT 13b
EBIZTpH 6.8 U CEEFEMKH (37°C, 3hr) TIEHE
FHERNMKIBOX LA LETH O, WEIKT TILFEMITLE
Tholz. 51T, 13a & 13b O T v Mg H

Hol s Py s°
4/Nt4?ﬁ\_ NaOH oHe N OH
Py~ Cr OH  H,0 CHs
CHs 1
10a
0
CIH,C O%
HsC o 0
12 ||3yS/CH2
chW/N\ NH2 oHe 7 OH
|
Py-= NJV\C/ CHs
Hy 132 Yield= 54 %

mp: 152-154 °C

Scheme 2. Preparation of S-DMDO-thiamine Derivatives from Thiamine Hydrochloride with DMDO-CI
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o) _ © o _
O%(;/b % )L O’H © v 9
HaC Xy OH H3C/§(o E)y S H3C)S(CH3
NaOH _N_~ 0
Py G -y py 5 CM2 —|OHC OH
N © aqueous ‘ CH
oHC Y OH L iy oHe N~ OH 3
CHs R CH3 1 + CO,
13a 20°C-30 min |_ A ]
10% HCI-MeOH
HCI s
M
N/
Py/ OH
1
Isolated Yield 93%
Scheme 3. Hydrolysis Mechanism of S-DMDO-thiamine Derivatives with NaOH
Table 1. O-Acylation of S-DMDO Thiamine (13a)
0 O
'e) O
H3C/<ﬁ/o H3C/4ﬁ/o
py 5Ot RCOCI py stz O
N_~ _N_~
OHC” W)\/\OH Pyridine OHC 0 R
CH3 CH3
13a 13b-13f
Compd. No. RCO- Yield (%) mp (°C)
13b Benzoyl- 78 154—155
13¢ Butyryl- 82 —a)
13d Nicotinoyl- 59 138—139
13e 4-Nitrobenzoyl- 68 164—165
13f 4-Methoxybenzoyl- 74 157—158

a) Liquid compounds.

TOEYFNIRERZREF LzE 25 (5 uM, 25°C,
157), MEFTORERIITNZEN 224% KT
03%ThHv, WM7yORIv7{bEYwe bizmEsd
TIZESCNITHR L=, Lo T, HIibEN S
IS N 7= m a3 T/ I thiamine (248
WINzEFHINBDZ0DIC, mTORT w7 O
TORBMEEDMEFTF 7 I VREICHGAHHE
D THrnEEZ SN,

M LUZMEMESD 2Ty b (13 IL, 7—8 fAHk)
WilBIL A D 5% 7 5 €7 I LW (10 mg/kg)
EROKS5L, &%5%0,0.25, 0.5, 1.0, 3.0, 8.0, 24

IREf 5% O M thiamine &% HPLC TE&L T D
fE R % Fig. 11ZR LU 7=.

ZDOfEEM S, O-free fk (13a) & O-benzoyl f&
(13b) &, HEeNITHENSKINS N, MR
= 2 @ thiamine 2 5.2 % Z &N o> k. HEE
thiamine (15) @ LogP fE/N—1.55 THSHDITHL
T, O-free &K (13a) & TF O-benzoyl & (13b) @
LogP 32N ZN —0.23 K207 IC EHLTH
0, FEEMHEOBEIT K O HE TR E Lz &
ZZ5N5. ALEMDOHLERIOEE R IL Log P
BN —1FHETRMICELL, LogP—1Xk0D%
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Table 2. Physicochemical Properties of Thiamine Prodrugs

0O Py
o |
H CJ\(O o N oo S
3N by ¢S CHs T OH
/CHZ 1 y ,N /
Py S o OH C/NWO/BZ Py L
NO5
OHC/N WO/ 3 3
CHs o
13 Bisbentiamin (14) Thiamine nitrate (15)
Compd. No. R- Log P (ug /nlsl?lglli)llél_t%,_[())
13a H- —0.23 164.67
13b Benzoyl- 2.07 39.93
13c¢ Butyryl- 1.31 853.46
13d Nicotinoyl- 0.66 >1799.83
13e 4-Nitrobenzoyl- 1.92 20.27
13f 4-Methoxybenzoyl- 2.21 20.32
14 — 3.50 14.88
15 — —1.55 >1528.81

INE WIS E I E BIORE E RN E L <A
LT EMMEINTNS, 1Y I 5T LogP 230 &
DBHREZWIGEEITIE, THERIGEE E B EF R
BICETAZIEBHEINTH D, 79 O-free K
(13a) & O-benzoyl & (13b) DAEH, LogP /8
ZDFEITH D T &7 S HAE BIE B B0 E
REEITEL TS b D LRI N, EEICH{LEY
5y MG LZEEDIMEE T thiamine HE1Z
EZNRO 5NN -o . LLRITXKD, thiol & thia-
mine @ mercapto 2D S JFF~D DMDO A D& A
PED THERTORT v T THdI ENHSNIT
I2o7z. T5I2S-DMDO # 7' 00 KT w7 OF A
ZHi89 %5 HMT, S-DMDO B ORERFTH S O-
benzoyl {& (13b) & ETiZ#1 T\ % bisbentiamine
(14) 27y MZHHETRAOKEG Lz EEOMIR
th thiamine JRE Dttt 2% L 7= (Fig. 2).

Z v MZBT BTG & O LRt OfE R, 4l
Zatah, &I N7z S-(5-methyl-2-0xo0-1,3-diox-
ol-4-yl) methyl thiamine (13a) @ O-benzoyl {f
(13b) DA @ thiamine Ifi ¥ EZ, RO TR
it T & % bisbentiamine (14) 12xf L TR LA D
i thiamine I EZ2 52 5 Z EMNBHS M ER >
7. BEMEDOENNANED B 2 158 WSS FHE A
H OB % 2 HIZ L TR I E N7 promoiety 13,
carboxyl %, amino 3, hydroxyl # % 9 % W)

WHHATES/Z TR, SHOKEITZED
promoiety 7%, mercapto Xt % H 9 5 Y O WISk
FILHBNIDIEZYOH TR

B & A T2 O 4 Wi B D xf B 3K bisbentia-
mine Z R <L L R X o> - HOEERKSH K
A O1E O EEICESRUET.
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