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Abstract

Thiamine derivatives of thiamine tetrahydrofurfuryl disulfide (TTFD) and thia-
mine propyl disulfide (TPD) were obtained in a good yield and purity by use of
thiothiamine (SB,) and also described in details for the preparing sodium tetrahy-
drofurfuryl thiosulphate (Bunte’s salt)with and without KI. The optimum reaction
conditions for the preparation of TTFD was set in which the Box-Wilson plan was
applied. The reaction conditions are as follows;

1. pH value of aqueous solution of thiol type of B,-HCI;12.09

2. Quantity of Bunte’s salt (to B,-HCI 20G); 35.01g

3. Reaction temperature; 15.59°C

Studies on ultraviolet absorption were made at various pH and showed that the
absorption maxima are shifted with change of pH. The absorption maxima are at
244~246nm, 234~235nm in TTFD, and 245~246nm, 233~235nm in TPD. The str-
ucture was proved by the infrared spectral evidence. Quantitative determination
was studied.
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Bt 2 e E(LEr R UV Spec-
tra, IR Spectra, EE#S Z7/H 23E 44
7o) o]o) #EF & whol s

X% &

1. KI &0 o2 Sodium\tetrahydrofu—
rfuryl thiosulphate &mg*

Tetrahydrofurfuryl bromide 0.1mol & # 2
fz &) alcohol ] #figsl= o] A ¢ sodium thio-
sulfate 0.1mol &
o pusta KI 0.03mol & #iuske] Ky kol 4]
Bipsha A mEEE, Ba&Hel Ko Rroks
14 A1 7 KEEA ). e m:Tﬂ”“ WESSA
zate] RS . r+“1- KI & mshA|
ox kiiek A& #fee s PHTERE 44
Sodium tetrahydrofurfury! thlosulphate4
pich:A
60.5% (KI {#lifHEF)
59.7% (KI TREH)
1. Thiothiamine o 22 E{ thiamine tet-
rahydrofurfuryl disulfide o &5

3-[2"-Methyl-4"-aminopyrimidyl-(5")]-metyl
-4-methyl-58-hydroxy ethyl thiothiazolone(2)
(thiothiamine)® 50g (0.168mol)s] H,0 200m!
C-H,S0, 2g & Mnsted EAAZIz #BigstdA
309 H:0.k 54g & %3] WHTata BasaA
KIE3}e] thiothiamine & AN, KIES] 58
TEHA REaAA EHE 553N o] FFUE &
B BARKREYY #iEd e Hiiste 22
Fis A 2 FiEAsd m.p. 132~
135°C(decomposition) 2] & H:kiEH 38.52
(66.2%)% Aglch ol EHE M HTE
WAL 66~67%.

Anal; Calcd. for Ci;H3;03NS,; N, 15.30

- Found n " s N, 15.07

Thiamine

-}

fi. Box-wilson Ziiio] w2
tetrahydrofurfuryl disulfide 2|

o SUEER
AEEA glolA TTFD o BFEEHEo 2 g
32 (1) Bi-HCIY 5x(m) (20 RERE®
(3) Bunte's salt&] 2() (4) BieEE@) (5)
K% pHM) 5 fels £ERE of4A 2

1554 HO o Bk B

Levels 22 vre] 484 AAstgch. o &

Mol glelA Hefke RE AL PEE Eihg
BEREEE BV B8 $HREE AT ko
2 BEEEFIRE FASq #Eddsigdel. &
fﬁﬂ?ﬂ%ﬂl wetA Level # Hes Frstd
Table 1,29 7tk TTFD 2Re HARSY
o] el wheh st Sch. BSMIES universal
type ¢l stirrer 2 zA3lgx pHE Beckman
pH meter & HAIE3sF ).

Table 1. Factors and levels

Factor Level 1 Level 2 Symbol Unit
Concentration of 40 50 m %
thiamine. HCl
Reaction temperature 15 25 t °C
Quantity of Bunte’s 34 - 35 { g
salt

Agitation velocity 40 80 rpm
10.5 kR pH

pH 9.5

Table 2. Orthogonal afray table of experim-

ental factors

t { a h

Exp. no

B HCl 0,0
(Gm) (Gm) (°C) (g) (rpm) (pH)
1 20 30 15 34 40. 10.5
2 20 20 15 35 40 9.5
3 20 30 25 35 40 10.5
4 20 20 25 34 - 40 9.5
5 20 30 15 34 80 9.5
6 20 20 15 35 80 - 10.5
720 30 25 35 80 9.5
8 20 20 25 34 80 - 10.5

V. %4MEIL Spectrum J3E
C R 1X107'mol/l e K¥wEE wEx HCL
x}xq _g_oﬁ (pHS 4) a1l NaOH °"7]~E‘| 1&—%—0" (leo
9).0.z23te RHARIK spectrum ﬁjﬁs};ﬁr/}.

V. FRIBK Spectl‘um A

Beckman IR-Spectrophotometer & .0
o FE ko 2 Double beam operahon o] &
gk KBr disc ‘method & ] 2 oo
of KBr disc & %3z 4&8stgr).

reference side
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EBE

—fkfy.. 2 thiamine ko] FgEpon:
FEAKFgaER, thiochrome #¥yk, BrON g
K BIEEWNEESS BFdod Zk) '
T HEE BN EfEstn EHfke] FL Acid
dye method o] =}2} B jislge}. = TTFD 2x
107%mol —%—0“ 10m/ & IEHEetA] Heste] 50mi &
Bl o Ym ofr]e] CHCly-dve %% 10mi(Br-
omothymol blue 4x107*M € CHCI, o WRZ
BOS st 145 A wstaz g45e (2500rpm)
sho] 59 3k CHCL, Jg-& Mishe) buffer £8-8 %
B2 3l B 420nm o] 4 Beckman DU Spectro-
photometer & WS HigTs)l o o,

"R H ER

I. Sodium tetrahydrofurfuryl thiosu-
Iphate SiEes KI 5mel g

Bunte's salt 3% 241 = ek K19 i
Bl K3 F¢E AR At Bl wE
BAE hypo B4 JER 5 Table 8, Fig. 1.4 A
viebdl wkebo| Bunte’s salt fiifio] &= drte o
g T3 LS g9, wlzl 4 Bunte’s salt
g KIS Fm i] Wi KIEAZ =R iSHE

I.Thiothiamine oz 26| TTFD o] Hi%
Thiamine -HCl 2 %] 4K3tE Hikug [—gg

Table 3. Effect of KI on the Preparatlon

of Bunte’s salt.

Remaining Hypo(mg)
Time(hrs) Remarks
Without KI| With KI
0 250. 00 250. 00
2 81.60 150. 80 m(ijggi]llo)illeizfy
3 63.20 119.80 "
4 53.47 100.40
5 44.45 82.87
7 38.94 69. 07
9 27.13 60.26
1 25.12 46.46
13 22.61 46.08
15 21.34 46.40
17 | 18.84 43.95

thiothiamine © 2 X5 thiamine -HCl & [@iksH
A ¢tz thiamine-H,SO,¢o =3¢ TTFD & EIR
e ETES EMAdeded fiE,
el 4] glgich

. Box-wilson §t2i0f (&5t Sigeo| (K

AEB sl A RIERBRES] #(HE TTFD o
BEO)o e Hishgem 2 #RE Table 43}
2.

FBEIH) fksle) 5EEs: TTFD f&e) —%
iR F4BAE WEASE Aoz s

A o] garge. &

yield

= bob-bym-fbyt byl +bya bk (1)
- 240
2004
+ with Ki
< 160 x—-x without Kl
E
g 120k %
> \.
* sol 1 M
A
\*\ \.
401 +\+ .\.—"-——o—.

Fig. 1. Plots of remaining Hypo vs. time
by KL

Table 4. Factorial effects of preliminary

test

Exp. No M T L A H Yield%
1 -1-1-1 -1 41 64
2 +1 -1 41 =1 -1 56.2
3 -1 41 41 —1 -+1 62.5
4 +1+1 -1 -1 -1 52.7
5 +1 —1-4+1 +1 +1 66
6 -1 +1-+1 +1 -1 58.3
7 -1+4+1 41 +1 -1 51.5
-8 +1 41 -1 +1 +1 67.5
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EBER whet by, by, bs, 03,04, 5 TEE A
o] Hiel EEEEHoZAE £EH Levels
o fad tketd Adsgdn AR BUAES B
#gle] g gte] fRfbstolel. EEEEe 5
sto 2 AA FEE Level o gt 5 E4
% Level 3} JF2he] Azle =z Level 71739

le ppcz AAstget. o fighol web MWk

2
+ oEAze] £
M—m—45 p_1-20 ;_1-345
5 5 0.5
A=0_80 g h=10
20 0.5

Table 5. Normal equations

Damdt b pe 1"
b,o blz b/2 b'3 b/4 bls .
IV 8l o) o) of of o] 476.7
m | ol 8l 0] of 0of o 7.5
t | ol ol 8] 0| o 0]=-103
Il ol o] 0| 8] 0] 0} 217
a | ol ol of o 8] 0 7.9
Ri{ofof o ol ol 8| 259

14 #EES] Level & wislo] £4% -1,

7
L3l £4 +1olvlusld BmE o

RN
iz

Table 6. Designed factors for maximum slope test

Factor ) m t ! e h
Zero point ; 45 20 34.5 60 10
Class 5 5 0.5 20 0.5
Coefficient (5") 0.9375 —1.2875 2.7013 0.9875 3.2375
Classx b’ 4.6875 —6.4375 1.35065 19.75  1.61875
—1.807 0. 2808 4.213 0.345

Unit 1

e @4

&3l
y=b"o+0 \MA+-b"; T+b's L+ A+b"sH--- (2)

Table 59 EMHFER K3l Wiz Fo
AMHRE 44

¥=59.5875+0.9375M — 1. 2875 T-+2.7013L
+0.98754-+3. 2375 H +ovvsieemnininininia. (3)

o714 TTFD & 24 93¢ =i ER
& RIERS pH,Bunte’s salt o] £, RIEEEY
J§o] = thiamine -HCl %%, ¥ a4 : &R
e HyEeldk. o)A o EHE AR
detel TTFD Bgel AAe EES KEXKY
pH, Bunet’s salt 8] &, mdtExolzw, R¥E=
REBRE:e 2 Ad7 AJd45 TTFD g
Yield 7} 38 K%E ¢3lch. IXERERE BE
B HAL kg E@dtgdtes RY HRE
T AT 2REHMERS Table 6, Table 737+
t}.

o] 4L FEie s e HFEHHoR A
£ Wk 76 ik HEEe] el

Table 7. Factorial effect of -maximum. slope
test

Step} m l ¢ ’ l I a | k iYield(%)

0 45 20 345 60 10 67.0
1 46 18.69 34.78 64.21 10.35
2 47 17.38 35.06 68.42 10.70  65.3
3 48 16.07 35.34 72.63 11.05
4 49 14.76 35.62 76.84 11.40 5.8
5 50 13.45 35.90 81.05 11.75
6 51 12.14 36.18 85.20 12.10
7 52 10.83 36.46 80.47 12.45
8 53 9.5236.74 93.68 12.80
9 54 8.2137.02 97.89 13.15
10 55  6.90 37.30 102.10 13.50
11 56 6.59 37.58 106.31 13.85
12 57 4.28 37.86 110.52 14.20
13 58  2.97 38.04 114.73 14.55
14 59 1.66 38.32 118.94 14.90
15 60 38.60 123.15 15.25
16 61 38.88 127.36 15.60

—kAS Baste Vet —%kRY BER
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Table 8. Three factors for central composite

design :

Factor h l ! l t
Zero point 10.70 35.06 17.38
Class 0.2 0.4 1.5
Level —2 10. 30 34.26 14.38
-1 10. 50 34. 66 15.88
0 10.70 35.06 17.38
+1 10.90 35. 46 18.88
—+2 11.10 35. 86 20.38

Table 9. Factorial effects of central compo-

site design

Exp.No.]H‘LiTl

[e]

& ski#go] 20]¢lm o] 2Bho] MESHH HEHE
284 geoat 2kiliige) #Edls 348 sE=
= 2B ko] aFE=E kR EEd LB
RS Level f 3Ll Eolo]of del. whelA] 5%
Hh 33 24 w2 KE®KS pH, Bunte's
salt & &, RIEREY 3TERE #srd £EEE
4] 3 Level & 1}ro] BEREFIEA wiuk o] &
HOBEGHE s Mt A9 HRE Table
8, Table 9, Table 103 Zc}.

y= b,o+b,1H+b,2L+b’3 T‘i‘b’nH:‘l“b,zzL:
+0 s T2 2 HLA-b o HT 403 L T+ (4)

y 239d ()53} Table 9& st Table 10
1 ~1 _1 +1 60.3 5‘4‘ 7:;'% Eﬁﬁg’iﬁ% 0;—1914-
= 3 IO Ry 6.0 = -y
2 +1 -1 -1 62.0 L& EHAFRERET By "E‘ﬂ r’]‘n'o’] )
3 -1 41 41 g5  AE
4 +1 +1 -1 59.8
5 -1 -1 -1 64.2 y=61.5-40.375H—0.2L-+0.6T--0.61H*—
6 +1 —1 +1 61.7 0.21L240.1T3+0.15HL +1.25HT+0.7
7 -1 41 -1 628 SLT---(5)
9y _ — y ——0.12
8 +1 -+1 +1 63.9 -aﬁ—oqm H=6.93,—%- =04 L=-0.136,
9 -2 0 0 61.5 39 . -
—_ == = 1. = o‘:‘z_ . 1 IR
10 42 0 0 64.7 Tr=0e4 T=-1.95% &t
11 0 -2 0 60.5 siste] 2o MEE dgich
12 0 +2 0 59.5 HZlﬂ_—_leO_(,ﬂ A h=12.086, L= I—OSZ. 06 o{]
13 0 0 -2 57.9 0.2 .
14 0 0 +2 63.9 A 1=35.006 T=———t_11§'38 A4 t=15.5875
15 0 0 . ’
16 0 0 0 62 2 B KHEWS pH : 12.09, Bunte’s salt &(B,-HCl
0 . N o
66 20g 9] W) :35.01g, KIEEE :15.59°C 24
Table 10. Normal equations
I H L T H* L[* T* HL HT LT Y
b,O b,l b’Z b’s b -11 b’zz bl33 bllZ b,lﬁ b,23 I
I 16 =992,0
H 16 =6.0
L 16 =-8.2
T 16 =9.6
H? 16 A0 8 8 =1007.52
L: 16 8 40 8 =981.28
T? 16 8 8 40 =991.20
HL 8 =1.2
HT 8 =10.0
LT 8 =6.0
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TTFD & Weze] pA7b B4t BEMAY-T  Fig 33 o] TTFDE: BA®MrE pH 3,491 4
eyl 244~246nm, pH 10.9 o] 4 £234~235nm o 4 77
fEstg e = TPD 3= pH 3.4 ¢4 245~246nm,
pH 10.94] A4+ 233~235nmd) 4 274 BARIK
TTFD, TPD & 5k spectra: Fig. 2, 7} fFfEstgich. webA pH Lo =heb BARKE
1.5 15

V. %5%ik Spectram

1.0 10
.o 0
a o
(o
1_ 1 } I L |
0.5——335 355 245 255 05255235 245 255
: mu mp
Fig. 3. Ultraviolet absorption spectrum of
Fig. 2. UV absorption spectrum of TTFD thiamine propyl disulfide
1 ' i 1 2 9 1 3
4000 3000 2000 1600 1200 600

WAVENUMBER CMm™!
Fig. 4. IR spectrum of thiamine tetrahydrofurfuryl disulfide
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R shift 7} 9 &2 ¥4} SR spectra &= Fig. 4, Fig. 5972 £Wik

V. 4K Spectrum #E Table 11¢] ZE#ys)lg k.

[Efe(KBr disk %)¢} §le]4 TTFD, TPD ¢ #

S

1 [ 1 1 1 i

1 L
4000 3000 2000 1600 200 800

WAVENUMBER CM™

Fig. 5. IR spectrum of thiamine propyl disulfide

Table 11. Wave number equivalent to IR absorption band of TTFD and TPD

Thiamine tetrahydrofurfuryl disulfide Thiamine propyl disulfide
~3300 - ~3300 -

3100 ven 3100 ven
2860 | EHIEY v 2960 23R uy
1650 ] veee 1640 Veue
1600 ] pyrimidine %3] 1600 } pyrimidine 5%
1555 | C=C-X(X=8S) C=C 4% 1562 | C=C A%
1480 ] CH, SCi, CH, %47 1480 | CH, SCi, CH, %47
1425 Ben 1425 j Gon
1340 2 %A & CHoi 1350 | 2%A% ¥ CH %
1270 CH,W, CH;R, CH ¥ 7 1268 | CH,W, CH,R, CH # =
1000 | tetrahydrofurfuryl %] #% 113 | C=CH-X CH sivjsiz
1050 n-propanol 1060 i ~ n-propanol
985 ves 085 | ves
928 | dw(Rs), CH,W 866 | propyl #el A4¥AALE
808 [ ves 805 | wes
754 | CH, Rocking Vib. 760 | CH, Rocking Vib.
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1. Sodium tetrahydrofurfuryl thiosulphate #iid] sl KIE @A A Solx EfHslch

2. Thiamine #-=3)& $%ET ol gle] thiothiamine(SB)e) A HEksl= JHihe] thiamine-HClo] A
Hgtsls Jitkel Msld BE, ME®EAA £4¢] g1y

3. 551k spectrum & { AR TTFD & pH 3.4 6] 4] 244~246nm, pH 10.9]4] 234~2g5nm
%, (TPD) & pH 3.4 4"245~246nm, pH 10.9 o] A 233~235nm & 27 epdl ¢}

4. FHBM spectrum = FRIKHES- faRete EfEE=E4 TTFD, TPD & {LB#EEE XHY ¢
At

5.

e P

6

. Yoshida,

Box-wilson 3{#le] =z} TTFD 8 BUEHEHAS thes 2o

Thiol 1 B, 8] *¥¥el pH ¥ 12.09

B;-HCI 20g¢] w3} Bunte’s salt B2 35.0lg

KERE 15.59°C

TTFD, TPD JUbtHsERE skiitike] S 19 WM wRls Wkiike] MifEstz

HEE] sldde.
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